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TI TLE OF THE | NVENTI ON PROCESS FOR MAKI NG FLUCRI NATED

4- AZASTERO D DERI VATI VES AND | NTERVEDI ATES THERECF
wo-b@kM 16655 THE | NVENTI ON The present invention PEI/ERES6/016479

to synthetic processes useful in the preparation of

fluorinated 4-azasteroid derivatives that nodul ate

tors and have application in the
fnTLE@Fﬂ%&%@ﬂgkﬁ@ggonditions caused by androgen defi ci ency

PRICEAR (HoR QA Ive Cepioa t nAvypes ik vE oD SERINABAS/ES AND INTERMEDIATES
THERE@PPOr 0si s, periodontal disease, bone fracture,
frailty, erectile dysfunction, |oss of |ibido,
FIELD @R diiy@ivdd{igoNent cancers and sarcopenia. The present

| nve ntIlho nre?eln nﬁer%tl%rox 'Q?aqgsﬁg § nth%hg %%%ﬁe%tuggf?]ﬁﬁ %e%geﬁ)aﬂah&p gf

di scl ose processes
fluorinapadelprarnadrdid rdan@A@é(ﬂR@UNﬂ)ﬂ@E adeﬂEgeh IWEMIS@I\H dve appittatongen the

t | t
treatmeétteog ?%}dﬁ%{l%é&ﬁ%ﬁdﬁ% ani35en (ﬁﬁ&gft %yﬁ)lﬁlrr Acgpst&'f h\XBeractlv1t¥ such as

horndne nuc
osteoporasishgarisddntet Kisepse.thee &arture gedtyr er@@m d»rsfv(nEF@n; lopsyd libido, androgen—

ﬁ{dos%%oﬁe%&e gthg hregéj B)n’verﬂigﬁ alb S ds%ésqgtia&ediates useful in the

pt or e mnera ocortlco receptor
dISCIOSe(dI\?R)thGUFmeOCA‘ReSl and ghepnatkosle df their prigpasetéds ti ssues of the
body and is the receptor through which the

éh%5|0|o ical, as well as the pathophysi ol ogi cal,
BACKGROUNPORTHE RYGENAEMN andr ogen | i gands, such as

t est ogt,€ L RNEeh Téceﬁ&d(A@d) IBé(lgﬁ %tt@ gk ‘é’ﬁﬁe%l@ﬂ? off M)d/thﬁﬁﬁ hormone

expressed. onpound inds to the AR and mmc
maclear F o5 PG WRASS OUgp W@ﬁd@fd@%’&%ﬁ%&%rwﬁt&r (ER)1B4 PRy receptor

(PR), tt@%m&oﬁi%oﬂq@&b@& (GIoh ﬁ{d&ﬁ@mﬁaeﬁw&&@u&d rdcB@br (MR)I Thé ARtlb@(pressed

in num focts Oftheal?ode ggdo 1g ?r]eorg(% f/E)\rR thlr(;u h w 1c|hsl‘.’het ! r{glg gq as well as the
eiphsdigtyRt itk y s th p g physiolog

pathophysiological, effects of endogenous androgen ligands, such as testosterone (T) and

dihydrotestosterone (DHT), are expressed. A compound that binds to the AR and mimics the effects of

an endogenous AR ligand is referred to as an AR agonist, whereas a compound that inhibits the effects of

an endogenous AR ligand is termed an AR antagonist.

The therapeutic usefulness of compounds that modulate AR, either as antagonists or as
agonists, has been established by clinical studies involving a variety of disorders in both men and
women. In men, drugs targeting the AR have found application in conditions related to reproductive
disorders and primary or secondary male hypogonadism. A number of AR agonists, both naturally
occurring and synthetic, have been clinically investigated for the treatment of musculoskeletal disorders,
such as bone disease, hematopoietic disorders, neuromuscular 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 flutamide and bicalutamide, 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 [Hofbauer, et al.,

“Androgen effects on bone metabolism: recent progress and controversies,” Eur. J. Endocrinol. 140: 271-
286 (1999)]. It is 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

eugonadal men with osteoporosis — effects of six months of treatment on bone mineral density and
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The therapeutic useful ness of conpounds that nodul ate

AR, either as antagonists or as agonists, has been
we@siahticshed by clinical studies involving a vBCT/E52006016479

di sorders in both nmen and wonen. In nen, drugs

targeting the AR have found application in conditions

3 eproduct.i ' e ripary .or .
R L e SN R AE T e—
are exefpplifiedimt study dfymanowitirstiga @ raosthtssantdreli this study,@stogenia (50% vs. 38%)

L0 Lo, d ' : f .
oS ALY 1] HEL 95 ooy NI o gyosn i
therapy{ARAD &y gicetet hadprsgeasha, thawtiegsybe bddarot didsemseADT [Wei, et al.,

« ' [ i [ Se. as | 1,
s RSB 413808 A0 LGRS s,
54: 60711 {EBlle andr ogen deficiency. In addition, AR

ant ag oW fltSroniSd By ek i B ddRe RN tl@_llﬁeg({ngatélﬁ@pggflb)é{ﬁ@%%rlan

been used to treat prostate cancer.
syndrorgq i pestElcrapasAly sarar seeShA éastesimetpd s tRebispitia wsalan syndrome: evidence

that flu@Sid Q&Wré%sslex%itM}é f 118 §naHOFpER EHnd ﬁbé%ﬁ@ﬂu%% gtéhl?e%ﬂn& to inhibition by

.conbi ned testosterone and estrogen admni'str _
estradiql ppskRsagraieronet J.£ilin. EndegrnobdMetaby®etq4d-4952 (AQ and E. Diamanti-
Kandard¥gd, 8D Bfedt of 2GeeAntRh@BE ST} FIQRES, EMBIRIE Sn the EYid Profile in the
J. Endqcrinol . 140; 271- 286 (199%%%. It is also well
Polycystg DAy Pepiaeme-h it JaBadoginoh Metaba B340 raIB? (13H%)-Ir ddditiqnal uses and
rationalBOREthEBERRPIeHIBE kil SRR recltbiCGhoddii @ ey Be fohifd M. Ehithd E.

. .estrogens Ln [ Ander son, et al., "Androgen
Mty B he SRS it dEisaap0 FORL bk g PRYbbeseg molesulr
structure efd € fiBagohistd o a@&ﬂitf&f‘alct@xﬁtytof ﬁcﬁﬁ-{%fﬁﬁfdam b&ﬂ{ﬁ)uﬂcllsnfji_fé @bo been the
. density andcardi ovascyl ar .risk, factors," Bone,

subjct GRS BRIk SRR e ieBnaNEr NBEToigH AiineByBeerior
ModulathepBasedidr H(TriTuercencety)-A( fHeR) riolidiaoS Rug]yunindlin6®y)’ Biobid. Med. Chem.

) ost at ancer.. L.n.this.study, osteopenia )
Lete 58080 BB A AL el o EA BB TR rppgonis by
Modifyipe Gning Substinemtswindifreaidinaf3dies]quineinand Boery. Medrdheat Lan 9: 1009-
anaéaﬁrapy (ADT) for greater than one year than the

pat’

i ents who had not undergone ADT [Wei, et al.
" Andr dheestablighed chibica nsdfidaesa pykes ore AR oshmedsdaghtyedesireable targets.

A need [h@r%ﬁ’uré ec‘xii:tpfolc' E&%éa‘l %%l%ss«t:sotﬁact cgr]; bebl%Q(? todrSaQé in'ét%falllly (L)Jc!c%l‘rgl%%hd

synthetic AR-compounds. The present invention addresses this need.

These compounds are effective as androgen receptor agonists and are particularly
effective as selective androgen receptor agonists (SARMs). They are therefore useful for the treatment
of conditions caused by androgen deficiency or which can be ameliorated by androgen administration.

International application WO03/077919, published on September 25, 2003, which is
incorporated by reference in its entirety, describes fluorinated 4-azasteroidal derivatives that are useful in
the enhancement of weakened muscle tone and the treatment of conditions caused by androgen
deficiency or which can be ameliorated by 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 II diabetes, cancer cachexia,

Alzheimer’s disease, muscular dystrophies, cognitive decline, sexual dysfunction, sleep apnea,

2
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54: 607-611 (1999)]. AR antagonists have al so been
found useful in the treatnent of polycystic ovarian
W@ vdnzmess i n post nenopausal wonen [see CA  EagP@RUS200€016479
al ., "Polycystic ovarian syndrone: evidence that
flutam de restores sensitivity of the
gonadot r opi n-rel easi ng hornone pul se generator to
depressioR, R5¢raatern owariap Sailuges pnsl au&immprredg@s&eefﬂmﬁeqr 'in gomb@@atipn with other active
agentsEndocrinol . Metab., 85: 4047-4052 (2000) and E
D amanti - Kandarakis, "The Effect of a Pure
Ant | andr ogen Receptor Bl ocker, Flutam de, on the Lipid
SUM %ﬁé%T INKEN IXl/cystic Ovary Syndrone," Int. J.
Endocr MA@preseibinddhtion refades t& @%ﬁﬁc?ﬂﬁﬁ%cefsﬂe% A8Futlin AL dihedRJE
0

uses and rational es for the devel opnent of androgen )
°°mP‘}“8§9etB%t&Fe BPLETPLT FQfularst dhmpresent invensing algggpcpmmpasses chemical
procesbarthdt aiierd ditgmetiateAiful Rede privBEbtiof BEMArodbh redBor kMulators. The

. : | at i [ I I
e P D B G o s
include @ nerstigE@hCiMbre AR GadBREN6 Sndid®n ddcSHoa&uldidre Subj ect
of nunerous publications, such as J.P. Edwards, "New
Nonst er oi dal Androgen Receptor Mdul at ors Based on
DETALEIT DESCRIATOON tOF/THE BYVEHTFIRYW r ol i di no[ 3, 2- g] qui nol i non
e," Biqor d. em Lett. .8: 745-750 (1998) and in
= zn S8Rl T Besal e sufieRoddiieb 1o repiiing
imidazapyradpermaiaamioe Afjdminskad, by Modi fying C-ring
Substituents on Piperidino[ 3, 4-g] qui nolinone,"” Bioorg.
Med. Chem Lett ., 9: 1009- 1012 (1999). The

establ i shed clinical usef neﬁggiﬁgﬁs t he AR conpounds
need

hi ghly desireabl e %ﬁ&gels. peefore exists for
chem cal processe§ t Ulcanlbe Aised to nmake naturally

occurring and synthetic “conpoundd¥HsThe present
i nvention addresses this need. These conpounds are
effective as androgen receptbr agoni sts and are

ora hy@?orchlloﬁaje! &ft Itﬁlereof, which comprises:
(1) coupling an N-protected glycine derivative of Formula II and a 2,3-diaminopyridine of Formula IIT

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

O 29
H § N.__NH, H 3
N CR)— Ry O YN
Ry OH (R o AN
R2a’ R2b NH, R R®H  NH,
I 111 v

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

nis 0, 1,2, or 3;

R1 is independently C1-Cg alkyl, halo, C1-C3 perfluoroalkyl, C1-C3 alkyl(CO), or C1-Cg alkyloxy;
R22 and R2b are independently H, C1-Cg alkyl, C1-C3 perfluroalkyl, or halo; and

Rp is a nitrogen protecting group.
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effective as sel ective androgen receptor agonists
(SARME). They are therefore useful for the treatnent
w@boosordsi | ons caused by androgen defici ency oPCTHIE2N6/016479
can be aneliorated by androgen adm ni stration.
I nternational application WX03/077919, published on
Sept enber 25, 2003, which is incorporated by reference
in it sAesiheneabgdimgrio Hiefentian isHiupteatedcby 2 procasstiar RspraEpE a 2-
ﬂumnﬂa&hgﬁi&ﬂﬁQNIhat are useful in the enhancenent of
weakened nusCle tone and the treatment of conditions
caused by androgen deflcN@pEV or which can be
anel i orated by androgen ni stration, including
cocorticoi d-induced
osteoporosis ease, bone fracture, bone
damage fol | owlng b e Sonstructi ve surgery,
\ g skin, male hypogonadi sm
postnenopaughl Yrmptons i n wonen, atherosclerosis,
hypercholesterolI a, hyperlipidenia, obesity,
apl asti ¢ anem a and _ot her henat opoi eti c di sorders,
i nfl ammat ory arthriYis and joint repair, HTV-wasting,
which périgisad teafd e BiodoR&Rh @NFRsIAL i ¢ hyperpl asia (BPH),
abdom nal adi posity, netabolic syndrone, type |
di abet es, cancer cachexi a, Al zheinmer's disease,
muscul ar dystrophies, cognitive declgsne, sexual
dysfunction, sleep apnea, depressi¥y prenmature ovarian
failure, and autoi mmune diseg e or in
conbi nation with ot her actlikd SUMVARY OF THE
I NVENTI ON The present” it '
processes useful in th gi 1 of conpounds t hat
are androgen recept @j - . The present
i nvention al so enconpassechhen1caI processes t hat
afford internedi ates usefUl in the producti on of
androgen receptor nodul atogyg. The chemnical processes
of the present invention afford advantages over
W“hﬁbﬁgpﬁ89%¢ywkﬁ@%ﬁﬁﬁ?ocedures and include a
convergerem, nore efficient route to androgen
g Jfcept or ndbul@Bbrs
or

\

R2,
R1 and R2 are each independently chosen from H, and C1.g alkyl, and
R3 is H, C1-Cg alkyl, or C1-C3 alkyl(CO).

o)
I R

In one embodiment of the invention, R4 is O ,
R1 is methyl, and RS is methyl or hydrogen.

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 23 : 2c. 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/acetonitrile. In an embodiment of the claimed process, tetrahydrofuran, acetone, N,N-
dimethylformamide, N,N-dimethylacetamide, or 6:1 methelynechloride/acetonitrile is the solvent and 1.1

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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of
the present invention relates to a process for
w@e@pariosy an i m dazopyri di ne met hanam ne of FRCTHUR06/016479

or a hydrochloride salt thereof, which conprises: (1)

coupling an N-protected glycine derivative of Fornula
) Ll and. a 2, 3-di am yri.dine of . Foroula.lH w
it {BrEpne 5 el BT S LGB B BH S et ch gper embodiment
is procekdesdtbad hdbve aetein the ﬂrbdesd iVcdriidd ey ai dodi manprchdue ind the Dfluorlactam

. tregtin th ana otecting to afford the
18 form‘?drwlg’agﬁed%ﬁ%?ﬂvﬁéoﬁﬁ %gr?g%ﬁ 2@% ‘Formula |, wherein nis
0 1, Adtermativedy, 1rRhnoth%r d:nﬂdﬁm&mdﬁ’ﬁhé iylvéﬁ‘tloﬂpmbdfgﬂon ofiaRdluorolactam of
5 E 1 &gerflu roal kyl D alLkyl (CO, or Cl1-C6
ormulg, V}, A8 16 execpsd as g 5?’8’ Ad&pendentiy H G -C alkyl,
Cl-C3 perfluroal kyl, or |,\}ilaIF&p‘*, and Rp is a nitrogen
protecting group.An %efbodi ment of the invention
is illustrated by a for preparing a 2-
fluorol act g of whi ch conprises treating
a 2-iodol actar dla ¥Vl VI with silver(l)
fluoride, whefein sR and R2 are each
romH and G _6 al kyl, and

R® v

which comprises
1) treating a 2-iodolactam of Formula VI with water/DMF followed by NaHCO3 to form a hydroxyl

10 lactam of Formula XVII

Me R*

VI
wherein R4 is
I A PR
c—0~ or C-—Ni
RZ,
15 R1 and R? are each independently chosen from H, and Cj-¢ alkyl,

RS is H, C1-Cgalkyl, or C1-C3alkyl(CO),



R5 is H Cl-C6 alkyl, or C1-C3 alkyl (CO. O_ Rl In
one enbodi nent of the invention, R4 is Ls R is
woredobgtei6sand R is nethyl or hydrogen. A furthePCT/US2006/016479

enbodi nent of the invention is the process described
above, wherein the 2- fluorolactamof Fornula Vis
prepared with stereoselectivity of at |east 90: 10 of
2b :2a. The preferred solvent for this process is
nmet hyl enechl ori de, tetrahydr olf/llér ®mi, acetone,
N, N- di net hyl f or mam de, N, Ndi oyt | acetam de, or a
m xture of these solve for exanple, 6:1 of
met hel ynechl ori 8 ace n an enbodi nent of
the cl ai med process drofuran, acetone,
N, Ndi met hyl f or mam d _ thyl acetam de, or 6:1
nmet hel ynechl ori d@Fac@'anitTile is the solvent and 1.1
to 1.5 equival ents ofisdllver (1) fluoride are used. A
further enbodi nment igthe process Wher)ﬁi'ITI- nd
N, Ndi et hyl formam de is the sol vent and >3
equi val ents of silver (I) fluoride is usé®#O +erOMe
enbodi ment is process described above wherein tg}je

2) treaffgQBEHBRIrdxS] Bahhi(RYTIOWithalcofPORdl? FRGHAL 2! € ana ithe @
2-fluorlactamis formed with stereoselectivity of at

to forn} 3.5 flporg Jacgumpgt Fognula ¥ Al t ernati vel y, in anot her
enbodi nent of the invention prepgration of a
2-fluorol actam of Fornmula V can fe eyﬁécut ed as via use

of Deom@mEkAtRn{ &)this WabsIn&G® Rk SesOl) t iR 2% each independently
2-iodol actam of Formula VI with water/DVF fol | owed by

chosenygoppidamg &1¢comkil.aandyRir i Ky C1-Caetianerd?1 -Cantil(CO)XVI H

The invention further encompasses a process for preparing a compound of

Formula VII,

4
MeR

’ 5
R VII

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 VII, wherein R4 is:
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VI wherein R4 is R and R are each i ndependentl|y
chosen fromH and C-6 alkyl, RS is H G -Ceal kyl, or
w@reoe3zl6ky | (CO), XVI11; and MeCL N ,Ove F ' PFPCRUSDP6/016479
treating the hydroxyl lactam (XVIH wth a conpound of
Forrrula Z, to forma 2-fluoro lactamof Formula V. O
Rl I n one varlant of this enbodinent, R4 is , R
ﬁ R2 are L ndependent |y chosen from H, and G -6
al kyl . and . V§ H G -Cgalkyl, or G -C3alkyl (CO, The
|nvent|on f NE@ enconpasses a process for preparing
a conpound of rrmula VI1, V V' which conprises the

Rl an6R2ps etdh iy eﬁdéﬁgtdhegnamﬁgmawmﬂ cQlikypnagd of the
Formulae V (or V) with Iithiumhexanethyl disalizide to

RS is Iaf G o€ 6laliyl, edil- @fsdkyl(cg) reacting the enolate with
nmet hyl %gsnzenesul fﬁllgya : and@&@{ war m n to produce the
conpouftd  SPCEg PresqRi Iy etiqn g Hrgc £ forprgpaging pipaza-steroid
amide efiBdrmundafdraent dzy-selvasen Jfremdth and G -6 al kyl, and
R5 is H Cl1-C6 al kyl, or Cl-C3 al kyl (CO).

WLQNI\/M
R2b

)

Vil

IX

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

N N R2a
1 ' N\ R2b
NT N NH.
I

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

nis0, 1,2, or 3;
R is independently C1-Cg alkyl, halo, C1-C3 perfluoroalkyl, C1-C3 alkyl(CO), or C1-Cg alkyloxy;

7



Al so enconpassed by the present invention is a process
for preparing an aza-steroid am de of Fornula VIl
w0 e@afizmesaza- steroid acid of Formula I X, whi chPCT/US2006/016479

conprises coupling of acid I X with an i m dazopyri di ne
met hanam ne of Fornmula I, using
I -(3- dlnethylan1nopropyl) 3-et hyl carbodii m de

R2a aﬂwrb@mmmmtenmy H@DI-Caslkyl, CoUplperiyratiyhor baidyandi n n i s

5. i s independently G -C al kyl, halo,
RS is Iélclc%6 ﬁ‘léylfw&ir%ﬂkxlfcohl C3 al kyl (CO), or Cl-C8

(a: Il k )(/:I3 ox’ £ r %%ﬁi( %%,Entaig & R{olggsg ?o%:} dﬁ%ﬁé.llx,%/ and’z_[:l %(f\%(%xjugey of'Formula X

al kyl, or Cl C3 al kyl (CO. Yet another enbodinent is a
process for preparing an aza- sterogp am de of Fornmul a
X X which conprises: ©l) i d|n§ ~onmpound Xl to

afford a 2-i odo conpouRd N 2) displacing
the iodine in conpolyR fXI | Ine to afford a
2-fluoro conpound X XIII(S)HnethyIating the | actam
nitrogﬁ_n of ="m w to afford conpound XV, XV
(4) oxi'drz Wetnd' XIV to afford conmpound XV, (5)
hydr ol yzi XWto afford acid XVI; and (6)

coupl i g VI with amine XVI1 to afford

aza- st er oi an1deX The invention further enconpasses
t he proceséwaescrlbed above, wherein the iodination

X
which comprises:

(1) iodinating compound XI to afford a 2-iodo compound XII;

OMe OMe

Xl Xi

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

0]
OMe

Xu



in (1) conprises the reaction of

trinmethylsilylchloride and |2; the displacenment in (2)
w@ewpn2wes the reaction of silver (1) fluori deP€TIUS2006/016479

di met hyl acet am de, di chl or onet hane,

di chl oronet hane/ acetonitrile, or acetonitrile; the

met hyl ati on of (3) conprises the reaction of t-BulK

480 oty lating,de ineiarhetifresan of comppunsiofiblytp sierd cormpeusd &V on

of |ithiunmhexanethyl di sil azide and

nmet hyl benzenesul fi nate; the hydrolysis in (5)

conprises the reaction of NaOH or KOH, and the

coupling in (6) conprises the reactyo I -(3-

di met hyl am nopr opyl ) - 3- et hyl car bpgl ifmi de "hydr ochl ori de

or |, r-carbonyl diimdazol e. aJuali ant of the

enbodi ed process descrlbeqwg e i odination in

&a | -rayhyl silyl chl oride

and |12; the displacengnt i fpnprlses t he heating
the iodo conpound of ¢ DVF (H2Q/ DIVF)
fol |l owed upon treat REnt Wi ih Deoxo Fluor (r) (see
formula Z); the nethylamngﬂ of (3) conprises the
reaction of t-BuOK and Mel; the oxidation of (4)
conprises the reaction of I|¥WVunhexanethyld|S|Ia2|de
and net hyl benzenesul finate; the hydrolysis in (5)
conprises the reaction of NaOH or KOH;, and the
dbuptifliaips icomp@ind Edyrpy iffped canipound¥¥t i on of
I-(3-dinethylaninopropyl)- 3- et hyl garbodi i m de
hydrochl oride or 1,1"-carbonyl di
chem cal structure of Deoxo- FIquér
prepared via'the present inv
result of asymmetric cent i&|
pl anes as descri bedFi
St ereochem stry of Ca
Sons, New York, 199 9 1190) and may occur
as S|ngle optlcal [ r-as m xtures of any nunber
of the possible optlcalnmﬁoners i ncl udi ng racenat es,
racenic mixtures, diastereoners,X¥iastereoneric
m xt ur es, enantioners, and

Ig The

i's The conpounds
y be chiral as a
axes, or chiral
and S.H W/l en,

nu ds John Wley &

(5) hydrolyzing ester XV to afford acid XVT; and

—N
A\
L L
N N NH,
Me XVI XVii

(6) coupling of acid XVI with amine XVII to afford aza-steroid amide
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enantiomeric mxtures. In certain instances, the
conpounds di scl osed may exi st as tautoners and both
wo awboeess c fornms are intended to be enconpassedI/bg200ée16479
scope of the invention, even though only one
tautoneric structure is depicted. For exanple, any
claimto conpound A below is understood to
i ncl udetautoneric structure B, and vice versa, as well
as mxtures thereof. Here, X represents the remai nder
of the fluorinated 4.qzadterojd hvatives of the
present invention. A% ﬁ;wLiEn1'al " shall nmean a
strai ght or br anchede Jhai r on radi cal of one
to ten carbon aton anl ess t nunber of carbon atons
|s spe%l fical ed ot herw se. Exanpl es of
"al kyl "™~ Ic xatf~dre not limted to, nethyl,
et hyl, 1- -propyl, n-butyl, sec-butyl,
t- butyk) An al kyl radical with five carbon
at ons, forlexanple woul d be indicated as "C5-al kyl ™"
and may be“@%ralght chai ned or branched. The term
"al koxy," as used herein, refers to stKaight or
branch g chai.n ? §$X|des of the nunber of carbon atoms
speci f? Giny@tign furter epconagses she prpeesy descH PVeniRfiFly the iodination
in (1) ctdﬂip@is&’s&]ﬁh@éac(nbn Sf trm%@zlﬁﬂy‘lghlmﬁiehﬁd(b tBS displacerh&i@ it @) Bdmprises the
and "hal 0" shall _include iodine, bromne,

reactiog r?? 8&%@ flugride i diwpihyiacetapidsn dighigroys taas ishipeomgthangiacetonitrile, or

acetonitiSle; @E ﬁleﬁlylaﬁ&wt?é)méﬁ?nﬁdg R r@d&fﬁoﬂ défpf?sddk :lﬁﬁll\/kﬁutlﬁ@ bkiliMRRAlF (4)
(0] a Specitl e ornul a

or in any c ound
comprigesPieRitin oL LR LU 1nd meHypBakHiTngte: the Bydrolysis in (5)
comprid&fthéuehdtion oAlNa@N ©f KOBL: Ry th@é‘cﬁlyﬁﬂégeiﬁ ¢®-co ﬁéés the reaction of 1-(3-
, nbi nat i St t % are
dlmethe;@P’ﬁﬁf’%%PB‘?@'e&Wﬁ%%ﬁ’O? g Y(@%ﬁﬁ%ﬂaﬂsﬂ @Lscaf BTl o) e
conpouhdsvaridinef the enibo cﬁﬁf frbaesy dekdsibld abovelitheib@igatidnad (13 kbmprises the
reactio% %? trﬁeq{y?sgl%fghlonc?e and 12, t%eb gxsf):lgcregn%g 119 ”8 Icgr%prgsleé( %le heating the iodo

compound of (1) with wet DMF (H2O/DMF) followed upon treatment with Deoxo-Fluor® (see formula

Z); 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.

MeO\/\N/\,OMe
FTF 4
The chemical structure of Deoxo-Fluor® is F @ .

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

10
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are replaced with fluorine atons. The conpounds
af forded by the instant invention are useful
WO nicenzess ates i n the production of androgen rBCEPS®N6/016479

nodul ati ng conpounds or are thensel ves androgen

receptor nodul ati ng conpounds useful for treating

conditions caused by androgen deficiency or which can |
tautomeyéc gireitiedt apduichyerantbrisdens M e thefeah tHers, fciepigsents, theggmainder of
the fludthatel 4L 4sRebill QerRah ROBOMO PleSont ASERBRENI @,

gl ucocorti coi d-i1 nduced oSteoporosis, periodontal

di sease, ne fracture, bone damage fol I®@w ng bone

reconstyudqtive _surgery, sarcopenia, frailtys2 agi ng

ski n, il e myﬁggonadi sm post nenopaush ﬁ%t ons in

wonen, atheroscl erosis, hyperchol esterol egm a,

hyperli pi dg?N obesity, aplastic anem a \and her

hemat opoi eti £ dnsorders, arthritic conditignsy such as

for exanpl &NJ tory arthritis and jgynt air,

HTV-wasti ng, phRostate canTer, cancer cachexi &,

muscul ar dystr pes, premature ovarian fail LNe/and

aut oi munedi sease, alone or in conbination with other

active agents. Alreatnent is effected by adm nigtration

of the final product obtained fromthe disclosed

processes to a mammal in need of such treatnent. In

Phar LB P AOL GBS chared e e sk B FRUBR kel orone o
ten carbért dtornd, helessalet ivudbeagfendbsn atbins isspgéiveltnintigatpd ethemads| Examples of
« J.0 .adm ni ster..c Qun of, the pr l, NV I QN
iy et Al L RERTE S P el BT Ranl BR800, churst and so
on. Arbadkyd equléabtvield fivetacbon winys, fonekawiptiunbulé haimdicatn® as™Gyallgiyand may be
rai hof a Eun‘ﬁer o({ conventional nethods. These include
straighf ¢hyapngdl oLRipnshed ogr aphy, derivatization with a chiral

auxi | i Eneteino! dliowet adiysed Rerein atfemito byaighn pobradchet aphwyall@xides of the

S AR T T Y T p—

ethoxyd&€gpt abl e salts” refers to salts prepared from

The term "halogen" and “halo” shall include iodine, bromine, chlorine, 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
combinations 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 useful 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 to 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, 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
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phar maceuti cal | y acceptabl e non-toxic bases or acids
i ncl udi ng i norgani ¢ or organi c bases and i norganic or
woe@an2wsaci ds. Salts derived frominorgani c bEGEES2006/016479
i ncl ude al um num amoni um cal cium copper, ferric,
ferrous, lithium nmagnesium manganic salts,
manganous, potassium sodium zinc, and the |iKke.
diseasmafani epingeopinpiauf ety asbr agtive gratsafisatrnantris effatted byradministration of the

final ph'dcfut't' d’éﬂﬂinemﬂﬁﬁé HBBIosLP RSS! éé% a ARHSAH hatd of Qlkcth%‘eatﬁﬁlltt In addition,
r

derived from pharmaceuti ca accepta
these rapoRRsl iate Usefalens ingredianiian Qbﬂrmsceelflcabqeqmmmyonsggme Quimropmbination with
other A% 48hki ary ami nes, substituted am nes including

natural ly occurring substituted am nes, cyclic am nes,
and badiitesnenlie Riefabicto pdwintsier cenirmdsedt hegiaspmiénvention in their

enanu&ﬁérﬁzlamﬁ?ur@ e RQ@&Im@HLQJtﬁrQseoan Bk Mparated into their individual enantiomers by any
benzyl et hyl enedi am ne, di et hyl'am ne,

of a nuynbgr %&WY%HP%@FWS%I e@_néﬁhﬁal@tc lg}pfpwét@gqa,alWQ flerivatization with a chiral
auxili®y FABREER} RBarat@inbylc ﬁfb%ﬁto@fﬁ'pﬂye@r c%s?a'ilﬁ)(ﬁon”ﬁ’fd%hbﬂl@crystalhzatlon of

N- et hyl pi peri di ne, glucam ne, glucosam ne, histidine,
dm“@ﬁQ%WQﬂﬁﬂ% i sopropyl ami ne, |ysine, methylglucani ne,

mor phorrhmrm PhHALARELHREy ReRIblHaRE refBRkY Atk PRpAESiHS

cai.ne, I nes, theobromne, triethyl am ne,
pharmfiefiiGy e bIB DOP Pt PO PEAich eI ot W Greaai gasehnd inorganic
or org:imd(zeldsV\Bﬁn; dehﬁad(ffmi’pﬁitﬂgﬁlmé)Bas&hﬂclﬁdﬂlﬁﬁhummﬁﬁﬁﬁnh@ﬂ chJ8ium, copper,
f g salts ma e d fronwgharnaceu icall) d the ik
erc, S R N B eI PR PGPS iy nd the ke
Particdarygmeferratirelte aoohivac tﬂﬁumﬂﬂhluﬂem@leimrﬁ,, potassium, and sodium salts.
Salts d@?ﬂeglnrgogns L ga}rclzzc:llctic]algre Q:%egplta iC nong?)ﬂ%gn%:sghcl&#elﬁl’és[ﬁf@nmary,
secondayyd nl@bpmmycanmiw,chummitm anginesi 1mﬂélldmg)mtm:a,llyl oacdnm:g sub’aitﬁbd:ammes
delic,, methanesulfonic, ngﬁonlc
5h

evelic g and B ot iRt BeHEAI = GHOUBBHHES: CHRORH iiigs, N
dibenzglethglenddiamifie) dfethylagnind, 24dieftylGnindetahdl ENEisidttly RfitoeAahdl, ethanolamine,
ethylexbeldg;‘rxlé %Og C?%H'f tgalofﬂhf) Cr}ﬁN—%?gﬁq@@me@ww&? b (E:E)lélélll‘l‘?‘l{l!c ¥1jstidine,
hydrabiamitepisdrapylamindyilsme anetiphigl s, Morpholidelipipetazim) fiperidine, polyamine
resins, p?gc%ﬂé,ip%rige%i t?lg’dbrorrﬁne, triethylamine, trimethylamine, tripropylamine, tromethamine, and
the like.

When the compound of the present invention is basic, salts may be prepared from
pharmaceutically acceptable non-toxic acids, including inorganic and organic acids. Such acids include
acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic, formic, fumaric, gluconic,
glutamic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic, methanesulfonic,
malonic, mucic, nitric, pamoic, pantothenic, phosphoric, propionic, succinic, sulfuric, tartaric, p-
toluenesulfonic acid, trifluoroacetic acid, and the like. Particularly preferred are citric, fumaric,
hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, and tartaric acids.

The following schemes 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 conventional procedures or variations. As

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

12
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The follow ng schemes and exanples are illustrative of
t he processes enconpassed by the present invention. As
wWowRiob/1besF eadi | y apparent to those in the fiel BCT/UR®06/016479
substituents and substitution patterns on the
substrates exenplified herein may be nodified w thout
undue experfinentation by the choice of readily
perforpod ot azibleat tempgretuyegvithatiethe edesf anyaaggentos coddingor heating. “Room
tmmwﬁ@ﬂgqﬂhkﬁpﬁJCprocedures or variations. As used bel ow
and roughout this disclosure, "roomtenperature" or
"RT" | Al dlsteative sehemesrhelove thetefase, aygersb bmitest byettle eqmpounds listed or by
any pa?tf@la? mbsﬁtﬁémseénﬂ)tl L& fé?"llﬁd@&h’tﬁvekpfg)oﬁ eS\gsmf'an}f ngﬁgl&ﬁ% g %mwu in the
cooling or heatl Roomte rature” 1s a 2
schemgsoes pgt e}gqeﬁsatlly\xcerrgleh éamibat used invihe dldimp axfdofien. far daritpta single
substitubd¥id @GwH Xtta‘bﬁ‘s% t& %Q%B&{ﬁld bl ﬁE&Q)f HultpYe BNt WG 2 allowed under
substituents | oyed ['ustrative purposes.
the defapjpansiof Hermul @ﬁﬂﬁﬁ“&@Wshomm in the schenes does not

necessahd b&cé’éﬂ:ﬁ BFJhélirﬁ‘;taBanﬁﬁBn &fé Q€11 b Ereﬁ!u@l‘xdﬁ%f #dazopyridyl aza-
often, for clarity, a single substituent 1S shown

steroigs {raprefih ot Wémé%‘h’ﬁm niqquigiogie eMgFPasilly pivagtageous preparation of the

mudaib@@frdinw&ﬂ{aﬁmﬂhé Glle-aafs ¥ JiQBd1dad efs gL td SUhun@ S the
Formul a | defined previously. The processes of the

of
imidzRyriding MiFPETiRibh-ak e prepred froh ag N@rﬁ%wmmemnwwe (A-1), such as
N-acylitedi@zaRy Whidy s daast @B M8ilabRabr B6Berte Rl pro@cBd A3 ycine, such

as C]{?éﬁ%}leg%ﬁl g %:lfp?%q%rétsél%ﬁ (aiél?ejéls ﬁp%iidg{e:{%rﬁg%/lﬁ%%glg@readﬂy available, either
comnSalrcdﬂ}yQi'ﬂ ayﬂ’ﬂl&tlbzﬂlyal'lﬁl(llttﬂé &ErOB@A thofStrdideld WS ihe &tRII N-dtylated glycine is a
f $ gq , the imdazopyridine internmediates (A-5) are

Prelee IR BH f rom an N-protected gl ycine derivative (A1),

such as N-acylated glycine, which is comercially

avai | abl e, or another suitably protected form of

gl yci ne, such as CBZ-glycine, and the appropriate

2, 3-di am nopyridine (A-2), which are also readily

avai | abl e, either comrercially or synthetically with

little effort fromthose trained in the field.

N-acyl ated glycine is a preferred substrate. Schene A

13



R other N-protecting group A-3 A-4 Deprotection A-5 As

shown in Schenme A, the N-protected glycine derivative
wa2406i18166DUpl ed Wit h di am nopyridine A-2 to prpdiUs2006/016479

A-3. This coupling is acconplished via the use of a

carboxy group activating agent, including but not

limted to 1, 3-di cycl ohexyl carbodiimde (DCC) or 1,1'-

car bonyl di i m dazol e (CDI Jocheore Axanpl e, acid chlorides

are especially useful as activating agents in this

regard. Reaction of the protected glycine substrate

with an acid chloride, such as pival oyl chloride,

produces rri@ed anhydrige as t He reaclt If’l?er

mterneglthk? The use flja baseNsuch a

Nnet hyg t e rdaction_is useful to

absorb any aci d| C by p odu benef ioci &Hect of

using NMMis that the solid saIOby L0 2t he

reacti on nal-1be renoved by filtrati OE‘ ueRMAP

cyclization of A el ds the protected Ha a0

i m daBdpMa(@e %Qlylg@,{ﬁ@br @fan then be deprotected,

for exanpther Nopradetirig groupf an acid in the case of

acid |abile protecting groups, to afford the desired

I m dazopyri di ne A As Scheme A discloses, R may be

any chemgal |l 3 co : bl e N-protecting group. Exarrpl es
of ot her UIt | e |protlect Ao@Hyr oups andHcor r[\esp
deprot e |IIustrated|%é|N

[

Pr ot ec veGroup gan ggl:'thes
Green (John W ey &l\ﬂags 8Y). Likew se, D?Hy be Rb
a

any conpati bl e substituent that woul d be desi'fable in
the target al’l‘d?ogen recept or nodul at or. Arfle synt hesi s
of the steroid portion begins with a fluorination
reaction, as shown in

Rb
5 _ \ AN N\
eprotection _ [ P >—\
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 ®OCCyor1,1°-
carbonyldiimidazole (CDI). For example, acid chlorides are especially useful as activating agents in this
regard. Reaction of the protected glycine 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 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
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Schene B. The starting material for the synthesis of

aza-steroid B-4 is aza-steroid B-1, which is readily
w@r@shztsb® from the 2, 3-unsaturated anal og {JoRCTEE2006/016479

Medi ci nal Chem stry (1986), 29(11), 2298-315)). The

fluorination strategy is based on known i odination

nmet hodol ogy (King, A O; Anderson, K. ; Shuman, R F.;

GrouganANganicSynthakis byEigodorhlW. IGreenDahg Véidey &ASond/ 1981). ilgwise, RP may be
. -3386. ). f.ol.l owed by fluoride
ony GG e LBy ok mbie s RUE e pocpicor

B- 2 2aThogothesic ofzhe Bedidgartiondegiin witthefluamatdonskatibg as shown in

LS ' B- . be caonverged .. . .

s 49k S0l K95 LD 30 S AR e
readilygwpitabls fomube 28-vofatirhted anathe, (Jduotdh ooV eiciing Chendistry (1986), 29(11),

12ROK gl &, Whi ch L.ncl. et dimted.to KF, i
2295 3130 SRR o o Ml Bl B o B ftuad] (e .0
Andegyo/ It INmaT $e Kasalyeht 4bmmsa, Nekt BdughasdAf SUnd @rg. Chem. 1993, 58,

i f . versi on and
3384%?%%’3%%1(};‘&%%}?th eziﬂ %Ig%%ﬁlgﬁe?ﬂi t(rﬂngvﬁgc?&én product. Silver

(1) fluoride i s knowSchemeddbl ace al kyl broni des and

i odi des toM%i wg corresponding fluoro conpounds R4

( Pogany, .S. . Zentner, G M Ringeisen, C Mp

3 1€ 08, 718-719). The literaty
ever, require 2.5 to 4. Megp
-fT"uor i dejodidatipgdi t | on ]t
i Hh a sterord substrate we
O~ &N equi’v of AgF in wet acetonitb' Nl

&ggdérature, the 2-iodo |lactam B2 (R5fH and R4=CO2Me)

conpl etel yconverted to the correfﬁondi ng 2-fluoro
| actamg.y an SN2 fashion with high ster eo&g%ect ivity

(2b- fluoro/2a-fluoro=94/6). The anobunt o gF

required and the reaction rate were very sensitive to
t he

4
Me R Me N

— I

H RSH

]
RS

B-3 B-4

2a-iodo lactam B-2 can be obtained as a single sterecisomer. 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, BaF2, CaF?, MgF?2, NiK2, and

Et3N-3HF/Et3N. These reagents were tested and found to suffer from disadvantages of low conversion

and production of undesireable elimination product.

Silver (I) fluoride is known to displace alkyl bromides and iodides to give

corresponding fluoro compounds (Pogdny, 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 (I) 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
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reaction solvent. Wth the use of dinethyl acetam de
(DMAC), however, the reaction went to conpletion
wowaokitzie3® h at room tenperature. Surprisingl ypCDnk2006/016479
1.1 equivalents of AgF were necessary. The follow ng
summari zes the florination process under varying
It b j C < J,; vent -
comrG SR AUEoHEANG, 2l Y] B2 ABES B vty o
fluoro/2-BucBhde 62/ TANN{BAI)f ALFSeqhBed O thef redctibn batPwerd Oy sensitive to the
. ] 7y . L1..12 100 An
reactiof (AR vty he 5k i spBinke O e 1oty Rl o
complefiprt Witlsin 2 h et oo téngreratwe cSurpmsingdys ol dvireqitimalSah efiiegFGyere necessary.
[ ' for. .t i s.0f aza-sieroid
The ol VS Azl o o el USSRy U AR5 Rl -2
wherefor Rbe:-Hhed2R8=-00gMkur at ed anal og (Journal of Medi ci nal
Chemi stry (1986), 29(1 1), 2298-315)). The _
SPIVERSr i nat i on strat @85 (cA¢Vhased RicHBLimedPnat i FhConversion
omednodol ogy TolTowed fy Tl uori de di §pf acement of (g
i odide. (Lal, GS.; Pez, G P.; Pesaresi, R J.;
CR6BeAN (6/F) M ; Chenlgd H.; J. Org. 48hem 1999, 6400

48- 7054. ) EXAMPLE 1 eparation of I m dazopyridine
Tﬁ%t hanani ne (1-5) 13 24 100
Acetone 1.5 18 87
DMAc 1.1 12 100

An alternative 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 fluoride
displacement of the iodide. (Lal, G.S.; Pez, G. P.; Pesaresi, R. J.; Prozonic, F. M.; Cheng, H.; J. Org.
Chem. 1999, 64, 7048-7054.)
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1-5 a) Synthesis of 1-3:1. NMW Filter THF, QCto RT
1-3 300 nL THF were added to a 500 nL three neck flask
webmsgedswi th 48.88 g (0.417 nole) of N acetylPQi/ysiong)16479

1-1. The resulting slurry was cooled to 0 OC using an

ice bath and 50 nL ( 0.455 nole) of N-nethyl norpholine
(NW were added to the slurry, maintaining the
tenperaturg under 5 0CgoRiy@boyl chloride! (50 ni) was

0

t he tenperature under B.0% Nhe slurry was
5 0CH¥RIYD ni nutes~d aof ed t 01)8,OMF
gt o ensure—formaton o salt crystafrs:

! eaction's progress wasgADRFE d by checking the
Buwernatant for NMWM by GC. TheHadceptabl e |l evel of the
sal tC-tn the supernatant is 15 ng/ nL.C-&pon conpl eti on,
the slurry wagsfiltered under nitrogen and the solid R*

washes ¢~ aced in an a |t|on funne
Hdhe lep M xed anhydfifle 1H NVR (F00 A
.98 (d) 187 (s)—To=a+tL thr f|t|ask

fe¢ a nitrogen inlet, a mechani gg~g
andHacheEgpcouple was charged 2, 3 dlan1noerHd|n }-2
(30.34 g, 278 nol e) and DVAP 40 g, 0.028 nnl25
THF (300 nL) was added, followe (50 m.,
0. 455). The yellom1n1xeé anhydr| solution obt ai ned

‘ ining the tenperature
The addition required 45
tered after stirring at room

EXAMPLE 1

Preparation of Imidazopyridine Methanamine (1-5

x—N
A\
Lo
N ” NH;
1-5

a) Synthesis of 1-3:
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tenperature for 3 h, washed with THF (75 nlL), and
dried under nitrogen and vacuum The product, 1-3, was
Wobiaiizisss as a brown powder (51.23 g). The cr UBET/US2006/016479
product may be further purified by recrystallization
in cases where excess NMMHCO is present. For exanple,
19. 81 (83.4 wt9% of crude product was slurried in
e;lhancfg (8Q nL) aljd heated to 95 0C. Mst of the
[ di ssol ved._{The soalnum,enerwas al |l owed to cool
\”)whi eadd?thg MIBE (8®InlL) dropwi se. The slurry was

ofiltered, washed with MBE(Z0 Ttj>and dried under
nitrogen and vacuum Thes process Yyiel ded 15.97 g of

product 1-3 containing 5. o NMMHC salt. 1-3 =1 H
NVR (400 MHz, DVMBO): d = @, 15((s, I™AMNH), 8.19 (t,
IH M), 7.78 (d, 1H pyr) 7.28:(d, IH pyr), 6.54

(dd, IH, pyr), 5.74 (s, 2H, NH2), 3. éBz(d, 2H, CH2),
1.88 (s, 3H, CH3) b) QICIizaotion of 1-3: 1-3 1-4
Acetic acid (200 L) was"h&F§eBTto a 500 mL 3 neck
flask fitted with a thernocoupl e, condenser, and
nitrogen |ine. 46.19 0.194 nole) of 1-3 was slowy
added to the stjrrin ent. The black solution was
heated at {12004 f or . The resulting sol ution of
1-4 \;\}S\H/ﬂse i reQt’l y 1 the next step. Adding acetic
acid tollthe powdet anig¢le resulted in solidification of
the powdler which fust then be broken up manual ly.
Therefore, inverse addition is recommended. HPLC was
used used to nonitle3 the reaction until no starting
material remined. (Assay yield: 959 . Typical
Retention Times: Amide: 6.44 min.; Acetyl imdazol:

8. 71nmi #00 ol) THEpvert 2lded ton 500 mActhteatreck flaskdRagdayWithist®s ¢ (0.417

mole) Jﬂ\ff-acetyl glycine, 1-1. The resulting slurry was cooled to 0 °C using an ice bath and 50 mL

(0.455 mole) of N-methylmorpholine (NMM) were added to the slurry, maintaining the temperature
under 5 °C. Pivaloyl chloride (50 mL) was then added to the slurry slowly over 30 min, maintaining the
temperature under 5 °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 in 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 Iy NMR: (400 MHz, DMSO) 8.52 (1), 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 mL, 0.455). The yellow mixed
anhydride solution obtained above was added dropwise, maintaining the temperature below 25°C with a
water bath. The addition required 45 min. The slurry was filtered after stirring at room
temperature for 3 h, washed with THF (75 mL), and dried under nitrogen and vacuum. 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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Concentrated HCOl was added to the reaction sol ution
fromthe cyclization reaction above while still at
wW@abwat1215200C. The reacti on m xture was then heP€BUS2006/016479
heated at 1000C for 5 h. The reaction was nonitored by
HPLC. Approximately 2 A% starting material remained at
t he co?l etion of thereaction which could be driven
addirfg MTBR (80gyL)eetivtiseo T hpigiurry MasvéNesed, washed m%@mm), and dried under

nitropBShd pa%u ﬁ@%ﬁ%@%ssf;}xaﬁéd 5657\1\';%05]1” éu%{ 1328 :zu?%lg%rh wt% NMM - HCl

e reac I on e di st

salt. I-anh}me(abom{zspmmta 2005 al {1pwead), 899 Gop, NIIBf @Ps W, $8, pyr), 7.49
addi tion of i PAc { nL) was comenced whi

(d, I ehyped-at (el Bd¥Dst 74 (5. H. NEBOGS0 G, tcélﬁzelr%&(&r%l @H§)
then allowed to fall to 8C but was maintai ned at that
terrperature until the addition of i PAc had been

b) el Ed-3 The slurry was all owed to cool slowy and
then chilled to 00C, filtered and washed with i PAc
(120 mL). The product_1-5 was obtained as a dark bI ack

granul ar powd€ (4278 09) @_&rermve t he col or,
car bqn trigat nt sprf&C Bf 1-J
\er/

w % 4. s rssalved ig 4:1 ano//

(10 nmL Darco E){'E g0) WEPadded, and

was hefded at 50bC fNHzl h. The mixt@re was t

cooled to rogmatenperature, filtered threuygh cellte,
and washed wi'th nethanol (10 nlL). The product sol ution
was concentrated, renovi ng 10 m_ solvent. THF (20 niL)

e gt gt 58 TG PRy DS, e

thermpemplgnvonfiérsenp awichitogendise. ob@ ) ge(m%smde)l ofght3 wasesJowly added to the

stirﬁf%'c\%/é%?{t. Sﬁei&@&%%ﬂ%é?wrag I%lge?{e%‘r_ﬁf )12%‘%,_5%r ?(?n %%Elflvrlg létfi"xg)gqsoﬂ,{tilzghof 1-4 was
used dicdtly intthe eyt tep. e wetiRdtid @Hp FENAMPLEAR 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 yield: 95%).

Typical Retention Times:
Amide: 6.44 min.; Acetyl imidazol: 8.71min.

¢) Deprotection of Acylated Imidazopyridine 1-4

N
H N—( \ Conc. HCI XN
) o

O N 100°C

1-4 1-5

Concentrated HCI 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 completion of the
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Prepar ation of Azasteroid 2-7 Utilizing AgF a)
| odi nation of 2-1A2-2 The starting material, |actam
WQ@2M6/128S5 pr epar ed by pal | adi um cat al yzed hydr gEOS1006/616479

of the correspondi ng unsaturated steroid, 2-1A,

according to procedures in the literature. Rasmusson,

Gary. H ; Reynolds, denn F.;_ Steinberg, Nathan G ;
reactiq@ Mﬁgﬁ COlﬁa \R%iilaven If%ﬁh@{ by z@&om ﬁCl EP\gﬁVGI‘, thpéil}ﬁ:ﬁSﬁ gater must be removed
by diétARGbredfier cd\rﬁﬁﬂ@ﬁ)h%fthéreac@heung, Anne H.; Brooks, Jerry

R ; Berman, Charles, J. Med. Chem (1986) 29(11]‘)

2298- 3The sohgiog vus|then) digilled i AemeEr) S PT Pkt gah allgyredtto cool.

Dropfmgef@mti%ﬁl bf %‘AJ (R0 mId r\fdastcbﬁﬁl@&%@ %h@th\é@e?nﬁﬁﬁfrg%gs st a9100°C. The
(0 nol | actam 2- 1. L di chl oronet hane were

5 tempgra@gdwasr tgqaq é\lﬁé@dkf? falho RiC k)lg \@ppn%qal)ne%ﬁt that temperature until the

additfoRtof NRIHAY b&w&sinsﬁ@al @H@ fMfry WRAUSNEHbICOS sRSy {&@Qhe%‘ihﬁl@d to 0°C,
0C usin i ce/ acetone bath. Trinmethylsily
Flterid g a0t s (180 350, syl SNpo el sk RHekiegwula
powdeti@angl7 gpver 5 minutes. lodine (84 g, 0.331 nole) was
then added. The dry ice/acetone bath was renoved and
t he redersnaye Heeplor.@ oarken Bedtmens ovag perfompedenit01 g of 1-5 (94.7 wt%,4.33
10 mmole! g&]ﬁ? H@Ml‘\re@ ihQry %etlﬂano]]%ef ﬁ@?ﬁL)oﬁm\Q@kBﬂHrﬁ é)%ﬁddg@éﬁ and the

C until none of he starti ng | act am coul d
mixtyye (wag thegfed ph 01 frt | é‘n ke miiiers ovae theppqdedite s@pmyfernpagtyxg. filtered

thro H)Qélit@naﬁdl\lvish&ﬁwﬁphl%hrﬁ)‘ﬂ( 10509, MaXbidbifet WSt ds E@I@eﬁtﬁﬁed removmg
mn. _and the two &&ases vvere separ ated. The

10 mFé?/lé?mmE@Fé%@eh‘t"ls ehesiimy ared fkitr:re%»ma_aah%ww THF (2.5

mL), 26E&A vhfldrin@rdgSPEhdThduuml e ﬁ)fdﬂaét vk Ubthded £3AfbhiTd f!@ﬁler (830 mg,
stirred at rt for 30 mn. and filtered. The sol |dy

15 87% wasteed. hist=hlE @R (0P MHz DMED)NS ¥ 949 dbsd BHENH), B.56 anLﬂ.anyr) 7.64 (dd,

e ke, two days to yield 95.2 g (87%yield) of
1H, pg}/) £4§ I%orl ation of 2-2

EXAMPLE 2:
Preparation of Azasteroid 2-7 Utilizing AgF

)

H N
/ N
N \
N
H

20
a) Iodination of 2-1A
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2-2 2-3 To a IL flask equi pped with nitrogen inlet,
mechani cal stirrer, and thernocoupl e was charged iodo
WO 20bame2s 2 (61 g, 0.126 nol e). Di chl or onet haneCT/B8M06/016479
m.) and acetonitrile (97 nL) were added. To the
solution was added silver(l) fluoride (23.7 g, 0.187
nmol e). The yellow slurry was stirred at anbi
tenperatureQuntil no starting material was de
HPLC (24 ;, 3¢t9OMeThe slurry was filtered tiMedlg
celite an e celite was washed with diet :
o, filtrate was assayed byyd

i a vacuuny \q@ﬁ/omybwas uged |
pt hly | aceta‘?%n@—tbwh) mayshe us
i nst ead of @i Ehl or omet@ane'}' .

e a 50 mL fl ask
Lhipped with nitrogen inlet, magnetic stir bar, and
er méﬁgupl e was charged |odo lactam (1.73 g, 95 W%
: le). N, N-Dinethylacetanide (17 2t) was added.
To the sol ution was added silver{ éMﬁ)ri de (502 ny,
3.95 mmole, 1.1 equiv.). The yqhtg ry was stirred
at anbi ent tenperature over pi ALC assay indicated
conpl ete conversion. Thes| S, poured into a
flask containing di,ghleggne 00 nL) and brine

(10%‘|\/@E|ntME[me m § ﬁl rred at anbi ent

te 30 BN | tered through celite.
The &elite %Nas vvaihed IW =h~di chl or omet hane (20 nL).

The filtrate was phasepc and the organic | ayer was
assayed by HPLC. The organl c layer was concentrated to
an oil. Water (15 nL) was @@ed dropwi se. The slurry
was stirred at anbient tenperature and filtered. 1.25

g of solid was collected (83.5 wt% 83% b-fluoro
| act aThasnattidg miedalf lhaian -1, aed @egarael)by el ddydnatatayred hpirGgenation of

the corresponding unsaturated steroid, 2-1A, according to procedures in the literature. Rasmusson, Gary
H.; Reynolds, Glenn F.; Steinberg, Nathan G.; Walton, Edward; Patel, Gool F.; Liang, Tehming;
Cascieri, Margaret A.; Cheung, Anne H.; Brooks, Jerry R.; Berman, Charles, J. Med. Chem. (1986),
29(11), 2298-315.

To a 3 L flask equipped with nitrogen inlet, 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. Trimethylsilyl chloride (58 mL, 0.456 mole) was added via an addition funnel over 5 minutes.
Iodine (84 g, 0.331 mole) was then added. The dry ice/acetone 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 could be detected.

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 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 vacuum oven for
about two days to yield 95.2 g (87% yield) of 2-2.
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2-3 2-4 To a IL flask equi pped wth nitrogen inlet,
mechani cal stirrer, addition funnel, and thernocouple

womeatmmsyed fluoro NNH lactam 2-3 (62. 1 g, 0OrPABUS2006/016479

nole), THF (336 nlL), and DMF (67 nlL). The slurry (Kf =
190 ppm was cooled to -300C using dry ice/acetone
bath, t- BulK (1.0 Min THF, 189 nL, 0.189 nole) was

b) Flpefibetiondf@-21ddi t i on funnel over 15 nmin and the batch

l,

aged at -150C for 20 min. The batch tenperatgre

increased toQ15C at the end of addition. The\rggghki on
m xture tuM?ee cﬁM@ a clear solution afterMadgliti on of
t - BuOK gndyagl ng. | odonet hane (Mel) (13 Q. 220

nol g as, gdded dropw se. The cooli de _rem)ved

Vie | 4

! and AQE batch was =< 8
g \rl\g[for T h. The Datch d f{nto .

er (DI water) (37QuH) .aRkd e resulting
sNut Meh was concentrated under viﬂ:q:ljmto remove THF.
Atl_'LtHle end of concentration the badch turned into a
slurry. It was diluted with DI water (370 nlL) and
cooled2vgth ice bath. The slurry was s ¥ red at 5C for
30 min. and filtered. The solid was washed with DI
water (150 nlL) and dried in a vacuum oven at 400C for
about trem 1088k éRippeL A3z iflel, MO MRS, Hd tRerfhocouple was

n the next_step w.thout further

whi ch was ed i ) .
chargf) PP KT 57 Ol (0l | UM RBBELRETB0 1) end pegtgeiile 97 L)
were @dflet e theWwbluho s 2ageisillvé I8 fluor it €15k, ©AIS7 Sdold). Bhe yellow slurry was

i tion funne t her nocoupl e was char

._add |, and ed fluoro
stlrre%aii\%nql f femperatuye %nggr.l(ostgtmmeg “ﬁﬁfi@f‘ftedﬂ%ﬂ’%?%@‘l WL?’? ). The slurry
was fitecbdribligh cehenaeme selltd waek 8hédlwithidlich] OroddBasBl €) mL) Nihe filtrate was

s RER 4 BRI 850 GPLES, 0BG 00, I o s

was w@hinapxtise&pel y degassed to el i m nate exogenous oxygen

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

Toa 50 mL flask 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(I) fluoride (502 mg, 3.95 mmole, 1.1 equiv.). The yellow slurry was stirred
at ambient temperature overnight. LC assay indicated complete conversion. The slurry was poured
into a flask containing dichloromethane (100 mL) and brine (10%, 30 mL). 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 HPLC. 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% B-fluoro lactam and

4.7% o-fluoro lactam).
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whi ch can lead to undersirable formati on of the 2-keto
N-Me actam Lithiumbis(trinethylsily)am de (Li HVDS)

W@ 20001Mes51 THF, 120 nL, 0.12 nole) was added vP@EI/US2006/016479
addi tion funnel over 10 mn. The reaction m xture was
stirred at -30 -10 OC for 1 h. The batch tenperature
i ncreased to -30 OC after addition of LiHVDS. The

c) Mathsdatiop8h2Bs usual |y conplete at this point. O herw se,
nore reagents (18% additional LiHVDS and net hyl O
benzenesul finate R
conpl eti on. ThMebtch was warmnmed to roomterrpem I e
and quenched Wltt\10% citri c aci d agueous se

(270 rrL)Me Ft - butyl nethyl and
diF 1 40 nl)}-BuOe adddd s
agltat ed aH owed to—settler The P ayer was
di 4 e organic N%er was he ef lux for
2 ghen distilled & élPMé:tnDshernchressure to

about Hhal f vol ume. The batch was concéWierat ed under
vacuum To t§1e resi due was added MIBE (100 2rrlt) The
slurry was heated to reflux for 30 min. It "was cool ed
slowmy to roomtenperature while heptane (50 nL) was

added e. via an addi.tion, funnel e slu
Soed o 2R A8k fhdnl A et e g el Sl AT ppel, and

+ thermidtgupWagasatlistge filioePMIFBRctarh2€3 L. el §. 1waﬁols); ll"HFeesBﬁaﬁL)r SEDMF (67

). R PR e L) M Fo0l B By S SIS Do (10 M in

THF,189 &Hif 01180 B0iePwih AfedViPHdfion %ur&elatﬁlelalmntaﬁd e Ioheeh gt @t -15°C for
inmpurity arising fromthe 2-keto | actam nay be renoved

20miy recrystal lization. The solid nethyl ester (7.8 g)
was sl $he bzﬁ%eﬂeﬂlgécﬁtum-magaséé%mlw llt A GRNQ! 2a6:tiBA) ThelRGction mixture

slurry was
turned into a clear solution after addition of t-BuOK and aging. Iodomethane (Mel)(13.7 mL, 0.220

mole) was added dropwise. The cooling bath was removed after addition and the batch was stirred at
ambient temperature for 1 h. The batch was poured into deonized water (DI water) (370 mL) and the
resulting solution was concentrated under vacuum to remove THF. At the end of concentration the
batch turned into a slurry. It was diluted with DI 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 (150 mL) and dried in a
vacuum oven at 40°C for about two days to yields 63.9 g (100% yield) of 2-4, which was used in the

next step without further purification.

d) Elimination Reaction

OMe OMe

LIHMDS

_—

PhSO(OMe)
THF
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800C. Heptane (15 nL) was added. The slurry was
stirred at 80 OC for 1 h and cooled to room

wao egopreatur e. Heptane (45 nlL) was added dr opw BET/UT1966/016479
slurry was cooled with ice-bath, stirred for 1 h, and
filtered to give 7.2 g of purified 2-5 as a solid.
(5a, 17b) - 2- Fl uor o- 3- oxo- 4- et hyl - 4-
azaandf®st I flask equipred arithaniiyosger indesi meqhemha} Istimsest asidition funnel, and

thermdcgulﬁé wad Hxa% f{uﬂlQ)oN :Mizl’actg;l;?g| 4’3%6@ % 0§36 ﬁlglg) I'I‘T»Ihj 3%5) %‘ﬁ_) and methyl
benze@sqlgnal.;g as II]L thIS miele)- 'Qt;elsoluuonz(m?G— Qlﬁ ppkrl)l)was roﬂ)eil te 40°COuking dry

1ce/acdtdﬂe dam) 'Th% E&%?tlon l‘%ﬁﬁp éﬁ%gg@piopéatzg gag?_e@%o él%gat%%kogenous oxygen
Wthh gmb leacUo G8degsirable |£{)rmal;[@FofIﬂM:2 K@Y H-Me Metam. KDOB pis@rimethylsily)amide
HM'IﬂS?Ql 6 M %) Thy dfﬁl IME ' @Jgo&olg)s&/gd adlg%li§ )nl-EFC?l i0F Fun}{el o%grt ﬁfdrmn The

stéroid (15.15 g, Was cha
reactiongnixtufe] veas lstingpd d - 305¢QJP©fiyll hal cohol (75 m_) Sodl um

hyd | uti S a h stirrin ry

s oy et ae Al hedadhlon PR oS he hetion s
usuallyalonpletrat viaspotm o Dedriee, rmmagegf@eroaﬁla%mmni dlmmwhﬂ»t Sﬁnghtléﬁllyl

ted t addition o

benze%“?’?%gcan%)e agéegg%aga %@ttf’ PP fﬂ 10’“T%e t enper at ur e

of theThe kitch eanaarnmdi tntracbrn Etdnpbli’edﬁ’e aﬂ&@uhtﬁ:hétﬁwﬁh%%éltric acid

h fi.l ed Wt

s i 5 LAY U [ 1 PR LRSS, B S s
mL) werd addeshy uhomstura ivghagitaed ahd allaved3o 71@tlg Bhe Rnubotsay@b Xas
dlscalldéd)l @ﬁeegrgydlgié er \&a‘? %eailtgdogo rg‘fld:)J )Ld %I and(%l)l(en dstlelﬁd gslder ﬂy‘lospherlc

aan ost-I-ene- "-car
presswm(ﬂmohwlur@d 3) d: 6.20 (d, IH) 344(dd I H),

2. 99 ('?he ﬂa@h waz_» cdﬁ’be dattedI d?lgeér \%cdu% |_"|§ (?thg?eﬁgim w%}_%gl % NH%E (100 mL).

The skprq)y Wis gated 10 gglugnﬁor 439) ming, X2 was to@d&l glowlyd k) rootn @@nperature while
heptauﬁeS §503 hh;) \Qas7%1dgt§ dro’iw'\')%se (QF %ﬁg)%?gj gl'VH%he ?1‘3%3\)«% stirred at room

temperature for 1 h More heptane (120 mL) was added dropw1se 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 methyl ester (7.8 g) was slurried in 15 mL of isopropyl alcohol (IPA). The slurry was heated to
80°C. Heptane (15 ml) was added. The slurry was stirred at 80 °C for 1 h 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. (50,178)-2-Fluoro-3-0x0-4-methyl-4-
azaandrost-1-ene-17-carboxylic acid methyl ester (2-5). 'H NMR (400 MHz, CDCl3) &: 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), 1.89 - 1.80 (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, CDCl;) &: -130.3.

e) Hydrolysis of Ester (2-5)
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To a 100 nL flask equi pped with nitrogen inlet and

magnetic stir bar was charged steroid acid 2-6 (12.1
W@2000/10656 nol e). Acetonitrile (60 nL) was addedr/uIzmo6/016479

the slurry was added 3.8 g (0.0172 nole) of am ne 1-5,

NWM (6.9 L, 0.0626 nole), DVAP (0.191 g, 0.0016

nol e), and EDC (3.59 g, 0.0187 nole). The slurry was

stirred at anbi entQt enperature overnight. The O

reactionm xture wasytfHviepoured into water ‘

The pH of the

sol uti on.

(Puf e was adjusted to 2 wi

p0|pt as concentr ) AC|

af f oreh F Y™ n&ﬁéthezewas :

tameaun H h a d T‘es- a9 washed
Wi t ' afford 9 solq@ 3

The sol i1d HNaS slurri e%ZQﬁﬁ"&A (10 rrL acetone (60
m) . ThMeni xt ur e s heated to reflux or 5 h, cool ed
to roomtenperatfire, stirred for 2 h, and Q@Itered

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

Al ternggd Y:E{ 1 eftkd! st&%ﬂi 8.4 T%%saﬁ whf€0 8%l ) E‘Q% g&g goggrﬂéd to a flask

for the couplin eacti on e steroid aci
with igppropyl 413«0%7% )“%O»a§0‘§}n@rh’>’ﬂ@dldﬁ molyident win addpd with stmmg The slurry was

5 refluePht $0S fRAAEHd He BRI ?@Bluﬁﬁmﬁrc%&% & rod} fenip eankd on
m xture was stirred a mmumttamaannefm 3 h.

-5 wasm@kﬁedf th3Bid ;mgse sdufién wm{dﬁ;)steﬁ & i Wﬂdltm of 1 N HCI (225 mL)

nor.phol i ne
cropwi, FF, B et e e i AR S S o vater bac
The sldreympesiidtered endweshed with edieoi@e mili)giThe préthet wesddibivedito dry under nitrogen

and vamuﬁ{ (H’%lgl %ﬁ%c( %’6@? % yf g %Qg\&%‘tg&éégye da?% l’gﬁﬁﬁgr 0xo-4-

10 methyl= -a@ﬂapﬁmse&en&é’é-mb@xﬂc(agd@ -6t HNMRr(@OQMHx,cQWM 629 (d, 1H),
3.44 (@) 1H)0glbaat 119298 (1218 216 2.09 (m, 2H), 2.05 — 1.99 (m, 1H), 1.93 — 1.82 (m, 2H),
1.78 — 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,) &: -130.3.

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

1-5/ EDC

—_—
DMAP

NMM

CH3CN

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 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
(3.59 g, 0.0187 mole). The slurry was stirred at ambient temperature overnight. The reaction
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The iodination step is executed in a simlar manner to
that described in Exanple 2. b) Fluorination of 2-2 to
wo e00ai1B6¥D a 25 nlL flask was charged 2-2 (1. 45pQr/uSB06/016479
weight% 2.9 mmole). DMF (15 nlL) and water (1.5 ni)
was added. The reaction m xture was heated to 110 0C
. and stirred for 4 h. To the m xture was added
mixturg aag then pelreipocR e ¢ AR mhian The pHiof tha muxtMe@Hs G ustkd to 2Fhich 6 N HCI
solutlcfne @\Céléa? BellBw*dotiiiBn %sc'obﬂlherdra@ guseﬁonﬁ Gp ggol%ﬁdn @as@bn&ggitgcfjunder

to rt, and poured into wat

vacuuip ftoulipg LAY (el 406 TRt f@ﬁﬁ@@p%@qforﬁﬂearsllfuﬁew The solid
was wided Sith wmeﬂtoatfofdte g g)bf 30d mms 0/ €ld)f Tiht 661RCvas EEriedqh trh (10 mL)

and acétone 6@2‘%3]1‘3? eglpue %g eatgé toare ’riogg b,?ﬂ%p]gngqe]rbor\ég%gp%gtgre stirred for 2
h, and 2i86re@ DIE; solidHwhiMRasheDWitiVdz{on€BGHAY 5.62 g 6f 2-7. @b, Makd$pectrum
MeasrlerYM("Hﬂi 480.7637=4. 7, 10.1 Hz), 3.76 (s, |IH), 3.66 (s,

7 9 3 g?mgtgggrsd)ﬁ anéﬁ e%as %ﬁ)a’btiv%%%%ag?%%e%tﬁé %(ﬁﬂpfi%g’_be%wq’on. The

steroidjacii2-6 (500 2@, {.A3 mbid)e) wis ddiried B B&ofitrile GHI,). CTA Fvas a(ﬂHeS At ambient

tempex%% 3'1;7‘065 éeaQt_;chm f"%ﬁl’r \é? sgrre%g 21%§e§%te15%ér%tgre§orl\%{? 1( g’ was a I\@%d (350 mg,

1.58 mymple] follpwve@d by N3nedhyliB&pholing 70.53 mB53. 07 m@6le, Tleehﬁr,y v2d h&ated to reflux

for3 ;ﬁécooﬁk to m%ég%ei%%%mﬁ? %A&lﬁgl\@%é@ grg%@l T reac%g?glm Qurf:lwas issolved in

MeO I@H@fl@eﬂa@dﬁl%@mr@gﬁ (W% gieldvol e), Di chl or onet hane
(2 nm.) was added. Deoxo-Fluor(r) (50 weight%in
toluene, 310 ng, 0.70 mmple, 1.1 equiv.) was added.
The reaction m xture was EXAMPI&EBat rt for 2h and
quenched W|th saft urat ed I\IaHCO 3 soI ut i on. The mx@gure

concentrated under vacuum and the I esi due was purified
by col um chromat ography on siliga gel (20% acetone in
CH2Cl 2 as nobil e phase) to give S OMef product as a
white solid (2-4). np: 269.3 - Mg@. 1 0C; 1H NWMR (400

MHz, CDO 3) d: 7.15 (br,

=

a) Iodination of 2-1A
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(ddd, IH, J=IA 10.8, 46.8 Hz), 3.64 (s, 3H), 3.17
(dd, IH 7=3.6, 12.5 Hz), 2.46 (ddd, IH 7=1.5, 7.5,

wa 2006148655 2.33 (t, |H 7=9.4 Hz), 2.15 - 1.97pCTrUSBBY/16479
1.83 - 1.51 (m 6H), 1.47 - 1.20 (m 5H), 1.15 - 1.08
(m IH, 1.03 - 0.87 (m 2H), 0.96 (s, 3H), 0.64 (s,
3H); 13C NWR (100 Mz, CDA3) d: 174.2, 168.9,,168.7,
86.7, 84.9, OL.1, 55.1, 55.0, 51.2, 50.9, 44.1;

'3 19F NMR (376.5 Mz, 5.1 d:
z calcd. for C20H3 1NGHE )
S QO LIS

yH hesi z azasper oj d , , 2-7.

¢ f okt'owl ng assays ar2e used t® ch terize the

Wg%iiHity of tissue selective androgep 't eceptor
‘Jﬁa_ltors that may be prepared by the present

i nvefit'fon. In Vitro and In Vivo Assays f &1

I dentification of Conpounds with SAR l\&t ivity 1.

Hydr oxyl apatite-based Radioligange NQA Cenent Assay

of Conpound Affinity for Endogeqpusly Expressed AR

Mat eri al s: Bindi ng Buffer; ' [

EDTA, 10% gl ycerol , 1,1 ph ‘ sapt oet hanol, 10 mM

Sodi umMEtly TN BA pH 7 . 2) AP Sl urry: Cal bi ochem

Hydro_‘@mr'e, FasLLFl od mM Tris, pH 8.0 and
1nmM EDTA Buf f €9* 42S

ris, pH7.5, 100 mM Kd ,
1mVEDTA and 1nM EGTA. 9/% Et OH Met hyl tri enol one,

[17a-nmet hyl -3H], (R1881*); NENNET590 Met hyltrienol one
(R1881), NEN NLP005 (dissol v22i n 95% Et OH)

The iodination step is executed in a similar manner to that described in Example 2.

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

1)H,O/DMF

2) NaHCOg, MeOH
85%

MeO\/\N/\/OMe
S.
F E F
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D hydrotestosterone (DHT) [1,2,4,5,6,7-3H(N)] NEN
NET453 Hydroxyl apatite Fast Fl ow, Cal bi ochem
W@210639069%17 Mol ybdat e = Mol ybdi ¢ Acid (Si gnma, RIUBEI%006/016479
MDA- MB- 453 cel |l culture nedia: RPM 1640 (G bco
11835-055) w 23.8 mM NaHCO3, 2 nmM L-glutam ne In 500
nmL of conplete nedia Final cone. 10 nL (I M Hepes) 20
mv 5 nilo@2eanlnflask wgs eharged AN (048 gnd3 Weight g2 AimnimieyalPME (15 mL) and

water Elonjgﬁ*: &%Sj%?wh%ﬁeﬁﬁ%ﬂl&%& )V{J%fat%{?bll 18 Gé%z_m % eg gg?r 4§? To the

mixtui2Qvag addetl sdBibed HAETO0Q s@utdn (Cell)) atddde@Ei(hronl.). CEH;eI mac@bhainixture was
an J (gur n

sisred i 4 5570 Joiajs T Tan R PR e PP eRBie: s concentated

under v&tluht@rmbryMsOH: EBY Auirs wad dtiie dt it for B0 ik an@fil¥B&l. Ihe solid (3-1)

was W%S?l)e/%g’?ﬁ w%tglr %}}’é‘[ﬁ%‘g Llas)c{?fa \r/aecg{x]rh Igcts ge*\ge %ggltnpg c}fx R gt ag:agvhlte so t11d mp: 284.7 -

286.0 PcndeaMRd4(thﬁz @ﬂ(gg) 5647 reé,mtmTﬂw (fdtlaﬁk JES7] : 1@!1!1%9 3amll(s, 1H), 3.66
etacnnen Once

&, 3 395 (o 36 R 3B 3 4 B F Dkt at o Lo amesins 86— 164 (m,

5H), 1addeic20t (@, KH), I1.11 he. %r(ypgﬁn 0.8Th®.81ehl 52085 ¢HUAS, 6G4 @, 3H); *°C NMR

(100 ML TR B 17410 PP S5 41 §% 593188, 515, 513, 44.2, 43.2, 38.1, 37,5, 35.0, 29.6,
26.3,24.3,23.5,21.4, 13.8, 13.5. HR-MS m/z calcd. for CooHzNO, ([M + H]®) 350.2331, found
350.2328.

To a 10 mL flask was charged 3-1 (220 mg, 0.63 mmole), Dichloromethane (2 mL) was
added. Deoxo-Fluor® (50 weight% in toluene, 310 mg, 0.70 mmole, 1.1 equiv.) was added. The
reaction mixture was stirred at rt for 2h and quenched with saturated NaHCO; solution. The mixture was
extracted with EtOAc. The organic layer was 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 mg of
product as a white solid (2-4). mp: 269.3 — 270.1 °C; "H NMR (400 MHz, CDCl,) &: 7.15 (br, 1H), 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 (t, 1H, J=9.4 Hz), 2.15 - 1.97 (m, 2H), 1.83 — 1.51 (m, 6H), 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, 29.3, 26.3,
24.2.23.5,21.0, 13.5, 12.3; F NMR (376.5 MHz, CDCly) §: -192.4. HR-MS m/z caled. for CooHs,NO,F
(IM + H]®) 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-HCI, 1 mM EDTA, 10% glycerol, 1 mM beta-mecaptoethanol, 10

mM Sodium Molybdate, pH 7.2)

50% HAP Slurry: Calbiochem Hydroxylapatite, Fast Flow, in 10 mM Tris, pH 8.0 and 1 mM EDTA.
28
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appropriate concentration and split into flasks or
di shes for further culturing (Usually 1:3 to 1:6
waledoatiziesy . Preparation of NMDA- MB-453 Cel | LysBCBUNY061016479

the MDA cells are 70 to 85% confluent, they are

det ached as descri bed above, and coll ected by

centrifuging at 1000 g for 10 mn at 4C The cell
Wash Byeffer-eA0 M Taigg&led, 109 wdl Sl A miEEITAL10d wMEGEAC , 1V
95% s A, 10% gl ycerol , 1nM bet a- ner capt oet hanol, 10 nM

Sodi um Mol ybdate, pH 7.2). After the final wash, the
Methylgériobonar[é7o-mettg e ARASS Irf); NEBVNET5%) concentrati on of 1q

e I i on | frozen in liquid
Methyﬁﬁ%rlro g%gblggﬂéyﬁgﬁ\lgr Pﬁﬁ? _\E/)‘ﬁ{g?fée gladtsﬁ’ Eatn transferred to
DihydroBStoft€iohd @ETBI1,0/4,508, 13HEB] NBRINE®58€et ting up the

bi.ndj. ay,. the fraz les are left on
Hydrofyé@-a&gg:é%%?Od‘xjcﬁt)fo‘:{]%&/atgggl@%ﬁ. Then the sanples are
Molybdee £ MdlylgiedAdd (Signdb 86§t o 20,000 g for 30 mn at 4C

MDA_Mhe_%%u%grcuggutreanted.l.s usedt o set-up assay right away. If

UsST 11y pernatant, the test conpound can be
pRBMM?}kﬂ) (Gibc&(blmj—ogﬁ) wh8.8 mlamTEg\/l mbl\/PLf ;ghmhuj e for
lzi.pl.e Conpoun creening; |x uffer is
gﬁ’e%gf‘&o‘?fcgﬁgletteﬁ’éed?asotope-g’é‘ﬁ]tcﬁ%i ng assay mixture is
ConconLrat o LN react| on) o St RLSBL of M DHT (0.5 nM
conce atjon in reaction or :
f?ﬂ%&%ﬂ@ﬁgﬁlubeaction) and TEGM [eg. For 100
e e D P e
X X : e

c:orrpoulr]5l 'qﬁsﬁgﬂé} ?251%10?63?%8{%%%)& g., if starting final
ciheL FBS1Sigivh Fa412) t he conpoLO;?’d isin 25 ;rL of1 o
S t 0 [icate sa e 75 nmL of 4x
sg ut(?gﬁlg/in@arﬁr%ng%ﬁgﬁd 3 nm o “%L’Sg‘nM is added to 72 nL
of buf Gdco#laAD-W25 serial dilution. 25m of 3H R1881
trace and 25 nlL conpound solution are first m xed
together, followed by addition of 50 nL receptor

Cell Pasgslgingi on. The reaction is gently mixed, spun briefly

at abo@élls%ﬁgﬂ R. 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 are rinsed

with 1X Trypsin, extra Trypsin is poured out, and the cell layers are incubated at 37°C for ~ 2 min. The
flask is tapped and checked for signs of cell detachment. Once the cells begin to slide off the flask, the
complete media is added to kill the trypsin. The cells are counted at this point, then diluted to the

appropriate concentratiori and split into flasks or dishes for further culturing (Usually 1:3 to 1:6 dilution).

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

collected by centrifuging at 1000 g for 10 min at 4°C. The cell pellet is washed twice with TEGM (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. Before setting up the binding assay, the frozen samples are left 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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rpm and i ncubated at 4C overnight. 100 nL of 50% HAP
slurry is prepared and added to the incubated reaction
wakioeh21685 t hen vortexed and incubated on ice fRPCT/BS1006/016479

10 minutes. The reaction mxture is vortexed tw ce

nore to resuspend HAP whil e incubating reaction. The

sanples in 96-well format are then washed in wash
to set-ppaspayrrighsawny- HivsingiSP wbrofpupeoaiapt, W tepegosmbundagay be prgpared in 50 pL. of
the THONM bEFMasher (Packard). The washing process transfers

HAP pell et containing |igand-bound expressed receptor

to Unifilter-96 GF/B filter plate (Packard). The HAP

Proced?® {oEh1ul let(ﬂﬁn o.hlll(iﬁfreegl te is incubated with 50 nL of
M scintillint for 30 m nutes before
bei ng ¢HEHE bwﬁﬁﬁrm@m&@mm&wqyw%alﬁmg p$saY mgture is prepared in the

followf‘h%%e?r E@P&%’zg{ ﬁiﬁ concééﬁg%r?ﬁx@ea%g% g uj}?k%% 1%% BJI:igDI%1 ﬁﬁslnﬁ%mal Conc.

a reference ssue sel ecti ve rogen recep
in reactiiog)Lané fl O TEGHE. [dghEor}dt)eszemﬂesl 200t (100x 0 (ﬂ’ﬂt@ﬂ@dfl IﬁH_Oof 1:10 3H-R1881

I L2, |
ot LELHGE Bl o1 R 05 )1 o o o

essSi on
pM, arhdetp@ommhdsls ar 25 (dudftsohugicn,ifor daplémael samplds, f76 @& oM 1M solution is made

and 3 %1{ @'QZLLM]% ad$ed ) 9{'?}[ %Pﬁlffe L8818 erlF?%th%t 37C with 5%

ransfec I st are at 10, 000
C el | S/ 281 ofi - REsMtate a&ﬁIZS @L cGin@@ﬁld bartticargfiat @iked together,

followe 1t1fo$ gﬁ%({] @? refipé%tseﬁlgglg el&hlggeac%é} 1% gg{ﬁ]&?&g%te gptélﬁ griglyt aq about 200
rpm arfdhﬁﬁlldﬁecml ﬂ%}dve@ﬁﬁ@ﬁeﬂ)@l 1R ofGORHARIQhrrd R Qreparkd Eﬁi 4dadd to the incubated

S S Sy e BePhsof Set e
vortex@l ®i@tnsore toltedubhd B PR il Rbatihp RGNS tThe SargR68h 86-8811 B)fmat are

s RSB TR P PIREL L STent (88l

washirg prévessusnifan KAP ppRetesitaigiligmdaonsd expedssed secgpbeiodintilter-96 GF/B

=T, XPl.essj o tor agene).. S
ier e @peeH o P HPISET BF D 0P At REh L e Bl KOSCINT
(Packavd) tstintiléstt forcidnmpiauagdsefomn beihg cqmed en de TopChiid nidvbscintillation counter
(Packa.lpﬁg ;(gsg al%%alnMate ltlsqrtlg 18%"1% 288 ree%erenece (Jl?lssu)e selec%ve ando rogen receptor

modulators of the present invention displayed IC5( values of 1 micromolar or less.

2. MMP1 Promoter Suppression, Transient Transfection Assay (TRAMPS).
HepG2 cells are cultured in phenol red free MEM containing 10 % charcoal-treated FCS
at 37C with 5% CO2. For transfection, cells are plated at 10,000 cells/well in 96 well white, clear

bottom plates. Twenty four hours later, cells are co-transfected with a MMP1 promoter-luciferase
reporter construct and a rhesus monkey expression construct (50 : 1 ratio) using FuGENESG transfection
reagent, following the protocol recommended by manufacturer. The MMP1 promoter-luciferase reporter
construct is generated by insertion of a human MMP1 promoter fragment (-179/+63) into pGL2
luciferase reporter construct (Promega) and a rhesus monkey AR expression construct is generated in a
CMV-Tag2B expression vector (Stratagene). Cells are further cultured for 24 hours and then treated
with test compounds in the presence of 100 nM phorbol-12-myristate-13-acetate (PMA), used to increase
the basal activity of MMP1 promoter. The compounds are added at this point, at a range of 1000nM to
0.03nM, 10 dilutions, at a concentration on 10X, 1/10th volume (example: 10 microliters 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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the basal activity of MWl pronoter. The conpounds are
added at this point, at a range of 1000nMto 0.03nM
wdaodittwesi ons, at a concentration on 10X, 1/ Qe¢r/usionsre16479
(exanple: 10 mcroliters of ligand at 10X added to 100
mcroliters of media already in the well). Cells are
further cultured for an additional 48hours. Cells are
hours.t Gadls aggetbenernshed twicewithPBSRSd Aiset! hadding BY bl Lysis B@fer{1x, Promega)

to the Qfgllé-yﬁlb ?ucﬁ’b’tfage%tl\(lly)ﬁs QAR g 96 Qell ﬂ?m%\%l_s%x\g P llﬂ#@\r/ﬁr%otbeta Jet (Perkin

| uci ferase activit Y IS measured I n a > i )
Elmer) ymipmgter. 45¢ivigy ef 6t somparats is Peestoitad aEsynpressipuief Inofeessesignal from

the Pl\/ﬁ&-tsﬂnﬂblﬁt)éd &dntbBislelC @ﬁ%@%ﬂ@ﬁmhf’vz@ﬁe@ %ﬁqu%gte@STééﬁg Qélg&l§+ Mlrogen

| uci ferase signal Tromthe PVMA-stinmul ated contro
receptblev@ukltorE@S@e meseRriayentian astisatarepresa@uotypiedly withssbi@icromolar EC50

values i B b TP R BT BOE! o typi cal Ly with | o

subm cronol ar EC50 val ues and Emax val ues greater than

Refer bout 50% References: a. Newberry EP, WIlis D,
‘——%‘ﬁ-rﬂ T, Boudreaux JM Tow er DA, "Fibroblast growh

a. NefbartydiP, Wellie ﬂi?t, hatifi;'il‘@mjd'rdagx B TonadrdA, t“RidrdblidBgrowth factor receptor

sig 1&1& ﬁ\%‘\llclt%% t%e h& an, 1%%&) <Hf Sleolgaggr?a?% }ng)m\éte}a v1£1 El‘n%é)g)aﬁg %*fgbgl})element ”
M.E_n@sjme!l 1k161129344 (B9Fprzi el H, Defossez PA, K ocker H,

Launoit Y, Cato AC, "Androgen receptor-Ets protein
interaction is a novel mechanismfor steroid

b. SchmeikerbhEeterrdil B PefosronBAnBldckeat] bavnoit Ya€etoiAC, “Androgen receptor-Ets

proféglglg gkagg%ﬂii% & ?1 0O& e&?&ﬂlrsﬁz&l s@e?md H}rgjr?n%b%hl% gﬁg\gﬂ Ké&i‘laﬂon of matrix
mefppprotpigase iegaigrdions; d udiel Chem Y74 c3308h23¥13 KIB9Fhi nus an d
3. A L@:ﬁﬁﬁml 'T% ERPRRIARS:y s tﬁ@ﬁgﬁ{a%&&@cﬂlnﬁ%ﬁgﬁ QFRN {(Agoni st

IS assay assesses the abi | agonl StS

oale u.r., of ghe Aylragas

( NTD) @Hl@l aleay REERMe a@ﬁﬁ'ﬁbm %@stsqg mrdné fﬁ?cfrac’uon between the N-

.reflects the in vivo virillizing
terminal domain (NTD) and C-terminal domain (CTD) of thAR that reflects the in vivo virilizing

potential mediated by activated androgen receptors. The interaction of NTD and CTD of rhAR is
quantified as ligand induced association between a Gal4{DBD-rhARCTD fusion protein and a VP16-

- thARNTD fusion protein as a mammalian two-hybrid assay in CV-1 monkey kidney cells.

The day before transfection, CV-1 cells are trypsinized and counted, and then plated at
20,000 cells/well in 96-well plates or larger plates (scaled up accordingly) in DMEM + 10% FCS. The
next morning, CV-1 cells are cotransfected with pCBB1 (Gal4DBD-rhARLBD fusion construct
expressed under the SV40 early promoter), pPCBB2 (VP16 -thAR NTD fusion construct 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 ug pCBB2 and 0.1 pg of pFR is mixed in 3.4 L. OPTI-
MEM (GIBCO-BRL) mixed with “PLUS Reagent” (1.6 pL, 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 pl.
OPTI-MEM in a second tube and mixed to form the diluted LIPOFECTAMINE Reagent. 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 /well OPTI-MEM, and 10
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potential nediated by activated androgen receptors.
The interaction of NTD and CTD of rhAR is quantified
w@soobitgmstl | nduced associ ati on between a PCT/US2006/016479
Gal 4DBD-r hARCTD fusion protein and a VP16- rhARNTD
fusion protein as a manmal i an two-hybrid assay in CV-1
nonkey ki dney cells. The day before transfection, CV-I
KL DI‘&%111P’§‘ Caméle?éqswsqdﬁ@dzte Gackrelle )c/ﬂ}ﬁ e@rplexghere miead ipfb stegrbdium gently and

incubaddd, 0 9PCGeb ML SH. rFoﬂ@wiP{@ lndcubtidh %0 ?.L @l BNEM A8 ?’§% charcoal-
(scal ed up accordingly) iR DVEM + The next

strippaddiGii angaddel/ follosvetl by mauleltlemtrﬁ?%itéé%t @Gz V\Aftér q@(BBBis the test compounds

are ad&%@%hép%esllreg] corng?,ﬁ[?&a ?rftfﬂge%%Zﬁ)t(@zg O?ﬁ)b(’%r ﬁ‘ﬂ"ﬁ #@gfr nggs% activity is
measugd sing DUC %xq@n epsat TROREX) folewibY 4B reatfaytuRf e pdteb) Th8dssay is
B TR R R
assay iohélop 2o ééaunabptigmdordindiadtebyt rodie tenpadaie, Btihatdnys is ety

Xt pCBBl, 0.05 ng pCBB2 and 0.1 ny
measugegmﬁéguf{ %C(?T{d )%Ig:ag'gtl({ﬁg 4 m GDTI VEM (G BCO- BRL) m xed

W th " REiSyRE E@g“eqq?tl‘lPO'(ImS & calcyla@ll BOBe BRay redmite tathelinail eglobtained

R e ey A R
displayReenren to §4ed3BCOVBRI)his sssali Witk Beh than 30%agonidt Rty dviEidiomolar.

Refereﬁ%FSecond tube and m xed to formthe dil uted
OFECTAM NE Reagent. The preconpl exed DNA (above)

He B, Bendppainen A Yiegel JLl@@feﬁfemm Nﬁldaemrmctj@\atiavﬁmctmne
in the aﬁ](ﬁg en Stgr d bﬁﬁllﬂ % Igzgmf Rliiage inm —rcljoa%i Rl -lll-rlillgation with the
Ium o e celfTsisr L B B A S
NH(Z)@WMI\EMM ni Bigin€ChediNA74: |3@21<9 Yerp(18%Bs are added to
J he di.um
- MLy AR RO B R L A
C deinaies of nAnls 3 iseMbddd) MEM and 13%

g?aggg"gllug %Jségﬂi%%segﬁ a@ﬁfy Egom[g)’ghclsﬁx\@lq e%%{lzé ﬁl%%gﬁﬁlat%ry effects of

R18810p ghedpfgractiontbetieen HAD) anné @T@oqfem et iogpipsljan twd- hmmd-assn@ in CV-1
cells adderivE@hoye.€i ght hours later, luciferase activity is

Forty eight hours after transfection, CV-1 cells are treated with test compounds ,
typically at 10 uM, 3.3 pM, 1 pM, 0.33 pM, 100 nM, 33 nM, 10 nM, 3.3 nM and 1 nM final
concentrations. After incubation at 37°C at 5% CO, for 10 - 30 minutes, an AR agonist
methyltrienolone (R1881) 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 R1881 is

calculated as the relative luminescence compared to the value with 0.3 nM R1881 alone.

5. 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/well are plated in a white, clear-bottom 96-well plate in
“Exponential Growth Medium” which consists of phenol red-free RPMI 1640 containing 10%FBS, 4mM
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measured usi ng LUC- Screen system (TROPI X) foll ow ng

the manufacturer's protocol. The assay is conducted
waleooearieys in the wel s by sequential addition PET/BS2008/016479

each of assay solution 1 followed by assay solution 2.

After incubation for 40 m nutes at room tenperature,

| um nescence is directly neasured with 2-5 second
L-glutamine A0miM BEPERAJOhg/mlyhughn inedin, adrAfog/milsgentemizar. dudubtteconditions

are 379@’ aﬂd%% GaxTﬂeq{aﬁ%fEéfﬁn tlsodoihgﬁxl tﬁ&:ﬁ 'n%'dé yTlgzbJem 0€ gré%p rll%dind counted to

yplca t1ssue-sel ecti ve androgen r
the rl&hb@lil natnbersn g praper prauseoftireslnmedia.janththen gmlaymw@lawhdhe Fugene/DNA

cockta?i%&'aﬁ& plﬁ't%& blYt!) Eﬁé 9|6r1v il la%e i v)é‘h; Qc%gﬁ S2?)0t'lh %pmé 191 § lipid/DNA

goni st™ activi fnicronol ar
Complmemglp!m ﬁlsmndlibateﬁ’@e@éﬁ O\ngl(& "Eiwermgfeqtlohlcodellsaomlfd\tbf serum-free

Optlnﬁel‘ﬁclt‘dﬁ\é@etg eﬁtlﬂﬂcbe%n Th@ QMQPP R%Qﬁgdlgga{énﬁc%ﬁ%?ttgcrol for cocktail

donmai n ne es I n er -
setup xs (ﬁarﬂumd cabe lqnd (Hlx th DNm(”ﬂ‘éB'l(aﬁ)) ig @pmcmaitelgd Bxaand]th'é intubation time is 20

- 37225
i oo P, Sl end B R R o Ao Bf Rpmoounds
such tiNt ﬂfeﬁmalriDMS@mbh@lélf eomentrsioDERG N SThe feellsrak m@esred Reihe pkiafompounds
for 48 ﬁ]{%‘“tpﬂﬁ?ﬁ-‘é ﬁIIS g@%?lz ar-gpl)(s?%d %%Q' P%mt% asc%ﬁ ‘cc’:gl%ur gltms %uf’fer f?1y30 gO min and then

est conpoun | ze ects
the luqﬁeraﬂ ac@sny iorthe dxgragtnis essamdl imthe Bémwéwnmnmmm@‘f D of

rhAR i in . '
(AR | DRATIR! b MR MRS BE 8K 0 T (FBL AP cine
with 1Q¥aM RI€Bl.s are treated with test conpounds , typically

Referedlest0 ™ 3.3 mM 1 nmM 0.33 mM 100 nM 33 nM 10 nM
nMand 1 nMfinal concentrations. After incubation

a. R ﬁt H@F e at “MPAIB-458r anbdrog@responitedsimaa hreAdR carginning tell line with high
androgen receptor expression,” Eur. J. Cancer, 30A: 484-490 (1994).

b. R.E. Hall, et al., “Regulation of androgen receptor gene expression by steroids and retinoic acid in
human breast-cancer cells,” Int. J. Cancer., 52: 778-784 (1992).

6. In Vivo Prostate Assay

Male Sprague-Dawley rats aged 9-10 weeks, the earliest age of sexual maturity, are used
in prevention mode. The goal is to measure the degree to which androgen-like compounds delay the
rapid deterioration (~-85%) of the ventral prostate gland and 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
is 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 stumps 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 full mobility within 10-15 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.

33



10

15

20

25

30

35

nmet hyl tri enol one (R1881) is added to a final
concentration of 0.3 nMand incubated at 37C.
wo-bA2esPHht hours later, luciferase activity PGI/US2006/016479

measur ed usi ng LUC- Screen system (TROPI X) foll ow ng

the protocol reconmmended by the manufacturer. The

ability of test conpounds to antagonize the action of
Necropg¥ ar@Endpeints:al cul at ed as the rel ative | um nescence

conparff 4qs filewd e\flethém dl3sthktide Y aRABAchaRbQ NGl Rar death.

Trans- Acti vati on dul ation of Androgen Recept or
ApproxifiAhEml Whols bled &yobassd by emdiahpungiird. | Ehy rfis themsexamined for certain
signs o% cci)e% lillﬁ gg’rgygelgteﬁ;egpsf”\%?( f\g@ﬁg@é {/e&]&r gdbrtﬁd'n ??%Mﬁadd%ocated and

reast
blunt dtssmmé free gl d hlghlm stylized fashian.u¥le \Ieytr@mms@wé Blotefedrip faygry seconds and

then wfgﬁ)ﬁg t er € {nﬁﬁ vésﬂc@éj& ﬁdcgtgd fd BssBREH frde€ GndMEMal seminal

orter gene. 20,000
veswletmbl@@sd@lm)foc é+5lss¢0né$ 4ndé1i!eé Vm@@@@\ﬁ Th white,

cl ear rﬁ%ﬁ{? gﬂg R R Assd)! a% fhe kvelgi'ltg)ép@l@ %ﬂtfaﬁf)ro_@it@ Yt\ﬁcf‘semmal vesicle.

Medi un consi sts of phenol red-free RPM
Secondgtyrlatsi inglvdy seooFIBSlugiviainediormeny #d FS?WI@EFBE@WH@B@WPE@) and

possibl léé'fﬁlﬂ phaB@H dfBonARtnABH HdWiriGR0NbR D&A Bre ahdlfAddBY ANOVA plus Fisher
conditions are 370C and 5% CO2. The transfection is

PLSD prsfriod tpst inaideniifyrgtpesronpiifiergnaes Tap extentypupinh Fgifompepnds inhibit ORX-

1nduce@%@$ﬁ¢bwgn&@'¢WT1QH§ses@,&i| nunber in the proper anount
fresh media, and then gently mixed with the

Fugene/DNA cocktail mx and plated onto the 96-wel |
7. In \QV@B&he OHhatioh@swlel | s receive 200 Tl of medium +

I|p|d/DNAc | e d are t i ncubat ed. at 370

over n| %ﬁ Wgef}'é%tf AESH L}C@ 3| are Lgﬁ%]lné{egmgflt mode to simulate
adult hS@HEhIeS E‘Tl(a}bﬂs mbeﬁ'u@ﬁﬂ&:tomeﬁgﬁWQdﬁd SDHKYs piEiwusly, to cause bone
loss angH r@x{lagé: %sgrggegrl&ﬁflélgn%? %}eef)%}egcc aH) fﬁfﬂélg% .?l%?—ltr{:e{tr%wn?f ls)w dose of a
poweriﬁJHiﬂtlQeso‘BptﬁB,pﬂdhﬁtoﬁﬁb €0.0028mk 8QDX/R) ik begmb ah Den 0t DmdPay 45, treatment

at
i ofCafePain SFET, HETBEHELHE P SALETR SR 1S5 by on ey 2
The goabispom¢dsre seektehitatwhidhendrogaHikDvBapmehinckssy the amount of bone

format{ogss%lgg/% hg%ncroegseld %lugr%(c):/ﬂror-rqh Fabgl%lg! at t}%rp%ngg&pa? aﬁﬁcé o the

In a typical assay, nine groups of seven rats each are studied.

On Days 19 and 29 (fifth and fifteenth days of treatment), a single subcutaneous

injection of calcein (8mg/kg) is given to each rat.

Necropsy and Endpoints:

The rat is first weighed, then anesthetized in a CO2 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, blunt dissected free in a highly
stylized fashion, blotted dry for 3-5 seconds and then weighed (UW). The uterus is placed in 10%
neutral-buffered 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 1-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 concentrations of methyl methacrylate. It is embedded in a
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for 48 hrs. After 48 hrs, the cells are lysed by a
Pronega cell culture lysis buffer for 30-60 mn and
w0 b@n/121e65 | uci ferase activity in the extracts PGI/US2006/016479
assayed in the 96-well format |um noneter. Activity of
test conpounds is calculated as the Emac relative to
. the activity obtained with 100 nMR1881. References: a.
mixturg of90%aiethy] methagrylate »10Fdiveylphthalatenthairiel plényeed 19 pdyyomige geer a 48-72hr
perlodh B othE ﬁ%ﬁ%ké&%ﬁ@ kﬂa‘ﬁm@tl&lﬁgék 1L {rféﬁgnéﬁl J’ntg a@h%\tlﬁpgcﬁng%%ﬂy fits the vice-
receptor expression,
like specimpomboldgs of RLgica 1690 |SaWM1cr@rome wmegmlcmguaem obfbe hpuprpaepared for cross-
sectiofiff: I @ cr 6.8  ti8ASUT 88 Sh AlickYss %lzeeﬂ'réﬁa% aﬂ@gloﬁrﬁéd Jh(ﬁlzfss Qﬂeg One

i n human breast-cancer cells
sectionyfyem pach gt flangy Qgproygrnatp%thvpv}yopp @fst{]%lbc@e pgssgbyteql,/mdé)hnd-coded The

periostofllsagat8 vPeHoh 8¢ tibRts SsB88M50? TO}-Q pUesleal suthe, 8/t ﬂ@&&chﬁgﬁe label,
sexual nmaturij té are used in pr eventi on node.

doublegt{ii’é’FOCP@mFéabﬁleé%q}P rlghebdigaticee to which androgen-| i ke
conpou Pﬂﬁla@ Qh@ Yortthie asfs?)zirg the %E@éﬂt e b&[bs(eal%ﬁﬁﬁce @EarfnB@ouble label

ventr pr. OSt ate sem na vesi cl es t hat
and theming afz?a? fiopyrat ( g’g“\ﬁéﬂe &ggﬂnﬁélfmlébo%ﬁ?@klnﬁ@ﬁ%ﬂ?aﬁ magkerg pfchone

formatic@s Sen{Qy Gtk BelueitefuOREight anfatstoledicfetuehl 'E&ﬁeﬁgbﬂc@emts may include
S0 =N N T T R —

hoc tesnd idemifymteesrowy differencss. OThel el teiBrd &vhich tésheongouis iibreaddone formation

endpoinl Qgssgsges icle is exteriorized. The spermatic artery
PORING° VB Tef er ens are ligated with 4.0 silk 0.5cm

pr oxi nmMhile dletfhegm@stpb@fxeltioﬁ leecheetic ipﬁh(ﬁpthoﬁt]lieq&dseﬁIyn\Qﬁﬁon with

exampfelkl B%)?{dgcﬁfog H}% é)lurp%u [ I11?118s Sfﬁtleonslt %sﬁ%ﬁerg (o} e@ﬁt tﬁee%'ac[tlse ﬁqtge invention
encompassegtall of the nenab eanietions, adeptéms,@d nfodificstives,lag being esliih dle@cope of the
followm%ﬂilgsozxnﬁ tl%lr%%%alg{tg
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returned to the scrotum the scrotum and overlying
skin are sutured closed with 4.0 silk. For Sham ORX
w@bdosprwsedur es excepting ligation and sci ssorBCT/US10061Q16479
are conpleted. The rats fully recover consciousness
and full nobility within 10-15 m nutes. A dose of test
I.S.adm ni stered subcutaneously or orally to
WHA?E@%MF@% ately after the surgical incisionis
sutured. Treatnment continues for an additional six

consecytive ,days cro and . oints: The rat _is
Pt ot oheptotsbler BrBaie 2R motroRdi gl of Fotmula 1
until near death. Approxijnately 5rg2awhol e bl ood is
obt ai ned by cardi etc1 un g e agoth s t hen exam ned
for certain signs nd | et eness of ORX
Next, the ventral portionNof Nhe pribibate gland is
| ocated and bl unt dissected frée in a hifghly stylized
j.ate is blotted dry for 3-5
Orahysdg?c:églr?%e sl ﬁerﬁcgﬂ&ll&gll goﬁ{gl VPV\) Fi nal | y, t he sem nal
(1) coydigp ap bT-Hr%tvebém@ deriviatiye sEEemuly If and@. 2, 3rdiemipepyirididle of Formula III
with aft %HH @ﬁbndéea%h@tlg%/végnpdo Qo Hhiet bOFordur r§eH@nds and
t hen wei ghed ). Primary data for this assay are
the weights of the ventral prostate and sefRbal
vesi cl e. Secondary data include serum (lu i zi ng
ornf@dne) and FSH (f ||IC,}”q sti mul aty ng fior ngNﬁ and

%oss bl e serum narke $one for
Ry VXTI T@at i on(R'harayz /e anal yzed oy A QI us [Fi sher
R tpost - hoc t est Jify i ntB?agrB?thHdl f NM£ences.

Tgﬁ extent to whic test compounds i nhi bit ORXi nduced
s of VPWand S i s assessed. 7. Int\ivo Bone
Formati on Assay: Femal e Sprague-Dawl ey rats aged 7-10

nths. are used.in treatnment, node to sipulate adult
@ eyl Eh BEFSenEo b EEHERY BRaRe R4S Bt B Ry
methalmidS6F Fdayda prodetealis| y, to cause bone
nis0, 1,2, or3;

R! is independently C1-Cg alkyl, halo, C1-C3 perfluoroalkyl, C1-C3 alkyl(CO), or C1-Cg alkyloxy;
R22 and R2b are independently H, C1-Cg alkyl, C1-C3 perfluroalkyl, or halo; and

Rp is a nitrogen protecting group.

2. A process for preparing a 2-fluorolactam of Formula V,

Me R*

which comprises treating a 2-iodolactam of Formula VI

36



| oss and sinulate estrogen deficient, osteopenic adult
human females. Pre-treatnent with a | ow dose of a
w@owen2ehss anti -resorptive, al endronate (0.0023P@RUSKN6/016479
2X/wk) is begun on Day 0. On Day 15, treatnment with
test conpound is started. Test conpound treat nent
occurs on Days 15-31 with necropsy on Day 32. The goa
is to neasure the extent ‘§|mhich andr ogen-1|i ke
conmpounds increase the g t of bone formation, shown
by increased fluor O[TE hel i ng, at the periostea
surface. In B, FSSla ni ne groups of seven rats
Dgys- 19 and 29 (fifth and
néﬁt) a single subcutaneous
i nj ection ofg€a 8ng/ kg) is given to each rat.
Necr opsy and Enqgants The rat is first weighed, then
anesthetized in COQ2 chamber until near death.
Approxi mately 5nL wiol e bl ood is obtained by cardiac
The rat, is then examned for certain signs
W“hsﬁﬁﬂbéﬁpﬂ dey Hlee By fiigt eness of OVX. First, the uterus is
| ocat ed, bl unt d|s$Bcted free in h|gth stylized
fashi on, blotted drl fp? 3-5 secomds/éﬁd t hen wei ghed
(uw. The uterus i TPPaced % 10% TRyt ral - buf f er ed
formalin. Next, the right leg is di saRticul ated at the

5 RIR2h Rdepth® {1 angi, di R-3epirafiar ated at the knee,
subs?%ntp Iy geP?esﬁegﬁmandrtﬁgn placed in 70%

RS is Btthab@ilkyl Aorleicm sieg®)t of the central right fenur,
with the fenoral proximal-distal m dpoint ats center
is placed in a scintillation vial and dehydrated and
defatted in tone, then
|ntroduced ?%Jégﬁht,éﬁgﬁ§%§ﬁ8?%€?€g3,ng concentrations

o %1nethyl met hacrylate. It is enbedded in am xture of

g (yg % met hyl nethacrylate :10%di butyl phthal ate, that

i s al Rdveaethy; mdlRAfemethgl. over a 48- 72hr period. The

10 bottle is cracked and the plastic block is trimed

into a shape that conveniently fits the vicelike
4 The process of Claim 2, wherein the 2-fluorolactam of Formula V is prepared

with stereoselectivity of at least 90:10 of 28 : 2.

5. The process of Claim 2, further comprising the use of methylenechloride,
15  tetrahydrofuran, acetone, N,N-dimethylformamide, N,N-dimethylacetamide, or 6:1 of

methelynechloride/acetonitrile as a solvent.

6. The process of Claim 2, wherein tetrahydrofuran, acetone, N,N-
dimethylformamide, N,N-dimethylacetarnide, or 6:1 methelynechloride/acetonitrile is the solvent, further

20  comprising the use of 1.1 to 1.5 equivalents of silver(I) fluoride.

7. The process of Claim 2, wherein N,N-dimethylformamide is the solvent and 1.1

equivalents of silver (I) fluoride is used.

25 8. The process of Claim 7, wherein the process is carried out at room temperature

and the 2-fluorlactam is formed with stereoselectivity of at least 94:6 of 28 : 2« and greater than 95%
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speci men hol der of a Leica 1600 Saw M crotone, wth
the long axis of the bone prepared for

W@e@saswes i oni ng. Three cross-sections of 85 nMPCT/US2006/016479

yield.

which ]

siejred
ollow {HIE0 ] ' [l of th |
follow gt RS0 %o thifa hIONEOH il BESBIRAR 3! | OF Lo o

t hi ckness are prepared and nounted on gl ass slides.
One section fromeach rat that approxinmtes the

m dpoi nt of the bone is selected and blind-coded. The
periosteal surface of each section is assessed for
total periosteal surface, single fluorochrone | abel,
doublegfluorochro | abel , and interl abel distance.
Primary dat & Bo¢es nfﬁf Repag g 2£lerqlacanyeffeemtlaye of

peri osteal surface bearing

dowibl e | abel and the
m neral apposition rate @€erl abel distance( nm/10d),
sem -i ndependent mar ke

of\pone formation. Secondary
data incl ude- ut er u tr
f ¥ V)

d histol ogi c features.

Tertiary endpoj ictdde serum mar kers of bone
formati on and i ¢h. Data are anal yzed by ANOVA
plus Fisher 4 pOsthoc test to identify intergroup

di fferences. Thelgmtent to which test conpounds

i ncrease bone fdRimtion endpoint are assessed. Wile
the foregoi ng speciyi cation teaches the principles of
the present invention, wth exanples provided for the
B&eregtng ¢ PirdelegtemohFormula) W withdewa erdb-dithethy! fdreamide mixture

within the scope of the following clains and their
equi val ents. WHAT IS CLAIMED | S 1. _A process for
preparing an i m dazopyridi ne ngfbagtam ne of Formul a |

€0 Ahi ch conprises: (1)
coupling an N protected ;%@ vative of Fornmul a
Il and a 2, 3-di am hepyridire bf~Fofnula |11 with an

acid chloride activafi ng |i|o form an adduct of

Y
RS
VI
wherein R4 is
0 0
A I &
C—0 or C—N/
“R2,

R1 and R2 are each independently chosen from H, and C1-6 alkyl,
RS is H, C1-Cgalkyl, or C1-C3alkyl(CO),
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[ 1 111 1V (2) cyclizing adduct IV by treating with an

acid and deprotecting to afford the i m dazopyri di ne
woretobazass ne of Forrmula |, wherein n is 0, 1, PCT/U82086/016479

R is independently C -C alkyl, halo, Cl1-C3

perfluoroal kyl, C1-C3 alkyl (CO, or G -C al kyl oxy; R2

a and R2b are independently H Cl1-C6 al kyl, C1-C3

perfluroal kyl, or halo; and Rp is a nitrogen

protecting group. 2. A process fci\,leplr-{‘éparl ng a

2-fluorolactamof Fornmula V, V. conpri ses

treating a 2-iodol act am of nul VI with silver(l)
A i dépendently G -Cg

fluoride, wherein RAQ s R
al kyl, C1-C3 perfl uoro¥ X5 is H, Cl-C6 al kyl, or
C1-C3 al kyl (CO. 3. d daim2, wherein R4
isOIll_RLC ; RO rmjli ~and R5 is methyl. 4.
The process of Caim 2, rein the 2-fluorol actam of
Formula V is prepared with stereoselectivity of at

| east 90: 10 of 2b : 2a.

XVIII; and
MeO._~ N ~_0OMe
: F’$‘F (2)
treating the hydroxyl lactam (XVIII) with a compound of Formula Z, F
to form a 2-fluoro lactam of Formula V’
4
Me [
A%
0 1
R
10. The process of Claim 9, wherein R4 is C-0 , R1is methyl, and RS is
hydrogen.
11. A process for preparing a compound of Formula VII,
4
Me R
N
R VII
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5. The process of Claim2, further conprising the use

of met hyl enechl ori de, tetrahydrofuran, acetone,
wORMed21s83 hyl f or mam de, N, N-di net hyl acet am de, PO¥/US2006/016479

of net hel ynechl oride/acetonitrile as a solvent. 6. The

process of Caim2, wherein tetrahydrofuran, acetone,

N Ndi met hyl f or mam de N, N-di met hyl acet am de, el 6:1

met hel ynechl ori (Ii_g/ acetonitrile is the soM@erﬂ further

conprising the yse of 1.1 to 1.5 equi yakgnt§ of

fNlor\de. 7. The pr ocessMg ’

i de is thé,sol anyd !
d ilver (1) fludfide 3
Ckpi m 7, wherein thy S |

onperature and the(-f Nlor-l Zctamis forned
i ,s'IIereoseI ectivity of at IeaEtH94 6 of 2b :2a and
gre®%r than 95%ield. 9. A procBgs for preparing a
2-fluorokactamof Fornmula v , whi conprises treating
a 2-iodolactamof Formula VI with a water/N, N-di net hyl
whichcompriges dhe stapsal (hdrepidrnel apmepoungd oflakiCef i ForQulhoVror ¥ with
hthmnkﬁé%n@@f%hdléaﬁglhéma rcf: é?lregb‘lla ()2\)/ {ela!:tm lthev\é?lgfa@ vﬂth@ﬂ%ﬁ%be%enesulfmate,
are each epen ently’chosén fromH
5 and (3hwmymr;lg tR@rquceI-llhe @impGeal dfyFHormwda VT whReih R$li; CO) , XVI | | ;
and F'' T (4 treating the hydroxyl lactam (XVIIl) wth
I sRonpound |1)f Fatmula Z,
c—0 or —N7

\F{2

R1 and R are each independently chosen from H, and C1.¢ alkyl, and
R5 is H, C1-Cg alkyl, or C1-C3 alkyl(CO).

10 12. A process for preparing an azasteroid amide of Formula VIII from an aza-steroid

acid of Formula IX,

15

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

/I e
NH,

20

(R"n
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to forma 2-fluoro lactam of Formula V 10. The process

of daim9, wherein R4 is C , R is nethyl, and R5 is
whyasogwss 11. A process for preparing a conmporemUsfo06/016479

Formula VI1,V V which conprises the steps of (1)

treating a conpound of one of the Fornulae V or V with

e LSRR L3 LR SOl e

nis 0,133, ondr mi ng to produce the conpound of Fornula VII

i SR 5 B B 2GRS EREIE FCE ot
R2a aﬁk@r@%%ﬁ%ﬁ%ye}lb I-E@l%,ﬁgﬁ%@{ro ﬁ,%?gél&gan&”

azastero om'an aza-steroid
5 R3S is A PCeiky o tyl@aliki(cd). I | 1 X which conprises coupling
of acid I X with an i m dazopyri di ne net hanam ne of
Formul a 1, usi ng
| - (3- digret hyl ARd-0G8F REMAtihg F1 ShR¥tGRLAR0bf FarblEl X _
hydrochl ori de or CDI" as a coupling agent, wherein n is
0, 1, 2, or 3; Ris independently H G -Cg al kyl,
hal o, G -C3perfluoroal kyl, G -C3al kyl (CO, or Cl-C6
al kyl oxy; R 2a and R B arq'i ndgpegdem |y H,
G - Cgal kyl, Gi-C3perfl YoMl kyls of hapo and RS is H,
G -C alkyl, or G -CR¥8f Wyl ( . . process for
preparing an ﬁz. am de Formula X X

10 X
which comprises:

(1) iodinating compound XI to afford a 2-iodo compound XTI,

OMe OMe

Xl Xi
15

(2) displacing the iodine in compound X1II with fluorine to afford a 2-fluoro compound XIII;
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whi ch conprises: (1) iodinating conpound XI to afford
a 2-iodo conpound Xil; XI Xl (2) displacing the

wo easnziesh conpound XE with fluorine to affor dP@EI/US2006/016479
2-fluoro compound XHI; XI'l1I (3) methylating the | actam
nitrogen of conpound Xl to afford conpound XV, XV
(4) oxidizing conpound XIV to afford conpound XV; (5)
hydrol yzing ester XV to afford aci@ Xvl; and (6)
coupling of acid XVI with am ne XVIY-t@Mafford
aza-steroid amide X. 14. The pro@¥sg according to

i odi rA\(1) conprises the

reaction of trineth¥lsi
di spl acenment in (2) cempri tHie

(1) fluoride in N, N-dijmeth ¢t &hi de,
di chl or onet hane, di gyff ongrietbhene/ acetonitrile, or
acetonitrile; the nethylatHon of (3) conprises the
reacti on of t-BuOK and NBl; the oxidation of (4)
conprises the reaction of IiyﬂhunhexanethyldisiIazide
and net hyl benzenesul finate; the hydrolysis in (5)
conprises the reaction of NaOH or KOH;, and the

L R T

hydrochl oride or 1,1"'-carbonyl diimdazole. 15. The
process according to Caim13, V\,heréi n the iodination
in (1) conprises the reaction of
trimethylsilylchloride and 12 to Mer

product; the displacenent in dorpri ses the
conversi on of the 2-iodo Iemét formed in step

~{.0r mam de (DWF) and
hpDeoxo- Fl uor (r); the

OMe.
a 'g-l odo | actam

(1) by treatnent w t AN
water, followed by tre
met hyl ation of (3)
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15

20

conprises the reaction of t-BuOK and Mel; the
oxi dation of (4) conprises the reaction of
wo paohitzmsbexanet hyl di si | azi de and PCT/US2006/016479
met hyl benzenesul fi nate; the hydrolysis in (5)
conp{ises the reaction of NaCOH or KOH;, and the
coupling in ( rlses the eacti on of
(3 ppdrglyapg hswa& %{ hyl car bodi i mi de
hydrochl oride op |, r-carbonyldllnidazole.
OH

Me XVI XVil

(6) coupling of acid XVI with amine XVII to afford aza-steroid amide X.

14. The process according to Claim 13, wherein the iodination in (1) comprises the
reaction of trimethylsilylchloride and Ip; the displacement in (2) comprises the reaction of silver (I)
fluoride in N,N-dimethylacetamide, dfchloromethane, 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.

15. The process according to Claim 13, wherein the iodination in (1) comprises the

reaction of trimethylsilylchloride and I 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 treatment 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 oxidatjon 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.
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