NOVEL 2- SUBSTI TUTED BENZI M DAZOLES AS SELECTI VE ANDROGEN RECEPTOR
MODULATORS ( SARMS) FI ELD OF THE | NVENTI ON 5The present invention is
directed t@owgyglsgssubstituted benzi m dazol e derivati vigSyysanerne0sss
pharmaceutical conpositions containing themand their use In (”1e
treatnment of disorders and conditions nodul ated by the androgen
receptor. More particularly, the conmpounds of the present invention
are useful in the treatnent of for exanple, prostate carcinom,

beni gn prostatic hyperplasia 10(BPH), hirsutism alopecia, anorexia
nervosa, breast cancer, acne, AIDS, cachexi a, andropause, osteopenia,

oot eonor 05! o TROVEE S TTBERIEKLAg3: oA Uel ARG bEe 6o
enhancer and / or for nuscl REGEREHRR MODULATORS{SARMS)ErY.

15BACKGROUND OF THE | NVENTI ON Androgens are the anabolic steroid
hor mones of animals, controlling nuscle and skeletal mass, the

mat uration of the reproductive TiHteNYENTIONNent  of secondary

sexual chargcteri st i f | e.
oo, {26t oot or pedF s meER SURALES Bl At beHla! cste gt
ti ssues, but afRIiValiasspharerseyticakcantnpsiiibagcentaining them ammlrufsenﬁhe
physi ol ogy, f ofe® en found in
re Ph@ﬁ%f%aso‘rdbr%@ﬁ’d Qérﬂ:f;tﬁms Hb?iufétfﬂo% tﬂ@%grg%n [8CePIOL ¢ |\ os

serumis test O@erone ective Conpo
such as the te¥P&spaiigriasiy: tiecampounds gfthssprasentinventidd are useﬁmtloﬁmear one

is converted t@eﬁﬁen%f%x@hg@ Bﬁfs%rt@aﬁcﬁ%) bé?‘ffgwt aé}gﬁng&E Ilc]y@% asia

5a-r educt a?(g Ms a _nore otent androgen t
because it 'bin |?|§90§§m(ﬁ{@ﬂ%¢lq 6"@'ﬁé‘aaﬁﬂf0§@,é?ie$%@@fmeo,racne AIDS Li ke

all steroid homamaﬁé,,ar@%ﬁa@%%t&ﬁ@ﬁat&t@opﬁ)%@ fdriald SSERI is l{nﬁﬁérﬁje

the cells of tar[%et ti ssue i.S case the androgen re *Thi s

is a nenber 300 tsﬁéu%ﬁiﬁf@%‘?t'ohe%%{'@ijo enhansen iaﬁﬁll'ﬂﬁie f:@m,ttasepffvanas&

Bi ndi ng of andmnelgerrbandriee ehR&RRF ahd AGHHY LS e Hol
bind to DNA binding sites adjacent to target egeér?eegaﬁlllgﬁg‘r%%% erlregogegy

interacts with coactivator proteins and basic transcription factors

to regul at® the expressi on GACKSROSMND OFNUE INVENTIOR I eceptor,

androgens cause chagnges in e _expression Tn celTs. These changes
ulti mately have co%@g'é?@gﬂ%%%%g%a?%“ﬁéﬁeé%%FP'EE“%‘&? glienimalss eantrehing at i on

or proliferatirousad atcheketstdimaskhiab naa*t@ravmrsbhh@réﬁﬂoddasvé)é%%n?'tﬁ’&y of
the target tis \58Io tors of androgen receptor

function have eenp%ﬁﬂ gfgaor@a[yﬁeg(aplw%af erigizreang; the majdenance ef
steroi dal ( Badertili,in Bie,malhInsisren, tdsta'steroﬁ@ibsoonée@dto%str érﬂn most

Endocri noI t 51 5 7 Shahi di ,
Ther apeut i cd;/E t?’%&g%%%%f‘-@%fﬂg%@ %@‘6 elvegpa ﬁy Ef‘éi?éﬂ ’Ef%ﬂnatﬁ‘ﬂé\ﬁiq ng,
D. W, fBr 10I1 walobgy]fg%gambﬁ(,G)themspetn:ﬁ7$h€8!4éfmmuﬁ§l§1d1ﬁ\é§mm is
significant i S e their col ogi ca| paraneters,
i ncl udi ng gyné%glr)r%g{ohg r@ﬁégi% %Peegfatéq’vﬁgggp H'a‘gﬁ’éﬁﬁ‘t’ I“@gtﬂ}ﬁ‘ tepigs
addi ti on, drugndmitgitarpt Brmostaiermdiskine tdaRRteronsie CySkricd t8Ld ent s
receiving anti ti,on ther sing coumarins. Finally, patients
with aniline s‘j@ﬁgﬁ}%%ﬁt?@@e @WY&ES@B‘?%&‘M@GU%@SQ HeH Sraetnarsol i t es
of non- st &5oi gatendandrageh hge kstosterone because it binds more strongly to the
androgen receptor.

Like all steroid hormones, androgens bind to a specific receptor inside
the celis of target tissues, in this case the androgen receptor. This is 2 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



Non- st er oi dal agoni sts and antagoni sts of the androgen receptor are
useful in the treatnent of a variety of disorders and di seases. Mire
particul ary.oARkAGEN sts of the androgen receptor CC“”ﬂ%Tﬂ%zﬁHBhﬁde
in the 20 treatnent of prostate cancer, benign prostatic hyperplasia,
hirsuti smin wonen, al opecia, anorexia nervosa, breast cancer and
acne. Agoni sts of the androgen receptor could be enployed in nmale
contraception, nale performnce enhancenent, as well as in the
treatment of cancer, AIDS, cachexia, and other disorders.

Addi tional ly, agonists of the androgen receptor are useful in 25

prormtlng burn ver r.phy; K. D., Suchnor T., ak, R P.,
Chi nkes, tr%a é? Ipfion éa(l(:tors ‘5@%@:‘&%%895%%33'@?Pgt?%eaﬁ%ﬁ%-"taétsm
oxandr ol one admcaptst mathiogans ceuse charedey in yeneskptdds!omrie belisSUhgss v,

(2004), 136(2) ONaonet hel ess, . t her x ists

smal | nol ecul e‘:hal?]g‘géglthe|a g‘f‘%laeivégl\'ﬁ%eg%ﬁp%%s orfpe e 3PBEBH%F%E%'3?

W& now descr i ber poliferaéén sithe eslll dfat Are wsibietin thetpbeglsiblegy bithd &z gétaissue.
derivativesz useful as androgen receptor nodul ators. SUMVARY OF THE

| NVENTI ON  The present invention is directed to a conpound of for rrul a
(1) RBR4A NF ) (CR AltRoygh mbaviatoes of androgen rdebplos fiseli@chae Heeamniphes

group consi sti 4al keny
Z(CHR) - ( C24al k&ﬂif’?g v BY EORE e, !"gﬂﬂem%!?'}é’y"iak@ﬁaga"'% Slefis 1&@@’"3
(CH2) - het er oarAS;, i@mi)vdatwibl Mersozzqma;,m pRS 108117 Shidi plhan\Gii,

Ay - Q). o- [TaEtat ﬁ;&'ﬁ‘f]@ SPHRD) R ol dRbutng . &
-(1 ower al |) -$(ro), 6926( rppe?l?ﬁy?l8)4) eerdpoyrideweve sipiifitant Dabilities related
Si (OH3) 2(t - butglilgir pharmace @ﬂgﬁ%e%é@ ,ﬁgs&nga RS @%@{H becip! ect ed

fromthe group consistin ogen I oX ower al kyl
hal ogen subst i €0E&Be$ G@EWX'CIWOMG f@”aﬁﬂ@@vdyug htﬂr@gens bantrsha%ut ed

| over al koxy, By if Lis |

al kyl ) am no, Cé é{ O\E\er al [%E%Mﬁg ah @%:pgﬁsm obd % NRARS,
- 5(0) 0. 2- (1 ovidhally} R3fients W@O@'[mﬁﬁBS' M mplottq&)qononr@m@ed@wm) and
_N(RA) C(0) 15 ( habeegnesshsinldebrdl érﬁs\éﬁarogé /1), wher ei n
each RA and RB is independently sel ecte rom hydrogen or 20l ower

al kyl ; R4 is selected fromthe group consisting of alkenyl,

al kynyl, aryl, (C&_on‘b&’ér&wbDa ks arfidr@i Rl ofdéland t
-(C2. 4a kyl ) - het e s IS o Pirogan regenforare 11y

substituted wi 'feﬁ Ii’élﬂeﬁjﬁ?e‘é‘t Qtﬂ)gﬁrl%%frﬁ'%or‘gﬁﬁéﬁ@ﬁ@@@ﬁqsy Masgect ed from
the group conspetiuidlyPantBedrRASBr the androgen receptor could be employed in the

20 treatment of prostate cancer, benign prostatic hyperplasia, hirsutism in women,
alopecia, anorexia nervosa, breast cancer and acne. Agonists of the androgen
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., Hemdon, 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 nove! series of 2-
substituted benzimidazole derivatives useful as androgen receptor modulators.
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25 hydroxy, carboxy, cyano, nitro, NRERF, NRE-C(O0)-I|ower alkyl and
phenyl; wherein RE and RE are each independently selected from

hydr ogen kyl ; and wherein the phenyl (substi dﬁﬁgz

al kenyl O?fvglz&%r)ﬁki s optionally substituted with one I%o Oa@ﬂmﬁs@?
substituents independently selected fromthe group consisting of
hal ogen, | ower al kyl, |ower al koxy, hydroxy, carboxy, cyano, nitro,
am no, (lower alkyl)am no and di (lower al kyl) am no; wherei n
the aryl or heteroaryl, whether alone or as part of a substituent
group is optionally substituted with one or nore substituents

i ndependently 5 selected fromthe group consisting of hal ogen,

hydr oxy, carboxy, |ower alkyl, |ower al koxy, fluorinated | ower alkyl,
fluorinated | ower al koxy, phenSdMMARYaDE THE INVENTIMRIRD and - (| ower

N I O Bl e Mo

al kyl), -S(0)0.2-(lower alkyl) r&nd O NR¢ RD; \Mxerei n each 10 Rc and
9 or yover alkyl; R6
¢ gr sisting of hydrogen,

RD i s independently selected from
is OR6; wherein R6 is selected fro
| ower al kyl and -C(0)- (] ower alyl )~ tenati\gH,y, R4 and R6 are

taken together with the atomto which theyare bound to forma ring

structure selected fromthe group consi st i%g of 2-(|)_15pyrrol i di nyl,
2-t et rahydr ®- f ur anywher@n( 2, 5-di hydro- 1H pyrrol yl), 2-(2,5-di hydro-

R
2- (1,2, 3, 6-t et (Ghgleny py(CH)-(Golalkyrd), fietrinatey dovesnyalian Yilower alkyl)-CN, -

6- (3, 6-di hyd ey 3.6-gH hydr o- | 2-
(nexaydr o” pyr |0 A T e b Pty S oP 2 PS0F . o 0mpio. -
20wherei n the {Ghiw-(ftorineted faversikyi-(lowed dlly!STUCHO-{obechiyil), Hiowreamyl)-

nore subst kg Ueal Sy n € ted fro he .gr,ou onsisting of
Tover “al kyl® - O lel R 508 oo @i sy Ahifhy LRiP s8R0 ana
phar maceut i cal $§C'dﬁdéb@ialﬁsl e salts thereof. 25ll1ustrative of the
invention is a pharmaceutical conposition conprising a

pharnaceutical |y acgeptahl e carrier and any of the conpounds

descri bed herein. A& andiRisare aectoindedendiietly selested foom tre group consisting of
phar maceut i cal hA4eBRO Y dr 1% f L

descri bed herein anaﬁ%drgﬁgrc @ggﬂ?%é;ﬁﬁ!ypgg@g%? glﬂ)q:stg{?@%cflgﬂg%mﬂﬁower

Il lustratifmy tHEYnh@ipgssubstituteddewerakoxy cryanakiitng amirds) lower alkylamino,

phar maceut i cal gig yhh@thoS QE'(@f)i(@iNng?t?lg E@@Bgf&%e%lk&gﬁ,i -ug;fc’c'_ff}?HHﬂQ? -

descri bed herein and a pharnmaceuti 1 ¢ abl'e ca
Exenpl i fyi ng tP&nlerariadyDar 80mbRABAsNGE MG(@atlower alivi)andeNR Y O)-

condi ti ons nmodubrbeslsibstituiel BALF ARAP receptor conpri sing
adm nistering to a %gb ect in,need.thereof, a therapeutically

effective amunt of¥ g#ch ReakdbRpuniependeniy seieaied dorchdrogen or
conposi ti oz dewerailgd herein. 5 An exanple of the invention is
a nmethod of treati Eig an ar%%”)r en receptor nodul at ed di sorder sel ected

romthe group con& ¢ it , i P c
f h & 5517 4R groer eansisting shalkeryhialynpr et oCe
hyper pl asi a ( BElyl)-ahil tetdrosi arkl -@@ﬁ‘éik?l?—héﬁﬂfa%f a nervosa, breast
cancer, acne, AIDS é‘Acg_lg{hr gﬁ@lﬁmmne Defi ci encg’ %ndrome)_, 10
cachexi a, andropaule 651 V'e{),r_aﬂ‘é’f‘ﬂd)‘p%?t@?f Supgltied vdieanglor more
dysfunction, nabstitsents mkdepyaiontysdifled fomithd §R8H chhdittg of ABbGen,
contraceptdon, ar for enhanced P

hydroxy, carboxy, cyana, nitro, NR"RF, NRE-C(O)-lower alkyl and pheny;

wherein R® and R are each independently selected from hydrogen or fower

alkyl; and wherein the phenyl (substituent on the alkeny! or alkynyl) is optionally

substituted with one to four substituents independently selected from the group



mal e performance or for nuscle replacenent in burn recovery,
conprising admnistering to a subject in need thereof, a

t her apeut iygghhpngfsigcti ve amount of any of the corrpounq,&q US2007/060883
pharmaceutical conpositions described herein. ﬁ

exanple of the invention is a nethod of treating an androgen receptor
nodul at ed di sorder selected fromthe group consisting prostate

carci noma, BPH, hirsutism al opecia, breast cancer, acne and nal e
contraception, conprising admnistering to a subject in need thereof,
a 20 therapeutically effective anmount of any of the compound of

har naceut i cal S ons descr her t her anmpl e of the
anentl oﬁ : s a Or?ﬁ%[gﬁ@%o rfa BN ﬁ@égﬁﬁawa?%@ﬁ ﬁ\%‘ﬁ@ﬁ% vl )F(iﬁgg)’%ftoeﬂ‘tm’
di S(ﬁr der sel Sc@mdof(ﬂmrtaﬁeyl)gmmpmn@@ﬂ?mt aiRg) amm’o]?XI aI 25 Al DS,
cachexi a, andropau openi ost eo enn xual .
dysf uncti on, maloe S@xﬂ%ﬂ% a?ﬁﬂ@? fegogry d‘P ﬁ sai@f qua&‘%%to @r?HgﬁE‘i‘%
mgl e pe[ f or mangreyp fsmzbtlnndbflsebstémbamhnne of mokwfur?st”ﬂe@m:hﬁdepeﬁdymyl si ng
adm ni steri a era i C
S Tective oo sdededth ¥ oldlo BaRTbASE Adbacrh LiERERS oy, Tower atiy,
conposi tions dfewerzalb@d fhenriviated 1@0er alkyl, fldomristet |0WEBHM>>@’, piertolg, cyano,
invention is the, q‘ﬁ%ﬁ”a:ﬂn@lo@&rélw ﬁﬁﬁ)@u&@ (% {kglsdc (TI n_in the

) o8 a

prepar ati on of at’ing Yo,

(b) benign pr o@l@wi cC(@H&RfR sNﬁ?c()BPQQI)-(IOV(IeT)aIRyi)rNRF)s@(O)((da!ogémpem a,
ol
Cathox . andr anaed ipher BEATSSCBRRRanhgh B8 DS 0s AR, e dact
sexual dys?chRl affl R{ ipindenendeeiiy selectpdstanmbydrogen ¢royweti aikyhl shed
l'ibido, for (p) malecoRE: rvﬁ?é?&h'l&“'?s sél&ftedﬁfrdgrﬂ)thee@]aaggg%lmé%f h)hdr%gen

performance or, for (r) muscl e replacenment in ecover
subj ect in ned8Wehkdand —@@Nlcm})atb&&cm PTI ON OF THE | NVENTI ON

The present invent laaan;aﬁww rRe%e@a)ﬁape @k@ma%ﬁ@mﬁ BRI BALAYGN ©f

10 conpound of formul a

R3, R4 and R5 ¥p&odd Wé’P'é‘i)’ A rig SiTHEre SiestasdFase thedzsows cantsisting ek2nt
i nvention e pigefidihyl; @t&@h?&blfﬂr%nﬁnﬂf?_og-%mlyﬁl%cﬁ-ﬁ)b%o!ﬁﬁ%@% el

the treatnent of di sor grs di at ed east onhe ogen Teceptor

sel ected 15 frfﬂ?ﬁni’ & PR idiBr s?-exazeidiny. %H@@@'ﬁﬁ@amér%plﬁ@’rﬁﬂW&m gn

prostatic hypet @36 tétrehBid)pyriGinks UL cabiedsaicApyrRRYHEXI @ nervosa,
ndro ause OSt eop eni a

b Al DS h
o5t copor osi o, PEAROIPRYEEA Al Bisbi-2OrPafl -G8 A Igy-arioestb- and

di mi ni shed I uhdxahydﬂ’o [iwmidlﬁylflﬁ 2qm@ydxaﬁﬁ@w| aRd 2f{PB]dRﬂBﬁﬁced nal e
per formance, or for cover

Pref erabl y*” t he di g" 'E?J—ﬂ EIS P@H“’ﬁOBt’qnéﬁé’ﬁUWH@t%‘ﬁ'ﬁb@@'Prmépt or

is substituents independently selected from the group consisting of lower alkyl, -
(lower alkyl)-OH and -(lower alkyl)-(halogen);
and pharmaceutically acceptable salts thereof.

25 Hlustrative 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.



selected fromthe group consisting of cachexia, andropause,

ost eoperosi s, osteopenia and nuscl e replacenent in burn recovery,
nor e pref agghhysngishe di sorder nmediated by at |east one QP Reoss3
receptor is selected fromthe group 25 consisting of cachexl a,

andr opause, osteoperosis and osteopeni a. In an enbodi nent, the
present invention is directed to conpounds of fornula (1) which are
ant agoni sts of an androgen receptor. |In another enbodi nent, the
present invention is directed to conmpounds of fornula (1) which are
agoni sts of an androgen receptor In another enbodi ment, the present

invention is direct f xhi bi t

ti ssue sel ective ag%(r%l ij ﬁ’?g@{?ﬁ A %n Oﬂﬁ%?%‘aéﬁ?%g%a%r

an enbodi nent, Gmﬂﬁkimpse’@énlatad'hwthelaodrogsn thceﬂtotemmmrtsmgnmmuretéﬁn@foa
formia (1) whighhes diEhetbof, Bind S S FRE O BLES B SrGancer s
eni gn prostatlc yper asi a SR PN wonen, B orexia
nervosa, breas€orpmogds Oanlnﬁrmanmtlcalmoamsihms Mobhdﬂmreln the pr esent
invention ig directed to conpounds of fornula (1) which are useful
for mal e contraception, male 10 performance enhancenent, and / or for
the treatnent of ca¥MceempR @isﬂ’!ewem@mnaanwrhf@bdofdrreaﬁmgarpamgemg
nmuscl e repl ace I el of_.t he
resent 1 nvent oo o8y EERANosed fiom ) PR ERE IR et
hydr ogen, | owefaran®yp, benignowestatig hzmeyplz@a (BRHOH2ysui€In, Aapaoim phirexia
15(CH2) - (C2- 4ahéffy6§él B ?qﬁga

-(CH2) - aryl 4 (CI—|2)!)(efa IE!u(%a(rﬁlﬁéra{zr;tg % f[\owe a Lgﬁ){{mm“'ﬁ clé}%&%ﬂarome)

al kyl ) - 0 0J9 0- FaHRER. a0 R%Ha}’ﬁes-C(SFQS’W@'F'aaCPSE%ﬂDPIOSG% fareale exalak gy sfynctiond

- (1 over al kyl )m@e@eﬁmgfﬁﬁcﬁ%t& hﬂnlsHeB liBﬂBttlﬁgfe Bk ﬂ?ﬁ‘t{)r%r ehh?nced

present invention, RL is selected fromthe 20group ¢ Snai’stin
hydr ogen, | OMWEQIWPWQF(CPG\W aSelp f?pf@@mer(t@rlz;rnmeqcymafmpnang

g ICEZI) )| ( g(20)48| ?iﬁgy hbstegflg@'@sutﬁjéamﬁjfﬁ%é\?’étﬁﬁgebf a thér@}ﬁ&ft;c ffe [vebammfrﬁt of

y yl)
anot her enbodlr‘f‘ﬂé’ncf Ww?&&e%maﬁwm Wpoﬁi’oi’% %T'Z Bereinr om t he
group consisting of hydrogen, methyl, ethyl, cyano-nethyl-,
sobne bt e RONEE PSB! Bk o S S8 e e
of the pr esentrenemanhomlhteﬂwasbﬁies@él@@t&@ﬁoﬁrﬁtﬁé’f‘gﬁdﬂ? cOhSsthgGPesthet | ng of
hydr ogen, net he/

, . eth ano- ne met hyl-, allyl,
1- propyn- 3- yI , “41ER9B ﬁpﬁﬁﬁ'ﬁhﬁm r?iqp%(]‘:p br&ﬁ cancelr acne anti male
t-butyl - di met hy:lntracégfbm,)qornp&@]ngtaltlyﬁlmsteﬂmy tal‘aoédfbferct RiHeeditmadr #f the
present

e e koo P L o Y OB SIS P on |,

anot her errbodmcmwﬁosmbns tescpbeskerinl nvention, RL is selected fromthe

group consi sting of hydrogen and | ower al kyI. I n anot her enbodi nent
of the present invention, Rl is selected fromthe group consisting of
hydr ogen and Another example of the invention is a method of treating an androgen

receptor modulated disorder selected from the group consisting anorexia,

25  AIDS, cachexia, andropause, osteopenia, osteoporosis, female sexual
dysfunction, male sexual dysfunction, diminished libido, enhancing male
performance, and muscle replacement in bum recovery, comprising
administering to a subject in need thereof, a therapeutically effective amount of
any of the compound of pharmaceutical compositions described herein.

30

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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met hyl . I n anot her enbodi nent of the present invention, Rl is

hydr ogen. 5 In an enbodi ment of the present invention, R2 and
R3 are ea ently selected fromthe group consi

hal ogen, C»bgrzgggr?%gé;r boxy, lower alkyl, halogen substi tﬁﬂ/@?o‘g&lgorsss
al kyl, cyano, nitro, amno, |ower al kyI am no, di (lower alkyl)am no,
-C(O)-(I ower alkyl), -C(0)-(lower alkoxy), - 10 C(0)- NRARB,
-N(RA)-C(0)-(l ower al kyl) and -N(RA)-C(0)-(hal ogen substituted | ower
al kyl); wherein each RA and R8 is independently selected from
hydrogen nethyl or ethyl. In another enbodi nent of the pr esent

o oup. consi <t 1 4 B AP CHER ny Sl ARRTIETE (i< a BT B kS case

al kyl . I n anot {8 enemiiedienesa, (§bradsecaices dgtadnayv@nills) (|) Bacharid, {3 are

T e e e L8615 D N BLRNRE AP By SHLER, )

invention, R2 @Ak Sazualrdesfea@mnc(]@[) dinonis!zol Iibldoaﬁmr(rh)enalerrbmich(ﬂpﬁttn afr the

present inventjq e ected fromthe
group consi sti %Ze I?Eﬁﬁ ?(@%Ieér?%an o%gb@qﬁ'?%%bl% 'ﬁ%ﬁt 'rrc’Bﬂml{ﬁquefyn
anot her enbodrlﬂ@rﬂUb@fC’th@eéﬂ@g@ft |nvent| on, R2 and R3 are each

i ndependently sel ected fromthe group consi sti ng of chloro and

25t ri fl uoromnet hyl . In an enbodi ment of the present invention,
R2 is selected fromthe MAOMO INVENTION

trifluoromethyl. ImyanQeholdmbh rsoélretcréﬁl 8 ra 8&5 s'fdr\fﬁéjbﬂeﬁgragg?’of S

sel ected from the g roug consisting o cyano anot her
enbodi ment 1&f  $HRPIIPESERIMYIARNt i on, R3 is chI oro In an
enbodi ment of the present |nveFQ$| on, R4 is selegted fromthe group

consi sting of al kenyl, al kynyl, “aty —4CR4al §{I )-aryl, heteroaryl
and - (C2. 4al kyl ) - heteroaryl Wne m {5 or al kynyl is
optionally substituted with o 5 ~py ef erlgbl y one) substituents

i ndependently selected fromt gr oup 5 copsi str?rg of hal ogen,
hydroxy, carboxy, cyano, nitro, NRERF, NRE C(0)-IdWer al kyl and

phenyl ; wherein RE\nﬁﬂ@Qerrm‘ WeReW%nHWe&%Qﬁ }Wde?‘ﬂ%gfﬁ'géjcé @cmndsof

hydrogen or lower alkyl: and wherein the
substituted wi'hePssentiavaniien aisrusesd ap sgle@tW@)anﬁmen |r$t1mh1r$nodulators for

i ndependent | y sgkBainRht bff BLBraIS ntHaRHEY Sgpgﬁbéét'oﬂg aﬂéroB%%%ﬁﬁmr g@%\ﬁéd

al kyl, lower al koxy, hydroxy, carboxy, tyano,
al kyl ) ami nb artPreihe ek C%Sr@ymg oipfpsiate GaRdnaR rb@nmnmr@t@tmwypenpiassa

heteroaryl, whePkgrhiklLRme Mpetd, Artxi@heRosiBddst é’%g?
optional Iy substjtuted vvrt one to two substituents pre erabl'y one)

i ndependent | y SENPER&EAIROPEYES: REtegpesiip O@Eﬁ%P'@ﬁiSann@ie $rauslgdysfunbyaty, oxy,
carboxy, | owermaklsgkual bps@ictioh KAX Mimikish! IRt 8Ff ok MARY ootk Mép’u?? for

fluorinated | ower al Rhenox cyano, 15 nitro, NRcR

al kyl ) - NRBRc, %ﬁﬁﬁe(}((m%éé’? AMape Oé%m”@%IG)VGF(WWtEI%RWOOV%{Md
wherein eadth Rc and RD i s |ndependently sel ected from hydrogen or

| ower alkyl. In an er. e t of, the present invention, R4 is
sel ected fromthe EF‘%} reads § ?PI"%@WUQQ% leagl gpprRpKrager regepior is
wherei n the arsglectes fapi ihenpbuycdidieEhd biizeHeds, éﬂ@fo%hﬂs@%&!e@@@rosrén
anot her enbodi ese t 20 inpvention, R4 is selected from

Q e
the group consi rg%OPﬁaa@PQmLEQﬁﬁp aGRIment KBy recovery, mpre Rraisrake the
embodi ment of mdfwdqmrmmed bytdesdt ORe aﬁ’drog§n Ee%bﬁl@fr %%efe‘bfé&l‘ﬂid?@trﬁrg%ub

consi sting,.of v +-a | yl,

(-)-allyl by r%S’F?f%*f”g ‘ffﬁérhexﬁ B'P‘Hé%gﬂJS@ 9%90%%‘%@% 0339918

E- 2- propen-3-yl, 3-methyl-1- propen 3-yl, 2- 25 car boxy - propen-3-yl,

3- phenyl - 1- propen- 3- 3 -di ro

di met hy1- 2- pr open- gr%r{ ‘?mlﬁj—‘ﬁ@?q{ ¥%'398b'8‘r‘|9"g‘09 9 d'chge&ﬁPGB@ﬁW”ds of

propa- 1, 2-di erierﬁwlayqllw!ﬂehra’einyrtag@h@tﬁofhn%mdk@@n@edebtor In another
embodiment, the present invention is directed to compounds of formula ()]
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2- propen-3-yl, 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 net n- 3 yl, 2-nethyl-2-propen-3-yl, isqpqaRs

propa- 1, Zh%Pgﬁﬂgkgﬁg 3-nethy| propa-1, 2-di en- 3-yl, w &Mhmmss
3-et hyl -propal, 2-dien-3-yl, 1-buten-4-yl, 1-propyn-3-yl,
(+)-1-propyn-3-yl, (-)-1-propyn-3-y|, 2- 5 propyn-3-yland phenyl. In
anot her enbodi nent of the present invention, R4 is selected fromthe
group consisting of vinyl, (4)-vinyl, allyl, Z-2-propen-3-yl,
propa-1, 2-di en-3-yl, 1-propyn-3-yl, (+)-1-propyn-3-yland

()L o oBIn: 3o bt oA BRI sl Bl o i ™
Z- 2- pr open- 3- ybreaent(mentiomigldiredied to compdundaaf fermadd (I hich @khibiBssue
present inventjg &t'vgégbaf'ﬁ%\lﬁ\‘,ﬁ%%go'f‘ %&ggféﬁ%gﬁ{s)ggrpge%gg@ sting of

al kenyl , al kyny erern lonal I'y
substltuted mnth a substltuent sel ected fromthe group conS|sting of

hydr oxy, cagboxy a@%ﬁﬁ%ﬁ'ﬁ%h' e ?t!}fz ?reserlt %Hﬁ)onl w%{:]b@ OIS‘ErE]EWPIj)Ug?S % nyl |

present invention I's selec rom t
(4)-vinyl, (- )EDWWW(D whichyare ugefylforl thtytreal('ne)wt etfl;iry$tateZzeﬂBérh§1ém@1 lyl,

g ﬁ;?ﬁsln i glo%réﬁi_%tu?gfﬁ%‘?ﬂaéﬁa erB%tEn%T% &Qa’r}bg&lfi anorexia nervosa, breast

3- phenyl - 1- pr offéWenand acng, i @mﬂmrfﬁyﬂbddmpﬁrtb,ﬁbﬂpt}}syhtln\&nﬂen is directed to
20di net hy1- 2- péd?zﬂ%mas ¥ forrgulérps When %rd)ﬁ%[ﬁ.g @or?fn%é'}:?nﬁ&ggf’ SPER -

propalZﬂq) n- 3- ropa-1
3-et hyl - pr Fie@ﬂaﬁ@qe_gmgpcemer&ﬁr@dquﬁhe tleatmleommaﬁeeﬂ AIDS,

2- propyn-3-yl, ce(cﬁéxlé -dNATRY For Brofhoting musbiel Qry-2-
propyn-3-yl, 1 phenyl - 1- prop?n- qué y [? E@Q xﬂngqt %U%ﬁgér?q "25In
anot her enbodl ment of the present |nvent| on, R4 is seI ect ed fromthe

group consisting ofin &% eRbe@RRY of I I n
enbodi nent of the, E; glyg |nven0t Itlﬁ}&e@érﬁﬁ}%&%%r}’ @@Ség&e%&}‘ ine é'%“g

sel ect ed from3RES Bren.deweiclinn. -Aguercien-Che(Giyd)-(Catalignyl), -
-(0) - et 4 Qﬁkaﬁmz4§1(<ﬂiy1)eﬂdmhatearlbv?é?%myet cﬁ—gpﬁ%b% gftt)gﬁ(/present
resen

i nvention, odi nent ‘ent i on

R4 and R5 are (ksgﬁ@gﬂuf’%?%'@?”eﬂ\ggw ea et TC&O%Q'WQF Bby!)afleweralingd)- t o

forma ring st@lowerslkgekaétgsvdraamidieic paRNsi sting of
2-pyrrolidinyl, 2-tetrahydro- furfﬂ‘ﬂ) 2 (( r2_,(5))‘\-;})@-d| ﬁ({/}dro 1Hpyrrolyl),

2-(2,5-di hydro-furanyl), 2-imdazolidinyl, 2-oxazolidinyl, 2-
5[ 1, 3] di oxol anyl, Brgigesriegibagimenbolthe ére%eﬁhh@érﬁraﬁwrié’s&%tbﬁ“ﬁﬂwt)ue

24023 5o A LM B LS SPILATNL: ) netocary,-
\?vh ( hexah%/ﬁro HOHLRCE Lalyeny]), Ze[-la)r(elgm{@ziw,aw\get ;)2(—;(5{)@; (tﬂh,@rgp@@ghd

erein the ri r n ubs ed with one or nore
substituents (pr e?Feé[a fB §hd£3?2§pql\%8) i E%% QQ@BPV%H? HEBEYi t uent)
10i ndependent Illys!esledJrecR esjséle@im frive tigy gmap com;tmg loﬂﬂyd?f)geﬁilrr%@{}*)éth

-(C1l_2al kyl) - not her enbodi nent
of the pr esent i nven 2-5%"@}%@!’%@ ajg AR %Hg@ﬁﬁ“@ﬁvwrpﬂnxlw%xl-om
to which ey aadébbb'hdlmeﬁmft-3|0iqu@thw-ng structure selected 15fromthe

group consisting of 2,5-dihydro-furanyl, 2-tetrahydrofuranyl, 241, 3]-
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-yi, methoxy-carbonyl-methyi- and t-butyl-dimethyl-silyloxy-
30 ethyl. Inanother embodiment of the present invention, R? is selected from the
group consisting of hydrogen, ethyl, cyano-methyi-, allyl and 1-propyn-3-yl.



di oxol anyl, 241, 31di oxanyl, 2-im dazolyi and 2-oxazolidinyl; wherein
the ring structure is optionally substituted with one or nore
substitue ably one to two, nore preferably o 1?‘5@ I t)
independe%léf(ngﬁeul%;esg%ed fromthe group consisting of ma'%ty ) z‘f’h'%/‘?%g?
hydr oxynet hyl , hydroxyethyl, and -(Cl. 2al kyl)- 20 hal ogen. In
anot her enbodi nent of the present invention, R4 and R5 are taken
together with the atomto which they are bound to forma ring
structure selected fromthe group consisting of 2,5-dihydro-furanyl,
2-tetrahydrofuranyl, 241, 3]- 25di oxol anyl,

2- (4- hydr oxynet hyl - ' .anyl 2-(4-chl orone | -

[ 1, 3] di oxal anyl, 2-'%' %hg%.%% 'ﬁgﬁdy}rl%e*é)rlﬂ}ﬁ Qfé%%ﬁ)'ﬂveatﬁ@’ E‘?ﬁ%&m@cﬁ%@me

| n anot her enboWumsansisiingtdfbydrmesreand lowerealkyl.om arfdharehbodintneottaken
together with ; . I nd to.form in
structure sel e@'{égﬁﬁtté@?r”%ﬁ%%égg%'%ﬁ%‘y@@ﬁgﬁ’%&%’#fg cgpsisting of Rydrogeh and

2- t et r ahydr of uPgtiyl., In2noihet edbodinieaimfithe @egdnt invention, R is hydrogen.

hydr oxymet hyl -[ 1, 3] di oxal anyl ), 2-(4-chloronethyl-[1, 3]dioxal anyl, 2-
[ 1, 3] di oxanyl, 2-im dazolyland 2-oxazolidinyl. | n anot her
enbodi ment of the Jk&y@mbodinestof tbe preRéntandkbritgn,sR%eartdak e baget her

with the atom j,@eMH %é'nﬁ : 1 | structure
sel ected fromt th%Hrd%H%): %%%Cgﬂﬁ'ﬂg 0 Oé&géﬁégtbgro f)ﬁﬁsa%{)y "ah carb.oxy,
2- t et r ahydr of ulo%yBlky)| helagrst ubstiteied duvareiy!, ofandaeitrpr asiant loivavent i on,

R4 d R6 i bt T } b d
% TS o apandoamperagh Se, g8 IR el o
present i nVnt PEN-NR rﬁ‘:aEf N -rik(onwes abyh and NRIDE(D)-(helvgen setistittet

for one or nor@wef alkip widkdidBh@srUSTd Bed iesShiki - Renf:
R6, R6) are inde endg?ltly selected to be'anygrﬂedﬁ]\yisglﬁgﬁghI@ﬁ?hydmgen
substi tuent ormﬁﬁvi Y RBt of substituents selected fromthe conpl ete
| i st as defined herein. Addi ti onal enbodi nents of the present

invention include agny sjngle conpound or subset of conpounds sel ected
fromthe represent 3?%0@@%@29% @5theipseset invertiap| Bga&d B’ weloonh
Repr esent at§ veindemgpaentissaictdd orR BRSPAp bdhsrithy BMaAbfnasydnbshgd i n
Table Ito 2 be?'éaﬁw' U%eés Biher%e noted, wherein a stereogenic
center is preséht9anPupRiiuied awgy alkyhya gRethert srabedimpeid dhamrisseit epar ed
as a mxture dfivafios!Rt et ROarkicaul RtbeReni&lS:S FLRHROSBDH Ecg%‘f’éﬁhgr
i's present, th& &@ %FF%W%I ldeal nations are intended 1o 1 ndicat
that the exact?Serud? byl 2nf 6¥engr p ARoBeRmabodimenteb thepwesent
det er ni ned, bubvdritien k% &et Roare @hicti bidorapt i cal rotation has been
determ ned20 25Tabl e 1: Representative Conpounds of Fornula (l) *
4 NR

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
25  triffuoromethyl.

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

30  another embodiment of the present invention, R?® is chloro;



N(OH) CF3\, R IDNo. Rl R RBR4 1 Hchloro chloro allyl 2 H
chloro chloro 1-propyn-3-yl 3

WO 2007/087518 PCT/US2007/060883

In an embodiment of the present invention, R? is selected from the group
consisting of alkenyl, alkynyl, aryl, -(Ca4alkyl)-aryl, heteroaryl and -(Ca.salkyl)-
heteroaryl; wherein the alkeny! or alkynyl is optionally substituted with one to
two (preferably one) substituents independently selected from the group

5 consisting of halogen, hydroxy, carboxy, cyano, nitro, NR'R", NRE-C(O)-lower
alkyl and phenyl; wherein R® and R are each independently selected from
hydrogen or lower alkyl; and wherein the phenyl is optionally substituted with
one to two (preferably one) substituents independently selected from the group
consisting of halogen, lower alkyl, lower alkoxy, hydroxy, carboxy, cyano, nitro,

10 amino, (lower alkyl)amino and di(lower alkyl) amino; and wherein the aryl or
heteroaryl, whether alone or as part of a substituent group is optionally
substituted with one to two substituents (preferably one) independently
selected from the group consisting of halogen, hydroxy, carboxy, lower alkyl,
lower alkoxy, fluorinated lower alkyl, flucrinated lower alkoxy, phenoxy, cyano,

15 nitro, NR°RP, ~(lower alkyl)}-NRPR®, -C(O)-(lower alkyl) and -C(O)-(lower
alkoxy); and wherein each R® and R® is independently selected from hydrogen
or lower alkyl. in another embodiment of the present invention, R* is selected
from the group consisting of alkenyl, alkynyl and aryl; wherein the aryl is
optionally substituted as herein defined. In another embodiment of the present

20 invention, R* is selected from the group consisting of atkenyl and alkynyt.

In another embodiment of the present invention, R* is selected from the
group consisting of vinyl, (+)-vinyl, (-)}-vinyl, allyl, (+)-allyl, (-)-allyl, 2-methyl-allyl,
2-propen-3-yl, Z-2-propen-3-yl, E-2-propen-3-yl, 3-methyl-1-propen-3-yl, 2-

25  carboxy-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-yi, 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



H chloro chloro propa-1,2-dien-3-y1 4 H chloro chloro vinyl 6 H
chloro chloro 3-nethyl-propa-1,2-dien-3-y1 8 H chloro chloro

2- propyn- 3yyboedkhsed)! oro chloro isopropenyl PCT/US2007/060883

10

15

20

25

30

2-propen-3-yl, E-2-propen-3-yl, 3-methyl-1-propen-3-yi, 3-phenyl-1-propen-3-yl,
3,3-dimethyl-1-propen-3-yl, 2,3-dimethyi-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. In another embodiment of the present invention, R*is
selected from the group consisting of vinyl, (+)-vinyl, allyl, Z-2-propen-3-yl,
propa-1,2-dien-3-yl, 1-propyn-3-yl, (+)-1-propyn-3-yl and (-)-1 -propyn-3-yi. 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 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.

In another embodiment of the present invention, R* is selected from the
group consisting of vinyl, (+)-vinyl, (-)-vinyl, aliyl, (+)-allyl, (-)-allyl, 2-methyl-allyl,
2-propen-3-yl, Z-2-propen-3-yl, E-2-propen-3-yl, 3-methyi-1-propen-3-yl, 2-
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, 2-propyn-3-yl, (+)-1-propyn-3-yl, {-)-1-propyn-3-yl, 1-hydroxy-2-
propyn-3-yl, 1-phenyl-1-propyn-3-yl, 2-butyn-4-yl and phenyl.

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
and —C(O}-ethyl. In another embodiment of the present invention, R® js OH.

10



10 H chloro chloro phenyl 13 H chloro chloro 2-nethyl-allyl 14 H
chloro chloro 2-nethyl-2-propen-3-y1 15 H chloro chloro

Z- 2- pr opeRy@ikndRidd chloro chloro PCT/US2007/060883

10

15

20

25
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In an embodiment of the present invention, R* and R® are taken togsther
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-furanyt), 2-imidazolidinyl, 2-oxazolidinyl, 2-
[1,3]dioxolanyl, 2-piperidinyl, 6-(1,2,3,6-tetrahydro-pyridinyl), 2-(1,2,3,6-
tetrahydro-pyridinyi), 2-tetrahydropyranyl, 6-(3,6-dihydro-2H-pyranyl), 2-(3,6-
dihydro-2H-pyranyl), 2-(hexahydro-pyrimidinyl), 2-[1,3Joxazinanyl and 2-
[1,3]dioxanyl; wherein the ring structure is optionally substituted with one or
more substituents (preferably one to two, more preferably one substituent)
independently selected from the group consisting of Cy.zalkyl, -(Calkyl)-OH
and —(C1alkyl)-halogen.

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
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 or more substituents (preferably one
to two, more preferably one substituent) independently selected from the group
consisting of methyl, ethyl, hydroxymethyl, hydroxyethyl, and —(C1.2alkyl)-
halogen.

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
from the group consisting of 2,5-dihydro-furanyl, 2-tetrahydrofuranyl, 2-[1,31-
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
from the group consisting of 2-tetrahydrofuranyl, 2-[1 ,3]-dioxolanyl, 2-(4-
hydroxymethyl-{1,3]dioxatanyl), 2-{4-chloromethyl-[1,3]dioxalanyl, 2-
[1.3]dioxanyl, 2-imidazolyl and 2-oxazolidinyl.

11



E- 2- propen-3-y1 17 H chloro chloro 1-hydroxy-2-propyn-3-yl 23 H
chloro chloro (+)-allyl 24 H chloro chloro (-)-ally" 25 H chloro
chloro 3, 3ygipRf¥ls 1- propen-3-yl 26 H chloro PCT/US2007/060883

In another embodiment of the present invention, R* and R® are taken
together with the atorn to which they are bound to form a ring structure selected
from the group consisting of 2,5-dihydro-furanyl and 2-tetrahydrofuranyl. In
another embodiment of the present invention, R* and R® are taken together

5 with the atom to which they are bound to form 2-[1,3]dioxalanyl.

Additional embodiments of the present invention, include those wherein
the substituents selected for one or more of the variables defined herein (i.e.
R, R? R®, R%, R®, R®) are independently selected to be any individual
10 substituent or any subset of substituents selected from the complete list as
defined herein.

Additional embodiments of the present invention include any single
compound or subset of compounds selected from the representative
15 compounds listed in Tables 1-2 below.

Representative compounds of the present invention are as listed in
Table 1 fo 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)
R® N Rt
R? N CF3
L
R
ID No. R’ R? R® R*
1 H chloro chloro allyl
2 H chloro chloro 1-propyn-3-yl

12



chloro 3-methyl - 1- propen-3-y1 27 H chloro chloro
2- car boxy-1-propen-3-yl 28 H chloro chloro 3-phenyl -1-propen-3-yl 31

H chl oro clbah@wesshg 1- propyn-3-y1 32 H chloro chloro  permusaesrososss
(-)-1-propyn-3-yl 33 H

3 H chloro chloro propa-1,2-dien-3-yl
4 H chloro chloro vinyl
8 H chioro chloro 3-methyl-propa-1,2-dien-3-yl
8 H chioro chloro 2-propyn-3-yl
9 H chloro chloro iscpropenyl
10 H chloro chloro phenyl
13 H chloro chloro 2-methyl-allyl
14 H chioro chloro 2-methyl-2-propen-3-yl
15 H chloro chloro Z-2-propen-3-yl
16 H chloro chioro E-2-propen-3-yl
17 H chloro chloro 1-hydroxy-2-propyn-3-yl
23 H chloro chloro (+)-allyl
24 H chloro chloro {-)-aliyl
25 H chioro chloro 3,3-dimethyl-1-propen-3-yl
26 H chloro chloro 3-methyl-1-propen-3-yl
27 H chloro chioro 2-carboxy-1-propen-3-yl
28 H chioro chloro 3-phenyl-1-propen-3-yl
31 H chloro chloro (+)»1-propyn-3-yi
32 H chlora chioro (~)-1-propyn-3-yl
33 H chloro chloro 2-butyn-1-yl
34 H chioro chloro {--phenyl-1-propyn-3-yl
35 methyl chioro chloro 1-propyn-3-yl
36 methyl chloro chloro (+)-1-propyn-3-yl
37 methyl chloro chloro {-)~1-propyn-3-yl
trifluoro-
38 H methyl cyano allyl
trifluoro-
39 H methyl cyano 1-propyn-3-yl
40 H chloro chloro 1-buten-4-yl
frifluoro-
41 H methyl cyano 3-methyl-propa-1,2-dien3-yl

13



chloro chloro 2-butyn-1-y1l 34 H chloro chloro 1--phenyl-1-propyn-3-yl
35 nethyl chloro chloro 1-propyn-3-yl 36 nethyl chloro chloro

(+) - 1- pr opwiy 2807ok7sid methyl chloro chloro (-)-1-propyn-g«yle.3f 00883

42 H chioro chloro 2,3-dimethyl-2-propen-3-yi
43 H chloro chloro (+)-vinyl
44 H chloro chloro {-)-vinyl
62 H chloro chloro 3-ethyl-propa-1,2-dien-3-yl
Table 2: Representative Compounds of Formula (I
R N R
boss:)
R? I\{R1 CFs
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]dioxolanyi
48 2-pyridyl-methyl- chloro chioro 2-1,3]dioxolanyl
2-(4-hydroxymethyl-
49 H chloro chloro ~ [1,3]dioxalanyl)
2-{4-chloromethyl-
50 H chloro chloro [1,3ldioxalanyl)
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 chlcro chloro 2-[1,3]dioxolany!
55 allyl chloro chloro 2-[1,3]dioxolanyl
56 ethyl chloro chlaro 2-[1,3]dioxolanyl
methoxy-carbonyl-
57 methyl- chloro chloro 2-[1,3]dioxolany!

14



Htrifluoro-

met hyl cyano ally! 39 Htrifluoro- nethyl cyano

1- propyn-3-y1l 40 H chloro chloro I-buten-4-y' 41 H trifluoro- nethyl
cyano 3- may§%hoiRsRpe- 1, 2-di en3-yl WO 2007/ 087318PCT/ 1153300074 9883853

10

15

20

25

t-butyl-dimethyl-
58 silyloxy-ethyl- chloro chloro 2-[1,3]dioxolanyl
trifluoro-
59 H methyl cyano 2-[1,3]dioxolanyl
60 H chloro chloro 2-imidazolidinyl
61 H chloro chloro 2-oxazolidinyl

As used herein, "halogen” shall mean chlorine, bromine, fluorine and
iodine.

As used herein, the term “alkyl” whether used alone or as part of a
substituent group, include straight and branched chains. For example, alkyl
radicals include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyt, t-
butyl, pentyl and the like. Unless otherwise noted, “lower” when used with
alkyl means a carbon chain composition of 1-4 carbon atoms.

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,
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
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-yi, 2-butyn-4-yl, and the like. Unless otherwise noted, “lower” when
used with alkynyl means a carbon chain compaosition of 2-4 carbon atoms.

15
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As used herein, unless otherwise noted, the term "halogen substituted
alky!” or “halogen substituted lower alkyl” shall mean any alkyl or lower
alkyl group as defined above substituted with a least one halogen atom
selected from the group consisting of F, Cl, Br or |, preferably F, Cl or Br, more
preferably F or Cl, most preferably F. Similarly, as used herein, unless
otherwise noted, the term "fluorinated alky!” or “fluorinated lower alkyl”
shall mean any alkyl or lower alkyl group as defined above substituted with a
least one fluore atom. Suitable exampies include but are not limited to ~CFj, -
CH2-CF3, ~-CF2-CF2-CF2-CF3, and the like. Preferably, the fluorinated alkyl or
fluorinated lower alkyl is ~CFa.

As used herein, unless otherwise noted, “alkoxy” shall denote an oxygen
ether radical of the above described straight or branched chain alkyl groups. For
example, methoxy, ethoxy, n-propoxy, sec-butoxy, t-butoxy, n-hexyloxy and the
like.

As used herein, unless otherwise noted, the term “halogen substituted
alkoxy” or “halogen substituted lower alkoxy” shall mean any alkoxy or
lower alkoxy group as defined above substituted with a least one halogen atom
selected from the group consisting of F, Cl, Br or |, preferably F, Gl or Br, more
preferably F or Cl, most preferably F. Similarly, as used herein, unless
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 —
OCFs3, -OCH-CF3, -OCF-CF5-CF2-CF3, and the like. Preferably, the
fluorinated alkoxy or flucrinated lower alkoxy is —OCF.

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

As used herein, unless otherwise noted, "heteroaryl” shall denote any five
or six membered monocyclic aromatic ring structure containing at least one
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heteroatom selected from the group consisting of O, N and S, optionally
containing one to three additional heteroatoms independently selected from the
group consisting of O, N and S; or a nine or ten membered bicyclic aromatic ring
structure containing at least one heteroatom selected from the group consisting of
O, N and 3, optionally containing one to four additional heteroatoms
independently sefected from the group consisting of O, N and S. The heteroaryl
group may be attached at any heteroatom or carbon atom of the ring such that
the result is a stable structure.

Examples of suitable heteroaryl groups include, but are not limited to,
pyrrolyl, furyl, thienyl, oxazolyl, imidazolyl, purazolyl, isoxazolyl, isothiazolyl,
triazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, pyranyl, furazanyl,
indolizinyl, indolyl, isoindolinyl, indazolyl, benzofuryl, benzothienyt,
benzimidazolyl, benzthiazolyl, purinyl, quinolizinyl, quinolinyl, isoquinolinyl,
isothiazolyl, cinnolinyl, phthalazinyl, quinazolinyt, quinoxalinyl, naphthyridinyl,
pteridinyl, and the like.

As used herein, the notation “*” shall denote the presence of a
stereogenic center.

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, mast preferably
from one to two substituents, independently selected from the list of
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.

To provide a more concise description, some of the quantitative
expressions given herein are not qualified with the term “about”. Itis
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understood that whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given value, and it is also
meant to refer to the approximation to such given value that would reasonably
be inferred based on the ordinary skill in the art, including approximations due
to the experimental and/or measurement conditions for such given value.

As used herein, unless otherwise noted, the term “nitrogen protecting
group” shall mean a group which may be attached to a nitrogen atom to
protect said nitrogen atom from participating in a reaction and which may be
readily removed following the reaction. Suitable nitrogen protecting groups
include, but are not limited to carbamates — groups of the formula ~C(O)O-R
wherein R is for example methy!, ethyl, t-butyl, benzyl, phenylethyl, CH;=CH-
CHz-, and the like; amides — groups of the formula ~C(O)-R’ wherein R’ is for
example methyl, phenyl, trifluoromethyl, and the like; N-sulfonyl derivatives -
groups of the formula ~-SO2-R” wherein R” is for example tolyl, phenyl,
trifluoromethyl, 2,2,5,7,8-pentamethylchroman-6-yl-, 2,3,6-trimethyl-4-
methoxybenzene, and the like. Other suitable nitrogen protecting groups may
be found in texts such as T.W. Greene & P.G.M. Wuts, Protective Groups in
Oraganic Synthesis, John Wiley & Sons, 1991.

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-(C-
Cealkyl)-aminocarbonyl-(C4-Cesalkyl)” substituent refers to a group of the

formula
0
C1-galkyl
-5—(01—6atky1>)kg/( " y)‘Q

Abbreviations used in the specification, particularly the Schemes and
Examples, are as follows:
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52 nethyl chloro chloro 2-(4-hydroxynethyl- [1,3]dioxalanyl) 53
cyano-net hyl - chloro chloro 2-(4-chloronethyl- [1,3]clioxalanyl) 54

1- propyn- Syphoshka® chloro 241, 3] clioxol anyl 55 ally! ghlbaebtsey ©
211, 31cl i oxol anyl 56 et hyl

AIDS = Acquired Immune Deficiency Syndrome
AR = Androgen Receptor

BPH = Benign Prostatic Hyperplasia

n-BulLi = n-Butyl Lithium

DCM = Dichloromethane

DHT = bo-Dihydrotestosterone

DMF = N,N-Dimethylformamide

DMSO =  Dimethylsulfoxide

Et,O = Diethyl ether

EtOAc = Ethyl acetate

HPLC = High Pressure Liquid Chormatography
NMR = Nuclear Magnetic Resonance

PPTS = Pyridinium p-toluenesuifonate

pTsOH = p-Toluene sulfonic acid

TBAHS or BuyNHSO, = Tefra-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 agenist 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 hersin, means that
16 amount of active compound or pharmaceutical agent that elicits the hiological or
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chloro chloro 2-E1 , 3] di oxol anyl 57 m et hoxy-carbonyl- methyl- chloro
chl oro 241, 31di oxol anyl WD 2007/ 087518PCT/ US2007/ 060883

t-butyl - di WRtLyes7sis 58 silyloxy-ethyl- chloro chloro perus2007m60ss3
211, 31di oxol anyl trifluoro-

medicinal response in a tissue system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder being treated.

5 As used herein, the term “composition” is intended to encompass a
product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combinations of the
specified ingredients in the specified amounts.

10 Where the compounds according to this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. |t is to be understood that all such isomers and mixtures
thereof are encompassed within the scope of the present invention.

15 Furthermore, some of the crystaliine 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 OM may be
prepared according to the process outlined in Scheme 1.

Ré OH
3 OA RS 4
R NH, F3G N R
> 2
X) ()
Scheme 1
25 Accordingly, a suitably substituted cornpound 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
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59 H net hyl cyano 211, 31clioxol anyl 60 H chloro chloro _
2-im dazolidinyl 61 Hchloro chloro 2-oxazolidinyl As used herein,

"hal ogen" \ghald08Ran chlorine, bromine, fluorine and i Qg‘;rﬂgm(éﬁﬁm#ksed

herein, the term "al kyl" whether used al one or as part

substituent group, include straight and branched chains. For exanpl e,
al kyl radicals include nethyl, ethyl, propyl, isopropyl, butyl,

| sobutyl, sec-butyl, t-butyl, pentyl and the |ike. Unless otherw se
noted, "lower" when used with al kyl nmeans a carbon chain conposition
of 1-4 carbon atonms. 10 As used herein, the term "al kenyl" whet her

used al one or as,RaLh $Bkh B AICICH:CHs)z, Al(CHa)s, TiCl, 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
5 formula (la).

Compounds of formula (1) wherein R is hydrogen and R®is OH may
alternatively be prepared according to the process outlined in Scheme 2 below.

boa 0 Wil 0<%

(X1h
{XHD
R® N R4
j:[:::[: Ri—M \wm<%OH
—_—
CF3 (XV) R2 g CF3
10 (XIV) . {la)
Scheme 2

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 H2S04, 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 vield
the corresponding compound of formula (X111).

20 The compound of formula (XIil} is reacted with a suitably selected
oxidizing agent, to yield the corresponding compound of formula (XiV). For
example, the compound of formula (Xll) 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), fo yield the
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substituent group, include straight and branched carbon chains,
wherein the carbon chain contains at |east one, preferably one to

two, nore ppehBhakky one double bond. For exanple, al k%lﬂus&ﬁj%&ﬁéss

i nclude, but are not limted to ally!, 15 1-propen-3-yl,
1- buten-4-yl, propa-1, 2-dien-3-yl, and the |ike. Unless otherw se
noted, "l ower" when used with al kenyI means a carbon chain

conposition of 2- 4 carbon atons. As used herein, the term "al kynyl"
whet her used al one or as part of a 20 substituent group, include
strai ght and branched carbon chains, wherein the carbon chain

t t | I t g f bl
Criphe bond.  Farespainded LR PR el b g P°
limted to vi n@rmulﬁ(xkblbmytbes?egdted Ritiamixturd-of IGrOaacd Hp&O i & eolvddl ess

ot herw se not eg, peans a carbon chain
conposition of ZChZfJ car wf%nH%?ezlg‘é‘ it h%saé rgg%onﬁ&geq Of POy 8125

ot herw se not e@fmtllﬁéxk\fé{ Altemalivedyesiill sthb stinpotreldofddrkndd (Xoi) haabeoganted
substitut eds | I up as
defi ned abgffleomgtéié ét%]tIa gg%bﬁngﬁfm grwr(g]%'@ébllvgﬁtesllrf%\%%r%@s'\hé%gc?ée "from
the group cons®#¥tiadkefio pelddhe GBlfesmntIfmgp@@b@n@itﬂfﬁormula@(l\b)r Br, nore
Spreferably F or O, nost preferably F. SSmlarly, as used here| n,
unl ess ot herw se not ed, the term"fluorinated al kyl" or "fluorinated
| ower al kyl " shal | Riefgfrblynihegorpound of formula &Iy Is djied tprensoveeiiyned
above substi tumﬁbt@ew@fb@ﬁﬁ}dr&%omp%rﬁ atom Suitabl e exanpl es

i ncl ude bui_gare not limte , - CH2-CF3, -CFrCF2-CF2-CF3, and
the like. eferably, the fluorinated al kyl or 10fl uori nated | ower

alkyl is -CF3. TheABmpe&sH &rabeiia (XIU} @$§ao@éd\ﬁ’€ﬁ’\é §ﬁté&ﬂ}£@sﬂtu@hk°xy
shal | denote an O%’ﬂgﬁ ther radi cal he above descri’bed straight

or branched ch@"P ogrdassy )%wer%mmci aBioXg! ordi rroknown
n- pr opoxy, Secedmpcaxy or borbpﬁ%breﬁhré@%%k% B8 Jialith,

used herei n, unl ess o her w se } term "hal ogen suﬁstltut ed
al koxy" or "hatf®geRo ‘EWR?L“B F‘aéiakoxy shal | nean any al koxy
or | ower al%koxy group as defined above substituted with a Ieast one
hal ogen at om 20sel ?:ct ed rom.t he 0

bref orably P -G of SEPT dstian B iparngr erairgsy) isMephbigpre

S| mlarly, as Mglest Uneh@ccﬁrnpcumtj%ﬁorﬂbl@dﬁ(W)S@re@@fe@dvrthttﬁ@cérﬁﬁdﬂnd of
"fl uorinated aTJ0 mean any

qurlnatedIovve al |

al koxy or | omerr”gtﬁ%m BB agmd@f)f%@d’ SQB(SOLS%CE@&T?'{‘]:UE’@H"WQ’W gnd
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o - an e like. Preferably,
the fl uoroc?ﬁ tepd?ﬁ%&?‘o’%?w?ﬁﬁ#? HElEe CofRPoRRRB &g PUNdgtEymula (fa).
As used herein, unl ess_ot herwi se noted, "aryl" shall refer to
and the |1 ke, 50 AToaira MERIR (i BeBoUR S s RO0MIs Shlieer var 1
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As

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 MgCt,
MgBr, Mgl or Li, the compound of formula (XIV) is preferably dried prior to the
reaction.
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i ndependently selected fromthe group consisting of O, Nand S. The
het eroaryl group may be attached at any heteroatom or car bon at om of

the ring syghydRdsid he result is a stable structure. AJER 0%609%
sui tabl e heteroaryl groups include, but are not lim te to, pyrrolyl,
furyl, thienyl, oxazolyl, imdazolyl, purazolyl, isoxazol yI

i sothiazolyl, triazolyl, thiadiazolyl, pyridyl, pyridazinyl,
pyrimdinyl, pyrazinyl, pyranyl, furazanyl, indolizinyl, indolyl,

i soi ndol i nyl, indazolyl, benzofuryl, benzothienyl, benzi m dazol yl ,
benzt hi azol yl, purinyl, U|noI|2|nyI qui nol i nyi, isoquinolinyl,

15i sot hi azol yl, ci zol | qgui_ noxal i nyl,
napht hyri di nyl , pt2?| ﬂmQBhﬁ%kﬁ?Pﬂﬁrﬂmgﬂhv? ﬂg%%WH%?QPWDOTmﬁ
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measur enent cayatbvk.i ons for such given val ue. As used herein,
unl ess otherw se. noted, the term"nitrogen protecting group” shall
mean a group which nmay be attathed\to a nitrogen atomto protect said
nitrogen atomfrom participating in.a reaction and which nay be 10
readily renmoved follow ng the cflon. Suitable nitrogen protecting
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formula -C(0) R eintB is Fa” exynpl e neth n t-buiyl,
' 3 s.of /&t he

benzyl, phenyleth H2=CHCH2-, andgt he |ike; ro
formula -C(0)-R I_}R’ nys,
trifluoronet hﬁ and the 4 ke; N- s@evflonyl  derrirat M "N 15 gERyps of
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this disclosur ortio e,5| ated side chain is
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coalkyl) - 3 NOSRIRWich G ACREIEH, ), AIBRL. HER and HiSThi®, I artordimeP ©f

soEvent 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).

25

23



Abbrevi ations used in the specification, particularly the Schenmes and
Exanpl es, are as follows: WO 2007/087518PCT/ 1JS2007/ 060883 Al DS=
Acquired | wawpsdeehici ency Syndrome AR= Androgen Recept ,@DL—E oB5R 9N
Prostatic Hyperplasia n-BuLi= n-Butyl Lithium DCM= Dich ororret ane
DHT= 5a- Di hydr ot est ost erone DMF= N, N- Di et hyl f or ram de DVSO=

D net hyl sul f oxi de Et 20= D ethyl ether EtOAc= Ethyl acetate HPLC= Hi gh
Pressure Liquid Chormatography NVMR= Nucl ear Magneti c Resonance PPTS=
Pyridi ni um p-tol uenesul fonate pTsOH= p-Tol uene sul fonic acid TBAHS or
Bu4NHSO4 = Tetra-n-butyl ammoni um hydrogen sul fate TEI\/PO=

2,2,6,6,-Tetranmet hyl-1- er | di nyl free,radi g THF= .
Tet r ahydr of ur an Asy p t%rméﬂﬁ'ﬁ@e@fm%rw @ ﬁrﬁtt@}iﬁn tpgrinerayith the

" alndr ;)_gen mod Ub’@E‘rOfo ma};ﬁcbl‘aﬂhby amatﬁbuaayo thfgiufé\c@ﬁélhifib two Di ssue
sel ectlve agon] s, an or an actl vi . r xanmple, an . .
andr ogen modul BEBIONRYS B@vgt%rﬁe@ﬁ%&frmeaﬂﬁeﬁcwﬁ%?q@eawﬁﬁgf’uﬂme@ in

activity in nuSchené 4delse.and ant agoni st activity in prostate tissue
(e.g. for the treatnment of cachexia). FUH her, an androgen nodul at or

may be a conpound that exhibits varying agounts of agoni st or
ant agoni st act kyi ty dependi ag on the 4d R°yp o
N
B OB an JCC >—\3’
R? rx{ CFs (XVIIE
H
5 RV (i)
Scheme 4

Accordingly, a suitably substituted compound of formula (XVI1), a known
compound or compound prepared according to known methods, is reacted with
a suitably substituted compound of formula (XVIII), wherein R® is selected from
10  the group consisting of hydrogen, lower alkyl, -(lower atkyl}-OH and ~{lower
alkyl)-(halogen), a known compound or compound prepared by known
methods, in the presence of an inorganic base such as KoCOjz, Na,COs,
Cs2C0s3, and the like, in an organic solvent such as DMF, DMSQ, 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.

20 (XVII) (1d)
Scheme 5
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10The term "subject” as used herein, refers to an animal, preferably
a mammal , nost preferably a human, who has been the object of

treat nent, § On or experinent. The tPeCrqu
"therapeut‘i?vgglﬁ‘lﬁ{?gé?# ective anmount” as used herein, neans {S§¥07lfg)883
anount of active conpound or pharmaceutical agent that elicits the

bi ol ogi cal or nedicinal response in a tissue system aninmal or human
that is being sought by a researcher, veterinarian, nedical doctor or
ot her clinician, which includes alleviation of the synptons of the

di sease or disorder being treated. 5As used herein, the term

"conposition” is intended.to enc ) roduct c risi t he
speci fi ed i ngredi erf%(?of P& %’B@@?Bﬁ%ﬁt%‘ﬁﬂﬁ@unﬂé’?ﬁpP'aégg%? known
product whi ch respéurs, ordompotihd/preparizo 8iy keeimh yhetHoue s reasBd With aQgal

conpounds. accoPBAIEHE M tad Aot BrPRE RS IERIELS oS i oo
center, they megnsigtiogodhyrybgereiovner aligl, €oant ARAPOS! andheeact BiRy!)-

conpounds pgSs r ' ter t he addi t,i onal |y
xi ot a5l 3ot Cr sl oS pRiEdr R ERT ot OV A R B ey <
and m xtures t Hersesenae of 2nsialypbasbdswilsOHNPENS, aeiipe likd, it freopamisent
i nvention. 15 1) allipne forns for, the
conmpounds nay ga;({?éé %géﬂ)%)%}oy%@r‘p ang%’gb% gg%@%: ag gerria%etr%tH@eq{e?%r fhan

i ncl uded i n t habgut sentenparatats, oreferaply atiahaut caflux seneeratirg, keyieldtipounds
may form sol va 1 J 1. tes) or conmon organic

sol vents, and éﬁiﬁ?‘ﬁ?ﬁ@gﬁ%@ﬁ%&rﬂg @F"sr%‘h?égq"ghded to be enconpassed

Wi t hin the1gcope of this invention. 20 Compounds of fornula (1)
wherein Rl is hydrqggrodang | P & ' : e
process outlined in S(;hem::S ?&O@UIW)%)%% @gﬁ %%ﬁ%gr%qégéﬂq&“t]ﬁ' e
25Accor di ngl y, 2amstgivwhig) §iey atphqund ke erfisgatidciote ¢antainihaag ) andsa N
known conpoundnh&erca@im aid)hiBneRriesk H¥pkla | i i th
a suitably substituted cgrrpodlnd o‘? f@%ﬁul a‘ﬁ?%ﬁ@%@;grﬁcﬁaﬁﬁ oiwer
al kyl, a knownSEmR8REIOH: conpound prepared by known nethods, in the

presence of a R0

3

R N\ OH sz\(_/g\sf R y o’}

[ I }-—-I—-OH - \> ‘
R? N CF (XX) 2:CE NH
A 3 R N Cr
H
15 vy (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,
NaxCOs, Cs2C03, 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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Lewis acid such as AICI (CH2CH3) 2, Al (CH3)3, TiCl4, and the like, in
an organi ¢ sol vent such as toluene, xylenes, and the like, at a

t enper at urgo%hPRkes t han about room tenperature, preferghlyoat a...
tenperature of about 80C, nore preferably, at about reflux
tenperature, to yield the correspondi ng conpound of 5fornula (la).
Compounds of fornula (1) wherein RL is hydrogen and R5 is OH may
alternatively be prepared according to the process outlined in Schene
2 below. OH (X)(XI11) 10(XI1V)(la) Schene 2 Accordingly, a
suitably substituted conpound of fornula (X), a known conpound or

conpound prepared by known thods, is reacted with a, suitabl

Subot i Tt B oM ST B ISEOR #50vel By hstighed anaiobro Bt derq
such as HCl, l&onikdGeY of fdBhula@Rdithe like, in water; or in the
presence of pol yphosphoric acid (PPA), neat (i.e. in the absence of
addi tional solvent); at a tenpeRaturexgreater tlan about room
tenperature, preferably at about rg} te ure, to yield the
correspondi ng conpound of formnul Thes conpound of fornul a
(XI'11) is reacted with a suitabRy sel®cte oxidpfﬁng agent, to yield
t he correspondi ng conpound of forrmula (Xl V). For exanple, the
conpound of forrmula (XII1) may be reacted with a m xture of bl each
and TEMPO, in the presence of a phase @®X&nsfer catalyst such as

TBAHS, in the pres f alt _such KBr, | t WO- ) i Xture
et 25 e or EiBuRioofpRid pidiibolRd BRpercdbyArblE rRIRE ' (e
like), to y5elekape a4 despibednpiradipin? vhich dolivdsderdimy fonthe qoXipg)ind of

Al ternatively, 0 I . L) r jth a
mixture of 0 o8 PROED D Sl B R bt debbrifhePhelsEpbERLY |
li ke, to yi el diotrhga 8Kl esbandioraie saheuedesporfdignmarpo(xd v formula
Al ternatively } oupd.of formula (XI11) may be reacted 5
wi th Dess-Mart n”?)‘ewrtlh%gfensgﬁgeg,) in %‘ﬁ organi ¢ sol vent such as DCM
benzene, and the like, to yield the correspondi ng conpound of fornula
(XIV). 1o Prefer h&binl B igulRs i i t
renove any %ydrate wa‘%bé]PB%aﬁﬁ@&ﬁ%?gt ée}%g}oﬁrfr)l%% %ﬁg)ﬁ i G h&H En
be prepared from the corresponding compound of formula (1a), according to

known methods, for example alkylation, acylation, reacting with a suitabiy
substituted compound of the formula R'-Br in the presence of NaH, and the
like.
15
Compounds of formula (I) wherein R? is other than H can be prepared
from the corresponding compound of formula {la), 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 a 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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The conpound of fornmula (XIV) is reacted with a suitably substituted
conpound of formula (XV), wherein Mis Mjd , MBr, or Li, a known
compound OkoGHFRGHRE Prepared by known met hods to vyi ellqj\,]\z U083,
correspondi ng conpound of formula (la). 15 For exanple erein
conmpound of forrmula (XV) Mis MgCl, MgBr, Myl or Li, the corrpound of
formula (XIV) is reacted with the corrpound of formula (XV), in an
anhydrous organi ¢ sol vent such as THF, diethyl ether, and the |ike,
preferably at a tenperature |ess than about roomtenperature, nore 20
preferably, at about OC, to yield the correspondi ng conpound of

(07 Mis Bl TRY CespiRaEHer B oSty Ee PR TR PL Bealhon i

conpound of foepmbeundxXvgy, fan exarapler esesclesdintd memebmboneinﬁ eaanrbmepg e

f ut 4 f

oH fromabout 3 ranaRs @oniler 0 A3 romnbgied gRRRKorikigakt Ry pat
acetate, DCM &mmatldlrewth kteppt[naéyf actyb lagidasuchlasyt)- m-paombﬁ«r[p@ﬁan@aad to
yield the cgrr 35@8?1(??1'8% qgrt%c JoR{ A (dgf %‘80‘?3@?% gllz%t%r{é]ndf 2e

art will recognize erel n the corrpoun
reacted with aregssngrationioidhe freeasa Theonmiends malaiss bieyolvddiBr , M)
or Li, the CO”F&QMQﬁtTrPcﬁfoft ém&ae&a%ga P?;:J% c%%%ﬁ‘c}%&gw éh?grpgrg@-t%rggfgm E Ee

reaction. Prefera
a conpound of ﬁ@?&ﬁfﬂil‘i’a E(nmmmmwéthﬁ! deiralsaumtjaly, AlgBetively ltheocorhpouhds t he

preparat] on of nbgBBUMRIerEO! BlafubLe ilifei 1 R 15 akyl, alkenyl,
aryl, Ikylg aryl, heteroaryl or (C ower al kyl yheteroaryl 5

Preferabl y Ut he corrpound of formula (XIV) is reacted with a conmpound

of formula (XV) whenging a%'o?th@rpr&%ssé%r BFeFEr%‘h@rli biocﬂe Q%W%% of

formula (1) wherein R4"is al e%q "kynyl .
10Conpounds  of PESFHRITENEeN. i inay ﬁeqiiés%fhénﬁgl’é&S@ab’&R@ﬁroﬁQ@eQMWe\mth

the atons to V\J‘Ba@h/etd}&(ps%r%rﬁ%mﬁ’e ﬁﬁieﬁ@lb%@nde‘rﬂ&i %f%é}’ﬁ@aﬁ'ﬁé\;eg'b@' ng
one het eroat om maX %re ared according to the Er ocess outline
Schenme 3 bel owneans fce ventional protecting groups such as tnose described in Protective

15 Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973: and
T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John
Wiley & Sons, 1981. The protecting groups may be removed at a convenient
subsequent stage using methods known from the art.

20 The present invention includes within its scope prodrugs of the
compounds 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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(X) 15Schene 3 Accordingly, a suitably substituted conmpound of
formula (X), a known conpound or conpound prepared by known net hods,

i's react edy¥hbPagsgdi tably substituted compound of forggélrﬁjs%oy)oﬂm%s

wherein Al is |ower alkyl, a known conpound or conpound prepare

known nmet hods, in the presence of a 20Lewi s acid such as

Al Cl (CH2CH3) 2, AI(CH3)3, TiCl4, and the like, in an organic sol vent
such as toluene, xylenes, and the like, at a tenperature greater than
about roomtenperature, preferably at a tenperature of about 80C,
nore preferably, at about reflux tenperature, to yield the

correspondi ng conp 0 . (
formula (1) wherei Eg%ealﬁﬂx e%g'% r gﬂetégﬂééﬁﬂtag getR Oundv?’ac(‘ft:?h ?ﬁggrg'togﬁfer o
whi ch they ar mobdomd"nlmrﬁ'tacwﬁcaﬂvmgc@mfﬂb'@t&ﬂfé "cOthensatismoa Wowever, be

het eroat o ke f F13hy Bldofiin BPcARRRABE doRPaAE B HiR ;ﬁ\%ni.&'??rpafmss

outlined in Sc
suitably substnmunwua@aﬂw@n@taﬁle B@Ji‘snﬁuiﬁb@@nafmac%ﬂtlﬁﬁlm%@ﬁ@@lﬁﬁléﬁ or

conmpound prfpat{% e TTal o %E@ Q&Qﬁwhzbﬁn’n‘é?%Fé@rﬁMIé Rea
of for rru XVITT)

suitably substituted conpoun , Wwherein I's
sel ect ed fromfamnadky gixngs w@ngfih@g:oamonwwdg@rﬁomh@m\e?a aI kyl ,

- (1 over al kyl )hgﬁinﬁe%cénﬂy%éptﬁﬁuéébm sﬁn&’@é‘é)gﬁﬂéchlcﬂﬂcka'&%v‘@ulﬁﬁ%%nd or

conmpound prepare nown resence of an |norgan|c
base such as Kpwedc awﬁzn:@B!c aCish BN, taﬁét'q Pqid benzpig ACir GHA AEd,

sol vent such Qﬁd%&cu%@on%%d%hb%g\%ncb&dY'FﬁHﬁ'erHﬂ@e GerepBONdi NQ

conpounds of fornula (lc ounds. of fornula rein
R4 and R5 Ht e qogRoNNdD g AR EAH ENZCEHR meiefi P iRbEHRR "gl?‘zeeu%%ﬁd to
forma ring stiddeptdbie sedinidbf Rthytivudy dﬂ%ﬂl?ﬁ&@ﬁé&% d@ysduripbepar ed
according to thef\ roceslts 0 t]I | negthl n tSiCh? a?ligr\r’lvor ma %gs(la(%/lsja :
Schene 5 potassium salts; al ameea measaseg G g
and salts formed with suitable organic ligands, e.g., quaternary ammonium
salts. Thus, representative pharmaceutically acceptable salts include the
15 following:
acetate, benzenesulfonate, benzoate, bicarbonate, bisuifate, bitartrate,
borate, bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate,
citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate,
gluceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate,
20 hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate, iodide,
isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate,
nitrate, N-methylglucamine ammonium salt, oleate, pamoate (embonate),
palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
25 stearate, sulfate, subacetate, succinate, tannate, tarirate, teoclate, tosylate,
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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Accordingly, a suitably substituted conmpound of forrmula (XVIl), a
known conpound or conpound prepared by known nethods is reacted with

a suitabl ywé‘i@tﬁhth%'i'i ed conpound of formula (XIX), \/\herq;cﬂ.i}!gzjl@(]fug&%r

selected fromthe group consisting of hydrogen, |ower

al kyl)-OH and - (l ower alkyl)- 5 (hal ogen), a known conpound or
conpound prepared by known nethods, in the presence of a catal yst
such as pTsOH, PPTS, and the like, in an organic solvent such as

tol uene, xylenes, and the |like, at a tenperature greater than about
roomtenperature, preferably at about reflux tenperature, to yield

t he correspondi ng' c?g%gund L(?r mula (1d). 10 Conpounds of
formula (1) whesei)-Hp)Lamepe- s iogieagid @é'tq?&d fRRIBICEHE, arsWictasid,
\r/1\lhl ch they ar embmmld dota, Emrdﬁogd bya@m&tamcawe%yiggmri@laeidnﬁthaﬁe@zand a N
et er oat om rray ernativ e ccording to fhe process
outlined in ScREWPTE ¥ &?WX' Uil §%y3r00v-eth&eewfanﬁ@cg¢ fogmic acid,
sui tably substfutnﬂnedmmiogmactaﬂb adid,fgentaid acif )idohel t%nfﬁ%@@it Bhivdohlt Rid,
suitably sug rein Ris selectéd

stb ted co 9 d,of formula (

from the grdup W@"f% gf'g HiZTI 8t o- P8 PaélPﬁ?Fj dlyqalie ae: PR ) - OH
gnd - 20h(l ovveacxda,lnydfc)bﬂﬁrhlala@@i?ﬁ?drOttmbrh%lcp(ﬁﬂ_elﬁﬁiﬁ: éB‘d Q) Dm%ﬂf"é‘éu@

ase such as in.an organic

sol vent such %C@Emcﬁ@@%ﬁa% TLI W@!'C %‘Bd W%P@C?ﬁg (é‘bpf'-é%%'tﬁiﬁkﬁ ng
corrpoun(cji of f f ?acrmil,lrlaethhl@ésulfM%aﬂJ ddpﬁtﬂxaletnegza@lfahh avidl tap"rmmwﬁg- t hat ]
conmpounds o 1) .25 wher, 4. and, R5 are taken together wit
the atomto V\h&é%%e ’% ngﬁjﬁx-c?‘??qphﬁ}gl}%%d R "%??‘g&tﬂ? @C'a‘eﬂ’e‘c acid,
alternati vély @etiqaa-parmﬂc acic,quattnitis dofy, bhmcmra@(ceﬁls@homlééatﬂ n_ed in
Schenes 4, 5 b tin |ta I subst ted
conpound of fo ”%W‘}'d I%h%}ljgéé'd( %%/ﬁ;’ e@BFr‘pound
prepared by knmm swetihigdsid( ‘amjfunBaaxiathrhleaens @%&ammmdmt@@ﬁﬁbéc@

T o norh PR d AL add e QRRNBe Al g™ & (01 1) the

skilled in the art w recogni ze und of formula (XXI)
will equilibrate wbahes hdUdlogIaBB’merﬂleragglom&pmmamﬁmé menmmm(a,)eélldu)ml n

e BT 88, e o B g 4R Py g
conpound of f ofthemna, e(th@r)olarala@mtlcu[e@dtmme N-methyl-glucamine, hydrabamine,
1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine,
piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-pyrrolidine, secondary
amine, sodium hydroxide, tristhanolamine, tromethamine and zinc hydroxide.
20
The present invention further comprises pharmaceutical compositions
containing one or more compounds of formula (1) with a pharmaceutically
acceptable carrier. Pharmaceutical compositions containing one or more of 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, alcohois, 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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known met hods, for exanple al kylation, acylation, reacting with a
suitably substituted conpound of the fornula R1-Br in the presence of
NaH, and t 5 Compounds of fornula (1) whes

ot her than\DSHZ!():dg}r?%gglprepar ed fromthe correspondi ng conpoun Sgou%gmds%
formula (la), according to known nethods, for exanple by al kyl ation,
acyl ation, sulfonylation, and the |ike. ZOOne skilled in the art w |
recogni ze that wherein a reaction step of the present invention my
be carried out in a variety of solvents or solvent systens, said
reaction step may also be carried out in a mxture of the suitable

sol vents or sol vent i St ens. uia(SEV\here tq rocesses for the

preparation of Y47 é "#ﬁé%ﬁ&@" 08 BgPMy: tbyiqents: binderst digRtegraliag poeds t o

m xt ure of Ist eamﬁhedzharsmuddgemepam%mwﬁe s&d a,megugyances such

conventi onal techni as arative chromato

conpounds may Be HFERH SD@ ?\”Cr%{’c?@?ﬂego ?%Forﬁ‘o%ﬁa?mﬂ%sg%%pa@ﬁﬁwpi‘oﬁﬁ'?s

_rmy be prepar edarentlai%adrlnwmam itiows egrded Wiﬂ u§tv5ﬂ'§;f@@ﬁ$|§i oPEteRls WRSQndt | ONn.
e conpoungs [, resol ved t hei r conponent

enant i omer sg byE’[@i r'“@%?ﬁ"é&%ﬁ‘i’%ﬁ‘g‘%d ' Nfeazs SPE’E?‘% YA rPé?sieaﬁ’ng‘?

di ast er eorer i clnjeaiable suspeedionsf asohtiomay bigo 88 pegtararltlivingetistisaci d,

such as di - I rtar id 5and/ or
(+)-di- (tz)l uoy r'%rgta§$§¥1ﬁ5§ &Ry oﬁq%ﬁk)@% by fractional

crystal I i zation and regeneration of the free base The corrpounds may
al so be resol ved by f f r ers or,. am des

f ol | owed by chroma{ro ?ﬁ%é@%ﬁ?%ﬁ%ﬁ cﬁ%’ﬁgg 13? MV RRfioTKPe.Pr
auxi | i ary. 10\ t @psegompsupds etibe pmspotindsitiomgs be aoesmln\gmdhamsisnmmately

chiral HPLC cObgfieq vt a pharmé:a#[l c%}gc?rmér &fc{;ﬁd}%’@r BS géqlf or

preparation of the corrpoun resen may be
necessary and/ @fargaegutian)compoundiog s mg@aﬂsmmﬂ@amerrr@d&kmwg{eoups on

any of the nol geihes rGRRRHBRSNG Ebﬁ%f&myof%?%ﬁaa?%}loﬂvo%g &Vfopg@rg g-t
conventional protecting groups, suc escri b rotecttve
15 Groups i n (P-§aAiadotpramteral guchesp inJarmussulav DnpreparPigéhe nompasitons in

1973; d W
Synthesi s, T%oh%@mai;’%’@oﬁ?%“ A R el helR il e A

removed at a compelor buid §%§@@@@HPN%§§@EB%@3‘ ayEmpie migeensimsnelixiroand he
art. 20The presdiions gAML eamb&t‘érieﬂa%%n%é b‘h'cmdé Eu%te?CQP%#SO bid %H;gﬁo]gf

t he conpounds of thi's i nvention enera such

functional derf&/8ER9aenss W@?@%ﬁ%ﬁg‘%”%ﬂ@ﬁ %ﬂcbiheé@i‘mfﬁohd)wértl bl e
invivo into t;ﬂ@pér@ﬁbﬂsrs@z@h @Q%Pé&é%plér %ﬁldeﬂsnoéﬂéﬁleg%%@ﬁs g8fcapd Gf ment

of the pr nventj on, e term m nisterin enconpass
the treat n‘é(ﬁ t@#’!eishéu'tﬁgle\%m%ﬁ§”@i?§‘?ﬁ?‘@§r"&°'%ﬁ@"ﬁ sugars dinents.onpound

specifically dg@mh@tﬁ@chg@htswubhcaan@%m@wﬁalsmgmn@%enefane%e like.
specifically scl os whi ch converts to thé specified conpound

e
in vivo after 2 < tﬂP%ﬂf PRF I Gdpyinistzaipn éﬁl?f‘ats@@ﬁ\?é%q'%ﬁfﬁpreﬁ?féfé%ur es

for the sel ectmost aavaht@geimaroﬁéf ld@slagéfurﬁtuomam ®hiek @%éﬁ)h@%ﬁé#@é@bhfﬁ:%l are
descri bed, for_exa 'Desi gn ,of Bund aar

In u H.
El sevier, 30 1§85 B dbv'ouﬁwre"?fg efn ! fr‘FE&V ﬁ%ﬁetg ﬁ@ysbgﬁugardpa
; 2 228? gglsezﬁs alt driteici mmmmnycsaaﬁdafcefechmqw Mpa@gtaﬁﬂgrtﬂ?ﬁﬁéﬂﬁﬂhé%aly
preparati on ofé0 &nﬁ%ﬁf?f&l@ "5%8 ﬁﬁ?‘r‘%’ ?tge'i[ﬂgrgd'fafﬁ TQF PEARIE: TorpumpRses
phar maceut i caldugh aseeimgainilt&)!lﬂaabrtfsr p@uemaﬁﬁnembaémﬁleﬁl Giedtable
acceptabl e salg n salts which

ounds addi,ti
may, for exarrpﬁugp rﬁéon%p%agsoo e Pr‘ie??rﬁa ] ‘@B‘ﬁlﬁqs&ﬁ‘p@?pf‘ﬂé P SBUIRES: wi t h
a sol ution of suspraiingeapents anal thy lilecmepbakhployed.dThelipharascdiidgochl ori c
acid, sul fani aci d.. mal ei c aci sucginic acid, acetic
aci d, benz%blr c a@]:bggit'%rh%%hg@?%nq?]a‘rqeégpﬁaggéfr& e@a?‘%&%l @PSUP Payyder,
phosphorl c aciinjectieor ehsyoonfue anditreriige dreartfurd efheuisthe iafretileat i nventi on
necessary to deliver an effective dose as described above. The
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and salts fornmed with suitable organic ligands, e.g., quaternary
ammoni um sal ts. Thus, representative pharmaceutically acceptable

salts i nclwg%(};@gﬁ}@f ol I owi ng: acet at e, benzenesLiJCJ‘TQUQ%&0(;},060883

benzoate, bicarbonate, bisulfate, bitartrate, borate

cal cium edetate, cansylate, carbonate, chloride, clavul anate,
citrate, dihydrochloride, edetate, edisylate, estolate, esylate,
fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate,
hexyl resorci nate, 20 hydrabam ne, hydrobrom de, hydrochl ori de,
hydr oxynapht hoat e, iodide, isothionate, |actate, |actobionate,

| aur at e, malats Elﬂ mandel at | at e, net hyl broni de,

net hyl nitrate, har&% ? Slfcsz@,os %%ﬁéé'emr’fﬂ E?)Tt@t‘eperﬁf"tt dggage unit, e.g.,

N- et hyl gl ucaniabist, a:tapsxrle yrsat, Unjecibﬁﬁé@poﬁﬁﬂp@éa%pé@{f@!@hatﬂﬁﬁ like, of from
Pl L 2L e, PanaARenALRn ARBIPRA) Bech RIOSRRLEr NS AEhERD'
tartrate, t eocmfl@/davqyyieaatﬂy frém Iabblhtlﬁ)@ﬁ d@n@ﬂ@/d&@zl mbiﬁ;ﬁeferabiy from

of " phar moent | 2o 09 205hAGIRS, 80BN ifeut's e dbebeni St Soney B8
i ncl udi ng acetVﬂfleﬂcﬁeéencm@umhrdhe mcmaement adhedpatizais] aia@évan‘y BEthaci ds,
adi pic acid, atgidiio b@@g%aﬁa%%rdqg&c@ﬁace e peg{%%f(ﬂdacﬂgauae of either

benzenesul fonl c aC| nzol ¢ aci

(+) - canphori ¢ #@ly@ Whﬁiﬂ*\'@ﬂ QUDQ"%IWEUOdl@d@Si)g may be employed.

(+)-(19)- carrphor- 10-sul fonic acid, capric acid, caproic acid,
caprylic aﬁ, cinnanmc acid, citric acid, cycl am ¢ acid,

dodecyl sul t'ric aciFaete@blydheseicompagitions arsri cnladosﬁgeémmmfmhmammsc

acid, 2-hydrocgpletshane cdbéied, 90@%;% %rfaﬁuieé Gt %rﬁﬁtﬂ@%{)lﬁh 05 aci d.

gal actaric acid, gentisic acid tonic acl
5D- gl ucor oni ¢ SHSPENSIqnsgMatesed @erggqlgr liguidsrays, drapsi amamles aglojrjeitore

acid, hipuric @sidds oh¥ xﬁj’p@gf&ﬁbcfoagﬂaﬂpargb{tgfa@quef?{ébgl &t dﬂglta({? reEt IIaCtI ¢

acid, ()-DL-lacti.c aC| | act obj oni ¢ aci d
aci d, mal oni ¢ HTiRsrationpr f%%@nisaawwlnmnmmmuﬁ@m &Itﬂmlatlvely,

napht hal ents 2-tae btbmﬂdasirtloﬁfihﬁly bégiBEMAH ﬁﬂ?folm%mt&’dlé Kr oﬂE‘éMe?ﬁY g once.,

1- hydr oxy- 2- nap EI acid,. nicotinc acid, tric acid,

10orotic acid, mé{ﬁtﬁat‘o%efPW’iamR{Q é’Bl"@:ﬁDl%’éﬂﬁ”@fﬁtﬂ f@ﬁflv@h@'smdt c
acid, L- pyrogluehasite dehfoats kit Girdyl e @depthd té;oﬁcgolao@a éédéit Svdgbf‘atléﬁ 'ro‘?

sebalc acid, stearic succinic acid, sul nni ¢ aci

(+)-L-tartari d”féed%““‘%m”m% COrREeREring Sl epsprastiions Bich asctabietsnthe

undecyl eni c aqmdc:palratd:tlmgmdielmcisuﬁkétﬂwﬁﬁrﬁ@ﬁh@nadeu%a%é}hé‘ree
benet ham ng, um, 15hydr oxi de, choli ne, deanol ,

cal ci
di et hanol am néz% ngf’ﬂ?r) 3hlsthg 'ngze?'ﬁf'tﬁtSH?}'? aHPB plareh: fagirse, sucrose,
et hanol ani ne, setﬂntyl taie dieant Beid, iNagmdshysh s@bt&@@@d&ﬁxurﬁﬁﬁ'&@h@@&%ums,
1H i m dazol e, r%ngﬁ rﬁr&agnteséi [n }\édr oXi
4- ( 2- hydr oxyet y|°§( B N guﬁg a% ﬁn‘gatebd;? %@l%ﬁ"ﬁ?ﬂ?@'ﬁ?%‘on
1- ( 2- Eydr f)xyetdamp)astw capitaioing e hosegencakymiRii6, a @ﬁbddir]m Ry $ePrddai
tri et hanol am zinc r ox The esent
i nvention furt epﬂ%rg@gép ﬂ%ﬁﬁﬁ%ﬁ%@fﬁ@%ﬁ %ﬁ*ﬁ%@i’%% "t'%ﬂ ®i ng
one or noréé c@?ﬁﬁ@mﬂﬁfsmmﬂatfooramm;msu(ld)r)s ag mmnagepbamm(t@mbhmaﬂwétyhe active
accept abl e cagg R | tions contai one or
more of the co %{jenn Q&%ﬂ%ﬁ%}‘%dﬂe@@ tp&’%nﬁj &g FHRes ﬁ'BPéP ﬁ’%g"et he active
i ngredi ent cafomeosition may be readily subdivided into equally effective dosage forms
such as tablets, pills and capsules. This solid preformulation compoaosition 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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25 prepared by intimately m xi ng the conmpound or conpounds with a
pharmaceutical carrier according to conventional pharnaceuti cal
conpoundi ngotgshaiqees. The carrier may take a w de Varﬂ&I/LYszéﬂ{qul%ﬁ:{m
dependi ng upon the desired route of adm nistration (e.g., oral,
parenteral). Thus for liquid oral preparations such as suspensions,
elixirs and solutions, suitable carriers and 30additives include

wat er, 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 incl,ude rches, sugars, diluents,

granul ati ng ag@%‘tog; Y:I%[JB’FEVP:%[?rgE? ?a%’féﬁﬂé?@ canyiceMptieR Patnaydesgenesd and

the like. Sol i duterddsape epmpotdrrtse faegr BdisPinhBe oAl dn Whidlosibiah aRces

such as sugar s, of Ibel.rnee teric-coated so as t maj or site of
e

" a 0 rTBduI ate . |
absorption. For pare QICCHRRIGNIS £3L04 BrParqiRe DX gp enteric iayer whishial | y
consi st of st esérves iabsist disittegratidhiarthé sgredh and P tReinAdo@fntdent

i ncrease soflubj|ity. eryation. |njectabl e .suspensions or

S0l ut s oms ndy 5115 b BESTRLARL AR of SRl ERPe A ERIRS wi ¢
appropri at e aduiateriabsn bauged dprasueh ehierip hgemsas euitinga) sue Masidid ons of
this invention, r compounds .of the present invention as
the active ingr gg?@ﬂt r}ué%eﬂ?{@yfrgr@; %%W@OSWFFWQ%F%%@%%FP@M
carrier accor ddleehd end oeilutast iacetate. phar maceut i cal conpoundi ng

techni ques, which carrier may take a wde variety of fornms dependi ng
of the formof preparation desired for admnistration, e.g., oral or
par ent er al T&uch as Thatigkitieros| imwhichrihene@hcimupsitives obitp psédehbingerition 15

orpl oyed “Thus 2} b8MeoordiaF ch BHRIAIGTBERY! GAbcTRE RaPB edfene
suspensi ons, e3qltiops. swiably BavaureshsyrupsuBaetsiue ocaif sispessiems] and daduvers
i ncl ude wat er, g4l ith QhibBw o o ent s .
preservatives, ° clg?ﬁgﬁ% ‘?(Sh gblg%tosdglgﬁﬂht .%tﬁoﬁé%}éoéllbg%g i (J’;_c]" giagnut il or

pr epar ati ons sREGRUER, af well ax gliviisand sinitas pbarmegpalishbeshidemn| Riitable

gel caps antb 20igishgigor AHPLAMEGM 10PaARY AIULNE AN Yoo

st arches, sugars, di T uent S, ranul ati ng agent ) rrcan
di si nt egr at i nP&gEtral mes sush asitlegacamdly agaeia.cilginate dextras esodium

admi ni strati ornarﬁcﬁcwnétrmoéntdoéé@%%@c%u&leg,g%g()ih L¥RolRik FYARL ageous
ol ha

oral dosage unit form in which case s ceuti1 cal "carriers
are obviously enployed. |If desired, tablets may be sugar coated or

25enteri ¢ coat ed byhe kabald wbSRY MsBHRE orfcBhdBHEAbANIALS by ilte carrier
wi |l usual rise sterile water hr ough ot her mgreg?'ents, for

co wat ¢ t :
exanpl e, fOF FFRIERIeERI dgscribpdinihe sissemfimveniongnay algo be earded/auti on,
may be i ncl udadinglalreehadtubcs HSREERIOARS .
whi ch case ap rggrair%} e?%uu?dﬂ%%ﬁﬁﬁﬂgr s,mgﬁi{%%él@%rflg%age tgﬁﬁadgqeﬁged
li ke may be eﬁ’&f Ry @ ﬁﬁﬁ% sPeRiahie SUEnphe Phaorasewmiseki n wi | |
contain, per dospgsifionvingy centdin betvabh Sbout OBATH Shrd mvﬁﬁlﬁ,rpaefien‘&%)@%%&q’
I en

t easpoonful a | ike, an amgunt, of the active ingre 1
necessary to 3@?@@@9 %ﬁ“%?%%@%@fﬁd@%f becogatiteted micianeve suitphle for
phar maceutdsc althenngosf adnﬂriiistrdﬁen &%Iéct@[d.! CaioRtmdiutie iR8EssHA dnddRsage
unit, e.g., t ule. po r, injectjon, suppository,
t easpoonful a ggﬁageﬁt@g?mﬁen% g’ﬁﬁgﬁgﬁdtﬁ‘?ﬁiﬂ'tﬁé@' REdansasysRENdiRg gi ven
at a dosage ofagéntsriaivenis, TavOiant0Svatdres, Brvervativet adyab) ahdfdbaiRgabout
0. 05-10 ng/ kg/d?ﬂﬁz more preferably from5 gbout 0.1-5.0 ng/ kg/day, or
any range therein. sv.ﬁlﬁrgs Sé@g@%ﬁgprar%q%@ﬁ@h%gg@ SpAY fogys.dupaAsiPfy upon
t he regui r enetabled$, capletspedrisalas gsach lhﬁlﬁmgﬁ?r_imbwa@frelb?&, ﬁﬂﬁ@?él%é&_@lahﬁi ng
t t t : . . t
adm i st a6 onceas e K IRAGHD <P sag MR el Oy iR P pueas y
t hese conposi splgirnsasyeunsnelixeis; entolsiags dhd s0spehEions. SEiis @Seful for

parenteral administration include sterile solutions, emulsions and suspensions.
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tablets, pills, capsules, powlers, granules, sterile parenteral

sol utions or suspensions, netered aerosol or |iquid sprays, drops,
anpoul es, \pyLQRkRES or devices or suppositories; for OrP%lr/L%%u?B§0§£3al
|ntranasal subl'ingual or rectal admnistration, or fo

adni ni strati on by inhal ation or insufflation. Alternatlvely, 15 the
conposition may be presented in a formsuitable for once-weekly or
once-nonthly adm ni stration; for exanple, an insoluble salt of the
active compound, such as the decanoate salt, nay be adapted to
provi de a depot preparation for intramuscular injection. For
preparing solid conpositions such as tablets, the principal active
ingredient is mxed with a pharnaceutical carrier, e.g. 20

conventi onal tabl etAidwentagepeeldi @neusdscd ﬂ&ﬁpr@ﬁnﬂtnﬁérﬂbﬁ hmy%@@dﬁﬁﬂstered

hosphat e or  ghaer gl AR B ke A B TRps iy R apEdege ratided 1o

forma solid pleskephwbathreerordmmtioss thiyn Faahéreriord, l@ﬂﬁommﬁ@@ﬁ%nt

m xt ure of t .invention utlcally
accept abl e E!';Ial t @ﬁg&g%& %@Hggeg%eﬂ rltrﬁ'ﬂaﬁag °78 Viaﬁ%@%aqﬁgeeg{oﬁ“% Qtion
conposi ti ons dstranaselyehislsasyr viattransdemmahgkirt faathes el &odvirvie thawgrogdi ent

i s dispersed n.so t

conposi tion naecg/fgﬁg%rsglg subd]t Oa?@ﬁ?t%feg %ﬁg?rwo%atfaé]égqrg@t ddiepye
forms such as alsimeths, dqme @draintstrai@pwl eScoutde, be saitindoysrrather thieh at i on
conposition i i osage forms of the type
descri bed aboagﬁﬂﬁﬁ?ﬁﬁﬂ?lﬁ%’%@ﬂ?d%éﬁ&ﬁéﬁgﬂlabout 500 ng of the active
i ngr edi entT®bf the present invention. The tablets or pills of the
novel conposition ¢ vi,de a
dosage form aff ordi ﬁg“%@‘%@/g’ﬁﬁ' g&miﬂfsp EEOWI&%qu'ﬁPME ﬁgt ér%ﬁggu? the
exanpl e, the t3HYHrugeompenentesn Wﬁmﬁ"}ﬁ@ véth anrﬂﬁ@rnalﬁsagehMGamcaﬂyt er
dosage conponegbeptaheineAlchfier RIS étﬂ”éth@yEé?Bmé&Er%tﬁé'){@ %&erﬁ\ye r

the former. The two conponents can ntéric Tayer
whi ch serves t¥8n&issiggd iNEPPRSED Byitable bi etﬂwb'bﬁfﬁaﬁliﬁadhmmmflpeagmtsamme

i nner conpEenjolching anﬂﬁé?éari ARG znbé}b&afeﬁf?ntg EQMFB 09§ tBe BidR! ayed
in rel ease. nat eri al can be used for suc enteric |ayers

A.v
or coatings, Lf'@‘fden’é' '@?‘4 Qvéafpﬂc%f@rah §Iedn. Magalsugars ﬁmfwﬁwlwsa@r bita-

Wi th such mat asdt@descan sﬁb@tbh@ﬁ;ndﬁﬁé[ﬁnd%bﬁﬁ&%‘gu%%uﬁl‘?%é 'a‘%a‘?: raFi‘tEe
10The liquid fogrén;? in which the novel conpositions o pre en

i nvention may W0 GIg5H é?@ﬁfnﬁéﬁara&%rﬁ‘?ﬂ“@?‘ﬁ@ﬁwt@r@ﬁwy" snzegte,

i nj ection inclsadiem ai@tw@lsﬁdlﬁmdhbh@@énd t%b."Itﬁ@@%lmfeb%‘t’dwfn%@dé%tﬂ'l@ﬁt’
avoured emul sions Wt le oils

aqueous or,.0i l. suspensi
such as c&% OAE@E@)OF?"C 5'@?&9%&9&”1’59 ES@OWOWPixaBWQBQﬁmndth likeas
well as elixirs and simlar phar rraceutl caI vehi cl es. Suitable 15

di spersing or suspendi nts f us suspensi ons, include
synthetic and nat u‘rﬁgﬁ’ fcﬂ:’ﬂjrﬁ 31 8{& QH?Q?nagﬁﬁbﬂ'éperﬁﬂ%ﬁW%SUCh

dextran, sodi mtmmﬁmyammmwtml guuhsmﬁexﬁmptbwag@bénﬂh @88cia, methyl-
atin d| sorders or

pol yvi nyl - pyrr 0

condi ti ons mod 84“'(%%%%8%% !ﬁ% %IBF %?{8'?"8’6&%&@8‘6‘&}{08:( Hie BysPERYIONSAdhe
present i rddentsolotionsesye desmdbsmdprmhrml@hs usich geﬁeralry&fol’imﬁéwwéﬂ
phar maceut | call o eRanas A tBloutd s RR s a5 SRR SAIPE & ceBbtibos, i on
may contain between about 0.01 ng and 500 ny, pref erably about 1 to

100 mg, of the conpqu onst tuted into any form

suitable for 25 the ébgneooﬁﬁﬁigﬂﬁ'¥ﬁ%§?& e "S(@P@(lﬁo .a‘%ﬁ%?"?'@ﬂé” thRcl ude

necessary and farmexfiiposoherdeticaey systamhs, exch 43 sl inilamalatidesighs, bhﬁe not

cueet aner 0 peBieRtter RUERSIYHRBGRANCE yerilot L P Eops ot PorEned s o

for oral adm Margty aﬁnhomhmwﬁmd;ecrsaﬂ chldsteroisstesyishinesrpi | |'s, tablets,
phophatidyicholines.
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Advant ageously, conmpounds of the present invention may be
admnistered in a single daily dose, or the total daily dosage may be
adm ni st ergd shAoeHsyds ded doses of two, three or four ti %/\%@ﬁ&%ﬁosss
Furt hernore, conpounds for the present 5invention can be adm ni stered
in intranasal formvia topical use of suitable intranasal vehicles,

or via transdermal skin patches well known to those of ordinary skill
inthat art. To be adm nistered in the formof a transdermal delivery
system the dosage adm nistration will, of course, be continuous
rather than intermttent throughout the dosage reginen. 10 For
instance, for oral admnistration in the formof a tablet or capsule,
the active drug conponent can be conbined with an oral, non-toxic

phar maceut i cal | y adesmoabiseofitmepriesatinvetionshgialgsbeddiasrol by Hetzee! .

wat er and the L .desired or necgessary, suitable

bi nders; | ubri @gﬁ‘fcé?ﬁg%@@ﬁ@é%?%ﬁﬂﬁ“@&8’&5‘?&3 tﬁﬁ”ﬁ"cg‘g]&%?%?goh‘ﬁg ©Scan
al so be i ncor pge&peRled. nthe componnat efitiee presdrt Abkbstiohinfgelso ba6uPRE with
wi thout |ingtagd i yural.sugars such .a | ucose
or beta-| ag% ogéeqltﬂféboeﬂ);@é\_/\%g? é%gé@ibﬁé tr}%éqersan%mﬁ%ﬁ{ngﬁ c@nd’ﬂfi&‘%such as
acacia, tr agac%ﬂWY@NFFQEWH&mycﬂWelymsodblummdm;qamayimeﬂﬁagmﬁdiepﬁbnol,

stearate, sodi ' iumchl oride and the

li ke. Disint egﬂ@?@@%&?ﬁﬁe, W ? hgg‘?&l’%?E)P[r\ﬁ&ﬁgﬁn%’?de@f)&lyéﬂ? SH%?t'f’rWd
cel | ul ose, agatith RR¥RtQhfesisuex Ewtheamorguie ancpolreisiof the. praeat ihvantbeimay
forms in suitakydss ' rdi | ents syc S
the Synt heff ¢ s e R ROl 8 bo BRI RHRUNG cG ol

met hyl - cel Tl J8€28hef & Hugifonaxamples pplrpeistsidapolyapsion epradiame, sterile
suspensi ons ansbiyhb&ekybutpsr RIcCpslesiHoeders! Mﬁ%&b@%ﬁﬂ%ﬁﬁy%& whi ch

generally contain suitable preservatives are e

i ntravenous adiY0R5Y|aies E?p"’g cessilipiead or amphipathinleakrpopelpersfof t he
present inventtivdrogeRn al so be admi nistered in the formof |iposone
delivery systenms, such as small unilanellar vesicles, |arge 30

uni l anel lar vesicles, and multilamellar vesicles. Liposones can be

formed frotd a vari €oypofingahd sirialéribs fhay BHEH ’ i
stearyl am ne or F@Qgghati Syl ch Jli Y ”&%tﬁgﬁg’?&ﬁ?’lﬁ?ﬁ?%&m

nes. ] J _
i nventi on may 4 S AFATEN '8915(3/3‘%5%9 (POENGHYS trdied frnthe antihsoeNess
as indi vi dual tsatmdnt obdisardeior bordhiens PERASE o Hofdddin AEoRPP! o0
The conpounds rgéuirtgge present invention may also be cdupled"™wth 5

sol ubl e pol yne "targetable drug carriers. Such polyners can
i ncl ude pol yvi nyl pyrrolidone, pyran copol yner,

pol yhydr o ropyl hacryl am dephenol , . )
pol yhydr OWet hyl ﬁ%%&?'lgﬁoﬁ%%ﬂfg Rrodicls TReY R YRried oMerawide popIipsl ne
substituted wiltd tp&Deritomer adeishuhem pdrday. esrERd 8dminkeag@pRuUNds of the
present invent, led ta,a class of, bj odegradabl e polyners
useful in ach}Cgr\?' %%@ég% er%@%E%@L@ng%%géheof?’méofjt@blst,s BiaindgafL 0-05,
pol yl acti c acild, 0ol Pepsi 5.0 0B 60, 250,300, 100 160yZh00RS0 M sy i ¢ aci d,
pol yort hoest erSp; LS. ydi.hydr opyr.ans ol ycyanoacr yl at es
and cross-| | nlglggrgﬁlgﬁan%%itag!ét 'P@%‘%J?éyfg%ﬂpﬁ@}%?@ %ﬂ“%%’f‘@@@?@sage
15Conpoundd of© thaipstidrn taebe reatedredn Eitechanmoust eftesldiug isawingfily biidlied
; . o . . Biaed
foregoing conBpsbbdagBTnalit i aobt 161 higag s 855 SOOI br Bl nberi e
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 mga/kg of body

weight per day. The compounds may be administered on a regimenofito 4
30  times per day.

34



treatment of disorders or conditions nodul ated by the androgen
receptor is required. 20The daily dosage of the products nay be
varied ovegodgWheRid ange from0.01 to 500 ng per adult PIEZH‘HEQUU @50 gjay
For oral adm nistration, the conpositions are preferably provi 3
the formof tablets containing, 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0,
10.0, 15.0, 25.0, 50.0, 100, 150, 200, 250 and 500 mlligrans of the
active ingredient for the synptomatic adjustnent of the dosage 25 to
the patient to be treated. An effective anount of the drug is
ordinarily supplied at a dosage | evel of from about 0.01 ng/kg to
about 500 ny/ kg of (go]ql%i ht - %er da Pr ef erably, t he range is from
about 0.5 to about QY §s B itereg ey readly deipmsined by those

preferably, f rgﬂﬂe@h@tﬁba& éndwnlaﬁ‘?wlth%é)pdiﬁdw o @ﬂ@hs\é@'t%ho@@& day.

The conpounds ter ed.on are n 4 30 times per

day. RS ab Rt pistb e BanrRPSRen i 7 rnaqﬁ HEingirign. and

det er m ned by ﬂh@ﬂear&;bhbhteﬂthemaédm%e@ﬁrﬁdmoan% Mﬂd:tlonvﬂét‘érsvﬂshbblétb@wsth the
m ni stratiaon, e stren of

parti cul ar 0 us

t he prepar a§| gﬁ "‘J‘E“ﬁaé Prﬁedg b%‘PQ 58#?&.'%‘%‘?@'{9 RANENTASE: "ﬁ’?i%hta‘aﬁta%@é'ﬁﬁﬁ of
the di sease coadhinisbation| will aekdittn ©8 nebdhnt=h st dszged.ated with the
Sparticul ar patient being treated, including patient age, weight,
diet and time of adm nistration, will result in the need to adjust
dosages. Tithe ! mhwlirayiExegnHxsung|sesfoath ¢o sidtin fherindeistanding df thet he

under st andi ng nt i n i.nt ended d.shoul d not
be construed tﬁtl?ét’r%‘lﬂtémaer P@gﬁ?giga?%ghq”ﬁ/@%be&ﬁng e QB}'WE I A% WY
cl ai ms whi th f telinwntitresedddrtrein the claims whict folboviekengliies whi ch fol | ow,
sonme synthesis products are |isted as having been isolated as a
residue. It will be understood by one of ordinary skill in the art
that the term "resildiheExtoudeswhich folfow, sonee pinjteksisgirodutcst areiisteras ch

t .h|e 15p1 gglélct anm}% eéyn%&r&eaag g aTBaid \Em%’eé&ﬂ&sﬁ%ﬁlo%e Fotfilarysiaft"
1- (5 6- Di chl or@-’fll%ﬁéhﬁitﬁerfﬁm Zesidge’ydops zeﬂlnﬂtmelphymcaieta& haviadh B N)
A 1-L 4-ne f i o) ,

over head ngééhaér)lll%ga t‘%@aﬁ:ébﬁ?ﬁ?gﬂ%& Ftlaﬁ(ﬁensef nghgv}\ﬁe %Brhggéerlngl[ r?lfg dut | et
adapt or was ch@4BeRISKRIR: land 52 Ekec hl or o- 1, 2- phenyl ened| amne (71.3 g,
0.403 nmol ), trifluorolactic acid (87.0 g, 0.604 nol) and 4N HCl (340
m.). The reaction 25 m xture was heated for 18 h at reflux (100C).
The resulting solution was cooled to Bﬂm.eé.nperature and t hen

di L uted wit i B 0N Ll bichisho:Alnedediinigdds
treated wi th NaH unt | :
ceased, the phases were spllt afrh o.n- N ayer Obas back extract ed
with EtOAc (3 x 1 L). The conbine d was washed with 30H20
(1 L) and brine (1 L); dried over N ter gand evaporated to
dryness Cl H 3

A 1-L 4-neck flask equipped with a thermocouple controller, an overhead
mechanical stirrer, a condenser, and a nitrogen inletoutlet 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 NaHCO; (500 g) until pH 8-9. After the
effervescence ceased, the phases were split and aqueous layer was back
extracted with EOAC (3 x 1 L). The combine organic phase was washed with

30 H0 (1 L)and brine (1 L); dried over MgSQ,, filtered and evaporated to dryness
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to yield a crude residue. The crude residue was purified by flash
chromat ography using Si02 (2 kg) and 10% Et OAc/ CH2C12 (2 L) and 20%
Et OAc/ CH2GQl g »§iBRsdsis and the product dried in vacua for P%?/J%zt%/u&»% to
yield the title compound as a brownish solid. 5 Exa

1- (5, 6-Di chl oro- 1H benzoi m dazol - 2-yl ) -2, 2, 2- trlfluoro et hanone dO0
< CF3 A 3-L 4-neck flask equipped with a ther nocoupl e controller, an
over head 10nechani cal stirrer, an addition funnel, and a nitrogen
inlet/outlet adaptor was charged with

1- (5, 6-di chl oro-1H benzoi m dazol - 2-y1)-2,2,2-trifluoro-ethanol (91.0

, 0.32 nol o] 43 0..077 nol andKBr(4g,
g 0336 nol ))I n {ﬁfﬁ?%@éﬁ%ﬁ eTgl %Y reﬁ'gH%&’@ﬁBHéf%dotPYLﬂqun
stirred for 15hiwmaiabicdpby osiog Bt (Rdg) AtCI0WEL®AC/CEIOE (DL ) é\@%ﬂy (670
m ) was added S 1/ 2 riod. The r actlon m xt
b a1 ut ed wi TR E R 828 Blo Beretht Fedvpcitine S f b0 C o viels

ef fervescence tbeatt@dompmmdeSWWSheolﬁﬂ it and the aqueous |ayer was
back extragfed with EtOAc (2 L). The conbined organic |ayer was
washed with brine (2 L); dried over Na2SO4, filtered and evaporat ed
to dryness to yield a crude residue. E‘Edamp_w gde residue was purified
by flash 20 chronef g g 26 Et OAc/ hexanes

(24 L) and the produ
1- (5, 6-di chl oro- 1Hoenzoi ni dazoICI .

-tl‘l(f)| uoro et hanone as a
-1 benzoi m dazol -2-0-1

N CF
N 3

A 3-L 4-neck flask equipped with a thermocouple controller, an overhead

10 mechanical stirrer, an addition funnel, and a nitrogen inlet/outlet adaptor was
charged with 1-(5,6-dichioro-1 H-benzoimidazol-2-yi)-2,2,2-trifluoro-ethanoi
(91.0 g, 0.32 mol), 4-methoxy-TEMPO (14.3 g, 0.077 mol), and 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, NaOC! (670 ml} was added

16 dropwise over a ¥%h period. The reaction mixture was diluted with EtOAc (1.5
L) and Hz0 (1.5 L). When the effervescence ceased, the phases were split and
the aqueous layer was back extracted with EtOAc (2 L). The combined organic
layer was washed with brine (2 L); dried over Na,S0,, filtered and evaporated
to dryness to yield a crude residue. The crude residue was purified by flash

20  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
25 2-(5,6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-pent-4-en-2-ol (#1)

L

OH

Ir= /Z



oHd CFr3
1- (5, 6-Di chl oro- 1H benzoi m dazol -2-yl)-2,2,2-trifl uoro-ethanone (1.41

4.99 brom de (0.85 mi; 10 05 nmol ) and i
g 10, osmn?%l)l?{'@g%ésuspended(| n THE (50 ni) and 0. 01 nﬁ]%ﬁ@i%"‘%{)

and stirred vigorously over 18 hours. The | ayers were separated and
t he aqueous layer 5 was extracted with ethyl acetate (3x 30 nL). The
conbi ned extracts were washed with brine (50 niL) and dried over
Na2SO4. The resulting crude brown oil was purified by colum

chr omat ogr aphy (Si02 20% et hyl acetate/ hexanes) to yield the title
conpound as a tan (400

M_|Z .

5 7.79 (s, 2H), @‘?‘P{Chm -1Hebgnaojmidgzol - ﬂit%@ﬁ?“'ﬂuw -ethgpne & 4109\?
?. (37(7d,2 le 514% mllﬁttrﬂ),,allﬁiﬂ)rdr&dé@d% d1L‘1@8§£nrﬂd} éiqd‘lﬁ%.sﬂnl'&ns%z‘g@ws( dd,
reasur od: 325, 519 iR es BRI hE” ety S At (R ot e
2-(5, 6- D| chl or dgdritkusle nzer 18i hifmZS)I'Fb%-lmﬂe)rs edo seplfdtéd & BeREbéo A ayer
Sn(g gl Di cﬁ?or W gﬁét QeCFlzm m%tgggapeff ev(ﬁ( 30 mL). The combined extracts were
1,1, 1- tri f | uor vaghedtwith wine 260 mL{ #23kiried over NafS@QHeavsing deddsradHCt

repared accor r d re describ ol ved .in
IC2)0%|O| sopr opanol / I‘ﬂgs glﬁrgteggja%oﬁ r@f%&g%rﬁgf@' @?ﬁ%ﬁié" ‘?@qéﬁ?ﬁaﬁwﬁn%@
5x50 cm col unmto(yiedd thie/ titiercofripound a¢ & tanmembd.l e phase 10%

sopr opanol / hexane + 3 ting first
:‘ol Fowgd by the (-) )‘ yn%ﬁt%’%ﬁ%b @@@3 ﬁﬂ%@%ﬁ 3@%2 Hglzlsrsaf" datl 5
for | t hedt thoﬂ i stI.&Hed 1 dp 8BS/ wal$ HzleRy,iscl 3 {da, & eRprRauas 1#1, 5 2.88
i sol at ed above,

2
2-(5,6-D chl or(t()jd imél%rﬁ@&%l 2-v1)-1,1,1-trifluoro-penta-3, 4-dien

-2-ol (#3) and 2- Q\ﬁSGal&Math&rr@&lWam&%ﬁ
i dazol -2-v1)-1,1, 14

1- (5, 6-Di chl oro-1H enz% %Eg.aa%g%zz? Q/H?-I)QS%S 328 (MWuor o- et hanone (1.42
g;
15 (+)-Enantiomer of 2-(5,6-Dichloro-1H-benzoimidazol-2-y)-1.1.1-trifluoro-pent-4-
en-2-0l (#23) and (-)-Enantiomer of 2-(5.6-Dichioro-1H-benzoimidazol-2-yI}-
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% 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
2:(5,6-Dichloro-1H-benzoimidazol-2-y}-1,1.1 -trifluoro-penta-3,4-dien-2-ol

(#3} and 2-(5,6-Dichloro-1H-benzoimidazol-2-y}-1.1.1 -trifluoro-pent-4-yn-2-
ol (#2)

Dol peust
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5.03 mmol ), propargyl brom de (80%in toluene; 1.10 nmi; 15.4 mol)
and indium (1.56 g; 13.6 nmol) were suspended in THF (50 nL) and 01

M HC1 (15Q, Stirred vigorously over 18 hours.
aH‘é‘) gﬂﬁ‘?ﬁ Ther ll%&ﬁ)[uﬁﬁo

separ at ed e aqueous | ayer was extracted with ethyl aceta

(3x 30 nL). The conbined extracts were washed with brine (50 nL) and
dried over Na2SO4. The resulting crude brown oil was a m xture of

2- (5, 6-di chl oro- 1H benzoi m dazol -2-y1)4,1, 1-
trifluoro-penta-3,4-dien-2-ol and

2- (5, 6-di chl oro- 1H benzoi m dazol -2-yl)-1,1, 1-

(51 02 50 10, et hyi -G8 @gﬁ"éf%%ﬁa%y%azﬁ%—ﬁy 232 foro-cthanons (43 g7

421 é 5, 6- ?clhl or@oamhpmm@amm&eﬁb%l l?l,tdluéneiﬁl']ﬁ)'rﬂpr‘lg - PRofaRd 1H NV
| en- (0] e 0

R (300 Mz, %gﬂé&ﬁ%ﬁd FEr ’%mﬂbi) $sggndad Ry §Omipand GHM HEI

5.16(d, J = 6 Bh) sthBdBrigabosly a\teedsfmarsomdﬂés@ﬁb@sepa%%cﬂé}\dvs

d: 323, ,

r2Te ?;ugedl ch orté‘é%ﬁt’%%;%" ézeéﬁgg é/‘ﬂf i %’[tﬂytlacte 138 (Fro10dMpk thepopipingd,|

was i sol at ed edragis vearamgehsdwittovirsgBD thl) and gned over Na;S04. The resulfifig

NVR (400 Mz,

201H§ 63. 11 ( an’?‘é’%éﬁlf“ﬁéﬁ”%ge% &)é%"("rﬂeniﬁlf)’“’da%%' ?Ig)% (di1-1h)

VB cal cul at ed FiHOreDeRREILHRRID0! 238 2-(56-tiDSomets beremimiaas) -23R51,(,MH) ;

321, 323 (M1 tdy

2-(5, 6- Di f:m & oo pENE EPRD ) BRI Egb‘i’fef by cplymn §NrenBRigatRRRY (S82 20%

3. 4-di en- 21%| std eyetaiehexapemnant i oner of 2- (5

6- Di chl or o- 1H-hEB.OidM A4 Alisetzoi |daz -2
vl)-1,1,1-trifluoro- pen a- e

i sol at ed Corrpd%@l@ﬁmwﬂ_o‘ﬂ@é&r ed according to the procedure
descri bed above wag a

chr omat ogr aphed usﬂ?hﬁ'ﬁgqorqg?%a%@%@ E§Q§ éﬂg@ 78 ?ﬂ?Hrﬁ A Pow
rate, 30 mobi I21§Khde BBHzettanol / hept ane) with the (+) enant i oner
(#31) el utig 11 rshd Qlbesid e i kN eagahoner (#32). 1H MR and

Mass Spectral data for npounds was identical to of
Conpound #2 i sol at &% 'aee%ed 3@5%613’% M+B|)232(15323 (M-1).

60 ? Ch|OC_’|r CC)I ﬁ&%@ﬁ“’-@lbﬁibﬁbaiﬁ—]begzdﬁ)dégol Sodr E R QB 43781 42! (#4)
| ow goligh ) -2, 2, 2-trifl uoro- ethanone(326

a¥=p20n

1- (5, 6- di chl or¥Raled B3 AR o7
S o) 1 THE (10 10 8o aUss g b FEGSSS 48R DLOTLOR (2.4

of 1.0 Min THF) dropw se. The resulting ‘e Was ens

0C for 2 WO TH®: § 34HI(¢d. i ABXTTO k), §6S9edH)ah1842018Rd 1 N HCI

extracted with EtOfg red, and concentrated

to yield a residue. aggdriag%? %Y%t’%/\kgg?%ﬁgo g%ét' £l ash chromat ogr aphy

wi th Biotage 40s+ M&SUmAasumed: ﬁ@3e325t(Nb1ﬂ)v82tih323)(1’61 1).40% Et OAc /

hexanes to yield a yellow gum The yellow gum was dissolved in a

m ni mal_amounic pfnddBHeromnth b id i .cbem&mag%ee

title conpoun ] ye 1o

MHz, d6- 2 i -(8.6pDi j

(12 515%((16 iﬁ"ﬁ?c-h 1#ﬂuo€trpe’lr@a§4 éxgnéoﬁ@am5 71 (d, 1H J- 17.2 Hz),
A portlon 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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M5 (M1) = 309. Exanple 6 245

6- Di chl or o- 1H benzoi m dazol -2-v1)-1,1, 1-trifluoro-3-nethyl-pent-3, 4-
20di en- 2- GES. 2 C OH C NCF3

1- (5, 6-Di qh?(%zrfo iﬁ- enzoi m dazol -2-y1)-2,2,2-trifluoro- eCtTﬁgn%m{mf’?)} 61
g; 2.2 mmol), 1-brono-2-butyne (1.7 ni; 18.8 mmol) and indium (2.49
g; 21.7 mml) were suspended in THF (10 nL) and .045 M HCl (20 ni)
and stirred 25 vigorously overnight. The reaction m xture was dil uted
with water (60 nL) and ethyl acetate (40 nlL), the | ayers were
separated and the aqueous |ayer was extracted with ethyl acetate (3x
20 nL). The conbi ned extracts were washed with brine (50 nL) and
dried over Na2SO4. The resulting crude@mRied al was purified by

col um chr omat ogr(g,g@chﬁi@-ﬁH-iﬂﬁ%ﬁhihﬁiol@*éﬂ-@tﬂe‘{f ﬂ%ﬁﬁ?@&t-%%nyi-gl @#E
title conpound as an off-white soll

(s, 2H), 35.08 (m 2H), 81.88 (© aIc edfor
Cl3HIC12F3N20: 337.12 MS neasured: 335, 337 (M1).
Conmpound #33 (al so known as 2-(5,6 | or Hzoi m dazol - 2- yl) -
101, 1, 1-tri fl uoro- hex-4-yn-2-olg; reﬁred a m nor by- product
of the above described reaction and isol atled as *a residue. Exampl e 7

3-(5,6-Dich loro-1
uoE 0- 3- hydr oxyleuﬁgﬁ |rBtZ ?Fmﬂom%ﬁ d MI%Z%Q@)AZ 2 @-tﬁ%uoro ethano]ne (326

sol ution of® drj94e i 91“?'4)57@‘(9 WaﬁﬁqdquIWagmessm)arcamdgwm adidded
L P For 55 S Ao B 1O Wl 2
solution of 1-(® rgsulmy mixture was quenched with H20 and 1 N HCI, extracted with
_Cli_ IHIE h'( gr 0- 1H benepicnifazfbr Ra)0,; fitcted ahl 'c[)h(':é%rgte%ttgﬁfé?cp S 230 TRy 1N
residue was purified by flash chromatography with Biotage 40s+ column and
10 elution with 10% - 40% EtOAG / hexanes to yield a yellow gum. The yellow
gum was dissolved in a minimal amount of CH,Cl; and triturated with hexanes
to yield the title compound as a light yellow solid.
"H NMR (300 MHz, de-DMSO): & 13.03 (br s, 1H), 7.99 (s, 1H), 7.76 (s,
1H), 7.69 (s, 1H), 6.54 (dd, 1H, J=10.8, 17.2 Hz), .71 (d, 1H, J= 17.2 Hz),
15 558 (d, 1H, J= 10.8 Hz)
MS (M-1) = 309.

as

Example 6
2-(5.6-Dichloro-1H-benzoimidazol-2-yl)-1,1.1-{rifluoro-3-methyl-pent-3 4-
20 dien-2-oi (#6)

At

Cl N
T
cl E CF4
1-(5,6-Dichloro-1H-benzoimidazol-2-y1)-2,2, 2-trifluoro-sthanone (0.61g;
2.2 mmol), 1-bromo-2-butyne (1.7 mL; 18.8 mmol) and indium (2.49 g;21.7
mmotl) were suspended in THF (10 mL) and .045 M HCI (20 mL) and stirred
25  vigorously overnight. The reaction mixture was diluted with water (60 mL) and

ethy! acetate (40 mL), the layers were separated and the aqueous layer was
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m.). The resulting m xture was stirred at -78C for 1 hr. The reaction
was quenched with NH4Cl(aqg) and the resulting m xture extracted with
Et OAc. Th extracts were washed with brine an r

Na2SO4. Tﬁgﬁrg@u ?8ng crude material was purified by c %cq/dsgawﬂ(\fo%ﬁs
chr omat ogr aphy (8102 0- 15% 25et hyl acet at e/ hexanes) to y| eI d the
title conpound as a yellow solid. 1H NMR (300 MHz,
d6-Dwvs0): 8 13.31 (br, 1H), 8.48 (s, 1H), 8.04 (s, 1H), 7.73 (s, 1H),
3.59 (AB% 2H, JAB = 16.9 Hz, AVA8 = 59 Hz). Exanple 8

2-(5,6-D chl oro- 1H benzoi m dazol -2-v11-1,1,1-trifl uoro-pent-3-vn-2-ol
(#8) A OH d

1- (5, 6-di chl or 0- %‘%@Wﬁh Gt gagigle (3% 9Q L) Fhe combiped Bricis WA avRshed 35

5 ng) in THF (%ith biine ( OleaﬁIimlasd aMwZSSQYWMhItzH@QM§§M%rQi\95% de

8 mL of 0.5 S xture was
gtl rred at 0C drmegbﬁbl%ﬂ%%%gaé g%ﬁ%\@ﬂﬁé@%&ﬁ& aﬁ?t?‘ﬁ”}%@"%?&ép elgy
HC1, extract edh@ititieceEmpand agranaxffwhiersdid2SO4, filtered, and

concentrategl to yie [ e i du s purified flash
chr omat ogr aphy with %ll ot gage @854 %%Buﬁke@r{a %’I‘)\Sg?@% {79 2. O éb(% 3H¥10%
Et 0OAc / hexanes t oM§g edlchiateq & Gy OHFiNLO: ‘Btaeuel I ow solid was

dissolved in a m niM“@llH f at ed with hexanes
to yield the title corr%oun r&?&%ﬁsﬁﬁd&&; 1H NWR
(300 MHz, cle-DVS0): 6 13.10 (br s, 1H), 8.48 (s, 1H) 8.01 (s, 1H),

7.69 (s, 1H), 1.97chap ggrlrz'(%#f 3%(%\‘%%!&%% as?—(?)?qlqli%laro—m) Lenzoamrdazol 231)[)

ich loro-1 H-ben20| m |

or o- 3- met h\f} - plut-140fsgrophexcd-yn-@ud) wa prephret NEB3NRA6r by-produd@f the above
1- (5, 6- di chl orqesditcleszSbR LA %R 2-trifluoro-ethanone (793
ng) in THF (5 nL) at -78C was ad ﬁdyl sE)e?pSrc%’Benyl magnesi um brom de
(12.3 mL of 0.5 Min THF) dropwi se. The resulting m xture was then
stirred at OC for 5 hr. The reaction nched with H20 and 1 N
HCl, extracted wth EtOAc, 25 dried U\E\%rﬁm%gsm, filtered, and
concentrated to asH®8iD a-RERZD i y1)-4.4.4-trifluoro-3-hydroxy-

15 butyronitrile (#7)

cl N =N
) OH
ci N CFs

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 soiution of 1-(5,6~

20 dichioro-1 H-benzoimidazol-2-y1)-2,2,2-triflucro-ethanone {930 mg) in THF (5
mL). The resulting mixture was stirred at ~78°C for 1 hr. The reaction was
quenched with NH,4CI (aq) and the resulting mixture extracted with EtOAc. The
combined extracts were washed with brine and dried over NasS0Qs. The
resufting crude material was purified by column chromatography (SiOa; 0-15%

25  ethyl acetate/hexanes) to yield the title compound as a yellow solid.

THNMR (300 MHz, ds-DMSO): § 13.31 (br, 1H), 8.48 (s, 1H), 8.04 (s,
TH), 7.73 (s, 1H), 3.59 (ABq, 2H, Jas = 16.9 Hz, Avag = 59 Hz).
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purified by flash chromat ography with Bi otage 40s+ columm and el ution
with 10% - 40% Et OAc / hexanes to yield an orange gum The orange gum
was di ssol ni mal anount of CH2O 2 and trltur

hexanes to‘@?‘é‘h@"%h@uue conpound as a peach-col ored soﬂlsgﬁ&@?\ll\w
(400 MHz, d4-Me0OD): 8 7.75 (br, 2H), 5.42 (s, 1H), 5.31 (s, 1H), 1.81
(s, 3H), NH and OH protons were not observed. Exanple 10

1- (5, 6-Di ehl oro-1H benzoi m dazol - 2-v11-2, 2, 2-trifl uoro-1-phenyl - et han
ol 10(#10) To

1- (5, 6-di chl oro- 1H benzoi m dazol - 2-y1)-2,2,2-trifl uoro-ethanOne (595
ng) in THF (5 nL) at -78C was added phenyl magnesi um brom de (4.6 nL
of 1 Min THF) dropwise. The resulti fgamyesdre was stirred at 0C for

4 hr. The 15 reaqs 6-DichBsh-HOBAIGhiMAN 2N 3Adrifiudrdfdnt- R4 2as
with Et OAc, dried over Na2SO4, filtered, and concentrate 0 a
resi due. The residue was purified by flash chrljomat ography wth

Bi ot age 40s+ colum and elution with 10% - 40% Et OAc / hexanes to
yield a yellow solid. The yell solid was di Eolved in a mnimnal

amount of CH2C 2 and triturate 8 F\s tjo yield the title 20
conpound as a tan solid. M cal cul p orﬁ@-l—%J—lQGHZFBNZO 360. 00,
Exanple 11

found: 361 (Ml). N X
2- v1) 141, 15%8i £ 1 uor o- 4- net hyl - pent

2- (5, 6-1Di chl oro- 1H benzoi m daz%l -
-4en252-ol (#13)

1- (5, 6-di chl oro- 1H Beng_é Fcrlﬁcggr?ov" Eewmiga@@ ¥¥2. ?'IZJBfllLlS’r‘é‘?WﬁﬂQﬂ?e(5%09
0, et el T (S THD s sp B

-100 nesh). y ﬁ’o gﬁ" E&F‘fs Hﬁ’p\‘ﬁ%t ﬁ”ﬁ@ F%&fmﬁ@ﬁugﬂwaw@né imechaiA° for3 i
t enper at ur e thir r&ehéact&&ﬁ@aéaﬁéﬂdhbagwtm%blﬁr@ Wﬁ%dt'éx&r@é‘é@ intHrE?@ﬂE‘ a
pad of CeliteO,.rinse the | ayers separated agqueous
| ayer extract ed&HA" %“g ﬂéf‘?‘ﬁ@”@\?@'?"%@@@ﬁo Ylﬁ‘%ﬁ iepigdue. a'FhP residue
gﬁ?g r6nr5]1t E, a'; ed twaypetied sy fasH M@Eatggféphﬁﬁtﬁ ga)télf@ﬁ;d%ﬁrcﬂurﬁﬂalrgb/}a@tioig p/

Et OAc / % ex\'éﬁﬂb@% 04&"%@}*&2%@?%@2{3 ﬁ'ﬁﬁ\ VPﬁ@‘t‘J’éP%ﬁwg@E‘g\(ﬂW 09‘9] was
di ssol ved in adisdohied a&ﬁmuﬂtaméur@dECHZCI@Qdd tritdrbteadiBthenbids t§RNES
o sy PG 1 T
1H), 2.98 (AB% 2H, 1HAWIF¥(31]@ NBH Hzls-DMSB): 5 1320, (Br £121), 814% ﬁﬁ) Eﬁﬂ)(s, 15
NH and OH prot anple 12 2- (

erved.
| oro- 1H benzmﬁiﬁdgggl(s 55161'5 ESJ)_P(S'S’igmtrl fl uor o- 4- et hyl - pent 3 en- 2- ol
(#14) 15 MS (M-1) =321.1

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

ol (#9)

Cl N
Jose
20 Cl ﬁ CFa
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 HO and 1 N HCI, extracted with EtOAG,
25  dried over Na;SQ,, filtered, and concentrated to a residue. The residue was
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G OH A NCF3 20 To
1- (5, 6-di chl oro- 1H benzoi m dazol - 2-y1)-2,2,2-trifl uoro-ethanone (565
nmg) in THR, 0C was added Gi gnard r eagent, hly
pr epar ed fré%m?g%)r%}no 2-met hyl - propene (0.51 nL), a smﬁt}lm@wﬁ&ﬁé
fl ake, and magnesi um powder (146 ng) in THF (5 nmL). The resulting
m xture was then stirred at roomtenperature for 3 hr. The reaction
was quenched with NH4ACl (sat. aq), filtered through a pad of
Celite(r), rinsed with Et0Ac, the |l ayers were separated, the aqueous
| ayer extracted with EtOAc, dried over Na2SO™4, filtered, and
concentrated t dar si due. The purlfledb flash 5
chr omat ogr aph VKA&(' EF%%%@@OQ%QQF@BYW Egﬁ@ 4,%%{" e EYT el‘ﬁ%lﬁlzts"-W'ﬂDO%
Et 0Ac / hexanet}% e49%cit0Aa / ekdnewtsyibiddn o'FﬁmgeYQJrﬂ} OVhé%h %@’rﬁ

W t hexanes

di ssolved in n Itura

to yield the tatlj'glofav eg?'rrpgrﬂﬁﬁ' %ma‘“‘?i %%‘6\?%8?‘? h'[rturated W't?" hexanes to yield

1H NVR (400 Mibe titledvi@itind 2684 pedichaoloredtolid5. 91 (s, 1H), 1.84 (s,

3H), 10 1. s, s3 r.ot ons not, observed. M5 (Mtl) =
35')9_0 Exan e( 15’ " AOME! BIRISEYE 8858 (01 %0858 ity 45y D)
2- (5, 6- Di chl orid)1H8ibés Bbi)Miid ane DHlpretbhs ete Aotldbisédvb@r O- Ci s- pent - 3- en-
2-ol 15(#15) d -1P\ OH d CF3 To

1- (5, 6-di chl or o- 1Hbenzoi m dazol - 2-y1)-2, 2, 2-trifl uoro- et hanone (510
ng) in THF (5 nL) at 0C was added G E mg;& 1eagent, which was freshly
prepared from ci§s ¢ . |od| ne fl ake,
and 20 magnesi ur ethane
was then stdrred at roomtenperature fcM hr "The reactlon was
guenched with NH4Cl (sat. aq), filtered throuh a pad of CeliteQ),
rinsed with Et0Ac, the |ayers were separateg] tNge aqueous | ayer
extracted with EtOAc, dried over Na2SO4, fi gd, and concentrated
to yield a residue. The resi dugy was 2Pt ash 25

chr omat ogr aphy with Bi ot age 40s+ ol Ubvs—a d eI utlon with 10% - 40%
Et OAc / hexanes to yield a yell ow|s . V€

di ssolved in a mnimal anount ‘ ggd t ’:t urated with hexanes
to yield the title conpound as a H 3

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

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

15 reaction was quenched with H,Q and 1 N HCI, extracted with EtOAc, dried over
NaxSQy, 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,Clz and triturated with hexanes to yield the title

20 compound as a tan solid.

MS calculated for C45HgClaF3N20: 360.00, found: 361 (M-+1).

Exampie 11
2:(5,6-Dichloro-1H-benzoimidazol-2-yl}-1,1 J-trifiuoro-4-methyl-pent-4-en-

25 2-ol (#13)

42



| ow solid. 1H NWVR (400 MHz, d4-MeOD): 67.77 (br, 1H), 7.72
, 1H), 6.07-6.12 (m 1H), 6.01-6.05 (m 1H), 1.52 (dd, 3H J= 1.2,
le Wo‘iﬂtﬁj!m%l?mtons were not observed. M5 (M) PC'I?’[?S%(IO]H%OSSS
npl e
5, 6- D|chI or o- 1H benzoi m dazol - 2-v1)-1,1,1-trifluoro-trans-pent-3-e
-ol (#16) 10To
5, 6-di chl or o- 1H benzoi m dazol - 2-y1)-2, 2, 2-trifiuoro-ethanone (636
rrg) in THF (5 nmL) at 0C was added Gignard reagent, which was freshly
prepared fromtrans-1-brono-I-propene (1.35 nL), a small i odine
fl ake, and magnesi um powder (382 ng) in THF (5 nL). The resulting
m xture was then stirred at roomtenperature for|3 hr. The reaction
was quenched with NHACI 15(sat. _aq), filtered t ugh a pad of
Celite(r), rinsed with EtOAc, tHel_apar s wer er separated, the aqueous
| ayer extracted with EtOAc, dried ! H.f ered, and
concentrated to yield a reS|due R S purified by fl ash
chromat ography with Biotage 4054 col W aEd elGisi on with 10% - 40%
Et OAc / hexanes to eI d a yellow solid. The yellow solid was
di ssol ved in a ni nital-(36-d; Hdfengyipgiazoledrd)-212 2-uiflatreaihvénbhe (609

TR ZSO%“@ HENRLED) ERIEYP AE) it b bt yorp acgeq g pqo-
1H), 6.11-6. 132(Wgth mnfopeileé%ﬂ appdelaweddy iggium powdar @78im)g, -109 raesh) OH

protons verg nghe RRSARY BfixtaRNR dYEd Mirod34 3 r@if%
4- 15, 6-Di chl oro-1H bengm m dazol -2-v“. 0 -tri uoregto%gen & Th\‘/ane 1,4

-diol (#17) ofgsditingyppixture was filtered through a pad of Celite®, rinsed with EtOAgc, the
layers separated, the aqueous layer extracted with EtOAc, dried over NazS0Qy,
filtered, and concentrated to yield a residue. The residue was purified by flash
chromatography with Biotage 40s+ column and elution with 10% - 40% EtOAc/

10 hexanes to yield an orange gum. The orange gum was dissolved in a minimal

amount of CHCl, and triturated with hexanes to yield the title compound as an
crange solid.
"H NMR (400 MHz, d;-MeOD): § 7.78 (br, 1H), 7.69 (br, 1H), 4.73 (s,
1H), 4.69 (s, 1H), 2.98 (ABq, 2H, Jas = 14.3 Hz, Avas = 120.4 Hz), 1.54 (s, 3H),
15 NH and OH protons were not observed.

Example 12
2-(5.6-Dichloro-1H-benzoimidazol-2-y[)-1.1 A-trifluoro-4-methyl-pent-3-en-
2-ol (#14)

poate

To 1-(5,6-dichloro-1 H—benzorm1dazol—2—y])-2,2,2-tnﬂuoro—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

20
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CF3 5To
1- (5, 6-di chl oro- 1H benzoi m dazol - 2-y1)-2,2,2-trifl uoro-ethanone (3.2

g) in THF 0C was added |ithiumreagent whic r

pr epar ed fromt{%%rg%ydropyran- 2- propynyl oxy (1.6 mlL) a%&%{mﬁg@QS
m. of 2.5 Min hexanes) in THF (20 nL) (stirred at -78 C for 2 h).
The resulting m xture was then stirred at roomtenperature for 3 hr.
The reaction was 10quenched with NH4Cl (sat. aq), filtered through a
pad of CeliteC), rinsed with Et0OAc, the | ayer were separated, the
aqueous | ater extracted with EtOAc, dried over Na2SO4, filtered, and
concentrat ed tomyl eld a ér”eSI dye. The residue was purified by flash
chr omat ogr aphyStWhieF#t BIo5t e feod brm! hergadiop twasmusnenedseiih-Nis@,

Et OAc / hexanegat egpniidre@ngey
(2.28 g, see p;ggceg;»&abov e)ﬁfﬁnb% ?f]éa%%@ rﬁ@é&%&tﬁﬁt@ﬁc Wa%r@%fere

p- t ol uenesul f oFfiFETERY: & @HERY S lexeeexracEs With RiRdct diisdravetNaiSey, filtexedr e
stirred at roosd empeitaited © yied a?e&idue-rhﬁmerr@%}&é #8s Ell(ﬁﬁ‘%’drb 485 then

guenched w tracted with C, over
Na2SO4 to y$ el?l)%aﬁﬂccgg'(aaﬂiw'ﬂ‘r tﬁ’Q?s‘?Qfﬁéo{H&‘sﬂ mehﬂtw@wwa% aé@l% EtOAc/
Et 0G| °Eéi‘22§"s@?2@‘ e R e S R Bl ottt J e 357
1H NVR (300 %tﬁgg:;'z aigd &'é”@@d (‘"6#1 hexanes g yigk! tbsﬁ'ﬂe !{(P‘IFPOL@d(?E qs,
1H), 7.69 (s, 3?de>wsShd46 (t, 1H, J 6.1 Hz) 4 23 (d, 2H, J = 6.0 Hz)

M5 (M1 339. 251 6-
H bt(anzoi) n dazol - }im‘b% @QF#‘%@&)‘?(&D)\’,Sg H Pé@h\)ﬁ%bﬁit 14), 144 (3- B,
(#25) d 1H Q. M:E.BSH NH and OH protons were not observed.

51-(5,6-Dichloro-1 2-y1)-2,2,2-trifluoro-ethanone
(0.31 g; 1.09 mmol ﬁ&@?gﬁaﬁ?g%ﬁyl al 'yl bromide (90% 1.40 ni; 10.8
nmml ) and indium (1.26 g; 11.0 mmol) were suspended in THF (10 nl)

and .02 MHCI (15 nL) and stirred vigorously over 18 hours. The
reaction m xture was then diluted vvigﬁ—ﬂa-{s—eeﬁ(GO m.) and et hyl

acetate (40 ni)2- idtdyer- SHben Lo odzad)-and -fHubhcR Serl-B%ET
was extract (?ed with ethyl acetate (3x 2 ). The conbl ned extracts
were washed with brine (50 nL) and dri ver Na2SO4 to yield a crude
oil. The crude oil was purifi e by coI um chro ography (Si02; 20%
et hyl acetate/ hexanes) to y| eI n- N co as an off- whlte
solid. 1H NWVR (400 MHz, 88 ;..18 (dd, 1H, J = 1.3,
10.9

To 1-(5,8-dichloro-~1 H—benzonmadazol»Z—yl)—Z,2,2-triﬂ uoro-ethanone (510.
mg) in THF (5 mL) at 0°C was added Grignard reagent, which was freshly
prepared from ¢is-1-bromo-1-propene (1.07 mL), a small iodine flake, and

20  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,CI
(sat. aq), filtered through a pad of Celite®, rinsed with EtOAG, the layers were
separated, the aqueous layer extracted with EtQAg, dried over NaS0;, filtered
and concentrated to yield a residue. The residue was purified by flash

25  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,ClI; and triturated with hexanes to yield the title compound as a
yellow solid,
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15Hz), 5.14 (m 2H), 1.19 (s, 3H), 1.17 (s, 3H) M calcul ated for
Cl14H13C12F3N20: 353.17 MS neasured: 353, 355 (M+H); 351, 353 (M1).

Exanpl e 17
202- (5, 6- 8ﬁ Ggfoghﬁ—i- benzoi m dazol -2-y1)-14, 1-trifl uor g luszgguh/afuss

-4-en- 2-ol (#26) OH O NCF3

1- (5, 6-Di chl oro- 1H benzoi m dazol -2-y1)-2,2,2-trifl uoro-ethanone (0.31
g; 1.09 mmol ), crotyl bromde (1.2 nL; 11.8 nmmol) and indium (1.26 g;
11.0 mml) 25 were suspended in THF (10 nL) and 0.02 M HC (15 nl)
and stirred vigorously over 18 hours The reaction m xture was then

diluted with water et h acetate (40 the | ayers were
separated and the aﬁj\.h%?ﬂg?%{i&gﬁz tha d %r%@f"@déw‘ﬂh 7)eﬁ2h(§ar 1&0e-87-6.123x
20 nL The cohi Neds xige5cms 1M £ h o

dri ed) over ngﬁmﬁjﬂ;ﬁg\él eld a c‘rﬁdes%\fﬁlﬁ gﬁh%uztg?ugglglﬁ ](lﬁ%vr\llas p@%@?

by col um chr ot PRIVeB102; 20% et hyl acet at e/ hexanes) to yi el d
the title conpound Ms (a+2j13p8.xture of diastereomers as an off-white
solid. 1H NMR (400 MHz, CD3CN): 87.88 (s, 2H), (M xture of
di astereorre?s) 5 5.92 and 85.78 (m 1H), (M xture of diastereoners) 5
5.26 and 84.99 (d, J Mhisitg of di astereoners) 5
5.17 and 84.92 . [ xture of di astereoners
83.26 and 83. 152 g ! rograns

(d, J 6.9Hz, 3H) Ms cal cuI at ed for 013 2F3N20: 339.14 MS

measur ed: 339 341 (MrH); 337, 339 (M 1) 15Exanple 18

2-12- (5, 6-Di chl or o- 1H benzoi n1 dazol -2-v1)-3, 3, 3-tfrifluoro-2-hvdroxV-

props/ll-acrylic acid (#27) al
CE: :

10 To 1-(5,6-dichloro-1H-benzoimidazol-2-y1)-2,2,2-trifluoro-ethanone (636
mg) in THF (5 mL) at 0°C was added Grignard reagent, which was freshly
prepared from trans-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 NH4CI

15 (sat. aq), filtered through a pad of Celite®, rinsed with EtOAc, the tayers werer
separated, the aqueous layer extracted with EtOAc, dried over Na,SQ,, 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 2 minimal

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

'H NMR (400 MHz, ds-MeOD): § 7.79 (br, 1H), 7.71 (br, TH), 6.13 (s,
1H), 8.11-6.13 (m, 1H), 1.82 (apparent d, 3H, J = 4.9 Hz), NH and OH protons
were not cbserved

25 MS (M+1) = 325.1.

b
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Cl NCF3

1- (5, 6-Di chl oro- 1H benzoi m dazol - 2-y1)-2,2,2-trifl uoro-ethanone (0. 30
g; 201.05 -{brononethyl) acrylic aC|d (1.80 g; and
i ndi um (1%9!6}"03%147 mmol ) were suspended in THF (10 nLP)%Q"%éJW@

HGE@ (15 nmL) and stirred vigorously over 18 hours. The reaction

m xture was then diluted with water (60 nlL) and ethyl acetate (40
m.), the |ayers were separated and the aqueous | ayer was extracted
with ethyl acetate (3x 20 nlL). The conbi ned 25 extracts were washed
with brine (50 nL) and dried over Na2SO4 to yield a crude material.

The crude material was purified by celum chromatography (Si02; 50%
et hyl acet at e/ hexanes) to yield the gﬂwgl—a‘s&pound as an off-white

sol i d. pl-£- |7fi356-$nfh26#b dhi-d r(e514-1d|r&b
5.69 (s, 1H), 3.75 , J= 10.4 Hz, 1 1?; :

cal cul ated for CL3HOO 2F3N203: 369. 12 N&Heasured: 369, 371 (MtH):
367, 369 (M1). 5 Exanple 19 OH

2-(5, 6- Di chl or o- 1H benzoi m dazol -2-v1)-1, 1, 1-t(fi f | uor o- 3- phenvl - pent -
4-en- 2-ol (#28) O NCF3
101- (5, 6- Di chl or o- 1H benzoi m dazol - 2- yl) 2,2, rtrifl uor o- et hanone

(0.30 g; 1.04 mmol), cinnanyl BHg n1_ 10.5 mml ) and indium
(1.229; 10.7 mmol) were suspended ( 0 M) ﬁnd 0.02 MHC (15
. he regctlon m xt ure was

m.) and stirred vigorously over

then diluted with water (60 nlL)CI - Nacet:&ge (40 nmL), the layers
wer e separated and the aqueous 15 Iayer V\Hs extracted with ethyl
acetate (3% 20 nl) ToTHS,sdintlometdH- bmizm&mt!&omma) 28,2 Aeftl ovd- étharbdrier‘(32(50

ouri f1'ed by coPIMHERTERR edbofies el fgery b bts e ancs)
to yield the tirepared bomaeinshydmpgrandd-prophriyicky §0binel.) aAQ qusmega £ A QMHz,
706 L by, B Wb bt i oy it iy ety Tobyeiiatidy (o
J= 1.5, 10.2 Haixtutdvas thedStifred aﬂream&eﬂriperaﬁ}r& Y8 Healree ketlcBsh Wag
géS:L 113C11%J: 3 ’\é%%ncr%%lw;%ll\llw%i ?Ea% aq) fqtereétquc]%rough a p(ag/Pchf é![tggbgrmsig 1w: %M 1.
EtOAc, the layer were separated, the aqueous later extracted with EtQAc, dried
over NaxS0y, 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;COjs (aqg), extracted with EtOAc, and dried over Na,SO;4
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.
TH NMR (300 MHz, dg-DMSO): & 13.16 (br, 1H), 8.66 {br, 1H), 8.01 (s,
1H), 7.89 (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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Exanpl e 20

2-(5,6-D chl oro- 1H benzoi m dazol -2-y1)-131, 1-tri fl uor o- 5- phenvl - pent -
4-vn- 2-ol a d Cr3

2-(5,6-D C‘HF)%?@O_SLW enzoi m dazol -2-y0-1,1,1-trifl uoro- ppgﬁrfusﬁuwﬂmfss
(0.27 g; .83 mmol ), iodobenzene (0.14 ni; 1.3 mmol),
dichlorobis(triphenylphosphine)palladiun1(31.7 ng; .045 mmol), copper
iodide 5 (17.8 ng; .093 mmol) and triethylamne (0.25 nL; 1.8 mmol)
wer e suspended in THF (5 nmL) and the resulting m xture stirred

vi gorously overnight. The reaction m xture was then concentrated in
vacuo and the resulting crude brown oil was purified by colum
chromat ogr aphy (5102; 50% et her/ CH2CEXemple §8el d the title conpound

as an orange- YQL b%ﬁﬂidﬂ-ﬂ@éﬂ&%&
7.75 (s, 1H),

3.33 (d, J = 17. 1 Hz 1H) VB cal cul agBd@-@ld#2®181- 111C12F3N20:  399. 19
M5 neasured: 399, 401 (MHH); 397, 399 (M1). 15 nple 21 241
-FNdroxv-l-trifIuoronethyl-but-3-env11-6-tri | uogforret hy1- 1H

benzoi m dazol e-5-carbonitrile (@
2-(2,2,2-Trifluoro-acetyl)-6-trifl
carbonitrile (0.31 g; .95 mmol),
and indium (1.099; 9.5 nmol) weC gE i CRHF (12 nL) and 0.03 M
HCl (10 nmL) and stirred vigorously overnight. The reaction m xture
was then dibuted wit(d,6Bickiord-68-hehoiatizethyl-2 2eetidheoedtanghs (0.80e;

layers were SeP%%ma) %%ddlme?hylaily! bromide (90%; 1.40 mL; 10.8 mmol) and indium
(1.26 g; 11.0 mmol) were suspended in THF (10 mL)and .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
10 the aqueous layer was extracted with ethyl acetate (3x 20 mL). The combined
extracts were washed with brine (50 mL) and dried over Na,S0O, to yield a
crude oil. The crude oil was purified by column chromatography (SiQOz; 20%

gﬁ_gzoim'dazole 5- 20
2 m; 9.5 nmmol)

ethyl acetate/hexanes) to yield the title compound as an off-white solid.
"H NMR (400 MHz, CD5CN): 5 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 C44H13Cl2FsN20: 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-

2-0| (#26

Cl N
) OH
cl ]ﬂ CF,
1-(8,6-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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aqueous | ayer was extracted with ethyl acetate (3x 20 nlL). The
conmbi ned extracts were washed with brine (50 nL) and dried over

Na2SO4 tow ude material. The crude materi al
col um chrona{mglg‘j'%g;f)%y (S102; 20% et hyl acet ate/ hexane\é\?%gg}éé;}o%@g%

title conpound as an off-white 5solid. 1H NMR (400 MHz,
CD3CN): 58.25 (s, 1H), 8.12 (s, 1H), 5.58 (m 1H), 5.17 (m 1H), 5.07
(m 1H), 3.17 (dd, J=7.1,14.3 Hz, 1H), 2.93 (dd, J=7.2, 14.3 Hz, 1H)
M5 cal cul ated for CL4HOF6N30: 349.23 10MS neasured: 350 (M+H); 348
(M1). Exanple 22

241- Hydro 1- nvi | uor onet h

benzI(;||y i d)z;\z/ol ecwglrggﬁg%rﬁr%ﬁ%ac?%gﬂ’dd@\@%g @e%uw’th water 60 mL) and

2- (ﬁ 2, t2 Tlri fl( afby! @cetetst (4D YnlH; menefyewm@ba%te%ngeﬁ@@%%go@@ t Fwés
carbonitrile rom.ae ol N Ol uene,
1.1 nL: 12.3 ﬁ:’% r;t%r"{(‘&gu%?ihd’ t%“f (8'89‘8 gnghwk?’”%é’é@t?s%%ﬁa@a hed,’
THF (12 m) a FIC) a6d Aried pvemih, SO} toryésld wicBl@eaiis Tye @Meiight
The reactian d 60 and et hyl
acetate (40 mﬁzmﬁifigégm\h%ﬂ@ @%ﬁ%@?%@ %8}5\?@&%%%“6%@%%) t(?/vag
extracted with tgcetrwoend 3xa 20 mixjure Fhdiastombimeerkexi sfeghie ¥EHE
material The orude’ ARSHBMECERNITE 800 20 bt Sirdieciansmys
(8102; 20% et Hy92 ankh éﬁél(imeXH}]QM)xtar@o‘ydlafktdrebhw%rsl)latﬂ2.%&Wﬂ)gg 2pas an
of f-white sol 58. 29 1

58. 15 (5. 1H)I1d’1 Hg 1{8(1(“'5“920]7?'35197’9‘&”“%?)5?111? ang 5%\3%@@1J-J1:9 &Hz,ﬂ-ﬂk)')? 1

Hz, 1H), 21020(M1xtdreo?daid1'e nid1’é Mz@ah@sbaf %@HZ, N30: 347.22
MS neasur ed: 348é 346, ) qugh fm (ﬁ éﬁDc h loro-1

H benzoi m i daPsie "20'9?5‘3)@11631‘(1 5% £ £d, dm%gﬁéx?ﬂ'ﬁ en-2-ol (#40) C
MS calculated for CsH411GlaFaN20: 339.14

MS measured: 339, 341 (M+H); 337, 339 (M-1)

15 Example 18
2:[2-(5.8-Dichloro-1H-benzoimidazol-2-yl)-3.3,3-trifluoro-2-hydroxy-
propyll-acrylic acid (#27)

Cl
bous
Cl m CF,
1-(5,6-Dichloro-1H-benzoimidazol-2-y1)-2,2,2-trifluoro-ethanone (0.30 g;
20 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 (80 mL) and ethyl acetate (40 mL), the layers were separated and the
aqueous layer was extracted with ethyl acetate (3x 20 mL). The combined
25 extracts were washed with brine (50 mL) and dried over Na,SOq4 to yield a

crude material. The crude material was purified by column chromatography

(Si02; 50% ethyl acetate/hexanes) to vield the title compound as an off-white
. solid.
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OH Cl CF3 5To

1- (5 6- di chl oro 1H benzoi m dazol - 2-y0- 2, 2, 2-tri fl uor o- et hanone (595
in THR Al -78C was added 3-butenyl nagnesiu

m_ of 0.5 dropwi se. The resulting m xture vvarsp(ﬁilﬁeé%hug@?{{rs;ged

at 0OC for 4 hr. The reaction was quenched with H20 and 1 N HC,

extracted with EtOAc, dried over Na2SO4, filtered, and concentrated

to yield a residue. The residue 10 was purified by flash

chromat ography with Bi otage 40s+ colum and elution with 10% - 40%

Et OAc / hexanes to yield a yellow solid. The yell ow solid was

di ssolved in a mnijml anpunt of Et20 and triturated with hexanes to

yield the title cor}gm MHELrP); &7-78 (s, 2H), 6.16 (s, 1H), 5.69 (s, THLH

NVR (300 MHz, @@5@5@9103% 95) é@?(& Ji*rbsﬁz 91416 1H), 7.73 (s,

151H), 741(s 1H) 53-5 %é JYIE) O(m 2H) 2.36-2.44

(m 1H), 1.99-2.23 %fa'?ﬂ&fed or§13tsCp alaRe: %@%1%/5 (M+1) = 339.0

Exanple 24 20 2- 13 Heds@sy-3sonsthinieb; 387, fgbgmncyrret hyI but a- 2, 3-d

i enyl) - 6- tré fl uoronet hyl 1 H benzoi m dazol e-5-carbonitrile (#41) O

F3CCF3

2-(2,2,2-Trifluoro- acetyl) 6-trifl uCERER hrhyﬂgll-l-benzoirﬁdazole 5-

carbonltrlle(. ) I . _rom)- utyne (0.85 nL; 94mm|)

and 25 indium i S—FHH dagolzandid Adstrifiuorgudephenyl-pent-4

0.03 MHC (10 rrL) and stl rred Vi gorom erni ght. The reaction

m xture was then diluted 52 with water 560 m.) and ethyl acetate (40

m.), the |ayers were separated and the aqugous &r was extracted

with ethyl acetate (3x 20 nlL). The conbi ngd ext 5 were washed with

brine (50 nL) and dried over §p2804 to yieng e material. The

crude material was purified by omaf ogr aphy

ci S CFs
10 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 mmal) 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

15 layer was extracted with ethyl acetate (3x 20 mL). The combined extracts were
washed with brine (50 mL) and dried over Na,SQ, to yield a crude oil. The
crude oil was purified by column chromatography (SiOz; 20% ethyl
acetate/hexanes) to yield the title compound as an off-white solid.

20 "H NMR (400 MMz, CD;CN): § 10.63 (brs, 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 C1gH43CIF3N,0: 401.21
MS measured: 401, 403 (M+H); 399, 401 (M-1).
25

Exampie 20
2-(5,6-Dichioro-1H-benzoimidazol-2-yi}-1,1.1 -trifluoro-5-phenyl-pent-4-yn-
2-ol (#34)
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5(Si 02; 20% ethyl acetate/ hexanes) to yield the title conpound as a
white solid. 1H NMR (400 MHz, CD3CN): 88.27 (s, 1H),

8.13 (s, dd, J 3.1, 6.2 Hz, 1H), 1.71 (s, 3
cal cul at eﬂm@&% F6N30: 361.24 M5 neasured: 362 (N&%ﬂ@%‘ﬁ”’{’?\%‘%
10 Exanple 25 2-(5,6-Di chloro-1H benzoi m dazol-2-yl)-1A
, 1-trifluoro-3, 4-di net hyl - pent-3- en-2-ol (#42) C OH O NCF3 15To
1- (5, 6-di chl oro-1H benzoi m dazol -2-y1)-2,2,2-trifluoro-ethanone (577
ng) in THF (5 nmL) at OC was added Gignard reagent, which was freshly
prepared from 2-brono-3-nethyl -2-butene (1.73 nL), a small i odine
fl ake, and magnesi um powder (347 ng) in THF (5 nmL). The resulting
m xture was stirred at room tenperature for 3 hr e reaction was
guenched with NH4Cl (sat. aq), 20 filtered througad of CeliteO,
rinsed with Et 0OAc, the | ayers were separated, t gagueous | ayer
extracted with Et OAc, dried over Na2SO4, fil g ed, and concentrated
to yield a residue. The resCdye »wgs pwifigd by flash chromatography
wi th Bi otage 40s+ columm and e Of th 10% - 40% Et OAc / hexanes
to yield a yellow solid. The ygl | ow adti ssol ved in a nini mal
25 amount of CH2C 2 and tricClurated w @fgnes to yield the title
conpound as an off-white solid. H 1H NVR (400 Hz,
g4éz/e0D) 387 78 (S,2(5H}Drcﬁioﬁz61H&enﬁdlhdaio!@éyi)(—’ﬁ1 13Wuor§-—p@|?t(/§¥n Y
Ekarrpl(z 26H) (H%?agndBSO_'n% [ogosen\égrqe?([)n%mf 1S§rmvrr?ol) B
(|+) g(;(# 23;3 di cdittdorobisitifiengiphosptireipall2divi)(3 1.4 ng; L045 hmel) Qoppbridaigs - 2-
o]
(-)-2-(5, 6-di i darem B9 1 PPL TR AR dietylarsing {9-29 mi; 4.8 mp)) s sysmendsd
en-2-ol (#44) in@THFYGIML) apé)the @eljitd-mixture stired vigorously overnight. The
reaction mixture was then concentrated in vacuo and the resulting crude brown
oil was purified by column chromatography (SiO,; 50% ether/CH:Cly) to yield
the title compound as an orange-yeliow solid.
10 TH NMR (400 MHz, CD3CN): 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 C13H11C]2F3N201 399.19
MS measured: 399, 401 (M+H); 397, 399 (M-1).

15 Example 21
2-(1-Hydroxy-1-trifluoromethvl-but-3-e nyl)-6-trifluoromethyi-1 H-

benzoimidazole-5-carbonitrile (#38)

|

NC N
o
FsC m CF3
2-(2,2,2-Trifluoro-acetyl}-6-trifluoromethyl-1 H-benzoimidazole-5-
20 carbonitrile (0.31 g; .95 mmal), 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 HC! (10 mL)
and stirred vigorously ovemight. 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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Cl NCF3Cl CF3 and _
2-(5,6-D chl oro-1H benzoi m dazol -2-y1)-1,1, 1-tri fl uoro- but - 3-en- 2- ol

roduct ( then separated into the (+) and (-P)CT% L,j()%gs
\F;i a HPLC i‘gagﬁpﬂ&ﬁ@gl pak AD (5 x 50 cn), using 7% sopropanoﬂ] I'n

hept ane as the eluent (70 nL/mn). 1H NMR (300 MHz,

d6-DMS0): 8 13.03 (br s, 1H), 7.99 (s, 1H), 7.76 (s, 1H), 7.69 (s,
1H), 6.54 (dd, 1H, J= 10.8, 17.2 Hz), 5.71 (d, 1H, J= 17.2 Hz), 5.59
(d, 1H, J= 10.8 Hz) 15Ms (M 1) = 3009. _

(+)-2-(5, 6-dichl oro- 1H benzoi m dazol -2-y1)-1. /1 iogr InI_I) uor o- but - 3-en-2
-ol (#43 alenci, =+ 105 (¢ = 0.5 )

()- 25 (5 6 di cRPRE HVbRS Briet i S epefbteyat 20min] Tbe sombines. en- 2
-ol (#44) [ ctextracts3sere widBed witkr bfineb(50 ML) HAQ dibd toﬁé}l p@gstnﬂlrt@%%]a a

2-1- lydroxy-2-frifluor hyl - but - 3-epoi ¢ _aci d et hyl este ,

To a }s/ol ut%/on %#Jhéer}t‘lf’§‘?r' , ,%Qrf'g? f‘\a?%"r’g‘ﬁ%w&*?_&byfa’}@nﬁ“qmﬁtmﬁpwoo
m) at 25 - 78CSiAs 2abdettylvcaiate/nma@nesyitei felr taatiedrBsbufl 28%n BiviHie THF)
dr opwi se vi Qlﬂgl tion funnel. The resulting mxture was then warned
to ambi ent ?errpe]réture over 2 h. The reaction was quenched by pouring

the m xture over i cCE.NMRB (G{DibMHes@It)mmtggijzst(g,rm)\,/\?_isgggyg\;:%,agjr g@mg%&,_bl

1 Xt S racte c, a .
Ater concent ratf S 1Pha BEE Y EHuhE T dnterina TS W Koei SA2
through a plugtes Hgifliga gel and rinsed wit ht ﬁO(%; _EE I20/ hexage?‘d lgea
resulting mxture A e title conpou _
gol den oil. Exanpl \éﬁ%gglgﬂi]gtgaﬁr%ﬁg&%ﬁ?tﬁb uor onet hyl - but - 3-enoi ¢
acid ethyl 1@ster r MS y@asured: 350 (M+H); 348 (M-1).

Example 22
2-(1-Hydroxy-1-trifluoromethyi-but-3-ynyl)-6-trifluoromethyi-1H-
benzoimidazole-5-carbonitrile (#39)

e

NC N
ouset
FaC ﬁ CFs
2-(2,2,2-Trifluoro-acetyl)-6-trifluoromethyl-1 H-benzoimidazole-5-
carbonitrile (0.31 g; .24 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
20 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% sthyl acetate/hexanes) to yield the title compound
25  as an off-white solid.
"H NMR (400 MHz, CD3CN): 6 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, TH)
MS calculated for C14H;FsNsO: 347.22
MS measured: 348 (M+H); 346 (M-1)
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0 CF3 To a solution of 2-hydroxy-2-trifluoromnethyl-but-3-enoic
acid ethyl ester (3.6 g) in THF (100 nL) at OC was added sodi um

hydri de ( %in oil), followed by addition of ! .de
(2.3 nl) é’?’m‘?ﬂ'zﬁ'é{aé7§g"ﬁty| armoni um i odi de 15(1.35 g). Thé’%lrﬂe%ﬁ‘l“?’p@gk‘

m xture was then heated to reflux for 5 h. The reaction was carefully
guenched with NH4Cl(aq), extracted with Et0Ac, and dried over Na2804.
After concentration, the resulting crude material was filtered
through a plug of silica gel and rinsed with 20% CH2C 2/ hexanes, then
concentrated to yield the title conpound as a yellow oil. 20 Exanple
29 2-Trifluoromethyl-2, 5-di hydro-furan-2-carboxylic acid ethyl ester
0 F3c To a sol ution of

2-al lyl oxy-2-trifluoronethyl -but-3- ephmpicdsl ethyl ester 25 (2.15 g,
see above) in CH2C 2 (100 i) at r QomfemELer ature was added G ubbs
cat al yst 2nd -.;.4 £, O H :L.'A‘ ;_.l":.a.‘. Iz Ong )- wa : b ,‘:J T=wlLl :"',M;
stirred for 18 h at roomtenperature. i Xxture was then
filtered through a plug of Celilt rinsed with

Et OAc and then concentrated to yi
oil. Exanple 30 5,6-Dich
| oro-2-(2-trifluoronethvl-2, 5Gi hyd o-fu{;an-QFyl) -1H benzoi m dazol e
(#45) 10To 4,5-dichloro-1,2-diamne (1.56 g) in toluene (10 nlL)
at 0C was allded nedi di5e-tighloal- Ukbruaniroidhooli2de)-2,0, 286 ludr)-ethad ot d 95

reaction m xtu I .0 tor erature,, then stirre
forch hr Mo L) P B BT A b SR BB Hletheine PrimBe (R G
(2;116:S 2 i fi ;,lor _(I)_Lret biyaLs l&fLiﬁ-TdiFr)yxdfm afmmzesmtafgbgvfcwké Wa@ﬁietli Ss,ﬁtrbcvlat PELBF 4
ng) . ere ting mxture was Sstirre rogm t enperat ure

for 1 hour, thérns%gé?% OPﬂ’affH?f“Th@a “Q% "ﬁf&ﬁ‘%ﬁt W’g&r%@ﬂe&‘f"'ﬁi[ﬁpﬁ%
was qUﬁnched \Aﬁrﬂdﬁicﬁr&N@SOﬁﬁltauétgtinwgbhceﬁr@M,to giatl T&Fmd' &Nhé “ES?LM
HCl . The ogganj Xt t re drje ver. sS4 iltered,  an
concentr at i@l tv(‘)’%’/ %r,f%ggyﬁgé\f(&m— F“alﬁﬁéapgégﬁ‘tagz"%%%”‘%ﬁ q”@?ja'ﬂﬂ/g}'f*q'%h
chr omat ogr aphywith 1 0t Bido ¥alei© 40 hexarasiopicaindyalowtdoid. Vhe Yeld@%otid 4850
Et OAc / hexane i.eld.an 20 oran m,.lhe ora um was,
di ssol ved in a&ﬁéoﬁf%ﬁlﬁayﬁ% aES‘P“%ﬁ%%E?W&f'ﬁfﬁ“‘?%‘f"ﬁﬁEﬁgﬁme?}ﬁéaws'%%s
to yield the tiitel mmpoopdand tarssaidwhi t e powder .

"H NMR (300 MHz, ds-DMSO): 8 12.95 (br s, 1H), 7.94 (s, 1H), 7.73 (s,

15 1H),7.41 (s, 1H), 6.53-5.81 (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

1
f thed PYE)

Example 24
20  2-{1-Hydroxy-2-methyi-1-trifluoromethyl-buta-2,3-dienyl}-6-trifluoromethyl-
1H-benzoimidazole-5-carbonitrile (#41)

c ~CHa

NC N
puse
FaC N CF,
2-(2,2,2-Trifluoro-acetyl)-6-trifluoromethyl-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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1H NWVR (300 MHz, c5-DMsO): 813.14 (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 (ML) = Exanple 31 5,6-Dich loro-2-(2-tri
or onet hvl Wé??ﬂg%ﬁ‘&gsr o-fura n-2-vl)-1H benzoi midazo |l e Pf(cjgﬁ%s)zmmuassso
ClCF3 To
5,6-dichloro-2-(2-trifluoronethyl-2, 5-di hydro-furan-2-y1)-1
Hoenzi m dazole (95 ng) in nethanol (5 nL) was added Rhodi um on
alumna (32 ng). The resulting m xture was stirred at room
tenperature under a H2 5 atnosphere via balloon for 5 hours. The
reaction m xture wa en filtered through a pad of Celite(r), rinsed
with Et20, andwﬁ%m@é’ﬁ%&ﬁ@o&}d&ﬂ}ﬁépﬁaﬁ{égmlﬂitge dYRTSOVRTE Sa@arazeﬂmd
sol i d. the aqueous layet abldRtr4 S8 widiathy MckMS0x 20PmiLB - Aé dohtbinedt
7.92 (br, 1H), 7.7t452£’br 1@9 @09'4 4 (m 2H), 2.75-2.84 (m 1H),
2.54-2.61 (m TRACIHeSe washed w brﬂf’l@;j,mlfﬂ.agg-di‘?@g"%"lﬂa@%tcBﬂ%!ﬁq@le 32
2- (5, 6- Di chl or crudintatatiahi THedR@ds matsBaBrad firfed b cdiukhichidMdieyrasif a- 3.
4- dien-2-0 (gsﬁé%@ g%}{ld—l 1%&; C F3 , . , ]
1- (5, 6- Di chi or & Pr2B&TBY! ArefaEaexancs)fo yeld the filg garppqupd 88 Ravbigsolic:
g), 1- brono-2- pent'yinéMR 1400 MHY, @DEN)NsIBIEN(§.988, 8!%(@}@%§M§{2ﬁpgléd in
THF (15 nl) ang 1&2&(4@ qh) ang stirred vigorously overnight. The
reaction mxtu é @d% hidh 1dit B with water and ethyl acetate, the
| ayers were separ atvslcaladated fdrits sigryRmiseh ayer was extracted with
ethyl acetate. The,conbined, extracts wer shed with brine and dried
over Na2SO4 to vyi ell\gggleé?ﬂa%%t(@?hi’l?’%fﬁ% crude material was
purified byl col um chronmatography (Si02; 5-30% ethyl acetate/hexanes)
to yield the title conpound as a pea%h-coll%fd solid.

Xample

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

Cl N Y
Joess
Cl N CF,
15 To 1-(5,6-dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (6577
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 resuliing mixture was stirred
at room temperature for 3 hr. The reaction was guenched with NH,Cl (sat. aq),

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

25  amount of CHxCl; and triturated with hexanes to vield the title compound as an
off-white solid.

'H NMR (400 MHz, ds-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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1H NVR (300 MHz, c16-DMS0): 512.95 (br, 1H), 7.98 (br, 1H), 7.80 (s,
251H), 7.70 (br, 1H), 5.12 (m 2H), 1.96-2.09 (m 1H), 1.66-1.79(m
1H M (MRRR), Exanple 33 5,6-Dichloro-2-(2-trifl

, 31di oxol a n- EU%F?S%H- be nzi m dazole (#47) CCs )0 SCIl:\‘éflkr‘\']%@%m2'/0]8@}31
1- (5, 6-D Chl oro- 1H benzoi m dazol -2-y1)-2,2,2-trifluoro-ethanone (1.14
g; 4.02 mmol), 2-chloroethanol (0.83 niL; 12.4 mmol) and potassium
carbonate (1.68 g; 12.2 mmpl) were dissolved in DMF (18 nlL). The
reaction mxture was stirred for 18 hrs at anbient tenperature, then
diluted with ethyl acetate (80 10 nlL), washed with water (50 nm.) and
brine (2x 50 nL). The Bxiye were dried over Na2SO4, filtered,
concentrated to a Ii\llaglglﬁ+i))r§§$13g‘%ol id and the light brown solid
purified by colum chromatography (Si02; 30% et hyl acetat e/ hexanes)

to yield the title conmpound as a tanégli&. E&H NVR (400 MHz, CD3CN):
57.83 (s, 2H), 64.29 (m 4H 15MS ca for GCiiH7/C12F3N202:

327.09 MS masurhﬁm_@waaﬂm-mmm rifiarpbat-834n3.-6r D

ich 1oro-2-42- t@%@@&@& di cﬁﬁoros‘lw'bgﬁ‘z"‘onnm!gazol-%-v}ljl_.ﬁﬁﬂﬁhg]o};wg&tg&e

(#51) CGN 0 )0
1- (5, 6-Di Chl oro- 1H benzoi m dazol - 2- yén-2013#Mt ri f | uor o- et hanone (2. 13
g; 7.51 mmol ), 2-chloroethanol (1.90.nL; 22.7 mmol) and potassium
carbonate (3.13 g; “2. 6ol vaerefd'rssol ved.i n &) N4 M.} The
reaction mxture was S} g ) er@fure, then
diluted with ethyl ML) and
brine (2x 80 nli). wer@Fgdri ed over N 7 |ee{ed,
concentrated to a |ight browl solid andabthe |ight brdin

2-(5,6-Dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-but-3-en-2-ol
product (285 mg) was then separated into the {(+) and (-) enantiomers via HPLC
10 on Chiralpak AD (5 x 50 cm), using 7% isopropanol in heptane as the eluent
(70 mL/min).
"H NMR (300 MHz, de-DMSO): 3 13.03 (br s, 1H), 7.99 (s, 1H), 7.76 (s,
tH), 7.89 (s, 1H), 6.54 (dd, 1H, J=10.8, 17.2 Hz), 5.71 (d, 1H, J= 17.2 Hz),
5.58 (d, 1H, J=10.8 Hz)
15 MS (M-1) = 309.
(+)-2-(5,6-dichloro-1H-benzoimidazol-2-yl)-1,1,1-trifluoro-but-3-en-2-o (#43)
[ederer, = + 105 (c = 0.5 g / 100 mL)
(-)-2-(5.6-dichloro-1H-benzoimidazol-2-yI)-1.1.1-rifluoro-but-3-en-2-ol (#44)
[aJeren =-108 (¢ = 0.5 g/ 100 mL)

fil

20

Example 27
2-Hydroxy-2-trifluoromethyl-but-3-enoic acid ethyl ester

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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solid purified by colum chromat ography (5i 02; 20% et hyl

acet at e/ hexanes) to yield the title conpound as a light yellow solid.
1H NWR (4 CN): 67.84 (s, 2H), 84.14 (m 2H),

62. 16 (mqgﬂ)wé'wg%?% cul ated for Cl2HIO 2F3N202: 341. 1 dfBhsgl)
341, 343 (M+l); 339, 341 (MH). Exanmple 35
5,6-Dichloro-2-(2-trifluoronethyl-imdazolidin-2-vl)-1H benzi m dazol e
(#60) G N HN NH CF3 10

1- (5, 6-Di Chl oro-1H benzoi m dazol -2-y1)-2,2,2-trifluoro-ethanone (1.02
g; 3.61 mmol), ethylene diamne (0.74 ni; 11.04 mmol) and pare-

t ol uenesul phoni ¢ _acid nonghydrate (0.12 g; .603 rrrmle? wer e suspended

in toluene (802ddion furael. ﬁ@ﬁf%’ﬂmtné W‘@waa%h?ﬂ“@rm asie trap for

3 hrs. After liendtrsturecdvdy benerndiraadtioe wad qhéndied b%%o@ﬂnd‘ﬂ@'n%xt%sover
added to the rea ure., ndthe reggélon rrlr_!gtgre was allowed to
C

c
reflux with thé’eDéJeQﬁR%feéP ing mbguredyastaen f OIIWRWVaSool ed t o

room t enper at ueetrm wmemcr ah@dnecnooeamugs@p /&te@ b@%nbéﬁbMtHeeS' due.
The crude bgo si due, was

ed . in
ashed w t howatesting et sl Reroiind sty puBEh sfievas ape Badesvain
Na2504. The dr go%@t@@aaﬁam@s The resutilg yixititd wasaddneentaiiel tohesld tHetitat e
was concentrated in cuo t8 Frude brown oil, which was purified by
col um chr omat 8%’?18%‘%1&?55%@ Gdergil o o hyl acet at el hexanes) to yield the
title conpound as a light orange solid. 1H NVR (400 MHz, CD3CN):
67.80 (s, 2H), 63.32 (br s, 2H), 63. 2H) Ms cal cul ated for
Cl1HgCl12F3N4: 325.12 M5 measur ed: 32%’3@&1), 323, 325 (MH).
Exanpl e 3610 2-Allvloxy-2-trifluoromethyl-but-3-enoic acid ethyl ester
5,6-Di chl oro-1-pyridin-2-vlinethvl-2-(2-trifluoronethvl-11, 31di oxi n- 2-
v1)-1 H benzimdazole (#48) Q107) # /

o
Q  CF

/

To a solution of 2-hydroxy-2-trifluoromethyl-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 resulting mixture was then heated to reflux for 5 h. The reaction
was carefully quenched with NH4Cl (aq), extracted with EtOAc, and dried over
Na2S0,. 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

=0
O FC

To a solution of 2-allyloxy-2-trifluoromethyl-but-3-enoic acid ethyl ester
25 (2.15 g, see above) in CH.Cl» (100 mL) at room temperature was added
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0 CI NCF3

55,6-Dichloro-2-(2-trifluoromethylll, 3] clioxol an-2-y1)-1H benzi m dazo
le (0.37 g, ) was dissolved in DVF (6 nl), trea[,tcelgi(E 1 %
NaH in m ﬁ‘g?%}"fl’{;’. i é9 149; 3.5 mmol) and stirred under a ni S?%“;’@%‘QQ’
at nosphere for 20 m nutes. Subsequently, 2-(Brononethyl)pyridine

hydr obrom de (0.449; 1.7 mol) was added to the reaction m xture and
stirred at roomtenperature 10 overnight. The reaction m xture was
diluted with ethyl acetate (25 nL) and diethyl ether (25 nL), washed
with water (30 nL) and brine (3x30 nlL), then dried over Na2SO4. The

concentrated c | ri.fi.ed cql chr.omat ogr aphy
(Si 02: 50% et hdgs}_ g%%%ﬁ%%ﬁﬁ%@?‘ﬁ@@% @‘m@ ihe F%SU&‘BWMHE?V&%S an
of f-whi t e sol i #ired3ar SNVEE rod@demobratu@DITN) rea8Borddixute wds theh. fielda.

1H), 87.96 (s, . z.l. 6 Hz, 1 7 1H), 87.24
(m 1H. 37,05 (4" h?%i‘]%&s(abé(ﬂ&@ %‘ﬂﬂ'?'&‘ﬁsgeé’ﬁnf‘%%ﬁ)@:zo&?@fheﬂ, Ja 7.0
Hz, 2H), 83.95cqnaeni@igd tiadtheuitiatoechpbod 4317 FEIRGIAIF3N302: 418.20 MS
measured: 448, 420 (MrH). 20 Exanple 37

6-Tri fluoronet hyl-2-(2-trifluoronethyl-11, 31di oxol an-2-v11-1/4- be

nzi midazo | e-5-carbon itrile (#59) Example 30

2-(2,2,2-Trifluoro-agah: . benzoi m dazol e- 5-
carbonitrile (0.50 QTEQSI-X 8- hen
treated with 2-chl oroethanol (0. 3enzbimiBagole@@ds) and pot assi um

carbonate (0.73 g; 5.3 nmmol). The reaction m xtyre was stirred at
room tenperature overni ght. Th&s reagtion m was then dil uted
with ethyl acetate (40 nL) and di ef et hgr_ (140 ), washed with
water (50 nmL) and brine (3x30 nlL) gl drd ed[over Na2SO4. The
reaction mixture was filtered, @WonceftratgdFs© yield a |ight brown

solid, which was purified by col umm chronat ography (Si 02; 100% et hyl
acetate) t® yiel d Thé SdichleroebPmmine Hssag)lin giiengeld o) sodeicdvasl 01H

B4 30 (m 1r) PEear e Bk et Cratl b disteRabivea: 352
(M+1), 350( M @lgwqd\;igmm te ra@m temperature, then stirred for 1 hr. To the resulting
purple-colored slunry, 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
15 temperature for 1 hour, then heated to 110°C for 20 hours. The reaction
mixture was quenched with 6N HC, diluted with EtOAc, and washed with § N
HCI. The organic extracts were 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% EtOAG / hexanes to yield an
20  orange gum. The orange gum was dissolved in 2 minimal amount of CHxCl;
and triturated with hexanes to yield the title compound as a white powder.
"H NMR (300 MHz, ds-DMSO): & 13.14 (s, 1H), 7.98 (br, 1H), 7.72 (br,
1H), 8.62 (d, 1H, J= 6.2 Hz), 6.26 (d, 1H, J = 6.1 Hz), 4.98 (s, 2H)
MS (M+1) =323.0

25
Exampile 31
8.6-Dichloro-2-(2-frifluoromethyl-tetrahydro-furan- ~yI}-1H-benzoimidazole
(#46)

o6



General Procedure for the Al kvl ation of
5,6-Dichloro-2-(2-trifluoronethyl-
11, 31di ox 1H benzi m dazol e a suspen
(1.25 C\%.rﬂ%(%g‘é%)lm (5 nL) was added a soI ution of %&%8%07%3
5,6-dichloro-2-(2-trifluoronethyl-[1,3]di oxolan-2-yl)-1 H
20benzi m dazole (1.0 mmol) in dry DMF (5 nL). After stirring the
reaction mxture at roomtenperature for 30 mn, the suitably
substituted electrophile (1-10 eq) was added dropw se via syringe.
The reaction m xture was stirred overnight at roomtenperature and
t hen poured onto water (125 nL) with rapid stirring. The resulting
precipitate was collected by figgratign and pyrfiNed by flash 25
chromat ography (Si 02, dcm to yiely prQdudt . Fol | owi ng t he
general procedure described above, olﬁbmr ccompounds of the

cqT fpound nane and

e

&

present invention were prepare
structure is listed the SU|tany substi t uted

reacti on. 30 Exar’rpﬂoeg, ?%,ch@,—@zﬁwu%mmethyl -2 B- dnrydro iurari 2—yl)|_?_H-

| oro-1-nethvl-2-(2-trifluorone | OXO

benzoi ni dazol eb%m@azole 6951 rmaXin sisrians! (Svek hyas adsied RhoRin o 2lyming432

(M) The resultm |xture was@ﬁﬁ' Ia?roﬂiﬁlu tem rature under a H
142-(tert- Butyl ()ZII nmet h Sg”n | oxV) -etgﬁyll ge | oro-2 r_a 7

10t ri f | uor ofret ﬁmoﬁmh@@enada@ap% %ﬁmml%éﬁ%@ﬁomna&ztﬂ way ipegm)iltered
through a pad of Celite®, rinsed with Et,O, and concentrated to yield the title

compound as a tan solid.
"H NMR (300 MHz, dg-DMSO): § 13.12 (br, 1H), 7.92 (br, 1H), 7.74 (br,
1H), 4.09-4.14 (m, 2H), 2.75-2.84 (m, 1H), 2.54-2.61 (m, 1H)}, 2.07-2.13 (m,
10 1H), 1.89-1.99 (m, 1H)

Example 32
2-{5,6-Dichloro-1H-benzoimidazol-2-yl)-3-ethyl-1.1.1-trifluoro-penta-3 4-

dien-2-ol (#62)

2CH»

Cl N
Josast
" cl g CF4
1-(5,6-Dichloro-1H-benzoimidazol-2-yl)-2,2,2-trifluoro-ethanone (2 g), 1-
bromo-2-pentyne (1.1 mi) and indium (983 mg) were suspended in THF (15
mL) and Hz0 (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;S04 to yield a crude material. The
crude material was purified by column chromatography (SiOz; 5-30% ethyl
acetate/hexanes) to yield the title compound as a peach-colored solid.
TH NMR (300 MHz, ds-DMSO): § 12.95 (br, 1H), 7.98 (br, 1H), 7.80 (s,
25 1H), 7.70 (br, 1H), 5.12 (m, 2H), 1.26-2.09 (m, 1H), 1.66-1.72 (m, 1H)
MS (M+H) = 351
57
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El ectrophile: (2-Brono-ethoxy)-tert-butyl-dinethyl-silane. Ms (M z):
485 (M) 15Exanpl e 41 _ o

J5,6-Di chl\%%&ﬂ}g ;4 rifluoronethyl-f1,31di oxol an-2-v1) '&%%QWU%%M -
1-v11- acetonitrile (#53) El ectrophil e: Bronpacetonitrile Z):
366 (MH) SExanple 42 f5,6-Dich loro-2-(2-trifluoronethyl-11

, 31di oxol a n-2-yo-benzoi m dazol -1-y11- acetic acid nethyl

ester (#57)

OCH3 El ectrophile: Methyl |odoacetate 10Ms (nfz): 399 (M+) Exanple
43 5,6-D chloor 0-1-ethyl-2-(2-trifluoronethyl-11, 31di oxol an-2-y1)-1H
benzoi m dazole (#56) C O CICF3 15 Electrophile: Ethyl |odide M

(mz):

355 (M) Exanple 44 =

Example 33
5.6-Dichloro-2-(2-friflucromethyl-[1,3]dioxolan-2-yl}-1H4-benzimidazole
(#47)
cl N o/w
\>-—5'—o
N
5 Cl H CF,4

1-(5,6-DiChloro-1H-benzoimidazol-2-y1)-2,2, 2-trifluoro-ethanone (1.14 q;
4.02 mmol), 2-chloroethanol (0.83 mL; 12.4 mmol) and potassium carbonate
(1.68 g; 12.2 mmol) were dissolved in DMF (18 mL). The reaction mixture was
stirred for 18 hrs at ambient temperature, then diluted with ethyl acetate (80
10 mL), washed with water (50 mL) and brine (2x 80 mL). The extracts were dried
over NapSQy, filtered, concentrated to a light brown solid and the light brown
solid purified by column chromatography (SiO.; 30% ethyl acetate/hexanes) to
yield the title compound as a tan solid.
'H NMR (400 MHz, CD3CN): 8 7.83 (s, 2H), § 4.29 (m, 4H)
15 MS calculated for C14H7CloF3N20,: 327.09
MS measured: 327, 329(M+1); 325, 327 (M-H).

Example 34
3,6-Dichloro-2-(2-trifluoromethyl-[1,3]dioxan-2-yl}-1H-benzimidazole (#51

cl N Q
poss%
20 Cl g CF4
1-(5,6-DiChloro-1H-benzoimidazol-2-yi)-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

25  mL), washed with water (80 mL) and brine (2x 80 mL). The extracts were dried
over Na;SQq, filtered, concentrated to g light brown solid and the light brown
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1-Al 1v1-5,6-dich Ioro-2-(2-trif|u oronethvl41,31d_ioxo| an -2-v1)_—1H—
be nzoim dazo e (#55) \A ') C CI NCF3 5H ectrophlle Al'ly] Brom de

M (miz Nettls 20027/060883
5, 6(D| c%ﬂ o‘?@ (io(”pro%) 2-vnvl-2-(2-trifluoromethvl4l, 31d| }'fs g/ ﬁ 1H
- 10benzoi m dazol e (#54) El ectrophile: Propargyl Brom de M

mz): 365 (MH) 15Exanple 46 o o
(5, 6-?] chloro-2-(2-trifluoronethvl-oxazolidin-2-vl)4H benzi m dazol e
(#61) A0 )NH CINC F3 _
1- (5, 6-Di Chl oro-1H benzoi m dazol - 2- y1) 2 2,2-trifluoro-ethanone (594
ng), 2-bronoet hyl am tQf}}/drobrom de and potassi um carbonate

20 (871 rmgy) we 0 e LGP IRD Biemgte Fﬁ y (§e: 7% By bAeetaislbexaseatio
stirred for mlﬁmﬁb?ﬁt@ai&meﬁaééwgmylme&ﬁ@ 18 hrs at anbi ent

tate (50 L), washed with
wnter (50 m) and SiVRE WBtROniE? BS AD % Ak imagio Sebem.
Na2SM4, fllterz}@,sgqrqungmt ed, and purified by columm chromat ography

Si 02; 40% et hyl at e/ hexanes) ield the title conmpound as a
3(/el | ow sol .% 1H?Vﬁw¢b3l(%f96 ozt aglzgyﬁmz@b)f% 4%618. 19 (s 1H), 8.01 (br,

. 7.72 (br, 1H MS$ 86,34 % dbo>d4 4.17-4.21 (m
iﬁ?) 3.75( 81 (2 1H)mga‘f"3f(r393 mg(ﬂ ? N @]3 08 (m | H

Example 35
3.6-Dichloro-2-(2-trifluoromethyl-imidazolidin-2-yl)-1 H-benzimidazole (#60)

Cl N HN/w
Josse
0 cl H CFs
1-(5,6-DiChloro-1H-benzoimidazol-2-yl)-2,2,2-triflucro-ethanone (1.02 g;

3.61 mmol), ethylene diamine (0.74 mL; 11.04 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

16 3hrs, sthylene 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 NaySOy. The drying agent was removed by filtration and the filtrate
was concentrated in vacuo to a crude brown oil, which was purified by cotumn
chromatography (SiO2, 50 % ethyl acetate/hexanes) to vield the title compound
as a light orange solid.

"H NMR (400 MHz, CD3CN): 3 7.80 (s, 2H), 5 3.32 (br s, 2H), § 3.06 (m,

25 2H)
MS calculated for C11HQCI2F3N4: 325.12
MS measured: 325, 327 (M+1), 323, 325 (M-H).
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M5 cal cul ated for CLH8C 2F3N30: 325.00, neasured as: 326 (M1l).
10Exanpl e 47 J245, 6- Di chl or o- 1H benzoi m dazol -

2-vl)-2-trifl.uor hvl - 11, 31di oxol an-4-v11- net hanol ( )0
a CF3 1-(5‘?’%—%‘9@%@% o- 1H- benzoi ni dazol - 2-y1)-2, 2, 24i f | u%ﬁ@sé?“ﬁl’g?ﬁ@g’e
(503 15 ng), 3-chloro-1,2-propan-diol (393 ng) and potassi um
carbonate (491 ng) were dissolved in DMF (5 nL). The reaction m xture
was stirred for 18 hrs at anbient tenperature, then diluted with
ethyl acetate (50 nL), washed with water (50 nL) and brine (2x 20
m.). The extracts were dried over Na2SO4, filtered, concentrated, and
purified by colum chromatography (3i02; 40% et hyl 20

acet at e/ hexanes), followed by washin 3Qi t h” CH2d 2/ hexanes to
yield the tit| & 8Dhobdarod -pgridgin-2ofnemhyiie 236k 8rordth MR 3 21 H-
deDwvs0) : 813.06 (br, 11-1), 7.92 ) , 9. 13 {TX, , 4. 5T
(m 1H), 4.46 (apparent t, 1H, .1-2epzimidgaole f#48)" (apparent t,
7.3 Hz), 3.52-3.63 (m 2H) 25M5 Fal cul ated for 2HOC12F3N203: 355. 99
Measured: 357 (M+l). Exanple 48 N Q

5, 6-Di chl oro-2-(4-chl oronet hyl-2-t DI O , 31di oxol an-2-v1)-1
H benzim dazole (#M N O\Cl )0 d

51- (5, 6-Di chl oro-1H benzim dazof!
ng), 1, 3-dichloro-2-propanl (557 ng) and pptassi um carbonate (597 ny)
were dissolved in DV (5 nL). The reagts m xture was stirred for 18
hrs at

5 5,8-Dichloro-2-(2-trifluoromethyl-[1,3]dioxolan-2-yl)-1 H-benzimidazole
(0.37 g; 1.1 mmol) was dissolved in DMF (6 mL), treated with 60% NaH in
mineral oil 9.14 g; 3.5 mmol) and stirred under a nitrogen atmosphere for 20
minutes. Subsequently, 2-(Bromomethyl)pyridine hydrobromide (044 g; 1.7
mmol) was added to the reaction mixture and stirred at room temperature

10 ovemight. The reaction mixture was diluted with ethyl acetate (25 mL.) and
diethyl ether (25 mL.}), washed with water (30 mL) and brine (3x30 mL.), then
dried over Na2SQ,4. The concentrated crude material was purified by column
chromatography (SiOz; 50% ethyl acetate/hexanes) to yield the title compound
as an off-white solid.

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

MS calculated for C17H12ClaFaNsOs: 418.20
MS measured: 418, 420 (M-+H).
20
Example 37
6-Trifluoromethyl-2-(2-trifluoromethyi-[1 Jldioxolan-2-yl)-1H-
benzimidazole-5-carbonitrile (#59

JONSE
FSC CF3




anbi ent tenperature, then diluted with ethyl acetate (50 nlL), washed
w th water (50 mL) and brine (2x 20 nlL). The extracts were dried over

Na2804, 1 concentrated and purified by col U /1S 2007/060883
chr omat og?%p y ?@anz 40% et hyl acet at/ hexanes), foll oned uoy VSR ng

wi th CH2C 2/ hexanes to yield the title conmpound as an
E)P?-\?\A?!Itg solid. )llH NVR (300 MHz, cl 6Dvs0): 8 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), 153.86 (dd, 1H,
J=11.0, 6.2 Hz) M5 Cal culated for C12H3CI 3F3N2) 2: 373. 96 Measured as

|l e , . -

%gggm é) DiE)éﬁIrrgro %?(f?‘e?t'%g/rfﬂﬂ‘ﬂ-f?‘ﬁ@?ﬁ%ﬁﬁf‘%’&metbw\ﬂﬁbﬁn@mdﬁﬂqﬁuoro pen
t-4-yn- 2-ol (&B8BYnitrile (0.50 g; 1. STmm!)swbSJ@:BQjWé@Iflnm%%dﬁ%nﬁfeﬁfé@rvﬁfﬁl as

yar i de Eo“nga?‘a%ﬁ?en%nﬁ' R P S BN P SHRSTAR () 14 i S

m xture was t hemobt iThe eghdibn nirdionetversatirrad e moﬁﬁém%@ramra%verﬁ t.ethd 0
for Tour hanr seiaR mRGATTELERRR diB3adnn s Blesdie (4% i) ned @'P?’%(‘ Hhaser
was added and @H@Lﬁrwm véthtwatet @0 mljtaad et;hw(:%xaoerti_g,ttﬁen dng) evegani ¢

| ayer vas uashego,! ind 2%kt Chalil JSfloR Aol g (NBSOD.

t he sol vent was vacuo
solid. 5MS(nf z§0|'d3®88f( waspurffiep- lﬂma)hnmm’rmmmatbgraphy (SiO2; 100% ethyl acetate)

Cri 1] vor 0. pent o2 “%dﬁﬁw% AR ARSI T o a5
ri -
6- Di chl or ol01- et hy HNM«‘Rb@@zMHm@B?ﬂN) 28p1)s,1H), §8.17 (s, 1H), § 4.36 (m,

1-trifluoro-p (#37) 10Conpounds #36 was simlarly
pr epar ed accore%ﬁ)hg lt%l*u(?"ig)r ocedure descri bed above, starting with

the (+)-enantioner Mma«ﬂfoﬁfﬂgl—:ﬁﬁf%mrw.ﬁ i ?OE;(ﬁreprfogeSB(rJ\e/e-
g(e)rsrgtr)luggz :#?17amgipﬂﬁg%%%%gsggﬁgﬁfﬁﬁg@@m ? )-enanti onmer, Conpound
#32, 15 prepared as in Exanple 4 above. Exanple 50 Vent r-al
Prostate apd Levator Ani Weight in vive A%s&y | mature Rats
General Procedure for the Alkylation of 5, 6-Dichloro-2-(2-trifluoromethyl-
[1,3]dioxolan-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-trifluoromethyl-[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 (SiQ;, decm) to vield 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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20l mmat ure (approxi mately 50 g) castrated nmal e Sprague Dawl ey rats
(Charles River) were treated once daily for five days with test
conpound ( gl ven orally at 40 ng/kg in a vol une in
30% cycl od‘gé#?‘!"}ﬁ%@?’; 0. 5% net hyl cel | ul ose vehicle) and wi Tﬁl%zﬁnmmssi

t est ost erone propionate (given subcutaneously by injection at the
nape of the neck at 2 ng/kg, in a volunme of 25 0.1 nL in sesane oil).
On the sixth day, the rats were euthani zed by asphyxi ation in carbon
di oxi de. Ventral prostates and |evator ani were renoved and their wet
wei ghts determ ned. Test conpound activity was determ ned as the
percent inhibition of testosterone-enhanced tissue weights, with a
vehicle- treated control group set t&Xampleddrcent and a testosterone

al one-treated 30 GMbicHio@LRHRLIHAR-rifl QQP&netI\_@ﬁ{%diB%%n-z-%sariH-
Mature (150- to ZOU-g) casfrat ed mal e Sprague Y S es

River) are sinilarly tested accorgeweimiiazale #cedure descri bed
above. The rats were dosed for two weeks, with 4 ng/ kg testosterone
propi onate used as 5the positivél N O presentative
conpounds of the present invention tesfe ording to the
procedure descri bed above, with regl as Aisfed in Table 3 bel ow.
For effect on prostate - i.e. agl?d SN\ aCFgst conpound is
listed as 10 "active" in the Table below if\ the non wei ght adjusted
prostate { ght wa 0 % d.nhi biti on prostate wei ght, body
wei ght ad}A.stjéted m?lé&?g@ge@g\@wga@dedosage. For effect on |levator ani
- i.e. an agonist Ms(m/ksBdttiidound is listed as "active" in the
Tabl e below if the non wei ght adjusted | evator ani weight was 40 ny
or the % Stinulation | evator ani wei ght, body wei ght 15 adjusted was

40% at 2ny/ day dosage. Not e t ha&ixami certain of the conpounds
isted in Table 3 miyater{ityNaimdiAYESIBROMR RBHRALLE HidHoiRRL A e and
/ or levator ani wergnt, gy are I ' as they

di d- not me¥l the spddilyeremeshyldd3idiowelan ey e #58) | D No.
Prostate antagonist L.A agoni S(El 1 active ina((:)t)',«g 2 active

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

15 Exampie 41
[5,6-Dichloro-2-(2-trifluoromethyl-[1,3]dioxolan-2-yi}-benzoimidazol-1-yl]-

acetonitrile (#53)
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active 3 active active 4 active active 6 active inactive 7 inactive
active 8 active inactive 9 active inactive 10 active inactive 13

active  wo 200787518 PCT/US2007/060883

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

5 Example 42
[5,68-Dichloro~2-(2-trifluoromethyi-[1,3]dioxola n-2-yl)-benzoimidazol-1-yl]-

acetic acid methvyl ester (#57)
cl N o’“>
AN
>““¥~o
cl N CF,

OCH,

Electrophile: Methyl lodoacetate
10 Ms (m/z): 399 (MH+)

15

Electrophile: Ethyl lodide
Ms (m/z): 355 (MH+)
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i nactive 14 active inactive 15 active active 16 active inacti ve 17
active inactive 23 active inactive 24 active inactive 25 active

i nactive o 2007087518 PCT/US2007/060883

Example 44
1-Allyt-5.6-dichloro-2-(2-trifluoromethyl!-[1,3]dioxolan-2-yl}-1H-

benzoimidazole {#55)
Cl N o/>
> \ —0
cl N Cr,

\

5 Electrophile: Allyl Bromide
Ms (mfz): 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}
01: : :N CFa
s

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

15 Example 46
5,6-Dichloro-2-{2-trifluoromethyl-oxazolidin-2-yi}-1H-benzimidazole (#61)

cl N oﬁ
I> H—_NH
cl N CR
1-(8,6-DiChloro-1H-benzoimidazol-2-y1)-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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26 active inactive 27 inactive inacti ve 28 act ive | nact | ve 31 active
active 32 active inactive 34 inactive inactive 35 inactive 36
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18 hrs at ambient temperature, then diluted with ethyl acetate (60 mL), washed
with water (50 mL) and brine (2x 20 mL). The extracts were dried over
Na2S0s, filtered, concentrated, and purified by column chromatography (SiQa;
40% ethyl acetate/hexanes) to yield the titte compound as a yellow solid.

TH NMR (400 MHz, dsDMSO): & 13.19 (s, 1H), 8.01 (br, 1H), 7.72 (br,
TH), 8.01 (br, 1H), 4.50-4.54 (m, 1H), 4.17-4.21 (m, 1H), 3.75-3.81 (m, 1H),
3.39-3.41 (m, 1H), 3.03-3.08 (m, 1H)

MS calculated for C11HgCloF3NsO: 325.00, measured as: 326 (M+1).

Example 47
[2-(5.6-Dichloro-1H-benzoimidazol- 2.-y)-2-trifluoromethyl-[1.31dioxola n-4-yll-
methanol (#49)

Cl N Q OH
)OS o8
E CFa

Cl

1-(5,6-DiChloro-1H-benzoimidazol-2-y1)-2,2,2-trifluoro-ethanone (503
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 ethy! acetate (50 mL), washed with
water (50 mL) and brine (2x 20 mL). The extracts were dried over Na,S0q,
filtered, concentrated, and purified by column chromatography (SiO; 40% ethyl
acetate/hexanes), followed by washing solid with CH,Clofhexanes to yield the
title compound as an off-white solid.

"H NMR (300 MHz, dsDMSQ): 8 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)

MS calculated for C12HgCloF3N2Os: 355.09

Measured: 357 (M+1).
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Example 48
3.6-Dichloro-2-(4-chloromethyl-2-trifluoromethyl-[1,3ldioxolan-2-y)-1H-

benzimidazole (#50)

O

Cl

5 1-(5,6-Dichloro-1H-benzimidazol-2-yl)-2,2, 2-trifluoro-ethanone (611 mg),
1,3-dichloro-2-propani (557 mg) and potassium carbonate (597 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 (560 mL) and brine (2x 20 mL). The extracts were dried over NazSOy,

10 filtered, concentrated and purified by column chromatography (Si02; 40% ethyl
acetat/hexanes), followed by washing the solid with CH,Clofhexanes to yield
the titte compound as an off-white solid.

"H NMR (300 MHz, deDMSQ): & 13.40 (br, 1HO, 8.05 (br, 1H), 4.72-4.78
(m, 1H), 4.41-4.46 (m, 1H), 4.00-4.14 (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 C12HgClaFaNy)p: 373.96
Measured as 375 (M+1)

Example 49
20 2-{5.6-Dichloro-~1-methyl-1H-benzoimidazol-2-y}-1.1 A-trifluoro-pent-4-yn-
2-ol (#35)

&
Cl N
cl N\ CF,
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

mins, cooled to 0°C and treated with iodomethane (63 uL, 1 mimol). After
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stirring for four hours, TLC indicated consumption of starting material. Water
was added and the product extracted into ethyl acetate. The organic layer was
washed with 15% LiCl and then brine. After drying (MgSO.), the solvent was
removed in vacuo to yield the title compound as a solid.

MS(m/z): 338 (M+H)

{(+)-Enantiomer of 2-(5,6-Dichloro-1-methyi-1H-benzoimidazol-2-y1}1.1.1-

trifluoro-pent-4-yn-2-ol (#38) and (-)-Enantiomer of 2-(5,6-Dichloro-1-methyi-
1H-benzoimidazol-2-yI}-1.1,1-4rifluoro-pent-4-yn-2-ol (#37)
Compounds #36 was similarly prepared according to the procedure

described above, starfing with the (+)-enantiomer, Compound #31, prepared as
in Example 4 above.

Compounds #37 was similarly prepared according to the procedure
described in Example 49 above, starting from (-)-enantiomer, Compound #32,
prepared as in Example 4 above.

Example 50
Veniral Prostate and Levator Anj Weight in vivo Assay

Immature Rats

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
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
control group set to 100%.
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Mature Rats

Mature (150- to 200-g) castrated male Sprague Dawley rats (Charles
River) are similarly tested according to the procedure described above. The
rats were dosed for two weeks, with 0.4 mg/kg testosterone propionate used as
the positive control.

Representative compounds of the present invention were tested
according to the procedure described above, with results as listed in Table 3
below. Far effect on prostate — i.e. an antagonist- a test compound is listed as
“active” in the Table below if the non weight adjusted 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
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.

Table 3
ID No. Prostate antagonist | L.A. agonist
1 active inactive
2 actlive active
3 active active
4 actlive active
6 active inactive
7 inactive aclive
8 active inactive
9 active inactive
10 active inactive
13 acfive inactive
14 aclive inactive
15 active active
16 active inactive
17 actlive inactive
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62 active Exanpl e 51 As a specific enbodi nent of an oral
conposition, 50 ng of Conpound #43 prepared as described in Exanple
26 above iygof safed wth sufficient 5 finely divide ?Ta%

provi de a‘?gtzg{ﬂ?ﬁszmt of 580 to 590 ng to fill a si zeqz E@ﬁﬁm b
capsule. Wile the foregoing specification teaches the princi pI es of
the present invention, with exanples provided for the purpose of
illustration, it will be understood that the practice of the

i nvention enconpasses all of the usual 5 variations, adaptations

and/ or nodifications as come within the scope of the fol I owi ng cl ai ns

and their equival entfs: vvésu ar t—A—cpnpound—of-—Fermia-—(l) R3
wherein Rl is sel ect frgm-the Hp—CONST-sti-ng—ef "na‘f}““-%‘sem or
| ower al kyl, R2 and H_or RGNy |
wherein the al kenyl op t it iRASHveni thh one or
more substituents independ@nily kel ect aative om t he gr ingptivonsifsti ng of
hal ogen, hydroxy, c hm(\/27(‘van0 ni t rigactiNRERF. NRE- ®@0livd ower al kyl
and phenyl ; wherein and8RE_arle each actibependent | yirmelvect ed from
hydrogen or |ower allkyl; &hd wherein tleetighenyl i|s opidiemal I
substituted with one_to f8Rr substituerttva ndependenidaytiveel e¢ted from
the group consisting of hadogen,| | oweringdtiy! , [ ovjer kY ydr oxy,
car boxy, cyano, nitrjo, angmo, (llower ghkyf,&am no [and di (o0 al kyl)
amno; RS is OH al ggrnatijvely, iRt RS gre [akEptoget her
wth the atomto whijch tThgy are jbound |hé’ctﬁ18rm a i P ctte
sel ected fromthe grjoup cggiststrmg of R Tot oty active
2-t etrahydro-furanyl;2= (59—5- dithydro-= *EE\}’Q‘Y""'"G’ VA 3 IR
2-(2,5-di hydr o- f ur anyty;— g5 mdgzotdi ﬁéw 2 oxazo- BEADE_ 2.
[ 1, 3] di oxol anyl, 2- firperidiay—16—(4—283"8 t et ralydro- n\”'di nyl),
2-(1, 2, 3,6-tetrahydrne pyrj‘tzji A2t vdropyrn an\/I"aCt'Ve
6- (3, 6-di hydr o- 2H py+amH 2-(3-6-di haﬁt}V@- 2H nvr anvlﬂ}ac’ﬂve
2- (hexahydr opyri m ditey ) 4.1 41 axaziibeotiye . 2-i 4i dasslivd . ahd
241, 3] di oxanyl ; 44 inactive inactive

45 inactive active

46 active active

47 active

48 inactive inactive

49 active inactive

50 active

51 active inactive

52 inactive

53 active

54 active

55 active

56 active

o7 inactive

59 ) active 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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wherein the ring structure is optionally substituted with one or nore
substituents independently selected fromthe group consisting of

| over al ko mdrho@ngs al kyl)-OH and - (1 ower al kyl)- (hal qgamsx@fhsss
pharmaceutically acceptable salts thereof 2.A conpound as In alm
1, wherein R2 and 12. 3 are each independently hal ogen; R4 is al kenyl,
or al kynyl; wherein the al kenyl is optionally substituted with a
substituent selected 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 consisting of 2-(2,5-dihydro-furanyl),
2-tetrahydrofuranyl, 2- [1,3]-dioxolanyl, 2-[1,3]dioxanyl,

2- It m daIZf)l yl gnfl_ f-\?m?zméiffb@mhg tspectiﬁcaﬂ\zhﬁ‘gﬁdgﬁbtsttﬂwgrﬁriqi‘[ﬂ%sséfﬁh@b:léfsléhti s
optionally substituted w ne to. ubstitue ndependent | 'y

obl ected | rom FHEMONY Bsturtes piogiost Fordiprposs gk Ay ERURR nyl
hydr oxyg]t hyl , I ambr{stbﬁél’;_l'@afgbflécthabowmgm:IveﬂﬁoraeQM&r_ pﬁﬁmz lii ¥ &d ysual
acceptable salt thereof. 3.A compound.as.in aim2. .wherein is
se et e 11 om PHIEEPS GHRBIACTTR RSt B ARy oSl . o
is chloro; 123fdlswinhlctairos afélthe egaivelenidd from t he group consi sting of
vinyl, (+)-vinyl, (-)-vinyl, allyl, (+)-allyl, (-)-allyl, 2-

met hyl -al lyl, 2-propen-3-yl, Z-2-propen-3-yl, E-2-propen-3-yl,

3-nmet hyl - 1-propen-3-yl, 2- carboxy-I|-propen-3-yl, 3

- phenyl - 1- propen-3-yl, 3, 3-di net hyl - 1- propen-3-yl, 2, 3-di net hyl- 2-
propen-3-yl, 2-methyl-2-propen-3-yl), isopropenyl,

propa-1, 2-dien-3-yl, 3-nethyl-propa-1,2- dien-3-yl, 3 -ethyl-propa-
1,2-dien-3 -y1), 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, and 2-butyn-4- Y1, R5 is OH alternatively,
R4 and R5 are taken together with the atomto which they are bound to
forma ring structure selected fromthe group consisting of

2-(2,5-di hydro-furanyl), 2-tetrahydrofuranyl, 2- [1, 3]-dioxol anyl,

2- (4- hydroxynet hy141, 3] di oxal anye, 2-(4-chloronethyl-[1, 3] di oxal anyl
2- [1,3]clioxanyl, 2-imdazolyl and 2-oxazolidinyl; or a
pharmaceutically acceptable salt thereof 4.A conmpound as in Claim3
wherein RL is selected fromthe group consisting of hydrogen and
ethyl; R4 is selected fromthe group consisting of vinyl, allyl,
(H)-allyl, (-)-allyl, 2-methyl-allyl, 2- propen-3-yl,

Z- 2-propen-3-yl, E-2-propen-3-yl, 3-nethyl-I|-propen-3-yl,

3- phenyl - 1- propen-3-yl, 3, 3-di net hyl - 1- propen- 3-yl,

2, 3-di met hy1- 2- propen-3-yl, 2-nethyl-2-propen-3-yl, isopropenyl,
propa-1, 2-di en-3-yl, 3-nethyl-propa-1, 2-di en-3-yl,

3-et hyl -propa-1, 2-dien-3-yl, 1-buten-4-yl, 1- propyn-3-yl,
(+)-1-propyn-3-yl, (-)-1-propyn-3-yl, and 2-propyn-3-yl; R5 is OH
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alternatively, R4 and R5 are taken together with the atomto which
they are bound to forma ring structure selected fromthe group

consi sting of 2-tetrahydrofuranyl, 2-[1, 3]-dioxolanyl, 2-(4-

hydr oxynet hy141, 31cl i oxal anyl ), 2-(4-chloronethyl-[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 Claim3
wher ei l..1S. selected fromthe group consisting of hydrogen and
nethylgﬁgg§¥%=selected fromthe group consisting of vinyl, (+)-vinyl,
allyl, Z-2-propen-3-yl, propa-1,2- dien-3-yl, 1-propyn-3-yl,
(+)-1-propyn-3-yl1 apd_ (-)-1-propyn-3-yl; R5 is OH alternatively, R4
and R5qare gdﬁ@%°?8£%@%€%“@@§h the atomto which they are bound to
forma ring structure sel edeg t hg grour*consi sting of

2-(2,5-di hydro-furanyl), and 2 any dyof u agﬁi, or a
pharmaceutically acceptabl e sal gr eo : npound as in Claim3
wherein Rl is hydrogen;, R4 p&~se f’feoNfronlcﬁg group consi sting of

i sopropenyl, Z-2-propen-3-yl and (+)-vilgyl; R5 is OH, alternatively,
R4 and R5 are taken together with the atomto whilth they are bound to
form 2- [1, 3pgicBkal anyl; or a pharmaceutical ly acceptabie salt

t her eofp.! ; I i ref i, selected fromthe
group f(l:{o ﬁss%éﬁegg%fmﬁ%ﬁgdgﬁmgn %&%rro E%}ﬁ Igglo?ve%lkgﬁd R3 are each

hal oge® aRliR} sredilogayl or al kynyl; wherein the alkenyl is optionally
substi%ytqﬂ mﬁLh sugstituent selected fromthe group consisting of
hydr oxy. SCasHY ?”iﬁ%w henyl; R5 is OH or a pharmaceutically

accept abl e sabikir theakedyl o8 alky S0 IPSIdEalBSsubEitHed ith bne WRBIOR] ibRituérds
selected fromthe group consisting of hydrogen and methyl; R4 is.

sel ect éfuiepwﬁmbh@kg%u‘%né%ﬁ@{pi seasignaaf ploger, hydrpxpyrrrbogy,)cygnapitro,

al lyl, ¥ 5 P 1 = aldEy, - -3- V|

7.2 pr SRR AT QMR ang D e ] o o Qe Jicipdfdgniy slected
car boxyroi lgdoggen o8lopter alkyh et ywhertinghe peenyBisyptionally substituted with one to four

3, 3-di net hyl - 1- propen- 3- .~-di,nmet hyl- 2-. propen- 3-

2" ot hy oot BBIkDERGSY el R e cspiie e giRed Kper abio, lower

3- met hyllkoRy, daroky Zartibix@tydnd, Initro3 aiidvy (loeOARyl Jandné b@diBowkrs alkyl) amino;
1-butens4-yl, 1-propyn-3-yl, 2-propyn-3-yl, (+)-1-propyn3-yl,
(-)-1-Br6b H=3-y|, 1- hydr oxy- 2- propyn-3-yl, 1-phenyl-1-propyn-3-yl,
and 2- but ynapeYkiveROR! Snd3 are taken together with the atom to which they are bound to form

aring 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-(1,2,3,6-tetrahydro-pyridinyl), 2-(1,2,3,6-tetrahydro-pyridinyl),
2-tetrahydropyranyl, 6-(3,6-dihydro-2H-pyranyl), 2-(3,6-dihydro-2H-pyranyl), 2-(hexahydro-
pyrimidinyl), 2-[1,3]oxazinanyl, 2-imidazolyl, 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.
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or a pharmaceutically acceptable salt thereof 9. A conpound as in
Claim6, wherein RI is hydrogen; R2 and R3 are each chloro; R4 is

sel ected fromthe group consisting of isopropenyl, Z-2-propen-3-yl
and (+)-vinyl; R5 is OH or a pharnaceutically acceptable salt

t hereof. 10.A conmpound as in Claim2, wherein R2 and R3 are each

i ndependent|y hal ogen; R4 and R5 are taken together with the atomto
whi ch hey re boun a ring structure selected fromthe group
consi s copanoyn a?fi“h%/‘ ’f‘ﬁl?eéﬂ |), 2-tetrahydrofuranyl, 241,3]-

di oxol am%/énd}? ;{ré,ea%hdﬁ&palméhﬂy galbggndazol yl and 2-oxazol i di nyI
wherein,the ring structure is optionally substituted with one to two

subst i t(Ridnalsenyhds B%ﬁﬂnt’”ﬁ?’fe@éh%élﬂ(@wl iranicadly ypoiiped sitbiagtbyiguent selected
hydroxm{m yc%ﬁ%%% Jg%gd —t{?gg, %@ﬁe‘ﬁﬁ) hal ogen; or a
h t A d d
anr mnzgi%gs ;Eig-]RI ysagglegc?ed from the group consfg{rlp(rjlgnof aﬁyh?ogeﬁl "
t hyl I i sti f }
ot Y BB LN 3B o R MR RN S SRCET U bh0 Slom 1

whi ch tsﬂ@étux@rselebt@@ Adnd e ERUPCandidting os plgl §1chﬁﬁlrc$ﬁir%11)9g tétfeﬁhs}lhtoﬂﬁ‘arg_,ﬂ aqup
consi st i n?dof 2-( 5-di hydro-furanyl), 2-tet rahydr ofuranyl, 2-[1 ]

di oxol &hy ioﬁglewlh%[&} Alirenyy4-ipidazlidiasd Aroxagelidinyl;
2-(4-chlor O%%Mri]‘ﬂﬂ: T, Qflﬁ&ﬁ‘xle%é'ﬂtlonﬁlily ;I,u%st%llfui fhe et %?wd[ r eo%lté’ 1 and

2-oxazolidinyl; or a pharnmaceutically accepta sa 12. A
conpounalependentlChedécmdlfiom wieegreumedRbisting dfyetng ecthylReydaovdmiREhyd, ey degbthyl,

chl or o; e taken together with the atomto which they are
bound t%dfgéﬂglgﬁih@%gff%xal anyl; or a pharmaceutically acceptable salt

t her eofor&@hﬁnﬁbﬁﬂﬂtﬂaw)ewcbﬁaﬁle@ﬂﬂm@&bf_i on conprising a pharnmaceutically
acceptable carrier and a

3. A compound as in Claim 2, wherein

R! is selected from the group consisting of hydrogen, methyl, and ethyl;

R? is chloro;

R? is chloro:

R* is selected from the group consisting of vinyl, (+)-vinyl, (-)-vinyl, allyl, (+)-allyl, (-)-allyl, 2-
methyl-allyl, 2-propen-3-yl, Z-2-propen-3-yl, E-2-propen-3-yl, 3-methyl-1-propen-3-yl, 2-
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-yl3, isopropenyl, propa-1,2-dien-3-yl, 3-methyl-propa-1,2-
dien-3-yl, 3-ethyl-propa-1,2-dien-3-yl), I-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, and 2-butyn-4-
vl

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-(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.
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compound of Claiml. 14. A process for making a pharnmaceuti cal
conposition conprising mxing a conpound of Claim1l and a
phar maceutically acceptable carrier.

4. A compound as in Claim 3 wherein

R' is selected from the group consisting of hydrogen and ethyl;

R* is selected from the group consisting of vinyl, allyl, (+)-allyl, (-)-allyl, 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-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, and 2-propyn-3-yl;

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-
imidazolyl and 2-oxazolidinyl;

or a pharmaceutically acceptable salt thereof.

3. A compound as in Claim 3 wherein

R! is selected from the group consisting of hydrogen and methyl;

R* is selected from the group consisting of vinyl, (+)-vinyl, allyl, Z-2-propen-3-yl, propa-1,2-
dien-3-yl, 1-propyn-3-yl, (+)-1-propyn-3-yl and (-)-1-propyn-3-yl;

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-(2,5-dihydro-furanyl), and 2-tetrahydrofuranyl;

or a pharmaceutically acceptable salt thereof.

6. A compound as in Claim 3 wherein

R' is hydrogen;

R* is selected from the group consisting of isopropenyl, Z-2-propen-3-yl 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.
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7. A compound as in Claim 2, wherein

R!is selected from the group consisting of hydrogen and lower alkyl;

R? and R® are each halo gen;

R*is alkenyl or alkynyl; wherein the alkenyl is optionally substituted with a substituent selected
from the group consisting of hydroxy, carboxy and phenyl;

R’ is OH;

or a pharmaceutically acceptable salt thereof.

8. A compound as in Claim 7, wherein

R! is selected from the group consisting of hydrogen and methyl;

R* is selected from the group consisting of vinyl, (+)-vinyl, (-)-vinyl, allyl, (+)-allyl, (-)-allyl, 2-
methyl-allyl, 2-propen-3-yl, Z-2-propen-3-yl, E-2-propen-3-yl, 3-methyl-1-propen-3-yl, 2-
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, 2-propyn-3-yl, (+)-1-propyn-
3-yl, (-)-1-propyn-3-yl, I-hydroxy-2-propyn-3-yl, 1-phenyl-1-propyn-3-yl, and 2-butyn-4-yl;

R’ is OH;

or a pharmaceutically acceptable salt thereof.

9. A compound as in Claim 6, 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.

10. A compound as in Claim 2, wherein

R” and R® are each independently halogen;

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-(2,5-dihydro-furanyl), 2-tetrahydrofuranyl, 2-[1,3]-
dioxolanyl, 2-[1,3]dioxanyi, 2-imidazolyl and 2-oxazolidinyl;
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wherein the ring structure is optionally substituted with one to two substituents
independently selected from the group consisting of hydroxymethyl, hydroxyethyl, and —(C,.
2alkyl)-halogen;

or a pharmaceutically acceptable salt thereof.

11. A compound as in Claim 10, wherein

R! is selected from the group consisting of hydrogen, methyl, and ethyl;

R? is selected from the group consisting of chloro;

R*is chloro;

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-(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.

12. A compound as in Claim 11, 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.

13. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

compound of Claim 1.

14. A process for making a pharmaceutical composition comprising mixing a compound of
Claim I and a pharmaceutically acceptable carrier.
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