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WO 2006/121655 PCT/US2006/016479 TITLE OF THE INVENTION
PROCESS FOR MAKING FLUORINATED 4-AZASTEROID
DERIVATIVES AND INTERMEDIATES THEREOF FIELD OF THE
WNYVEMPIGN 5 The present invention relates to synthetic proeesaeswsoidl7e
in the preparation of fluorinated 4-azasteroid derivatives that modulate
androgen receptors and have application in the treatment of conditions
TITLEangsEy aRTegEn deficiency or androgen receptor hyperactivity, such
%&é@%ﬁ%&&&%%ﬁﬂ%%&dﬁ%ﬁ digcgérp%\zfﬁ@y%seﬂmgtl TERMEDIATES
sysmetion, loss of libido, androgen- dependent cancers and sarcopenia.
The present invention also encompasses intermediates useful in the 10
FIELIdigcIade & eyiiadty processes and the methods of their preparation.

BAC KGRQ %JM& M@W@M@elegggege@fﬁ@ﬁens%éﬁaﬁlm of

fluorings &93;0}155& e&{%m r0| dithyroid hormone  puclear recepiors,
Sther mem ers |nc %1?1{?8%%%’1%? e gRglication in th

ﬁeaﬂnﬁkﬁ@“@@t@#@% Peefeéﬁafm@ogaﬂéeﬁqe@web@mgmweépméemyﬂanmhes
osteopBRBELS) I’?&ﬂﬁﬂkﬁﬂﬁ@iﬁké@&e%ﬁé i) THREIARASSXRRRESRHIN RWREIDUS, androgen-

 depend SRUERAL I gsaﬁcog adsdie(5e t&{t&g{%gQn%{{lcasts'z&@%%'&@f&%%é % the

l'as at yS|o og ca ects 0 endogen us androgen i
dmdo@ﬂé?ﬁ“&?ﬁfégf{%%ﬁtﬁfﬁéﬁédﬁ“? éﬁ@f’ﬁﬂﬁ(ﬁiﬂ%‘fé%?@%i‘%e (DHT), are expressed
A compound that binds to the AR and mimics the effects of an

BACKERARGEP SR Higand+sggferred to as an AR agonist, whereas a
compou;Pd that |nh|b|ts theﬁ{éects of 20 an endo enous AR ligand is

termed AR AP RRIASGHRRE” 1M (FAPAR 0 SeRTRLS s b rEsH P GmEsgaene
nucleapiprgitene mseeqthemlhmag@nﬁt@@m@gag@nmgz 540, Wegnagsteblistreckptor

(PR), tbé’@HE&G@ESM@WQ@R}%MHQﬂ&ii%ﬁﬁ[&ﬂﬁ%&&ﬁ@mmn'@EQAR is expressed
in numaale %@sulgls H}% c%gm&ar etm the %Vehx(géj d %%E{Ié oa txc?a as v\dell as the

conditions relate repro UCtIV dISOI’ rs an

pathopiySilgifb GoRE %frﬁ“@&gﬁ&?ﬁb@id&?%&‘ﬁlé%1§t‘§hlﬁéfF§Wé‘f‘tﬁ?aﬂ§'T25m
dihydroesustingpaiEy nhwetiprdiende heeneiinic by binvekstgatad o thantte atmnentts of

an end8) MMQ%%%@J@%&Q&Q@ 5§ ué!ﬂ{ﬁ*h%@? %e%%?g‘%gm[}&m@ﬁ%@ glg%ﬁs the effects of

euromuscular disease, rheumatological disease, and wasting

4 sorderﬁs g
am endggenans S SR et %‘f‘ﬁ%ﬁﬁtaﬁ(@]tséplacement therapy (HRT) in cases
of femalEhatigrepsetic defidiencyf trapditibriiaRainteg dhistghsusheageonists or as

agonisfUtamicle andiicalwlamisier na&esbem&%eﬂv&%fﬁet dRRSIAte, 9@@3@% e
women. r}gr?xgnn%rglakeﬁ%dsthog %ﬂgg? cP k%m %gttl 1&5‘1:105@ ateg repreductive
osteoporos ocumenlfl C? P\ flu |es using com é"

disordgs Ak PEIBHE YriecestroyBriaPrasedsen fHumbmel AR agomsﬁﬁnmgvewmﬂy
occurriffestspnhbon @anciedalismalie certprog éssianc aontnorersiessskltaldisorders,

such asﬁﬂ:qg) ﬁ{éQé%L, qlé’xgﬁtggéiéﬁc disorders, neuromuscutlar disease, rheumatological disease, and
wasting disease, as well as part of hormone replacement therapy (HRT) in cases of female androgen
deficiency. In addition, AR antagonists, such as flutarnide and bicailutamide, have been used to treat
prostate cancer.

The beneficial effects of androgens on bone in postmenopausal osteoporosis have been
documented in studies using combined testosterone and estrogen administration [Hofbaver, et al.,

“Androgen effects on bone metabolism: recent progress and controversies,” Bur, I. Bndocrinol. 140: 271-

286 (1999)]. Itis also well established that androgens play an important role in bone metabolism in men,
which parailels the role of estrogens in women [Anderson, et al.,, “Androgen supplementation in

eugonadal men with osteoporosis — effects of six months of treatment on bone mineral density and
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236 (1999)]. Itis also well established that androgens play an important

role in bone metabolism in men, which parallels the role of estrogens in

women [Anderson, et al., "Androgen supplementation in 35 eugonadal

men with osteoporosis - effects of six months of treatment on bone
cardlo{?ﬁieﬁﬁ@hgle&‘é-t&‘sa’%n% Gar dmmasqusﬂskfi@&l@lsﬁmﬁ offestslét ahdrbodd Zepn vation are

exemp %%ﬂa Sy o “tlrousthqu%tﬁ Iplo%{glger ogen dg E%‘s’ gfgst%oy%)ﬁ?ar?ﬁ%%g Hhos)

wit stage ostate cancer. In this stud Y, ost eopenia
and osm%% (BHGoysatn] BSIEE ngm%%*\@%%%%dw BefrRSfisRrivation
therapyr@®WiHor hacitantiergeneanidnote nadepssivéatidiad the rapyrdaD A0 Weatedl.,

“AndriRBNRRS Y& (Haap.ihe patierts:bohatk Rotibnderdans ABhdWeliet @rology,
54 6057 ()Ap %&g n deprivation therapy for prostate cancer results in signifi cant

loss density," Urology. 54: 607-611(1999)]. AR antagonists have
also beel¥euiagrmisbiinaprebaaifihissiub SIS StRiBRA AP It ONETh

syndrP@sineraRacsakywome: [sea G\ Aidzkgleson]. etalycyRblyeysticspuioiac evidence
that ﬂ&%ﬂ[@%&%@é’ égl?ﬂﬁgtyt%él E&ﬁgﬁb%ﬂ ﬁ%@é%%}é%@ﬁﬁb‘ﬂ E\ggég&erator to irthibition by

gonadotropin-rel easing hormone pu se gener tOf fo on
Pt

BS“adlé’éﬁ’&bF?&rg&ﬁt&rB‘PErg M%ﬁ%&éﬂﬁ
Kmldal(ﬂ@@OTWfEctfarﬂmqthﬂ@nmqk%%m@%@t dlidiamifie aritiahdrdderiile in the
PolycyRRI®RIGrBlRekaE, Alutamidecamnthadipid P rofile indha sB0ly ayatieRAVaRs and

rati onaﬁey?oq"ttgt%l%\/elg tm‘% 15)?9119(%’5%8%' rel\c{Ieetglbm 0%%!&%@? %ag’%g%(l%g?% ]Zlﬁgg %nal

uses and rationales for theé deve ogmen rogen receptor modu ators

Martingozongh -%é%ﬁﬁ@éﬁ%&ﬁ%ﬁm ABS?%QPQ]P& ﬂimlfﬁ%ﬁln\h@fa@@h@ fiecular
structuBGndl 618> 186842084 ol hxewisiatiorshiphetweenidablet wharptdndsructeire md the

sub;ecttq%ﬁﬂl@gl@tﬁﬁgﬁc%(ﬁ%g t%'ﬂft%% @ptlﬁﬁwﬁ@ eR:siaigidRl AR g?aga%grm%
also peen Ccto S SUC .as W
oo BRI B AR TR TR i
Lett. 8476ﬁn?ﬁ9dﬂ&ﬁfamﬁm6|ﬁwwehamaﬁs%@]ﬁma@n ﬁsfﬁ@t'OBM§01M§do Agonists by
ModifGheMrink &tibsButds FHOHEARR) And nno et dhictEuwitekinthdndragen 1009-

1012 ( Rﬁ@ ptor Antagonists to Agonists by Modifying C-ring Substituents on

Plperldln quinolinon Med., Chem. Lett., 9: 1009- 20
(1999). T LA ST s TSR L A T A @&%&Fﬁf&%%% targets.
A needhibtisfade siista e degyists pracereesdlicrafor asesistaise etiumlizabprocassds

synthdif@h Gacvhpdisas IhappkeNatusallyrocemetiag arcaesynthetic
AR-compounds. The present invention addresses this need. These

compourigsearanaaeive s5sHE GgaMiTeIsBpte PRAY GErststap ajeparticularly
effectiearticldatly 2bieffectiveras sglestivé ARBROJER Y acehtorfag omittsiShARMa)uent
of condﬁngﬁ @J\%&lj‘ ﬁééﬁ%@ﬁﬁi@ﬁct}h@r WM%Fe%me%ﬁ %d ﬁﬁh"@&q Dninistration,

androg eficie or whi | ndrqge

admlnls?f]rtae TR d tal onal a%%}b%]{c(pﬁlon W%b%\fgf%% ten%%ﬂglélez 03 describes
fluorinadtapeions! %U@?tf@é@i B@fﬁfé‘riﬁé@ééﬁ%ﬁ%@%@?@f&&%@ﬁmﬁﬁé@ fAag and the
treatmeat efuseditidnsthased hgactnzent aidveakenebichuscle tondi@amedhe androgen

administration, including osteoporosis, osteopenia, glucocorticoid-induced osteoporosis, periodontal

disease, bone fracture, bone damage following bone reconstructive surgery, sarcopenia, frailty, aging skin,
male hypogonadism, postmenopausal symptoms in women, atherosclerosis, hypercholesterolemia,
hyperlipidemia, obesity, aplastic anemia and other hematopoietic disorders, inflammatory arthritis and joint
repair, HIV-wasting, prostate cancer, benign prostatic hyperplasia (BPH), abdominal adiposity, metabolic
syndrome, type 11 diabetes, cancer cachexia, Alzheimer's disease, muscular dystrophies, cognitive decline,

sexual dysfunction, sleep apnea,



treatment of conditions caused by androgen deficiency or which can be
ameliorated by androgen 30 administration, including osteoporosis,
osteopenia, glucocorticoid-induced osteoporosis, periodontal disease,
bone fracture, bone damage following bone reconstructive surgery,
sarcopenia, frailty, aging skin, male hypogonadism, postmenopausal
deBLAssISTD RTEMAMIROTEHT 4 H o SEIETERIBIAYRSCHERSTe Steo RS i gombination with
othypethipidentia, obesity, aplastic anemia and other hematopoietic
disorders, inflammatory arthritis and joint repair, HIV-wasting, prostate
SIGRMERRDeENign prostatic hyperplasia (BPH), abdominal adiposity,

metabolic 3151% ndropées,c}gﬁgeqeqa{%g?t%fece}e%?er cachexia Alzrr}leelmer's ,

. esea\ { f9) IOCESSES usF%lh synthesis of
disease, muscular dystrophies, cognitive ine, sexual dysfunction,

costpal A A pE pEES SERRI S randatires oV RIS eaTIdisel oavTe tnteikormeasess chemical
pﬂ%%ﬁ@dﬁﬁm@mm withe [ﬁ)ﬂiﬁbtﬁﬁ{l&ﬁiﬂge@ﬁ r&%ﬂh’i%Mators. The
ch-gpl?cﬁ% r&%g&geq Igf:t!ﬁes}'ﬂjégeﬁ? @935‘96 Iﬁ%&]@&&%%@xspyggé%k{m%ﬁ grocedures and

~synthesis of compounds that are androgen receptor modulators. T
! X&Eé’rﬁ“&@&%@ﬂ?é%&@ﬁ@ﬁhﬁ%%&%@ﬁ@ﬁﬁ6%&%?68@%@%"%& afford
intermediates useful in the production of androgen receptor modulators.
The chemigal processes Qlihe presant diselosure affard adyaniages, QVeriq.
eviously known procedures and include a convergerent, more efficient
D%ﬁf@‘f&éﬁdrogen receptor modulators. In a Irgt aspect, there is provided a
process for preparing an anﬁa\-steﬁ)id amde. 0 Tf“o,rmula 2-? 0 HN Me ,~

_MeHH HH Me which gr?eﬂé\és: (1 ,tiodiH,atin/chompound 2-iA to

afford a 2-iodo compo -2. 00 ~Dimg©OMée~"Me Me ( Me Me | H

. Me[H ) "
R
Me

which comprises:

{1} 1odinating compound 2-1 A 1o afford a 2-1odo compound 2-2:

0. o)
YOM@ ?/ON!S
Me e
/Qé/-\‘\ ://\j;,/-\\
Me| H ) Me | H oI
| A — . H
- : : / - ‘
S P
H H
2-1A 2-2

(2) displacing the lodine in compound Z2-2 with fluorine to afford a Z-fluoro compound 2-:



NONHH HH 2-1A 2-2 (2) displacingthe iodine in compound 2-2 with
fluorine to afford a 2-fluoro compound 30 Me OMe FMeHON H 2-3
(3) methylating the lactam nitrogen of compound -2-3 to afford compound
2-4: 0OMe Me FMeHH ONH Me 2-4 #) oxidizing compound 2-4 to

-~

(3) methylating the lactam nitrogen of compound 2-3 to afford compound 2-4;

OMe

OMe

3a



2-5 3a (5) hydrolyzing ester 2-5 to afford acid 2-6; and O OH Me Me H |
N~ O~N"=v N HNHZ i H Me 2-6 1-5 (6) coupling of acid 2-6 with amine
1-5 to afford aza-steroid amide 2-7. DETAILED DESCRIPTION OF THE
INVERT HoddoRnismbednientabihadqeeseniinvention relates to a process
for preparing an irnidazopyridine methanamine of Formula 1, N Rea

(R1)n\ p2b NCN Nld?_ | or a hydrochloride salt thereof, which comprises:

form an addy ; H11~N R'(NYNH2 R N\ ~N1~
RP p2aR¥5 OH % 2P nga ng H N)-Iﬂ I IV (2) cyclizing adduct
IV o trealng ( régn acid and fote ng to affesd the imidazopyridine
rmula I, wherein n i, 1, 2,0r 3; R1 is independently
-Cd‘él &l,"halo, C1-C3 perluoroalkyL C1-C3 alkyl(CO), or C1-C6
alkylome 2a and R2b are mdegendently F., C;-C6 allcyl, C1-C3

perfiuroalkyl, &P halo; and Rp is |trogen protecting group.

{6) coupling of acid 2-6 with amine 1-3 to afford aza-steroid amide 2-7.

DETANLED DESCRIPTION OF THE INVENTION

An embodiment of the present invention relates to a process for preparing an

irnidazopyridine methanamime of Formula [,

R2¢
ﬁ’ »—%R%

NH.

(R)n

or & hydrochloride salt thereof, which comprises:
(1) coupling an N-protected glycine derivative of Formuia I and 2 2.3-diaminopyridine of Formuis IR

with an acid chioride activating agent to form an adduct of Formula IV; and

. 1
Jn
0 O X\;
P Mo R S
: ‘ 4 !
p Y\ (s K/\NH i N

b
2a 2b
5 R¥ R H  NH,
Ii iil v

(2) cyclizing adduct IV by treating with an acid and deprotecting to afford the imidazopyridine
methanamine of Formnia I, wherein

nis(, 1,2, 013,
R1 is independently C1-Cg alkyl, halo, C1-C3 perfluoroalkyl, Ci-C3 alkyHCO), or C1-Cg alkyloxy;
R24 and R2b are independentiy H, C1-Cg alkyl, C1-Cz perfluroalkyl, or halo; and

Rp is & nitrogen protecting group.

3b



3b WO 2006/121655 PCT/US2006/016479 Another embodiment of the
invention is illustrated by a process for preparing a 2- fluorolactam of
Formula V, Mega Me H 15H V 5 which comprises treating a 2-iodolactam
Wit Figrniliegy/l Me R4 Me HO N 'R5 H VI with silver(l) fluoridepadoes@ia47e
R4isO0 IfRsIRI C-Olor C-N\ 10\ Rz, R 1 and R2 are each
independently chosen from H, and C1-6 alkyl, and R5 is H, CI-C6 alkyl, or
CI-C3 e rdbid In.Qne AmRedmeRL afihs invention: 56 2>
mfeir:hgl R5 is methyl or hydrogen. 15 A further embodiment of
ﬂuor?ﬁgt?r%%ntlon IS thie process described above, wherein the 2- fluorolactam
of Formula V is prepared W|th StﬁﬁgOE’éthlVlty of at Ieast 90:10 of 2(3 :2a.

5 which comprises treating a 2-todolactam of Formula V]

with silver(I) fluoride, wherein R4 is

ﬁ R’ M s
~
o] or C._.N:
10 RZ,
R! and R2 are each independently chosen from EL, and C1.g alkyl, and

R3 is H, C1-Cg alkyl, or C1-C3 alkylCO).

Q 1
W R
In one embodiment of the invention, R4 is ©—O ,

R1 is methyl, and RS is methyl or hydrogen.

15 A further embodiment of the invention is the process described above, wherein the 2-
fluorolactam of Formula V is prepared with stereoselectivity of at least 90:10 of 28 : 2¢. The preferred
solvent for this process is methylenechloride, tetrahydrofuran, acetone, N,N-dimethylformamide, N,N-
dimethylacetamide, or a mixture of these solvents, such as for example, 6:1 of
methelynechloride/acetonitriie. In an embodiment of the claimed process, tetrahydrofuran, acetone, N,N-

. 20 dimethylformamide, N,N-dimethylacetamide, or 6:1 methelynechloride/acetonitrile is the solvent and 1.1

to 1.5 equivalents of sitver (I) fluoride are used. A further embodiment is the process wherein N,N-



20 dimethylformamide, N,N-dimethylacetamide, or 6:1

methelynechloride/acetonitrile is the solvent and 1.1 to 1.5 equivalents of

silver (1) fluoride are used. A further embodiment is the process wherein

WD, REEPANE32006/121655 PCT/US2006/016479 dimethylfornramids2isdioss479

solvent and 1.1 equivalents of silver (I) fluoride is used. Another

embodiment is process described above wherein the process is carried
dimetifUoatdoRIiieRs pefaty i and daevartuosiaaam s iormed Wil) Another embodiment
is pm&g%rﬁg e gﬁ’&%}?ﬁlg@iﬁﬁ%ﬁ&%g S%eri%ﬁ‘ o@'ﬁ?ﬁ?&%@%éﬂt@z@%&r@& 2-flugrlactam

. embodiment of the inventi reparation of a 2-fluorolactam o ormula
is formpd with glsTessstentida 6?&%%5"6?}) Bedx3%luor()R, Me R4 Me HON z H
R* V' whidleresingiyisesibiseating mahiotd dlastesiof bepnuwaidrwitiuorofactam of
5 FormiYaJeURIIE followed by NafEQ3 tefarm a hydroxyl 10 lactam of Formula
XVi4 MeRMeH ONR5VI Wherehn R4isIIR10 0 G-0or C-N; RZ;
15 Rl and R2 are each indepenfently chosen from H, and C1-6 alkyl, R5
is H, C1-C6alkyl, or C1-C3 5 WO 2006/121655
PCT/U82006/%6479 Me

e

PN
| H
5

Y

V?

which comprises

1) treating a 2-iodofactam of Formula VI with water/DMF followed by NaHCO3 o form a hydroxyl
10 lactam of Formula XVII

VI
wherein R4 is
O 0
H -~ R1 ” /R1
Cc—-0 or C—N
\RQ ]
15 RI and RZ are each independently chosen from H, and Ci_g alkyl,

R5 is H, C1-Cgalkyl, or C1-C3alkyl(CO},



Me R4 HO Me H O N R5 H XVIII; and Meo' .N.~IOMe 2) treating the
hydroxyl lactam (XVIII) with a compound of Formula Z, FFF'F (L) to form a
2-fluoro lactain of Formula W. 0 11*, R1 In one variant of this embodiment,

VRO R| and R2 are each independently 5 chosen fronPEl/aRzh@ 016479
alkyl, and R5 is H, CI-C6alkyl, or CI-C3alkyl(CO), The invention further
encompasses a process for preparing a compound of Formula VIl, Me R4
FMe:F, ONR5VIl 4MeR4 MeRMeHF,MeH ON Nz10R5H
R5H V V' which comprises the steps of (12qtreating a compound of one of
the Formulae V (or V') with lithiumhex&ffephyldisahzide to afford an

_ ( enzenesulfmate; and (3)

warming to produce ompaund of Et la VII, wherein R4 is: 6 WO

XVIII: and

MeO\/\N/\,OMe

S

FEF

2} treating the hydroxyl lactam (XVIIT) with 2 compound of Formula 7, ¥

to form a 2-fluoro lactam of Formuia V.
@ 1
N R
In one variant of this embodiment, Rdis © 0 . R and R2 are each independently
5 chosen from H, and Cj_¢ alkyl, and RS is H, C 1-Cegalkyl, or C1-Caaliyi(CO),
The invention further encompasses a process for preparing 2 compound of
Formula VI,

e R’

' 5
R VIE

10

which comprises the steps of (1) treating a compound of one of the Formulae V (or V’) with
lithiumhexamethyldisalizide to afford an enolate; (2) reacting the enolate with methylbenzenesulfinate;

and (3) warming to produce the compound of Formula VI, wherein R4 is:



5

10

20

-O or C-N" R2, R1 and R2 are each independently chosen from H, and
ClI-6 alkyl, and R5 is H, CI-C6 alkyl, Or CI-C3 alkyl(CO). Also
encompassed by the present invention is a process for preparing an
WAy #416P3%4S 5 amide of Formula VIII from an aza-steroid aci8H Fepiiac479
IX, HR2aMe N, /<N (R1)n MeHR2bNNJFH ONR5H V8l O OH
Me F Me H O rN H IX 10 which comprises coupling of acid IX with an
0 imi(?azopyridin@methanamine of Formula |, Rea (R1)n R2b N N NH15 |
ll__ using 1-(3-diméthylaﬁfinopropyl)-3-ethylcarbodiimide hydrochloride or CDI
“"Osa cotpling a%'e‘ﬁjt\ wherein nis 0, 1, 2, or 3; 20 Rl is independently
C1-C6 alkyl, halo, cies perfluoroalkyl, C1-C3 alkyl(CO), or CI-C6
R! amiRAexyadh RdepandiR 2 thasen ihciepenae oy, k@ 12426 alkyl, C1-C3
RS 1 e?rau_r alkyl, or halg; and R5 is H, CI-C6 alkyl, or CI-C3 alkyl(CO). Yet
Fanothertd %Ioﬁfir%ﬁﬁi%”ﬁlb?géess for preparing an aza-steroid amide of

Formula 2iso $dcompassed by the present invention is a process for preparing an aza-steroid

amide of Formula VI from an aza-steroid acid of Formula IX,

Vil

which comprises coupling of acid IX with an imidazopyridine methanamine of Formula I,

N N R2a
RN [ A\ R2b
NTTN O NH
I

using 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride or CDI as a coupling agent, wherein
nisG, 1,2, or3;

R! is independently C1-Cg alkyl, halo, €1-C3 perfluoroalkyi, C1-C3 alkyl(CO), or C1-Cg alkyloxy;

7



MeONN MeHH F/ fi OMe 5 2-7 which comprises: (1) iodinating

compound 2-1A to afford a 2-iodo compound 2-2; O O Me OMe Me OMe

MeHMeHHH ONHONHHH 2-1A 2-2 10 (2) displacing the iodine

in compound 2-2 with fluorine to afford a 2-fluoro compound 2-3; O OMe

Me Me HF O H 2-3 8 (3) methylating the lactam nitrogen of compound
RZa an@l@?@@ffgﬂdpcgdﬁp}ﬂmﬁd@-@@ @kyl, C1-C3 perfluroalkyl, or halo; and

RS is H, C1-Cg alkyl, or C1-C3 alkyl(CO).

Yet another embodiment is a process for preparing an aza-steroid amide of Formula 2-7

F
O
5
2-7
which comprises:
(1) iodinating compound 2-1A to afford a 2-iodo compound 2-2;
OMe
—
2-1A
10

(2) displacing the iodine in compound 2-2 with fluorine to afford a 2-fluoro compound 2-3;

O
OMe




10

OMe MeFMeHH ONiH Me 2-4 5 (4) oxidizing compound 2-4 to
afford compound 2-5; O OMe Me FMe H O NiH Me 2-5 (5) hydrolyzing
ester 2-5 to afford acid 2-6; and 10 O OH Me NF Me TH~NH NH2 O

N H Me 2-6 1-5 (6) coupling of acid 2-6 with amine 1-5 to afford
aza-steroid amide 2-7 9 N~ Me

(3) methylating the lactam nitrogen of compound 2-3 to afford compound 2-4:

(4) oxidizing compound 2-4 to afford compound 2-5;

0O
OMe

N
s

N ﬁ NH;
1-5

{(6) coupling of acid 2-6 with amine 1-5 to afford aza-steroid amide 2-7



10

I5

20

N MeHH FiON iH Me 2-7. The invention further encompasses the
process described above, wherein the iodination in (1) comprises the
reaction of trimethylsilylchloride and 12; the displacement in (2) comprises
the reaction of silver (1) fluoride in dimethylacetamide, dichloromethane, -
dichloromethane/acetonitrile, or 5 acetonitrile; the methylation of (3)
comprises the reaction of t-BuOK and Mel; the oxidation of (4) comprises
the reaction of Ilthlumhexamethyld|5|Ia2|de q\pd methylbenzenesulfinate;
the hydrolysis in (5) compxkises tHe re ofNaOH or KOH; and the
coupling in (6) comprises theyrebiction/of 1\3-/

i qthivicarbodiimige hydfochloride or
variant offthe embodied process described
above, the iodination omprises the 10 reaction of
trimethylsily chIo dgz the displacement in (2) comprises the
heatlng ' ~egmypound of (1) with wet DMF (H20/DMF) followed
upon treatmemt with Deoxo-Fluor(r) (see formula Z); the methylation of (3)
comprises théMeaction of t-BUOK and Mel; the oxidation of (4) comprises
the reaction of Ilthlumhexamethyld|S|Ia2|de and methylbenzenesulfinate;

the hydrglysis Jn(2) OMPUSES agserse@s&mosfy&%hga KRt @f@gé!}ﬁhe iodination

coupling in (6) comprises the reaction of 1- é}bdlmethylamlnopro

in (1) cgﬂé}ﬂ#@ﬂ%ﬁ%&ﬁ?ﬁfﬂ@fﬁvmﬂf&m@ giide ¢ Harsasatdn (2 & ywmpmes the
reactioM$ QN QMeFde T ﬁ@mﬂﬂ%@éﬂ@ﬂ‘&a&{ﬁlﬂé)@&bﬂ&}ﬁfn@@%ﬂbﬁ#ﬁ@tﬁ{ﬁ)}é&&ﬂ?@litriie or
mpounds pre via the, entl venti be iral as a,result f
accmmt&ﬂwﬁ}n rlc?:}cﬁ%tﬁ ers% A I31<ee§’ to‘?% #an goﬁngglgg es%%ﬁb Gk Eal_mgf)?f
comprignthSredctiviian | x@teré@&hmml@}smam@m@@mmﬁ@i@ulﬁmﬁ:\/ﬂ'i#éy@o ysis in (5)

compr;@@% 1%5%W0X9ﬁﬂ A99%r R298SAd 42 c%%%@ﬂg%‘(%?@omﬁ&'s&c&@ S RIRYIe-(3-

optical isomers or s m| umber 1he t| aI
dimethylaspmnarrorylirdith ﬁ{ i %ﬁ%@é?c?ﬁ“ﬁ?x?urés P(-,yré{())mers
diasterdomesitam Mmesgnen@n@@m@% @mﬁ‘@dahnmn@n coinatigre &y (h) comprises the

1,1- carbonyldurmg

feacﬁor?@f%éﬁﬁ/‘i%@ﬁbo% GRMROwRds Hisclasatimay @sishas BUIRMRE RN

both tautomeric forms are intended to be encompassed bé the scope of

compoméqﬁ(ﬂémaénwe@%@iajﬁ%l}rﬁ@)6%%5@%%6@%&% cQEpichu Egge formula
Z); the ﬁ%&%}?ﬁlﬁm%%ﬁ'@ﬁwﬂs@m@%&%@&%@m Hﬁd@f@l“;qggc;ﬂdm% (4) comprises the

reaction of lithiumhexamethyldisilazide and methylbenzenesulfinate; the hydrolysis in (5) comprises the
reaction of NaOH or KOH; and the coupling in (6) comprises the reaction of I-(3-dimethylaminopropyl)-

3-ethylcarbodiimide hydrochloride or 1,1°-carbonyldiimidazole.

MeO\/\N ~_-OMe
. _ FOF @
The chemical structure of Deoxo-Fluor® is F I

The compounds prepared via the present invention may be chiral as a result of
asymmetric centers, chiral axes, or chiral planes as described in: E.L. Eliel and S.H. Wilen,
Stereochemistry of Carbon Compounds, John Wiley & Sons, New York, 1994, pages 1119-1190), and
may occur as single optical isomers or as mixtures of any number of the possible optical isomers,
including racemates, racemic mixtures, diastereomers, diastereomeric mixtures, enantiomers, and
enantiomeric mixtures. In certain instances, the compounds disclosed may exist as tautomers and both
tautomeric forms are intended to be encompassed by the scope of the invention, even though only one

tautomeric structure is depicted. For example, any claim to compound A below is understood to include
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1.0 WO 2006/121655 PCT/US2006/016479 tautomeric structure B, and

vice versa, as well as mixtures thereof. Here, X represents the remainder

of the fluorinated 4-azasteroid derivatives of the present invention. Q O X
WG 2RZIX4FN Rz .,-N-NHHNN NN AB 5 The term "alkyPcahatbmearsero

straight or branched chain hydrocarbon radical of one to ten carbon

atoms, unless the number of carbon atoms is specifically indicated

t;autoﬂ*?éﬁ@ EMgﬁre@(fﬁmﬁ% Qérsa‘?-%mremé‘sl lﬂgﬁu}?:ls' E@E@o@%&@j@%{:ﬂes&gm@ remaindsr of
~propyl n-butS}/I, sec-btrlé}{‘!, t-putyl, and so on. An alkyl
Y

ethyl, I-propyl, 2- )

e R PP S B OALES R hdr SRR RbLI be indicated as
"C5-alkyl" an@Pmay be straight chained or branched.c10 The term
"alkoxy," ?s_xged hgrein, refers to straight or branched cp@in alkoxides of
the number ofiafBon atoms specified (e.g., Cl-5%alko , Or any number
within this rande (i.e., methoxy, ethoxy, etc.). The term "halogen™" and
"halo” shall incl dine, bromine, chlorine, and fluorise-p\¢hen any
variable (e.g., .) occurs more than one time |1 any.substituent
orin 15 any compgund of a spectea-forritia, its defini at each
occurrence is indeps t of its definition at every other ocgurrgnce. Also,
combinations of substituents and variables are permissible only if such
combinations resultAn stable compounds. The term "perfluorgky!”
indicates that all the hydrogen atoms in the corresponding alkyl are
replaced with fluorine atoms. 20 The compounds afforded by the instant
inventioT ey eus &4ty ath ediate stisi dhier prachetiomof ipddragen rebepidione to

ten camadm&m(?n@&m?%}g&f PERISHNEMSR lm@ﬁ@%ggmr@ﬁép&%fg&gu_@mles of
" (10) unds useful. far treating conditjons cays narogen IClen
LR L o R R e S SR
on. Aprpiisbragiebtegpbre sishestenie e gaviocortiEbid Stitiittrso Steelut ozig may be
straiciR@HRdONALiggase, bone fracture, bone damage following bone
reconstryctive syrger 1,22 Sarco enia, frailty, aging skin, male . )
PypogoNHETH FEKTHe I AATLAT SNBSS TR iR el of he
numbgi\s e el et shemfisd g peflipiddinty) chesitpuaptastdinribinznsnd ethehoxy.
ethoxj@Gtopoietic

The term "halogen” and “halo” shall include iodine, bromine, chiorine, and fluorine.

When any variable (e.g., R2, R3, etc.) occurs more than one time in any substituent or in
any compound of a specified formula, its definition at each occurrence is independent of its definition at
every other occurrence. Also, combinations of substituents and variables are permissible only if such
cornbinations result in stable compounds.

The term “perfluoralkyl” indicates that all the hydrogen atoms in the corresponding alkyl
are replaced with fluorine atoms.

The compounds afforded by the instant invention are usefu] intermediates in the
production of androgen receptor modulating compounds or are themselves androgen receptor modulating
compounds useful for treating conditions caused by androgen deficiency or which can be ameliorated by
androgen replacement, including, but not limited {0 osteoporosis, osteopenia, glucocorticoid-induced
osteoporosis, pericdontal disease, bone fracture, bone damage following bone reconstructive surgery,
sarcopenia, frailty, aging skin, male hypogonadism, postmenopausal symptoms in women,
atherosclerosis, hypercholesterolemia, hyperlipidemia, obesity, aplastic anemia and other hematopoietic
disorders, arthritic conditions, such as for example, inflammatory arthritis and joint repair, HIV-wasting,

prostate cancer, cancer cachexia, muscular dystrophies, premature ovarian failure, and autoimmune
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disorders, arthritic conditions, such as for example, inflammatory arthritis
and joint repair, HIV-wasting, prostate cancer, cancer cachexia, muscular
dystrophies, premature ovarian failure, and autoimmune 11 WO

WADgHE1 20855 PCT/US2006/016479 disease, alone or in coPdBiEtems wviskro
other active agents. Treatment is effected by administration of the final
product obtained from the disclosed processes to a mammal in need of

disea%é‘,c&libyc?@rlm E%biﬂaﬁgxgw&potﬁgea%%\%%%g %&%&y%%%c% lﬁwggrgﬁgﬂgrsaégn of the
ﬁna1§r0 rma eutltéafl corgﬁg sitjons alone or in combination with other active
Zﬁne rome |

h A e
gents. b 1ts gen SBYERE BB T 0 MRS B A0 SRS TR Fe dBAdition,
thesej gorapeimdsi arehvefifubridntiofiatica b pursdoirml Reapesiticorrkivr esisanmignation with
othersepasaestdnto their individual enantiomers by any of a number of

conventignal methods. These include chiral chro raphy, . L )

derivatizgt[ilg’r‘% %?fél% 8?#5:?%2%% ﬁ(élrr%l/nf‘csﬁ owed %‘?é%%gﬁ%ﬁggﬁ qynvention in their
enanApFHTAKI Grap Fer Rigetenizations aavcheracottnted isky Seitialiloduef enantiomers by any
of a wiimbtercomericiaallmeid Ehatesmnmintraaeuticallyagnspiablesalisn with a chiral
auxﬂ{ﬁw&l&%éﬁﬂys s@{;@ﬂ%ﬁ%} 'j%nﬁ%%&gﬂﬁ}qgygr?@t'z%ii%ﬁ%%?g%(?.lgagt?gﬂz&)gggstaﬂizaﬁon of
d,astebases or acids mcludlng inorganic or organic bases and inorganic: or

JasISPERAE SHifis. Salts derived from inorganic bases include aluminum,

ammoniukhe mfmhmmmaécaﬂfeum?twmmﬁthmmﬂg @e@h@,from

phariBed@adle éi@é&%ﬁ!@ﬂﬂ%ﬂﬁ@%&@@%%&ﬂ%ﬁ%ﬁ%& ﬁ:'rc%pgréggiélg%es and inorganic

or or F;ggigc%'rlga%r%{eerg\rfegfare the ammonium, c IC|1um,, ithium, magnesium,
"Potassium, and sodium Sans b Saits derved T prEm Bty copper,
ferrica frtalifeBRgamEcIRBRRE DS el tinTlenteronit P ohsimarydise condany the like.
Particaildll jeitiftya eitnes asueiihi ediam) BHine] whing Natl R QGRUHINGD dium salts.
Salts ﬁ&mt%ﬁiﬂ i Bty %c%gﬂ{nﬁg’o%rzlig}p gosx{» IOLQ bea)écp ag erse 1!9 gﬂ Sr%rcih
as arginine, betaine, caffeine; choline, N,N'- |f§1enzy7efﬁy enediamine, any

SecongEh R HRHE 2EHamy TP et RS Dedifirsmyraniv cethringlsubstituted amines,
cyclicﬂfﬂ&ﬁ@,laﬂiﬂimm mﬂayiena@i;afmme,,sbae&l@}]m%@ heding, Meathy| ?i@ﬁﬁié! ey

: ing; o) ine,. histiding, 20 a ine, isopro ine, .
R ARSI, OISR BRI
ethy I eSTRRNS, DS TR Ee ke B RTEnG SlHsAam el intidie.,
hydratripriopylamipglatnom dvkiaminghyipiicthintikaoltoanet e cempopipetiaf golyamine
resindPfERAN:] \iﬁﬂéb?&é%ﬁ?@xﬂﬁe%%M@%@%E%ﬁ@@pﬁpﬁgmggfg&%e I ine, and

acceptable non-toxic acids, including inorganic and organic acids. Suc

the lilke, " °". . . . . o
© M%eids include 25 acetic, benzenesulfonic, benzoic, camphorsulfonic, citric,

ethanesifbmithfepmicundrabific s gt arhisichydrobep imirepared from
phmyéifmlﬂ@ﬁ&&mi@m&oﬁ&ﬁi@dmﬁmﬁ@ ﬁ_i&igéﬁﬁ@ﬁg@g%am@m@@.egﬂgp@ﬁs include
. C moic ntothenic oSpRoric, propignic, , X
e e Rl PGB e, e

glutaryic, ydzobsomic, IS Prateriedisniccligis ramkipignalic, mandelic, methanesulfonic,

malenic, mucic, nitric, pamoic, pantothenic, phosphoric, propionic, succinic, sulfuric, tartaric, -
toluenesulfonic acid, trifiuoroacetic acid, and the like. Particularly preferred are citric, famaric,
hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, and tartaric acids.

The following sqhemas and examples are illustrative of the processes encompassed by
the present invention. As will be readily apparent to those in the field, the substituents and substitution
patterns on the substrates exemplified herein may be modified without undue experfimentation by the
choice of readily available starting materials, reagents, and conventiona) procedures or variations, As

used below and throughout this disclosure, “room temperature” or “RT indicates that the reaction was

12
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hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, and tartaric acids.
30 The following schemes and examples are illustrative of the processes
encompassed by the present invention. As will be readily apparent to
Whagesimegsfield, the substituents and substitution patterns Beitkig2606/616479

substrates exemplified herein may be modified without undue
experfimentation by the choice of readily available starting materials,

erf N r lations, As_used beloy,and

T R A e A

PO 494 12 WO 2006/121655 PCT/US2006/016479 performed at
ambient tBimpbratire withoet i yusécoifanyameansnibeCoolirg @igteaiiged or by

any pdRQQIY &ﬂﬂi@@éﬁ%ﬁﬁl&%@%%@?&a&@%6ﬂ%t@%¥§t®%ﬁﬁ%%%&%'gé"éhown in the

cche ;%Qeﬁ%‘éoﬂ%taé&n‘)t-fimite lgé/ tk{(@ %om[P,ou ds listed or by any particular
substituents employed for fastrative bﬂ%océ"'égfsé‘%gﬁfﬂe’?ﬁ’f Hibering'as
subsIERERII THoMR B askprbinhs aoercnet nadessdnilyltplr ekatg terthatiusedenlvesd under
the defmimsosid-aftem fosfmladifyedosingle substituent is shown attached to the
compoung, i ultiple substituents which are allowed under, the |
Centions ot e R R LS R R e ifpovran e
Ster Gt e i a8 A A ORI RABH T I Ao tBp Aty Pdvatagrors ierstralion of the
imidarepysefullastandnogesidedepioisnlediilatoss]. A aspesiallnadMantagenys

inﬁdﬁ?@@ﬁ[@iﬂ@fhﬂf‘;ﬁ@ﬁa&p (mg %OF]E%QH&ME Hﬁ%-a%@c‘%eﬁl? g&%&%&%ﬁi@eﬁg-l), such ag
Nuadﬁl{%%gsiag, As illustrated in S,c1 eme A, the imidazopyridine intermediates
TASS &R Bre S &IEd RO RUBORERY yRRRetRiRobi B (AeY, lemp pigdycine, such
as URZaglyrineduglyinepwticts &ledrmeppkdipai/aitableicbranothesatitablitable, either
comﬁf&&ﬁtﬁdr B?Hﬂﬂe‘ﬂf:ﬁiy%ﬁﬁ Ji@t‘i@t&fﬁfgﬁﬁZﬁqume@ﬁq@ﬁeﬁp Q@&?ﬁ@d glycine is a
2 g-dlabmlntopyrldlne (A-2), which are also readily available, either
preféired subsiza ) o 1 . - .
commerma?ly or synthetically with little effort from those trained in the field.
N-acylated glycine is a 15 preferred substrate. 13 WO 2006/121655
PCT/US2006/016479 Scheme AH 0O ( 1. Filter Ra,N OHH)ciCNO2N
NH2 A_1 Rb DMAP Ra= Me(CO)-, PhCH20(CO)- or / NH2 A-2 other
N-protecting group
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Rb HO r ACOHH N~ Ra,N~NN Ra'N HiNH2 1200C H Rb A-3 A-4 Rb
Deprotection C\~ C N> NNH2NH A-5 As shown in Scheme A, the
N-protected glycine derivative A-1 is coupled with diaminopyridine A-2 to
Wikadercee 14s8. This coupling is accomplished via the use of a Barisegos/o16479
group 5 activating agent, including but not limited to
1,3-dicyclohexylcarbodiirnide (DCC) or 1,1'- carbonyldiimidazole (CDI).
For example, acid chlorides are es lally,useful as activating agents in
this regard. Reaction of the protecte e substrate with an acid
chloride, such as pivaloyl chloride, produces a mixed anhydride as the
reactive intermediate. The use of a base, such as N- methylmorpholine
(NMM), in theg reacgion is useful tg absorb any acidjlc P\Ef roduct. A

beneficial ef!ﬁct 1@ of using NT is th solid sal §-product of the
reaction RAy be-femoked by iitfatign. Subsequert—eyetization-of-A-3
yields the protected imidazopyridine A-4xwhich ca then beygisprotected,

for example, b%_ ddition of an acid in the Case ofkeid-labile preiggting
groups, to afford the desired imidazopyridine A-5. As

disclosé¥=Ridata eyt Gicaligcompatible N-protecting gr&"g.

deprotection schemes are illustrated in Protective 14 WO 2006/121655
PCT/US2006/016479 u sn in Organic Synthesis by Theodora W.
Green (JohnHiVileyD& Sorfsy T981), Likewise, Rb may pe any cogpatible

substituent ;ﬁp\t@%{dﬁb desiable e target androgen tor”

modulatoR®The Synt l sis Of the gtereiﬁépeftion BREgin's withy a fldori
reaction, as shown irH Schgmg B. TR&’ arting material for tl synth
aza-steroid B-4 is,aza-steroid B-1, which is 5 readily availabTe from the
2,3-unsaturated Eﬁ“ log (Journal of Medicinal Chemis?’('ﬁ(1986), 29(11),
2298-315)). The fluorination strategy is based on known iodination
methodology (King, A.O.; An(i:,irz{sbon, K.; Shuman, R. F.; Karady, S.;
Abramson, N. L.; Douglas, A. Wt J\,C\@/ \em. 1993, 58,

D tecti
eprotection _ } N///]\N
H

NH,

A-5

As shown in Scheme A, the N-protected glycine derivative A-1 is coupled with
diaminopyridine A-2 to produce A-3. This coupling is accomplished via the use of a carboxy group
activating agent, including but not limited to 1,3-dicyclohexylcarbodiimide (DCC) or 1,17-
carbonyldiimidazole (CDI). For example, acid chlorides are especially useful as activating agents in this
regard. Reaction of the protected glycine substrate with an acid chleride, such as pivaloyl chioride,
produces a mixed anhydride as the reactive intermediate, The use of a base, such as N-
methylmorpholine (NMM), in the reaction is useful to absorb any acidic by-product. A beneficial effect
of using NMM is that the solid salt by-product of the reaction may be removed by filtration. Subsequent
cyclization of A-3 yields the protected imidazopyridine A~4, which can then be deprotected, for example

¥

by addition of an acid in the case of acid labile protecting groups, to afford the desired imidazopyridine

A-5. As Scheme A discloses, R2 may be any chemically compatible N-protecting group. Examples of

other suitable protecting groups and corresponding deprotection schemes are illustrated in Protective

14



3384-3386.) followed by fluoride displacement of the iodide. Scheme B

Me R4 Me R4 Me H Me H lodinatonH OR5HO N H B-1B-2 Me R4

Me R4 MeHMeHAgFiHH ON O R5H R5H B-3B-4 10 2a-iodo
Wacehs1BLEEan be obtained as a single stereocisomer. The icdoriastamye1647¢

B-2, can be converted to the corresponding 2-fluoro lactam by treatment

with various sources of fluoride, both organic and inorganic, which include

Grogyst iﬂfésg&ﬁéiﬂﬁ%%ﬁ_é Zﬁ‘heodéra 2H F CEFS%&:%%Z% $}Jﬁ§%ﬁe, Rb may be

Et3N3 ET3N reagents Were es?ed an foun

any 8%%’\9&&&&)@?%&?%% RSdreimal Brig st osieserbeodulator.
eliminaticPhpsaathets bbtGiken{d) fHutride dh kRown deosisplace A, as shown in

Schgmid?ﬁeamﬁ%gﬂﬁém %Fﬁa%%[ﬁés&o&qmstg}é%% %%“ a?ﬁf%%g%” s

M.; Ringeisen, D. Synthesis 19

ther
s readly sl IS e REEe aPé%ﬁ&. Hosreslgiate el of-<river (@?86}, 2901,
229%GardeThe faddiitm thelrmaiydatis! otilkyowitivéistémpid-siddstoaia Nias A.0.;

Andléﬂk@,vm;- EyHaINg), ﬁeﬁ@%l}\/ 9f AQEHHQOW% Ecg ngAat\Kpoanrg Chem. 1993, 58,
333J€ t# %\%Z -lod é’r‘?%é_é and R4=CO2Me) wa

compl ﬂﬂﬁ% 1 O‘ﬁ@féﬁ6479 converted to the

corresponding 2-fluoro lactane@nigm8R fashion with high

stereoselectlvwe(zw’t fluoro/2a- quoro 94/6). The amount of Ag
and the reactign rate were very sensitive to the reaction ol¥&h.
mrde (DMAC), however, the reﬁ[:tr
Frin-A.2 hat o&m l;[emperatureiz,Su pUSINGlY, o
of /AgF wer The follg wrng afiges the

ocess under varying condltlon%j 5

B-1 B-2

F|5{5

B‘“a B"é

10 Za-iodo lactam B-2 can be obtained as a single stereoisomer. The iodo lactam, B-2, can be converted
to the corresponding 2-fluoro lactam by treatment with various sources of fluoride, both organic and
Inorganic, which include but are not limited to KF, LiF, CsF, K2HF, BaF?, CaF), MgF2, NiK2, and
Et3Ne3HF/Et3N. These reagents were tested and found to suffer from disadvantages of low conversion
and production of undesireable elimination product.

15 Silver (I) fluoride is known to displace alky! bromides and odides to give
corresponding fluoro compounds (Pogany, S. A.; Zentner, G. M.; Ringeisen, C. D. Synthesis 1987, 08,
718-719). The literature procedures, however, require 2.5 to 4.5 equiv of silver (D fluoride. In
addition, the reagent’s utility with a steroid substrate was unkown. By using 4.5 equiv of AgF in wet

acetonitrile at room temperature, the 2-iodo lactam B-2 (R5=H and R4=CO7Me) was completely

15
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wherein R5=H and R4=CO2Me; Solvent AgF (equiv) Reaction Time (h) %
Conversion CH2C12 2.57.5100 CH2CI2/CAN (6/1) 1.5 48 100 THE 1.5
24 100 Acetone 1.5 18 87 DMF 1.2 12 100 DMAc 1.1 12 100 An
witestrEtressynthesis of the steroid portion begins with a fluoricaticroeos/t16479
reaction, as shown in Scheme C. The starting material for the synthesis
of aza-steroid C-5 is aza-steroid C-1, which 10 is readily available from
convettpd R Sharsatwsetianalbiu@olrrtatoihMe divindhShemistryig 086 oselectivity (28-

ilesy a = d ent & 1o the
e L T

s e QB8 oSS I MM OIS ° PG o e
compl¢gOw BN 1048 705 PG MIQ:2 C0GH 21BE S RCT ISR 00610 bEAZE wikd necessary.
The fcﬁ@hﬂ@@u@rﬁﬂz’ék ladimnafianol, p%éc)s's"%gy&g W ikd l:“)ﬁhho@s Hxﬁx&-%&!) ﬁcgam B-2

N 11_$E4R4 M%CB" NNWeHOHFFFF,,, HHHHH ON=0O

w ‘”“6“3 Hen REHHeB¥F R51F,. H HH ONH
Solvent AgF (equiv) Reaction Time (h) % Conversion
CHaClo 2.5 7.5 100
CHoCl2/CAN (6/1) 1.5 48 100
THE 1.5 24 100
Acetone 1.5 18 &7
DMF 1.2 12 100
DMAc 1.1 12 100

An ajternative synthesis of the steroid portion begins with a fluorination reaction, as
shown in Scheme C. The starting material for the synthesis of aza-steroid C-5 is aza-steroid C-1, which
is readily available from the 2,3-unsaturated analog (Journal of Medicinal Chemistry (1986), 29(11), -
2298-315)). The fluorination strategy is based on the iodination methodology followed by flnoride
displacement of the iodide. _(Lé,l, (G.5.; Pez, G. P.; Pesaresi, R. I.; Prozonic, F. M.; Cheng, H.; J Org.
Chem, 1999, 64, T048-7054)
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R5 C-5 EXAMPLE 1 Preparation of Imidazopyridine Methanarnine (1-5) 5

N NN NH2 1-5 a) Synthesis of 1-3: 17 WO 2006/121655

PCT/US2006/016479 O 0 N~ + 1. NMM, Filter 71( Oll tBuu Cl ~~\O 2. c;
VONPBoA2265FHF, OCto RT NN N O H NHa 1-3 300 mL THEemvs2ackieds7s

to a 500 mL three neck flask charged with 48.88 g (0.417 mole) of

N-acetyl glycine, 1-1. The resulting slurry was cooled to O C using an ice

bath and 50 ML 5 (0.455 mole) of N-methylmorpholing (NMM) were added

i ém&@ , C.gPivaloyl chloride (50

aintaining the

der 5 BAMHEs|Urry was (ol for 3Qyminkas,
then ¢padley to 0 Cforitrto—enstre fo f NMM-HCI satttrystats:
') gction's progress was monitorgd by €hecking the supernatant for

MMM@_;{ GC. The acceptable level of the's8t in the supernatant is 15
mg/mL. Upon 10 completion, the slurry was filte &4 under nitrogen anq;;he
solid was washed gith THF (90 mL). The jyellow filtrate and wash

placed in iion funnel and Gsed in'the next step. Mixed ide
HbLNMRE (460 MH2, DMSO) 8.52 (£)23:98 (d), 1.87 (s,
HH g H C-4
+BuOk
RS
EXAMPLE 1

Preparation of Imidazopyridine Methanamine (1-5

a) Synthesis of 1-3:

17
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To a 1L three neck flask fitted with a nitrogen inlet, a mechanical stirrer,
and a thermocouple was charged 2,3-diaminopyridine 1-2 (30.34 g, 0.278
mole) and DMAP (3.40 g, 0.028 15 mole). THE (300 mL) was added,
Wolkgwead 1555NMM (50 mL, 0.455). The yellow mixed anhydrigt€ BORMOs1016479
obtained above was added dropwise, maintaining the temperature below
25C with a water bath. The addition required 45 min. The slurry was
filtered dfter stirring at room temperature for 3 h, washed with THF (75
mk)), and dried*under nifrogen aﬂﬁﬁ(ﬁ%‘ém- The product, 1-3, was
Obtaimed ava browppowder (51.23 g). 20 The crude product may be
ofurther purified by recrystallizatrom excess NMM-HCl is

present. For example, 19.81 g 83.4 W%zm crude product was slurried in

ethanol (80 mL) and heated to 9 IC' ost of the solids dissolved. The

solutip was allowed to cool while ,200 1655

PCT/US2006/016479 adding MTBE (80 m'ii) dropywise. The slurry was

filtered, washed with MTBE (40 mL), and dried under nitrogen and

vacuum. This process yielded 151F7o§coé product 1-3 containing 5.2 wt%

NMM-HCI salt. 1-3 = 1H NMR (400 MHz, DMSO): 6 = 9.15 (s, IH, NH),

8.19 (t, 1H, NH), 7.708 (d,1 , 7.49 (d, IH, pyr), 6.54 (dd, 1H, pyr),

5.74 (s, 2H, NH2), 3§86 (d,|2H, CH2), 1.88 (s, 3H, CH3) 5 b) Cyclization of

1-3:HQ/I H -H NDNvz 1200C O H 1-3 1-4 10 Acetic acid

(200 mL) yas charged to a 500 mL 3 neck flask fitted with a

thermocouaple, condenger, anggitrogen line. 46.19 g (0.194 mole) of 1-3

was slowly added to the stirring solvent. The black solution was heated at

120C for 10 h. The resuttidg solution of 1-4 was used directly in the next

step. Adding acetic acid to the powder amide resulted in solidification of

the powder which must then be broken up manually. Therefore, inverse

addition 1O }dRioFRAHAREASES PP (oot Sdlshasmitoins S ¢ (0417
mole)r@awm etitine. Stdrtifig: mateingkiemainecho(bssay) eldind5% lics TUCAk 50 mL
G SR s R A i J—

rotection of Acylated Imidazopyridine 1-4 N'N
“nderl?e@- P UYpCﬁDl‘i&}/ E% 1%-1) was thenpz)x/dded to the slurry slowly over 30 min, maintaining the

temperature mader 3 °C. The slurry was warmed to 15 °C for 30 minutes, then cooled to 0 °C for 1 h to

ensure formation of NMM-HCI salt crystals. The reaction’s progress was monitored by checking the
supernatant for NMM by GC. The acceptable level of the salt i the supernatant is 15 mg/mL. Upon
completion, the slurry was filtered under nitrogen and the solid was washed with THF (90 mL). The

yellow filtrate and washes were placed in an addition funnel and used in the next step. Mixed

anhydride ly NMR: (400 MHz, DMSO) 8.52 (£}, 3.98 (d), 1.87 (s).
To a 1L three neck flask fitted with a nitrogen inlet, a mechanical stirrer, and a
thermocouple was charged 2,3-diaminopyridine 1-2 (30.34 g, 0.278 mole) and DMAP (3.40 g, 0.028
mole). THF (300 mL) was added, followed by NMM (50 mk., 0.455). The vellow mixed
anhydride solution obtained above was added dropwise, maintaining the temperature below 25°C with a
water bath. The addition required 45 min. The shurry was filtered after stirring at room
temperature for 3 h, washed with THF (75 mL), and dried under nitrogen and vacvum. The product,
1-3, was obtained as a brown powder (51.23 g).
The crude product may be further purified by recrystallization in cases where excess
NMM-HCl is present. For example, 19.81 g {83.4 wt%) of crude product was slurried in ethanol
(80 mL) and heated to 95 °C. Most of the solids dissolved. The solution was allowed to cool while
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O H100C NH NH2 2HC1 1-4 1-5 25 Concentrated HCI was added to

the reaction solution from the cyclization reaction above while still at

about 120C. The reaction mixture was then heated heated at 100C for 5
W Tie1dastion was monitored by HPLC. Approximately 2 ASGIStaningo16479

material remained at the completion of the 19 WO 2006/121655

PCT/US2006/016479 reaction which could be driven further by addition

addﬂé:ﬂ{wgy%gg%ﬁifﬁgs§ﬁé@ﬁm}ﬁ };R&g&f@%%(& &%3@%@%@ %%E,e%rrél dried under

. completion of the reaction. The solution was then disti
WGRE FESGRAH alefaMEREH H6 8801 5 Brs phmssur difcrstipmds RoradM - HCL
salt WasCOmmeRess while thesiempesaiie Wasell @1dQ0G TR Prs . 18, pyr), 7.49
@ {ﬁr&ggrgtﬁz wa then aIIO\_Ned to fall to 8C but was maintained at that
> teniBErAttFe it RE A ddtiGh B AT HAS FoehtdotpiéBRisTHE Sy was
allowed to cool slowly and then chilled to OC, filtered and washed with
b) HAEdi2mL3: The product 1-5 was obtained as a dark black granular
powder (42.87 g). To remove the color, a carbon treatment was
performed. 1.01 g of 1-5 (94.7 wt%,4.33 10 mmole) was dissolved in 4:1
methanol/water (10 mL).4arco KB (1.0 g) was added, and the mixture
was heated gt 50d] for | k. Thi miﬁ %as then codied to rgqom(nNX"\“\
temperatyfe, fittered Mhro celte;and-washed )i Nme/tf@nol 10 mL).
The prodggct solution p’zyas ppentré%l?,f.‘removi 10 mL solyént. THE (20
mL) was added drop wise. Thé slurry was filtered, washed with THE (2.5
mL), and dried ufid@r nitrogen and vacuum. The prodiic# was obtained as
a light grey powder (830 mg, 15 87% recovery). 1-5 = 1H NMR (400 MHz,

(. 21, R ABEE ) BAASH At o A PRTEI RN
theriRpgoNpPle EPNAeRS oy apmlypityaep line. 46.19 g(0.194 mole) of 1-3 was slowly added to the
stirring solvent. The black solution was heated at 120°C for 10 h. The resulting solution of 1-4 was
used directly in the next step. Adding acetic acid to the powder amide resulied in solidification of
the powder which must. then be broken up manually. Therefore, inverse addition is recommended.

HPLC was used used to monitor the reaction until no starting material remained. (Assay vield: 95%).

Typical Retention Times:

Amide: 6.44 min.; Acetyl imidazol: 8.71min.

¢} Deprotection of Acylated Imidazopyridine 1-4

N

H N = Conc. HCI = N:
N 100°C H
2HC
1-4 1-5

Concentrated HCl was added to the reaction solution from the cyclization reaction above
while still at about 120°C. The reaction mixture was then heated heated at 100°C for 5 h. The reaction

was monitored by HPLC. Approximately 2 A% starting material remained at the complation of the
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MeH 20 2-7 a) lodination of 2-IA 20 WO 2006/121655
PCT/US2006/016479 O OMe OMe Me Me Me H Me H H2, 10% Pd/C |
CH2C62!j OH: (r)IHH 2-1A O 2-1 OMe Me Me H TMSCI, TMEDA {2,
WOHREBM2IERS' 'C N 2-2 The starting material, lactam 2-1, wa$@Fépaecdys7e
palladium catalyzed hydrogenation of the corresponding unsaturated
steroid, 2-1A, according to procedures in the literature. Rasmusson, Gary
reacBonl yiRGysald Be GlavR fhSteinaeighnNREh ke e W a0k e Wakd rRatel. removed

by (el Hang, tehming., Cascieri, Margaret A.; Cheung, Anne H.;
d Broo&gﬁrJerry Frin-E> Bgﬁrr?an,eé‘hg%gé&s, J. Med. Cheni. (1986),

29(11),2 298 -iwionsvas Juerfidisilled inppadvwith mikroferhittetpdrdtiaditatool.
Droptii@radiiebineripacouptenwasychorgchra §H0:2254nehAiAaeia iR a1 100°C. The
[ ometha a followed by 102 mL 10 (0.677 mol
T oICaL o S i s ey ) e

addifirp pldFivcahbesmsrmpisib Vriyremaritiowsd ool 4be ke figmehilled to 0°C,
filterdiched wiahah widdifian fLronsl OVEEDoiaBS. wiodinei{8lag a Q23381400 )nular
powiia34hgnadded. The dry ice/acetone bath was removed and the reaction
mixture was stirred at ambient temperature for 2 h. The reaction was
monitore GO RAsE BetiTnbFREbeR HREmatal g tedramreolilt Befdeldbietw®,4.33
mmole) was dissolved in 4:1 methanol/water (10 ml). Darco KB (1.0 g) was added, and the

mixture was heated at 50°C for 1 h. The mixture was then cooled to room terperature, filtered
through celite, and washed with methanol (10 mL). The product solution was concentrated, removing
10 mi. solvent. THE (20 mL.) was added drop wise. The shurry was filtered, washed with THF (2.5
mL}, and dried under nitrogen and vacuum. The product was obtained as a light grey powder (330 mg,
87% recovery). 1-5 = IH NMR (400 MHz, DMSQ): & = 9.09 (bs, 3H, NH), 8.58 {m, 2H, pyr), 7.64 (dd,
1H, pyr), 4.49 (s, 2H, CH2)

EXAMPLE 2:
Preparation of Azasteroid 2-7 Utilizine ApF

Q

H Nz
' N
N \_z
N
H

a} Iodination of 2-1A
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20

15 The reaction was quenched with 1130 g 10% aq sodium sulfite

solution. The mixture was stirred for 20 min. and the two phases were

separated. The organic layer was concentrated under vacuum and
Wig¢ied 24483 acetonitrile (500 mL). The final slurry (<350 mLP®ES Stined &9

rt for 30 min. and filtered. The solid was washed with acetonitrile (80 mL)

and dried in vacuum oven for about two days to yield 95.2 g (87% yield)

of 2.2. 20 21 W& 2006/121655 PCT/US2006/016479 b) Fl@rination of

2-2 O OMe Me QM&iMe Me H ASF F Me H HH HOIIfM%_ oa
5efl with nitrogen inlet, mechanical stirre ermocouple
ed iodo lactam 2-2 (61 g, 0.126 molgy., thane (500
0 e (97 mL) were added. To-the} ag’added
ife (23.7 d:10.18%mdl€). The y tirred at
Eerature uBtl @, starting matefta cted by HPLC (24 -

3$!h_ e slurry was filtered through celite and the celite was washed
with dichloromethane (100 mL). The filtrate was assayed by HPLC and
conceritbated under vacuum to a solid. The solid wagdyied in a vacuum

R ethgs(lg,‘:etamide (DMAC) may
be used as the solvent instead of dichlorggaeiia "o a 50 mL flask
equipped with nitrogen inlet, magnetie stif bat, and thermocouple was
charged iodo lactam (1.73 g, 95\ ole).

N,N-Dj [ ide l(’1'7 was-gdted:'To the solution was added
silver. i g, 3/95 m 1.Hequiv.). The yellow slurry was
stirred215 at dfhbient teq Mdre evernight. LC assay indicated complete

conversion. The slurry was pq’_lfjré'ﬁ into a flask containing
dichloromethane (100 mL) and brine (10%, 30 mL). The mixture was
stirred at ambient temperature for F#in and filtered through celite. The
celite was washed with dichloromethane (20 mL). The filtrate was

e e D e o SRt R T SO Bt o
the coxg{WWag@W@_gtemid, 2-14, according to procedures in the literature. Rasmusson, Gary
H., Reynolds, Glenn B.; Steinberg, Nathan G.; Walton, Bdward; Patel, Gool F; Liang, Teliming;
Cascieri, Margaret A.; Cheung, Anne FL; Brooks, Jerry R.; Bermun, Charles, J. Med, Chem. (1986},
29(11), 2298-315.

To 2 3 L. flask equipped with nifrogen iniet, mechanical stirrer, and thermocouple was

charged 75 g (0.225 mol) of lactam 2-1. 1.12 L dichloromethane were added, followed by 102 mL

(0.677 mol) of tetramethylethylenediamine. The solution was cooled to -14°C using a dry ice/acetone
bath. Trimethylsily! chloride (58 mL., 0.456 mole) was added via an addition funnel over 5 minutes.
lodine (84 g, 0.331 mole) was then added. The dry icefacetonz bath was removed and the reaction
mixture was stirred at ambient temperature for 2 h. The reaction was monitored by HPLC until none of
the starting lactam conld be detected.

The reaction was quenched with 1130 g 10% ag sedium suifite solution. The mixture
was stirred for 20 min. and the two phases were separated. The organic layer was concentrated
under vacuum and flushed with acetonitrile (500 mL). The final slurry (<350 mL) was stirred at rt for
30 min. and filtered. The solid was washed with acetonitrile (80 ml) and dried in vacoum oven for
about two days to yield 95.2 g (87% vield) of 2-2.
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20 ambient temperature and filtered. 1.25 g of solid was collected (83.5
wit%, 83% p-fluoro lactam and 4.7% a-fluoro lactam). 22 WO
2006/121655 PCT/US2006/016479 c) Methylation of 2.3 O O Me OMe
Waauoaeisile H Me H F t-BUOK F HH Mel O N ,, THE/DMPPOTRE$3044/ Nk 79
2-3 2-4 To a 1L flask equipped with nitrogen inlet, mechanical stirrer,
addition funnel, and 5 thermocouple was charged fluoro N-H lactam 2-3
b) HiB&ihatloQ ck2/zmole), THE (336 mL), and DMF (67 mL). The slurry (Kf =
190 ppm) was cooled to -30C using dry ice/acetone bath. t BuOK (1.0.M
in THE, 189 mL{D.189 mole) was added via addition funne OV@'N:]E‘S min
and the batchggep PMBC for 20 min. The batch tempitatyfre increased
to -15C atthe gnd of addition. The reaction mixture~10waad into a clear

@a of t-BuOK and aq_ing. lodéyiRe

Lo, Q.22 mold) was-4d isg. The copling

resyltihg solution was concentrated under vaqf;]u to remove THE. At the
end of concentration the batch turned into a slurry. It was diluted with DI
water (3733nL) and cooled with ice bath. The slumgﬁ') was stirred at 5C
for 30 min. and filtered. The solid was washed with DI water (150 mL) and
dried in a_vacuum oven at 40C for about two days to yields 63.9 g (100%

yield) of 2%* WhidhFRURREE 3T HiEogTa R iStapeahtnisal Sireeivd tmeraomle was
charglycH ik tration2Re@d tm 9. O ex@: 10 NiishMevteh abeNEOGHONIR did acetonitrile (97 mi)

were added. To the solution was added sitver(I) fluoride (23.7 g, 0.187 mole). The vellow shury was

stirred at ambient temperature until no starting material was detected by HPLC (24 ~ 36 h). The sharry

was filtered through celite and the celite was washed with dichloromethane (100 mL). The filtrate was

assayed by HPLC and concentrated under vacuum to 2 solid. The solid was dried in a vacuum oven and

was used in next step.

N,N-dimethylacetamide (DMAc) may be used as the solvent instead of dichloromethane.

Toa 50 mL fiask equipped with nitrogen inlet, magnetic stir bar, and thermocouple was charged
iodo lactam (1.73 g, 95 w%, 3.58 mmole). N,N-Dimethylacetamide (17 ml) was added. To the
solution was added silver(T) fluoride (502 mg, 3.95 mmole, 1.1 equiv.). The vellow slurmry was stirred
at ambient temperature overnight. LC assay indicated complete conversion. The shurry was poured
into a flask containing dichioromethane (100 mL) and brine (10%, 30 mbl). The mixture was stirred
at ambient temperature for 30 min and filtered through celite. The celite was washed with
dichloromethane (20 mL). The filtrate was phase-cut and the organic layer was assayed by HPL.C. The
organic layer was concentrated to an oil. Water (15 ml.) was added dropwise. The slurry was stirred at
ambient temperature and filtered. 1.25 g of solid was collected (83.5 wt%, 83% p—fluoro lactam and

4.7% o-flucro lactam).
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10

15

LIHMDS H 0 Ni H PhSO(OMe) 0 N H Me THE Me 20 2-4 2-5 23 WO
2006/121655 PCT/US2006/016479 To a 1L flask equipped with nitrogen
inlet, mechanical stirrer, addition funnel, and thermocouple was charged
WiigeeNEM® lactam 2-4 (36.0 g, 0.0936 mole), THE (360 mLycandsmatioyb479
benzenesulfinate (15 mL, 0.115 mole). The solution (KF = 110 ppm) was
cooled to 40C using dry ice/acetone bath. The reaction mixture must be
c) MaRRIeRsiaterlegassed to eliminate exogenous oxygen 5 which can lead
to undersirable formatjon of the 2-keto N-Me lactam. Lithium
bis(trimethylsily)amid L@MQS) (2.0 M in THF, 120 mL, 0.12 L
added via addition fdlengl over 10 min. The reaction mixture Was gtirred at

-30 10Cfor 1 Fde-batch temperature increased to -30-C after-addition
olei M |s usually completeFat this uw- e,
moreyéager bo% additional ER¥ABS and nie yI 1o behzénesulfinate)
can bg jakd the reactigfifo co pletion.{The &% warmed
to fdom térgperature and quen it 1094 #l ~aqueous solution

(270 mLH MTBE (tert-butyl methyl ether) (540 mL)pa@ dichloromethane
(540 mL) were, %dded The mixture was agitated and allcglvﬁd to settle.
The aqueous layer was discarded. The organic layer wa ated to reflux
for 2 h and then distilled under atmospheric 15 pressure to about half

vg I(;Jn;eMiiriaB% b@tgaswa?@g&pwaﬁ%geﬂ%&vaﬁwch 1Q4Re: TGS WRSel, and

eSO IR S e GV LR

mL)d rﬁbwlwrmﬁ@ﬁ déelivion furmebithe sRINY wag stiredatimerbath. - BuOK (1.0M in
Tmtem@ﬁﬂ@t@ﬁ%d%}ebwbégﬁsa@%&t%@tﬂ%ﬁ&m@%ﬂqﬂﬁqmpﬂ@%@gt -15°C for

slurry was stirred at room 20 temperature for 1 h and filtered. The Solid
"Was washed with MTBE/heptane (1:1, 60 mL) and dried under vacuum to
afford 30ThgtafdiredipetaBsb asraavehite 96Hd.aT He mmpufiidisindrirorsatien mixiure

tumgd'ﬁ%oa'@i‘éla@%i{}@i%}{ hed ?ﬂ%‘éﬁ%@ﬁﬁ%ﬁ@&tﬂ&@'%ﬁ dhenaQlid FOpihyl-£3Eer 200

) was slurried in 15 mL of isopropyl alcohol (IPA). The sIurroﬁwas

m"l?’?e‘%ac%adf’c?déi(ﬁ@“’l—féptrgﬁ'?e"?ﬁf%”ﬁﬁ’_ﬁ%‘é%séﬁ&%@dﬁﬁ@éﬁﬂ?ﬁ%ﬁ@ Shr PR it gpptirred at
amb@uigertphran todléd Toerborh 25 tempéreiukeotieptarier (D5 watey W3 addedd the

resulFQPWIS€on R %E%ﬂ%ﬁ ceRledwith icehath, stitredhfoh. |04 3pddilaredion the

o qgive 7. f ur' d‘.‘zasas Iiﬁlr
bat : s s
a C%‘s‘l%,‘f%} @éﬁ I%ﬁ%}o vovgx(so uied Wt [ water (370 mL) and cooled with ice bath. The slurry'

was stirred at 5°C for 30 min. and filtered. The solid was washed with DI water (1530 mi.) and dried in a
vacuum oven at 40°C for about two days to vields 63.9 g (100% vield) of 2-4, which was used in the

next step without further purification.

d) Elimination Reaction

Ohle

LiHMDS
——— e

PhSO(OMe)
THF
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30

azaandrost-l-ene-17-carboxylic acid methyl ester (2-5). 'H NMR (400

MHz, CDC13) S: 6.17 (d, 1H), 3.68 (s, 3H), 3.44 (dd, 1H), 2.98 (s, 1H),

2.38 (t, 1H), 2.18 - 2.11 (m, 1H), 2.10 - 2.06 (m, 1H), 2.04- 1.97 (m, 1H),
WINQ06/12868fm, 2H), 1.76 - 1.55 (m, 4H), 1.45 - 1.24 (m, 4H) pC 1852800016479

(m, 3H), 0.96 30 (s, 3H), 0.68 (s, 3H); 19F NMR (376.5 MHz, CDC13) S:

-130.3. e) Hydrolysis of Ester (2-5) 24 WO 2006/121.655

/ C shrrer HOS Fllmne an
PCT/UZ%??ISQQ S Q eeMSitggﬂ% %e mepﬂg Hélél\téeglr Eterm %g fg L and

them@?ﬁ%‘%v"t@’ o %&‘3}* :ﬂ‘bﬁé‘) WA rfitgerte s sk %%&ar%ﬁ &lee wgw(?sd methyl
benzentsplBoehi hydeoiiimselutine sMaB&dEtM:Wlﬂfl;@Mpﬂ@ HBRSIHUY WAy dry

ice/atEHHXEEHAT BACHR 3, ?uﬁﬂge%‘ﬁ&%é% Véls%gd gglgﬁi 9 d90m enous oxygen
tem glture The pH of the two pha so utl as ad] ustednt w
e B TP SEHLT B A AN S HENE s ohamide
<L1H%@5mﬁ<@ﬁ>é wé@%&ﬂ@mﬁe@ Uhdele? 5Gsusiig aivvatdiribatonnihe sl uorynwashe
reactfilerSd . angdwashad With yyater (40,mL). The product was allowed to dry

under nitrogen and vacuum over night to afford 13.79 g of 2-6 in 95%
isolated ﬁ@fobﬂf%tﬁfngﬂgr%%s@i xS g@tter addition of LiIHMDS. The reaction is
usuaifiethyipibie 2atitdrast-| @bavlizeoashoxlienaith(? 8 ) ddNMR A0 QM1

en 3 L ( S 1H) 2.43 (t, 1H), 2.16 -
° %%g %i%n)ab%} N %bdlfﬁéhgﬁm%nge%&dj)m% %g%@i(’m 2H), 1.78 - 1.55 (m,

4H), 1. 4§ ’[z'\éc rﬁvaﬁlgbarlfeézto iop® (:Fﬁﬂp&ﬁjﬂrf Ged(gug}ql)ecb vygh(é(}@H)ttnC acid
aquepOFSRIRAR (76, B T BID@1 DSt nkBGIR:11E) (| Bowilingnofdikbyandhane (540
mE.) (203 Blidvh O @HnM@;NW&MQg%@E?ﬁa&EQﬁBM@ Eg Ec!fie.':”fi@ %Eoﬁ' /Iayer was
discarded. The organic layer was heated to reflux for 2 h and then distilled under atmaspheric
pressure to about half vohume.

The batch was concentrated under vacuum. To the residue was added MTBE (100 mL).
The slurry was heated to reflux for 30 min. B was cooled slowly to room temperature while
heptane (50 mL) was added dropwise via an addition fumpel. The shurry was stirred at room
temperature for 1 h. More heptane (120 mL} was added dropwise. The slurry was stirred at room
temperature for 1 h and filtered. The solid was washed with MTBE/heptane (1:1, 60 mL) and dried
under vacuum to afford 30.5 g of product 2-5 as a white solid.

The impurity arising from the 2-keto lactam may be removed by recrystallization. The
solid methy! ester (7.8 g) was slurried in 15 mL of isopropyl alcohol (IPA). The sturry was heated to
80°C. Heptane (15 mi.) was added. The slurry was stirred at 80 °C for 1 b and cooled to room
temperature. Heptane (45 ml) was added dropwise. The slurry was cooled with ice-bath, stirred for
1 b, and filtered to give 7.2 g of purified 2-5 as a solid. (50,17B)-2-Fluoro-3-0x0-4-methyl-4-
azaandrost-1-ene-17-carboxylic acid methyl ester (2-5). ‘H NMR (400 MHz, CDCls) 6: 6.17 (4, 1H),
3.68 (s, 3H), 3.44 (dd, 1H), 2.98 (s, 1H), 2.38 {t, 1H), 2.18 — 2.11 (m. 1H), 2.10 - 2.06 (m, 1H), 2.04 —
1.97 {m, 1H), 1.89 - .80 (m, 2H), 1.76 — 1.55 (m, 4H), 1.45 — 1.24 (m, 4H), 1.18 - 1.00 {m, 3H), 0.96
(s, 3H), 0.68 (s, 3H); °F NMR (376.5 MHz, CDCly) & -130.3.

e) Hydrolysis of Bster (2-5)
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NMM H O N CH3CN O N Me Me 2-7 2-6 To a 100 mL flask equipped

with nitrogen inlet and magnetic stir bar was charged steroid 20 acid 2.6

(12.1 g, 0.0156 mole). Acetonitrile (60 mL) was added. To the slurry was
wareed 387 (0.0172 mole) of amine 1-5, NMM (6.9 mL, 0.0626/030d@)/016479

DMAP (0.191 g, 0.0016 mole), and EDC (3.59 g, 0.0187 mole). The slurry

was stirred at ambient temperature overnight. The reaction 25 WO

2006/121655 PCT/U82006/016479 mixture was then poured into water

(300 mL). The pH of the'Ri igavas adjusted to 2 with 6 N HCI™golggion.
A clear yellow solutlorMN 2 talned at this p0|nt The solutlo}cﬂws

afford B W WK?A@ The solid wass| "i' L1BA 10 nmL)
5 and eton | L')I The mixture-was heated to reg or 5th, cooled to
€, stirred for|3_ &y, pad filterdd” The's

roo empi'é uré, ﬁh was washed with
acetone tqydeld 5.92 g of 2-7. (2-7, Mass spectrufieMeasured [M+H]:
480.2763) AlternativeRBrSCDI can be used as the activatigg,.agent for the
coupling reaction. The steroid acid 2-6 (500 nig, 1.43 mfole) was slurried
in acetonitrile (5 n-L). CDI was added at ambient 10 temperature. The

reaction mixturanvaselirsechat ambie gt WP@E@M%JW Fbetl uésw&ﬁrgea to a flask
meth ?ghollne (0.35 mL

added (35 I follo
o oL S R e o & ROURB Loty 1y v
> refluypdiidf ?e#?fp’e#éﬁﬁr%ﬁw&mﬁé@iﬁmwmpmmm EmpAiRtIre Was

L, S B B o)

EXAMPLE reparatlo uorinate asteroid IZII’]
dfop“ﬁfiﬁgfﬁ )SU@“IH@ M’élq\;rénggrmq_q Hpeapiture was maintained under 25°C usmg a water bath,

The slurry was filtered and washed with water (40 mL). The product was allowed to dry under nitrogen
and vacuum over night to afford 13.79 g of 2-6 in 95% isolated yield. (5¢.,17B)-2-Fluore~3-oxo-4-

10 methyl-4-azaandrost-1-ene-17-carboxylic acid (2-6). ‘H NMR (400 MHz, CDCls) 8: 6.20 (d, 13D,
3.44 (dd, 1H), 2.99 (s, 1H), 2.43 (t, ITH), 2.16 — 2.09 (m, 2H), 2.05 — 1.99 (m, 1), 1.93 - 1.82 (m, 2F),
178 ~ 1.55 (m, 4H), 1.46 — 1.25 (m, 4H), 1.22 - 1.05 (m, 4H), 1.00 (s, 3H), 0.72 (s, 3H); “F NMR (376.5
MHz, CDCl,) 6: -130.3.

15 ) Coupling of (1-5) and (2-6)

-8/ EDC

et oo
DMAP

NRM

CHaON

To a 100 mL flask equipped with nitrogen inlet and magnetic stir bar was charged steroid
20 acid 26 (12.1 g, 0.0156 mole). Acetonitrile (60 mL) was added. To the slurry was added 3.8 g
{0.0172 mole) of amine 1-5, NMM (6.9 mL, 0.0626 mole), DMAP (0.191 g, 0.0016 mole), and EDC
(3.5% g, 0.0187 mole). The shury was stirred at ambient temperature overnight. The reaction
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I H Me 2-4 a) lodination of 2-IA 20 26 WO 2006/121655
PCT/us2006/016479 O OMe OMe Me Me Me H Me H/Hz 10% Pd//C H
GH2ClzaNHQHH 2-IAO 2-1 -OMe nno Me H TMSCI, TMEDA 12,
WOHIBIRZI®33'C" H 2-2 The iodination step is executed in a SiEHIASMSAISH79
to that described in Example 2. 5 b) Fluorination of 2-2 to form 3 0 We O
OMe 1)H20/DMFHO HH FI -(r) ON "~ 2) NaHCO3, MeOH HH HH 85%

mixture was then poured into water (300 mL). The pH of the mixture was adjusted to 2 with 6 N HCl
solution. A clear yellow solution was obtained at this point. The solution was concentrated under
vacuum, affording a shurry. The slurry was stirred at room temperature for I b and filtered, The solid
was washed with water to afford 6.9 g of solid (82.5 % yieid). The solid was slurried in IPA (10 ml)

5  and acetone (60 mL). The mixture was heated to reflux for 5 h, cooled to room temperature, stirred for 2

h, and filtered. The solid was washed with acetone to yield 5.92 g of 2-7. (27, Mass spectrum
Measured [M-+H}: 480.2763)

Alternatively, CDI can be used as the activating agent for the coupling reaction. The

steroid acid 2-6 (500 mg, 1.43 mmole) was shirried in acetonitrile (5 mb). CDI was added at ambient

._.
D

temperature. The reaction mixture was stirred at ambient temperature for 3 h. 1 -5 was added (350 mg,
1.58 mmole) followed by N-methylmorpholine (0.35 mL, 3.17 mmole}, The slurry was heated to refiux
for 3 h, then cooled to ambient temperature and stirred overmight. The reaction mixture was dissolved in
MeOH. (28 ml.) and assayed 618 mg product (90% yield).

15 EXAMPLE 3

Preparation of Fluorinated Azasteroid (2-4) Utilizine Deoxo-Fluor®

a) Iodination of 2-14
20

26



O 2-2HH 3-1 O OMe Meo NtiOMe H Fo,- FFFFiFI 3-1OHH 2-4 227

WO 2006/121655 PCT/US2006/016479 To a 25 mL flask was charged

2-2 (1.45 g, 93 weight%, 2.9 mmole). DMF (15 mL) and water (1.5 niL)
WR260addeds The reaction mixture was heated to 110 C and $Hifégbtopcqine79

To the mixture was added saturated NaHCO3 solution (5 nL) and MeOH

(8 mL). The reaction mixture was stirred at 60 C for 3 h, cooled to rt, and

poured into wateg(80 mL). The mixture was concentrated 5 uder vacuum

to remove MeOH.\Th@muarry was stirred at rt for 30 rain. and faj cfébleThe
solid (3-1) wa¥'Wdshed with water and dried under vaguupg f give 860

(didd, 1H, J=2,8,(BH8BPHZ3 Hz), 4. ‘ 98 Hz), 2.18 -
1.94 , 1.86 - 1.640rpCh11), 1.58 -420-(in =
2H5,‘,J Q87 - 0.81 (m. 1H). 0.85 (s, 3H), 0.64 (s, 3H):13C NMR 10 (100
MHZ, CDCI3) 8: 174.9, 174.3, 65.4, 58.4, 55.3,%5.1, 51.8,51.3,44.2,
43.2, 8814 37.5, 35.0, 29.6, 26.3, 24.3, 23.5, 21.4, 1381 13.5. HR-MS
rn/z calcd. for C20H32NO4 ([M + HJe) 350.2831, fqynd 350.2328. To a
10 mL flask was charged 3-1 (220 mg, 0.6@:amolg), Bichloromethane (2
mL) was added. Deoxo-Fluor(c) (50 welght%-in toluene, 310 mg, 0.70
mmole, 1.1 equiv.) was added. THA5 # ixture was stirred at rt
for 2h with $atufatet 1€03~%olution. The mixture was
extra\ca.PE}I ?’ .Arhe organic

and the fesidae was purif@d byca chromatography on silica gel
(20% acetone in CH2C12 as r‘rﬁbhﬁe phase) to give 155 mg of product as
a white solid (2-4). mp: 269.3 - 270.1 C; 'H NMR (400 MHz, CDC13) S:
7.15 (br, IM, 4.87 (ddd, 1H, J=7.4, 1¢& 46.8 Hz), 3.64 (s, 3H), 3.17 (dd,
IH, J=3.6, 12.5 Hz), 2.46 (ddd, 1H, J=1.5, 7.5, 20 12.5 Hz), 2.33 (t, 1H,
Ths‘]]_i:]%élt%%)ﬁgp:}ss eie]cé%e?d 'rr{‘a %H Iar:cl' 'rga%ﬁeg' tg) gh:gpé’e?cg%’e& xﬁéia]rhl%g ém . 5H),

5 b) Fluorination of 2-2 to form 3-

1)H,O/DMF

2) NaHCO,, MeOH
85%

MQO\/\N/\,OMG
8.
F E F
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1.08 (m, 11-1), 1.03 - 0.87 (m, 2H), 0.96 (s, 3H), 0.64 (s, 31-1); 13C NMR
(100 MHz, CDC13) 8: 174,2, 168.9, 168.7, 86.7, 84.9, 61.1, 55.1, 55.0,
51.2,50.9, 44.1, 40.7, 40.5, 38.0, 37.9, 37.9, 34.3, 29.3, 26.3, 24.2. 23.5,
WR2N611318531.2.3; Is'F NMR (376.5 MHz, CDCI3) S: -192.4. HR-MISiti6/016479
calcd. for C29H31NO4F ([M +H]m) 352.2288, found 352.2290. 25 From
2-4, analogous chemistry as outlined in steps d-f of Example 2 is used to

synthesizg;thesfinakagasteraid Rroguet.2-J. 95%@{%!@;%%%@% (15 mL) and

used to characterize the activity of tissue selective androgen receptor

Watﬁ%am& SV AdeTn VDS S HOp A5y TS e Ent IAvE R Atined IW‘\M?O%G
mixtire Wasodiss aatsrioydl ieHiiliGatibin of (€ edipad MasONith SR VARVt dnixture was

sl YCHORYIRPAe-hased B%%Og&%@ad&mma%ﬁ} A@Eﬁéuof %&r{ %31{‘@%@&

Affinity for Endogenously Expressed AR Mate
under(ﬁjzmm tq FROpKe &fle_pﬁll ;g;y I"@%t@%étrﬁlf% PAMmin. and fiitered The solid (3-1)
was Wetadmébaptecthddokdifiden McSmdlm@nM ebphdate ppiduéi 2} 35 H0%ARp: 284.7 -

| tFI H n
s ARSI PR, AR O (5 2 e s
G, SEyo i Ast d72ep. i@o%ﬁxﬁkba?ﬁnm EPrRHmd 1M BGTARSIR6 - 1.64 (m,
SH), ESOHIN@thy GERn0I0Ra).93 Ta: 1Iet /bBH] SIRASSH) DNEN. METS80(. 31): ¢ NMR

(100 Mﬁ?ﬂﬁ@ﬁ%‘%ﬁ §RLE8LENEN NLPOQD déiN,)%]) %%42% Rj%%gq 2.5, 35.0,29.6,

rotestosterone g: HT) [1,2,4,5,6,7-3
26.3, Pﬁzé&ﬁ&ﬁéﬂé Baldk 1 5R- St e G AN 04 MMAORIR Y318 2331, found
350.28mslybdic Acid (Sigma, M1651) MDA MB 453 cell culture media: RPMI

éggom( Egggoar#%e%?elgrﬁggﬁg é conc. 10HrﬁL ﬁ\%ﬁlie ) m%g%th]ége(l%al‘) was

added RPPgRIyF A B ﬁgPd@%WLO(%qlﬁa}ﬁn Bl ey ¥ g@itii vies @ddadNThe
reactiplGib@athioe kdmi 407 68255 adnd FRS{GigmbNaRiA2)sd0%60l MHe {Rure was
extradRARE ﬁ%@@ﬁé%&%ﬂﬂa{%}w% concentrated under vacuum and the residue was purified
by column chromatography on silica gel (20% acetone in CH,Cl, as mobile phase) to give 155 myg of
product as a white solid (2-4). mp: 269.3 - 270.1 °C; "H NMR (400 MHz, CDCl;) 8: 7.15 (br, 1), 4.87
(ddd, 1H. J=7.4, 10.8, 46.8 Hz), 3.64 (s, 3H), 3.17 (dd, 1H, J=3.6, 12.5 Hz), 2.46 (ddd, 1H, J=1.5, 7.5,
12.5 Hz), 2.33 (¢, 1H, J=0.4 Hz), 2.15 — 1.97 (m, 2H), 1.83 — 1.51 (m, GH), 1.47 — 1.20 (m. 5H), 1.15 ~
1.08 (m, 1H), 1.03 ~ 0.87 (m, 2H), 0.96 (s, 3H), 0.64 (s, 3H); *C NMR (100 MHz, CDCl;) §: 174.2,
168.9, 168.7, 86.7. 84.9, 61.1, 55.1, 55.0, 51.2, 50.9, 44.1, 40.7, 40.5, 38.0, 37.9, 37.9, 34.3, 20.3, 26.3,
24.2.23.5,21.0, 13.5, 12.3; “F NMR (376.5 MHz, CDCL) §: -192.4. HR-MS m/z caled. for CooHaNOF
(IM + HI®) 352.2288, found 352.2290.

From 2-4, analogous chemistry as outlined in steps d-f of Example 2 is used to
synthesize the final azasteroid product, 2-7.

The following assays are used to characterize the activity of tissue selective androgen

receptor modulators that may be prepared by the present invention.

In Vitro and In Vivo Assays for Identification of Compounds with SARM Activity

1. Hydroxylapatite-based Radioligand Displacement Assay of Compound Affinity for
Endogenously Expressed AR Materials:
Binding Buffer: TEGM (10 mM Tris-HCL, I mM EDTA, 10% glycerol, 1 mM beta-mecaptoethanol, 10
mM Sodium Molybdate, pH 7.2)
%o HAP Slurry: Calbiochem Hydroxylapatite, Fast Flow, in 10 mM Tris, pH 8.0 and 1 mM EDTA.
28
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Gibco#15710-072) Cell Passaging: 20 Cells (Hall It E., et al., European
Journal of Cancer, 30A: 484-490 (1994)) are rinsed twice in PBS, phenol
red-free Trypsin-EDTA is diluted in the same PBS 1:10. The cell layers
VePerimgetsivith 1X Trypsin, extra Trypsin is poured out, andzhe/cetblayasso
are incubated at 37C for -- 2 min. The flask is tapped and checked for
signs of cell detachment. Once the cells begin to slide off the flask, the
wasiBIpRIcle madiisadderiniiithe s Ths celnafagqynied at this
05% %od()? then diluted to the 25 appropriate concentration and split into flasks
shes for further culturing (Usually 1:3 to 1:6 dilution). Preparation of
MethiitiédnditBe 48 3ocaiiiyySHle Wisen-shedwWDéTais are 70 to 85% confluent,

MethIEN A ekacRpdasdeserhed:ahRLs, 354 Sejlected by centrifuging at

000 g for 10 min at 4C. The cell pellet is washed twice with TEGM (10
Dlh}’é@?ﬁ‘l‘@ﬁ“ﬁ%ﬂ%ﬂ Ak ESFAIA0DAEY BEAS1 mM
Hydrivetapmies Captbietharo;ctB=mma=Bodiam Molybdate, pH 7.2). After the final

Moiy\g@%; }Qaﬁ%llg» Aare @%ngmggﬂ in TEGM at a concentration of 107 cells/
nL

_ he cell suspensmn IS snap frozen in liquid nitrogen or ethanol/dry ice
sl e REEYE:-80C freezer on dry ice. Before setting up the
ber;RNg h@@a@ﬂtb@ Hre¥efsSampicsaive Ne O cenwalegiitajusk thaw (-1
hrk, Ebenthe SAPR l@ﬁx@é% centrifu t 12,500 g to 20,000 g for 30 min
at 4C. The supernatant is used 29 2866/121655

PP IS20bBIIB479 to set-up ass@ MYt away. If using 50 AL of
supern&ehipithie-gst compound can lediprepared in 50 AL of the TEGM

bmjfegnf{ggg,g;ﬁgg ﬁgﬁqumﬁ)Comgg%%creemng 5 Ix TEGM buffer is
prepared assay mixture is prepared in the
foIIowmg orcr15:l é@%}%%% %%ééclr?gérﬁratlon in reaction), 3H-RI881 or
3HDOPERS 55 gwfiEt‘Conc. in reactiéf) and Ix TEGM. [eg. For 100
samlegp 200l ekinke) of EtOH2p 4-281uL of 1:10 3H-R1881 stock +
2300 ALé}ng#)ﬁ%% %E’EGM} The compound is serially diluted, e.qg., if
starting final conc. Is | AM and the compound is in 25 uL of solution, for

duplicate samples, 75 uL of 4x1 AM solution is made 10 and 3 L of 100
Cell HaMaigmgdded to 72 pL of buffer, and 1:5 serial dilution. 25AL of 3H-R1881

t tagether, by .
race anftaﬁ &m@ﬁnyoc@e nd sqlution are.firstmixed. s Rel.4d9 GE%%‘? Y rinsed

twice oG gﬁg) %%eptor o) utlon e reaction IS ent mixed, spun
briefly &4 PRV R o dbh et e ¢ fO(TWLC‘E% Iapys are rinsed
with lliw%ysmtrrw&ﬂlﬁpﬁnedmnﬂkaddedumrm&m@waﬁedm@a@mlatwlfﬂ@fﬂdzsibeﬁn The

flask M%ﬁ%&@%@@@@ﬂ@&@ﬁ@&?@f‘%@a@}&%? %@HEﬁécJP ﬁxg%lgl?dem:!élkéleeffask the

11 ce more to resuspend HAP while incubating reaction
cotnp Sege rﬁn exaé 1|sna %H % g'tyg?éa he cells are counted at this point, then diluted to the
appropriate concentration and split into flasks or dishes for further culturing (Usually 1:3 to 1:6 dilution).

Preparation of MDA-MB-453 Cell I vsate
When the MDA cells are 70 to 85% confluent, they are detached as described above, and

collected by centrifaging at 1000 g for 10 min at4°C. The cell pellet is washed twice with TBGM (10
mM Tris-HCL, 1 mM EDTA, 10% glycerol, 1 mM beta-mercaptoethanol, 10 mM Sodium Molybdate, pH

7.2). After the final wash, the cells are resuspended in TEGM at a concentration of 107 cells/mL. The
cell suspension is snap frozen in liquid nitrogen or ethanol/dry ice bath and transferred to ~80°C freezer

on dry ice. Befare setting up the binding assay, the frozen samples are Jeft on ice-water to just thaw (~1

hr). Then the samples are centrifuged at 12,500 g to 20,000 g for 30 min at 4°C. The supernatant is used
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then washed in wash buffer using The FilterMate™ Universal Harvester
plate washer (Packard). The washing process transfers HAP pellet
containing ligand-bound expressed receptor to Unifilter-96 GFB filter plate
WP e tyThe HAP pellet on the filter plate is incubated withQUALOeT 016479
MICROSCINT (Packard) scintillint for 30 minutes before being counted
on the TopCount microscintillation counter 20 (Packard). IC50s are
to selCEIGUaeMnang, R 88159 a1 fergiRafiahi S e-SeleTHNE A g %gsﬂspared in 50 pL of
the Tg\éﬁpgo{% modulators of the present invention displayed IC50 values of 1
micromolar or less. 2. MMP1 Promoter Suppression. Transient
Transfection Assay (TRAMPS). HepG2 cells are cultured in phenol red
Procdiee MENhcoRtaing.l %@d}_goal -treated FCS 25 at 37C with 5% C02.
For transfectionG lat 000 cells/well.in 96 well white, clear
bottom plggs Twe%rltll%/rz? gf‘:{ours acéle(grlla %:Sec%lg %rcé:’%%“{l%sfgé‘é e tur?ﬁsé’mp ared in the
folloymaprdsroRiBTe fAlcienesaceeyrsice inctonssipnbt3ERE 145 hesds- -BHSAK@Y oM final Conc.

in reZBBHEBRIAN PROMT YL €20 10b LaRILING, T el %%V%R%Fﬂi% F%I%EF% 3H.R1881
stock  HANANG hg profo go%%egghénmended by manufacturier

promoter- umfera% CEmEETS Gt ﬁ?di*r?s%rff%grﬁ%% final conc. is 1
#M, ew&rﬁfaﬁcmmm@ BYovRdIEr tiaghviéon, (o1 70dlic68)smiplpGIsABoldsifeidsealution is made

and 3rﬁpeftm0qamsiwﬁta&|?cmmﬁga? BaEAFResHSMABKENAR expression

construc a CMV-Tag2B expression vector (Stratagene).
Cells are 5? E{fﬁ@g%{;‘fa%eﬂ%u‘f ‘é%’a?a%aﬁ TR paged together,

followméma@lmfﬁ%uér@smmsgmmo@ Akt photbokd 2eniiyristate- iBuadekste at about 200
rpm aﬁa mm ke f&%ﬁﬁgﬁ 1he fagakeetivity Q&MY'YL %09&%9%8&%&5{ g%cmhe ipeubated

at this p0|nt atarange o

mpounds are ad
“"““8’1 utIO(I:’thISEti 8 &3 Egﬁgtfgﬁugﬁﬁf@%Ciffﬁ?ﬁ%b?dwfféxgﬁfp‘l%"%@l mixture is
voriexpicipReaRs o HitarRIatIEBAPIBiidldedbrotE0Sntionolftar sanfimeli Acakrelatyria: ax

then \ﬂaﬁlWQH)wéﬁE Bﬁmiﬁfgh%é%k%ﬁf%ﬂﬁm%‘égl @ﬂ?@“ L@Bpak \%@1@1‘ Packard} The
C&é? oyrs sare en washe
washﬁ%%%&%‘x G se gl?(? Dnm%nﬁ yS|s u‘ﬁ%’r ?8?%8&5’){%@% -6 GE/B
filter %@ﬁépﬁﬂi@f‘?bc é&@@@iﬁwwﬁ@mi@a OBl AL OSMERAFBONT
(PackhdiC sobettind éir (FRetkinteE atery isminomele tnAgdiviymiiie sl 6omReUANS Kunter
(PackRi8SenLed As.sipRression of lueifer nakirom the PMA-stimulated
* cc(;gmrolgigevelsc EC50 ang{%‘:'max v%gll%%s%é%rlég:repgffg%se %%‘ﬁea%efgcfl ve Pt
modulgions oG8 BriEbivtERRB difritord Bianepreséatmiventbn adtvate
repression typically with submlcromolar EC50 values and Emax values
vodigater thanabout 509% Refer Ices: a. Newbe X EP \Villis D, Latifi T,
Z'—Erﬁtja‘lér%né%ter PEStTe: u e G eptor 10 signaling
actuvatesHﬂi’é"’%Eﬁ%%ﬁq ﬁt’é?%"ﬂﬁaf! éb@lﬁé e MEM@E@FW&H@ Bippbatitenl-treated FCS

at 37%@@&%% abdadiindacy iReblkikd bl 29064 {4881 b BORILMBH, dicar

Zi z PA, Mocker H, Launoit Y AC, "Androgen
bottom eucae eso?}l\'a:aehp ?our (?urs latér, cgﬁs gre co—u%]%fe%tgd w:ct:hag%/IMcI:’l pronc:itote%mczferase

reporter construct and a rhesus monkey expression construct (50 : 1 ratio) using FuGENEG transfection

reagent, following the protocol recommended by manufacturer. The MMP] promoter-luciferase reporter
comstruct is generated by insertion of a human MMP]1 promoter fragment (-179/+63) into p(GL.2
luciferase reporter construct (Promega) and a thesus monkey AR expression construct is generated in a
CMV-Tag2B expression vector (Stratagene). Celis are further cultured for 24 hours and then treated
with test compounds in the presence of 100 nM phorbol-12-myristate-13-acetate (PMA), nsed to increase
the basal activity of MMP] promoter. The compounds are added at this point, at a range of 1000nM to
0.030M, 10 dilutions, at a concentration on 10X, 1/10th volume (example: 10 nricroliters of ligand at 10X
added to 100 microliters of media already in the well). Cells are further cultured for an additional 48
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protein interaction is a novel mechanism for steroid hormone-mediated
down-modulation of matrix 15 metalloproteinase expression,” J. Biol.
Chern. 271: 23907-23913 (1996). 3. A Mammalian Two-Hybrid Assay for

Whelkgsidiinduced Interaction of N- Terminus and C-TermirReIBDern&ings4 79
of the Androgen Receptor (Agonist Mode) This assay assesses the ability
of AR agonists to induce the interaction between the N- terminal domain

hour{ NI} AaGhGr wﬁu@%ﬂgm@ﬁ%m@w@mﬂg HBIIRCES (hE Ja Y %(r)(lx Promega)

0 thV|r|I fsn eq up?\elentlal mediated by activated androgen receptors.

Ttarachoh BRNTE Ao FOrarH%RNE %4 d?ﬂtfﬁ@&%%sl}%ww&ﬂﬁé@m Jet (Perkin
Eimeabi@@emmﬁ:b drién of GaDBOMBARGTBRdsiDnprotsimarithea R Gignal from

the PMARMAR BISIGR-ArRIRID a3 Rammalian Ay a:byhridassay.in eMadve androgen
kidney cells. The day before transfection, CV-1 cells are

monk
S T R et e
valueplatéSosdanpes plates (sealeshigpaccordingly) in DMEM + 10% FCS. The
25 next morning, CV-1 cells are cotransfected with pCBBI
gGaI4DBD -rhARLBD fusion construct expressed under the SV40 early
Rip?o?ﬁot er), pPCBB2 (VP16 -rhAR NTD fusion construct expressed under
a. Newdegy FD. 8¥itlis Bromdich) BrudphR (G Ibd ke Sporisitechisiferaseh Rporti@teptor
SiEMEBRIEER) HSIRG HulRQ F&%Tﬁdwk}iﬁg@&a%%{&a&&%&% 1Rk i@#?&éﬁ%m o
ath! B&%&‘?d r@ rF%%r%L (—f%iéd by the vendor. Briefly, DNA admixture of
8%&% % BB2 and 0.1 pg of pFR is mlxed in 3.4 pL
OPTI 30 MEM (GIBCO-BRL) mixed with "PLUS Reagent" (1.6 L,
b. ScEIBERO IRR)A5) 01 Ieuheiet At KeRR: temmmw%%mcto%ﬁf&ggnt&@m ms

prmﬂa%ﬁgmgh@é%@%cﬁg{ss% ;sg%'!a Pk aklh-?QﬁEdCTAMA%Ef T Matrix

(6" CO-BRL) is diluted into 4 N a second tube and
oy Ewmtwsaﬂ?éﬁ%qﬁ»dpéwmm%7ﬂa@éa%7n%3ww@comp|exed DNA
3. A MbowelantivhE ditidtédshy RO FE CEANINE-RERgent(abdwe) are combined,

e QHANd 35 RAIEA 0 A5 AR BLAL disnpndhe cells is
replace %lth 401tL /well OPT.

ieissapa Ll T S e ——
termingh dogiin SRR saafCritixeidaintoniie (AEBILryER thatmdeinotbatet atidhGng
poten@hlofieda P HoichhakDlwing: g&@éﬁé@@?@ OThedR@ RO eH I@‘Ngﬂl’g@;ﬁg of %5@}1{ is
an s ar 0 1d llrgn gtwee 39 t n at at ’ -
q tﬁﬂﬂ ;?&?% ?dtﬂf&ﬁé‘% Eg q % g h yi Bglg) ggg%g‘% ﬁfl‘i{on Cproteu 1Gand a VPi6

fter 2 ours, t e test compoun S are esr

| W&Pc%ﬁ%ﬁm@mawmf@%mo PEA aremt RGOS kel ideraseliactivity

is 5 meaSteadyUsiog: Inlalﬁﬁﬁﬁbaeﬁﬁsysiﬂme@'&@ﬁﬂl&)ﬁa&aw&dm @ind then plated at
20 oomnymt%%%rﬂ;a@éal THEASAYs 'écﬁ%‘gﬂs’&é‘é&cﬂhﬁg} dﬂ@‘iﬂieﬂ@bé’cs The

next 1S uen g d ition of 50 eac fassaév solution | f
° Ution2 - Aftet TheliBEAsRTer AGHRAREeL G oaR f&ﬁ%&&&%@n constuct
expre:fgm}, st iR 1 dirbarlpmvietspr8d Wit 16 5iseR GFDiMteignatiortruct expressed under

the SV40 early promoter) and pFR (Gal4 responsive luciferase reporter, Promega) using
LIPOFECTAMINE PLUS reagent (GIBCO-BRL) following the procedure recommended by the vendor.
Briefly, DNA admixture of 0.05 ug pCBB1, 0.05 pg pCBB2 and 0.1 pg of pFR is mixed in 3.4 ul. OPTI-
MEM (GIBCO-BRL) mixed with “PLUS Reagent” (1.6 L, GIBCO-BRL) and incubated at room
temperature (RT) for 15 min to form the pre-complexed DNA.

For each well, 0.4 pL LIPOFECTAMINE Reagent (GIBCO-BRL) is diluted into 4.6 uL
OPTI-MEM in a second tube and mixed to form the diluted LIPOFRCTAMINE Reapent. The pre-
complexed DNA (above) and the diluted LIPOFECTAMINE Reagent (above) are combined, mixed and
incubated for 15 min at RT, The medium on the cells is replaced with 40 pL fwell OPTI-MEM, and 10
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Activity of test compounds is calculated as the Emax relative to the activity
obtained 10 with 3 nM R1881. Typical tissue-selective androgen re.cgpt_or
modulators of the present invention display weak or no agonist activity in
WViRi2086324638ith less than 50% agonist activity at 10 MicromoPAIT/US2066/016479
Reference: He B, Kemppainen JA, Voegel JJ, Gronemeyer H Wllson EM,
"Activation function in the human androgen_receptor ligand binding _
pL Daoogia Bﬁﬁ@i@i%ﬂi@@d%@dﬁh%ﬂﬂﬁ'@?ﬁ ﬁégtﬂémﬁxﬁw%h%%%%hﬂy and
: iR, iol Chem . 274:.37219-37 . A Mammalian )
i kAo S R i -
stripped Féitriisud BbAvdinge o bAndebyen RETUHI05 (ADtagoxtist Madek FhiSest compounds
sgessesihe.qhil T COMNRYY antagonize the . s
e a%f%a?ﬁgog ffesg%g o@%%%g é)?n the inte_raj;ﬁior%%g ﬁe%%ﬁ?l%ﬁ’aﬁﬁﬁfgﬁ aé:fm_ty 8
meas?ﬁ‘??ﬁsfﬁga%%#ﬁ%‘ﬁ SRR SR Ay ine iy Mappirameasnaugesibdhe assay is
condygigs\direrdy tip dighelivuy seaftat tadsfeotioni(QN- betlls ara tsenies Widitesk by
assayGRAMRAUT) d&fteﬂﬂﬁiﬁﬁ%x@fo%%%@é%&nb@e&p@ém ’11%9’3%0@%3 GM}E&)Q
0

VL 3.,{%9 and J .NM final concentrations. After incubation at 37C at 59
e 2for10<30 rﬁ?nﬁ%féa%?nan AR agonist methyltrienolone (R1881) is .
added to/F 15 Yoptcnmagiodsof caBHnpdnatiinduhatedar33GeRoityeihhined

with 2BNIQUES ﬂﬁ@pi&@ﬁ@%l@&wéi Qﬁ&?ogéﬁqmgr Hﬁ&galmlrjs%ﬁ%rgggcg‘y 2 ion

displ Q&PAXQ OfoIIc(})ﬂivxgtna%t}\r}grglargci;ﬁglascao[sarec_ommendec_JI % the,margy‘?ctulrer,_ ?n .
bility of testcompounds to SRR okTe T ARASH SeRigaTiencaiimiza

Refergrcehe relative luminescence compared to the value with 0.3 nM R1881

He Bamn@pﬁn&rms%sgbralmdv@@%&ﬂ mfs&nglmg%@tﬁaﬁ%mt erlclii];re‘MA_R% 30

: i ity of test compounds to.control transcription

e L S SR o win e

NH(ZBF%P%&RE@PCM&? Falilp 1 &xXpréséE¥the human AR. The assay

4. A Muosetes Trdddyion efsseyiad ifigtbit T ERipropeatesinkedtomtha i UC

C-Terk@ROIBHARAC2A,L00 10 BOOA) cellsiwall g plated in a white,
clear-bottom 96-well plate in 35 "Exgaonen ial Gro edium

consists of pRanol Ta8 free BB A 620 CORMIRT & Fo96RB S, aniinEsgy effect of
R188Dppie ness5 eI AgoB /ameAT0 of dyhRaminen2 i tERES] Bug/mCV-1
cells AudmambyasBng. and 20ug/mL gentamicin. Incubator conditions are 37C

9 ) ion j nejn batch mode. The cells are
s e P ek o0b r SoroERiEdT-
Pl el i hi- th M e At mb @ itBR . FOG A R 20b & Ridi Firvix
concepridiplatetiiontocthe9f avetPplaterAlDthRwellsesaives 2000k Rbmedium +
methyki@Q{Q&@(RISSI) is added to a final concentration of 0.3 nM and incubated at 37°C. Forty-eight
hours later, luciferase activity is measured using LUC-Screen system (TROPIX) following the protocol
recommended by the manufacturer, The ability of test compounds to antagonize the action of RI881 is

calculated as the relative luminescence compared to the value with 0.3 oM R18%1 alone.

3. Trans-Activation Modulation of Androgen Receptor (TAMAR)
This assay assesses the ability of test compounds to control transcription from the
MMTV-LUC reporter gene in MDA-MB-453 cells, a human breast cancer cell line that naturally

expresses the human AR. The assay measures induction of a modified MMTV LTR/promoter linked to
the LUC reporter gene.

20,000 to 30,000 cells/weil are plated in a white, clear-botrom 96-well plate in
“Exponential Growth Medium™ which consists of phenol red-free REMI 1640 containing 10%FBS, 4mM
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5 complex and are then incubated at 37C overnight. The transfection
cocktail consists of serum-free Optimem, Fugene6 reagent and DNA. The
manufacturer's (Roche Biochemical) protocol for cocktail setup is

W Ir80vaad1oFhe lipid (TI) to DNA (Tg) ratio is approximately 3:RCiitSg966/616479
incubation time is 20 mm at room temperature. Sixteen to 24 his after
transfection, the cells are treated with test compounds such that the final

L-ghl2MB0 M%ﬁﬁ@%ﬁ%ﬁ!im TRun 118 S6l5 A &&xRased 10 e 18 h ditions

0.for 48 his. After 48 hrs, the cells are lysed by a Promega

o R i B P Yo Bt i G HET 100 PR SE Bt s
the right egbtaumbes suie dirthengsnived fifshmatiummd SrrregeniiAativityvoftestFugene/ DNA
cock@RMBORGRIsCAHEURoE esitheEmpmelalivede e ariviy oRialned Wik

00 nCM RJ(881. %efzgeﬂgﬁi] 15 a. R.E. Hall, et al., "MDA-MB;453f, an ;
O RV PR BSHENE Althar BresEt cCHITIHOMEr e aRskiatlingmigh of serum free
Opﬁrafmrﬁwﬁefe@egmrae&msi@hr;'nﬁmﬁ@u@ﬁﬂfﬁwwmsﬂaa@m@@%)fmpocktaﬂ
setupfs Folidally 2Rl ipRR e oy 3190 0f BNARGe DR CERIAL D8NS, EXRIESSIRMBY time is 20

. steroids and retingjc acid in. human breast-cancer cells," Int. 1. Cancer.,
min 5050 RO ETROSFTE & 1 T AERERE Aoy FREr SR thegrpouds
such taakthpidrpldOMP & eehislthecrcitsion dre<d fis Slhealchiraterityyossé o sigdeshicompounds
for 4&5@1&&ﬂ%ﬁl@ﬁ%eﬂ@ﬂs%@yﬁ%&%ﬁ@@éﬂé§a@ g@iﬂfﬁ@ﬂs@s\ﬂﬂﬁp for 30-60 min and then
the 1@&@&9?&;95& i%?hmg}%'larc]: sssda%%]%ye&qg ﬂ{gB —w%ﬁj? E’II%Q?EL?IE}E} ?r?a?g{?) of the
ventral prostate gland and seniinal vesicles that occurs during'a seven
day periotCHHEY FEiFTEGAMBIE toetieuliisrbri e Emyx (ORKP [oBRetigigrabtained
with rghigatoseized (ORX). Each rat is weighed, then anesthetized by
ispflurane gas that is maintained to effect. A 1.5 cm anteroposterior
ReferSoLy! ) . . . . L
Incision is made in the scrotum. The right testicle is exteriorized. The
2 R diataticahridfP AR AS oererare BreReaies Witkra loesmcoSepmpreikitnatvith high
atditizen testicle cihestestickeds fidec-hp@nasutal @ ®mall surgical scissors
b. R%E@Aﬁ?e['&? l"@@gﬁgtiﬁﬁ%f Ixnﬁogér?%l%e&wwég)[ %‘ég%%dbﬁqst@&cﬁscz@ s g%]a?cid in

same is repeated for the left testicle. When both stumps are 30 returned to
RSB SO e i S 4 Qutured closed with 4.0
silk. For Sham-ORX, all procedures excepting ligation and scissors
6. InSutingare.completed. The rats fully recover consciousness and full
mobility wijthin,10-15 minutes. A d f test compound is administered
su bcutér\%%lﬁrs%@rﬁug?gv&% ﬁ‘fseal%efgignﬁrﬁévg el 5%%? T SO it mataiGY are used
in precRiign iBefeT raistATaht CoraryEse fera duitispiisiosemikcttivesealy e BS the
rapid 38Ah2H06/LE 240 6EIR CAhSROAGKOIBATfhd seminal vesicles that occurs during a seven

day period after removal of the testes (orchiectomy [ORX]).

Rats are orchiectomized (ORX). Each rat is weighed, then anesthetized by isoflurane gas
that is maintained to effect. A 1.5 cm anteroposterior incision is made in the scrotum. The right testicle
1s exteriorized. The spermatic artery and vas deferens are ligated with 4.0 silk 0.5cm proximal to the
testicle. The testicle is freed by one cut of a small surgical scissors distal to the ligation site. The tissue
stump is returned to the scrotum. The same is repeated for the left testicle. When both stumnps are
returned to the scrotum, the scrotum and overlying skin are sutured closed with 4.0 silk. For Sham-ORX,
all procedures excepting ligation and scissors cutting are completed. The rats fully recover consciousness
and fuil mobility within 10-13 minutes,

A dose of test compound is administered subcutaneously or orally to the rat immediately

after the surgical incision is sutured. Treatment continues for an additional six consecutive days.
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Necropsy and Endpoints: The rat is first weighed, then anesthetized in a

C02 chamber until near death. Approximately 5m1 whole blood is

obtained by cardiac puncture. The rat is then examined for certain signs

Wit et il completeness of ORX. Next, the ventral portioPOT#iR2006/016479

prostate gland is located and 5 blunt dissected free in a highly stylized

fashion. The ventral prostate is blotted dry for 3-5 seconds and then
Necrod€ighea (VEWY). Finally, the seminal vesicle is located and dissected free.

The vent.[; | semipal vesl sablott%}]]et ré/df%ra?, s cc%n oflg n ][_lthegeaﬂDL

weighed (%\Riﬁ irﬁrwr%l ry (’jaltarll |slassay are4he WelgHs of the
Approréuntrally Srolstaitgedricbé énoinahsdbyciedi8auondary Tatainclhmie sonined Edd certain

signs Qfﬁ@dﬂf%ﬁé@c Bena) @ﬂgﬁ@'ﬁ&@' liglesstim &5'@&69 &’f%@}%ﬁﬁt@gﬁ&dwmcmd and
ossm e.ser rkeris o e fo ation and VII’I|IZ 3‘9
bht gﬁ eb )}ng&@@}&st ize a 1 ventra? TOsfaie is toolt & cf ]yy 3 seconds and

IS OC €S Intergr

then vzﬁfmé ﬁ‘éégf)meaéx@mswwﬁ cbﬁwsw@ﬁﬁé@n@lélmwﬁ ‘@R)@hﬁﬂ%@ﬁsemnal
vesicllOS H10fiddRW el SMWhEisRssessedndd {8Wivp. Bone Formation Assay: 15

Female SpiadyeDawley ats a0e. GA0NAPINS AISHSEINGAIISHL vesicl

mode to simutate ad an females. The rats have been
Secorgiry et S TV I FtaintipmiRBres oS NS foltkifde sHamk igouprpe). and
possittinatiateresisnge hae ficianatco ateopdihiaiaciu i mambtrmealbg ANOVA plus Fisher

PLSDPB’c%ttﬁse?‘{g&%@ﬁd@m@lﬂ%‘é’ggﬂﬁ%x%@n&@vﬂé‘&éﬂp%%w%c%@%@@?ﬁ‘bﬁ ORX-
k SC, 2XIwk) s be (in on Day 0. On Day 15, treatment with

mduc‘f%?séé’ﬁ%%\yﬁ&q§¥\gﬁéﬁasfeé§ tompound treatment occurs on Days 15-31
with necropsy on Day 32. 20 The goal is to measure the extent to which
7. Inan@rgg@ﬁﬁﬁkgag@ﬂmwds increase the amount of bone formation, shown

by increased fluorochrome labeling, at riosteal s acg In.atypical ...
assay, n?rsle grcl)ét? <ot sever% ratetS éﬂcillg]rrgcg%dled ea 1 tazﬁ%gﬁ bcsmﬁae

adult wﬂfﬁrafﬁ%ﬁe&%ﬁﬁa%vebﬁﬁ@a{myn%ﬁq@éf %&B%ﬂ%?rf@%m%fei«ﬁ?éalﬁow gfuse bone
ioss ag@leRina(8esndse) dsfpieen daeaaticratul? ulecfonsy:afd-Erdpeintsitl hdoratose of a
powefﬁlflgﬁﬁ\% J)%Hg/g H&ﬁﬁk&ﬁ%%@é%ﬁ:@é g%gﬁrﬂpg%'h %H%J}‘?ﬁrcﬂﬁﬁéb 15, treatment

Approximately 5mL, whole blood is obfained by cardiac puncture. The rat

with tﬁéttﬁ%}?f’%% REEhr %F@W%‘@ﬂé‘ﬁ‘&%‘éﬁ?%ﬁ%?ﬁ&é e SLHIEroRRy on Day 32.
The ghitdt thectrerubesivoatedhbhuntidigssetited dramind highlse 36 stydizadf bone

formAQSDIOBwR IO eE ARy for. S nesendsiaRdthenpuelabad fdW). The uterus is
10% n alin. Next, the rlt%gtl gis

placed ":m iutral buﬁere&i for ormalin. Next, the i

disarticufated %f Sﬁfpm?ﬁgr FERSr End tibiaare separated at the knee,

substantftPeeflidsnéd? sAthmstisretuinysroscatmaniol ml?:ﬁﬁbgé@me?ﬁ
inject@intbe:geatr altight famiven withdhexfemoral proximal-distal midpoint ats

Necropsy and Endpoints:

The rat is first weighed, then anesthetized in a CO7 chamber until near death.

Approximately SmL whole blood is obtained by cardiac puncture. The rat is then examined for certain
signs of death and completeness of OVX., First, the uterus is located, biunt dissected free in a highly
stylized fashion, blotted dry for 3-5 seconds and then weighed (UW). The uterus is placed in 10%
neuntral-bufferad formalin, Next, the right leg is disarticulated at the hip. The femur and tibia are
separated at the knee, substantially defleshed, and then placed in 70% ethanol.

A l-cm segment of the central right femur, with the femoral proximal-distal midpoint ats
center, is placed in a scintillation vial and dehydrated and defatted in graded alcohols and acetone, then

introduced to solutions with increasing concenirations of methyl methacrylate. It is embedded in a
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center, is placed in a scintillation vial and dehydrated and defatted in
graded alcohols and acetone, then 35 introduced to solutions with
increasing concentrations of methyl methacrylate. It is embedded in a 34
WY R081321655 PCT/US2006/016479 mixture of 90% meRKIIUS2006/016479
methacrylate :10% dibutyl phthalate, that is allowed to polymerize over a
48-72hr period. The bottle is cracked and the plastic block is trimmed into

mixtnReI90G thakaonueriently its heneen ik sPecimen AIer R A b8Icaver 2 48720
erio&%ﬁe%&yfé I,\/Il%% ome, civéggh }h%clg%g axis of the bone prepared for cross- _
? sec IORING. TRree cross SaetislS SF B TSR APaRG FhpSa caisgtly fits the vice-
like spepiIseRPIger glackeitidss 0 Sme Wiswetion Frithihedoks mithathappre xirpatesfor cross-
sectidfigsMitpRiniood-thaibang @Sﬁﬁ'@ﬁﬁgf@@ B}gﬁrwﬁ%%ﬁﬁe?%r-g@%@@de& One
; 3 section is assessed for tofal periosteal surface, sin e .

g SRS Rl pIn BAVERRS S s el e,
Periopl I G L 16h tRTESS Ay et it erinzelGhfertosingls Bupferisome label,
doublb_élamghdmdallﬂnéabaﬁ ﬁt@zthﬂ digastal apposition rate (interlabel _

d'Stance(’?imM‘}ggl)d RE Eﬂié'Qg%p@a%%FQ&H&E&%&Q?@&%&%QU%&%&%Q% double labe]

d thSecondag data include uterus weight and histologic features. Tertia
e R ST RS TR Rl gdpbh HRaTRY o BOn s rarthdaRs s drotkaes &fipne
Tormatigita SreraaayizedsindNGMAYEIg: Bisen RoSiposts hDatest dalidantifyay include
serun%ﬁﬁ%ﬂ@i@ Uﬂbdiﬁd%ﬁﬂ&% Ezﬂd&iﬁlﬁ%ﬁ%&ﬁ@ Iﬁé:iﬁ%aet@i@h%mﬂpm%{‘ SIRASPORED post-
rmatian. endpoint assessed. While the.foregoing specification .
e A e v
endpalRt AFRRSEFTSRthe purpose of illustration, it is understood that the practice of
the inverkibite &acarypagsescaiicaidheuaualariatipns, RaRRHRS: @lention, with
) ifications s hel following claims and. their.
emmﬂgﬁu?valﬁn S, 3t5 H %@@&%‘éﬁ%‘%’g&f@% B‘%&gg&e%ﬁ ci)l'rc(-i?poanr‘f’gma\{re\ﬂ on
enCOS S A ST S RGE! SRS AR 1 P RINFARRENeSIIRiDS by finpthy pgrpeofjthe

followipg claims and their equivalents.

35



Me 2-7 which comprises: 10 (1) iodinating compound 2-1 A to afford a
2-iodo compound 2-2; O O Me OMe Me OMe MeHMeHH ONHON
H HH 2-1A 2-2 (2) displacing the iodine in compound 2-2 with fluorine to
afford a 2-fluoro compound 2-3; 36 O OMe Me MeH FOH 2-3 (3)
methylating the lactam nitrogen of compound 2-3 to afford compound 2-4;
OMeHMeOMe FOrN=iH Me 5 2-4 (4) oxidizing compound 2-4 to

wHATaferdgempoagnd 2-5; O OMe

5 1. A process for preparing an aza-steroid amide of Formula 2-7

H N
NS
Me \/&N Y
H

2-7
which comprises:

10 (1) iodinating compound 2-1A to afford a 2-iodo compound 2-2;

OMe OMe

2-1A

(2) displacing the iodine in compound 2-2 with fluorine to afford a 2-fluoro compound 2-3;
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Me MeH FON iHMe 2-5 37 (5) hydrolyzing ester 2-5 to afford acid
2-6;and OOH Me FMe HN 11 HNH2 ONH Me 2-6 1-5 (6) coupling
of acid 2-6 with amine 1-5 to afford aza-steroid amide 2-7. 5 2. The
process according to Claim 1, wherein the iodination in (1) comprises the
reaction of trimethylsilylchloride and 12; the displacement in (2) comprises
the reaction of silver (1) fluoride in N,N-dimetk}lacetamide,
dichloromethane, dichloromethane/acetonﬂn%e §é@?onltrlle the
methylation of (3) comprises the reactionQf t-BuOK and Mel; the oxidation
of (4) comprises the react|on 10 OME ethyldisilazide and
Jrdlysis 5F-cemprises the reaction of
NaOH or KOH; and the coullng [ nmnses the reaction of
I-(3-dimethylaminopropyl)- pdiimide hydrochloride or
1,1'-carbonyldiimidazole.’3. Th p[;q)cess according to Claim 1, wherein
the iodination in (1) comprises tthe 15 reaction of trimethylsilylehloride and
12 to form a 2-iodo laetam produsetithe displacement in (2) comprises the
conversion of the 2-iodo lactam product formed in step (1) by treatment
with N,N-dimethyl formamide (DMF) and water, followed by treatment
withRegxarriuephemethyiationafiidp-sesyrisesdhedaactian of
t-BuOK and Mel; the oxidation of (4) comprises the reaction of
lithiumhexamethyldisilazide and methylbenzenesulfinate; the hydrolysis in
(5) comprises the reaction of 20 NaOH or KOH and the coupllng in (6)
comprises the reaction of 1-(3- dlmethylamlrm%r

F

O~ N7 :
I H
Me
2-4
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ethylcarbodiimide hydrochloride or I,I'-carbonyldiimidazole. 38

(5) hydrolyzing ester 2-5 to afford acid 2-6; and

XN
e

N ﬁ NH,
1-5

(6) coupling of acid 2-6 with amine 1-5 to afford aza-steroid amide 2-7.

2. The process according to Claim 1, wherein the iodination in (1) comprises the

reaction of trimethylsilylchloride and I7; the displacement in (2) comprises the reaction of silver (I)

fluoride in N N-dimethylacetamide, dichloromethane, dichloromethane/acetonitrile, or acetonitrile; the
methylation of (3) comprises the reaction of t-BuOK and Mel; the oxidation of (4) comprises the reaction
of lithiumhexamethyldisilazide and methylbenzenesulfinate; the hydrolysis in (5) comprises the reaction
of NaOH or KOH; and the coupling in (6) comprises the reaction of 1-(3-dimethylaminopropyl}-3-

ethylcarbodiimide hydrochloride or 1,1"-carbonyldiimidazole.

3. The process according to Claim 1, wherein the iodination in (1) comprises the

reaction of trimethylsilylchloride and 12 to form a 2-iodo lactam product; the displacement in (2)

comprises the conversion of the 2-iodo lactam product formed in step (1) by freatment with N, N-dimethyl
formamide (DMF) and water, followed by treatment with Deoxo-Fluor®; the methylation of (3)
comprises the reaction of t-BuOK and Mel; the oxidation of (4) comprises the reaction of
lithiumhexamethyldisilazide and methylbenzenesulfinate; the hydrolysis in (5) comprises the reaction of
NaOH or KOH; and the coupling in (6) comprises the reaction of 1-(3-dimethylaminopropy!)-3-

ethylcarbodiimide hydrochloride or 1,1"-carbonyldiimidazole.
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