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PROTEIN KINASE INHIBITORS BACKGROUND OF THE INVENTION Priority of
Invention  [0001]This application claims priority to United States
Provisional Application Number 60/818,762 that was filed on 6 July
2006, which is hereby incorporated herein by reference in its
entirety. Field of the Invention  [0002]This invention relates to
novel inhibitors of serine/threonine protein kinases (e.g., AKT and
related kinases), pharmaceutical compositions containing the
inhibitors, and methods for preparing these inhibitors. The
inhibitors are useful, for example, for the treatment of
hyperproliferative diseases, such as cancer and inflammation, in
mammals. Description of the State of the Art [0003]Protein kinases
(PK) are enzymes that catalyze the phosphorylation of hydroxy groups
on tyrosine, serine and threonine residues of proteins by transfer of
the terminal (gamma) phosphate from ATP. Through signal transduction
pathways, these enzymes modulate cell growth, differentiation and
proliferation, i.e., virtually all aspects of cell life in one way or
another depend on PK activity (Hardie, G. and Hanks, S. (1995) The
Protein Kinase Facts Book. I and II, Academic Press, San Diego, CA).
Furthermore, abnormal PK activity has been related to a host of
disorders, ranging from relatively non-life threatening diseases such
as psoriasis to extremely virulent diseases such as glioblastoma
(brain cancer). Protein kinases are an important target class for
therapeutic modulation (Cohen, P. (2002) Nature Rev. Drug Discovery
1:309). [0004]Significantly, atypical protein phosphorylation and/or
expression is often reported to be one of the causative effects of
abnormal cellular proliferation, metastasis and cell survival in
cancer. The abnormal regulation and/or expression of various kinases,
including Aid, VEGF, ILK, ROCK, p7056K, Bel, PICA, PKC, Raf, Src,
PDK1, ErbB2, MEK, IICK, Cdk, EGFR, BAD, CHK1, CHK2 and GSK3 amongst
numerous others, has been specifically implicated in cancer.
[0005]Protein kinases include two classes; protein tyrosine kinases
(PTK) and serine- threonine kinases (STK). The Protein Kinase B/Alct
enzymes are a group of serine/threonine kinases that are
overexpressed in a variety of human tumors. One of the
best-characterized targets of the PI3K lipid products is the 571CD
serine/threonine protein kinase Aid, downstream of PI3K in the signal
transduction pathway (Hemmings, B.A. (1997) Science 275:628; Hay N.
(2005) Cancer Cell 8:179-183). Akt is the human homologue of the
protooncogene v-aid of the acutely transforming retrovirus AKT8. Due
to its high sequence homology to protein kinases A and C, Ala  WO
2008/006032PCT/US2007/072876 2 is also called Protein Kinase B (PKB)
and Related to A and C (RAC). Three isoforms of Alct are known to
exist, namely Aktl, Akt2 and Akt3, which exhibit an overall homology
of 80% (Staal, S.P. (1987) Proc. Natl. Acad. Sci. 84:5034; Nakatani,
K. (1999) Biochem. Biophys. Res. Commun. 257:906; Li et al (2002)
Current Topics in Med. Chem. 2:939-971; WO 2005/113762). The Alct
isoforms share a common domain organization that consists of a
pleckstrin homology domain at the N-terminus, a kinase catalytic
domain, and a short regulatory region at the C-terminus. In addition,
both Akt2 and Alct3 exhibit splice variants. Upon recruitment to the
cell membrane by PtdInd(3,4,5)P3, Akt is phosphorylated (activated)
by PDK1 at T308, T309 and T305 for isoforms Alai (PKBa), Akt2 (PKBP)
and Akt3 (PKBy), respectively, and at 5473, S474 and 5472 for
isoforms Aktl, Alct2 and Alct3, respectively. Such phosphorylation



[0008]The development of kinase inhibitors that target abnormally
regulated pathways and ultimately result in disease is of enormous
ethical and commercial interest to the medical and pharmaceutical
community. A compound that inhibits (1) recruitment of Alct to the
cell membrane,  WO 2008/006032PCT/US2007/072876 3 (2) activation by
PDK1 or PDK2, (3) substrate phosphorylation, or (4) one of the
downstream targets of Akt could be a valuable anticancer agent,
either as a stand-alone therapy or in conjunction with other accepted
procedures. [0009]United States Patent Application Publication
2005/0130954 discloses inter cilia, a variety of compounds that act
as AKT inhibitors. The compounds are said to be useful in the
treatment of hypetproliferative diseases such as cancer. SUMMARY OF
THE INVENTION [0010]This invention provides novel compounds that
inhibit AKT protein kinases. The compounds of the present invention
have utility as therapeutic agents for diseases and conditions that
can be treated by the inhibition of AKT protein kinases. 10011]The
present invention includes compounds having the general Formula 1:  A
1 Il 1 ol     R a and enantiomers and salts thereof, wherein A, RI, R
I a, n 2, K R2a and R5 are as defined below. 



[0012]An additional aspect of the present invention includes
compounds having the general Formula Ia:  and tautomers, resolved
enantiomers, resolved diastereomers, solvates, metabolites, salts and
pharmaceutically acceptable prodrugs thereof, wherein A, R', R2, R2a,
and R5 are as defined below. [0013] The invention also provides
pharmaceutical compositions comprising a compound of Formula I or Ia,
or an enantiomer, solvate, metabolite, or pharmaceutically acceptable
salt or prodrug thereof.  WO 2008/006032PCT/US2007/072876 4 [0014]In
a further aspect, the present invention provides a method of treating
diseases or medical conditions in a mammal mediated by AKT protein
lcinases, comprising administering to said mammal one or more
compounds of Formula I or Ia, or an enantiomer, solvate, metabolite,
or phammceutically acceptable salt or prodrug thereof, in an amount
effective to treat or prevent said disorder. AKT protein lcinase
mediated conditions that can be treated according to the methods of
this invention include, but are not limited to, inflammatory,
hyperproliferative, cardiovascular, neurodegenerative, gynecological,
and dermatological diseases and disorders. [0015]In a further aspect,
the present invention provides a method of inhibiting the production
of AKT protein kinases in a mammal, which comprises administering to
said mammal a compound of Formula I or Ia, or an enantiomer, solvate,
metabolite, or pharmaceutically acceptable salt or prodrug thereof in
an amount effective to inhibit production of an AKT protein kinase.
[0016]In a further aspect, the present invention provides methods of
inhibiting the activity of AKT protein kinases, comprising contacting
said kinase with a compound of Formula! or Ia. [0017]The inventive
compounds may be used advantageously in combination with other known
therapeutic agents. Accordingly, this invention also provides
pharmaceutical compositions comprising a compound of Formula I or Ia
or an enantiomer, solvate, metabolite, or pharmaceutically acceptable
salt or prodrug thereof, in combination with a second therapeutic
agent. [0018]This invention also provides compounds of Formula I or
Ia and enantiomers, solvates, metabolites, and pharmaceutically
acceptable salts and prodrugs thereof for use as medicaments in the
treatment of AKT protein kinase-mediated conditions. [0019]An
additional aspect of the invention is the use of a compound of
Formula I or Ia, or an enantiomer, solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof, for therapy. In
one embodiment, the therapy comprises the treatment of an AKT protein
lcinasemediated condition. [0020]This invention further provides kits
for the treatment of an AKT protein kinase- mediated disease or
disorder, said kit comprising a compound of Formula I or Ia, or an
enantiomer, solvate, metabolite, or pharmaceutically acceptable salt
or prodrug thereof, a container, and optionally a package insert or
label indicating a treatment. The kits may further comprise a second
compound or formulation comprising a second pharmaceutical agent
useful for treating said disease or disorder.  WO
2008/006032PCT1US20071072876 5 [0021]This invention further includes
methods of preparing, methods of separating, and 



methods of purifying of the compounds of this invention.
[0022]Additional advantages and novel features of this invention
shall be set forth in part in the description that follows, and in
part will become apparent to those skilled in the art upon
examination of the following specification, or may be learned by the
practice of the invention. The advantages of the invention may be
realized and attained by means of the instrumentalities,
combinations, compositions, and methods particularly pointed out in
the appended claims. DETAILED DESCRIPTION OF THE INVENTION
[0023]Reference will now be made in detail to certain embodiments of
the invention, examples of which are illustrated in the accompanying
structures and formulas. While the invention will be described in
conjunction with the enumerated embodiments, it will be understood
that they are not intended to limit the invention to those
embodiments. On the contrary, the invention is intended to cover all
alternatives, modifications, and equivalents which may be included
within the scope of the present invention as defined by the claims.
One skilled in the art will recognize many methods and materials
similar or equivalent to those described herein, which could be used
in the practice of the present invention. The present invention is in
no way limited to the methods and materials described. In the event
that one or more of the incorporated literature and similar materials
differs from or contradicts this application, including but not
limited to defined terms, tem usage, described techniques, or the
like, this application controls. DEFINITIONS  [0024]The term "alkyl"
as used herein refers to a saturated linear or branched-chain
monovalent hydrocarbon radical of one to twelve carbon atoms, wherein
the alkyl radical may be optionally substituted independently with
one or more substituents described below. Examples of alkyl groups
include, but are not limited to, methyl (Me, -CH3), ethyl (Et,
-CH2CH3), 1-propyl (n-Pr, n-propyl, -CH2CH3CH3), 2-propyl (i-Pr,
i-propyl, -CH(CH3)2), 1-butyl (n-Bu, n-butyl, -CH2CH2CH2CH3),
2-methyl-l-propyl (i-13th i-butyl, -CH2CH(CH3)2), 2-butyl (s-Bu,
s-butyl, -CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), 2,2-dimethylpropyl (CH2C(CH3)3), 1-pentyl (n-pentyl,
-CH2CH2CH2CH2CH3), 2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl
(-CH(CH2CH3)2), 2-methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl
(-CH(CH3)CH(CH3)2),3-methyl-I-butyl(-CH2CH2CH(CH3)2),2-methyl-I
-butyl (-CH2CH(CH3)CH2CH3),1-hexyl(-CH2CH2CH2CH2CH2CH3),2-hexyl
(-CH(CH3)CH2CH2CH2CH3),3-hexyl(-CH(CH2CH3)(CH2CH2CH3)),2-methyl-2-pen
tyl (-C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH3)CH(CH3)CH2CH3),
4-methyl-2-pentyl
(-CH(CH3)CH2CH(CH3)2),3-methyl-3-pentyl(-C(CH3)(CH2CH3)2),2-methyl-3-
pentyl  WO 2008/006032PCT/US2007/072876 6 (-CH(CH2CH3)CH(CH3)2),
2,3-dimethy1-2-butyl (-C(CH3)2CH(CH3)2), 3,3-dime hy1-2-butyl
(-CH(CH3)C(CH3)3, 1-heptyl, I-octyl, and the like. [0025]The term
"alkylene" as used herein refers to a linear or branched saturated
divalent hydrocarbon radical of one to twelve carbon atoms, wherein
the allcylene radical may be optionally substituted independently
with one or more substituents described herein. Examples include, but
are not limited to, methylene, ethylene, propylene,
2-methylpropylene, pentylene, and the like. 100261The term "alkenyl"
as used herein refers to a linear or branched-chain monovalent
hydrocarbon radical of two to twelve carbon atoms with at least one
site of unsaturation, i.e., a carbon-carbon, sp2 double bond, wherein



[0029]The term "(C3-05-cycloallcyI)-(CH2)" includes cyclopropyl-CH2,
cyclopentyl-CH2, and cyelohexyl-CH2. [0030]The term "hydroxy (C1-Cs
alkyl)" includes an alkyl group of 1-8 carbons substituted with a
hydroxy group. The hydroxy can be substituted at any place on the
alkyl group. Examples  WO 2008/006032PCT/US2007/072876 7 include, but
are not limited to, CH2OH, CH2CH2OH, CH2CH(OH)CH3, CH2CH2CH2OH, and
the like. [0031]"Aryl" as used herein means a monovalent aromatic
hydrocarbon radical of 6-20 carbon atoms derived by the removal of
one hydrogen atom from a single carbon atom of a parent aromatic ring
system. Aryl includes bicyclic radicals comprising an aromatic ring
fused to a saturated, partially unsaturated ring, or aromatic
carbocyclic or heterocyclic ring. Exemplary aryl groups include, but
are not limited to, radicals derived from benzene, naphthalene,
anthracene, biphenyl, indene, indane, 1,2-dihydronapthalene,
1,2,3,4-tetrahydronapthalene, and the like. Aryl groups may be
optionally substituted independently with one or more substituents
described herein. [0032]The terms "heterocycle", "hetercyclyr and
"heterocyclic ring as used herein are used interchangeably and refer
to a saturated or partially unsaturated carbocyclic radical of 3 to 8
ring atoms in which at least one ring atom is a heteroatom
independently selected from nitrogen, oxygen and sulfur, the
remaining ring atoms being C, where one or more ring atoms may be
optionally substituted independently with one or more substituents
described below. The radical may be a carbon radical or heteroatom
radical. The term "heterocycle" includes heterocycloalkoxy.
"Heterocycly1" also includes radicals where heterocycle radicals are
fused with a saturated, partially unsaturated, or aromatic
carbocyclic or heterocyclic ring. Examples of heterocyclic rings
include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino, thiomorpholino,
thioxanyl, piperazinyl, homopiperazinyl, azetidinyl, oxetanyl,
thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl,
2H-pyranyl, 4Hpyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl,
dithianyl, dithiolanyl, dihydropyranyl,
dihydrothienyl,dihydrofuranyl,pyrazolidinylimidazolinyl,imidazolidiny
l,3- azabicyco[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl,
azabicyclo[2.2.2]hexanyl, 3H-indoly1 quinolizinyl and N-pyridyl
ureas. Spiro moieties are also included within the scope of this
definition. The heterocycle may be C-attached or N-attached where
such is possible. For instance, a group derived from pyrrole may be
pyrrol-1-y1 (N-attached) or pyrrol-3-y1 (C-attached). Further, a
group derived from imidazole may be imidaz01-1-y1 (N-attached) or
imidazol-3-y1 (C-attached). Examples of heterocyclic groups wherein 2
ring carbon atoms are substituted with oxo (=0) moieties are
isoindoline-1,3-dionyl and 1,1-dioxo-thiomorpholinyl. The heterocycle
groups herein are optionally substituted independently with one or
more substituents described herein. [0033]The term "heteroaryl" as
used herein refers to a monovalent aromatic radical of a 5-, 6-, or
7-membered ring and includes fused ring systems (at least one of
which is aromatic) of 5-10 atoms containing at least one heteroatom
independently selected from nitrogen, oxygen, and sulfur.  WO
2008/006032PCT/US2007/072876 Examples of heteroaryl groups include,
but are not limited to, pyridinyl, imidazolyl, imidazopyridinyl,



succession to define a substituent attached to a structure, the first
named radical is considered to be  WO 2008/006032PCT/US2007/072876 9
terminal and the last named radical is considered to be attached to
the structure in question. Thus, for example, an arylalkyl radical is
attached to the structure in question by the alkyl group. AKT
INHIBITORS  [0040]The inventive compounds of Formula I or Ia are
useful for inhibiting AKT protein kinases. The compounds of Formula I
or Ia may also be useful as inhibitors of tyrosine kinases as well as
serine and threonine kinases in addition to AKT. Such compounds have
utility as therapeutic agents for diseases that can be treated by the
inhibition of the AKT protein kinase signaling pathway and tyrosine
and serine/threonine kinase receptor pathways. [0041]In general, the
invention includes compounds of the Formula I:  and tautomers,
resolved enantiomers, resolved diastereomers, solvates, metabolites,
salts and pharmaceutically acceptable prodrugs thereof, wherein:
[0042]RI and 12" are independently selected from Fl, Me, Et, CH=CH2.
CH2OH, CF3, CHF2 or CH2F; [0043]R2 and R2a are independently selected
from H or F; [0044]R5 is H, Me, Et, or CF3; R6R7 I (CReRu)n (CH2),,
[0045]A is [0046]G is phenyl optionally substituted with one to four
R9 groups or a 5-6 membered 



monocyclic or 9 member bicyclic heteroaryl optionally substituted by
a halogen; [0047]R6 and R7 are independently H, (C3-O5
cycloalkyl)-(CH2), (C3-C6 cycloalkyl)- (CH2CH2), V-(CH2)0-1 wherein V
is a 5-6 membered heteroaryl, W-(CH2)1-2 wherein W is phenyl  WO
2008/006032PCT1US2007/072876 10 optionally substituted with F, Cl,
Br, I, OMe, CF3 or Me, C3-C6-cycloalkyl, hydroxy-(C3-C6- cycloalkyl),
fluoro-(C3-C6-cycloalkyl), CH(CH3)CH(OH)phenyl, 4-6 membered
heterocycle optionally substituted with F, OH, cyclopropylmethyl,
C1-C3 alkyl or C(=0)(C1-C3 alkyl), or CI-C6- alkyl optionally
substituted with one or more groups independently selected from OH,
oxo, Co-alkyl), CN, F, NH2, NH(CI-C6-alkyl), N(C1-C64104)2,
tetrahydropyranyl, tetrahydrofuranyl, morpholinyl, oxetanyl,
piperidinyl, and pyrrolidinyl, [0048]or R6 and R7 together with the
nitrogen to which they are attached form a 3-6 membered heterocyclic
ring optionally substituted with one or more groups independently
selected from OH, halogen, oxo, CF3, CH2CF3, CH2CH2OH, C(=0)CH3, and
(C3-C3)alkyl; [0049]Ra and Rb are H, [0050]or Ra is H, and Rb and R6
together with the atoms to which they are attached form a 5-6
membered heterocyclic ring having one or two ring nitrogen atoms;
[0051]R.' and Rd are H or Me, or [0052]It.' and Rd together with the
atom to which they are attached form a cyclopropyl ring; [0053]R8 is
H, Me, or OH, [0054]or R8 and R6 together with the atoms to which
they are attached form a 5-6 membered heterocyclic ring having one or
two ring nitrogen atoms; [0055]each R9 is independently halogen,
C1-C6-alkyl, C3-C6-cycloalkyl, 0-(Ci-C6-alkyl), CF3, OCF3,
S(CI-C6-alkyl), CN, OCH2-phenyl, CH20-phenyl, NH2, NO2,
NH-(C1-C6-alkyl), N-(C1- C6-alky1)2, piperidine, pyrrolidine, CH2F,
CHF2, OCH2F, OCHF2, OH, S02(C,-C6-alkyl), C(0)NH2,
C(0)NH(C1-C6-alkyl), and C(0)N(CI-C6-allcyl)2; and m, n and p are
independently 0 or 1. [0056]In a further embodiment, the invention
includes compounds of the Formula Ia: A  



Ia and tautomers, resolved enantiomers, resolved diastereomers,
solvates, metabolites, salts and pharmaceutically acceptable prodrugs
thereof, wherein:  WO 2008/006032PCT/US2007/072876 11 [0057]RI is H,
Me, Et, CF3, CHF2 or CH2F; 100581R2 and R2a are H or F; [0059]R9 is
H, Me, Et, or CF3; ReR7 (CR9R")n (CI-12)m [0060]A is [0061]G is
phenyl optionally substituted with one to four R9 groups; [0062]R6
and R7 are independently H, (C3-C6 cycloalkyl)-(CH2), (C3-C6
cycloalkyl)- (CH2CH2), V-(C142)04 wherein V is a 5-6 membered
heteroaryl, W-(CH2)1-2 wherein W is phenyl optionally substituted
with F, Cl or Me, C3-C6-cycloalkyl, hydroxy-(C3-C6-cycloalkyl),
fluoro-(C3- C5-cycloalkyl), CH(CH3)CH(OH)phenyl, or C1-C6-alkyl
optionally substituted with one or more groups independently selected
from OH, 0(Ci-C6-alkyl), CN, F, NH2, NH(C1-C6-alkyl), N(C1-C6-
alky1)2, piperidinyl, and pyrrolidinyl, [0063]or R6 and 117 together
with the nitrogen to which they are attached form a 4-6 membered
heterocyclic ring optionally substituted with one or more groups
independently selected from OH, halogen, oxo, CF3, CH2CF3, and
(CI-C3)alkyl; [0064]Ra and 126 are H, [0065]or Ita is H, and le and
R6 together with the atoms to which they are attached form a 5-6
membered heterocyclic ring having one or two ring nitrogen atoms;
[0066]Rd and Rd are H or Me; [0067]12.8 is H, Me, or OH, [0068]or R8
and R6 together with the atoms to which they are attached form a 5-6
membered heterocyclic ring having one or two ring nitrogen atoms;
[0069]each R is independently halogen, Ci-Coalkyl, C3-C6-cycloalkyl,
0-(CI-C6-alkyl), 



CF3, OCF3, 5(C1-C6-alkyl), CN, CH20-phenyl, NH2, NH-(C1-C6-alkyl),
N-(CI-C6-alky1)2, piperidine, pyrrolidine, CH2F, CHF2, OCH2F, OCHF2,
OH, SO2(C1-C6-alkyl), C(0)NH2, C(0)NH(CI-C6-alkyl), and
C(0)N(Ci-C6-alkyl),; and [0070]m, n and p are independently 0 or 1.
[0071]Referring to the G group of Formula I or Ia, examples include
phenyl optionally substituted with one or more R9 groups
independently selected from F, Cl, Br, CN, methyl, ethyl,  WO
2008/006032PCT/US20071072876 12 isopropyl, 0C113, OCH2C1-13, CF3,
OCP3, SCH3, OCH2Ph and cyclopropyl. Exemplary embodiments include,
but are not limited to, phenyl, 2-chlorophenyl, 3-chlorophenyl, 4-
chlorophenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
2-bromophenyl, 3-bromophenyl, 4- bromophenyl, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2-ethylphenyl, 3-ethylphenyl, 4-
ethylphenyl, 2-isopropylphenyl, 3-isopropylphenyl, 4-isopropylphenyl,
2-trifluoromethylphenyl, 3- trifluoromethylphenyl,
4-trifluoromethylphenyl, 2-cyanophenyl, 3-cyanophenyl, 4-cyanophenyl,
2- methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 2-ethoxyphenyl,
3-ethoxyphenyl, 4- ethoxyphenyl, 2-thiomethylphenyl,
3-thiomethylphenyl, 4-thiomethylphenyl, 2- trifluoromethoxyphenyl,
3-trifluoromethoxyphenyl, 4-trifluoromethoxyphenyl, 2-
cyclopropylphenyl, 3-cyclopropylphenyl, 4-cyclopropylphenyl,
4-chloro-3-fluorophenyl, 3,4- difluorophenyl, 4-bromo-3-fluorophenyl,
3-fluoro-4-methylphenyl, 3-fluoro-4-methoxyphenyl, 3-
fluoro-4-trifluoromethylphenyl, 4-cyano-3-fluorophenyl,
3,4-dichlorophenyl, 2,4-dichlorophenyl, 2,4-difluorophenyl,
2-chloro-4-fluorophenyl, 2-fluoro-4-chlorophenyl, 3,5-dichlorophenyl.
3,5- difluorophenyl, 3-chloro-5-fluorophenyl,
3-chloro-4-fluorophenyl, 3-bromo-4-fluorophenyl, 3,5-
difluoro-4-chlorophenyl, 2,3-difluoro-4-chlorophenyl,
2,5-difluoro-4-chlorophenyl, 3,5-difluoro-4- bromophenyl,
2,3-difluoro-4-bromophenyl, 2,5-difluoro-4-bromophenyl and
4-(OCH2Ph)-phenyl. [0072] Further examples of the G group of Formula
I or Ia include when R9 is independently selected from I, NO2 and
tert-butyl. Exemplary embodiments include 4-iodophenyl, 4-nitrophenyl
and 4-tert-butylphenyl. [0073]Referring to the G group of Formula I,
the phrase "5-6 membered monocyclic or 9 member bicyclic heteroaryl
optionally substituted by a halogen" includes thiophenes, pyridines
and indoles, optionally substituted by halogens. Particular examples
include, but are not limited to, the structures:  10074]Referring to
the R6 and R7 groups of Formula I or Ia, the term
"(C3-C6-cycloallcyI)- (CH2)" includes cyclopropyl-CH2,
cyclobutyl-CH2, cyclopentyl-CH2, and cyclohexyl-CH2. [0075]Referring
to the R6 and R7 groups of Formula I or Ia, the term "V-(CH2)0-1"
includes, but is not limited to, the following structures:  WO
2008/006032PCT/US2007/072876 13 M 1 r-' s s (r C` i r N .- N errH
cr5s crs / Nfriss HNS0\HN 



er [0076]Referring to the R6 and R7 groups of Formula I or a, the
term "hydroxy-(C3-C6- cycloalkyl)" includes, but is not limited to,
the following structures:  finOH '44_  [0077]Referring to the R6 and
R7 groups of Formula I or la, the phrase "C1-C6-alkyl optionally
substituted with one or more groups independently selected from OH,
OMe, and CN" includes, but is not limited to, CH2OH, CH2CH2OH,
CH2CH2CH2OH, CH2CH(OH)CH2, CH2CH2CH(OH)CH3, CH2C(OH)(CH3)2, CH20Me,
CH2CH20Me, CH2CH2CH20Me, CH2CH(OMe)CH2, CH2CH2CH(OMe)CH3,
CH2C(OMe)(CH3)2, CH2CN, CH2CH2CN, CH2CH2CH2CN, CH2CH(CN)CH2,
CH2CH2CH(CN)CH3, CH2C(CN)(CH3)2, and the like.  [0078] Referring to
the R6 and R7 groups of Formula I or Ia, in certain embodiments the
term "heteroaryl" refers to a 5-6 membered heteroaryl having from one
to two ring heteroatoms independently selected from N, 0 and S.
[0079]Referring to the R6 and R7 groups of Formula I or la, the
phrase "R6 and R7 together with the nitrogen to which they are
attached form a 3-6 membered heterocyclic ring optionally substituted
with one or more groups independently selected from OH, halogen, oxo,
CF3, CH2CF3, CH2CH2OH, C(=0)CH3, and (Ci-C3)allcyl" includes but is
not limited to the following structures:  x.rsi/OH  rN
Me(.....%(-----.."--OHZ \NF ...") \.- NIThH :tft.NIt77;,N.thtN
r-------r------- (NHr-----N--i------N-rTh F3Cs ,21/41.N ..""-----, F
\LNF 30.."..--L:1/4:,..N...".A\N.%) F00  WO
2008/006032PCT/1JS2007/072876 14 



N J CN tittiN [0080]Referring to the R6 and R7 groups of Formula I or
Ia, the phrase "4-6 membered heterocycle optionally substituted with
F, OH, cyclopropylmethyl, C1-C3 alkyl or Ce=0)(CI-C3 alkyl)" includes
but is not limited to the following structures: 0c01NH NH o CRJ wyr
.12(eN   OH  [0081]In one embodiment of Formula I or Ia, R2 and R2a
are H. In another embodiment, R2 and Ra are F. [0082]In another
embodiment of Formula I or Ia, R2 is H and R2a is F. [0083]In one
embodiment of Formula I or Ia, R5 is H. In another embodiment, R5 is
methyl, wherein said methyl is optionally in the (S) configuration.
[0084]In another embodiment R5 is ethyl. [0085]In one embodiment of
Formula I or La, le is methyl, wherein said methyl is optionally in
the (R) configuration. In another embodiment, RI is H. [0086]In one
embodiment of Formula I or Ia, Rla is hydrogen. [0087]In another
embodiment RI and RIa are independently selected from hydrogen, 



methyl, ethyl, CH=CH2 (vinyl), and CH2OH. In particular embodiments,
RI is methyl and Ria is hydrogen, RI is ethyl and Rla is hydrogen,
11.' is CH=CH2 and RI is hydrogen, RI is CH2OH and Rla is hydrogen,
or RI and R both methyl. [0088]In one embodiment of Formula I or Ia,
R' is CI-120H. In a further embodiment, RI is CH2OH in the (R)
configuration. In a further embodiment, RI is CH2OH in the (S)
configuration. In an additional embodiment, RI' may be H.  WO
2008/006032PCT/US2007/072876 15 [0089]In one embodiment of Formula I
or Ia, RI is CH=CH2. In a further embodiment, RI is CH=CH2 in the (R)
configuration. In a further embodiment, RI is CH=CH2 in the (S)
configuration. In an additional embodiment, RI' may be H. [0090]In
one embodiment of Formula I or Ia, RI is ethyl. In a further
embodiment, RI is ethyl in the (S) configuration. In an additional
embodiment, Rla may be H. [0091]In one embodiment of Formula I or Ia,
G is phenyl optionally substituted with one or more groups
independently selected from F, Cl, Br, Me, ethyl, isopropyl, CN, CF3,
OCF3, SMe, OMe and CH2OPh. Exemplary embodiments of G include phenyl,
2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 4-fluorophenyl,
4-bromophenyl, 4-methylphenyl, 4-ethylphenyl, 4- isopropylphenyl,
4-trifluoromethylphenyl, 4-cyanophenyl, 4-methoxyphenyl,
4-ethoxyphenyl, 4- thiomethylphenyl, 4-trifluoromethoxyphenyl,
4-cyclopropylphenyl, 4-chloro-3-fluorophenyl, 3,4- difluorophenyl,
4-bromo-3-fluorophenyl, 3-fluoro-4-methylphenyl,
3-fluoro-4-methoxyphenyl, 3- fluoro-4-trifluorornethylphenyl,
4-cyano-3-fluorophenyl, 3,4-dichlorophenyl, 2,4-dichlorophenyl,
2,4-difluorophenyl, 2-chloro-4-fluorophenyl, 2-fluoro-4-chlorophenyl,
3,5-dichlorophenyl. 3,5- difluorophenyl, 3-chloro-5-fluorophenyl,
3-chloro-4-fluorophenyl, 3-bromo-4-fluorophenyl, 3,5-
difluoro-4-chlorophenyl, 2,3-difluoro-4-chlorophenyl,
2,5-difluoro-4-chlorophenyl, 3,5-difluoro-4- bromophenyl,
2,3-difluoro-4-bromophenyl, 2,5-difluoro-4-bromophenyl or
4-(CILOPh)-phenyl. [0092] In certain embodiments, G is phenyl
optionally substituted with one or three groups independently
selected from F, Cl, Br, OMe, CN, and Me. In particular embodiments,
G is selected from 4-chlorophenyl, 2,4-dichlorophenyl,
3,4-dichlorophenyl, 4-chloro-3-fluorophenyl, 3-chloro-4-
fluorophenyl, 3-fluoro-4-bromophenyl, 4-fluorophenyl,
3,4-difluorophenyl, 2,4-difluorophenyl 4- bromophenyl,
4-chloro-2-fluorophenyl, 4-methoxyphenyl, 4-methylphenyl,
4-cyanophenyl, and 4- trifluoromethylphenyl. [0093]In certain
embodiments, G is phenyl optionally substituted with one or more
groups independently selected from I, NO2, tert-butyl and
OCH2-phenyl. In particular embodiments, G is selected from
4-iodophenyl, 4-nitrophenyl, 4-tert-butylphenyl and
4-(OCH2-phenyl)phenyl. [0094]In another embodiment, G is
2-fluorophenyl, 3-trifluoromethylphenyl, 2-fluoro-4-
trifluoromethylphenyl, 3-fluoro-4-trifluoromethoxyphenyl,
3-fluoro-4-trifluoromethylphenyl or 4- trifluoromethoxyphenyl.
[0095]In one embodiment, G may be a 5-6 membered monocyclic
heteroaryl optionally substituted by one or more halogens. In certain
embodiments, G may be a thiophene or a pyridine, optionally
substituted by halogens. Particular embodiments include:  WO
2008/006032PCT/US2007/072876 16    [0096]In another embodiment, G may
be a 9 member bicyclic heteroaryl optionally 



substituted by a halogen. In certain embodiments, G may be an indole,
optionally substituted by a halogen. Particular embodiments include:
[0097]In one embodiment, R6 and R7 are independently H, (C3-C6
cycloallcyI)-(CH2), (Cr C6 cycloalkyl)-(CH2CH2), V-(CH2)0.1 wherein V
is a 5-6 membered heteroaryl, W-(CH2)1-2 wherein W is phenyl
optionally substituted with F, Cl, Br, I, OMe, CF3 or Me,
C3-C6-cycloallcyl, hydroxy(C3-C6-cycloallcyl),
fluoro-(C3-C6-cycloallcyl), CH(CH3)CH(OH)phenyl, 4-6 membered
heterocycle optionally substituted with F, OH, cyclopropylmethyl,
C1-C3 alkyl or C(=0)(C1-C3 alkyl), or CI-C6- alkyl optionally
substituted with one or more groups independently selected from OH,
oxo, 0(C1C6-alkyl), CN, F, NH2, NH(CI-C6-alkyl), N(C1-C6-alkY02,
tetrahydropyranyl, tetrahydrofuranyl, morpholinyl, oxetanyl,
piperidinyl, and pyrrolidinyl. [0098]In a particular embodiments, R6
or R7 may be H, (C3-C6-cycloalkyl)-CH2, heteroary1-(CH2),
Cs-C6-cycloalIcyl, hydroxy-(C3-C6-cycloalkyl), CH(CH3)CH(OH)phenyl,
5-6 membered heterocycle optionally substituted with C(=0)CH3, or
(C14-alkyl optionally substituted with one or more groups
independently selected from OH, oxo, OMe, CN and F. [0099167 In
particular embodiments, R or R may be H. [00100]In another
embodiment, R6 or R7 may be C1-C6-alkyl optionally substituted with
one or more groups independently selected from OH, oxo, CN or F. In
particular embodiments, R6 or R7 may be methyl, ethyl, isopropyl,
-C(0)H, CH2CH2OH, CH2-tBu (neopentyl) or CH2CF3. [00101]In another
embodiment, R6 or R7 may be C1-C6-alkyl optionally substituted with
one or more groups independently selected from 0(C1-C6 alkyl), OH,
oxo, CN or F. In another embodiment, R6 or R7 may be propyl,
isobutyl, tert-butyl, 3-pentyl, CH(isopropyl)2, CH2CH2CH2OH,
CH(CH2CH2OH)2, CH2CH20Me, CH(CH2CH20Me)2, CH2CH2CH20Me or CH2CN.
[00102]In another embodiment, R6 or R7 may be C1-C6-alkyl optionally
substituted with one or more groups independently selected from
tetrahydropyranyl, tetrahydrofuranyl, motpholinyl,  WO
2008/006032PCT/TJS2007/072876 17
CH2(tetrahydropyranyl),CH2(tetrahydrofuranyl),CH2(morpholinyl),CH2(ox
etanyl), CH2(piperidinyl) or CH2(pyrrolidiny1). [00103]In another
embodiment R6 or R7 may be C1-C6-alkyl optionally substituted with
one or more groups independently selected from NH2, NH(CI-C6-alkyl),
or N(CI-C6-alky1)2. In particular embodiments, R6 or R7 may be
CH2NH2, CH2CH2NH2, CH2NH(CH3), CH2N(CH3)2, or CH2N(CH3)(CH2CH3).
100104] embodiment, [00105] embodiment, 100106] or R7 may be 



[00107]    In particular embodiments, R6 or R7 may be
CH2-cyclopropyl. In another R6 or R7 may be CH2-cyclobutyl.  In
particular embodiments, R6 or R7 may be CH2-(pYrid-3-Y1). In another
R6 or R7 may be CH2-(pyrid-2-y1) or CH2-(pyrid-4-y1).  In particular
embodiments, R6 or R7 may be cyclohexyl. In another embodiment, R6
cyclopentyl. In particular embodiments, R6 or R7 may be one of the
structures:   [00108]In another embodiment, R6 or R7 may be
CH2-phenyl. [00109]In another embodiment, R6 or R7 may be
4-hydroxycyclohex-l-yl. [00110]In another embodiment, R6 or R7 may be
CH(CH3)CH(OH)phenyl. [00111]In other embodiments, R6 and R7 together
with the nitrogen to which they are attached form a 3-6 membered
heterocyclic ring optionally substituted with one or more groups
independently selected from OH, halogen, oxo, CF3, CH2CF3, CH2CH2OH,
C(-=0)C113, and (C1- C3)allcyl. In particular embodiments, NR6R7 is
selected from the structures:  WO 2008/006032PCT1US20071072876 18 H
[00113]In certain embodiments, Re is H, and Rb and R6 together with
the atoms to which they are attached form a 5-6 membered heterocyclic
ring having one or two ring nitrogen atoms. In certain embodiments,
R7 is H. In a particular embodiment, Ra is H, and Rb and Re together
with the atoms to which they are attached form a 5-6 membered
heterocyclic ring having one ring nitrogen atom. [00114]In certain
embodiments, R8 and R6 together with the atoms to which they are
attached form a 5-6 membered heterocyclic ring having one or two ring
nitrogen atoms. In certain embodiments, R7 is H. In a particular
embodiment, Rs and R6 together with the atoms to which they are
attached form a 5-6 membered heterocyclic ring having one ring
nitrogen atom. [00115]In certain embodiments, Re and Rd are
independently H or methyl. [00116]In certain embodiments, Re and Rd
together with the atom to which they are attached from a cyclopropyl
ring. [00117]In one embodiment of Formula I or Ia, m is 1, n is 0, p
is 0, such that A is 



represented by the Formula 1:  1 wherein G, R6, R7, R8, Re and Rd are
as defined herein. In certain embodiments, R8 is H or OH. [00118]In
certain embodiments, A has the configuration: R6 RcI Re.N-R7  WO
2008/006032PCT/US2007/072876 19 [00119]In certain embodiments of the
A group having the Formula 1, Rc and Rd are H. In other embodiments,
le and Rd together with the atom to which they are attached form a
cyclopropyl ring. [00120]In certain embodiment of the A group having
the Formula 1, R8 is H or OH. [00121]In certain embodiments of the A
group having the Formula 1, R6 and R7 are independently H,
C3-C6-cycloallcyl, heteroary1-(CH2), hydroxy-(C3-C6-cycloalkyl),
CH(CH3)CH(OH)phenyl, or (C14-alkyl optionally substituted with one or
more groups independently selected from OH, OMe, and CN. In
particular embodiments, R6 and R7 are independently H, methyl, ethyl,
isopropyl, isobutyl, tert-butyl, 3-pentyl, CH(isopropyl)2, CH2CH2OH,
CH2CH2CH2OH, CH(CH2CH2OH)2, CH2CH20Me, CH(CH2CH20MO2, CH2CH2CH20Me,
CH2CN, CH2-cyclopropyl, CH2-cyclobutyl, CH2-tBu, cyclopentyl,
cyclohexyl, CH2-phenyl, CH2-(pyrid-2-y1), CH2-(pyrid-3-y1),
CH2-(pyrid-4-y1), 4-hydroxycyclohex-1-yl, or CH(CH3)CH(OH)phenyl.
[00122]In certain embodiments of the A group having the Formula 1, R6
or R7 may be C1- Co-alkyl optionally substituted with one or more F
or oxo groups. In a particular embodiment, R6 or R7 may be CH2CF3. In
another embodiment, R6 or R7 may be -C(0)H. 100123]In certain
embodiments of the A group having the Formula 1, R6 or R7 may be a
5-6 membered heterocycle optionally substituted with C(=0)CH3. In
particular embodiments, R6 or R7 may be selected from the structures:
i.N., -ffs [00124]In particular embodiments of the A group having the
Formula 1, NR6R7 is NH2, NHMe, NHEt, NHPr, NHiPr, NHtBu, NH(CH2-tBu),
NH(CH2-cyclopropyl), NH(CH2-cyclobutyl), NH(cyclopentyl),
NH(CH2-pyridy1), NH(cyclohexyl), NH(3-pentyl), NHCH(isopropy1)2,
NH(CH2CH2OH), NH(CH2CH2CH2OH), NH(CH2CH20Me), NH(CH2CH2CH20Me),
NH(CH2CN), NMe2, NMeEt, NMePr, NMe(iPr), NMe(CH2-cyclopropyl),
NMe(CH2-cyclobutyl), NMe(CH2CH2OH), NMe(CH2CH2CH2OH), NMe(CH2CH20Me),
NMe(CH2CH2CH20Me), NEtz, NEtPr, NEt(iPr), NEt(012-cyclopropyl),
NEt(CH2-cyclobutyl), NEt(CH2CH2OH), NEt(C H2CH2C H2 OH)  WO
2008/006032PCT/US2007/072876 



20 [00125]In other embodiments of the A group having the Formula 1,
R6 and R7 together with the N to which they are attached form a 4-6
membered heterocyclic ring having a ring nitrogen atom and optionally
having a second ring heteroatom selected form N and 0, wherein said
heterocyclic ring is optionally substituted with one or more groups
independently selected from OH, halogen, oxo, CH2CF3, and (CI
-C3)alkyl. For example, in certain embodiments, R6 and le together
with the N to which they are attached form a pyrrolidinyl,
piperidinyl, azetidinyl, morpholinyl or piperizinyl ring, wherein
said pyrrolidinyl, piperidinyl, azetidinyl, morpholinyl and
piperazinyl rings are optionally substituted with one or more groups
independently selected from OH, F methyl, CH2CF3, and oxo. In
particular embodiments of the A group having the Formula 1, NR6le is
selected from the structures:  ,,,NciOHF ni_I 1 -ixN,s,N
r--------COCNMe it   N_ CN F3    [00126]Additional embodiments of the
A group having the Formula 1, R6 and R7 together with the nitrogen to
which they are attached form a 3-6 membered heterocyclic ring
optionally substituted with one or more groups independently selected
from OH, halogen, oxo, CF3, CHCF3, CH2CH2OH, C(=0)CH3, and
(Ci-C3)allcyl. In particular embodiments of the A group having the
Formula 1, NR6R7 is selected from the structures:  



OH cN-k NC30  [00127]In certain embodiments of the A group having the
Formula 1, R6 and Rs together with the atoms to which they are
attached form a 5-6 membered heterocyclic ring having one or two ring
nitrogen atoms. In other embodiments, R6 and R8 together with the
atoms to which they are attached form a pyrrolidinyl or piperidinyl
ring. [00128]In particular embodiments, the A group is selected from
the formulas:  Cl  WO 2008/006032PCT/US2007/072876 22 [00129]In
additional embodiments, the A group is selected from the structures:
WO 2008/006032PCT/US2007/072876 24 [00131]In certain embodiments,
compounds of the present invention are represented by Formula 1B:
wherein G, R6 and R7 are as defined herein. [00132]In another
embodiment of Formula I or Ia, m is 1, n is 1, p is 0, such that A is
represented by the Formula 2: Rz Rd 



0 R8 "V 2 wherein G, R6, R7, R8, Re and Rd are as defined herein. In
certain embodiments, A has the configuration: Re" R7 I?1" Rd 0 Re.
"'J. [00133]In certain embodiments of the group A having the Formula
2, R8 is H or Me. [00134]In certain embodiments of the group A having
the Formula 2, Re and Rd are methyl. In other embodiments, 12.` and
Rd are H. [00135]In certain embodiments of the group A having the
Formula 2, R6 and R7 are independently H, methyl, ethyl, propyl,
isopropyl, cyclopropylmethyl, or cyclobutylmethyl, [00136]or R6 and
R7 together with N form a pyrrolidinyl, piperidinyl, or azetidinyl
ring, [00137]or R6 and R8 together with the atoms to which they are
attached form a piperidinyl or pyrrolidinyl ring.  WO
2008/006032PCT/US2007/072876 25 [00138]In certain embodiments of the
group A having the Formula 2, NR6R7 is NH2, NHMe, NHEt, NHPr,
NH(iPr), NH(cyclopropylmethyl), NH(cyclobutylmethyl), NMe2, NMeEt,
NMePr, NMe(iPr), NEt2, NEtPr, or NEt(iPr). [00139]In other
embodiments, NR6R7 is selected from the structures: ,}tuN [00140]In
certain embodiments of the group A having the Formula 2, R6 and R7
are H. In 



particular embodiments, A is selected from: [00141]In certain
embodiments, compounds of the present invention are represented by
Formula 2B:   WO 2008/006032PCT/US2007/072876 26 wherein G, Re, Rd,
R6 and R7 are as defined herein. [00142]In another embodiment of
Formula I or Ia, m is 1, n is 0 and p is 1, such that A is
represented by the Formula 3: R6, ,R7 Re Rd R8 3 wherein G, R6, R7,
R8, le, Rb, le and Rd are as defined herein. In certain embodiments,
A has the configuration:  [00143]In certain embodiments of the group
A having the Formula 3, R8 is H. [00144]In certain embodiments of the
group A of Formula 3, Re and Rd are H. In other embodiments, le and
Rd together with the atom to which they are attached form a
cyclopropyl ring.  [00145] In certain embodiments of the group A of
Formula 3, R6 and R7 are independently H, methyl, ethyl, propyl,
isopropyl, t-butyl, CH2-cyclopropyl, or CH2-cyclobutyl. [00146]In
certain embodiments, NR6R7 of Formula 3 is NH2, NHMe, NHEt, NHPr,
NH(iPr), NHtBu, NH(CH2-cyclopropyl), or NH(CH2-cyclobuty1). [00147]In
certain embodiments of the group A having the Formula 3, R6 and R7
are H. In particular embodiments, A is:  [00148]In other embodiments
of group A of Formula 3, le and R8 are H, and Rb and R6 together with
the atoms to which they are attached form a 5 to 6 membered
heterocyclic ring wherein one of the ring atoms is nitrogen. In
certain embodiments, Rb and R6 together with the atoms to which they
are attached form a pyrrolidinyl ring. In certain embodiments, R7 is
H. In certain embodiments, R7 is H. In particular embodiments, A is
selected from 



[00149]In certain embodiments, compounds of the present invention are
represented by Formula 3E:  wherein G, R6 and R7 are as defined
herein. [00150]In certain embodiments of Formula I or Ia, m is 0, n
is 0 and p is 1, such that A is represented by the Formula 4:  4
wherein G, R6, R7, and R8 are as defined herein. In certain
embodiments, A has the configuration:  [00151]In certain embodiments
of the group A having the Formula 4, R8 is H. In certain embodiments,
R6 and R7 are independently H or Me. In particular embodiments, A is
selected from: CICIMe0CI NH2NH2NH o 0  WO
2008/006032PCT/US2007/072876 28  [00152]In additional embodiments, A
is selected from the structures: F3C  0 



[00153]In additional embodiments, A is selected from the structures:
[00154]In certain embodiments, compounds of the present invention are
represented by Formula 4B: NH2 0 N .1R5 4B wherein G and R5 are as
defined herein. [00155]The compounds of this invention may possess
one or more asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as mixtures
thereof. Unless indicated otherwise, the description or naming of a
particular compound in the specification and claims is intended to
include both individual enantiomers and diastereomers, and  WO
2008/006032PCT/US2007/072876 29 mixtures, racemic or otherwise,
thereof. Accordingly, this invention also includes all such isomers,
including diastereomeric mixtures, pure diastereomers and pure
enantiomers of the compounds of this invention. The term "enantiomer"
refers to two stereoisomers of a compound which are
non-superimposable mirror images of one another. The term
"diastereomer" refers to a pair of optical isomers which are not
mirror images of one another. Diastereomers have different physical
properties, e.g., melting points, boiling points, spectral
properties, and reactivities. [00156]The compounds of the present
invention may also exist in different tautomeric forms, and all such
forms are embraced within the scope of the invention. The term
"tautomer" or "tautomeric form" refers to structural isomers of
different energies which are interconvertible via a low energy
barrier. For example, proton tautomers (also known as prototropic
tautomers) include interconversions via migration of a proton, such
as keto-enol and imine-enamine isomerizations. Valence tautomers
include interconversions by reorganization of some of the bonding
electrons. [00157]In the structures shown herein, where the
stereochemistry of any particular chiral atom is not specified, then
all stereoisomers are contemplated and included as the compounds of
the invention. Where stereochemistry is specified by a solid wedge or
dashed line representing a particular configuration, then that
stereoisomer is so specified and defined. [00158]The compounds of
Formula I and Ia include solvates, pharmaceutically acceptable
prodrugs and salts (including pharmaceutically acceptable salts) of
such compounds. 



[00159]The phrase "pharmaceutically acceptable" indicates that the
substance or composition is compatible chemically and/or
toxicologically with the other ingredients comprising a formulation,
and/or the mammal being treated therewith. [00160]A "solvate" refers
to an association or complex of one or more solvent molecules and a
compound of the invention. Examples of solvents that form solvates
include, but are not limited to, water, isopropanol, ethanol,
methanol, DMSO, ethyl acetate, acetic acid, and ethanolamine. The
term "hydrate" can also be used to refer to a complex wherein the
solvent molecule is water. [00161]A "prodrug" is a compound that may
be converted under physiological conditions or by solvolysis to the
specified compound or to a salt of such compound. Prodrugs include
compounds wherein an amino acid residue, or a polypeptide chain of
two or more (e.g., two, three or four) amino acid residues, is
covalently joined through an amide or ester bond to a free amino,
hydroxy or carboxylic acid group of a compound of the present
invention. The amino acid residues include but are not limited to the
20 naturally occurring amino acids commonly designated by three
letter symbols and also includes phosphoserine, phosphothreonine,
phosphotyrosine, 4- hydroxyproline, hydroxylysine, demosine,
isodemosine, gamma-carboxyglutamate, hippuric acid,  WO
2008/006032PCT/1JS2007/072876 30 octahydroindole-2-carboxylic acid,
statine, 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid,
penicillamine, omithine, 3-methylhistidine, norvaline, beta-alanine,
gamma-aminobutyric acid, cirtulline, homocysteine, homoserine,
methyl-alanine, para-benzoylphenylalanine, phenylglycine,
propargylglycine, sarcosine, methionine sulfone and
tert-butylglycine. [00162]Additional types of prodrugs are also
encompassed. For instance, a free carboxyl group of a compound of
Formula I or Ia can be derivatized as an amide or alkyl ester. As
another example, compounds of this invention comprising free hydroxy
groups may be derivatized as prodrugs by converting the hydroxy group
into a group such as, but not limited to, a phosphate ester,
hemisuccinate, dimethylaminoacetate, or
phosphoryloxymethyl-oxycarbonyl group, as outlined in Advanced Drug
Delivery Reviews, 1996, 19, 115. Carbamate prodrugs of hydroxy and
amino groups are also included, as are carbonate prodrugs, sulfonate
esters and sulfate esters of hydroxy groups. Derivatization of
hydroxy groups as (acyloxy)methyl and (acyloxy)ethyl ethers, wherein
the acyl group may be an alkyl ester optionally substituted with
groups including, but not limited to, ether, amine and carboxylic
acid functionalities, or where the acyl group is an amino acid ester
as described above, are also encompassed. Prodrugs of this type are
described in Med. Chem., 1996, 39, 10. More specific examples include
replacement of the hydrogen atom of the alcohol group with a group
such as (C1-C6)alkanoyloxymethyl, 1-((C1-C6)alkanoyloxy)ethyl, 1- m
ethy1-14(C1-C6)alkanoyloxy)ethyl, (C1-C6)alkoxycarbonyloxymethyl,
C6)alkoxycarbonylamino-methyl, succinoyl, (C1-C6)alkanoyl,
a-amino(C1-C4)alkanoyl, arylacyl and a-aminoacyl, or
a-aminoacyl-a-aminoacyl, where each a-aminoacyl group is
independently selected from the naturally occurring L-amino acids,
P(0)(OH)2, -P(0)(0(CI-C6)alkyl)2 or glycosyl (the radical resulting
from the removal of a hydroxyl group of the hemiacetal form of a
carbohydrate). [00163]Free amines of compounds of Formula I or Ia can
also be derivatized as amides, sulfonamides or phosphonamides. All of



[00167]If the inventive compound is an acid, the desired salt may be
prepared by any suitable method, for example, by treatment of the
free acid with an inorganic or organic base.  WO
2008/006032PCT/1182007/072876 32 Examples of suitable inorganic salts
include those formed with alkali and alkaline earth metals such as
lithium, sodium, potassium, barium and calcium. Examples of suitable
organic base salts
include,forexample,ammonium,dibenzylammonium,benzylammonium,2-
hydroxyethylammonium,bis(2-hydroxyethyl)ammonium,phenylethylbenzylami
ne, dibenzylethylenediamine, and the like salts. Other salts of
acidic moieties may include, for example, those salts formed with
procaine, quinine and N-methylglucosamine, plus salts formed with
basic amino acids such as glycine, ornithine, histidine,
phenylglycine, lysine and arginine. [00168]In certain embodiments,
the salt is a "pharmaceutically acceptable salt" which, unless
otherwise indicated, includes salts that retain the biological
effectiveness of the corresponding free acid or base of the specified
compound and are not biologically or otherwise undesirable.
[00169]The compounds of Formula I or Ia also include other salts of
such compounds which are not necessarily pharmaceutically acceptable
salts, and which may be useful as intermediates for preparing and/or
purifying compounds of Formula I or Ia and/or for separating
enantiomers of compounds of Formula I or Ia. [00170]The present
invention also embraces isotopically-labeled compounds of the present
invention which are identical to those recited herein, 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. All isotopes of any particular atom or
element as specified are contemplated within the scope of the
compounds of the invention, and their uses. Exemplary isotopes that
can be incorporated into compounds of the invention include isotopes
of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine,
chlorine and iodine, such as 2H, 3H, "C, 13C, 14c, 13N, 15N, 150,
170, 180, 32p, 33p, 35s, 18F, Li 1231 and 1251 Certain
isotopically-labeled compounds of the present invention (e.g., those
labeled with 3H and 14C) are useful in compound and/or substrate
tissue distribution assays. Tritiated (i.e., 3H) and carbon-14 (i.e.,
14C) isotopes are useful for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as
deuterium (i.e., 2FD may afford certain therapeutic advantages
resulting from greater metabolic stability (e.g., increased in vivo
half-life or reduced dosage requirements) and hence may be preferred
in some circumstances. Positron emitting isotopes such as 150, 13N,
11C and F are useful for positron emission tomography (PET) studies
to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by
following procedures analogous to those disclosed in the Schemes
and/or in the Examples herein below, by substituting an isotopically
labeled reagent for a non-isotopically labeled reagent.  WO
2008/006032PCT/US2007/072876 33 METABOLITES OF COMPOUNDS OF FORMULA I
OR Ia  [00171]Also falling within the scope of this invention are the
in vivo metabolic products of compounds of Formula I or Ia described
herein. A "metabolite" is a pharmacologically active product produced
through metabolism in the body of a specified compound or salt
thereof. Such products may result, for example, from the oxidation,



3H) isotope of a compound of the invention, administering it
parenterally in a detectable dose (e.g., greater than about 0.5
mg/kg) to an animal such as rat, mouse, guinea pig, monkey, or to a
human, allowing sufficient time for metabolism to occur (typically
about 30 seconds to 30 hours) and isolating its conversion products
from the urine, blood or other biological samples. These products are
easily isolated since they are labeled (others are isolated by the
use of antibodies capable of binding epitopes surviving in the
metabolite). The metabolite structures are determined in conventional
fashion, e.g., by MS, LC/MS or NMR analysis. In general, analysis of
metabolites is done in the same way as conventional drug metabolism
studies well known to those skilled in the art. The metabolites, so
long as they are not otherwise found in vivo, are useful in
diagnostic assays for therapeutic dosing of the compounds of the
invention. SYNTHESIS OF COMPOUNDS OF FORMULA I OR Ia [00173]Compounds
of this invention may be synthesized by synthetic routes that include
processes analogous to those well known in the chemical arts,
particularly in light of the description contained herein. The
starting materials are generally available from commercial sources
such as Aldrich Chemicals (Milwaukee, WI) or are readily prepared
using methods well known to those skilled in the an (e.g., prepared
by methods generally described in Louis F. Fieser and Mary Fieser,
Reagents for Organic Synthesis, v. 1-19, Wiley, N.Y. (1967-1999 ed.),
or Beilsteins Handbuch der organischen Chemie, 4, Aufl. ed.
Springer-Verlag, Berlin, including supplements). [00174]Compounds of
Formula I or la may be prepared singly or as compound libraries
comprising at least 2, for example 5 to 1,000 compounds, or 10 to 100
compounds. Libraries of compounds of Formula I or Ia may be prepared
by a combinatorial 'split and mix' approach or by multiple parallel
syntheses using either solution phase or solid phase chemistry, by
procedures known to those skilled in the art. Thus according to a
further aspect of the invention there is provided a compound library
comprising at least 2 compounds of Formula I or Ia, or salts thereof.
WO 20081006032PCT/US2007/072876 34 1001751For illustrative purposes,
Schemes 1-5, and Schemes A-K show general methods for preparing the
compounds of the present invention, as well as key intermediates. For
a more detailed description of the individual reaction steps, see the
Examples section below. Those skilled in the art will appreciate that
other synthetic routes may be used to synthesize the inventive
compounds. Although specific starting materials and reagents are
depicted in the Schemes and discussed below, other starting materials
and reagents can be easily substituted to provide a variety of
derivatives and/or reaction conditions. In addition, many of the
compounds prepared by the methods described below can be further
modified in light of this disclosure using conventional chemistry
well known to those skilled in the art. 0I0 03 Et0Ac  2 OH -OH - :-
Raney NiN H S N AAmmonia IL 56 cR 1. HCI C2. A cylationC N) 



3. HCI  1. HCI 2. Acylation 3. HCI  R =Re. N (CRelS\:)nCHOn,
(CRaRb)p-I.,,R8  WO 2008/006032PCT/US2007/072876 35 [00176]Scheme 1
shows a method of preparing compounds 9 and 11 of Formula I or Ia
wherein RI and R5 are methyl. According to Scheme 1, intermediate 3
can be prepared by brominating (+)-pulegone Ito provide the dibromide
2, followed by treatment of the dibromide 2 with a base such as
sodium ethoxide. Ozonelysis of the pulegenate 3 gives the ketoester
4. The pydimidine ring is constructed by reacting the ketoester 4
with thiourea in the presence of base such as KOH. The mercapto group
at 2-position of compound 5 is eliminated by reduction with the
catalyst such as Raney Ni. Chlorination of the hydroxypyrimidine 6
provides the 4- chloropyrimidine 7. SnAr reaction of the
chloropyrimidine 7 with piperazine provides the intermediates 8 and
10. After deprotection of intermediates 8 and 10, acylation of the
piperazine derivatives with an appropriated amino acid followed by
second deprotection step provides compounds 9 and 11, respectively.
R=RtN..117 (C119,e)n (GH2)m R8
Scheme 2 [00177]Scheme 2 illustrates a method for preparing compound
18 of Formula I or Ia wherein RI is methyl, R2 and R2a are F, and R5
is H. According to Scheme 2, oxidation of compound 12 (prepared
according to the method of Scheme 1) wherein Pg is an appropriate
amine protecting group (see Protective Groups in Organic Synthesis by
Greene and Wuts, WileyInterscience, third edition, Chapter 7, for
suitable amine protecting groups) using an appropriate oxidizing
agent such as m-CPBA, Oxone, etc., at a suitable temperature (e.g.,
0C to room temperature) in an appropriate solvent such as DCM or
chloroform gives the N-oxide 13, which can 



WO 2008/006032PCT/US2007/072876 36 then be acylated with an
appropriate anhydride, such as acetic anhydride, and heated to
furnish a mixture of esters 14. Ester hydrolysis using an aqueous
base, such as NaOH or Li0H, affords the mixture of secondary alcohols
15, which can then be oxidized under standard conditions (see
Larock's Comprehensive Organic Transformations for appropriate
examples of the oxidation of alcohols to ketones) to give ketone 16.
Treatment of 16 with a fluorinating reagent, such as DAST or
Deoxo-Fluor, in an appropriate solvent, such as DCM or chloroform,
provides the gemdifluoride compound 17. Removal of the nitrogen
protecting group from compound 17 under appropriate conditions (see
Protective Groups in Organic Synthesis by Greene and Wuts,
WileyInterscience, third edition, Chapter 7), affords the
corresponding deprotected amine (not shown). Acylation of the
deprotected piperazine using a standard coupling reagent (see, for
example, Principles of Peptide Synthesis by Miklos Bodanszky), in the
presence or absence of a tertiary amine base, and in a suitable
solvent (e.g. DMF, DCM, chloroform, THF, etc) with an appropriately
protected amino acid, followed by removal of the protecting group,
affords compound 18.  iertN N 6    Reduction3  0 67 Boc  Boc C 1 OR c
NI  R5 NR5   N N.B N ) 71 Rs.N R8 R =(CReRd)n (CH2),,, 



G (CRaRb),----Thor R8  WO 2008/006032PCT1US2007/072876 37
[00178]Scheme 3 shows a method of preparing compounds 70 and 71.
According to Scheme 3, amination of compound 4 using an ammonia
synthon gives compound 4a. Pyrimidine formation using, for example,
ammonium formate in the presence of formamide at 50C to 250C and/or
at high pressure gives the bicyclic unit 6. Activation of compound 6
using, for example, POCI3 or SOC12 gives the activated pyrimidine 62.
Displacement of this leaving group, using a suitable
protected/substituted piperidine at 0C to I50C gives the piperidine
63. Oxidation, using, for example, m-CPBA or Oxone at -20C to 50C
gives the N-oxide 64. Treatment with an acylating agent (eg. acetic
anhydride) followed by heating (40C to 200C) causes rearrangement to
give compound 65. Hydrolysis, using, for example LiOH or NaOH at 0C
to 50C gives the alcohol 66. Oxidation, using for example, Swern
conditions, Mnat or pyridine-503 complex at appropriate temperatures
gives the ketone 67. Asymmetric reduction using, for example, a
catalytic chiral catalyst in the presence of hydrogen, the CBS
catalyst or a borohydride reducing agent in the presence of a chiral
ligand gives rise to either the (R) or the (5) stereochemistry at the
alcohol 68 or 69. Alternatively, a non-chiral reducing agent could be
used (eg. H2, Pd/C), allowing the methyl group on the cyclopentane
unit to provide facial selectivity and diastereoselectivity. If the
reduction gives a lower diastereoselectivity, the diastereomers could
be separated by, for example, chromatography, crystallization or
derivitization. Treatment of compound 68 or 69 with a fluorinating
agent (e.g. DAST at -20C to 100C) gives rise to the fluorinated
analogues with inverted stereochemistry 70 or 71 respectively.
Finally deprotection of the Boc-group, using, for example, acid at 0C
to 50C, acylation using an appropriately functionalized amino acid
and final functionalization of the amine of this amino acid (e.g.
removal of any protecting group, allcylation, reductive amination or
acylation to introduce new substituents) gives rise to the final
compounds 72 and 73.  WO 2008/006032PCT/U62007/072876 38
[00179]Scheme 4 shows a method of preparing compound 78. According to
Scheme 4, amination of compound 74 using an ammonia synthon gives
compound 75. Pyrimidine formation using, for example, ammonium
formate in the presence of formamide at 500 to 250C and/or at high
pressure gives the bicyclic unit 76. Activation of compound 76 using,
for example, p003 or SOCl2 gives the activated pyrimidine and
displacement of this leaving group, using a suitable
protected/substituted piperidine at 0C to 150C gives the piperidine
77. Deprotection of the Bocgroup, using, for example, acid at 0C to
50C, acylation using an appropriately functionalized amino acid and
final functionalization of the amine of this amino acid (e.g. removal
of any protecting group, alkylation, reductive amination or acylation
to introduce new substituents) gives rise to the final compounds 78.
These analogues may then be subject to separation techniques to give
the single enantiomers.    798081    R =(12c6R. ,m97\z. dR) (CH2)m
6CRaRb)p-k.,..) Re c.  WO 2008/006032PCT1US2007/072876 



39 [00180]Scheme 5 shows a method of preparing compounds 84, 86 and
87, which include a late stage functionalization of RI. According to
Scheme 5, amination of compound 79 using an ammonia synthon gives
compound 80. Pyrimidine formation using, for example, ammonium
formate in the presence of formamide at 50C to 250C and/or at high
pressure gives the bicyclic unit 81. Activation of compound 81 using,
for example, POC13 or SOC12 gives the activated pyrimidine and
displacement of this leaving group, using a suitable
protected/substituted piperidine at 0C to 150C gives the piperidine
82. The olefin may be left intact or functionalized of the olefin,
using for example, ozone at -100C to -50C, followed by a reductive
work up (eg. NaB114) may give the hydroxymethyl derivative 83.
Alternatively, reduction of the olefin, using, for example, 111/Pd/C
at 0C to 50C at 1 atm to 50 atm gives rise to the ethyl derivative
85. Subsequent deprotection of the Boc-group, using, for example,
acid at 0C to 50C, acylation using an appropriately functionalized
amino acid and final functionalization of the amine of this amino
acid (e.g. removal of any protecting group, alkylation, reductive
amination or acylation to introduce new substituents) gives rise to
the final compounds 84, 86 and 87. These analogues may then be
subject to separation techniques to give the single enantiomers.
[00181]Accordingly, another aspect of the invention provides a method
of preparing compounds of Formula I or Ia, comprising: reacting a
compound having the formula R2 R2a wherein RI, Ria, R2, R2a, and R5
are as defined herein, with an amino acid having the formula R6
(CR'Rd), (CH2) G,(CRaRb)po R8 OH wherein G, R6, R7, Rs, r, Rb, -c, K
Rd, m, n and p are as defined herein.  WO
2008/006032PCT/US2007/072876 40 [00182]In another aspect of the
invention provides a method of preparing compounds of Formula Ia,
comprising: reacting a compound having the formula  wherein RI, R2,
R2a, and R5 are as defined herein, with an amino acid having the
formula (CRRd)n (OH2)", 



,(0RaRb)p\ R8 OH wherein G, R6, R7, R8, Ra, Rb, Re, m, n and p are as
defined herein. [00183]The amino acids used in the synthesis of
compounds of Formula I or Ia as illustrated in Schemes 1-5 and in the
Examples are either commercially available or may be prepared
according to the methods disclosed herein. For example, in certain
embodiments the amino acids used to prepare compounds of Formula I or
Ia include p-phenylglycine amino acids having the Formula 1A,
y-phenylglycine amino acids having the Formula 2A, P-phenylalanine
amino acids having the Formula 3A, and y-phenylalanine amino acids
having the Formula 4A. R6, R7 R6, R7 R6 N-R7RRd c128, R7 RdNI- 0GLO00
OHR8 OHR8 OHR8 OH 1A2A3A4A [00184]Methods of preparing amino acids of
Formulas 1A-4A are shown in Schemes A-K.  WO
2008/006032PCT/US2007/072876 41   



202122 1. Activation 2. Elimination Scheme A [00185]Scheme A
illustrates a method of preparing optionally substituted
13-phenylglycine amino acids 25 and 26 of the Formula IA wherein R8
is H, and R6, and R9 and are as defined herein, t is 0 to 4, and R7
is H or an amine protecting group. According to Scheme A, the acid 20
is converted to an ester 21 wherein R' is alkyl using standard
conditions such as treatment with an appropriate alcohol (e.g. Me0H)
in the presence of a catalytic amount of an acid such as concentrated
112SO4 or a coupling agent such as DCC/DMAP; or alternatively by
treatment with an appropriate electrophile (e.g., MeI, EtBr, BnBr) in
the presence of a base such as NEt3/DMAP at an appropriate
temperature (e.g., -20C to 100C). The appropriate choice of ester is
determined by the conditions required to reform the acid at the end
of the synthesis, with many appropriate examples and conditions being
listed in 'Protective Groups in Organic Synthesis' by Greene and
Wuts, Wiley-Interscience, third edition, Chapter 5. Introduction of
the hydroxymethyl group to provide compound 22 may be performed by
treatment with an appropriate aldehyde (e.g., formaldehyde) in the
presence of base such as Na0Et at an appropriate temperature (e.g.,
-20C to room temperature). Activation of the alcohol group of
compound 22 to form a leaving group (e.g., a mesylate, tosylate,
halide) may be accomplished by treatment with, for example,
methanesulphonyl chloride in the presence of excess base such as
NEt3, DIPEA, or DBU at an appropriate temperature (e.g., -20C to room
temperature). In many cases the olefin 24 can be isolated directly
from this procedure, in other cases warming (30C to 100C) or
additional base (e.g. DBU in the case of halide) may be required to
complete the elimination to provide compound  WO
2008/006032PCT/US2007/072876 42 24. The activated olefin 24 may be
treated with the desired primary amine (e.g., ethylamine) in a
suitable solvent, such as MT, at an appropriate temperature (e.g.,
-20C to reflux) to generate the aminoester intermediate. In the case
wherein compound 24 has an electron rich aromatic ring or electron
poor/bulky primary amine, heating (e.g. 30-240C in a sealed tube) or
microwave chemistry may be required. Protection of the amine group
(for example as Boc-group) may be accomplished using Boc20 under
standard conditions to provide compound 23 wherein Pg is a protecting
group. Alternative protecting groups may be used, and many
appropriate examples are listed in 'Protective Groups in Organic
Synthesis' by Greene and Wuts, Wiley-Interscience, third edition,
Chapter 7. Saponification of the ester 23 to form the protected amino
acid 25 may be accomplished using conditions appropriate for the
ester (e.g., aqueous LiOH for methyl esters, hydrogenation for benzyl
esters, acid for t-butyl esters). [00186]Alternatively, the activated
olefin 24 may be treated with a secondary amine (e.g., diethylamine)
in a suitable solvent such as THF at an appropriate temperature
(e.g., -20C to reflux) to generate the aminoester intermediate (not
shown). In the case wherein compound 24 has an electron rich aromatic
ring or electron poor/bulky secondary amine, heating (e.g., 30-240C
in a sealed tube) or microwave chemistry may be required.
Saponification of the ester to form the amino acid 26 may be
accomplished using conditions appropriate for the ester (e.g.,
aqueous LiOH for methyl esters, hydrogenation for benzyl esters, acid
for t-butyl esters, etc.).    242829    3031
Scheme B [00187]Scheme B shows a method of preparing optionally



24 (prepared according to Scheme A), wherein t is 0-4 and R' is
alkyl, using a standard oxidizing  WO 2008/006032PCT1US20071072876 43
agent such as MCPBA at an appropriate temperature (room temperature
to reflux) provides the epoxide intermediate 28. Intermediate 28 may
be treated with an appropriate amine, typically at high temperature
(e.g., 50-300C) and high pressure (e.g., in a sealed tube or a bomb)
to give the amino alcohol 29 or 30. If a secondary amine is used
(such as in the preparation of compound 30), then deprotection of the
ester using conditions listed in 'Protective Groups in Organic
Synthesis' by Greene and Wuts, Wiley-Interscience, third edition,
Chapter 5 may be used (e.g., LiOH for a methyl ester, hydrogenation
for a benzyl ester, etc). When a primary amine is used (such as in
the preparation of compound 29), protection of the amine (e.g., as a
Boc-group using Boc anhydride) followed by deprotection of the ester
(using the above conditions) provide the hydroxylated amino acid 31.
Scheme C [00188]Scheme C shows a method of preparing optionally
substituted 13-phenylglycine amino acids 36 of the Formula 1A wherein
le is methyl, R6 is H, R7 is an amine protecting group t is 0 to 4,
and R9 is as defined herein. The ester 32, wherein R'n is alkyl, can
be treated with a base (e.g. NaOtBu) at an appropriate temperature
(e.g., 0C to reflux) to form the anion, followed by addition of an
electrophile (e.g., tert-butyl 2-bromoacetate) at an appropriate
temperature (e.g, - 78C to room temperature) to give the homologated
ester 33. Saponification of the t-butyl ester of compound 33 using an
appropriate acid such as TFA or HCI at an appropriate temperature
(e.g., 0C to reflux) provides compound 34. A Curtis rearrangement of
compound 34 using, for example, DPPA in the presence of mild base
such as Na3 at an appropriate temperature (e.g., 0C to reflux),
followed by treatment of the reactive intermediate with an alcohol
(e.g. tBuOH), optionally in the presence of a Lewis acid (e.g. SnCl2)
at higher temperature (e.g., 40-200C) provides compound 35 wherein Pg
is an amine protecting group. The choice of alcohol used to prepare
compound 35  WO 2008/006032PCT/US2007/072876 44 determines the amine
protecting group (e.g. tBuOH provides the Boc-amine). Deprotection of
the ester group of compound 35 using standard conditions (e.g., with
LiOH when the protecting group is a methyl ester, hydrogenation for a
benzyl ester, etc.) gives the acid compound 36. 



[00189]Alternatively in Scheme C, R8 may be hydrogen.    39
(R9)tCC:12110R9 40                                  Scheme D [00190]
Scheme D shows a method of preparing optionally substituted
ry-phenylglycineamino acids 40 of Formula 2A wherein ltd, Rd, and R9
are as defined herein t is 0 to 4, R6 is H, and R7 is an amine
protecting group such as Boc. The starting unsaturated ester 24,
prepared according to Scheme A, can be treated with a substituted
nitromethane derivative (e.g. nitroethane) in the presence of a base
such as DBU at an appropriate temperature (e.g., 0C to room
temperature) to give the homologated adduct 37. The nitro group of
compound 37 can be reduced using standard conditions (e.g.,
hydrogenation, Zn/acid, etc.) at an appropriate temperature (e.g.,
room temperature to reflux), and the resulting intermediate can be
cyclized to give the lactam intermediate 38. Protection of the amine,
for example with a Boo-group to provide compound 39, may be
accomplished using Boc20 under standard conditions. Alternative
protecting groups may be used, and many appropriate examples are
listed in 'Protective Groups in Organic Synthesis' by Greene and
Wuts, Wiley-Interscience, third edition, Chapter 7. Treatment of
compound 39 with an aqueous base such as LiOH or KOH at an
appropriate temperature (e.g., 0 to 100C) effects ring opening of the
lactam to give the appropriately substituted, protected amino acid
compound 40.  Curtius    4443 Scheme E 1001911Scheme E shows a method
of making optionally substituted y-phenylglycine amino acids 44 of
Formula 2A wherein R8 is methyl, R6 is H, R7 is an amine protecting
group, t is 0 to 4, and R9 is as defined herein. The ester 32,
wherein R' is alkyl and t is 0-4, can be treated with a suitable base
such as KOtBu at an appropriate temperature (e.g., 0C to reflux) to
form the anion, followed by addition of an acrylate unit (e.g.,
t-butylacrylate) at a temperature ranging from -78C to room
temperature to give the homologated ester 41. Saponification of the
t-butyl ester of compound 41 by treatment with a suitable acid such
as TFA or HC1 at an appropriate temperature (e.g, 0C to reflux)
provides compound 42. A Curtius rearrangement of compound 42 using,
for example, DPPA in the presence of mild base such as NEt3 at an
appropriate temperature (e.g., 0C to reflux), followed by treatment
of the reactive intermediate with an appropriate alcohol (e.g4
tBuOH), optionally in the presence of a Lewis acid (e.g. SnC12) at
elevated temperatures (e.g. 40- 200C) provides compound 43. The
choice of alcohol determines the amine protecting group of compound
43 (e.g., tBuOH provides the Boo-amine). Deprotection of the ester of
compound 43 under standard conditions (e.g., LiOH for a methyl ester,
hydrogenation for a benzyl ester, etc.) gives the acid 44.
[00192]Alternatively in Scheme E, R8 may be hydrogen.  WO
2008/006032PCT/US2007/072876 46 (R9)t-hc. NC CO2R"'   



Base      I1. Protection 2. Saponification t,,.NHPg (R )t CO2H 50
Scheme F [00193]Scheme F shows a method of preparing optionally
substituted 13-phenylalanine amino acids 48, 49 and 50 of Formula 3A
wherein R6 is H, R7 is an amine protecting group, t is 0 to 4, and R9
is as defined herein. An appropriately substituted aldehyde 45 can be
treated with a cyanoacetate of the formula CN-CH2CO2121" wherein R"'
is alkyl (e.g., ethyl 2-cyanoacetate) in the presence of a suitable
base such as piperidine at an appropriate temperature (e.g., room
temperature to reflux) to give the unsaturated ester 46. Reduction of
the olefin and the nitrile groups of compound 46 to provide compound
47 may be accomplished in a number of ways. For example, the olefin
may be reduced with any agent known to effect 1,4-reductions, such as
NaBH4. The nitrile may be reduced using agents such as LiA1H4 or
NaBH4 in the presence of a Lewis acid such as BF3 OEt, or TFA. A
number of alternative reducing agents may be used, such as those
listed in 'Reductions in Organic Chemistry' by Hudlicky, ACS
monograph, 2"d edition, Chapter 18. If desired, the primary amine 47
can be monoalkylated or bisalkylated at this stage using standard
conditions (e.g., reductive amination using an appropriate aldehyde,
Lewis acid and reducing agent) to provide intermediates (not shown)
en route to compounds 48 and 49. To prepare primary and secondary
amines, protection may be accomplished using any number of protecting
groups (e.g. 'Protective Groups in Organic Synthesis' by Greene and
Wuts, Wiley-Interscience, third edition, Chapter 7), for example as a
Boc-group using Boc anhydride at 0C to room temperature. Cleavage of
the ester group to form the amino acid 48, 49 or 50 may be
accoMplished using an aqueous bases such as LiOH or KOH, or any of
the alternative reagents listed in the aforementioned 'Protecting
Groups' text (e.g., hydrogenation for a benzyl ester).  WO
2008/006032PCT/US2007/072876 47  (R9)t-cr- CO2H Reduction       51 52



1. Activation    2. Base    R'02C---NHPg (R9)t NHPg Deprotection NHPg
4  CO 2H 5453 Scheme G [00194]Scheme G shows a method of preparing
optionally substituted ct-phenylalanine amino acids 54 of Formula 4A
wherein R6 is H, R7 is an amine protecting group, t is 0 to 4, and R9
is as defined herein. An appropriately substituted acid 51 may be
reduced to the benzyl alcohol 52 using for example L1A1H4 at a
temperature ranging from room temperature to reflux. The alcohol
group of compound 52 can be activated as a leaving group (e.g.
halide, mesylate, etc.) using, for example, PBr3, MsCl/NEt3, etc.
Displacement of this leaving group using a protected glycine
derivative such as ethyl 2-(diphenylmethyleneamino)acetate in the
presence of strong base such as LDA, nBuLi provides the amino ester
intermediate 53 wherein RI is alkyl and Pg is a protecting group.
Appropriate protecting groups are listed in 'Protective Groups in
Organic Synthesis' by Greene and Wuts, Wiley-Interscience). The amine
protecting group may be changed at this stage, for example to
introduce a Boc-group. Subsequent deprotection of the ester 53 (e.g.,
using 3N HC1, Li0H, hydrogenation for a benzyl ester, etc.) at an
appropriate temperature (e.g., 0C to reflux) provides the desired
N-protected amino acid 54. 1 1. Deprotection 



2. Reprotection 3. Cleavage of ester ,Pg  56  WO
2008/006032PCT/US2007/072876 48 [00195]Scheme H shows a method of
preparing optionally substituted y-phenylglycine amino acids 56 of
Formula 2A wherein R6 and R8 together with the atoms to which they
are attached form a spirocyclic heterocyclic ring, R7 is an amine
protecting group, t is 0 to 4, and R9 is as defined herein. According
to Scheme H, the unsaturated ester 24 can be treated with a suitably
protected glycine derivative (e.g., benzylglycine) and formaldehyde
under dry conditions (e.g., with addition of molecular sieves) at an
appropriate temperature (e.g., room temperature to reflux) to
generate compound 55. Cleavage of the benzyl group using standard
conditions (e.g., via hydrogenation, 1-chloroethylformate, etc.)
followed by addition of an amine protecting group such as a Boc-group
and cleavage of the ester under standard conditions (e.g. LiOH for a
methyl ester, acid for a t-butyl ester, etc., at 0C to reflux)
provides the N-protected amino acid 56. z-NR" [3+2] CO2R' (R9)t CO2R'
1. Amine functionalation 2. Ester deprotection (Ft% TO-r-CNFRO21 62
Scheme I [00196]Scheme 1 shows a method of preparing optionally
substituted 13-phenylalanine amino acids 61 and 62 of Formula 3A
wherein R6 and R" together with the atoms to which they are attached
form a heterocyclic ring, and R7 and R9 are as defined herein and t
is 0 to 4. The acid 57 is 



converted to an ester 58 using standard conditions such as treatment
with an appropriate alcohol (e.g., Me0H) in the presence of either
catalytic acid (e.g. concentrated H2SO4 or TMSC1) or a coupling agent
(e.g. DCC/DMAP); or alternatively by treatment with an appropriate
electrophile (e.g. MeI, EtBr, BnBr) in the presence of a suitable
base such as NEt3/DMAP at appropriate temperatures (e.g., -20C to
100C). The appropriate choice of ester is determined by the  WO
2008/006032PCMJS2007/072876 49 conditions required to reform the acid
at the end of the synthesis, such as described in 'Protective Groups
in Organic Synthesis' by Greene and Wuts, Wiley-Interscience, third
edition, Chapter 5. Cyclization of compound 58 to provide compound 59
may be achieved using, for example,
N(methoxymethyl)(pheny1)-N-((trimethylsilypmethypmethanamine in the
presence of TFA. This particular set of reagents generates the
benzylamine, which can be cleaved to provide compound 60 under
standard conditions such as such as hydrogenation at -20C to 50C or
any other standard conditions such as those listed in 'Protective
Groups in Organic Synthesis' by Greene and Wuts, Wiley-Interscience,
third edition, Chapter 7. Protection of the free amine of compound 60
with an alternative protecting group (e.g., Hoc) using reagents
listed in the aforementioned text, such as Boc-anhydride, followed by
cleavage of the ester using standard conditions appropriate for the
ester (e.g. aqueous LiOH for methyl esters, hydrogenation for benzyl
esters, acid for t-butyl esters) provides the acid compound 61.
Alternatively, the free amine can be functionalized further (e.g.
using allcylation, reductive amination, or acylation conditions),
followed by ester cleavage to generate the tertiary amino acid
compound 62.                                      Scheme J
[00197]Either enantiomer of the beta-amino acids may be prepared
using a procedure such as that shown in Scheme J. A 2-phenylacetate
92 coupled with an appropriate chiral auxiliary (R*) (for example, an
Evans' auxiliary or a Sultam) with the appropriate stereochemisty to
generate the desired chemistry at the b-position of the amino acid
may be treated with an imine or iminium ion synthon (e.g. prepared in
situ by the presence of a Lewis acid (eg. TiCI4) and an appropriately
substituted alkoxymethanamine or N-(alkoxymethyl)amide/carbamate at
-100C to +50C). The asymmetric addition may require the presence of
Lewis acids (eg. TiCI4), amine bases (eg. Hunig's base) and lower
temperatures (e.g. -100C to 0C) to generate the best levels of
stereochemical induction. If the de is lower than required, the
separate diastereomers may be separated at this stage by (for
example) chromatography or crystallization. Cleavage of the chiral
auxiliary, using  WO 2008/006032PCT/US2007/072876 



50 methods known to cleave the chosen auxiliary (eg. Li0H/E1202 at
-50C to +50C for the Evans auxiliary) then leads to the desired
N-protected b-amino acid 94 with the desired stereochemistry at the
b-position. Additionally, if R6 is also a protecting group (eg.
2,4-dimethoxybenzyl), it may be removed in the presence of the
Boc-group (eg. hydrogenation or DDQ, etc.) to give the Boc-amino acid
95, which upon removal of the Boc-group would provide the primary
amine, which may be further functionalized by allcylation, acylation
or reductive amination (either prior to or after coupling with the
pyrimidine-piperazine unit). Iit NBoc    98 969799    0 OH Boc 100
Scheme K [00198]Introduction of a chiral auxiliary (eg. Evans
oxazolidinone, etc.) to compound 96 may be accomplished by standard
acylation procedures to give the conjugate 97. For example, treatment
of the acid with an activating agent (e.g. COCl2) or mixed anhydride
formation (eg. 2,2- dimethylpropanoyl chloride) in the presence of an
amine base at -20C to 100C followed by treatment with the appropriate
chiral auxiliary (x) gives 97. The stereochemistry and choice of the
chiral auxiliary may determine the stereochemistry of the newly
created chiral center and the de. Treatment of 97 with a Lewis acid
(eg. TiC14) at low temperature (e.g. -20C to -100C) and an amine base
(e.g. Hunig's base) followed by the use of an appropriately
substituted imminium ion precursor 98 at low temperature then gives
rise to compound 99. The temperature, Lewis acid & chiral auxiliary
may all be expected to influence the de of the addition adduct.
Finally saponification under mild conditions (e.g. Li0H/H20 at -10C
to 30C) gives rise to the desired acid 100. [00199]In preparing
compounds of Formula I or Ia, protection of remote functionalities
(e.g., primary or secondary amines, etc.) of intermediates may be
necessary. The need for such protection will vary depending on the
nature of the remote functionality and the conditions of the
preparation methods. Suitable amino-protecting groups (NH-Pg) include
acetyl, trifluoroacetyl, t-  WO 2008/006032PCT/US2007/072876 51
butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and
9-fluorenylmethyleneoxycarbonyl (Fmoc). The need for such protection
is readily determined by one skilled in the art. For a general
description of protecting groups and their use, see T. W. Greene,
Protective Groups in Organic Synthesis, John Wiley & Sons, New York,
1991. METHODS OF SEPARATION  1002001In any of the synthetic methods
for preparing compounds of Formula I or Ia, it may be advantageous to
separate reaction products from one another and/or from starting
materials. The desired products of each step or series of steps is
separated and/or purified to the desired degree of homogeneity by the
techniques common in the art. Typically such separations involve
multiphase extraction, crystallization from a solvent or solvent
mixture, distillation, sublimation, or chromatography. Chromatography
can involve any number of methods including, for example:
reverse-phase and normal phase; size exclusion; ion exchange; high,
medium and low pressure liquid chromatography methods and apparatus;
small scale analytical; simulated moving bed (SMB) and preparative
thin or thick layer chromatography, as well as techniques of small
scale thin layer and flash chromatography. 



[00201]Another class of separation methods involves treatment of a
reaction mixture with a reagent selected to bind to or render
otherwise separable a desired product, unreacted starting material,
reaction by product, or the like. Such reagents include adsorbents or
absorbents such as activated carbon, molecular sieves, ion exchange
media, or the like. Alternatively, the reagents can be acids in the
case of a basic material, bases in the case of an acidic material,
binding reagents such as antibodies, binding proteins, selective
chelators such as crown ethers, liquid/liquid ion extraction reagents
(LIX), or the like. 100202]Selection of appropriate methods of
separation depends on the nature of the materials involved. For
example, boiling point and molecular weight in distillation and
sublimation, presence or absence of polar functional groups in
chromatography, stability of materials in acidic and basic media in
multiphase extraction, and the like. One skilled in the art will
apply techniques most likely to achieve the desired separation.
100203]Diastereomeric mixtures can be separated into their individual
diastereomers on the basis of their physical chemical differences by
methods well known to those skilled in the art, such as by
chromatography and/or fractional crystallization. Enantiomers can be
separated by converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate optically
active compound (e.g., chiral auxiliary such as a chiral alcohol or
Mosher's acid chloride), separating the diastereomers and converting
(e.g., hydrolyzing) the individual diastereoisomers to the
corresponding pure enantiomers. Also, some of the compounds of the
present invention may be  WO 2008/006032PCT/US2007/072876 52
atropisomers (e.g., substituted biatyls) and are considered as part
of this invention. Enantiomers can also be separated by use of a
chiral HPLC column. [00204]A single stereoisomer, e.g., an
enantiomer, substantially free of its stereoisomer may be obtained by
resolution of the racemic mixture using a method such as formation of
diastereomers using optically active resolving agents (Eliel, E. and
Wilen, S. "Stereochemistry of Organic Compounds," John Wiley & Sons,
Inc., New York, 1994; Lochmuller, C. H., J. Chromatogr., (1975)
113(3):283-302). Racemic mixtures of chiral compounds of the
invention can be separated and isolated by any suitable method,
including: (1) formation of ionic, diastereomeric salts with chiral
compounds and separation by fractional crystallization or other
methods, (2) formation of diastereomeric compounds with chiral
derivatizing reagents, separation of the diastereomers, and
conversion to the pure stereoisomers, and (3) separation of the
substantially pure or enriched stereoisomers directly under chiral
conditions. See: "Drug Stereochemistry, Analytical Methods and
Pharmacology," Irving W. Wainer, Ed., Marcel Dekker, Inc., New York
(1993). [00205]Under method (1), diastereomeric salts can be formed
by reaction of enantiomerically pure chiral bases such as brucine,
quinine, ephedrine, strychnine, a-methyl-13- phenylethylamine
(amphetamine), and the like with asymmetric compounds bearing acidic
functionality, such as carboxylic acid and sulfonic acid. The
diastereomeric salts may be induced to separate by fractional
crystallization or ionic chromatography. For separation of the
optical isomers of amino compounds, addition of chiral carboxylic or
sulfonic acids, such as camphorsulfonic acid, tartaric acid, mandelic
acid, or lactic acid can result in formation of the diastereomeric



WO 2008/006032PCT/US2007/072876 54  hemangioma, granuloma, xanthoma,
osteitis deformans), meninges (meningioma, meningiosarcoma,
gliomatosis), brain (astrocytoma, medulloblastoma, glioma,
ependymoma, germinoma [pinealoma], glioblastoma multifonn.
oligodendroglioma, schwannoma, retinoblastoma, congenital tumors),
spinal cord neurofibroma, meningioma, glioma, sarcoma); (8)
Gynecological: uterus (endometrial carcinoma), cervix (cervical
carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian carcinoma
[serous cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified
carcinoma], granulosa-thecal cell tumors, Sertoli-Leydig cell tumors,
dysgerminoma, malignant teratoma), vulva (squamous cell carcinoma,
intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma),
vagina (clear cell carcinoma, squamous cell carcinoma, botryoid
sarcoma (embryonal rhabdomyosarcoma), fallopian tubes (carcinoma);
(9) Hematologic: blood (myeloid leukemia [acute and chronic], acute
lymphoblastic leukemia, chronic lymphocytic leukemia,
myeloproliferative diseases, multiple myeloma, myelodysplastic
syndrome), Hodgkin's disease, non-Hodgkin's lymphoma [malignant
lymphoma]; (10) Skin: advanced melanoma, malignant melanoma, basal
cell carcinoma, squamous cell carcinoma, Karposi's sarcoma, moles
dysplastic nevi, lipoma, angioma, dermatofibroma, keloids, psoriasis;
(11) Adrenal glands: neuroblastoma; (12) Breast: metastatic breast;
breast adenocarcinoma; (13) Colon; (14) Oral cavity; (15) Hairy cell
leukemia; (16) Head and neck; (17) and others including refractory
metastatic disease; Kaposi's sarcoma; Bannayan-Zonana syndrome; and
Cowden disease or Lhermitte-Duclos disease, among other kinds of
hyperproliferative disorders. [00209]Compounds and methods of this
invention can be also used to treat diseases and conditions such as
rheumatoid arthritis, osteoarthritis, Chron's disease, angiofibroma,
ocular diseases (e.g., retinal vascularisation, diabetic retinopathy,
age-related macular degeneration, macular degeneration, etc.),
multiple sclerosis, obesity, Alzheimer's disease, restenosis,
autoimmune diseases, allergy, asthma, endometriosis, atherosclerosis,
vein graft stenosis, perianastomatic prothetic graft stenosis,
prostate hyperplasia, chronic obstructive pulmonary disease,
psoriasis, inhibition of neurological damage due to tissue repair,
scar tissue formation (and can aid in wound healing), multiple
sclerosis, inflammatory bowel disease, infections, particularly
bacterial, viral, retroviral or parasitic infections (by increasing
apoptosis), pulmonary disease, neoplasm, Parkinson's disease,
transplant rejection (as an immunosupressant), septic shock, etc.
[00210]Accordingly, another aspect of this invention provides a
method of treating diseases or medical conditions in a mammal
mediated by AKT protein kinases, comprising administering to said
mammal one or more compounds of Formula I or Ia or a pharmaceutically
acceptable salt or prodrug thereof in an amount effective to treat or
prevent said disorder.  WO 2008/006032PCT/US2007/072876 55 [00211]The
phrase "effective amount" means an amount of compound that, when
administered to .a mammal in need of such treatment, is sufficient to
(i) treat or prevent a particular disease, condition, or disorder
mediated by the activity of one or more AKT protein kinases, tyrosine
kinases, additional serine/threonine kinases, and/or dual specificity
kinases, (ii) attenuate, ameliorate, or eliminate one or more
symptoms of the particular disease, condition, or disorder, or (iii)
prevent or delay the onset of one or more symptoms of the particular



the preparation of a medicament for therapy, such as for the
treatment or prevention of AKT protein kinase-mediated conditions.
COMBINATION THERAPY [00217]The compounds of the present invention can
be used in combination with one or more additional drugs such as
described below. The dose of the second drug can be appropriately
selected based on a clinically employed dose. The proportion of the
compound of the present invention and the second drug can be
appropriately determined according to the administration subject, the
administration route, the target disease, the clinical condition, the
combination, and other factors. In cases where the administration
subject is a human, for instance, the second drug may be used in an
amount of 0.01 to 100 parts by weight per part by weight of the
compound of the present invention. [00218]The second compound of the
pharmaceutical combination formulation or dosing regimen preferably
has complementary activities to the compound of this invention such
that they do not adversely affect each other. Such drugs are suitably
present in combination in amounts that are effective for the purpose
intended. Accordingly, another aspect of the present invention
provides a composition comprising a compound of this invention in
combination with a second drug, such as described herein. [00219]A
compound of this invention and the additional pharmaceutically active
drug(s) may be administered together in a unitary pharmaceutical
composition or separately and, when administered separately this may
occur simultaneously or sequentially in any order. Such sequential
administration may be close in time or remote in time. The amounts of
the compound of this invention and the second drug(s) and the
relative timings of administration will be selected in order to
achieve the desired combined therapeutic effect. 100220]The
combination therapy may provide "synergy" and prove "synergistic",
i.e., the effect achieved when the active ingredients used together
is greater than the sum of the effects that results from using the
compounds separately. A synergistic effect may be attained when the
active ingredients are: (1) co-formulated and administered or
delivered simultaneously in a combined, unit dosage formulation; (2)
delivered by alternation or in parallel as separate formulations; or
(3) by  WO 2008/006032PCT/US2007/072876 57  some other regimen. When
delivered in alternation therapy, a synergistic effect may be
attained when the compounds are administered or delivered
sequentially, e.g., by different injections in separate syringes. In
general, during alternation therapy, an effective dosage of each
active ingredient is administered sequentially, i.e., serially,
whereas in combination therapy, effective dosages of two or more
active ingredients are administered together. [00221]A
"chemotherapeutic agent" is a chemical compound useful in the
treatment of cancer, regardless of mechanism of action.
Chemotherapeutic agents include compounds used in "targeted therapy"
and conventional chemotherapy. [00222]Examples of chemotherapeutic
agents include Erlotinib (TARCEVA(r), Genentech/OSI Pharm.),
Bortezomib (VELCADE(r), Millennium Pharm.), Fulvestrant (FASLODEXC,
AstraZeneca), Sutent (SU11248, Pfizer), Letrozole (FEMARA(r),
Novartis), Imatinib mesylate (GLEEVECC, Novartis), PTK787/ZK 222584
(Novartis), Oxaliplatin (EloxatinC, Sanofi), 5-FU (5-fluorouracil),
Leucovorin, Rapamycin (Sirolimus, RAPAMUNE(r), Wyeth), Lapatinib
(TYKERB(r), GSK572016, Glaxo Smith Kline), Lonafamib (SCH 66336),
Sorafenib (BAY43-9006, Bayer Labs), Irinotecan (CAMPTOSAR(r), Pfizer)



WO 2008/006032PCT1US2007/072876 59 inhibitors that inhibit the enzyme
aromatase, which regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles, aminoglutethimide, MEGASE(r)
(megestrol acetate), AROMASIN(r) (exemestane; Pfizer), formestanie,
fadrozole, RIVISOR(r) (vorozole), FEMARA(r) (letrozole; Novartis),
and AMMIDEXO (anastrozole; AstraZeneca); (iii) anti-androgens such as
flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as
well as troxacitabine (a 1,3- dioxolane nucleoside cytosine analog);
(iv) protein kinase inhibitors; (v) lipid kinase inhibitors; (vi)
antisense oligonucleotides, particularly those which inhibit
expression of genes in signaling pathways implicated in aberrant cell
proliferation, such as, for example, PKC-alpha, Ralf and H-Ras; (vii)
ribozymes such as VEGF expression inhibitors (e.g., ANGIOZYMEO) and
HER2 expression inhibitors; (viii) vaccines such as gene therapy
vaccines, for example, ALLOVECTINO, LEUVECTIN(r), and VAXID(r);
PROLEUKIN(r) rIL-2; a topoisomerase 1 inhibitor such as LURTOTECANO;
ABARELIX(r) rmRH; (ix) anti-angiogenic agents such as bevacizumab
(AVASTIN(r), Genentech); and (x) pharmaceutically acceptable salts,
acids and derivatives of any of the above. [00224]Also included in
the definition of "chemotherapeutic agent" are therapeutic antibodies
such as alemtuzumab (Campath), bevacizumab (AVASTIN(r), Genentech);
cetuximab (ERBITUX(r), Imclone); panitumumab (VECTIBIX(r), Amgen),
rituximab (R1TUXAN(r), Genentech/Biogen Idec), pertuzumab
(OMNITARG(r), 2C4, Genentech), trastuzumab (HERCEPTIN(r), Genentech),
tositumomab (Bexxar, Corixia), and the antibody drug conjugate,
gemtuzumab ozogamicin (MYLOTARG(r), Wyeth). [00225]Humanized
monoclonal antibodies with therapeutic potential as chemotherapeutic
agents in combination with the PI3K inhibitors of the invention
include: alemtuzumab, apolizumab, aselizumab, atlizumab,
bapineuzumab, bevacizumab, bivatuzumab mertansine, cantuzumab
mertansine, cedelizumab, certolizumab pegol, cidfusituzumab,
cidtuzumab, daclizumab, eculizumab, efalizumab, epratuzumab,
erlizumab, felvizumab, fontolizumab, gemtuzumab ozogamicin,
inotuzumab ozogamicin, ipilimumab, labetuzumab, lintuzumab,
matuzumab, mepolizumab, motavizumab, motovizumab, natalizumab,
nimotuzumab, nolovizumab, numavizumab, ocrelizumab, omalizumab,
palivizumab, pascolizumab, pecfusituzumab, pectuzumab, pertuzumab,
pexelizumab, ralivizumab, ranibizumab, reslivizumab, reslizumab,
resyvizumab, rovelizumab, ruplizumab, sibrotuzumab, siplizumab,
sontuzumab, tacatuzumab tetraxetan, tadocizumab, talizumab,
tefibazumab, tocilizumab, toralizumab, trastuzumab, tucotuzumab
celmoleukin, tucusituzumab, umavizumab, urtoxazumab, and visilizumab.
WO 2008/006032PCT/US2007/072876 60 ROUTES OF ADMINISTRATION
[00226]The compounds of the invention may be administered by any
route appropriate to the condition to be treated. Suitable routes
include oral, parenteral (including subcutaneous, intramuscular,
intravenous, intraarterial, intradermal, intrathecal and epidural),
transdermal, rectal, nasal, topical (including buccal and
sublingual), vaginal, intraperitoneal, intrapulmonary and intranasal.
It will be appreciated that the preferred route may vary with for
example the condition of the recipient. Where the compound is
administered orally, it may be formulated as a pill, capsule, tablet,
etc. with a pharmaceutically acceptable carrier or excipient. Where
the compound is administered parenterally, it may be formulated with
a pharmaceutically acceptable parenteral vehicle and in a unit dosage



invention having the desired degree of purity may optionally be mixed
with pharmaceutically acceptable diluents, carriers, excipients or
stabilizers (Remington's Pharmaceutical Sciences (1980) 16th edition,
Osol, A. Ed.), in the form of a lyophilized formulation, a milled
powder, or an aqueous solution. Formulation may be conducted by
mixing at ambient temperature at the appropriate pH, and at the
desired degree of purity, with physiologically acceptable carriers,
i.e., carriers that are non-toxic to recipients at the dosages and
concentrations employed. The pH of the fonnulation depends mainly on
the particular use and the concentration of compound, but may range
from about 3 to about 8. Formulation in an acetate buffer at pH 5 is
a suitable embodiment. The formulations may be prepared using
conventional dissolution and mixing procedures. For example, the bulk
drug substance (i.e., compound of the present invention or stabilized
form of the compound (e.g., complex with a cyclodextrin derivative or
other known complexation agent) is dissolved in a suitable solvent in
the presence of one or more excipients. [00231]The particular
carrier, diluent or excipient used will depend upon the means and
purpose for which the compound of the present invention is being
applied. Solvents are generally selected based on solvents recognized
by persons skilled in the art as safe (GRAS) to be administered to a
mammal. In general, safe solvents are non-toxic aqueous solvents such
as water and other non-toxic solvents that are soluble or miscible in
water. Suitable aqueous solvents include water, ethanol, propylene
glycol, polyethylene glycols (e.g., PEG 400, PEG 300), etc. and
mixtures thereof. Acceptable diluents, carriers, excipients and
stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate,
citrate and other organic acids; antioxidants including ascorbic acid
and methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl
parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides and other carbohydrates including glucose, mannose, or
dextrins; chelating agents such as EDTA; sugars such as sucrose,
mannitol, trehalose or sorbitol; salt-forming counter-ions such as
sodium; metal complexes (e.g., Zn-protein complexes); and/or
non-ionic surfactants such as TWEENTm, PLURONICSTm or polyethylene
glycol (PEG). The formulations may also include one or more
stabilizing agents, surfactants, wetting agents, lubricating agents,
emulsifiers, suspending agents, preservatives, antioxidants, opaquing
agents, glidants, processing aids, colorants, sweeteners, perfuming
agents, flavoring agents and other known additives to provide an
elegant presentation of  WO 2008/006032PCT/US2007/072876 62 the drug
(i.e., a compound of the present invention or pharmaceutical
composition thereon or aid in the manufacturing of the pharmaceutical
product (i.e., medicament). The active pharmaceutical ingredients may
also be entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial polymerization, for
example, hydroxymethylcellulose or gelatinmicrocapsules and



vegetable oil (such as arachis oil, olive oil, sesame oil or coconut
oil) or in a mineral oil (such as liquid paraffin). The oily
suspensions may also contain a thickening agent such as beeswax, hard
paraffin or cetyl alcohol. Sweetening agents such as those set out
above, and flavoring agents may be added to provide a palatable oral
preparation. These compositions may be preserved by the addition of
an anti-oxidant such as ascorbic acid. [00240]Dispersible powders and
granules suitable for preparation of an aqueous suspension by the
addition of water generally contain the active ingredient together
with a dispersing or wetting agent, suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned above. Additional
excipients such as sweetening, flavoring and coloring agents, may
also be present. [00241]The pharmaceutical compositions of the
invention may also be in the form of oil-in- water emulsions. The
oily phase may be a vegetable oil, such as olive oil or arachis oil,
or a mineral oil, such as for example liquid paraffin or a mixture of
any of these. Suitable emulsifying agents may be, for example,
naturally-occurring gums such as gum acacia or gum tragacanth,
naturally-occurring phosphatides such as soya bean, lecithin, esters
or partial esters derived from fatty acids and hexitol anhydrides
(for example sorbitan monooleate) and condensation products of the
said partial esters with ethylene oxide such as polyoxyethylene
sorbitan monooleate. The emulsions may also contain sweetening,
flavoring and preservative agents. [00242]Syrups and elixirs may be
formulated with sweetening agents such as glycerol, propylene glycol,
sorbitol, aspartame or sucrose, and may also contain a demulcent,
preservative, flavoring and/or coloring agent. [00243]Suppository
formulations may be prepared by mixing the active ingredient with a
suitable non-irritating excipient that is solid at ordinary
temperatures but liquid at the rectal temperature and will therefore
melt in the rectum to release the drug. Suitable excipients include,
for example, cocoa butter and polyethylene glycols. Formulations
suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing
in addition to the active ingredient such carriers as are known in
the art to be appropriate. [00244]Topical formulations, such as
creams, ointments, gels and aqueous or oily solutions or suspensions,
may generally be obtained by formulating an active ingredient with a
conventional, topically acceptable, vehicle or diluent using
conventional procedures well known in the art. [00245]Compositions
for transdermal administration may be in the form of those
transdermal skin patches that are well known to those of ordinary
skill in the art.  WO 2008/006032PCT/US2007/072876 65
[00246]Formulations suitable for intrapulmonary or nasal
administration have a particle size for example in the range of 0.1
to 500 microns (including particle sizes in a range between 0.1 and
500 microns in increments microns such as 0.5, 1, 30 microns, 35
microns, etc.), which is administered by rapid inhalation through the
nasal passage or by inhalation through the mouth so as to reach the
alveolar sacs. Suitable formulations include aqueous or oily
solutions of the active ingredient. Formulations suitable for aerosol
or dry powder administration may be prepared according to
conventional methods and may be delivered with other therapeutic
agents such as compounds heretofore used in the treatment or



66 one embodiment occurs in an amount between about 0.001 mg/kg of
body weight to about 60 mg/kg of body weight per day. In another
embodiment, administration occurs in an amount between 0.5 mg/kg of
body weight to about 40 mg/kg of body weight per 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. For further information on routes
of administration and dosage regimes, see Chapter 25.3 in Volume 5 of
Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of
Editorial Board), Pergamon Press 1990, which is specifically
incorporated herein by reference. ARTICLES OF MANUFACTURE [00250]In
another embodiment of the invention, an article of manufacture, or
"kit", containing materials useful for the treatment of the disorders
described above is provided. In one embodiment, the kit comprises a
container comprising a compound of this invention. Suitable
containers include, for example, bottles, vials, syringes, blister
pack, etc. The container may be formed from a variety of materials
such as glass or plastic. The container may hold a compound of this
invention or a formulation thereof which is effective for treating
the condition and may have a sterile access port (for example, the
container may be an intravenous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). [00251]The kit
may further comprise a label or package insert on or associated with
the container. The term "package insert" is used to refer to
instructions customarily included in commercial packages of
therapeutic products, that contain information about the indications,
usage, dosage, administration, contraindications and/or warnings
concerning the use of such therapeutic products. In one embodiment,
the label or package inserts indicates that the composition
comprising a compound of this invention can be used to treat a
disorder mediated, for example, by AKT kinase. The label or package
insert may also indicate that the composition can be used to treat
other disorders. [00252]In certain embodiments, the kits are suitable
for the delivery of solid oral forms of a compound of this invention,
such as tablets or capsules. Such a kit preferably includes a number
of unit dosages. Such kits can include a card having the dosages
oriented in the order of their intended use. An example of such a kit
is a "blister pack". Blister packs are well known in the packaging
industry and are widely used for packaging pharmaceutical unit dosage
forms. If desired, a memory aid can be provided, for example in the
form of numbers, letters, or other markings or with a calendar
insert, designating the days in the treatment schedule in which the
dosages can be administered.  WO 2008/006032PCT/US2007/072876 67
[00253]According to another embodiment, a kit may comprise (a) a
first container with a compound of this invention contained therein;
and (b) a second container with a second pharmaceutical formulation
contained therein, wherein the second pharmaceutical formulation
comprises a second compound useful for treating -a disorder mediated
by AKT kinase. Alternatively, or additionally, the kit may further
comprise a third container comprising a pharmaceutically-acceptable
buffer, such as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer's solution and dextrose solution.
It may further include other materials desirable from a commercial



agents for use in mammals, they are also useful whenever it is
required to control AKT protein kinases, tyrosine lcinases,
additional serine/threonine kinases, and/or dual specificity kinases.
Thus, they are useful as pharmacological standards for use in the
development of new biological tests and in the search for new
pharmacological agents. [00259]The activity of the compounds of this
invention may be assayed for AKT protein kinases, tyrosine kinases,
additional serine/threonine ldnases, and/or dual specificity kinases
in vitro, in vivo, or in a cell line. In vitro assays include assays
that determine inhibition of the kinase activity. Alternate in vitro
assays quantitate the ability of the inhibitor to bind to kinases and
may be measured either by radiolabelling the inhibitor prior to
binding, isolating the inhibitor/kinase complex and determining the
amount of radiolabel bound, or by running a competition experiment
where new inhibitors are incubated with known radioligands. These and
other useful in vitro and cell culture assays are well known to those
of skill in the art. [00260]Although the invention has been described
and illustrated with a certain degree of particularity, it is
understood that the present disclosure has been made only by way of
example, and that numerous changes in the combination and arrangement
of parts can be resorted to by those skilled in the art without
departing from the spirit and scope of the invention, as hereinafter
claimed. BIOLOGICAL EXAMPLES AKT-1 Kinase Assay [00261]The activity
of the compounds described in the present invention may be determined
by the following kinase assay, which measures the phosphorylation of
a fluorescentlylabeled peptide by full-length human recombinant
active AKT-1 by fluorescent polarization using a commercially
available IMAP kit. [00262]The assay materials are obtained from an
IMAP AKT Assay Bulk Kit, product #R8059, from Molecular Devices,
Sunnyvale, CA. The kit materials include an IMAP Reaction Buffer
(5x). The diluted lx !MAP Reaction Buffer contained 10 mM Tris-HCI,
pH 7.2, 10 mM MgC12, 0.1% BSA, 0.05% NaN3. DTT is routinely added to
a final concentration of 1 mM immediately prior to use. Also included
is 'MAP Binding Buffer (5x), and IMAP Binding Reagent. The Binding
Solution is prepared as a 1:400 dilution of IMAP Binding Reagent into
lx IMAP Binding Buffer.  WO 2008/006032PCT/US2007/072876 69
[00263]The fluorescein-labeled AKT Substrate (Crosstide) has the
sequence (FI)- GRPRTSSFAEG. A stock solution of 20 sM is made up in
lx IMAP Reaction Buffer. [00264]The plates used include a Costar 3657
(382-well made of polypropylene and having a white, v-bottom) that is
used for compound dilution and for preparing the compound-ATP
mixture. The assay plate is a Packard ProxyPlateTm-384 F. [00265]The
AKT-1 used is made from MI-length, human recombinant AKT-1 that is
activated with PDK I and MAP kinase 2. [00266]To perform the assay,
stock solutions of compounds at 10 mM in DMSO are prepared. The stock
solutions and the control compound are serially diluted 1:2 nine
times into DMSO (10 AL of compound + 10 AL of DMSO) to give 50x
dilution series over the desired dosing range. Next, 2.1-AL aliquots
of the compounds in DMSO are transferred to a Costar 3657 plate
containing 50 AL of 10.4 AM ATP in lx IMAP Reaction Buffer containing
1 mM DTT. After thorough mixing, 2.5-AL aliquots are transferred to a
ProxyPlateTm-384 F plate. [00267]The assay is initiated by the
addition of 2.5-AL aliquots of a solution containing 200 nM of
fluorescently-labeled peptide substrate and 4 nM AKT-1. The plate is
centrifuged for 1 minute at 1000 g and incubated for 60 minute at



have an IC50 of less than 10 AM. PREPARATIVE EXAMPLES [00269]In order
to illustrate the invention, the following examples are included.
However, it is to be understood that these examples do not limit the
invention and are only meant to suggest a method of practicing the
invention. Persons skilled in the art will recognize that the
chemical reactions described may be readily adapted to prepare a
number of other compounds of the invention, and alternative methods
for preparing the compounds of this invention are deemed to be within
the scope of this invention. For example, the synthesis of
non-exemplified compounds according to the invention may be
successfully performed by modifications apparent to those skilled in
the art, e.g., by appropriately protecting interfering groups, by
utilizing other suitable reagents known in the art other than those
described, and/or by making routine modifications of reaction
conditions. Alternatively, other reactions disclosed herein or known
in the art will be recognized as having applicability for preparing
other compounds of the invention.  WO 2008/006032PCT/US2007/072876 70
[00270]In the examples described below, unless otherwise indicated
all temperatures are set forth in degrees Celsius. Reagents were
purchased from commercial suppliers such as Aldrich Chemical Company,
Lancaster, TC1 or Maybridge, and were used without further
purification unless otherwise indicated. Tetrahydrofuran (THF),
dichloromethane (DCM), toluene, and dioxane were purchased from
Aldrich in Sure seal bottles and used as received. [00271]The
reactions set forth below were done generally under a positive
pressure of nitrogen or argon or with a drying tube (unless otherwise
stated) in anhydrous solvents, and the reaction flasks were typically
fitted with rubber septa for the introduction of substrates and
reagents via syringe. Glassware was oven dried and/or heat dried.
[00272]IHNMR spectra were recorded on a Varian instrument operating
at 400 MHz. IH- NMR. spectra were obtained as CDCI3, CD30D, D,0 or
d6-DMS0 solutions (reported in ppm), using tetramethylsilane (0.00
ppm) or residual solvent (CDC13: 7.25 ppm; CD3OD: 3.31 ppm; D20: 4.79
ppm; d6-DMSO: 2.50 ppm) as the reference standard. When peak
multiplicities are reported, the following abbreviations are used: s
(singlet), d (doublet), t (triplet), m (multiplet), br (broadened),
dd (doublet of doublets), dt (doublet of triplets). Coupling
constants, when given, are reported in Hertz (Hz).  Example 1 NH 0 C
) 2HCI
2-(4-chlorophenv1)-34isopropylamino)-1-(441-5-methy1-6,7-dihydro-5H-
cyclonentafdlpyrimidin-4-yDninerazin-1-y1)propan-1-one
dihydrochloride  [00273]Step 1: To a 1 L round-bottom flask were
added (R)-(+)-Pulegone (76.12 g, 0.5 mmol), anhydrous NaHCO3 (12.5 g)
and anhydrous ether (500 mL). The reaction mixture was cooled with
ice-bath under nitrogen. The bromine (25.62 mL, 0.5 mmol) was added
dropwise over 



30 minutes. The mixture was filtered and carefully added to Na0Et
(21%, 412 mL, 1.11 mmol) in an ice-cooled bath. The mixture was
stirred at room temperature overnight and then 1 L of 5% HC1 and 300
mL of ether were added. The aqueous phase was extracted with ether (2
x 300 mL). The combined organic phase was washed with water, dried
and concentrated. The residue was added to a warmed solution of
semicarbazide hydrochloride (37.5 g) and Na0Ac (37.5 g) in water (300
mL), and then boiling ethanol (300 mL) was added to give a clear
solution. The mixture was refluxed for  WO
2008/006032PCT/US2007/072876 71 2.5 hours and then stirred at room
temperature overnight. The mixture was treated with 1 L of water and
300 mL of ether. The aqueous phase was extracted with ether (2 x 300
mL). The combined organic phase was washed with water, dried and
concentrated. The residue was purified by vacuum distillation (73-76
C at 0.8 mm Hg) to give (2R)-ethyl 2-methy1-5-(propan-2-
ylidene)cyclopentanecarboxylate (63 g, 64%). 11.1 NMR (CDC13, 400
MHz) 5 4.13 (m, 21-1), 3.38 (d, J = 16 Hz, 0.5H), 2.93 (m, 0.5H),
2.50-2.17 (m, 2H), 1.98 (m, 1H), 1.76 (m, 1H), 1.23 (m, 6H), LOS (m,
611). [00274]Step 2: (2R)-Ethyl 2-m
ethyl-5-(propan-2-ylidene)cyclopentanecarboxylate (24 g, 0.122 mol)
in ethyl acetate (100 mL) was cooled to -68 C with dry
ice/isopropanol. Ozonized oxygen (5-7 ft311-1 of 02) was bubbled
through the solution for 3.5 hours. The reaction mixture was flushed
with nitrogen at room temperature until the color disappeared. The
ethyl acetate was removed under vacuum and the residue was dissolved
in 150 mL of acetic acid and cooled by ice water. Then 45 g of zinc
powder were added. The solution was stirred for 30 minutes and then
filtered. The filtrate was neutralized with 2N NaOH (1.3 L) and
NaHCO3. The aqueous phase was extracted with ether (3 x 200 mL). The
organic phase was combined, washed with water, dried and concentrated
to afford (2R)-ethyl 2-methyl-5-oxocyclopentanecarboxylate (20 g,
96%). 11-1 NMR (CDC13, 400 MHz) 54.21 (m, 2H), 2.77 (d, J = 11.2 Hz,
1H), 2.60 (m, 1H), 2.50-2.10(m, 3H), 1.42 (m, 11-1), 1.33 (m, 3H),
1.23 (m, 3H). [00275]Step 3: To a solution of a mixture of (2R)-ethyl
2-methy1-5- oxocyclopentanecarboxylate (20 g, 117.5 mmol) and
thiourea (9.2 g, 120.9 mmol) in ethanol (100 mL) was added KOH (8.3
g, 147.9 mmol) in water (60 mL). The mixture was refluxed for 10
hours. After cooling, the solvent was removed and the residue was
neutralized with concentrated HC1 (12 mL) at 0 C and then extracted
with DCM (3 x 150 mL). The solvent was removed and the residue was
purified by silica gel chromatography, eluting with Hexane/ethyl
acetate (2:1) to give (R)-2-
mercapto-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol (12 g,
56%). MS (APCI+) [M+11] 183. [00276]Step 4: To a suspension of
(R)-2-mercapto-5-methy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-ol
(12 g, 65.8 mmol) in distilled water (100 mL) was added Raney Nickel
(15 g) and NH4OH (20 mL). The mixture was refluxed for 3 hours then
filtered, and the filtrate was concentrated to afford
(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol (9.89g, 99%).
MS (APCI+) [M+11] +151. [00277]Step 5: A mixture of
(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol (5.8 g, 38.62
mmol) in POCI3 (20 mL) was refluxed for 5 minutes. Excess POC13 was
removed under vacuum and the residue was dissolved in DCM (50 mL).
The mixture was then added to  WO 20081006032PCT1US2007/072876 72
saturated NaHCO3 (200 mL). The aqueous phase was extracted with DCM



[00279]Step 7:(R)-tert-butyl
4-(5-methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yepiperazine-l-carboxylate was treated with HCI (4M in dioxane, 6 mL)
in DCM (20 mL) for 6 hours to provide
(R)-5-methy1-4-(piperazin-1-y1)-6,7-dihydro-5H-cyclopenta[d]pyrimidin
e dihydrochloride (0.55 g, 99%). MS (APCI+) [M+11] +219. [00280]Step
8: Methyl 2-(4-chlorophenypacrylate (1.00 g, 5.09 mmol) was added as
a solution in THE (2.5 mL) to a stirring solution of i-PrNH2 (650 uL,
7.63 mmol) in Tiff (10 mL). The reaction was allowed to stir at room
temperature overnight to completion by LCMS analysis. The solvent was
removed under reduced pressure to give methyl 2-(4-chloropheny1)-3-
(isopropylamino)propanoate (LCMS (APCI+) [M-Boc+Hr 256.1, Rt: 1.97
min), which was redissolved in DCM (15 mL) at room temperature. The
Boc20 (1.29 mL, 5.59 mmol) was added to the stirring amine via
pipette followed by a catalytic amount of DMAP (1 mg). The reaction
was allowed to stir overnight to completion by LCMS and TLC analysis
of the mixture. The solution was concentrated in vacuo to afford
methyl 3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-
chlorophenyl)propanoate as an oily residue (LCMS (APCI+) [M-Boc+Hr
256.1, Rt: 4.13 min) which was re-dissolved in THF (12.0 mL) and
water (4.0 mL). The opaque solution was treated with Li0H-H20 (1.07
g, 25.4 mmol) and allowed to stir for 4 hours to completion by LCMS
analysis. The solution was diluted with water and washed with diethyl
ether (discarded). The aqueous portion was treated with 1M HC1
solution until a pH of about 2 to about 3 and extracted with ethyl
acetate several times. The organics were combined, washed with brine,
separated, dried over Mg504, filtered, and concentrated in vacuo to
afford 3-(tert-butoxycarbonyl(isopropyl)amino)-  WO
2008/006032PCT/US2007/072876 73 2-(4-chlorophenyl)propanoic acid as a
colorless oil (1.04 g, 60%). LCMS (APCI+) [M-Boc+Hr 242.0.
[00281]Step 9: To a solution of
(R)-5-methy1-4-(piperazin-l-y1)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine dihydrochloride (30 mg, 0.1 mmol) in DCM (10
mL) and triethylamine (1 mL) were added
3-(tert-butoxycarbonylasopropypamino)-2-(4-chlorophenyl)propanoic
acid (35 mg, 0.1 mmol) and EIBTU (39 mg, 0.1 mmol). The mixture was
stirred at room temperature for 2 hours. The solvent was removed and
the residue was purified by silica gel chromatography, eluting with
ethyl acetate to give tert-butyl
2-(4-chloropheny1)-3-(44(R)-5-methyl-6,7-dihydro-5Hcyclopenta[d]pyrim
idin-4-yl)piperazin-l-y1)-3-oxopropylOsopropyl)carbamate (25 mg,
44%). 1H NMR (CDC13, 400 MHz) 5 8.44 (s, 1H), 7.30-7.20 (m, 411),
3.90-3.18 (m, 911), 3.18-2.70 (m, 411), 2.28 (m, 1H), 1.83 (m, 111),
1.65 (m, 111), 1.47 (s, 911), 1.12 (m, 311), 0.98 (m, 3H), 0.68 (m,
311). MS (APCI+) [M+H] +542. [00282]Step 10:tert-Butyl
2-(4-chloropheny1)-3-(44(R)-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazin-1-y1)-3-oxopropyl(isopropyl)car
bamate was treated with HC1 (4M in dioxane, 2 mL) in DCM (10 mL) for
6 hours to provide 2-(4-chloropheny1)-3-
(isopropylamino)-1-(44(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimi
din-4-yl)piperazin-ly1)propan-l-one dihydrochloride (24 mg, 99%). MS
(APCI+) [M+H] +442. Example 2  0 01?
(R)-2-amino-3-(4-chloropheny1)-14(S)-3-methyl-44(R)-5-methy1-6.7-dihy
dro-5H- cyclonentafdThyrimidin-4-ylMiperazin-1-ylbronan-1-one
dihydroch I ori de



(S)-tert-butyl
3-methy1-44(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yepip
erazine-1- carboxylate (0.186 g, 19%). 11-1 NMR (CDC13, 400 MHz)
68.46 (s, 111), 4.66 (m, 111), 4.30-3.80  WO
2008/006032PCT/US2007/072876 74 (m, 311), 3.47 (m, 1H), 3.20 (m, 1H),
3.20-2.80 (m, 41-1), 2.22 (m, IH), 1.70 (m, 1H), 1.49 (s, 9H), 1.29
(m, 3H), 1.17 (m, 3H). MS (APCI+) [M+H] +333.
[00284]Step2:(S)-tert-butyl3-methy1-44(R)-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate was treated with
HCI (4M in dioxane, 4 mL) in DCM (20 mL) for 6 hours to provide the
(R)-5-methy1-44(S)-2-methylpiperazin-1 -y1)-6,7-
dihydro-5H-cyclopenta[d]pyrimidine dihydrochloride (0.18 g, 99%). MS
(APCI+) [M+H] +233. [00285]Step 3: To a solution of
(R)-5-methy1-44(S)-2-methylpiperazin-l-y1)-6,7-dihydro-
5H-cyclopenta[d]pyrimidine dihydrochloride (32 mg, 0.14 mmol) in DCM
(5 mL) were added triethylamine (1 mL),
(R)-2-(tert-butoxycarbonylamino)-3-(4-chlorophenyl)propanoic acid (41
mg, 0.14 mmol) and HBTU (52 mg, 0.14 mmol). The mixture was stirred
at room temperature for 1 hour. The solvent was removed and the
residue was purified by silica gel chromatography, eluting with ethyl
acetate to afford tert-butyl
(R)-3-(4-chloropheny1)-14(S)-3-methyl-4-((R)-5-methyl-6,7-
dihydro-51-1-cyclopenta[d]pyrimidin-4-yl)piperazin-l-y1)-1-oxopropan-
2-ylcarbamate(60mg, 88%). II-1 NMR (CDCI3, 400 MHz) S 8.44 (s, IH),
7.23-7.01 (m, 4H), 5.40-5.15 (m, 1H), 4.85-4.60 (m, 1H), 4.46-4.30
(m, 111), 4.20-4.00 (m, 1H), 3.82-3.60 (m, 1H), 3.40 (m, 1H),
3.00-2.70 (m, 2H), 2.28 (m, 111), 1.70 (m, 1H), 1.40 (s, 911),
1.30-0.98 (m, 6H). MS (APCI+) [M+H] +514. [00286]Step 4: tert-Butyl
(R)-3-(4-chloropheny1)-14(S)-3-methyl-44R)-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yOpiperazin-1-y1)-1-oxopropan-2-y
lcarbamate was treated with 1-1C1 (4M in dioxane, 2 mL) in DCM (5 mL)
for 6 hours to provide (R)-2-amino-3-(4-
chloropheny1)-14(S)-3-methyl-4-((R)-5-methy1-6,7-dihydro-5H-cyclopent
a[d]pyrimidin-4- yl)piperazin-1-y1)propan-1 -one dihydrochloride (58
mg, 99%). MS (APCI+) [M+H] +414. Example 3 CI efN,
(10-2-amino-3-(4-chloro-3-fluoropheny1)-14(S)-3-methy1-44(R)-5-m
ethyl-6,7-dilwdro-5H- owl openta[dlpyrim d in -4-y1 Thinerazin- I
-vlbropan -I-one dihydrochloride  [00287]Step 1:
1,1,3,3-Tetramethylguanidine (2.11 mL, 16.8 mmol) was added to a 0C
solution of methyl
2-(tert-butoxycarbony1)-2-(dimethoxyphosphoryo-acetate (5.00 g, 16.8
mmol) in DCM (70 mL). The reaction mixture stirred at 0C for 30
minutes, then a solution of 4-chloro-3- fluorobenzaldehyde (2.67 g,
16.8 mmol) in DCM (10 mL) was added by syringe. The reaction mixture
was stirred for 10 minutes and then warmed to room temperature with
continued stirring  



WO 2008/006032PCT/US2007/072876 75 for 1 hour. 1120 was then added,
and the mixture was extracted with DCM. The combined extracts were
dried (Na2SO4), filtered, and concentrated. The resulting solids were
recrystallized from IPA to give (Z)-methyl
2-(tert-butoxycarbony1)-3-(4-chloro-3-fluorophenyl)acrylate (3.76 g,
67.8% yield) as a white powder (2 crops). LCMS (APO-) m/z 328 [M-Hr.
[00288]Step 2: (Z)-Methyl
2-(tert-butoxycarbony1)-3-(4-chloro-3-fluorophenypacrylate (200 mg)
and Rh-(R,R)-[Et-DuPhos(COD)]OTf (ca. 4 mg) in 1:1 MeOH:Et0Ac (3 mL;
degassed 1 hour with nitrogen prior to use) was dissolved in each of
8 Argonaut EndeavorTM reaction tubes. The reaction mixtures were put
on the EndeavorTM under 40 psi H2 and stirred for 12 hours at room
temperature. All of the reaction mixtures were then combined and
concentrated to give (R)-methyl
2-(tert-butoxycarbonylamino)-3-(4-chloro-3-fluorophenyl)propanoate
(1.52 g, 94.4% yield) as a pale yellow solid, which was used without
further purification in next step. [00289]Step 3: Li011-H20 (0.6246
g, 14.88 mmol) was added to a solution of (R)-methyl
2-(tert-butoxycarbonylamino)-3-(4-chloro-3-fluorophenyl)propanoate
(1.646 g, 4.961 mmol) in 1:1 THF:H20 (26 mL). The reaction mixture
was stirred at room temperature for 2 hours, after which it was
diluted with H20 and washed with Et0Ac. The aqueous layer was then
acidified with solid KHSO4 and extracted with DCM. The combined
extracts were dried (Na2SO4), filtered, concentrated, and then
re-concentrated from DCM/hexanes to give
(R)-2-(tertbutoxycarbonylamino)-3-(4-chloro-3-fluorophenyl)propanoic
acid (1.31 g, 83.10% yield) as a white powder. LCMS (APO-) m/z 316
[00290]Step4:Toasolutionof (R)-4-chloro-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (0.5 g, 3.0 mmol) in NMP (5 mL) were added
(S)-tert-butyl 3- methylpiperazine-1 -carboxylate (0.59 g, 3 mmol)
and diisopropylethylamine (0.52 mL). The mixture was heated to 100 C
for 6 hours. The mixture was cooled and diluted with ethyl acetate
(200 mL) and washed with water (6 x 100 mL). The organic phase was
dried and concentrated. The residue was purified by silica gel
chromatography, eluting with Hexane/ethyl acetate (1:1) to give
(S)-tert-butyl 3-methyl-44(R)-5-methyl-6,7-dihydro-5H-cyclopenta
[d]pyrimidin-4-yl)piperazine1-carboxylate (0.186 g, 19%). IHNMR
(CDC13, 400 MHz) 5 8.46 (s, 111), 4.66 (m, 1H), 4.30-3.80 (m, 3H),
3.47 (m, 1H), 3.20 (m, 111), 3.20-2.80 (m, 4H), 2.22 (m, 11-1), 1.70
(m, 111), 1.49 (s, 911), 1.29 (m, 3H), 1.17 (m, 311). MS (APCI+)
[M+11] +333. [00291]Step 5:(S)-tert-butyl
3-methyl-4-((R)-5-methyl-6,7-dihydro-5H-cyclopenta
[d]pyrimidin-4-yOpiperazine-1-carboxylate was treated with HC1 (4M in
dioxane, 4 mL) in DCM (20 mL) for 6 hours to provide
(R)-5-methy1-44(S)-2-methylpiperazin-l-y1)-6,7-dihydro-5Hcyclopenta[d
]pyrimidine dihydrochloride (0.18 g, 99%). MS (APCI+) [M+11] +233.
WO 2008/006032PCT/US2007/072876 76 [00292]Step 6: To a solution of
(R)-5-methy1-44(S)-2-methylpiperazin-l-y1)-6,7-dihydro-
5H-cyclopenta[d]pyrimidine dihydrochloride (32 mg, 0.14 mmol) in DCM
(5 mL) were added triethylamine (1 mL),
(R)-2-(tert-butoxycarbonylamino)-3-(4-chloro-3-fluorophenyl)propanoic
acid (44 mg, 0.14 mmol) and HBTU (52 mg, 0.14 mmol). The mixture was
stirred at room temperature for 1 hour. The solvent was removed and
the residue was purified by silica gel chromatography, eluting with
ethyl acetate to afford tert-butyl



t**--N I 1..)
2-(aminomethyl)-3-(4-chloro-3-fluorophenv1)-14(S)-3-methyl-44(R)-5-me
thyl-6,7-dihydro-5H-
cyclopentardlpvrimidin-4-ynniperazin-1-y1)propan-1-one
dihydrochloride  [00294]Step 1: 4-Chloro-3-fluorobenzaldehyde (1.0 g,
6.3 mmol) was added to a solution of ethyl 2-cyanoacetate (0.71g, 6.3
mmol) and piperidine (0.081 ml, 0.82 mmol) in toluene (10 mL) at room
temperature. The mixture was heated at 100C for 7 hours. Upon cooling
to room temperature, the mixture was concentrated in vacuo and rinsed
with hexane to give ethyl 3-(4-
chloro-3-fluoropheny1)-2-cyanoacrylate (1.4 g, 88%). LCMS (APCI+)
[M+H]4 253.1. [00295]Step 2: A solution NaBH4 (15 mg, 0.39 mmol) in
Et0H (4 mL) was cannulated into a mixture of the ethyl
3-(4-chloro-3-fluorophenyI)-2-cyanoacrylate (200mg, 0.79 mmol) in
Et0H (2 mL) at room temperature. After 5 minutes, the mixture was
quenched with 0.1N MCI, concentrated in vacuo, diluted with 1120,
extracted with DCM, dried over MgSO4, concentrated and subject to  WO
20081006032PCT/11S2007/072876 77 flash chromatography (5i02 with DCM)
to give ethyl 3-(4-chloro-3-fluoropheny0-2- cyanopropanoate (0.20 g,
58%). LCMS (APCI+) [M+H] 254.3. [00296]Step 3: TFA (1.6 mL, 21 mmol)
in THF (50 mL) was slowly cannulated into a solution of NaBH4 (0.78g,
21 mmol) in THF (6 mL). The ethyl 3-(4-chloro-3-fluoropheny0-2-
cyanopropanoate (4.4 g, 17 mmol) in THF (2 mL) was then cannulated
into the solution and stirred overnight. The mixture was quenched
with 0.1N HCI, concentrated in vacuo, diluted with H20, and extracted
with DCM (discarded). The aqueous layer was basified with NaHCO3 (s)
and extracted with DCM. The DCM extracts were dried (Na2SO4),
filtered, and concentrated in vacuo. The crude ethyl
3-amino-2-(4-chloro-3-fluorobenzyl)propanoate was not purified but
used directly in the following step. [00297]Step 4: A solution of
Boc20 (1.3 g, 6.1 mmol) and ethyl 3-amino-2-(4-chloro-3-
fluorobenzyppropanoate (1.6 g, 6.1 mmol) in DCM (10 mL) was stirred
overnight. The mixture was concentrated in vacuo and chromatographed
(Si02) using DCM as eluent to give ethyl
3-(tertbutoxycarbonylamino)-2-(4-chloro-3-fluorobenzyl)propanoate.
Li0H-H20 (0.26 g, 6.1 mmol) in I420 (7 mL) was added to a solution of
ethyl 3-(tert-butoxycarbonylamino)-2-(4-chloro-3-
fluorobenzyl)propanoate (0.55g, 1.5 mmol) in THF/Me0H (7/7 mL) and
stirred overnight. The mixture was concentrated in vacuo, acidifed to
a pH of I with LON HCI, and extracted with DCM. The DCM extracts were
dried (Na2SO4), filtered, and concentrated in vacuo. The crude
material was chromatographed (Si02) using 10% Me0H/DCM as eluent to
give 3-(tertbutoxycarbonylamino)-2-(4-chloro-3-fluorobenzyl)propanoic
acid (0.5 g). LCMS (APCI+) [MBoc+Hr 232.0; RE 2.09 min. [00298]Step
5: To a solution of
(R)-5-methy1-44(S)-2-methylpiperazin-l-y1)-6,7-dihydro-
5H-cyclopenta[d]pyrimidine dihydrochloride (prepared according to
Example 3, Steps 1 and 2; 32 mg, 0.14 mmol) in DCM (5 mL) were added
triethylamine (1 mL), 3-((tert-butoxycarbonylamino)-
2-(4-chloro-3-fluorobenzyl)propanoic acid (46 mg, 0.14 mmol) and HBTU
(52 mg, 0.14 mmol). The mixture was stirred at room temperature for 1
hour. The solvent was removed and the residue was purified by silica
gel chromatography, eluting with ethyl acetate to afford tert-butyl
2-(4-
chloro-3-fluorobenzy0-34(S)-3-methyl-4-((R)-5-methyl-6,7-dihydro-5H-c



(R.S)-2-(2,4-dichloroohenyl)-3-(isopropylamino)-1-(44(R)-5-methyl-6,7
-dihydro-5H- evelonentardlnyrimidin-4-yflpiperazin-1-y1)pronan-1-one
dihydrochloride  [00301]tH NMR (CD30D): 8.56 (1H, app. d, J3.1 Hz),
7.68-7.66 (1H, m), 7.43-7.41 (1H, m), 7.32-7.30 (1H, m), 4.30-3.44
(12H, m), 3.23-3.09 (3H, m), 3.00-2.93 (1H, m), 2.49-2.39 (1H, m),
1.91-1.86 (1H, m), 1.39 (6H, d, J6.6 Hz), 1.21-1.13 (3H, m). LCMS:
476.1. Example 6
(R.S)-2-(4-chloropheny1)-3-(cyclopronylmethylamino)-1-(44(R)-5-methyl
-6,7-dihydro-5H-
cyclooentardloyrimidin-4-yllniperazin-1-yl)pronan-1-one
dihydroehloride  [00302]LCMS: 426.1  WO 2008/006032PCT/US2007/072876
79 Example 7  CNN)
(S)-2-(4-chloronheny1)-3-fisoaronvlamino)-1-(44(R1-5-methy1-6,7-dihyd
ro-5H- cyclooentardlpvrimidin-4-yOniperazin-1-vflpropan-1-one
dihydrochloride  [00303]Step 1:Methyl 2-(4-chlorophenyl)acetate (36.7
g, 199 mmol) and paraformaldehyde (6.27 g, 209 mmol) were
dissolved/suspended in DMSO (400 mL) and treated with Na0Me (537 mg,
9.94 mmol). The mixture was allowed to stir at room temperature for 2
hours to completion by TLC analysis of the crude. The reaction was
poured into ice-cold water (700 mL; white emulsion) and neutralized
with the addition of 1M HC1 solution. The aqueous portion was
extracted with ethyl acetate (3 X), and the organics were combined.
The organic portion was washed with water twice, once with brine,
separated, dried over Mg504, filtered, and concentrated in vacuo to
afford the crude product as a yellow oil. The residue was loaded onto
a large fitted filtered with silica gel and eluted with 9:1
hexanes:ethyl acetate until the starting material/olefin were
collected. The plug was then eluted with 1:1 hexanes:ethyl acetate
until the pure desired product was eluted completely. The
concentrated pure fractions yielded methyl 2-(4-
chloropheny1)-3-hydroxypropanoate as a colorless oil (39.4 g, 92%).
[00304]Step 2: Methyl 2-(4-chloropheny1)-3-hydroxypropanoate (39.4 g,
184 mmol) was dissolved in DCM (500 mL) and treated with TEA (64.0
mL, 459 mmol). The solution was cooled to 0C and treated slowly with
MsC1 (15.6 mL, 202 mmol) and then stirred for 30 minutes to
completion by TLC analysis. The solution was partitioned with IN HC1
solution, and the aqueous portion was extracted once with DCM. The
combined organic portions were washed once more with 1N HC1 solution,
separated, washed with diluted NaHCO3 solution, and separated. The
organic portion was dried over MgSO4, filtered, and concentrated in
vacuo to afford an orange oil. The residue was loaded onto a large
fitted filter with a plug of silica gel and eluted with 9:1
hexanes:ethyl acetate affording the pure desired product by TLC
analysis. The concentrated pure fractions yielded the methyl
2-(4-chlorophenyeacrylate as a colorless oil (30.8 g, 85%). This
methyl 2-(4-chlorophenyl)acrylate (500 mg, 2.54 mmol) was added as a
solution in THF (1.35 mL) 



WO 2008/006032PCT/US2007/072876 80 to a stirring solution of i-PrNH2
(217 uL, 2.54 mmol) in THF (5.0 mL) at 0C. The reaction was allowed
to stir at room temperature overnight to completion by LCMS analysis.
The Boc20 (584 uL, 2.54 mmol) was added to the stirring amine via
pipette. The reaction was allowed to stir overnight to completion by
LCMS and TLC analysis of the mixture. The solution was concentrated
in vacuo to afford methyl
3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)propanoate
as a colorless oil (854 mg, 94%). LC/MS (APCI+) m/z 256.1 [M-Bocr.
[00305]Step3:Methyl3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-
chlorophenyl)propanoate (133 g, 374 mmol) was dissolved in THF (1.0
L) and treated with KOTMS (56.0 g, 392 mmol) at room temperature. The
mixture was allowed to stir overnight to completion by LCMS analysis
of the crude. The mixture was concentrated in vacuo to afford a wet
foam, which was allowed to dry under vacuum overnight to afford
potassium
3-(tertbutoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)propanoate
as a white solid (148.7 g, 105%). LC/MS (APCI+) m/z 242.1 [M-Boc-Kr.
[00306]Step4:Potassium3-(tert-butoxycarbonyl(isopropyl)am in o)-2-(4-
chlorophenyl)propanoate (77.2 g, 203 mmol) was dissolved in THF (515
mL) and treated with pivaloyl chloride (26.3 mL, 213 mmol) at room
temperature. The mixture was allowed to stir for 3 hours to form the
mixed anhydride. (S)-4-Benzyloxazolidin-2-one (46.1 g, 260 mmol) was
dissolved in THF (600 mL) and cooled to -78C in a separate flask. The
solution was treated with n-BuLi (102 mL of a 2.50M solution in
hexanes, 254 mmol) and allowed to stir for one hour. The prepared
anhydride solution was added to the stirring Li-oxazolidinone via
cannula, and the mixture was allowed to warm to room temperature
overnight. The mixture was quenched with the addition of saturated
ammonium chloride solution, then partitioned between more water and
ethyl acetate. The aqueous was extracted several times, and the
organics were combined. The organic was washed with water, then
brine, separated, dried over MgSO4, filtered, and concentrated in
vacuo. The residue was purified/separated (diastereomers) via
chromatography (silica gel eluted with 4:1 hexanes:ethyl acetate) to
afford the completely separated diastereomers as viscous oils:
tert-butyl
(R)-34(S)-4-benzy1-2-oxooxazolidin-3-y1)-2-(4-chloropheny1)-3-oxoprop
yl(isopropyl) carbamate (12.16 g, 24% based on 1/2 of acid racemate)
and tert-butyl (S)-34(S)-4-benzy1-2-
oxooxazolidin-3-y1)-2-(4-chloropheny1)-3-oxopropyl(isopropyl)carbamat
e (39.14 g, 77% based on 1/2 of acid racemate). LC/MS (APCI+) m/z
401.2 [M-Bocr. [00307]Step5: Li0H-H20 (168 mg, 4.00 mmol) was added
to a stirring solution of THF (30 mL) and water (15 mL) at room
temperature until dissolved. The mixture was treated with hydrogen
peroxide (658 uL of a 35% wt. solution in water, 8.00 mmol) and
allowed to stir at room temperature for 10 minutes. The reaction was
cooled to 0C in an ice bath, and tert-butyl (S)-3-  WO
2008/006032PCT/US2007/072876 81
((S)-4-benzy1-2-oxooxazolidin-3-y1)-2-(4-chloropheny1)-3-oxopropyl(is
opropyl) carbamate (1.00 g, 2.00 mmol) was added dropwise via
addition funnel as a solution in THF (15 mL) over a 10 minute period.
The mixture was allowed to stir overnight to room temperature to
completion by LCMS analysis of the crude. The reaction was cooled to
0C then treated with IM Na2S03 (9.00 mL) solution via addition funnel



(1H, m), 3.99-3.54 (11H, m), 3.48-3.37 (2H, m), 3.19-3.09 (2H, m),
239-2.92 (1H, m), 2.47-2.38 (1H, rn), 1.91-1.86 (1H, m), 1.37 (6H, d,
13.7 Hz), 1.16 (311, d, J6.3 Hz). LCMS: 442.2. Example 8
(R,S)-2-(3,4-difluoropheny1)-3-(isopropylamino)-1-(44(R)-5-methyl-6,7
-dihydro-5H- cyclooentardlpvrimidin-4-yllpiperazin-1-yfloropan-l-one
dihvdrochloride  [00311]1H NMR (CD30D): 8.56 (11-1, app. d, J2.5 Hz),
7.43-7.31 (21-1, m), 7.30-7.20(111, m), 4.65-4.60 (1H, m), 4.22-4.08
(1H, m), 4.00-3.57 (111-1, m), 3.46-3.40 (2H, m), 3.20-3.09 (2H, m),
3.00-2.93 (1H, m), 2.49-2.36 (1H, m), 1.93-1.82 (111, m), 1.37 (6H,
d, 16.5 Hz), 1.21-1.16(311, m). LCMS: 444.2 Example 9 NH  CNN)
(R.S)-2-(4-fluoropheny1)-3-(isopropylaminol-1-(44(R)-5-methvl-6.7-dih
ydro-5H- cyc1openta[d1pyrimidin-4-ylloirierazin-1-v1)propan-1-one
dihvdrochloride  [00312] 11-1 NMR (CD30D): 8.55 (1H, app. d, 12.8
Hz), 7.43-7.40(211, m), 7.21-7.16 (2H, m), 4.52-4.88 (1H, m),
4.29-3.53 (121-1, m), 3.48-3.38 (2H, m), 3.19-3.08 (2H, m), 3.00-2.90
(111, m), 2.46-2.36 (1H, m), 1.93-1.83 



(1H, m), 1.36 (614, d, 16.7 Hz), 1.20-1.14 (3H, m). LCMS: 426.2  WO
2008/006032PCT/US2007/072876 83 Example 10
(R,S)-2-(4-chlorophenv1)- I -(4-((R)-5-m ethy1-6 7-d
ihydro-5H-cyclopenta[dlpyrim id in-4-  yl)p
iperazin-l-y11-3-(pyrrolidin-l-vflpronan-l-one dihvdrochloride
[00313]Step 1: Methyl 2-(4-chlorophenyl)acrylate (500 mg, 2.54 mmol)
was diluted in THF (6.0 mL) and treated with pyrrolidine (233 uL,
2.80 mmol) at 0C. After 1 hour, the crude LCMS indicated that the
reaction was complete (LCMS (APCI+) [M+H] 268.1; Rf: 2.13 min). The
solution was treated with water (2.0 mL) and Li0B-H20 (320 mg, 7.63
mmol), respectively, and the reaction was allowed to stir overnight
to completion by LCMS analysis. The mixture was partitioned between
water and ethyl acetate. The aqueous portion was washed again with
ethyl acetate, and the organics were discarded. The aqueous portion
was treated with excess 3N HC1 solution (3.82 mL) and washed with
ethyl acetate. The separated aqueous portion was concentrated in
vacuo to afford 2-(4-chloropheny1)-3-(pyrrolidin-1-y0propanoic
acid-HCI-3LiCI salt as a white solid (1.15 g). MS (APCI+) [M+Hr
254.1; Rf: 1.30 min. [00314]DIPEA (44.4 mg, 0.343 mmol) was added to
a suspension of (R)-5-methy1-4-
(piperazin-l-y1)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
dihydrochloride (20 mg, 0.69 mmol), 2-
(4-chloropheny1)-3-(pyrrolidin-l-yppropanoic acid (59.8 mg, 0.082
mmol), and 0-(1HBenzotriazol-1-y1)-N,N,M,N'-tetramethyluronium
hexafluorophosphate (31.3 mg, 0.082 mmol) in CH2C12 (5.0 mL) at room
temperature. The resulting mixture was stirred for 5 days, diluted
with Et0Ac, washed with saturated aqueous NaHCO3 and saturated
aqueous. NRIC1. The organic layer was dried (MgSO4) and concentrated.
The residue was purified by a silica cartridge (5.0 g), and eluted by
a mixture of Me0H and CH2C12 (3:97 to 5:95) to give
2-(4-chloropheny1)-1-(4-((R)-5-
methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-y1)-3-(
pyrrolidin-1-yepropan-1- one dihydrochloride (6 mg, 17%) as an
off-white solid. [00315]111 NMR (CD30D): 8.54 (1H, s), 7.47-7.40 (4H,
m), 4.66-4.63 (1H, m), 4.18-3.35 (13 H, m), 3.24-3.07 (2H, m),
3.00-2.91 (1H, m), 2.47-2.37 (1H, m), 2.19-1.97 (4H, m), 1.90-1.84
(1H, m), 1.39-1.36 (1H, m), 1.20-1.15 (3H, m). LCMS: 454.1.  
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S)-2-(4-chloropheny1)-1-(44(R.)-5-methyl-6,7-dihydro-5H-cyclopentardl
pyrimidin-4-
Yllpiperazin-1-y1)-3-(pyridin-3-y1methy1amino)propan-1-one
trihydrochloride  [00316]11-1 NMR (CD30D): 9.19 (1H, s), 8.96 (1H, d,
J 5.4 Hz), 8.91 (1H, d, J 8.6 Hz), 8.55 (1H, d, J3.0 Hz), 8.20-8.17
(IH, m), 7.46-7.39 (4H, m), 4.82-4.75 (1H, m), 4.61 (2H, s), 4.20-
4.12 (1H, m), 4.0-3.57 (11H, m), 3.39-3.34 (2H, m), 3.17-3.08 (IH,
m),2.99-2.90 (IN, m), 2.46- 2.36 (1H, m), 1.91-1.85 (1H, m), 1.38
(1H, t, J 5.9 Hz), 1.17 (3H, app dd, J 15.7 and 5.6 Hz). LCMS: 491.2.
Example 12 CINH2  CND
(R,S)-3-amino-2-(4-chloro-3-fluorobenzy1)-1-(4412)-5-methyl-6,7-dihyd
ro-5Hcyc1opentard1pyrimidin-4-y1)pMerazin-1-yllpropan-I -one
dihydrochloride  [00317]LCMS: 432.2. Example 13 HN  WO
2008/006032PCT/US2007/072876 85 (KS)
2-(4-chloropheny1)-2-hydroxy-3-(isopropylam
ino1-1-(44(R)-5-methy1-6,7-dihydro-5H- cycl mental-di prim
idin-4-yl)piperazin-l-yllpronan-l-one dihydrochl ori de  [00318]Step
1: MCPBA (35 g, 77%, 156 mmol) was added to a solution of methyl
2-(4- chloropheny1)-acrylate (20 g, 102 mmol) in CHC13 (200 mL). The
mixture was refluxed for 24 hours. The reaction was cooled to room
temperature, diluted with chloroform (200 mL) and washed with 10%
Na25203, 10% NaHCO3 and water. The organic phase was dried and
concentrated. The residue was subject to column chromatography,
eluted by hexane/ethyl acetate (9:1) to give methyl
2-(4-chlorophenyl)oxirane-2-carboxylate. Methyl
2-(4-chlorophenyl)oxirane2-carboxylate (2 g, 9.4 mmol) and ethanol
(10 mL) and isopropylamine (1 mL, 11.7 mmol) were added to a 50 mL
high pressure bomb. The mixture was heated to 90C for 12 hours in the
bomb. After cooling, the solvent was removed, and the residue was
dissolved in DCM (20 mL) and TEA (2 mL). (Boc)20 (4g, 23.0mmol) was
added to the mixture. The mixture was stirred at room temperature for
48 hours. The solvent was removed, and the residue was dissolved in
TI-IF (20 mL). LiOH (3M, 14m1) was added to the mixture. The mixture
was stirred at room temperature for 16 hours and refluxed for 2
hours. After cooling, the mixture was quenched with 2N HC1 (21 mL).
The solvent was removed, and the residue was subject to column
chromatography, eluted by hexane/ethyl acetate (1:1) to give
3-(tert-butoxycarbonykisopropypamino)-2-(4-chloropheny1)-2-
hydroxypropanoic acid. LCMS (APCI+) [M-Boc+Hr 258.1; Rf: 3.66 min.
[00319]Step 2: DIPEA (35.5 mg, 0.275 mmol) was added to a suspension
of (R)-5-methy1-
4-(piperazin-l-y1)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
dihydrochloride (20 mg, 0.69 mmol),
3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-chloropheny1)-2-hydroxyp
ropanoic acid (29.5 mg, 0.082 mmol), and
0-(1H-Benzotriazol-1-y1)-N,N,N,Nctetramethyluronium
hexafluorophosphate (31.3 mg, 0.082 mmol) in CH2C12 (5.0 mL) at room
temperature. The resulting mixture was stirred overnight, diluted
with Et0Ac, washed with saturated aqueous. NaHCO3 and saturated
aqueous NRIC1. The organic layer was dried (Mg504) and concentrated.
The residue was purified by a silica cartridge (5.0 g) and eluted by
a mixture of Et0Ac and hexane (60:40) to give tert-butyl 2-(4-
chloropheny1)-2-hydroxy-3-(44(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d
]pyrimidin-4- yl)piperazin-1-y1)-3-oxopropyl(isopropyl)carbamate as a
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cyclopenta[d]pyrimidin-4-yppiperazin-1-y1)-3-oxopropyl(isopropyl)carb
amate as the di-HC1 salt (28 mg). [00321] 11-1 NMR (CD30D): 8.53
(11I, app d, J2.7 Hz), 7.56-7.49 (4H, m), 4.24-4.18 (1H, m),
4.01-3.38 (13 11, m), 3.16-3.07 (1H, m), 2.98-2.92 (1H, m), 2.46-2.36
(1H, m), 1.90-1.84 (1H,  m), 1.34 (6H, app d, .J4.7 Hz), 1.16 (311,
dd, J6.6 and 19.5 Hz). LCMS: 458.1. Example 14 c) 2 HCICNN) Le)eieN)
((3S,4R)-4-(3.4-dichlorovhenvithyrrolidin-3_7y1)(4-aR1-5-methy1-6,7-d
ihvdro-5H- cyclopentafdlpvrimidin-4-y1)piperazin- 1 -yl)m ethanone
dihydrochloride and ((3R,4S)-4-(3,4-
dichloroohenyl)pwrolidin-3-y1)(44R1-5-methy1-6
7-dihydro-5H-cyclopentardlovrimidin-4-  vfluiperazin-l-yl)methanone
dihvdrochloride  [00322]Step 1: TFA (0.2 mL, 2.63 mmol) was added to
a solution of (E)-methyl 3-(3,4- dichlorophenyl)acrylate (2.6 g, 11.7
mmol) in DCM (40 mL). The mixture was cooled to 0C. Then
benzylmethoxytrimethylsilanyl methylamine (6.0 mL, 23.5 mmol) was
added dropwise while maintaining the temperature between -5C and 5C.
After the addition was complete, the mixture was stirred at room
temperature overnight. The solvent was removed, and the residue was
dissolved in ether and treated with 1N HC1. The mixture was shaken to
agitate, and a three layer solution formed. The lower two layers were
collected and basified with 2N NaOH to a pH of about 14. They were
then extracted with CHC13 (3 X 100 mL). The organic phase was dried,
filtered and concentrated. The residue was subject to column
chromatography, eluted by hexane/ethyl acetate (4:1) to give
(3S,4R)-methyl
1-benzy1-4-(3,4-dichlorophenyl)pyrrolidine-3-carboxylate (4.2 g,
99%). (LCMS (APCI+) [M+Hr 364.2; Rt: 2.63 min). [00323]Step 2:
1-Chloroethyl chloroformate (15 mL, 13.9 mmol) was added to a
solution of (3S,4R)-methyl
1-benzy1-4-(3,4-dichlorophenyl)pyrrolidine-3-carboxylate (4.20 g,
11.5 mmol) in DCE (50 mL) at 0C. The mixture was refluxed for 1 hour.
After cooling, the solvent was removed under vacuum at 65C for 1
hour. Me0H (50 mL) was added to the residue and refluxed for 1 hour.
The Me0H was removed. The solid was re-dissolved in CHC13 and treated
with saturated Na2CO3. The aqueous portion was separated and
extracted with CHC13 (2 X 30 mL). 
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dried. The solvent was removed to afford (3S,4R)-methyl 4-
(3,4-dichlorophenyl)pyrrolidine-3-carboxylate (3.1 g, 98%). (LCMS
(APCI+) [M+Hr 274.1; Rt: 2.25 min.). [00324]Step 3: Boc anhydride
(3.0 g, 13.7 mmol) was added to a solution of (3S,4R)- methyl
4-(3,4-dichlorophenyl)pyrrolidine-3-carboxylate (3.10 g, 11.3 mmol)
in THF (100 mL) and TEA (4 mL) was added. The mix was stirred at room
temperature overnight. The solvent was removed and the residue was
subject to column chromatography, eluted by hexane/ethyl acetate
(8:1) to give (3S,4R)-1-tert-butyl 3-methyl
4-(3,4-dichlorophenyl)pyrrolidine-1,3-dicarboxylate (LCMS (APCI+)
[M-Boc+Hr 274.1; Rt: 4.17 mm.). The (3S,4R)-1-tert-butyl 3-methyl
443,4- dichlorophenyl)pyrrolidine-1,3-dicarboxylate was re-dissolved
in Me0H (50 mL), and LiOH (3M, 10 mL) was added. The mixture was
stirred at room temperature for 6 hours. 2N HO (15 mL) was added to
the mixture. The solvent was removed, and the residue was subject to
column chromatography, duted by DCM/Me0H (40:1-10:1) to give
(3S,4R)-1-(tert-butoxycarbony0-4-
(3,4-dichlorophenyl)pyrrolidine-3-carboxylic acid (1.95 g). LCMS
(APCI+) [M-Boc+H] 260.1; Rt: 3.67 mm. [00325]Step 4: DIPEA (35.5 mg,
0.275 mmol) was added to a suspension of (R)-5-methy1-
4-(piperazin-l-y1)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
dihydrochloride (20 mg, 0.069 mmol),
1-(tert-butoxycarbony1)-4-(3,4-dichlorophenyppyrrolidine-3-carboxylic
acid (29.7 mg, 0.082 mmol), and
0-(1H-Benzotriazol-1-y1)-N,N,N,N1-tetramethyluronium
hexafluorophosphate (31.3 mg, 0.082 mmol) in CH2Cl2 (5 mL) at room
temperature. The resulting mixture was stirred for 2 hours, diluted
with Et0Ac, washed with saturated aqueous NaHCO3 and saturated
aqueous NI-14C1. The organic layer was dried (MgSO4) and
concentrated. The residue was purified by a silica cartridge (5.0 g),
eluted by a mixture of Et0Ac and hexanes (60:40) to give the
tert-butyl dichloropheny1)-4-0
-((R)-5-methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yDpiperazine-4
- carbonyl)pyrrolidine-1-carboxylate as a mixture of diastereomers
(34 mg, 88%). LCMS (APCI+) [M-Boc+Hr 560.0; Rt: 3.59 mm. [00326]Step
5: A solution of the mixture of diastereomers of tert-butyl
dichloropheny1)-4-0
-((R)-5-methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-
4- carbonyppyrrolidine-1 -carboxylate (34 mg, 0.061 mmol) in DCM (3.1
mL) was added to a 4.0M HC1 solution in dioxane (1.1 mL, 4.25 mmol).
The mixture was stirred at room temperature overnight. The solvents
were removed in vacuo to give
((3S,4R)-4-(3,4-dichlorophenyppyrrolidin3-y1)(44(R)-5-methy1-6,7-dihy
dro-5H-cyclopenta[d]pyrimidin-4-yppiperazin-1-yOmethanone
dihydrochloride and
((3R,4S)-4-(3,4-dichlorophenyl)pyrmlidin-3-y1)(4-((R)-5-methy1-6,7-di
hydro-  WO 2008/006032PCT/US2007/072876 88
5H-cyclopenta[dipyrimidin-4-yppiperazin-1-yOmethanone dihydrochloride
as a mixture of diastereomers (32 mg, 99%). [00327]1H NMR (CD30D):
8.58 (1H, s), 7.70-7.63 (1H, m), 7.59-7.55 (1H, m), 7.45-7.40 (1H,
m), 4.25-3.40 (18H, m), 3.19-3.10 (1H, m), 3.00-2.93 (1H, m),
2.46-2.41 (1H, m), 1.93-1.87 (1H, m), 1.21-1.15 (3H, m). LCMS: 460.2.
((3S,4R)-4-(4-chloro-2-fluoroohenyflvyrrolidin-3-y11(44R)-5-methyl-6,
7-dihydro-5H- cYclonentafdloyrimidin-4-yl)pinerazin-l-y1)methanone



(1H, m), 4.20-3.57 (13H, m), 3.18-3.09 (1H, m), 3.00-2.92 (1H, m),
2.81-2.75 (1H, m), 2.50-2.36 (1H, m), 1.91-1.81 (2H, m), 1.36 (3H,
s), 1.34 (3H, s), 1.24-1.15 (3H, m). LCMS: 460.1. Example 16 NH2
(R,S)-4-amino-2-(4-chloro-3-fluoropheny1)-4-meth_y1-1-(44(R)-5-methy1
-6,7-dihydro-5H-
cyclonentaIdloYrimidin-4-yflpiperazin-1-ylipentan-1-one
dihydrochloride  [00329]1E NMR (CD30D): 8.56 (1H, s), 7.53-7.45 (1H,
m), 7.34-7.20 (2H, m), 4-50-4.45 (1H, m), 4.20-3.57 (13H, m),
3.18-3.09 (1H, m), 3.00-2.92 (1H, m), 2.81-2.75 (1H, m), 2.50-2.36
(1H, m), 1.91-1.81 (2H, m), 1.36 (3H, s), 1.34 (3H, s), 1.24-1.15
(3H, m). LCMS: 460.1.  WO 2008/006032PCT/11S2007/072876 89 Example 17
NH2    (RS )
4-amino-2-(4-fluoronheny11-4-methyl-1-(44(1O-5-methy1-6,7-dihydro-5H-
cyclopentardlovrimidin-4-y1)piperazin-1-v1)pentan-1-one
dihydrochloride  [00330]11-1 NMR (CD30D): 8.55 (1H, s), 7.457.38 (2H,
m), 7.17-7.05 (2H, m), 4-40-4.33 (1H, m), 4.27-3.25 (13H, m),
3.20-3.06 (1H, m), 3.00-2.92 (1H, m), 2.81-2.72 (1H, m), 2.47-2.37
(1H, m), 1.95-1.78 (2H, m), 1.42-1.29 (6H, m), 1.24-1.10 (3H, m).
LCMS: 426.1. Example 18 NH2  



ENN) Le)
(R.S1-4-amino-2-(4-bromopheny1)-1-(44(R)-5-methyl-6.7-dihydro-5H-cycl
opentard1pyrimidin-4-  yl)pinerazin-1-yl)butan-l-one dihydrochloride
[00331]11-1 NMR (CD30D): 8.55 (1H, app d, J 3.5 Hz), 7.55 (2H, dd, J
8.3 and 3.6 Hz), 4.27-3.43 (I4H, m), 3.17-3.08 (1H, m), 3.00-2.81(3H,
m), 2.44-2.30 (2H, m), 2.03-1.97 (1H, m), 1.91-1.86 (1H, m),
1.20-1.14 (3H, m). LCMS: 460.1. Example 19 H2N  WO
2008/006032PCT/US2007/072876 90 (R
S)-4-amino-2-(4-chloropheny1)-2-methyl-1-(44(R)-5-methy1-6
7-dihydro-5H- cyclonentafdlpvrimidin-4-v1)piperazin-1-y1)butan-1-one
dihydrochloride  [00332]Step 1: Methyl 2-(4-chlorophenyl)propanoate
(1.50g, 7.55 mmol) was dissolved in THF (14 mL) and cooled to 0C. The
solution was treated with KOtBu (85 mg, 0.755 mmol) and allowed to
stir for 15 minutes. The solution was cooled to -78C and then treated
with the acrylate (1.22 mL, 8.31 mmol). The mixture was allowed to
stir overnight to room temperature to completion by TLC analysis. The
mixture was then quenched with saturated NH4C1. The THE was removed
in vacuo to afford a yellow oil. The residue was partitioned between
ethyl acetate and water. The aqueous was extracted with ethyl
acetate, and the organics were combined. The organic portion was
washed with water, then brine, separated, dried over MgSO4, filtered,
and concentrated in vacuo to afford the crude material as a yellow
oil. The material was purified by chromatography (silica gel eluted
with 90:10 hexanes:ethyl acetate, Rf = 0.35) to afford 5-tert-butyl
1-methyl 2-(4-chloropheny0-2-methylpentanedioate as a colorless oil
(1.69 g, 69%). This 5-tertbutyl 1-methyl
2-(4-chloropheny0-2-methylpentanedioate (1.69 g, 5.17 mmol) was
dissolved in TEA (15.9 mL; 207 mmol) at room temperature and allowed
to stir for 2 hours to completion by LCMS (neg) analysis. The
solution was concentrated in vacuo to afford 4-(4-chloropheny1)-5-
methoxy-4-methy1-5-oxopentanoic acid as a colorless oil (1.42 g,
100%). [00333]Step 2:
4-(4-Chloropheny1)-5-methoxy-4-methyl-5-oxopentanoic acid (1.42 g,
5.25 mmol) was dissolved in toluene (17.5 mL) at 0C and treated with
NEt3 (1.46 mL, 10.5 mmol) and DPPA (1.19 mL, 5.51 mmol),
respectively. The reaction was removed from the ice bath and allowed
to warm slowly to room temperature for 3 hours (no starting material
remained by TLC). The solution was concentrated carefully (<30C) in
vacuo, and the residue was partitioned between ethyl acetate and 1%
wt/wt citric acid solution. The aqueous portion was extracted once
and the organics were combined. The organic portion was washed with
brine, separated, dried over MgSO4, filtered, and concentrated in
vacuo. The residue was re-dissolved in tert-BuOH (17.5 mL), treated
with SnC1 (262 uL of a LOM solution in DCM, 262 umol), and heated to
80C for 5 hours (nitrogen release subsided). The reaction was
complete by TLC analysis and was concentrated in vacuo to afford an
oil. The oil was partitioned between ethyl acetate and diluted NaHCO3
solution. The aqueous portion was extracted several times, and the
organics were combined. The organic was washed with 0.5M HC1
solution, then brine, separated, dried over MgSO4, filtered, and
concentrated in vacuo to afford a brown oil. The residue was purified
by chromatography (silica gel eluted with 4:1 hexanes:ethyl acetate,
Rf = 0.25) to afford the pure methyl
4-(tertbutoxycarbonylamino)-2-(4-chloropheny1)-2-methylbutanoate as a
colorless oil (790 mg, 44%).  WO 2008/006032PCT/US2007/072876 91



oxobutylcarbamate as a clear oil (27 mg, 74%). LCMS (APCI+) [M+H]
528.1; Rt: 3.38 mm. [00336]Step 5: A solution of tert-butyl
3-(4-chloropheny1)-3-methy1-4-(44(R)-5-methyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yOpiperazin-l-y1)-4-oxobutylc
arbamate (26 mg, 0.049 mmol) in DCM (2.5 mL) was added a 4.0M HC1
solution in dioxane (0.8 mL). The mixture was stirred at room
temperature overnight. The solvents were removed in vacuo to give
(R,S)-4-amino2-(4-chloropheny11-2-methy1-1-(44R)-5-methyl-6,7-dihydro
-5H-cycloPentaidlpvrimidin-4-  vOniperazin- 1 -v1)butan- 1 -one
dihydrochloride (18.4 ma, 70%.) LCMS: (APCI+) [M+Hr 428.1; Rt: 2.22
min. [00337]LCMS: 428.1  WO 2008/006032PCT1US2007/072876 92
(R,S)-(3-(4-chlorophenyl)nyrrolidin-3-y1)(4-(a1-5-methyl-6,7-dihydro-
5H- evcIoDentaf dlpyrim id in-4-vDpiperazin-1 -yl)m ethanone
dihydrochloride  [00338]Step 1:TFA (0.34 mL, 4.41 mmol) was added to
a solution of N-
(methoxymethyl)(pheny1)-N-((trimethylsilyflmethyl)methanamine (3.9 g,
19.8 mmol) in DCM (40 mL). The mixture was cooled to 0C.
Benzylmethoxytrimethylsilanyl methylamine (10.5 mL, 41 mmol) was
added dropwise at 0C. The mixture was stirred at room temperature for
2 hours. The solvent was removed, and the residue was dissolved in
ether and treated with IN HCI. The mixture was shaken, and the
aqueous layer was separated and basified with 2N NaOH to a pH of 14.
It was then extracted with CHC13 (3 X 100 mL). The organic phase was
dried and concentrated. The residue was subject to column
chromatography, eluted by hexane/Et0Ac (10:1) to give methyl 1-
benzy1-3-(4-chlorophenyl)pyrrolidine-3-carboxylate (LCMS (APCI+)
[M-Boc+Hr 330.2; Rt: 2.46 min). [00339]Step 2: 1-Chloroethylformate
(1.0 mL, 9.27 mmol) was added to a solution of methyl
1-benzy1-3-(4-chlorophenyl)pyrrolidine-3-carboxylate (3.05 g, 9.25
mmol) in toluene (40 mL) at 0C. The mixture was refluxed for 10
hours. After cooling, the solvent was removed under vacuum. The
residue was treated with Me0H (20 mL) and refluxed for 1 hour. The
solvent was removed, and the residue was dissolved in ethyl acetate
(200 mL) and washed with IN NaOH (50 mL) and then water. The organic
phase was dried and concentrated. The residue was subject to column
chromatography, eluted by Et0Ac-DCM/Me0H (10:1). The resulting methyl
3-(4- chlorophenyl)pyrrolidine-3-carboxylate (LCMS (APCI+) [M-Boc+Hr
240.1; Rt: 2.06 min) was dissolved in DCM (20 mL) and TEA (1 mL), and
then treated with Boc anhydride (1 g, 4.58 mmol). After stirring for
2 hours, the solvent was removed, and the 1-tert-butyl 3-methyl 3-(4-
chlorophenyl)pyrrolidine-1,3-dicarboxylate (LCMS (APCI+) [M-Boc+Hr
240.1; Rt: 3.78 min) was dissolved in THF (50 mL). LiOH (3M, 6 mL)
was added to the mixture. The mixture was stirred at room temperature
overnight and then quenched with 2N HC1 (9 mL). The solvent was
removed, and the residue was subject to column chromatography, eluted
by hexanes/Et0Ac(4:1)- DCM/Me0H (20:1) to give
1-(tert-butoxycarbony1)-3-(4-chlorophenyppyrrolidine-3-carboxylic
acid. LCMS (APCI+) [M-Boc+Hr 224.1; Rt: 2.90 min. [00340]Step 3:
DIPEA (35.5 mg, 0.275 mmol) was added to a suspension of
(R)-5-methy1-
4-(piperazin-1-y1)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
dihydrochloride (20 mg, 0.69 mmol),
1-(tert-butoxycarbony1)-3-(4-chlorophenyl)pyrrolidine-3-carboxylie
acid (26.9 mg, 0.082 mmol), and 0-(
1H-Benzotriazol-1-y1)-N,N,NIN-tetramethyluronium hexafluorophosphate



NH 0 '''. N N
(R,S)-2-(4-chloro_phenv1)-3-(isoaropylamino)-14(12)-3-methy1-4-M-5-me
thyl-6,7-dihydro-5H-
cyclooentardlpyrimidin-4-yflpiperazin-1-y1)propan-1-one
dihydrochloride  [00343]LCMS: 456.2 Example 22  WO
2008/006032PCT1US20071072876 94 (12.S)
2-(4-chloropheny11-3-(4-hydroxypiperidin-1-y11-1-(4-(00-5-methyl-6,7-
dihydro-5Hcyclopentajdlpyrimidin-4-yflpiperazin-1 -yl)propan-l-one
dihydrochloride  [00344]LCMS: 484.2 (LS.)
2-(4-ch1oronheny1)-34S)-3-hydroxypyrrolidin-1-y11-1-(44R)-5-methyl-6,
7-dihydro-5H- cyclopentardlpyrimidin-4-yllpiperazin-1-ylbropan-1-one
dihydrochloride  [00345]LCMS: 470.2 (R, S1
2-(4-chlorcmheny1)-3-((R)-3-hydroxypyrrolidin-1-y11-1444R)-5-methyl-6
,7-dihydro-5H- cyclopentaidlpyrimidin-4-yllpiperazin-1-yDrropan-1-one
dihydrochloride  [00346]LCMS: 470.2  WO 2008/006032PCT/US20071072876
95
(R,S)-2-(4-fluorooheny1)-1-(44(R)-5-methy1-6,7-dihydro-5H-cyc1openta1
d1nyrimidin-4- YDpiperazin-1-y1)-3-(methylamino)propan-1-one
dihydrochloride  100347]LCMS: 398.2 



Example 26
(R.S)-3-(isooropylamino)-2-(4-methoxyoheny1)-1-(44(12.1-5-methyl-6,7-
dihydro-5H- cyclopentaidlpyrimidin-4-y11piperazin-1-y1)propan-1 -one
dihydrochloride  [00348]1H NMR (D20): 8.30 (1H, app d, .J9.3 Hz),
7.20-7.16 (211, m), 6.94-6.91 (2H, m), 4.28-4.23 (IE, m), 4.16-4.08
(1H, m), 3.99-3.83 (2H, m), 3.78-3.70 (413, m), 3.60-3.30 (7H, m),
3.25-2.89 (3H, m), 2.84-2.74 (IH, m), 2.28-2.16 (113, m), 1.72 (113,
t, J 10.8 Hz), 1.21-1.18 (611, m), 0.99-0.91 (313, two d, J7.1 and
6.7 Hz). LCMS: 438.2 Example 27    ea
(R,S)-3-amino-2-(3,4-dichloropheny1)-1-(44(R)-5-methyl-6
7-dihydro-5H-cyclonenta[dbyrimidin- 4-ynninerazin-1-y1)propan-1-one
dihydrochloride  [00349]LCMS: 434.2 Example 28  WO
2008/006032PCT/US2007/072876 96
(R.S)-3-(ethylamino)-2-(4-fluoropheny1)-1-(44(R)-5-methy1-6,7-dihydro
-5H- cyclopentardlpyrimidin-4-yppiperazin-1-yepropan-1-one
dihydrochloride  [00350]11-1 NMR (D20): 8.31 (1H, app d, J7.9 Hz),
7.28-7.24 (214, m), 7.11-7.06 (2H, m), 4.37-4.33 (II-1, m), 4.15-4.08
(IH, m), 3.99-3.37 (914, m), 3.31-3.22 (1H, m), 3.10-2.92 (4H, m),
2.85-2.75 (1H, m), 2.28-2.17(111, m), 1.76-1.70 (1H, m), 1.15 (3H, t,
J7.2 Hz), 0.99-0.93 (3H, two d, J6.9 and 6.5 Hz). LCMS: 412.2.  



(R.S)-2-(4-ch1oropheny11-3-(ethylamino)-1-(44R)-5-methy1-6.7-dihydro-
5Hcyclopentardlpyrimidin-4-yl)piperazin-1-yllproDan-1-one
dihydrochloride  [00351]LCMS: 428.2.  Example 30 NH2 EN)
(R,S)-4-amino-2-(4-chloropheny1)-4-methyl-1-(44(R)-5-methy1-6,7-dihyd
ro-5H- cyclopentafdlpyrimidin-4-yflpiperazin-1-yDnentan-1-one
dihydrochloride  [00352]Step 1: 1,8-Diazabicyclo[5.4.0]undec-7-ene
(33.68 ml, 225.2 mmol) was added to a solution of methyl
2-(4-chlorophenypacrylate (36.9 g, 187.7 mmol) and 2-nitropropane
(20.23 ml, 225.2 mmol) in CH3CN (500 mL) at 0C under nitrogen. The
reaction mixture was warmed to room temperature and stirred
overnight. The solution was concentrated in vacuo and subjected to
column chromatography (20% Et0Ac/hexanes) to give methyl
2-(4-chloropheny1)-4-methy1-4- nitropentanoate (52.9 g, 98.66% yield)
as a colorless oil. Concentrated HC1 (10 mL) was added dropwise over
2 minutes to a suspension of methyl
2-(4-chloropheny1)-4-methy1-4-nitropentanoate (10 g, 35.0 mmol) and
zinc (6.41 mL, 700 mmol) in Et0H (250 mL) at 40C. The mixture was  WO
2008/006032PCT/US2007/072876 97 stirred at 40C overnight. LCMS shows
the desired product and reduced (but non-cyclized) product. The
temperature was increased to 50C for 8 hours. There was no change by
LCMS, so the reaction mixture was diluted with Et0Ac (200 mL) and
filtered. The filtrate was concentrated in vacuo, taken up into
Et0Ac/Et0H (500 mL, 9:1), washed with bicarbonate solution, dried
over Na2Sa4 and concentrated in vacuo. The crude product contained
2-3 compounds, however, the 3-
(4-chloropheny0-5,5-dimethylpyrrolidin-2-one (6.7 g, 85.6% yield) was
the major one, which was used as-is in the next step. LCMS (APCI+)
[M-Boc+H] 224.1; Rt: 2.90 mm. [00353]Step 2: Lithium
bis(trimethylsilyl)amide (36 mL, 36 mmol) was added to a stirred
solution of 3-(4-chloropheny1)-5,5-dimethylpyrrolidin-2-one (6.7 g,
30 mmol) in THF (200 mL) at - 78C under nitrogen. The solution was
stirred at -78C for 30 minutes, and then a solution of ditert-butyl
dicarbonate (7.6 mL, 33 mmol) in THF (30 mL) was added in a single
portion. The solution was warmed to room temperature and allowed to
stir overnight. The reaction was poured into 0.5M HC1 solution and
extracted with ethyl acetate twice. The combined organic portions
were washed with water, separated, dried over MgSO4, filtered, and
concentrated in vacuo to afford the near-pure product (excess Boc20)
as a colorless oil. Column chromatography (20% Et0Ac/hexanes) to give
pure tert-butyl 4-(4-chloropheny1)-2,2-dimethy1-5-oxopyrrolidine-1-
carboxylate. LCMS (APCI+) [M-Boc+14]+ 224.1; Rt: 3.68 min.
[00354]Step 3: Lithium hydroxide hydrate (6.44 ml, 232 mmol) was
added to a stirred solution of tert-butyl
4-(4-chloropheny1)-2,2-dimethy1-5-oxopyrrolidine-1-carboxylate (7.5
g, 23.2 mmol) in THF/Me0H/H20 (30 mL/30 mL/30 mL) at room
temperature. The mixture was stirred at room temperature overnight
and concentrated in vacuo. The residue was taken up into water (200
mL), washed with Et0Ac (100 mL), acidified with concentrated HC1 and
extracted into Et0Ac (2 X 200 mL). The product was dried over Na2SO4
and concentrated in vacuo. Residual HC1 was removed by evaporating
from toluene to give
4-(tert-butoxycarbonylamino)-2-(4-chloropheny1)-4- methylpentanoic
acid (5.0 g, 63.2% yield) as a white solid. LCMS (APCI+) [M-Boc+Hr
242.0; Rt: 2.8 min. 



[00355]Step 4: HBTU (0.033 g, 0.086 mmol) was added to a solution of
(R)-5-methy1-4-
(piperazin-1-y1)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
dihydrochloride (0.025 g, 0.086 mmol),
4-(tert-butoxycarbonylamino)-2-(4-chlorophenyI)-4-methylpentanoic
acid (0.029 g, 0.086 mmol), and DIEA (0.045 mL, 0.26 mmol) in DCM
(1.2 mL). The reaction was shaken overnight (16 hours), after which
it was diluted with 2M Na2CO3 and extracted with DCM. The extracts
were dried (Na2SO4), filtered, and concentrated. The crude was
flashed on Biotage 12S (ca. 100 mL 3:1 DCM:EA flushed to elute D1EA,
then 1:3 DCM:EA eluted prod) to give (R)-tert-butyl 4-(4-
chloropheny1)-2-methy1-5-(4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyr
imidin-4-yppiperazin-1-  WO 2008/006032PCT/US2007/072876 98
y1)-5-oxopentan-2-ylcarbamate (0.044 g, 95% yield) as a residue. LCMS
(APCI+) [M+Hr 542.2; Rt: 2.94 min. [00356]Step 5: 4M HC1/dioxane
(0.609 ml, 2.43 mmol) was added to a solution of (R)-tert-
butyl4-(4-chloropheny1)-2-methyl-5-(4-(5-methyl-6,7-dihydro-5H-cyclop
enta[d]pyrimidin-4- yppiperazin-1-y1)-5-oxopentan-2-ylcarbamate
(0.044 g, 0.0812 mmol) in dioxane (1 mL). The reaction mixture was
stirred at room temperature for 2 days, after which it was
concentrated to dryness. The resulting residue dissolved in minimal
Me0H, and the product was triturated by the addition of ether. The
solids were isolated by filtration through quantitative membrane
filter paper with nitrogen pressure, rinsed with ether, and dried in
vacuo to give (R)-4-amino-2-(4-
chloropheny1)-4-methy1-1-(4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyr
imidin-4-yppiperazin-1 - yl)pentan-l-one dihydrochloride (0.035 g,
83.7% yield) as a white powder. LC/MS (APCI+) m/z 442 [M+H]+. 1:1
mixture of diastereomers. [00357]11-1 NMR (D20): 8.31 (1H, app d,
J9.1 Hz), 7.31-7.18 (4H, m), 4.12-3.36 (I OH, m), 3.23-3.16 (1H, m),
3.02-2.92 (1H, m), 2.85-2.78 (1H, m), 2.52 (1H, dd, J 14.9 and 8.6
Hz), 2.27- 2.20 (1H, m), 1.88-1.83 (IH, m), 1.73 (1H, t, J 10.5 Hz),
1.23 (3H, s), 1.16 (3H, s), 1.05 (1H, t, J 7.1 Hz), 0.99-0.93 (3H,
two d, J7.1 and 7.1 Hz). LCMS: 442.2. Example 31    (R,
S)-2-(4-chlorophenv1)-3-(2-hydroxyethylamino)-1-(44(R)-5-methyl-6,7-d
ihydro-5Hcyclopenta[d]twrimidin-4-yl)piperazin- I -v1)propan-1-one
dihydrochloride  [00358]LCMS: 444.2  WO 2008/006032PCT/US2007/072876
99 (R, S)-2-(4-chloropheny1)-1-(44(R)-5-methy1-6
7-dihydro-5H-cyclopentardlpyrimidin-4-
yl)piperazin-l-y11-3-(neopentvlamino)propan-1-one dihvdrochloride
[00359]LCMS: 470.2 Example 33 HN  



(R,S)-2-(4-bromortheny1)-3-(isoprotwlamino)-1-(44R)-5-methyl-6,7-dihy
dro-5H- cyclonentaid1pyrimidin-4-v1)piperazin-1-yllpropan-1-one
dihvdrochloride  [00360]1H NMR (D20): 8.31 (1H, app d, J 10.4 Hz),
7.52-7.49 (2H, m), 7.16-7.14 (2H, m), 4.31-4.27 (1H, m), 4.10-4.06
(1H, m), 4.00-3.07 (12H, m), 3.02-2.93 (1H, m), 2.85-2.78 (1H, m),
2.25-2.19 (1H, m), 1.73 (I H, t, J 10.1 Hz), 1.21-1.15 (6H, m),
0.99-0.93 (3H, two d, J6.5 and 6.9 Hz). LCMS: 486.2.
(S)-3-amino-2-(4-chloronheny1)-1-(4-((R)-5-methvl-6
7-dihydro-5H-cyclopentardlpyrimidin-4-
vIlpiperazin-l-yllpropan-1-one dihvdrochloride  [00361]Step 1:
tert-Butyl 2,4-dimethoxybenzylcarbamate (3.96 g, 14.8 mmol) was
dissolved in THF (74 mL) and cooled to -78C. Butyl lithium (7.44 mL,
16.3 mmol) was added dropwise to the solution over a five minute
period to afford a pale-yellow solution. The solution was allowed to
stir for 15 minutes before chloro(methoxy)methane (1.35 mL, 17.8
mmol) was added dropwise (neat). The reaction was stirred at -78 for
10 minutes and allowed to warm slowly to ambient temperature
overnight. The reaction was concentrated in vacuo to afford a yellow
gel, which was partitioned between half-saturated NH4C1 solution and
ether. The aqueous portion was  WO 20081006032PCT/1JS2007/072876 100
extracted once, and the organics were combined. The organic portion
was washed with water, then brine, separated, dried over Na2SO4,
filtered, and concentrated in vacuo. 11-1 NMR supports the desired
near-pure (>90%) tert-butyl 2,4-dimethoxybenzygmethoxymethypearbamate
(4.81 g, 104% yield) as a pale-yellow oil which was used without
purification. [00362]Step 2:
(R)-4-Benzy1-3-(2-(4-chlorophenypacetypoxazolidin-2-one (3.00 g, 9.10
mmol) was dissolved in DCM (91 mL) and cooled to -78C. A 1M toluene
solution of TiC14 (11.4 mL, 11.4 mmol) was added to the solution
followed by DIEA (1.66 mL, 9.55 mmol) to afford a dark purple
reaction.This was stirred for 15 minutes, and then tert-butyl 2,4-
dimethoxybenzyl(methoxymethyl)carbamate (3.40 g, 10.9 mmol) was added
dropwise as a solution in DCM (10 mL). The reaction was allowed to
stir for 15 minutes at -78C, and then allowed to warm to -18C in a
brine-ice bath for one hour. This reaction was allowed to warm slowly
to 0C over a 2.5 hour period and then quenched with the addition of
saturated NH4CI solution (100 mL). The layers were separated, and the
organic portion was extracted once with DCM. The combined organic
portions were dried over MgSO4, filtered, and concentrated in vacuo
to afford a yellow oil. The residue was purified by chromatography
(silica gel eluted with 4:1 hexanes:ethyl acetate) to afford the pure
material as a colorless oil, tert-butyl
(S)-34(R)-4-benzy1-2-oxooxazolidin-3-y1)-2-
(4-chloropheny1)-3-oxopropy1(2,4-dimethoxybenzyl)carbamate (4.07 g,
73.5% yield). tert-Butyl
(S)-34(R)-4-benzy1-2-oxooxazolidin-3-y1)-2-(4-chloropheny1)-3-oxoprop
y1(2,4- dimethoxybenzypcarbamate (680 mg, 1.12 mmol) was dissolved in
DCM (10.6 mL) and water (560 uL; 19:1 DCM:water) at ambient
temperature. The solution was treated with DDQ (380 mg, 1.67 mmol),
and the reaction was allowed to stir for one day to afford reaction
completion by TLC and LCMS analysis. The reaction was diluted with
DCM and washed twice with half saturated NaHCO3 solution. The organic
portion was dried over MgSO4, filtered, and concentrated in vacuo to
afford a yellow-orange oil. The residue was purified by
chromatography (silica gel eluted with 9:1 hexanes:ethyl acetate) to



WO 2008/006032PCT/US2007/072876 101 IM Na2S03 (7 mL) was added to the
mixture. The mixture was stirred for 5 minutes and then warmed to
room temperature while being stirred for 20 minutes. The reaction
mixture was then transferred to a separatory funnel and washed with
ether (3 X). The aqueous layer was acidified with KHSO4(s), and the
mixture was extracted with DCM (2 X). The combined extracts were
dried (Na2SO4), filtered, and concentrated to give
(S)-3-(tert-butoxycarbonylamino)-2-(4- chlorophenyl)propanoic acid
(0.329 g, 94.2% yield) as a white residue. LC/MS (APCI+) m/z 200
[M-B0C+14].. [00364]Step 4: 4M HO/dioxane (5.49 mL, 22.0 mmol) was
added to a solution of (S)-3-
(tert-butoxycarbonylamino)-2-(4-chlorophenyl)propanoic acid (0.329 g,
1.10 mmol) in 2:1 dioxane:DCM (10 mL). The reaction mixture was
stirred at room temperature overnight (16 hours), after which it was
concentrated to 1/3 volume. The resulting cloudy mixture was diluted
with ether, and the mixture was concentrated again to 1/3 volume. The
mixture was diluted again with ether (20 mL), and the solids were
isolated by filtration through a medium frit funnel with nitrogen
pressure. The solids were rinsed with ether (5 X 10mL), dried under
nitrogen pressure, and dried in vacuo to give
(S)-3-amino-2-(4-chlorophenyl)propanoic acid hydrochloride (0.199 g,
76.8% yield) as a white powder. HPLC >99 area% pure. LC/MS (APCI+)
m/z 200. [00365]Step 5: Boc20 (0.368 g, 1.69 mmol) was added to a
solution of (S)-3-amino-2-(4- chlorophenyl)propanoic acid
hydrochloride (0.199 g, 0.843 mmol) and tetramethylammonium hydroxide
pentahydrate (0.382 g, 2.11 mmol) in 10:1 MeCN:F120 (7.7 mL). The
reaction mixture was stirred overnight at room temperature (12
hours), after which the MeCN was removed on a rotary evaporator. The
mixture was diluted with water and washed with ether (2 X). The
aqueous layer was acidified with KHSO4(s). The mixture was extracted
with DCM, and the combined extracts were dried (Na2SO4), filtered,
and concentrated to give (S)-3-(tert-butoxycarbonylamino)-
2-(4-chlorophenyl)propanoic acid (0.229 g, 90.6% yield) as a foam.
HPLC >99 area% pure. LC/MS (APCI+) m/z 200 [M-B0C+H]. [00366]Step 6:
HBTU (0.033 g, 0.086 mmol) was added to a solution of (R)-5-methy1-4-
(piperazin-l-y1)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
dihydrochloride (0.025 g, 0.086 mmol),
(S)-3-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)propanoic acid
(0.026 g, 0.086 mmol), and DIEA (0.045 mL, 0.26 mmol) in DCM (1.2
mL). The reaction mixture was stirred at room temperature for 90
minutes. 2M Na2CO3 was added, and the mixture was extracted with DCM.
The combined extracts were dried (Na2504), filtered, and
concentrated. The crude was flashed on Biotage 12S (ca. 100 mL; 4:1
DCM:EA flushed to elute DEEA, then 1:9 DCM:EA eluted product) to give
tert-butyl (S)-2-(4-chloropheny1)-3-(44(R)-5-methyl-6,7-dihydro-5H-
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cyclopenta[d]pyrimidin-4-yl)piperazin-l-y1)-3-oxopropylcarbamate
(0.043 g, 100% yield) as a yellow residue. LC/MS (APCI+) m/z 500.1
[M+Hr; Rf: 2.68. [00367]Step 7: 4M HC1/dioxane (0.860 ml, 3.44 mmol)
was added to a solution of tert-
butyl(S)-2-(4-chloropheny1)-3-(44(R)-5-methyl-6,7-dihydro-5H-cyclopen
ta[d]pyrim i din-4- yl)piperazin- 1 -y1)-3-oxopropylearbamate (0.043
g, 0.0860 mmol) in dioxane (1.2 mL). The reaction mixture was stirred
at room temperature overnight (16 hours), after which it was
concentrated and dried on high vacuum line. The resulting residue was



cycloDentaldlpyrimidin-4-y1)piperazin-1-y1)pronan-I -one
dihydrochloride  [00369]LCMS: 456.2.  WO 2008/006032PCT1US2007/072876
103 Example 36  EN) ar:j
(R,S)-2-(4-chlororthenv1)-34(8)-3-fluoropyrrolidin-l-v1)-1-('44(R)-5-
methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yDpinerazin-l-yllpropand -one
dihvdrochloride  [00370]LCMS: 472.2. Example 37
(S)-244-chloronhenv1)-1-(44(R)-7,7-difluoro-5-methyl-6,7-dihydro-5H-c
yclopentafdlovrimidin-4- vnpiverazin- 1 -yI)-3-(i soprouylam in
o)propan- 1 -one dihydrochloride [00371]Step 1: To a 0C solution of
(R)-tert-butyl 4-(5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yOpiperazine-1-carboxylate (1.0 g, 3.14
mmol) in 20 mL CHC13 under nitrogen was added in several portions
solid 77% max. mCPBA (1.27 g, 5.65 mmol). The reaction mixture was
stirred 10 minutes, warmed to room temperature, and stirred 1 hour.
The reaction mixture was cooled back to 0 C, and more 77% max. mCPBA
(0.4 equiv.) was added in portions. The reaction mixture was warmed
to room temperature and stirred another 15 hours, after which it 



was cooled to 0 C. A solution of Na2S203 (0.993 g, 6.28 mmol) in 6 mL
1120 was added slowly by addition funnel, and then a solution of
Na7CO3 (0.999 g, 9.42 mmol) in 8 mL 1120 was added slowly by addition
funnel. The reaction mixture was stirred 30 minutes, then extracted
with 3 x 100 mL CHC13. The combined extracts were dried (Na2SO4),
filtered through Celite, and then concentrated in vacuo to give
(R)-tert-butyl 4-(5-methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
y1-1-oxide)piperazine-l-carboxylate as a brown foam, which was used
immediately without  WO 2008/006032PCT/US2007/072876 104
purification.(R)-tert-butyl4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]py
rimidin-4-y1-1- oxide)piperazine-1 -carboxylate was dissolved in
acetic anhydride (5.92 mL, 62.8 mmol), and the solution was heated to
90 C and stirred 2 hours. The reaction mixture was then cooled to
room temperature, the excess acetic anhydride was removed in vacuo,
and the resulting oil was dissolved in DCM and poured slowly into a
stirred solution of ice saturated Na2CO3. The mixture was extracted
with 2 x 100 mL DCM, and the combined extracts were dried (Na2SO4),
filtered, and concentrated in vacua to give (R)-tert-butyl
4-(7-acetoxy-5-methyl-6,7-dihydro-5Hcyclopenta[d]pyrimidin-4-yl)piper
azine-1-carboxylate (1.11 g, 93.9% yield) as a brown foam. MS (APCI+)
m/z 377 [M+H)+, which was used in the next step without purification.
[00372]Step 2: To a solution of (R)-tert-butyl
4-(7-acetoxy-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yppiperazine-1-carboxylate (1.16 g, 3.08
mmol) in 12 mL THF was added 3M LiOH (2.57 mL, 7.70 mmol) and 3 mL
H20. The reaction mixture was stirred at room temperature for 15
hours, after which H20 was added, and the mixture was extracted with
3 x 75 mL Et0Ac. The combined extracts were dried (Na2SO4), filtered,
and concentrated in vacua. The crude was purified on silica gel
(Biotage 40S) first with 1:1 to 1:6 DCM:EtOAC gradient, followed by
20:1 DCM:Me0H to give (R)-tert-butyl
4-(7-hydroxy-5-methy1-6,7-dihydro-5Hcyclopenta[d]pyrimidin-4-yppipera
zine-1-carboxylate (0.556 g, 54.0% yield) as a 1:1 mixture of
diastereomers as a brown foam. MS (APCI+) m/z 335 [M+1-J]t
[00373]Step 3: To a -78 C solution of oxalyl chloride (0.203 mL, 2.33
mmol) in 10 mL DCM was added dropwise by syringe a solution of DMSO
(0.330 mL, 4.66 mmol) in 3 nth DCM. The reaction mixture was stirred
35 minutes, then a solution of (R)-tert-butyl 4-(7-hydroxy-5-
methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yOpiperazine-1-carboxy
late (0.556 g, 1.66 mmol) in 5 mL DCM was added slowly by syringe.
The reaction mixture was stirred another 1 hour at -78 C, after which
neat TEA (1.09 mL, 7.81 mmol) was added. The reaction mixture was
then allowed to warm to room temperature, stirred 30 minutes, and
1420 was added. The mixture was extracted with 3 x 75 mL DCM, and the
combined extracts were dried (Na2SO4), filtered, and concentrated in
vacuo. The crude was purified on silica gel (Biotage 40M): the column
was flushed with about 300 mL 4:1 DCM:Et0Ac, then gradient to 1:4
DCM: Et0Ac to give (R)-tertbutyl
4-(5-methy1-7-oxo-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yDpiperazin
e-1-carboxylate (0.440 g, 79.6% yield) as a brown foam. MS (APCI+)
m/z 333 [M+Hr. 1H NMR (CDCI3, 400 MHz) 8 8.73 (s, 114), 3.93-3.82 (m,
2H), 3.74-3.48 (m, 7H), 2.96 (dd, J= 19.6, 7.3 Hz, 1H), 2.34 (dd, J=
19.6, 1.5 Hz, 1H), 1.50 (s, 9H), 1.32 (d, J= 6.8 Hz, 314).
[00374]Step 4: (Reaction run in a 20-mL plastic bottle): To a
solution of (R)-tert-butyl 445-



butoxycarbonyKisopropyl)amino)-2-(4-chlorophenyl)propanoic acid
(0.016 g, 0.046 mmol), and D1EA (0.024 ml, 0.14 mmol) in 1.7 mL DCM
was added HBTU (0.017 g, 0.046 mmol). The reaction mixture was
stirred 15 hours, after which 2M Na2CO3 was added. The mixture was
extracted with DCM, and the combined extracts were dried (Na2504),
filtered, and concentrated in vacuo. The crude was purified on silica
gel (Biotage 12S) by first flushing with about 120 mL 5:1 DCM:EA,
then gradient to 1:1 DCM:EA to give tert-butyl
(S)-2-(4-chloropheny1)-3-(44(R)-7,7-
difluoro-5-methy1-6,7-dihydro-5H-cyclopenta[d]-pyrimidin-4-yl)piperaz
in-l-y1)-3- oxopropyl(isopropyl)carbamate (0.018 g, 68% yield) as a
white foam. MS (APCI)+ m/z 578 [M+Hr. [00377]Step 7: To a solution of
tert-butyl (S)-2-(4-chloropheny1)-3-(44(R)-7,7-difluoro-5-
methyl-6,7-dihydro-51-1-cyclopenta[d]pyrimidin-4-yDpiperazin-1-y1)-3-
oxopropyl(isopropyl)carbamate (0.018 g, 0.0311 mmol) in 0.8 mL
dioxane was added 4M HCl/dioxane (0.545 mL, 2.18 mmol). The reaction
mixture was stirred at room temperature for 16h, after which it was
concentrated to dryness. The resulting solids were dissolved in
minimal Me0H, and the product was triturated by the addition of
ether. The resulting solids were isolated by filtration through 0.2
gm nylon filter paper with nitrogen pressure, rinsed with ether, and
dried in vacuo to give
(S)-2-(4-chloropheny1)-1-(44(R)-7,7-difluoro-5-methyl-6,7-dihydro-5Hc
yclopenta[d]pyrimidin-4-yl)piperazin-l-y1)-3-(isopropylamino)propan-1
-onedihydrochloride (0.011 g, 64.1% yield) as a white powder. MS
(APCI+) m/z 478 [M+Hr. 1H NMR (D20) 5 8.28  WO
2008/006032PCT/US2007/072876 106 (s, 114), 7.32 (d, J= 8.4 Hz, 2H),
7.18 (d, J= 8.4 Hz, 2H), 4.28 (dd, J= 8.5. 5.0 Hz, 1H), 3.94-3.79
(in, 2H), 3.58-3.28(m, 814), 3.19 (dd, J= 12.8, 4.8 Hz, 1H),
3.12-3.02 (m, 1H), 2.76-2.56 (m, 114), 2.20-2.04 (m, 1H), 1.18 (dd,
J= 6.4, 4.1 Hz, 6H), 0.98 (d, J' 7.0 Hz, 3H). Example 38 1"--r" N
Nrcj (S)-2-(4-chloro-3-fluororthenv1)-1-(445R
7S)-7-hydroxv-5-methy1-6,7-dihydro-5H-
cyclopentardlovrimidin-4-y1Miperazin-1-y11-3-(tetrahydro-2H-pyran-4-v
lamino)monan-l-one   [00378] Step 1: Ethyl pulegenate (130 g, 662
mmol) in Et0Ac (900 mL) was cooled to - 78C using a dry
ice-isopropanol bath. This mixture was subjected to ozonolysis until
the reaction turned purple in color. At this point, ozone generation
ceased, and the reaction was removed from the dry-ice bath. Oxygen
was bubbled through the reaction until the reaction turned yellow.
The reaction was concentrated under vacuum, and the resulting residue
was dissolved in glacial acetic acid (400 mL). The solution was
cooled to 0C and Zn dust (65 g, 993 mmol) was added portionwise over
30 minutes. The reaction was then allowed to stir for 2 hours, at
which point the reaction mixture was filtered through a pad of celite
to remove the zinc dust. The acetic acid was neutralized to a pH of 7
with aqueous NaOH and NaHCO3 and extracted with ether (3 X 800 mL).
The combined organics were dried with brine, MgSO4 and concentrated
to give (2R)-ethyl 2methyl-5- oxocyclopentanecarboxylate as a brown
liquid (107 g, 95%). [00379]Step 2: Ammonium acetate (240.03 g,
3113.9 mmol) was added to a solution of (R)-ethyl
2-methyl-5-oxocyclopentanecarboxylate (106.0 g, 622.78 mmol) in Me0H
(1.2L). The reaction mixture was stirred at room temperature under
nitrogen for 20 hours, after which it was complete as judged by TLC
and HPLC. The reaction mixture was concentrated to remove Me0H. The



to a 0C solution of
(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol (152.2 g,
1013 mmol) in DCE (1.2L). After addition was complete, the reaction
mixture was warmed to room temperature and then heated to reflux
while being stirred at reflux for 70 minutes, after which the
reaction was complete by HPLC. The reaction mixture was cooled to
room temperature, and the excess POC13 was quenched in 4 portions.
The reaction mixture was transferred to a separatory funnel and
dripped into a beaker containing ice and saturated NaHCO3 solution
cooled in an ice bath. Once the addition of each portion of the
reaction mixture was complete, the quenched mixture is stirred for 30
minutes to ensure complete destruction of POC13 prior to transferring
it to a separatory funnel. The mixture was transferred to a
separatory funnel and extracted with DCM (2 X). The combined extracts
were dried (Na2SO4), filtered, and concentrated. The crude was
purified on silica gel (1 kg silica gel slurried in 9:1 hex:ethyl
acetate onto a 3L fitted funnel, silica settled under vacuum, topped
with sand). The crude was loaded with a DCM/hexane mixture, and
compound was eluted using IL sidearm flasks with vacuum. High Rf
byproducts eluted first, then (R)-4-chloro-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine (104.4 g, 61.09% yield)
as a brown oil. Triethylamine (93.0 mL, 534 mmol) and tert-butyl
piperazine-l-carboxylate (34.8 g, 187 mmol) were added to a solution
of (R)-4-chloro-5-methyl-6,7-dihydro-5Hcyclopenta[d]pyrimidine (30.0
g, 178 mmol) in n-BuOH (250 mL). The reaction mixture was heated to
reflux under nitrogen and stirred overnight (17 hours). The reaction
mixture was concentrated on a rotavap. The resulting oil was
dissolved in DCM, washed with H20, dried (Na2SO4), filtered, and
concentrated. The resulting brown oil was purified on silica gel
eluting first with 2:1 hexanes:ethyl acetate until product eluting
cleanly, then gradient 1:1 to 1:5 DCM:ethyl  WO
2008/0060321'CT/US2007/072876 108 acetate to give (R)-tertbutyl
4-(5-methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yOpiperazine-1-
carboxylate (42.0 g, 74.1% yield) as a beige powder. LC/MS (APCI+)
m/z 319.1 [M+H]. [00382]Step 5: Solid 77% max. MCPBA (23.9 g, 107
mmol) was added portionwise to a 0C solution of (R)-tert-butyl
4-(5-methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yepiperazinel-car
boxylate (20.0 g, 62.8 mmol) in CHCI3 (310 mL). The reaction mixture
was stirred for 5 minutes and then warmed to room temperature while
stirring for 90 minutes. HPLC looked similar after 7.5 hour. The
reaction mixture was cooled to 0C. NaHCO3 (13.2 g, 157 mmol) and
mCPBA (0.5 equivalents) were added to the reaction mixture, and it
was stirred overnight (14 hours). The reaction mixture was cooled to
0C, and a solution of Na2S203 (29.8 g, 188 mmol) in F120 (50 mL) was
added dropwise by addition funnel. A solution of Na2CO3 (24.6 g, 232
mmol) in H20 (70 mL) was added by addition funnel (mixture turns
homogeneous). The reaction mixture was stirred for 30 minutes, and
the mixture was extracted with CHCI3 (3 X 150 mL). The combined
extracts were dried (Na2SO4), filtered, and concentrated to give the
N-oxide. LC/MS (APCI+) m/z 335.1 [M+H]t [00383]Step 6: Ac20 (77.0 mL,
816 mmol) was added to the N-oxide from Step 5 (21.0 g, 62.8 mmol).
The reaction mixture was heated under nitrogen in a 90C sand bath and
stirred for 100 minutes. The reaction mixture was cooled to room
temperature, and excess acetic anhydride was removed by rotary
evaporation. The resulting oil was dissolved in DCM, which was then



yl)piperazine-1-carboxylate and a few mixed fractions. Then
tert-butyl 44(5R,7S)-5-methy1-7-(4-
nitrobenzoyloxy)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin
e-1-carboxylate was eluted using 1:2 hexanes:ethyl acetate. The
fractions with product were concentrated by rotary evaporation to
give tert-butyl
4-((5R,7R)-5-methy1-7-(4-nitrobenzoyloxy)-6,7-dihydro-5Hcyclopenta[d]
pyrimidin-4-yppiperazine-1-carboxylate (8.55 g, 84.5% yield) as a
yellow foam. LC/MS (APCI+) m/z 484 [M+1-1]+. 1H NMR (CDC13) shows
single diastereomer). The fractions with other diastereomers were
concentrated by rotary evaporation to give tert-butyl 445R,7S)-5-
methy1-7-(4-nitrobenzoyloxy)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazine-l- carboxylate (0.356 g, 3.52% yield) as a brown foam.
LC/MS (APCI+) m/z 484 [M+Hr. [00388]Step 11: Li0H-H20 (0.499 g, 11.9
mmol) was added to a 0C solution of tert-butyl
44(5R,7R)-5-methy1-7-(4-nitrobenzoyloxy)-6,7-dihydro-514-cyclopenta[d
]pyrimidin-4- yppiperazine-1-carboxylate (2.30 g, 4.76 mmol) in 2:1
THF:H20 (40 mL). The reaction mixture was warmed to room temperature
and stirred for 1 hour. The THF was removed by rotary evaporation,
and saturated NaHCO3 was added. The mixture was extracted with ethyl
acetate. The combined extracts were washed with saturated NaHCO3 (1
X), dried (Na2SO4), filtered, and
concentratedtogivetert-butyl44(5R,7R)-7-hydroxy-5-methy1-6,7-dihydro-
5H- cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (1.59 g,
100.0% yield) as a yellow foam. LC/MS (APCI+) m/z 335 [M+11]+. The
tert-butyl
445R,7S)-7-hydroxy-5-methy1-6,7-dihydro-5Hcyclopenta[d]pyrimidin-4-yl
)piperazine-1-carboxylate was prepared using a analogous method.
[00389]Step12:tert-Butyl445R,7R)-7-hydroxy-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yppiperazine-1-carboxylate (1.190 g, 3.558
mmol) was dissolved in methylene chloride (55 mL) and cooled to -20C.
The solution was treated with DAST (1.410 mL, 10.68 mmol) and stirred
at -20C for 1 hour. The reaction was quenched with ice and then
warmed to ambient temperature. The mixture was diluted with saturated
NH4C1 and separated. The aqueous phase was extracted with methylene
chloride (2 X), and the combined organics were dried over Na2SO4 and
concentrated to a dark oil. This oil was chromatographed on Si02
(Biotage 40S, load with methylene chloride) then eluted with 2.5%
Me0H/DCM then 3.5% Me0H/DCM. The mixed fractions were concentrated,
and the material was re-chromatographed on Si02 (Biotage  WO
2008/006032PCT/US2007/072876 111 40S, load with DCM) and eluted with
2 hexane/Et0Ac. The product was collected as a dark oil to
givetert-butyl44(5R,7S)-7-fluoro-5-methy1-6,7-dihydro-5H-cyclopenta[d
]pyrimidin-4- yOpiperazine-1-carboxylate (0.725 g, 61%). LCMS (APCI+)
m/z 337.0 [M+Hr; Rf 3.13 min.
[00390]Step13:tert-Butyl44(5R,7S)-7-fluoro-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yDpiperazine-1-carboxylate (0.725 g, 2.155
mmol) was dissolved in dioxane (5 mL) and cooled to 0C. A solution of
HCI in dioxane (13.47 mL, 53.88 mmol; 4M) was added dropwise. The
reaction mixture was allowed to warm to ambient temperature and
stirred for 16 hours. A white precipitate had formed after about 8
hours. The reaction mixture was concentrated in vacuo, re-suspended
in Me0H, and re-concentrated (3 X). The residue was dissolved in Me0H
(about 2 to 3 mL) and added dropwise to a rapidly stirring flask
containing ether (80 mL). The white solid was filtered under a



112 cyclopenta[d]pyrimidin-4-yDpiperazin-1 -yl)propan-1-one
dihydrochloride (0.224 g, 0.442 mmol, 89.7 % yield) as a pale yellow
powder. LC/MS (APCI+) m/z 434 [M+H]. [00393]Step 16: NaBH(OAc)3
(0.03764 g, 0.1776 mmol) was added to a slightly cloudy
solutionof(S)-3-amino-2-(4-chloro-3-fluoropheny1)-1-(44(5R,7S)-7-hydr
oxy-5-methy1-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yppiperazin-l-yppropan-1-one
dihydrochloride (0.060 g, 0.1184 mmol), dihydro-2H-pyran-4(3H)-one
(0.1093 mL, 1.184 mmol), and DMA (0.06186 mL, 0.3551 mmol) in DCE (1
mL) and DMF (0.4 mL). After 1 hour, another 3 equivalents of
dihydro2H-pyran-4(3H)-one and 2 equivalents NaBH(OAc)3 were added.
The reaction mixture was stirred overnight. Another 1 equivalent of
Na(0Ac)3BH was added, and the reaction mixture was stirred another 3
hours. Saturated NaHCO3 was added, and the mixture was extracted with
DCM. The combined extracts were dried (Na2SO4), filtered, and
concentrated. The crude was flashed on silica (Biotage 12M, 20:1
DCM:Me0H loaded compound and 150 mL flushed to elute DIEA; then 9:1
DCM:Me0H eluted product). The fractions with product were
concentrated, and the residue was dissolved in 1:1 DCM:ether (1.5
mL). Excess 2M HC1/ether was added, which caused precipitation. The
mixture was stirred for 5 minutes, then concentrated and dried on a
high vacuum line. The solids were suspended in ether and isolated by
filtration through a 20 gm nylon filter disc with nitrogen pressure,
rinsed with ether, dried under nitrogen pressure, and dried in vacuo
to give
(S)-2-(4-chloro-3-fluoropheny1)-1-(44(5R,7S)-7-hydroxy-5-methy1-6,7-d
ihydro-5H- cyclopenta[d]pyrimidin-4-yl)piperazin- 1
-y1)-3-(tetrahydro-2H-pyran-4-ylamino)propan-1-one dihydrochloride
(0.035 g, 0.05923 mmol, 50.03 % yield) as a white powder. LC/MS
(APCI)+ m/z 518. Example 39  F3c) NH
2-(4-chloropheny1)-1-(44R)-5-methyl-6
7-dihydro-5H-cyclopentafdlovrimidin-4-ylMiperazin-1-
y1)-3-(2,2.2-trifluoroethylaminolpropan-1-one  1003941Step 1: A
solution of 2-(4-chlorophenyl)acetic acid (20.0 g, 117 mmol) in dry
methanol (235 mL) was treated with 5 drops of concentrated I12504
(cat.) at room temperature. The mixture was stirred overnight to
completion and was concentrated in vacuo to about 40 mL.  WO
2008/006032PCT/US2007/072876 113 The concentrate was partitioned
between an ether and half saturated NaHCO3 solution. The aqueous
portion was back-extracted once with ether, and the organics were
combined. The organic portion was washed with water, then brine,
dried over MgSO4, and concentrated in vacuo. The material was placed
under high vacuum for one hour to afford the pure methyl 2-(4-
chlorophenyl)acetate as a pale yellow oil (19.8 g, 92%). 1HNMR
(CDC13, 400 MHz) 5 7.30 (d, J= 8.4 Hz, 2H), 7.21 (d, J= 8.4 Hz, 211),
3.70 (s, 3H), 3.60 (2, 2H). [00395]Step 2: n-BuLi (1.60M in hexanes,
35.6 mL, 56.9 mmol) was added to a 0C solution of diisopropylamine
(8.35 mL, 59.6 mmol) in 'VHF (200 mL). The mixture was stirred at 0C
for 30 minutes and then cooled to -78C. A solution of methyl
2-(4-chlorophenyl)acetate (10.0 g, 54.2 mmol) in THE' (10 mL) was
added to the -78C LDA solution by syringe, which was then stirred for
45 minutes. Neat tert-butyl bromoacetate (9.60 mL, 65 0 mmol) was
added by syringe, and the reaction was stirred for 15 minutes at
-78C. The bath was removed, and the reaction was allowed to warm to
room temperature. After stirring an additional 5 hours, the reaction



combined organics were washed with brine, dried over MgSO4, filtered,
and concentrated in vacuo. The residue was purified by on silica gel
(4:1 hexanes:Et0Ac) to afford the methyl
3-(tertbutoxycarbonylamino)-2-(4-chlorophenyl)propanoate as a pale
yellow oil (11.7 g, 79%). 11-INMR (CDCI3, 400 MHz) 8 7.31 (d, J' 8.0
Hz, 211), 7.20 (d, J = 8.0 Hz, 2H), 4.86 (br s, 1H),3.88 (m, 1I-1),
3.69 (s, 3H), 3.58 (m, 111), 3.49 (m, 11-1), 1.42 (s, 9H).
[00397]Step 4:A solution of methyl 3-(tert-butoxycarbonylamino)-2-(4-
chlorophenyl)propanoate (451 mg, 1.44 mmol) in dioxane (6.0 mL) was
treated with 4M HC1 in dioxane (about 6.0 mL, 23.0 mmol) at room
temperature. The mixture was stirred for 18 hours to completion,
after which the reaction mixture was diluted with ether to afford a
precipitate. The slurry was filtered under nitrogen to afford a white
solid, which was washed with ether. The solid was dried under vacuum
to afford the methyl 3-amino-2-(4-chlorophenyl)propanoate
hydrochloride as a white solid (321 mg, 89%). LCMS (APCI+) m/z 214.0
[M+Hr. [00398]Step 5: A solution of methyl
3-amino-2-(4-chlorophenyl)propanoate hydrochloride (215 mg, 0.86
mmol) in 1:1 THF:DMF (3.0 mL) was treated with DIEA (389 uL, 2.23
mmol) at room temperature. Trifluoroethyl triflate (299 mg, 1.29
mmol) was added to the mixture, and the reaction was stirred for 20
hours to completion. The mixture was partitioned between ethyl
acetate and diluted NaHCO3 solution. The aqueous portion was
extracted twice, and the combined organics were washed with water (3
X). The organic portion was washed with brine, separated, dried over
MgSO4, filtered, and concentrated in vacuo. The residue was purified
by chromatography (silica gel eluted with 4:1 hexanes:ethyl acetate,
Rf = 0.18) to afford the pure methyl
2-(4-chlorophenyI)-3-(2,2,2-trifluoroethylamino)propanoate (235 mg,
93%) as a colorless oil. LCMS (APCI+) m/z 296.0 [M+Hr.
[00399]Step6:Asolutionofmethyl2-(4-chlorophenyI)-3-(2,2,2-
trifluoroethylamino)propanoate (235 mg, 0.795 mmol) in THF (3.0 mL)
was treated with KOTMS (153 mg, 1.19 mmol) at room temperature. The
reaction was allowed to stir 18 hours to completion, and the mixture
was diluted with ether. The resulting precipitate was isolated by
filtration and placed under high vacuum for two hours to afford the
potassium 2-(4-chloropheny1)- 3-(2,2,2-trifluoroethylamino)propanoate
(299 mg, 118%, excess salts) as a white solid. LCMS (APCI+) m/z 282.0
[M+Hr.
[00400]Step7:The(R)-5-methy1-4-(piperazin-1-y1)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine dihydrochloride (30 mg, 103 umol) and acid
(33.0 mg, 103 umol) were dissolved/suspended in DMF (1.0 mL) at room
temperature. The mixture was treated with DIEA (38 uL, 216 umol) and
HBTU (43 mg, 113 umol), respectively. The mixture was allowed to stir
overnight to completion by LCMS analysis of the crude. The reaction
was partitioned between  WO 2008/006032PCT1US2007/072876 115 ethyl
acetate and water. The aqueous portion was extracted with ethyl
acetate (2 X), and the organics were combined. The organic portion
was washed with water (3 X), then brine, separated, dried over MgSO4,
filtered, and concentrated in vacuo. The residue was purified by
chromatography (silica gel eluted with 4% Me0H in ethyl acetate, Rf =
0.17) to afford the pure amide as a colorless oil (28 mg, 56%). The
residue was dissolved in a minimal amount of ether and treated with
excess HC1 in ether. The resulting suspension of salt was
concentrated in vacuo, then dried under reduced pressure overnight to



hexane/Et0Ac.The desired tert-butyl
44(5R,7R)-7-fluoro-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (0.6138 g, 72%)
was recovered cleanly. tert-
Butyl44(5R,7R)-7-fluoro-5-methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidi
n-4-yl)piperazine-1- carboxylate (0.6138 g, 1.825 mmol) was dissolved
in dioxane (5 mL) and cooled to 0C. A solution of HCI in dioxane
(11.40 mL, 45 61 mmol; 4M) was added dropwise, and then the reaction
mixture was allowed to warm to ambient temperature while stirring for
60 hours. The reaction  WO 2008/006032PCT/US2007/072876 116 mixture
was concentrated in vacuo, re-suspended in Me0H and re-concentrated
(3 X). The residue was dissolved in Me0H (3.7 mL) and added dropwise
to a rapidly stirring flask containing ether (100 mL). The white
solid was filtered under a blanket of nitrogen gas, washed with ether
and dried under nitrogen gas to give
(5R,7R)-7-fluoro-5-methy1-4-(piperazin-1
-yI)-6,7-dihydro-5Hcyclopenta[d]pyrimidine dihydrochloride as a white
solid (539 mg, 96%). LC/MS (APCD+ m/z 237.2.
[004021Step2:(5R,7R)-7-Fluoro-5-m ethy1-4-(piperazin- 1
-yI)-6,7-dihydro-5H- cyclopenta[d]pyrimidine dihydrochloride (0.535
g,1.730 mmol) and (S)-3-(tert-
butoxycarbonyl(cyclopropylmethyDamino)-2-(4-chlorophenyl)propanoic
acid (0.6122 g, 1.730 mmol) were combined in methylene chloride (15
mL) and treated with diisopropylethylamine (0.9041 ml, 5.191 mmol).
HUH (0.6579 g, 1.730 mmol) was then added. The reaction was stirred
at ambient temperature for 16 hours. ESI MS looked excellent for
desired product. The reaction was quenched with 10% Na2CO3, diluted
with methylene chloride and separated. The aqueous portion was washed
with methylene chloride (2 X), and the combined organic layers were
dried over Na2504 and concentrated in vacuo. The material was applied
to a 40mm samplet and air-dried. This was placed on top of a column
(Biotage 40S) and eluted with 3:2 hexane/Et0Ac. The major spot was
collected to give tert-butyl
(S)-2-(4-chloropheny0-3-(44(5R,7R)-7-fluoro-5-
methyl-6,7-dihydro-511-cyclopenta[d]pyrimidin-4-yDpiperazin-l-y1)-3-
oxopropyl(cyclopropylmethyl)carbamate as a white solid (955 mg, 96%).
LC/MS (APCI+) m/z 571.9 [M+111+ [004031Step 3:tert-butyl
(S)-2-(4-chloropheny1)-3-(44(5R,7R)-7-fluoro-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yDpiperazin-1-y1)-3-
oxopropyl(cyclopropylmethyl)carbamate (0.955 g, 1.669 mmol) was
dissolved in dioxane (20 mL). The solution was treated with HC1 in
dioxane (10.43 mL, 41.73 mmol; 4M), and the mixture was stirred at
ambient temperature for 16 hours. HPLC showed no SM remaining, so the
reaction mixture was concentrated in vacuo, re-dissolved in Me0H and
re-concentrated (3 X). The residue was re-dissolved in Me0H (about
4.5 mL + 2 mL wash) and added dropwise to stirred ether (about 190
mL). The suspension was stirred for 30 minutes then filtered and
dried under nitrogen blanket to give
(S)-2-(4-chloropheny1)-3-(cyclopropylmethylamino)-1-(445R,7R)-7-fluor
o-5-methyl-6,7- dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin- 1
-yl)propan-1 -one dihydrochloride (797 mg, 88%) as a solid. LC/MS
(APCI+, FIA) m/z 472.2 / 474.2 [M+Hr  WO 2008/006032PCT/US2007/072876
117 Example 41 NH (S)-2-(4-chlorooheny1)-1-(4-(5,5-d
imethy1-6,7-dihydro-5H-cyclonentaFdlpyrim din-4-thoiperazin- 1-vI)-3-
(i soaropvl am in o)Dronan-l-one  [00404]Step 1: A mixture of



(11.805 g) in THF (265 mL) was stirred at room temperature for 20
hours. MaIonic acid monoethyl ester magnesium salt (19.493 g) was
added. The mixture was stirred at room temperature for 24 hours. The
contents were concentrated. The residue was treated with 2:1
Et0Ac-ether (200 mL) and 0.5 N HC1 (200 mL). The organic phase was
separated and washed with 0.5 N HCI (2 X 200 mL), saturated NaHCO3,
and dried (Na2SO4). After filtration, the solvents were evaporated
under vacuum. The residue, ethyl 6-methyl-3-oxoheptanoate (15.02 g)
was dissolved in THF (200 mL) with p-acetamidobenzenesulfonyl azide
(15.90 g) and cooled to 0C. DBU (9.90 mL) was added. The mixture was
stirred at room temperature for 16 hours. The contents were
concentrated under vacuum (bath <35C). 1:1 Et0Ac-DCM (300 mL) and
silica gel (25 g) were added to the residue. After mixing, the solid
was filtered off and washed with 1:1 Et0Ac-DCM. The filtrate was
concentrated. The crude was purified with flash chromatography to
give ethyl 2-diazo-6-methy1-3- oxoheptanoate (8.30 g). 11-1 NMR
(CDC13, 400 MHz) 8 (ppm): 4.30 (q, J = 7.2 Hz, 2H), 2.87-2.83 (m,
2H), 1.62-1.49 (m, 3H), 1.33 (t, J =- 7.2 Hz, 3H), 0.91 (d, J = 6.5
Hz, 6H). [00405]Step 2: Rhodium acetate (170 mg) was added to a
solution of ethyl 2-diazo-6- methy1-3-oxoheptanoate (0.5 g) in DCM
(80 mL). A solution of ethyl 2-diazo-6-methy1-3- oxoheptanoate (7.652
g) in DCM (50 mL) was added in portions. The mixture was stirred at
room temperature for 1 hour. 1N HC1 (100 mL) was added. The organic
phase was separated. The aqueous phase was extracted with DCM (100
mL). The combined DCM solutions were dried (Na2SO4). After filtration
and concentration, the crude material was purified with flash
chromatography to give ethyl
2,2-dimethy1-5-oxocyclopentanecarboxylate (7.54 g). NMR (CDC13, 400
MHz) 8 (ppm): 4.25-4.09 (m, 2H), 2.52-2.37 (m, 214), 2.03-1.99
(m,2H), 1.80-1.67 (m, 1H), 1.33-1.26 (m, 9H).  WO
2008/006032PCT/US2007/072876 118 [00406]Step 3: A mixture of ethyl
2,2-dimethy1-5-oxocyclopentanecarboxylate (3.426 g) and ammonium
acetate (14.33 g) in Et0H (100 mL) was heated at 85C (bath) for 1
hour. The contents were concentrated. The residue was partitioned
between water and DCM. The organic phase was separated. The aqueous
solution was extracted with DCM. The combined DCM solutions were
washed with water and dried (Na2SO4). Upon filtration and
concentration, solid ethyl
2-amino-5,5-dimethylcyclopent-1-enecarboxylate (2.933 g) was yielded.
The ethyl 2-amino5,5-dimethylcyclopent-1-enecarboxylate was mixed
with ammonium formate (5.054 g) and formamide (7 mL) and heated at
150C for 16 hours. The mixture was diluted with water and extracted
with 5:1 DCM-IPA. The combined extracts were dried (Na2SO4) and
concentrated to give
5,5-dimethy1-6,7-dihydro-3H-cyclopenta[d]pyrimidin-4(51-1)-one as a
viscous oil (1.185 g).
5,5-Dimethy1-6,7-dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one (1.063
g) was dissolved in acetonitrile (20 mL) with POC13 (1.78 mL). The
mixture was heated at 80C for 10 hours. The mixture was cooled to 0C.
50% KOH (15.3 mL) was added dropwise. t-Butyl piperazine-lcarboxylate
(3.615 g) was added. The mixture was heated at 80C for 24 hours. The
contents were concentrated. Water was added. The mixture was
extracted with DCM (2 X) and dried (Na2SO4). The crude material was
purified with flash chromatography to give tert-butyl
4-(5,5-dimethy1-6,7-



120 cyclopenta[d]pyrimidin-4-yppiperazine-1-carboxylate (855 mg, 20%
for 2 steps). 11-1 NMR (CDC13, 400 MHz) 8 (ppm): 8.47 (s, 11-1),
5.95-5.86 (m, 1H), 5.12-5.09 (, 1H), 4.92-4.87 (m, 1H), 3.98-3.93 (m,
1H), 3.67-3.60 (m, 4H), 3.51-3.39 (m, 4 H), 2.94-2.76 (m, 2H),
2.35-2.27 (m, 1H), 1.90-1.82 (m, 1H), 1.47 (d,1.47 (s, 9H). MS: 331.3
(M+1). [00411]Step 4: A solution of tert-butyl
4-(5-viny1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-
4-yDpiperazine-1-carboxylate (117 mg, 0.354 mmol) in DCM (2 mL) was
treated with TFA (0.5 mL) at 0C for 15 minutes and then at room
temperature for 2 hours. The contents were concentrated.DCM (2 mL),
D1PEA (0.293 mL, 1.77 mmol), (S)-3-(tert-
butoxycarbonykisopropyl)amino)-2-(4-chlorophenyl)propanoic acid (145
mg, 0.425 mmol), and HBTU (161 mg, 0.425 mmol) were added to the
residue at 0C. The mixture was stirred at room temperature overnight.
After dilution with DCM, water was added. The DCM layer was
separated, and the aqueous layer was extracted with DCM (2 X). The
combined DCM solutions were washed with water and dried (Na2SO4).
After filtration and concentration, flash chromatography purification
gave viscous oil (139 mg). The material was dissolved in DCM (1 mL)
and treated with TFA (0.25 mL) at 0C for 15 minutes then at room
temperature for 2 hours. The contents were concentrated and purified
with IIPLC and chiral chromatography to give (S)-2-(4-
chloropheny1)-3-(isopropylamino)-1-(44(S)-5-viny1-6,7-dihydro-5H-cycl
openta[d]pyrimidin-4- yOpiperazin-1-yppropan-1-one as the TFA salt
(14 mg, 6%). MS: 454.2 (M+1). Example 43 NH HO
(S)-2-(4-chlorophenv1)-1-(4-M-5-(hydroxymethvI)-6
7-dihydro-5H-cyclopentafdlovrimidin-4-  yllpiperazin-1 -v1)-3-6
sopropvl am ino)propan-l-one  [00412]Step I: A solution of tert-butyl
4-(5-viny1-6,7-dihydro-5H-cyclopenta[d]pyrimidin-
4-yDpiperazine-1-carboxylate (566 mg, 1.73 mmol) in DCM (20 mL) was
cooled to -78C. A stream of ozone was bubbled for 15 minutes. Oxygen
was bubbled, followed by nitrogen at -78C. Ethyl methyl sulfide (2
mL) was added. The mixture was allowed to warm up to room temperature
over 1 hour. The contents were concentrated. The residue was
partitioned between DCM and half saturated NaC1 solution. The organic
layer was separated. The aqueous layer was extracted with  WO
20081006032PCT/US2007/072876 121 DCM (2 X). The combined organic
solutions were dried (Na2SO4). The crude was dissolved in Me0H (10
mL) and cooled to 0C. NaBH4 (150 mg) was added in portions. The
mixture was stirred at 0C for 2 hours. The reaction was quenched with
10% HOAc (5 mL). The mixture was concentrated and partitioned between
water and Et0Ac. The organic layer was separated. The aqueous layer
was extracted with Et0Ac (2 X). The combined organic solutions were
dried (Na2SO4). Flash chromatography gave tert-butyl
4-(5-(hydroxymethyl)-6,7-dihydro-5Hcyclopenta[d]pyrimidin-4-yl)pipera
zine-1-carboxylate (73 mg, 13%, approx. 70% purity). MS: 335.2 (M+1).
[00413]Step 2: A solution of compound tert-butyl
4-(5-(hydroxymethyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (71 mg) in DCM
(1.5 mL) was treated with TFA (0.5 mL) at 0C for 15 minutes and then
at room temperature for 3 hours. The contents were concentrated.DCM
(2 mL), DR:TA (0.210 mL, 1.27 mmol), (S)-3-(tert-
butoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)propanoic acid (80
mg, 0.234 mmol), and HBTU (89 mg, 0.234 mmol) were added to the
residue at 0C. The mixture was stirred at room temperature overnight.



[00414]Examples 44-168 shown in Table 1 can also be made according to
the above  described methods:  TABLE 1 Example Structure Name LCMS 44
"tz o -  2-(4-chloropheny0-1-(44(R)-5- methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yDpiperazin-1-y1)-3-(2-
methylaziridin-l-yl)propan-l-one 440.2  WO
2008/006032PCT/U82007/072876 122 45 0. bzTh, o  z 



_  2-(4-eh1oropheny1)-3-(3- hydroxyazetidin-1-y1)-1-(44(R)-5-
methy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-l-yl)propan-l-one 456.2 46 Y-- N H o Fac 1.1 xits1 )
41111., N 3-(isopropylamino)-1-(4-((R)-5- methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-2-(4-
(trifluoromethyl)phenyl)propan-1- one m/z 476 [M-41]+ 47 ''--- N H 



o SI N C 'IN ) WI N 4-(3-(isopropylamino)-1-(44(R)-5-
methy1-6,7-dihydro-5H- cyclopenta[d]pyrim idin-4-
yOpiperazin-l-y1)-1-oxopropan-2- y1)benzonitrile m/z 433 [M+1-11+ 48
NID4F CI IIIN o ( ) xN INC N  2-(4-chloropheny1)-3-(3,3-
difluoroazetidin-1-3/1)-1-(44(R)-5- methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one 476.3 49 



Lk IL \ 0 z a 2-(4-ehloropheny1)-3-(4,4-
difluoropiperidin-1-y1)-1-(44(R)-5- methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one 504.2  WO
2008/006032PCTfUS2007/072876 123 50 \ 2-\\ '-Z - 2-(4-chloroph
eny1)-3-(3,3 - d ifl uoropyrrol i din-1-y1)-1-(4-((R)-
5-methy1-6,7-dihydro-5H- cyclopenta Mpyrim idin-4-
yl)piperazin-1-yl)propan-1-one 490.2 51 



C) rm zTh z zijz - 2-(4-ehloropheny1)-1-(44(R)-5-
methyl-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4- .
yppiperazin-1-y1)-3- morpholinopropan-1-one 470.2 52 ISN 0 Ci( ) xIN
an N 3-(azetidin-1 -y1)-2-(4- chloropheny1)-1-(44(R)-5-methyl-
6,7-dihydro-5H- cycl openta[d]pyrim i din-4-
yl)piperazin-l-yl)propan-1-one 440.2 53 / N --- N 



IS ci( ) thi N 2-(4-ehloropheny1)-3- (dimethylam ino)-1-(4-((R)-5- m
ethy1-6,7-dihydro-5H- cyclopentafrapyrim idin-4-
yl)piperazin-1-yl)propan-1-one 428.2 54  2-(4-chloropheny1)-3-
(ethyl(methyDamino)-1-(44(R)-5- m ethy1-6,7-dihydro-511-
cyclopenta[d]pyrimidin-4- yl)piperazin-l-yl)propan-l-one 442.2  I o n
z z ztz a    



WO 2008/006032PCT/US2007/072876 124 55 wcz -
2-(4-chloropheny1)-34(R)-3- fluoropyrrolidin-1-y1)-1-(44(R)-5-
methy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan-1-one 472.3 56 ..2 CI 400 ( ) N it;o1 N F F
(R)-2-amino-3-(4-chloropheny1)-1- (44(R)-7,7-difluoro-5-methy1-6,7-
dihydro-511- eyelopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one
[M+H]+ 436 57 NH 



400 BrC ) AIN N Y2-(4-bromo-3-fluorophenyI)-3-
(isopropylamino)-1-(44(R)-5- methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one 504.2 /
506.1 58 0 in zTh >--I  0 (S)-2-(4-ehloropheny1)-1-(4-
45R,7R)-7-fluoro-5-methyl-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yflpiperazin-1-y1)-3- (isopropylamino)propan-1-one 460.3 59 0 /-\ z
zz IL 



(S)-2-(4-chloropheny1)-1-(4- ((5R,7S)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-I -yI)-3-
(isopropylamino)propan-1-one 460.2  WO 2008/006032PCT/US2007/072876
125 60 0N H2 0 N (N) ec..5 N (R)-2-amino-3-(4-iodopheny1)-1-
(4-((R)-5-methy1-6,7-dihydro-5H- eyelopenta[d]pyrimidin-4-
yppiperazin-1-yl)propan-1-one 492.2 61 NH2 NC is0 



C ) xIN WI N 44(R)-2-amino-3-(44(R)-5- methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-
oxopropyl)benzonitrile 391.2 62 NH2 F3C is0 C ) ,tIN MI N
(R)-2-amino-1-(4-((R)-5-methyl- 6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-(4-
(trifluoromethyl)phenyl)propan-1- one 434.2 63 



CI 0 NH2 o 01 C ) iIN et, N (R)-2-amino-3-(3,4-
diehloropheny1)-1-(44(R)-5- methy1-6,7-dihydro-5H-
cyc1openta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one 434.2 64 CI/
FIN *Io N C ) 'IN 4tni N (R)-3-(4-ehloropheny1)-1-(4-((R)-
5-methy1-6,7-dihydro-5H- 



cyclopentafd)pyrimidin-4- yl)piperazin-1-y1)-2-
(methylamino)propan-l-one 414.2 65 010NH2 N    C) Lb N 0
(R)-2-amino-3-(4-iodopheny1)-1- ((S)-3-methyl-4-((R)-5-methyl-6,7-
dihydro-5H- eyelopenta[d]pyrimidin-4- yl)piperazin-l-yl)propan-1-one
506.2  WO 2008/006032PCT/US2007/072876 126 66 NC * NH2 o N   C ) eaN 



N 44(R)-2-amino-34(S)-3-methyl-4- ((R)-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrim idin-4- yl)piperazin-1-y1)-3-
oxopropyl)benzonitrile 405.2 67 N.2 F3C 40. N C ) ecti, ."-- ' N 1
,....) N (R)-2-am ino-1-((S)-3-methyl-4- ((R)-5-m
ethy1-6,7-dihydro-5H- cyclopenta[d)pyrim idin-4-
yOpiperazin-1-y1)-3-(4- (trifluoromethyl)phenyl)propan-1- one 448.2
68 CI  NH is2 0 



ci N   C ) th N (R)-2-amino-3-(3,4- diehloropheny1)-14(S)-3-methyl-4-
((R)-5-methy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)propan-1-one 448.2  69 MN/ CI 40o N   ( ) eN N
(R)-3-(4-chloropheny1)-14(S)-3- methyl-4-((R)-5-methyl-6,7-
dihydro-5H- eyelopenta[d]pyrimid in-4- yepiperazin-l-y1)-2-
(methylamino)propan-1-one 428.2 70 NH2 



CI 400 C ) \ /N iltn N (R)-2-amino-3-(4-ehloropheny1)-1- (4-(5,5-d im
ethy1-6,7-d ihydro-5H- cyclopenta[d]pyrim idin-4-
yl)piperazin-1-yl)propan-1-one 414.2 71 NH2 CI iso c 1 C ) 1N W N
(R)-2-amino-3-(2,4- d i ehloropheny1)-1-(44(R)-5-
methy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan-1-one 434.2  



WO 2008/006032PCT/US2007/072876 127 72 CI . NH2 0 CIN    C )eal N
(R)-2-amino-3-(2,4- dichloropheny1)-14(8)-3-methyl-4-
((R)-5-methy1-6,7-dihydro-51-1- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan-l-one 448.2 73 CI 40N.2 0 N C ) 1N MI -N F
(R)-2-amino-3-(4-chloropheny1)-1- (44(5R,7R)-7-fluoro-5-methyl-6,7- 



dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-l-yl)propan-l-one
418.2  74 ..2 o2N 40 EN) N a> (R)-2-amino-1-(4-((R)-5-methyl-
6,7-dihydro-5H-     cyclopenta[d]pyrimidin-4-
yepiperazin-1-y1)-3-(4- nitrophenyl)propan-1-one 411.2 75 40N.2 0 (N
) AI an N (R)-2-amino-3-(3,4- difluoropheny1)-1-(4-((R)-5- 



methy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)propan-1-one 402.2 76 0N.2 0 N C ) ,kN# -   41 lti
) N (R)-2-amino-3-(3,4- difluoropheny1)-14(8)-3-methyl-4-
((R)-5-methyl-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan-1-one 416.2 77 Br 1 10NH 0 C) 1IN ain N 



(R)-2-amino-3-(4-bromopheny1)-1- (4-((R)-5-m ethy1-6,7-dihydro-514-
cyclopenta[d]pyrimidin-4- yOpiperazin-1-yl)propan-1-one 444.1  WO
2008/006032PCT/US2007/072876 128 78 Br .NH2 o N    ( ) eal N
(R)-2-amino-3-(4-bromopheny1)-1- ((S)-3-methyl-4-((R)-5-methyl-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-l-yl)propan-l-one
458.2 79 110NH 0 C) 1IN 



W'i N (R)-2-amino-3-(2-fluoropheny1)-1-
(44(R)-5-methy1-6,7-dihydro-5F1- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y9propan-1-one 384.2 80 (11)NH2 0 N ( ) ea N
(R)-2-amino-3-(2-fluoropheny1)-1- ((S)-3-methyl-4-((R)-5-methyl-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one
398.2 81 02NNH2 io0  N C)- el6 



N (R)-2-amino-14(S)-3-methyl-4- ((R)-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- .yl)piperazin-1-yI)-3-(4-
nitrophenyl)propan-1-one 425.2 82 0NH2 0 C ) xIN N
(R)-2-amino-1-(4-((R)-5-methyl- 6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-p-tolylpropan- 1-one
380.3 83 0NH2 0 C) &t: N (R)-2-amino-3-(4-tert-
butylpheny1)-1-(44(R)-5-methyl- 



6,7-dihydro-5H- cyelopenta[d]pyrimidin-4-
yl)piperazin-l-yl)propan-l-one 422.3  WO
2008/006032PCT/1182007/072876 129 84 SINH2 0 F3C ( ) 1N 1M N
(R)-2-amino-1-(44(R)-5-methy1- 6,7-dihydro-5H-
eyelopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-(3-
(trifluoromethyl)phenyl)propan-1- one 434.2 85 isNH , 0 C ) 



N (R)-2-amino-3-(4-fluoropheny1)-1_ (44(R)-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one 384.2 86 x
>-z z z_bz _  0 (S)-2-(4-chloropheny1)-1-(44(8)-5-
ethy1-6,7-dihydro-51-1- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)-3- (isopropylamino)propan-1-one 456.3 87 0 rTh Z-
z :15  -z9-z 0 x * ti (S)-3-(1-acetylpiperidin-4-
ylamino)-2-(4-chloropheny1)-1-(4- 



((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan-1-one 543.2 / 545.2 88 0 z zliz pi ?)-z =
*',U. e3 (S)-2-(4-chloropheny1)-1-(4- ((5R,7R)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4-
yepiperazin-1-y1)-3-(piperidin-4- ylamino)propan-1-one 501.3 / 503.2
WO 2008/006032PCT/US2007/072876 130 89 z-\\ z 



- 4(--E *u_ E3 (S)-2-(4-chloropheny1)-3-
(cyclopropylmethylamino)-1-(4- ((5R,78)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one
472.2 /474.2 90 o - z zr-)-zu_ o  = (S)-3-(1-acetylpiperidin-4-
ylamino)-2-(4-chloropheny1)-1-(4- 05R,78)-7-fluoro-5-methyl-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yppiperazin-1-yppropan-1-one
543.2 / 545.2 91 0 z z.% 



21-)- Z \ 5 (S)-2-(4-ehloropheny1)-1-(4-
((5R,78)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yOpiperazin-1-y1)-3-(piperidin-4- ylamino)propan-l-one 501.3 / 503.2
92 NH2 CI 400 N ( ) Ay.',/ 111C N (R)-2-amino-3-(4-ehloropheny1)-1-
((S)-3-ethyl-4-((R)-5-methyl-6,7- dihydro-5H-
eyelopenta[d]pyrimidin-4- yl)piperazin-l-yl)propan-1-one 4282  



WO 2008/006032PCT/US2007/072876 131 93 IIC)
(S)-2-(4-chloropheny1)-3- (isopropylam ino)-1-(4-((R)-5-
viny1-6,7-dihydro-5H- cyclopenta[d]pyrim idin-4-
yl)piperazin-l-yl)propan- 1 -one 454.3 94 ., 0 HO-- NH 0 1N N
(S)-2-(4-chloropheny1)-1-(44(S)-5- (hydroxymethyl)-6,7-dihydro-514
cyclopenta[d]pyrimidin-4-l yl)piperazin- -y1)-3- (isopropylam
ino)propan-1-one 4582 95 



4--V-,  (S)-2-(4-chlorophenyI)-1-(4- 05R,7S)-7-fluoro-5-methyl-6,7-
dihydro-5H- cyclopenta[d]pyrim idin-4-
yl)piperazin-1-y1)-3-(tetrahydro- 2H-pyran-4-ylamino)propan-1-one
5012 96 61Z  (S)-2-(4-chloropheny1)-1-(4- ((5R,7R)-7-fluoro-5-m
ethy1-6,7- dihydro-5H- cyclopenta [d]pyrim idin-4- yl)piperazin-
1-y1)-3-(tetrahydro- 2H-pyran-4-ylamino)propan-1-one 5022 97  z z z o
* 5 



(S)-2-(4-chloropheny1)-3- (cyclohexylamino)-1-(445R,7R)- 7-fluoro-5-m
ethy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin- 1
-yl)propan-l-one 500.2 / 502.2  WO 2008/006032PCT/US2007/072876 132
98 u_  (R)-4-amino-2-(4-chloropheny1)-1-
(445R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-l-y1)-4-methylpentan- 1-one
460.0 99 H2N ci 0 x r nil 



(S)-3-amino-2-(4-ehloropheny1)-1_ (445R,7R)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopent4d]p3trimidin-4- yl)piperazin-1-yl)propan-1-one
418.2 / 420.1 100 rz (3  (S)-2-(4-chloropheny1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yppiperazin-1-y1)-3((R)- tetrahydrofuran-3-ylamino)propan- 1-one
488.1 101 0Z-\\             z ztz 0- rzu. (S)-2-(4-ehloropheny1)-3-
(cyclohexylamino)-1-(445R,7S)- 7-fluoro-5-methyl-6,7-dihydro-5H-
eyclopenta[d]pyrimidin-4- 



yOpiperazin-1-yppropan-1-one 500.2 / 502.1 102 H2N ci * F I N N
(S)-3-amino-2-(4-chloropheny1)-1- (44(5R,7S)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one
418.2 / 420.1  WO 2008/006032PCT/US2007/072876 133 103 0 im Z.-\\ 0-
z 6 (S)-2-(4-chloropheny1)-1-(4- ((5R,7S)-7-fluoro-5-methy1-6,7-
dihydro-5H- 



cyclopenta[d]pyrim idin-4- yl)piperazin-1-y1)-3((R)-
tetrahydrofuran-3-ylam ino)propan- 1-one 488.2 / 490.2 104   r-----N
-.N....0H ,L) sib :0 ci ell CN) LIyl)propan- #Y N-71
(R)-2-(4-chloropheny1)-1-(4- ((5R,7R)-7-fluoro-5-methyl-6,7- d
ihydro-5H- cyclopenta[d]pyrimidin-4- yflpiperazin-1-y1)-3-(4-(2-
hydroxyethyppiperazin-1- 1 -one 5313 105 (N " \--ori 7.  CI I. C J 



..."....1 Y N:i F (R)-2-(4-chloropheny1)-1-(4-
((5R,7S)-7-fluoro-5-methyl-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)-3-(4-(2- hydroxyethyppiperazin-1- yl)propan-1 -one
531.3 106 -/ c- E? 15 (R)-3-(4-acetylpiperazin-1-y1)-2-
(4-chloropheny1)-1-(445R,7R)-7- fluoro-5-m ethy1-6,7-dihydro-5H-
cyclopenta [d]pyrim idin-4- yl)piperazin-1-yl)propan-l-one 529.3 107
C31/ 5 (R)-3-(4-acetylp iperazin-1-y1)-2- 



(4-chloropheny1)-1 -(445R,78)-7- fluoro-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrim idin-4- yl)piperazin-1-yl)propan-1-one 529.2  WO
2008/006032PCT/1JS2007/072876 134  r----N ---,OH N....> I:.o
(S)-2-(4-chloropheny1)-1-(4- ((5R,7R)-7-fluoro-5 -m ethy1-6,7-
dihydro-51-1- cyclopenta[d]pyrim idin-4-  108 CI NC )
yepiperazin-1-y1)-3-(4-(2- 531.3  N eY 



hydroxyethyppiperazin-l- yl)propan- 1-one   CN "N,OH
(S)-2-(4-chlorophenyI)-1-(4-   N,) ((5R,7S)-7-fluoro-5-methyl-6,7-
109 a 106 N 1 dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)-3-(4-(2- hydroxyethyppiperazin-1- yl)propan-l-one
531.3  N   



F     (S)-3-(4-acetylpiperazin-1-y1)-2-(4-
chloropheny1)-1-(445R,7R)-7- fluoro-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-  110 jcc rTh z-\\ -z z / z  0
yl)piperazin-1-yl)propan-1-one 529.3
(S)-3-(4-acetylpiperazin-1-y1)-2-(4- chloropheny1)-1-(445R,7S)-7-
111 



02-\\ - z z - u_ fluoro-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yppiperazin-1-y1)propan-1-one 529.3  0 c \
zTh zzeli: bi\ __/- x z *u_ 5 (R)-4-amino-2-(4-chloropheny1)-1-
(44(5R,7S)-7-fluoro-5-methy1-6,7- dihydro-51-1- eyelopenta[d]pyrim
idin-4-  112 



yOpiperazin-1-y1)-4-methylpentan- 460.1 / 462.1   1-one   WO
2008/006032PCT/US2007/072876 135 113 zjsz -
(S)-2-(4-chloropheny1)-1-(4- ((5R,7R)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrim idin-4- yl)piperazin-1-y1)-3-(4-
hydroxypiperidin-1-yl)propan-1- one 502.3 114 I o 



E\(, 0  znzi3z ?,,,\__/- i3 (R)-2-(4-chloropheny1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)-3-(4- hydroxypiperidin-1-yl)propan-1- one 502.2
115 4 hu_ 5 (R)-2-(4-chloropheny1)-1-(4-
((5R,7S)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim
idin-4- yl)piperazin-l-y1)-3-(4- isopropylpiperazin-1-yl)propan-1-
one 529.3 116 



0 n z \ LL. (R)-2-(4-chloropheny1)-1-(4-
((5R,7S)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim
idin-4- yl)piperazin-l-y1)-3- morpholinopropan-l-one 488.2 117 0 n
ZoS 'Z 5 2-(4-chloropheny1)-3-(4- ethylp
iperazin-1-y1)-1-(4-((5R,7R)- 7-fluoro-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrim idin-4- Apiperazin-1-yl)propan-1-one 515.3  WO
2008/006032PCT/US2007/072876 136  



(R)-2-(4-chloropheny1)-1-(4- ((5R,7R)-7-fluoro-5-m ethy1-6,7-
dihydro-5H- cycl openta [d]pyrim i d in-4-  118    ..b ,--\ z--\\ : z
t z ? 5 yppiperazin4-y1)-3- morpholinopropan-1-one 488.2
(S)-2-(4-ehloropheny1)-3-(4- ethylpiperazin-1-y1)-1-(41(5R,7R)-
7-fluoro-5-methy1-6,7-dihydro-5H- eyelopenta[d]pyrimidin-4-
yppiperazin-1-y1)propan-1-one  119 



rTh zTh Z Zei:( F.3  515.3   (S)-2-(4-chloropheny1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-51-1- eye' openta[d]pyrim i
din-4-  120 rTh Z 2 yflpiperazin-1-y1)-3- morpholinopropan-1-one
488.3   ,  



(S)-3-am ino-2-(3,4- di ehlorophenyI)-1-(4-((5R,7R)-7-
fluoro-5-methy1-6,7-dihydro-5H- cyclopenta[d]pyrim idin-4-  121  Z-\\
2.2 - - yl)piperazin-1-yl)propan-1-one 452.2  IN 0 z - 4/Li- r) 5
(S)-3-am ino-2-(3,4- d ichloropheny1)-1-(445R,78)-7-
fluoro-5-methy1-6,7-d ihydro-5H- cyclopenta[d]pyrimi din-4-  122  



yl)piperazin-1-yl)propan-1-one 452.2  WO 2008/006032PCT/US2007/072876
137 123 N H2 o 401 BrCNJ 1N F (S)-3-amino-2-(4-bromopheny1)-1-
(44(5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim id
in-4- yl)piperazin-1-yl)propan-1 -on e 462.2 / 464.1 124 NH2 o * N
tjel N 



F (S)-3-amino-2-(4-bromopheny1)-1- (445R,7S)-7-fluoro-5-methyl-6,7-
dihydro-5H- cyclopenta[d]pyrim id in-4- yl)piperazin- 1 -yl)propan-
1-one , 462.2 / 464.1 125 0 fm Z-\\ cf, I zz zekjz - au_ o
(S)-2-(3,4-dichloropheny1)-1-(4- ((5R,7R)-7-fluoro-5-methy1-6,7- di
hydro-5H- cyclopenta[d]pyrimidin-4- yflpiperazin-1-y1)-3-(tetrahydro-
2H-pyran-4-ylamino)propan-1-one 536.2 126 0 n z zets: - 



u. 5 5 (S)-2-(3,4-dichloropheny1)-1-(4-
((5R,7S)-7-fluoro-5-methy1-6,7- d ihydro-5H-
cyclopenta[d]pyrimidin-4- yflp iperazin-1 -y1)-3-(tetrahydro-
2H-pyran-4-ylamino)propan-1-one 536.2 127 0 n Z--\\ z - *u_ 5 0
(S)-2-(3,4-dichloropheny1)-1-(4- ((5R,7S)-7-fluoro-5-m ethy1-6,7-
dihydro-5H- cyclopenta[d]pyrim idin-4- yOpiperazin-1-y1)-3-
(isopropylamino)propan-1-one 494.2  WO 2008/006032PCT/US2007/072876
138 128 



0 cm z - z z au_  (S)-2-(4-bromopheny1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H-
cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)-3-(tetrahydro2H-pyran-4-ylamino)propan-1-one 5462
129 0 /-\ z-\\ z zjiz... 0- 8 (S)-2-(4-bromopheny1)-1-(4-
a5R,7S)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-y1)-3-(tetrahydro- 2H-pyran-4-ylamino)propan-1-one
546.2 / 548.1 130     0 i- \ z- )-i z zif   66 



(S)-2-(3,4-dichloropheny1)-1-(4- a5R,7R)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-
(isopropylamino)propan-l-one 494.1 131 S_ r 0 n Z7' Z Z Z.8 411 66
(S)-3-(cyclopropylmethylamino)-2- (3,4-dichloropheny1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan-1-one _ 506.2 132 H2N CI 0, ,t/?..J 01  N0 



F (S)-3-amino-2-(4-chloro-3- fluoropheny1)-1-(4-((5R,7R)-7-
fluoro-5-methy1-6,7-dihydro-5H- cyclopenta[d]pyrimidin-4-
yepiperazin-1-yl)propan-1-one [M+H]-1- 436  WO
2008/006032PCT/US2007/072876 139 133 <S_ o z(Th z-\\ 5(.3
(S)-3-(cyclopropylmethylamino)-2- (3,4-dichl oropheny1)-1-(4-
((5R,7S)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim
idin-4- yl)piperazin-1 -yl)propan-1 -one 506.2 134 0 z z&sz uu- u_ 



(S)-2-(4-chloro-3-fluoropheny1)-1 - (44(5R,7R)-7-fluoro-5-m
ethy1-6,7- dihydro-5H- cycl openta [d]pyrimidin-4- yppiperazin-1
-y1)-3- (isopropylamino)propan-l-one [M+14] 478 135 0 /Th n z 0D--z
"u. u.. (S)-2-(4-chloro-3-fluoroph eny1)-1- (4-((5R,7R)-7-fluoro-5-m
ethy1-6,7- dihydro-5H- cycl openta [d]pyrim idin-4-
yl)piperazin-1-y1)-3-(tetrahydro- 2H-pyran-4-ylamino)propan-1-one
516.2 / 518.1 136 0 n z - r" 



(S)-2-(4-chloro-3-fluoropheny1)-3- (cyclopropylm ethyl am ino)-1 -(4-
((5R,7R)-7-fl uoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim
idin-4- yl)piperazin-1 -yl)propan-1 -one [M+H]+ 490 137 0 n ZTh zI
"IL 0 5 5 (R)-2-(3,4-dichloropheny1)-1 -(4- ((5R,7R)-7-fluoro-5-m
ethy1-6,7- dihydro-5H- cyclopenta [d]pyrim idin-4-
yOpiperazin-1-y1)-3-(4- hydroxypiperidin-1 -yl)propan-1 - one 536.2
WO 2008/006032PCT/US2007/072876 140 138 



0 zimziaz ) E3E3 (R)-2-(3,4-dichloropheny1)-1-(4-
((5R,7S)-7-fluoro-5-m ethy1-6,7- dihydro-5H-
eyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-(4- hydroxyp
iperidin-1-yl)propan-1- one 536.2 139 oc \ zTh          z z2 cz) . 0
rc.GE3 (S)-2-(3,4-diehloropheny1)-1-(4- ((5R,7R)-7-fluoro-5-m
ethy1-6,7- dihydro-5H- cyclopenta[d]pyrim idin-4-
yl)piperazin-1-y1)-3-(4- hydroxypiperidin-1-yl)propan-1- one 536.2
140 



0zTh z _ 2 (S)-2-(3,4-dichloropheny1)-1-(4-
((5R,7S)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim
idin-4- yl)piperazin-1-y1)-3-(4- hydroxypiperidin-l-yl)propan-1- one
536.2 141 o z z-Lez -PR (R)-2-(3,4-dichloropheny1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-511- cyclopenta[d]pyrim
idin-4- yl)piperazin-1-y1)-3-(4- isopropylp iperazin-1-yl)propan-1-
one 563.3 142 



0 /- Z z2:2: - cz * G (S)-2-(3,4-dichloropheny1)-1-(4-
a5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim idin-4-
yl)piperazin-1-y1)-3-(4- isopropylpiperazin-1 -yl)propan-1- one 563.3
WO 2008/006032PCT/US2007/072876 141
(S)-2-(3,4-dichloropheny1)-1-(4- ((5R,7S)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta [d]pyrim idin-4-  



143    yl)piperazin-1-y1)-3-(4- isopropylpiperazin-l-yppropan-1- one
563.3     (S)-2-(4-bromo-3-fluoropheny1)-3-      (cyclopropylm
ethylam ino)-1-(4-      ((5R,7S)-7-fluoro-5-methy1-6,7- 



d ihydro-5H-  144    cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan -1-one 536.2 / 534.2    NH
(S)-2-(4-bromo-3-fluoropheny1)-1- (44(5R,7S)-7-fluoro-5-methyl-6,7-
F is I" a dihydro-5H- cycl openta [d]pyrim idin-4-  145 



Br   yl)piperazin-1-y1)-3- 524.1 / 522.2
(isopropylamino)propan-1-one     I )1     F      



(S)-2-(4-bromo-3-f1uoropheny1)-1-
(44(5R,7S)-7-fluoro-5-methy1-6,7- dihydro-5H- cycl openta [d]pyrim
idin-4-  146  r=t-  yl)piperazin-1-y1)-3-(tetrahydro- 566.2 / 564.2
2H-pyran-4-ylamino)propan-1-one   



43tiZ -\\ Z - 111- 03 (S)-2-(4-bromo-3-fluoropheny1)-3-    (cycl
opropylmethyl amino)-1-(4- a5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H-
147  cyclopenta[d]pyrim i din-4- yl)piperazin-1-yl)propan-1-one 5362
/ 534.2  WO 2008/006032PCT/US2007/072876 142 148 ).--r 0 n ZTh z z
\_J - 



* u. (S)-2-(4-bromo-3-fluoropheny1)-1-
(44(5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-
(isopropylamino)propan-1-one 524.3 / 522.3 149 I 0 n 00-Z ZZicZ - a
IL`- CO 2-(4-bromo-3-fluoropheny1)-1-(4-
((5R,7R)-7-fluoro-5-methyl-6,7- dihydro-5H- cyclopenta[d]pyrimidin-4-
yl)piperazin-l-y1)-3-(tetrahydro- 2H-pyran-4-ylamino)propan-1-one
566.2 / 564.2 150 0 rTh ZTh 



z op-z #'LL (S)-2-(4-chloro-3-fluoropheny1)-1-
(445R,7R)-7-fluoro-5-methyl-6,7- dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-(tetrahydro-
2H-pyran-4-ylamino)propan-1-one [M+H]d- 520 151 0 n z *LL u. 0-
(S)-2-(4-chloro-3-fluoropheny1)-1- (445R,7S)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-
(isopropylamino)propan-1-one [M+11]+ 478 152 0 n z 



cp *LL Li-o- (S)-2-(4-ohloro-3-fluoropheny1)-3-
(cyclopropylmethylamino)-1-(4- ((5R,7S)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one
[m+H]-1- 490  WO 2008/006032PCT/US2007/072876 143 153 o rTh zTh z
zSjcz x 0 63 WaS)-2-(4-bromopheny1)-3-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-51-1- cyel openta[d]pyrim
idin-4- yl)piperazin-1-y1)-3- oxopropyl)formamide 490.2 / 492.1 



154 0 n ZTh z 2, 2 x o ai N-((S)-2-(4-brom opheny1)-3-(4-
((5R,7S)-7-fluoro-5-m ethyl-6,7- dihydro-5H- eyelopenta[d]pyrim
idin-4- yl)piperazin-1-y1)-3- oxopropyl)form amide 490.2 / 492.2 155
0 n <k-z z zcsz - al3 (S)-3- (bis(cyclopropylmethyDamino)-2- (4-brom
opheny1)-1-(445R,7R)-7- fluoro-5-m ethy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one 570.3 / 



572.2 156 0 n ZTh z 2.1jsz n?' (S)-2-(4-brom opheny1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta [d]pyrim
idin-4- yl)piperazin-1-y1)-3- (isopropylamino)propan-1-one 504.2 /
506.1 157 0 n <CC-2Z \-J -  ":2u_ (S)-3- (bis(cycl opropylmethypam
ino)-2- (4-bromopheny1)-1-(445R,7S)-7-
fluoro-5-methy1-6,7-dihydro-5H- eye] openta[d]pyrim i d in-4- yl)p
iperazin- 1 -yl)propan-l-one 570.2 / 



572.1  WO 2008/006032PCT/US2007/072876 144 158   c\ zTh z - >1 au
(S)-2-(4-bromopheny1)-1-(4- ((5R,7S)-7-fluoro-5-methy1-6,7-
dihydro-5H- cyclopenta[d]pyrim idin-4- yl)piperazin-1-y1)-3-
(isopropylamino)propan-1-one 504.2 / 506.1 159 NH2 HN v0    C) elt'i
N *(R)-2-amino-3-(1H-indo1-3-y1)-1- (4-((R)-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrim idin-4- yl)piperazin-.1-yl)propan-1-one 405.2 



160 rkirai2 S0 N C ) 1IN 4CONI N (R)-2-amino-1-(44(R)-5-methy1-
6,7-dihydro-511- cyclopenta[d]pyrim idin-4-
yl)piperazin-1-y1)-3-(thiophen-2- yl)propan-l-one 372.2 161 NH2 0 EN)
iy an N (R)-2-am ino-1-(4-((R)-5-methyl- 6,7-dihydro-5H-
cyc1openta[d]pyrimidin-4- yl)piperazin-1-y1)-3-(pyridin-2- 



yl)propan-l-one 367.3 162 N FI2 0 N    ( )iy'", MI N
(R)-2-amino-14(S)-3-methy1-4- ((R)-5-methy1-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4- yl)piperazin-1-y1)-3-(pyridin-2-
yl)propan-1-one 381.3  WO 2008/006032PCT/US2007/072876 145 163 S0 N (
) xIN et) N 



(R)-2-amino-3 -(5-brom othiophen- 2-y1)-1-(4-((R)-5-methyl-6,7-
dihydro-5H- cyclopenta[d]pyrimidin-4- yl)piperazin-1-yl)propan-1-one
450.1 164 r _10 L--rj NH BrC ) N N F (S)-2-(5-brotnoth
iophen-2-y1)-1-(4- ((5R,7S)-7-fluoro-5-m ethy1-6,7- dihydro-5H- eycl
openta[d]pyrim idin-4- yl)piperazin-1-y1)-3-(tetrahydro-
2H-pyran-4-ylamino)propan-1-one 553.4 165 Y NH o 



\ Br(N) N fr41 N F (S)-2-(5-brom othiophen-2-y1)-1-(4-
((5R,7S)-7-fluoro-5-m ethy1-6,7- d ihydro -5H- cyclopenta[d]pyrim
idin-4- yl)piperazin-1-y1)-3- (isopropylamino)propan- 1 -one 510.1
166 Y NH o BrNj 1IN 4ICI N (S)-2-(5-bromoth i ophen-2-y1)-1-(4-
((5R,7R)-7-fluoro-5-m ethy1-6,7- dihydro-5H- cyclopenta [d]pyrimi
din-4- 



Apiperazin-1-y1)-3- (isopropy1amino)propan-1-one 510.1 167 1 0z \ _.t
4 ?_...i-  , w ..- 8 (S)-2-(5-bromothiophen-2-y1)-1-(4-
((5R,7R)-7-fluoro-5-methy1-6,7- dihydro-5H- cyclopenta[d]pyrim i
din-4- yl)piperazin-1-y1)-3-(tetrahydro-
211-pyran-4-ylamino)propan-l-one 554.2  WO
2008/006032PCT/US2007/072876 146 168 \ Br 



A-...1 NH (N) N tb N F (S)-2-(5-bromothiophen-2-y1)-3-
(cyclopropylmethylamino)-1-(4- ((5R,7S)-7-fluoro-5-methyl-6,7-
dihydro-514- cyclopenta[d]pyrimidin-4- yl)piperazin-l-yl)propan- 1
-one 516.2 / 518.1  [00415]The foregoing description is considered as
illustrative only of the principles of the invention. Further, since
numerous modifications and changes will be readily apparent to those
skilled in the art, it is not desired to limit the invention to the
exact construction and process shown as described above. Accordingly,
all suitable modifications and equivalents may be considered to fall
within the scope of the invention as defined by the claims that
follow. 100416]The words "comprise," "comprising," "include,"
"including," and "includes" when used in this specification and in
the following claims are intended to specify the presence of stated
features, integers, components, or steps, but they do not preclude
the presence or addition of one or more other features, integers,
components, steps, or groups.  147 What is claimed is: 1.A compound
of the Formula: R2 R2a 



and enantiomers and salts thereof, wherein: R' and R'a are
independently selected from 1-1, Me, Et, CH=CH2, CH2OH, Ch, CHF2 or
C112F; R2 and R2" are independently selected from 1-1 or F.; Rs is H,
Me, Et, or CF3., ReR7 (CRGIRd)n 2 \(c H)m Re -^Aiv- , wherein
G is phenyl optionally substituted with one to four R9 groups or a
5-6 membered monocyclic or 9 member bicyclic heteroaryl optionally
substituted by a halogen:        R' and R7 are independently H,
(C3-C6 cycloalkyl)-(CH2), (C3-00 cycloalkyl)-(CH2Cl2), V-(C112)0.1
wherein V is a 5-6 membered heteroaryl, W-(CH2)1-2 wherein W is
phenyl optionally substituted with F. CL Br, L OMe, CF3 or Me,
C3-C6-cycloalkyt, hydroxy-(CrCrcycloalky1).
fluoro(C3-C(,-c!.cloalkyl). CH(C1-13)CH(OH)phenyl, 4-6 membered
heterocycle optionally substituted with F. OH, cyclopropylmethyl,
Ci-C3 alkyl or g=0)(CI-C3 alkyl), or CI-Co-alkyl optionally
substituted with one or more groups independently selected from OH,
axe, 0(CI-Co-alkyl), CN, F, NH2, NH(C-- (.'o-alkyl). MC r-Co-alky1)2,
tetrahydropyranyl, tetrahydrofuranyl. morpholinyl, oxetanyl,
piperidinyl, and pyrroiid inyl,  148        or le and R7 together
with the nitrogen to which they are attached form a 3-6 membered
heterocyclic ring optionally substituted with one or more groups
independently selected from OH, halogen, oxo. C.F3, CH2CF3, CH2CH2OH.
C(=0)CH3, and (C1-C3)alkyl; R" and 121) are I-1.       or R'' is 11,
and le and le together with the atoms to which they are attached form
a 5-6 membered heterocyclic ring having one or two ring nitrogen
atoms; Rc and Rd are H or Me, or Re and Rd together with the atom to
which they are attached form a cyclopropyl ring; R8 is H, Me. or OH,
or R8 and It together with the atoms to which they are attached form
a 5-6 membered heterocyclic ring having one or two ring nitrogen
atoms;        each R9 is independently halogen, CI-Cralkyl.
C3-C6-cycIoalkyl, 0-(C1-C6-alkyl), CF3, OM, S(CI-C6-alkyl), CN.
OCH2-phenyl, 0-120-phenyl, NH2, NO2, NH-(CI-C6-alkyl), N-(C1-C6-
alky1)2, piperidine, pyrrolidine, CH2r, CHF2, OCH2F, OCHF2, OH,
S02(CI-Co-alkyl), C(0)NH2, C(0)N1-1(CI-C4,-alkyl). and C(0)MC
-C4-alkyl),: and in, n and p are independently 0 or 1. The compound
of Claim I. wherein R2 and R2a are H or R2 and R2" are F.  3. The
compound of Claim I. wherein R2 is H and R2a is F. 



4. The compound as claimed in any one of Claims 1 to 3, wherein R5 is
H or methyl.  5. The compound as claimed in any one of Claims I to 4,
wherein RI and 121" are independently selected from H. methyl, ethyl,
CH=CH, and CH2OH.  6. The compound as claimed in any one of Claims I
to 5, wherein G is 4-chlorophenyl. 2,4- clichlorophenyl.
3,4-dichlorophenyt, 4-chloro-3-fluorophenyl, 3-chloro-4-fluorophenyl.
3-fluoro-4- bromophenyl, 4-11uorophenyl, 3,4-difluorophenyl,
2,4-difluorophenyl 4-brornophenyl, 4-chloro-2- Fluorophenyl.
4-inethoxyphenyl, 4-methyl phenyl, 4-cyanophenyl,
4-trifluoromethylphenyl, 2- fluorpheny I.3-trill uoromethyl
phenyl,2-fluoro-4-trifluoromethylphenyl,3-fluoro-4-
trifluoromethoxyphenyl, 3-fluoro-4-trifluoromethyl phenyl,
4-trifluoromethoxy pheny I , 4-iodophenyl, 4-nitrophenyl, or
4-tert-butylphenyl, or wherein G is selected from the structures:
149   7.The compound as claimed in any one of Claims 1 to 5, wherein
A is selected from: NHNHNHNH          11.The compound of Claim 1,
having the Formula: A R2 R2a and enantiomers and salts thereof,
wherein: R' is H. Me, Et, CF3, CHF2 or CH2F; R2 and RI are H or I::
R5 is FT, Me. Et or CF3; 



R6R7 (cRclid)" (CE12)m R8 A is, wherein Ci is phenyl optionally
substituted with one to four R9 groups:  155        W and Ie are
independently H, (C3-C6 cycloalkyl)-(CH2). (C3-C6
cycloalkyl)-(CH2CH2), V(CH2)0.1 wherein V is a 5-6 membered
heteroaryl, W-(CH2)1.2 wherein W is phenyl optionally substituted
with F. CI or Me. C3-C6-cycloalkyl, Sydroxy-(C3-C6-cycloa1kyl).
fluoro-(C3-C6- cycloalkyl), CH(CH3)CH(OH)phenyl, or CI-Co-alkyl
optionally substituted with one or more groups independently selected
from OH. 0(CI-Co-alkyl), CN, F, NH2, NH(CI-C6-alkyl).
N(C1-C6-alkyl)2. pi perid inyl. and pyrrol id i nyl.       or le and
127 together with the nitrogen to which they are attached form a 4-6
membered heterocyclic ring optionally substituted with one or more
groups independently selected from OH, halogen, ONO. CF3, CI-I2CF3,
and (CI-C3)alkyl; and le are H, or R'' is Ii. and Rh and 125 together
with the atoms to which they are attached form a 5-6 membered
heterocyclic ring having one or two ring nitrogen atoms: W and Rd are
H or Me; R8 is H. Me. or OH,       or le and le together with the
atoms to which they are attached form a 5-6 membered heterocyclic
ring having one or two ring nitrogen atoms;       each R9 is
independently halogen, CI-C6-alkyl, C3-C6-cycloalkyl,
0-(C1-C6-alkyl), CF3, OCH. S(CI-Co-alkyl), CN. CH20-phenyl, NH2.
NI-1-(Ci-Ch-alkyl), N-(Ci-05-alkyl)2, piperidine. 13) rrolidine.
CH2F, CHF2, OCH2F. OCHF2, OH, S02(CI-C6-alkyl), C(0)NI-h.
C(0)NH(CI-C6-alkyl), and C(0)N(CI-C6-alkyl)2; and rn, n and p are
independently 0 or I. 12.A compound as defined in Claim I or Claim 11
and named in any one of Examples 110 168.  13. A compound as claimed
in any one of Claims Ito 12.  14. A compound as claimed in any one of
Claims 1 to 12 for use in the treatment of AKT protein
kinase-mediated conditions.  15. A compound as claimed in any one of
Claims I to 12 as a AKT protein kinase-mediated condition treating
agent.  156  



16. The use of a compound as claimed in any one of Claims 1 to 12 in
the manufacture of a medicament for the treatment of AKT protein
kinase-mediated conditions.  17. 'l he use of a compound as claimed
in any one of Claims I to 12 in the preparation of a compound in
ready-to-use drug form for treatment of AKT protein kinase-mediated
conditions. IS.The use of a compound as claimed in any one of Claims
1 to 12 in a package together with instructions for its use in the
treatment of AKT protein kinase-mediated conditions.    










