
WO 2009/052237PCT/US2008/080081 INHIBITORS OF C-FMS KINASE CROSS REFERENCE TO
RELATED APPLICATION This application claims priority from United States
Provisional Applications Serial 5Nos. 60/980623, filed on October 17 2007, the
contents of which are hereby incorporated by reference in their entirety.
BACKGROUND OF THE INVENTION 10The invention relates to novel compounds that
function as protein tyrosine kinase inhibitors. More particularly, the
invention relates to novel compounds that function as inhibitors of c-fms
kinase. Protein kinases are enzymes that serve as key components of signal
transduction 15pathways by catalyzing the transfer of the terminal phosphate
from adenosine 5'- triphosphate (ATP) to the hydroxy group of tyrosine, serine
and threonine residues of proteins. As a consequence, protein kinase
inhibitors and substrates are valuable tools for assessing the physiological
consequences of protein kinasc activation. The overexpression or inappropriate
expression of normal or mutant protein kinascs in mammals has been
20demonstrated to play significant roles in the development of many diseases,
including cancer and diabetes.        Protein kinases can be divided into two
classes: those which preferentially phosphorylate tyrosine residues (protein
tyrosine kinases) and those which preferentially phosphorylate serine and/or
threonine residues (protein serine/threonine kinases). Protein 25tyrosine
kinases perform diverse functions ranging from stimulation of cell growth and
differentiation to arrest of cell proliferation. They can be classified as
either receptor protein tyrosine kinases or intracellular protein tyrosine
kinases. The receptor protein tyrosine kinases, which possess an extracellular
ligand binding domain and an intracellular catalytic domain with intrinsic
tyrosine kinase activity, are distributed among 20 30subfamilies.
Receptor tyrosine kinascs of the epidermal growth factor ("EGF") family, which
includes HER-1, HER-2/neu and HER-3 receptors, contain an extracellular
binding  



WO 2009/052237PCT/US2008/080081 domain, a transmembrane domain and an
intracellular cytoplasmic catalytic domain. Receptor binding leads to the
initiation of multiple intracellular tyrosine kinase dependent phosphorylation
processes, which ultimately results in oncogcne transcription. Brcast,
colorectal and prostate cancers have been linked to this family of receptors.
5 Insulin receptor ("IR") and insulin-like growth factor I receptor ("IGF-
IR") arc structurally and functionally related but exert distinct biological
effects. TGF- IR over-expression has been associated with breast cancer.
Platelet derived growth factor ("PDGF") receptors mediate cellular responses
that include proliferation, migration and survival and include PDGFR, the stem
cell factor 10receptor (c-kit) and c-fms. These receptors have been linked to
diseases such as atherosclerosis, fibrosis and proliferative
vitreoretinopathy.        Fibroblast growth factor ("FGR") receptors consist
of four receptors which are responsible for the production of blood vessels,
for limb outgrowth, and for the growth and differentiation of numerous cell
types. 15Vascular endothelial growth factor ("VEGF"), a potent mitogcn of
endothelial cells, is produced in elevated amounts by many tumors, including
ovarian carcinomas. The known receptors for VEGF are designated as VEGFR-I
(Flt-1), VEGFR-2 (KDR), VEGFR-3 (Flt-4). A related group of receptors, tic-1
and tic-2 kinases, have been identified in vascular endothelium and
hcmatopoictic cells. VEGF receptors have been 20linked to vasculogenesis and
angiogenesis. Intracellular protein tyrosine kinases are also known as
non-receptor protein tyrosine kinases. Over 24 such kinases have been
identified and have been classified into 11 subfamilies. The serine/threonine
protein kinases, like the cellular protein tyrosine kinascs, are predominantly
intracellular. 25Diabetes, angiogenesis, psoriasis, restenosis, ocular
diseases, schizophrenia, rheumatoid arthritis, cardiovascular disease and
cancer are exemplary of pathogenic conditions that have been linked with
abnormal protein tyrosine kinase activity. Thus, a need exists for selective
and potent small-molecule protein tyrosine kinase inhibitors. U.S. Patent Nos.
6,383,790; 6,346,625; 6,235,746; 6,100,254 and PCT International 30
Applications WO 01/47897, WO 00/27820 and WO 02/068406 are indicative of
recent attempts to synthesize such inhibitors. WO
2009/052237PCT/US20118/080081 SUMMARY OF THE INVENTION         The invention
addresses the current need for selective and potent protein tyrosine kinasc
inhibitors by providing potent inhibitors of c-fms kinasc. The invention is
directed 5 to the novel compounds of Formula 1: 0,t.W 



ZNH XJ R2    N-N N; 10 wherein each Rd is independently H, F, Cl, Br, I, OH,
0CH3, OCH2CH3, SCI14)alkyl, SOC(14)alky1, SO2C0_43a1kyl, -C(1_33alkyl, CO2Rd,
CONal, C-C12.8, or CN; wherein Rd is H, or -Cpalkyl; Re is H, or -C(13)alkyl;
15Rd. is H. or -C(I_3)alkyl; and Rg is H, -CH2OH, or -CH2CH2OH; R2 is
cycloalkyl, spiro-substituted cycloalkenyl, thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl, any of which may bc
independently substituted with onc or two of each of the following: chloro,
fluoro, 20hydroxy, Co_3va1ky1, and C(4)alkyl; Z is H, F, Cl, or CH3; J is CH,
or N;  WO 2009/052237PCT/US2008/080081 Xis 



0 5HOHO0=-pci;Sx-Sx- OH N.- , or  wherein Rw is H,-0O2Q1_4)a1kyl, -CONH2,
-CONHQ1_4)a1kyl, -CON(C11_ 4)ancy.02, or -COQI_4ia1ky. 10 BRIEF DESCRIPTION OF
THE DRAWINGS FIGURE 1 is an X-ray powder diffraction pattern of the compound
of Example 31 expressed in terms of '20. FIGURE 2 is an X-ray powder
diffraction pattern of the compound of Example 32 15expressed in terms of '20.
WO 2009/052237PCT/US2008/080081 FIGURE 3 is an X-ray powder diffraction
pattern of the compound of Example 33 expressed in terms of 20. FIGURE 4 shows
the effect of Compound A on ankle and paw swelling in the streptococcal cell
wall (SCW) model of arthritis in rats. 5 DETAILED DESCRIPTION OF THE INVENTION
The invention addresses the current need for selective and potent protein
tyrosine kinase inhibitors by providing potent inhibitors of c-fms kinase. The
invention is directed to the 10 novel compounds of Formula I: .NH XJz R2   



N-N 4 N R 15 wherein each R4 is independently H, F, Cl, Br, I, OH, OCH3,
OCH2CH3, SC(IA)alkyl, SOC(1_4)alkyl, SO2C(imalkyl, -C(h3)alkyl, CO2Rd, CON
leRf, C=CRg, or CN; wherein Rd is H, or-C(13)alkyl; Re is H, or -C(h3)alkyl;
20Rf is H, or -C(1_3)alkyl; and RP: is H, -CH2OH, or -CH2CH2OH; R2 is
cycloalkyl, spiro-substituted cycloalkenyl, thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl, any of which may be  WO
2009/052237PCT/US2008/080081 independently substituted with one or two of each
of the following chloro, fluoro, hydroxy, C0_3)alkyl, and C(14)alkyl; Z is H,
F, Cl, or CH; J is CH, or N; 5Xis    



, or wherein Rw is H,-CO2C(1_4)alkyl, -CONH2, -CONHC, hualkyl, -CONIC*
4)alky1)2, or -COC,pualkyl. Another embodiment of the invention is a compound
of Formula I, wherein:        HN , or-'-zz? Z is H; J is CH, or N;    5Xis
and solvates, hydrates, tautomers and pharmaceutically acceptable salts
thereof Another embodiment of the invention is a compound of Formula 1,
wherein:  WO 2009/052237PCT/US2008/080081 Xis and solvates, hydrates,
tautomers and pharmaceutically acceptable salts thereof Another embodiment of
the invention is a compound of Formula I, wherein: , \ HNHy-1 HN 



1\1Or WO 2009/052237PCT/US20118/080081      and solvates, hydrates, tautomers
and pharmaceutically acceptable salts thereof 10 Another embodiment of the
invention is a compound of Formula 1, wherein: HN W is`N Z is H; J is CH, or
N;  and solvates, hydrates, tautomers and pharmaceutically acceptable salts
thereof. 10Another embodiment of the invention is a compound of Formula la:
WO 2009/052237PCT/US2008/080081   wherein Rw is H, -Co_4)alkyl,
-CO2C(14)alkyl, -CONH2, -CONHC(14)alkyl, -CON(Co _ 4)alkyl)2, or
-COC(1_4)alkyl; and solvates, hydrates, tautomers and pharmaceutically
acceptable salts thereof. 5Another embodiment of the invention is a compound
of Formula la wherein  and solvates, hydrates, tautomers and pharmaceutically
acceptable salts thereof  Another embodiment of the invention is any example
compound selected from the group consisting of: 



WO 2009/052237PCT/US2008/080081  and solvates hydrates, tautomers, and
pharmaceutically acceptable salts thereof. Further embodying the invention is
a compound of the formula 5 



and solvates hydrates, tautomers, and pharmaceutically acceptable salts
thereof. Preferably, the compound is selected from the group consisting of:
4-Cyano- 1 H-imi dazole-2-carboxylic acid [2-cyclohex - 1
-eny1-6-(2,2,6,6-tetramethyltetrahydro-pyran-4-y1)-pyridin-3-y1]-amide;
104-Cyano- 1 H-imi dazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex- 1
-eny1)-6-(2,2,6,6- tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-y11-amide
hydrochloride salt;4-Cyano-113- imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-6-(2,2,6,6-tetramethyltetrahydro-pyran-4-y1)
-pyridin-3-ylramide methanesulfonic acid salt; and
4-Cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-6-(2,2,6,6- 1
5tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-ylkamide
(1S)-(+)-10-camphorsulfonic acid WO 2009/052237PCT/US2008/080081 salt. Most
preferably, the compound is 4-Cyano-1H-imidazole-2-carboxylic acid [244,4-
dimethyl-cyclohex-1-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)-pyridi
n-3-ylk amide hydrochloride salt. 5In another embodiment of the invention is a
product made by any of the processes of Examples 1-30. Another embodiment of
the invention is a pharmaceutical composition, comprising a compound of
Formula I and a pharmaceutically acceptable carrier. 10 Another embodiment of
the invention is a pharmaceutical composition, comprising a compound of
Formula la and a pharmaceutically acceptable carrier.   Another embodiment of
the invention is a pharmaceutical composition, comprising a 15compound listed
in the Examples section of this specification and a pharmaceutically
acceptable carrier. Another embodiment of the invention is a method of
treating a disease selected from the group consisting of osteoporosis, Paget's
disease, rheumatoid arthritis and other forms of 20 inflammatory arthritis,
ostcoarthritis, prosthesis failure, ostcolytic sarcoma, mycloma, and tumor
metastasis to bone comprising administering to a mammal in need of such
treatment a therapeutically effective amount of at least one compound of
Formula 1. Another embodiment of the invention is a method of treating a
disease selected from the 25group consisting of glomentlonephritis,
inflammatory bowel disease, prosthesis failure, sarcoidosis, congestive
obstructive pulmonary disease, idiopathic pulmonary fibrosis, asthma,
pancreatitis, HIV infection, psoriasis, diabetes, tumor related angiogenesis,
age-related macular degeneration, diabetic retinopathy, restenosis,
schizophrenia and Alzheimer's dementia comprising administering to a mammal in
need of such treatment a 



30therapeutically effective amount of at least one compound of Formula I.  WO
2009/052237PCT/US2008/080081 Another embodiment of the invention is a method
of treating pain, including skeletal pain caused by tumor metastasis or
osteoarthritis, or visceral, inflammatory, or neurogenic pain in a mammal
comprising administering to the mammal in need of such treatment a
therapeutically effective amount of at least one compound of Formula T. 5
Another embodiment of the invention is a method of treating a disease selected
from the group consisting of ovarian cancer, uterine cancer, breast cancer,
prostate cancer, lung cancer, colon cancer, stomach cancer, or hairy cell
leukemia comprising administering to the mammal in need of such treatment a
therapeutically effective amount of at least one 10 compound of Formula I.
Another embodiment of the invention is a method of treating or preventing
metastasis from: ovarian cancer, uterine cancer, breast cancer, prostate
cancer, lung cancer, colon cancer, stomach cancer, or hairy cell leukemia
comprising administering to the mammal in 15need of such treatment a
therapeutically effective amount of at least one compound of Formula I.
Another embodiment of the invention is a method of treating an autoimmune
disease selected from the group consisting of systemic lupus erythematosus,
rheumatoid arthritis 20and other forms of inflammatory arthritis, psoriasis,
Sjogren's syndrome, multiple sclerosis, or uveitis comprising administering to
the mammal in need of such treatment a therapeutically effective amount of at
least one compound of Formula 1. Another embodiment of the invention is a
method of treating a disease selected from the 25 group consisting of
osteoporosis, Paget's disease, rheumatoid arthritis and other forms of
inflammatory arthritis, osteoarthritis, prosthesis failure, ostcolytic
sarcoma, myeloma, and tumor metastasis to bone comprising administering to a
mammal in need of such treatment a therapeutically effective amount of at
least one compound listed in the Examples section of this specification. 30
WO 2009/052237PCT/US2008/080081 Another embodiment of the invention is a
method of treating a disease selected from the group consisting of
glomerulonephritis, inflammatory bowel disease, prosthesis failure,
sarcoidosis, congestive obstructive pulmonary disease, idiopathic pulmonary
fibrosis, asthma, pancreatitis, HIV infection, psoriasis, diabetes, tumor
related angiogenesis, age- 5related macular degeneration, diabetic
retinopathy, restenosis, schizophrenia and 



Alzheimer's dementia comprising administering to a mammal in need of such
treatment a therapeutically effective amount of at least one compound listed
in the Examples section of this specification. 10Another embodiment of the
invention is a method of treating pain, including skeletal pain caused by
tumor metastasis or osteoarthritis, or visceral, inflammatory, or neurogenic
pain in a mammal comprising administering to the mammal in need of such
treatment a therapeutically effective amount of at least one compound listed
in the Examples section of this specification. 15 Another embodiment of the
invention is a method of treating a disease selected from the group consisting
of ovarian cancer, uterine cancer, breast cancer, prostate cancer, lung
cancer, colon cancer, stomach cancer, or hairy cell leukemia comprising
administering to the mammal in need of such treatment a therapeutically
effective amount of at least one 20compound listed in the Examples section of
this specification. Another embodiment of the invention is a method of
treating or preventing metastasis from: ovarian cancer, uterine cancer, breast
cancer, prostate cancer, lung cancer, colon cancer, stomach cancer, or hairy
cell leukemia comprising administering to the mammal in 25need of such
treatment a therapeutically effective amount of at least one compound listed
in the Examples section of this specification. Another embodiment of the
invention is a method of treating an autoimmune disease selected from the
group consisting of systemic lupus erythematosus, rheumatoid arthritis 30and
other forms of inflammatory arthritis, psoriasis, Sjogren's syndrome, multiple
sclerosis, or uveitis comprising administering to the mammal in need of such
treatment a WO 2009/052237PCT/US2008/080081 therapeutically effective amount
of at least one compound listed in the Examples section of this specification.
Another embodiment of the invention is a method of treating a disease selected
from the 5group consisting of osteoporosis, Paget's disease, rheumatoid
arthritis and other forms of inflammatory arthritis, osteoarthritis,
prosthesis failure, ostcolytic sarcoma, mycloma, and tumor metastasis to bone
comprising administering to the mammal in need of such treatment a
therapeutically effective amount of at least one compound listed in the
Examples section of this specification. 10 The invention also relates to
methods of inhibiting protein tyrosine kinase activity in a mammal by
administration of a therapeutically effective amount of at least one compound
of Formula I. A preferred tyrosine kinase is c-fms. The invention is
considered to include the enantiomeric, diastereomeric and 



15tautomeric forms of all compounds of Formula I as well as their racemic
mixtures. In addition, some of the compounds represented by Formulae land Ia
may bc prodrugs, i.e., derivatives of an acting drug that possess superior
delivery capabilities and therapeutic value as compared to the acting drug.
Prodrugs are transformed into active drugs by in vivo enzymatic or chemical
processes. 20 1.Definitions        The term "alkyl" refers to both linear and
branched chain radicals of up to 12 carbon atoms, preferably up to 6 carbon
atoms, unless otherwise indicated, and includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
25pentyl, isopentyl, hcxyl, isohcxyl, heptyl, octyl, 2,2,4-trimethylpentyl,
nonyl, decyl, undecyl and dodecyl.        The term "cycloalkyl" refers to a
saturated or partially unsaturated ring composed of from 3 to 8 carbon atoms.
Up to four alkyl substitucnts may optionally be present on the ring. Examples
include cyclopropyl, 1,1-dimethyl cyclobutyl, 1,2,3- 30trimethylcyclopentyl,
cyclohexyl, cyclopentenyl, cyclohexenyl, and 4,4-dimethyl cyclohexenyl. WO
2009/052237PCT/US2008/080081       The term "alkylamino" refers to an amino
with one alkyl substituent, wherein the amino group is the point of attachment
to the rest of the molecule.       The term "heteroaryl" refers to 5- to
7-membered mono- or 8- to 10-membered bicyclic aromatic ring systems, any ring
of which may consist of from one to four 5heteroatoms selected from N, 0 or S
where the nitrogen and sulfur atoms can exist in any allowed oxidation state.
Examples include benzimidazolyl, benzothiazolyl, benzothicnyl, benzoxazolyl,
fury], imidazolyl, isothiazolyl, isoxazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridyl, pyrimidinyl, pyrrolyl, quinolinyl, thiazolyl and thienyl. The term
"heteroatom" refers to a nitrogen atom, an oxygen atom or a sulfur atom
10wherein the nitrogen and sulfur atoms can exist in any allowed oxidation
states.       The term "alkoxy" refers to straight or branched chain radicals
of up to 12 carbon atoms, unless otherwise indicated, bonded to an oxygen
atom. Examples include methoxy, ethoxy, propoxy, isopropoxy and butoxy. The
term "spiro-substituted cycloalkenyl" refers to a pair of cycloalkyl rings
that 15share a single carbon atom and wherein at least one of the rings is
partially unsaturated, for example: 



Therapeutic Uses          The compounds of Formula I represent novel potent
inhibitors of protein tyrosine 20kinases, such as c-fms, and may be useful in
the prevention and treatment of disorders resulting from actions of these
kinases. The invention also provides methods of inhibiting a protein tyrosine
kinase comprising contacting the protein tyrosine kinase with an effective
inhibitory amount of at least one of the compounds of Formula I. A preferred
tyrosine kinase is c-fms. The 25 compounds of the present invention are also
inhibitors of FL T3 tyrosine kinasc activity. In one embodiment of inhibiting
a protein tyrosine kinasc, at least one of the compounds of Formula I is
combined with a known tyrosine kinasc inhibitor.          In various
embodiments of the invention, the protein tyrosine kinascs inhibited by the
compounds of Formula I are located in cells, in a mammal or in vitro. In the
case of 30 mammals, which includes humans, a therapeutically effective amount
of a WO 2009/052237PCT/US2008/080081 pharmaceutically acceptable form of at
least one of the compounds of Formula 1 is administered.       The invention
further provides methods of treating cancer in mammals, including humans, by
administration of a therapeutically effective amount of a pharmaceutically
5acceptable composition of least one compound of Formula T. Exemplary cancers
include, but are not limited to, acute myeloid leukemia, acute lymphocytic
leukemia, ovarian cancer, uterine cancer, prostate cancer, lung cancer, breast
cancer, colon cancer, stomach cancer,and hairy cell leukemia. The invention
also provides methods of treating certain precancerous lesions including
myelofibrosis. In one embodiment of the invention, an 10 effective amount of
at least one compound of Formula I is administered in combination with an
effective amount of a chemotherapeutic agent.       The invention further
provides methods of treating and of preventing metastasis arising from cancers
that include, but are not limited to, ovarian cancer, uterine cancer, prostate
cancer, lung cancer, breast cancer, colon cancer, stomach cancer, and hairy
cell 15leukemia.       The invention further provides methods for the
treatment osteoporosis, Paget's disease, and other diseases in which bone
resorption mediates morbidity including rheumatoid arthritis and other forms
of inflammatory arthritis, ostcoarthritis, prosthesis failure, ostcolytic
sarcoma, mycloma, and tumor metastasis to bone as occurs frequently in
20cancers including, but not limited to, breast cancer, prostate cancer, and
colon cancer.       The invention also provides methods of treating pain, in
particular skeletal pain caused by tumor metastasis or osteoarthritis, as well
as visceral, inflammatory, and neurogenic pain. 



The invention also provides methods of treating cardiovascular, inflammatory,
and 25autoimmune diseases in mammals, including humans, by administration of a
therapeutically effective amount of a pharmaceutically acceptable form of at
least one of the compounds of Formula I. Examples of diseases with an
inflammatory component include glomcrulonephritis, inflammatory bowel disease,
prosthesis failure, sarcoidosis, congestive obstructive pulmonary disease,
idiopathic pulmonary fibrosis, asthma, 30pancreatitis, HIV infection,
psoriasis, diabetes, tumor related angiogenesis, age-related macular
degeneration, diabetic retinopathy, restenosis, schizophrenia or Alzheimer's
WO 2009/052237PCT/US2008/080081 dementia. These may be effectively treated
with compounds of this invention. Other diseases that may be effectively
treated include, but are not limited to atherosclerosis and cardiac
hypertrophy. Autoimmunc diseases such as systemic lupus crythematosus,
rheumatoid arthritis, and 5other forms of inflammatory arthritis, psoriasis,
Sjogren's syndrome, multiple sclerosis, or uvcitis, can also be treated with
compounds of this invention.       The term "therapeutically effective amount"
as used herein, means that amount of active compound or pharmaceutical agent
that elicits the biological or medicinal response in a tissue system, animal
or human that is being sought by a researcher, veterinarian, 10medical doctor
or other clinician, which includes alleviation, prevention, treatment, or the
delay of the onset or progression of the symptoms of the disease or disorder
being treated.        When employed as protein tyrosine kinase inhibitors, the
compounds of the invention may be administered in an effective amount within
the dosage range of about 0.5 mg to about 10 g, preferably between about 0.5
mg to about 5 g, in single or divided daily 15doses. The dosage administered
will be affected by factors such as the route of administration, the health,
weight and age of the recipient, the frequency of the treatment and the
presence of concurrent and unrelated treatments.       It is also apparent to
one skilled in the art that the therapeutically effective dose for compounds
of the present invention or a pharmaceutical composition thereof will vary
20according to the desired effect. Therefore, optimal dosages to be
administered may be readily determined by one skilled in the art and will vary
with the particular compound used, the mode of administration, the strength of
the preparation, and the advancement of the disease condition. In addition,
factors associated with the particular subject being treated, including
subject age, weight, diet and time of administration, will result in the 



25need to adjust the dose to an appropriate therapeutic level. The above
dosages are thus exemplary of the average case. There can, of course, be
individual instances where higher or lower dosage ranges arc merited, and such
are within the scope of this invention.       The compounds of Formula I may
be formulated into pharmaceutical compositions comprising any known
pharmaceutically acceptable carriers. Exemplary carriers include, 30but are
not limited to, any suitable solvents, dispersion media, coatings,
antibacterial and WO 2009/052237PCT/US2008/080081 antifungal agents and
isotonic agents. Exemplary excrnients that may also be components of the
formulation include fillers, binders, disintegrating agents and lubricants.
The pharmaceutically-acceptable salts of the compounds of Formula I include
the conventional non-toxic salts or the quaternary ammonium salts which are
formed from  5 inorganic or organic acids or bases. Examples of such acid
addition salts include acetate, adipate, benzoate, benzenesulfonate, citrate,
camphorate, dodecylsulfate, hydrochloride, hydrobromide, lactate, maleate,
methanesulfonate, nitrate, oxalate, pivalate, propionate, succinate, sulfate
and tartrate. Base salts include ammonium salts, alkali metal salts such as
sodium and potassium salts, alkaline earth metal salts such as calcium and
magnesium  10 salts, salts with organic bases such as dicyclohexylamino salts
and salts with amino acids such as arginine. Also, the basic
nitrogen-containing groups may be quatemized with, for example, alkyl halides.
The pharmaceutical compositions of the invention may be administered by any
means that accomplish their intended purpose. Examples include administration
by 15parenteral, subcutaneous, intravenous, intramuscular, intraperitoneal,
transdermal, buccal or ocular routes. Alternatively or concurrently,
administration may be by the oral route. Suitable formulations for parenteral
administration include aqueous solutions of the active compounds in
water-soluble form, for example, water-soluble salts, acidic solutions,
alkaline solutions, dextrose-water solutions, isotonic carbohydrate solutions
and 20cyclodextrin inclusion complexes. The present invention also encompasses
a method of making a pharmaceutical composition comprising mixing a
pharmaceutically acceptable carrier with any of the compounds of the present
invention. Additionally, the present invention includes pharmaceutical
compositions made by mixing a pharmaceutically acceptable carrier with 25any
of the compounds of the present invention. As used herein, the term
"composition" is intended to encompass a product comprising the specified
ingredients in the specified amounts, as well as any product which results,
directly or indirectly, from combinations of the specified ingredients in the
specified amounts. 30 Polymorphs and Solvates 



WO 2009/052237PCT/US2008/080081 Furthermore, the compounds of the present
invention may have one or more polymorph or amorphous crystalline forms and as
such are intended to be included in the scope of the invention. In addition,
thc compounds may form solvates, for example with water (i.e., hydrates) or
common organic solvents. As used herein, the term "solvate" means a 5physical
association of the compounds of the present invention with one or more solvent
molecules. This physical association involves varying degrees of ionic and
covalent bonding, including hydrogen bonding. In certain instances the solvate
will be capable of isolation, for example when one or more solvent molecules
are incorporated in the crystal lattice of the crystalline solid. The term
"solvate" is intended to encompass both solution- 10phase and isolatable
solvates. Non-limiting examples of suitable solvates include ethanolates,
methanolates, and the like. It is intended that the present invention include
within its scope solvates of the compounds of the present invention. Thus, in
the methods of treatment of the present invention, the 15term "administering"
shall encompass the means for treating, ameliorating or preventing a syndrome,
disorder or disease described herein with the compounds of the present
invention or a solvate thereof, which would obviously be included within the
scope of the invention albeit not specifically disclosed. 20In another
embodiment, the invention relates to a compound as described in the Examples,
Formula 1, or Formula la for use as a medicament.   In another embodiment, the
invention relates to the use of a compound as described in the Examples,
Formula I, or Formula la for the preparation of a medicament for the treatment
25of a disease associated with an elevated level of c-FMS production. In
another embodiment, the invention relates to the use of a compound according
to the Examples, Formula I, or Formula la for the preparation of a medicament
for the treatment of a disease selected from the group consisting of
osteoporosis, Paget's disease, rheumatoid 30arthritis and other forms of
inflammatory arthritis, osteoarthritis, prosthesis failure, osteolytic
sarcoma, myeloma, and tumor metastasis to bone. WO
2009/052237PCT/US2008/080081 In another embodiment, the invention relates to
the use of a compound according to the Examples, Formula I, or Formula la for
the preparation of a medicament for thc treatment of an autoimmune disease
selected from the group consisting of systemic lupus 5erythematosus,
rheumatoid arthritis and other forms of inflammatory arthritis, psoriasis,
Sjogren's syndrome, multiple sclerosis, or uvcitis. 



In another embodiment, the invention relates to the use of a compound
according to the Examples, Formula I, or Formula la for the preparation of a
medicament for the treatment 10of a disease selected from the group consisting
of glomerulonephritis, inflammatory bowel disease, prosthesis failure,
sarcoidosis, congestive obstructive pulmonary disease, idiopathic pulmonary
fibrosis, asthma, pancreatitis, HIV infection, psoriasis, diabetes, tumor
related angiogenesis, age-related macular degeneration, diabetic retinopathy,
restenosis, schizophrenia and Alzheimer's dementia. 15 In another embodiment,
the invention relates to the use of a compound according to the Examples,
Formula I, or Formula la for the preparation of a medicament for the treatment
of pain, including skeletal pain caused by tumor metastasis or osteoarthritis,
or visceral, inflammatory, or neurogcnic pain in a mammal. In another
embodiment, the invention relates to the use of a compound according to the
Examples, Formula 1, or Formula la for the preparation of a medicament for the
treatment of ovarian cancer, uterine cancer, breast cancer, prostate cancer,
lung cancer, colon cancer, stomach cancer, or hairy cell leukemia. METHODS OF
PREPARATION Scheme 1  WO 2009/052237PCT/US2008/080081 ,NH2 L J  L     1-1 
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Scheme I illustrates general methodology for the preparation of compounds of
Formula 1. To illustrate the methodology of this scheme, reagents and
conditions for the compounds where J is CH arc defined. Those skilled in the
art will recognize that where J 5is N, minor modifications of the reaction
conditions and preferred reagents may or may not be required.       Compounds
of Formula 1-3 can be obtained from nitro compounds of Formula 1-1 where L is
a leaving group or reactive group such as a halogen, trialkyl tin,
dihydroxyboron, dialkoxyboron, or polyfluorinated alkylsulfonyloxy by means of
metal- 10catalyzed coupling reactions with appropriate coupling partners to
introduce X. Suitable coupling partners are: polyfluorinated alkylsulfonate
esters of enols when L is trialkyl tin, dihydroxyboron, or dialkoxyboron; and
cycloalkenyl boronate esters and boronic acids when L is bromo, iodo, or
polyfluorinated alkylsulfonyloxy. The preferred coupling method is the
Suzuki-Miyaura reaction (for references, see: N. Miyaura and A. Suzuki,
15Chem. Rev., 95:2457 (1995); A. Suzuki in "Metal-Catalyzed Coupling
Reactions," F. Deiderich, P. Stang, Eds., Wiley-VCH, Weinheim (1988)) of
compounds of Formula 1-1 where L is bromo or iodo. The preferred conditions
for the Suzuki-Miyaura reaction arc a palladium catalyst such as
tetrakis(triphenylphosphine)-palladium(0) (Pd(PPM)4), an aqueous base such as
aq. Na2C01, and a suitable solvent such as toluene, ethanol, 1,4- WO
2009/052237PCT/US2008/080081 dioxane, dimethoxyethane (DME), or DMF. The
synthesis of the coupling partners is described in later schemes.      Amines
of Formula 1-4 may be obtained from nitro compounds of Formula 1-3 by
reduction using standard synthetic methodology (see Reductions in Organic
Chemistry, M. 5Hudlicky, Wiley, New York, 1984). The preferred conditions are
catalytic hydrogenation using a palladium catalyst in a suitable solvent such
as methanol or ethanol. When X contains an alkene it will be reduced to an
alkane. For compounds where X contains an alkene to be retained in the final
compound, nitro reductions may be performed selectively using iron or zinc in
a suitable solvent such as acetic acid, or by using iron and ammonium
10chloride in ethanol and water. Alternately, the compounds of Formula 1-4 can
be obtained from amines of Formula 1-2 by the methods to replace L with X
described above. For compounds of Formula 1-4 where X contains an alkene, it
can be reduced to an alkane by the methods described above if desired.
Compounds of Formula 1-2 that are not commercially 15available may be obtained
from compounds of Formula 1-1 by nitro reduction using iron or zinc in a
suitable solvent such as acetic acid, or by using iron and ammonium chloride
in ethanol and water.      Compounds of Formula 1-5 can be obtained by
ortho-halogenation, preferably bromination, of amino compounds of Formula 1-4
followed by metal-catalyzed coupling 



20reactions with boronic acids or boronatc esters (Suzuki-Miyaura reactions,
where R2M is R2B(014)2 or a boronic ester, see references above) or tin
reagents (Stille reactions, where R2M is R2Sn(alky1)3, see J. K. Stille,
Angew. C'hern, Int. Ed. Engl., 25: 508-524 (1986)) on the intermediate halo
compound. Preferred conditions for the bromination of 1-4 are
Nbromosuccinimide (NBS) in a suitable solvent such as kAT-dimethylfomiamide
(DMF), 25tetrachloromethane or preferably dichloromethane (DCM) or
acetonitrile. Metal-catalyzed couplings, preferably Suzuki-Miyaura reactions,
can then be performed according to standard methodology as described and
referenced above      Compounds of Formula 1-6 can be obtained from compounds
of Formula 1-5 by reaction of the amino group with a heterocyclic acid
131-WCOOH (or a corresponding salt 30 thereof13' -WCOOM2, where M2 is Li, Na
or K) where 13' is an optional protecting group (for example
2-(trimethylsilyl)ethoxymethyl (SEM) such as when W is imidazole, triazole, WO
2009/052237PCT/US2008/080081 pyrrole, or benzimidazole) or where PI is not
present such as when W is furan. (For a list of suitable protecting groups for
W, see Theodora W. Greene and Peter G. M. Wuts, Protective Groups in Organic
Synthesis, John Wiley and Sons, Inc., NY (1991)). The coupling can be carried
out according to standard procedures for amide bond formation 5(for a review,
see: M. Bodansky and A. Bodansky, The Practice of Peptide Synthesis,
Springer-Verlag, NY (1984)) or by reaction with acid chlorides P1-WC0C1 or
activated esters 131-WCO2Rq (where Rq is a leaving group such as
pentafluorophenyl or Nsuccinimide) to form compounds of Formula 1-6. The
preferred reaction conditions for coupling with PI-WCOOH or PI -WCOOM2 are:
when W is a furan (optional protecting 10group P1 not present), oxalyl
chloride in dichloromethane (DCM) with DMF as a catalyst to form the acid
chloride WCOCI and then coupling in the presence of a trial kylamine such as
N, N-diisopropylethylamine (DIM); when W is a pyn-ole (optional protecting
group P1 not present), 1-(3-dimethylaminopropy1)-3-ethylcarbodiimide
hydrochloride (MCI) and 1- hydroxybenzotriazole (HOBt); and when W is an
imidazole, triazole, pyrrole or 15benzimidazole (optional P1 present) the
preferred conditions arc bromotripyrrolidinophosphonium hexafluorophosphate
(PyBroP) and DIEA in a solvent such as DCM or DMF. When Win compounds of
Formula 1-6 contain an optional protecting group P1 as mentioned previously,
it can be removed at this point to give compounds of Formula I. 20 For
example, when W is imidazole protected on nitrogen with a SEM group, the SEM
group can be removed with either acidic reagents such as trifluoroacetic acid
(TFA) or fluoride sources such as tetrabutylammonium fluoride (TBAF) (see
Greene and Wuts, above). When compounds of Formula 1-6 do not contain a
protecting group then they are also compounds of Formula 1 25Finally it is
understood that compounds of Formula I may be further derivatized. Examples of
further derivatization, include, but are not limited to: when compounds of
Formula I contain a cyano group, this group may be hydrolyzed to amides or
acids under acidic or basic conditions; when compounds of Formula I contain an
ester, the ester may be hydrolysed to the acid, and the acid may be converted
to amides by the methods 



30described above for amide bond formation. Acids may be reduced to alcohols.
The preferred conditions for the reduction of a carboxylic acid in the
presence of a cyano group WO 2009/052237PCT/US2008/080081 include sodium
borohydride and ethyl chloroformate in THF. Olefins may be reduced by
catalytic hydrogenation. Olefins can also be dihydroxylated to give diols
using a number of methods including reaction with N-methylmorpholine N-oxide
catalyzed by osmium tetroxide (for reviews, see: Sundermeier, U., Doebler, C.
and Beller, M., Modern 5Oxidation Methods, Baecicvall, J. (Ed.)., 1-20,
Wiley-Verlag (2004) Weinheim, Germany (2004), and, Beller, M. and Sharpless,
K. B., Applied Homogeneous Catalysis with Organometallic Compounds, Cornils,
B. and Herrmann, W. A. (Eds.), 2, 1009-1024, VCH, Weinheim, Germany (1996)).
When compounds of Formula I contain a sulfide, either acyclic or cyclic, the
sulfide can be further oxidized to the corresponding sulfoxides or 10sulfones.
Sulfoxides can be obtained by oxidation using an appropriate oxidant such as
one equivalent of meta-chloroperbenzoic acid (MCPBA) or by treatment with
Na104 (see, for example, J. Med. Chem., 46: 4676-86 (2003)) and sulfones can
be obtained using two equivalents of MCPBA or by treatment with
4-methylmorpholine N-oxide and catalytic osmium tetroxide (see, for example,
PCT application WO 01/47919). Also, both 15sulfoxides and sulfones can be
prepared by using one equivalent and two equivalents of H202 respectively, in
the presence of titanium (IV) isopropoxide (sec, for example, J. Chem. Soc.,
Perkin Trans. 2, 1039-1051 (2002)). 2-6 202-5  WO 2009/052237PCT/US2008/080081
Scheme 2 describes the synthesis of compounds of Formula 1 where X is    For
the purpose of illustrating the methodology, reagents and conditions are OH 



Rx RYRY defined in this scheme for the substrates where X is RzRz; E is 0, or
NCOile; 5 ItY is H, or Me; RY is H, or CH212: where R' is H, OMe or OPG where
PG is a suitable protecting group that is stable to the conditions of the
transformation of this scheme and can be removed later to reveal W is OH; and
W is H or OH where the two OH groups can be suitably protected by appropriate
ketal or silyl protecting groups which can be either removed or retained in
the final products. Those skilled in the art will recognize that the
10chemistry is applicable to all X, R.", BY, and R2 referenced above and can
be utilized with minor modifications to the reagents and conditions.       The
starting material 2-1 is converted to iodinated compound 2-2 by reaction with
12, or NIS or preferably by 12/Ag2SO4 in a suitable solvent such as methyl
alcohol, isopropyl alcohol or preferably ethyl alcohol. Compounds of Formula
2-3 where R2 is 15cycloalkenyl and cycloalkyl can be obtained from 2-2 by
selective metal-catalyzed coupling reactions with boronic acids or boronate
esters as described in Scheme 1. The amino group in compounds of Formula 2-3
can then be coupled with a heterocyclic acid PI-WCOOH to form compounds of
Formula 2-4 as described in Scheme I. When W in compounds of Formula 2-4
contains an optional protecting group PI, it can be removed at 20 this point
as described in Scheme 1 to give compound 2-5. Finally the bromo compound  WO
2009/052237PCT/US2008/080081 2-5 is converted to alcohol 2-6 by initial
deprotonation of acidic protons with a suitable base, such as
isopropylmagnesium chloride (i-PrMgC1) in a solvent such as ethyl ether, DME
or preferably THF, followed by lithium-halogen exchange with an appropriate
lithium reagent such as n-butyllithium, scc-butyllithium or preferably
tcrt-butyllithium at a 5temperature of- 100C to -40 C, preferably -78 C, and
then trapping of the organolithium intermediate with an appropriate ketone
2-7. Synthesis of ketones of Formula 2-7 is described in schemes 6 and 7.
Those skilled in the art will recognize that compounds of the present
invention may be further modified at this point. For instance, if the compund
2-6 has an acid group on W, then that acid group may be esterified; likewise
10 an amide on W may be dehydrated to form a nitrile. Scheme 3 Ry 0 Ry Rz EH2 



RzRz  3-13-2 Scheme 3 illustrates general methodology for the preparation of
heterocyclic 15 ketones of Formula 3-2 where E is 0, S, SO, or SO2 and IV isle
is CH3. These ketones are useful for preparation of compounds Formula I where
Xis sX cf sX    , and These heterocyclic ketones can be prepared by either
acid- or base-catalyzed double Michael addition reactions of appropriate
nucleophiles to dienones of Formula 3-1 20at temperatures from 0-100 C. When
water is employed as the nucleophile (EH2 is OH2), the preferred conditions
for this transformation include the reaction of dienones of Formula 3-1 at,
for example, 40-50 C for 4 days with excess 1-4 N aqueous HC1 to afford
compounds of Formula 3-2 where E is 0 (WO 2005012220). Similarly, when H2S is
employed as a nucleophile, compounds of Formula 3-2 where E is S can be
obtained in the WO 2009/052237PCT/US2008/080081 presence of inorganic bases
such as KOH with or without a catalytic amount of an organic 



amine such as piperidine in protic solvents such as Et0H under reflux
conditions with continuous slow bubbling of H2S (Journal of Industrial and
Engineering Chemistry (Washington, D. C.)(1952), 44,1659-62). It should be
clear to those skilled in the art, that 5sulfur-containing ketones of Formula
3-2 where E is S can be oxidized with one or two equivalents of an appropriate
oxidant, such as m-chloroperbenzoic acid, to obtain the compounds of Formula
3-2 where E is SO or SO2, respectively. Scheme 4  104-13-24-3       Two other
synthetic routes for the preparation of the compounds of Formula 3-2 are shown
in Scheme 4 where E is S and R3 is H, Mc, and CH2le where 12' is H, OMe or OPG
where PG is a suitable protecting group that is stable to the conditions of
the transformation of this scheme and can be removed later to reveal le is OH.
The 15 unsaturated aminoketones of Formula 4-1 and quaternary ammonium salts
of piperidones of Formula 4-3 (preferably substituted N,N-dimethylpiperidonium
halides (Rs is Me) formed by treatment of the appropriately substituted
piperidone with a halomethane such as iodomethane (L is 1)), can be converted
to the compounds of Formula 3-2 where E is S by the actions of H2S or by metal
sulfides (M2S), preferably alkali metal sulfides such as 20Na2S, respectively
(Khimiya Geterotsiklicheskikh Soedinenii, Shornik (1970) (2), 174-80 and
Izvestiya A kademii Nauk Kazakhskoi &SR, Seriya Khimicheskaya (1986) (3),
92-3, respectively). Scheme 5    38  WO 2009/052237PCT/US2008/080081
Scheme 5 shows another approach to synthesis of heterocyclic ketones of
Formula 3-2 where E is 0, S, R is Me and CH2Rv where R` is H, OMe or OPG where
PG is a suitable protecting group that is stable to the conditions of the
transformation of this scheme and can be removed later to reveal 12` is OH,
and Az is Mc or both Rz taken 5together arc CH2-CH2 or CHisCH such that the
resulting ketone 3-2 is bicyclic.       These can be made by intramolccular
Dieckmann-type cyclization of appropriate precursors of Formula 5-1 (R1 is Me
or Et) under acidic or basic conditions followed by the removal of the
a-alkoxycarbonyl substituent CO2RI as shown in Scheme 5. The preferred
methodology of this synthetic sequence involves the base-induced cyclization
of diesters of 



10 Formula 5-1 at temperatures from -78 C to RT to obtain the I3-ketoesters of
Formula 5-2 followed by the acid-catalyzed hydrolysis and decarboxylation at
temperatures ranging from 20 to 200 C. It is understood that, following
hydrolysis of the ester, the decarboxylation of intermediate 5-2 can be
carried out with or without the isolation of the corresponding carboxylic acid
to obtain the compounds of Formula 3-2. The preferred  15 bases for the first
step include, but are not limited to, strong bases such as alkali metal
alkoxides and hydroxides such as sodium methoxide, sodium ethoxide, potassium
tettbutoxide and lithium hydroxide, and, alkali metal salts of secondary
organic amines such as lithium diisopropylamide and lithium
hexamethyldisilazide. The preferred conditions for hydrolysis and
decarboxylation include, but are not limited to, heating the compounds 20 of
Formula 5-2 with dilute mineral acids such as 1 M aqueous HO with or without a
suitable solvent such as THF. Hydrolysis of the ester of Formula 5-2 may also
be performed by treatment with aqueous base such as sodium hydroxide,
potassium hydroxide or potassium carbonate in a suitable solvent mixture such
as water and an organic solvent such as THF, methanol, ethanol or isopropanol.
Using this base-catalyzed procedure for  25 hydrolysis, the resulting
carboxylic acid salt would then be treated with a mineral acid such as 0.01-12
M aqueous HC1 or H2SO4 with or without a suitable organic solvent such as THF
or dioxane to produce the corresponding carboxylic acid. It is clear to those
skilled in the art that the corresponding carboxylic acids of compounds of
Formula 5-2 thus produced either by acid-catalyzed hydrolysis, or by
base-catalyzed hydrolysis followed by 30acidification, may spontaneously
decarboxylate with or without the presence of any external acid or base
reagent and with or without heating. In addition, it is understood that  WO
2009/052237PCT/US2008/080081 the compounds of Formula 5-1 can be prepared
utilizing known methodologies or simple modification or extension of known
methodologies. (For examples of diesters of Formula 5-1 and corresponding
diacids see: Journal of the American Chemical Society (1996), 118,
10168-10174; US 2466420; Journal of the American Chemical Society (1957), 79,
2323-5 5and Journal of Organic Chemist); (1951), 16, 232-8.) Scheme 6 10Scheme
6 illustrates the synthesis of hetero-bicyclic ketones of Formula 6-2 which
are used as intermediates for coupling reactions in Scheme 2. The general
synthetic route is comprised of a [4+3] cycloaddition of an in-situ generated
oxyallyl cation of Formula 6- 1 with a suitable diene followed by subsequent
dehalogenation, if necessary, of the resulting product. The preferable
precursors for the generation of oxyallyl cations include 15  poly a-halo
ketones, 2-oxygen substituted allyl ethers and acrolcins which can be
converted to oxyallyl cation and trapped in-situ with an appropriate diene
under reductive, basic or Lewis acidic conditions. The required oxyallyl
cation can also be generated by disrotatory ring opening of cyclopropanones or
conrotatory isomerization of alien oxides (.1. Am. Chem. Soc. (1998), 120,
12310). The dehalogenation of poly a-haloketones can be 20 achieved with
reagents such as Cu! NaI (M is Na), Zn/Cu or Zn/Ag (M is Zn), Zn/CulTMSCI (M
is TMS) or Zni (Et0)413 (M is B (0E02), Et2Zn (M is Zn) and Fe2(C0)9 (M is
Fe)(for a review see Org. React., 1983, 29, 163, Org. Chem. (1999), 64, 3398))
to generate oxyallyl cations. The basic reagents for dchalogenation of a-halo
ketones to generate oxyallyl cations of Formula 6-1 include reagents such as
Et3N/ CF3CH2OH, 25  sodium alkoxides of 2,2,3,3-tetrafluoropropanol and
2,2,2-trifluoroethanol (J. Chem. Res., Synop, (1986), 424. J. Chem. Res.,
Synop. (1981), 246., J. Chem. Res., Synop. (1983), 166.) and LiCI04/ Et3N (J.
Org. Chem. (1999), 64, 3398). Lewis acids such as AgO2CCF3 can be used for
dehalogenation to obtain oxyallyl cations from 2-methoxyally1 halides (J. Am.
Chem. Soc. (1973), 95, 1338) while AgBF4 can be used for 2-amino substituted
allyl  WO 2009/052237PCT/US2008/080081 halides (Hely. Chi/h. Ada. (1974), 57,
1883). Other Lewis acids such as SnC14, Sc(OTO2 and TiCl] can be used to
generate oxyallyl cations from 2-0-silyloxy-acroleins (Tett. Lett. (1982), 23,
1693; Org. Lett. (2000), 2, 2703). One methodology for generation of oxyallyl
cations is the treatment of ct-haloketones, for example tetrabromoacetone,
with ZniCu 5 couple in a suitable organic solvent such as THF. A second
methodology for generation of oxyallyl cations is the treatment of
a-haloketones, for example trichloroacetone or pentachloroacetone, with sodium
2,2,2-trifluoroethoxide or triethylammonium 2,2,2- trifluoroethoxide in
2,2,2-trifluoroethanol as solvent (Lee, K. and Cha, J. K., .1. Am. Chem. Soc.
(2001), 123, 5590-91; and Sendelbach, et al, Journal of Organic Chemistry
(1999), 10 64(10), 3398-3408). In addition, photochemical conditions can be
used to generate oxyallyl cations from divinylketones J. Org. Chem (1993), 58,
6795 and J. Am. Chem. Soc. (1968), 90, 6251). 



The diene trapping agents are aromatic heterocycles such as suitably
substituted pyrroles and furans which are either commercially available or can
be prepared by 15 established literature procedures. The initial [4+3]
cycloaddition product thus obtained can be dehalogenated by known methods
preferably by reductive dehalogenation using Zn or Zn/Cti couple. Scheme 7  WO
2009/052237PCT/US2008/080081       It is understood the double bond in the
oxabicyclo adducts of Formula 6-2 can be further functionalized using
appropriate reaction conditions. As shown in Scheme 7, for example, the
compounds of Formula 6-2 can be bis-hydroxylated using known literature
protocols (for a list of reagents and references see, Larock, R.C.
Comprehensive Organic  5 Transfirmations, 2nd Ed., Wiley-VCH, NY, (1999), pp
996-1003) to obtain cis-diols of Formula 7-1 which can then be protected to
obtain compounds of Formulas 7-2 and 7-3. The preferred conditions for
bis-hydroxylation include, but are not limited to, the treatment of the
compounds of Formula 6-2 with a catalytic amount of 0s04 and tert-BuO0H as the
reoxidant in the presence of Et4NOH (Bulletin of the Chemical Society of Japan
(1984),  10 57(9), 2515-25). The diols of Formula 7-1 can be protected to
obtain compounds of Formula 7-2 and 7-3. The examples of suitable
diol-protecting groups can be found in "Protective Groups in Organic
Synthesis", by Theodora W. Greene and Peter G. M. Wuts, John Wiley & Sons.
Inc, NY, (1999). The preferred protecting groups are isopropylidine ketal
(Bulletin of the Chemical Society of Japan (1984), 57(9), 2515-25) and
di-tert-  15 butylsilylene using (tert-Bu)2SiC12 as the silylating agent in
chlorinated solvents such as DCM or DCE and imidazole at the temperatures from
-78 C to RT, preferably at 0 C. The olefinic functionalities of the compounds
of Formula 6-2 can also be saturated to obtain the compounds of Formula 7-4.
The preferred conditions for this transformation are catalytic hydrogenation
(For example, see: Journal of Organic Chemistry (1999), 64(10), 203398-3408.)
Scheme 8  0 1. Base 2. Fluorosulfonylation  OSO2C,IF2n+1 Borylation
8-18-28-3 



Scheme 8 illustrates the use of heterocyclic ketones of Formula 3-2, 6-2, 7-2,
7-3 25 and 7-4 which are all represented by Formula 8-1 for the purposes of
Scheme 8. These ketones of Formula 8-1 can be converted to the corresponding
enol polyfluorinated alkylsulfonate esters, preferably enol
trifluoromethanesulfonates and enol nonafluorobutanesulfonates, by known
literature methods. (For examples see Bioorganic WO
2009/052237PCT/US20118/080081 & Medicinal Chemistry (2002), 10(11) and
3583-3591, Chent. Ear. .1., 2007, 13, 2410, respectively). The preferred
conditions for this transformation include, but are not limited to, the
treatment of heterocyclic ketones of Formula 8-1 with strong bases such as
lithium diisopropylamide or lithium hexamethyldisilazide at temperatures from
-78 C to RT,  5 preferably -78 C, followed by the addition of
fluorosulfonylating agents such as nonafluorobutanesulfonyl fluoride,
21N,N-bis(trifluoromethanesulfonyDaminoThyridine or
N-phenyl-bis(trifluoromethane-sulfonimide). The compounds of Formula 8-2 can
be directly employed in metal-catalyzed couplings described previously in
Scheme 1. In addition, the compounds of Formula 8-2 can be converted to the
corresponding boronate  10 esters of Formula 8-3 prior to use in
Suzuki-Miyaura coupling procedures described in Scheme I. (For representative
procedures, see: Eastwood, P., Tetrahedron Lett. (2000), 41, 3705-8 and
Takahashi, K., et al, Chem. Lett. (2000), 126-7.) Finally, when a compound of
Formula 8-2 or 8-3 contains a protecting group, it can be removed in an
intermediate or final step using the appropriate conditions. For example,
vv-hen a cis-diol is present  15 protected as the isopropylidine ketal, the
protecting group can be removed with acidic aqueous conditions at elevated
temperature, preferably at 100 C, and when it is protected as a
di-tert-butylsilylene diether, the protecting group can be removed under
acidic conditions or preferably with fluoride sources such as TBAF (see:
"Protective Groups in Organic Synthesis" by Theodora W. Greene and Peter G. M.
Wuts, John Wiley & Sons. 20Inc, NY, (1999). Scheme 9 ReN_--N Halogenation
RGN--N I>  I RaRa7'N P1`F,1 9-19-29-3   MOH Re 0 I Pi 



9-4  OM    WO 2009/052237PCT/US2008/080081        Scheme 9 illustrates a route
to the preparation of 2-imidazolecarboxylates of Formula 9-5 where le is H or
C*4)alkyl, and WI is H, alkyl, -CN, or -CONH2that are used as intermediates in
the synthesis of compounds of Formula I where W is imidazolc. Imidazoles of
Formula 9-1 where Ra is H or C(14)alkyl, and Re is H, Comalkyl or - 5CN are
either commercially available or, in the case where Re is -CN, are readily
available from commercially available aldehydes (9-1 where Re is CHO) by
reaction with hydroxylamines followed by dehydration with a suitable reagent
such as phosphorus oxychloride or acetic anhydride (Synthesis, (2003), 677).
Imidazoles of Formula 9-1 can be protected with a suitable group (PI) such as
a methoxymethylamine (MOM), or 10 preferably a SEM group to give compounds of
Formula 9-2 (see Theodora W. Greene and Peter G. M. Wuts, Protective Groups in
Organic Synthesis, John Wiley and Sons, Inc., NY (1991)). lmidazoles of
Formula 9-2, where Re is -CN, can be halogenated with a suitable reagent such
as IN-bromosuccinimi de or N-iodosuccinimide under either electrophilic
15conditions in a solvent such as DCM or CH3CN or under radical conditions in
the presence of an initiator such as azobis(isobutyronitrile) (AIBN) in a
solvent such as CC14 to give compounds of Formula 9-3 where L is a leaving
group (preferably bromo or iodo). Halogen-magnesium exchange on compounds of
Formula 9-3 can provide the organomagnesium species, which can then reacted
with a suitable electrophile to provide 20 compounds of Formula 9-4. The
preferred conditions for halogen-magnesium exchange are using an
alkyl-magnesium reagent, preferably isopropylmagnesium chloride in a suitable
solvent such as THF at temperatures between -78 C - to 0 C. The preferred
electrophiles are ethyl chloroformate or ethyl cyanoformate. (For examples of
halogen-magnesium exchange on cyanoimidazoles, see: J. Org. Chem. (2000), 65,
4618). 25For imidazoles of Formula 9-2, where Re is not -CN, these may be
converted directly to imidazoles of Formula 9-4 by deprotonation with a
suitable base such as an alkyllithium followed by reaction with an
electrophile as described above for the organomagnesium species. The preferred
conditions are treating the imidazole with nbutyllithium in THF at -78 C and
quenching the resulting organolithium species with 



30ethyl chloroformate. (For examples, see: Tetrahedron Lett. (1988), 29,
3411-3414.)  WO 2009/052237PCT/US2008/080081        The esters of Formula 9-4
may then be hydrolyzed to carboxylic acids (M is H) or carboxylate salts (M is
Li, Na, or K,) of Formula 9-5 using one equivalent of an aqueous metal
hydroxide (MOH) solution, preferably potassium hydroxide in a suitable solvent
such as ethanol or methanol. Synthesis of compounds of Formula 9-5 where Rq is
- 5CONH2 is accomplished by first treating compounds of Formula 9-4 where Rc
is -CN with an appropriate alkoxide such as potassium ethoxide to convert the
cyano group to an imidate group (Pinner reaction) followed by hydrolysis of
both the ester and imidate groups with two equivalents of an aqueous metal
hydroxide solution. 10Scheme 10 RN n ---N10 1,0 10-210-3 R, RrN;NN 0Rr I  \--N
0 MOH I  pi K(OM 10-410-5        Scheme 10 illustrates a route to
2-imidazolecarboxylates of Formula 10-3 or 10-5 where 12.1. is chloro or
bromo, and M is H, Li, K, or Na that are used as intermediates in the
synthesis of compounds of Formula I where W is imidazole. 



15Compounds of Formula 10-I can be first prepared by protection of
commercially available ethyl imidazolecarboxylate according to the methods
outlined in Scheme 9, preferably with a SEM group. Compounds of Formula 10-2
can be prepared by reaction of compounds of Formula 10-1 with one equivalent
of an appropriate halogenating reagent, such as NBS or 20 NCS in a suitable
solvent such as CH3CN, DCM or DM F at 25 C. Compounds of Formula 10-4 can be
prepared by reaction of compounds of Formula 10-1 with two equivalents of an
appropriate halogenating reagent, such as NBS or NCS in a suitable solvent
such as CH3CN or DMF at temperatures between 30 C and 80 C. imidazoles of WO
2009/052237PCT/US2008/080081 Formula 10-3 and 10-5 can then be obtained from
the respective esters by hydrolysis as described in Scheme 9. Scheme 11 000
AN__H 0N /MON 1 ./.)-SI /)- R 511-111-211-3          Scheme 11 illustrates a
method for the preparation of imidazolcs of Formula 11-3 where Rf is -SCH3,
-SOCFL, or -S020-13, M is H, Li, K, or Na that are used as intermediates in
the synthesis of compounds of Formula 1 where W is imidazolc Imidazole 11-1
(WO 1996011932) is protected according to the methods described 10in Scheme 9,
preferably with a SEM protecting group to give compounds of Formula 11-2.
Ester hydrolysis according to the procedure in Scheme 9 gives compounds of
Formula 11- 3 where Fe is -SCH3. Oxidation of 2-methylthioimidazoles of
Formula 11-2 with one equivalent of an appropriate oxidant, followed by ester
hydrolysis according to the procedure in Scheme 9 gives compounds of Formula
11-3 where RI is -SOCHI. Oxidation 15with two equivalents of an appropriate
oxidant, followed by ester hydrolysis according to 



the procedure in Scheme 9 gives compounds of Formula 11-3 where R.' is
-SO2CF13. The preferred reagent for oxidation is MCPBA in DC M. References for
the conversion of sulfides to sulfoxides and sulfones are given in Scheme 1.
20 EXAMPLES Example I 4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-eny0-4-1(3-exo)-3-
hydroxy-1,5-bis-methoxymethyl-8-oxa-bicyclof3.2.11oct-6-en-3111-phenyll-amide
WO 2009/052237PCT/US2008/080081
a)4-Bromo-2-(4,4-dimethyl-cyclohex-1-eny1)-phenylamine    5        A mixture
of 4-bromo-2-iodo-phenylamine (873 mg, 2.93 mmol), 4,4-
dimethylcyclohexen-1-ylboronic acid (496 mg, 3.22 mmol), Pd(PPh3)4 (169 mg,
0.147 mmol) and 2.0 M aq Na2CO3 (11.7 mL, 23.4 mmol) in 20 mL of 1,4-dioxane
was stirred at 80 C for 12 h under Ar. After cooling to RT, the reaction was
treated with Et0Ac (50 10 mL) and washed with H20 (25 mL) and brine (20 mL).
The organic layer was dried (Na2SO4) and concentrated in vacuo. The residue
was purified by flash chromatography on silica gel (5 % Et0Ac/hexane) to
afford 770 mg (91 %) of the title compound as a colorless oil. Mass spectrum
(ESE m/z): Calcd. for C141418BrN, 280.1 (M+H), found 280.1. 15
b)4-Cyano-1-(2-trimethylsilanyl-etharymethy0-1H-imidazole-2-carboxylic acid
[4- bromo-2-(4,4-dimethyl-cyclohex-1-eny1)-phenyll-amide 



WO 2009/052237PCT/US2008/080081       To a mixture of
4-bromo-2-(4,4-dimethyl-eyelohex-1-eny1)-phenylamine (as prepared in the
previous step, 770 mg, 2.75 mmol), potassium 4-cyano-1-(2-
trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylatc (US Pat Applic
2006189623 5 Al, 840 mg, 2.75 mmol) and PyBroP (1.28 g, 2.75 mmol) in 20 mL of
DMF was added DIEA (1.44 mL, 8.25 mmol). The resulting mixture was stirred at
RT for 16 h under Ar. Treated with 80 mL of Et0Ae, the mixture was washed with
H20 (2 x 20 mL), brine (20 mL) and dried (Na2SO4). Removal of the solvent
under reduced pressure followed by flash chromatography of the residue on
silica gel (5-10 % Et0Acthexane) gave 1.28 g (88 %) of 10the title compound as
a white solid. Mass spectrum (ESL miz): Caled. for C25H33 BrN402Si, 529.2
(M+H), found 528.9.       4-Cyano-1H-imidazole-2-carboxylic acid
14-bromo-2-(4,4-dimethyl-cyclohex-1- eny0-phenylLamide 15         To a
solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid [4-bromo-2-(4,4-dimethyl-cyc1ohex-1-eny1)-phenylkamide (as
prepared in thc previous step, 350 mg, 0.661 mmol) in 5 mL of DCM (CH2Cl2) was
added 0.15 mL of 20Et0H followed by 2.5 mL of TFA. After stirring at RT for 3
h, the mixture was treated with 10 mL of n-propanol and concentrated in vacuo.
The residue was triturated with DCM to afford 253 mg (96 %) of the title
compound as a white solid. 'H-NMR (DMS0- do; 400 MHz): 6 14.3 (s, 1H), 9.78
(s, 1H), 8.31 (s, 1H), 7.95 (d, 2H, 1 = 8.6 Hz), 7.50 (dd, 2H, .1 = 8.6, 2.3
Hz), 7.41 (d, 1H, .1= 2.3 Hz), 5.71 (m, 1H), 2.24 (m, 2H), 1.95 (m, 2H),
251.47(m, 2H), 0.98 (s, 6H). Mass spectrum (EST, miz): Calcd. for
C191-119BrN40, 399.1 (M+H), found 399.1. 2,5-Bis-methoxymethyl-furan  WO
2009/052237PCT/US2008/080081        To a suspension of sodium hydride (dry,
314 mg, 13.1 mmol) in 2 mL of anh THF under Ar was carefully added a solution
of 2,5-bis-hydroxymethylfuran (Pat Applic WO 



5 2006122772 Al) in 10 mL of anh THF. After stirring at RT for 20 min, methyl
iodide (672 ILL, 10.8 mmol) was added and the mixture stirred for an
additional 14 h. Water (15 mL) was added very carefully and the mixture
concentrated in vacuo to remove the TH F. The remaining aqueous mixture was
saturated with solid NaCI and extracted with Et20 (5 x 15 mL). The combined
organic layers were dried over Na2SO4 and concentrated in 10 vacuo to a yellow
oil which was purified by silica gel chromatography (5-30 % Et0Ac/hexane) to
give the title compound (688 mg, 94 %) as a colorless oil. 'H-NMR (CDC:, 400
MHz): 66.28 (s, 2 H) 4.39 (s, 4 H) 3.37 (s, 6 H).
01,5-Bis-methoxymethy1-8-oxa-bicyclo13.2. iloct-6-en-3-one 0 15         To a
suspension of zinc (nanopowder, Aldrich Chemical Co., 602 mg, 9.20 mmol) in a
solution of 2,5-bis-methoxymethylfuran (as prepared in the previous step, 958
mg, 6.13 mmol) in 1.0 mL anh THF under Ar was added a solution of
1,1,3,3-tetrabromo- 20acetone (3.44 g, 9.20 mmol) and tricthyl borate (2.20
mL, 12.9 mmol) in 2.8 mL of THF dropwisc over 15 min. The flask was covered in
aluminum foil to exclude light and the mixture was stirred at RT for 18 h.
Water (10 mL) was added and, after stirring for 15 min, the mixture was
filtered (Celite) washing with Et0Ac (2 x 10 mL). The layers were separated,
the aqueous layer was extracted with Et0Ac (3 x 25 mL) and the combined
25organic layers were washed with water (50 mL), dried (Na2SO4), and
concentrated to a dark oil. This residue in 5 mL of Me0H was added dropwise to
a suspension of zinc dust (<10 urn, 2.09 g, 31.9 mmol), copper (I) chloride
(316 mg, 3.19 mmol) and ammonium chloride (2.29 g, 42.9 mmol) in 5 mL Me0H and
stirred at RT for 16 h. The mixture was WO 2009/052237PCT/US2008/080081
filtered (Celite) washing with Me0H (10 mL) and Et0Ac (10 mL) and the filtrate
concentrated to a dark oil. The residue was partitioned between Et20-hexane
(3:1, 50 mL) and water (25 mL). Precipitated solids were dissolved by addition
of 1M MCI (ca. 10 mL) and the aqueous layer was extracted with Et20-hexane
(3:1, 3 x 50 mL). The combined 5organic layers were washed with satd aq NafICO
( 100 mL) and brine (100 mL), dried (Na2SO4), and concentrated to 1.21 g of a
yellow oil. Chromatography on a 20-g silica gel SPE column (2% Et0Ac-DCM)
afforded 278 mg (29%) unreacted 2,5-bis- methoxymethylfuran. Subsequent
elution with 2-15% Et0Ac-DCM afforded the title compound (667 mg, 51%, 72%
based on recovered starting material) as a colorless oil.  10 11-1-NMR (CDCI3;
400 MHz): 66.10 (s, 2H) 3.63 (d, 4H, "/=I.77 Hz) 3.44 (s, 6H) 2.69 (d, 2H, J=
1 6 . 9 Hz) 2.34 (d, 2H, .1=16.9 Hz). Mass spectrum (ESE rn/z): Calcd. for C1
H1504, 213.1 (M+H), found 212.8. J)4-Cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-41(3- 15
exo)-3-hydroxy-1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.11oct-6-en-3-y11-phenyl
l-amide       To a solution of 4-cyano-1H-imidazole-2-carboxylic acid
[4-bromo-2-(4,4- dimethyl-cyclohex-1-eny1)-phenyl]-amide (as prepared in this
Example, step (c), 204 mg, 0.511 mmol) in 7 mL of anh THF at -78 T under Ar
was added a solution of 



20isopropylmagnesium chloride (2.0 M in THF, 321 rff, 0.641 mmol). The
reaction was warmed to RT and stirred for 75 min and then cooled again to -78
C. A solution of tertbutyllithium (1.7 M in pentane, 900 4, 1.53 mmol) was
added and, after stirring for 20 min, a solution of
1,5-bis-methoxymethy1-8-oxa-bicycloP.2.1]oct-6-en-3-one (as prepared in the
previous step, 141 mg, 0.664 mmol) in 3.5 mL of THF was added over 1.5 min.
The 25 mixture was stirred at -78 T for 30 min and then at RT for 16 h. The
reaction was quenched with 4 mL of satd aq. NHTI, poured into Et0Ac (50 mL),
washed with water (10 nth) and brine (10 mL), dried (Na2SO4), and concentrated
to give 292 mg of a solid. This residue was suspended in 4 mL of MeCN and
filtered, washing with MeCN (2 x 1 mL), and the filtrate concentrated to
afford 230 mg of a solid. Chromatography on a 20-g 30silica gel SPE column
(10-60% Et0Ac-DCM) gave a glass which, after concentration from Et0Ac-hexane
(1:1), afforded the title compound (32.4 mg, 12%) as a white solid. 1H- WO
2009/052237PCT/US2008/080081 NMR (CDC13; 400 MHz): S 9.62 (s, 1I4), 8.37 (d,
1H, J=8.6 Hz), 7.69 (s, 1H), 7.53 (dd, 1H,1=8.6, 2.3 Hz), 7.35 (d, 1H, 1=2.3
Hz), 6.43 (s, 2FI), 5.74- 5.78 (m, 1H), 3.59 (s, 4H), 3.40 (s, 6H), 2.40 (d,
2H, J=14.7 Hz), 2.25- 2.33 (m, 2H), 2.08- 2A I (m, 2H), 1.96 (d, 2H, 1=14.7
Hz), 1.58 (t, 2H, 1=6.2 Hz), I A (s, 6H). Mass spectrum (ES!, rn/z): Calcd.
5for C301436N405, 515.3 (M-H20+H), found 515.0.        Assignment of relative
stereochemistry was made using 1D 'fl-NMR and 2D 'HNMR (NOESY). Example 2 10
4-Cyano-1H-imidazole-2-carboxylic acid
12-01,4-dimethyl-cyclohex-1-eny1)-443-exo)-3-
hydroxy-1,5-bis-Itydroxymethy1-8-oxa-bicyclo[3.2. I
oct-6-en-3-y1)-phenyll-amide  a)4-Cyano-1H-imidazole-2-carboxylic acid
14-1(3-exo)-3-hydroxy-E5-bis-(tert- I 5
butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2. I
oct-6-en-3-y11-2-(4,4-dimethylcyclohex-1-eny1)-phenylkamide    20The title
compound was prepared by the procedure of Example 1, step (f) using 4-
eyano-1H-imidazole-2-earboxylic acid
[4-bromo-2-(4,4-dimethyl-cyclohex-1-eny1)-  



WO 2009/052237PCT/US2008/080081 phenyl]-amide (as prepared in the example 1,
step (c), 299 mg, 0.749 mmol) and
1,5-bis(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-6-en-3-o
ne (Lee, K. and Cha, J. K., J. Amer (hem. Soc., 123: 5590-5591 (2001), 309 mg,
0.749 mmol). Silica gel chromatography (1-3 % Et0Ac/DCM) afforded the tide
compound (154 mg, 28 %) as a 5white solid. Mass spectrum (ESL m/z). Calcd. for
C40H60N405 Si2, 715.4 (M-H20+H), found 715.0.
1))4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-eny0-443-
exo)-3-hydroxy-1,5-bis-hydravymethyl-8-oxa-bicyclo13.2.1Joci-6-en-3-y1)-phenyl
Eamide 10A mixture of 4-cyano-1H-imidazole-2-carboxylic acid
[4[(3-endo)-3-hydroxy-1,5-
bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-6-en-3-y1]-
244,4- dimethyl-cyclohex-1-enylkphenylkamide (as prepared in the previous
step, 125 mg, 0.171 mmol) and tetrabutylammonium fluoride monohydrate
(TBAEH20) (357 mg, 1.36 mmol) in 3 mL of THE was stirred at 60 C for 1 h.
After cooling to RT, the mixture was treated 15 with Et0Ac (50 mL) and washed
with H20 (10 mL), aqueous saturated NE4C1 (2 x 10 mL) and brine (10 mL). The
organic layer was dried over Na2SO4 and concentrated in vacuo. The residue was
triturated with DCM to give the title compound (72 mg, 84 %) as a white solid.
'H-NMR (CD30D; 400 MHz): 8815 (d, 1H, J = 8.6 Hz), 7.99 (s, 1H), 7.38 (dd, 1H,
J = 8.6, 2.3 Hz), 7.31 (d, 1H, J = 2.3 Hz), 6.18 (s, 2H), 5.73 (m, 1H), 3.68
(s, 4H), 2.31 20(m, 2H), 2.12 (d, 2H, J = 14.7 Hz), 2.07 (m, 2H), 1.79 (d, 2H,
J= 14.7 Hz), 1.59 (t, 2H, J = 6.3 Hz), 1.09 (s, 6H).       Assignment of
relative stereochemistry was made based on analogy to
4-cyano-1Himidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex- I
-enyI)-4-[(3-exo)-3-hydroxy- I ,5-
bis-methoxymethy1-8-oxa-bicyclo[3.2.1]oct-6-en-3-ylkphenylkamide (as prepared
in 25Example I, step (f)). Example 3 4-Cyano-1H-imidazole-2-carboxylie acid
1441,5-bis-hydroxymethyl-8-exabicyclo13.2.1locke-2,6-dien-3-y0-2-(4,4-dimethyl
-cyclohex-1-enyl)-phenyll-amide  WO 2009/052237PCT/US2008/080081 H OHNN OH 



To a mixture of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl- cyc
lohex -1-eny1)-4-[(3-en do)-3-hydroxy-1,5-bi s-hydroxymethy1-8-oxa-bi cyc I
o[3.2.1]oct- 6-en-3-y1 j-pheny Ikami de (as prepared in example 2, step (b),
40.0 mg, 0.0793 mmol) in 1 5mL of DCM at 0 C was added trifluoroacetic acid
(50 i.11,) dropwise. The resulting mixture was stirred at RT for 2 h. The
solvent was removed in vacuo and the residue was purified by silica gel
chromatography (2-5 % Me0H/DCM) to give the title compound (37 mg, 95 %) as
white solid. 1H-NMR (C1D30D; 400 MHz): 6 8.18 (d, 1H, J = 8.6 Hz), 7.98 (s,
1H), 7.32 (dd, 1H, J = 8.6, 2.3 Hz), 7.21 (d, 1H, J = 2.3 Hz), 6.51 (br s,
1H), 6.41 (d,  10 1H, J = 5.8 Hz), 5.96 (d, 1H, J = 5.8 Hz), 5.73 (m, 1H),
3.77-3.88 (m, 4H), 2.69 (dd, 1H, J = 17.7, 2.0 Hz), 2.30 (m, 2H), 2.17 (dd,
2H, J = 17.7, 1.7 Hz), 2.07 (m, 214), 1.59 (t, 2H, J = 6.3 Hz), 1.09 (s, 6H).
Mass spectrum (ES1, na/z): Calcd. for C1231130N404, 487.3 (MTH), found 487.1.
15 Example 4 4-Cyano-1H-imidazole-2-carboxylic acid
14-1(3-exo)-1,5-his-hydroxymethyl-8-oxahicyclo[3.2.1loct-3-yll-2-(4,4-dimethyl
-cyclohex-1-enyl)-phenyll-amide OHNLN OH a)Trilluoro-methanesulfitnic acid
I,5-bis-(tert-bu4'l-dimethyl-silanyloxymethyl)-8-
20oxa-bicyclo[3.2.1Jocta-2,6-dien-3-y1 ester  WO 2009/052237PCT/US2008/080081
OTf        A solution of
1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxabicyclo[3.2.1]oct-6-en-3-o
ne (Lee, K. and Cha, J. K., J. Amer. Chem. Soc., 123: 5590-5591 5(2001) , 929
mg, 2.25 mmol) in 10 ml of THF was added to a solution of LHM DS (1.0 M in
THF, 2.48 mL, 2.48 mmol) in 20 ml of THF at -78 'C under Ar. The mixture was
warmed to RT and stirred for 0.5 h, then cooled to -78 C again. A solution of
2-[N,Nbis(trifluoromethancsulfonyl)amino]pyridinc (888 mg, 2.48 mmol) in 10 ml
of THE was added. The resulting mixture was warmed to RT and stirred for 2 h
under Ar. Treated 10 with 10 mL of saturated aqueous NII4C1 followed by 100 ml
of Et0Ac, the mixture was washed with aqueous saturated citric acid (3 x 20
mL), H20 (20 mL), brine (10 mL) and dried (Na2SO4). Removal of the solvent
under reduced pressure gave 1.22 g of the title compound as light yellow oil.
'H-NMR (CDC13; 400 MHz): 6 6.42 (d, 1H, J = 5.8 Hz), 6.29 (br s, 1H), 5.91 (d,
1H, J =5.8 Hz), 3.80 (s, 1H), 2.81 (dd, 2H, J = 17.7, 1.9 Hz), 2.13 



15(dd, 1H, J = 17.7, 1.3 Hz), 0.91 (s, 18H), 0.08 (s, 12H). The product was
used for the next step without further purification.
b.4-11,5-Bis-(tert-butyl-dimelityl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1Joeta-
2,6- dien-3-y1J-phenylamine NH2 20 TBSO  OTBS  To a mixture of
trifluoromethanesulfonic acid 1,5-bis-(tert-butyl-dimethyl-
silanyloxymethyl)-8-oxa-bicyclo[3.2.1]octa-2,6-dien-3-y1 ester (as prepared in
the previous step, 1.22 g, 2.24 mmol), Pd(PP1-04 (259 mg, 0.224 mmol) and
4-(4,4,5,5-tetramethyl- 25[1,3,2]dioxaborolan-2-y1)-phenylamine (540 mg, 2.46
mmol) in 20 mL of 1,4-dioxane was added 2.0 M aqueous Na2CO2solution (9.0 mL,
18 mmol). The resulting mixture was  WO 2009/052237PCT/US2008/080081 stirred
at 80 C for 2 h and then cooled to RT. Treated with 100 mL of Et0Ac, the
mixture was washed with H20 (3 x 20 mL), brine (20 mL) and dried (Na2SO4).
Removal of the solvent under reduced pressure followed by flash chromatography
of the residue on silica gel (1:1 hexane/0CM - DCM) gave 802 mg (73 % for two
steps) of the title compound as 5a light brown oil. Mass spectrum (ESI, m/z):
Calcd. for (124145NO3Si2, 488.3 (M+H), found 488.4. 



4-10-Exo)-1,5-bisgtert-butyl-dimethyl-silanyloxyntethyl)-8-oxa-bicycM13.2.11oc
t3-yltphenylamine (A) and
44(3-Endo)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8- 10
oxa-bicycla13.2.1loct-3-y11-phenylantine (B) NH2NH2    TBSOnOTBSTBSOnOTBS A A
solution of 441,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-
15bicyclo[3.2.1]octa-2,6-dien-3-y11-phenylamine (as prepared in the previous
step, 500 mg, 1.03 mmol) and 5 Vo Rh/Al203 (250 mg, 50 wt %) in 20 mL of Me0H
was stirred at RI under H2 (balloon pressure) for 2 h. The Rh catalyst was
removed by filtration on Celite, and the filtrate was concentrated in vacuo to
give 500 mg of the
441,5-bis-(tert-butyldimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1loct-2-en-3
-ylkphenylamine as a light 20 brown oil Mass spectrum (EST, m/z): Calcd. for
C27047NO3Si2, 490.3 (M+H), found 490.1.        A mixture of 4-[ I
,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxabicyclo[3.2.1]oct-2-en-3-y1
1-phenylamine (as prepared in the above step, 500 mg, 1.02 mmol) and 10 %
PcI/C (250 mg, 50 wt %) in 25 mL of Me0H was stirred at RT under H2 25(50 psi)
for 1 h. The Pd catalyst was removed by filtration on Celite, and the filtrate
was concentrated to give 492 mg (98 %) of the title compounds as a 2:1 (A:B)
mixture as light  WO 2009/052237PCT/US2008/080081 brown oil. Mass spectrum
(ESI, miz) Calcd. for C27H49NO3Si2 492.3(M+H), found 492.4. Assignment of the
relative stereochemistry was made in the final step (g). 5
d)4-1(3-Exn)-1,5-bis-(tert-butyl-dhnethyl-silanylnxymethy0-8-oxa-bicycln[3.2.1
Inet- 3-y1J-2-bromo-phenylamine (A) and
4-1(3-endn)-1,5-Bis-(tert-butyl-dimethylsdanyloxpnethy0-8-axa-bicycla[3.2.11oc
t-3-y11-2-bromn-phenylamine (B) 



NI-12NH2    TBSOnOTBSTBSOnOTBS A 10       To a solution of
4-[(3-exo)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxabicyclo[3.2.1]o
ct-3-y1]-phenylamine and
4-[(3-endo)-1,5-bis-(tert-butyl-dimethylsilanyloxymethyl)-8-oxa-bicyclo[3.2.1]
oct-3-ylkphenylamine (as prepared in the previous step, 492 mg, 1.00 mmol) in
10 mL of 3:1 DCM/MeCN at 01C was added N- 15 bromosuccinimide (NBS) (178 mg,
1.00 mmol) in 3 portions over 5 min The mixture was warmed to RT and stirred
for 1 h under Ar. The solvent was evaporated in vacuo and the residue was
purified by flash chromatography on silica gel ( I :1 hexane/DCM) to give 345
mg (60 A) of the title compound A as a light brown oil and 172 mg (30 A) of
the title compound B as a light brown oil. 20A: Mass spectrum (ESI, miz)
Calcd. for C27H4313rNO3Si2, 570.2 (M+H), found 570.1 B: Mass spectrum (ESI,
nVz) Calcd. for C27H48BrNO3Si2, 570.2 (M+H), found Assignment of the relative
stereochemistry was made in the final step (g).  WO
2009/052237PCT/US2008/080081
e)41(3-Exo)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.Z
'Pet- 311]-2-(4,4-diniethyl-cyclohex-1-eny1)-phenylarnine    



5To a mixture of
4-[(3-exo)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-
bicyclo[3.2.11oct-3-y1]-2-bromo-phenylamine (as prepared in the previous step,
343 mg, 0.600 mmol), 4,4-dimethylcyclohexen-1-ylboronic acid (156 mg, 0.660
mmol) and Pd(PPILI)4 (69 mg, 0.060 mmol) in 5 mL of 1,4-dioxane was added 2.0
M aq Na2CO3 solution (2.4 mL, 4.8 mmol). The resulting mixture was stirred at
80 'C for 16 h under Ar, 10 and then cooled to RT. Treated with 50 mL of
Et0Ac, the mixture was washed with H20 (2 x 10 mL), brine (10 mL) and dried
(Na2SO4). Removal of the solvent under reduced pressure followed by flash
chromatography of the residue on silica gel (DCM) gave 317 mg (88 %) of the
title compound as a light brown solid. Mass spectrum (ESI, m/z): Calcd. for
C35fl61NO3Si2, 600.4 (M+H), found 600.5. 15Assignment of the relative
stereochemistry was made in the final step (g).
f)4-Cyano-1-(2-trimethylsilanyl-etharymethy0-1H-imidazole-2-carboxylic acid
[4-
1(3-exo)-1,5-bis-Oert-butyl-dimethyl-silanylarymethy0-8-oxa-bicyck43.2.1Joci-3
-y11-2- (4,4-ditnethyl-cyclohex-1-eny1)-phenylFamide 20OTBS  WO
2009/052237PCT/US2008/080081        To a mixture of potassium
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-114- imidazole-2-carboxylate (as
prepared in US Pat Applic 2006189623 Al,  192 mg, 0.630 mmol) and pyridine
(51.0 4, 0.630 mmol) in 3 mL of DCM at 0 T was added SOC12 5(46.0 4, 0.630
nunol) After stirring at 0 r for 0.5 h under Ar, the resulting mixture was
warmed to RT and added to a solution of
4-[(3-exo)-1,5-bis-(tert-butyl-dimethylsilanyloxymethyl)-8-oxa-bicyclo[3.2.1]o
ct-3-y1]-2-(4,4-dimethyl-cyclohex-1-eny1)- phenylamine (as prepared in the
previous step, 315 g, 0.525 mmol) in 2 mL of DCM at 0 C. After stirring at 0 C
for 2 h under Ar, the reaction was warmed to RT. Treated with 50 10mL of
Et0Ac, the mixture was washed with H20 (10 mL), 10 % aqueous citric acid (10
mL), aqueous saturated NaHCO3 (10 mL) and brine (20 mL). The organic layer was
dried over Na2SO4 and concentrated in vacuo. The residue was purified by
silica gel chromatography (2-5 % Et0Ac/hexane) to afford the title compound
(401 mg, 90%) as a light brown oil. 'H-NMR (CDC13, 400 MHz): 6 9.72 (s, 1H),
8.29 (d, 1H, J = 8.6 Hz), 7.76 15(s, 1H), 7.18 (dd, 1H, J = 8.6, 2.3 Hz), 7.07
(d, 1H, J = 2.3 Hz), 5.96 (s, 2H), 5.76 (m, 1H), 3.59-3.68 (m, 6H), 3.02 (m,
1H), 2.29 (m, 2H), 2.09 (m, 2H), 1.76-1.88 (m, 6H), 1.66 (t, 2H, J = 12.7 Hz),
1.59 (t, 2H, J = 6.3 Hz), 1.11 (s, 6H), 0.97 (t, 2H, J = 8.3 Hz), 0.89 (s,
18H), 0.05 (s, 12H), 0.01 (s, 9H). Assignment of the relative stereochemistry
was made in the final step (g). 20 



g)4-Cyano-I H-imidazole-2-carboxylic acid 144(3-exo)-I,5-bis-hydroxymethyl-8-
oxa-bicyclo[3.2.1loct-3-y1)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenylPamide
A mixture of 4-cyano-1-(2-trimethylsi I anyl -ethoxymethyl )-1H-i mi dazol
c-2- carboxylic acid
[4-[(3-exo)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-
25bicyclo[3.2.1]oct-3-y1]-2-(4,4-dimethyl-cyclohex-1-eny1)-phenylkamide (as
prepared in the previous step, 400 mg, 0.471 mmol) and tetrabutylammonium
fluoride monohydrate (739 mg, 2.83 mmol) in 5 mL of THF was stirred at 50 T
for 16 h. After cooling to RT, the mixture was treated with Et0Ac (50 mL) and
washed with H20 (10 mL), aqueous saturated NEI4C1 (2 X 10 mL) and brine (10
mL). The organic layer was dried over 30Na2SO4 and concentrated in vacuo. The
residue was triturated with DCM to give the title compound (203 mg, 88 %) as a
white solid. 114-NMR (CD30D, 400 MHz): 6 8.11 (d, 1H,  WO
2009/052237PCT/US2008/080081 J = 8.6 Hz), 7.99 (s, 1H), 7.20 (dd, 1H, J = 8.6,
2.3 Hz), 7.11 (d, 1H, J = 2.3 Hz), 5.72 (m, 1H), 3.62 (d, 2H, J = 11.7 Hz),
3.52 (d, 2H, J = 11.7 Hz), 3.21 (m, 1H), 2.30 (m, 2H), 2.07 (m, 2H), 1.84-1.97
(m, 4H), 1.63-1.71 (m, 4H), 1.59 (t, 2H, J = 6.3 Hz), 1.08 (s, 6H). Mass
spectrum (ESI, m/z): Calcd. for C23H34N404, 491.3 (M+H), found 491.1.
5Assignment of the relative stereochemistry was made using ID NMR, 2D COSY and
2D NOESY NMR. Example 5      4-Cyano-1H-imidazole-2-carboxylic acid
144(3-endo)-1,5-bis-hydroxymethy1-8-oxa10
bicyclo13.2.1loct-3-y11-244,4-dimethyl-cyclohex-1-eny1)-phenyll-amide H CN OH
a)4-[(3-Endo)-1,5-bis-(tert-bulyl-dimethyl-silanyloxymethyl)-8-oxa-
bicyclof3.2.11oct-3-y11-2-(4,4-dimethyl-cyclohex-1-enyl)-phenylamine  



OTBS 15The title compound was prepared by the procedure of Example 4, step (c)
using 4- [(3-en do)-1,5-bis-(tert-butyl-dimethyl-si lanyloxymethyl
)-8-oxa-bicyclo [3.2.1]oct-3-y1]-2- bromo-phenylaminc (B) (as prepared in the
example 4, step (d), 171 mg, 0.300 mmol) and 4,4-dimethylcyclohexcn- I
-ylboronic acid (77.9 mg, 0.330 mmol). Silica gel chromatography (DCM)
afforded the title compound (165 mg, 92 %) as a light brown oil. 20Mass
spectrum (ESI, miz): Calcd. for C35H61NO1Si2, 600.4 (M+H), found 600.5.  WO
2009/052237PCT/US2008/080081 Assignment of the relative stereochemistry was
made in the final step (c).
b)4-Cyano-I-(2-trimethylsilanyl-ethoxymethyl)-111-imidazole-2-carboxylic acid
[4-
1(3-endo)-45-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.Z
Hoct-3-y11-2- 5 (4,4-dimethyl-cyclohex-1-eny1)-phenylLamide SEM, H CN OTBS
The title compound was prepared by the procedure of Example 4, step (0 using
4-
[(3-endo)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethy1)-8-oxa-bicyclo[3.2.1]o
ct-3-y1]-2- (4,4-dimethyl-cyclohex-1-eny1)-phenylamine (as prepared in the
previous step, 150 mg, 100.250 mmol) and potassium
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2- carboxylate (as
prepared in US Pat Applic 2006189623 Al, 92 mg, 0.300 mmol) Silica gel
chromatography (2-5 % Et0Acillexane) afforded the title compound (187 mg, 88
%) as a light brown oil. 11-1-NMR (CDC13; 400 MHz): 89.72 (s, IH), 8.27 (d,
IH, J = 8.6 Hz), 7.76 (s, 1H), 7.19 (dd, 1H, J = 8.6, 2.3 Hz), 7.07 (d, 111, J
= 2.3 Hz), 5.96 (s, 2H), 5.75 (m, 15 111), 3.66 (t, 211, J = 8.3 Hz), 3.61 (s,
414), 2.94 (m, 111), 2.28 (m, 211), 2.14 (dd, 1H, J = 13.8, 6.7 Hz), 2.09 (m,
211), 1.77-1.83 (m, 211), 1.56-1.67 (m, 614), 1.11 (s, 6H), 0.97 (t, 211, J=
8.3 Hz), 0.90 (s, 18H), 0.07 (s, 6H), 0.06 (s, 611), 0.005 (s, 911).
Assignment of the relative stereochemistry was made in the final step (c). 20
c)4-Cyano-I H-imidazole-2-carboxylic acid
14-((3-endo)-1,5-biv-hydroxymethy1-8- 



oxa-bicyclo13.2.11oct-3-y0-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyll-amide
The title compound was prepared by the procedure of Example 4, step (g) using
4- cyano- I -(2-trimethylsi lanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid
[41(3-endo)- I ,5-bi s-(tert-butyl -di methyl -silanyloxymothyl)-8-oxa-bi
cyclo[3.2. I joct-3-y1]-2-(4,4- 25dimethyl-cyclohex-1-eny1)-phenyl]-amide (as
prepared in the previous step, 185 mg, 0.218  WO 2009/052237PCT/US2008/080081
mmol) and tetrabutyl-ammonium fluoride monohydrate (342 mg, 1.31 mmol). Silica
gel chromatography (1-5 % Me0H/DCM) afforded the title compound (100 mg, 93 %)
as a light brown oil. 111-NMR (CD,OD; 400 MHz): 6 8.10 (d, 1H, J = 8.6 Hz),
7.98 (s, 1H), 7.21 (dd, 1H, J = 8.6, 2.0 Hz), 7.10 (d, 1H, J = 2.0 Hz), 5.72
(m, 1H), 3.63 (d, 2H, J = 11.6 5 Hz), 3.50 (d, 2H, J = 11.6 Hz), 2.91 (m, 1H),
2.30 (m, 2H), 1.93-2.09 (m, 6H), 1.55-1.73 (m, 6H), 1.08 (s, 6H). Mass
spectrum (ESI, m/z): Calcd. for C28H34N404, 491.3 (M+H), found 491.1.
Assignment of the relative stereochemistry was made using 1D NMR, 2D COSY and
2D NOESY NMR. 10 Example 6 4-Cyano-111-imidazole-2-carboxylic acid
[41(3-endo)-1,5-6is-methoxymethyl-8-exabicyclofi.Z1Joct-3-y11-2-(4,4-dimethyl-
cyclohex-1-enyl)-phenyll-amide  15 a)Trifluoromethanesulfimic acid
1,5-his-methoxymethyl-8-oxa-bicycln13.2.1locta- 2,6-dien-3-yl ester OTf  20The
title compound was prepared by the procedure of Example 4, step (a) using
1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.1]oct-6-en-3-one (as prepared in
Example 1, step (e), 600 mg, 2.80 mmol) and
2-/A,N-bis(trifluoromethanesulfonyl)amino]pyridine (1.10 g, 3.08 mmol). The
title compound (921 mg, 95 %) is light brown oil. Mass spectrum (ESI, m/z):
Calcd. for Cl2E115F306S, 345.0 (M+H), found 344.9.  WO
2009/052237PCT/US20118/080081 



b.4-(1,5-Bis-methoxymethy1-8-exa-bicyclon.2.1Jocta-2,6-dien-3-y1)-phenylamine
NH2  5The title compound was prepared by the procedure of Example 4, step (b)
using trifluoromethanesulfonic acid 1,5-bis-methoxymethy1-8-oxa-bi
cyc1o[3.2.1]octa-2,6-di en -3- yl ester (as prepared in the previous step,
3.25 g, 9.45 mmol) and
4-(4,4,5,5-tetramethy1[1,3,2]dioxaborolan-2-y1)-phenylamine (2.28 g, 10.4
mmol). Silica gel chromatography (5-10 % Et0Ac/DCM) afforded the title
compound (2.19 g, 81 %) as a light brown oil. 10Mass spectrum (ESI, raiz):
Calcd. for C17H2INO3, 288.2 (M+H), found 288.2.
44(3-Endn)-1,5-bis-tnethoxymethyl-8-nxa-bicyclo[3.2.1Inct-3-yll-phenylamine
(A) and
41(3-Exo)-1,5-bis-methoxymethy1-8-oxa-bicyclo13.2.11no-3-yll-phenylantine (B)
15 N1-12NH2    A        The title compound was prepared by the proccdurc of
Example 4, step (c) using 4-
(1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.1]octa-2,6-dien-3-y1)-phenylamine (as
prepared 20 in the previous step, 2.00 g, 6.96 mmol), 5 % Rh/Al203 (800 mg, 40
wt %) and 10 A) NIC (800 mg, 40 wt %). Silica gel chromatography (0-1 %
Me0H/DCM) afforded 601 mg (44  WO 2009/052237PCT/US2008/080081  %) of the
title compound A as a light brown oil and 672 mg (33 %) of the title compound
B as a light brown oil.            A: Mass spectrum (EST, m/z): Calcd. for
C17H25N0 292.2 (M+H), found 292.2. 



B: Mass spectrum (EST, m/z): Calcd. for C17H25NO3, 292.2 (M+H), found 292.2.
5Assignment of the relative stereochemistry was made in the final step (g).
44(3-Endo)-1,5-his-methoxymethyl-8-oxa-bieyelo[3.2.1ket-3-y11-2-bromophenylami
ne l0         The title compound was prepared by the procedure of Example 4,
step (d) using 4-
[(3-endo)-1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.1]oct-3-y1T-phenylamine (as
prepared in the previous step, 292 mg, 1.00 mmol), NBS (178 mg, 1.00 mmol).
Silica gel 15 chromatography (0-10% Et0Ac/DCM) afforded 185 mg (50 /0) of the
title compound as a light brown oil. Mass spectrum (EST, m/z): Calcd. for
CI7-124BrNO3, 370.1 (M+H), found 370.1. Assignment of the relative
stereochemistry was made in the final step (g). 20
e)44(3-Endo)-1,5-bis-methoxymethyl-8-oxa-bieyelof3.2.iloet-3-y11-2-(4,4-dimeth
yl- cyclohex-1-enyl)-phenylamine  WO 2009/052237PCT/US2008/080081          The
title compound was prepared by the procedure of Example 4, step (e) using 4-
[(3-endo)-1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-bromo-phenylam
ine (as prepared in the previous step, 185 mg, 0.500 mmol),
4,4-dimethylcyclohexen-1-ylboronic 5acid (130 mg, 0.550 mmol). Silica gel
chromatography (0-15 % Et0Ac/DCM) afforded 150 mg (75 %) of the title compound
as a light yellow oil. Mass spectrum (ESI, m/z): Calcd. for C25H37N01, 400.3
(M+H), found 400.4. Assignment of the relative stereochemistry was made in the
final step (g). 10
f)4-Cyano-1-(2-trimethylsilanyl-etharymethyl)-1H-imidazole-2-carboxylic acid
[4-
(3-endo)-1,5-bis-methoxymethy1-8-exa-bicyclo[3.2.1Joct-3-y11-2-(4,4-diniethyl-
cyclohex1-eny1)-phenylframide 



The title compound was prepared by the procedure of Example 4, step (f) using
4-
15[(3-endo)-1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.11oct-3-y11-2-(4,4-dimethy
l-cyclohex- 1-eny1)-phenylamine (as prepared in the previous step, 140 mg,
0.350 mmol) and potassium
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate (as
prepared in US Pat Applic 2006189623 Al, 128 mg, 0.420 mmol). Silica gel
chromatography (5 % Et0Ac/DCM) afforded 164 mg (72 %) of the title compound as
a  WO 2009/052237PCT/US2008/080081 light yellow oil. Mass spectrum (ESI, miz):
Calcd. for C36H52N405Si 649.4 (M+H), found 649.1. Assignment of the relative
stereochemistry was made in the final step (g). 5
g)4-Cyano-1H-imidazole-2-carboxylic acid 14-03-endo)-14-bis-methoxymethyl-8-
oxa-bicyclo[3.2.1loct-3-y11-2-(4,4-dimethyl-cyclohex-1-eny0-phenyll-amide
The title compound was prepared by the procedure of Example 4, step (g) using
4- cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid
[4-[(3-endo)-
1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.11oct-3-y11-2-(4,4-dimethyl-cyclohex-1
-eny1)- 10phenyl]-amide (as prepared in the previous step, 150 mg, 0.231 mmol)
and tetrabutyl- ammonium fluoride monohydrate (181 mg, 0.693 mmol). Silica gel
chromatography (25 % Et0Ac/DCM) afforded the title compound (102 mg, 85%) as a
white solid. Mass spectrum (ESI, rniz): Calcd. for C12H13BrN20, 281.0 (M+H),
found 281.2. 'H-NMR (CD30D; 400 MHz): 6 8.11 (d, 1H, J = K6 Hz), 7.98 (s, 1H),
7.20 (dd, 1H, J = 8.6, 2.3 15Hz), 7.09 (d, 1H, J = 2.3 Hz), 5.71 (m, 1H), 3.46
(d, 2H, J = 10.1 Hz), 3.40 (d, 2H, J = 10.1 Hz), 3.40 (m, 6H), 2.90 (m, 1H),
2.29 (m, 211), 2.17 (dd, 1H, J = 13.5, 6.7 Hz), 2.06 (m, 2H), 1.80-1.89 (m,
2H), 1.67-1.76 (m, 2H), 1.58-1.64 (m, 2H), 1.58 (t, 2H, J = 6.3 Hz), 1.08 (s,
6H). Mass spectrum (ESI, nVz): Calcd. for C3oH1gN404, 519.3 (M+H), found
519.0. 20Assignment of structure was made based on analogy to
4-cyano-1H-imidazole-2- carboxylic acid
[4-[(3-endo)-1,5-bis-hydroxymethy1-8-oxa-bicyclo[3.2.11oct-3-y11-2-(4,4-
dimethyl-cyclohex-1-eny1)-phenyl]-amide (as prepared in Example 5, step (c)). 



Example 7 25 4-Cyano-1H-imidazole-2-carboxylic acid
[4-1(3-exo)-1,5-bis-hydroxymethyl-8-oxabicyclo[3.Ziloct-3-y0-2-(4,4-dimedzyl-c
yclohex-1-enyl)-phenyll-amide  WO 2009/052237PCT/US2008/080081   a)
41(3-Exo)-1,5-bis-methoxymethy1-8-exa-bieyelo[3.2.1Joet-3-y11-2-bromophenylami
ne 5        The title compound was prepared by the procedure of Example 4,
step (d) using 4- ((3-exo)-1,5-bi s-methoxymethy1-8-ox a-bicyc o[3.2.1]oct-3-y
0-pheny lam ine (as prepared in Example 6, step (c), 292 mg, 1.00 mmol), NBS
(178 mg, 1.00 mmol). Silica gel chromatography (0-10% Et0AMDCM) afforded 185
mg (50 %) of the title compound as 10light brown oil. Mass spectrum (EST miz):
Calcd. for C171-124BrNO3, 370.1 (M+1i), found 370.2. Assignment of the
relative stereochemistry was made in the final step (d).      b)
4-1(3-Exo)-1,5-bis-metheaymethyl-8-oxa-bieyelo13.2.1loct-3-y11-2-(4,4-dimethyl
15 cyclohex-1-eny1)-phenylamine  WO 2009/052237PCT/US2008/080081          The
title compound was prepared by the procedure of Example 4, step (e) using 4-
[(3-exo)-1,5-bis-methoxymethy1-8-oxa-bicyclo
[3.2.1]oct-3-y1]-2-bromo-phenylamine (as prepared in the previous step, 185
mg, 0.500 mmol), 4,4-dimethylcyclohexen-1-ylboronic 5acid (130 mg, 0.550
mmol). Silica gel chromatography (0-15 % Et0Ac/DCM) afforded 156 mg (78 %) of
the title compound as light yellow oil. Mass spectrum (ESI, m/z): Calcd. for
C25H37N01, 400.3 (M+H), found 400.3. 



Assignment of the relative stereochemistry was made in the final step (d). 10
c)4-Cyano-1-(2-trimethylsilanyl-etharymethyl)-1H-imidazole-2-carboxylic acid
[4-
((3-exo)-1,5-bis-methoxymethyl-8-oxa-bicyclof3.2.1Ject-3-y1)-2-(4,4-dimethyl-c
yclohex1-eny1)-phenylframide    The title compound was prepared by the
procedure of Example 4, step (f) using 4-
15[(3-exo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-(4,4-dimethyl
-cyclohex- 1-enyl)-phenylamine (as prepared in the previous step, 140 mg,
0.350 mmol) and potassium
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate (as
prepared in US Pat Applic 2006189623 Al, 128 mg, 0.420 mmol). Silica gel
chromatography (5 % Et0Ac/DCM) afforded 166 mg (73 %) of the title compound as
a  WO 2009/052237PCT/US2008/080081 light yellow oil. Mass spectrum (ES1, miz):
Calcd. for C36H52N405Si 649.4 (M+H), found 649.1. Assignment of the relative
stereochemistry was made in the final step (d). S
d)4-Cyano-1H-imidazole-2-carboxylic acid 14-03-exo)-1,5-bis-methoxymethyl-8-
oxa-bicyclo[3.2.11oct-3-y0-2-(4,4-dimethyl-cyclohex-1-eny0-phenyll-amide
The title compound was prepared by the procedure of Example 4, step (g) using
4- cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid
[4-03-exo)-
1,5-bis-methoxymethy1-8-oxa-bicyclo[3.2.11oct-3-y1)-2-(4,4-dimethyl-cyclohex-1
-eny1)- 10phenyl]-amide (as prepared in the previous step, 150 mg, 0.231 mmol)
and tetrabutylammonium fluoride monohydrate (181 mg, 0.693 mmol). Silica gel
chromatography (25 % Et0Ac/DCM) afforded the title compound (86.4 mg, 72 %) as
a white solid. '11-NMR (CD3011), 400 MHz): 6 8.11 (d, 1H, J = 8.5 Hz), 7.98
(s, 1H), 7.19 (dd, 1H, J = 8.5, 2.0 Hz), 7.09 (d, 1H, J = 2.0 Hz), 5.73 (m,
1H), 3.45 (d, 2H, J = 10.1 Hz), 153.41 (d, 2H, J = 10.1 Hz), 3.39 (s, 6H),
3.16 (m, 1H), 2.31 (m, 2H), 2.07 (m, 2H), 1.88- 1.96 (m, 2H), 1.76-1.85 (m,
2H), 1.65-1.76 (m, 4H), 1.59 (t, 21-1, J = 6.3 Hz), 1.08 (s, 6H). Mass
spectrum (ES1, na/z): Calcd. for C301-135N404, 519.3 (M+H), found 519.1.
Assignment of structure was made based on analogy to 4-cyano-1H-imidazole-2-
carboxylic acid
[4-[(3-exo)-1,5-bis-hydroxymethy1-8-oxa-bicyclo[3.2.11oct-3-y11-2-(4,4- 



20dimethyl-cyclohex-1-eny1)-phenyl]amide (as prepared in Example 4, step (g)).
Example 8 4-Cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-enyl)-41(3-exo)-3-
Itydroxy-1,5-bis-ltydroxymethyl-8-oxa-bicyclo[3.Zlloct-3-ylPphenylPamide 25
WO 2009/052237PCT/US2008/080081 a) 1
,5-Bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo [3.Z iloctan-3-one
0  5A mixture of
1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]-
oct-6-en-3-one (200 mg, 4.84 mmol)(Lce, K. and Cha, J. K., I Amer. Chem. Soc.,
123:5590-5591 (2001)) and 5 % Pd/C (30 mg) in 10 mL of McOH was stirred at RT
under H2 (balloon pressure) for 8 h. The Pd catalyst was removed by filtration
on Cclite, and the filtrate was concentrated to give 200 mg (100 %) of the
title compound as a colorless oil. 10Mass spectrum (ES1, trt/z): Calcd. for
C21H4204Si2, 415.2 (M+H), found 415.1.  b) 4-Cyano-111-iraidazole-2-carboxylic
acid
[41(3-exo)-1,5-bis-aert-butyl-dimethylsilanyloxymethy0-3-hydroxy-8-oxa-bicyclo
[3.2. ject-3-y11-2-(4,4-dimethyl-cyclohex-1 - eny1)-phenyikamide 0       To a
suspension of 4-cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-
dimethyl-cyclohex-1-eny1)-phenyl]-amide (125 mg, 0.314 mmol)(prepared in
Example 1, step (c)) in 2 mL of THE at -40C was added a solution of i-PrMgCl
(2M THF, 0.392 mL, 200.785 mmol) and the mixture was allowed to attain RT.
After 10 mm the clear solution was cooled to -78C and a solution of t-BuLi
(1.7M in pentane, 0.554 mL, 0.942 mmol) was added. After 15 min at -78C a
solution of
1,5-bis-(tert-butyl-dimethylsilanyloxymethyl)-8-oxa-bicyclo[3.2.1]octan-3-one
(200 mg, 0.482 mmol) (prepared in the  WO 2009/052237PCT/US2008/080081
previous step) in THF (2 mL) was added and the mixture stirred for 30 mins at
-78 t and then allowed to attain RT and stirred for 5 more min. The reaction
was quenched with saturated NH4C1 (10 mL) and extracted with Et0Ac ( 3 x 10
mL). The organic layer was dried (Na2SO4) and concentrated and the title
compound was purified on silica gel eluting 



5with 10% Et0Ac/DCM to give 116 mg (51%) of a white solid. Mass spectrum (EST,
miz): Calcd. for C4$62N405Si2, 717.4 (M+H-H20), found 717.1. Assignment of the
relative stereochemistry was made in the final step (c).
4-Cyano-1H-imidazole-2-carboxylic acid 12-(4,4-dimethyl-cyclohex-I-enyl)-44(3-
10
exo)-3-hydroxy-1,5-bis-hydravymethyl-8-oxa-bicyclo13.2.1Joc1-3-yll-phenyll-ami
de        A solution of 4-cyano-1H-imidazole-2-carboxylic acid
[441,5-bis-fiert-butyldimethyl-silanyloxymethyl)-3-endo-hydroxy-8-oxa-bicyclop
.2.1]oct-3-y1]-2-(4,4- dimethyl-cyclohex-1-eny1)-phenylkamide (prepared in the
previous step, 110 mg, 1.49 15 mmol) in THE (1 mL) was treated with TBAF.H20
(150 mg, 5.75 mmol) and the mixture stirred at 60 C for 8 hr. The reaction was
diluted with Et0Ac (10 mL) and washed with H20 (2 x 10 mL) and brine (10 mL)
and dried over Na2SO4 and concentrated. The solid was triturated with Et20 and
filtered to give 50 mg (69%) of a white solid. IHNMR (400 MHz, DMSO-d6) 8 ppm
14.21 fin s, 1 H), 9.73 (hr s, 1 H), 8.31 (s, 1 H), 7.90 (d, J=8.6 Hz, 201 H),
7.35 (dd, J=8.6, 1.9 Hz, 1 H), 7.27 (d, J=1.9 Hz, 1 H), 5.66 (m, 1 H), 4.92
(s, 1 H), 4.61 (t, J=5.8 Hz, 2 H), 3.33 - 3.44 (m, 4 H), 2.22 - 2.29 (m, 4 H),
1.91 - 1.98 (m, 4 H), 1.70- 1.76 (m, 2 H), 1.55- 1.59 (m, 2 H), 1.47- 1.52 (m,
2 H), 1.00 (s, 6 [-I). Mass spectrum (ESI,Calcd. for C23H34N405, 507.2 (M+H),
found 507.1. Assignment of relative stereochemistry was made based on analogy
to 4-cyano- I H- 25imidazole-2-carboxylic acid [244,4-dim ethyl-cyc lohex- I
-eny1)-4-[(3-exo)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yli-phenylkamide (as prepared
in Example 1, step (0). Example 9 30 4-Cyano-1H-imidazole-2-carboxylic acid
1244,4-dimethyl-cyclohex-1-eny0-44(3-exo)-3-
hydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.11oct-6-en-3-y1)-phenyll -amide  WO
2009/052237PCT/US2008/080081          The title compound was prepared as
described in Example 1, step ft) using 4- cyano-1H-imidazole-2-carboxylic acid
[4-bromo-2-(4,4-dimethyl-cyclohex-1-eny1)- phenyl]-amide (as prepared in
Example 1, step (c)) and 1,5-dimethy1-8-oxa- 5bicyclo[3.2.1]oct-6-en-3-one
(Chemistry-A European Journal (1995), 1(6), 368-73). ILI- 



NMR (CDC13; 400 MHz):  11.85 (ins, 1H), 9.59 (s, 1H), 8.36 (d, 1H, J = 8.5
Hz), 7.69 (s, 1H), 7.51 (dd, 1H, J = 8.5, 2.3 Hz), 7.33 (d, 1H, J = 2.3 Hz),
6.28 (s, 2H), 5.77 (hr s, 1H), 3.27 (s, 1H), 2.22-2.32 (m, 4H), 1.94-2.10 (m,
4H), 1.45 (s, 6H), 1.29 (m, 2H), 1.10 (s, 6H). Mass spectrum (ESI, ra/z):
Calcd. for C25H12N1403, 473.2 (M+H), found 473.1. 10Assignment of relative
stereochemistry was made based on analogy to 4-cyano-1H-
imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-4-[(3-exo)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yll-phenylkamide (as prepared
in Example 1, step (0). 15 Example 10
3-(3-ex0-14-1(4-Cyano-1H-imidazole-2-carbony)-aminol-344,4-dimethyl-cyclohex-1
-
eny0-phenyll-(3-exa)-3-hydroxy-1,5-dimethyl-8-aza-bicyclo13.2.1loct-6-ene-8-ca
rboxylic acid methyl ester  WO 2009/052237PCT/US2008/080081 a)
1,5-Dimethyl-3-oxo-8-aza-bicyclo[3.2.1Joct-6-ene-8-carboxylic acid methyl
ester Me0  0 The title compound was prepared from
2,5-dimethyl-pyrrole-l-carboxylic acid 5methyl ester (US 4551540) and I
,1,3,3-tetrabromoacetone utilizing the [4+3] cycloaddition protocol of Kim and
Hoffmann (European Journal of Organic Chemistry (2000), (12), 2195-2201). Mass
spectrum (EST, m/z): Calcd. for Cii1115NO3, 210.1 (M+H), found 210.0. 10 b)
3-(3-exo)-14-1(4-Cyano-1H-imidazole-2-carbottyl)-aminol-3-(4,4-dimethyl-cycloh
ex-Ieny0-phenyll-(3-exo)-3-hydroxy-1,5-dimethyl-8-aza-bicyclo13.2.11oct-6-ette
-8-carboxylic acid methyl ester The title compound was prepared as described
in Example 1, step (f) using 4- cyano-1H-imidazole-2-carboxylic acid
[4-bromo-2-(4,4-dimethyl-cyclohex-1-eny1)- 15phenyl]-amide (as prepared in
Example 1, step (c)) and 1,5-dimethy1-3-oxo-8-aza-
bicyclo[3.2.1]oct-6-ene-8-carboxylic acid methyl ester (as prepared in the
previous step). 'H-NMR (CDC13; 400 MHz): 6 9.60 (s, 1H), 8.16 (d, 1H, J = 8.6
Hz), 7.63 (s, 1H), 7.17 (dd, 114, J = 8.6, 2.0 Hz), 7.12 (d, 1H, J = 2.0 Hz),
5.98 (s, 2H), 5.68 (hr s, 1H), 3.69 (s, 3H), 3.24 (br s, 1H), 2.45 (d, 2H, J =
15.2 Hz), 2.20 (m, 2H), 2.00 (m, 2H), 1.81 (d, 2H, J = 2015.2 Hz), 1.59 (s,
6H), 1.48 (m, 2H), 1.03 (s, 6H). Mass spectrum (EST raiz): Calcd. for
C30135N504, 530.2 (M+H), found 530.2.        Assignment of relative
stereochemistry was made based on analogy to 4-cyano-1Himidazole-2-carboxylic
acid [2-(4,4-dimethyl-cyclohex-1-eny1)-4-[(3-exo)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct.-6-en-3-ylpphenylkamide (as prepared
in 



25Example 1, step (f)).  WO 2009/052237PCT/US2008/080081 Example II
4-Cyano-111-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-enyl)-4-[(3-exo)-3-
hydroxy-1,5-dimethyl-6-exo,7-exo-(dimethylmethylenedioxy)-bicyclo[3.Z 1
Joct-3-yllphenylkamide 5         The title compound was prepared as described
in Example 1, step (f) using 4- cyano-1H-imi dazol c-2-carboxyl i c acid
[4-bromo-2-(4,4-dim ethyl-cyclohex- I -cny1)- pheny1]-ami de (as prepared in
Example 1, step (c)) and 1,4,4,7-tetramethy1-3,5,11-trioxa- 10
tricyclo[5.3.1.02'6]undccan-9-one (as prepared according to the procedure in
Bulletin of the Chemical Society of Japan (1983), 56(9), 2680-99). 1H-NMR
(CDC13; 400 MHz): 6 12.65 (s, 1H), 9.53 (s, 1H), 8.43 (d, 1H, J = 8.8 Hz),
7.61 (dd, 1H, J = 8.8, 2.3 Hz), 7.59 (d, 1H, J = 2.5 Hz), 7.24 (d, 1H, J =
2.3), 5.70 (br s, 1H), 4.93 (s, 2H), 2.22 (m, 2H), 2.03 (m, 2H), 1.82 (d, 2H,
J = 15.1 Hz), 1.18-1.53 (m, 17H), 1.03 (s, 6H). Mass spectrum (ES1, miz):
15Calcd. for C1H35N405, 547.2 (M+H), found 547.1.       Assignment of relative
stercochemistry was made based on analogy to 4-cyano-1Himidazole-2-carboxylic
acid [244,4-dime:thy] -cyclohcx- I -eny1)-4-[(3-exo)-3-hydroxy-1,5-
bis-methoxymethy1-8-oxa-bicyclo[3.2. I]oct-6-en-3-yll-phenylkamide (as
prepared in Example 1, step (0). 20 Example 12
4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimeihyl-cyclohex-1-eny0-4-(3-exo)-
3,6-exo,7-exo-trihydroxy-1,5-dimethyl-8-oxa-bicyclo13.2.1Joa-3-y0-phenyll-amid
e  WO 2009/052237PCT/US2008/080081   



a)
4,4-Di-tert-butyl-1,7-dimethy1-3,5,11-trioxa-4-sila-tricycla[5.3.1.02'6Jundeca
n-9-one 5         To a solution of 6,7-di
hydroxy-1,5-dimethy1-8-oxa-bicyclo[3.2.1]octan-3-one (Bulletin of the Chemical
Society of Japan (1983), 56(9), 2680-99, 550 mg, 2.95 namol) in DCE (20 mL)
was added imidazole (2.0 g, 29 mmol) and di-tert-butyldichlorosilane (1.2 10
mL, 5.9 mmol). The resulting mixture was stirred under Ar for 48 h. The
reaction mixture was treated with satd. NaHCO3 (20 mL) and the DCE layer was
separated, dried (Na2SO4) and concentrated and the residue obtained was
purified on silica gel (5-20% Et0Adhexane) to obtain the title compound (869
mg, 90 %). -11-1-NMR (CDC11; 400 MHz): 6 4.23 (s, 2H), 2.43 (d, 111, J = 15.6
Hz), 2.31 (d, 111, J = 15.6 Hz), 1.45 (s, 611), 151.12 (s, 9H), 1.04 (s, 9H).
NN'-14-Bromo-2-(4,4-ditnethyl-cyclohex-1-enyl)-phenylkN,N-dimethyl-fiffmamidin
e   WO 2009/052237PCT/US2008/080081      A solution of
4-bromo-2-(4,4-dimethyl-cyclohex-1-eny1)-phenylamine (as prepared in Example
1, step (a), 3.0 g, 10 mmol) in N,N-dimethylformamide dimethyl acetal (20 mL)
was heated at reflux under Ar for 48 h. The solvent was removed under reduced
pressure and the residue was purified on silica gel (5-20% Et0Ac/hexane) to
obtain the 5 title compound (2.6 g, 73 %). 11-1-NMR (CDCI3; 400 MHz): 6 7.36
(s, 1H), 7.23-7.21 (m, 2H), 6.65 (d, 1H, J = 8.0 Hz), 5.64 (m, 111), 2.97 (s,
6H), 2.37 (m, 2H), 1.95 (m, 2H), 1.44 (m, 2H), 0.99 (s, 6H).
e)4-(9-exo)-14,4-di-tert-buty0-9-hydroxy-1,7-dimethy1-3,5,11-trioxa-4-cila-tri
cyclo 10
15.3.1.024.1undec-9-y1-2-(4,4-dintethyl-cyclohex-1-enyl)-phettyll-AcN-dimethy1
formanzidine  To a solution of
N'44-bromo-2-(4,4-dimethyl-cyclohex-1-eny1)-phenylkN,N- 15
dimethyl-formamidine (as prepared in the previous step, 335 mg, 1.00 mmol) in
THF, auLi (0.68 mL of 1.6 M in hexanes, 1.1 mmol) was added dropwisc at -78 C.
The resulting mixture was stirred at -78 C for 45 min and treated dropwise
with a solution of 4,4-di- tert-buty1-1,7-dimethy1-3 ,5,11 -
trioxa-4-sila-tricyclo[5 .3 .1 .016]undecan-9-one (as prepared in this Example
step (a), 358 mg, 1.1 mmol) in THF (5 mL). The resulting 20 mixture was
allowed to warm to RT and stirred for 1 h. The reaction mixture was then
treated with satd NH4C1 solution and the product was extracted with Et0Ac (3 x
10 mL). The Et0Ac layers were combined, dried (Na2SO4) and concentrated. The
residue obtained was purified on silica gel (20% Et0Ac/DCM-100% Et0Ac) to
obtain the title compound (197 mg, 34 %). Mass spectrum (ES1, m/z): Calcd. for
C34H54N204Si, 583.4 (M+H), found 



25583.5. Assignment of relative stereochemistry was made based in the final
step (f).  WO 2009/052237PCT/US2008/080081 d)
(9-exo)14-Amino-3-(4,4-dimethyl-cyclohex-1-eny1)-phenyll-4,4-di-tert-butyl-1,7
- dinzethyl-3,5,11-trioxa-4-sila-trieyelo[5.3.1.02'6Jundecan-9-o1    5 To a
solution of Nc[4-(9-exo)14,4-di-tert-buty1-9-hydroxy-1,7-dimethy1-3,5,11-
trioxa-4-sila-tricy clo[5.3 102'6] undec-9- yl] -2 -(4,4 -dimethy 1-cy clohex-
1 -eny )-pheny 11- N,N-dimethyl-formamidine (as prepared in previous step, 180
mg, 0.309 mmol) in isopropanol (0.5 mL), anhydrous hydrazine (0.3 mL) was
added. The resulting mixture 10 was stirred at 40 C under Ar overnight. The
reaction mixture was concentrated in vacuo and the residue obtained was
treated with satd brine (10 mL) and the product was extracted with Et0Ac (3 x
10 mL). The Et0Ac layers were combined, dried (Na2SO4) and concentrated and
the residue obtained was purified on silica gel (50% Et0Ac/hexane100% Et0Ac)
to obtain the title compound (110 mg, 67 %). Mass spectrum (ESI, m/z):
15Calcd. for CIIH49NO4Si, 528.3 (M+H), found 528.2. Assignment of relative
stereochemistry was made based in the final step (f). e)
4-Cyano-1-(2-trintethylsilanyl-ethoxymethyl)-111-imidazole-2-carboxylie acid
1449- exo)-(4,4-di-tert-buty1-9-hydroxy-1,7-dimethy1-3,5,11-trioxa-4-sila- 20
trieyelo[13.1.02'61undee-9-y0-2-(4,4-dimethyl-eyelohex-1-eny0-phenyll-amide
WO 2009/052237PCT/US2008/080081
(9-exo)44-Amino-3-(4,4-dimethyl-cyclohex-1-eny1)-phenyl]-4,4-di-tert-butyl-1,7
- dimethyl-3,5,11-trioxa-4-sila-tricyclo[5.3.1.02'61undecan-9-ol (as prepared
in the previous 5step, 148 mg, 0.28 mmol) was coupled to
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 



1H-imidazole-2-carboxylic acid, potassium salt as described in Example 1, step
(b) to obtain the title compound (205 mg, 94 % yield). Mass spectrum (ES1,
rn/z): Calcd. for C42H64N406Si2, 777.4 (M+H), found 777.8. Assignment of
relative stereochemistry was made based in the final step (0. I0 f)
4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-enyt-44(3-exo)-
3,6-exo,7-exo-trihydroxy-1,5-dimethyl-8-oxa-bicyclo13.2.1.1oct-3-.0-phenylLami
de      To a solution of
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2- carboxylic acid
[4-(4,4-di-tert-butyl-(9-exo)-9-hydroxy-1,7-dimethy1-3,5,11-trioxa-4-sila-  15
tricyclo[5.3.1.021undec-9-y1)-2-(4,4-dimethyl-cyclohex-1-eny1)-phenyThamide
(as prepared in the previous step, 250 mg, 0.321 mg) in DMF (2 mL), solid TBAF
hydrate (419 mg, 1.60 mmol) was added. The resulting mixture was stirred at 50
C overnight. The reaction mixture was allowed to cool to RT and treated with
water ( 10 mL). The product was extracted with Et0Ac (3 x 10 mL). The Et0Ac
layers were combined, dried (Na2SO4)  20 and concentrated. The residue
obtained was purified on silica gel (50% Et0Acihexane100% Et0Ac) to obtain the
title compound (115 mg, 55 11/0). -1H-NMR (ClIOD; 400 MHz):  8.18 (d, 1H, J =
8.6 Hz), 8.01 (s, 1H), 7.37 (dd, 1H, J = 8.6, 2.2 Hz), 7.30 (m, 1H ), 5.75 (br
s, 1H), 4.64 (s, 211), 2.33 (m, 2H), 2.09 (m, 214), 2.00 (d, 211, J= 14.9 Hz),
1.92 (d, 2H, J = 14.9 Hz), 1.61 (t , 211, J = 6.4 Hz), 1.30 (s, 6H), 1.10 (s,
6H). Mass spectrum 25(APC1, miz): Calcd. for C2J114N405, 507.2 (M+H), found
507.3.  WO 2009/052237PCT/US2008/080081      Assignment of relative
stereochemistry was made based on analogy to 4-cyano-1Himidazole-2-carboxylic
acid [2-(4,4-dimethyl-cyclohex-1-eny1)-4-[(3-exo)-3-hydroxy-L5- bis-m
ethoxymethy1-8-oxa-bi cyclo[3.2.1]oct-6-en-3-y1 -phenyl Famide (as prepared in
Example 1, step (f)). 5 Example 13 4-Cyano-1H-imidazole-2-carboxylic acid
14-(3-endo)-(6-exo,7-exo-dihydroxy-1,5-
dimethyl-8-oxa-bicyclo13.2.1loct-3-y0-2-(4,4-dimethyl-cyclohex-1-enyl)-phenylL
amide 10   a)1,1,2,2,3,3,4,4,4-Nonalluoro-butane-1-sulfonic acid
1,4,4,7-tetramethyl-3,5,11-trioxatricyclo[5.3.1.02'6Jundec-8-en-9-yl ester ONf
15 



A solution of
1,4,4,7-tetramethy1-3,5,11-trioxa-tricyclo[5.3.1.02'6]undecan-9-one (Bulletin
of the Chemical Society of Japan (1983), 56(9), 2680-99, 386 mg, 1.71 mmol) in
THF (10 mL) was cooled to -78 C under Ar and treated with lithium
diisopropylamide 20(LDA) (1.00 mL of 2M in heptane; THF/ ethylbenzene, 2
mmol). The resulting mixture was stirred at -78 C for 2 h and treated dropwisc
with nonafluoro-lbutanesulfonylfluoride (0.60 mL, 3.4 mmol). The reaction
mixture was allowed to warm to  WO 2009/052237PCT/US2008/080081 RI and stirred
overnight and diluted with water (10 mL). The product was extracted with ether
(4x10 mL). The organic layers were combined, dried (Na2SO4) and the product
was purified on silica gel (0-2% Et0Ac/hexane) to give the title compound (546
mg, 63 %). 1H-NMR (CDC11; 400 MHz): 85.78 (br s, 1H), 4.37 (d, 1H, J = 5.5
Hz), 4.28 (d, 1H, J = 55.5 Hz), 2.52 (dd, 1H, J = 17.6, 2.0 Hz), 2.04 (d, 1H,
J = 17.6, 1.4 Hz), 1.43 (s, 3H), 1.38 (s, 3H), 1.32 (s, 3H), 1.25 (s, 3H).
b)
1,4,4,7-Tetramethy1-9-(4-nitro-pheny0-3,5,11-trioxa-tricyclo15.3.1.02'61undee-
8-ene 10  NO2 The title compound was then prepared according to Suzuki-Miyaura
coupling procedure of Example 4, step (b) using 4-nitrophenylboronic acid (147
mg, 0.880 mmol) and 1,1,2,2,3,3,4,4,4-nonafluoro-butane-1-sulfonic acid
1,4,4,7-tetramethy1-3,5,11-trioxatricyclo[5.3.1.02.61undee-8-en-9-y1 ester (as
prepared above, 326 mg, 0.641 mmol). 1H- 15NMR (CDC13; 400 MHz): 88.16 (d, 2H,
J = 8.8 Hz), 7.45 (d, 2H, J = 8.8 Hz), 6.30 (Ur s, 1H), 4.41 (d, 1H, J =5.5
Hz), 4.32 (d, 1H, J = 5.5 Hz), 2.64 (dd, 1H, J = 17.0, 1.7 Hz), 2.18 (dd, 1H,
J = 17.0, 1.7 Hz), 1.48 (s, 3H), 1.42 (s, 3H), 1.39 (s, 3H), 1.27 (s, 3H).
c) 4-(3-exo)11,4,4,7-Tetramethy1-3,5,11-trioxa-tricyclo[
5.3.1.02'6Jundee-9-y1J20 phenylamine and
4-(3-endo)-11,4,4,7-tetramethyl-3,5,11-trioxa-tricyclo[5.3.1.02'6]undec9-yll-p
henylamine   



Asolutionof1,4,4,7-tetramethy1-9-(4-nitro-pheny1)-3,5,11-trioxa-tricyclo-
[5.3.1.02.6]undec-8-ene (as prepared in previous step) (145 mg, 0.437 mmol) in
EtOH (10  WO 2009/052237PCT/US2008/080081 mL) was hydrogenated over 10% Pd/C
(70 mg) at 50 psi for 1 h. The solution was filtered through a pad of Celite
and concentrated to give 4-(3-endo)-(1,4,4,7-tetramethy1-3,5,11-
trioxa-tricyclo[5.3.1.02,6]undec-9-y1)-phenylamine contaminated with 15% of
the 443- exp.) isomer (118 mg, 89 %), which was directly used in the next step
without purification. 5Mass spectrum (ESI, m/z): Calcd. for C13H25NO3, 304.1
(M+H), found 304.3. Assignment of relative stereochemistry was made in the
final step (f).
2-(4,4-Dimethyl-cyclohex-1-eny0-4-(9-endo)-(1,4,4,7-tetramethyl-3,5,11-trioxat
ricyclo[5.3.1.0236fundec-9-y1)-phenylamine 10  NH2  To a solution of mixture
of 4-(3-endo)-(1,4,4,7-tetramethy1-3,5,11-trioxa-
tricyclo[5.3.1.021undec-9-y1)-phenylamine containing ca. 15% of the
(3-exo)-isomer (as prepared above, 350 mg, 1.06 mmol) in DCM (5 mL) was added
NBS (188 mg, 1.05 15 mmol) in DCM (10 mL) at 0 C and the resulting mixture was
stirred at RT for 1 h. The reaction mixture was diluted with DCM (10 mL) and
washed with saturated aqueous NaHC01 (10 mL) and water (10 mL). The organic
layer was separated, dried (Na2SO4) and concentrated in vacuo to obtain a
mixture of 2-bromo-4-[(9-endo)-1,4,4,7-tetramethy1-
3,5,11-trioxa-tricyclo[5.3.1.02,6]undec-9-ylkphenylamine contaminated with 15%
of 2-
20bromo-4-[(9-exo)-(1,4,4,7-tetramethy1-3,5,11-trioxa-tricyclo[5.3.1.02,6junde
c-9-y1]- phenylamine (404 mg, 92 %) which was used in the next step without
purification.      Assignment of the relative stereochemistry was made using
1D 1H NMR and 2D NOESY NMR. 



The title compound was then prepared according to the Suzuki-Miyaura coupling
25procedure of Example 15, step (f) using
2-(4,4-dimethyl-cyclohex-1-eny1)-4,4,5,5- tetramethy141,3,21dioxaborolane
(28.3 mg, 0.119 mmol) and 2-bromo-4-(9-endo)-(1,4,4,7-  WO
2009/052237PCT/US2008/080081
tetramethy1-3,5,11-trioxa-tricyclo[5.3.1.02,6]undec-9-y1)-phenylamine
containing ca. 15% of the 9-exo siomer (as prepared above, 38.2 mg, 0.100
mmol) and purified on silica gel (20-100 % Et0Ac/ hcxancs) to afford the
9-endo isomer of the title compound (25 mg, 61 /0) containing ca. 15% of the
9-exo isomer. Mass spectrum, (ESI, m/z): Calcd. for 5C261437N01, 412.3 (M+H),
found 412.3.
4-Cyano-1-(2-trimethykilanyl-ethoxymethy0-1H-imidazole-2-carboxylic acid
1244,4- dimethyl-cyclohex-1-eny0-4-(9-endo)-(1,4,4,7-tetramethyl-3,5,11-
trioxatricyclo[5.3.1.02'61-undec-9-y1)-phenylpamide 2-(4,4-D
methyl-cyclohex-1-cny1)-4-(9-endo)-(1,4,4,7-tetramethyl-3,5,11-trioxa-
tricyclo[5.3.1.02'6]undcc-9-y1)-phcnylaminc containing ca. 15% of the exo
isomer (as 15prepared in the previous step, 439 mg, 1.06 mmol) was coupled to
4-cyano-1-(2- trimethylsilanyl-ethoxymethyl)-1H-imidazolc-2-carboxylic acid,
potassium salt as described in Example 1, step (b) to obtain the 9-endo isomer
of the title compound containing ca. 15% of the exo isomer (514 mg, 73 %)
after purification on silica gel (30-70 % Et0Ac-hexane): Mass spectrum (ESI,
m/z): Calcd. for C37H52N405Si, 661.3 (M+H), 20 found 660.9 J)
4-Cyano-1H-imidazole-2-carboxylic acid-3-
14-(3-endo)-16-exo,7-exo-dihydroxy-1,5-
dimethy1-8-oxa-bicyclo13.2.iloct-3-y1]-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl
l-ainide To a solution of
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-114-imidazole-2- 25carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-4-1(9-endo)-(1,4,4,7-tetramethyl-
3,5,11-trioxatricyclo[5.3.1.021-undec-9-y1)-phenyl)Famide containing ca. 15%
of the 9-  WO 2009/052237PCT/US2008/080081 exo isomer (330 mg, 0.500 mmol) in
DCM (3 mL) and Et0H (0.1 mL) was added TFA (1 mL). After stirring for 5 h at
RT, the reaction mixture was concentrated in vacuo. The residue obtained was
dried and redissolved in Et0H (5 mL) and 6N HC1 (10 mL). The resulting mixture
was heated at reflux for 6 h and Et0H was removed in vacuo and the 



5 aqueous medium was neutralized with 6 N NaOH. The product was then extracted
with DCM (3 x 10 mL). The organic layers were combined, dried (Na2SO4) and
concentrated. The residue obtained was purified on silica (20-100%
Et0Adhexane) to give the 3-endo isomer (B) of the title compound (147 mg, 60%)
contaminated with 15% of the 3-exo isomer (A). Endo isomer; 1H-NMR (CDIOD; 400
MHz): 8.18 (d, 1H, J = 8.3 Hz), 7.95 (s, 101H), 7.16 (dd, 1H, J = 8.3, 2.3
Hz), 7.04 (d, 1H, J = 2.3 Hz), 5.73 (hr s, 1H), 3.96 (s, 2H), 3.02 (m, 1H),
2.28 (m, 2H), 2.08 (m, 2H), 1.97 (m, 2 H), 1.60 (m, 2H), 1.58 (m, 2H) 1.30 (s,
6H), 1.08 (s, 6H); Mass spectrum (ESI, raiz): Calcd. for C281-134N404, 491.3
(M+H), found 491.1. Assignment of the relative stereochemistry was made using
1DNM R,NOE 15 NMR and 2D NOESY NMR. Example 14
4-Cyano-1H-imidazole-2-carboxylie acid
14-cis-(2-cis,6-cis-bis-hydrarymethyl-2,6-
dimethyl-tetrahydrn-pyran-4-y0-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyll-amide
(A) and 20 4-Cyano-1H-imidazole-2-carboxylic acid
14-trans-(2-cis,6-eis-bis-hydroxymethyl-2,6-
dimethyl-tetrahydrn-pyran-4-y0-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyll-amide
(B)    OH(A)OH(B)  WO 2009/052237PCT/US2008/080081        To a solution of a
mixture of 4-cyano-1H-imidazole-2-carboxylic acid-34443-
endo)46-exo,7-exo-dihydroxy-1,5-dimethy1-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-(4,4-
dimethyl-cyclohex-I -eny1)-phcnylkamide containing ca. 15% of thc 3-exo isomcr
(as prepared in Example 13, step (f), 217 mg, 0.442 mmol) in Me0H (7 mL) and
water (0.7 5 mL), Na104 (140 mg, 0.654 mmol) was addcd. The rcsulting mixture
was stirred at RT for 15 min after which NaBH4 (41.8 mg, 1. I mmol) in Me0H
(0.2 mL) was slowly added and stirring was continued for another 30 min The
reaction mixture was concentrated and the residue obtained was partitioned
between Et0Ac (20 mL) and water (20 mL). The organic layer was separated,
dried (Na2SO4) and concentrated in vacuo. The residue obtained was 10 purified
on silica (50% Et0Acthexane-2% MeOHIEt0Ac) to obtain the 4-cis isomer of the
title compound (135 mg, 62 % yield) containing ca. 15% of the 4-trans isomer.
4-Cis isomer: IH-NMR (CD30D; 400 MHz): 6 8.00 (d, 1H, J = 8.3 Hz), 7.74 (s,
1H), 7.09 (dd, 1H, J = 8.3, 2.0 Hz), 6.98 (d, 1H, J = 2.0 Hz), 5.61 (br s,
111), 3.32 (m, 2H), 3.12 (m, 3H), 2.19 (m, 2H), 1.96 (m, 2H), 1.63 (m, 2H),
1.46 (m, 4H), 1.21 (s, 6H), 0.96 (s, 6H); Mass 15spectrum (EST, nilz): Calcd.
for C281-36N404, 493.2 (M+H), found 493.1. 



Example 15 4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-y1)-pyriditt-3-yll-amide  a)
1,1,2,2,3,3,4,4,4-Nonalluoro-butane-I-sulfonic acid
2,2,6,6-tetramethyl-3,6-dihydro211-pyrati-4-yl ester  WO
2009/052237PCT/US2008/080081 ONf         Lithium diisopropylamide (LDA) (69
mL, 0.13 mol, 2M solution in heptane/THF/ ethylbenzene) was placed in a
three-necked flask under Ar and cooled to -78 C. To this 5solution
2,2,6,6-tetramethyl-tetrahydro-pyran-4-one (Example 20 from WO 2005012220, 18
g, 0.11 mol) in THE (500 mL) was added dropwise. After the addition the
reaction mixture was allowed to warm to 0 C, stirred for 1 h, cooled back to
-78 C and treated dropwise with nonafluorol-butanesulfonylfluoride (24 mL,
0.14 mmol). The mixture was warmed to RT and stirred for 12 h and treated with
satd aq NaHCO; (200 mL). The 10 mixture was then extracted with Et0Ac (3 x 200
mL). The organic layers were combined, dried (Na2SO4) and concentrated in
vacuo. The residue obtained was purified on silica gel (0-2% Et0Ac/hexane to
obtain the title compound (29.3 g, 68 %) as a pale yellow liquid. 11-1-NMR
(CDC11; 400 MHz): 6 5.79 (s, 1H), 2.30 (s, 2H), 1.35 (s, 6H), 1.34 (s, 6H).
15I))
2,2,6,6-Tetramethy1-4-(4,4,5,5-tetratnethyl-11,3,2Plioxaborolan-2-y1)-3,6-dihy
dro-2H- pyran  O., 0 \ 1,1,2,2,3,3,4,4,4-Nonafluoro-butane-1-sulfonic acid
2,2,6,6-tetramethy1-3,6- 20dihydro-2H-pyran-4-y1 ester (as prepared in
previous step, 43.8 g, 0.100 mol) was dissolved in anhydrous DM E (500 mL) and
treated with bis(pinacolato)diboron (27.9g. 0.109 mol ),
1,1'-bis(diphenylphosphino)fen-ocene (1.60 g, 2.90 mmol) and KOAc ( 29.4 g,
0.30 mol) and de-gassed by sonication under Ar. [1,1'-bis(diphenylphosphino)-
ferrocene]-dichloropalladium(11), complex with dichloromethane (1:1) (2.19 g,
268 mmol) 25was added and heated at 80 C overnight. The reaction mixture was
allowed to cool to RT 



WO 2009/052237PCT/US2008/080081 and filtered through a pad of Celite. The
filtrate was concentrated and the residue obtained was chromatographed on
silica gel (0-2% Et0Aci hexane) to obtain the title compound as white solid
(17g. 64%). 1H-NMR (CDCh; 400 MHz): 66.40 (t, 1H, J = 1.8 Hz), 1.97 (d, 2H, J
= 1.8 Hz), 1.21 (s, 12H), 1.18 (s, 6H), 1.13 (s, 6H). 5 c)
5-Nitro-2-(2,2,6,6-tetramethy1-3,6-dihydro-2H-pyran-4-y1)-pyridine NNO2 0)c
2,2,6,6-Tetramethy1-4-(4,4,5,5-tctramethy141,3,2]dioxaborolan-2-y1)-3,6-dihydr
o211-pyran (as prepared in the previous step) (18.5 g, 0.069 mol) was
dissolved in 10 dimethoxyethane (EIME) (350 mL). The resulting solution was
treated with 2 M Na2CO3 (280 mL, 0.560 mol), LiC1 (5.00 g, 0.110 mol) and
2-bromo-5-nitropyridine (14.0 g, 0.060 mol). The resulting mixture was
degassed by sonication for 30 min under Ar and then Pd(PPh3)4 (8.00 g, 6.90
mmol) was added and the reaction heated at 80 C under Ar overnight. The
reaction mixture was allowed to cool to RI and extracted with Et0Ac (3 x 15150
mL). The residue was purified on silica gel with 2-10% Et0Ac:hexane to obtain
the title compound as a pale yellow solid (15.2 g, 83 'A). 11-1-NMR (CDC13;
400 MHz): 69.40 (d, 1H, J = 2.8 Hz), 8.45 (dd, I H, J = 8.8, 2.8 Hz), 7.59 (d,
I H, J = 8.8 Hz), 6.90 (t, 1H, J = 1.6 Hz), 2.5 (d, 1H, J = 1.6 Hz), 1.40 (s,
6I4), 1.34 (s, 6H). 20 d)
6-(',2,6,6-Tetramethyl-tetrahydro-pyran-4-A-pyridin-3-ylamine. NNH2 II  To a
solution of 5-nitro-2-(2,2,6,6-tetramethy1-3,6-dihydro-2H-pyran-4-y1)-
25pyridine (as prepared in the previous step, 15.0 g, 57.1 mmol) in Et0H (60
mL) was added  WO 2009/052237PCT/US2008/080081 10% Pa/C (7.00 g). The
resulting mixture was hydrogenated at 50 psi of hydrogen pressure 



for 2 h. The reaction mixture was filtered through a pad of Celite and
concentrated in vacuo to obtain a beige solid (12.7 g, 95 %) which was
directly used in next step without further purification. 1H-NMR (CDC13; 400
MHz): 6 8.05 (br s, 1H), 6.98 (m, 2H), 3.59 (br 5s, 2H), 3.16 (m, 111), 1.79
(m, 211), 1.52 (m, 2H), 1.35 (s, 614), 1.26 (s, 611). Mass spectrum (EST,
m/z): Calcd. for CI4H22N20, 235.2 (M+H), found 235.1.
2-Bromo-6-(2,2,6,6-tetramethyl-tetrahydro-pyratt-4-y1)-pyridin-3-ylamine   NH2
10 To a solution of
6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-ylamine (as prepared
in the previous step, 13.5 g, 0.057 mol) in DCM (100 mL) was added a solution
of freshly recrystallized NBS (10.2g. 0.0570 mol) in DCM (300 mL) dropwise at
150 C for 1 h. The reaction mixture was allowed to warm to RT, stirred for 30
min and then treated with satd aq Na2CO3 (300 mL). The organic phase was
washed with 10% Na2S203 (300 mL) and water (300 mL), dried (Na2SO4) and
concentrated to obtain the title compound as red solid (17.1 g, 95%) which was
directly used in the next step without further purification. 'H-NMR (CDC13;
400 MHz): 36.95 (d, 1H, J = 8.1 Hz), 6.91 (d, 1H, j 20 = 8.1 Hz), 4.03 (br s,
2H), 3.08 (m, 1H), 1.73 (m, 211), 1.44 (m, 2H), 1.28 (s, 611), 1.26 (s, 6H).
Mass spectrum (ESI, m,/z): Calcd. for CI4H21BrN20, 313.2 and 315.2 (M+H),
found 313.2 and 315.1. .1)2-(4,4-Dimethyl-cyclohex-1
-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)- 25 pyridin-3-ylamine  WO
2009/052237PCT/US2008/080081   



To a solution of
2-bromo-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3- ylamine (as
prepared in the previous step, 17.0 g, 0.054 mol ) in DM E (200 mL) was added
2 M aq Na2CO3 (214 mL, 0.428 mol), LiC1 (2.70g. 0.0600 mol ) and
2-(4,4-dimethyl- 5cyclohex-1-eny1)-4,4,5,5-tetramethy141,3,2]dioxaborolane
(15.3 g, 0.064 mol). The resulting mixture was degassed by sonication under Ar
and Pd(1313h3)4(6.20 g, 5.30 mmol) was added and the reaction heated at 80 C
under Ar overnight. The reaction mixture was allowed to cool to RT and was
extracted with Et0Ac. After concentrating, the resulting residue was purified
on silica gel with 2-20% Et0Ac:hexane to give the title compound as 10a white
solid (14.8 g, 80 %). Mass spectrum (ESI, nth): Calcd. for C2211341\420, 343.2
(M+H), found 343.3. g)
4-Cyano-1-(2-trimethylsilanyl-ethoxymethy0-1H-imidazole-2-carboxylic acid
P-(4,4-
dimethyl-cyclohex-1-eny0-6-(2,2,6,6-tetramethyl-ietrahydro-pyran-4-y0-pyridin-
3-y1J- 15 amide
2-(4,4-Dimethyl-cyclohex-1-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)
- 20pyridin-3-ylamine (as prepared in the previous step, 10.0 g, 0.029 mol)
was coupled to 4-  WO 2009/052237PCT/US2008/080081
cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid,
potassium salt as described in Example 1, step (b) to obtain the title
compound (15.8 g, 92 %) after purification on silica gel (30-70 %
Et0Ac-hexane) as a white solid: Mass spectrum (EST, m/z): Calcd. for
C33H49N501Si, 592.3 (M+H), found 592.4. 5 /2,1
4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-eny0-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-y0-pyridin-3-ylLamide To a solution of
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2- carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-
10pyran-4-371)-pyridin-3-y11-amide (as prepared in the previous example, 17.6
g, 0.0290 mol) in DMF (30 nth) was added solid TBAF hydrate (16.6 g, 0.0630
mol ). The resulting mixture was heated at 70 C overnight. The reaction
mixture was allowed to cool to RT and partitioned between Et0Ac (200 ml.) and
water (200 ml.). The organic layer was separated, the aqueous layer was washed
with Et0Ac (3 x100 ml.) and the organic layers 



15were combined, dried (Na2SO4) and concentrated. The resulting residue was
dried under high vacuum to remove residual DMF. The residue was purified on
silica gel (0-50% Et0Ac/hexane). The resulting solid was then suspended in 25%
ether/hexane and sonicated for 10 mm. The product was collected by suction
filtration and dried in a vacuum oven at 60 ()C for 12 h to obtain the title
compound as a white solid (10.2 g, 75%.) 1H- 20NM R (DMSO; 400 MHz): S
14.26(s, 1H), 10.02(s, 1H), 8.32(s, 1H), 8.12 (d, 1H, J = 8.3 Hz), 7.24 (d,
1H, J = 8.3 Hz), 5.86 (br s, 1H), 3.23 (m, 1H), 2.40 (m, 2H), 1.91 (m, 2H),
1.74 (dd, 2 H, J= 12.9, 3.3 Hz), 1.48 (m, 414), 1.30 (s, 6I4), 1.15 (s, 614),
0.96 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for (127Fli5N502, 462.2 (M+H),
found 462.3. 25 Example 16 4-Cyano-1H-imidazole-2-carboxylic acid
12-cycMhex-1-enyl-6-(2,2,6,6-tetramethyltetrahydro-pyran-4-y1)-pyridin-3-ylEam
ide  WO 2009/052237PCT/US2008/080081  a)
4-Cyano-1-(2-trimethylsilanyl-ethoxymethy0-1H-imidazole-2-carboxylic acid 12-
cyclohex-1-eny1-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-y1J-am
ide 5       The title compound was prepared using 1-cyclohexenylboronic acid
and 2-bromo6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-ylamine (as
prepared in Example 1015, step (c)) using the procedures of Example 15, steps
(f ) and (g). Mass spectrum (ESI, m/z): Calcd. for c311445N503Si, 564.3 (M+H),
found 564.3.   4-Cyano-1H-imidazole-2-carboxylic acid
12-cyclohex-1-eny1-6-(2,2,6,6-teframethyltetrahydro-pyran-4-yI)-pyridin-3-ylka
mide 15 



The title compound was prepared from
4-cyano-1-(2-trimethylsilanylethoxymethyl)-1H-imidazole-2-carboxylic acid
[2-cyclohex-1-eny1-6-(2,2,6,6-tetramethyltctrahydro-pyran-4-y1)-pyridin-3-A-am
ide as described in Example 15, step (h). 1H-NMR (CDC11; 400 MHz): 6 12.48 (br
s, 1H), 9.72 (s, 1H), 8.59 (d, 111, J = 8.3 Hz), 7.74 (s, 1H), 207.12 (d, 1H,
J = 8.3 Hz), 6.06 (br s, 111), 3.27 (m,2.45 (m, 2H), 2.33 (m, 2H), 1.85  WO
2009/052237PCT/US2008/080081 (m, 6H), 1.57 (t, 2H, J = 12.8 Hz), 1.35 (s, 6H),
1.26 (s, 6H). Mass spectrum (ES1, Calcd. for C25H; tN502, 434.2 (M+H), found
434.2. Example 17 5 4-Cyano-1H-imidazole-2-carboxylic acid
[6-1(3-exo)-6-exo,7-exo-asopropylidinedioxy9-
1,5-dimethyl-8-oxa-bicyclo13.2.1loct-3-y11-2-(4,4-dimethyl-cyclohex-1-enyl)-py
ridin-3- ylLamide  10 a)
1,5-Dimethy1-3-(4,4,5,5-teframethyl-11,3,21dioxaborolan-2-y0-6-exo,7-exo(isopr
opylidinedioxy)-8-exa-bicycM13.2.1loct-2-ene  The title compound was prepared
according to the procedure of Example 15, step 15()) using
1,1,2,2,3,3,4,4,4-nonafluoro-butane-1-sulfonic acid
1,4,4,7-tetramethy1-3,5,11- trioxa-tricyclo[5.3.1.026]undec-8-en-9-yl ester
(as prepared in Example 13, step (a)). 1HNMR (CDC13; 400 MHz): 66.58-6.50 (m,
1H), 4.40 (d, 1H, J = 5.2 Hz), 4.30 (d, 1H, J = 5.2 Hz), 2.47-2.36 (m, 1H),
2.01-1.92 (m, 1H), 1.52 (s, 3H), 1.38 (s, 3H), 1.33 (s, 3H) 1.32 (s, 3H), 1.26
(s, 12 H). 20
1,5-Dimethyl-3-(5-nitro-pyridin-2-y0-6-exo,7-exo-(isopropylidinedioxp-8-oxabic
yclo[3.2.1.1oct-2-ene  WO 2009/052237PCT/US2008/080081  NO2  The title
compound was prepared according to the procedure of Example 15, step 



(c) using
1,5-dimethy1-3-(4,4,5,5-tetramethy111,3,21dioxaborolan-2-y1)-6-exo,7-exo-
5(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]oct-2-ene (as prepared in the
previous step) and 2-bromo-5-nitro-pyridine. Mass spectrum (APCI, m/z): Calcd.
for CI7H201N205, 333.1 (M+H), found 333.1.     c)
(3-exo)-(5-Amino-pyridin-2-y1)-1,5-dimethyl-6-exo,7-exo-(isopropylidinedioxj,)
-8-oxa10bicyclo[3.2.1Jectane  NH2         A solution of
1,5-dimethy1-3-(5-nitro-pyridin-2-y1)-6-exo,7-exo(isopropylidinedioxy)-8-oxa-b
icyclo[3.2.1]oct-2-ene (265 mg, 0.795 mmol, as prepared in 15 the previous
step) in Et0H (20 mL) was hydrogenated at 1 atm with 5 % Pd/C at RT for 2.5 h.
The mixture was filtered through Celite, the filter cake was washed with Me0H
and the solvents were evaporated in vacuo. The residue was taken up in Et0H
and hydrogenation was continued via an H-Cube apparatus under the following
conditions: column temperature = 40 C; flow rate = 1 mL/min; controlled H2
mode, pressure = 40 bar. 20Solvents were evaporated in vacuo to afford the
title compound (189 mg, 78 %) as an off- white solid. Mass spectrum (ESI,
raiz): Calcd. for C17H241\12th, 305.2 (M+H), found 305.2.
(3-exo)-(5-Amino-6-bromo-pyridin-2-y0-1,5-dimethyl-6-exo,7-exo25(isopropylidin
edioxy)-8-oxa-bicyeloI3.2.1Joctatte  WO 2009/052237PCT/US2008/080081 Br
A solution of
(3-exo)-(5-amino-pyridin-2-y1)-1,5-dimethy1-6-exo,7-exo(isopropylidinedioxy)-8
-oxa-bicyclo[3.2.1]octane (0.470 g, 1 54 mmol, as prepared in the 5previous
step) in acetonitrilc (10 mL) was cooled to 0C and treated with NBS as a
solution in acetonitrile (10 mL). The mixture was concentrated in vacuo. The
residue was taken up in Et0Ac (50 mL) and washed with satd aq NaHCO3 (1 x 20
nit) and the aqueous layer was extracted with Et0Ac (1 x 20 mL). The combined
organic layers were dried over MgSO4 and concentrated in vacuo. The residue
was purified on a 40-g Sepra Si 



10 50 SPE column (kw system: Flow rate = 20 mUmin; Eluent = 10 %Et0Ac-hexane
for 0- 5 min, then 10-40 % Et0Ac-hexane for 5-30 min) to afford the title
compound (513 mg, 87 %) as a white solid. Mass spectrum (APCI, m/z): Calcd.
for C17H23N202Br, 385.1 (M+H), found 385.2. 15
0(3-exo)-15-Amino-6-(4,4-dimethyl-cyclohex-1-eny0-pyridin-2-y11-1,5-dimethy1-6
- eve,7-exogisopropylidinedioxy)-8-exa-bicyclo[3.2.11octatte    The title
compound was prepared according to the procedure of Example 15, step 20(f)
using (3-exo)-(5-amino-6-bromo-pyridin-2-y1)-1,5-dimethy1-6-exo,7-exo-
(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1loctane (as prepared in the previous
step). Mass spectrum (EST, miz): Calcd. for C251-136N203, 413.3 (M+H), found
413.3.  WO 2009/052237PCT/US2008/080081 J)
4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid
[64(3-
exo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.Z1]ect-3-y
ll dimethyl-cyclohex-1-eny1)-pyridin-31,1]-amide 5         The title compound
was prepared according to the procedure of Example 1, step (b), using
(3-exo)15-amino-6-(4,4-dimethyl-cyc1ohcx-1-eny1)-pyridin-2-y1]-1,5-dimethy1-
6-exo,7-exo-(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octanc (as prepared in
the previous 10step). Mass spectrum (ES1, m/z): Calcd. for C36H5114505Si,
662.4 (M+H), found 662.4.    4-Cyano-1H-imidazole-2-carboxylic acid
16-1(3-exo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclof3.2.1
Joct-3-y11-2-(4,4-dimethyl-cyclohex-1-eny1)-pyridin-3-y11-amide 15The title
compound was prepared according to the procedure of Example 2, step (b), using
4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid
[6-[(3-exo)-6-exo,7-exo-(isopropy1idinedioxy)-1,5-dimethy1-8-oxa-bicyclo3.2.1]
oct-3-y1]- 2-(4,4-dimethyl-cyclohex-1-eny1)-pyridin-3-ylkamide (as prepared in
the previous step). 11-1-NMR (CDC13; 400 MHz): 8 11.52 (hr s, 1H), 9.75 (hr s,
1H), 8.67 (d, 1H, J = 8.8 Hz), 



207.73 (s, 1H), 7.23 (d, 1H, J = 8.8 Hz), 6.00-5.95 (m, 111), 4.35 (s, 2H),
3.38-3.29 (m, 1H), 2.54-2.46(m, 211), 2.38-2.30(m, 211), 2.17-2.11 (m, 211),
2.05-1.98(m, 2H), 1.64-1.60 (m, 211), 1.47 (s, 311), 1.35 (s, 6H), 1.15 (s,
311), 1.11 (s, 6[1). Mass spectrum (APCI, in/z): Calcd. for C10n7N504, 532.3
(M+H), found 532.3.  WO 2009/052237PCT/US2008/080081        Assignment of
relative stereochemistry was made based on analogy to
4-cyano-1Himidazole-2-carboxylic acid
[4-43-exo)-1,5-bis-hydroxymethy1-8-oxa-bicyclo[3.2.1]oct-3-
y1)-2-(4,4-dimethyl-cyclohex- I -eny1)-phenyl]amide (as prepared in Example 4,
step (g)). 5 Example 18 4-Cyano-1H-imidazole-2-carboxylic acid
16-1(3-exo)-(6-exo,7-exo-dihydroxy-1,5-
dimethyl-8-oxa-bicyclo[3.2.1loct-3-y0-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin
-3-yll- amide trifluoroacetic acid salt and 4-Cyano-1H-imidazole-2-carboxylic
acid 164(3-
endo)-(6-exo,7-exo-dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1foct-3-y0-2-(i,4-
1 0 dinzethyl-cyclohex-1-enyt-pyridin-3-yll-amide trifluoroacetic acid salt
A solution of 4-cyano-1H-imidazole-2-carboxylic acid
[6-[(3-exo)-6-exo,7-exo(isopropyl i dinedioxy)- I
,5-dimethy1-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-(4,4-dimethyl- 15
cyclohex-1-eny1)-pyridin-3-ylpamide (76.4 mg, 0.144 mmol, as prepared in
Example 17, step (g)) in isopropyl alcohol (IPA) (5 mL) was treated dropwise
with 5.2 M HCI in IPA (5 mL) and heated to 60 C for 2 h. Additional HC1 in IPA
(2.5 mL, 5.2 M) was added with continued heating for 3 h. The mixture was
allowed to sit at RT overnight. Aqueous HC1 (5 mL, 2 M) was added, and the
mixture was stirred at RT for 4 h and at 45 C for 1 h. 20The mixture was
concentrated in vacuo. Purification of the residue by RP-HPLC (C18) with
10-80% CHIGN in 0.1 % TEN/E120 over 25 min afforded the title compounds (28.6
mg, 40%) as a 2:1 mixture of isomers as a white solid. Major isomer: 1H-NMR
(CD301131; 400 MHz): S 8.94-8.92(m, 1H), 8.06(s, 1H), 7.71-7.62(m, 1H),
6.20-6.13(m, 1H), 4.14- 3.96 (m, 2H), 3.43-3.19(m, 1H), 2.55-2.42(m, 2H),
2.21-2.11 (m, 2H), 2.11-1.84 (m, 4H), 251.69-1.61 (m, 2H), 1.37-1.29 (s, 6H),
1.12(s, 6H). Mass spectrum (APCI, m/z): Calcd. for C271113N504, 492.3 (M+H),
found 492.2.  WO 2009/052237PCT/US2008/080081 Example 19 4-Cyano-1
11-imidazole-2-carboxylic acid
[2-cyclohex-1-enyl-61(3-exo)-(6-exo,7-exodihydroxy-1,5-dintethyl-8-oxa-bicyclo
[3.2.11oct-3-ylPpyridin-3-ylEamide trifluoroacetic 5 acid salt and
4-Cyano-1H-imidazole-2-carboxylic acid 12-cyclohex-1-enyl-6-1(3-endo)-
(6-exo,7-exo-dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1loct-3-yll-pyridin-3-yl
l-amide trifluoroacetic acid salt 



10 a)
(3-exo)-15-Amino-6-(cyclohex-1-enyl)-pyridin-2-yll-1,5-dimetItyl-6-exo,7-exo(i
sopropylidinedioxy)-8-oxa-bicyclo[3.2.11octane and
(3-endo)-15-Amino-6-(cyclohex-1-
eny1)-pyridin-2-ylP1,5-dintethyl-6-exm7-exo-asopropylidinedioxy)-8-oxabicyclo1
3.illoctane    15The title compounds were prepared from
(3-exo)-(5-amino-6-bromo-pyridin-2-y1)-
1,5-dimethy1-6-exo,7-exo-(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane (as
prepared in Example 17, step (d)) and cyclohexen-l-ylboronic acid according to
the procedure in Example 15, step (0. Mass spectrum (ES1, miz): Calcd. for
C2J132N20, 385.2 (M+H), found 385.3. 20  WO 2009/052237PCT/US2008/080081 b)
4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid
[6-1(3- exo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-dimethy1-8-oxa-bicyclon.Z
Hoct-3-y11-2- (cyclohex-1-enyl)-pyridin-3-y1Pamide and
4-Cyano-1-(2-trimethylsilanyi-ethoxymethyl)- 1H-imidazole-2-carboxylic acid
[6[(3-endo)-6-exo,7-exo-(isopropylidinedioxy)-1,5- 5
dimethy1-8-oxa-bicyclo[3.2.Hoct-3-y11-2-(cyclohex-1-eny1)-pyridin-3-y11-amide
The title compounds were prepared from a mixture of (3-exo)-[5-amino-6-
(cyclohex- I -eny1)-pyridin-2-yl]- 1 ,5-dim ethy1-6-exo,7-exo-(i sopropyl i
dinedioxy)-8-oxa- 10bicyclo[3.2.1]octane and
(3-endo)-[5-amino-6-(cyclohex-1-eny1)-pyridin-2-y1]-1,5-
dimethy1-6-exo,7-exo-(isopropy1idinedioxy)-8-oxa-bicyc1o[3.2.1]octane (as
prepared in the previous step) according to the procedure of Example 1, step
(b). Mass spectrum (ESI, in/z): Calcd. for C34H47N505Si, 634.3 (M+H), found
634.3. 15 ci) 4-Cyano-1H-imidazole-2-carboxylic acid
[6-[(3-exo)-6-exo,7-exo(isopropylidinedioxy)-1,5-dimethy1-8-oxa-bicyclo[3.2.
Hoct-3-y1]-2-(cyclohex-1-eny0- pyridin-3-ylfamide and
4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-endo)-6-exo, 7-
exo-(isopropylidinedioxy)-1,5-dimethy1-8-oxa-bicyclo[3.Z
Hoct-3-y1J-2-(cyclohex-1- eny1)-pyridin-3-yiPamide 



20   WO 2009/052237PCT/US2008/080081      The title compounds were prepared
from 4-cyano-1-(2-trimethylsilanylethoxymethyl)-1H-imidazole-2-carboxylic acid
[6-[(3-exo)-6-exo,7-exo- (isopropyl i din
edioxy)-1,5-dimethy1-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-(cyclohex-1-eny1)- 5pyri
din-3-y1 Fami de and 4-cyano-1-(2-trimethylsilanyl -ethoxymethyl )-1H-imi
dazole-2- carboxylic acid
[6-[(3-endo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-dimethy1-8-oxabicyclo[3.2.1
]oct-3-y1]-2-(cyclohex-1-eny1)-pyridin-3-ylkamide (as prepared in the previous
step) according to the procedure of Example 2, step (b), substituting DMF for
THF. Mass spectrum (APCI, nVz): Calcd. for C28H33N504, 504.3 (M+H), found
504.3. 10 d) 4-Cyano-1H-imidazole-2-carboxylic acid
12-cyclohex-1-eny1-6-1(3-exo)-(6-exo,7-exodihydroxy-1,5-dintethyl-8-oxa-bicycl
of3.2.1Joct-3-yll-pyridin-3-ylEamide trifluoroacetic acid salt and
4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-eny1-61(3-endo)-
(6-exo,7-exo-dihydroxy-1,5-dimethy1-8-oxa-bicyclo[3.2.1]oct-3-ylPpyridin-3-ylf
amide 15trifluoroacetic acid salt      The title compounds were prepared from
4-cyano-1H-imidazole-2-carboxylic acid
[6-[(3-exo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1
]oct-3-y1]- 2-(cyclohex-1-eny1)-pyridin-3-ylkamide and
4-cyano-1H-imidazole-2-carboxylic acid [6-
20[(3-endo)-6-exo,7-exo-usopropylidinedioxy)-1,5-dimethy1-8-oxa-bicyclo[3.2.1]
oct-3-y1]- 2-(cyclohex-1-enyl)-pyridin-3-ylkamide (as prepared in the previous
step) according to the procedure of Example 18. A 2:1 mixture of isomers was
obtained. Major isomer: 1HNMR (CD3013; 400 MHz): 68.88-8.77 (m, 1H), 8.07 (s,
1H), 7.66-7.59 (m, 1H), 6.26-6.19 (m, 1H), 4.14-3.96 (m, 2H), 3.40-3.12(m,
1H), 2.50-2.40 (m, 2H), 2.40-2.32(m, 2H), 252.08-1.98 (m, 2H), 1.95-1.73 (m,
6H), 1.33 (s, 6H). Mass spectrum (APO-, rniz): Calcd. for C25H29N504, 464.2
(M+H), found 464.3. Example 20 4-Cyano-111-imidazole-2-carboxylic acid
[(4-cis)-(2-cis,6-cis-bis-hydroxymethy1-2,6-
dinzethyl-tetrahydro-pyran-4-y0-2-(4,4-dimethyl-cyclohex-1-eny1)-pyridin-3-y1J
-amide 30 trifluoroacetic acid salt and 4-Cyano-1H-imidazole-2-carboxylic acid
1(4-trans)-(2-cis,6-  



WO 2008/052237PCT/US2008/080081
cis-bis-hydroxymethy1-2,6-dimetlzyl-tetrallydro-pyran-4-320-2-(4,4-dimethyl-cy
c1ohex-1- enyl)-pyridin-3-y1Pamide trifluoroacetic acid salt  A solution of
4-cyano-1H-imidazole-2-carboxylic acid [6-(6-exo,7-exo-dihydroxy-
51,5-dimethy1-8-oxa-bicyclo[3.2.1]act-3-y1)-2-(4,4-dimethyl-cyclohex-1-eny1)-p
yridin-3- ylkamide trifluoroacetic acid salt (235 mg,0.479 mmol, as prepared
in Example 18) in Me0H (20 mL) and water (2 mL) was treated with Nal()) (154
mg, 0.718 mmol) at RT for 20 min. NaB114 (54.3 mg, 1.44 mmol) was added, and
the mixture stirred for 20 min. The mixture was quenched with NaOH (3 mL, 2M
aqueous) and poured into Et0Ac (75 mL). 10The organic layer were washed with
IM aq HCI, satd aq NaHC01, and brine (1 x 25 mL each). The combined aqueous
layers were extracted with Et0Ac (3 x 25 mL), and the combined organic layers
were dried over MgSO4 and concentrated in vacua The residue was purified on a
40-g Scpra Si 50 SPE column (Isco system: Flow rate = 40 mL/min; Eluent = 50 %
Et0Ac-hexanc for 0-5 min, then 50-100 A Et0Ac-hexane for 5-30 mm, 15100 %
Et0Ac for 10 mm, then 10 % Me0H-Et0Ac until all peaks clutcd). The fractions
containing the title compound were further purified by RP-HPLC (C18) with
10-80 % CH1CIN in 0.1 % TFA/H20 over 25 min to afford the title compound (28.0
mg, 12 %) as a white solid. 'H-NMR (CD3OD: 400 MHz): 69.03 (d, 1H, J = 8.8
Hz), 8.08 (s, 1H), 7.78 (d, 1H, 7= 8.8 Hz), 6.28-6.22 (m, 1H), 3.75-3.65 (m,
1H), 3.52-3.45 (m, 2H), 3.32-3.27 20(m, 2H), 2.54-2.45 (m, 2H), 2.22-2.16 (m,
2H), 1.97-1.87 (m, 2H), 1.78-1.70 (m, 2H), 1.70-1.63 (m, 2H), 1.35 (s, 6H),
1.14 (s, 6H). Mass spectrum (EST. m/z): Calcd. for C271-135N504, 494.3 (M+H),
found 494.3. Example 21  WO 2009/052237PCT/US2008/080081
4-Cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimetIfyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-1,1-dioxo-hexahydro-lA,6-thiopyran-4-y1)-pyridin-3-y1J-amide
a) 1,1,2,2,3,3,4,4,4-Nonalluoro-butane-l-sullimic acid
2,2,6,6-tetramethy1-3,6-dihydro5 2H-thiopyran-4-y1 ester F F FF OP F FFF
The title compound was prepared from
2,2,6,6-tetramethyl-tetrahydro-thiopyran-4- one (J. Org. Chem. (1970), 35(3),
592) according to the procedure of Example 15, step (a). 11J-NMR (CDC13; 400
MHz): 65.81-5.76 (m, 1H), 2.49 (d, 211, J = 1.6 Hz), 1.47 (s, 611), 



101.43 (s, 6H).
b)4,4,5,5-Tetramethy1-2-(2,2,6,6-tetramethyl-3,6-dihydro-2H-thiopyran-4-y1)-
(1,3,21dioxaborolane  The title compound was prepared from
1,1,2,2,3,3,4,4,4-nonafluoro-butane-1- 15sulfonic acid
2,2,6,6-tetramethy1-3,6-dihydro-2H-thiopyran-4-y1 ester (as prepared in the
previous step) according to the procedure of Example 15, step (b). 11-1-NMR
(CDCl3; 400  WO 2009/052237PCT/US2008/080081 MHz): 66.43-6.40 (m, 1H), 2.27
(d, 2H, J = 2.0 Hz), 1.40 (s, 6H), 1.32 (s, 6H), 1.28 (s, 12 H).
5-Nitrn-2-(2,2,6,6-tetramethy1-3,6-dihydrn-2H-thiopyran-4-y1)-pyridine  5The
title compound was prepared from 4,4,5,5-tetramethy1-2-(2,2,6,6-tetramethy1-
3,6-dihydro-2H-thiopyran-4-y1)41,3,24dioxaborolane (as prepared in the
previous step) and 2-bromo-5-nitro-pyridine according to the procedure of
Example 15, step (c). Mass spectrum (ESI, m,/z): C'alcd. for C14HI5N202S,
279.1 (M+H), found 279.2.      d)
5-Nitro-2-(2,2,6,6-tetramethyl-1,1-dioxo-1,2,3,6-tetrakydro-1A6
-thiopyran-4-y1)- 10 pyridine       A solution of
5-nitro-2-(2,2,6,6-tetramethy1-3,6-dihydro-2H-thiopyran-4-yI)- pyridine (0.300
g, 1.08 mmol, as prepared in the previous step) in Me0H (15 mL) was cooled to
0 C and treated with oxonc (984 mg, 3.23 mmol based on KHS05 content) as a
15solution in water (1.5 mT). The ice bath was removed, and the mixture was
allowed to stir at RT for 1 h. The mixture was diluted with water and
extracted with CH2C12 (2x). The combined organic layers were dried over MgSO4
and concentrated in vacuo. The residue was purified on a 25-g Scpra Si 50 SPE
column (Isco system: Flow rate = 20 mL/min; Eluent = 5 % Et0Ac-hexane for 0-3
min, then 5-15 % Et0Ac-hexane for 5-30 min) to 20afford the title product (322
mg, 96 %) as an off-white solid. Mass spectrum (ESI, m/z): Calcd. for
CI4F118N204S, 311.1 (M+H), found 311.0. 



WO 2099/052237PCT/US2008/080081 e)
6-(2,2,6,6-Tetramethyl-1,1-dioxo-hexahydro-126-thiopyran-4-y1)-pyridin-3-ylami
ne          A solution of
5-nitro-2-(2,2,6,6-tetrammhyl-1,1-dioxo-1,2,3,6-tetrahydro-1 X6-
thiopyran-4-y1)-pyridine (322 mg, 1.04 mmol, as prepared in the previous step)
in Me0H 5(10 ml_,) was hydrogenated with 5 % Pd/C and 1 atm H2 at RT for 17 h.
The mixture was filtered through Celite, and the filter cake was washed with
Me0H. The solvents were evaporated in vacuo. The residue was purified on a
25-g Sepra Si 50 SPE column (Isco system: Flow rate = 20 mlimin; Eluent = 10%
Et0Ac-hexane for 0-3 min, then 10-50% Et0Ac-hexane for 5-30 mm, then 50-65 %
Et0Ae-hexane over 40 min, then 65-100 A 10 Et0Ac-hexane over 40 min) to afford
the title compound (187 mg, 64%) as an off-white solid. Mass spectrum (EST
m/z): Calcd. for CI4H22N202S, 283.1 (M+H), found 283.1. J)
2-Bromo-642,2,6,6-tetramethy1-1,1-dioxo-hexahydro-126-thiopyran-4-y1)-pyridin-
3- ylamine  15The title compound was prepared from
6-(2,2,6,6-tetrammhy1-1,1-dioxo-
hexahydro-1X6-thiopyran-4-y1)-pyridin-3-ylamine (as prepared in the previous
step) according to the procedure of Example17, step (d). Mass spectrum (ESI,
m/z): Calcd. for CI4H2IIN202SBr, 361.1363.1 (M+H), found 361.13611.     g)
2-(4,4-Dimethyl-cyclohex-l-enyl)-6-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-12
6- 20 thiopyran-4-y1)-pyridin-3-ylamine  WO 2099/052237PCT/US2008/080081
The title compound was prepared from
2-bromo-6-(2,2,6,6-tetramethy1-1,1-dioxohexahydro-1X6-thiopyran-4-y1)-pyridin-
3-ylamine (as prepared in the previous step) and
4,4-dimethyl-cyclohex-1-eny1-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane
according to the 5procedure of Example 15, step (0. Mass spectrum (APCI, miz):
Calcd. for C22Hi4N202S, 391.2 (M+H), found 391.3. 



h 4-Cyano-1-(2-trimethylsilanyl-ethoxymethy0-1H-imidawle-2-carboxylic acid
12,(4,4-
dimethyl-cyclohex-1-eny0-6-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-111,6-thio
pyran-4- y0-pyridin-3-ylEamide 10   The title compound was prepared from
2-(4,4-dimethyl-cyclohex-1-eny1)-6-
(2,2,6,6-tetramethy1-1,1-dioxo-hexahydro-1A6-thiopyran-4-y1)-pyridin-3-ylamine
(as prepared in the previous step) according to the procedure of Example 1,
step (b). Mass spectrum (EST, in/z): Calcd. for C311449N504SSi, 640.3 (M+H),
found 640.3. 15 0 4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-eny0-6-(2,2,6,6-
tetramethyl-1,1-dioxo-herahydro-116-thiopyran-4-y1)-pyridin-3-ylLamide  WO
2099/052237PCT/US2008/080081      The title compound was prepared from
4-cyano-1-(2-trimethylsilanylethoxymethyl)-1H-imidazole-2-carboxylic acid
[2,(4,4-dimethyl-cyclohex-1-eny1)-6-
(2,2,6,6-tetramethy1-1,1-dioxo-hexahydro-116-thiopyran-4-y1)-pyridin-3-ylkamid
e (as prepared in thc previous step) according to the procedure of Example I,
step (c) followed 5 by formation of the free base with NaHCO3. 11-I-NMR
(CDC13; 400 MHz): 69.76 (s, 1H), 8.77 (d, 1H, J = 9.2 Hz), 7.74 (s, 1H), 7.40
(d, 1H, J = 9.2 Hz), 6.02-5.95 (m, 1H), 3.48- 3.37 (m, 1H), 2.60-2.42 (m, 4H),
2.20-2.13 (m, 2H), 2.03-1.95 (m, 2H), 1.68 (s, 6H), 1.67- 1.62 (m, 2H), 1.43
(s, 6H), 1.13 (s, 6H). Mass spectrum (ESI, miz): Calcd. for C27H35N501S, 510.3
(M+H), found 510.3. 10 Example 22 4-Cyatio-IH-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-enyl)-4-(2,2,6,6-
tetramethyl-E1-dioxe-hexahydro-Le-thiopyran-4-A-phenyll-amide  a)
4-(2,2,6,6-Teiramethyl-3,6-dihydro-2H-thiopyran-4-yl)-phenylamine 15  NH2
The title compound was prepared from 1,1,2,2,3,3,4,4,4-nonafluoro-butane-1-
sulfonic acid 2,2,6,6-tetramethy1-3,6-dihydro-2H-thiopyran-4-y1 ester (as
prepared in Example 21, step (a)) and
4-(4,4,5,5-tetramothyl-[1,3,2]dioxaborolan-2-y1)-phcnylamine  



WO 2099/052237PCT/US2008/080081 according to the procedure of Example 15, step
(c). Mass spectrum (ES1, iniz): Calcd. for C151-121NS, 248.1 (M+H), found
248.2. b)
4-(2,2,6,6-Tetramethy1-1,1-dioxo-1,2,3,6-tetrahydro-IA6-thiopyran-4-y1)-pheny1
anzine  NH2  5The title compound was prepared from
4-(2,2,6,6-tetramethy1-3,6-dihydro-2H- thiopyran-4-y1)-phenylamine (as
prepared in the previous step) according to the procedure of Example 21, step
(d). Mass spectrum (APCI, m/z): Calcd. for C15H211\102S, 280.1 (M+H), found
280.2.
4-(2,2,6,6-Tetramethy1-1,1-dioxo-hexahydro-1e-thiopyran-4-y1)-phenylamine 10
NH2        The title compound was prepared from
4-(2,2,6,6-tetramethy1-1,1-dioxo-1,2,3,6-
tetrahydro-116-thiopyran-4-y1)-phenylamine (as prepared in the previous step)
according to the procedure of Example 21, step (e). Mass spectrum (APCI, m/z):
Calcd. for C15H23NO2S, 282.1 (M+H), found 282.3. 15 4)
2-Bromo-4-(2,2,6,6-tetramethy1-1,1-dioxo-hexahydro-a-thiopyran-4-y1)-
phenylamine   WO 2099/052237PCT/US2008/080081       The title compound was
prepared from
4-(2,2,6,6-tetramethy1-1,1-dioxohexahydro-1X6-thiopyran-4-y1)-phenylamine (as
prepared in the previous step) according to the procedure of Example 17, step
(d). Mass spectrum (ES!, m/z): Calcd. for C15H22NO2SBr, 360.1/362.2 (M+H),
found 360.2/362.2.
52-(4,4-Dimethyl-cyclohex-1-eny1)-4-(2,2,6,6-tetramethyl-1,1-dioxo-hexahjgdro-
126- 



thiopyran-4-y1)-phenylamine           The title compound was prepared from
2-bromo-4-(2,2,6,6-tetramethy1-1,1-dioxohexahydro-1X6-thiopyran-4-y1)-phenylam
ine (as prepared in the previous step) according 10to the procedure of Example
15, step (f). Mass spectrum (APC1, m/z): Calcd. for C23H35NO2S, 390.2 (M+H),
found 390.3. .1)
4-Cyano-1-(2-tritnethylsilanyl-ethoxymethy0-1H-imidazole-2-carboxylic acid
1244,4-
dimethyl-cyclohex-1-eny0-4-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-1A6-thiopy
ran-4- y0-phenyll-amide 15   WO 2099/052237PCT/US2008/080081       The title
compound was prepared from 2-(4,4-dimethyl-cyclohex-1-eny1)-4-
(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-116-thiopyran-4-y1)-phenylamine (as
prepared in the previous step) according to the procedure of Example I, step
(b). Mass spectrum (ESI, miz): Caled. for C341-150N404SSi, 639.3 (M+H), found
639.0. 5 g)4-Cyano-lH-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-enyl)-4-(2,2,6,6-
tetramethyl-E1-dioxo-hexahydro-Le-thiopyran-4-A-phenyll-amide       The title
compound was prepared from 4-cyano-1-(2-trimethylsilanylethoxymethyl)-1H-imi
dazo I e-2-carboxy I i c acid [2-(4,4-dimethyl-cyclohex-1-eny1)-4-
(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-12c6-thiopyran-4-y1)-phenylkamide (as
prepared 10 in the previous step) according to the procedure in Example 1,
step (c). 1H-NMR (CDC13; 400 MHz): 69.62 (s, 1H), 8.41 (d, IH, J = 8.0 Hz),
7.73 (s, 1H), 7.41 (d, 1H, J = 8.0 Hz) 7.05 (d, IH, J = 2.4 Hz), 5.81-5.75 (m,
I H), 3.25-3.14 (m, I H), 2.55-2.42 (m, 2H), 2.34- 2.26 (m, 2H), 2.15-2.08 (m,
2H), 1.93-1.85 (m, 2H), 1.66 (s, 6H) 1.64-1.57 (m, 2H), 1.43 (s, 6H), 1.12 (s,
6H). Mass spectrum (APCI, Luiz): Caled. for C281136N403S, 509.3 (M+H), 15found
509.1. Example 23 4-Cyano-1 H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-I-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-A-pyridin-3-yll-amide hydrochloride salt  20A
solution of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex- 



1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-ylkamide (49.2
mg, 0.107 mmol, as prepared in Example 15, step (h)) in Et0H (2 mL) was
treated with HC1 (26.6  WO 2099/052237PCT/US2008/080081 pi, 0.107 mmol, 4 M in
dioxane) at room temperature for 1.5 h. The solvents were evaporated in vacuo,
and the residue was dried under high vacuum overnight. The solid was dissolved
in a minimum amount of Et0H (900 pI) with sonication and heating. While warm,
the solution was slowly treated with hexanes (3 mL) to the cloud point. The
5mixture was heated again until clear, the sides of the vial were scratched,
and the mixture was allowed to cool. The solid was filtered and air-dried to
afford the title compound (20mg, 38 'A) as white mystals. 1H-NMR (C1-1150D;
400 MHz): 69.17 (d, 1H, J = 8.4 Hz), 8.10 (s, 1H), 7.95 (d, 1H, J = 8.4 Hz),
6.38-6.32 (m, 1H), 3.76-3.65 (m, 1H), 2.54-2.46 (m, 2H), 2.25-2.19 (m, 2H),
1.98-1.91 (m, 2H), 1.76-1.65 (m, 4H), 1.43 (s, 6H), 1.30 (s, 6H), 101.15 (s,
6H). Mass spectrum (APCI, nilz): Calcd. for C27H35N502, 462.3 (M+H), found
462.3. Example 24 4-Cyano-1H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-A-pyridin-3-yll-amide methanesulfonic acid salt
15          A solution of 4-cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex1-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)
-pyridin-3-ylkamide (50.0 mg, 0.108 mmol, as prepared in Example 15, step (h))
in Et0H (2 mL) was treated with methanesulfonic acid (7.0 ,uL, 0.108 mmol) at
room temperature for 1 h. The solvents 20 were evaporated in vacuo, and the
residue was dried under high vacuum overnight. The solid was dissolved in a
minimum amount of Et0H (2 mL) with sonication and heating. While warm, the
solution was slowly treated with hexanes (3 mL) to the cloud point. The
mixture was heated again until clear, the sides of the vial were scratched,
and the mixture was allowed to cool. The solid was filtered and air-dried to
afford the title compound (24  WO 2089/052237PCT/US2008/080081 mg, 40 %) as
white crystals. Mass spectrum (APC1, na/z): Calcd. for C271-35N502, 462.3
(M+H), found 462.3. Example 25 



4-Cyano-IH-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6- 5
tetramethyl-tetrahydro-pyran-4-y0-pyridin-3-yll-amide
(1S)-(+)-10-camphorsulfimic acid salt        A solution of
4-cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex1-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)
-pyridin-3-ylkamide (52.4 mg, 0.113 10 mmol, as prepared in Example 15, step
(h)) in Et0H (2 mL) was treated with ( I S)-(+)-10- camphorsulfonic acid (26.4
mg, 0.113 mmol) at room temperature for 1 h. The solvents were evaporated in
vacuo, and the residue was dried under high vacuum overnight. The solid was
dissolved in a minimum amount of Et0H (1 mL) with sonication and heating.
While warm, the solution was slowly treated with hexanes until first
precipitate was seen at 15the surface of the solution. The mixture was allowed
to stir 30 min at room temperature while material continued to precipitate.
The solid was filtered and air-dried to afford the title compound (66.2 mg, 84
%) as white crystals. 11-1-NMR (CD30D; 400 MHz): 69.17 (d, IM, J = 8.4 Hz),
8.10 (s, 1H), 7.95 (d, 1H, J = 8.4 Hz), 6.39-6.32 (m, 1H), 3.76-3.64 (m, 1H),
3.38-3.34 (m, 2H), 2.80-2.75 (m, 1H), 2.75-2.65 (m, 1H), 2.54-2.45 (m, 2H),
2.40- 202.30 (m, 1H), 2.25-2.18 (m, 2H), 2.10-2.00 (m, 2H), 1.98-1.86 (m, 3H),
1.76-1.66 (m, 4H), 1.65-1.56 (m, In), 1.47-1.38 (m, 7H), 1.30 (s, 6H), 1.15
(m, 9H), 0.87 (s, 3H). Mass spectrum (APCT, miz): Calcd. for C27H35N502, 462.3
(M+H), found 462.3.  WO 2009/052237PCT/US2008/080081 Example 26
N-(4-(8-exanicyclo[3.2.1]octa-2,6-dien-311)-2-(4,4-dimerhylcyclohex-I-enyl)phe
nyl)-4- cyano-1 H-imidazole-2-carboxamide (A) and
N-(4-('8-exabicyclo[3.2.1]oeta-3,6-dien-3- 5
y0-2-(4,4-dimerhyleyelohex-1-enyOpheny0-4-eyano-1H-imidazole-2-earboxamide (B)
To a solution of 4-cyano-N-(2-(4,4-dimethylcyclohex-1-eny1)-4-(3-exo)-3-
hydroxy-8-oxabicyclo[3.2.1]oct-6-en-3-y Dpheny1)-1 H -imi dazole-2-carboxami
de (as 10 prepared in Example 27, 37 mg, 0.083 mmol) in DCM (2 mL) at 0C was
added thionyl chloride (20 mg , 0.16 mmol) in 0.5 mL of DCM. The reaction was
allowed to warm to room temperature and then treated with McLi-CuI complex
(0.49 mmol) in 2 mL of THE. The reaction was stirred for 20 mm and then
quenched with saturated aqueous NH4C1 (10 mL). The mixture was extracted with
Et0Ac (2 x 20 mL), dried (Na2SO4) and 15concentrated in vacuo. The crude
product was purified by preparative thin layer chromatography (5% Me0H-CHCR to
afford 14 mg (40%) of the title compounds as a white solid. Mass spectrum
(ESI, in/z): Calcd. for C26H26N402, 427.2 (M+H), found 427.1 



20 Example 27
4-Cyano-N-(2-(4,4-dimethyleyeloltex-1-enyl)-4-03-exo)-3-hydroxy-8-
oxabieyelo[3.Z Hoet-6-en-3-yOphenyl)-1H-imidazole-2-earboxamide  WO
2009/052237PCT/US2008/080081  The title compound was prepared as described in
Example 8, step b using 4-cyano- 1H-imidazole-2-carboxylic acid
[4-bromo-2-(4,4-dimethyl-cyclohcx-1-eny1)-phenylk 5amide (as prepared in
Example 1, step (c)) and 8-oxabicyclo[3.2.1]oct-6-en-3-one (European Journal q
f Organic Chetnisuy (2000), 12, 2195-2201); 1H NMR (400 MHz; DMS0-4) 5 9.72
(s, 1H), 8.22 (s, 114), 7.93 (d, J= 8.4 Hz, 1H) 7.30 (dd, J=8.4, 2.2 Hz, 1H)
7.22 (d, I = 2.2 Hz, 1H), 6.27 (s, 2H), 5.65 (br s, I H), 4.74 (d, J = 4.0 Hz,
2 H), 4.49 (s, 1H), 2.16 (dd, J = 14.2, 4.2 Hz, 4H), 1.96 (br s,2 H), 1.68 (d,
1=14.2 Hz, 2 H), 1.49 (t, J 10= 6.2 Hz, 2H), 1.00 (s, 6FI). Mass spectrum
(ESI, miz): Calcd. for C26H28N403, 445.2 (M+H), found 445.1.       Assignment
of relative stereochemistry was made based on analogy to
4-cyano-1Himidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-4-[(3-cxo)-3-hydroxy-1,5-
bis-methoxymethy1-8-oxa-bicyclo[3.2.1]oct-6-en-3-y11-phenylkamide (as prepared
in 15Example 1, step (0). Example 28 4-Cyano-N-(2-(4,4-dimethyleyelohex- I
-eny1)-4-[(3-exo)-3-hydroxy-(2-endo-4-endodimethyl)--8-oxabicyclo[3.Z
Ject-6-en-3-yl)phenyfi- I H-imidazole-2-earboxamide 20   WO
2009/052237PCT/US2008/080081 The title compound was prepared as described in
Example 8, step b using 4- cyano-1H-imidazole-2-carboxylic acid
[4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)- phenyl]-amide (as prepared in
Example I, step (c)) and 2-endo-4-endo-dimethy1-8-
oxabicyclo[3.2.1]oct-6-en-3-one (Tetrahedron (1988), 44(16), 5151). 1HNMR (400
MHz; 



5CDIOD) 6 8.03 (d, .1= 8.3 Hz, 1H), 7.87 (s, 1H), 7.26 (dd, J= 8.5, 2.2 Hz,
1H), 7.20 (d,./ = 2.2 Hz, 1H), 6.50 (s, 2H) 5.63 (dt, J= 3.6, 1.8 Hz, 1H),
4.51 (d, J= 3.5 Hz, 2H), 2.27 - 2.36 (m, 2H), 2.16 - 2.24 (m, 2H), 1.98 (d, J=
3.5 Hz, 2H), 1.49 (t, J= 6.3 Hz, 2H), 0.98 (s, 6H), 0.52 - 0.62 (m, 6H). Mass
spectrum (ESI, raiz): Calcd. for C28H32N401, 473.2 (M+H), found 473.2.
10Assignment of relative stereochemistry was made based on analogy to
4-cyano-1H- imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-enyl)-4-[(3-exo)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-y11-phenylkamide (as prepared
in Example 1, step (f)). 15 Example 29
4-Cyano-N-(2-(4,4-dimethyleyelohex-1-eny0-4-113-ex0-3-hydroxy-(2-endo,4-endodi
methy0-1,5-dimethyl-8-oxabieyelo13.2.1ketan-3-AphenyLIH-imidazole-2-
earboxamide  20 The title compound was prepared as described in Example 8,
step b using 4- cyano-1H-imi dazol e-2-carboxyl i c acid
[4-bromo-2-(4,4-dimethyl-cyclohex-1-eny1)- phenyl]-amide (as prepared in
Example I, step (c)) and 2-endo-4-endo-dimethy1-8-
oxabicyclo[3.2.1]octan-3-one (Tetrahedron (1988), 44(16), 5151). H NMR (400
MHz; 25CD30D) 68.15 (d, J = 8.59 Hz, 1 H), 8.00 (s, 1 H) 7.28 - 7.36 (m, 2 H)
5.76 (Ur s, I H), 4.18 - 4.22 (m, 2 H), 2.25 -2.43 (m, 6 H), 2.10 (d, J = 2.7
Hz, 2 H) 1.71 - 1.77 (m, 2 H),  WO 2009/052237PCT/US2008/080081 1.62 (t, J =
6.1 Hz, 2 H) 1.10 (s, 6 H) 0.68 (d, J = 7.0 Hz, 6H). Mass spectrum (ES1, miz):
Calcd. for C29H34N403, 475.2 (M+H), found 475.2.       Assignment of relative
stereochemistry was made based on analogy to 4-cyano- I
Himidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohcx- I
-enyI)-4-[(3-exo)-3-hydroxy- I ,5-
5bis-methoxymethy1-8-oxa-bicyclo[3.2.1]oct-6-en-3-yll-phenylkamide (as
prepared in Example 1, step (f)). Example 30
4-Cyano-N-(2-(4,4-dimethylcyclohex-1-eny0-44(3-exo)-3-hydroxy-(2-endo,4-endo- 



10
dinzethy0-1,5-dimethyl-8-oxabicyclo13.2.1Jact-6-en-3-Aphenyt-1H-imidazole-2-
carboxamide  The title compound was prepared as described in Example 8, step b
using 4-cyano- 151H-imidazole-2-carboxylic acid
[4-bromo-2-(4,4-dimethyl-cyclohcx-1-eny1)-phenylk amide (as prepared in
Example 1, step (c)) and 2-endo-4-endo-1,5-dimethy1-8-
oxabicyclo[3.2.1]oct-6-en-3-one Amer Chem Sac, (1978), 100(6), 1765-77). 1H
NMR (400 MHz; CD30D) 6 8.15 (d, J = 8.5 Hz, 1H), 8.01 (s, 1H), 7.40 (dd, J=
8.5, 2.2 Hz, 1H), 7.34 (d, I = 2.2 Hz, 1 H), 6.34 (s, 2H), 5.75 (m, I H), 2.34
(d, I = 1.7 Hz, 2H), 2.14- 2.24 20(m, 4H), 1.62 (t,J= 6.3 Hz, 2H),1.39,(s,
6H),1.11 (s, 6H), 0.72 (d, J= 7.3 Hz, 6H). Mass spectrum (EST m/z): Calcd. for
C301-136N403, 501.2 (M+H), found 501.2.       Assignment of relative
stereochcmistry was made based on analogy to 4-cyano-1Himidazolc-2-carboxylic
acid [2-(4,4-dimethyl-cyclohex-1-cny1)-4-[(3-cxo)-3-hydroxy-1,5-
bis-methoxymethy1-8-oxa-bicyclo[3.2.11oet-6-en-3-yll-phenylkamide (as prepared
in 25Example 1, step (f)).  WO 2009/052237PCT/US2008/080081 Example 31
4-Cyano-111-imidazole-2-carboxylic acid
[2-(4,4-dimetlzyl-cyclohex-1-eny1)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-ylkamide sulfide salt A
suspension of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-
5cyclohex-1-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-34)-pyridin-3-ylka
mide (24.8 mg, 0.0537 mmol), as prepared in Example 15, in acetonitrile (1.0
mL) was heated to yield a solution. To the solution was added a solution of
concentrated sulfuric acid (0.0062 nit) in water (0.5 mL) at room temperature.
The solution was reduced via evaporation with flowing nitrogen gas
(approximately 1.0 mL). The solution was then allowed to sit 10overnight at
room temperature in a sealed vial. Thc resulting crystals were then collected
via filtration and air-dried. Thc white solid was characterized by Powder
X-Ray Diffraction (PXRD), Differential Scanning Calorimetry (DSC),
Thremogravimetric Analysis (TGA), and single-crystal X-ray diffraction. The
DSC for the sulfate salt showed a 241 degree Celsius endotherm maximum. The
PXRD of the sulfate salt product is shown 15in Figure 1 and the prominent
peaks are shown in the table below. Peak Search Report (28 Peaks, Max P/N =
37.9) [MT 1058 96 3.raw] rigaku cu, comment line 



PEAK: 21-pts/Parabolic Filter, Threshold-0.0, Cutoff-0.0%, BG-3/0.6,
Peak-Top-Sununit 2-Theta d(A) BG Hciuht I% Arca I% FWHM 3.3108 26.6644 583 39
0.6 550 0.6 0.24 6.1903 14.266 926 1985 



30.9 24961 29.2 0.214 6.5701 13.4421 744 6420 100 85576 100 0.227 9.2704
9.5319 666 343 5.3 7138 8.3 0.354 11.5099 



7.6818 678 535 8.3 7650 8.9 0.243 12.4103 7.1264 723 454 7.1 5198 6.1 0.195
12.9899 6.8097 731 801 12.5 11747 



13.7 0.249 14.0503 6.298 704 358 5.6 4649 5.4 0.221 14.7302 6.0088 710 316 4.9
4557 5.3 0.245 16.1501 5.4836 735 



897 14 12087 14.1 0.229 16.8681 5.2518 842 117 1.8 890 1 0.129 17.3702 5.1011
816 1048 16.3 20457 23.9 0.332 



18.5898 4.7691 809 1043 16.2 17554 20.5 0.286 19.8095 4.4781 829 1013 15.8
14571 17 0.245 20.8298 4.261 899 335 5.2 



6464 7.6 0.328 21.1102 4.205 930 171 2.7 6551 7.7 0.651 21.6705 4.0975 978 537
8.4 10680 12.5 0.338 22.111 4.0169 



982 236 3.7 4437 5.2 0.32 22.8897 3.882 889 95 1.5 1587 1.9 0.284  WO
2009/052237      



PCT/US2008/080081 23.6107 3.765 867 615 9.6 12474 14.6 0.345 24.9701 3.5631
771 351 5.5 5360 6.3 0.26 25.6908 3.4647 746 33 



0.5 422 0.5 0.217 26.4892 3.3621 722 85 1.3 1205 1.4 0.241 27.3297 3.2606 704
211 3.3 3384 4 0.273 28.3492 



3.1456 729 169 2.6 3085 3.6 0.31 29.1107 3.065 736 98 1.5 1081 1.3 0.188
29.8104 2.9946 681 135 2.1 2593 



3 0.327 31.1698 2.8671 654 50 0.8 815 1 0.277  Representative 2-Theta peaks of
the sulfate salt product are shown below:  6.1903 6.5701 11.5099 12.4103
12.9899 14.0503 14.7302 16.1501 17.3702 18.5898 19.8095 21.6705 23.6107
24.9701 Example 32 5 4-Cyano-1 H-imidazole-2-carboxylic acid
12-(4,4-dimethyl-cyclohex-I-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-yll-amide sodium salt (Form A) To
a suspension of 4-cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-
eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-ylkamide (23.1
mg, 0.0500 mmol), as prepared in Example 15, in ethanol (1.0 mL) was added a
solution of sodium 10hydroxide (1.0N; 0.055 mL. 0 055 mmol). The solution was
allowed to evaporate in an open vial at room temperature. A white crystalline
solid resulted and was characterized by PXRD and TGA (6.1% loss of mass). The
PXRD of Form A of the sodium salt is shown in Figure 2 and the prominent peaks
provided in the table below. Peak Search Report (27 Peaks, Max= 25.0) [MT 1058
110 Traw] rigaku cu, comment line PEAK: 23-pts/Parabolic Filter,
Threshold-1.0, Cutoff-0.0%, BG-3/0.6, Peak-Top-Sununit 



WO 2009/052237      PCT/US2008/080081 2-Theta d(A) 13C? Height 1% Area 1% FW'H
M 5.47 16.1427 731 3085 100 



67721 100 0.373 6.8695 12.8569 761 648 21 15965 23.6 0419 7.7112 11.4552 794
67 2.3 664 1 0.168 8.6899 10.1673 



803 144 4.7 3133 4.6 0.37 9.2697 9.5325 780 32 1 302 0.4 0.16 10.0912 8.7583
775 49 1.6 2004 3 



0.695 10.4306 8.4741 770 85 2.8 2056 3 0.411 11.208 7.888 758 36 1.3 483 0.7
0.228 11.9471 7.4016 832 49 



1.6 419 0.6 0.145 12.3902 7.1379 808 241 7.8 5472 8.1 0.386 13.3096 6.6468 803
93 $1324 2 0.242 14.3697 6.1588 



914 191 6:3 6112 9 0.544 14.7099 6.0171 898 229 7.4 9027 13.3 0.67 16.0095
5.5314 927 171 5.5 4263 6.3 



0.424 16.9507 5.2263 933 63 2 3406 5 0.919 17.3107 5.1185 927 169 5.5 2823 4.2
0.284 18.5489 4.7795 1117 351 



11.4 5454 8.1 0.264 19.4892 4.551 1264 228 7.4 4366 6.4 0.326 20.0508 4.4247
1264 240 7.8 3965 5.9 0.281 20.491 



4.3307 1241 46 1.5 1090 1.6 0.403 20.9324 4.2403 1128 119 3.9 1642 2.4 0.235
22.7096 3.9124 983 71 2.3 1451 



2.1 0.347 23.5503 3.7746 932 90 2.9 1647 2.4 0.311 25.6499 3.4701 875 56 1.8
1475 2.2 0.448 26.6305 3.3446 829 



32 1 732 1.1 0.389 28.0294 3.1807 786 50 1.6 1186 1.8 0.403 29.1306 3.063 753
38 1.2 895 1.3 0.4 



Representative 2-Theta peaks of the Form A sodium salt product are shown
below:  5.470 6.870 8.690 12.390 14.370 14.710 16.010 17.311 18.549 19.489
20.051 Example 33 5 4-Cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-eyelohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-31)-pyridin-3-yll-amide sodium salt (Form B)
WO 2009/052237PCT/US2008/080081        To a suspension of
4-cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethylcyclohex-1-eny1)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-34)
-pyridin-3-ylkamide (26.1 mg, 0.0556 mmol), as prepared in Example 15, in
acetonitrile (1.0 mL) was added a solution of sodium hydroxide (1.0N; 0.062
mL; 0.062 mmol) to give a hazy solution. 5Water (0.44 mL) was then added
causing the solution to become clear. The volatiles were then evaporated to
give an amorphous solid. The solid was then dissolved in diethyl ether (1.0
mL) and propylene glycol (0.009 mL). Heptane (2.0 mL) was added causing the
mixture to emulsify. The mixture was allowed to sit overnight in an open vial.
A crystalline material formed which was collected and characterized by PXRD
and TGA 10 (31.0% loss of mass). The PXRD of Form B of the sodium salt is
shown in Figure 3 and the prominent peaks provided in the table below. Peak
Search Report (29 Peaks, Max P/N = 10.8) [MT 1058 101 1 raw] rake cu, comment
line PEAK: 21-pis/Parabolic Filter, Thresho1d-1.0, Cutoff-0.0%, BG-3/0.6,
Peak-Top-Simunit 2-Theta d(A) BG Height I% 



Area I% FWHM 4.9097 17.9838 1004 952 97.5 11090 66.1 0.198 5.4497 16.2028 1074
976 100 16773 100 0.292 6.1$ 14.4062 



995 698 71.5 8522 50.8 0.208 7.5895 11.6387 814 68 7 845 5 0.211 8.1899
10.7868 820 539 55.2 6957 41.5 



0.219 8.7499 10.0976 81$ 171 17.5 190$ 11.3 0.189 9.8485 8.9736 793 49 5 907
5.4 0.315 10.8097 8.1777 797 271 



27.8 4977 29.7 0.312 11.9294 7.4126 825 68 7 1246 7.4 0.312 12.25 7.2193 823
75 7.7 2842 16.9 0.644 12.65 



6.9919 853 Si 5.2 526 3.1 0.175 13.7894 6.4166 860 142 14.5 3339 19.9 0.4
14.1102 6.2714 868 67 6.9 2452 



14.6 0.622 15.1702 5.8355 901 307 31.5 4287 25.6 0.237 15.9882 5.5388 1060 224
73 3092 18.4 0.235 16.4312 5.3904 1068 



172 17.6 5863 35 0.579 17.5691 5.0438 1047 223 22.8 2952 17.6 0.225 18.5695
4.7742 1121 586 60 10430 62.2 0.303 



19.1098 4.6405 1164 37 3.8 373 2.2 0.171 19.7089 4.5007 1245 85 8.7 841 5
0.168 20.0485 4.4252 1272 40 4.1 



1797 10.7 0.764 20.5504 4.3183 1190 361 37 6575 39.2 0.31 21.2081 4.1858 1139
74 7.6 1590 9.5 0.365 21.4894 4.1317 



1125 112 11.5 2809 16.7 0.426 22.93 3.8752 1043 90 9.2 2236 13.3 0.422 24.1099
3.6882 967 51 5.7 665 4 



0.277 24.7916 3.5883 958 61 6.3 747 4.5 0.208 25.6508 3.47 928 138 14.1 2247
13.4 0.277  WO 2009/052237PCT/US2008/080081 26.43023.369487910510.82183130.353
Representative 2-Theta peaks of the Form B sodium salt product arc shown
below: 



4.910 5.450 6.130 8.190 8.750 10.810 15.170 15.988 16.431 17.569 18.570 20.550
The Powder X-ray diffraction patterns were performed using a D/Max Rapid,  5
Contact (Rigaku/MSC, The Woodlands, TX, U.S.A.), which uses as its control
software RENT Rapid Control Software, Rigaku Rapid/XRD, version 1.0.0 (81999
Rigaku Co.). In addition, the analysis software used were RINT Rapid display
software, version 1.18 (Rigaku/MSC), and JADE XRD Pattern Processing, versions
5.0 and 6.0 ((81995-2002, Materials Data, Inc.). 10For the PXRD analysis, the
acquisition parameters were as follows: source was Cu with a K line at
1.5406A; x-y stage was manual; collimator size was 0.3 mm; capillary tube
(Charles Supper Company, Natick, MA, U.S.A.) was 0.3 mm ID; reflection mode
was used; the power to the X-ray tube was 46 kV; the current to the X-ray tube
was 40 mA; the omega-axis was oscillating in a range of 0-5 degrees at a speed
of 1 degree/minute; the phi-  15 axis was spinning at an angle of 360 degrees
at a speed of 2 degrees/second; 0.3 mm collimator; the collection time was 60
minutes; the temperature was room temperature; and the heater was not used.
The sample was presented to the X-ray source in a boron rich glass capillary.
In addition, the analysis parameters were as follows: the integration 2-theta
range  20 was 2-60 degrees; the integration chi range was 0-360 degrees; the
number of chi segments was 1; the step size used was 0.02; the integration
utility was cylint; normalization was used; dark counts were 8; omega offset
was 180; and chi and phi offsets were 0.        DSC analysis was performed
using a Q1000 Differential Scanning Calorimeter (TA Instruments, New Castle,
DE, U.S.A.), which uses Advantage for QW-Series, version  WO
2009/052237PCT/US2008/080081 1.0.0.78, Thermal Advantage Release 2.0 (2001 TA
Instruments-Water LLC). In addition, the analysis software used was Universal
Analysis 2000 for Windows 95/95/2000/NT, version 3.1E:Build 3.1.0.40 (82001 TA
Instruments-Water LLC). For the DSC analysis, the purge gas used was dry
nitrogen, the reference material 5 was an empty aluminum pan that was crimped,
and the sample purge was 50 mL/minute.       TGA analysis was performed using
a Q500 Thermogravimetric Analyzer (TA Instruments, New Castle, DE, U.S.A.),
which uses Advantage for QW-Series, version 1.0.0.78, Thermal Advantage
Release 2.0 (s2001 TA Instruments-Water LLC). In addition, the analysis
software used was Universal Analysis 2000 for Windows 1095/95/2000/NT, version
3.1E:Build 3.1.0.40 (2001 TA Instruments-Water LLC).       For all of the TGA
experiments, the purge gas used was dry nitrogen, the balance purge was 40
mUminute N2, and the sample purge was 60 mUminute N2. IV.Biological Results 15
A.Fluorescence Polarization Competition Immunoassay  An autophosphorylation,
fluorescence polarization competition immunoassay was used to determine the
potency for c-fms inhibition exhibited by selected compounds of Formula I. The
assay was performed in black 96-well microplates (LJL BioSystems). The assay
buffer used was 100 inM 4-(2-hydroxyethyl)piperazine 1-ethanesulfonic acid
(HEPES), pH 7.5, 1 20 mM 1,4-dithio-DL-threitol (DTT), 0.01 % (v/v) Twecn-20.
Compounds were diluted in assay buffer containing 4% dimethylsulfoxide (DMSO)
just prior to the assay. To each well, 5 pt of compound were added followed by
the addition of 3 pi, of a mix containing 33 nM c-fms (Johnson & Johnson PRD)
and 16.7 mM MgC12 (Sigma) in assay buffer. The kinase reaction was initiated
by adding 2 qL of 5 mM ATP (Sigma) in assay buffer. The 



25 final concentrations in the assay were 10 nM c-fms, 1 mM ATP, 5 mM MgC12, 2
% DMSO. Control reactions were ran in each plate: in positive and negative
control wells, assay buffer (made 4 'A in DMSO) was substituted for the
compound; in addition, positive control wells received 1.2 qL of 50 mM
ethylenediaminetetraaecticacid (EDTA). The plates were incubated at room
temperature for 45 min. At the end of the incubation, 30 the reaction was
quenched with 1.2 pL of 50 mM EDTA (EDTA was not added to the positive control
wells at this point; see above). Following a 5-min incubation, each well WO
2009/052237PCT/US2008/080081 received 10 (11_ of a 1:1:3 mixture of
anti-phosphotyrosinc antibody, 10X, PTK green tracer, I OX (vortexed), FP
dilution buffer, respectively (all from PanVera, cat. # P2837). The plate was
covered, incubated for 30 min at room temperature and the fluorescence
polarization was read on the Analyst. The instrument settings were: 485 nm
excitation 5filter; 530 nm emission filter; Z height: middle of well; G
factor: 0.93. Under these conditions, the fluorescence polarization values for
positive and negative controls were approximately 300 and 150, respectively,
and were used to define the 100 % and 0 % inhibition of the c-fms reaction.
The reported IC50 values are averages of three independent measurements. 10
CSF-l-Driven Mouse Bone-Marrow Derived Macrophages Assay       Macrophages
were derived by culturing mouse bone marrow in alpha-MEM supplemented with 10%
FCS and 50 ng/m1 recombinant mouse CSF-1 in bacteriologic dishes. On the sixth
day, macrophages were detached from dishes, washed, and 15 resuspended to 0.05
million cells/ml in alpha-MEM containing 10% FCS. One hundred ul of cell
suspension were distributed per well into 96 well culture plates. Wells were
further supplemented with the addition of 50 ul media containing 15 ng/m1
CSF-1, 3 uM Indomethacin, and 3X of a dilution series of test compounds. The
cells were cultured for 30 hrs at 37 degrees and 5%CO2. During the final six
hours, cultures were supplemented 20with an additional 30 ul of media
containing a 1:500 dilution of bromodeoxyuridine (BrDU). At the end of the
culture period, the plates were spun at 1000 RPM for 1 minute and 130 ul of
media wais removed with a pipet and replaced with 150 ul of fixative solution
for 1 hour (it; room temperature. The fixative was then dispelled from the
plates and the plates allowed to air dry. Incorporation of BrDU into the
fixed, dried cells was 25quantified using a specific ELISA. Table 1 lists the
assay results for representative compounds of the invention  WO
2009/052237PCT/US2008/080081 Example No. TABLE 1 



FMS IC50 (1AM)BMDM IC50 (.0M) 1 0.00086 0.0032 2 0.00043 0.037 3 0.00065
0.0093 4 0.00072 0.0066 5 0.00047 0.0047 6 0.0027 0.0050 7 0.0020 



0.0033 8 0.00042 0.041 9 0.0011 0.0048 10 0.0035 0.040 11 0.0018 0.0025 12
0.00066 0.036 13 0.00081 0.0029 14 0.0011 



0.0047 15 0.0029 0.0061 16 0.0014 0.0082 17 0.0046 0.037 18 0.00072 0.010 19
0.0029 0.027 20 0.00041 0.0065 21 0.0089 



0.018 22 0.0020 0.0036 26 0.0071 0.059 27 0.00066 0.0069 28 0.016 0.069 29
0.014 0.088 30 0.099 nd  B.SCW Arthitis in Rats  



Purpose: A polyarthritis occurs in female Lewis rats following i.p.
administration  5 of streptococcal cell wall (SCW) components. The
model has an acute non-erosive phase (days 3-7) that is complement
and neutrophil dependent and which resolves. A chronic erosive phase
begins at about day ten and is dependent on the development of
specific T cell immunity to SCW, and possibly to self-antigens. The
SCW-induced model has been used less frequently for pharmaceutical
testing than the adjuvant-induced or collagen-  10 induced models of
arthritis, but each model predicts accurately the anti-inflammatory
potential of TINE-inhibitors. The chronic phase of the SCW model is
macrophage dependent. Because the preponderance of data suggests a
critical role for macrophages in RA, we selected the chronic phase of
the SCW arthritis model to investigate the ability of select
compounds of the present invention to reduce chronic joint
inflammation and bone 15erosion.  WO 2009/052237PCT/US2008/080081
Method: Female Lewis rats (80-100 gm each) were purchased from
Charles River. Streptococcal cell wall peptidoglycan-polysaccharide
polymers (PG-PS 10S) were purchased from BD (Cat#210866). PG-PS 105
was vortexed for 30 seconds to thoroughly mix the material and
sonicated at low energy levels (level 6) for 3 min with a probe type
5  sonicator prior to injection. On day 0, sixty rats were
anesthetized using isoflurane, and injected i.p. with 15 i_tg of
rhamnoselgram body weight (BW) in the lower left quadrant of the
abdomen. Ten rats were treated in a similar manner with sterile
saline.        On day 5, rats injected with PG-PS 10S that had a
distinct acute phase arthritic response based on joint swelling were
randomized into groups 2-5 listed in Table 2. 10Chronic, T-cell
dependent, erosive arthritis was severe by day 20 at which time twice
daily oral dosing was commenced until sacrificed on day 32 to
determine if the compound of Example 15 (hereinafter, Compound A) can
reverse established disease        Compound A was formulated in 5%
solutol, 5% ethanol, 90% water. The dose volume was 5 mEkg. 15  WO
2009/052237PCT/US2008/080081 Table 2. SCW-arthritis study design:
IPD07-032 tip N Induction (i.p., Day 0) 



Treatment (hid., oral) Sacrifice        Sample Collection 1 6
Sterile Saline (ss)        Vehicle, Day 20-32  Day 32       Plasma,
serum, hind limbs, weigh and fix liver, spleen & kidneys 2 6
PG-PS 10S in ss (15uglgramBW)       Vehicle, Day 20-32 Day 3'2
Plasma, serum, hind limbs, weigh and fix liver, spleen & 



kidneys en 6       PG-PS 105 in ss (15uglgramBW Compound A        3
mg/kg, Day 20-32  Day 32        Plasma, serum' hind limbs. weigh and
fix liver, spleen & kidneys 4 6       PG-PS IOS in ss (15ug/gram1-3W
Compound A 10 moko mg/ kg, Day 20-32 



Day 32       Plasma, serum, hind limbs, weigh and fix liver, spleen &
kidneys  6 PC-PS IOS in ss (15ug/gramf31711 Compound A        20
mg/kg,Day 20-32 Day 32       Plasma, serum, hind limbs, weigh and fix
liver, spleen & kidneys        Left and right hind ankles of each rat
were measured with calipers every day for the first six days
(post-injection) and then at least every two or three days for the
remainder of 5 the study. Ankles were assigned a clinical score based
on erythema and swelling as follows: 1 = ankle only; 2 = ankle and
proximal half of tarsal joint; 3= ankle and entire tarsal joint; 4 =
involvement of the entire paw including digits. Animal scores
represented the sum of the two hind paws.            Exposure: Two
hours following the last dose of 3, 10 and 20 mpk, plasma levels of
10 Compound A were 247  22, 802  35, and 1475  70 nglml, respectively
(mean  SEM).       Results: When dosing was initiated on day 20,
after disease was already severe, Compound A caused a reversal of paw
swelling determined from caliper measurements of paw thickness and
visual scores (Figure 4). Reversal was not complete, presumably  



WO 2009/052237PCT/US20118/080081 because of deposition of
periarticular fibrosis prior to day 20. The therapeutic effect was
dose-dependent, but already significant at the lowest dose of 3 mpk.
Disease reversal was accompanied by restoration of function. To
assess function, three representative rats per group were videotaped
for thirty seconds on days 19 and 32, 5 and steps taken with hind
limbs were counted and reported in Table 3. On day 19 following SCW,
rats ambulated primarily using front paws. Hind paws were nearly
immobilized. By day 32, rats treated with Compound A used hind limbs
in a normal fashion, whereas the hind limbs of the vehicle-treated
animals were immobilized. Table 3. Ambulation of SCW-rats before and
after treatment with Compound   free Disease (veh)  0 Compound A,
mg/kg, days 19-32 310 20  Day  19.3*  2.3* 



1.7  1.3  1.3 19  (20, 16.22)(3, 3, 1) (3, 0, 2) (0, 1.3) (0, 3, 1)
Day  



10.6*  0  7.7  7.3  6 32  (20, 2, 10)(0, 0, 0) (8, 10,5) (8, 8, 6)
(8, 3,7) 



*Number of steps taken using hind limbs in a thirty second
observation period. The value is the average of three rats. Numbers
from individual rats are provided in parenthesis. 10While the
foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it
will be understood that the practice of the invention encompasses all
of the usual variations, adaptations and/or modifications as come
within the scope of the following claims and their equivalents.
All publications disclosed in the above specification are hereby
incorporated by reference in 15full.  Claims: 1. A compound of
Foimula I:  or a solvate, hydrate, tautomer or pharmaceutically
acceptable salt thereof, wherein:     N-N 4 or  wherein each Rd is
independently H, F, Cl, Br, I, OH, OCH3, OCH2CH3, SC(14)alkyl, S0C0-
4)alkyl, SO2Co4)alkyl, -C(13)alkyl, CO2Rd, CONReRf, C=CRg, or CN;
wherein Rd is H, or -C(13)alkyl; Re is H, or -C(13)alkyl; 



Rf is H, or -C(13)alkyl; and Rg is H, -CH2OH, or -CH2CH2OH; R2 is
cycloalkyl, spiro-substituted cycloalkenyl, thiophenyl,
dihydrosulfonopyranyl, phenyl, furanyl, tetrahydropyridyl, or
dihydropyranyl, any of which may be independently substituted with
one or two of each of the following: chloro, fluoro, hydroxy,
C(13)alkyl, and Co 4) alkyl; Z is H, F, Cl, or CH3; J is CH, or N;
Xis\o    \o " , or\; wherein lr is H,-CO2C(14)a1ky1, -CONH2,
-CONHC(1.4)alky1, -CON(C(1.4)a1lcyl)2, or -00C(I4)allcyl. 2. A
compound of Claim 1, wherein:  \o   and tautomers and
phatmaceutically acceptable salts thereof. 



3. A compound of Claim 2 wherein:    and tautomers and
pharmaceutically acceptable salts thereof. 4. A compound of Claim 3
wherein:  and; tautomers and pharmaceutically acceptable salts
thereof. 5. A compound of Claim 4 wherein: HN W is;  and tautomers
and pharmaceutically acceptable salts thereof. 6. A compound of
Foimula Ia:  Ta wherein:    J is CH, or N; and Xis \O 



HO  HO3r5?",  OH OH, zz(./.\zzz;\zz7; HOo-  HO , HO, HO 01-11t,r
HOtOHk01-11v , or wherein r is H, -CoA)alkyl, -CO2C040alkyl, -CONH2,
-CONHC(14oalkyl, -CON(Cumalky1)2, or -00C(1,0a1ky1;    zz7; 01-1,OH,



and itautomers and pharmaceutically acceptable salts thereof. 8. A
compound selected from the group consisting of:        OHandOH
and tautomers, and pharmaceutically acceptable salts thereof. 9 A
compound of the formula  



and tautomers, and pharmaceutically acceptable salts thereof. 10. The
compound of claim 9 selected from the group consisting of:
4-Cyano-1H-imidazole-2-carboxylic acid
[2-cyclohex-1-eny1-6-(2,2,6,6-tetramethyl-tetrahydropyran-4-y1)-pylid
in-3-yl]-amide; 4-Cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-y1)-pyridin-3-ylkamide hydrochloride
salt; 4-Cyano-1H-imidazole-2-carboxylic acid
(2-(4,4-dimethyl-cyclohex-1-eny1)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-y1)-ppidin-3-ylkamide methanesulfonic
acid salt; and 4-Cyano-1H-imidazole-2-carboxylic acid
[2-(4,4-dimethyl-cyclohex-1-eny1)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-y1)-pylidin-3-ylkamide
(1S)-(+)-10-camphorsulfonic acid salt.    11. The compound of claim 9
which is 4-Cyano-1H-imidazole-2-carboxylic acid [244,4- dimethyl-cycl
ohex-1 -enyI)-6-(2,2,6, 6-tetramethyl-tetrahydro-p yran-
4-yI)-pyridin-3 -y11- amide hydrochloride salt.  12. A pharmaceutical
composition, comprising a compound of Claim 1 and a pharmaceutically
acceptable carrier.  13. A pharmaceutical composition, comprising a
compound of Claim 6 and a pharmaceutically acceptable carrier.  14. A
pharmaceutical composition, comprising a compound of Claim 8 and a
pharmaceutically acceptable carrier. 15:A pharmaceutical composition,
comprising a compound of Claim 9 and a pharmaceutically acceptable
carrier. 16. A pharmaceutical composition made by mixing a compound
of Claim 9 with a pharmaceutically acceptable carrier. 








