
Predictive Markers for Ovarian Cancer Statement of
Priority: [0001] This application claims priority
under 35 USC Section 119 to Provisional Patent
Applications Serial Nos. 60/947,253 filed June 29,
2007 and 61/037,946 filed March 19, 2008, the
disclosures of which are hereby incorporated by
reference in their entireties. Field of the Invention:
[0002] This invention provides methods for predicting
and diagnosing ovarian cancer, particularly epithelial
ovarian cancer, and it further provides associated
analytical reagents, diagnostic models, test kits and
clinical reports. Background: [0003] The American
Cancer Society estimates that ovarian cancer will
strike 22,430 women and take the lives of 15,280 women
in 2007 in the United States. Ovarian cancer is not a
single disease, however, and there arc actually more
than 30 types and subtypes of ovarian malignancies,
each with its own pathology and clinical behavior.
Most experts therefore group ovarian cancers within
three major categories, according to the kind of cells
from which they were formed: epithelial tumors arise
from cells that line or cover the ovaries; germ cell
tumors originate from cells that are destined to form
eggs within the ovaries; and sex cord-stromal cell
tumors begin in the connective ecus that hold the
ovaries together and produce female hormones. [0004]
Common epithelial tumors begin in the surface
epithelium of the ovaries and account for about 90 per
cent of all ovarian cancers in the U.S. (and the
following percentages reflect U.S. prevalence of these
cancers). They are further divided into a number of
subtypes including serous, endometrioid, mucinous, and
clear cell tumors that can be further subclassified as
benign or malignant tumors. Serous tumors are the most
widespread forms of ovarian cancer. They account for
40 per cent of common epithelial tumors. About 50 per
cent of these serous tumors are malignant, 33 per cent
arc benign, and 17 per cent are of borderline
malignancy. Serous tumors occur most often in women
who are between 40 and 60 years of age.[0005]
Endometrioid tumors represent approximately 20 per
cent of common epithelial tumors. In about 20 per cent
of individuals, these cancers are associated with
endometrial carcinoma (cancer of the womb lining). In
5 per cent of cases, they also are linked with
endometriosis, an abnormal occurrence of endometrium
(womb lining tissue) within the pelvic cavity. The
majority (about 80 per cent) of these tumors are
malignant, and the remainder (roughly 20 per cent)
usually is borderline malignancies. Endometrioid
tumors occur primarily in women who are between 50 and
70 years of age. [0006] Clear cell tumors account for
about 6 per cent of common epithelial tumors. Nearly
all of these tumors are malignant. Approximately
one-half of all clear cell tumors are associated with
endometriosis. Most patients with clear cell tumors
are between 40 and 80 years of age. [0007] Mucinous
tumors make up about 1 per cent of all common
epithelial tumors. Most (approximately 80 per cent) of
these tumors are benign, 15 per cent are of borderline
malignancy, and only 5 per cent arc malignant.
Mucinous tumors appear most often in women between 30
to 50 years of age. [0008] Ovarian cancer is by far
the most deadly of gynecologic cancers, accounting for
more than 55 percent of all gynecologic cancer deaths.
But ovarian cancer is also among the most treatable if
it is caught early. When ovarian cancer is caught
early and appropriately treated, the 5-year survival
rate is 93 percent. Sec, for example, Luce et al,
"Early Diagnosis Key to Epithelial Ovarian Cancer
Detection," The Nurse Practitioner, Dec 2003 at p.41 .
Extensive background information about ovarian cancer
is readily available on the internet, for example,
from the "Overview: Ovarian Cancer" of the Cancer
Reference Information provided by the American Cancer
Society (www. canccr.org) and the NCCN Clinical
Practice Guidelines in Oncology(tm)Ovarian Cancer
V.1.2007 (www.nccn.org ) . [0009] The current reality
for the diagnosis of ovarian cancer is that most cases
-8 1 percent of all cases of ovarian cancer -are not
caught in earliest stage. This is because early stage
ovarian cancer is very difficult to diagnose. Its
symptoms may not appear or be noticed at this point.
Or, symptoms -such as bloating, indigestion, diarrhea,
constipation and others -may be vague and associated
with many common and less serious conditions. Most
importantly, there has been no effective test for
early detection. An effective tool for early and
accurate detection of ovarian cancer is a critical
unmet medical need.Biomarkcrs for Ovarian Cancer
[0010] A variety of biomarkcrs to diagnose ovarian
cancer have been proposed, and elucidated through a
variety of technology platforms and data analysis
tools. An interesting compilation of 1,261 potential
protein biomarkers for various pathologies was
presented by N. Leigh Anderson ct al., "A Target List
of Candidate Biomarkers for Targeted Proteomics,"
Biomarker Insights 2 : 1-48 (2006). A spreadsheet
listing the markers discussed in this paper can be
found at lhc website of the Plasma Proteome Institute
(bttp://www. plasmaproteom e.org). Several published
studies are described immediately below and a number
of other studies arc listed as references at the end
of this specification. All of these studies, all other
documents cited in this specification, and related
provisional patent applications Serial Nos. 60/947,253
filed June 29, 2007 and 61/037,946 filed March 19,
2008, are hereby incorporated by reference in their
entireties. [0011] For example, Cole, "Methods for
detecting the onset, progression and regression of
gynecologic cancers," U. S. Patent 5,356,817 (October
18, 1994) described a method for detecting the
presence of a gynecologic cancer in a female, said
cancer selected from the group consisting of cervical
cancer, ovarian cancer, endometrial cancer, uterine
cancer and vulva cancer, the method comprising the
steps of: (a) assaying a plasma or tissue sample from
the patient for the presence of CA 125, and at or
about the same time; and (b) assaying a bodily
nonblood sample from said patient for the presence of
human chorionic gonadotropin beta-subunit core
fragment, wherein the detection of both CA 125 and
human chorionic gonadotropin bctasubunit core fragment
is an indication of the presence of a gynecological
cancer in the female. A measurement of the human
chorionic gonadotropin beta-subunit core fragment
alone was stated to be useful in monitoring
progression and regression of such cancers. [0012]
Fung et al, "Biomarker for ovarian and endometrial
cancer: hepcidin," U. S. Patent Application
20070054329, published March 8, 2007, describes a
method for qualifying ovarian and endometrial cancer
status based on measuring hepcidin as a single
biomarker, and based on panels of markers including
hepcidin plus transthyretin, and those two markers
plus at least one biomarker selected from the group
consisting of: Apo Al, transferrin, CTAP-III and TIH4
fragment. An additional panel further includes bcta-2
microglobulin. These biomarkers were measured by mass
spectrometry, particularly SELDl-MS or by immunoassay.
And data was analyzed by ROC curve analysis.[001 3 J
Fung et al. also described the use of hepcidin levels
used in combination with other biomarkers, and
concluded that the predictive power of the test was
improved. More specifically, increased levels of
hepcidin together with decreased levels transthyretin
were correlated with ovarian cancer. Increased levels
of hepcidin together with decreased levels of
transthyretin, together with levels of one or more of
Apo Al (decreased level), transferrin (decreased
level), CTAP-IlI (elevated level) and an internal
fragment of IT1H4 (elevated level) were also
correlated with ovarian cancer. The foregoing
biomarkers were to further be combined with bcta-2
microglobulin (elevated level), CA125 (elevated level)
and/or other known ovarian cancer biomarkers for use
in the disclosed diagnostic test. And hepcidin was
said to be hepcidin-25, transthyretin was said to be
cysteinylated transthyretin, and/or ITIU4 fragment
perhaps being the ITIH4 fragment 1. [0014] Diamandis,
"Multiple marker assay for detection of ovarian
cancer," U. S. Patent Application 20060134120
published June 22, 2006, described a method for
detecting a plurality of kallikrein markers associated
with ovarian cancer and optionally CA125, wherein the
kallikrein markers comprise or are selected from the
group consisting of kallikrein 5, kallikrein 6,
kallikrein 7, kallikrein 8, kallikrein 10, and
kallikrein 11. His patent application explained that a
significant difference in levels of these kallikreins,
which are a subgroup of secreted serine proteases
markers, and optionally that also of CAl 25, relative
to the corresponding normal levels, was indicative of
ovarian cancer. By repeatedly sampling these markers
in the same patient over time, Diamandis also found
that a significant difference between the levels of
the kallikrein markers, and optionally CA125, in a
later sample, relative to an earlier sample, is an
indication that a patient's therapy is efficacious for
inhibiting ovarian cancer. Samples were evaluated by
protein binding techniques, for example, immunoassays,
and by nucleotide array, PCR and the like techniques.
[0015] Gorelik ct al, Multiplexed lmmunobead-Bascd
Cytokine Profiling for Early Detection of Ovarian
Cancer" in Cancer Epidemiol Biomarkers Prcv.
2005:14(4) 981-7 (April 2005) reported that a panel of
multiple cytokines that separately may not show strong
correlation with the disease provide diagnostic
potential. A related patent application appears to be
Lokshin et al., "Multifactorial assay for cancer
detection," U. S. Patent Application 20050069963
published March 3 1, 2005. According to the journal
article, a novel multianalyte LabMAP profiling
technology was employed that allowed simultaneous
measurement of multiple markers. Various
concentrations of 24 cytokines (cytokines/chcmokines,
growth, andangiogenic factors) in combination with CA-
125 were measured in the blood sera of 44 patients
with early-stage ovarian cancer, 45 healthy women, and
37 patients with benign pelvic tumors. [0016] Of the
cytokines discussed by Gorelik et al., six markers,
specifically interleukin (IL)-6, IL- 8, epidermal
growth factor (EGF), vascular endothelial growth
factor (VEGF), monocyte chemoattractant protein- 1
(MCP-I), together with CA- 125, showed significant
differences in serum concentrations between ovarian
cancer and control groups. Out of those markers, 1L-6,
IL-8, VEGF, EGF, and CA-1 25, were used in a
classification tree analysis that reportedly resulted
in 84% sensitivity at 95% specificity. The receiver
operator characteristic curve (ROC) described using
the combination of markers produced sensitivities
between 90% and 100% and specificities o f 80% to 90%.
Interestingly, the receiver operator characteristic
CUiA7C for CA- 12 5 alone resulted in sensitivities o
f 70% to 80%. The classification tree analysis
described in the paper for discrimination of benign
condition from ovarian cancer used CA- 125,
granulocyte colony-stimulating factor (G-CSF), IL-6,
EGF, and VEGF which resulted in 86.5% sensitivity and
93.0% specificity. The authors concluded that
simultaneous testing of a panel o f serum cytokines
and CA-1 25 using LabMAP technology presented a
promising approach for ovarian cancer detection.
[0017] A related patent application by Lokshin,
"Enhanced diagnostic multimarker serological
profiling," U. S . Patent Application 20070042405
published February 22, 2007 describes various
biomarker panels and associated methods for diagnosis
of ovarian cancer. One method involves determining the
levels of at least four markers in the blood of a
patient, where at least two different markers are
selected from CA- 125, prolactin, HE4 (human
epididymis protein 4), sV-CAM and TSH; and where a
third marker and a fourth marker are selected from
CA-125, prolactin, 11E4, sV-CAM, TSH, cytokeratin,
sI~CAM, IGFBP-I , eotaxin and FSIl, where each o f the
third marker and fourth marker selected from the above
listed markers is different from each other and
different from cither o f the first and second
markers, and where dysrcgulation o f at least the four
markers indicates high specificity and sensitivity for
a diagnosis of ovarian cancer. Another panel includes
at least eight markers in the blood o f a patient,
wherein at least four different markers are selected
from the group consisting o f CA- 125, prolactin, HE4,
sV-CAM, and TSH and wherein a fifth marker, a sixth
marker, a seventh marker and an eighth marker are
selected from the group consisting of CA-125,
prolactin, HE4, sV-CAM, TSH, cylokeratin, sI-CAM,
IGFBP-I, eotaxin and FSH, and further wherein each of
said fifth marker, said sixth marker, said seventh
marker and said eighth marker is different fromthe
other and is different from any of said at least four
markers, wherein dysregulation of said at least eight
markers indicates high specificity and sensitivity for
a diagnosis of ovarian cancer. [0018] The Lokshin
(2007) patent application also describes a blood
marker panel comprising two or more of EGP (epidermal
growth factor), G-CSF (granulocyte colony stimulating
factor), IL-6, IL-8, CA-1 25 (Cancer Antigen 125),
VEGF (vascular endothelial growth factor), MCP-I
(monocyte chemoattractant protein- 1), anti-IL6,
anti-IL8, anti-CA-125, anti-c-nayc, anti-p53,
anti-CEA, anti-CA 15-3, anti-MUC-1, anti-survivin,
anti-bHCG, antiosteopontin, anti-PDGF, anti-Hcr2/ncu,
anti-Aktl , anti-cytokeratin 19, cytokcratin 19, EGFR,
CEA, kallikrein-8, M-CSF, FasL, ErbB2 and Hcr2/neu in
a sample of the patient's blood, where the presence of
two or more of the following conditions indicated the
presence of ovarian cancer in the patient: EGF (low),
G-CSF (high), 1L-6 (high), IL-8 (high), VEGF (high),
MCP-I (low), anti- L-6 (high), anti~IL~8 (high),
anti-CA-125 (high), anti-c-myc (high), anti-p.sup.53
(high), anti-CEA (high), anti-CA 15-3 (high),
anti-MUC-1 (high), anti-survivin (high), anti-bHCG 



(high), anti-osteopontin (high), anti-Her2/neu (high),
anti-Aktl (high), anti-cytokeratin 19 (high),
anti-PDGF (high), CA- 125 (high), cytokeratin 19
(high), EGFR (low, Her2/neu (low), CEA (high), FasL
(high), kallikrein-8 (low), ErbB2 (low) and M-CSF
(low). Exemplary panels include, without limitation:
CA- 125, cytokeratin- 19. FasL, M-CSF; cytokeratin-
19. CEA, Fas, EGFR, kailikrein-8; CEA, Fas, M-CSF.
EGFR, CA- 125; cytokeratin 19, kallikrein 8, CEA, CA
125, M-CSF; kallikrein-8, EGFR, CA-125; cytokeratin-
19, CEA, CA-125, M-CSF, EGFR; cytokeratin- 19,
kallikrcin~8, CA-125, M-CSF, FasL; cytokcratin- 19,
kallikrein-8, CEA, M-CSF; cytokeratin- 19,
kallikrein-8, CEA, CA-125; CA 125, cytokeratin 19,
ErbB2; EGF, G-CSF, IL-6, IL-8, VEGF and MCP-I; anti-CA
15-3, anti-IL-8, anti-survivin, anti-p53 and anti
c-myc; anti- CA 15-3, anti-IL-8, anti-survivin,
anti-p53, anti c-myc, anti-CEA, anti-lL-6, anti-EGF;
and antibHCG. [0019] Chan, et al, "Use of biomarkers
for detecting ovarian cancer." U.S. Published Patent
Application 2005005901 3, published March 17, 2005
describes a method of qualifying ovarian cancer status
in a subject comprising: (a) measuring at least one
biomarker in a sample from the subject, wherein the
biomarker is selected from the group consisting of
ApoAl, transthyretin .DELTA.N10, IAIH4 fragment, and
combinations thereof, and (b) correlating the
measurement with ovarian cancer status.[0020] Another
embodiment in the Chan application described an
additional biomarker selected from CA125, CA125 II,
CA15-3, CA19-9, CA72-4, CA 195, tumor associated
trypsin inhibitor (TATI), CEA, placental alkaline
phosphatase (PLAP), Sialyl TN, galactosyltransfcrasc,
macrophage colony stimulating factor (M-CSF, CSF-I),
lysophosphatidic acid (LPA), 110 kD component of the
extracellular domain of the epidermal growth factor
receptor (pi 1OEGFR), tissue kallikreins, for example,
kaJlikrcin 6 and kallikrein 10 (NES-I), prostasin,
HE4, creatine kinase B (CKB), LASA, UER-2/neu, urinary
gonadotropin peptide, Dianon NB 70/K, Tissue peptide
antigen (TPA), osteopontin and haptoglobin, and
protein variants (e.g., cleavage forms, isoforms) of
the markers. [0021] An ELlSA-bascd blood serum test
described the evaluation of four proteins useful in
the early diagnosis of epithelial ovarian cancer
(leptin, prolactin, osteopontin and insulin-like
growth factor). The authors reported that no single
protein could completely distinguish the cancer group
from the healthy control group. However, the
combination of these four proteins provided
sensitivity 95%, positive predictive value (PPV) 95%,
specificity 95%, and negative predictive value (NPV)
94%, which was said to be a considerable improvement
on current methodology. Mor et al., "Serum protein
markers for early detection of ovarian cancer," PNAS (
102:21) 7677-7682 (2005). [0022] A related patent
application by Mor et al. "Identification of Cancer
Protein Biomarkcrs Using Proteomic Techniques," U.S.
Patent Application 2005/0214826, published Sept. 29,
2005 describes biomarkcrs identified by using a novel
screening method. The bioniarkers are stated to
discriminate between cancer and healthy subjects as
well as being useful in the prognosis and monitoring
of cancer. Specifically, the abstract of the patent
application relates to the use of leptin, prolactin,
OPN and IGF-O for these purposes. The disclosed
invention is somewhat more generally characterized as
involving the comparison of expression of one or more
biomarkers in a sample that are selected from the
group consisting of: 6Ckine, ACE, BDNF, CA125,
E-Selectin, EGF, Eot2, ErbBI, follistatin, HCC4, HVEM,
IGF-II, IGFBP-I, IL- 17, IL-I srll, IL-2sRa, leptin,
M-CSF R, MIF, MIP-Ia, MlP3b, MMP-8, MMP7, MPIF-I, OPN,
PARC, PDGF Rb, prolactin, ProteinC, TGF-b RIII,
TNF-Rl, TNF-a, VAP-I, VEGF R2 and VEGF R3. A
significant difference in the expression of these one
or more biomarkers in the sample as compared to a
predetermined standard of each is said to diagnose or
aid in the diagnosis of cancer.[0023] A patent
application by Le Page ct al. "Methods of Diagnosing
Ovarian Cancer and Kits Therefor," WO2007/030949,
published March 22, 2007 describes a method for
determining whether a subject is affected by ovarian
cancer by detecting the expression levels of FGF-2 and
CA125 and, optionally, I 8. [0024] Other approaches
described in the patent and scientific literature
include the analysis of expression of particular gene
transcripts in blood cells. See, for example, Lievv,
"Method for the Detection of Cancer Related Gene
Transcripts in Blood," U.S. Published Patent
Application 2006/01 34637, June 22, 2006. Although
gene transcripts specific for ovarian cancer arc not
identified, transcripts from Tables 3J, 3K and 3X are
said to indicate the presence of cancer. Sec also,
Tchagang et al., "Early Detection of Ovarian Cancer
Using Group Biomarkers," MoI. Cancer Thcr. (l):7
(2008). [0025] Another diagnostic approach involves
detecting circulating antibodies directed against
tumor-associated antigens. Sec, Nelson et al. "Antigen
Panels and Methods of Using the Same," U.S. Patent
Application 2005/0221305, published October 6, 2005;
and Robertson "Cancer Detection Methods and Regents,"
U.S. Patent Application 2003/0232399. published Dec.
18, 2003 [0026] What has been urgently needed in the
field of gynecologic oncology is a minimally invasive
(preferably scrum-based) clinical test for assessing
and predicting the presence of ovarian cancer that is
based on a robust set of biomarkers and sample
features identified from a large and diverse set of
samples, together with methods and associated computer
systems and software tools to predict, diagnose and
monitor ovarian cancer with high accuracy at its
various stages. Summary of the Invention: [0027] The
present invention generally relates to cancer
biomarkers and particularly to biomarkers associated
with ovarian cancer. It provides methods to predict,
evaluate diagnose, and monitor cancer, particularly
ovarian cancer, by measuring certain biomarkers, and
further provides a set or array of reagents to
evaluate the expression levels of biomarkers that are
associated with ovarian cancer. A preferred set of
biomarkers provides a detectable molecular signature
of ovarian cancer in a subject. The invention provides
a predictive or diagnostic testfor ovarian cancer,
particularly for epithelial ovarian cancer and more
particularly for early-stage ovarian cancer (that is
Stage I, Stage 11 or Stage 1and Il together). [0028]
More specifically, predictive tests and associated
methods and products also provide useful clinical
information regarding the stage of ovarian cancer
progression, that is; Stage I, Stage II, Stage IJl and
Stage IV and an advanced stage which reflects
relatively advanced tumors that cannot readily be
classified as cither Stage III or Stage IV. Overall,
the invention also relates to newly discovered
correlations between the relative levels of expression
of certain groups of markers in bodily fluids,
preferably blood serum and plasma, and a subject's
ovarian cancer status. [0029] In one embodiment, the
invention provides a set of reagents to measure the
expression levels of a panel or set of biomarkers in a
fluid sample drawn from a patient, such as blood,
serum, plasma, lymph, cerebrospinal fluid, ascites or
urine. The reagents in a further embodiment are a
multianalyte panel assay comprising reagents to
evaluate the expression levels of these biomarker
panels. [0030] In embodiments of the invention, a
subject's sample is prepared from tissue samples such
a tissue biopsy or from primary cell cultures or
culture fluid. In a further embodiment, the expression
of the biomarkers is determined at the polypeptide
level. Related embodiments utilize immunoassays,
enzyme-linked immunosorbent assays and multiplexed
immunoassays for this purpose [0031] Preferred panels
of biomarkers are selected from the group consisting
of the following sets of molecules and their
measurable fragments: (a) myoglobin, CRP (C reactive
protein), FGF basic protein and CA 19-9; (b) Hepatitis
C NS4, Ribosomal P Antibody and CRP; (c) CA 19-9, TGF
alpha, EN-RAGE, EGF and HSP 90 alpha antibody, (d)
EN-RAGE, EGF, CA 125, Fibrinogen, Apolipoprotein ClII,
EGF, Cholera Toxin and CA 19-9; (e) Proteinase 3
(cANCA) antibody. Fibrinogen, CA 125, EGF, CD40, TSH,
Lcptin, CA 19-9 and lymphotactin; (f) CA125, EGFR,
CRP, IL-1 8, Apolipoprotein CIIf, Tenascin C and
Apolipoprotein Al ; (g) CA125, Beta-2 Microglobulin,
CRP, Ferritin, TIMP-I, Creatine Kinase-MB and IL-8;
(h) CA125, EGFR, lL-10, Haptoglobin, CRP, Insulin,
TIMP-I, Ferritin, Alpha-2 Macroglobulin, Leplin, IL-8,
CTGF, EN-RAGE, Lymphotactin, TNF-alpha, IGF-I, TNF
RII, von Willebrand Factor and MDC; (i) CA- 125. CRP,
EGF-R, CA- 19-9, Apo-AI, Apo-CIII, IL-6, IL- 18,
MIP-Ia,Tcnascin C and Myoglobin; (j) CA- 125, CRP,
EGF-R, CA-19-9, Apo-AI, Apo-CIH, IL-6, MIP- ]a,
Tenascin C and Myoglobin; and (k) any of the biomarker
panels presented in Table Il and Table III. [0032] In
another embodiment, the reagents that measure such
biomarkcrs may measure other molecular species that
are found upstream or downstream in a biochemical
pathway or measure fragments of such biomarkers and
molecular species. In some instances, the same reagent
may accurately measure a biomarker and its fragments.
[0033] Another embodiment of the present invention
relates to binding molecules (or binding reagents) to
measure the biomarkcrs and related molecules and
fragments. Contemplated binding molecules includes
antibodies, both monoclonal and polyclonal, aptamers
and the like [0034] Other embodiments include such
binding reagents provided in the form of a test kit,
optionally together with written instructions for
performing an evaluation of biomarkers to predict the
likelihood of ovarian cancer in a subject. [0035] In
other of its embodiments, the present invention
provides methods of predicting the likelihood of
ovarian cancer in a subject based on detecting or
measuring the levels in a specimen or biological
sample from the subject of the foregoing biomarkers.
As described in this specification, a change in the
expression levels of these biomarkers, particularly
their relative expression levels, as compared with a
control group of patients who do not have ovarian
cancer, is predictive of ovarian cancer in that
subject. [0036] In other of its aspects, the type of
ovarian cancer that is predicted is serous,
endometrioid, mucinous, and clear cell tumors. And
prediction of ovarian cancer includes the prediction
of a specific stage of the disease such as Stage I
(IA, IB or IC), II, III and IV tumors. [0037] In yet
another embodiment, the invention relates to creating
a report for a physician of the relative levels of the
biomarkcrs and to transmitting such a report by mail,
fax, email or otherwise. In an embodiment, a data
stream is transmitted via the internet that contains
the reports of the biomarker evaluations. In a further
embodiment, the report includes the predictionas to
the presence or absence of ovarian cancer in the
subject or the stratified risk of ovarian cancer for
the subject, optionally by subtype or stage of cancer.
[0038] According to another aspect of the invention,
the foregoing evaluation of biomarker expression
levels is combined for diagnostic purposes with other
diagnostic procedures such as gastrointestinal tract
evaluation, chest x-ray, HE4 test, CA- 125 test,
complete blood count, ultrasound or abdominal/pelvic
computerized tomography, blood chemistry profile and
liver function tests. [0039] Yet other embodiments of
the invention relate to the evaluation of samples
drawn from a subject who is symptomatic for ovarian
cancer or is at high risk for ovarian cancer. Other
embodiments relate to subjects who are asymptomatic of
ovarian cancer. Symptomatic subjects have one or more
of the following: pelvic mass; ascites; abdominal
distention; general abdominal discomfort and/or pain
(gas, indigestion, pressure, swelling, bloating,
cramps); nausea, diarrhea, constipation, or frequent
urination; loss of appetite; feeling of fullness even
after a light meal; weight gain or loss with no known
reason; and abnormal bleeding from the vagina. The
levels of biomarkers may be combined with the findings
of such symptoms for a diagnosis of ovarian cancer.
[0040] Embodiments of the invention are highly
accurate for determining the presence of ovarian
cancer. By "highly accurate" is meant a sensitivity
and a specificity each at least about 85 per cent or
higher, more preferably at least about 90 per cent or
92 per cent and most preferably at least about 95 per
cent or 97 per cent accurate. Embodiments of the
invention further include methods having a sensitivity
of at least about 85 per cent, 90 per cent or 95 per
cent and a specificity of at least about 55 per cent,
65 per cent, 75 per cent, 85 per cent or 90 per cent
or higher. Other embodiments include methods having a
specificity of at least about 85 per cent, 90 per cent
or 95 per cent, and a sensitivity of at least about 55
per cent, 65 per cent, 75 per cent, 85 per cent or 90
per cent or higher. [0041] Embodiments of the
invention relating sensitivity and specificity are
determined for a population of subjects who arc
symptomatic for ovarian cancer and have ovarian cancer
as compared with a control group of subjects who arc
symptomatic for ovarian cancer but who do not have
ovarian cancer. In another embodiment, sensitivity and
specificity are determined for a population of
subjects who are at increased risk for ovarian cancer
and have ovarian cancer as I lcompared with a control
group of subjects who are at increased risk for
ovarian cancer but who do not have ovarian cancer. And
in another embodiment, sensitivity and specificity arc
determined for a population of subjects who are
symptomatic for ovarian cancer and have 



ovarian cancer as compared with a control group of
subjects who are not symptomatic for ovarian cancer
but who do not have ovarian cancer. [0042] In other
aspects, the levels of the biomarkers are evaluated by
applying a statistical method such as knowledge
discovery engine (KDE(tm)), regression analysis,
discriminant analysis, classification tree analysis,
random forests, ProteomeQuest*, support vector
machine, One R, kNN and heuristic naive Bayes
analysis, neural nets and variants thereof. [0043] In
another embodiment, a predictive or diagnostic model
based on the expression levels of the biomarkers is
provided. The model may be in the form of software
code, computer readable format or in the form of
written instructions for evaluating the relative
expression of the biomarkers. [0044] A patient's
physician can utilize a report of the biomarker
evaluation, in a broader diagnostic context, in order
to develop a relatively more complete assessment of
the risk that a given patient has ovarian cancer. In
making this assessment, a physician will consider the
clinical presentation of a patient, which includes
symptoms such as a suspicious pelvic mass and/or
ascites, abdominal distention and other symptoms
without another obvious source of malignancy. The
general lab workup for symptomatic patients currently
includes a GI evaluation if clinically indicated,
chest x-ray, CA- 125 test, CBC, ultrasound or
abdominal/pelvic CT if clinically indicated, chemistry
profile with LFTs and may include a family history
evaluation along with genetic marker tests such as
BRCA-I and BRCA-2. (See, generally, the NCCN Clinical
Practice Guidelines in Oncology(tm) for Ovarian
Cancer, V.1.2007.) [0045] The present invention
provides a novel and important additional source of
information to assist a physician in stratifying a
patient's risk of having ovarian cancer and in
planning the next diagnostic steps to take. The
present invention is also similarly useful in
assessing the risk of ovarian cancer in
non-symptomatic, high-risk subjects as well as for the
general population as a screening tool. It is
contemplated that the methods of the present invention
may be used by clinicians as part of an overall
assessment of other predictive and diagnostic
indicators.[0046] The present invention also provides
methods to assess the therapeutic efficacy of existing
and candidate chemotherapeutic agents and other types
of cancer treatments. As will be appreciated by
persons skilled in the art, the relative expression
levels of the biomarker panels or biomarker profiles
arc determined as described above, in specimens taken
from a subject prior to and again after treatment or,
optionally, at progressive stages during treatment A
change in the relative expression of these biomarkers
to a non-cancer profile of expression levels (or to a
more nearly non-cancer expression profile) or to a
stable, non-changing profile of relative biomarker
expression levels is interpreted as therapeutic
efficacy. Persons skilled in the art will readily
understand that a profile of such expressions levels
may become diagnostic for cancer or a pre-cancer,
prc-malignant condition or simply move toward such a
diagnostic profile as the relative ratios of the
biomarkers become more like a cancer-related profile
than previously. [0047] In another embodiment, the
invention provides a method for determining whether a
subject potentially is developing cancer. The relative
levels of expression of the biomarkers are determined
in specimens taken from a subject over time, whereby a
change in the biomarker expression profile toward a
cancer profile is interpreted as a progression toward
developing cancer. [0048] The expression levels of the
biomarkers of a specimen may be stored electronically
once a subject's analysis is completed and recalled
for such comparison purposes at a future time. [0049]
The present invention further provides methods,
software products, computer systems and networks, and
associated instruments that provide a highly accurate
lest for ovarian cancer. [0050] The combinations of
markers described in this specification provide
sensitive, specific and accurate methods for
predicting the presence of or detecting ovarian cancer
at various stages of its progression. The evaluation
of samples as described may also correlate with the
presence of a pre-malignant or a pre-clinical
condition in a patient. Thus, it is contemplated that
the disclosed methods arc useful for predicting or
detecting the presence of ovarian cancer in a sample,
the absence of ovarian cancer in a sample drawn from a
subject, thestage of an ovarian cancer, the grade of
an ovarian cancer, the benign or malignant nature of
an ovarian cancer, the metastatic potential of an
ovarian cancer, the histological type of neoplasm
associated with the ovarian cancer, the indolence or
aggressiveness of the cancer, and other
characteristics of ovarian cancer (hat are relevant to
prevention, diagnosis, characterization, and therapy
of ovarian cancer in a patient. [0051] It is further
contemplated that the methods disclosed are also
useful for assessing the efficacy of one or more test
agents for inhibiting ovarian cancer, assessing the
efficacy of a therapy for ovarian cancer, monitoring
the progression of ovarian cancer, selecting an agent
or therapy for inhibiting ovarian cancer, monitoring
the treatment of a patient afflicted with ovarian
cancer, monitoring the inhibition of ovarian cancer in
a patient, and assessing the carcinogenic potential of
a lest compound by evaluating biomarkers of test
animals following exposure. Detailed Description:
[0052] The biomarker panels and associated methods and
products were identified through the analysis of
analytc levels of various molecular species in human
blood serum drawn from subjects having ovarian cancer
of various stages and subtypes, subjects having
non-cancer gynecological disorders and normal
subjects. The immunoassays described below were
courteously performed by our colleagues at Rules-Based
Medicine of Austin, TX using their Multi-Analyte
Profile (MAP) Luminex(r) platform
(www.rulesbascdmedieine.cprn). [0053] While a
preferred sample is blood serum, it is contemplated
that an appropriate sample can be derived from any
biological source or sample, such as tissues,
extracts, cell cultures, including cells (for example,
tumor cells), cell lysates, and physiological fluids,
such as, for example, whole blood, plasma, serum,
saliva, ductal lavage, ocular lens fluid, cerebral
spinal fluid, sweat, urine, milk, ascites fluid,
synovial fluid, peritoneal fluid and the like. The
sample can be obtained from animals, preferably
mammals, more preferably primates, and most preferably
humans using species specific binding agents that are
equivalent to those discussed below in the context of
human sample analysis. It is further contemplated that
these techniques and marker panels may be used to
evaluate drug therapy in rodents and other animals,
including transgenic animals, relevant to the
development of human and veterinary
therapeutics.[0054] The sample can be treated prior to
use by conventional techniques, such as preparing
plasma from blood, diluting viscous fluids, and the
like. Methods of sample treatment can involve
filtration, distillation, extraction, concentration,
inactivation of interfering components, addition of
chaotropcs, the addition of reagents, and the like.
Nucleic acids (including silencer, regulatory and
interfering RNA) may be isolated and their levels of
expression for the analytes described below also used
in the methods of the invention. Samples and
Analytical Platform . [0055] The set of blood serum
samples that was analyzed to generate most of the data
discussed below contained 150 ovarian cancer samples
and 150 non-ovarian cancer samples. Subsets of these
samples were used as described. The ovarian cancer
sample samples further comprised the following
epithelial ovarian cancer subtypes: serous (64), clear
cell (22), endometrioid (35), mucinous (15), mixed,
that is, consisting of more than one subtype (14). The
stage distribution of the ovarian cancer samples was:
Stage 1(41 ), Stage Il (23), Stage 111 (68), Stage IV
(12) and unknown stage (6). [0056] The non-ovarian
cancer sample set includes the following ovarian
conditions: benign (104), normal ovary (29) and "low
malignant potential/borderline (3). The sample set
also includes serum from patients with other cancers:
cervical cancer (7), endometrial cancer (6) and
uterine cancer (1). [0057] Analyte levels in the
samples discussed in this specification were measured
using a high-throughput, multi-analytc immunoassay
platform. A preferred platform is the Luminex(r) MAP
system as developed by Rules-Based Medicine, Inc. in
Austin, TX. It is described on the company's website
and also, for example, in publications such as
Chandler et al., "Methods and kits for the diagnosis
of acute coronary syndrome, U. S. Patent Application
2007/0003981 , published January 4, 2007, and a
related application of Spain et al., "Universal
Shotgun Assay," U. S. Patent Application 2005/022)
363, published Oct. 6, 2005. This platform has
previously been described in Lokshin (2007) and
generated data used in other analyses of ovarian
cancer biomarkers. However, any immunoassay platform
or system may be used. [0058] In brief, to describe a
preferred analyte measurement system, the MAP platform
incorporates polystyrene microspheres that are dyed
internally with two spectrally distinctfluorochromes.
By using accurate ratios of the fluorochromcs, an
array is created consisting of 100 different
microsphere sets with specific spectral addresses.
Each microsphere set can display a different surface
reactant. Because microsphere sets can be
distinguished by their spectral addresses, they can be
combined, allowing up to 100 different analytes to be
measured simultaneously in a single reaction vessel. A
third fluorochrome coupled to a reporter molecule
quantifies the biomolccular interaction that has
occurred at the microsphere surface. Microspheres are
interrogated individually in a rapidly flowing fluid
stream as they pass by two separate lasers in the
Luminex(r) analyzer. High-speed digital signal
processing classifies the microsphere based on its
spectral address and quantities the reaction on the
surface in a few seconds per sample. [0059] Skilled
artisans will recognize that a wide variety of
analytical techniques may be used to determine the
levels of biomarkers in a sample as is described and
claimed in this specification. Other types of binding
reagents available to persons skilled in the art may
be utilized to measure the levels of the indicated
analytes in a sample. For example, a variety of
binding agents or binding reagents appropriate to
evaluate the levels of a given analyte may readily be
identified in the scientific literature. Generally, an
appropriate binding agent will bind specifically to an
analyte. in other words, it reacts at a detectable
level with the analyte but does not react detectably
(or reacts with limited cross-reactivity) with other
or unrelated analytes. It is contemplated that
appropriate binding agents include polyclonal and
monoclonal antibodies, aptamers, RNA molecules and the
like. Spectrometry methods also may be used to measure
the levels of analytes, including immunofluorescence,
mass spectrometry, nuclear magnetic resonance and
optical spectrometric methods. Depending on the
binding agent to be utilized, the samples may be
processed, for example, by dilution, purification,
denaturation, digestion, fragmentation and the like
before analysis as would be known to persons skilled
in the art. Also, gene expression, for example, in a
tumor cell or lymphocyte also may be determined.
[0060] It is also contemplated that the identified
biomarkers may have multiple epitopes for immunassays
and/or binding sites for other types of binding
agents. Thus, it is contemplated that peptide
fragments or other epitopes of the identified
biomarkers, isoforms of specific proteins and even
compounds upstream or downstream in a biological
pathway or that have been post-translationally
modified may be substituted for the identified
analytes or biomarkers so long as the relevant and
relative stoichiometrics are taken into account
appropriately. Skilledartisans will recognize that
alternative antibodies and binding agents can be used
to determine the levels of any particular analyte, so
long as their various specificities and binding
affinities are factored into the analysis. [0061] A
variety of algorithms may be used to measure or
determine the levels of expression of the analytes or
biomarkers used in the methods and test kits of the
present invention. It is generally contemplated that
such algorithms will be capable of measuring analyte
levels beyond the measurement of simple cut-off
values. Thus, it is contemplated that the results of
such algorithms will generically be classified as
multivariate index analyses by the U.S. Food and Drug
Administration. Specific types of algorithms include:
knowledge discovery engine (KDE(tm)), regression
analysis, discriminant analysis, classification tree
analysis, random forests, ProtcomeQuest*, support
vector machine, One R kNN and heuristic naive Bayes
analysis, neural nets and variants thereof. Aiiaiyisis
and Examples: [0062] The following discussion and
examples are provided to describe and illustrate the
present invention As such, they should not be
construed to limit the scope of the invention. Those
skilled in the art will well appreciate that many
other embodiments also fall within the scope of the
invention, as it is described in this specification
and the claims. Analysis of Data To Find Informative
Biomarker Panels Using the KDE(tm). [0063] Correlogic
has described the use of evolutionary and pattern
recognition algorithms in evaluating complex data
sets, including the Knowledge Discovery Engine
(KDE(tm)) and ProteomeQuest . Sec, for example, Hitt
et at, U.S. Patent No. 6,925,389, "Process for
Discriminating Between Biological States Based on
Hidden Patterns From Biological Data" 



(issued August 2, 2005); Hitt, U.S. Patent No.
7,096,206, "Heuristic Method of Classification,"
(issued August 22, 2006) and Hitt, U.S. Patent No.
7,240,038, "Heuristic Method of Classification," (to
be issued July 3, 2007). The use of this technology to
evaluate mass spectral data derived from ovarian
cancer samples is further elucidated in Hitt et al.,
"Multiple highresolution serum proteom c features for
ovarian cancer detection," U. S. Published Patent
Application 2006/0064253. published March 23, 2006.
[0064] When analyzing the data set by Correlogic ' s
Knowledge Discovery Engine, the following
five-biomarker panels were found to provide
sensitivities and specificities for variousstages of
ovarian cancer as set forth in Tabic I . Specifically,
KDE Model 1 [2_0008_20] returned a relatively high
accuracy for Stage 1 ovarian cancer and included these
markers: Cancer Antigen 19-9 (CAl 9-9, Swiss-Prot
Accession Number: Q9BXJ9), C Reactive Protein (CRP,
Swiss-Prot Accession Number: P02741), Fibroblast
Growth Factor-basic Protein (FGFbasic, Swiss-Prot
Accession Number: P09038) and Myoglobin (Swiss-Prot
Accession Number: P02144). KDE Model 2 [4J)002-10]
returned a relatively high accuracy for Stage III, IV
and "advanced" ovarian cancer and included these
markers: Hepatitis C NS4 Antibody (Hep C NS4 Ab),
Ribosomal P Antibody and CRP. KDE Model 3 [4 0009J 40]
returned a relatively high accuracy for Stage I and
included these markers: CA 19-9, TGF alpha, EN-RAGE
(Swiss-Prot Accession Number: P8O51 1), Epidermal
Growth Factor (EGF, Swiss-Prot Accession Number: POl
133) and HSP 90 alpha antibody. KDE Model 4 [4
0026JOO] returned a relatively high accuracy for Stage
Il and Stages III, IV and "advanced" ovarian cancers
and included these markers: EN-RAGE, EGF, Cancer
Antigen 125 (CA 125, Swiss-Prot Accession Number:
Q14596), Fibrinogen (Swiss-Prot Accession Number:
Alpha chain P02671 ; Beta chain P02675; Gamma chain
P02679). Apolipoprotein COl (ApoCIII, Swiss-Prot
Accession Number: P02656), Cholera Toxin and CA 19-9.
KDE Model 5 [4_0027_20] also returned a relatively
high accuracy for Stage Il and Stages III, IV and
"advanced" ovarian cancers and included these markers:
Proteinase 3 (cANCA) antibody, Fibrinogen, CA 125, EGF
CD40 (Swiss-Prot Accession Number: Q6P2H9), Thyroid
Stimulating Hormone (TSH, Swiss-Prot Accession Number:
Alpha P01215; Beta P01222 P02679, Lcptin (Swiss-Prot
Accession Number: P41 159), CA 19-9 and Lymphotactin
(Swiss-Prot Accession Number: P47992). It is
contemplated that skilled artisans could use the KDE
analytical tools to identify other, potentially useful
sets of biomarkers for predictive or diagnostic value
based on the levels of selected analytes. Note that
the KDE algorithm may select and utilize various
markers based on their relative abundances; and that a
given marker, for example the level of cholera toxin
in Model IV may be zero but is relevant in combination
with the other markers selected in a particular
grouping. [0065] Skilled artisans will recognize that
a limited size data set as was used in this
specification may lead to different results, for
example, different panels of markers and varying
accuracies when comparing the relative performance of
KDE with other analytical techniques to identify
informative panels of biomarkers. These particular KDE
models were buiit on a relatively small data set using
40 stage I ovarian cancers and 40 normal/benigns and
were tested blindly on the balance of the stage II,
III/IV described above. Thus, the specificity is of
the stage 1 samples reflects sample set size and
potential overfilling. The drop in specificity for
thebalance of the non-ovarian cancer samples also is
expected given the relatively larger size of the
testing set relative to the training set. Overall, the
biomarker panel developed for the stage I samples also
provides potentially useful predictive and diagnostic
assays for later stages of ovarian cancer given the
high sensitivity values. [0066] However, these
examples of biomarker panels illustrate that there are
a number of parameters that can be adjusted to impact
mode! performance. For instance in these cases a
variety of different numbers of features are combined
together, a variety of match values are used, a
variety of different lengths of evolution of the
genetic algorithm are used and models differing in the
number of nodes are generated. By routine
experimentation apparent to one skilled in the art.
combinations of these parameters can be used to
generate other predictive models based on biomarker
panels having clinically relevant performance. [0067]
Table I . Results of Analysis Using Knowledge
Discovery Engine to develop a stage I specific
classification model. Methods and Analysis To Find
Informative Biomarker Panels Using Random Forests .
[0068] A preferred analytical technique, known to
skilled artisans, is that of Brciman, Random Forests.
Machine Learning, 2001 . 45:5-32; as further described
by Segel, Machine Learning Benchmarks and Random
Forest Regression, 2004; and Robnik-Sikonja, Improving
Random Forests, in Machine Learning, ECML, 2004
Proceedings, J.F.B.e. al., Editor, 2004, Springer:
Berlin. Other variants of Random Forests are also
useful and contemplated for the methods of the present
invention, for example, Regression Forests, Survival
Forests, and weighted population Random Forests.
[0069] A modeling set of samples was used as described
above for diagnostic models built with the KDE
algorithm. Since each of the analyte assays is an
independent measurement of a variable, under some
circumstances, known to those skilled in the art, it
is appropriate to scale the data to adjust for the
differing variances of each assay. In such cases,
biweight, MAD or equivalent scaling would be
appropriate, although in some cases, scaling would not
be expectedto have a significant impact. A bootstrap
layer on top of the Random Forests was used in
obtaining the results discussed below. [0070] In
preferred embodiments of the present invention,
contemplated panels of biomarkers are: a . Cancer
Antigen 125 (CA125, Swiss-Prot Accession Number:
Q14596) and Epidermal Growth Factor Receptor (EGF-R,
Swiss-Prot Accession Number: P00533). b. CA125 and C
Reactive Protein (CRP, Swiss-Prot Accession Number:
P02741). c . CA 125, CRP and EGF-R. d . Any one or
more of CA125, CRP and EGF-R, plus any one or more of
Ferritin (Swiss-Prot Accession Number: Heavy chain
P02794; Light chain P02792), Interleukin-8 (1L-8,
Swiss-Prot Accession Number: P10145), and Tissue
Inhibitor of Metalloproteinases 1 (TIMP-I, Swiss-Prot
Accession Number: PO1033), e. Any one of the biomarker
panels presented in Table II and Table III. f. Any of
the foregoing panels of biomarkers (a e) plus any one
or more of the other biomarkers in the following list
if not previously included in the foregoing panels (a
- e). These additional biomarkers were identified
empirically or by a literature review: Alpha-2
Macroglobulin (A2M, Swiss-Prot Accession Number:
P01023), Apolipoprotcin AI-I (ApoAl, Swiss-Prot
Accession Number: P02647), Apolipoprotcin C-III
(ApoClII, Swiss-Prot Accession Number: P02656),
Apolipoprotein H (ApoH, Swiss-Prot Accession Number:
P02749), Beta-2 Microglobulin (B2M, Swiss-Prot
Accession Number: P23560), Betacellulin (Swiss-Prot
Accession Number: P3507O), C Reactive Protein (CRP,
Swiss-Prot Accession Number: P02741). Cancer Antigen
19 9 (CAl 9-9, Swiss-Prot Accession Number: Q9BXJ9),
Cancer Antigen 125 (CA 125, Swiss-Prot Accession
Number: Q14596), Collagen Type 2 Antibody, Creatine
Kinasc-MB (CK-MB, Swiss-Prot Accession Number: Brain
Pl 2277; Muscle P06732), C Reactive Protein (CRP,
Swiss-Prot Accession Number: P02741), Connective
Tissue Growth Factor (CTGF, Swiss-Prot Accession
Number: P29279), Double Stranded DNA Antibody (dsDNA
Ab), EN-RAGE (Swiss-Prot Accession Number: P8051 1),
Eotaxin (C-C motif cheinokine 11, smail-mducibie
cytokine Al 1 and Eosinophil chemotactic protein,
Swiss-Prot Accession Number: P5 1671), Epidermal
Growth Factor Receptor (EGF-R, Swiss-Prot Accession
Number: P00533), Ferritin (Swiss-Prot Accession
Number: Heavy chain P02794; Light chain P02792),
Follicle-stimulating hormone (FSH,
Follicle-stimulating hormone beta subunit, FSH-bcta,
FSH-B, Follitropin beta chain, Follitropin subunit
beta, Swiss-Prot Accession Number: PO1225),
Haptoglobin (Swiss-Prot Accession Number: P00738), HE4
(Majorepididymis-spccific protein E4, Epididymal
secretory protein E4, Putative protease inhibitor WAP5
and WAP four-disulfidc core domain protein 2,
Swiss-Prot Accession Number: Q14508), Insulin
(Swiss-Prot Accession Number: POl 308), Insulin-like
Growth Factor 1 (IGF-I, Swiss- Prot Accession Number:
POl 343), Insulin like growth factor II (IGF-II,
Somatomedin- A, Swiss- Prot Accession Number: POl
344), Insulin Factor VII (Swiss-Prot Accession Number:
P08709), Interleukin-6 (IL-6, Swiss-Prot Accession
Number: P05231), Interleukin-8 (1L-8, Swiss-Prot
Accession Number: P 10145), Interlcukin- 10 (IL-JO,
Swiss-Prot Accession Number: P22301), Inter]eukin-18
(IL- 18, Swiss-Prot Accession Number: Q141 16), Leptin
(Swiss-Prot Accession Number: P41 159), Lymphotactin
(Swiss-Prot Accession Number: P47992),
Macrophagederived Chemokine (MDC, Swiss-Prot Accession
Number: 000626), Macrophage Inhibotory Factor (SWISS
PROT), Macrophage Inflammatory Protein 1 alpha (MIP-I
alpha, Swiss-Prot Accession Number: PlOl 47),
Macrophage migration inhibitory factor (MIF,
Phenylpyruvate tautomcrase, Glycosylation-inhibiting
factor, GIF, Swiss-Prot Accession Number: P14 174),
Myoglobin (Swiss-Prot Accession Number: P02144),
Ostoponti p (Bone sialoprotcin 1, Secreted
phosphoprotein 1, SPP-I, Urinary stone protein,
Nephropontin, Uropontin, Swiss-Prot Accession Number:
P10451), Pancreatic Islet Cells (GAD) Antibody,
Prolactin (Swiss-Prot Accession Number: PO1236), Stem
Cell Factor (SCF, Swiss-Prot Accession Number: P2J
583), Tcnascin C (Swiss-Prot Accession Number:
P24821), Tissue Inhibitor of Metalloproteinases 1
(TIMP- 1, Swiss-Prot Accession Number: POl 033), Tumor
Necrosis Factor-alpha (TNF-alpha, Swiss-Prot Accession
Number: POl 375), Tumor Necrosis Factor RII (TNF-RO,
Swiss-Prot Accession Number: Q92956), von Willebrand
Factor (vWF, Swiss-Prot Accession Number: P04275) and
the other biomarkers identified as being informative
for cancer in the references cited in this
specification. [0071] Using the Random Forests
analytical approach, a preferred seven biomarker pane!
was identified that has a high predictive value for
Stage I ovarian cancer. It includes: ApoAl , ApoCIII,
CA125, CRP, EGF-R, IL- 18 and Tenascin. In the course
of building and selecting the relatively more accurate
models for Stage I cancers generated by Random Forests
using these biomarkers, the sensitivity for Stage I
ovarian cancers ranged from about 80 % to about 85%.
Sensitivity was also about 95 for Stage II and about
94 % sensitive for Stage UVW. The overall specificity
was about 70 %.[0072] Similarly, a preferred seven
biomarker pane] was identified that has a high
predictive value for Stage II. It includes: B2M,
CA125, CK-MB, CRP, Ferritin, IL-8 and TIMPl . A
preferred model for Stage II had a sensitivity of
about 82 % and a specificity of about 88 %. [0073] For
Stage III, Stage IV and advanced ovarian cancer, the
following 19 biomarker panel was identified: A2M, CAl
25, CRP, CTGF, EGF-R, EN-RAGE, Ferritin, Haptoglobin,
IGF-I, IL-8, IL-10, Insulin, Leptin, Lymphotactin,
MDC, TIMP-I, TNF-a pha, TNF-RII, vWF. A preferred
model for Stage III/IV had a sensitivity of about 86 %
and a specificity of about 89 %. [0074] Other
preferred biomarker or anaiyte panels for detecting,
diagnosing and monitoring ovarian cancer are shown in
Table II and in Table 111. These panels include CA-
125, CRP and EGF-R and, in most cases, CA19-9. In
Tabic II, 20 such panels of seven analytes each
selected from 20 preferred analytes are displayed in
columns numbered 1 through 20. In Table III, another
20 such panels of seven analytes each selected from 23
preferred analytes arc displayed in columns numbered 1
through 20.PYRIMIDYL CYCLOPENTANES AS AKT PROTEIN
KINASE INHIBITORS BACKGROUND OF THE INVENTION Priority
of Invention [0001] This application claims priority
to United States Provisional Application Number
60/948,138 that was filed on 5 July 2007, and United
States Provisional Application Number 61/020,088 that
was filed on 9 January 2008, both of which are hereby
incorporated herein by reference in their 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 Akt, VEGF, ILK, ROCK, p70S6K, BcI,
PKA, PKC, Raf, Src, PDKl, ErbB2, MEK, IKK, Cdk, EGFR,
BAD, CHKl, CHK2 and GSK3 amongst numerous others, has
been specifically implicated in cancer. [0005] Protein
kinases include two classes; protein tyrosine kinases
(PTK) and serinethreonine kinases (STK). The Protein
Kinase B/Akt 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 57 KD serine/threonine
protein kinase Akt, 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-akt of the
acutely transforming retrovirus AKT8. Due to its high
sequence homology to protein kinases A and C, Aktis
also called Protein Kinase B (PKB) and Related to A
and C (RAC). Three isoforms of Akt 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 2005/1 13762). The Akt
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. hi addition, both
Akt2 and Akt3 exhibit splice variants. Upon
recruitment to the cell membrane by PtdInd(3,4,5)P 3,
Akt is phosphorylated (activated) by PDKl at T308,
T309 and T305 for isoforms Aktl (PKBa), Akt2 (PKBb)
and Akt3 (PKBg), respectively, and at S473, S474 and
S472 for isoforms Aktl, Akt2 and Akt3, respectively.
Such phosphorylation occurs by an as yet unknown
kinase (putatively named PDK2), although PDKl
(Balendran, A., (1999) Curr. Biol. 9:393),
autophosphorylation (Toker, A. (2000) J . Biol. Chem.
275:8271) and integrin-linked kinase (ILK)
(Delcommenne, M. (1998) Proc. Natl. Acad. Sci. USA,
95:1 1211) have been implicated in this process. Akt
activation requires its phosphorylation on residue Ser
473 in the C-terminal hydrophobic motif (Brodbeck et
al (1999) J. Biol. Chem. 274:9133-9136; Coffer et al
(1991) Eur. J. Biochem. 201:475-481; Alessi et al
(1997) Curr. Biol. 7:261-269). Although
monophosphorylation of Akt activates the kinase,
bis(phosphorylation) is required for maximal kinase
activity. [0006] Akt is believed to assert its effect
on cancer by suppressing apoptosis and enhancing both
angiogenesis and proliferation (Toker et al (2006)
Cancer Res. 66(8):3963-3966). Akt is overexpressed in
many forms of human cancer including, but not limited
to, colon (Zinda et al (2001) Clin. Cancer Res.
7:2475), ovarian (Cheng et al (1992) Proc. Natl. Acad.
Sci. USA 89:9267), brain (Haas Kogan et al (1998)
Curr. Biol. 8:1195), lung (Brognard et al (2001)
Cancer Res. 61:3986), pancreatic (Bellacosa et al
(1995) hit. J. Cancer 64:280-285; Cheng et al (1996)
Proc. Natl. Acad. Sci. 93:3636-3641), prostate (Graff
et al (2000) J . Biol. Chem. 275:24500) and gastric
carcinomas (Staal et al (1987) Proc. Natl. Acad. Sci.
USA 84:5034-5037). [0007] The PI3K/Akt/mammalian
target of rapamycin (mTOR) pathway has been explored
for targeted small molecule inhibitor therapy
(Georgakis, G. and Younes, A. (2006) Expert Rev.
Anticancer Ther. 6(1): 13 1-140; Granville et al
(2006) Clin. Cancer Res. 12(3):679-689). Inhibition of
PI3K/Akt signaling induces apoptosis and inhibits the
growth of tumor cells that have elevated Akt levels
(Kim et al (2005) Current Opinion in Investig. Drugs
6(12): 1250-1258; Luo et al (2005) Molecular Cancer
Ther. 4(6):977-986). [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 Akt to the cell membrane,(2) activation
by PDKl 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 alia, a
variety of compounds that act as AKT inhibitors. The
compounds are said to be useful in the treatment of
hyperproliferative diseases such as cancer. [0010]
United States Patent Application Publication
2008/0058327 and United States Patent Application
Publication 2008/0051399 disclose inter alia, a
variety of compounds that act as AKT inhibitors.
SUMMARY O F THE INVENTION [0011] 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. [0012] The present invention
includes compounds having the general Formula I : I
and enantiomers and salts thereof, wherein G, R, 1, r
R> l a, R>2, t R>2a, Rr>3 , R4, r R> 5 , R>5a and j
are as defined below. [0013] The invention also
provides pharmaceutical compositions comprising a
compound of Formula I , or an enantiomer or
pharmaceutically acceptable salt thereof. [0014] In a
further aspect, the present 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 an enantiomer or pharmaceutically
acceptable salt thereof, in an amount effective to
treat or prevent said disorder. AKT protein kinase
mediated conditions that can be treated according to
the methods of this invention include, but arenot
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 an enantiomer
or pharmaceutically acceptable salt 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 I . [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 an enantiomer or pharmaceutically
acceptable salt thereof, in combination with a second
therapeutic agent. [0018] This invention also provides
compounds of Formula I and enantiomers and
pharmaceutically acceptable salts 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 an enantiomer or pharmaceutically
acceptable salt thereof, for therapy. In one
embodiment, the therapy comprises the treatment of an
AKT protein kinase-mediated condition. [0020] This
invention further provides kits for the treatment of
an AKT protein kinasemediated disease or disorder,
said kit comprising a compound of Formula I , or an
enantiomer or pharmaceutically acceptable salt
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. [0021] Another aspect of the
present invention provides a compound for Formula I
for use in the treatment of hyperproliferative
diseases. In a further aspect, the hyperproliferative
disease is cancer. [0022] This invention further
includes methods of preparing, methods of separating,
and methods of purifying of the compounds of this
invention. [0023] 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 [0024] 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, term usage, described techniques, or the like,
this application controls. DEFINITIONS [0025] 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. In an embodiment,
alkyl includes C1-C4 alkyl groups. In other
embodiment, alkyl includes C1-C3 alkyl groups. In
other embodiment, alkyl includes C1-C6 alkyl groups.
Examples of alkyl groups include, but are not limited
to, methyl ("Me", -CH3), ethyl ("Ef -CH2CH3), 1-propyl
("n-Pr", npropyl, -CH2CH2CH3), 2-propyl ("i-Pr",
i-propyl, -CH(CH3)2), 1-butyl ("n-Bu", n-butyl, -
CH2CH2CH2CH3), 2-methyl-l -propyl ("i-Bu", i-butyl,
-CH2CH(CH3)2), 2-butyl ("s-Bu", s-butyl,
-CH(CH3)CH2CH3), 2-methyl-2-propyl ("t-Bu", t-butyl,
tert-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-l-butyl
(-CH2CH2CH(CH3)2), 2-methyl-l -butyl (-CH2CH(CH3)
CH2CH3), 1-hexyl (-CH 2CH2CH2CH2CH2CH3), 2-hexyl
(-CH(CH 3)CH 2CH2CH2CH3), 3-hexyl (-CH(CH 2CH3)(CH
2CH2CH3)), 2-methyl-2-pentyl (-C(CH3)2CH2CH2CH3),
3-methyl-2-pentyl (-CH(CH 3)CH(CH 3)CH 2CH3),
4-methyl-2-pentyl (-CH(CH3)CH2CH(CH3)2),
3-methyl-3-pentyl (-C(CH3)(CH2CH3)2),
2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2),
2,3-dimethyl-2-butyl (-C(CH3)2CH(CH3)2),
3,3-dimethyl-2-butyl (-CH(CH3)C(CH3)3, 1-heptyl,
1-octyl, and the like. [0026] The term "cycloalkyl"
refers to saturated or partially unsaturated cyclic
hydrocarbon radical having from three to twelve carbon
atoms. In one embodiment, cycloalkyl includes 5-6
membered cycloalkyl groups. In another embodiment,
cycloalkyl includes C3-C6 cycloalkyl groups. In
another embodiment, cycloalkyl includes a 5-membered
cycloalkyl. In anotherembodiment, cycloalkyl includes
a 6 membered cycloalkyl. The term "cycloalkyl"
includes monocyclic and polycyclic (e.g., bicyclic and
tricyclic) cycloalkyl structures, wherein the
polycyclic structures optionally include a saturated
or partially unsaturated cycloalkyl ring fused to a
saturated, partially unsaturated or aromatic
cycloalkyl or heterocyclic ring. The cycloalkyl may be
optionally substituted independently with one or more
substituents described herein. [0027] Examples of
cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-l-enyl, l-cyclopent-2-enyl,
l-cyclopent-3-enyl, cyclohexyl, 1- cyclohex-1-enyl,
l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, cyclododecyl, bicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane, and bicyclo[3.2.2]nonane. [0028]
The abbreviations are sometimes used in conjunction
with elemental abbreviations and chemical structures,
for example, methanol ("MeOH") or ethanol ("EtOH").
[0029] The elemental abbreviation for hydrogen, i.e.,
"H", is used throughout the application. [0030] 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. The heteroaryl may be C-attached
or N-attached where such is possible. Heteroaryl
groups may be optionally substituted independently
with one or more substituents described herein. In one
embodiment, heteroaryl is a 5-6 membered heteroaryl.
In another embodiment, heteroaryl is a 9-10 membered
bicyclic heteroaryl. [0031] Examples of heteroaryl
groups include, but are not limited to, pyridinyl,
imidazolyl, imidazopyridinyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl,
pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl, oxadiazolyl,
triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, 



benzothiophenyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. [0032] The terms "heterocycle" refers
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 herein. In one embodiment,
heterocycle is a 4-6 membered group. In other
embodiments, heterocycle is a 5-6 membered group, a
5-membered group or a 6-membered group. "Heterocycle"
includes radicalswhere heterocycle radicals are fused
with a saturated, partially unsaturated, or aromatic
cyclic groups. [0033] Exemplary heterocyclyl groups
include, but are not limited to, oxiranyl, aziridinyl,
thiiranyl, azetidinyl, oxetanyl, thietanyl,
1,2-dithietanyl, 1,3-dithietanyl, pyrrolidinyl,
piperidinyl, morpholinyl, thiomorpholinyl, thioxanyl,
piperazinyl, homopiperazinyl, homopiperidinyl,
oxepanyl, thiepanyl, oxazepinyl, diazepinyl,
thiazepinyl, dihydrothienyl, dihydropyranyl,
dihydrofuranyl, tetrahydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, tetrahydrothiopyranyl, 1-
pyrrolinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl,
2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, pyrazolidinyl, dithianyl, dithiolanyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-
azabicyco[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl
and azabicyclo[2.2.2]hexanyl. [0034] The term
"halogen" as used herein means fluoro, chloro, bromo
or iodo. [0035] The term "enantiomer" refers to two
stereoisomers of a compound which are
nonsuperimposable mirror images of one another. [0036]
The term "diastereomer" refers to a pair of optical
isomers which are not mirror images of one another.
[0037] The term "tautomer" or "tautomeric form" refers
to structural isomers of different energies which are
interconvertible via a low energy barrier. [0038] 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. [0039] 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 disease, condition, or disorder described
herein. [0040] "Treating" is intended to mean at least
the mitigation of a disease condition in a mammal,
such as a human, that is affected, at least in part,
by the activity of one or more AKT protein kinases,
tyrosine kinases, additional serine/threonine kinases,
and/or dual specificity kinases. The terms "treat" and
"treatment" refer to both therapeutic treatment and
prophylactic or preventative measures, wherein the
object is to prevent or slow down (lessen) an
undesired physiological change or disorder. For
purposes of this invention, beneficial or desired
clinical results include, but are not limited to,
alleviation of symptoms, diminishment of extent of
disease,stabilized (i.e., not worsening) state of
disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and
remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean
prolonging survival as compared to expected survival
if not receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those found to be predisposed to having the
disease condition but have not yet been diagnosed as
having it; modulating and/or inhibiting the disease
condition. The terms "treating", "treat", or
"treatment" embrace both preventative, i.e.,
prophylactic, and palliative treatment. [0041] As used
herein, the term "mammal" refers to a warm-blooded
animal that has or is at risk of developing a disease
described herein and includes, but is not limited to,
guinea pigs, dogs, cats, rats, mice, hamsters, and
primates, including humans. [0042] 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. [0043] The term "a" as
used herein means one or more. [0044] As used herein,
the terms "compound of this invention," "compounds of
the present invention" and "compounds of Formula I "
includes compounds of Formula I and tautomers,
resolved enantiomers, resolved diastereomers, racemic
mixtures, solvates, metabolites, salts (including
pharmaceutically acceptable salts) and
pharmaceutically acceptable prodrugs thereof. [0045]
It is to be understood that in instances where two or
more radicals are used in succession to define a
substituent attached to a structure, the first named
radical is considered to be terminal and the last
named radical is considered to be attached to the
structure in question. Thus, for example, an
heteroarylalkyl radical is attached to the structure
in question by the alkyl group. AKT INHIBITORS [0046]
The inventive compounds of Formula I are useful for
inhibiting AKT protein kinases. The compounds of
Formula I 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. [0047] In general, the invention
includes compounds of the Formula I :I and resolved
enantiomers, resolved diastereomers, and
pharmaceutically acceptable salts thereof, wherein:
[0048] G is phenyl, naphthalene, a 5-6 membered
heteroaryl or a 9-10 membered bicyclic heteroaryl,
wherein the phenyl, naphthalene, or heteroaryls are
optionally substituted with one to four Ra groups;
[0049] R1 and Rla are independently selected from H,
Me, Et, -CH=CH2, -CH2OH, CF3, CHF2 or CH2F; [0050] R2
is selected from H, -OH, -OMe or F; [0051] R2a is
selected from H, Me or F, or [0052] R2 and R2a are
oxo; [0053] R3 is H, Me, Et, or CF3; [0054] R4 is H,
4-6 membered heterocycle, cyclopropylmethyl or C1-C4
alkyl optionally substituted with F, -OH or -0(C 1-C3
alkyl); [0055] R5 and R5a are independently selected
from H and C1-C4 alkyl, or R5 and R5a together with
the atom to which they are attached form a carbonyl
group, a 5-6 membered cycloalkyl or 5-6 membered
heterocycle, wherein the heterocycle has an oxygen
heteroatom; [0056] each Ra is independently halogen,
C1-C6 alkyl, C3-C6 cycloalkyl, -0-(C 1-C6 alkyl), CF3,
-OCF3, S(C1-C6 alkyl), CN, phenyl, -OCH2-phenyl, NH2,
-NO2, -NH-(C 1-C6 alkyl), -N-(C 1-C6 alkyl)2,
piperidine, pyrrolidine, pyrazole, pyridine,
2-aminopyridine, CH2F, CHF , -OCH2F, -OCHF2, -OH,
-SO2(C1-C6 alkyl), C(O)NH2, C(O)NH(Ci C6-alkyl), and
C(O)N(C 1-C6 alkyl)2; and [0057] j is 1 or 2; and when
j is 2, the j ring carbon opposite NR4 may be replaced
with an O heteroatom. [0058] In general, the invention
includes compounds of the Formula I :I and resolved
enantiomers, resolved diastereomers, and
pharmaceutically acceptable salts thereof, wherein:
[0059] G is phenyl optionally substituted with one to
four Ra groups or a 5-6 membered heteroaryl optionally
substituted by a halogen; [0060] R1 and Rla are
independently selected from H, Me, Et, -CH=CH2,
-CH2OH, CF3, CHF2 or CH2F; [0061] R2 is selected from
H, -OH, -OMe or F; [0062] R2a is selected from H, Me
or F, or [0063] R2 and R2a are oxo; [0064] R3 is H,
Me, Et, or CF3; [0065] R4 is H, 4-6 membered
heterocycle, cyclopropylmethyl or C1-C alkyl
optionally substituted with F, -OH or -0(C 1-C3
alkyl); [0066] R5 and R5a are independently selected
from H and C1-C4 alkyl, or R5 and R5a together with
the atom to which they are attached form a 5-6
membered cycloalkyl or 5-6 membered heterocycle,
wherein the heterocycle has an oxygen heteroatom;
[0067] each Ra is independently halogen, C]-C6-alkyl,
C3-C6-cycloalkyl, -O-(Cr C6-alkyl), CF3, -OCF3,
S(Ci-C6-alkyl), CN, -OCH2-phenyl, NH2, -NO2, -NH-(C r
C6-alkyl), -N-(C1-C6- yI)2, piperidine, pyrrolidine,
CH2F, CHF2, -OCH2F, -OCHF2, -OH, -SO2(C C6-alkyl),
C(O)NH2, C(O)NH(C !-C6-alkyl), and C(O)N(C rCe-alkyFh;
[0068] j is 1 or 2; and when j is 2, the j ring carbon
opposite NR4 may be replaced with an O heteroatom.
[0069] In a further embodiment of Formula I , R2 is
selected from H, -OH, -OMe or F; [0070] R2a is
selected from H, Me or F;[0071] R4 is H, 4-6 membered
heterocycle, cyclopropylmethyl or C1-C4 alkyl
optionally substituted with -OH or -0(C 1-C3 alkyl);
[0072] R5 and R5a are independently selected from H
and C1-C4 alkyl; and [0073] j is 1 or 2. [0074]
Referring to the G group of Formula I , examples
include phenyl ("Ph") optionally substituted with one
or more Ra groups independently selected from F, Cl,
Br, I, methyl, ethyl, isopropyl, tert-butyl,
cyclopropyl, CN, CF3, -OMe, -OEt, -OCF3, -NO2, -SMe
and -OCH2Ph. 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-
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, 4-(OCH2Ph)-phenyl, 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, 4-
trifluoromethylphenyl, 4-iodophenyl, 4-nitrophenyl,
4-tert-butylphenyl, 2-fluorophenyl, 3-
trifluoromethylphenyl,
2-fluoro-4-trifluoromethylphenyl,
3-fluoro-4-trifluoromethoxyphenyl, 3-
fluoro-4-trifluoromethylphenyl and
4-trifluoromethoxyphenyl. [0075] Referring to the G
group of Formula I , the phrase "5-6 membered
heteroaryl optionally substituted by a halogen"
includes thiophenes and pyridines, optionally
substituted by halogens. Particular examples include,
but are not limited to, the structures: [0076] In one
embodiment of Formula I , R3 is H. [0077] In another
embodiment of Formula I , R3 is methyl, wherein said
methyl is optionally in the (S) configuration. [0078]
In another embodiment of Formula I , R3 is ethyl.
[0079] In one embodiment, R5 is H. In a further
embodiment, R5a is H.[0080] In another embodiment, R5
is methyl. In a further embodiment R5a is methyl.
[0081] In another embodiment, R5 is ethyl. In a
further embodiment R5a is ethyl. [0082] In one
embodiment, R5a is H. [0083] In another embodiment,
R5a is methyl. [0084] In another embodiment, R5a is
ethyl. [0085] In certain embodiments, R5 and R5a are
independently selected from H and C1-C4 alkyl, or R5
and R5a together with the atom to which they are
attached form a carbonyl group, a 5-6 membered
cycloalkyl or 5-6 membered heterocycle, wherein the
heterocycle has an oxygen heteroatom. [0086] In
certain embodiments, R5 and R5a are independently
selected from H and C1-C4 alkyl, or R5 and R5a are oxo
or together with the atom to which they are attached
form a 5-6 membered cycloalkyl or 5-6 membered
heterocycle, wherein the heterocycle has an oxygen
heteroatom. [0087] In certain embodiments, R5 and R5a
together with the atom to which they are attached form
a carbonyl group, having the structure: 



wherein the wavy line is where the structure attaches
to the required piperazine of Formula I . [0088] In
certain embodiments, R5 and R5a together with the atom
to which they are attached form a 5-6 membered
cycloalkyl. This embodiment forms a bicyclic
spirocycle. In certain embodiments, R5 and R5a
together with the atom to which they are attached form
a 5-6 membered cycloalkyl, having the structure:
wherein k is 1 or 2 and the wavy line is where the
structure attaches to the required piperazine of
Formula I .[0089] In certain embodiments, R5 and R5a
together with the atom to which they are attached form
a 5 membered cycloalkyl, having the structure: wherein
the wavy line is where the structure attaches to the
required piperazine of Formula I . [0090] In certain
embodiments, R5 and R5a together with the atom to
which they are attached form a 6 membered cycloalkyl,
having the structure: wherein the wavy line is where
the structure attaches to the required piperazine of
Formula I . [0091] In certain embodiments, R5 and R5a
together with the atom to which they are attached form
a 5-6 membered heterocycle, wherein the heterocycle
has an oxygen heteroatom. This embodiment forms a
spirocycle. In certain embodiments, R5 and R a
together with the atom to which they are attached form
a 5-6 membered heterocycle, wherein the heterocycle
has an oxygen heteroatom, having the structure:
wherein k is 1 or 2 and the wavy line is where the
structure attaches to the required piperazine of
Formula I . [0092] In certain embodiments, R5 and R5a
together with the atom to which they are attached form
a 5 membered heterocycle, wherein the heterocycle has
an oxygen heteroatom, having the structure:wherein the
wavy line is where the structure attaches to the
required piperazine of Formula I . [0093] In certain
embodiments, R5 and R5a together with the atom to
which they are attached form a 6 membered heterocycle,
wherein the heterocycle has an oxygen heteroatom,
having the structure: wherein the wavy line is where
the structure attaches to the required piperazine of
Formula I . [0094] In certain embodiments, R1 is in
the (R) configuration. [0095] In one embodiment of
Formula I , R1 is methyl, wherein said methyl is
optionally in the (R) configuration. In certain
embodiments of Formula I, Rla is H. In certain
embodiments of Formula I, R1 and Rla are both methyl.
[0096] In another embodiment of Formula I , R1 is H.
In certain embodiments of Formula I , Rla is H. [0097]
In another embodiment of Formula I , R1 is ethyl. In
certain embodiments of Formula I , Rla is H. [0098] In
another embodiment of Formula I , R1 is CH=CH2
(vinyl). In certain embodiments of Formula I , Rla is
H. [0099] In another embodiment of Formula I , R1 is
CH2OH. In certain embodiments of Formula I , Rla is H.
[00100] In certain embodiments, R1 is CH2F. In certain
embodiments of Formula I , Rla is H. [00101] In one
embodiment of Formula I , Rla is H. [00102] In certain
embodiments, R2 is in the (R) configuration. [00103]
In certain embodiments, R2 is in the (S)
configuration. [00104] In certain embodiments, R2 is
H.[00105] In one embodiment of Formula I , R2 and R2a
are H. [00106] In certain embodiments, R2 is F.
[00107] In another embodiment of Formula I , R2 and
R2a are F. [00108] In another embodiment of Formula I
, R2 is F and R2a is H. In certain embodiments, R2 is
F in the (R) configuration. In certain embodiments, R2
is F in the (S) configuration. [00109] In another
embodiment of Formula I , R2 is OH. In certain
embodiments of Formula I, R2a is H. In certain
embodiments, R2 is OH in the (R) configuration. In
certain embodiments, R is OH in the (S) configuration.
[00110] In another embodiment of Formula I , R2 is OH.
In certain embodiments of Formula I , R2a is CH3. In
certain embodiments, R2 is OH in the (R)
configuration. In certain embodiments, R is OH in the
(S) configuration. [00111] In another embodiment of
Formula I , R2 is -OMe. In certain embodiments, R2 is
-OMe in the (R) configuration. [00112] In certain
embodiments, R2 and R2a are oxo. [00113] In certain
embodiments, R2a is in the (R) configuration. [00114]
In certain embodiments, R2a is in the (S)
configuration. [00115] In certain embodiments, R2a is
H. [00116] In certain embodiments, R2a is CH3. [00117]
In certain embodiments, R2a is F. [00118] In certain
embodiments, G is phenyl, naphthalene, a 5-6 membered
heteroaryl or a 9-10 membered bicyclic heteroaryl,
wherein the phenyl, naphthalene, or heteroaryls are
optionally substituted with one to four Ra groups. In
certain embodiments, G is phenyl, naphthalene, a 5-6
membered heteroaryl or a 9-10 membered bicyclic
heteroaryl, wherein the phenyl, naphthalene, or
heteroaryls are optionally substituted with one to
four Ra groups, wherein the heteroaryl contains one or
two heteroatoms selected from nitrogen and oxygen. In
certain embodiments, G is phenyl, naphthalene, a 5-6
membered heteroaryl or a 9-10 membered bicyclic
heteroaryl, wherein the phenyl, naphthalene, or
heteroaryls are optionally substituted with one to
four Ra groups, wherein the 5-6 membered heteroaryl is
a thiophene, and the 9-10 membered bicyclic heteroaryl
is an indole or a benzisoxazole. hi certain
embodiments, G is phenyl, naphthalene, a 5-6 membered
heteroaryl or a 9-10 membered bicyclic heteroaryl,
wherein the phenyl, naphthalene, or heteroaryls are
optionally substituted with one to four Ra groups,
wherein the 5-6 membered heteroaryl is a thiophene,
and the 9-10 membered bicyclic heteroaryl is an
indole.[00119] In certain embodiments, G is phenyl
optionally substituted with one to four Ra groups, a
5-6 membered heteroaryl optionally substituted with
halogen, naphthalene, or a 9-10 membered bicyclic
heteroaryl. [00120] In one embodiment of Formula I , G
is phenyl optionally substituted with one to four Ra
groups. In certain embodiments, each Ra is
independently halogen, CrC 6-alkyl, C3-C6- cycloalkyl,
-O-(Ci-C6-alkyl), CF3, -OCF3, S(Cr C6-alkyl), CN,
phenyl, -OCH2-phenyl, NH2, -NO2, -NH-Cd-C -alkyl),
-N-(CrC 6-alkyl)2, piperidine, pyrrolidine, pyrazole,
pyridine, 2-aminopyridine, CH2F, CHF2, -OCH2F, -OCHF2,
-OH, -SO2(C1-C6-alkyl), C(O)NH2, C(O)NH(Cr C6-alkyl),
and C(O)N(C C6-alkyl)2. 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-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, 4-(OCH2Ph)-phenyl, 3-
fluoro-4-bromophenyl, 4-iodophenyl, 4-nitrophenyl,
4-tert-butylphenyl, 2-fluorophenyl, 3-
trifluoromethylphenyl,
2-fluoro-4-trifluoromethylphenyl,
3-fluoro-4-trifluoromethoxyphenyl, 4-
trifluoromethoxyphenyl, 4-bromo-2-fluorophenyl,
2-fluoro-4-methylphenyl, 4-fluoro-3-
trifluoromethylphenyl, 3-bromophenyl, 3-fluorophenyl,
2-fluoro-4-methoxyphenyl, 4-(lH-pyrazol- 4-yl)phenyl,
biphenyl-4-yl, 4-(2-aminopyrimidin-5-yl)phenyl,
2,3-difluoro-4- trifiuoromethylphenyl,
2-fluoro-3-(trifluoromethyl)phenyl, and
2-fluoro-5-(trifluoromethyl)phenyl. [00121] In one
embodiment of Formula I , G is phenyl optionally
substituted with one or more groups independently
selected from F, Cl, Br, I, methyl, ethyl, isopropyl,
tert-butyl, cyclopropyl, CN, CF3, OMe, OEt, OCF3, NO2,
SMe and OCH2Ph. 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-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,
4-(OCH2Ph)-phenyl, 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,
4-trifluoromethylphenyl, 4- iodophenyl, 4-nitrophenyl,
4-tert-butylphenyl, 2-fluorophenyl,
3-trifluoromethylphenyl, 2-fluoro-4-
trifluoromethylphenyl,
3-fluoro-4-trifluoromethoxyphenyl,
3-fluoro-4-trifluoromethylphenyl and 4-
trifluoromethoxyphenyl. In particular embodiments, G
is selected from 4-chlorophenyl, 3-fluoro-4-
chlorophenyl, 3-fluoro-4-trifluoromethylphenyl and
4-cyclopropylphenyl. [00122] In one embodiment of
Formula I , 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: [00123] In certain
embodiments, G is naphthalene optionally substituted
with one to four Ra groups. In certain embodiments, G
is naphthalene. In certain embodiments, G is
naphthalen-1-yl or naphthalen-2-yl. [00124] In certain
embodiments, G is a 9-10 membered bicyclic heteroaryl.
In certain embodiments, G is a 9-10 membered bicyclic
heteroaryl, wherein the heteroaryl contains one to two
heteroatoms selected from nitrogen and oxygen. In
certain embodiments, G is a 9-10 membered bicyclic
heteroaryl, wherein the heteroaryl contains one
nitrogen heteroatom. In certain embodiments, G is a
9-10 membered bicyclic heteroaryl, wherein the
heteroaryl is an indole or benzisoxazole. In certain
embodiments, G is a 9-10 membered bicyclic heteroaryl,
wherein the heteroaryl is an indole. In certain
embodiments, G is a 9-10 membered bicyclic heteroaryl,
wherein the heteroaryl is a lH-indol-3-yl. [00125] In
certain embodiments, G is substituted by one Ra group.
[00126] In certain embodiments, Ra is Cl. [00127] In
certain embodiments, Ra is Br. [00128] In certain
embodiments, Ra is cyclopropyl. [00129] In certain
embodiments, Ra is trifluoromethyl. [00130] In certain
embodiments, Ra is cyano.[00131] In certain
embodiments, Ra is -SO2(C]-C6-alkyl). In certain
embodiments, Ra is -SO 2CH3. [00132] In certain
embodiments, Ra is C(O)NH2. In certain embodiments, G
is benzamide. [00133] In certain embodiments, Ra is F.
[00134] In certain embodiments, Ra is phenyl. [00135]
In certain embodiments, Ra is 2-aminepyrimidine. In
certain embodiments, Ra is 2- aminepyrimidin-5-yl.
[00136] In certain embodiments, Ra is C1-C6 alkyl. In
certain embodiments, Ra is methyl or tert-butyl.
[00137] In certain embodiments, Ra is lH-pyrazole. In
certain embodiments, Ra is IHpyrazol- 4-yl. [00138] In
certain embodiments, Ra is methoxy. [00139] In certain
embodiments, Ra is trifluoromethoxy. [00140] In
certain embodiments, G is substituted by two Ra
groups, hi certain embodiments, Ra is selected from F,
Cl, CF3 or CN. [00141] In certain embodiments, G is
4-chlorophenyl, 4-bromophenyl, 4-cyclopropylphenyl,
4-trifluoromethylphenyl, 4-cyanophenyl, 4-benzamide,
4-(methylsulfonyl)phenyl, 2-fluoro-4-
trifluoromethylphenyl, 3-fluoro-4-chlorophenyl,
3-fluoro-4-trifluoromethylphenyl, 3-fluoro-4-
cyanophenyl, 4-chloro-2,5-difluorophenyl,
4-chloro-2-fluorophenyl, 4-bromo-2-fluorophenyl,
Abromo- 3-fluorophenyl, 3-chlorophenyl,
2-fluoro-4-methylphenyl, 2,4-dichlorophenyl, 3,4-
dichlorophenyl, 4-fluorophenyl,
4-fluoro-3-trifluoromethylphenyl, 3-bromophenyl, 3-
trifluoromethylphenyl, 3-fluorophenyl,
2-fluoro-4-methoxyphenyl, 4-(lH-pyrazol-4-yl)phenyl,
biphenyl-4-yl, 4-(2-aminopyrimidin-5-yl)phenyl,
4-tert-butylphenyl, 2,3-difluoro-4-
(trifluoromethyl)phenyl,
2-fluoro-3-(trifluoromethyl)phenyl,
2-fluoro-5-(trifluoromethyl)phenyl, A-
(trifluoromethoxy)phenyl, and
3-fluoro-4-(trifluoromethoxy)phenyl. [00142] In
certain embodiments, G is 4-chlorophenyl,
4-bromophenyl, 4-cyclopropylphenyl, 



4-trifluoromethylphenyl, 4-cyanophenyl, 4-benzamide,
4-(methylsulfonyl)phenyl, 2-fluoro-4-
trifluoromethylphenyl, 3-fluoro-4-chlorophenyl,
3-fluoro-4-trifluoromethylphenyl, 3-fluoro-4-
cyanophenyl, 4-chloro-2,5-difluorophenyl,
4-chloro-2-fluorophenyl, 4-bromo-2-fluorophenyl,
Abromo- 3-fluorophenyl, 2-fluoro-4-methylphenyl,
2,4-dichlorophenyl, 3,4-dichlorophenyl, Afluorophenyl,
4-fluoro-3-trifluoromethylphenyl,
2-fluoro-4-methoxyphenyl, 4-(lH-pyrazol-4- yl)phenyl,
biphenyl-4-yl, 4-(2-aminopyrimidin-5-yl)phenyl,
4-tert-butylphenyl, 2,3-difluoro-4-
(trifluoromethyl)phenyl,
2-fluoro-3-(trifluoromethyl)phenyl,
2-fluoro-5-(trifluoromethyl)phenyl, A-
(trifluoromethoxy)phenyl, and
3-fluoro-4-(trifluoromethoxy)phenyl.[00143] In certain
embodiments, G is 4-chlorophenyl, 4-bromophenyl,
4-cyclopropylphenyl, 4-trifluoromethylphenyl,
4-cyanophenyl, 4-benzamide, 4-(methylsulfonyl)phenyl,
2-fluoro-4- trifluoromethylphenyl,
3-fluoro-4-chlorophenyl,
3-fluoro-4-trifluoromethylphenyl or 3-fluoro-4-
cyanophenyl. [00144] In one embodiment of Formula I ,
R4 is C1-C4 alkyl. In particular embodiments, R4 is
selected from methyl, ethyl, isopropyl or isobutyl.
[00145] In one embodiment of Formula I, R4 is C1-C4
alkyl optionally substituted with -OH. In particular
embodiments, R4 is CH2CH2OH, CH2CH2CH2OH, or
CH2C(CH3)2OH. [00146] In one embodiment of Formula I ,
R4 is C1-C4 alkyl optionally substituted with -0(C
1-C3 alkyl). In a particular embodiment, R4 is
CH2CH2OCH3. [00147] In one embodiment of Formula I ,
R4 is C1-C4 alkyl optionally substituted with F. In
particular embodiments, R4 is CH2CF3, CH2CH2F or
CH2CHF2. [00148] In one embodiment of Formula I , R4
is cyclopropylmethyl. [00149] In one embodiment of
Formula I , R4 is a 4-6 membered heterocycle. In a
particular embodiment, R4 is a 6 membered heterocycle.
In a further embodiment, R4 is a 6 membered
heterocycle containing an oxygen atom. In a further
embodiment, R4 is tetrahydropyranyl. [00150] In a
further embodiment, R4 is tetrahydropyran-4-yl.
[00151] In another embodiment of Formula I , R4 is H.
[00152] In one embodiment of Formula I , j is 1. When
j is 1, Formula I has the structure of Formula IA: IA
[00153] In another embodiment of Formula I , j is 2.
When j is 2, Formula I has the structure of Formula
IB:IB [00154] In another embodiment of Formula I , j
is 2 and the j ring carbon opposite NR4 may be
replaced with an O heteroatom. This embodiment of
Formula I is shown below as Formula IC: IC [00155] In
another embodiment of Formula I , G is 3-substituted
phenyl. This embodiment of Formula I is shown below as
Formula II:II wherein R1, Rla, R2, R2a, R3, R4, R5,
R5a, Ra and j are as defined herein. [00156] In
certain embodiments of Formula II, Ra is halogen or
CF3. [00157] In certain embodiments, compounds of
Formula I exclude compounds of Formula II. [00158] 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. [00159] The compounds of
Formula I also include other salts of such compounds
which are not necessarily pharmaceutically acceptable
salts, and which may be useful as intermediates for
preparing and/or purifying compounds of Formula I
and/or for separating enantiomers of compounds of
Formula I . SYNTHESIS OF COMPOUNDS OF FORMULA I
[00160] Compounds of the present 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 Sigma-Aldrich (St.
Louis, MO), Alfa Aesar (Ward Hill, MA), or TCI
(Portland, OR), or are readily prepared using methods
well known to those skilled in the art (e.g., prepared
by methods generally described in Louis F. Fieser and
Mary Fieser, Reagentsfor 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 (also available via the
Beilstein online database). [00161] Compounds of
Formula I 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
ofcompounds of Formula I 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 salts
thereof. [00162] For illustrative purposes, Schemes
1-8 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. Scheme 1 [00163]
Scheme 1 shows a method of preparing compounds of
general formula 10. Condensation of an appropriately
substituted phenyl acetic acid (1) with a chiral
auxiliary (e.g., an Evans' oxazolidinone (2)) can be
performed using an acid chloride, such as pivaloyl
chloride as activating agent in the presence of a
tertiary amine base, such as Hunig's base. Reduction
of lactam (4) with a reducing agent (for example
diisobutylaluminium hydride ("DIBAL-H") at -78C to
25C), and quenching with methanol and in the presence
of an acid such as p-toluenesulfonic acid("pTsA")
produces the intermediate methoxyheterocycle (5).
Condensation of (3) and (5) can be accomplished using
an appropriate Lewis acid and a mild base (e.g.,
titanium tetrachloride and diisopropylethylamine) to
form a 2-substituted heterocycle (6). This reaction
may need to be carried out at low temperature (e.g.,
-100C to 0C) to obtain acceptable diastereoselectivity
in the reaction. Hydrolysis of the chiral auxiliary
using a base (e.g., LiOH, H2O2) at 0C to 500C produces
the carboxylic acid (7). A fully elaborated analog can
be synthesized by coupling an acid (7) to the
piperazine intermediate (8) using peptide bond forming
conditions (e.g., 2-(1Hbenzotriazole-
l-yl)-l,l,3,3-tetramethyluronium hexafluorophosphate
("HBTU"), N Ndiisopropylethylamine ("DIEA") at 00C to
50C). Deprotection of compound (9) using anhydrous
acid (e.g., HCl in dioxane) produces the free amine.
If desired, reductive amination of this amine (using
an aldehyde and reducing agent (e.g., NaBH(OAc)3)),
alkylation or acylation under standard conditions
allows the preparation of the tertiary amine (10).
[00164] Use of an alternate chiral auxiliary, a
different stereochemistry of the Evans' auxiliary or
reaction conditions/reagents may lead to alternate
stereoisomers of the product being isolated, providing
a general route into alternative absolute
stereochemistries of compound 6. / COOEt Br2/Et2O
NaOEtZEt2O O EtOAc l l 12 13 POCl, Scheme 2 [00165]
Scheme 2 shows a method of preparing compounds 19 of
Formula I wherein R , R2a and R are hydrogen and Rla
is methyl. According to Scheme 1, intermediate 13 can
be prepared by brominating (+)-pulegone 11 to provide
the di-bromide 12, followed by treatment of the
dibromide 12 with a base such as sodium ethoxide.
Ozonolysis of the pulegenate 13 gives the ketoester
14. The pyrimidine ring is constructed by reacting the
ketoester 14 with thiourea in the presence of base
such as KOH. The mercapto group at 2-position of
compound 15 is eliminated by reduction with the
catalyst such as Raney Ni in ammonia. Chlorination of
the hydroxypyrimidine 16 provides the
4-chloropyrimidine 17. SNAGreaction of the
chloropyrimidine 17 with piperazine provides the
intermediate 18. After deprotection of intermediate
18, acylation of the piperazine derivatives with an
appropriately substituted amino acid followed by
second deprotection step and optional additional
functionalization provides compound 19. oxidation
fluorination optional Scheme 3 [00166] Scheme 3
illustrates a method for preparing compound 26 of
Formula I wherein R1 is methyl, R2 and R2a are F, and
Rla is H. According to Scheme 3, oxidation of compound
20 (prepared according to the method of Scheme 2)
wherein Pg is an appropriate amine protecting group
(see Protective Groups in Organic Synthesis by Greene
and Wuts, Wiley-Interscience, third edition, Chapter
7, for suitable amine protecting groups) using an
appropriate oxidizing agent such as
meta-chloroperbenzoic acid ("m-CPBA"), Oxone, etc., at
a suitable temperature (e.g., 00C to room temperature)
in an appropriate solvent such as dichloromethane
("DCM") or chloroform gives the TV-oxide 21, which can
then be acylated with an appropriate anhydride, such
as acetic anhydride, and heated to furnish a mixture
of esters 22. Ester hydrolysis using an aqueous base,
such as NaOH or LiOH, affords the mixture of secondary
alcohols 23, 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 24.
Treatment of 24 with afluorinating reagent, such as
DAST or Deoxo-Fluor, in an appropriate solvent, such
as DCM or chloroform, provides the gem-difluoride
compound 25. Removal of the nitrogen protecting group
from compound 25 under appropriate conditions (see
Protective Groups in Organic Synthesis by Greene and
Wuts, Wiley-Interscience, 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., dimethylformamide
("DMF"), DCM, chloroform, tetrahydrofuran ("THF"),
etc) with an appropriately protected amino acid,
followed by removal of the protecting group, and
additional optional functionalization affords compound
26.Hydrolysis Scheme 4 [00167] Scheme 4 shows a method
of preparing compounds 40, 40a, 4 1 and 42. According
to Scheme 4, animation of compound 27 using an ammonia
synthon gives compound 28. 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 29. Activation of compound 29 using,
for example, POCl3 or SOCl2 gives the activated
pyrimidine 30. Displacement of this leaving group,
using a suitable protected/substituted piperidine at
00C to 150C gives the piperidine31. Oxidation, using,
for example, m-CPBA or Oxone at -200C to 500C gives
the N-oxide 32. Treatment with an acylating agent
(e.g., acetic anhydride) followed by heating (400C to
200 0C) causes rearrangement to give compound 33.
Hydrolysis, using, for example LiOH or NaOH at 00C to
500C gives the alcohol 34. Oxidation, using for
example, Swern conditions, MnO4 or pyridine- SO
complex at appropriate temperatures gives the ketone
35. Asymmetric reduction using, for example, a
catalytic chiral catalyst in the presence of hydrogen,
the Corey-Bakshi-Shibata catalyst ("CBS catalyst") or
a borohydride reducing agent in the presence of a
chiral ligand gives rise to either the (R) or the (S)
stereochemistry at the alcohol 36 or 37.
Alternatively, a non-chiral reducing agent could be
used (e.g., H2, PdVC), 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 36 or 37 with a fluorinating agent (e.g.,
DAST at -20C to 1000C) gives rise to the fluorinated
analogues with inverted stereochemistry 38 or 39
respectively. Finally removal of the t-butoxycarbonyl
("Boc") group, using, for example, acid at 00C to
500C, 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 4 1 and 42. [00168] Alternatively, removal
of the Boc-group of 36 or 37, using, for example, acid
at 00C to 500C, 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 40 and 40a. [00169] Alternatively,
compound 34 could be optionally functionalized and
then separated by chromatographic or diastereomeric
techniques followed by optional defunctionalization
(e.g., see Scheme 8) to give a both compounds 36 and
37. 



[00170] In Scheme 4, R5 and R5a are independently
selected from H and C1-C4 alkyl, or R5 and R a
together with the atom to which they are attached form
a 5-6 membered cycloalkyl or 5-6 membered heterocycle,
wherein the heterocycle has an oxygen heteroatom.1. De
protection 2 . Acylation 3. Functionalisation 47
Scheme 5 [00171] Scheme 5 shows a method of preparing
compound 47. According to Scheme 5, amination of
compound 43 using an ammonia synthon gives compound
44. Pyrimidine formation using, for example, ammonium
formate in the presence of formamide at 50 to 250C
and/or at high pressure gives the bicyclic unit 45.
Activation of compound 45 using, for example, POCl3 or
SOCI2 gives the activated pyrimidine and displacement
of this leaving group, using a suitable
protected/substituted piperidine at 0C to 150C gives
the piperidine 46. Removal 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 47.
These analogues may then be subject to separation
techniques to give the single enantiomers.n Scheme 6
[00172] Scheme 6 shows a method of preparing compounds
53, 55 and 56, which include a late stage
functionalization of R1. According to Scheme 6,
animation of compound 48 using an ammonia synthon
gives compound 49. 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 50. Activation of compound 50 using, for
example, POCl3 or SOCl2 gives the activated pyrimidine
and displacement of this leaving group, using a
suitable protected/substituted piperidine at O0C to
150C gives the piperidine 51. The olefin may be left
intact or functionalized, using for example, ozone at
-100C to -50C, followed by a reductive work up (e.g.,
NaBH4) may give the hydroxymethyl derivative 52.
Alternatively, reduction of the olefin, using, for
example, H2/Pd/C at 0C to 500C at 1 atm to 50 atm
gives rise to the ethyl derivative 54. Subsequent
deprotection of the Boc-group, using, for example,
acid at O0C 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) givesrise to
the final compounds 53, 55 and 56. These analogues may
then be subject to separation techniques to give the
single enantiomers. Reduction 57 58 59 60 Oxidation 61
62 63 64 65 66 Scheme 7 [00173] Scheme 7 shows a
method of preparing compound 66 of Formula I wherein
R2 is OH and R2a is H. Formation of pyrimidine 58 can
be accomplished by the reaction of the keto ester 57
with thiourea in the presence of a base such as KOH in
an appropriate solvent, such as ethanol. After
reduction of the mercapto group of compound 58 under
standard reducing conditions (e.g., Raney Ni and
NH4OH) to provide compound 59, the hydroxypyrimidine
59 can be activated under standard conditions (e.g.,
POCl3 in DIEA/dichloroethylene ("DCE")) to provide
compound 60. Compound 60 is then oxidized under
standard conditions (e.g., m-CPBA in an appropriate
solvent such as CHCl3) to give the pyrimidine-oxide
61. Treatment of the pyrimidine-oxide with acetic
anhydride gives the rearrangement product 62. Compound
63 is obtained by reacting compound 62 with an
appropriately substituted piperidine under standard S
Ar reaction conditions to provide compound 63.
Compound 63 is hydrolyzed to provide compound 64,
which is then deprotected to yield the intermediate
65. Acylation of the piperazinyl
cyclopenta[d]pyrimidine 65 with an appropriated amino
acid in the presence of a coupling reagent such as
HBTU, followed by optional functionalization, gives
compound 66 of Formula I .1. Methylation 2.
Deprotection 3. Acylation 4. Optional
functionalization 76 77 Scheme 8 [00174] Scheme 8
shows a method of preparing compounds 74, 75, 76 and
77 of Formula I, wherein R1 is methyl and R2 is either
hydroxy or methoxy. According to Scheme 8,
chlorination of the hydroxypyrimidine 67 under
standard conditions (e.g., POCl3) provides the
4-chloropyrimidine 68. The oxidation of the
4-chloropyrimidine 68 with an oxidizing agent such as
m-CPBA or hydrogen peroxide provides the N-oxide 69.
Rearrangement of the N-oxide 69 with acetic anhydride
yields the intermediate 70. Compound 70 is reacted
with the desired piperazine to provide compound 71.
Compound 7 1 is subjected to separation (e.g., HPLC
with a chiral stationary phase) and then hydrolyzed
upon treatment with a base such as lithium hydroxide
to provide compounds 72 and 73, respectively.
Compounds 72 and 73 are then subject to deprotection
(e.g., 4N HCl/dioxane for a Boc group), and are then
reacted with the appropriate amino acid and optionally
functionalized (e.g., reductive animation, alkylation,
acylation, etc.) to provide compounds 74 and 75,
respectively.[00175] Alternatively, the 7-hydroxy
group of compounds 72 and 73 may be alkylated with
alkylating reagent such as alkyl halide (e.g., MeI) in
the presence of a base such as NaH or KOH, followed by
deprotection (e.g., 4N HCl/dioxane for a Boc group);
reacted with the appropriate amino acid and optionally
functionalized (e.g., reductive amination, alkylation,
acylation, etc.) to provide compounds 76 and 77,
wherein R2 is methoxy. [00176] Alternatively, compound
7 1 may be hydrolyzed (e.g., a base such as LiOH) and
then functionalized to ease separation (e.g.,
4-nitrobenzoyl chloride, triethylamine), separated and
then hydrolyzed (e.g., a base such as lithium
hydroxide) to give the alcohols 72 and 73. Scheme 9
[00177] Scheme 9 shows a method of forming the
protected amino acid unit 83, with an alternative
stereochemistry to that depicted in compound 7. A
suitable ester (e.g., compound 1) may be converted to
the diazo analogue 80 by treatment with a suitable
azide (e.g., 4- acetamidobenzenesulfonyl azide, 79;
itself obtained by the treatment of the sulfonyl
chloride, 78, with sodium azide in acetone/water at 0C
to room temperature) in, for example, acetonitrile in
the presence of an amine base (e.g., DBU) at -20C to
room temperature to give compound 80. This compound,
80, may be treated with an appropriately protected and
optionally substituted cyclic amine 8 1 in the
presence of a chiral rhodium catalyst (e.g.,
Rh2(S-DOSP)4
(Tetrakis[N-[(4-dodecylphenyl)sulfonyl]-(L)-prolinato]
dirhodium)) or similar catalysts as reported, for
example, in Davies, Huw ML, et al, J. Am. Chem. Soc,
Vol. 118, No. 29, pp. 6897-6907 (1996) and Davies, Huw
ML, et al, J. Am. Chem. Soc, Vol. 125, No. 21, pp.
6462-6468 (2003), at temperatures between -78C and
100C to give compound 82. By varying the ligand, its
stereochemistry or the temperature, alternative
stereochemical outcomes or enantiomeric/diastereomeric
excesses may be obtained (see, for example, Davies,
Huw ML, et al, J. Am. Chem. Soc, Vol. 125, No. 21, pp.
6462-6468 (2003) and references cited therein).
Subsequent hydrolysis, using for example, lithium
hydroxide, in an aqueous-organic solvent system (e.g.,
H2O/THF) at 0C to room temperature gives the desired
acid 83. This may be coupled with any of the
core-piperazine systems (e.g., compound 8) described
in Schemes 1-8. [00178] Accordingly, another aspect of
the invention provides a process of preparing
compounds of Formula I , comprising: [00179] (a)
reacting a compound of the Formula 8: or a salt
thereof, wherein R1, Rla, R2, R2a and R3 are as
defined herein, with a compound of the Formula 7:
wherein R5, R5a and j are as defined herein to prepare
a compound of Formula 9:[00180] (b) deprotecting the
compound of Formula 9; and [00181] (c) optionally
functionalizing the compound of Formula 9 to prepare a
compound of Formula I . [00182] Accordingly, another
aspect of the invention provides a process of
preparing compounds of Formula I , comprising: [00183]
(a) reacting a compound of the Formula 8: or a salt
thereof, wherein R1, Rla, R2, R2a and R3 are as
defined herein, with a compound of the Formula 83:
wherein R>5 , r R> 5aa and j are as defined herein to
prepare a compound of Formula 84: [00184] (b)
deprotecting the compound of Formula 84; and [00185]
(c) optionally functionalizing the compound of Formula
84 to prepare a compound of Formula I . [00186] In
preparing compounds of Formula I , 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 thepreparation methods. Suitable amino-protecting
groups (NH-Pg) include acetyl, trifluoroacetyl,
tbutoxycarbonyl (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 [00187] The
compounds of this invention may possess one or more
asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as
mixtures thereof. Unless indicated otherwise, the
description or naming of a particular compound in the
specification and claims is intended to include both
individual enantiomers and diastereomers, and
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. Diastereomers have different physical
properties, e.g., melting points, boiling points,
spectral properties, and reactivities. [00188] 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 (hereinafter separated) 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. One skilled in
the art will apply techniques most likely to achieve
the desired separation. [00189] 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. Enantiomers can also
be separated by use of a chiral HPLC column. [00190] 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 ofdiastereomers using optically
active resolving agents (Eliel, E. and Wilen, S.
"Stereochemistry of Organic Compounds," John Wiley &
Sons, Inc., New York, 1994; Lochmuller, C. H., (1975)
J. Chromatogr., 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).
[00191] Under method (1), diastereomeric salts can be
formed by reaction of enantiomerically pure chiral
bases such as brucine, quinine, ephedrine, strychnine,
a-methyl-b- 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 salts. [00192]
Alternatively, by method (2), the substrate to be
resolved is reacted with one enantiomer of a chiral
compound to form a diastereomeric pair (E. and Wilen,
S. "Stereochemistry of Organic Compounds", John Wiley
& Sons, Inc., 1994, p. 322). Diastereomeric compounds
can be formed by reacting asymmetric compounds with
enantiomerically pure chiral derivatizing reagents,
such as menthyl derivatives, followed by separation of
the diastereomers and hydrolysis to yield the pure or
enriched enantiomer. A method of determining optical
purity involves making chiral esters, such as a
menthyl ester, e.g., (-) menthyl chloroformate in the
presence of base, or Mosher ester,
a-methoxy-a-(trifluoromethyl)phenyl acetate (Jacob
III. J. Org. Chem., (1982) 47:4165), of the racemic
mixture, and analyzing the 1H NMR spectrum for the
presence of the two atropisomeric enantiomers or
diastereomers. Stable diastereomers of atropisomeric
compounds can be separated and isolated by normal- and
reverse-phase chromatography following methods for
separation of atropisomeric naphthyl-isoquinolines (WO
96/151 11). [00193] By method (3), a racemic mixture
of two enantiomers can be separated by chromatography
using a chiral stationary phase ("Chiral Liquid
Chromatography" (1989) W. J . Lough, Ed., Chapman and
Hall, New York; Okamoto, J. of Chromatogr., (1990)
513:375-378). Enriched or purified enantiomers can be
distinguished by methods used to distinguish other
chiral molecules with asymmetric carbon atoms, such as
optical rotation and circular dichroism.[00194] 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. 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. [00195] 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. ADMINISTRATION AND PHARAMCEUTICAL
FORMULATIONS [00196] The compounds of the invention
may be administered by any convenient 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. [00197] The compounds
may be administered in any convenient administrative
form, e.g., tablets, powders, capsules, solutions,
dispersions, suspensions, syrups, sprays,
suppositories, gels, emulsions, patches, etc. Such
compositions may contain components conventional in
pharmaceutical preparations, e.g., diluents, carriers,
pH modifiers, sweeteners, bulking agents, and further
active agents. If parenteral administration is
desired, the compositions will be sterile and in a
solution or suspension form suitable for injection or
infusion. [00198] A typical formulation is prepared by
mixing a compound of the present invention and a
carrier or excipient. Suitable carriers and excipients
are well known to those skilled in the art and are
described in detail in, e.g., Howard C. Ansel et al.,
Pharmaceutical Dosage Forms and Drug Delivery Systems,
(8th Ed. 2004); Alfonso R. Gennaro et al., Remington:
The Science and Practice of Pharmacy, (20th Ed. 2000);
and Raymond C. Rowe, Handbook of Pharmaceutical
Excipients, (5th Ed. 2005). The formulations may also
include one or more buffers, stabilizing agents,
surfactants, wetting agents, lubricating agents,
emulsifiers, suspending agents, preservatives,
antioxidants, opaquing agents, glidants, processing
aids, colorants, sweeteners, perfuming agents,
flavoring agents, diluents and other known additives
to provide an elegant presentation of the drug (i.e.,
a compound of the present invention or pharmaceutical
composition thereof) or aid in the manufacturing of
the pharmaceutical product (i.e., medicament). [00199]
One embodiment of the present invention includes a
pharmaceutical composition comprising a compound of
Formula I, or a stereoisomer or pharmaceutically
acceptable saltthereof. In a further embodiment, the
present invention provides a pharmaceutical
composition comprising a compound of Formula I , or a
stereoisomer or pharmaceutically acceptable salt
thereof, together with a pharmaceutically acceptable
carrier or excipient. METHODS OF TREATMENT WITH
COMPOUNDS QF FORMULA I [00200] The compounds of the
present invention can be used as prophylactics or
therapeutic agents for treating diseases or disorders
mediated by modulation or regulation of AKT protein
kinases, tyrosine kinases, additional serine/threonine
kinases, and/or dual specificity kinases. AKT protein
kinase 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. [00201] In one embodiment, said
pharmaceutical composition is for the treatment of
hyperproliferative disorders, including cancers of the
following categories: (1) Cardiac: sarcoma
(angiosarcoma, fibrosarcoma, rhabdomyosarcoma,
liposarcoma), myxoma, rhabdomyoma, fibroma, lipoma and
teratoma; (2) Lung: bronchogenic carcinoma (squamous
cell, undifferentiated small cell, undifferentiated
large cell, adenocarcinoma), alveolar (bronchiolar)
carcinoma, bronchial adenoma, sarcoma, lymphoma,
chondromatous hamartoma, mesothelioma, non-small cell
lung, small cell lung; (3) Gastrointestinal: esophagus
(squamous cell carcinoma, adenocarcinoma,
leiomyosarcoma, lymphoma), stomach (carcinoma,
lymphoma, leiomyosarcoma), pancreas (ductal
adenocarcinoma, insulinoma, glucagonoma, gastrinoma,
carcinoid tumors, vipoma), small bowel
(adenocarcinoma, lymphoma, carcinoid tumors, Karposi's
sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma,
fibroma), large bowel (adenocarcinoma, tubular
adenoma, villous adenoma, hamartoma, leiomyoma); (4)
Genitourinary tract: kidney (adenocarcinoma, Wilm's
tumor [nephroblastoma], lymphoma, leukemia), bladder
and urethra (squamous cell carcinoma, transitional
cell carcinoma, adenocarcinoma), prostate
(adenocarcinoma, sarcoma), testis (seminoma, teratoma,
embryonal carcinoma, teratocarcinoma, choriocarcinoma,
sarcoma, interstitial cell carcinoma, fibroma,
fibroadenoma, adenomatoid tumors, lipoma); (5) Liver:
hepatoma (hepatocellular carcinoma),
cholangiocarcinoma, hepatoblastoma, angiosarcoma,
hepatocellular adenoma, hemangioma; (6) Bone:
osteogenic sarcoma (osteosarcoma), fibrosarcoma,
malignant fibrous histiocytoma, chondrosarcoma,
Ewing's sarcoma, malignant lymphoma (reticulum cell
sarcoma), multiple myeloma, malignant giant cell tumor
chordoma, osteochronfroma (osteocartilaginous
exostoses), benign chondroma, chondroblastoma,
chondromyxofibroma, osteoid osteoma and giant cell
tumors; (7) Nervous system: skull (osteoma,
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. [00202] Compounds and methods of this
invention can be also used to treat diseases and
conditions such as rheumatoid arthritis,
osteoarthritis, Crohn's disease, angiofibroma, ocular
diseases (e.g., retinal vascularisation, diabetic
retinopathy, age-related macular degeneration, macular
degeneration, etc.), multiple sclerosis, obesity,
restenosis, autoimmune diseases, allergy, asthma,
endometriosis, atherosclerosis, vein graft stenosis,
peri-anastomatic 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
immunosuppressant), septic shock, etc. [00203]
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 a pharmaceutically acceptable salt or
prodrug thereof in an amount effective to treat or
prevent said disorder. [00204] In the case of cancer,
an effective amount of the drug may reduce the number
of cancer cells; reduce the tumor size; inhibit (i.e.,
slow to some extent and preferably stop) cancer cell
infiltration into peripheral organs; inhibit (i.e.,
slow to some extent and preferably stop)
tumormetastasis; inhibit, to some extent, tumor
growth; and/or relieve to some extent one or more of
the symptoms associated with the cancer. To the extent
the drug may prevent growth and/or kill existing
cancer cells, it may be cytostatic and/or cytotoxic.
For cancer therapy, efficacy can be measured, for
example, by assessing the time to disease progression
(TTP) and/or determining the response rate (RR).
[00205] The amount of a compound of Formula I that
will correspond to such an amount will vary depending
upon factors such as the particular compound, disease
condition and its severity, the identity (e.g.,
weight) of the mammal in need of treatment, but can
nevertheless be routinely determined by one skilled in
the art. [00206] This invention also provides
compounds of Formula I for use in the treatment of AKT
protein kinase-mediated conditions. [00207] An
additional aspect of the invention is the use of a
compound of Formula I in the preparation of a
medicament for therapy, such as for the treatment or
prevention of AKT protein kinase-mediated conditions.
COMBINATION THERAPY [00208] The compounds of this
invention and stereoisomers and pharmaceutically
acceptable salts thereof may be employed alone or in
combination with other therapeutic agents for
treatment. In one embodiment, compounds of this
invention may be employed alone or in combination with
chemotherapeutic agents. The compounds of the present
invention can be used in combination with one or more
additional drugs, for example an anti-inflammatory
compound that works by a different mechanism of
action. 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 molecules are suitably present in
combination in amounts that are effective for the
purpose intended. The compounds 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. [00209] Examples of chemotherapeutic
agents include Erlotinib (TARCEVA(r), Genentech,
Inc/OSI Pharm.), Trastuzumab (HERCEPTIN(r), Genentech,
Inc.); bevacizumab (AVASTIN(r), Genentech, Inc.);
Rituximab (RITUXAN(r), Genentech, Inc/Biogen Idee,
Inc.), Bortezomib (VELCADE(r), Millennium Pharm.),
Fulvestrant (FASLODEX(r), AstraZeneca), Sutent (SUl
1248, Pfizer), Letrozole (FEMARA(r), Novartis),
Imatinib mesylate (GLEEVEC(r), Novartis), PTK787/ZK
222584 (Novartis), Oxaliplatin (Eloxatin(r), Sanofi),
5-FU (5-fluorouracil), Leucovorin, Rapamycin
(Sirolimus, RAPAMUNE(r), Wyeth), Lapatinib (GSK572016,
Glaxo Smith Kline), Lonafarnib(SCH 66336), Sorafenib
(BAY43-9006, Bayer Labs), and Gefitinib (IRESSA(r),
AstraZeneca), AG1478, AG1571 (SU 5271; Sugen),
alkylating agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide, ADRIAMYCIN(r) (doxorubicin),
TAXOL(r) (paclitaxel; Bristol-Myers Squibb, Princeton,
N.J.), ABRAXANE(r) (Cremophor-free), and TAXOTERE(r)
(doxetaxel; Rhone-Poulenc Rorer, Antony, France).
ARTICLES OF MANUFACTURE [00210] 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). [00211] The kit may
further comprise a label or package insert on or
associated with the container. 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. [00212] 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. [00213] 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), phosphatebuffered saline, Ringer's solution
and dextrose solution. It may further include other
materialsdesirable from a commercial and user
standpoint, including other buffers, diluents,
filters, needles, and syringes. [00214] The kit may
further comprise directions for the administration of
the compound of this invention and, if present, the
second pharmaceutical formulation. For example, if the
kit comprises a first composition comprising a
compound of this invention and a second pharmaceutical
formulation, the kit may further comprise directions
for the simultaneous, sequential or separate
administration of the first and second pharmaceutical
compositions to a patient in need thereof. [00215] In
certain other embodiments wherein the kit comprises a
composition of this invention and a second therapeutic
agent, the kit may comprise a container for containing
the separate compositions such as a divided bottle or
a divided foil packet, however, the separate
compositions may also be contained within a single,
undivided container. In certain embodiments, the kit
comprises directions for the administration of the
separate components. The kit form is particularly
advantageous when the separate components are
preferably administered in different dosage forms
(e.g., oral and parenteral), are administered at
different dosage intervals, or when titration of the
individual components of the combination is desired by
the prescribing physician. [00216] Accordingly, a
further aspect of this invention provides a kit for
treating a disorder or disease mediated by Akt kinase,
wherein said kit comprises a) a first pharmaceutical
composition comprising a compound of this invention or
a pharmaceutically acceptable salt thereof; and b)
instructions for use. [00217] In certain embodiments,
the kit further comprises (c) a second pharmaceutical
composition, wherein the second pharmaceutical
composition comprises a second compound suitable for
treating a disorder or disease mediated by Akt kinase.
In certain embodiment comprising a second
pharmaceutical composition, the kit further comprises
instructions for the simultaneous, sequential or
separate administration of said first and second
pharmaceutical compositions to a patient in need
thereof. In certain embodiments, said first and second
pharmaceutical compositions are contained in separate
containers. In other embodiments, said first and
second pharmaceutical compositions are contained in
the same container. [00218] Although the compounds of
Formula I are primarily of value as therapeutic agents
for use in mammals, they are also useful whenever it
is required to control AKT protein kinases, tyrosine
kinases, 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.[00219] The activity of the
compounds of this invention may be assayed for AKT
protein kinases, tyrosine kinases, additional
serine/threonine kinases, 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.
[00220] 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-I
Kinase Assay [00221] The activity of the compounds
described in the present invention may be determined
by the following kinase assay, which measures the
phosphorylation of a fluorescently-labeled peptide by
full-length human recombinant active AKT-I by
fluorescent polarization using a commercially
available IMAP kit. [00222] The assay materials are
obtained from an IMAP AKT Assay Bulk Kit, product
#R8059, from Molecular Devices, Sunnyvale, CA. The kit
materials include an EVIAP Reaction Buffer (5x). The
diluted Ix IMAP Reaction Buffer contained 10 mM
Tris-HCl, pH 7.2, 10 niM MgCl 2 0.1% BSA, 0.05% NaN 3.
DTT is routinely added to a final concentration of 1
mM immediately prior to use. Also included is IMAP
Binding Buffer (5x), and IMAP Binding Reagent. The
Binding Solution is prepared as a 1:400 dilution of
IMAP Binding Reagent into Ix IMAP Binding Buffer.
[00223] The fluorescein-labeled AKT Substrate
(Crosstide) has the sequence (Fl)- GRPRTSSFAEG. A
stock solution of 20 mM is made up in Ix IMAP Reaction
Buffer. [00224] 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 ProxyPlate(tm)-384 F. [00225] The AKT-I used
is made from full-length, human recombinant AKT-I that
is activated with PDKl and MAP kinase 2.[00226] To
perform the assay, stock solutions of compounds at 10
mM in dimethylsulfoxide ("DMSO") are prepared. The
stock solutions and the control compound are serially
diluted 1:2 nine times into DMSO (10 mL of compound +
10 mL of DMSO) to give 5Ox dilution series over the
desired dosing range. Next, 2.1-mL aliquots of the
compounds in DMSO are transferred to a Costar 3657
plate containing 50 mL of 10.4 mM ATP in Ix IMAP
Reaction Buffer containing 1 mM DTT. After thorough
mixing, 2.5-mL aliquots are transferred to a
ProxyPlate(tm)-384 F plate. [00227] The assay is
initiated by the addition of 2.5-mL aliquots of a
solution containing 200 nM of fluorescently-labeled
peptide substrate and 4 nM AKT-I. The plate is
centrifuged for 1 minute at 1000 g and incubated for
60 minute at ambient temperature. The reaction is then
quenched by the addition of 15 mL of Binding Solution,
centrifuged again and incubated for an additional 30
minutes at ambient temperature prior to reading on a
Victor 1420 Multilabel HTS Counter configured to
measure fluorescence polarization. [00228] The
compounds of Examples 1-100 were tested in the above
assay and found to have an IC 0 of less than 1 mM.
[00229] The compounds of Examples 1-141 were tested in
the above assay and found to have an IC50 of less than
1 mM. PREPARATIVE EXAMPLES [00230] 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. [00231] In
the Examples described below, unless otherwise
indicated all temperatures are set forth in degrees
Celsius. Reagents were purchased from commercial
suppliers such as Sigma- Aldrich, Alfa Aesar, or TCI,
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.[00232] 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. [00233] 1H
NMR spectra were recorded on a Varian instrument
operating at 400 MHz. 1HNMR spectra were obtained as
CDCl3, CD3OD, D2O or Cl6-DMSO solutions (reported in
ppm), using tetramethylsilane (0.00 ppm) or residual
solvent (CDCl3: 7.25 ppm; CD3OD: 3.31 ppm; D2O: 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), q (quartet), m (multiplet), br (broadened),
dd (doublet of doublets), dt (doublet of triplets).
Coupling constants, when given, are reported in Hertz
(Hz). Example A tert-butyl
4-((5R)-7-hvdroxy-5J-dimethyl-6.7-dihvdro-5H-cvclopent
a[d]pyrimidin-4- vDpiperazine- 1-carboxylate [00234] A
solution of (R)-tert-butyl
4-(5-methyl-7-oxo-6,7-dihydro-5Hcyclopenta[
d]pyrimidin-4-yl)piperazine-l-carboxylate (40 mg,
0.120 mmol; see Example 3, Step 8) in THF (4 mL) was
added to a 1.5M solution of methyllithium in diethyl
ether (0.088 mL, 0.132 mmol) at -78C. The resulting
mixture was stirred at -780C for 1 hour and quenched
by saturated aqueous NH4Cl. The aqueous layer was
extracted with EtOAc (2 X). The organic layer was
dried (MgSO4) and concentrated. The residue was
purified by a silica cartridge (5.0 g) eluted by EtOAc
to give tert-butyl
4-((5R)-7-hydroxy-5,7-dimethyl-6,7-dihydro-5H-cyclopen
ta[d]pyrimidin-4- yl)piperazine-l-carboxylate as a
solid (29 mg, 69%). LCMS (APCI+) [M-Boc+H]+ 349.1;
Retention time: 2.49 minutes. Example B
(S)-2-((S)-l-(tert-butoxycarbonyl)-5,5-dimethylpyrroli
din-2-yl)-2-(3-chlorophenyl )acetic acid[00235] Step
1: In a 1000 niL flask under N2,
2-(3-chlorophenyl)acetic acid (3.50 g, 20.51 mmol) was
added to dry THF (300 mL), and the contents were
cooled to 0C. DIEA (3.93 mL, 22.6 mmol) was added to
the stirring solution, followed by portionwise
addition of trimethylacetyl chloride (2.60 g, 21.5
mmol). In a separate flask,
(R)-4-benzyloxazolidin-2-one (3.82 g, 21.5 mmol) was
added to dry THF (75 mL) and cooled to -78C under N2.
n-BuLi (8.21 mL, 20.5 mmol) was added to this cold
stirring solution, and the whole contents were stirred
for 30 minutes at -78C. This solution was then slowly
added to the mixed anhydride at 0C. The reaction was
stirred for 2 hours and determined complete by TLC
(25% ethyl acetate/hexanes, KMnO4 stain). The reaction
was quenched with water (250 mL) and diluted with
ethyl acetate (250 mL). The layers were separated, and
the organics were washed with brine (100 mL), dried
(MgSO ) and concentrated to an oil. The oil was
purified by flash chromatography (10% ethyl
acetate/hexanes to 25% ethyl acetate/hexanes) to give
(R)-4-benzyl-3-(2-(3-chlorophenyl)acetyl)oxazolidin-2-
one (1.99 g, 6.03 mmol, 29.4% yield). 1H NMR (400 MHz,
CDCl3) 7.37-7.20 (m, 7H), 7.14 (d, J= 6.64Hz, 2H),
4.73-4.64 (m, IH), 4.28 (dd, Jl= 16.00Hz, J2= 33.97Hz,
2H), 4.22-4.16 (m, 2H), 3.27 (dd, Jl= 3.12Hz, J2=
13.27Hz, IH), 2.77 (dd, Jl= 9.37Hz, J2= 13.27Hz, IH).
[00236] Step 2: A solution of
(R)-4-benzyl-3-(2-(3-chlorophenyl)acetyl)oxazolidin-2-
one 



(0.975 g, 2.96 mmol) in dry DCM (125 mL) was cooled to
-78C, and TiC14 (3.10 mL, 3.10 mmol) was added. DIEA
(0.566 mL, 3.25 mmol) was added to this stirring cold
solution for 15 minutes. A solution of tert-butyl
5-methoxy-2,2-dimethylpyrrolidine-l-carboxylate (0.881
g, 3.84 mmol) in DCM (20 mL) was added to the cold
mixture. The reaction was stirred for 15 minutes at
-78C and then warmed to -10C (ice/acetone) and stirred
for 3 hours. The reaction was quenched with NH4C1,
diluted with DCM (50 mL), water (50 mL), and the
layers were separated. The aqueous layer was extracted
with DCM (25 mL), dried (MgSO4) and concentrated to an
oil. TLC (10% ethyl acetate/hexanes) shows desired
product at Rf~0.2. Purification by flash
chromatography (5% ethyl acetate/hexanes - 10% ethyl
acetate/hexanes) gave (S)-tert-butyl
5-((S)-2-((R)-4-benzyl-2- oxooxazolidin-3-yl)-
1-(3-chlorophenyl)-2-oxoethyl)-2,2-dimethylpyrrolidine
- 1-carboxylate (0.98 g, 1.86 mmol, 62.9% yield).
HPLC, 254nm, 100% purity, retention time = 3.86
minutes. [00237] Step 3: 30% H2O2 (0.447 mL, 4.65
mmol) was added to a solution OfLiOH-H 2O (0.156 g,
3.72 mmol) in THF/water (75 mL; 2:1), and the solution
was stirred at room temperature for 10 minutes. The
solution was cooled to 0C and treated with
(S)-tert-butyl 5-((S)-2-((R)-4-
benzyl-2-oxooxazolidin-3-yl)-
1-(3-chlorophenyl)-2-oxoethyl)-2,2-dimethylpyrrolidine
- 1- carboxylate (0.98 g, 1.9 mmol) in THF (15 mL).
The mixture was then stirred at 0C for 2 hours and
then allowed to warm to room temperature and stirred
overnight. The reaction was cooled to 0C, treated with
IM Na2SO3 (10 mL) and stirred for 10 minutes. The
reaction was then warmed toroom temperature and
stirred for 10 minutes. The reaction was concentrated,
extracted with ethyl acetate (2 X 50 mL). The aqueous
portion was acidified with HSO4 (s) to a pH of about 1
to about 2, extracted with DCM/MeOH (3 X 100 mL;
10:1), and concentrated to provide
(S)-2-((S)-l-(tertbutoxycarbonyl)-
5,5-dimethylpyrrolidin-2-yl)-2-(3-chlorophenyl)acetic
acid (0.330 g, 0.897 mmol, 48.2% yield). LC/MS,
retention time = 3.59 minutes, (APCI+) m/z = 284 [M+H,
-lOOamu, (boc)]. Example C
(2S)-2-(4-chlorophenyl)-2-(5-oxopyrrolidin-2-yl)acetic
acid [00238]
(2S)-2-(4-Chlorophenyl)-2-(5-oxopyrrolidin-2-yl)acetic
acid may be prepared as described in Example B, using
5-methoxy-2-pyrrolidinone (commercially available from
suppliers such as TRC Biomedical Research Chemicals of
North York, Ontario, Canada). Example 1
(S)-2-(4-chlorophenvD-l-(4-((5R,7R)-7-fluoro-5-methyl-
6J-dihvdro-5H-cvclopentard1pyrimidin-4- vPpiperazin-
1-yl)-2-(YSVpyrrolidin-2-yl)ethanone [00239] Step 1:
tert-Butyl
4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopent
a [d]pyrimidin-4-yl)piperazine-l-carboxylate (0.843 g,
2.521 mmol) was dissolved in methylene chloride (40
mL) and cooled to -20C. The solution was treated with
DAST (0.9992 mL, 7.562 mmol) and stirred at -20C for
100 minutes. After 3 hours, the reaction was quenched
with ice and then warmed to ambient temperature. The
mixture was separated. The aqueous phase (pH of about
1) was extracted with methylene chloride (2 X), and
the combined organics were washed with 6% NaHCO 3 (2
X), dried over Na SO4, and concentrated to a dark oil
(0.91 g). This material was subjected to
chromatography on SiO (Biotage 4OS, load with eluant)
and eluted with 2:1 Hexane/ethyl acetate ("EtOAc").
The desired tert-butyl
4-((5R,7R)-7-fluoro-5-methyl-6,7-dihydro-
5H-cyclopenta[d]pyrimidin-4-yl)piperazine-l-carboxylat
e (0.6138 g, 72%) was recovered cleanly. tert-Butyl
4-((5R,7R)-7-fluoro-5-methyl-6,7-dihydro-5H-cyclopenta
[d]pyrimidin-4-yl)piperazine- 1-carboxylate (0.6138 g,
1.825 mmol) was dissolved in dioxane (5 mL) and cooled
to 0C. Asolution of HCl 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 mixture was
concentrated in vacuo, re-suspended in MeOH and
re-concentrated (3 X). The residue was dissolved in
MeOH (3.7 mL) and added dropwise to a rapidly stirring
flask containing ether (100 mL). The solid was
filtered under a blanket of nitrogen gas, washed with
ether and dried under nitrogen gas to give
(5R,7R)-7-fluoro-5-methyl-4-(piperazin-l-yi)-6,7-dihyd
ro-5Hcyclopenta[ d]pyrimidine di-hydrochloride as a
solid (539 mg, 96%). LC/MS (APCI)+ m/z 237.2. [00240]
Step 2: 2-(4-Chlorophenyl)acetic acid (20.00 g, .
117.2 mmol) and (R)-4- benzyloxazolidin-2-one (10.39
g, 58.62 mmol) were combined in toluene (100 mL).
Triethylamine (32.68 mL, 234.5 mmol) was added, and
the solution was heated to 80C. A solution of pivaloyl
chloride (14.42 mL, 117.2 mmol) in toluene (25 mL) was
added dropwise. After addition, the mixture was heated
to reflux for 16 hours. The reaction was cooled and
washed with 2N HCl (2 X), water, 5% Na CO3 (2 X),
saturated NaCl, dried over Na2SO4 and concentrated in
vacuo to a solid (about 10 g). The crude solid was
subjected to chromatography on SiO2 eluting with 4:1
hexane/ethyl acetate.
(R)-4-Benzyl-3-(2-(4-chlorophenyl)acetyl)oxazolidin-2-
one was recovered as a solid (15.4 g, 80%). 1H NMR
(CDCl3, 400 MHz) d 7.34-7.26 (m, 7 H), 7.16-7.11 (m,
2H), 4.71- 4.64 (m, IH), 4.35-4.16 (m, 4H), 3.26 (dd,
J1 = 2.9, J2 = 13.2, IH), 2.76 (dd, J 1 = 9.3, J2 =
13.2, IH). [00241] Step 3: tert-Butyl
2-oxopyrrolidine-l-carboxylate (12.33 g, 66.57 mmol)
was dissolved in Et2O (60 mL) and cooled to -780C. The
suspension was treated dropwise with DIBAL-H (45.27
mL, 67.90 mmol) [1.5M in toluene], and the mixture was
stirred at -78C for 2 hours. The mixture was allowed
to warm to ambient temperature with a bath and stirred
overnight. The reaction was quenched by addition of a
solution of p-toluenesulfonic acid hydrate (0.075 g)
in MeOH (75 mL). The mixture was stirred at ambient
temperature for 16 hours. The white suspension was
concentrated in vacuo to a white solid. This was
re-suspended in a mixture of Rochelle's salt (0.5N)
and ethyl acetate. The layers were separated, and the
aqueous layer was washed twice with methylene
chloride. The combined organic layers were washed with
saturated NaCl, dried over Na2SO4 and concentrated in
vacuo to provide an oil. A solution of titanium (IV)
chloride (10.007 mL, 10.007 mmol) [ 1 M in toluene]
was cooled to 0C and treated with a solution of
(R)-4-benzyl-3-(2-(4-chlorophenyl)acetyl)oxazolidin-2-
one (3.000 g, 9.0970 mmol) dissolved in
dichloromethane (20 mL). After 5 minutes,
diisopropylethylamine (1.7430 mL, 10.007 mmol) was
added. The resultant solution was stirred for 1 hour
at 0C then cooled to -20C. A solution of tertbutyl
2-methoxypyrrolidine-l-carboxylate (2.5549 g, 13.646
mmol) dissolved in dichloromethane (20 mL) was added,
and the mixture was stirred at -20C for 75 minutes.
The mixture wasquenched with saturated NH4Cl (about
100 niL) and diluted with water to dissolve the
solids. After separation, the aqueous layer was washed
with methylene chloride (3 X). The combined organics
were washed with water (2 X), dried over Na2SO4 and
concentrated in vacuo. The recovered oil was subjected
to chromatography on SiO2 eluting with 8:1
hexanes/ethyl acetate. (S)-tert-Butyl 2-
((S)-2-((R)-4-benzyl-2-oxooxazolidin-3-yl)-
1-(4-chlorophenyl)-2-oxoethyl)pyrrolidine- 1-
carboxylate was recovered as a sticky foam, (1.8 g,
40%). MS (APCI+) [M+Na] 521.1. [00242] Step 4: Lithium
hydroxide hydrate (0.04709 g, 1.122 mmol) was added to
a solution of THF/water (3:1, 19 mL) and stirred until
dissolved. The mixture was cooled to 00C and treated
with 30% hydrogen peroxide (0.2314 mL, 2.244 mmol) and
stirred for 10 minutes. A solution of (S)-tert-butyl
2-((S)-2-((R)-4-benzyl-2-oxooxazolidin-3-yl)-l-(4-chlo
rophenyl)-2-oxoethyl) pyrrolidine- 1-carboxylate
(0.280 g, 0.561 1 mmol) in THF (2 mL) was added. The
reaction was stirred for 30 minutes at 0C. Thin layer
chromatography ("TLC") did not show much progress,
therefore. The reaction was allowed to warm to ambient
temperature and stirred overnight. The reaction was
quenched by addition of 1.5 M Na2SO3 ( 1 mL) and
stirred for 15 minutes. The reaction mixture was
diluted with Et O and separated. The aqueous portion
was washed (2 X) with Et2O then adjusted to a pH of 1
with 3N HCl. The aqueous portion was extracted (3 X)
with ethyl acetate. The combined organic layers were
washed with water (2 X), saturated NaCl, dried over
Na2SO4 and concentrated in vacuo to a thick oil which
slowly solidified (0.15 g, 81%). 1H NMR (CDCl3, 400
MHz) d 7.30 (d, 2H), 7.21 (d, 2H), 4.53-4.40 (m, IH),
4.37-4.27 (m, IH), 3.34-3.22 (m, IH), 2.98-2.90 (m,
IH), 2.02-1.90 (m, IH), 1.83-1.74 (m, IH), 1.64-1.53
(m, 2H), 1.50 (s, 9H). [00243] Step 5:
(5R,7R)-7-Fluoro-5-methyl-4-(piperazin-
1-yl)-6,7-dihydro-5H-cyclopenta [djpyrimidine
di-hydrochloride (0.050 g, 0.16 mmol) was combined
with (S)-2-((S)-l-(tertbutoxycarbonyl)
pyrrolidin-2-yl)-2-(4-chlorophenyl)acetic acid (0.055
g, 0.16 mmol) in dichloromethane (10 mL).
Diisopropylethylamine (0.1 mL, 0.57 mmol) and HBTU
(0.061 g, 0.16 mmol) were added, and the mixture was
stirred at ambient temperature for 1 hour. The solvent
was removed by concentration in vacuo and the residue
was purified by column chromatography on SiO2, eluting
with 2:1 hexanes / ethyl acetate. The product was
dissolved in dioxane ( 1 mL) and treated with a
solution of 4M HCl in dioxane (2 mL). After stirring
at ambient temperature for 2 hours, the mixture was
concentrated in vacuo to yield
(S)-2-(4-chlorophenyl)-l-(4-((5R,7R)-7-
fluoro-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-
4-yl)piperazin-l-yl)-2-((S)-pyrrolidin-2- yl)ethanone
hydrochloride (0.060 g, 81% yield). MS (APCI+) [M+H]
458.2. Example
2rSV2-(4-chlorophenyl)-l-(4-((5R.7S)-7-fluoro-5-methyl
-6.7-dihvdro-5H-cvclopentard1pyrimidin-4-
vDpiperazin-1-ylV2-((SVpyrrolidin-2-vDethanone [00244]
Step 1: tert-Butyl
4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopent
a [d]pyrimidin-4-yl)piperazine-l-carboxylate (1.190 g,
3.558 mmol) was dissolved in methylene chloride (55
niL) and cooled to -20C. The solution was treated with
DAST (1.410 niL, 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 NH4Cl and separated. The aqueous phase
was extracted with methylene chloride (2 X), and the
combined organics were dried over Na2SO4 and
concentrated to an oil. This oil was subjected to
chromatography on SiO2 (Biotage 4OS, load with
methylene chloride) then eluted with 2.5% MeOH/DCM
then 3.5% MeOH/DCM. The mixed fractions were
concentrated, and the material was re-chromatographed
on SiO (Biotage 4OS, load with DCM) and eluted with 2
hexane/EtOAc. The product was collected as an oil to
give tert-butyl
4-((5R,7S)-7-fluoro-5-methyl-6,7-dihydro-5H-cyclopenta
[d]pyrimidin-4-yl)piperazine-lcarboxylate (0.725 g,
61%). LCMS (APCI+) m/z 337.0 [M+H]+; Rf 3.13 min.
[00245] Step 2: tert-Butyl
4-((5R,7S)-7-fluoro-5-methyl-6,7-dihydro-5H-cyclopenta
[d]pyrimidin-4-yl)piperazine-l-carboxylate (0.725 g,
2.155 mmol) was dissolved in dioxane (5 mL) and cooled
to O0C. A solution of HCl 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 MeOH, and re-concentrated (3 X). The
residue was dissolved in MeOH (about 2 to 3 mL) and
added dropwise to a rapidly stirring flask containing
ether (80 mL). The white solid was filtered under a
blanket of nitrogen gas and dried under nitrogen gas
to give (5R,7S)-7-fluoro-5-methyl-4-(piperazin-
1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine
dihydrochloride a white solid (555 mg, 83%). LCMS
(ESI+) m/z 237.2 [M+H]+;Rf: 1.70 min. [00246] Step 3:
(S)-2-(4-chlorophenyl)-l-(4-((5R,7S)-7-fluoro-5-methyl
-6,7-dihydro-5Hcyclopenta[
d]pyrimidin-4-yl)piperazin-l-yl)-2-((S)-pyrrolidin-2-y
l)ethanone di-hydrochloride_was prepared according to
the procedure described for Example 1, using
(5R,7S)-7-fluoro-5-methyl-4-(piperazin-l-yl)-6,7-dihyd
ro-5H-cyclopenta[d]pyrimidine di-hydrochloride (0.66
g, 89%). MS (APCI+) [M+H] 458.2 Example 3
(S)-2-r4-chlorophenyl)-l-(4-((
'5R.7RV7-hvdroxy-5-methyl-6.7-dihvdro-5H-cvclopentardl
pyriniidin-4- vDpiperazin-
1-vD-2-(YSVpyrrolidin-2-yl)ethanone [00247] Step 1:
Ethyl pulegenate (130 g, 662 mmol) in EtOAc (900 niL)
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 mixture until it turned yellow. The reaction
mixture 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 pH 7 with
aqueous NaOH and NaHCO 3 and extracted with ether (3 X
800 mL). The combined organics were dried with brine,
MgSO 4 and concentrated to give (2R)-ethyl 2-methyl-5-
oxocyclopentanecarboxylate as a brown liquid (107g,
95%). [00248] 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 MeOH (1.2 L). 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 MeOH. The resulting residue was dissolved in
DCM, washed twice with H O, once with brine, dried
(Na2SO4), filtered, and concentrated to give (R)-ethyl
2-amino-5-methylcyclopent-l-enecarboxylate (102 g, 97%
yield) as an orange oil. LC/MS (APCI+) m/z 170 [M+H]+.
[00249] Step 3: A solution containing (R)-ethyl
2-amino-5-methylcyclopent-lenecarboxylate (161.61 g,
955.024 mmol) and ammonium formate (90.3298 g, 1432.54
mmol) in formamide (303.456 mL, 7640.19 mmol) was
heated to an internal temperature of 150C and stirred
for 17 hours. The reaction mixture was cooled, and
transferred to a 2L single nextracted flask. Then
excess formamidine was removed by high vacuum
distillation. Once formamidine stopped coming over,
the remaining oil in the still pot was dissolved in
DCM and washed withbrine (3 X 200 mL). The combined
aqueous washes were extracted with DCM. The combined
organic extracts were dried (Na2SO4), filtered, and
concentrated. The resulting oil was dissolved in 



minimal DCM, and this solution was added using a
separatory runnel to a stirred solution of ether
(about 5 volumes of ether vs. DCM solution), causing
some precipitate to form. This precipitate was removed
by filtration through a medium frit funnel which was
rinsed with ether and disposed. The filtrate was
concentrated, the trituration from ether repeated two
more times and then dried on high vacuum line to give
(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-o
l (93.225 g, 65.00% yield) as a pasty solid. LC/MS
(APCI-) m/z 149.2. [00250] Step 4: Neat POCl3 (463.9
mL, 5067 mmol) was added slowly by addition funnel to
a 0C solution of
(R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-o
l (152.2 g, 1013 mmol) in DCE (1.2 L). After the
addition was complete, the reaction mixture was warmed
to room temperature, then heated to reflux and stirred
for 70 minutes. The reaction was complete as
determined by HPLC. The reaction mixture was cooled to
room temperature, and the excess POCl3 was quenched in
4 portions as follows: Reaction mixture transferred to
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 completed, the quenched mixture
was stirred 30 minutes to ensure complete destruction
of POCl3 prior to transfer to separatory funnel. The
mixture was transferred to the separatory funnel and
extracted twice with DCM. The combined extracts were
dried (Na2SO4), filtered, and concentrated. The crude
was purified on silica gel as follows: silica gel ( 1
kg) was slurried in 9:1 hexane:ethyl acetate onto a 3L
fritted funnel, silica settled under vacuum, topped
with sand. The crude was loaded with a DCM/hexane
mixture, and the compound was eluted using IL sidearm
flasks under vacuum. High Rf byproducts eluted first,
then
(R)-4-chloro-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyri
midine (104.4 g, 61.09% yield) as an oil.
Triethylamine (93.0 mL, 534 mmol) and tert-butyl
piperazine-1-carboxylate (34.8 g, 187 mmol) was 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), after which
it was concentrated on a rotavap. The resulting oil
was dissolved in DCM, washed with H2O, dried (Na2SO ),
filtered, and was concentrated. The resulting 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 acetate to give
(R)- tertbutyl
4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl
)piperazine- 1-carboxylate (42.0 g, 74.1% yield) as a
powder. LC/MS (APCI+) m/z 319.1 [M+H]+. [00251] Step
5: Solid 77% max. m-CPBA (23.9 g, 107 mmol) was added
portionwise to a 0C solution of (R)-tert-butyl
4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl
)piperazine1-carboxylate (20.0 g, 62.8 mmol) in CHCl3
(310 niL). The reaction mixture was stirred 5 for
minutes, then warmed to room temperature and stirred
for 90 minutes. HPLC looked similar after 7.5 hours.
The reaction mixture was cooled to 0C, then NaHCO3
(13.2 g, 157 mmol) and another 0.5 equivalents of
m-CPBA were added. The reaction mixture was stirred
overnight (14 hours). The reaction mixture was cooled
to 00C, and a solution OfNa2S2O3 (29.8 g, 188 mmol) in
H O (50 mL) was added dropwise by addition funnel.
This was followed by a solution of Na2CO3 (24.6 g, 232
mmol) in H O (70 mL) by addition funnel (mixture turns
homogeneous). The reaction mixture was stirred for 30
minutes, then the mixture was extracted with CHCl3 (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]+. [00252] Step 6: Ac2O (77.0
mL, 816 mmol) was added to the N-oxide (21.0 g, 62.8
mmol) from Step 5. The reaction mixture was heated
under nitrogen in a 900C 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 poured carefully into ice
saturated Na2CO . The mixture was extracted with DCM,
and the combined extracts were dried (Na2SO ),
filtered and concentrated to give (5R)-tert-butyl
4-(7-
acetoxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin
-4-yl)piperazine- 1-carboxylate (23 .6g, 100%) as a
foam. LC/MS (APCI+) m/z 377.1 [M+H]+. [00253] Step 7:
LiOH-H2O (6.577 g, 156.7 mmol) was added to a 00C
solution of (5R)-tertbutyl 4-(7-acetoxy-5
-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)pip
erazine- 1-carboxylate (23.6 g, 62.69 mmol) in 2:1
THFiH2O (320 mL). The reaction mixture was stirred for
10 minutes, and then warmed to room temperature. LC/MS
looked the same at 3 hours and 4.5 hours. The reaction
mixture was cooled to 0C, and then saturated NH4Cl was
added to the mixture. The mixture was stirred for 5
minutes, and most of the THF was removed by rotary
evaporation. The mixture was extracted with EtOAc (3 X
250 mL), and the combined extracts were dried
(Na2SO4), filtered, and concentrated. The crude was
flashed on Biotage 65M: 4:1 DCM:ethyl acetate, then
gradient to 1:1 to 1:4 DCM:ethyl acetate. Once the
product was eluting, then ethyl acetate was flushed
through the column. Then 30:1 DCM:MeOH eluted the rest
of the product (8.83 g). The mixed fractions were
re-flashed with Biotage 4OM using the same conditions
to give another 2.99 g which gave a combined yield of
(5R)-tert-butyl
4-(7-hydroxy-5-methyl-6,7-dihydro-5Hcyclopenta[
d]pyrimidin-4-yl)piperazine- 1-carboxylate (11.82 g,
56.38% yield) as a foam. LC/MS (APCI+) m/z 335.1
[M+H]+. [00254] Step 8: A solution of DMSO (5.45 mL,
76.8 mmol) in DCM (50 mL) was added dropwise by
addition funnel to a -78C solution of oxalyl chloride
(3.35 mL, 38.4 mmol) in DCM(150 mL). The reaction
mixture was stirred for 35 minutes, and then a
solution of (5R)-tert-butyl 4-
(7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimi
din-4-yl)piperazine-l-carboxylate (9.17 g, 27.4 mmol)
in DCM (80 mL) was added slowly by addition funnel.
The reaction mixture was stirred another 1 hour at
-78C, after which neat triethylamine (18.0 mL, 129
mmol) was added to the mixture. The reaction mixture
was then allowed to warm to room temperature, and then
it was stirred for 30 minutes. H2O was added. The
mixture was extracted with DCM (3 X 200 mL), and the
combined extracts were dried (Na SO4), filtered, and
concentrated in vacuo. The crude was purified on
silica gel (Biotage 65M): the column was flushed with
ca. 800 mL 4:1 DCM:EtOAc, then gradient to 1:1
DCM:ethyl acetate until product eluting, then 1:4
DCM:EtOAc eluted product to give (R)-tert-butyl
4-(5-methyl-7-oxo-6,7-dihydro-5H-cyclopenta[d]pyrimidi
n-4-yi)piperazine- 1-carboxylate (7.5 g, 82.3% yield)
as a foam. The foam was concentrated (3 X) from
DCM/hexanes, which gave a foam. HPLC >95% area. LC/MS
(APCI+) m/z 333 [M+H]+. [00255] Step 9: Triethylamine
(4.33 mL, 31.1 mmol; degassed with nitrogen 30 minutes
prior to use) and formic acid (1.36 mL, 36.1 mmol;
degassed with nitrogen 30 minutes prior to use) were
added to a solution of (R)-tert-butyl
4-(5-methyl-7-oxo-6,7-dihydro-5Hcyclopenta[
d]pyrimidin-4-yl)piperazine-l-carboxylate (9.75 g,
29.3 mmol) in DCM (210 mL; degassed with nitrogen 30
minutes prior to use). The mixture was stirred for 5
minutes, then a Ru catalyst (0.0933 g, 0.147 mmol) was
added. The reaction was stirred under positive
nitrogen pressure overnight (18 hours). The reaction
mixture was concentrated to dryness and dried on high
vacuum. The impure material was flashed on Biotage 65M
loaded 1:1 DCM:ethyl acetate 500 mL flushed, then 1:4
DCM:ethyl acetate until product (2nd spot), then
gradient to neat ethyl acetate, then 25:1 DCM:MeOH
eluted rest of product. The fractions were combined
and concentrated on a rotary evaporator. The residue
was concentrated again from DCM/hexanes to give a
mixture of tert-butyl
4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopent
a[d]pyrimidin-4-yl)piperazine- 1-carboxylate (major)
and tert-butyl
4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5Hcyclopenta
[ d]pyrimidin-4-yl)piperazine-l-carboxylate (minor)
(9.35 g, 95.3% yield) as a foam. LC/MS (APCI+) m/z 335
[M+H]+. 1H NMR (CDCl3) shows 88% diastereoselectivity
by integration of carbinol methine. [00256] Step 10:
4-Nitrobenzoyl chloride (4.27 g, 23.0 mmol) was added
to a 0C solution of tert-butyl
4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopent
a[d]pyrimidin-4- yl)piperazine-l-carboxylate (7.0 g,
20.9 mmol) and triethylamine (4.38 mL, 31.4 mmol) in
DCM (110 mL). The reaction mixture was stirred at room
temperature overnight, after which saturated NaHCO3
was added. The mixture was stirred 10 minutes, and
then extracted with DCM. The combined extracts were
dried (Na2SO4), filtered, and concentrated. The crude
was flashed onBiotage 65M (3:1 hexanes:ethyl acetate
loaded crude, then 2:1 hexanes:ethyl acetate eluted
tertbutyl
4-((5R,7R)-5-methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-
5H-cyclopenta[d]pyrimidin-4-
yl)piperazine-l-carboxylate and a few mixed
fractions). Then tert-butyl 4-((5R,7S)-5-methyl-7-(4-
nitrobenzoyloxy)-6,7-dihydro-5H-cyclopenta[d]pyrimidin
-4-yl)piperazine- 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-methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-
5Hcyclopenta[ d]pyrimidin-4-yl)piperazine-l
-carboxylate (8.55 g, 84.5% yield) as a foam. LC/MS
(APCI+) m/z 484 [M+H]+. 1H NMR (CDCl3) shows single
diastereomer). The fractions with other diastereomer
were concentrated by rotary evaporation to give
tert-butyl 4-((5R,7S)-5-methyl-
7-(4-nitrobenzoyloxy)-6,7-dihydro-5H-cyclopenta[d]pyri
midin-4-yl)piperazine-l-carboxylate (0.356 g, 3.52%
yield) as a foam. LC/MS (APCI+) m/z 484 [M+H]+.
[00257] Step 11: LiOH-H2O (0.499 g, 11.9 mmol) was
added to a 0C solution of tert-butyl
4-((5R,7R)-5-methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-
5H-cyclopenta[d]pyrimidin-4- yl)piperazine-l
-carboxylate (2.30 g, 4.76 mmol) in 2:1 THF:H2O (40
mL). The reaction mixture was warmed to room
temperature and stirred for 1 hour. The THF was
removed by rotary evaporation, saturated NaHCO3 was
added, and the mixture was extracted with ethyl
acetate. The combined extracts were washed ( 1 X) with
saturated NaHCO3, dried (Na2SO4), filtered, and
concentrated to give tert-butyl
4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5Hcyclopenta
[ d]pyrimidin-4-yl)piperazine-l -carboxylate (1.59 g,
100.0% yield) as a foam. HPLC after workup just
product>98 area% pure. LC/MS (APCI+) m/z 335 [M+H]+.
The tert-butyl 4-
((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[
d]pyrimidin-4-yl)piperazine-lcarboxylate was prepared
using an analogous method. [00258] Step 12 : 4M
HCl/dioxane (11.2 mL, 44.9 mmol) was added to a
solution of tertbutyl
4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopent
a[d]pyrimidin-4-yl)piperazine- 1- carboxylate (0.600
g, 1.79 mmol) in dioxane (15 mL). The reaction mixture
was stirred at room temperature under nitrogen
overnight (20 hours). The mixture was concentrated to
dryness and dried on high vacuum line. The crude was
suspended in ether, sonicated, and stirred for 5
minutes. The solids were isolated by filtration
through a medium frit funnel with nitrogen pressure,
rinsed with ether, dried under nitrogen pressure, and
dried further on a high vacuum line to give (5R,7R)-
5-methyl-4-(piperazin-l
-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-7-ol
di-hydrochloride (0.440 g, 79.8% yield) as a powder.
LC/MS (APCI+) m/z 235. The
(5R,7S)-5-methyl-4-(piperazin-l-yl)-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-7-ol
di-hydrochloride was prepared using an analogous
method.[00259] Step 13 : (S)-2-((S)-
1-(tert-butoxycarbonyl)pyrrolidin-2-yl)-2-(4-
chlorophenyl)acetic acid (0.1765 g, 0.5194 mmol) was
combined with (5R,7R)-5-methyl-4-
(piperazin-l-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin
-7-ol dihydrochloride (0.1596 g, 0.5194 mmol) and then
slurried in methylene chloride (4.5 niL). The
suspension was treated with diisopropylethylamine
(0.2714 mL, 1.558 mmol) then with HBTU (0.1970 g,
0.5194 mmol), and the mixture was stirred at ambient
temperature for 16 hours. The reaction was quenched
with 10% Na2CO3 and then separated. The aqueous
portion was washed twice with dichloromethane. The
combined organic portions were dried with Na2SO4 and
concentrated in vacuo. The residue was subjected to
chromatography on SiO2 eluting with 4%
MeOH/dichloromethane to yield (S)-tertbutyl 2-((S)-
1-(4-chlorophenyl)-2-(4-((5R,7R)-7-hydroxy-5-methyl-6,
7-dihydro-5Hcyclopenta[
d]pyrimidin-4-yl)piperazin-l-yl)-2-oxoethyl)pyrrolidin
e-l-carboxylate (0.256 g, 89%). MS (ESI+) [M+H] 556.1
/ 558.1. [00260] Step 14 : (S)-tert-butyl
2-((S)-l-(4-chlorophenyl)-2-(4-((5R,7R)-7-hydroxy-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)pipe
razin- 1-yl)-2-oxoethyl)pyrrolidine- 1- carboxylate
(0.74 g, 1.331 mmol) was dissolved in dioxane (3 mL)
and treated with 4M hydrogen chloride in dioxane
(8.317 mL, 33.27 mmol). The mixture was stirred at
ambient temperature for 8 hours. The reaction was
concentrated in vacuo, re-dissolved and
re-concentrated from MeOH three times. Then the
residue was re-dissolved in MeOH (3 mL) and added
dropwise to stirred Et2O (100 mL). After stirring for
30 minutes, the solid was collected, washed with Et2O,
and then air-dried under a blanket of nitrogen.
(S)-2-(4-Chlorophenyl)-l-(4-((5R,7R)-7-hydroxy-5-methy
l-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-
1-yl)-2-((S)-pyrrolidin-2-yl)ethanone was recovered as
a white solid, (0.47 g, 79%). MS (ESI+) [M+H] 456.1 /
458.1 Example 4
(SV2-(4-chlorophenylVl-(4-r(5R,7R)-7-hvdroxy-5-methyl-
6.7-dihvdro-5H-cvclopentardlpyrimidin-4- vDpiperazin-
1-vD-2-(YS)-piperidin-2-yl)ethanone [00261] Step 1:
(S)-tert-Butyl
2-((S)-2-((R)-4-benzyl-2-oxooxazolidin-3-yl)-l-(4-
chlorophenyl)-2-oxoethyl)piperidine-l -carboxylate was
prepared according to the procedure described for
Example 1, using tert-butyl 2-oxopiperidine-l
-carboxylate. 1H NMR (CDCl , 400MHz) d 7.35-7.25 (m,
7H), 7.16-7.10 (m, 2H), 4.71-4.64 (m, IH), 4.35-4.17
(m, 3H), 3.26 (dd, IH), 3.17-3.05 (m, 3H), 2.76 (dd,
IH), 1.89-1.61 (m, 6H), 1.49 (s, 9H). [00262] Step 2:
(S)-2-((S)-
1-(tert-Butoxycarbonyl)piperidin-2-yl)-2-(4-chlorophen
yl)acetic acid was prepared according to the procedure
described for Example 1 using (S)-tert-butyl 2-((S)-2-
((R)-4-benzyl-2-oxooxazolidin-3-yl)-
1-(4-chlorophenyl)-2-oxoethyl)piperidine-
1-carboxylate. MS 



(APCI-) [M-H] 352.1 / 354.1. [00263] Step 3:
(S)-tert-Butyl
2-((S)-l-(4-chlorophenyl)-2-(4-((5R,7R)-7-hydroxy-5-me
thyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-
1-yl)-2-oxoethyl)piperidine- 1-carboxylate was
prepared according to the procedure described for
Example 3 using (S)-2-((S)-l-(tertbutoxycarbonyl)
piperidin-2-yl)-2-(4-chlorophenyl)acetic acid. MS
(APCI+) [M+H] 570.1. [00264] Step 4:
(S)-2-(4-chlorophenyl)-
1-(4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5Hcyclope
nta[
d]pyrimidin-4-yl)piperazin-l-yl)-2-((S)-piperidin-2-yl
)ethanone was prepared according to the procedure
described for Example 3 using (S)-tert-butyl
2-((S)-l-(4-chlorophenyl)-2-(4-
((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[
d]pyrimidin-4-yl)piperazin-l-yl)-2-
oxoethyl)piperidine-l -carboxylate. MS (APCI+) [M+H]
470.2; 2.28 minutes. Example 5
rSV2-(3-fluoro-4-(trifluoromethvnphenylVl-(4-rr5R.7RV7
-hvdroxy-5-methyl-6J-dihvdro-5Hcvclopenta[
d1pyrimidin-4-yl)piperazin-l-yl)-2-((SVpypOlidin-2-yl)
ethanone [00265] Step 1:
(R)-4-Benzyl-3-(2-(3-fluoro-4-(trifluoromethyl)phenyl)
acetyl)oxazolidin-2- one: A solution of
2-(3-fluoro-4-(trifluoromethyl)phenyl)acetic acid (5.0
g, 22.5 mmol) dissolved in ether (100 mL) was cooled
to 0C and then treated with triethylamine (3.3 niL,
23.7 mmol) and pivaloyl chloride (2.9 mL, 23.5 mmol).
The resulting solution was stirred at 0C for 1 hour
and then cooled to -78C. Meanwhile, a solution of
(R)-4-benzyloxazolidin-2-one (3.99 g, 22.5 mmol)
dissolved in THF (100 mL) was cooled to -78C and
treated slowly with butyl lithium (12 mL, 25.2 mmol).
The resulting solution was stirred at -78C for 15
minutes, and then added via cannula into the solution
of the mixed anhydride. The mixture was stirred at
-78C for 15 minutes and then warmed to 0C for 30
minutes. Saturated NH4Cl (50 mL) was added to quench
the reaction. The reaction was concentrated in vacuo,
and the residue was extracted with ethyl acetate (3 X
150 mL).The organic phase was dried over Na2SO4 and
concentrated. The residue was purified by column
chromatography, eluting with hexane/ethyl acetate
(4:1), (4.9 g, 57.1 % yield). 1H NMR (CDCl3, 400 MHz)
d 7.59 (t, J 8.2, IH), 7.34-7.12 (m, 7H), 4.74-4.66
(m, IH), 4.39 (d, J = 16, IH), 4.29 (d, J = 16, IH),
4.27-4.19 (m, 2H), 3.27 (dd, IH), 2.78 (dd, IH).
[00266] Step 2: (S)-tert-Butyl
2-((S)-2-((R)-4-benzyl-2-oxooxazolidin-3-yl)-l-(3-fluo
ro-4-
(trifluoromethyl)phenyl)-2-oxoethyl)pyrrolidine-l-carb
oxylate: A solution of (R)-4-benzyl-3-(2-
(3-fluoro-4-(trifluoromethyl)phenyl)acetyl)oxazolidin-
2-one (1.6 g, 4.20 mmol) was dissolved in
dichloromethane (40 mL), cooled to -780C and treated
slowly with titanium (IV) chloride (4.4 mL, 4.40
mmol). This was followed by treatment with
diisopropylethylamine (0.76 mL, 4.36 mmol). The
mixture was stirred at -78C for 15 minutes, and
tert-butyl 2-methoxypyrrolidine-l-carboxylate (1.0 g,
4.97 mmol) was added. After 15 minutes, the reaction
was allowed to warm to ambient temperature for one
hour. The reaction was quenched with saturated NH Cl
(20 mL) and extracted with dichloromethane (3 X 100
mL). The organic phase was dried over Na2SO4 and
concentrated in vacuo. The residue was purified by
column chromatography, eluting with hexane/ethyl
acetate (4:1), (1.44 g, 62.3% yield). 7.55 (t, J =
8.2, IH), 7.38-7.18 (m, 7H), 5.61-5.51 (m, IH),
4.72-4.56 (m, 2H), 4.16-4.02 (m, 2H), 3.43-3.34 (m,
IH), 3.28-3.15 (m, IH), 2.77-2.61 (m, IH), 1.96-1.80
(m, IH), 1.75-1.56 (m, 4H), 1.48 (s, 9H). [00267] Step
3: (S)-2-((S)-
1-(tert-Butoxycarbonyl)pyrrolidin-2-yl)-2-(3-fluoro-4-
(trifluoromethyl)phenyl)acetic acid: Lithium hydroxide
hydrate (0.22 g, 5.24 mmol) was dissolved in THF (20
mL) and water (10 mL) and then treated with hydrogen
peroxide (35 wt%) (1.00 g, 10.3 mmol). After stirring
at ambient temperature for 30 minutes, the solution
was cooled to 0C. (S)- tert-Butyl
2-((S)-2-((R)-4-benzyl-2-oxooxazolidin-3-yl)-l-(3-fluo
ro-4-(trifluoromethyl)phenyl)-2-
oxoethyl)pyrrolidine-l-carboxylate (1.44 g, 2.62 mmol)
was added as a solution in THF (10 mL). The mixture
was stirred at 0C for 1 hour and then warmed to
ambient temperature overnight. The reaction was
quenched with 10% K2SO3 (4 mL) and saturated NaHCO 3
(4 mL) and stirred at ambient temperature for 20
minutes. The reaction was concentrated in vacuo, and
the aqueous phase was washed with ether (3 X 50 mL).
The aqueous phase was diluted with ethyl acetate (50
mL), cooled to 00C, and acidified with IN HCl to a pH
of 3. The organic phase was separated, and the aqueous
phase was extracted with ethyl acetate (3 X 5OmL). The
combined organic phase was washed with IN HCl (2 X 20
mL), dried over Na2SO4 and then concentrated in vacuo
(0.036 g, 3.52% yield). MS (APCI-) [M-H] 389.8.
[00268] Step 4: (S)-tert-Butyl
2-((S)-l-(3-fluoro-4-(trifluoromethyl)phenyl)-2-(4-((5
R,7R)-
7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimid
in-4-yl)piperazin-l-yl)-2-
oxoethyl)pyrrolidine-l-carboxylate:
(S)-2-((S)-l-(tert-Butoxycarbonyl)pyrrolidin-2-yl)-2-(
3-fluoro-4-(trifluoromethyl)phenyl)acetic acid (0.036
g, 0.092 mmol) and (5R,7R)-5-methyl-4-
(piperazin-l-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin
-7-ol di-hydrochloride (0.028 g, 0.092 mmol) were
slurried in dichloromethane (5 niL) and then treated
with diisopropylethylamine (0.06 rnL, 0.34 mmol). This
was followed by treatment with HBTU (0.036 g, 0.095
mmol). The mixture was stirred at ambient temperature
for 1 hour. The reaction was concentrated in vacuo and
purified by column chromatography, eluting with ethyl
acetate. (0.040 g, 72% yield). MS (APCI+) [M+H] 608.2.
[00269] Step 5:
(S)-2-(3-Fluoro-4-(trifluoromethyl)phenyl)-
1-(4-((5R,7R)-7-hydroxy-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)pipe
razin-l-yl)-2-((S)-pyrrolidin-2- yl)ethanone:
(S)-tert-Butyl 2-((S)-I
-(3-fluoro-4-(trifluoromethyl)phenyl)-2-(4-((5R,7R)-7-
hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin
-4-yl)piperazin-l-yl)-2-
oxoethyl)pyrrolidine-l-carboxylate (0.040 g, 0.066
mmol) was dissolved in dichloromethane (4 mL) and MeOH
( 1 mL) and treated with HCl in dioxane (2 mL, 8.0
mmol). The mixture was stirred at ambient temperature
overnight. The reaction was concentrated in vacuo to
produce the desired product (0.033 g, 99% yield). MS
(APCI+) [M+H] 508.1; 2.13 minutes. Example 6
(S)-2-(4-chlorophenyl)-l-(4-((5R,7R)-7-hvdroxy-5-methy
l-6,7-dihvdro-5H-cvclopenta[dlpyrimidin-4-
vDpiperazin-
1-yl)-2-(YS)-1-methylpiperidin-2-vDethanone [00270]
Prepared according to the procedure described for
Example 7 using (S)-2-(4- chlorophenyl)-
1-(4-((5R,7R)-7-hydroxy-5
-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazin-l-yl)-2-((S)-piperidin-2-yl)ethanone,
(0.0056 g, 50%). MS (ESI+) [M+H] 484.2. Example
7(S)-2-(4-chlorophenylVl-(4-((5R.7RV7-hvdroxy-5-methyl
-6J-dihvdro-5H-cvclopentard1pyrimidin-4-
vDpiperazin-1-yl)-2-((S)-1-methylpyrrolidin-2-yl
)ethanone [00271] (S)-2-(4-chlorophenyl)-
1-(4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5Hcyclope
nta[ d]pyrimidin-4-yl)piperazin-
1-yl)-2-((S)-pyrrolidin-2-yl)ethanone di-hydrochloride
(0.213 g, 0.4027 mmol) was treated with 37% aqueous
formaldehyde (0.1109 niL, 4.027 mmol), formic acid
(0.1519 mL, 4.027 mmol) and water (400 uL). The
mixture was heated to reflux for 6 hours. After
cooling, the reaction was neutralized with saturated
NaHCO3 and then extracted with methylene chloride. The
aqueous was extracted with methylene chloride (2 X).
The combined organic portions were dried over Na2SO4
and concentrated in vacuo. The residue was subjected
to chromatography on SiO2 and eluted with a stepped
gradient from 2% MeOH/1% NILtOH/dichloromethane to 5%
MeOH/1% NJLOH/dichloromethane. The free base was
collected and concentrated in vacuo. The residue was
concentrated from MeOH and then re-dissolved in MeOH.
The solution was treated with HCl in dioxane (4M, 1
mL, 4mmol). The solution was concentrated in vacuo,
re-suspended in MeOH and re-concentrated three times.
The solution was re-dissolved in MeOH (0.25 mL + 0.125
mL wash) and added dropwise to a stirred flask
containing Et2O (15 mL). The suspension was stirred
for 30 minutes. The suspension was then filtered,
washed with Et2O and dried under a blanket of
nitrogen. (S)-2-(4-chlorophenyl)-l-(4-((5R,7R)-7-
hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin
-4-yl)piperazin- 1-yl)-2-((S)- 1-
methylpyrrolidin-2-yl)ethanone dihydrochloride was
recovered as a solid (0.1 17 g, 62%). MS (ESI+) [M+H]
470.1 / 472.1. 1 NMR (CD3OD, 400 MHz) d 8.57 (s, IH),
7.47-7.41 (dd, 4H), 5.31 (t, J = 8.0 Hz, IH), 4.54 (d,
J = 9.1 Hz, IH), 4.25-4.16 (m, 2H), 4.11-4.05 (m, IH),
3.93-3.62 (m, 6H), 3.51-3.42 (m, IH), 3.26-3.17 (m,
IH), 2.95 (s, 3H), 2.34-2.26 (m, IH), 2.23-2.06 (m,
3H), 2.05-1.92 (m, IH), 1.85-1.73 (m, IH), 1.21-1.16
(d, 3H). Example
8(SV2-(4-chlorophenylVl-(4-((5R,7RV7-hvdroxy-5-methyl-
6J-dihvdro-5H-cvclopentardlpyrimidin-4-
vDpiperazin-1-yl)-2-((S)-1-isopropylpypOlidin-2-yl)eth
anone [00272] (S)-2-(4-chlorophenyl)-
1-(4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5Hcyclope
nta[ d]pyrimidin-4-yl)piperazin-
1-yl)-2-((S)-pyrrolidin-2-yl)ethanone di-hydrochloride
(0.074 g, 0.1399 mmol) was dissolved in
1,2-dichloroethane (0.50 mL) and treated with
diisopropylethylamine (0.04874 mL, 0.2798 mmol),
propan-2-one (0.03082 mL, 0.4197 mmol) and sodium
triacetoxyborohydride (0.1483 g, 0.6996 mmol). The
mixture was stirred at 40C for 18 hours. The reaction
was quenched with 3N HCl and stirred for 30 minutes.
The reaction was neutralized to a pH of about 8 to
about 8.5 with slow addition of saturated NaHCO3. The
reaction was diluted with methylene chloride and
separated. The aqueous layer was washed with methylene
chloride (2 X), and the combined organics were dried
over Na2SO4 and concentrated in vacuo. The material
was subjected to chromatography on SiO eluting with 5%
MeOH/1% NJLtOH/methylene chloride. The recovered free
base (51.2 mg) was dissolved in dioxane ( 1 mL) and
treated with 4N HCl in dioxane (1.5 mL). After
stirring for 5 minutes, the mixture was concentrated
in vacuo. The mixture was re-dissolved and
re-concentrated in vacuo three times from MeOH. The
mixture was re-dissolved in MeOH (0.5 mL + 0.25 mL
wash) and added dropwise to stirred Et2O (30 mL). The
resultant solid was stirred for 30 minutes. The solid
was then filtered, washed with Et2O and dried under a
blanket of nitrogen.
(S)-2-(4-Chlorophenyl)-l-(4-((5R,7R)-7-hydroxy-5-methy
l-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-
1-yl)-2-((S)- 1-isopropylpyrrolidin-2- yl)ethanone
dihydrochloride was recovered as a solid (0.026 g,
59%). MS (ESI+) [M+H] 498.2 /500.1. 1H NMR (CD3OD, 400
MHz) d 8.56 (s, IH), 7.44 (dd, 4H), 5.29 (t, J = 8.1
Hz, IH), 4.56 (d, J = 10.3, IH), 4.44-4.35 (m, IH),
4.29-4.06 (m, 3H), 3.87-3.75 (m, 3H), 3.72-3.62 (m,
IH), 3.60-3.35 (m, 5H), 2.31-2.25 (m, IH), 2.23-2.08
(m, 2H), 2.07-1.95 (m, IH), 1.90-1.78 (m, IH),
1.78-1.68 (m, IH), 1.39 (d, 3H), 1.32 (d, 3H), 1.18
(d,
3H).(S)-2-(4-chlorophenyl)-l-(4-((5R.7RV7-hvdroxy-5-me
thyl-6.7-dihvdro-5H-cvclopentafd1pyrimidin-4-
yDpiperazin-
1-ylV2-(YS>1-isobutylpyrrolidin-2-yl)ethanone [00273]
Prepared according to the procedure described for
Example 8 using isobutyraldehyde. MS (ESI+) [M+H]
512.2. 1H NMR (CD3OD, 400 MHz) d 8.56 (s, IH), 7.44
(dd, 4H), 5.28 (t, IH), 4.60 (d, J = 8.9 Hz, IH),
4.30-4.16 (m, 2H), 4.11-4.02 (m, IH), 3.93-3.59 (m,
5H), 3.55-3.42 (m, 2H), 3.37-3.23 (m, IH), 3.09-3.03
(dd, IH), 2.32-2.24 (m, IH), 2.22-1.94 (m, 5H),
1.85-1.75 (m, IH), 1.17 (d, 3H), 1.08 (d, 3H), 1.00
(d, 3H). Example 10
(S)-2-(4-chlorophenylVl-(4-(r5RJS)-7-hvdroxy-5-methyl-
6.7-dihvdro-5H-cvclopentard1pyrimidin-4- yDpiperazin-
1-yl)-2-(YS)-1-methylpyrrolidin-2-yl)ethanone [00274]
Prepared according to the procedure described for
Example 7 using (S)-2-(4-
chlorophenyl)-l-(4-((5R,7S)-7-hydroxy-5-methyl-6,7-dih
ydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazin-l-yl)-2-((S)-pyrrolidin-2-yl)ethanone. MS
(ESI+) [M+H] 470.1 / 472.1. 1H NMR (CDCl 3, 400 MHz) d
8.59 (s, IH), 7.43 (dd, 4H), 5.13 (dd, IH), 4.53 (d,
IH), 4.30-4.13 (m, 2H), 3.97-3.88 (m, IH), 3.80-3.64
(m, 3H), 3.57-3.41 (m, 2H), 3.26-3.17 (m, IH), 2.95
(s, 3H), 2.84- 2.75 (m, IH), 2.16-2.06 (m, 2H),
2.03-1.92 (m, IH), 1.85-1.74 (m, IH), 1.65-1.58 (dt,
IH), 1.24 (d, 3H).Example 11
(S)-2-(4-chlorophenylVl-(4-(r5R.7SV7-hvdroxy-5-methyl-
6.7-dihvdro-5Hcvclopentard]
pyrimidin-4-yl)piperazin-l-yl)-2-((SVpyrrolidin-2-yl)e
thanone [00275] Step 1: (S)-tert-Butyl
2-((S)-l-(4-chlorophenyl)-2-(4-((5R,7S)-7-hydroxy-5-me
thyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-
1-yl)-2-oxoethyl)pyrrolidine- 1-carboxylate was
prepared according to the procedure described for
Example 3 using (5R,7S)-5-methyl-4-
(piperazin-l-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin
-7-ol di-hydrochloride (0.22 g, 87%). MS (ESI+) [M+H]
556.0 / 558.0. [00276] Step 2: (S)-2-(4-chlorophenyl)-
1-(4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5Hcyclope
nta[ d]pyrimidin-4-yl)piperazin-
1-yl)-2-((S)-pyrrolidin-2-yl)ethanone was prepared
according to the procedure described for Example 3
using (S)-tert-butyl 2-((S)-l-(4-chlorophenyl)-
2-(4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclop
enta[d]pyrimidin-4-yl)piperazin-l-yl)-2-
oxoethyl)pyrrolidine-l -carboxylate (0.175 g, 84%). MS
(ESI+) [M+H] 456.1 / 458.1. 1H NMR (CD3OD5 400 MHz) d
8.59 (s, IH), 7.43 (dd, 4H), 5.12 (dd, IH), 4.45 (d, J
= 9.8 Hz, IH), 4.26- 4.16 (m, IH), 4.14-4.05 (m, IH),
3.94-3.82 (m, 2H), 3.79-3.67 (m, 3H), 3.56-3.47 (m,
IH), 3.46- 3.37 (m, IH), 3.37-3.31 (m, 2H), 2.84-2.75
(dt, IH), 2.16-2.05 (m, IH), 1.98-1.74 (m, 3H), 1.65-
1.58 (dt, IH), 1.40-1.34 (m, 3H), 1.23 (d, 3H).
Example 12
(S)-2-(4-chlorophenylVl-(4-((5R,7RV7-hvdroxy-5-methyl-
6J-dihvdro-5Hcyclopentard1pyrimidin-
4-yl)piperazin-l-ylV2-((S
')-L5,5-trimethylpyrrolidin-2-yl )ethanone[00277] Step
1: 5,5-Dimethylpyrrolidin-2-one (0.1078 g, 0.95265
mmol) [Ganem, B. and Osby, JO; Tet Lett 26:6413
(1985)] was dissolved in THF (3 mL) and cooled to
-200C. The solution was treated with lithium
hexamethyldisilazide ("LHMDS"; 1.0479 mL, 1.0479 mmol)
and stirred at -200C for 30 minutes. di-tert-Butyl
dicarbonate (0.24950 g, 1.1432 mmol) was added, 



and the reaction mixture was allowed to warm to
ambient temperature. The reaction was stirred at
ambient temperature for two hours and then quenched
with saturated NH4Cl, diluted with ethyl acetate and
separated. The organic layer was washed with saturated
NH4Cl, saturated NaHCO3, saturated NaCl, dried over
Na2SO4 and concentrated in vacuo to an oil. The crude
product was subjected to chromatography on SiO2 and
eluted with 4:1 hexanes/ethyl acetate. tert-Butyl 2,2-
dimethyl-5-oxopyrrolidine-l-carboxylate (Rf of 0.1 1
in 4:1 hexanes/ethyl acetate) was recovered as a solid
(0.087 g, 43%). 1U NMR (CDCl3, 400 MHz) d 2.48 (t, J =
7.8, 2H), 1.85 (t, 2H), 1.54 (s, 9H), 1.47 (s, 6H).
[00278] Step 2: tert-Butyl
2,2-dimethyl-5-oxopyrrolidine-l-carboxylate (1.170 g,
5.4859 mmol) was dissolved in Et2O (15 mL) and cooled
to -78C. The solution was treated with DIBALH (3.7304
mL, 5.5956 mmol). The mixture was stirred at -780C for
2 hours and then warmed to ambient temperature
overnight. The reaction was quenched by addition of an
aliquot (7 mL) of a solution of p-toluenesulfonic acid
hydrate (0.012 g) in MeOH (12 mL). The mixture was
stirred at ambient temperature for 60 hours. The
suspension was concentrated in vacuo and re-suspended
in a mixture of Rochelle's salt (0.5N) and ethyl
acetate. After separation, the aqueous portion was
washed with ethyl acetate (2 X). The combined organics
were then washed with saturated NaCl, dried over
Na2SO4 and concentrated in vacuo to a light oil (92%).
A solution of titanium(IV) chloride (3.7128 ml, 3.7128
mmol) in toluene was cooled to 00C and treated with a
solution of (R)-
4-benzyl-3-(2-(4-chlorophenyl)acetyl)oxazolidin-2-one
(1.1 131 g, 3.3753 mmol) dissolved in dichloromethane
(7 mL). After 5 minutes, diisopropylethylamine
(0.64671 mL, 3.7128 mmol) was added. The resultant
solution was stirred for 1 hour at 0C and then cooled
to -20C. A solution of tert-butyl
5-methoxy-2,2-dimethylpyrrolidine-l-carboxylate (1.090
g, 5.0630 mmol) in dichloromethane (7 mL) was added,
and the mixture was stirred at -20C for 75 minutes.
The reaction was quenched with saturated NH Cl (about
4 mL) and diluted with water to dissolve the solids.
After separation, the aqueous portion was washed with
methylene chloride (3 X). The combined organics were
washed with water (2 X), dried over Na2SO4 and
concentrated in vacuo. The crude product was subjected
to chromatography on SiO2 and eluted with 9:1
hexanes/ethyl acetate to produce (S)-tert-butyl
5-((S)-2-((R)-4-benzyl-2-oxooxazolidin-3-
yl)-l-(4-chlorophenyl)-2-oxoethyl)-2,2-dimethylpyrroli
dine-l-carboxylate (1.09 g, 61%). MS (ESI+) [M+H]
526.7 / 528.8[00279] Step 3: (S)-2-((S)-
1-(tert-Butoxycarbonyl)-5,5-dimethylpyrrolidin-2-yl)-2
-(4- chlorophenyl)acetic acid was prepared according
to the procedure described for Example 1 using
(S)-tert-butyl
5-((S)-2-((R)-4-benzyl-2-oxooxazolidin-3-yl)-l-(4-chlo
rophenyl)-2-oxoethyl)-2,2-
dimethylpyrrolidine-1-carboxylate (0.55 g, 72%). 1H
NMR (CDCl3, 400 MHz) d 7.33-7.21 (m, 4H), 4.60-4.51
(m, IH), 4.39-4.32 (m, IH), 2.04-1.92 (m, 2H),
1.78-1.68 (m, 2H), 1.51 (s, 9H), 1.22 (s, 6H). [00280]
Step 4: (S)-tert-Butyl 5-((S)-I
-(4-chlorophenyl)-2-(4-((5R,7R)-7-hydroxy-5-methyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-l
-yl)-2-oxoethyl)-2,2-dimethylpyrrolidine-
1-carboxylate was prepared according to the procedure
described for Example 3 using (S)-2-((S)-l-
(tert-butoxycarbonyl)-5,5-dimethylpyrrolidin-2-yl)-2-(
4-chlorophenyl)acetic acid (0.315 g, 79%). MS (ESI+)
[M+H] 584.0 / 586.1. [00281] Step 5:
(S)-2-(4-Chlorophenyl)-2-((S)-5,5-dimethylpyrrolidin-2
-yl)-l-(4-((5R,7R)-
7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimid
in-4-yl)piperazin- 1-yl)ethanone was prepared
according to the procedure described for Example 3
using (S)-tert-butyl 5-((S)-I -(4-
chlorophenyl)-2-(4-((5R,7R)-7-hydroxy-5-methyl-6,7-dih
ydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazin-l-yl)-2-oxoethyl)-2,2-dimethylpyrrolidine
- 1-carboxylate, (0.278 g, 93%). MS (ESI+) [M+H] 484.2
/ 486.2. [00282] Step 6: (S)-2-(4-Chlorophenyl)-
1-(4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5Hcyclope
nta[ d]pyrimidin-4-yl)piperazin- 1-yl)-2-((S)-
1,5,5-trimethylpyrrolidin-2-yl)ethanone was prepared
according to the procedure described for Example 7
using (S)-2-(4-chlorophenyl)-2-((S)-
5,5-dimethylpyrrolidin-2-yl)-l-(4-((5R,7R)-7-hydroxy-5
-methyl-6,7-dihydro-5Hcyclopenta[
d]pyrimidin-4-yl)piperazin-l-yl)ethanone (0.016 g,
62%). MS (ESI+) [M+H] 498.2 / 500.1. 1H NMR (CD3OD,
400 MHz) d 8.57 (s, IH), 7.52-7.42 (m, 4H), 5.28 (t, J
= 7.8 Hz, IH), 4.81-4.76 (m, IH), 4.40-4.31 (q, IH),
4.22-4.12 (m, IH), 4.05-3.97 (m, IH), 3.96-3.63 (m,
5H), 3.56-3.49 (m, IH), 2.55 (s, 3H), 2.32-2.24 (m,
IH), 2.23-1.96 (m, 4H), 1.86-1.76 (m, IH), 1.55 (s,
3H), 1.34 (s, 3H), 1.19 (d, 3H). Example
13(S)-2-(4-cvclopropylphenvn-l-(4-((5RJRV7-hvdroxy-5-m
ethyl-6,7-dihvdro-5Hcvclopenta[
d1pyrimidin-4-yl)piperazin-l-yl)-2-((SVpyrrolidin-2-yl
)ethanone [00283] Step 1: Cyclopropylmagnesium bromide
(64.0 mL, 32.00 mmol) in THF was treated with a
solution of zinc (II) chloride (64.00 mL, 32.00 mmol)
in THF. The mixture was stirred at ambient temperature
for 20 minutes. 2-(4-Bromophenyl)acetonitrile (5.228
g, 26.67 mmol) and bis[tri-t-butyl phosphine]palladium
(0.6814 g, 1.333 mmol) were added as a solution in THF
(2 mL). The reaction was stirred at ambient
temperature under nitrogen for 12 hours. The reaction
was quenched with saturated NH4Cl, diluted with
methylene chloride and separated. The aqueous layer
was washed with methylene chloride (2 X), and then the
combined organic layers were washed with water (3 X),
dried over Na2SO4 and concentrated in vacuo. The crude
product was subjected to chromatography on SiO2
eluting with 25:1 hexanes/ethyl acetate to yield 2-(4-
cyclopropylphenyl)acetonitrile (2.76 g, 66%). 1H NMR
(CDCl3, 400 MHz) d 7.20 (d, J = 8.2, 2H), 7.07 (d, J =
8.2, 2H), 3.70 (s, 2H), 1.94-1.85 (m, IH), 1.01-0.95
(m, 2H), 0.71-0.66 (m, 2H). [00284] Step 2: Methanol
(65 mL) was cooled to 0C and saturated with HCl (g).
This solution was treated with a solution of
2-(4-cyclopropylphenyl)acetonitrile (2.76 g, 17.56
mmol) in methanol (6 mL). The reaction mixture was
heated to reflux overnight under a drying tube
containing CaSO4. The reaction was cooled and
concentrated in vacuo. The crude mixture was
resuspended in ethyl acetate and water and then
separated. The organic layer was washed with saturated
NaHCO3, saturated NaCl, dried over Na2SO4 and
concentrated in vacuo to provide methyl
2-(4-cyclopropylphenyl)acetate as an oil (3.10 g,
93%). 1H NMR (CDCl3, 400 MHz) d 7.16 (d, J = 8.3, 2H),
7.02 (d, 2H), 3.68 (s, 3H), 3.58 (s, 2H), 1.92-1.83
(m, IH), 0.97-0.91 (m, 2H), 0.70-0.64 (m, 2H). [00285]
Step 3: Methyl 2-(4-cyclopropylphenyl)acetate (3.10 g,
16.30 mmol) was dissolved in a mixture of
THF/MeOH/water (2:2:1, 80 mL), and the solution was
treated with lithium hydroxide hydrate (0.8548 g,
20.37 mmol). The mixture was then stirred at ambient
temperature for 4 hours. The reaction mixture was
neutralized to a pH of 4 with 3N HCl and concentrated
in vacuo. The solids were re-dissolved in ethyl
acetate and water. The pH was re-adjusted to a pH of
about 3 to about 4 with 3N HCl. The layers were then
separated. The aqueous layer was washed with ethyl
acetate (2 X). The combined organic layers were then
washed with saturated NaCl, dried over Na2SO4 and
concentrated to yield 2-(4-cyclopropylphenyl)acetic
acid (2.82 g, 98%). 1H NMR (CDCl3, 400 MHz) d 7.16 (d,
J = 8.2, 2H), 7.03 (d, 2H), 3.60 (s, 2H), 1.92-1.83
(m, IH), 098- 0.91 (m, 2H), 0.70-0.64 (m, 2H). [00286]
Step 4: 2-(4-Cyclopropylphenyl)acetic acid (2.82 g,
16.003 mmol) was combined with
(R)-4-benzyloxazolidin-2-one (3.4030 g, 19.204 mmol)
in toluene (14 mL). The suspensionwas treated with
triethylamine (6.6917 niL, 48.010 mmol) and then
heated to 80C. The solution was treated dropwise with
a solution of pivaloyl chloride (1.9893 mL, 16.003
mmol) in toluene (3.5 mL). The reaction was heated
overnight at 800C. The reaction was cooled and washed
with 2N HCl and then separated. The aqueous layer was
washed with toluene, and the combined organics were
then washed with 2N HCl, water, saturated NaHCO3 (2
X), saturated NaCl, dried over Na2SO4 and concentrated
in vacuo. The crude product was subjected to
chromatography on SiO2 eluting with 9:1 hexanes/ethyl
acetate to yield (R)-4-benzyl-3-(2-(4-
cyclopropylphenyl)acetyl)oxazolidin-2-one (3.43 g,
64%). 1H NMR (CDCl3, 400 MHz) d 7.33- 7.20 (m, 5H),
7.16-7.11 (m, 2H), 7.05 (d, J = 8.2, 2H), 4.70-4.63
(m, IH), 4.32-4.14 (m, 4H), 3.26 (dd, J l = 3.2, J2 =
13.3, IH), 2.75 (dd, J l = 9.5, J2 = 13.3, IH),
1.93-1.85 (m, IH), 0.98-0.92 (m, 2H), 0.72-0.66 (m,
2H). [00287] Step 5:
(S)-2-((S)-l-(tert-Butoxycarbonyl)pyrrolidin-2-yl)-2-(
4- cyclopropylphenyl)acetic acid was prepared
according to the procedure described for Example 1,
using
(R)-4-benzyl-3-(2-(4-cyclopropylphenyl)acetyl)oxazolid
in-2-one (0.287 g, 26%). MS (ESI+) [M+H] 345.7.
[00288] Step 6: (S)-tert-Butyl
2-((S)-l-(4-cyclopropylphenyl)-2-(4-((5R,7R)-7-hydroxy
-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)pipe
razin- 1-yl)-2-oxoethyl)pyrrolidine- 1- carboxylate
was prepared according to the procedure described for
Example 3 using (S)-2-((S)-l-
(tert-butoxycarbonyl)pyrrolidin-2-yl)-2-(4-cyclopropyl
phenyl)acetic acid, (0.199 g, 94%). MS (ESI+) [M+H]
562.1. [00289] Step 7: (S)-2-(4-Cyclopropylphenyl)-
1-(4-((5R,7R)-7-hydroxy-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-
1-yl)-2-((S)-pyrrolidin-2-yl)ethanone was prepared
according to the procedure described for Example 3
using (S)-tert-butyl 2-((S)-I -(4-
cyclopropylphenyl)-2-(4-((5R,7R)-7-hydroxy-5-methyl-6,
7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazin-l-yl)-2-oxoethyl)pyrrolidine-l
-carboxylate (0.145 g, 77%). MS (ESI+) [M+H] 462.2. 1
NMR (CD3OD, 400 MHz) d 8.56 (s, IH), 7.26 (d, 2H),
7.13 (d, 2H), 5.29 (dd, IH), 5.32-5.26 (dd, IH), 4.32
(d, IH), 4.29-4.18 (m, IH), 4.12-3.95 (m, 2H),
3.88-3.61 (m, 6H), 3.51-3.38 (m, IH), 3.35-3.30 (m,
IH), 2.32-2.24 (m, IH), 2.22-2.03 (m, 2H), 1.95-1.85
(m, 2H), 1.82-1.73 (m, 2H), 1.40-1.34 (m, IH), 1.16
(d, 3H), 1.01-0.95 (m, 2H), 0.69-0.64 (m, 2H). [00290]
Examples 14-32 shown in Table 1 can also be made
according to the above described methods.Table 1METHOD
FOR READING AND WRITING DATA WIRELESSLY FROM SIMULATED
MUNITIONS BACKGROUND OF THE INVENTION [0001] Weapon
simulation systems are commonly used for combat
training and/or shooting practice. Such systems are
designed to simulate the effects of a specific weapon
type with a specific computer-generated target. There
are numerous different types of munitions that are
compatible with any one weapon, such as a 40mm grenade
launcher (manufacturer independent). Some of these
round types include high explosive, airburst, star
cluster, flare, smoke, and practice. Because of this,
there have been many attempts by firearms simulation
manufacturers to create a method for simulating
different types of munitions to be used in weapon
simulation systems and be able to monitor the type of
munition used in the weapon simulation system. [0002]
One method for reading different round types on a
mortar launcher was using different color charge rings
and a compatible color sensor to detect which charge
ring is installed on the mortar. The mortar would then
communicate via contacts on the mortar and launcher
once the mortar had come to rest. This system was
limited in many ways. The largest problem was sunlight
causing large offsets and incorrect readings with the
color sensor. Another issue is the ability to pick up
a difference in color. Because the colors had to have
a significant difference in wavelength in order to
detect each one with no errors, the round types were
limited to less than ten. Additionally, communicating
via electrical contacts proved to be unreliable due to
corrosion and mechanical bounce. Lastly, there was no
ability to store any other data on the round such as a
serial number orusage data. Other methods for
determining different round types suffer from very
similar limitations. [0003] Another example of a
previous method for detecting round type is described
in patent number 5,201,658. This implementation uses
frequency resonance to detect different round types.
There are a few disadvantages to using this type of
detection. The most notable disadvantage is the
inability to convey more information than just the
round type. Additionally the round frequency is set by
hardware design and cannot be changed without
disassembling the round and replacing the resonant
circuit. SUMMARY OF THE INVENTION [0004] A system and
method for reading and writing data wirelessly from
simulated munitions during a weapon simulation
scenario includes a simulated weapon that is in
electrical connection with a primary simulation
computer and an instructor computing station. The
simulated weapon includes an insert which will receive
a simulated munition. The insert includes an antenna
that is connected to an RFID transceiver, with the
transceiver further being connected to a weapon
controller. An RPID tag is installed within the
simulated munition, with the RFID tag storing
information about the simulated munition and
transmitting that information to the weapon controller
via the RFID transceiver when the simulated munition
passes the antenna. The weapon controller will further
transmit the simulated munition information to the
primary simulation computer for proper identification
in the weapon simulation. BRIEF DESCRIPTION OF THE
DRAWINGS[0005] Figure 1 is a block diagram of the
components of a weapon simulation system incorporating
a simulated munition having wireless transmissions
with a controller of a 



simulated weapon; [0006] Figure 2a is a side sectional
exploded view of one embodiment of the simulated
munition used in the simulated weapon; [0007] Figure
2b is a side sectional view of the assembled simulated
munition illustrated in Figure 2a; [0008] Figure 3a is
a perspective view of a first embodiment of an insert;
[0009] Figure 3b is a perspective view of a second
embodiment of the insert; [0010] Figure 4 is a
composite side sectional view of the simulated
munition illustrated in Figure 2b combined with the
insert illustrated in Figure 3 in a simulated weapon;
[0011] Figure 5 is a composite side sectional view of
the simulated munition combined with the insert as
illustrated in Figure 4, the antenna having an
extended wrap around the insert; and [0012] Figure 6
is an exploded side sectional view of the simulated
munition with respect to the insert, the antenna
extending around the edge of the insert. DESCRIPTION
OF THE INVENTION [0013] A system and method for
reading and writing data wirelessly from simulated
munitions 24 is illustrated in the attached Figures
1-6. Looking first to Figure 1, a weapons simulation
system 10 is shown having a simulated weapon 12 that
is in electrical connection with a primary simulation
computer 14, such as with a serial orwireless (e.g.,
Bluetooth) connection 15. The primary simulation
computer 14 generates an electronic simulation
scenario displayed on a screen or monitor to train a
user in the use of the simulated weapon 12, and
monitors the use of the simulated weapon 12 in the
scenario. The primary simulation computer 14 is
further in electrical communication with an instructor
computing station 16, again such as with a serial or
wireless (e.g., Bluetooth) connection 17. The
instructor computing station 16 may be any computer or
similar device that allows the instructor to further
monitor the user's interaction and control the weapon
simulation. [0014] The simulated weapon 12 has the
appearance of an actual weapon, and includes a weapon
controller 18 that monitors the operation of various
sensors that are used with the simulated weapon 12,
such as a magazine present sensor, a trigger sensor, a
safety sensor, a hammer position sensor, as well as
others as conventionally used with various simulated
weapons 12. The weapon controller 18 may be a
conventional microcontroller or microprocessor that is
able to control operation of the simulated weapon 12,
and it is additionally in electrical communication
with a radio-frequency identification (RFID)
transceiver 20 that is housed in the simulated weapon
12. As discussed further herein, the RPID transceiver
20 is connected with an antenna 28, which will
communicate with an RFID transponder tag 26 housed in
the simulated munition 24 when the simulated munition
24 is used with the simulated weapon 12. [0015] As a
bit of background, RFID is an automatic identification
method, relying on storing and remotely retrieving
data using the RFID tags 26 or transponders. The RFID
tag 26 is an object that can be applied to or
incorporated into a product or item for the purpose of
identification using radio waves. Some RFID tags 26
can be read from avery close proximity of the
transceiver 20, while others may be meters away and
beyond the line of sight of the reader, and still
others may be accessible hundreds of meters away. Most
RPID tags 26 contain at least two parts. The first
part is an integrated circuit for storing and
processing information, modulating and demodulating a
radio frequency (RF) signal, and other specialized
functions. The second component is an antenna for
receiving and transmitting the signal to the
transceiver 20. [0016] Referring back to Figure 1, the
RFID transceiver 20 is connected with the antenna 28
via an impedance matching circuit 22. The impedance
matching circuit 22 which is used to match the
resistance of the transceiver 20 with the simulated
munition 24 for efficient operation. The RFID
transponder tag 26 as described above is placed inside
of the simulated munition round 24 to store
information about what type of munition is being
simulated in the system 10. This intelligent simulated
munitions round 24 is used in the simulated weapon 12.
The RFID tag 26 also stores other data including
serial numbers, usage data, service history, and other
information useful for either the customer or the
manufacturer. The RFID tag 26 is read by the RFID
transceiver 20 that is connected with the simulated
weapon 12, the transceiver 20 being added on or
supported in the simulated weapon 12. The
communications between the RFID tag 26 and the RFID
transceiver 20 are accomplished using an antenna 28.
The RFID transceiver 20 and the antenna 28 are
connected through the impedance matching circuit board
22 and a coaxial cable 23. The RFID tag 26 is read by
the RFID transmitter 20 when the simulated munition 24
is inserted into the simulated weapon 12 and after the
simulated munition 24 has been seated into the barrel
54 or launch tube of the simulated weapon 12. After
the RFID tag 26 is read, the weapon controller 18 will
make decisionsbased on what type of simulated
munitions round was read from the RPID tag 26. The
data read from the RFID tag 26 is communicated to the
primary simulation computer 14 and then to the
instructor's computing station 16 so that instructor's
computing station 16 may visually and audibly display
the information to the user. [0017] Continuing to view
Figure 1, the block diagram of the system 10 shows the
data flow and processing blocks of the system 10. The
instructor's computing station 16 is used to control,
monitor, and update the simulation being run in
real-time by a course instructor. That is, the
instructor's computing station 16 will generate the
graphics and scenarios being used to interact and
train the user of the simulated weapon 12. During the
simulation, the primary simulation computer 14
receives data and commands from both the instructor's
computing station 16 and the weapon controller 18. The
primary simulation computer 14 makes simulation
decisions based on its programming and displays
feedback to the trainee via visual means such as a
projector onto a screen or using a television or
monitor (not illustrated). [0018] There are two
separate processing blocks within the simulated weapon
12 which can run independent of one another. The
weapon controller 18 is responsible for controlling
all weapon timing of outputs, the reading of various
sensors associated with the simulated weapon 12, and
communication with the primary simulation computer 14.
The RFID transceiver 20 executes commands to the RFID
tag or transponder 26 via the antenna 28 and reads the
responses from the RFID tag 26. The RFID transceiver
20 packetizes the data received from the RFID tag 26
and sends the data via a serial bus 19 or another
electrical connection to the weapon controller 18. The
weapon controller 18 reads the data in from the serial
bus 19 and interprets the data from the RFID tag 26
asjust another sensor. The weapon controller 18 will
make decisions on how to fire the simulated weapon 12
based on the data from the RPID tag 26 along with
other weapon sensors associated with the simulated
weapon 12. The data from the RFID tag 26 gets
repacketized in a different format and sent to the
primary simulation computer 14 where it is used for
visual feedback to the trainee using the simulated
weapon 12. [0019] As an example, if the simulated
munition 24 was designed to have a round type such as
"Smoke," then, when the simulated weapon 12 is fired,
the primary simulation computer 14 will display smoke
on screen corresponding to where the round was fired.
However, if the round type of the simulated munition
24 is a high explosive grenade, then the primary
simulation computer 14 will display an explosion on
screen. Thus, various simulated munitions 24 may be
incorporated into the training of the user. The data
from the RFID tag 26 is also available to be viewed by
the instructor on the instructor's computing station
16. It should further be noted that all of the parts
of the system 10 used for RFID (seen within the dotted
line in Figure 1) are interchangeable with other
simulated weapons 12. In addition, note that
mechanical changes made be required to meet space
constraints for various simulated weapons 12. [0020]
The RFID tags 26 used in the illustrated system 10 are
passive, although it is foreseen that other types of
RFID tags 26 may be implemented. That is, RPID tags
are generally passive, active or semi-passive. Passive
tags require no internal power source, so they are
only active when a reader is nearby to power them. In
contrast, semi-passive and active tags require a power
source, such as a small battery. For passive RFID tags
that have no internal power supply, the minute
electrical current induced in the antenna by the
incoming radio frequency signal provides just enough
power for the integratedcircuit in the tag to power up
and transmit a response. Passive tags have practical
read distances ranging from about four inches up to a
few almost 600 feet. [0021] In comparison to passive
RFID tags, active RFID tags have their own internal
power source that is used to power the integrated
circuit and to broadcast the response signal to the
reader. Communications from active tags to readers is
typically much more reliable than communications from
passive tags. Due to their on board power supply,
active tags may transmit at higher power levels than
passive tags, allowing them to be more robust at
longer distances and in different environments. Many
active tags today have operational ranges of hundreds
of meters, and a battery life of up to ten years.
Active tags may include larger memories than passive
tags, and may include the ability to store additional
information received from the reader. Although the
embodiments shown herein include passive RFID tags 26,
it is noteworthy that an active or semi-passive RFID
tag 26 could be implemented for the user to achieve
the desired results. [0022] Referring to Figures 2-6,
various embodiments of the simulated weapon 12 and
simulated munition 24 are illustrated. In these
embodiments, a simulated grenade launcher is able to
fire a simulated munition 24 in the form of a 40mm
grenade 40. Although a grenade is illustrated, various
types of munitions could be implemented. Nonetheless,
the simulated grenade 40 is composed of two parts
similar to an actual 40mm grenade, namely, a simulated
projectile 42 and an aluminum cartridge case 44. The
simulated projectile 42 is created from a nylon rod
turned down to match the profile of the live round.
The inside of the projectile 42 is bored out and
female threads 46 are cut into the diameter to mate
with the cartridge case 44, also known as the shell.
The cartridge case 44 may be made from aluminum, and
has an outer diameter closelyresembling that of a live
round. The cartridge case 44 also has a smaller
threaded diameter 47 that threads into the nylon
projectile 42. Once the cartridge case 44 is threaded
completely into the projectile 42, a small cavity 48
is defined for the placement of the RFID tag 26. In
many cases depending on the munition being simulated,
the RFID tag 26 may not completely and snugly fit into
the small cavity 48. In such cases, a spacer 50, such
as a nylon spacer and/or one or more foam pads 49 may
be included to secure the RFID tag 26 in place and
help prevent malfunction of the RFID tag 26 from
unnecessary physical activity. Looking to Figures 2b
and 4, the RFID tag 26 is supported by the foam pads
49a, 49b, with one foam pad 49b abutting the spacer
50. [0023] Looking to Figure 3a, a thin walled insert
52 is designed to snugly fit into or abut an inner
surface of the simulated weapon 12, such as the inner
surface of the barrel 54 of the simulated weapon 12
(although the insert 52 may be positioned relative to
other components of the simulated weapon 12 as
appropriate to the operation of the weapon). Looking
to Figure 4, the barrel insert 52 is designed to fit
into the barrel 54 of a simulated launcher or firearm,
and may be affixed to the barrel 54 or launcher using
any conventionally known method, such as glue, a press
fit, or a screw or other connector extending through
the barrel 54 and the insert 52. The barrel insert 52
has a longitudinal grove cut 56 that is used to house
the coaxial cable 23 connecting the transceiver board
with the antenna. A relief cut 58 in the barrel insert
52 extends along the grove cut 56, and is used to
support the antenna impedance matching circuit board.
Looking to Figures 3a and 3b, the barrel insert 52 may
additionally have at least one lateral grove cut 60 at
one end of the longitudinal groove cut 56 around the
circumference of the barrel insert 52 to receive the
coil antenna 28 for the RFID transceiver 26. In the
embodiment shown inFigure 3a and 4, the coil antenna
28 will wrap around the barrel insert 52 a limited
number of times, such as three wraps around the barrel
insert 52. The number of wraps of the antenna 28
around the barrel insert 52 is inversely proportional
to the frequency transmission. The fewer the wraps,
the higher the frequency transmission.. However, it is
noted that multiple wraps of the antenna 28 around the
barrel insert 52 may be incorporated into the design.
For example, in the embodiment shown in Figure 3b, the
barrel insert 52 has three independent lateral groove
cuts 60a, 60b, and 60c that extend around the
circumference of the barrel insert 52 at one end of
the longitudinal groove cut 56. As a result, in this
embodiment, there will be three instances in which the
RFID tag 26 will communicate with the antenna 28 as
the simulated munition 24 is inserted into the 



barrel insert 52. Further, referring to the embodiment
shown in Figure 5, the antenna 28 may have multiple
wraps around the insert 52, with approximately 100
wraps of the antenna 28 being illustrated in this
embodiment. Furthermore, referring to Figure 6,
another embodiment illustrates the antenna 28 be
disposed at the end of the insert 52. In this
embodiment, the RFID tag 26 will communicate with the
RFID transceiver 20 as the simulated munition 24 is
brought into range of the antenna 28. [0024] Once the
simulated munition 20 is inserted into the barrel
insert 52, the RFID tag 26 will generally be
positioned within the circumference of the antenna
coil 28. The position of the RFID tag 26 may vary
according to the materials in the barrel 54 and the
particular application of the simulated munition 26,
but it is desirable to have the RFID tag 26 positioned
as close to the center of the circumference of the
antenna 28 as possible. In the embodiment shown in
Figure 4, it is estimated that the RFID tag 26 may be
positioned 0.25 inches above or below the plane of the
circumference of the antenna28. The ends of the coil
antenna 28 are attached to the impedance matching
circuit board 22 that fits into the relief 58 also cut
into the barrel insert 52. [0025] One end of the
barrel insert 52 is a hollow recess 53 to receive the
simulated 40mm grenade round 40 inside of the barrel
insert 52. The transceiver circuit board 20 that
controls communication with the RFID tag 26 is located
on the simulated weapon 12 where space allows. The
coaxial cable 23 connects the antenna impedance
matching circuit board 22 with the transceiver circuit
board 20. The transceiver circuit board 20
communicates with the weapon controller card 18 via an
electronic connection, such as a serial data bus, to
relay munitions data. [0026] Utilizing radio-frequency
identification for simulated munitions round type
detection has many advantages. For example, the RFID
tag 26 can be written to or read from at any time as
long as it is within range of the antenna 28 connected
to the transceiver 20. This provides the advantage of
allowing the same hardware to be used in all
applications of simulated weapons 12 with only slight
changes in the programming of the RFID tag 26. If any
data on the munitions round RFID tag 26 needs to be
updated, it can be done at any time from a compatible
RFID transceiver 20 without requiring an electrical
connection to the RFID tag 26. This includes the round
type, service history, and usage data. Additionally,
the RFID tag 26 may require no power (if passive, as
discussed above) and is purchased as a commercial off
the shelf part at a very small cost. This provides a
large cost savings over custom applications throughout
the life of the product. The RFID tags vary in memory
capacity from 32Bytes to more than 256Bytes. As little
as 32 Bytes would allow storage of 255 different round
types and several bytes of service history and usage
history. The round type could also be expanded
largerhowever more than 255 round types may be
excessive. This amount of data storage provides a very
large advantage over other round type detection
methods. Lastly, due to the wireless and contact-less
nature of RFID, there are no mechanical connections to
brake or maintain. This allows for a nearly
maintenance free product with high reliability. [0027]
Although the example of munitions described above was
a grenade, it is to be noted that any other munition
may be used in the system 10. For example, the
simulated munition 24 may take the form of a bullet, a
missile, a warhead, or some other type of munition
used in practicing the use of a weapon. [0028] A first
prototype RFID antenna 28 was built around a plastic
tube 52 that allowed a round to be inserted into it
for testing. A 40mm near-production simulated round
was used with an RFID tag 26 installed. It had a read
range of approximately 2.5 inches from the coil
antenna 28 along the centerline of the plastic tube.
To test a version closer to production assembly, the
barrel insert 52 was made out of nylon with the relief
cut 58 for the impedance matching circuit board 22 and
the coil antenna 28. This barrel insert 52 was placed
into an aluminum tube with a 3/16 inch wall, which
closely models a real barrel of a 40mm grenade
launcher. Initially, the simulated aluminum barrel 54
was offsetting the resonate frequency of the antenna
28 enough for the RFID tag 26 to be unreadable. After
retuning the antenna 28, the system 10 was tested to
have a read range of about three inches from the
center of the coil antenna 28 along the centerline of
the barrel 54. [0029] Having thus described exemplary
embodiments of a METHOD FOR READING AND WRITING DATA
WIRELESSLY FROM SIMULATEDMUNITIONS, it should be noted
by those skilled in the art that the within
disclosures are exemplary only and that various other
alternatives, adaptations, and modifications may be
made within the scope of the present invention.
Accordingly, the invention is not limited to the
specific embodiments as illustrated herein, but is
only limited by the following claims.CLAIMS What is
claimed is: 1. A method for identifying a simulated
munition inserted into a simulated weapon in a weapon
simulation system having a primary simulation computer
generating a training scenario for a user, said method
comprising the steps of: a. storing information about
the simulated munition in a radio frequency
identification tag housed in the simulated munition;
b. placing the simulated munition into an insert in
the simulated weapon; c . transmitting the information
from the radio-frequency identification tag to an
radio-frequency identification transceiver housed in
the simulated weapon; d. transmitting the information
from the RFID transceiver to a weapon controller of
the simulated weapon; and e. transmitting the
information from the weapon controller to the primary
simulation computer. 2. The method as described in
claim 1, wherein step b) further comprises:
positioning the simulated munition fully in the insert
for the radio-frequency identification tag to
substantially align with an antenna wrapped around the
insert; and transmitting information from the
radio-frequency identification tag to the
radiofrequency identification transceiver via the
antenna. 3. The method as described in claim 1,
wherein prior to step a) including the steps of:
assembling the simulated munition by attaching a
simulated projectile with a cartridge case to define a
cavity between the simulated projectile and the
cartridge case.4. The method as described in claim 1
further comprising the step of: placing the
radio-frequency identification tag in the cavity and
at least one spacer to protect the radio-frequency
identification tag. 5. A weapon simulation system
comprising: a primary simulation computer generating a
simulation scenario; a simulated weapon having a
weapon controller in electrical communication with the
primary simulation computer; a radio-frequency
identification transceiver connected with the
simulated weapon, the transceiver in electrical
communication with the weapon controller; an insert
connected with the simulated weapon; an antenna
connected to the transceiver, the antenna being
supported in the simulated weapon by the insert; a
simulated munition removeably engaging the insert in
the simulated weapon; a radio-frequency identification
tag housed in the simulated munition, the tag being in
electrical communication with the transceiver when the
simulated munition is supported in the insert. 6. The
weapon simulation system as described in claim 5
wherein said simulated munition further comprises a
shell having a simulated projectile and a cartridge
case defining a cavity to house the radio-frequency
identification tag. 7. The weapon simulation system as
described in claim 6 further comprising a nylon spacer
housed in the cavity.8. The weapon simulation system
as described in claim 7 further comprising first and
second foam pads surrounding the radio-frequency
identification tag in the cavity, the second foam pad
abutting the nylon spacer. 9. The weapon simulation
system as described in claim 5, wherein said insert
comprises a predetermined diameter and a lengthwise
axis, with a portion of the antenna wrapping around
the diameter of the insert to form a plane
substantially normal to the lengthwise axis. 10. The
weapon simulation system as described in claim 9,
wherein the radiofrequency identification tag is
substantially within the plane of the antenna wrapping
around the diameter of the insert when the simulated
munition is supported by the insert. 11. The weapon
simulation system as described in claim 5 further
comprising one or more grooves extending around the
insert to receive the antenna. 12. A weapon simulation
system for generating a training scenario for a weapon
user, said system comprising: a primary simulation
computer generating the simulation scenario; a
simulated weapon housing a weapon controller in
electrical communication with the primary simulation
computer, the simulated weapon having a firearm
barrel; a radio-frequency identification transceiver
housed in the simulated weapon, the transceiver in
electrical communication with the weapon controller;
an insert connected with the barrel of the simulated
weapon; an antenna connected to the transceiver and
surrounding the insert, the antenna being supported in
the simulated weapon by the insert; a simulated
munition removeably engaging the insert in the
simulated weapon;a radio-frequency identification tag
housed in the simulated munition and in electrical
communication with the transceiver when the simulated
munition is supported in the insert. 13. The weapon
simulation system as described in claim 12 wherein
said simulated munition further comprises a shell
having a simulated projectile and a cartridge case
defining a cavity to house the radio-frequency
identification tag. 14. The weapon simulation system
as described in claim 13 further comprising at least
one spacer housed in the cavity. 15. The weapon
simulation system as described in claim 14 further
comprising first and second foam pads surrounding the
radio-frequency identification tag in the cavity, the
second foam pad abutting the spacer. 16. The weapon
simulation system as described in claim 12, wherein
said insert comprises a predetermined diameter and a
lengthwise axis, with a portion of the antenna wrapped
around the diameter of the insert to form a plane
substantially normal to the lengthwise axis. 17. The
weapon simulation system as described in claim 16,
wherein the radiofrequency identification tag is
substantially within the plane of the antenna wrapping
around the diameter of the insert when the simulated
munition is supported by the insert. 18. The weapon
simulation system as described in claim 12, wherein
the insert includes a first edge and a second edge,
the antenna extending around the first edge of the
insert. 


