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RELATED APPLI CATI ON This application clains priority fromUnited States

Provi si onal VYPpI%®EREIons Serial 5Nos. 60/980623, filed F¢TASEYPREF0817 2007, the
contents of which are hereby incorporated by reference in their entirety.
BACKGROUND OF THE | NVENTI ON 10The invention relates to novel conpounds that
function as protein tyrosine kinase inhibitors. Mre particularly, the
invention relates to novel conN®BUBOEORSAF CFMS$ KINASE i nhibitors of c-fns

ki nase. Protein kinases are enzynes that serve as key conponents of signal
transducti on 15pat hways by catal yzing the transfer of the term nal phosphate
from adenosi §RES REFERIRYSH AQtRELAMHE APBLIGETIINNIr oxy group of tyrosine, serine

and threoni ne resiryepgplRhti@radifh PSorith\Srom GARE SIS PESisiPaOABHIaKIRBBHal
inhibitors and substrates are val uabl e tools for assessing . the physiol ogical

I
consequences N8 PPt filgd pgdietodet | 42007 odhe coptfatsRf ethashsr RE TRy PdHethpr opr i at e
expressi on of,y RAERRe iRtheh@REy. Protei n kinascs in manmal s has been
20denonstrated to play significant roles in the devel opnent of many di seases,
i ncludi ng cancer and di abet es. Protein kinases can be divided into two

cl asses: thoga WhEROUINGE Y eAEIRVBEN RS Phor yl ate tyrosine residues (protein
tyrosi ne kinases) and those which preferentially phosphoryl ate serine and/or

t hreoni ne residues (protein serine/threonine kinases). Protein 25tyrosine

ki nases rform di : I i e i rowt h and
differ enltq ?at ion tgﬂe:frhré%st{o{fge? &%Sepﬁoigg%@? g%@?nﬁﬁ%é%#g%nﬁgoé@gg@ﬁ ied as
ei t her receptimrbipprot Kiore paytroripgthkinnagms rdates totnoad ebinpéuads fheioiuaitiontyr osi ne

ki nases. Their{h?t?{%?stcﬂrc-fﬁ{s n%.%éﬁ.'. tyrosi ne ki nases, which possess an extracel |l ul ar

| i gand bi ndi ng donal n an%san intracellular catalytic domain with intrinsic
tyrosi ne kinase activity, are distributed anong 20 30subfam i es.

Receptor tyrosine_kinascs of the epidernmal growh factor . ("EG" .amly, which
el udos HER 1. BRI RODRHE HERCS DR e, SUBROa o e Pakl Ll ar
bi ndi ng 15 pathways 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 kinase activation. The overexpression

or inappropriate expression of normal or mutant protein kinases in mammals has been

20  demonstrated 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

25  tyrosine 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

30  subfamilies.

Receptor tyrosine kinases 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 domai n, a transnmenbrane domai n and an

intracel lular c | asm ¢ catal ytic domain. Receptor binding | eads to the
initiation d‘l"oﬁ%’P@gzﬁWe intracel lul ar tyrosine kinase degéd H%WS/W%phoryl ation
processes, which ultimately results in oncogcne transcription. Brcast,
colorectal and prostate cancers have been linked to this famly of receptors.
5 Insulin receptor ("IR') and insulin-like growh factor | receptor ("IG--

| ﬁ') arc st r debinad irahsﬁheﬁibﬁau@@dm@ﬂﬂadd %11ﬁtedcamlﬁd dguiplagm&rch?@itlsﬁbﬂnslh bi ol ogi cal
effects. TG, | R oyer-expression. has som Wi t. reast cancer .

Pl atel et der i&?&ﬁ’t‘ﬁ\r(’ ?aéiéf%tpe nitEHes ?ml"]éle ﬁ?t&cgﬁ‘ﬁﬁd}’raflﬁe Q‘B‘T‘SF &F%ﬂ fsponses
that include B&@h@@ﬁﬁ&t p@ébssdm\gmlaﬁ mqﬂla@meﬁm&vﬂ MRbgaBeahdofptibAe BREGER, the stem
cell factor fOreceFt or (c-k and c-fns. These recep tors ave been linked to

di seases sucle/qEcly ﬁ@r%%“éqt*’e?aéﬁr%h”ﬁbﬁ?l’o@kéd fQrihis e 9 fapegpiofre

vi treor et knopat hyngylin receptdri(AROPInA S sui-A14 Qo@vﬁpﬁa@&rl( cEGRr Y 1GeCIRPS Ak S consi st
of four receptors which are responsible for the production of blood vessels,

for 1inb out giresrnlly endduncsipnaliaclgied wntexemdisdanct bieragivel edfecsn@-1Rener ous cel |
types. 15V33%H¢r@§sm‘ﬁ%9§’l§é%ﬁ aés@&gtg&%'ﬂrefaﬁ% er.("VEGF"), a potent mtogcn of

endot hel i al , 1S produced 1 n elevated anounts by nmany tunors, including
ovari an car ci nonmaBlatcderkied arowtlefetor 6PHGEE) revERGHEs aleéla@e:sillgitra’t?@dnwsthVEGZR- I

(FIt-1), VEGHR e O PR iqE R R oGl bl AT Rlat 8ACHOHR Ry LfiggRbOr s, tic-1

and tic-2 kinases in vascu ar en I'um and
hcmat opoilét i ceceptbt &+ klt\)'EGFc frm:é"pesorr@ebtamélab@lmn Bokdadné ddeases suelsoul ogenesi s and

angi ogenesi s. thI rrg)trarcSl f%mma 1ferat}v%r%; ne aﬂlases are al so known as
non-r ecept or F e ?ﬁ ? rosi ne RI%NadeEs rr3®%Yeh ki nases have been

identified and hal?@db%fgm%&sfmtén (EBGRNtrecepbrssaobsigrmil Faue seceplibie whédhiane/ t hr eoni ne

e T A S R e

di seases, scHifze@hittih afnumbousedliaigtsarthritis, cardi ovascul ar di sease and
cancer are exenpl ary of pathogeni c condi ;l ons. that have be%glﬂiﬂ nked W th

abnor mal 1protein V§¥yerf ?féioﬁ’ielrﬁag%)"%?qc r{(WEGH )< ofenhmiaessat spdothelpl sel ecti ve

and potent snaily is d%@é!i' i8 elem&@mﬂmﬁﬁsr%%a@ t&h&@s&md}ﬁg b akig §ar01kbr§as Pat ent Nos.
6, 383, 790; 6, 346, 625; 6, 235, 746; 6, 100, 254 t ernationa

Appl i cati ons merrs@wrs VB zredoizangd WE@FE@E@@G)@F%E%K%Qﬁoave of

recent att enpir;HRQ3 #it ﬂhﬁ%fc‘fa@edﬁtj&kb didlie Fsoﬁél aMQm 2 kinases, have been
2009/ 052237PCT/ US20118/080081 THE 1 NVENTI ON The i nvention

addr esses thedeét]%delﬁt‘fafﬁé]@ﬁeffd@ﬂleb@né&]ﬁﬁy@t@ﬁwﬁﬁ)ml@nt\/ E6Foredptors kaves¢de ki nasc
i nhi bi t ong ()70 i&glvggc{}@ aRtieMq 4 élg{g)g?d 'g__grs of c-fnms kinasc. The invention is
e

directed 5 to the nov conpoun ormula 1: 0,t. W
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
kinases, are predominantly intracellular.

25 Diabetes, 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.



ZNH XJ R2 NN N 10 wherein each Rd is independently H F, d, Br, |, OH,
0CH3, OCH2CH3, SCI 14)al kyl, SOC(14)al kyl, SO2C0_43alkyl, C(l 33al kyI CO2Rd,
CONal , G C12VQ2008P528K; wherein Rd is H, or -Cpalkyl; Re chquzooypsooa@( 13) al kyl ;
15Rd. is H or -C(lI_3)alkyl; and Rg is H, -CH2OH, or -CH2CH2OH, R2 is
cycl oal kyl, spiro-substituted cycl oal kenyl, thiophenyl, dihydrosulfonopyranyl,
phenyl , furanyl, tetrahydropyridyl, or dihydropyranyl, any of which may bc

i ndependently substituted with onc or two of each of the follow ng: chloro,
fluoro, 20hy Co_3valkyl and C(4)alkyl; Zis H F, d, or CH3; J is CH,
or "N w0 2008 BE NS NEN e X <

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

5  to the novel compounds of Formula I:

OYW
z ~ NH
NN

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:
R*
HN’S\ "b\ HN"< HN
?%’L\N\ RO BN TR E’K/N %%/k\N
D, I
4 /
2R o }.{)/kN>\R4

10 H
wherein each R? is independently H, F, Cl, Br, I, OH, OCH3, OCH,CH3, SCq_4)alkyl,

SOC;.4yalkyl, SO,C (1 aalkyl, -Cq1.3)alkyl, CO,RY, CONRR', C-CRE, or CN;

R4

wherein R®is H, or -C13alkyl;
R®is H, or -C(13yalkyl;
15 Rlis H, or -C(;.3yalkyl; and
R&is H, -CH,0OH, or -CH,CH,0H;

R’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,

20 hydroxy, Cq-3jalkyl, and C4jalkyl;

ZisH, F, Cl, or CHz;

Jis CH, or N;



0 5HOHO)=- pci;Sx Sx- OHN.- , or wherein Rwis H -02QL_4)alkyl, -CONH2,

- CONHQL_4) alk CON(C11_ 4)ancy.02, or -COQ _4ialky. 10 BRI EF DESCRI PTI ON OF
THE DRAW NGS’VéIZWF@”ﬂ is an X-ray povvder diffracti on patPC&y2Wp/ 04 conpound
of Exanple 31 expressed in ternms of '20. FIGURE 2 is an X-ray powder
diffraction pattern of the conpound of Exanple 32 15expressed in ternms of '20.
WO 2009/ 052237PCT/ US2008/ 080081 FIGURE 3 is an X-ray powder diffraction
pattern of theiscompound of Exanple 33 expressed in ternms of 20. FI GURE 4 shows
the effect of Compound A on ankle and paw swelling in the strept ococcal cell
wal | (SCW er}{E of arthritis in rats. 5 DETAI LED DESCRI PTI d]: THE | NVENTI ON

The i nvention aderﬂss}es the current @ed for Obel ecti and potent protein
tyrosine kinas bitors bg rovi ding potent in bto Szggf c i nase. The
invention is ed 18 t heQ novel pou XJz R2
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wherein R" is H, -C(1_4)alkyl, -COQC(M)alkyl, -CONH,, -CONHC(1_4)alkyl, -CON(C-
4)alkyl)2, or -COC(1_4)alky.

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

15  expressed in terms of °26.



NN 4 N R 15 wherein each R4 is independently H F, d, Br, |, OH OCHS3,
OCH2CH3, SC(I A)al kyl, SOC(1_4)al kyl, SC2C(imal kyl, -C(h3)al kyl, COPRd, CON
| eRf, C=CRg,WVOrMRP22¥herein Rd is H, or-C(13)al kyl; Re PSTS2QYp/080¢8113) g| kyl ;

20Rf is H or -C(1_3)alkyl; and RP: is H, -CH2OH, or -CH2CH2OH, R2 is
cycl oal kyl ,
phenyl ,

F, 0,

or

10

15

20

G_l.ele'

spiro-substituted cycl oal kenyl, thiophenyl, dihydrosulfonopyranyl,
furanyl, tetrahydropyridyl, or dihydropyranyl, any of which may be WO
2009/ 052237 P@GU&EQQB&O&Q%@W@MM@@M@M& ¢ompoeit s Bxampre3or two of each
of the follomﬁngs(ploro oro, hydroxy, CO_3)al kyl, and C(14)al kyl ;

sd iepprmg of |\% '5Xi s
FIGURE 4 shows the effect of Compound A on ankle and paw swelling in the

streptococcal cell wall (SCW) model of arthritis in rats.
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

novel compounds of Formula I:

o§rw
z ~ NH
NN

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:
R*
HN—fL\ HN HN—{ HN
p— /L:§>\ 4
R
- J\\N RV AN : ‘%fk/N , ES/Q\N
R )
4

2Ny RY o EJ\N>\R4

wherein each R* is independently H, F, Cl, Br, I, OH, OCHs, OCH,CH3, SC(1.4)alkyl,
SOC(1_4)alkyl, SOZC(1_4)a1ky1, —C(l_g)alkyl, COsz, CONReRf, CiCRg, or CN;

R4

wherein R®is H, or -C; 3alkyl;
R®is H, or -C(; 3yalkyl;
Riis H, or -C1-3yalkyl; and
R&is H, -CH,OH, or -CH,CH,0H;
R’is cycloalkyl, spiro-substituted cycloalkenyl, thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl, any of which may be

Zis H,



, or wherein Rwis H -CO2C(1_4)al kyl, -CONH2, -CONHC, hual kyl, -CON C*

4)al kyl) 2, or -COCC, pual kyl. Anot her enbodl ment of the invention is a conpound
of Formula IWORMEPERH: HN , or-'-zz? Z is H J i PCEYS2YP04Q08L  5Xj g
and sol vates, hydrates, tautomers and pharmaceutically acceptable salts

t her eof Anot her enbodi nent of the invention is a conmpound of Fornula 1,
wherein: WD 2009/ 052237PCT/ US2008/ 080081 Xi s and sol vates, hydrates,
tautomers and phamdaeadkntle 3hbsytuadcetabloetverditeact drakiehflowingt dhesro gnibadi ment  of

the invention is ﬁ\ydc%or;}%und of Fdoé(u)all?yl wherein: , \ HNHy-1 HN

a-nalkyl, an
OH OH OH .
H OH, OH, OH
o. OR"
\\OH 7, T\I/ /
@ OH \\ “OH 74 ’OH

o 03 Hogj(\)) Q?% HO? ﬂij
‘Qﬁﬁﬁﬁ?

wherein R" is H, -C(1_4)alkyl, -C02C(1_4)alkyl, -CONH,, -CONHC(1_4)alkyl, -CON(C-
salkyl),, or -COC_galkyl.

ZisH, F, Cl, or CHs;
Jis CH, or N;
5 Xis

e

Higgy

Another embodiment of the invention is a compound of Formula I, wherein:



1\1Or WO 2009/ 052237PCT/ US20118/ 080081 and sol vates, hydrates, tautoners
and pharnmaceutically acceptable salts thereof 10 Anot her enbodi nent of the
invention i sVA208MP3¢nd of Fornula 1, wherein: HN Wi s NCEUSZ0R{080881; 5 CH or
N; and solvates, hydrates, tautoners and pharnaceutically acceptable salts
t hereof . 10Anot her enbodi ment of the invention is a conpound of Formula I|a:
WO 2009/ 052237PCT/ US2008/ 080081  wherein Rwis H, -Co_4)alkyl,

-CO2C(14) al kyl, - CONH2, CC]\IHC( 14) al kyl, -CON(Cei _ 4)al kyl )R, or

-COC(1_4)al k ;. andHis , es taut o nd pha% ytically
acceptabl e sa hg);j\\(?(_{ Anot odi men TEN Re inv Hbs a conpound
of Formula | a wher €i'n sol v hydr at es faut omer s” an/’ihar maceutical ly

acceptabl e salts there Anot her errbodl ment of $he inventiorfis any exanpl e
conmpound sel ect ed fH m\t he gr ourH S|B§t| ng o\ ol

=

HN N / HINT\ I\
) g@s\\o [ SR
HN
%Q\EN
Zis H;

Jis CH, or N;

a@éz@oz@@x@ez@

NOyNG)




tautoners, and
the invention is

Furt her enbodyin
PCT/US2008/080081

WO 2009/ 052237PCT/ US2008/ 080081 and sol vates hydr at es,
accept abl e salts thereof.

phar maceuti cal |
a conmpound oVOeM&§283+ul a 5

5 5 HO & HO g '
W W N
HO , OH , OH ,\//\O ,

“,

HO "OH
HO
HO Q ; & * X *
o OB O
HO 2 HO b O b 2 2 b
: : S oy
HO & fOHZ £ OH& 2
and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.
H

Another embodiment of the invention is a compound of Formula I, wherein:
N/
| s,

J: N \O

: AN N2 N \
W is JQH | %JQ/NB_ | }e??/[(}\:N ,???
cl
HNTN al

N0
vy O
\ HNTN
E’?fk\N SN }%J;I\?_Br , ,J*N
H
HN N / HN N
fz*\N@ ks S

Cl

;D\EN

Zis H;

Jis CH, or N;
R s
o O OP. O~

10



and sol vates hydrates, tautoners, and pharmaceutically acceptable salts
thereof. Preferably, the conpound is selected fromthe group consisting of:
4-Cyano- 1 HNPﬁ?”/ﬁ%ﬁﬂ e-2-carboxylic acid [2-cycl ohex - PET/US2008/080081
-enyl-6-(2,2,6,6-tetramet hyl tetrahydro-pyran-4-yl)-pyridin-3-yl]-am de;
104-Cyano- 1 Him dazole-2-carboxylic acid [2-(4, 4-dinethyl-cyclohex- 1
-enyl)-6-(2,2,6,6- tetranethyl-tetrahydro-pyran-4-yl)-pyridin-3-yll-am de
hydrochl ori d& sal t; 4- Cyano-113- i m dazol e-2-carboxylic acid

[ 2- (4, 4-di methyl - cycl ohex- 1-enyl)-6-(2, 2, 6, 6- tetranethyltetrapydro pyran-4-yl)
-pyridin-3- yfkanlde met hanesul fonic acid salt; and

4- Cyano- 1H—|n1daszé32 car boxylic acPH

[2-(4,4-dimeth Cl'ohex- 1- eny%) 6-2,2,6,65 1
S5tetranet hyl -t ydr o- : ) '
(1S)-(+)-10- canptior sul [ ' ( { txsalt. Most

preferably, the c @ 244, 4-

di net hyl - cycl ohex- 1\eny1l) - | freH pyran-44y1) - pyridi
n- 3-yl k am de hydrochl ori de salt 5l n anot her enbodlnent of the inventionis a
pr oduct nadeehy any of the processes of Exanples 1-30. Another enbodi nent of
the invention{(is a pharnaceutlcal

Formula | and a8 pK r
the invention 3 phar naceuyy TpQstti ' risin

conposi ti @, omenprising a conmpound of
_enbodi nent of
cotfpound of

frey enbodi ment of
the invention is ag@h#? } v ] conprgﬁl 15conpound | i sted
in the Exanpl es sect\ion of i sOhecificatjonland a phaf madeutical ly
acceptabl e carrier. Another enbodinent of the invention is a method of
treating a dlse.‘e sel : sis, Paget's

di sease, rhe gr thy L ot hergfogns of rthritis,
ostcoarthrltls, prbst@dsi s ytic sar and tunor
nmet ast asi s toHagne{conpri sofg i ni ihg to a f such

treatment a therapeutically effecttve ambunt of at~ l'east one conpound of
Formula 1. Anothker epbodigent of the invention is a nethod of treating a

di sease selected N 1ot he 0 /glonentLoneohr|§45
i nfl ammat or y 58vely di i dos cornigesti ve
obstructive pul pongry dise i brosie,) ast hng,

pancreati fis, V i'nfect'8n, nor retated angi ogenesi s,
age-rel ated nacul ar degeneration di abetic retlnopathy, rest enosi s,

schi zophreni a ap Alzhelner s denen%%a CO g adm nistering to a manmal in
need of such tre&dtmwEnt_3a

1 Yy,
2 2 2 Or 2

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

Another embodiment of the invention is a cornpound of Formula I, wherein:
. HN N
Wis TN D Q\
X / o =N EJQ N %‘SA =N or

Zis H;
Jis CH, or N;

R%is
o 0 OP. oF

10



30t herapeutically effective amount of at |east one conmpound of Forrmula I. WD
2009/ 052237PCT/ US2008/ 080081 Anot her enbodi nent of the invention is a method
of treating YaeM?0323¥ udi ng skel etal pain caused by tundCTHSRENEPESIs or
osteoarthritis, or visceral, inflammatory, or neurogenic pain in a manmal
conprising admnistering to the manmal in need of such treatnment a
therapeutically effective ambunt of at |east one conpound of Fornmula T. 5
Anot her enbodi ment of the invention is a nethod of treating a disease sel ected
fromthe grogg consi sting of ovarian cancer, uterine cancer, breast cancer,
prostate can ? | ung cancer, colon cancer, stomach cancer, or hairy cel
| eukem a conpxi si ng adninistering to the mammal in need of such treatnent a
t herapeutical Iy effective amount of gt |east pne 10 ¢pppound Formula 1.
Anot her enbodlu-~§%f “the |nvent|on ?@ a netogd of t eathg o] eventing

N : y agcer

cancer, |lung cande
conpri sing adm ni

Anot her enbodi ment of °t he |nvent|on’|s a method of vtreating -an aut0|nnune
di sease selected fromthe group consisting of systemic |upus erythematosus,
rheumat oi d arthritis 20and other forms of inflanmatory arthritis, psoriasis,
Sjogren's syn zsul tipl.e sclerosis, or CF4s conpri si ng adnlnlsterlng to
the manmal in f such [treat nent -

| east one conp of For
met hod of treatin a G sed
osteoporosis, Paget®s di-s&
inflammatory arthriters, os eoarthrltls prosthesis failure, ostcolytic

sarcoma, nyelo and tunor netastqsﬁs t CONPLI Sd.ng adm nistering to a
manmal i n need ofgsuch%t r eat xent th pe t cal efTéctivelamsuit of at

| east one com %%eao" ¢ Exanpl ection hi s é cation. 30
WD 2009/ 052237P¢A 8/ 08 Anot her ¢eprbodi nent th lonis a

met hod of stre ngla dlse fe s | ected foem the groop conS|sﬁ?ng
gl onerul onephritis, |nflannatory bomel di sease, prosthesis failure,
sar coi dosi s,

fibrosis, ast

t Rye uInD ar |sease |d|opath|c pul nonary
[ IS, ncreat ps ab t unor
rel ated angi ogen |amee culao d geq§§5E§* <§§E¥é;|c
reti nopathy, rmeste 05|s HéChI ophné i and

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

10 Another embodiment of the invention is a compound of Formula I, wherein:
HN
\
W is 2/(\;>\:N

Zis H;
Jis CH, or N;

10



Al zhei mer's denmentia conprising admnistering to a mammal in need of such
treatnent a therapeutically effective anmount of at |east one conpound |isted
in the ExanpV@30088¥23%on of this specification. 10Anot hePCaHSSYPAEMR! of the
invention is a method of treating pain, including skeletal pain caused by
tunor netastasis or osteoarthritis, or visceral, inflamuatory, or neurogenic
pain in a mammal conprising admnistering to the mammal in need of such
treatment a therapeutically effeqgtive anount of at |east one conpound |isted
in the Exarrpl[g:slsse of th cification. 15 Anot her enbodi nent of the
invention is a nethodof bF a di sease selected fromthe group consisting
of ovarian cancer, uterine cancer, breast cancer, prostate cancer, |ung
cancer, col oXsancer, stomach cancer, or hairy cell |eukenmia conprising

adm ni stering to the mamal in need of such treatnent a therapeutically

ef fective amoynt of at |east one 20conpound | jsted in_ the Exarpl es section of
this specificatig H anot her enbodi t of thg"inventi i 3

treating or prg I ng met asgasi;s fr oy.ar , breast
cancer, prostat ancepg | ung €ancer n hairy
cell | eukem a conpri sing | steri t he

treatnment a therape@ticall\ ective angount of \at dlisted
in the Exanpl es sect'ion of peci fi caPflon. An&tth i rent of.the

invention is.a nethod of treating an autoi nmune di sease selected fromthe
group consi stithg of system c |upus erythenmatosus, rheumatoid arthritis 30and
other forms of\ infl.gmmatory, arthritis, psori siOMe Sjogren's syndrone, multiple
sclerosis, or % i dm ni stxery t ozt he | iR need of such
treatment a W 08/ 08 dpeut i cajdpy~eftecti ve anmount
of at |east one cpnp ed i n\t Re) Bxa s/ e8ct i Jf Hos speci fi cation
: .' a nethygd of trpegd f a di sease sel ected
fromthe 5group consksting-of osteoporosis; Paget's disease, rheunatoid
arthritis and other forns of inflammtQry arthc§t's steoarthritis,
prosthesis failu oskrol ytN.c~sa %) ; nor tasis to bone
conpri sing aqyy ) [ a

t herapeutically cti've a of at oun i S in the
Exanpl es sectif®h off this BPecification. o Agtion retates to

met hods of inhibiting protein tyrosine kinase activity 'n a mammal ’by

adm ni stration o h ically effective anpbunt of at |east one conpound

of Fornul a IHdA 0 e fns, Thesinventisen i s
consi dered t o 1 ngltg di astare C an

HO
HO & fOH%  fOH% @

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

N9Hb

10 Another embodiment of the invention is a compound of Formula Ia:

11



15tautoneric fornms of all conmpounds of Fornula | as well as their racemc

m xtures. In addition, sonme of the conpounds represented by Fornulae land Il a
may bc prodrtig3009052237  derivatives of an acting drug thdCTESIWEEY/dyperi or
delivery capabilities and therapeutic value as conpared to the acting drug.
Prodrugs are transformed into active drugs by in vivo enzymatic or chem cal
processes. 20 1.Definitions The term"al kyl" refers to both |inear and
branched chain radicals of up to 12 carbon atomp, preferably up to 6 carbon
atons, unless otherw se indicated, and include 7 but is not limted to,

met hyl , ethyl, propyl, isopropyl, butw?f, s yl, sec-butyl, tert-butyl,
25penty| |sopentyl hcxyl |sohcxyl \%}L§ ctyl, 2,2,4-trinethyl pentyl,
nonyl , decyl, undecyl and dodecyl. J7S he term "cycl oal kyl" refers to a
saturated or partially unsaturatedy coRposed of from3 to 8 carbon atons.
Up to four al kyl substitucnts nmay optiqgmpally be present on the ring. Exanples
i ncl ude cyclopropyl, 1,1-dinmethyl cyclobutyl, 1,2,3- 30trinethylcycl opentyl,
cycl ohexyl , éng%bentenyl cycl ohexenyl, and 4, 4-di net hyl cycl ohexenyl. WO
2009/052237PCT/U82 080081 : The term "al kyl am no" refers to an am no

wi th one al kyl» sub5| ent, t he anino group is the point of attachnent
to the rest heg cugp :The term"heteroaryl"” refers to 5- to

7- menber ed nono- or 8 to 10 nenbered bicyclic aromatic ring systens, any ring
of which may Jeo@distN;ehdfrom one to four 5heteroatons selected fromN, O or S
wher e the an{ogen and sul fur atonms can exist in any allowed oxidation state.
Exanpl es i'nc de benzi m dazol yl , benzot hi azolyl, benzothicnyl, benzoxazolyl,
fury], |n1da29$yl i sot hi azol yl, isoxazolyl, oxazolyl, yrathyl pyrazol yl,
pyrldyl pyri dlrb” pyrrolyl, quinghinyl, hlazolyk»and t hi nyI The term
"het er oat ont s E %o

10wherein the
st ates. t er mHoal ko
of up to 12 carbo 4
atom Exanples inclyde nethg X

term "spiro-substituted cycloalkeny1 refers to a pair of cycloal kyl’rings
that 15share S|ngle carbon atom and wherein at |east one of the rings is

partially uns urated for exanple o ORW
OH -
bH
zL?; 1% 5}, HO ?7?7‘
"/'OH HO O O
HO OH OH ,

NG
X d ,O ,,
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Ther apeuti c Uses The conpounds of Fornula | represent novel potent

i nhibitors of protein tyrosine 20ki nases, such as c-fns, and may be useful in
t he prevent i%WA2¥852+%eat ment of disorders resul ting froMCASPEHESBH t hese

ki nases. The invention al so provides nethods of inhibiting a protein tyrosine
ki nase conprising contacting the protein tyrosine kinase with an effective

i nhi bitory anmount of at | east one of the conpounds of Formula |I. A preferred
tyrosi ne ki nagereiSR CisfHBC; JHRYI2E ®GonRARL SCONHL, heOPIHES enllkyll,hgenCen are al so
i nhi bitors of EL_TB tyrosine kinasc activity. In one enbodi ment of inhibiting
a protein tyr8&yheoki ev2lgfl | east one of the compounds of Formula | is
conbi ned wi t Rpn@sdHRWNhyldYdt&SlaB@misisas phdrMBédatitad acceptable salts thédedfar i OUS

enbodi ments of the invention, the protein tyrosine kinascs inhibited by the
conpounds of Formula | are located in cells, in a mmmal or in vitro. In the

case of 30 MATRRLSemyMAifdht bIGE HRERiIAWRASmpoand HEFRAREMA GAbLY ef fective anmount
of a WD 2009/ 052237PCT/ US2008/ 080081 pharnmaceutically acceptable form of at

| east one of the conppoynds of Feynula 1 is adm nistered. The invention
further provighgs s of t ing cancer in mammals, including humans, by
adm ni stration of - erapeuficdl |y effective anmount of a pharmaceutically

5accept abl e §§$@QSi ion of |east one conpound of Forrmula T. Exenplary cancers

i ncl ude, but nBtlimted to, acute nyeloid | eukenia, acute |ynphocytic
| eukem a, ovafisan cancer, uterine cancer, prostate cancer, lung cancer, breast
cancer, colon\cancer, stomach cancer,and hairy cell |eukem a. The invention

al so providesgrethods of treating certain precancerous Iesioﬁk)including
myel of i brosi s{ | n @he enbodi nent of Phe i nveRti on, aﬁ*ﬂo ef fective ,anount of

at least one c of Fornul.a | i's adm nis LR C np%nat ﬁ?th an
ef fective anmo a E enofifle i : T nvent further
provi des net hods—Of tr i W avent i t ast ari si from cancers

t hat include, but“-ape not \ncer, uf\erine can , prostate
cancer, lung cancer, hreast PH col omotlancer -Gt onach-@4ancer, anhd hairy
cel | 15| eukeni a. The invention further provides nethods for the

treat nent ostemporosis, Paget's disease, and other diseases in which bone
resorption medi ates norbidity including rhewmjonied arthritis and other forms
of inflanmmat or ritis, ostcoarthritis, prysthesis fajlure, ,ostcolytic
sarconma, nycl oqs | S ( tly in
20cancers i ncl & “alie cancer, and
col on cancer. 0 hon arsag provi met K reating pain, in
particul ap skel etal \pain ¢ ed9y tunor nptastasis, or osteéoarthritis, as well

as visceral, inflammatory, and neurogepi c pain.
> 5 HO wa HO o e
HO "”OH HO@ O o O@’
HO 2 HO 2 OH 2 OH )$O 2
HO HOQ O=g
HO , HO , o

Y
: b5

0 sy My 9k

&L aL LY

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.
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The invention al so provides nethods of treating cardiovascul ar, inflammtory,
and 25aut oi nmune di seases in mamual s, including humans, by adm nistration of a
t her apeut i caVPyV0PF2E i ve anount of a pharnmaceutical |y FECEFRUBPR¥or m of at

| east one of the compounds of Fornula |I. Exanples of diseases with an

i nfl ammat ory conponent include gl oncrul onephritis, inflammatory bowel disease,
prosthesis failure, sarcoidosis, congestive obstructive pul nonary di sease,

i di opathic pul nonary fibrosis, asthma, 30pancreatitis, H V infection,

psoriasis, diabetes, tunor | at ed. angi ogenesi s, age-relate cul ar
degenerationfmﬁﬁﬁB%?W@“?%?P%@ﬁHWWVFmHgﬁﬁéﬁﬁgP@FWEEﬁWQégﬁ?%HgﬁggF%mufheiner's
WO 2009/ 052234R:Tihg/S2008/ 080081 denentia. These may be effectively treated

wi th conpounds of this invention. O her diseases that may be effectively
treated include, but sfe not limted to atherosclerosis and cardiac
hypertrophy. Aut oi di seases such as system c | upus crythenmat osus,
rheumatoid arthritis d 5gtbher forms of inflammtory arthritis, psoriasis,

Sj ogren' s syndrone, Itinﬂ el.s is, or uvcitis, can also be treated with
conpounds of this ¢ iog. N The term "t herapeutically effective anount”
as used herein, > at damount of active conpound or pharnmaceuti cal agent
that elicits t ol ogi cal or nedicinal response in a tissue system aninal
or human t hat 2ei ng sought by a researcher, veterinarian, 10nmedi cal doctor
or other clinician_which includes alleviation, prevention, treatnent, or the
del ay of the onset 6& progression of the synptons of the disease or disorder
bei ng treated. When enpl oyed ’as protein tyrosine kinase inhibitors, the
conpounds of the inventyon nay be administered in an effective amount within

t he dosage range of a 0.5 ng to about 10 g, preferably between about 0.5
ng to about 5 g, in skogle or divided daily 15doses. The dosage admi ni stered

wll be affected by fagtors dNch_as the route of adnministration, the heal th,
wei ght and age of thefeegi'pi N the frequency of the treatnent and the
presence of co MES d gnrel ated treatnents. It is also apparent to
one skilled i t “that the therapeutically effective dose for conpounds
of the present i ion or a pharnmaceutical conposition thereof will vary

~desi-FPBd effect. Therefore, optimal dosages to be
adm ni stered may be readily determ ned by one skilled in the art and will vary
with the particul ar xnpound used, the node of adm nistration, the strength of
t he preparation, an e advancenent of the disease condition. In addition,

factors associated W hgyparti cul ar subject being treated, including
subj ect age, ¥gight, eﬁwfﬁ£§§44§m of administration, will result in the
o)

OH \[(k\N
@]

OH
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25need to adjust the dose to an appropriate therapeutic |evel. The above
dosages are thus exenplary of the average case. There can, of course, be

i ndi vi dual iWe¥AE¥33here hi gher or | ower dosage rangedCABS2HEPEP-Ed, and such
are within the scope of this invention. The conmpounds of Formula | may
be fornul ated i nto pharmaceutical conpositions conprising any known

phar maceutical ly acceptable carriers. Exenplary carriers include, 30but are
not limted to, any‘suditable solvents, dispersion nmedia, coatings,

anti bacterial and P09/ 052237PCT/ US2008/ 080081 anti fungal agents and

i sotonic agents. Exgpp!ary excrnients that may al so be conponents of the
formul ation include ¥il IHer@N i rs, disintegrating agents and | ubricants.
The phar maceuPiical | y=ag¢ shf'e dalts of the conmpounds of Formula | include

t he conventi oyal mi! § salts or the quaternary ammonium salts which are
formed from 5 pr gani c or organi ¢ acids or bases. Exanples of such acid
addition salts ¢l ude acetate, adipate, benzoate, benzenesul fonate, citrate,
canphorat e, dodetyl sul fate, hydrochl oride, hydrobrom de, |actate, naleate,

nmet hanesul fonat e, “@PHt rat e, oxal ate, pival ate, propionate, succinate, sulfate
and tartrate. Base sal§s include anmmonium salts, alkali metal salts such as
sodi um and potassiumxalts, alkaline earth nmetal salts such as cal ci um and
magnesi um 10 salts, lts with organi c bases such as dicycl ohexylam no salts
and salts with am noXg iﬂsfﬁqubgz argi nine. Also, the basic

ni t rogen-conta ni ng g oug%rﬁgﬁ guatem zed with, for exanple, alkyl halides.
The pharnmaceut/i cal gomposi)fiofs of the invention nmay be adm ni stered by any
means that accwugphisshethei® intended purpose. Exanpl es include adm nistration
by 15parenter & bcut aneous, intravenous, intranuscular, intraperitoneal,
transdermal , bued or ocular routes. Alternatively or concurrently,

adm ni stration m ge by the oral route. Suitable fornulations for parenteral
adm ni stration inclyde agqueous sol utions of the active conmpounds in

wat er-sol uble form for exanple, water-soluble salts, acidic solutions,

al kal i ne sol utions, trose-water solutions, isotonic carbohydrate sol utions
and 20cycl odextrin ifnchusi on conpl exes. The present invention al so enconpasses
a met hod of naking axphar tical conposition conprising mxing a
pharnaceutlcaily acce-tag ief, With any of the conpounds of the present

i nvention. Additiong present invention includes pharmaceutica
conpositions ny X a pharmaceutically acceptable carrier with 25any

the present invention. As used herein, the term

tended to enconpass a product conprising t he specified
ingredients in the specified anounts, as well as any product which results,
directly or indirectly, fromconbinations of the specified ingredients in the
speci fied amounts. 30 Pol ynorphs and Sol vat es

e

Nij\NH
&

HE

HO
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WO 2009/ 052237PCT/ US2008/ 080081 Furthernore, the conpounds of the present

i nvention nmay have one or nore pol ynorph or anorphous crystalline forns and as
such are i ntWRa¥d'1%83be i ncluded in the scope of the i nPEATUSHNS§0RBIddi ti on

t hc conpounds may form sol vates, for exanple with water (i.e., hydrates) or
common organi ¢ solvents. As used herein, the term"solvate" neans a 5physi cal
associ ation of the conpounds of the present invention with one or nore sol vent
nol ecul es. This physi/cal association involves varying degrees of ionic and
coval ent bondi ng, udi ng hydrogen bonding. In certain instances the solvate
wi || be capabl e of ol ation, for exanple when one or nore solvent nol ecul es
are incorporated in YheHcrystal lattice of the crystalline solid. The term
"solvate" is intend d—€nhconpass both sol uti on- 10phase and i sol at abl e

sol vates. Nonxlimt exapples of suitable solvates include ethanol ates,

%) | ke is intended that the present invention include
within its schpg /sefvates of tHe conpounds of the present invention. Thus, in
the nmethods of treatnent of the present invention, the 15term "adm ni stering"
shal | enconpass the nmeans for treating, aneliorating or preventing a syndroneg,
di sorder or disease\gescribed herein with the conpounds of the present
i nvention or a solvyate thereof, which would obviously be included within the
scope of the invent al beit not specifically disclosed. 20l n another
enbodi ment, the in ian pelates to a conpound as described in the Exanples,
Formula 1, or %0 a L 8-#0r use as a nedi canent. I n anot her enbodi nent, the
i nvention rel st he u of a conpound as described in the Exanples,
Formula |, or pua Iathggghe preparation of a nmedicanment for the treatnent
250f a di seas® hgsedi ated Wit h®¥n el evated | evel of c-FMS production. In
anot her enbodi mgnt, the invention relates to the use of a conpound according
to the Exanples, Formula I, or Fornula la for the preparation of a nedi canent
for the treatnment of a\dysease selected fromthe group consisting of
ost eoporosi s, Paget's disease, rheumatoid 30arthritis and other forns of
i nfl anmat ory arthritisteoarthritis, prosthesis failure, osteolytic
sarconmm, nyeloma, and tyffiorynetastasis to bone. WO
2009/ 052237PCT/ US2008/ 08Q08 anot her enbodi ment, the invention relates to
the use of a co rgég,\to t he Exanples, Fornmula I, or Fornmula la for
the preparation snedi-ta %%Lpr thc treatnent of an autoi nmune di sease
selected fro e o consi stA ng™Nf system c | upus 5eryt hemat osus,
rheumat oi d aryhgftis and other forns of inflammtory arthritis, psoriasis,
Sjogren's syndrone, 'nultiple sclerosis, or uvcitis.

20
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I n anot her enbodi nent, the invention relates to the use of a conpound
according to the Exanples, Fornmula I, or Fornula la for the preparation of a
medi canent WP 2%@5247eat nent 10of a di sease sel ected fr STtWE¥PVI consi sting
of gl onerul onephritis, inflammatory bowel disease, prosthesis failure,

sarcoi dosi s, congestive obstructive pul nonary di sease, idiopathic pul nonary
fibrosis, asthma, pancreatitis, HV infection, psoriasis, diabetes, tunor

rel ated angi ogenesi s, ®qge-rel ated macul ar degeneration, diabetic retinopathy,
restenosi s, schizophrenta and Al zheiner's denentia. 15 In anot her enbodi nent,
the invention rel ates t he use of a conpound according to the Exanples,
Formula I, or Formula Im far ghe preparation of a nmedicament for the treatnent
of pain, including skeletaN-gai n caused by tunor nmetastasis or osteoarthritis,

or visceral, infl\a t , or urogcnic pain in a mammal. I n anot her
embodi nent, the i nt™h reNapes to the use of a conpound according to the
Exanpl es, For mul or Formula I@Nfor the preparation of a nedicanent for the
treat ment of rian cancer, uterine cancer, breast cancer, prostate cancer,
| ung cancer, colon cancer, stomach cancer, or hairy cell |eukenia. METHODS OF
PREPARATI ON Schene 1 O 2009/ 052237PCT/ US2008A080081 ,NH2 L J L 1-1

CN

HO o

OH and OH

=
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1-2 Z NO2 NH2 , NH2 1) Hal ogenati on

WO 2009/052237 PCT/US2008/080081
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Scheme | illustrates general nethodology for the preparation of conpounds of
Formula 1. To illustrate the nethodol ogy of this schene, reagents and

condi tions WP 20WE&2Ynpounds where J is CH arc defined. PFAGSEI08RIP]1ed i n t he
art will recognize that where J 5is N, mnor nodifications of the reaction
conditions and preferred reagents nay or may not be required. Conmpounds
of Fornula 1-3 can be obtained fromnitro conpounds of Fornula 1-1 where L is
a leaving group or reattive grqQup such as a hal ogen, trialkyl tin,

di hydr oxybor on, di al yborng?or pol yfl uori nated al kyl sul fonyl oxy by neans of

nmetal - 10catal yzed couypling reactions with appropriate coupling partners to

i ntroduce X. Suitabl ¢ coHpIﬁh partners are: polyfluorinated al kyl sul fonate
esters of enols wheg k /&l kyl tin, dihydroxyboron, or dial koxyboron; and
cycl oal kenyl bopronatle gsteys And boronic acids when L is brono, iodo, or

pol yfl uorinated a ul fonyl oxy. The preferred coupling nmethod is the

Suzuki - NIyauraO s for references, see: N. Myaura and A Suzuki,
15Chem Rev. 5. 9530;HA. Suzuki in "Metal -Catal yzed Coupling
React i ons, " F. Dei deri c\ PO Stang, Eds., Wley-VCH Weinheim (1988)) of
conmpounds of Fornul a ere L is brono or iodo. The preferred conditions
for the Suzuki-M yaura geaction.arc a pall adium catal yst such as

tetraki s(triphenyl phosphi ne) - pal’l adi um(0) (Pd(PPM 4), an aqueous base such as
agq. Na2C0l1l, and a sWyytable solvent such ag/ tol uene, ethanol, 1,4- WO

i oxyeth (DVE), or DMF. The

bed |g§ ater schenes. Am nes

of Formula 1-4 may be otht a fron1n|tr6 cortpouyidsy, of Formula 1-3 by
reducti on using stands I@éhmhetlc nmet hogo @¢ Reductions in Organic

Chem stry, M (Y, | By, New Yor . The preferred conditions are
catal ytic hyo ghati on using a pal/dgdiiumTcatal yst in a suitable solvent such
as net hanol o\ ®rhanol. When X confNai\ns an alkene it will be reduced to an

al kane. For conpounds where X ctiitains an alkene to Be retained in the final

conmpound, nitro redygti ons may be performed selectively using iron or zinc in

a suitabl e sol vent ¢h as acetic acid, or by using iron and ammoni um

10chloride in etha and wat@Y . Al ternately, the conpounds of Forrmula 1-4 can

be obt ai ned fron1anineSHofﬁ mula 1-2 by the nethods to replace L with X

descri bed above. Fg S of Fornmula 1-4 where X contains an al kene, it

can be reduced H@ an al kane by the net hods descri bed above if desired.

Conmpounds of F 1-2 that are not commercially 15avail able nmay be obtained

from compound Formula 1-1 by nitro reduction using iron or zinc in a

sui tabl e sol vent such as acetic: acid, or by using iron and anmoni um chl ori de

i n ethanol and watex, Conmpounds of Fornula 1-5 can be obtai ned by

ort ho- hal ogenati on ef erably brom nation, of am no conmpounds of Fornula 1-4
‘§§M

foll owed by netal -cat al yzed cotipl i ng
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20reactions with boronic acids or boronatc esters (Suzuki-M yaura reactions,
where RRMis R2B(014)2 or a boronic ester, see references abov&) or tin
reagents (StWPRPYIPLAEL i ons, where RRMis R2Sn(al ky1) 3, SE&&/US2008080¢1; | |
Angew. C hern, Int. Ed. Engl., 25: 508-524 (1986)) on the internediate halo
conpound. Preferred conditions for the brom nation of 1-4 are

Nor omosuccini mde (NBS) in a suitable solvent such as kAT-di net hyl f om am de
(DMF), 25tetrachl orgpet hane or preferably dichl oromethane (DCM or
acetonitrile. Metal<catal yzed couplings, preferably Suzuki-M yaura reactions,
can then be perfor accordiﬁﬁ to standard net hodol ogy as descri bed and

ref erenced above Genpl s of Formula 1-6 can be obtained from conpounds
of Formula 1-5 by reactm the amino group with a heterocyclic acid

gpondi ng salt 30 thereof 13" -WOOW2, where M2 is Li, Na
or K) where 1R _ N optional protecting group (for exanple

2-(trimethyl ).et hoxynmet hyl (SEM such as when Wis imdazole, triazole, WO
2009/ 052237P S2008/ 080081 pyrrole, or benzim dazole) or where Pl is not
present such as whe is furan. (For a list of suitable protecting groups for
W see Theodora W ene and Peter G M Wits, Protective Goups in Oganic
Synt hesi s, John WI N 1nc., NY (1991)). The coupling can be carried
out according to stamfdanrd progedures for am de bond formation 5(for a review,
see: M Bodansky an . Ky, The Practice of Peptide Synthesis,

Spri nger - Ver l.ag,: R 84)) @ by reaction with acid chlorides P1-WCOCL or
activated este rACO2Rg (where Rg is a leaving group such as

pent af | uor oph,pr Nsuccinim de) to form conpounds of Forrmula 1-6. The
preferred reac 6n ‘condi tions for coupling with PI-WCOOH or PI -WOOW are:
when Wis a furan (optional protectlng 10group P1 not present) oxal yl

gm 8;: gg ‘Inn[::dﬁl c? g‘o'lx%'te%%%i}ra%&ﬁmﬁomcr and P{:armaceug call(\f étgcaét & {)l\éssaltst er 03{ g:ln;[ 22 23I(:ﬂ as
N, N—diisopropwhemhym&mﬂmeg&Bmmkmumhmacwmp@mﬁoﬁyﬁﬁmhmk(opt|onal protecting
group P1 not present), 1-(3-dinethylam popropyl)-3-ethylcarbodiimde

hydrochl oride (MCl) and 1- hydroxybenzotx{ azole (HOBt); and when Wis an

i mdazole, triazole, pyrrole or 15benzi zoI e (oppional Pl present) the
preferred conditions arc bronotripyrrol i %rho§ oni um hexaf | uor ophosphat e

When Wn conpounds of
Fornula 1-6 contain an optional protect ngygryup 1 as nenti oned previously,
snpoOnds of Forrmula |I. 20 For
exanpl e, when Wis imdazole protected on nitrogen with a SEM group, the SEM
group can be renoved with either atidi ¢ reagents such as trifluoroacetic acid
(TFA) or fluoride sources such as tetrabutyl ammoni umfluoride (TBAF) (see
Greene and Wit compo s of Formula 1- ot contain a

ot otect g orBL TN by Sand S9! CRBHEC IS RERRGIC TR nal Ty it i s

under st ood t IpadferaRpReISsSH0Rhd ﬁ@él@&técﬁfrd)mlﬂffb)gr&ﬁ) Joumthlgrofderl vati zed. Exanples of
further derlvatlzatlon i ncl ude, but (gﬁ not |n1t when cggpounds of

Formul a | coftai?Ao-dHaipidigolg e oxylif & dflusyplohay %agéﬂ§?gﬁﬂ@ lami des or

aci ds under @gﬁﬁﬁﬁogymﬁa%nppﬁﬂmgggqqmﬁdemhen conpounds of Formula | contain an
ester, the ester ydrol ysed to the acid, and the acid ma be converted
to am ded? by 4t%@n9ré¥lﬁgwgtzole 2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6

tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide hydrochloride salt;4-Cyano-1H-
imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide methanesulfonic acid salt; and
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
15  tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide (1S)-(+)-10-camphorsulfonic acid
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30descri bed above for am de bond formation. Acids may be reduced to al cohol s.
The preferred conditions for the reduction of a carboxylic acid in the
presence of WOEYPIHAR2ZYHr oup WO 2009/ 052237PCT/ US2008/ 0800&ETIU2108/BR08 odi um

bor ohydride and ethyl chloroformate in THF. O efins may be reduced by

catal ytic hydrogenation. O efins can also be di hydroxylated to give diols
using a nunber of nethods including reaction with N nethyl norpholine N oxide
ca'éI al ylzled by sg18 rﬁdug@t&éram%itg@c&ﬁmﬁndB\ﬁi(?xuﬁo-lﬂeiﬁﬁdamlﬁuliaramb&j(ﬂﬁq dacid. [2-(baebl er, C.
and Beller, M, ern 50xi datj gn t hods aecicvall, J. (Ed.). - 20,

W1 ey- Ver | ag dt%%vﬁ)cy%#%%?@-@r%g%w@%@z -t,etfawéfo-@gﬁlri-ry}wﬂd%yl ar pl ess,
K. B., Appli egiddayesenendssafcat al ysis with Organonetal |ic Conpounds, Cornils,
B. and Herrmann, W A (Eds.), 2, 1009-1024, VCH, Wi nheim GCermany (1996)).
When conpounds of Formula | contain a sulfide, either acyclic or cyclic, the
sul fide can bheafdMct BRbodmbdiof 8 itRnfidiSs Q@fddﬁ&%&@b?gny%{*tﬁ@%%%&_sgf 10sul f ones.
Sul f oxi des can be obtai ned by oxidation using an appropriate oxidant such as
one equi val efaBplentd@- chl or oper benzoic acid (MCPBA) or by treatment with
NalO4 (see, for exanmple, J. Med. Chem, 46: 4676-86 (2003)) and sul fones can
be obtai ned using two equivalents of MCPBA or by treatnment with

4- met hyl nor plabihqecrbadiiaie obthd inyantminys 4 phagsadcuiqat eamroxitide comensing or exanpl e,
PCT applicati Al - i and sul fones can be
prepared by ﬁgﬁﬂéﬁg(gﬁ#%ﬁﬁ?ﬂa@gﬁtpﬁgrﬁlﬁg%\%\%alégaéyé\?gal%ie%ncgg%gf H202 respectively, in
the presdfice of titanium (IV) isopropoxide (sec, for exanple, J. Chem Soc.,

Perki n Trans., 2, 10391051 ( £0021)on2: £,202:8. 4 IP. 2000/,05223 1PCT) US2008/ 080081
Scheme 2 desYPBEST éi PP hesisvor con%ouncf of FOMMIME LORREVEEX i s For

t he purpose obmpdindsf Faniuhglatahéa petrinectatiedly acdepablertsicand condi ti ons are OH

Another embodiment of the invention is a pharmaceutical composition, comprising a
15  compound listed in the Examples section of this specification and a pharmaceutically

acceptable carrier.

Another embodiment of the invention is a method of treating a discase selected from the

group consisting of osteoporosis, Paget's disecase, rheumatoid arthritis and other forms of
20  inflammatory arthritis, osteoarthritis, prosthesis failure, osteolytic 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 of Formula I.

Another embodiment of the invention is a method of treating a discase selected from the
25  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 comprising administering to a mammal in need of such treatment a

30 therapeutically effective amount of at least one compound of Formula I.
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Rx RYRY defined in this scheme for the substrates where Xis RzRz; Eis 0, or
NCOle; 51tYis H or Me; RYis H or CH212: where R is H Ow or OPG where
PG is a sui tiBP¥838¥%ecting group that is stable to the PEAAFEOPBNEI0f t he
transformation of this scheme and can be renoved later to reveal Wis OH and
Wis Hor OH where the two OH groups can be suitably protected by appropriate
ketal or silyl protecting groups which can be either renoved or retained in
the final proddtkSembidadanat kiht ineention id HMe@bd ofrdating LAQGMiLdeng dkaletal Hen

10chem stry is a ﬁ}:’i cable to.all X R,  BY, and,@ﬁz referenced above and can
be utilized WRYSAT By BT RSEFASIE Yt ISR S 1 9 &SP S8l RAEMAIRGY- OpRAFQECBIT H2in The
starting nat%itﬁﬂamﬁraﬂ-cdnﬁarﬁ@@‘é%ﬁ@éﬂer%% td @dinRatned iCRRIPOERdh deadmbit ar €action Wi th
12, or NIS or preferably by 12/ Ag2SO4 in a suitable solvent such as nethyl

al cohol , i sopiEyrticalle 1V?)’i‘m‘|?ﬂ“gf’@r‘éqﬁﬁty’n€€?f91?°u§¢(é‘f)mulaéorrpounds of Fornul a
2-3 wheresR2 is 15cycl oal kenyl and cycl oal kyl can be obtained from 2-2 by

sel ective netal -catal yzed coupling reactions wth boronic acids or boronate

esters as deddpihseembadingynahthc mventipa igginggodpiotgsting2 disersdpirgeddronHse mul a 2- 3
can then be l.ed.: I i VR unds of
Formula 2-4 %@g(gg%rlsy\%%gf ?Vr?h%% élgn%yllgtl?ﬂl\ﬁf\h%%de\g\/b%ﬁ Stcorrpo’ﬁjtﬁ%gaftﬁa%%?gﬁ%)a 2-4
cont ai ns an eptconelbn pangtresoinmd cgnesur Pry Geil lgkamperompripveedminisROng i s poi nt

as descri bed i t J - i y t I ound WO
2009/ 052237 P%ﬂ@%%ﬁ 8%58(5)3 i‘wﬁ\f@a@%@%}#{%‘r’%’g llyge f%?‘yg ﬁg't"n‘g‘-og aﬁ‘%ﬁ G al

depr ot ondfi omompoumdiofiFarnpitot ons wi t h a suitabl e base, such as

i sopropyl magnesi um chloride (i-PrMCl) in a solvent such as ethyl ether, DVE
or preferably THF, followed by Iithium hal ogen exchange with an appropriate

| it hi um r eagembthsti@hbaalimdnt biithy idvedtionusa msihod bitkgatihg diyresmenting petediaisabl y
tecrt-butyllithiumat a 5Stenperature of- 100C to -40 C, Preferabl -78 C, and
then trappi nd™BF CYHE S BICTERTART HELH FRET R8BS EHHn 3B S5 Fé?‘é ket one

2;1 7. SyEt lhlesidcsﬁcelf, sﬂﬁ@ﬁaﬂ@ﬁc@ﬁrlﬁeﬁmlﬂaacehdh@nqﬂsmg iahlﬁiﬂlidtdﬂifng whmm@aand 7.
Those skilled in t art w recogni ze_t hat conpounds of the present
i nvent i or]rsna;‘)e‘ES’eOffslﬁ&‘ttFPéPn%ﬁthTaB%}“gf‘”% ﬁf%“%?cﬁ“%ﬂu.rqp 96 ek S EOIG Of he conpund
2-6 has an agpgngspoup on W then that acid group nay be esterified; |ikew se
10 an am de on Wnmay be dehydrated to forma nitrile. Scheme 3 Ry 0 Ry Rz EH2

Another embodiment of the invention is a method of treating an autoimmune disease

selected from the group consisting of systemic lupus erythematosus, rheumatoid arthritis
20  and 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 discase selected from the
25  group consisting of osteoporosis, Paget's disease, rheumatoid arthritis and other forms of
inflammatory arthritis, osteoarthritis, prosthesis failure, osteolytic 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
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RzRz 3-13-2 Scheme 3 illustrates general nethodology for the preparation of
het erocyclic 15 ketones of Fornula 3-2 where Eis 0, S, SO or SO2 and IV isle
is CH3. Thes¥ORYWPEHRY are useful for preparation of conp&AAESRBIM a | where
Xis sX cf sX , and These heterocyclic ketones can be prepared by either

aci d- or base-catal yzed double M chael addition reactions of appropriate

nucl eophil es to di enones of Formula 3-1 20at tenperatures from0-100 C. Wen

wat er i s enplayedr aﬁbddh@enmuﬁﬂheﬁwbﬁdo@ i{ Eirl2thbs of2)ing 4 ticcass el Rtcdebnewadi ti ons
for this transformati,on cl udg) 'L? reaction of diepones of Fornula 3-1 at,
| lacg

for exanpl e, 40P %HS@“P%P oy s dilanunatary poRjelifats Bropiasis fues or o
conpounds  of sﬁ@élﬂ&bﬁsac&rggst% QBsﬁérual\} ufndME BQAR0 kR Ml c pulhSilakpfibrgsis, When H2S i's

enpl oyed as a nucl eophi | e, ounds of Fornula 3-2 where Eis S can be
obtained in taﬁélﬂma%e@wéé@é@? N RPOGEH I5008% PP delaied anrogepsiSy a8t ¢ bases

such as KeH wiihBd RhcuMridiintrafort AtaBlid deGnPRRY NEst&osi@NcRESARInGa 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.

10 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 listed in the Examples section of
this specification.

15
Another embodiment of the invention is a method of treating a discase 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

20  compound 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
25  need 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
30  and other forms of inflammatory arthritis, psoriasis, Sjogren's syndrome, multiple

sclerosis, or uveitis comprising administering to the mammal in need of such treatment a
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am ne such as piperidine in protic solvents such as EtOH under refl ux
conditions with continuous sl ow bubbling of H2S (Journal of Industrial and

Engi neeri ng WHEMWP8I2R3Y (Washington, D. C.)(1952), 44, 165FCBHS20080808oul d be
clear to those skilled in the art, that 5sul fur-containing ketones of Fornmula
3-2 where Eis S can be oxidized wwth one or two equival ents of an appropriate
oxi dant, such as mchl oroperbenzoic acid, to obtain the conpounds of Fornmul a
3-2 where E itigrdputihllpeifsctivespamt ot lidast obe banpoudd 1idt0dtinktBe Bémdles section BWO ot her
synt hetic ro\L;Jmes f%r the preparation of the conpounds of Formula 3-2 are shown
in Schene 4 WHEYRECEHFONS and R3 is H, M, and CH2l e where 12' is H, OVe or OPG
where PGis a suitable protecting group that is stable to the conditions of
the transformation of this scheme and can be renmpved |ater to reveal le is CH
The 15 unsat dmathsterabAdiiatos piothe ivertiondy wipodofitregtipe 4tistast siacipd ot um sal t's
of pi peri @On%%uﬁgofs@dﬁﬁk'bﬁos{]eoﬁo&ﬁﬁ Q’fagét@}alsé{asg Lﬂ?éﬁfrﬂattd{@l ehrls M @b B Byrhdirper i doni um
hal i des (Rs is ) fornmed by treatnent of the appropriately substituted

pi peri done witflmay éﬁ@?tﬁa%éﬁ%ﬁ@ﬁlsaﬁmﬁb%@rf@ﬂ%arﬁ’éte?llYtl‘F garepya, myglgmpeandonver t ed
to t_he compo nQJtasFa 15 ﬂ)(ﬁle%m% H‘ﬁ% Emkt%rl %Xhérﬁ?mﬁﬁltlhﬂge%& uéﬂzs or by_ net al
sul fides (MS), pref erab y al ka es such as 20NaZ2S, respectively
(Khi mi ya Get ¢rcatositd thohesikidly cHoddic ﬁ@numt,of Shlgashork: EXPFON I{s@ in #h74- 80 and

| zvestiya A &SR Seriya Khinm cheskaya (1986) (3),

92- 3, respecltﬁggl‘g y%se'é%%mggﬁﬁ%’ WO 2009/ 052237PCT/ US2008/ 080081

Schenme 5 18hows anot her approach to synthesi s of het er ocycl i c ketones of
Formula 3-2 ere or OPG where
PG 115 o sutt i Esisp Py Satihaf AL E R P BhSy R hSa Btbior The
transfornmati mmﬁal bha&nmmhemm airadhe@@muﬂmlly effavieclathaine bf dtdcasteone @abmadindi s OH,
and Az is M a;[ IX faken 5to ther aﬁc CH2- CH2 or CH sCH such that the
resul ting ket0 PIgfeEyd | yr?:“ maselsf 8%e can be made by intramol ccul ar

Di ec k;nann type Cé@hd hadrtion 1ﬁfon§@fgé@ﬂ@ﬁﬂ1@fi(§ t]}&lfcﬂﬁnﬁ(ﬁlwhs dﬁistd?@fnﬁﬂmlclan@]: 1 ﬁ RLis M
or Et) under acidic or c conditions foll owe the remgval of the

a-al koxyggr b&mmcg%@mstﬁé‘:%ww@ s ofdogneanay el g@ﬁé TS MIT AR BT B r ed

met hodol ogy @fiditibh, Sorfy St th€Edrepos BEUBHER NI ¥ F¥@Suldchand as8ay Rbte@dgLyel | zat i on

of diesters of
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
L 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,
25  pentyl, isopentyl, hexyl, isohexyl, 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 substituents may optionally be present on
the ring. Examples include cyclopropyl, 1,1-dimethyl cyclobutyl, 1,2,3-
30 trimethylcyclopentyl, cyclohexyl, cyclopentenyl, cyclohexenyl, and 4,4-dimethyl

cyclohexenyl.

25



10 Formula 5-1 at tenperatures from-78 Cto RT to obtain the I3-ketoesters of
Formula 5-2 foll owed by the acid-catal yzed hydrol ysis and decar boxyl ati on at

t enper at ur esWPaHJOHE3F rom 20 to 200 C. It is understood PCAAS2008/B0PHwi ng

hydrol ysis of the ester, the decarboxylation of internediate 5-2 can be
carried out wwth or without the isolation of the correspondi ng carboxylic acid
to obtain the conmpounds of Formula 3-2. The preferred 15 bases for the first
step incl ude, but TE¢ @roi OdlkylarTinbeebfdroto aﬁtaﬁ@rﬁgwﬂﬂasmﬂ@mmsﬁﬁexﬂj Wiedrdin fRt al

al koxi des and hydr oxi.des such_as sodi u d| um et hoxi de, potassium
t et t but oxi de? 31“?‘{91‘?&1'?11’8%%3;33@3““5 e@?’ﬂgﬁ? ®salts of secondary
organi ¢ am nes Suthe @fm FhdidrbaHpn difers @ps QlerﬁdﬂHé%dmOl bit it NY-membered

hexanet hyl di SI I a2| de. The preferred conditions for hydrolysis_ and

decar boxy! at PEpclicrePmEs ringystere apbiing efvhidumtoconpistifigg 15d0 E¥hpounds 20 of

Formul a 552 %t%fba@hls%l@ctéﬂ ﬂ?@rﬁ@i O%‘r'sdﬁhew@lgnﬁl% dn MdagMEAMSnd¥eh Witiin @y W t hout  a
sui tabl e sol vent such as THF. Hydrol ysis of ﬁe ester of Fornula 5- Zymay al so

be per f or med aBgwedrasadagiamstatg Enaraﬂ@ﬁeeﬂgdeﬂ?agems@éwlabe@@tmaawvht?wzesbieﬂel;

pot assi um hygrexk de) erabR RSN CARAIAL Rotadoldl, BribRRIGrasal ¥ fith-diiXt ure such
as water and an or gaﬁrPn c&so vendt1ly sluch asﬁ O,a(r)rg ar%o@ pgrtahlako?ﬁid)zrd? sopr opanol .
Using this baseddavahydied. protddwimeliigs thi2slyhandtokydi s, the resul ting
carboxylic acid s hs i s 0.01-12
M aqueous HCl1 or 35@8&9 &ﬂe?%&%(%ﬁwg? r%){fd i %ﬁwa{ogl & )%gtﬁngggmgoglaglen %Ebﬁrgh as THF
or di oxané t ovhpreodtbc eittopen wdnuléspmmwlqagezostnmmgydliowediomdatlolntstam clear to those
skilled in the art, that .t corre car lic unds of
Formula 5-2 t hus EP% £ T ea e ¢ Flefers ﬁoo s?ral lhgglrcbé nCF c¥1 1nﬁa dcalslo% Ip ?? Eg)

base- cat al yzetnydieak ymbmlieohdhoamﬂ b&)ﬂeaﬁam cdayg¢m<bmoExammg/s 1ﬁ¢1@dbtra¢1mcusl y
decar boxylate with or w.thout resence of any external acid or base
reagent and WPR:GFORRKY: ﬁ%?BtOpﬂﬁyatq rPS‘ Yn addition, it is understood that WD
2009/ 052237PCT/ US2RO8fR8HA8 Jsutdﬁammypmmet@l O o0t Mpai oBeyklaikyl Hgzspigpar ed

utilizin knomn nmet hodol o gles or e nodi ficati.on or extension of_ known

met hodol gél esharg g3pg Sﬁaar gemgpd 8$@§ lﬁa%t‘m%fftﬁﬁtl%\gss§ Iiar%ﬁyl Wtashonti ng

di aci ds see: Journal enAneri can Chem cal Society (1996), 118,

10168-10174; US 46‘é nal of the American Chem cal Society (1957), 79,
2323-5 5and §&Utal of Organi'c Chemist); (1951), 16, 232-8.) Schene 6 10Schene
6 illustrates the synthesis of hetero-bicyclic ketones of Fornmula 6-2 which
are used as internediates for coupling reactions in Schenme 2. The general
synthetic rodte i $hedpgytic 486 of a [4+3] cycloaddition of an in-situ generated

oxyal Iyl cation of& &fnfﬂéhﬁ’ds@'fFém’Mlé f'reﬁre%ﬂ't LRl Sotdit ﬁfﬁ?oltfo%ldfﬁ%%éin B¥ospiebsequent
dehal ogenation, if necessary, of the resulting product. Thegpref erabl e

precur sor2§ f dsimasasesuglope-fes ol ey kaypeful iplthepreyeHen inddroatrent of disosdops a- hal o

ket ones, oXydfn Ld it g, ¥lse€t hers and acrol ci ns which can be
converted to %égyagﬁjdﬁlsatga%#é)n ae%l’dlht rsgse ed in-situ with an appropriate diene
under reductive, bbgingendion pleaproviles mﬁtbowmmtrlma protee tyeogoe kimdscoxyal |yl
cation can al, r repanones or
conrotatory i §1§ It?s(?n | o%{ggtﬂ g%lteg{n go)%fn ftade % ‘Yﬂp% eq%g%qgh@ft%&x%&%gé)?% 120,
12310). The di@htainogethatcoropmmﬂs q)fdioymala HnaAqk@‘crmdesromamkineseZQC-&uhiHmed with

reagents , uch as | TMSCI (M
ST o Rt o 1 e R Bl Tt WS R A RS Teo s (M s
Fe)(for ar e‘bnem&mﬁn@t gf inRbatil.a prdt&ﬁ?oyroﬁ& ki3, at @ag.onChthe cqrf@D8Js of64, 3398))
to generate aII ca The basic.r ent for dchal ogenation of a-halo
ket ones to g %ﬁ w&?@' F@Wnﬁﬁ P%W%WHP“EEF%ﬁT 89" i ncl ude reagents such as
Et 3N/ CF3CHZOH 2 vasiogh dﬂrﬁBoﬁinkéhl@ des iffenBom td, Iﬁotbﬁttyratlh@mn@eg mpanel byand

2,2, 2- trlfluoroethanol % P S.,. Synop, (1986 424. Chem _Res.

Synop. (1981)he oopgounds o @Wﬁ a Igeg| Catevﬁ&ﬁﬂs (weejlmal%eﬂ Wanal e e4s98f Et 3N (J.
O g. Chemy (%&%ﬁﬂals GhichIR9hkes hlfs Sa BEhpltisHG RS AAMREIvEacan be used for
dehal ogenation to obtain oxyal | yl cations from 2- nmet hoxyal | yl halides (J. Am
Chem Soc. (1973), 95, 1338) while AgBF4 can be used for 2-am no substituted
allyl WD 2009/ 052237PCT/ US2008/ 080081 hal i des (Hely. Chi/h. Ada. (1974), 57,
1883). Other Lewis acids such as SnCl4, Sc(OTQ2 and Ti] can be used to
generate oxyal lyl cations from 2-0-sily] oxy-acroleins (Tett. Lett. (1982), 23,
1693; Org. Lett. (2000), 2, 2703). One nethodol ogy for generation of oxyallyl
cations is the treatnment of ct-hal oketones, for exanple tetrabronpacetone,

wi th Zni Cu 5 couple in a sui tabl e organlc solvent such as THF. A second
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The di ene trapping agents are aromatic heterocycles such as suitably
substituted rroles and furans which are either comercially avail able or can
be prepared‘gézqgm%@f%blished literature procedures. Th&@CGTHSE0§P80p81+3]

cycl oaddi ti on product thus obtai ned can be dehal ogenated by known net hods
preferably by reductive dehal ogenation using Zn or Zn/Cti couple. Schenme 7 WO
2009/ 052237PCT/ US2008/ 080081 It is understood the double bond in the

oxabi cycl o agdargiaseutitalfycsaptadlcGoin 6/ [dag ohtibf the torhpbuadd ehFathaiedisusi ng
appropriate r action conditions. As shown in Schene 7, for exanple, the
conmpounds of ? PRS- 6- 2 can be bis- hydr oxyl at ed usi ng known literature

protocols (for a frhstv&kioh BagensSviatdnsRi®RERERDg S8R er ik MaRfikals, Rcfadin
Conmpr ehensive Organic. 5 Transfirmations, 2nd Ed., WIey-VCH NY, f999) pp

996- 1003) t o BBEE: By naingirgiog obt thegypayficallyzefiecivg ppuatef atn%lém@@utmlé&t ected to

obtai n cospoypdstapit cgﬁf)éﬁ&{icﬁ%f Teag A8 Confpodind SPForRiuRfTe 'E&@rﬂ;glg&r&%éeksq{kﬂu&eor
bi s- hydroxyl ation include, but are not limted to, the tréatnent of the

conpounds of bFoirerigtaingted tqpiagUic myelaiddeukemes, agwsUmpbsicy 0% Bukertia avalian BUCDH as t he

reoxi dant '”CS&% erﬁﬁ@%@er%ro@té%et{ ﬁt‘ﬂg cﬁ{cbpbt%gsttcgﬁercbﬁgﬁg Icersé?&ha@:thy of Japan
(1984), 10 57(9), 2515-25). The dio Fornmula 7-1'can be protected to

obt ai n corrpo@mbsr @ﬁ higy pall lauk?nfza akbi 117\163t10nT¢i® Rddp reghalf ofugatiap ketain

di ol - rotect r ot c

Synt nesi s+ By ARERE RS ARG R LR B LRES YGRS HIER & sons.
I nc, NY, 10199&}Qt1v€hmomnef grleaptorpreompatniding Fgmodpkis adreinissogt iopyinbiditive ket al
(BuIIetl n of thanCpfe ca S Gret of Ja qj 1984) 57(9), 2515-25) and

di-tert- 15"%th I ST 3%8“%& ng Othe 4 %12" as the sil yl ating agent in

chl ori nated sol vemh&nsumbn as“cha@w‘oadesaﬁhm@f tredtidg 2ed & patvehtivg heagpaisat ures from
-78 Cto RT, gr ef ﬁr abl%’c athO q@aol ef ] functl onalities. of the conpounds
of Formula 6235RgHoR atrepdhal iy arF(SIO dﬁ"t%&“%‘o“r?ﬁ%e& 6F* S mul a 7- 4.
The preferr e@rcmmhahée@,nﬁng‘ @hcdrUr&ast daa08f @IoiRbARE sPhRcK adnddryirdhalty déipgenat i on

(For exarrgl e, i Journal of Organic Chemistry (1999), 64(10), 203398-3408.)
Schene 8 leukgim@e 2 Fl uor osul fonylation OSO2C, | F2n+1 Boryl ati on

8-18-28-3 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, osteoarthritis, prosthesis
failure, osteolytic sarcoma, myeloma, and tumor metastasis to bone as occurs frequently in
20  cancers 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

25  autoimmune 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 glomerulonephritis, inflammatory bowel disease, prosthesis failure, sarcoidosis,
congestive obstructive pulmonary disease, idiopathic pulmonary fibrosis, asthma,

30  pancreatitis, HIV infection, psoriasis, diabetes, tumor related angiogenesis, age-related

macular degeneration, diabetic retinopathy, restenosis, schizophrenia or Alzheimer’s
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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 Forrmula 8-1 for the purposes of
Schenme 8. TH¥Q@'REBHes of Fornula 8-1 can be convert ed PCEUSAHYSBYPFespondi ng
enol polyfluorinated al kyl sul fonate esters, preferably enol
trifluoromethanesul fonates and enol nonafl uorobut anesul fonates, by known
literature nmethods. (For exanples see Bi oorganic WD

2009/ 052237 PQdm&iSRA0THS¢ 8P 08dffektiled tredtdtakittCh@iposhdsyof tﬁ@ﬁﬁéntloﬂ. 00Mity and
3583- 3591, ent. FEar 3,,.2410, respectiyv referred

condi tions fSFCEHi a&@%’ﬁ%efeéte%‘ter}’d}:?ateﬁ&‘?% bubhe “éltlémt’ﬁﬁi]tto F‘thﬁ’iotsgﬁp%andt he

treat ment of cﬁlaiaehqu‘e)ﬂ@d hg. ketones of Fornula 8-1 with strong bases such as
l'ithiumdiisopropylam or |ithium hexanethyl disil azide at terrper atures from
-78 C to RT, Au@lﬁfl’é‘%?l&ﬁﬁ%ﬁ sughgas@ysterpic|gne aryBipmetpsusatigrmpteid agfritis, and

fl uorosul fsony)th@; fods @qgﬁtﬁm%@m@ﬁu@ 95@&&%} %%&‘éﬁ SYREBIE ARNtip Ik s MOk S &or
21N, N-bi s(trifl uoronethanesul fonyDam noTh i ne or

N- phenyl - bi s@Veifis: cefotlembet treated v8th coenpwidg ef thispmendehpounds of Formula 8-2 can
be directly enpl Ol‘ﬁéitehﬁ‘“ﬂﬁﬁtaﬁéu’u&ﬁfyaek%&% aﬁBHi?c"'aé‘Qs%d ﬂ&%&”n@a%g HRE SYLQHSEY N0

Scheme 1. In addition, the conpounds of Fornula 8-2 cah be converted to the
cor r espondi ngctb@rcoma@@d ot phaxmpeauycad hgdabihm dligitgthg bptqgmal eronqglgaanal pesponse

Suzukl M yauig, GQUPLLIG, BLAGESN R, SR SHLREtll SEDBTR hor (FoffgRr coont ati ve
Takahashil) Kmedetl ductor Gheher cligitian, wi2@0i0yIndcs28eviation Fpmawdnkign, tmhtanntaomtbcrpound of

Formul a 8-2 %ela t?’ thCOrrllste In%(ags?r‘es 1';)1?% tl n tgms 8P edltsea%éa (r)] (P sorclie%%%\/% g’eated
i nternedi at e OI’ I na 63 oprirate conditions 0] exanp

vv-hen a ci s-di ol When pm@lsgatas pi(ﬁelﬁltﬁbﬁﬁﬁlﬁﬁhsaﬁlhiﬂiltersl, $o poropyunt dofitee ket aI the

protecting grou .can be renmoved with _acidi c aguequs canditions el evat ed
enper at ure. TBFBIGAHI i PG eEn Ao pha i op ST B QerRarags of tbott o

di - f:l ert - bufj yIngd o yib&neo dj I?éﬂaﬁrglly Heh&eﬁﬁﬂueotiinggtogb@uﬁ g(}ﬁi’lsntgﬁe éﬂm&@tdia?pder
acidic caonditions_or re rably w uo e.sources suc as .TBAF (see:

"Prot ect ive é?%?ﬁ&edﬁ ’in§ teggrnw g'fagf“t?fi/ Yr’ﬁ%t&}ﬁél‘ WICEPHERE and Peter G M

Wit's, John Wali@hiska®Re) she h%ﬂthnﬁfe ghtyand(aég&g&le regfb%ﬂ'ﬂlegfrelaﬁé\ﬁ_cy ofNhElakagemat i on
RGN--N I> | RaRa7'N P1'F, 1 9-19-29-3

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
20  according 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
25  need 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 are 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,

30  but are not limited to, any suitable solvents, dispersion media, coatings, antibacterial and
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9-4 OM WD 2009/ 052237PCT/ US2008/ 080081 Schenme 9 illustrates a route
to the preparation of 2-im dazol ecarboxyl ates of Fornmula 9-5 where e is H or
Cx4)al kyl , aNQ28P/032337H  al kyl, -CN, or -CONH2t hat are udé&d’W@3PPnedi ates in
t he synthesis of conpounds of Formula | where Wis imdazolc. |mdazoles of
Formula 9-1 where Ra is Hor C(14)alkyl, and Re is H, Comal kyl or - 5CN are
either comercially available or, in the case where Re is -CN, are readily
avai |l abl e fr antifopgaregeaisanhl %oaﬁdﬁialgabé.eE)&h@BﬂWd&ﬁolfﬁn%—thatWaﬂ‘:some compéddals by

reaction w th_hydroxyl.am nes f II wed by. dehydration wi a suitabl e reagent
such as phosﬁﬁg’f’ ehig %é‘%f’gfs'r g“%’ﬁ%}&?% 6@“@@%&‘1’?&%@? (2003), 677).

| m dazol es of Formh@ﬁlaanéee@twallp@cdaﬁt%@@alﬁ@fvuetcbm ds baldrulnsudeild such as
a met hoxymnet hyl am ne ( MOV, 10 preferably SEM group to_ gi ve conpounds of

Formul a 9-2 egléVénﬁ%@b%rtaxwal@Oé%@u%ﬁ@a@éﬁl@wﬂ@m MILE Wied arpoFrEfee Groups in

Organi ¢ Sgnt nﬁﬁga%lc o}%@ni\éval:ﬁyomgessﬁﬁ%{)ﬂe@& sucﬂ\%lc( Qﬁﬁaﬁ)}l)salts 1%1%2&&@@ of
Formula 9-2, where Re 1s -CN, can ogenat ed a suitable reagent such

as | N- br onps @éightai benzagee, bnzarcpd matacadiaie. ﬁﬁlﬁéhqaméipd@wtsw&te ayeeehlede | i c
15condi tions h&?“o@roﬁﬁ’d ﬁ@gatesﬁiglleat@%%ﬁﬁfo%%a% ok'aﬂggr iV ?%gé %ﬁJ&)lCﬁ%dl tions in

the presence of an initiator such as azobi s(i sobutyroni YT AIBN) in a
sol vent such segsin@C]shlfaty agfl {eetraso nipoandts lofludcemmenan®sals afatiendtal sgtsgut¢heavi ng
group (prefe I ounds of
o mal a9 3. Eamatt bR AR o L R R AR BIRY ct ec
with a suit abile, @ﬂtemth opganﬂcé)ase@ sphay dxdgclﬁl&xyl@mmmwahmndfsalt%omithﬁrmwaalds The

preferred conditlons, for,halogen: tRanesiumexehande a1 e HSInd A for

al kyl - magnesi"um reagen pre eralﬁlny ﬁsopropyP%gn si J' ThFerTae W' @ sui t abl e
sol vent sucheaz&inHall@thatlﬁas)er atures between -78 C- to 0 C. The preferred

el ectrophiles are chl or for mat.e or. et. ano or exanpl es of
hal ogen- magnesi um E&@%&ﬂﬁgubﬁ‘} ?1%15&5%1 geml%%@?‘y gea {jme@ﬁ &Ny 2000), 65,
4618). 25For nicahgtazak&snpdikh fhoir mté@er&posm@mnﬁas 1h61udft§)idnnﬁNrat1bh®§e may be
converte dlrectl to i m dazaol es of Formula 9- i

rotonation with a
sui t abl e Bas BASHER] 4O RNCAURY PP ER S NP FHTYSS TR lrﬁr}?g?rg Sai PQHCCJ]

el ectrophi | e oascli@ 6D edicARBVEY f)lod'on&ﬂfénﬂ{]g ﬁﬁﬂ%ﬁﬂ%mhlm&lﬂﬁﬁb 8l rohlte preferred
conditions are treating the imdazole with nbutyllithiumin THF at -78 C and

quenchi ng t heuHEuformwgtions damerentcril admigpaaiicassnediidapqueous 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
20  cyclodextrin 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

25  any 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
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30et hyl chlorof ormate. (For exanples, see: Tetrahedron Lett. (1988), 29,
3411-3414.) WD 2009/ 052237PCT/ US2008/ 080081 The esters of Fornula 9-4
may then be WQaM8P$P3¥D to carboxylic acids (Mis H or CATB8XPE081salts (Mis
Li, Na, or K,/ ) of Formula 9-5 using one equival ent of an aqueous netal

hydr oxi de (MOH) sol ution, preferably potassi um hydroxide in a suitable sol vent
such as ethanol or nethanol. Synthesis of conpounds of Fornula 9-5 where Rq is
- S%HZ [ ﬁ @Qﬁﬂdi‘mbfesfhedorbyournES’ @fttgé pre@hih iAgergioNpay Raks @k ol;ﬁlbﬁ:jﬂo@nﬁ)rﬂ] wher e Rﬁ
is - with an a pr oxi.de such .as ota si um et hoxi convert the
cyano group £8° %$ dggﬁﬁm@ﬁ?ﬂﬁ Aregtepdeddoy eWﬁWﬂﬁmﬁaﬁﬁﬁqﬁyglﬁlyS|s of

both the est gfveaish. IIbEBES, BeQURSoMMIS May YRmMEANLNS & Hx8m, E\@ﬂﬁvﬂﬁéi eQus netal
hydr oxi de sol uti on. 10Scheme 10 RN n ---N10 1,0 10- 210-3 R, RrN; NN ORr | \--N

0 MH | pi Ry&pic9®r gpmen organic solegie s uped harfipsthy tefma Ssobvaes micany &
2-im dazo IS € N?B%%Y dRb&sioflor e %%&%&n@@oﬁth@ﬁre&% RvaiBh %/1tii%né- or thére Qalvél{t o or

brono, and K, or hat are used as internediates in
synt hesi s of W?pl@etﬂalss iy sied pspafiatiqn iprrbyes vewying degriceief dorac 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-
10 phase and isolatable solvates. Non-limiting examples of suitable solvates include

cthanolates, 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
15  term “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.

20  In another embodiment, the invention relates to a compound as described in the Examples,

Formula I, or Formula Ia 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 Ia for the preparation of a medicament for the treatment

25  of 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 Ia for the preparation of a medicament for the treatment

of a disease selected from the group consisting of osteoporosis, Paget's disease, rheumatoid
30  arthritis and other forms of inflammatory arthritis, osteoarthritis, prosthesis failure,

osteolytic sarcoma, myeloma, and tumor metastasis to bone.
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15Conpounds of Fornmula 10-1 can be first prepared by protection of
commercially avail abl e ethyl im dazol ecarboxyl ate according to the nethods
outlined i n VRRYMES237 preferably with a SEM group. Conpd&AdS209p/ 08881yl a 10- 2
can be prepared by reaction of conmpounds of Fornula 10-1 with one equival ent
of an appropriate hal ogenating reagent, such as NBS or 20 NCS in a suitable
sol vent such as CH3CN, DCM or DM F at 25 C. Conpounds of Formula 10-4 can be
prepared by reaction of conpounds of Formula 10-1 with two equival ents of an

appropri ate ha enat rea ent, such as S or NCS in sui {f abl e sol vent
sggh gs CHSCRT‘ %Tﬁﬁ/ﬁr" g?ﬁ‘tVEi‘Flé’§r AEWee %“60&&&91’8?08‘63 gecordineda sl es of WO

2009/ 052237P@é&{ﬁ@@@%ﬁﬁﬁ@ﬂ%ﬁ&ﬂfuﬂﬂlﬂa%&ﬂe epfliohQf @ ne@Rah &R forle @Ritmdnaed from

t he respectlve esters by hydroly SIS as escribed in Schenme 9. Schenme 11 000
AN__H ON / MORfan awtmynnglneﬁtf@asw%@ﬂe 1rom e groyp consisting of syaE@IAUAYS | | | ustrates a

met hod f ok “é@rt&hﬁﬂﬁﬁsalrﬂeﬁ&a@fd i 8ZRI Gter BormE OF b AmhdrPariSis & sBfiaslss - SCH3,
- SOCFL, or , H Li, K or Na that are used as internedi ates in

t he synthe5|§K@$ﬂ@éﬁwbﬁﬁ@§m6mMF&ﬂ%9$%Olw%ﬁ@re Wis imidazol c | midazole 11-1
(WD 1996011932) is protected according to the nethods described 10in Schene 9,
preferably with a SEM protecting group to give conpounds of Formula 11-2.

Est er hydr ol ysimthee cobeflimentt the fniventipn adetdutoghd yse S egrepoandjpereslinggapisunds  of

Formula 11- I i
Formul a 11-2%§%?ﬁ€§£§§gh%}V§E§%Pk5?ﬂgﬁﬂégggg&¥%a OX|%H&ﬁ%g%ﬁ%%%1§%nby ester
hydr ol ysil8 aoﬁmddmmg&mwuﬁﬁﬁmpmegEMQmemwnn§oh§mnmﬁbgqmeg&mdhpumﬂdsboWdFornula

11-3 where Rldlseasce] p[g(%s fmq( I dat I qgilos;'sSW) estlv\el\obs%%?tiv\é%lu rr?(;[n%ryo 1se§a‘sne appropriate
oxi dant, fol ['owe y &8t ysis a gordrn

idiopathic pulmonary ﬁbr051s, asthrna, 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 Ia for the preparation of a medicament for the treatment
of pain, including skeletal pain caused by tumor metastasis or osteoarthritis, or visceral,
inflammatory, or neurogenic pain in a mammal.

20
In another embodiment, the invention relates to the use of a compound according to the
Examples, Formula I, or Formula Ia 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.

25
METHODS OF PREPARATION

Scheme 1
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the procedure in Schene 9 gives conmpounds of Fornula 11-3 where R' is
-S2CF13. The preferred reagent for oxidation is MCPBA in DC M References for
t he conver siWR 204347 | des to sul foxi des and sul f ones arf&TSFEH030PBISchene 1.
20 EXAMPLES Exanpl e | 4-Cyano-1H i m dazol e-2-carboxylic acid
12- (4, 4-di met hyl - cycl ohex- 1- eny0- 4- 1( 3- ex0) - 3-
hydr oxy- 1, 5- bi s- met hoxynet hyl - 8- oxa- bi cycl of 3. 2. 11oct - 6- en-3111- phenyl | - am de
WO 2009/ 052237PCT/ 2IS2008N380081  Z. -~ _-NH;
a) 4- Br ono- 2- (4, 4-di I -cycl Qheéjthl/géﬁyl) phenyl am ne 5 A m xture
of 4-Dbrono- 2-i odo- am ne (87 2.93 mmol ), 4,4-
di net hyl cycl ohexen- 1- yI boronic acid (2496 ng, 3.22 mml) Pd(PPh3)4 (169 ny,
0.147 mmol) and 2.0 Maq Na2CO3 (11.7°nmL, 23.4 nmmol) in 20 nL of 1, 4-di oxane
was stirred at 80 C f 12 h under An. After cooling to RT, the reaction was
treated with EtOAc (5 10 nm) and waghed with H20 (25 nmL) and brine (20 ni).
The organic | ayer %/as dried (Na2804) and concentrat ed 2;E§EL,® The residue
Yo

was purified by fl Hat ogr a '\g'|2l1 ) $Bi0ghtich> c/ ﬁexane) to
afford 770 mg (91 WYl of) thetitle Z@UM 2@ colorl > Mass spectrum
(ESE nz): Calcd. XorvyC141418BrN, X283 1 (MeF], found 280.1. 15

b) 4- Cyano- 1- (2-tri met hygsil anyl - et har ymet hyO- 1H-| m dazol el 21Car boxylic acid

[ 4- brono-2-(4, 4-di met hyl - cycl ohex- 1- enyl) - phenyl | - am de

O W OYW\Fﬂ
Z NH z NH
N AN
- -~ |
XN OR? NRNN-T:
1 1-6

Scheme 1 illustrates general methodology for the preparation of compounds of
Formula I. To illustrate the methodology of this scheme, reagents and conditions for the
compounds where J is CH are defined. Those skilled in the art will recognize that where J

5 is 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-

10 catalyzed 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,

15  Chem. 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 are a
palladium catalyst such as tetrakis(triphenylphosphine)-palladium(0) (Pd(PPhs)4), an

aqueous base such as aq. Na,COs, and a suitable solvent such as toluene, ethanol, 1,4-
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WD 2009/ 052237PCT/ US2008/ 080081 To a m xture of

4- br onp- 2- (4, 4-di net hyl - eyel ohex-1-enyl) - phenyl am ne (as Prr epared in the

previ ous st ePpO2007065243y, 2. 75 mmol ), pot assi um 4- cyano- 1- (PE£I/US2008/080081

trimet hyl silanyl - et hoxynet hyl )-1H i m dazol e- 2-carboxyl atc (US Pat Applic
2006189623 5 A, 840 ng, 2.75 mmol) and PyBroP (1.28 g, 2.75 mmol) in 20 nL of
DVF was added DIEA (1.44 nlL, 8.25 mmol). The resulting m xture was stirred at

RT for 16 h unrdete, &Hneth-f)ﬁ(@alﬁeﬁé (DMB), BOMIE, Die drhBAGs oftthecdtibMigufaemwass washed w t h
H20 (2 x 20 gt% %Cg ne (20 nL) and dried (Na2SO4). Renoval of the sol vent
under reduced®5FB Hrlaéerfsfili‘qnlf\%ed by flash chromat ography of the residue on

silica gel (5-10 YnflQOErhaxane) nﬁ%@oﬂmﬁ&l ﬂoﬂl%&ro E%Buﬂdatomeoﬁﬂuud p3gonpound as
a white solid. Mass spectrum (ESL mz): Caled. for 5H33 BrN\402Si, 529.2

(MHH) ,  f ound rssigtian using standagd sxpshee Mmathofplagy GreR slugtigns iy Praepic Shpmistry, M
14- br ono- 2- (‘Huﬂhgdynﬁ'tﬂiay |N&\y?l)&h998'4;- T&Q%Q’él@%hlﬁ@ﬁg eﬁi@cajfeﬁﬁ}c hydrogena-{l na

solution of 4-cyano-1-(2-trinethylsilanyl-ethoxyneth i m dazol e- 2-
carboxyl i c a&pipg E‘nallﬁdbmcaﬂﬂli(sﬂm@—ﬂitﬁlﬁ? WY%W&G%@Rﬂl&n%ﬁlyqyaﬂﬁhewwlk%m de (as

prepared in (hGaRE SVAIRHS ; éiflﬁp&e r%ﬁgedrfg an OBRT FIP R npotRdstviEe RicofM 4°H2C 2) was
added 0.15 nL of 20EtOH f 5 nL of TFA. After stirring at RT for 3

h, the mi xt uméiematg bterr@dn@un\metﬁnal@mmum it mard redncediselaetedlyi n vacuo.

compound as_SoahPbOURR Y TRV bR 0 RrB R th B pbBS TS g
(s, 1H), 18. 3]:hl()sdeljlld)han(71aﬁ5w@t¢r 2H, 1 = 8.6 Hz), 7.50 (dd, 2H, .1 =8.6, 2.3
5 e U Al 38l
C191- 119Br NA®: pm&ﬂé) 12 b@l‘vﬁd—ﬁlethéctwdﬂ d:pBJQQL ithZX BesBiilsedrboteo Fprednipoundsofan WO
2009/ 052237P9T

314 g, 13, LTRBI RSk O U Ao ear P Ty SBHEBt sol i1 on
of 2,5-bis- h)dé&cﬁlié(f%b{?fyﬂf desima CHapourhBPdi KorMida 1-2 that are not commercially

15  available 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

20  reactions with boronic acids or boronate esters (Suzuki-Miyaura reactions, where R*M is
R’B(OH), or a boronic ester, see references above) or tin reagents (Stille reactions, where
R’M is R*Sn(alkyl)s, see J. K. Stille, Angew. Chem, Int. Ed. Engl., 25: 508-524 (1986)) on
the intermediate halo compound. Preferred conditions for the bromination of 1-4 are N-
bromosuccinimide (NBS) in a suitable solvent such as N,N-dimethylformamide (DMF),

25  tetrachloromethane 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 P'-WCOOH (or a corresponding salt

30  thereof P'-WCOOM?, where M is Li, Na or K) where P' is an optional protecting group
(for example 2-(trimethylsilyl)ethoxymethyl (SEM) such as when W is imidazole, triazole,
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5 2006122772 Al) in 10 mL of anh THF. After stirring at RT for 20 mn, nethyl
iodide (672 ILL, 10.8 nmol) was added and the m xture stirred for an

addi tional MORWIPEZEr (15 nl) was added very careful | y PARGSEHE088Lt ur e
concentrated in vacuo to renove the TH F. The remrai ni ng agueous m xture was
saturated with solid NaCl and extracted wth Et20 (5 x 15 nL). The conbi ned
organic |l ayers were dried over Na2SO4 and concentrated in 10 vacuo to a yell ow
oi | whi ch wapypelt]drivetkitasild)ioe avhgelp! ﬁhfoopiaﬁe@gmpbywﬁ&rwas ﬁireElt QA&/ahBxane) to

: . %

ﬁ]/:_l\zl)e tgg t2|8t l()gsultg lﬁ%yogedog g ggupszlfo‘_bg'\"lge%ﬂlaeégo?a %Pl Ogelnggn?d eterG M. \bjll\llcis? (OC:, 400
01, 5- Bi s- et Ipestydi®e Gy&rp8 V\%alﬂb Syeth&k3John wllleg»fahd SoN me(1©9ﬂ;§ The To a

suspensi on of zinc (nanopo Al drich Chenical Co. 20 mmol) in a

sol uti on of 30w lﬁg§%‘%€t%}@§lrﬁ>@tm@rﬂ@gé%ste@ér%r@ﬁév@ﬂfqrﬁmtdﬁé%#@vm@w step, 958

ng, 6.13 By b Reviewd sdd-MABRJHSE Mﬂ%@d&ﬁnsﬂ@%l@@%ﬂc@oﬁ%{)ﬁﬁe‘ thefis
1,1, 3, 3-tetrabrono- 20acetone g g? trlcthyl borate (2.20
O

m., 12.9 mm|Spﬂng¢ré’eéaw36ﬂ9&‘44@6%9%“9@Wetbéﬁldf ﬁii%P O] arsketivided covered in
al umi num foi let,Q peng@ (évg&@kq andediif g%lﬁ)tsld% s%ﬁtaﬁﬁérf)ﬁl{%ﬂyl%trl\ﬁ-r for 18 h.

Water (10 nL) was adde after stirri e m xture was
filtered (Celsiacalmigasteifermn wmmuﬁdsa)AEm(rmﬂad-ﬁo ThtprefeﬁhérdaatycelrognvaWQ feepar at ed,

250r gani o1 ay YL TR Pt QMG MO 08, hief R T FEkL Gy TR, e

concent r dbed gtcuupel’ datrpiceseit), oxdlfl chlarels irddiehlpromSthahe @ICNVE@ith AE addedlydt opwi se to

a sus enS|on zinc d oride
Cat6 e 50T a® bR asft i loriE Aol ne nafga s i the iy o SRR st o o 0 ang
stirred at R&sfVov- dﬂﬁpﬂ@pylﬂh@laﬁmnet(mmmmeﬁ/w RAp9rolb 2@3131%&&&36@@{0@59681

concent rat ea "Po s kUGN P i Rge Pl Tde R SR Bt 0 herane.

(3:1, 50 rTL) thmhﬁﬁna(zaﬁ (ADRBY); RidechdpiWw ad @dns@kbldsriveiepairdsol ved by addition

of 1M M rr%% @nd tﬂ , aqueous I yer, was extracted w th Et20-hexane

(3:1, 3 %3 50 ﬁ@}mld% Bl oPr%P% iy %%ﬁeﬁog P vashed with satd aq Naf | CO

(100 ni) ancar&ﬁdtm@rﬁoh@ﬁaoﬁﬂexphoqfuhﬂ@xﬁ N2 R4dphadn %r%ﬁ%ﬁﬂﬁk@ﬂa%&vellt 21 g of a
PE col um (2% Et OAc- DCM

yel l ow oil. Chromato raﬁ}\’é’ on a 20-g silica gel
af f orded 278S acted 2,5-bis- nethoxynet hyl furan. Subsequent

elution with 2- 15%h’€;ﬁ%ﬁ1 Vb afds oF Bsichulhee todidif aﬁwﬂrmot@éﬁg gFEle o1 72%

based on recovered starting material) as a colorl ess oi -NVR ( CDCI 3;
400 MHz): 66 meptigned ppasfjougly g8cqnghe rgppved atthisppingo) gige Qnmppsndseﬁforzmw (d, 2H, J=

16. 9 Hg 2 I?’ég(l_éngle %hbnij Frﬁdgzolézgroteé\@@&lﬁggge%_ azo&ﬁﬁ@%&{gz%oxy cd. for CL

H1504, 213.1 found 212.8 4-Cyano- 1H ic acid
[ 2- (4, 4- di metehyppceyld whexediwigngithpe apl((l@peagg@ts such as trifluoroacetic acid (TFA) or

exo) - 3- hydr O@(ufr}de SOQIIC? %\E‘Eﬁ Qsot)é‘%{e{{;ilwqﬁngnug ﬁugﬂlég%(cz\f (5)3%[1"")%%% o GG 2 Qf\%ﬂtss y11-phenyl

| -am de cyano- car ox ic acid
[ 4- br ono- 2- (4b@kze)dWhat¢tyﬂ1pouyctslaﬁﬁemmﬂa e0yddnoplvatayl 4 prartiie frag tbcreqba;r gd in this
Exanpl e, step‘g%rh éniqg }1 nmml) in 7 nL of anh THF at -78 T under Ar
Qunds ofFormula
was added a sO i
25 Finally 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

30  described 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
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20i sopropyl magnesi um chloride (2.0 Min THF, 321 rff, 0.641 mol). The
reaction was warned to RT and stirred for 75 mn and then cool ed again to -78
C. A sol uti oX08t0%0¥2tbutyl lithium (1.7 Min pentane, 90FCA/USI008880¢Hp| ) was
added and, after stirring for 20 mn, a solution of

1, 5- bi s- met hoxynet hyl- 8- oxa- bi cycl oP. 2. 1] oct-6-en-3-one (as prepared in the
previous step, 141 ny, 0.664 mml) in 3.5 nL of THF was added over 1.5 mn.
The 25 m xt Uﬁ@h\/&@%odiﬁrhfbbﬁ)dyﬁtde-aﬂ($et'lﬁylfoﬁlror&ﬁrrﬂiﬂté’hn&ﬂ{l? tiefinsahay ok tdiiced by h. The

reaction was uenc with 4 of s a poured.into Et OAc (50 nL),
washed wit h Fﬁ‘g"gﬁlﬁ ona G} B’Islc?fba ﬁocl%’ ‘ﬁlﬁj roxyatedde Nﬁg*g&ﬁsmgm ncent r at ed

to give 292 f&ﬂn&tfho@s is8bdidg re'm{o% Wi\ GhiehyWasrpBslmR neadk dathlyclby 6§milRCN and
filtered, washing with MeCN (2 x 1 nL), and the filtrate concentrated to
afford 230 n@et@ﬁlda(@brwwse% &v&@%@%biﬁy Iopebler.30.28d Belleri Ve ¥lagem SPE col um
(10- 60% E50AGEXalbn SRMBIE BALASSI ‘M“('Eﬁg lébtﬂleﬁ%Hfg@b@i)'\@é}nﬁeﬁrﬁr@@nQ&ﬁ hexane
(1:1), afforded the title conpoun white solid. 1H WO
2009/ 052237PENs20bBetgobgan 11(1@@@@33 faméleﬂ/#@;mg@eguseﬁat%@ls Wity . 8. 37 (d,

L 98,0 Mo ofiBufiR cobund: Enlideh g \2a30) o (odi ol vah 1223
2H J=14. 7 HNecinlRipSGerma®3(1094)). 2¥Mpen @rr@@un@/szf Fomml Izqq)ltamla obfidedcithet, 1 14. 7

i o CaoraseREn: °55es (i st) bl @5 SOSSHAMAERRINNEL T3 20 e

st er eochdfi stsuhjomasSuibdﬂemammg obf@ined by divERtendisiBPah HMr(aNth sutlxanpl e 2 10
izq(/)i‘nz éIHrT;B':n df?‘qzug\%;lc 5 etﬁ_ %ﬁvﬁrb%glc a018)(M:§3PBA) or by treatment with NalOy (see,

hydr oxy- 1, 5- mr&xamyldmwmkm% 415(76 401 (2§03)))a{nd s@fonks can be obtained usmg two

(i)zt 1?362)(3) yl&lﬂ% %:?fJ ]%éﬂ%gé)r E)i{%g ngthlmetglylgna()z 0?1;162[-\190?.({(}%% cata yt?'ccI d

but y|6 - di met hykmsinl taml?wmidalyka)mplﬁe ﬁ’m d@pnc)aﬁb@m 21/47|9k19) Also, both20 ] |
oct-6-en-3-yl i et hyl cycl ohex- 1- eny1l) a T title
conpound ! o éf%&ﬁ arl %ﬁ%é% &Rt Ydel%ﬁﬁq? ot %%@tpvoeﬂ)uve}gmhafe
eyano- 1Hi m dpoolsp e%ﬁﬁﬁ? BOM¥ ptGerRE bﬂtltanlum (Iv) 1soprop0x1de (see, for example, J.

[ 4- br ono- 2- (4 4 di et cycl ohex- 1- 6
hem. Soc., Perkm Trans. 2, 1039- 1051 {20 2)).

Scheme 2

20 2-5
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WO 2009/ 052237PCT/ US2008/ 080081 phenyl]-am de (as prepared in the exanple 1,
step (c), 299 nyg, 0.749 mmol) and

1, 5- bi s(t er tWBaNYP28¥ et hyl - si | anyl oxynet hyl ) - 8- oxa- bi cETB[S3088PYct - 6- en- 3- 0
ne (Lee, K and Cha, J. K, J. Arer (hem Soc., 123: 5590-5591 (2001), 309 ngy,
0.749 mml ). Silica gel chromatography (1-3 % Et 0Ac/ DCM) afforded the tide
conpound (154 ny, 28 %9 as a S5white solid. Mass spectrum (ESL mlz). Calcd. for
CA0H6ON4OS Si 2, 73&hetheCMckti2Bedthe sinoiesid of ddmpdunds of Formula I where X is
1))4-Cyano-1H—inidazoIe 2-carboxylic acid

12- (4 -di net I-cyclohex 1- enyO 443-

Eanlde 10A m X
[ 4] ( 3- endo) - 3-
bis-(tert-butyl
244, 4- di met hyl -c
step, 125 ny, 0.171 nnDI) and tetrabutyl anmoni um f | uori de nonohydrate
( TBAEH20) (357 w1.36 nmol) in 3 nL of THE was stlrred~@p 60 Cfor 1 h.

After cooling 93/ , the mx s treat ~ ze??50 m.) and washed

with H0 (10 o0 ML) Jbrine (10 nL). The
organi c | ayer gri ed i

: ntrated i —acuo. The residue was
triturated wit ¢ title c@%po nd (72 ng, 84 99 as a white solid.
'H-NNR (CD30D; 400 NPE) 8815 (d, 1H, J 8.6 Hz), 7.99 (s, 1H), 7. 38 (dd, 1H,
J = 8.6, 2.3 Hz), 6.18 (s 3. 68
(s, 4H). 2.31 20(F¢* tgﬂ;urp%e f? ”eatratlzﬁthejw@al%y»Hsagenté a@ﬁ%ﬁ\tw%@re 1. 79 (d, 2H,
J=14.7 Hz), 1.59 (t, 2H, J =6.3 Hz), 1.09 (s §§DOH . Assi gnnent of

rel ati ve stereochem stry was nade based on ané?‘. L oR

4- cyano- 1H m dazol e-2-carboxylic acid [2-(4, 4- pl
-enyl)-4-[(3-ex0)-3-hydroxy- | ,5-

bi s- ”EthOXy”EEﬁMﬂiﬁﬂQ%@hQ&ﬁMPh@kém%méﬁQﬁ&e -ign- & phenyd kambadecOasy; pr epar ed
in 25Exanmple |, step (f 4- Cyano- 1H- i nmi dazol’e- 2- carboxylie acid

1441, 5- bi 8- hydiotyarddag JSBH@EQH E\yryhmg 3. H,|QdR et OP@ whiceePBisyouipables 4- di et hyl
- cycl ohex- 1- efydoling BROY tat RULR to MOSRAUR 3LA3 ABGH HRAAPH RSB he BhdHNN OH

can be removed later to reveal R is OH; and R* is H or OH where the two OH groups can

rcyclohex- |

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
10 chemistry is applicable to all X, R*, R?, and R”* 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
I, or NIS or preferably by I,/Ag,SO4 in a suitable solvent such as methyl alcohol,
isopropyl alcohol or preferably ethyl alcohol. Compounds of Formula 2-3 where R%is
15  cycloalkenyl 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
P'-WCOOH to form compounds of Formula 2-4 as described in Scheme 1. When W in
compounds of Formula 2-4 contains an optional protecting group P', it can be removed at

20  this point as described in Scheme 1 to give compound 2-5. Finally the bromo compound
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To a m xture of 4-cyano-1H i m dazol e-2-carboxylic acid [2-(4, 4-dinethyl- cyc
| ohex -1-enyl @P} 3-en do) - 3-hydroxy-1, 5-bi s-hydroxynet hyl-8-oxa-bi cyc |
o[ 3. 2. 1] oct -WB2UAIR2371 | -pheny | kami de (as prepared i nPETAFPIOR081gt o (b),
40.0 nmg, 0.0793 mmol) in 1 5nL of DCM at 0O C was added trifluoroacetic acid
(50 i.11,) dropwi se. The resulting m xture was stirred at RT for 2 h. The
sol vent was renoved in vacuo and the residue was purified by silica gel
\(,:\Er omat Olgr gp l2y5 i6 2orbvefledVid QAHORXIIY-6 bypingiaV éepkdienatibh bactiidipotonsw(tB € siligblc95 %) ( as

ite soli NVR (C1D30 400 .98 (s,
1H), 7.32 (d&rasemwﬁas ﬂorgoxéf?mﬁgnsw@'v?ﬁ@d%&%(MgcgmaaolvenéS@h@&?th%t@i (br s,
1H), 6.41 (dDMEQr ﬁ{’éferaﬂ)ly:TﬁF 8olmedb§1191§uﬁld1aloéé’1’1 ex@hangém@th"lﬁ)lppréprﬁ% (m 1H,
377388(m 269&1(31 0 Hz) H%217 (dd,
2H, J = 17.7, 1ﬂ&un7 rqagynt sge ?n(hﬁyﬂzt&wyl sef tslgfllethluﬂmn prﬁzferabls tfzxt 'Pléylh hjunpaf o s, GH) .
MBSS Spect’ U Ehe B2. 100 °(GR)-00C |9k BRIASONARnerAEDp Ao . f ound 487.1.
15 Exanple 4 4-Cyano-1H i m dazol carboxylic acid
14- 1( 3- exo) - Pr@nwitbmﬁyaﬁeﬁwiw& wln arganpepipieketont 372 Sypthesis kgtopespf( 4, 4- di met hyl
- cycl ohex-1- eByhiis phendob R f6n b N, Hhdt a)ék (RAEPHEER BANRSYLfilddic acid

, 5-bis-(tert-bud'|l-dinmethyl-silanyl oxynethyl)-8-
200xa bi cycl epBpaundyoichapsedt diveniog mpy be &irther mydiigD@ o ARG HoCHs@B20(8/ 080081
orf o) f PR
D5 bi s- (1 er PRI Bhenan cid oty hep ol SbeSIRBRELERT oS PSR - 6- en- 3- 0
ne (Lee, IR amdmmaameab(bﬁde]hydﬁmnofcﬁlmmtr&c 123: 5590-5591 5(2001) , 929
ng, 2.25 mmol) in 10 M of THF was added to a soI ution of LHMDS (1.0 Min
THF, 2.48 nmL, 2.48 nmol) in 20 mM of THF at -78 'C under Ar. The m xture was
warmed to RT and stirred for 0.5 h, ths&shesedl ed to -78 C again. A solution of
2-[ N, Noi s(trifluoronet hancsMJf nyl ) am no] pyri di nc (8%3 ng, 2.48 mmol) in 10 n
of THE was added. The resul m xturepms warnmed tq RT and stirred for 2 h
under Ar. Treated 10 V\ntlﬁzzfg\‘fglf sa%u*—a%ed—-aqueom401 foll owed by 100 m
of EtOAc, the m xture was washedlw th aqueous saRurated-Bytric acid (3 x 20
nL), H20 (20 nL), brine (10 nfY aMd dried (Na2SO4)R/ FRemmyal of the sol vent
under reduced pressure gave 1.22 g of the title conpound as light yellow oil.
"H- NWVR (CDC13; 400 MHz): 6 6.%2 (d, 1H, J = 5.8 Hz), 3829 (br s, 1H, 5.91 (d,

1H J =5.8 Hz), 3g8QulS:inddihtes gen%f'al (ngﬁllod(akéy fr fhe 1)761)21’21‘[1311 & h'é'?e}ocyglicl?’

15  ketones of Formula 3-2 where E is O, S, SO, or SO, and R is R*is CH;. These ketones

are useful for preparation of compounds Formula I where X is
. 2
= ?ZL’ 9)
o ,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
20 at temperatures from 0-100 °C. When water is employed as the nucleophile (EH; is OH»),

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 HCl to afford
compounds of Formula 3-2 where E is O (WO 2005012220). Similarly, when H,S is

employed as a nucleophile, compounds of Formula 3-2 where E is S can be obtained in the
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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- Bi sYQe¥POBHt yI - di nel i tyl -sil anyl oxynet hyl ) - 8- FANUSPWFEI08§13. 2. 1Joet a-
2,6- dien-3-ylJ-phenylam ne NH2 20 TBSO OIBS To a m xture of
trifluoronmethanesul fonic acid 1,5-bis-(tert-butyl-di nethyl -

si | anyl oxynet hyl ) - 8- oxa- bi cycl o[ 3. 2. 1] oct a- 2, 6-di en-3-y1l ester (as prepared in
t he previ ous psis@fee oﬂm&%agc bQSeQéhcmaDKDH\Pdl(BRMMtz(é’aﬁeﬂyt[@,mdﬁn&&éhnmhl): and
4(4455tetram3th 132d xabor a%é Iamnelé 40 ng, 2.46
mml ) in 20 ARIsSUG J’&?e& a8t s9C t E}G‘QS‘H f@?ﬁ‘%‘}s Ton (9.0 ni,
18 mmol ). Th%oﬁtﬁlﬁﬂﬁstsﬂdwbﬁﬂbﬁﬁ%léﬁ{z\ﬂq%urm Jﬂ%!:@@%@k@gﬁé&ﬁ%@%@%)%l stirred
at 80 Cfor 2 h and then coo eated with 100 of EtOAc, the

mxture was WASHBRERH D COIG 2344 1630-G70-) It shiquichie qlorptathgseskidediin theatt K SO4) .
Rermoval of t G@lfﬁf&bﬂt@ﬁing%%ﬁés Jf‘%’@HﬁlﬁQ 3PNERSUE & § QhlveweliLY Wflth %ﬁ@orct%o nat ogr aphy
of the residue on silica gel (1:1 hexane/0OCM - DCM gave 802 ng (73 % for two
steps) of thedyivalenis fcymspRiABriais o5dant.isuet asm-ehlaroprrbenzrissisidsiobiaruhe (ESI , nt z) :

Cal cd. for ( %gﬁﬂoﬁmo%nuﬁggz whdMeD so foPS'@ re‘kﬁgsﬂéely

Scheme 4
O
— RVQRV o
R* /\ R
R® R®
10 4-1 3-2 4-3

Two other synthetic routes for the preparation of the compounds of Formula 3-2 are
shown in Scheme 4 where E is S and R” is H, Me, and CH,R" 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 R" 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 (R* is Me)
formed by treatment of the appropriately substituted piperidone with a halomethane such
as iodomethane (L is I)), can be converted to the compounds of Formula 3-2 where E is S
by the actions of H,S or by metal sulfides (M,S), preferably alkali metal sulfides such as

20  Na,S, respectively (Khimiyva Geterotsiklicheskikh Soedinenii, Sbornik (1970) (2), 174-80
and Izvestiva Akademii Nauk Kazakhskoi SSR, Seriva Khimicheskaya (1986) (3), 92-3,

respectively).

Scheme 5

)
RtOZ Oth OZRt
i L v —— wof Lw
R? E z

25
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4-10- Ex0) - 1, 5- bi sgtert-butyl -di net hyl -si | anyl oxynt et hyl ) - 8- oxa- bi cycML3. 2. 110c
t 3-yl t phenyl am ne éA% and

44( 3- Endo) - W82¢082247er t - but yI - di met hyl - si | anyl oxynet hy [PCTEIS20Pg/080081

oxa- bi cycl al3. 2. 1l oct - 3-y11- phenyl antine (B) NH2NH2 TBSOnOTBSTBSOnOTBS A A
solution of 441,5-bis-(tert-butyl-dinethyl-silanyl oxynethyl) - 8- oxa-

15bi cycl o[ 3. 2. 1] oct a- 2, 6-di en- 3-y1l1- phenyl am ne (as prepared in the previous
step, 500 ny, 1. 0Schymels)shawsl al’ﬁ)tl\é@ aﬁhba&lhzﬁgyr(ﬂ?éé@ offfetef@Pyd k¥onésiofZQrila of MeOH

was stirred t R der (;hal | oon ssuy e Th cat al yst was
renmoved by fi r%P’?th d%h%ﬁi ﬂﬁHgé ﬁ?% E%Hﬁégkbﬂﬁﬁ%§QW§Fé ithdvacuo to
gi ve 500 ng @ﬁltabt&eprotectmg grou that is stable to the conditions of the transformation of this

441, 5-bi s-(tert-butyl di methyl -si| anyl oxynet hyl ) - 8- oxa- bi cycl of 3. 2 1l oct-2-en-3

-yl kphenyl amSﬂ@masané qapda%tre@evqsirla%%rqveql&a%slss ctrub orrhozl) “ekeed. for

C27047NCBSI 2 o ARQr e CMEIDH, ok ¥R RN hat the resultm@k&'bffé D& B?é cﬁc I
, 5-bis-(tert-butyl -di methyl -sil anyl ox nethggg- -oxablcyclo[ 2.1]oct-2-en-3-y1l

1-phenyl ani ne ( asThisesat & made brant ulgr Bixckmam-rge cicligatiomasi appeatate0 %
Pcl/C (250 érgoféwof FBrndul 29 I@t{s e VEBH H?Sam%}c' Jrbede %dﬁgnyﬁﬂ%e #%2(50 psi)
for 1 h. The Pé catal yst was rennveg f tratlon on ite, the filtrate

was concent r atnegvat of e wlmea@n(yg&b%tu@ﬁ QhR' 4sishben gofigomads Thesplafezred (A B)

m xture as |i WO 2009/ 0 37PCT/ US2008/ 08Q081. S S trum
(Esi i 3y catlipsoly By o RER S g v By Poroinir o ol iondABARRRE of 't he
rel ative 19t elreaRhe RIS lfe}{npéﬁﬁur&ﬁﬁl@ni ns b o RTﬂabthﬁl&@e B Grtoedvers of Formula 5-2

d)4-1(3-Exn)-1 5 bis-(tert-butyl-dhnethyl - S|Ianglnx neth¥0 8-oxa-bicycln[3.2. 1
| net- 3-y1J- $ol fiﬂj)_yp @ﬁﬂd&ﬁa}yée(t Aydraﬁ@s and decarboxylation at temperatures ranging

4-1(3- endn) - Lopr B Seol ﬁ(ﬁf bebuty by dhamkdpd gdansligsRetylySs xandigye! @k3. 2. 11oc
t-3-y1ll- 2- bromm- phenyl am ne (B)
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  Dbases 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 tert-
butoxide 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 HCI 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 HCI or H,SO4 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
30 acidification, 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
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NI - 12NH2 TBSOnOTBSTBSOnOTBS A 10 To a sol ution of
4-[(3-ex0)-1,5-bis-(tert-butyl-dinmethyl-silanyl oxynet hyl ) -8-oxabi cycl o[ 3.2.1]0
ct - 3- y1] - phelg R¥IF37and PCT/US2008/080081
4-[(3-endo)-1,5-bis-(tert-butyl-di nmethyl silanyl oxynet hyl ) -8-oxa- bi cycl o[ 3. 2. 1]
oct - 3-yl kphenyl am ne (as prepared in the previous step, 492 ng, 1.00 mmol) in
10 nmL of 3:1 DCM MeCN at 01C was added N- 15 bronosuccinimde (NBS) (178 ng,
1.00 mmmol ) i fhelcopPolinddns Formrla 5-1ndan bEpeepated tutiliginyv@sowvamsmeddlegiiRTorandplst i r r ed

for 1 h under Ar. The sol vent s evaporated in vacuo and the resjdue was
purified by m@gfwa%?wrﬁéfeamaﬁﬁw&w @?tﬁ?@i\og&éi &er annflwféi—?ése ofpuli ve 345
ng (60 A) of stihgdtdobrbok@IPUAEs DedBuhal bt AReRNME MehminSocteh2(1996) R, A)  of
the title corTBound B as a light brown oil. 20A: Mass spectrum%ESI m z)

Cal cd. for CI9H¥3HI/ KBS 9045ndownehdite Ameingn Grnicel Beiegd 85 BpELLstim (ES
nVz) Cal cd. LA Sl dbBBFINB I 2misat 1851 )Meth32-§ pund Assi gnnent of the relative
stereochem stry was nade in the final step (g). WO

2009/ 052237PCT/ US2008/ 080081

e) 41(3- Exo) -1, 5-bi s-(tert-butyl-di met hyl,.sjlanyl oxynet hyl)-8-oxa-bicycl o[ 3. Z
"Pet- 311]-2-(4, 4-diniethyl-cycl ohex-1-enyl)-phenyl ar nione

Rx s Rx
7, N y
* [4+3] cycloaddition R
6-1 2. dehalogenation 6-2
10 Scheme 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 cthers and acroleins 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 allene oxides
(J. Am. Chem. Soc. (1998), 120, 12310). The dehalogenation of poly a-haloketones can be
20  achieved with reagents such as Cu/ Nal (M is Na), Zn/Cu or Zn/Ag (M is Zn),
Zn/Cu/TMSCI (M is TMS) or Zn/ (EtO);B (M is B (OEt),), Et;Zn (M is Zn) and Fe,(CO)o
(M is Fe)(for a review see Org. React., 1983, 29, 163, J. Org. Chem. (1999), 64, 3398)) to
generate oxyallyl cations. The basic reagents for dehalogenation of a-halo ketones to
generate oxyallyl cations of Formula 6-1 include reagents such as Et;N/ CF3;CH,OH,
25  sodium alkoxides of 2,2,3,3-tetrafluoropropanol and 2,2,2-trifluorocthanol (J. Chem. Res.,
Synop, (1986), 424. J. Chem. Res., Synop. (1981), 246., J. Chem. Res., Synop. (1983),
166.) and LiClO4/ EtsN (J. Org. Chem. (1999), 64, 3398). Lewis acids such as AgO,CCF;
can be used for dehalogenation to obtain oxyallyl cations from 2-methoxyallyl halides (J.

Am. Chem. Soc. (1973), 95, 1338) while AgBF4 can be used for 2-amino substituted allyl
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5To a m xture of

4-[(3-ex0)-1,5 blsgétert-butyl-dinethyl-siIanyloxynethyl)-8-oxa-

bi cycl o[ 3. 2.W28¥WPHH23/1] - 2- br onp- phenyl ami ne (as prepar ed GIVSERE§P-Ey i ous st ep,
343 ng, 0.600 nmol), 4, 4-di nethyl cycl ohexen-1-yl boronic acid (156 ng, 0.660
mmol ) and Pd(PPILI)4 (69 ng, 0.060 nml) in 5 nL of 1,4-dioxane was added 2.0
M aqg Na2CO3 solution (2.4 nL, 4.8 mol). The resulting m xture was stirred at
80 ' C for 16 hhlidendeelv.AChim1Acrand9o14hesy, @ml)ecbﬂte@ LETis aHdeaﬁ@chs\&nCn S0k, of

Et OAc, the mx r %ﬁ %Jged wth H2 ﬁ nb) lerne and dried
(Na2SO4) . ReﬁB [ lofant i s eoloeERT 216G Ry %adlﬁﬁ% o e SUYIEF e 8‘\% Hy“ ¢4 ash

chr omat ogr aphywsof, 28 hesoB esiduer. qm@? 12, Q@Olangne(ldeoﬁl@f/Qo oo §&xAILPT the
title conpound as a |ight brown so ss spectrum (ESI, nfz): Calcd. for

C35f | 61NCBSI 2atiqgeQs ahe( mqtq)lentqumtrhalelemss fps AxENR) P A FProgoaedieney émat {nfeu

stereocheq s Y1d <1 0ot dnf'@leh 88 PAF( Y second methodology, tion.of
f)4- Cyano- 1- %{% tri rre yl S gr%yFO etnharcymetﬁ Sﬁf?nm%eazoooo% Orgre%(g%? ic acid
[ 4- oxyallyl cations is the treatment of a-haloketones, for example trichloroacetone or

V11520 (4, PR PORy P BReT HL 2 AR ESTE i SGORag T iz %

2009/ 052237 PGTHUITEHR1d0 8003 2 -trifluorocthahdl & sﬂlv&ﬁtL(Lee . poiCas Il KOV, Am. Chem.

4-cyano- 1- (2-tri pet hyl si yl.- et hgx thyl)-114- |mdazol e-2-carb ate (as
prepared in O& O&D]ﬁgi wg:%goddsi’%}ggﬁég&?ﬁh’ e%@Q}OH&alg}.éfﬁﬁnmeﬁm%Wd?@é } di ne
(51.0 4, 10. 63@(10y0I398- 9403;) nLInOefddQ@M @ﬁot@chImY&E c&dﬁtﬁﬁs IR BedHbo Gedoratd. 630

nunol ) After stirring at r nder t he result|n9 m Xt ure was

war med to RTO3Vdlyherieas fr@madlglgylllﬁtplgﬁﬁ (6]: Org Chem (1993) 58, 6795 and J. Am. Chem.
4-[(3-exo0)-1pe. Ql%g‘ togrd2shpt yl - di met hyl si | anyl oxynet hyl ) - 8- oxa- bi cycl o[ 3.2. 1] o
ct-3-yl]-2- (4, 4-di nethyl -cycl ohex- 1-eny1) - phenyl anine (as prepared in the
previous step, 31Bhgdicpe Gompingpgentsi qic promatigheropydes gicks.as Awfaéh/ goptitpieg at 0 C
for 2 h undeh,Aies LHE hARCHIAR WaSciler e&qm&qlaff'yf avfifRL 6F W tR ROy Of

Et 0OAc, the m xture was washed wth H20 (10 10 % aqueous citric acid (10
m), aquééus csfahlishest lderanHEOR d(rte HLe)lmélﬁthbﬂl qyebémlqmoduﬂiéum@amd@an ayer was

dried over N ; ; i. )Y
silica gel m%g%l%gégﬁy%%%ﬁg?%%c %%Hgn ?ucl{ 9?%1 &g@%@" Pézgg)npound
(401 ng, 90%ndx:r @upleght brown oil. 'H NWR (CDClB 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 (mSckdde72.09 (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, 12K), 0.01 (s, 9H). Ass gnment of the rel gtive stereochem stry
was nmade in the I smsalpyd(ogs)latlorzo Protection
RY RY
o

Reduct|on Protectlon

o3 J@ )

20
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g) 4- Cyano-|1 H i m dazol e-2-carboxylic acid 144(3-ex0)-1, 5-bis-hydroxynet hyl - 8-
oxa- bi cycl o[ 3. 2. 1l oct - 3-y1)-2- (4, 4-di net hyl -cycl ohex-1-enyl ) - phenyl Pam de

A mixture ofWQ2eWARB371- (2-trimethylsi | anyl -ethoxynet R I”'gﬂ@ﬁi’ﬁ““srﬁ dazol
c-2- carboxylic acid

[4-[(3-ex0)-1,5-bis-(tert-butyl-dinmethyl-silanyl oxynethyl)-8-oxa-

25bi cycl o[ 3. 2. 1] oct - 3-y1] - 2- (4, 4-di net hyl - cycl ohex- 1-enyl) - phenyl kam de (as
pr epar Sd int hedeteyhlmtSst@h&hb detBR: mdlllg)ﬂ”&?dkamk) ?c&lﬂﬁks e Fo@bill yammbei um
fluoride non 2.83 mmp i.n 5 of THFE was. stijrre t50T
for 16 h. Af ?‘él%/ he ‘&Cflﬂﬁﬁ%@m?%‘lﬂg %Pﬁ@PﬁftitrEﬂcBO%%ndﬂt}oé‘ét%%S%“inrfnré{ ? "m.) and
washed wi th EndldGhdrbdmpoatidesiusormalad-2 et bdNbk 4GdrokAatdd %Qn@kho@ﬂﬁtek&’tﬁr@e (10
m.). The organic | %er was dried over 30Na2SO4 and concentrated in vacuo. The

resi due was thqt?C@}s Fd Nt ehrepevis BdgeigenepiecsilereskRip sanar ¢ooetysv88 % as a

white sol kd. 7 NV D30 ‘Wﬁ’ey’W‘@{ Ny, %919])23([%: 99%'—'&003)/\9 obtaln cis-diols of
2009/ 052237PCT/ 82008/ 080081°J ="8. 0 (dd, 1H, J = 8.6,

2.3 Hz), 7.1Fopeula TH whick-can thenfpy PTGEPC‘FQ 9 ﬁbtatm)ompgwsb of Eomzwllas F22nd 7-37 Hz)
3.52 (d, 2H, T‘ﬂe pre%e]’rea cggd)itmng‘ f(%%ls(-mdrolég)atloglrégldé,rﬂut %@wt lgm@ﬁ t&,rﬂle men]r 84-1.97
(m 4H), 1.63-1.71 (m H J =06.3 H), 1.08 (s, 6H). Mss
spect rum ( ESlof thﬂczt)ﬂpm@dﬁ eﬂForfrmla @S’HBALM@WC 490uig of DsP) andf reari O asithe

5As t COSY and
Shosanment Sl SEhEhNRS PRSP ALY, RS TR, HELIE | DR 2D

144( 3- end0) - 37®), bedShZ;iidr Bhy il pl Férmoda 761 can be protected to obtaln compounds of

o Y1 813 2 Bugsls TV 40 265 i TR YRR S RUIL g, O
bi cycl of 3. 2. 1'Paekcti3 Qﬂ)ilps?m(@rgélmdSYmhdﬁ}sl’ -byyHeodex WL -(@tye Jang Retay G avi. Wauts,
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 (fert-Bu),SiCl, 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),
20 3398-3408.)

Scheme 8
6D
O 1.Base OSO,CF 2n+1
% 2. Fluorosulfonylation E Borylation é
> —_—
8-1 8-2 8-3

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
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OTBS 15The title conmpound was prepared by the procedure of Exanple 4, step (c)
using 4- [(3-en dog 1,5-bis-(tert-butyl-dinmethyl-si lanylo IénetQé

) - 8- oxa- blcﬁﬁPém?ﬁf@yﬁ]oct 3-y1] - 2- brono-phenyl ani nc ( BFT&¥PEP-red in the
exanple 4, step (d), 171 ng, 0.300 mmol) and 4, 4-di met hyl cycl ohexcn- |
-beoronic acid (77.9 ng, 0.330 mmol). Silica gel chr omat ogr aphy (DCM
afforded the title conpound (165 ng, 92 %9 as a light brown oil. 20Mass

spect rum ( ES\& Mwiig)ral CakiGstry f(QoomﬁoﬂﬁmN@aSJsSs 3690.GreleMER). /., P200MA360016. WO

rzrg_ggl I0§2t2 ﬁZP%T?S%%Jﬂ%%O{(y)g/ %ggsogelrreﬁsc%{l 1t10ns or t?ns t}ra?lgfo}‘n?zitl?)% In\llc?udset ‘t%tea?ecrrl]o? Iirllnlsl‘}egiy was

34 Cyano- | - (@-thd tramhdiy bs hdt@Byctie kbroney BB FBhula 41 Lrititdaz 6hRs duchak iaxythi ¢ aci d

1( 3- endo) - 45dBsoprqpy lepridepert Yihivm werameathysdivigpge ok jameriys §omxalloi€yeRd) 3. Z
Hoct - 3-y 13- 24§l y4 Al E@t o gé’ thy X addi Y é} 'lelaﬁ)PXl@lgmlﬁé ggM sif C?éoTBS
ure o np

The title conpound’ was prepare e proce step usi ng
4- nonafluorobutanesulfonyl fluoride, 2-/N, N- bis(tnﬂuorornethanesulfonyl)armno]pyrldlne or

[ (3-endo) -1, (t.ert- but yl 0Xx y1) azhicyclo[3.2.1]o0
oyt 2t R WP B SR s et & (RS efsdr 6 PR ¢ he
previ ous SE e[dlreclfér()eﬂri:@(lpyeﬂl(hﬁ Ra&H- d?i’tm}z)ad &ﬁﬂahﬁi@d dé‘s%tﬂbﬁdi]dprewlously in Schetr)ne 1. | In (
4-cyano- 1- (2-tr.i.met sila 1H- i m dazol e- rboxyl ate (as

M A S 1 R A (g A S e AT et o gt

chr onat ogpap IéMet(s ?ofEFo%lﬁh QAT blibreiaike )in @h&mmﬁdadr&l eoaplhhg @r&@M&UMCI{bEB inng, 88

%9 as a light brown oil. 11-1-NWMR (CDC13; é F% 27 (d,

IH J = 8.6 Kehemerl. flprepresppiptiverpraggdyrgy scef ﬁastwoed g etr%heérorﬂizl)et @0ep. ‘tld 111, J

= 2.3 Hz), 53965-§ 8nd Bdhhashi, KS of M Cllén. ]L%ilt) (20@’0)6@6(1) Fﬁﬂlﬁy, wlnerr a%m% of 3. 61 (s,
414), 2.94 (m 111), 2.28 (m 211), 2 13.8 Elz 2.09 (m

211). 1.77- 1Fesnylap-20ar1§-3 contmigs 3 pewet‘(ﬂhg gH’M) lt C&H bq re(r%ove@m an @t@me@ﬁte 911, J=
8.3 Hz), 0.9@pn(s steﬂ-%’s’i)a e Qﬁ{)&ﬁmat@ Rbndifoi6 Fos ’exﬁﬂ-p'h% , w96n095015( giol 931 Hlesent

Assignnment of the relafive stereochemstry was made in the final step (c). 20
c) 4- Cyandsl| wqtmqglaezsoqhe_lg)pwyb@xg/ k¢tel, dlesi protecting group can be removed with acidic

14- ((3-endo) aa'ue%usb CO\{ldltI% %XJG%{[@Q ¥e]r'ﬁp86fature, preferably at 100 °C, and when it is protected

as a di-tert-butylsilylene dicther, 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.
20 Inc, NY, (1999).
Scheme 9

C
Halogenation N
I p — I R G o
a

9-1 9-2 93

N

R c
N O R N O
MOH
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F@jI:N1 oM a

9-5 9-4
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oxa- bi cycl 013. 2. 11oct - 3-y0- 2- (4, 4-di net hyl - cycl ohex-1-enyl ) - phenyl | -am de

The title co ound was prepared by the procedure of Exanple 4, step (g) using
4- cyano- ng?“?@?%%ﬁhylsi | anyl - et hoxymet hyl ) - 1Hi mi d&£3(WS2P8889P¢oxyl i ¢ aci d
[41(3-endo) | ,5-bi s-(tert-butyl -di nethyl -silanyloxynothyl)-8-oxa-bi
cyclo[3.2. | joct-3-y1]-2-(4,4- 25di net hyl - cycl ohex- 1-enyl) - phenyl ] -am de (as
prepared in the previous step, 185 ng, 0.218 WD 2009/052237PCT/ US2008/ 080081
mmol ) and tetr abuswenﬁmmlmumﬁlrdmnbd& pfm@dmysdbﬁﬁﬂni(daﬂ’ecmoxﬂataﬂoﬂnml ). Silica

el chromat ogr H for h le c 100 , 93 0
as ali ght b8 Wﬁl’q%ﬁ thi f‘Nﬂ/%O(r %M &fy 48% Mﬁﬂ ﬁ% 8&?0‘“(@6%%%5&“%@% H), g
7.98 (s, 1H) as Jlte%%e&lﬁk@s 1nlllfé thes@@ﬁwom%oﬁhdk'é)Forﬁ}um Withre WHS mlldazo?e- 0 Hz), 5.72
(m 1H), 3.63 (d, 2H, J = Hz), 2.91 (m 1H),
2.30 (m 2H), 1. 913;111 awseﬁformlﬁw 1‘@5%1‘ T%Heh{?u@lﬂﬂwl ?Lndo% 1§§1 C@H)ﬂkylwﬁss
spectrum GESIoN #/ Zkher %@fh&&mah%va%ﬁbéf”\l{l&é castHhed {MHON, af&'éMl %ﬂaiale

Assi gnment of the relative stereochem'stry was made using D COsY and

2D NOESY NWVR fromoex%ﬁmﬁléf @adattgf%lﬁ@yi%191lmf&@z%ﬁ i Chl &y mwwri \@ltlam d
41( 3-endo 4-di net hyl -
[41( ) - :hgﬁi)ogl any @ﬁg%é%ﬁﬁ%%&a@ ey &ﬁt%lle T pl?or& : y

cycl ohex- 1-en uor onret %nesu c acid
1, 5-his- neth@xyﬁtﬁﬁybr829&ambmm#dﬁnaﬁﬂgAﬁp%Bﬂﬁ7)ﬂnﬁ¢dp@ﬂ033ymu@é%b¢mmﬂT 20The

11, CoDOURd SN S ISR 8 AL SR el Ry () Ul
Exanpl e 10 steyerildy p SE80gmrg toZi8ompoinds afifiormula 9- 2 (see Theodora W. Greene and
2 e e R AP G R o
Cal cd. for C(BE1YH5F306S, 345.0 ( |\/|+H) found 344.9.
2009/052237PCT/ USleglg'z%/leg%QE)ormula 9-2, where R is -CN, can be halogenated with a suitable
reagent such as N-bromosuccinimide or N-iodosuccinimide under either electrophilic
15  conditions 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 CCly 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).

25 For imidazoles of Formula 9-2, where R€ 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 n-
butyllithium in THF at —78 °C and quenching the resulting organolithium species with

30  cthyl chloroformate. (For examples, see: Tetrahedron Lett. (1988), 29, 3411-3414.)
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b. 4- (1, 5- Bi s- met hoxynet hyl- 8- exa- bi cycl on. 2. 1Joct a- 2, 6- di en- 3-y1) - phenyl am ne
NH2 5The title conpound was prepared by the procedure of Exanple 4, step (b)
using trifl u¥P8WEOHANesul foni c acid 1, 5-bi s- et hoxymet hyPET@ISg08089p81
cyclo[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-tetranmet hyl[ 1, 3, 2] di oxaborol an-2-y1) - phenylam ne (2.28 g, 10.4
mml). Silica gel Tﬁé’léswﬂ%m*rﬁﬂ_b%«ﬁaﬂlﬁe%dﬁiﬂﬁﬂfmw ca@ﬁcfoﬁdz&ﬁhst(Nﬁs H)bl e
%grggungoﬁ 2. 1a){hgyfyﬂ@sa(% S%fi( Hg%}tK ?%tﬁy\gm?lgg Szuls?nl\ébbsng e(?lpvaﬁénrtg an a%%leousr aiz):
?4A§3 Egdn) 1 nRtdd h$drbiigd DABHUIRIIION; SreR¥dhbprasilMlhg dedxib Red sudadk kolphenyl am ne

an
41( 3- Ex0) - 1, 544Hi 38 char] ok pabena)1 Sertepeis of peryrquadsofFomyla 95 whare Rhigny | ant i ne (B)
15 NI-12Nk2 coNM, is accompiml%d b Filstr&ANP QsbuNASo HOBRAL Ok Pierd ResPERGRAUT € Of
Exanple 4, step (c) using 4
(1, 5- bi s- net ﬁ@ﬁmmal@xeﬁ@aﬁum w@taé{l@nzthszflé@t%nzveettaﬁ eYing gierp IpHeny| ani ne (as
prepared 20 'nﬂldtaﬂ%%r gyfnﬁéﬁea%hﬁﬁ fol%y?ﬁg b%h 15'6@&?1 thestl? Y iAi£R3 (800 ng, 40
w 9% and 10 A) NI'C ny, iTic chromat ography (0-1 %
MeOH DCM) af fsoudeditb 0o eaypivaleats ofn @cﬁ@ww’@ezﬂslw@mwszm 080081 % of the
title conpound A as a light brown oil and 672 ng (33 %9 of the title conmpound
B as a light brown oil. A: Mass spectrum (EST, mz): Calcd. for
C17H25N0 1292. 2 (M+H), found 292. 2. Scheme 10

|\

N O
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0
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Scheme 10 illustrates a route to 2-imidazolecarboxylates of Formula 10-3 or 10-5
where R’ 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.

15 Compounds of Formula 10-1 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 DMF 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
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B: Mass spectrum (EST, mz): Calcd. for CL7H25NG3, 292.2 (MtH), found 292. 2.
5Assignnent of the relative stereochem stry was made in the final step (g).
44( 3- Endo) - W82¢P823¥'t hoxymet hyl - 8- oxa- bi eyel of 3. 2. 1ket P§TPPIOYIPH ppheny! ami
ne |0 The title conpound was prepared by the procedure of Exanple 4,
step (d) using 4-

[ (3-endo) -1, 5- bi s- net hoxynet hyl- 8- oxa- bi cycl o[ 3. 2. 1] oct - 3-y1T- phenyl am ne (as
prepared in tFoemi 0B ahd 1GE e thaD stiaincl. i aBdspectiBStdrd BBhydolysis 40 nmol ) .
Silica gel 15 chro aphy (0-10% Et OAc/ DCM afforded 185 ng (50 /0) of the
title compoudgcHas ﬁF@ﬁ? rown oil. Mass spectrum (EST, nmiz): Calcd. for

Cl 7-124Br NGB8, 370.1 (MtH), found 370.1. Assignnent of the relative
stereochenistrz was nade in the final step (g). 20

e) 44( 3- Endo) Sth&glls_ et hoxynet hyl - 8- oxa- bi eyel of 3. 2. i | oet - 3-y11-2- (4, 4-di neth

yl - cycl ohex- 1-enyl)-pbenyl am ne WO 2008/ 052237PCT/ US20@83/ 080081 The
title conpound wasfrepar by the proce uré’of Exanpl e %fep (e) using 4-

[ (3-endo) - 1, 5- bi s- mefho §1- 8- oxa- Qlc 32 1]0@“’3- >_;¥brono-phenylam
ine (as prepared in the previous step, 18 0.500 nmo

4,4-dinethylcyclohexen-é-%lboronlc 5aci d 130 ng, 0. 550 Silica gel
chronatog?aphy (0-15 % t Ac/ DCM afforde 450 mg (75 % of the title conpound
as a light yell owSdiche 1Malsstratpecinetiod {d-Ble, prépazation CRinGdhzole©of Ko2mtda ANG31, 400. 3

(Meth . Tound B0 rbis SR.I8BRM, sORGn! f 2H YEISLALERENGILSY LY s made in the

final step (
{214- Cyano- 1- (mderdetia®b Myths byn@ityis ofédhafoyadtdT¥bimuldt whdrel @z Bligidzat@r boxyl i c acid
(3-endo) - 1, 5- bi s- HE#EkHet (YQ-18214217) &ynepigeted accqriygrto eynethods doscribedi nj et hyl -

cycl ohex}genydgchehenypbicAblydith 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 R'is -SCH;. 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 Rf is -SOCH;. Oxidation

15  with 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 -SO,CH;. The
preferred reagent for oxidation is MCPBA in DCM. References for the conversion of

sulfides to sulfoxides and sulfones are given in Scheme 1.
20 EXAMPLES
Example 1

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-[(3-ex0)-3-
hydroxy-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide
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The title conpound was prepared by the procedure of Exanple 4, step (f) using
4-
15[ ( 3- endo) -YO3080¥2¥et hoxynmet hy1- 8- oxa- bi cycl o[ 3. 2. 110PCTAISYN§0890814 4_ di et hy
| -cycl ohex- 1-enyl)-phenylam ne (as prepared in the previous step, 140 ny,
0.350 nmol ) and pot assi um
4-cyano- 1- (2-trimethyl sil anyl - et hoxynet hyl ) - 1H i m dazol e- 2- car boxyl ate (as
prepared in US Pat pti ¢ 2006189623 A, 128 ng, 0.420 mmol). Silica gel
chromat ography (5 %®EtQAc/ DCM) afforded 164 ng (72 %9 of the title conpound as
a WD 2009/ 052237P S2008/ 080081 |ight yellow oil. Mass spectrum (ESI, m z):
Cal cd. for C36H52N4055i H49ﬁﬂ‘§&@£&, found 649.1. Assignment of the relative
Rgle N final step (g). 5

2- carboxylic acid 14-03-endo) - 14- bi s- met hoxynet hyl - 8-
0ct¥"3-y1ll-2- (4, 4-di et hyl - cycl ohex- 1- enyO- phenyl | - am de
was prepared by the procedure of Exanple 4, step (g) using
et hyl si | anyl - et hoxynet hyl ) - 1H i mi dazol e- 2- car boxyl i c acid
0

4- cyano-1-(2-tri
[ 4-] (3-endo) -
1,5-bis-nethoxyneth91-8-oxa-bicycI0[3.2.110ct-3-y11-2-(4,4-dinethyl-cyclohex-l
-enyl)- 10phenyl]-am de (as prepared in the previous step, 150 ng, 0.231 nmol)
and tetrabutyl - ammoni um fl uoride nonohydrate (181 ng, 0.693 mmol). Silica gel
chromat ogr ap¥y ( 2% ByemeGAéHolmythuk oo beq!end-phawemésnpound (102 my, 85% as a
white solid. Ms pectrum (ESI, rniz): Calcd. for Cl12H13Br N20, 281.0 ( M+H)
found 281.2. ' HANMR (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. ), 3.40 (d, 2H, J = 10.1 Hz), 3.40 (m 6H), 2.90 (m 1H)
2.29 (m 211), I Ned, 1H, J = 13.5, 6.7 Hz), 2.06 (m 2H), 1.80-1.89 (m
2H), 1.67-1.76 2H), 1.58-1.64 (m 2H), 1.58 (t, 2H, J = 6.3 Hz), 1.08 (s,
6H). Mass spegtT (ESI, nVz): Calcd. for C30H1gN404, 519.3 (M+H), found
519. 0. 20Assignnment of structure was nmade based on analogy to
4- cyano- 1H i m dazgl e- 2- carboxylic acid .
121 (3-endo) - 1, 5 SIS XA ok RRPRy BEDRRYlaBng T ope, 23mme- 4%y 11 2- (4, 4-
di met hyl - cy clighadkyldycRysdeh=1PY1B6shik 28848 h@ S 2Rmepaly, ed (P, FEX@Iphe 0947 St ep (c)) .
mmol) and 2.0 M aq Na,CO; (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 EtOAc (50

10 mL) and washed with H,O (25 mL) and brine (20 mL). The organic layer was dried

(Na,SO4) and concentrated in vacuo. The residue was purified by flash chromatography
on silica gel (5 % EtOAc/hexane) to afford 770 mg (91 %) of the title compound as a
colorless oil. Mass spectrum (ESI, m/z): Calcd. for Ci4H;sBrN, 280.1 (M+H), found
280.1.

15
b) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid [4-
bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl[-amide
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Exampl e 7 25 4-Cyano- 1Hi m dazol e- 2-car boxylic acid

[4-1(3-ex0)-1,5-bis- ‘ydroxynethyI-S-oxabicyclo[3.ZiIoct-3-y0-2-$4,4-dinedzyl-
ycl ohex- 1- eﬁVP?mBﬁ§%§ | -am de WD 2009/ 052237PCT/ US2008/P§33{52P8/080431

41( 3- Ex0) - 1, 5- bi s- met hoxynet hyl- 8- exa- bi eyel o[ 3. 2. 1Joet - 3-y11- 2- br onophenyl am
ne 5 The title conpound was prepared by the procedure of Exanple 4,
step (d) using 4- ((3-ex0)-1,5-bi s-nethoxynethyl-8-o0x a-bicyc o[3.2.1]oct-3-y
0-pheny lamine (as prepared in Exanple 6, step (c), 292 ng, 1.00 mol), NBS

(178 ng, 1.00 mMoiry a mdkthiteGl 43RbmE DI ONREDGHARNYIoh = LOKESHIANBCM: (&f f or ded 185
ng (50 %9 of the title conmpound_as 10light bhrown oil . Mass dectrun1(EST mz):
Cal cd. for CPieParEdAEhRRISYIOSTHED: 7(QMpei 375 MBRRIPAAO D +-ne8P-dient of t he

relative st e&ﬁg&hﬁmaﬁylt&hae@ﬁlemwQH iddelefd-fahox g)ta RRUSDat A phc 20b%189623
4-1(3-Ex0) -1, 5-bi s-net heaynet h - oxa- blg%%lol 1l oct - - di net hyl

15 cyc|ohéx-ﬁ eft1yeph Yérrpmaw PYWQb%ﬂa& Japei 992B 06D wmag The

title conpou F t usi ng 4-
[(3 exo) 1, 5%?%%? xgrzrgt y 1) Sﬁlg){%[ilgﬁgyC%t%re%as%ﬁﬁé@it@(’[“for % ﬁgncfe?kr.

[ 3. 2. 1] oct - 3-TychledAvilir 8oL pﬁEﬂQAaamemaxt@asqur\msbademﬁ H,Q (e Jrmels), btise @Dep, 185

ng, 0.500 mmuol), 4,4- exen ronic aC|d ( 50
ooty ot 1 eand s RS R T e bR e SR R 8 0 of
the title COI&m@uﬁfbg&@hﬂ' bahé reyidhid @mslmd gel (YRE5Y, Ho@AL/hewiné)Dle 1.0% 2)88 Labcd. for
CzSHB?NO]H) 4(‘E)hoe title comg?)und a(s)lé”\]xz 1t§(s)0011d ‘Mass spectrum (ESI, m/z): Calcd. for CosHas

BrN40,S1, 529.2 (M+H), found 528.9.

c) 4-Cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-
enyl)-phenyl]-amide

15

To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide (as prepared in
the previous step, 350 mg, 0.661 mmol) in 5 mL of DCM (CH,Cl,) was added 0.15 mL of

20  EtOH 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 (DMSO-
ds; 400 MHz): 5 14.3 (s, 1H), 9.78 (s, 1H), 8.31 (s, 1H), 7.95 (d, 2H, J = 8.6 Hz), 7.50 (dd,
2H,J=28.6,2.3 Hz), 7.41 (d, 1H, J=2.3 Hz), 5.71 (m, 1H), 2.24 (m, 2H), 1.95 (m, 2H),

25  1.47 (m, 2H), 0.98 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C9H;9 BrN4O, 399.1
(M+H), found 399.1.

d) 2,5-Bis-methoxymethyl-furan
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Assignnment of the relative stereochem stry was made in the final step (d). 10
c)4- Cyano-1-(2-trinet hyl sil anyl - et harynet hyl ) - 1H i m dazol e- 2- carboxylic acid

[ 4- WO 2009/052237 PCT/US2008/080081
((3-ex0)-1, 5-bi s-nmet hoxynet hyl - 8- oxa- bi cycl of 3. 2. 1Ject - 3-y1) - 2- (4, 4-di net hyl -
ycl ohex1-enyl) - phenyl fram de The title conpound was prepared by the
procedure of Exanple 4, step (f) using 4-

15[ ( 3- exo0) - 1\5— - "By hoxyyret hyl - 8- oxa- bi cycl o[ 3. 2. 1] oct - 3-y1] - 2- (4, 4-di met hyl
-cycl ohex- ﬁ)yl) |ph nylam ne (as prepared in the previous step, 140 ng,

0. 350 nmol) and pot Ium

4-cyano- 1- (2-trinmethyl sil anyl - et hoxynet hyl ) - 1H-| m dazol e- 2- car boxyl ate (as
prepared in US Pat Applic 2006189623 Al, 128 ng, 0.420 nmmol). Silica gel

chr omat ogr aphy ( 5T9% BsDawsidDQpodairnh by ey (416’631r4gn$ 73.19pme)p int hyaLof pnbeTHBpound as

Cal 00, for IO SRS A v PO e Vrhe R RREGULRS "o .”‘Vé)

st er eochefi s20§6 1\2@_’572rmkjen i (i tod afili BEHF. ftepstifrb)g at 8T for 20 min, methyl iodide

d) 4- Cyano- 1H: ar bo cid 14- 03 xynet hyl -

oxa- bi cycl of 3 H;*ﬂié@# ngn(ill ?”(dﬁxilmﬁiltﬁ%?lﬁ‘ylfreé dg)ﬂ( a]]qdl %ﬁéﬁe?@% (g?

The title comigundaiid veryepaigy alnytﬁehmxmmaﬁehmmrete@in Exadiplremdve thé EHF( g) u5| ng
El;l géag)o( ;);L ~( thg ?émrﬁ?ﬁlgg e|1qsulecl)uasn il(t-u?et vtf]aosxs trlTl.Ieatteh w&h soﬁ& INmCPanzdoelx?racgcede%lrﬂPB é; (% ¢ acid

, 5- bi s- net hQW'HﬂE)h)ﬂie BorﬁBﬁﬁecfbrgMﬁd 1@{/6915 Rerb HPied ovdr Wh)S(h-abd céclitiidh | - cycl ohex- 1
-enyl) 10phenyl ] -am de repared. in the previous step, 150 ng, 0.231 mmol)

and t et rdBut yﬁmﬁwﬂ}ﬂwwlhwhliclaéfawaméwﬂléa %ﬁs&rowgtog@pm@ H#o1). Silica gel
chr omat ogr apyo A&Rexn I\g&@%gs)@@@tle%&g&ﬂ@%%hﬁg @Mt%)%s%Q%{%bﬁﬂéll(&@Wﬁg 72 % as
a white solid. '11-N 1 (d 8.5 Hz), 7.98
(s, 1H, 7. 1%@@&;4ODI-MHZ) §6Q8£{S 220+ 34(p,, 4H)3)©7(Sd6H1H 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), 1.65-1.26 (n,5BH-methoSOndtiyl-82dxalhicydlof3. BIRci-pn-30108 (s, 6H). Mss
spectrum (ES1, na/z):,Calcd. for C301-135N404, 519.3 (MrH), found 519. 1.

Assi gnnent of structufle was nade based on anal ogy to 4-cyano-1Hi m dazol e- 2-

carboxylic acid
[ 4- [ (3= ex0) - I7BADi soxy Yet hy1- 8- oxa- bi cycl o[ 3. 2. 11oct - 3-y11- 2- (4, 4-
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-

20  acetone (3.44 g, 9.20 mmol) and triethyl borate (2.20 mL, 12.9 mmol) in 2.8 mL of THF
dropwise 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 EtOAc (2 x 10 mL). The layers were
separated, the aqueous layer was extracted with EtOAc (3 x 25 mL) and the combined

25  organic layers were washed with water (50 mL), dried (Na2SO4), and concentrated to a
dark oil. This residue in 5 mL of MeOH was added dropwise to a suspension of zinc dust
(<10 um, 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 MeOH and stirred at RT for 16 h. The mixture was
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20di et hyl - cycl ohex- 1- enyl) - phenyl ] am de (as prepared in Exanple 4, step (g)).
Exanple 8 4- %ano- 1H i m dazol e- 2- carboxylic acid

[ 2- (4, 4- di meEVRYI2832240hex- 1- enyl ) - 41( 3- exo0) - 3- PCT/US2008/080081

I tydroxy-1, 5-bis-|tydroxymet hyl - 8- oxa- bi cycl o 3. ZI | oct - 3-yl Pphenyl Pam de 25
VD 20097 052237PCT/ US2008/ 080081 a) 1

, 5-Bi s-(tert-butyl-dinethyl-silanyl oxynet hyl)-8-oxa-bicyclo [3.Z il octan-3-one
0 5A m xt ur gilefed (Cehte) washing with MeOH (10 mL) and EtOAc (10 mL) and the filtrate

1,5-bis-(tert-but i met hyl. - nmet h - 8- oxa cIo
oct - 6- en- 3- oﬁ%ncf‘é%‘"’é ‘ﬂ‘ﬂa l’lﬂ%ﬂ ﬁd]ilﬁ {‘JL Wmé‘ﬁ%?d &’eel}}gtz exaian}ré b em Soc.
123: 5590- 559 hnd RERLY) r)dpfec? itidd §olfd§Q/efE€H)Lssleecﬂ-Qy Addith owm-i{@p@a sbiniryed at RT

under H2 (ball oon pressure) for 8 h. The Pd catal yst was rermved by filtration
on Cclite, adtdthRadycops %ﬁtrévaaﬁétra@t?ﬁd@ﬁhtﬁté? BerapoCgh ve& oulng he tombiogd of t he

title conmgoug aﬁ§ lz%re{?sQJzé?é lrv@ﬁéd Qlith sat&%@%ﬁc@p?l@brnﬁﬁb‘aﬁ@%me {108 hd), dric@l cd. for

C21H4204Si 2, M+H), found 4 no- 111-i r ai dazol e- 2- car boxyl i c
aci d (NaZSO4) and concentrated to 1 21 g of a yellow 011 Chromatography on a 20-g silica gel

[ 41(3-exo0) - 1¢pphi bd -RBWYID Ydsik 6%y 1EL dr oxy- 8- oxa- bi cycl o
[3.2. ject-3-yll- %mﬁ ﬁé?rret h&YI cyc ohex%%y(I2 % E%enyl amde O To a

Zuspeﬂs: on o}’meﬂm ﬁbylﬁ}FPn rﬁltl?aﬁzloﬁéﬁlzmelawbbi S%Etélz"wd) €L dffooded - title, 4;1

Bl 5 1. sy A spoe Wﬁ%%ﬁb??%%%%%m% S SO RS
'(A f2 'I[VIe-rrHEO 1gm 39m- emt[F (200133&3) ifia): 5 6ar0ds; g{ﬁb osln?)éﬂ U /B g7 Hy) Died, 612) m% (al% nBEL
(1 7Min penchnétoiee iatt GR350 R MhseboriaarShmd: Wlbrluficiad s

sol ution of 213.1 (M+H), found 212.8.

1,5-bis-(tert-butyl-di nethylsilanyl oxynmethyl)-8-oxa-bicycl o[ 3.2.1] octan-3-one
(200 ng, 0.482 nmol) (prepared in the WD 2009/ 052237PCT/ US2008/ 080081
previous step) i Ny iind-ZHYdadee- 209806y RNid }ze(4mdsww.@wohéﬁﬂefzf[y 438-m ns at

-78 t and then allowed to attain RT and stirred for nmore mn he reaction
was quendhed et hingaexyr bi-b-medacymethyl-$rpya-bisrrlR 2rliet-benod-yihplsnyionides x 10
m.). The organic | ayer was dried (Na2SO4) and concentrated and the title

conpound was purified on silica gel eIutlng
To a solution of 4-cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-

dimethyl-cyclohex-1-enyl)-phenyl]-amide (as prepared in this Example, step (c), 204 mg,
0.511 mmol) in 7 mL of anh THF at -78 °C under Ar was added a solution of

20  isopropylmagnesium chloride (2.0 M in THF, 321 uL, 0.641 mmol). The reaction was
warmed to RT and stirred for 75 min and then cooled again to -78 °C. A solution of tert-
butyllithium (1.7 M in pentane, 900 uL, 1.53 mmol) was added and, after stirring for 20
min, a solution of 1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]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 °C for 30 min and then at RT for 16 h. The reaction was
quenched with 4 mL of satd aq. NH4Cl, poured into EtOAc (50 mL), washed with water
(10 mL) and brine (10 mL), dried (Na,SO4), 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

30  silica gel SPE column (10-60% EtOAc-DCM) gave a glass which, after concentration from
EtOAc-hexane (1:1), afforded the title compound (32.4 mg, 12%) as a white solid. 'H-
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5with 10% Et OAc/DCM to give 116 ng (51% of a white solid. Mass spectrum ( EST,
mz): Calcd. for CA$62N405Si 2, 717.4 (M+H H20), found 717.1. Assignnment of the
relative st V@3WAEREt ry was nade in the final step (c) PCT/US2008/080081

4- Cyano- 1Hi m dazol e- 2-carboxylic acid 12-(4, 4-di met hyl - cycl ohex-1-enyl) -44(3-
10

exo) - 3- hydr oxy- 1, 5- bi s- hydravymet hyl - 8- oxa- bi cycl 013. 2. 1Joc1- 3-yl | - phenyl | - am
de A MMtcpmgpztooMHy)aa@ “6hik, IIHP ctamherfz ﬁ%l}@m 69C(s am>d7 53 (dd

[441, 5-bis-fiert-butyldinethyl-silan é/ g - 0xa- bi cycl op
Tl et 3y 1L 2500 28k Bt Wyl Do 2 IS bl S gy kel de Spfegtied | t he

previ ous Ste@.403(§%}1'7%40]§d4ﬁ{ 15149, 2103 _BHE ((nle})z oefa% 1t1f(ﬁla§ﬁfi 1\% @ TBAF. H0

(150 ng, 5.75 mol he 'mi xture stirred af ) ereactlon was
diluted wit hZEséﬂé‘ 1Ho. b§ (taHtd Srg ke Wi (b @h@oMazS speqtulmr{BSIeW@) brdlee (10 nl)
and driedsov solid was triturated with Et20 and
filtered fo 3‘?fve 50 g’ 5’%955‘”‘?5%3%?9‘3%2?. d. | HNVR (400 M-z, DMVBO-d6) 8 ppm
14.21 fin's, 1 H)As@grm:n( Mrelstlvelstdlﬁochﬁn@m’ {vas madeHhsing 7DD WHR @6 HHz, 201 H)
7.35 (dd, J?jﬁ(&o?rsgg 727(d J=1.9 Hz, 1 H, 566 (m 1 H), 4.92
(s, 1H) t 8Hz 333-344(m4H),2.22-2.29(m4H),
1.91 - 1.98 (m 4 , 1.70- 176(m 2 H, 1.55- 1.59 (m 2 H), 1.47- 1.52 (m
2 H, 1. 00 (% %r#) Mass spectrum (ESI, Cal cd. for C23H34N405, 507.2 (MH),
found 507. 1. “A84PGrfment of relative stereochenistry was made based on anal ogy
to 4-cyano- W-GyaneSithintddzolee-QerbatyBousill |2 (4okilithelizd &iclohdi-heaphtl ((Law)3ohex- |
-enyl)-4-]( 0

bi s- et hoxyr‘ré’%"?f%‘ 25%};)@?;%?&%’[%&?"‘11’6’5‘{’0[@ 2ok boan-3-pip i e (as prepared
in Exanple 1, step (O)N _ /Exanple 9 30 4-Cyano-1H i m dazol e-2-carboxylic acid
1244,4-dinethy|-cyc|o' Xy 1- eny0- 44( 3- exo0) - 3-

hydr oxy- 1, 5- di net hyl - § a-bicycl o[ 3.2.11oct-6-en-3-yl)-phenyll -amde WO
2009/ 052237PCT/ US2008/ 80081"'“ - The title conmpound was prepared as
descri bed in Exanpl e S‘l g 4- cyano-1H i m dazol e-2-carboxylic acid
[ 4- br ono- 2- (4, 4 diHget cygl ohex- 1-enyl) - phenyl]-am de (as prepared in

and 1, 5-di net hyl-8-oxa- 5bicycl o[ 3. 2. 1] oct - 6- en- 3-one
(Chem stry A EuTgpe Journal (1995), 1(6), 368-73). ILI-

a) 4-Cyano-1H-imidazole-2-carboxylic acid [4-[(3-exo)-3-hydroxy-1,5-bis-(tert-
15 butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-2-(4,4-dimethyl-
cyclohex-1-enyl)-phenyl]-amide

20 The title compound was prepared by the procedure of Example 1, step (f) using 4-
cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-

51



NVR (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, 2HWOZNSRHr s, 1H), 3.27 (s, 1H), 2.22-2.32 EQUUBH8/080084.2 10 (m
4H), 1.45 (s, 6H), 1.29 (m 2H), 1.10 (s, 6H). Mass spectrum (ESI, ral/z):
Cal cd. for C25H12N1403, 473.2 (M+tH), found 473.1. 10Assignnent of relative
stereochem stry was nade based on anal ogy to 4-cyano-1H
I[r2ﬂ ?aZO| S 2- @ﬁé@ﬁ%l?&(aaﬁﬂeﬁared in the examp§ 1, step (c%, 2h99 mg, 0.749 mmol) and 1,5-bis-

4, 4-di met ex - exo0) - 3- roxy-1, 5-
bi s- net hoxym@le 6&%1 ‘i%?é’[z’éf’%?etﬁylg &é?'bB)Y%IHBSy aP?t' BHEIERde 2pds prepar ed
in Exanpl e 1chgter., (loz)mer]-@hgh(%pl £316590- 5591 (2001), 309 mg,0749 mmol). Silica gel

3-(3-ex0-14- 1(4 ano- 1H i mi dazol e- 2- car bo ) -.am nol - 344, 4-di net hyl - cycl ohex-1
chromatography (1-3 % EtOAc¢/DCM) affordedt ¢ title compound (154 mg, 28 %) as a

enyOphenII F NB Bs5 510Y lfor8e . P43 (M- 6- ene- 8-ca
rboxylic gm &‘(h rrg'?ég?)g e%s'? gﬁ%(z%bm%gggzlggPC% %%%g&%ggoil(a)@m)

1, 5- Di net hyl f3ugyé aza- bi cycl o[ 3. 2. 1Joct - 6- ene- 8- car boxyl i ¢ aci d mnet hyl
ester MO O The title conpound was prepared from

2,5-di nmethyl -pyrrol e-1-carboxylic acid 5nethyl ester (US 4551540) and |
,1,3,3-tetrally omé@?méHtimiidtdqu?-ﬁq?atMylfmﬁ'Bl] 2ol drdvadrdivitdyolahex-beexdb¥-(@f Ki m and

Hof f E 01). Ma
Fof . (CureReB AR Rl oS50 NS s ARRDYn SAT  AARTaAROT)  15S
3- (3- ex0)1914- 1( 4- Syainoxdd 4 mankailﬂhmi@zcda-ﬂkn@tbbwl)oaam [AD(3-3d(3-ydtoxwet.hry| - cycl oh

- 0- ph h t.hyl - 8- - bj | lloct-6-ett
?)é- c:%oxgl ??)Ys(lc dbufé;((ﬁ&l?tﬁ%l lany Qfﬁ’e ehy e(r)];(g‘ob o%?ﬁ%jg\?\g)gp%%'ggﬁ%%é\% dggcrl bgd ©
i[ 2 Exarrpl g (l,dlrﬁdtl%p cQCEl))hdzlSll ﬁgll)qyrlllemy]amagﬁslpmpdaam the fresubaxy 128 maco.d71 ;

r ono- ohex-1-e epared in

Beanpl o 1. sOBg e R PRy HehbebiaRa  tAt i8] (357 hE% B SRS

bi cycl o 3. 2. 1 Dail-G-TeiFew&-statdaopl° CGoelCh. dAﬂatcbmhngasRerc th(aaﬁxtpfeamrtﬁﬁlted n the
previ ous step). J =8.6

Hz), 7.63( sztf@tgA?W%a V&afﬁed WM}Z@ @% nz%aqqz?us Sﬂrtu@zed( Cii?d x }0 mlé 0 Hz),

5.98 (s, 2H) andbkR (ldjlfnL§ Tﬂd'ar alﬁcﬁ er(whas dBED oveBNZAO, RRd &ncéﬁﬂated% éa%u&d 2H, J =
152Hz)220(m2H) %”L ,181$d 2H, J = 20 1.59 (s,
6H), 1.48 (mThQFfr)Sldque%m(ﬂ@ate%m D(Rd éo gipethe fitlerrqaomng 57221)1& SM)@aawh&P

C30135N504, S36h ZH(IMWﬁ)d(CIj 95“@'005131912? 3815 (d 1H,ASSY, @HQF%%J,&H?'?@ g

stereochem stry was na based on ahal og 0 '4-cyano- 1H ol e-g-’car boxylic
acid [ 2- (4, 41Hi heBifyR3dizl ToHed- 1H.drry2) H4) P(IS(EZH) -53R3Hyd i B -8, (5-4H), 2.31

bi - met hay ek ik 89%2 b1 $YG4 91k 2. QE bin, & A3y sRPPePL KRS fleaih 3. pr epar ed
6.3 Hz), 1.09 (s, 6H).

Assignment 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-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in

25  Example 1, step (f)).

Example 3

4-Cyano-1H-imidazole-2-carboxylic acid [4-(1,5-bis-hydroxymethyl-8-oxa-
bicyclo[3.2.1]octa-2,6-dien-3-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
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25Exanple 1, step (f)). WD 2009/052237PCT/ US2008/ 080081 Exanple 11
4- Cyano- 111-i m dazol e- 2-car boxylic acid

[ 2- (4, 4- di meVRYI2832$0hex- 1- enyl ) - 4- [ ( 3- exo0) - 3- PCT/US2008/080081

hydr oxy- 1, 5- di net hyl - 6- exo, 7- exo- (di et hyl net hyl enedi oxy)-bicyclo[3.Z 1

Joct - 3-yl | phenyl kam de 5 The title conpound was prepared as descri bed
in Exanple 1, step (f) using 4- cyano-1Him dazol c-2-carboxyl i ¢ acid

[ 4- br onp- 2- (4, 4-di merhyl -cycl ohex- | -cnyl)- phenyl]-an de (as prepared in

Exanple 1, step (c)y and 1,4,4,7-tetranmethyl-3,5,11-tri oxa- 10
trlcyclo[5.3.1.02'6 -9-one (as prepared according to the procedure in
Bulletin of the Chem[calH SG Mof Japan (1983), 56(9), 2680-99). 1H NWR
(CDC13; 400 l\iHi) SN IHEN 9.53 (s, 1H), 8.43 (d, 1H, J = 8.8 Hz),
7.61 (dd, 1H J Hz), 7.59 (d, 1H, J = 2.5 Hz), 7.24 (d, 1H, J =
2.3), 5.70 (b s, 2H), 2.22 (m 2H), 2.03 (m 2H), 1.82 (d, 2H,
J = 15.1 Hz), 3-1. 53(m 17H), 1.03 (s, 6H). Mass spectrum (ES1, m z):

15Cal cd. for C1HB85N405, 547.2 (M+H), found 547.1. Assi gnnent of relative
stercochem stry wa®Hmade based on anal ogy to 4-cyano- 1H m dazol e- 2- car boxylic

gflsdm[etzﬁgx;‘/rrrg![ H}?l&gx@gﬁ Colfghl&?ﬁ[ 'ESWoctéégr()g’X@%g% F%Z Edy B?Rl'gr#de (as
prepared in Exdopkd- &1,y1)54t M}el@@))) -3- @ﬁrcﬁxdgﬁalbls}hi@roxymethyl 8- oxa-b1cyclo[3 2.1]oct-

112(3(/2”2 éll_l_rr:a:glhyl g/ Qar b&’e (}%Br_e&qrfcglpg((%r}lgle 2, step (b), 40.0 mg, 0.0793 mmol) in 1

3, 6- exo0, 75exenlt dSﬂ[bWMI’a@&VC WabadlicoaifiiptoaSetieXard b @ NT) d¥dBvids. IDRacs3tng- phenyl | -am d
e WD 2009/ 052237PCT/ US2008/ 080081

mixture was stirred at RT for 2 h. The solvent was removed in vacuo and the residue was

z

purified by silica gel chromatography (2-5 % MeOH/DCM) to give the title compound (37
mg, 95 %) as white solid. 'H-NMR (CD;OD; 400 MHz): & 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=5.8Hz),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, 2H), 1.59 (t, 2H, J
= 6.3 Hz), 1.09 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C,sH30N4O4, 487.3 (M+H),
found 487.1.

15 Example 4
4-Cyano-1H-imidazole-2-carboxylic acid [4-[(3-exo0)-1,5-bis-hydroxymethyl-8-oxa-
bicyclof3.2.1]oct-3-yl]-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl[-amide

! 4 HN
OH N\[(k\/,}\:N
&7

OH
a) Trifluoro-methanesulfonic acid 1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-
20  oxa-bicyclo[3.2.1]octa-2,6-dien-3-yl ester
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a)
4, 4-Di-tert-butyl-1,7-dimethyl-3,5,11-trioxa-4-sila-tricycl a£5. 3.1.02' 6Jundeca
hydr oxy- 1, 5- di net hy1l- 8- oxa- bi cycl o[ 3. 2. 1] octan-3-one (Bulletin of the Chem cal
Soci ety of Japan (1983), 56(9), 2680-99, 550 ng, 2.95 nanol) in DCE (20 mni)
was added im dazole (2.0 g, 29 mmol) and di-tert-butyldichlorosilane (1.2 10
m., 5.9 mmol). The r&8alting m xture was stirred under Ar for 48 h. The
reaction mxture wa reated with satd. NaHCO3 (20 nlL) and the DCE | ayer was
separated, drieed, ( my @ms concentrated and the residue obtained was
purified on silica ‘@ -20% Et OAdhexane) to obtain the title conmpound (869
ng, 90 %. -11-1-NWR (CDCl11l; 400 MHz): 6 4.23 (s, 2H), 243(d 111, J = 15.6
Hz), 2.31 (d, 111, J = 15 151. : 1.04 (s, 9H).
NN - 14- Br ono- 2- (4Azf°hlf%%fih§|5tz éi?@r@iﬁr&e@ﬂw wmﬂgﬁ]ﬁw}ir(gn% met hyl - fi f f mami di n
e WO 2009/ @@%&3[73%6&962&1{3%9@@%1{ and CthJS@ utdn, @ﬁem Soc., 123: 5590-5591
4-brono-2-(4,4 |rret hyI %1% cl ohex- 1-enyl) - enyI am ne (as prepared in Exanple

I %ﬁﬂ

1, step (4&), @%) mmel hinN ONplegif etEyasPed st aR delvdeRItAYDaC P M (20 nl)

was heat ed afmTﬁf?'ZJ%SMﬂdfﬁigﬁl?nof)%zéﬁﬂbﬂﬁﬁﬁtﬁﬁ’é CaMeRS ThemRued wrder reduced
pressure and the residue was purified on silica gel (5-20% EtOAc/hexane) to

obtai n the 5 varm¢dtoRdngpdideq rQS@; thpiscogled te +-78- Nngrif. cbepIgtiod G- : 6 7. 36
(s, 1H), 7.2 2.97 (s,
6H) . 2. 37 (m%lsgtrl ?IOI‘ %tg%%&rﬁllfo l@%mg}g]x%&% (%glg‘)n,%, g.flg‘é-)rrzosl)?ngébrr.(l%kTﬂﬂ’wa’s

e) 4- (9- ex0) - kdded- dihe teaultinguixp@e Yak ydmexdyto RTand stmetdHpr2 Busdet Art Ficakd- 4-cil a-tri
cyclo 10

15. 3. 1. 029, 10A8E 8- §r9 L SUFROeERy oY BheX- - LAy Py phePEHT “AEN- di met hy1
f or manzi di ne waﬂ@dam‘shcdquetqus) pat@hted 01trlc acid (3 x 20 mL), H,O (20 mL), brine (10 mL) and

N 44- br ono- 2- -1-enyl) - phenyl KN, N- :

Gt ot hyl 1 or AR V0T o L LS BT R RG-SR B <322 55 0 ot ) i
THF, aulLi (Oc&apcmnd@& hght@ellww 611 h‘emn&sqcria;, mHZ)v@smageH propwisc at -78 C
The resul ti n% m xture was sSti mn and treated dropw se
with a sol ut o (Bs: ltHh5é’1 (d’tlélnt] tﬁﬁ‘p‘i) 189(%4%@&9@@2145]1177 1.9 Hz), 2.13

trioxa-4-sil (;chyQI]gabSlgﬁZ) 1)91(@51@];14;1@@@@1-1@;19% (as prepared in this Exanple
step (a), 358 ng, 1. 1) F (5 nmL). The resulting 20 mi xture was

allowed to warmt® mowws‘meééathedthlstw witheat Rghenugficatiort ure was t hen
treated with satd NH4Cl sol ution and the product was extracted with Et0Ac (3 x
10 mL). The EtOAc | ayers were conbi ned, dried (Na2SO4) and concentrated. The
resi due obt aibned ¢dbSRis-it¢1v-butybdimziyl-glanyloxyn a2y Eo0pbiclxaNB LYY ELDAC) to

obtain the ti 97 ny, 34 % . Mass spectrum (ES1, nmlz): Calcd. for
C34H54N204Si dwgsgai;’f)p?‘%ﬂ%%’”g ound

TBSO @ OTBS
20

To a mixture of trifluoromethanesulfonic acid 1,5-bis-(tert-butyl-dimethyl-
silanyloxymethyl)-8-oxa-bicyclo[3.2.1]octa-2,6-dien-3-yl ester (as prepared in the previous
step, 1.22 g, 2.24 mmol), Pd(PPh3), (259 mg, 0.224 mmol) and 4-(4,4,5,5-tetramethyl-

25  [L,3,2]dioxaborolan-2-yl)-phenylamine (540 mg, 2.46 mmol) in 20 mL of 1,4-dioxane was

added 2.0 M aqueous Na,COj; solution (9.0 mL, 18 mmol). The resulting mixture was
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25583. 5. Assignnment of relative stereochem stry was made based in the final

step (f). WD 2009/ 052237PCT/ US2008/ 080081 d)

(9- ex0) 14- AR BL30322374- di et hyl - cycl ohex- 1- eny1) - pheny| IPCATUS2Q4B/0%08%1t - put y| -

- dinzethyl-3,5,11-trioxa-4-sila-trieyelo[5.3.1.02" 6Jundecan-9-01 5 To a

solution of Nc[4-(9-ex0)14,4-di-tert-butyl-9-hydroxy-1,7-dinmethyl-3,5,11-

tri oxa-4-sila-tricy clo[5.3 102' 6] undec-9- yl] -2 -(4,4 -dinethy 1-cy cl ohex-
-eny ) - pheyrrddlat 80 @\lfdﬂamieihhyﬂenfc&ﬂ%.mldf MBredt@bwili €EmhE df EfOAd, e\timidtirst ep, 180

rrg, 0.309 mmol) in iso anol 5 mL), anhydrous hydrazine (0.3 nL) was

added. The r&€aPeshsg >H2 r(@ x£§ W@sbrﬂel(?‘i) B and s d NgaS@el Remogdlaf ficght . The

reaction m XUt &: Vs ?é?iﬂ&e%giréséﬁrg@ollo%é{ 8¢ H%h%‘ﬂ%rﬁaﬂ?gra[pﬁ? bee rQRlabRANaS
treated with satd brin product was extracted with Et0OAc (3 x

10 nmL). The EelgAd heéf‘})é/r’%él\ﬁeml‘éb%? ﬁ%lmg&rﬁ %dommzseﬂ))of Hiditle speppindas ed and
th id 00% Et OA
t Oeo[)tez : n'f!tehgl??lﬁ«{ 1{?8\% YRSV b%dn%ﬁl @31 %'v%)! ?1&1‘3% NG %%é%g@h‘tﬂ% c)

e corrpoun Vass “spect T um (
15Cal cd. for f@ndHUd8MAASI , 528.3 (M+H), found 528.2. Assignnment of reI ative
stereochem stry was nade based in the final step (f). e)
4- Cyano-1-(2-trintethyl sil anyl - et hoxymet hyl )-111-i m dazol e- 2- carboxylie acid
1449- exo) - (4) 4- d#{ﬁeExo)-H;ﬂ-I;ti-(@thdi-dwwt@d idaﬂylmjzinythymﬁfvx&hqvclvﬁm}]detsi | a- 20

'\[A;)i S%glglo[oégz %7)%2 %%gz/(%éé%% [&%n%o}jl I}‘?I}lshx‘ert-gxg} 91 %ﬁzyll SIEIM¥BX_)Pm eﬁ'}ﬂ-&-‘ am de

( 9- ex0) 440 AMor@-bidydlé{38: QodrstyiypreaylaimoieaB) 1- enyl) - phenyl ] -4, 4-di -tert-butyl -1,
- dinmethyl-3,5,11-trioxa-4-sila-tricyclo[5.3.1.02" 6lundecan-9-ol (as prepared
in the previous 5step, 148 ny, 0.28 mml) was coupled to

4-cyano- 1- (2-tri met hyHsi | anyl - et hoxynet hyl ) - NH,

l and i
TBSO e oTBS TBSO\/@\/OTBS

A B

A solution of 4-[1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-

15  Dbicyclo[3.2.1]octa-2,6-dien-3-yl]-phenylamine (as prepared in the previous step, 500 mg,
1.03 mmol) and 5 % Rh/Al,O3 (250 mg, 50 wt %) in 20 mL of MeOH was stirred at RT
under H; (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 4-[1,5-bis-(tert-butyl-
dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-2-en-3-yl]-phenylamine as a light

20  brown oil Mass spectrum (ESI, m/z): Calcd. for C,7H47NO3Si,, 490.3 (M+H), found
490.1.

A mixture of 4-[1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-
bicyclo[3.2.1]oct-2-en-3-yl]-phenylamine (as prepared in the above step, 500 mg, 1.02
mmol) and 10 % Pd/C (250 mg, 50 wt %) in 25 mL of McOH was stirred at RT under H;

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
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1H i m dazol e- 2-carboxylic acid, potassiumsalt as described in Exanple 1, step
(b) to obtain the title conpound (205 ng, 94 % yvyield). Mass spectrum (ES1,

rn/ z): Cal cdVORYPOBAYHGANAO6GSI 2, 777.4 (MrH), found 777 PST/URSNBBAENt of

rel ati ve stereochem stry was nade based in the final step (0. 10 f)

4- Cyano- 1H-i m dazol e- 2- car boxyl i c acid

12- (4, 4-di net hyl - cycl ohex- 1- enyt - 44( 3- exo0) -

3, 6- exo0, 7- ex@rdwn dily dviess ¥pckirbmdESE byl C8lcdXfar O);HyBI0adi3 422 3(M e}, {&md0- phenyl Lam
de To a fl ution of

4- cyano- 1- (24§ rmet hyl si | anyl - et hoxynet hyl ) - 1H-i m dazol e-2- carboxylic acid
[4- (4, 4-di -tert - bukymiAt &%R reBitiy SeR¥Mehishy HaBBialy hrtBs Bnal dcp (d)oXa-4-sila- 15
tricyclo[5.3.1.021lundec-9-y1)-2- (4, 4-di net hyl - cycl ohex-1-enyl) - phenyTham de
(as prepared in the previous step, 250 ng, 0.321 ng) in DMF (2 nL), solid TBAF
hydrate (419 dEI‘_'E L[@OE)EwglSlbtmrt-%gg@-gtmeTm-sﬁﬁész}M O,rmz%cy-rb?cy% Bkt ed at 50

C overni ght. e reaction mxture was al to co tréated with

water ( 10 mBpl-Fheomprivuriamiteed b gnd ﬁé@wd@h—bﬁlf&@fﬂ(&b’(&l me@yhi) . The Et 0Ac

| ayers were > he residue
obt ai ned wasglgwl?‘? ;thhgl?] 82’??%&3@?1(]%%%%{] b?@ﬁ%é@%@%%@ OAc) to obtain the
title conpound (115 ng, 55 11/0). -1H—N|\/R(CIICD 400 MHz): 8.18 (d, 1H, J =
8.6 Hz), 8.01 (s, 1Hpny,7.37 (dd, 1H J 8.6, 2.2ulfz), 7.30 (m 1H), 5.75 (br
s, 1H), 4.64 (s, B211 ?2.33 (m 2H, 2. 09 (mg214), 2.00 (d, 211, J= 14.9 Hz),
1.92 (d, 2H, J = Hz), 1.61 (t , 211, J=.),130(s 6H), 1.10 (s,
6H) . Mass spectrum APC1, m z): gal cd. for LANAQS, 507.2 (M+H), found

0

507.3. WD 2009/ 0522 7PCT/ US2008/080081 ASSI gnnent of relative
st ereochem st e b gd on anal ogy % 4-¢ - dazol e- 2- car boxylic
acid [2-(4,4- ohéx-1-enyl)-4 roxy-L5- bis-m

et hoxynet hyl- 8- oxa- ycI o[ 3. 2. 1] oct - 6- en 3- yl T enyI Fam de (as prepared in
Exanple 1, step (f)). 5 Exanple 13 4-Cyano- 1H-|mdazole 2-carboxylic acid

14- ( 3- endo) - ( 6- exo, 7-Afexo0- di hydr oxy-:1, 5-

di met hyl -18- oxa- bi cycl 013. 2. 1l oct - 3- 0 2- (4, 4- dlnethyl cycl ohex- 1-enyl ) - phenyl L
amide 10 a)1, 1, 292 s@utdondof4-[43- Nm)—dl,ﬂ hi&(tgﬁbub'&dmelhﬁﬂiﬂm}wm@thﬂﬁg-Oxa-

i54 4, 7-tetr %H:%\l:[:lgw 1?]{)05( X; }:J'l]-plrleny a%ltH{el aCX%' ?i— do) %5%15- 1%'919[ lcdlmefﬁ 9-yl ester ONf

silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-3-yl]-phenylamine (as prepared in the previous
step, 492 mg, 1.00 mmol) in 10 mL of 3:1 DCM/MeCN at 0 "C 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 (1:1 hexane/DCM) to give 345
mg (60 %) of the title compound A as a light brown oil and 172 mg (30 %) of the title
compound B as a light brown oil.

20 A: Mass spectrum (ESI, m/z): Calcd. for C,7H43sBrNO;Siy, 570.2 (M+H), found
570.1.

B: Mass spectrum (ESI, m/z): Calcd. for C,7H43sBrNO;Si,, 570.2 (M+H), found
570.0.
Assignment of the relative stereochemistry was made in the final step (g).

25
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A sol ution of
1,4,4,7-tetranethyl-3,5,11-trioxa-tricyclo[5.3.1.02" 6] undecan-9-one (Bulletin
of the Chenﬂ@ﬁ?m@%§¢§ﬁy of Japan (1983), 56(9), 2680-99 PCIAE218¢08048171 mmol) in
THF (10 nL) was cooled to -78 C under Ar and treated with Iithium

di i sopropyl am de 20(LDA) (1.00 nL of 2Min heptane; THF/ ethyl benzene, 2
nmmol ). The resulting mxture was stirred at -78 C for 2 h and treated dropw sc
M Ur e was a1 Lower Lo apt Lo Vi 2006) 08533 PC LS2008) OBODBT A and Sti rr ed
m xture was 0 to warmto ; and stirre
over ni ght ang'yﬁ'%‘g‘éﬂ”%ﬂf%"%@?"I(%Bmf‘f’?y’“l’?féepr oduct was extracted with ether
(4x10 nmL). The organjg |ayers were conbined, dried (Na2SO4) and the product
was purified on siliCa gel (0-2% Et 0Ac/ hexane) to give the title conmpound (546
ng, 63 % . 1H NWR ( 11; 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, 1.40HH, N, 3H), 1.38 (s, 3H), 1.32 (s, 3H), 1.25 (s, 3H).

title conpound was then prepared according to Suzuki-M yaura
coupling procedufe of Exanple 4, step (b) using 4-nitrophenyl boronic acid (147
ng, 0.880 mmol) andT8sl, 2, 2, 3, 3, 4, 4, 4- nonaf | uor o- but ane-1-sul fonic acid

1,4,4,7-tetranethyl-3,5, 11-trioxatricycl o[5.3. 1. 02. 6lundee-8-en-9-yl1 ester (as

prepared above, 326 0.641 ol ). . 1H  15NVR.. 13, 400 NP% .88, 16 (d, 2H
N N T e G SR e S R A R
Hz), 4.32 (dpicktp[3R.Ho&-BylH2)bronzo-pKenfdehineX(k prdparedlid tH3, prdvidussep, 343.mdf (dd, 1H,
J =17.0, 1. ), 1.48 (s, 3H), 1.42 , 3H), . 1. S , .27 (s, 3H).
c) 4-(3-exo) %’fja‘ﬁ Hﬂn‘%) %é‘f 4‘%?%91?,"%}' i‘g’ﬁ’PFqng)D@ﬁldt { ? ‘gﬂ% %?émlm"ljj afid
5. 3. 1. 02" 6Jumrd@®h9; 69328 opBe mhAf Ben b1 ,4-dioxane was added 2.0 M aq Na,COs
4-(3-endo)-11,4h4,7-tetranethyl-3,5,11-trLoxa-tr|cycIo%563.1.02'§1unde09-yll-p
henyl ami ne 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 EtOAc, the mixture was washed with H,O

(2 x 10 mL), brine (10 mL) and dried (Na,SO4). 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 C35H61N03Si2, 600.4 (M+H), found 600.5.

15 Assignment of the relative stereochemistry was made in the final step (g).
P 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid [4-

[(3-exo0)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-
(4,4-dimethyl-cyclohex-1-enyl)-phenyl[-amide

o
H A\
OTBS N\W/E;}*‘CN
S!

20 OTBS
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Asolutionofl,4,4,7-tetranmet hyl-9-(4-nitro-phenyl)-3,5,11-trioxa-tricyclo-
[5.3.1.02. 6] undec-8-ene (as prepared in previous step) (145 ng, 0.437 mml) in
EtOH (10 WV28W9PE3¥237PCT/ US2008/ 080081 ) was hydro STAISYNBRIEH 10% Pd/ C
(70 ng) 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-tetranethyl1-3,5,11-
trioxa-tricyclo[5.3.1.02, 6]undec-9-y1l)-phenyl am ne contam nated wth 15% of
the 443- exp.) isonmer (118 ng, 89 %, which was directly used in the next step

wi t hout purificat]j SMas ectr ESI Cal cd. for 3H25NC3, 304.1
(MrH), found 304. goaﬂg’éti“@ ABsSgm éY%'P - t&%@@@?ﬁrﬁ@?’f%ﬂ%fb ﬁ%de in the
final step (fihidazole-2- carboxylate (as repared in US Pat Applic 2006189623 A1, 192 mg, 0630

2- (4, 4-Di net hyl - cycl ohex- 82%9 endo) - ( f 7tetraneth 5,11-tri oxat

ricycl o[ 5. 3. @@B@ﬂmé@e Qily(hJ}L PSR yaeh We3 f!'le OfNQM at‘FbCaVa,f}@fi%ﬁdlsé}C of mixture
of 4-(3- egdo)(ﬁé% 5@ 6(1%)(:1}1@51?/ 1@&1}%&1 a?() 131 0l Fider Ar, the res gbyg n%lxtuhe was

tricyclo[ eny am ne contal ni ng
(3-exo0)-i somanﬁastommlaraédkdaba\zﬁun&ﬁﬁ 43 -cxd0) A 6B- lmmieI)t butyl Hl@Mtl(y5 nm.) was added

NBS (188 nm, ) | ting m xture was
Stirted at CRHITFSRATHI s Biest o HodrirE 2 i Sah R B e 10 ) and
washed wi th patnytaatied(aapi¢patdinMad{isoliolsltepid)s @nd29aingdl) in 2nib) DCVhe 0or gani ¢
xtur e o - orr Sh et LGBy 21 oater T g wpprermed o RE FrebGa SRR 3" 2

3% 5,211-tr1boxanﬂ &1 PR Oth&mdetdre Qs Qhird6th 31,0 (kP hnyloaTufRoeoatRAtAat®@d W th 15%
O -

20br ono- 4- [ ( Slexispequs saumted NaghGOs(kq w) angl bsing {2G mlb xEherorgapipdpyst Bagdricdp2, 6j unde
c-9-y1]- phe%yér@ng@4 a(tﬂQénd’éHbrat&i?m%cdm'T@lg rARBe Waspurild b giliosydl step wit hout
purification. nment of the relative stereochem stry was made using
1D 1H NWVR an@h@ga‘;q@glw %o EtOAc/hexane) to afford the title compound (401 mg, 90 %) as a
light brown oil. 'H-NMR (CDCls; 400 MHz): & 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=12.7Hz), 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
2) 4-Cyano-1H-imidazole-2-carboxylic acid [4-((3-exo)-1,5-bis-hydroxymethyl-§-
oxa-bicyclo[3.2.1]oct-3-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
A mixture of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid [4-[(3-ex0)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-
25  bicyclo[3.2.1]oct-3-yl]-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide (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 °C for 16 h. After cooling to RT,
the mixture was treated with EtOAc (50 mL) and washed with H,O (10 mL), aqueous
saturated NH4Cl (2 X 10 mL) and brine (10 mL). The organic layer was dried over

30  Na;SOj4 and concentrated in vacuo. The residue was triturated with DCM to give the title

compound (203 mg, 88 %) as a white solid. 'H-NMR (CD;0D; 400 MHz): § 8.11 (d, 1H,
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The title conpound was then prepared according to the Suzuki-M yaura coupling
25procedure of Exanple 15, step (f) using

2- (4, 4- di net\WYPLENRRHhex- 1-enyl) - 4, 4, 5, 5- tetranet hy141 PETABEIYr ol ane
(28.3 ng, 0.119 nmol) and 2-brono-4-(9-endo)-(1,4,4,7- WO

2009/ 052237PCT/ US2008/ 080081

tetranethyl-3,5, 11-trioxa-tricyclo[5.3.1.02, 6] undec-9-yl)-phenyl am ne

conlt )ai ni gg ca- gl@Bizpﬁ.%I(elelH) gx0 (8d,apE0 gasszprfepawml(danwew&zz 5mg, (m(;) %00
mol ) and purified on silic % an to a t he

9- endo |sorrer1h57f3%‘n@ tJI_e11 ﬁ%@éﬁé?‘tég lFé%ﬁ;@ﬂc%h r7rr3r9dmcg£1 %(%of t he
]9 exg |4 igrrer (M) 1 3pasyrMuHY, E3B.1.710 (%), 4H§als@ctt 2Hoy =5GA6AHABTNQ L H A Masd (M+H) ,
oun

4- Cyano- 1- ( 2505t HBtRYk Y An{Rlcdt Roky ety o 41 - (MitHaZemd-421 dar boxyl i ¢ aci d
1244, 4- dismet hyl - Mﬁéxﬁ&%%(of]th@fwa@vélstét%o&@ﬁil%y(\x;las thafle Jsutgem EETFJMIWZD?’ 5, 11-
trloxatrlcycl 5. 61- undec-9-y1l) - phenyl pam de 2-( -

met hyl - cycl o YlaWNOESFQ\IMRdo) (1, 4,4, 7-tetramet hyI 3 5, 11 trioxa-
tricyclo[5.3.1.02" 6]undcc-9-y1l)-phcnyl am nc containing ca. 15% of the exo

i soner (as l1l5prepared in the previous step, 439 ng, 1.06 mol) was coupled to
4- cyano- 1- (2Exnmphrét hyl si | anyl - et hoxymet hyl ) - 1H i m dazol c- 2- car boxylic acid,

potassi um salt j 1 b, he endo i soner
of the titl e4cﬂ %oun 9%%‘%’? iazljn?aﬁﬁg&@ﬁpbc%g% {{? e?‘ﬁoéﬁléilggl 5‘9@%@{? OX%, 73 %
after purlofi abacivvlo,h”‘ zaljoad-ylpa-(‘géwnéc&@d -CPclbhebet By Dpdeaylpymiddbss spectrum ( ESI,
mz): Calcd. for C3 2N405Si, 661.3 (M+H), 20 found 660.9 J)

4- Cyano- 1Hi m dazol - car boxylic aci d- 3-

14- ( 3-endo) - 16- exo, Xx0- di hydr oxy- 1, 5-

di met hy1- 8- oxa- bi cy KN \ct -y1]-2- (4, 4-di met hyl - cycl ohex- 1-enyl ) - phenyl
| -ai nide To apgol utig

Si I\aﬁblN et hoxynmet hyl ) - 114-i m dazol e- 2- 25carboxylic acid
Y exO1-enyl)-4-1(9-endo)-(1, 4, 4, 7-tetranet hyl -

3,5,11-tri oxat clo[5.3.1.021-undec-9-y1) - phenyl ) Farri de containing ca. 15%

of the 9- WD 28¢9/052237PCT/ US2008/ 080081 exo i soner (330 ng, 0.500 mml) in

DCM (3 nL) and EMOHL(0.1 nl) was added TFA (1 nlL). After stirring for 5 h at

RT, the reaction m xture was concentrated in vacuo. The residue obtained was

dried and red! ssofVEdERde)-EOOMS-(1gt-hulyl-dingrighsiarlogioetinl)-8-o¥ire resul ting mixture
was heated ay, &f W< hQr3 575 ARk YRS AEMBYBD ey tifiis0 and the

OTBS NH,
_‘\\

OTBS

[ 2- (4, 4-di met by

15 The title compound was prepared by the procedure of Example 4, step (¢) using 4-
[(3-endo)-1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-3-yl1]-2-
bromo-phenylamine (B) (as prepared in the example 4, step (d), 171 mg, 0.300 mmol) and
4,4-dimethylcyclohexen-1-ylboronic acid (77.9 mg, 0.330 mmol). Silica gel
chromatography (DCM) afforded the title compound (165 mg, 92 %) as a light brown oil.

20 Mass spectrum (ESI, m/z): Calcd. for C3sHg1NO3Si, 600.4 (M+H), found 600.5.
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5 aqueous nediumwas neutralized with 6 N NaOH The product was then extracted
with DCM (3 x 10 nL). The organic |ayers were conbi ned, dried gNaZSO4) and
concent r at edVO 032 due obt ai ned was purified on sili P&TPROYPRHOZ!

Et OAdhexane) to give the 3-endo isoner (B) of the title conmpound (147 ng, 60%
contam nated with 15% of the 3-exo isonmer (A). Endo isonmer; 1H NMR (CDI OD; 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, AdsighnZnBofti&) relabivd Rerebdhemistryas madOM thSfinalklkp (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
(MrH), foundpf91. 1 mygm&mmzmnpﬁeth@yakwg-m_ﬁﬁtﬁ%neezrmbwzz%&dymde usi ng
1DNM R, NCE 15 NWR and 2D NOESY NVR. Exanpl e

4- Cyano- 1H | A oadeN- éS-ch(éﬁrb%@lrc{t@etg%qyanyloxymethyl)-8-oxa-btcyclo[3 2. 1]oct-3-yl]-2-

14-ci s- (2sCi g4, dﬁhé“m)blc?clﬁweéfﬁé%gﬁmxﬁj-am _

di met hyl - t et r ahydr n-pyr an- 4- y0 4,4- di net hyl - cycl ohex- 1- enyl ) - phenyl | - am de
(A) and 20 4-Cyano- I} i m dazol e- 2-carboxylic acid

1l4-trans-(2-cis, 6- |s hydr oxynmet hyl - 2, 6-

di net hyl - t et r ahydr nspyt atv™is y0- 2- (4, 4- di met hyl - cycl ohex- 1- enyl ) - phenyl | - ani de
(B) CH( A O Zq{p9/ 05 CT/ US2008/ 080081 To a solution of a
m xture of 4-gyano-dHymgazd e- 2- carboxylic aci d-34443-

endo) 46- exo, 7xexQ-, gdr ogy- 1, 5- di met hyl- 8- oxa- bi cycl o[ 3. 2. 1] oct - 3-y1] -2-(4, 4-
di met hyl - cycl | -enyl)-phcnyl kam de containing ca. 15% of thc 3-exo isoncr
N \exanpl e 13, step (f), 217 ng, 0.442 mmol) in MeOH (7 i) and
water (0.7 5 nL))\ Nalo4 (140 ng, 0.654 nmol) was addcd. The rcsulting m xture
was stirred at RT POPS15 nin after which NaBH4 (41.8 ng, 1. | mmol) in MeOH
(0.2 nL) was sl owrye @ttdeehpaine \Sésldﬁrépagb@ b\arlal‘ie Iﬁmguﬂa@egxefrme anedpliOrusia@ 4m n Tge
reacti on m xture was_conc te t resi due obtain i_tione

bet ween Et 0AC(BEh:3- &A&Pﬂ%&%ﬂﬂlwgﬂmﬂy FECHY §a8ﬁ?>@ hl%&ﬁm @@-gsﬁﬁat ed,
dried (Na2SOH) 4anfkteARGEBhdxALaH)ifheMAtHRe (abPeephR nthe pRRIcaE ﬁ%d 19@mgl0 purified
on silica (50% Et OAct hexane- 2% MeOHI Et OAc) to obtain the 4-cis isonmer of the
title cortBouldp 13selhind netssiys tervano- bontrgaivhyera-cthosymehyl- Illlé'lﬂndtarz%{?rg i somer .
LllH)O 57' ggn?agatb?aj%a@%%d 1114@9P§{;7¥ﬁphc §0(§3(1@§)62(3q3;1 @ﬁ'lngO 3“063111)%101')'2)311102 (br 74 (S
111), 3.32 (e&fl Prgmaterappy (i “BEYOAFhekanc) piforgdeq the mtl%on(lnﬂun@ﬂ)W g, 8874 185 2H)

flof6 C(2211 gEDNE 6kht2[§[g\%§ gl 6@}:3\9& @@1&14@@&?)'\% %2 WPSASRIME ((EFLg fighz) - Cal cd.
7.76 (s, 1H), 7.19 (dd, 1H, J = 8.6, 2.3 Hz), 7.07 (d, 1H, ] = 2.3 Hz), 5.96 (s, 2H), 5.75 (m,
15 1H), 3.66 (t, 2H, J = 8.3 Hz), 3.61 (s, 4H), 2.94 (m, 1H), 2.28 (m, 2H), 2.14 (dd, 1H, J =
13.8, 6.7 Hz), 2.09 (m, 2H), 1.77-1.83 (m, 2H), 1.56-1.67 (m, 6H), 1.11 (s, 6H), 0.97 (t,
2H, J = 8.3 Hz), 0.90 (s, 18H), 0.07 (s, 6H), 0.06 (s, 6H), 0.005 (s, 9H).

Assignment of the relative stereochemistry was made in the final step (c).

20 o 4-Cyano-1H-imidazole-2-carboxylic acid [4-((3-endo)-1,5-bis-hydroxymethyl-8-
oxa-bicyclo[3.2.1]oct-3-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-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-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-
25  dimethyl-cyclohex-1-enyl)-phenyl]-amide (as prepared in the previous step, 185 mg, 0.218
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Exanmpl e 15 4- Cyano- 1H-i m dazol e- 2-car boxylic acid

12- (4, 4- di nmet hyl cl ohex-1-enyl)-6-(2, 2, 6, 6-

t et r amet hyl W@@?"&’H{Pﬂﬁo- pyran-4-yl)-pyriditt-3-yll-an de PCIJUS2008/080081
1,1,2,2,3,3,4,4, 4- Nonal | uor o- but ane-1-sul fonic acid

2, 2, 6, 6-tet rarret hyl - 3, 6-di hydro211-pyrati-4-yl ester WO

2009/ 052237PCT/ US2008/ 080081 ONf Li t hi um di i sopropyl am de (LDA) (69
m., 0.13 nol mrﬂrM &l tettdbotyl-bmmbeipematidEHnonatybytdienz epe).3 wasmop| sdrd géin a

th ked k led tgo -78.C. To th | ut
556 Bt ot 1 AMSTAPELPEY HahyaRBOOHT AT (e preosst OB RaD Jb5012220, 18
g, 0.11 nol) g bTMEn 612 0Q1-RiMR mo@dd@@lwﬁpma@m Aht @é gtmz)aﬂds ts oy, t he

reaction mxture was allowed to warmto O C, stirred . cool ed back to

-78 C and tr datlédd.dFopwite fittay TdHdf 1Hdrol-0 Bt anddm Hé)n)?rl@ (Gek: de 1824 i,
0.14 | t t t ed th
ol . TS SHgfhie 0 9RETE: 1o 17 26s i £0g) (20, 7o heat ed v

satd agq NaHCQO, ur e ‘'was en extract Ac (3 x 200
nL). The or g&mi @), &P&(s OMrdavontstmed ESHn/ad (alkd2804)sHamdOc dfit 8 fviral.ed i n
vacuo. The r?(ﬂ dug; bt ai ned was purified on silica gel (0-2% EtOAc/hexane to
obtain the title corrpound (29.3 g, 68 %9 as a pale yellow liquid. 11-1-NWR
(CDC11; 400 MHz): Aesignn¥@t ¢fthe ehyiye Fer86chemisteg M)as nbdS8sifes|D GHNMRL.2B4 (s, 6H) .
151))

2,2,6, 6- Tetra ynflzP]%JQEﬁY%\H\gRt etratnet hyl - 11, 3, 2Pl i oxabor ol an- 2-y1) -3, 6-di hy
dro 2H pyran ., O\ 1,1,2,2,3,3,4,4,4- Nonafluoro but ane- 1-sul fonic acid
2,2,6,6-tetr 1 3, 6- 20d| hydro 2H-pyran 4-y1 ester (as prepared in

previ ous ste%ITE e g, 0.100 nol) was dissolved in anhydrous DM E (500 nL) and
treated with 4@'}&@@1@&6&@5@)21&@@6@&‘ ﬁcﬂz? [IBHS’-eQdo)-Q% Wme)hoxymethyl—&oxa-

1,1' - bi s(di phenyl hosph no fen-ocene gj and KQAc ( 29.4 g,
0.30 nol) and ’C‘d%("é %%ftéﬁﬁﬂﬂﬁ"’m{ﬁéﬁx Aﬁ”yl)fl’f’eﬁyll'{.‘)’i”?(dl phenyl phosphi no) -
ferrocene] -di chl oropl adl um(11), conplex with dichloronethane (1:1) (2.19 g,
268 mmol ) 25was added™gnd heated at 80 C overnight. The reaction m xture was
allowed to cool to

O
\
15
a) Trifluoromethanesulfonic acid 1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]octa-
2,6-dien-3-yl ester
OTf
/oo\
20 The title compound was prepared by the procedure of Example 4, step (a) using

1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-one (as prepared in Example 1,
step (¢), 600 mg, 2.80 mmol) and 2-/N,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 C,H;5F506S, 345.0 (M+H), found 344.9.
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WD 2009/ 052237PCT/ US2008/ 080081 and filtered through a pad of Celite. The
filtrate was concentrated and the residue obtai ned was chronatographed on
silica gel (WO20pPE123ci hexane) to obtain the title conp&dE2¥E%MP1t e solid
(17g. 649% . 1H NVR (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-tetranet hyl-3, 6-di hydro-2H pyran-4-yl)-pyridine NNO2 0)c
2,2,6,6-Tetramethyl-4-(4,4,5,5-tctranet hyl41l, 3, 2] di oxabor ol an-2-y1) - 3, 6-di hydr
0211-pyran (as prepared in the evi ous ste 18.5 g,. 0.069 nol) was

i 5ol ved | h 410" MBSO RY HSEII o e mLbt on ves
treated with 2 M Na2aegs (280 ni, 0.560 nol), LiCl (5.00 g, 0.110 nol) and
2-brono-5-nitropyridine (14.0 g, 0.060 nol). The resulting m xture was
degassed by sonica for 30 mn under Ar and then Pd(PPh3)4 (8.00 g, 6.90
mmol ) was added an e reaction heated at 80 C under Ar overnight. The
reaction mxture wag_allowed to cool to RI and extracted wwth Et0Ac (3 x 15150
mL). The residyge puridied on silica gel with 2-10% Et OAc: hexane to obtain
the title conpobn pal e yellow solid (15.2 g, 83 "A). 11-1-NWR (CDCL3;
400 MHz): 69.40 (d, 1IH, J = 2.8 Hz), 8.45 (dd, I H J =8.8, 2.8 Hz), 7.59 (d,
|6| T) J 1_ 3 : (SSHZ)GH}‘ ﬁe tgtge %%ﬂpo&lﬂ’ wa]s p?epjareg b'{/'%ﬁe’ prgCeguI(e%fE}elﬂ'lple] 4,_ste:b'(§) Mg’ 1.40 (s,
6- (', 2, 6, 6- Tetflwnebdiydnetudfonialayidrl G- py-mathodyndetloygl rSi-okarbiGrclo[ ARl foeta-2NNH2nB4  To a

solution of 5-nitro-2-(2,.2 6 6-tetrane 1-3,,6-di hydr.o- ran-4-yl)-

Seouri dine. ( SIS aFabifufs i Gl REE e JuS i G T RS 1 oo
) vas addedl,3PRiGABIHRE22IFHGH LSROBLOEI0BLMHO BaikCedl Ehdthagirapine
resulting mXtyre, was WAPIENALER Ahe 3Reha & 10 91 9980, RLS SN o,

10 Mass spectrum (ESI, m/z): Calcd. for C,7H,;NOs3, 288.2 (M+H), found 288.2.

c) 4-[(3-Endo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-y[l-phenylamine
(A) and 4-[(3-Exo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-phenylamine
(B)
15
NH; NH,

>

A B

and

The title compound was prepared by the procedure of Example 4, step (c) using 4-
(1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]octa-2,6-dien-3-yl)-phenylamine (as prepared
20  in the previous step, 2.00 g, 6.96 mmol), 5 % Rh/Al,0; (800 mg, 40 wt %) and 10 % Pd/C
(800 mg, 40 wt %). Silica gel chromatography (0-1 % MeOH/DCM) afforded 601 mg (44
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for 2 h. The reaction mxture was filtered through a pad of Celite and
concentrated in vacuo to obtain a beige solid (12.7 g, 95 [ﬁs whi ch was
directly use¥OpMINR7 step without further purificationPCTHSRNROREHCI3; 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,
mz): Calcd. for Cl4H22N20, 235.2 (MtH), found 235. 1.

2- Br ono- 6- ( 2,99, db tie-titetcompBind\ astLlighabipoh@ilpyd 812 mg(351%) hthé ildcodrppl@im ne NH2
10 To a sol uégitond)g;1 :

6-(2,2,6,6-t PR &ty ahydr o- pyr an- 4-y1) - pyri di n- 3-yl ani ne (as prepar ed
in the previous shepdasdpedtren (ES108%)MOhlkd. If&@qlﬂsm;@%m_z)(mw% Bederra. sol ution
of freshly recrystallized NBS (10.2 0570 nol) in DCM m_) dropw se at

Ob0 & o)1 b YR E Mt eI S e e d P NG P b e fonmgiaopnon ™ 5 20

mn and then treahedoihdiNoSRE 1A% MBREMmisBIY aFkoade ke Qﬁa@%@phase was
washed with 10% Na28%03 (300 m.) and water (300 nL), dried ( SH) and

concentrated to obtain the title conpound as red soI id (17.1 g, 9599 whi ch was

400 W) - “36bs (TR 13 ARy P SRR B2 O 03

2H), 3.08 (rrph@mb'aml!ee?S (m 211), 1.44 (m 2H), 1.28 (s, 611), 1 26 (s, 6H).
Mass spectrum (ESI, m/z): Calcd. for Cl4H21Br N20, 313.2 and 315.2 (M+H),
found 313.2 and 315.1. .1)2-(4,4-Di nethyl-cycl ohex-1

-enyl)-6-(2, 2,6, 6-té&feanet hyl -tetrahydro-pyran-4-yl)- 25 pyridin-3-ylamne WO
2009/ 052237PCT/ B 080081

/OV@VO\
10
The title compound was prepared by the procedure of Example 4, step (d) using 4-
[(3-endo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-phenylamine (as prepared
in the previous step, 292 mg, 1.00 mmol), NBS (178 mg, 1.00 mmol). Silica gel
15  chromatography (0-10 % EtOAc/DCM) afforded 185 mg (50 %) of the title compound as a
light brown oil. Mass spectrum (ESI, m/z): Calcd. for C;7H,4BrNOs, 370.1 (M+H), found

370.1.

Assignment of the relative stereochemistry was made in the final step (g).

20 e 4-[(3-Endo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-dimethyl-
cyclohex-1-enyl)-phenylamine
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To a sol ution of

2-brono-6-(2, 2,6, 6-tetranet hyl -tetrahydro-pyran-4-yl)-pyridin-3- ylamne (as
prepared i n YR8 P¥3ous step, 17.0 g, 0.054 nol ) in DMCEYS2H8§31 was added
2 Mag Na2CO3 (214 ni, 0.428 nmol), LiCl (2.70g. 0.0600 nol ) and

2- (4, 4-di met hyl - 5cycl ohex-1-enyl)-4,4,5, 5-tetramet hyl1l41, 3, 2] di oxabor ol ane
(15.3 g, 0.064 nol). The resulting m xture was degassed by sonication under Ar
and Pd(1313h3)4(6.20\g; 5.30 mmmol) was added and the reaction heated at 80 C
under Ar overnight. e reaction mxture was allowed to cool to RT and was
extracted with EtOAc, After concentrating, the resulting residue was purified
on silica gel\w th 2-P0% Et OAc: hexane to give the title conpound as 10a white
solid (14.8 9,980 9 ad52 spectrum (ESI, nth): Calcd. for C2211341\420, 343.2
(MtH), found 843.3.
4- Cyano- 1- ( 2-t t hyf'si | anyl - et hoxymet hy0- 1H-i mi dazol e- 2- car boxylic acid
P- (4, 4-
di net hyl - cycl ohex\ 1- eny0-6- (2, 2, 6, 6-tetranet hyl -i et rahydr o- pyran-4-y0-pyri di n-
3-y1J- 15 am de Q

2- (4, 4-D net hyl - cycl\ohex- 1-enyl)-6-(2, 2,6, 6-tetranet hyl -tetrahydro-pyran-4-y1l)
- 20pyri di n- 3-yl amhd@id @spbhiRPdds %gqubdtbgehdogrsc\éh@[@%fgmﬂple 1Q4d (8 usfhg@29 nol )
was coupled tgo 4- WD _2005/ 052237PCT/ US2008/ 080081 _

cyano- 1- ( 2- t 1B3redely]-Sbisapshoaistsd retdlicydalfi? eda 201 Ebrmosphsaytyming (3ci d,

pot assi um salyte @34 HeME hichRds itdh, FXapB! €50 m&%ﬁf&,g(-@i}méﬂ%l&@ﬁoﬁéﬂ%nllgﬁbérbﬁibe
compound (15.8 g, 92 9% after purification on silica'gel (30-70 %

£1 OAc- hexanapeidd| 1 mni0r80 semaly: S| petipemVEETS KA DRMafforsd
C33H49N501Si , : /| : 4 1 : :

4-Oyano- 1H i %5@2‘%&?56?%};%1? 8g§y : Co%g%ftsda hg?ht érélo%v oil. Mass spectrum (ESI, m/z):

12- (4, 4- di metUaicd-foy €bsblld¥0: 140930461 und 60064.

tetramethyl-tetra - - 0- | Qi n-3- i t.i on of
4-cyano-1-(2-tri n’g‘?ﬂ%%éﬁwéﬁ% r%Ie 1%%%1{?%%%5?W%%{%h%§2% %@?t%g%)boxyl ic acid

[ 2- (4, 4-di met hyl - cycl ohex- 1-enyl)-6-(2, 2,6, 6-tetranmet hyl -t etrahydro-

10pyran-4-371) - pyridi n-3-y11l-am d. S, prepar in the evi ous. ex le, 17.6

0. "0 02000} e e R B O RV i L e X TR 0630

nmol ). The r ¢Sudnibng sbisxhethexymasyheaiedicpilo/BR. o Sep2-ghi-dimdweylHicedaliexon

m xture was a}l_l ob\_%ﬂé};yzl_cool to RT and partitioned between Et0OAc (200 m.) and
r

wat er (200 ni'79% Y4A¢c | ayer was separated, the aqueous | ayer was washed
with Et0Ac (3 x100 /) and the organic |ayers

S SEM\N
H
o N\(L\}“CN
o)

aw

]
The title compound was prepared by the procedure of Example 4, step (f) using 4-
15 [(3-endo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl1]-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 A1, 128 mg, 0.420 mmol). Silica gel
chromatography (5 % EtOAc/DCM) afforded 164 mg (72 %) of the title compound as a
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15wer e conbi ned, dried (Na2SO4) and concentrated. The resulting residue was
dried under h vacuumto renove residual DMF. The residue was purified on
silica gel (‘{YSO%QS%)WUACI hexane). The resulting solid m?cﬂﬂ@ﬁ’“y&@%nded in 25%
et her/ hexane and sonicated for 10 nm The product was collected by suction
filtration and dried in a vacuumoven at 60 ()C for 12 h to obtain the title
conpound as a white solid (10.2 g, 75%) 1H 20NM R (DVSG, 400 MHz): S

14. 26( s, 1H) lighQre0a il. Mdps spSetddf E&SILIy): GaldR fdr@:HsEN,QISi=68). B(Nfiz), 7. 24 (d,

1H J =8 6 (br s, 1H), 3.23 1H), 2.40 2H), 1.91 oH) .
1.74 (dd, 2H>1?n§5§51§ 9( ggHz;_D 148(§nm4122 130%? 6:_21) 115(?‘3 ?14)

0.96 (s, 6H). Masass@eednt bithd BRtive SE@dchefadhi§Ghas hialle kRS Fhdl SO, 462.2 (MrH),
found 462. 3. 25 Exanple 16 4-Cyano-1H i m dazol e-2-carboxylic acid

12- cychhex-1-enyl - 6-(2, 2, 6, 6-tetranmet hyl tetrahydro- pyran-4-yl)-pyridin-3-yl Eam
ide WO 2@09@95223qu Yﬁgpt%zcggg%;lboxﬁl)c acid [4—((3-end0)-1 5-bls-methoxymethyl-8-

4- Cyano-1-(2-trimet hyl silanyl - et hoxynet hy0- 1H-i m dazol e- 2- car boxylic acid 12-

cycl ohex- 1- edya-b&y¢lol32. lfo@-3tyék4- éﬁéﬂwhﬂﬁfqlmdrwﬁwhamhﬂ'yw pyrl di n-3-y1J-am

ide 5 The t g, r nic acid
and 2-br ono6- ( 2, er%é%ﬂetcéég}rbgrret hé{/g?p-?%pgﬁérag); 58%;(/1?%8?% 1prrl 1R?H3t| am ne (as

prepared in Exaopl-@- tm@mﬁlylsslmmbe@@)})maﬁmlhkﬁﬂméapﬂ@%@@nbmeélc@CldlBté(ﬁrwhéOHS st eps

8 () 1 MR REG TSt 5ty RAIEGNRARS a2 (141

12-cycl oHéx- phmgamggfm Brepqréd inghe mbmdtctpeﬁ(lalhg,d)rﬁ-l pymainami-tytedbufy+ i di n- 3-yl ka

mde 15 ammonium fluoride monohydrate (181 mg, 0.693 mmol). Silica gel chromatography (25
% EtOAc/DCM) afforded the title compound (102 mg, 85 %) as a white solid. Mass
spectrum (ESI, m/z): Calcd. for C1,H;3BrN,0, 281.0 (M+H), found 281.2. '"H-NMR
(CD;0D; 400 MHz): 6 8.11 (d, 1H, J= 8.6 Hz), 7.98 (s, 1H), 7.20 (dd, 1H, J = 8.6, 2.3

15 Hz),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, 2H), 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, m/z): Calcd. for C3oH3sN4O4, 519.3 (M+H), found
519.0.

20 Assignment of structure was made based on analogy to 4-cyano-1H-imidazole-2-
carboxylic acid [4-[(3-endo)-1,5-bis-hydroxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-
dimethyl-cyclohex-1-enyl)-phenyl]-amide (as prepared in Example 5, step (c)).

Example 7

25  4-Cyano-1H-imidazole-2-carboxylic acid [4-((3-ex0)-1,5-bis-hydroxymethyl-8-oxa-
bicyclof3.2.1]oct-3-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
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The title conpound was prepared from
4-cyano-1-(2-trinetthS|Ianylethoxynethyl) 1H i m dazol e- 2- carboxylic acid

[ 2- cycl ohex-WYO@MYI32837(2 2 6, 6-t et ranet hyl t ctrahydr o- pyréﬁjﬂﬁyyﬁméﬁﬁidin-3-A—am
i de as described in Exanple 15, step (h). 1HNWR (CDC11l; 400 WHz): 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 (m2.45 (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 spestrum (ES1, Calcd. for C25H tN502, 434.2 (MtH), found
434.2. Exanple 17 514-Qyano- 1H i m dazol e- 2- car boxylic aC|d

[ 6- 1( 3- ex0) - & exo, 7- eko- as I|d|ned|oxy9-

1, 5-di met hyl - § NP 1 obt - 3- y1l1-2- (4, 4-di net hyl - cycl ohex- 1-enyl) - py
ridin-3- ylLan
1,5-Di methyl-3

, ,5 té?ranethyl-ll,B,Zldioxaborolan-2-y0-6-exo,7-exo(isopr
§-exa-bi cycML3. 2. 1l oct-2-ene The title conpound was prepared
according to the procedure of Exanple 15, step 15()) using
1,1,2,2,3,3,4, 4, 4-m@naf | uor o- but ane- 1-sul foni ¢ aci d

1,4,4,7-tetranet hyl-'3,5, 11- trioxa-tricyclo[5.3.1.026] undec-8-en-9-yl ester
(as preparedgn Exa030k:0) Jl%rbzi*l%ﬂtoﬁc dth 1&%1&;@9@31 oAR8Ly W ZprombS. 58-6. 50 (m
10y, 4 80 (d2 1K 3 R ﬁ)ldv e Y 535 (m 1H)
2.01-1.92 (rrph@madamtm%z (s, 3H) 1. 38 (s, 3H) 1. 33 (s, 3H) 1.32 (s, 3H), 1.26
(s, 12 H. 20

1,5-Di nethyl -3-(5-nitro-pyridin-2-y0-6-exo, 7- exo- (i sopropyl i di nedi oxp- 8- oxabi c
ycl o[ 3. 2. 1. 1loct - 2-effe2 WD 2009/ 052237PCT/ US2008/ 080081 NO2 The title
conpound was pré& according to the procedure of Exanple 15, step

The title compound was prepared by the procedure of Example 4, step (d) using 4-
((3-ex0)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl)-phenylamine (as prepared
in Example 6, step (¢), 292 mg, 1.00 mmol), NBS (178 mg, 1.00 mmol). Silica gel
chromatography (0-10 % EtOAc/DCM) afforded 185 mg (50 %) of the title compound as

10 light brown oil. Mass spectrum (ESI, m/z): Calcd. for C17H,4BrNOs3, 370.1 (M+H), found
370.2.

Assignment of the relative stereochemistry was made in the final step (d).

b) 4-[(3-Exo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-dimethyl-
15  cyclohex-1-enyl)-phenylamine
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(c) using
1,5-dinethyl-3-(4,4,5 5-tetranethyl1l, 3, 21di oxabor ol an- ZCng
5(isopropy|ﬂMPﬁ%B@%¥§5 8- oxa- bi cycl o[ 3. 2. 1] oct - 2-ene (adPf

6- exo, 7- exo-

PRPENOSIN t he

previ ous step) and 2-brono-5-nitro-pyridine. Mass spectrum (APCI, nmz): Calcd.

for Cl 7H201N205, 333.1 (M+H), found 333.1. C)
(3-ex0)-(5-Am no-pyridin-2-yl)-1,5-di net hyl - 6- exo, 7- exo- (i sop
- 8- oxalObi cycl o[ 3. 2. 4Jectane NH2 A sol ution of

1, 5-di et hy1- 3- ( 5-ni -pyridin-2-yl)-6-exo, 7-exo(i sopropylid
icyclo[3.2. 1] oct-2-eqe /(265 ng, 0.795 mml, as prepared in 15

ropyl i di nedi oxj ,)

i nedi oxy) -8-oxa-b
t he previous

step) in EtOH\(ZO m.) [ was hydrogenat ed at 1 atmwith 5 % Pd/C at RT for 2.5 h.
The mixture wds filteredNtthrough Celite, the filter cake was washed with MeOH

and the sol ven
and hydr ogenat j
conditions: co

gvaporated in vacuo. The residue was ta
H as“conti nued via an H-Cube apparatus under
(¥ tenperature = 40 C flowrate = 1 nl/mn;
node, pressure =40 bar. 20Sol vents were evaporated in vacuo
title conpound (18%0ny, 78 % as an off- white solid. Mass sp
raiz): Calcd. for ci7H241\ 12th, 305.2 (MrH), found 305. 2.

(3-exo) - (5- Ami no- @h@ﬁmnwﬁﬁm@ pephd by hdirs®im lof Bx@Xfe 4,7

ken up in EtOH
the foll ow ng
controlled H2
to afford the
ectrum ( ESI

apropylidin

Q
edi oxy) - 8- oxa- bi cyel 0l 3. 2, 1Joctatte MD 2009/052237PCT/U8200 /0800 1 Br

A sol uti on ofl(3-ex0)-1,5- -bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-bromo-phenylamine (as

(3-ex0)-(5-a éﬂ@re@ﬁ{ﬂhgbﬁv%ué/&%lp7l8§mg' O Wicho: QAQHJeTWroﬁ%ﬁq%drgmaedl oxy) - 8

- oxa- bi cycl o[ 3 1] oct ane (

mol ared in the 5previous

step) in Acetddit30img 0PO nipgD). v%hcwbﬂé@n@t@gre@ydﬂdﬁ% AP pITNESd as a
sol ution in qgﬁhﬁ%é '%? L)Fth(: Eﬁe Eﬂ(rrﬂspouﬂ_&‘?s RGOS, M@%&Qg&%ﬂﬁ@%ﬁﬁdnﬂﬂ vacuo. The

resi due was and’ washed w th sat

NaHCO8 (1 x 20

nit) and theCatfdefou§sta7W§}s,4rQQS3 @&thhatwed49(.3.h Et OAc (1 x 20 rrL) The conbi ned

or gani c ! ayers V\erAg%ggﬁe%g%frotgg 1r§llaW§ %re%gm%?&%rs] fifa8t ﬁqhé fnaf @t%}%'

was purified on a

RD-The resi due

10 o 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid [4-

((3-exo0)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2. 1]oct-3-yl)-2-(4,4-dimethyl-cyclohex-

1-enyl)-phenyl[-amide

) SEM,
o ! WKLTB‘CN
O

0
\

The title compound was prepared by the procedure of Example 4, step (f) using 4-

15 [(3-ex0)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-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 A1, 128 mg, 0.420 mmol). Silica gel

chromatography (5 % EtOAc/DCM) afforded 166 mg (73 %) of the title compound as a
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10 50 SPE colum (kw system Flow rate = 20 nUm n; Eluent = 10 %t OAc- hexane
for O- 5 mn, then 10-40 % Et OAc- hexane for 5-30 mn) to afford the title
conpound (5MORAYOEPTH as a white solid. Mass spect r umPCAREROOS/HIO98L:  Cql cd.
for C17H23N202Br, 385.1 (M+H), found 385.2. 15

0( 3- ex0) - 15- Ami no- 6- (4, 4-di net hyl - cycl ohex- 1- enyO- pyridi n-2-y11-1, 5-di net hyl-6
- eve, 7-exogi sopropyl i di nedi oxy) - 8- exa-bicycl o[ 3. 2. 11loctatte The title
conpound was lightepasedil abrey geagint ESLhe/zpr Cted b€ o, \Raspbe 46v+8),ep 20(f)

usi ng (3- exo) gg no- 6- br ono- pyri di n-2-y1)-1, 5-di net hyl- 6- exo, 7- exo-

(1 sopropyli dif 6 >]/) 8- oxa-bicycl o[ 3. 2. 1l octane (as prepared in the previous

step). Mass SpeCtA SRRl of thE %)ativEab@ehehm®iry G245 ArndSBNROBRal 428(8B. (MrH), found
413.3. WD 2009/ 052237PCT/ US2008/ 080081 J)
4- Cyano- 1- (2-trimet hyl sil anyl - et hoxynet hyl ) - 1H i m dazol e- 2- carboxylic acid

[ 64(3- 5 _d) 4-Cyano-1H-imidazole-2-carboxylic acid 4—((3-exo(-1 5-bts-meth0xymethyl— -
exo) - 6- exo, 7- exo- (i Sopropyl i di nedi oxy) - t hyl - 8- oxa- bi cycl 0] 3. Z1] ect-3-y

Il di met hyl - eyebehda/32. Iémi-ﬁ)ﬂ)pgr(‘l’ﬁﬂmeym’lﬂdmdee@l)?henyl]-amfﬂhe title compound

was prepared acco
(3- ego) 25 am no- 6lr 4{&% %ﬁlﬁgmﬁi‘p& %ﬁ?xq%e Igﬁ%l e%{/%a 19@ S(é%)(g)lﬁ% gg?rret hy1-

6- exo0, 7- exo- Cvaopl- @riylmeﬂlwhé@nym@l?m&n@boé} bil-eyilhes(l 32+ Za@])mmaﬁd [{ Hs-peepared in

LA B T Eof L U B

16- 1( 3- eX6) - @he»yti aTméex@spnesszrpctmpydprdvmwteszyf)(lrmgfﬂzﬂlmndﬂyhn@ oxa- bicyclof3.2.1

Joot - S Y11 Zildhns AR nY e SRESHIERINE) ohp kot My Shrayde 15The (it e
conmpound was prep accor g 16t Scedure of step (b), using

4-cyano- 1-( ZChﬂonﬂEigfaphﬁ (ZSanﬂszb@wmﬁbiw& Jhelite |cm1pI@md I(&G Lmgardsxydd ¢ acid
oct - a-ya]- 2 i rRORRE PRl BERY B R Pkt o G Y cpared i n
m)e pge\é;ogz (a;&lalq){] 3% io%ﬂd@@@lﬁ{ J4000 Mz } 173 8m1 ﬂH)524§ o, 28, 7 2 15,75 (hr s,
15" 3.41(d, 2H, J—101Hz) 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, 2H, J = 6.3 Hz), 1.08 (s, 6H).
Mass spectrum (ESI, m/z): Calcd. for C30H3sN4O4, 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-ex0)-1,5-bis-hydroxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-
20  dimethyl-cyclohex-1-enyl)-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)-4-[(3-ex0)-3-
hydroxy-1,5-bis-hydroxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-phenyl]-amide

H O
NW)LNH
7
NC

25

HO
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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( mWOR0IOR2FL- 1. 60 (m 211), 1.47 (s, 311), 1. PET(LS2008pg00817 15 (s,
311), 1.11 (s, 6[1). Mass spectrum (APCI, in/z): Calcd. for ClOn7N504, 532.3
(MtH), found 532.3. WD 2009/ 052237PCT/ US2008/ 080081 Assi gnnment of
relative stereochem stry was made based on analogy to

4- cyano- 1Hi m dazol e- 2-carboxylic acid

[4-43-ex0)-1,5-his ydrox net hyl- 8- oxa-

y1)-2-(4,4 d.aﬁééfﬁif-? SR éwwt%’}-s’?mm'ﬁﬁ &fhbtf@d](’@s? - Hpeensedei n Exanpl e 4,

step (g)). 5 Exanple 18 4-Cyano- 1H—|n1dazole 2-carboxylic acid

16- 1( 3- exo) (6 exo, 7- exo- di hydr oxy- 1, 5-

di met hyl - ,@ cl{op3d. 2. 11 pct - 3-y0- 2- (4, 4-di net hyl - cycl ohex-1-enyl)-pyridin
-3-ylI- anlde goy ogcetp-Siaci d salt and 4- Cyano- 1H-i m dazol e- 2- car boxylic
acid 164( 3-

endo) - ( 6- exo, 7- exo- di hydr oxy- 1, 5- di et hyl - 8- oxa- bi cycl o[ 3. 2. 1foct - 3-y0- 2- (i, 4-
1 O dinzethyl -cycl ohex- 1-enyt - pyridin 3- yII-anide trifluoroacetic acid salt
A solution of 4-cyano-1H | | i,c acid
[6-[(3- exc@)) 6- eXOX7mg()?gfl Sf gilpérj 5 3{6& -but Cﬁ &X silahyfoxymethyl)-8-oxa-bicyclo[3.2.1]-
, 5- di met hy 1- detotcan-Bioay qR@] tg2 41&4onmo‘B)(Iyéh] -I<2 dnd @hai I . hyl Amkb Chem. Soc.,

cyclohex-l-e )z idi n-3-yl ] (16.4 0, 144 I r red in
Beamle 17, - avep BT usaR ey P B rooRy o 1t Sel B BB opui se
with 5.2 M H@, (bdllobPprefsardyigr satn drieeralt @ehlylsowdrefaofqirbyXilttatioddshi Cdlieand HEL i n | PA
S oued o ot VRICBUSHITGHE 2o AqUbEe | L) 06 U ESoRpOHdS™ 2UhHE Rl | e
m xture was Sdst §Rerah (BT, mON: @albd. 3, A, 8:5iC4f0F (M+R), fdRdAes M xture was
concentrated in vacuo. Purification of the residue by RP-HPLC (C18) wth
10-80% CHIGN in 0.1 % TEN E120 over 25 min afforded the title conpounds (28.6
E%:)ng(glasmo Mngﬂ%%UHLzﬂzz&fzole%éWEo%{ﬁ& Acighi éJf ?(3%%)—!’5%%3&&{ bﬁ%éﬂz%“‘" NVR
208 L deyloneb S g Sl Gt i 2.

m m m S ,
1.12(s, 6H). e” Wéh‘”’%ect e (AP, miz): Calcd. for C271113N504, 492.3 (MH),
found 492.2. WO 200 052237PCT/U82008/080081 Exanpl e 19 4-Cyano-1
11-im dazol e-2-cgN NLC 2
[ 2- cycl ohex- 1- enfy -161( ‘

(6 exo, 7- exodi hydr oxy- 1, 5-di nt et hyl - 8- oxa- bi cycl o
[3.2. 11oct-3-yl Ppyri o : am de trifluoroacetic 5 acid salt and
4-Cyano-1H-inid§ ol e-R-garboxylic acid 12-cycl ohex- 1-enyl - 6-1(3-endo) -

(6- exo, 7- exo-di hydr oxyjJdorb- di net hyl - 8- oxa- bi cycl o[ 3. 2. 1l oct - 3-yl | - pyri di n- 3-yl
| - am de trif[ydfp%cet acid salt

15

To a suspension of 4-cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-
dimethyl-cyclohex-1-enyl)-phenyl]-amide (125 mg, 0.314 mmol)(prepared in Example 1,
step (¢)) in 2 mL of THF at —40 °C was added a solution of i-PrMgCl (2M THF, 0.392 mL,
20 0.785 mmol) and the mixture was allowed to attain RT. After 10 min the clear solution
was cooled to —78 °C and a solution of t-BuLi (1.7M in pentane, 0.554 mL, 0.942 mmol)
was added. After 15 min at —78 °C a solution of 1,5-bis-(tert-butyl-dimethyl-
silanyloxymethyl)-8-oxa-bicyclo[3.2.1]octan-3-one (200 mg, 0.482 mmol) (prepared in the
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10 a)

(3-exo)-15-Anino-61éc cl ohex-1-enyl)-pyridin-2-yll-1,5-dinetltyl-6-exo, 7- exo(
sopr opyl i di NEARYRA)Y @yoxa-bicyclo[3.2.1loctane and PCT/US2008/080081

(3-endo) - 15- Am no- 6- (cycl ohex- 1-

enyl) - pyridin-2-yl P1, 5-di nt et hyl - 6- exn/- exo- asopr opyl i di nedi oxy) - 8- oxabi cycl ol
3.illoctane 15The titl e conpounds were prepared from

(3-exo)-(5- a@ireﬁﬁm@ stblﬁ)ﬁﬁﬁ HPYL intli) Ava addkil and the mixture stirred for 30 mins at —78 °C and
1,5-di et hyl

exo opr.opyl j di pedi oxy) - 8- oxa- bi c o[ 3.2.1] octane (as
prepared in @%ﬁﬁg?%aﬁ?auﬁ éﬁ fg%%hg g?EVHﬁéxgﬁeF”QW%BW ﬁW@Lﬁ%FH“éccording to
t he procedur gatidtcrarpl 6 0%8L) 5 eRrdcRd WRSSOARES i WhI)EShe offagik layelvgd. for
C2J132N20, 385.2 (M found 385.3. 20 WD 2009/ 052237PCT/ US2008/ 080081 b)

4- Cyano- 1- ( 29¢ipd (e and eangentiater avd thedifly FomANd! MiEtBHicd 0p stist BOLYIIPE aci d

[6-1(3- exo) “ﬁm%%ﬁto@z&m&m@?fv@@yémgl(m &)&Whn%,séhdj'l‘%‘s‘s'@l}/&trngE@r Rigycl on. Z
Hoct - 3-y11- Zth&ﬁyclohex 1-en am de an

4- Cyano- 1- (2 ﬁ@fﬁyﬁS@%Qﬁy% Tﬁﬁ%yﬁéﬂﬁ?ﬂ%mﬂﬁﬂjﬂnldazole 2-carboxylic acid

[ 6] (3-endo) - 6- exo
di net hy1- 8- oxa- bléé% §{&§€£%£@%é%%%&ﬁg?gﬁﬁhw%géaaéggzﬁ alSteg(c&ln 3-yll-am de

The title conpounds were prepared froma m xture of (3- exo) [ 5- am no- 6-

(eyel ohex: | o s DML D8 Ylbostc oSN S S22 P31k b 3OPT OPY! |

di nedi oxy) - 8-'oxa*

(3-endo) -1p5- am)%hﬁir(wyl;f—bisdwdfoxﬂny&yl-&agvm-bic.}mloﬁ 9. IJoct 3Bl -phenyl]-amide

di met hyl- 6- exo, 7- exo- (i sopropyli di nedi oxy) - 8- oxa- bi cyclo[ 3. 2. 1] oct ane (as
prepared in the previous step) according to the procedure of Exanple 1, step
(b). Mass spectruﬁw@Eﬁbnofnb@ﬁoIHahﬁduokdmuﬂﬁAﬁ&%Nﬁq3$ﬂﬁlﬁ@émﬁb@&#kb f ound
634.3. 15 ci)

6T (3 exo) - Bt Sl wBy B etk Ea Ryt o elag 281 5441 oyl of 3. 2.
Hoct - 3- y1] - 2d(meates @heBhek= 1e6yO=phpiyyl j-sthide Borypat@imh @ padidous step, 110 mg,l49

o Ovano- 16 | gl oo O Scl 4L (P SH0) 628400 T v
Hoct - 3- y1J- 2+(i6yCdt @D e fok8 HRNYAJ reRdtioh Hal didut¥d WAREASAC (10 mL) and washed with
H,O (2 x 10 mL) and brine (10 mL) and dried over Na,SO,4 and concentrated. The solid
was triturated with Et,0 and filtered to give 50 mg (69%) of a white solid. 'H NMR (400
MHz, DMSO-ds) & ppm 14.21 (br s, 1 H), 9.73 (brs, 1 H), 8.31 (s, 1 H), 7.90 (d, J=8.6 Hz,
20 1H),7.35(dd, J=8.6,1.9Hz, 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 H). Mass
spectrum (ESI, m/z): Calcd. for C,sH34N4Os, 507.2 (M+H), found 507.1.
Assignment of relative stereochemistry was made based on analogy to 4-cyano-1H-
25  imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in
Example 1, step (f)).

Example 9

30  4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-((3-exo0)-3-
hydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl)-phenyl]-amide
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20 WO 2009/ 052237PCT/ US2008/ 080081 The title conpounds were prepared
from 4-cyano-1-(2-trinmethyl sil anyl et hoxynet hyl ) -1H i m dazol e- 2- car boxylic acid
[ 6- [ (3- exo0) -¥0@W§0P22¥x0- (isopropyl i din PCT/US2008/080081
edi oxy) -1, 5-di net hyl- 8- oxa- bi cycl o[ 3. 2. 1] oct - 3-y1] - 2- (cycl ohex- 1-enyl) - 5pyri
din-3-y1l Fam de and 4-cyano-1-(2-trimethylsilanyl -ethoxymethyl )-1Him
dazol e-2- carboxylic acid
[ 6-[ (3-endo) - 6- exo, Yvexo- (i sopropylidi nedi oxy) -1, 5-di net hyl- 8- oxabicyclo[3.2.1
]oct-3-yl]-2-(cycl ohex-1-enyl)-pyridin-3-yl kam de (as prepared in the previous
step) according to procedure of Exanple 2, step (b), substituting DVF for
THF. Mass spectrum (APCH, pVz): Calcd. for C28H33N504, 504.3 (MtH), found
504.3. 10 d) 4-Cyang ~f dazol e- 2- carboxylic acid

1 (3-e - (6-exo, 7- exodi hydr oxy- 1, 5- di nt et hyl - 8- oxa- bi cycl
. di AN3-)d Eam de trifluoroacetic acid salt and
4- Cyano- 1H i : o - 2- carboxy?$c acid [ 2-cycl ohex-1-enyl-61(3-endo)-
(6-exo, 7- exo-di hydr oxy-1, 5-di net hy1- 8- oxa- bi cycl o[ 3. 2. 1] oct - 3-yl Ppyri di n- 3-yl f
am de 15trifluoroacetic acid salt The title conpounds were prepared from
4- cyano- 1H i m daz®hettR @arpbamdihaspreaiad as described in Example 1, step (f) using 4-

(o)~ on G20 R L PRl G TEL s i v of .21

4- cyano- 1H i phelat] Qinﬁde’ifaﬁﬁlfebﬁxd/inl Exampled, t6p (c)) and 1,5-dimethyl-8-oxa-

20[ ( 3-endq) - 0 |dlned 1, 5-di 1- 8- oxa- bj.cycl o[ 3. 2. 1]
oct - 3- yl](g %Caéeﬁ R“ Frar ﬂ%ﬁﬁ/ﬂ@n@nébgée6§pe§&¥ﬂbtHg'previous
step) accor dinMgR oDt e4<mr1\qH ew 9fbrExampb e 6 dnilH<t urges ab), 739Mer s was
obt ai ned. Maj or Fsongr Qﬂ & g ﬁ@p 9%§1Hﬁg8 J<8 ? HFD G% 07 (s

1H), 7.66-7. 38)(M! de)lH, 6 2365 831@2)(71%3 @H}H iy %M@) %28((912@&1; 57 @ra»dH\é 12(m
1H), 2.50-2 2 1 1.73 (m
6H), 1.33 (Sg% Hﬁ?aszsz %ﬁel@? Fﬁ}%%ﬂp@@m @ IQ%SS 6‘353 ? 5H290 %4 464. 2
(MrH), found Ol AV B SIE@HW})I(ESIZOI/Z)- Q}hdlcfon@zkHszM@aﬁ& é(M*Hhrf@mlW 3¢ acid
[ (4-cis)-f2-cis, b
d|nzethylﬁtetrahyé%%gmﬂ%gﬁﬁggﬁ%%%g%%ﬂﬁﬁﬁg%gwwnwmbas ??mmﬁgy“”ﬁ?“nyr|d|n 3-y1J
-am de 30 trimhidesre2ceboxyliaetid [3-64.4-damthyd-cByaehve-11diy)m-dazoh) 8-1Rdoaybloxy| i ¢ aci d
1(4-trans)-( %fs(-:rlne%h(?iymethyl-S-oxa-bicyclo[3.2.l]oct-6-en—3-yl]-pheny1]-amide (as prepared in

Example 1, step (f)).

15 Example 10
3-(3-exo0)-[4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-
enyl)-phenyl]-(3-exo)-3-hydroxy-1,5-dimethyl-8-aza-bicyclo[3.2.1]oct-6-ene-8-carboxylic

acid methyl ester

20
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Ci s- bi s-hydroxynet hyl-2, 6-di netl zyl -tetral | ydro- pyran-4-320-2- (4, 4-di net hyl -cy
clohex-1- eyPPUBNI2Ei n- 3-y1Pami de trifluoroacetic aci dPSAUS20040898{1yt i on of

4- cyano- 1Hi m dazol e- 2-carboxylic acid [6-(6-exo0, 7- exo-di hydr oxy-

51, 5-di met hy1- 8- oxa- bi cycl o[ 3. 2. 1] act- 3-y1) - 2- (4, 4-di net hyl - cycl ohex- 1-enyl)-p
yridin-3- ylkamde trifluoroacetic acid salt (235 ng, 0.479 nmmol, as prepared

i n Exanpl e 1&) 1,5:DibeiN-§-080-8la)a-Biecl¥fa126N o dt--dik 8- ciBoxyliCali®meiyt dsteNal ()) (154
mg, 0.718 mml) at RT for 20 mn. NaBl114 (54.3 ng, 1.44 mmol) was added, and
the mixture M req for 20 nin. The mixture was quenched with NaOH (3 nlL, 2M
aqueous) and into Et0Ac (75 nmL). 10The organic | ayer were washed with

I Maq HCl, sat CO1, and brine (1 x 25 nlL each). The conbi ned aqueous

| ayers were extracted with Et0OAc (3 x 25 nL), and the conbined organic |ayers
were dried over MgSO4 and concentrated in vacua The resi due was purified on a
40-g Scpra Si 50 SPE columm (Isco system Flow rate = m./mn; Eluent = 50 %
Et OAc- hexanc for &bttt empepwasgraayd Arom M@l%%ﬁéﬂplérl Grbgpyhingeid 5100 %

Et 0Ac_ or 510 iy EASRUSC:SH ML PRS- biRIbkdm ko REISing iglgd  The T racti ons
contai ning the t|tIe conpound were further puri RP-HPLC (C18) with

10- 80 % CH1Clex¢lpaddiion pogtormhgipion Wédof@@nn{@mmaaffﬁway of g ariiq C@en@mpound (28 0

ng, 12 % as i i 0 ) 9 d

Hz), 8.08 (31(570&@%}1(}23,_%35 g?l)lH?Q%“g.E;gt%’fﬁ%: 2%‘-%%’5@ it d 21011Ft75 65 (m
1H), 3.52-3.48md}H00H), 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. mz): Calcd. for C271-135N504, 494.3 (MtH),
found 49403. bEXdPpte-/2-1(4-Non2dERInI&ZAR1PIThAITDOMBHYBDOBAdimethyl-cyclohex-1-
?ZQ(léal-n?l (]j'll_i-n;{cn ﬁgﬁﬁ)e&y@[z( J\aél(&bjp %ﬁgﬁ{)ﬁ%fl %dt(tgtliyl g aéa-btcyclo[3 .2.1]oct-6-ene-8-carboxylic

t et r amet hyl - heill-htod estbrexahydr o- | A, 6-t hi opyran-4-y1l) - pyrl di n- 3-y1J- am de

a) 1,1,2,2,3,3,4, naIIu 0- but an sullim

2,2,6,6-tetramet hiﬁe WICELORIPRYAS 6% Pt |a66§ﬁf°’é\‘?16d4n§ia%%‘? &t (B ¥Pelp F FFF

The title corpadnti- Mﬁ&azl@[eezlad’r&ﬂ(yﬁé 8d1d [4-bromo-2-(4,4- dlmethyl cyclohex 1-enyl)-
2,2,6,6-tetra thyI-te r ahydr o- thlo ran 4- one Chem (1970), 35(3),
592) accdlsdlﬁ WY HES @ BERY Ié(%andét ﬁ!ime%lyf SPATSRR (CDCL3; 400

MHz) : 65. 81- @10}@0{3@. 1]&'@6—611%—84&rl§d§(yhc2§01d méthil ebteB(akiBlepardd ththé Sreviddslotep).
'H-NMR (CDCls; 400 MHz): $ 9.60 (s, 1H), 8.16 (d, 1H, J = 8.6 Hz), 7.63 (s, 1H), 7.17
(dd, 1H, J=8.6,2.0 Hz), 7.12 (d, 1H, J = 2.0 Hz), 5.98 (s, 2H), 5.68 (br s, 1H), 3.69 (s,
3H), 3.24 (brs, 1H), 2.45 (d, 2H, J = 15.2 Hz), 2.20 (m, 2H), 2.00 (m, 2H), 1.81 (d, 2H, J =
20 152 Hz), 1.59 (s, 6H), 1.48 (m, 2H), 1.03 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for
C30H3sNs04, 530.2 (M+H), found 530.2.

Assignment 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-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in

25  Example 1, step (f)).
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101.43 (s, 6H).
b)4,4,5,5-Tetranet hyl-2-(2, 2, 6, 6-tetranet hyl -3, 6-di hydr o- 2Ht hi opyran-4-y1l) -

(1, 3, 21di ox¥BRPYPETR37 The title conmpound was prepared fF&F{US2008/080081
1,1,2,2,3,3,4, 4, 4-nonaf | uor o- but ane-1- 15sul fonic acid

2,2,6,6-tetranet hyl- 3, 6-di hydro-2H-t hi opyran-4-yl ester (as prepared in the
previ ous step) according to the procedure of Exanple 15, step (b). 11-1-NWR
(CDCA 3; 400 AW@mpRQ9/ 052237PCT/ US2008/ 080081 MHz): 66. 43-6. 40 (m 1H, 2.27
(d, 2H, J = 6

5-Nitrn-2- (2425‘)}6'"6“1?‘%%24%@{8%%’52%”6«% é?% ﬁﬂ%ﬁw&wﬁéfﬁxi =gy 9);!91 P¢ire 5The
title compounsliiRs 1,BLBRamFIcs-Exo0Mxh- Hindatytineimy RARK Y Lbidpdd)3.2: o3 gL r anet hy 1-
3, 6-di hydr o- gg#thl opyr an- %%1)41 3, 24d|@;<labojr}ol an(gcy(asy pr epar ed flﬁtthe

previ ous st epftera{?™der ono- 5-ni tro- pyridine according to the procedure of
Exanpl e 15, step (c). 3s spectrum (ESI, m/z): Calcd. for Cl4H 5N202S,

279.1 (M+H), found 279 d)
5-Nitro-2-(2,2,6,6-tet pt hyl - 1, 1- di oxo-1, 2, 3, 6-t et rakydro- 1A6
-thiopyran-4-yl)- 10 pywrdigpe A sol ution of

5-nitro-2-(2,2,6,6-tetrg -3, 6-di hydro- 2H-t hi opyran-4-yl)- pyridine (0.300
g, 1.08 mmol, as i%@ previous step) in MeOH (15 nL) was cooled to
0 C and treated A ( f':/ﬁmg 3.23 Mol based on KHSO5 content) as a
15sol ution i IQHS nr) . e e bath was renoved, and the mi xture was
allowed to styrolt \RT for 1 h. The m xture was diluted with water and
extracteddwi th CH2C12 (2x). The conbi ned organic | ayers were dried over MySO4
and concentrated in vacuo. The residue was purified on a 25-g Scpra Si 50 SPE
colum (Isco system Flow rate = 20 mL/mn; Eluent = 5 % Et 0Ac-hexane for 0-3

min, then 5-15 % EbDALe FeRested rop Psepsmdn%SréeS%r@e@e%ﬁﬁ%}flﬂetlhéteP. ®1wingr dduct (322

ng, 96 % as %oqfff-nﬂvaazbfe ﬁ@irb&thiS %cﬁpethﬂ%ﬂug BB 4-dith&iyl-Gabkd- 1-E81)-
Cl 4F118N204S, " 311. SI\/H-H) , found
phenyl] -amide (as prepared in Example 1, step (¢)) and 1,4,4,7-tetramethyl-3,5,11-trioxa-

10 tricyclo[5.3.1.0*°Jundecan-9-one (as prepared according to the procedure in Bulletin of the
Chemical Society of Japan (1983), 56(9), 2680-99). 'H-NMR (CDCls; 400 MHz):  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
=2.5Hz),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 (ESI, m/z):
15 Calcd. for C3;H3sN4Os, 547.2 (M+H), found 547.1.

Assignment 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-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in
Example 1, step (f)).

20
Example 12
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(3-exo0)-
3,6-exo,7-exo-trihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl)-phenyl]-amide
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WO 2099/ 052237PCT/ US2008/ 080081 e)

6-(2,2,6,6-Tetraneth I-1,1-dioxo-hexahydro-126-thiopyran-4}y%g-p ridin-3-ylam
ne WO MP0322¥n of PCT/US2008/080081
5-nitro-2-(2,2,6, 6-tetramhyl -1, 1-di oxo-1, 2, 3, 6-tetrahydro-1 X6-

t hi opyran-4-yl)-pyridine (322 ng, 1.04 nmmol, as prepared in the previous step)
in MeOH 5(10 m _,) was hydrogenated with 5 % Pd/C and 1 atmH2 at RT for 17 h.
The m xture was filtergegd through Celite, and the filter cake was washed wth
MeOH. The sol vents were>~evaporated in vacuo. The residue was purified on a
25-g Sepra Si 50 SPE m (1sco system Flowrate = 20 mimn; Eluent = 10%
Et OAc- hexane for 0-3 m tHhep 10-50% Et OAc- hexane for 5-30 nm then 50-65 %
Et 0Ae- hexane over 40 mj Nhéh 65- 100 A 10 Et OAc- hexane over 40 mn) to afford
the title conpo g, 6 as an off-white solid. Mass spectrum (EST
mz): Calcd. fQr/ % aERP2N2028N 283. 1 (M-H), found 283.1. J)

2- Bronmo- 642, 2,6, 6-t et PAnet hy1-1, 1°Ni oxo- hexahydr o- 126- t hi opyr an- 4- y1) - pyri di n-
3- ylam ne 15%®e title conpound was prepared from
6-(2,2,6,6-tetranmhyl-1, 1- di oxo-

hexahydr o- 1X6-t hi opyran-4-y1)-pyridin-3-ylamne (as prepared in the previous

step) accordi to t edur pl el7, ste 228Bss spectrum ( ESI
oy Cat o, o SRR S s T B R Ry e i e 1

2- (4, 4-D net hyl -cycl ohex-1-enyl)-6-(2, 2,6, 6-tetranethyl -1, 1- di oxo- hexahydr o-12
6- 20 thiopyran-4-yl)-pyridin-3-ylamne W 2099/052237PCT/ US2008/ 080081

The title co und (s _Ju epared from

2- brono- 6- (2, 2/ 60% anet hyl-1, 1- di oxohexahydr o- 1X6-t hi opyran-4-y1)-pyridin-
3-yl ani ne (as” psiepz in the previous step) and

4, 4- di net hyl -ecl'‘ohex- 1-enyl-4, 4,5, 5-tetranet hyl -[ 1, 3, 2] di oxabor ol ane

accordi ng5to t S5procedure of Exanple 15, step (0. Mass spectrum (APCI, m z):
Cal cd. for C22Hi 4N202S, 391.2 (M+H), found 391. 3.

To a solution of 6,7-dihydroxy-1,5-dimethyl-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 mmol) in
DCE (20 mL) was added imidazole (2.0 g, 29 mmol) and di-zert-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. NaHCO; (20 mL) and the DCE layer was separated, dried (Na;SOy)
and concentrated and the residue obtained was purified on silica gel (5-20%
EtOAc/hexane) to obtain the title compound (869 mg, 90 %). 'H-NMR (CDCls; 400
MHz): & 4.23 (s, 2H), 2.43 (d, 1H, J = 15.6 Hz), 2.31 (d, 1H, J = 15.6 Hz), 1.45 (s, 6H),

15 1.12(s,9H), 1.04 (s, 9H).

b) N'-[4-Bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-N,N-dimethyl-formamidine
O Na NS
Br
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h 4-Cyano-1-(2-trinethylsilanyl -ethoxynmet hy0-1H i m dawl e- 2- car boxylic acid

12, (4, 4-

di met hyl - cyVBRUROR2¥Ny0-6- (2, 2, 6, 6-t et ranet hyl - 1, 1- di oX6TASXRBYMPY- 111, 6-thi o
pyran-4- yO-pyridin-3-yl Eam de 10 The title conpound was prepared from

2- (4, 4-di net hyl - cycl ohex- 1-enyl) - 6-

(2,2,6,6-tetranet hyl-1, 1-di oxo- hexahydro- 1A6-t hi opyran-4-yl)-pyridin-3-ylam ne
(as nggared in th&omhewbbusnﬁ&ﬁ?P?adE@fdﬂhg?&ﬁxnhmypmga@%mgga@%gﬁgaﬁwze &6
step . Mass_spectrum T, in : .cd. _for 1449N504SSi , 640. M+H) |

f ound 640. 3. 1‘1@"8“ ¢ @%ﬁéf%—ép ¥ dém&a pa g’ﬁ'ﬂ%ﬁ%“%?lde dimethyl acetal (30

12-(4, 4-di e | waYEdaRBeX Tdt RO AL 202461 6The solvent was removed under reduced
tetranet hyl -1, 1-di oxo- her ahydro-116-thi opyran-4-y1 -Rééidin-s-ylLanide WO
2099/ 052237PCTAYS2 BB geidie was purifipd op jstlica ggl hEQREhsrrR 4P ety §fn
4-cyano- 1<( 2:4L1 b kanyd et hex - Ldoing - Gar |5 cid
oYy d?nei“'ﬁé 6% Ag%ﬁgzgg _%ﬁ/ie g?.ll)mgm (othar: Mo MH9RB %5 &; AR AW (it

(2, 2, 6, 6-t et 2&nEtGHy(d, 1,10t .Hetalny dHo- 219761 HDop T &n-2H)y 195 oyr It h438- yI kani d
e (as prepar%g>h%)é@g @Fﬁyious step) according to the procedure of Exanple I,
step (c) fol Fowed’” 5 §’ ofmati on of the free base with NaHCO3. 11-1-NWR
(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, , 6 -5 95 3.48-..3. 37 ( 2..60-.2. 42 (m 4H),
520-2 13 (m? STty ot el s ek il Ty G
(s, 6H), 10. 135.4.9.0°GihdecVag - pedinethil-GTbhex-Menyl)-phkadyaV, MdimeBalF H35N501S, 510. 3
(M+tH), found 510.3.. 10 Exanple 22 4-Cyatio-IHim dazol e-2-carboxylic acid

[ 2- (4, 4- di medHIYEE ohex- 1-enyl ) - 4- (2, 2, 6, 6-

t et ranmet hyl - E1- di oxe- hexakydr o- Le-t hi opyr an- 4- A- phenyl | -am de a)

4-(2, 2,6, 6-Tei ramet hyl - 3,8-di hydr o- 2Ht hi opyran-4-yl)-phenyl am ne 15 NH2

The title conpound was priepared from1,1, 2, 2, 3, 3, 4, 4, 4- nonaf | uor o- but ane- 1-

sulfonic acid g, 2,6, 6- met hy1- 3, 6- di hydr o- 2Ht hi opyran-4-yl ester (as
prepared in le 2 -
4-(4,4,5,5-t(=§r<i P

Nay N-and
To a solution of N'-[4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-N,N-

2] di oxabor ol an- 2-y1) - phcnyl am ne

15  dimethyl-formamidine (as prepared in the previous step, 335 mg, 1.00 mmol) in THF,
BuLi (0.68 mL of 1.6 M in hexanes, 1.1 mmol) was added dropwise 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-butyl-1,7-dimethyl-3,5,11-trioxa-4-sila-tricyclo[5.3.1.0*° Jundecan-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 NH4Cl solution and the product was extracted with EtOAc (3 x 10 mL).
The EtOAc layers were combined, dried (Na,SQO,) and concentrated. The residue obtained
was purified on silica gel (20% EtOAc/DCM-100% EtOAc) to obtain the title compound
(197 mg, 34 %). Mass spectrum (ESI, m/z): Calcd. for C34Hs4N,048Si, 583.4 (M+H), found

25 5835

Assignment of relative stereochemistry was made based in the final step (f).
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WD 2099/ 052237PCT/ US2008/ 080081 according to the procedure of Exanple 15, step
(c). Mass spectrum (ES1, iniz): Calcd. for C151-121NS, 248.1 (MtH), found
248.2. b) WO 2009052237 PCT/US2008/080081
4-(2,2,6,6-Tetramet hyl-1, 1-di oxo-1, 2, 3, 6-tetrahydro-1A6-thi opyran-4-yl)-phenyl
anzine NH2 5The title conpound was prepared from
4-(2,2,6,6-tetramet hyl- 3, 6-di hydro-2H thiopyran-4-yl)-phenyl am ne (as
prepared in the previous step) according to the procedure of Exanple 21, step

(2C812) ZNBSS Sp%)cbr-gxron)- 4 Ammo-gd (} 4-dimet. yl—cycl(];hoegc-lgeln?)}jz %i\zyll g 4—dt-?e§19bu1(1; }VI7tH) found
4- (2, 2, 6, 6- TeltmamRi3wAr-dioka Qisaiorif gy, 007 ditetbi-2pyr an- 4- y1) - phenyl am ne 10
NH2 The title conpound was prepared from

di oxo-1, 2, 3, 6-
'1)-phenylanine (as prepared in the previous step)
of Exanple 21, step (e). Mass spectrum (APCl, mz):

4-(2,2,6,6-tetramethyl-1, ¥
t et rahydro- 116-t hi opyran
according to the proceduke

Cal cd. for C15H23NCZS, 28‘ @ found 282.3. 15 4)
2- Bronmp-4-(2, 2, 6, 65 21 1- di oxo- hexahydr o- a-t hi opyran-4-y1)-
phenyl am ne MD 20989 , 'PCT/U82008/080081 The title conmpound was

pr epar ed fron}§ “

4-(2,2,6,6-te ‘A.‘l 1 di oxohexahydr o- 1X6-t hi opyran-4-y1) - phenyl am ne (as
prepared in thengeV|-us step) according to the procedure of Exanple 17, step
(d). Mass spectrum (ES!', nmlz): Calcd. for C1L5H22NO2SBr, 360.1/362.2 (NHH)
found 36052/ 362. 2.

52- (4, 4- Di net hyl -cycl ohex-1-enyl)-4-(2, 2,6, 6-tetranethyl -1, 1- di oxo- hexahj gdr o-
126- To a solution of N'-[4-(9-ex0)-[4,4-di-tert-butyl-9-hydroxy-1,7-dimethyl-3,5,11-

trioxa-4-sila-tricyclo[5.3.1.0*°Jundec-9-yl]-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-
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 EtOAc (3 x 10 mL). The EtOAc layers were combined, dried (Na,SO4) and
concentrated and the residue obtained was purified on silica gel (50% EtOAc/hexane-
100% EtOAc) to obtain the title compound (110 mg, 67 %). Mass spectrum (ESI, m/z):
15 Calcd. for C31H49NO4SI, 528.3 (M+H), found 528.2.

Assignment of relative stereochemistry was made based in the final step (f).
e) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [4-(9-

exo)-(4,4-di-tert-butyl-9-hydroxy-1,7-dimethyl-3,5,11-trioxa-4-sila-
20 tricyclo[5.3.1. 02’6]undec—9—yl)-2—(4,4—dimethyl-cyclohex—1 -enyl)-phenyl]-amide
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t hi opyr an-4-y1) - phenyl am ne The title conpound was prepared from
2-brono-4-(2,2,6,6-tetranmet hyl-1, 1- di oxohexahydr o- 1X6-t hi opyran-4-y1l)-phenyl am
ine (as prep¥Peé¥W!P?2¥’he previ ous step) according 10to tHET HB@EWWé of Exanpl e
15, step (f). Mass spectrum (APCl, niz): Calcd. for C23H35NO2S, 390.2 (MH)
found 390.3. .1)

4- Cyano- 1-(2-tritnethyl silanyl - et hoxynet hyO- 1H i m dazol e- 2- carboxylic acid
1244, 4-
di et hyl - cycl ohex- 1- eny0-7
ran-4- yO-phenyl|-am de
conpound was prepared fro
(2,2,6,6-tetranet hyl -1, 1-¢h

2,2,6,@¢tetranet hyl -1, 1- di oxo- hexahydr o- 1A6-t hi opy
WD 2Q99/ 052237PCT/ US2008/ 080081 The title
4-di met hyl - cycl ohex- 1-enyl) - 4-

e 6¥%Fro-116-thiopyran-4-y1)-pheny|anine (as
aacc ng to the procedure of Exanple I, step

(b). Mass spectryp Caled for C341-150N404SSi, 639.3 (M+H), found

639.0. 5 g)4- 10- oIe 2-carboxylic acid

12- (4, 4-di met hyl/-ofclohex- 1-enyl)-4-(2, 2, 6, 6-

t et ramet hyl - E1- gihoxo- exahydro-Le-thiopyran-4-A—phenyII-anide The title
conmpound was prepared from 4-cyano-1-(2-trinethyl silanyl ethoxynethyl)-1Him

dazo | e-2-carboxy | i ¢ acid [2-(4, 4-dinethyl-cycl ohex-1-enyl)-4-
(2,2,6,6-tetranet tyyéxo}[hﬁhwmmamﬂngy&&f& it Hg%@ﬂpﬂmﬁeﬁmﬁ!wmm de (as

prepared 10 in the previous step) according to the procedure in anple 1,
step (c). 1Hdmm#1x1@m13tnon@$swycycleb 36120 fhlndqw 9~ (a4 propeied fitthe previogs 0 Hz)

7 73 (S éH) ’stfﬁ 141% H(gldoﬁ)% 'Hméohsg{asscoggltg 47%383@ (132 élalldetasllﬁlgan? éh%%ﬂethgl)i é g (7)2 E m
2H) 1. 93 1. 88- l(mqlaZQllei)Z caiboﬁﬁhc(&td ﬁmssmnﬁxhltlas 56750(1hqd i Hxamdle 43st¢ps(b) ®H) , 1. 12 (s,

00, 1" Eramn ST S o] B nb o SOL RS TRINRE p AP 11D 25700

ot At Femﬁn%yﬁs@wgm(my f))ulﬁi-’(7g82 > 6|_| de h loride salt 20A
tetramet hyl -t et r ahydr o- in - e ochl oride salt
sol ution )c/)f 4- cyaft ﬁ%ﬁ‘?f?fg%we“‘%&th?f% ?:mgl d‘STde 9gﬁt%®nyl -cycl ohex-

10
) 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-((3-ex0)-
3,6-exo,7-exo-trihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl)-phenyl]-amide
To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid [4-(4,4-di-tert-butyl-(9-ex0)-9-hydroxy-1,7-dimethyl-3,5,11-trioxa-4-sila-
15 tricyclo[5.3.1.0*°Jundec-9-y1)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide (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 EtOAc (3 x 10 mL). The EtOAc layers were combined, dried (Na;SO4)
20  and concentrated. The residue obtained was purified on silica gel (50% EtOAc/hexane-
100% EtOAc) to obtain the title compound (115 mg, 55 %). 'H-NMR (CD;OD; 400
MHz): 5 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, 2H), 2.33 (m, 2H), 2.09 (m, 2H), 2.00 (d, 2H, J= 14.9 Hz), 1.92
(d, 2H, J =149 Hz), 1.61 (t, 2H, J = 6.4 Hz), 1.30 (s, 6H), 1.10 (s, 6H). Mass spectrum
25  (APCI, m/z): Calcd. for C,sH34N4O0s, 507.2 (M+H), found 507.3.
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l-enyl)-6-(2,2,6,6-tetranet hyl -tetrahydro-pyran-4-yl)-pyridin-3-yl kam de (49.2
nmg, 0.107 mmol, as prepared in Exanple 15, step (h)) in EtOH (2 nl) was
treated wit WWRH0RB37%6 WD 2099/ 052237PCT/ US2008/ 080081 PSiT/USg08/pspo |, 4 Min
di oxane) at roomtenperature for 1.5 h. The solvents were evaporated in vacuo,
and the residue was dried under high vacuum overnight. The solid was dissol ved
in a mninmmanount of EtOH (900 pl) with sonication and heating. Wiile warm
the sol ution \Avas gg@gﬂnyent sfalatct M&ré&h&ﬁbﬁﬁﬁ%s (rladerfﬂa]zsect@ dnb®gg taoticly el At . Ehg
5m xture was . heat again unti] clear, t sides o vi al were scratched,
and the mixt (g2 %—2-594%8%1& atctd E?o{)"r“édﬁi’fﬁ@yg8310#‘%1@’6\7&?“?‘151&?[&@‘d’g'éﬂ‘éfd@ﬁﬁc?r‘i ed to
afford the tiptsliBcth@TRRIIAS L2 BRycIS8.2. AdctdSeni ] BhényStalide Mkt ake@1-4 150D,
400 MHz): 69.17 (d, 1H§H9J = 8.4yH§§3, yg(.blo (s,yﬂ%ﬁ)fﬁy{?ﬂ. 95 (d,@a 1H,M$J = 8.4 Hz),
6.38-6.32 (mExapple Igsters®B. 65 (m 1H), 2.54-2.46 (m 2H), 2.25-2.19 (m 2H),
1.98-1.915(m 2H), 1.76-1.65 (m 4H), 1.43 (s, 6H), 1.30 (s, 6H), 101.15 (s,
6H). Mass spectrum (APClI, nilz): Calcd. for C27H35N502, 462.3 (MtH), found
462. 3. Exanplfaampled3Cyano- 1H i mi dazol e- 2- car boxylic acid

12- (4, 4- di nettyl - 2 - A £ =0 [ 225 B ) oxo-di 75
t et ranet hyl - t4rg%agﬁ¥§}rlg’pg&3%? %nﬁ%}ﬁéxgé(f %f%’é‘?/’l‘lr) grﬁxg’g er)%)tdrllh r‘{gogﬁllf%ni c acid salt
15 AinsashydiS-ana-body clpf 33 Blaot-3tkh -2t d alirabtly IZcy clah o keyhilep leoy d-amide

[ 2- (4, 4-di met hyl - cycl ohex1-enyl)-6-(2, 2,6, 6-tetranethyl -tetrahydro-pyran-4-yl)
-pyridin-3-yl kam de (50.0 ng, 0.108 nmol, as prepared in Exanple 15, step (h))
in EtOH (2 nL) was treated with nethanesul fonic acid (7.0 ,uL, 0.108 mml) at
roomtenperature for The solvents 20 were evaporated in vacuo, and the
resi due was dried under b gh vacuum overnight. The solid was dissolved in a

m ni mum anount of EtOH (2 i) oM th sonication and heating. Wiile warm the
solution was slowy trg ' th hexanes (3 nL) to the cloud point. The

m xture was heat g nti )=tl ear, the sides of the vial were scratched,
and the m xtuy ‘ dl't"b\/)&(&. The solid was filtered and air-dried to
afford the title ound (24 WD 2089/052237PCT/ US2008/ 080081 ng, 40 % as
white crystal sHO s spectrum (APCl1, na/z): Calcd. for C271-35N502, 462.3
(M+tH), found 462.3. Exanple 25

a) 1,1,2,2,3,3,4,4,4-Nonafluoro-butane-1-sulfonic acid 1,4,4, 7-tetramethyl-3,5,11-trioxa-
tricyclo[5.3.1. 02’6]undec-8-en-9-yl ester

ONf

-
15 O><O

A solution of 1,4,4,7-tetramethyl-3,5,11-trioxa-tricyclo[5.3.1 .0*°Jundecan-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 dropwise with nonafluoro-1-

butanesulfonylfluoride (0.60 mL, 3.4 mmol). The reaction mixture was allowed to warm to
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Cyano-IHim dazol e-2-carboxylic acid
2- (4, 4-di met hyl - cycl ohex-1-enyl)-6-(2,2,6,6- 5
et r amet hyl -Weg¢ a/ﬁ #’0- pyr an- 4-y0- pyri di n-3-yl | -anmi de  PCT/US2008/080081
1S)-(+)-10-canphorsul fimc acid salt A sol ution of
4- cyano- 1Hi m dazol e- 2- car boxylic acid
[ 2- (4, 4-di net hyl -cycl ohex1-enyl)-6-(2, 2, 6, 6-tetranet hyl -tetrahydro-pyran-4-yl)
- pyri di n- 3- lel{adiiHGl&rr«écﬁﬂfeﬂngm anddiluled vilith wared (10 as.) prepaddact w3 ckaungel veithl5, st ep

(h)) in EtOH (2 S treated with | S)-(+)-1 horsul fonic acid (26.4
my, 0.113 m’rﬁT(hf @L QV\EA?@Pn f%‘rﬁﬁ%@eés‘fv f cqm ngdrﬂﬁe‘g@i%wén‘i\éfiémé%}%%?at ed in
vacuo, and tl@@rlﬁ&lsdnddﬂ&a\géls(oli% B AMKIREnd) k vé/tﬁsuﬂéfb&f{l%ﬂdl Qﬁ%meﬁ%‘§0| id was

di ssolved in_a mni num anmount of EtOH (1 wi th sonication and heat i ng.

Vhil e warm t HeVMBI(GPCHR 400 He): §i 3B (br wdHddf 3 (Enl Fhdxane BzuALS (A1 4 ¢
precipitate tihe KRG S n s al |l oned
P stir 30 mn L T, A P L ot PP ISS A es Bt e
The solid wass,BH).tlex2del 3hdl. 25 ¢s-Hhied to afford the title conpound (66 2 ny, 84
%9 as white crystals. 11-1-NWR (CD30D; 400 WMHz): 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 ( mp) RV, 7-PetB@neZhyT-3-(§-mitrdplyeny Q-37%L RiroSa-gniqyclb ) 3. 1. > hibnd2c-8ném 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), 0.8A (S« 3H) B spectrum (APCT, mz): Calcd. for C27H35N502, 462.3
(M+H), found 2. 2237PCT/ US2008/ 080081 Exanpl e 26

N- (4- (8- exani cy¢ . 1jocta- 2, 6-di en-311) - 2- (4, 4-di ner hyl cycl ohex- I -enyl) phe
nyl)-4- agano-1 H mdazol e- 2-car boxam de (A) and

N- (4- (' 8- exalihe it afndrond jveether Breprrell @ner@ingo Suzuki-Miyaura coupling procedure of

0-2-(4,4-d - b id B
402 (4o o TR SYSL AP o, PR RGN Bt aner i ChiTalfr 2 boxer de (B
hydr oxy- 8- OXdﬁlZ;X/&Bﬂ[‘B‘l ﬁorm}lomb—bﬁtaeﬂ—laugfo@my&ﬂ 7}1eﬂrhmetlnyl -3dakletriex®2- car boxami

addea- t i onyaRCDr 118 (900G < 20! SA TR 608t B Bel Rl 145ct i on vas

al | oned t19 V\mt@chomotMHp)esatmr(@ md—tﬁfeﬂz)t V&&'(@CJHWJ£B 8M;A;|6QJ er;OfT'p| ex
(0.49 mml) in 2 m of reac irred nmm an
quenched wit HHéaf‘t‘Ur(Qt]éﬂJaq%%Hﬁb 4I\?II214@:11H( 10 5nﬁ_I)IZ) Fhe (s %Iflulr eW\%sl TNy %é% ed with

Et OAc (2 x 2Qqdrih, 5 dny 8di 1 Na2$@4)s, 3 11«@0(9@@1@@3%%1{) noy@cyqy. The crude
product was purified by preparative thin Iayer chronatography (5% MeOH CHCR to

afford 14 ng (40% of the title conpounds as a white solid. Mass spectrum
(ESI, in/z): cﬁ‘-l(f-gxo)-f[ﬂfl,492@?%%3,5,413Z‘rigxa(%fglm[ﬂwd]u%ggc—é-—yl]—

20  phenylamine and 4-(3-endo)-[1,4,4, 7-tetramethyl-3,5,11-trioxa-tricyclo[5.3.1. 02’6]undec-

4-
[
t
(

9-yl]-phenylamine

A solution of 1,4,4,7-tetramethyl-9-(4-nitro-phenyl)-3,5,11-trioxa-tricyclo-

25

[5.3.1.0*°Tundec-8-ene (as prepared in previous step) (145 mg, 0.437 mmol) in EtOH (10
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20 Exanple 27

4- Cyano- N- (2- (4, 4-di net hyl eyel ol t ex- 1- enyl ) - 4- 03- ex0) - 3- hydr oxy- 8-

oxabi eyel o] V9 24498122F- en- 3- yOphenyl ) - 1H i mi dazol e- 2- ear B&XArRUYR/08004D

2009/ 052237PCT/ US2008/ 080081 The title conpound was prepared as described in
Exanple 8, step b using 4-cyano- 1Him dazol e-2-carboxylic acid

[ 4- br onp- 2- (4, 4-di net hyl - cycl ohcx-1-enyl) - phenyl k 5am de (as prepared in
Exanpl e 1, sthEp washydragshatdd exabb%ylvd/o (B dg)ldt G0 tpsiGoenh. ST@@@h(tﬁurv@pﬁa&ed ournal q

f C}ganlc Chet ni su 0 2195-2201),;. 1H 5 0. 7

(s, 1H), 8.23rpY ugh %m%f P 86@% apd| congentgted fﬂzgwelfl@ﬁndyéﬁt %é M%tr%n%hy?é 3 ry

7.22 (d, | =tgoxd- clodB.1.08,6 zldé(s?@- en n@ﬁe Q:Qﬂitarﬁ}naﬂed |"Q'lth 459401 Ghe 41(3= 4 0 HZ
2H),4.49(s,1kt§gyoyé (%l G hen 108 (br 5 2K 1 68 (d
1=14. 2 Hz, 2°Ckgy,isomeyl létmga§9 Y@:Wéwbwdlr%ﬂy uS%i ipdheext %m yithqyk perificatien: r um
(ESI, m Z)S GRlsE Shect@h (EAGRZSNGD3. fmgf%sﬁwﬂb4 1f(MuPﬂ f&ﬁ‘tﬁi 3b4.3. Assi gnnent
of relatlve stereochem stry was nm ased on anal og

4- cyano- 1Hi ni dazofesignneat ‘D}(;Rlﬂl“fec}@t‘?i@,qcﬁemlstfy was made in (e ﬁnal step (f).

[ 2- (4, 4-di met hyl - cycl ohex- 1-enyl) - 4-[ (3-cxo0) - 3- hydr oxy- 1, 5-
bis-nethoxynethy1-8-oxa-bicycl0[3.2.1]oct-6-en-3-y11-phenylkanide (as prepared
in 15Exanpl edk, st é’p(4(4el?imeﬂwénmhdze2€ Wy@;/a{ﬂfwﬂp)(aﬂ(ﬂ?mfmmﬂwhﬁM%M;Wex- I
-enyl) - 4- [(3 dodinethyl)--8 oxabi cycl o[ 3. Z

Ject - 6- en- 3- f@?gﬁéﬁg? ﬁ%%%fgﬁpdngg earboxanlde 20 WO

2009/ 052237PCT/ US2008/ 084081 The t|tIe conpound was prepared as described in
Exanpl e 8, step b using cyano- 1H i m dazol e- 2- carboxylic acid

[ 4- br onp- 2- (4, 4- di net hy.-€ycl ohex-1-enyl )- phenyl]-am de (as prepared in
Exanple |, step (c)) and 2-endo-4-endo-di net hyl- 8-

oxablcyclo[3 2. 1] oct- 6.2 Yne (Tetrahedron (1988), 44(16), 5151). 1HNMR (400
VHz;

o T

)

To a solution of mixture of 4-(3-endo)-(1,4,4,7-tetramethyl-3,5,11-trioxa-
tricyclo[5.3.1.0>°Jundec-9-yl)-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
NaHCO; (10 mL) and water (10 mL). The organic layer was separated, dried (Na,SOy)
and concentrated in vacuo to obtain a mixture of 2-bromo-4-[(9-endo)-1,4,4,7-tetramethyl-
3,5,11-trioxa-tricyclo[5.3.1.02,6 Jundec-9-yl]-phenylamine contaminated with 15% of 2-

20  bromo-4-[(9-ex0)-(1,4,4,7-tetramethyl-3,5,11-trioxa-tricyclo[5.3.1.02,6 Jundec-9-yl]-
phenylamine (404 mg, 92 %) which was used in the next step without purification.

Assignment of the relative stereochemistry was made using 1D "H NMR and 2D
NOESY NMR.

The title compound was then prepared according to the Suzuki-Miyaura coupling

25  procedure of Example 15, step (f) using 2-(4,4-dimethyl-cyclohex-1-enyl)-4,4,5,5-
tetramethyl-[1,3,2]dioxaborolane (28.3 mg, 0.119 mmol) and 2-bromo-4-(9-endo)-(1,4,4,7-
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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=V80Z00P522%y 2. 27 - 2.36 (m 2H), 2.16 - 2. PET(UR00SNF081] gg (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 (MtH), found 473. 2.

10Assi gnnent of relative stereochem stry was nade based on anal ogy to

4-cyano- 1H Itd”fiadﬁﬂ@l &5 21 aasaaxyscdf5.aai0d,6 jundec- 9—yl) phenylamlne containing ca. 15%

[ 2- (4, 4-di met cIohex 1-en X0) -

bi s- net hoxym?%J OSB?H‘ebfaEQ@P%F%a@V% 323(““%’ elr?() l?L %‘rié’ﬁ‘?‘?%%?lﬁ%a §hs prepared
in Example 1 2(§I(ﬂp%(Eft())}sc/ hERanEX)asRif& d 22 9-endo isomer of the tltle compound %25rn , 61

4- Cyano- N ( 2}4 4- di met h%/st{e eI ohex- 1- eny0Q- 4- 113- ex0- 3- hydr ox 2- endo, 4- endodi

net hy0- 1, 5- di’PEPRPINB-Ax B0t @Y18¢ §£30 Do tMiss @e%%dw B PriCietofos- 2-
ear boxam de Cgéq{ e, uitl evicanpaikadnas prepared as described in Exanple 8,

step b using 4- cyano-1Him dazol e-2-carboxyl i ¢ acid

[ 4- br onp- 2- (4, 4- di net hyl - cycl ohex- 1- enyl) phenyl ]-am de (as prepared in
Exanple I, step &6)). s ,% )};‘/ 2 2-(4,4-
oxabi cycl of 3tef229 (%E’c% a?l@ oﬁ% ‘m? 1988 l%a%)zlle( 18’)",”"" hcﬂad 4—! NIGR (400

Mz, 25CD30Dyine8hsydehex3l-eny®: 45@9—4@0) d!/H; 7-1@ra@QHipd3,501H) 7,28 - 7.36 (m 2 H)
5.76 (Ur s, o, 2.43 (m 6H) 2.10 (d, J = 2.7
He, 2 H) 1. riblayidy 9’%“?%’” sl BBa 2t Lsboas bsoosl 1. 62 (t, J =

6.1 Hz, 20H) 1.10 (s, 6 H 0.68 (d, J = 7.0 Hz, 6H). Mass spectrum (ES1, m z):
Cal cd. for C29H34N403 475.2 (MtH), found 475. 2 Assi gnnent of relative
stereochem stry was nade based on anal ogy to 4-cyano- |

H m dazol e- 2- car boxyl i ¢id [2-(4, 4-di met hyl -cycl ohcx- |
-enyl)-4-[(3-ex0)-3-hydRe
5bi s- net hoxynet hyl- 8- oxak

biH clp[®. 2. 1] oct-6-en-3-yl | -phenyl kam de (as
8P ) IN” Exanpl e 30
cy® ohgys 1- eny0- 44( 3- exo) - 3- hydr oxy- ( 2- endo, 4- endo-

2-(4,4-Dimethyl-cyclohex-1-enyl)-4-(9-endo)-(1,4,4,7-tetramethyl-3,5,11-trioxa-
tricyclo[5.3.1.0>°Jundec-9-yl)-phenylamine containing ca. 15% of the exo isomer (as
15  prepared in the previous step, 439 mg, 1.06 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 9-endo isomer of the title compound
containing ca. 15% of the exo isomer (514 mg, 73 %) after purification on silica gel (30-70
% EtOAc-hexane): Mass spectrum (ESI, m/z): Calcd. for C3;Hs;N4OsSi, 661.3 (M+H),
20  found 660.9

) 4-Cyano-1H-imidazole-2-carboxylic acid-3- [4-(3-endo)-[6-exo0,7-exo-dihydroxy-1,5-
dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl[-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
25  carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4- {(9-endo)-(1,4,4,7-tetramethyl-
3,5,11-trioxatricyclo[5.3.1.0%°]-undec-9-yl)-phenyl)]-amide containing ca. 15% of the 9-
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10

di nzet hyO- 1, 5-di net hyl - 8- oxabi cycl 013. 2. 1Jact - 6- en- 3- Aphenyt - 1H i m dazol e- 2-
car boxanm de WHRYI0I21%e conpound was prepared as descri bd@T{Up208%/830pile 8, step b
usi ng 4-cyano- 151H i m dazol e-2-carboxylic acid

[ 4- br onp- 2- (4, 4-di net hyl - cycl ohcx-1-enyl) - phenyl k am de (as prepared in
Exanple 1, step (c)) and 2-endo-4-endo-1, 5-di net hyl- 8-

oxabi( c%gl o[ 3exo ﬁb@eﬁ(sg}%g,—(ﬁsmnﬁm( " &mg@vﬂmrﬁmnl_gl@i(gﬁg().l nma(aﬁhddeam%-(ggé. 1H
NMR (400 MHz; D) .6.8.15 : = 8.5 Hz, 1H), 8.01 (s,,.1H), 7. 4 , J=
8.5 2.2 Hz, nilﬁ)[)gge;)ﬁgzm@é?fﬁh @@éhwiwt@n pyxturg Wi concentitad in ??1% ™y 1 H, 2 34
(d, I = 1.7 Eidu@bbtaindd #4s driod2ftd 2Q(s8dlvétth EtGHGR m{ Y askF610 HE Elza,mJZ)H)rhel- 39, (s,
6H),1.11 (s, 6H), 0.72 (d, J= 7.3 Hz, 6I—R. Mass spectrum (EST mz): Calcd. for
C301- 136N403 ressiing mixtyrerpas hegerhd refbyx for 6 h and EtORwisgameyRd ipracrepag fhe

st er eoChCRi Stf Yol cdTRE Sval asRA1IAN VAP RIVaOIR The PR whkHth d2ERta-vdmcar boxyl i c
acid [2-(4, 4-di net hyl -cycl ohex-1-cnyl)-4-[(3-cx0)-3-hydroxy-1, 5-

bi s- met hoxy m&¥(Hy {3 81%Kﬁg‘ﬁlﬁﬁga@{@?@m"l@é@mﬁblw dugd (NaptahytdagriaEaicds prepar ed
i n 25Exanpl e : : R&d, . ) 31
AL iT#ﬁ aegfzdgg 8‘%%%% vrv%s\éf%@?@% %?%2@6 R60% ¥R R08LAR0A8 LivEXA Rl R0

[ 2- (4, 4- di metidomgl (BWE Hshigle camponpd Y 145-n0@2 6976 c@rtaminated with 15% of the 3-exo

t et thyl - t d - i ol i | § ] |
Susponsi on of TEE(UEIRENDARE T MR U A Mg A SH 93 iEA 9.
5cycl ohex91- dRly.T) HEd1.2IR 16,53, Ratiantohgl 1K et + ARyH),0- Pyban18),3406-(m2H)di n- 3- yl ka

m de (24.8 0. 0537 | ) er @ re ed i le 15, 4N etgnitsile (1.0
) ves heat a8 S bra et OB T Re tuct BT R GRahdaR AU o' o
concent r at ed (s6Hp,urd8qs,a¢1) AMeS.sPEGAMNIES), ni/#): Watodr fof O.sbl:ML.,a80 1.8 oeirH).enper at ur e.
The sol uti onfwa?%? uced via evaporation with flow ng nitrogen gas
(approxi mat e"™.%0" L) . The solution was then allowed to sit 10overni ght at
room tenperature AgsighinsRobfabe dlative stdidbche @ity twad ghagé sl s 'NVBIMR t'HevOE ol | ect ed
via filtration and air-dried. Thc white solid was characterized by Powder
X- Ray Di fifr a@[M%ﬁn‘t%%NQE,SYﬁ\IM%r ential Scanning Calorinetry (DSC),
Threnogravinetric Analysis (TG, and single-crystal X-ray diffraction. The
DSC for the sulfate salt showed a 241 degree Cel sius endot herm maxi mum The
PXRD of the apraled4salt product is shown 15in Figure 1 and the promi nent
peaks are shovW..bh.7/iih6m: - ; _SEM_EX s RADRE (3,6. Max P/ N =
37.9) [Mr 10?&@%’!'59?5@'2"@& &??Szai‘ﬁ”%f"' E@%ﬁﬁ% ?’Jﬁg e
dimethyl-tetrahydro-pyran-4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide (A) and

20  4-Cyano-1H-imidazole-2-carboxylic acid [4-trans-(2-cis,6-cis-bis-hydroxymethyl-2,6-
dimethyl-tetrahydro-pyran-4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide (B)

OH (A) OH (B)
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PEAK: 21-pts/Parabolic Filter, Threshold-0.0, Cutoff-0.0% BG 3/0.6,
Peak- Top- Sununit 2-Theta d(A) BG Hciuht 1% Arca | % FWHM 3. 3108 26. 6644 583
0.6 550 0.6 WO249852503 14. 266 926 1985 PCT/US2008/080081
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To a solution of a mixture of 4-cyano-1H-imidazole-2-carboxylic acid-3-[4-(3-
endo)-[6-¢ex0,7-ex0-dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-(4,4-
dimethyl-cyclohex-1-enyl)-phenyl]-amide containing ca. 15% of the 3-exo isomer (as
prepared in Example 13, step (f), 217 mg, 0.442 mmol) in MeOH (7 mL) and water (0.7
mL), NalO4 (140 mg, 0.654 mmol) was added. The resulting mixture was stirred at RT for
15 min after which NaBH,4 (41.8 mg, 1.1 mmol) in MeOH (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 EtOAc (20 mL) and water (20 mL). The organic
layer was separated, dried (Na,SO4) and concentrated in vacuo. The residue obtained was
purified on silica (50% EtOAc/hexane-2% MeOH/EtOAc) 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: 'H-NMR (CD;0D; 400 MHz): § 8.00 (d, 1H, J = 8.3 Hz), 7.74 (s, 1H), 7.09 (dd,
1H,J=28.3,2.0Hz),6.98 (d, 1H, J = 2.0 Hz), 5.61 (br s, 1H), 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
spectrum (ESI, m/z): Calcd. for C,sH36N404, 493.2 (M+H), found 493.1.

Example 15
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide

CN
H ",‘/\g
N
A Ay
| o H

a) 1,1,2,2,3,3,4,4,4-Nonafluoro-butane-1-sulfonic acid 2,2,6,6-tetramethyl-3,6-dihydro-
2H-pyran-4-yl ester

83
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ONf
0]

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
solution 2,2,6,6-tetramethyl-tetrahydro-pyran-4-one (Example 20 from WO 2005012220,
18 g, 0.11 mol) in THF (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 aqg NaHCO; (200 mL). The
mixture was then extracted with EtOAc (3 x 200 mL). The organic layers were combined,
dried (Na,S0O,) and concentrated in vacuo. The residue obtained was purified on silica gel
(0-2% EtOAc/hexane to obtain the title compound (29.3 g, 68 %) as a pale yellow liquid.
'H-NMR (CDCls; 400 MHz): 8 5.79 (s, 1H), 2.30 (s, 2H), 1.35 (s, 6H), 1.34 (s, 6H).

b) 2,2,6,6-Tetramethyl-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-
pyran

0. .0
B
X

o)

1,1,2,2,3,3,4,4,4-Nonafluoro-butane- 1 -sulfonic acid 2,2,6,6-tetramethyl-3,6-
dihydro-2H-pyran-4-yl ester (as prepared in previous step, 43.8 g, 0.100 mol) was
dissolved in anhydrous DME (500 mL) and treated with bis(pinacolato)diboron (27.9 g,
0.109 mol ), 1,1’-bis(diphenylphosphino)ferrocene (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(Il), complex with dichloromethane (1:1) (2.19 g, 2.68 mmol)

was added and heated at 80 °C overnight. The reaction mixture was allowed to cool to RT
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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
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and filtered through a pad of Celite. The filtrate was concentrated and the residue obtained
was chromatographed on silica gel (0-2% EtOAc/ hexane) to obtain the title compound as

white solid (17 g, 64%). "H-NMR (CDCls; 400 MHz): § 6.40 (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-Nitro-2-(2,2,6,6-tetramethyl-3,6-dihydro-2H-pyran-4-yl)-pyridine

NN

L~

2,2,6,6-Tetramethyl-4-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-3,6-dihydro-

2H-pyran (as prepared in the previous step) (18.5 g, 0.069 mol) was dissolved in

10 dimethoxyethane (DME) (350 mL). The resulting solution was treated with 2 M Na,CO;
(280 mL, 0.560 mol), LiCl (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 RT and extracted with EtOAc (3 x

15 150 mL). The residue was purified on silica gel with 2-10% EtOAc:hexane to obtain the
title compound as a pale yellow solid (15.2 g, 83 %). "H-NMR (CDCls; 400 MHz): § 9.40
(d, 1H, J=2.8 Hz), 8.45 (dd, 1H, J =8.8,2.8 Hz), 7.59 (d, 1H,J = 8.8 Hz), 6.90 (t, 1H, J =
1.6 Hz), 2.5 (d, 1H, J = 1.6 Hz), 1.40 (s, 6H), 1.34 (s, 6H).

20  d) 6-(2,2,6,6-Tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-ylamine.

N NH2

~

To a solution of 5-nitro-2-(2,2,6,6-tetramethyl-3,6-dihydro-2H-pyran-4-yl)-
25  pyridine (as prepared in the previous step, 15.0 g, 57.1 mmol) in EtOH (60 mL) was added

85



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
WO 2009/052237 PCT/US2008/080081

10% Pd/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. 'H-NMR (CDCls; 400 MHz): & 8.05 (br s, 1H), 6.98 (m, 2H), 3.59 (br

5 s,2H), 3.16 (m, 1H), 1.79 (m, 2H), 1.52 (m, 2H), 1.35 (s, 6H), 1.26 (s, 6H). Mass spectrum
(ESI, m/z): Calcd. for Ci14H»2N,0, 235.2 (M+H), found 235.1.

e) 2-Bromo-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-ylamine

Br

N NH,

~

10

To a solution of 6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-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 (10.2 g, 0.0570 mol) in DCM (300 mL) dropwise at

15  0°C for 1 h. The reaction mixture was allowed to warm to RT, stirred for 30 min and then
treated with satd aq Na;CO3 (300 mL). The organic phase was washed with 10% Na,S,0;
(300 mL) and water (300 mL), dried (Na,SO4) 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 (CDCls; 400 MHz): § 6.95 (d, 1H, J = 8.1 Hz), 6.91 (d, 1H, j

20 =8.1Hz), 4.03 (br s, 2H), 3.08 (m, 1H), 1.73 (m, 2H), 1.44 (m, 2H), 1.28 (s, 6H), 1.26 (s,
6H). Mass spectrum (ESI, m/z): Calcd. for C14H2;BrN,O, 313.2 and 315.2 (M+H), found
313.2 and 315.1.

P 2-(4,4-Dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-
25  pyridin-3-ylamine
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To a solution of 2-bromo-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-
ylamine (as prepared in the previous step, 17.0 g, 0.054 mol ) in DME (200 mL) was added
2 M aq Na,COs (214 mL, 0.428 mol), LiCl (2.70 g, 0.0600 mol ) and 2-(4,4-dimethyl-

5  cyclohex-1-enyl)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane (15.3 g, 0.064 mol). The
resulting mixture was degassed by sonication under Ar and Pd(PPhs),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 EtOAc. After concentrating, the resulting
residue was purified on silica gel with 2-20% EtOAc:hexane to give the title compound as

10 a white solid (14.8 g, 80 %). Mass spectrum (ESI, m/z): Calcd. for C,;H34N,0, 343.2
(M+H), found 343.3.

g) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [2-(4,4-
dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-ylj-

15  amide
CN
H '\,"\g
N
N m/kll\l
l/ O SEM

2-(4,4-Dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-
20  pyridin-3-ylamine (as prepared in the previous step, 10.0 g, 0.029 mol) was coupled to 4-
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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 % EtOAc-hexane) as a white solid: Mass spectrum (ESI,
m/z): Calcd. for C33H49oNs503Si1, 592.3 (M+H), found 592.4.

h) 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,06,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide

To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-

10 pyran-4-yl)-pyridin-3-yl]-amide (as prepared in the previous example, 17.6 g, 0.0290 mol)
in DMF (30 mL) 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 EtOAc (200 mL) and water (200 mL). The organic layer was
separated, the aqueous layer was washed with EtOAc (3 x100 mL) and the organic layers

15 were combined, dried (Na;SO4) and concentrated. The resulting residue was dried under
high vacuum to remove residual DMF. The residue was purified on silica gel (0-50%
EtOAc/hexane). The resulting solid was then suspended in 25% ether/hexane and
sonicated for 10 min. 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%.) 'H-

20 NMR (DMSO; 400 MHz): & 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, 4H), 1.30 (s, 6H), 1.15 (s, 6H), 0.96 (s, 6H).
Mass spectrum (ESI, m/z): Calcd. for C,7H3sNsO,, 462.2 (M+H), found 462.3.

25  Example 16

4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-(2,2,6,6-tetramethyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide
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a) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [2-
cyclohex-1-enyl-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide

CN
H ",‘§
N

Dhe

| J 0 sem

The title compound was prepared using 1-cyclohexenylboronic acid and 2-bromo-
6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-ylamine (as prepared in Example
10 15, step (e)) using the procedures of Example 15, steps (f ) and (g). Mass spectrum (ESI,
m/z): Calcd. for C3;H4sNsO3Si, 564.3 (M+H), found 564.3.

b) 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-(2,2,6,6-tetramethyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide
15
The title compound was prepared from 4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-(2,2,6,6-tetramethyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide as described in Example 15, step (h). 'H-NMR
(CDCls; 400 MHz): 8 12.48 (br s, 1H), 9.72 (s, 1H), 8.59 (d, 1H, J = 8.3 Hz), 7.74 (s, 1H),
20 7.12 (d, 1H, J = 8.3 Hz), 6.06 (br s, 1H), 3.27 (m, 1H), 2.45 (m, 2H), 2.33 (m, 2H), 1.85
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(m, 6H), 1.57 (t, 2H, J = 12.8 Hz), 1.35 (s, 6H), 1.26 (s, 6H). Mass spectrum (ESI, m/z):
Calcd. for C25H3 1N502, 4342 (M+H), found 434.2.

Example 17

4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-exo0)-6-exo,7-exo-(isopropylidinedioxy)-
1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-
yl]-amide

O

H ",“\<
AL
L o H

o)

o

a) 1,5-Dimethyl-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-6-exo, 7-exo-
(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]oct-2-ene

The title compound was prepared according to the procedure of Example 15, step
(b) using 1,1,2,2,3,3,4,4,4-nonafluoro-butane-1-sulfonic acid 1,4,4,7-tetramethyl-3,5,11-
trioxa-tricyclo[5.3.1.0%°Jundec-8-en-9-yl ester (as prepared in Example 13, step (a)). 'H-
NMR (CDCls; 400 MHz): § 6.58-6.50 (m, 1H), 4.40 (d, 1H, J=5.2 Hz),4.30 (d, IH,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).

b) 1,5-Dimethyl-3-(5-nitro-pyridin-2-yl)-6-exo,7-exo-(isopropylidinedioxy)-8-oxa-
bicyclo[3.2.1]oct-2-ene
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The title compound was prepared according to the procedure of Example 15, step
(¢) using 1,5-dimethyl-3-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-6-ex0,7-¢x0-
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 C;7H»0N,0s, 333.1
(M+H), found 333.1.

¢) (3-exo)-(5-Amino-pyridin-2-yl)-1,5-dimethyl-6-exo,7-exo-(isopropylidinedioxy)-8-oxa-
10 bicyclo[3.2.1]octane

A solution of 1,5-dimethyl-3-(5-nitro-pyridin-2-yl)-6-exo0,7-ex0-

(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]oct-2-ene (265 mg, 0.795 mmol, as prepared in

15  the previous step) in EtOH (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 MeOH and
the solvents were evaporated in vacuo. The residue was taken up in EtOH and
hydrogenation was continued via an H-Cube apparatus under the following conditions:
column temperature = 40 °C; flow rate = 1 mL/min; controlled H, mode, pressure = 40 bar.

20  Solvents were evaporated in vacuo to afford the title compound (189 mg, 78 %) as an off-
white solid. Mass spectrum (ESI, m/z): Calcd. for C17H24N,03, 305.2 (M+H), found
305.2.

d) (3-exo)-(5-Amino-6-bromo-pyridin-2-yl)-1,5-dimethyl-6-exo,7-exo-
25 (isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane
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A solution of (3-ex0)-(5-amino-pyridin-2-yl)-1,5-dimethyl-6-exo0,7-ex0-
(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane (0.470 g, 1.54 mmol, as prepared in the
previous step) in acetonitrile (10 mL) was cooled to 0 °C and treated with NBS as a
solution in acetonitrile (10 mL). The mixture was concentrated in vacuo. The residue was
taken up in EtOAc (50 mL) and washed with satd aq NaHCOs (1 x 20 mL) and the
aqueous layer was extracted with EtOAc (1 x 20 mL). The combined organic layers were
dried over MgSO, and concentrated in vacuo. The residue was purified on a 40-g Sepra Si
50 SPE column (Isco system: Flow rate = 20 mL/min; Eluent = 10 % EtOAc-hexane for 0-
5 min, then 10-40 % EtOAc-hexane for 5-30 min) to afford the title compound (513 mg,
87 %) as a white solid. Mass spectrum (APCI, m/z): Calcd. for C;7H,3N,03Br, 385.1
(M+H), found 385.2.

e) (3-exo)-[5-Amino-6-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-2-yl]-1,5-dimethyl-6-

exo,7-exo-(isopropylidinedioxy)-8-oxa-bicyclof3.2.1]octane

The title compound was prepared according to the procedure of Example 15, step
(f) using (3-ex0)-(5-amino-6-bromo-pyridin-2-yl)-1,5-dimethyl-6-ex0,7-exo-
(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane (as prepared in the previous step). Mass

spectrum (ESI, m/z): Calcd. for C,sH36N,03, 413.3 (M+H), found 413.3.
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) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid [6-[(3-
exo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-
dimethyl-cyclohex-1-enyl)-pyridin-3-yl[-amide

The title compound was prepared according to the procedure of Example 1, step
(b), using (3-ex0)-[5-amino-6-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-2-yl]-1,5-dimethyl-
6-¢x0,7-exo-(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane (as prepared in the previous

10 step). Mass spectrum (ESI, m/z): Calcd. for C36Hs;NsOsSi, 662.4 (M+H), found 662.4.

2) 4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-exo0)-6-ex0,7-ex0-
(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-dimethyl-
cyclohex-1-enyl)-pyridin-3-yl[-amide

15 The 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-ex0)-6-ex0,7-ex0-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-
2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-yl]-amide (as prepared in the previous step).
'H-NMR (CDCls; 400 MHz): 8 11.52 (br s, 1H), 9.75 (br s, 1H), 8.67 (d, 1H, J = 8.8 Hz),

20  7.73 (s, 1H), 7.23 (d, 1H, J = 8.8 Hz), 6.00-5.95 (m, 1H), 4.35 (s, 2H), 3.38-3.29 (m, 1H),
2.54-2.46 (m, 2H), 2.38-2.30 (m, 2H), 2.17-2.11 (m, 2H), 2.05-1.98 (m, 2H), 1.64-1.60 (m,
2H), 1.47 (s, 3H), 1.35 (s, 6H), 1.15 (s, 3H), 1.11 (s, 6H). Mass spectrum (APCI, m/z):
Calcd. for C39H37N504, 532.3 (M+H), found 532.3.
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endo)-(6-exo,7-exo-dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl)-2-(4,4-
10 dimethyl-cyclohex-1-enyl)-pyridin-3-yl]-amide trifluoroacetic acid salt

A solution of 4-cyano-1H-imidazole-2-carboxylic acid [6-[(3-ex0)-6-¢x0,7-¢x0-
(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-(4,4-dimethyl-

15  cyclohex-1-enyl)-pyridin-3-yl]-amide (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 HCl in IPA (5
mL) and heated to 60 °C for 2 h. Additional HCl 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 HCI
(5 mL, 2 M) was added, and the mixture was stirred at RT for 4 h and at 45 °C for 1 h.

20  The mixture was concentrated in vacuo. Purification of the residue by RP-HPLC (C18)
with 10-80 % CH3CN in 0.1 % TFA/H,O over 25 min afforded the title compounds (28.6
mg, 40 %) as a 2:1 mixture of isomers as a white solid. Major isomer: 'H-NMR (CD:0D;
400 MHz): $ 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),

25  1.69-1.61 (m, 2H), 1.37-1.29 (s, 6H), 1.12 (s, 6H). Mass spectrum (APCI, m/z): Calcd. for
C27H13N504, 492.3 (M+H), found 492.2.
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Example 19

4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-[(3-ex0)-(6-ex0,7-exo-

dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl[-pyridin-3-yl]-amide trifluoroacetic
5  acid salt and 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-[(3-endo)-

(6-exo,7-exo-dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2. 1]oct-3-yl]-pyridin-3-yl]-amide

trifluoroacetic acid salt

10 a) (3-ex0)-{5-Amino-6-(cyclohex-1-enyl)-pyridin-2-yl]-1,5-dimethyl-6-exo,7-exo-
(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane and (3-endo)-[5-Amino-6-(cyclohex-1-
enyl)-pyridin-2-yl[-1,5-dimethyl-6-exo, 7-exo-(isopropylidinedioxy)-8-oxa-
bicyclof3.2.1]octane

15 The title compounds were prepared from (3-ex0)-(5-amino-6-bromo-pyridin-2-yl)-
1,5-dimethyl-6-ex0,7-exo-(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1Joctane (as prepared
in Example 17, step (d)) and cyclohexen-1-ylboronic acid according to the procedure in
Example 15, step (f). Mass spectrum (ESI, m/z): Calcd. for C,3H3;N,03, 385.2 (M+H),
found 385.3.

20
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b) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [6-](3-
exo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-
(cyclohex-1-enyl)-pyridin-3-yl]-amide and 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-
1H-imidazole-2-carboxylic acid [6-[(3-endo)-6-exo,7-exo-(isopropylidinedioxy)-1,5-
dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(cyclohex-1-enyl)-pyridin-3-yl]-amide

The title compounds were prepared from a mixture of (3-ex0)-[5-amino-6-
(cyclohex-1-enyl)-pyridin-2-yl]-1,5-dimethyl-6-exo0,7-ex0-(isopropylidinedioxy)-8-oxa-
bicyclo[3.2.1]octane and (3-endo)-[5-amino-6-(cyclohex-1-enyl)-pyridin-2-yl]-1,5-
dimethyl-6-ex0,7-exo-(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane (as prepared in the
previous step) according to the procedure of Example 1, step (b). Mass spectrum (ESI,

m/z): Calcd. for C34H47Ns50sSi, 634.3 (M+H), found 634.3.

¢) 4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-ex0)-6-ex0,7-ex0-
(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo/3.2. 1 Joct-3-yl]-2-(cyclohex-1-enyl)-
pyridin-3-yl]-amide and 4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-endo)-6-exo,7-
exo-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclof3.2.1]oct-3-yl]-2-(cyclohex-1-

enyl)-pyridin-3-yl[-amide

96
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The title compounds were prepared from 4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carboxylic acid [6-[(3-ex0)-6-ex0,7-ex0-
(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-y1]-2-(cyclohex-1-enyl)-

5  pyridin-3-yl]-amide and 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid [6-[(3-endo)-6-¢x0,7-ex0-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-
bicyclo[3.2.1]oct-3-yl]-2-(cyclohex-1-enyl)-pyridin-3-yl]-amide (as prepared in the
previous step) according to the procedure of Example 2, step (b), substituting DMF for
THF. Mass spectrum (APCI, m/z): Calcd. for C,sH33Ns504, 504.3 (M+H), found 504.3.

10
d) 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-[(3-exo0)-(6-ex0,7-exo0-
dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-pyridin-3-yl]-amide trifluoroacetic
acid salt and 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-[(3-endo)-
(6-exo,7-exo-dihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2. 1]oct-3-yl]-pyridin-3-yl]-amide

15 trifluoroacetic acid salt

The title compounds were prepared from 4-cyano-1H-imidazole-2-carboxylic acid
[6-[(3-ex0)-6-ex0,7-ex0-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-
2-(cyclohex-1-enyl)-pyridin-3-yl]-amide and 4-cyano-1H-imidazole-2-carboxylic acid [6-

20  [(3-endo)-6-cx0,7-ex0-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-
2-(cyclohex-1-enyl)-pyridin-3-yl]-amide (as prepared in the previous step) according to the
procedure of Example 18. A 2:1 mixture of isomers was obtained. Major isomer: 'H-
NMR (CD;O0D; 400 MHz): & 8.88-8.77 (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),

25  2.08-1.98 (m, 2H), 1.95-1.73 (m, 6H), 1.33 (s, 6H). Mass spectrum (APCI, m/z): Calcd.
for C,sHp0Ns504, 464.2 (M+H), found 464.3.

Example 20

4-Cyano-1H-imidazole-2-carboxylic acid [(4-cis)-(2-cis, 6-cis-bis-hydroxymethyl-2,6-

dimethyl-tetrahydro-pyran-4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-yl]-amide
30  trifluoroacetic acid salt and 4-Cyano-1H-imidazole-2-carboxylic acid [(4-trans)-(2-cis,6-
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cis-bis-hydroxymethyl-2,6-dimethyl-tetrahydro-pyran-4-yl)-2-(4,4-dimethyl-cyclohex-1-
enyl)-pyridin-3-yl]-amide trifluoroacetic acid salt

N
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N N\H/!\N

I/ o H
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HO TFA
HO

A solution of 4-cyano-1H-imidazole-2-carboxylic acid [6-(6-¢x0,7-ex0-dihydroxy-
5  1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-
yl]-amide trifluoroacetic acid salt (235 mg,0.479 mmol, as prepared in Example 18) in
MeOH (20 mL) and water (2 mL) was treated with NalO4 (154 mg, 0.718 mmol) at RT for
20 min. NaBH, (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 EtOAc (75 mL).

10 The organic layer were washed with 1M aq HCI, satd aq NaHCO3, and brine (1 x 25 mL
each). The combined aqueous layers were extracted with EtOAc (3 x 25 mL), and the
combined organic layers were dried over MgSO4 and concentrated in vacuo. The residue
was purified on a 40-g Sepra Si 50 SPE column (Isco system: Flow rate = 40 mL/min;
Eluent = 50 % EtOAc-hexane for 0-5 min, then 50-100 % EtOAc-hexane for 5-30 min,

15 100 % EtOAc for 10 min, then 10 % MeOH-EtOAc until all peaks eluted). The fractions
containing the title compound were further purified by RP-HPLC (C18) with 10-80 %
CH;CN in 0.1 % TFA/H,0 over 25 min to afford the title compound (28.0 mg, 12 %) as a
white solid. 'H-NMR (CD;OD; 400 MHz): § 9.03 (d, 1H, J = 8.8 Hz), 8.08 (s, 1H), 7.78
(d, 1H, J = 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 (ESI, m/z): Calcd. for
C27H15N504, 494.3 (M+H), found 494.3.

Example 21
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4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-1,1-dioxo-hexahydro-1 /16-thiopyran-4—yl)-pyridin-3-yl]—amide

N
I
H'\,‘\
A
. J & H

a) 1,1,2,2,3,3,4,4,4-Nonafluoro-butane-1-sulfonic acid 2,2,6,6-tetramethyl-3,6-dihydro-
5  2H-thiopyran-4-yl ester

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).
'H-NMR (CDCls; 400 MHz): & 5.81-5.76 (m, 1H), 2.49 (d, 2H, J = 1.6 Hz), 1.47 (s, 6H),
10 1.43 (s, 6H).

b) 4,4,5,5-Tetramethyl-2-(2,2,6,6-tetramethyl-3,6-dihydro-2H-thiopyran-4-yl)-

[1,3,2]dioxaborolane
9J§4
I B\O
S

The title compound was prepared from 1,1,2,2,3,3,4,4,4-nonafluoro-butane-1-
15 sulfonic acid 2,2,6,6-tetramethyl-3,6-dihydro-2H-thiopyran-4-yl ester (as prepared in the
previous step) according to the procedure of Example 15, step (b). 'H-NMR (CDCls; 400
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MHz): § 6.43-6.40 (m, 1H), 2.27 (d, 2H, J = 2.0 Hz), 1.40 (s, 6H), 1.32 (s, 6H), 1.28 (s, 12
H).

¢) 5-Nitro-2-(2,2,6,6-tetramethyl-3,6-dihydro-2 H-thiopyran-4-yl)-pyridine

N N0z

o~

5 The title compound was prepared from 4,4,5,5-tetramethyl-2-(2,2,6,6-tetramethyl-
3,6-dihydro-2H-thiopyran-4-yl)-[1,3,2]dioxaborolane (as prepared in the previous step)
and 2-bromo-5-nitro-pyridine according to the procedure of Example 15, step (¢). Mass

spectrum (ESI, m/z): Calcd. for C14H1sN,0;S, 279.1 (M+H), found 279.2.

d) 5-Nitro-2-(2,2,6,6-tetramethyl-1,1-dioxo-1,2,3,6-tetrahydro-1 2.6-thi0pyran-4-yl)-
10 pyridine

A solution of 5-nitro-2-(2,2,6,6-tetramethyl-3,6-dihydro-2H-thiopyran-4-yl)-
pyridine (0.300 g, 1.08 mmol, as prepared in the previous step) in MeOH (15 mL) was
cooled to 0 °C and treated with oxone (984 mg, 3.23 mmol based on KHSOs content) as a

15  solution in water (1.5 mL). 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 CH,Cl, (2x). The
combined organic layers were dried over MgSQO4 and concentrated in vacuo. The residue
was purified on a 25-g Sepra Si 50 SPE column (Isco system: Flow rate = 20 mL/min;
Eluent = 5 % EtOAc-hexane for 0-3 min, then 5-15 % EtOAc-hexane for 5-30 min) to

20  afford the title product (322 mg, 96 %) as an off-white solid. Mass spectrum (ESI, m/z):
Calcd. for C14H;sN,O4S, 311.1 (M+H), found 311.0.
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e) 6-(2,2,6,6-Tetramethyl-1,1-dioxo-hexahydro-1 /'L6-thiopyran-4—yl)—pyridin-3-ylamine

NH,

X
=

A solution of 5-nitro-2-(2,2,6,6-tetramethyl-1,1-dioxo-1 ,2,3,6-tetrahydro-l?»6-
thiopyran-4-yl)-pyridine (322 mg, 1.04 mmol, as prepared in the previous step) in MeOH
5 (10 mL) was hydrogenated with 5 % Pd/C and 1 atm H; at RT for 17 h. The mixture was

filtered through Celite, and the filter cake was washed with MeOH. The solvents were
evaporated in vacuo. The residue was purified on a 25-g Sepra Si 50 SPE column (Isco
system: Flow rate = 20 mL/min; Eluent = 10 % EtOAc-hexane for 0-3 min, then 10-50 %
EtOAc-hexane for 5-30 min, then 50-65 % EtOAc-hexane over 40 min, then 65-100 %

10 EtOAc-hexane over 40 min) to afford the title compound (187 mg, 64 %) as an off-white
solid. Mass spectrum (ESI, m/z): Calcd. for C,4H2,N,0,S, 283.1 (M+H), found 283.1.

) 2-Bromo-6-(2,2,6,6-tetramethyl-1,1 -dioxo-hexahydro-li6—thiopyran-4—yl)-pyridin-3—

ylamine
Br
N7 NH,
l =
0=3
%
O
15 The title compound was prepared from 6-(2,2,6,6-tetramethyl-1,1-dioxo-

hexahydro-1A°-thiopyran-4-yl)-pyridin-3-ylamine (as prepared in the previous step)
according to the procedure of Example17, step (d). Mass spectrum (ESI, m/z): Calcd. for
C14H21N,0,SBr, 361.1/363.1 (M+H), found 361.1/363.1.

2) 2-(4,4-Dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-1,1 -dioxo-hexahydro-lﬂ,ﬂ-
20  thiopyran-4-yl)-pyridin-3-ylamine

101



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
WO 2009/052237 PCT/US2008/080081

The title compound was prepared from 2-bromo-6-(2,2,6,6-tetramethyl-1,1-dioxo-
hexahydro-11°-thiopyran-4-yl)-pyridin-3-ylamine (as prepared in the previous step) and
4,4-dimethyl-cyclohex-1-enyl-4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolane according to the

5 procedure of Example 15, step (f). Mass spectrum (APCI, m/z): Calcd. for C,,H34N,0,S,
391.2 (M+H), found 391.3.

h) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid [2,(4,4-
dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-1 /16-thiopyran-4-
yh)-pyridin-3-yl]-amide

N
Il
H '\,"\<
'\f\ N\[KKN
P 0] O)

10

The title compound was prepared from 2-(4,4-dimethyl-cyclohex-1-enyl)-6-
(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro- 1A°~thiopyran-4-yl)-pyridin-3-ylamine (as
prepared in the previous step) according to the procedure of Example 1, step (b). Mass

spectrum (ESI, m/z): Calcd. for C33H4N504SSi, 640.3 (M+H), found 640.3.

15 i) 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-1,1 -dioxo-hexahydro—1/16-thiopyran-4—yl)-pyridin-3-yl]—amide
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The title compound was prepared from 4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carboxylic acid [2,(4,4-dimethyl-cyclohex-1-enyl)-6-
(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-1 K6-thiopyran-4-yl)-pyridin-3-yl]-arnide (as
prepared in the previous step) according to the procedure of Example 1, step (c) followed

5 by formation of the free base with NaHCO;. 'H-NMR (CDCls; 400 MHz): & 9.76 (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, m/z): Calcd. for
C,7H3sN50s8S, 510.3 (M+H), found 510.3.

10  Example 22

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(2,2,6,6-
tetramethyl-1,1-dioxo-hexahydro-1 /16-thiopyran-4-yl)-phenyl]—amide

a) 4-(2,2,6,6-Tetramethyl-3,6-dihydro-2H-thiopyran-4-yl)-phenylamine

NH,

15

The title compound was prepared from 1,1,2,2,3,3,4,4,4-nonafluoro-butane-1-
sulfonic acid 2,2,6,6-tetramethyl-3,6-dihydro-2H-thiopyran-4-yl ester (as prepared in
Example 21, step (a)) and 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenylamine

103



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
WO 2009/052237 PCT/US2008/080081

according to the procedure of Example 15, step (¢). Mass spectrum (ESI, m/z): Calcd. for
C15H21NS, 248.1 (M+H), found 248.2.

b) 4-(2,2,6,6-Tetramethyl-1,1-dioxo-1,2,3,6-tetrahydro-1 /'l.6-thiopymn-4-yl)-phenylamine

NH»

5 The title compound was prepared from 4-(2,2,6,6-tetramethyl-3,6-dihydro-2H-
thiopyran-4-yl)-phenylamine (as prepared in the previous step) according to the procedure
of Example 21, step (d). Mass spectrum (APCI, m/z): Calcd. for C;5H,1NO,S, 280.1
(M+H), found 280.2.

c) 4-(2,2,6,6-Tetramethyl-1,1-dioxo-hexahydro-1 A6-thiopyran-4-yl)-phenylamine

NH»

O
/]

O

10

The title compound was prepared from 4-(2,2,6,6-tetramethyl-1,1-dioxo-1,2,3,6-
tetrahydro-1A°-thiopyran-4-yl)-phenylamine (as prepared in the previous step) according to
the procedure of Example 21, step (¢). Mass spectrum (APCI, m/z): Calcd. for
Ci5sH23NO3S, 282.1 (M+H), found 282.3.

15  d) 2-Bromo-4-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-1 AC-th iopyran-4-yl)-

phenylamine
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The title compound was prepared from 4-(2,2,6,6-tetramethyl-1,1-dioxo-
hexahydro-12°-thiopyran-4-yl)-phenylamine (as prepared in the previous step) according
to the procedure of Example 17, step (d). Mass spectrum (ESI, m/z): Calcd. for
C15sH,oNO,SBr, 360.1/362.2 (M+H), found 360.2/362.2.

5 e 2-(4,4-Dimethyl-cyclohex-]-enyl)—4—(2,2,6,6—tetramethyl—1,I-dioxo-hexahydro-1/16-
thiopyran-4-yl)-phenylamine

O NH»

o
=M
=w

O

The title compound was prepared from 2-bromo-4-(2,2,6,6-tetramethyl-1,1-dioxo-
hexahydro-11°-thiopyran-4-yl)-phenylamine (as prepared in the previous step) according
10 to the procedure of Example 15, step (f). Mass spectrum (APCI, m/z): Calcd. for
C23H3sNO3S, 390.2 (M+H), found 390.3.

) 4-Cyano-1-2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid [2-(4,4-

dimethyl-cyclohex-1-enyl)-4-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-1 ,1,6-thiopyran-4-

yl)-phenyl]-amide

15
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A crystal | i néetrmredpi-dil-dienoreataldr # A Whivpprsint eri-pleraticmgdar act er i zed by PXRD
and TGA 10 (31.0% 1 oss of mass). The PXRD of Form B of the sodiumsalt is

Search Report (20 Peake T REK RN rtB e T Baa 1001 R LS  Se-cu. comment
| i ne PEAK: 22thgkendvaylybidtiinglagl¢-Lenrrbogticasidd-d4.4-doneticicnflpha: loowy)BG- 3/ 0. 6,
Peak- Top- Si m('ﬂ&,%,&t_et-rrahrr?etﬂ%ll—qgl’%b%%&%ﬁﬁ%-1iéq/ﬁliopyran-4—yl)-phenyl]—arnide (as prepared
10 in the previous step) according to the procedure in Example 1, step (¢). 'H-NMR (CDCls;

400 MHz): 6 9.62 (s, 1H), 8.41 (d, 1H, J = 8.0 Hz), 7.73 (s, 1H), 7.41 (d, 1H, J = 8.0 Hz)

7.05 (d, 1H, J = 2.4 Hz), 5.81-5.75 (m, 1H), 3.25-3.14 (m, 1H), 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, m/z): Calcd. for C,sH36N4O3S, 509.3 (M+H),

15  found 509.1.
Example 23

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-ylj-amide hydrochloride salt

NTX N
| o H
© HCl
20 A 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-yl)-pyridin-3-yl]-amide (49.2 mg, 0.107
mmol, as prepared in Example 15, step (h)) in EtOH (2 mL) was treated with HCI (26.6
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uL, 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 EtOH (900 uL) 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
(20mg, 38 %) as white crystals. '"H-NMR (CDsOD; 400 MHz): § 9.17 (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),
1.15 (s, 6H). Mass spectrum (APCI, m/z): Calcd. for C,7H35Ns0,, 462.3 (M+H), found
462.3.

Example 24

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide methanesulfonic acid salt

5 O P

HO™ ™™

A 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-yl)-pyridin-3-yl]-amide (50.0 mg, 0.108
mmol, as prepared in Example 15, step (h)) in EtOH (2 mL) was treated with
methanesulfonic acid (7.0 uL, 0.108 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 EtOH (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
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mg, 40 %) as white crystals. Mass spectrum (APCI, m/z): Calcd. for C,;H35Ns50;, 462.3
(M+H), found 462.3.

Example 25

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide (1S)-(+)-10-camphorsulfonic

acid salt

A 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-yl)-pyridin-3-yl]-amide (52.4 mg, 0.113
mmol, as prepared in Example 15, step (h)) in EtOH (2 mL) was treated with (1S)-(+)-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 EtOH (1 mL) with sonication and heating.
While warm, the solution was slowly treated with hexanes until first precipitate was seen at
the 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. 'H-NMR (CD;OD; 400 MHz): 3 9.17
(d, 1H, 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-
2.30 (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, 1H), 1.47-1.38 (m, 7H), 1.30 (s, 6H), 1.15 (m, 9H), 0.87 (s, 3H). Mass
spectrum (APCI, m/z): Calcd. for C,7H35NsO,, 462.3 (M+H), found 462.3.
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Example 26

N-(4-(8-oxabicyclo[3.2.1]octa-2,6-dien-3-yl)-2-(4,4-dimethylcyclohex-1-enyl)phenyl)-4-

cyano-1H-imidazole-2-carboxamide (A) and N-(4-(8-oxabicyclo/3.2.1]octa-3,6-dien-3-
5 yD-2-(4,4-dimethylcyclohex-1-enyl)phenyl)-4-cyano-1H-imidazole-2-carboxamide (B)

O, O p
. .
N N

SRLEperas

(A) (B)

To a solution of 4-cyano-N-(2-(4,4-dimethylcyclohex-1-enyl)-4-(3-ex0)-3-

&

hydroxy-8-oxabicyclo[3.2.1]oct-6-en-3-yl)phenyl)-1H-imidazole-2-carboxamide (as

10 prepared in Example 27, 37 mg, 0.083 mmol) in DCM (2 mL) at 0 °C 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 MeLi-Cul complex (0.49 mmol) in 2 mL of THF.
The reaction was stirred for 20 min and then quenched with saturated aqueous NH4CI (10
mL). The mixture was extracted with EtOAc (2 x 20 mL), dried (Na;SO4) and

15  concentrated in vacuo. The crude product was purified by preparative thin layer
chromatography (5% MeOH-CHCI;) to afford 14 mg (40%) of the title compounds as a
white solid. Mass spectrum (ESI, m/z): Calcd. for C;6H6N4O,, 427.2 (M+H), found
427.1.

20  Example 27

4-Cyano-N-(2-(4,4-dimethylcyclohex-1-enyl)-4-((3-exo)-3-hydroxy-8-
oxabicyclo[3.2.1]oct-6-en-3-yl)phenyl)-1 H-imidazole-2-carboxamide
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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]-

5  amide (as prepared in Example 1, step (¢)) and 8-oxabicyclo[3.2.1]oct-6-en-3-one
(European Journal of Organic Chemistry (2000), 12, 2195-2201); "H NMR (400 MHz;
DMSO-ds) 8 9.72 (s, 1H), 8.22 (s, 1H), 7.93 (d, J= 8.4 Hz, 1H) 7.30 (dd, /=8.4, 2.2 Hz,
1H) 7.22 (d, J=2.2 Hz, 1H), 6.27 (s, 2H), 5.65 (br s, 1H), 4.74 (d, /= 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, /=14.2 Hz, 2 H), 1.49 (t, J

10  =6.2 Hz, 2H), 1.00 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C,sH,sN403, 445.2
(M+H), found 445.1.

Assignment 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-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in

15 Example 1, step (f)).

Example 28
4-Cyano-N-(2-(4,4-dimethylcyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-(2-endo-4-endo-
dimethyl)--8-oxabicyclo[3.2.1]oct-6-en-3-yl)pheny])-1H-imidazole-2-carboxamide
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WO 2009/052237 PCT/US2008/080081

The title compound was prepared as described in Example &, 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 1, step (c¢)) and 2-endo-4-endo-dimethyl-8-
oxabicyclo[3.2.1]oct-6-en-3-one (Tetrahedron (1988), 44(16), 5151). 'H NMR (400 MHz;

5 CD;OD)$8.03 (d, /= 8.3 Hz, 1H), 7.87 (s, 1H), 7.26 (dd, /= 8.5, 2.2 Hz, 1H), 7.20 (d, J
=22 Hz, 1H), 6.50 (s, 2H) 5.63 (dt, /= 3.6, 1.8 Hz, 1H), 4.51 (d, /= 3.5 Hz, 2H), 2.27 -
2.36 (m, 2H), 2.16 - 2.24 (m, 2H), 1.98 (d, /= 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, m/z): Calcd. for C,sH3,N403, 473.2
(M+H), found 473.2.

10 Assignment 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-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in
Example 1, step (f)).

15  Example 29
4-Cyano-N-(2-(4,4-dimethylcyclohex-1-enyl)-4-[(3-exo0)-3-hydroxy-(2-endo,4-endo-
dimethyl)-1,5-dimethyl-8-oxabicyclo[3.2.1]octan-3-yl)pheny]-1H-imidazole-2-

carboxamide

20
The title compound was prepared as described in Example &, 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 1, step (c¢)) and 2-endo-4-endo-dimethyl-8-
oxabicyclo[3.2.1]octan-3-one (Tetrahedron (1988), 44(16), 5151). "H NMR (400 MHz;
25 CDs;0OD) % 8.15(d, J=8.59 Hz, 1 H), 8.00 (s, 1 H) 7.28 - 7.36 (m, 2 H) 5.76 (br s, 1 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),

111



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

10

15

20

25

WO 2009/052237 PCT/US2008/080081

1.62 (t,J=6.1Hz,2H) 1.10 (s, 6 H) 0.68 (d, J = 7.0 Hz, 6H). Mass spectrum (ESI, m/z):
Calcd. for CysH34N4Os, 475.2 (M+H), found 475.2.

Assignment 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-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in
Example 1, step (f)).

Example 30
4-Cyano-N-(2-(4,4-dimethylcyclohex-1-enyl)-4-[ (3-ex0)-3-hydroxy-(2-endo,4-endo-
dimethyl)-1,5-dimethyl-8-oxabicyclo[3.2.1]oct-6-en-3-yl)phenyl)-1 H-imidazole-2-

carboxamide

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 1, step (¢)) and 2-endo-4-endo-1,5-dimethyl-8-
oxabicyclo[3.2.1]oct-6-en-3-one (J Amer Chem Soc, (1978), 100(6), 1765-77). 'H NMR
(400 MHz; CDsOD) & 8.15 (d, /= 8.5 Hz, 1H), 8.01 (s, 1H), 7.40 (dd, /= 8.5, 2.2 Hz, 1H),
7.34(d,J=2.2 Hz, 1H), 6.34 (s, 2H), 5.75 (m, 1H), 2.34 (d, /= 1.7 Hz, 2H), 2.14 - 2.24
(m, 4H), 1.62 (t,J = 6.3 Hz, 2H),1.39,(s, 6H),1.11 (s, 6H), 0.72 (d, /= 7.3 Hz, 6H). Mass
spectrum (ESI, m/z): Calcd. for C30H36N403, 501.2 (M+H), found 501.2.

Assignment 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-ex0)-3-hydroxy-1,5-
bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amide (as prepared in
Example 1, step (f)).
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Example 31
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-ylj-amide sulfate salt

A suspension of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-
5  cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide (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 mL)
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
10 overnight at room temperature in a sealed vial. The resulting crystals were then collected
via filtration and air-dried. The 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

15  inFigure 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=Summit

2-Theta d(A) BG Height 1% Area 1% FWHM

3.3108 26.6644 583 39 0.6 550 0.6 0.24

6.1903 14.266 926 1985 309 24961 29.2 0.214

6.5701 13.4421 744 6420 100 85576 100 0.227

9.2704 9.5319 666 343 53 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 731 801 125 11747 13.7 0.249
14.0503 6.298 704 358 5.6 4649 5.4 0.221
14.7302 6.0088 710 316 49 4557 53 0.245
16.1501 5.4836 735 897 14 12087 14.1 0.229
16.8681 52518 842 117 1.8 890 1 0.129
17.3702 5.1011 816 1048 163 20457 23.9 0.332
18.5898 4.7691 809 1043 16.2 17554 20.5 0.286
19.8095 44781 829 1013 15.8 14571 17 0.245
20.8298 4261 899 335 52 6464 7.6 0.328
21.1102 4205 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 52 0.32
22.8897 3.882 889 95 1.5 1587 1.9 0.284
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23.6107 3.765 867 615 9.6 12474 14.6 0.345
24.9701 35631 771 351 55 5360 6.3 0.26
25.6908 3.4647 746 33 0.5 422 0.5 0.217
26.4892 33621 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 29946 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-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide sodium salt (Form A)

To a suspension of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-
enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide (23.1 mg, 0.0500
mmol), as prepared in Example 15, in ethanol (1.0 mL) was added a solution of sodium

10 hydroxide (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 P/N = 25.0)
[MT _1058 110_1.raw] rigaku_cu, comment line
PEAK: 23-pts/Parabolic Filter, Threshold=1.0, Cutoff=0.0%, BG=3/0.6, Peak-Top=Summit
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2-Theta d(A) BG Height 1% Area 1% FWHM
5.47 16.1427 731 3085 100 67721 100 0.373
6.8695 12.8569 761 648 21 15965 23.6 0.419
7.7112 11.4552 794 67 22 664 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 0411
11.208 7.888 758 36 1.2 483 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 3 1324 2 0.242
14.3697 6.1588 914 191 6.2 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 0919
17.3107 5.1185 927 169 5.5 2823 4.2 0.284
18.5489 4.7795 1117 351 114 5454 8.1 0.264
19.4892 4.551 1264 228 7.4 4366 6.4 0.326
20.0508 44247 1264 240 7.8 3965 59 0.281
20.491 43307 1241 46 1.5 1090 1.6 0.403
20.9324 4.2403 1128 119 39 1642 2.4 0.235
22.7096 39124 983 71 23 1451 2.1 0.347
23.5503 3.7746 932 90 29 1647 2.4 0311
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-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl[-amide sodium salt (Form B)
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To a suspension of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-

cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide (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.

5  Water (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 dicthyl 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] rigaku_cu, comment line
PEAK: 21-pts/Parabolic Filter, Threshold=1.0, Cutoff=0.0%, BG=3/0.6, Peak-Top=Summit

2-Theta d(d) BG Height 1% Area 1% FWHM
4.9097 17.9838 1004 952 975 11090 66.1 0.198
5.4497 16.2028 1074 976 100 16773 100 0.292
6.13 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 820 539 552 6957 41.5 0.219
8.7499 10.0976 813 171 175 1903 11.3 0.189
9.8485 8.9736 793 49 5 907 5.4 0.315
10.8097 8.1777 797 271 278 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 51 5.2 526 3.1 0.175
13.7894 6.4166 860 142 145 3339 19.9 0.4
14.1102 6.2714 868 67 6.9 2452 14.6 0.622
15.1702 5.8355 901 307 315 4287 25.6 0.237
15.9882 5.5388 1060 224 23 3092 18.4 0.235
16.4312 53904 1068 172 17.6 5863 35 0.579
17.5691 5.0438 1047 223 228 2952 17.6 0.225
18.5695 47742 1121 586 60 10430 62.2 0.303
19.1098 46405 1164 37 3.8 373 22 0.171
19.7089 45007 1245 85 8.7 841 5 0.168
20.0485 44252 1272 40 4.1 1797 10.7 0.764
20.5504 43183 1190 361 3 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 5.2 665 4 0.222
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
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Repr esent at i@ 2929R2¥7a peaks of the Form B sodi um salt pitddi§et0s/a§0e81shown

bel ow

26.4302 3.3694 879 105 10.8 2183 13 0.353

Representative 2-Theta peaks of the Form B sodium salt product are 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

RINT Rapid Control Software, Rigaku Rapid/XRD, version 1.0.0 (¥1999 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 ((*1995-2002,
Materials Data, Inc.).

10 For 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
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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 perfornmed using a D) Max Rapid, 5
Cont act (Ri g¥RAYRBE23The Woodl ands, TX, U.S.A ), which F&AUSEY8/P10881cont r ol

sof tware RENT Rapid Control Software, Ri gaku Rapid/ XRD, version 1.0.0 (81999
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by adding 2 qgsa?f)uéerm&-rﬁ&(lﬁﬂf@) WA sBSSiAYeddf fhe Eomﬂgﬁ‘ﬁd, in addition, positive

control wells received 1.2 ul. of 50 mM ethylenediaminetetraaceticacid (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 uL 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
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25 final concentrations in the assay were 10 nMc-fns, 1 mM ATP, 5 mM WgCl12, 2
% DMSO. Control reactions were ran in each plate: in positive and negative
control wel I¥O2Y88337huffer (nmade 4 ' A in DVSO was subCHURME0F8f t he
conpound; in addition, positive control wells received 1.2 qL of 50 mM

et hyl enedi am netetraaecticacid (EDTA). The plates were incubated at room
tenperature for 45 mn. At the end of the incubation, 30 the reaction was

quenched Wi t heckivéd pd-uDbf SO 1m\AnEaTéof(aﬁ%ﬁom&ymtne@ﬁkﬂﬁ)@ly,tmx bekpaghtive control
wells at this point; see above). Follow ng -m n_ incubation, each well WO

2009/ 052237 PETFUSIFOSPOBEHB P éé@an\bééferl@S?efmvelbfallafr%n Ran e, g3t it B2S5F)-

ant i - phosphotpyg Bﬁ{e%stér&pMume FOTinG: &It fehP&8fure dnd% iﬁﬁ(f?és%&%@d) FP

di lution buffer, respectively (all from PanVera, cat. 37). The pl ate was
covered, incubltietionsis @@dﬁﬁﬁleeﬁna%@ﬁh@ anpeERt mttengarvmret H‘éS ﬁ%?l@é@@nce

pol ari zal kon fas sEAY AR %IAAZNEhy e bASU UTERL:: DAL kAGS dgEe: 485 nm
eXC|tat|on5|I ter; 530 nmem ssio Hfter elg well; G
factor: 0.93condiies, thhéwescmdlpbhaomonvﬁeeﬁfbume@cewb@gpfmea:pntzd& wor val ues for
positive and pr n 9 respectively,
and were usecafgqerg%g{e eﬁ’n%daﬁhaqﬁ(gé%}&w 9 A)l @%W.%ﬁg%@ qﬂ&/oa r(r)s}sr eaction.

The reported mlﬂﬁﬁon/c&]thmsﬁwrea@mer E@@@p@iedtlﬁgo@eluﬁmiepmmmbf theasur enents. 10
CSF-1-Dri venll\% 3 I% e ow Derived Macrophages Assay Macr ophages
were derived "BYyPEUT le %uéenﬁ%l&e bone marrow in al pha- MEM suppl emented with 10%
FCS and 30 ng/ il reconbl nant nouse CSF-1 in bacteriologic dishes. On the sixth

day, macrophages WEE ) frol i l2sged and 15 resuspended to 0.05
mllion cells/m HHRY ed ul of cell
suspensi on were di strlbuted per weII into 96 well culture plates. Wells were
further suppl errenl\/hdrophatghs whre dadhaidtbiy @nltwrfng mibutsd bomdﬁaarowdnh@hm\t@/lw ng/ ml
CSF-1, 3 uMInd

a, djlution er| e C ounds. The
cells were cdff? 391%6(5‘ &31(9@1?(583 do%?fgé%g‘ ‘é(g’éb”é /ﬁ%fgﬂ’fﬁ% tﬁr“ﬂﬂ “final six
hours, cul t udgscsnaIeths LRl dERceph2@uimice @tchddidn 0k, Wakhed, aff medi a

cont i 119 L1 00,0 HiLen 1 Nl eTmesa e (S e Al cndl (e

cul ture i Sﬁusﬂeﬁ@

medi a wai s 1 greedsphiion &elﬁldﬂﬁibu@dd%efﬁ&lﬂl&ﬁ%wéll &hltiaﬁ:q)léﬂ:s ofvefli watkifrenesol ution
for 1 hour (it; roomtenpera he fixative was_then dispelled fromthe

plates and t Kepnianaanisd vafh theaedition ofpP ulggdia saniadnipg Farg/BhCIF- 1B BY i nt o t he

fixed, driedfphlchalsudSUUFAALIGANS GeReRRfh THEELFArIaMRabol | sts the
assay results for repr esentative COI’T'pOUﬂ s of the invention

2009/ 052237 P&Thiy3p 087080 08d > Bk Qap Paring the fing| sk hours, cultures were supplemented

20  with 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 @ 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

25  quantified using a specific ELISA.

Table 1 lists the assay results for representative compounds of the invention
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FMs 1C50 (1AM BVMDM I C50 (.OM 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

WO 2009/052237 PCT/US2008/080081
TABLE 1
Example No. FMS ICs, (uM) BMDM ICs (M)

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 TNF-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

15  erosion.
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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
WO 2009/052237 PCT/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 10S 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 1.p. with 15 ug of rhamnose/gram 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.

10 Chronic, 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% ecthanol, 90% water. The dose

volume was 5 ml/kg.

15
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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

10

WO 2009/052237 PCT/US2008/080081
Table 2. SCW-arthritis study design: IPD07-032
Induction Treatment Sample
Gp N @i.p., (b.i.d., Sacrifice .
Day 0) oral) Collection
Plasma,
serum, hind
Sterile Vehicle, limbs, weigh
! 6 Saline (ss) Day 20-32 Day 32 and fix liver,
spleen &
kidneys
Plasma,
PG-PS . serum, hind
. Vehicle, limbs, weigh
2 6 | 10Sinss Day 32 .
(15ug/eramBW) Day 20-32 and fix liver,
spleen &
kidneys
Plasma,
PG-PS Compound serum, hlpd
. A limbs, weigh
3 6 | 10Sinss Day 32 .
(15ug/gramBW 3 mg/kg, and fix liver,
Day 20-32 spleen &
kidneys
Plasma,
PG-PS Compound serum, hlgd
. A limbs, weigh
4 6 [ 10Sinss Day 32 fix 1i
(15ug/gramBW 10 mg/kg, and fix liver,
Day 20-32 spleen &
kidneys
Plasma,
PG-PS Compound serum, hlpd
. A limbs, weigh
5 6 [ 10Sinss Day 32 d fix 1i
(15ug/gramBW 20 mg/kg, and fix liver,
Day 20-32 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
the study.
follows: 1 = ankle only; 2 = ankle and proximal half of tarsal joint; 3= ankle and entire

Ankles were assigned a clinical score based on erythema and swelling as

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
Compound A were 247 + 22, 802 + 35, and 1475 £+ 70 ng/ml, respectively (mean + SEM).

Results: When dosing was initiated on day 20, after disecase 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
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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.SCWArthitis in Rats
WO 2009/052237 PCT/US2008/080081

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

A
Compound A, mg/kg, days 19-32
Disease 0 3 10 20
free (veh)
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.

10 While 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

15 full.
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Purpose: A polyarthritis occurs in fenale Lewis rats followi ng i.p.
adm nistration 5 of streptococcal cell wall (SCW conponents. The
nodel has an acute non-erosive phase (days 3-7) that is conpl enent
and neutrophil dependent and which resolves. A chronic erosive phase
begi ns at about day ten and is dependent on the devel opnent of
specific T cell immnity to SCW and possibly to self-antigens. The
SCWi nduced nodel has been used | ess frequently for pharmaceutical
testing than the adjuvant-induced or collagen- 10 induced nodel s of
arthritigy,hdt each nodel predicts accurately the anti-inflammatory
potential of TINE-inhibitors. The chronic phase of the SCWnodel is
macr ophage dependent. Because the preponderance of data suggests a
critical rol esf Qi Jraad ePR@aRsa1:n RA, we selected the chronic phase of
the SCWarthritis nodel to investigate the ability of sel ect
conpounds of the present invention to reduce chronic joint

i nfl ammati on and bone 15erosion. WD 2009/ 052237PCT/ US2008/ 080081
Met hod: Female Lewis rats (80-100 gm each) wereopuMthased from
Charles River. Streptococcal cell wall peptidoglytan-polysaccharide
polymers (PG PS 10S) were purchased fron1BE:£§?ﬁf§T0866). PG PS 105
was vortexed for 30 seconds to thoroughly m X the gaterial and
sonicated at | ow energy levels (level 6) f MR W th a probe type
5 sonicator prior to injection. On day O, sixty rats were

anest heti zed using isoflurane, and injected i.p. with 15 i _tg of
rhammosel gram body weight (BW in the lower |eft quadrant of the

abdonen. Ten rat,s were treated in a simlar manner, wWith sterile .
R e T A S LU LR e A R

di stinct acute phase arthritic response based on joint swelling were
random zed into grptips 2-5 listed in Tabl eg2. 10Chronic, T-cel

dependent, erogj arthriths S severﬂNb¥ day 20 at which tinme tw ce
daily omwﬁsdogkgg\ conﬁghéggﬁwntil sacriyficed on day 32 to
determine if theNonpound of Exanple 1 ereinafter, Conpound A) can
reverse established disease Compound A was formulated in 5%
solutol, 5% ethanol, 90% wafef. The dose volume was 5 nEkg. 15 WO
2009/ 052237PCT/{U 09@/080 8 ble 2. SCWarthritis study design:
| PD07- 032 ti p¥N~¢hdlction XN, , “Day 0)
wherein each R* is independently H, F, Cl, Br, I, OH, OCH;, OCH,CHs, SC-alkyl, SOC.
4)a1ky1, SOzC(14)alky1, -C(1-3)alkyl, COsz, CONRERf, CECRg, or CN;
wherein R%is H, or -Cq.3jalkyl;
R® is H, or -Cq3jalkyl;
R¥is H, or -Cpayalkyl; and
REis H, -CHzOH, or -CHzCHzOH;

R%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, fluero, hydroxy, Cualkyl,

and C(1_4) alkyl,

ZisH, F, Cl, or CHs;
Tis CH, or N;
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Treatment (hid., oral) Sacrifice Sampl e Collection 1 6

Sterile Saline (ss) Vehi cl e, Day 20-32 Day 32 Pl asma,
serum hind linbs, weigh and fix liver, spleen & kidneys 2 6
PGPS 10S in ss (15ugl granBW Vehi cl e, Day 20-32 Day 3'2

Plasma, serum hind |inbs, weigh and fix liver, spleen &

X is

- lkyl, -CON(Cq-galkyl)z,
wherein RYis H, —C(M)alkyl, —CO;_C(}.@&H(Y], -CONHz, CONHC(M)a Y ( (-9

or —COC(1-4)a1ky1°

2. A compound of Claim 1, wherein:
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ki dneys en 6 PGPS 105 in ss (15ugl granBW Conpound A 3

Day 20-32 Day 32 Pl asma, serumi hind |inbs. weigh and

fix liver, spleen & kidneys 4 6 PGPS IOCS in ss (15ug/graml-3W
Compound A 10 noko ng/ kg, Day 20-32

H N
. HN N2 Ny N | >—S:
Wis ‘HLJ;‘%O | }LJQ/N>_ :‘{[N»—S | :‘{[N/ ] 0
Cl
l’\,_J*‘N\ ::N-l jILJ‘\“N Br | :'{L\‘?*CI | ﬁ',_J\N

HN D\ HN
1/[[:’ % NG = D= ;

I~
0 o]

“ o oP Pk o
Nexiie)

OH

~0
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Day 32 Pl asma, serum hind linbs, weigh and fix liver, spleen &

kidneys 6 PC-PS I10OS in ss (15ug/granf31711 Conpound A 20
ng/ kg, Day 20-32 Day 32 Pl asma, serum hind linbs, weigh and fix
liver, spleen & kidneys Left and right hind ankl es of each rat

wer e neasured with calipers ever r}}he firsg six days

(post-injection) agd th n_at yet ee da 2+t he
remai nder_ of - Qies ssignedpa ¢linicg re based
on eryt ’@We q fol |l ows: = ankl e 2 (& e and

proxi mal of tarsg)” T¢I nt; 3= ahkte and en h e tarfafy joNnt; 4 =

i nvol venent oft the entire pamulnclueﬁng digits.” Ani ral’ scores
represented the sum of the two hind pams Exposur e:

asna I vels Hﬁ b

hours fol | owng -he I se \of 3 0 npk

10 Conpeupae 4 02 d S

(mean SEM es 05|n§ ated day

af ter dise@se \was alwead sev@r ~ Conpo abiSed g -«ersaL paw ,

swel | i ng deterninéd from cali per neasurenents of paw thi ckness and

vi sual scores (Flgure 4) Ri%%iéFihmas not conpl ete, presumably

and tautomers and pharmaceutically acceptable salts thereof.

3. A compound of Claim 2 wherein:

H
NH N
Sl e SN ¢ SR ) SO
cl Cl
"7§\Hh HN . N HNTN
E4;;>—B | %J*N cl | 3g;i> |

NN oY e e x

and tautomers and pharmaceutically acceptable salts thereof,

4. A compound of Claim 3 wherein:
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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 | owest dose of 3 npk.
D sease reversal was acconpani ed by restoration of function. To

assess function, three repres ive ratgypgr group re Vi deot aped
for thi rty“é@conds days 19%& 5 an eps tak\gq-mv?vi h_hi nd
| i tbs were count ed™gy ortéﬁn‘rm Tabl e"®8."N , &9 FONOWTFY SCW
rats anmbul ated primarily using front paws. Hi.nd paws were nearly

o L 28 g P e Bl B cLi BRI oM b ComAuRGE ) used N nd 1] bs

in a normal? i on, reas e s of the vehicle-treated
aninmals were immobilized. Table 3. Anbul ation of SCWrats before and
after treatment with Conpound free Disease (veh) 0 Conpound A,

"o/ kg, daysS.19A3020m?£)%8n§ 8f Cl[a)x%)l/4 th%fe‘ri%n: 23

HN
\
W is ﬁ(&Q\:N :

Ris ’}(O or O\;

and tautomers and pharmaceutically acceptable salts ther eof.

6. A compound of Formula Ia:

N
)
R | HN
PN NT(@N
|
O
X7 NF
Ia
wherein;
e O JOF
}‘t, , ar :
Jis CH, or N; and
Xis
\O
OH OH OH %
OIROROS
0
OH OH, OH, OH, \
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1.7 1.3 1.3 19 (20, 16.22)(3, 3, 1) (3, 0, 2) (0, 1.3) (0, 3, 1)

3 3

, Or
wherein RY is H, -C(M)alkyl, -COZC(H)alkyI, ~CONH2, —CONHC(1_4)a1ky1, -CON(C(1.4)a1ky1)2, or
-COC(H)alkyl;

and tautomers and pharmaceutically acceptable salts thereof.

7. : A compound of Claim 6, wherein X is
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10.6* 0 7.7 7.3 6 32 (20, 2, 10)(0, 0, 0) (8, 10,5) (8, 8, 6)
(8, 3,7)
Y ) HO, .9, HO s i
HO oy HO ' 0 0 0
HO HO OH | OH ,%O
I . 2 Y '
0~ " o oL I
/
HO , HO , o , ; ;
) s:(:)H .
$ OH % o

and ‘tautomers and pharmaceutically acceptable salts thereof.

8. A compound selected from the group consisting of:
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*Nunber of steps taken using hind linbs in a thirty second
observation period. The value is the average of three rats. Nunbers
fromindividual rats are provided in parenthesis. 10Wile the
foregoi ng specification teaches the principles of the present

i nvention, with exanples provided for the purpose of illustration, it
wi |l be understood that the practice of the invention enconpasses al
of the usual variations, adaptations and/or nodifications as cone
within the scoge of the followi ng clainms and their equival ents.

Al'l publicati disclosed in the above specification are hereby

i ncor por at ed 1 efeﬁﬁ in 15full. Cdains: 1. A conpound of

Foi mul a | v frate, tautomer or pharmaceutically
accept 4 ' N mhereln NN 4 or wherein each Rd is

i ndepe At F, oCI Br, I, OH OCH3, OCH2CH3, SC(14)alkyl, S0CO-
4) al kyl R Co )aIkyI CXlS)aIkyI, CO2Rd, CONReRf, C=CRg, or CN,
whereinn\R.41s H or -C(13)alkyl; Re is H or -C(13)alkyl;

OH

oO

H TKLX\EN

OH

, HN

H

OH NTKRN\ CN
.‘\\

0

OH ;
I H HN
? “YQ\: "
_.\\ O

0
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Rf is H or -C(13)alkyl; and Rg is H -CH2OH, or -CH2CH2CH, R2 is
cycl oal kyl, spiro-substituted cycl oal kenyl, thiophenyl,

di hydr osul f onopyranyl, phenyl, furanyl, tetrahydropyridyl, or

di hydropyranyl, any of which may be independently substituted with
one or two of each of the follow ng: chloro, fluoro, hydroxy,
C(13)al kyl, and Co 4) alkyl; Zis H F, d, or CH3; J is CH or N
Xis\o \o " or\; wherein |Ir is H -CQ2C(14)alkyl, -CONH2,

- CONHC( 1. 4) al ky4, - CON(C(1. 4)a1| cyI )2, or -00C(14)allcyl. 2. A
conmpound of C 1, wherein: and tautomers and

phat maceuti cal aﬁcqm Ie sal ts t her eof .
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3. A compound of C aim 2 wherein: and tautonmers and
pharmaceutically acceptable salts thereof. 4. A conmpound of Claim3
wherein: and; tautonmers and pharnaceutically acceptable salts
thereof. 5. A compound of Caim4 wherein: HN Wis; and tautoners
and pharnmaceutically acceptable salts thereof. 6. A conpound of
Foimula la: Ta wherein: Jis CH or N and Xis \O

HO

OH and OH ;
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HO H®r5?", OH OH, zz(./.\zzz;\zz7;, HOo- HO, HO HO 01-11t,r
HO OHkO01-11v , or wherein r is H -CoA)al kyl, -CO2C040al kyl, - CONH2,
- CONHC( 140al kyl , -CON(Cumal kyl)2, or -00C(1, Oalkyl; zz7; 01-1, OH,

CN
H '\,"\S
N
N7 YLN
0o
CN
H ’\f’g
N
N \H/LN
9]
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and itautoners and pharnaceutically acceptable salts thereof. 8. A
conpound sel ected fromthe group consisting of: OHandCOH

and tautoners, and pharnaceutically acceptable salts thereof. 9 A
conmpound of the formula

N

W

H '}'{

s Ay

I/ o H

0
HO TFA

HO ;

N
W
H ‘\,'\
N
N7 TKLN
. J o H
O-"—;/S
0

SV
; "f{
NT(LN
L H
O::S
1t
o
N
i
Ho NN
N
N7 \’(kN
l/ O H
C HCI

>

?
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and tautomers, and pharnaceutically acceptable salts thereof. 10. The
compound of claim9 selected fromthe group consisting of:

4- Cyano- 1H i m dazol e- 2- carboxylic acid

[ 2-cycl ohex-1-enyl-6-(2, 2,6, 6-tetranet hyl -tetrahydropyran-4-yl)-pylid
i n-3-yl]-amde; 4-Cyano-1H i m dazol e-2-carboxylic acid

[ 2- (4, 4-di et hyl -cycl ohex- 1-enyl)-6-(2, 2,6, 6-

tetramethyl -tetrahydro-pyran-4-yl)-pyridin-3-yl kam de hydrochl oride
salt; 4- QIan0| m dazol -2-carboxylic acid

(2-(4, 4-di net cycl ohe 1 enyl)-6-(2, 2,6, 6-
tetramet hyl -t h dqu ran-4-yl)- ppldln 3-yl kam de net hanesul fonic
acid salt; and j/4-Gjan i m dazol e-2-carboxylic acid
[ 2- (4, 4- dlnet yT»cyaig\ x-1-enyl)-6-(2, 2, 6, 6-

' yran-4-yl) - pyI|d|n 3-yl kam de
(1S) - (+) 10 canphorguldonic acid salt. 11. The conmpound of claim9
whi ch i 9«4 ano- %h%] 94 dazol e- 2-carboxylic acid [ 244, 4- dinethyl -cycl
ohex-1 -enyl)-6-( 6, 6-tetranethyl-tetrahydro-p yran-

4-yl)-pyridin-3 -yll- am de hydrochl ori de salt. 12. A pharnmaceuti cal
conposition, c..-r|5|ng aNconpound of Claim1l and a pharnmaceutically

accept abl e ca r. mepharnaceutlcal conmposi tion, conprising a

conmpound of 0‘!! Eia_ a pharmaceutically acceptable carrier. 14. A
phar maceut i cal osijtiyn, conprising a conpound of Claim8 and a
phar maceuti cal Eﬁéfuble carrier. 15: A pharmaceutical conposition,
conpri si\ng_a _gopgpou off daim9 and a pharmaceutical Iy acceptable
carrier.] 167 A pharmaceutical conposition nmade by m xi ng a conpound
of Caif9-wth a pharmaceutically acceptable carrier.

—S03H
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and tautomers, and pharmaceutically acceptable salts thereof.

9, A compound of the formula

CN
H ‘}"g
N
N \l-(l\N
| J o H

)
and tautomers, and pharmaceutically acceptable salts thereof.

10. The compound of claim 9 selected from the group é-onsisting of:
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4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1 -enyl-6-(2,2,6,6-tetramethyl-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-amide;

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide hydrochloride salt;

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide methanesulfonic acid salt; and

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide (15)-(+)-1 0-camphorsulfonic acid salt.

11. " The compound of claim 9 which is 4-Cyano- | H-imidazole-2-carboxylic acid

[2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-tetramethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-

amide hydrochloride salt.

12. A pharmaceutical composition, comprising a compound of Claim 1 and a

pharnmaceutically 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.

i . o )
16. ‘A pharmaceutical composition made by mixing a compound of Claim 9 with a

pharmaceutically acceptable cariier,
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