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WD 2008/ 024337 PCT/ US2007/ 018471 Conpounds and Met hods
for Inhibiting the Interaction of BCL Proteins with
w@eovdiong3Part ners Rel ated Applications 5 This PCT/US2007/018471
application clains the benefit of priority to United
States Provisional Patent Application serial nunber

60/ 838,987 0p6;, . K e

'nvent | APt dS et Wermods for rnividfg e frierdegon

i mport ant_f or afoB&dl Pretebns vithyBénding Basttars)

devel opment, host defense and suppression of

oncogenesis. 10 Faulty regul ati on of apoptosis has

been inplicated in cancer apd in nmany other human

di seases which result REGEAPRICEEIEce bet ween t he

process of cell division and cell death. A central
checdthipapmicaion glotps 8 keneft phpripyifodnib dfates Provisional Patent

cyt ochrone, c rel f i,t ochgndria. Cytochronme c
AL R fubf SPRGs SBR el LU et 0B o 1y

menbers. The Bcl-2 famly of proteins includes both

anti-apoptotic nDIe@WFg%?"ggeﬁﬁ%ghBﬁﬂw? and Bcl-XL, 15

and pro-apoptotic nol ecul es, such as Bax, Bak, Bid and

Bad AIR®IosE, copt r i Fog@Bmes casler deathl | ipr ofynewtanpn foy normal

r ' gl | _turnover ed b - :
eriSRPURALIER, 068 orieHl DRI TRNE "B Yoorussaipn of gpeosenesis
FaQfty Begulidnast Besplosid sy b&sh intplic@i¥d h dahéssdndCian@esny athdr human

_many ot her fornms of cancer. Various small_ nol ecul es
digeases HudhresHbiiam an imbalapre betyeert ths procsss ffceBidivision apgcell death.

t SS§a: I f i1 I
A RAERS DRSS Bt 19 R 60, Gl LS  rtese som
middthondix0 [@ydbcheorhel B atleast is te@AfEdingaet, py BudLefamkllyl members. The
death in tunmors, Summary of the Invention The present
Bal3\iamily o4 pgeseias andlydes @Pé‘t apdi-apgpiodis yuplenulesi sHehas Beddad Bel-XL,
: c €, i :
355 B PRS0 98 By FCERA A i st cance
cefirmbgiessoribg frkvaktinBalormal celbpopbodri caubeddy i phiysiotogical cell-death
cancer cells and tunor_tissue that express__the Bcl
meshapigng, Overeexpressiontofi Bdlehhrv Reereplepeed ig 70% of breast cancer and

' L di ounds (e.g., conpounds of fornulas
i YT i

: rmaceuti cal conpositions, and nethods
' th | 30 enbodi t, t ; t ..
v ert g ek et nave R G aR S 5 it 1B nggon of Bel2

NeRRRBé834 83 e Tk 0P 1d G SHAT $mall BZzhhi® mM3kchles RaBbiddNo Bcl-2 and
OR3 RS H25 R11,. R Fi R 4 or a pharmaceutically

blegkdispansibipepaic fundhien e eancoanddgirempisel daeth i fumdryr
each occurrence 5 msO, 1,2,o0r3;

Summary of the Invention

The present invention generally relates to isoxazolidine compounds useful for
treating cancer. The isoxazolidine compounds of the invention bind to one or more Bcl
proteins and block Bcl anti-apoptotic function in cancer cells and tumor tissue that express

the Bcl protein.

The present invention relates to isoxazolidine compounds (e.g., compounds of
formulas 1, 2, and 3), pharmaceutical compositions, and methods of using them. In one

embodiment, the present invention relates to a compound of formula 1:
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n, o, and p are independently for each occurrence 1,
2, 3, 4, or 5, Rlis -OH -0OC(OR6, -0C(O NR6)(R7),

wo@rooshE«s) (R7); R2 is -OH -N(R8)(R9), PCT/US2007/018471

-N(R C(O N(R8) (R9), or -N(R)C(O)Rlo; or has the
formula 1b; -N R14 ~N R]( )R11N10R12 Ib R3is
al kyl, halide, alkoxy (cyclogi | ) al koxy, aral kyl oxy,
or -CXC}Q)Z N(RlSh R16); R4 is kyl , al koxy,

hydr oxyal kyl , al ko¥yal kyl He i Oam no, acyl,
am do, acylaniﬁhg s }

acyl am noal kyl am n
carboxylate, or -N=GN(R)2)2; ]

-N(R17) (R18); R6 and R/Ruréij endegt |y for each
occurrence H, alkyl, aralkyl, het%roaral kyl, or
-[C(R15)(R16)] n-Rig; R8 and RP are |ndependently for
each occurrence H, alkyl, aral kyl, or heteraral kyl;

20 Rt@ pharmadckyticalliiabeeptabld saltdhere¢fC( R15) ( R16) ] 0- COOR;

R, Rl11, R12, R13, R14, R15, and R16 are independently
f or velmedin daleperndent fdd each adckytence R17 and R18 are

i ndependently for each occurrence H, alkyl, aral kyl,
het g @Ay al Bydr.3; al koxy, or -[C(R19)(R2o)]P-R21; -2 WO
2008/ 024337 PCT'/ US2007/ 018471 R19 and R20 are

| nd%pengﬁg& ok i RpefiRAl ) §8%frchibe 19d30K%r sal kyl

al kox m no, m noa acyl am no,” §ul fonyl am no,

hol & o‘gr@{ |a$ﬁ£’§)#‘5'-ﬁ)§@*§%@ 5. 35 AR kyl: R21

i s iRyde FIBHdéN(Rg)(RB)OfNﬁ@@GtOWRW(R@“@ﬁ-NﬂR)@@()Rlo, o hyd the formula

het eroaryl, heterocyc het er ocycl yl al kyl

al kd®y, al kyl sul fonyl, arylsulfonyl, al kyI sul f onami do,
aryl sul f onam do, anino, m do, i carboxyl; R22

i ndependent|ly for each o Nrepcé is halide or al kyl ;
R23 is selected fromthe grdﬁﬁ’q@n5|st|ng of al kyl,
hydr oxyal kyl , al koxyal kylR, /Mpyloxyalkyl and

hal oal kyl ; 10 R24 i s sel ectedRirom t he group
consisting of al kyl, hydroxyqbkyl al koxyal kyl ,

acyl oxyal kyl , and hanaIkyI 8nd R25 is selected from

o oS Fikyf RAdE b3Sy @?a%mg{ TS 4 QGHINR IR )

certai n errbodl ments, the Er esent._invention relates to

t he Rafid alkitb atkox ny draxyatkyl alkoxelkdnbalie. niffe, amingngryihamido,

oﬁéﬂi&ié %@%@%ﬁ%%ﬂ%lﬁ?ﬁ%a@?wzgﬂﬁmgfaﬁﬂﬁoalkylammo

15

carboy@)eCoR BHMERA(RYIAL( O NHMVe, - OC( O) NMve2,

- OC( O) NHCH2( 4- (OH) - Ph), - OC(O) NHPh, - OC( O) NHCH2Ph,
Rs is -OH or -N(R17)(R18);

Rs and R; are independently for each occurrence H, alkyl, aralkyl, heteroaralkyl, or
-[CRis)(Ri6)]n-Rig;

Rs and Ry are independently for each occurrence H, alkyl, aralkyl, or heteraralkyl;
Ry is alkyl, haloalkyl, or -[C(R;5)(R;6)]o-COOR;

R, Ry, Rz, Ri3, Ris, Rys, and R are independently for each occurrence H or alkyl,

R,7 and R,z are independently for each occurrence H, alkyl, aralkyl, heteroaralkyl,
alkoxy, or -[C(R19)(R20)]p-R21;
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OC(O) NH( CH2) 4Ph, -OC(O NH(CH2) 2Ph, -OC( O NH( CH2) 2Me,
- OC( O NH( CH2) 2NMe2, 20 - OC( O) NH( CH2) 2NHC( O) Me,

WO QO84S CH2) 2CHWe2, - NHVE, - NH(CH2) 2Ph, - NHE{TDURM®P7/018471
and - NH(CH2) 2NMe2. I n certain enbodi nents, the present
invention relates to the aforenentioned conpound and

any Rop anchBaocare indapendertly fon eaghoresurronsedbihydrkyi alkyloplkoxy,

I

to AREPEREVETERY, SNBno FoRIERRR and SRS
C f eror a T €T

e e T v Y

- N -
R ey ISR Rty ISR .
- NI-I(HdE@dC—pralkiyll alkoxyﬂhmmﬁomyr argishifonyl, alkylsulfonamido,

b R SR i s RS L 5
NHCH2(cycI opr opyl) - HC(O)CH2CH2NI\/|92 -3 WO
2008320 mtgpendprtty @SZ@@W@EH@WP is halidecr allivh enbodi nent s,
the present invention relates to the aforenenti oned
c oo iecsekenteddrom dfe growp ernsistingof alkigf hydrox yabky], alkexyelkyl,
R2 is -m]gr "Hﬁial Ilnlcertaln enbodi nents, the present
i nv@RYieByelk Y pddaloakyly o af or enent i oned conpound and

any of the attendant definitions, wherein

5 1 Raebrseleeted &%H}erﬁﬂ‘t%conﬁﬁﬁn%?%%%ﬂt hquamll%nalkoxyalkyl
rel aatch% %"ﬁlé gldaﬁa%angn%oned compound and any of the
an

atten finition erein R is -OH In certain
r esent |nv nti

o onb e Sts 4o Biec e mi e o PRI RGPl loryation,

def |a@y1bk?m§y1 NEigodky®3 is - Owve, . - OEt, -

OCH2( cycl opropyl ), F, (XCH2)2NI\/b2

-Q(CH2) 2( 4- rmrphollno) -OCH2(4- (MeO) Ph), or - 10

OCH2(2-pyridyl). In certain enbodi nents, the present

Yy PRl o e PSR AL o BRTRALIE
cohipomed el anyesThineatraading defiieions, @dRRdin RN veseldetud froeh deggioup

to the aforenentioned mund and an

of the
OB PETRRI O TH PP IVB O C(ONAFaIRNRDGO) CHRE HMe:NEGO)NHMe, -

oCiiMes SN ERRr E, BSRE g qumczh, -

O%M)Wé%mgﬁmﬁzhwmmﬁﬂ@z%OC(O)NH(CHz)zNMez,
OO BORTAC O eI EEORBEE - WM R By NHICH:)Ph, -
l\/b CH2C( O) NMe2, - NHC( O M,
Wm%&@{t; gyrro i dl) nyl , . 1) p| perl di n|;IC( )
ph hyd I
( S) ?xg%/la Icgl)’l())c/xﬁ[;er%eﬁyﬁ %e]p(re yP{ 1myen on r[\;/la es %o RERER o t hed

coﬁiﬁbuﬂd il £DyNYRRY attehdmfd%ﬁhﬂtldh@Whereln R, is -OH.
(S)-2-(C(O Nwe2)-1- pyrrolldlnyl -NH2, -NO2, Br, d,

F, - 1CEANR emboSinfdnNVa. pres@ﬁ@hb@i@ron'rg%ﬁto thelARremEhiZdded
-CH(Me) OH, - CH2NH2, "- CH2NHMe, - CH2NMe2, - CH2NHC( O) Me,
compp8nd and am'rqf.thmtttydndammieﬁmrtlpm rwhendio 8, ne1Q,, -O{e)Me, -

OB ORAGhfD o151 R bl e NSO o OICF:,

-NRC(0IPR NG (O)NHPR! Ime(@)@g@m@@zﬁ; NI@@(@YCQE@ECOZMJ,

i nvention rel ates to the aforenentioned onpound
NBGY1, B, -NECRu(4-ppddyl), -NEIGH(2-ppndy D), WNEI@04-HA0; ) PhiNveR] CH, (3-

(o) TR XhiciMe,, -NHCH,CHMe,, -N(CH,CHMes),, -

NHCH;(cyclopropyl), or -NHC(O)CH,CH,;NMe,.
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N( Me) CH2C( O) NMe2, - N( Me) CH2C( O) NHME,
(R) - 2- (hydroxynet hyl )-1-pyrrolidinyl, or

w@ Ros@2438 O) NMe2) - 1-pyrrolidinyl. 30 In certai PICT/US2007/018471
enbodi nents, the present invention relates to the

af orenent.i oned . conpound and any. of the attendant |
def ilRicEftHASMbARIEIET s thrpressnt inkprion relaigpto thgf@omsntioned
A | eE resent
Coﬁ%gﬁs%ggg@ei at%éttep g&}tﬁlgﬁg 8?%%?%%2? ‘?&%%ghn ¥ and
any .of the attendant .definit.ions, erein R22 is .
el dBEEHT FRRPERETGY UG presbhhEfSion aales 8 thgaforghgnioned
colpolind®hidviny Tk dtfentifntAeBhitibns, Whefdh RaigLNgpodi ment s,
the present invention relates to the aforementioned 5
co - } [
oz et B Al |G Eh R A Hon 38 Rl LA Rore MO
cotipeuyd askay dfniveattendmtrdefinitiess, twhetdie RatsoGHrent i oned
conmpound and any of the attendant definitions, wherein

R22 Th $essih @fbeginien@NHeRes@hOiuPentioARSlatel kdithe AforEmeftfioned
and tert-butyl; and inis 1. In certain enbodi nents,

compeups ek aesitondantdefiaiess vrdie Rat o MenOised
oG E RSB, H Rt Hoviky ot R hE i a:0e0)Ph), or -

OotH2pyaaent invention relates to the aforenentioned
conmpound and any of the attendant definitions, wherein

R23 1h3e®sh %ﬁl%s&iideﬁq@gmﬂrergﬁe&mﬁpentfaﬁrﬂélhég kdhe QforBRERYIned
hydr oxynet hyl, al koxynet hyl, acyl oxynet hyl, and

compbumdarddny dfthegtendant defrhitidnsysvitessin Rhés OMsent
invention relates to the aforenentioned 15 conpound

and Iapyrtaih elbediaidne) deipresdaf innéritioanelatevfetheiafort@éntiched
selected fromthe group _consisting of nethyl

conparisk eyt theatieadymdefigitions exhersty R@iwgza’rmﬂz, -NHEt, -

[ in j esent
NHEHIRMY NMACHS B RIPRICHR NI SN and
N(@he) Col, CHRNHS{ @ pMbarN (M CiH CHL, NHS (O Wa®s, e N GRLEH,NMe,, -

et h& In certain enbodi nents, the present invention

N A HNMECERETAC b R A BBk, M OSThE G ar G FoOH):,

* . . . ’ . . ) I
R T
IR Yy, oo S s ert
(hidforanethilh e S hErpres i) st B2 OV
; f(R5-eeOIRd- ARG AMO9f ] ;
L AP oD C R S ORI CE (e

C(Gljﬁl\@’zp'mﬁo)lﬂﬂz,eﬁﬁlli}lst@}ﬁ@h {ETHM{,ZQEH(WWH;;W FCH,NHMe, -
Xy oxynet a al onet hyl . n
C@%\E\%%’ hngé;%%mm?@&@’ﬁé t%?‘@‘étéfﬂt invention relates to

t he aforenenti oned conpound and any of the attendant
def iIAcentain smbogiarcatsy thepresent inEeripn relptgs ¢ethe afqrementioned

I ! g AR ' o
cofPRAf RN or P BRARR AL IMAC IR R B B0 L 1F

definiti wherein . R23 is .rethyl: R24 | thyl ;.

30 RBEtEN R A Ien s o st Py Felaes 1S G iiges
colpoGR] A dhyITRRIAMIRBAR defififioRd, RN RPENNMEN-N@MSCESCH,O0H, -

han
to the af ofementioned conpound and any of t%é
NM)ESHGR)NME4 AN 93].CebB¥iEMe, @)-3-thyd@ynmethy IRP-pygolidinyl, or

5 - .. In certain enbodi nents, the present
(R?'m{)?%éll'g}’%%h‘ﬁ%ylt he af or enent i oned

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry is -NMe,.
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conmpound and any of the attendant definitions, wherein

R is -OH Ris -OHor -NH2; and 5 R3is -Owe. In
w@eroBaR433enbodi ments, the present invention rePEr/ES2000018471

the aforenenti oned conpound and any of the attendant

definitions, wherein R is -CH R2 is -OHor -NH2; R3

i s InOMtain gmbo@ments, theipnesent invergionaglates bbibdiafarementianiaé

ese nvetlo .0 the aforenment,iaon

cofigiiling AXTine Risheueiul Gt ol T RS Bghe grpup
coEslstir% of@Ha Fﬁ%d'tét b %an@lZ) o3 | -OMe; and R4 is

- NMve ) CH2CH2 - N( Me) CH2C( O) NWve2, -

( R) hy 9&)’%‘%6 ghe ]‘_)r%sy?rrltrlgv? éﬁoﬁ }ﬂelates to the aforementioned
co(rlﬁ))uliﬁ 4 QNI atlbndq{m rdefHhitidns) wherdim Reeis Fapmd m is 0 or 1.

enbodi nents, the present invention relates to the

af orggemdin embddﬂﬁiancso ﬂ%qmwéntaﬂderﬂﬁyi rélteb Ittematafcﬁ&@lamoned

definitions, wherein RLis -COH is -OH or -NH2;
compoundist anyaf theatiegdangfinitipps, &hefeam Roxgistselacted from th@ BEoup

i t he af orenenti oned
oH&&ﬁg}&fdﬂ (fmd té)ljgblglg}tl’he {glndant definiti ons wher ei n
R24 is

rret H? Ice‘9_|ﬂ B%E@W@WW?SC“@E}VW‘OBé?‘f"ﬁnﬁo @ﬁﬁgﬁ PREHted

colipBuid SREMy JfiEattenaiht dehiAtiBas, Whetdh® RS 8 Fe BRI 9 ed
conmpound and any of the attendant definitions, wherein

Rl 'Iﬁ cer% Zﬁ%ohlﬁletng_lfh% pre%g@&mh%lgﬁ%tlﬁe %?o?f'eﬂn ntloned

met hyl

coﬁtpfotmkl aehdrs, ofttlliteatmndaﬁ e fihinivay) twlremm Rhﬂts eslectted frbm the group
af orenenti oned . conpound and an }\1/ t he attendant
cogusting afirgstlyl, rrspeymetinil, alkoxympet ﬁzaqyéoxymﬂaﬂ, anghalonpeshyl.
iIs 25 -Owve; R4 is amno;, R23 is nethyl; R24 is
met Hylcertain Gmm&meytmﬁtenytsenu invesionatlates tdiafasementianed

h f.
coBig T int TS RispSe e Rrlint e aERF R o 58S fomaperpor
co_ﬁél\ll?\;ggg o@&%ﬂf%%ﬁﬂ_ ﬁ%mdégyél( %yll\(lww)?@hﬁ“anld&lalomethyl

- N( 'Yﬁ)c%%%wl}@ents the f)resent mventlon relates to the aforementioned
(R) - 2- (hydr oxynet hyl ) pyrrolidinyl, or

co(Rpudd {rcl a)yNIvrIR) atienggnt definidhions; IwheRZfBRizsis mettigtl ;30
R24 is nmethyl; and R25 is nethyl. -6 WD 2008/ 024337

PCT/ThSeitdin emb8dinients, thegrédeai invaidadelarstethetalememioial
invention relates tqQ the _aforenentioned conpound and

cogyppuryd andwanypftheattendand definitions yeraim Beais mathiyli s - o,
RZis -OHor -NH2; R3is -Owe, R4 is -NW2; R23 is
met Hycertqa 4mbodimeentsy the mmnmserit@nrreltam ko thg aforempantidned

B b RIS LS e

NCO _R3 R R2Za 2
In certaln embgglments the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Rys is selected from the group

consisting of methyl, hydroxymethyl, alkoxymethyl, acyloxymethyl, and halomethyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R;s is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R;; 1s methyl; R4 is methyl; and

Rys is methyl.
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or a pharmaceutically acceptable salt thereof;
wherei n i ndependently for each occurrence 10 mis O,
wa2008/024367 3; n, o, and p are independently forP@rU2007/018471
occurrence 1, 2, 3, 4, or 5, Rl is -O—| OC(O)R6
-OC(O N R6)(R7) or -N(R6)(R7) R2 is - N(R8) ( R9),
- N( @@ 1N@pg@5)@1pga)nts the PIeJeRd @(@tmgela@s tchf‘i)g afq{gmentloned

g, Aaal e o Ry e gy o 2
hyd#ff&%?l?zW%g%%emseﬁwgmlgn etes B 5\5#?{8%%%

coffPodid axﬁpaﬂyadﬂtﬁ@atteaaamehkmbns MekaRNPAIIHYIR, is -OH or -NH,; and
acyl am noal kyl-am no, sulfonylanlnoalkylanlno 0
R:oar@Meyl ate, or -N=C(N(R)2)2; R5 is -OH or
-N(R17) (R18); R6 and R7 are independently for each
occUun kcemaig ehbodintents, tl&rlﬁédewl invérgioarrelatea tdkthke afa@ementioned

[ C(R15) (R16) 1n- and R9 are independently for )
comReRnbE AP der %tengwﬂeﬁmapa% Rhereip R fretUidodp kYH or -NHz; Ry is

0 337 PCT/ US2007/ 018471 RI10 L kyl |
'Oﬁzﬁ\gp?%%%g%%-[qms)(mcs)]o COOR R Rllls RI2 R13,

oo 0 Fertsin SiBeBhEnR foe' PEERERUG At (FRE Moremeniond
cohmpobusdati zﬁ@mﬂtlﬁ@zﬂ%ﬁdi{ﬂlt defiKiyibns, ahatdiy R, 1§1@}BTR)ZaE aDKyr -NH,; R3 is
al kox or - C(R19)(R20)6i_g R21; 5 R19 and R20 are
QMm@p%Ramwez, ONMBILEL O, OIS YIRS -al ky!

N@Jlé;)f%’éllﬁc @?@%h&%ﬂeﬂﬁrg s g}r&? mfl“&f @Y-&10IRMe;)-1-

pyhetigmgrycl yI aI kyl, heteroaryl, or het eroaral kyl; R21
i s independently for each occurrence H, al kyl, aryl

het gp ‘éé‘x"tédh emlssaﬁ{e%y ﬁlexﬂresenmb&{ti%ﬁmmék ) ﬁ%laforahlsﬁmed
al kyl sul fonyl, aryl sul fonyl, kyl sul f onam do,

compyusdjalfcbmarmfdhﬁ attemid ard deﬁmtldos, wheranaRbmeﬂH Rig OH or -NHj; R3 is
O. d%lggﬁgen for each occurrence is halide or alkyl;
- ect® fromthe group con3| sting of aI kyl |

hydr oxyal kyl , al koxyal kyl acy yal kyl , an

hal &mcmm erebad msen%rf@ar@&n?lp&?moﬁéelg% prtheaffgp@fsmw@ed

g Al ST 2 R g

is oetigd; Roi, igmethyl k@ R, ibyabtlopty al kyl , al koxyal kyI
acyl oxyal kyl, and hal oal kyl . In certain enbodinents,

t he Ipkessinembbiieints) thelpetsehEifvémioh elarh &F BeRireBGbned
20 conpound and any of the attendant definitions
commerd ndanyiof taetisadant defipiions avhgredn B 1s -OH; R, is -OH or -NHy; Ry is

-OMe; Ry; is methyl; Ry4 is methyl; and R,s is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R, is -OH or -NH;; Rj is
-OMe; Ry is amino; R,3 is methyl; Ry4 is methyl; and Rys is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NHj; R3 is
-OMe; R4 is -NMe,, -N(Me)CH,CH,0H, -N(Me)CH,C(O)NMe,, -N(Me)CH,C(O)NHMe,
(R)-2-(hydroxymethyl)-1-pyrrolidinyl, or (R)-2-(C(O)NMe,)-1-pyrrolidinyl; R,3 is methyl;
Ra4 is methyl; and Rys is methyl.



consisting of -OH -0OC(O M, -0OC(O (CH2)2Ph,
- OC( O) CH2CHMe2, - OC(O) NHMVe, - OC( O NMe2,

WO QO8M4IBICH2( 4- (OH) - Ph), - OC( O NHPh, - OC( O) NHOM2PI1S2007/018471
OC( O) NH( CH2) 4Ph, - OC( O) NH( CH2) 2Ph, - OC( O) NH( CH2) 2Me,
-(IZ(IO) NH( CH2) 2NVE2, OC(O) NH( CH2)2NHC(O)I\/E

oclopMiHiTRmbodineEs, theypsent mm(tlgmzylamh to thz@fqnmer@)qmd

P R LR, SRR D e

OMB{ Rofis INMEe AR, S RAARGhyIEIR 1@kﬁdtl@m5and\mgiseh&h{ﬁ1 is -

In certain enbodi nents, the present invention rel at es
to the aforenmenti oned conpound and any of the
attendant definitions, wherein R2 is -OH, -0OC(O M,

5 SRINEWOWE%S%MWHE%%% %o' d of formula 2:

PCT/ US2007/ 018471 - NHC( O) PHR22)AHC( O) NHPh,

- NHC( O) CH2CH2CCRH, - NHO( O) CH2CHRgSe Me NHCH2Ph,
- NHCH2( 4- pyri dyl ) Res HCH2
- NHCH2( 4- ( COZH)FP

- NHCHMVe2, - NHCHZ o £2) 7 Rs

NHCH2( cycl opropyl) Dr HN ¢ E2. 5 In certain
enbodi nents, the pre’%nmw G [ | ates to the

af orenenti oned conpound a amRof the attendant
definitions, wherein R2 is - or -NH2. In certain

enbodi nents, the present invention relates to the

af oro@%ﬁaﬂn%@&hcaﬁgilag&%h@l@gm tRofof the attendant

deflnltlons wher e IS - in certain

errb d{b% on relates to the

aforemsn F@ﬁgé ?ng;?osreeg%hu% nddeany of the attendant
10 eflmt nz vﬂereln R2|s -OH In certain

errbé% t e pr esent invention relates to the

aforerrentloned o] any of th tten ant
! T P MG AE SpsP eI for Sachunsege 1 3, 31 4, &F

o B & Opﬁis@éb’i BSOS BaHBOH O Ny MRY ) or -
Orcel '%%s R i M RRR Y 21 B SO PR R P ENIREG Bl has the formula

con‘gol;md and any of the attendant definitions, wherein
R3is -Ove. In certain enbodi nents, the present
invention relates to the safgr erfbnt i oned conmpound and
any of the attendant defini t\‘i7—eHs wherein R4 is - Nwe2,
_NEt2, -NHEt, - NHCHZCH N N( 3 CHRCHVE2,

15 - N( I\/b) CHZCHZNHC( O Me, N( VR),CH2 CH2NHS( O) 2Me,
- N( Me) CH2CH2NHS( O) 2CF3, - NHCH2CH2NME2, -
NHCH2 CH2NVBCH2CH2CL, - NHCH2CHBOH, - N( Me) CH2CH2 OH,
-N(CH2CH20H) 2, - N(Me) CH2CO2H, - N( Me) CH2C( O) NH2,
- N( R )iCrRgY, @)IMMWOXW((W’M@WM?IH’IONM%Hz)2-N(R15)(R16);
- NHC( O CHWe2, 1-pyrrolidinyl, 1-piperidinyl,
4- mRypH G)llk'yh alko((ﬁ)hyﬂrox@hljtgir alkprpdlkyil halikiepyitro pArhitionadyl, amido,

hyl.) li.di nyl R) - 2-(
ac&gn)ni N, an g%/ am(ug)a%]gﬁ)yr i nyy qmélyr q%fopugawaow?kylammo

OMe, - C(ONVe2, -C(O) NH2,
20 Caﬂ’%’me M'&N&g& CHE:(I\/egm cg(zl\l)Hz CHZ(N:(HI\/)E i

CH2 %"'Zﬁlﬁg or tert-butyl. In certain

err‘oolﬂv%g %It{ the )@ggent | nventl on relates to the

32? Irlﬂeﬂrzrleglagﬁgpeed @egﬁ%t&fgf gacgmcF] encetl-f]glk?' ta(rea kﬁ, heteroaralkyl, or
-[C(R15)(R16)]a-Rio;

Rg and Ry are independently for each occurrence H, alkyl, aralkyl, or heteraralkyl;
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30 In certain enbodi nents, the present invention

relates to the aforenenti oned conpound and any of the
watdosnogaat definitions, wherein R4 is -NVe2, PCT/US2007/018471

- N(Me) CH2CH2OH, - -9 WD 2008/ 024337 PCT/ US2007/ 018471

N( Me) CH2C( O) NVe2, - N( Me) CH2C( O) NHMVE,

(R) Rao israfielchajericryon- {@Z%y)(Rm)]b@Q@R

(R-2-(C(ONwe2)-1-pyrrolidinyl. In certal n

enb®iRegR 5, R 5,14 R iesmd R j areendapemdendly doresmch ocdulence H or alkyl;

af orenenti oned conpound and any of the attendant

def iRy khPR 5 ardvii@ependemtly fof cadi\iurrénck ™, @Byl adrdlkyl, heteroaralkyl,

embodi ments, the present invention relates to t%

afoﬁ@ﬁ%ﬁﬂﬂbﬂ@@hikgmﬁgﬁnd and any of the attendant

definitions, wherein R22 is selected fromthe group

condRsandBaocie E),deﬁn,delatbdfot eadh-dvgtyéncedh drydroxg, aﬂkyig alkoxy,

In certain i ment s, resent i.on es
o CRENGABH BTN BB b HBEHAT SR Y, R ioaIE,

att f d mis O or
1. %%c%rﬁegrﬁd@%%wngﬁ?g&yfﬁ hgtr%reds%(rezgtﬁﬂl nventi on
rel

at t s pOepepery b B oL A e BBRYR e @0 E el
t he l'gtmqyclwmmﬂ; akoxng alkiylshlfoly1, argidlfomey f albylsylfanamidb, m
is 1. q i n enbodi pents, th present invention

r el f¥aulfon a?‘l‘fg’ 9, heAPO%bnpound and any of the
at t endant deflnltlons wherein RR2 is F; and mis 1.

15 1By ssiependeniéyfs eheheorcurrendsds palissonelkyhivent i on
relates to the aforenenti oned conpound and any of the
at t dhl iasrﬁeledwﬂifrdnu t}mrgroup/\twlsistimg 68kylshgikbecilad, dkoyalkyl,
the rou S s of met hyl, hydroxynethyl,

al k% ‘Wl a'}ﬁfé}ﬂ ethyl, and hal onet hyl. In

cert a| n enbodi ments, the present invention relates to

t he Rt trsslestedifome the growmeansistingef alkyl, bydrexyalier  alkeraatkyl,

defi s selected fromthe group
20 cgkltos‘g{iﬁﬂgm;ﬂa% 1*,‘Af‘dhydr oxyrret hyl, al koxyrret hyI

acyl hal onet h r

© o 1 Bt frlh thegito iaraeisting o 1R bbbl st

comgylragjyﬁgg ahadfaltne attendant definitions, vvher ein
is methyl. In certain enbodinents, the present

| nventl on relates to the af orenenti oned conpound and
any of the attendant defi niti ons, wherein R24 is

ovatersiR eubafBlenft, IR ER FEHRe rHAGa® B RBbemerians?

comipyusd aﬁct@yaif&mﬁwﬁaaxﬂ QIEﬁﬁhltlbh@ RéhereiIRY & d21602d fidin the group
methyl; and R24 is neth In certain embodi ments,

COtlﬁ%thgr%fs@hi, Oﬁ(z@)M@o@G(éD(@bbPth(F(@)Qﬂo@HMﬂm 1QfF(ENHMe, -

OFBIRAL R Rl DRy SO B AASR

OWWEE‘EL:PM'-O@WW )EM O@W) e, C@Q@)NH(CH;);NMeZ,
hal onet h - 10 WO 2008/ 024337 PCT/ US2007/ 018471 In

PRI DTN S, -OK@NHESR N CHMgonNEBYie.-MEHCER)-Pb, -
ngﬁfoﬁﬁf ggeﬁh&(zﬁ% dykRrpound and any of the attendant
Nt

ons R25 is nethyl. In certain
i nvention

mbadi ment s, .t hy | ta the .
= ona et SiBadimas} ﬁﬁmaesgwn&ﬂvloafr&?wg@ﬁlﬁ@ﬁcasm?nﬂoned
coﬂ%hﬂd WPRS, oﬂeﬁ@at%namﬁ%%ﬁhﬁoﬁﬁw&em R4 log.net hyl ; and

R25 is methyl. In certain enbodi nents, the present

' NVaRLERHn eﬂb@&%n‘s‘? tHe e RhChEIRISh ABEY to the aforementioned

compound and any of the attendant definitions, wherein R, is -OH, -OC(O)Me, -
OCHzCOzH, -OCHzCOzEt, -N3, -N=C(NM62)2, -NHz, -NMCz, -NHC(O)MC, -NHC(O)CF3,
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conmpound and any of the attendant definitions, wherein

R is -OH and RR is -OHor -NH2. 1In certain
wE@nipsai243ent s, the present invention rel ates toPeTES2007/018471

af orenenti oned conpound and any of t he attendant

definitions, wherein RL is -CH is -OH or -NH2; and
-NEC(R3Ph, NT@&Q)NHﬁ’hcé\THG(QDCéiﬁéBC@th M@(@%&&aﬁpzMe -

NHCHERL - RRCHEERaND AR P IR, ORRGPRTBALR ACH, -
(CR3H)Bh); O EY; -NNOEM&3-NECH,CNBle, AN{CRICHM@Jy| ho. I n
certain errbodl ments, the present invention relates to

NHGB(syelppioanyi SndEA©)cHedeNMeand any of the

attendant definitions, wherein RL is -OH, R2 is -CH or
- NHIn cain smbodintentsathe pResehisinyeuvion relate MethelARTrRH oned

°°i“§§"v’53 T D SRRy EEFYPBT: MCReRH R dy-OH or -NEE,

2-(C(O NWe2)-1- pyrrolidinyl. In certain
e nb&a CREHR §mbpidnenisy Bieipresentsanigntion reletea e e piprementioned

C°§£?Fﬁ%%@wm%%¥éeﬁﬁ5%%ﬁ&t@%ﬂ“ﬁ%ﬁe‘ﬁ’ RAGHE TN o
rta

di .th
or cdBSER Rk e EEep b Al P aR B e hagenioned

co%ﬂﬁﬁwm Ay atfhdidi e fhitions WHerde RL 1y I01PNS, wherein
OH R2is.-OHor -NH2; R23 is nmethyl; R24 is

et iy lert@h @m@gélrﬁe%ts'@{e:]*{:semzlﬁvéﬂ?loﬁ%ltat%? t ﬁ’l@tﬁ?c%mgﬁﬁed

the present invention ates to the aforenmentione
conpopadiad mycbfa]ng/attehdameleﬁmltlemj aviteradieRi i OMesOBvher ei n

O&é#ﬁ%“’“&@ﬂ% é{e‘?ﬁH ﬁMﬁhyg%%z)?(éilg@Pﬁw o) 52@%4(? -{MgO)Ph), or -

O@H‘g qjyﬁﬁ 1)'3, the present invention relates to the
af orenenti oned conpound and any of the attendant

defl (XS bes
Ig SEh%mb@%e@séh] 64:5%%21%17%:%&%% mg%latﬁ % Efolrgﬁgﬁtlcﬁ%d
conmbhlyd andeany dR2ke ateendmitlyfinitiods] WiereZO BSIODNE 7
PCT/ US2007/ 018471 In certain enbodi nents, the present

| NV R cE@4n kRbodiffentsO tHeHResRAOH CRIBN irS1ARE t&ﬁh@ﬁ%&%ﬁ%ed
any of the attendanf definitions, wherein RL is -OH

compoprd ang-anyrof thg-pttengantidefinitionss whﬁzplm B isnidBVie,, -NEt,, NHEt -

NEEEHHE N cE I KR e ARME R A O Nve.

N(W)CHZCEK@HN d);Mel W@@Hzémmls@%@n SN EROH,NMe,R24
i s nmethyl; R25 is rretég@gtn certai n enmbodi ments,

NHGHz@Hd‘&MhCHzGHeGL FHGHeC MM HaCbh Otk AN(GHhseH,OH),, -

NGRIEECE, AR /AR ERSEE LR R SR El e
NHN@)Me R&EIG(@)@HWI 1-pyiRdlidisyl e g)\éhdm@[ld -8 hbBno, (R)-2-

nmet h I n an addi t1 onal enbodi ment present
(hY‘HQéﬁWtb)ﬁl)Tld?)ﬁfoé@Wyb (&)- adhwgmn@hyl)flmmhéml (RIRZAHPINMe,)-
1-RafoldinyT43) 2 TR - FRByrrdlidingl, -NH,, -NO,, Br, Cl, F, -C(O)Me, -

C(O)NMe,, -C(O)NH,, -CO,H, -CHO, -CH,0H, -CH(Me)OH, -CH,NH,, -CH,NHMe, -
CH,;NMe,, -CH,NHC(O)Me, -CF3, or tert-butyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry is amino.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R4 is -NMe,, -N(Me)CH,CH,OH, -
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25

Fi R2 R4 3 or a pharnmaceutically acceptable salt

thereof; 15 wherein independently for each occurrence
wOorR®8/024832, or 3; n, o, and p are i ndependent|y PCI/USOTI018471

occurrence 1 2, 3, 4, or' 5 RlLis -OH -0CO R,

N RS GRS G ORI R MR i ) T
, | b
(Rgﬁk@bﬁﬁ%%% Byrri}llr(d\h Ff14( c;F/%I?’oaleyl )l:l k?)1<§, ar aIREy: gxy,

DT/ eSHh FRbE RN e )pgesarlég%ren e ez 9%@3@6@{9@%@@

cofpb ANy ldatly: oftie Jlt%darﬁ'd%fiﬁ’ltloMrelﬁRX s -NAVIE D
acyl am no, "am noal kyl, acyl am noal kyl ,

2;?’ gg%ﬁﬁ? eh%h&%e%gsdlﬁkﬂ% g%h@%ﬁﬁ%l‘é&mh@ Qforementioned

compotld a{dRkR)af the Afendind dBAnidioas, whdedie R sélgcted fromahl group
occurrence H, alk ar al kyl heteroaralkyl, or
congigingof)k 6¥?ﬁﬂﬁ%gbmﬁﬂd§%§ lire independently for
each occur rence H, al kyl, aralkyl, or heteraral kyl ;
R10 Ihserdik ym,boririaiemésl, r&ylp,rescnt inp@tR5YIeRS 6) fhe-afpementiyned

R11 2, R13, 4 , d Rl d f
coRRB R A i e e ROn S i e Rt s R e 0%r 1"

3 S T B
coﬁﬁ‘)guﬁ?gn@e[rﬁl dﬂ'ﬂﬁeeﬂ?eﬁqgrﬁtd'eﬁmftlgﬁs SRR RS ur@ rsﬁ@&@d Hom the group

hydroxy, al’kyl, alkoxy, am nd, am noa , acylamn
cosu’stirrggﬂ}“amlm,d teut-jbhtyl amdlnkysl . cycl oal kyI
het er ocycl yl, heterocyclyl al kyl, heteroaryl or

het gheartah %Mibodlhﬁanﬁz thel p‘iedeﬁﬁlﬁpﬁﬂﬂ)ﬁ welhpés fthe@astbmentioned
occurrence H, alkyl r heteroaryl, heterocyclyl,
@éf}mtl

copppuRbany of |ﬂkeyrtttendarr& anscyVherin Bpais F; and mis 1.

aryl sul fonyl, al kyl sul fonam do, aryl sul fonam do,
am o certain ¢mbodimenss; ﬂmwcsenﬁmeritimdepiem damthle;pfdrememanhd

co?q%%ﬂ@ci gﬂff; Ioo§'§€ tfeﬁgarggcleg{ﬁ:ﬁé{qé \xf%:gﬁl% glgkglﬁﬂgg fr]:)rrnotﬁle group
coﬂilktgie%\/ riethyl hﬁgo%ﬁét%YﬁkK&netﬁﬂdaM%éﬂWl  arA1dRdhy 1.

ected from the group consisting of al’ky

hydr )égl‘??%dh )é%nboalln]i%%%y ﬁ{egxn%sggt 1?19311&?%%91%4& Ito th@ rgr?orementloned

hal oal certarn I ments e present
coinpeend artmanyeif ahestteindarit ldefiaitions meretdio Reds s@bcted frpmuthel group
and. an t he ttendﬁg alf(lefrnr i.ons, wherein '

cogypting dn?ﬂf%‘nlilﬁf XGRS

In certain embodiments, the present invention relates to the aforementioned

oxymet yl acyloxymethyl, angjhaiosmethyl.

compound and any of the attendant definitions, wherein R»3 is methyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R4 is methyl.

~ In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R;; is methyl; and R4 1s methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R;s is selected from the group

consisting of methyl, hydroxymethyl, alkoxymethyl, acyloxymethyl, and halomethyl.

-10 -
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consisting of -OH -0OC(O M, -0OC(O (CH2)2Ph,
-OC( O) CH2CHWe2, - OC(O) NHWe, - OC(O) Nwve2,

WO QO8M4IBICH2( 4- (OH) - Ph), - OC( O NHPh, - OC( O) NHOM2PI1S2007/018471
OC( O) NH( CH2) 4Ph, - OC(O NH(CH2) 2Ph, -0OC(O NH( CH2) 2Me,

ESIL T I e RN ot
4
oy AR i LR AN el o

the af d d
any TbPot e SEbBUalk, Hsdfeshr CPETEOn AHRES 4 ORA Y Ehegiined

comPpoGR] Ardll dhyTRROAERAAE defifi€ioRd, 98@Rin RE‘M@M@'&B‘I‘ K £ ligin8thyl; and
to the aforemsntl oned conpound and any of the

Roatstraethielnt definitions, wherein R2 is -OH, -OC(O Me, 5
OCH2CO2H, - OCH2CO2Et, -N3, -N=C(NMe2)2, -NH2, -Nwe2,
- NHOG Syivdan embibiGrOnGFBie preskiiGh@nElon relbieC(cOhbllaRitementioned

comggg%%gﬁgtfendﬂt&g%lgo%%wgwﬁl is - W?{Z is -OH or -NH,.

- NHCH2( 4- (CO2 !E_!'E Ph) (CO2H) Ph), - NHEt,
- NHdpRertain ey Qle prwewmg)rglates to the aforementioned
co Ertal n e#g%éwyiﬁ{eggﬁ{t gh re@é%ﬂ%%gméslzg#r éllgt%IéI Yo oNH>; and
RitieOMeor enent i oned corrpound and any of the attendant
definitions, wherein R is -OHor -NH2. In certain

embagicamih §mb5ﬁlﬁieﬂfse§1% %esbﬁ‘t‘ﬁﬁ%ﬂh%ﬂ rél@ée@t@@ne taﬁ)r&h@ntloned
af orementi oned conmpound and any of the attendant

conppungd aridomy of WikpcateendarRAefinitiond;iwhetain Berst-QIH R; is -OH or -NH3; R; is
Og{n’(_)od(ihgnt s,. the present invention relates to the
- PRAEAIS BBY 15 conpound and any of the attendant
definitiqgns, whereln is - In certain
ermb dRFFRAR sMbpdimenisetis rwesr:w\)@mmlsﬂ relates iqthe pfprerpentioned

co@%?ﬁmtd grb? e ﬁféﬂ'@%gﬁ@ﬂg&%e&&ﬁ? ?s_ @}ﬁ,%qé‘%H or -NHj; R3 1s

Inition ereln

-Oetahd Re isopNay HI(MECH, OHGBR) 2NMEQCH,C(O)NMe;, -

NSNS 2P osumeioh et & (R ReCONMe)-1-

8§80t invention relates to the aforenentioned
py{grgn'pognd and any of the attendant definitions, wherein

I nve nf: 1 on F@P&th { a{htlg ﬁ’e al?t((j)l{r‘lgéel'?gltﬁ{sl ’rel';ﬁtg g tODtil I%‘Eosim%ntg)ﬁlad

compyuiedf aridnm yaf tieddentard défiitibhy RheredRY &1 -OHRR,iis -ONMe 2NH,; R; is
_NEt2, -NHEt, - NHCH2CHME2, - N( Me) CH2CHVE2,
-OMg; med BescMM @I O Me, 25 N(Me) CH2CH2NHS( O) 2Me,
- N( Me) CHRCH2NHS( O) 2CF3, - NHCH2CH2NME2, -
NHCH2 GripAeBbRdikRa, the mrﬁbﬁt@%ﬁeﬁﬂon rﬂéﬂ%‘e yoOhR @fé2Grkntioned

comppA ey g and (K ons bﬁhﬁ(\?@?k‘ Ry AOH or -NH; Ry

is mNﬂ%@zgﬂNﬁ&hyllaﬁB’RES% bty . 1-pi peridinyl,
4-morpholino,” (R (hydroxynethyl) 1- pyrrolldlnyl

(5 sk ARl e i
complb{md an@dy othe dBlenddnt defifipid where1riLR1 BOOM) R3/i19 A 3Y -NH;; R; is
T R S

H%Ol\/b CF3, or tert-butyl.
n ceriain embodlments the present inverition relates to the aforementioned

compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NH,; R3 is
-OMe; R4 is amino; Ry; is methyl; Ryq is methyl; and R,s is methyl.

-11 -
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In certain enbodi nents, the present invention relates

to the af orenenti oned conpound and any of the
w@rdoselast definitions, wherein R4 is am no. 5PECTUS2007/018471

certain enbodi nents, the present invention relates to

the aforenentioned conpound and any of the attendant

def ilmiertam gmeﬁme@tsmhR@r‘isgntlmon rﬂemmhlz efgrapentioned

CO%&W@%& ww&%@“&%"w@%ﬁ AW en} R, 1s -OH; R, 1s -OH or -NH;; R3 is
-OMVR); R2 i SOB: NN eYCHYOH,OH, dN(Mlz)CHZE(Qﬁﬁmb nN(Me)CHZC(O)NHMe

enbodi nents, the present invention relates to th

(R dhydrenymethuh-1- w%@w&mﬁ&Rhﬁd%ﬁWﬁz)tlheyractltdémdaﬁzs is methyl;
éﬁgﬁghﬁégﬁ&s ergip R4 is -NMe2. In certain
(0]

e present invention relates to the

aforenentlon : und and an . of the a
! 1P T SOR el MRBsSFa 1ol acle s e RETgPtjsmed
co&%ﬂ%@ﬁdd%y@f the atfehdar? Q8fiiBbhs, MHein RARAOH! R,Ss OORfor INH,; R, is
In certain enbodi ments, the present invention relates

-OMeg; Raés AfMesRenisinetbyl; R1Ss vetpbiand Rants methylof t he
-attendant definitions, wherein R22 is F;, and inis O
or 1. 1In certain enbodinents, the present invention
relates to the aforenenti oned conpound and any of the
at t gndaaddidehdl Rinbb@insent, Vm@ r@héﬁt Re4ntich SBI&QGH @‘iofrﬁ;@ﬁiﬁd of
t he roup consi-sting of F, , and tert-butyl; and in
formula 3: | n certain enbodlnents the present invention
relates to the aforenentlonq§2220 compound and any of
the attendant definitions, wher R22 is F;, and inis
1. In certain enbgginents, the p eient i nyention
relates to the af opementi@ned—Sempound a'd any of the
attendant def i 1287
the group consisting
al koxymet hyl , acyl ox __4nd hal o et hyl . In
certain enbodi nents, the' pféseatgj nvBation relates to
t he aforenenti oned 25 conpound and any of the
attendant definitions, whereih R24 is selected from
the group consi tlng of ne fhydroxynethyl,
al k& ¢ PBRIRACCUtLllY 3GSFRiab tt%%o hal onethyl .~ In
certain enbodi nents, the present invention relates to
the“dﬁﬁﬂ@ﬁﬁhpﬂﬁﬁé@y85ﬁ@@u%@u§ﬂwmany of the attendant
definitions, wherein R23 is nmethyl. In certain
enbmmhﬂhdtgﬁnﬂhe present invention relates to the
af orenenti oned 30 conpound and any of the attendant
def innb} dndpSare Witkp&identR? forieach@dclytence- 1, 253, 4)or 5;
2008/ 024337 PCT/ US2007/ 018471 In certain enbodi nents,
t he RYrigs@AL -OCHRL,I- @\@(ogqh?(&gﬁ or IR fRQ); ement i oned

conpound and any of the endant definitions, wherein

R23 Rogs r@HhW(RsKR@D RIR)CEOMERRNRo), off A(RIEEIRno; or has the formula
aglnents the present invention relates to the

afo fenti oned conpound and any of the attendant

definitions, wherein Rl |§ C}Hygnd R2 is -OH or -NH2.

5 1In certain enbodinents, 'f nresent i nvention

relates to the aforenent|one anpound and any of the

attendant definitions, wrRselg RLis -OH R2is -OH or

-NH2; and R3 is -OWe. In cert&n enbodinents, the

present invention relates tojphe aforenentioned

conmpound and any of the attendant definitions, wherein

Rl i S

L6 i K51, RS 6B Sl O R AR o

invention relates to the aforenentioned

-12 -
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conmpound and any of the attendant definitions, wherein
RLis -OH R2is -OHor -NH2; R3is -Owe; and R4 is

WO NiB/A2433N( Me) CH2CH20H, - N( Me) CH2C( O) NMe2, - PCT/US2007/018471

N( Me) CH2C( O) NHMe,
R) - 2-.(hyd t.hyl)-1- [idjnyl,. . . .
E R3 _pg_1§ é{%ﬂ %ﬁ%gye,-w%&yﬁkw é{h%aéfﬂwlzthlW%L@frpa@mmo, acyl, amido,

ac a?ﬁﬁ% %moalkg?jrh%gﬁﬁmma/l,;%&gﬁgﬁg%ﬁ?h@%gtﬁltlfgﬁn‘léfgﬁlﬁnoalkylamino,

orefrent 1 on onmpoun

carbekylatet oOMSSCWMR)E; N RL is -OH, R2 is -OH or -NH2; R3

is -Owe; and R4 is -Nwve2. |In certain enbodi nents, the

presgns -0R\RIN{PMRE)ates to the af orenentioned 20
conmpound and any of the attendant definitions, wherein

RL i @ - HSne - ; ' Te@n
L 18 Tt M Snt TR AR o, o
i nvefE(Ros)(Reg)]laRes to the aforenmentioned conmpound and

any of the attendant definitions, wherein RL is -OH;

R2 iRy an@iRoQke mbikpend &Ry Br eacBRecurréhde 5 allBA, hiydlkylasithdred4ralkyl;
is methyl. 25 In certain enbodi nents, the present

i nvq% isoarpk}rl,qllatq:%aglgylt&_ @?{ilgh@&gm@}@ned conmpound and

any of the at ant definitions, wherein RL is -OH,

ot IR G R R i oo apfiiepfachly 38 448k oiaiehe i or ik
Corgait Bt et tel e bl Fhie by b oty
% oS g 2 12 15 0 o s

. Q(T}Y%%%%%@é\ﬁwpmdeﬂt@ HP2QMRLE2478 11, hydroxy, alkyl, alkoxy,

018471

( R) -aBnfd)\adtinoajkgdf dvylamide, pylfoyladinoy aryl, aralkyl, cycloalkyl,
(R-2-(C(Q 2)-1-pyrraljdinyl; 3is thyl; and
R24 hiegerqﬁszwﬁter%ye@?f%@lnheé%wi,&é%@@{oafﬂlgylpr esent
invention relates to the aforenentioned conpound and
any Rof istindepgndentla o cagh Preyrrenemt, aligile pil.heRrogrgl, hegerocyclyl,
R2 is, -OH - > R34S - X i.$ N - R23.1s
et S teres il FotRalisoRontyiofteod AUF onemiiche
pr eseylsulfond@idd, @mince hdids of GarBoxg@mpound sel ected from
the group consisting of: 00O ONO'" N NNOWw NN
O\/Eﬂﬁé idde%ddeﬂlﬂo@eam&%%ce% fhddrQiyd, 1 O/ PU AN
ON 0 OM""Nel/ O NI/ H" HDbDHD

R»; is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,

acyloxyalkyl, and haloalkyl; and

R34 is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R; is selected from the group
consisting of -OH, -OC(O)Me, -OC(0O)(CH,),Ph, -OC(O)CH,CHMe,, -OC(O)NHMe, -
OC(O)NMe,, -OC(O)NHCH;(4-(OH)-Ph), -OC(O)NHPh, -OC(O)NHCH,Ph, -

A

OC(O)NH(CH,)4Ph, -OC(O)NH(CH,),Ph, -OC(O)NH(CH,);Me, -OC(O)NH(CH,);NMe;,
-OC(O)NH(CH,);NHC(O)Me, -OC(O)NH(CH,),CHMe,, -NHMe, -NH(CH,),Ph, -

NHC(O)Me, and -NH(CH;);NMe;.
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HOHO=N, HOHHOH0O0O N=N NONO HNNONDO
|l HHO\ HO HOHO OHOH / I 0O ONNNOE I/ H
" N~ Incpptaimgmbpdimentsh the peeseld ipyentjon relaes ta e afyremeioned

h N

comp eIy o 5 tendigt aggnidle Wl Ry "oy 2
F

0
NH2iS/.OIBIg. NN ,NNN.I HNI F .
n embodiments, the present invention relates to the aforementioned

In certai
compound and any of the attendant definitions, wherein R; is -OH, -OC(O)Me, -
OCH,CO,H, -OCH,CO;Et, -N3, -N=C(NMe,),, -NH,, -NMe,, -NHC(O)Me, -NHC(O)CF;3,
-NHC(O)Ph, -NHC(O)NHPh, -NHC(O)CH,CH,CO,H, -NHC(O)CH,CH,CO;Me, -
NHCH,Ph, -NHCH,(4-pyridyl), -NHCH,(2-pyridyl), -NHCH»(4-(CO,H)Ph), -NHCH,(3-
(CO,H)Ph), -NHEt, -NHCHMe;,, -NHCH,CHMe;,, -N(CH,CHMEe,),, -

NHCH;(cyclopropyl), or -NHC(O)CH,CH;NMe,.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R; is -OH or -NH,.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R; is -NHo.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R; is -OH.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein Rj is -OMe, -OEt, -
OCH;(cyclopropyl), F, -O(CH;),NMe,, -O(CH,)2(4-morpholino), -OCH3(4-(MeO)Ph), or -
OCH;(2-pyridyl).

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Rj; is -OMe.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein Ry is -NMe,, -NEt,, -NHEt, -
NHCH,CHMe;,, -N(Me)CH,CHMe,, -N(Me)CH,CH,NHC(O)Me, -
N(Me)CH,CH,;NHS(0),Me, -N(Me)CH,CH,NHS(0),CF;, -NHCH,CH;NMe,, -
NHCH,CH,NMeCH,CH,Cl, -NHCH,CH,OH, -N(Me)CH,CH,0H, -N(CH,CH,OH),, -
N(Me)CH,CO,H, -N(Me)CH,C(O)NH,, -N(Me)CH,C(O)NHMe, -N(Me)CH,C(O)NMe;, -
NHC(O)Me, -NHC(O)CHMe,, 1-pyrrolidinyl, 1-piperidinyl, 4-morpholino, (R)-2-
(hydroxymethyl)-1-pyrrolidinyl, (S)-2-(hydroxymethyl)-1-pyrrolidinyl, (R)-2-(C(O)NMe,)-
1-pyrrolidinyl, (S)-2-(C(O)NMe;)-1-pyrrolidinyl, -NH,, -NO,, Br, Cl, F, -C(O)Me, -
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H o -18 WO
C@@W%z%éﬁ“ﬂmﬁ@s‘io&ﬁ@a%?ﬂsRFHKMF)%HNCPEII@JHL -CH,NHMe, -
CH;NMe,, -CH,NHC(O)Me, -CF3, or tert-butyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R4 is amino.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry is -NMe;,, -N(Me)CH,CH,O0H, -
N(Me)CH;C(O)NMe,, -N(Me)CH,C(O)NHMe, (R)-2-(hydroxymethyl)-1-pyrrolidinyl, or

(R)-2-(C(O)NMe,)-1-pyrrolidinyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry is -NMe;.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein Rj; is selected from the group

consisting of F, Cl, and tert-butyl; and m is 0 or 1.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry; is F; and mis Q or 1.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R;; is selected from the group

consisting of F, Cl, and tert-butyl; and mis 1.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry; is F; and m is 1.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R»; is selected from the group

consisting of methyl, hydroxymethyl, alkoxymethyl, acyloxymethyl, and halomethyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein Ry, is selected from the group

consisting of methyl, hydroxymethyl, alkoxymethyl, acyloxymethyl, and halomethyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R;3 is methyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry4 is methyl.
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In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R»3 is methyl; and R4 i1s methyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R, is -OH; and R; is -OH or -NH,.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NH,; and

R3 is -OMe.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NH,; R3 is
-OMe; and Ry is amino.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NHj3; Rj is

‘ -OMe; and R4 is -NMe;, -N(Me)CH,CH,0H, -N(Me)CH,C(O)NMe,, -

N(Me)CH,C(O)NHMe, (R)-2-(hydroxymethyl)-1-pyrrolidinyl, or (R)-2-(C(O)NMe,)-1-
pyrrolidinyl.
In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NH;; R3 is
-OMe; and R4 is -NMe;.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NHj3; Ry;
is methyl; and R4 is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R; is -OH; R; is -OH or -NH;; R3 is
-OMe; Ry; is methyl; and R,4 is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NHj3; R3 is
-OMe; R4 is amino; R;3 is methyl; and R4 is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NHj; Rj is
-OMe; Ry is -NMe,, -N(Me)CH,CH,OH, -N(Me)CH,C(O)NMe;,, -N(Me)CH,C(O)NHMe,
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(Ry- 2R|h;|drowtﬁy&rlmqu1Hdglw?@r£Rb2 (C(O)NMez) ll-pyrrohdmyloRzl\;l?sp methyl;
and R4 is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NH>; Rj is
-OMe; R, is -NMe;; Ry3 is methyl; and Ry, is methyl.

In another embodiment, the present invention relates to a compound selected from

the group consisting of:
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Another aspect of the invention relates to a pharmaceutical composition, comprising
at least one of the compounds of the present invention; and at least one pharmaceutically

acceptable excipient.
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In certain embodiments, the bcl-mediated disorder is cancer or neoplastic disease.
For example, the bcl-mediated disorder may be acute leukemia, acute lymphocytic
leukemia, acute myelocytic leukemia, myeloblastic, promyelocytic, myelomonocytic,
monocytic, erythroleukerhia, chronic leukemia, chronic myelocytic (granulocytic)
leukemia, chronic lymphocytic leukemia, polycythemia Vera, Hodgkin's disease, non-
Hodgkin's disease; multiple myeloma, Waldenstrom's macroglobulinemia, heavy chain
disease, fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma,
chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer,
ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, stadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, uterine cancer, testicular
tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma,
glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, melanoma,

neuroblastoma, retinoblastoma, and endometrial cancer.

In addition, the cancer may be follicular lymphoma, diffuse large B-cell lymphoma,
mantle cell lymphoma, chronic lymphocytic leukemia prostrate cancer, breast cancer,
neuroblastoma, colorectal, endometrial, ovarian, lung cancer, hepatocellular carcinoma,

multiple myeloma, head and neck or testicular cancer.

In some embodiments the cancer over-expresses a Bcl protein. In addition, the
cancer can also be dependent upon a Bcl protein for growth and survival. In some
embodiments the Bcl protein specified may be Bcl-2 and/or Bel-xL. In some embodiments

the cancer exhibits a t(14;18) chromosomal translocation.
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least one chemotherapeutic agent; and a therapeutically effective amount of at least one of

the compounds of the present invention.

The compound or compounds may be administered parenterally, intramuscularly,
intravenously, subcutaneously, orally, topically or intranasally. In some embodiments the

compound or compounds are administered systemically.

The patient specificed above may be a mammal, primate, or human.

Brief Description of the Figures

Figure 1 depicts certain compounds of the invention, some of which are prophetic

embodiments.

Figure 2 depicts certain compounds of the invention, some of which are prophetic

embodiments.

Figure 3 depicts certain compounds of the invention, some of which are prophetic

embodiments.

Figure 4 depicts certain compounds of the invention, some of which are prophetic

embodiments.

Figure 5 depicts certain compounds of the invention, some of which are prophetic

embodiments.

Figure 6 depicts certain compounds of the invention, some of which are prophetic

embodiments.

Detailed Description of the Invention

Definitions

For convenience, certain terms employed in the specification, examples, and

appended claims are collected here.
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from that of the administration of an additional therapeutic agent or agents), as long as the

therapeutic agents are present in the patient to some extent at the same time.

The term "heteroatom” as used herein means an atom of any element other than
carbon or hydrogen. Preferred heteroatoms are boron, nitrogen, oxygen, phosphorus, sulfur

and selenium.

The term "alkyl" refers to the radical of saturated aliphatic groups, including
straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups,
alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In preferred
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its

backbone (e.g., C1-C3¢g for straight chain, C3-C3p for branched chain), and more

preferably 20 or fewer. Likewise, preferred cycloalkyls have from 3-10 carbon atoms in

their ring structure, and more preferably have 5, 6 or 7 carbons in the ring structure.

Unless the number of carbons is otherwise specified, "lower alkyl" as used herein
means an alkyl group, as defined above, but having from one to ten carbons, more
preferably from one to six carbon atoms in its backbone structure. Likewise, "lower
alkenyl" and "lower alkynyl" have similar chain lengths. Preferred alkyl groups are lower

alkyls. In preferred embodiments, a substituent designated herein as alkyl is a lower alkyl.

The term “haloalkyl”, as used herein, refers to an alkyl group where anywhere from
1 to all hydgrogens have been replaced with a halide. A “perhaloalkyl” is where all of the

hydrogens have been replaced with a halide.

The term "aralkyl", as used herein, refers to an alkyl group substituted with an aryl

group (e.g., an aromatic or heteroaromatic group).

The terms "alkenyl" and "alkynyl" refer to unsaturated aliphatic groups analogous in
length and possible substitution to the alkyls described above, but that contain at least one

double or triple bond respectively.

The term "aryl" as used herein includes 5-, 6- and 7-membered single-ring aromatic
groups that may include from zero to four heteroatoms, for example, benzene, anthracene,

naphthalene, pyrene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, triazole,
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gt oy M B s 8 ot or
"hetetddrdthdlicEX' ¢ ddothatiOribkithayMeisubstitdted at' odbri¥ndte ring positions with
such substituents as described above, for example, halogen, azide, alkyl, aralkyl, alkenyl,
alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, sulfonamido,

ketone, aldehyde, ester, heterocyclyl, aromatic or heteroaromatic moieties, -CF3, -CN, or

the like. The term “aryl” also includes polycyclic ring systems having two or more cyclic
rings in which two or more carbons are common to two adjoining rings (the rings are "fused
rings") wherein at least one of the rings is aromatic, e.g., the other cyclic rings may be

cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls.

The terms ortho, meta and para apply to 1,2-, 1,3- and 1,4-disubstituted benzenes,

respectively. For example, the names 1,2-dimethylbenzene and ortho-dimethylbenzene are
synonymous.

The terms "heterocyclyl" or "heterocyclic group" refer to 3- to 10-membered ring
structures, more preferably 3- to 7-membered rings, whose ring structures include one to
four heteroatoms. Heterocycles can also be polycycles. Heterocyclyl groups include, for
example, thiophene, thianthrene, furan, pyran, isobenzofuran, chromene, xanthene,
phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole, pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine, quinolizine,
isoquinoline, quinoline, phthalazine, naphthyridine, quinoxaline, quinazoline, cinnoline,
pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine, phenanthroline,
phenazine, phenarsazine, phenothiazine, furazan, phenoxazine, pyrrolidine, oxolane,
thiolane, oxazole, piperidine, piperazine, morpholine, lactones, lactams such as
azetidinones and pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring may
be substituted at one or more positions with such substituents as described above, as for
example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,
sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic

moiety, -CF3, -CN, or the like.

The terms "polycyclyl" or "polycyclic group" refer to two or more rings (e.g.,

cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which two or more
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alltapRbp qEiH)|-R61 CThES, rﬂhmﬁnn “Hlltbllahﬁhee’ inviIal &, anhiaagdramas defined
neck or testicular cancer. In some enbodi ments the
abeym haying pesubgtitpied 9 agsubstiuted iyl gittached thergigs +-¢-ot leass@ne of RS0

ang%gqqamgggyp%ggpbe dependent upon a Bc! protein for

r owt val. In sone 30 enbodlnents the Bcl

fi b B d/
b aenistte oohEfpdn s Aeipafed ¢ (rofif 18 x midleOMB may be
rqﬁgﬁﬁ&ﬂqgﬂﬁ bl Th9®ahi on. -67 WO 2008/ 024337
PCT/ US2 18471 The present invention also rel ates
to a nethod of treating a bcl-¢gredi ated di sorder,
conprising the step of: ”

R54

R50
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co-administering to a patient in need thereof a
therapeutically effective anount of at |east one

W@ b@s2438T apeut i ¢ agent; and a therapeutical | yPCT/US2007/018471
effective anount of at |east one of 5 the conpounds
of the present invention. The conpound or conpounds

wheegin BS028ias Aefinedrabavp and Rdrigpregents ahydiiegen @haliy, an alkenyl or -
(CH%%F ?é o alnﬁ%ﬁ“a‘régsergé@ex a2l 1y, topically or

andsa one € ERTS t he compound or

spe unds @r egsg{gﬁb%gggr@quﬁ% Sﬁlﬁt Farrﬁlﬁg l}ﬁ%l&l&(ﬁfd@ﬁﬂ}}iﬁnd includes a
m&&y%idt%ay%%@ﬁﬂe@éﬂtéﬁb%e tobegerklifgHh@a: Figure 1 depicts

ceftain conpounds of ‘the invention, sone of which are
prophetic enbodi ments. Figure 2 deplcts certain
conpounds of the invention)| some of which are
prophetic 15 enbodi nents. |[Fi guregsy depicts certain
conpounds of the inventi ong’ of which are
prophetic enbodi ments. “Fi gureN4 depicts certain
conpounds of the invention, so of which are
prophetic enbodi nents. 20 Figpsg S depicts certain
conmpounds of the invention, some of which are
wlf%?é?ﬁ’h@itd fmd ?@J?Oa‘ijé T8 fined hiSHeE éer@%ﬁlﬁﬁ{b%ﬁﬁﬁ&{t?bp the amide in the
conpounds of the invention, sone Ich are
preseatphedntion walinotinoinde smd%wlﬂiaihajm}elmb egabtd. pti on. of the
Invention De rnitions For conveni ence, certain terns
enplTogedmh MalkyRhispaefetd wahn alk 1%agspla§smﬁﬁw ab@rpaadag a sulfur
clainms are collected here. -6 008/ 024337
rad»@t/awszf@dﬁhmm?m centpia qrehadiments-theinalkylghip amoigty isfpgresented by
i 9"c L 0 r
one gm > g}f‘ Itag{?h 5 mﬁn&ﬁilré{fq on(‘di—% 7 \%%lfb&/ﬁ&%m m and R61 are defined

abbVe rRypettehtati AERYIBhia lerdupe ioluite rhéthiihigeehyl ithie, andahé Bie.
adm ni stration (adm nistration of one or nore

t herggRehh CARRRYE Al aR debdBiAal Rr §iudel 'REh thH&kH& as may be

the admnistration of an additional therapeutic agent
repeseatpdivyshe garerdldomgndas: t he 5 t herapeutic agents are

present in the patient to sone extent at the sane

time. The term "hederoatonm as used hddei n nmeans an

atom of any el ene ot her than carbo or hydr ogen.

Preferred heteroatjons aregheran n| tr oxygen,
phosphor us, sul far g/sel eni u gs ~al kyl "
refers to the radical*of saturaté%sallpha é gr oups,

whghein dES0N gyt S ebrPeeiis el 6F o sk BRaRSS Ao R3S represents a
hyﬂfo%b'ﬂ?san aldykydn ambsli t(@H’zE RYEHOR| Prdim ey RABEbtable salt, R56
cycl oal kyl “subst i t ut ed

f
remmm akydregena as ahai, gmtalleemal ar dCPﬁ}naRlé Re\&lﬁéhg{ EnfchRﬁylare defined
b t
gt AGerfor PR oGRS R R BRERCRE S B poprosencs an

“cqfd. "Where X5E{semodtyser Cardr R § £1eds. ddink@ Wb, thy BbREY Rtreferred to
cy cloalkgls have from 3-10 car bon atonms in

herein as a carboxyl group, and particularly when R55 is a hydrogen, the formula represents

a “carboxylic acid”. Where X50 is an oxygen, and R56 is hydrogen, the formula represents

a “formate”. In general, where the oxygen atom of the above formula is replaced by sulfur,

the formula represents a “thiolcarbonyl” group. Where X50 is a sulfur and R55 or R56 is

not hydrogen, the formula represents a “thiolester.” Where X50 is a sulfur and R5S is

hydrogen, the formula represents a “thiolcarboxylic acid.” Where X50 is a sulfur and R56

is hydrogen, the formula represents a “thiolformate.” On the other hand, where X50 is a
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15 their ring structure, and nore preferably have 5, 6
or 7 carbons in the ring structure. Unless the nunber
W@b008/a2438Ms i s ot herw se specified, "lower alkptT/Uuszo07/018471
used herein neans an al kyl group, as defined above, '
but having fromone to ten carbons, nore preferably
bond,cd &dS is notshy;drmnbtbn abevsrfermula repsessaisiapatene” group. Where X50
al ken

s Shihod Ras g ashe@ﬁ%xenforfswaﬁ%eseaﬁeafﬂe Pl g
Y ofr@ﬁ?ﬁe'ﬁ%’g&k Gl s st RS RIS ¢ 8 A bggpD, as defined
abé\Léthavm Tal?leo g%%ﬂ‘ra&l@z{loﬁ{a&yéd therdto. lﬁ%s@ﬁﬁ@vé‘al%?}l%éups include

to an a up where anywhere
mdmlycdq: @gmms, pavpgloageterrapdac end whe hka el "etber” As two hydrocarbons
cop g o e e S b L B B R Bt renders
alky$ &fl eﬁféf R b redeRitiEsSart AkGY13dukH s Ha9UR réwé%n'téd%)egné"bft -alkyl, -
an aryl 25 group (e.g., ‘an aromatic or heterodronmatic

O-gikony) -O-TenylerOR(CHg) jdyy Wheremd ahd Rigyany tiescribddeabotve
unsaturated aliphatic groups anal ogous in |ength and

possihhl gpub i gﬁgdg y ibed
but s[{hgat n@onﬁgfoh&gt oiFeast 0 egoh%? gﬁ‘g?&étsr igppg?eg%ﬁtgat may  be
represeptedtbiyubd genefdidoardan "aryl " as used herein incl udes
5-, 6- and 7-nmenbered single-ring aromatic 30 groups
that may i nclude fromzero ©o four heteroatons, for
exanpl e, benzene, anthracend, naphthal ene, pyrene,
pyrrol e, furan, thiophene, ﬁnlﬁ%@ole oxazol e,
t hi azol e, trlazole -69 WD2008/ 024337
PCT/ US2007/ 018471 pyrazol e, yr|d|ne pyrazi ne,
in R¥fdndeg 1@%n%ﬂ:‘étr91¥ hip H%gn %@Hal or-g se aryl
groups havi ng hetero ring str ture may
als be referreg to as "aryl eterﬁcycles

" het omﬁatﬂﬂé’ tosyl, dnesyhaRd nopp ﬁ{gyagéecogmzed and refer to
one or OSItIO
mgﬁcgéﬁﬂefh%é‘s%@ﬁ 1 ARIEnEI@n ! r‘xﬁet}%ﬁé&glfmen and

tituents as descri'bed above,” for exanple

nopafiubeobugd eyt forgi gfdupls,, respekvaly., T&eaérln}sntyiﬂ,ate(;ymslybad kydsylate, and

hydr oxyl , al koxyl m nitro, sulf
nongfialinare 4GS apd bfgb@&ﬁﬂﬁa’i"é“eﬂ@é‘%ﬁﬁi?gte cElgF. gespienesulfonate
est%f | HtharRlsigEnat @b, hd RonFHldrGBAnes A finaRN&MKrdRnctional groups and
kétone, al dehyde, éster, heterocyclyl, aromatic or
mdietudaesdhzt@natalmsambgmnpsse;spec(ﬂ%ly CN, or the like. The
term"aryl" also includes polycyclic ring systens
haviThg ténD"carbafidye' refked 1ocO(CFOYSRRI whidiClh ahd\R' &1k imdependently H,
carbons are conmon to two adjoining rings (the rings
aliphasic-groupsgaryberopphRr helsipriybgrRUBS: | east one of the
rings is aromatic, e.g., the other cyclic rings may be
cycMhaltéry ‘Glkyigminosrefensyo SNHBywheralRaisraplatkyl gropips
and/ or heterocyclyls. The terns ortho, nmeta and para
applThettaml'd2alkyldmaro" aefdrsitp ANRRS wisetd bath RdareRzena&Ryl groups.
respectively. For exanple, the nanes
1, 2-Thien@ihYHydRAZBIRG1"aBkrb - RIOH] WhEre R BeR 26 PRatRIRoup.
Synonymous. 15 The ternms "heterocyclyl" or

" hetek &% E dnfindIRHP refER G LR tN?—Iz3 wheR R AEiipRARAbifd
structures, nore preferably 3-"to 7-nmenbered rings,

who " i ' . .
net arsaral Ak HEIERGY) BRLESERELG vh@Pboth R apd R are aliphatc
grdipiser ocycl yl groups include, for exanple, thiophene,
t hi ant hrene, furan, pyran, isobenzofuran, chronene,
xantien@rm 'Wﬁﬁﬂéﬁiﬁbal@l" PME{sO!oefRJN”(RqEI@OWherQYR arol fhd R" are
i sot hi azol e, isoxazol e, pyridine, pyrazine, 20
aliphaticrgreMpse, pyri dazi ne, indolizine, isoindole, indole,
i ndazol e, purine, quinolizine, isoquinoline,
gui nol i ne, phthal azi ne, napht hyri di ne, qui noxal i ne,
qui nazol i ne, cinnoline, ptri7dine, carbazol e,
car bol i ne, phenanthridi ne, acridine, pyrimdine,
phenant hr ol i ne,
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phenazi ne, phenarsazi ne, phenot hi azi ne, furazan,
phenoxazi ne, pyrrolidine, oxolane, thiolane, oxazole,
w@r@entgsne, piperazine, norpholine, |actones,P¢HUSBNG018471
such as 25 azetidi nones and pyrrolidinones, sultans,
sultones, and the |ike. The heteraqcyclic ring My .be
subskhettee darytamypealisyl” pefers 1o oRINH drsWhgre R arpliphatic and R’ is an
zuﬁgﬁ&gituents as descri bed above, as for exanple,
oden, al kyl, aral kyl, al kenyl, alkynyl, cycloal kyl,
ni.tro I mno, am do,

hyd I ] | f hydr yl

p%o?ﬁi’%ﬁ% ZOTQOBE%%%II? ﬁﬁ?@?ggla%gﬂif%o)(:ar boxyl, silyl,
t her, | kyl thj o, | f |, ket | dehyde, t

2 habtisedy Shino’ e foRbEbendSTRGESbar omat i ¢ 30

noi ety, -CF3, -CN, or the like. The terns "polycyclyl"
or "Il ghbyeviptiongr MapEtr BheT Lt Nt Tio Mp rapreeent imgghyl, ethyl, phenyl,
e c | kyls, cygl I ycl oal I
R R o T R A TIOV
mEAnENEI Y, 43speciitely. UR2M0rE/ ddhippdhkensivanibosstha aBbre®iationms utilized by
to two adjoining rings, e.g., the rings are "fused
organigyehremipds of ordingty Shtglem the b éppaaky Buh liFg isshel pheashtvolume of the
at o terqed."bri Y.rin .t h i
Jogﬁngﬁéyr %rygléé%%s);ryb él%g S(Sits s tlyagglcljy %?e[%gntg(ﬁj cl:rﬁwaetatgle %gﬁtlé)(f Standard
Listubf tAbbtisittiongs Ties abbrbadtiezovdntainéd i rsaidxBstplagd all abbreviations
hal ogen, al kyl, aral kyl, al kenyl, alkynyl, cycloal kyl,
utibiged by preaniei emiplst ofo ordigary hskalk yin | ths” arhiarg hegghiydicorporated by
Ieﬁpﬁéghonate, phosphi nat e, carbonyl, carboxyl, silyl,
ether, alkylthio, sulfonyl, ketone, aldehyde, ester,
a heTherteny Cdwfate"an afrredohized and elheies armaoiety that Mg by represented
- CF3, -CN, or the like. As used herein, the term
bythe gensralfernda:- NO2; the term "hal ogen” designates -F,
-, -Br or -1; the term"sulghydryl" nmeans -SH, the
term "hydroxyl " means - OH, anqlthe term 10 "sul fonyl"
means -SO2-. The terns " a{B' ne"! and_"am no" are
art-recogni zed and refer t0 bqgth UtRabstituted and
substituted amnes, e.g., a ety that may be
represented by the general fordrulas: R0 /R50 N -N

in WhT ¥ ' R50, R51 d R52 h
oI e 50, =1 and 2 ca

represént a hydrogen, an al kyl, an

al k | porm ! ﬁh@% vartO ﬁ?@ n ] ehoi

t oggl?ﬁetren\?vi 35 ﬁlfé e ngfg%natrto{ec cﬁé’at ﬁ%d;{}g\cguedegﬁ glc? heéy that may be
represgnkest bey the geteealdoyile having from4 to 8 atons in the

ring structure; R61 representssn aryl, a cycloal kyl,

a cycl oal kenyl, a heterocycle 1L a polycycle; and in

is zero or an integer in the rlange of 1 to 8. In

certain enbodi nents, onlTy gnhe or R51 may be a

carbonyl, e.g., R50, R51 gnd tlhe nitrogen together do

not forman inmde. In other engpdi nents, R50 20 and

R51 (and optional |y R52) each independently represent
o nyKicodam "sHiaIy) 15 -reapaiadl anrincludsgpmiedy that may be

reTlgyeZ‘éefdfd.}':‘BE %érggrgl%%&lgm ne" includes an anine group,

ove, having a substituted or

unsubstituted al kyl attache® thergto, i.e., at |east
one of RS0 and R51 is an alkyl oup. The term
"acylam no" is art-recognoi refers to a noiety
that may be 25 represented'Fy th@ general fornmula: O
o R
The term “sulfonyl”, as used herein, refers to a moiety that may be represented by

the general formula:
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wherein R50 is as defined above, and R54 represents a
whyasozss? an al kyl, an al kenyl or - (CH2)n; ReAT/Usiver/e18471

in and R61 are as defined above. The term "am do" is

art recogni zed as an am no-sybstituted carbonyl and

includes a noiety that nay pe represented by the

general formula: OR51 N5 [R50 wherein R50 and R51

are as defined above. Certatd—enBpdi nents of the am de

in the present invention w I not i nclude i m des

whi ch may be unstable. The t "alkylthio" refers to

an al kyl group, as defined a ove having a sul fur
in e Bl 48 selestedi fiome thet group soesisting) of liieasnirelsyk alkenyl, alkynyl,

hi 0" noj et |s represented by 10 one of

CYCISalgV\(i?FterOCSCIéﬂ REMAT heteagyleyny| | and - S- (CH2) n, - R61,

wher " i e

al ky thl#g@%é@gl rg]lgllhge ﬁ%l?hgferﬁl?cpx%mﬁg%ﬁsfﬁgﬁﬁéfeé?esented by
thd gemetal k@emuldhe term "carboxyl” is art recogni zed and

i ncl udes such noi eties as be represented by the

general formulas: OO RSSH—%O X50 R56 15 wherein X50

is a bond or represents an okygen or a sulfur, and R55

and R56 represents a hydrog®m—Ba al kyl, an al kenyl,

-(CH2)n; R6lor a pharmaceutically acceptable salt, R56
in vdpcte Bantis seledtydifiogethe gmumickndistingrofaiyidergen, alikyl, alkenyl, alkynyl,

- ( ? -R61, where in and R61 are defined above.

cysinalkel, Reigracyclah aukkyear asyld R55 or R66 is not hydrogen,

the fornmula represents an "ester". Were X50 is an

oxy gefselamnd ki Sefess @sardaik}'flrgrdumhminag atshhstimmbcbsglericsgroup attached

th%gt];)te Ir {nglal%ﬁao her ’%%B ’@I%%yé are selected from

onk AP-SEQIKYE S@-all&:ﬁfllbogé/blk‘}nﬁchx‘fjd (s Xﬁ? fnsarﬁpR bemg defined
oxygen, and R56 is hydrogen, the for epresen S

abo¥eQrmate". I n general, where the oxygen atom of the

above fornula is repl aced by sulfur, the fornmula

r eprasEitotis §Jbs¥1ﬁit19h§ﬁlra9 BB ¥hade 9‘?1 ka@nyl\%ﬁ raﬁ(ﬁﬁﬁg%ﬂo%ﬁato produce, for

sul fur and R55 or R56 is not dr ogen,
exampkesaenmmlleen'ytshlamhe@tlleynyls WlmdealX&Q'ls sarmdealkymgrls amginoalkenyls,

: R55|s h efor epr ese
R RSy BRI R e iy R Gy e B Alk TS sy
i's the formula represents a "thiolformate.'
‘%/ﬁe %98H@reln,aﬂle dofiition ofserchsexaression, v, 2H0B/ W2 A38tE., when it

°°§‘§% (/ né@%qgﬂ %ﬁ?e‘qnl aré)g gﬁ’gcstulge[‘ ‘?ﬁ( ﬁﬁg’ndeﬁ tgor;e Mgﬁﬁgﬁ %B? definition

ornul a repr one  (grou

elsewherehin i, saﬁt&d;trﬁ&ﬁrd s hydrogen, the above formul a
represents an "al dehyde" group. The ternms "al koxyl" or

dglf Fﬂgﬂ baund&Sdol e 1 "Bubisaiution" be "absttuted! widhomBludéSthe implicit
proviso that such substitution is in accordance with permitted valence of the substituted
atom and the substituent, and that the substitution results in a stable compound, e.g., which
does not spontaneously undergo transformation such as by rearrangement, cyclization,

elimination, etc.

As used herein, the term "substituted" is contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and

nonaromatic substituents of organic compounds. Illustrative substituents include, for
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above, having an oxygen radical attached thereto.
Represent ative al koxyl groups include 5 nethoxy,
w@eiweng433pr opyl oxy, tert-butoxy and the |ike. PeI/US2007/018471
"ether' is two hydrocarbons covalently |inked by an
g Accordlngly, the substituent of an al kyl that
expBhe oSt Aeserived FINzAPOEE-hdhe PerBEsibleSuhg tuets ey 'be-one or more

I d of
an8 S O OTAPCRY, PrTRIIRPR BpdiBsn, Ky Rumeres of i
invendonl (RS letezodlems suddeds alimgen nlhehiver hydregdnf eubati®@énts and/or any

art recognjzed apd includes a iety that y be . 10
pe%lﬁ?lé@eﬁqg@auws phergawn épamovw%%beé heygin w. n%§hdﬂﬂif%’d‘e valences
4, Gt hyd
of e Bl TP B b ARehded W hE Afieaiih Ky mpnner by the
pean@dsiblersabstithenty @ (ﬁgztn-ldf ennppunded and refer to
trifluoronmethanesul fonyl, p-tol uenesul fonyl,
et hmwis%o'pwtect@?cgm@ farsd hl@&[rpbiéh@t%ﬁkbbf*d??)éhbstituents which
groups, respective he terns triflate, tosylate
profeetyd aetentiallydraaotieet aonﬂl SreHn frpgb@@dﬂszedj chemicalefransformations.

EXélgllpger f#%qcﬁaplrggelﬁf ?gfgg?%%gﬁ@pg Setg%as of car% el?ce%glldg o?l?tl ethers of

aldoROR| hh® 208l a4HRIS KethIRNGH B1dEIfdes ahd NEdtdreBatesféchivEly. amte field of
nol ecul es that contain said groups, respectively. The

Prote¢ting: srapp Lhewistry b%ebe@ntr@vw@ed:i@mm T.Wh eWaitsR P dM RProtective
n nden | And u ar
GRYBs b OFRENC Dkl &P WilBTALE R Rio1) 2 khieBER s of the
mveNHR% cdihﬁdtﬁhdRateSn@lﬁdéﬂ \Kiﬂlnnglﬁ@w@pe ahlﬁlstlﬁf/éﬁtlon
“di al kyl am no" refers to -NRR , where both R and R
ar e @l cahPMREs of the PFe@Erﬁ] 1nbéﬁi'1'bﬁ)%§}l' léi(lst 1rf pirBESat Beometric or
-R-OH, where R is an aliphatic group. term
stermqmickfprrhs r dhe rpsesent infRerithdl, comaarpéatés alsk saah edmpvatls,ancluding

e S, L L e AR 3oL Dbt o somers, e
racEific tnﬁ&fﬁresdih%feléw A0 HRal kturek ShGESt, ta@ falﬁn@*l(ﬂtﬂm Fhe scope of the
where R and R" are aliphatic groups. -73 WO

InvEnoen. oMnghﬁcasmgm¢@b_®nmmmsm hespngsent in a substltuent such as an

alkéll‘?l %l an gﬁ SR ﬁz)mlregsf g%%egwlmlémaﬁﬁhépﬁﬁg a{ee}nmnd8§ go be included in

thlgﬁi@ﬁﬁoﬁo a carbonyl oxygen (=0 . The term "thi oxo"
refers to a carbonyl sulfur (=S). 5 The abbreviations

Me, 1Etfor mgtang{ rticu eﬂ\ﬁtl §f§ @5mB§ﬁr{31y of th@tﬂ?é’éent invention is

phenyl tri onet anesu ,
desiozuafit lmmyobcltmqmed fogngdy;mmttxc)lsgrethesisx,l 6oyl datvdtion with a chiral

au}r(nf ) han Se?%fgl%%w a ?tg%\rﬁ%{r%m@%nggse%agg@nr ehent Ie\glelxﬂlary group
cle%b@dnﬁtpcroﬁﬁe QBQ eﬂ;@%ydéﬁéd |ené1ﬂlohﬁ?s arAlt&Hﬁ%Tﬁ \k/ﬂerE Nfle molecule

first i'ssue of vol une of the Journal Organi c
cotiiapsi s basyg furietiendligsoup, sutly ps emlinoy anaasmmedumqmoaalt @bl such as

ntitled Standard 10 st of br evi at.i ons
cathO} e O S TGRSR AT Wi IaPl%@P“%ltﬁd’PHF‘}m active acid or base,

foRAPELYY E}Eéo‘l’tﬁﬁ)n O {Hel BEGerR¥mES RN Forilt@MBy® fiactnal crystallization or

ordinary skill 1n the art are hereby incorporated by
chromatographic means well known in the art, and subsequent recovery of the pure

enantiomers.

Contemplated equivalents of the compounds described above include compounds
which otherwise correspond thereto, and which have the same general properties thereof,

wherein one or more simple variations of substituents are made which do not adversely
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reference. The term"sulfate" is art recogni zed and
includes a noiety that may be represented by the
w@eoenzad33fornula: 011 OS CR41 11 15 O in wdTOSRA1018471
is as defined above. The term "sul fonylam no" is art
recogni zed and includes a noiety that may be
afﬁeetptl@sefftce@y loy thhszogrmsnélmfmndmgato oginh Nc&pt@®s. | In grneral, the
erm sy

coppaites (EnBreTy PRI h o’ PreppRacBh G ot dlusirated in the

geB@BPFeabtidrOEdRens b, for exBnpfe, dbbctibbd BBRWL @k By modifications thereof,
‘sul fonyl", as used herein, refers to a ni ety that

usmyeaﬁblyr ajotlalle ﬁtae@ngaylatmlab tragentsland gomhaonal z;tnth@ls procedures.
08/ 02 337 PCT/ 82007/ 471. 0 1
esghre ipns, Slt J83 %ssyfb trrﬁlge glPS Caélﬁlg S\{Vﬁlﬁ 36‘? 1n themselves

knBWﬂrblﬁth nalrﬂraﬁluonai keeayl , al kynyl, cycloal kyl,
heterocycly , y or heteroaryl The term

» sulThextEao ™' sehieas’s a¢ upesk herain, refPisrte anoanimabitapigaliyhatmammal or a

huH‘%X %}t Elgf [)g {é‘lﬁ c%&%y Iof %see{l gega%{e%l }T{n? Fivd éor exgerm%ent When the

terPRSIs&d irﬁ@nﬁfncﬁ&ﬂﬁvﬂﬁ%ﬁmnﬂktﬂﬂon of |a"’c@ﬂft>bun(ﬂb1kd/rﬂg| then the subject has
cycloalk¥ heterocycl yl, aral kyl, or ary
been; e ohisal & \ireatmestephservatiom anfley pdmyiniwatinaof thg cgmpound or drug.

sub d 0 attache " 10 t er eto
SIt at?%r? o th%fag%é}e aﬁ eﬁ%c ounq er | ’t ¢ {eand; that amount of

acﬁ'l"éacoﬁhllﬂﬁwhd aF ﬁhﬁﬁiaeﬁitﬁdl Jg’éﬂﬂfhatcémeltﬁﬂle b&og’ibiﬂ)dr med1c1nal response in
- Se- al kenyl , -Se-al kynyl, and -Se-(CH2)mR7, in and R7
a eRdl gulteres fipgig system, animal, or human that is being sought by a researcher,
veterinarian, clinician, or physician, which includes alleviation of the symptoms of the
disease, condition, or disorder being treated. In the present invention, such an amount will
be sufficient to bind to Bcl-2 in a cell and inhibit at least part of the anti-époptotic activity
of the protein. Such an amount may be sufficient to provide therapeutic effectiveness in a
patient or may serve to sensitize the cell to treatment with another anticancer agent.

The term "composition" is intended to encompass a product comprising the
specified ingredients in the specified amounts, as well as any product that results, directly
or indirectly, from combinations of the specified ingredients in the specified amounts.

The term "pharmaceutically acceptable carrier” refers to a medium that is used to
prepare a desired dosage form of a compound. A pharmaceutically acceptable carrier can
include one or more solvents, diluents, or other liquid vehicles; dispersion or suspension
aids; surface active agents; isotonic agents; thickening or emulsifying agents; preservatives;
solid binders; lubricants; and the like. Remington's Pharmaceutical Sciences, Fifteenth
Edition, E. W. Martin (Mack Publishing Co., Easton, Pa., 1975) and Handbook of
Pharmaceutical Excipients, Third Edition, A. H. Kibbe ed. (American Pharmaceutical
Assoc. 2000), disclose various carriers used in formulating pharmaceutical compositions
and known techniques for the preparation thereof.

The phrases "parenteral administration" and "administered parenterally" as used herein
means modes of administration other than enteral and topical administration, usually by

injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
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above. Anal ogous substitutions may be nade to al kenyl
and al kynyl groups to produce, for exanple,
wa@pioso2a438enyl s, am noal kynyl s, am doal kenyl s, PCT/US2007/018471
am doal kynyl s, im noal kenyls, 15 i m noal kynyl s,
t hj oa] kenyl s, thioal kynyl s, carbony|-suhstituted
intgat %ﬁlﬂ sigracapsplany | intragebitgle g t@radiac, t Hatraflermal; ¢ j ighaperitoneal,
trafftrRBEAN, egﬂgfzﬁﬁﬁéo‘ﬁ@ EibSuticull KVihtradrficul e, SlbrapsHagn ds'uBarachnmd,
occurs nore than once in any structure, is intended to
intlrxspinadzmieinn‘mwmmlfm]ettsordafd infisioan el sewhere in the

ructur It . will . be understoaqd th -
 SUEKE] PRI SYpmic ARRITRTARD: vi ﬁdﬁllmﬁﬁﬁq%u%%ef?lﬁ%“% peripheral
ad%l'é@%“f@‘é’%& afct; RpKRDed MRnSU, SUREY hhithl AP e bBminstation of a
comipoundyrdtug foe cﬁhﬂrsmattenemotheﬁt}ﬂmt disdctly hetosthlosdifet aft thechl mediated
ults in a stable conmpound whi ch., does no
%iq«'n B Hias FyPFRIE §atIET & SEYaR ﬁﬁ@g,.t%lﬁ Sk es%towetabohsm and other
llk@ A8 deER0 GBESlam: é’%hb eQﬁ‘sa histFafigt.i on, etc. As used
rein, thetem su stltute |s conterrplatedto
| ’lﬁbd' plhrtes&althermmumdm tfifeetiv@ Bmeurit® bis nmdmeselmfnemghm amnount of a

nds..ln a broad aspect, the permgs
coRgRuRY TRl %qrﬁemaatw%e Psinga gorppeyndo ﬂ&ﬁ%rﬁiq%aws%on which

is SREAHE ?W@d&ﬁ{gbébﬁi/ecdésﬁe(ﬁﬁgr E@ﬁt%&f‘é&?in‘ dt 1eaS @émtﬂdf)u?art‘ign of
nonar omati ¢ substituents of organi c conmpounds.
cell§ invamt anarhahad ascdsemahlmbnmﬁt/nslctaud eapplictable to ABy Wedical treatment.
2008/,024337, PCT/ US2 07 0184 exa
des CHCPEERSR PRATRASHY e@yaﬁﬁ%p%‘é? s EThigNod BT gt those
cofRYuB, ARRrials, B SositRME, ndfor %@%e @6t ikieh &Rt wftﬁirn the scope of
appropri ate organi ¢ conpounds. For purposes of this
sound/medicalpdgrent fsaiteble dorarss iscmitach withithe bgsaes mwnmn\mmgs and
hydrogen substi t ent / or . perm ssi bl
e BRI GG ST ot el et ey fesuphlem or
cotpliedtiondtdri¥nsdubfe Wh%%@s%n?ol@fwﬁe@?/n@@?ﬁfooat oms. This
invention is not intended to be limted in any manner
by ﬂHne pbeaseri phianinecemtibaltyi-acgeptalsle ocamiey'ardsc usedploareids . means a

The @Y@ﬁg@?ﬁ?c“ n%a\%h?%ﬁposgfo&tj éﬁ?e@%ﬁ{s&ﬁ%?f’gﬂum or solid

ﬁlfe?&ﬁlﬂlbﬂtee)fdﬂﬁlﬁﬁﬂ ﬁ‘ﬁﬁ\hfa&ﬁﬁﬂé’aiﬁir(@@ WtRaht, edc MABRAsAA), calcium or zinc

transformati ons. Exa anpl @s of “such protecti Rg gr oups
stejarpgd, udie stesice peidpf orc:aﬁpb'@ng/len@apa@ad@g siteyal, anvayed o dadrying or

nd aceta nd ke tals of
ol e BB P ARG PR E Bl B PEPLRE e g angpher orean,
or ‘gbﬁfﬂnsdffth(e @ﬁﬂ daftidr eYREbé QcReptable Tinthe sdsk Df being compatible
G M Protective G oups in Organic Synthesis, 2"a
Wlﬁd the vﬁ'qeéyngrfs@gntymfkthe lggmyllathm @p@mc@dnﬁ)@png t@fthq lpatient. Some

nvent kv are incl.uded n .
expP S b SRR PorEiel L BrnrRtretliceTb ot R RAE AR inctude: (1)
sugmemt:h @p 1zmysee§1uabsel dhdpsuictdse; Udzarsta@@ﬁaeélkh Gs@brn dtarch and potato

stereoisonmeric fornms. The present invention

stageit(@hprlhiless, and isudaiivabvasosvlisas periumarankpxyeiethyl galiulose, ethyl

celElnB gks%ﬂéisnééepfs?ﬁo%? L&tat@ %@30%?%5%&%2%%}% gkﬁ]%t ﬁufbgg%[a?m (7) talc; (8)

extlﬁfﬁlﬁi@fsucl'ﬁr&d @b bubtex il &8ppdiR68Ovaxés (BRldilks) n@udM hshlpeanut oil,
e scope of the _invention. Additional asymretr

cottensserh OHt satHoweryolbssesames bt olivg qil, $aps il and seybeae hnla§10) glycols,

sufff g BfePYIR iReoh 115, BB TRE s ke, Wy Wieifitol ana
pol)‘&ﬂ@ﬂﬁneoglycdlf (12) ossteirg) sstuah e, ettey] peledte aud aathﬁﬂamhteor(w) agar (14)
bugtfﬁya co of the present .invention is desir

ngas PAENGE YRriydraxidestgahegingm lafdrwde (15) algmw acid;
deri vati on W|th a chiral auxiliary, where the
resulting diastereoneric mxture is separated and the

auxi liary group
-78 -
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cl eaved to provide the pure desired enantioners.
Alternatively, where the nol ecule 25 contains a basic

w0 eovs2438ml  group, such as ami no, or an aci di cPCT/US2007/018471
functional group, such as carboxyl, diastereoneric

salts are forned with an appropriate optlcall¥-active
(1@aysiogen-figeswater; { bl igptemic ba}lmee(slc&D Ringsns edlutiore (19) ethyl alcohol; (20)

asiereaners t cti.ona
piE bR ERRIR s, ) BBl ApaRRhe e Saster pebpniyisides and @2
othe nbfi€oraé Eomﬁé’tibl@ﬂibﬁﬁﬁ&@@inpl@fe@\lﬁ pNarfifacéltiRalféfrBulations.
enantjoners. 30 Contenpl ated equival ents of the

cohpabinaes Radunedinted disorder ard | @léorémémfé bypglishexpressing Bel
pr&éﬁg’ﬁ \éﬁfg'reto O&a‘iﬂ(ﬁgg ?aﬁ&im‘?gesge cﬁg?oé&ﬁﬁ g’ﬂlé&lg%{ PBCE pFotgigrBfays a role.
Sush mlbﬁmuga be atrba[ysrelhftecﬁtbbﬁé pathisiogisalagoaditiot @r wiy®e ifldirectly related
not adver sel -76 WD 2008/ 024337 PCT/ US2007/ 018471
to 4he senditipn £ i feale gempea tothisockass ph cendidensgist hat they may be
anﬁplgfégerﬁﬁfﬁg}gﬁgrﬁothk Qctg/‘?@'e f,gfrugctyrh CF %r()ﬁ?(ﬁct['ﬂ%% 1fth Epleprotems

| I I usstursa& @6reir) tlténtermg‘emﬁr ahd I‘Baqirm@m”s‘ae&mm&@so elfc@fn ass one or
descri bed bel ow, or by nodifications there

mferémgher : Baki? isybawaly of And-apoatotic rpgotﬁﬁl@ &l Bel 'I’Ve%‘éﬁt, Bol-XL, Al
n n I edures. 5 In these
Bf?lé%gf?bﬁgja/b?v?xéaéyﬁgg%g??lﬁmggt o nmake use of variants
which are in thenselves known, but are not nentioned
here. The term "subject" as used herein, refers to an
ani mal , _t plcaII a mammal or a hunman, that has been
pihesis gl eferasyclic QUURRUWRAS obser vat i on, and/ or
experlnent When the tern1|s used in conjunction with
adniThesispxazobiding feompoungso of dheinvgntien mayehe trepassshpsing a [3+2]
cy@l%%}d]igorp ge%gtlétpﬁet%&e Stmt?&}etz{n%aa?nnﬁﬁéne Oﬂlser(l%}yrgné glﬁjﬁ,]rate and alkene

ound or

mdyecdntaih Tendipanlt %r@ﬁ;bd suiRbleefor lchanﬁﬁpdmivan%lousﬁdowmg synthesis of
herei n, nmeans that anount of active conmpound or

thwﬁgm@élémeu ©a9- Ameprtain Hpstanses, (i Lewistasidisoadsighl dathoreaction. In a
pr%ﬁrlq%ﬁg :C’Hl% dfrrﬁe%?o{ﬁ%f%é\{ls a%l(g?g Il" g(6u lPu)g{qflnbEér?’a?ry ?ns?é’n%gﬁ nf}le reaction

researc
mixeir€id subjdcded, tochichdwavenradi@atiofh s igenendl, thehdudfect reattisiBsare carried
alleviation of the synptons of the 15 disease,
out Hha ﬂlﬂPlé‘rfea(‘éIondP%(BW&ePUtBEi%Be £arEisd oyt on A sphé syneste nFhe reactions
u
m;i})ﬂﬁleBquldgae(}] ﬁjaﬁcq: &?ﬁlggﬁwﬁkI‘P\P%flel{ab%p%eégg’{m%{at?l?E%aft:ﬁ?xg lé%gedlents are

subemintraﬂpoml(ﬂilec Buitablet solvarits tibcudy Gtlesrs). susticBs adiethyl ether, 1,2-
e sufficient tq provide therapeutic

d"@Ftﬂ‘@éth%ﬁe@lng abupyhmeshyl egerniglalysioiurananddhg likpialogenated
ﬁts celdn tag’ cthﬁcfargfo%n td;Wlérjani%ﬂﬂBQ e 1cﬁf8}de?}?a'ﬁ9 e rchl%gcﬁﬁhzene carbon

he term "conposition I nt ende enconpass a
tetpechlbuide, arahvfirei bke)gliphatic &Oammaoc fhydtbcalrbgn@dlventss sudh as benzene,

eci fjed anpunts, as as any product that
XYIeéguIOE%ened PERE, Rentge *I"‘Iad‘ihmﬁﬂieI §Stelisr%’|41 kedorssnsiicn tsetpyl acetate,

acétBSe SPRCH] fbhﬁi:lox'lé1 ofddi a??ft?c svide S Ca'sfdc@fé)nﬁm%u 'Eﬁr?ethglsulfomde,
he’term "pharnéceuti cal [y acceptable carrier
dlmethalfmmhnude Sthaitdines and 8t like; opcapbinatiansddsvo el ntrs agleents. The
formof a conmpound. A pharnaceu lcaII accept abl e

reRCPRY ARAYL A CHTRLEGeaoReV BIo ele (SRS, 1 qeiai dnstances, the

cy@ba®lifi&s re'abt%ﬂ i cxﬁJUcﬁi'd%mgdd SBSEAL AacBbd RIS E’cﬁﬂiséuQBm%SFollowmg
ai ds; surface active agents; isotonic agents;

synthesk ehthe gsootaztﬂrmnescofrq,lthglsagmohéme pomsemnd%ay bs ;ienvatlzed using a

sol | i nder and t
Ve T TEATRES KepPE b Al PrOATARSe Gantples include
Martin (Mack Publlshlng Co., Easton, Pa., 1975) and
Handbook of Pharmaceuti cal Excipients, Thi rd Edi ti on,
A. H Kibbe ed. (Anerican Pharmaceutical Assoc.
2000), disclose various carri7’ers used in formul ating
phar maceuti cal conpositions 30 and known techni ques
for the preparation thereof.
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The phrases "parenteral adm nistration" and

"adm ni stered parenterally" as used herein neans
wore@e®24387 adm ni stration other than enteral anPCT/O§100A018471

adm ni stration, usually by injection, and includes,

hout limtation, intrav I ntranmuscul ar
pam@l&@gﬁ?@ﬁn& rea'ctlom GBS 31 otk PelsRo Priatians reductions,
reéc@lbﬂémﬁgﬂkleoﬂ)}me'é %%&HL @ith, él&hrog R }gﬁ'{ecgfhc reactions, installation of

I ntracar Intra rmal, intra erit

proteatings graghse admov&hbﬁptb&n&ngJ sroupyy andithedikear ,
intraarticul are, subcapsul ar, subarachnoid,

| Nt rRs it aBBvk, | RHAASERBIIhentsiof thé 9fbsé&{tdcdnﬁfo'dﬁdl§ﬂ1ay contain a
The phrases ' "systenic adm ni stration,” "adm ni stered
bayysﬁleeﬁqpal Boup, sy dspamingl or ka@mlm,wdaare,othus agagiable of forming

mnls ered |ph rall as _use
PhafR PR EsrRane RaE owl RS oA e Rnptiff o) The term
"pﬁixﬂfabedtféﬁny-dbdeﬁﬁabley shlf§' Oint Iifls SredpecOf refdi€ tBCihe NRALFER non-toxic,
di sorder, such that it enters the patient's system
ingrganic tand preanic aeillj asditionosalietohlsempewndsnef be sesent inention. These
0 es, admi,ni.st patgon
Sa ‘%giﬁ%sé“é erapeuulclglﬁP é? unﬁH%gnaggngg thg %%mge form
miRIfngEaosest, by aspuiatlyatadingQ pueified 4o oﬁfﬁl (Eff th@in,ventlon in its
or conposition conprising a conpound of t presen
fraerhpsp faranwithiacitabls ogganiscer ipergraic asidodnd m@at@grfbe salt thus formed
dugl'ﬁ rs%eh@%‘iaﬁﬁf{g !:a%o?lf f e(ﬁeﬁl'égerﬁ&tl\;e aﬁ'sai include  the Ydrobromlde
an ani ma a reasona

hybﬁﬁﬁfdrikiél Bﬁlkaté abﬂs@lfa’l@,pblhdspbdte h@ra&n)&lcétﬁtél, Galerate, oleate, palmitate,
treat ment. phrase "pharmaceutically accept able" is

SteaFase, d@,\g@teh@qn@pﬁe,t lactptes @l}osplg)atq Hesydate, @@}ﬁ&é@gﬂ:@jgate fumarate succinate,

talgi?{e g h Vﬁbi]ﬁtﬁf%ﬂéfg g gk%ep‘?c%g ?)a&ﬁoﬁﬁ&ﬁ? {irﬁlﬁé\{g ngﬁ?nate salts and

the liké. {Bteg fdragxatipte, Bargeastah §197M) t" hhdrhﬁcéutﬁsltMtsQfJ PusRn Sci. 66:1-
belngs and animals w thout excessive toxicity,
9rritation, all ergic response, or other problemor
conplication, commensurate with a reasonable
benéefhet pharmacctgtc'akby aheptgiile asadis of the subject compounds include the

copletfioE Faplinaels, o SR PoCrERPRuFL sfies i compoindt, e, from
noRQBPe Sorighll &' inéBdiinfd Bgid$ UCKoragxatplé, dlicH &invé&tdnql néftoxic salts

filler, diluent, excipient, nmanufacturing aid
in¢ludg t@aﬁﬂerw@l f:omalgn@@m@mcubaﬁueh @nhydroghieride;t lesair@hremlc sulfuric,

Bt G0 S5 YEEL SR s e s suon

acEyYPesPIchit,IsUBRiIARE g FEEAR) steific,NMtc) MAliOf taktdie, bﬂﬂb’ +astéibic, palmitic,
anot her organ, or portion of the body Each carrier

magi6y b}éiro’@@éféﬁiﬁabl’h?n}’laﬁett%e ghuamis, ober@ewngs@tsmu lshidanilic, 2-
acWog(gbeBE(?lc Otf[ﬁ%%ﬂ& n%lﬁ lp%o f ggngs%ﬁtmﬂ étl?%ﬁ arclfjsuﬂgﬁlc, oxalic,
Irnjurious’ to exanp Co G

isotRibeic] aldsthedikeh can serve as
pharmaceutical |l y-acceptable carriers include: (1)
SUQ3h SthétUWabesathd &ihifds 9F W&%Séﬁ'ﬂ B R Hy &c%}am one or more
st arches, such as corn starch and potato starch; (3)

actslét fontidera] geangs ands thlisy e zapabdsof Hruimgphasaticunially-acceptable salts

ar boxynet h cel l.ul ose "
e PR Ry ifesp 4blE Sisema e derft apMuRRen R yyacqapighle salis in

thés@)msﬂﬁic@& kdfers (td the RlltivelyBon- t%Xfé' Bio?an% arflU6i3aMe baQsARlition salts

butter and suppository waxes; L S, such as peanut
of @pmpowmsaﬂtth@p@e@d invention aThesswalts ganl hk@esahcep@pared in situ in the
adpnllllét?aagnl Velgb ? %rnt | él]o?f{é%l rn¥ ??%31{1‘%8 uyBgi: 95&% ﬁ}{gg s€parately reacting

gl ycerin, sorbitol, manni tol and pol yet hyl ene gl ycol;

(12) esters, such as ethyl oleate and ethyl |aurate;

(13) agar; (14) buffering agents, such as nagnesi um

hydr oxi de and al um num hydr ox0de; (15) al gi nic acid;

- 78 WD 2008/ 024337 PCT/ US2007/018471 (16)

pyrogen- free mater (17) i sotoni c saline; (18)
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pH buffered solutions; (21) polyesters, polycarbonates
and/ or pol yanhydri des; and (22) other non-toxic

w@e ovpar43dbt e subst ances enployed in pharnaceutinﬂﬂnmmmwawmn
fornulations The phrases "Bcl - nedi at ed disorder and

"di sorder nedi ated by cells expressing Bcl
thq)pmféqqugompemérmtltf fieq Aol dgime a’rltlamurna e hass, @mhdaa therhydroxide,
I S l.es

car.lbb%n%g rogIé]J {/t%r%e Sljtlarr]m?%e%)ﬁ%algﬁ tﬁ%lglnkf%gln (ji?l 1, wﬂ%}émmoma or
wittRya Qﬁmhﬁdctdhﬁﬁdlly}lad’cqbtaﬁled orgaftict peint@NdistéoddaryTh@ tertiary amine.

feature commpn to this class of conditions is that
Reprrsgntaane gikaliapiglkaliae e@rirhy salighinstudentiiet Hehigmy isodipgn, potassium,
cafesuen&f ﬁggrﬁésf?ﬁln {lrrd ?‘er L ﬁé a&ﬁ] &l% EEF Bcﬁ%{?és%}lﬁ 12&? eorg%?uc amines
uséfal efoelethet CormationPas basd ea(ﬁitlolealltﬁJ rlﬁclﬁﬂe té’lﬁy]ﬁﬁlne? diethylamine,

subfam |y of antl-apoptotlc proteins Bcl-2, Bcl

ethylgnerlianyigg, sthanolamine, grethanolapine, pipesamerndahe Ake (S%rfer example,

Synthesis o Heterocyclic Conpounds The

Bé&%oxazd#?d?%e conpounds of the invention may be

prepared using a [3+2] 15 cycloaddition reaction

between a nitrone and an al kene. The nitrone substrate
BiaWdical kangy amysgontain functional groups suitable for

chem cal derivatization follow ng synthesis of the

i soddedbllowmg ipovitro Hinding andicallulas essaysemay delwseid o aletedmine the

l.s. added ta the_.reactio refer .ed e
scf i S el S coRpo RS iof B Srontht ShERliAn B o B-2 and inhibit
Bdihgur@atih@RellmM Xture i s subjected to m crowave

radiation. In general, the subject reactions are

carried 20 out in a Irqurd reacti on nedium but may be

rg.i ed qut on a solid support. The reactions may be
Bag%%ﬁﬂfr%gsrw an aprotic solvent, preferably one in

whi @tlohedr BaGl Bindinpomedibe NefermiRed wsipsh aatiétd! dfknown methods.
sol ubl e. Suitable solvents include ethers, such as
Ongi such yassagt iRy semsitpve m%man@ka}ee hawerro bmglr;gnessax ugipg \fluorescence

; rof ran
poﬁ%%%édgn?ﬂg OJeScrtl 24 b §ugl hias szgo @]mkm S.; Sjam. S.; Lu, Z,;

Crote; [C.OMORIAGRNE, EdSQ hK@rhg@HhRneHuQﬁ’é . OQamZiﬁﬂﬁeabCP@BéDB binding
25 tetrachloride, and the |like; aliphatic or aromatic
Pepiydes ot Shasvisalappieseh £ apApiesisindiondp dumosedlls neancer Res. 2000, 60,
14é§h§&§ hexane, pentane and the |ike; esters and
et on€s, such as ethyl acetate, acetone, and
Cell-Bagébindngs, pol ar aprotic sol vents, such as
acetonitrile, dinethylsulfoxide, dlnethylfornanrde
pyr iderrbilityref ispeazojiflise componnds ahthcones@r inyantion tapiphibit cell-
v1%? tqucﬁnce-lng@lls Gvﬂﬁcédl%nr?rom op& FEQHSE%% Q%Hﬁmgt?z{tec? "When RL-
of tenperatures n certain rnsta ces t

celdyark @apiﬂ;led toiRoxalidine omponmls df tHequledeAi ingeraiodihs tiitdbieors show a
attached to_a solid support. Follow ng synthesis_of

dosqrdencadsns A5t Irlling woAdamamblueseiasieity @553 coMisantanghycells are

- ex? egetb't‘ﬁ@t &&golﬂﬁh@?ﬁﬁlpoyﬁs Mxe elgsregelﬁp%ve?lﬂglll if olnﬁ)nnatlon with

eact i ons nomn I'n e art entative exanp
campithedm, the/ %V@oi@@l&dv@%%@rg%/ ddseaependd@4cel] kllllng in propidium
(ﬁgllaguss uplrn reactions to al kenyl halides or aryl
io lFrfivH@ssayeduct i ons, reactions with
nucleophlles reactions with electrophlles pericyclic
Phapneaeutied Camposidionat i on of protecting groups, renoval
of protecting groups, and the like. As set out above,
cer thai anotheb oxbpednttlse piestite irpzreaﬁ@ntprc‘dd@ophdmanayically acceptable

cont.ain a basi ¢ functi onal ? such as am no

cogquvfl ans; ngc aSRINBI}SE at %‘Eﬂ!}&[ﬂ %cgsrfe P@PH‘?%B}F one or more of the
pharmaceutical | y- acceptable salts with
pharmaceutical | y-acceptabl e acids. The term
"pharmaceutical l y-acceptable salts" in this respect,
refers to the relatively non3texic, inorganic and
organic acid addition salts of compounds of the
present invention These salts may be prepared |n

- . o
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10 manufacturing process, or by separately reacting a
purified conpound of the invention in its free base

wo e00s0nd38h a sui tabl e organi c or inorganic aci BCT/ESZ007/018471
isolating the salt thus fornmed during subsequent
purificatiaon. Representative salts include the

compayisisr derceied 2RgYR of@ﬁnbl@reéetoggﬁhlmf Afith OBF Qf| MRF% pharmaceutically

acwab {%ﬁler?'(&aﬁ&h@ s) 2% lugrﬂ%)er e 'deQJrﬁ)@& €in detail below, the

ate ear a aura enzoate actate

phaﬂmz&piimiae compsyitiaiise of ¢hd pedsent imeeRhemal Lh“éaﬁmi:ally formulated for
succinate, 15 tartrate, napthyl ate,

adpyRisEHIOpLB5alE Or |haendoﬂ9rlan@9@dl%nta0$ea%ﬁayfe§?rtpg Hsriallewing: (1) oral
adl?%%,&%tﬂ)ﬂd oell'tre%gc Let,( I%Eea I?%e(ia(lglﬁ&ﬁls gﬁ( ﬂgﬁag eoﬁgrsgﬁtlglg ?tlsuspensmns)

tabl&}, e-phethobanagetredt focdtdcyalacsoblmt@lbl earglakysternic hwerption, boluses,
bj ect conpounds_ i ncl ude t convent jonal nont

poxgplss ganu&&aﬁaémafpy aam?a%?rmﬁ e (08sws (LhRAERRID a&ragnstratlon for

ex§m te; by EMhtaﬁQod%oﬂftlraﬁfﬁb&llaﬁr ﬂlﬁg{/&logg of BREGE fniecﬁﬁh gs- or example,
exanpl e, such conventional nontoxic sa i nclu

a dtdrds eoldton medlslbemmn; oosugtamed-releasstfosmdhatias (3) top1cal apphcatlon for
ochl ori de,. drobrom c,. sul furic, = su

exﬁg pfich fream 91{1 acat, %ﬁcfopﬁgllqdi Laaseap]adcl{ We5p§ac¥l apghed to the skin; (4)

i
inhABRARE of MAMALARL G PR, 398 heBuy A5Eh B foam: (3) publingually;
(6} @oudalyi;, €7) tmmtdarmallgs(&))natsakty, (Ppputinonary; on(d[))em«:rathecally
hydr oxymal ei ¢, phenyl acetic, glutamc, benzoic,

sal i Eyteduldtions of finpredent inedtforigeludy yRezgitdble fdﬂfmzﬂl fiasal, topical
t ol uenesul foni ¢, et hanesul fonic, ethane disulfonic,

(insludimgc buccpks gich selingualhnegctahevagingd ang/qr pereaterd sadswinisirptéon. The
foffBITRR HfiasPLor B Rl P BE sk 1K O RS BBk 561 30 B % hrepared by
an@mdthedsi wigll RhGW TR eHet dre af bh/arﬁﬁﬁﬁ ptrab laghoniAd dBactivk tiigredient which

pharmaceuti cal |l y- accept abl e bases. The term
may, ke GeEbeiRd; with) § -camisspralsridl Yaprogucs 3 goglendasage form will vary

deP norgﬁlﬁé angggts‘oeﬁr% t’igbgezgfé glegﬂcfi it %(rnrﬂ(g&i §t‘)ﬁﬁnﬁglstratlon The amount

of cotiyo inptaliaft WIheh piagsEntombivied withna cdites ensicidl 3o pasduce a single

| i kewi se he prepared in situ jn the admnistration
dogagsi ferma vgH gepera waé%atraa]%%%@wempv%wb@&g%m%P therapeutic

o OREE07 SHLACRN e L8 BIFHaRA Y rapee romabout 01 per

centctiochbbot ninetlytrfina paaert ald Iaetltmsgredwm,rpra&rdbﬂbe froyrdataxat deper cent to
car onate or bi c
aba AV REE STt RSP Pye S’é‘gg’péf%la owfépaer%?a& togout,f(t pereent.
ammnia, or wth a pharmaceutical |l y-acceptabl e
or gé\({q:t O(ilﬁ' pﬁmrwar@gcglﬁﬁparfWattogfstcprapg,mmﬁlt,t@ls include the step of
brltngg'n ﬁl?ﬁta%dc}/a%ogl a(a(!om 3 nciilolf#hlen eS8 %Ili tlgv%%lo{’xswitﬂct!hg Sarrier and,
e 't hifm” 580 tm POt assT um cl um “rmagnhesi un
opéloghlB), b b adctessarydngiddichisk &n gblepalethe fbmiulatéons are prepared by
organi c am nes useful for the formation of base
unifgemky; 8 wamately hEngiag istongssagintian a goapryndaf the present invention
] 0
wifh G ORote UL Rl T AR S AGmic, B BOC AT i neccssary. shapine
thaﬂ)roduaupr a) 10 Biological Activity Analysis The.
followng in vitro binding and cel |l ul ar assays nay be
Fousigltib®s detties Mveatibhuitaslé If¥i byal adiehifREEHI GlayYb®fin the form of
conmpounds of the present invention to bind to Bcl-2
capswiesi eashefist plllgdal:\lgts;c lgmngpsgfusmg aflaveired bass, Bsuallg sucrose and acacia
Ol'gI ndlal'ﬁ% Sa(ger 112 an% BCla bl ndi %nead’% on m al or non-
PR RS %gg’% Wt PEEy oSP YORBVE 2nREREHLT 1N AW
assay is a sensitive and quantitative in vitro binding
assay using fluorescence polarization (FP) described
by Wang, J. -L.; Zhang, Z -J.; Choksi, S.; S am S ;
Lu, Z.; -82-
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Croce, C M; Anenri, E. S ; Kongold, R ; Huang, Z.

Cell perneable Bcl-2 binding 20 peptides: a chem cal
wW@p@BoaEkr t 0 apopt osis induction in tunor cel | BCT/Os200E018471

Res. 2000, 60, 1498-1502). Cell based assays The

abil ity of isoxazolidine conpounds of the present
2AFRPE AP OF 5 A I Yalge Pt WalgT-Hnel figyidiemilsion oF aga) plixir or syrup,
t e n
or é%stgiﬁ%s (%gﬂﬁg Oﬁtnl fél@%tl?o\eé@éé nglglge d%éloﬁlﬂs%\@a fe'f‘%r oF 58468k and acacia)
andonpsumdsthofvasiies prde thentike, neaeht ¢ommining ea |prdﬂeturmmreﬂ amount of a

show ?l e de endent. cell -kil.ling Al amar bl ue
copppt of £ Svepligh apancietis aedip Bx989eynq of the present
inVAfoh ﬁ%?%%!ﬂe%ﬂﬁmﬁ@%&%%%l felk&ﬁar? o padit. 1 nvention

In co nation wt tot hecin he®1 nhi bitors show

Iao(sjl)fner c)i( c{o{ségeg ?‘lgl%ld ggggv%bgﬁr? lgclg iadg%nstrat% o(%ia;gsiuijersn tablets,
pil) aragBac pbwadk, ranmes ibliéHs ahd ttﬁ:ﬂﬂ&b‘ Qhe atRRGhgrediBAt is mixed with

present 1 nvention 1pr ovi des pharmaceutical |y acceptable
ong gipmere phaimaggiitichll-aeqspiable earriers, such as sodium c1trate or dlcalcmm

prb AP SHAEEA) 4o BB AR B P8, AR S, s

suétess; I pleskepifmtitof, O afd/batsatid Q@at; NEY) BindBrsONRAcPT asOfof example
phar maceutically acceptable carriers (addl tives)

car&ﬁesmﬁthukpu@ﬁses algmatesegelatirp alyvinylpyreldope) sygrose ard/or acacia; (3)

c cal e i nve
RS S 8 GRS OO Ay L HERPS Rt BT, car
caﬁ;@haté Im“tatblo(ﬂ ltupﬁbcfa(ztmh lafghid Atidg cdriairs siliagde bed sddiimtdatbonate; (5)
foIIovmn oral 5 adm nistration, for_ exanple,

SO'dllFlé’h éﬁé@iﬂ(&’a@ﬁ?@&ugu% amaféau&a@swnm pessleraprs, such as quatemnary

ucc@rﬁsdog‘[}%?mds arﬁﬁbéu$%1§t ch Jsgﬁ)%gxsagl?errt%ﬁg %leﬁlg{ llﬁuslrgg ’sulfate, (7)

weding egedts, guc&nad der, emqﬂ@&:efybral@}hbl Igd:)aferdlrin(trmstehﬁte and non-ionic
t ongue; s parent eral adnini st rat| on, for
a

sux[f?ctgmbc(g ts, isehy askaodin) apd benipnitg ¢iaye (D ]@]ancants such as talc,
cal%fqrrg Wedlatd he Elﬁﬂl Qt%ara{eorsoﬁd@p‘g{eﬁlg Cf:nr@ e%ﬁgcg)gééls%dlum lauryl sulfate,

Ion Or S spensit on or su

zirfcostenpatat sodiim étBhrateQ picad adppdridoalxteds tHeedof: 1(00)?256161%@ agents; and
as a cream_ ointnent, or a controlled-rel ease patch or
(19 pronyrodee releaset agenisesushi a5, crospovidone rorvathylingslijoser In the case of
a 0 r
ca;?srﬂlié's t Egt@él{l%mlfg Bhgeqﬁﬁ%g%g 1@32 Ccér@??@i’@ﬁs{ %a9 At dhprise buffering
agentanSdid m:atnlpysltlél&) ofnasiatilay ;tyfeOmayp alsotreaeyploped gslfidlers in soft and

ha{({:1 ﬂggg%lal | E %g g}éLgts#cglnei&%gqnttshaﬁdgégsseeo?%12)1# nvzg}sl gsnwell as high
md1ERGdrei f gta ﬂg)len%gﬁqyc%}bbinh'?ﬂélﬁq@. rectal, vaginal
ter

and/ or par nistration. The 15 fornmul ati ons
n

Ry Abgzﬁ)geﬁghg E’%} n[q);pc% %%gﬁptgﬁa@sﬁ%ﬁ\?%ﬁdlﬁlng 8&90 [ ¥ avith f)ne or more
ac@ﬁssqwaﬁgf@d&nts'rheomﬁiwsﬁl tableBCinby ®ei pregpaaed Qﬁlhg\mmdéh (for example,

may be conbined with a carrier material to produce a
ge]@FlﬁgIC’é dwdeaxapropymethyll cgHulpse)depbrigimg insBn dilienthopreservative,

t I

LB 18P S S R0 o R S0, Sormety
celvlbde) asuciaw-harvermﬁspexaingtagem odoided ﬁlbtdtmhﬁ bethade$a@olding in a

formw || generally be that anount of the conpound
suifghile quh@abﬂ:@gxqu ﬁérﬂaepeewﬂ%red epmpepnd apgigenad yith sy inert liquid
d119 ntone hundred per cent, this anmount will range from

ut 0.1 per cent to about ni nety-ni ne percent of

act ive ingredient, preferably fromabout 5 per cent to

about 70 per cent, nost preferably from about 10

percent to about 30 percent. Methods of preparing

these formul ati ons or conpositions include the step of

25 bringing into association a conpound of the present

invention with the carrier adé;
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optionally, one or nore accessory ingredients. In

general, the fornulations are prepared by uniformy
wa@easionsnat el y bringing into associati on a coP@DUSZHOT18471

the present invention wth liquid carriers, or finely

di vided solid carriers, or both, and then, if

nec ddwdabjetssandithgy solid, éoiﬁgé derens, of 3he Frarmaeuticelrpomppositions of the
présggtt h%’rﬁ%‘ll &QP%Q Id} %Q«l:ﬁ %ﬁlegr afls ﬁ%n%gl]luﬁg %{ g&gtlg}?ﬁl)poe scored or

ormo
prépAZRINGRS cddtinigs gncﬁsﬁ‘ella\saémls &ﬁ@i&coaﬁﬁgﬂnhwtm#@bg&gsm known in
acacia or tragacant h) owders, granules, or as
thes phammiaestien]-farsulapes ait o d hey may smbkatqdcm as.to movwb slow or

cog‘(@&?édlor%fgs?’e oﬁgégﬁ%ogggegl%gﬁtﬁéref@ﬁf%qur léj’ I){gxrox?f?’rogylmethyl

cefullosd i iviarydiig yspoptionsOto @ﬁovﬁx&sthel tessred usleaga @fbﬂlaebﬂher polymer
base, such as gel atin and glycerin, or sucrose and
T Hyosoma/aagoagn?r@mh@r%s Bebe Fmuiated fosgaid release, e.g.,
i 0
reERELALEL A O LAT IS (RUR g AT o Reriareaining
meQﬂnQUndunﬁoﬁMEgp%ﬁﬁangagaﬁmuﬁmkﬁbnnbﬁMﬁﬁk&ﬂhbeonmomnonswhmh
adm ni stered as a bolus, electuary or paste. In sol

MayoRe GissPINpdran Sterile, wajeny o sqram ofheF Stsrilg lra%ﬁwtﬂff $gdigm dwmedlately
I

bego‘rfgﬁg . e’gl?este trcgrgkﬁ%tgongnrgﬁ} J?111§o P%&?ﬁ?%ﬁrétggl\ﬁb%ﬁymg agents and may be

of iamgmpds'nam thasthey xeleaseitlidactioamgoediemsgonly, or preferentially, in a certain

n?ceutlcally acceptable carriers, such as sodi um
posian af dhe rgagireintestingl, tranho spteialy, ahd delayed, rpgnnghe Examples of
f
et 040 B posns Wby B Kk RRRAE SolyfiAE BB il Haccs. The
actinod dlgre(dﬂ%nt barn diss He is utitrossncapsalateixfam] & appropriate, with one or more
cararbb eI l.ul ose, alginates, gelatin, polyvinyl
GVt Eﬁ?é‘ E’&%‘E)‘%’éts and/ or acacia; (3) hunectants,
such as glycerol (4) di sintegrating agents, such as
agarligydrdosegs Eqrmsn og@pﬁmlglstrpmrapﬁ thsy ceprgpqnmgig of the invention
1nc% E%l %l &%t@fxﬁy gw’tab‘fee re}n?l '31 1011 | lnlu&%ta%?l smangd sglﬁg&%msuspensmns

t1on re ing ag en sUC
syﬁ@ﬁ aﬁd elixirs( Gh ad@ﬂi@ﬁ ] th@mcﬁ@@ﬁhgﬁﬂﬁm fthe llq‘a\ﬁﬁ dogsge forms may contain
quat ernary 15 ammoni um conpounds and surfactants, such
m% diegnéx a%moabﬁuseédmuﬁhm rsyeh @yl foxtexampley wajgstqrj efjer solvents,
e ol e
soﬂnlgﬁ%hfgeag%p i gfnglgshﬁ%%g%c% s?gr tM%l %10?%‘1 1§3&1)1¥ﬁ lél%l)hol ethyl
caﬂabsaebethylsacesau@rbeasylkaodhom sondylblesiizoate t gropilene gly@dl, 1,3-butylene
| ubricants, such as talc, calciumstearate, nagnesi um
glyoob #ila (8 pagtiquiar, ¢ritopescrygrenrdnyt.roB) gemalivignsastanapd sesame oils),
ekl Aoy Al RS bBye RO B, RbE AR ALy ZAERILS of sopbitan and
mixfuréslthgresOnt rol | ed rel ease agents such as cr ospovi done
or ethyl cellulose. In the case of capsules, tablets
and Hisides indrh @ilikhad, 'TRE )i CompoSRITRS Thit IaRRSintRMe Ehhjiﬂ/ants such as
conprise buffering agents. §g|ld conposi ti ons of
wedling |agents.y @@uiﬁafgwrm sla bwispengling aégenis, SWe¢tening,| rﬂasmttg, coloring,

h atln capsul es using such
pe@ﬁ%mﬁ en?psé%galln ge ‘or mlk sugars as well as high
nDI cul ar. wei yetn | ene coI and the.Iike. 55
}éetns“)ﬁ& 8 tB); % aﬁtb‘fee M3 /1 zan suspending agents

asomr' é%&?ﬂﬂlé’ é‘i‘h&@/lﬁ&? 1§2)"steHB"i ealco%%ﬁezyﬁ%)(yétﬂgéﬁéj 's&'?ﬁtél and sorbitan
Conpressed tablets may bé prepared using bi nder

estersanplcegcrysgalling i aellolosdyy alumiypn opylahpdrhyidec é)lehtohm@ e)tgar-agar and
i I ubr can inert diluent, preservative, disintegrant
ra@?ct?lnheﬁlé ixgures therefh st ar ch gl ycol ate or cross-1 i nked

sodi um car boxynmet hyl cellul ose), surface-active or

di spersing agent. Mol ded tablets nmay be nade by

nmol ding in a 30 suitable machine a m xture of the

powder ed conpound noi stened -kth an inert |iquid

di [ uent. -83
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WD 2008/ 024337 PCT/ US2007/ 018471 The tablets, and
ot her solid dosage forns of the pharmaceutica

wewposi3sT ons of the present invention, such aBCT/US2007/018471
dragees, capsules, pills and granules, may optionally
be scored or prepared with coatings and shells, such, . i
Phaamacepiasql coappasitions ofh dhist Meentionastitaple \for |pargmésrpl jadministration

c [ h b
cotifis e (3 EBppb el biditecuBion EEYmBRKIRH §0Bne or more

phaehaasticallly-acteptats stetlel isgoridi aqnéous e mehiquesuNebluticis, dispersions,
exanpl e, hydroxypropylnethyl cell.ulose I n varyi &é
Sufﬂeaﬁeﬁ 05 rEINYISORs. o eferiienROwdass r"é‘%ﬂch dnaabe rﬁPQﬁSFlF d into sterile

1n]r9n1§tg$lossg él)régg _F@%fs#)glgﬁgsélqp%?stg 'ﬁ@ o ?{1 Ma conéam sugars, alcohols,

mul at’
ant’le)hﬂaﬁg budfess, bactéxh@ite, %lﬂt@wthh&VndBﬂYthﬁ)rﬁlhﬁltlbhIlmﬁhlc with the
exa filtration through

blqp&aféher tende rwm@m of pyspeRdingpr thic wes AgdHSat i ng
sterilizing agents in the formof sterile solid
conpgixemplesres swhalde aq@eonspnd eoniacms@lw@dmrm wdiidr inag be employed in
rile ecta
R bied s Bns S o nieu e ar oo cptapatypls (such as
glyRidl O;S‘r@billléné?glgé&ll ﬁbl?&ﬂﬁbﬁé’ gl'j}golaﬂﬁiﬂlé liRe)d aftshifaBle riktides thereof,
conposition that they release the active ingredient(s)
vegeirble ods, syelenepbive pidl and injeptablecsganad esterpotuch e eyl oleete. Proper

R BT P amBRL b R g ePeu AR g i,
bylRe HaBtleriaRed ot PEJuiHe® ph€ic RSl if K Sasd BF d4per§idns, BAE b} Phe use of

active ingredient can also be in mcro- encapsulated
surfegtants.i f appropriate, with one or nore of the
above-descri bed excipients. Liquid dosage forns for
or aIThaahTicminpOsitioliso magf alsh eopwitpadjudsntofsuthesi progemvatives, wetting
iqcl armaceutica % ﬁ acce table e si ons
B ?:r F%sﬂge%l Vinge ‘§Per§‘B péEGHns Prevephppsohiflie action of
m@fdo}‘gah?smsl oAt shgBet! @nd ﬁn@&ﬁl'ag%e'éﬁgﬁr@@ b§Mthe 1r§ch@smn of various
liquid dosage forns may ntain 20 inert diluents
antibaetarial yndiadfungal agentsafar,exsmple, parabdng phlemupllnel, phertod sorbic acid,
r. ot.her _sol vent bilizin ents and
and i BRET o7 8o SffobedRBatlg o ifeLeboRASTic s Bisy puch a5 g, sodium
chRirid¥] and ML ARALMO @E %hp@&ﬁbﬁé e In ba%ﬁﬁbbln %k&&tgéld absorption of the
benzyl benzoate, propyléne gl ycol but yl ene
lnjgdztylzr,lglphaona@u(wah fprn thayubabrought tabmteladtheglmolmmnmf agents which

.castor and i1s), glycerol,

deag@B§H§ lg%ﬁﬁﬂﬁ @HBW“”B&F?@F aéﬁggﬁiycols and

fatty acid esters of sorbitan,

t herB§PMe $a85sdsOfdek 4 Prglangethe §ffe9th%f fbldﬁlg’ étollsfpi&mhl%ﬁsslow the
ab&f;?r'ﬁﬁl&{ D t'h@cc!hﬂgefr&ﬂj MafeNCE RranWRELLN G0 H BAfAL S:This may be

enul si fying an susp I'ng agents, sweetening,
acé¢dnaplshedy thealse oif a gl,quldmasﬂiammong)f andtablires@ranairpht@s material having

agent s. ensjons, ip addifion e active
Poe‘gﬁﬁ% ﬁa@ﬁ S’Lc‘@n{a&? ﬂp ARRORRII 9l ngf%\ﬁ& dhenggepguds ppgn its rate of

e hox, e 0 S

o a PRIl ene by bTeb 4 sepB! (AR S gieg, gnd enytalline. form.
Altengativelyy dd:lajlddl absopébh of a:peren&ka]lyi—adminmﬁrahcjadg doaind &, accomplished
b bentonite, ar,-a @% and tr %%¥ nth, and m xtures

yeksp e o sy dyganary ol Bewieles2007/ 018471

Phar maceut i cal conp05|t|ons of this invention suitable

f or Iygstableslenot faEms arednadethyolormingripicrasacapsalegnatppgseof the subject

e

cof BIRRL i Blee I HRhER bl af PRIAGLE PARLBEE DRbending on
theargtio @f $1rLLg tonhanere and thealatiire 0 the paitidir Pobmser employed, the rate of

suspensi ons or enul sions, or sterile powders which may

be reconstituted into sterile 5 injectable solutions

or dispersions just prior to use, which may contain

sugars, alcohols, antioxidasts, buffers,

bacteriostats, solutes which render the formul ation

isotonic with the
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bl ood of the intended recipient or suspending or

t hi ckeni ng agents. Exanpl es of suitable aqueous and
wowanH3sus carriers which may be enpl oyed i n PETES2007/018471

phar maceuti cal conpositions of the invention i ncl ude

wat er, et hanol poléﬁls (such as % ycerol ,

dryg aglgasenmay| e 6pntra) yetﬂ’ﬁ?méh?é il 9&!@1 iadegradale| polgpers include
po&??rtlio%éte?s lae% aol-)§'L %X&%‘Eﬁgg @?%dt ﬁnjgagblggermu%ghoc a?e G Brépared by

enﬁ‘ﬁﬂ]ﬁh% le ik Lin lﬂ’fo@@ﬁés orfthi¢kdbintiilsiorywikieh B d@hﬁiaﬁ&l@ ,w1th760dy tissue.
exanpl e, by the use of coating materials, such as

| emﬂd@hgb forR¥ b feBpRAEHRERIG Al B@m[rﬁﬁrﬂtlbﬁ%f&aé&nhﬁduﬁd of this
size in the case of dispersions, and by the use of
ingutibacnelnds . ponsleh sprmys,o apgnEnts,opastesaereainso leaomsaigals, solutions,

such.as reservatl wet ti

Pt SR g T <P bl Sy Pebisd Sma BRI pprgitons with a
ph@fmdcB@tiAAl aefepeible FhitleP O WithNEnyH BRRefvRGvEUBLEET, or propellants

conpounds” may be ensured by the inclusion of various
whaelt mbpbe eequired.and anti f ungal agents, for exanpl e,

par aben, chl orobutanol, phenol sorbic acid, and the

| i keThel dintmAgntsgy| seateoe crbanisr aldl gels anay ¢, i inoiduiian to an active

agents, .such as sugars,. sodi um 20 chlorlde t he
compRung Rf dhig HaveaEABOBICRIEHS. SUCh ascmmalopnd ¥egst %ﬁeg&is oils, waxes,

p I c 0 y

pafiRY CHiah. ok, Mool GeraRLERC Byt glent PERLSRY siicones,
beniehags, ahserapid, aic sndciinasxidé, wrnnxnresghassfear at e and

gelatin. In sone cases, in order to prolong the effect

of Podets and spRysleah IdRat, tia sddaven b a @ssuRl i 8Mth@f invention,

t he drug fron1sugcutaneous or intranuscul ar injection.
exmplegltsnwhbq_s lagtgsgctglgn-grlrcgzh@ad,bg,lumwr@ghgd@pud;: |calqmny silicates and

ol AERESp AR orChYRHALI ARl SBIRLBROUSIRCLE bl contain

custohi@ryt heopddRABNdmicki P dhl&oﬂ@ir@hﬁfrocaﬂbcﬁﬁohnﬂ | volatyBi Glsubstituted
in turn, may depend upon crystal size and crystalline
hyglgacabonsasuelt #sdhutans|apd prseRg-ed absor ption of a
parenteral |l y-adm ni stered drug formis acconplished
by dirsisdemmal gatwhesshayp ¢indaddgd tath‘emdarggg)f iprovading controlled delivery ofa
vehicle,. 30 |njectable depot r Mg, a form
coftpbs: ﬂEélb“s At s B e ey o B oRRe e Gay pEomade by
diRbREROsAG: rﬁn?@ﬂl ?ou‘hkelqri tBS proper medium. Absorption enhancers can
pol ylacti de- pol'ygl ycol i de. Depending on the ratio of
alsgrhegused tpangrease, th&a Aux toff éhm@amnvcemdfacmse theaskin.c Jlharrate of such flux

mBCh¥ CRoBEHRD B s et droriEing) auie SeR DR BRPPEIEes dispersing the

SR @S thabtrikie@denr adabl e pol ynmers i ncl ude
ﬁ?ly(ortﬁ%gg?ers) and%goly(anhydrldes) Depot

i nj %‘i’rﬁmaﬁoﬁs‘)ﬁ gh&%caitﬁafilcéﬂp&rﬁ&ﬁrSfjtlpsy}nventlon for rectal or
entrappi ng the dru I'I posones or m croenul sions

vaginak hdrannstmunpaha)blbe mesehtedoaby a tsuppesitoryDoslagle rhayr be prepared by
for the topical or rﬁgsdernal adnlglstration of ﬁ o

MiZPgRY BPTe FRrapounds of bg [HyANHGT M) NS RIdBPE, SULy S%’mmtatmg

exelg%&ee} Soan@é}§t&)$nprfsrrrga%r éxgﬁlbfénsoocselbsmels ggd{&étﬁy‘l%ne glycol,

tches and inhal ants.” The activé conpound
supposﬁdrylmabeor ssdrqyla&e @od ovhi¢horssolad ahroam temperature but liquid at body

PSSR VERbl LSRR, oS e\ e e ctive
cohpeithd.ed. The ointnents, pastes, creans and gels may
contain, in addition to an active 10 conpound of this
i nvention, excipients, such as ani mal and vegetabl e
fats, oils, waxes, paraffins, starch, tragacanth,
cel lul ose derivatives, polyethylene glycols,
silicones, bentonites, silicic acid, talc and zinc
oxi de, or mxtures thereof. Powders and sprays can
contain, in addition to a coempeund of this invention,
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exci pi ents such as lactose, talc, silicic acid,
al um num hydroxi de, calciumsilicates and 15
w@eiogamsse powder, or m xtures of these subst arCBEES2007/018471
Sprays can additionally contain customary propellants,
such, as chlorofluorohydrocarbons and vol atile
uns dissnpkafiersol the presetrpyedion syfuch are syifaklp éorammal administration
r d e a v,
o SRALE, pIERRSE b RS, DONC s RSP Fiaions
copaiigsuch RYeRES Brard landthmhhdyrt tSueippiarhge forms may
be made by 20 dissolving or dispersing the conpound
i N thphtiRARSforNBABM, )P IHtReh@Np SRS CRiFiohR And@hIROIIRE are also
used to increase the flux of the compound across the
costeinplatethas beatgewshingbesvope akthistayertiencont rol | ed by
either providing a rate controlling nmenbrane or
di sp¥hai thg colmpoumdsmfohpresent anveatiymere adetinisteredr asgilarmaceuticals,
For mul at i ons of t he phar maceuti cal conpositions of the
to jhwinans iagf anypals.elbeyimayt be ZEvepaRirg O dn? rhefhagenbisr! gynposition
s
c T S e AL N R R & grdiont in
comb&atipn mithe phaihadehBcallyraceepitdbd¢ carger. exci pi ents or
carriers conprising, for exanple, cocoa butter,
pol Yeighylenefghy eqite oft admitifiestioh GelecwdX ther catnpounds of the present
salicylate, and-which is solid at roomtenperature,
inysgion,; which mey thsdysedt @np sprakle dydraed foray, emgfas thgj pharmaceutical

coa Hl{}gﬁ‘s ég ﬁ‘getg%ﬁ] dﬁbe%%é@%@%%gﬁ}g 6h%ﬁ%eﬁt1£ﬂ® acceptable

doE’c@_E/beﬁi’Q@Hdi)ﬂz%Ydhal methaud kddva® thdsetofekiplrif Siedrt.
i nvention which are suitable for vagi nal
adm ni stration al so include pessaries, tanpons,

M&hS ’Th% an ?%a?ﬁientf oans or spray for mul ati ons

—m@m—n'gﬂz‘u%rn—ers as are known in the art to be
appritier pkent iopditioal firtef Proli@t hetttods efpe tﬁHaﬁhg’fE’mﬂsreducmg the
powders, solutions and the |ike, are also

ety eheAngereas well aserthey Bal-medinteddisayderp or wndﬂtmrz@ |
| nveqy] '2QHh1b}{%‘1§rhg(/QGe %%r}g%e%ctlf@gga?rgs‘?ﬁ%ﬂhlb'ePXFpagllcancell lines
are adnministere ar nmaceuti ca o0 hunans
as amgmah@nt tlhelydlﬁgybthmogllmredaer bigast @ancs (BIS 2003/0119894 published
har naceut i _cal rrBé:f ition. contain

i ng ex
amlleat%%"t'w B 021483, MO@?S %ttWe@O“) 433, 677-

*1 hiaficfud [ i

081 el B gL anA TRUARY (00sY ] 6778 P FRRAIIAER, faher (published

PCAUndpplisdtioat VoQ 9210005, ahhelauberpmun@mbhﬁheﬂh@qﬂ epplitation WO
|1§% tion, which may be used in a suitable hydrated

02¢ and/ or the pharmaceutical conpositions of the
Pr eSRinh 1hﬁ‘i\6ﬁ&ts'}ﬁ0e b@éneshfo%r&ll Lefvd E%a‘i’nst a nlilmber of cancer cell lines
phar maceut i cal | y- accept abl osage torns by

in combantionmvath n&bhantscakcmvargemns and aaédiatién,sikelutlingnbatheot limited to,

oS AL TR A TOZE Bl TR MR v
(Wlﬁld&’c%eﬁge Bﬁbhs‘ﬁ@& ?g*l'; dppRtatfARES 0%9’7@3') }ﬁﬁd %Bfl: %Eck cancer (With

medi af di sor s or conditions. BCl- tors
dotmaoeel bp,vdﬂlshed)\ﬂﬁ?”ﬁ epileatat iWO 62/69HEB), aamiundnersmaﬂ cell lung cancer

|l i.ngl d but
OifrireciiSe, Nuo @@ S 9h0so1 26 "Lars afgmentioned
co&@nﬁi@a—n %Hdﬂ%rh&ﬂﬁcsm&zﬁi qggl@e':lﬁe alﬁﬂlb\ﬂ@rso%‘f ]ﬁéw)protems display
| ynphormas (Nature (2005) 435, 677 68 1), smal

synergy %dmihm gobiaangee agezmmclumﬁg, 314 ?loearnlt):d tdn etagosadml doxorubicin,

ey ERDERELeRY BT e e PR R PR O

02/ 13833) .
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Bcl -2 inhibitors have been shown to be active agai nst

a nunber of cancer cell lines 25 in conbination with
w@eiwen24ast i cancer agents and radi ation, incl udPempUS»OT/018471

not limted to, breast cancer (Wth docetaxel,

publ i shed PCT application WO 02/097053), prostate

candéeaincerg \grt Reeiestic astiseases @pfl i whasesl AePragspithaamaynbetreated by

. 3 ck cancer (Wth ocet axel

sl RPARE BreciBaR o Pl GRRGS gt bl RREAR, nctuce, but are

not fiflifed aelthosk Uisgedciartadie 1 (Rrtdrepidt bf suchl disd¥aéry) €e Fishman et al.,

2005), 435, 677-681). .In addition to the

19 $s&4€4f@ﬁﬁim’h@'é&?ﬂﬂl%¢%nplﬁﬁéﬁlﬁb%r apeutics, small
nol ecul e inhibitors of Bcl-2 proteins display synergy
wi th other anticancer agents, including, but not
limted to etoposide, doxorubicin, cisplatin,
paclitaxel, and radiation (Nature (2005) 435,
677-681). - 87 WD 2008/024337 PCT/US2007/018471
Cancers or neopl astic diseases and rel ated disorders
that nmay be treated by adm ni strati on of conpounds and
conmpositions of the present invention, include, but
are not limted to those listed in Table 1 (for a
revi ew of such disorders, see Fishman et al., 1985,
Medi cine, 2d Ed., J. B. Lippincott Co., Philadel phia):
-88 WD 2008/ 024337 PCT/ US2007/ 018471 TABLE 1 CANCERS
AND NEOPLASTI C DI SORDERS Leukem a 5 acute | eukem a
acute lynphocytic | eukem a acute nyelocytic | eukem a
nmyel obl astic pronyelocytic 10 nyel ononocytic
nonocytic erythrol eukem a chronic | eukem a chronic
nmyel ocytic (granul ocytic) leukema 15 chronic
| ynphocytic | eukem a Polycythem a vera Lynphonma
Hodgki n' s di sease non-Hodgkin's di sease 20 Miultiple
myel oma WAl denstrom s nacrogl obul i nema Heavy chain
di sease Solid tunors sarcomas and carci nomas 25
fi brosarcoma

- 88 -



nmyxosarcoma |iposarcoma chondrosarcoma 0steogenic
sarcoma 30 chordonma angi osarconma | ynphangi osar cona

wo govploatsgi oendot hel i osarcoma -89 WO 2008/ 0243 3FCT/US2007/018471
PCT/ US2007/ 018471 synovi ona nesot helioma Ew ng's
tunor | ei onyosarcoma 5 rhabdonyosarcoma col on
carci noma pancreatic cancer breast cancer ovarian
cancer 10 prostate cancer pxgyanpus cell carcinoma
basal cell carcinoma adenocarcinoma sweat gl and

car C! noma 15 @Q@@ERSWMN&&@MO@BER‘S' ary
carci noma papillary adenocarci nonmas

Leokehmdenocar ci nona nedul | ary carci nona 20
broncho%ﬁhic carcinoma renal cell carcinoma hepatoma
bi | e FYEICKEMA o chori ocarci noma 25 seni noma

enbrymgylmhggmq&kewiéns' tunor cervical cancer

uterine c er "30 testicular tunmor |ung carcinona
acute myelocytic leukemia

myeloblastic
promyelocytic
myelomonocytic
monocytic
erythroleukemia
chronic leukemia
chronic myelocytic (granulocytic) leukemia
chronic lymphocytic leukemia
Polycythemia vera
Lymphoma
Hodgkin's disease
non-Hodgkin's disease
Multiple myeloma
Waldenstrom's macroglobulinemia
Heavy chain disease
Solid tumors
sarcomas and carcinomas
fibrosarcoma
myxosarcoma
liposarcoma
chondrosarcoma
osteogenic sarcoma
chordoma
angiosarcoma
lymphangiosarcoma

lymphangioendotheliosarcoma
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smal | cell lung carcinoma bladder carcinoma -90 WO
2008/ 024337 PCT/ US2007/018471 epithelial carcinona

wa@bdosmm33ast rocyt ona  nedul | obl astoma 5 PCT/US2007/018471

crani opharyngi oma ependynoma pi neal ona

hemangi obl ast oma acoustic neuroma 10

ol i godendr o§¥iQytna neni ngi oma nel anona  neur obl ast ona
retinobl ast . certai n enbodi ments, the
compounds o?r[g?%ﬂé&lgornlégent i nventi.on are used to treat
cancers i ncBwdaggtuniodt not limted to | ynphonas
(preferably follicular |ynphoma, diffuse |arge B-cell
| ynphons, NEEAPINEOSaEIOM ynphoma, or chronic |ynphocytic
| eukem a), a(gg%@&fmo%?ancer (rmore preferably hornone
insensitiveﬂ reast cancer (preferably estrogen
recept or 20cplesichicudma neur obl ast oma, col orectal,
endonetrial, ovarjan, lung (preferably small cell),
hepat ocel | uPBRCIRHBCERASHa, multipl e nyel oma, head and
neck or test]| ancer (preferably germcell).

Act ual dosa?;;)kee(";#lec\%[el € of the active i ngredients in the
phar maceut i ¢adrisnapesi tions of this invention may be
varied so as to obtain an amount of the active

i ngredi ent RFISEHE ¢aficer25 ef fective to achieve the
desired the [ for a particular patient, -
composi ti on?&ﬁgﬁo S?r%l?jggrglgggqgm ni stration, wthout

bei ng toxi cbhgl tédiecpeihdbmnt . The sel ect ed dosage | evel
wi || depend upon a variety of factors including the
activity of 2EOCHEMOMRy| ar conpound of the present

i nvention e : ester, salt or amde

t her eof, thgmrs%g%dggkgyn@ni stration, the tinme of

adm ni st r at sebacedusglandtearcirionexcr eti on 30 or netabolism

of the parti cuk ar conpound bei ng enpl oyed, the rate
and extent 8FPUANLAFHII®h, the duration of the

tr eat ment, ﬁﬁrtg*jardlﬁ% : unds and/or materials
g‘%}? i 0 o

used in co nation wth the particul ar conpound
enpl oyed, t hpstaipapcsaromuei ght, condition, -91 WO
2008/ 024337 P (USZOO?/ 018471 general health and
prior medi cCIH{IAYSAFMOMA he patient being treat ed,

and |ike fagipikgossld Jﬁﬁk‘}}ﬁﬁ‘ in the nmedical arts. A
physi ci an or vetoe [ nacrairan aving ordinary skill in the

art can readinalcadbtaecinoma
hepatoma
bile duct carcinoma
choriocarcinoma
seminoma
embryonal carcinoma
Wilms' tumor
cervical cancer
uterine cancer
testicular tumor
lung carcinoma
small cell lung carcinoma

bladder carcinoma
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and prescribe the effective anobunt of the
phar maceuti cal conposition required. For 5 exanple,
W0 b@sppsi ci an or veterinarian could start doseGT/US200T1€18471
conpounds of the invention enployed in the
phar maceut i cal conp03|t|on at levels |ower than that
required i ncpithlial ¢ascingmpi eve the desired therapeutic
ef fect and ﬁ&?gally i ncrease the dosage until the
desired effect is achieved. In general, a suitable
daily dose aftraxywampound of the invention will be that
anount 10 of the conpound which is the | owest dose
effective t&cdpbeRlasioraat herapeutic effect. Such an
effective dgss rally depend upon the factors
descri bed a ove?%%émgﬁgﬁl y, oral, intravenous,
I ntracer ebr epanymoatal ar and subcut aneous doses of the
compounds of _this invention for a patient, when used
for the indPE§@B2anal gesic effects, will range from
about 0.00 100 ng per kllogran1of body
wei ght per ﬁlﬁmkggﬁﬁg&he3|red the effective daily
dose of theaanmnwﬁmnmmpound may be admi ni stered as
two, three, four, fiye, six or nore sub-doses
adninistere&‘@%%ﬁ? EPVaat appropriate intervals
t hr oughout dﬁﬁﬁm optionally, in unit dosage forns.
In one enbog?ﬁé %osing is one admnistration per
day. The commtamochaof the invention may be adni nistered
as such or in adm xtures 20 with pharnaceutically
accept abl e B&WPPRSEMAnG can al so be adninistered in
conj uncti on WrBias ,?thnlcroblal agents such as
penicillins, cep osporins, am nogl ycosi des and
gl ycopepti des. Conjunctive therapy, thus includes
sequential, sinultaneous and separate adninistration
of tIngeHain| spebadsnpBsHhe icamaoyrds afithe prosent nueniloa are dsed to treat

ca {eggﬁ}cglg?ﬁégdtbn ngf ‘ted chw E’f&gigre?%golk g{llaerfgg-n%ln'Ya diffuse

large Baterlbllytnphf)mﬁ}’imﬁlﬁle ¢elll IG@phomator ehronid llyn{ﬁhemtchaimya) prostrate
or Radiothgyapy In certain, enpaodi nents, one_or, _nore

CapGSH B Bred 2R LY diognerc sensiiMeht hresst spncer Surgferahdy esteagen receptor
- r 0 | C

poRfivp) SKERIISRAEE ‘o Mro0 B RNBGh ol ARARE LRerFRHABH Bl cal)

hepatotalliian garcinoma) afultiplaniyetbnia) headedriiodeck wateasticulaxacer (preferably
mer capt opuri ne, 30 thioguani ne, hydroxyurea,

E¥B9P§ﬁbb|ne cycl ophosphani de, ifosfami de,

nitrosoureas, cisplatin, carboplatin, mtonycin,

dac dxtealidesage devsdsolihe pettve legr@@@gﬁs deghe rma@afmegmad) Aempositions of

thlg Qn%n?él CI nge yid sfobhsn% Ol&glgp%fgé dééﬁ%gg}r% mgr‘edlent which is

oxor u , |dar I cin,

effREHVIS2AMNTeVE 1B ddsired abtapdulic Gedponstafolr iauli€uldt, patient, composition,
plicamyci n, mtoxantrone, asparaginase, vinblastine,

and impdeiod afmanistiation, witkgus deing deNi¢ foikepatienhd docet axel |
In a preferred enbodi ment, one or nore conpound of
t he Bxeeseéfmted dvmgt:ilcmli\sllhdambntiounqneatvametyppﬁ\famms including the

sofifit5F it cppeutd o BF otshe P IoR eyt e pESer, saltor

anhﬂ& tﬂégéo‘? Gthe P8ttte 0P aliBinidtiafibh Sfle tithed mlﬁfsﬁ‘&?‘cﬂi @ik fafk of excretion
| e TABLE 2 CHEMOTHERAPEUTI CS AND OTHE

ormabm feERTyculpr Mp@und)rbelgg- reaml(a,{edorﬁhe rate and extent of

absorpXon the' QuAHsT o% the treatment, other drugs, compounds and/or materials used in

combination with the particular compound employed, the age, sex, weight, condition,
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Ni trogen nustards: cycl ophospham de |fosfam de 15

trof osfam de Chl oranbucil Estranustine nel phal an
WORGBOSBET eas: carnmustine (BCNU) 20 Lorust i neP¢IZ0BL0p7/018471

Al kyl sul phonat es busul fan Treosul fan Triazenes:

Dacar bazi ne Pl ati num contai ni ng conpounds: Cisplatin

sengeabbyand ior sl Aisary obempalATkBeoE dsatalrend ke factors wel

istine- 30 Vinblastine Vindesine
o3 Heediod A e paclitaxel -93 WD 2008/ 024337
PCT/ US2007/ 018471 . Docet axol Efioj SONer as v d )
| nhi‘bPEEHSAESE HSETB‘BWM Hdug gy %S el N %’s‘iea%‘ y determine

and 0;5}@§c$i%€nthe %Rt VO GATIRLP R ast pHaatRERtidl 'J&)?Hp%&%ﬁn required. For
crisnatol 10 nytonycins nytomycin C Mytonycin

example; thetphlysiciah @g vAterinarfiapl @tuédsstart 16sdstEFhé mmpmands of the invention
t.rexate Trinetrexate. dr ogenas ..

eI PP ROBRGHA EPoSLion o ISR e (1D et TBau T i order to

ackie¢é\the desired therapeutic effect and gradually increase the dosage until the desired

effect is achieved.

In general, a suitable daily dose of a compound of the invention will be that amount
of the compound which is the lowest dose effective to produce a therapeutic effect. Such
an effective dose will generally depend upon the factors described above. Generally, oral,
intravenous, intracerebroventricular and subcutaneous doses of the compounds of this
invention for a patient, when used for the indicated analgesic effects, will range from about

0.0001 to about 100 mg per kilogram of body weight per day.

If desired, the effective daily dose of the active compound may be administered as
two, three, four, five, six or more sub-doses administered separately at appropriate intervals
throughout the day, optionally, in.unit dosage forms. In one embodiment, dosing is one
administration per day.

The compound of the invention may be administered as such or in admixtures
with pharmaceutically acceptable carriers and can also be administered in conjunction with
antimicrobial agents such as penicillins, cephalosporins, aminoglycosides and
glycopeptides. Conjunctive therapy, thus includes sequential, simultaneous and separate
administration of the active compound in a way that the therapeutical effects of the first

administered one is not entirely disappeared when the subsequent is administered.

Treatment of Cancer in Combination with Chemotherapy or Radiotherapy

In certain embodiments, one or more compounds of the present invention are used
to treat or prevent cancer or neoplastic disease in combinatiori with one or more anti-cancer,
chemotherapeutic agents including, but not limited to, methotrexate, taxol, mercaptopurine,
thioguanine, hydroxyurea, cytarabine, cyclophosphamide, ifosfamide, nitrosoureas,
cisplatin, carboplatin, mitomycin, dacarbazine, procarbizine, etoposides, prednisolone,

dexamethasone, cytarbine, campathecins, bleomycin, doxorubicin, idarubicin,
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Ri bonucl oti de reductase Inhibitors: hydroxyurea

def eroxam ne Pyrim di ne anal ogs: 25 Uracil anal ogs
wG2B03eUr aci | Fl oxuridine Doxifluridine RatT/USBRBOIS471

30 capecitabine Cytosine anal ogs cytarabine (ara C

Cyt osi ne arabi noside fludarabine -94 WO 2008/ 024337 . )
dapsgornbicg o Aaermawein, pplicaBlyaifal GYOXapENeapaspARgingse,  vinblastine,

PRSP DR, SREGOBLER), PSR IR B, o mor

compoumddfthe gasentdhventidd idased (oireédd @r peet@toancer or neoplastic disease in
Anti -androgens: flutam de bicalutamde . ) )
combinaien ydfhreae; Q3 raare ehempths AUt 0etAeToRi-canperiaggnts ipguding, but

t. I, therapies: vertoporfin
“0@’%%?%@%%5‘%8?%%@5%%@@%0 phot osensi ti zer Pc4

Denet hoxy- hypocrel Iin A (BPBBLE-DVHA) Cyt oki nes:

ctor
O hers: Predni sCHEMOTHERABHWBHIICS AND OTHER
ANTI-CANCER AGENTS

Radiation: y-radiation

Alkylating agents

Nitrogen mustards: cyclophosphamide
Ifosfamide
trofosfamide
Chlorambucil
Estramustine
melphalan

Nitrosoureas: carmustine (BCNU)
Lomustine (CCNU)

Alkylsulphonates busulfan
Treosulfan

Triazenes: Dacarbazine

Platinum containing compounds: Cisplatin
carboplatin
oxaplatin

Plant Alkaloids

Vinca alkaloids: vincristine
Vinblastine
Vindesine
Vinorelbine

Taxoids: paclitaxel
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Thal i dom de 30 Lenalidom de Bortezom b Gentitabine

Erlotinib -95 WD 2008/ 024337 PCT/ US2007/ 018471
w@edosne43sh Sorafenib Sutinib |soprenyl ati on PCT/US2007/018471

inhibitors: Lovastatin 5 Dopam nergi c neur ot oxi ns:

1- net hyl - 4- phenyl pyridiniumion Cell cycle

i nhibitors: staurospori n@oﬁé%’ioﬂxonyci ns: Actinomycin D

D d gg%%}ag SR cins: pl eomycin A2 10 Bl eonycin B2
%@U‘n——%ﬂﬂr&wcl i nes: daunorubi cin Doxorubicin
(adriamycin) ldarubicin 15 Epirubicin Pirarubicin
Zorubjci.n Mtoxantrone MDR i nhibitors: verapam!| 20

Eptppdephyiipsise i nhi bitors: ©PReAES gargin  Anti bodi es
Avastin Erbitux Rituxan etggos&e chenot her apeuti c
agent and/or radiation therapy nmay be adm ni stered
according to therapeuticTppmtcaaol s well known in the
art. It will be apparent to those skilled in the art
that the adninistration SRMPRCABREMRRCHEr apeutic agent
and/ or radiation therapy : i ed dependi ng on
t he di sease being treat e%angmén{ﬁﬁoet&%ﬁom effects of the
chenot her apeuti c agent acdkhatolr adi ati on therapy on
t hat di sease. Also, in accordance with 30 the

ge of the skilled clinician, the therapeutic
protocols (e.g., dosage anounts and tines of
adm nistration) nay be varied in view of the observed

mybfgcingC of t he adm ni st eMptbmydieCapeuti ¢ agents (i.e.,
anti neopl astic agent or radiation) on the patient, and

A‘?thn\?ﬁgﬁﬁ@? the observed responses of the disease to

AfdthE @84 ni stered therapeutic agents. -96 WO
20085 T54337 PCT/ US2007/ 018471

DHFR inhibitors: methotrexate
Trimetrexate

IMP dehydrogenase Inhibitors: mycophenolic acid
Tiazofurin
Ribavirin
EICAR

Ribonuclotide reductase Inhibitors: hydroxyurea
deferoxamine

Pyrimidine analogs:

Uracil analogs 5-Fluorouracil
' Floxuridine
Doxifluridine
Ratitrexed
capecitabine
Cytosine analogs cytarabine (ara C)
Cytosine arabinoside

fludarabine

-94 -



10

15

20

25

30

Al so, in general, conpounds of the present invention
and t he chenot herapeutic agent do not have to be
w@ebwsie4ssered in the sane pharnmaceuti cal conpoBRCT/US2VP7/018471
and may, because of different physical and chemn cal
characteristics, have to be adm nistered by different
Purigg@salogsor exanpl e, con¥SIHER®PWANG he present
i nvention rmay be adm ni stgr > jntravenously to
generate and nmaintain gogglogﬁ%é%é | evel s, while the
Hahonl thempiesut i ¢ agent  may be administered orally.
The determ nation of the npde of adm nistration and
or :lity of adm nistration, where possible,
in the sane pharnmaceutical conposition, is well
wi thin the know edge of the skilled clinician. The
Antiredtiogbnsadm ni strati on nBymbefeinde according to
establ i shed protocols known in the art, and then,
based upon the observed RelogHensct s, the dosage, nodes
of administration and ti Bfp admini stration nay be
nodi fied by the skilled cPinician. The particul ar
LHRHiageniefs: chenot her apeut gescagiant or radi ation wl |
depend upon the diagnosis of the attendi ng physicians
and their judgnent of thkcwBplidetacsidteof the patient and
1 priate treatnen col. 15 A conpound of
A%tﬂgmg?g@ght i nventi on, aﬁ%ﬁg@g&ee?mt her apeuti ¢ agent
and/ or radiation may bebiaaloianiidé er ed concurrently
z.e. % ; ii EI taneously, essentially sinmultaneously or
Relinpis Ssane treatnent protocol) or sequentially,
dependi ng upon the nature of the proliferative
di sease, the condition of the patient, and the actual
Vitdnoh @38 afalageenot her apeut EB 1089ent and/ or radi ation to
be adm nistered in conj uaﬁ:ign (i.e., within a single
treatment 20 protocol) 1993 compound of the present
invention. If a conpoundggfiddpe present invention, and
t he chenot herapeutic agent and/or radiation are not
Phattdiyarngt temapliesi nmul t aneousdrtoporfire@RMA) | vy
si mul t aneously, then the ti mum order of
adni ni stration of the coﬁlibtg REBM% he present
invention, and the chenpidigd-aRgMripg4agent and/ or
radi ation, may be different for different tunors.
Thus, in 25 certain situBtmethexy-hgpaoetbodnd of the
present invention may be, admnistered first foll owed
by the adm nistration of(%%m)her apeuti c agent
Cyoulh@r radiation; and inppihesn gi tuations the
chenot herapeuti c agent and/or radiation nmay be
admi ni stered first foll olmtaifdsgnyhe administration of
a conmpound of the present invention. This alternate
adnini stration may be roB8k MFWNPHG a singl e
Othégat ment protocol. The determ nation of the order of
30 admini stration, and the nunber of repetitions of
adnmi ni stration of each thrednaplonei ¢ agent during a
treatnment protocol, is }’Al/el*J w thin the know edge of
the skilled physician a P8P™eval uati on of the disease -
bei ng treated and t he congdiiiém@ideof the patient. For
exanpl e, the chenotherapeutic agent and/or radiation
may be administered firdenakdpsadeally if it is a -97
WO 2008/ 024337 PCT/ US20 41 cytotoxic agent, and
then the treatnent cont.%{r%%&dv}nl%th the adm ni stration
of a compound of the pr@sgifabinevention foll owed,
wher e determ ned advant ageous, by the adm nistration
of the chenot her apeuti fh’é‘@lfh and/ or radiation, and
so on until the treatnment protocol is conplete. 5
Thus, in accordance wth experience and know edge, the
practicing physician can nodify each protocol for the
adm ni stration of a conponentd5(¢t herapeutic agent,
i.e.,



10

15

20

25

30

conmpound of the present invention, chenotherapeutic

agent or radiation) of the treatnent according to the
WO paso243sml patient's needs, as the treatnment PCDUS®IB018471

Exenplification 10 The invention now being generally

described, it will be nore readily understood by

reference to the fol | owifditidianpl es, which are

i ncluded nerely for pur&g&aqgn f illustration of

certain aspects and enbodimeénts of the present

i nvention, and are not i®itaiikled to [imt the

i nvention. Exanple 1 O N : IONNC]VinHN Hb
Isquesnylatipg IRhiDIPTS: Part A EBYaSREN OHC NaH, Mel u

Dfintaifpfiteib3fy 1 0 o aRERAYpien %éﬂmﬁm o

CeB. dyclerimhibitdrs2 eq) fol | ovesurbgpokdat (280 L, 4.5 mol ,
1.5 eq). The reaction mxture vvas stlrred at rt for
AGBORYEA% t hen quenched V\f‘?tﬁlW@} The mixture was
diluted wth Et CAc and g w,ce with water then
brine. The sol ution was rle ver MpSHi filtered
Blesiygmsicentrated to af f obldoni@éing of crude product 3.
Yield 100% Part B Ove HOHN Ove  OHC~I NHZOH, NaCNBH3
25 3 4 -98 WD 2008/ 0243%1)@0113@?1!1@007/ 018471 Al dehyde
3 (790 ng, 3.0 mmol , ydr oxyl am ne
hydr ochl ori de (250 rrg, 3. l(?lnﬁrg(il{? 1.2 eq) were
Ardhraegllived i n THF/ MeOH ( 3daapnodbicidh) . Water (2 nlL) was
added and the pH was adj usted to 9wth 6 N KOH The
reaction mxture was stl (@ArigQ¥siny ght . After
16 h, NaBH3CN (380 nmg, ? ;g;qﬁ 2 eq) was added
foll ovved by a 5 crystal nmet hyl orange. The pH was
adj usted to 2 and the reBpiktbicig ruby red col or was
mai nt ai ned for the duratj.on of the reaction by the
frequent addition of 1 NIRHPICH ter stirring for 2 h,
anot her portion of I\IaBI—Bg&luél%ﬁp nmy, 6.10 nmol, 2 eq)
was added. After stirring for a total of 16 h, the pH
of the reaction m xture Maeximnmnght to 7 and DCM was
M@%&lsﬁ The m xture was washed fvm ce wth water, brine
REPSAr i ed over MySCOET2PAEL 10 crude product was
CPUATPALInibitgis! | ca gel clapguigi-gdr aphy (50-100%
Et OAc/ hexane) to
Antibodies Avastin

Erbitux

Rituxan

The chemotherapeutic agent and/or radiation therapy may be administered
according to therapeutic protocols well known in the art. It will be apparent to those skilled
in the art that the administration of the chemotherapeutic agent and/or radiation therapy
may be varied depending on the disease being treated and the known effects of the
chemotherapeutic agent and/or radiation therapy on that disease. Also, in accordance with
the knowledge of the skilled clinician, the therapeutic protocols (e.g., dosage amounts and
times of administration) may be varied in view of the observed effects of the administered
therapeutic agents (i.e., antineoplastic agent or radiation) on the patient, and in view of the

observed responses of the disease to the administered therapeutic agents.

-96 -
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afford 706 ng of hydroxylamne 4. Yield 83% Part C

HOHN Ove M MeO~- |1 MeOI~ - HIIOIl ei Ov 45A
w@od0sn24387 of hydroxylamne 4 (700 ng, 2.5 nmol PCU/USLYP7/018471

and nmet hyl gl yoxylate 15 (445 ng, 5.05 nmmol, 2 eq) in

benzene (15 nmL) was heated at reflux with a Dean Stark

t r apls@visr gengrl. cemRends ©f| the mresplsinveninneand they ghameptherapeutic

ag@xﬁd(ﬁ H(?t hfR I':_tl) He fs{e? 4 /W&égﬁl?lg ﬁﬁ%%ﬁutﬁ%?ﬁpbﬁtﬁ&%ﬂ may,

beMl&'/ofNilffereht Phiydikal dad=—cHynfibdt ch@ra@eHEtldrsl QiBS to bebadmirdldtered by
Nitrone 5 (880 rrg, 2.5 mmol q), aIIyllc al cohol 6

lf(fggr@t Wgtesy, g0 exA e, @ngpqugis ogmp mieggnopRyention mayrbe administered

BB o Bl SRR SR e ic agem

mdye 8e tadatinisierddus@llvaThelideteithatibh fEhOABodelbf adijni@fdion and the
3- (di.net hyl am no) - 1, 2- propanedi ol (500 L) was added.
adNS@lléPtYs‘Pﬁ fmumjtrﬁ n, vhere pEssibl il siefeRhasmacautieal composition, is

w Mt hGhdRn f {h\é“sﬁ ewlc‘il it §4he 304 1%18%1 ig{rhtﬂ)% may be made
g el el iy

over ere over
ac@cﬁdmgrtbrﬂtabﬁsheﬂ p’xﬁtmtolst lmoafnf o theadit, Gind. tha'l’(]G)a@dideﬁon the observed

esi was purifjed by silica chromat ogr.aph
ef%%oﬁﬁé@é%ﬁ@sm@m% gramasrtrfae?la a%drgnwg obpdmjmistiaAE ey be modified
i t E -99 WD 2008/ 024337 PCT/ US2007/ 018471
byﬁl‘%@%@@“&?ﬁ’" OHI Ol NOMaNOB OOOOM H
OTBI hekpaHiciltar chole Td chemmothatapenticodgehtiot midiation (vﬂHEdepmd upon the

nol E nL.) dded dj
didepSy of Inertep S phy eSS el S<EREnket (0 chndiiion pf fgpatient and
théapprofieite MM fr8robdi)

A compound of the present invention, and chemotherapeutic agent and/or radiation

may be administered concurrently (e.g., simultaneously, essentially simultaneously or

~ within the same treatment protocol) or sequentially, depending upon the nature of the

proliferative disease, the condition of the patient, and the actual choice of chemotherapeutic
agent and/or radiation to be administered in conjunction (i.e., within a single treatment
protocol) with a compound of the present invention.

If a compound of the present invention, and the chemotherapeutic agent and/or
radiation are not administered simultaneously or essentially simultaneously, then the
optimum order of administration of the compound of the present invention, and the
chemotherapeutic agent and/or radiation, may be different for different tumors. Thus, in
certain situations the compound of the present invention may be administered first followed
by the administration of the chemotherapeutic agent and/or radiation; and in other situations
the chemotherapeutic agent and/or radiation may be administered first followed by the
administration of a compound of the present invention. This alternate administration may
be repeated during a single treatment protocol. The determination of the order of
administration, and the number of repetitions of administration of each therapeutic agent
during a treatment protocol, is well within the knowledge of the skilled physician after
evaluation of the disease being treated and the condition of the patient. For example, the

chemotherapeutic agent and/or radiation may be administered first, especially if it is a
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was added. Sol vent was renoved in vacuo and the crude
product was purified by silica gel 5 chronmatography
w@ Eogwzie3t o afford 128 ng of 8 as a white foanPCiVUst0d7/018471
72% Part FH\ I AIM3 0 ONOOWw V''INH2 q NOH O M
HOdHOF OH 8 9 To a flane-dried 10-pL round bottom
cytoterdk ageshtand thergthe ﬂ)eamseaf)?%@a?ﬂaw@mt%ﬁﬁcwnlsereﬁw pfa compound of

P O (300 g A, by g gominsration of

themebémotBerapguticAigent aadlfor radigtidryrandSsonbn, undil Shed titehtdaenofprotocol is
| actone 8 (128 ng, 0.31 mmol, 1 eq) in DCM (4 nlL) was
CoBefed and the mixture was stirred at rt overnight.

The rgac; ok - .

e S BB SISl R i i o
mddify wacht pratoasdisfor ape didynisistrationd of ar c@mponeDCNthesspeatkd egent, 1.e.,
comRame 51 fle Préfeat YBEEan §ASTEPERC RS N @Eion Of the treatment
acc“:drhﬁ%ﬁ@%eﬁﬂ&ﬁv?cﬁa ﬁtrhtr{e@HseqS {Hé tYe%ﬁﬁQltbec@é(fsor daoil,

rude material was purif ca gel
chr omat ogr aphy ( Et OAc) te d 160 of 9. Yield
91% Part G 1. ArB(OH) 2, ’ﬁ?&dg‘ﬁf’?ﬂiz CSI008 O OH N
(]Vb . .H2CO, Na
e AnYqnLoR noY e&?%gmr%es“i‘%&fld‘é WéngE mpre ! reag_l il understood by
re%t:e tolthg q%llov%n?%kﬁﬁpl%s 20niCRARAXYIRAGIMERYY Rﬂ'pﬁr;ﬁ)@ésdof illustration
(1.2 g, 7. eq), cesium carbonate (3.
of lwmliihn aspectsgind mbqhmemmoﬁdm presen( 80@nnay, aﬁd Earmmil 1ntemded to limit

h ﬁl])y nd Pd(dppf)Cl2 (300 ng, 0.35 nml, 0.1 eq) was
t‘E‘p 8’3 ™i th argon and DVSO (35 ni) added. The mi xture

was heated at 60 C for 18ghy,jihgn additional
Pd(dppf)C12 (300 ng, 0.35™mol, 0.1 eq) was added and
heating - 100 WD 2008/02433 PCT/ USinW 018471

cont i nued for an additi onal e[reaction m xture
‘ di'Thed with 6 N HCL

until the aqueous | ayerya %I% pH-Jf 4, and

y mL).N \The corrbl ned organic
| ayers were dried over NaZsH®t filtered and
concentrated in vacuo to affoyd a brown oil. 5 This
crude oil was dissolved in MeOH (50 nlL) and treated

Paniih AcCH (1 nmL), 37%formalin (2 nL, 27 mmol, 8 eq)
and NaBH3CN (600 ng, 40 nmmol, 2.7 eq). é%hfter stlrrlng
at rt for 2 h, thecreacti ot ureypas| partitioned
bet ween water (300 \r@/and_DCM"( 100 @/and acidified
wth 6 NHCO until the aqueous |ayer aftained a pH of
4. The 2 3

To a solution of phenol 2 (750 mg, 3 mmol, 1 eq) in DMF (5 mL) at 0 °C was added
NaH (130 mg, 3.6 mmol, 1.2 eq) followed by Mel (280 pL, 4.5 mmol, 1.5 eq). The
reaction mixture was stirred at rt for 24 h and then quenched with water. The mixture was
diluted with EtOAc and washed twice with water then brine. The solution was dried over
MgSO;, filtered and concentrated to afford 790 mg of crude product 3. Yield 100%.
Part B

OMe HOHN  OMe
OHC [ NH,OH, NaCNBH, ! l I
3 4

-08 -
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| ayers were separated and the aqueous extracted with

DCM (3 x 80 nL). The conbined 10 organic |ayers were
waleioem2439er Na2SO4, filtered, treated wth Et3PRCT/BS201)/018471

and concentrated in vacuo to afford a brown oil. The

oil was purified by silica gel chromatography (5

Ve O lehvde t3o(780 veg, B. @ mrgolod eﬂba@%hwr@xﬂmlmydaochmr&eﬁSO mg,

s G T B B e By B v s

and 3RO pPDwah -adjudtedl to 9 vieh) 619 1OCM! (-'[‘He FeactidRSmixh@atvesd stirred at rt
with D PEA (150 uL, 0.86 mmol,

overgjght Afer 46 tthrPésﬁé‘{ 6340 mgt érﬁ)a mrr@l d% &M Mas (aﬂQ@i fqi’g)wed by a

cr)%tzﬁ of EF%@FI or%ngrer ?’%hge Vgraﬁl%-lc-iﬁs f%d &lﬁ resurlrt1111?%J by ng color was

maifitdingd tfor wRt @rai&Dofrtbe, reaaﬂ)new ﬂﬂﬁfr@@heﬂk bﬁ‘dlﬁ&MOfa X BOI. After
m.). The organic phases were dried over Na2SO4,

stifririg for &, anpiher postian of NaRHIGN (380ungtt] Gmmol 2 pp)ovas aiided. After

sifie i AR Ea TS Fetsnt RECRBp T e bt 6243 1o,7 nd DOM was

adﬁéth 1;1@4 itk turéi Vedsdvébﬁ% t\MSe &Eﬁl Watkn, bRhe aﬂ&ﬂleﬁlin(eﬂ/lblvagsm The
le 2 0O ON NOw ]!l i HN HN_HOOH

crudfonrothzwe‘spegﬁeféﬁymmszbelrpmmq)hycféﬁpl&@rm EiQA\ﬁﬁ@xane) to

af%@%ﬁeﬁg%?ﬂﬁ&}%gg%%ﬂew%pr ocedure described in

akt 8-t ri met hyl hexane-1, 3-di am ne in place of
(S) N1, N1, 4, 4 tetrarret hyl pent ane- 1, 2-di am ne. 49%

yleld Sl +)) mz 376.23 (I\/H-2H)2+ Ex anp 30
~I Nﬁ*ol({{q:— / Hjﬁ HbHO HlGﬁl/\ Me

4 5

A solution of hydroxylamine 4 (700 mg, 2.5 mmol, 1 eq) and methyl glyoxylate
(445 mg, 5.05 mmol, 2 eq) in benzene (15 mL) was heated at reflux with a Dean Stark trap
overnight. Excess solvent was removed in vacuo and the resulting nitrone 5 was taken on
crude in the next step.

Part D

Moo o QMe | on °TBS  Tijopn),
e
\n/%,ﬂ \\"\\/,/
o) O@ Me'

Nitrone 5 (880 mg, 2.5 mmol, 1 eq), allylic alcohol 6 (820 mg, 3.80 mmol, 1.5 eq)
and Ti(iOPr); (1.1 mL, 3.8 mmol, 1.5 eq) were dissolved in toluene (5 mL) and heated in
the microwave at 120 °C for 10 min The reaction mixture was diluted with EtOAc (15
mL) and 3-(dimethylamino)-1,2-propanediol (500 pL) was added. After stirring for 2 h,
EtOAc was added and the mixture was washed twice with water and then brine, dried over
MgSO;, filtered over Celite and concentrated in vacuo to afford an oil. The crude residue
was purified by silica gel chromatography (20% hexanes/EtOAc) to afford 575 mg of
lactone 7. Yield 43%.

Part E

-99 -
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12 Part A 1. Mel, NaCH 2. F3cCO2H Boc.N) H2N) H OH
Owve 13 14 To a flask contai ning Boc- D phenyl al ani nol

wao8eoB3ny, 0.4 mmol, 1 eq), and 10 PCT/US2007/018471
triethyl benzyl anmoni um chl oride (10 ng, 0.04 mmol, 0.1
eq) was added THE (4 m.), 50% NaOH (3 m_ and l\/bl

(26 uL, 0.4 mmol, u Afgg)ydlgtlrrlng rt for
h, thereactlomH e vvasdr\uteoP\M ter (30
m.) and extrac P’FP DCM (3 X 20 NTﬂ'{ée or gani ¢
| ayers were dr| ver Na2SO4, conce ted and
purified by siwg a s fl ash chrormﬁt hy (15%
Et OAc/ hexanes), pfoviding a cl ear oil 8(ca 50 ny,

Cri o RaiRe St P25y HimED R THEP by acop pwridine 2
mBCdrd NE/pyHSRB Y2 ehil)n mmt@a dva& |§ﬁrréc!3§t| %6 4 h then TMSOMe (8 mL)
co-evaporated with toluene to give

was aded, ¥ wens tvegs eeyavad infvacip anst the en@arprqﬂulct Wwhs purifigdsby silica gel

chithiodt SR ACKoGHtord 118 a8 S wiifont. Bty Bl 1
PalthTUNNO\/HOVE HOHH O N- HOH = HOH 10 12 -102
T WD 2008/ 024337_PCT/ US2007/ 018471 Conpound 12 was

synt hesi zedrd| ng to the procedure describ
o) 14 in smlpce o
4Na -t ra’%fhw /’w Z‘“)A/g
ield Ns~ESI(+)) hiz 757 93 (M+H)+ %164 O O

M HN HOS5 COH

To a flame-dried 10-mL round bottom flask containing (+)-isopinocampheylamine
(110 pL, 0.61 mmol, 2 eq) and DCM (2 mL) was added trimethylaluminum (300 pL, 2 M
in hexane, 0.61 mmol, 2 eq). After stirring for 15 min, a solution of lactone 8 (128 mg,
0.31 mmol, 1 eq) in DCM (4 mL) was added and the mixture was stirred at rt overnight.
The reaction was quenched by the addition of a saturated aqueous Rochelle salt solution (5
mL) and the mixture was rapidly stirred for 2 h. DCM was added and the mixture washed
three times with water and then brine. The solution was dried over MgSQ,, filtered and
concentrated in vacuo to afford a oil. The crude material was purified by silica gel
chromatography (EtOAc) to afforded 160 mg of 9. Yield 91%.
Part G

o l l I 1. ArB(OH)z, Pd(dppfiClz, Cs2C03 e Q oH
" N, OMe 2 HCO, NaH3BCN " N, OMe
H (0] H o]
HO - B - 0o 8
:H OH iH 0
. .

A flask containing aryl iodide 9 (2.0 g 3.5 mmol, 1 eq), 3-amino-5-

carboxyphenylboronic acid (1.2 g, 7.0 mmol, 2 eq), cesium carbonate (3.5 g, 10 mmol, 3
eq), potassium acetate (300 mg, 3.5 mmol, 1 eq) and Pd(dppf)Cl, (300 mg, 0.35 mmol, 0.1
eq) was purged with argon and DMSO (35 mL) added. The mixture was heated at 60 °C
for 18 h, then additional Pd(dppf)Cl, (300 mg, 0.35 mmol, 0.1 eq) was added and heating

- 100 -
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15 Part A OH K2C38, Eli Ot OHC /Br OoHQ /Br 1, I,

16 17 To a solution of phenol 16 (2.0 g, 10 mol, 1
wee)osiom3BMF (5 nmL) was added K2CO3 10 (2.1 g,PAdBUS001/018471

1.5 eq) followed by Etl (880 L, 11 mmol, 1.1 eq). The

reaction mxture was stirred at 60 Cfor 24 h and
contireiedcionlaacrddisiongl 4% d1. qdbe derstioniniktwgtwas . aditpd tmwatqrr(éoo mL),

ac&ﬁ% Iﬂ!tﬁ'ﬁ%\g P%tlllﬁtll;f ga‘aﬁuglou\%évﬁs h&aln GAM apd o |\‘}gh )t(tlearct w1th DCM

(3 Itoer ﬁl@f) anThe waatdiiddabRdnicnla ze@ WereT&@ed: loWEre N’E@S@I i filkered and
was purified by silica gel r omat ogr aphy (10%
Coﬁ@)@éfﬁ@§/"£t’@0(€)t°@ffoﬁifaf"@fpb}’nloﬂ@s g of the desired product
17. 15 Yield 72% Part B Ot HOHAN OEt OHCS5Br NH2OH,
Na CBi3 ciuBe oili way dissolmedehlye®OH 15q 1§ apd t?eatrJednthh,AcDH (1 mL),

7o 22 s YL ARl s 20F GRE NS B gStoymingy, 2o Ater

stl}i\ﬂ{gﬁﬁt 1(t2fom2)h Wae r@zﬂ:@@ﬁi AiRfhre A8 AR tIRRd AdiwshedatkP (@O mL) and

The reaction mxture was stirred at rt
DEMr (180 mIt)h?@d acii#BIROh 6 BB Girgntilithe agurous Iyerpttaieesl a pH of 4. The
added f ol Y st al t hy . e pH .
G ¥ Forali wind afitois Hedurd AT DGR B Goanl by haigombinea
orgaidfagbd Sbré @fied Hier WAL SO, tmtereqf tréied WRABHNQ RY), tdﬁe concentrated
equent addition of 1 N HCL. After stirring for 2

in yeexcrterafiont 8 bonwpil2d hN@B%M%@@G bwlhc_azgehnlmbma@gé&p}ly (5-7.5%

ISR Fo b1 SO AT be8hsfid Fidta % e b whe

added. The m xture was vvashed twice -103 WO

Payblig/ 024337 PCT/ US2007/ 018471 with water, brine and
dri ed over MgSMH. The crude product was used directly
in the next reaction w thout further purification.

Part C HOHX ~ Ot Br o,lle\/bOpN Br Yl \% 106
@ A sobs ANOhoNydr oyl amme 18 (\1.5 .
1<eq),-8nd ek glyoxylate(l 07 o@' N
[ 2 (30ynL) was headeedsrat refl W th
St ark Im Apow ovVerni ght” EXCEsS sol vent vva@ refoved-Ma
vacuo and tfjje resulting nitrone 19 was taken o?f' crude
in the next step.

A solution of 10 (300 mg, 0.5 mmol, 1 eq) in DCM (10 mL) was treated with
DIPEA (150 uL, 0.86 mmol, 1.8 eq), (S)-N',N',4,4-tetramethylpentane-1,2-diamine (120
mg, 0.74 mmol, 1.5 eq), and HBTU (230 mg, 0.62 mmol, 1.3 eq). After stirring overnight
at rt, the mixture was added to water (90 mL), and extracted with DCM (3 x 50 mL). The

organic phases were dried over Na,SOy, filtered and concentrated in vacuo to give a brown
solid. This material was purified by silica gel chromatography (5-10% MeOH/DCM) to
give 161 mg 1 as a tan solid. Yield 44%. MS (ESI(+)) m/z 750.91 (M+H)".

Example 2

?@Wﬁ

11
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Part Dn-1 Ot MeOBr OHOIBS Ti(,OPr)y O HBr 1111

- ~~NOCE p M'" \%OM HOBS 10 19 6 20
woRdsomM3319 (2.0 g, 6.3 mml, 1 eq), allylic aPcDs1006018471

(ZOg, 9.5 mvol, 1.5 eq) and Ti(i(Pr)4(28rrL 9.5

1.5 eq} wer e di ssol ved in tol uene and
heat(‘éanmna Y38 syihcaazediacqarding to ge precqﬁim dem;bed in Example 1

1 t and
uslgBRSHGR, o Ay Ry | S it bplph Beish M 0 4.
tetﬁrﬂi@hylpéntamel- Ng-diamiing. 49% FieldAMS ESiGS)) addztd. ml(MﬂIé)

m xture was washed twice with water, brine, dried over
MpSO4, filtered and concegngnadied in vacuo. The crude
resi due was purified by siTica gel chromatography
(15% hexanes/ Et OAc) to afford 944 ng o actone 20.
Yield 30% Part E OH Br HFl p rldlneO Br OBt N CEt
OOOb OM H OIBS M HO—|O 217207 To a sol ution of
20 (950 ny, 1.9 mmol: ) 1%eql in @ M0 ni) was added
HF/ pyridine (4 nL). Jh§ nixs QMeyas st™red at rt for
3 h then TMSOWe (25 miHp~ add¥d. Sol vent was
renoved in vacuo and the criffe product was purified by
silica gel chromatography (20-100% Et OAc/ hexanes) to
afford 256 ng of 21. Yield 3% part F - 104 WO
2008/ 024337 PCT/ US2007/018471 ~ ~I HBr = Br N Ckt
PardFt O NHp H.O Me HOHHO _HOH 21 22 To a
flame-dried round bottom fl ask was added

(+) -i sopi nocanpheyl ne (235 ulL, 1.33 I, 2 eq)
and DCM (2.0 nlL). t hyil \al. naos num(6_ L, 2.0 Min
hexanes, 1.33 g 2 éfy*flls addegrand the

reaction m xturen % tlrred at rt for &% mn. Lactone
21 (256 ng, 0.663,;mmol, 1 eq) in DCM (8 nL) was added
and the solution was stirred at rt. After stirring

for 46, Mask c%ﬁiaﬂ{lﬁ% o0 pHEA AN aRhoRPF REdd EnS BRAIEmED 1 eq), and
n.) was added owed

triethylbenzylammonium chloride (10 mg, 0.04 mmol, 0.1 eq) was added THF (4 mL), 50%
NaOH (3 mL), and Mel (26 uL, 0.4 mmol, 1 eq). After stirring at rt for 72 h, the reaction
mixture was diluted with water (30 mL) and extracted with DCM (3 x 20 mL). The organic

layers were dried over Na,SO4 concentrated, and purified by silica gel flash

chromatography (15% EtOAc/hexanes), providing a clear oil (ca. 50 mg, 50%).

This resulting oil was dissolved in trifluoroacetic acid (5 mL) and stirred for 2 h.

The acid was removed in vacuo and the residue co-evaporated with toluene to give the

trifluoroacetate salt of 27 as a clear oil which was used without further purification.

Part B

Ph

Ph
s
HzN 0 <
’ /j)Me o} O I -
OMe " N.  OMe O H/j)Me
DIPEA HBTU ” 0
> HO-": PLN
:H OH
12
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by DCM (5 nmL). The m xture was stirred rapidly at rt

for 2 h. DCM was added the m xture washed wth water,
waleiosd23%er MgSO4, filtered and concentrated | PCHS2007/018471

to afford 10 an oil. The residue was purified by

sili ca gel chromat ography (50-100% Et OAc/ hexanes) to

af f Sramprgod g vcﬁssmgeﬁezezlzacmrd%%wemrdcedpmdescslt@drm Bxample 1,

ol kS R P RS SRRl e R

(ESY+))22/z 15783 (MasR*.cont ai ni ng aryl brom de 22 (90 ny,
0.17 mol, 1 eq), 3-am no-5- 15 carboxyphenyl boronic
acid (60 ng, 0.33 mmol, 2 eq iqum car bonate (160
ng, 0.50 mmol, 3 eq), pot aséfm& éz}ét ate (15 ng, 0.17
mmol, 1 eq) and Pd(dppf)Cli2 (15 ng, O. nmmol, 0.1
eq) was purged with argon and DVBO (8 added. The
m xture was heated\3 0l hen addi ti onal
Pd(dppf)Cl2 (15 ng;[.0]1
heating continued PBry1IN5"
partitioned between wabefr; 50 nY~ and 20 DCM (50 L)
and acidified to pH 4 witth @™ HCL. The | ayers were
separated and the aqueous extracted with DCM (3 x 25
m.). The conbi ned organic Ia;lérs were dried over

pp4SO4, filtered and concentrated in vacuo to a brown

. The crude oil was dissolved in MeOH (6 nL) and
treated with AcOH (3 HuL), wxbey formaliom (50 ul, 0.67
mol, 4 eq) and 4 "(30_ng,.0. S’UCT@[LB' 3 eq).
After stirring 25 rt overnight, t reaction
m xture was partitioned betvveen vvater (140 m.) and DCM
(40 m) and acidified t . The | ay
ver & oseipdutianerf p&ﬁ@pltlﬁ@&o&ée@@nol, ] felsm WFz(é G@vazamiﬁed K,CO;

(2 If%b ﬁ%'gglwl %légﬁ d'l]loavgégr g EEI?%%P’ZHD%?IA%%E 6§),0 'ﬁjré reaczm)% mixture

wadsistitred ad 6@1?@ feo2¢ Rrahd aliendcdotedviaatiand quentheal @ith wateWThe mixture
L % of thi | (1
o 1Iu(tpd0‘2'gﬂrﬁ39|;§ ugptde%gs alt%;\ﬁggw% o\gﬁ_ﬁrt @églithgé E)glge C)'II‘he (sol?ltlon was

1 .
i N SR B0l 1 e
silith gehehromategrephy (1 1% hexhmes/EHO M)A affordrL )3 grud theidésireé groduct 17.
f ever se- phase HPLC (MeCN water with 40 nmM NHAHCOB)
Y‘F])é §"%e 3 mg of conpound 15 as a white solid. Yield
Palppo MS (ESI(+)) mz 393.25 (Mr2H)2+. Exanple 5 o o |
"N NNOEt I H 'r~HO HO O

OEt HOHN  OFEt

OHC I Br NH,OH, NaCNBH3 | I Br

17 18

N"was added and

N OB The reactt on ni xture was

Aldehyde 17 (1.6 g, 7.0 mmol, 1 eq) and hydroxylamine hydrochloride (590 mg, 8.5
mmol, 1.2 eq) were dissolved in THF/MeOH (3:2, 10 mL). Water (2 mL) was added and
the pH was adjusted to 9 with 6 N KOH. The reaction mixture was stirred at rt for 4 h then
NaBH;CN (890 mg, 14 mmol, 2 eq) was added followed by a crystal of methyl orange.
The pH was adjusted to 2 and the resulting ruby red color was maintained for the duration
of the reaction by the frequent addition of 1 N HCI. After stirring for 2 h another portion of
NaBH;CN (890 mg, 14 mmol, 2 eq) was added. After stirring for a total of 16 h, the pH of

the reaction mixture was brought to 7 and DCM was added. The mixture was washed twice
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10 23 Conpound 23 was synthesized according to the
procedure described in Exanple 4, wusing am ne
W@ R)osmR43BY - di et hyI - 3- phenyl propane- 1, 2- di am neCT/IS2007/018471
pl ace of (S)-N -
di met hyl - 3- phenyl propane-1, 2-di am ne. 21%yield. M
wittE®htes; )bringrand Tgigd 8)86!( Mgﬂp» T gnysleepraduct w@s uged\direcllyNn the next

OH 24 Co d 24
reagp HBPU Ll eI IRAP o the procedure deseribed in

Pdex@npl e 4, using am ne
(S)-N, Nl, 4, 4-t etranet hyl pent ane-1, 2-di am ne i n pI ace
of (S)-N HIM - GFnet hyl - 8- phenyl propangsl :
19% vi el d. | (w)egTHqHz 76495~ M+H) r%b| e 7
ON "N N CEt I H HOHO OH - 106 V\D2 4337
PCT/ US2007/ 018471 25 Conpound 25 was synt InaeS| zed
ng%gcgn ! of ﬁyf&(reo y a?r(lzi(relgI %?1 ge rllnkl)r(relgl I1 neqFX mlet?lyf‘rglyoxylate (1.07
g, (el§|)2nmrgncgrcgdéq?ﬁﬁ I’l%élnzéle( B0 RPN S5 AiehlelPLORANE Wit 20D&H Stark trap
ovbinjglit.- xoest kylver8-vaseambpedpamend aitt dhe aedulteng 1fiGdhe/1 ®ivds taken on
I\(fFN(lﬁ]SIU mz 396.18 5 (Mr2H)2+. Exanple 8 O O\ |
cryde "Hb HOiN- HOH26 Part AOHO
PA&HS, &Br K2CO3 OHC &Br  (br ononet hyl ) cycl opr opane

OEt oT8S " [o) (Q\Br
OH Ti(iOPr)4 H
MeO— Br K)/ :
\[O(\%? e N

19 6

Nitrone 19 (2.0 g, 6.3 mmol, 1 eq), allylic alcohol 6 (2.0 g, 9.5 mmol, 1.5 eq) and
Ti(iOPr), (2.8 mL, 9.5 mmol, 1.5 eq) were dissolved in toluene (25 mL) and heated in a
microwave at 120 °C for 10 min. The reaction mixture was diluted with EtOAc (50 mL)
and 3-(dimethylamino)-1,2-propanediol (1 mL) was added. After stirring for 1 h, EtOAc
was added and the mixture was washed twice with water, brine, dried over MgSQ,, filtered

and concentrated in vacuo. The crude residue was purified by silica gel chromatography

(15% hexanes/EtOAc) to afford 944 mg of lactone 20. Yield 30%.

Part E
HF/pyridine oy /Q\Br

20 21

To a solution of 20 (950 mg, 1.9 mmol, 1 eq) in THF (21 mL) was added
HF/pyridine (4 mL). The mixture was stirred at rt for 3 h then TMSOMe (25 mL) was
added. Solvent was removed in vacuo and the crude product was purified by silica gel
chromatography (20-100% EtOAc/hexanes) to afford 256 mg of 21. Yield 35%

Part F
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17 27 10 To a solution of phenol 17 (2.2 g, 12 mol,
1 eq) in DVF (5 nL) was added K2CO3 (2.3 g, 16 nmol,
wa 2®sezd33T ol | owed by (brononet hyl ) cycl opr opanePC/DSB07/018471

m., 12.2 mmol, 1.1 eq). The reaction m xture was
stirred at 60 C for 24 h and then cooled to rt and
guenched with r. The m xt ure vva diIuterdA@\th

Et OAc and X (] th wat er g The
sol ution w ’drﬁéd ovd O¢‘T|It
concent r at gg=n vacuo. he crude natepg s

purified by %iltrprca gel chromatography (9:iY ‘-ou

hexanes/ Et QAe) to afford 2.07 g of the desired

product 27 as a colorless oil. Yield 73% Part By O

HOHI oYa X1 arfub4@ri&dBrouNHBOH mNEaSRBIS adddd (B)-isogiho2@n@ieylamine (235 uL,

LA st s DN B P | et g Hm §08u ko) M i hexanes, 133
mlﬁgg 2% Gvd g cjﬁg&l Yif e eddil }_fn%gﬂré ¥ad ’stugsgt g?—)é W}/ﬁﬁ% .(N%actone 21

and the pH was adjuste
(25@ﬂg, 01663 maact, il ) ma BGMQS wels) wid added aad thid sdlwiondwds stirred at rt.
n NaBH3CN (1.02 was added

Aéecmsrlm% By 6, @r%{r%fsd é?lumm?RochellfG?salt\Aé)r@IebW)ﬂb“—Qvfollowed

S e
TSRS OFRY ol ST B 13 20 s s
miithe wdshredtw itinwafer,tdried e erchigS 04 fyltdrebartd emoenttatadiai viacanto afford

B&@@f@%e ogst@%aila r . ng gglozcrhééygt@grg;?&&@dl_ 0%% %@Rc/ﬁgxanes) to
aﬂ%}d $did g offg r ouﬂh%lgyog,l_? and the pH of the reaction

m Xt ure vvas t to DCMvvas added. The
Pami 6t ure was 5 mashed twice with water, brine and then
dried over MgSH, filtered and concentrated in vacuo.

The crude product was used directly in the next
reaction th further purlflcatlon Par t HOHNJ O
010 O ol M) obol | 04212802940 4
"'r { d&yd >(";C’1(OH W Qloads 15 o @ ea)

and eg eq) In
benzene: { 36oml) was heated at reflux mﬂ% Ha an’Stark
trap oyernight. Excess sol vent was r emoved unger
reduced pressure and the resulting nitrone 29 was

K LAERD WP GEI° AR T BT 1 HT v

carboxyphenylboronic acid (60 mg, 0.33 mmol, 2 eq), cesium carbonate (160 mg, 0.50

mmol, 3 eq), potassium acetate (15 mg, 0.17 mmol, 1 eq) and Pd(dppf)Cl, (15 mg, 0.017
mmol, 0.1 eq) was purged with argon and DMSO (8 mL) added. The mixture was heated at
60 °C for 3 h, then additional Pd(dppf)Cl;, (15 mg, 0.17 mmol, 1 eq) was added and heating
continued for 1.5 h. The reaction mixture was partitioned between water (50 mL) and
DCM (50 mL) and acidified to pH 4 with 6 M HCl. The layers were separated and the
aqueous extracted with DCM (3 x 25 mL). The combined organic layers were dried over

Na,SOy, filtered and concentrated in vacuo to a brown oil.

The crude oil was dissolved in MeOH (6 mL) and treated with AcOH (30 uL), 37%
formalin (50 uL, 0.67 mmol, 4 eq) and NaBH3;CN (30 mg, 0.50 mmol, 3 eq). After stirring
at rt overnight, the reaction mixture was partitioned between water (40 mL) and DCM (40
mL) and acidified to pH 4 with 6 M HCl. The layers were separated and the aqueous
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6 M HOIBS 15 29 30 Nitrone 29 (2.7 g, 7.9 mol, 1

eq), allylic alcohol 6 (2.6 g, 12 mol, 1.5 eq) and
waeqs@RB3z (3.5 ni, 12 mmol, 1.5 eq) were di ssPCT/E8200TI018471

toluene (25 nL) and heated in the mcrowave.at 140 C

for 20 mn The reaction m xture was diluted wth EtCAc

ex{ragedyivith REN &3 kAGvaihy (Thei gesbinedorgamp ddwees were drigd n Na,SOq,
ﬁlt‘é’%zi e}%ﬁ%grﬁ,clenﬁatte in %ctzclug)rtb %g%tr oF bréwg oﬂﬁ1 O\i\;t é? \é\ﬁz ?ﬂgﬁd

Was Was
condariraliaget oinipE Pge0 bis el Sae: GFumBeTl pa)da DMF (1

\ : Yoks; t ff r
mgPly FAEDISLOC ARG s 0 h o3
5  anOHBTU@EMNmg)-0.(0 tmal) MeqH DTB&lNBrd-Wﬁ-khllB@d Mth—M]:O%I (1 mL) and

08/ 024337 18471 lut i f 30
pupiied By Jevasscopase PG Coigf N ey &ithoAS 1 NafCadelg Bhve 3 mg of
coHB()ﬁ&ycr 1giewhe £64)d YTJJ@ 189X MY E1es) ;%Pz' J93e @+IH*f or
hen TMSOWVe was added.” Sol vent was
rennved i n vacuo and the I oduct was purified by
flash chromatography (20- QAc/ hexanes) to
afford 404 ng of 31. Yield 38% 5 Part Br Br y NO
~a NOONH2 Hp HOLI, M OHH COH 32 To a
flame-dried round Rottom fl was Jadde
(+) - i sopi nocanphey ( 88 Mol , 2 eq)
and DCM (2.0 nl). et hytalt m(9%Y uL, 2.0 Min
hexanes, 1.82 10 DIHoZ~¢q) wars. added and the
reaction mxture was stiirréPfat rt for 15 min. The
| actone 22 (378 ng, 0.92 mmol, 1 eq) in DCM (8 nL) was
10 added and stirring was conti @ded 16 h. A saturated
Rochelle's salt solution (5 nL) was added foll owed by
DCMC(oEnpmhd 28 dvdshsgnthesixédidceontinsy toathe procedire rdesudibal it Example 4,

DCM,wgs, . added and the m xture was washed with , |
uswgt émmed (R’ é\(/&*mﬁ,ﬁlsbi phenylpropang- hAdliapme et PAcd of n(S)-N.V -

R PR oPRs ™ P S Sl ML IED) ”'tyzo"“%"f%s‘:%”*)

415rrgof am de 32. Yiel 80% ar t GI Br

ArB(OH) 2, Pd(dppf)Cl2, Cs \ H"N N, oé H2CO,
NaH3BCN N N, O N, ~ Ji<
15
24

Compound 24 was synthesized according to the procedure described in Example 4,
using amine (S)-N',N' 4,4-tetramethylpentane-1,2-diamine in place of (S)-N',N'-dimethyl-
3-phenylpropane-1,2-diamine. 19% yield. MS (ESI(+)) m/z 764.95 (M+H)".

20 Example 7
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H 3. amne, HBTU HHO 1L1 HON,~ OH=HOH 32 26 A

flask containing aryl bromde 32 (90 ng, 0.16 mol, 1
w@e)og/0313ani no- 5- 20 car boxyphenyl boroni ¢ aci d PEOUSIY)7/018471

0.33 mml, 2 eq), cesiumcarbonate (160 ng, 0.5 nmmol,

3 eq), pot assium acetate (15 ng, 0.17 mol, 1 eq) and

Pd(dppf)Cl2 (15 ng, 0.017 mAdl, 0.1 eq) was purged

wi th argon and DVSO (5 nl) added. The mixture was

heat(eanpound @§ veasfsynthgsined adeerdingiwi the presedurd [ddpgsibedie Example 4,

b BT B B 5 e n e of

N'pcdiidetione hHerIpRDAnMEDET ath R, Ma%aneki@5 NMSM(ES dm/z 396.18
gﬁdl hg/ll fbedﬁ%g% rLI)H 4 vl\nath 6 N HC ?%The Ia;gerng{/\)c‘:rnéz

(Ms’@ﬁﬁr ated and the aqueous phase was extracted with
DCM (3 x 25 nlL). The conbi ned organic |ayers were
dried over Na2SO4, filter dikaanpde 80ncentrated in vacuo
to afford a brown oil. - 109 WD 2008/ 024337
PCT/ US2007/ 018471 This crude oil was dissolved in
MeOH (6 nL) and treated vvit cC]—| 630 , 37%

formalin (50 uL, g NaBH3CN (32 ng,
0.50 nmmol, 3 eq). & St rai atHr for 2 h, the
reaction nixture was él/\tco ed] bet weeh water (40 nlL)
and DCM (40 mL) and 58 with 6 N HJ until the
aqueous | ayer attained a pH of 4. The layers were 5
separated and the aqueous extracted with DCM (3 x 20
mL). The conbi ned organic Ia? were dried over

Pai@a?2SO4 and concentrated in vacuo to afford a brown

oil. To an aliquot containing 12% o this crude oil
(20 ng, 0. 031 mmol, 1 eq) in DMV (I nL) was added

(S)-N ,N - d| rre 3- phenyl ropane 1 2-di am ne (20 uL,
0. 09 mml 5rnd ﬁffmml 3 eq).
After stirri ng 12(brhmom¢trhﬁyclmoﬁéﬁeur s diluted 10

with MeOH (1 nl)ssand purified by revarse- phase HPLC
(MeCN water with 40 nM NH5CO2) to give 3

Conﬁ%%%,légo aﬁ@ﬁgﬂg 17229 a%,rp mrgblell %S}ﬁﬁwﬁs dﬁﬁ &N{ z?dded K,CO;

(28 € 16GnhioDH . i&qﬁﬁollo@mﬂmuﬂﬂorﬁamM§rl)6yﬁMﬂ16§ané€(d 18 mL, 12.2 mmol,

according to the procedure described in Exa 8,
1.1, g Therreastion mixture was stirred at 60 °C for 24 h an then cooled to rt and

qué@h(:g) _N ﬁ‘;e?' dfl’ﬁ%%ﬁgﬁ?@égp ﬁmlt@@ %1 %t(gic‘;gﬂéf]%aéhréd le?c%%vlth water

the¥ e, TA%osoMbof BGEls(drjed dvlez 1\8@)42 ﬁltéf&l%ﬂ)i&bncéiﬁra&)d&ﬁplaeuo The
10 o
crude material was purified by silica gel chromatography (9:1 hexanes/EtOAc) to afford

2.07 g of the desired product 27 as a colorless oil. Yield 73%.

B Y Y

(@) i HOHN O

OHC f Br NHZOH, NaCNBH3 Br

27 28
Aldehyde 27 (2.07 g, 8.11 mmol, 1 eq) and hydroxylamine hydrochloride (766 mg,
9.74 mmol, 1.1 eq) were dissolved in THF/MeOH (3:2, 10 mL). Water (2 mL) was added
and the pH was adjusted to 9 with 6 N KOH. The reaction mixture was stirred at rt for 4 h
then NaBH3;CN (1.02 g, 16.2 mmol, 2 eq) was added followed by a crystal of methyl
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ON NNOHN, HOHOHOH 34 Conpound 34 was
synt hesi zed according to the procedure described in
wEx@sP4e38, using am ne PCT/US2007/018471
(R-N,N,4-trinmethyl pentane-1, 2-di amne in place of
(S)-N,N -dinmethyl-3- 25 phenyl propane-1, 2-di am ne.
orarigel TheaH wesadiesied 49 # anfl theaggultiog rwsreyl zolor wap rgaintaed for the

2908 Qadsa ﬁ%%)@@zg%?ﬁ%ﬁfﬁésﬁwa%ém o /rstirhe {8r 2% another

po&ﬁﬁ%mzmmcmghez Bl 062 Ghh6l, Q%ﬁEWabﬁafdddn Brargreing for Htotal of 16
usi ng am ne NN, 4-tri net yl pent ane- 1, 2- di ani ne

h, the pH g€ gle(rpac(t@)l rN'xtu,m .vx@;s pequght to3Z and DCM was added. The mixture was

W%B%P }Z’%%f oﬁﬁ%ﬂ% Zlgcjﬂeﬁaﬁd t%i% drl%ll %5%{%8%50@&%:& ahb conceﬂtrated in
vaBudiO 1'rhb (Ql‘ﬂe]-%x&ﬁlct Rugpas&id dirgctin 1ﬂntﬂbomlﬂsreﬁ@ﬁﬁﬂ ithadt further
described in Exanple 1 using (R -N,N, 4, 4-

pufificatiaiet hyl pent ane- 1, 2-dianine in pI ace of
p -1\ I\I444tetrarrethy|pentane12d|amne. Yield
I\/IS(ESI(+)) mz 750.5. (MtH)+. Exanple 13 0 ~I \

N Ove N, HT(HON H OH 15 37 Y

HOHN

o)
r MeO— 5 Br
‘\©/B Meomo)LH . To@ge\(j
28 29
A solution of hydroxylamine 28 (2.15 g, 7.90 mmol, 1 eq) and methyl glyoxylate
(1.39 g, 15.8 mmol, 2 eq) in benzene (30 mL) was heated at reflux with a Dean Stark trap
overnight. Excess solvent was removed under reduced pressure and the resulting nitrone 29

was taken on crude in the next step.

Part D

OTBS T|(:0Pr)‘ [0} H ( ; Br
Me°mA~“©( J e

Mé

OTBS

Nitrone 29 (2.7 g, 7.9 mmol, 1 eq), allylic alcohol 6 (2.6 g, 12 mmol, 1.5 eq) and
Ti(iOPr); (3.5 mL, 12 mmol, 1.5 eq) were dissolved in toluene (25 mL) and heated in the
microwave at 140 °C for 20 min The reaction mixture was diluted with EtOAc (50 mL)
and 3-(dimethylamino)-1,2-propanediol (1 mL) was added. After stirring for 1 h, EtOAc
was added and the mixture was washed twice with water and then brine, dried over MgSOs,,
filtered over Celite and concentrated. The crude residue was purified by silica gel
chromatography (15% hexanes/EtOAc) to afford 1.35 g of lactone 30. Yield 33%.

Part E
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Prepared in an anal ogous fashion as described in
Exanple 1 using (S)-N, N -
walzewsowsB? 3- phenyl pr opane- 1, 2-di am ne i n pl aceP@f/US2007/018471
(S)-N,N , 4, 4-tetranet hyl pentane-1, 2- di am ne. Yield
65%_ M5 (ESI(+) mz 770.7. 20 Exa
111 Tonp o9k 387 (Iper/eus; 2%5%)??@118417?1) & % r<|21: mh) yas added

3
AR A AR 2l SoEE s OB g A5 i v
addexb| , Salvest|))wasagenthved odnv etbub nantiHhe( dfife pmhducf O)I/dsopmﬂiénlyby flash

Ch!tqugatgggll?@vé ﬁfl%f@@@ /Wén?%g%g 5 Wﬂ%ﬁa@h&gg@%\é% ed

pagt gorously for 12 h, quenched with a saturated

~Rochelle's salt solutlon and stirred for an
additional 2 h e mxture was then partiti din
DCM sat ur a edﬂ@ggs tion and e ct,ed DCM
(2 x 200 - conbi &- 10—o1=—gan| n Aol ed over
MySH4, fil% and~condentfat ed i n vhcHo it oo aflf ord
11.2 g of wsah dehpol 40. Part B F OF HO &Br,
40 41 Pyridimiumchlorochromate (22.3 g, 103 mmol,
1.91 eq) was dissolved in DCM 15 (140 nL) and 4A

Mol ed Aim&ideive found boBosh)flask i ad&hi‘lct+9-ﬁsobb©c§rﬁbhﬁyﬂahﬁlne (325 uL,
Thereactlon m xture was stirred for 30 m nutes.

ol 8nGOdfan6&C£\§I|(2 Qlf@e)n olrimethylalungnum A9 khl., 2.9 Moy hexanes 1.82
mllggl @C&f) %{ﬂ?e qu&‘ﬁgn %19&\('\% &%s 9 Edd %}I}? tfcsrl'olujr 1?1‘1;“11 o*l"ge lactone

orange reac ely

22c(aV$<ntgr 0 mmon 13@19 iih DOM @8 n&)&@&@dded\ﬁﬁcemnﬁhg fwasR@ntinued 16 h.
for 30 mn, eacti on m xture luted with 70%

A plRied) Rechae §c§ﬁ1§tspl¢1ﬁm(n ﬁ%@ﬂr?L‘)’asa?ﬂﬂleﬁ |fPLﬂ@Y%’db>2@q1\ﬁ (@) and the
j
il U3 il b1 5L AR Byt VA I8 REAES yop gshed it

waitdfr daed @veo MgSQy; dil@rdd glcbﬁor&leﬁlteitydién 4&czﬂ£ 2 hwhirtldae material was

I Yi.eld 70% over Par t HOHN OoHC
pug FI ﬂm\mhca ggbﬁhﬁqglapgr@hy (Eﬁ) 110% Ei@é.c/hexanes) to afford 415 mg of
amide 32. Yield 80%.
Part G

0 Br 4 AB(OH)2, Pd(dppf)Cl2, Cs2CO3 j
" N, O 2. H2CO, NaH3BCN
H l 3. amine, HBTU
HO~"% N
H / ~
:H OH

26

O

A flask containing aryl bromide 32 (90 mg, 0.16 mmol, 1 eq), 3-amino-5-
carboxyphenylboronic acid (60 mg, 0.33 mmol, 2 eq), cesium carbonate (160 mg, 0.5
mmol, 3 eq), potassium acetate (15 mg, 0.17 mmol, 1 eq) and Pd(dppf)Cl, (15 mg, 0.017
mmol, 0.1 eq) was purged with argon and DMSO (5 mL) added. The mixture was heated at
60 °C for 3 h, then additional Pd(dppf)Cl; (15 mg, 0.17 mmol, 1 eq) was added and heating
continued for 1.5 h. The reaction mixture was partitioned between water (50 mL) and
DCM (50 mL) and acidified to a pH 4 with 6 N HCL. The layers were separated and the
aqueous phase was extracted with DCM (3 x 25 mL). The combined organic layers were

dried over Na,SO,, filtered and concentrated in vacuo to afford a brown oil.
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WD 2008/ 024337 PCT/ US2007/ 018471 Al dehyde 41 (9.8 g,
48.3 mmmol, 1 eq) and hydroxyl am ne hydrochl ori de (3.97
w@2008/8203nmol , 1.2 eq) were dissolved in THF MeOHUSBD2018471

40 nmL) at rt. Water (25 m.) was added and the pH vvas

adjusted to 9 with 6 N KOH After stirring for 16
R iibieruds o wagisadvel ORI a) Andsresidond FOBEA uL), 37%

t | e
rof) GO YE! 7 M | R ROS LS, B 90 udf 8 e siring
at Aot 2K ahyvBaictidn mﬁﬂum@bsfpamttdned bétwleat water @40 i and DCM (40 mL)
reaction %thefrgl%uent addition of 1 N HCl. After

and pridifiedgvith 6 B HCl wpd: the aquqoys daysh ammﬁﬁsmtﬂf ¢3. 0w lgyers were
t
s G Ml 50 580U DU 05 560! 185051 Bk B v

we\M dredbowNr Kib$O,Tdmd odh¥dntitatedVia Sa&ottd acfbﬁiola browintoiDCM (2 X
100 nmL) and the conbi ned organi cs were washed with

vat g% 4nofligby eonlzgm 112, 62fhiddrhde o1 '(Wg% @r03|i/91§96} 1 eq) in DMF

filtered and cog rated in vacuo to ford 8.
(1 migrwasydddadl £2)-42N -ﬁh&ethylt&iphmlatpeopaaale lvaadlausmj(m lﬂh(ﬂ,l@9 mmol, 3

eq)zjlljr]glt QE&LP&@ r&lg,gga é Cfs ude %Iftgrl S mgg r4§a{1 5ther811éture was diluted
wifhOMEOIP 1%Lg%ﬂoﬁﬁmfﬁ:m 132 rél\?ers( hhs& HEC §MBON/watkr 8Gth 40 mM
in ether (200 nL) at rt ~ was added nethyl gl yoxyl ate

NEs6ihy Ito gésst 2img 8f gompourdl, 26 @eral white Soledy)Yiekdo] 2%wts BBI(+)) m/z
40§Q§( ?gll):tn on of calciumchloride (4.9 g, 44.2 mol,

'. After stirring for 3 h, the reaction m xt ur e

was filtered through celite, washed with DCM (2 x 200

nm.), and concentrated in o awite solid to

afford 10.5 g of 43. The crude material was used

wi t hout further 20 purification. Yi eI 98% Part E Br

F MeO F Br OOTBS Ti CPO‘Zy ) /| Ob 43 6

Me H OTBS Nitrone 74§ DY, 1eq) allylic

al cohol 6 (9.8 g, 45 anad™~Ti (i OPr)4 (13

g, 45 mmol, 1.2 eq) vé'dln THE (50 nL) and

heated in a 25 mcrowave at °'i40 C for 30 mn. The

reaction mxture was allowed_to cool to rt and then

diluted with EtOAc (150 mi), 3dater (150 nL) and

3- (di net hyl ami no) -1, 2- propanediol (5 nlL). After

st i Conmpgund3 avas synmesweélaaﬂwrdmgﬁm&h@ peocpdure drsorided ayExample 8,

R R
3-phéRyipropadd 3,2-MEnAROBIHR #3% 7 MRIESUSIRZ/ 39624 (M+2M) 54,

filtered through Celite and concentrated in vacuo. The
crude residue was purified

Example 10
020
DAL,
H o
HO PUNS
:H \on
34

Compound 34 was synthesized according to the procedure described in Example 8,
using amine (R)-N',N',4-trimethylpentane-1,2-diamine in place of (S)-N',N'-dimethyl-3-
phenylpropane-1,2-diamine. Yield 13%. MS (ESI(+)) m/z 389.19 (M+2H)*".
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by silica gel chromatography (5-25% Et OAc/ hexane) to
afford 11.45 g of lactone 44. Yield 67% Part F Br F

w®e0086243370 6MHCI \ NOOHN OOO M H OBI/NE20b7/018471

OH 5 44 45 To a 0 C solution of TBS-protected | actone
44 (11.2 g, 24 mol, 1 eq) in THE (60 nL) was added 6
N HO (6 nL). The reacti o8 e was stirred for 2 h
and then quenched by the addition of a saturated

sodi um bi car bonat e sol ution The reaction

m xture was extracted wth 2 x{00 nL) and the
conbi ned organi cs vRF€ | g NMgSH4, filtered
and concentrated in Yyagyio de re€sidue was
purified by silica geIHo mat odgraphy (30-70%

Et OAc/ hexane) to afford 73 N7 g" of al cohol 45. Yield 91
% Part GBr Br F [/ | FOHl) DIPEA, Tf20 0\ 0 NO
ii) NaN8 NO Me H OH Me H N3335 46 To a sol ution of

al cohol 45 (810 ngy, 1.99 nmol, 1 eq) in DCM (20 nL) at
0 CGNaEPOUn$ 35d'chec$ynuhb§itasdoacomdidganoethcj pfosadwe dastyided deExample 4,

s usihg a5 A (Tl e SB4mRR t lace i (STt Sgmethy--

10

15

20

phéﬂag;lsruﬁﬁle\l\m -dtHnhiHb edield 173, EME éESﬁHﬁn)/z Bod h@mdzhy“t he

tion of sodium azide 3 eqg) in
a single portion. The reggtion A xture vvas stirred
for 12 h and then quencheg—%yzr'h'e addition of water,
extracted wth EtCAc (2 x 100 nL) and the conbi ned
organi cs were dried over 20 MySH4, filtered and
concentrated in vacuo to affoxd an mﬁThe crude oil

was purified by si{ica L onatjogdaphy (30-80%
Et OAc/ hexane) to a @

ield 88% -114
WO 2008/ 024337 PCT/ Us20071038? 17 Part™™™ Br Br F \ |
F\ ;a

36

Prepared in an analogous fashion as described in Example 1 using (R)-N',N' 4,4-

tetramethylpentane-1,2-diamine in place of (S)-Nl,Nl,4,4-tetramethylpentane-l,2-diamine.
Yield 4%. MS (ESI(+)) m/z 750.5. (M+H)".

Example 13
# 2

Prepared in an analogous fashion as described in Example 1 using (S)-N'.N'-

dimethyl-3-phenylpropane-1,2-diamine in place of (S)-N',N',4,4-tetramethylpentane-1,2-
diamine. Yield 65%. MS (ESI(+)) m/z 770.7. (M+H)".

Example 14
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20

OHON=DBAL-HN OONHR Hb HOM HN3 N3 46 47

To a 0 C solution of (+)-isopinocanpheylam ne (1.98
worgo8024387 mol, 6 eq) in THF (20 nL) was addeRPCDUBAL7/018471

(9.8 n., 1 Min toluene, 9.8 nol, 5 eq) and the

reaction 5 mxture was stirred for 2 h. A solution of

| actone 46 (758 ny, dissolved.in 5 nL FHF, 1.97 mmol,

1 eq) was then addeg dropvvl s i hd course of 5

mn. After stirring & eficlli on was di |l ut ed

with a saturated aqu o lou’ilo

of Rdchelle's salt
and Et QAc and then stmor e vi gomnausly for 5 h. The
mxture was extracted with EM®@Ac (3 x 100 nL) and the
combi ned organics were dri ed ver MgSH, filtered and
concentrated in vacuo to aff d 10 an oil. The crude

Pl was purified by silica gel chromatography (30-70%
Et OAc/ Hexane) to afford 500 ng of am de 47. Yield
47% Part | )N THFUAIHr ef I u®¥ ' OH HO OH 48
hoBI OH ||) q;:m %12 h NH2 N,
48 49 (3- Am no-5-car Iphenyl)boronl acid 48 (15 g,

83 nol , 1 eq) and p|3nacol (29 15 g, 249 mmol, 3 eq)
onbln with THF (72 nl) and heated to re
A t SrOWEE ﬁblorq;?eqzem a5kl 3115500 mr{l‘h‘e{ FRLYES %ﬁﬁolveﬁ in THF (400

]SS Y O T o i

Thm&acand niikeares ohs stiresd wgtsrousiylfadlz b, quefichedsvitiga a;[tuiatm:l Rochelle’s

batp For mal deh g167 370 olution in

salg sglutiggy an étlg% il 3 W oniie X NEOY 2 elg; partitioned in

DMsamEd I\ﬁfﬁfﬁ3 wlc;nhﬁldpé?(rtxtab@@ vWi ECW‘& %‘ﬂ)@ Af).28he combined
BH3CN (7.8 e I ce h was

orgaamsvxedeahrrdadtdver ﬂ\éﬁﬁu, d'ﬂtemlsarﬂll ¢mmdrat¢d)zm\wawstbcaffoyd 11.2 g of
‘\tﬂﬁ r#. After stirring for 12 h, the reaction mxture

2lgeBe 40| tered through celite, washed with EtOAc (2 x

PalOf L) and the conbined filtrates were concentrated

— 10 an orange oil. The oil was dissolved in Et QAc (200

m.), diluted with watfer and';he pH was ¥ adj usted to pH
10 using 6 N NaOHa Flen exfrgct e%&a QAc (2 x
200 nmL). The 25 aquevds phase was adj ed to pH 4

using 6 N HO and exturacted with DCM (2 x 200 mnl).
The conbi ned DCM extracts were then dried over

fi | Paridmiynrhigpdupmagt @3.3t g 103 mympol, \}\élzqr)swwdwlg@ived in DCM
(lg(gHLg_Sg@%Zé%gf%&a% {e&é% ?%S%(]g)\%'e%f ? (f’?o ?ﬁ: 9 lutlon 'Yl reaction
miRtiré Hia€ sfirr&for BOMmhindtes. A solution of benzyl alcohol 40 (11 g, 54 mmol, 1 eq)
in DCM (140 mL) was added dropwise over the course of 5 min. The orange reaction
mixture immediately turned dark brown upon addition of alcohol. After stirring for 30 min,
the reaction mixture was diluted with 70% Hexane/EtOAc solution (250 mL) and filtered
through a plug of silica gel (150 g). The silica gel was washed with Hexane/EtOAc (500
mL), and concentrated in vacuo to afford 9.8 g of aldehyde 41 as a white solid. Yield 70%
over 2 steps.

Part C

F HOHN F

OHC f gr HONH,, NaCNBHj3 Br

41 42
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O "INOH Br F, NF | Pd(dppf)ClZ, KOAc 0 0 Cs2CO3

H NHNOO6 I i OVNHN HOHO OOHN3 N3 47 49 50
w®24080x4320! i di ne 47 (335 ng, 0.622 mol, 1 eq)PCT/US2007/018471

pi nacol boronate 49 (362 ng, 1.24 nnDI 2 eq),

Pd(}@pf)ClZ (102 ng 0. 124 mol , eq) pot assi um
acetAldehydeing).8 @, 43.3 mmel, 11q)3ar@ql)ydr@ﬁsdare@§|h)'ﬁrochlorlde (3.97 g,

57%9%?3%2 egf)%% E%SSlgrkeﬁanc" i usﬁ I%L gtrsflfal \yzgr (ﬂi mL) was

adpgebarid the pHr\ﬁﬁsdelﬁlﬁted'lfh@ wigtae N ROH. ﬂAﬁérusltlﬁ‘uY@ﬁ)r 36 Ih[ NeBH;CN (3.03
at 60 C for then allowed to cool to

8 rA8akc el ki @a)mf%,s ysied Afgllenvedi by aivstal of @@hxlz@ame) dhe pH was
ool s B A PO AP P M L B i for e

duw&tioh oEttl@%aét&n)%)ilﬂi@ fféhﬁlerﬂ dditibe of ¢ QIBIC)e A\ fre¥ gtindtingSor 2 h, another
e dried over iltered and concentrated in

povm N%Bléf%w%ﬂ, 4%2 |mmqihé eg) wae added. wAdtepstiring dor piptal of 16

é feﬁg @%m&ﬂr‘e Qﬁ\% i ny Iga%%' @Eg6ﬁ%@§eé@%ﬁ%arﬁgﬁ%s extracted

wdﬁ NGMC(Z )OH)G—MIN aﬂd tHe Mombindd d»rgEnlcﬁB"Ei:é whi¥d- with fvl'alNarQSO mL),
HN 3. 50 51 Bi phen acid 50

q@s (2@ n@l6)4 qugpvegl\%oz;alﬁgeﬁ Tand (@gc?fﬁra)(@l HI3VaEH | tO afford 8.1 g of
hygg%ﬁy aY‘@ﬁ@ g? ’gl?né)hﬁélﬁ? §§£T\‘ﬂw§’(a§3}‘ X»h{hlgllgﬁl%%r EXTﬁ&%on Crude yield

76%.2- di ami ne (23 ng, 0.13 mol, 2 eq) The reaction

m xture was stirred for 20 2 h, diluted wth Et CAc and
nched with a saturated aqueous NaHCO3 sol ution. The

reaction mioskurre was extracted with EtOAc (3 x 100 ni)
and the conbi or ganilcs were, dri edoqueR Of;s
filtered and entr Led i'n vacuo to affgrd oi |
The crude oil 3\57&3 - 116 WD 2008/ 024337
PCT/ US2007/ 018

To a solution of hydroxylamine 42 (8.1 g, 36.8 mmol, 1 eq) in ether (200 mL) at rt

was added methyl glyoxylate methyl acetal (5.3 g, 44.2 mmol, 1.2 eq), followed by the
addition of calcium chloride (4.9 g, 44.2 mmol, 1.2 eq). After stirring for 3 h, the reaction
mixture was filtered through celite, washed with DCM (2 x 200 mL), and concentrated in
vacuo to a white solid to afford 10.5 g of 43. The crude material was used without further
purification. Yield 98%.

Part E

Br

F
MeO \(\ OTBS TiOPr)g Q gNl I

Nitrone 43 (10.5 g, 36 mmol, 1 eq), allylic alcohol 6 (9.8 g, 45 mmol, 1.2 eq) and
Ti(iOPr)s (13 g, 45 mmol, 1.2 eq) were dissolved in THF (50 mL) and heated in a

microwave at 140 °C for 30 min. The reaction mixture was allowed to cool to rt and then
diluted with EtOAc (150 mL), water (150 mL) and 3-(dimethylamino)-1,2-propanediol (5
mL). After stirring for 2 h, the reaction mixture was extracted with EtOAc (2 x 100 mL).

The combined organics were washed with water (3 x 50 mL) brine (50 mL), dried over
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purified by silica gel chromatography (2-5% MeOH DCM
to afford 23 ng of biphenyl amde 51. Yield 45% Part
w®2008/024330 OINiNN NH HN "N DIT, DBU 0 FCDUB00t018471
No Hb HOHOHNH2 F I N3 =51 38 5 Azide 51(18
ggﬁg‘o 023 mmol, 1 eq) and dithiothreitol (11 ny,
M filtgredhrough ﬁ@lltﬁ anglgopeentrated Drwawo nThe ¢rgfle tﬁ%’(ﬂle Ws purified
3 h
byrsggzgggg%ﬁrh]&gttogag%—(ﬁ 70 rﬁ{;()e%glp%n a’fft"oﬁd ?9)15 o} : %c tone 44. Yield
67¢j.rectly by reverse-phase HPLC (I\/bCI\l/vvater W|th 40 nmv
NHAHCO3), to yield 7 ng of conpound 38. Ms ((ESI(+))
Papy 5 757.4 (MrH)+. 10 Exanple 1 S 1> ON 'INNS H
iNll F O HNb HOH N2 52 Prepared in an anal ogous
fashion as described. A Exanple 13 using 2-am no-N, N
di met hyl - 3-(t hi azol - ) pr opapam de | A ce of
(S)-N, N -di mret hyg ¥3-p
Yield 29% M ( +p) mz 778. 4. ( Exanple16
I 0O .IN I\I---,il\ll-/lé:i

To a 0 °C solution of TBS-protected lactone 44 (11.2 g, 24 mmol, 1 eq) in THF (60
mL) was added 6 N HCI (6 mL). The reaction mixture was stirred for 2 h and then
quenched by the addition of a saturated sodium bicarbonate solution (30 mL). The reaction
mixture was extracted with EtOAc (2 x100 mL) and the combined organics were dried over
10 MgSO,, filtered and concentrated in vacuo. The crude residue was purified by silica gel
chromatography (30-70% EtOAc/hexane) to afford 7.7 g of alcohol 45. Yield 91 %.
Part G

Br

45

To a solution of alcohol 45 (810 mg, 1.99 mmol, 1 eq) in DCM (20 mL) at 0 °C was

15 added trifluoromethanesulfonic anhydride (0.4 mL, 2.4 mmol, 2.4 eq) dropwise over the
course of 5 min. After stirring for 30 minutes, the reaction mixture was diluted with DMF

(5 mL) followed by the addition of sodium azide (388 mg, 5.97 mmol, 3 eq) in a single
portion. The reaction mixture was stirred for 12 h and then quenched by the addition of
water, extracted with EtOAc (2 x 100 mL) and the combined organics were dried over

20  MgSO,, filtered and concentrated in vacuo to afford an oil. The crude oil was purified by

silica gel chromatography (30-80% EtOAc/hexane) to afford 758 mg of 46. Yield 88%.
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FOHN HOHNH - 117 WO 2008/ 024337

PCT/ US2007/ 018471 53 Prepared in an anal ogous fashion
w@200803387 bed i n Exanple 13 using N, N - PCT/US2007/018471

di met hyl et hane- 1, 2-diam ne in place of

(S)-N, N -di net hyl - 3-phenyl propane-1, 2-di am ne. Yield

Pa M5 (ESI(+)) mz 667.4. (MrH)+. 5 Exanple 17 ~I o
\' I "INNHN OO\ NN HO HOHNH 54 gPart A
I I MO MeO i) DIPEA, Tf20 O H\ NOii)F @]
NO Me OH M H 55 10 To a solution of |a ne 8
(1.8 g, 4. > in DEM(A2 nh)loa Wais
added trifé nhydriden, 0. 87Tt—5. 15 Jmbl , 2 eq)
dr opwi se ohyep. t,]e course of 5 min. Aftet© 'n, t he

reaction mx}sure was diluted with DVF (10 m_) 6l 1 owed
by the addition of sodiumazide (0.84 g, 12.9 mvl, 3

ed) Toa ® & rgglhlﬁo@%t( Eﬁogﬁb&rﬁ;ﬂ@?fa}m (3.9¢ WIS Mﬂ@mmol 6 eq) in
removed fromthe ice bath and allowed to warmto rt

THAf (2@rmI;) was addpd IBAI2(%8 mihd Meataluawe, 28 masl, Guegh eibthe reaction
ter Xtrac

mitet W5 $556d 1082 o e Skl T HRE A Crsine) cRsol B Sl THF, 1.97

mrhGl \I%‘él?‘ Q/aE el ddaedl dpwiid ovel iR bl o Ilnlri’\’aﬁﬁ&uitirﬁh§ %r 2 h, the
ica gel chromatography (30-80% Et OAc/ hexane) ™t

rea@fmm )¢S ﬁlmtegl with azdatiwatsd aqivgosk doBGoR of RachelR’s salt ande EtOAc and
then stlnl\é(Fi vigorously for 5 h. The mixture was extracted with EtOAc (3 x 100 mL) and
the combined organics were dried over MgSQy, filtered and concentrated in vacuo to afford
an oil. The crude oil was purified by silica gel chromatography (30-70% EtOAc/Hexane)
to afford 500 mg of amide 47. Yield 47%.

Part 1

o]

o Q i) THF, reflux %g
HoB oH HO%OH 48h 0 OH
ii) CH,0, NaCNBH;,
AcOH, MeOH, 12 h

NH, Na

48 49

(3-Amino-5-carboxylphenyl)boronic acid 48 (15 g, 83 mmol, 1 eq) and pinacol (29
g, 249 mmol, 3 eq) were combined with THF (72 mL) and heated to reflux. After heating
at reflux for 48 h, the reaction mixture was cooled to rt and then concentrated to an orange
oil. The orange oil was dissolved in MeOH (250 mL) and the solution was cooled to 0 °C
using an ice bath. Formaldehyde (67 g of a 37% solution in water, 829 mmol, 10 eq) was
added followed by AcOH (30 g, 497 mmol, 6 eq) and the portion-wise addition of
NaBH3CN (7.8 g, 124 mmol, 3 eq). The ice bath was removed and the reaction was allowed
to warm slowly to rt. After stirring for 12 h, the reaction mixture was filtered through
celite, washed with EtOAc (2 x 100 mL) and the combined filtrates were concentrated to an
orange oil. The oil was dissolved in EtOAc (200 mL), diluted with water and the pH was
adjusted to pH 10 using 6 N NaOH and then extracted with EtOAc (2 x 200 mL). The
aqueous phase was adjusted to pH 4 using 6 N HCl and extracted with DCM (2 x 200 mL).
The combined DCM extracts were then dried over MgSQ,, filtered and concentrated to
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Ofi = ND BAL-HONH2 H HO Me H N3 N3 55 56 -118
WO 2008/ 024337 PCT/ US2007/ 018471 To a 0 C sol ution of
w@ 2008/036p7 nocanpheyl am ne (5.75 i, 34.3 mmol , PGI/E§007/018471
THE (60 m_) vvas added DIBAL (14.3 nL, 2 Min tol uene,
After stlrrlngr_for 2. h, the .
Pr‘?‘@‘éfct”oﬁ of é? u'+Se anerff-adite solig- a Ty mateiel ovay dsedondthegt further
g, 5.72 mol, 1 eq) dissolved in THE (10 nli).
pu&ﬁgﬁggnblned reaction mxture was stirred for 2 h,
PdrhgEn diluted 5 with a saturated sol ution of Rochel I e' s
salt and Et OAc. After stirring for 5 h the reaction
m xture was extracted with EtOAc (3 x 100 ni), ﬁ;,}lrle
over MgSO4, filtered and concentrated in vacud 1
afford an oil. The crude oil was purified by siliga
gel chrormto y (30-70% Et OAc/ hexane) to af'F
l‘-

of azi w Yi'el d 828@ppnBakdae C 0" | NoOH AMEO
'IN @Pddpf@%ﬁcf(@&cNOB N0 0 O
Wﬁ 56 49 57 |so az%i I 56

(300 °1 eqft pinnacol boronates40\(,368

ng, 1. 26 n;vml 2.5 eqy, 'Pd(dppf)Cl2 (82 nyg, s0. 10

nmmol, 0.2 eq), potassium acetate (65 ng, 0.657 mmol,

1. 3 Ienypzoldme 42 <3 3megadi$3a anmol, 494q)nginatolbaromatel 49 $62 mg, 1.24

' Y, i n drou and th
g, & il fre, 824 TORGE S Poeh PRl gRate (9 me, 031
mmbESISYIeR), 1imd Qésuirﬁ é'ﬂrl'Sbna@”'%(TSe 11087 RAmbIUIE e&i"?%vere dissolved in
stirred at 60 Cfor 2 h, then alTowed to cool to rt.

anitydrouse BMSQ (S mkot ande flughed dvithy reggnwinder Fosiibe (nzs}sum_) The reaction

8 L S 20 AR SR GRS e s

dllﬁ?éﬂrvﬁﬂ{ BEOA¢ {20 BLPARd waidr X10L99) Ahd tlﬁ%u&&ﬁ ﬁﬁﬁ@ivﬁ@ﬁ’d]usted to pH

ganlcs were dried over MgSOH4, filtered
4 wish$eM H&llefhe raactjerc mxtum whs oxteactad with EtCDIAe @rude0 pill) and the

ified b h
cofBelldinani@ ity ARed B Eed 0o i Reind g RTSRT Bth o tford an
oilacCTlk &dde Jilevdd pudithed B3rdilida g1 ChromatodhaBy (10L39% N;gtone/hexane) to
afford 110 mg of biphenyl acid 50. Yield 28%.
Part K

50 51
Biphenyl acid 50 (40 mg, 0.064 mmol, 1 eq) and HBTU (49 mg, 0.13 mmol, 2 eq)
were dissolved in DMF (1 mL) followed by the addition of amine (S)-N',N'-dimethyl-3-
phenylpropane-1,2-diamine (23 mg, 0.13 mmol, 2 eq). The reaction mixture was stirred for
2 h, diluted with EtOAc and quenched with a saturated aqueous NaHCOj; solution. The
reaction mixture was extracted with EtOAc (3 x 100 mL) and the combined organics were

dried over MgSOQ,, filtered and concentrated in vacuo to afford an oil. The crude oil was
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MeO HBTU MO O HZN NN NH o a o HOHO N3 H 43 57
58 - 119 WD 2008/024337 PCT/ US2007/018471 Bi phenyl
w@eiod/053371 320 ng, 0.50 mmol, 1 eq) and HBTU ( 2BFT/O#2007/018471
0.756 mmol, 1.5 eq) were dissolved in DI\/F (5 nm)
f.ol | owed by addi ti on of (é’z N ,N-dine - 3- )
pupe Py lisgest.chiomatographn - HEMeRBDEND raiford 2% of bipheny!
ricbng for 2 h, the reaction mxture was
anhﬁ‘{ﬁ; Y3Eld45/nEt QAc (100 m.) and a saturated sodi um
Papi Earbonate solution. 5 The m xture was extracted with
Et QAc (3 x 100 nlL), dried over MgSOH4, filtered and
concentrated to an oil. e crude oil was purified b
silica gel chromatogra (2 -5% MOH/DCM toafford

197 ng of azid@_58. Y| eId 49% Part E ~I Mo XQANT |
| "INNiNH D %/\SOI\/EOOONN H O ' _MNQ HO
N3 NH2 58 54 10°F |de/ (A5°%y, 0.018 1 eq)
and dithi ot href (8.7 ny, O. 054 mol, 3 ¢ wer e

di ssol @- m.) fol | owed d i t{or of DBU
(8.5 uL< ¢ mol, 3 eq). After turr"i‘tg for 1 h,

. the reacti @ i Rture was purified di Heet] k.)*y

reverse- phase? NRLC (CH3CN/ water with 4 NHAHCOB)

toyield 7 ng @f amne 54. Yield 47% MS,; ((ESI(+))
mz 769.9 (MtH) +. 15 Exarrple I8 iNN HMN MO
Azide 51 (18 mg, 0.023 mmol, 1 eq) and dithiothreitol (11 mg, 0.07 mmol, 3 eq)

were dissolved in DMF (1 mL) followed by the addition of DBU (12 uL, 0.07 mmol, 3 eq).
The reaction mixture was stirred for 1 h, then purified directly by reverse-phase HPLC
(MeCN/water with 40 mM NH4HCO;), to yield 7 mg of compound 38. MS ((ESI(+)) m/z
757.4 (M+H)".

Example 15

52
Prepared in an analogous fashion as described in Example 13 using 2-amino-N,N-
dimethyl-3-(thiazol-4-yl)propanamide in place of (S)-N',N'-dimethyl-3-phenylpropane-1,2-
diamine. Yield 29%. MS (ESI(+)) m/z 778.4. (M+H)".

Example 16



N HO HONH 59 Prepared in an anal ogous fashion as
described in Exanple 17 using (S)-N, N1-

WO eoos®243§1 pent ane- 1, 2-di am ne i n place of PCT/US2007/018471
(S)-N1, NI -di net hyl - 3- phenyl propane- 1, 2-di am ne. 20 43
%Yield M (ESI(+)) mz 735.1 (I\/H—|)+ Exanple 19 -

120 WD 2008/ 024337 PCT/ US2003/018471 0 ,N NI H MO

N NerkhobR th NP 800e PLeBREE b R.A0R! HOREmAS 15 Ohing .-

dlrﬂéthylleﬂMhé-QlQJ-diaﬂﬁn&- il blﬁ&t by K@)ﬂNhN] -tingthyleplnylpropane-1,2-diamine.
3- phenyl propane-1, 2- 5 di am ne.

YiSkd0 4M%(E§E§+Q)E@f2(667)4 PZHYS3 1 (M +. Exampl 6 20

~NMNM MONN HO HONH 61 10 Prepared in an
5 anal ogous fashi on as descExsgleilY Exanpl e 17 using (S)

-N ,N -4,4- tetranethyl pentane- 1,2-diam ne in place
of (S)-N, N -dinmethyl -3-phenyl propan , 2- di am ne.
Yield 27 % M (ESI(+)) n12|749 ¥ +. Exanple 21 1
~ ,,NN"-"Ol H MO N K"

Part A

10 To a solution of lactone 8 (1.8 g, 4.3 mmol, 1 eq) in DCM (42 mL) at 0 °C was
added triflic anhydride (0.87 mL, 5.15 mmol, 1.2 eq) dropwise over the course of 5 min.
After 30 min, the reaction mixture was diluted with DMF (10 mL) followed by the addition
of sodium azide (0.84 g, 12.9 mmol, 3 eq) in a single portion. The reaction mixture was
removed from the ice bath and allowed to warm to rt. After stirring for 12 h, the reaction

15 was quenched by the addition of water, extracted with EtOAc (2 x 100 mL), dried over
MgSO,, filtered and concentrated in vacuo to afford an oil. The crude oil was purified by
silica gel chromatography (30-80% EtOAc/hexane) to afford 1.7 g of azide 55. Yield 89%.
Part B
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HHOHNH - 121 WD 2008/ 024337 PCT/ US2007/ 018471

62 Prepared in an anal ogous fashion as described in
W(Exm)ﬁiptéss'zw usi ng 2- phenyl et hyl ami ne i n pl aceP©¥/US2007/018471

(S)-N,N - di mat hyl - 3- phenyl pr opane- 1, 2- di am ne. Yi eI d

3% I\f( (+)) mz 711.9 (MH) +. 5Exan'ple 22
T a ONG sol%@ RO(H)-ieppinpgampbgylapying, 6y &y Min 343 mmol, 6 eq) in

| &

T}@&S’OQ&E}J&?J zﬁﬁl@{i ?ﬁﬁg%e(q?%gﬁ&bgﬁ’{ fﬁgo%ﬁ%@%% ri'[%,ro}*% &8y, After stirring

for(25h,-the redctich liliBttimeIwai% ad eyl a)ero(ll[tame}fla&orw Mrﬁe g, 5170 mmol, 1 eq)
Yi el d. 62% ESI(+)) mz 679.1 (M I

dissejved injTHRK K0 m(Lm The p@np’ eaglion psp)étk}léﬁ,%%p qtlﬁregrfor 2 h then diluted

w1 ] %%é;?ﬁ% : n_o%_ﬁf%?%ﬁyl?(%gtg!ﬁe; ?g%p %gd :Eﬁ)zgfﬁace eg thnzmg%f]g h the reaction

mikfare NvasNextedcraelt yith- Bt@Aeni3l m D(jmanelz)l &tddli anémMgS’O&lfdtered and
37% Ms (ESI(+)) mlz 712.9

cogenypies; 2 2a3p ma/ff(gsizc?@wdlszﬁlf C@dF S wsopvrlﬁFCb-by silica gel

chM?lﬁtography (30-70% EtOAc/hexane) to afford 2.79 g of azide 56. Yield 82%.
Part C

]
MeO SN :
MeO
o Q Pd(dppf)Cly, KOAC

“N N O<g C52003

H 0 A/é OH

HO—:

FHOAN,

56 49

Isoxazolidine 56 (300 mg, 0.50 mmol, 1 eq), pinnacol boronate 49 (368 mg, 1.26
mmol, 2.5 eq), Pd(dppf)Cl, (82 mg, 0.10 mmol, 0.2 eq), potassium acetate (65 mg, 0.657
mmol, 1.3 eq), and cesium carbonate (494 mg, 1.52 mmol, 3 eq) were dissolved in
anhydrous DMSO (5 mL) and the reaction vessel was flushed under positive argon pressure
for 15 min. The reaction mixture was stirred at 60 °C for 2 h, then allowed to cool to rt.
The reaction mixture was diluted with EtOAc (20 mL) and water (10 mL) and| the aqueous
phase was adjusted to pH 4 with 6 N HCI. The reaction mixture was extracted with EtOAc
(3 x 100 mL) and the combined organics were dried over MgSOy, filtered and concentrated

in vacuo to afford an oil. The crude oil was purified by gradient silica gel chromatography
(10-35% acetone/hexanes) to afford 170 mg of biphenyl acid 57. Yield 53%.

Part D
| Q | (o]
N ’
e . O y
/N\
MeO
O HBTU MeO
—_
(0] H2N
N, NI
H O
H HO
N3

57
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O NN HHO NH2 65 Prepared in an anal ogous fashi on

as described in Exanple 17 using (S)-nethyl 2-
wW@pioso233phenyl propanoate i n place of PCT/US2007/018471

(S)-N,N - d| met hyl - 3- phenyl propane- 1, 2- di am ne. 5

Yi eId 37% %IES (+)) mz 770.1 ( g? Exanpl e i N

- O Biphenybasid 513202, mgwl.Ar e apd ST é%m&%biﬁﬁmol 1.5

eqmgﬁ' cﬁﬁoﬂéﬁ ﬂf%ﬁlﬁ}ﬁ% gql Iobt H@}y%d&l?loﬂ %'f '@ﬁ)-]b"' N rL-81methyl-3 -

oxynet

phéiSlp INpaﬂ‘d'- )3 ﬂ4dﬁmﬁ1|ny (18)-mp, eln& h@ﬁ(ﬂpﬁ B@)— JAf?erdhﬁrﬂgrfer 2 ]tﬂ mle deactlon
87% ESI ( L?ﬁ@ mz 652. | e

migture WRg 111 tegl Mt QAN(I%IIF-D RIF@a Ba;iurateﬁz‘sdw @WBPWZQL%WOH
TR LR 10 SR SoT i

comdehitraieded rybH.3Thé Erude oil whs pljifiedby bitioa gd chronpdtagreptof (2 -5%

RS R s S Bt 2,

ok /N MO O NN

DTT, DBU

MeO MeO. g
[o]
o N
! N Jol
HO~—:
iH NH;
54

10 Azide 58 (15 mg, 0.018 mmol, 1 eq) and dithiothreitol (8.7 mg, 0.054 mmol, 3 eq)
were dissolved in DMF (1 mL) followed by addition of DBU (8.5 uL, 0.054 mmol, 3 eq).
After stirring for 1 h, the reaction mixture was purified directly by reverse-phase HPLC
(CH3CN/water with 40 mM NH4HCQO;), to yield 7 mg of amine 54. Yield 47%. MS
((ESI(+)) m/z 769.9 (M+H)".

15 Example 18

| 1
AOR
/N\
MeO O
N 0
0—"%
i H Ay

H
2

59
Prepared in an analogous fashion as described in Example 17 using (S)-N',N'-
trimethylpentane-1,2-diamine in place of (S)-N',N'-dimethyl-3-phenylpropane-1,2-diamine.
20 43 % Yield. MS (ESI(+)) m/z 735.1 (M+H)".

Example 19
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Hb HONHZ 5 68 Prepared in an anal ogous fashion as
described in Exanple 17 using (R-N,N, 4-

WO eoos®24391 pent ane- 1, 2-diamne in place of PCT/US2007/018471
(S)-N, N -di net hyl - 3- phenyl propane-1, 2-diam ne. Yield
54% Ms (ESI(+)) mz 735.1 (MtH)+. 10 Exanple 28 1 0O
NN MOO NN Hb HOHNH 69 Prepared in an
anal ogous fashion as describged im ExampLe 17 using
di methyl am ne in place of _~
(S)-MN4, N -di met hyl - 3- phenyl pr
15% Ms (ESI(+)) mz 15 635,
124 WD 2008/ 024337 RCT/ US200
MO NO HO NH2 70 P : [

P |

neul,@di amne. Yield
8 |(MtH) +. Exanple 29 -

18471 ~, NN I'I, H

n anal ogous fashi on as
descri bed in Exanple 71 “yShaY net hyl am ne in place of
(S)-N , N -di net hyl - 3- phaaylpyopane- 1, 2-di am ne. Yiel d

42% Ms (ESI(+)) mz 5 622 O0-N#MH)+. Exanple 30 ,, N

OH MONN H HO NH

60
Prepared in an analogous fashion as described in Example 17 using (R)-(1-
ethylpyrrolidin-2-yl)methylamine in place of (S)-N',N'-dimethyl-3-phenylpropane-1,2-
5  diamine. Yield 43%. MS (ESI(+)) m/z 733.1 (M+H)".

Example 20

' 1
O
/N\
MeO. O
N 0
o~
Bl NH

H
2

61
10 Prepafed in an analogous fashion as described in Example 17 using (S) -N' ,N'-4,4-
tetramethylpentane-1,2-diamine in place of (S)-N',N'-dimethyl-3-phenylpropane-1,2-
diamine. Yield 27 %. MS (ESI(+)) m/z 749.1 (M+H)".

Example 21
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71 Prepared in an anal ogous fashion as described in

Exanpl e 17 using conmpound 57 in 10 place of conpound
wo08N2Bd 33% M5 (ESI(+)) miz 609.1 (MtH) +. BEXEDOE1087/018471

31iNN HN MeOH HO N RANH2 72 -125 WO

2008/ 024337 PCT/ US2007/ 018471  Prepared in an

anal ogous' fashion as descri 8&d in Exanpl e 17 using

S 4t , f
(S FRbrefye d b PRI ARG o€ GBHAE, LT BRAARR A7, yoing 2-
ph&fbﬂ’ethylhﬁu(eﬁﬁlpﬂdc)e)ofl’(S)ZN?ﬁg dhnéwwphersxmpdluﬁ szdllaﬁlnltl\IINIY%ld 43%.
M?(%%W/M11%M+H)|\/e0+ +\ NDCOMOO .,,NNNN H
b Hb HOHO HNHZ NH 61 73 Conpound 61 (4 ng, 0.006
5 mmol, 1 eq) was di ssol vedExemple2(1 m), followed by
t he

! ¢ |
~N O H/\/N\

ey

63
Prepared in an analogous fashion as described in Example 17 using N',N'-
dimethylethane-1,2-diamine in place of (S)-N',N'-dimethyl-3-phenylpropane-1,2-diamine.
10 Yield 62%. MS (ESI(+)) m/z 679.1 (M+H)".

Example 23

64
Prepared in an analogous fashion as described in Example 17 using 2-(pyridin-2-
15 yl)ethylamine in place of (S)-Nl,Nl-dimethy1-3-pﬁenylpropane-1,2-diamine. Yield 37%.
MS (ESI(+)) m/z 712.9 (M+H)".

Example 24
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addition of pyridine (1.3 uL, 0.016 nmol, 1.5 eq) and

acetic anhydride (1.5 uL, 0.016 10 mmol, 1.5 eq).
WQ@\RG08102483h, the reaction m xture was quenched BET/IIS2007/018471

water, extracted with DCM dried over MgSHi filtered

and concentrated in vacuo to afford an oil. The crude
materi al was dissolved in MeOH (1 nl) d purified on
rever se- phase HPLC (CH3CN wat er 40 HAHCOB) to

yield 2 ng of acetanide 73. #l-ld 4%%, M5 ((ESI(+))

mz 791.5 (MrH) +. 15 Exanpl é @ -N126 WD 2008/ 024337
PCT/ US2007/018471 { Ol N NYH MO o HN b HO NH
)--0 F3C 74 Prepared i n afi%gngl ogous fashion as
descri bed in Exanpl e 3 usino sonpound 62 in place of
conpound 61 and triflg i ¢ anhydride in place of
acetic anhydride. Yield H05 %% M (ESI(+)) niz 808.4
(MtH) +. Exanple 34 N N @, NN HHO=04 NHv O
75 Prepared in an analogous fashi.on as described in
Exanpl e 31 using conpound 70¢sn 10 place of conpound
61 and succinic anhydride in place of acetic

anh\Pdepadel inYarehrchl &Us fadBion( &sSleserihednihZExaRihld 17 Msidp+S)-methyl 2-

Exagple 35 ,, N\ N\ : -
ammo-g%hen)?ipropanoate in place of (S)-N N'-dimethyl-3-phenylpropane-1,2-diamine.
5 Yield 37%. MS (ESI(+)) m/z 770.1 (M+H)".

Example 25

66
Prepared in an analogous fashion as described in Example 17 using N-
10  methoxymethylamine in place of (S)-N',N'-dimethyl'-3-phenylpropane-1,2-diamine. Yield
87%. MS (ESI(+)) m/z 652.2 (M+H)".

Example 26

Ie
o3

NHz

67
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', H M ONN HO HOHNH ~=076 - 127 WO
2008/ 024337 PCT/ US2007/018471 Prepared in an
wapaBogees fashi on as described in Exanpl e 31 ®PGI/I§R007/018471
compound 62 in place of conpound 61 Yi eI d 28% I\/S
(ESL(+)) Mz 754.4 (Mt
Me OPREPRredHN-) mlogoné)fa%nomaW%sﬁaP%m Exaﬁplsdzﬂ leﬁg%gs) -2-amino-

LD, ST s BRICTEA 3954 10 SO e

1,58i4mdne( mabodﬂw&xmsoa}asm) mk 790D NMAELY, H MO N HO N
O HO 107800 'INH'INH MOO O HBTU MO HO

000\ Example 27

0 A
O,
O

MeO.

68
Prepared in an analogous fashion as described in Example 17 using (R)-N',N' 4-
trimethylpentane-1,2-diamine in place of (S)-N',N' -dimethyl-3-phenylpropane-1,2-diamine.
Yield 54%. MS (ESI(+)) m/z 735.1 (M+H)".

10 Example 28

69
Prepared in an analogous fashion as described in Example 17 using dimethylamine
in place of (S)-N',N'-dimethyl-3-phenylpropane-1,2-diamine. Yield 15%. MS (ESI(+)) m/z
15 635.8 (M+H)".

Example 29
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NNHOHNOO HOHO NH2 NO" 70 78 HO To a

sol uti on of nono-nethyl succinate (2.5 ng, 19 nol, 3
weegosioew3BMF (0.5 nL) was added HBTU (7.3 ny, HBOI/De10p7/@18471

eq). ‘After stirring for 15 mi nutes, conpound 70 (4

ng, 64 nol, 1 eq) was added as a THE solution (0.5

m.). The crude reaction m xture was -128 WO

2008/ 024337 PCT/ US2007/018471 purified directly by

rever se- phase HPLC (MeCN wat gr _wi Ih_40 nmol NHAHCOS)

toyield 2 ng of amide 78. "YielH 42% M5 ((ESI(+))

mz 736.1 (MtH)+. Exanple 38 , )N NN H MeO N H o HO =

~J~I NNHH 57900 'Y\ ~N\ N HH MO MO

ONCI \ ~O- 0O\ H HO = HO= Nk \ | =H

NH2 -H HH70 79 Conps %b n(4 ng, 6 gnol, 1 eq) was

di ssolved in DCM (1 nlL} fool

! d by the addition of
phenyl isocyanate (1 uL, 8igmehy, 1.25 eq). After
stirring for 30 mn, the reaction mxture was
purified directly by reversesghase HPLC ( MeCN wat er
wth 40 nmmol 10 NH4HCO3) to yield 2 ng of urea 76.

Yi elPdep4B%hinMB apalegbstiayhion as dektriBed MtEDamplEtdnping nB8hylamine in
plalcgI ol}r (_S)-(RJI,INlI-dimlélthngpphenylpropane-l,2-diamine.Yield 42%. MS (ESI(+)) m/z
5 622.0 M+H)".

Example 30

7!
Prepared in an analogous fashion as described in Example 17 using compound 57 in

10  place of compound 58. Yield 33%. MS (ESI(+)) m/z 609.1 (M+H)".

Example 31

| 0
N |
/N\
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N HOHR N80 - 129 WD 2008/024337

PCT/ US2007/ 018471 N N\ I ~1 HH MO O NaC\BH4
woe@s@437~ HO NNN HOHO HO HO = H NHZ HdI/uS8Do8018471

Cbnpound 62 (10 ng, O 014 mmol, 1 eq) mas dlssolved in

1 nL) f II h ddi deh )
(PaEPdozﬂ X ogwé ?Q/hl&f 3% e 'W iR XP’ES‘P ”317 H?w% ©)-N' N 4-
tmN@tﬁ ENahe10- &TanQ: 19?)121&“8&’ gSr??’N'eﬁy dl‘P@e?h)tlf?aeﬁhe%?ﬁ)I 6ipa'nQ laZ diamine.

singl'e portion. eact | 5'm xture was parified
Yleld\ﬁél’/seméﬁﬁi(ﬂPm@ 7seC@tder with 40 mmol NH4HC(13)

to yield 5 ng of dinethylamne 77. Yield 50% M

((ESI(+)) mz 740.5 ( M+tH) Exa mple 40 NNH MOHN

HOHNH\ / OH 81 i N NHHMOOMO | H
I ~ NaBH4 | 0/ HONN NN HO O HO HO H NHz =
HNH O

Me O

H NH

o
5
73

61 73 >=O
Compound 61 (4 mg, 0.006 mmol, 1 eq) was dissolved in DCM (1 mL), followed by the
addition of pyridine (1.3 uL, 0.016 mmol, 1.5 eq) and acetic anhydride (1.5 uL, 0.016

10 mmol, 1.5 eq). After 1 h, the reaction mixture was quenched with water, extracted with
DCM, dried over MgSQy, filtered and concentrated in vacuo to afford an oil. The crude
material was dissolved in MeOH (1 mL) and purified on reverse-phase HPLC
(CH;CN/water 40 mM NH4HCO:s) to yield 2 mg of acetamide 73. Yield 47%. MS ((ESI(+))
m/z 791.5 (M+H)".

15 Example 33
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70 81\ / OH 10 Conpound 70 (4 ng, 6 gnol, 1 eq) was
di ssolved in MeCH (1 nL) followed by the addition of
wa@eops/ozadzsehyde (3 ng, 0.02 nmol, 3 eq). After BCT/DS10n7018471
for 3 h, NaBH3CN(1 ng, 0.02 mml, 3 eq) was added.
The reaction m xture was stirred for an additional 30
mn, then purified di rec}\u{ by ¢ ever phase HPLC
(MeCN water with 40 mmol HACS8 TN yield 2.5 ng
of benzylamine 81. Yield 51%\4 '('(ESI(+)) nmz 756.2
(MtH) +. - 130 WD 2008/ 024237 PCT/ US2007/ 018471
Exanple 41 1 NN I\/EO H HO H NH 82 Prepared
in an anal ogous fas ) gs described in Exanpl e 40
using 5 isonicotinal fely e % n place of
4-fornyl benzoic acid. YPetd\37% M (ESI(+)) mz 713.2
(MtH) +. Exanple 42 1 0 N N 'T>=J,—| MOO NN HO HO
HNHN/ 83 10 Prepared in & anal ogous fashion as
descri bed in Exanple 40 using pi col i nal dehyde in
pl ace of 4-fornyl benzoic acid4 Yield 44% M (ESI(+))

M Z pfd3redl M nblogbt @ FRhBn 43 d:esé}ib% it ExMafeN Nidthompound 62

in place of compound 61 and trifluoroacetic anhydride in place of acetic anhydride. Yield
5  40%. MS (ESI(+)) m/z 808.4 (M+H)".

Example 34

' i

N -
ReR
H

#QM

75
Prepared in an analogous fashion as described in Example 31 using compound 70 in
10  place of compound 61 and succinic anhydride in place of acetic anhydride. Yield 28%. MS
(ESI(+)) m/z 722.1 (M+H)".

Example 35
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HO OH H NH - 84 - 131 WD 2008/ 024337

PCT/ US2007/ 018471 Prepared in an anal ogous fashion as
waele®sne43ed i n Exanpl e 40 using 3-fornyl benzoi cPEUS200TI018471

pl ace of 4-fornyl benzoic acid. Yield 37% M5 (ESI (+))

mz_756. 2 H) +. 44 1~ NN 1'l, H MON

N Hrerered lmﬁn@nslsgwrfgﬁngsarées describedain xauBles3 § using epmpaund 62 in

0,4 pl ace

Pl e YR o M B SRP I SRR T ) P 2

712.2 (I\/H—|)+. Exanpl e 45 51 'IE”NEO NO HON/ ~_N

-N 10 86 - 132 WD 2008/ / US2007/ 018471 O

/| NNINHHMO/ MO HBTU TEA OONNNN HbH
HO HO

o)©)

N -
RO
H

P

S . 77
Prepared in an analogous fashion as described in Example 31 using compound 70 in

place of compound 61. Yield 47%. MS (ESI(+)) m/z 664.4 (M+H)".

Example 37

10 78

)‘W HBTU MeO

70

To a solution of mono-methylsuccinate (2.5 mg, 19 pmol, 3 eq) in DMF (0.5 mL)
was added HBTU (7.3 mg, 19 umol, 3 eq). After stirring for 15 minutes, compound 70 (4

mg, 64 umol, 1 eq) was added as a THF solution (0.5 mL). The crude reaction mixture was
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NH2 HNM N -N 61 86 To a solution of conmpound 61 (8

nmg, 0.01 mol, 1 eq) in DCMDW (4:1, 1 nL), was
w@eowem24888N (5 uL, 0.03 mml, 3 eq) and HBTU (ROI/O#2007/018471

0.03 mmol, 3 eq). After stirring for 3 h, the

reaction m xture was purified directly

pum@v@ﬂg@tws@vmmr@e NEEB AT 80 Fmo WD) (0 yield 2
4 N 40 k(+)) mz
mé&‘?ﬁﬁ%?ﬁ Ynad%x/" RFS (ﬂ:rg (%) 073%§(M+Eﬁ MOO NNHO
N O H NH2 -lr 087 1 Parl@ "INO "INN OH
Hl\/teOI—|2N-HBTUI\/teO-O b Hb OHdN3 OH N3
57 88 Prepared in an analogous fashi on as described in
Exanple 17 step D using nethyl amne in place
(S)-N, N -di nmethyl - 3-phenyl priopang- 1, 2-di am ne. Yield
26% Part B -133 WD 2008/ 024337~NPCL/'US2007/ 018471 O
Il o "INN~NN

MeO.

"'H "
e E Nj\N@
H H

0
o

MeO
L
N ,
N Jo) 0 o
0~

70

Compound 70 (4 mg, 6 umol, 1 eq) was dissolved in DCM (1 mL) followed by the
addition of phenyl isocyanate (1 uL, 8 pmol, 1.25 eq). After stirring for 30 min, the
reaction mixture was purified directly by reverse-phase HPLC (MeCN/water with 40 mmol

10 NH4HCO;) to yield 2 mg of urea 76. Yield 42%. MS ((ESI(+)) m/z 741.2 (M+H)".

Example 39

80

- 129 -



H HI i Mo MO\ I + 1 \ Oycl NDCMO2N' v O NN N
HbHO Fi N8 OHN3 O-0 3 88 89 02N Azido al cohol
w@008050331ny, 0.232 mMmol, 1 eq) was di ssol ved i PCTXIR2007/018471
(2.5 nm), followed by the addition of pyridine (55
m., 0.695 mmol, 3 eq) and para-nitro 5 chloroformate
(140 ng, 0.695omol eq). After stirring for 5
the react4 ; s diluted with DCM (20
wat er (20 adt the nixture was extracted wi
(2 x 20m dried overr MySBE®"fi|tered aneo
concentrate n vacuo ag\uafford an oi The cr
g i a s purified by silica gel ogr aphy
(50 90% Ft'QAc/ hexane) to yield 142 nmg] N [ »
of p- nkQ rbonate 89. Yield 75% 10 Par®°;4 Q'INH
ME MO oH O NN HOHb OO HWN3 NO
HN3 O 8% 0 90 02N To a solution of azidoscarbonate

89 5 : |, 1 eq).in THE (0.5 nlL) S
daSprui 3 hReD L8 TTSh b o) vt dpotves BMeRGl mb) followed
. r ' I et i jatieky.fur Lgbht :
b o R dE % o, R DYy | B PR for 30 min,
Nafdg CiN (216 enafg, X504vntninol E8 @4 wWak Gherljddeddinvasingld peirtibn. The reaction

s mighesap DR by GNPIPHE HELGD MHEGNBY g 68 AP moUNHAICOS) to
yiél’d’g'iné\@%etlllfyidrﬁiﬁé lwl. &dd s@%nwcaléﬁ(ﬁ;j /D THES YRIAD"

afford a yellow oil. The crude oil wasS used directly

in next step. Part D - 1§§am%4%008/ 024337

PCT/ US2007/ 018471

Q |
_N N _N N~
H H
MeO Q MeO
S e 0
o] OH o o]
N N
N Ay N
H o o N 0
HO-—: HO—
i H \ny, ERLA I ST 0
70 81 C OH

Compound 70 (4 mg, 6 umol, 1 eq) was dissolved in MeOH (1 mL) followed by the
addition of aryl aldehyde (3 mg, 0.02 mmol, 3 eq). After stirring for 3 h, NaBH;CN(1 mg,

10

0.02 mmol, 3 eq) was added. The reaction mixture was stirred for an additional 30 min,
then purified directly by reverse-phase HPLC (MeCN/water with 40 mmol NH,HCO3) to
15 yield 2.5 mg of benzylamine 81. Yield 51%. MS ((ESI(+)) m/z 756.2 (M+H)".
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5

10

iNH INH MODIT,DBUMOO O NN HOHO=-~0H Na
\ ONHZ N _f 90 0 87 To a solution of carbanmate 90

w@ 1@so330. 018 mmol, 1 eq) in THE (0.5 L) wasPCHUS®A7/018471

dithiothreitol (8 ng, 0.054 mmvol, 3 eq) in DM (0.5
m.) followed by the addition of DBU (8 ng, 0.054
mol, 3 eq). After stirrifyampledl h the reaction

m xture was purified 5 directly by reverse-phase HPLC
(MeCN water with 40 nmol NH4HCO3) to yield 5 ng of
conpound 87. Yield 40% M ((ESI(¢%)) mz 693.4 (MH) +.
Exanpl e 47 | .~NN | H MO8 No H HNH2 91 10
Prepared in an anal ogous fashilay as' described in
Exanpl e 46 using 2- phenyl efdayl am ne in place of

di methyl amine. Yield @42% M5 (JEJ (+)) mz 769.5
(MtH) +.  Exanpl e 48 " H MOO NN HOH
HNH 0 0 N92 -135 YO £,024337 PCT/ US2007/ 018471
Prepared in an anal ogousidasShi on as described in
Exanmpl e 46 using N, N di net hyMgtfmane- 1, 2- di anine in
pl ace of di nethylam ne. Yield 30%Y (ESI(+)) nlz

82

Prepared in an analogous fashion as described in Example 40 using

isonicotinaldehyde in place of 4-formylbenzoic acid. Yield 37%. MS (ESI(+)) m/z 713.2

(M+H)".

Example 42

83

Prepared in an analogous fashion as described in Example 40 using picolinaldehyde

in place of 4-formylbenzoic acid. Yield 44%. MS (ESI(+)) m/z 713.2 (M+H)".

Example 43
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736.4 (MtH) +. Exanple 49 1 O '"INN I H MOO H NO
AHOHNHR -Ir 5 0 93 Prepared i n an anal ogous

wo 20Ri0p133as descri bed in Exanpl e 46 usi ng net hpCEHDB2007/018471
in pI ace of di nethyl am' ne. Yi eI d 42% M5 (ESI(+)) n12

679. 4 (MeH) +. l e 1 H MO0 NNH
HO ﬁpppalqgl 1g@n analngpus| prl]1on 2 qqsgyé@d\m Expmpjer40 W@qmylbenzow

acM%lel&'F Qg E" gl?igrlmenzbﬁc%m ?’delh@ﬂjo 1%‘5 It‘kmgré%)bl?z 7755% 2931;&/1 Tﬁ)
EtOH (1 nL) was added ac%t aI dﬁhé'ple (0.5 ng, 0.01 M,

0.5 eq) foll owed by NaBH3 0.03 mmol, 1.5 eq)
15 and finally AcOH (1 ng, 0.02 mmol, 1 eq). After
stirring for 12 h, an additional portion of

acet al dehyde (1 ng, 0.02 mmoll, 1 &q) and NaBH3CN (2
my, 0.03 mml, 1.5 eq) was ad Ad the reaction was
stirred at rt for 4 h. The cru mat erial was purified
directly by - 136 WD 2008024337 PCT/ US2007/ 018471

- ’ i
N o
HO~"~
iH gy C

5 85
Prepared in an analogous fashion as described in Example 40 using benzaldehyde in

place of 4-formylbenzoic acid. Yield 33%. MS (ESI(+)) m/z 712.2 (M+H)".

Example 45

9 /\/@

10
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rever se- phase HPLC (MeCNwater with 40 mM of NHAHCCOB)

toyield 2 ng of 91. Yield 19% M (ESI(+)) mz
wWG®8024331 MtH) +. Exanple 51 0 "IN N H MO Orp@u/BS1don18471

HOHNH 5 95 Anine 95 was prepared in an anal ogous

fashi on as described in Exanple 50 using

i sobut yral dehyde in place of acetal dehyde to yield 3

ng of 95.1 Vi eI°dI\/IS (ESI(+)) mz 678.84.9 (M

Y MO 0 .,NNHDb HO K0)
X prepared in an analogous fas n as
9. Exanpl e 5»%764?E!An9 cycl opr dp9d 2 dehyde in

J al dehyde—to—y-ol 3 of, 95 field 28%
+)) mz 676.9. (I\/H—|)+ e 530N H
] Hb HOHNH 97 1 7H o
: \>_N

61 86

To a solutton of compound 61 (8 mg, 0.01 mmol, 1 eq) in DCM/DMF (4:1, 1 mL),
was added Et;N (5 uL, 0.03 mmol, 3 eq) and HBTU (10 mg, 0.03 mmol, 3 eq). After
stiring for 3 h, the reaction mixture was purified directly by reverse-phase HPLC

5  (MeCN/water with 40 mM NH4HCO;) to yield 4 mg of 86. Yield 44%. MS ((ESI(+)) m/z

810.4 (M+H)".

Example 46
[ (0]
N N~

J

MeO

o 0 O

W L

N- O 2

'
87

10 PartAd

HBTU
HN—

Pt

88

Pt

Prepared in an analogous fashion as described in Example 17 step D using methyl
amine in place (S)-N',N'-dimethyl-3-phenylpropane-1,2-diamine. Yield 26%.
Part B
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15

WD 2008/ 024337 PCT/ US2007/ 018471 Am ne 97 was

prepared in an anal ogous fashion as described in
wEx@sPL4e3b0 usi ng acetone in place of acetal dePyTES1007/018471

yield 3 ng of 97. Yield 28% M5 (ESI(+)) nlz 664. 8.

(MtH) +. Exanple 54 1 0 NN H MOO NN HOHN 5

98 00 "INN NHH MO NaBH3CN MO OOOx/ N N

HNN I,L-IOI—POHO HOli HNH2 = N 7098N- JTQa
sol uti on ne 70 (10 ngy, 0.02 nmml, 1 eq) ESOH
(1 nm) wa ed excess |sobutyraldehyde (6 0. 08
mol , woeg). fol | owed b I—BCN(Z ., 0.03"%¢e Dl |

ea) aad final ™y A g0, |01 €%y
er sthi rri ngp,f 2 %, reactlon -tN NWAS
p riNfi edoby reverse- phase HPLC ( MeCN ifh 40 mv

)toyleld2rrgof 98. Y|eId18O/6
(ESI () Mz 734.9. (MrH) +. Exanpl e TN H MO O
NN HQ HO ~ ° w
O,N

Azido alcohol 88 (150 mg, 0.232 mmol, 1 eq) was dissolved in DCM (2.5 mL),
followed by the addition of pyridine (55 mL, 0.695 mmol, 3 eq) and para-nitro
chloroformate (140 mg, 0.695 mmol, 3 eq). After stirring for 5 h, the reaction mixture was
diluted with DCM (20 mL), water (20 mL) and the mixture was extracted with DCM (2 x
20 mL), dried over Mng4, filtered and concentrated in vacuo to afford an oil. The crude
material was purified by silica gel chromatography (50-90% EtOAc/hexane) to yield 142
mg of p-nitrocarbonate 89. Yield 75%.

Part C

o] N 0i
T g

To a solution of azido carbonate 89 (15 mg, 0.018 mmol, 1 eq) in THF (0.5 mL)
was added dimethylamine (18 uL, 2 M in THF, 0.036 mmol, 2 eq). The reaction mixture
immediately turned bright yellow. After stirring for 6 h, the reaction mixture was diluted
with EtOAc (10 mL) and washed with water (5 mL). The aqueous layer was extracted with
EtOAc (2 x 15 mL) and the combined organics were dried over MgSQ,, filtered and
concentrated in vacuo to afford a yellow oil. The crude oil was used directly in next step.

Part D
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HN 15 99 - -138 WD 2008/ 024337 PCT/ US2007/ 018471
Am ne 99 was prepared in an anal ogous fashion as
waele®sne43ed i n Exanpl e 53 using fornmal dehyde i nP@I/E8®0T618471
i sobut yral dehyde to yield 2 ng of 99. Yield 38% M5
(ESI(+)) mz 650.81. (MtH)+. Exanple 56 o N H N
NOl oNN HO II—|05°H/CJ—|100 Part A Ove OMVe o
HZNOH. HCI ow@ §- | H, 102 103 A 7102
(12 g, 33 mmol, 1 &f) and hydroxyl anmi ne hydr | ori de
(2.7 g, 39 10 ‘ﬁﬂll'ls eqpsunver e di ssol wed i
THF/ MeOH 3:1,, 600 . Water (2 nl) s gdd nd the
pH was adtN %0 9 with 6 N KOH LJrgaction
mxture wa$ stilred at rt overnight Jand tfhen NaBH3CN
(3.1 9, 49 ol s added fol | oned by ayerystal of
met hyl oramfJgr” The pH was adj usted tg“j}?oand the
resulting ruly reed col or was mai nt ai nedof orsrt he
duration of the reaction by the frequent addition of

1 NTece solntipe of serbamiateg99 613 megh 04 8tm@el, poeq)i nTEF (95 mL) was
s PPy, E0R) o, 69N PS50 DG GO Y i o

DBRUI(8teg 034 mRdY 3 'Eg)i‘ Kiftst Shirging/for Was fiROrewétion mat@e wad purified
x 10 nlL), brine and dried over MgSOH4, filtered and
5 dirgeihe byireversscphape VREGo(MeaEh/ water et A arael NHaECRYG) tof yield 5 mg of

colpp B G Y OB MR SRR (2L I 20 part B )

139 WD 2008/ 024337 PCT/ U%2274e0ﬁ471 ove Owe

H O*i' NH,
g
o}
91
10 Prepared in an analogous fashion as described in Example 46 using 2-

phenylethylamine in place of dimethylamine. Yield 42%. MS (ESI(+)) m/z 769.5 (M+H)".

Example 48

92
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HIITA OO OHO I N~/ \ ",--& HO O O 103 104 A

sol ution of hydroxylamne 103 (5 g, 13 mol, 1 eq) and
woredokpt43gt yoxyl ate (1 g, 16 mmol) in benzene ¥ABUS0p7/018471

was heated at reflux with a Dean Stark trap for 3 h.

Excess 5 solvent was renpved in vacug and the , .
r esdlreRased At 3o Rgalogaus dashionas deswhedom Examels A6t pEng NN -

. . It . - . . | B =
it e 1 4 it P STtk & P M Sty s
736moiM+H)eq), allylic alcohol (2 g, 11 nmol, 1 eq) and
Ti(iOPr)4 10 (4 g, 4 m., 13 mmol, 1.18 eq) were
di ssolved in toluene (40 Whmanydreated in a
m crowave at 120 C for 10m_ﬁ'LIWe reaction m xture
was diluted with EtOAc (10 ni))
3- (di net hyl am no) - 1, 2- pr opanedi
After stirring for 2 h, EtOAc O n) was added and
the m xture was washed with wetters (3 x 10 nL) then
brine (10 nlL), dried o¢er MWSO4L *filtered over
Celite(r) and concentrd wvacuo. The crude 15
resi due was purified by sili laogel chromat ography
(10-30% Hexane-Et OAc) to ,affferd,2.5 g of conpound
105. Yield 35% Part D MMgPO OTFAOH OH\ N Nb
5 Ob OIBS H OrBS 105 106 ©

an |?

“nL) was added.

93
Prepared in an analogous fashion as described in Example 46 using methylamine in
place of dimethylamine. Yield 42%. MS (ESI(+)) m/z 679.4 (M+H)".

Example 50

MeO
)4 I
N
N o

HO~":
' i H Lny
N

94

10

MeO NaBH,CN MeO

g 0o T ()
o o
'. N HJ\ -, N

N \ N \

H 0 H O

HO— "~ HO~:

A PNy
-
94

To a solution of amine 70 (10 mg, 0.02 mmol, 1 eq) in EtOH (1 mL) was added
acetaldehyde (0.5 mg, 0.01 mmo, 0.5 eq) followed by NaBH3CN (2 mg, 0.03 mmol, 1.5 eq)

15 and finally AcOH (1 mg, 0.02 mmol, 1 eq). After stirring for 12 h, an additional portion of
acetaldehyde (1 mg, 0.02 mmol, 1 eq) and NaBH3CN (2 mg, 0.03 mmol, 1.5 eq) was added

and the reaction was stirred at rt for 4 h. The crude material was purified directly by
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To a solution of PMB ether 105 (2 g, 3 mmol, 1 eq) in

DCM (150 nL) was added 20 TFA (3 g, 31 mmol, 10.33
we@ejosdeapii se at O T. The sol ution was stirredP¢dDUSDIB018471

h and quenched wi th saturated NaHCO3 (60 nL) The

organi ¢ phase was separated, washed with -

0 WO
revaysraplone SPL(POveCiSpRTay Witk 49 mMoef NH.HEP: 10 mlérZ mg of 91. Yield
lglyazlﬁ%k,}as%@t’gyze& %rfd Mgﬁ?ent rated in vacuo to afford

ati o™ % i fi il

résu tln was purified by silica
chr omat ogr aphy (10-30% hexane-EtOQAc) to afford 1.2 g
of conpound 106 Yield 742§3¥¥é%322 5 HO O O OO0HO
Me3Al, DCM rt NO N2 H HHO OTBS = H OTBS 106 107
To a solution of (+)-isopino @m1ne (0.6 g, 0.7
m., 4 mol, 2 eq) in DCM (10 at" rt was added
trimethylalumnum (0.4 g, 3 o M solution in
toluene, 6 mml, 3 eq) _dropw s ver 2.5 mn. The
solution was stirred & I8 min prior to the
dropwi se 10 addition of Ya's ion of lactone 106 (1
g, 2 mmol, leq) in DCM.( 1B0-H: The reacti on was
stirred for 24 h, diluted wfth (125 nL) and a
saturated sol ution of Rochelle's salt (125 m.). The
m xture was vigorously stirrgg for 2 h until two
phases forned. The |l ayers were separated and the
or gahh'merﬁSawes p@pared sinen anald fousefhshion by deseribety ineEIxaimﬂe 50 using
filtered and concentrated in vacuo to aff
lswwdehaﬁi@ ig lacg %etalﬁehrdeefe ¥gldsi mecef HelY ieli28%. M (Esi)

g t hy (25% hexane/ EtOQAc) to afford 0.5 g of
’ncgzggﬁdgghgg Yield 39% Part FHOO. NHONN HOH

O H OIBS HO Fi OIBS 107E§08 h 107 (187 ny, 0.27
mol, 1 eq) was dlssolvedﬂ4*4§%£23 5 nm) and treated
wth K2CO3 (111 ng, 0.8 mol, [3 eqp and allyl brom de
(49 ng, 0.4 nmol, 1.48 eq). T mblutlon was
stirred for 2.5 h diluted with :wter and extracted
with ether (3 x 4 ). The OMu-'
separated, dried over Na fered and
concentrated in vacuo i@ a foro a solid. The
resulting solid was di s§ol'Ve "on THF/ Et 3N (1:1, 6 n)
and treated with a sol ut F#u7 HF/ pyridine (1 nL) at
0 C. The solution was stlrred &ﬂq% h at rt and
guenched

96
Amine 96 was prepared in an analogous fashion as described in Example 50 using

cyclopropylaldehyde in place of acetaldehyde to yield 3 mg of 95. Yield 28%. MS
(ESI(+)) m/z 676.9. (M+H)".

Example 53
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with TMSOWe (25 nL) and concentrated in vacuo to

afford a solid which was purified by - 141 WO
wQe®8NDB3aB837 PCT/ US2007/ 018471 silica gel PCT/US2007/018471

chromat ogr aphy (20% DCM hexane) to afford 0.21 g of

conpound 108 as a whiite solid. Yield 67% Part

© 0 Aginey 7 ves peparebitapenadygsys fashion %@esmbedsm@w@ple 50 using

B e ORI B 2B, S e s s

(MH)*a sol ution of HF/pyridine (1.2 nL). The reaction
was allowed to warmto rt over 1 h while stirring.
The reaction solution waspdimpfyd Wi th an excess of
TVSOve (30 nmL) and stirre or _an additional 30 min.
The reaction was then concent,Lrate to an oi | and
purified by silica gel chronatogfaphy to yi eId O 21 g
of 10 conpound 109. Yield 67% ~Yart H~-ON-"-"o NH
OHNO HO=HOHHOH=H 410 To a solution of
t he al kene 109 (0.14 ¢ 5.20 1 eq) in t-BuCH (16
m.), THE (8 nmL.) and »1 was added NMO (80 nmg,

0.8 mol, 4 eq) followed 23/ th 1 dropwi se addition
of &M (0.21 g, 2.9 nm., Z tion in
2- et hyl - 2- propanol, 0.02 nTmI .1 eq). After 3 h,

the reaction m'xture was dil ut vvith DCM (5 nm.),
brine and 10% Na2S2C3 and the organi c phase was
separated. The aqueous phase 9%as extracted with DCM
(2 x 60 nL), and the conbined organics were dried ower
Na2SH4, fI|tQJ‘€ and. concentrated i n vacuo to, odd..
a solid. The s
1 2 20 rrL) and Yreated with periodic acid (80,09,

eq) Meq 'ngI e portion amdstirred for
The |on ‘»:» di lutedfwi th DCM (5 andowa
with ried over "Ng2SO4, filteredydng \vacuo
to af rHa |. The resulting oil was uss d'
MeOH (5 nL)* ,treated with acetic acid (160

dlnethylamn;e(ZOng 2 Min THF, 0.5 nmmol, & q)
and NaBH3CN (30 ng, 0.5 mmol, 2.5 eq) and stirred for

12 hro IREIus6h WF afiind\ae (?(5rr£§ Iot(tzeﬂmm t he? th MOYRCHMI) was added
n.), saturated NaC (1 nl) and extracted with EtOAC &

exgesg isobutyraldehyde (6 mg, 0.08 mmol, 4 eq) followed by NaBH3CN (2 mg, 0.03

mmol, 1.5 eq) and finally AcOH (1 mg, 0.02 mmol, 1 eq). After stirring for 2 h, the

reaction mixture was purified by reverse-phase HPLC (MeCN/water with 40 mM of

NH,HCO3) to yield 2 mg of 98. Yield 18%. MS (ESI(+)) m/z 734.9. (M+H)".

Example 55
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m.). The conbi ned organi c was concentrated in vacuo to

afford an oil. The oil was purified -142 WO
wWQO®8NDB3aB37 PCT/ US2007/ 018471 by silica gel PCT/US2007/018471

chr omat ogr aphy (DCM MeOH AcOH, 99.5:0: 0.5 t

97.5:2;0.5 to afford 75 ng of conpound 110 Yield

609%APHI) WeS prepﬂed}m an gnalogyvs feshgory aglesyripedgn Example 53 using

\ 0AdS

fo}g%%r%%}}ﬁy r111’1 pIace of gogmm%gd{ﬂ&a;meildlg 6114%3}1&91 ‘15161%1 gé /a IMS (ESI(+))
m/pi6ﬁaeoJ(bM@ﬁate 49 (17 ng, 0.06 nmol, 1.5 eq),

pot assi um acetate (5 ng, 0.048 mol, 1.2 eq), cesium

carbonate (39 ny, 0.12 mMPygmlesy and Pd(dppf) C12

(6.5 ng, 8 gnol, 0.2 eq) Was purged w th argon and

DMSO (2 nmL) was added. The m xture sheated to 70 C

for 3 h and then cooled to rt. The sQlution was

diluted with DCM (10 ni), er ) and the pH 10

was adjusted to 6.8 with 0.1 he aqueous phase

was extracted with DCM (2 x 1 nL)/gnd t he combi ned

organi cs were washed w t\h/‘br‘? (20 nmL), dried over

MpSO4, filtered and é@ntr d in vacuo to afford a
dark brown oil. The ri¢

oil was purified by
flash chromat ogr aphy (H - 3%CH2C12/ MeOH) to afford 15
nmg of conmpound 111 as a Vel

solid. Yield 57% 15
Part J o I 0O /N/NN OHHN _"iON _"iO 1 01 HBTU
_ | ON H2N N N, Hb|—|()—|016—4pF| HOHOH 111 112
100 To a solution of 111 (8 ng, 0.02 mml, 1 eq) in
PdpNE (1.5 nl) was added HBTU (9 ng, 0.02 mmol, 1 eq),
amne 112 (4 ng, 0.02,pmol, 1 eq) and E£3N (4 nmg, 5
uL, 0.04 nmol, 2

H,NOH.HCI

8} O
HC | N
\©/ HO N/\©/I
H
102 103

Aldehyde 102 (12 g, 33 mmol, 1 eq) and hydroxylamine hydrochloride (2.7 g, 39
mmol, 1.18 eq) were dissolved in THF/MeOH (3:1, 60 mL). Water (2 mL) was added and

the pH was adjusted to 9 with 6 N KOH. The reaction mixture was stirred at rt overni ght
and then NaBH3CN (3.1 g, 49 mmol) was added followed by a crystal of methyl orange.
The pH was adjusted to 3 and the resulting ruby red color was maintained for the duration
of the reaction by the frequent addition of 1 N HCI. After stirring for 2 h another portion of
NaBH;CN (1 g, 13 mmol, 0.4 eq) was added. The solution was stirred for 16 h and then
neutralized to pH 7 and diluted with DCM. The mixture was washed with water (3 x 10
mL), brine and dried over MgSQy, filtered and concentrated in vacuo. The crude product
was purified by silica gel chromatography (50-100% EtOAc/hexane) to afford 8 g of
compound 103. Yield 64%.

Part B
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eq). The solution was stirred for 2 h, diluted with
water (0.5 nL) and purified by reverse-phase 20 HPLC

W@ deghE4sat er with 40 mM NHAHCO2) to yield 7 ngP@f/us2007/018471
conpound 100. Yield 67% M5 (ESI(+)) mz 828 (MtH) +.
Exanpl e 57 %z&g, WO 2008/ 024337 PCT/ US2007/018471 o N
NNOw Il i HIN, HOHOOCH 113 Preparjed in an
anal ogous fa n as ,described in Exany 1 using

(R-]V,]V- di thyl-?@nﬂpropane-l,z di amine in

pl ace of (9S)- N , 4, 4 tetranet hyl pentarfe-1,2- 5

di ani ne. Mo.g 0 (ES|(+)),OW L (MEH) +.
Exanple 58 © OO "INHN OO ,,k ,,-OHHO

114 Prepared i noan anal ogous fashi dh,@s described in
Exanpl e 31 using conpound 60 in 10 place of conpound
72 and succinic anhydride in place of acetic

anhydride. 65 % Yield. ESI ( + z (70,7 ((MtH) +
Bl of wgr%@a@m iBse o r%%fﬂl 0 e vle-{wl@quylate (I'g,

161shmol)lin bRhARR T €SI niL!) vAR 1RBRH A Rx VAth DRaRSIARHGP IfO€Hh. Excess
i n- EXxanpl e 37 using conpound 61 in place of conpound

solxgntawes Bmodedet vackaand Hepespampnitroae il 84 ((hg)wasctekar on crude in the
nexUstep.

Part C

OMe

Homr/==\w -
0 OTBS
PRI

T

o &

104 6 105

oTBS

Nitrone 104 (5 g, 11 mmol, 1 eq), allylic alcohol (2 g, 11 mmol, 1 eq) and Ti(iOPr)4
(4 g, 4 mL, 13 mmol, 1.18 eq) were dissolved in toluene (40 mL) and heated in a
microwave at 120 °C for 10 min. The reaction mixture was diluted with EtOAc (10 mL)
and 3-(dimethylamino)-1,2-propanediol (4 mL) was added. After stirring for 2 h, EtOAc
(10 mL) was added and the mixture was washed with water (3 x 10 mL) then brine (10
mL), dried over MgSQO,, filtered over Celite® and concentrated in vacuo. The crude
residue was purified by silica gel chromatography (10-30% Hexane-EtOAc) to afford 2.5 g
of compound 10S. Yield 35%.
Part D

OTBS

106 .

To a solution of PMB ether 105 (2 g, 3 mmol, 1 eq) in DCM (150 mL) was added
TFA (3 g, 31 mmol, 10.33 eq) dropwise at 0 °C. The solution was stirred for 1.5 h and
quenched with saturated NaHCO; (60 mL). The organic phase was separated, washed with
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met hyl succi nate. 28 % Yield. M5 (ESI(+)) mz 849.6
(MtH) +. Exanple 60 - 144 WO 2008/ 024337
weMBSa807/ 018471 O NiN N -(~k H MO O HI/Us2007/018471
HO FI N' 116 Prepared in an anal ogous fashion as
described in Exanple 54 using conpound 61 in place of
ringngratsherer Naab@s. fidieras andrspnecntiated) iggciys to afford an oil. The resultmg

o BT, Ay o, MO B 82 o

copdthdH6L YTeld P&yt A OH | OH Br par aforrral dehyde OHC) Br
F~MwC Z E3NF 10 118 119 To a m xture of MCl2

_@2._0 g, 20.9 mmol, 2 eq) and parafornmal dehyde (0.943
g, 31.4 mol, 3 eq) in THE (50 nL) under argon, was
added triethyl amne (2.92 nm,, 20.9 mol, 2 eq). The

m xture was stirred at roomterrperature under gon
for 10 min and henol 118 (2.00 g, 10. 5 ol H°

was addedo ,;I' act| was heated to Iuox f
15 then t 0 r e DiveR hyI n100 m_)
was adde the SO|UIO‘H2Md c?j 1 N(3
x 100 L) : Hrieds over Na2SO4, filtered an oT8S
concentrateggto dryness to afford crude 119 ©2. 07 g)

whi ch was taken on without further purification. Yield
90%To #aolutiéh of (+)-isopinocampheylamine (0.6 g, 0.7 mL, 4 mmol, 2 eq) in DCM

(10 mL) at rt was added trimethylaluminum (0.4 g, 3 mL, 2 M solution in toluene, 6 mmol,
3 eq) dropwise over 2.5 min. The solution was stirred at rt for 10 min prior to the dropwise
addition of a solution of lactone 106 (1 g, 2 mmol, leq) in DCM (15 mL). The reaction was
stirred for 24 h, diluted with DCM (125 mL) and a saturated solution of Rochelle’s salt
(125 mL). The mixture was vigorously stirred for 2 h until two phases formed. The layers
were separated and the organic phase was washed with water, brine, dried over MgSOy,
filtered and concentrated in vacuo to afford a solid. The solid was purified by silica gel
chromatography (25% hexane/EtOAc) to afford 0.5 g of compound 107. Yield 39%.

Part F

|
HO. '
108 e
—_— 0
HO— % H o)
£ H \otBS HO—:
:H ‘oms
107 108

Phenol 107 (187 mg, 0.27 mmol, 1 eq) was dissolved in DMF (3.5 mL) and treated
with K,CO; (111 mg, 0.8 mmol, 3 eq), and allylbromide (49 mg, 0.4 mmol, 1.48 eq). The
solution was stirred for 2.5 h, diluted with water and extracted with ether (3 x 4 mL). The
organic phase was separated, dried over Na,SQ,, filtered and concentrated ir vacuo to
afford a solid. The resulting solid was dissolved in THF/Et;N (1:1, 6 mL) and treated with a
solution of HF/pyridine (1 mL) at 0 °C. The solution was stirred for 1 h at rt and quenched
with TMSOMe (25 mL) and concentrated in vacuo to afford a solid which was purified by
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OHOH OHC I L Br Mel, K2COB OHC Br F I F 119 120 20

To a solution of crude phenol 119 (2.1 g, 9.5 mol, 1
we@egosiom3BVF (50 nl) at rt was added K2CO3 (1. BSI/ys2007/018471

13 6 mmol, 1.4 eq) followed by Mel (0.848 nL, 13.6

eq) 4 008/ 243 7 570071 018474
Sll’ﬂﬁ‘ege %‘HEWE’%rarﬂhXt(é?; Q\ﬁ’é‘ RS é@a prdf? {Cﬁ ﬁ ngd8 as a white

figryride@pd then quenched with 6 N HCG (10rr1) The
o s diTuted with 1 N HO (250 ni) and
PaxGracted with DCM (3 x 100 nl). Pool ed organics were

washed with water (3 x |oom_) then brine (100n.). The

sol uti on was drled a2S4, filtered and!
concentrated t drynes he resi due wed™o ified by
flash chromat tC|nHe . gr t 0%to
2099 to afford f pr oduct Nl 42% Part
C Ove HOHN Owe & Br HCl. NH2 "NaCNBH3 120

121 Al dehyde 120 (1:0 g™ 37 mmol, 1 egy
hydr oxyl ami ne hydrocHi oride (364 ng, 10'8.24 mol,

1. 2 i soMetich 6K tAS TBRQeher 108 tﬂs\/g%m (éq)an 31“HF](3 mL) at 0 °C

m.). The solution was stirred at rt for mn then a

Waﬁraﬁdt:@pyrtﬁmmﬁ i) ang asnjeticmel Boayudne ¢ m;Idr Ohg/eeptinn was

syl aq B § £ ST bvate S AET e RSP ol oy s Gacpea with an

ex08s B TIMBOMEFB0 119 afd Et%trédi)ﬁr ah aadiﬁoﬁa@ 30mif nl‘}liélrehé”tﬁm was then
regul ar addition of 6 N HC After stirring for 2

h
coaermttated tpen pil@nd oﬂnﬁ@bbwsﬂleg/gﬁi shonmsitggtaphyeo (vad 0@ gof
q) was added. After stirring for 1 h,
C°F}P8“Wu %Wﬁl |tered on paper, rinsing with THF.
Pavhg filtrate was diluted with 1 N NaCH (100 rTL) and

extracted with DCM (3 x 50m_) Pool ed organics were
washed with water (3x)O brine and then dri edlover

Na2SO4. The c}rude/ﬁ/ was purlflwl/\lsyg}3

chr omat ogr aphy t xane, at o 70%
to afford 703 r oxyl afn-ne ;N d 64% 20

Part D Cl Pyrid |ne> : 1) Br P o2 f1'O 0
-~OTBS 2) Nal -~OTBS' ‘s08) AgNos 122 A 56l \uehon of
allylic alcohol 6 (5% g, 23 mol, 1 eq),pyridine

(3. 75, E&M‘}%@g a)u?e%@)w@g 1295 A28k eq)3n I BRloH Y6 mi), THE

eq) ' an i’cel Ywat er

(8ami) kah@ gRythLy Waeridded (MG (80 mg2 9.8 nithsl|, 4 )3foﬂq)ved by the
was adde The solution was 25 stirred at 0 C 30

dropwiisé heditioh lof\@BD 4t @.21eg4Ch9 miL., 2 8 solatlomim 2- rhétﬂyl 2 propanol, 0.02
reacti on was

mmol, 0.1 eq). After 3 h, the reaction mixture was diluted with DCM (5 mL), brine and
10% Na,S,03 and the organic phase was separated. The aqueous phase was extracted with
DCM (2 x 60 mL), and the combined organics were dried over Na,SO,, filtered and
concentrated in vacuo to afford a solid. The solid was dissolved in THF/water (10:1, 1.2
mL) and treated with periodic acid (80 mg, 0.4 mmol, 2 eq) in single portion and stirred for
12 h. The solution was diluted with DCM (5 mL) and washed with brine, dried over
Na,S0,, filtered and in vacuo to afford an oil. The resulting oil was suspended in MeOH (5
mL) and treated with acetic acid (100 uL), dimethylamine (20 mg, 2 M in THF, 0.5 mmol,
2.5 eq) and NaBH;CN (30 mg, 0.5 mmol, 2.5 eq) and stirred for 12 h. The solution was
diluted with 0.1 M NaOH (1 mL), saturated NaCl (1 mL) and extracted with EtOAc (3 x 3

mL). The combined organic was concentrated in vacuo to afford an oil. The oil was purified
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successively washed with 1 N HC1(200 nL), water (100

m.), 5% NaHCO3 (100nL), brine (100nmL) with 10% Na2SC3
W@ 1@8/0m337 t hen brine (100 nmL), dried over Na2SEy/US2007/018471

filtered then concentrated in vacuo to an anber

liquid. - 146 WD 2008/024337 PCT/ U82007/ 018471
by silica gel\ghsoraatpgrienby WPEM/ NS AsOH 9Im:9:08ne Raat: 2(035)4@ afford 75

added. The m xture was stirred
mgof éo égmhélﬁ ﬁjen "luted with EtOAc (10OM), washed
PatIh water (Ix) then 10% Na2SO3 (2x), dried over

Na2SO4, filtered and concentrated in vacuo to an
anber oil. 5 This oil was restored in acetonltr,l,l s

m.) and AgNO3 (5 0g, 29 mmol, 1.25 eq) was adde h¥&!
reacti on.Was, rred erni ght at rt then partitigned
bet ween_ Wt er “and dj ethyl ether (\m5‘®°ﬁ’_ The
aqueo I a er was separoat anet washed _dreee 'gor e’ t h
et her ™. The combin organic |la .

washed \M*Q i ne (2x), driNed over NaZSHHfl cl::red
and concenfrat €8 in vacuo. The residue was puri d by

flash 10 chrwamat ography (E#QAC in Hexane gr adient

f 4.2 I

1 qu dlesk Peptamingsaes ledidie AE@stime 68 il 6o Blrpegppronate 49
(ap 0:06SnmoP 9.5Feq)2 oﬁsQ%HDacJeza%e I(5 Hng 5:048 BhmbE 31 2"Q) cesium

NH 121 N|tr|te12(800 , 1. 05eq) wa

cattiopsigl (3@ ang, 9. I3VBOOL,53 eq))and Rd( f)fdﬁ(dgm &tinel, 0208) Was purged

wilpprgn g BRSO, G PEAGH: a6, SR Brired v AT hetled e i for 3 1 anc
théf-doAdtHtoet! m&&cﬁﬁlnw whs dilgkdWithebO®1 (108mX.),30atét-{5 mI@nd the pH

conbi ned orgam C I%/ers were washed with saturat ed

wasaadnoted( 10,0.S Wikt @ N 2301 Bhelagiconephase w)as egjtraeted idrDCM (2 x 10

2 fil d_and concentr.ated. t ry, The
miPER0 e G fRE ool BRECTAMRD SRR BBk YRO Rk M ouer MesOL
filfeddd a(xﬁl&%naauraeedaﬁ vaéhb faford & defk) broWn oslf rrues kd3@1tin@ | 0ilen®s purified
(20 mL). The solution was concentrated and the residue

prfi!ﬁsmqhéfanﬁygmp@s@ Vo R ohMpA) tEaltnd | nmigesdaompound 111 as a

0% 30% to afford I actone 123 (923 ny).
YRy R e £ 0 N 0 B0 NO F N, O

Pad ;3 H O O HO OH
. | o) l!l o
P
e S
/N\
NN SN0 O
NP -
HzN 4y, N
4 N N p
N o AN Hi{
y HO—
' H

tH Lo
111 112 100

To a solution of 111 (8 mg, 0.02 mmol, 1 eq) in DMF (1.5 mL) was added HBTU (9
mg, 0.02 mmol, 1 eq), amine 112 (4 mg, 0.02 mmol, 1 eq) and EtsN (4 mg, 5 uL, 0.04 mmol, 2
eq). The solution was stirred for 2 h, diluted with water (0.5 mL) and purified by reverse-phase
HPLC (MeCN/water with 40 mM NH4HCO,) to yield 7 mg of compound 100. Yield 67%. MS

(ESI(+)) m/z 828 (M+H)".

Example 57
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Lactone 123 (923 ng, 1.83 mmol, leq) is dissolved in
wapms8:3a1.) and HCL6N (0.6 nlL) is added. The spCTIUSIN7/018471

is stirred at roomtenperature for 2 h then diluted

with DCM (100 nlL) and washed with 5% NaHCO3 (3x) and

brine (Ix), dried over Na2SO4, filtere and

concentrated to dryness. a solout ¥orr of the

residue in dry D MaS agted »H\§ol ution of (+)-

i sopi nocanphey!l ari ne 567 mbLy_ 2 eq)

previously treated i (npl) with

trimethylal um numin hexath o(2.0.M 1.83 nL, 3.66

mmol, 2 eq) for 15 mn. The }S-PO| ution was stirred at

rt overnight then diluted wi dry DCM and quenched

Wi 1 Ipre RSNt -ah Ohiid donls Fashidid a§ d&6&bed 119 Eﬂﬁm%l-crh? usmg (R)-N N'-

m xt ure was stirre VIgOUFOUS Yy at rt for
dimgthyk3-pHemydpOphne- b2-di4mint i int plate of(S)-OBAE gt temlmdthylpentane 1,2-

.dryness t | due i flash
> dl%ﬂ%SﬁiieHgg%h%g%&gyr"@pm ﬁ@%@r -adient 0% to 80%
to afford 994 ng of 124. Yield 71% Part GF Fi |I O
OBr 1. ArB(OH)2, Pd(dPPOExgmpleifo08 O 0 N N Ove 2.
H2CO, NaHSBCNNOw H HOHOHO=HON OHHOH 124
125 15 A flask containing brom de (360 ng, 662
nmol, 1 eq), 3-am no-5 carboxyphreny ic acid (240
ng, 1.32 mmol, 2 eq), cesium boHate (383 ng, 1.99
nmol , 3 eq), potassium acetwabe (65 ng, 662 nol, 1 eq)
and Pd(dppf)Cl2 (48 ny, 66 nol 0.1 eq) was purged
wi th argon and DMSQASyNLY mels “added. The reacti on
m xture was added toynase :K‘QOO m.), acidified with
6M HCO until the aqueussO.- r W&ed a pH of 4, 20
and extracted with DCM (3" x m)I The conbi ned
organic layers were washed with wat er (1 x 100 ni)
dried over Na2SO4 and concenitéted to a brown oil.
Thi s, _crude, oi l s di sol ved . in ‘l;/EQiPéaO m_%i and
t r e ERATHH IANIOA g?%Ss aphioggydesgiped i Exgynples7baising pempeynd 60 in
10 pmcé%% demp@uﬁé ﬁnind sh@cxﬁf}) amén§t gir wg}:ﬁf?gégfegt y&lﬁgéi%s % Yield.
M&(OE&i(h)) m/he770é’a(cM+Id)1 m xture was partitioned 25
bet ween water (50 nL) and DCM (20 nlL) and acidified
with 6M HCO until the aqu&ruspldsgyer attained a pH of
4. The |l ayers were separated and the\aqueous extracted
with DCM (3 x 20 nL). The conbl ngd organic |ayers
were washed with water (I x),Ndr el \ Na2SO4, and
concentrated to a brown oil. s Bi " was purified by
silica gel flash chromat ongaégh

o] I

7

15
Prepared in an analogous fashion as described in-Example 37 using compound 61 in

place of compound 70 and 3-(dimethylamino)propanoic acid in place of mono-
methylsuccinate. 28 % Yield. MS (ESI(+)) m/z 849.6 (M+H)".

Example 60
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- 148 WO 2008/ 024337 PCT/ US2007/ 018471
(DCM MeOH/ AcOH 90:10:1 in DCM 0% to 100% to give 119

worgnoga313as a brown solid. Yield 29% Part H FPCIDUS2007/818471

OCOHHNMN FI 0O 126 ONHNO Ow NNOw H HO,N,
Et3N, HBTU HO H OH HO N~, H OH 125 117 5 A sol ution
of 123 (33 ng, 53 i.nmol, 1 eq) in, (1 L) was
treated with Et3N (22 L, 158 pol | 3 _ek), dianine 124
(11 mg, 79 nol, 1.5 eq), and §30 ng, 79 gnol,
1.5 eq). After 3h, the mxtMu(rje as concentrated to
dryness. The resi due was purl by HPLCto afford 1

(6 mg) after |yophilYzatign, /rheld 15% M (ESI(+))

m z 755.22 (M+H) +. ,k R N NN O | / H HO
HOiN 10 = H OH 1261 REepared in an anal ogous

fashi on as described in Exahpre” 1 using 2-

phenyl et haneam ne in place of

(S)-N,N , 4, 4-tetramet hyl pentpge- 1, 2-di ani ne. Yield
50% 15Exan‘p|e63F/O‘ NO(]\I(]VEHN HOHO

H NHrepazed ingem anglogous fasteon apdesvebedan Exampy 54 ugagrompyund 61 in
pidce’ of! conBduhd 70D BrhBlieralSh plake bri&budBdehyde. 36 % Yield. MS

(ESI(+)) m/z 777.6 (M+H)",

?@Mﬁ

Part A

OH

OH
/©/Br paraformaldehyde OHCI|:|/E"
F

MgCly, Et;N F
118 119

To a mixture of MgCl, (2.0 g, 20.9 mmol, 2 eq) and paraformaldehyde (0.943 g,
31.4 mmol, 3 eq) in THF (50 mL) under argon, was added triethylamine (2.92 mL, 20.9

mmol, 2 eq). The mixture was stirred at room temperature, under argon, for 10 min and
phenol 118 (2.00 g, 10.5 mmol, 1 eq) was added. The reaction was heated to reflux for 2 h
then allowed to cool to rt. Diethyl ether (100 mL) was added and the solution was washed
with HC1 1 N (3 x 100 mL), dried over Na,SQ,, filtered and concentrated to dryness to
afford crude 119 (2.07 g) which was taken on without further purification. Yield 90%.
Part B

OH OH
OHC Br  Mel K,CO; ONC Br

E F
119 120

To a solution of crude phenol 119 (2.1 g, 9.5 mmol, 1 eq) in DMF (50 mL) at rt was
added K,CO; (1.88 g, 13.6 mmol, 1.4 eq) followed by Mel (0.848 mL, 13.6 mmol, 1.4 eq).
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- 149 WO 2008/ 024337 PCT/ US2007/ 018471 To a sol ution

of hydroxylam ne 121 (12.3 g, 49.2 mmol, 1 eq) in
w@nivgaizss di et hyl ether (270 nmL) was added tPeT/Dsi0hy018471

ester (7.68 g, 63.9 mml, 1.3 eq) and anhydrous

cal cium chl oride (7.

10 63.9 mol, 1.3 eq). The )
ThegSRaIOBTHUEE e sUed 3t §0 Xelndar asoror tSéw%zta@ra Agenched with 6 N
1) PR RSB LY 450 85l e Bty ot o

100rgBY)) iPosledasg irhemwex@rwsshéd atithdwater @rymesraL) ﬂleﬁﬂirﬁlleT'(IOOmL) The

crude 128 (15 whi ch was taken on W|thout further
soBitions Wesatlriesh OVfFraN@zS@, fijtgred gnd ¢ommentrated tgqdoyngps. Ihepposidue was

ol S oy O T ISR B TR o 102

of prdduct t20al Yiehid2%.12. 78 g, 59.0 nmmol, 1.2 eq) 15 and
Ti(iOPr)4 (21.62 n., 73.8 mmol, 1.5 eq) were dissol ved

PargCanhydrous THE (100 n) and heated in the nicrowave
at 140 C for 10 m noghe reaction mpdhur @unas dil ut ed
W t h Et mc (30 q1¢_ HCI.NH,0H Br
3- (di met hyl am no) - pr oW(so was added.
After Stll‘l‘lng ovenni ght, the mi xture WAS vvashed Wi th
Rochelle's salt, water and brine. The m xture

t herAldphyderi2d (beg. 435 mmel.alnenhvand hedroxylaming b)«troclwam@ (364 mg,
s 308kl ) A ARSI OIS0 L2 YTl o vas

stlg‘)ed\&hl'tcﬂ@r \$agin thak Qrbrmalvdftrﬁéth%l cfrulligeh@fd swdrunﬁ lc?zﬁfo'b@ﬂ)hydnde (550
Part C F\ | F Br

mgyRE wnel, R eqpprere addedsgTheppt WbaSaadafltﬂtqsit 'iOo?h agg thea@%ldhég ruby red
T

ARéristifxth for 2 pansthenmetied uf sodi@h chafobdeshydride (389 mg, 6.07 mmol, 2
reacti on was then basified to pH 7 with saturated

eqhamaceddesn d Adier stireing dorni hihepunare wes Pliged on gaphrcgnsieg with THE.

TS 44! B €K OB BEE 0 P . s

Podtednerganicd here wadl&:dpwﬁﬂ Uedten\EB ), Pbtirief hrﬁﬁtl’by drledsdver Na,SO,. The
chr omat ogr aphy OAc i n Hexane gradi ent, 20% to 40%

cryds gtpflgqtdquswr(t(iasi By psh Wr@p@togi%hy (EtOAc in Hexane, gradient 0% to
70%) to afford 703 mg of hydroxylamine 121. Yield 64%.

Part D
1 Cl Pyridine o
on ) er/\g/ Jridine oo
/\=/\OTBS R
2N /\:/\OTBS
6 )} Nal
3) AgNO3 122

A solution of allylic alcohol 6 (5.0 g, 23 mmol, 1 eq), pyridine (3.75 mL, 46mmol,
2eq) and DMAP (281 mg, 2.3umol, 0.1 eq) in DCM (120 mL) was cooled in an ice/ water
bath and bromoacetyl chloride (2.47 mL, 29.9 mmol, 1.3 eq) was added. The solution was
stirred at 0 °C for 30 min then allowed to reach rt. After 30 min, the reaction was
successively washed with 1 N HCI (200 mL), water (100 mL), 5% NaHCO; (100mL), brine
(100mL) with 10% Na;SO; (100 mL) then brine (100 mL), dried over Na,;SOy, filtered then

concentrated in vacuo to an amber liquid.
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Part DD 5 F\ | FBr NaN Br O N Ow - 0 NOw 0~

CO DMV, J-- "SOH ~--"~N3 130 131 To a solution of
wo a8om337130 (6.6 g, 16.91 mol, leq) in DCM (17(1T/Im3007/018471
was added 10 Hunig's base (8.86 ni, 50.7 mol, eq)

and tr| fl uor omet hanesul f oni ¢ anhxdrl de (3.43

m_
Thig liguid yyas dilutgd wvithrpgetone (40sml) and Nal @4 23 mHFﬁ]el eq) was

adQﬁ%Wﬁﬁé%% %@Sq\b}g@%g"i@é ﬂ%?\y{tf?%'@k‘égﬁﬁfr@ﬁ)%ﬁshed with

waelde) theal 16% N4,80; @9 dht@lhiveﬁNa{SﬁmﬁIt&lé@ ahdtoétcentratb®in vacuo to
reaction m xture was washed with NaHCO3 and bri ne,

an@mbgEodver Na2SO4, filtered and concentrated to
dryness. The crude 15 product was purified by flash

chr olas oigwap regtored mm@etlonltl&l@Xé@l L) gnd digd(ds (3(9% 2DmBEH) 1.25 eq)
waé%gdgf LI% cgo%&vas 6“?(%#\%\6 Le t at %%l(g} E’%{E q;%é Mﬁnwtér (200

mﬂ%d]diah?lcbtﬂ_& (BSGRLY tI“hQ Bqlﬁ'fouﬁ el WaDIPAGRARIAG Ya8Réd $hce more

(1 m., 23 Mol , 6 eq) HE (10 nlL) was added
wih gmr (80 OEL)nIhe qomlrined qznemlc GW@E wigre Wasksedaith biriee (2x), dried over

fr30 m nut.es a Salhen
NPk e diogitiaR ybeoanhe s tGs et pUFEed B pih s
chﬁﬁﬁkitb@rﬁpl?—y 0% -in Mesitel baditnPfromma®h e 0% Paffdrding 122 (3.27g) as a
1 eq) in THE (5 ) was added and the mxture
clmbqg@, 58%r 30 nminutes at roomtenperature. The
P r%\ctl on was diluted with EtOAc (35 nL) and quenched
the addition of saturated agueous Rochelle - 151
WO 2008/ 024337 PCT/ US2007/ 018471 salt (35 mjy) ard the
m xture was rapidly stirred overnight. The m re was
extracted ng d| ethyl ether and the pogle ani cs
were wash Water and PHBY¥ brine, &, aver

Na2SO4, filt red ah)i’concent,raied to drypes

crude mat SiNf’aI was purified b | ash chro @J’;gfaphy
(Et OAc in Hexane, gradient 10%t®30% to afford 132
(0.42 g). Yield 5 61% Pant™FM016'0 F/ i t F/ 0O

121

Nitrite 122 (800 mg, 2.50 mmol, 1.05eq) was dissolved in DMSO (5 mL) and
sodium acetate (308 mg, 3.75 mmol, 1.50 eq) was added. The solution was stirred at rt for
30 min then poured into brine (30 mL) and extracted with diethyl ether (3 x 30 mL). The
combined organic layers were washed with saturated NaHCO; (1x), water (2x) and brine
(1x), dried over Na,SOy, filtered and concentrated to dryness.

The product was then reacted overnight with hydroxylamine 121 (588 mg, 2.35
mmol, 1 eq) in refluxing toluene (20 mL). The solution was concentrated and the residue
purified by flash chromatography (EtOAc in hexane, gradient 0% to 30%) to afford lactone
123 (923 mg). Yield 78%. |
Part F
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Br N\ 0O=0CH"",NNOw GHNN, O HO HO HO
Pd(dppf) Cl2, Cs2CO3, KOQAc, DMSO HO N3 H N3 132 133 10
wao2doB@as#s3tont ai ni ng aryl brom de 132 (470 ng, BCBBS2007/018471
mmol , 1 eq) 3 am no 5- car boxyphenyl boroni ¢ acid

(36 1 ngy cesi um car bonat e

) 80. 8
Lacioge 1&%?23 rggeh§3 mmlalego irdigsobted e THEXB ml) and BG1 6N (0.6

mﬂi*&% addérd 5r1{°eq§oé A P%aﬁgga gﬁogn fﬁ%}é’% {[% &%7}1 ggﬂgiuuﬁe}a With DCM

(100 mmr@dvmshb@ash&ﬂS%aNaHoos:(mrana bringr($x), thied v NaBO,, filtered
m xture was added to water (10 nlL), acidified with 6 N

and sopgentrated ite dgyRessaqueous | ayer attai ned a pH of 4, and
ext rac h h .
or gaﬁ %eﬁ%yyg&lsoﬁh%%\%gé%é}j%% ?ﬂhé M (;B &L)se%géd@gaa solution of (+)-

1sdjj’1m®dm©h@ﬂalhhﬁ$®ﬂ4 il BI66rrﬁﬁhol &n@h)@ﬂﬁ@ﬁﬁly &ézﬁéd ﬁrﬁdry DCM (6 mL)
¥ness The cr ude mat er was _pur

ym 1 pexes el OI-MX &isé mbf %céﬁ é!iiﬂlols @%Q) 6015 bygnin. The

AR L4740 43 gl 14 L 70, s o

N&EON1OBXDA(59 gHB.HAmMANS 1 Hed3 Tha thitidirel ¥ds sttrrell5\2godt\ﬁllsly at rt for Sh
/ 024337 . .PCT/ US2007/ 018471 A sql ution of

th%P 18@6 CZ?H&H T/ g3te s B@Wepﬁafﬁﬁ)to %)gle%%%tga rwqqq ‘purified by

%M&ﬁoﬁéﬁ%ﬁ%éﬁ 3! exaﬁ Ldlent 0% t% 880/3 to affO(c& 89% mg of 124.

S) N1, NI o ane-
Yielgl, 7106.149 mmol , 1 5 eq) and HBTU (75 ng, 0.198 mmol, 2
Peq . After 2hours, the m xture was diluted with DCI\/I

m.), washed with saturated K2CO3 sol ution (15 nl)
and 5 ext r:ai ed with DCM (2 x 15 nlL). The conbicned

grganic la were dried over Na2804 flltere
genfr at’edy’t & di WRRHS. paddp6ers
pfm '&a GMeash2. Hmrr@ﬂﬁt:f@)grap (l\/b OMe
~ Y%

to 5% to afford 134(43 rrg) |e d°53%

OHEO '-~SHFO OHO NN L

DBU N N OVe H N
124

125

A flask containing bromide 122 (360 mg, 662 pmol, 1 eq), 3-amino-5-
carboxyphenylboronic acid (240 mg, 1.32 mmol, 2 eq), cesium carbonate (383 mg, 1.99
mmol, 3 eq), potassium acetate (65 mg, 662 umol, 1 eq) and Pd(dppf)Cl, (48 mg, 66 pumol,
0.1 eq) was purged with argon and DMSO (5 mL) was added. The reaction mixture was
added to water (300 mL), acidified with 6M HCl until the aqueous layer attained a pH of 4,
and extracted with DCM (3 x 100 mL). The combined organic layers were washed with

water (1 x 100 mL) dried over Na,SO4 and concentrated to a brown oil.

This crude oil was dissolved in MeOH (10 mL) and treated with HOAc (38 pL, 662
umol, 1 eq), 37% formalin (493 pL, 6.62 mol, 10 eq) and sodium cyanoborohydride (333
mg, 5.29 mmol, 8 eq). After stirring at rt for 40 min, the reaction mixture was partitioned
between water (50 mL) and DCM (20 mL) and acidified with 6M HCI until the aqueous
layer attained a pH of 4. The layers were separated and the aqueous extracted with DCM (3
x 20 mL). The combined organic layers were washed with water (1x), dried over Na;SOy,

and concentrated to a brown oil. This oil was purified by silica gel flash chromatography
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O HO HOHON, H N3 134 NHg 135 15 A solution of 134

(43 ng, 0.053 mol, 1 eq) in DVF (4 nL) was treated
waowadok/oglizshi ot hreitol (24.5 ng, 0.159 mmol, 3 epQT/E@8107/018471

DBU (23 9 L O 159 mml 3 eq) and stirred at 0 T.

urified by HPLC
(DonM/é\f%OIié@QIi 99 ng) h lafJMa, p"/q t)@o]rﬂQl/?)l t2 &iyeohl9 medi2d as a 'brown solid.
Yl%ﬁ}&@‘% M5 (ESI(+)) mle 788.13 (M+H) +. Exanpl e 64
.. NNOOwH N HOOH 20 136 Part A -153 WO

PaPf8/ 024337 PCT/ US2007/018471 / \ | OH OH 1) Bac20

IR (R 0. (R ~RHN Si \, HzN OH 2) TBDPSCI,

Imdazole olt,0 1 / 137.438 Am nodiol 137 (5 0g,

29 9nmol” q) was dissolv diin MeCH (30nL) a

erdut i pate ("7 18y, 32.9 .1 €g
heons ion was sti®fed at u@ ?brNZhOMt @
. “ e G
cq_ggen t ed 0 dryness. ebheswesi due Was N\t aKep 1nh T

(120nLy 'ewd i'm dazol € (4.48g, 65.8mol, H-2¢ wad'~
added. The 2§o| uti on was cooled in an |ce/ wat er “bat h

and ter-butyldlphenyIS|IyI chloride (9.86g, 3%.9muol,
1. 2efypolutien afitR3(33mg 58 @tnmh beq)iin DS (i mipbuyas titated with Et;N (22

i 58 ety L&Dy P43 ) migs 75 fimale s e and RG0S, 79 pmol,

1. é%@l %]3% %ﬁ%ﬁ(ﬂf? 725 WrlcBtrfied {O%r?% \31‘ Hehe&li§d\Gas purified by

€ COo |ned organi cs |ed over
H]PkIaQ Sufforﬁl 1 (6ang)hftes brophilizatidre ¥icldH6%. 84S (ERI(+nsi/z 755.22 (M+H)".
purified by flash chroth@(l—bx/EtOAc 0% to
2099 to afford 138 as a c oil (6. 15g,
12. 1mmol ). Yleld 41% Part 0O HN 1 O (R (R
O TsH ©~ (R ' ~ Ti~/\ 2)

TBAFOllOlSlb/\(
o]

126

Prepared in an analogous fashion as described in Example 1 using 2-

phenylethaneamine in place of (S)-N',N' 4,4-tetramethylpentane-1,2-diamine. Yield 50%.

Example 63

TS
SH¥gaes
. H
N N__ OMe N
H 0
HO—/" AN
iHToNH,

Part A
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Compound 138 (6.1g, 12mvol, leq) was refluxed with
2, 2-di met hoxypropane (2.96nL, 24.1mol, 2eq) in
wao edosems3371 60nl) usi ng par at ol uenesul f oni ¢ aci dPCT/US2007/018471
nonohydrate (23ng, 0.12mmol, 0.1 eq) as a catal yst.
After 30mn, the reaction was allowed to cool to rt

t herir %gﬂé@owf hydsox yermioed 24 $k2&m #9.2 mampk il eg) (0 &lﬂryéyous diethyl
et );ness S whB SRR bk hlilies ra@%s"é’j%g@%@ﬁéfq 3 99) and anhydrous

caﬂclwc&cdrmel(onoog 639 iyl aBTed) The rtddtioh i rixtua svaddiedd at room
(60nmL, 60nmmol ﬂadh The solution was stirred at 60C

temperatike 97k hpuss a eivéiltgred theoyak adCelie plymptTheyfiltrate was washed

. n .
SRR el AR BRRTEA! HIesBELIRED HRAED o cvan
cradiedl 28h@ 5 26wy ohichewds talednash withidut fiaHEE gufiffediionl.) . The
conmbi ned organi cs were washed with brine (Ix60nL),
dried over Na2SO4, filtered and concentrated. The
PdreBi due was purified by flash chromat ography
(Hex/ Et OAc 0% to 40% to afford 139 (3.13g, 10.2mmol)
as a colorless oil. Yield 84% - 154 WD 2008/024337
PCT/ US2007/ 018471 Part C. ja(")O . TsC, Et3N, (R 0.
N N O SO O O DVAP 0 LO 139 140 5 Al cohol &% 3. 13q,
10 2mol g and tosyl chlorigge £28s13g, éjgknml
.1 eq) are;\ sIved I nTidel] (2Qpk) theq t pyl am ne
(2 84nL, 26 P°(124rrg,
| mol , O | eg)+Vele Badded Tidigange soluy oRas
stlrred at rt foPM%h then diluted with C (60nL),
washed with HO®1 N (3x30m.) and brine (Ix30nL),
dried over Na2SO4, filtered, concentrated. The residue
was Mittoné il 281 (18y75 &R ﬂqﬁldt h]r éq)m}%baawwo( Hiex78E, GA© iffol, 1.2 eq)

ffard

ang iOPD V8 b h A o3 ool .5 ) Sere Yy ohyoaiia anhydsees THE (100 mL)
an?;tlegtgd :l-rf' g-m]c%?’lwav]esat h%o aC lggfgl %8%&1519 %Jitﬁfas)(v&sd'@lluted with
EtOcuBD mL)m‘nddl-@Bhﬂ\hyhmlth I hp%ﬂﬁmﬁ(ﬁﬂr(ﬁo nil)Avaxcddded. After stirring

20eq).. /After 44h, the solutio concentr ted nd
OVEHHS te@’?dﬁ‘ét%ﬁ i paatios, with RoRhel i ol 9@iea ghg Dripext rfaixture was
th&P Al W%%%d%as%@d %@1 @t%ﬂié) WS arldOnat fbﬂflg ”ﬂifelorgamc was

(2.46g, 7.36mvol) as a clear oil Yield 83% Part E.
dr}d@l oveION2;SO4 @nd Rbndentrated \to dryness to obtain crude 129 (24.82 g) which was

taken on without further purification.

Part C.

To a solution of lactone 129 (4.82 g, 49.2 mmol, 1 eq) in THF (270 mL) was added
concentrated HCl (24.6 mL, 148 mmol, 3 eq) and stirred at room temperature for 1.5 hours.
The reaction was then basified to pH 7 with saturated NaHCOj; and extracted with EtOAc.

Pool organics were washed with brine, dried over Na,SO,, filtered and concentrated to
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NN/ /g (RN HZNO 0 141 142 25 - 155 WO

2008/ 024337 PCT/ US2007/ 018471 Conpound 141 (487ny,
wa2esnesB] | eq) was treated with a 4. OM sol ut | PCT/0820p18471

in dioxane (5nL) and water (1OOL) at rt for 1h30. The

solution was then concentrat nd _dried under_hi
dryngss.uhhe an@st%fpﬁuqth‘@a%yem%%gwrf? h dwremaipgrapby (B m Hexane,

a quantltatlve

grgd“éé'rﬁw %’r‘f"”"@eff@“ﬁg‘f@’@% YRAT 1A pOH/ OM N _O

(]VE NI HZN 142 N\ ,N O Ow H HO(}IH~N~, "IN, HN
P / \ 10 HBTU, Et,N 136 10 Acid 10 (30ng, 49nol,

8%y, anmine 142 (14ny, 59nol, 1.2eq) and HBTU (22ny,
59nol, 1.2eq) were dispersed in DCM (I nL) and
triethylamne (41L, .295mol, 6eq) was; added. The
reacti on was stirred rt for 30mn t concentr at ed
to dryness. The 15 rresSy dere wWaeds puri f i gdybyer HPLC to
afford 136 (13ng\_18pm) a‘l’yé’ iN 2%d powder .
Yield 33% M5 (E e 2B 4, Exanple 65 F
oHO, O N NNC]\/ELHNII HOHO|I\B OH’20 143 Part
A. - 156 WD 2008/ 02#337 PCT/ US2007/018471 HO,,. \ F
H2ZN F OHO,,. 0 42 N

To a solution of lactone 130 (6.6 g, 16.91 mmol, leq) in DCM (71 mL) was added
Hunig’s base (8.86 mL, 50.7 mmol, 3 eq) and trifluoromethanesulfonic anhydride (3.43
mL, 20.3 mmol, 1.2 eq) at 0 °C and stirred for 15 minutes. The reaction mixture was then
warmed to room temperature and DMF (84-mL) and NaNj (3.3 g, 50.7 mmol, 3 eq) was
added and stirred overnight at room temperature. The reaction mixture was washed with
NaHCO; and brine, dried over Na,SO,, filtered and concentrated to dryness. The crude
product was purified by flash chromatography (EtOAc in Hexane, gradient 30% to 50%) to
obtain 131 (6.85 g). Yield 98%.

Part E.

, F; $\
NH, 0 0 Br
"/N N\ OMe
H [o]
DIBAL _
THF MO~k
= 3

131

To a solution of (+)-isopinocampheylamine (1.22 mL, 7.23 mmol, 6 eq) in THF (10
mL) was added DIBAL (6.03 mL, 1 M in DCM, 6.02 mmol, 5 eq) and stirred for 30
minutes at 0 °C. The mixture was then warmed to room temperature and allowed to stir for
another 2 hours. A solution of lactone 131 (0.5 g, 1.2 mmol, 1 eq) in THF (5 mL) was
added and the mixture was stirred for 30 minutes at room temperature. The reaction was

diluted with EtOAc (35 mL) and quenched by the addition of saturated aqueous Rochelle
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ONOWw Il i OHCHICL, rt HONOOWw H'IN" HOO N-
HBTU, Et,NHO 11 |i OH OH 143 125 To a stirred
w@odosn24ssr of acid 125 (150 ng, 0.24 mmol, 1.0 BCUUSA007/618471
CH2C12 (3 nL, 0.08M was added triethylam ne (100
iL, 0.717 mmol, 3.0 equiv) followed by benzyl 5
sam(%%mh) and shey mpextyrg, was ramdbynssirred pvernighti The mbkdumepTag extracted with
S}
dice 0l ard: &P pORY orduplos S e Wiy HREfRy A aried over
Na@sr)@rﬁlt&ed afld cohddntrarediturdrgndss.atthe @ode ﬁmm@nwaatpaﬁﬁiem by flash

uo. The resulting oil was Eurgfled by HPLC 5]&%2
chr@wewp%(l%f%ﬁw Haxangs gradignh hRvooto) 30(%3 o gffordski2 (0. 42 g). Yield

6%:6' d. LCM5 (ESI(+)) nfe 804 (MtH)+. 10 Exanple 66
¥s=O- OHNO N NO OV H N, HO. OH 144 Part A 15
OH 1)Boc20 OH ) (R OH 2) Imdazole, TBSCI H2N HN
Pa‘ﬂF 137 0-1-0 145 Ami nodiol 137 (4.0g, 23.9mvl, |eq)
—was- di ssolved in MeOH (50nL) at 0OC and dlterbutyl
di carbonate (6.27g, 28. I, 1.2eq) was added. The
solution was stirred at ¢0¢ for 2h then concentrat ed
to dryness.. 20 The residde was taken in DV/ DIyB 2:1

e

(60m) and i azol e (3. , 47.8mmol, 2eq) t

te ty di i si | yPne de (4.33g 807 oy

1. 2ey oa‘d’tﬁed Thé sol #t i on was str'rN A4 e
I

over ni ggt fter 1w onm, AL Busom dazo eH&S g, M~
47. 8nmo 57 WO 2008/ 024337 PCT/ US2007/:018471
2eq) theq ter butyl di met hyl silyl chloride (4.33g,

28. 7mmol 1. 2eq) were added. After 3h, the reaction
was poured on saturated NaHCO3 (200rrL) and the

ool ! B PRt bR (B TRTINy TS BT S5
catbRR@plitny oeshic acid (36.1 mg, 1.24 mmol, 1.5 eq), cesium carbonate (80.8 mg, 2.48
mmol, 3 eq), potassium acetate (122 mg, 1.24 mmol, 1.5 eq) and Pd(dppf)Cl, (121 mg, 0.17
mmol, 0.2 eq) was purged with argon and DMSO (10 rnL) added. The mixture was heated
at 70 °C for 3 hours. The reaction mixture was added to water (10 mL), acidified with 6 N
HCI until the aqueous layer attained a pH of 4, and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with water, separated, dried over Na,SO,, filtered

and concentrated to dryness. The crude material was purified by flash chromatography
(EtOAc in Hexane, gradient 30% to 50%) to afford 133 (46 mg). Yield 8.5%.

Part J.

H,N

F F
A 0
&) 8 “on O R
N N_ OMe N N, OMe N
H P ! HBTU, Et;N, DCM Ho
. b ) ] N

133 12 134

- 152 -



10

15

20

The residue was purified by flash chromat ography
(Hex/ Et OAc 0% to 20% to afford 145 5 as a clear oi
W@ 7009024337 20. 7nmol ). Yield 87% Part B. o \ QrCT/UB20M07/018471

HNO HNOS HNOS [/ PPh3, DEAD 0 0 00l 145 146
10 Al co Q| 1 5.(2.08g, 5 .45mmol, |eq ht haI i mde
0. dbgoluf B 1647 9ae)0.0%6mmali bRahin DAY hine) was treated with

eSS, 3R AN A8 S 15 e

mg. 05144m}n01 11 2 eq)) andasBAUA@Sl nil, ONW8 Semol] Neq). e8fdri 0lbury)@lise mixture
stirred for 2h then a solution of tri henylphosphlne

was3didyted widhmRRIM @52@&) wnshﬁﬁiamls semyd ﬂ%@@a solution (15 mL) and

exgr(%%‘égﬂlﬁh]géé}g%% on éva %on} ué%i %ﬁgalnﬁfgq'fl%errs Yeﬁe % é/gs over Na;SQOq,

filEREL efdr @bsekntratedr ycne esENETHee Tredee H@sriglUkvaki 9dnﬂad by flash
flash chromat ogr @@(/I Hex/ Et OAc 0% to 25% to af

chyorgatpgrapigg(MeOH3 gradisnigl %4 904 %) rtaaﬁfor¢132(§43\m\g) \Nleld 53%.
01) HNNHp HNOS HNOS 0~10/ 2) MsCl, EEBNOO
146 147 Conpound 146 (1.379g, 2. 7mvol, leq) was

Part Kated with hydrazine hydrate (1.3l rrL, 27mol , |
Oeq) in refluxing ethanol for 2h. The reaction was
allowed to reach rt 25 then filtered on paper. The
filtrate was concentr d te deyness and the residue

taken in The, mi re shiltered on paper ang
the~filtra t dat ed toodryness.~-158 .
20084024347 bo7y 018477, Trie J? dge Nl
di s§olNe (20rfL)" and tri et hyl m?he -

8. 1nmmviP5¢;3 g) ten nmesyl chloride (0.4 ot
2eq) wer‘e addlediss The sol ution was stirred: at NWt ﬁor 1
h then sone nore triethylamne (1.13nL, 8.1 mmvol, 3eq)
and nesyl chloride (0.42nm, 5.40mol, 2eq) were
added. The solution was stirred at rt for 1 h then
diluted 5 with DCM (1 QOnlL) and washed with HC1 1 N
(3x301.). The conbi ned organics were dried over

Na2SO4, fj lsbﬁlgﬁi 0§1I]§4r 3G b{@%ﬁﬂm()he 7@9%&9]9%‘ (ATRL) was treated

purified b ash

w11100i%10ﬁ1@e1&>ﬂ {2181 nipy DF 99 Rk 6le 3 24Y akODBYBER3 . ILOENTIH hmodS3 eq) and
white solid. Yield 72.5% 10 Part D. 05=0 1) TBAF
stlrred at 0 °C. After 15 minutes, the mixture was purified by HPLC to afford 135 (4.1 mg)

after lyophilization. Yield 12.7%. MS (ESI(+)) m/e 788.13 (M+H)".
Example 64

: oHO.,.
4§ @ /
o N \
N__ OMe H
N o
/N\
Ho—4/ OH

136

Part A.
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0=S=0 ,,NH 2) TsCl, Et3N, ,NH DMAP HN O~ i HN 0/ S\

0~0 p 00 O 147 148 Conpound 147 (0.898g, 1.96nmol,
weeosmass3ti ssol ved in dry THE (20nmL) and a 15PdT/OB2007/018471

sol ution of terbutyl anmonium fl uori de was added

(3.9n, 3.9mmol, 2eq). The solution was stirred at rt

for 2h then its volune was reduce n argptary

evaporator. Th resi due was art iy, Réd et ween wat er
(60nL) and CHCI &glint). yer swlres’ separ at ed
and the aqueous %tedrmm@h CHCI3. dg@). The
combi ned organics were wWASHED wit i ne ("1x30nL),

dried over Na2S™4, filtered and conce tr'dted. 20 The
resi due was taken in DCM (ICnL) then tosyl chloride

5 orginodisl dF T dsecty §rp°18%o L oleles Esanyed BOMIFOIT (nplggt 0°C and
diteRd l@%nﬁ%%gg%ﬂng hélz Iwra %Q%&lt'_gE 5619{1?14' fral B6ifed at 0°C

dilu W
mahm&bnwnmw@hMQGMLmyndmled over Na2SO4, flltered

concentr at.ed e r.esiduye s_purifie h

C o TR GBS s (e B oM e Shd iz @ Be 1 a3 smangl, 2.2¢q)
we(s@d@é@ ThE-sBRATER Was %501% Wiad ReAPtdrdathYarfl - gﬁ\ﬁdl@@kﬂm 1 chloride

- 159 WD 2008/024337 PCT/ US2007/ 018471 0=s=o0

(9/86g -H0Omol, I1Neq) \Na$ hifded ldbla@aIBtion in BINIINE20n{L)0Th®sqluton was stirred

at gt gmgm|tll1eq1| %cﬁ%g Srd %lré ::)t‘ce)?rﬁthBO?@/ lg%tugedléns 7%%;]3}'14%(;]03 (300mL)
an@fth@éd'l@t‘i(m’é)éﬁbféﬁ with E-I}Cﬁ\c( &’Mbemby T%@"Eghlbnfég%géamc%f\%% dried over

h, the sol ution was concentrated and the resid
Nipﬁ&z,f ifdigregly ¢dnasmra¢¢dr ofeg (rg$lé11myW2(SD®M*lﬁn@I by flash chromatography

<“?C%¢§§O@ &”ﬁ%} ai@ 813 03 Seple i €1 B o fmrpal view 1%

=5=0i ,,NH N
Part B.
OH 1)_0 o— (R)
QI Q 3 ondD
_PTsOH N OH
2) TBAF o)\o

139
138 /$

Compound 138 (6.1g, 12mmol, leq) was refluxed with 2,2-dimethoxypropane
(2.96mL, 24.1mmol, 2eq) in toluene (60mL) using paratoluenesulfonic acid monohydrate
(23mg, 0.12mmol, 0.1eq) as a catalyst. After 30min, the reaction was allowed to cool to rt
then washed with 5% NaHCO; (3x20mL) and brine (1x20L), dried over Na,SO,, filtered
and concentrated to dryness.

The crude was dissoled in THF (60mL) and a 1.0M solution of ter-buylammonium
fluoride was added (60mL, 60mmol, 5eq). The solution was stirred at 60°C for 2h then its
volume was reduced on a rotary evaporator. The residue was partitioned between water
(100mL) and CHCI; (60mL). The layers were separated and the aqueous extracted with
CHCl; (2x60mL). The combined organics were washed with brine (1x60mL), dried over
Na,SO,, filtered and concentrated. The residue was purified by flash chromatography
(Hex/EtOAc 0% to 40%) to afford 139 (3.13g, 10.2mmol) as a colorless oil. Yield 84%.
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HyN N O-0 149 150 Conpound 149 (385ng, 1.04mmol, |eq)
was treated with a 4. OM solution of HClL in dioxane

W@ b@si43at rt for 1. The turbid solution was tPERUS2007/018471
concentrated and dried under high 15 vacuumto obtain
the hydrochloric salt of 150 (319ng, 1.04mmol) as
white solid in a quantitative yield. Part G o0=N=0 /

pp P 0=5=0 \ OH?5 0N H-No HNNOOw "' HIiNI

BTU, Et3N HN HO OH 10 20 144 Acid 10 (30ng,

49mol, 1eq), am ne (17mgy, 54nol , I eq) and HBTU
(21nmg, 54.tnol, lgh wer e dlspercﬁ n (I'm) and
triethyl am ne (M ® 2850mMak), enN, - 16 8/ 024337
PCT/ US2007/ 018471) 6eq) vva‘§—g‘dded The:”beactl on was
stirred at rt chr)\ O N t hen concf’e)ﬁ{atg,d to dryness.
The residue was i ed by HPLC afford 144
(11. 8ny, 13.6pnol) as a lyophilized powder. Yield
27.8% Ms (ESI(+)) me 863.25 (MtH)+. 5 Exanple 67 CH3
O:S—,GcbholFliﬂl-ﬁ‘a BgN10mhadMVited) andHodyl,chldride RID3gHI11.2mminol, 1.1eq)

1
are 1ssofAed in %C{M?:émg) Cﬂ_% trleihyumme (2.84mL, 20.3mmol, 2eq) and catalytic
DMAP (124mg, 1mmol, 0.1eq) were added. The orange solution was stirred at rt for 3h
then diluted with DCM (60mL), washed with HCl1 1 N (3x30mL) and brine (1x30mL),

dried over Na,SQ,4, filtered, concentrated. The residue was purified by flash
chromatography (Hex/EtOAc 0% to 30%) to afford 140 (4.08g, 8.8mmol) as a white solid.
Yield 87%.

Part D.

H
OT)EQ /@/ N o)
e ~N .
X Jo ®
N o‘s E— ><N N\
o)\o

o// 0\
O)\O °

140

In a sealed reactor, tosylate 140 (4.08g, 8.8mmol, 1eq) was heated at 60°C in a 1.0M
solution of dimethylamine in THF (88mL, 177mmol, 20eq). After 44h, the solution was
concentrated and the residue purified by flash chromatography (DCM and
DCM/MeOH/NH4OH 80:20:0.5 0% to 50%) to afford 141 (2.46g, 7.36mmol) as a clear oil.
Yield 83%.

Part E.

)
><0 ® He! HO..,
N AN _— NG

0”0 181
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Isl1 0=S=0 (R1 ~ F O HYNN," F/ CHN\ O CH 150 = 0O N
NOe NOw HNHO CHyClp, rt HO 11 HO HBTU, Et3N HO
wOoRMSQAA3EH 125 151 To a stirred solution of arCTUIRB7/018471
(59 ng, 0.094 mml, 1.0 equiv.) in CHzZCI 2 (3 ni,
0.03M was added triethylamne (40 L, 0.282 mmol, 3.0
equiv.) followed by benzyl 15 sulfonam de 150 (28 ng,
C(Qn dnTatl (480imds, X4 mb], ad) MBEUrdafcdl WBth #-410M BMlon of HCI in
equi v. ). After five minutes, the reaction mxture
dlme dbinlh @od wiatdr (@9@,(11)24t rivs Hdd0uThén soluaarewas thenawncentrated and
with so m sul fate oce rated i . Th
crfedaiiEs Fighareeum s Bl MedSopyhipE @53% i) S3gmol) as an
of@%ﬁé%a}ék @éuﬁn%mfgée@dl (15 7 ngy, 19%yield). LCVS

SI(+)) nme 8 +. 20 Exanple 68 -161 WO
2008/ 024337 PCT/ US2007/018471 O N Ovw H NO N,, N,
HO OH 152 Part A I | 0=Sso HO0 (R R (R RO.

P—‘%@l, Et3N, O, HN S HN Si 0"0 DVAP 00 153 154
Compound 153 (2.95g, 7.72mmol, leq) was dissolved in
DCM (30nm.) and triethylamne (1.18nL, 8.49mmol,

l.leq) a DVAP(47nmg, 0. 38 |, 0.05eq) were added.
ool ed WOﬁi cel/ wat er, bat h -@‘-
10 7. %2 \,qu)vvad :
tirred at rtigor 3h then t F‘arﬁ“ﬁ
1. Ho f ,OH8. TAAMot—tteg—and—rmesyl Iorol on
(0.60nt, 4.72mmol, 1 egqleweie added. The SOl ati oft was
stirred for 30min, then partitioned betwen water ¢
(30nL) and DCM (90nL). The layers were separated then
the organics were washed with HOJ 1 N (3x201), dried

Acid 10 (30mg, 49umol, leq), amine 142 (14mg, 59umol, 1.2eq) and HBTU

(22mg, 59umol, 1.2eq) were dispersed in DCM (1mL) and triethylamine (41pL, 295umol,
6eq) was added. The reaction was stirred at rt for 30min then concentrated to dryness. The
residue was purified by HPLC to afford 136 (13mg, 16umol) as a lyophilized powder.
Yield 33%. MS (ESI(+)) m/e 786.27 (M+H)".

Example 65
F J1o..
o g N
‘ H
N N OMe N
H 0
HO-: PUN
:H oy

Part A.
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over Na2SO4, filtered, concentrated. The residue was
purified by flash chromatography 15 (Hex/EtQAc 0%to
wQ@ae/o2433af ford 154 (3.16g, 6.87mmol) as an o0i PCT/¥EBbT018471
89% Part B. 0-0 (s) HN(R) OSi tBuOK ~N 0-)-0 4-0 )PO
S/ 154 155 20 Mesylate 154 (2,619g, 5.70mmol, 1 eq)
was dissolved in dry THE (40 under Ar and
pot assi um t er but oxi de (0. 15 0,7 5. 84mmol , 1.025eq) was
added dropw se as a sol utd, in dry THE ¢20n0l). The
reaction wasF* red at rt 8 3hthen que @- Wit h
ct edai th sn

wat er Org_)

pool e Niy C Sou hg%\g‘t‘h bryn
2008/ 45#437 PST/ USZ007/ 01 taN(|x3 :
Na2804 X (=18 and concentrated. The :r'és' Btue was
purified by flash chromatography to obtain aakridi ne
155 (1.96g, % 41mmpl) as a white wax. Yield 95% Part

C I o k(SPLfRL O ~ TWMBSN3, MOH HN IPo 0'S NO S X

252 8 stmed foiia oo 1L D mehed Mot gl A3 utcHucn (3 mL,
M) s R eehafih PLOOZHE, 0397 3B, 30 ki) Tollowed by benzyl

alambuuwmﬂ/\mg al24aned],t100 equiv) il HBTIU €r00CHBCcen6 rnaheld 1.1 equiv.).
The residue 10 was purified b%égl ash chromat ogr ap

Afteteld hpwmscthgorpacsiongupxturg vgstBugedawith (eHoAHs washed g 'Pﬁ water, dried

oy PR R ot U B g

(adifiic mdthod)\to afford 04d1ds 4 bfowrnloib ¢hY mgd 546 niehd), LEMSBSI(+)) m/e 804
di ssolved in dry THE (20n) and a 1.OM solution of
M#but yl ammoni um f1 uori de was added (8.3nL, 8.32mmol,
2eq). The solution was stirred at rt for 2h then |ts
vol ume was reduced on a rotary evaporator. The 20
resi due was partitioned b@vwegh sater (60nL) and CHCL3
(30nm.). The | ayers were

|
0=§=0
SUeY
), S O
v,NJBi\QOMe H N
H
N
HO— OH

144
Part A.
(R) —_— -
(R) : /
HoN OH 2) Imidazole, TBSCI HN 0‘/Si7<
137 o)\o

/\\ 145
Aminodiol 137 (4.0g, 23.9mmol, leq) was dissolved in MeOH (50mL) at 0°C and
diterbutyl dicarbonate (6.27g, 28.7mmol, 1.2eq) was added. The solution was stirred at 0°C
for 2h then concentrated to dryness.
The residue was taken in DMF/DMSO 2:1 (60mL) and imidazole (3.26g,
47.8mmol, 2eq) then ter-butyldimethylsilyl chloride (4.33g, 28.7mmol, 1.2eq) were added.

The solution was stirred at rt overnight. After 16h, some more imidazole (3.26g, 47.8mmol,
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separated and the aqueous extracted with CHC13
(2x301L). The conbi ned organics were washed with
Wheione2438x30m.) , dried over Na2SO4, filtered apd/usS2007/018471
concentrat ed. The resi due vvas taken in DCM (1 QL) then
osyl chloride $952 1. 2e(g),
26@1} thenrgr-bufyldemet ylfémchlww(ﬁn%ﬁge 28 diymeindi-26@) wese added. After 3h,

1&1?% 0 ilengRr} 's%tu?:%ecp Pﬂlﬁg‘r@ 4@6{)1%%2(%& lqla gﬁﬁ’\tlimo? ﬁxtracted with

EtD@M (Gﬁ!IFﬂn)L) Ths betibitiet lorddaics vere (113&!(12&'6;)1\13@3@4,11’11&&&1 concentrated
, dried over Na2SH, filtered concentrat

ThPH@SIFhé% was eurified by flash ehyomptography (Hrr/Siade é’?/aﬁﬂw%()%) £ afford 145
¢ fford 157 (886nmy, 2. Onmol
asgﬁggrﬁ%?ﬁglggorﬁmﬁ%?{ﬁw % - 163 W(ozogg/ 024337 )

PCT/ US2007/ 018471 Part E O HO (R (R (R (R 01 N
Cr)tg\0~ HN N\ O O 157 0 O~ 158 5 In a seal ed reactor,
—C{—Usyl ate 157 (800ny, 1.84mmvl, leq) was heated at 6OC
ina |.OMsolution of dlrrethylamneln THE(37m_

37mmol, 20eq). After 16h, the solution

concentrated and the residue i fi ecg I ash

chr omat ogr aphy and O 20: 0.5 0%
to 80% to affo '8(352 1.14 oas a clear
oil. Yield 62% (R)HN (R (R HN
N HZN 0~0 158 1@9 Cor‘rp nebn B8 (30 /ol , | eq)
was treated with aj (M sol ution of | 15 di oxane
(10m) at rt for Theturbld solutlo vvasthen

concentrated and dri ed under high vacuumto obt a| n

the hydraochloric salt of 159 (238 g
b AT WS (2 G5 Susmeriegl B ECPd Pom O SAipmoly 1 2eq) and

tn&@qz%%k%n%@@? SﬁNh"I{ﬁ\ll’o bZaEv?_ﬁe %1590_1@(? th erf THF %M under Ar

and diethylazodicarboxylate (1.04mL, 6.54mmol, 1.2eq) was added dropwise. The reaction
was stirred for 2h then a solution of triphenylphosphine (340mg,1.3mmol, 0.2eq) in THF
(3mL) then diethylazodicarboxylate (0.20mL, 1.3mmol, 0.2eq) were added. The solution
was stirred at rt for 1 h then concentrated to dryness. The residue was purified by flash

chromatography (Hex/EtOAc 0% to 25%) to afford 146 (1.38g, 5.45mmol). Yield 49%.

Part C.
|
0 0=5=0
‘\N _\\NH
SRS ,
0./ 1) HyNNH, HN Oy
HN Si —_— 4;\ / 7<:
/ 2)MsCLELEN 07 Yo
0~ 0
148 147

Compound 146 (1.379g, 2.7mmol, leq) was treated with hydrazine hydrate
(1.31mL, 27mmol, 10eq) in refluxing ethanol for 2h. The reaction was allowed to reach rt
then filtered on paper. The filtrate was concentrated to dryness and the residue taken in

DCM. The mixture was filtered on paper and the filtrate concentrated to dryness.
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NN Ni \ HM OHHO OH 152 10 ' 20 Acid 10 (40ny,
66nmol, leq), amne 159 (18ngy, 72nol, 1l.leq) and HBTU

W@ 200819243320l , | .1eq) were dispersed in DCM (| pdd/uszed7/018471
triethylamne (27L, 197nol, 3eq) was added. The
reaction was stirred at rt for 30m n then concentrated

to driignesidue s dissolygd ywoDAGg20ma3 3nd pasthylgmars7(lotBealz,18. 1 mmol,

3egg?ﬁeﬂ %es??&ll?ty%ép{g zleﬁi}lg)és K 61\1?58 , _%ecf)%llée%f% gdécﬁ%”[{m%ggﬁqtlon was stirred at

rt (fElSII(H)t)leﬂﬂsernSQﬁor34tr(eMWé)nhne Exaonile SiﬂnﬁhoHQbeq) andi mfi@ﬂi chloride
N NIO O HN H NI HOOH5 160 Part A

(Oéé@i@ SeH9mmedy 2eq) vrey gddedr Thgsolutan wesafinest at1137f011é1b then diluted

A ] B | 80, DS3EARS Gics ver

dr&dSGmmlNaZSOQSﬁdﬂeredhamdt(rdneéxhydtam Tke (r]:sﬁlt?ﬂwasl&ﬂiﬂiﬁled by flash
The reaction was stirred at

CRTLAIPERPIY FUBIONG B 1Relb0M) b ebardipnisoide GHLR98g, 1.96mmo)
aswm?e%a%&leﬂ'&% 3o,N (3x201) and brine (Ix20mi), dried
, T

over tered and concentrated to dryness to

afford 161 (1.35g, 5.05mml) which was used w t hout

further 15 purification. Yield 84% Part B. OH OH OH
PargD. 1(RyR- TsCl, Et3N, HN O, HNO SO O-'' DVAP 0 O

o=é=o 1) TBAF
NH 2) TsCl, E4N,
, DMAP /©/
0.
HN i
A7 L

0 0

147 148

Compound 147 (0.898g, 1.96mmol, eq) was dissolved in dry THF (20mL) and a
1.0M solution of terbutylammonium fluoride was added (3.9mL, 3.9mmol, 2eq). The
solution was stirred at rt for 2h then its volume was reduced on a rotary evaporator. The
residue was partitioned between water (60mL) and CHCl; (30mL). The layers were
separated and the aqueous extracted with CHCI; (2x30mL). The combined organics were
washed with brine (1x30mL), dried over Na,SOy, filtered and concentrated.

The residue was taken in DCM (10mL) then tosyl chloride (448mg, 2.35mmol,
1.2eq), triethylamine (545pL, 3.9mmol, 2eq) and catalytic DMAP (24mg, 196umol, 0.1eq)
were added. The solution was stirred at rt for 4h then diluted with DCM (60mL), washed
with HCI 1 N (3x20mL) and brine (1x20mL), dried over Na,SO,, filtered, concentrated.
The residue was purified by flash chromatography (Hex/EtOAc 0% to 30%) to afford 148
(713mg, 1.43mmol) as a white solid. Yield 73%.

Part E.
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161 162 20 Conpound 162 (1.13g, 4.2mol, leq) was

di ssolved in DCM (20n.) then tosyl chloride (0.97g,
w®20081024337 1. 2eq), triethylamne (1.2, 8.5mMmuPCT/BELY)P7/018471

and catalytic DVAP (100ng, O0.85nol, 0.2eq) were

added. The solution was stirred at rt for 4h then

diluted with c(=$9m_), washed wth LN (3x20m)
and brine (Ix LWNH dr ovef Na2S £ Eht ered,
concentrated. Thell @si was” purified by]fl/ash

chr onat ogr aphy )—\1655/3\1{0 20087024337 PCTWISz007/ 018471
(Hex/ Et OAc 0% 9 50% to afford 162 (0084, ' 2. Qmol)
as a white solid-\VYield 47% Part C. | QiN““\ | OH
(RR (R 0" U(RR (RN HNSHNe 'bOOOO 162 163 5
Tosyl ate 162 (0.88g, 2.09mmol, leq) was dissolved in
y ( °C i
addelg%o%gdgg%&?ﬁ gé}s?&ﬂ%és]lhglqlﬁ g‘%m} 43@8%:310ve Y%shelt%?ate% 60°Cina
1.0%¥1t slutib@nf dimkthytagdnd inmTHRaE8@L] 6Wethmad, 40eq). Afverr t6h, the solution
diluted with t (9om_) an xtracted wth Et OAc
W2s3,00pgfMTated @n ﬁlﬁﬁ I@E @w @awaswé@nespmphy (DCM  and
Lr
D 2O 20 F’???‘?é“’b 0*’@ o A0 RPN ol s 2 clear
oilkrYdeld 38%. MeOH/ NHAOH 80:20:0.5 0% to 80% to afford 163
(224ny, 699nol) as an oil. Yield 33% Part D. CH/
(RL(ROHJ \' I HHNN~ (R (RLrJ\ N O O HZN 15
PABE 164 Conpound 163 (224ng, 699nol, leq) was treated
with a 4. OM solution of HO in dioxane (1Om) at rt
for 1. The turbid solution was then concentrated and
dri ed under high ac;uum to obtain the hydr ochloric
salt of 164 (154 m)I)asvvhlt glid ina 20
quantltatlve y| eI Fyar/t E. Nw D O N ~/1|
HZN CHO, , NN ﬁ"’ %j\ﬁy

148

Compound 149 (385mg, 1.04mmol, leq) was treated with a 4.0M solution of HCl in
dioxane (10mL) at rt for 1. The turbid solution was then concentrated and dried under high
vacuum to obtain the hydrochloric salt of 150 (319mg, 1.04mmol) as white solid in a

quantitative yield.

Part G.

N/ o=$=o
N O oHN
(,\,/u\ e [o] O N
HBTU, Et;N H N
HoO—/ OH
i 144

Acid 10 (30mg, 4%9umol, leq), amine 150 (17mg, 54pmol, 1.1eq) and HBTU
(21mg, 54pumol, 1.1eq) were dispersed in DCM (1mL) and triethylamine (41uL, 295umol,
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NNOOM NNNOOWwW oH HM HBTU Et3N H HO OH HO

OH N 10 160 - 166 WD 2008/024337 PCT/ US2007/018471
Wa\e00d/034337 100y, 164nol, |eq), am ne 164 (44ngPCOF2002018471

1. 2eq) and HBTU (75nmg, 1974npl, 1.2eq) were dispersed

i n DCM and triethylamne (69L, 492nol, 3eq) wa
6eghwagad eT e EREciighWaRastiged attrréa)ré@mm thegrcongentist niryness The

ncentrat d to S urifie
refURCS bR L b HELTG g d 194 (LFSE P ORPafith oilyGthifized powder
YiRRVERE%. mmsmrﬁ/es@@ VBT () e 81256 (MH) +
Exanple 70 ~I N OoOw H"NH H-N~, N, OH 165 10
Part A 0 HN HN OH HN N PPh3, DEAD 01~1 0 O 0~0 166
Boc- (S) - phenyl al ani nol (2 QkgpiBs24mmol , | eq),
pht hal i mi de (1.45g, 9.88mmol, I.Zeq) and 4
tri phenyl phosphi ne (3. 24g, 12. 4mmol , 1lcheq) were
di ssolved in dry THE (20nmL) under Ar 0=§
Di i sopropyl azodi car boxyl at e (F2-4 &2. I, 1.5eq)

was added dropw se ang ed at rt.
After 2h, the sol utioniw eft q dryness and
the residue purified y 11 4 .tography

(Hex/ Et OAc 15% to 25% t 0 5hf
4.28mmol ). Yield 52% 20 Part _B. OH HN N 1) HZNNH2
HNN O O-002) collidinel®8 00 ON\ NOz z C

Part A.

CH;

=0
HN
M , M
o e CHZCI2 i[i?e\,)\

HBTU, Et;N

125

To a stirred solution of acid 125 (59 mg, 0.094 mmol, 1.0 equiv.) in CH,Cl, (3 mL,
0.03M) was added triethylamine (40 pL, 0.282 mmol, 3.0 equiv.) followed by benzyl
sulfonamide 150 (28 mg, 0.103 mmol, 1.1 equiv.) and HBTU (43 mg, 0.113 mmol, 1.2
equiv.). After five minutes, the reaction mixture was diluted with CH,Cl,, washed with
water, dried with sodium sulfate, and concentrated in vacuo. The resulting oil was purified
by HPLC (basic method) to afford 151 as a brown oil (15.7 mg, 19% yield). LCMS
(ESI(+)) m/e 881 (M+H)".

Example 68
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166 | L~0 167 02N NOz - 167 WD 2008/024337

PCT/ US2007/ 018471 Conpound 166 (3.46g, 9.09mmvl, |eq)
woer®sheeat ed with hydrazi ne hydrate (2.25nm, 4BCHORMNT7/018471

5eq) in refluxing ethanol for 2h. The reaction was

allowed to reach rt then filtered on paper. The

filtrate was concentrated to dr resi due

taken in DCM The nixture wa paper and
e residue

the filtrate concent
was taken in DCM (20nt
4.99mml, leq) then 2}'4- "bll r opheny!| sulfonyl
chl oride (1.40g, 5.24mmol"° ) were added. After
5h, the reaction was dlluted with DCM (I OOnl), washed
with HO 1 N (3x201l), water15%|x20mL) and brine
(1 x20mL), dried over Na2SO4, filtered and
concentrated. The residue was purified by flash
Pahdomat ogr aphy (Hex/Et OAc 10%to 25% to afford 167

(1.63g, 10 3.99mmml) as a yellow powder. Yield 68%
Part C. H O~ HN HN N'I' Mel, s® 'k 01'10 02N
NO 0 Ol O2N NOZ% 167 \ 168 ?rpound 167
(777mg, 1.62nmol, €Y. and potassi u phonate (447nyg,
3. 24nmol, 2eq) wege diS3Ql vedwrn acg{one/OanL) and
i odomet hane (204F. 3. 24gmol, 2eq) ‘wed added. The

5 reaction was stirréd at rt for 20h t diluted with
HCO 1 N (1O0OnL) and extracted with Et OAc (3x25nl).

The conbined organi cs were washed with water (1x20nL)
and (l‘mrmrmln(il 13DrLPsedrliBehnonlerl eila 284 dissdlvedeiedD@NI (30mL) and

BTy e e T ——

add685THe sollutﬁarrwaé Jcodfedainy @h! RWvRAWIBAth A Intks 15%1oﬁaét(o 60mL,
DD OJ HOO \NO HN NS/ HNO 0~0 2 / 02N

10 7.Nmmgl, 2leq168a816@ded2§f@o$qwmm wh6 Sstifeg Safgrt &>r43hmlnen !Lnethylamme

SR 750 40 ot ORI A0 S Bel D e e

solutidon wanieret rfat B0l thedrgatietidned Betwde Water(B8mY¥Pand DCM (90mL).
2008/ 024337 PCT/ US2007/ 18471 vacuumto obtain the

Theylayese nese pepataied then theorgesigapre waghadowith KClyleN Gx20mL), dried
ovfepmzﬁﬁ4,aﬁltered, concentrated. The residue was purified by flash chromatography

15 (Hex/EtOAc 0% to 25%) to afford 154 (3.16g, 6.87mmol) as an oil. Yield 89%.

Part B.
|
uF
0
(W, tBuOK >
HN si ‘ P 0./
R S
& 154 158
20 Mesylate 154 (2.619g, 5.70mmol, leq) was dissolved in dry THF (40mL) under Ar

and potassium terbutoxide (0.655g, 5.84mmol, 1.025¢eq) was added dropwise as a solution
in dry THF (20mL). The reaction was stirred at rt for 3h then quenched with water (60mL)
and extracted with EtOAc (3x40mL). The pooled organics were washed with brine
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quantitative yield. Part E. 1) HBTU, collidine HzN

N,, / [/~169 /1 O\l O\ I OHO02N\ NO2 O NN O Ow
wOoLeogogse7 H ~NH ., W 2) Et3N O H N HO OH HO~SPCHIOS10b/018471

5 10 165 Acid 10 (40ng, 66nol, leq), am ne 169 (31ny,

79nol, 1.2eq) and HBTU SOrTg, 79nmol , 1.2eq) were
(153 &pk) $8ad PHEDEAS Quniilferedh andconcentrased. Tervesiduesyas purified by flash

ohhghiBerap ) L SRRRANER L 2003 ARy e S YR o5

1.32mmol, 20eq) was added. The redish solution was
stirred at rt for 1 h then concentrated to dryness.

- resi due was purified by HPLC to afford 165 (7. 3nyg,
9.6nol) as a |yophilized powder. (ESI(+)) nfe
756.33 (MrH) +. Yield 14~6% Exanpl $» S\oo 01 HN
0O O\ HO CH 15 370@ t . L)y Bt SO0 S HN, OH
QA0 N O - §') Sn Q;@L%ﬁé § %D
N- Boc- S-terbuty J(D) ‘s’cys/"i' ne (2. 40g, 8. 65 I, leq)
was di ssolved in drysfHE ' (20nL) und trmsphere
of Argon and the solution cooled down in an icel brine
bath. - 169 WD 2008/ 024337 PCT/ US2007/ 018471
Et hythchl sehied %5@&6 bé}Qn@Zaﬂgiass %hmlsoldﬁ%ﬁ) oft Qﬁﬁdme 155 (1.87g,
triethylamne (0 25mol eq) were added

5. thromel, sleqh and ttmmeuhek;dyhaude {2y af. Sﬁmollem)mnamethm. (40mL) was

ST Dt T ol e
g urifidde By %Hm@&nm H@)E‘/‘EItOAGQT%)toamAJ'@ atfof\é adduct 156

at OC The net 5 evaporated of f and
(1t7Re, 4ébrampobnYiild 8§8%d vvlth HCI 1 N (80nL), extracted
wi th Et QAc

Part D.

(l) 1) TBAF
R 2) TsCl, Et3N,
W4 DMAP % o
HN ; i

o” o

Compound 156 (1.646g, 4.16mmol, eq) was dissolved in dry THF (20mL) and a
1.0M solution of terbutylammonium fluoride was added (8.3mL, 8.32mmol, 2eq). The
solution was stirred at rt for 2h then its volume was reduced on a rotary evaporator. The
residue was partitioned between water (60mL) and CHCl; (30mL). The layers were
separated and the aqueous extracted with CHCIl; (2x30mL). The combined organics were
washed with brine (1x30mL), dried over Na,SQO, filtered and concentrated.

The residue was taken in DCM (10mL) then tosyl chloride (952mg, 4.99mmol,
1.2eq), triethylamine (1.16mL, 8.32mmol, 2eq) and catalytic DMAP (51mg, 416umol,
0.1eq) were added. The solution was stirred at rt for 4h then diluted with DCM (60mL),
washed with HCl 1 N (3x20mL) and brine (1x20mL), dried over Na,SO,, filtered,
concentrated. The residue was purified by flash chromatography (Hex/EtOAc 0% to 30%)
to afford 157 (886mg, 2.0mmol) as a white solid. Yield 49%.
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(3x301.). The conbi ned organics were washed with HO 1
N (3x20m.), NaOH 1 N (3x20nL) and brine (Ix20n),
waleioem2439er Na2SO4, filtered and concentrat ed POT/EEF00T/Ci8471
171 (2.08g, 7.90mmol) which was used w thout further
purification. Yield 91% 10 Part B. S0 S o HN HN' OH
O HNv NO O O PPh3, DEAD 0110 171 172 Al cohol 171
PiEzgo 7.6mmol, leq), phthalimde (1.3g, 9.| muol,
g) and triphenyl phosphine (2.4g, 9. InnDI, 1. 2eq)
wer e di ssol ved dry THE (40nL) und 15
Di i sopropyl azo box e (284, $ 1. 6eq) was
added dropw se gpdlid acti_on §t| rre@ tn[t After
2h, the sol utioniwasoCencentrate to dryness and the
residue purifi e%lrg\r #1 ash chromat ogr 8p (Hex/ Et OAc
0%to 50% to af d 172 (2.11 g, 7.6 ). Yield 71
% Part C. \/ S :cP Oxone 772 g 173 20 Thi oet her
172 (2.1 5.4mol, 1 eq) was di ssolved in nethanol
§eagﬁd6®t@rnéosy(age 07 (308meoll,848ungl, hew wakdemdtedsat60°C in a

1 @?I' R ot B O R T 254 w88 e e 1ok he solution
wis2@Fhdentriitd 284 UtHeORedd@fe Gurifie@d by HBSlQ%h‘f&hﬁb@%ﬁ@@"{-DCM and
and extracted with chloroform (3x401.). The conbi ned

MeMheOEENRROE 8Qi28:ASd0%i to H08p)i taeafforg 388ri(352nag, i lettnomel) as a clear
01{(\?25 9 filtered and concentrated to afford 173
é’ 2mmol ) which was used w thout further

pur i fication. Yield 97% - 170 WD 2008/ 024337
PP US2007/ 018471 Part D. - 0 0 O 1) HZNNH2Z N HN N
%%/NaBHSCN HN 01,10 0 0 0'0 173 HAH 174 Sul fone 173

(2.20g, 5.2mol, q)lvvas treated with hydrazine

hydrate (2.5nL, omol , 10eq) i flcl)uxi ng et hanol

for 2h. The reacti of (ﬂwés allowed to e)gh rt then

filtered on paper."|The filtrate-was gonedntrated to

dryness and the ré&si®ue,faken in DCM The m xture was

filtered on paper arththe filtrate cofdtentrated to

dryness. The residue was taken in nethanol (40nL) and

f ormal dehyde 37% (1.1, 15nmol, 3eq) was added. The

sol WTanypoundd 581(3¢0neg) Oaﬁ7nnholf beq) Iawitreate evithsodlONhsolittbn of HCI in

AiHRE A BRENIt B 10 CBid SOMGR astiheh gt RHE ik Ak yoder high
vaeuhabiS8aih 408y drolt Bl ri¥ Yl et P9 (IRl LAY n2oMBR white solid in a

reduced on a
quantitative yield.

Part G.

I
0

(R) f\ll

: s

o O.
e 0

M N
O € ‘,, N__ OMe O H N

HBTU, Et3N N (o} PN
H N
PLIN
Ho—/ OH 152

Acid 10 (40mg, 66umol, leq), amine 159 (18mg, 72prﬁol, l.1eq) and HBTU
(27mg, 72pmol, 1.1eq) were dispersed in DCM (1mL) and triethylamine (27uL, 197umol,

3eq) was added. The reaction was stirred at rt for 30min then concentrated to dryness. The
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rotary evaporator and the residual aqueous sol ution
extracted with DCM (3x201L). The conbi ned organics
woweee/osshed with brine (1x20nmL) then dried ovBCT/US2007/018471
Na2SO4, filtered and concentrated to afford 174
(1.4169, 4.4mol) which was used wi thout further
repdud Wias purifnd by1BPYCelodaf§89,15Ra(18mE, 2Bomold) asHlyaphiized powder.

01 4 75 20 Conpound 174
‘Yfﬁi%ﬁ%g%gkﬁﬁknﬁﬂ?%ﬁ@é94&g% reated with a 4. OM
solution of HC1 in dioxane (1Om) at rt for 1. The
turbid solution was then concentrated and dried under
high vacuumto obtain thé&xamglathl oric salt of 175
(1.13g, 4.4mmol) as yellow foamin a quantitative
yield. 25 Part F. -171 WD 2008/ 024337
PCT/ US2007/ 018471 0 o ' N~ O HpNo: 0 SAO 0
OHO0\ N-, 10 e HBTUNEL3N,, , % H-~N~ H
HO OH HO OH / N\ 1017N' wébog, 660!, 1eq),
am ne 175 (31ng, 79nol | 12 and {HBTU {((BOng, 79nol,
1.2eq) were dispersed in o) and triethylam ne
(27L, 197nol, 5 3eq) was added. The reaction was
stirred at rt for 1 h then cboétentrated to dryness.
1,Tha residue was purified by HPLC to afford 170 (9. 6ny,
) as a lyophilized pomder Yield 18%
(ESI(+)) me 814.47 (M+H) +. 72 0 S\ o 0 NO

NOOEl 1/ HHNMN .O—llOl Paﬂ'tA
Boc,0 G OH
(R)

% 161

Aminodiol 137 (1.0g, 5.98mmol, 1eq) was dissolved in DCM (50mL) and diterbutyl
dicarbonate (1.28g, 5.86mmol, 0.98eq) then triethylamine (1.17mL, 12mmol, 2eq) were
added. The reaction was stirred at rt. Afterlh, the solution was diluted with DCM (50mL),
washed with HC1 1 N (3x20mL) and brine (1x20mL), dried over Na;SO,, filtered and
concentrated to dryness to afford 161 (1.35g, 5.05mmol) which was used without further
purification. Yield 84%.

Part B.

(R)
%OH TSCl EtN, QI/O

HN // \\

A DMAP
0”0
& 161 /$ 162

Compound 162 (1.13g, 4.2mmol, leq) was dissolved in DCM (20mL) then tosyl
chloride (0.97g, 5.1mmol, 1.2eq), triethylamine (1.2mL, 8.5mmol, 2eq) and catalytic
DMAP (100mg, 0.85mol, 0.2eq) were added. The solution was stirred at rt for 4h then
diluted with DCM (60mL), washed with HCl 1 N (3x20mL) and brine (1x20mL), dried

. over NaSQO,, filtered, concentrated. The residue was purified by flash chromatography
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1) NMMO S HN OH CIAO* HN), ,0OH 010 0 2) NaBH4

01,410 177 15 N-Boc-S-nethyl-(L)-cysteine (1.50g,
wG2®30eB7 | eq) was dissolved in dry THE (20neQT/Usmer/o018471

an atnosphere of Argon and the solution cooled down in

nicel/ hrin ath. Ethylchloroformate (0,610nL, .
(P@X@fﬁﬁﬁlo& F°e§9° 0} eatford M&M%?@mqlw g whitppekd. Yield 47%.

6.37mvol, leq) were added dropw se and the reaction

stirred for 10m n at -10C. Sodi um borohydride
P#&C%Sg, 25.5mol, 4eq) was added and the reaction

stirred at -10CAor 2h. 20 The reactjiqn was then

guenched wth apel (40nL) afpd o (15nm) at

OC. The methanol “as, evaapr at e of f ~af )Lﬂ? sol uti on

diluted with HCIm'% 0 , extract et wi't Et OAc

(3x301L). The cardbned drgani cs wereoffashed with HO 1

N (3x20nl), NaOH 1/$-17122 WO 2008/ 0243 163

PCT/ US2007/ 018471 N (3x20rL) and brine (Ix20nL), dried

over Na2SO4, filtered and concentrated to afford 177

(1. I'TdsGiate1 240188%) 2 by ' idi

purifi gat ion. Yi g? d%&?l’\é’}gﬁ)t wgfaSégl\;égﬁlHtll—?l\l\lﬁ%g%ﬁal\%ndl\ll)ym)hdme
(360uIQ 401 7PRn8l, 2BigAREadded THEAohiiRNAY asahiaded 7 0°Clovetgight. After 16h,

5. 04mmol , | ,. phthalimd 0.889g, 6.05 [, 1.2 .
o b U B e TR b o

. r E . N

GG, B, A i WL A RGGff oringrdried ovey NaySp, fitered,
coneentatbded THe opedidie awas t periflddl reycflasin shiriomaegraphyr t(DCM  and

After 2h, the solution was concentrate to dryness and _
DEMEMEeOH/HOH,BY:20:0800%y tor $0%eh ta: piferidat @y228me, 699umol) as an oil.
Yi& O)OEtOAc 0%to 50% to afford 178 (1.43qg,

.IZ2mmol ). Yield 82% Part C 15 N HN Ozone HN O O

0 00O 178 179 Thioether 178 (1.43g, 4.1l mmol, |eq)

was di ssolved in nethanol (100nL) and Oxone (5. 1g,
Pagt |, 2eq) was added as a solution in water (20niL).

The reaction was~ 20 stirred at rt for 1 h then

guenched wth 2 ol um bisulfite OomL). The

sol ution was dilut¥d w3 h wat®ét (20 oand extracted

wi th chiorof orm (4%a0nl). The conbi nedlm [

070 HoN

163 164

Compound 163 (224mg, 699umol, leq) was treated with a 4.0M solution of HCl in
dioxane (10mL) at rt for 1. The turbid solution was then concentrated and dried under high
vacuum to obtain the hydrochloric salt of 164 (154mg, 699umol) as white solid in a
quantitative yield.

Part E.

OH
D
(R}
SO TR
o] OH 164 fRi
. N__ OMe - 0 N
N P HBTU, E NN o oM "N
,E®N
HO OH A " PN <—7
K HO—4 OH
- 160

10
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organi cs were washed with brine (I1x30nmL), dried over
Na2SO4, filtered and concentrated to afford 179
W@ 2008924337 4nmol ) whi ch was used wit hout f urthePCT/US2007/018471
purification. Yield 83% 25 Part D. -173 WD
2008/ 024337 PCT/ US2007/ 018471 S o 01 1) HZNNH2 Op
OAS Acifll 1N)ID0MENL64pmpIO189), MBraTI¢ (4mD 197pmol, G2egjgnd HBTU

(TS f%‘i‘@ef’(ﬁzi it 1799@3%6% wﬁmm@n@aﬁ%ﬁ 5L, 492umol,
Seﬁ?waﬁ X644 he ?EQ:\? 1?1§ Qfas Sttﬁ'é ed Q161 f&%%xhg Ql?éﬂla&)r g%dtﬁ‘(@idtot(ﬁ’yness The

reach rt fthen tere n paper e Wwas

reﬂdﬁlﬁ e/t Ipatifidd by HPYOewsaftord 160 9riesd, duanioik&nailjopgBiided powder.
The m xture was filtered on paper and the filtrate

Y’@B’r@&"rﬁm@cﬁlﬁd) e HkesE0 (MhE) r esi due was taken in

nmet hanol (40nL) and fornmal dehyde 37% (0. 75nL, | Omol ,

3eq) was added. The solution was stirred at rt for

10m n then sodi um cyanobg@gxahyty 7ale (0. 64g, | Omol,

3eq) was added. The reaction was stirred at rt for 1 h

thyen quenched with 5% NaHCO3 (40nli). The | umre of

the reaction was reduced on a rotagy orator and
d w th DCM

t he residual agueous sg utgon

(3x20n.). The conbi or aRi e Wagled with
brine (1x20nL) then drleoﬂo er° Na2 4, filtered and
concentrated to afford 180 bg,” Bmml) whi ch was
used without further purifi éati on. Yield 90% 15 Part
E. 1 o071 1HC NO,IS HNijgsO ~N H2N 0 O 180 181

Conpound 180 (0.85g, 3mmmol, leqg) was treated with a
Part M sol ution of HCL in di oxane (10m) -at rt for 1.
The turbid solution was the concentrat ed and dried

under high 20 uum t ooo hydrochl oric salt
of 181 (0. 21g, 7nmmol )
Part F. 0 CPS 1 OJH2ZN N 0%

HN

a V\,hl %;T]Qeld 39%

)\ PPh;, DEAD
0~ 0

A

Boc-(S)-phenylalaninol (2.01g, 8.24mmol, 1eq), phthalimide (1.45g, 9.88mmol, 1.2eq) and
triphenylphosphine (3.24g, 12.4mmol, 1.5eq) were dissolved in dry THF (20mL) under Ar.

Diisopropylazodicarboxylate (2.43mL, 12.4mmol, 1.5eq) was added dropwise and the
reaction stirred at rt. After 2h, the solution was concentrate to dryness and the residue
purified by flash chromatography (Hex/EtOAc 15% to 25%) to afford 166 (1.63g,
4.28mmol). Yield 52%.

1) H,NNH, N
I’j\ N < . M o”é

o} 2) collidine

S 2 ¢ /\\ O,N NO,
/$ 166 &<

AN

Lre

O,N NO,

2

Part B.
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Ol OH181 0O H~\O NN, - ~CEl NN O Cet N N HBTU,

Et3N N~ HO OH HO OH 176 - 174 WD 2008/ 024337
weERONBASB07/ 018471 Acid descri bed in Exanpl e BCPpHS$1001318471

(50ngy, 80nvol, qu) am' ne 181 (17nmg, 96nol, 1. 2eq) and

HBTU_ ( 36nyg, C@ wer e dispersed in DCM (
and Cqu%nﬁyllﬁ% @e46(gszﬁ0 mmoholed) 3¥gy HEpteda gty hyméme hydrate

rZ%ﬂ‘fﬂ 143 %g’tﬁg%l %d) dfl %’ﬂlﬁ(tmg értﬂgxﬁﬁ for glut'-[l'}llg NeacBon was adlo%/ed to reach rt

concéntr ryness. e residue was purifre
thetPfifeted @il pagreel Weﬁﬁ(t&te?ms cané@mrhied tasirgndsy apdithe Zeeﬁﬂue taken in

M5 (ESI (+ n e 786. . Yield %
DM?F@F @mf%lrfowa%\f %?)Y)F\fl en eRpar apg mewrﬁbeéoacenméeétp g’@’ni%z
Par t | Kk
r oun broet51 Itd @émaﬁ ask t oppemﬁnﬁ“);ﬁ%o%’g’gﬁ%g?qlw(&858}1%’ 4.99mmol,
1eq) JheRtrdimtraphienglsulfonyt ohlocidel €1.40g, GOBImmolo MOSkq) wWeg)added. After

Shytheagegoien ALt B G CLBBIOdw A e it Bl N (SRAAMRL), water
(lgﬂ%l\q/lﬂ EJPi b%ea{l%ﬁb@hgrﬁ(rg&ﬂ e ﬁf‘é% lfﬁt@%ﬁd%nqrc%ﬁ&rﬁﬁteﬂs THe residue

ution in
wasemniﬁaalnbyvaﬂash rchfdmm@apme('}me)@]ﬁmmmdi@% wn2$o)os phferd 167 (1.63g,
Ar ter 8 ction was al l owed to 20
3%6‘[" &SPtye oW @AW, g%vﬁéd6§ %an i ce/water bath and
guenched by the cautious, sequential, dropw se
addi tion of water (0.7mL), 15% NaOH (0. 7nlL) and water

Pgr2(1m.) to obtain a white precipitate. The reaction
was filtered on paper and the cake rinsed with THE

(60nmL). The 'Itrate was concen ted to obt ai ned
crude 183 as Iow oil (0.917q,

. 5 whi ch was
used W t hout f - puri f m&ajch,on. HNYi % 25 Par t
B. -175 WO 20 5102 7—u32@07béﬂ€,847°1 0 HpN
N O N O OEt 830N NG OD H N /\\°2N N°2

168

Compound 167 (777mg, 1.62mmol, leq) and potassium carbonate (447mg,
3.24mmol, 2eq) were dissolved in acetone (20mL) and iodomethane (204pL, 3.24mmol,
2eq) was added. The reaction was stirred at rt for 20h then diluted with HC1 1 N (100mL)
and extracted with EtOAc (3x25mL). The combined organics were washed with water
(1x20mL) and brine (1x20mL), dried over Na,SQy, filtered and concentrated. The residue
was purified by flash chromatography (Hex/EtOAc 10% to 25%) to afford 168 (685mg,
1.39mmol) as a yellow powder. Yield 85%.

N ! 0
HN d HoN N

o’ - D
2 2 O,N NO
168 169

Part D.

2

Compound 168 (685mg, 1.4mmol, leq) was treated with a 4.0M solution of HCI in

dioxane (10mL) at rt for 1. The turbid solution was then concentrated and dried under high

- 168 -



HBTU, Et3N HO OH /N\ HO OH 182 Aci d prepared as

described in Exanple 4 part G (80ng, 128npl, |eq),
wW@eione24838 (31ng, 154pnol, 1.2eq) and HBTU ( 5BomypsS2007/018471

154no0l, 1.2eq) were dispersed in DCM 5 (InL) and

trlethylamneﬁw was added. The
vagwgp ttp Abtaiadhe dméhloat: slatt cffolr6 (694mged -4ramel rasr yallow foam in a

The residue was purified by HPLC to afford
qutilgtitq{r}ll%ﬁgl% 20npl) as a |lyophilized powder. Yield
.1% M5 (ESI(+)) me 810.65 (M+H) +. Exanple 74 cl o
ON NNOOw Il / H HHO HOH 10 183 Part A OH
Il QuN~ / / -/ 1O Cd d )r N.,~C 184 0
Sodi um hydri de 60% (3.1 g)ui8Rame, 2eq) was di spersed
in dry THE (40nL) ung 15 an at nosphere of Argon.
3-chl orophenol (4.1 m3 , leq) was added dropw se

over 10 as g sol UMN THE (1Q1L). The
solutlons tirred forl @ O
or ittt e (9. 9nmioN

? gt Hyl Ehllor -‘ z
'@,'\M eoag soI ution in dry THE e? 0
sol i s-Stirred overEs g at rt Af tlerh 1

reacti can Was gquenched by # addi ti on of er (%hi)

5 dropwi se, diluted with diet hyI ether (120nL). The ™
organics 20 were washed with water (2x30n) then NaCH
(2x30n.), dried over Na2804 filtered and

PN o Shrye Sk Boamiob Tl e o0 gl and HBTU
R P BB i . 7

10 3eQyMas .addedy ThesresctiBulbwaslirfdd dk&4 féd 1 h8heDmerdaptoatdttOadid (108mL,
was charged in a flanme-dried round-bottom fl ask under

1. $Fmmsl, 2DRDSpHAced TherTgah solutienyredimes st fyl h dien concentrated
02FHHAR° TR PesilcloalbRghl 9Bl SRR 65 (3 3REUSelhon as o

exane
1y@;ﬂt1n@aaqiokxwleet1\mkmea))m ns6.66 (wH)". vialamale.1. 2eq) and
a solution of 184 (8.2g, 36muol, qu) in dry THE
(10mL) were added sequendxample 7Irhe sol ution was
stirred at -78C for 2h then iodine (11g, 43mmol,
1.2eq) was added as a solutlon in dry T (20nL). The

solution was stirred at -78C f 30ma t

15

170
Part A.

\IL 1) EtyN \F

S )OJ\ S

_ ~ WV

HN“\'H(OH cI” o e SO
o)\o 0 2) NaBH, 0% o

4 /Jv 171

20
N-Boc-S-terbutyl-(D)-cysteine (2.40g, 8.65mmol, leq) was dissolved in dry THF

(20mL) under an atmosphere of Argon and the solution cooled down in an ice/ brine bath.
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10 allowed to reach rt. After 2h, the reaction was
guenched wth 5% Na2S203 (100nL) then extracted with

WER@02433x100nL) . The conbi ned organi cs were drPCT/E82007/018471
over I\Ia2804 filtered and concentrated. The residue

was purjfied bé fl ash chromat ogr aphy .(Hexane/ Et OAc 0%
Ethychigifpraaie 4B Ba7 L1 85 5aMmali Ileqathon gricthkming (0.87Gnky 8.25mmol,

leﬁgg’e e]%dg@ggo%ofe aqgihg Qea'éﬁ tirfdd %? %OrﬁL Jts @0‘@@%@?@ ﬁorohydrlde

r eat

( myg; MGMmo( |4leq) was?.'ﬁﬁimmﬂ.d tHeM}mn stirred htUXO"rli?;]ferhal’l(d reaction was
14OrrLCI)anAfter t he sol ution was owed to

thés apgnehed i mefhaaal (AOTHITEDS BRI dnBn(I 3Rl e 056 g methanol was
ev@%@%ﬁ thggb% HRAPHNRE %1913(3 éﬁ Lr‘fﬁr(%xﬂt e&tr%&%ﬁ with EtOAc

tere concentrat resrdue wa

(3p20mE). ethebyorhhiasd orgahro@nméregwashb& witte Kigiel IDCM)@?&HII_Q NaOH 1 N
15mol

(35%%/1)2%%:1;%6:& ?(2@]:136@ arllleccl) Iolvg IRIa}SQ%, filtered ap cq»nqeniiratpd tocpfford 171

e TR O YR e Al ARV 10

23. 6ol , 2eq) and paraf or mal dehyde (1.06g, 35.4mmol,
3eqq) in THE (60nmL) under argon, was added
P—‘i—f—ger thyl ani ne (3. 29m_ 23.6 mml 2eq). The mixture

was stirred at r t enper a er argon for

10m n and phenol 186 (3o 11 8

added. The reacti on vvas h ed to r r 3h 5 then
allowed to cool t m_t enper atume th et her
(100 nL) was addeﬁand t he,, o8l utd 3) was’ vvashed with

HC1 1 N (3xl00m), /\drﬂéd over Nazs% fzl tered and
concentrated to dryness to obtain crude 187 (3. 33g,
11.8mm ) which was taken on wi thout further

kol Ot (P Ol TeTE Bl e, ol 1:26q) and
triphenytphodihiing ®.88 Qlmihbl, 8]n2331|) ,wdre@)ssd)lnedDMFdfyB@HFL()ﬁlOﬁhL) under Ar.

room erature was ad 32 183 15. 3nmmol ,
DliSOBM;&Zp casaedats 2 e, éémg%nhﬁeq was added dropwise and the reaction

stirred at rt. After 2h, the solution was concentrate to dryness and the residue purified by

flash chromatography (Hex/EtOAc 0% to 50%) to afford 172 (2.11g, 7.6mmol). Yield 71%.

Part C.

: ; 7 0O, : >
\k\/ N
HN Oxone HN

0
0

/k 172 % 173

Thioether 172 (2.1g, 5.4mmol, leq) was dissolved in methanol (100mL) and Oxone
(9.9g, 16mmol, 3eq) was added as a solution in water (20mL). The reaction was stirred at rt
for 1 h then quenched with 20%‘sodium bisulfite (20mL). The solution was diluted with
water (200mL) and extracted with chloroform (3x40mL). The combined organics were
washed with brine (1x30mL), dried over Na,SO,, filtered and concentrated to afford 173
(2.2g, 5.2mmol) which was used without further purification. Yield 97%.

- 170 -



10

15

20

25

15 15.3mmol, 1.3eq). The reaction m xture was stirred
at 40C under argon for 5h and then quenched with HC
wGM0gADsBE) . The m xture was diluted with HO 1p@I/(2907/018471
m.) and extracted with DCM (3x100 nL). Pool ed
organi cs were washed with water (3x 100nL) then brine
P 00nL.). The soI ution was dried over Na2SO4,
filtered and co ntrat ed to drynes The resi due was
purified by flag ogr aphy (ELE%?%Fbxane 0%to
209 to 20 aff EL+/ 42gHNN8, 16 Yield 69%
Part F. C N NH2 OF) alend 014y° 'T—BCN HO' NH
W 188 189 25 Achlehyae 188 (2. 41q, oaﬂ\asmml | eq)
and hydroxylan1n‘/gyﬂﬁochlorld (678ng,§9 76mol |
1.2eq) were dissolved in THF/ MeOH water (7:4:1, I2nL)
The solution was stirred at roomterrperature for 5

Cy arsERs Ry ol 3%t e SR oR R s e 2.5mL,

52%01?"[‘0%‘@%@?3%%{%%&5}102 f@f‘@ht Tge rézﬁ:ﬁ% tw&*)gal[d’b@d foefbach rt then
color was nmaintai ned for the duration of the reaction

fillgyed b papayuThe filtatavds comentuited b HiGnessMrtdethe gedidyd talgen in DCM.

for. h, t ture wa ered on rinsin

TheSicurd wab ite{f oo 4he itsats eSO AR poired £ e
filtTiR @estR Cliab UhRch \Wh trhethiR{dr! ﬁgohﬂ( ) LM m@Mehyde 37% (1.1mL,
extracted with DCM %h@ 50mL) ool ed organi cs were

15mersole B3 am) t Wasneadded. ( Gﬂh)tlonbmaﬁest(m@dzamr) fandlGmian then sodium

cyppatfonRiah D8 oo e iR The RS as SEed n for 11

/| Y
thgélf I\%ﬁ%&ﬂﬁgv&ﬁﬂ 54’93\91}1(?{)3 gmmJ)) The b@lhﬂleflﬁ%le %aﬁ%r&vgs réuced on a

roNEDATaporHo Al themsldwoaquﬁws scéutmze)(tels@dgmtlz DEBYh8K20mL). The

coﬁ%b@%e??gég%\@%%ses%ségcﬂ%tﬁ bnfe gb%dag "‘Ig\;sazé’o‘,, filtered and
conBéritfatedno Wior$ 174 (164 %{ 414613H01) Wargnew sl wsee v\fl%uﬁﬂlﬂﬂher purification.

then poured on brine (30nL) and extracted w th diethyl
Yigldh&4%. (3x301L). The conbi ned organic |ayers were

washed with saturated NaHCO3 (| x20nL), water (2x2QL)

and brine (lIx20M.), dried over Na2SO4, filtered and
P&HoBEcentrated to dryness. The residue was then reacted

overni ght with hydroxyl am ne 189 (588ng, 2.35 15 mmol,

leq) in reflu>c<)|\ﬁg tol uene (20n.). After 14h, the

sol ution was coiﬁ,\irirat ed andct he 0s¢
ENPLN - . |
o}j\o szl/

4 174

Compound 174 (1.416g, 4.4mmol, leq) was treated with a 4.0M solution of HCl in
dioxane (10mL) at rt for 1. The turbid solution was then concentrated and dried under high
vacuum to obtain the hydrochloric salt of 175 (1.13g, 4.4mmol) as yellow foam in a

quantitative yield.

Part F.
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residue purified by flash chromatography

(Hexane/ Et OAc, 0% to 30% to afford 190 (964ny,
wa2@8nesB) . Yield 66% Part H MO CI C 0 H BQT/HEI000018471

I I NN O OO'NOI 2) AMBBHHS mMHOOH 91 0

\ iNH 195 z 20 Lactone 190 (964ng, 1.69mmvl, 1 eq) is

di ssolved in THE (8 ni) ao\tf—HCI 6N (0.6 nl) is added.

The solution is stirred ag*¥oom tenperature for 2 h

then diluted with DCM (190-\k)~and washed with 5% AN

NaHCOB (3x) d brione (I x) dried over Na2SX4
fiNtereq dpgent rat ed’ 5tQ dryness.

sg esi due in drx )

sol utien §© (+) -\ i sopi noc&npti€yl ami ney (H6SL, 0 3.

2eq) previ odsiky treated in dry DCM (6rrL),, w H-/“i\79

WO 2008/ 024337 PCT/ US2007/ 018471 2. OM z
trimethylalum numin hexanes (1.83 ni, 3.39mml, 2eq)
for 15 mn. The soI ution was stirred at room

t fen?%;l&tw i i $elylla ea[mlgxgglgé‘“@?ngdm@gﬁr&ls?!z)ﬁé&' J 94 HBTU
(3OgYVTRLBIY | tzeqe)awafé didpethed iPOGM Iia)) whd Hietid14Mne (27;,tL 197pmol

trimethyl al um numin hexanes (850L, 1.69mmvl, leq) f
3eqh wia pddest. tThe Iswtlonnéassstmdmturbrﬁorwab e goragntihted tol |dyyness The

B AR 39 AUEETEl RS AR08, B povir

vidld reopm tenperature for 15h then filtered on Celite.
The filtrate was concentrated to dryness and the
MBEESHuY migSil#idddMoH)f | ash  chr omat ogr aphy
(Hexane/ Et QAc, 0% to 100% to ?fkprd 191 (659ny,
1. 09mol ). Yield 64% Exgpple 72"\ p 1) HO B OH
OHO C GCsCO3 KOAc O p N(]Vb Pd(dPPOClZO\ I\
H2) N~NOOM O Lo

‘o

a
oH

176
Part A.
l 1) NMM |
S 0 S
)L ™ j\/
HNJYOH a0 HN o
o):ci\o 2) NaBH, 0 /(‘)V

N-Boc-S-methyl-(L)-cysteine (1.50g, 6.37mmol, leq) was dissolved in dry THF
(20mL) under an atmosphere of Argon and the solution cooled down in an ice/ brine bath.
Ethylchloroformate (0.610mL, 6.37mmol, leq) then N-methylmorpholine (0.701mL,
6.37mmol, leq) were added dropwise and the reaction stirred for 10min at -10°C. Sodium
borohydride (0.965g, 25.5mmol, 4eq) was added and the reaction stirred at -10°C for 2h.
The. reaction was then quenched with methanol (40mL) and HCI 1 N (15mL) at 0°C. The
methanol was evaporated off and the solution diluted with HCI 1 N (80mL), extracted with
EtOAc (3x30mL). The combined organics were washed with HCI 1 N (3x20mL), NaOH 1
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HO OHHHHHO OH 191 NaBH3CN ' 192 A fl ask
containing iodide 191 (659ngy, 1.09mmvol, |eq),

w@2@si0m335- 15 car boxyphenyl boronic aci d (240nBCT/US2007/018471
2 | 7rmol,  2eq), cesium car bonat e (628rrg, 3. 25mml

ot assi um acet ate (107ng 09rm| | eq) and
c%)@rﬂ}f)) @Iizbqnpg Om@rﬁﬂed Qyel 'I\@Q§O4, ger%a gpngentrated to afford
rgQn
1?e@?é5’32?4@%@9%@5’@3%‘?&?%@ﬁ*?@a@ﬁ‘*%aﬁ%ﬁ%%h?@ R T8
to water (100nL), acidified with 6M HC until the
aqueous | ayer attained a pH of 4, and extracted wth
&DC@{(SXSO nm.). The conbi ned 20 organic | ayers were
washed with water (Ix50r) jed over Na2SO4 and
concentrated to a}l brovvno | This|crud
di ssol ved in I\/EC]—| IOL) gng treate \W?z?%formalln
(162L, 2.17nvl, %lhd sodé um cyi '(‘5 ohydrl de
(205ny, 3. 25ml 0 ?oeq) AJ,,J; =10 stidg, ing @t room
tenperature for 30pin, the reaction xture was
guenched wth sat 25 NaHCO3 (4nL) and partitioned

bet ween wat er (50rrL)7 and DCM (20nL) . e aqueous
| ayer was acidified to pH 4with 6M HCI . The | ayers

AERA,VIES TR S08HE A RHEE B0 DR, 12000 anc

triphérfylphabstine ¢1.98%0 7. 566085 8)Ad3¢ dR6T] bé&%ﬂi}?xlﬂm@%u under Ar.
(1x20), dried over Na2SO4, and concentrated to a brown

Digsopragpiazadigarboxdate (i4amdut 7.5pmmali & 2esboivas naddeé dremwise and the

R4 g 5 By U o TRt rs

ptﬂﬂed5b319ﬂash88hro££mmg®aph® 9x/BeA¢E a098Ntd FORGMd Zifford 178 (1.43g,

t hen anj ne der| ved from|luecine (78ng, 543nol, 0.5eq),
4]—?3‘1*@%&‘5% 2%%43n0l, 0. 5eq) and triethylam ne (151L,

1086mol, leq) were added. The reaction was stirred at

rt for 1 h then concentrated to dryness. The residue
Pama€. purified by flash chromatography (DCM and

DCM MeOH/ NHAOH 4:1: 0.1 0% 10 to 100% then by HPLC to

afford 183 (5.0ng, 6.5np01) as a |yophilized powder.

Yield 0.6% (from 194). (ESI(+M| nlee .49 (MHH) +.

0

Exanple 75 Pe 0O L jv
Oxone HN

0 ——e— -
0~ 0 O

& 178 . % 179

Thioether 178 (1.43g, 4.1lmmol, leq) was dissolved in methanol (100mL) and
Oxone (5.1g, 8.2mmol, 2eq) was added as a solution in water (20mL). The reaction was
stirred at rt for 1 h then quenched with 20% sodium bisulfite (20mL). The solution was
diluted with water (200mL) and extracted with chloroform (3x40mL). The combined
organics were washed with brine (1x30mL), dried over Na,SO,, filtered and concentrated to

afford 179 (1.3g, 3.4mmol) which was used without further purification. Yield 83%.

Part D.
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HO HOOH 15 193 Part A. O\ I \ COONO \ I \ N QOw

N N4, O NHN HHO N+ | NHBTU TEA, DVF HOO N H
w@RooBfogdB%T  / | 194 10 20 To a solution of beneci/TSHWOT/Ci8471

derivate 10 (50 ng, 0.08 nmmol, 1.0 eq.) in DVF(3 i)

was added 2M sol ution of

(S) - Md-Benzyl - 2>~Ben per azi ne (0. 014'rrg 0.2 mol, 2

eq.) in THE fol¥o dbtrlélﬁw_amne% Ohg, 0.1

nmol, 1.5 eq.) H BYU (30 2mepic®. 07 MT8T WO

2008/ 024337 PCRAUS2007/ 018471 ¢mmol , c@* eq.). After

stirring for 40 m 23 C thewt action  Xtigbr € was

diluted with EtQAc (100 nlL) and a saturated NaC

sol Wulfone (1I790(1g), .3.4thmophHeq) wdsetreutod with hyaisazuej hgdreed (1.06mL,
Wit h Wit h Ethl acet ate

34(@“9%85%\15 R 5}5 Th ceackion vt Slaggitto. reach t then
filfHd P %M:T%g%rr% fltfad W3 %an%ﬂga&{i’@&ﬂﬂhéést &fd the EH%akéh in DCM.

give o brown oi materi a
Tlmmixlhire ovas Siltarpdonl paper apd|the filtmtatongerapltiad t0 2rfmess. 10%

479 iR W Sokes momegnol (Rl 34 Brpsidetyger s g0 75mL,

10\111)101' ’%B)OWN Haa&d (PR ZsoMiQﬁ' wa® NMrPldNat QVerof Mn’ﬂn M8 sodium
O (20%°dIC) HOOHOHHOH 194 195 To a

cygmhsurmhyldrlde (Q S&g,N@rtBBmlz peq)2w Beaiigt pTereagtionewasrstiteedl &4t for 1 h

oS58 TS T RS G Ao et on

rofary @daporaté¥ Inﬁf th%t ﬂeﬁlﬂhﬂgaq%m%%o%tfo?lr exjéﬁcféd vtfllf}? U@@C(@kan) The
m Xt ure was | tered through Celit washed

combtnhﬁdl\mgmwwwe%asmc) WItTFI’m;mf: |(lx20atlé thasdr@eﬁmﬁ\}aa‘s@d filtered and

coBF%\\ﬁﬁgeggﬁot %‘f&m\gg de Ihgcilt g%’)dt gh%xfpgner purification.

YieRp®jo,on.  Yiel d: 60% I\/IS (ESI (+)) mZ 768. 37 (MtH) +.
20

Part E.

|
O=
» HCI |
TN o
HN ~ . o j\/'lq
H,N ~
180 181

Compound 180 (0.85g, 3mmol, leq) was treated with a 4.0M solution of HCl in
dioxane (10mL) at rt for 1. The turbid solution was then concentrated and dried under high
vacuum to obtain the hydrochloric salt of 181 (0.21g, 1.17mmol) as a white foam. Yield
39%.

Part F.

|
g QI L
A ™ ), 4 ok
. N, OEt . N, OEt
N 0 _ N 0 N
H N H N

LN HBTU, EtsN
Ho—4 OH HO— OH
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Part C. / 1 000 O\ NI HH=0N NNOW ~NH NN
OV / ~NI HONaCNBH3 HO N HO _ H OH CH3CO2H Et OH
woiedosogd37 195 193 To a solution of 12 ng st artPEmUS2007/018471
material 195 (0.02 nmol, 1 eq.) in EEOH (1 n) was 25
added formal dehyde of a 37% aqueous sol ution (4 ng,
0.05 mol. 3 eq.), acetic acid (0.9 ng, 0.02 mol, 1
eq. ) Acidndbs&esbduin EXanpieos gamdgi mof), MaRine $81 (17mg,
eq.). After stlrrlngplat Cfg’?n%gmthep%%actlon (17me
96mimaluil 2eqiaand HBAY €3orhgr %ginolleeq)s wesd dmpetsed il MMV@DmL) and
2008/ 024337 PCT/ US20Q7/ 018471 concentrated to dry
trigGyRiing (4 df el Se1i Was added rhltcerepgfionwas sirragt &t for 1 h then

colb a3 PR e SO0 RSy il B ] 166 e 2 mo
ashAGhpIARLLdPWIRE NS (E\SIYh)) E{/Bykﬁ 36 eVats’. (Beld 39,) . The

combi ned organics were dried over MJSO4, filtered and
concentrated in vacuo. The crude product was purified
by HPLC 5 to afford 4 ng @dample 73

(S) - d-net hyl - 2-benzyl pi pérazi ne am de product 193.
Yield 33% M5 (ESI(+)) mz 782.58 (MH)+ anple 76
O OHN NNO_I r 00 HOH 5
HB~ O | | Pdzdbas, t3NOOl IN[OVE O N~ H

[ n

N, Owve SPHOS, tol uen 9 197 15 To a
solution of 9 (1 Q) er Argon was
added di oxabor ol ane HgBNsO 04
trlethylamne(07m_) an Pd catalyst (0. 02 g). The
solution was purged with Ar ?i] then heated at 80 C
for 2 h. LCVM5S showed nmainly starting naterial .

Part A.
©j\n/ D LlAIH, ©jy Q
H,N
)

In a three-neck round-bottom flask topped with a condenser, (L)-Phenylalanine-
pyrrolidide (1.00g, 4.6mmol, leq) was dissolved in dry THF (20mL) under an atmosphere
of Argon. The solution was cooled in an ice/water bath and lithium aluminium hydride was
added dropwise as a 2.0M solution in THF (9.2mL, 18mmol, 4eq). The reaction was
refluxed overnight under an atmosphere of Argon. After18h, the reaction was allowed to
cool to rt, then cooled in an ice/water bath and quenched by the cautious, sequential,
dropwise addition of water (0.7mL), 15% NaOH (0.7mL) and water (2.1mL) to obtain a
white precipitate. The reaction was filtered on paper and the cake rinsed with THF (60mL).
The filtrate was concentrated to obtained crude 183 as a yéllow oil (0.917g, 4.5mmol)

which was used without further purification. Yield 98%.

Part B.
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Anot her 60 ng SPHOS, 30 ng Pd catal yst and 0.3 nL of

di oxabor ol ane were added. The solution was heated at
wW@R008024387 anot her 5h, and then cooled to 23 C emUS2007/018471

met hanol (10 20 nlL) was added. The m xture was push

t hrough a short plug of silica gel and concentrat ed.

Fl ash chromat ography o I 1ica gel (Hexane to 30% 50%

et hyl acetate in hexane gav; of deS| red roduct

197. Part B3 VWO 20043024 7 PCT/ 07/ 01643

TN Gve (OSN Sdn B-OH OVR; OH N H c D N

38 To a solutionr—oef—pi na
M x SO|VQtS of acet emeeand wat er y

at MP~was—@tided sodi um periodate (2 g) an annonluwm

acetate (0.8 g). The mxture 5 was allowed to stir at
23 Cfor 12 hr. The reaction was evaporated to dryness

o7 ARk i d 20 R B G, RS Lo v 1

(31Tﬁig PBYARSE 1L BY ranmh?@ (! b1r5l4[lﬁmold[ 9&5 QYRS dllygé% in DCM
an 50

evapor at ed provi de as a yellow solid
(1mi.) andl trltslgdardlmeéﬁét;lh/, 3i86pinbk 36@)(\t/asf aided.i The rézRﬁll‘oh v@s @flrred at rt for
this exanp . 10 Part C Br Br2, acetic acid

1 ipthep C@Pe@tratfégo domesso The &sidye e pified hy aiPéCb@raf@r@ﬂ%(w 8mg,
203 Gl pohel, R MRS Rlst s e

(120 I in 1 nL of acetic acid) drop wise. The m xture
was allowed to stir at 23 C for 12 hr. The reaction
was quenched with sodi umBxgimpla & sol ution (2 M until
the red col or di sappeared. The m xture was
concentrated under reduced pressuge and_%:i due was
taken up in 150 nL DCM which wth 2 M
sodiumsul fite, briney™dried «ed to give
200 ng of crude 20 pradugh 2QP h U\as used
directly in the next rée ac'l! (Par,m\D of this

exanpl e). Part D. 0 B, OH & \Bd{8PPOC12, CSC03 0 OH r9
NNOw OHNN Ow

Part A.

| o i
vl

Ci Cl \[rN\/ Cl 184
o}

Sodium hydride 60% (3.1g, 78mmol, 2eq) was dispersed in dry THF (40mL) under
an atmosphere of Argon. 3-chlorophenol (4.1mL, 39mmol, leq) was added dropwise over
10min as a solution in dry THF (10mL). The solution was stirred for 1 h then
diethylchloroformate (9.9mL, 78mmol, 2eq) was added dropwise as a solution in dry THF
(10mL). The solution was stirred overnight at rt. After 14h, the reaction was quenched by
the addition of water (SmL) dropwise, diluted with diethylether (120mL). The organics
were washed with water (2x30mL) then NaOH (2x30mL), dried over Na,SQ,, filtered and
concentrated. The residue was purified by flash chromatography (Hexane/EtOAc 0% then
10%) to obtain 184 as an oil (8.2g, 36mmol). Yield 93%.
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HO+ OKOAC,DMSOHO O HOHO OH OH 0 OH 198 200 201
- 184 WD 2008/ 024337 PCT/ US2007/018471 To a sol ution
w@Rookoe4381 ¢ acid 198 (100 ng) in DMSO (5 nL) apCRBS1007/018471

was added aryl brom de 200 (85 ng), cesium carbonate

(200 ng), potassium acetate (20 ng) and Pd catal yst
-ng). The m xture was purged with Argon and heat ed

at 75 Cfor 5 h. LCVM5 _showed desired praoduct and

reation was concent ratied. HPECNur i £ cat ivon gave 20 ng

of 5 desired p ¢y 201, _Part E P\gfe 6 NN No
0-1< O 0 H v 1°V N Me#diNQ 0 YOON, HO O HO =
HO OH N~ = H OH cH2N®¢S 201 196 10 “To #°sol ution of
201 (5 nmg) in DCM (1 nmL) was added crude am ne (10

uL), HATU L}? m;L) The m xture was allowed to stir _at
23 Aol HY RdmLphwag chergedriik tay flamgeisied Hopnd-gpitem effask under an

: ) Cifi P ;o _
L Y TR L () S
lithfnfd (irr) dycietexané’ (SBnl MiBhnmol, 13 . JeypnpiaméthylethQeediamind (6.5mL,
",NNO~~/ H 0 0HOQ HOH?202_ 20 Part A 0 /I
43mmoh, 1 geqpand a qql%ﬂ&i&?gé@@ob 1gg) in dry THF (10mL) were added
sequentially. The solution was stirred at -78°C for 2h then iodine (11g, 43mmol, 1.2eq) was
added as a solution in dry THF (20mL). The solution was stirred at -78°C for 30min then
allowed to reach rt. After 2h, the reaction was quenched with 5% Na,;S;0; (100mL) then
extracted with EtOAc (3x100mL). The combined organics were dried over Na,SQy, filtered
and concentrated. The residue was purified by flash chromatography (Hexane/EtOAc 0% to
30%) to obtain 185 an oil (8.92g, 25mmol). Yield 70%.

Part C.

( OH
@["wr”v NaOH @[
e} >
| I
ol 185

Cl
186

Carbamate 185 (10g, 28mmol, leq) was treated with sodium hydroxide (11g,
283mmol, 10eq) in refluxing ethanol (140mL). After 14h, the solution was allowed to cool
to rt, acidified with HC1 6N then extracted with DCM (3x60mL). The combined organics
were dried over Na;SQ,, filtered and concentrated. The residue was purified by flash
chromatography (Hexane/DCM 0% to 100%) to obtain 186 an oil (3.75g, 15mmol). Yield
52%.

Part D.
0 al

OH
E;[ . “m/@[
|
! MgCla EtaN O OH

C e 187
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30

HONOw CHNNOW NOOO 0 KOAC,DMSOHO Q3 OHH

OH 198 203 204 -185 WD 2008/024337 PCT/ US2007/ 018471
wa008/0s3But i on of boronic acid 198 (50 ng) i n EBXBOS1007/618471

m.) at 23 C was added aryl brom de 203 (35 ny),

cesi um car bonate (100 pot assi um acet at e
and T o garateyst M g I5En g 6memalr degsniprriamaiddyde (1.06g
PV T Ol Ll B AT . 2

mhh)bl HRiGY, Tige hdktarel Gras Stided at E&ﬁﬂhélﬁﬁerbﬂﬂr@mnﬂ& @fgon, for 10min and
deS| red product 204. Part B. O OH IsoE ene 0 OH

118¢ G0N 1A 8renmalp 2eq) wrsHoldad Ol oy reqshprp@iss heatpd @Hreﬂux for 3h
th%—%é@({l 1(?%%)11% i nﬁ éesngﬂy#étgp : nlgth?L%Ff)P{ (EFOOZ%T)/I(%QS ggﬁed and the

sofhidap hak ewbsHeﬁewlthOHrﬁ [rLN (M@Oﬂ@@lﬁaed 18vdfrgNa5ﬂO423ﬁltered and
C. The reaction was ped after 2h by addi ng wat e

copg@ltqﬁ_efl to geyngss {9 ﬂgallnd: 1187V\Q3t3$g6M Broml) whigh was taken on without

(3x15 nL). The organic | ayers
fuﬁﬁ&r r| e ll\§‘1§\]la¢29 and concentrated to give 205 as

a V\/nlte foam and used wi thout further purification in
part C of this exanple. 15 Part C N. PF6 N 6 N NN
PayE.OCOHON 01 I~ON NNOVM NNOW 1, ' r~-r
HOOHOHOOJ HO= OJ OH HZN (s) NN OH 205 202
20 To a solution of 2057 ngy) kice, DCM (0. “) was

added crude am ne § )y, HATY—#ng): ym xture
was allowed to stiroatoi23 C for 2 hr. The crude

m xture was diluted wth net hanol (800 ul3 and
purified by JPLC (basic 10-100) gave desired product
202 3 ny. M5 (ESI(+)) me 751.72 (MtH) +. 25
To a solutton of crude phenol 187 (3.33 g, 11.8mmol, leq) in DMF (50 mL) at room

temperature was added K,CO; (2.18g, 15.3mmol, 1.30eq) followed by Mel (0.956mL,
15.3mmol, 1.3eq). The reaction mixture was stirred at 40°C under argon for 5h and then
quenched with HCl 6N (10ml). The mixture was diluted with HC1 1 N (250 mL) and
extracted with DCM (3x100 mL). Pooled organics were washed with water (3x 100mL)
then brine (1x100mL). The solution was dried ovér Na,SO,, filtered and concentrated to
dryness. The residue was purified by flash chromatography (EtOAc/Hexane, 0% to 20%) to
afford 188 (2.42g, 8.16mmol). Yield 69%.

Part F.

Cl

Ci
H\"/(;[l NH,0H.HCI |
NH OMe

O O NaBH3;CN HO®
188 189

Aldehyde 188 (2.41g, 8.13mmol, leq) and hydroxylamine hydrochloride (678mg,
9.75mmol, 1.2eq) were dissolved in THF/MeOH/water (7:4:1, 12mL). The solution was
stirred at room temperature for 5 min then a crystal of methyl orange and sodium
cyanoborohydride (1.02g, 16.26mmol, 2eq) were added. The pH was adjusted to 2 and the
resulting ruby red color was maintained for the duration of the reaction by the regular

addition of 6N HCI. After stirring for 1 h, the mixture was filtered on paper, rinsing with
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Exanple 78 - 186 WD 2008/024337 PCT/ US2007/018471
HZNO O\ I \ NPIIIl NMNM11 O8Il i HHOHOIN H
wW@00808433Part A. 0 0 02N OH NaOH _ 02N OH | RCINBR2007/018471
BocZO NHBoc 5 207 208 To a sol ution of phenyl al ani ne
m xed sol vents of di oxane

% ] éS m) and 1
Hfs%ﬁ ik ym%xﬁiléréect svith Na(hk 1 dd80@L) aad texpragtd with DCM (3x

a .

SO%LC) g&’@@(fbga&‘ég&e@ %ﬁ_i%q V{I%%N%tkl\?\g gpggé gﬁ'ﬁe WOﬁ{Lﬁ ea'h& g"xen dried
ovef NaE&OA OTBO lctlidb qmdws was thfiydl badhish chroito g’kﬁ);ﬂlwﬂ-lexane/EtOAc
. I act re, The combined organic
%é&%%) we%féorM%@d%geW@mPé) Yaslded”mi t h Na2so4 and
concentrated to give 583 ng crude product 208 which

was used without further purification in part B of
PdrhiGs exanple. Part B. \\ ON~-0 OZN~ OH 02N I ~ ~N

' NHBo NHBoc HATU 208 ' N 209 15 H To a sol ution of

Boc protected phenyl al gabne 208 (583 ngy) ip,,DCM (10

nL) at 23 C was added HATU (%544 nyg), di methy ne

(203 ny) and (0.8 rrL)/\#n/\owseactPop ure was

stirred at 2 ior 2 hr. Thae reaction f'yre was
t hen di | ut@ewP¥eh 20 DCIVIWV\@Sh i th<gat .
sodi um bi carbopate, sat. N ¢1, brine, dr (NS odver

MySO4 and then concentrated to dryness. Flash

chr omat ogr aphy on silica gel (10%ethyl acetate in

?g;(q?lg%teg??(é ) %ﬁnépq %gcngés' %‘%I\QBQH BNSBYImE §GRE sodium
acBaie/ (BZeg;/ 0;98141?1101 Ra¥teqC.wé @ddedZNI'R¢' sbfution WANNitirred at room
temperature for 30min then poured on brine (30mL) and extracted with diethyl ether
(3x30mL). The combined organic layers were washed with saturated NaHCO; (1x20mL),
water (2x20mL) and brine (1x20ML), dried over Na,SQO,, filtered and concentrated to
dryness. The residue was then reacted overnight with hydroxylamine 189 (588mg, 2.35
mmol, 1 eq) in refluxing toluene (20mL). After 14h, the solution was concentrated and the

residue purified by flash chromatography (Hexane/EtOAc, 0% to 30%) to afford 190
(964mg, 1.69mmol). Yield 66%.

Part H.

! (o]

MeQ
Cl

0 1) HCI o I

< S y N. OMe
o N 0

1 |J< 2) AlMe3 H
" H oSI< HO—4 OH

“NH,

91

Lactone 190 (964mg, 1.69mmol, 1eq) is dissolved in THF (8 mL) and HCI 6N (0.6
mL) is added. The solution is stirred at room temperature for 2 h then diluted with DCM
(100 mL) and washed with 5% NaHCO; (3x) and brine (1x), dried over Na,SOs, filtered
and concentrated to dryness.

To a solution of the residue in dry DCM (6mL) was added a solution of (+)-
isopinocampheylamine (569uL,‘3.39mmol, 2eq) previously treated in dry DCM (6mL) with
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NHBoc Pd/ C , NHBoc 209 210 209 (500 ng) was dissol ved

in nmethanol (10 nL). The reaction solution was purged
wWG2B0M3BL2, pal | adi um on carbon (10% 0.6 g) WesST/HSET)18471

and a balloon full of H2 was attached to the reaction

fl ask. The reaction was stirred at 23 C for 45 mn and

2. QM etrimetleylalpmisumm én hexanes (1.8 ad. SriS%oupel. deatfor 5 pning Bre solution
w%s?hyr{r@d ag-l}g?rge E#?era?l!lrg 90\}’3%13%1‘(&? 1?1? ‘Mﬁ hwgs a&?%dt %)Sfutﬂ%l of (+)-

aceta or gani ¢ ions Wwere €o
isspineamphayledineq285 Me 1. @Hﬁﬂn&gl&f) p2éQoushPtr&aéd inldry ®CM (3mL) with
H2ZN N HCl H2N | NHBoc NHZHCI 210 211 210 (100 nm)
2. @Msmqv@dalumlm nThams (850udt 189mmdgloll¢pvied 1hyninhe Aﬁer 5h, the

dit Th
soffpr By de ln v el sl bng frded gt NS0, 10m,0 826
25d4{rﬁﬁi€15315e@t Mtk mAxaird s (sfirréd Ji od’é@satux%gﬁil ieﬁlp@fdtﬁ’r% for 15h then

off the excess HJ to give 105 my crude 211 wh was
ﬁltﬁ;@ﬁomﬁﬁh@uifh«f Oilttabewapeonckiteed wndrypespand the I‘g$1dll¢1plg‘1ﬁed by flash

oH P eapin] o GReo Pt ool U 1A o8 5ok opmmoD. Yield

644..5 nmL) under argon at 0 C was added a solution of
LAH (1 M 1.7 nL) drop wise. The resulting m xture was
warmed to 23 C and 25 stirred 12h. The reaction

pcmxtured was quenched by the slow addition of water
(0.2 m.), 15% NaCOH (0.2 L), and water (0.6 n).
Subsequent addi tion of 1pn1”“?50d| uni pot assi um - 188
WO 2008/ 024337 PCT/ US2007/ 471 tartrate solution

and DCM (3X100 ni) was "frs %Bxtract the aqueous

sol uti on The i ned e¥ganPc solution was drigd
with O4 ang@?entrf‘a%d ko gi ve crude oi I o
produc Oo,ﬁ@) whi cldrpi@s use ha:ut OH
purificp ﬁon in part F of this exanmp B ~ H2N
H2N Ni O 4 da\I\P)LN~ ,»,NO o on

191 NaBH;CN 182

A flask containing iodide 191 (659mg, 1.09mmol, 1leq), 3-amino-5-
carboxyphenylboronic acid (240mg, 2.17mmol, 2eq), cesium carbonate (628mg, 3.25mmol,
3eq), potassium acetate (107mg, 1.09umol, leq) and Pd(dppf)Cl, (79mg, 109umol, 0.1eq)
was purged with argon and DMSO (5mL) was added. The reaction was heated at 60°C for
24h. The reaction mixture was added to water (100mL), acidified with 6M HCI until the
aqueous layer attained a pH of 4, and extracted with DCM (3x50 mL). The combined
organic layers were washed with water (1x50mL) dried over Na,SO, and concentrated to a
brown oil. |

This crude oil was dissolved in MeOH (10mL) and treated with 37% formalin
(162uL, 2.17mol, 2eq) and sodium cyanoborohydride (205mg, 3.25mmol, 3eq). After
stirring at room temperature for 30min, the reaction mixture was quenched with sat
NaHCO; (4mL) and partitioned between water (50mL) and DCM (20mL). The aqueous
layer was acidified to pH 4with 6M HCIl. The layers were separated and the aqueous

extracted with DCM (3x20 mL). The combined organic layers were washed with water
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O NOWBW H 1~-1 H212 HO ,N, HOHN_ OH = H OH HBTU

= 10 DI PEA 206 To a solution of 10 (14 ng) in DCM (3
workgosmas3added crude am ne 212 (13 ng), HBTU PABUSY)7/018471

and DIPEA (14 |). The m xture was allowed to stir at

23 Cfor 2 hr at 10 which point the reaction mxture )
(1D, drieditaver WapOpamd( sencentyatod $¢ e brgvem o awhickoyasypsed without

i~carho. L Cl, brine, dried over MgSO™ and
p@éﬁ%@%‘?%é%’&%&%ri fication (acidic method,

10-100) gave 2.8 ng of desired product 206. Ms

(ESI(+)) me 785.61 (MtH)+. Exanple 79 15 0 N- H,
Pagedd OH NN HO HO 1lveH NH2 213 Part AL MeO O H

| 1) DIPEA, Tf20 0O N Owe N 0O2) NaN3 O tCt M H

OHOOHN3 Mz & 214 20 ‘3&3& WD 2008/ 024337 i

H

Toj 0 C sdlNjon of |actone

PCT/ US2007/ 01

g, 4 @ I ’ a2 nd at 0 C adde

anhyd ey 9. 5.15 nm%)emdropmvg (N

course’of 5,m\n, After e H%_&
‘, HO!-{( H

-

OH
192
5 183

Compound 192 was taken in DCM (2mL) then amine derived from luecine (78mg,
543umol, 0.5eq), HBTU (206mg, 543umol, 0.5eq) and triethylamine (151pL, 1086umol,
leq) were added. The reaction was 'stirred at rt for 1 h then concentrated to dryness. The
residue was purified by flash chromatography (DCM and DCM/MeOH/NH4OH 4:1:0.1 0%

10 to 100%) then by HPLC to afford 183 (5.0mg, 6.5umol) as a lyophilized powder. Yield
0.6% (from 191). MS (ESI(+)) m/e 770.49 (M+H)".

Example 75

O 0
Hgi/\c LN
:H LoH
193

15
Part A.

¢ YU
DA™ SRUeRSH.
N OM N OMe
N 0 ) Hit HBTU H Jo
HO—: LN K/N + TEA , DMF HO— AN
iH L on iH \‘on
10 194

K

20 To a solution of benzoic acid derivate 10 (50 mg, 0.08 mmol, 1.0 eq.) in DMF(3
mL) was added 2M solution of (S)-N’-Benzyl-2-Benzylpiperazine (0.04 mg, 0.2 mmol, 2
eq.) in THF followed by triethylamine (10 mg, 0.1 mmol, 1.5 eq.) and HBTU (30 mg, 0.07
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30 mn, the reaction m xture was diluted with DMF (10

m.) followed by the addition of sodium azide (0.837
w@2008@2031mol ) in a single portion. The reactiPCI/US2007/018471

m xture was renoved 5 fromthe ice bath and was

aIIovved to warmslowy to 23 T. After stirring for 12
mmpol, {Oxbeq.}- e“sftqriswﬁlr\gefgr %thﬁca%e@ e reasdion ik turpwapiluted with EtOAc

R B A R SRR S s

120with \6aS NUOH fahé ‘éxtbabtaf atth @ihyl dektageh2oht @I)Tﬁil!)gl" BPEYmbined organic
30- 80% Et CAc/ hexanesgwto afford 1.7 g (89% of azide

exsragts wage deed (Na:S04), filered ppdconyentratedin qucw © gveEf 00 mg of a

b L el At 48 Thes B Coaghibbarles - 10%
MEGB/DCM) tm@,ﬁive’igﬂﬁdg aﬂvlstzl BAbrowh dodidu¥ied @1%. MIUESKB))6n/z 858.62
mol,). After stirring for 2 h, the 15 reaction

(MiBY ure was added to a solution of |actone 214 (2.54
g, 5.72 mol) dissolved in THE (10 nL). The conbi ned
reaction mxture was stirred for 2 h, then poured into

PanB. Erl enneyer flask containing a saturated sol ution
of Rochelle salts and Et OQAc. After stirring for 5 h.
the reaction m xture was extracted with Ethyl Acetate

(3x100 n.), dried ( ), filtered and concentrated
was purified by.gradi et J;Q
N

to an oil
aphy (30- 70% Et OAc xa es
f azfd”é‘°?15"'e°*Part

Y KOAG, 552008 R NN N "
Me NG 215 80216”5 49 -
190 O 2008/ 024337 US2007/ 018471 | soxazol i di ne

215 (302 ny, 0.505 nmol), pinnacol boronate 49 (368

ng, 1.26
To a solution of (S)-N*-Benzyl-2-Benzylpiperazine amide 194 (27 mg, 0.031 mmol, 1 eq.)
in MeOH (3 mL) under H; (balloon) was added 44 mg Pd(OH)2 (44 mg, 0.031 mmol, 1
eq.). After stirring at 23 °C for 18 h, the reaction mixture was filtered through Celite 545
and washed with MeOH (2 x 50 mL). The filtrate was concentrated in vacuo to provide

crude 195 (14.5 mg) as a light brown solid, which was used directly on the next reaction.
Yield: 60%. MS (ESI(+)) m/z 768.37 (M+H)".

Part C.

SN
A !
N N OMe NH OMe
H o] N CNBH
HO~—- PUN 2 ®
¢H V‘oH
195

CH3CO,H ,EtOH

To a solution of 12 mg starting material 195 (0.02 mmol, 1 eq.) in EtOH (1 mL) was
added formaldehyde of a 37% aqueous solution (4 mg, 0.05 mmol. 3 eq.), acetic acid (0.9
mg, 0.02 mmol, 1 eq.), and sodium cyanoborohydride (3 mg, 0.05 mmol, 3 eq.). After
stirring at 23 °C for 16 h, the reaction mixture was filtered through Celite 545 and
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mol ), Pd(dppf)Cl2 (82 ng, 0.101 nmmol), potassium
acetate (65 ng, 0.657 mmol), and cesium carbonate

w@ 2®4/0m337 1. 52 mmol ) were di ssol ved i n anhydr oRGT/DMBQI/018471
(5 m.) and flushed under positive argon pressure. The

reaction nmi xture was stirred at 60 C for 2 h, 5 the
confantiated to drasss toraffosden erange sk The @iwéerwm@s Kiealatesimﬁl a saturated

I h 1
sol RS Bl g T BB of o ke 395,40, vin N
N&OH. anal“ﬁitraétedlwlt}oﬂthyl Atdtite (Wa:ssemu)au“hedombtdad Etr@a@cs were dried
(3x. 1 and _t he conbi ned organi cs were

OVGWQ:S@, ﬁ%tffqefi éne gongeatrelsh éenequat tbe erydaRrasurt W%@unﬁed by HPLC

0) o
fo ffbg(?rét Ilggr ;th&g@? R%:(nezgl c@sjé A ﬁigxanesc% é}Odu 1‘109r3 d Yie)g 33%. MS
(Esuw)ﬁa%mafsst(mma)ﬁyl acid 10 216. Part D 0 iNOHN
N. HBTUI / H MO MO OH HZN' ,NHNCN N HO
H O MeH N3 HO MeH N3 216 217 15 Bi phenyl acid 216

(320 ng, 0.504 mmol ) and m‘&m#@ﬁﬁ ng, 0.756 mol)
were dissolved in DM (5 nL ol owed by addition of

(R) - 1rrethy|pyrro|idin3arrine 1.01 nmol).
After stirring for 2 the re %qe was
diluted with EtOAc( wd sodi um
bi car bonat e sol utlon o Extracted with
tered and
was purified 20

Et OAc  (3x 100 ni), drle )
concentrated to an oil. The"chdde oil

by gradient flash chromatograggy (2 -5% MeOH DCM to
afford 176 ng (49% of azide 217. Part E -191 WO
2008/ 024337 PCT/ US2007/018471 0 CN_ O "INN,, "IN
INN/HI H MODTIT,DBU MO Fi 0 HN H NCO/H NCO HO

Part ‘IﬂIO

H-

szdbag EB3N ,o
OMe O
SPHOS, toluene

To a solution of 9 (1 g) in toluene (10 mL) under Argon was added dioxaborolane
(1 mL), SPHOS (0.04 g), tricthylamine (0.7 mL) and Pd catalyst (0.02 g). The solution was
purged with Argon then heated at 80 C for 2 h. LCMS showed mainly starting material.
Another 60 mg SPHOS, 30 mg Pd catalyst and 0.3 mL of dioxaborolane were added. The
solution was heated at 80 °C for another 5h, and then cooled to 23 °C and methanol (10
mL) was added. The mixture was push through a short plug of silica gel and concentrated.
Flash chromatography on silica gel (Hexane to 30%, 50% ethyl acetate in hexanes) gave 1 g
of desired product 197.

Part B.

- 183 -



10

15

20

MeH N3 H Me NH2 217 213 Azide 217 (13 ng, 0.018 mol)
and dithiotreitol (8.7 ng, 0.054 mmol) were dissolved
WO e00BRE367L L), foll owed by addition of DBU (8P&I/uk2007/018471
0.054mmol ). After 5 stirring for 1 h, the reaction
m xture was purlf ed directly on HPLC (Acetonltrl I e/

40 mol ammnl u car bonat e aqueous), to y| eI

(479% m e (( EQ, J&L Acrrie /OH
Exarrpl e .'o

10 218 Con'pound 2i3§‘°'\7\d§e'attal n %
conpound 21 aHd bl | owi ng the protocol t:lH in

Exarrple 79. M¥7((ESI(+)) me 783.1 (M+H)+ 18 Exarrple

81l FON NON Ov H'IN, HOHOOH?219 Part A -

192 WD 2008/ 024337 PCT/ US2007/ 018471 F F md,

2( HOMO) solutidat f\pin&olbbirthn 19441 g)60 niixedldwlvants dPdCetBne afidHvater (1:1,

205mp) étzr? g/%g %m-g%oglugg!geur}obg{éég Egl) %g‘f @éﬁ&p&@vn\? ggeéata ?Ogg)s hThe mixture

B : T
W{Eg%lorw_e)% @,aq%tlr?g?g q (g%\‘ 12 8. "he RACEBIPIvas %vaﬁ)%}atécp to dryness and the
residue taken up in ethyl acetate (100 mL), 0.1 N HCIl (10 mL) was used to wash the
organic layer. The organic layer washed with brine, dried over MgSO, and evaporated to
provide 198 as a yellow solid 750 mg and used directly in the next reaction (Part D of this

example).

Part C.

Br
o Bry, acetic acid \</E(><
0]
OH O

OH O
199 200

To a solution of dihydro benzofuran carboxylic acid 199 (150 mg) in acetic acid (3
mL) at 0 C was added an acetic acid solution of bromine (120 pl in 1 mL of acetic acid)
drop wise. The mixture was allowed to stir at 23 °C for 12 hr. The reaction was quenched
with sodium sulfite solution (2 M) until the red color disappeared. = The mixture was
concentrated under reduced pressure and residue was taken up in 150 mL DCM, which was
washed with 2 M sodium sulfite, brine, dried and concentrated to give 200 mg of crude

product 200 which was used directly in the next reaction (Part D of this example).

Part D.

g-OH Br Pd(dppf)Cly, CsCO3 ,
OMe OH . ’
. Y KOAC, DMSO HO
o O
200
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(5.0 g, 26 mol, 1 eq), heated in the mcrowave at 160

Cfor 15 mn. TLC (3:2 5 Hexane: DCM showed conpl ete
w@emseyssi on of 220. THE was evapor ated and t hBCT/US2007/018471

reaction m xture was taken up in EtOAc, washed with

brine, dried, filtered and concentrated in vacuo to

af f dFada Soldtign of ba@niowvid h9§EIOUBgindDMEEX(S mL) at 23 °C was added

o e ook S0 it Sl e i
Bl (P B O v b SRR Ry 5 Lo

sha@edridesiredgsodudt agd ir¢atian susponsémmtedl odBh€tpuaifieatiéh Gave 20 mg of
nL,. 41 mml . 1.3 eq) was added dropw se and allowed to
5 degirgd prgduct0fyernj ght . TLC (9:1 Hexane: Et OAc) showed
no remai ni ng 221. The m xture was diluted into water
and extracted with Et OAc. The organi c was separ at ed,
ed wwth brine, dried, filtered and concentrated
in vacuo to afford 222 as an oil. The crude materi al
was purified by columm 20 chromat ography (silica gel,
50 % DCM i n hexane) t 'ﬁp(dpa.4 g of 222 as a white
solid. Part C FF H. H NaB3CN N CHC Br HO'
Br OV MpGH: THY, Owve 3:10252223-19 VIO 2008( 0} i
,/ 200770 OHTo a sol ution of 222
I’u, ga)> iNeOH THF |(371, 20 ni)
agquesys(sol ut i o-of hyd(%;i};l\ am ne hydr dch) o
(0.75° g, 21 mmol, 1.2 eg@wN4 nL of water}"i
portionot The pH was adjusted to 9 with NaCH (6MNp, and
10 stirred at rt for 1 hr where TLC (2:1 Hexane: Et OAc)
showed conpl ete consunption of 222. NaBH3CN (1.3 g, 5

21 . ' ry.st

and ThbslSG AT AR DENIE1 SOV RliePLruERHe (1L, HATU
(4veOH TROmMKthe. wadshallomddad stihet 2328CtfboD hen| The omdevasixture was then

mai nt ai ned at pH 3 over the course of 12 h

b
dilkaingh $ibrmefhareta(§00 arkdusnds pufigchby R IHarbRsie: 186400) to give desired
prﬁﬂc&l 635 iR dE‘SI(S-l- A LS 48 V\Tlﬁi pPH 9 with NaCH (2

e~ Sol®tion Wwa racte Et OAc, washed
wth brine, dried, filtered and concentrated i n vacuo

15

to afford an orange oil. The crude 10 nmaterial was
purified by colum chr OWHEEQQFZ@WW (silica gel, 55 %
Et OAc in Hexane) to affor .7 g of 223 as a cream
solid. Part D. F :
SOy
o] N
HO- o~/
iH Loy
202
20  Part A.
e}
(o}
0 KQ\B/OH Br. (e} O H
"'N L Do b \@(u\u Pd(dppACly, CsCO3 "'N L e Q
. o (P KOAC, DMSO HO ,a ° ot
iH LoH iH \oH
198 203 . 204
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Ok F O0HO CaCl2 0O HO N/ Br 0 O'N Br Owe COH Ether

_ Owe 223 224 225 To a solution of 223 (1.8 g, 7.0
wonwB/024832q) and gl yoxyl ate ester 224 (1.0 g, BCOUS2007/018471

1.3 15 eq) in diethyl ether (20 nL) was added

anhydrous CaCl2 (1.0 g, 9.0 mml, 1.3 eq), left

sti rfq mgolation of borong a¢id 128 (A0 nglyin laMaSQ, ols@@me). 2523 *fthwas added

arfy SRR AT 3 b SR aftaugieting ma postosiBh A U ER) and o
ca%%g@'iﬂ(ﬁt eﬁle | Rt BE Utk Iﬁu f\i«ﬁ?ﬂ ?ﬁgonpmgd Rlat@la BSC for 5 h. LCMS

used ut pur| i cation.
shBﬂrBd dEsneB pr&h&t EndBthenGredctllon I‘doﬁKE'ﬁBSteE[l EueBicatdon by HPOWE(acidic 10-
THE. M crowave, 140 C, 15 mn H OIBS 20

109256581@218 3Pgng ofdesired grpdyet M5 (0. 497 g, 1.48 ml, 1

eq) in anhydrous THF (10 nL) was added

(S, Z2)-5-tert-butyl di net hyl sil oxy)pent-3-en-2-o0l 6 (0.5
PggB.1.77 mol, 1.2 eq) and Ti(iOPr)4 (0.65 ni, 2.22

mmol, 1.5 eq) hg

m n. 30: t 20) showed consuapt | on

nitro P27 ahd al Hyl i c'sgPghol ? oH

(di met Ay I'¥mAG) °“ie poopanedicst (1 nl d )

was addedo t he dark br owRaspl ution ' é&rn‘hg
iluted

at rt over i ghtOH The dark brown sol ution Wags
with Et OAc a - 194 WD 2008/ 024337
PCT/ US2007/ 018471 quenched wi th Rochelle's salt

5 onots Bt Of Habuidd 2850 el it T3im, (X {eFS e Wdggsoprene (51 ),

u § f gr
2 PR O3 ahﬁqme TS ST 5 Yerrion v

stayfpe@ 26eazh by bdding) watdr (3(PmLt) d%ldli-'yufg toBsH HiIGVithk 6MBHCI, Qm&l extraction
"H OIB OH. H5 226 227
wh?D% (9x15 mhl) %Yborgamc ayers were ned on Na,SQO4 anc2{ concentrated to give

205 as a white foam and used without further purification in part C of this example.

Part C.

N,
(\/E N \ PF6
N N—

N

o) O_«N %v
SR Upns oL
"/N N\ OMe OMe
H o] 0
HO~% o~/
PR
= OH HoNTS)

205

To a solution of 205 (7 mg) in DCM (0.6 mL) was added crude amine (10 uL),
HATU (4 mg). The mixture was allowed to stir at 23 °C for 2 hr. The crude mixture was
diluted with methanol (800 uL) and purified by JPLC (basic 10-100) gave desired product
202 3 mg. MS (ESI(+)) m/e 751.72 (M+H)".

Example 78
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To a solution of 226 (0.40 g, 0.903 nmol, 1 eq) in THE

(5 nm.) was added <concentrated 6 N HC (0.45 nL, 2.71
wonwB/0248332eq) and stirred at rt for 2 h. TLC (1PQI/US2007/018471

hexane: Et OAc) of neutralized aliquot showed conplete

consunption of 226. The reaction was neutralized wth

NaHCOB, extracted with Et OAc, washed wth _bri ne,

dried, filtered and 10 concentrated in @» to afford

a brown oil. The crude mat eri al s pyrified by colum
chr omat ogr aphy (silic eI 50 iln_texane) to
rlo @ i 8. 81%vyield

afford 0.251 g of 22 briowg
Part G 15 F F Br OBr Hé@{o "NHZ Me3AI H N10
Ove DCM OH HO H OH 22'° a™sol ution of (+-)
I socanphenyl am ne (0.314 g, 2.0 mol, 2 eq) flushed
wth Ar in anhydrous DCM (5206&), was added Me3Al (2 M
solution in Hexane, 0.513 m., 1.02 nmol, 2 eq)
dropwi se over 20 min and the resultant clear solution
Psyiyrred for 40 mat rt. A 20 solution of the |actone
227 (0.4 g, 0.2.0 mol, 1 eqg) in DCM (15 nlL) was added
by dropw se and the r&action mxture was $tirred at
rt for 12 h unfy 227 %as OéNo‘@ﬁép’Eoras
i ndi cated by TLC XZ2: 1wkt OAc: beRane) reaet i on was
diluted with DCM and guenched on dr OpWI se addition to
a rapidly stirring®5olution Rochelle' s*°5alt, and
stirred at rt for 2 h. The organic | ayer was
separated and washed with water, brine, dried, and 25
concBna B@lhéﬁh ofipheaglatanine 21)“7f(0r5cg)a'n yekédsolodnts ofldiexane (5 mL) and

b dadroterls BEOOw=0adbled B-G HAb diserigragy ] ©)- The reaction

%)
mé(ggls 1’:{’%%53(!fﬂ ST ag\%v 30| & f&“\% SIeF d }_%gg@/‘f %-(’a rl@ E{afs lcf)ldgeoo}] ﬁg’]/l IQh‘gEH of the
sofitlonBas@. EEtﬁyFac@Laie ax 10(NnN) Qi uRi(td R EEltRe mﬁ&ﬁ@CBEhe combined

KOAc NN OV HO= "O~N1| 0 DMSO_ 70 C, 4 h HO O
orgarag-lageys verg wastedzwitipbring éne@ otk NS Ps él%bmcmtrfﬁ@d mve 583 mg

cnéwcfeto;%og&t 288 %v?ﬁ’chr(%gé dlsa& W?tﬂ))uﬂ frt Qng‘%atgq'r) in (pgéllér’lrg?tﬁﬁ example.

argon, t he "pi'nacol*boron
0. 232 nnDI 1.3 eq), potaSS|um

Part B.

o] <N‘< o
OZNO/\‘)LOH — OzNWN/
I
NHBoc HATU NHBoc

208 SN 209

H

To a solution of Boc protected phenylalanine 208 (583 mg) in DCM (10 mL) at 23
°C was added HATU (544 mg), dimethyl amine (203 mg) and DIPEA (0.8 mL). The
reaction mixture was stirred at 23 °C for 2 hr. The reaction mixture was then diluted with
DCM (50 mL), washed with sat. sodium bicarbonate, sat. NH,4Cl, brine, dried over MgSO4

and then concentrated to dryness. Flash chromatography on silica gel (10% ethyl acetate in
Hexane, 40%, 60%) gave 500 mg desired product 209 (66% for two steps).
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acetate (26 ng, 0.268 mvol, 1.5 eq) and cesium
carbonate (175 ng, 0.526 mmmol, 3 eq). Upon stirring
wo e0sadi3a1 n, Pd(dppf)Cl2 (29 ng, 0.036 mmuol, OPQI/E8)007/018471
was added as a single portion. The m xture was heated
to 70 Cfor 4 h, then allowed to cool to rt. EtOAc and
e 10 were added and the pH adjusted 3-4 with HC
(2N). The organic | ayer was separated, washed with
water, brine, dried, d copcentrated in v uo to
afford a brow?g' ?Ere——-c ~ was
purified by colu cmﬂ@rrat oﬁ‘i‘aphy (SI amgaad 4% MeOH
in DCM to afford.,@5 ng of 229 as a broyn solid. 30%
yield. 15 Part 1. FF OOCHHBTU Et3NO NHN OM'N
N OM OM HO H2ZNDCM 2 h "HO HO- N HO N~ OH
= H OH 229 219 A solution of 229 (35 ng, 0.055 mmol, 1
GQ) 209 m&%%mms‘é&%(ﬂﬁﬂﬁ&hﬂo?rml(ﬂ ). Tﬂere@ctﬂo@nffsommh,was purged
and H

U (42 , 110 mmol, 2 eq) and al |l owed
Wltﬂb stb ipalladiumt on @prbpo (189 0.6 @) trassadgeturidn hellgomdulddf H, was
the amne (9.8 ng, 0.055mmol, 1 eq) and allowed to
atigehied tatth@eaction Glask Khe Tdretiowe was |sbned/vat523 akefr Aﬁ) njin and then the

mISGHE aHfer Qe {H1ovaloBGTPR BN BF 6oy B <Lt g Wisewashed with 2

o?ﬁé%ﬁeoﬂ@ﬁ%rdc@tlate\’vaﬁhéjbllg%l%chomtﬁ)ﬁs IMP&':Q't:orﬁ@in&i—)&mdﬁegncentrated to give
purified by reverse-phase HPLC (MeCN water with nivi

45QmgitBY0 t o afford 13 ng of 219 as a white SO|Id. 20%
yield - 196 WD 2008/ 024337 PCT/ US2007/018471 Exanple
82 NON OHN, HOHON .FI N OH~ O 230 5

PRapt A O OV H2ZNOHHCI OOOCHC\ | HO \ |

210 (100 mg) was dissolved in dry THF (1 mL) at 23 °C followed by the additoion
of HCl (4 M, 1 mL). The mixture was stirred at 23 °C for 4 hr then concentrated to

dryness. Ethyl acetate (2 X 5 mL) was used to drive off the excess HCI to give 105 mg

crude 211 which was used without further purification in part E of this example.

Part E.

o]
HoN _ THF H,N P
vl O
NH2HCI LAH NH,

211 212

To a solution of 211 (100 mg) in THF (1.5 mL) under argon at 0 °C was added a
solution of LAH (1 M, 1.7 mL) drop wise. The resulting mixture was warmed to 23 °C and

stirred 12h. The reaction mixtured was quenched by the slow addition of water (0.2 mL),

15% NaOH (0.2 mL), and water (0.6 mL). Subsequent addition of 10ml sodium/potassium
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H 231 232 Al dehyde 231 (12 g, 33 mmol, 1 eq) and
hydr oxyl am ne hydrochloride (2.7 g, 39 10 mmol, 1.18
wee)osmee3a7 di ssol ved in THF/ MeOH (3:1, 60 nlL). REX/E82002018471
nm.) was added and the pH was adjusted to 9 with 6 N
KOH. The reaction mxture was stirred at rt overnight
tardrate tsmtmon\lam-lm}M(@Xﬂog mup wiasraisyd Yo sxtzast dloe fa@\ldogmqlutlon The

st.a net hyl, .orange a
coftbifi” b sy g PRA° aeaT oL HERnPARTE Ft Sruce oy
prbdnfct duz et0 ap), whiicH W& dsedlithetit théMRirificeivtEntpandtstt thidexample.
of N HCl . “After stirring for 2 h another portion of

15 NaBHSCN (1 g, 13 nmol, 0.4 eq) was added. The

solution was stirred for 16 h and then neutralized to
PoHF7 and diluted with DCM The ni xture was washed with

water (3 x 10 nl), brine and dried over MgSO4,

filtered and concentrated in vacuo. The crude product el

was purified by silica,gel chromatography (50-100%

Et OAc/ hex@ng) tof af ford @ ,con‘pound 232 I d

54% 20 [PaytByOve: Ove Oi*QHOO

[ A @N N 232 - 197 V\022008/ 0243
PET/'US20Q7/ 018471 Toasolutlon of 232 (0*4 60 1183
mrol "°4 eqP" and gl yoxyl at eaja ster (0. 2854, 7213V o MO

1.3 eq) |m di et hyl et her AamL) was added anh dr ous

Cad 2 (0.263 g, 2.37 nmml, 1.3 eq), left stir ?ng at

rt for 3 h, resulting in a suspension. The suspension

was filtered through a Celite plug washing with DCM

and BEd heolutidihef I‘IQSE]A traghin PEIM @8vnslo) wis atded@sude amine 212 (13 mg),
concentr at ed in vacuo to afford 0.497 of 233

HBED! (k08 g RIREA 6 Al D o Gl i 08 SHawed i i ¥C for 2 hr at

Wlﬂ}?%&’glﬁﬁ‘é \%Zere%/ignenx&lge w(;ﬁ d-li\/%> t}%f)%l\)l_' SO%nL) wgﬁeévnh sat. Sodium
bléilflﬁ’@{\d& s2t|31NIE4(|236r1M tdrfbﬂ%v%BM%Sb‘Qandl&oﬂUéﬂﬂrated @IPLC purification
a I C alcono

q)
(aqiid(q opthpd, 10-160) gavm_2 g 88 whwesired, msdw)ZQﬁerMSd(%%@r))/@de 785.61
(l\)% +o| uene (40 nL) and heated in a mcrowave at 120 C
or’" 10 min. The reaction mxture was diluted with

Et OAc (10 nL) Example 79

Part A.

MeO
1) DIPEA, Tf,0 0

2) NaNs
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and 3-(di net hyl am no) -1, 2-propanedi ol (4 nL) was

added. After stirring for 2 h, EtQAc (10 nL) was
w@eowes24s™ t he m xture was washed with water (BCRUSD07/018471

m), brine (10 ni), dried over MySO4, filtered and

concentrat ed in vacuo. The crude residue was purifie

by 1% 30 {(caelgon ehlasient Syilabeys @2@3@@%&@@\444@@%% 0 °C was

B RS OO ) g B3R 5 i

30CﬂiBDMie gabtidDmixtuee wad dﬂﬂlitechmtfn PMB @Ohat.) fdllfbv\(eﬂ tgy thB addition of

SOoRH! azé?)?%%”egr;)l ( 1 )s’él aaﬁimga %03‘%??2 d@&ﬁgﬁ‘i“f?g %glre was removed
frc?'%'tﬁé RY Faflf ardd Ralb aﬁ&ge ﬂ*’@/@ﬁﬁ%ﬁ)&’}%ttg' 23 a’g“ﬁh stﬁ'ﬁﬁ 12 h, the
O nm.). The organic ase was arate washe t
redmtion eyasdyueached viar thhlalﬁ&i@én ofivwdter exdraed wohEQAC 2200 mL), dried
vacuo, to gfford an oil. The resrltln

W | .
ovs a6k §iorepend sspepnatstigaen ol T nﬁwﬂfrqﬂ? wag pyjjfied by gradient

I t r
ﬂa%h %Ma?@%%gﬁégw%ﬁ?&%ﬁéﬁa@%oﬁ@%gﬁ%@3 RS
Me3Al, rt NOHOHNOHO NH2 HO HOIBS HO 5

23 236 TBDI\/S To a solution of (+)

PareByi nocanpheyl anine (0.6 g, 0.7 nL, 4 mmol, 2 eq) in
DCM (10 nL) at rt was, added Me3Al (0.4 g, 3 mi, 2 M
solution in toluengo 6l nmol, 3 eq) dropw o r 2.5

m n. The sol ution was irred at rtyfer 10 m rior
to the dropw se Oad 1i tTon obea+sOl ut n JoilLd actone 235
(1 g, 2 mol, le DCM(’TS_rrE)' t;'gactlaon was 10
stirred for 24 h Iuted DCM(125 m:)a r}ga
saturated sol utl"’Bn 90 3Rochel 'sHsalt (125 The

m xture was vi gorously stirred for 2 h untlf
phases forned. The | ayers were separated and the

or gapi as shed. with water,, | ne ried over
%?9 FCrsobHi0n ofH)-SepieasAmRheYine &yéﬂa% 34 arpgph 1 THE (60

mﬁﬁl’v‘agj adJJHGZH%IBjAW thHEdel 1898 By, 58 %'rﬁlffh geldAfter stirring for 2 h, the
romat ography (25% hexane/ Et QAC) to fo %

regotiop onimthre 36is a&d@i ) 8§@h1t1d150PhiK:tonE 214 (2.54 g, 5.72 mmol) dissolved in

THF (10 mL). The combined reaction mixture was stirred for 2 h, then poured into an

-D_.ﬂ

Erlenmeyer flask containing a saturated solution of Rochelle salts and EtOAc. After
stirring for 5 h. the reaction mixture was extracted with Ethyl Acetate (3x100 mL), dried
(MgSQ,), filtered and concentrated to an oil. The crude oil was purified by gradient flash
chromatography (30-70% EtOAc/hexanes) to afford 2.79 g (82%) of azide 215.

Part C.

MeO
Pd(dppf)Cly, KOAC ‘
C$2C03 e (o] H
NH WINH Z N\
o}
MeH Von,
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OH\ OH\/ HNOHOI NNHOHO HO HOIBS' H CH
236 237 Phenol 236 (187 ng, 0.27 mmol, 1 eq) was

waele@sot4sed in DM (3.5 nL) and treated w th Kedx2Bsiod2d18471
ng, 0.8 mmol, 3 eq), allylbromde (49 ng, 0.4 mml

1.48 eq). The 20 solution was stirred for 2.5
di | Js@dzolidipe \Rdﬁe(r30&ﬁﬂg,e959%tdtl@él)mmfma@:ﬂleltq1i9lllat@t4ﬂe¢36§Smg, 1.26

o Bhop 25 BP0 BB R 26e GE S v n

cealuﬁﬂbarﬂonaTdﬁ erodemp] 1.52Gn560) iveeryvdssselived o ¥alehdrsus OIS 8NmL) and
6 nL) and treated with a solution of

ﬂtﬁmcbymed.méltl(vq apgop pressgrer. Thoeeagiigrumivgnrevisas sirradras$0 °C for 2 h,

Bl Bt ALAUSTNE 1 AN Rl i o

(20 wiTi)f ane dv et (30 |nhI_C)3an@Qhe We@ﬁ%ﬁmé aahydj(2edadpWlaheixtas®) HCL. The
to affordOZlg 237 as a white solid.
reagtiondnigtuwg wag rexirasted y&gtj)l WA Fxd 00 Paf33and the combined organics were

oSS TRHE Gy eshffond 1 TR g N il By gradien

fldsh e heonkaedigaphy 7/(10B.5Y4 Agetofle/Rexed) to Affor) 170nmE - BBekof Biphenyl acid
n,), THE (8 nL) and H20 (2 nL) was added NMO (80 ng,

218: 8 ol , 4 eq) followed by the dropw se addition of
G (0.21 g, 2.9 n, 2.5 %solution in
2-met hyl - 2-propanol, 0.02 5 mol, 0.1 eq). After 3 h,

Pdrh®. reaction mxture was diluted with DCM (5 L),
bri ne and 1096hb28%§8 and the organi c phase was
separated. The @ egus phase was extracted with o
(2 x 60 L), ane Fonbi ned organi cs wer eNdried
Na2SO4, filtered @nd congeemntrated in vacuo t
a solid. The ¥#iNAawas dissotved in THE/maL.

r

1.2 and,treated wth i odi c \aei d (80 0.4
nmol , qy) i ngl e pogfien and s re r_fr 10 12 h.
The sol btign diluted with DCM (5]} ant, washed
with brine, mwi ,over Na2SO4, flltere T in vacuo

to afford an,pil. "The resul ti ng oil was é”Els ehded in
DCM (5 nL) and treated with AcOH (10 ulL), *'forphol i ne
(40 mg, 0.4 mmol, 2 eq) and sodi um

L ey RISl S ol BBy, B B o wer
didNe¥dd (id PMF, (§ﬁf-'Ll) rf@fl&ged\%gadﬁﬁlomaf @) -2ty BRRU -3 -Bmine (101

EtOAc (3 x 3 nL). The conbi ned organi c was
mg,oheknmal). edftleh stmog don d hathegeattian rmvcture ‘Mae ddited weith EtOAc (100

chr omat ogr
mbfind  Sfjusstdh Sghins BsHfponfie s§ RO TRE R Wap SelGlin EroAC
(3%B8 mL), dried (MgSO,), filtered and concentrated to an 011 The crude oil was purified
by gradient flash chromatography (2 -5% MeOH/DCM) to afford 176 mg (49%) of azide

217.

Part E.
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Part HI ' 0=0HO I \ ON\ |1 OB\ OHHNOOI| OH
H

HOO I/ Pd(dppf)Cl2, Cs2C03, KOAc HO /N HO =

H
wORMMIA33I70 C 4 h HON\ 238 ~0 CD 239 20 A PCHER2007/018471
1 e

containing aryl iodide 238 (25 ng, 0.04 mmol,
pi nacol boronate (17, @ 0.06 mol, 1.5 eq), KOAc

ng,

mol

was

mxture was H&

0. 048 mml
3 eq) and
purged w t h

2% ed) ~~cesi um car bonat e (39

@' dipf)Cl2 (6.5 ny, 8 gmel; NE
af gon and (2 m) was d” The
gth to 70&:83.3 h and t hen oled to

42
N

SO|OUI as diluted vvlth (10 wat er
(5 rrL) pH was adjusted to .,,,yvlot*h 25 0.1 N

m_)

phase was extracte wiit A DEM (2 x 10
and theMs*o i,ned organics were wéS e W|th bri ne

(20 nL), dried,over M\gSA, filtered and épcentrated

in

- 200 V\D 3008/ 024337 PCT/ US2007/ 018471 vacuo to

afford a dark brown oil. The resulting oil was

pur '1%189&?% 6{1581‘7‘121: fﬂflgnﬁh glgcgﬁlthfo%‘eﬁo Z

%‘ 8/8% %ol) were

oun ow s

dléészied in4DMF HalhiL)l f@ldvl/@ l)y @ddﬂtl@i dfi IDBDJ (}3 QdLHBTOSAmmol) After
EESNHNOON HO1' HH

stirpgg forydh mtf%@ad)onzaom(re)was mtsﬁad §ts1=<uky %HBLCiageteamﬁ’g/ 40 mmol

B3y B b 4l B, (P 299 BRI 48 s

69arsMEtBN. (4 mg, 5 ul, 0.04 nmol, 2 eq). The sol ution
was stirred for 2 h, diluted with water (0.5 nL) and

purified by reverse-phaseExample 88CN wat er with 40 nmv
NHAHCO2) to yield 7 ng of conpound 230. Yield 67% N5
(ESI (+)) mz 870.1 (MrH) +. 10 Exanpl e ~ 10NO

NN OHM HOMHO=N =F1

Part A.

Compound 218 was attained using compound 21 and following the protocol

outlined in Example 79. MS ((ESI(+)) m/e 783.1 (M+H)".

Example 81

Part A.
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OHCO 240 15 Part A CHO THF, reflux " O0 B G HOB
I 0O HO4OH O 10 mn mcrowave NH2 NH2 241 242 Met hyl

W@ 20081024387 5- car boxyl phenyl ) boronate 241 (1.5 gpCBUS2007/018471
mmol, 1 eq) and pinacol (2.9 g, 25 mmol, 3 eq) were
conbl ned with THE (7 m.) and heated in a mcrowave to
140 C for 10 nin, the reaction mxture was €ooled to
rt and then concent jed t %Mérange . The
crude material 24g s used w thout™ f ur to
purification Part B 2201 WD 2008/024337
PCT/ US2007/ 018471 3 a 00 OB Oi L) chas ~Z-Bl |

OH ODW 80 COii.) UGH THE NH2 C N11 242 243 Q0
To alsobauiignoid¥igehi(powder323 n@f!BhAS 9 g, 12 Simi? eq), parafolmaldehyde

e a2 S D 35 e, TS 8 6 ) s 20
(5too g 38 98 fﬁn{&r 126q)h hedB€ ROIHt nRFowae di l1dbed Wrtts \Pﬁh;EFTLC (3:2

and extracted with di ethyl ether 5 (2 x
Hemee hleOW@@/@pmpha’fee cppsimpdioni ofh A20.eTHF2was Tvapgrated and the

bri ne i,ed over SH4, tere
reditBo Rt et 4o WERLEP 18 ENDAF tishis LT it | dricd, fered and
coRsnitlatedn Vhicdd 1B afR?d §12 %Gf THEvhigh @Me@@ﬁh&ﬁ%ﬁﬁ@aﬂon Yield 93
solution of 2N Li OH ( . The resultant sol ution
Yowas stirred for 2 h, dlluted wth water (10 nlL) and
extracted with EtOAc (2 x 10 nL). The organic |ayers
were washed with brine (10 nm.), water (10 niL) and
dr'bed (Na2SO4), filtered 10 and concentrated in vacuo
fford an oil. The oil was subjected to colum
chr omat ogr aphy (30% Et OAc i n hexane to afford 243 as a
white solid. 42%yield Part COIl OB _?A1 OHO Hz O
N N Owve HNOO\ CH O N Pd(dppf) C12, CO3 HO HO H
OH CQJ KOAc, DMSO, C H Mexdo, 15 9 245 0
OHC Br DMF OHC Br

OH OMe
221 222

To a solution of 221 (6.0 g, 31 mmol, 1 eq) in DMF (38 mL) was added K,COs (3.0
g, 41 mmol, 1.3 eq), stirred at rt for 10 min, resulting in a suspension. lodomethane (3.0
mL, 41 mmol, 1.3 eq) was added dropwise and allowed to stir at rt overnight. TLC (9:1
Hexane:EtOAc) showed no remaining 221. The mixture was diluted into water and
extracted with EtOAc. The organic was separated, washed with brine, dried, filtered and
concentrated in vacuo to afford 222 as an oil. The crude material was purified by column

chromatography (silica gel, 50 % DCM in hexane) to afford 2.4 g of 222 as a white solid.

Part C.
F F
NH,0H.HCI H
NaBH;CN N
OHC Br —— HO” Br
OMe MeOH : THF OMe
3:1

222 223
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A flask containing aryl iodide 9 (40 ng, 0.07 mmol, 1
eq), pinacol boronate 243 (30 ng, 0.09 mol, 1.5 eq),
wems/0tB38 ng, 0.069 mml, 1.2 eq), cesium carPOES®07/018471
(68 my, 0.2 nmmol, 3 eq) and Pd(dppf)C12 (10 ng, 14
was purged wi th argon and

mol, 0.2 e% 52 L)
Topasotign®f 22Rd2mi %t L el | kghie MaQH i"é{FcGr br2Gml)ayes added an

an%%F (s§8.1?ilﬁﬁ%f %&B{o&yla%@?en%@réﬂﬁ%oﬁlt@. ? gggﬁg?l\é\%bheq in 4 mL of

wzﬁe@ inohé poﬁ)loii ”l\hd-ﬂl wa'El’adjlﬁquO Gswioth AR OHNEN ) aridt ﬁﬁfﬁdit rt for 1 hr
and the cqnbi ned organics we
W%ﬁ% ﬂé@ W k H%@qerﬁéom Sli*myed ¢rRiefe soBuMpigawt 222, NéBHelCN (13¢g,
and ?oncentrated in vacuo to afford a dark brown

2lmolese) tW3sgdded Withe %Xﬁtalqu &ty red andtheisplygian a@lﬁbf'tﬂwo pH 2-3

usgré Igcglé‘]’ owﬁ;(gp gﬁgg@.’é Qf;f%,ﬁ%lg??lﬁ o&%ﬂ%ﬁ@%@aﬁe@m pH 3 over

the 00534 33 h tBCﬁ'dddSﬁOGf? élﬁélB dmbuntb thl@-anﬂiIlhbhc&IGNssluﬁbM where it

NOw. | i IL.HD N~ H O H2N

was\bagi fiedcio bl &m ﬁfPﬁzHéﬁls%ﬂ%w%wai PHraciRd vzﬁg EtQdc, washed
Q 4

w1'?19 bnge cir%dmﬁ’l.jeredlan‘aagonbéh ngl_rﬁdl\éc{gué t%?fog@%g%r%%:\dlﬂ The crude
mateﬁale\qas purdicall byeeldminochsomatogtaphy (fibea g, 19 9%EMOATan Hexane) to

hi s _sol on was ad d the amne (3.3 ngy, 0.023mmol,
af&;_r(%ig &?& Ialcé%é%ls‘t “stir at rt for 2 h. The

reacti on was taken up in DCM washed with K2C03,

r, brine, dried, and concentrated in vacuo to
afford a brown solid. The crude material was dil uted
with MeOH (2 nl) and purified by reverse- ase= HPLC

(MeCN wat er w 40 mv, [WHAHCOB) .t 0 affcg of 246
as a whiteod 3296 yireld :é) o}
( M+H) + Exanpl e OHN"NOw "I HO N

15 247 Part A200 o OOyo022sa HO PyBop, Et3N | ~AH DI\/F
To a solution of 223 (1.8 g, 7.0 mmol, 1 eq) and glyoxylate ester 224 (1.0 g, 9.0 mmol 1.3
eq) in diethyl ether (20 mL) was added anhydrous CaCl, (1.0 g, 9.0 mmol, 1.3 eq), left
stirring at rt for 3 h, resulting in a suspension. The suspension was filtered through a Celite
plug washing with DCM and ether. The resultant yellow solution was concentrated in vacuo

to afford 2.0 g of 225 as yellow oil and used directly without purification.

Part E.

-n

OMe F
Br
O)m 0TBS L o H
N OH Ti(iOPr) 4 - N\O OMe
Reg Br k/r _ . m
OMe Y 1 M-oTBS

THF, Microwave, 140 C, 15 min

225 6 226

To a solution of 225 (0.497 g, 1.48 mmol, 1 eq) in anhydrous THF (10 mL) was
added (S,Z)-5-tert-butyldimethylsiloxy)pent-3-en-2-ol 6 (0.5 mL, 1.77 mmol, 1.2 eq) and
Ti(iOPr)4 (0.65 mL, 2.22 mmol, 1.5 eq) heated in the microwave at 140 C for 15 min. TLC
(30:1 DCM:Et,0) showed consumption of nitrone 225 and the allylic alcohol 6. 3-
(dimethylamino)-1,2-propanediol (1 mL) in EtOAc (1 mL) was added and the dark brown

solution left stirring at rt overnight. The dark brown solution was diluted with EtOAc and
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25C, 12h 248 249 To a solution of 248 (5 g, 17 mol, 1

eq) and PyBop (11.6 g, 22 mol, 1.3) in DCM 20 (60
workgosmas3added di met hylamne (1.5 g, 17 ni, 34rPem52002018471

eq) at 0 C. The solution was -203 WD 2008/ 024337

PCT/ US2007/ 018471 stirred for 10 min followed b
qugpeliedli wigh Reehalieosali sobitpmawashed with wagernlarmesdnm)(mnd cpncentrated
1nq/g%1ﬁo toAé[ffo ﬁ%\% hg gl“nlieg)gruge Hl?ﬁ{élggwgéé%dﬁﬂe%%gy&‘?uxg}l lcfﬁtoﬁl%tography
(sitixh pelc @l BiOAc QX ade)toabford 0.4907 Q@f zw‘@s aBdwarghni ¢

phases were washed with brine, separated, dried over
PMIS4, filtered and concentrated in vacuo to afford an

oil. The resulting 5 oil was purified by silica gel

chr omat ogr aphy (50- 100% hexane/ Et QAc) to gfford 249 as

a clear oil. Part OO0 H 1. TFA CHZEZ "N N/

jI\ 2. t.AH, ethe 9250 Toasolutlo am de 249

(4.5 g, 14 mmod ,H e(m in DcM'1Q0 L n Yad aided TFA

10 (10 nl) at . OAfter stirring fo 8t rt, the

sol vent was re ;g bfasvacuo to affof oil. The

resulting oil Was suspended in THE and cool ed to 0 C

to which was added®Li AlH4 (4 g, 108 mo¥®, 6.8 eq) in

I 1 ;
o L IO el Uy i 7 SRR SORE) s i

cofdentiajed GIN GY@IC(0L45 BT, 2. TlomrﬁolnBrbq)fmkllsnmd oyt I&D/a h. TLC (1:2

and stirred for- additional 5 m.n,

NaOH 4 m
hepppeaF W@MRQW?&IE“H@MMSS@US@ GOmRlete pRNSYMPHOR Bg gg@ JFhe reaction
Y . f
wASRELRERA RAHCO, Bdbich BB BEAR, WBH R AT, EREG, fitered and

cohcémnaaetdemvmuawaﬁntd abedvn oilv@he ornide m;itf:mldw%ﬁhrﬁiaedalsy column

chgglglpzftoglaggb\(%lcaogeildw gﬁ?&& f t he l’#:flo @%ﬂ f é%g as a brown

sofi® gelNvidiPH \ N, HO N~ N MeH O—| 10 250 247 Bi phenyl

acid 1 (40 ng, 0.064 mmol, 1 eq) and HBTU (49 ny,

0.13 mmol, 2 eq) were dissolved in DVF (1 i)

foll owed by the addition of N, N-dinethyl-1-((2S, 5R) - 5-
yl pyrrolidin-2-yl)methanam ne 250 (23 ng, 0.13

nmmol, 2 eq). The reaction mxture 25 was stirred for 2

h, diluted with Et OAc and quenched with a saturated

aqueous NaHCO3Ff sol ution. The reaction m xture S
extract ed wt/@OAc (3 x 100 nL) and the conbfned
Br (0] Br

oH N OMe NH 0

P

MejAl "IN N__ OMe

0 NHp — H 0
DCM .
MOH HO—/4

I H
227 228

OH

To a solution of (+-) isocamphenylamine (0.314 g, 2.0 mmol, 2 eq) flushed with Ar
in anhydrous DCM (5 mL), was added Me;Al (2 M solution in Hexane, 0.513 mL, 1.02
mmol, 2 eq) dropwise over 20 min and the resultant clear solution stirred for 40 m at rt. A
solution of the lactone 227 (0.4 g, 0.1.0 mmol, 1 eq) in DCM (15 mL) was added by
dropwise and the reaction mixture was stirred at rt for 12 h until all the 227 was consumed
as indicated by TLC (2:1 EtOAc:Hexane) The reaction was diluted with DCM and
quenched on dropwise addition to a rapidly stirring solution Rochelle’s salt, and stirred at rt
for 2 h. The organic layer was separated and washed with water, brine, dried, and

concentrated in vacuo to afford a yellow oil. The crude material was purified by column
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-204 WD 2008/ 024337 PCT/ US2007/ 018471 organics were
dried over MgpSH4, filtered and concentrated in vacuo
W@ 20080243811 an oil. The crude oil was purifi edP@yUS2007/018471
silica gel chromat ography (2 -5% MeOH DCM 0. 1% Et 3N)
to afford 23 Exmhenyl am de 247. Yield 45%
@fggl@p@g;(sﬂg:asgel 58 % |EtO@cNp Hexang) tnveffordi§. 33 g of PR8 as a yellow oil.
vielt §3 o/MeH OH 251 Part Ao s o POVe OH OH HBTU O H N
ROYPNNOVR | i H HOHOHOHN- N' HON,, M OH
OH 10 251 10 Bi phenyl acid 10 (40 ng, 0.064 mol,
ﬁq) and HBTU (49 ng, 0.13 mmol, 2 eq) were
di ssolved | DMF (1 rrL) foll owed by the addition qf

(S)-N, d| met hyl ¢ t hi ophen- 2-yl) propane-

1 2-d| am 23 g X4 13 mmol, 2 eq). The reacti @
r i r r edefor 2 h dlluted EtCOA
u ¢

re ct

'\'Aépﬂe a satdrat ed "EHIELITEONTAOOS <
QDRI Xt ur e brachvsg 7o th EtOAc ( O 118N

and thexto ned organy,cs were 15 dried over
filtereggand concentrated in vacuo to afford anzgl
The crude oil was purified by silica gel

chr ohmt sglutipimpf @@xamma%m ng, D. V9NN, 1t eq)ahflvEO (5 mL),

ﬂéﬁwﬁﬁ%@%’, g}lglse géed%ﬁ% n@}gl}q_rl r\l(;ltt)g | 4508 R/Eﬁ( pﬂ%_;l geq) potassium

acetate (26 mg, 0.268 mmol, 1.5 eq) and cesium carbonate (175 mg, 0.526 mmol, 3 eq).

Upon stirring for 10 min, Pd(dppf)Cl, (29 mg, 0.036 mmol, 0.2 eq) was added as a single
portion. The mixture was heated to 70 C for 4 h, then allowed to cool to rt. EtOAc and brine
were added and the pH adjusted 3-4 with HC1 (2N). The organic layer was separated,
washed with water, brine, dried, and concentrated in vacuo to afford a brown black oil. The
crude material was purified by column chromatography (silica gel, 4% MeOH in DCM) to
afford 35 mg of 229 as a brown solid. 30% yield.

_HBTUEGN
DCM, 2h

A solution of 229 (35 mg, 0.055 mmol, 1 eq) in DCM (3 mL) was added Et;N (23
uL, 0.165 mmol, 3 eq) and HBTU (42 mg, 0.110 mmol, 2 eq) and allowed to stir at rt for 10

229

min. To this solution was added the amine (9.8 mg, 0.055mmol, 1 eq) and allowed to stir at
rt for 2 h. The reaction was taken up in DCM, washed with K,CO3, water, brine, dried, and
concentrated in vacuo to afford a brown solid. The crude material was diluted with MeOH
(2 mL) and purified by reverse-phase HPLC (MeCN/water with 40 mM NH4HCO;3) to
afford 13 mgof 219 as a white solid. 20% yield
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252 Part A -205 WD 2008/ 024337 PCT/ US2007/018471 1
O .INOHF-N HeOF HBTU EtBANOHPe\ N\ ONHH
WOROOBIRR4ZN | ~ HO O HO M@ H N3 MeH N3 216 253 BI'phs2vgi/018471

acid 216 (130 ng, 0.205 mmol, 1 eq), Et3N (62 ulL,

0.615 mmol, 3 eq) 5 and HBTU (155 ng, 0.410 mol, 2

eq) were dissolved in DCM%MZ‘-’}QOI | owed by addition

of amine (74 ng, 0.410 mmol, 2 eq). After stirring for

2 h, the reaction mxture was diluted with Et QAc (100

m.) and a saturated sodi um bi carbonate [ ution. The
m xture was extracted with QAc (3 X m.), dried

over MgsSH, filtered-and cn rateq to an oil. The
crude oil was puri,/b $i | celﬂc r omat ogr aphy
(2-5% 10 MeOH/ DCM foha obdd249 nmy of  azi de 253.
Yield 30 % Part B. p ReN-GN{ -"©H N,, DIT, DBUOH
NN, NHNS50OM HNHNe,HOY HON,, HON,, M H
N3 Me H NHy 253 252 Azide 217 ¥80 ng, 0.038 mmol, 1
eq) and dithiothreitol (17 ng, 0.113 mmol, 3 eq) 15
were dissolved in DMF (1 nl) 28®1 | owed by addition of
DBU (17 uL, 0.113 mml, 3 eq). After stirring for 1
h, the reaction mxture was purified directly by

Pgreder se- phase HPLC (CH3CN water with 40 mV NHAHODS),
to yield 17 ng of am ne 253. Yield 62 % Exanple 87 o
Ol N NNOw I , HN, HOHOBr 20 HOH 253

OMe OMe

KP HoNOH.HCI

0 0
OHC\©/I Ho\u/\@v
231 232

Aldehyde 231 (12 g, 33 mmol, 1 eq) and hydroxylamine hydrochloride (2.7 g, 39
mmol, 1.18 eq) were dissolved in THF/MeOH (3:1, 60 mL). Water (2 mL) was added and
the pH was adjusted to 9 with 6 N KOH. The reaction mixture was stirred at rt overnight

and then NaBH;CN (3.1 g, 49 mmol) was added followed by a crystal of methyl orange.
The pH was adjusted to 3 and the resulting ruby red color was maintained for the duration
of the reaction by the frequent addition of 1 N HCI. After stirring for 2 h another portion of
NaBH;CN (1 g, 13 mmol, 0.4 eq) was added. The solution was stirred for 16 h and then
neutralized to pH 7 and diluted with DCM. The mixture was washed with water (3 x 10
mL), brine and dried over MgSOs, filtered and concentrated in vacuo. The crude product
was purified by silica gel chromatography (50-100% EtOAc/hexane) to afford 8§ g of
compound 232. Yield 64%.

Part B

OMe OMe

o
X
e
o)
/
m
3
o
@

HO. |
N

\
g
O

232 233

- 197 -



Part A. - 206 WD 2008/ 024337 PCT/ US2007/018471 CQ2H

Br -OBr OB.O\'l O NNOw O= ONHOOHNNN
wOR®s4B1 H OH HO O Br H OH - 254 5 A fl ask PCT/US2007/018471

cont ai ni ng boronate (20 ng, 0.035 mml, 1 eq.),

3, 4-di bromobenzoic acid (30 ng, 0.11 nmml, 3 eq.),

cesiTare selutiomaf 23 E04860g, 1183mmpiol, Bedqnyl glyaylase esten (0.285g, 2.37

ac te . (5.. . l,. 1 and P 2
iR 3o e 20 D e bt s Fieun EaRR 263 2,2 37 ol 1.
eqPNBR sfifrinBlat refde 8ch, rdsuRing i talshshensisn TER RdipelsioR Oy abUilted@ through
h, then 45 overnight. The reaction m xture was
a pelite iplugoweshingewite - Mand ethes T heirgsudtaet yotw(spbutipn)wasr@ncentrated
. 10 aci difi Bt h HA unt . e U s | r. . .
s indRelrRolPlash kO I3 HE oL eI B B igagion
aqueous extracted (2 x 20 nL DCM. The conbi ned
organic layers were dried on Na2SO4 and concentrat ed
PargCa brown oil. To an aliquot containing ca 50% of

this crude oil {40.019 mmol, 1 eq.) in DI\/F%% m.) was

added the aming {8 uL, 0.04 nmmol, 2 eq.), (10 ul)
and HBTU (15 0.04 15 mmol, 2 eq.). Wen e, |
reacti on appear€d conplete by HP ) he m xture
diluted wth OH (1 nL) and pus revergse se
HPLC (. 40 M ameepi f ormBit@ave 2 18600 JtpNgi ve
254 as g vgwolid 4 appv27% . M5 (ESI (+)% A

807.6 (MHj+~ 20 Exanple 88 0 O N N N OVe<H' Negraoid
O HO C 255 Parg A - 207 WO 2008/024337

PCT/ US2007/ 018471 ¢l qco2HO N',00C 0 HH*® NN
Oowve N

Nitrone 233 (5 g, 11 mmol, 1 eq), allylic alcohol 6 (2 g, 11 mmol, 1 eq) and

10  Ti(iOPr)s (4 g, 4 mL, 13 mmol, 1.18 eq) were dissolved in toluene (40 mL) and heated in a

microwave at 120 °C for 10 min. The reaction mixture was diluted with EtOAc (10 mL)

and 3-(dimethylamino)-1,2-propanediol (4 mL) was added. After stirring for 2 h, EtOAc

(10 mL) was added and the mixture was washed with water (3 x 10 mL), brine (10 mL),

dried over MgSOQy, filtered and concentrated in vacuo. The crude residue was purified by

15 silica gel chromatography (10-30% Hexane-EtOAc) to afford 2.5 g of compound 234. Yield
35%.

Part D

235

20 To a solution of PMB ether 234 (2 g, 3 mmol, 1 eq) in DCM (150 mL) was added
TFA (3 g, 31 mmol, 10.33 eq) dropwise at 0 °C. The solution was stirred for 1.5 h and
quenched with saturated NaHCO; (60 mL). The organic phase was separated, washed with

brine, dried over Na;SQOy, filtered and concentrated in vacuo to afford an oil. The resulting

- 198 -



10

15

20

25

HO = 1. 5, S-Phos, Pd(OAc)2, K3PCa HOH OH 2. 3, HBTU
HO=Cl HOH 255 A flask containing boronate (30
worgos024337 mmol , 1 eq.), 3,4-dichlorobenzoic ackdr/2D07/018471
ng, 0.1 mvol, 2 eq.), S-Phos (2 ng, 0.005 nmmol, 0.1
pot assi um phosphate (50 0.2 mmuol , 4 eq.
oif g e ot Silist ISR SEEDA (K01 BBl O h tod.aéfeﬁi 1.2 g of
?rg)@uﬂl" #2)( ﬁﬁ% added. The m xture was heated at 40
g

er ni ght reaction mxture acidified wth 6M HC
Panfl extracted with DCM The conbi ned organic | ayers

were dried on Na2SO4 and concentrated to a brown oil.

To an aliquot containing this crude oil (0.05 mmol, 1

eq.) in DI\/F ( ) was added

(S)- N1, Nlc enyI pr opane- 1; @» ao, @/@ uL,
0. 15 mml Ian'? 10 HBEW. {80 Ny, 1.5
eq.). Whé reactl wppear ed conp Itég PLC t he

m xture vva éét ed h MeOH (1 nL) and puati ioed by
rever se- pha®e HPLC (MeCN 40 nM ammoni um f or¥at ®oms

259% * 800 255 t d ’
2o TR Biulidn IEVS sEmn i ndllhhe 18 lo.8l P miD 4 Ry, R in DCM
(10! lﬂ%’)’eaﬂ rt/ Wﬂ N!ded MeQ,IO(O ‘H? @'1'1125@ MPavlitiof m&ohﬁ@%/mr@ol 3 eq)
Pd(dP Cl 2, KOAc,

drwm OMeII\IZ 5Hnm 2Th6 somnm wasmmepli ap rHfor=I @mul@prmtwtl@rrimpwwe
adﬁﬁ onp'_c&r% 8C58§’91P§%:§r£a§> one,2 g? %ﬁ@t 2%@ B%gﬁff%ﬂ? n%e reaction was
stiffie@ 894 th, NWtd +with DM (125 mL) and a saturated solution of Rochelle’s salt
(125 mL). The mixture was vigorously stirred for 2 h until two phases formed. The layers
were separated and the organic phase was washed with water, brine, dried over MgSQOs,,
filtered and concentrated in vacuo to afford a solid. The solid was purified 'by silica gel

chromatography (25% hexane/EtOAc) to afford 0.5 g of compound 236. Yield 39%.

Part F

Phenol 236 (187 mg, 0.27 mmol, 1 eq) was dissolved in DMF (3.5 mL) and treated
with K;CO; (111 mg, 0.8 mmol, 3 eq), allylbromide (49 mg, 0.4 mmol, 1.48 eq). The
solution was stirred for 2.5 h, diluted with water and extracted with diethyl ether (3 x 4
mL). The organic phase was separated, dried over Na,SO,, filtered and concentrated in
vacuo to afford a solid. The resulting solid was dissolved in THF/Et;N (1:1, 6 mL) and
treated with a solution of HF/pyridine (1 mL) at 0 °C. The solution was stirred for 1 h at rt
and quenched with TMSOMe (25 mL) and concentrated in vacuo to afford a solid which
was purified by silica gel chromatography (20% DCM/hexane) to afford 0.21 g of
compound 237 as a white solid. Yield 67%.

Part G
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WD 2008/ 024337 PCT/ US2007/ 018471 Exanple 90 Ot(S Br
O ONON(NNO1L, I/ HNOI/ H HOBr HO\ HO -
WOOBIOEABOH 257 and 258 5 Part A. p O 1 O N BS/UB00M18471
r1 / H OB OHOFI Br2 OCH ON25 NNOWw HHDb
NN Br 0 HO=HOHON(S) N NNQ HHO HO CH 258
A sol ution of 01 I, 1
4 dn ith a

consunption o reaction m xt GPeiplri fi
rever se- phase HPLC,4 40 mV 10 ammopj,u urff ol o te
25% *80% to give an inseparable m xture that appears
by I\lmatsolutlo@nf therllegner237i (0A U, V. 2200w, aaap)unttsBmHZ(w mL), THF
asa\/\hltesolldlémm% 309%) . (ESI
(8nsnl~) 81?}6 Iéz?MZH)nL) vEasaafsed NYIQ, (Bomg, 8 Nlr@ét 4Heq) C@iowed by the

OH . 15
dropwise ad 1t10n of 65504 (0.21 g, 2.9 mL, 2.5 % solution in 2-methyl-2-propanol, 0.02

7
crude co und 1 Ny, O

eq.) in ME.QOOWLQ‘!\@EI treat po fit Q/@\z

1: 100 solutio %%e i meCNJu /::[i hovved
1IO

mmol, 0.1 eq). After 3 h, the reaction mixture was diluted with DCM (5 mL), brine and
10% Na;S,0; and the organic phase was separated. The aqueous phase was extracted with
DCM (2 x 60 mL), and the combined organics were dried over Na,SQ,, filtered and
concentrated in vacuo to afford a solid. The solid was dissolved in THF/water (10:1, 1.2
mL) and treated with periodic acid (80 mg, 0.4 mrhol, 2 eq) in single portion and stirred for
12 h. The solution was diluted with DCM (5 mL) and washed with brine, dried over
Na,SO,, filtered and in vacuo to afford an oil. The resulting oil was suspended in DCM (5
mL) and treated with AcOH (10 uL), morpholine (40 mg, 0.4 mmol, 2 eq) and sodium
triacetoxyborohydride (140 mg, 0.4 mmol, 2 eq) and stirred for 12 h. The solution was
diluted with 0.1 M NaOH (1 mL), saturated NaCl (1 mL) and extracted with EtOAc (3 x 3
mL). The combined organic was concentrated in vacuo to afford an oil. The oil was purified
by silica gel chromatography (DCM/MeOH/AcOH, 99.5:0:0.5 to 97.5:2:0.5) to afford 75
mg of compound 238.

Part H
/_ z KQ \©/N\ /, lH
Pd(dppf)Clp, Cs2,CO3, KOAC

A flask containing aryl iodide 238 (25 mg, 0.04 mmol, 1 eq), pinacolboronate (17

N DMSO,70C, 4 h

OH

238 K/O

mg, 0.06 mmol, 1.5 eq), KOAc (5 mg, 0.048 mmol, 1.2 eq), cesium carbonate (39 mg, 0.12
mmol, 3 eq) and Pd(dppf)Cl, (6.5 mg, 8 umol, 0.2 eq) was purged with argon and DMSO
(2 mL) was added. The mixture was heated to 70 °C for 3 h and then cooled to rt. The
solution was diluted with DCM (10 mL), water (5 mL) and the pH was adjusted to 6.8 with
0.1 N HClL. The aqueous phase was extracted with DCM (2 x 10 mL) and the combined

organics were washed with brine (20 mL), dried over MgSQy, filtered and concentrated in
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OQ2H >--" Ol H NNOCEt / NNCEt I/ 2N Hb HOHO
N HOHOH/NHBTU = HOH - 259 To an aliquot of crude
W(Mdod/ozasmrrpl e 3 part G (0.024 mmol, 1 eq.) iPCDNE2002018471
was added am ne (11 uL, O 05 mml 2 eq.) and

0 ng, 0.08 nmml 09 WO
vazvfoscz eé dw&#msz@elﬁfbmwlﬁlqgrfél Wéaetmé?fi hpSest glomatography

COmSHODUTH, 0% 1 VL Eo R L AT s

Payfoni um formate 25% -*80% to give 259 as a white

solid (3 7%9. MS (ESI(+)) me 750.6 (M .
| e 92 o N N2 N O H.O o@ 5
2 P10 O CORHJH_KY N
HCI ( o [ NoOve Jol EA ¥T&FH Ol HBTU Wﬁﬁ)
= H O™ 2@0 10 To % q 10 (10 ny, 36y mupl | 1 N

eq.) in /Nﬁ‘L) was added DI EA (10 uL) HOHBE Ceu- 1o
O 05 nmmol, 3 eq.) and HBTU 32 Jﬂg O 05
n the react| on appear ed con‘pl

Whe
HPL d“ 0 tl ﬁ@luﬁp& ©fi 289 (& &g 01 Q% wmohi t pavedpME( rﬁ_BnLé WY:FS Yded HBTU ©
mg 4. d)i t ,21})/ g{)féﬁ%%%@ﬁ%ﬁ%%ﬁ'%&lﬁ%& %t@é’{ﬁx‘ﬁ‘g‘)i‘ h% M8.04 mmol, 2 eq).
Tl'm;]sohﬁﬁ% wadVBirr&SEdr+) h, dileted 28thowaedti).5. mILp akck pogified B reverse-phase
HIQLC %M’\eICN/water with 40 mM NH4HCO,) to yield 7 mg of compound 230. Yield 67%. MS
(ESI(+)) m/z 870.1 (M+H)".

Example 83

O o]
o] O N
H N\O o\Me NN
HO—/~ EN]
0

OH

240
Part A

OH o} THF, reflux %g
- ~
Ho B : HO% oH 0 o
10 min microwave

NH, NH,

24 242

Methyl (3-Amino-5-carboxylphenyl)boronate 241 (1.5 g, 8.3 mmol, 1 eq) and
pinacol (2.9 g, 25 mmol, 3 eq) were combined with THF (7 mL) and heated in a microwave
to 140 C for 10 min, the reaction mixture was cooled to rt and then concentrated to an

orange oil. The crude material 242 was used without further purification

Part B
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NN O HNI HHONHR OH 261 Part A (HO 2B CO2H
/1 NH2 /1 OO\ 1 1. 19, Pd(dppf)Cl2, KOAc, Cs2C33 = 0
w0 2048024337 N Ove 2. 20, HBTU NN Ove H NIl N H/BS100H08471

HO NH2 OH OH 9 H2N 261 -210 WD 2008/ 024337

PCT/ US2007/ 018471 A flask containing iodide 9 (200 ng,
0. 35 mol , eq.), boronate (126 ng, 7 mol, 2
eq.), cesiu cgarbo ate (?ﬁ gg,co 3 e ),

pot assi um acé8t a g0 ool | afid

Pd( dppf) C12 (20 0. OSg mmbt,|0HOHF1 eq. ) S purged
W th argon and 'EDMSO (1lcml) added. The ture was
heated at 60 g‘grl ng 3h, then additional, E d( dppf) C12
(20 ng, O. 035 mmol, 0.1 eq.) added and stlrrlng

?222 9”(%‘39 gg?\ﬂﬂgle %g‘rﬁ(zratu ove ng{ﬁghgﬁﬁ(gn{n&%was added

blk(mm&ﬁngﬂA)Z&@err(g %d 9emhfo@c p&dssﬁdx@ fodad @18 £,35)7 mOﬁ% ad heated to

The conbi ned 31 nic | ayers were washed

80 for s . nldhe(spbition ywas diluted vo mzrs@@ mphandeextraeied vethedicthyl ether

45 i R AT BB PS5 B UL, et ove
N;Y{/S@4,aﬂﬂ&€d @H&l @Sn&eﬁﬁat’éﬂ in Q)aQﬂJtoniﬂﬂrd ebte®ds hn 31 ’IHBaTbblutlon of the

When the reacti on appeared

mol, 3 eq.).
esmmp[rgﬁ“@(zog, THRLGS adlded mssekuup@ of@d HiOH (@8 mi.)x. Ahreltant solution

wil SisRRRPY by e SHpelGUTS vt f shlad WERAQRC Y 10 mL). The
or%&ﬂld: [hkllel“s’&/e(rgﬁaéﬁéd)wm snﬂeggoﬁnwef (1@5111?&%1%@(1 géazsm) filtered

HN,,
and concentrated in vacuo to afford an oil. The oil was subjected to column

chromatography (30% EtOAc in hexane to afford 243 as a white solid. 42% yield

Part C

D, 1 @' L
o N, OMe N
H o Pd(dppf)Clp, CsCO3 _ | po A
HO— 7 B
iH Lon :

9

KOAc, DMSO, 70 C

243

A flask containing aryl iodide 9 (40 mg, 0.07 mmol, 1 eq), pinacolboronate 243 (30

mg, 0.09 mmol, 1.5 eq), KOAc (6.8 mg, 0.069 mmol, 1.2 eq), cesium carbonate (68 mg, 0.2

mmol, 3 eq) and Pd(dppf)Cl, (10 mg, 14 pmol, 0.2 eq) was purged with argon and DMSO

(2 mL) was added. The mixture was heated to 70 °C for 3 h and then cooled to rt. The

solution was diluted with DCM (10 mL), water (5 mL) and the pH was adjusted to 6.8 with

0.1 N HCl. The aqueous phase was extracted with DCM (2 x 10 mL) and the combined

organics were washed with brine (20 mL), dried over MgSQ,, filtered and concentrated in

vacuo to afford a dark brown oil. The resulting oil was purified by flash chromatography
(2.5-5% CH,Cl,/MeOH) to afford 15 mg of compound 245 as a yellow solid. Yield 22%.

Part D
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Part A 0o Ol \ NOHAzONMN Ow I/ H"N,, NN
Ove "N', DEAHOHO ™/ HONHR2 HOCHHNT( OHO
wWQemsaN3261 A flask containing am ne 261 (12 neCT/OSDA7018471
mmol, 1 eq.) in DCM (1 nm.) and MeOH (100 uL) was
added DI EA (10 uL, 0.05 mmol, 3 eq.) and acetic
anhydride (5 uL, 0.05 mmol, 3 eq.). After shaking
overnight, the reaction mxture was diluted with
aqueous and extracted (3 x 5 nL DCM . _The
cQphi ned ani ayers\were dried on_25 Na2 and$
nt°r t| 0% 262 asreme.enni ‘@n iod 0
VB (E%{ 7508 M H)otw, 20 211 Y0 gmim LN
PCT/ Us2007%/ 01 Exanpke 95 O O N NS H H O
HO N2 : OH %63~,Part A, (HO 2B\ ~ /CORH |:Y HN@]ON
O\ | 1. 49, Pd(dppf)Cl2, KQAc, Cs2CC3 N Ove H bhs OVE
2. 20, HBTUHO HHON® HOHOHHOH9 263 H2N 5
CoMpRUBKLiER 3 Va5 ($0 Hg) @Sdl% %Hm%P qoécﬁhﬂ OEM {NBL) was added ELN (4
procedure described 1n 8 usi ng
ul(, R)03NImiNd], 2-eq) ancbfmll.béﬂﬂ mgeOI)ZQ -nttndm'l Aeeq) andhlioveedad stir at rt for

5 10(r§2n_. Hllo’ th%_s%iqu%rwgs_a%aed the amine (3.3 mg, 0.023mmol, 1.5 eq) and allowed to
stir at rt for 2 h. The reaction was taken up in DCM, washed with K,COs, water, brine,

dried, and concentrated in vacuo to afford a brown solid. The crude material was diluted

with MeOH (2 mL) and purified by reverse-phase HPLC (MeCN/water with 40 mM

NH4HCOs) to afford 4 mg of 246 as a white solid. 32% yield MS (ESI(+)) m/z 813.0
10 (M+H)"

Example 84

YOS
) )
"’N z N\ OMe
H o]
HO——": N /N"'
OH

15 247

Part A

0 0.0
Y N
HO N \ PyBop, Et;N )
Pa DMF
25°C,12h

248

To a solution of 248 (5 g, 17 mmol, 1 eq) and PyBop (11.6 g, 22 mmol, 1.3) in DCM
20 (60 mL) was added dimethylamine (1.5 g, 17 mL, 34 mmol, 2 eq) at O °C. The solution was
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phenyl propane-1, 2-diam ne. Yield 9 ng (53%. M
(ESI(+)) me 738.5 (MtH) +. 10 Exarrpl 9% I\ / 0/ O

WO 2d0802483N N Ove | H N, , HO HO NO2 OH 264 PEHDS2007/018471

Compound 264 was synt hesi zed according to the
procedure described in Exanple 15 88, using

Stlpsyi fon 10uminifplewsd by dpspensd gldpamet @IPAE:%h(‘&ﬂqgaé 9 wilg|3¢ mmol, 2 eq).

N T Ty T

was e&lr%ctemlﬁﬂﬂsweﬂgiiﬁ ROT/MUS20R1bk k&4 Zahic Pedsts Aerer@ithed with brine,
266 Conpound 265 was_ synt hesi zed according to the

separaiedadnied eies Mgl filtpreghanghsprcengated s peryrodpiafferdgroil T he resulting
01‘?‘%?3“ Iﬁﬁ%{‘ by sHispge SHOmRISAPLY §3%100% hexae/BOAQ) o afforg 249 s a clear

oil.nternedi ate acid described in Exanple 95 part A..
Yield 3 ng (169%9. MS (ESI(+)) me 786.5 (M+H)+.

nple 98 po ONNNeHN HOr 1 HONI OH
267 10 Part A 0

0.0 H
- 2y 1. TFA, CH,Cl, N N
N N _ /
! 2. LAH, ether

249 250

To a solution of amide 249 (4.5 g, 14 mmol, 1 eq) in DCM (100 mL) was added TFA
(10 mL) at 0 °C. After stirring for 2 h at rt, the solvent was removed in vacuo to afford an oil.
The resulting oil was suspended in THF and cooled to 0 °C, to which was added LiAlH, (4 g,
108 mmol, 6.8 eq) in portions, and heated at reflux for 12 h under argon. The solution was
cooled to rt and quenched with water (4 mL), allowed to stir for 5 min, followed by 15% NaOH
(4 mL) and stirred for additional 5 min, and finally water (12 mL) was added and the
suspension was stirred until the white precipitate formed. The solid was filtered and washed
with EtOAc and the filtrate was concentrated in vacuo to afford 250 as an oil which was used

without further purification.

Part C
SP9! 0
DAL 1 e 0 e
ui@c N NN, OMe O
HO— % N H o
: A oH <N PN HO B NG /N_

10 250 247
Biphenyl acid 10 (40 mg, 0.064 mmol, 1 eq) and HBTU (49 mg, 0.13 mmol, 2 eq)
were dissolved in DMF (1 mL) followed by the addition of N,N-dimethyl-1-((2S,5R)-5-
phenylpyrrolidin-2-yl)methanamine 250 (23 mg, 0.13 mmol, 2 eq). The reaction mixture
was stirred for 2 h, diluted with EtOAc and quenched with a saturated aqueous NaHCO;

solution. The reaction mixture was extracted with EtOAc (3 x 100 mL) and the combined
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\'l =0 N OHMCHONNOWwWY HN- NN OW ~N~-

NaH3BBCN HOH O HOrl N11 HONH2 H | OH OH 267 261
w@\nooae4emt of crude 261 (0.03 mmol, 1 eq.) inP(]!?B(HO@M)lle

nm.) was treated with acetal dehyde (20 uL, 0.3 mmo

10 eq.) and sodi um cyanoborohydride (8 ng, 0.12 ool
oraam@?qure detedtqver MgS&Xa( §lterey §om€ateawa vegre t9Atiord am oil. The

5 ned
erFEF RS HEb ety Sioslbe c“fbﬁl?aed’%‘a%ﬂ? ] PEMEIARCRR BN o
affoird 23tﬂ£gofﬂﬂ15hel‘nyeﬁniay 242 Veick4yase HPLC (MeCN 40 nmM
anmmoni um formate 25% *80% to give 267as a white
solid (3 ngy, 15% . NS (ESlExtnplédf 764. 7 (MH) +.
Exanple 99 ~I 0 0O\ NN 20 268 -213 WO
5 2008/ 024337 PCT/ US2007/ 018471 Part A. Conpound 268
was synthesized according to the proce e descri bed
in Exanple 98, using gl ut ar ' i >pl ace of

acet al dehyde. Yi el ‘=~~; (+)) me 776.6
(MrH) +. 5 Exanple 1 —No ) J i HiN~ HO
HO = 1INH OH 269 PatHo - ON\N OON

Part A
9
A2 C
e
N : Nb OMe N
HO gl N
10 251

10 . Bipheny! acid 10 (40 mg, 0.064 mmol, 1 eq) and HBTU (49 mg, 0.13 mmol, 2 eq)
were dissolved in DMF (1 mL) followed by the addition of (S)-N',N'-dimethyl-3-(thiophen-

2-yl)propane-1,2-diamine (23 mg, 0.13 mmol, 2 eq). The reaction mixture was stirred for
2 h, diluted with EtOAc and quenched with a saturated aqueous NaHCO; solution. The
reaction mixture was extracted with EtOAc (3 x 100 mL) and the combined organics were

15  dried over MgSOQ,, filtered and concentrated in vacuo to afford an oil. The crude oil was
purified by silica gel chromatography (2 -5% MeOH/DCM, 0.1% Et;N) to afford 23 mg of
biphenyl amide 251. Yield 45%.

Example 86

E

20

252

Part A.
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HMCHONNOW H HN O« N NaH3BCN H O HO NH HO

NH2 = HOH FI If OH269 10 261 An aliquot of crude
wQamspN3eB8 mol, 1 eq.) in MeOH (1 nlL) was treedBUS2401/618471

acet al dehyde (10 uL, 0.15 mmol, 5 eq.) and sodi um

cyanoborohydrlde (§ my, 0.09 nnDI 3 eqg.). The

sol uti on was s,ha em overni ght at arrbl ent tenperature.

The mi xture vvasllﬁ’f'ed with MeOH (1 nl) and purified &

by reverse- phase HPLC (Me 40 nM ammoni um 15 for nptg

25% *80% to 'Ol 269 as g\hi t,grsoli d , LN
(ESI Me7 : ( MrH)(+ Examp#e—l—Ol t G H
Ove | H" N : WHO NH - frin “2\70 20 Part A sels,

270 was sy i zed according to the proceduree Hon,

descri bed i M" nple 94, using isobutaral dehyde in
pl ace of ac#&fal dehyde. Yield 3 ng (14%. M (ESI (+))2
me 764.7 (MtH)+. Exanple 102 -214 WD 2008/ 024337
PCT/ US2007/018471 o O N NNOw HNI HOHO= N-,
HOH 271 Part A. o ~~0 O\ I \ NHCO=0\ N
Biphenyl acid 216 (130 mg, 0.205 mmol, 1 eq), Et3N (62 uL, 0.615 mmol, 3 eq)

5 and HBTU (155 mg, 0.410 mmol, 2 eq) were dissolved in DCM (5 mL) followed by
addition of amine (74 mg, 0.410 mmol, 2 eq). After stirring for 2 h, the reaction mixture
was diluted with EtOAc (100 mL) and a saturated sodium bicarbonate solution. The
mixture was extracted with EtOAc (3 x 100 mL), dried over MgSQ,, filtered and
concentrated to an oil. The crude oil was purified by silica gel chromatography (2-5%

10  MeOH/DCM) to afford 49 mg of azide 253. Yield 30 %.

Part B.
7N\ 7\
=N =N
SN N SN Ne
N NS 1T 0BU NFO LN
N OMe H —_—— . “uNH N OMe H
ol o
H N HO B LN
N M NH,

253 252

"“NH

Azide 217 (30 mg, 0.038 mmol, 1 eq) and dithiothreitol (17 mg, 0.113 mmol, 3 eq)

15 were dissolved in DMF (1 mL) followed by addition of DBU (17 uL, 0.113 mmol, 3 eq).

After stirring for 1 h, the reaction mixture was purified directly by reverse-phase HPLC
(CH3;CN/water with 40 mM NHsHCO:3), to yield 17 mg of amine 253. Yield 62 %

Example 87

20 A

Part A.
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NNOw HNNaH3SBCNNNOw | HN,, HO H OHO NH HO
N,, OHOH 270 271 5 Crude reaction mxture fromthe
w@edozeson of 270 (0.03 mmol, 1 eq.) was stripEBUSWH7/018471

all volatiles in vacuo and taken up in MeOH (1 ni).
Acetic acid (5 uL), 37%formalin (10 uL), and sodium
cyanobor ohydri de (4 ny, 3© I, 3 eq.) were added.

After 4h, the mxtureardlluted with MeCH (1 nl)

and purified by reverse-p

1se HPLC (MeCN/ 40  mM
amoni umfor5%*80% 0 give 271 as_a white )\/H?
sol i d @? . @AYy 8 10 (W) me 7 .
Exarrpl’ ”\00%0$N ae @ g N

272 1 of f (RbN
142 = O N :N INN()\AaN\HN,, N* TEAHB'I’UHb

HOHO H N3 DCM rt HN3 216 273 To a s8’|‘utes®n of

216 (45.4 ng, 0.07 mmol, 1 eq) in DCM (5 nmL) was added

TEA (30 L, 0.22 mmol, 3 eq) and HBTU (54.2 ny, 0.14

mmol, 2 eq). The solution was stirred at rt for 10

mn. Diamne 142 (28.7 ng, 0.11 mol, 1.5 eq) was then
added. After stirring 20 at rt for 2h, the mxture

was diluted with DCM (15 nL) and vvashed wi th saturated

- 215A iask 00821033 ToRGT/ (E8 200 DL Bhgnmel, 1qu )a§s4 -gilpromobenzoic acid

CHRS LG FobEbetinh, HidonaktSo 3 WRol ¥ &, Bfssipm acetate (5

mk,20/.63 ﬁm\i\ﬁr 2 e@!) Rl Pﬁéd%bf)@l’z?(@(ﬂ‘}g ofoos tnﬁﬁ@ldoar&; ) was pur%ed with argon
concentrated in vacuo. The material was puri f

andi PMSS) glemLo ladderat Blog mpriyre Senbetadaes/aCHuving |$h then 15 overnight.
T (G AR GRe 398 PR DINA WA {50 ShLY WO R mi) an

acidified with 6M HCI until the aqueous layer -attained a pH of 1. The layers were

separated and the aqueous extracted (2 x 20 mL DCM). The combined organic layers were

dried on Na2S04 and concentrated to a brown oil.

To an aliquot containing ca 50% of this crude oil (0.019 mmol, 1 eq.) in DMF (1
mL) was added the amine (8 uL, 0.04 mmol, 2 eq.), DIEA (10 uL) and HBTU (15 mg, 0.04
mmol, 2 eq.). When the reaction appeared complete by HPLC, the mixture was diluted
with MeOH (1 mL) and purified by reverse-phase HPLC (MeCN/40 mM ammonium
formate 25%—80%) to give 254 as a white solid (4 mg, 27%). MS (ESI(+)) m/e 807.6
(M+H)",

Example 88

?ﬁgﬁﬁ*gj

255
Part A.
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569% M (ESI(+)) mz 811.28 M+. Part B. C~ 01" OH

J101'. O NHS-\SH=0N NNOWw I i HIN, OHN N Ow
wo 20082438 H b Hb HOHO H N DBU DM, 0C NHXCT/ESB07/018471

273 272 10 To a solution of 273 (40 ny, 0.05 nmol, 1

eq) in DVF (2 nl) at 0 C was added dithiothreitol

(228rrg 01 3¢ apd DBU (22.3 L, 0.15 mml
3 eg @n was |rred at OCf .
The o & cgho S ke t at edn D

HPLC t o e d6 ngy f 272. Yiel d /oN
785. 33 .3,3 gppl e 1243;3[35 %ﬁ.’(OAG)elePP R H " N~

O HO 15HO—| "274 art A ,BBrS, 'Brar Ove DCM

OH 275 276 To a solution of 1-bronp-5- chI é%0- 2

met hoxyphenyl 275 (2.5 g, 11 mmol, leq) in 20 DCM

( 100A flapk mstaiand@bbrdnaipv\(wemgaa 95 (nImM slod:q,l), i3cmdiichlomhehzoic acid

g T DRels 2 s o8 @ D im0 1) poGssisep ghosphate (50
%,30 2 misxang) el a §£9V&q)aﬁﬁ’drﬁ’l|nedc€ta&0®§§1giﬁgb@ Wlﬁ’ifarggr'f_’and THF (2

he sol ufion was quenched wi th stirred .
mLhaddedt idie phiztiee wap peateceat. 40T ovemighin iThe veastior puxtatesatidified with

d wth rine ri filtered and.concentrate
LD A Gei im0 Tegrorbi ElrGMGIRRE Satd ficten Naasos
anditokenwaed U 8 BroMd diout purification. Yield 32 %-216

WO 2008/ 024337 PCT/ US2007/018471 Part B. OH 1A OH |

Br Ny #® aliquot containing this crude oil (0.05 mmol, 1 eq.) in DMF (1 mL) was
added (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine (30 uL, 0.15 mmol, 3 eq.) and
HBTU (30 mg, 0.08 mmol, 1.5 eq.). When the reaction appeared complete by HPLC, the

mixture was diluted with MeOH (1 mL) and purified by reverse-phase HPLC (MeCN/40

mM ammonium formate 25%—80%) to give 255 as a white solid (3 mg, 8%). MS
(ESI(+)) m/e 761.7 (M+H)".

Example 89

256

Br COzH
o § 6]

), A 3 2

N N OMe O 1. 7, Pd(dppf)Cly, KOAc, Cs2CO3 "

H o} 2.6, DIEA, HBTU ”

HO :

iH

> HO

OH TR
HoN

/N\

Compound 256 was synthesized according to the procedure described in Example 88. MS
(ESI(+)) m/e 749.6 (M+H)".
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THF, MMN , 1 160 60 CC, , 1 15N Br (~\ nin C C

| 276 277 To a solution of MyCl2 (powder 325 nesh,
wW@2008424337 7. 71 mmol , 2 eq), 5 parafornmal dehydePCOUS287/018471

g, 11.57 mol, 3 eq) and Et3N (1.08 nL, 7.71 mol, 2

eq) in THE (20 nL) was added 276 (0.800 g, 3.68 mmol,

1 edixamplefBd in the microwave at 160 C for 15 min.

TLC (3: 2 Hexane: DCM sh d conpl ete consunption of, 3.
THE was evaporated aghd e reaction mxture was ta '

up i n\ Et QAc, (th Hrine, dried, f{ldergdfan
conc;)tobdNi n vo ¥8afford 0@ 0 |¢‘1‘HS)
was USdM O ®urificationY YNeld ?\Oo Part C.
d O MHEK2003 8HC Br DVF OHC Br Ho 2%7 278
Toasolutlon of 277 (0.518 g, 2.2 mol, "eq) in DWF
(5 nm) was addgd K2CO3 (0.456 g, 33mm|s]85eq)
ig_;lirred at rt for 10 nin, résulti ng in a suspension.
nmet hane 15 (0.206 nL, 3.3 mmol, 1.5 eq) was adde
dropwi se and allowed to stir at rt overnight . TLC 9

Hexane: Et OAc) showed no renaini ng 7 The ture vva
h b i

diluted into water and extracted t Ofic NS
organi ¢ was separ at ed, shed wit dd)'l Ed Br
flltered ang oncent gated |n vacuo tcﬁo rd 0/505 g

.. arange whi ¢ was used vmtho%”tzsv
Len. oMa/d H28N% 20 Part D. Cl NHon HCl HCl
?JHCB HO' Br Owe I\/E()—| HF W
To a sol iVoon of 278 (0.505 g, 2.0 D
MeOH THF (3 1, 5 m) was added an B G%?{f
hydr oxyl am ne 0.169 g, 2.43 mml, 1'20
water) in one portion. The pH was adj ust: & 95aWIth

NaOH (6N), and stirred at rt for 1 hr 25 where TLC
(2: 1A KeX@Ebe oEEQﬂ@)coﬁJﬁ@M\ﬁﬂl Q@W@ Oloa BRIvsUNEY.) ﬂﬂMéCNZ(B@O ul) was
NaBH3CN (0. 254 g, nmol eq) was added with a
trefafedc pogfonyyiseh yithy @dldﬁ@ sqmtl@bquut br@mlmudu Me€dN tuptipH-C showed
co%sung?tﬂ)% &, lHﬁ%e reactM?l 1)£t1|1r% pur1 ba/tr V%S%Si"laselﬁﬂf(ﬁ éMeCN/4O mM

Ion SO tal ne

anoNied fkmaik iﬁ"/b%Sﬂ%)ltbl give o 1rss€pdrhblaﬁmuﬁir§ tleft appears by NMR to
nmet hanolic HCl solution, where -217 WO 2008/024337

copiay emToRmatelB £942liamanats ofad¥T ansi2a® apia Whisg selid\Game( 30%). MS
(E§I}(+))Tm 8%%'.6”(‘1\1191[1)“.’\65 extracted with Et OAc, washed

Example 91

<sU ey
0 0 NSNS
"/N N\ OEt H
H o]
HO~: No
iR

-
OH
259
Part A.

o* .

, /\\/N\
CO.H '
OEt

HBTU

To an aliquot of crude acid (example 3 part G) (0.024 mmol, 1 eq.) in DMF (1 mL)
was added amine (11 uL, 0.05 mmol, 2 eq.) and HBTU (30 mg, 0.08 mmol, 3 eq.). When
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15

with brine, dried, filtered and concentrated in vacuo
to afford anorange oil. The crude material was
wEeosf243a87 by col unm chr omat ography (silica gel PCBEBSH07/018471
Et OAc in Hexane) to afford O 486 g of 279 as a cream
solid. Yield 90% 5 Part
theyrgaeyiomappqaredgompletepy éiPI& 4h%mlxt@wewm1%bwqu M@OH (1 mL) and

p ! yg;ﬂ tvée}fsee E%F(}?Pﬁgggﬁpl\%4§Wmorﬁ}ﬁ%gﬂﬁg 25%—>80%) to give

259i astahwhitessohid (3 (k) 1 75%). M/S:(Eﬁma)adn/aﬂligﬂr(bﬁlﬂ{)CaCﬂ (o 263
g, 2.37 mol, 1.3 eq), left stirring at rt for 3 h,
resulting in a suspensiongxhhgisgspension was filtered
through a Celite plug washing with DCM and et her. The
resul tant yell ow sol uti on wag_conc rated in vacuo
to afford 0.497 g af .280as qi | used
directly without p ) i atio S?+) mz 337.8
“(MrH) + Yield 81 % 1Ip ®ary SN\ ove © B OH OTBS
Ti(iOPr)4 ON O QOwe po+gi{OVe FTMF, M crowave, 140 C,
15 mn HOIBS 280 6 2871 Toa‘sol ution of 280 (0.497
p 1.48 mol, 1 eq) in anhyd s THE (10 nmL) was
Jgéléed (S, 2) - 5 tert-butyl di met hyl sil oxy) pent-3-en-2-0
6 (0.5 nm, 1.77 mmol, 1.2 eq) and 20T|(O

nm., 2.22 1.5 eq) heated in the AV 6 4 NH,
@8: 1 PCM Et 20) drohed opn o
the addayli't al coRol N :

C 15 mi

ofA@'rN N\Zéﬁle A t
(di met iyl agf no) - propdftedi ol bk -ra". &
was addedr angl t Ae "dark brown solution Feft stlrrlng

2" 1 nLyoq tOAC/'t\l )
at rt ovefoni ght. The dark brown sol ut| on wa® dil uted

Tt Doff ecl ke at OV ) i SSERIEA (10 ), BL Lo
NAQ R, 6bs AmdR 3RO He P (8 heB0.65 HfoI08 by e the

crude material was p y co mat o apy
redationiappeaged gondpiletbobtHINCC,ithe Mixtareeyastdlusddf it MEOFD (0l mL) and

pu%flé:gg)%/(g%&eg/gegglaﬁ V%Pi%’%& @@%/agéaggz}é fgrzrr}ate? 2&‘%“—@0%) to give

260Gt 2R RAHiA 18 hEl 25%). MS (ESI(+)) m/e 722.6 (M+H)".

Example 93
261
Part A.
(HO),B CO,H

Iz

NH

e 0 | 1. 19, Pd(dppf)Cl,, KOAc, Cs,CO3

N OMe 2.20, HBTU OMe

o]
HO~%
i H \on
9 .
HoN

/N\
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Cl Ca Br HGIL THE N,p ;s:I1BS O NOve OH 281 282 To a
solution of 281 (0.470 g, 0.903 nmmol, 1 eq) in THE (5

workdosmass3added concentrated 6 N HO (0. 45 i, PCT/082007/018471
nmmol, 3 eq) and stirred at rt for 2 h. TLC (1:2

hexane Et OAc) of neutralized aliquot showed conpl et
cons«ﬁrﬂﬂskmn@imzz&odl%& (8@ ang,dh3% nmel Ae¥t )k dorenatp (126 mg, 0.7

m%“ro ? ehdwi_%er e % @6‘%6 %1?1263 qas uthh %‘dtgg” mg, 0.35

mBboQVine®) land ﬁd@i;?()@ze(mgf 0 @Bs \Wasolp lﬂ)fll Eq )e@/abxpuﬁgadumﬁh argon and
chr onat ogr aph silica gel, 50 % Et OAc i n Hexane)
DMSOH (41 gnb); pdéedof E@zrra&tué@ Mragviieatedopti §0° mn(lesﬁlx 41)1911 additional

PQARE ) MR Rl 4 1 el At ol B Ryl ambien

teﬁg&aﬁme aoveﬁhgimtl onrtwf réatmeom saﬁcwa h@ﬁsﬂt&mdﬂe with. Z’é@rhb@tylammomum
3 eq) flushe i n anhydr ous

brﬁm}de (ZéQ ras)devi REmsted( @orm \wm(ioomlo ? HeWamb, DEMs3 T h(e combined
org}n H)éﬁstw as}lé%%%h 1 on S L rr ed %&Q&r‘%gﬂ?nh QSn?&mrated toa

br&&nswl ution of t he Iactone 282 (0. 264 g, 0.632 mml 1
m.), was adde cannul a fl ask

t u r nT‘h@“ %lrﬂé‘(OF e%m%ln@a G?eﬁq(’/eﬂf tkm& Hudaail (/) 7umm9.l>sl th)em DMF (5

L BT SR 0, 1) T H T o o 2,

Witvent herreddtign faplsdaeerd doniplets @y sH:RHC Themibaaetwaslived w1th MeOH (1
diluted with DCM and quenched on dropw se additi

mb) andpuified byireysrspgphase HP#&{WémWsangamwmafﬁanate 25%—>80%)
ayer was

fo e\;pe;ir(sg%g WM 5{5\)/<§;11£,1hed"!1 Sﬁﬂﬁ?]é]?%?(?@%mflne’ ‘dried, and
concentr at ed in vacuo to afford a yellow gun. The
crude material was purified by colum chromat ography
(silica gel, 50 %EtQAc i.n He ap ) to afford 0.237 ¢
of 283 as a yellow oil. mz 560.8 (MH) +
Yield 67 %25 Part | -219 WD 2008/ 02433j7
PCT/ US2007/ 018471 ¢l cl
Pd(dppf) C12, CS2CO3\KOAe
hHO HO= N HO i

OH N N Owe
DMSO, 70 C, 4

Part A.
o
O J\* ﬁ
N

0
',H N\O OMe _N_ DIEA
HO— "~ NHz 71/

i H Loy e}

262
261

A flask containing amine 261 (12 mg, 0.017 mmol, 1 eq.) in DCM (1 mL) and
MeOH (100 uL) was added DIEA (10 uL, 0.05 mmol, 3 eq.) and acetic anhydride (5 uL,
0.05 mmol, 3 eq.). After shaking overnight, the reaction mixture was diluted with aqueous
NaHCO3 and extracted (3 x 5 mL DCM). The combined organic layers were dried on
Na2S04 and concentrated to give 262 as brownish solid (3 mg 22%). MS (ESI(+)) m/e
750.8 (M+H)".
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; OH OH OH 283 284 To a solution of isoxazolidine 283

(100 nmg, 0.179 mmol, 1 eq) in DVSO (5 nL), flushed
wowaok/oagon, was added the pinacol boronat e (63rPemyUS2007/018471

0.232 mol, 1.3 eq), potassium 5 acetate (26 ng,

0.268 mmol, 1.5 eq) and cesium carbonate (175 ng,

0.526 nmml, 3 eq). Upon sExemplgd%or 10 nin,

Pd(dppf)C12 (29 ng, 0.036 nmol, 0.2 eq); was added as a
glgd

single portion. The m xtureAgs heat o 70 Cfor 4

h, then allowed to_geo| ©o ; brine were

added and the pH adj4 (2N). The

or gani cs was separ at d it h water, brine,

dried, and concentratea He uo to afford a brown

bl ack oil. The crude 10 matenrgrl was purified by
P&ol4umm chr omat ogr aphy (SI lica gel, 4% MeOH in DCM to

afford 35 ng of 28dog@s 268N sol i d. M5 (ESI(+)) nmlz
6440(MH—|)+ Yield 30 %4Part 1. C ocl o 0 OH HBTU,

| N QVBIH N H 0 HeN DM 2(F]H O $0

:HOH2%4274 15 | t i OV OR824
5)* %6 sl I ho =4 L T S D Y 3 adted t§MN
23 Yul'l ,

3 eq)—and HBTU (420 ~ 0. 110vo,
mml P0-¢ and allomedé‘;\;{stlr at rt foE"1BoHmin. To
I

this sol utl o 'was added 263
(S) N1, N1- di met hyl - 3- piw propane-1, 2-diam ne (9.8
5 ng, 0.055mmol, 1 eq) and/"&LIowed to stir at rt for 2

Cjc-ﬁ&né\ﬁ ﬁti6g &% | nzn&l%lsr(l e 8mg0 nc e ae}ﬁ%r(} ﬁ?%c%%gg 18 Example

88t wsirgf (RN N1W@Mtﬁﬁberﬁane-ﬂmw@mudﬁl PIRdecs i (8)-NWas] dlmethyl 3-
diluted with MeOH and purified b reverse&&as‘e
Phepylopanb bRAHBT . el T0e AARMBEESIED ErigRa (
of 274 as a white solid. M5 (ESI(+)) mz 804.2(|\/H-H)+
Yield 30 % 25 Exanple 105 - 220 WD 2008/024337
PCT/ US2007/018471 O ON NNOWw HN- HOHON Ii

10 HO 285 Part A. Example 96
0
), A
“ N, OMe O H _N_
H 0
HO— NO,
: H OH
264
Part A.

Compound 264 was synthesized according to the procedure described in Example
15 88, using (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine. Yield 3 mg (16%). MS
(ESI(+)) m/e 772.5 (M+H)".

Example 97

&
o N
N OMe HoN
N N
0 N
H : NO;

20 T 265
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HOO NaCNBHB HBO HO ' | \ CHHOB OH / ONH2 H~ H
HN2, 285 5 3-am no-5-boronobenzoic acid (Ig,

wG2®s104337 was di ssol ved in 25m MeOH and 412uL PET/ESBEY018471
sol ution of formal dehyde was added (0.166ny, 5.5mmmol,
I eq?. Sodi um cyanobor ohydride (347ng, 5.5mmol, |eq)
P :added and the reaction stirred for 30 m nutes at
roomtenperature. The solutio s dried via rotary
evaporation and the resultin terial was purified
over silica gel (5-10% MeOH i n/DCM cont ai ning 0.2% 10
acetic acid) to obtain 285 &3 3ng, 31%yield). The
nonoal kyl at ed product was ca(’rrlNe on to a second
reductive alkylation. Part B. }HO 0 NaCNBH3 HO 0 HOB |
\ OH HOB OH 0 HNC TBSQI-H TBSS,, N 285 286 15

Bor 98b8pRidRAERaL 1RRy - LTRlk BThe A GA B in Exampie

88, yawnab afmity d66 de fldnef ($)-NbH N'[Ddlmeﬂhﬁ@@heﬂ@l@r@dﬁl@(ﬂ 2adifimine and

the reaction stirred for 90 m nutes at roo
infesmgdiate apid despribed in Gxpwnlevspat tedYield3 mag é}@ﬁ) MS (ESI(+)) m/e
2§y8 ﬁlt)*on and the resulting nmaterial was purified
over sitica gel (5-10% MeOH in DCM containing 0.2%
acetic acid) to obtain 28 33 31% Yield. 20 Part
C. - 221 WD 2008/024337 M&)?/ 018471 I~ 1 p Fe
p CHC HLi- 10406287 Ol I O HOB OH KOAC
CS2CB = OOH NN1le + NN H O HO = HO =
N1 OH TBSO-~N~ CH ic acid 286
(162ny, 0.280mmo1l) was™- Q O (7m) and
potassi um acetate (28hg,_ O l eq) and cesium
carbonate (277ng, 0.850Mcl \on [ |

267

Part 4.

QP
3 { o
H
"MeCHO "y N OMe N
OMe NaHgBCN ubic -
HO~_= N
i H Lon r j

267

An aliquot of crude 261 (0.03 mmol, 1 eq.) in MeOH (1 mL) was treated with
acetaldehyde (20 uL, 0.3 mmol, 10 eq.) and sodium cyanoborohydride (8 mg, 0.12 mmol, 4
eq.). Acetic acid (5 uL) was added and the solution shaken overnight at 50°. When the
reaction appeared complete by HPLC, the mixture was diluted with MeOH (1 mL) and
purified by reverse-phase HPLC (MeCN/40 mM ammonium formate 25%—80%) to give

267as a white solid (3 mg, 15%). MS (ESI(+)) m/e 764.7 (M+H)".

Example 99

?ﬁﬁﬁ*ﬁ
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3eq) was added. lodide 9 (100ngy, 0.280nmmo1, |eq) was

added and the stirred solution was 5 degassed by
wapeze3sng the flask to three 60 second pul seBCD1S2007/018471

al ternating vacuum and argon purge cycles. Palladi um

catal yst 287 (46ngy, 0.057mmol, 0.2eq) was added and
Parid. sol ution heated to 60 degrees for 2 hours. The

I €actdRPoS268C v EyrfikksiRd Q&&Hﬁgéeﬁttﬁéﬁfo%gdﬁ% (dRsdfbM in Example

Organi c extracts were conbi ned dried over sodium
9& wisingt gutaraddehyde én plaat ofl ateialdelyydes Yield Bhmgdddibg MS (ESI(+)) m/e
7_%4)&3 h wmas purified by flash (5% MeOH in DCM to

i) sg (94nmg) 44% 10 Yield. Part D O O CO2H O N
NNOw + HBTUNN W | H,N, _ 1rp HOHOHO /N -

5 OTBS H2N (S) N Et 3N HO CEesmpled 000 289 288 Bi phenyl
acid 288 (50ng, 0.066mmol) was di ssol in DVF
(0.5nm) and 15 corrbl ned Wi t 0
(S)- N1, N1-di net hyl - erayl d| am ne (13nyg,
0. 073rm0| 1.1eq). aghn 27"uLN 0. 2nmmol , 3eq)

was added fol |l owed by H 025rrg 4 0. 066l , qu)
After 4 hours the crudé Tea dwony vvas purlfled by flash
(5%/EO—I|n DCM contai ning Qg% NHAOH) to yield 289

P&AM). 69% Yield. Part E. -222 WO 2008/ 024337
_PCT7U82007/018471 ONO NN N Ol\/b H N HF-Pyridine® N
NW HN HOTHE OHOF N-'-"OIBS HO 'I| N~NOH HO HO
289 285 TBS et her 289 (42ny, O. O46mm|) was di ssol ved
0 THE (1) and HE-Pyfidine added (30uL, ~0.gmmol J;k
| Fostirri ng udg e
M (5%VeCH. .&’: 2% |
85 '(4N5nm) . »r_tnz%:vuel ) 7O

H) +nH, Exanpl e 166—o:s:0 YRHE (), [(

10 261
An aliquot of crude 261 (0.03 mmol, 1 eq.) in MeOH (1 mL) was treated with

acetaldehyde (10 uL, 0.15 mmol, 5 eq.) and sodium cyanoborohydride (6 mg, 0.09 mmol, 3
eq.). The solution was shaken overnight at ambient temperature. The mixture was diluted
with MeOH (1 mL) and purified by reverse-phase HPLC (MeCN/40 mM ammonium
15  formate 25%—80%) to give 269 as a white solid (3 mg, 14%). MS (ESI(+)) m/e 736.6

(M+H)".
Example 101
270
20  Part A.

Compound 270 was synthesized according to the procedure described in Example
94, using isobutaraldehyde in place of acetaldehyde. Yield 3 mg (14%). MS (ESI(+)) m/e
764.7 (M+H)".

Example 102
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ON

H
AL GSSO N O\ C®2H + / O S-O HBTU

HO 290 10 Part
I \ ONJ

NN M H HOHO="IN'"-~CH

O\
W@ RNBIO23BIO W i \ S (R HEt3N NN W N H HO HICT/US2007/018471
Ho =

N-/"OTBS 2N N~ HOON/'~OTBS E H

291

in DVF (0.5nL) and conbined
0. 033nmol, leq). Triyethyl am @

was

After 4 hours the cr ;
flash (5% 10%eCH i n DM

288 HO 150
0. 033mml ) was di ssol ved
At h an1ne 150 (10ny,
D. 099l , 3eq)
T0s3mol , | eq) .
5 we~purified by
i et 291 (9mg). 27%

Bi phenyl acid 288 (25nmy,

added fol | onwed B

Yield. Part B. Os;0 04, ‘0 H O(S) O(S)0\ \ N
(R N,, H-Pyridine 0\ | N@ N NNW / HTHE NN
POyl HHOHOHONA™ ~OTBS ---"OH HO HO 291 289

223 WD 2008/ 024337 PCJ/ US2007/ 018471 TBS et her

291(9ny, O. nmol ) di ssolved in , THE (0.4

HEA\Py i i n uL, 0.Q2mol , a ). N
houcs).of sk i ohd t eNcrudeNﬁﬂﬂbrlal & by' _N_
flas Eé?@a; PCM ~cont a0 2% r@ d
289 (2 0/32,\:50 eld. M5 (ESI(+)) nle 89 5
Exanpl e 107 O -

Crude reaction mixture from the production of 270 (0.03 mmol, 1 eq.) was stripped

of all volatiles in vacuo and taken up in MeOH (1 mL). Acetic acid (5 uL), 37% formalin

(10 uL), and sodium cyanoborohydride (4 mg, 0.8 mmol, 3 eq.) were added. After 4h, the
mixture was diluted with MeOH (1 mL) and purified by reverse-phase HPLC (MeCN/40
mM ammonium formate 25%—80%) to give 271 as a white solid (3 mg, 14%). MS
(ESI(+)) m/e 778.7 (M+H)".

Part A.

Example 103

et 2 s

DCM, rt

To a solution of 216 (45.4 mg, 0.07 mmol, 1 eq) in DCM (5 mL) was added TEA

(30 uL, 0.22 mmol, 3 eq) and HBTU (54.2 mg, 0.14 mmol, 2 eq). The solution was stirred

at rt for 10 min. Diamine 142 (28.7 mg, 0.11 mmol, 1.5 eq) was then added. After stirring

at rt for 2h, the mixture was diluted with DCM (15 mL) and washed with saturated
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Ove N2 | / HNNO HHONH2 OH 295-amne Part

A OHOOO\ I \ CHO NOw )2BHNOW 'N HOO + H
W@2@EBI0HBTHO H = H OH 10 9 293 To a sol uti on BET/US2007/018471

i odo-core 9 (1.00 g, 1.74 mol, 1.0 eq) in DVSO (20

m.) under Ar was added cesi um car bonat e (1.

Pf#RSium carbonsap solinna(d Qinah sldetaqiieous 199Er wigs extxacrfzﬁg wﬁb IDCM (2x10

m%). 4 é[%%])%)ﬁmﬁjrfﬁooﬁ'é%i f: (?{P’%lég glgtee rfég?(lg\%g 'Na %ﬁ giétgag%lza oncentrated in
vd@ubblﬂmgnésenilhwwgﬁnﬁdd by0kilida @bhchrﬁﬂl@ﬁb%fdﬂ)ﬁpf(BO%lm/DCM with
adduct . (285 ngy 35 mmol was t hen added and i
1R Heethylaming ng’ /MM@QWPCSI\tIleIFbeHO/OaWC‘?’Wla@"P@rtO 8i¥e 44peg of 273. Yield

I 40 cool to rt, quenched with

S B3 Ry A B (Cea it Accer (20 m) . The
| ayers were separated and the organi c one was washed
paietgh brine (5 x 10 nmL), dried (MgS™), filtered and
concentrated in vacuo. The residue was purified by 20

flash chromat ogr aphy x/AcCEt 3:7, 1:4 and 0:1). The,(f:j

product 293 (669 gy nTrB_{ 6% y| el d) wa 0.

[ [Part 313 \ H2PO4 CHO C?\I

0 - ) (}ﬁ |

. To/ﬁ\sol tlon of 293 65 T I3 ~UN
q eq) AN THE (12 iy, jyegcadded 2om odi up'~

hydr ogehpntsphat e sol uti on (842 ul, 1.69 mol,"M.5

eq), isobutwyl ene (788 ul, 11.2 - 224 WO 2008/924337

PCT/ US2007/ 018471 nmol, 10.0 eq) and 1 M sodi um

chl oré h8oRAbHLIFRM3 (4o ?h% 0los mm3dP 1{@&? in DM? (?‘EHL) ale°C was added

reaction mxture was stirred at
dituetheeited (24.8 ImQ,CIM NaZ 03 eﬁql)(hrﬂLlDBﬁhd& $(uJI.l; IOeldS frmIol,15 eq). The
ddi ti onal diluted with AcOEt (10 nL), the | :
@%wr%ﬁseﬂlr%??&t S foaéﬁéws Hrerada Iiea%ttoww lkapt A ergl purified

bgﬁggﬁbg“wlgq?%gggg§ﬁgyﬁﬁﬁgfed§gﬂgbggncentfated'in

vacuo. The residue was qulflgg

zg;,m@

274
Cl
@\ BBI’3
Br
OMe DCM
275

To a solution of 1-bromo-5-chloro-2 methoxyphenyl 275 (2.5 g, 11 mmol, leq) in
DCM (100 mL) was added dropwise BBr3; (1 M solution in DCM, 38.5 mmol, 3.5 eq) over
20 min at - 40 C. The solution was warmed to rt and stirred for 12 h. TLC (3:2

Part A.

Hexane:DCM) showed complete consumption of 275. The solution was quenched with
NaHCO; and stirred until two phases appeared. The organic was separated, washed with
brine, dried, filtered and concentrated in vacuo to afford 0.80 g of 276 as a white solid

which was used without purification. Yield 32 %
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flash chromat ography (DCM MeOH 98:2 and 9:1). 294 was

obt ai ned as an off-white foam (204 ng, 0.34 mol, 31
worese4d37 Part C. Ph O NMe2 ON Ph = O OH HI/OsMoMe18471

Ol N1NOWHNWw\Y HO=OHOOOHOHd 10 294 295

To a stirred solution of acid 294 (200 ng, 0.34 nmol,
Part®. eq) in dry DCM (1 m.) under Ar was added

(S)- N1, N1-di et hyl - 3- phenyl propane- 1, 2-di am ne (120

ng, 0.67 mol, 0 eq), Hunig's base (117 yl, 0.67

O

mol, 2.0 eq) 5 gBTU ( 1Qc, b R0 mol 1.5 €eq).
After |h, thetlon \/\/&%h%zwitﬁ')@ (5 ),
t he Iayers séparated and 15 the aqueous &he extracted
with DCM (2 x 5°hlL). The combi ned organic @ktracts

were washed with brine (10 nL), dried ( ),
filtEeed mloazlonéeMgCézt dpowdery 32%iomeshae0.7 fésg ddd lwawmol, 2 eq),

oSR5SR DR ESH Briy hS. 2 o i
Tﬂpgﬁb my wPa@raHdéa 213 %(@6?'3.68%’6'1* 1 &), Ve in ﬂw\faémwd\le at 160 C
N NVeZ H O = NH HOH295 = HH 2

f029LE§ aml n€LCTR: 2 bemam D@beshtamie bomipleosorsumptign of. 6 THF was

o iatr i T smian e Wikt 9058 HOAS gl orine, dria,

fikéte® a0M) conconttNEh Byce @ A4l W.52 @ 66 ZWDJvhlcﬂOwﬁ)s @é?éd without
and sodi um S%anoborohydrl de (17 ng, 0.28 25 mmol, 5.0

pusificatiqmelieldsAfi %i ng ni xture was stirred at rt for 1 h,
ched with saturated sodi um bi carbonate sol ution
%igfm_) and extragted with AcCEt (3 x 10 mi). The
conbi ned organic exyracts v\%@‘r"ec%/asheg h brine (20
m.), dried (MSOfkg st er edowind concertreat ed in
vacuo. A white foam Was obt ai ned, whi ch®%as purified
by preparative -225"WD 2008/ 024337 PCFPUS2007/ 018471

;'FECT§ 9 asgﬁgl@ﬁ%%%? I@?‘leg %pg v&éﬁgl 10e<9]1§ ﬂﬂgfg')()s Iﬁ]?)/%vas added K,COs
(07456. 218 .3 Maintd),H..5 BqF-xaumgd & ri 68 10 mid, N:sNt—lng in a suspension. lodomethane
(0.206 mL, 3.3 mmol, 1.5 eq) was added dropwise and allowed to stir at rt overnight. TLC
(9:1 Hexane:EtOAc) showed no remaining 277. The mixture was diluted into water and
extracted with EtOAc. The organic was separated, washed with brine, dried, filtered and
concentrated in vacuo to afford 0.505 g of 278 as an orange oil which was used without

purification. Yield 92 %

Part D.
| |
¢ NH,OH.HCI HC
NaBH3CN N
OHC Br HO~ Br

OMe MeOggIHF OMe

278 279
To a solution of 278 (0.505 g, 2.02 mmol, 1 eq) in MeOH-THF (3:1, 5§ mL) was
added an aqueous solution of hydroxylamine (0.169 g, 2.43 mmol, 1.2 eq in 2.5 mL of
water) in one portion. The pH was adjusted to 9 with NaOH (6N), and stirred at rt for 1 hr
~where TLC (2:1 Hexane:EtOAc) showed complete consumption of 278. NaBH3CN (0.254

g, 2.43 mmol, 2 eq) was added with a fleck of methyl red and the solution acidified to pH 2-
3 using HCI in MeOH (20 V/V). The pH of the reaction solution was maintained at pH 3

over the course of 12 h by addition of small amounts of the methanolic HCI solution, where
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N O HN HO. OHvCrOH 296 Part A HOH O O 0~

Br OH Br OH Cul, K3PO4 / I N Br "IN -~OH (OH 297 10
w0 n008/03331 ed reactor, 3,5-di bronobenzoic aci d ¥AT/08§2007/018471

3.57mol, leq), N, N dinethylethanol am ne (735 "mil,

. 7.15mmol , 2eq), potassiumtriphosphate 1.517g :
it wawﬁﬂﬁﬁd tozxe!gﬁ il Ne@bber N)- )Thwilﬂ@n(\’%r@traqeémﬂm washed

I I r.

w9 157 AAESEAE bRt (407 RE sl B he crae
maﬂéﬂalpﬁ?w akifosd b luilnnl\l:}(rbmaigia hy lisilied xélU58 %aROAc in Hexane) to

br ought tpo H-4jrﬁé| ng NaCH 1 pagrfg HCIgl N then 15 )
af&(ﬂ@é@ﬁ@d)f\%WﬁS ec@am ©bd30eld 90%he conbi ned or gani cs

were washed with brine, dried over Na2SO4, filtered,
ch&gentrat ed. The residue was purified by flash

mat ography (DCM and DCM MeOH AcCH 90,10:1 0 to
509 to obtak 7 (318mp, 1.06nmmol) as am ¢0i Yield

30% Part BN CO3 Koweld- O\ o St OH Pdidppf) Cl2 0
OH N OOMVE®l X 1 ,on NOrgaHN O~ Me

OH' 297 iHO 2998 HO OH 20 A flask contai n%?ggo""e
boronate (described in Exanple 1, part QG (194ny,
396mol, leq), bromde 297 (142ny, 475npl, 1.2eq),
cesi Tore selutiomaf 274 GBWﬁgg 183 8med) | ey, glypolas sitenm(0.285g, 2.37

G350 33 P 08 SRR SER 69AT8 237 1

eqﬁ’cﬁﬁ 74t QLA B1h, résultBRAN W subpcAidANTIRNhs n(wWasfiltered through
adde The reaction was heated at 60C for 5h then

a Gplnt@wéltg vashergowith HGY andiether. dkheviesultaniayeablow( spduiem) wagrencentrated

oA ARl ey o D B vs
swgy,a/z g\ﬁg(mﬁb’emem ghopvat er (I x30nmL) and brine
OmL), dried over Na2804 filtered and

Part F.
cl
OMe

O)ﬁ Cl
0y Br v( - - m
OMe ' ; -}—1
280 6 :

THF, Microwave, 140 C, 15 min

281

To a solution of 280 (0.497 g, 1.48 mmol, 1 eq) in anhydrous THF (10 mL) was
added (S,Z)-5-tert-butyldimethylsiloxy)pent-3-en-2-ol 6 (0.5 mL, 1.77 mmol, 1.2 eq) and
Ti(OiPr)s (0.65 mL, 2.22 mmol, 1.5 eq) heated in the microwave at 140 C for 15 min. TLC
(30:1 DCM:Et,0) showed consumption of nitrone 280 and the allylic alcohol 6. 3-
(dimethylamino)-1,2-propanediol (1 mL) in EtOAc (1 mL) was added and the dark brown
solution left stirring at rt overnight. The dark brown solution was diluted with EtOAc and
quenched with Rochelle’s salt solution, washed with water, brine, dried and concentrated in
vacuo to afford a brown oil. The crude material was purified by column chromatography
(silica gel, 10 % EtOAc in Hexane) to afford 0.490 g of 281 as a brown oil. MS (ESI(+))
m/z 521.9 (M+H)" Yield 64 %

Part G.
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5 concentrated to a brown oil which was purified by
flash chromat ography (DCM and DCM MeOH AcOH 90:10:1 O

W 2008024331 0 obtain 298 (155ng, 233npl) as an oPCT/UYio0eT/i8471
59% Part C. O NO Ol CHH2ZNO HN~ NO Ow N NO
Ove HN HBTU, Et3N NOHHO OH ~rOH HO OH 0 10 298

296 Acid 298 (43n9 mol, |eq), ¢
Benyl pr qgane-1, 2- qmge (1l4nyg,

(S)- N1, N1- di et hyl

770mol , 1. 2eq) %ane. HBFU (29ng—7—?mn| In2emy were
(I0nl)  and triet hy|§@g{' 27L,

194nol, 3eq) was a ®S The reaction S Trred at rt

dlspersed in

for 1 h then concgntrated to dryness: Jhe residue was

pur i d fHar 1

a y%%%l (?hi(téacjmgv\g 288 (@ 4l\/g %E@s?% G@n 5(96?14$pr|\£~§3)—|§1)+17)%218 added

co‘rilce!itthte?l 8 HHZh(QJailfe mIIQQZ 71 omélh 3 Q)-anld dtirtnédNatNE faV@ H. TLC (1:2

hiosats: RELGA®Y iR Rlioed Aliqubh,hoMed KOrunisse RPTR:Toh RRBL The reaction
whs r'féu@rai'gd"'@th N%@zbdoeﬂagéd%ﬂi‘bt@ié Qva?:l?e% \g’f?l@b;fﬁ’e %nec(i filtered and

sol ution of 295 in T
cankdntrehe] adeledo ZMafﬁmHallm\hly abnlo@”ha mhuiephalbaalswhypumﬁbd by column

cHysrgpiOgiaphs (QHse Brtasd i B3N8 HRene) 6 alohd pah bt as a brown

solfid; M ¢ ?@I ),,/Z 40727 ﬁq)F HyT0e1d @64 i on 25 nixture was

stirre f or equal anount of reagents were
added and stl rring -227 V\D 2008/ 024337

PHEH US2007/ 018471 continued for 30 additional mn.
" The reacti or&ﬁfj\ quenched with 10% Na2S203 (5 and

To a solution of (+-)isocamphenylamine (0.291 g, 1.897 mmol, 3 eq) flushed with
Ar in anhydrous DCM (3 mL), was added Me;Al (2 M solution in Hexane, 0.632 mL, 1.26

282

mmol, 2 eq) dropwise over 20 min and the resultant clear solution stirred for 40 min at rt. A
solution of the lactone 282 (0.264 g, 0.632 mmol, 1 eq) in DCM (3 mL) was added by
cannula flask slowly, turning the reaction yellow with gas evolution. The reaction mixture
was stirred at rt for 12 h TLC (2:1 EtOAc:Hexane) showed a clean reaction with one
marginally faster running spot The reaction was diluted with DCM and quenched on
dropwise addition to a rapidly stirring solution Rochelle’s salt, and stirred at rt for 2 h. The
organic layer was separated and washed with water, brine, dried, and concentrated in vacuo
to afford a yellow gun. The crude material was purified by column chromatography (silica
gel, 50 % EtOAc in Hexane) to afford 0.237 g of 283 as a yellow oil. MS (ESI(+)) m/z
560.8 (M+H)" Yield 67 %

Part I.
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stirred for 15, mn, diluted wwth AcOEt (5 nL), the

| ayers separated and the agueous one extracted with
WOeORHN24327 X 5 nl). The conbi ned organi ¢ extr acPGI/VE2007/018471

washed with brine, dried (MgS04), filtered and

concentrated in vacuo. The residue 300 vvas used

N, O di rregapyl hydr oxyl afl ne hydrochl oride 5 (21 ,
0.22 mmol, 2.5 eq), Hunig s base (56 ul, 0.44 ,
5.0 eq) and HBTU (49 ng, 0.13 mmol, 1.5 eq) After
I h, the reaction was quenched wth water (5 nL), the

| ay eFe aselipn o dsoxaeplidine 28368 weg, Shi/%emmodct e@) Wi BPMSO (5 mL),

l&%}%%h)ﬁrv\?%ngwg? a%ciée%(t;ﬁl%gﬁ%‘b?lgod’8naqgQ%mg)ﬁg ;-nm(‘%’\le daq) potassium

acafatt (26NHEN0.0es mnbln naaeq)cnandT&eluhﬁsara@hﬁté’n@lrs hB, %836 mmol, 3 eq).
used. direct]l he next reaction. Part C O Ph 0 Ph

Uppn stiring fr 10 mitg RAGPADGT: (INDECHEIS el 0/3-cq) wesnddahas a single

pd&l%%ﬁﬁé%@as h‘gt&gtg]_ (Cg,@r% }_lbgéil@weg Q(}c%oqg gtg tOV%cS and brine

weleafdé¢d/adl tha pHrﬁdmhtmm 3-F HEh(HChQ.ZN)UDl@kEdSrg&ﬂlcﬁwds V@ﬁrated washed
cooled to - 78@()2 6MI\/EthyIIth|um|n Et 20 (54
wibh gter hrte, dned’ ang)copgrntiaisdan varp orafiord achrpwra bmcktqalr dhe crude

m%ﬁal%é{lgﬂﬁ'ﬂieﬁq)r A Bhrdhato éﬁﬁ)gg?ﬁﬂc adil Webg m@) to afford

e reaction was querrc saf Urate
35k ot 2841ag Hbrown sobid AVISi (EST(ed) mizt (w4 @A+HY Yie)d 30 e
| ayers separated, the aqueous one extracted with Et20
(2. 25 x 5 nL) and the conbi ned organi c extracts washed
Pggdh brine (10 nL), dried (MyS04), filtered and
concentrated in vacuo. A foam was obtai ned, which was
purifiedch preparatlve PLC to render 299 (6 ny,

Wi t hout t her ification. Part B, I O P
ONE HG - Not\gmveuHvaez:g%:g %)k
H Nvez, MOH H O IOH HOP@rCIEGsCO% KOAH 1 odo
stikréd ution oge aenwdd, 300 (67 mﬂﬁ .
1.0 efy~kin\dry DO 10 mL) under Ar vvas ~S

|

001 mol , gl d) a | yophi | i zed povvder I\/IS 0
(ESLL+R) P& 769y 48"( +. _HEwempl e q N
@ u N‘O @ HoN DCM. 2 h "/H N‘O OMe O H N
HO—/: AN AN HO-_"~ N
" Ton iR op
284 ” 274

A solution of 284 (35 mg, 0.055 mmol, 1 eq) in DCM (3 mL) was added Et;N (23
ul, 0.165 mmol, 3 eq) and HBTU (42 mg, 0.110 mmol, 2 eq) and allowed to stir at rt for 10
min. To this solution was added (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine (9.8
mg, 0.055mmol, 1 eq) and allowed to stir at rt for 2 h. The reaction was taken up in DCM,
washed with K,CO;, water, brine, dried and concentrated in vacuo to afford a brown solid.
The crude material was diluted with MeOH (2 mL) and purified by reverse-phase HPLC
(MeCN/water with 40 mM NH4HCO;) to afford 13 mg of 274 as a white solid. MS
(ESI(+)) m/z 804.2 (M+H)" Yield 30 %

Example 105
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-228 WD 2008/ 024337 PCT/ US2007/018471 /I O ON N
O H"NN~ HOHO=IN-"OH HNH 302 Part A 0 OH
w@2@AR4BOVe HO- B OH Pd(dPOCI 2, Cs2CO3, KOAc Ne@vVBSIOb/018471
HO= 0/ HOHO =IN/~ N3 ~N~~OTBS DMSO, 70C _ FI N3
OrBS 5 215 286 303 A solution of aryl iodide 215 (113
mg, 0.19 mmol, 1 eq), boronic acid 286 0O ng, 0.23
nmmol, 1.2 eq), cesium carbo (186 .57 mol, 3
eq) and potassi um agetate 19 nmmol , 1 eq)
in DMSO (4.8 nlL) was__de, 1 ub’bI/Nng argon
through the solution fiorl m ny Pd(dppf)Cl2 (27.7
ng, 0.04 nmol, 0.2 eq) was }t hen aa/\?f and the 10 fl ask
purged with argon. The m xure was heated at 70 C for
1 h. The reaction mxture w385 added to brine (10 niL),
Partddi fied with 1 N HC until the aqueous |ayer

attained a pH ofQ nd exikact ed V\)I*Cth Et®©Ac (2 x 10
m.). The conbi ae #c layers were” ogver

Na2SO4i filtered concentprated in v oto afford a
brown oil. The oil wwas purlﬁ#eqd by silinca gel

chromat ogr aphy (40-60% Et OAc/ hexane with 0.25% acetic
acid) to give 17.3 ng 15 of 303 as a brovvn oil. Yield

12%3- b@idﬁbérb)l))beﬁzmc?&ﬁd QBg,M}Smlﬁw‘l) V\Bs dlssbl\@deNZS\theOH and
Q 0\ N NOw |/ O TEA, HBTU H O
4170l -of; q\|37°<§m@t+q@ %fomrééehwe Nsasmﬁdled r(9 166mg g Sepplgben). Sodium

, I
e PSS BB i B o 0
minutks HE Tidofril GerBperature). Wsﬁnﬁbn vasedpied Vieerctadyutvaporati@a and the
rt for

eI E 1% RS MY TEed- GG AYICBrasbASdOY, Mok s ROYlseqpggining 0.2%
acrgttlggadeDJ)btalﬁ 2859933 SZ*»lt"/}g1 %lf;)d@ﬁg mdﬁB%}lﬁ&laﬁH'ﬂgM&g wak carried on

e mxtu ut ed
toatrsdcamlshéwbtmtalky%rbnr at ed pot assi um carbonate sol ut| on
b m.). The aqueous |ayer was extracted with DCM (2

m) . The conbl ned organic |ayers were

‘B NaCNBH3 EB
HO” OH HO™ OH
[0}

HN. meso L, LN
285 286

Boronic acid 285 (102mg, 0.5mmol) 2mL MeOH and 100uL of 3 (92mg, 0.5mmol,
leq) was added. Sodium cyanoborohydride (49mg, 0.75mmol, 1.5eq) was added and the
reaction stirred for 90 minutes at room temperature. The solution was dried via rotary

evaporation and the resulting material was purified over silica gel (5-10% MeOH in DCM

containing 0.2% acetic acid) to obtain 286 (333mg) 31% Yield.

Part C.
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dried over Na2SO4, filtered and concentrated in vacuo.
The material was purified by silica -229 WD
wWQQO®8NDB3B37 PCT/ US2007/ 018471 gel chromat ogr aptmyus2007/018471
(60-75% Et OAc/ hexane with 0.25% TEA) to give 15.1 ng
of 304. Yield 72% Ms (ESI(+)) nmlz 939.68 Mt. Part C.
~I ONO V,05~ ONNNOMe HMN pyridine NN OWH N
Hb HOiIN~OH HO N i N OIBS | THF, rt HO N3
= 3 5 304 305 To a solution of ‘@1@, 0. 016
mol, 1 eq) in THE (1.5 nL) in aFeé myPropl yl ene tube
at rt was added a 1:1:1 THF: HF eG' pyridi ne
solution (70 L). The solution rred at rt for 1

h, quenche! W th nmet hoxytrimeth JAane (700 L) a

ooncentrafed i n vac®b. e crude 305 Jas :
., t ep t'hout Hef" Fon 10 “pur i F¥¢€ C‘“at | dnte O
( I'(j+ d"rf’z 825. 44 Part D. -duss! O I0\ N

HS~-+S ommgsp«u ()—|NN(]VEHN~ Ng
~\ H NN PO — O DBu,levF 0CHONHZO—|3 305 302, Toores

o ebienRnedh Bealdtnd ThaeGra ws, hsltet 'y PWES (i) and

p&as@ﬁ?n mﬁte 3sR%) O"’E@@mg%tl‘| ﬁgq)sadd’ c&llgé%amﬁﬁte 1{%7%& 0.850mmol,

solution was stirred at 0 C for e crude
3€1qé aas addednisslideed (1 (M) 0 8amanagduleq) ivasl addba,el aﬁﬁLtliB stu*rcgi spdution was

0
de%ﬁ%ﬁ% b s{@%gt?qg tﬁﬁﬁlﬁﬁq( 0 /t%geﬁ ES' (dI_i?lPlseRl o% al,_FrRPtn}gd/acFW and argon
plfrg'lr;ycles. Palladium catalyst 287 (46mg, 0.057mmol, 0.2eq) was added and the solution

heated to 60 degrees for 2 hours. The reaction was acidified to pH and extracted with DCM.
Organic extracts were combined and dried over sodium sulfate and concentrated to dryness.
The crude product was purified by flash (5% MeOH in DCM) to afford 288 (94mg) 44%
Yield.

Part D.

N\/\OTBS Et3N N\/\OTBS

COZH L
OMe * | HBTU OMe
HoN1S) NS

HO
288

Biphenyl acid 288 (50mg, 0.066mmol) was dissolved in DMF (0.5mL) and
combined with (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine (13mg, 0.073mmol,
1.1eq). Triethylamine (27ul, 0.2mmol, 3eq) was added followed by HBTU (25mg,
0.066mmol, leq). After 4 hours the crude reaction was purified by flash (5%MeOH in
DCM, containing 0.2% NH40H) to yield 289 (42mg). 69% Yield.

PartE.
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HOH20 306 Part AA. 01 | OHOOOHd NNOWw HOB CH

Pd(dppOd 2, Cs2CO3, KOAc NOw I i N HOOI / HO O
WO-Did8/0243¢H | NH DVSO, 70C OH 9 285 306 -230 WD PCT/US2007/018471

2008/ 024337 PCT/ US2007/ 018471 A sol ution of aryl

iodide 9 (403.8 ng, 0.71 mmol, 1 eq), boronic acid 285

(151 nmg, O0.78 mmol, 1. g), cesium carbonate (689 g,

2 nmol , 3 and op%:z\@i um acetate (69. Q);V;@
i n.) was deg ssded
ar go m h oube Jsdl uv*od*—ﬁ@ﬁ*;kl (dmp 12H
(103 2 mmol, 0.2 eq) Wis the Fgd % and Rhe

fl ask 5 purded with a¥Bon. The mi xtur'e wad heafed at"
70 Cfor 148 h. The reaction m xture was Hoadded to
brine (40 mLpe acidified wwth 1 N HCL until thgs
aAUCPHS ¢ Iféi/ 289 mxﬁg @@46?111{%51) Qfa 5%50%& lﬁmﬁg&ﬁ% WMd' BF-Pyridine
(2 . The conbined organic | ayers
addecil é’wubv 91092m1a®$(%q) fAftar ér@drmfcﬁtiu@rg;ﬁrﬁmadeaniatenahmwriﬁed by

ﬂagE @%&&ﬁ%efb@ﬂ%“ Pepiing B3y e Reitd A8 T maBol226 Sield. Ms

T@?)&/@SU ve 124.3 10 ng of 306. Yield 29.6%
ESI(+)) n12 96.34 (MtH)+. Part B. OH2N N~/ | O
OOH4 =0ON (le NOw¥ NNOw H-IN, Hb TEA
HBTUHbHOiNHHOIINH HOHDCM rt HOH 306 307 To
a solution of 306 (25 ny, EQaMipler®sl ., 1 eq) in DCM (4
m.) was added TEA (17 15 L, 0.12 mml 3 eq), HBTU
(31.8 ng, 0.08 mmol, 2 eq) and (S) ONiodl nmet hyl - 3-
phenyl pr opane- 1, 2-di am ne (15 g.~mol , 2 eq).

After stirring at nt.for 2h 'ﬁ(ur,lfe was dil uted
with DCM (15 nl) .@: d SatMr at ed pot assi um
carbonate solution 1§ \ ey aqueous | ayer was
extracted with DCM (242~%0{nl) . -Theomonbi ned organic
| ayers were dried over NagéM, filtered and
concentrated in vacuo. The mgygerial 20 was purified by
P&k Wi ca gel chromat ography (60-75% Et OAc/ DCM Wi th 0. 25%
" TEA) to give 228rrgof 307. Yield 72% N5 (ESI(+))

mz 756.45 Mr. Part C. ° °S
A’ (,\,/COZH ° _HBTU e N
is OMe (R) Et3N A, is OMe
HoN

N\/\
OTBS 2
Noras

HO
288 150 291

Biphenyl acid 288 (25mg, 0.033mmol) was dissolved in DMF (0.5mL) and
combined with amine 150 (10mg, 0.033mmol, leq). Triethylamine (14uL, 0.099mmol, 3eq)
was added followed by HBTU (13mg, 0.033mmol, leq). After 4 hours the crude reaction
was purified by flash (5%-10%MeOH in DCM) to yield 291 (9mg). 27% Yield.

Part B.

|
O:S;O O:§:O
NH
(R) O 7@ .(R) |
HF-Pyridine ‘ 0 N NG
OMe THF NN, OMe H
H o]
(o}

289
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[/ ol O/ I o Ol NH-rk
ONNOW I/ OH,N~ HDbH
wOadoRBH337 McOH, rt _ H OH 307 306 25 To a sol up¢DOSD7/018471

307 (6.7 nmg, 0.009 mml, 1 eq) in MeOH (0.5 rTL) at rt

was added oxylic aC|d nonohydrate (1
mol 1B eQneég? (Omige 090 DM h Wi disselved By THF 60t4m1e)r and HF- -Pyridine

adgécga(%mg%’%égéﬁcﬁsé % %H§€r08§/ YQ)Ju§s,4 %} %91}\{%'}.;1 %%Ideu aterlal was

pwrididd by fldsh (5%MeOH an DEM, edritdiniag (m%rNHﬁ(OH) 1o sneamdw (2mg). 25%
concentrated in_vacuo. Tbe crude reaction was purified

Yigld. NS (ESIGHY Ve 8- 3gMaH)306. Yiel d 69% MS (ESI (+))
mz 814.53 M+. Exanple 112 ~I 0\ O\ I \ N N NO Owe
l i OHN~ HHO'IN 5 _ HOH~ 308 Part A 0\ I \
N Me2NH. HCI O N N N Ove Bxdinple 1A, HBTU NN Owe / O H
HbHOHONHOIN,0- HOHOHDCM rt OHN 306 308
10 A sol ution of 36(55 T, 1 eq),
di met hyl am ne hydr oy §. 02 mol , 3
eq), HBTU (5.2 ng, 2()  ande: TEA (4 L,
0.028 mml, 4 eq) \Nas stirred at rt.
for 2h. The crude reactioh concentrated in vacuo
and purified by HPLC to gi ¥#-amide ng of 308. Y| eId 77%

PayBA(ESI (+)) n’iz 841 63 M+. Exanpl e 113 ~I

N Nb,Owe 0 H

' o} . HOLE CHO
.,u N OMe 5/\(\0Me

o @
S
>0
o
Z
Z
Z
=8
I
T

HO

To a solution of iodo-core 9 (1.00 g, 1.74 mmol, 1.0 eq) in DMSO (20 mL) under
Ar was added cesium carbonate (1.71 g, 5.24 mmol, 3.0 eq), potassium acetate (171 mg,
1.74 mmol, 1.0 eq) and 3,5-diformylphenylboronic acid (622 mg, 3.49 mmol, 2.0 eq). The
solution was degassed by bubbling Ar through it for 5 min. PdCl;(dppf).CH,Cl, adduct

(285 mg, 0.35 mmol, 0.2 eq) was then added and the resulting mixture stirred at 70 °C for
1h. The reaction was allowed to cool to rt, quenched with brine (20 mL) and diluted with
AcOEt (20 mL). The layers were separated and the organic one was washed with brine (5 x
10 mL), dried (MgSO4), filtered and concentrated in vacuo. The residue was purified by
flash chromatography (Hex/AcOEt 3:7, 1:4 and 0:1). The product 293 (669 mg, 1.16

mmol, 66% yield) was obtained as a foam.

CHO NaH,PO, CHO
5:(\ OMe OMe

NaCIO COOH

Part B.

294

To a solution of 293 (650 mg, 1.12 mmol, 1.0 eq) in THF (12 mL) was added 2 M
sodium hydrogenphosphate solution (842 ul, 1.69 mmol, 1.5 eq), isobutylene (788 ul, 11.2
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HOiNv "N 15 HOHH 309 Part A O\ I \' N MeNH2 =
O\VN eHI H HNo O i o N~ TEA, HBTU H N4, 0 Owe /
W@R2008H243B00 = "IN~ HOiNv HOH OH DCM rt OH H PGDESB0D018471
A solution of 306 (14 ng, 0.017 mmol, | eq),

mmsirfqﬁgqﬂgn 5%@&04%%: crfﬂér‘lkt'gqsylugzgao@%%z mES r@ﬁ@ggi 2 eq). The
re:ggg% DCTA&(.%&%S stzred at $Ora0 193451%&}??%&@%@97&9?67%10 mL) and

was stirred at
stiredcfor A6 aMﬁio&nahnﬁntdihit&ﬁwuth A@E0(18nelL),ptte ildyeed sdpgrated and the

HPLC to give 09, Y| ld 23% M (ESI(+)) mz i
oS o el koGt G IR ML TheRemb G52 BRIt fese waghed with

oot P (s R ﬁ%é‘?\n,%;@é&?@éﬂﬁ%@d INBE R, T EORE Vapgiifed by
fldd chidmatdaph yGHD CA/NIEDH 9&:2 and OOy 294 RASoRBihed\as an off-white foam
| ut f 3 ng, 0.016 mmmol, 1 eq), ammonia
(232“}%’ b%ﬂl‘ﬁ%ﬁo\\/ggﬁr(ylelﬂb 0.049 mmol, 3 eq), ﬁ|)BTU (12. 4
ng, 0.033 mvol, 2 eq) and TEA (9 L, 0.065 nmol, 4 eq)
piRAAM (1 nL) was stirred at rt for 2h. The crude

—Teaction was concentrated in vgecuo and purified by
HPLC to give 6 @ of 0. i e!d 45%

813. . @-I | Ha

HO

iH Lon
294 295

To a stirred solution of acid 294 (200 mg, 0.34 mmol, 1.0 eq) in dry DCM (1 mL)
under Ar was added (S)-Nl,Nl-dimethy1-3-phenylpropane-1,2-diamine (120 mg, 0.67
mmol, 2.0 eq), Hunig's base (117 ul, 0.67 mmol, 2.0 eq) and HBTU (191 mg, 0.50 mmol,
1.5 eq). After 1h, the reaction was quenched with water (5 mL), the layers separated and
the aqueous one extracted with DCM (2 x 5 mL). The combined organic extracts were
washed with brine (10 mL), dried (MgSO4), filtered and concentrated in vacuo. The
residue was purified by flash chromatography (DCM/MeOH 9:1). Amide 295 (100 mg,

0.13 mmol, 39% yield) was obtained as a foam.

Part D.

O

295-amine

To a solution of aldehyde 295 (42 mg, 0.06 mmol, 1.0 eq) in THF (1.5 mL) and
MeOH (0.45 mL) was added 0.5 M Ammonia in dioxane (2.23 mL, 1.11 mmol, 20.0 eq)
followed by AcOH (32 ul, 0.56 mmol, 10.0 eq) and sodium cyanoborohydride (17 mg, 0.28

mmol, 5.0 eq). The resulting mixture was stirred at rt for 1 h, quenched with saturated
sodium bicarbonate solution (10 mL) and extracted with AcOEt (3 x 10 mL). The
combined organic extracts were washed with brine (20 mL), dried (MgS04), filtered and

concentrated in vacuo. A white foam was obtained, which was purified by preparative
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HOHOHOH 15 311 Part A PO O NO O OH"" I O N
N/ NOw | i N HHO Et3N, HBTUHON ~ HOH HOH OH
wa 008024387 sol uti on of 10 (10 ng, 0.02 mmol, 1 BCH/USIW07/018471
DMF (1 nL) was treated with TEA (9 uL, 0.07 nmol, 3.0

eq),. : -
H?Isg? 1<N1ermr 1&5 amﬁnm(tlﬂyng,s‘l(blﬁemmom%&(amldi ag adyephilived powder. MS
(Eg?ﬁ 16, +3 0 eq) (derived fromthe requisite
Rr)o aC| gous to the procedure described -233
WO 2008/ 024337 PCT/ US2007/ 018471 in Exanple 73, part
A), and HBTU (10 ng, 0. 04 mmol, 2.0 eq). After
stirring for 2 h at rt, the reaction m xture was
diluted with MeCOH (500 uL) and directly purified by
5 reverse- phase HPLC ( MeCNEwemple I8t h 40 mM NH5CQ2) to
give 5 ng of conpound 311 as a Wwhi solid. Yield

50% Ms (ESI(+)) mz 784.4 (M+-H) +. anple 116 N
poMe o N O %r 1/ HD H HO Nl~~\OH 312 Part A Conpound
312 was synthesi ze ccoor dinAg cedur e

descri bed i n Exanpl 10 pas . Hising commercially
avai l able (R)-2-am n nait hyl £1- et yl pyrrolidine in

pl ace of (S)- OH ;_7A0H

N ,N,4, 4-tetranet hyl pentaneZ} -diam ne. Yield 20%
N?(ESI(+)) mz 720.4 (MHH) +. 6Exarrple 117 o Ol N
Pg O ( H- HOCND HO OH

N

(_7/\0»4 . Q
0 r OH
BV\Q)LOH Cul, K3PO,

A N
Br ANon (_7AOH

297

10 In a sealed reactor, 3,5-dibromobenzoic acid (1.0g, 3.57mmol, leq), N,N-
dimethylethanolamine (7350ml, 7.15mmol, 2eq), potassium triphosphate 1.517g,
7.15mmol, 2eq) and copper(l) iodide (68mg, 0.357mmol, 0.1eq) were dissolved in water
(10mL). The solution was heated at 90°C for 16h then allowed to cool to rt and poured on
HCI 1 N (100mL). The mixture was brought to pH~4 using NaOH 1 N and HC1 1 N then

15 extracted with EtOAc (3x30mL). The combined organics were washed with brine, dried
over Na;SO, filtered, concentrated. The residue was purified by flash chromatography
(DCM and DCM/MeOH/AcOH 90:10:1 0 to 50%) to obtain 297 (318mg, 1.06mmol) as an
oil. Yield 30%.

Part B.
0 CsCO;  KOAc O o}
Br OH Pd(dppf)CIz o
. ,Bi\&orwe O
N 0
H

N
" OMe OH e
N 298

A flask containing boronate (descnbed in Example 1, part G) (194mg, 396umol,

20

leq), bromide 297 (142mg, 475umol, 1.2eq), cesium carbonate (387mg, 1.18mmol, 3eq),
potassium acetate (39mg, 396umol, leq) and Pd(dppf)Cl; (58mg, 79umol, 0.2eq) was
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313 15 Part A. Conpound 313 was synt hesi zed accordi ng

to the procedure described in Exanple 1, part H using
w@ Ros28Banzyl - 2- (4- met hyl - pi perazi n-1-yl) - et hyPEIUS07/018471

(derived fromthe requisite amno acid anal ogous to

the procedure described in Example 73, part
p%geglcgdth &fgon and DMSO ? 2mL) was added The reath)lon was)heated at 60°C for Sh

oy AL ) bRt g

0.02M. The anikture @k ektradtedHwith DEMD(IX30 mBD G]ﬂe%ihmbirﬁdrdrgamc layers
A -234 WD 2008/ 024337 PCT/ US2007/018471, Conpound
W%ﬁsW%ggﬁ‘i Nady watgr APEod) r?@dtlﬁmﬂféx%)qfﬁle)e diaweé Qy8% 131@3&% filered and

cop BT g1 PR, Ol 5P "BreoRyiisd ot SrheHgTsioggply SRV and

. DCHVOMeDH/IACOR H0:0001t téo 70%91% oblath 298 (15586, d3ambpg@laa oil. Yield

to the procedure described in Exanple 73, part A)
Ypace of amine
ng;N,N,4,4-tetrarrethyl pent ane-1, 2-diam ne. Yield
M5 (ESI(+)) mlz 791.5 5 (M+H)+. Exanple 119 o |
ON NOw I / HN HbJLHOO OH315 Part A 10

Compound 315 was synt heskzed according to the

procedure described in Exa Ie 1, part H using

(S)-3-Meth | - mo phoI|n4 pr(ethylamne(der bmp) |

t equi g1Ye v aci d anal ogous t he p N ~
"k ¢ ﬁMe le 73, part A) in £ ‘0

S 4, Nebr amet hybpent ane- 1, 2-4di‘am Yi

(25?% i @ﬁ\o*‘

'{E 0('+ mP% 778.6 (MH) +. Exanptos’12ooH

296
Acid 298 (43mg, 65umol, leq), (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine
(14mg, 770mol, 1.2eq) and HBTU (29mg, 77umol, 1.2eq) were dispersed in DCM (1mL)
and triethylamine (27uL, 194pumol, 3eq) was added. The reaction was stirred at rt for 1 h
then concentrated to dryness. The residue was purified by HPLC to afford 296 (3.9mg,
4.7umol) as a lyophilized powder. MS (ESI(+)) m/e 826.47 (M+H)". Yield 7.3%.

Example 109

299

Ph NaH2PO4 Ph

/E' NaCIO, o
NMe, )\/ a “N
= H

To a solution of 295 (100 mg, 0.13 mmol, 1.0 eq) in THF (2 mL) was added 2M
sodium hydrogenphosphate solution (99 ul, 0.20 mmol, 1.5 eq), isobutylene (93 ul, 1.33

mmol, 10.0 eq) and 1M sodium chlorite solution (159 ul, 0.16 mmol, 1.2 eq). The reaction

mixture was stirred at rt for 1h, an equal amount of reagents were added and stirring
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oN NONOw Il i HNN HOI HON, IN, 15 HOCH

316 Part A o - HNO- O\ / BocHN CH DI AD, PPh3
w@ewBh483817 O Boc- Leuci nol (2.20g, 10. | nmol pCi/E8R0p7/018471

phthalimde (1.79g, 12.2mmol, 1.2eq) and 20

tri phenylghosphl ne (3.98qg,- 15. 2mol, 1.5eq) were
cogtinugsl e 30 pdditeral miE @h@rﬁaytmh‘cl@&qwmchw 10% Na,S,0; (5 mL) and
sthrlehsigggg%/bdhﬁftg& %&T.ﬁée{(l)éfg ‘r?;) t?]'gtla e%'é § Daral 0d 1€d é:t%oa)queous one

extracted M3t A&@Bt @Qons eIty ﬂtt@d:ohfbnfbﬂ)tﬁ? exthRts/ eére ishatbwith brine,
purified by flash chromatography xane t hen
drigdy (MBI, dHltered; @dafqr@%fr%ch yadygg, The seidie) 30swas used without

}g@ét : Yield 85% -235 V\D 2008/ 024337

fu /%%5@%18471 Part B. 1) H2NNH2 p P 2) HBTU, Et3N
BocHN N BocHN Nyr 317 O 318 , N, Conpound 317 (1.0g,

Pxt89mol , leq) was treated with hydrazine hydrate 5

(0.896nmL, 28-9mmol, | 0eq) in refluxing ethanol for 2h.
Tea t|o s allldwed to reach rt then fi#teredoon ™"

en c offeemerat e @ry

f

t he Jr &¥i ' in “The I xt i lole O Nwme,
paper "&nG Fhéw at e concentrated t g S. e

resi due-was ‘taken in DCM THF 1:1 (4om_) and \HRTY

(1.2g9, 3.1md°, 1.leq) then triethylamne (0. 4am_

3. 1 T stirrdd dol€6dn YEERdadEl8 300 THP nix0 oWl Amonas) 8§) ifd@¢ DCM (1
at rt for 10 3h30, then concentrat ed. The resi due was

mL)ak@@f Ag “@s@éed(ﬂ,@adm)etla)ﬁ daydmnybmém h)@h?c:mm@aﬁ &l trhg, 0.22 mmol,
2380kt BhRbn, Gtk Bindl S, S ZREHBTY (485 0. pgymol, 15 ea)

Aﬂéﬂ €, @8 rRfctdnl was(iqabith8@%itlPavaterGs HE), the BoekNepbdled and the

H2N NYN3~ 15 318 , N' 319 "IN,
aqueous one extracted with DCM (2 x 5 mL). The combined organic extracts were washed

with brine (10 mL), dried (MgSO4), filtered and concentrated in vacuo. The residue 301

was used directly in the next reaction.

Crude Weinreb amide 301 (35 mg, 0.04 mmol, 1.0 eq) was dissolved in anhydrous
THF (1 mL) under Ar and was cooled to -78 °C. 1.6 M Methylithium in Et,O (54 ul, 0.09
mmol, 2.0 eq) was added and the reaction mixture was stirred for 30 min at -78 °C and
allowed to warm to rt. The reaction was quenched with saturated NH4Cl solution (5 mL)
and diluted with Et,O (5 mL), the layers separated, the aqueous one extracted with Et,O (2
x 5 mL) and the combined organic extracts washed with brine (10 mL), dried (MgSO4),
filtered and concentrated in vacuo. A foam was obtained, which was purified by
preparative HPLC to render 299 (6 mg, 0.01 mmol, 18% yield) as a lyophilized powder.
MS (ESI(+)) m/e 769.45 (M+H)".

Example 110
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Compound 318 (1.051g, 3.34mol, 1 eq) was treated with

HCO 4Min dioxane for 1 h then concentrated to
wa@leopness37 The resi due was precipitated from PCT/US2007/018471

nmet hanol / di et hyl ether and dried under vacuumto

obtain in a quantitative yield the bis-hydrochloric

salt of 319 as an off-white foam (800 2.89mmmol ) .

20 Part D. O HZN N F 9N ,, HON, ~

IN,, OH OH 10 316 ' ] S t hesi zed

according to the proge Ped iN-Exanple 1,

part H using am ne 31%40ln:

(S)-N, N1, 4, 4-t et r amet hyi pentrane- 1, 2dianine . Yield

25 32% NGB (ESI(+)) mz 806. 60 M+tH) +. Exanple 121 -
P@&3d. WD 2008/ 024337 PCT/ US2007/018471 0 ON N N Ow

i HN Ho HO- iNll U OH 320 Part A Conpound 320

was synthesized according to the procedure descri bed

'n Exanpl 1, 5 part H using

o}
‘ fl“rol di n-1- -b amone O oH
eer %/om t’ﬁ °'$| tpé(dp\éf)c' 'f'gé° d a'h SOMe oO
t e+°_ edure descrYbed in Exarrpl e 73, pa o8N N~y
pl ace of '¢S)- Norss 2H AN

N, N ¥4, 4-tetramet h¥f pentane-1, 2-diamne. Yield 22%
'VB (15%5&1'1))}1 o%%/l Y&gd@ﬂé\/g@?i "fng% @(m 1,/]&?3%)? BJ():riogic Oé-gldl 286 (80 mg,

0. B’i’ nmnol 1 2 eq) cesmm carbonate (185 g, 0.57 mmol 3 eq) and potassium acetate (18.6

mg, 0.19 mmol, 1 eq) in DMSO (4.8 mL) was degassed by bubbling argon through the
solution for 10 min. Pd(dppf)Cl; (27.7 mg, 0.04 mmol, 0.2 eq) was then added and the
flask purged with argon. The mixture was heated at 70 °C for 1 h. The reaction mixture
was added to brine (10 mL), acidified with 1 N HCI until the aqueous layer attained a pH of
3, and extracted with EtOAc (2 x 10 mL). The combined organic layers were dried over
Na;SOq, filtered and concentrated in vacuo to afford a brown oil. The oil was purified by
silica gel chromatography (40-60% EtOAc/hexane with 0.25% acetic acid) to give 17.3 mg
of 303 as a brown oil. Yield 12%. MS (ESI(+)) m/z 779.53 M".

Part B.
TEA, HBTU

N \/\OTB S N \_/\OTBS

DCM, rt
303

To a solution of 303 (17.3 mg, 0.022 mmol, 1 eq) in DCM (2 mL) was added TEA
(10 pL, 0.067 mmol, 3 eq) and HBTU (16.8 mg, 0.044 mmol, 2 eq). The solution was
stirred at rt for 10 min. (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine (6 mg, 0.033
mmol, 1.5 eq) was then added. After stirring at rt for 2h, the mixture was diluted with
DCM (10 mL) and washed with saturated potassium carbonate solution (10 mL). The
aqueous layer was extracted with DCM (2 x 10 mL). The combined organic layers were

dried over Na,SO;, filtered and concentrated in vacuo. The material was purified by silica
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10

15

s OH 322 15 3-Brono-5-chl oro-2-hydroxybenzal dehyde
(2 g, 8.5 mol, 1 eq) was dissolved in DM (10 nlL)
w@pasne43at ed wi th potassi um carbonate (1.76 g, PARDS2007/018471
I, 1.5 eq) and iodonethane (1.06 ni, 17 mmol, 2

nmo
eq). The m xture was stirred at, 50 C for 14h. The
gehrhromatogipphy60r7sdo B dchaxane with®-29) ThA toxgivaddddmsg of 304.
Wi at-Re et Fhe ether 20 l|ayers were
Yl%s?eﬁ@%i%%@@&é?%%@% 15% aqueous NaOH, water, and
then brine (50 nmL each). Drying over nmagnesium
pspfate and concentration in vacuo gave the ether 322
as a white solid (2. g, 98%yield). Part B. -237 WO
2008/ 024337 _PCT/ 820 018471 C C HO 4 Br_HON Br

10 322 373)A deflydg 322 (2.07 g, 8.§8._mol, q).and
@ drﬁpc | Or i AR/ 57 ,,,009 Nﬁ%f@/g\ﬁ |
g i ed i~ THELMROH (1:3, 30 WO &t 083 ¢ ™
43 adfustest t o 9 WideRub: N KOH. FAfte Nsti*'Y\i/ﬁ@H
BH3CN (0.526 g, 8.4 mml, | eq) 5 was added
foll owed By a crystal of methyl orange. The p¥ was

adj st edsaletian @ABELS. T augil 006 muey, i ee)ciml dHFO(1.6hwl) in a

po GBS Bl T 5 B STRL B B PR s Ton (0 ).
f . - - R f t R , 1

o A SEE B Bl il g ) o

con@mtrdiel Uinealadiiol h THd @fude1965 wids) usodd ireXhe arkedtepl Without further

DCM (2 x 50 nL) and the canbi ned organi cs were washed
pugifieaiiopg Mﬁ(@l()()ét’ﬂ/ﬁﬁ%-“‘bM ne (20 nL), dried over

MySO4, filtered and concentrated in vacuo to afford
PaZ;@ g (90% yield) of hydroxylam ne 323. The crude

erial was used without further purification. Part
C O OHOAO - Br~CI =OTBS O 15 324 A0 C
di chl oro haneoso ution H%lZ(‘.’J‘ m.) of (S)-allylic

(o]
I 9 , e smi tH Py iodi ey (A e N
)gg' _tNreated with bro c'H H PLN
( A

Y. U0 2]
N, 2>Mevva*§
0 0~ 1. 3 eq). After 20 ningo M Xt U,

was st rred for 1h at 2P°E"WndC t hen pouridd‘imito 1 20
N HC (280 nL). The | ayers were separated and2the
organi c | ayer }(\ggg?lci4§uccessi vely w

it
mg, 0.017 mmniol, 1 ecB in DMF (0.6 mL) at 0 °C was
added dithiothreitol (8 mg, 0.052 mmol, 3 eq) and DBU (7.8 uL, 0.052 mmol, 3 eq). The

To a solufion o

solution was stirred at 0 °C for 20 min. The crude reaction was kept at 0 °C and purified

by HPLC to give 0.8 mg of 302. Yield 6%. MS (ESI(+)) m/z 799.55 M".

Example 111

A
A (J
. H
"M . OMe o N
HO—: AN Son
H OH

N
TH
306
Part A.
QPP
a o} I OH 0 o OH
N N, OMe Ho-B on  Pd(dppACl, C5,CO5, KOAC oy 4 Ome
H o H Jo)
HO—74 HO— " NH
H OH _NH DMSO, 70°C :H OH
9 285 306
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wat er, 5% aqueous NaHCO3, and brine (50 nL each) and
dried over sodiumsulfate. Concentration in vacuo

w@awe/024387 ght anber oil (6.5 g, 83%yield). ThP&T/U51007/018471
was restored in acetone (40 nmL) with sodiumi odi de

3.0 1.0 d d 23
b Theinion oF Y iadice 0K ime o Gipmglk ?gaz)f bizgpicetd 265 (151 me,

O’XS%OWLI)I @@)dum i grb%HQtE %9 gei %@03%5) X.\@l%: (§tass;191§‘hcetate (69.2

aqueous so Ite
mg I1b7bngm’i; ¢ dgyieDMBO (74 ndd oaedegassdt in baHbﬂlag ar@m:ithrough the

sofiit 0 - drRRERATe OB (U5BMAL0 B widhersEds R the flask
puiéeld\(ﬁ'fh ﬂf%ﬁ.j?_t'[ﬁ%(nﬁxgug waé Redl@Phe 70t g@r S@N dl"hes‘xjeéc,r fé)ggmxture was

he m xture was poured into water
adddd) toehrtheg®0 malc), ecidified oaithi NHC 2861 WOag04d85 0348 Bt't'amed a pH of 3,

PCT/ US2007/,0184 h 100 The. et h
angl grirpde ‘g&‘ éfé%%&z \%ut £, rn%ét efhf( ngkjﬁ%ﬁﬁ‘ Oég?gllqﬂqygr@ yaiscried over
Na%@a, ﬁlfé&écﬁ%@é’cﬁ{cem P0G 98 ﬁff&tdr @81%%11 Gil. V’ﬂ?‘&l WF Burified by

clear oil. A portion of this oi
silitaexy) chmmatb§amiyv(€d 9560 ﬁl@ADMS@n(eﬁwul’LI) %Bt’d atatieadcet) to give 124.3

mie} e, Ripd D B9 ASTESE P34 MM ur e v pour oc
into 5 ice water (40 nL), extracted with ether (3 x 30

pdily, and the ether layers were washed successively
—WTtTh saturated agueous sgdi um bi carbonate, water, and

brine and dried over sum sul fate. Concentration in
vacuo gave_324 as a clear ol |(27O ng, 60% vyield).
DB CI|o~I HHA DOOTBCI 0
l' 6z OTBS 10 325 dr oxyl
0No OT‘* mol | Regle
est P~ (39'3* ny, 1._421_r‘r‘rm‘|—1—r eq)

in toluene (20 nL) and he#rfed in at 80 C £Or .
reacti on m3%t ure was concent r at ed in vacuo. T¥e crude

(o Sob By B3 0 epk 68 195 i DRI} B Silbhgged TEA (17
ML @192 mifoly Bed) HER (G 5 g 808 (il \2 6h) Gnd)(©)-HI S Bmethyl-3-

N-N HOM HOMBS HOH 325 326 To a 0 C sol ution of
phepdprgpace bR wlipmiae t(Hanz28 08 /mmohy? ca). 8 A stirting @y ri for 2h, the

mitfife was diluted with DCM (15 mL) and washed with saturated potassium carbonate

solution (10 mL). The aqueous layer was extracted with DCM (2 x 10 mL). The combined
organic layers were dried over Na,SO,, filtered and concentrated in vacuo. The material
was purified by silica gel chromatography (60-75% EtOAc/DCM with 0.25% TEA) to give
22.8 mg of 307. Yield 72%. MS (ESI(+)) m/z 756.45 M".

DRt Yo Dot

NaCNBHj;, MeOH, rt

Part C.

307 306

To a solution of 307 (6.7 mg, 0.009 mmol, 1 eq) in MeOH (0.5 mL) at rt was added
glyoxylic acid monohydrate (1 mg, 0.011 mmol, 1.2 eq). The solution was stirred at rt for
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20 (4 nmL) was added 6 N HO (0.3 nL). The reaction

m xture was stirred for 4 h and then quenched by the
w@awsn243s7 of a 5% aqueous sodi um bi car bonat e sPCTIUSINT/018471

(30 mL). The reaction mxture was extracted with

di chl oronmet hane (2 x 40 nL) and the conbi ned organics
10vpime mh@dcm@bpr@bydm@e((gd me) 0.04} inggolo\ex eq)gwt en added. The

oo PP RES SRSl O el oG L ERY 8 purie
byAIPEL@toZévéslmg ©103060Y16(1d}39%SMS (B pheyd1am3ng’ (0. 4 .,

36 mol, 3 eq) in dichloronethane (5 nlL) was

treated V\/lthtrlrrethylal 22 L, 2 Min
tol uene, 2.36 mol, ;m%g? reaction m xture
was stirred for 30 mn The solution o rude | actone
al cohol (was then - 239 24
PCT/ US2007/ 018471 ..o dp 6
14 h at 23 C, di ch aANg m) _and sodi um
sul f at e- dodecahydr at < z dded and the
mxture stirred for 3" HF JHrafl n“,‘and concentr at ed
of the filtrate in vacuo af f gggded an oil that was

pM4i fied by silica gel chromatography (30-70%

T ETOAc/ Hexane) to affgrd 335 ng of am de 326 (76% ,q©

er stirring for

yield). r H06 N'' Ph ci

carbmrély ) phe ny-l—bﬁfﬁﬁl—c aci d (a7;
i 27%Y) Pd(OAc)z (1.%6"fy, 0.0045 rmo .
eq), pot asstum car bonat e (25 nmy, 0.18 mmol, 4?'°8eq) and
S-Phos (Kevin W Anderson and Stephen L. Buchwal d,

10 Ang% %ﬁg&?‘of 103 I’(S ”J;'g‘hég(gﬁ H‘ﬂ‘f}ol ?'eﬁ? ﬁé&&lg{%l?% ﬁy(?r%ghloride (1.7
mgﬂO)OZiﬁhfthEG ed), HBTA (3.} mgl 060 14rhixbl 2eed)asd MBAYeHuB 0.028 mmol, 4

n%gn and stirred at 50 C for 5 h. The reaction
eqhinddGMe(OiamL) svadistimedat iviar RhETGArydeaeastipn siag corpeirated in vacuo

wof B85 o PRE YRR SEPROS, YIS el el o
and concentrated in vacuo. Purifjication of the crude
resi due by HPLC (acetoni tE-’t-ﬂ'—’éBl%éI—%rM aqueous ammoni um

bi carbonate) to afford 9 of bi phenyl 321 (30 %

yield) as a white foam (ESI(+)) m 747.5 (MrHt) .
20 Exanmple 123 O O N
OMe O
15 H
309
Part A.
o [ i o (:
o o) O N MeNH, ‘ 0 O O N
Ni’\‘(\ OMe O PN TEA, HBTU ﬁ)leC oMe N
H o '
: N _— HO—" N -
Ho A oy 7 \)LOH DCM, rt tH L on N
306 309

A solution of 306 (14 mg, 0.017 mmol, 1 eq), methylamine (26 pL, 2M in THF,
20 0.052 mmol, 3 eq), HBTU (13 mg, 0.034 mmol, 2 eq) and TEA (10 uL, 0.069 mmol, 4 eq)
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H4 O H OHOB.. = NHOH S~ N~O H 327 Part A -
240 WD 2008/ 024337 PCT/ US2007/ 018471 INS ' MO -.NHZ
w@QxooMssx "N S~ Owe + CI S OV H O 328 To aPGDUSI00TONS471
of am' noacet aI dehyde di mat hyl acetal (3.5 g, 33.3
under  Ar at 0 C was added
in D«GMt(thaﬁMestl(@dzs rtnfer 2}66 The e reagtigiy yvas Sopcgnirgiggén vacuo and

d

P e kg i e T o8 e g i
mn. The reaction was dilyted with DCM (20 nL) and
washed w th saturated SMF\QL&I—@Q bonate solution (20
nm.). The aqueous | ayer was extracted vvi h DCM (2 x 20
nm.). The conbi ned organic | ayers were ed over
MySH, filtered ang concen ' actuo. Conpound
328 was obtai ned as i ' was' used 10
wi t hout further pur

Anmberlyst-15 OS |
solution of 328 (3.0 g,

H H \,3\28 330 15 To a
Hmrol | "eq) in acetone;

16,

water (1:1, 4 m) was added {&nberlyst 15 resins (3.0
Pagt)A The resulting m xture was stirred for 3 h. The

—suspension was filtered through celite and ‘
concentr at ed in vacuo. ound 330 was obt ai ned - a ,§©

306 309

A solution of 306 (13.3 mg, 0.016 mmol, 1 eq), ammonia (7 pL, 7N in MeOH,
10  0.049 mmol, 3 eq), HBTU (12.4 mg, 0.033 mmol, 2 eq) and TEA (9 uL, 0.065 mmol, 4 eq)

in DCM (1 mL) was stirred at rt for 2h. The crude reaction was concentrated in vacuo and

purified by HPLC to give 6 mg of 310. Yield 45%. MS (ESI(+)) m/z 813.58 M".

Example 115

15
Part A.

o o O HN i
O OH | 0 o N
K N oM
N \o € “IN N OMe O l /N\
| i Et;N, HBTU N 0
HO-—: NG HO ! N
iH \oH T \on 7O
31

10

A solution of 10 (10 mg, 0.02 mmol, 1 eq) in DMF (1 mL) was treated with TEA (9
uL, 0.07 mmol, 3.0 eq), (S)-Nl,Nl,N2-trimethyl—3-phenylpropane-1,2-diamine (9 mg, 0.06

20 mmol, 3.0 eq) (derived from the requisite amino acid analogous to the procedure described
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added 330 (158 ng, 1.154 nmol, 2.5 eq) in MeOH (1 ni),
foll owed by acetic acid (52.8 25 L, 0.923 mmol, 2.0

weejosami3sodi um cyanobor ohydri de (145 ng, 2. 30BCTT81007/018471
5.0 eq). The resulting m xture was stirred for 30 mn.
The reaction mxture was diluted with Et QAc (10

in Eampladichist A an HRTHAT0 e Ocliumotes 3 5@r Ale stimng for 2 hat
theEfé& ctrt E’qu%a n% 'B'ulﬂ?ge @b% @%k?bl% )5}15 %g%@% i%ltlf]ed by reverse-

phéKel HHLGV(Med\m/Sﬁfer wi‘tlh |4DerhEﬂM{}¢O§ngNefﬁﬁ@of BorMpéund 311 as a

to afford yell ow urified by silica
whitgsolid. mmy %M@d@ﬂﬁﬂ)%ﬂ&tﬂ 07/ 018471

chromat ography (2 - 7 % MeOH/DCMwith 0.5 % acetic

acid) to give 94 ng of 3¥xamfilelld6 64.4% M5 (ESI(+))

mz 317.24 (MtH)+. Part DD 5\ OHO0O OHO B CH

Pd(dppf) Cl2, CS2C03, KOAC O NN OWw + H O DVSO

70C Nrp HOOHO

NoS" s~ 331 333 A
solution of aryl io ﬁw:z:g, mo 1 eq),
ed)

331 (85 ny, 0.269 pl, - eq) n cesﬁum car bonat e
(159 ngy, 0.489 mol, 2 pot assi um acetate (24
ng, 0.245 10 nmol, 1 eq) in QI\/BO (3 nL) was degassed
Pab bubbl i ng argon through t h&'sol ution for 10 min.
ppf)Cl2 (35.8 ng, 0.049 mol, 0.2 eq) was then
adde@bnggviind Be2 Waasynthesiga deodrling t@ﬂ@%@ceﬁbﬁ: déiséﬁbéﬂen Example 1,
was heated at 70 Cfor 4 h. The reaction mxture

pag dHagingsopmmereially apaileble (RyZraminpagthyj- ﬂwtlyylmm@ﬂmmp |p|1ace of (S)-
ithe, A ats f t
N B PR R i, %0000 s A YT oty
were dried over MgSOH4, filtered and concentrated in
vacuo to afford a brown Mﬁ%@eil was purified by
silica gel chromatography (0 - 15%|\/b Et QAc) to
give 110 ng of 333. Yield 62. 7% I\/IS (+)) nl z
717. 44 (M+H) +. Par N 1/ ON NN
Ok HI -bHOO “HO N O oH s

HO .. N &S" H OH _ 7D:;E€jTo a sol ution
of 333 (30 ng, 0.04 J 1 n) was
H, 1.2 eq)tand

added HBTU (19 mgy, 0.05F
(S)- N1, N1-di net hyl - 3- phenyl pggpane- 1, 2-di am ne (15 ny,

Part A.

Compound 313 was synthesized according to the procedure described in Example 1,
part H using (R)-1-Benzyl-2-(4-methyl-piperazin-1-yl)-ethylamine (derived from the
requisite amino acid analogous to the procedure described in Example 73, part A) in place
of (S)-N'.N',4,4- tetramethylpentane-l 2-diamine. Yield 41%. MS (ESI(+)) m/z 825.5
(M+H)".

Example 118

O 8
(] R
N OM 7N
J}Q PON®
HO— AN N
: H
: OH |
314
Part A.
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0.08 nmmol, 2 eq), followed by TEA (17 L, 0.12 mol, 3

eq). After stirring at rt for 30 mn, the m xture was
waldosnad3wi th Et OAc (10 nL) and washed with brP@EUSBOX018471

10 m.). The -242 WO 2008/ 024337 PCT/ US2007/ 018471

organi c |layer was drjed qver iltered and

condemnpoyngd 314 way aaikesized @cwa@lég ﬁ%themgcedwﬁefqr@&d By Example 1,

pa@%&,@é’@'3"%%ﬂ4gﬁ%ﬁé é%ﬁhoi %&é}qﬁ’ﬁ;&t%méég @&1 from the

req'dm;e anfind\adid @n o*t@fﬁthel‘}ﬂr&edﬁrd'dles&l&alin Eaﬁrhplﬁ 73~Nh AD in place
MeQ C, S0 Os CE .
of mlra\ﬁ@) i %@tm@eglywmmd# 6@% Xe%lé@% m%&w» m/z 791.5
(Mdrfgethyl acetal (1.0 g, 9.51 mmol, 1 eq) in 10 DCM
m) under Ar at 0 C was added triethylamne (2.64

m., 19.02 mmol, 2 eq) followed
trifluoromet hanesul foni ¢ i (2.40 L, 14.27

nmmol, 1.5 eq) dropwi se. The resulting juxture was
stirred at 0 Cfor 1 h. The reaction diluted with

DCM (10 nl) and washed wt at ur at nmoni um
chloride solution “it‘ ). | ayer was
extracted with DCM {2 ¥ 20N meye Eﬁ'il ned organic

| ayers were dried overpola~pgSH4, Nfllt d and
concentrated in vacuo. GO nd 335 vvas obt ai ned as a
pale yellow oil and used w §faout further
papuyification. Part B. /~ HRSCF3 HO O O\ CF3 MeO- O
T N\ HS Ow 335 336 20 INHC1 (1 nL) was added to
2, 2 (odipvend 3%y wiak yynthesize acrondreg bathe puddedwmadestaribed in Example 1,

part H using (§)-3-Methyl-1-morpholin-4-ylmethylamine (derived from the requisite amino

acid analogous to the procedure described in Example 73, part A) in place of (S)-N',N' 4,4-
tetramethylpentane-1,2-diamine. Yield 25%. MS (ESI(+)) m/z 778.6 (M+H)".

Example 1 20

Part A.

BocH:i/OH DIAD PPhy BocH:i/ %

Boc-Leucinol (2.20g, 10.1mmol, leq), phthalimide (1.79g, 12.2mmol, 1.2eq) and
triphenylphosphine (3.98g, 15.2mmol, 1.5eq) were dissolved in dry THF (40mL) under Ar
and diisopropyldiazocarboxylate (3.17mL, 15.2mmol, 1.5eq) was added dropwise. The
solution was stirred at rt for 1h30 then concentrated to dryness. The residue was purified by

flash chromatography (Hexane then Hex/EtOAc 9:1) to afford 317 (2.99g, 8.6mmol) as a
white solid. Yield 85%.
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(500 ng, 2.1 mmol, 1 eq) and the resulting m xture was
heated at 100 C for 2 h. The solution was evacuated
WO 2008/034385S to give 336 as a brown oil, which MEUS®eT018471
wi thout further purification. 25 Part C. -243 WD
2008/ 024337 PCT/ US2007/018471 OH O CH O HO B CH O,
SCF3 NaCNBH3 HOB 11 OH H 1? IINH NsO i~ ,CF3 336
PapR. O To a sol ution of the boronic acid (60 ng, 0.31

mmol, 1 eq) i n ( m ) vvgggz t he/ al dehyde336
(147 mg, 0.77 eq) O—I (1 ), foll owed
by acetic achQL . 0.6Z mmol, 2. Qe ~sodi um

cyanobor ohydri de, 9 ng, 1.54 mml 5.0 :aq).N.The 5

2
" eS Wl Rnfl X1 @ A% bbby &12@1@%9 gt PR RRRELRE hyarac
(0 @DGIhLbN moj—m@e@ﬂmeeﬂsmh@)‘t&fan&ﬂﬁ 2k.i Thef ﬂeecdlo‘m W;h; lewed to reach

pH 3, and_ extracted with EtQAc (3 x 2
rt ﬂ“ﬁ’é ﬁé‘&fﬁﬁ‘l ERRRSF- gg}ﬁ fal tqa@y‘é?%"%é?‘éra&‘?q Oodryness a% §E§4re$ldue taken in

DéM' *rﬁérﬁl?xtﬁfé%é‘sqﬂ&%g 6@@% grglh t‘glél‘f“lll‘tg%{é g%rfb%ﬁt%gd YEdry s,

c hr ditme trexgidveepings téEen— inIDCMYTHEH: DA%mii)tdnd HBTYo(Aegt 3.tmmol, 1.1eq)
0,
thepeieihadamifly 15 4L o5 ek | abatere B s polution esgitped at r for

Ty P AR Bk i) o v

with NaBH 1 BB(BxB(&ﬁL) Ivied ovet Nb2S(D4, dilteaedy lconcedirated (® drymgss to obtain

b d 337 (64 my, 0.173
31%83182@‘1/%5(6)(3 4o orgéiﬁé%%glte (102(rrg "0 314 mol , 2

eq) and potassium acetate (15 ng, 0.157 mol, 1 eq)

:ﬂ%DI\/BO (2 nL) was degassed by bubbling argon t hr ough
solution for, 10 mn. Pd(dppf)Cl2 (23 ng, 0.031

mol, 0.2 eq) then added, and the f

wi th argon. The )ﬁu,te was 'heated at 7

The reaction %"t ur & was ~added To briae I‘O ?rL)

acidified with . Y*N'BO until the aqueews +'y

at t @ongfduad BB @f.O§L g, 3.34mmol, leq) was treated with HCl 4M in dioxane for 1

sk 20 purged

h then concentrated to dryness. The residue was precipitated from methanol/diethyl ether
and dried under vacuum to obtain in a quantitative yield the bis-hydrochloric salt of 319 as

an off-white foam (800mg, 2.89mmol).

Part D.

|
\Y”\ QP!
/N\ o N |
OMe o N  OMe H Ny N
N e M
HO—:
iH Lon

Compound 316 was synthesized according to the procedure described in Example 1,

part H using amine 319 in place of (S)-N',N',4,4-tetramethylpentane-1,2-diamine . Yield
32%. MS (ESI(+)) m/z 806.6 (M+H)".

Example 121
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and extracted with EtOAc (3 x 20 nL). The conbi ned

organic |layers were dried over MSO4, filtered and
weonsem3sat ed in vacuo to afford a brown oil. A¢EUSIN7/018471

was purified by silica gel chromatography (0 - 15%

MeOH Et OAc) to give 55 ng of 338. Yield 44.6% 25 M5

(ESI(+)) mz 771.45 (M+H) +. Pa . -244 WO

2008/ 024337 PCT/ US20Q7/ 01847 .

N Ove H O O HBTU, d

HO,,. = N 3 OH OH 3 O To a

sol ution of 338 (55 rrgHO & 1rrm3‘|\ 1 ) in DMF (1

m.) was added HBTU (32.5 ng°"0.086 mml, 1.2 eq) and

(S)- N1, N1- di net hyl - 3- phenyl psmpane- 1, 2- di ami ne (25
Parod. O. 143 mmol, 2 eq), followed by TEA (30 L, 0.213

l, 3 ~JAft [ rt f 530 mn, .t
e GorEponild 330 s syt Btkeaging Wﬁ{pfocsﬁar%gmgﬁw Eample 1,
paRrH ﬂﬁné @I M, gg’f-g -p Co%m"[%ﬁﬂétﬁ lﬂ}fﬁ&n‘ﬁ?es(dgx'ite%dfr&}{ e requisite

ncen ate I n” vacuo
armm smd ahalogums tp thei pfroeduteydest?ibed o Egaple 78, payt A) irB@dce of (S)-

NV A cleneainchiang s ¢ i 72 S GRSl T2 ey

presented bel ow for various 10 conpounds of the
invention. Note that"****" indicates that the K is <
1 nM "***" indicates thExemmel®2 is 1-5 nM "**"
indicates that the K is 5-9.,n0M "*" indicates that
the K, is >9 nM Note that Jgttt" |nd|cates that the
Ki is <l M "ttt" i icatesat t e ;S 1- 5 .tM
i ndi cates that the i °5 1Q nd‘j" “" i ndi cat es
that the K is > 10 NCo Bc12 Bcl - XI Conpound
Bcl12 Bcl - XI Conpound B€ -XENS L **xx tttt 84 * t
240 **** ttt 12 ** tt 85 * ‘f”t 247 **x* ottt 15 xx*x
tttt 86 * t 251 **** tttt 2?21**** tttt 87 * t 252
P**** ttt 24 **** tttt 91 * 253 *¥**Fx gttt 25 *rrA

92 * t 255 **** tttt 26 **** tttt 93 * t 256
FEREEOLttt 33 **R*Yotttt 94 *** ot 257 ****otttt 34

*EkE pttt 95 ¥ tt 258 **** tttt 35 *T ¢ otttt 96 **
tt 259 **’c‘)i/@ 36 **** tttt 97 * t ROttt

Br Ox Br

OH fo)

3-Bromo-5-chloro-2-hydroxybenzaldehyde (2 g, 8.5 mmol, 1 eq) was dissolved in
DMF (10 mL) and treated with potassium carbonate (1.76 g, 12.7 mmol, 1.5 eq) and
iodomethane (1.06 mL, 17 mmol, 2 eq). The mixture was stirred at 50 °C for 14h. The
mixture was poured into water (100 mL) and extracted with ether (2 x 75 mL). The ether
layers were washed successively with 15% aqueous NaOH, water, and then brine (50 mL
each). Drying over magnesium sulfate and concentration in vacuo gave the ether 322 as a

white solid (2.07 g, 98% yield).

Part B.
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37 **** M 98 * tt 262 ** ttt 38 **** t 99 * t 263
*Exx it 53 *** t 100 ttt 264 **** tttt 54 ***
WA lsHz4337 tttt 265 **** tttt 55 **** {tt 112 PET/USI001/018471

267 **** ttt 60 **** ttt 113 **** tttt 268 *** titt

61 **** tttt 114 **** tttt 269 **** tttt 62 **** tt

115 **** tttt 270 %f* ttt 63 **** tt 126 **** tttt

271 **** tttt 64 "*** t 127 **** tttt P72 **** ottt

- 245 WD 2008/ 02§3 PCT/ US2007/.0184¥1 **xxx 136

tttt 274 **** tt r¥xxkk tt 143HY tet 285 ****

tttt 67 **** tt R4 **** tttt 290 ****otttt 68 ****

tttt 151 ***x tttt322296 * Kk K tttt 69 **%} 152 *x*x

tttt 299 *"* tt 70 *** t 160 **** tttt 302 **** (¢t

1 Aldehyde 322 (2. ®7< 24+ 8.8 mpy, eq)*angit}{yflroxyblmme« hyc%rpq_;l}loqdm(o 757 g,

10.9 otlt 1 %Oél.}* *éré dtlgs&élgd 713* :ﬁﬁ/i\/{e %3{)%739* n * %tt 53 3g9 JThe pH was
adjusted 189 with 6tN KGH1 Afterstitritg for 26h, *NaBHgmsB (0.526 g18. 43ﬂ1ﬂ01 1 eq)

FEREE LU 77 ** ottt 196 **** tttt 313 **** ottt
watstadgg(% feliowedt by @ exystalef methy} prange »Ihe; pBgras« adgustqq fo( 2 and the
* k% *k t *k k% * Xk *k* t
ressiilt%fsru*%y*njga tc%)%orgtgot’ilg r&écn%f]r?imxtlgi \&asf’lil‘lglfballl d, f’otrttfle gg%atl,gn of the
redction 89 the frequigfit ddditiort 6ft 1 N2IGL aAtteestitifig fdrtat total of 16 h, the reaction
I ncorporation by Reference_lncorporated by reference

mixtuge Wap adpsted do phs7 wWith 6 A KORy Jheguixiine veaspliluged: Wish veater (100

i) 2ld E&bRASyIEBENTE AP ST} (AERhS CoHhb AR BHBMICE AP Sihed with

wasdti (50 emlL), rbrinbe(2&nnL)4vidlriIed roeveoyfgSOn, fitteredeandbdodcemrated in vacuo to
e than routine ex ' ation,

aftpg ?” Al diex dpsRer 123 I o R FRATEH aebsed without

ﬁlﬁ&yggﬁﬁwlondescrl bed herein. Such equivalents are

intended to be enconpassed by the follow ng 10 cl ai ns.
- 246 WO 2008/ 024337 PCT/ US2007/ 018471

Part C.

(:)H OQJ\O
A N=""0TBS Br/”\n/c
o

A 0 °C dichloromethane solution (120 mL) of (S)-allylic alcohol (5.0 g, 23 mmol, 1
eq) with pyridine (4 mL, 46 mmol, 2 eq) was treated with bromoacetyl chloride (2 mL, 30
mmol, 1.3 eq). After 20 min, the mixture was stirred for 1 h at 23 °C and then poured into 1
N HC1 (200 mL). The layers were separated and the organic layer washed successively with
water, 5% aqueous NaHCO;, and brine (50 mL each) and dried over sodium sulfate.
Concentration in vacuo gave a light amber oil (6.5 g, 83% yield). This oil was restored in
acetone (40 mL) with sodium iodide (3.0 g, 19 mmol, 1.0 equiv) and stirred at 23 °C for 6
h. The mixture was then diluted with ethyl acetate (100 mL) and washed successively with
water, 10% aqueous sodium sulfite, and brine (50 mL each), and the organic layer was
dried over sodium sulfate and dried in vacuo to give a light amber oil. This oil was restore
in dry acetonitrile (50 mL) and treated with silver nitrate (5.0 g, 29 mmol, 1.5 eq) and

stirred 14 h at 23 °C. The mixture was poured into water (200 mL) and extracted twice with
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What is clainmed is: 1. A compound of fornmula 1: (R22)m
R4 O RRBNNORZI RS HRSB RL,, R R4 5 o0r a
w@basoaeauti cal |y acceptable salt thereof; whePE&I/1S2007/018471
independently for each occurrence msO, 1, 2, or3 n,
are ndependently for each occurrence

, d
cthgF (3 160 ). TheLethe Iayavs weisoy b withoaa) RORENL) A biiby (100 mL),

dﬁéﬁ:%%@é%lgéyc ﬂé? (:Eé%ehﬁ'ate%(gé\lt%(ag)a@@r oil, AhgortltoH of this oil (500 mg,

1.56ommol,d eqdlwasRigholvediny ity DME®) (6RAL) ﬁhﬁl&ted WitlR3odiEim acetate (193
al kyl, halide, alkoxy, (cycloal t)F/I ) al koxy ar al kyl oxy,

mg, 2. 5@1@}@,) b3 RERYEh shrgg at"285°(RAfres 23| Ripy | the mﬁtygg,e was poured into
lceh%g{gp)@/@krh%)f ext?z;clfe%xwﬂhkéﬂk rk@ﬁ! '3?1 ?f%)g ré#lé g}é‘f Eiﬂe ?aiye%cé(/efe washed

m no, am noa
suaeydivly maal savlrated rh@ue@tsﬂsﬁ)dimﬁi Bﬁfhfb@ﬁhtkyivaﬂ& N@d brine and dried over
carbox late, or -N=FC(N(R)2)2; R5 is -
sodi *zéke Regycentugtionis yReuagave; ﬂdéﬁéﬁ&éﬁ@ulﬁmdng @¢hyield).
Qﬁurrence H, al kyl, aral kyl, heteroaral kyl, or 20
R15) (R16) 1. - R19| R8 and R9 are independently for
each occurrence H, alkyl, aral kyl, or heteraral kyl;
R10 is al kyl, hal oal kyl, or -[C(R15)(R16)] e COOR, R
R11, R12, R13g R14 R15, and R16 are ind dently for
each occurre aI kyIT, - 247 WO 2 4337
PCT/ US200/.Q oand R18 are ind identTy for
each occlrrenge H ak%y%f aralkyT,” hét ek gar al kyl ,
al koxy, or [’%ng)(RZQ)]p R21i R19 andi sl €
independently for each occurrence H, hyer oxy al kyl,

ar y| %5979{ %r{nvgg éﬁn %ad(ﬁ/g’ qgaﬁl\é} int I:P%U al ﬁlc glyoxyrfate ester 324

(39’Belhgr P&y flndia. K)éh) wBRt ¢8RN lin tdhenB %ﬁ@ﬁm%ﬁ& hé’dteadr A%t 80 °C for 2

IS |ndependent y Tor each occurrence H, alkyl
h. hEhereaatigrt mixtgreewas yoroghtrated ént eaooy cThd altuldylremduekwxg/ purified by

s1hc|a kg%i aulo&g%aphg r(% %8‘% Igtla/Ac/he Y késl fo ualftto (P 256 mg of lactone 325 (61%

yield).

Pa

Part E.
Br
_0
W
N
N o
HO-%
:H \oH
326

To a 0 °C solution of TBS-protected lactone 325 (410 mg, 0.8 mmol, 1 eq) in THF
(4 mL) was added 6 N HCI1 (0.3 mL). The reaction mixture was stirred for 4 h and then

325

quenched by the addition of a 5% aqueous sodium bicarbonate solution (30 mL). The
reaction mixture was extracted with dichloromethane (2 x 40 mL) and the combined
organics were washed with brine (30 mL), dried over MgSQ,, filtered and concentrated in
vacuo. The crude residue of alcohol was restored in dry dichloromethane (5 mL). A 0 °C
solution of (+)-isopinocampheylamine (0.4 mL, 2.36 mmol, 3 eq) in dichloromethane (5
mL) was treated with trimethylaluminum (1.2 mL, 2 M in toluene, 2.36 mmol, 3 eq) and the

reaction mixture was stirred for 30 min. The solution of crude lactone alcohol (was then
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aryl sul fonam do, am no, am do, or carboxyl; R22

i ndependently for each occurrence is halide or alkyl;
wQaoRE3385 sel ected fromthe group consisting PET/EE1091/018471

hydroxyalkyl alkoxyalkyl acyloxyalkyl and

hal oal kyl ; S selected fromth e]%roup consi sti

addgd aqoewse Wﬁﬁe%yan&ivr 14, ihy@)dBal Geydic OWIW%WWL) and sodium

BB (a1 5ot SLECAE I OELIE PV, Ftcion

comeyntrmeyaékme filtrate hial ambé ydffor@ed Bheoit ahgiovwasl patified ab)msﬂlca gel
wherein Rl is selected fromthe group consisting o
chrogqtogra@g((é?ﬁé)% Ewd{ew) mffordé@% siporfe326 (76% y1e1d)
-OC(O) NHve, -0OC(O NMe2, - OC(O) NHCH2(4-(OH)-Ph),
Pa; O NHPh, - OC( O NHCH2Ph, -OC(O) NH(CH2) 4Ph, -
‘0) NH( CH2) 2Ph, - OC( O) NH( CH2) 2Me, - OC( O) NH( CH2) 2NMe2,
20 OC( O) NH( CH2) 2NHC( O Me, - OC(O) NH(CH2) 2CHME2, - NHWE,
- NH( CH2) 2Ph, - NEC( @HVe, cand - NH(CH2) 2NMe2. 3. The
conpound of (£l |m,JOB i RL is O—I 4. The

compoynd of” cml reln R2 [

- OCHZERH] - OCHEOORE || - & 2,
- NHC(§) Kas, “NHC(O)CFB NHC(O)Ph

- NHC( O

. CO2H, - NHC(O) CH2CH2CO2MES A
NHCH2( 4- pyfi 8¥H), - NHCH2(2- pyridyl), :H \on
- NHCH2( 43% CCRH) Ph), - NHCH2( 3- (CO2H) Ph), - NBEt,
- NHCHVe2, - NHCH2CHMe2, - N( CH2CHMe2) 2,
NH@hﬁ(deycB@@r o@ﬁl) mg;,r O(MﬂC(@]ﬁbIECHZNMea) 5 3-(@hmeethylamino)-5-

%t’fﬁ%a aﬁeﬁer&}%wa%laﬂé? Bign 0@4 ngmo{umz? H%QH@(%%@% (1.0 mg,

0. @Q@%Hgﬂﬁgﬁcﬁé‘&@!@%ﬁ@gﬁ'ﬁ 525 17%6*1% &&%P%Jgkg S’kfd S-Phos (Kevin

claim1, wh conpound
W1And¢reoreamd B&phen LOBachw DS Ang@tl@(wydhtorﬂdo@@j 44F2—6) (4.7 mg,

@&MM%@ W%Cfﬁ')%‘%cﬁggd *rﬁqm %g&ﬂsgﬁ%@ chx:H% andh v_{atel) Fohg ‘mL). The

mi%hes %‘a@ édswrt onSmﬁpstlrF—JaleatCW y&ds af ‘Thé"réﬁcﬂlon mixture was
wher ei n -NEt 2, -NHEt, - NHCH2CH

dlln(elsl@\)lch—Et@M@O m]sx mi)@@c(mg @)iN@yers separated The organic layer was

WSRO BIE 210 Kb Sed NECRDEHECT oA GERRRIEced i vacuo

PunHﬁMnCH?%QQThde‘ Ms@i@%@ﬂ@@ hﬁ%tbﬁh@b@@qﬁm aqoeous ammonium
N( Me) CH2C( O) NH2, N(Me) CH2C('O) Nve2,
bicarioate) Meafford @ mgiof b)ptDH%ZZl 1393%)nd|d) a myhite foam. MS (ESI(+)) m/e

74 Q € 4dinyl, 4-norpholino, (R)-2-(hydroxynethyl)-1-

%}; Mg%ﬁ 1 nyl, (S)-2-(hydroxynethyl)-1-pyrrolidinyl,
(R) 2- (C(O)NI\/EZ) 1- pyrrolldlnyl S) -

Ph
7

2-(C(O Nwe2)-1-pyrrolidi > -NO2, Br, d, F,
-C(O Me, -C(O Nwe2, C(O)NH2 - CO2H, -CHO OH,
-CH(Me) OH, - CH2NH2, - CH2NHMe, - CH2NMe2, O Me,

-CF3, or tert-putyl. 15 11
wherein R4 i
wherein R4 is

Rye conppund aim1l,
P ¢ of Jclaim1,
) G220, -

Part A.
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N( Me) CH2C( O) NMe2, - N( Me) CH2C( O) NHME,
(R) - 2- (hydroxynet hyl )-1-pyrrolidinyl, or

W@ Ros@2438( O NMe2) - 1- pyrrolidinyl. 13. The conppcmusmh7/o18471
claim1, wherein R4 is -Nwve2. 20 14. The conpound of
claim1, wherein R22 is selected fromthe group
conS|st|ng of F d, and tert /?I andlraalsOor
1. 15. The corrpp/\mldz of Gl m L, grel“f?o s F; and
inis 0 or 1. 1®% The cofipound of claim By Whr ei n R22
is selected fromthe group consisting of Fzs C, and
tert-butyl; and inis 1. 25 17. The conpound of claim
1, Vioed ebltibz dfiagnifvacefatlichiidd 8indethyl Sacethh€3.6 Qi) 1B3Behnd], 1 eq) in
claim1l, wherein R23 is selected fromthe

DYt 8} H50e AT forthF  Wasy aiidssyetiaming (8.8 bt 616, mmol, 2 eq)
folfc ) Mefticoul BIY] AR BY oyt 539 MM POSBEY Ale Rsuting mixture

was Gligied tat 0gCofor 165vhiny The hgadtion ywae tdilyited etk @CSME(IZOyﬂlL) and washed
acyl oxynet hyl , .and hal onethyl . 30 20. The conpound of
with satyrated so@umedhiparhenats solwiiar20 mL). The gqueans JussPos sxtuacted with

2 1 T n f

DRI Lo BB BULGR 4PV digsou, fred and

comhaﬁtr&ﬂed iRAZcks rBdmydunda3D8 Wad obmiredtdsyd .yeRSw ofl)ewhich was used
ound of claim1l, wherein R25 is selected fromthe

WIB}OB ArhgrRyrdiaien.of  met hyl, hydroxymet hyl ,

al koxynmet hyl, acyl oxynet hyI, and hal onethyl. 5 24. The

conpound of claim 1, wherein R25 is nethyl. 25. The
PaeoBpound of claim1l, wherein R23 is nethyl; R24 is

nmethyl; and R25 is nmethyl. 26. The corrpotégd of claim

1, wherein Rl iy - QHx-and Réwdigt1s OH ob -NH&r 27. The
conmpound of cl ai 1,N \bhereln R 1S -OH R %s -OH or

-NH2; and R3 is - s  28. The conpound of, claim 1,
wherein RLis -OH R2 is -OHor -NH2; R3 is -QOw; and

Ry 0 é%ﬂ;ﬁnﬁg%{ 386008 Bt 9 ﬁg%g&o%% REL BT 4 mi) was

addddVdnberNeiVE) Gbﬂﬁﬁﬂm 2). NCh& )r€30RE{eOn\MRZe was stirred for 3 h. The
- N( V) CH2C( O) NHVe, - 2-
sumqygp@}x@%lﬁﬁ;pq _tlyobgh, p@l;tp dindyqonceptrated in vacuo. Compound 330 was

ob(aﬁqed%s (LA AP b D iFBfichompound of

Ove; and 15 R4 is -Nwe2. 31. The conpound of claim
1 wherein R is -OH R2is -OHor -NHRi R23 is
PagkCny|: Ro4 is nethyl: and R25 is methyl. 32. The
corrpound of claiml1, wherein R is -OH R2is -OH or

-NH2; R3 isn-OMy R23 is nethyl; R24 is methylg and
R25 is ngpis OH33 the @gnpou?‘?@”%‘ﬁ cl,@»%@jﬂg@r ein
R is -OH s -OHor T\HD R3S is -Ove, R

am no; R23 is|methyl; R24 is methyl; and R25)is o

met hyl . 34. ’I‘F}e corrpound of claimil, wher ei A R s
-OH_ R2is -OHor -NH2; R3%s -Ove; R4 is -[WNeZ,

- N( o) Crplatiooef thq\lqweyucmrd( (9ONIE20 46 ABYICHDE) Op KRR (2 ml) was
safed) 39 (T kb ST TGN 3 5B ROFRESHLD. Rt bvasiiq acid (28
ul26.928 tinibl, 2 ) RES sddiumBiyRydborohydride (145 mg, 2.308 mmol, 5.0 eq). The
resulting mi‘xture was stirred for 30 min. The reaction mixture was diluted with EtOAc (10
mL) and quenched with brine. The aqueous layer was acidified with 1N HCI to pH 3, and
extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over MgSQOs,,

filtered and concentrated in vacuo to afford yellow oil. The oil was purified by silica gel
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35. The conpound of claim1, wherein Rl is -OH R2 is
-OHor -NH2; R3is -Ove; RAis -Nwe2i R23 is nethyl;

wo2eb8/03438Et hyl ; and R25 is nmethyl. 36. A conpoR@mUS2007/018471 -

sel ected fromthe group consi sti ng of- -250 V\D
2008/ 024337 PCT/ US2007/ 018471
chegpategrAphyN2 Nb%MqQH/DQMGyIm %5 PanWUFl@CId)F@ glveéﬁr%oﬁ 331. Yield

4/4!ym~Ms|(E%(ﬁ)qn%%p(%4fﬁt NNONOW I/ HOW NI

HOHO=\0 ONO ~ =\
NNOEt H~NNNGOCEt I/ HN~ HOHOHO- '
CE

H =HOdIS~/ 1 00 NN NONOE I/
&'@L&_IN,HOHO HOIN,,HOHO—|O—| 0 =N)
NOHNNOHN' 10 HHO1 I

A, OH  Pd(dppf)Cl,, Cs,CO4, KOAC e
OMe + .
ﬁ& DMSO, 70°C i

N\/”\”

5
i
5
O

331

A solution of aryl iodide (140 mg, 0.245 mmol, 1 eq), 331 (85 mg, 0.269 mmol, 1.1
eq), cesium carbonaté (159 mg, 0.489 mmol, 2 eq) and potassium acetate (24 mg, 0.245
mmol, 1 eq) in DMSO (3 mL) was degassed by bubbling argon through the solution for 10
min. Pd(dppf)Cl; (35.8 mg, 0.049 mmol, 0.2 eq) was then added and the flask purged with
argon. The mixture was heated at 70 °C for 4 h. The reaction mixture was added to brine
(10 mL), acidified with 1 N HCI until the aqueous layer attained a pH of 3, and extracted
with EtOAc (3 x 20 mL). The combined organic layers were dried over MgSQ,, filtered
and concentrated in vacuo to afford a brown oil. The oil was purified by silica gel
chromatography (0 - 15% MeOH/EtOAc) to give 110 mg of 333. Yield 62.7%. MS
(ESI(+)) m/z 717.44 (M+H)".

Part E.

HBTU, TEA

s

. 5 /
\\

333 327

To a solution of 333 (30 mg, 0.04 mmol, 1 eq) in DMF (1 mL) was added HBTU
(19 mg, 0.05 mmol, 1.2 eq) and (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine (15 mg,
0.08 mmol, 2 eq), followed by TEA (17 pL, 0.12 mmol, 3 eq). After stirﬁng at rt for 30
min, the mixture was diluted with EtOAc (10 mL) and washed with brine (3 x 10 mL). The
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5=0H=0H/ 1 00 0\ NO\V IV N NNOE HN- NN
ok N HOHHOHNHO=IN =OHHOHhOh- -1 aN
w387/ N :N, o/ ,N, HO H OHO N- HO NPCT/USR0®H18471
= HNH - 251 WO 008/024337 PCT/ 8007/018471 | ~>
ONDO INNIN\V NN |/ NF F NNNN HO

organes lagsiess g WMgﬁOa\ﬁhtweqklami ccr«mcmtr%bn Yas@p/ Thg material was

pu?ﬁuﬁ Rﬁ' ngg’\li %j‘% %’g‘@g&@g@% 30% M12 St MZn/z 877,72 MY,

Example 124

Part A.

MeO \‘ -CF;
Y\NHz ) FaC. ”S// - \\S\\ _CF, k MeOY\N Y
OMe 0 0 OMe

335

To a solution of aminoacetaldehyde dimethyl acetal (1.0 g, 9.51 mmol, 1 eq) in
DCM (10 ml) under Ar at 0 °C was added triethylamine (2.64 mL, 19.02 mmol, 2 eq)
followed by trifluoromethanesulfonic anhydride (2.40 mL, 14.27 mmol, 1.5 eq) dropwise.
The resulting mixture was stirred at 0 °C for 1 h. The reaction was diluted with DCM (10
mL) and washed with saturated ammonium chloride solution (20 mL). The aqueous layer
was extracted with DCM (2 x 20 mL). The combined organic layers were dried over
MgSQ,, filtered and concentrated in vacuo. Compound 335 was obtained as a pale yellow

oil and used without further purification.

Part B.

F Q. cF
MeOY\N \\\\C 3 HCI O\/\N SO s
H
OMe
335 336

IN HCl (1 mL) was added to 2,2-(dimethoxyethyl)trifluoromethanesulfonamide
(500 mg, 2.1 mmol, 1 eq) and the resulting mixture was heated at 100 °C for 2 h. The
solution was evacuated to dryness to give 336 as a brown oil, which was used without
further purification.
Part C.
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NgNO HOHONH2 HNH2 iN\ \ I NN N MOMO/ I \
NN HOHO HNH HNH -252 WO 2008/ 024337
weEBSae07/ 018471 N, | | O iNIl ~ ~\ iNI| HC/SD7/018471
MO MO\ - - OHNON HOHO HNH2 HNH S1 />N
.INN.GiON\HN MO MMONNN HO HO H NH2 NH2
O'INNOIHNJNN MO 0 =HDN HO H O
Ho™® O OH o§/\':§s\\%Fa _NM. HO” OH
H ©
_NH /N\/\s"?
336 a7 0 F

To a solution of the boronic acid (60 mg, 0.31 mmol, 1 eq) in THF (2 ml) was added
the aldehyde336 (147 mg, 0.77 mmol, 2.5 eq) in MeOH (1 mL), followed by acetic acid (35
uL, 0.62 mmol, 2.0 eq) and sodium cyanoborohydride (97 mg, 1.54 mmol, 5.0 eq). The
resulting mixture was stirred for 30 min. The reaction mixture was diluted with EtOAc (10
mL) and quenched with brine. The aqueous layer was acidified with 1N HCI to pH 3, and
extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over MgSOs,
filtered and concentrated in vacuo to afford yellow oil. The oil was purified by silica gel
chromatography (2 — 10 % MeOH/DCM with 0.5 % acetic acid) to give 64 mg of the 337.
Yield 56.2%. MS (ESI(+)) m/z 371.22 (M+H)". |

Part D.
//@\ OH 0
0 B
e ' Ho" OH  Pd(dppf)Cly, Cs,CO,, KOAC

"'N N\O OMe + )
H DMSO, 70°C K
HO N Y

OH - \/\,S\

z O/ CF3

337

A solution of aryl iodide (90 mg, 0.157 mmol, 1 eq), boronic acid 337 (64 mg, 0.173
mmol, 1.1 eq), cesium carbonate (102 mg, 0.314 mmol, 2 eq) and potassium acetate (15
mg, 0.157 mmol, 1 eq) in DMSO (2 mL) was degassed by bubbling argon through the
solution for 10 min. Pd(dppf)Cl, (23 mg, 0.031 mmol, 0.2 eq) was then added and the flask
purged with argon. The mixture was heated at 70 °C for 4 h. The reaction mixture was
added to brine (10 mL), acidified with 1 N HCI until the aqueous layer attained a pH of 3,
and extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over
MgSO,, filtered and concentrated in vacuo to afford a brown oil. The oil was purified by
silica gel chromatography (0 - 15% MeOH/EtOAc) to give 55 mg of 338. Yield 44.6%.
MS (ESI(+)) m/z 771.45 (M+H)".

Part E.
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HNH2 HO HNH2 iNIT \ H NOH MO/ MO/ NO H NO
HOHO NH2 HNH2 e e - 253 WO 2008/024337
weMBSa607/ 018471 ,NNH ,N ,NH MO N MOI/NSN07/618471
NHOHNH HOO HNH2 ~~ 1 NNI, H H MO MO I
\'l ON NNHO HOHOHOVNY" -OH HN, , NHO O

F3C N\ \'I N HH MO M N
‘ 0
\N NH;
), A S SN
" N, OMe _—
H P 0 HBTU, TEA NN PN
HO N 0
: OH P cF HOw. N
= 3 [o]
° H Lo 1 % -CFs
338 334 N o

To a solution of 338 (55 mg, 0.071 mmol, 1 eq) in DMF (1 mL) was added HBTU
(32.5 mg, 0.086 mmol, 1.2 eq) and (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine (25
mg, 0.143 mmol, 2 eq), followed by TEA (30 pL, 0.213 mmol, 3 eq). After stirring at rt for
30 min, the mixture was diluted with EtOAc (10 mL) and washed with brine (3 x 10 mL).

The organic layer was dried over MgSOy, filtered and concentrated in vacuo. The material

was purified by HPLC to give 16 mg of 334. Yield 24%. MS (ESI(+)) m/z 931.61 M".

Example 125
Bcl-2 and Bcel-xL binding affinity analysis data is presented below for various
compounds of the invention. Note that“****” indicates that the K; is < 1 nM, “***”
indicates that the K; is 1-5 nM, “**” indicates that the K; is 5-9 nM, “*” indicates that the K;
is >9 nM. Note that “tT11” indicates that the K; is <1 uM, “t11” indicates that the K is 1-
5 uM, “+1” indicates that the K; is 5-10 uM, and “}” indicates that the K; is > 10 uM.

Compound Bcl2 Bcl-XI Compound Bcl2 Bcel-XI Compound  Bcl2 Bel-XI

1 *hdk TTTT 84 * 1, 240 *kkk 1.1.1,
12 -t 85 Tt 247 ot
15 86 . t 251 et
23 *hkk 1.1.1.1. 87 * 1. 252 *hkh TTT
24 v o1 - t 253 R At
25 v ftit 92 . t 255 ot
26 vttt 93 ‘ t 256 et
33 *hkk 1.1.1.1. 94 *kk 1. 257 *ddek TTTT
34 ft 95 -t 258 AL
35 *kkk TTTT 96 wh 1.1. 259 *hhk 1.1.1.
36 97 ’ t 260 ot
37ttt 98 ot 262 - tt
38 *kkh 1. 99 * T 263 *dddk TTTT
53 dedede 1. 100 *kdk TTT 264 *hkok TTTT
54 *hk 1. 1 1 1 hRhk TTTT 265 dekedke TTTT
55 *kkh 1.1.1. 1 12 *khd 1.1.1.1. 267 ekddk 1.1.1.
60 *kkhk 1.1.1. 1 13 whkh TTTT 268 *kk 1.1..1.
61 L 114 ettt 269 Sl & 1
62 ek TT 1 15 dededk ke TTTT 270 *kk TTT
63 *hkhk 1.1. 126 *hkkk 1.1.1.1. 271 dedkk TTTT
64 *kkk 1, 127 xRk TTTT 272 ek k 1.1.1.
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81
82
83

Incorporated by reference are all of the U.S. patents, U.S. patent application

£ NO

ThAN

dededeh

*ekdd

*k

1
tt
Tttt
T
T
Tt
it
it

ttt

~=0/'t=0 ,N.N MOMO NN O
- 0\ HOHO NNN HO HH -254 WO 2008/ 024337

WEDBSAE07/ 018471
NO HO HO N H NH OH
NOONHONHHO HO
S oH HO H NH ¥8NH 0 K™ i Nt

NV VT H NV H-
INN O HiIN\V N
HNHN,NH

143 Tt
144 L
151 L
152 L
160 L
165 UL
170 ottt
1'7‘5 wedek .1nr1-
182 LU
183 N 8
193 ottt
196 Tt
202 L
206 ELLLL
213 dkkok T

21:; dkkd 1"fT
219 R ot
230 T

Incorporation by Reference

VeGPV TS 24QI /018471

285
290
296
299
302
306
308
309
310
31
312
313
314
315
316
320
321
295-amine

H MO MeO
N MO MO HNO
Nto ~N#4iN N-"H H I

*kkk

*kkk

Fedehok

*hkkk

*hkAh

Fedeok ke

*hkhk

*kkdh

dedek ke

*kkk

dededek

Fededke K

*dkk

dedede ok

wkkh

*dk ke

*

*hhk

1t
Tttt
Tt
Tttt
Tt
Tttt
Tttt
Tttt
it
it
it
Tt
Tttt
1t
Tttt
it
tt
Tt

publications, and PCT patent application publications designating the U.S. cited herein.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following

claims.
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MOl MO ~1 MOI O ON NONNHO HO==HNH
ONOHNH2 -NN~0O HNH2 O 0 -255 WO 2008/ 024337
weMBSEE07/ 018471 O NO NHNNIT OH'IN MQ/HS2007/018471

MOOOMOHNONNP HON HINNOHNHHHNHZ
HONpPiINOOHO HNHOO0oO I I'l N ~ N\ N "IN
Whit is &lafihdd iMO MO MMONNHoO H"o Ho HO HO HO = H NH
HNHHNH O .INI j H 1 OO0 Mo 'INH iNN I I H
LN QMERMNPHAE 00 HO = NNNHO H
(R22)m
1
5 or a pharmaceutically acceptable salt thereof;
wherein independently for each occurrence
misO, 1,2, or3;
n, 0, and p are independently for each occurrence 1, 2, 3, 4, or 5;
R, is -OH, -OC(O)Rs, -OC(O)N(Re)(R7), or -N(Re)(R7);
10 R; is -OH, -N(R3)(Ro), -N(R)C(O)N(Rg)(Ry), or -N(R)C(O)R¢; or has the formula
1b;
£ N Ris
N N
R, 7/ Ry
R12
1b

R3 is alkyl, halide, alkoxy, (cycloalkyl)alkoxy, aralkyloxy, or -O(CH,),-N(R;5)(Rs);

15 R4 is alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, halide, nitro, amino, acyl, amido,
acylamino, aminoalkyl, acylaminoalkyl, acylaminoalkylamino, sulfonylaminoalkylamino,
carboxylate, or -N=C(N(R),),;

Rs is -OH or -N(R]7)(R18);

R and R; are independently for each occurrence H, alkyl, aralkyl, heteroaralkyl, or

20 -[C(R15)(Ri6)]n-Rio;
Rg and Ry are independently for each occurrence H, alkyl, aralkyl, or heteraralkyl;
Ry 1s alkyl, haloalkyl, or -[C(R;5)(R;6)]o-COOR,;

R, Riy, Rz, Ry, Ris, Rys, and Ry are independently for each occurrence H or alkyl;
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HONO =Fi VN HOHOH f el 0N
-\ 1 O ON NNOW HN ,,,HO
WOID0s/02431 Nv X OHHIO \ \ N
Mo MO/ OH\N I OH\ NNHP
5 H- 256 WD 2008/ 024337 PCT/ US2007/ 018471 F
/1 Bw end\R@ axe Nndepandentiy-forieaghqgeunence I alkyh ardkylnbetegoaralkyl,

0

OH Qﬁmxi&? 'fthw)(Rzoj p-\Rzl;N 0O NOw H-N,

Ri9 and Ry are independently for each occurrence H, hydroxy, alkyl, alkoxy,

H

OH ~ H
N o N\ H " ~PON/USINO7/018471

H O N

O

amino, aminoalkyl, acylamino, sulfonylamino, aryl, aralkyl, cycloalkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl,

R, is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclyl,
heterocyclylalkyl, alkoxy, alkylsulfonyl, arylsulfonyl, alkylsulfonamido,

arylsulfonamido, amino, amido, or carboxyl;
R»; independently for each occurrence is halide or alkyl,

R,;3 1s selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl;

R14 is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl; and

Rys 1s selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl.

2. The compound of claim 1, wherein R, is selected from the group consisting of -OH,
-OC(O)Me, -OC(O)(CH,),Ph, -OC(O)CH,CHMe;, -OC(O)NHMe, -OC(O)NMe;, -
OC(O)NHCH,(4-(OH)-Ph), -OC(O)NHPh, -OC(O)NHCH,Ph, -OC(O)NH(CH,)+Ph, -
OC(O)NH(CH;),Ph, -OC(O)NH(CH;),Me, -OC(O)NH(CH;),NMe;, -
OC(O)NH(CH;),NHC(O)Me, -OC(O)NH(CH,),CHMe,, -NHMe, -NH(CH;),Ph, -
NHC(O)Me, and -NH(CH;),NMe;.

3. The compound of claim 1, wherein R; is -OH.

4, The compound of claim 1, wherein R, is -OH, -OC(O)Me, -OCH,CO,H, -
OCH,CO,Et, -N3, -N=C(NMe,),, -NH,, -NMe,, -NHC(O)Me, -NHC(O)CF;, -NHC(O)Ph, -
NHC(O)NHPh, -NHC(O)CH,CH,CO,H, -NHC(O)CH,CH,CO;Me, -NHCH,Ph, -
NHCH;(4-pyridyl), -NHCH,(2-pyridyl), -NHCH,(4-(CO,H)Ph), -NHCH,(3-(CO,H)Ph), -
NHEt, -NHCHMe,, -NHCH,;CHMe,, -N(CH,CHMe;,),, -NHCH,(cyclopropyl), or -
NHC(O)CH,CH;NMe,.

S. The compound of claim 1, wherein R, is -OH or -NH,.

6. The compound of claim 1, wherein R; is -NH,.
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( \N ’
N HNNOwW HN HOOOHH HOOHCH3 0=5=0 OHNF
W@RiNSR24BO \ N OOWw H, N~ NNOWw I/ HN H FTUS2007/018471
IN,,HO()—IHOH()—IOO,,P~~(}IQ)NONNNO(]VEHN\
HN HHN HOOHHOOHS/ OO\ o0\ NO ",

7. N Niféempmmd of qlpimnj wWhepgip Rt OHy N\ H M H N HO
OH HO OH -257 WD 2008/ 024337 PCT/ US2007/ 018471 0 S'o
8.0 0 THegompowpd\pfzlam 1, whereiOR: is ¥dMe, -QEtLNQCHXeyclopropyl), F, -

O(Q;g)zp‘iﬁ%zﬂﬂ)(@ % SRorshalabEot - MMeS)pl, br OBH by,

9. The compound of claim 1, wherein Rj is -OMe.

10. The compound of claim 1, wherein R4 is -NMe,, -NEt,, -NHEt, -NHCH,CHMe;, -
N(Me)CH,CHMe;, -N(Me)CH,CH,NHC(O)Me, -N(Me)CH,CH,NHS(O),Me, -
N(Me)CH,CH,NHS(0),CFs, -NHCH,CH,;NMe,, -NHCH,CH,NMeCH,CH,Cl, -
NHCHZCHZOH, -N(Me)CH,CH,OH, -N(CH,CH;0OH),, -N(Me)CH,CO,H, -
N(Me)CH,C(O)NH;, -N(Me)CH,C(O)NHMe, -N(Me)CH,C(O)NMe,, -NHC(O)Me, -
NHC(O)CHMe,, 1-pyrrolidinyl, 1-piperidinyl, 4-morpholino, (R)-2-(hydroxymethyl)-1-
pyrrolidinyl, (S)-2-(hydroxymethyl)-1-pyrrolidinyl, (R)-2-(C(O)NMe2)-1-pyrrolidinyl, (S)-
2-(C(O)NMe,)-1-pyrrolidinyl, -NH,, -NO,, Br, Cl, F, -C(O)Me, -C(O)NMe,, -C(O)NH,, -
CO,H, -CHO, -CH,0H, -CH(Me)OH, -CH;NH,, -CH,NHMe, -CH,NMe,, -
CH,NHC(O)Me, -CF3, or tert-butyl.

11. The compound of claim 1, wherein R4 is amino.

12. The compound of claim 1, wherein Ry is -NMe,, -N(Me)CH,CH,0H, -
N(Me)CH,C(O)NMe;, -N(Me)CH,C(O)NHMe, (R)-2-(hydroxymethyl)-1-pyrrolidinyl, or
(R)-2-(C(O)NMe;)-1-pyrrolidinyl.

13. The compound of claim 1, wherein R4 is -NMe;.

14. The compound of claim 1, wherein R;; is selected from the group consisting of F,

Cl, and tert-butyl; and m is O or 1.
15. The compound of claim 1, wherein R, is F; and mis O or 1.

16.  The compound of claim 1, wherein Ry; is selected from the group consisting of F,

Cl, and tert-butyl; and m is 1.
17. The compound of claim 1, wherein Ry; is F; and mis 1.

18.  The compound of claim 1, wherein R;; is selected from the group consisting of

methyl, hydroxymethyl, alkoxymethyl, acyloxymethyl, and halomethyl.

19.  The compound of claim 1, wherein Ry, is selected from the group consisting of

methyl, hydroxymethyl, alkoxymethyl, acyloxymethyl, and halomethyl.

20. The compound of claim 1, wherein Rj; is methyl.
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23. The compound of claim 1, wherein R;s is selected from the group consisting of

methyl, hydroxymethyl, alkoxymethyl, acyloxymethyl, and halomethyl.

24, The compound of claim 1, wherein R;s is methyl.

25. The compound of claim 1, wherein R,; is methyl; Ry4 is methyl; and Rys is methyl.
26. The compound of claim 1, wherein R; is -OH; and R, is -OH or -NH,.

27. The compound of claim 1, wherein R; is -OH; R; is -OH or -NH;; and R; is -OMe.

28. The compound of claim 1, wherein R, is -OH; R; is -OH or -NH;; R3 is -OMe; and
R4 is amino. '

29. The compound of claim 1, wherein R; is -OH; R; is -OH or -NHj; R3 is -OMe; and
R4 1s -NMe,, -N(Me)CH,CH,0H, -N(Me)CH,C(O)NMe,, -N(Me)CH,C(O)NHMe, (R)-2-
(hydroxymethyl)-1-pyrrolidinyl, or (R)-2-(C(O)NMe;,)-1-pyrrolidinyl.

30. The compound of claim 1, wherein R; is -OH; R; is -OH or -NH;; R3 is -OMe; and
R4 is -NMCz.

31. The compound of claim 1, wherein R is -OH; R; is -OH or -NHj; R,3 is methyl; Ry4
is methyl; and R;s is methyl.

32. The compound of claim 1, wherein R is -OH; R; is -OH or -NHj;; Rj3 is -OMe; Ry;3
is methyl; Ry4 is methyl; and R,s is methyl.

33. The compound of claim 1, wherein R, is -OH; R; is -OH or -NHj;; R3 is -OMe; Ry is
amino; Rj3 is methyl; Ry4 is methyl; and R;s is methyl.

34, The compound of claim 1, wherein R, is -OH; R; is -OH or -NH;; R3 is -OMe; Ry is
-NMe,, -N(Me)CH,CH,0H, -N(Me)CH,C(O)NMe,, -N(Me)CH,C(O)NHMe, (R)-2-
(hydroxymethyl)-1-pyrrolidinyl, or (R)-2-(C(O)NMe;,)-1-pyrrolidinyl; Ry3 is methyl; Ryq4 is
methyl; and Rjs is methyl.

35. The compound of claim 1, wherein R, is -OH; R; is -OH or -NHj3; R3 is -OMe; Ry is
-NMe;; R;;3 is methyl; R4 is methyl; and R;s is methyl.

36. A compound selected from the group consisting of:
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38. A pharmaceutical composition, comprising a compound of any one of claims 1-37;

and at least one pharmaceutically acceptable excipient.
39. A method of treating a bcl-mediated disorder, comprising the step of:

administering to a patient in need thereof a therapeutically effective amount of a

compound of any one of claims 1-37.
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40.  The method of claim 39, wherein the bcl-mediated disorder is cancer or neoplastic

disease.
41. The method of claim 39, wherein the bcl-mediated disorder is cancer.
42.  The method of claim 39, wherein the bcl-mediated disorder is neoplastic disease.

43. The method of claim 39, wherein the bcl-mediated disorder is selected from the
group consisting of acute leukemia, acute lymphocytic leukemia, acute myelocytic
leukemia, myeloblastic, promyelocytic, myelomonocytic, monocytic, erythroleukemia,
chronic leukemia, chronic myelocytic (granulocytic) leukemia, chronic lymphocytic
leukemia, polycythemia Vera, Hodgkin's disease, non-Hodgkin's disease; multiple
myeloma, Waldenstrom's macroglobulinemia, heavy chain disease, fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma,
angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, papillary adenocarcinomas, stadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, uterine
cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma,
epithelial carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,

meningioma, melanoma, neuroblastoma, retinoblastoma, and endometrial cancer.

44.  The method of claim 41, wherein the cancer is follicular lymphoma, diffuse large B-
cell lymphoma, mantle cell lymphoma, chronic lymphocytic leukemia prostrate cancer,
breast cancer, neuroblastoma, colorectal, endometrial, ovarian, lung cancer, hepatocellular

carcinoma, multiple myeloma, head and neck or testicular cancer.

45.  The method of claim 41, wherein the cancer exhibits a t(14;18) chromosomal

translocation.
46.  The method of claim 41, wherein the cancer over-expresses a Bel protein.

47.  The method of claim 41, wherein the cancer is dependent upon a Bcl protein for

growth and survival.
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48. The method of claim 46 or 47, wherein the Bcl protein is Bcl-2.
49.  The method of claim 46 or 47, wherein the Bcl protein is Bcl-xL.
50. A method of treating a bcl-mediated disorder, comprising the step of:

co-administering to a patient in need thereof a therapeutically effective amount of at
least one chemotherapeutic agent; and a therapeutically effective amount of a compound of

any one of claims 1-37.

51.  The method of any one of claims 39-50, wherein the compound or compounds are

administered parenterally.

52. The method of any one of claims 39-50, wherein the compound or compounds are
administered intramuscularly, intravenously, subcutaneously, orally, topically or

intranasally.

53. The method of any one of claims 39-50, wherein the compound or compounds are

administered systemically.
54.  The method of any one of claims 39-53, wherein the patient is a mammal.
55.  The method of any one of claims 39-53, wherein the patient is a primate.

56.  The method of any one of claims 39-53, wherein the patient is a human.
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