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WD 2009/ 052237PCT/ US2008/ 080081
I NHI Bl TORS OF G- FMS Kl NASE CROSS REFERENCE TO RELATED

WGE\RBRA2TT ON Thi s application clains prPOr/iUs3008/080081

fromUnited States Provisional Applications Serial 5
Nos. 60/980623, filed on Cctober 17 2007, the contents
of which are hereby incorporated by reference in their

R

tyrosi ne kinase inhibitors. Mre particularly, the

RSO BPREST PO sl MRS A PBTER IR s are - o

enzyitbs applatation claemaprideety foomportehStitafPreviginadl Applications Serial

Non B hfeditn DElbERr T 28 SkRorhirtshich i BRBLE fnyiporated

b{ Ak EnéOintthar EugeQxy group of tyr05| ne, serine and
t hreoni ne resi dues of proteins. As a consequence,

protein kinase inhibitors and substrates are val uabl e
Bkﬁ%éﬂ@Nﬁsﬁﬁsﬁ&?qm%ﬁ' ol ogi cal consequences of

protein kKinase acti vation he over expression or

i nappropriate expression of normal or mutant protein

ki nases. in mammual s has been 20denpnstirated to play

si gnithe BRRtiQIgIckades; tp NPyl campanls e tfuratiopan 9@@@ é‘a@@ge kinase

[

1ﬂé12%{oge. 5&5? g(grgl%flilaﬁ q%l%tﬂ/gﬁtg(ggreeéatest gggé'lmkﬁtpﬁullﬁisr{ﬁlgt%ﬁnctlon as
iitefoey efid-frad kigagghosphor yl ate tyrosi ne resi dues

(protein tyrosine kinases) and those which

preferentially phosphoryl ate serine and/or threonine

[ oSt Bhfidin (L0 5l Bl D08 RS kifRnem of BLAISiRsduction

25 tyrosine kinases performdiverse functions rangi ng
peﬁthwaysslty entdlpting thedfansiel bf dne denrinad pHospibfifcdraem taqifalosmn 5t-o

arre [l ,proliferatio They can be
oG (e RN S b S b SRR A B gBAd feffucs of
proRdiAACRY b BbREqRMES, PrételniRik NehilkitdraaRbsubitifed £6&RIAPIC tools for
protein tyrosine Ki nases, which possess an
asseysingctbe pf\;ysmloglp@l&qgsqumeﬁ gf profran kinaspopcaiiation. The overexpression
talyti [ [

iﬂ%é@éﬁﬂé%% %Srte&% aér%l S]tog:@lt?ntggr&em er1§2§8§] ﬁl Satila %Sl{a Been
d30snphadith bR .significant M@&n&l&r ddvyropﬁieﬁeoﬂ«m@rsﬁgea@és tnbRiding
epi der nal %rom h factor ("EG") famly, which includes
cagert and qigheies) ney and HER- 3 receptors, contain an
ext r 7

AR 0 R GRG TR R 20
phg&phmiy&&eﬁymmﬁmklﬂuesdpm ityrosiRe kmptesy artal thdsenghikcl acderentially

he initiati mul tiple intracell ul r

PRERAE 4 sso R ahEop Mseiis s hdRe st St Breop e dipal&). protein
tﬁbsﬁﬁé‘l@ih@dey pé&'&% UiSclsh ﬁﬁféﬁ@ﬂs%ﬁgﬁl% T £thﬁﬁlhﬁ’6h oﬁreﬁag%wth and

col orectal and pr ostate cancers ave been |inked
dtf&r@tlfaam tqarmfst oferclpralifsration.| hbey ¢am h@@ptﬁ@d as %lltlw)feceptor

rowt.h.factor rec

p%teén &EYP%}E? E‘Pﬁ?ﬁs Ve C?lﬁﬂ%rtﬁr?ﬁ‘?g‘l W§PS}“§%§‘%&883 bTHe rg%eé’lt‘%‘)?mtem
tydbsihd Kighseh] whielRheabssehferbheelluldfipddi BiMeihg QY ARSEIdAR intracellular

has been assocjated with breast cancer.
catalytic domain with intrinsic tyrosine kinase activity, are distributed among 20

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
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Pl atel et derived growth factor ("PDG") receptors

nmedi ate cel |l ul ar responses that include proliferation,
wore@pasi2zon and survival and include PDGFR, thePGT/E82008/080081

cell factor 10receptor (c-kit) and c-fns. These

receptors have been linked to di seases such as

at herosclerosis, fibrosis and proliferative

V|treoret|no ath Fi br obl st rowm h.factor

dgmders rmsgsBadoHe pad s tpeel T e laplismis GileHe deraain
REEDRABIhdIhE1ch @ tolthE il ARH G nAIkiSIE iltRO0h & ?ﬁt%ln% kifdQ€ dependent

linm outgrowh, and for the growh and differentiation
padsphenybation pragebdestwipels ultinBidy ceshi s lneqmtogeheltraalscrgmom Breast,

QRRERT st oot enfir P R Heo Rl ERER Bk A0 B o .

I ncl udiung rQ¥ot MR CpdndiiiRiBike h@whnavdr I e Gg_ﬁblor‘selﬁqr{”) are
VEG- are designated as VEGFR-1 (Flt 1 R- 2 %&P%{
stymgprrRlgagd-functagnalix related batiegrioliyingt blplagec@l effects. over-
gﬂgo[q%ﬁ}agb‘é&l‘?sg@ﬁatem‘{tﬁ bl?g%pcanggtm ified in vascul ar

um an enat IC cells. VEGF receptors

havePhegst defiveédiedti factoat:{tRD@E’e)rresdpsoramédﬁmmlgem @Sip6nscs that
Intracellular protein tyrosine ki nases are al so

ingludg poleREpR.dpigHvNSNA SEyHES pRbinguAe E PO F R g St%ncsll éaptor
&b@@?@%@%&g;ﬂ%ﬁ%h&% ?ﬁde{a’ro?@h%%eﬁaﬁﬁké?ﬁg Riseh@s shdhl £

I es e serine/threonine protein
athcrvadewsis) filrosis hed preulhlferhtasre ptredrefimopiathyosi ne ki nases,

are predom nant . [lular. 25Di.a
i BRI SR S e BOR Lol OIS o i rcpiogs wbich are
resﬁmsp&@ RIrQRd Frod iR HRIH @ggelsr Fdri b sagww@y amadYbaAthe growth and
di sease and cancer are exenpl ary of pat Rogenic

digteretitintiomsf nuraerotraeedl tipesn | i nked wi th abnormal protein

tyro ne ki nas »heed eX|s s fo
so1 eSerut R BeRE ot g o eet DA itodgh BEnggmetia
cé‘llsnﬁ odudbd i &16vased dbh&SuntP@f Bahy Nesors,GndBding 90arian carcmornas
625; 6,235, 746; 6,100, 254 and PCT | nternati onal

Teekmmfpm re@amtp@rfgr VMWW%%MWSOOEQE%QUF%H WBGFR-2 (KDR),
Fgﬁ§gplg §1r ﬁ | d f%aﬁlllp;/ %fr rgéepl@—\%%t-l AMd 4B tk‘cf;nag@s, have been

e suc
1&6@%@52@3&%%5&2@&% @B a&hatSpbRERCISF VIHEE +deviEbIEIHake been
The |nv%%4|on addresses the current need for selective
B 1B YREMHOZS RSB A0PIO8SISHS- ki nase i nhibitors by

e B RREI0L5 ey ol gy g v
tyFoyimukiaades. OwtiZMHbuich 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.

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
Applications WO 01/47897, WO 00/27820 and WO 02/068406 are indicative of recent

attempts to synthesize such inhibitors.



XJ R N-N; 10 wherein each R4 is independently H,

F, d, Br, I, OH OCH3, OCH2CH3, SC(14)al kyl,
weaods23al kyl, SO2C(1_4)al kyl, -C(13)al kyl, QOZ2RUS2008/080081

CONReRf, C=CRg, or CN, wherein Rd is H, or

-C(13)alkyl; Reis H or -C(13)al kyl; 15Rf is H, or

-C(13)al kyl; and Rg is H, -CH2OH, or -CH2CH2OH, R2 is

cycl oal kyl, spiro-substituted cycl oal kenyl

t hi ophenyl, di hydrosul f onopyranyl, phenyl, furanyl,
sUsivelyd P HIEYWWVENTIGNYdr opyranyl , any of which may

be i ndependently substituted with one or two of each

of t Wbe frokhiow avglressdsl the oyrrdnit negdofor et @rg potent protein tyrosine

k%&%hﬁfbﬁtysi@yapqgéfnléﬂo?eln%l&ibi%ri%gf cgfmg%lél%& ﬁ{w%ﬁpﬁ is directed
5 tothé hédyalckinpounds@ Godmdihal kyl, - CONH2,
-CONHC(1_4)al kyl, -CON(C(1_ 4)8| kvvl) 2, or

-00C( 1 4Yal ky. v
z ~ NH
X~ N7 R?

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:

R4

R R*
HN’S\ HN ~ HN
; \ \ 4 HN \
Wis ﬁ%/k\N R? ’ %/Q\R ’ }% &/N | }e‘;/k\N |

N—N
}%@\R4 o }L,/(N%R‘t
H

wherein each R* is independently H, F, CI, Br, I, OH, OCH3, OCH,CH3, SC(;.4yalkyl,
SOC 1aalkyl, SO.C1aalkyl, -C(13,alkyl, COR?, CONRR', C=CRE, or CN;

10

wherein R®is H, or -C(;.3alkyl;
R®is H, or -C(1_3jalkyl;
15 Rlis H, or -C(1.3)alkyl; and
R®is H, -CH,0H, 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-3yalkyl, and Ciayalkyl;

ZisH, F, Cl, or CHs;

Jis CH, or N;
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10 BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is an
X-ray powder diffraction pattern of the conpound of
wez@apbr3B1l expressed in terns of '20. Fl GURE PCT/ESEN8/080081
X-ray powder diffraction pattern of the conpound of
Exanpl e 32 15expressed in terns of '20. FIGURE 3 is
an X-ray powder diffraction pattern of the conpound of
X{Exarrpl e 33 expressed in terns of '20. FIGURE 4 shows
'he effect of Conpound A on ankle and paw swelling in
\{ he streptococcal cell wall (SCW nodel of arthriths
ith r?éﬁ 5 DETAI LED DES bPTI ON Ck , THE | NVENTI ON
o addr esses the
i ne k

Mgy

: OH

% o MO n SOHE oMy @

wherein RW 18 H, -C(1_4)alkyl, -COZC(1_4)alkyl, -CONHZ, -CONHC(1_4)alkyl, -CON(C(l_
4)a1kyl)2, or -COC(1_4)alky.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is an X-ray powder diffraction pattern of the compound of Example 31

expressed in terms of °26.

FIGURE 2 is an X-ray powder diffraction pattern of the compound of Example 32

expressed in terms of °26.



15 wherein each R4 is independently H F, d, Br, I,
OH, OCH3, OCH2CH3, SC(14)al kyl, SOC(1_4)al kyl,

wEaRg01224) al kyl , -C(13)al kyl, CO2Rd, CONReRf, BE=TZR§2008080081
CN, wherein Rd is H or -C(13)alkyl; Re is H, or
-C(13)al kyl; 20Rf is H or -C(13)alkyl; and Rg is H,
-CH2OH, or -CH2CH2OH, R2 is cycl oaI kyl ,

Fm%ﬁglg g}sl ]t:?g/b&gvéﬂ%g ﬁlj’fg%lléeﬁn atterin étﬁ%hengound of Example 33

e;&ggsg@m%%fwl or di hydropyranyl, any of which may
be WO 2009/ 052237PCT/ US2008/ 080081 i ndependent |y

FYoYBEi4 dnowd tlw ¢ffecooeCompouns Aboneaklh aod pawewedingomthey:

R g I, L
5 OH OH OH 5

DETAILED DESCRIPTION OF THE INVENTION

The invention addresses the current need for selective and potent protein tyrosine kinase
inhibitors by providing potent inhibitors of c-fms kinase. The invention is directed to the

10 novel compounds of Formula I:

OYW
z ~ NH
NN

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:
R4
HN‘S\ HN HN'< HN
| PR
R
- /Q\N A : ‘%’K/N , E%/Q\N
Dew A%
4 4
% 0) R™ o E‘ka R

15 H
wherein each R* is independently H, F, Cl, Br, I, OH, OCH3, OCH,CH3, SC1_4)alkyl,

SOC.ayalkyl, SO,C(1.aalkyl, -C1.3,alkyl, CO,R?, CONRR', C-CRE, or CN;

R4

wherein R®is H, or -C(;.3alkyl;
R®is H, or -C(y_sjalkyl;
20 R'is H, or -C(;_3jalkyl; and
R®is H, -CH,0H, or -CH,CH,0H;
R’is cycloalkyl, spiro-substituted cycloalkenyl, thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl, any of which may be



O=--is 0/0SX Sx Ox 5555 f O /v 5, O wherein W is H,

-C(14) al kyl, -C2C(1_4)al kyl, -CONH2,
WO aoblieis237 4) al kyl , - CON(Co_ 4>al kyl) 2, or PCT/US2008/080081

-00C(1_4)al kyl. Another enbodi nent of the invention is

a conmpound of Formula I, wherein: and sol vat es,
hydrates, tautoners and pharnmaceutically acceptable

salts thereof Another enbodinment aof the.jn tion s a
Corm BREFTSRI R To Wiflhecatirivow agipeb he NallopsiehRg: fluoro.
and ged¥RY. ]S, ANAr MES bRyt omers and pharmaceutical |y
accep abl%e%z}ﬂ)tsﬂt her eof’ Ar%ot her enbodi ment of the
Ziiptleht Chor Cél;a conpound of Fornula I, wherein: WO

Jzogﬁ/ OrﬁZB?PCT/ US2008/ 080081 Xi s and sol vat es,

Hydrat'es, tautomers and pharnaceutical |y acceptabl e

5 Xxsiglts thereof

S OHY

Tt SO Ao A &)

wherein Rw i H, -C(1_4)alkyl, -COZC(1_4)alkyl, -CONHZ, -CONHC(1_4)alkyl, -CON(C(l_

LT

10
4)alkyl)2, or -COC(1_4)alkyl.

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



10 Anot her enbodi nent of the invention is a conpound
of Formula I, wherein: HN Wis !'zzrNZis H Jis CH
w@rooBl0522and sol vates, hydrates, tautonmers and PCT/US2008/080081

pharmaceutically acceptable salts thereof 10 Anot her
enbodi nent of the invention is a conmpound of Fornul a

la: WD 2009/ 052237PCT/ US2008/ 080081 ia wherein

mherein VW is H -C(l1l4)al kyl, -C2C(1 _4)alkyl, - GONH2,

4) al ky,, - CON(Co 4>al ky1) 20 or

vaQCX ‘E;E}kxg and*ﬁﬁgyaLes hydfjg ?¥. autoneqs>aq{
phar mak; I capl y, ac éﬁhﬁble salts ] eof r "o
enbodlnent of the |nvent|on is a conp und of For mulq
P wheb and sol vat es, hydrates, utoners and
phar maceut\ caIIy ac t bIr saltsHN Amotgﬁr§>
enbodi- =Nhe | |on S an e co

sel ect ed fron1the gf up conS|st|n ’

TZ;;;::> J::)_W\ , ;;Q;>L\55N | 5{E;}X\ESN
HN
ifg:§\53N

Zis H;
Jis CH, or N;

;ﬁ,;@kﬂl@xﬁ,zﬁ

A , or ﬁJi::>

\o
OH
& o
)
OH, \
\o
g artnn
.|\\OH -, ZLL)
OH

HO

~0O



, , WO 2009/ 052237PCT/ US2008/ 080081 and

sol vates hydrates, tautoners, and pharnaceutically
wa@ewepsa2Bl e salts thereof Further enbodyi ng theCT/US2008/080081

invention is a conmpound of the formula HN, and

sol vates hydrates, tautoners, and pharnmaceutically

acceptable salts thereof Preferably, the conpound is

selected fromthe group consisting of:
4- i m dazol e-,2-1@c b 3 d o e
Wz eYshghex- 1-e 262, 2,66-tetranmet hyl t ¢t rahydry
PHpyY d y1] - am o ; O
L4 Cyano- 1H-jd ol e-2-carlbdxyl i c aci 7@0

[ 2- (4,'4-di met hyl - cycl ohex- 1-@&hy1) -.6- (2, 256, 6-, ,

g R P S S
ORANE SIS SRS
HO , HO ,Oéls , © , @ , @ ,

SEQH%{;

2 dox don !
, , " or

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

5
Another embodiment of the invention is a compound of Formula I, wherein:
H
NH N
. HN" 2 HNT 7\ J: /
W is - | S.
yaS Al n S s S » 4
Cl Cl
T’\g\ P HNJ\¥CI HNJ\>
NS = =~
}1(7 N =N ’ }%JQN , 2 JQN ’ }}?J\N
H
HN@ LN / HNT HN
S —
E‘s/k\N X | N/>_(’3’\O , 71‘a/k\’N}\\N or \\ =N\
Zis H;
Jis CH, or N;
R?is C
10 ?L;/@L ’ EL(]/@ ) P , or }'z’
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tetramet hyl -t etrahydro-pyran-4-yl)-pyridin-3-yl]-am de
hydr ochl ori de sal t; 4- Cyano- 1H m dazol e- 2- car boxyl i c
W@e00d/052237 PCT/US2008/080081
[ 2- (4, 4-di et hyl -cycl ohex-1-enyl)-6-(2,2,6,6-tetranmeth
yl tetrahydro-pyran-4-yl)-pyridin-3-yl]-am de
met hanesul fonic acid salt; and
4- Cyano- 1Hi m dazol e- 2- carboxyllc acid
X15_( 4, 4- di met hyl - cycl ohex- 1- eny1) - 6- (2, 2, 6, 6-
\15tetranethyl-tetrahydro pyran-4-y1l) - pyrldln 3- yl]\am

salt. ¥ B , %
product made by any of the processes of Exanples 1- 30.
ot her enbodi nent of the invention is a
har maceuti cal conposition, conpg sigpg @ conpound of
4 | and -gpharmageuti cal | ceptable carrier.

Formul a He andog
Anot heR, enbod
phar maceuti cal conposi‘ti on, comprising a 15conmpound °

listed in_the anples SECN o % h@;s S ecgilcatlon
: i .‘“ ac '

v ntion thodaof treat
om t he gr p consi st of
it''s dlsea r heunmat oj art hr

and ot her forns of 20 rnflannatory arthritis,’ ’
osteoarthritis, prosthe3|s fallure osteolytlc
Ewa stobo
i te%i g t K:ézjh/
peut y eff nt 0
I%@st one, cdifpound of Fdrivul a | . oth enbod
t he |nvent|on is a nethod of treating a di sease
sel ected fromthe 259roup congi st OHg,-of
powel di sease,
congestive

di opat hi ¢ pul monary
IV|nfect|on

ori asi betes reIated an
B SR e e BT ARP ARG thereor
retinopathy, restenosis, schizophrenia and Al zheiner's
A‘HS{H%P &ﬂlﬁocﬁﬁl@ﬁdﬁh@&véﬁmnﬁk %tcSﬁlb&anf (S’f ﬁ)rHﬁ[H‘fﬁbvhbﬂ%u{‘ eed

such treatnent a erapeupN Iy effect
Vamount | east one. un roul a . /L§§L\Fﬁ
2009/652;;$PG$NU820 0081 Ag6ghe embodi ne
invention is a method of treating pain, including
ZgkHi et al pain caused by tunor netastasis or

éﬁoarthrltls or visceral, inflammtory, or
b gﬂﬁc pain in a mammal conprising adm nistering

o t he nannal in need of such treatment a
h%rap utical ly ef t|ve a f at |ea
conpounm ornul

Hr 0Si S, thna” ..'creatptls
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Anot her enbodi nent of the invention is a nethod of
treating a disease selected fromthe group consisting

woRooowsa2san cancer, uterine cancer, breast canP&F/[S2008/080081

prostate cancer, |lung cancer, colon cancer, stonmach
cancer, or hairy cell |eukem a conprising
admnistering to the mammal in need of such treatnent
a therapeutically effective anount of at |east one 10
conmpound of Formula I. Another enbodi nent of the
xijgvention is a nmethod of treating or preventing
nmetastasis from ovarian cancer, uterine cancer,
Wy east cancer, prostate cancer, |ung cancer, colon>g
stonach cancer, OH halry ©ﬁ|| Ieukgmla
lezng adn1n|ster|n

di seas¥ sel ectg ompihe gr ng
| upus eryt hemat oSus,” rheumatoid 'arthrit 20and
Jorms of inflammatory arthritis, psoriasis, S ogren's
$Yndrome, nultiple sclerosis, or uveitis conprising
adm nistering to the nmanmal in negdOdfe such treatnent
\%peutlcaTTy effe ntY of at |eas{ one -
nd of Fonmuha I. ANOLbe t of t ‘ &
vefition is t hod éat i dhpeaseO éaH
onsi Std opor 05t et's
di sease, rheu oidcétthr tis and other fo n@ of
inflammatory arthritis, osteoarthritis, prosthesis
[ t eol t|c sareo,
S e¥pri si
“HN et ch trea
I F~ at | east(” dne conpourdd\| i st
ction of thisompecificatosen. 30
2009/052237PCT/U82008/080081 Amother embodi nent of the

t hod di sease sel ected
onNSi sti il onephr X s,
0 di t hesi ure,

qq5coydosis, ongest i v, e p ary oy sease,

i di opat hi e pul nonary fi asthmae, pancreatitrls, ’

H V i nfection, psoriasis, dlabete§ tunor rel ated

angi.ogenesi s ge- 5I%J |CY ﬁzﬂegeneratlon

i Qlet ke I a"bat t enog schi zophreni a and

ei mer, enen fonpri si Rg \admi ni stering to a

veyal i d., of wtreatment\a therapeutically

effective anount *of at | ea8 one conpound listed in

at @ [RXSTRY @8teS, Q@ﬁtbﬁ@rschfndtphhﬁna%gﬁﬁdaﬂ%f a8dcpfible shts Aepidrer

enbodi nent of the invention is a method of treating
pai n, including skeletal pain caused by tunor

Amethes trabodiment dshewarcntiom it kR spmppund afdéraiua I, wherein:
infla ry, or neurogenic pain in a mamal
V@gﬁprﬁggﬁg\&ém nistering to the manmmal in need of such
treatnen a therapeutically effective amount of at

zliepst one conpound listed in the Exanples section of
this speci fication. 15 Another enbodi nent of the
Jistidneridn is a nethod of treating a di sease sel ected
fromthe group consisting of ovarian cancer, uterine
cancer, breast cancer, prostate cancer, |ung cancer,
col on cancer, stomach cancer, or hairy cell |eukem a
conprising admnistering to the manmal in need of such
treatment a therapeutically effective anbunt of at
| east one 20conpound listed in the Exanpl es section of
this specification.

10
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Anot her enbodi nent of the invention is a nethod of
treating or preventing netastasis from ovarian

W@ 2me®5223 Ut eri ne cancer, breast cancer, prostaP@r/Us2008/080081
cancer, lung cancer, colon cancer, stonmach cancer, or
hairy cell |eukem a conprising adm nistering to the
mamal in 25 need of such treatnent a therapeutically
ef fective amount of at |east one conmpound listed in

the s section/of this specification. Another
REriH0di Eg:tfof t ention is a method of treating an

aut oi di%e el ected fromthe group consisting
of system c | upus erythenatosus, rheunatoid arthritis
X39and other forns of inflammtory arthritis,

\psoriasis, Sjogren's syndrome, nultiple scler03|s \pr

conprising adm njstering t he
7‘atreat ment a WO % égPCT/ U88/ 080084

(o]
QD
=
(7)]
(D
U)
(9]
)]
@
(9]
(@)
(9]
o
—h
-
(@]
- 3
3
(0]
-0

;eopor-cms PageiH s dls-

rheumatoid arthritis and other forns of |nflannatory
thritis, osteoarthritis, prosthesis failure,
steolytlc sarcons, nyelona andf ugRf. Metastasis to

b Qnpri si ng~admi ni mmal g need of
reatment |a t hera ve anD

a ast one ceufbund | npl es

of this gpeci At i

activity in a manmmal by adninistratlon of a ’
t herapeutically effectlaﬁ nt : . one

s of Fornulad., as well agjtheir
I n addition, ’>sone J? t he conpounds ° ’
t ed Formulae | and |a may be prodrugs

i . ivati f a fng ,t hat pos

: dgb capabi | i | es land th@d{ .(!El
oftypared tag e acti drug. odr re

t?%nsfornedfﬂhto ct,i ve/drugs by’ | enzyma ,

chen1ca| processes. 20 |.Definitlions The term

"al kyl" refers to both |inear afdObdfanched chain
raUDcags of Umiyo 12 Carpon ay\Ksy preferably up to 6
yon “at unl e et her wi s® ujcated and
udes, i S ,m 'nethyl et hyl ,
.pyl,,i ropyL, -uty ,,Dsobut , Sec-butyl,

RSN SN O

undecyl and dodecyl

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

11



The term "cycloal kyl" refers to a saturated or

partially unsaturated ring conposed of from3 to 8
w@arbos2at ons. Up to four al kyl substituents nBgT/US2008/080081

optionally be present on the ring. Exanples include

cycl opropyl, 1,1-dinethyl cyclobutyl, 1,2, 3-

30trinet hyl cycl opentyl, cycl ohexyl, cycl opentenyl,

cycl ohexenyl, and 4, 4-di met hyl cycl ohexenyl. WO

2009/ 052237PCT/ US2008/ 080081 The term

"al kyl ami no" refers to an ghino with one alkyl
substituent, wherein the na dMbuy is the point of
attachment to the rest of N | e. The term
"heteroaryl” refers to 5§ tq 7-lpenbered nono- or 8- to

10- menbered bicyclic ak c r@ng systenms, any ring
of which may consist of from one to four 5 heteroatons
elected fromN, O or S where the nitrogen and sul fur

WAt'GHE can exist in any allowed oxidation state.

Exanples |nclude ben |n1dazolyl benzot hi azol ylI ,
benzot be ol yl , furyl, i m dazol yl,
I§§%thk aIyI oxazonI, pyrazi nyl,

pyrazol yl , pyrl I, pyrlnldlnyl pyrrolyl, quinolinyl,
J§¢¢ﬁz&hyhm@nd thienyl. The term "heteroatont refers to

a nitrogen atom an oxygen atomor a sulfur atom 10
Xwherein the nitrogen and sul fur atons can exist in any
al l owed oxi dation states. The term "al koxy"

KEfers to straight or branched chain radicals of upGo

12 cllban atons, unless Ptherw sePrindi cat €d! bonded(t o %

_0

wherei n at OH
unsaturated, for 1 exanple: Therapedtlc Uses’

NFhe conpounds of Formul a | represent novel potent

ynhibitors of protein tyrosine 20 kingses, such as
tion and

thods of

ef fective i nhi'b tory anount of .at

& HO
"OH HO ,’OH HO ‘\ \AQ \Agj
HO
s ZA?%
% Ho HO
%0 ., HO e

OH

Rogiogoe

N

Hipgy
I

12



10

| east one of the conpounds of Fornmula |I. A preferred

tyrosine kinase is c-fnms. The 25 conpounds of the
w@e@sms23T nventi on are also inhibitors of FLT3PCT/USEN$E80081

ki nase activity. In one enbodi nent of inhibiting a

protein tyrosine kinase, at |east one of the conpounds

of Formula | is conbined with a known tyrosine kinase

whirRY . Grebbd S D O SEON S B8 -GN (Ca-

®m§§bggpugg@g§ﬁ 1Fornu|a | are located in cells, in a
or invifro. In the case of 30 mammals, which

ammsﬂwd@shh@a@mimnamtmemdm@wmmmaMMyﬂeﬁt@mumkawaﬂﬁwﬁmfof
a WD 2009/ 052237PCT/ US2008/ 080081 phar maceutical ly
acceptable formof at |east one of the conpounds of

AhethebitrdbddimeSn@sithdinstRi®@ds a compound¢f Fomh@nt la@fhckdih t her
provi des net hods of treating cancer in mamal s,

i ncl udi Ag hunans adm ni stration of a

RZher *al 'y t| ve anount of a pharmaceutically
5acc e ca uo I on of |east one conpound of
Formula I. Exenplary cancers include, but are not

TISGht@dNt 0, acute nyeloid | eukemia, acute |ynphocytic
eukenia, ovarian cancer, uterine cancer, prostate
cancer, lung cancer, breast cancer, colon cancer,

‘§$onach cancer,and hairy cell |eukenm a. The inventlgn

SO f QVi des met hods of Hiyr eati ngp@gertai n gyecancer pus

In one e lOdIﬂEﬂt

i ncl udi ng nyel of
vention, gn 139 effe

The i Oentlon er rOV|oes nmet hods of treating and
of preventing netastasi's ari ST from hcers T4t
\[nclude but are not Iimted to, ovarian cancer,

@ eri ne cancer, prostate cancer, |ung cancer, breast

col on cancer, st omach canpetmmand halry cel

( ancer

m a. The 'nvent|on
ds for th
dIS

MERE ™0
"’d)l[?

eta pai n cauygged by tuno Hneta??ﬁ? or

b@}tlcular sk
osteoarthritis, as well as viscerdl, inflamatory, and
ne i c pal vention al so provi des nethods
f at'Fng ca 25 <
Hg)u 0i {1 neHd1 uzﬁ;a ;
adnf ni{st r at i onr—of ive t
of "a pharnaégb ' rm of~at | east~one -
of the conpounds of Fornula |I. Exanples of diseases
mnth an |nf1annatory conponent £ y
RBHY%is, 3 PHammatOsy di sease,
YT ur e gt coi dos Qngestive
W), Mon dj, sease, i\di opat hi ¢ pul nonary
ast hma,» 30pancre®titis, H MV infection,

aﬁ’c?&ﬁ%@ %(ggfﬁggglftgl?lelgege Baﬁrﬂc@ﬁt‘?& C}? Qg&e?%[bes%!é thereof.

age-re eration,

retinopathy, rest enosi s, schlzophrenla or Al zheiner's
WO 2009/052237PCT/U82008/080081 denmentia. These nmay be
effectively treated with conpounds of this invention.
O her diseases that may bei1gffectively treated
include, but are not |imted to atherosclerosis and
cardi ac hypertrophy.



Aut oi mune di seases such as system c | upus
eryt hemat osus, rheunmatoid arthritis, and 5ot her forns
wo@toowsd2ammat ory arthritis, psoriasis, SjogrenPGI/US2008/080081
syndrone, nultiple sclerosis, or uveitis, can also be
treated with conpounds of this invention. The
term"therapeutically effective anobunt" as used
herei n, means that anount of active conpound or
pharmaceutical agent that elicits the biological or
ARBEH£EMBOIiFRRRANBEiny Bntfonl ik 88YEx DY E BpANdRIccRE FHIMR group
that is being sought by a researcher, veterinarian,
cadmeidg o&l doctor or other clinician, which includes
al I evi atiy on, prevention, treatnent, or the delay of
or progression of the synptons of the
di sorder being treated. Wen enpl oyed as
osi Ngy-k nase inhibitors, the conpounds of
tge i nventio aeyn nistered in an effective
Yy’ n eNdosage range of about 0.5 ng to
) preferably between about 0.5 ng to about 5
single or divided daily 15doses. The dosage
stered will be affected by factors such as the
» of adm nistration, the health, weight and age of
the re€] pient, the frequency of the treatnent and the
presenc% of concurrent and unrelated treatnents.

It is alsp apparent to one skilled in the art that the
therapeutj>ally effective dose for conpounds of the

pr esent 'nti on or a pharmaceutical conposition

t hereof W varyy-20according to the desired effect.

Theref ore, | opf, mal_ s to be adm nistered may be
fetar niyre Noy one skilled in the art and wl |l
LA _the particul ar conpound used, the node of
Lration, the strength of the preparation, and
t he ncenent of the disease condition. In addition,
xssdci ated with the particul ar subject being
treated, including subject age, weight, diet and tine
of admigystration, will result in the 25need to adjust
0 an appropriate therapeutic |evel. The
ages thus exenplary of the average case.
of —ﬁﬁsgtgPe i ndi vi dual instances where
W Sglosage ranges are nerited, and such
t scope of this invention. The
of Formula I may be fornulated into
3 ceutical conpositions conprising any known
phaf maceutically acceptable carriers. Exenplary

14



antifungal agents and isotonic agents. Exenplary
exci pients that nay al so be conponents of the

wo oroaab287 on i nclude fillers, binders, disintepCHUSIIG8/080081
agents and | ubricants. The
pharmaceutical |l y-acceptabl e salts of the conpounds of
Formula | include the conventional non-toxic salts or
the quaternary ammoni um salts which are fornmed from5

or organic acids or bases. Exanples of such

ion salts include acetate, adipate,

benzoa ben sulfonate, citrate, canphorate,
decyl qul fiat cchl oride, hydrobrom de, |actate,
| eat &, Xxr neNquonate nitrate, oxal ate, pivalate,
igF 2, ccinate, sulfate and tartrate. Base

i ncl ude anmmonium salts, alkali netal salts such
di um and potassium salts, al kaline earth netal
s such as cal cium and magnesi um 10 salts, salts
wi t h—otgani ¢ bases such as dicycl ohexyl anino salts and
salts with am no aci ds such as arginine. Also, the
i$4 ogen- cont ai ni ng groups nmay be quaterni zed
exanpl e, al kyl halides. The pharnmaceutica
iohs of the invention nmay be adm ni stered by
\any meang tHa L /Synpg sh their intended purpose.

= eSgdmnistration by 15parenteral,

ntravenous i ntramuscul ar,

neal , transdernal, buccal or ocul ar routes.
atively or concurrently, adm nistration nay be
fhe oral route. Suitable fornulations for
par entgral adm ni stration include aqueous sol utions of
t he act\ive conpounds in;water-soluble form for
exanpl e, water-soluble salts, acidic solutions,
ol uti ons, dextrose-water solutions, isotonic

resent invention al so enconpasses a
a pharmaceut i cal conposition
Na pharnmaceutical ly acceptable
y of the conpounds of the present
. Additionally, the present invention
des pharnmaceutical conpositions nmade by m xing a
aceutically acceptable carrier with 25any of the
conpodpds of the present invention. As used herein,
the ter'm "conposition" iis intended to enconpass a
produgt conprising the specified ingredients in the
i fii ed anobunts, as well as any product which
1y or indirectly, from conbinations of

| ngredients in the specified anbunts. 30

1d Sol vates WO
237PCT/ US2008/ 080081 Furthernore, the

conpouno§bof the present invention may have one or
A ]

. loHaddi tion, the conpounds may form
solvates for exanple with water (i.e., hydrates) or
common organic solvents. As used herein, the term
"solvate" neans a 5 physical association of the
compounds of the present invention with one or nore
sol vent nol ecul es. This physical association involves
varyi ng degrees of ionic and coval ent bondi ng,

i ncl udi ng hydrogen bonding. In certain instances the
solvate will be capable of isolation, for exanple when
one or nore solvent nolecules are incorporated in the
crystal lattice of the crystalline solid. The term
"solvate" is intended to ensonpass both sol ution-
10phase and isol atabl e solvates. Non-limting exanpl es
of suitable solvates include



et hanol ates, nethanol ates, and the like. It is

i ntended that the present invention include within its
W@ ecwpos26t vat es of the conpounds of the presenPCT/US2008/080081

i nvention. Thus, in the nethods of treatnent of the

present invention, the 15term "adm ni stering" shal

enconpass the neans for treating, aneliorating or

preventi ng a syndrome, disorder or disease described
herein Mith the conpounds of the present invention or
a sol @ t hereof, which woul d obviously be incl uded
W t hi e scope of the invention al beit not

tes to a conpound as described in the

Dscl osed. 20 In anot her enbodi nent, the
M |, or Fornula la for use as a

For

. BN t her enbodi ment, the invention
to the use”of a conmpound as described in the
, Formula I, or Fornula la for the preparation

of 'a nedi canent for the treatnent 25of a disease
associ ated with an el evated | evel of c-FMS production.
r enmbodi ment, the invention relates to the
onpound accordi ng to the Exanples, Fornula

; a la for the preparation of a nedi canment
bor onee [t rgat pent of a di sease selected fromthe group
[ of \ost eoporosi s, Paget's disease,

d 30arthritis and other forns of inflammuatory
glpritis, prosthesis failure,

eolytic sarcoma, nyeloma, and tunor netastasis to
WO 2009/ 052237PCT/ US2008/ 080081 | n anot her

enbodi nent, the invehtion relates to the use of a
conmpound aggording to the Exanples, Forrmula I, or
Fornmul a | r the preparation of a nedicanent for the
t r eat nent an aut oi mmune di sease sel ected fromthe
group consrgti pg qﬁ system c | upus 5erythemat osus,

rheumatoi d_art is and other forns of inflammuatory
artritis,ria'_ Sjogren's syndrone, nultiple
scl e i oF uygitis. I n another enbodi nent, the

| Ave fokel at es % e use of a compound accor di ng
anples, Formula I, or Fornula la for the

prgparstion of a nedicanent for the treatnent 10 of a

di sease selected fromthe group consisting of

gl omerul ongphritis, inflanmatory bowel disease,

pr ost hesi ai | ure, sarcoi dosis, congestive
obstructi pul nronary di sease, idiopathic pul nonary
fibrosis, asthtm, gpancreatitis, HV infection,

psori asi s dbe{es, tunor related angi ogenesi s,

agexrel at arN degener ati on, diabetic

ACll T Ny regtiepssi s, schizophrenia and Al zheiner's
de aOH15 | n anot heM enbodi ment, the invention
Herat®s to the use of a conpound according to the

9,
Exanplles, Fornula |, or:Fornmula la for the preparation
of a nedicanent for the treatnent of pain, including
skel etal pain caused by tunor netastasis or
osteoarthritis, or visceral, inflammtory, or
neurogenic pain in a mammal . I n another enbodi nment,
the invention relates to the use of a conpound
according to the Exanples, Formula I, or Formula |la
for the preparation of a nmedicanent for the treatnent
of ovarian cancer, uterine cancer, breast cancer,
prostate cancer, |lung cancer, colon cancer, stonmach
cancer, or hairy cell |eukem a. METHODS OF PREPARATI ON
Schene 1

16



WD 2009/ 052237PCT/ US2008/ 080081 ZNO2 ZNH2 LJLJ 1-11-2
ZNO2 z iNH2 1) Hal ogenati on, XJ2) RRM X J 1-31-4 ZN
WO 202/0%237R2 1-5 / 0 Wpl ZNH | XR2 OyW ZNH XRPCT/US2008/080081
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11-6 Schenme 1 illustrates general nethodol ogy
for the preparation of conpounds of Fornmula I. To

WO kdouss23at e t he nmet hodol ogy of this schene, reRQBPOBR08/080081

and conditions for the conpounds where J is CH are
defined. Those skilled in the art will recogni ze that
where J 5is N, mnor nodifications of the reaction
conditions_and preferred reagents may or may not be
required. Cbnpoymds of Formula 1-3 can be
obt ai ned f nitro c@npounds of Fornula 1-1 where L
is a |l eaving~group reactive group such as a

hal ogen, trialﬁyl I di hydr oxybor on, di al koxybor on,
or pol yfl worryat aNkyl sul f onyl oxy by neans of netal -
dd couplg ngHreactions with appropriate
coup partners to introduce X. Suitable coupling

are: polyfluorinated al kyl sul fonate esters of

H Ren L is trialkyl tin, dihydroxyboron, or

i al koxyboron; and cycl oal kenyl boronate esters and
boronic agids when L is brono, iodo, or
pol yfl uoritated al kyl syl fonyl oxy. The preferred

coupl i ng od ist Suzuki - M yaura reaction (for

ref erencesFsee: N.\ylyaura and A. Suzuki, 15Chem

Rev., 95:2457 (1995)2 A. Suzuki in "Metal-Catal yzed

Coupl i ngNReartigns,N F. Deiderich, P. Stang, Eds.,

W Dey-=-VCF t-inhein§(1988)) of conpounds of Formul a

- e L is brono or iodo. The preferred conditions

or\t\e Suzuki I yaura reaction are a pal | adi um

c@adal yst such as :

tetraki s(tri phenyl phosphi ne) - pal | adi un(0) (Pd(PPh3)4),

an aqueoys base such g aq. Na2CC3, and a suitable

sol vent as tol ugfie, ethanol, 1,4- WO

2009/ 052237PCH US / 080081 di oxane, di nethoxyet hane

(DVE), or JAVENT nt hesis of the coupling partners

i's deschbeq inlll atigr schenes. Am nes of Formula
D ebt alPhed from nitro conpounds of Formul a

educt i gAAusi ng standard synthetic net hodol ogy

HO TFA
HO
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S5Hudl i cky, W/l ey, New York, 1984). The preferred

conditions are catal ytic hydrogenation using a
w@adobasi2am cat al yst in a suitable sol vent suchP&EBUS2008/080081

met hanol or ethanol. Wen X contains an al kene it wll

be reduced to an al kane. For conpounds where X

contains an al kene to be retained in the fina

compound, ,nitro reductions nay be perforned

selectivgly using igon or zinc in a suitable sol vent

such asti c acidf or by using iron and ammoni um

(e

10chlorvde’ in e ol and water. Alternately, the

conpounds ofHForymMa 1-4 can be obtai ned from ani nes
21 Nthe nmethods to replace L with X

descri bed aboye. Bor conmpounds of Formula 1-4 where X

Ot=ise yet hods descri bed above if desired. Conpounds of
Bor fiul a 1-2 that are not commercially 15 avail abl e may
be obtai ned from conpounds of Formula 1-1 by nitro
reduction using iron or zinc in a suitable sol vent
such as\agetic acid, or by using iron and anmoni um

N0 et hanol Nand wat er. Conpounds of

b can begébtained by ort ho-hal ogenati on,
e

[ om ion, of am no conpounds of Fornula

1-4 follumeajby lme? al - cat al yzed coupling 20 reactions

wi th bo c cidanr boronate esters (Suzuki-M yaura
' whér e Mis R2B(OH)2 or a boronic ester

o3 ferences above) or tin reagents (Stille
r fagt’i ons, where RRMis R2Sn(al kyl)3, see J. K
$i1Ye, Angew. Chem ;Int. Ed. Engl., 25: 508-524

(1986)) on the internedi ate hal o conpound. Preferred

conditions for the bromnation of 1-4 are

Nbr onosp&ci ni m de BS) in a suitable solvent such as

[ | f or manj/de (DMF), 25tetrachl oronet hane or

di chjjogonet hane (DCM or acetonitrile.
edjico plings, preferably Suzuki-M yaura

ag/%hﬁn be perforned according to standard

gy ag described and referenced above.

of Formula 1-6 can be obtained from

pounds ofyformula 1-5 by reaction of the am no

p with a heterocyclic acid P -WCOOH (or a

corresponding salt 30 thereof P -WCOOW2, where M2 is

Li, Na or K) where Pl is an optional protecting group

le 2-(triyrethyl silyl)ethoxymethyl (SEM such

is imdagole, triazole, WO

7PCT/ USZ2008/ 080081 pyrrole, or

He) or\where Pl is not present such as when
N list of suitable protecting groups

for W |lseg Theodata W G eene and Peter G M Wits,
tide G oups in Organic Synthesis, John WIley and
Inc., %£1991)). The coupling can be carried
accordng/§b~standard procedures for am de bond
tion 5(for a review, see: M Bodansky and A
Bodansky, The Practice of Peptide Synthesis,
Springer-Verlag, NY (1984)) or by reaction with acid
chlorides 131-WXOC1l or activated esters Pl -WCO2Rq
(where Rg is a | eaving group such as pentafl uorophenyl
or Nsuccinimde) to form conpounds of Forrmula 1-6. The
preferred reaction conditions for coupling wth
P'-WCOOH or P'-WCOOWR are: when Wis a furan (optiona
protecting 10 group Pl not present), oxalyl chloride
in dichloronethane (DCM with DVF as a catalyst to
formthe acid chloride WOC1 and then coupling in the
presence of a trial kyl am na9such as

/' V, N-di i sopropyl et hyl ami ne (D EA); when Wis a pyrrole
(optional protecting group Pl not present),

1- (3-di net hyl am nopr opyl) - 3- et hyl car bodi i m de

] o ] T4 I



When Win conpounds of Fornmula 1-6 contain an optiona
protecting group Pl as nentioned previously, it can be
WO e0mesat3at this point to give conpounds of FoP@TIUS2008/080081
20 For exanple, when Wis imdazole protected on
nitrogen with a SEM group, the SEM group can be
renmoved with either acidic reagents such as
trifluoroacetic acid (TFA) or fluoride sources such as
awnonluwmfluorlde (TBAF) (see G eene and
e). /conpounds of Formula 1-6 do not
protegt{ng group then they are al so
5 of; Fofi al 25Finally it is understood that
of “Forihil a | may be further derivatized.
fortHér derivatization, include, but are
when conpounds of Fornula | contain a
this group may be hydrol yzed to am des or
acis;el or basic conditions; when conpounds
Scomtain an ester, the ester may be
the acid, and the acid may be converted

of Formul a
hydr ol yseg

bond fornation. Acids may be reduced to al cohols. The

preferked conditions for the -ouction of a carboxylic
acid i he presence of a cya gr oup MD

2009/ 37PCT/ 08/ 080081 Iude so

bor ohytfT de, and thyl chloro HF A efins
may be redwced!by catal ytic h -rogp A efins can
al so di hyfir oxyl ated to gi di ol ng a nunber of

e d ncl @Qdi ng react} t~t b N—m@thy nor phol i ne
i de catal yzed by og tetroxide (for reviews,
ey Upg X er, C. and Bellpr, M,
Moder n SCMldatlon Met hods, Baeckvall, J. (Ed.)., 1-20,
W ey-¥erl ag (2004) Vélnhelnl GErnany (2004), and,

Bel | er rpless, K. B., Applied Honbgeneous
Cat al > nonetal lic Cbnpounds, Cornils, B
and Her . (Eds.), 2, 1009-1024, VCH,

(1996)). When conpounds of Formul a |
sullfide, either acyclic or cyclic, the
e~¢an Be further oxidized to the corresponding
oxi des or 10sul fones. Sul foxi des can be obtai ned
33 0Xi dati on usi ng an appropriate oxi dant such as one
equi val ent of neta-chl oroperbenzoic acid (MCPBA) or by
treatmedt with Nal 04 (see, for exanple, J. Med. Chem,
86 (2003%) and sul fones can be obtai ned u3|ng
val ent § MCPBA or by treatnent with

[

0

N- oxi de and catal ytic osm um
r exanple, PCT application WO

by u3|ng one equival ent and two equival ents
02 respectively, in the presence of titanium (IV)
Opr opoxi de (see, for exanple, J. Chem Soc., Perkin
Trans. 2, 1039-1051 (2002)). WO

2009/ 052237PCT/ US2008/ 080081 Scheme 2 descri bes the
synt hesi s of conpounds of Formula | where X is

20



\ For the purpose of illustrating the methodol ogy,
reagents and conditions are .0.5- OH RxRx def i ned

WO poovlos3Bcheme for the substrates where X i s RZRES2088/080081
is 0, or NCO2Rw; 5 Rx is H, or Me; RY is H, or CHZRv
where Rv is H Owe or OPG where PGis a suitable
protecting group that is stable to the conditions of
the transformati on of this scheme and can be renoved

silyl ot ecting groups which can be either
renoved orF#et d in the final products. Those
t wll recognize that the 10chem stry
{ ablg tdglall X, Rx, RY, and Rz referenced

@ and can be utilized with mnor nodifications to
e r.gagents and condi tions. The starting
2-1is converted to iodinated conpound 2-2 by
with 12, or NIS or preferably by 12/ Ag2504 in
a suitakle solvent such as nethyl al cohol, isopropyl
preferably ethyl alcohol. Conmpounds of
2- 3 whaj-e R2 i s 15cycl oal kenyl and cycl oal kyl
ned/ f pom 2-2 by sel ective netal -catal yzed
eagt’1 obls with boronic acids or boronate
deszri bed in Schene 1. The anino group in

'acyclic acid P - VCCEH to form conpounds of
la 2-4 as described in Schene 1. When Win
conmpounds of Fornula 2-4 contains an optiona
al] Q1 Rkdd Ar A6 whitdthers,| dnd HRBIRR HRIANY BEcctabBOsalth tiRreof.
poi nt as described in Scheme 1 to gi ve conpound 2-5.
Fi Fvatheyembedyibraothe invsapouisd coppound of the formula
2009/052237PCT/U82008/O8008 5 is converted to
al cohol 2-6 by initial depropanation of acidic protons
with a suitable base, such sopr opyl grgnesi um
chloride (i-PrMgCl) in a sol t sucnzﬁs et hyl et her,

and solvates hydrates, tautomers, and pharmaceutically acceptable salts thereof.
Preferably, the compound is selected from the group consisting of:
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 (1S)-(+)-10-camphorsulfonic acid

21
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DVE or preferably THF, followed by |ithium hal ogen
exchange wth an appropriate lithiumreagent such as

WO 200054287 t hi um  sec-butyl | ithium or preferabl PCT/US2008/080081

tert-butyllithiumat a 5 tenperature of- 100 Cto - 40

C, preferably - 78 C, and then trapping of the

organolithiun1internediate W th an appropriate ket one
s of ketones For chbe

nt |
s, eI B At o rrRCE Sy iRl rimi i gleeStfRRiic 2eM [2-(4.4-
dfne&mmtyé@hémten BHREUNE $-tekarh iRy IREESRAto- pmﬁmtywym 3-yl]-

her noditfied at this point. FOr instance,
amits hydrmpbludidg sélt.has an acid group on W then that aC|d
group may be esterified; |ikew se 10 an am de on W nay
be dehydrated to forma nitrile. Ry 0 Rz 1 Ry Rz

InoeHbeieR cthbbiiznchOof Y inveloR& & prodiet nrade biRany of thd pietesses of

Scheme 3 illustrates general nethodol ogy for the
Eppreplar 4t30on of heterocyclic 15 ketones of Fornula 3-2
where Eis 0, S, SO or SO and RY is Rz is CH3. These
ket ones
Another embodiment of the invention is a pharmaceutical composition, comprising a

compound of Formula I and a pharmaceutically acceptable carrier.

Another embodiment of the invention is a pharmaceutical composition, comprising a

compound of Formula la and a pharmaceutically acceptable carrier.

Another embodiment of the invention is a pharmaceutical composition, comprising a
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 disease selected from the
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 of Formula 1.

Another embodiment of the invention is a method of treating a disease selected from the
group consisting of glomerulonephritis, inflammatory bowel disease, prosthesis failure,
sarcoidosis, congestive obstructive pulmonary disease, idiopathic pulmonary fibrosis,
asthma, pancreatitis, HI'V 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

therapeutically effective amount of at least one compound of Formula 1.
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are useful for preparation of conpounds Formula |
where X is 0, and These heterocyclic ketones can be

w@e@pasra’ by either acid- or base-catal yzed dopdi/@S2008/080081

M chael addition reactions of appropriate nucl eophiles
to di enones of Fornmula 3-1 20 at tenperatures from
0-100 C. When water is enployed as the nucl eophile

ons for. this

A&‘E@%&‘%“BP%%%B}PQE% r glfgle({n{.}gglngeg@ctci (btjr{re&%m%i P%lﬂ,olﬁgléld]élg skeletal pain
cAREATHY ﬁm:}%r]fnélﬁstasflsoér BRI Ris, BPviRErEE, fnPlanthA&Y SoMMcufbgenic pain

excess 1-4 N aqueous HCL to af ford conpounds of
inRpmaningal BorApiAtieg @dlﬁlmféerﬁlg(t\?@lﬁzm@lMQ o@ed oSswahl tegakgent a

wh H25 i pl d I f
PRy BGRB8 e ShC et o PPRARL o
2009/ 05223 7PCT/ US2008/ 080081 presence of inorganic

bases such as KOH with or without a catal ytic anmount
Agpthgnergberdinicet ofhamvenfim ing mythod ofdragking p dwﬁ'ﬁewélected from the
u
AR S T D FBEL SR e e
caredr, colgh resder rsg)rﬁibﬁrdaﬁctdryor(h‘dﬁs kekih @tu@ﬁmla&on@rbs(nlg%ﬂ)lmstenng to
44, 1650- 62) é shoul d be clear to those skilled
thepargmal mtnﬁsql sueh) (tregtmend p thsraneHicaliytedisedy ormasit ﬁﬁiltdeaSt one

c ﬁmﬂﬁ%ﬁ%bﬁnﬁ 1S can be oxidized with one or two
equi val ent's o an appropriate oxi dant, such as

m chl oroperbenzm c acid, to obtain t he conmpounds of
For nul a ge is.SO or ectivel

Q2 . Sche .
A&lother em‘s_)gﬁil@leﬁzo lnCYFIFU(PWF ape %I (3fr treﬁ ng er ]gevé/ntlng metgg%asm
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

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 an autoimmune disease
selected from the group consisting of systemic lupus erythematosus, rheumatoid arthritis
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 I.

Another embodiment of the invention is a method of treating a disease selected from the
group consisting of osteoporosis, Paget's disease, rheumatoid arthritis and other forms of
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.

23



10

15

20

25

30

Rz Rz RY + NRY Rz /\ Rz Rs Rs 4-3 Two

ot her synthetic routes for the preparation of the
w@orpos2ds of Fornula 3-2 are shown in Schene BCTIS2068/E80081

is Sand RY is H M, and CH2ZRv where Rv is H Ow or

OPG where PG is a suitable protecting group that is

stable to the conditions of the transformation of this

schene and can renoved later to.reveal Rv is OH
NSRS et B S v ontod et (BHRG p 4as Sgikgted fiom the
RHBICBANA, &rgr&ﬁe'rulah rltS, RflaRinReSry $OR8EdiI%asE, Yrdhis failure,
g4_g (prefn)egrab y subst%i% uted N, N;di%t hyl pi‘pericbréoni um u
sdrediflofes comgesiiee Msjruttoverpdmbyary disgeseeidionathi¢ elmonary fibrosis,

i at el bstituted pi j i th . .
R LR B AR PR b e pglpecncss. ae-
r &Ry st @er d@chdittisn AROUNEtiabpdiRy, Ftbtéhods Zch¥epremaland S

by the actions of H25 or by netal sulfides (M5),
Afghefragrafopneatip spnprieng pdimsternestoguesmasgl moRge st such treatment a

WG RERahY B Rt Eo U BE LS (el BT S B ARl poction of
thiagprkifiektion. SSR, Seriya Khi m cheskaya (1986) (3), 92-3,

respectively). Scheme 5 WO

2009/ 05223 7PCT/ US2008/ 080081 Schenme 5 shows

I . I o .

ASPADEALAARSRE Ly BIIER i JSTRENE fbghgnesintpan
camsed by Rimaorandthst@idorarstcORG e peviR@ralsindlasumata@dy] @ neurogenic pain
.protectin r.Qu hat is stable to the cqnditions of
@i SPPHAIrE emBts tinelo JeHamarahil R Obestcifauae
tHePdpBhitidaPly cBé &R c dRYouns ofdtlcBNEhFonkfoult® 1i9ted ROIHR HRAmples section of

taken 5together are CH2-CH2 or CH'sCH such that the
thisspgrificaigorket one 3-2 is bicyclic. These can be

made by intranol ecul ar Di eckmann-type cyclization of

appropriate precursors of Fornula 5-1 (Rt is Me or Et)
AnBther crabbdimentast thamiventtdng b nhcdisd dfatdagined d¥adeRBlected from the

renmoval  of the a-al koxycarbonyl substituent CO2Rt as
SENDWANSIHINGCH OYaria canper, HeERe S, RERHEEBFBYFOBRtCICARGST, lung

oB, Bl ot AR BN g B P RO R Rfising administering o
tHeangemal inmesd bf arch 4ré8tniént o tHefapicoti cibtyaiffectiveeamount of at least one
| 3- ket gesters of Fornula.5-2 followed by the
C%Pwnéﬁisaqdﬁ&f M%?WF%O%%LH&% GpPation at
tenperatures ranging from20 to 200 C. It is
understood that, follow ng hydrolysis of the ester,
Apnhthedenbodoxyt ctthomverfitiannt e mmeldbdadfereatife oaprebentmgmudtethsis
fout‘ with or without the jsolation of the correqsgﬁondi ng.
TORY BUYIAT ENGE T YRR BE RTCRH &R BRiHE CERCCRJHRfageer. colon
catreér, stbaficR R, IR Hairyl 8cl PRERSM TR QbmipHSink lalSinistb®k: to the mammal in
include, but are not" limted to, strong bases such as
negddkaflsicimeaiment] kibsiageicaly chgaive ringest &fiat hrasisonss@impennd listed
. met hoxi d sodi um.et hoxide, potassiumtertbutoxide and
i e ARy R T R ol e al sl ts of
secondary organi ¢ am nes such as lithium

di i sopropyl am de and |ithi um hexanet hyl di sil azi de. The
Aﬁp@fz@@rp 1RgRRithe myentgm 1ﬁ9(gxpe(§l|1%(pf§re@ fg an autoimmune disease

sﬂgcg%{ ﬁg&%&h@gg@gﬁ%ﬁkﬁ%@%% spslﬂémﬁrlﬁp&%&ythérﬁbt{)ﬁg, [tRumatoid arthritis
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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20 of Formula 5-2 with dilute mneral acids such as 1
M aqueous HCL with or without a suitable solvent such

w@g009223Hydr ol ysi s of the ester of Fornul a 5-PCTYHE2008/080081

al so be perforned by treatnment wth aqueous base such
as sodi um hydr oxi de, potassi um hydroxi de or potassium
carbonate in a suitable solvent m xture such as water

and an i c sol vent ch as THF, hanol hanol )

e s SR < RRRE O e S cioiouy Lol g (he By ARBIRs scction of
tHiQ§pechratitdr ol ysis, the resulting carboxylic acid salt
mould then be treated with a mneral acid such as

0.01-12 M aqueous HCl or H2504 with or w thout a

suj.t abl an sol vent .suc
ApPlt abob OB TaS B e S TRy 1 el § U RReleBieg rom he
gtoRp bR Qingldf |okt%6p(br651§ rgafstdifdasd, riiduenatsid bRERENEHd@her forms of
carboxylic acids of compounds of Fornula 5-2 thus
Iﬁlaamﬂé%r %ﬁhflﬁéroswalé@ilt@a prosthieyis &ilukss @sisplyéic sarcemayycloma, and
B EskaEs DU BIAL SR BHAIRI R ooyt gt oph
treatiiieoud thehpepticatie affectﬁfe addon exfl £ et o@&jodlp@nndb asted in the
req&Ent and with or mnthout heating. In addition, it
Heqctiop ghthihiecifiggian 09/ 052237PCT/ US2008/ 080081
t he conpounds of Fornula 5-1 can be prepared utilizing
known met hodol ogi es or sinple nodification or
Tex trynsti@nalsf rekatovin nethdiis b lirdgbiesg p{dtan tﬁmin@kiaaseoefctivity ina

di esters of .Fornmula 5-1 an ondi ng di.aci ds
TGy PTG R A BTG B SOEY By PSSR pRgCompound
o PR P 1A brofbiPed iinak@yd N@hs Of the Anmerican

Chem cal Society (1957), 79, 2323-5 5and Journal of

O gahhe inGhetidnsis congida@ed §o, inglgde Q@@n&lt)onsmedr@stéreomenc and

PSS By ot EBRARR OB GRS & iy psemieamiugge. 1
a@cﬁtld)tﬂts%%ﬂ ttRt spohdsGepebdnadi wﬁminmq dnid 1561915 g@@drugs ie.,
The general synthetic route is conprised of a [4+
desyeatizaciefi ani asHn® firugrihatrpossesysuperier dalivaryosepeliliyes andithegapeutic
vl BOEHRed e W o HoBES ol BRI R B HoRE drugs by
vzhzesuiﬁmmg Jprehetatl probssgr ef er abl e precursors for the

generation of oxyallyl cations include 15 poly a-halo

ket ones, 2-oxygen substituted allyl ethers and
Iacroh%ﬁggumglch can be converted to oxyallyl cation

and trapped in-situ with an appropriate di ene under
r edudhé teem “blyi’t e&ﬂsKﬂmﬁbha@ndndbmmduwumamsadwdsofupu)12

C%ﬁéﬁj !{l,@%oﬁr@[@,‘f ‘lﬁl% luP) Ecjoeé CH Olg ?tr(])g%dl% q%gfﬁrg grtl(ggatg&/ and includes,
b&Anhet lﬁh@éd’td ﬁl@ ['eﬁ% 'p??_pzﬂfls@ﬁrb@leb&ﬂ d@8utlyd scAButyl, tert-butyl,

Chem Soc. he dehalogenatlon of
pqzmyly lsapmlok@tydmwemln hepyl? octab RiZeArtritnethylpentehgemtlsdecyl,

ch a (Mis Na), Zn/Cu or Zn/Ag (Mis Zn),
&7‘%@@@%@ TMS) or Zn/ (Et0)3B (Mis B (OEt)2),
Et ZZﬂThé MrﬂnS‘cZﬂ))alﬁf/lld rﬁ%&(t@@)sgtu(ra%d &r ﬂ:a@t)e(lfy(l[nsaufa@éd composed

React., 1983, Chem (1999
O%EIoms%tgs% 9ar1?<51 eher Hpdo Bawa 1<|Y§/ ﬁubéﬁfﬂJi%ﬁS. énavmél%%lbﬁ fge present on

f I 0
e T ans Rl TR QORI PR SR phaaR AL
trrrﬁabﬂnydolsquh agldhcsWN cyckChiRel, cZFohesonllyadad 4-dichetegl
q 3-tetrafl uoropropanol and

Cﬁﬂ%he?e@h fl uoroet hanol (J. Chem Res., Synop, (1986),
424. J. Chem Res., Synop. (1981), 246., J. Chem
Res., Synop. (1983), 166.) and Li Cl04/ Et3N (J. Og.
Chem (1999), 64, 3398). Lewi s acids such as AgQ2CCF3
can be used for dehal ogenation to obtain oxyallyl
cations from 2- et hoxyal | y25halides (J. Am Chem Soc.
(1973), 95, 1338) while AgBF4 can be used for 2-am no
substituted allyl W) 2009/ 052237PCT/ US2008/ 080081
halldes (Fbly Ch|n1 Act a. (1974) 57 1883). Clher

- ~ ~A ~ PN o — e
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The di ene trapping agents are aromatic heterocycles

such as suitably substituted pyrroles and furans which
wae@9ps2Ber comercial ly avail able or can be ppPepasmds/ 080081

by 15 established literature procedures. The initia

[4+3] cycloaddition product thus obtained can be

dehal ogenat ed by known net hods preferably by reductive

deha enatjon using Zn or Zn/ Cu cquple. Schenme 7 WO .

2000/ D855 BT Tp6 Ui e ARG wiMh Ghe o] S B Horen the
aﬁlnﬁ) HeuPlsanbpRt bt aDIeYEdt Of BldHOESIOf Formul a

6-2 can be further functionalized using appropriate

r eacThotermoihdictaanyls refess tg hotan/-imgnmBeted meorip- of 8y to 10-membered

ex | e, the conpounds r a 6-2 ca
o5y Sy Gimali i ARG HEy Rhe O MPth el Gr i o ane o o
hé@cloafimsaklctRagrRM N, st I Rhae eﬁwﬁ&ogeﬁand@rfep&omﬁecﬁh exist in any

Conprehen5|ve Organic 5 Transfornations, 2'd Ed.

X onNtate. (B les i ugggerg_zgggijaquﬁ @mza)ﬂnazolyl benzothienyl,

z%x%z't ghsfugglhgngg% 1, 1; téla%f &3@&1“ Sgaégfyé pﬂ%ﬁ@le&mzolyl

pi @l epyiral dihgh gy trob.squiolingl, shlh]z(ﬂylcamzlltlatanﬁn i ncl ude,
but are not_limted t? the treatnment of the conpound

of FORFAATE BetraRiqm” wigaiont pliogenagihen exyesy@iom g2 sulfur atom
Gfch] SRS ahd SURE MR oy DA PIRRE %I labbdRET

57(9Theﬂﬁm5a25&y”ﬁﬂﬁsd)ﬂhﬁ@ﬂkﬁBUmmmwamEmmamadsbéupUJ12cmbon
rote ted to obtaj.n c 0 ds of Formul a 7- d

BB R bR Il PRSP 28 oot oG £ B iklidsancthoxy.

Pr RS 1N Organi c ntheS|s b

et&rlﬁg%g%dr)lg)x% S%élgﬁ%eyvaglr?dqu%ter G Mg WrtsSyJohn W | ey y

onsTh¢ tm:m ‘Nyiro-gulsggied chieboagreay Eneiets tpramaercs:tfrcmgloglkmhtmgs that

re. isop fi
SBiEp ypgltss 3&3 e Bhreint e Eodho HNE, Sl uppaturated, for
15 butyl g eme using (tert-Bu)2Si Cl2 as the

srlyla@ Z\Y in chlorinated sol vents such as DCM
SHMPRE and—i nidazol e at the tenperatures from-78 C to

RT, preferably at 0 C. The olefinic functionalities of

t he conpounds of Formula 6-2 can also be saturated to
Iobt aiMhetapeutiobipsunds of Forrmul a 7-4. The preferred

Py ar Gh ROy bl Sl Re e ator S ftifies hhpyotein tyrosine
kﬁ;'a&@ sifcﬁ ¥s CHAQDnd n@%( Blsefid %ﬁl%%‘t%gﬁoﬂ aCEMB e of disorders

128-3 Schene 8 illustrates the use of heterocyclic
rdselﬁmeé@nmctmr afithgse3kipases- 2, 7-2, 7-3 25 and 7-4 which

g(r: ﬁe?r’iele glve oensagglciérg)glkc)%s me¥hrgéo§) nlhilbltfét?g;a tBrrc]) eug %érrgs%?ee E'mase
cSapvehd eshtdding hige Srofairespeyl ltigase Rdth podfgdctiv@inhitatodamount of at
alkylsulfonate esters, preferably eno

leasticne @b thsrronpereds Ak (S’ﬁ%\‘fl@sl dhpre&yend tyrosine kinase is c-fms. The

c&ng]{)lﬁltggggf tﬁggrteg%g EWG$tgd§1qér§ gl:so @%g{‘)@&‘é&% P‘g’[tS 3%‘8&1% Rinase activity. In

oﬂ@&ﬁ%@ﬁﬁﬁ&?&ﬁﬂhlbﬁﬁ@ AGrOB8aPlostc I‘i@dﬁse,l an &dast@ne rif shar gompounds of

10(1 583- 3591, Chem ., 2007, 13,

rse@aé’eﬁdvfér%rﬁn%%typ%%rmw RBRIPE ons for | thi s

tr anﬁ{ PUrRS bﬁl@oﬁlﬂféln%%’th@ﬁﬁlelﬁfo% MRtrdib t&ﬁﬁm% q{ana"seanhlblted by

treat nent of heterocyclic ketones of Formula 8-1

HMmmmmmmﬁMmMMmmMMMMmﬂmmmmmmmWMMMrmmmmwd

I|th|un1h Xa | di silazi ratures

g BBy A, §BetheRloel STRER B kA6 on
of fluorosulfonylatlng agents such as
nonaf | uor obut anesul fonyl fl uori de,
2-[ N, N-bis(trifluoronethanesul fonyl)am no] pyridi ne or
N- phenyl - bi s(trifl uoromet hane-sul foni m de). The
compounds of Fornula 8-2 cam be directly enployed in
net al - catal yzed couplings described previously in
Schenme 1. In addition, the conpounds of Fornmula 8-2
can be converted to the correspondi ng boronate
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10 esters of Fornula 8-3 prior to use in
Suzuki - M yaura coupling procedures described in Schene

wa 200088223T epr esent ati ve procedures, see: EastworopySi0$/080081

Tetrahedron Lett. (2000), 41, 3705-8 and Takahashi,

K., et al, Chem Lett. (2000), 126-7.) Finally, when a

compound of Formula 8-2 or 8-3 contains a protecting

roup, can be r ane in an rned|at fin

oSy inerapls RR pittdesbiin o Bh Rt phRpaa i
adiBikt@egi S-diol is present 15 protected as the

i sopropylidine ketal, the protecting group can be

r eno\¥ad mmenﬂtpnafuﬁhmcpraqitdebmsth@dndf tréading cmceeimamedls, including

enpe refera at .1 and t is .
iy FRReRE aihusRih SF & Moty cTeefi Gt § phifmaceutically
a&fepﬁaﬁlétdoﬁ@o@ih@ﬁl Bf kA& oA cHRPBURILAUTHRIaAC |B§deﬁ1plary cancers include,
conditions or preferably wth fluoride sources such as

bytpsgnetdpited toy grugcmy Geiddewinya, asuerganhecysy Aeukeniia oviyan

ayg Ig ﬁpe?%la c%?&?a]tggg‘s . 1e,té cg:t’ncegZl lﬁ%%ﬁ“ﬁp t?:gloWéaﬁé/er‘gStomach

cahhh@zgﬁlﬂ&hﬂy%ll R@iNeiia> | THE inverdf@n also-phbRdesim@RAdCoftadBe Sertain

AN Il bloa R(ildln m l%br is. In one embodiment of the invention, an
precancerous lesions including myelofibrosis. In one embodiment of the inventio
effective amount of at least one compound of Formula I is administered in combination
with an effective amount of a chemotherapeutic agent.

The invention further provides methods of treating and of preventing metastasis
arising from cancers that include, but are not limited to, ovarian cancer, uterine cancer,
prostate cancer, lung cancer, breast cancer, colon cancer, stomach cancer, and hairy cell
leukemia.

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
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
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 disecases with an inflammatory component
include 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 or Alzheimer’s
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WD 2009/ 052237PCT/ US2008/ 080081 Schene 9
illustrates a route to the preparation of

wQ200i08223Dl ecar boxyl ates of Fornul a 9-5 wher e RaI/US2008/080081

or C(l4)alkyl, and Rq is H, alkyl, -CN, or -CONH2t hat
are used as internediates in the synthesis of
conpounds of Fornula | mhere Wis imdazole.

| m daza| es of For Ra is Ky
derentia. %Lgse lzpayé(q i%}l@y trgated wg@lqog]pgu%(’_lst (ﬁé]ﬂlqnve%tlon b’[her
dRELERIhai Rh ¥e BMaithaRk/ t?ea@brd intl0dd, bet 296t MARE®tdRhdrSsclerosis and
CN, are readily available fromcomercially avail abl e

Caﬂm’elhypl@’i;rop@l where Rc is CHO by reaction with

Alll dr it l ??8?@3@%@35@“@ Bylug%h%mﬁlgha%gus\gﬁeglg%ﬁ%@ artﬁrltls and
oﬂlﬁhﬂﬁﬁlb Gﬁltﬁlﬁﬁﬁﬁdﬁ&%I aSEt,hrl(l@qﬁ&)lasmﬁ ﬁdgreﬂ'smyﬂdﬁﬂ{eeﬁu@tﬁple sclerosis, or

Formula 9-1 can be1£rotecte a suitable group

umm)ca%aléﬁbage@tem &Qm@@tm@slﬁﬁhlﬁwem or 10
D 5" SRR, BT PIRAR 8 YAy HRREUERe o FRLI A mount o

acﬂ’fv@toeﬁtpbmed & ghapadenti€A] gagrit chabyhitibahe biolokoduh oWﬂe&Muﬁhdasponse
Sons, Inc., NY (1991)). Im dazol es of Fornula?
inghidysye Restqra, angmal or hymiaa Ui P oRFaRBtgh Ut hreacas o afsigginarian,

n{eﬁﬁglewctcﬁlﬂ)‘f Bﬂé? cll}hlplr 13”\91?19& cmdys ?ﬁes@z{tlonhmeventlon treatment, or the

N-1 odosucci ni mde under either electro
dd@mdfﬁmmm&npnpag&mhmenfﬂsu@hmaxnimmmmdm@H@@NdeKMnU@ngnemed
r adi conditi,ons in the sence an initiato
C o en e Bt eine KIEP DAMERGL M5 Campgiiods af the

ieetbreBaFhd édﬂﬁal@érg& ICATERNIS a@burtQyimsh ﬁle%ro%agfwﬁﬁg% df about 0.5
is a leaving group (preferably brono or iodo).

migetb ehewt- lﬁmgp rabdwéwmngléomrﬂ) %mgrto ghols 5cg lrFsinﬁ*usrloa dg-ded daily

an proyvide the organo
SR B TR S o SR T AR S
adRinG®aEOn HS h&fith e eigHt zﬁldgcrgé ofﬁﬁ&e&bﬁhﬁ kcelefiRNEl & tBE Greatment
for halogen nagne3|un1exchan8e are using an
any] wwpr%a@q%&cemmgmum@lﬁ@ dicaiapts. sopr opyl magnesi um

hl I
fem(;fet'r a?I 6 2%&6%#\'}%@% sfk}lze%d}ﬁlme% art @%Eth%ﬁrlﬁggfgerl@ all reefgectlve dose for
c@&hpatnde phihkegscsantenedritiph ot blpbaodaeuriiabcamnpaition thereof will vary
acpé:)){)a g%ggtgghg%vgﬁ b dliggﬂlfgé glgtggﬁl ggaegn@s nabedgglhlpne I ulstered may be
re(aa%p Qétem%ﬁed ﬂ? o sklﬁéf:ﬂrthé 4 gﬁ?@/lll?%rzf\mﬁ% Lﬁcgla?fompound

where Rc 1s not -CN, these may be cohverted direc
u$ecd theingaiealf edmuﬁst’f'ampnuﬂha s@enitipyf e prapuoiiat ad the advaacernent of

t abl : | k
e laeiroordn. Th o B Ao Fbostl ol ey sthiss: beine
trEzt’t@d QR AANAGBEES alENvaRER] @8t anliBndsRIdRKihBEaGH) Hill QDR in the
are treating the rmi dazole with n- butylllthlun1|n THF

negd to 2djugt thp dospuens lapnr@ptlhte thesaputic keycbr Heredlove Hpsages are thus
| es th 30eth hl or of Qr mat e. (For. ex
eD epclaqz &f%%angagﬁ case, El"ﬁerf fg%,éi colirée b§ A4 1V1§E_al_l 41ni§}anc“?;i)where higher
012@)@/% 06223 ¥higdd M521€H9ﬁécf) 80@8dch are withibhic €&dpelo$ tHas invention.
Formula 9-4 may then be hydrol yzed to. carboxylic acids
(Mid hworawl@éﬁ pbkgmatie! gy bs fqrmqlaéecunto Riarmggeuiicyl gompositions

R T PR M 8L PR AR P e

biyale oo 1deitédtoparsusuitalile golsohty &mpersmn rnedla coatings, antibacterial and
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such as ethanol or nethanol. Synthesis of conmpounds of
Formula 9-5 where Rqgis - 5 CONH2 is acconplished by
wo eoss28eat i ng conpounds of Formul a 9-4 wher ePQYUSH08/080081
-CN with an appropriate al koxi de such as potassium
et hoxi de to convert the cyano group to an im date
group (Pinner reaction) followed by hydrolysis of both
t ester and imdate groups with two equi val ents. of
ol S B et iPoRg o o ERGurb it erbabhaey 1S bRkprgponents
of the foﬁrh@ati'&rigélgd@ﬁﬂ%,Ooiﬁ)deﬁ/gdiﬁ%&aﬁ)ﬁg Ms%nalﬁgricants.
10-410-5 Schene 10 illustrates a route to
2- i nilHapbirevesutioxlyy-ataeptable selts ofitha caidpGunsls of Bodnulé melude the
R.. ji.s chloro.or brono, and Mis H, .Li ...0r. Na t hat
cpvgniduaf P i oot Marcw 8y i a1 A2 fori from
ifoesmaLedsgiic RGN tusés. IRQRD1V/IfSudHdciBZ®li®on salts include acetate,
15Conpounds of Fornula 10-1 can be first prepared b

, ) r y .
a@ipefe ronzenic.denecoasrdionptgl ¢ifratgyeanniierae, glopgqylsulfate, hydrochloride,

M . o ds. i

A R SR

stooinatd, aulfdde 2ndctatirdie Bisepalteidclyge h@awhivom saifs, glapmdtud salts such
of Fornmula 10-1 wit haline equi val ent of ﬁn appropri ate

ah¥adggR AR PRESH e s alkelinarads mss ssits sushRegriciynhand magnesium
saifd! L8R mglscg%é&ﬁm)as%fj GRhas df féﬂex%n%rsawtb@staltg @it{g: amino acids

Compou Formul a 10-4 ¢an be prepared by reaction
swth as @rngninnd 4 lof thedapm hardg@ntomiaining gvwoupgmiy bt gmitsmoded with, for

an propri at e hal ogenati ng reagent, such as NBS or NC
e’g‘mﬁgé‘ﬁ@ﬁﬁlﬁg Se sol vent such as CH3CN or DMF at

t enPERApRrRRcARIUERIMpITition2BEkh8 thventibhnd P BOh&Siddtcred by any
means that accomplish their intended purpose. Examples include administration by
parenteral, subcutancous, intravenous, intramuscular, intraperitoneal, transdermal, buccal
or ocular routes. Alternatively or concurrently, administration may be by the oral route.
Suitable formulations for parenteral administration include aqueous solutions of the active
compounds in water-soluble form, for example, water-soluble salts, acidic solutions,
alkaline solutions, dextrose-water solutions, isotonic carbohydrate solutions and
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
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.

Polymorphs and Solvates

29



10

15

20

25

30

WD 2009/ 052237PCT/ US2008/ 080081 Forrmul a 10-3 and 10-5

can then be obtained fromthe respective esters by
why@wosae3i s as described in Scheme 9. Schene 1BCT/US2008/080081

11-111-211-3 Schene 11 illustrates a nethod

for the preparation of imdazoles of Fornmula 11-3

where Rf is -SCH3, -SOCH3, or -502CH3, Mis H, Li, K

Na that are used internedi ates in the s nt hesi

FERNGBR O MO mOU ROy DS PTESG PN Biay fpYions & more pofymorph or
athBiph8g 0L sthilind 4B 2h3 26 QdchIAB ntéRicR &&B@ﬁfcﬁﬂe@ﬁ%& gécﬂﬂ of the

to the nethods described 10 in Schene 9, preferably
inyientipra ISENﬂlplpox the tompougds mﬂytforrg Bolgates rfpmmd@la)‘fvlth water (i.e.,

hﬁfrt | a Est er Qxdro cor h tao.t t"
e g’g)a‘if e Hﬁ%oné%rﬁ%% Ve 3%6 (s %% Pilg” ppans
pM\ﬁﬁfa@ adsbcibGor SGHS corkld ik bﬂﬂle%es%ntmﬁ%iﬁiohhﬂllﬂi e ZMdre Solvent

Formula 11-2 with one eﬁwlva ent of an appropriate

méﬂ@ca@ﬁtThw Blllxrsmb@sswafé@t avolngeiyaypgidsgigecofrigniggnd goyalent

SBRFEHI R0 ST M PP SRTERNIES, O SRRV Mo

isofatian, fappraopiie ahen oxd clambre sbbichomertcilys ﬁ&tuecl’orporated in the crystal
hydrol%gis g@gordln to the Procedure in Schene

la&ﬂ%@sf ¢ SQJfd- BYE fRima Selvats” st des qeélw@e%@nhgth solution-
ek ?aﬁ& ?st)f%rta{ ?éjsd'l@aﬁé’semonflﬁﬁltlﬁ% 'egag%ﬁl%] f ﬁllt%‘i@%@lvhﬁs BeMde

erences for e conver S fldes
cthahdlates, ceshanothtesy hidthedikar e gi ven in Schene 1. 20
EXAMPLES Exanpl e 1 4-Cyano-1H-itni dazol e-2-carboxylic
acid [2-(4, 4-ditnethyl-cycl ohex-1-enyl)-44(3-exo0) - 3-

1thy ﬂﬁ&?gé)%d ﬁa@ e Iﬁesﬁlﬁi ﬁ%ﬁfﬁtlﬂé‘lhd@wﬁﬁﬁ -iRise¥sd Rldited-okdiRCompounds
-en- o- -am de
oﬁ‘(hg gtqsgézqug@vn {J@Q@Qm tblggmghods of treatment of the present invention, the

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.

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

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
arthritis and other forms of inflammatory arthritis, osteoarthritis, prosthesis failure,

osteolytic sarcoma, myeloma, and tumor metastasis to bone.
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a) 4- Brono- 2- (4, 4-di t net hyl - cycl ohex-1-eny1l) - phenyl am n

e 5 A m xture of 4-brono-2-iodo-phenyl am ne
w@ 3w3/0m237 2. 93 nmol ), 4, 4- PCT/US2008/080081

di met hyl cycl ohexen-1 -yl boronic acid (496 ng, 3.22

mol ), Pd(PPh3)4 (169 ng, 0.147 mmol) and 2.0 M aq

Na2CO3 (11.7 mL, 23.4 mmol) in 20 nL of 1, 4-di oxane

was stirred at 80 C for 12 h under Ar. After cooling

to RT, the reaction was treated with Et0Ac (50 10 ni)
Irﬁﬂﬂ)tﬂ@%ﬁ%@dl\m&h tﬁggivét?tﬁ)nrﬁepateﬁ e tHRNisB8f & 88mPdund abBSiding to the

organi c | ayer was dried (Na2SO4) and concentrated in
Evmml@s, Fﬁh@u}adsoldlimrrmd;slapfgr ihfipegpatagioh lodg medicament for the treatment

ghr one. aepndééle(a ei/%cteéjffa ?Tﬁ ghet érpp]%/ccg%}%ﬁ%/%ﬁ sygg ‘%{ t1upus

eﬂ{ak(%%§ BédmatdASSthEipe ehd oA folths oMEhmntaddr§ Arthfifd, psoriasis,
141 - 118Br N, 280.1 (M+H), found 280.1. 15

S@gm@;saﬁ@mme(gmttmlq $ALTRYP I UEAIS - et hoxymet hyl ) - 1H-i t ni
dazol e- 2-carboxylic acid [4-
br ono- 2- (4, 4-di t net hyl - cycl ohex- 1- enyl) - phenyl | - am de
IR0 IMBOARATAECHE S2003/ @ﬁ&@&dthe use of a fempounidxcudrdingfto the
4- br omp- 2- (4, 4-di nmet hyl - cycl ohex-1-enyl) - phenyl am ne

Exaapls. gﬁ’él?llé]& Iy or E%@u&ﬂ@\f% PEYPaFsition ph a fRydicanipa! e o) treatment
opQHﬁéa%b 'é%ng anyﬁ‘ con 1st rsg of 'g}ome loneﬁ)hrltls 1nﬂag1(r)r;(a§?ry bowel

trimethy azo e- 2-car
dat&se(pﬂﬁstﬁeﬂs Adptei sar@ﬁ@@iss Qmsﬁveéd)bstradtﬁfer}gumﬁna?ﬁ dmﬁuﬂe)

Br oP 2. 75 I
SR By Rty Soroste. Simss st pE iediop: prgrifcihstes
td‘ﬁﬁ}cr rafatearaﬁglog&ne%ﬁ zfg%[reﬂa@edr}nh’cnu‘l’eﬁrrde@énera{[fo%a&lﬁgeﬁ@' rEhn(g)chy,

mL of EtOAC, the mixture was washed wth
TQS’LG)ls)SlbrSp]ﬁiéol(hZ@llﬁrﬂl)d Atrhetmdredicians04) . Rermval of the
sol vent under reduced pressure followed by flash

chr omat ogr aphy of the residue on silica gel (5-10 %

B Rewad@icngaNeindefbondcladS tdhcalse 04 b@mf)d)dﬂdfaccordlng to the
conpound as a white solid. Mass spectrum ( ESI,

Exginglgs. Hosnuled sprsdpreyupuiofef the wz@a@tlempﬁr queﬁaﬁ@n?@s )ﬂ@ treatment
f i)alb f‘ %ggs?' 2{% :p?l g{%seeld% %Bﬁ 5@151@8{ gsteoarthrltls, or visceral,

uﬂhml:r)at@iyewﬁduf@g%nd@am ina rnarnrnal.

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.
METHODS OF PREPARATION

Scheme 1
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10

15

15 To a solution of
4- cyano-1- (2-trimethyl sil anyl - et hoxynet hyl )-1Hi m dazo
w0 20024052281 boxyl i ¢ aci d PCT/US2008/080081
[ 4- br ono- 2- (4, 4- di net hyl - cycl ohex-1-enyl) - phenyl ] -am d
e (as prepared in the previous step, 350 ng, 0.661
mol) in 5 nm of DCM (CH2C12) was added 0. 15 nL of 20
Et OH fol | owed by 2.5 oL of TGA After stirring at RT

for 3%k theNH? xture eated with 10 nL of
n- pr opa and ceneent riat i n vacuo. The residue was
tritukated with DCMtE afford 253 nmy (96 % of the

title copppound as a whitgssolid. 1H NVR (DVSQd6; 400
MHz): 6 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= 8.6, 2.3 Hz),
7.41 (d, dH, J= 2.3 Hz), 5.71 (m 1H), 2.24 (m 2H),
1.95 (m 2H),~251.47 (m 2H)  0.98 (s, 6H). sMas NH
spect% 102 1y z): Nge ?

, - 95RO, 1399 1
(MH), fouhd 3993 d)ll2, -BiSTZWWh&I h:
WO 2089/ §52237PCT/ US2808/080081 “Noo / 0- | / 0 a
suspensi og_0f sodi um hydrides (dry, 314 ng, 13.1 mdl )
in 2 nmL of anh THF under Ar was carefully added| a
sol ution of 2,5-bis-hydroxynethylfuran (Pat Apptic WO
5 2006122772 Al) in 10 nL Wnh THE. After sti Q4 A~p’
at RT for 20 mn, nethyl iogjde (672 ilL, 10.8 IH)
was added and the mixtyreystirred for an addit 1" 14
h. Water (15 nL) was very carefully ang t
m xture concentratedXin Vaclo to renove th& THE. ®he
remai ni ng aqueous mi xturE was saturated with sglid
NaCl and extracted with Et20 (5 x 15 nlL). The conbi ned

Or gaBtieena Blustrives gerdfdl acbtideloghddSh¥ paspdration o€ Bdhpdieds of
in 10 vacuo to a yellow oil which was purified by

Feinulgd Geillustips bt wgthagelpey of this sphemeAgggsaicand condjtions for the

T EIPTRU HB Ry S5 o
1N Hhindr Bi6d{fRatiénshf the reaction conditions and preferred reagents may or may not

bg%ﬁ%ﬂglsr@c?llg nmet hoxynet hy1- 8- oxa- bi cycl o[ 3. 2. 1Joct - 6-en-3

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-
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,
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)s), an

aqueous base such as aq. Na,COs, and a suitable solvent such as toluene, ethanol, 1,4-
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To a suspension of zinc (nanopowder, Al drich Chem ca
Co., 602 ng, 9.20 mmol) in a solution of
wQ2@9523met hoxynmet hyl furan (as prepared i n theCT/US2008/080081
previous step, 958 ng, 6.13 mmmol) in 1.0 nL anh THF
under Ar was added a solution of 1,1, 3,3-tetrabrono-
20 acetone (3.44 g, 9.20 mmol) and triethyl borate

2. 20 nL 12. of THF .dr opwi se jover 15 .
i porSetbefa N5 Datn TR svihenis SonY cow Barugs
d&kgb&iﬁngﬁ;g%eﬂk§ture was stirred at RT for 18 h.
Water (10 nL) was added and, after stirring for 15
mn, Atrrtieeﬂnfﬂommelaviaé nfalylbteewbmmdcfecbm nigjo eoasiviungs off Fdrmula 1-3 by
X arated,. the
reﬁ& &8 11?%%}“59&%3’“3}?%? g&et%iéf iﬂgty Se@t%e ciiags,in SEB3Hig Chgisty, M
HuBBcl0 Mol gyeMe Sy 6tk gRI¥ Tmpﬂeﬁeﬁwr&nmsﬁﬁﬂe%ﬁanrtm @fogenation
(50 nL dried (hbzscng and concentrated to a
ugng a prMdiumn safalysein asusable spivoNEorh tacthded er @ﬂl@p% J¥hen X

c&ﬁalﬁi i §l@8&sllt Qpl]l ?é Ceﬁilluggd %Lﬁ%t él%ag%oFg%n%&%%dev?g’t% )? contains an

al&Bﬂiﬁ)lmhd:rfb@hied tin the f{ndl é’(ﬁnlg)un42n190 ﬁ‘mlic)lomsnrnEy bd pdvsHicdnelectively
stirred at RT for 16 h. The m xture was

uspY PR ELET BrerFuiablsoeleabYsh 2 prticasHl. Pd@r 1Y Irgand ggmonium
cblille MBI 6L ShdSdtepnd Et OAc (10 nmL) and the filtrate
concentrated to a dark oil. The residue was
par t Atconatedly, bt wmquﬁQ@f Fcemﬁeel-@&aﬂ be Bbtairic)l fiamdamatee of

R T e SRR 6 EenTee b ith X A obRr compgpnds of
F@@M%M@H&@@( VW din EiPAKORXAREN Bé%re’hucé’d % a%%ma} by Th€methods

conbi ned 5 organic |ayers were washed with satd aq

degstizaBatioye Of desiredndorbpungs p.ﬁ_E@mma 1-20thiterde (plac@8DAgreially

goncent r ted Q1.2 w0 |, . o
B IRy e himgo il o ook Bl piagapeign using iron
oEtiAAGT m‘ﬁabﬁfsf)ﬁfeﬂﬁﬂlcﬁ £8adtic @2R9%r BinNigRct@dardl SmBbsium chloride in
met hoxynet hyl furan. Subsequent elution with 2-15%
ctbpmA@nOBNIS f or ded the title conpound (667 ny, 51%

2% rad ti ' .

cot of PAR B I PEBHTR TN B s Y EHEOAR oo gy meferaiy
br2iﬂ)1n81cﬁ130f &nind Hpm@ellndﬁ)f IHZ))mGla444 {adlowet)by2n &8 -dathly 2, ,coupling

=16.9 Hz é Hz) . .Mass spect.rum
re@@ssrns szgorowaeﬁs of Bropdty p&ti@dﬁuwﬂmimzrmwtw% tifhgre R°M is
Rzﬂ(%)@)z oﬂl‘ﬂ)o@ﬁ?d"&’cel‘ "ke'etré'fbl%ﬂg&l a%ogel)(‘(ﬁ"h*ﬂq égeh% é@ﬁﬂgreactlons where
4-ditnet hyl -cycl ohex- 1- eny1)
}sRéSﬂ(yﬁhybwedJ 5K ISitdlemttdvox yikethit m dugl. 515 YO8-08 (986)) on

t@%ﬁ%ﬁh@ﬁi{aﬂéﬁ%ﬁéﬁgf ;yr%gq}%giggﬁﬁiigo%ﬁoa j[rhoe b%or?l%{aﬁg)ril oF1 -Qlf are N-
blondRL&TnAdd TN BS) in a suitable solvent such as N, N-dimethylformamide (DMF),

di met hyl - cycl ohex- 1- eny1) - phenyl | - ami de (as prepared
tqtrracltlhtosne@@empr eref@a@pf d{@)loromthang (DOVB Dt agatenitrile.nMptaldcatalyzed
%hng 5 &Fe'o_f'graﬁ%a 1z léﬁjdﬁxaélﬁ% react Wa,? (‘Z'l%ggﬁi\ﬂdb a,30] Ute{ﬂggczco?(ilﬁg to
standdd nivIdplogy e desaibéd o I\A&serwaﬂ abshct 0 RT and stirred

for 75 min and then cooled again to -78 C. A sol ution

of t Epmparsdsiafiirmma (10 sameg optyase i@ cogpoupgs of Fprmygla 1-5 by
regg (%JI% (I)fg\fﬁec' @%e&oéﬁgﬂth%fﬁe%oaftc it 5489 WEOHH mr% co?respondmg salt
thbrdnf B -SV GO0 yietdiyii is3-ipXa-ob i[(c)wdie&[ B 12 afl bptidrabpeecBing group

(Rt B2 T iy o7 e S AT o Y eh 5 St s ohQasgis, wiazole
m xture was stirred at -78 C for 30 mn and then at RT

for 16 h. The reaction was quenched with 4 nL of satd

aq. NH4Cl, poured into EtOAc (50 nmL), washed with

water (10 nmL) and brine (10 nlL), dried (Na2504), and
concentrated to give 292 ng3of a solid. This residue

was suspended in 4 nL of MeCN and filtered, washing

with MBCN (2 x 1 nlL), and the filtrate concentrated to
afford 230 ngy of a SO|Id Chronatography on a 20- -9 30

P~ A PN NN AT7 L N N R A s s s o
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Exanple 2 10 4-Cyano- 1H i tni dazol e-2-carboxylic acid
[ 2- (4, 4-di tnet hyl -cycl ohex- 1-enyl) -443-exo) - 3-
wWhg@p 053231, 5- bi s- hydr oxynet hyl - 8- oxa- bi cycl o[ 3PCT/1192908/680081
6-en-3-yl)-phenyl | -am de
a) 4- Cyano- 1H i t ni dazol e- 2-carboxylic acid
[4 [ (3-exo0)-3- hydroxy 1, 5- bis (tert-
p}fj gt(yrléaegl;ﬁlg her& dilt (&pﬁ%}%ng such gg( \%hgl!l 1Cs|f8 an. %For a list

oPMﬁﬂaQE%Ot@Ctﬁfg%éﬂ)uﬂ%%f‘W Ise@Mh&Rlora?W T 0Rednke ah & PERABONN Ay yts,
was prepared by the procedure of Example 1, step (f)

Preg¢anye Hrogypan drganic fynthessd, dolm Wakeperg Spies, di.dNY (1991)). The

citiak SREhS st DB tsoB S En TR TaRE iy aile bond formaion

(fﬁf @&ﬂﬁ@d sbé} MhBo@xaliphl A, B&daabky(, The P2R%c&Bf Péptidd Synthesis,
Snmg%\ée(fkaé{NYtiéu?%A)) o eteRgtionsy ithpgi shpridess/ rWC@@Mﬂﬁtwated

SHEPNEREY Qi OR D 3T Rl kR s Bprtleny e 33
susilihidepid foeid cgaipoaidsawtdoagiianby. THe preorietd @&tiDEMnditions for
afforded the t|tIe C@ ound {154 ng, 28 % as a.Swhite

cQling Wikhls OMyay: weal 81 o granciapiRTEcting
gnauﬁ_P ?13)t5pr%se{n %’l"é)hi YR %cﬁ&ﬁo thane ((PCdM) with DMF as a catalyst

ano- 1H-T tni azo e-2-car xy ICc a
td ﬂ)rt(lctheﬂfaa]idi t]ﬂietlthg/W@@@l a:d’alahelile(mpj/lhg 1114‘(413 presence of a trialkylamine such

oSy eoB O i s bR R S 6K et roteing Eroup P!
ndr iﬁé@ﬁg gk H{Hé@ﬁﬂ@ﬂnﬁfo%fﬁﬁgbﬁéﬂﬁklcﬁrb%Gilﬁlude hydrochloride (EDCI) and 1-

dr ox
hhirgxxhe@mtnbml«;/(H Bﬁem@wh@ Wainyeh dixydeeelhytripzde.gyarold @ty c

oy e SRR, FHeh) T mryr contiion: ss prepar ed
btdﬂldtﬁ%rrﬂflﬁhiﬁ@h&}ﬁlbﬁﬁm Hedafl08kopRoshidtc MPFBLPRAEH DIEA in a solvent
tetr | ammoni um f | uori de nonohydrate (TBAFF120)

sycRs3 DMFrmol) in 3 M. of THFE was stirred at 60

or
€. obhlly b ShoBRRHPEh s Pl B EMAGS) Mo ppor ' o
nﬁhmoneaqmmmlﬁat@naiee&nww@l t{ig pmnﬂﬂb gitzg cangbunds ofF ¢rirthla 1.
nmL). The oqrgapi.c. l.ayer was dried over

25
F%?i‘ég’rli’tl%i‘t B W s pudirsle Hfﬁléec?eéﬁndﬁféo%%ém} gEMagr@ap e REM

w&lﬁ) bQire\ﬁ?O\;eH %VJH él!h?l‘ QIR nt@ SR HBy tnﬁﬂor&ce%g alid I-(ITFA) or
te sol CD30D; 0O Mz): 6 8.1 , 1H, J

ﬂu018d€680Iulzc)es sﬁ’c:h% tQtsa,buﬂ;&@mm@nii&ﬁl {latatjde X HBATF) £s¢8. Cﬁeelﬁﬂ. @d Wuts,
aticpge) ) c%lglbo%{a’)s ’o% E?@%ﬁlg ll_éz ad n06t'c]c')§ta$nsé plr%'t_gc’cing5 'gr70%p (tﬁgn they are
also cornpounds of Formula |

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
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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20(m 2H), 2.12 (d, 2H, J = 14.7 Hz), 2.07 (m 2H),
1.79 (d, 2H, J = 14.7 Hz), 1.59 (t, 2H J = 6.3 Hz),

wQa209/0§237 6H) . Assi gnment of relative PCT/US2008/080081

stereochem stry was nmade based on anal ogy to
4- cyano- 1H m dazol e- 2-carboxylic acid
[ 2- (4, 4-di net hyl -cycl ohex- 1-enyl) -4-[ ( 3- ex0) - 3- hydr oxy

i3 et HBASARRIde gnd sty hihlgrofgrgtean ity Otsfigh may pejredpoed by
cﬁ@l@ﬁé—hyd’tﬁ'géiﬁt&ﬁ‘s ORITRR3ELHIsb Be IR & dlio oPdeeRolh fu);])ng a number

|'e 374-Cyano-1H-itni dazol e-2-carboxylic acid
Of me@mdsmblwlﬂwdmm et im@hyplxaplofiok 0f-8xide tdtelyred By @smium

i en- 32yl ) - 4. 4-ditnet hyl .- cygcl he-l- - N
teof e Vb ot oes s st o DR Be s tef B Rl SWoudrn
O datith 81@hodd; BYRRalll bt (Bl dazzd, avﬁewvéﬂ@g(%alom) Weirtheim, Germany
4- dlneth | - cycl ohex-1-enyl)

(iqwu eBskyBellcs Mbangt S%VmI@%yﬁeBhﬁppge%klarr@g@}f@% Cpélyszi with
oggénop%taﬂ?%s%o%h%ungta h@&%gé a%fgﬂ @@l}%nﬂgﬁﬁ%%ﬁ&ég 2 %ﬂa@, VCH,

WeithevasGagatag (1994)). Wheac@hpainds bﬂF(ﬁI’frﬁllaJLéordanﬁ B\MJlfﬁde either

Th resultlng m xture was stirred at RT for The
agsliG 8heYGhssthe swbide gan be boxdiged ft Fé%lif%ﬁh’@n%% sulfoxides or

SLHFHneg | 66l f R ichh 68086 nc %g%?ﬁfaﬂgﬁ ﬁﬁﬁ% afl gp&olf V\%@ Q&R tMuch as

to gl ve the title conmpoun
osotquival dnittoNMiRr o cfﬂ]ﬁ@ﬁ)erbdl%ﬂ\&dzd (MGPBA‘D ®r byl tre&tH}enﬂ w;thﬂN A0, (see,

foy e%a_m%]&gﬁ f&gd \éhel_gn 48! %6( g@(@éﬂ) gpd §ul?0'ﬂ6§§ caz%geéﬁ?t%iaed ygng two
(%\Waléntsoﬁl\/l%m or ﬁy ga)atfn@nt wth 4=Jmethy'51n§)r15‘llﬂme 5@ gﬁdé %d catalytic

H, 3.77-3.88 (m pg
omzl)irn tztrggd@ (ﬁee,zﬁq) examply, H(Zj'laap 1e|at1Q11 WQ_(')I/2,179 1;9) 7A|l@) both

fieock Bha §Thonc? o ipndtblt g gind ot aRe 5o cqibatgnts of

HQM fé)Speoﬁu%ll@dmékﬁg prescnt oEX&RRING (&) isopropoxide (see, for example, J.
4- Cyano- 1H- 1t ni dazol e- 2- car boxyl | c acid

Cf’@fm{@? eD%éﬁln]Tr@Ub?aledlroéMmz - 8- oxabi cycl o[ 3. 2. 1Jo
3-yl1-2-(4, 4-ditnethyl-cycl ohex- 1-enyl)-phenyli-am
de H
Scheme 2

| R? R 4
17Xy NH2 NH 1
| 17X 2 1N NH, 1N N_ _W-P
= — | — | — | \ﬂ/
Br B % = — 0
7 r Br Br
Z Z yA
2-3

2-1 2-2

2
R H
Y ¥
" " ahd
z z _ O
R R 2-7 Br Z
- z
2-6 2-5

35



10

15

20

a) Tri fl uor o- net hanesul fonic acid
1,5-bis-(tert-butyl-ditnethyl-silanyl oxynethyl)-8- 20

woez@lsrytl o] 3. 2. 1Joct a- 2, 6-di en-3-yl ester VELT/US2008/080081
2009/ 052237PCT/ US2008/ 080081 Orf A sol ution of
1,5-bis-(tert-butyl-dinmethyl-silanyl oxynet hyl ) 8- oxabi
cycl 0[3 2.1]oct-6-en-3-one (Lee, K and Cha,

Soc 23: 5590-5591 5 (2 :
SRR (e e Sint R %égmaaw& 4 %léngla%m%eﬁx&
\LHIVDS(lOMlnTHF 2.48 m., 2.48 mmol) in 20 m of
- 78 C under  Ar. The m xtwre was war ned to RT

Uikred for KR h, then coolled to -7 ’n. &
on ofHO ~OH o @
Pbi s(trif ] ani didine (888L\ "

C&?g m xture was warmed to RT and stirred for 2 h
under . Treated 10 with 10 nL of saturated aqueous

NHACL fol | owed by 100 nl of EtOAc, the m xture Y
w th aqu sagur ated ¥ rlc‘e%acid ( 20

as |ight Hp IIw oi . 1H NWR (CDC13;
4000 MHz): 6 6.42 (d, 1H, J = 5.8 Hz), 6.29 (br s, 1H),
.91 (d, 1H, J = 5.8 Hz), 3.80 (s, 1H), 2.81 (dd, 2H,
J = Ed&r the plrpdsdBi illugtratig 18d shthoddlogy, reaghits dnd tomditiBns, are
0.91 (s, 18H), 0.08 (s, 12H). The product, K was used for
the next step wi thout further puri fRixca‘f“ HRX
b. 441, 5-Bis-(tert-butyl-ditnethyl-sil
oxa- bi cycl o[ 3. 2. 1Joct a- 2, 6- dien-%
20 TBSO OIBS To a m xture of
déﬂiﬂefdlénlﬂﬁ@ﬁ@lbhlarfelsﬂh:afs(gmt@teﬁ(vﬁlﬁreXis R® R* :EisO,or NCORY;
-bis - met ) v . .
R%FSI By M%yl?mlﬁ A oy E@Biyhﬁﬁe& dp & §Me q GRUavhergPhiis A suitable
p%]fec%ﬁg %fou&ﬂﬁatﬁg SRR &l tHe R oh fiB R &hOHSnsformation of this scheme and

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

be suitably protected by appropriate ketal or silyl protecting groups which can be either
removed or retained in the final products. Those skilled in the art will recognize that the
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 1,/Ag;SO; in a suitable solvent such as methyl alcohol,
isopropyl alcohol or preferably ethyl alcohol. Compounds of Formula 2-3 where R? is
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

this point as described in Scheme 1 to give compound 2-5. Finally the bromo compound
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step, 1.22 g, 2.24 mol ), Pd(PPh3)4 (259 ng, 0.224
mol ) and 4-(4, 4,5,5-tetranet hyl -

WQ@32402/032221 di oxabor ol an- 2-y1) - phenyl am ne (540 PQI/US204§080081
mrol) in 20 nL of 1, 4-di oxane was added 2.0 M aqueous
Na2CC8 solution (9.0 nL, 18 mmol ). The resulting
m xture was WO 2009/ 052237PCT/ US2008/ 080081 stirred at

0 C for h .and.th cooled to RT. Treat.ed with 100 .
27305 GPRFEAL0 LR ot e PRSP RO G SRIIE DIy s il suitable
bﬁge? suchfab N@pfopYL c@08 AldrRMd (-PadSin o BeBMBLCIPs R cther,

sol vent under "reduced pressure followed by flash '
Davihle onpitedayatep Ay Fo foltdves drbeydlithimen-baogénl éxchange|wifhlamappropriate

li{iﬁl)é%{r] ﬁ%{gFDIéq\élgSl},ﬁDsoc%alg@ﬁﬁgl%g i%\?cg- wﬁ:ﬁ i\%%lf (%irqréf‘é\%gi}étgﬁ-sr)utﬁfithium ata
tetRedtlieBf CEB0.°Crd 2 10 *Caprefbratipr 7827 HARNGBSirdppid88t tRe

(MtH), found 488. 4. ) ]
oggpnalithinm wyermedias witl e pprrppiafe keiprelHy ISysihcsinpf kstgmstof

F%l}lé §gol)§ Qedi¥8 Pl Remesd 958 7. Those sBikddn H{%edw\!vﬁme&?gnize that
an

cép@midn ddhe br&el iavdrtion mdyuicyfurttétmedifiyd atsthisgaidtoKydktance, if
hyl)-8- 10 - bi lo[3.2.1J -3-y1J-ph | am B
thqﬁ?%%mznd 2—@%&&%@%@&@%@%&@ b wolp e AdfatPiewise
Faitcnbvsndl 81 derbittads @IS byl | anyl oxymet hyl) - 8- ox
a%? 15€bincyc o)fs. 26. ?Ilfloct a-2, 6- d|¥1elﬁl- 3-yl1] - phenyl am ne (as
prepared in the previous step, 500 ng, 1.03 nmol) and
5 % RI VAl 203 (250 ng, 50 wt Z%ﬁi 20 nL of MeOH was
stirred at RT under H2 (balf egressure) for 2 h. The
Rh catal yst waRyregoved by filtration on Gglite, and

the filtrate chncentrat eBHi n vacuo to Jji ve 500 ny
of the Rz
441, 5-bi s- (tert-byt yhdi net hyl -si | anyl B¥ é RY- 8- oxa-

bi cycl o[ 3. 2. 1] oct A% en-23-y1] - phenyl am 2z as &zl i ght 20
brown oil Mass spectrum (ESI, mz): Calcd. for
C27HATNGBSI 2, 493-8 (MrH), found 490. 1. 3-2

Scheme 3 illustrates general methodology for the preparation of heterocyclic

ketones of Formula 3-2 where E is O, S, SO, or SO, and R’ is R* is CHz. These ketones

are useful for preparation of compounds Formula I where X is

x e
=S O

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
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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A m xture of

4-11,5-bis-(tert-butyl-dinmethyl-silanyl oxynet hyl) - 8-o0x
w@bioepsd2e] 3. 2. 1] oct - 2- en- 3-y1] - phenyl am ne (asPET/EEN&R0081

in the above step, 500 ng, 1.02 mvol) and 10 % Pd/ C

(250 ng, 50 wt 9% in 25 nm. of MeOH was stirred at RT

under H2 25(50 psi) for 1 h. The Pd catalyst was

pr&r?gﬂn}%\ée i %aglllclt l&arsg% é}]gﬂ &18 %q% lwi(itil;lg)’r%alt : hgaéaflllyH: E@E)gntw? an orgamc
aﬁﬁm%'l{‘ﬁisé%?&lcﬁngl ot B)lvéitX§ueh &s E50HIBALr reMX conditions with
2009/ 052 PCT/ US2008/ 080081 brown oil. Mass spectrum

c@rEBuousloy bublalingohf HxSr(J@@ﬁmmsm’ql a4zg Z@(WI@Wg Chouinty

(Wﬁé}é gtﬂéﬁi @Wﬁg) %{ é%ﬁ)(%%)elltssth be HaF 8 p hose S llieyd NaRe art, that

sl 4oRtaiey kéto&sbjf$oﬁhﬁﬁt3 Dirhyie-RlisBedaRe-oxidi 20y B yifedr two
hyl ) - 8- oxa- bi cycl o[ 3. 2. 1Joct -

eguy@gntgo%@tbmrm@@q)@ﬁqmesu@h\ys BAnehloroperbenzoic acid, to obtain the

cﬁg% ?BF‘?An&ulh%\?@e{rgEgsBU& GkAREHON, ST anyl oxy et

oxa-bicyclo phenyl am ne
(B) NH2NH2 AB 10 To a soI ution of
Sdhdm34 exo) - 1, 5-bi s-(tert-butyl -di methyl -silanyl oxyneth
yl ) - 8- oxabi cycl o[ 3. 2. 1] oct - 3-y1] - phenyl am ne and

4-[ (3rengp) -1, 5-bis-(tert-batyl -di met hyl sil anyl oxymet h
yl k=8t oxdl- bi cycl@fe3. 2. 1] oct 43- y1] - phenyjsani ne (
preDMt%e—pFeweus sf ep, 924%@—1—99— RV L
10 L of DCM MeCN afg~cwaS’ added N- 15

R
br ondsucti ni i de (NBS) (RB78 Tg” 1.00 nmol ) |n% /\
portions over 5 mn. The m xture was warned to I-Pigl' and
stirred4flor 1 h under Ar. TBA€ sol vent was evapor &fed

i n V%%Q)tl?&@xﬂtﬂ@tlcr I%Ici eg Y& tﬂ@? e?%r E}I)lll}] Sfjth@é?%é?)?rrﬂts é)f 5P{/nelula 3-2 are

chr omat ogra on SI I Ca exane
siz3dh imgfS ch6ifie %wh;efre EheStind Ré iscidde yand GHAS' vehdre Bhis By OMe or OPG

$F‘§H’ b*r%%;a%?a@glpgot%o g ﬁovélggt%gtpltéét f?ﬁf%?@%gﬁio% gfc'@% cd.

trhforlatfioh %Bfﬂ\m%%e aﬁa Qatgbe( Iwﬂibved {84NG r Y R i is l@)H Nﬁ%%
spectrum (ESI, mz): . for C27HA8Br NOBSi 2

uiderifted ﬁmmmtetones of Forrnula 4 1 and quaternary ammonium salts of plperidones
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 1)), 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
Na,S, respectively (Khimiva Geterotsiklicheskikh Soedinenii, Sbornik (1970) (2), 174-80
and Izvestiva Akademii Nauk Kazakhskoi SSR, Seriya Khimicheskaya (1986) (3), 92-3,

respectively).

Scheme 5

0

RO,C oth CO.R'
i L o —— o e
R” E 'R
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570.0. Assignnment of the relative stereochem stry was

made in the final step (g). 25 WO
wQe@9/0822237PCT/ US2008/ 080081 PCT/US2008/080081

e)4-[(3-Exo)-1,5-bis-(tert-butyl-ditnethyl-silanyl oxym

et hyl ) - 8- oxa- bi cycl o[ 3. 2. 1Joct -

3-y1J-2-(4, 4-di tnet hyl -cycl ohex-1-enyl) - phenyl am ne

5To g n1xtyr§ of . . 0
4- (3¢ hagv,another appropeh (R Yavels 1 NCSTICHRYA KstgRfsta Formula

3y *h&e@(%’ OPSCKEiOh: Zudlbpigko Fttd REIDEODMPBEDHGIIRR PG is a
(as prepared in the previous step, 343 ny,

Sln‘rable) pro&@c«ﬂlngugremmyma@ymstﬂbéemﬂne oristitiansi of @n@. mar(si@@atlon of this

sqfRimst - Gr o rAm et daeers! 6 N S nelsbRs ‘ST r SRR’ taken

tdgdthdr i CHL-BHIBPCHisCHNSudhaRatlthd Reguliihg ketofe Basis bidyelied
at 80 C for 16 h under Ar, 10 and then cooled to RT.

Tr eafl Bepeviianrbesmady by fintmmoplecularmidicsknen-typPaeychigatine of appropriate

p%&ﬁglg(ggﬁ)? F()ﬁmm) \J/J'g (ﬁ‘) 3 ](\/%rdrrﬁ? &Ii]({% %21 %@%agg 'cgrgddtlons followed by the

e so ven red

rdiRas uf ﬂlef(ﬂblk@m&ﬁiﬂhﬂ?f hashtueht @(ﬁ{t%rsﬁ@‘lw ifSchdife 5. The preferred
resi due on silica gave 317 ng (88 % of the

methodelogy @ﬁﬁumyn&@tla spqugnec m@wﬁs i (biage-1nuesl eygbeation @f diesters of
ESI I 2., 60
%} %5% tgmpirgﬁg%s ffé?ﬁg}e—ﬁg 5’?&0%% 81?%]11]] tgeéﬁ lgetoeH?ets of Formula 5-2

flloRfcBOSN eHE 8didXatdBScdrddarolyid bl tbaadboxsiaedn (@)temperatures rangin
J)4-C§§ﬁo 1-(2-tritnet ylgﬁlanyl-ethoxyhethyl) 1E+|tn| sine

framz @DetoR 206r KoxyIti & anqiqjstpqd that, following hydroly51s of the ester, the

%c‘)(agtg)xg%ogl Jg?rgte%tager %fbm dl L rgig(g r‘D(mth or w1tl¥ou(%x1¥e 1sola¥on of the

c&ﬁles omlﬁ%%aﬂw 16y 6iaheXoblaif r’tMéL)coﬁB&ﬁhds ofoRdre 2 80T Bfne preferred
009/ 052237PCT/ US2008/ 080081 To a m xture of
b@ﬁ@ﬁ dersthgrfirst step include, but are not limited to, strong bases such as alkali metal

a&ogﬁgp 911{1)&‘11&& %&He?‘%gﬁ/ lr %'slgl@lg @%{%%{%2?6%%1) iétg:iz)_l)i(igé,d&;t%sium tert-
brtaRKIE 896 2i3hidn, hyliDaxidg, anﬁ #B&i 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
of Formula 5-2 with dilute mineral acids such as 1 M aqueous HCl 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
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
acidification, may spontancously 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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mmol ) and pyridine (51.0 uL, 0.630 nmmol) in 3 nL of

DCM at 0 C was added SOC12 5(46.0 ulL, 0.630 mmol).
w@\Raens2sTrring at 0 C for 0.5 h under Ar, thePCT/US2008/080081

resulting mxture was warnmed to RT and added to a

sol ution of

4-1(3-ex0)-1,5-bis-(tert-butyl-dinethyl sil anyl oxynet hy

bi | of 3 1 11-2-(4, 4-d t hyl - | .
e oo s PO e rep b it RROY P Eraadbfes or simple
mdARatiSd 8r Bxteikic2Sr KB m'eﬂloaol%leﬁ’f FOEM 18 & difftbRTof Formula

stirring at 0 C for 2 h under e reaction was
SWaémdec@mespomilngleecadse@ew’qmnﬂ@f e zﬂmemanaf@&walt&@ezely (1996), 118,

0TS PR Sl ke e Gl SR ) 79, 23239

ad\hiPhd G Cr2niiChemish® @096, 132yey was dried over

Na2504 and concentrated in vacuo. The resi due was
purified by silica gel chromatography (2-5 %

Et OAc/ hexane) to afford thak{f\% compound (401 ngy, 90
% as a |light brown oil. CDC13; 400 WHz): 6
9.72 (s, IH), 8. 2&( , 1H, =ES8. Hz) 7. 76015§a
1H, 7.18[(dd, oA, J |= 8. 6R (3) J

2.3 Hz), 5. y 3 59
6H), 3.02 (I?hﬁ\/({i‘va;) 29 EL{IB] %H))add%ogg (mRy

1.76-1.88m 6H), 1-66 J= 12 59 (t

2H, J= 6.3 Hz), 1.11 (sp ®&Hplogéhaloh (t, 2H =

Hz), 0.89 (s, 18H) 0.05 (s, 12H), 0.01 (s, 9H)

Assi gpiait 6 afustrhRs ERl sg'hth‘éﬁs SF BEBRLBIBTII Rt KcYondd &f FBARLL B-2 which
the final step (g

a@)me@gﬁ)@erquratqs, glagqﬂpémg resghipnal obemeiZd The general synthetic route

X t h
i SPRTEREORT 01 523 AR TR ponprad enyp o oo ormula -
llwﬁhlyafl.)sul}&ﬂﬁdﬂ)dhdneafﬁlldﬁfed by subfse@il@ﬁt ulcalofenation, if necessary, of the

4- cyano- 2tr|msth | silanyl - et hoxynet hyl )-1Hi m da
rqsgltlgg pé%f}u@ X eere tgrab precursors for the generation of oxyallyl catlons include

p%lé}l gsag%l oxa &22)' ggen FEIBSU%H%/ a'llgz rEgﬁé?é’ a]naI LABRXYWARY can be

cordreftdd fo d}tyﬁﬁthtloﬁ)aﬁh @rlapp{edllnﬁsﬁyll)}lﬂpﬂemﬁrﬂ)pnﬁﬂﬂﬁﬁe (1Bder reductive,
prepared in the previous step n‘g, 0.471 rrm:li2 and
bysiq Prabewl 3D ﬁp%ﬁﬁlﬁlll% oTh%IF—?qHH% Ryrik satioseanyso de gsnerated by

OBk, P oA ol S Ao e i

(£M@A@}(6510Sm,X1%8d V2SRl O Thie d@@lo@&ﬁhtlﬁ’ﬁh)of palathe-thu&ketones can be
saturated NH4ACL (2 X 10 rrL%'N and brine The
agyigyedi Wlthasﬁége%§uab iasdCay alsﬁwmzé@h Maiu b Zn/Ag M is Zn),

t t.
2B OISR UG IR A (L1058 08 QAR R iE dufhddrex O,
(MHi Fe)(fookirevied HedURy. (R3O L9830I), NKR,) 7. 6rSB cmam( dl,999)—|64 3398)) to

WD 2009/ 052237PCT/ US2008/ 080081 J = 8.6 Hz) (s
gangyate -pxz@ll}(l d@tiony The bagicgreagents fqg) dehe;logqna(a@n @Hx hglo—ketones to

g Ce'lsatg@cy\alﬁyﬁgaf()g} ﬂ%‘:'—lgdr%lﬁ 66. 1( ﬁrc ’re%ge:%sl %urﬁL 5%}3131\2 g%CHzOH,

sc(d’mrn%ﬂ-lqudhs&cﬂ 2. 83- tétmﬂuéH)p,roﬂanﬁBarﬂd 72 2€ﬂnnﬂuéfd)ethaﬂ1015(9 Chem. Res.,

Smoz?) %%3,&&24 TJ3 ré?é@a#]é&a%mop z@@% %/1?5 Ct nleHg ysnfp (1983),

156“55%(919{@65/ ]%R/Rt(ﬁ Q)Jgebﬁérh Vﬁ 9596 @%@YT“ Eéd}ﬁé a}é‘ﬁ§ sHE@mda% AgO,CCF;

usi ng
can be used for dehalogenatlon to obtaln oxyallyl cations from 2- rnethoxyallyl halides (/.

Am. Chem. Soc. (1973), 95, 1338) while AgBF, can be used for 2-amino substituted allyl

(‘

=
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4- Cyano- 1H-i t ni dazol e- 2- car boxylic acid
[4-[(3-endo) -1, 5-bi s- hydr oxynet hyl - 8- oxal0

wher@ygosnpB. 2. 1Joct - 3-yl | - 2- (4, 4-di t net hyl - cycl| p¢TEKSD0&080081

yl)-phenyl f-am de OH CH
a)4-[(3-Endo)-1,5-bis-(tert-butyl-ditnethyl-silanyl oxy
nmet hyl ) - 8- oxa-

L B O AR e oo

ol SR 85h B uddigo RERGELW SR BN SN 2-OSHERx\ AL rdkShdTrerr. Lett.
(1[9(83) @3d 9931 Ggblat. (200.-H 2798 ). @nﬁemttkrd)d@cbgyaﬁw gmmnmf oxyallyl

ety iadhoepien i - HRGpIE Ayl oM g, With Zn/Cu
c&lp%)gl ma%le%gan‘ﬂc fol@én%ﬁdﬁydsw Oﬂesé&fhd]mé’thg&ﬂggy for ﬁeneratlon of

aci d l'ica gel chromat ography
o()@ﬂM czaflblm aisedhet hmatrnetdt eofC aﬂhmbmlmtbt(eﬂﬁ Formgxarm®fe Uyichlor@acetone or

P?%g %g%%\fl\% :gili/lgh Zgéglmnis?( ﬁﬂge Clhlr.lgl‘g]ﬁ E%]éiﬁoog t%e\?%aalmc:n?omum 2,2,2-
traA RS ARAGZRRCT, @%@ﬁ@&é&ﬁ%&ﬁ 115 @tﬁ%lﬁ MENtK Ofndtd¥e, J K ,J. Am. Chem.

rel ative steréochemstry was nade in the final
S¢«)(2001), 123, 5590-91; and Sendelbach et al, Journal of Organic Chermstry (1999),

6%@@%9@%@?&@%)&{1: a&i %{1]% lpﬁa oaﬂé/rmcglt Qgﬁ(d¥tlons é/ n) be1 lfll-sé({ to generate

okadty € 08t@ns Krdin kahﬁnﬂk@tbhesbyt DrgdChé}ﬁt(m%B)SSﬂi Pk MBI, Chem.
yl) - 8- oxa- bIC%C o[ 3.2.1Joct-3-y1J- 2-

Sfeal(lﬁﬁ&),t%eﬁ?@/ cycl ohex- 1- eny1) - phenyl | - ami de OrBsS

The diene trapping agents are aromatic heterocycles such as suitably substituted
pyrroles and furans which are either commercially available or can be prepared by
established literature procedures. The initial [4+3] cycloaddition product thus obtained can
be dehalogenated by known methods preferably by reductive dehalogenation using Zn or

Zn/Cu couple.

Scheme 7
O e) 0
bis-hydroxylation Protection
A A Protection
RY RY RY RY RY RY
HO OH o
6-2 7.1 O>< 7.9
Reduction Protection
Q 0
Ry/@\Ry RY RY
™ 0.0 73
Si
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The title conpound was prepared by the procedure of
Exanple 4, step (f) using 4-
WO ¢@oemm2e) - 1, 5- bi s- (tert-butyl -di net hyl -si | anyPORYIBD$§80081
|') - 8-oxa-bicycl o[ 3. 2. 1] oct - 3-y1] - 2-
(4, 4-di net hyl - cycl ohex- 1- eny1) - phenyl am ne (as
prepared in the previous step, 150 ng, 100.250 mol)
and otas i um
4- cyﬁr}a uRg ?r?o’f’ﬁi theed Pl bonghip the PRANOHRY Aducts 19 5 qrmyle, ¢2 can be
flrBre? TurcBbRANKH %%ﬁg(%r@ﬁ&afeﬁaldnncdﬂgltﬁg APRhé&Wn in Scheme 7, for
2006189623 Al , lica gel
cxAmpetho gpmphynd(szofT YenEt0Re/ mm@} -haffosyldted using knawreliterature

ht (b I
P?O%%gsg&oﬁ%é %ﬁﬁg‘%age@%ga%izr fegenCﬂ;'?eet %ar olﬁ’”gf& (";?mgfe}q\lengz% Organic
TRz forhadbns( 3¢ &) Wile 19C(Hj<NY 1(‘1999) ipp89£ﬁ3 l(ﬁ)ﬁ tb'@otam cis-diols of

7.07 (d, 1H, J—23HZ) 5.
Faiqyula ]Gth(qh cagmhelyb&pg)tg:thkyo o‘tgalgpo ouqu) of rgml sn?{ -2 and 7-3.

T%g%lgf%re% é)&l;ﬂloﬁ!% ot %}%atﬁgﬁnclﬁd% phe: %yofh&ugﬁ_%o the treatment

o%thg Tof®ouitds)of Foriifla(@-2 wath, a datatydc &nblZI)t of Q)sm a(§ seriBDOH as the
7 (s,
r@ﬁld[aﬂtemrféwr?%ces%fiw ﬁ-?fsl?e.ﬂg? %Jé («F&a@lqaﬁ Sf)ﬁégqun’gpan (1984),

5?(‘2? P2416) 5))20Tﬁe) %Y 3P Fokbutat 'ls%oi)ee p?ot&q&p%(Y)Ha?n @&lngounds of

-en bl s- hydr oxynet
Foonaixlbi7ed ehd [7/RB. 2 Thd estmBley DY sBit{ble dicdiprotetting groypd cdreke found in

henyII am.d ., The title o ound
Do RO OB Sutbesivss DT iadost 37 RGN g Py G . W
Jdm Wiley & Sons. Inc, NY (1999). The It)referred protectmg roups are isopropylidine
cyano-1- (2-tri net hyl si [ any hox net‘é azol e

ketal Bidicoxsl the @/@qn@c{zMSoz[z(t;B afef@g)z (198 57(9) 2515 25) and di-tert-
b'ﬂﬁy%ﬁr %166 réltsmg] ]é% Bg gﬁ? Yl&t 451 zﬁ]a%mgx grerrtlatt 11'1]1 cl?lorma?eda sotfven¥s such as

Dmloﬁmjéwlan@ Yial e -al t@ﬂﬁé&])peﬁhﬁeyﬁbn@mgdec (RRTPHEASGRBY at 0 °C.
in the previous step, 185

Tﬁ@@@df@@zf@mﬁ@ﬂlt@g@ﬁgh@go@@gummf) qujlla 6-2 can also be saturated to

o U po G BE BB AL oEiRATRG CaRbd o7 iy tothation ae

cahlly e dedrobbeutioh t(Fer &l ﬂ’gﬂ@%e (M%m B3aMfy Genidsthi @D99), 64(10

br%ﬁn gllg 1H—NéR (CD30D; 400 MHz): / g 10 (d, 1%61 ) (10)
3B, 7.98 (s, 1H), 7.21 (dd, 1H, J:86 2.0 Hz),

7.10 (d, 1H, J = 2.0 Hz), 5.72 (m 1H), 3.63 (d, 2H, J

= 11.6 5 Hz), 3.50 (d, 2H, J = 11.6 Hz), 2.91 (m 1H),
Sehafe §m 2H), 1.93-2.09 (m 6H), 1.55-1.73 (m 6H),

1.08 (s, 6H). Mass spectrum (ESI, m z): | cd. for

C28H34N404, 491.3 (MtH), found 491. 1. . O Assi gnment

of theOrel @abae sStereoche@SerCyawas nmade Bising 1D 1H

NVR, 20 COSYiomsdfcApatdoESY NVR.  Bélyikioa

4-Cy & 1H Tt ni dazol e- 2- oxy I C acl

[ 4- [(3 endo) 1, 5- bi s- met hoxynet hyl - 8- oxabhi cycl o[ 3. 2. 1J

oct - 38yl | - 2- (4, 4- di t net hy}2cycl ohex- 1- enftd) - phenyl Pani

de  $8hceTd iiffdsuares iRl H@W&@t&@@cﬁc a€lfes of Formula 3-2, 6-2, 7-2, 7-3

1, 5- bi s- met hoxynet hyl - 8- oxa- bi cycl o[ 3. 2. 1Joct a-
ard 6-.4dwéwh31ry|allggp1@sented 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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Orf 20The title conmpound was prepared by the
procedure of Exanple 4, step (a) using

wa 289lsz3Tret hoxymet hy1- 8- oxa- bi cycl o[ 3. 2. 1] oct PGF/E62088/680081

ne (as prepared in Exanple 1, step (e), 600 ng, 2.80
nmol ) and
2-[ N, N-bis(trifluoronet hanesul fonyl )am' nol pyri di ne

& Syt Qi oitp00d G2 SERIRR O Py 3713, 2410,

ré‘s & ctiCb RT3 A6Rrred 48n A tibNHI) thif @URFoRAAR- 1nMQie but are not limited
09/ 052237PCT/ US2008/ 080081

tda the @qat@ersu of -heteroryxiersetoyds & Inraubi &4 ovid] Srongitbees such as lithium

R ST A L A
pa&égg@ym%m@ %ﬁé%lﬁ(ﬁ o&) thAGlfition 1)0 uorosuﬁfonylat1n§ ag%uts such as

s- met hoxynet hy1-8- oxa- bi cyc 3.2.1] oct a-
noraBruoycbuestei foqpisflysreieal- ¢, NV-bis{th€uproawitiomssidfoapl)ardindfpyridine or

Napf(e&ylzﬂ?@&n%ﬁv%rpma??@%wlf%lll@ldﬂ dilB% atssrrauads ofy Ferypa g can be

2 hpl Gh 4 lih h rap 1.
A ekBiofds h pldidaEIRLY ecd%ﬁeééf?%"g“éb%o%;‘%é’%@@ gPtheme 1. In

adfliti@L the c‘ampcaunlds @ifitfobmularS-dickn be@hhvwgtedpedhe oondsBShding boronate

ey g By 835 € bt Mok NGt BoupisR g Seperbea in

SdiRgitc B (3&%6[3&@&%11‘@}@ 6cddfies add: Eastwood P., Tetrahedron Lett. (2000), 41,
Exo0) - - bi s- net hoxynet hy1- 8- oxa- bi ‘cycl o[ 3. 2. 1Joc

(£538 wd Tplﬁr)é]ﬂwlalﬁ] geal( Ghem 1]56‘[’N|@(}QQ2, 126-7pB Finally, when a compound of

Formula 8-2 or 8-3 contains a protecting group, it can be removed in an intermediate or
final step using the appropriate conditions. For example, when a cis-diol is present
protected as the isopropylidine ketal, the protecting group can be removed with acidic
aqueous conditions at elevated temperature, preferably at 100 °C, and when it is protected
as a di-tert-butylsilylene diether, the protecting group can be removed under acidic
conditions or preferably with fluoride sources such as TBAF (see: “Protective Groups in
Organic Synthesis” by Theodora W. Greene and Peter G. M. Wuts, John Wiley & Sons.
Inc, NY, (1999).

Scheme 9
Halogenation R® N
I pR— I> >
RN,
9-1 9-2 9-3 i

|

R c
N O R N 0
MOH
(> I y4
Raj:N OM a

ra” N

\ P
P P <
9-5 9-4
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The title conpound was prepared by the procedure of
Exanple 4, step (c) using 4-

W@ 2005/080237 net hoxynet hy1- 8- oxa- bi cycl o[ 3. 2. 1] ocPEF/RSBo0g180081
en- 3-y1) - phenyl anmi ne (as prepared 20 in the previous
step, 2.00 g, 6.96 mmol), 5 % Rh/A 203 (800 ng, 40 wt
%9 and 10 % Pd/C (800 ng, 40 wt % . Silica gel

i T GRS T Y

FSIQHHQ gty RerdR* & o9 @t(l %Hll%eran‘a' R igpd aﬁtZI? CEI 613-%(3@1 H9%hat are used

the title conpound B as 1i ght brown’ oi
aintdvis diatep e thespmthgss of crdrm)ouncihd)fdﬁbmmbﬂ \@16?%@6 NGByidazole.

(s fighghs QUHRFES pra Biinbor Geaisy | RRERS Biidy ik or -

CRO&c ith&ADHINGNERIN arfilabl&rf gl e whkRI EaS hENl &t fyadiiavailable
made in the final

YQMO[II(TBGTE@HWY@@%@GM(@P%@X&/Wé@lmlﬁ 18 CHQ) i regatton [vathp
RSP RS, S bl gl s

osfobfor{dd)or usdticginfydide3 Syernesas), (ZQ(B) 677) Irmdazoles of Formula 9-1 can
- bi s- met hoxy neth180x-blci]dac oct -3

be profeciqemiph & Y1 Eeup e pay aﬁn?th%xmeé@ylamgles(w) or

ge‘Tzr Bll[g’acsf% o%a%%bvﬁy ?‘d;o %%&Wé%oé%};l%%cm Cﬁf 2, 9% (reene and

Petgr G5B1. W utefProteetivd Gtomps onPoiand Hmtlesis Jgpﬂm Wirlqwndo&ldns, Inc., NY
@%% spectrum (ESI, mz): Calcd. for C17H24Br NGB,
( )y (MtH), found 370.1. Assignnment of the relative

st er gaRMESE S DorkR R 9BAShd A RE 'ib&CfN r&ah be h% érﬂn}ed #@h a sultable
e) 4-[ (3- Endo) - 1, 5- bi s- et hoxymet yl- - oxa-

rehgogsuch CIINE bgor(msu&pcm1m1|dephw-lodosuccmlrmde under elt?:er electrophlhc

(f%%%(?nggé i%ﬁ%}@ﬂ%@a%@%ﬁ%r under radical conditions in the presence

of an initiator such as azobis(isobutyronitrile) (AIBN) in a solvent such as CCl, 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
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).

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
ethyl chloroformate. (For examples, see: Tetrahedron Lett. (1988), 29, 3411-3414.)
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\ The title conpound was prepared by the
procedure of Exanple 4, step (e) using 4-

WO ¢@oemm2e) - 1, 5- bi s- met hoxynet hyl- 8- oxa- bi cycl oPGI/RSZ0)&/a80081

t-3-y1l]-2-brono-phenyl am ne (as prepared in the
previ ous step, 185 ng, 0.500 nmol),
4, 4- dinethylcyclohexen 1-yl boronic 5 acid (130 ny,

(ét 853}1 ‘)S Q]f ? llﬁle,l@a 9 %g{egggﬁly/grog%eﬁ%ca(r (pfy 1c acids (M is H) or

é‘r@ are@r Mis 1LigRE, arqt M SHindula YBSS LW cRSbE
¢ 8§ﬂ ?%3 mofg Kce 400 3 (Nﬁ fgund 400, 4, e

m&@é h@drnmdte (MOH}@hrteinaplreﬁ@éldy epesvhmhydtoxydevias sriede pojvent
the final, st TN .
sl el gL & e 8ndH-; shbhesisoncampruntsa Fomaringt s whers R is -

CONHI £is dcéont fﬁf@ﬁé/d bEfin€treat{ng cornpounds of Formula 9-4 where R® is -CN with

[ (3-endo) -1, 5-bi s- nethoxyneth - 8- oxa- bi cycl o[ 3. 2. 1Joc
amamﬂymwﬁqa lkaxige gighrastneiassisycgt Keﬁvﬁﬁi%ﬁéﬁVngﬁhPHEM1

ré!(}gt n‘r%r&lp (P%g{gp Péé?gdﬁﬁqgll&{/&f)@ ﬁ;¢drgl¥151g B?b@tﬁqgeegs%r%nQ f1rnldate

gidp§ 34tRnao kqlivhlchis of o hfueovseichy by Bovidasbliutye! of 3. 2. 1]
oct - 3-y1] - 2- (4, 4-di net hyl - cycl ohex-
1-enyl) - phenyl anine (as prepared in the previous step,
140 ng, 0.350 nmol) and pog éW% 11?
4-cyano- 1- (2-trimet hyl sil anyl - et oxynethyl) 1FL|n1dazo

| e- 2- carboxyl ate (as ﬁﬁeﬁfqed dn US Pat

2006189623 Al, 128 nmg, I) l, ca %ﬁt_{
chronatography (5 %EO afforded (%

of the title conpound as ap'
2009/ 052237PCT/)J82/888/ 080081 I ght yel | ow oi I Mass
mz):

spect:ri) S, Cal c@.o for C36H52N4053D.3 649. 4

( M+ | d 649 1. Assignnent of the relative
stereo@he stry was nmade in the final step (g). 5

g) 4- Oydno\LH |dazole 2- carboxyllc acid

[ 443- endo) - 1 5 bi | - 8MOH N O

oxa- b1%yclo[3 2. 1Joct 3 4, 4=ditrret hyl cy®&l ohex-
1- enyl ) - phenyl f - ami deR’ \1T title ¢ odﬁ?
prepared by the procedure Exanple 4, stepP(g) using
4-

cyano- 1- (2-tri met hyl si | aift4 et hoxymet hyl ) - 1% ni dazol e

- 2- CQEKé%HO FludEdilh a[fl)uEe(t%'ﬁlmgazolecarboxxélates of Forrnula 10-3 or 10-5

1, 5- bi s- met hoxynet hyl- 8- oxa- bi cycl o oct - 3-yl1] - 2-
W¢141;€£R d$ atdotoydr-begrod,ainexM 1s Bnlil X, or Na that are used as intermediates in the
synthesis of compounds of Formula I where W is imidazole.

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
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 CH;CN or DMF at temperatures between 30 °C and 80 °C. Imidazoles of
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10phenyl ] -am de (as prepared in the previous step, 150

nmg, 0.231 mmol) and tetrabutyl- ammoni um fl uori de
woeolyxtsat e (181 ng, 0.693 mmol ). Silica gel PCT/US2008/080081

chromat ogr aphy (25 % Et 0Ac/ DCM) afforded the title

compound (102 ng, 85 % as a white solid. Mass

spectrum (ESI, mz): Calcd. for ClZHlBBrNQO 281.0

%gnu}_%;p 3 Jangqu él'a'qgt enlbe g“é é pbthe ge%g@:%éstelf,l?y' h\]j'/%igolysis as
d&cﬁbec?m%ch@rﬁé)) 7.09 (d, 1H J =23H), 571 (m
d 2H J = 10.1 Hz), 3.40 (d, 2H J = 10.1
) 340(m 6H), 2.90 (m 1H), 2.29 (m 2H), 2.17
S J =13.5 6.7 Hz), 2.06(m 2H), 1.80-1.89
% 1671.76(m 2H), 1.58-1.64 (m 2H), 1.58

(t, 2H JOo= 6.3 Hz), 1.08 (spo 6H¥1 Mass spectron1( Sl
m z) . €a d Hor C30H38N4Q4, 519/3 (M:H), fou
20A55|g q;_ gtructure #as sed 0 Qna &g
4- cyano- 1H— dazol’e- 2= car box (c

4-1 (3-endo
][OCE(S ;2] 221(4

d' ”ESHYeImeCMC*II%t%es]a ﬁ)@%ﬁ%ﬁf&"tﬁ@ﬂebaﬁﬁbﬁ Bf {Rida R E&RATFOnula 11-3
whel@lhnm smalg, ’tsm@Hz GireSQz(EH;r Byl Ici, KcbrNa that arc used as

443 eX0 5- bj s-.hydr oxynet.h 3 2.,1J
ik RS g e Bl R Hbber g 1 g nEy e
e 2%@1@1@&8231 R&10 452691868809 Botedted zﬁ‘)cordlng to the rnethods descrlbed
44 Exo) - 1, 5- bi s- net hoxynet hy1- 8- oxa- bi cycl o[ 3. 2. 1Jo
mt S y@ﬁa zretﬁfrr@b&wh&haySEM Ppretesting group torgee cpmpeunsis wh s gfm{ula 11-2.
I}de’rgr &k %ccor 1ntg tgoe thR rp%:cee WeSn gcheme%'glves cd)mpoun%s gf‘i i’orrnula 11-

3 (V\(Iﬁrfﬁlxm; -4CH;3. bOﬁrdﬁﬁ(’éth@ﬁQLﬁﬁtHthhrcﬁmﬂfaaolbé 6YEdrafua Pl l]v&ﬂtht one
-3-y1) - phenyl am_ne (as pr ared in Exanple 6, ste
e@gyalety@zﬁ apgpPrepipye ﬁmglpl)lt geé iryg:s% hydgolygis mrﬁmg to the
r 0 f ed -
PP EE S e TR P AR A e DB R “Oxidation
Wti)tihltwo I\iﬁm@al&pﬁe@f Bbl Bpp(rEﬁhate pkizipnt, fedloodd bfyca:stefﬁidrlﬁl@als NERrding to
foupd. 370. 2. Assi gnment f the relkatiyve
tf@tpé?@émémsgbwe Ereaerapoynds o& e éﬁe%he(raﬁ K -SOICH:. The

preferred reagent for oxidation is MCPBA in DCM. References for the conversion of

5-bi s- hydroxynethyl 8 oxa blcyclogy 2.1

sulfides to sulfoxides and sulfones are given in Scheme 1.
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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b)
44( 3- Ex0) - 1, 5- bi s- et hoxynet hy1- 8- oxa- bi cycl o[ 3. 2. 1Joc
WO 289932232- (4, 4- di net hyl 15 cycl ohex- 1- eny1l) - phrOyUS20081680081
WD 2009/ 052237PCT/ US2008/ 080081 \ The title
conmpound was prepared by the procedure of Exanple 4,
step (e) using 4- [(3 -ex0)-1,5
- bi s- net hgxynet hy1-8-oxa-bicyc o [3 .2 .1] oct-3
-y1] - 2- by@no- phenyl am ne (as prepared in the previous
, 0.500 mmmol ),
2 Icyﬁh exen-1-yl boronic 5 acid (130 ny,
Hsilic g chr omat ogr aphy (0-15 %
A forded 156 ng (78 % of the title
l icght yellow oil. Mass spectrum (ESI,
for C25H37NG3, 400.3 (M+H), found 400. 3.
gnment of the relative stereochem stry was nmade in
inal step (d). 10
c) 4- Cyano-1-(2-tritnethyl sil anyl - et hoxynet hyl)-1Hi tni
dazoIeAZ-carboxyIic acid [4-
((3-exo0)-1, 5-bi s-met hoxynet hyl- 8- oxa- bi cycl o[ 3. 2. 1Joct
-3-yl)-2-(4, 4-di tnet hyl -cycl ohexl-enyl)-phenyl | -am de
a) Thé-Bromoe2-¢Hqdinierlylkasloieedadrl)-phenylvmipe ocedur e of
Exanpl e 4, step (f) using 4-
exo) - 1, 5- bi s- met hoxynet hyl- 8- oxa- bi cycl o[ 3.2.1]0
1] - 2- (4, 4-di met hyl -cycl ohex- 1-enyl)-phenyl am ne
epared in the previous step, 140 ng, 0.350 mmol)
ﬁ%sium
=12 (2-trimethyl silanyl -et hoxynet hyl )-1H i m dazo
arboxylate (as prepared in US Pat Applic
Bp006189623 Al, 128 ngy, 0.420 mmol). Silica ge
chromat ography (5 % Et 0OAc/ DCM afforded 166 ng (73 %
of t Rem}xlt&rle of ﬁ%qgr?lg-riqiogg-pﬁenylamine (873 mg, 2.93 mmol), 4,4-
dimethylcyclohexen-1-ylboronic acid (496 mg, 3.22 mmol), Pd(PPhs)4 (169 mg, 0.147
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

mL) and washed with HO (25 mL) and brine (20 mL). The organic layer was dried

(Na,S0O,) 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): Caled. for C14H;sBrN, 280.1 (M+H), found
280.1.

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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WD 2009/ 052237PCT/ US2008/ 080081 |ight yellow oil. Mass
spectrum (ESI, mz): Calcd. for C36H52N405Si, 649.4

w@ koblp5228Dund 649. 1. Assi gnnment of the rel ati vRCT/US2008/080081
stereochem stry was made in the final step (d). 5
d) 4- Cyano- 1H i t ni dazol e- 2- carboxylic acid
[ 443- ex0) -1, 5- bi s- net hoxynet hyl -
oxa- bi cycl o[ 3. 2. 1Joct 3-yl)- 2 (4 4 ditnethyl cyclohex-
1-enil) phenyl f -a | e compound
pr ep P@dmesgmf erﬁbf%%adﬂé @meﬁsz/éw%@eh% 1-§mélbpk1§)yl%mﬁ s

pipared in the previous sop, 770 i 3,75 ol petassiom 4-gypmocl-2- o)

trirﬁethﬂsfklmvyjl-bih()xﬂnetﬂyl)448}@)&1@3016-2 carboxylate (US Pat Applic 2006189623

A e T ) ereoheon 25 8 ZHS a1 Bl QL added

D@qum%n g, imnﬁﬂ)evﬂ%%slﬁﬁfgqm oﬁ@ Wi ,smq 3R iRy 1)6 m@der Ar.

t et rabut yl’anmmoni um f 1 uori de non 181 ny,

Troaedd)witlS80 imd sofgaD Achthemaikage whwaé%ﬁl V@fﬂﬂi%@l E)Ql\)'me) brlne (20
afforded the title conmpound (86. 72 %9 as a white

md gjapg drig(NnROp i va. ebthwlyenteméerlrfdwd pmsursfoléovsed by flash

t?é%rgto(é dﬁo%af&%ﬁhel\)égl%ug or,}%lée?ge% 'I'? od Eﬁbﬁc%ﬁgxajagf’%ak@r g (38 %) of

the tit@.cbnidphind d68white falid. MMiassbpectidin (ESizn/z)3 CAgd( for (EHHsz

: .31 H, 2.07 (m 2H), 1.88- 1.96

B?%]&@L)@,w%%ﬁ» &“%’3283’14) . 1.65-1.76 (m 4H), 1.59

(t, 2H, J = 6.3 Hz), 1.08 (s, 6H). Mass spectrum (ESI,

mz): Calcd. for C30H38N404, 519.3 (M+H), found 519. 1.
cAssi gmnv Idl-imtdnude-df@rbmlinudd [$dserdo-dn(dahrdinoglyylicpclohex-1-

dazole 2- carboxylic acid

e’fydf%;i(ﬂ f 5- bi s- hydr oxynet hy1- 8- oxa- bi cycl o[ 3. 2. 1]
-y1] 2-(4,4-
et hyl - cycl ohex- 1-enyl) - phenyl ] -am de (as prepared
anple 4, step (g)). Exanple 8
noy1HNTI dazol e- 2- car boxylic acid
) Ndl Nycl ohex-1-enyl ) - 44( 3- exo0) - 3-
I s- hydr oxymet hyl - 8- oxa- bi cycl o[ 3. 2. 1Joct -
phé?lylf amide 25 WO
2009/ 052237PCT/ US2008/ 080081 a)
1,5-Bis-(tert-butyl-ditnethyl-silanyl oxynethyl)-8-oxa-
bi cytba[s8lu2iod &6 étcamncsl&Miﬁeth&l@ilmﬁylte&hoaynkthyl) 1H-imidazole-2-

t t - but t | -b .
et e
tﬂ(é é)é%gus% 340 661 nﬁﬁ@l5 in %r@)f I§@M (C}iz%%g%% gd@éﬂi—lS mL of

)) and 5 % d/C (30 mg) in 10
EgdH foldaived byRXS urldef THR. (dter Isfrymmg pt Bé“sfgr &h, tﬁl@rrmstuha wFhieated

wid S P Riredie! STReBR s vh g %e%%glﬁfgwiﬁt&&f%ed with
DUM th effdrdtdse ne@(MeoYNer @S tiflc 60MPSIRISS aOlhite solid. 'H-NMR (DMSO-
ds; 400 MHz): 8 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=8.6,2.3 Hz), 7.41 (d, 1H, J=2.3 Hz), 5.71 (m, 1H), 2.24 (m, 2H), 1.95 (m, 2H),
1.47 (m, 2H), 0.98 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for Ci9H;9 BrN4O, 399.1
(M+H), found 399.1.

d) 2,5-Bis-methoxymethyl-furan
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10Mass spectrum (ESI, nlz): Calcd. for C21H4204Si 2,

415.2 (MtH), found 415.1. b)
wd2@9asm31H- i t ni dazol e- 2- carboxylic acid PCT/US2008/080081

[4-](3-ex0)-1,5-bis-(tert-butyl-ditnethyl silanyl oxynet

hyl ) - 3- hydr oxy- 8- oxa- bi cycl o[ 3. 2. 1Joct - 3-y11-2-(4, 4-d

tnethyl cycl ohex-1- enyl)-phenyl|-anm de 0 NC 15

To a suspensi on of 4-cyano-1H i m dazol e-2-carboxylic

ot ronmg@2=(4, 4-

dlnet bl - ohex- 1-enyl) - phenyl ] -ami de (125 ng, 0.314

nmol ) ( pared in Exanple 1, step (c)) in 2 nL of THF

at -40 C was added a solution of i- PrNgCl (2M THF,

0.392 nm, 20 0.7 ) .and th re was. all owed

Lo afp AFHIIRTSOAPT D Mts ey ? 2 3o Tnagnt of anh THE
ufr Y |AQQVJSQare?1§ ﬁ(ﬁ@g a%oﬁﬁ[)ﬁ' bf @@ - h§dr§g§-1‘net(1}lf&% '(th Apphc WO

nmol ed

pent ane, was~ ad . After
5  26Q6 IQZWZCA@ mdjOunL(@rﬁ anjf THF After stirring at RT for 20 min, rnethyl 1od1de

(%7;23}1?[ (F it c"fag?:f‘%ge‘gﬁg}e '%‘? %Iﬂfl{faS%T %%Wd}t)lqnﬁ} g{g &%ater (15

L) vl ga¥Q @g%@ﬁ@@%ﬁa’% M&%&Q R6RQAAEL A 6¥du8 lﬂé re?ﬁ@a%)the THF.
in THF (2 nL

- was added and the m xture stirred for
The rgnaaning ZgucCus nixtutrewassdabuwweated with satid Aaf'l BId extchcted w1th Et,0 (5

[ f ) Th ct]j hed
50T o PR T ey i B b e VATl BHGRO g ied in
10 vdQobh- elTJ)"\ﬁ oA wal ?Mﬂit | 1ﬁ’cra| clﬁt@ﬁ%ﬁ@@ph@"{g 30 %
| e COo

concentrated and t he ound was purified on,

E&pA¢/bexage) toediva tha ditls caimppunko@S EneASt B@MStaozog}rlﬁés ail.6 HrgiMR

e el Einhes ot o155 TR 1 ound

717.1. Assignnent of the relatlve stereochenistry was
made in the final step (c). C)
el - Cy dieBiytmaéthoxyaeetiond-oxabichdels 2. Hoere§-dn-3-one
[2- (4, 4-¢j tnethyl -cycl ohex-1-enyl)-4-[(3- 10
exo) - 3- hy|dr oxy- 1, 5- bi s- hydr oxynet hyl - 8- oxa- bi cycl o[ 3. 2
. 1Joct - phenylf am de A sol ution of
1r-!yano i dazol e- 2-carboxylic acid
ert - butyl di net hyl -si | anyl oxynet hyl ) - 3-en
15 do- hydro'v-8 oxa- bi cycl o[ 3. 2. 1] oct - 3-y1] - 2- (4, 4-
di net hyl - cycl ohex- 1-enyl) - phenyl ] -am de (prepared in
t he 4 ol
s ?Pg\aé'tu%%éﬁ\sl?% ﬁ)pgrlgi ggpa Ug(ow%esrbgld:l‘éhmhﬁcal Co, %62('&% §12) mmol)
ima scilutran &2, - denailo@OnﬁlﬁﬁrraIB(dsrprep'ﬁmi 1nem:pnewnuS/\asp, 958 mg,

10 .nmL d h d th
6113y i) D b THE R P RSt B BROilioas Tyt fettibfomo-
20  a&@ie|BULaL 090 rﬂ?fi@lg%ﬁdi h%tné@s'oomé tureined 1% tiint 202 8R6IL of THF

filtered to give of a white solid. 1H NMR
dyopeaseiizr | DVBOD- H6) ﬂ@kmfﬁﬁ cmerzd i plpmegnun fodf to oxclpde {ipht and the

oy e kT oty Waydlib iy 358 8ol o irjng for 1

niif),, thégmggm(erﬁéasfﬁfé}ed @c82) (sshibg |vl)1th Elt(ﬁﬂc (th, lﬂlmﬁ) 8TlrE1ay8rs were

se_li)ba@ge(i( fHC agupgus lqyey ouas pt?yg:tqdmwtlz EF.@AC 13 5@5 rI]_L)5g1d(thﬁ C(gnblned

s offhajeleits et it g A SO SRRt o o
déiﬁblﬁ Th@s&slgnemm nxﬁoerb@Hl was asltieci émphzmtearsysﬁmsomaﬂﬂnc dust
based on anal ogy to 4-cyano

(S} W dR9P eI 2 Bpalh £OPRE (Ié(gh]‘g)rlde (316 mg, 3.19 mmol) and ammonium
ClEl%I‘lé f"(ﬁgjé,'@t%hlo‘f)ylﬁ|5%E)f\1901@1%¥&)st1146c[ LR E¥D 63 MR R%dure was
bié-nethoxynethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-y1]-p

henyl | -am de (as prepared in Exanple 1, step (f)).
Exanple 9
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30

30 4-Cyano- 1H i tni dazol e- 2-carboxylic acid

[ 2- (4, 4-di tnet hyl -cycl ohex- 1-enyl) -443-exo) - 3-
whyawosx23l, 5- di t net hyl - 8- oxa- bi cycl o[ 3. 2. 1Joct PGF/E62088/§80081

l') - phenyl | -am de WO 2009/ 052237PCT/ US2008/ 080081

The title conpound was prepared as described in

Exanple 1, step (f) using 4-

fiftgy g?@é&ttke)lz&fnﬁsgnfé) Wi hﬁﬁ@{l P 18@%1}% ﬁ@ﬁﬁ%gﬂmm and the filtrate

chieniydtbd &Y gigk 6AS TRE %&?dlf‘eqxzds'baﬁﬁﬁﬁ% Bethvee® EED-hGhhe 18 50 mL)

1, 5-di net hy1- 8- oxa- 5bicycl o[ 3. 2. 1] oct - 6- en- 3-one
aI(ct:W@tm 5ryln BEgeippetah sdotsrmat d(S&(Q@@ by a_c(d@t)qn oM FE)1.(ca. 10 mL)

13:; 40 b ,
alic{:ghe agu%)élc?cer ﬁ‘_’flf raM[_|Z vglth,_E%é %ée 3ﬁ§3 1’11.}3 ?8? é(a‘hblned
iclayerBwbre wasBed¥&ith s&d%ﬁ%‘(eﬂ!{c@ﬂl O?_ l_nﬁ)?anagﬁlb (16D 88), dried

( H§O4)ll_baghccglcgmre(t¢ﬁ t04]H;1 g of agel@@v oé#hrqnagggr@my Qq_g 50 -g silica gel

I
S5 5PuRGS P ARDCIREO S M 2T s @RP ST o
nfe&ioapmvelysﬁmhe @obw'uatt feyutich syiteoie s%alste)d\cgncan affogyd the title
ano-1H im zolﬁ 2- carboxylic aci

c?nzpwdﬁ@? et Mn e Patsdonreenyyiol S&artlzl%n@%l)al)@s Ryaloleys oil.

1
B ORICRS ASPHER 280 6 203 67 S04 b7 7 B4 (gD 00
2HE.WY1|6: 9 Hm) ﬂ64 (@QI—D vep@p elk)i MasxgrptremXESEtneR): (€313d. fa5C,,H 604,
Exa e 10
2§iég§%§39ﬁﬁnf@hzﬁyano-1FLitnidazole-2-carbony|)-an1no]
-3-(4, 4-di tnet hyl - cycl ohex- 1-
enyl ) - phenyl | - ( 3- exo0) - 3- hydr oxy- 1, 5-di t net hyl - 8- aza-b
peycl eiQanodlIbinidezded-&rbayhonyld [2-(ddtdimadtyhy)cl@givel-enyl)-4-[(3-

09/ 052237PCT/ US2008/ 08008
XO)E HEE zw%oxm%ﬁ% iﬁ’@[“@fézﬂ%t"'%" ~Slpheyl]-amide
rboxylic acid nethyl ester O The title conmpound
was prepared from 2, 5- dlnethyl yrrol e-1-carboxylic
aci d Temsohion e§ ﬂ@ym@c{ﬂﬁhlﬁ@cl@n@) -agroxylic acid [4-bromo-2-(4,4-

b Hp til t h
abythaSalo i b PRES RARide G ki Rei it il sispdp). 204 me.
030uniiabl) af 7 P106MinG mfemﬂ 98¢ uadQ0) wa drd a d1960R801) .
Mass spectrum (ESI, mz): Calcd. for Cl11HI5NGS, 210.1

1spMeply Imadgp opem 2 @)r(de (2.0 M)n THF, 321 uL, 0.641 mmol). The reaction was

Wa?(m(d toﬁ?% %%Erﬁes?l%&y Cm%g Ierq %(%ocilec? again £ 9%”%' )A SOrHlthIJ of tert-
b@twitﬁm i in (3n@%&)o08 iy @ 150 mdl) wvad et 40l aferd@aidy for 20

cycl o[ 3. 2. 1Joct - 6- ene- 8- carboxyllc aci d nethyl ester
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
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,SO,), 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
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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The title conpound was prepared as described in
Exanple 1, step (f) using 4-

W@ @052t i m dazol e- 2- car boxyl i c acid PCT/US2008/080081
[ 4- br ono- 2- (4, 4-di net hyl - cycl ohex-1-enyl) -
15phenyl ] -am de (as prepared in Exanple 1, step (c))
and 1, 5-di net hyl- 3- oxo- 8-aza-

N b AT STE AR S S RN TP LED .
40 95051y 30,0 570-9 i J0Bf

3.30%s, 500, 2440 (d,21D9=(47 [2)2.2%- B83 (ﬂnrzH), 2109)-,2.81 68, 1), 1.96 (d,

21(5;',%:’1?% a7 (1%3 Q. nzrﬂlg%& 22q‘§5ﬁ€ k. %Eim E&élp%ﬁt‘%gmfﬁﬁ&)m/z) Caled.
fok- é?ﬂ&%o?@hs 33(M4§1 (()HIH) %de 4198 (s, 6H) . Mass
spectrum , I cd. for C30H35N504, 230. 2

( |\/|+H)X,551gmu¢m (ﬁ gﬂatzie stereoch,e(gmtlgnm@nnadﬁusn@ ]gE ilFeNMR and 2D 'H-

NHESEESTE, 55 e, o besed on anel oo o

[ 2- (4, 4-di et hyl - cycl ohex- 1- enyl) - 4-[ ( 3- ex0) - 3- hydr oxy
_1’ 5-
Expmpleet hoxynet hyl - 8- oxa- bi cycl of 3. 2. 1] oct - 6- en- 3-y1] -

S OH e BT R DBUT Ch 2 v 505

hidroyp - BikHiyilrvhgimedlye 8-Dxa iy 3.0d j@ti6Cen-3-yl)-phenyl]-amide
[ 2- (4, 4-di tnet hyl -cycl ohex-1-enyl)-4-[(3-exo0)- 3-
hydr oxy- 1>3- di t net hyl - 6- exo, 7- exo- (di t net hyl t net hyl ene
di oxy) - bi Io[3 2. 1Joct 3-yl I phenyli-anmde 5 ON
The title prepared as described in

Exanpl e 1, er\ 4- cyano- 1H i m dazol e-2-c

ar boxyl i

|nethyl cycl ohex-1-enyl) -
can de (as prepared in Exanple 1, step (c)) and
tetramet hyl-3,5, 11-tri oxa- 10
@GH 1. 02' 6] undecan-9-one (as prepared
accordlng to the procedure in Bulletin of the Chenm ca
Soci ety of Japan (1983), 56(9), 2680-99). 1H NWR

CDCL3; 7). 2 . )
Iy e 529 oy B2
butyBRimahylSstdanlosyndethyli8)axalbidyeld[8. 2. btt-63er331[3)-(4,%-diRethyl-
(br s, 1H), 4.93 (s, . 2H), 2.22 (m 2H), 2.03 (m 2H)
cyclgfexclgenygfphepyll-amide 1) 1. 18-1.53 (m 17H), 1.03
(s, 6H). Mass spectrum (ESI, mz): 15Calcd. for
C31H38N405, 547.2 (MtH), found 547. 1. Assi gnnent
of relative\gtereochem stry was nade based on anal ogy
to 4-cyanoglhhm dazol e- 2-carboxylic acid

[2-(4,4-diy|-c cl ohex-1-enyl)-4- [(3 -ex0)-3
-hydroxy-1,5 - bi§%ﬁ§>b%%¥nEthyl-8-oxa-bicyclo [3 .2
. 1] oct-6-er Néfﬁhﬂ e -am de (as prepared in
¢p (1)) .

Exanplﬂol
TBSO

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



10

15

20

25

20 Exanple 12 4-Cyano-1Hitni dazol e-2-carboxylic acid
[2-(4, 4-di tnet hyl -cycl ohex- 1-enyl) -4-(3-exo) -
W@@2@9050237- exo-t ri hydroxy- 1, 5-di t net hyl - 8- oxa- PCT/Y6100$/630081

.2.1Joct-3-yl)-phenyll-am de WO
2009/ 052237PCT/ US2008/ 080081 a)
4, 4-Di -tert-butyl-1,7-ditnethyl-3,5,11-trioxa-4-sil a-t

p elaf t(-:zl} S ér) '&a?é'p]fép%%e 1‘1]1% ed g}?a%?plg l,osrt]e% ¢), 299 mg, 0.714-1% n?mol) and 1,5-bis-

(t@m-?)uglljﬁlﬁﬁétﬁ?]}lsiﬂanfl'&%ﬂ@ﬁégM%—@Xa@?ﬁ@'élb[@@i]%t%-%n—@]-&fét(ﬂ@eﬁ(. and
-one (Bulletin of the em cal SYJClety of Japan

Cha,988),,J. B68)Chent80c.983: 5500-469 1 €005), dd e, 0 74DEEn¢lR0Silica gel

el BB §7a EPBF BT s TR0 13 e 00

Whes blid. Ndags sptetien VESI, B4 TRtk du R, MY, NOr S¥8715.4 @thzmH),
reaction mxture was treated with satd. NaHCO3 (20 ni)
found 7 AO. DCE | ayer was separated, dried (Na2SO4) and
concentrated and the residue obtained was purified on
silica gel (5-20% Et OAc/ hexane) to obtain the title

bE onp @) an oL imiyazA6-2%arbASHiNVER A ((CIOLY U imb P 1Ml hexbl -enyl)-4-((3-

4.23 (s, 2H), 2.43 (d, 1H J = 15.6 Hz), 2.31 (d, 1H, )
exp)=3-hlrgxyhp-bis-hudroggmetfp8-oxa-picyglo( 2. Ibmf-,lf-eﬂ.-érxl)(@,enyll-amrde

N 4 BB 9 Y I e SRee A Sty po-1.5
big;(Nrebutpledimethyil-oil amio:ginmethy)-$¥0xa-bicyclo[3.2.1]oct-6-en-3-y1]-2-(4,4-
di%%%%lpc%%ﬁgxe -e/ny -2p ce)l%/rl _ngI)uO e](as prepared in the previous step, 125 mg, 0.171
mmol) and tetrabutylammonium fluoride monohydrate (TBAFH,0) (357 mg, 1.36 mmol)
in 3 mL of THF was stirred at 60 °C for 1 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 Na,SO,4 and concentrated in vacuo.
The residue was triturated with DCM to give the title compound (72 mg, 84 %) as a white
solid. 'H-NMR (CD;OD; 400 MHz):  8.15 (d, 1H, J = 8.6 Hz), 7.99 (s, 1H), 7.38 (dd,
1H, J=8.6,2.3 Hz), 7.31 (d, 1H, J = 2.3 Hz), 6.18 (s, 2H), 5.73 (m, 1H), 3.68 (s, 4H), 2.31
(m, 2H), 2.12 (d, 2H, J = 14.7 Hz), 2.07 (m, 2H), 1.79 (d, 2H, J = 14.7 Hz), 1.59 (t, 2H, J =
6.3 Hz), 1.09 (s, 6H).

Assignment of relative stereochemistry was made based on analogy to 4-cyano-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 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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A sol ution of
4- br ono- 2- (4, 4-di net hyl - cycl ohex- 1- enyl) - phenyl am ne

w@ amopsepared in Exanple 1, step (a), 3.0 g, 1BCTOB10D8/080081

in N, Ndi net hyl formanm de di nethyl acetal (20 niL) was
heated at reflux under Ar for 48 h. The sol vent was
renoved under reduced pressure and the residue was
purified on silica gel (5-20% Et0Ac/ hexane) to obtain
£l e conpound (2.6 g, 73 %9. 1H NVR (CDC13; 400
36 (s, 1H), 7.23-7.21 (m 2H), 6.65 (d, 1H
(m 1FD 2.97 (s, 6H, 2.37 (m 2H)
4 0.99 (s, 6H). C)
4- wl-teﬁ% butyl) 9- hydr oxy- 1, 7-di t net hyl
-4-sila-tricyclo 10
. 02' 6Jundec-9-yl-2-(4, 4-di tnet hyl -cycl ohex-1-eny
henyl i -1V, N-ditnethyl fortnam di ne To a solution

- [0t ono- 2- (4, 4-di met hyl - cycl ohex- 1-enyl) - phenyl ] -N

N- 5 di f d the ..
R T e R R S
c;bmome& 1le1€ylj\/h1[(3 é‘rﬁi’é?‘-‘ﬁ%%dr&(yll BIBR- By die:Sy i R CR - Qi@&\é%&@p.z.l]ect-
The resu m xture was stirred at

6f€@r3 MH pnhﬁwlhmm@er(mr@gaw upwagéolw,tstﬁpa(b%diolﬁ ing0.¢793 mmol) in 1

it M S s oy RN aco ute) dmmisan Tbe npttine

mliR8rPV R at RTUDBE 3 hEXRERICHIVER réBdvedB3R&aBE ank the residue was
mol) in THF (5 nL). The resulting 20 m xture was

perifi sitien gl chiomstarTaphyd2st YorYle@HfBEM) thr giveHlee title compound (37

nleoP 0 A PHE HPSaIRTC 0BT Mo RTkHe AL 1410 798

(s @H5“—7) 32 ('Ei"delﬁt PA% g ave»), Yel €d, ceqrhi-ned Hz§”6 ?ﬁ(‘t(r'é'a d)06)41 (d,
concentrated. The residue obtai ned wa puri f

IHL J &8 Hel, 5(99((% B0/ 5 18CHA) 1D 0341t DA . 7t7o3 8&(@1 4=Hl, Reéb9 (dd, 1H, J

L) S GR!0 150 SRS 150 20,

=23583), 3.09A8 0N MBS spéctived ESIVR/At €aRAChR T, 1:HN,0887.3 (M+H)
made based in the final step (f). WO
fond94B8832237PCT/ US2008/ 080081 d)
(9- exo0) 44- Am no- 3- (4, 4-di t net hyl - cycl ohex- 1- enyl) - phen
yll-4,4-di-tert-butyl-1, 7-
Eﬁhhpemhyl 3,5,11-trioxa-4-sila-tricyclo[5.3.1.02"6Jund
an- 9- ol To a sol uti on of

.. 5
> yanoldl-ayigpanie-4-carbeafic agidil§1 Coexydy H5R5-y dnoxametipiproxa-
bl%%éoé un}gg}c 939’-%?@*—'{1@}1&%}1%}{1@)0%&{: J-erpl)-phenylj-amide
/ o|nethyl cycl ohex-1-enyl)-phenyl] -
-formam di ne (as prepared in previous
ng, 0.309 mml) in isopropanol (0.5 nl),

anhydro s hwd T$L_£9 3 nL) was added. The resulting
rred at 40 C under Ar overnight. The

1 Xxtlure was concentrated in vacuo and the

obt aihed was treated with satd brine (10 ni)

he product was extracted with EtO0OAc (3 x 10 nlL).

e\'Et OAc | ayers were conbi ned, dried (Na2SOQ4) and

epfy ated and the residue obtained was purified on
silica gel (50% Et 0Ac/ hexanel00% Et OAc) to obtain the

ar i t| &riflonpowathanesidfong; add 14ybisNkestsbigplebimediyl-6#@lyloxymethyl)-8-

oyz-ﬁ)cjvclo[i 2.1]octa-2,6-dien-3-yl ester
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15Cal cd. for C31HA9NOASI, 528.3 (M+H), found 528. 2.
Assi gnnent of relative stereochem stry was nmade based
w0 poovios2287 nal step (f). e) PCT/US2008/080081
4- Cyano-1-(2-tritnethyl silanyl -ethoxynet hyl)-1Hitnida
zol e- 2-carboxylic acid [449-
exo)-(4,4-di-tert-butyl-9-hydroxy-1,7-ditnethyl-3,5, 11
-trioxa-4-sila- 20
tricyclo[5.3.1. 02" 6Jundec-9-yl1)-2-(4,4-ditnethyl-cyclo
hex- 1- - phenyl | -am de WO
882008/ 080081
(9- exo) - Am no- 3- (4, 4-di net hyl - cycl ohex- 1- enyl) - phen
yl]-4,4- di-tert butyl -1, 7-

O ey B PR BRSSPl

b&yas[m]o)ct BRE- L @6, K Qind Cha, J. K., J. Admer. Chem Soc., 123: 5590-5591
ano- 1- trimet yIS|Ian et hox nmet hyl

(myn??&a@g,l?e%zm@mlbmxlﬂmbof %lwapéd p@mo jpp 0§ EHMDS (1.0 M

t h
i PR3 P B IRTBY T 5p ol G RHY B CTALIAL P drblifie was
wrafrﬂéd to@dl" ad Stfrﬁﬁ‘d foAQ. 5614&1(&6680]2(1 ta/ FT84C aphtitd) A §o<humi of 2- [N N-
8. Assig nt of relative stereochem stry

bl‘ggglgaoromefhﬁge ﬁqul)agplgﬁ]p@rp}imei&%]gng, 2.48 mmol) 1n 10 rnl SP THF was
flde@ gipg rn#fﬁtingnrt&ﬁﬁé) W85 bl PRt LEd §tﬁ1rééi for 2 hunder Ar. Treated
-(4,4-ditn -cycFohex 1-enyl)-443-exo %
w&ha()exb p? samtetiralqhg(ms N\ﬁ(l fellavddist f@ﬂl mBefdit&®Aw, theahofilBe was
. 2. 1 hen | -.am. T | ytion of
WSt adte i FRREER ST R 20 ey B ilar g 2 and
dﬁ@d %N aZS@?b RYhdval §Cthé solvent under reduced pressure gave 1.22 ﬁ of the title
tert- butyl (9- exo) - 9- hydr oxy- 1, 7- di et
corﬁpdlmdtas ilightayellosi ¢ih- "H-NBIR (CPgtd 600 MHZA: & 6.42 (d, 1H, J 5 8 Hz),

gy THins Sl o) s Bt Y. pRL e g b o 2.1

(dw,lHOJ 32137 m)s Hi’) @Mféi 45mh)o.08@! i)IBAF hydrate (419

was added. "The resultl m xt ure was
st i r Fb@lpmdustow(s woé farithghnext Tiep withaut ﬁ!d%emmtfwa@om/as
allowed to cool to RT and treated with water (10 niL).
The product was extracted wth EtOAc (3 x 10 nL). The
bEL OAg. [l W&K—S’te%ﬁﬁﬁyﬁd&’ﬁk&hjﬂ‘-@zla@w@ﬁhe@ﬁ}aﬂm&-ﬂ@c@w2 .1]octa-2,6-
concentrate The residue obtained was purifi on
dignt3-vikplenyieman, Et 0Ac/ hexanel00% Et 0Ac) to obtain the
title cqmpound (115 ng, 55 %9 . 1H NVR (CD30D; 400
MHz) : 18 (d, 1H, J = 8.6 Hz), 8.01 (s, 1H), 7.37
=8.6, 2.2 Hz), 7.30 (m 1H), 5.75 (br s,
(s, 2H), 2.33 (m 2H), 2.09 (m 2H), 2.00
14.9 Hz), 1.92 (d, 2H, J = 14.9 Hz), 1.61
6.4 Hz), 1.30 (s, 6H), 1.10 (s, 6H). Mass
TBpectr APTBS miz): Calcd. for C28H34N405, 507.2
0 507.3. WD 2009/ 052237PCT/ US2008/ 080081
A53|gnnent of relative stereochem stry was nade based
on alF@aQﬂMtdr@oPrtrﬁM@ﬂQnelﬁ!lﬂéhﬂﬁﬁl@d &idi 6&51 éﬁlwu@ylaﬁﬂngthyl-
é%@4 di net hyl - cycl ohex-1 - 1 - 4- - exo) -
ropthyss- Ox%b%’ﬁléf%%ilm@t%? @%ﬁhe%@r@wr@p{r@d Hzo_the previous

Stgé’]alr‘rp %, 2?_2@121{1@8, ﬁiép)‘#ﬁ'})? r(‘i’f’:d mg,%?fm(xﬁﬁ) ﬁlrdeépalr,éﬁgﬁ-tetramethyl-

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

added 2.0 M aqueous Na;COs solution (9.0 mL, 18 mmol). The resulting mixture was
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5 Exanpl e 13 4-Cyano- 1Hit ni dazol e-2-carboxylic acid
[ 4-(3-endo) - (6-exo0, 7- exo-di hydr oxy-1, 5-

walrammszyt - 8- oxa- bi cycl o[ 3. 2. 1Joct - 3-yl ) - 2- (4, BeTHUBS206$/080081
yl -cycl ohex- 1-enyl ) -phenyl | -am de 10 ON a)
1,1,2,2,3, 3,4, 4, 4- Nonaf | uor o- but ane-1-sul foni c aci d
1,4,4,7- tetramethyl 3, 5 11 trioxatricycl 0[5.3.1.02'6Ju

t
St W00 G DR en sSeled IORT; Frsasa MG GG Hogss, e mixture
Bul
WS SERRI B0 CBY g0 T RRhe GOSERAT &Ry <§‘35"’n2’%1y Refnoval of the
salint @hGernbJuced prasaot éalowed-by&lash aheberatoiraghydfithe@tidde on silica

i lithi i ropyl am de LDA 1.00 .of 2M
o) s O PR R R ke 7330 i stepioh BS e pgpound as
aﬂgﬁﬁﬁib@m\%s Mk kp&eudt (BST t)f @Eﬂca for @*27@{4%1(1@?61?@188 3 (M+H)

dropwi se with nonafl uoro 1 but anesul fonyl fTuori de (O.
foind 4884. nmol ). The reaction mixture was allowed to
warmto WO 2009/ 052237PCT/ US2008/ 080081 RT and stirred
overnight and diluted with water (10 nL). The product

S g413-Beb el 5Wis-NeRIbnS-dM4hPI-slahylok i ey Y 8bLa-bRY&AHB.2. I]oct-
C),\/\\gre ﬁn‘ol n)gd él‘lbgd (%2804 pand %)oepgﬁoﬁjgct was Yab3.2.Ljoc

3pUfrnhenslandne E4) ansbd-3rEndp)dos-tiseteet-bexbdisethyd-sguudoxymeethyl)-8-

0%%4%§C?C’éﬁ?%99%-&54ﬁe?ﬁsﬂm§i€ Y e

4 28 (d, 1Hd = 55.5 Hz), 2.52 '(d;j,'lH, J(: 17.H§s: 2.0
1H, J = 17.6, 1.4 Hz), 1.43 (s, 3H),

(s%’ﬁﬁ) Hy | b)

1 38 1.32 (s, 3H), 1.25 (s,
1,4, 4, Igtranet hyl- 9- (4-nitro-pheny ,5,11-trioxa-t
ricycl ¢ 3.1.02' 6Jundec- 8-ene 10
and =
TBSO OTBS TBSO\/@\/OTBS
A B

A solution of 4-[1,5-bis-(tert-butyl-dimethyl-silanyloxymethyl)-8-oxa-
bicyclo[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,0O3 (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
brown oil Mass spectrum (ESI, m/z): Calcd. for C,7H47NO3S1,, 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 MeOH was stirred at RT under H;
(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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The title conpound was then prepared according to
Suzuki - M yaura coupling procedure of Exanple 4, step

W@ 091053287 4- ni t rophenyl boronic acid (147 ny, BCB882008/080081
nmol ) and
1,1,2,2,3, 3,4, 4, 4-nonaf | uor o- but ane-1-sul fonic acid
1,4,4,7-tetranethyl-3,5,11-trioxatricyclo[5.3.1.02"'6]u

ndec en-9-yl es re 32 6
bIRRGN G s Sf%ﬁwk%c@ a0 (o N g el (VAL
48 8 Hz), 7.45 (d, 2H, J 88Hz) 6.30 (br s, 1H),
4.41 (d, 1H, J = 5.5 Hz), 4.32 (d, 1H, J = 5.5 Hz),
2. 64Assignmany of herelprivesteteorharriptry wvag giaglelih the Einalstep (g).
17.0, 1.7 Hz), 1.48 (s, 3H), 1.42 (s, 3H), 1.39 (s,
3H), 1.27 (s, 3H). c) 4-(3-ex0)-]
dl, 4, 4-[(3-EQbL B Bﬂﬁﬁ&tén%uzyl@uk&hymz%@tokym@M@bm-bxa’ibzcﬁcla[s 2.1Joct-
02' 61 undec-9-y1J20 phenyl am ne and
34/l]¢%béqmyhmylmweﬁf and det-endo)d, %Blsiﬂ¥'¥1bGWé-dtm¢téylcl 0

J
sitgy ol NG S0 S LA I Brpme-phenigmine (8) 5
11-trioxa-tricyclo- [5.3.1.02 6]undec 8 ene (as
prepare An previ ous step) (145 ng, 0.437 mmol) in
Et OH (10; AMD 2009/ 052237PCT/ U82008/ 080082 nlL) was
hydBSgertat.ed over 10% Pd/ C (70 ng)B'at-58 psi for 1 h.
The solon was filtered through a of Celite and
concentngted to give and <
4-(3-endq)-(1,4,4,7-tetranmet hyl- 3, 5,
TBBDOXa ycbché 3. 1. 02, 6] und®s09- y enydJTasi ne
gner (118
ng, 89 %, which was directly used in the next step
wi t hout purification. 5Mass spectrum (ESI, nml z):

Cal cd. fhr G 8H25NCB, 304.1 (MeH), fouBd 304. 3.

Assignment of relative stereochem stry was made in the
fina ogtsgbltl()flpf 4-[(3-ex0)-1,5-bis-(tert- butyl dimethyl-silanyloxymethyl)-8-oxa-

bl.?glcglg H,]é ly?]glt%ln{ Cllll?oélﬁl 4- E(3 -en o -1 % b(159-(te ”%OEyl (dlrhethél
51lefnlyl‘cy(9hﬁ£h'§'l)38 bdx D BicOIG[BIB C1oRt-3-) |- fHeanmhiung 8 pldparctihil? the previous
step, 492 mg, 1.00 mmol) in 10 mL of 3:1 DCM/MeCN at 0 "'C was added N-

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.

A: Mass spectrum (ESI, m/z): Caled. for C,7H4sBrNOsSi,, 570.2 (M+H), found
570.1.

B: Mass spectrum (ESI, m/z): Caled. for C,7H4sBrNOsSi,, 570.2 (M+H), found
570.0.

Assignment of the relative stereochemistry was made in the final step (g).
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To a solution of m xture of
4-(3-endo)-(1,4,4,7-tetranmet hyl-3,5,11-tri oxa-
wo 2o0opsd26f 5. 3. 1. 02' 6] undec-9-y1) - phenyl am ne CPOI/ABI081080081
ca. 15% of the (3-exo)-isomer (as prepared above, 350
ng, 1.06 nmol) in DCM (5 nlL) was added NBS (188 ng,
1.05 15 mmol ) in DCM(lO m.) at 0 C and the resulting

mxt irr RT..f or h. The reactjon .
r[ Z? &g@) g%‘r”u‘i 56’ ’?&”914 dﬂ@ﬁhﬂ}%ﬂ’n’fl x&’ﬁﬂﬁ’\)@' Y-y glol3-2. 1joct-
(_ d water (10 ni).
3%22%??%{’?%2%?)’!\/\@3 sega?;% Eeﬂg)ng%‘l ed (Na2S®™4) and

i The title conpound was then prepared
according to the Suzuki-M yaura coupling 25procedure
of Exanple 15, step (f) using

5 2- (4;["4-adn1prmrhyf 4-¢@e¢>@hé)6—hlsétwt1butﬂl dlnﬁﬂ@l-sﬂanyloxymethyl) 8-oxa-

b%ﬁ%ﬂ) f?yﬁﬂﬁ Aﬂ]g%—%ﬁq%ng)) e?n% a%lnﬁg &%@aredmﬂ the prev1ous ste]!),)343 mg,
0400 H RS2 234 Hgéthﬁgm&e@%Q%ﬂboromc acid (156 mg, 0.660 mmol) and
tetramet hyl-3 11tr|oxatr|010053 26]undec 9-

P¢@Phph éﬁ?ymanf? bied moret ki mh ot d. digsgnsiwastadded éﬁdW@qé\iﬁeGOs

st rERT o038 95° e TRy PP (i uncer

10 aflt @06l 00dISOTERT OMrdakel With b@ nmIosfdact, (Romixthre Ghs %ashed with H,O
contai ning ca. 15% of the 9-exo isomer. Mass spectrum

(?( E$i) mlpy bryne (¢4inele), anfliricd e ¥PrNRRemava of themelent yrsignepduced

Pl R mihep .t PRYI I RSy R NS PO sy 317
nlgq%&”/@-cﬁah@@tw&drﬁpcﬁﬁdds bilgﬁt‘lbréwn solid. Mass spectrurn (ESI, m/z): Calcd.

tnetN)é) cl ohex- 1- eny 1(3 5(9 endo)-(1,4,4,7-tetrane
fqrr@ng(g 5_11,_6004(M+H) found 600.

15 tl B i o%@élgﬁrﬁé{rﬁlo‘? kiR r3tadivO gtepel)'cm% Ry aaPHemy lﬁlnélaﬁéﬂj&).

2-(4,4-Di et hyl - cycl ohex- 1-enyl) - 4-(9-endo)-(1,4,4,7-t

etra hyl -3, 5 11-trioxa- L. . .
Deri 03%? ers—13(21#@2%1’&%@68@owyetﬁh%ﬂﬁ -ipidproledrshawyfigacid [4-
2 |
[(g ?eéc\(;)}g ué; Bg t(zgn%@%t%hé%? Etl&rﬁ?ox}v%flag)gg ?gtb bﬂ:ylﬂia? 2.1Joct-3-yl]-2
(M—dyaﬂbyllcy@&;hex-l-enyl) -phenyl]-amide
trimet i l anyl - et hoxynet hyl ) - 1H i mi dazol e- 2- car boxyl
ic acidXpotassiumsalt as described in Exanple 1,
ﬁ’? tain the 9-endo isoner of the title
H

0 g ca. 15% of the exo isoner (514 ngy,
NW@@N on on silica gel (30-70 %
ane

R ss spectrum (ESI, mz): Calcd. for
5Si ,0 661. 3 (M+H) ,

20
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30

20 found 660.9 J) 4-Cyano-1Hitnidazol e-2-carboxylic
aci d-3- [4-(3-endo)|[ 6-exo, 7- exo-di hydroxy- 1, 5-

wa@lraowmszyt - 8- oxa- bi cycl o[ 3. 2. 1Joct - 3-y1J- 2- (4, BecTHUBS206%/080081

yl -cycl ohex- 1- enyl) - phenyl | -am de To a sol ution of
4-cyano-1-(2-trinmethylsilanyl -et hoxynet hyl)-1Hi m dazo
| e-2- 25carboxylic acid

[ 2- (4, 4-di met hyl -cycl ohex- 1-enyl)-4-{(9-endo)-(1,4,4,7

-tetranet hyl -
3, 5, T atchixQ¥&bf pAY G 2-cFardo-P42 4 %m@ﬂﬁg@ﬂat%lléé!ﬂoxpﬂl%ﬂ]&ﬂ))ﬂH-

-am de contalnlng ca. (?X)O t he
1@@@@1@5%697)@@51%29%&1@8@@8@ Rat &\ pip5o 2806183618 Ay, 1. 159.00.630

i) i oy o Dt Yien. STRERLE S ddda b,

(48 X HH! €6 YPH A eﬂéifﬁ egr(‘) YEAEHO 5 hIMcf &5t ?%I%ﬁlﬁ])tin%nmdxture was

obt al ned was n i ssolved in EtOH
wﬁfﬂnebdﬁb IUl @nd‘du)ded The sasleﬁui of £ 3rixoh-UrsebividtertHaayletimathyl-

Sli?%& Mgle %%%ﬁ@ﬁeﬂﬁ iﬁ%éﬁﬁf‘ﬂ“@ﬂﬂﬁ%ﬁ@{o #%@tlheny?)

F@%réﬂ'&?&i RS AL RS Yep. I3 1BV (3s mﬁ&; 2 miTHEDCM at 0
organlc a

yers were combined, dried (Na2SO4) and
‘Coptentirangae.0 Thier 2 dsindaeAn bhfaneaqwnvma wanictlite & Tonlreated with 50

P Aafiedr s vt b ot (RLET o s Bes citic acd (1

NRBbinakematad NaH 0b rilhend bexe 208@ rTlﬁeAé 0 dried
nggoégf 1H—|\;1t (CD%%%K 400b H VHz) : ( EE Iga @g@r“ms te

oxgr)Na,$0ganq eoncamnatyd inpace. (Hek re&lﬁlue wa&p@’lﬁﬁd (2% ghcﬁzgel

%@%‘ém%?@%Zb-s%/fg?bté@/h%&?%% %t%rﬁkﬂ; e ‘gﬂ?npoi:gﬁi % 1(@5 90 %) as a

li mnbrawirlbﬂ IHEOMRNCTEH),;, 40D M Bizf: 18 9. 2H)s, IH$R. 2(9S(d 6HI)J 8.6 Hz), 7.76
Fq Nhss spectrum ( ESI, % Cal cd
(S@EWM&M Hoh=8.6 R/ISI-I)IZ) 784 16@ 1457 =12.3 Hz), 5.96 (s, 2H) 5.76 (m, 1H),

SRR R L R LG G ZRETSD At RRIR i 160

2E2(Bﬁ'HQ67 Héb 4 593(@@51— 1H46.3 Hu)jaznl €-6HK a@bQWH ¢ =a:3 ®iz), 0.89 (s,
%H ci s- bi s- hydr oxynet hyl -
1 iﬁéﬁH§4ﬂ¥§t99ﬁ&%9§prran 4-yi)-2-(4, 4 dltnethyl cycl

OheXA%s@q\ﬁeﬂt P R altlvé1 %%C‘é)oxy q/agglage in the final step (g).

ano- I'tni dazol e- 2-car Cc acl
[4-trans-(2-cis, 6-cis-bis-hydroxynethyl -2, 6-

gglqte)??ﬁ)élﬁ_g; ?J B ﬁgquo-Zé?ﬁlzrg(éxy?tgyc)d [% (i 3-ex0)dll§ nt%EhWroxy%ethyl-S-
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-
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 NH4C1 (2 X 10 mL) and brine (10 mL). The organic layer was dried over
Na,SO,4 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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OH(A) OH(B) WD 2009/ 052237PCT/ US2008/ 080081 To a
solution of a m xture of

wa2@yasn31H- i m dazol e- 2- car boxyl i ¢ aci d- 3- [ 4- (BET/US2008/080081
endo) - [ 6- exo, 7- exo-di hydr oxy- 1, 5- di met hy1l- 8- oxa- bi cycl
o[ 3.2.1] oct-3-yl]-2-(4,4-
di net hyl - cycl ohex- 1-enyl) - phenyl ] - am de cont ai ni ng ca.

LS B 3 D 0 o 35 E RS 10 ] D ECAPLE a2

169 37625(dn291; 1 Nah G4£)1482 1@, 21D 1654 . m? )3. ytagn aldﬂegl 30 mezH) 2.07
resutlng m Xt ure was stlrred at 1 m n af

(il 1 N4BHA7 (md,1418), ing3- 117 1 (D) 1i5A (VBB 6. 2Hm ). Q&a(s, 6H). Mass

sl owl y ded, a tdrpi of her 30
et Rt i SrT bk oVt SRty Al e

resi dudombtmionet roRSivosktdothdametly hat waes ufihQAD IHZIQMIL)ZD
and water (20 ni The organic |ayer was separated,
CeSYernd N2 Y AMRconcentrated i n vacuo. The resi due
obt ai ned was 10 purified on silica (50%

Et 0Ac/ hexane- 2% MeOH Et OAc) to obtain the 4-cis isoner
Esimphes titl e corrpound (135 rrg, 62 %yl eI d) cont al ni ng
ca. 15%of the 4-trans jsomne

4'(@939?5}1'%@ W—)Z—Casb(gcy(jg af’d [4‘fﬁ'e’fﬂ0£185 éls'flfz/ﬂroxymfﬂly(-§-oxa-
bt%,bgloﬁg 9]%§{-§| %l]— -p 4- %tmi‘?yﬁcgc%gg)(-%{z&h% g,m(}ﬁ

2H),196(m 2H), 1.63 (m 2H), 1.46 (m

(s, 6H), 0.96 (s, 6H); Mss 15spectrum (ESI,
mz): &algd. for C28H36N404, 493.2 (M+H), found 493. 1.
Exanpl e 15 |4 (o2 1H-|tn| dazol e- 2-carboxylic acid
(Pr2- (4 ohex-l-enyl)-6-(2, 2,6, 6-

I-t trahydro pyran-4-yl)-pyridin-3-yll-amde

tetra
,2,3,3,4,4, 4- Nonaf | uor o- but ane- 1-sul fonic acid
6, 6-tetranet hyl - 3, 6-di hydr o2H pyran-4-yl ester W)
200 @pR237PCT/ US2008/ 080081 ONf |' 0 Li t hi um
di i sopr opyl am de (LDA) (69 nL, 0.13 nol, 2M solution

al n hégGahaddHGH-best- gﬂt-tbenfldneqthylaglapybxﬂdetihml)ag-oxa-

b{cg?rlgﬁ’sj;?%ﬁ??-gﬁ 2 ?4}( 4—%1[]n9ee ;tyﬁcrycﬁ)?t X- pe%[tzsgl)lttegylaL?nec To
2,2,6, 6ctetranet hyl -tetrahydro- pyran-4-one (Exanple 20
from W 2005012220,

OTBS
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-yl]-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.
Mass spectrum (ESI, m/z): Caled. for C3sHg1NO3Si,, 600.4 (M+H), found 600.5.
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18 g, 0.11 nol) in THF (500 nL) was added dropw se.

After the addition the reaction m xture was allowed to
woreois3D C, stirred for 1 h, cool ed back t o P@BUS08$1080081

treated dropwi se with

nonaf | uor ol - but anesul fonyl fl uoride (24 niL, 0.14 mol).

The m xture was warned to RT and stirred for 12 h and

t t ed th td 200 L 0 t
e PRSEBRABAteTaR eROa (Y 8 (o el ep )

organi c | ayers were conbi ned, dried (thSCﬂ) and
concentrated in vacuo. The residue obt ai ned was
bpuri fﬁ@dneﬂl é?n-drmo@hjdelan(yl}eﬂtwm@Aw-ﬁaemmdamie-éﬁwabaxylw acid [4-

SIS 205 2 BB

(424-agnétﬁyl- Bhoher-13n bj}heﬁwqanﬂtd§4 (s, 6H. 15 b)
, 2,6, 6- Tetranethy{ (4,4,5,5-tetranet hy141, 3, 2ftli ox
2-y1) -3, 6-di hydro- 2H
3,4, 4, 4- Nonaf | uor o- but ane-1-sul fonic acid
“tﬁﬁ 1- 3, 6- 20di hydro- 2H pyran-4-yl ester
l%;ae us step, 43.8 g, 0.100 nol) was
drous DMVE (500 nL) and treated with

aborolaw

)} and KOAc ( 29.4 g, 0.30 nol) and de- gassed by

cation under Ar. [1,1'-bis(diphenylphosphino)-

f er reeans] - dlchloropalladlun(ll) conplex Wi th

di chl oronet hane (1:1) (2.19 g, 2.68 mmol) 25 was added |,
and Hbatidy ceppwd@%\mmr@my thy peocedugeof Sramplerds siep R ising 4-

i e e
(Lddaecthylatyetbhaxrd -dnlyd- plﬁﬁyldﬂmeq}al; preg)ﬂi(éd\mﬁle previous step, 150 mg,
0%3{3%;"@515’ R Bote o dreyisir Erbiny G e Dol idazole-2-

car ﬁ%(%ﬂf_‘&%@g/ﬁémpﬁwﬁz%@lé%mloti o i b 3%0'%1}1&19 Silica

gq_l chﬁ)r(lgpgrﬁpi)y (255 &/() EtOAc/hexane) afforded the tltle cornpound (187 rng, 88 %) as

7%6%34 ﬁF@ 1@(&?'@ W¥18§1'2(34H%) 3 07 Qgriﬁtf aﬁ%tl%’)' 5. 9[6%s %H) 575 (rn

Xabor o yran

153 épfzfr(e,dZH i = 8.8 HneVb b (s 461 @94 (nl,81H6) @ZSG}mOBH) rﬁal‘D(dWalsH J=

1P BCET A A T XY Gl Wb i dboch (2800 097 ¢
201 -8,50, U9, 1461005 081,00 B OnmI0SASON .

br onp- 5-ni tropyridine (14.0
r esuAssiggmentyof Lheeremse dle slseémstmx/ wgp madem T(blﬂ ﬁtﬁé]r stgo(c).
m n under Ar and then Pd(PPh3)4 (8.00 g, 6.90 mmol)
was added and the reaction heated at 80 C under Ar

cpver m(gbmo-mxanma@ﬂwcmrm)ayw h@td\oﬂﬂ&’(ﬁbﬁdw\ﬂd&bt@-@ﬂi&}xyb@thyl-&
RT and extracted with EtOAc (3 x 15150 ni).
oxeBicyelal 3t &gt vhr &6 {rﬁl@?tﬂylc@zc{g&?xxmfwl)zzhfaw-amlde

vl | b Sor ramp e RabGy by 4 SIS BRpg P fef o wine 4

cyan®- U@-(rometiHisilahykEethoByrhizthyl)-8 Hifmiflalable-24darbdx HiBadBd [42[(8-endo)-
o .89 (d,, 1H, J = 8.8 6.90, (t, = 1.6
1 -t i Silemy Ry e g piyelphy e T2 (4 -

d@i@thyl-cyclohex-l -enyl)-phenyl]-amide (as prepared in the previous step, 185 mg, 0.218
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20 d)
6-(2, 2,6, 6-Tetranet hyl -tetrahydro-pyran-4-yl)-pyridin-

w@2000an2se. NNH2 O0< To a sol ution of PCT/US2008/080081

5-nitro-2-(2,2,6,6-tetramet hyl-3, 6-di hydr o-2H pyr an- 4-
yl)- 25 pyridine (as prepared in the previous step,
15.0 g, 57.1 mmol) in EtOH (60 nL) was added WO

20Q9/ 052237PCT/ U82008/ 80081 10% Pd/
iRl D S P BORAE R é@a&%% o1 Hyjmri05. sitica gel
SRR ESSHRORID affzmr%d 1RAGd &ﬂnﬂﬂuﬁﬁ AIGD MBS93 %) as a

filt hrough a pad of Celite and concentrated in
liglatdwow oilo Htla MR (HRI0FE 490 INMHz): 128.70 ¢d, 195 1% 8.adbiza 7. 9%, 1H),

T EoRe. AP (Rl 500 Ned S8R 158 36 (4 2H. 1= 116

H%)Lbs 506(d9§H(Hﬁ9F 1?'6)Hz)32 59 g&lb[H?% 302(H) ZHé iL63 (2'09 (M('%H) 1.55-1.73

(r6H§H) NESSs, @j@ctMmschslum (rHSi)m/zo:aCahtd ﬁooﬂzﬂsﬂ}l&@mm 3 (M+H),

23§4§ (M found 235.1. e)
ﬁﬁ 6- (2 2,6, 6-tetranet hyl -tetrahydro-pyran-4-yl)-

pyri @sﬂ &ﬂt%ﬁ&eﬁhv&'k&bﬁ’eol@mbﬁy was had®Lsthi 9D 'OFNMR, 2D
2, tetranethyl-tetrahydro pyran-4-yl)- pyrldln-
Céﬁéf NQsSHYMNMBred in the previous step, 13.5 g,
0. 057 nDI) in DCM (100 nL) was added a sol ution of
freshly recrystallized NBS (10.2 g, 0.0570 nol) in DCM
Ekakiplend. ) dropmﬁse at 15 0 C for 1 h. The reaction
m xture was owed to warmto RT, stirred for 30

45@1’6”?#@&"1'W@é({’é'é'w’f%yé’ﬁf’@da(fﬁ-[ﬁam1( b@-mﬂiwxyméhrgl-&oxa-

RO S YRR B MR P E PRI ), o
Nye title conmpound as red solid (17.1 g, 95%
di rectly used in the next step w thout

ification. 1H NVR (CDCl3; 400 MHz): 6 6.95
= 8. N 691(d 1H, j 20 = 8.1 Hz), 4.03

hawoé% 73 (m 2H), 1.44 (m 2H),
(s, 6FD Mass spectrum (ESI, m z):

B N Cl&?QlBrNZO 313.2 and 315.2 (MtH), found
and 315. 1.

a) Trifluoromethanesulfonic acid 1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]octa-
2,6-dien-3-yl ester
OTf

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 (e), 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;5F;06S, 345.0 (M+H), found 344.9.
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25 pyridin-3-ylam ne WD 2009/ 052237PCT/ US2008/ 080081

To a solution of
wQ2wom3B- (2, 2, 6, 6-tetramet hyl -t et rahydr o- pyrBCFAS308/680081

pyridin-3- ylam ne (as prepared in the previous step,

17.0 g, 0.054 nol ) in DVE (200 nL) was added 2 M aq

Na2CC3 (214 ni, 0.428 nol), LiClL (2.70 g, 0.0600 nol )

and 2- (4, 4-di met hyl -

5cycl ohex-1-enyl)-4,4,5, 5-tetranmet hyl -[ 1, 3, 2] di oxaboro

| ane B 1 ) bPA-I1 L ;
et s e e S A 2y M enlamine

5.30 2) was added and the reaction heated at 80 C
overni ght. The reaction m xture was all owed
0 RT and was extracted with EtOAc. After
concentfating, the resulting residue was purified on
silicalgel with 2-20% Et OAc: hexane to give the title
_€cgmpo as 40a white solid (14.8 g, 80 % . Mass
speety &, mz): Calcd. for C22H34N20, 343.2
(M+H) , —Tound 343.3. 0)

4 OrRRocR (oLl et iyl oid Al et horyTet iy ) At L o
tridoRGh M cRYIES RO 8N 1;ﬁﬁ¥-lﬂetﬁ6£y%11eﬁl3?§5%§r%§tgg§’di@[@ Y1 ob81r 6-dien-3-

ahydr o- pyran-4-yl)-pyridin-3-y
yDestet (ab-Depeatipl the preivatue xtep- BRAY §) 9.65 (ndl) &dA-{4t Setrhmcethyl-

(3 2Bl N RSl e P e 1B ol0 30l St Fromageranny
(00 P} BOAODEM) MDr3QDHE BBR3HREHAUS2008K08008 L light brown oil,
cyano-l-(2-tr|nEtg¥IS|Ian | - et hox neth&h)-lH-lnldazole

Mags gneetisyESE nle): oCalpdifasSibimNQy, £88.2 (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)

NH, NH,

i and I

A B

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
in the previous step, 2.00 g, 6.96 mmol), 5 % Rh/Al,O3 (800 mg, 40 wt %) and 10 % Pd/C
(800 mg, 40 wt %). Silica gel chromatography (0-1 % MecOH/DCM) afforded 601 mg (44
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as described in Exanple 1, step (b) to obtain the

title conpound (15.8 g, 92 % after purification on
wa@Riwose2gel (30- 70 % Et OAc- hexane) as a white BOI/U82008/080081

Mass spectrum (ESI, mz): Calcd. for C33H49N503Si,

592.3 (M+tH), found 592.4. 5 It)

4- Cyano- 1Hitni dazol e- 2-carboxylic acid

DS s i ipratound Ao i pra o gid & F e 5 2 S the tils cpmpound

BTa@ a8ighP bR of o
4-cyano-1- (2-trimethyl sil anyl - et hoxynet hyl )-1Hi m dazo

| e- 2A: Madsorydtivem Beildm/z): Caled. for C17HasNO;, 292.2 (M+H), found 292.2.

£’i2 ( éf ﬁ\g%?gs % QXTbgisﬁlaﬁ% Xﬁ C%ng’%)cd%f é%,,ﬁ@?%,ﬁ]\%lﬁf Qu nlzi 292.2.
5 pr ep%ﬁ%%%antdmle%aﬁwe yt%re@&l@dmkt% whd nfidgin Be GRAA0stEP(g).

in DMF nm.) was added solid AF hydrate (16.6 g,
0.0630 nol ). The resulti ng m xture was heated at 70 C

ver h r I
R s M
pk&@ﬂnﬁﬂn)e The organi c Iayer was separ at ed, the aqueous

| ayer was washed with Et0Ac (3 x100 ni) and t he

organi c layers 15 were conbined, dried (Na2SO4) and

concentNrgt ed. The resul ting residue was dried under

hi gh_vacuumto renove residual DVF. The residue was
pur i (Myon silica gel (0-50% Et0Ac/ hexane). The

resul &ipg solid was then suspended in 25% et her/ hexane
and sorri c ated for 10 min. The product was coll ected
{g nflltratlon and dried in a vacuum oven at 60
B~obtain the title compound as a white
10 SO|Id .2 9, 75%) 1H 20NWR (DVSG 400 MHz): 6

14.26 (s, 1H), 10. 02 (s, 1H), 8.32 (s, 1H), 8.12 (d,

=.8.3 Hz), d, , 5.86 (b , .
%ée §§ 6?11?11’211}1})(1 wag p&ép ?ﬂlbsz‘ihf pr%eéaregﬁﬁxm% 41@% (@ using 4-
(@%do)zl BLblslnretlﬂ-)% 1%eth§l 8- ()'i'é-)bl(g&lo‘ﬁ@ﬂl'ﬁct "5'-'91] ﬂet%@anﬁﬁe (as prepared
H}I Mass specP rum (
nmhz preV@als csd:p, % mng?G@BN&ﬂZ NBI% 0178 D(IMIH)O mfreln c8114®2ge$

15 cpsmane 0T HORS BT bR T Sl G DRI G Shgpund o

lig@brédwil bil- PY¥dsh Spdetrdmy(Bsi afizsteCald® for C;H,,BrNOs, 370.1 (M+H), found
009/052237PCT/ 2008/ 080081

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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15

a)
4- Cyano-1-(2-tritnethylsilanyl -ethoxynethyl)-1Hitnida

wa@Q odoe/228ar boxylic acid [ 2- PCT/US2008/080081
cycl ohex- 1-enyl-6-(2, 2,6, 6-tetranet hyl -tetrahydro-pyra
n-4-yl)-pyridin-3-yll-amde The title

conpound was prepared using 1l-cycl ohexenyl boronic acid
and

2-bronoex{ 2, 2, 6, 6-tetranet hyl -tetrahydro-pyran-4-yl)-p
yridi n-[3-yl am ne (as prepared in Exanple 1015, step
the procedures of Exanple 15, steps (f) and
trum (ESI, mz): Calcd. for

I',2564.3 (MrH), found 564.3. b)

) I t ni dazol e-2-carboxylic acid

cl ohex- 1-enyl-6-(2, 2,6, 6-tetranet hyl t et rahydr o- py
§ yl)-pyridin-3-yll-am de 15 The title
conmppund was prepared from

4-cyan0- 1- (2-tri met hyl sil anyl et hoxynet hyl )-1H-i m dazo
e-2-caﬁboxy|ic acid

2. -1- - 6- - :

Fan- 375 SREER GRS ke POk SHARERE O IERbR W Ul Bsing 4-
[(Boadp)- &5 1hs-metheryinbihy -8 dx MR v G2 3| o430y | MREYrom 6-ph2nd8mine (as
ofePoad iy B g o1 357 e Q00 prdoly 45l yiboronic
aéih"XIS()gm%]Oﬁm rnilﬁg_) S’%hé]aso%e(l @hro%ﬁ}ogr%h%g(o(l@ %zﬁfbAcﬂD@ﬁ?| afforded

WD 2009/ 052237PCT/ US2008/ 080081 | 6H), 1.57 (t, 2H,

130 mgA(25 8o)kdf the title3&nimound el a ligh2@llpw, 016 HylassMpsgrum (ESI, m/z):

CHRICH U SRl 0w Gl i 02, 454
4- Cy ARQpddibitiokidaepli€c SefRERYPXYY Gadlabe in the final step (g).

[ 6-[ (3-€ex0)-6-exo0, 7-exo- (i sopropylidi nedi oxy) -
1, 5-di t net hyl - 8- oxa- bi cycl o[ 3. 2. 1Joct-3-yl | -2-(4, 4-dit

RS BRI S A sy B acia 1
[BXendlo)l 5= Ks-0ethobky fe HyT-8Qa iy Ao B.2IGb @3 I]-B8=(@ xediletnytcy clohex-

o[ 3, 2. 1Joct - 2- ene
1-enyl)-phenyl]-amide

N~ SEM
H
Yo N\W/L;>*‘CN
o)

o

}

The title compound was prepared by the procedure of Example 4, step (f) using 4-
[(3-endo)-1,5-bis-methoxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(4,4-dimethyl-cyclohex-
I-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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The title conpound was prepared according to the
procedure of Exanple 15, step 15 (b) using

wQ 2985238, 3, 4, 4, 4- nonaf | uor o- but ane- 1- sul f oni BCHUSZ)08/080081
1,4,4,7-tetranmet hyl- 3,5, 11-
trioxa-tricyclo[5.3.1.02" 6] undec-8-en-9-y1l ester (as
prepared in Exanple 13, step (a)). 111- NMR (CDCL3;

llggt%em\%)é%l q\ggss%gpc?@%g( _ 2111{%52 :Cag:dig)_r %‘3%&?@95%1,'%4’342 (M+H),
fcgmg%z@lgz (m 1H), 1.52 (s, 3H), 1.38 (s, 3H), 1.33
(s, 3H) 1.32 (s, 3H), 1.26 (s, 12 H). 20 b)
1, 5- Bissigampntiof the(18latiive pterqoghdnaistny pray mpdeinethe finalester (9)s
opr opyl i di nedi oxy) - 8- oxabi cycl o[ 3. 2. 1Joct-2-ene WO
2009/ 052237PCT/ US2008/ 080081 NO2 The title conpound

ghas W@I&ﬁb%—ﬂﬁ%ﬁﬂb&%tﬁ@w@yﬂ@ aBHIGIYEIERINT, EBRNRSRmethyl-S-
S e

O&a-éwﬁiflﬁ%%%yrfe-?ﬂ’&-‘%( b4-gimethylavelohgx-Ireny8 meaylbxiide ol a

n- 2-

51 s B POl i yromredly e esedyrs of gl b sigp e usine 4
cYa®- P2 phviehlylbitany hethpx wutthyly- 1 ST-@piflaghsa2-carboxylic acid [4 [(3-endo)-
| e M BB OHEY 3. 1 ToUn Y ] 2r Gin ] -£yeiohex-1-enyl)-

pf(‘éél_yé)-(agsn_d? ées repnag)edplyl/lrﬂlled rreylo_us S ep, 150 na% tOn2e3t lhmm_o _aél)((i (‘gen%abutyl-

amorofiuso Anopdd mdnohydiad 91)8 1 8ng) X)aﬁl%hnmy)bl Gﬁl&a%ellcﬂuomatmgraphy (25

vt Ag Redy A Sed Ale Somppyndt (103 mpn §3 801 g whitseslids Mss
sﬂe‘éfﬁﬂéﬂ (glggeﬂﬂszaalc§ foxer, bl a0 2120 Mo -Bueneg ( 265-NMR

nmol , as prepared in 15 the previous step)
(Cn; D OH0(1B zixlS) 8. Wa&d, HYAd b edfeh dlzp d %(S,‘LH&) M2 (titi B1,%=28.6,2.3

d/ C a or .. The s filt t hr
H%e 1ol el PRisRd. Satdmed) bt 8o 7 ediPRAd Ot 1 = 10,1
|3Vzﬂﬁ(fn§ 6\1\9@9@(@9%)’1\9@@ () 2¥BCUP7 (dﬁh¢Hr gsilgue 6\¥agz), 2.06 (m,
taken up i n EtOH and hydrogenation was continued via
2Hn 1L (mppl).dtars] .da der 2iihd . X8l .pbtnng s dddi(t.i2bhd = 6.3 Hz),

BT SERERRS G st uy, RGPS Tisa N et found

5yepe evaporated in vacuo to afford the title conmpound
(189 ng, 78 %9 as an off-white solid. Mass spectrum
( ESI Asyigpipentofpuctufearasmadabapgom ambmy 2o tayppo- | Hogrdazole-2-

cgfgéxﬁrc 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

4-Cyano-1H-imidazole-2-carboxylic acid [4-((3-exo0)-1,5-bis-hydroxymethyl-8-oxa-
bicyclo[3.2.1]oct-3-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
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d)

(3-ex0)-(5-Am no- 6-brono-pyridin-2-yl1l)-1,5-ditnethyl-6
WO 2000/07226x025( 1 sopropyl i di nedi oxy) - 8- oxa- bi cycPG[/BSR09/380081

oct ane WD 2009/ 052237PCT/ US2008/ 080081 Br A

sol ution of

(3-ex0)-(5-am no-pyridin-2-yl)-1,5-di net hyl-6-exo, 7-ex

o(i sopropyl i di nedi oxy) - 8- oxa- bi cycl o[ 3. 2. 1] oct ane

treated~yith NB3-4s a solution in acetonitrile (10
ure £qncentrated in vacuo. The
akenNup in Et0Ac (50 nlL) and washed with

)
i with EtOAc (1 x 20 nL). The conbi ned organic
were dried over MgJSO4 and concentrated in

The residue was purified on a 40-g Sepra Si 10
50 SPEOcolumm (lsco system Flowrate = 20 ni/m n;

El uent ‘= 10 % Et OAc- hexane for 0- 5 min, then 10-40 %

t 0AG- e - ] f [ 11
o omp iRl s Ayl L8 R R EE T g 35-2-bromo-
pbotimiwen (APCl, nfz): Calcd. for Cl7H23N203Br, 385.1

(M+H), found 385.2. 15 e)

( 3- ex0) 45- Am no- 6- (4, 4-di t net hyl - cycl ohex- 1- enyl) - pyri

di n- 2- WHL- 1, 5-di t net hyl - 6-

ex@,7- exo- (i sopropylidi nedi oxy) - 8- oxa-bi cycl o[ 3. 2. 1Joc
he title conmpound was prepared according to
dure of Exanple 15, step 20(f) using

(3- exo)} (5-am no- 6- brono-pyridi n-2-y1)-1, 5-di net hyl- 6-
exo, 7 -

% Predi oxy) - 8- oxa- bi cycl o[ 3. 2. 1] oct ane (as
prepa in the previous step). Mass spectrum (ESI,

m z) Th&atle dompamdC2BEHBENRARBLyY tht Pr&eieldf Exhmpledt, 4&8 (&). using 4-

2009/ ,052237PCT/ US2008/ Q800 .
( :%9533:@5-6% W{Iﬁéﬁ-@r%ﬁaﬁbawqu[é{}ﬁd%}-rﬁéiflﬁgphfnymlﬁnﬁ hisdyepared
iZRknpde 624t&PKY, 192 RE 1A Brdof)3NBS (178 mg, 1.00 mmol). Silica gel
ex0) - 6- exo, 7- exo- (i Sopropyl i di nedi oxy)-1, 5-ditnet hy1-8
chr.gmtd‘girmm,-[lg_% _Ej_QAgE)@\/I _a_ffoml;@ 48ﬁmg (50 %) qf the title compound as
i RSE % QXS 9hekid @Y Y ELdh YoReY AR BNGe3 .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-
cyclohex-1-enyl)-phenylamine
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The title conpound was prepared according to the
procedure of Exanple 1, step (b), using (3 -exo0)- [5

WO a00/082287 ( 4, 4- di net hyl - cycl ohex- 1- eny1) - pyr i dPCF/BS3003/080081
-1,5
- di met hyl 6- exo, 7- exo- (i sopropyl i di nedi oxy) - 8- oxa- bi cyc
| o[ 3.2. 1] octane (as prepared in the previous 10step).
Mass spectrum (ESI, mz): Calcd. for C36H51N505Si

k), found 662.4. Q)

i tni dazol e- 2-carboxylic acid

- 6- exo, 7-exo- (i sopropyl i di nedi oxy)-1,5-ditn

hi cycl o[ 3. 2. 1Joct - 3-y1J- 2- (4, 4-di t net hyl -

=y ¥) - pyri di n-3-y1J-am de 15The title

as prepared according to the procedure of

7, step (b), using

ano-1- (2-trinet hyl sil anyl - et hoxynet hyl)-1H i m dazo

carboxylic acid

-[ (89exo0) - 6- exo0, 7- exo- (i sopropyl i di nedi oxy) -1, 5-di ne

y1- 8-\oxa- bi cycl o[ 3. 2. 1] oct-3-yl1]-

2- (4 [
(Cas. e BRGNP Ebr Ul of s Fef ) gine 4
[(M'dz))) 1,6 H1§. n’fﬁ:ﬁlc(xbmeﬂlyl-BH)x,a Weytho[B Arl ]sct- 31}7'1)] -2- l&oﬁiﬁS fhdnylamine (as
Hz 207 73 (8 & f % = 8.8 .
pr;qf?redén g)@ pse\ggus(srtﬁp, fiﬁ 38 olbﬁ denegy gyczk@he((ﬁq 1-ylboronic
a&h"XlSOzmg“OZgSO()gﬁn{dg S’%H)a %e% cl%%n?at(%q f&t@(o 2R, E%OAE?I?CN/I} afforded
lﬁ@mgf{F-B %0)1of e tftds, C(Emii)ound_ a&ﬁgl@tslelle‘hﬂo,ﬂ 1\/14515 Sp@;tru&H)ESI m/z):

(LBt g, (RO Tl Gl or DG 10504

2009/AQ5ighA it 6TA1dSRRBI8E OBRBBAemistry wadBRiE MBI ingf step (d).

relative stereochem stry was nmade based on analogy to
4- cyano- 1H m dazol e- 2- carboxyllc acid [4-((3 -ex0)-1,5

y?l) S- I-t{?f;'glxld}?né't”xe]t{iy%s’?xa b}h0¥ eetﬁkl%lH?hm%aﬂged-c%rlaoécyhc acid [4-

(BGascopr %S%thdkyﬁ@@ﬂiﬂ@&mﬁrbléﬁcﬁﬂ.? le)]bct-ijlﬁ&afﬂpﬂ—&nib&zyl-cyclohex-
4-C¥ano 1H it ni dazol e- 2- carboxylic aci
IF@y‘@@eé%B?”¥@iexo 7- exo- di hydr oxy- 1, 5-

di tneth

oSO 0D

| -.8- oxa- bi cycl o 3. 2. 1Joct - 3- yI) 2-(4,4-ditneth

yl -cycl ottex-1-enyl ) -pyridin-3-yll- am de
triflu ¢ acid salt and
4- Cyano=%H ol e-2-carboxylic acid [6-](3-

“gndo) - (6 exqq7 CNydr oxy- 1, 5- di t net hyl - 8- oxa- bi cyc
t- -yoNz (4, 4- 10

j ycloohex- 1-enyl ) - pyri di n-3-yl | -am de
oroacetic acid salt A sol ution of

Y2ho- 1H i m dazol e- 2- carboxylic acid

[ 6- [ 3-ex0)-6-exo0, 7-exo- (i sopropylidi nedi oxy)-1, 5-di ne
t hy1-8Qoxa- bi cycl o[ 3. 2. 1] oct - 3-y1] - 2- (4, 4-di et hyl - 15
cyclohéx 1-enyl)-pyridin-3-yl]-amde (76.4 ng, 0.144

ol ThastlPeanpsed Wa& gfé(p'il l@l thé préde@ire (0§ Exainple 4, step (f) using 4-
i sopropyl al cohol was treated drop W se

[(AtexR)-5. 52b1MHH@!E)Xi}’ﬁleth¥,ht8((S<arifL§y d-2Hdestedyll-3-@et- d}nfeélryl Zyclohex-
l-r%n%rﬁ\- Itl?%lgrﬁﬁlg é%ai)ﬂeéi ﬁﬁg? %Ee@hdﬂsﬁqeg 124d\?n§ §5@9ﬁir?oq) and

pathsshned-dyans-l t(2at1th'ﬁy11;Vleﬁyll-dglliﬁxynAﬂ1ﬁpUH 1hi€iilaz()15 mtarb@.xylate (as
was added, mxture was stirred ﬁ T for 4

M
DIDRE DS At éppg? 240 6489@%9 ‘rivel 2iRe A0t §ht ed
b
cﬁrﬂm\éﬁ%%élg Ii’S' /!) Ef@%/ﬁﬁ! Mpéfﬁgra@dl:g/&?l—ﬂgl{ove ogglemﬁlhecx‘cog%ﬁ)ld as a
af f or ded the t|tIe conpounds (28.6 ng, 40 %9 as a 2:1
m xture of isoners as a white solid. Mjor isoner:
1H NVR (CD30D; 400 MHz): 6 8.94-8.92 (m 1H), 8.06 (s,
1H, 7.71-7.62 (m 1H), 6.30-6.13 (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),
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251.69-1.61 (m 2H), 1.37-1.29 (s, 6H), 1.12 (s, 6H)
Mass spectrum (APCI, nfz): Calcd. for C27H33N504,

wamoBs2bmH) , found 492.2. WO PCT/US2008/080081

2009/ 052237PCT/ US2008/ 080081 Exanpl e 19
4- Cyano- 1H-i t ni dazol e- 2- carboxylic acid
[ 2- cycl ohex- 1-enyl - 6-[ ( 3- ex0) - (6- exo, 7- exodi hydr oxy-1,

net 8- oxa- bi c 2. c rld
ERGHIRE b Y RTop et feoonzy! Rl for St RS BB e,
Am@a0Qq- 1H-i t ni dazol e- 2-car boxylic acid
[ 2-cycl ohex- 1-enyl - 6-[ ( 3-endo) - '
( 6- edosignes-of itheyrglatixg stercbcltinintey Wb m@de iathbifieglcite Gl).2
.1Joct-3-yll-pyridin-3-yli-amde trifluoroacetic acid
salt 10 a)

df 3- e¥@w%5—lﬂﬁﬁﬂuﬁ7!&9¥c@rﬂf@hv &cﬂ"[ﬂ( 13- @U)lld.‘l'-ﬁrs?mé‘t%xﬂne';ihyl-S-
-ditneth - exo, 7-exo(i sopropyl i di ned |oxy) 8- oxa- bi cy
- BicBeloI D Bl { Sireei ok s g pene -

| I .
o1 o hEHE Sopdin st SPGB e B e B, SR Pl o
c@%@l@(?d?%mlalmwgﬂabeﬁnéthﬁmlgl_ 1m1§1azo:lle)-2-carboxylic acid [4-((3-ex0)-
exo ari no- -pyridin-2-y1)-
| E T S RIS %su%t&pwé#ﬁe@nw-cgdm freny)-
| t
Y- G R b o S S0 A oDl PP
teplabctgtdimmommmﬂwmﬁb ewchbhydate g1 §If g, (Né%msrpé): t3ilica g&a

iR BB oaBe o R ST s

w‘ﬁlt%&ﬂ? (R '(d:b!@bh é(flgﬂ?z?léé 8 &1 p@xx Mty k.04 Al 8), 7.19

zol e- 2- car boxyl'1 ¢ acl
(dalx 0}; B= éxbzx}pr7«widpﬂady#Qﬂﬂmed56&¢h;MHESGBKdeﬁﬁyE=8OI}hx

- -hicyc SLJoct - 3- - 2-
3 0y Ri ks AR A0, BRTL 5oL 0 15 231 G- 207 (m. 200, 1.58-
1%%91:1) I 1621%9(1&1”%51&4'@3 | am(ﬂn SN I1)=6.3 Hz), 1.08 (s, 6H).
1Hi f ni dazol e- 2-car boxyli ¢ aci d
Me6s ficatremd BFL.60/ek ol alcd for Csoﬁe@h@pyﬂ%ﬁ ﬁ\éﬁH?u)fyl)ndlS ®.1.5
g:,];g Es%élﬂ'rp%}to étrkk})clfﬁ g g}{ﬁs%%adze based: on ana ]g]y tc2) 4( %no ?ﬂelml&azole-}
carboxylic acid [4-[(3-ex0)-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 4, step (g)).

Example 8
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-[(3-exo0)-3-
hydroxy-1,5-bis-hydroxymethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-phenyl]-amide
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The title conpounds were prepared froma m xture of
(3-exo0)-[5-am no- 6-

W@ eyoolosdzex - 1- enyl) - pyri di n-2-y1] - 1, 5- di nmet hy 1- BEBX682088/680081
x0- (i sopropyl i di nedi oxy) - 8-oxa- 10bi cycl o[ 3. 2. 1] oct ane
and
(3-endo) - [ 5-am no- 6- (cycl ohex- 1-enyl)-pyridin-2-y1]-1,

5-

di met hy1l- 6- exo, 7- exo- (i sopropyl i di nedi oxy) - 8- oxa- bi cyc
a) P B%z&(é}zomtmﬁm@ﬁ@z@ﬂm@memgx}-ét%x@fbwmrﬁz §}o%ﬁ)n-3-one

according to the procedure’ of anple 1; e .

Mass spectq um (ESI, nlz): Calcd. for C34H47N5058|

4.3 ( found 634.3. 15 ¢)
- o- i dgzol e- 2- carboxylic acid
164 ( 3+ 6 ex8i 7-exo(i sopropyl i di nedi oxy)-1,5-ditne

thy1-8-oxa-b|cycl .2.1Joct-3-y1J-2-(cycl ohex-1-enyl)

- pyridin-3-y1J-anide and

4- Cyano- 1H-i t ni dazol e- 2- carboxylic acid

16- 1(;3- endo) - 6- exo, 7- . . .

exo- %ﬁp@pgﬂe i ﬂé&ﬁeemylldl@eﬁﬂiy{ “WERATBPEY B Xy bicyplol3 2.1
o&-Rerk 30k - 3oy Lhg 24(8qyﬁ1n§81ﬁﬁeél K. and Cha, J. K., J. Amer. Chem. Soc.,
enyl) - pyri din- 3- le am de 2 WO

12968705343 20¢) M@%Pd@@kﬂg) in 10 thef MdQk vwasspoehatsRT under

Hy TR PRERGEY fo AR sk syt Esmersi i stiphon Selfe, and the

fifirafc Gas @éﬁ@éhﬂr@te@@d ive 200 mg (100 % of the title cornpound as a colorless oil.
- exo0, /-exo(iso I di nedi ox - di met

th [ (3-exo0 b ro é Bé

L5t (Bbyoh b Galod Tpoee HaCrs]. S e Pdrbheieund &Hyh)

5pyridi n-3-yl] -anm de and

4-cyano-1-(2-trimethyl silanyl -et hoxynet hyl)-1H i m dazo

b) e4l’ya@armwidaﬁola-c2i-dlrboxyhc acid [4-[(3-exo0)-1, 5-bts-(tert—butyl—dtmethyl—
(3-endo) - 6- exo, 7- exo- (i mpro yl i di nedi oxy) -1, 5-d

Si naz yew&wé?bi -bydnogp-§-oxashieycfol3 2 TyctBylego meikyéﬁyquhex-l-
]-am de (as prepared in the previous
e%ﬂyéggQ@@%? Ing to the procedure of Exanple 2, step
(b), ysubdstituting DMF for THF. Mass spectrum (APCl,
niz)N f C28H33N504, 504.3 (M+H), found 504. 3.
i tni dazol e- 2-carboxylic acid

[2 G | - 64(3-ex0)-(6-exo, 7-exodi hydroxy-1,5
-dN@neth 8- oxa- bi cycl o[ 3. 2. 1Joct-3-yl | -pyridin-3-ylf
-amde tr

b oroacetic acid salt and
4-/Cyano- 1HTt'ni dazol e- 2- carboxylic acid
?é— Cygc! 01 enyl - 6- [ (3-endo) -

exp- didrpdr oxy- 1, 5- di t net hyl - 8- oxa- bi cycl o[ 3. 2
.1Joct-3-yfl - pyridfp- 3-yli-am de 15trifluoroacetic
acid salt The title conpounds were prepared from
4- cyano- 1H i m dazol e- 2- carboxylic acid

[ 6-[ (3-exo0)-6-exo0, 7-exo- (i sopro y|IdInedIOX(? 1,5-dinme
t hlega@xg;ebslgy of 6{032112) 1@-1@@11(12(;0&1% carboxylic acid [4- brorno-2-(4,4-

dlline(ﬂ% cgcfi)ﬁé( eaglﬁ d}?ngt%é %%1} %’ n;lcg Qgﬁ nlsj(prepared in Example 1,

stzﬁkd)ﬁmemﬂm) OfCFIEIX @ 20X Ow4d z&i@@& e @Mhh@lm afeldpmgm QAMPTHFI®392 mL,
1-8-oxa-bicyclo[3.2. 1]oct-3-y

0 585@}@@1&) Aiedk the igip(prg way el ta ﬂﬁ&l}lﬂa% Aéey Hsmpt g gheagsolution
@g&ﬁﬁd R € g‘é' °§“a§d%t s%H)t o OF ¢ 'B?M‘ gom ih 'iB%mBﬁé) ‘b%%%ﬁaﬁf 942 mmol)

ure o) mers was dbtai
wivk jadxtedl dreen s nthNW& W3 OBdirti OO M%)s—(tﬁtﬁu@&d&n&ﬁyl( m

Siiqlﬁl)y ongm%ély§§%8%%%\0y;£362 é]%@n‘oﬁmqlgel 6 26 g él&rgpared in the
(m 2H), 2.40-2.32 (m 2H),
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252.08-1.98 (m 2H), 1.95-1.73 (m 6H), 1.33 (s, 6H)
Mass spectrum (APCI, nfz): Calcd. for C25H29N504,

wdeehoasbrH) , found 464. 3. Exanple 20 PCT/US2008/080081

4- Cyano- 1H-i t ni dazol e- 2- car boxylic acid
[(4-cis)-(2-cis,6-cis-bis-hydroxynethyl -2, 6-

di t net hyl -t etrahydro-pyran-4-yl)-2-(4, 4-ditnethyl -cycl
ohex-

30 trifl t
PRIt Sa T aAE 1 e a e ptsE A B or dus Nkt St sl oS °C and
ﬂ{eﬁ"aﬂwv@&lﬁ) atladt RTS8 sti¥E RPGIEe 243 7 G 1ddhB0 00§88 Med with
Ci s- bi s- hydroxynet hyl -2, 6-di t net hyl -t et rahydr o- pyran-4

sa.tyﬂa)edzﬂ(lﬂla(l@ml_y) @nthykt.rapﬁd whlkektQAc (3 x 10 mL). The organic layer was

SO S Vg Rotectais Tat e s oUioRBE b Buffid e Qlifayeet cluting

wit-1065 EmJD@Mtdglhydn@m(sl%) ofawhlte solid. Mass spectrum (ESI m/z):
51, 5-di net hyl- 8- oxa- bi 3-yl)- 4, 4- di

Colctylor EydloahdSt: ama;@%ﬂﬂa@hf@mﬁﬂp Tani de

trifl I
p£ Igpérlg%g&%&ﬁ I ‘Ehear% a%x%?ﬂe}eog%g%ﬁf?%yg fﬂ_a? m"%e ’ﬁn?lésrtep( @)
nm.) was treated MAth Nal 04 (154 ng, 0.718 mmol) at RT
for 20 mn, NaBH4 (54.3 nou, 1.44 mmpl) was added, and
C)t &Y gl Hrignideqofe-egarboryboagid f2-(Hfrdimethylogyslafigs-1-enyl)-4-[(3-
JA! t Q-
R SR Rl By BRI IV B e
1M aq HC1, satd aq NaHCO3, and brine (1 x 25 nL each).
T R B A S R B T B
dﬁﬁdtﬁﬂ sgueﬁo%g%m%na@mﬁaﬂ;xwgted biByMEBUO1 odtRy1]-2-(4,4-

resi'due was ‘purified on a 40-g Sepra Si 50 SPE col um
dimaied-cyglohem - emybvphpwlbammdpmpmdnn thel puevious=sto 199 mg, 1.49

R0 B BT Tl 9 000 L5300 o

stieQitit BOOBTorO bt | Tiad dea@RAKSaseliMite@dYith TReAS (1@%@&&1 washed with
contalnlngmthe title conpound were further purified b

HeP-(BpUIE mergyd biiner 19 orlgendglors oxerie2801 a0g q(FﬂAﬁlll%e(bvBre solid
w2 ufflflac Gyt LOOG ek SR TR W O Qv BRG s "R cao0
l\/IHz—éﬁ\/ISOHZg% ) pgmoa :(1s<br1H)3H) . 7(733(&% Ilibj 8. 311 (-‘s Bﬂs Hzo (d, J=8.6 Hz,
13hy 7. 3@(@2J38 é?l Qéizml B 272d 5z19 Hz l(Iﬁa 525|6|)(rn 2 H_>)24§2ie 1 H),

4%’1”7(10%9 £ ;ﬂzc )2;53 %%45(%?)4 H}gé% % z}d)(nf ) Hﬁ Doy 28 (m, 4 H),
1 gpedtreum, (289, 1.351-2).59 @alxH), 1f47- E2276|B,52\H@41 004@46 BI). Mass
shomet Dy 5PN AR 3 ol 2T P L5072 (M+H), found 507.1.

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)).
Example 9

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-((3-ex0)-3-
hydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-6-en-3-yl)-phenyl]-amide
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WD 2009/ 052237PCT/ US2008/ 080081
4- Cyano- 1Hi t ni dazol e- 2-car boxylic acid

wQ 2600452231i t net hyl - cycl ohex- 1-enyl) - 6- (2, 2, 6, 6PCT/US2008/080081
tetranet hyl-1, 1- di oxo- hexahydro-1) 1. 6-t hi opyran-4-y1) -
pyri din-3-yl1J-am de a)
1,1,2,2,3,3,4,4, 4- Nonaf | uor o- but ane- 1-sul fonic acid
2,2,6,6-tetramet hyl-3, 6-di hydro5 2Ht hi opyran-4-yl

ester The title conpound was prepared from
2,2,6, tramet hyl -t etrahydro-t hi opyran-4- one (J.

O g. Cher 1970), 35(3), 592) according to the
procedut e Fganpl e 15, step (a). 1H NWMR (CDCl3; 400

=5.76 (m 1H), 2.49 (d, 2H, J = 1.6 Hz),
HN. 43 (s, 6H). b)
-2-(2,2,6,6-tetranet hyl-3, 6-di hydro
yran-4-yly- 11, 3, 21di oxaborol ane The title

1,1,2,2,3, 3,4, 4, 4-nonaf |l uor o- but ane-1- 15sul fonic acid
2, 2, §hétitletsapRindyasrEpaad dWsdicQerAtdd i ERpypiRN; $rel 1) using 4-

ester (as prepared in the previous step) according to

cyae- BH-oudgiele-2otrtorahp ped {4 brapeg- (¢ ¥y dimethykigrelplepehi-gny -

) / 7, - A3-6.40
AR DARED PnE0h HTEH by M dimhBgetad: 5
bicgclopH). ] Jokt-8&n{3soncl@ HeWyistry-A Euedpean Journal (1995), 1(6), 368-73). 'H-

5-Nitro-2-&2 2 636-tetranetggl-3 6-dihydro-2kkthlo%¥ra
NME (GRC13 000 M 0 5188 (br s [1ED-Corhuhd)-watd (g Eidat 58-S H2), 7.69 (5,

4. 4, 5riet <k 212,16, h

A P o S 1 S S B P g s 10
SQags,ﬂlpriélQEQ.EZJ’(rﬂ, MH),S_T.QW-izdl(DS(nstaIHp,)l.aﬁd;, gH), 1.29 (m, 2H), 1.f10 (s,

2- -5-nitro- fo t
R R e G T T

for _ @%ﬁ%ﬁ%@%%la@%&eé%ﬁs‘[ \Qékr}qac?ezt%sgd on analo6gqr)to 4-cyano-1H-

5-Nitro-2-(2,2,6,6-tetramethyl-1, 1-di oxo-1, 2, 3, -tetrg
irhigezade-22@xtoy bpyeid h2-H.§-tmethPl-gictahak rleenyl)-4-[ (3-o&o0)-3-hydroxy-1,5-

| uti f : : :

bt ety Sox-biey e bloRy o v P ha bmide (i e in
ERarftp¢ 1) stepyt).di ne (0.300 g, 1.08 nmol, as prepared in

the previous step) in MeOH (15 nL) was cooled to 0 C

and treated wth oxone (984 ngy, 3.23 mmol based on
EKHSO?<ﬁpntent) as a
xample

3-(3-ex0)-[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
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15solution in water (1.5 nL). The ice bath was

renoved, and the m xture was allowed to stir at RT for
wQ@2009/034287 mi xture was diluted with water and eRCT/H82008/080081

with CH2Cl12 (2x). The conbi ned organic | ayers were

dried over MgpSH and concentrated in vacuo. The

residue was purified on a 25-g Sepra Si 50 SPE col umm

m F|lowrate = ent, = 5 %
)(E} 37!(8‘”%%’552/4% ‘!F"éf" "?ﬁ’ﬂﬁ %?Jé’ﬁ"é‘e%"% EF‘O“A(Z‘" Red dpthylgster
MRo30 @ n) to 20afford the title product (322 ng, 96 %
as\ anlof f-white solid. Mass spectrum (ESI, nifz):
or Cl4H181\ 12045, 311.1 (M+H), found 311.0.
2237PCT/ US2008/ 080081 e)
6- (2,276, 6-Tetranet hyl-1, 1- di oxo- hexahydr o- 126-t hi opyr
an-4-yl)-pyridin-3-ylam ne A sol ution of
5-nitro-2-(2,2,6,6-tetranmet hyl-1, 1-di oxo-1, 2, 3, 6-t
hydr &ha $ie CQrﬁp@era% megﬂﬁd %Wu%ﬁ ﬁléne(ﬂsszlzam@le L cer/!poxyhc acid

I GBS SLABILR0) W LD LR Rl y R 6 ey

cyadwadliftidn. prdtoeolrafq Ko a didsTrhadit @hecpdah r]omgzhl QDrdueic @nahistry

B LSl Mo Sesermr it B ol b ENDe 2491 (V)
f(ﬁlna§1g()8epra Si 50 SPE colum (lsco system Flow rate

= 20 nmL/mn; Eluent = 10 % Et OAc- hexane for 0-3 m n,
then 10-50 % Et OAc- hexane for 5-30 mn, then 50-65 %

D SRE NG Ot R -G Ry BB (1 & stirtohes- -
e e e b arbony i
agidaethyl gyter

2B 2058 (B ShEATRL s didadh RXRRRAE U8 bk 4

6-t hi opyran
cj&tﬂﬁpldﬂndldﬂﬂﬂe-m@ﬂafx@ﬁc heiama- brorno 2-(4,4-dimethyl-cyclohex-1-enyl)-
(2,2,6, 6 tetramethyl-1, 1-d
pméﬂrﬁrwﬁé a5 ERARTipy APl yf}eprﬂy})uaafid 3dipetinglPeoxoad-aza-

bﬁ& @rdﬁlj ]é)'c{l?-teﬁg SRR Hcc‘ aGil g(%}lg?%gtgf Qa'g B bR dliR%he pr pEngous step).

Exanp el ste ectrum

HfﬁI\ZMId{ (C@Gtigi 4ODMH@16PQ6(NQQH$J3|8 1634111/ 1}68 6]Hi()l\/ﬂ-H)3,(s 1H), 7.17
ound 361,

(d, (B, A= r%é} H{ﬂ 7 cl;%c(fioﬂfég) 1282 3.88 (2 2H).63- @8 thasy Hik 19 (s,

) 1 _
3i>ﬁi)1 3 241$ban fS y%%pg?’%m %@3 l%% 2.20 (1, 3H), 2.00 (m, 2H), 181 (d, 2H, I =
120092/),052@2837 FET,/ IUSLEAH)80.08 1s, 6H). Mass spectrum (ESI, m/z): Calcd. for

C30H35N504, 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
Example 1, step (f)).
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The title conpound was prepared from
2-brono-6-(2, 2,6, 6-tetranmet hyl-1, 1-di oxohexahydr o- 1X6-

WO hi09fo§223Nn- 4-y1) - pyri di n- 3-yl am ne (as prepar epCT/HS100&080081

previ ous step) and
4, 4-di net hyl - cycl ohex-1-enyl-4,4,5 5-tetranethyl -[1, 3,
2]d|oxaborolane according to the 5 procedure of
[f step (f). Mass spectrum (APCI, m z):
é‘ﬁ’?’ggf %or C22H34N202S, 391. 2 (MrH), found 391.3. It)
4G n Y- ilm[daleéJztc%%Mkz@ 'akﬂzylft A RREMREN S Rex I Beh 1Y B3-ex0)-3-
z0l e-2-carboxylic acid [2, (4, 4-
hirowe ydinmeyoll-Oree, 7texoniimetbylnpetiylenddiaa)-bawelo By 1 focte 3-yl) -
élozp h%%ahydro 1) 16-t hi opyr an- 4-
p Gin-3-yll-anide The title compound was
2- (4, 4-di net hyl - cycl ohex- 1-enyl) - 6-
anet hyl -1, 1- di oxo- hexahydr o- 1X6-t hi opyr an
n-3-ylam ne (as prepared in the previous
step) accorging, to the procedure of Exanple 1, step
(b). Mass shecin (ESI, mz): Calcd. for
49. 3 (M-H), found 640.3. 15 t)
4- Cy 10~ i ole-2-carboxylic acid
=~(4,-dbynet hyl -efctanex- 1- eny1) - 6- (2, 2, 6, 6-
typarethyl -1, 1- dIOXO hexahydr o- 1) 16- thlopyran 4-y1)-p
rPdi ni 3- yl'l-am de WD 2009/ 052237PCT/ US2008/ 080081
The title conpound was prepared from
4-cyano-1-(2-trimet hyl sil anyl et hoxymet hyl )-1Hi m dazol
[622 ( Sf:ﬁ% Q@%yéohﬁ)oﬁﬁﬂ(i: 37&6 S olﬁe_;;(_req gsn )ﬁiegcrlbed in Example 1, step (f) using 4-
cjaz,oﬂfﬁ;uﬁrdamle-amtqulyhd 1- -agti dox 0 { frbroaniny- A(b,41XGre thiyl-oypgtolan-1-cnyl)-

- 4- di n- 3- d
iR Lesenratad 1 RIS o' FRe P DGR 8 sk Myt 35,1 1-trioxa-
trﬂoycl%{sep &Ig%e]uﬁ@éclaﬁmsh(e ap refa%ma&é&@l)ngfto ¥H’é%rf)ée?ﬁreb1ﬁ§dletm of the

C@elﬂl‘ta( &cz@ﬂofjapanﬂl%ﬂz}é@y 268009). HH)JMRZ (ADCl:d 400 MH2): & 12.65

321%@2925% ﬁ? dg);’Hzg‘ 2%1{%@( 3;16‘5 §‘§ ég B}, 759 (d, 1H, J

=29 Hz} o8 ﬁ)s,m%"):,z 3,670 (br §21}gnu 9%*&4 2H éézg@ﬂ 2@17')2 03 (m, 2H),
SS spectrum
I@ZXdBéwsmsﬂS 5131 (lgﬂll—fﬁ (m,olﬂﬁﬂ) 51)6 (:s, GHD Mmrﬁmeetrm (ESI, m/z):

b d
Cﬁ’fg(f??% é@ﬁ‘é@h@ﬁ%@%ﬂg@ &&)éXJ{/ y- ZCI( 2,26, 6-
t ﬁt r ﬁlﬂlﬁgﬁMbntbflelﬂmWerB@dh@ﬁﬂﬁfyowés)rﬁa&ﬂia@é@&){ hdlogh 16l 4-cyano-1H-
enyl | -am

lmﬂe@){g%:adaoréh@ afst Ry(48dsnahryarelehor! tany bl Aexa)-§hydroxy-1,5-
b%ﬁ%ﬁé@@#&}g#@oxwycloﬁ 2.1 ]oI@g-eL%t-gllf-pﬁ&{W]Qﬁﬁﬁie Wa(ﬁs prepared in
Exarhpl2,12t3p B) ¥, 4, 4- nonaf | uor o- but ane- 1sul foni c aci d
2,2,6,6-tetramet hyl- 3, 6-di hydro-2Hthi opyran-4-y1l

ester (as prepared in Exanple 21, step (a)) and
E#a%?kﬂhﬁ,S-tetranethyl-[1,3,2]dioxaborolan-2-y1)-pheny
ani ne

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(3-exo0)-

prepared f

3,6-exo,7-exo-trihydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl)-phenyl]-amide
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15

WD 2009/ 052237PCT/ US2008/ 080081 according to the

procedure of Exanple 15, step (c). Mass spectrum ( ESI,
wo@pos2at cd. for CL5H2INS, 248.1 (MtH), foundP@HEBSD08/080081

b)

4-(2,2,6,6-Tetranmet hyl-1, 1-di oxo-1, 2, 3, 6-tetrahydro-12

6-t hi opyran-4-yl)-phenylamine NH2 5The title

compound prepared from

y1) - phenyl ami ne (as prepared in the
gp) according to the procedure of Exanple
Hase spectrum (APCI, miz): Calcd. for
(MrH), found 280.2. c)
2,2 iz thy1- 1, 1- di oxo- hexahydr o- 126-t hi opyr
H) . N(g%\&ﬁ NH2 The title conpound

t hi opyra
previ ous
21, step (

tetra 9d?o-1X6-thiopyranl4-y1)-phehyiahine (as

prepared in the previous step) according to the

rocedure of Exanple 21, step (e). Mass spectry
ﬂé@-tembztfyl-lca—ld@@ethﬂoi 5 éismw@éa-tmzl éf\Mﬁ) lmfdém9-0ne
282.3. 15 d)
2-Brono-4-(2,2,6,6-tetranet hyl -1, 1- di oxo- hexahydro- 126
Ryran-4-yl)- phenyl am ne WO

‘QCT/ US2008/ 080081 The title conpound
/ (

4- I2® 6

ed from

6; 6-tetranmet hyl-1, 1- di oxohexahydr o- 1X6-t hi opyra
-y1l) - phenyl am ne (as prepared in the previous step)

according to the procedure of Exanple 17, step (d).

Mass spectrum (ESI, mz): Calcd. for ClSFQZhEQSBr

360. 1/ 362. ZQMH—D, found 360.2/362.2. 5 e)
2- (412 Bi tRBERYI Ofy 6 'ofBYdrexwrdimethyd-8056-lgoydeld Znpsian-3-one

(Zyz%]l[egm ?ﬁ%f?@ﬁ?&?%%@?ﬁa%gn (1983), 56(9), 2680-99, 550 mg, 2.95 mmol) in
DCE (20 mL) was added imidazole (2.0 g, 29 mmol) and di-fert-butyldichlorosilane (1.2
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,SO,)
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): 6 4.23 (s, 2H), 2.43 (d, 1H, J = 15.6 Hz), 2.31 (d, 1H, J = 15.6 Hz), 1.45 (s, 6H),

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 N%/N\
Br
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The title conpound was prepared from
2-brono-4-(2,2,6,6-tetranmet hyl-1, 1-di oxohexahydr o- 1X6-

WO hi09foy223n- 4- y1) - phenyl ami ne (as prepared in tPET/US2008/080081
previ ous step) according 10 to the procedure of
Exanpl e 15, step (f). Mass spectrum (APCl, nfz):
Cal cd. for C23H35NO2S, 390.2 (I\/H-H) found 390. 3. J)

ZOI o’ n%&é}ogéf;ﬁrl!?rterqlgé?éi %-Iéllngn Xl cycpo% X-q‘-s Bhen'ﬂ-almti (%s prepared

11ij§(£}ﬁ151@3’1| “sEpClap ey fl 16 Mtrhbt ﬁh@bﬁdlﬁleﬁiﬂﬁﬁlﬁ‘ﬁﬁfeh&ﬁe%ﬂ acetal (20
di oxo- hexahydr 0-'1 6-t hi opyran 4- yl)-phenyl | -am dé

ml5 WM@@@DM&:@QS?@@W BsX00d8 08008 1solvent waphempoived @nder reduced
repar

plfs%qfie ﬁncg t%{eﬁ& Wél%ﬁ%‘{?g £n, %%5 g%l (5-20% EtOAc/hexane) to obtain the
tlﬂg C&il @ﬁ%dt ©tg amet hy! ‘HinMRli(epe hepa AL R-51%86 (di1epyr.ag7.21 (m,

ylam ne (as prepared in the previous step)
2H¢<ﬁ9@-‘d(dn@Ht thﬁh@HizB Setitm.el b 2 B dspfitd, 2.37 Sme gH(.bl). 95 (ﬂf1 2H), 1.44
tr ESI, nmlz Cal cd. for C34HSON404SSi,
(%%ff)za%%& 6fﬁg}‘gund 639.%). 5 g)
4- Cyano- 1H-i t ni dazol e- 2- car boxyl i c a(:| d
[2 }4 4-di t net hyl -cycl ohex-1-e
o Nt-HaffetxoHl4¥;d- lmtxbﬂévl)h%%aﬂmrydy &ywm%yw 4siagricyclo

[?.?gﬂz k]’uﬁmzcgﬁ y]—2—(4,4—t;r nt%tﬁyl-c}ﬁolgegc'mg#yrbj pRAYIPNR %fn?gthyl-

[ontpdidtrel- (2-tri met hyl si | anyl et hoxynet hyl ) - 1H-i m dazol
e- 2-carboxylic acid
[2-(4, 4-di net I - cycl ohex- 1-enyl) - 4-
(2,2,6,6-tet thyI 1, 1- di oxo- hexahydr o- 1X6-t hi opyr an
am de (as prepared 10 in the previous
step) according to thHe procedure in Exanple 1, step
¥~ Ab0 MHz): 6 9.62 (s, 1H), 8.41 (d,
= B 7.73 (s, 1H), 7.41 (d, 1H, J = 8.0
}(52‘ ¥ T, J = 2.4 Hz), 5.81-5.75 (m 1H),
3.25-3. 147 ( , 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, mz): Calcd. for C28H36N403S,
509. 3o( M+Hplutiobf ofind’ 5‘09r0h10 Ea(ém'pilmeﬂ@l -cyclohex-1-enyl)-phenyl]-N,N-

1H it ni dazol e- carbo lic
AT TR P HEn 76 TE50T Gk . By 602333 g1 100 mmol) in TH,
BLEL (@BB LAY lort £6 NNV QR anr ﬂnﬂél} VT A AEd-Bopilike AM_6€ °C. The
hydrochl oride ‘salt 20A sofution o

rdultiyiamoxtulirt ivas ddzal &--Z78Car fodXgImid aaditctated dropwise with a solution of
[ 2-.(4, 4-di et hyl - C)icl ohex- o 26

4f-@rigrputyl(le)-ometinl ved- ¢ bttty Sl%%W&ﬂg?Eﬁr%l By rlapdegansfyone  (as

i r r

p%ﬁ%ﬁ( alH tﬁlesy%arﬁ‘[g[‘tb gs‘?ep( ﬁa?) @587%1&% ?KmBH% V\ggﬁt elgltlﬂé‘ Pk resulting

makttite H@ﬁ.a]@(ﬁﬁecﬁtdﬁ@aﬁﬁ)(ﬁ@mmm {48200 3THh8 0G8tion utixture was then
0.107. [, i n di oxane) at, roomte erat

trgacd iR WL or Bl gt B P et BE i x 10 mL),

Th@E't@M@ lé%@ﬁs \Qéﬂe%@nﬂb%@r drhécgd‘N a!@@b%ﬁ%%ﬁééﬁhﬁ% Tﬂ—@?emdue obtained
solid di ssol ved in a m ni rum anount of

wa9 @@Hlﬁ@q owsthlqa 2oh(205% ECPARCMR0VnHIOAW tbe)hwan the tithee compound
(I?C} us Iﬁr%}q%ass%hgec n} (E(:S{i‘t m}jz) Wbapcd %n?—f’sﬂ(l%) gL)S 85 9 (E\PJreH) found

poi
583.5.

Assignment of relative stereochemistry was made based in the final step (f).
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5m xture was heated again until clear, the sides of
the vial were scratched, and the m xture was al |l owed
W 2000080237 The solid was filtered and air-dri edP€DUS2008/080081
afford the title conpound (20ng, 38 % as white
crystals. 1H NWR (CD30D; 400 MHz): 6 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

df Jﬁ?ge;‘"’?éé 643'7'% 3(-§tb4-§l’ﬂ)ethﬂl c{f»@loica-z%y -pHyl 11:3 zK—&uteﬁl'IDmyl-l 7-

diteg2l)3- xmwrwxaeﬂmamc@fs sxaa%pmdemn-9-ol

4- Cyano- 1Hi { nj dazol e- 2-car boxylic acid

[2- (4, 4-di tnedhyl - cycl ohex-1-enyl)-6-(2, 2, 6, 6-

t et ranet hyl r ahydr o- pyran-4-yl)-pyridin-3-yll-am de
nmet hanesul f acid salt 15 A sol ution of

4- cyano- 1H—|n1da e- 2-carboxylic acid

[2-(4,4-di ¥cl ohex1-enyl)-6-(2, 2, 6, 6-tetranet hy
I-tetr--vdro an-4-yl)-pyridin-3-yl]-amde (50.0 nyg,

] as prepared in Exanple 15, step (h)) in

k) Omas treated with nethanesul fonic acid
( ,10.108 mmol ) at roomtenperature for 1 h. The
~1fVents 20 were evaporated in vacuo, and the residue
was dried under high vacuum overni ght. The solid was
di ssolved in a m ni mum amount of EtOH (2 nl) mﬁth

ifg'vﬁ?t%rsga 1'9% \?{,. f}ﬁ [QS(Q \é\gjst“e %Wan{eft Qutgl?%-ﬁyci me{hyl -3,5,11-

tridx@-4m3itet teic fclwids3 . h ot et cagayIn-2u@td- dnnreltteyarcyclbm aedﬁ;paényl]
the vial were scratched, and the m xture was al
NeN-digethy |- frrmaméding] (waPrenarde i dOrayigusisiedd r1|88dmtgo 05 309 rnrnol) in

SRRSO A BOTUPARAGEE U s ot i

was ysired st 40VeG Sln&@e&ﬁ 6%&]@11@%3%6 rédczipn nGatuedwat @6ncentrated in vacuo
C27H35N502, 462, found 462. 3. ExaTP
angl @é%dlﬂ?l-‘llhﬂtlﬁ?dd‘ﬁ%&)‘lf@i%f- wih pyd pring (kmy) and the product was extracted
tpe y&l 0 (
VJtnglt ?gbné I3I ?t fedtqr ydflge %E(?é% ﬁ?é(ﬂ[s)wgr)?r ?00)% blgg(ﬁyfhlﬁed r%NazeSO“) and
c@ricOhtrdtdd -add-thampidiesobthinad ®V£Cp1d1f&dl (bn sﬂlca gel £A50% EtOAc/hexane-
ol ution of 4-cy H i m dazo yI|c aci d
1905 O tebt %ﬁfeomaoug ;ﬂif 0 o5 Meversti KiSL m/z):
ChrchShot BOMATQOR! 87k S ) P&SﬁﬁcﬂSﬂ?fﬂ yll “ant de (52.4 ny,
, as prepared I n Exanple 15, step (h)) in
Et 0HA@ngyntMSelam\eaat@doqmmhstmsmac)etm@ed in the final step (f).
canmphorsul fonic acid (26.4 ng, 0.113 mMmmol) at room
tenperature for 1 h. The solvents were evaporated in

e)’ﬁ@@nO@W-tﬁtnﬁztﬁﬁﬁlaﬂyﬁetﬁ@?ﬁéthﬁﬂ1 HOSEHa ISP AN acid [4-(9-

over ni The Solid wa i ssolved in a m ni rum anount

exyf)- (#r t(lfl-hmy dewomh|7c¢éme&wl-éﬁdllht§wwﬂgszlav%| | e
s $ e e DR T ey e R o DA P

the sol ution. The n1xture was allowed to stir 30 mn
at roomtenperature while material continued to
precipitate. The solid was filtered and air-dried to
afford the title conmpound (66.2 ng, 84 % as white
crystals. 1H NWR (CD30D;, 400 MHz): 6 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- 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),

~
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1.65-1.56 (m 1H), 1.47-1.38 (m 7H), 1.30 (s, 6H),

1.15 (m 9H), 0.87 (s, 3H). Mss spectrum (APCI, m z):
w@adoems228Dr C27H35N502, 462. 3 (MHH), found 462rGI/UNY008/080081

2009/ 052237PCT/ US2008/ 080081 Exanpl e 26

N- (4- (8- oxabi cycl o[ 3. 2. 1Jocta- 2, 6-di en-3-yl )-2-(4, 4-di

nmet hyl cycl ohex- 1- enyl ) phenyl) - 4-

cyano- 1H i m dazol e- 2- car boxam de (A) and

N- (4- (8- oxabixycl o[ 3.2, 1Jocta-3,6-dien-3- 5

yl)-2-(4,4- hyl cy Mhex- 1- enyl ) phenyl ) - 4-cyano- 1H

i m dazol e- 2-‘cgrboxam (B) To a solution of

I\dagple*@-garvoxamn de (as 10 prepared i n Exanpl e 27

0 8@Hmml) in DCM (2 nL) at 0 C was added
thijooyl ¢hloride (20 nmg , 0.16 mml) in 0.5 nL of DCM
The\reaction was allowed to warmto roomtenperature
and then treated with MeLi-Cul conplex (0.49 mol) in
2 mL of THF. The reaction was stirred for 20 mn and

oo guenhod b S S anveotS G (4 117
dﬁlﬁét?& -3 NP FGHa- éﬁﬁ‘ﬂja t]fféngBP 1lroaf]ﬁﬁidécﬁn “93& lé@s prgﬂjh%(?fnl%ﬁ@ previous

ct was purified preparative th

stcmldr%an@g}%ibmw%)a%mplem&yaml-&?ﬁ@mdthmﬂwgvl(eﬂmmethyl)
1 Rpigfid ol L pE TR AL o By sl bSe Gt in Rl R RSB o

obtdih. the ti80 C(ﬁﬁp&ﬁidﬁ(2@§ mg, 94 % yield). Mass spectrum (ESI, m/z): Calcd. for
4- Cyano- I\I-S di et hyl cg/cl ohex- 1-enyl ) -443-exo) - 3-
Chlﬁw Sg, 77. (M+H) found 777.8.

car oy e st BGerSag it DA s TR D)
title conpound was prepared as descri bed i n Exanpl e 8,
usi ng 4- 1H.i m daz lic aci

Dbt ales rng iy b A SR Tens D-4-(G-ex0)-
3 %aég)(ggﬁf)é@tz I@F rp gérh‘e_t@glﬁ?%t_?-gﬂncgclﬁffﬂl Jo®-3-y®Whenylj-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-
tricyclo[5.3.1.0* Jundec-9-yl)-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)
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): 6 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
(APCI, m/z): Calcd. for C,3H34N40s, 507.2 (M+H), found 507.3.

77



(Eur opean Journal of Organic Chem stry (2000), 12,

2195-2201); 1H NWR (400 MHz; DVMSO-d6) 6 9.72 (s, 1H)
w@2@2/06237 1H), 7.93 (d, J= 8.4 Hz, 1H) 7.30 (deCT/UsB0880081

2.2 Hz, 1H) 7.22 (d, J= 2.2 Hz, 1H), 6.27 (s, 2H

5.65 (br s, 1H), 4.74 (d, J= 4.0 Hz, 2 H), 4.49 (s,

1H), 2.16 (dd J=14.2, 4.2 Hz, 4H), 1.96 (br s, 2 H),

1.68 ,(d, 1.49
1.00 @gmeﬁ}t o wﬂg%ves%%rg%%lﬁmw@ sfvas fﬁ‘?‘%lb SedpR ity o 4-cyano- -
if@BIE &M RHox S adid( LQ*MM -dirRUR - At Rohdx-1- eny(% -4- ﬁ?%'xgﬁ%?ﬁroxy-l 5-

of relative Stereochem stry was nmade based on anal ogy '
bisonethexyamshyl Hi-e adbizptlef322. b]@r:ib@ﬁyﬁryi]-ahﬁd'l] -amide (as prepared in
E&Tﬂ é]4sgﬁ ihyl-cyclohex-l-enyl)-4-[(3-exo)-3-hydroxy

5 bi s- met hoxynet hyl - 8- oxa- bi cycl o[ 3. 2. 1] oct - 6-en-3-y1]-p
henyll-an1de (as prepared in 15Exanple 1, step (f)).

1 I

AR RN SRR B
dﬁﬁet@yl%oﬁt—bﬂcj}cﬂhﬁmd ]hcﬂﬁyl)m-dazl iih@etliyl&@zt‘:bhmma&g?l)%enyl]-amide
WD 2009/ 052237PCT/ US2008/ 080081 The title conpound was
prepared as described in Exanple 8, step b using 4-
cyano- 1H iy, dazol e- 2- carboxylic acid
4, 4- di net hyl - cycl ohex- 1-enyl) -
¢ (as prepared in Exanple 1, step (c)) and
ﬂlnethyl 8-
lei;t 6- en- 3-one (Tetrahedron (1988),
1N NMR (400 MHz; 5CD30D) 6 8.03 (d, J=

1H), 7.26 (dd, J= 8.5, 2.2 Hz,
JHy g, 1H), 6.50 (s, 2H) 5.63 (dt,
: 1FD, 4.51 (d, J = 3.5 Hz, 2H), 2.27 -
2.16 - 2.24 (m 2H), 1.98 (d, J = 3.5
FE 2H), 1. 49 (t, J =6.3 Hz, 2H), 0.98 (s, 6H), 0.52
- O 62 (m 6H). Mass spectrum (ESI, mz): Calcd. for

oI R N L R A YRR 25 o

tricyeb @) 8.1 W Juinie 82Al ByLestenr boxyl i ¢ aci d
[2-(4, 4-di net hyl - cyclohex 1-enyl)-4-[(3-exo0)-3-hydroxy

_1 5-
bi sgigt hoxynet hyl - 8- oxa- bi cycl o[ 3. 2. 1] oct - 6-en-3-y1]-p
henyl | -am de (as prepared in Exanple 1, step (f)). 15
e 29

=N-(2- (4, 4-di tnet hyl cycl ohex-1-enyl)-4-[(3-exo0)
-3 dr oxy- ( 2- endo, 4- endodi t net hyl ) - 1, 5- di t net hyl - 8- ox
a®i cyxl o[ 3. 2. 1Joct an- 3-yl ) pheny] - 1H-i t ni dazol e- 2-
caﬁﬁéﬁanide

10

15

A solution of 1,4,4,7-tetramethyl-3,5,1 l-trioxa-tricyclo[S.S.l.02’6]undecan-9-one
(Bulletin of the Chemical Society of Japan (1983), 56(9), 2680-99, 386 mg, 1.71 mmol)
in THF (10 mL) was cooled to —78 °C under Ar and treated with lithium diisopropylamide
20 (LDA) (1.00 mL of 2M in heptane/ THF/ ethylbenzene, 2 mmol). The resulting mixture
was stirred at —78 °C for 2 h and treated dropwise with nonafluoro-1-

butanesulfonylfluoride (0.60 mL, 3.4 mmol). The reaction mixture was allowed to warm to
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20 The title conmpound was prepared as described in
Exanple 8, step b using 4-

W@ @052t i m dazol e- 2- car boxyl i c acid PCT/US2008/080081
[ 4- br ono- 2- (4, 4-di net hyl - cycl ohex-1-enyl) -
phenyl ]-am de (as prepared in Exanple 1, step (c)) and
2- endo- 4- endo- di net hy 1 oxab|cyclo[3 2. 1]octan 3-one

8-
é. sa%téréagg é\g%n i ;(8%1) leJt \%16’[% §aigy ?ﬂm,L; '_'1" 1?02 Qvag/le_gzﬁjacted with
etﬁe\f_ﬁxio ﬁlL§6 T@lgblzréani@lay%r? @el(ebcron‘?oméh HDled (N %§O4) dhd3Re 'E_Dﬂ@;ﬁuct was
puriffed on siliqaree] (9-22 EtpAth}XZt)@)gb @5@2@6’@@¢@@Q@@1@/(6@@@@163 %).

'%@%Blz&%iﬁ aoffada’t ééz?g‘?ﬁ’w]]&%r &%gt(g)l'ﬁ % 88 M A T am 1 -

5@%%321%%@&1 1%175417(6\/"2@&)* 9%)@%417[5 7= 17.6, 1.4 HSSI. @ﬁ(se!mtl) 1.38
of relative stereochem stfy was made based on anal ogy
(8t 8HA-1c32vo3HHilSdazde- 2- car boxyl i ¢ aci d
[2- (4, 4-di et hyl -cycl ohex- 1-enyl)-4-[(3-exo) - 3- hydr oxy
-1, 5-

bﬁb st m@mymymya-n&m)me@l)cysIIQLﬁ&ozaJ&@@lo{ﬁsqmz Shiilibc-8-ene
enyl] e (as prepared in Exanple 1, step (f)).

4 N-(2 4, 4-di t net hyl cycl ohex- 1-enyl)-4-[ (3-ex0)
>§- engle, 4-endo- 10
dilgerre )\, & di t Aet hyl - 8- oxabi cycl of 3. 2. 1Joct - 6- en- 3

-yl') phenyl ) - 1Hi t ni dazol e- 2- car boxam de Thetltle

d d d
T 87 R SR RELTER R 5 b 5 s SHGTRES adinyit Brocedure of
E&élmpleqnpreg (€ Asirpdi- fﬁﬁbbh{ény%(ﬁdnﬁb exd 11 £mnd) 0. BMH]YA&I) and

am de (as prepared in Ex le 1, step (c)) and
14.25h43-%4. éﬁ)@gaﬂucgo-@p‘ﬁagpﬂ fgnic acid 1,4,4 7-tetrarnethyl 3,5,11-trioxa-

oRABOBS XS YB0 s - 5510 i el 0% SRR b -

N&R%CD@J;, 490 81192)H8 § 15@19 218, J048 (‘33{2317‘&15 (d, 240 J(=otds HY, 6.30 (brs,

112194)4 415(d7g_;H(Jrr 51%1@ 4 3@48(]4{ 17255 WOt 54 1Hp] 0127017 Ha, 2,18
((%ll’-ﬁ?r,ﬁl. 1(ft7](0s,ﬁ) orp”: 1'gg§§t3F3: fﬁg(%ggﬁz%kél.{ﬁ%aéi@’ 3H).

spectrum(ESI rﬂZ) Cal cd. for C30H36N403, 5012
gnnent of r

oA STy et Ha@wadwcmpggﬁ{ B e 9yi-
P? ﬁtﬁﬂ%eg?%z (‘éazlzrﬁﬁ gz?) %‘z( Wem% g%',?(-té‘toxa-ts'tcycl?ﬁ g 1.0%° ]undec—

9y1]-fhrenylamine
bi s- met hoxynet hyl - 8- oxa- bi cycl o[ 3. 2. 1] oct - 6-en-3-y1]-p
henyl | -am de (as prepared in 25Exanple 1, step (f)).

P

A solution of 1,4,4,7-tetramethyl-9-(4-nitro-phenyl)-3,5,11-trioxa-tricyclo-
[5.3.1.0*°Jundec-8-ene (as prepared in previous step) (145 mg, 0.437 mmol) in EtOH (10
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4- Cyano- 1Hi t ni dazol e- 2-car boxylic acid
wQ 2600452231i t net hyl - cycl ohex- 1-enyl ) - 6- (2, 2, 6, 6PCT/US2008/080081
tetramet hyl -t etrahydro-pyran-4-yl)-pyridin-3-yll-am de
sul fate salt A suspension of
4- cyano- 1H—inidazole-2-carboxy|ic acid

4, 4- di | - : :
A ST 25er dOYPHCY T8 e SRBEHYY | Pecthanglation pys flered
tHr&dha Yad oRXTdlit BndBediden@ifbd®o A% £ (IWndd- (@5@77 E@iﬁh)ethyl 3,5,11-

as prepared in Exanple 15, in acetonltrlle .0 n)

trigeg-thesad @ld. 3t loO%gébllndeca%@I-pheny)lﬁmlﬁEo cmttemm@tetdt wdh s of the 4-(3-

)Fﬂ(i)lsqrp]er@fé ﬁltgl( g@ﬁn{lﬁlc fv&?agt %e rlg?k&ﬁ,téex CI d v&l’glou’ppurlﬁcatlon

MRl sicc@mWESI, medyiceslcdifar @}éHIQs‘N@} 8041 1$M M) fdavm Bg4.3.
nitrogen gas(%apprOX|nater he sol uti on was

t henAasipymes of selative W@Qﬁélﬁmisgmwwm@@dﬁwthfeﬁ@%mp@e in
a sealed vial. The resulting crystals were then
collected via filtration and air-dried. The white
d)sol id 2Aas4 Dimeagl-eydoret- bynPoyg@endo )R, DV ftétraséthple3, 5,1 1-trioxa-
ﬁ% fferential Scanning Calorinetry (DSC),
F@ %ﬂé’c Intadeq-LyBrifiepelagingca) | and singl e- crystal
X—ray di ffxagtion. The DSC for the sulfate salt showed
e Cel si us endot herm maxi rum The PXRD of
It product is shown 15 in Figure 1 and
peaks are shown in the table bel ow. Peak
Peaks, Max P/ N = 37.9)
‘raw] rigaku cu, comment |ine PEAK
3 ic Filter, Threshol d=0.0, Cutoff=0.0%
Peak- Top=Sunm t 2-Theta d(A) BG Height 1%
’FWHM 3. 3108

the promn
Search Repao

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
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,SO;)
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-
bromo-4-[(9-ex0)-(1,4,4,7-tetramethyl-3,5,1 1-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
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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tetramethyl-3,5,11-trioxa-tricyclo[5.3.1.02,6 Jundec-9-yl)-phenylamine containing ca. 15%
of the 9-exo siomer (as prepared above, 38.2 mg, 0.100 mmol) and purified on silica gel
(20-100 % EtOAc/ hexanes) to afford the 9-endo isomer of the title compound (25 mg, 61
%) containing ca. 15% of the 9-exo isomer. Mass spectrum, (ESI, m/z): Calcd. for
CyH37NOs, 412.3 (M+H), found 412.3.

e) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-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° 6]—undec—9—yl)-phen yl]-amide

) o
H N
NT‘/QT
SRR
o8 SEM
0
7\0

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
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): Caled. for C;57Hs5,N405Si1, 661.3 (M+H),
found 660.9

) 4-Cyano-1H-imidazole-2-carboxylic acid-3- [4-(3-endo)-[6-ex0,7-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-
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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exo isomer (330 mg, 0.500 mmol) in DCM (3 mL) and EtOH (0.1 mL) was added TFA (1
mL). After stirring for 5 h at RT, the reaction mixture was concentrated in vacuo. The
residue obtained was dried and redissolved in EtOH (5 mL) and 6N HCI (10 mL). The
resulting mixture was heated at reflux for 6 h and EtOH was removed in vacuo and the
aqueous medium was neutralized with 6 N NaOH. The product was then extracted with
DCM (3 x 10 mL). The organic layers were combined, dried (Na,SO,) and concentrated.
The residue obtained was purified on silica (20-100% EtOAc/hexane) to give the 3-endo
isomer (B) of the title compound (147 mg, 60%) contaminated with 15% of the 3-exo
isomer (A). Endo isomer; '"H-NMR (CD;OD; 400 MHz): 8.18 (d, 1H, J = 8.3 Hz), 7.95 (s,
1H), 7.16 (dd, 1H, J =8.3,2.3 Hz), 7.04 (d, 1H, J =2.3 Hz), 5.73 (br s, 1H), 3.96 (s, 2H),
3.02 (m, 1H), 2.28 (m, 2H), 2.08 (m, 2H), 1.97 (m, 2 H), 1.60 (m, 2H), 1.58 (m, 2H) 1.30
(s, 6H), 1.08 (s, 6H); Mass spectrum (ESI, m/z): Calcd. for C,sH34N4O4, 491.3 (M+H),
found 491.1.

Assignment of the relative stereochemistry was made using 1D '"H NMR, 'H NOE
NMR and 2D NOESY NMR.

Example 14

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)-phenyl]-amide (A) and
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)

J L J L
PR PR
H H
HO ‘\\\ O HO O O

OH (A) OH (B)
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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-yl]-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), NalOy4 (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,SOs) 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 C23H3sN4O4, 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 '\,‘§
N
N m/kN
)& 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
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ONf

@)

Lithium diisopropylamide (LDA) (69 mL, 0.13 mol, 2M solution in heptane/THF/
ethylbenzene) was placed in a three-necked flask under Ar and cooled to —78 °C. To this
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 aq NaHCO; (200 mL). The
mixture was then extracted with EtOAc¢ (3 x 200 mL). The organic layers were combined,
dried (Na,SO4) 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 (CDCl3; 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

o._.0

X

@)

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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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, ] = 1.8 Hz), 1.97 (d,

2H,J=1.8Hz), 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

N NO2

I
N =

o)

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(PPhs)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.

N7 NH,

~

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
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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
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 C14H2:N,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
NH,

z
\ 7/

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
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,CO; (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
= 8.1 Hz), 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 C;4H2;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)-
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 NayCOs (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(PPh3)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.

2) 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-tetrahydro-pyran-4-yl)-pyridin-3-yl|-

15 amide
CN
H '\,"\g
N
N7 m/kly
|l J 0 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 C33H4oNs03S1, 592.3 (M+H), found 592 4.

h) 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(2,2,6,6-
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-
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
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-
NMR (DMSO; 400 MHz): 8 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.

Example 16

4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-(2,2,6,6-tetramethy!l-
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

DL

|l J o 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
15, step (e)) using the procedures of Example 15, steps (f ) and (g). Mass spectrum (ESI,
m/z): Calcd. for C3;H4sNsO3S1, 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

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): 6 12.48 (br s, 1H), 9.72 (s, 1H), 8.59 (d, 1H, J = 8.3 Hz), 7.74 (s, 1H),
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 C25H31N502, 434.2 (M+H), found 434.2.

Example 17

4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-exo0)-6-ex0,7-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 '\,"\<
N\NYKN
I/ o H

{3

I

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 6.58-6.50 (m, 1H), 4.40 (d, 1H, J=5.2 Hz), 4.30 (d, 1H, J =
5.2 Hz),2.47-2.36 (m, 1H), 2.01-1.92 (m, 1H), 1.52 (s, 3H), 1.38 (s, 3H), 1.33 (s, 3H) 1.32
(s, 3H), 1.26 (s, 12 H).

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-exo0,7-ex0-
(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»N,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-

bicyclo[3.2.1]octane
N e | N H2
X
@)

A solution of 1,5-dimethyl-3-(5-nitro-pyridin-2-yl)-6-ex0,7-¢x0-
(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]oct-2-ene (265 mg, 0.795 mmol, as prepared in
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.
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 C17H,4N,03, 305.2 (M+H), found
305.2.

d) (3-ex0)-(5-Amino-6-bromo-pyridin-2-yl)-1,5-dimethyl-6-exo,7-exo-
(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane

91



10

15

20

Representative 2-Theta peaks of the sulfate salt
product are shown below 6.1903 6.5701 11.5099
wQ@A 20040823712, 9899 14. 0503 14. 7302 16. 1501 17. 37PRT/US2008/080081
18.5898 19.8095 21. 6705 23.6107 24.9701 Exanple 32 5
4- Cyano- 1H-i t ni dazol e- 2- carboxylic acid
[2-(4, 4-di tnet hyl -cycl ohex-1-enyl)-6-(2, 2, 6, 6-
tetranEthyI-tetrahydro pyran-4-yl)-pyridin-3-yll-am de
sodlun1salt Form A) To a suspension of
q 20l e- 2- carboxylic acid
-cycl ohex- 1-
enyl 2, 6, 6-tetramet hyl -tetrahydro-pyran-4-yl)-py
riQ 1] - anlde (23.1 ng, 0.0500 mmol ), as prepared
\iﬁ\x,a Rl e 15, in ethanol (1.0 nL) was added a
Sol ution of sodium 10 hydr oxi de (1.0N; 0.055 ni; 0.055
nol ). The solution was allowed to evaporate in an
open vial at roomtenperature. A white crystalline
sol i 4 sohgiohtod 3-ara)-(Nesniab-aryadine?- iylz)elds-kijmeFfbﬁﬁEB ety 7 -Ekbh

1% ] oss. of PXRD of For f the sodi um
<1§%Hr9p>? Iidimedigap)- -rPX#.bgWEOT% 2§ﬂ%°t‘l‘lﬁe(0 i én 3 hgﬁtmﬁ%laﬁ%prepared in the

pﬂtrvﬂ)\ﬁk gﬂ%ﬁ)amrhcgtl&ﬁltﬁfégll € nf18hQW.cobRA o @@@ e «BaPe (x/ﬁth(N?gS asa
Peaks [MI_1058_110_1.raw] rigaku_cu,

sq:lommmtacbt]onérﬂl@E,b(D(le3 Tpt: sliParawed ¢anceittatetin vacuo. The residue was

o 580014889 AL 220 PL B R B 5 T8 7 Ti
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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 C17H,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-bicyclo[3.2.1]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-exo0-
(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

step). Mass spectrum (ESI, m/z): Caled. for C36Hs51NsOsSi, 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

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): § 11.52 (br s, 1H), 9.75 (br s, 1H), 8.67 (d, 1H, J = 8.8 Hz),
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 C30H37Ns04, 532.3 (M+H), found 532.3.
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Assignment of relative stereochemistry 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-dimethyl-cyclohex-1-enyl)-phenyl]-amide (as prepared in Example 4, step (g)).

Example 18

4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-ex0)-(6-ex0,7-exo-dihydroxy-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 and 4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-
endo)-(6-exo,7-exo-dihydroxy-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

A solution of 4-cyano-1H-imidazole-2-carboxylic acid [6-[(3-ex0)-6-¢x0,7-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 (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 HCI 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.

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): 6 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),
1.69-1.61 (m, 2H), 1.37-1.29 (s, 6H), 1.12 (s, 6H). Mass spectrum (APCI, m/z): Calcd. for
Cy7H33N504, 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-exo,7-ex0-
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 Joct-3-yl]-pyridin-3-yl]-amide

trifluoroacetic acid salt

a) (3-ex0)-[5-Amino-6-(cyclohex-1-enyl)-pyridin-2-yl]-1,5-dimethyl-6-exo,7-exo-
(isopropylidinedioxy)-8-oxa-bicyclof3.2.1]octane and (3-endo)-[5-Amino-6-(cyclohex-1-
enyl)-pyridin-2-yl]-1,5-dimethyl-6-exo,7-exo-(isopropylidinedioxy)-8-oxa-
bicyclo[3.2.1]octane

The title compounds were prepared from (3-ex0)-(5-amino-6-bromo-pyridin-2-yl)-
1,5-dimethyl-6-ex0,7-ex0-(isopropylidinedioxy)-8-oxa-bicyclo[3.2.1]octane (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): Caled. for C,3H3,N,03, 385.2 (M+H),
found 385.3.
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b) 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-
(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-ex0,7-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-exo0,7-exo0-(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): Caled. for C34H47NsOsSi, 634.3 (M+H), found 634.3.

¢) 4-Cyano-1H-imidazole-2-carboxylic acid [6-[(3-ex0)-6-exo0,7-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-1H-imidazole-2-carboxylic acid [6-[(3-endo)-6-exo0,7-
exo-(isopropylidinedioxy)-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl]-2-(cyclohex-1-
enyl)-pyridin-3-yl[-amide

O 7

H '\,‘/\<
N\N%N
I/ o H
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T
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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-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-ex0,7-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,sH33Ns04, 504.3 (M+H), found 504.3.

d) 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-6-[(3-ex0)-(6-exo0,7-ex0-
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 Joct-3-yl]-pyridin-3-yl]-amide

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-
[(3-endo)-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 (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;0D; 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),
2.08-1.98 (m, 2H), 1.95-1.73 (m, 6H), 1.33 (s, 6H). Mass spectrum (APCI, m/z): Calcd.
for C,sH20N504, 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

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
74
H '\,'/\<
N
N \H/kN
| o H
Q
HO TFA
HO

A solution of 4-cyano-1H-imidazole-2-carboxylic acid [6-(6-ex0,7-ex0-dihydroxy-
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 NalO, (154 mg, 0.718 mmol) at RT for
20 min. NaBH4 (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).
The organic layer were washed with 1M aq HCI, satd aq NaHCOs3, and brine (1 x 25 mL
cach). 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,
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;0D; 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
(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
Cy7H35N504, 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
|

N

I

H '\,'/\<
A N%N
5 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
9&
| 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-2H-thiopyran-4-yl)-pyridine

N NO2

~

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 C14HsN,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—tetrahydr0-1/16-thiopyran-4-yl)-
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
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 MgSO4 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
afford the title product (322 mg, 96 %) as an off-white solid. Mass spectrum (ESI, m/z):
Calcd. for C14H1sN,04S, 311.1 (M+H), found 311.0.
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e) 6-(2,2,6,6-Tetramethyl-1,1-dioxo-hexahydro-1 /16-thiopyran-4—yl)-pyridin-3-ylamine

NH,

A solution of 5-nitro-2-(2,2,6,6-tetrarnethyl-1,l-dioxo-l,2,3,6-tetrahydro-l7u6-
thiopyran-4-yl)-pyridine (322 mg, 1.04 mmol, as prepared in the previous step) in MeOH
(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 %
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,4H,,N,0,S, 283.1 (M+H), found 283.1.

) 2-Bromo-6-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-1 /16-thiopyran-4—yl)-pyridin-3-

ylamine
Br
NN NHz
| =
O=s
/
0]

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 Examplel7, step (d). Mass spectrum (ESI, m/z): Calcd. for
C14H21N,0,8Br, 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, I-dioxo-hexahydro-1 A%
thiopyran-4-yl)-pyridin-3-ylamine
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The title compound was prepared from 2-bromo-6-(2,2,6,6-tetramethyl-1,1-dioxo-
hexahydro-1A°-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
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
i
H '\,‘/\<
N
O
7 OO

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 C33H49Ns04SS1, 640.3 (M+H), found 640.3.

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

102



38 1.2 895 1.3 0.4 Representative 2-Theta peaks of

the Form A sodium salt product are shown below 5.470
WG 2@%0523690 12. 390 14.370 14.710 16.010 17. 31RCW/BSHMD080081

19. 489 20.051 Exanple 33 5

4- Cyano- 1H-i t ni dazol e- 2- carboxylic acid

[2-(4, 4-di tnet hyl -cycl ohex-1-enyl)-6-(2, 2, 6, 6-

tet t.hyl -tet d di .n- d
et R T e R e
etﬁexﬁn&ﬁﬂpq BRin®0a R c-4-caMRRPLic kil (1, doZ el sty S ERAXY- LGiy])-6-
q 26(64tet4amieﬂml nylfda«ym ohekydrodiy-thiopyrod: 42y1ﬁpﬁ=1dlet3r ﬁﬂram!ﬁ (as

p%:i)%rgtg gl? ﬂ%@rﬁw )gﬁérélag (g]lh%;pgw‘%gérle]fg%m Wple 12 step (gsgfollowed

5 %ﬁ%ﬁﬂbﬁ Bf{h% ﬂ(e% bgsmﬁthmg deﬁﬁwﬁ@{@lﬁcgmw M%ﬁs‘“&'@% (s, 1H),
droxid N; 062 mi; ) to give a h

azy
8§6I(d|,t1|Hbri %2\1%\1)6? 74 (s, 44).740 (dadHs hed. 2tded.02a085 frg, tihe 3.48-

33040} B 2 5% R0+ st S ome B T A P s o1 167

1t6mﬂl gH.SI4 d6H 16Hi366 FOH). Q‘I’Iﬁk%rs éckrn (HII, @N4: Eilepybene
gI col (0.00 Hept ane O m.) was added causi ng
sTiQe uﬁ]é)iﬁ\/lé ,If§111ﬁ(§/5101'$}e m xture was all owed to
Slt overnight in an open vial. A crystalline materi al
ich was collected and characterized by PXRD
10 Exd H%%g/\k;o (31.0% 1 oss of mass). The PXRD of Form B of
the sodiumsalt is shown in Figure 3 and the prom nent
4@ahe-1rl{-amddm1e42mm’bwcﬂza btid [BeY dvdimedakcisdarexhl-Baygbii(2,2,6,6-

29 Pe Max P/ N = 10.8) [MI_1058 1
e? -d'eesmkgmhwwréﬂpémyrzﬁ-"ptlgp’g%ﬁvi{ \Aaae Filter,
Threshol d=1.0, Cutoff=0.0% BG=3/0.6, Peak-Top=Sunmm t

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



10

15

d(A) BG Height |% Area | % FWHM 4. 9097 17.9838 1004 952
97.5 11090 66.1 0.198 5.4497 16.2028 1074 976 100

wA 8009/852237 PCT/US2008/080081

according to the procedure of Example 15, step (c). 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 /16-thiopyran-4-yl)-phenylamine

NH,

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 /16-thiopyran-4—yl)-phenylamine

NH,

@)
/]
=

O

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
Ci15sH3NO;S, 282.1 (M+H), found 282.3.

d) 2-Bromo-4-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-12’-thiopyran-4-yl)-

phenylamine

Br
NH»5
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The title compound was prepared from 4-(2,2,6,6-tetramethyl-1,1-dioxo-
hexahydro-1A°-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,,NO,SBr, 360.1/362.2 (M+H), found 360.2/362.2.

e) 2-(4,4-Dimethyl-cyclohex-1-enyl)-4-(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-1A’-
thiopyran-4-yl)-phenylamine

O NH,

@)
I
=

O

The title compound was prepared from 2-bromo-4-(2,2,6,6-tetramethyl-1,1-dioxo-
hexahydro-1A°-thiopyran-4-yl)-phenylamine (as prepared in the previous step) according
to the procedure of Example 15, step (f). Mass spectrum (APCI, m/z): Calcd. for
C23H3sNO;S, 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-1/16-thiopyran-4-
yl)-phenyl]-amide
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The title compound was prepared from 2-(4,4-dimethyl-cyclohex-1-enyl)-4-
(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-11°-thiopyran-4-yl)-phenylamine (as prepared in
the previous step) according to the procedure of Example 1, step (b). Mass spectrum (ESI,
m/z): Caled. for C34Hs5oN404SS1, 639.3 (M+H), found 639.0.

2) 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

The title compound was prepared from 4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-
(2,2,6,6-tetramethyl-1,1-dioxo-hexahydro-11°-thiopyran-4-yl)-phenyl]-amide (as prepared
in the previous step) according to the procedure in Example 1, step (c). 'H-NMR (CDCl;;
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),
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-yl]-amide hydrochloride salt

A solution of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-
I-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 (CD;OD; 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

N N
| P o H
0 o
HO

A solution of 4-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-
I-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,7H3sNsO;, 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-
I-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;0D; 400 MHz): $ 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,7H3sNsO,, 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-
yh)-2-(4,4-dimethylcyclohex-1-enyl)phenyl)-4-cyano-1H-imidazole-2-carboxamide (B)

Sop O e
’ N’\g ’ NJ\>
N ! N
SRLEpSras
(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
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
concentrated in vacuo. The crude product was purified by preparative thin layer
chromatography (5% MecOH-CHCIs) to afford 14 mg (40%) of the title compounds as a
white solid. Mass spectrum (ESI, m/z): Calcd. for Cy6Hy6N4O,, 427.2 (M+H), found
427.1.

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]-
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) 6 9.72 (s, 1H), 8.22 (s, 1H), 7.93 (d, /= 8.4 Hz, 1H) 7.30 (dd, J=8.4, 2.2 Hz,
1H) 7.22 (d, /= 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, /= 14.2, 4.2 Hz, 4H), 1.96 (br s, 2 H), 1.68 (d, /=14.2 Hz, 2 H), 1.49 (t, J
= 6.2 Hz, 2H), 1.00 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C,sHpsN4O3, 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
Example 1, step (f)).

Example 28
4-Cyano-N-(2-(4,4-dimethylcyclohex-1-enyl)-4-[(3-exo0)-3-hydroxy-(2-endo-4-endo-
dimethyl)--8-oxabicyclo[3.2.1]oct-6-en-3-yl)pheny|)-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]-amide (as prepared in Example 1, step (¢)) 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;
CD;0D) 6 8.03 (d, J=8.3 Hz, 1H), 7.87 (s, 1H), 7.26 (dd, J= 8.5, 2.2 Hz, 1H), 7.20 (d, J
=2.2 Hz, 1H), 6.50 (s, 2H) 5.63 (dt, /= 3.6, 1.8 Hz, 1H), 4.51 (d, J = 3.5 Hz, 2H), 2.27 -
2.36 (m, 2H), 2.16 - 2.24 (m, 2H), 1.98 (d, /= 3.5 Hz, 2H), 1.49 (t, /= 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.

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 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

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-dimethyl-8-
oxabicyclo[3.2.1]octan-3-one (Tetrahedron (1988), 44(16), 5151). 'H NMR (400 MHz;
CD;0D) 6 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),
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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 C;sH34N403, 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-exo0)-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; CD;0D) ¢ 8.15 (d, /= 8.5 Hz, 1H), 8.01 (s, 1H), 7.40 (dd, J= 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 C30H36N4O3, 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-yl]-amide sulfate salt

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 (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
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

in Figure 1 and the prominent peaks are shown in the table below.

Peak Search Report (28 Peaks, Max P/N =37.9)
[MT 1058 96 3.raw] rigaku cu, comment line
PEAK: 21-pts/Parabolic Filter, Threshold=0.0, Cutoff=0.0%, BG=3/0.6, Pecak-Top=Summit

2-Theta dA) BG Height I% Area I% 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 54 0.221
14.7302 6.0088 710 316 49 4557 53 0.245
16.1501 54836 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 239 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 5.2 0.32
22.8897 3.882 889 95 1.5 1587 1.9 0.284

113



10

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

WO 2009/052237 PCT/US2008/080081
23.6107 3.765 867 615 9.6 12474 14.6 0.345
24,9701 3.5631 771 351 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 33 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
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
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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TABLE 1 FM5 1050 (tM BMDM 1050 (1M 1 0.00086 0.0032 2
0. 00043 0.037 3 0.00065 0.0093 4 0.00072 0.0066 5
w0 209008230. 0047 6 0.0027 0.0050 7 PCT/US2008/080081

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,
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.).

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-
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
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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1.0.0.78, Thermal Advantage Release 2.0 (2001 TA Instruments-Water LLC). In
addition, the analysis software used was Universal Analysis 2000 for Windows
95/95/2000/NT, version 3.1E;Build 3.1.0.40 (*2001 TA Instruments-Water LLC).

For the DSC analysis, the purge gas used was dry nitrogen, the reference material
was an empty aluminum pan that was crimped, and the sample purge was 50 mL/minute.

TGA analysis was performed using a Q500 Thermogravimetric Analyzer (TA
Instruments, New Castle, DE, U.S.A.), which uses Advantage for QW-Series, version
1.0.0.78, Thermal Advantage Release 2.0 (2001 TA Instruments-Water LLC). In
addition, the analysis software used was Universal Analysis 2000 for Windows
95/95/2000/NT, version 3.1E;Build 3.1.0.40 (*2001 TA Instruments-Water LLC).

For all of the TGA experiments, the purge gas used was dry nitrogen, the balance

purge was 40 mL/minute N, and the sample purge was 60 mL/minute Nj.

IV.  Biological Results

A. Fluorescence Polarization Competition Immunoassay

An autophosphorylation, fluorescence polarization competition immunoassay was used to
determine the potency for c-fms inhibition exhibited by selected compounds of Formula 1.
The assay was performed in black 96-well microplates (LJL BioSystems). The assay buffer
used was 100 mM 4-(2-hydroxyethyl)piperazine 1-ethanesulfonic acid (HEPES), pH 7.5, 1
mM 1,4-dithio-DL-threitol (DTT), 0.01 % (v/v) Tween-20. Compounds were diluted in
assay buffer containing 4 % dimethylsulfoxide (DMSO) just prior to the assay. To each
well, 5 uLL of compound were added followed by the addition of 3 puL of a mix containing
33 nM c-fms (Johnson & Johnson PRD) and 16.7 mM MgCl, (Sigma) in assay buffer. The
kinase reaction was initiated by adding 2 uL. of 5 mM ATP (Sigma) in assay buffer. The
final concentrations in the assay were 10 nM c-fms, 1 mM ATP, 5 mM MgCl,, 2 %
DMSO. Control reactions were ran in each plate: in positive and negative control wells,
assay buffer (made 4 % in DMSO) was substituted for the compound; in addition, positive
control wells received 1.2 ulL of 50 mM ethylenediaminetetraaceticacid (EDTA).

The plates were incubated at room temperature for 45 min. At the end of the incubation,
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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received 10 puL of a 1:1:3 mixture of anti-phosphotyrosine antibody, 10X, PTK green
tracer, 10X (vortexed), FP dilution buffer, respectively (all from PanVera, cat. # P2837).
The plate was covered, incubated for 30 min at room temperature and the fluorescence
polarization was read on the Analyst. The instrument settings were: 485 nm excitation
filter; 530 nm emission filter; Z height: middle of well; G factor: 0.93. Under these
conditions, the fluorescence polarization values for positive and negative controls were
approximately 300 and 150, respectively, and were used to define the 100 % and 0 %
inhibition of the c-fms reaction. The reported 1Cs, values are averages of three

independent measurements.

CSF-1-Driven Mouse Bone-Marrow Derived Macrophages Assay

Macrophages were derived by culturing mouse bone marrow in alpha-MEM
supplemented with 10% FCS and 50 ng/ml recombinant mouse CSF-1 in bacteriologic
dishes. On the sixth day, macrophages were detached from dishes, washed, and
resuspended to 0.05 million cells/ml in alpha-MEM containing 10% FCS. One hundred ul
of cell suspension were distributed per well into 96 well culture plates. Wells were further
supplemented with the addition of 50 ul media containing 15 ng/ml CSF-1, 3 uM
Indomethacin, and 3X of a dilution series of test compounds. The cells were cultured for
30 hrs at 37 degrees and 5%CO2. During the final six hours, cultures were supplemented
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
quantified using a specific ELISA.

Table 1 lists the assay results for representative compounds of the invention
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TABLE 1

Example No. FMS ICso (uM) BMDM ICso (uM)

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

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-
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

erosion.
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Day 0) Treatnent (b.i.d.,
Sanple Collection 1 6
w/edwosr37 Day 20-32 Day 32

oral) Sacrifice
Sterile Saline (ss)
Pl asma, serpaT/UB10081080081

linmbs, weigh and fix liver, spleen & kidneys 2 6 PG PS
10S in ss (15ug/ granmBW Vehi cl e, Day 20-32 Day
32 Pl asma, serum hind
Table 2. SCW-arthritis study design: IPD(7-032
Induction Treatment Sample
Gp N @a.p., (b.id., 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 | 10S1inss Day 32 .
(15ug/gramBW) Day 20-32 and fix liver,
uee spleen &
kidneys
Plasma,
PG-PS Compound serum, hmd
. A limbs, weigh
3 6 | 10S1inss Day 32 .
(15ug/gramBW 3 mg/kg, and fix liver,
Day 20-32 spleen &
kidneys
Plasma,
PG-PS Compound serum, hmd
. A limbs, weigh
4 6 | 10Sinss Day 32 .
(15ug/gramBW 10 mg/kg, and fix liver,
ug/g Day 20-32 spleen &
kidneys
Plasma,
PG-PS Compound serum, hmd
. A limbs, weigh
5 6 | 10S1inss Day 32 .
(15ug/gramBW 20 mg/kg, and fix liver,
ug/g 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.

Ankles were assigned a clinical score based on erythema and swelling as

follows: 1 = ankle only; 2 = ankle and proximal half of tarsal joint; 3= ankle and entire

tarsal joint; 4 = involvement of the entire paw including digits. Animal scores represented

the sum of the two hind paws.

Exposure: Two hours following the last dose of 3, 10 and 20 mpk, plasma levels of
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).
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linmbs, weigh and fix liver, spleen & kidneys 3 6 PG PS
10S in ss (15ug/ granBW Conpound A 3 ny/ kg, Day

wQ0e03a5028y 32 Pl asma, serum hind |i nbspCTesmas/ 080081
and fix liver, spleen & kidneys 4 6 PGPS 10S in ss
(15ug/ gr anBW Conpound A

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,
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.

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

full.
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or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:

R4

R* R*
_ HN’\g\ HN—) HN—( HN
Wis s KR %/Q\R‘t o &/\N , ﬁsj\\N ,

-N
\ N
%/[;>\R4,Or 3#LNy\R4
H
wherein each R* is independently H, F, Cl, Br, I, OH, OCH3, OCH,CH3, SC(1.4)alkyl,

SOC 1aalkyl, SO.C1aalkyl, -C(13,alkyl, COR?, CONRCR', C=CRE, or CN;
wherein R%is H, or -C(1_3jalkyl;

R®is H, or -C(y.3)alkyl;

R'is H, or -C(;_3jalkyl; and

R®is H, -CH,0H, 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,

hydroxy, Cq.3yalkyl, and C(;.syalkyl;

Zis H, F, Cl, or CH3;
Jis CH, or N;
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iy,
Higgy

& @@ &L GL,

wherein R™ is H, -C(1_syalkyl, -CO,C1-4alkyl, -CONH,, -CONHC(1_4)alkyl, -CON(Cq.-
4)a1kyl)2, or -COC(1_4)alkyl.

2. A compound of Claim 1, wherein:
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(3, 0, 2) (0, 1, 3) (0, 3, 1) Day 10.6* 0 7.7

WO 2009/052237 PCT/US2008/080081
5 s HO & HO X '

HO oK Ho-gzi§j o © 0

HO HO OH OH \f\o

2 2 2 2 2

v ¢
HO@ HO R O=g
HO HO , C/)/

2

laH? N a Of s £ OHy

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

3. A compound of Claim 2 wherein:

H
: AN M2 N \ N
W is %’)QNO | 77?7)*/[\?_ | f{@\iN | %'JI N/>—S\\O

Cl Cl
i;\g\:,\, | ,:Lx—Br | ;LS cl | Hj';é
@ £ />_ u\ :>\ or };—b\\

NeNe) /@@ oF

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

4. A compound of Claim 3 wherein:

is HINTN HN
R a*\?f 0=, a&%
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and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

5. A compound of Claim 4 wherein:

HN
\
W is 3‘7,/&\;>\§N

ING J@L

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

6 A compound of Formula Ia:

wherein:

R%is 7?%@ ,or ‘(@L

Jis CH, or N; and
Xis

/O

OH
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1. A conpound of Formula I: O/\N ZNH |

14)a|k 0
(13T k

1l i $ H opot

" -C(13)alkyl; Rf is H or -C(13)al kyl; ahd Rg is H
-CH2COH, or -CH2CH2OH, R2 is cycloal k
spirQ-subsid tuted cygl

o

wherein R" is H, -C(1_4)alkyl, -CO,C1.4alkyl, -CONH,, -CONHC_4yalkyl, -CON(C(;-
salkyl),, or -COCi_jalkyl;

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

7. A compound of Claim 6, wherein X is

R
0
\ 2
\O
e
0 HO
\ 2
%
HO “OH
HO
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phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl,
any of which may be independently substituted with one
woerowns220f each of the follow ng: chloro, fl uoP@r/US2008/080081
hydroxy, C(13)alkyl, and C(14)alkyl; Zis H F, d, or
CH3; Jis CH or N Xis0O OH OH OH (DSX Sx Ox
5555 0 \- 5, O wherein W is H -C(14)alkyl,
-CO2C(1_4) al kyl, - CONH2, -CONHC(1_4)al kyl, -CON(C(1_

1\4)al kyl .\ 2, f d
rem}QGZ"C( )a lg],y conpoun 0 ai
y ‘ &
HO s oMy oMy @
,I“"’ ,®i , Or

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

8. A compound selected from the group consisting of:
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and sol vates, hydrates, tautoners and pharnmaceutically
acceptabl e salts thereof and sol vates, hydrates,

wo 200905285 and pharmaceutical ly accept abl e sal PGT/US2008/080081

thereof 4. A conpound of Claim3 wherein: and

sol vates, hydrates, tautoners and pharnmaceutically
accept abI e salts ther eof 5. A conpound of Caimi4
wherei{n;, HN Wis - and sol vat es, hydrates,

taut on¥rs and pharmaceutically acceptabl e sal ts

@ A conpound of Formula la: Ta wherein: R2 iS

HHN\

0
\

/O
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Xis HO HO OHOH o0z.-s(21 61/\ 55 _f OH 5, O
wherein W is H -C(14)al kyl, -CO2C(1_4)al kyl, -CONH2,

WO aoblieis237 4) al kyl , - CON(Co_ 4>al kyl) 2, or PCT/US2008/080081
-00C(1_4)al kyl; and sol vates, hydrates, tautoners and
pharmaceutically acceptable salts thereof 7. A
conpound of Caim®6, wherein Xis
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and sol vates, hydrates, tautoners and pharnmaceutically
acceptabl e salts thereof 8. A conpound selected from

WO b@ogs28p consi sting of: , and sPCT/ESEE8/080081
hydrates, tautomers, and pharnmaceutically acceptable
salts thereof 9. A conmpound of the forrmula ON and
sol vates hydrates, tautoners, and pharnaceutically
accept abl € salts thereof

HO

OH and OH :
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10. The conpound of claim9 selected fromthe group

consisting of: 4-Cyano-1H i m dazol e-2-carboxylic acid
wQ 200098d20hex- 1- enyl- 6- (2, 2, 6, 6-t et ramet hyl t et r BAOYUSIHOPY80081

ran-4-yl)-pyridin-3-yl] -am de;

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

[ 2- (4, 4-di net hyl -cycl ohex-1-enyl)-6-(2, 2, 6, 6-

tetra pt hyl -t et rahydr o- pyran-4-yl)-pyridi n-3-yl1] -am de
ori de salé 4- Cyano- 1H-i m dazol e- 2- car boxylic

hy -cycl ohex-1-enyl)-6-(2, 2, 6, 6-

hydro-pyran-4-y1)-pyridin-3-y1]-an1de
Nacid salt; and 4-Cyano- 1H i m dazol e- 2-
idH[2 (4 ,4- dinethyl- cyclohex-1 -

Av de (1 S)-(+)-10- canphorsulfonlc acid salt 11.
The conpound of clatm9 which is

4- Cyano- b m dazol e- 2-carboxylic acid [2- (4 ,4-

di et hyl - N— enyl) 6- (2 2

i de salt 12 A pharnaceutlca
ng a conpound of Caim1l and a
eptable carrier. 13. A
ti€al @Qonposition, conprising a conpound of
and a pharmaceutically acceptable carrier.
\«phar maceuti cal conposition, conprising a

1, d of Cdaim8 and a pharmaceutically acceptable
carrier. 15. A pharnaceutical conposition, conprising
g of Claim9 and a pharnmaceutically
[ NL6. A pharmaceutical conposition
ound of daim9 wth a

gpnposition conprising mxing a
C@im9 with a pharmaceutically acceptable
& 18. nmet hod of treating a disease sel ected
vt he group consisting of osteoporosis, Paget's

Hfl sease, rheumatoid arthritis and other forns of
inflammatory arthritis, osteoarthritis, prosthesis
rcoma, nyel oma, and t unor

uch treatnment a therapeutically
at | east one conpound of Caiml.
ttHeating a disease selected fromthe
co |st|ng of gl onerul onephritis, inflammtory
HOBawRl Jdi seaselFrosthesis failure, sarcoidosis,

, stive obstructive pul nonary di sease, idiopathic
|'@)ulm)nary fibrosis, asthmm, pancreatitis, HYV
infection, psoriasis, diabetes, tunor rel ated
angi ogenesi s, age-rel ated macul ar degenerati on,

di abetic retinopathy, restenosis, schizophrenia and

Al zheiner's denentia conprising admnistering to a
mammal in need of such treatnent a therapeutically
effective anount of at |east one conpound of C aim 1.
20. A nethod of treating pain, including skeletal pain
caused by tunor netastasis or osteoarthritis, or
visceral, inflanmatory, or neurogenic pain in a nmanm
conprising admnistering to the mammal in need of such
treatnent a therapeutically effective anbunt of at

| east one conpound of Claiml1. 21. A nethod of
treating a di sease selected fromthe group consisting
of ovarian cancer, uterine cancer, breast cancer,
prostate cancer, |lung cance&x, col on cancer, stomach
cancer, or hairy cell |eukenia conprising

adm nistering to the manmal in need of such treatnent
a therapeutlcally effectlve amount of at Ieast one
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23. A nethod of treating an autoi mune di sease
sel ected fromthe group consisting of system c | upus
we@egovlosazat osus, rheumatoid arthritis and ot herP€¢DURBOSH80081
inflammatory arthritis, psoriasis, § ogren' s syndrone,
mul tiple sclerosis, or uveitis conprising
admnistering to the mammal in need of such treatnent
a therapeutically effective anount of at |east one
conpound >Qf Cla|w1%N 24. A nethod of treating a
i bnwthe group consisting of
Qst's, P 's disease, rheumatoid arthritis
and ot her foﬂns of\lnflannatory arthritis,
' |SW/%WbstheS|s failure, osteolytlc
arcQmal! myel aye, Mand tunor netastasis to bone
coifgriising admnistering to a mammal in need of such
HOtre rent a t ABAapeutical |y effective anount of at
one conmpound of Claim9. 25. A nethod of
treatlng a di sease sélected fromthe group consisting
of gl onmerul onephritis, inflanmatory bowel disease,

pr ost ht i s failure, sarcoidosis, congestive

obstr ve pul ngfiary di sease, idiopathic pul nonary
fibros ast hma,/ pancreatitis, HV infection,
psori asy’s, ydi alef\es, tunor rel ated angi ogenesi s,

age-rel-tew ar degeneration, diabetic
retlnopa hy, enosi s, schizophrenia and Al zheiner's
coﬂ9r|3|ng adn1n|ster|ng to a mammal in need

| east one conpound of Claim9. 26. A nethod of
eati ng pain, including skeletal pain caused by tunor
nmetastasis or osteoarthritis, or visceral,

i nfl anpat ory, or neurogenic pain in a manmal

i s{ng admi ni stering to the manmal in need of such
a theLQZeutically ef fective anmount of at

conp d of Adaim9. 27. A nethod of

sel ected fromthe group consisting
, uterine cancer, breast cancer,
canger Hlung cancer, colon cancer, stonach
r hairy cell |eukem a conprising
O=gdni'ni stering to the manmal in need of such treatnent

o /X herapeutically effective amount of at |east one
conpound of Claim9 W) 2009/ 052237PCT/ US2008/ 080081
28. A nethod of treating or preventing netastasis
from arian canger, uteri ne cancer, breast cancer,
canceiag ung cancer, colon cancer, stomach

Y

r hairy/cell |eukem a conprising
erﬁqéglo\the mammal in need of such treatnent
e Ll effective anount of at |east one

und | of aHn19 29. A nmethod of treating an
i d sease selected fromthe group consisting
ysten1c | upus eryt hemat osus, rheumatoid arthritis
d other Hekns of inflammtory arthritis, psoriasis,

j ogren's syndronme; mnultiple sclerosis, or uveitis
conprising admnistering to the mammal in need of such
treatnment a therapeutically effective anount of at
| east one conpound of Caim9. 30. A nethod of
treating a disease selected fromthe group consisting
of osteoporosis, Paget's disease, rheumatoid arthritis
and other fornms of inflammatory arthritis,
osteoarthritis, prosthesis failure, osteolytic
sarcoma, mnyel oma, and tunor netastasis to bone
conprising admnistering to the mammal in need of such
treatnment a therapeutically effective anount of at
| east one conpound of C ai m59.
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and solvates hydrates, tautomers, and pharmaceutically acceptable salts thereof.

9. A compound of the formula

CN
H '\,‘§
N
N m/kN
| o H
and solvates hydrates, tautomers, and pharmaceutically acceptable salts thereof.

10.  The compound of claim 9 selected from the group consisting 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 (1S)-(+)-10-camphorsulfonic acid

salt.
11. The compound of claim 9 which is 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.

12. A pharmaceutical composition, comprising a compound of Claim 1 and a

pharmaceutically acceptable carrier.

13. A pharmaceutical composition, comprising a compound of Claim 6 and a

pharmaceutically acceptable carrier.

14. A pharmaceutical composition, comprising a compound of Claim 8 and a

pharmaceutically acceptable carrier.

15. A pharmaceutical composition, comprising a compound of Claim 9 and a

pharmaceutically acceptable carrier.

16. A pharmaceutical composition made by mixing a compound of Claim 9 with a

pharmaceutically acceptable carrier.
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17. A process for making a pharmaceutical composition comprising mixing a

compound of Claim 9 with a pharmaceutically acceptable carrier.

18. A method of treating a disease selected from the 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 of Claim 1.

19. A method of treating a discase selected from the group consisting of
glomerulonephritis, inflammatory bowel disease, prosthesis failure, sarcoidosis,
congestive obstructive pulmonary disease, idiopathic pulmonary fibrosis, asthma,
pancreatitis, HIV infection, psoriasis, diabetes, tumor related angiogenesis, age-related
macular degeneration, diabetic retinopathy, restenosis, schizophrenia and Alzheimer’s
dementia comprising administering to a mammal in need of such treatment a

therapeutically effective amount of at least one compound of Claim 1.

20. A method of treating pain, including skeletal pain caused by tumor metastasis or
osteoarthritis, or visceral, inflammatory, or neurogenic pain in a mammal comprising
administering to the mammal in need of such treatment a therapeutically effective amount

of at least one compound of Claim 1.

21. 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 compound of Claim 1.

22. 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 need of such treatment a

therapeutically effective amount of at least one compound of Claim 1.
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23. A method of treating an autoimmune disease selected from the group consisting
of systemic lupus erythematosus, rheumatoid arthritis 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 Claim 1.

24, A method of treating a disease selected from the 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 of Claim 9.

25. A method of treating a disease selected from the group consisting of
glomerulonephritis, inflammatory bowel disease, prosthesis failure, sarcoidosis,
congestive obstructive pulmonary disease, idiopathic pulmonary fibrosis, asthma,
pancreatitis, HIV infection, psoriasis, diabetes, tumor related angiogenesis, age-related
macular degeneration, diabetic retinopathy, restenosis, schizophrenia and Alzheimer’s
dementia comprising administering to a mammal in need of such treatment a

therapeutically effective amount of at least one compound of Claim 9.

26. A method of treating pain, including skeletal pain caused by tumor metastasis or
osteoarthritis, or visceral, inflammatory, or neurogenic pain in a mammal comprising
administering to the mammal in need of such treatment a therapeutically effective amount

of at least one compound of Claim 9.

27. A method of treating a disecase 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 compound of Claim 9.

140



WO 2009/052237 PCT/US2008/080081

28. 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 need of such treatment a

therapeutically effective amount of at least one compound of Claim 9.

29. A method of treating an autoimmune disease selected from the group consisting
of systemic lupus erythematosus, rheumatoid arthritis 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 Claim 9.

30. A method of treating a disease selected from the 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 the mammal in need of such treatment a therapeutically

effective amount of at least one compound of Claim 9.
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