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present invention is directed to novel 2-substituted

benzi m dazol e derivatives, pharmaceuti cal

conpositions containing themand their use in the

treatment of disorders and conditions nodul ated by the

androgen receptor. More particularly, the conpounds

of the present invention are useful in the treatnent
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physmlogy, for example, in the brain. The chief androgen found in serum is
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testosterone, and this is the effective compound in tissues such as the testes
and pituitary. In prostate and skin, testosterone is converted to 5a-
dihydrotestosterone (DHT) by the action of 5a-reductase. DHT is a more

25  potent androgen than testosterone because it binds more strongly to the
androgen receptor.

Like all steroid hormones, androgens bind to a specific receptor inside
the cells of target tissues, in this case the androgen receptor. This is a member
30  of the nuclear receptor transcription factor family. Binding of androgen to the
receptor activates it and causes it to bind to DNA binding sites adjacent to
target genes. From there it interacts with coactivator proteins and basic

1



WO 2007/ 087518 PCT/ US2007/ 060883 transcription
factors to regul ate the expression of the gene. Thus,
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receptor could be employed in male contraception, male performance
enhancement, as well as in the treatment of cancer, AIDS, cachexia, and other
disorders. Additionally, agonists of the androgen receptor are useful in
25  promoting burn recovery (Murphy, K.D., Suchmore, T., Micak, R.P., Chinkes,
D.L., Klein, G.L., Herndon, D.N., Effects of long-term oxandrolone
administration in severely burned children, Surgery, (2004), 136(2), pp219-
224),

30 Nonetheless, there exists a need for small molecule, non-steroidal
antagonists of the androgen receptor. We now describe a novel series of 2-

substituted benzimidazole derivatives useful as androgen receptor modulators.
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| NVENTI ON The present invention is directed to a
w@eoooposrses of fornmula (1) ::xc NCF3 RL (1) 5 mEUSI007/060883

Rl is selected fromthe group consisting of hydrogen,

| ower al kyl, -(CH2)- (C2.4al kenyl),

-(CH2) - (C2_4al kynyl ), fluorinated | ower alkyl, -(Iower

al kyl)-CN, - (CH2)-heteroaryl, -(CH2)-aryl,

-S02- (|1 ower al kyl), -S02-(phenyl), -S02-(tolyl), -

(CH2)-(fluorinated | ower alkyl), -(Iower

al kyl)-C(O -0 (l ower al kyl), -(lower alkyl) 10
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-C(O- (|l oner al koxy)Rz > R (0 0. 2-(1 ower

al kyl), -S02-NR ARB, -N(RA)-C( - (1 ower” al kyl) and

-N(RA) - C(O - (hal ogen substi tut | ower @) kyl);

gwher ei n ygaekinRA and RB i s independently sel ected from

hydrogen ,or 20 | ower alkyl; R4 is selected fromthe

group cénds §@leﬂ@dcﬁ¢onathew9mn cmsir@nglofhadrpgen -l6vzer alkyl ~(CHa)-
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15 alkoxy, halogen substituted lower alkoxy, cyano, nitro, amino, lower alkylamino,
di(lower alkyl)amino, -C(O)-(lower alkyl), -C(O)-(lower alkoxy), -C(O)-NR*RE, —
S(O)o--(lower alkyl), ~SO-NR"R, -N(R")-C(O)-(lower alkyl) and -N(R*)-C(O)-
(halogen substituted lower alkyl);

wherein each R* and RB is independently selected from hydrogen or

20 lower alkyl;

R*is selected from the group consisting of alkenyl, alkynyl, aryl, -(C..
aalkyl)-aryl, heteroaryl and -(Cy.salkyl)-heteroaryl;

wherein the alkenyl or alkynyl is optionally substituted with one or more
substituents independently selected from the group consisting of halogen,

25  hydroxy, carboxy, cyano, nitro, NR®R", NRE-C(O)-lower alky! and pheny!;
wherein R® and R are each independently selected from hydrogen or lower
alkyl; and wherein the phenyl (substituent on the alkenyl or alkyny!) is optionally
substituted with one to four substituents independently selected from the group
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25 lllustrative of the invention is a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compounds described
herein. An illustration of the invention is a pharmaceutical composition made
by mixing any of the compounds described herein and a pharmaceutically
acceptable carrier. lllustrating the invention is a process for making a

30 pharmaceutical composition comprising mixing any of the compounds
described herein and a pharmaceutically acceptable carrier.
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compositions described herein.

Another example of the invention is a method of treating an androgen
receptor modulated disorder selected from the group consisting anorexia,
AIDS, cachexia, andropause, osteopenia, osteoporosis, female sexual
dysfunction, male sexual dysfunction, diminished libido, enhancing male
performance, and muscle replacement in burn recovery, comprising
administering to a subject in need thereof, a therapeutically effective amount of
any of the compound of pharmaceutical compositions described herein.

Another example of the invention is the use of any of the compounds
described herein in the preparation of a medicament for treating: (a) prostate
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descri bed herein in the preparation of a nedi canent
for treating: (a) prostate 5 WD 2007/087518

WO AEB007/ 060883 carci noma, (b) benign prosPEL/U82007/060883

hyperplasia (BPH), (c) hirsutism (d) al opecia, (e)
anorexi a nervosa, (f) breast cancer, (g) acne, (h)
AIDS, (i) cachexia, (j) andropause, (k) osteopenia,
(1) osteoporosis, (m fenale sexual dysfunction, (n)
mal e sexual dysfunction, (o) dimnished |ibido, for
(p) male contraception, for 5 (gq) enhanced nal e

e arnecboQh pidsta R RIS rseltite) alopecia,
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di rﬁﬁ?ﬁg—;u%g (?2)8&8%&1??,)(8 ﬁsge'&ﬁfn%fs??ggﬂe e(le fewaﬂagxﬁfgnctlon, (n)

ler(wl)a s&hmleiyﬂfuﬁdijonqu) dﬂ?;msﬂﬂﬁd dibidoRr @s)enale doatracdption, for
nds o res vent ar e
e Il FhantBE A POSTRnRS gete! TR ERE epltanb b b fecovery,

thentarsmh}eltc\éimtne@ﬁ tibreof. der s nedi at ed by at Ieast one
androgen receptor selected 15 fromthe group
consi sting of prostate carcinoma, benign prostatic

hyper pl asi a DE?beuLEmUEsaameomlmomEaN\f@m@Ni a
nervosa br east cancer, cachexl a,

andr opaJQ@ pr%?ﬁ&@ﬂ%’?ﬁoé‘ IS g?%ﬂ&? 8&”@993{5 &rihe PEepaation of

1odysj‘onmh@r@fformalaeu)sexual dysfunction and di m ni shed

15

20

25

l'ibido, or for male gontraceptlon for enhanced nal e

performance or for Riscl s epl mcerrenR"rl n burn
recovery. 20 Preferabl y \§ord§rtlfodul ated by a
| east one androgen recep IS d fromthe
group consi sting of RRachesf a, Hndr opBEse,

ost eoperosis, osteopenia and scl e repl.acenent in
burn recovery, nore preferably, the dis9order nediated
by at | eawsteimReé RH& ogband BE et @ hérsirsdafidet e dhkicompbheds of

os?@ep Brgeggﬁﬁo g%gﬁltaln% g%egﬁ 2 hs?e)fec?’\/e grogpe)%llj*gceptor modulators for
the treatment of disorders mediated by at least one androgen receptor selected
from the group consisting of prostate carcinoma, benign prostatic hyperplasia
(BPH), hirsutism, alopecia, anorexia nervosa, breast cancer, acne, AIDS,
cachexia, andropause, osteopenia, osteoporosis, female sexual dysfunction,
male sexual dysfunction and diminished libido, or for male contraception, for

enhanced male performance or for muscle replacement in burn recovery.

Preferably, the disorder modulated by a least one androgen receptor is
selected from the group consisting of cachexia, andropause, osteoperosis,
osteopenia and muscle replacement in burn recovery, more preferably, the
disorder mediated by at least one androgen receptor is selected from the group
consisting of cachexia, andropause, osteoperosis and osteopenia.

In an embodiment, the present invention is directed to compounds of
formula (1) which are antagonists of an androgen receptor. In another

embodiment, the present invention is directed to compounds of formula ()]
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In an enbodi nent, the present invention is directed to

conpounds of fornmula (1) which are antagoni sts of an
w@narogmsm receptor. I n anot her enbodi ment, theCPUSMETI060883

invention is directed to conpounds of forrmula (1) 6 WO

2007/ 087518 PCT/ US2007/ 060883 whi ch are agoni sts of

an androgen receptor. In another enbodi nent, the

present invention is directed to conpounds of fornmula

(1) which exhibit tissue selective agonism and

ant agoni sm of an androgen receptor. 5 In an
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cyano-methyl-, 2-pyridyl-methyl-, allyl, 1-propyn-3-yl, methoxy-carbonyl-methyl-
25 and t-butyl-dimethyl-silyloxy-ethyl-.

In another embodiment of the present invention, R is selected from the
group consisting of hydrogen, methyl, ethyl, cyano-methyl-, 2-pyridyl-methyl-,
allyl, 1-propyn-3-yl, methoxy-carbonyl-methyl- and t-butyl-dimethyl-silyloxy-

30  ethyl-. Inanother embodiment of the present invention, R is selected from the
group consisting of hydrogen, ethyl, cyano-methyl-, allyl and 1-propyn-3-yl.



group consi sting of hydrogen, ethyl, cyano-nethyl -
allyl and 1-propyn-3-yl. 7 WO 2007/087518

w2007/ 060883 | n anot her enbodi nent of tPEI/US2007/060883

present invention, RL is selected fromthe group

consi sting of hydrogen and | ower al kyl. In another
enbodi nent of the present invention, Rl is selected
fromthe group consisting of hydrogen and nethyl. In

anot her enbodi rent of the present invention, Rl is
hydrogen. 5 In an enbodi nent of the present invention,

R2 and R3, ﬂsmeﬁa(ﬁta?d.h@ﬂ?@ﬂﬂ%ﬁéégm ﬁ\%ﬁt?otne%ﬁéseme 3 from the

group consistin car
aI kgroup kansigng cﬁlhllyéltqgemaed ldvm@kyal kydnotiogramayodirémtaf the

I Y (e

ARBnet-hI)(( RANGHE) e(ribodietentbkike)preseht invention, R’ is hydrogen.

5 N(RA) - C( O - (hal ogen substituted |ower alkyl);

wherein each RA and RB is independently selected from

hydr ogenn an@tﬁbﬁdlmnt@h}d presént anehiien, M‘?@Rhﬁr@tea@ﬁ
i nve are eac

t he res qt i ?n, tﬁz and R3 15
| ndRBaTRIGHL Y SEes 7Bt P STALP @ 156 00 OLGAIR9FL. gy carboxy,
hal |Ogeﬂalkﬂyw09@rﬂ§hbshﬁit&ﬂ©ﬂreﬁ HIRGIL b aHoe! ﬁ.tﬂoownoaidwér

h f th t t
e §§bwe7 AR lpeER IO deveraled). F oG i iiouy). -

1ocorrs$c9tmm‘gaﬁ ozo?(lo%ﬂélkwé@cm(w -CRO( (ﬁj%gsubgtltuted

anot her enbodi nen sent invention,

R3 lawer alkdh whereip 830@6 eRA s idlependanily melectastTrarm ydrogen
premgmg,] drr@myptl on, R2 and R3 are each independently
sel ected fromthe group consisting of hal ogen and

hal ogen substituted |ower alkyl. In another
enbodi ”‘Prﬁ‘én&ﬁerté}ﬁbéﬁlﬁ\%ﬁmfthé‘wé%hﬂ verln?%naﬁdange%%ieeeach
each i ndependently selected fromt group consis

1501 indgRendenthcseiasted fromube rasprapinsisting aﬂmiogmd iCy@Tt aruf

h
o AT BB A
enodintent Roand R%aWMnmdependemM sylectsRBfrom the Igﬂnmeﬁ)n3|stlng

el AP P S 1 ang, L CANEh GBfedERRCoaan pdRont

chlimvemtion, R2 and R® are each chloro:

20

25

30

In another embodiment of the present invention, R? and R® are each
independently selected from the group consisting of halogen and halogen
substituted lower alkyl. In another embodiment of the present invention, R? and

R?® are each independently selected from the group consisting of chloro and
trifluoromethyl.

In an embodiment of the present invention, R? is selected from the group -
consisting of chloro and trifluoromethyl. In an embodiment of the present
invention, R® is selected from the group consisting of chloro and cyano. In
another embodiment of the present invention, R® is chloro;



8 WO 2007/087518 PCT/ US2007/ 060883 I n an enbodi nent

of the present invention, R4 is selected fromthe
w@e@opstsensi sting of al kenyl, al kynyl, aryl, PCT/US2007/060883

-(C2.4al kyl)-aryl, heteroaryl and -(C2.4al kyl) -

heteroaryl; wherein the al kenyl or alkynyl is

optionally substituted with one to two (preferably

one) substituents independently selected fromthe

group 5 consisting of hal ogen, hydroxy, carboxy,

cyano, nitro, NRERF, NRE-CXC»-Iomer al kyl and phenyl ;

wher ei n C entlLy. sel ect from
hydr oger{ﬁ%{]%(}%ﬁn%ﬂo@% Qrﬁae’{}dbﬁﬁ ﬂnt%elspsﬁie%)%def?%m the group
opt cansitihg of alasnyl} alkedl, \arym(cmw)earwnet(emaefdmbwg salkyl)-
onel)] subst i tuent

or SRRl AR G ARERYa Gy Y 45 Bp ey U yed ith one to
al kmoy(préw@bwe) sabsiitxohts mxa@p@adewtly kBlecttd firuih e group

St Sisitng bt ARHE 1 Ahad oo ovatsb i NE B Be-C4QHower

par alkgifand phiehglt whoeit REaAY R izse 88EH Fhﬂé{)éddenﬂ BelbbcdtfRfh
with one to two skbstltuentséﬂpreferab on

i ndRERRLRN Igweraldcardiwhersin RONgRY IS or ek subgiityed with

hal ggemn, Mgﬁféﬁé‘rﬁbly%bp%tltdeﬂvseihdéééﬁdentlyb S¥IBEte@ Flomihe group
fluorinated_ | ower fluorinated | ower al koxy,

phe%aﬁt'na%h@bgeqéowwiaﬂ | prRaoxy; hydiery.HaKkgaxy - gyano, nitro,
1(BRCamm@§ Rwéd é]N‘ﬁfanﬁﬁ@Mha dfiBder Sk aHnrRi“%ﬁd mﬁ"e'ﬁ&?ﬂ’ﬁe aryl or

d wherein eac I's 1 ndependent|y sel ect
f r omtﬁwmg@heth@ralomrr asparypf a subsélmﬁrﬁ greti@n@@qﬁlcmﬂy

f
o LLRIBEEE ohSPRK) byt SRS o PRIy,

t heselegted frem tbptgmma@qry%lséumgf halugem hagrohe,r@rbpwequeealkyl

| t

| 2 Igg/ ]é%lﬁé)&ﬁ?ﬁQme{{ﬁ@ ov\%fr a&?@ﬁﬁéﬁ%ﬁf lo%\%{ a[&}ﬁg\g rﬁh%ﬂo#:{%yano
18l kitig) Nth‘s\D,aﬂowaremlk;éhuaaﬁ%&e@(obﬂowereelpyl)samw(O) ~(lower

' nvﬁ%%yﬁrbn(cﬁéhér&n e[eJCﬁCFE‘E \;fl‘ ny'@IE!;?Q%/r]%ER@Jf?&%,}?g/’Fromnr%/drogen
( ) erdowven alkyd- ﬂrealh@thezraebmyédlmegtqsf:rtb@pres%nylhventlon R*is selected
5 PRI BroppnnnSita BY MBI b ang anvlpbpisin eyt s

3- pdsmioyilaHylsLn)"sﬂmﬁedﬁas?he'ﬂem &fidedi n?élﬁbtherlerﬁlb@ﬁm@nﬁof}{he present

(fs dby%t@ﬁyﬁy 6%&9%6 anglil%grog% cgﬁtas%/ ing of gif;gr%?and ar\ﬁy%yl

3- et hyl - propa-1, 2-di en- 3-yl,
3- et hyl en 3 buten-4-yl , 1

pr opyn- éﬁ an 8‘[%@@5%?8'?;%9 tgewese@t nventigny Fy is gel9q:ted from the
pg?]englaoﬁs:;yttrng oh/_ _ r(cwn;fib(-)to\hﬁwaw -(¥)- allyg) (-)- allP/I 2- methyl -allyl,
2—propen 3-yl Z- -p ropen -34yl, E- 2—propen 3—yl 3-methy| 1 propen 3 -yl, 2-
25  carboxy-1-propen-3-yl, 3-phenyl-1-propen-3-yl, 3,3-dimethyl-1-propen-3-yl, 2,3-
dimethyl-2-propen-3-yl, 2-methyl-2-propen-3-yl), isopropenyl, propa-1,2-dien-3-
yl, 3-methyl-propa-1,2-dien-3-yl, 3-ethyl-propa-1,2-dien-3-yl), 1-buten-4-yl, 1-
propyn-3-yl, (+)-1-propyn-3-yl, (-)-1-propyn-3-yl, 2-propyn-3-yl, 1-hydroxy-2-
propyn-3-yl, 1-phenyl-1-propyn-3-yl, 2-butyn-4-yl and phenyl.
30
In another embodiment of the present invention, R* is selected from the

group consisting of vinyl, allyl, (+)-allyl, (-)-allyl, 2-methyl-allyl, 2-propen-3-yl, Z-

9



I n anot her enbodi nent of the present invention, R4 is
selected fromthe group consisting of vinyl, allyl,
W@ 2007081598 , (-)-allyl, 2-nethyl-allyl, 2-propePcBuUy1007/060883
Z- 9 WD 2007/087518 PCT/ US2007/ 060883 2-propen- 3-yi,
E- 2- propen-3-yl, 3-nethyl- 1-propen-3-yl,
3- phenyl - 1- propen-3-yl, 3, 3-di net hyl - 1- propen- 3-yl,
2, 3-di et hyl - 2- propen- 3-yl, 2-nethyl-2-propen-3-yl,
i sopropenyl, propa-1, 2-di en- 3- yI
3- et hyl - propa 1, 2- dlen 3-yl, ethyl propa-

(1+)22 %ﬁin- {/91 E-Z%QH ! @-yi A }n'etriyﬂ? :P(?Bﬁfféh-g-yg 3= p? nyw Bropen- 3y,

yl-1- nroa)ﬁoﬁaxdrzéfmmathybmprmﬁent&yl rrastapit2-propen-3-yl,

' nvggﬁrb?éhy %‘r“oé? S%S(ﬁéﬁ F%t@ds R‘%ﬂ@l-&{p@)ﬁgﬁg é,o %ﬂcg i etfqﬂ%ropa-

pr oba—dlare3-gli érbu:’ﬂery# syl, H-propmy-8-y8-(¥)-1-prdpyni3-pr, (‘-Wtbrapw -3-yl, 2-

oo el SO i ancthec REobr e an e og dpyonton, R* s

co;mlemtemfgomfthe gmppcuoasyimg i \Rmnr(eplemysawl mqoropen 3-yl,
VI n

o opid X z-igand, ChroB ey PR S abaN GaheraRyay. In

of eaioiﬂﬂmefnbodlnke{molftr@&egém'mvéhﬂ% RNs bBRcRYGKRIN thd Group
pt i onaké %pdeUbSt i t ts%eig with a substituent selecte

cﬁ?}n?'ﬁ BPrERRU A GORN-Bry bRnek()-vivhr boxy and

10pheny| 15 I n anot her enbodi nent of the present

i nventi ?n, R4 is selected fromthe roup consisting

of vi nylManQ embodimant of the_nyesat mvamlcgn R"(is-pelattedifrom the group

(- )conbikiig ofal | | 3 aryl2y

(- JooRbiidg o _K@&hﬁlg@&lrégdeanr_yn yvgbfé%me?enwéqw i optignally

perfy styptedzwth@ﬁwymgt mlg@@ﬁ frgnythe group consisting of hydroxy,

3- RBsibK l), ;d%gﬁﬁn 3-yl, 3,3-dinethyl-1-propen-3-yl,

2,3 20 di nmet hyl-2-propen-3-yl,
155! met hyl - 2- pr open- 3-yl ), |sopropenyl

propa- 1250l e?’réb%}lme%mﬁ@kf fsgﬁtﬁﬂ\%rﬁlb% Qi % Yefscted from the

3-ethyl -propa-1
pr GFUP- @WlStanOble}dyﬁ 3/+r3yl,,( Vi, llpi; OﬂmeB( Yallyl, 2-methyl-allyl,

Yo ds |

BB PR 2 Hronghy MY S enb P il smippenus
an;@taﬂmxyémoplemﬁ{w f&a[[)hetr’rye1mrm1tq3 -yl B\&ﬂ”me@tﬁyl 1R§#op§n -3-yl, 2,3-
Se c onsi sti.Nn 1 SO

205 C L B0 DAL ey AR oBb8100, RonishaeRtoPar 2 flen--
f|o|r o5 ermeihwvmpaum digh- 3 9, QB?nyrl] wawaa ,D-oih- 3-’;‘{1 1&ﬁjt@(ﬁhfw 1-

rc%a e"tﬂy? F’POF’Y”Q‘S- )1gpr%pyn B, O prorg)% sy i, 1%tydr¥>xy-2-
propyn-3-yl, 1-phenyl-1-propyn-3-yl, 2-butyn-4-yl and phenyl.

25 In another embodiment of the present invention, R* is selected from the
group consisting of isopropenyl, Z-2-propen-3-yl and (+)-vinyl.

In an embodiment of the present invention, R® is OR®: wherein R% is

selected from the group consisting of hydrogen, methyl, ethyl, -C(O)-methyl
30  and -C(O)-ethyl. In another embodiment of the present invention, R® is OH.

10



30 and -C(O)-ethyl. In another enbodi nent of the
present invention, R5is OH 10 WO 2007/087518

WO EB007/ 060883 | n an enbodi nent of the prEGENS2007/060883
invention, R4 and R5 are taken together with the atom
to which they are bound to forma ring structure
sel ected fromthe group consisting of 2-pyrrolidinyl,
2-tetrahydro-furanyl, 2-(2,5-dihydro-1 H pyrrolyl),
2-(2,5-di hydro-furanyl), 2-im dazolidinyl,
2-oxazolidinyl, 2 5 [1,3]dioxol anyl, 2-piperidinyl,
6- (1, 2, z bk el .~ 2 5
tetrah 3? g_n tgﬁ @’ﬁy t;&mﬁﬂtﬁg{ﬁ %H@‘?Pﬁ%@&%n@@ R are taken together
6- (\Gitsthgi atgmirte whishghewase houral-tp 3orén a ring structure selected from the

di oL, | ) 9O
2 (4O SRS o S A A B B v -
ri ngyreiyl)) 2t(@rsedingdrofitiaapiyy] 3-imidadmditling/l Leskapoltdnybrie or
r j pref erabl tg t . mr
o ot SRR e bRaednf £ TP Lo M eeri) 41 2a e
f E ge‘[rglhbledrg-rpgtiqgr]';zm rj?sﬁeshhygogiriaEﬂl]_@@ﬂs,&dihydro-2l|—|—pyranytl)r,] 2-(3,6-
- , - nd - . 2al k - ha . _|I.n anot her
i St resdiverd Ruitinl) 2t bieere Ml 2
t akeB]dibxast; vetersih the Mgestajmreti@omﬂr@h¥ bhssttaEE witR&RE or
to form [.l ng itr cture s%l ected 15 fromthe group
cor@?'&?”ﬁ’é ity tg Bre rﬁylbjlo@_efm\lg@,ypgre preferably one substituent)
102- tintepmadnof seleayd frorrthd ghdupdéamsrting vt C.. allgl_l, ~(C1.2alkyl)-OH
2-[1, 3] %lng%anill , 2-imdazolyl and 2-oxazolidinyl;
wh e H kyHagjogde@it-ruct ure” i's optional Iy substituted
with one or nore substituents (preferably one to two,

nore preferably one substituent) independently _
sel ect ed EPYhet orabetimapt oidba gresenhigventioneRipnd Ritang taken

hy dpgetiERWRY the ehbfrqr@%%tl}ﬁh% ﬁfﬂqg?dr{dﬁéi&% 5¥ih%} stllcture selected

hal ogen. I n another e | presen

15 nveswe thengropa cangistiRg of 2e5-tiyeio-futasyb 2Hetralydrefutany|, 2:[018]-
to j s . gt I , . .
L0 A 2 B N el B2 2 Do AT s
2, igichyel isoortionaliyygubsiiutest witthgui of moengubsti®ehts, (Blef@ably one

di - £ 4- t hy k- 3] di.oxal anyl

> (8o e gt PO S Mgt R tted g e aroue

2- ioendisting ¢f maihgl, thyk gdioxgmaiHyl, hydroxpethiie and Hgganmgip
20of ﬁﬂfgeeﬂr esent invention, R4 and R5 are taken

togéit r“with the atomto which they are bound to form

a ring structure selected 30 fromthe group

oS o e S AL gt S
2- (tdgethérowitmbehatdm td wBjoii theyphi@btund4o form a ring structure selected
from the group consisting of 2,5-dihydro-furanyl, 2-tetrahydrofuranyl, 2-[1,3]-
25  dioxolanyl, 2-(4-hydroxymethyl-[1,3]dioxalanyl), 2-(4-chloromethyl-
[1,3]dioxalanyl, 2-{1,3]dioxanyl, 2-imidazolyl and 2-oxazolidinyl.

In another embodiment of the present invention, R* and R® are taken
together with the atom to which they are bound to form a ring structure selected
30  from the group consisting of 2-tetrahydrofuranyl, 2-[1,3]-dioxolanyl, 2-(4-
hydroxymethyl-[1,3]dioxalanyl), 2-(4-chloromethyl-[1,3]dioxalanyl, 2-
[1,3]dioxanyl, 2-imidazolyl and 2-oxazolidinyl.

11



[1, 3] di oxanyl, 2-im dazolyl and 2-oxazolidinyl. 11 WO

2007/ 087518 PCT/ US2007/ 060883 | n anot her enbodi nment
wo@Roovkg7sps esent i nvention, R4 and R5 are takenP@DUs100E060883

with the atomto which they are bound to forma ring

structure selected fromthe group consisting of

2, 5-di hydro-furanyl and 2-tetrahydrofuranyl. In

anot her enbodi nent of the present invention, R4 and R5

are taken together 5 with the atomto which they are

bound to form 2-[1, 3]di oxal anyl . Additi onal

enbodi yde ose

oher ei n i ereer HABoRTERFE ne PLERDY lepl F B/GRaR RS fpren

t hetogetheawlte thedatbimnte dvihiar then a(e b«mnd tB¥ornirad ,nn@%truaﬂlre selected

T i o SRRET 4 PO ER M Sud Zufhycroturanyt. i

s ubstatterentiodirabretiaif et HresenttimentionpiRearet RP Sfe taken together

it Perroes nalihey Sk B eribantobloaubt or

conpounds selected fromthe repr esentative 15
listed jn Table -2 bel gw. Representati ve

conpoun
conpoungﬁidg'fo nakmbedizgnts q? {he-RieseR By tiag, Inplyge iash wherein
Tabch@ slibdthueht® gél@t«e«ed lﬂsﬂ SorPhdreromseyvatibRE dehed ﬁé:’é.rﬁ(n e.

i c cept present in the |isted conpound
%p%%p%u% Gégé%rp) @é%'aﬂeaeraﬂs%nﬁy feiR€lge do be app individual

10‘5t edubetitaent dr@h&%ﬁb@&%f sW‘ﬁft@erﬁ‘s S418L1BQFOR e TBRRdte 'I|§t as

present, the (+)- d (-)- designations are I ntended
t o deiaee heeein-hat the exact stereo-configuration of the
center has not been determ ned, but the direction of
the optical rotation has been determ ned. 25 Table 1:
Repr esefdditiopal emabgstimaals of theRoreretanyantion RcBIdN Ry sitQie

nﬁ:o%nd Rr H:?oé&? of &rﬁi)gurﬁsg Fﬁctéocl%rﬂ % Felﬂlr@sreﬂta%% yl

oro chloro 1-pro
compounds listed in Tables 1—2 below.

Representative compounds of the present invention are as listed in
Table 1 to 2 below. Unless otherwise noted, wherein a stereogenic center is
present in the listed compound, the compound was prepared as a mixture of
20  stereo-configurations. Where a stereogenic center is present, the (+)- and (-)-
designations are intended to indicate that the exact stereo-configuration of the
center has not been determined, but the direction of the optical rotation has
been determined.

25 Table 1: Representative Compounds of Formula (I)
3
R N =
R? N CFs
\ g
R
ID No. R’ R? R® R*
1 H chloro chloro allyl
2 H chloro chloro 1-propyn-3-yl

12



12 WO 2007/ 087518 PCT/ US2007/ 060883 3 H chloro chloro

propa- 1, 2-di en- 3-yl

wa@ kdoarwgrsehl or o 3- et hyl

chloro 2-propyn- 3-yl

10 H chloro chloro phenyl

2- et hyl 14
2- et hyl

Z- 2- propen- 3-yl

-al lyl

- 2- propen- 3-
16 H chloro chloro E-2-propen-3-yl

4 H chloro chloro vinyl
- propa-1, 2-di en- 3-yl

6 H
SPET/URI00T/060883

9 H chloro chloro isopropenyl

yl 15 H chloro chloro

13 H chloro chloro
H chloro chloro

17 H chloro chloro 1-hydroxy-2-propyn- 3 yl 23 H
chl eroehteorgHr—at-Ly—24-H-chl-org—€hi u. 3 \ -
25 |H chl ofo chl orlo 398G nelt h§POR prlopenPLRA Qégeq_f:‘. yl
chljor o4 chl or 4 3- nfet htllordb - Pr opeiBra3- I 27 H cb]ng
a1 etds S S e e Lo
o BRI AR EEI or SO0 oo 2- bSR3
H chl o ¢hidio 1-- pedeipl - 1- pedlpym- 3- y | sasmngmyl
AT SPALCSo L A I P Tl
(-)] 1-1Broayn I-:B yl tmhltbﬂouoro 8Blotd et hyI cyanethyl-dzlgyl
L agrer st é-;J]' o YGRS GRS ety 2 bropena
15 chloro chloro Z-2-propen-3-yl
16 H chloro chloro E-2-propen-3-yl
17 H chloro chloro 1-hydroxy-2-propyn-3-yl
23 H chloro chloro (+)-allyl
24 H chloro chloro (-)-allyl
25 H chloro chloro 3,3-dimethyl-1-propen-3-yl
26 H chloro chloro 3-methyl-1-propen-3-yl
27 H chloro chloro 2-carboxy-1-propen-3-yl
28 H chloro chloro 3-phenyl-1-propen-3-yl
31 H chloro chloro (+)-1-propyn-3-yl
32 H chloro chloro (-)-1-propyn-3-yl
33 H chloro chloro 2-butyn-1-yl
34 H chloro chloro 1--phenyl-1-propyn-3-yl
35 methyl chloro chloro 1-propyn-3-yl
36 methyl chloro chloro (+)-1-propyn-3-yl
37 methyl chloro chloro (-)-1-propyn-3-yl
triffluoro-
38 H methyl cyano allyl
trifluoro-
39 H methyl cyano 1-propyn-3-yl
40 H chloro chloro 1-buten-4-yl
trifluoro-
41 H methyl cyano 3-methyl-propa-1,2-dien3-yl

13




trifluoro 41 H nethyl cyano

3-net hyl -propa-1, 2-dien3-yl 13 WO 2007/087518
weFonEE007/ 060883 42 H chloro chloro PCT/US2007/060883

2, 3-di nmet hyl - 2-propen-3-yl 43 H chloro chloro

(+)-vinyl 44 Hchloro chloro (-)-vinyl 62 Hchloro

chloro 3-ethyl -propa-1,2-dien-3-yl Table 2:

Representati ve Conpounds of Formula (1) ::cc<:P__ RL

RA D IDNo. RL R2 R3 LR5 45 Hchloro chloro

2, 5-di hydr o-f ur anyl 46 H chloro chloro

2_tofrnh\l ro fllr"h\ll M|

coh
||\J||| IU \JII I

2- 111, 43 di pxolthnyI| Z@’"}Zopyrl 1 Ret hy fgﬁn%?ﬂ 2Py

2- [T, g3 di pxolpnyT| Z2-dforBy drioxsti@ohyl - 49 H cllhefgl
chliloro [1} 31dioxglanyl) 2-(4-chloron

chl or64t 1| 3] & oxal arﬁh“)ro 51 HRMOor ¢ chloro ()-vinyl

2-[r1 dirpxanyt— 2= droxy T 154 AT RFBN-3-
chl orgi[l 3] d‘l]yoxal anv1 ¥ 2_(4&_5@ lIr@(;r ngt y lfbﬂ%%&’i,?&@nsyl

cyano-net hyl - chloro chloro [1,3]dioxalahy|) 54 1

a1 y1 "ol or tatif of RBafeteRldg domabBhad Bl PlkhuIth | |,

chloro 2-[1, 3] di oxol anyl met hoxy- car
R> N ~
R? r‘{ 1 CFs3
R
ID No. R R? R® L gs
45 H chloro chloro 2,5-dihydro-furanyl
46 H chloro chloro 2-tetrahydro-furanyl
47 H chloro chloro 2-[1,3]dioxolanyl
48 2-pyridyl-methyl- chloro chloro 2-[1,3]dioxolanyl
2-(4-hydroxymethyl-
49 H chloro chloro - [1,3]dioxalanyl)
2-(4-chloromethyl-
50 H chloro chloro [1,3]dioxalanyl)
51 H chloro chloro 2-[1,3]dioxanyl
2-(4-hydroxymethyl-
52 methyl chloro chloro [1,3]dioxalanyl)
2-(4-chloromethyl-
53 cyano-methyl- chloro chloro [1,3]dioxalanyl)
54 1-propyn-3-yl chloro chloro 2-[1,3]dioxolanyl
55 allyl chloro chloro 2-[1,3]dioxolanyl
56 ethyl chloro chloro 2-[1,3]dioxolanyl
methoxy-carbonyl-
57 methyl- chloro chloro 2-[1,3]dioxolanyl

14



57 met hyl -

trifluoro-

chloro chloro 2-imdazolidinyl
2- oxazol i di nyl

chl ori ne,

her ei n,
of a
ch

e

tt

O —0Own—+Oo

but are not

1-

Unl ess

hat Nne
~J .

Er'
T

substi t uent gr oup,

chloro chloro 2-[1, 3] di oxol anyl
2007/ 087518 PCT/ US2007/ 060883
W@ pioylognsys et hyl -

59 H et hyl

As used her ei
brom ne, fluorine

al | \l|

n,
and i

rarllr\
\v.aw |

- but yl
chloro chloro 2-[1, 3] di oxol ang€T/US2007/060883
cyano 2-[1, 3] di oxol anyl
61 H chloro chloro
"hal ogen"

- di

odi ne.

| |nr\|

14 WO
nmet hyl 58

60 H

shal | nean
5 As used

the term"al kyl" whet her used al one or as part
i ncl ude straight and branched

|r~|n ot hvl

hyl, pre
buggy |

8

DNposi ti g
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As used herein, the term “alkeny!” whether used alone or as part of a
substituent group, include straight and branched carbon chains, wherein the
carbon chain contains at least one, preferably one to two, more preferably one
double bond. For example, alkenyl radicals include, but are not limited to allyl,
15  1-propen-3-yl, 1-buten-4-yl, propa-1,2-dien-3-yl, and the like. Unless otherwise
noted, “lower” when used with alkenyl means a carbon chain composition of 2-

4 carbon atoms.

As used herein, the term “alkynyl” whether used alone or as part of a
20  substituent group, include straight and branched carbon chains, wherein the
carbon chain contains at least one, preferably one to two, more preferably one
triple bond. For example, alkynyl radicals include, but are not limited to vinyl, 1-
propyn-3-yl, 2-butyn-4-yl, and the like. Unless otherwise noted, “lower” when
used with alkynyl means a carbon chain composition of 2-4 carbon atoms.

25
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preferably F or Cl, most preferably F. Similarly, as used herein, unless

1

)1

otherwise noted, the term “fluorinated alkoxy” or “fluorinated lower alkoxy”
shall mean any alkoxy or lower alkoxy group as defined above substituted with
a least one fluoro atom. Suitable examples include but are not limited to —

25  OCFs3, -OCH2-CF3, -OCF2-CF2-CF2-CF3, and the like. Preferably, the
fluorinated alkoxy or fluorinated lower alkoxy is —OCFs.

As used herein, unless otherwise noted, “aryl” shall refer to unsubstituted
carbocylic aromatic groups such as phenyl, naphthyl, and the like.
30

As used herein, unless otherwise noted, “heteroaryl” shall denote any five
or six membered monocyclic aromatic ring structure containing at least one

16
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20
When a particular group is "substituted” (e.g., alkenyl, aryl, heteroaryl,
etc), that group may have one or more substituents, preferably from one to five
substituents, more preferably from one to three substituents, most preferably
from one to two substituents, independently selected from the list of
25 substituents.

With reference to substituents, the term “independently” means that
when more than one of such substituents is possible, such substituents may be
the same or different from each other.

30
To provide a more concise description, some of the quantitative

expressions given herein are not qualified with the term “about”. ltis

17
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20

Under standard nomenclature used throughout this disclosure, the terminal
portion of the designated side chain is described first, followed by the adjacent
functionality toward the point of attachment. Thus, for example, a “phenyl-(C1-
Cealkyl)-aminocarbonyl-(C4-Csalkyl)” substituent refers to a group of the

0
_g_(Cmalkyl))J\N/( C1-Galkyl)‘®
H .

Abbreviations used in the specification, particularly the Schemes and

25 formula

Examples, are as follows:
30
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Chor mat ogr aphy NVR = Nucl ear Magnetic Resonance PPTS
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sul ic acid TBAHS_or = :
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FuPtfer, an androgén REthHiRetbyferEem™ide a conpound t hat

expMBG s varyi ng ameunigméethyls@iRiMest or antagoni st

activity depending on the tissue type. 10 The term

"stBfect” as used héreDiethylefsrs to an animal,

pr efes@bly a manmmal, addigberably a human, who has

been the object of treatrent, observation or
expEHCment . The ter m " High Ripssire tistuid/ Charmatadraghy

anRu " as used herei Ny AREAGaLNR: Resonance

PPTS = Pyridinium p-toluenesulfonate

pTsOH = p-Toluene sulfonic acid

TBAHS or BuUuNHSO, =  Tetra-n-butylammonium hydrogen sulfate
TEMPO = 2,2,6,6,-Tetramethyl-1-piperidinyloxy, free radical
THF = Tetrahydrofuran

As used herein, unless otherwise noted, the term an “androgen
modulator” shall mean any compound which exhibits tissue selective agonist
and/or antagonist activity. For example, an androgen modulator may be a

5 compound which exhibits agonist activity in muscle tissue and antagonist
activity in prostate tissue (e.g. for the treatment of cachexia). Further, an
androgen modulator may be a compound that exhibits varying amounts of
agonist or antagonist activity depending on the tissue type.

10 The term "subject” as used herein, refers to an animal, preferably a
mammal, most preferably a human, who has been the object of treatment,
observation or experiment.

The term “therapeutically effective amount” as used herein, means that
15 amount of active compound or pharmaceutical agent that elicits the biological or

19
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15 Furthermore, some of the crystalline forms for the compounds may exist as
polymorphs and as such are intended to be included in the present invention.
In addition, some of the compounds may form solvates with water (i.e.,
hydrates) or common organic solvents, and such solvates are also intended to
be encompassed within the scope of this invention.

20

Compounds of formula (1) wherein R" is hydrogen and R® is OH may be

prepared according to the process outlined in Scheme 1.

R3 N R
R? m CF3

(la)

OH
oA’
O L —

R4
R? NH,
X)

(X1)

Scheme 1
25 Accordingly, a suitably substituted compound of formula (X), a known
compound or compound prepared by known methods, is reacted with a suitably
substituted compound of formula (X1), wherein A" is lower alkyl, a known
compound or compound prepared by known methods, in the presence of a

20
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Accordingly, a suitably substituted compound of formula (X), a known
compound or compound prepared by known methods, is reacted with a suitably
substituted compound of formula (Xl1), in the presence of an acid such as HCI,

15 HS0y4, HBr, and the like, in water; or in the presence of polyphosphoric acid
(PPA), neat (i.e. in the absence of additional solvent); at a temperature greater
than about room temperature, preferably at about reflux temperature, to yield
the corresponding compound of formula (X111).

20 The compound of formula (XIl1) is reacted with a suitably selected
oxidizing agent, to yield the corresponding compound of formula (XIV). For
example, the compound of formula (X!ll) may be reacted with a mixture of
bleach and TEMPO, in the presence of a phase transfer catalyst such as
TBAHS, in the presence of a salt such as KBr, in a two-phase mixture of water

25 and organic solvent (such as ethyl acetate, DCM, and the like), to yield the
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of formula (XIV). For exanple, the conpound of

wo o1 Xl 1 1) nmay be reacted with a m xture PET/US2007/060883
bl each and TEMPO, in the presence of a phase transfer
catal yst such as TBAHS, in the presence of a salt
such as KBr, in a two-phase m xture of water 25 and
organi ¢ solvent (such as ethyl acetate, DCM and the
like), to yield the 21 WO 2007/087518
PCT/ US2007/ 060883 correspondi ng conpound of fornula
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The conpound of fornula (XIV) is reacted with a
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M i ;
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at about .ro :
207" preferably, 2P 8hout 0°C, to yield the corresponding compound of formula (la).

Alternatively, wherein the compound of formula (XV) M is Br, the
compound of formula (XIV) is reacted with the compound of formula (XV), in
the presence of In metal, in a mixture of an aqueous solution of pH from about

25 7 to about 4, preferably a pH from about 3 to about 4, and an organic solvent
such as ethyl acetate, DCM, and the like, preferably at about room
temperature, to yield the corresponding compound of formula (la).

One skilled in the art will recognize that wherein the compound of
30  formula (XIV) is reacted with a compound of formula (XV) wherein M is MgCl,
MgBr, Mgl or Li, the compound of formula (XIV) is preferably dried prior to the

reaction.
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tenperature, to yield the correspondi ng conpound of
formula (la). One skilled in the art will recognize
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reacted with a conmpound of fornula (XV) wherein Mis
MyCl, MBr, Ml or Li, the conpound of formula (XV)
is preferably dried prior to the reaction. 22 WO
2007/ 087518 PCT/ US2007/ 060883 Preferably, the
compound of formula (XIV) is reacted with a compound
of formula (XV) wherein Mis Mgd, MBr, or Li for
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or of(forowa (W)k\ylhe)reimd‘#l & MaﬁyIMg By, Mlgébleltia‘brt the nrdfgmratlon of

co ; c with onpound
o REREnEs os B RldpitleRiniS ARG Aol goE (G ARBrY
c orsbenodsyl of—(ﬂmmendllqd)(ﬂe)eroatyér ein R4 is al kenyl,

- (CH) - al kenyl or -(CH2)-al kynyl. 10 Conpounds of
formula (1) wherein R4 and R5 are taken together wth

t he at (ﬂlrefetablymln@bomb@mdadféomﬂ@ KIvpisfrebatied Wi ﬂhfwcompound
str n|n teroato be preae

e fomiin PO TR B ol e e o Sot eateeaindBaf fmula ()
5 wheleilh® is alkenfi3CCH) JalkehZN{rL(CML) -4lkyhyl.RL 15 Scheme 3

Accordingly, a suitably su i tuted conpound of
formula (X), a known conpound or comnpound prepared by

10known NMegoagstRinds of foﬁagrae(g WHhdréin @aﬁﬂdtl@béré tai%é‘pt%bét‘hHF @Fﬂh the

15

20

25

cogiound of faormula (XV wherein is |ower al

OWA to WBWB&U%ar@rbOélaﬁﬁ%tﬂﬁ@ %F%ﬁf@éuwonmng ond
t
E%%%Q%ﬁﬁ{r Bg %cérgr%iﬁg%g tHe‘jY\‘oEesasCéLEhr%‘dﬁﬁ Sg:ﬁeme 3

Y& solvent such as toluene, xylenes, and the

Iike,-at a tenperat reater than
5
4
5 oA
R NH,  FsC R3
X :
2 >
R NH; (XVI) R2 N\
1
(X) by R
Scheme 3

Accordingly, a suitably substituted compound of formula (X), a known
compound or compound prepared by known methods, is reacted with a suitably
substituted compound of formula (XVI), wherein A’ is lower alkyl, a known
compound or compound prepared by known methods, in the presence of a
Lewis acid such as AICI(CH2CHs)z, Al(CHs)s, TiCls, and the like, in an organic
solvent such as toluene, xylenes, and the like, at a temperature greater than
about room temperature, preferably at a temperature of about 80°C, more

preferably, at about reflux temperature, to yield the corresponding compound of
formula (Ib).

23



about roomtenperature, preferably at a tenperature of
about 80C, nore preferably, at about reflux

W@ eovpesmisire, to yield the correspondi ng conporeitiUsf007/060883
formula (1b). 25 23 WD 2007/087518 PCT/ US2007/ 060883
Compounds of fornula (1) wherein R4 and R5 are taken
together with the atomto which they are bound to
forma ring structure containing two O heteroatons my
alternatively be prepared according to the process
outlined in Scherre 4 below C 0 RN~OHHON R :

g 552 t ’;&CFS 0? fPE'%‘(lf/ aébﬁbézﬁj%la F{?fahq%ﬁ n%r ﬁcl%é’g{ﬁ%b” gwnth the

knastom t6 wmﬂum@ @fe BOURAY m@hrpé euagrsedctacé:@csrdammgtt@zo o
kn wWn rret hods, | substitut

ct bl
cIRaHS Wy APl egﬂ"e aeerdig & 68 Rigdsy dufined in

frcgahbgnémgeg,g,\pup consi sting of hydr ogen, |ower alkyl,
-(lower alkyl)-OCH and - (Il ower _alkyl)-(halogen), a

known conpound or conpound préﬁired by known et hods,

in the presence of an |nor e such as K2CGs,

Na , Oknd t he I| hn an oran \~ ant
such a @nd t yi elm 2—\\
conpounds of fpamyl a (1c) pephds
gy

cor

l%orrml a (I fein R4 and are taken t oget he\r
vvlth the atomto which they are bound to forma rlng
sstructure €Mt aining two N heteroatons may be (Ic)

: h i .
g(relegsv.red according to the pé&ceerﬁgélout ined in Schenme 5

Accordingly, a suitably substituted compound of formula (XVII), a known
compound or compound prepared according to known methods, is reacted with
a suitably substituted compound of formula (XVIII), wherein RC is selected from

10  the group consisting of hydrogen, lower alkyl, -(lower alkyl)-OH and —(lower

alkyl)-(halogen), a known compound or compound prepared by known
methods, in the presence of an inorganic base such as K;COs, NazCOs,
Cs,CO3, and the like, in an organic solvent such as DMF, DMSO, and the like,
to yield the corresponding compounds of formula (Ic).

15
Compounds of formula (I) wherein R* and R® are taken together with the
atom to which they are bound to form a ring structure containing two N
heteroatoms may be prepared according to the process outlined in Scheme 5
below.
Ro
R’ N OF HzN\Ve\ N o N HN/>
H_OH g :O: \>_\\NH
H
Scheme 5
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R ::~HN2CF3 R CF3 H20 (XVII) (lId) Schenme 5 24
WO 2007/ 087518 PCT/ US2007/ 060883 Accordingly, a

W@ aiovakilsys subst it ut ed conmpound of fornmula (XVIPQT/US2007/060883
known conmpound or conpound prepared by known nethods
is reacted with a suitably substituted conpound of
formula (XIX), wherein Ris selected fromthe group
consi sting of hydrogen, |ower alkyl, -(lower alkyl)-CH
and -(lower alkyl) 5 (halogen), a known conmpound or
conmpound prepared by known nethods, in the presence

o o = AR LR B B S ol oplh £

| i keompdural drecgpreycahd pesEreibe kndvina metiadaisus raagted with a suitably

f fI t ,
t o Bt po RS STt ORD Wi s BERRERT o fie aroup
1okﬁmmmug ;d;ﬁ h?cﬂro@?ﬂ;] rf?hlt\]/ér a(llk%l Wb?éeamylﬁiﬁ)m@wt R%v@éréalkyl)
aken er w e atomto | C are po
§ 2  FBiduRa o iiowit cclmraing o SRP R ErepAras St momods, i
het @leqRéSERCERY addatRysiaticly 88 ET@@HPPPW@T £5d ﬂh@qmé dih%\ eranlc
t he process outllned in bel ow.

D NE R SRS Lollina, eSnesang he e, pt & ferpesabire oreafer then
CF3abdiit torh Xthparatdre) prefesdiyiBt &b Féffugi'té‘fﬁbé!rat@? to yleld the

sui tably substituted conpound of fornula
r ea®9regpponding compound of formula (Id).

10
Compounds of formula (1) wherein R* and R® are taken together with the
atom to which they are bound to form a ring structure containing an O anda N
heteroatom may alternatively be prepared according to the process outlined in
Scheme 6 below.
RO
3
\>—'70H - \
R N 50 NH
R H CF3 R2 N\ CF3
H
15 (Xvi (le)
Scheme 6

Accordingly, a suitably substituted compound of formula (XVII} is reacted
with a suitably substituted compound of formula (XX), wherein R° is selected
from the group consisting of hydrogen, lower alkyl, -(lower alkyl)-OH and —

20  (lower alkyl)-(halogen), in the presence of an inorganic base such as K,COs,
Na,COs, Cs2COs, and the like, in an organic solvent such as DMF, DMSO, and
the like, to yield the corresponding compound of formula (le).

One skilled in the art will recognize that compounds of formula (1)

25  wherein R* and R® are taken together with the atom to which they are bound to

form a ring structure may alternatively be prepared according to the processes
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with a suitably substituted conmpound of formula (XX),

wherein Ris selected fromthe group consisting of
whyarogmsm | ower al kyl, -(lower al kyl)-OH and PQDUS2007/060883

(1 ower al kyl)-(hal ogen), in the presence of an

I norgani c base such as K2C0O3, Na2CO3, Cs2CQO3, and the

i ke, in an organic solvent such as DVF, DVMSO, and

the like, to yield the correspondi ng conpound of

formula (le). One skilled in the art will recognize

that conmpounds of formula (1) 25 wherein R4 and R5 are

take her with_th omto

o Sulligpfa SPRATSS oy men bty t SRRl Byl Bbilied
pr Qj@afp@dn@@)ﬁwrmuwxo@) the processes 25 V\D 2007/ 087518
PCT/ US2007/ 060883 outlined in Schemes 4, 5 and 6
above, by substituti rﬁig R N/ subgxi t ut ed
conmpound of formula (XX N\ R2 CF3 H(XXI) a
known compound or comnmpoun epared known net hods
(for 5 exanple as des ‘ anpl &F2 which fol | ows
herein), for the conpound of formula (XVIl). One
skilled in the art will recognize that the conpound of
formula (XXI) will equilibragkgnyw th the correspondi ng
compound of forrmula (XVII) in the presence of water.
10 Conp@UsnewnaFortraiund 05 CPMPOVRERISPArEREDY onnRBethRds Fer
45 @b fle Q@Qséﬂb@@rh Eggmﬁl"e?%ﬁl@ﬁféllg)%ﬁepén) forthe compound of

corres I ng conpoun , accordi ng t
kndmmmiet(ww)s Ome;usklkéecblnﬁh@aal\nklyre@pg@ﬁe thed yheagaroppund of

I
ST KPR i SRS OIS s
15 (@dfitp ouihd predenteohwiater(1) wherein RL is other than H
can be prepared fromthe correspondi ng conpound of

formula (la), according to known nethods, for exanple
1y al kylGdrmoundaoffeatniutn()) eheréiorf iat-ORS, ardrikF is gher ithan H can

be prepared from the corresponding compound of formula (la), according to

known methods, for example alkylation, acylation, reacting with a suitably
substituted compound of the formula R'-Br in the presence of NaH, and the
like.
15
Compounds of formula (1) wherein R* is other than H can be prepared
from the corresponding compound of formula (1a), according to known
methods, for example by alkylation, acylation, sulfonylation, and the like.

20 One skilled in the art will recognize that wherein a reaction step of the
present invention may be carried out in a variety of solvents or solvent systems,
said reaction step may also be carried out in 2 mixture of the suitable solvents

or solvent systems.

25 Where the processes for the preparation of the compounds according to
the invention give rise to mixture of stereoisomers, these isomers may be
separated by conventional techniques such as preparative chromatography.
The compounds may be prepared in racemic form, or individual enantiomers
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20 One skilled in the art wll recognize that wherein

a reaction step of the present invention may be
we@20rigdiout in a variety of solvents or sol vePgT/US2007/060883

systens, said reaction step may al so be carried out

in a mxture of the suitable solvents or solvent

systens. 25 Where the processes for the preparation of

t he conpounds according to the invention give rise to

m xture of stereoisoners, these isoners may be

separated by conventional techni ques such as
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resol ved_using a chiral HPLC columm. 10 During any of
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prodrugs of the conpounds of this |nvent|on
opener al such%éor odru unct i onal r| vat ives

e bR et TR Helte S SasAbs Prodgsi A o

I ntawnigo@inds of this invention. In general, such prodrugs will be functional
derivatives of the compounds which are readily convertible in vivo into the
required compound. Thus, in the methods of treatment of the present
invention, the term “administering” shall encompass the treatment of the

25 various disorders described with the compound specifically disclosed or with a
compound which may not be specifically disclosed, but which converts to the
specified compound in vivo after administration to the patient. Conventional
procedures for the selection and preparation of suitable prodrug derivatives are
described, for example, in “Design of Prodrugs”, ed. H. Bundgaard, Elsevier,

30  1985.
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requi red conpound. Thus, in the nethods of treatnent

of the present invention, the term "adm nistering"
waballsBsmeonpass the treatnment of the 25 vari oRGI/US2007/060883

di sorders described with the conmpound specifically

di scl osed or wwth a conpound which nmay not be

specifically disclosed, but which converts to the

speci fied conpound in vivo after adm nistration to the

patient. Conventional procedures for the selection

and preparation of suitable prodrug derivatives are
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triethiodide and valerate.

Representative acids and bases which may be used in the preparation
of pharmaceutically acceptable salts include the following:
30 acids including acetic acid, 2,2-dichloroactic acid, acylated amino acids,
adipic acid, alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid,

benzoic acid, 4-acetamidobenzoic acid, (+)-camphoric acid, camphorsulfonic
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pol ygal acturonate, salicylate, 25 stearate, sulfate,

subacet ate, succinate, tannate, tartrate, teoclate,
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dﬁ{b‘ée%i%xﬂ%' %‘d?? ygjf%ﬁmggeut*cél' AL B i PO BARLREOf the
compounds of the invention described herein as the active ingredient can be
25  prepared by intimately mixing the compound or compounds with a
pharmaceutical carrier according to conventional pharmaceutical compounding
techniques. The carrier may take a wide variety of forms depending upon the
desired route of administration (e.g., oral, parenteral). Thus for liquid oral
preparations such as suspensions, elixirs and solutions, suitable carriers and
30 additives include water, glycols, oils, alcohols, flavoring agents, preservatives,
stabilizers, coloring agents and the like; for solid oral preparations, such as
powders, capsules and tablets, suitable carriers and additives include starches,
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20 The present invention further conprises

phar maceuti cal conpositions containing one or nore
we@eosposises of formula (1) with a pharnmaceut i caPCHUS2007/060883

acceptabl e carrier. Pharmaceutical conpositions
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or conpounds with a pharnaceutical carrier according

to conventional pharmaceuti cal conpounding
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most advantageous oral dosage unit form, in which case solid pharmaceutical
carriers are obviously employed. If desired, tablets may be sugar coated or

25 enteric coated by standard techniques. For parenterals, the carrier will usually
comprise sterile water, through other ingredients, for example, for purposes
such as aiding solubility or for preservation, may be included. Injectable
suspensions may also be prepared, in which case appropriate liquid carriers,
suspending agents and the like may be employed. The pharmaceutical

30  compositions herein will contain, per dosage unit, e.g., tablet, capsule, powder,
injection, teaspoonful and the like, an amount of the active ingredient

necessary to deliver an effective dose as described above. The

30



flavoring agents, preservatives, coloring agents and

the like; for solid oral preparations such as, for
wex@mpsr18 powder s, capsul es, caplets, gel caps BCUD07/060883

tabl ets, suitable carriers and additives include

starches, sugars, diluents, granulating agents,
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i ke. Because of their ease in admnistration,

tabl ets and capsul es represent the nobst advantageous
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invention, or a pharmaceutically acceptable salt thereof. When referring to
25  these preformulation compositions as homogeneous, it is meant that the active
ingredient is dispersed evenly throughout the composition so that the
composition may be readily subdivided into equally effective dosage forms
such as tablets, pills and capsules. This solid preformulation composition is
then subdivided into unit dosage forms of the type described above containing
30  from 0.1 to about 500 mg of the active ingredient of the present invention. The
tablets or pills of the novel composition can be coated or otherwise

compounded to provide a dosage form affording the advantage of prolonged
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to 100 mg, of the compound, and may be constituted into any form suitable for

25  the mode of administration selected. Carriers include necessary and inert
pharmaceutical excipients, including, but not limited to, binders, suspending
agents, lubricants, flavorants, sweeteners, preservatives, dyes, and coatings.
Compositions suitable for oral administration include solid forms, such as pills,
tablets, caplets, capsules (each including immediate release, timed release and

30  sustained release formulations), granules, and powders, and liquid forms, such as
solutions, syrups, elixers, emulsions, and suspensions. Forms useful for

parenteral administration include sterile solutions, emulsions and suspensions.
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25  solutions are desired. Isotonic preparations which generally contain suitable

preservatives are employed when intravenous administration is desired.

The compound of the present invention can also be administered in the
form of liposome delivery systems, such as small unilamellar vesicles, large
30  unilamellar vesicles, and multilamellar vesicles. Liposomes can be formed from a
variety of phospholipids, such as cholesterol, stearylamine or
phophatidylcholines.
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CIF gr cfc‘ve ingredient for the symptomatic adjustment of the dosage
to the patient to be treated. An effective amount of the drug is ordinarily supplied
at a dosage level of from about 0.01 mg/kg to about 500 mg/kg of body weight
per day. Preferably, the range is from about 0.5 to about 10.0 mg/kg of body
weight per day, most preferably, from about 0.1 to about 5.0 mg/kg of body

weight per day. The compounds may be administered on a regimen of 1 to 4
times per day.
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hydrogel s. 15 Conpounds of this invention may be

adm nistered in any of the foregoing conpositions and
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whenever treatnent of disorders or conditions

nodul at ed by the androgen receptor is required. 20
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20 H

A 1-L 4-neck flask equipped with a thermocouple controller, an overhead
mechanical stirrer, a condenser, and a nitrogen inlet/outlet adaptor was
charged with 4,5-dichloro-1,2-phenylenediamine (71.3 g, 0.403 mol),
trifluorolactic acid (87.0 g, 0.604 mol) and 4N HCI (340 mL). The reaction

25  mixture was heated for 18 h at reflux (100°C). The resulting solution was
cooled to room temperature and then diluted with EtOAc (1 L) and H,0 (1 L).
The solution was slowly treated with NaHCQOg3 (500 g) until pH 8-9. After the
effervescence ceased, the phases were split and aqueous layer was back
extracted with EtOAc (3 x 1 L). The combine organic phase was washed with

30  H20 (1 L)and brine (1 L); dried over MgSO,, filtered and evaporated to dryness
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gum a syrup, and the like. Exanple 1
1-(5,6-Dichloro-1

woRM@engsis dazol - 2-vl)-2,2,2-trifl uoro- et hanol PCTZUSION/060883

OHdAd NCF3 20 H A 1-L 4-neck flask equipped with a
t her nocoupl e controller, an overhead nechani ca
stirrer, a condenser, and a nitrogen inlet/outl et
adaptor was charged with

4, 5-di chl oro-1, 2- phenyl enedi am ne (71.3 g, 0.403 nol),
trifluorolactic acid (87.0 g, 0.604 nol) and 4N HCI
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dryness 007/087518 007/060883 to yleld
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flash chromat ographm sing_Si and 10%

Et CAc/CH2C1 2 (2 L) and /' 2 (32 L) and
the product dried in vacy at 60 Cto yield
the title conpound agy : N solige,5 Exanple 2
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Egréfég ﬁ]gF ?506 IC% dr64 k?énz%fjrr{lil El??OrI—Z S-2 ZC htarl#lgoro ethalbol

H- @2 gi Aid2anal),-42mpthox-TEMPO (14.5 400 972 k@ @hd KBr (4 g,
0.0336 mol) in THF (900 mL). The brown homogenous solution was stirred for
15 min while cooling to —10°C. After cooling, NaOCI (670 ml) was added
dropwise over a ¥h period. The reaction mixture was diluted with EtOAc (1.5
L) and H20 (1.5 L). When the effervescence ceased, the phases were split and
the aqueous layer was back extracted with EtOAG (2 L). The combined organic
layer was washed with brine (2 L); dried over Na,SO,, filtered and evaporated
to dryness to yield a crude residue. The crude residue was purified by flash
chromatography using SiO; (1 kg) and 40% EtOAc/hexanes (24 L) and the
product dried in vacuo for 18 h at 50°C to yield 1-(5,6-dichloro-1H-
benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone as a yellow solid.

Example 3
2-(5,6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-pent-4-en-2-ol (#1)

Cl N
N OH
Cl N CF,




(92.0 g, 0.32 nol), 4-nmethoxy-TEMPO (14.3 g, 0.077
mol ), and KBr (4 g, 0.0336 nol) in THE (900 nL). The
whe@messesogenous sol ution was stirred for  15P@i/0S2007/060883

while cooling to -10C. After cooling, NaCCl (670 m)
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(50 nL) d dr| QVer ) resul ting crude
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A portion of the product prepared according to the procedure described

above was dissolved in 20% isopropanol/hexane and chromatographed using a

20  ChiralPak AD 5x50 cm column (70 mL/min flow rate, mobile phase 10%
isopropanol/hexane) with the (+)-enantiomer (#23) eluting first followed by the
(-) enantiomer (#24). "H NMR and Mass Spectral data for the two isolated
compounds was identical to of Compound #1 isolated above.

25 Example 4
5,6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-

enta-3,4-dien-2-ol

(#3) and 2-(5.6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-pent-4-yn-2-

ol (#2)
CH
ks %
Cl N cl N
A\ OH j@ A\ OH
cl N ¢cF cl N ¢k
H ® and H 3



M5 neasured: 325, 327 (MtH); 323, 325 (M1). 15
(+)-Enantiomer of 2-(5,6-Dichloro-1

wokmengmsist dazol -2-vl)-1 1 1-trifl uoro-pent - 4-PENu2001/060883
(#23) and (-)-Enantionmer of 2-(5,6-Di chloro-1
H benzoi m dazol -2-vl)- 1,1,1-trifluoro-pent-4-en-2-ol
(#24) A portion of the product prepared according to
the procedure described above was dissolved in 20%
i sopr opanol / hexane and chromat ographed using a 20
Chiral Pak AD 5x50 cm colum (70 nUmn flow rate,

(D) enan (S RINGbSPPRARBIRYEATANRP ottt nenane (142 0
(-)5-edamolhmeopdrgddromitie ( BIM%hamiuéms p@ci 1H4 nerabljand
orole, 1 5 et FRPRMRER R 9T £ P oo

2- ((Eﬁﬁnm)cﬂmbcstlrred vigorously over 18 hfours The layers were separated and
§+ g}ﬁg%agg%?sa%?é@yasa%racted V\]/“ltht é yl aUC%[[aQ[e I?gxng(? m:?.) The combined
2 (&xtefdi vedrearashbtbnnsiok IQS@' ﬁﬂ_g 'anadv bd oil«erlNale\(l)d,ClThﬁz| resulting

1 trifl qu gw&g n\@/jgtu[%é @23(5 (ﬁdgh@rcp_-ﬂl—@a;enmmldazol-z-yl) 1,1,1-

2o&w|@ﬁa@batmzd@2@fmﬁ@ga§% dlchloro 1H—benzo:mldazol—2 2-yD-1,1,1-
6- Di chg‘gzr2 1H benzoi mi dazol - 2-yl)-2,

ettH%%ﬂ@eo -Zg0! thaf vz prriies bysiobisan g@mrr@mgfamw @@.%20%

10 N dt}l veBdte/Bexdpel).; 15.4 muol ) and indium (1.56 g;
W o vver1e sg)s:pended |n_|THI% (50 m - ) and 01 M

2..4

The é]@ﬁégrag He §|ﬁ)g,a§(§mjed and 5 the aqueous Iayer was
ext?acf ed V\n”i e! thyl acetate (3x 30 niL). The conbi ned
ext ract sHWEVR (3R Mz, WD:6NpIS H82(s5RHNIS-9.92 (tdlJ ¢rd. 2z, 1H), &
ov%”1é\l§)2§0466'ﬁke1msultl ng crude brown oil was a

m xt ur
152- (5, 6- Ms:mnomlatemw@m@nmcl@ﬁm@oszzml) 1,1, 1-

H beng ol REggfed: §26 598763 A, PAT a2 Seﬁi ey 2ol
t h&-(5v@adichiord-fi H&I@I_wmﬂ@ézum YOPT, OITet g raMant-4-5n02o! w0

, n
10 lseotlerﬂgtlj ag%%toarg%eh\? )il% es

H NMR (400 MHz, CD3CN): 57.82 (s, 2H), 6 3.35 (dd, /= 2.6, 16.8 Hz
20 1H), 83.11 (dd, J =2.6, 17.0 Hz, 1H), § 5.59 (m, 1H), § 2.18 (s, 1H)

MS calculated for C42H7CIoF3N0: 323.10

MDS measured: 323, 325 (M+H); 321, 323 (M-1).

(+)-Enantiomer of 2-(5,6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-penta-
25  3.4-dien-2-ol (#31) and (-)-Enantiomer of 2-(5,6-Dichloro-1H-benzoimidazol-2-
yl)-1.1,1-trifluoro-penta-3,4-dien-2-ol (#32)
A portion of the isolated Compound #2 product prepared according to

the procedure described above was dissolved in 20% ethanol/heptane and
chromatographed using a ChiralPak AD 5x50 cm column (70 mL/min flow rate,

30  mobile phase 20% ethanol/heptane) with the (+)-enantiomer (#31) eluting first
followed by the (-) enantiomer (#32). "H NMR and Mass Spectral data for the
two isolated compounds was identical to of Compound #2 isolated above.
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2-(5,6-Dichloro-1 H benzoi mdazol -2-yl)-1 1
1-trifluoro-penta-3,4-dien-2-o0l was isolated as a

wo painsipes | ow solid. 1H NVR (300 MHz, CD3CN): BCTUSR(T060883
2H), 8 5.93 (t, J =6.7 Hz, 1H, 6 5.16 (d, J = 6.6

Hz, 1 H 15 MsS calculated for Cl12H7Cl 2F3N2C. 323. 10 M5
measured: 323, 325 (MtH); 321, 323 (M1).
1-trifl uoro-pent-4-yn-2-o| was isolated as an
orange-yellow solid. "H NVR (400 MHz, CD3CN) 6 7.82
3.11 (dd, J = 2.6, 17.0 rz—1¥ﬂ¥£—§6 3 59 (n1 1H, 6
2. 182{(5.6-Nichiordvd Hshenzdintidardl-2ryl r&m&.t 38n-218) (#4)
(+)-Enantionmer of 2-¢k Dichl o
H benzoi m dazol -2-yl)-1 D
Obt 2-(5
6-Di chl oro-1 H benzogm
vi)-1,1,1-trifluoro-penta- 3 4- dh-len E&I (#32) A
5di g8@)in é‘dﬂﬁ " OZM—@BHGN!Hs/dwpﬂarﬁe/l ARGnesimTBMRRY (2RIZEHL of
usi ngwg CF%{” Pak AD_5x50 ¢m colum (70 nL/mn flow
5
(+)Thérr§§l!iltn€§|ﬁﬁxtlﬁr€3ﬂés dich&@with 18D arfd® Naved
ant| onmer g.a S @JlH NI\/RWanIi_él\/a%s Spect rgf&)’ag%é’tgwuth
a
Corf@ﬁ@tﬁ@wﬁé’r LRI B ﬂ’as@h%\‘ B
PPt was pl L) VP (?mat%éra%y%@fp\ E‘;Qi%ééh%ﬁ column and
hf\lvé@ﬁi% SYdd B
-?u 6-di ch or oq E?@elﬁ?g! #ﬁg&z’c(ﬂf@é—i Z?I%% @uﬁyf) %T%?( gnes
-e %ﬁtﬂi@e(tlgesomsou@q a$ a ligMye(lod solid) - 78C was added
f oriH), hé9 (s, 1H), 6.54 (dd, 1H, J=10.8, 17.2 Hz), 5.71 (d, 1H, J = 17.2 Hz),
15  56.59(d, 1H, J=10.8 Hz)

2- (5, 6-di chl oro-1H benzoi m dazol -2-yl)-1 1
(s, 2H), 6 3.35 (dd, J = 2, 1 H, 8
MDS neasured: 323, 325 (M+H); 321 323
' 7
uorfo- penta- 25
3,4-dien-2-ol (#31) and :nan
orti ongaf ar ed
Bccor di 10 1o EERARKE b RORRER PSR 255 R tirtine (a2s
rat'e rPWRe:s £Ne fRa 't”ﬁa{ﬂ'&uf?né'@?éfﬂﬁ)swqdrﬁt@ﬂ@ for 2 hr.
forEtS driggPves o Titeiado aRe songentrathsipiviald atresidde. The
102 @tion it A5p 049 %- %@ﬁcd. hﬁxaaqsatasaelwa)yeilow gum. The yellow
nyl e =
\é:ro?;vm se. % resuﬁgI %gDM%ﬁ% §g&\8§§b'{fﬁ 2_')24( ggl(%’gl-bt 748 (s,
MS (M-1) = 309.

Example 6
2-(5.6-Dichloro-1H-benzoimidazol-2-yl)-1,1.1-trifluoro-3-methyl-pent-3 4-

20 dien-2-ol (#6)

ACH

Cl N
Josnst
cl N CFr,
1-(5,6-Dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (0.61 g;
2.2 mmol), 1-bromo-2-butyne (1.7 mL; 18.8 mmol) and indium (2.49 g; 21.7
mmol) were suspended in THF (10 mL) and .045 M HC! (20 mL) and stirred

25 vigorously overnight. The reaction mixture was diluted with water (60 mL) and
ethyl acetate (40 mL), the layers were separated and the aqueous layer was
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The resulting m xture was quenched with H2O and 1 N
HCl, extracted with EtQAc, dried over Na2SO4,

wo dovesme8 and concentrated to yield a resi duePCig2007/060883

U1

resi due was purified by flash chromat ography with

Bi ot age 40s+ columm and 10 elution with 10% - 40%

Et OAc / hexanes to yield a yellow gum The yellow gum
was di ssolved in a mniml anmunt of CH2Cl 2 and
triturated with hexanes to yield the title conpound
as a light yellow solid. 1H NVMR (300 MHz, d6-DMSO): 5

.
(13 é)@ra(:férd vﬁth éﬂthJ{I')(fxge?ai@ E?)é%) mLiEQ' he Zq@glfgaﬁtragg%fre( Washed
pwutiybrmq(ﬁOzan@nd driesl vebNagSI0.. 1T rebulting @riicHniteNB was

é“”(%‘*'ééd PO Rp b e omnty (5104 29% st pogtateinexanes) o yield
1 ttheﬁltlejocmp@ms@m offevttite3oHd. 20 di en-2-o0l (#6)

1 (5 6- %W@%M?ﬁ?&g% %'5? 1(8:22R) $ 508 3H); § (1 §8r(s, 3H)

- et hanosS ¢4lclated;fo2C 2HIOBEN,OL 387 Qp0- 2- butyln)e (1.7
m; 18. 1) and indium (2.49 g, 21.7 mol) were
suspendwa%‘ﬁgg(%#)%é? (M%H)i@@wﬁi%ﬂ( 20 nL) and
stirred 25 vigorously overnight. The reaction m xture
was d|| ted w (60 n.) and ethyl acetate (40

m), OFWHPé Q&% K%Sé KW aed- (é:@ddlt:mgrOaﬂdr@@nsoutragpeol-z-yl)

10wasl, 1 39nﬁ6@r@ﬂ@ﬂl%7§3)§ V\Pagﬂréb%%gg Eé%qqfcﬁ%l?’b u@%fetﬁ% above

15\6 neasured: 337, 339 (Mrorﬁﬁ:ﬂg @7 (Ml)

20

25

Wlfdg et hyl acetate (3x 2
s élaCtWi”t'c}ﬁ‘dUW'ﬁt@d(@@ fﬁ>§bduand drl ed over Na2SO4.
The resulting crude material was purified by colum
chromat ogr aphy (Si 02; 20% et hyl acet at e/ hexanes) to
yield thetltle con‘poundﬁ.ls_mnj:if white solid. 5'H
NVR (48Q )

61. 88 T3S, v

Cl N =N
o
cl I’j CF,

To a solution of dry acetonitrile (0.4 mL) in THF (10 mL) at-78°C was
added n-BuLi (2.9 mL of 2.5 M in hexanes). The resulting mixture was stirred
for 45 min. at -78°C. To the solution was then added a solution of 1-(5,6-
dichloro-1H-benzoimidazol-2-yl)-2,2, 2-trifluoro-ethanone (930 mg) in THF (5
mL). The resulting mixture was stirred at —78°C for 1 hr. The reaction was
quenched with NH,4ClI (aq) and the resulting mixture extracted with EtOAc. The
combined extracts were washed with brine and dried over NaxSOs. The
resulting crude material was purified by column chromatography (SiOz; 0-15%
ethyl acetate/hexanes) to yield the title compound as a yellow solid.

"H NMR (300 MHz, ds-DMSO): 5 13.31 (br, 1H), 8.48 (s, 1H), 8.04 (s,
1H), 7.73 (s, 1H), 3.59 (ABG, 2H, Jas = 16.9 Hz, Avas = 59 Hz).
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Compound #33 (al so known as 2-(5,6-dichloro-1
H benzoi m dazol -2-yl)- 10
wa w7858 f | uor o- hex-4-yn-2-o0l) was prepared aBCEHUSI0ND060883
by- product of the above described reaction and
i solated as a residue. Exanple 7
3-(5, 6-D chl oro- 1H benzoi m dazol -2-yl)-4
4,4-trifluoro-3-hydroxy 15 butyronitrile (#7) ~N d
NI OH O HCF3 To a solution of dry acetonitrile
(0.4 M-) in THE (10 nL) at-78C was added n-BuLi (2.9

nmL of 2.5 Min hexanes). Tg reaulting m xt ure was
stirred for 45 mn. at -7 AMPeOhe sol ution was then

di chl or o- 1H benzoi m dazol -
ne (930 ng) in THE (5 nl). The res [ ting mxture was
stirred at -78C for 1 hr. The reactijpn was quenched
with NHACl (aq) and re resul ting m'lEture extract ed

with EtQAc. The co e B rabt s were washed with
brine and dried over NaZ The\ OH ng crude

mat eri al was purified by~\ca D, hr rratography (Si02;
0-15% 25 ethyl acet abEl hex&nes)jto ffeld the title
conpound as a yellow solid. 1H NWVR (300 MHz, d6- DVSO) :

8 13. 31 Tepk-(5.6-dighlore 1 Aidogneoimidagol- 2&/]}32,2(23tnﬂu¢ro+@thanbnéf{535

L S B ol oy Vo o

2- (3,065 Miin ml-tFr)mifdeIse The resulting mixture was then stirred at 0°C for 3
fl uor o- pent -
(#g} %%F I’?@q ,Qg Wlaé que%]chedl wah Llrb and 1 N HCI, extrac¥ed W|th EtOAc

1- (rie@-0dee NbB O, filtbrog g éﬁr@aﬁ@éteaw Defdza ?es?sohé' fiheRE8due
- et hanone, 78C was added

3 5
1 PSR D sk TR e V8 Rlotags Ses esamn naejuton
10dr cwzw F®% - H0% E&ad tHdxansd i yeig a"%ﬂo@v@%ﬂd S*Thé 9@!@)\/@&0@%33

f or hr. The reaction was quench
Had'SWﬂaf&?éUn\m%' AMougiae! CHzyly ard Bw@raterdalz@mexanes to yleld

fi Itﬁ@f.@@coraa&mgc&wt@gsmto yield a resisdue. The
resid
1H NMR (300 MHz, ds-DMSO):  13.10 (br s, 1H), 8.48 (s, 1H), 8.01 (s,
1H), 7.69 (s, 1H), 1.97 (s, 3H).
15 MS (M-1) = 321.1

Example 9
2-(5,6-Dichloro-1H-benzoimidazol-2-yl}-1,1,1-trifluoro-3-methyl-but-3-en-2-

ol (#9)

cl N
\ OH
| N
2 C N Crs

To 1-(5,6-dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (793
mg) in THF (5 mL) at -78°C was added isopropenyl magnesium bromide (12.3

mL of 0.5 M in THF) dropwise. The resulting mixture was then stirred at 0°C for
5 hr. The reaction was quenched with H,O and 1 N HCI, extracted with EtOAc,
25  dried over Na,SQy, filtered, and concentrated to a residue. The residue was
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was purified by flash chromatography with Bi otage 40s+
colum and elution 10 with 10% - 40% Et QAc / hexanes
wao eooyioglsds a yel | ow solid. The yell ow solid wasPCT/US2007/060883
di ssolved in a mniml amount of CH2CI2 and triturated
wi th hexanes to yield the title conpound as a white
solid. 1H NWR (300 MHz, d6-DMSO): 6 13.10 (br s, 1 H),
8.48 (s, 1 H, 801 (s, 1H, 7.69 (s, 1 H, 1.97 (s,
3H). 15 M5 (M1) = 321.1 Exanple 9 2-(5,6-Dichloro-1
H-benzoirridazol 2-yl)- 111trif|uor03rrethyl but - 3-e

1 ( SUF@L)%I F)?%For 0- rf&ab%g%ﬁnwﬁbﬁgf S)+ Cé)llﬂmia{‘g eiign P"’éth
_ et K% o AB% BIGA\C rhg)anes DHfel( Elnrd[angﬁ gurﬁBEhMSar@éCiﬁdn

THE;% rop gmﬁggﬁﬂ hea?r“(;gs‘}lﬂ1 ?P?ﬁe‘?é QP%% “r\%}é%do‘f’mhe’ﬁ”ieﬁrt‘ébﬂ'e'd

at tb@tiﬂ@comsomnd asThpeacractlorea sofis. quenched with H20

azsos, PRI PO Rlenr Pk o tro2. icks Guith. 5 (s

r esliHjye.8nds, SHILNWRIROOH/PSBRS & eRCTH6BABREH060883
purified by flash chronmat ography wth Bi otage 40s+

colum and elution with 10% - 40% Et OAc / hexanes to
yield an orange gum The %ﬂ?ﬁ&leﬂﬂ"” was dissolved in

a m ni mal armunt of CHZCI urat ed with hexanes
to y1 g-Di Y « Dl-2<yIh2,3 pblersydidtbanol

105 / 1H NI\/R(4OOI\/Hz d4 I\/le(D 1 775(br 2H), 5.42

(s, 1 H, 531 (s, 1H, 1 s, 3H), NH and OH
protons were not observed. Exanpl
1-(5,6-Di chloro-1 H benzoi m dazol
2-trifluoro-1- phenylélet hanol 10

N
\
cl N CF

To 1-(5,6-dichloro-1H-benzoimidazol-2-yl)-2,2, 2-trifluoro-ethanone (595

[¢)]

-2 2
a \' N

mg) in THF (5 mL) at -78°C was added phenyl magnesium bromide (4.6 mL of
1 M in THF) dropwise. The resulting mixture was stirred at 0°C for 4 hr. The

18 reaction was quenched with H,O and 1 N HCI, extracted with EtOAc, dried over
Na»SOy, filtered, and concentrated to a residue. The residue was purified by
flash chromatography with Biotage 40s+ column and elution with 10% - 40%
EtOAc / hexanes to yield a yellow solid. The yellow solid was dissolved in a
minimal amount of CH,Cl, and triturated with hexanes to yield the title

20 compound as a tan solid.

MS calculated for C15HgClF3N,O: 360.00, found: 361 (M+1).

Example 11
2-(5,6-Dichloro-1H-benzoimidazol-2-yi1)-1,1,1 ~trifluoro-4-methyl-pent-4-en-

25 2-ol (#13)
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I G ' HCF3 OH To
1- (5, 6-dichl oro-I H benzoi m dazol -2-yl)-2,2,2-trifluoro

WO edonasmne (595 ng) in THE (5 nb) at -78C wasp@dusmo7/060883

phenyl magnesium bromde (4.6 nL of 1 Min THF)
dropwi se. The resulting mxture was stirred at OC for
4 hr. The 15 reaction was quenched with H2O and I N
HCl, extracted with EtOAc, dried over Na2SO4,
filtered, and concentrated to a residue. The residue
was purified by flash chromatography w th Bi otage
40s+ colum and elution with 10% - 40% EtQAc /
hexanes to yield a yellow solid. The yI | ow solid was
di ssolved in a mni EEl anount of and
triturated wth hexa .

as a tan solid. Ms calc ‘ -»5 2F3N2C.
360. 00, found: 361 (M
2- (5, 6-Di chl oro-| Cl CFs

H benzoi m dazol -2-yl)-1,1, 1- trlfluoro 4- et hyl pent 4

en 25 Zool- (5:;@@not@rv@f&b)@maszcﬂ-mmsmmbmas&ne (609

Cl
o (BofF T (k) dnd a0 (12 mi) 2t rom tammeratuse were addeg g-gromo-
- et hraneting-p(@Ede (B) i), oiewed byrindiem gotder (272 mg,)-1080 mesh).

4 S IS G o R o

nesrie)sultlndjmTherer weadiltdred thidudhis padvasCEIRE®, Bhdddr \ﬁl@h EfOAc the
mte era ﬁ]for 18 hr. The resultlﬂfg m xtu
f i I RE=N P?\rlaiﬁig SAQIPUS fayeE PXiFaqted with EIAe (WGEJHJVG'” Na2804,

Et Giered, BAd cbAyS LS tSERYiad ad
ext ra{:% ed cht h Et CAc gr gilgg@ ?ﬂé‘%év@%seﬁunfgd by flash

ri
and-EYReteataRhY th %OWéH@szﬁ cplegindns! elfien wisla /i @%e 40% EtOAG /

10PUr hdxiaRés E)Vylélh%?lrbraﬁéﬁ gu 1t qgé%%}yoe\él}rﬁ‘ \A%%Q)&sgsgﬁ/eé%ﬁ minimal

colum and elution wt 0% - 409 exanes

t o MY 059"'@%@@6 tifuratedwith bexangs tgwialdve tilieswoipoedd as an
in Gamadédil  amount of CH2CI 2 and triturated with
hexanes Lo yield the title conpound as an orange

solid. 'HNMR (400 MHz, ds-MeOD): § 7.78 (br, 1H), 7.69 (br, 1H), 4.73 (s,

1H), 4.69 (s, 1H), 2.98 (ABq, 2H, Jag = 14.3 Hz, Avas = 120.4 Hz), 1.54 (s, 3H),

15 NH and OH protons were not observed.

20

Example 12
2~(5,6-Dichloro-1H-benzoimidazol-2-yl)-1.1 -trifluoro-4-methyl-pent-3-en-

2-0l (#14)

Cl N
N OH
cl I’j CF,
To 1+(5,6-dichloro-1H-benzoimidazol-2-y)-2,2,2-trifluoro-ethanone (565
mg) in THF (5 mL) at 0°C was added Grignard reagent, which was freshly

prepared from 1-bromo-2-methyl-propene (0.51 mL), a small iodine flake, and
magnesium powder (146 mg) in THF (5 mL). The resulting mixture was then
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1H NMR (400 MHz, d4-MeOD): S 7.78 (br, 1 H), 7.69 (br,
1 H, 4.73 (s, 1 H, 4.69 (s, 1 H, 2.98 (ABy, 2H, JAB

WE204/08752, AVAB = 120.4 Hz), 1.54 (s, 3H), 1BCIMBESZNT060883

OH protons were not observed. Exanple 12 2-(5, 6-Dich
loro-1

H benzoi m dazol -2-yl)-1,1, 1-trifl uoro-4-nethyl -pent - 3-
en- 2-ol (#14) d NOH 20 G HCF3 To
1-(5,6-dichloro-1

H-benzoinidazol 2-yl)-2,2, 2 trifluoro-ethanone (565

ng.)stl Fc} X es{ﬁ‘rﬂer@ﬁ:r&% ?l?%ﬁ:gac ion na%rcﬁjuern%ﬁeqc? \r/]vtlth NH4ClI

y pr ep
1 usadnaq)Zf hea‘ehyﬂmropglm quae df@eﬁfb@ﬁhse@wﬁﬁ@tdmb aelb rI@yers were
fl ake 93 (?t neS| owder 146 in THE (5 L
TheoSPaEledithgya %&Lﬁ' %V tra¢ig W4t§ O@WCb@’ﬁSMZS 4 filtered,

PCHNdSP0ZRA68 &3yickitd fe’sfé!ﬂleatTth@éTH@@WH§ b@hﬁ’éaeb)f Ashd

41 The reaction, was quenched with

i 1GEoraRCBRIPEY YHth P! Btéseépswphumaqd elwﬁlqss\@ > 8Pien Wb EtOAG
Et Gxanéd® )}léld%réﬁllwﬁrs%hd S?ﬁ@&é‘o@ﬂsolﬁ%@(ﬂw&i |h%yrﬂfmmal

extracted with dried over

anRYHE ehtHable @nd ditratediwiih hexanssdo yisidtheditiedompaand as a
punjefibw@olry flash 5 chromatography w th Biotage 40s+

col umm qnd elution with 10% - 40% Et OAc / hexanes to

yi el d a GAMBAEbMHE. dFNeOR! § G 3o, i) nad1 ds,sidt) v.8d (s, 3H),

10l R N BBl pftlol et Bt ad o VSl G

solid. M$ (MR )=B8.0Hz, d4-MeOD): 6 7 73 (br, 2H),
5.91 (s, 1 H, 1.84 (s, 3H), 10 1.46 (s, 3H, NH and
OH protons were not observed. M5 (M1l) = 339.0 Exanple
13 2-(5,6-Dichloro-1 H berggampiagol -2-vl)-1 1

1-t ré- é gﬂighlgi'os 1plet?¢=,t~nz%lne1|d_azo%- Il‘? 1 (1-tr| I)uoro c:sl\-I g\_lt-ii-en-Z-ol

15

20

25

Cl N 7
e
Cl m CF;

To 1-(5,6-dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (510.
mg) in THF (5 mL) at 0°C was added Grignard reagent, which was freshly
prepared from cis-1-bromo-1-propene (1.07 mL), a small iodine flake, and
magnesium powder (306 mg) in THF (5 mL). The resulting mixture was then
stirred at room temperature for 3 hr. The reaction was quenched with NH,ClI
(sat. aqg), filtered through a pad of Celite®, rinsed with EtOAg, the layers were
separated, the aqueous layer extracted with EtOAc, dried over NaySO,, filtered,
and concentrated to yield a residue. The residue was purified by flash
chromatography with Biotage 40s+ column and elution with 10% - 40% EtOAc /
hexanes to yield a yellow solid. The yellow solid was dissolved in a minimal

amount of CH»Cl, and triturated with hexanes to yield the title compound as a
yellow solid.
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Cl HCF3 To 1-(5,6-dichloro-1

H benzoi m dazol -2-yl)-2,2,2-trifluoro-ethanone (510.
woreo7ios7sTHE (5 m -) at 0C was added Grignard rPREIESL007/060883

which was freshly prepared from cis-1-brono-I-propene

(1.07 nL), a small iodine flake, and 20 magnesi um

powder (306 ng) in THE (5 nmL). The resulting m xture

was then stirred at roomtenperature for 3 hr. The

reacti on was quenched with NH4Cl (sat. aqg), filtered

through a pad of Celite(r), rinsed with Et CAc, the

| ayers Lated, ) I r racte '
wth B R MEARAVEE B SR B F I T 3T 7 B B 07612
conEenitH)a6.6d-a.a5 §th.el i), a.524dd Bie.J The, B@H%JNH/\@% OH protons
purified b% fl ash 25 chromat ography wi th Bi otage 40s+

col YRS & @?rﬁ?‘iion with 10% - 40% Et OAc / hexanes to
yield awngliew) sgbsd. The yell ow solid was dissol ved

ina mninmal anmpbunt of CH2CI 2 and triturated with
éhexanes to yield the title conmpound as a yellow
solid. 44 WO 2007/ 087518 PgER4 P4/ 060883 1H NWR
(400 . 5 : d‘(‘% g 1 H),

Allin

J =1.2, 6.9 Hz), NH and OH gpns were not
observed. M5 (M+1l) = 325.1 nple 14
2-(5,6-Dichloro-1

H benzoi m dazol -2-vl)-1,1,1-trifl uoro;
2-ol (#16) d N OHCI 4

1- (5, 6-di chl oro-1H benza
-ethanone (636 ngy) in was added
Gignard reagent, whiy rehlhlyC repared from
trans- 1- brono- 1- propene (1.35 nt), a snall iodine

100 | ake,  &ach-(5,6-dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (636
mg) in THF (5 mL) at 0°C was added Grignard reagent, which was freshly
prepared from frans-1-bromo-1-propene (1.35 mL), a small iodine flake, and
magnesium powder (382 mg) in THF (5 mL). The resulting mixture was then
stirred at room temperature for 3 hr. The reaction was quenched with NH,CI

15 (sat. aq), filtered through a pad of Celite®, rinsed with EtOAc, the layers werer
separated, the aqueous layer extracted with EtOAc, dried over Na,SO,, filtered
and concentrated to yield a residue. The residue was purified by flash
chromatography with Biotage 40s+ column and elution with 10% - 40% EtOAc /

hexanes to yield a yellow solid. The yellow solid was dissolved in a minimal

20 amount of CH2Cl, and triturated with hexanes to yield the title compound as a
yellow solid.

"H NMR (400 MHz, ds-MeOD): 3 7.79 (br, 1H), 7.71 (br, 1H), 6.13 (s,
1H), 6.11-6.13 (m, 1H), 1.82 (apparent d, 3H, J = 4.9 Hz), NH and OH protons
were not observed

25 MS (M+1) = 325.1.
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magnesi um powder (382 ng) in THE (5 nL). The resulting

m xture was then stirred at roomtenperature for 3
whereo7/08m518 eact i on was quenched with NHACI 15 (BEL/USHQ)/060883

filtered through a pad of Celite(r), rinsed with

Et OAc, the | ayers werer separated, the aqueous | ayer

extracted with Et OAc, dried over Na2SO4, filtered,

and concentrated to yield a residue. The residue was

purified by flash chromatography with Bi otage 40s+

colum and elution with 10% - 40% Et OAc / hexanes to

yield a yellow solid. The yxel. lid was dissol ved
in a mniml 20 amount of %&Mdtriturated w th
hex #riE6-Dichlom-tHibehzbinmideze 5afiflaorg/pbhPyne-1,4-diol

D) 8 7.79 (br, 1H),
184 11-6.13 (m 1 H),

NH @Rd OH protons
25.1. 45 WO
angl e 15 4-(5, 6-D sh

solid. IH NMVR (400 MHz, d4£|/§_
7.71 (br, 1 H), 6.13 (s,

1.82 (apparent d, 3H, J = 4.9
were not observed 25 M5 (M+l) =
2007/ 087518 PCT/ US2007/ 060883
loro-1

H benzoi m dazol - 2- vl I} U rigl uonI -pent-2-yne-1, 4-d
iol (#17) OH O NI | O CI\H GF3 5 To

1- (5, 6-di chl or o- 1H benzd 4zol JZ=yryO8 2, 2-trifluoro
-ethanon e (3.2 9) [ MsA40"N -) cad, 0C was added
l'ithiumreagent which was freshHy prépar ed from

L e P

- 78) @ TUF (20 L) aTheC mas wdted tithium reageet whish wWesrfreshly

o bR RIS At ifor Gyl sl Cen RELbGA- S o

padz 5 iBelextieds))in THFN2E ehiyi(sthredRitOAs, °thbez hty Bhe WRURINg
‘separ t ed, t he % ueous |later extracted w_th EtOAc,

dr |"é'35 ure,Wap therosiryed gtiroqra terpperghe &5t Thetreaction was
10yi %luenéhéoaﬁitrsi Mﬂ4CIT 8it. raaf 'fﬂgr%dvtﬁn%u F?‘érdafd' & c?‘ﬂ Yed, 'rF?'n%Qd with

chr omat ogr aphy Bi o o um an
wi tEROAC, t e Iayer were separated the aqueous later extracted W|th EtOAc dried

over Na»S0O,, filtered, and concentrated to yield a residue. The residue was
purified by flash chromatography with Biotage 40m+ column and elution with
5% - 30% EtOAc / hexanes to an orange solid.

15 To a solution of THP ether (2.28 g, see procedure above) in methanol
(25 mL) was added p-toluenesulfonic acid monohydrate (2.05 g) and the
resulting mixture stirred at room temperature for 2 h. The reaction mixture was
then quenched with Na>COs; (aq), extracted with EtOAc, and dried over Na,SO,
to yield a residue. The residue was purified by flash chromatography with

20  Biotage 40s+ column and elution with 5% - 35% EtOAc / hexanes to yield the
titte compound as an orange solid.

"H NMR (300 MHz, de-DMSO): & 13.16 (br, 1H), 8.66 (br, 1H), 8.01 (s,
1H), 7.69 (s, 1H), 5.46 (t, 1H, J= 6.1 Hz), 4.23 (d, 2H, J = 6.0 Hz)
MS (M+1) = 339.
25
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5% - 30% Et OAc | hexanes to an orange solid. 15 To a
solution of THP ether (2.28 g, see procedure above) in
woredohasmshs (25 nmL) was added p-tol uenesul f oni cCPEEUS2007/060883

nonohydrate (2.05 g) and the resulting m xture
stirred at roomtenperature for 2 h. The reaction

m xture was then quenched with Na2CO3 (aqg), extracted
with Et OAc, and dried over Na2SO4 to yield a residue.
The residue was purified by flash chromatography wth
20 Bi otage 40s+ colum and elution with 5% - 35% Et OAc

/ hexanes to yield the le c und as an orange

solid. 1H NMR (300 MHz, dG—@@ﬁé 13.16 (br, | H),
1 Hz), 4. =

(Mr1) = 339. 25 46 WO 20(&7&&@@%?/ US2007/ 060883
Exanpl e 16 2-(5,6-Dichloro-1
H benzoi m dazol -2-vl)-1,1,1-trifl

t-4- en-2-ol (#25) CCI N
1- (5, 6-Di chl oro-1H benzg Jz ol

l-pent-4-

, 3- di met hyl - pen
CF3 5
2,2-trifluoro

-ethanone (0.31 g; 1.09 hyl al | yl
brom de (90% 1.40 migy 3 a@izl ndium (1.26 g;
11.0 mmol ) were suspended in THE (10 0 - ) and .02 M

410 (15 q0i56- Dn@%oﬂ?—l—ﬁé%wﬁxkjgﬁl-@uﬁ% z,zswﬁrﬂu%.% &ﬁaﬁéne {0319

The reaction m xture was then

m -1-08 mmel. By3-diseethwalyl prunige 20%hb4D ayler1§. &@ﬁ@l) and indium
SRR g Ani i AUBRR 4R 1RRL A SRpHclddinL
wasHebstiredvignrpusly 0% hguranlih@lrea@ao:@vextumMencdlluted

y' e\k/‘gn @a’ﬁ)? éé’bjﬁ]Lthd ﬁwfg%%g?%g%u‘éﬁé}&&é fvbROsdPhrated and

| unm chr omat ogr ap
1 Qac ethaalteeuclape) wasextiaskall witteethyt daetate iPpolt chlas The combined

oM ekpof G 00 TR s 5 o
2H)(;rude 2l The cidp,oilwds/pyriied Bicolumn chromatography (SiOz; 20%
ethyl acetate/hexanes) to yield the title compound as an off-white solid.

"H NMR (400 MHz, CDsCN): § 7.88 (s, 2H), 6.18 (dd, 1H, J=1.3, 10.9
15 Hz), 5.14 (m, 2H), 1.19 (s, 3H), 1.17 (s, 3H)

MS calculated for C14H13Cl2F3N20: 353.17

MS measured: 353, 355 (M+H); 351, 353 (M-1).

Example 17
20  2-(5.6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-3-methyl-pent-4-en-

2-ol (#26)

Cl N
N OH
cl H CF,
1-(5,6-Dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (0.31 g;
1.09 mmol), crotyl bromide (1.2 mL; 11.8 mmol) and indium (1.26 g; 11.0 mmol)

25  were suspended in THF (10 mL) and 0.02 M HCI (15 mL) and stirred vigorously
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M5 cal cul ated for Cl4H13Cl 2F3N20: 353.17 M5 neasur ed:
353, 355 (M+H); 351, 353 (M1). Exanple 17 20

WQ@2(03/0875% chl or o- 1H benzoi m dazol - 2-yl ) -1, 1, 1-2€T/U/52007/@50883

-3-net hyl -pent-4-en- 2-ol (#26) d N OH C H CF3

1- (5, 6-Di chl oro- 1H benzoi m dazol -2-yl)-2,2,2-trifluoro
-ethanone (0.31 g; 1.09 mmol), crotyl bromde (1.2
m.; 11.8 nmol) and indium (1.26 g; 11.0 mmol) 25 were
suspended in THE (10 nL) and 0.02 MHC (15 m-) and
stirred vigorously 47 WO 2007/087518

PCldvdp48 %6%6 qg‘%@ea&%o?{ m%xﬁ: & %gsﬂpﬁznT? ﬁ:t%ﬁejwcté' o r%é N Sng

was then dil
ac ety @cetate #HO)mL), e lleagfewwrmepﬁra@ﬂaamt tad aqndo@shl@yer was

h. et hy. et ate
ﬁﬁ)é%ﬁ'%ﬁteeh?%ﬁ‘%em@?c B0 LCLFHL Y, il Sino RS vt pBthes
WltfabrmedﬁDem_)canelrdrN&iMNHgSQA telyikla acirudteoini The didde oil

(si15% Aol oYL a8 B0y e beanss) o

comm@m tile (E)rralohnmavstali ¢ miktudd eiSdigsteRITBIcHs a8 aAdff-white solid

ok Ok o wh UECRTE %, B hkarposimmteropinors) o

1 |'5) 92 éMlatSL?"Se(npﬁ Hi Mk@F@Wﬁérg@n@r@% 254 aﬁsi " 49% @’J =

é xture of di astéreoners
an07761 Hz.gtH) ) (;Mlxmr&ggt) igstepgoners)) § 5.17Gin0gM 40AKd Lf 10.3 Hz, 1H),

105 AEPABIBIaBerlordoRRo 2 S R by © v

15

20

25

caldaaﬂtae@?efs)ﬁ OIS EIBFEN0 58, B4 M5 measur .
339, 34 339 15 Exanpl e

2-f2- (5, 53%?%5%%%'6@#?1255%@@5&142 Ulp )-3 3
El-trouol wwmasdw@crss@gysm eyH), 23¢T¥4d guagi d (#27) G N

Example 18
5.6-Dichloro-1H-benzoimidazol-2-vI

-3.3,3-trifluoro-2-hydroxy-
propyll-acrylic acid (#27)

poetas

1-(5,6-Dichloro-1H—ben20|m|dazol-2-yl)—2,2,2-tr|ﬂuoro—ethanone (0.30 g;
1.05 mmol), 2-(bromomethyl) acrylic acid (1.80 g; 10.9 mmol) and indium (1.23
g; 10.7 mmol) were suspended in THF (10 mL) and 0.02 M HCI (15 mL) and
stirred vigorously over 18 hours. The reaction mixture was then diluted with
water (60 mL) and ethyl acetate (40 mL), the layers were separated and the
aqueous layer was extracted with ethyl acetate (3x 20 mL). The combined
extracts were washed with brine (50 mL) and dried over Na,SO, to yield a

crude material. The crude material was purified by column chromatography
(SiOg2; 50% ethyl acetate/hexanes) to yield the title compound as an off-white
. solid.
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a H CF3 _
1- (5, 6-Di chl oro-1H benzoi m dazol -2-yl)-2,2,2-trifluoro

wo edohasmsme (0.30 g; 20 1.05 nmol ), 2- ( br ononertyU$2007/060883

acrylic acid (1.80 g; 10.9 mmol) and indium (1.23 g;
10.7 nmmol ) were suspended in THE (10 nL) and 0.02 M
HCl (15 m-) and stirred vigorously over 18 hours.
The reaction mxture was then diluted with water (60
m-) and ethyl acetate (40 nlL), the |ayers were
separated and the aqueous |ayer was extracted with

vere wash MR WFR. Eopeyl A7 TR e 28 Guah R i
to 317@(@ Jor 1@.4 ke 1ARtee7T @, J —T’rﬂe%t}:-rzl,ldg gg.t er5lof?)(|) e¥\lﬁls|
ggrelt ];It :M%@ﬁ@ s%mg€138n§|2€%8g %lqge{%orrpound as aﬁ

of - whi S eabirda: 39, W01 2007) Q875360 [H)US2007/ 060883
1H NVR (400 MHz, CD3CN): 8 7.78 (s 6.16 (s, 1

SH), 5.69 (s, 1 H), 375(d, J= 10.4 Hz, 1 H), 3.67 (d,

10

15

20

25

J = 10.3 Hz, 1H MS cal CLE)@é,ﬁ%effy C13HI9C12F3N203:
369 12 \%S) Heasur eg 369, , 367, 369 (Ml) t5

1- trlfluoro 3- phenyl pent 42 ol (#28) I d N CH
Cl HCF3 10 1-(5,6- D|chlor£‘#_I
H benzoi m dazol - 2-yl ) - 222tr|fluor

g; 1.04 nmol ), cinnanyl brom de . 10.5 nmol )
and indium (1.22 g; 10.7 mmol) pended in THE
(10 m-) and 0.02 M 5 rred

vi gorously over 18 hou e ¥\ ‘ gﬂ_ém Xt ure was
then diluted with wat -) fan thyl acetate

(40 mL), the layer€litere sepat"at edCRnd the aqueous

1-(5,6-Dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (0.30 g;
1.04 mmol), cinnamyl bromide (1.6 mL; 10.5 mmol) and indium (1.22 g; 10.7
mmol) were suspended in THF (10 mL) and 0.02 M HCI (15 mL) and stirred
vigorously over 18 hours. The reaction mixture was then diluted with water (60
ml) and ethyl acetate (40 mL), the layers were separated and the aqueous
layer was extracted with ethyl acetate (3x 20 mL). The combined extracts were
washed with brine (50 mL) and dried over Na,SO, to vield a crude oil. The
crude oil was purified by column chromatography (SiO2; 20% ethyl
acetate/hexanes) to yield the title compound as an off-white solid.

"H NMR (400 MHz, CDsCN):  10.63 (br s, 1H), 7.77 (s, 1H), 7.55 (s,
1H), 7.14 (m, 2H), 7.06 (m, 3H), 6.47 (dd, J = 10.0, 18.7 Hz, 1H), 5.32 (m, 2H),
5.24 (dd, J = 1.5, 10.2 Hz, 1H), 4.35 (d, J = 9.9 Hz, 1H)

MS calculated for C1gH13Cl2F3N,O: 401.21

MS measured: 401, 403 (M+H); 399, 401 (M-1).

Example 20
2-(5,6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-5-phenyl-pent-4-yn-

2-ol (#34)
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15 | ayer was extracted with ethyl acetate (3x 20 nli).

The conbi ned extracts were washed with brine (50 nli)
w@ewh7dsisesl over Na2SO4 to yield a crude oil. TPET/USI00T@60883

oil was purified by colum chromat ography (Si 02; 20%

ethyl acetate/hexanes) to yield the title conpound as

an off-white solid. 20 1H NVR (400 IVHz, CD3CN): 6

10.63 (br s, 1 H, 7.77 (s, 1 H, 7.55 (s, 1 H, 7.14

(m 2H), 7.06 (m 3H), 6.47 (dd, J = 10.0, 18.7 Hz, 1

H, 532 (m 2H), 5.24 (dd, J = 1.5, 10.2 Hz, | H),

4.35 (d, J =9.9 H, | H Ms calculated f

C18H18C12F3N20: 401.21 MS neasured: 401

399, 401 (M1). 25 Exanple 20 2-(5,6-D

H benzoi m dazol -2-vl)-1,1

1-trifluoro-5-phenyl -pent-4-yn- g (#34) 49 WO

2007/ 087518 PCT/ G&

CF3 2-(5, 6-D chl oro-

H benzoi m dazol - 2-yl ) uotb- pent - 4-yn- 2- ol

(0.27 g; .83 mmol i~ ovebenzbine Ck,14 nL; 1.3 mol ),

di chl or obi s(triphenyl phosphfne) pal’l adi um (31. 7 ny;

045 115 6- DRARRS, 1%&8.%&2&3%@4 1 Qﬁéorg;[% 430 ol

tr| I am ne .
Gi-§3 ampli méiOb@@zﬁn@u Ad 4rmlxt UB ermel).r r ed

V' %f@é&%bbé(tﬁﬁl%rfyl;ﬁﬂgphl %}?allaﬁ1 g Xé);g %HY@)EF%%Q iodide

concentrat ed i n’vacuo g cru

oi I{(TH&INGuPP3 mseplbyndtsiethyrardine (ﬁra&s ogr apﬂwmn(oﬂa W& shiepended
t 2
o o aer R eNarnt b tid MRk Sy e AP U Frtht, The

7. geqgtionmipure wag%e(rsqontelh{)ated ire@aduoandtihe resithly drille brown

2 Bl it G el G

me detitricorBP@nd4dxlar( Mang-yaﬂmv s@R0 (M 1).
10 H NMR (400 MHz, CD3sCN): 8 7.90(s, 1H), 7.75 (s, 1H), 7.29 (m, 3H),
7.21 (m, 2H), 3.54 (d, J=17.1 Hz, 1H), 3.33 (d, J = 17.1 Hz, 1H)
MS calculated for C4gH11CloFsN2O: 399.19
MS measured: 399, 401 (M+H); 397, 399 (M-1).

)1

15 Example 21
2-(1-Hydroxy-1-trifluoromethyl-but-3-enyl)-6-trifluoromethyl-1H-

benzoimidazole-5-carbonitrile (#38)

NC N
b
FsC H CF3
2-(2,2,2-Trifluoro-acetyl)-6-trifluoromethyl-1 H-benzoimidazole-5-
20  carbonitrile (0.31 g; .95 mmol), allyl bromide (0.82 mL; 9.5 mmol) and indium
(1.09 g; 9.5 mmol) were suspended in THF (12 mL) and 0.03 M HCI (10 mL)
and stirred vigorously overnight. The reaction mixture was then diluted with

water (60 mL) and ethyl acetate (40 mL), the layers were separated and the
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15 Exanple 21 2-(1-Hvdroxv-1-trifluoronethvl-but-3-e
nyl)-6-trifluoronethvl-1 H

whewzossiglazol e-5-carbonitrile (#38) | NC N EH/USBEI/060883

CH CF3 2-(2,2,2-Trifluoro-acetyl)-6-trifluoronethyl-1
H benzoi m dazol e-5 20 carbonitrile (0.31 g; .95 mol),
allyl bromde (0.82 nL; 9.5 nmmmol) and indium (1.09 g;
9.5 Mol ) were suspended in THE (12 nL) and 0.03 M HC
(10 mL) and stirred vigorously overnight. The

reaction mxture was then diluted with water (60 nlL)

anc TS LRGeS Byttdaditn Ml ab@AR 5 oBaS TRgpubte

| ay@tragtssweretwasbied avithi brine ¢S50yl ) acdtdabe of@XN2B WL yielhe

condyj r r hed with brin 50 nL), and
i P hetdrl, 165 Sl 0 oo BB chrmatodraphy
cr USOMROEs bthll avesatpihekdriesiitcbyeldahel e edrhEERICOE APBF-white
Si&%d 20% et hyl acetate/ hexanes) to yield the title
conpound as an off-white 5 solid. 1H NVR (400 MHz,

CD3CN): '8 I\&/IRE(4(E))($ g/l;h Etbgcl:&(ges?&gs §s7,11 I-gzj 8.1?-(%8]7%()?5.5% iﬁ%q H),
E{Z ,]57-17( %1,, 115)%@7((;%,1 f-f),n@?; (gd, v 1'1._1314&@&4 AH)NB93 (dd, J =7.2,

caloud pzegHf or CL4HOFEN30: 349.23 10 MS neasured: 350
MtH) ; 348 (M1). Exanple 22
(2- ( ;D I—NM%?‘%’CLﬂagﬁdif?'{90%%@&54%@3- 3-vnyl)-6-trifluoro

1omet hvl - idiResaumsspaphey; 8agaubgni trile (#39) NC N

15

20

25

OH 15 F3C )CC H C F3 _
2-(2,2,2-Trifluoro-acetyl)-6-trifluoronethyl-1

H-benzoi m dazol e- 5- Example 22
2-(1-Hydroxy-1 -trifluoromethyl-but-3-ynyl)-6-trifluoromethyl-1H-

benzoimidazole-5-carbonitrile (#39)
2
NC N
pud
FsC ” CF,

2-(2,2,2-Trifluoro-acetyl)-6-trifluoromethyl-1 H-benzoimidazole-5-
carbonitrile (0.31 g; .94 mmol), propargyl bromide (80% in toluene; 1.1 mL;
12.3 mmol) and indium (1.08 g; 9.5 mmol) were suspended in THF (12 mL) and
0.03 M HCI (10 mL) and stirred vigorously overnight. The reaction mixture was
then diluted with water (60 mL) and ethyl acetate (40 mL), the layers were
separated and the aqueous layer was extracted with ethyl acetate (3x 20 mL).
The combined extracts were washed with brine (50 mL) and dried over NazS04
to yield a crude material. The crude material was purified by column
chromatography (SiO,; 20% ethyl acetate/hexanes) to yield the title compound
as an off-white solid.

"M NMR (400 MHz, CDsCN): §8.29 (s, 1H), 88.15 (s, 1H), 3.39 (dd, J =
2.6, 17.1 Hz, 1H), 3.15 (dd, J=2.7, 17.1 Hz, 1H), 2.20 (t, J = 2.7 Hz, 1H)

MS calculated for C14H7FgN3O: 347.22

MS measured: 348 (M+H); 346 (M-1)
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carbonitrile (0.31 g; .94 mmol ), propargyl brom de
(80%in toluene; 1.1 nL; 12.3 mmol) and i ndium (1.08
wW@2009/0875m8101 ) were suspended in THE (12 nli) aneCT/0SD87/040883
HCl (10 mL) and stirred vigorously overnight. The
reaction mxture was 20 then diluted with water (60
m.) and ethyl acetate (40 nL), the |layers were
separated and the aqueous |ayer was extracted with
ethyl acetate (3x 20 nmL). The conbi ned extracts were
washed with brine (50 nL) and dried over Na2SO4 to
yield a crude material. The crude material was
purified by colum chromatography (Si02; 20% et hyl
acet at e/ hexanes) to yield ERamipild b3 conpound 25 as an
of f - . N E/Hz §I:D31tr_ : 8.8.29 1

2.7 He, 1H)
N47. nmeasured: 348
708¢51 P&/U82007/060883

H, - , . 2y}
3.15(dd, J27 171Hz 1H) 2.20
MS cal cul ated for G4 %

(MtH); 346 (M 1) 51 W
Exanple 23 2-(5,6-Dich
H benzoi m dazol - 2- yoyZ 1,81- t iNf | UGFQ- hex- 5-en- 2- ol
(#40) a N 1 od d HC3 5 Ho

g- (5, 6- dic nge%&%rbelwgéﬁﬂoﬁﬁqaaio@ W 33222 ﬁr»ﬂaortotétﬁbh&{é)w%
- et hanon_e in ) 8C was ad
3- bty Hinghmé s ptmd S eomasird ?sbw@nylcma@e@qm bww@ﬂ? 8 mL

dr 0(5’%65 ﬁ/lr ._nTE}ﬁ@rd‘%éb\b %é n ghé"régdﬁrn é W‘ég ﬁﬁ%%fr Oﬁ? %@or 4

for reactron was
HCl hr. ebtierras¢tmn was qudeichidd with dh‘nghd)‘i/ Berd&aEﬁmcted with EtOAc,

fil d d
e S 0 MR OR R M o batinfetlo el i, ik sosicue
1(Bi O\tva@pum’mmydmshnﬁr(mMOQﬂaphy wnth BM)tb@e 4084 eoldvoanid@Agtion

/ he aﬁ]@olt@ éy Ef@g%?pg%nhg Lﬁ]dyel@pveﬁf gngﬁd/eﬁoviv dolid was

t r i d.uscaueeidnw mm.m@mﬁtﬁmtbﬂEmo@r@ ttifieatet N\Ilﬂhmeﬁ(@ﬁwwyibld the
qtan solid. 1H NVMR (300 MHz, d6-DMSO): S 12.95 (br
s, Ylle gomppugg ag S tan Smﬂ 7.73 (s,

"H NMR (300 MHz, de-DMSO): § 12.95 (br s, 1H), 7.94 (s, 1H), 7.73 (s,
15 1H), 7.41 (s, 1H), 5.53-5.81 (m, 1H), 4.89-5.00 (m, 2H), 2.36-2.44 (m, 1H),
1.99-2.23 (m, 2H), 1.62-1.72 (m, 1H)
MS (M+1) = 339.0

Example 24
20  2-(1-Hydroxy-2-methyl-1-trifluoromethyl-buta-2,3-dienyl)-6-trifluoromethyl-
1H-benzoimidazole-5-carbonitrile (#41)
c ~CHo

NC N
e
FaC ﬁ CFs
2-(2,2,2-Trifluoro-acetyl)-6-triftuoromethyl-1 H-benzoimidazole-5-
carbonitrile (0.31 g; .94 mmol), 1-bromo-2-butyne (0.85 mL; 9.4 mmol) and
25 indium (1.09 g; 9.5 mmol) were suspended in THF (12 mL) and 0.03 M HCI (10
mL) and stirred vigorously overnight. The reaction mixture was then diluted
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WA 2024097572 (m

15 1 H), 7.41 (s,
(m 2H), 2.36-2.44 (
| H) M (]
ri

s, I H, 553-5.81 (m 1 H), 4.89-5.00

m H, 1.99-2.23 (m 2H),
1) = 339.0 Exanpl e ZECROSD07/060883
1- Hydr oxv- 2- net hyl - | uor onet hyl - but a- 2, 3-di envl ) -
6-trifluoronethyl - nzoi m dazol e-5-carbonitrile
(#41) C-CH2 NC N :c,4:CC OH F3C H CF3
2-(2,2,2-Trifluoro-acetyl trifluoronethyl -
H benzoi m dazol e-5 carboni t I e (0.31 g; .94 mol),
1brorr02butyne(0 85 ni; 94rm0|) and 25 indium

O@Wﬁﬁ? (Qﬁ)l%ﬁ%%d gﬁ%éel@l rfe 1@‘8] 5#‘{1}'%'” mﬁﬁ)ﬁfagﬁ?a“d

Thethe@aceommlamnwaﬂea(tmtedMGneiﬂyllademie W)nL) The combined

ot 19 SP LT N B 15 ya b6 P SersiobcDb Rl

t hecrade: eetsial. aVies cras neatbiial eiaechukiibh bsztcbmknrﬂﬂﬁbmb@)g(éﬁhy

o P S LSS e DU s

10(

mat eri al'H NWR (a@wﬁzﬁ@mm\?l 5 8es HUH)f 88d (S 1905 lemdd J =

chr omat ogr ap 0% et hyl' acet at e/ hexanes)

yi et-& ¢-B Zt’WB/é' ?:bﬁp@'dhd as a white solid. 1H NI\/R

8.13 1 5.00
2380 WS%%d f§r§152| % b%‘bzl , 3H)(§/IS caIHZ:uI at ed

for (315+N@>‘4‘rm6@©ure%§622@\/l+ ﬁ@éMu‘r)ed 362 (M+H); 360

M 1) 10 Exanple 25

2-(5,6-D chl oro-1H benzoi m dazol -2-yl)-1,1
1-trifluoro-3 4-di methvl - pExamBle 2M-2-ol (#42) A N OH

2-(5,6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-3,4-dimethyl-pent-3-
en-2-ol (#42)

Cl N
N OH
cl N CF,

15 To 1-(5,6-dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (577

mg) in THF (5 mL) at 0°C was added Grignard reagent, which was freshly

prepared from 2-bromo-3-methyl-2-butene (1.73 mL), a small iodine flake, and
magnesium powder (347 mg) in THF (5 mL). The resulting mixture was stirred
at room temperature for 3 hr. The reaction was quenched with NH4CI (sat. aq),

20 filtered through a pad of Celite®, rinsed with EtOAG, the layers were separated,

25

the aqueous layer extracted with EtOAc, dried over Na,SO,, filtered, and
concentrated to yield a residue. The residue was purified by flash
chromatography with Biotage 40s+ column and elution with 10% - 40% EtOAc /
hexanes to yield a yellow solid. The yellow solid was dissolved in a minimal
amount of CH,Cl, and triturated with hexanes to yield the title compound as an
off-white solid.

'H NMR (400 MHz, d;-MeOD): §7.78 (s, 1H), 7.66 (s, 1H), 1.97 (s, 3H),
1.77(s, 3H), 1.34 (s, 3H), NH and OH protons were not observed.
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Cl HCF3 15 To
1- (5, 6-di chl oro-1H benzoi m dazol -2-yl)-2,2,2-trifluoro
WO eqohasmme (577 nmg) in THE (5 nl-) at 0C was BCiiiEs2007/060883

Gignard reagent, which was freshly prepared from

2- brono- 3-net hyl - 2-butene (1.73 nL), a small iodine
flake, and nmagnesi um powder (347 ng) in THE (5 nl).

The resulting m xture was stirred at roomtenperature
for 3 hr. The reaction was quenched with NH4Cl (sat.

aq), 20 filtered through a pad of Celite(r), rinsed

W th Et Qs vt-he= rs were separated, the aqueous
| ayer extrélct eg \?\Aa%/ﬁ Et OAc, dried over Na2SO4,

filtered, and concentrat ed to yield a residue. The

residue was purified by fl Eggm fhﬂéfmat ography with

Bi ot age 40s+ coI um and el

h 10% - 40% Et QAc /
-frmucﬁ'ﬁlbtﬂ 3ME$-2-0l

an off-white SO|Id 1HNI\éih- , d4- I\/ECD) 6778

(s, | H, 7.66 (s, 1H) 197(s 3H), 1.77(s, 3H),
1.34 (scI3H) qd OH g ot ons
WO 2007/ 08 RCT/ SZ(@ 7/ 060883

Exanpl e 26 ’ Hor o- 1
H- benzopwdazes- 2= 1tr|fb N
(#43) and (-)-2- (5H6 di chlaoroa,-Jd—l- enzoi mda[aol
1 1-t 2- #44) Cd N Q‘| |
v () r Io%r(kb%r Bﬁ%ﬁﬁ%‘hﬂ%@ rﬂqﬂ@(ﬂkzy)i) .8, 16tf'ﬂ)|1Qfﬁ1b<§'§ 3)611-2 ol
H lpeoduait (285amg) was Heh sbpéraled fnkd {h'égﬁ-f)arbdj ﬁnﬁ?lo&\e‘i’é via HPLC

prod 2 was then separated into
2@%@?9%@523 $i°8 OPPLQS'“&@ ‘o'ﬁompamlprahem@w 8s fheseluent
crr)(70 blﬂ_llriﬁmﬂ%lsopr opanol in heptane as the el uent
(7 rrL/qn@] 1H NVR (300 MHz, d6-DMBSO): 6 13.03 (br s,
R (300 M)le Je-PHISQ); 5 13.08)(br 5. %69, 7.9 (4, 1), 7.76 (s,

6 ﬁﬁ)(fiég (sl 1), 857 (481, 138 2 12,574 B, 1H, = 1Y Z o),
559( 1H, J=10.8 Hz)
15 MS (M-1) = 300.
(+)-2-(5,6-dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-but-3-en-2-ol (#43)
[adeHe, =+ 105 (¢ = 0.5 g/ 100 mL)
(-)-2-(5,6-dichloro-1H-benzoimidazol-2-y1)-1,1.1-trifluoro-but-3-en-2-ol (#44)
[a]erci =-108 (¢ = 0.5 g/ 100 mL)

20
Example 27

2-Hydroxy-2-trifluoromethyl-but-3-enoic acid ethyl ester
o) Z
OH
O CF;

%

To a solution of ethyl 3,3,3-trifluoropyruvate (14.2 g) in THF (200 mL) at
25 —78°C was added vinyl magnesium bromide (84 mL of 1M in THF) dropwise via
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5.59 (d, 1 H J =10.8 Hz) 15 M5 (N¢1) = 309.
(+)-2-(5, 6-dichl oro-1H benzoi m dazol - )-1
wda2aorio81suor o- but - 3-en- 2- ol (#43) [a]cHO 3 = +HPADBES007/660883
0.5 g/ 100 m-)
(-)-2-(5, 6-dichloro-1H benzoi m dazol -2-vl)-1 1
1-trifluoro-but-3-en-2-ol (#44) [a]JcHC 3 = - 108 (c =
0.5 g/ 100 mM-) 20 Exanple 27
2- Fydroxy 2-trifluoromethyl-but-3-enoic acid ethyl
es OOH 0 CF3 To a solution of ethy
3

te
, 3 [ uor 14. n_ THE
d% e dRg b ik ol hie wﬁfraég amhEhL ;1
I\P/lcl_l_i}@Ln}S cF)étg;iio %xxoémggﬁ Vf?jegreaE#ﬂod/\?BﬁQOém&%E%&oun?g the mixture over
addi tion fu sultin
i 8 GOHS FENLROVBIR e ES MERA R 2 NI PRIk Es 2
h. Jﬂ%cf&ﬁﬂﬂh BIOAG@ andWriad begr lbszUhU rAfRg Cbh&rmal‘ibh”tﬁe
over |ce. the resulting mxture was then added 2 N

Hci resyifag ﬁf@aedn@t%'swa%ﬁéte.r%%w% 3 Rlugobaiica gplpngyrinsgd with
oV es0 a2t Mexddse fTHéOrB&ﬂf‘Hg" RixteH wadd @nechiped td ﬁgld the title

crude material was filtered through a plug of silica
gel CHRRPUNCrAseR 9l 0il509 Et 20/ hexanes. The resul ting
m xture was concentrated to yield the title conpound
as a golden oil. Exanple 28 10

2- AIIonxy 2-trifluoromet hizxampie 38 enoi ¢ aci d et hyl

@ster %AI&]Q@%— triffudhonfd ii-QLg;'t-ﬁenoic acid ethyl ester
2hydro y- Tyt -put-3-
ester (3.6 g) in THE (100 rrL/at OC/Y s added sodi um
hydride (1.1 g of 60% i nooil f2 /__/Na
O
O CF;

/

To a solution of 2-hydroxy-2-triflucromethyl-but-3-enoic acid ethyl ester
(3.6 g) in THF (100 mL) at 0°C was added sodium hydride (1.1 g of 60% in oil),

followed by addition of allyl bromide (2.3 mL) and tetrabutyl ammonium iodide

15 (1.35 g). The resuliing mixture was then heated to reflux for 5 h. The reaction
was carefully quenched with NH4ClI (aq), extracted with EtOAc, and dried over
Na>SO,. After concentration, the resulting crude material was filtered through a
plug of silica gel and rinsed with 20% CH,Clz/hexanes, then concentrated to
yield the title compound as a yellow oil.

20

Example 29
2-Trifluoromethyl-2,5-dihydro-furan-2-carboxylic acid ethyl ester

5 o

O FC

To a solution of 2-allyloxy-2-trifluoromethyl-but-3-enoic acid ethyl ester

/

25 (2.15 g, see above) in CH2Cl, (100 mL) at room temperature was added
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foll owed by addition of allyl bromde (2.3 nL) and
tetrabutyl ammoniumiodide 15 (1.35 g). The resulting

WORooT087518vas t hen heated to reflux for 5 h. ThRCT/US2007/060883

reaction was carefully quenched with NH4Cl (aq),
extracted wth Et CAc, and dried over Na2SO4. After
concentration, the resulting crude material was .
filtered through a plug of silica gel and rinsed with
20% CH2Cl 2/ hexanes, then concentrated to yield the
title conpound as a yellow oil. 20 Exanple 29

2- TGﬂuBbé' ehRIRE Q’y'gg%g%’ti%h gﬂlgg&gf( Tﬁ@r ?s%t ng | S Gas

et ester
aﬁ)t/' rr9ﬁ dy1Lph ﬁ’f fopMuiempesating. - Thet r-eae’rmmm ixtuae wchsethdwy filtered

[ i CH2 00 at
g 48 PR UL S AL
PC'bbmﬂfﬁléd)ﬁﬂﬁ&a théXitldbsmpaural assd yallod gigner ati on

g(Aldrich) (67 mg). The resulting mxture was stirred
for 18 h at roomtenperature. The reaction m xture was

then filtered through a pExdimgle 3eelite(r) and silica
) h Ac.and th

el, rin then concentr at ed to yield
?he““ LUl promethyli2, 5-dihvidya-furan-2q91 -
5, 6- Di chl or o- 2- (2 trlfbgﬁiaﬁﬁag%le 45

5-di hydro-furan-2-yl)- enzor m dazole (#45) 4 N\
Cl H F3C 10 To 4, 5-dcrhl [ (1.56 g) in
toluene (10 nL) at 0C ws ' neat dyethyl alum num
chloride (0.55 nL) and f{ @ +@ture all owed

to warmto room tenpgf ¢nggtirred for 1 hr. To
the resulting purple-col ored Sﬂuri’y, at 0C, was added

gt byl otg e THaN o OB S R el Bp i b "

15

20

25

st iaddedineat dietbyhaluminum chloride (0.55 mL) and the reaction mixture

allowed to warm to room temperature, then stirred for 1 hr. To the resulting
purple-colored slurry, at 0°C, was added 2-trifluoromethyl-2,5-dihydro-furan-2-
carboxylic acid ethyl ester (464 mg). The resulting mixture was stirred at room
temperature for 1 hour, then heated to 110°C for 20 hours. The reaction
mixture was quenched with 6N HCI, diluted with EtOAc, and washed with 6 N
HCI. The organic extracts were dried over Na,SO,, filtered, and concentrated
to yield a residue. The residue was purified by flagh chromatography with
Biotage 40s+ column and elution with 10% - 40% EtOAc / hexanes to yield an
orange gum. The orange gum was dissolved in a minimal amount of CH,Cl,
and triturated with hexanes to yield the title compound as a white powder.

"H NMR (300 MHz, ds-DMSO): 5 13.14 (s, 1H), 7.98 (br, 1H), 7.72 (br,
1H), 6.62 (d, 1H, J = 6.2 Hz), 6.26 (d, 1H, J = 6.1 Hz), 4.98 (s, 2H)

MS (M+1) = 323.0

Example 31
-trifluoromethyl-tetrahydro-furan

#46

5,6-Dichloro-2-

-2-yl)-1H-benzoimidazole
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15 tenperature for 1 hour, then heated to 110C for 20
hours. The reaction m xture was quenched with 6N HCl,
waldoangmisvi t h Et OAc, and washed with 6 N HCl . Pdnes2007/060883
organi c extracts were dried over Na2SO4, filtered, and

concentrated to yield a residue. The residue was
purified by flash chromatography with Biotage 40s+
colum and elution with 10% - 40% Et OAc / hexanes to
yield an 20 orange gum The orange gum was di ssol ved
in a mniml anount of CH2ClI2 and triturated with
hexanes to yield the title conpound as_a V\,hl te powder.

1H NMR (300 MHz, d6- DMSO) ;A6 13N14( , 7.98 (br,
1H, 7.72 (br, 1H, §62 H\ J 62Hz) 6. 26
(d, 1 H J=6.1H), 8 (S Ow1) = 323.0

25 Exanpl e 31 Cl
5, 6-Di chl oro- 2- ( 2- trlfluororrethlﬂl-tetrahydro furan-2-v

ber ) Uso QS S iAE 2 idtop IR BINRI S £ 2-y1y-1 -

5I eoetizirhidezae 9 2g) inl MithenalrB i)l was, EldgidHyidiurn enafungina (32
y zjmé E‘hhé’r%ﬁéh: Hl'e w{a@%tgg&? % @gﬁﬁg%e%u{e%rﬁb aYgs

od um um na resultirn
Em xatomospiners vizt balioed fat5 hoom Teepeadion mexureleas éharfilered

f : Th
i R e fches P e it il e BRERLT Pl oy e
ri n@gﬁb(mr&jmsat%asoa@d concentrat ed to yield the t|t| e
compound, as,.a tan sol d6- DVS

13. 12 (g}-l NMR@OOMI—@ d(;-lg}MSQ @1&—}%@;%} 7921(brc91H) 774 (br,

4. 0P )43%0@24'1010%%}4)1% 77552%4% g@ 215zt%,61?(n54t§ 26é7 fzfﬁls (iln
1032 PH); 8,99- tﬁ%ﬁnoild) 1

H benzoi m dazol -2-vl)-3-ethyl-1,1,1-trifluoro-penta-3,

* Example 32

2-(5.6-Dichloro-1H-benzoimidazol-2-yl)-3-ethyl-1.1.1-trifluoro-penta-3.4-
dien-2-ol (#62

ACHe

Cl N
yosse
5 Cl g CF,
1-(5,6-Dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (2 g), 1-
bromo-2-pentyne (1.1 ml) and indium (983 mg) were suspended in THF (15
mL) and HxO (45 mL) and stirred vigorously overnight. The reaction mixture
was then diluted with water and ethyl acetate, the layers were separated and
20 the aqueous layer was extracted with ethyl acetate. The combined extracts
were washed with brine and dried over Na;SO, to yield a crude material. The
crude material was purified by column chromatography (SiO2; 5-30% ethyl
acetate/hexanes) to yield the title compound as a peach-colored solid.
"H NMR (300 MHz, dg-DMSOQ): § 12.95 (br, 1H), 7.98 (br, 1H), 7.80 (s,
25 1H), 7.70 (br, 1H), 5.12 (m, 2H), 1.96-2.09 (m, 1H), 1.66-1.79 (m, 1H)
MS (M+H) = 351
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dien-2-ol (#62) A NC'~CH2 OH15 d )(:): HCF3
1- (5, 6-Di chl oro-1H benzoi m dazol -2-yl)-2,2,2-trifluoro

WO etoasgmsne (2 g), 1- brono-2-pentyne (1.1 nml) BOTUS2007/060883

i ndium (983 ng) were suspended in THE (15 niL) and H20
(45 mL) and stirred vigorously overnight. The reaction
m xture was then diluted with water and et hyl
acetate, the layers were separated and 20 t he aqueous
| ayer was extracted with ethyl acetate. The conbi ned
extracts were washed with brine and dried over Na2SO4
to yield a crude material. The crude material was
purified by colum chromatography (Si Q2; 5-30% et hyl
acet at e/ hexanes) to yl el d EHM_% compound as a

: I O\

d imidazole
m H) (#47)96 2 09 (m 1 H,

2
M6 (MrH) = 351 57 WO 2007/ 087518
E>(§ e '8

@ :00:C NOB C

7.70 (br 1 H), 5.
1.66-1.79 (m 1 H
PCT/ US2007/ 06088
6-Di chl oro-2-(2-tr
3l di oxol an-2-vl)-1HDb
H CF3 1-(5, 6-Di Chl or

""00

~NETZON mCF

5 dazol -2-yl) - 222tr|I u oro-éth an bne (1.14 g;

1Odr|

15

20

25

go? §SS| ung)sé:ar dci'ﬂ%f —E)g%E%Z(il%?ﬂw'frif%&ggghgngﬁed“-14 g;
di $5@2 vwabl), 2-¢iidroéth8naii(p 83T'hle 2efaima)and Mtuéﬁuml&%rbonate

ai 10108 (2 RS s pMECRL ! iy it was

watssirred 50 8 hrs ahathbiznit tia&npiéiatuﬁé} ttien) dnluTétfwﬂwbﬂ@cé@té\tﬁr(so
t

t dt
br G010 w80 WA Rl (60 iy 250 RS (SAY B o Prepasy were dried
C°|WWN9§3®MI’C@@6?@TM86§M@8 to 80ghtEsrbh solid and the light brown

acestoﬁé &eqﬁ@&esg to |eIdthet|tIe conpound as a tan
solSPHd P Agon phiemategierlyy (S07. 3936 ethyl aggtatetexanss) to
( myieddhe title compound as a tan solid.

"H NMR (400 MHz, CD3CN): § 7.83 (s, 2H), 5 4.29 (m, 4H)

MS calculated for C11H7ClF3N205: 327.09

MS measured: 327, 329(M+1); 325, 327 (M-H).

Example 34
5.6-Dichloro-2-(2-trifluoromethyl-

Ci N O )
OSSN
cl N CF,
1-(5,6-DiChloro-1H-benzoimidazol-2-y1)-2,2,2-trifluoro-ethanone (2.13 g;
7.51 mmol), 2-chloroethanol (1.90 mL; 22.7 mmol) and potassium carbonate
(3.13 g; 22.6 mmol) were dissolved in DMF (14 mL). The reaction mixture was
stirred for 18 hrs at ambient temperature, then diluted with ethyl acetate (100

mL), washed with water (80 mL) and brine (2x 80 mL). The extracts were dried
over NapSQ,, filtered, concentrated to a light brown solid and the light brown

benzimidazole (#51
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15 MS cal cul ated for Cl11H7ClI 2F3N202: 327.09 Ms
nmeasured: 327, 329(M+l); 325, 327 (MH). Exanple 34
WG 2708758 or 0- 2- (2-trifluoromet hvl - F1 PCT/US2007/060883
3l di oxan- 2-vl)-1H benzi m dazole (#51) d N O 20 O /
H CF3 1-(5,6-Di Chloro-1
H benzoi m dazol -2-yl)-2,2,2-trifluoro-ethanone (2.13
g; 7.51 mmol), 2-chloroethanol (1.90 nL; 22.7 nmol)
and potassium carbonate (3.13 g; 22.6 nmol) were
di ssolved in DMF (14 nL). The reaction m xture was

R Ll ARGl 5B 24 o

watygld (gotitie ec)mmtmdﬂsi anlight 3ellBDsolid) . The extracts were

oroun <ol RMERETHL 4 N LR eI 38 R PSS

PCEHIS8 004 &6 solid purified by colum
chr omat Qqgr aphy S| 02; 20% et hyI acet at e/ hexanes) to

Sield t P?PP'@G@J%QMTH%ES Qqi 3k 1Vel | ow solid. ' H
NVR (40QdHeas 1 4 14 2H) ,
6 3. gS ((R/Im Zkb%gém %3(%45%%9 gﬂgca cul at Seglnforb
C12H9C12F3N202: 341.11 MS neasured: 341, 343 (M1);

339, 341 (MH) Exanpl e 3
6D|chlor02(2tr|fluoroé |e35dazoI|d|n2vI) 1H
ber6-Riehioro-2-(R:4dfuorathethy HhidazelidiN-24y|) N ®/-kkn Aim@kole (#60)

1- (5, 6-Di Chl or o- 1H benzoi m dazol - 2-yl )-2,2,2-trifluoro
-ethanone (1.02 g; 3CG6 pal ), Iqthmi en di arri ne (0.74
mL; 11.04 mmol ) and par3 L O sul phoni c acid
nonohydrate (0.12 g; . 6( %‘%’sb’ﬂ)ended in
toluene (80 nl), theg, gd ToNref |lgx with a
10Dean- Stark trap for 3 hrs. Afted 15 3frs, ethylene

i arm ne (8 67diHro by B ARl 188, Y98 ok 81 cone o1 02 o

reaction’' mxture and e reac ure

t o & mmolwethylanedliDeiaa(SFdmkl;t 10 mmol) and para-
toluenesulphonic acid monohydrate (0.12 g; .603 mmol) were suspended in
toluene (80 mL), then heated to reflux with a Dean-Stark trap for 3 hrs. After

15 3hrs, ethylene diamine (0.74 mL; 11.04 mmol) was added to the reaction

mixture and the reaction mixture was allowed to reflux with the Dean-Stark trap
for 18hrs. The reaction was cooled to room temperature and concentrated in
vacuo to a crude brown residue. The crude brown residue was dissolved in
ethyl acetate (60 mL), washed with water (3x 50 mL) and brine (50 mL), then
20  dried over Na,SO4. The drying agent was removed by filtration and the filtrate
was concentrated in vacuo to a crude brown oil, which was purified by column
chromatography (SiO2, 50 % ethyl acetate/hexanes) to yield the title compound
as a light orange solid.
"H NMR (400 MHz, CDsCN): 8 7.80 (s, 2H), 8 3.32 (br s, 2H), § 3.06 (m,
25 2H)
MS calculated for C41HoClF3N4: 325.12
MS measured: 325, 327 (M+1), 323, 325 (M-H).
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for 18hrs. The reaction was cooled to roomtenperature
and concentrated in vacuo to a crude brown residue.

wab@®7081508 br own residue was di ssolved in et hpdT/US2007/060883

acetate (60 nmL), washed wth water (3x 50 nL) and
brine (50 m.), then 20 dried over Na2SO4. The drying
agent was renoved by filtration and the filtrate was
concentrated in vacuo to a crude brown oil, which was
purified by colum chronmat ography (Si02, 50 % et hyl
acet ate/ hexanes) to yield the title conpound as a

i ght orange solid. 1H N 6 7.80
(s, 2H), 6332(brs NRE—%M 252H)I\/IS

cal it -2 25nﬂu20Mﬁ1élh B 3diox3g2-y1)-1H-
327 (Mr1), 323, 325 (MH). . B9 W0 2007/ 087518

PCT/ US2007/ 060883 Exa
5,6-Dich|oro-|-pvrid|
-FI 3ldioxin-2-vl)-1 .
0"1"') d CN) CF3 N 5
5,6-Dichloro-2-(2-trifl & B
1 Hbenzinidazole (®&I37 g7 1.1
DMF (6 nmL), treated with 60% Na
g; 3.5 mmol) and stirred un ni trogen at nosphere
for 20 mnutes. Subsequendly, \2-(Brononethyl)pyridine
hydrobrom de (0.44 g; 1.7 m’ml)lvvas added to the
reaction m xture and stirre roomtenperature 10

2- vI et th trifl uoronethvl
3 dlezo@ (#48) A N

XI -[1 3]%i oxol an-2-yl) -
molGFavas di ssol ved in
in mneral oil 9.14

50ver ni gste- D'E:hﬁ)ré-Qé(Qtthmferﬂnétth?Hq %%x&bﬁ Bl nﬁ& Wb‘éhﬁl%&}gole

10

15

20

?h%g% )‘)-Hvand dieth et her
T mgwlhwas digselvast lm%;a\/ll(s@x m)me)ated wish 60%r Neid in
o 08y ST ARG T Sy o2

é‘i?'aw@ﬁhgﬁaﬁ%aemﬂn Zr(Boen mpvn@ne bygrobramide$0.4h g; 1.7

Of ferBI') h%s%‘éi'db@ to te re’é%t% gfﬂ?@ awq%%r@é%m tBmiperiture

overnlght The reactlon mixture was diluted with ethyl acetate (25 mL) and
diethyt ether (25 mL), washed with water (30 mL) and brine (3x30 mL), then
dried over Na,SO,. The concentrated crude material was purified by column
chromatography (SiOz; 50% ethyl acetate/hexanes) to yield the title compound
as an off-white solid.

H NMR (400 MHz, CDsCN): 6 8.42 (d, J=4.5 Hz, 1H), 5 7.96 (s, 1H), §
7.70(d, J=1.6 Hz, 1H), 8 7.67 (s, 1H), 5 7.24 (m, 1H), § 7.05 (d, J = 7.9 Hz,
1H), 8 5.67 (s, 2H), § 4.19 (t, J = 7.0 Hz, 2H), § 3.95 (m, 2H)

MS calculated for C47H12ClF3N3O2: 418.20

MS measured: 418, 420 (M+H).

Example 37
6-Trifluoromethyl-2-(2-trifluoromethyl-[1.31dioxolan-2-yI)-1H-

benzimidazole-5-carbonitrile (#59

NG N O/»
y3-
FsC N CF,




7.70 (d, J =1.6 Hz, | H, 8 7.67 (s, 1 H, 8 7.24 (m
Il H, S7.05(d, J =7.9 H, 1 H, 65.67 (s, 2H, 8
wa@209/081518 J = 7. 0 Hz, 2H), 6 3.95 (m 2H) MS PCT/US2007/060883

cal cul ated for CL7HL2C12F3N3CR: 418.20 M5 measur ed:
418, 420 (MtH). 20 Exanple 37
6-Trifluoromethvl-2-(2-trifluoronmethvl-f 1

3l di oxol an-2-vl)-1 H benzi m dazol e-5-carbonitrile
(#59) :c~>CF3 60 WD 2007/087518 PCT/ US2007/ 060883
2-(2,2,2-Trifluoro-acetyl)-6-trifl uororrethyl

Q )

'+ beneoizy DA e b Fornetoi H?Ban%a'wﬁ’%'e 5-

2- cPAreeriileh@a) ;05 Bonot), wds, (ﬂssuimid)m anF poms shestrtreated with
reacti

DBt dRidhof (.55 b 2 2 IR kg RoShusir g e D0srle 1572 %: 5.9

r eawmobn Tﬂnemmtzenwalxtwh msdtufreldi atlroont i@nﬁidfa‘thre?@\ﬂirﬁ Bt. The

g 43’ %onﬁﬂ%ﬂ&? b%;;e(t @J ﬁ;ii_yv th @Hﬁ/}{ggqt?@o(ﬁg vlp) anmw ether

Th 40 @alt washad wltrumtewso fru_l) bRt 8fne BX30GALY, meﬂdjrree over
urifie

c oI u%ﬁzbé‘h r@ﬁﬂ?%@t%\'ﬂdﬂ?f%{% g5 fm@@@%%ﬂ??ﬁ“&@ de 516&9 3 lighy brown
y| eéo(ﬂdt\hlaclﬁ ik ® uEifiea byl 6§iuﬁ1$1 ohrérhéltﬁb a‘fﬁkb (Si® 3%0‘5@ etﬂ;@acetate)
to(y' stg‘@ttﬂﬁ]co”’ﬂ?}mgws@ '@@t (@Howlsql”j VB cal cuI at ed for

13H7F6 )
“’55 B o AR 1200 Mz, VB OROSHE S1ts X80, S YT P S-S e,

5 &b §I4r|3!§)r @ELAH)2-tri fI uor onet hyI [1,

31di oxol To a suspensi on of

NaH (1,36 C"?"C‘y'%ged]fo ?%{'\FPS%)%S added a

sol ut i oMS®Mmeasured: 352 (M+1), 350(M-H).

5,6-dichloro-2-(2-trifl uoromethyl [ 1, 3] di oxol an- 2-yl) -

1 H 20 benzimdazole (1.0 mmol) in dry DMVF (5 nl).
15After stirring the reacti oBxamplel3® at room

;f%ﬁ%&%e Aﬁ( tfsounI ct>fa5b )bigﬁlt&%-IZE(%Etﬁfdluoromethvl-
[1.3ldioxolan-2-yl)-1H-benzimidazole
To a suspension of NaH (1.25 mmol) in dry DMF (5 mL) was added a
solution of 5,6-dichloro-2-(2-trifluoromethyi-[1 ,3]dioxolan-2-yl)-1H-

20  benzimidazole (1.0 mmol) in dry DMF (5 mL). After stirring the reaction mixture
at room temperature for 30 min, the suitably substituted electrophile (1-10 eq)
was added dropwise via syringe. The reaction mixture was stirred overnight at
room temperature and then poured onto water (125 mL) with rapid stirring. The
resulting precipitate was collected by filtration and purified by flash

25  chromatography (SiO,, dcm) to yield the product.

Following the general procedure described above, the following

compounds of the present invention were prepared. After each compound

name and structure is listed the suitably substituted electrophile used in the
reaction.
30
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was added dropw se via syringe. The reaction m xture
was stirred overnight at roomtenperature and then
w@owresrseit o water (125 nL) with rapid stirri npCT/TR®07/060883

resulting precipitate was collected by filtration and
purified by flash 25 chromatography (Si 02, dcm to

yield the product. Follow ng the general procedure

descri bed above, the foll owi ng conpounds of the

present invention were prepared. After each conpound

name and structure is listed the suitably substituted

el ectrophile used in the eacti o 30 61 WO
2007/ 087518 PCT/ US2007/ ocsogéﬂﬁtgeg%-pl e 39

5, 6-Di tmk-orawlér pinfiethy R2(2-trifilu dlowsuth Uro'ibla?ril-dl -
an- 2-yl penzol m ~"] , N
-00 ~~ Cl \ CF3 5 El &anzgk . .Ey| | odi de Ms
(mz): 341 (MH) Exanple 40

1-f2-(tert-Butyl - di me€l o>€y/\|hyll-5 6- di chl

oro-2-(2- 10
trifluoronethvl-f1,31dio 2-\, )-IH-benzmmdazoIe
(#58) C N O~\) C N~<O&/ONEl egkrophi | e:

(2- Brono- et hoxy)-tert-butyl -di mat\hyl silane. Ms

5( mz): AE?ectr(owg: l\)feth;'T:I)iochIlelee 4l

Ms (m/z): 341 (MH+)

Example 40
1-[2-(tert-Butyl-dimethyl-silanyloxy)-ethyl]-5,6-dichloro-2-(2-
10 trifluoromethyl-[1,3]dioxolan-2-yl)-1H-benzoimidazole (#58

Cl N o/>
T+
cl N CF,

Electrophile: (2-Bromo-ethoxy)-tert-butyl-dimethyl-silane.
Ms (m/z): 485 (MH+)

15 Example 41
[5.6-Dichloro-2-(2-trifluoromethyl-[1,3]dioxolan-2-yl)-benzoimidazol-1-yl}-

acetonitrile (#53)
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[5,6-Dichloro-2-(2-trifluoronethvl-f1, 3l di oxol an-2-yl)

- benzoi m dazol -1-vl |- acetonitrile (#53) 62 WD
wQe®708987618 PCT/ US2007/ 060883 C O~ \ N ~- CPCTHSN07/060883

CF3 // N Electrophile: Bronmpacetonitrile M (mz):

366 (M+) 5 Exanple 42

f5 6-Dchloro-2-(2-trifluoronmethvl-f 1

3l di oxol an- 2-vl)-benzoi m dazol -1-vl|l acetic acid

nmet hyl ester (#57) d 0-**") :](:): N~-O d N CF3

O-Z~, OCH3 Electrophile: Methyl |odoacetate 10 Ms

(mz): 399 (MH+) Exanple 43 5,6-Dich

6
loro-1-ethyl-2-(2-trf4 X 4Q/>
d%\(é& a

31di oxolan-2-yl)=1 H b
N CF,
//

N
Electrophile: Bromoacetonitrile

Ms (m/z): 366 (MH+)

5 Example 42
[5.6-Dichloro-2-(2-trifluoromethyl-[1,3]dioxolan-2-yl)-benzoimidazol-1 ~vl]-
acetic acid methyl ester (#57)
Cl N o/>
\>_}
0
cl N CF,
0
OCH3
Electrophile: Methyl lodoacetate
10 Ms (m/z): 399 (MH+)

Example 43

5.6-Dichloro-1-ethyl-2-

-trifluoromethyl-[1,3]dioxolan-2-yi)-1H-
benzoimidazole (#56

cl N o/>
pouse
Cl N Cr,
. )

Electrophile: Ethyl lodide
Ms (m/z): 355 (MH+)

63



NO-") )[:::CNCF3 d 15 Electrophile: Ethyl 1odide
Ms (mlz): 355 (MH) 63 WD 2007/087518
weonEB007/ 060883 Exanpl e 44 PCT/US2007/060883
1-Allyl-5,6-dichloro-2-(2-trifluoronethvl-F1, 31di oxol a
n-2-yl)-1 H benzoi mdazole (#55) G \ NO-") C NOC3
5 Electrophile: Allyl Bromde Ms (nfz): 367 (MH)
Exanpl e 45
5,6-Di chl oro-1|-prop-2-vnyl -2-(2-trifluoronethvl-F1, 31d
i oxol an-2-vl)-1 H 10 benzoi m dazole (#54) O N O, *)

I ~O d N CF3 Electrophile: Propargyl Brom de M
(mz): 365 (M) 15 Exanrplbﬁ-@lp'e—g"il N
5, 6- Di chil-Ang-26{dichlbrd-RyREfEs Fothe W RFIOS IditxitriZn-2lyi-4 kit

benzi m dazol e (#61) :xc H

1- (5, 6- Di Chl or o- 1H benARgnzoMaidazole #bS) 2 2 2-¢rif|
uor o- et hanone (594 gﬁ;) ,
2- br onoet hyl am ne- hy oJbi; (\860%5_);and pot assi um
i |
fo

carbonate 20 (871 ny) SW DVF (5 ni).
Rl 6
3

The reaction m xture rCF WD 2007/ 087518

PCT/ US2007/ 060883 Cl

5 Electrophile: Allyl Bromide
Ms (m/z): 367 (MH+)

Example 45
5,6-Dichloro-1-prop-2-ynyl-2-(2-trifluoromethyl{1,3]dioxolan-2-yl)-1H-
10 benzoimidazole (#54)

Cl N \>_?}:O>
Cl: : :N CFs
/

Electrophile: Propargyl Bromide
Ms (m/z): 365 (MH+)

15 Example 46
5.6-Dichloro-2-(2-trifluoromethyl-oxazolidin-2-yl)-1H-benzimidazole (#61)

cl N o/w
Ij: H—NH
Cl H CF3

1-(5,6-DiChloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (594
mg), 2-bromoethylamine-hydrobromide (860 mg) and potassium carbonate

20 (871 mg) were dissolved in DMF (5 mL). The reaction mixture was stirred for
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18 hrs at anbient tenperature, then diluted with ethyl
acetate (50 nL), washed wth water (50 nml-) and brine
W@ 20078875m8.) . The extracts were dried over Na2Ser/US2007/060883

filtered, concentrated, and purified by col um
chromat ography (Si 02; 40% ethyl acetate/hexanes) to
yield the title conpound as a yellow solid. 5 "H NWR
(400 MHz, d6DMsO: 613.19 (s, 1 H, 8.01 (br, 1 H,
7.72 (br, 1 H, 8.01 (br, 1 H, 4.50-4.54 (m 1 H,
4.17-4.21 (m 1 H, 3.75-3.81 (m 1 H, 3.39-3.41 (m

| Hg hd. a@%n?mé?ﬁtérﬂbergtd‘% fYeh Gks a‘\n/%%%fl ?kﬁj 6 (50 fp}.), washed

C11H8C12F3N30: 325 rreasure as
Ex afifh waiey (5Q mp) and Brime 633 26 oL} H heeexdriats dalzaodirred over

(Z#Z,Ng% ‘Sé) 45 ﬂﬁr%c}foﬁ[%ﬁt%_#d fa]nd?ﬂ %E8§Bkaé'luﬁm chrorgg ograp?]y (SiOz;

1- (4)% ethiyChtadatelbxanes) to yield the title compound as a yellow solid.

H b t n 503

s gy B NRGHAT L GBSO bt % iy Bnkr, TH. 772 (o,

pot'ﬂi‘s)sBl(Dm(bral’lbk)nﬁﬁ@-4(5449@mt 1)) 4@!462%@@)@35%3@% 1,

g,.reactjo Xt ur e ss irred for rs a

%%B 4t1e(ﬁbélyaltgpg]3 &R 4 uted with et hyl acetate

(50 m_) Msw@@b@atewm:hc1m@<bsrsh(3@032§0b ﬁa@gs&‘ép%t ere%m

m.). The extracts were dried over
concentrated, and purified by col urm chr omat ogr aphy

10(Si 02; 40% et hyl 20 acet at e/ pgx 37 followed by
washj_ng SO|Id Wit h &QGZ/he% ield the title

g X . . A=[1.31dioxolan-4-yl]-
d6DI\/ISO) 6 13.06 (br 1H), ddiwaH) . 5.13 (br, 1

H, 4.59-4.66 (m | H), 4.4%r§t, 1H J=7.7

Hz), 4.10 (appareef t, 1 H J =1 3.52-3.63

(m 2H) 25 MS cal €uUNs -NC12{19Cl PF3N20Bt  355. 99

Measured: 357 (M+l). ‘
PCT/ US2007/ 060883 3
5, 6- Di chl or o- 2- (45¢hI oronet Ryl - 2CFsi f 1 uor omet hvl - f 1

3l di oxol an-2- vl ? 1 H benzi m dazol e (#50)
1-(5,6-DiChloro-1H-benzoimidazol-2-yl)-2,2, 2-trifluoro-ethanone (603

15 mg), 3-chloro-1,2-propan-diol (393 mg) and potassium carbonate (491 mg)
were dissolved in DMF (5 mL). The reaction mixture was stirred for 18 hrs at
ambient temperature, then diluted with ethyl acetate (50 mL), washed with
water (50 mL) and brine (2x 20 mL). The extracts were dried over Na,SO,,
filtered, concentrated, and purified by column chromatography (SiOz; 40% ethy!

20  acetate/hexanes), followed by washing solid with CH,Cl./hexanes to yield the
titte compound as an off-white solid.

"H NMR (300 MHz, dsDMSO): 5 13.06 (br, 1H), 7.92 (br, 2H), 5.13 (br,
1H), 4.59-4.66 (m, 1H), 4.46 (apparentt, 1H, J= 7.7 Hz), 4.10 (apparent t, 1H,
J =7.3 Hz), 3.52-3.63 (m, 2H)
25 MS calculated for C12HgCl2F3N203: 355.99
Measured: 357 (M+1).

1
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ad NOO c¢cc O d HCF3 5 1-(5,6-Dichloro-1
H benzi m dazol -2-yl)-2,2,2-trifl uoro-ethanone (611
worgo7/087518- di chl or o- 2- propanl (557 ng) and pot BEEUSN7/060883

carbonate (597 ng) were dissolved in DM (5 nL). The
reaction mxture was stirred for 18 hrs at anbient
tenperature, then diluted with ethyl acetate (50 niL),
washed with water (50 nL) and brine (2x 20 nL). The
extracts were dried over Na2SO4, 10 filtered,
concentrated and purified by col um chromat ography

(Si02; 40% ethyl acetat/hexane foll owed by washi ng
the solid with CFQCIZ/hexa%gE\pig-ﬁgeld the title

conp ichdorarl-(4-&hiohometindi2-tdifluorbmibthyi-39.8]dibkolan-2-yI)-1H-
d6DMSO): 6 13.40 (br, 1 HO,. 8. 05 1 H), 4.72-4.78

(m 1m,441446(m:1—3-§“—¥£dé-?ééﬂi“' 04 (m 1 H, 3.97
(dd, 1 H, J=11.8, 4.4Hz), 15 3.86 d, H J=11.0,

6.2 Hz) M5 Cal cul dtled_fon Cla ’gﬁzﬁ:\@?s. 96
Measured as 375 (M+l) ’@ 0

2-(5,6-Di chl oro-1-netXt 2 enz¢i m dazol -2-vl)-1 1

1-trifluoro-pent-4£&INn- ol (¥35)Cef NOH d \ CF3 To
a solution of Conpound #2 prepared as in Exanple 4

Sabove, (13G83-Divhlord-1kaidnzimidagsy2-ME, zmmﬂaddﬁ@thaﬁwé(% 1 mg),

eSO o a7 T and pblaRal Tt (sHBbLer.

f ordigblvedia Dl\m?)cﬁ edl).t Théfeaetien higatadaystried @fi P8R @Ne
(63 fLo 1 007/ 0

6 8
R Gaeas. Repidiyt eﬁgﬂ?‘f@i vlcﬁfﬁtaﬁ%ﬁ‘}%mLxmshed with
' ndmtat 50 raoyesiaBHned2x 2d mﬁﬁrﬁﬁer&(tﬂé@fs%%r@:dnemgf Na}RS,,

107 TR PRS0 ARELPUr B R oMo SRR 8 O ed9% oty
br i suetatekaiesiiyiciid Bpweshing tHeSsohahMBNEH S Shexanes to yield
the title compound as an off-white solid.
"H NMR (300 MHz, deDMSO): & 13.40 (br, 1HO, 8.05 (br, 1H), 4.72-4.78
(m, 1H), 4.41-4.46 (m, 1H), 4.09-4.14 (m, 1H), 3.97 (dd, 1H, J=11.8, 4.4Hz),
15 3.86 (dd, 1H, J=11.0, 6.2 Hz)
MS Calculated for C12HgCl3F3N2).: 373.96
Measured as 375 (M+1)

Example 49
-methyl-1H-benzoimidazol-2-y1)-1.1.1-trifluoro-

2-ol (#35)

IEE

To a solution of Compound #2 prepared as in Example 4 above, (323
mg, 1 mmol) in dry DMF was added sodium hydride (60 mg, 1.5 mmol, 60% in

25 mineral oil). The resulting mixture was then stirred at room temperature for 30

20 5,6-Dichloro-1

mins, cooled to 0°C and treated with iodomethane (63 pL, 1 mmol). After
66



renmoved in vacuo to yield the title conpound as a
solid. 5 MS(mz): 338 (MtH) (+)-Enanti onmer of

WQ@2(03/0875% chl or o- 1- net hyl -1 H benzoi m dazol - 2-R¢D/U32007/060883
1- trifluoro- ent-4- n-2-ol (#36) and - -Enantioner of
2- 5 6-Dichloro-1-neth |- 1H benzoi m dazol -2-yl)-1 1
1-trifluoro-pent-4-yn-2-ol (#37) 10 Conpounds #36 was
simlarly prepared according to the procedure
descri bed above, starting with the (+)-enantioner,
Con'pound #31, prepared as in Exanple 4 above.

' , cording ta t
pr oceg@r e %gggkgﬁ%bilﬁrlr@%dn%?%%%%%8\%31[8“5195[??*18%" Water
fr orvaS(a()deelrmdtthe peaducCartractettinttdethy| abbtos.cPlae ecj;éaaB; layer was
Vent ral .Prost n
Lev ord%%bWb@P%ﬁW%r'n&ﬁ F 8@9%16;3&@ spfyent was
| mv’aamor/ed (rﬂmmu( oxd prlatdethg tife c)gmpoasd é@b%@li%ﬁ' e S|0(r]I aglue
Dawl ey River) were treated once daily
for fi véﬁéoﬁgw %ﬁ‘\v‘?@%t conmpound (usually given
orally at 40 rrg/kg inavolunme of 0.3 n., in 30%
% et hyl cetl IIuI ose veh| cI e) and

1

10l #37) n car bon

10di oxi deCoHﬁibhhéé #@6 Qak @Fn‘ﬁﬁarlz %’;‘?é!%@éor&gb t(‘%ﬁﬁfeeprocedure

renpved and their wet wei rmne

coﬁjﬁéﬁfm dahave; $t§rtlmwabéh@?ﬂrermtlg@er tGampnenddidi, prepared as
I Nl Ekémgré Lhpdvest ost er one- enhanced tissue weights,

with a vehicle- treated control group set to zero

per cent CanwodNge#3 bwee sivnilariyporrsred setoading @ themrocddure

gr ¢ 0Q7/ 0608
o Ry bl dhal. ORI e CampOdRT o,
15 spPsrpREedagireyxanepls 4(&D®ael es River) are simlarly
tested according to the procedure descri bed above. The
rats were dosed for two weeks, with 0.4 ng/kg

t est ost erone propionate udbdnysle 50
Ventral Prostate and Levator Ani Weight in vivo Assa

Immature Rats

20 Immature (approximately 50 g) castrated male Sprague Dawley rats
(Charles River) were treated once daily for five days with test compound
(usually given orally at 40 mg/kg in a volume of 0.3 mL, in 30% cyclodextrin or
0.5% methylcellulose vehicle) and with testosterone propionate (given
subcutaneously by injection at the nape of the neck at 2 mg/kg, in a volume of

25 0.1 mL in sesame oil). On the sixth day, the rats were euthanized by
asphyxiation in carbon dioxide. Ventral prostates and levator ani were removed
and their wet weights determined. Test compound activity was determined as
the percent inhibition of testosterone-enhanced tissue weights, with a vehicle-
treated control group set to zero percent and a testosterone alone-treated

30  control group set to 100%.
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5 the positive control. Representative conpounds of

the present invention were tested according to the
w@e@cesisie descri bed above, with results as |iBCEUSI007/060883

Table 3 below For effect on prostate - i.e. an

antagoni st- a test conmpound is listed as 10 "active"

in the Table below if the non wei ght adjusted prostate

wei ght was < 40 ng or the % Inhibition prostate

wei ght, body wei ght adjusted was > _40% a(c) 2ng/ day

dosage. For effect on |evator anl - i.e. an agonist -

a t,ﬂg{w%%ggound is listed as "active" in the Tabl e

non wei ght adjusted | evator ani wei ght
vvas > Afatoge (6504 toe20-Gtdastrhtatinale |8£)‘VagL@fD@IWEyV‘ﬁE ¢bharles

. VR 15 a S S 2 40% a /. da S
or SV 2t SipTRes s fopobiRe e A iatBRorsipedBpive. The
Tahiats Wemsdosed foretywo MshﬁM@OﬂhﬁgﬁRg asstedté®eb pedbionate used as
52 Etate .and / (? | evator ani weight, they are |isted
er BF ROFEVe CORiEli ver as they did not neet the
specified criteria defined above. 20 Table 3 I D No.

Pr ost at %&ant a onj st L. A agonj st active inactive 2
active RAATENYVECOMPEURRY phibe pﬂeS@@f inyantianwere teged

actacerdimpe! th¥ ProctduRAGddckiBe REDOWE with r@&lltls.‘é% lisRRGH TYBle 3

9 tlvelnactlve 10 active inactive active
i naR&W-e Foreffest on\prostatgct i, @n @@Mﬁt@te&tmm@ounﬁes listed as

10RCUa¥Rve” e ™Ble BeloGithy Roh WafdHt W8juskR prostate weight was < 40
mg or the % Inhibition prostate weight, body weight adjusted was >40% @
2mg/day dosage. For effect on levator ani —i.e. an agonist - a test compound
is listed as “active” in the Table below if the non weight adjusted levator ani
weight was > 40 mg or the % Stimulation levator ani weight, body weight

15  adjusted was > 40% at 2mg/day dosage.

Note that while certain of the compounds listed in Table 3 may or may
not have shown an effect on prostate and / or levator ani weight, they are listed

herein as “inactive” as they did not meet the specified criteria defined above.

20
Table 3
ID No. Prostate antagonist | L.A. agonist
1 active inactive
2 active active
3 active active
4 active active
6 active inactive
7 inactive active
8 active inactive
9 active inactive
10 active inactive
13 active inactive
14 active inactive
15 active active
16 active inactive
17 active inactive
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WO 2007/ 087518 PCT/ US2007/ 060883 23 active i nact ive
24 active inactive 25 active inactive 26 active
WO p@cosrse8 27 i nactive inactive 28 active i name&zooﬂdﬁosss
active active 32 active inactive 34 inactive
inactive 35 inactive 36 inactive inactive 37 _
i nactive active 38 active active 39 active inactive
40 active 41 active inactive 42 active inacti ve 43
inactive active 44 inactive inactive 45 i nactive
active 46 active active 47 active 48 inactlve

! nact | ve [ 49 a02t3| ve | gg[ | Veacﬁ{}é (;l(;ll LX?; o laéﬁill\/é:f. ,
I hacti ve 52— Iﬂbl vet+53 aCLJIa(\Stlve DIH—att |nact|ve e
25 active inactive
26 active inactive
27 inactive inactive
28 active inactive
31 active active
32 active inactive
34 inactive inactive
35 inactive
36 inactive inactive
37 inactive aclive
38 active active
39 active inactive
40 active
41 active inactive
42 active inactive
43 inactive active
44 inactive inactive
45 inactive active
46 active active
47 active
48 inactive inactive
49 active inactive
50 active
51 aclive inactive
52 inactive
53 active
54 active
55 active
56 active
57 inactive
59 aclive inactive
60 active
61 active inactive
62 active
Example 51

As a specific embodiment of an oral composition, 50 mg of Compound
#43 prepared as described in Example 26 above is formulated with sufficient
5 finely divided lactose to provide a total amount of 580 to 590 mg to fill a size O
hard gel capsule.
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56 active 57 inactive 59 active inactive 60 active
61 active inactive 62 active Exanple 51 As a

W@ p@ciosises enbodi nent of an oral conposition, S5BCHYSN7/060883
Conmpound #43 prepared as described in Exanple 26
above is fornulated with sufficient 5 finely divided
| actose to provide a total anpunt of 580 to 590 ng to
fill a size O hard gel capsule. 69 WD 2007/087518
PCT/ US2007/ 060883 Wil e the foregoing specification
teaches the principles of the present invention, wth
exanpl es provided for the purpose of illustration, it
will be understood that the practice of the invention

enconpasgrif thklforeboingepasifedtion té@dﬁe@ﬁh@bﬁncuﬁd@bf mblpﬁ@é‘ent
and/or podifications as cone within the %r%%) %

f ol 'PM%‘"WQ Wit ExaMBled Prow GideE;EhWr%‘Pﬁ%Of iyt n, it W'” e
200745381 ACHAFAORY GARBIHIenih SAcdiiBasdes A1 crtrbeyld

of formula (1) (1) . wherein
3s ‘é%laé@'ﬁ%@dﬁP@HP@%@n(HPbmﬁd'@éﬁQ@ﬁsr?Q”lﬁW'IW@I thegRaepe Of the

o i enyl ),

V\%n?@ gﬁalm kynyl %Iréﬁvag%t%ated | ower al kyl, -(Iower
aI kyl)-CN, - (CH2)-heteroaryl, -(CH2)-aryl,
-S02- (1 ower al kyl), -802-(phenyl), -SQZ-(tonI), -
(CH2) - (fluorinated | ower al kyl), -(Iower
alkyl)-C(O-0O(lower alkyl), -(lower alkyl)-
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O (lower alkyl), -(lower alkyl)-S(0OO0_2-(lower alkyl)
and -(lower alkyl)-O Si(CH3)2(t-butyl); R2 and R3 are
weamh/ogmstependent |y sel ected fromthe group coPGI/BE$1007060883
of hal ogen, hydroxy, carboxy, |ower alkyl, hal ogen
substituted | ower al kyl, [ower alkoxy, hal ogen
substituted | ower al koxy, cyano, nitro, am no, |ower
al kyl am no, di (Il ower al kyl)am no, -C(O-(I ower
al kyl), -C(O-(lower alkoxy), -C(O-NR ARB, - S(OO0
2-(lower alkyl), -S02-NR ARB, -N(RA)-C(O - (Il owner
al k CIand_ -N(RA)-C(O - (hal ogen substituted | ower
al kgq-@g—%e, 8fBerein each RA and RB i s | ndependent | y
sel ect edA torapolmddsfdgenula(l) | ower alkyl; R4 is selected
fromthe group consi s3t| ng of al kenyl, aI kynyl , aryl,
-(C2_ 4dalkyl)-aryl RK IN and R*
-(C2. 4al kyl ) - heter oaryl §th% fkenyl or
al kynyl is optionally s uted wi one or nore
substituents indepe t ed ﬁmethe group
consi sting of hal ogen, hydroxygR'carboxy, cyano,
nitro, NRERF, NRE-C(O -Ilower alkyl and pmsnyl ;
wher ei n vRiereind RF are each independently selected from

ont 1 onaiTy shBERA R e P SR s HogBRSBY LRy (cHe-
i nd@aalﬁeml) y(@el)@m&yhyloxrﬁubhaatgd davpercadiys,i- eoWagalwl)-CN, -

vl 8%l 209709528, TRTALSRIR SRS 8T -

ani (rm-jg)-((ﬂlemeatedad)ww e)llqrr) Rtovearchliof (& @)eD-(lalvisy hikylar{lower alkyl)-

o 0 spves B on AR 5 O oweb 3 B e Py Ber Al PR o

W t Bi(ORg),@but®)r € substituents independently selected
fromthe group consisting of hal ogen, hydroxy,
carboxy, |ower alkyl, |ower alkoxy, fluorinated | ower

al kyl', fRgHd R%r%(bdcﬁ\lﬁfep@hkémw selt@PHdm tﬁé/ FMPJP conS|st|ng of
nitro, NR&FI{D and - (| ower al ky ILaNR BRc, -

al kl%ik?gen @)OX(H‘&NQQX)/, lowes iyl halegey Smlﬁ@ed ower alkyl lower
- N(&RdxyCh&loyeh §M\@§tltlﬁé5)6v09r aTH(?J Q)y‘a% Q)nfr& rb”#nﬁg SBwer alléylamlno

substituted | ower a ( ower

sogi! mwwma@. ﬁ(@ﬁ@cwvemzﬁk orf(@ ioyvqr@a@wh o&Q)WRARB
Se' | SERARHEFHRYACBIRINRIRE, SowBFalkgl “NRA-C(O)-
rern IS Sse from e gr oup consli I ng o
hydﬁ’r@@gﬁn substituted lower alkyl);

wherein each R* and R® is independently selected from hydrogen or

lower alkyl;

R* is selected from the group consisting of alkenyl, alkynyl, aryl -(Co.
salkyl)-aryl, heteroaryl and -(C,.4alkyl)-heteroaryl;

wherein the alkenyl or alkynyl is optionally substituted with one or more
substituents independently selected from the group consisting of halogen,
hydroxy, carboxy, cyano, nitro, NRER", NRE-C(O)-lower alkyl and phenyl;
wherein RF and RF are each independently selected from hydrogen or lower
alkyl; and wherein the phenyl is optionally substituted with one to four
substituents independently selected from the group consisting of halogen,
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| ower al kyl and -C(O-(lower alkyl); alternatively, R4

and R5 are taken together with the atomto which they
w@e@7hognsmkl to forma ring structure sel ected fPONUS1VE7/060883

group consisting of 2- pyrrolidinyl,

2-tetrahydro-furanyl, 2-(2,5-dihydro-1 Hpyrrolyl),

2-(2,5-di hydro- furanyl), 2-imdazolidinyl,

2-oxazolidinyl, 2-[1,3]dioxolanyl, 2-piperidinyl, 6-

(1, 2,3, 6-tetrahydro-pyridinyl),

2-(1, 2,3, 6-tetrahydro-pyridinyl), 2-

t etIé@gy%ﬁ(ﬂ&y?(@?%‘ﬁoévrhgﬁm%dé h%%[y‘,’ cfand. hitfo, %n?mo (lower

( hexdyi)atimioe pypd ldr(iod.temglk)/L) akhifat, 3] oxazi nanyl and
2-[1, 3] dioxan nth ' structure

opt i bnaWYR?r%'Uﬁé‘% ?Eyuf)re%et o"l(ﬁrléeqﬁ?r qjgpeor %%B@’?Pﬁ%@?ﬁ%’tue”t

: ndgrpep tesptionahessstitted Wmﬁfbh@ er gfo@élmb‘éﬁﬁﬁa'nﬁ inB&pdHdently
over

al K§A %G??%ﬁP%’gtBﬁ%m%%Pnﬁﬁa@{%ﬁE%ﬂ?@%hw roawaabw, lower alkyl,
sal lbwet AiR6RE fuorirhtedWRFRKYN dudindtdd ek mkéx %%h@k;ﬂ cyano,

ouFoRNRIRE 504 s ki RVR T er O Evesy Az éo&%%%;
| IN(RE
[ttt oo gt
| ovigttostiufad lpwet @Mﬁr&@ dey(lqwer@d@j) md(mEmRaR%wberem each
| p
s|( (%gﬁ%ﬂt %%&%‘A@E}?\gﬁ%@g@ flo ﬁg‘ﬂg‘»‘w\%@fjﬁé@%eoggg

R2 and R3 are each independently selected fromthe

group c CP@SI!; ﬁRethglfelrhﬂb %g%ﬂ?ctgal 1%:9){9(9 Pr%%@%%ﬁ&st&g?&ﬁyd rogen,

al kyl , hal ogen substitute

amilpwer $|1§W@ﬂda+q@)~cﬂnwaoalkm (1 ower aI kyI )am no,
-C(O-(lower alkyl), -C(O- (lower alkoxy), -C(O-NR

ARB, -N(RA)-C(O-(lower alkyl) and -N(RA)-C(O) -

( haI ogerltstmagvely, R eand Bhere takéayto)geth&hmtblthie e@ahto%lammey

e t en met.h
75 SRSl SR S LR T8 PR -
ﬁl Kamolldm;dl Ryfetydhydeo-furanyl,(292,5-dibgtikoyt B| -p3frylyl), 2-(2,5-dihydro-
et.er oany. t o ein th
Al KB eI, Pt 21 SO el S ione
sul{312,3 Gemaf@elh@pymﬂnjl)” Q1 B 6 I6teaHY dEP Pty ) g- of
hal Q980 dro>fy gl l% é}/
a )/dro yranyl,”6-(3,6-dihydro-2H-pyranyl), 2-(3,6-dihydro-2H-pyranyl), 2-
(hexahydro-pyrimidinyl), 2-[1,3]oxazinanyl and 2-[1,3]dioxanyl;
wherein the ring structure is optionally substituted with one or more
substituents independently selected from the group consisting of lower alkyl, -
(lower alkyl)-OH and -(lower alkyl)-(halogen);
and pharmaceutically acceptable salts thereof.

2. A compound as in Claim 1, wherein

R’ is selected from the group consisting of hydrogen, lower alkyl, -(lower
alkyl)-CN, -(CH2)~(Cz.4alkenyl), -(CHz)-(C24alkynyl), fluorinated lower alkyl, -
(CHz)-heteroaryl, -(CHz)-aryl, -(CH2)-(fluorinated lower alkyl), -(lower alkyl)-
C(O)-O-(lower alkyl), -(lower alkyl)-O-(lower alkyt), and —(lower alkyl)-O-
Si(CHa)(t-butyl);
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cyano, nitro, NRERF, NRE-C(O) -Ilower alkyl and phenyl;
wherein RE and RF are each independently sel ected
w0 c@mosnses ogen or | ower al kyl; and wherei n t hePCPOs2v97/060883

is optionally substituted with one to two substituents

i ndependently selected fromthe group consisting of

hal ogen, | ower al kyl, |ower al koxy, hydroxy, carboxy,
cyano, nitro, amno, (lower alkyl)am no and di (| ower

al kyl) ami no; wherein the aryl or heteroaryl, whether
alone or as part of a substituent group is optionally

bstit 3 t. tit | ted fry
the. gr dtendiR: sherton odrkBagB  elacii b e i apnsiSling of
:c lov\MIo@rkanroksa,wmrbca{yk ey aﬂwu balogeh edbstiaued Iavdr\dlkyl, cyano

X eno an

(bR, bRER AR Y, ey B Bl e iR Tty slSB (o)

d@)we(rlaﬂmt %), acKloyryf“fg%?dl(wmﬁz(ao)mov@a@hkyﬁgnamd F|RE1C{
in en cted from rogen or |ower a

&‘g%é%@ b\%"gv"sﬁfﬁ ql@gsel e%:/t edgf romthe group d

t f d'a diRAgeE, RE igwi

con3| %&lé@%g Y al t er nat I| ve%%n%?t%dge%%%m@&?#en
tog@{e &

the atomto which they are bound to
forma ring structure selected fromthe group

consi st 0 - i dinyl, 2-tetrahydro-furanyl,
2-(2, 5- (ﬁl ﬁ%?'&ctfd 0[!?9/81%]"91‘9 consigtipgmf @lkepyls alkynyl, aryl, -(Co.
fur WarylZhétst d fé?gé}!,l- di nyl ,

@n%])dl%xo ar?é@’mélntj (%élﬁlrylghs |73 WD 2007/ 087518
PCT/ Ussz@em@'kerm op alkypy! ﬂ%@ﬁt@ﬁ?ﬁv subysjituter] with ppe
2- (s’bbgtlti’ael@téeﬁ‘écrtéﬁ‘ﬁg%c’ch@ﬂdl@'cfb)‘n's.l)stln%ﬂ‘_halo%en hydroxy, carboxy,

tetrahydro an
2. (qyaeo,dpqﬁ?d}lla %HJ\@,- |-l§>we12alkyl and phenyl whereln RF and RF are
(h
[eéé%QYrQ{ég)?gﬁéht %1 éa fror% r{é,am%]eﬂ@ﬁwu%tryu%yl aé?]gi wherein the
o ptnf@ﬁall is potionsly |sub$téwtemm apedo d>wo sobslituesd mepelmmmﬂy

‘*’%"“ﬁgﬁeﬁ%&ﬁﬁ*O%étﬁ%SSH”@f ot RS AR T i,
[sbxtr errbexyt, icyaihd, yniter, @eprica tloaves alky!)arioeni. di( GverAlkyl)

corgmHgd as in daim2, wherein RL is selected from
the group consisting of hydrogen, |ower alkyl, -(Iower

al kyl ) - @Nereir m&awfmtlmt@'aawl whetr@iﬂ%l)or{e@ éfﬁcb\%l dubstituent

aI %p %%’tléﬁ%ﬂ&yﬁgy @P}aﬁ vyl t@%qg{sg%@t%g,%@ |s§;lected from the
group consisting of halogen, hydroxy, carboxy, lower alkyl, lower alkoxy,
fluorinated lower alkyl, fluorinated lower alkoxy, phenoxy, cyano, nitro, NR°RP,
~(lower alkyl)-NR®RC, -C(O)~(lower alkyl) and -C(O)-(lower alkoxy); and wherein
each R®and RP is independently selected from hydrogen or lower alkyl.

R® is OR®; wherein R®is selected from the group consisting of hydrogen,
methyl, ethyl, -C(O)-methyl and ~C(O)-ethy!;

alternatively, R* and R® are taken together with the atom to which they
are bound to form a ring structure selected from the group consisting of 2-
pyrrolidinyl, 2-tetrahydro-furanyl, 2-(2,5-dihydro-1H-pyrrolyl), 2-(2,5-dihydro-
furanyl), 2-imidazolidinyl, 2-oxazolidinyl, 2-{1,3]dioxolanyl, 2-piperidinyl, 6-
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R2 and R3 are each independently selected fromthe

group consisting of hal ogen, cyano and hal ogen
wGeaimsnstse ed | ower al kyl; R4 is selected fromPEEUSIOUMISS3

consi sting of al kenyl, alkynyl and aryl; wherein the

al kenyl is optionally substituted with a substituent

sel ected fromthe group consisting of hydroxy,

carboxy and phenyl; R5 is OH alternatively, R4 and R5

are taken together with the atomto which they are

bound to forma ring structure selected fromthe group

S RO g o =
\%h [tf,tram reaayyl, 6-£8,6idihydeczaHydyramyt), 2-(|B,iﬁaﬂb§'dgd42hybyrar&yl) 2-
tut

N SR b R g S e T
L rom t hevhgrein phe ong 'Bismdh{n? i®bptieetsiy btétisﬂglhlﬁg ,V\ilth or:\elor more
OSSR B G e L2 e PSS o
;:gmaﬂthd)}aandpr(@tzaﬂwi)%alor?mrei n RL i tshslel ec: ﬁdl from

ro nsi s me e

cyano. il AT e Ste iRa B achbabhl S gt + ™

1- propyn 3-yl, methoxy-carbonyl - nethyl and
t- Qytyl neth I-S|Iylon€%eth yl-; R2is selected from

the’gr ou ngigsig el V1es8iaNd tri f 1 uor onet hyl ;

74 V\D 2@079‘, 08548 leﬁﬁhH%?Wé(Qﬁ%ﬁé of ﬁ?dlbéeﬁ%\ﬁgéiﬁgll ~(lower
a?;@ @N rgup consi st i 8 of chloro an ;

seI IofegNs H?X'P@e@aadp'( ldndCanalkenyds -(GHa(Gaaalkynyl), -(lower

( +)atRylP{0)CKktdvweti Nl ard L bhwer a(k?) C9|S||(?§]H3k tgt)utfr iyl

- met hyl -al | y

E— 2- pr o&aﬁ’” R,|ar e egcfﬂrﬁtdﬁpenierﬁs'@pl@ﬁte@ fydm i graubmnysustjhg of

- Iﬂhﬁﬂw 3 3-

dr)@tldr?ﬁ‘ 1éﬁpoapg§n- 3-yl %S@[j%gqgwﬁy% )ﬂ propen- 3-yl,

2- met hy R’ 38 sgleged framythp groupseamsistien pf alkenyl, alkynyl and aryl;

S R S aRen s defiofeREL HREPR) 8oty Sected from the

1- @’@MW@SWQ of hydroxy cayoy angtphedyl) - 1- pr opyn- 3-yl ,

2-pr opyp % , 1-hydroxy- 2-propyn- 3-yl,

1- pheny propyn-3-yl, 2-butyn-4-yl and phenyl;R5 is

OH al t elteraaiivety, R* aRd Rirate Rikeartogétabienit 0@eAtbeT toWitidh they
t h%rébé’&ﬂ& e fx\Prﬁ %r}lng S r¥10ture selected from the group consisting of 2,5-

dihydro-furanyl, 2-tetrahydrofuranyl, 2-[1,3]-dioxolanyl, 2-[1,3]dioxanyl, 2-
imidazolyl and 2-oxazolidinyl;

wherein the ring structure is optionally substituted with one to two
substituents independently selected from the group consisting of methyl, ethyl,
hydroxymethyl, hydroxyethyl, and —(C1.,alkyl)}-halogen;

or a pharmaceutically acceptable salt thereof.

4. A compound as in Claim 3, wherein

R'is selected from the group consisting of hydrogen, methyl, ethyl,
cyano-methyl-, 2-pyridyl-methyl-, allyl, 1-propyn-3-yI, methoxy-carbonyl-methyl-
and t-butyl-dimethyl-silyloxy-ethyl-;

R?is selected from the group consisting of chloro and trifluoromethyt;
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are bound to forma ring structure selected fromthe
group consisting of 2,5- dihydro-furanyl,

wQ2a0e0878/dr of ur anyl , 2-[1, 3] -di oxol anyl , PCT/US2007/060883
2- (4- hydr oxymet hyl - [ 1, 3] di oxal anyl ),
2-(4-chl oronet hyl -[ 1, 3] di oxal anyl, 2-[1, 3]di oxanyl,
2-imdazolyl and 2-oxazolidinyl; or a
pharmaceutically acceptable salt thereof. 5. A
conmpound as in Caim4 wherein RL is selected fromthe
group consi sting of hydrogen, ethyl, cyano- nethyl -

o191 208 ORI o LSSl 0 S LD O

consi stin oro an uor o
sel ect edRTissalected fpro tie grong censistingadt viriyl, @¥ pviayig(- ) vinyl, allyl,

{}‘?Jallgfd' -b—?lly‘f fﬁ%ﬁﬁ/ﬁ Ilfyl O?g'piopgp%ﬁu @Cp?rﬁéér%{yrll %—%ﬂropen-&yl
2 p3-mmmlyl-3 gﬁopen‘isaﬁl - cmbnxy?ﬂpfopeﬁ-@yp qu@ﬂyl?»‘f-wopen 3y, 3,3-

ﬁ‘%' gﬁ"g bé 4 ﬂlﬁge?fg,)ﬁl}e@%g rd-|3 Zﬁmethyl% -propen-3-yl),

2 psomepeﬁylyrbropQA lﬁ%dleJS-ﬂ @h@mmpﬁopé t 2;&@113%@3%3/1 propa-
ro e -

S b RerR ot puishi-sin 1 a4 vb G Totseyn 5.1 bF dpydpyn-3-4,

3 =3lylp1-Bpyd : - -4

Ayt s e el LI Ch s s e

andarﬁgg %éaP?eQIHt ogether with the atomto which they

are bourfitetrtil &y, R6arid RYakt taksH fbrggtl'r%‘? Wﬁﬁttﬁ‘éj aforPB WhiEh they

group consi sting of 2- tetrahydrofuran
2- [Aredpund dxtarmm iing structure selected from the group consisting of 2,5-

ghfﬁ?%wng{f&éﬁwiwra{yar&% X?'[@@%dilbé I§n§l42 |(14 Pydroxymethyl-

- [h%fa%ﬁlwyl)aﬁdﬂr@hm@uhv il Bldioxaianyh- mwo@armwum.dazolyl

PCTdrHS‘gg gzog]gggl% or a pharmaceutically acceptable
salt thereo A conpound as in Claim4 wherein Rl

i s sel e®f @Phpraacautieallyransppiablesialitthergobf hydrogen and
methyl; R2 is selected fromthe group consisting of
chloro and trifluoronethyl; R3 is selected fromthe
gr dup cdéneanspdaung asfin Stadior bwherkircyano; R4 i s sel ected

[rom et aBER LR o8] el of Hathl it
( +)mathpl,cadlyhart 4-propgd-3¢yl) - 1- propyn- 3-yl ;

R? is selected from the group consisting of chloro and trifluoromethyi;

R® is selected from the group consisting of chloro and cyano;

R* is selected from the group consisting of vinyl, allyl, (+)-allyl, (-)-allyt, 2-
methyl-allyl, 2-propen-3-yl, Z-2-propen-3-yl, E-2-propen-3-yl, 3-methyl-1-
propen-3-yl, 3-phenyl-1-propen-3-yl, 3,3-dimethyl-1-propen-3-yi, 2,3-dimethyl-
2-propen-3-yl, 2-methyl-2-propen-3-yl, isopropenyl, propa-1 ,2-dien-3-yl, 3-
methyl-propa-1,2-dien-3-yl, 3-ethyl-propa-1,2-dien-3-yl, 1-buten-4-yl, 1-propyn-
3-yl, (+)-1-propyn-3-yl, (-)-1-propyn-3-yl, 2-propyn-3-yl and phenyl;

R®is OH;

alternatively, R* and R® are taken together with the atom to which they
are bound to form a ring structure selected from the group consisting of 2-
tetrahydrofuranyl, 2-[1,3]-dioxolanyl, 2-(4-hydroxymethyl-[1 ,3]dioxalanyl), 2-(4-
chloromethyl-[1,3]dioxalanyl, 2-[1,3]dioxanyl, 2-imidazoly! and 2-oxazolidinyl;
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R5 is OH alternatively, R4 and R5 are taken together
wWth the atomto which they are bound to forma ring
wa@20oos1sie sel ected fromthe group consisting BET/BSEH07/060883
di hydro-furanyl and 2-tetrahydrofuranyl; or a
pharmaceutically acceptable salt thereof. 7. A
conpound as in Caim4 wherein RL is hydrogen; R2 and
R3 are each chloro; R4 is selected fromthe group
consi sting of isopropenyl, Z-2-propen-3-yl and
(+)-vinyl; R5is OH alternatively, R4 and RS are
t aken toget rg]er vvitug. tlre at ogbfeo \A@hch hey are bound
to for mARNAMIRGRERANRRAEP seltghgieRbceut i cal |y
acceptable salt thereof. 8. A compound as in Claim3,

wherein R1 is selected fromthe group consisting of
hydf-oger® S0MBPP S'Qlcﬂ?/'f“ ‘?F@e%@ R3 are each

i ndepenggng lséleéféldf?ffdn?%_efgjr@ﬁﬂ) EORSIEG WP hG@dghs aha tnedhy!;
hal ogen, .hal o%en substituted | ower "al k%I and cyano; R4
i s sel edt €8 selesiedtiros Bleqiipur eerRsIEiNG Y chiprapmd tiiporomethyl;

| kynyl - ' i ional |
al kynyl peng sérexiﬁd fro\mg{eegrauﬁ B@nﬁétiﬁﬁf&fbghf?or %ﬁ?ﬁég‘@ y

substituted wth a substituent sel écte

group cdhsp Seleatpddronhiierasayn cergigingyf i, fhievigyl; allyb Z/@
20 ; IS N o RWH
phar SRCEET AT e aanran P RRY e EorabgPay and (-
conpepyit3a% in Caim8, wherein R is selected from

t he grog-\nsiggjﬁi sting of hydrogen and nethyl; R2 is

sel ected from’the group consisting of chloro and

t ri f | uorahieetatiyely, R‘%ﬂ B° sl takere thgbthemwith dheyatoopto which they

O 9 8 ol 0B BRI o By BEp S e 2
al | dibydroffurangl dngl 2-tefrapydrbfuyanyl;2- net hyl -al |yl ,

2 pr 0pery; 3yl ho AR RPEReBioble seit aRlopPen- 31

7. A compound as in Claim 4 wherein

R is hydrogen;

R? and R® are each chloro;

R* is selected from the group consisting of isopropenyl, Z-2-propen-3-y!
and (+)-vinyl;

R®is OH;

alternatively, R* and R® are taken together with the atom to which they
are bound to form 2-[1,3]dioxalanyl;

or a pharmaceutically acceptable salt thereof.

8. A compound as in Claim 3, wherein

R'is selected from the group consisting of hydrogen and lower alky!;

R? and R® are each independently selected from the group consisting of
halogen, halogen substituted lower alkyl and cyano;

R* is selected from the group consisting of alkenyl, alkynyl and aryl;
wherein the alkenyl is optionally substituted with a substituent selected from the
group consisting of hydroxy, carboxy and phenyl;
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3-net hyl - 1- propen- 3-yl, 2-carboxy-1-pro pen-3-yl,
3- phenyl -1 - propen-3-yl, 3,3- dinethyl- 1-propen-3-yl,
WQ2®7087588 hyl - 2- propen- 3-yl, 2-nmet hyl - 2- pr openPGFYE3007/060883
i sopropenyl, propa-1, 2-dien-3-yl,
3- et hyl - propa-1, 2-di en-3-yl, 3-ethyl-propa-
1,2-dien-3-yl, 1-buten-4-yl, 1-propyn-3-yl,
2-propyn-3-yl, (+)-1-propyn-3-yl, (-)-1- propyn-3-yl,
1- hydr oxy- 2- propyn- 3-yl, 1-phenyl-1-propyn-3-yl,
2-butyn-4-yl and phenyl; RS is OH or a
phar rmcg@ti'é%m.l y acceptable salt thereof. 10. A
conpound as I daim7, wherein Rl is hydrogen; R2 and
R3 are esaphavhaceyticAlly aceptablecdatidhéreofn t he gr oup
consi sting of isopropenyl, Z-2-propen-3-yl and
(+)-vinyl; RS is OH or a pharnmaceutically acceptable
salQ. t héyewhpountias iA Glaimp®uwitkrein i n Cl ai m 3, wherein

d f f hyd

s ST SS R B 20 Be S0 S

- (CH2) - (Fézs dalbkted o the(drbld) cdr@smgldmnnzsra and {nlﬂemrnethyl
al kyl) - gﬁ%%&%@t r al ky I% and | ower
al kyl ) - S Q‘f MhNEEryuP eensigiga s chlpe angteyano;
i ndepen %EMeStQH%hE%efgr rﬁé&%@.ﬁngﬁgﬂﬁ)%ﬂ%ﬂg(\k%hnyl allyl,
hal bstituted | 7
R AL TN e e
t 0gﬁhﬁﬁyl—ﬂdr@péﬁ@-yﬁ@%ﬁrb&(ymt)%eﬁ@)}’l 8 ﬁen*i’)qulnﬁ’ro Qn fSCVI ng 3-

ructure selected fromt consi

2, SJ"BSWEF BreRFNayh 2.3-gimegivi aw@mwgwh#ymethyle propen 3 yl)
2- [Iéop?&)p@pr@JY'Z*dlé’n—b%ﬁl @—ﬂb%ﬁﬁb@ga -£2] 'dmnd§§913>yéthﬁ?)¢opa-

2- oxazolidinyl: wherein the ri
opt1|’%‘ﬁﬁnl‘1§ry"51ﬁ§1[t¢f‘rﬁ'tybd “RIPRYN-B1Yb a-l@fopyw3-)$t(b*3ﬂ1plrwn’f3&yl (-)-1-

hydrﬂ‘ﬁ’?ﬁ?w%‘"y@% ooy 3 TSP EAIR ] iy and

PRepHar maceut i cal |y acceptable salt ther eof
R®is OH;

or a pharmaceutically acceptable salt thereof.

10. A compound as in Claim 7, wherein

R is hydrogen;

R? and R® are each chloro;

R* is selected from the group consisting of isopropenyl, Z-2-propen-3-yl
and (+)-vinyl;

R® is OH;

or a pharmaceutically acceptable salt thereof.

11. A compound as in Claim 3, wherein

R' is selected from the group consisting of hydrogen, lower alkyl, -(lower
alkyl)-CN, -(CHa)-heteroaryl, -(CHy)-(Cz.4alkenyl), -(CHz2)-(Ca.qalkynyl), -(lower
alkyl)-C(O)O-(lower alkyl) and —(lower alkyl)-O-Si(CHas)a(t-butyl);

R? and R® are each independently selected from the group consisting of
halogen and halogen substituted lower alkyl;
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12. A compound as in Claim1l, wherein RL is sel ected

fromthe group consisting of hydrogen, nethyl, ethyl,
wey@anosiset hyl -, 2-pyridyl-methyl-, allyl, PCT/US2007/060883

1- propyn- 3-yl, methoxy-carbonyl -nethyl - and

t-butyl-dinmethyl-silyloxy-ethyl-; R2 is selected from

the group consisting of chloro and trifl uoronethyl;

R3 is chloro; R4 and R5 are taken together with the

atomto which they are bound to forma ring structure

sel ected fromthe group consisting of

%1 Fldg{]*g‘régi)ggﬂ%g?féken t%gét%F Ay ﬂ{eoefat%%atgyv!/hich they are bound to

.(2- (farmyadin @@‘W@tuﬁ?’ Be'Pﬂiteﬁ]fKﬂin:Dﬂ'@l grayp )Joné?sging of 2,5-di|hydro—furanyl,
4- - i.oxal an -] 1 | oxgnyl ,
o AR S BV RuBi Gitomeics-riGeY aary
accearaliglinylisal t thereof. 13. A conpound as in daim
12, whergjn. | s hydrogen; and are each chl oro;
R4 and @eg?'%eak%xq%c %{eﬁ%?%”@ﬂy Fﬁggt'iit%%""ﬂ% ORfite o
t Regubatiuae?tgmrﬁpboderﬁtryrsale’g:ltéoﬂﬁr&lhdhf ﬂiu@rl?dnéilsgﬁg aAf

rmaceut i,c acc abl e sa er eof . :
Sh AV TSk h%&%ﬁ SEbt A -&éhqﬁiﬁyﬁrh@éog&n:
phar rrac@u‘aiméfmace@ﬁi@@gﬁé&bﬁtab%dltitﬁére@ﬂd a conpound of
Claim1l. 78 WD 2007/087518 PCT/ US2007/060883 15. A

phar maceuti cal conposition made by m xing a conpound

of 1d.ai m dompitdastRPARCEUWHeRdihY acceptable carrier.
16. A prgcess for making a pharmaceutical conposition

conpri sing® $RIetag fram the Grimepnsistiay &f hydrogen raethyl, ethyl,
phasyaRe-edthdablgri I L3rb&bnady - ! _ i
treating a %i soﬁr‘/&'g?'%ngﬁ&?g’tag'ﬁggf ra@”a%ﬂc%@ﬂ%%%%?@{l m ethyl
cor@hdi ubd-difasihnirsilylexysthyt-o a subj ect in need t her eof

a therap@y ' FHER e n f.
Claim 1?1%#&%&%%{@%@%@?@(5%“ ngﬂgo{g{:@é’% er ne%gﬁgg.'yl’
by an afdi®og¥ero; eceptor, conprising administering to

amount - or TRE” SR8 HRBRLARNG BRI G g Bpn i tokRa to
form a ring structure selected from the group consisting of 2,5-dihydro-furanyl,
2-tetrahydrofuranyl, 2-[1,3]-dioxolanyl, 2-(4-hydroxymethyl-[1,3]dioxalanyl), 2-
(4-chloromethyl-[1,3]dioxalanyl, 2-[1,3]dioxanyl, 2-imidazolyl and 2-oxazolidinyl;
or a pharmaceutically acceptable salt thereof.

13. A compound as in Claim 12, wherein

R'is hydrogen;

R? and R® are each chloro;

R* and R® are taken together with the atom to which they are bound to
form 2-[1,3]dioxalanyl;

or a pharmaceutically acceptable salt thereof.

14. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a compound of Claim 1.
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19. The nmethod of Claim 17, wherein the disorder

medi ated by an androgen receptor is selected fromthe
wW@e@apstsonsi sting of cachexia, osteoporosis, PCT/US2007/060883

ost eopeni a and andropause. 20. A nethod of treating a

condition selected fromthe group consisting of

prostate carcinona, benign prostatic hyperplasia

(BPH), hirsutism alopecia, anorexia nervosa, breast

cancer, acne, AIDS, cachexia, andropause, osteopeni a,

ost eoporosi s, fenmal e sexual dysfunction, mal e sexua

dysfgmc A#;%brmagéd'ﬂcﬁl écfn{lﬁ}go%itiow ?ﬁ: galgﬁfgﬁé) ot h%ﬁ)ﬁﬁt 4P Claim 1

mal e or mance and

recﬂi\ﬁe& pharmﬁpmtlogiﬂhgczijhrhesamer ng to a subJ ect in

need thereof, a therapeutically effective anount of

t he conpound of Caiml1l. 21. The use of any of the
corﬂrﬁoun@sprdeeasrfolbmdklhgraqnharmacémaamcﬁm&isﬁtdn%nﬁﬁnssr@ mixing a

t at noma, (b)
ben| g rosf a"% 16%%%%?%%4038{:@%%(:8?@? %:Cﬁﬁrlﬁﬁ sm
(d) al opeC| a, (e) anor exi a nervosa, h(f) breast
exi a,
andl opa uBHBR PP seetizaipatdel rieciied Bbpaepstagen egeptor
f erahprisieuaimitlytefing e & e0bjettih nBBY G£heﬁ@éﬁ‘“&fi‘iherapeu;ucally effective

shed |ibid for (p) nma
%??Hmci thﬁ%"fpapnqg}C@mﬁnceh Inraloe 79 WD 2007/ 087518

PCT/ USZOO?/ 060883 perfornance or for (r) nuscle

urn, recover in a subject in need
' ﬁglﬁzgfe rg@thod mp tfreating a dlsord)ér mediated by Jan androgen receptor,

comprising administering to a subject in need thereof a therapeutically effective

amount of the pharmaceutical composition of Claim 14.

19.  The method of Claim 17, wherein the disorder mediated by an androgen
receptor is selected from the group consisting of cachexia, osteoporosis,
osteopenia and andropause.

20. A method of treating a condition selected from the group consisting of
prostate carcinoma, benign prostatic hyperplasia (BPH), hirsutism, alopecia,
anorexia nervosa, breast cancer, acne, AIDS, cachexia, andropause,
osteopenia, osteoporosis, female sexual dysfunction, male sexual dysfunction,
diminished libido, male contraception, male performance and muscle
replacement in burn recovery, comprising administering to a subject in need
thereof, a therapeutically effective amount of the compound of Claim 1.

21.  The use of any of the compounds described herein in the preparation of
a medicament for treating: (a) prostate carcinoma, (b) benign prostatic
hyperplasia (BPH), (c) hirsutism, (d) alopecia, (e) anorexia nervosa, (f) breast
cancer, (g) acne, (h) AIDS, (i) cachexia, (j) andropause, (k) osteopenia, (l)
osteoporosis, (m) female sexual dysfunction, (n) male sexual dysfunction, (0)
diminished libido, for (p) male contraception, for (9) enhanced male
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performance or for (r) muscle replacement in burn recovery, in a subject in
need thereof.
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