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WO 2008/ 024337PCT/ 1. 182007/ 018471 Conpounds and

Met hods for Inhibiting the Interaction of BCL Proteins
with Binding Partners Rel ated Applications 5This
woplosoatson clainms the benefit of priority tecdust@eoiss71
States Provisional Patent Application serial nunber

60/ 838,987, filed August 21, 2006. Background of the

I nventi© # aed, cel ,
s i npor{fgwwﬁpﬁm&éﬂsfﬁmﬁwri% Bferdgtton
devel opment , h@EB Gl Furatains with Biding Peyiners
oncogenesis. 10 Faulty regul ati on of apoptosis has
been inplicated in cancer and in nmany other human

di seases which result f n_i.nbal ance between the
process of cell divisi &9@?@4@&‘?3‘53& h. A central

chec oi nt. of apapt gsi is the.requl i.on of .

ot o Rosmptigon 8t e Berehs bEBrmS tp ni 8 Sises Bapuisionat Patent
ARRanR sefalmRgberd7838,987, ARA Aughy 2Bcbog. fam |y

menbers. The Bcl-2 fam |y of proteins includes both

anti - apoptotic nol ecgyl &erounlofriRdInRaliod and Bcl - XL,
15 and pro-apoptotic nolecul €s, such as Bax, Bak, Bid

and 1-2,.co ' tQpca cell ; ssian
By PR g Sror e e | UCORERE aeq TpRRSSKAT noma
quibyyilogicajfavatbmie] |devidermenieborarde§mse a®) euppregsiars ©F amcogenesis.
I??fgﬁg ?‘%]guﬁaélggso %Btg?xgjag%ﬁg% {rﬁ]pliz:gt(g% % \92150%12315@ i{ﬁﬁ}%ﬁ{/ o?hne(f'I human
for . |

disthes whith BaNede an irskdaae berwiestihb pfoctdf Eelndivision aad cell death.
Bcl-2.. 20Neverthel ess, the need exists for additional

A rigniral o phpsii ROk PE @RPRIQSIY Hinatthey ey atign gRfh cytogiiremey| o églease from

thitschBitirla; @RRRhRMC feasd 1sARalifte 3R GoR, BNHcPS SMIemERbérs. The
death in tunors. Summary of the Inventi'on The present

Bal2efamily of petrinsaintlydesdioght ai-apopiotio xwiashieslisneh asddglduand Bel-XL,
and %fréf'-lapcfp%tic molecules, such as Bax, Bak, Bid and Bad. Bcl-2 contributes to cancer

cell progression by preventing normal cell tumover caused by physiological cell-death
mechanisms. Over-expression of Bel-2 has been observed in 70% of breast cancer and

many other forms of cancer.

Various small molecules have been shown to inhibit the function of Becl-2.
Nevertheless, the need exists for additional small organic molecules that bind to Bcl-2 and

block its anti-apoptotic function in cancer and promote cell death in tumors.

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 Bel 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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invention bind to one or nore Bcl proteins and bl ock

Bcl anti-apoptotic function in cancer cells and tunor
Wwosid@2 f3pAt. express the Bcl protein. pOIAUS2007/018471
present invention relates to isoxazolidine conmpounds
(e.g., conpounds of formulas F{} 2, and 3),

phar maceuti cal conpositions, A6 et hods™ of usi ng

them 1In one 30en‘ond| ment, the [ [

relates to a conpotffie

. PCI M52007/ 018423 3 \
accept abl e salt thersd "'N AR3 nd nde tly for
each occurrence 5mi g ] and p are
i ndependent |y for each &C rj € ,R2, 3, 4, or 5; R
is -OH, -0C(0)R6, -0C(0)N (1272) or -N(126)(127);
R2 is -OH -N(Rs)(Rs), -N(R)C(O)NRZ)(RS) or

-N(R) C(0 or has the for b; 10
(R C(a pA‘Aarmaceutlrcally acceptable saItm]'icreotl

wherein independently for each occurrence
mis{Q,1,2,o0r3;
n, 0, and p are independeﬁtly for each occurrence 1, 2,3, 4, or 5;

Ry is -OH, -OC(O)Rs, -OC(OIN(Re}(R7), or -N(Re)(R7);
R; is -OH, -N(Rs)(Rg), -N{R)YC{O)N(Rs)(Ro), or -N(R)C(O)R¢; or has the formula

1b;
E \)/NRM
- Ria
R12
1b

R; is alkyl, halide, alkoxy, (cycloalkyl)alkoxy, aralkyloxy, or -O(CHz)2-N(R;5)(Ris);

R, is alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, halide, nitro, amino, acyl, amido,
acylamino, aminoalkyl, acylaminoalkyl, acylaminoalkylamino, sulfonylaminoalkylamino,

carboxylate, or -N=C(N(R)2)2;
Rs 15 -OH or -N(R7)(Rs);
Rg and Ry are independently for each occurrence H, alkyl, aralkyl, heteroaralkyl, or
-[CR1s)Ri6)]n-Rus;
Rg and Ry are independently for each occurrence H, alkyl, aralkyl, or heteraralkyl;
Ryo is alkyl, haloalkyl, or -[C(R5){R16)]c-COOR;
R, Ry;, Ry2, Ry3, Rys, Ris, and R, ¢ are independently for each occurrence H or alkyl;

R;7 and R, are independently for each occurrence H, alkyl, aralkyl, heteroaralkyl,
alkoxy, or -[C(R19)(R20)]p-Ra2i;
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b R3 is alkyl, halide, al koxy, (cycloalkyl)al koxy,

ar al kyl oxy, or -0(CH2)2-MR15)(R15); R4 is

al kyl , al koxy, hydroxyal kyl, al koxyal kyl, halide,

W bd0g/02881 No, acyl, ami do, acylam no, am noalpkylusz007/018471
acyl am noal kyl , acyl am noal kyl am no,

sul f onyl am noal kyl am no, 15carboxylate, or R5 is -CH

or RRaaet 5 aeeriede'rpnm@ptln frerradhockurensa &h hpdroxiy, skt elkbiy,

o % i Bamteay S AR RR e ng o BRIV Sy

al ky|heteaio§l:l[§ry|hetetbﬁ:yd’lﬂtalﬂt5/ahabﬂb¥ﬂyl o2 AR Ratasky! Kyl ,
hal oal kyl, or -[C(Ri s)(R16)10-COOR, R, Rl11, R12, R13,

R14, ®Elh, mcﬁﬁéndgﬂl@y ﬁfr %adh"&@tﬂ@d’h@@m hikyTf 8y, Ba@fdaryl, heterocyclyl,

occurrence H or © R17 and R18 are |ndependently

for é@terpcofela’lﬁl%ﬁé@m allgflselfonylggrylswijonyl, piyisnbonamifg;| |

gggg/ i@@?%Eﬁ%ﬁ?@%@g%gggig%%Pfﬁﬂg)and R20 are

' nde gl%ﬁéenﬁelft rfoFe%%FQgﬁ%%grrécrel Eﬁlde or!aW( foxy, alkyl,

alkoxf2 m noa am ko, “8Ur f onyl ami no,
aryl ,, ar al oal kyl ter

et erGEar st B5i ing Bpi bonsifing AN, Mitiorvalil pkowyalkt
R21 iasylokgifipgnmdmbloyikiior each occurrence H, al kyl,
aryl, heteroaryl, heterocyclyl, 5heterocyc|y|alky|,

al kom/u isdelevtes PrloanHé/ broupg eoﬂs&uhé 8Mafkyl, I%Jdkdﬂy&lﬂ%z PIRBEaflg,

aryl sul fonam do, ami no, am do, or carboxy ;
i ndegeraeraliry, and haloalky’; setur rence is halide or al kyl:

R23 is selected fromthe group consisting of alkyl,
hydr cBey i sklppted SRRy atomy Fonsistng okallayliiytroxaaliyl, alkoxyalkyl,

hal 08).4kvalkyl, 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(0O)Me, -OC(O){CH;),Ph, -OC(QO)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_)4Ph, -OC(O)NH(CH;),Ph, -OC(O)NH(CH;),Me, -OC(O)NH(CH;);NMe;,
-OC(O)NH(CH;I)ZNHC(O)Me, -OC(O)NH(CH,),CHMe,, -NHMe, -NH(CH;);Ph, -
NHC(O)Me, and -NH(CH;),NMe;.

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 R; ts -OH, -OC(O)Me, -
OCHCO;H, -OCH;CO;Et, -N,, -N=C(NMe;);, -NH3, -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, -NHCHMEe,, -NHCH,CHMe,, -N(CH,CHMpe;,),, -
NHCH:(cyclopropyl), or -NHC(O)CH,CH;NMe,.
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10R24 is selected fromthe group consisting of alkyl,
hydr oxyal kyl , al koxyal kyl, acyl oxyal kyl, and
hal oal kyl ; and R25 is selected fromthe group

woRRkassg of alkyl, hydroxyal kyl, al koxyal kgbyms2007/018471
acyl oxyal kyl, and hal oal kyl . 151 n certain enbodi nents,

the present invention relates to the aforenentioned
conpdu nméancjnbndjfmcms ttheepresenianvantipn deddteqtiottheaferemehtaomed n

cﬁ'ﬁ'@? Gﬁ@l e:t %ﬁ m ¢ he gr%a%(. &%nSl @I ngoﬁfm_(ﬁlH
-0 Nl - E O 0)N
- og(( 815 rﬁaﬁn e"‘"ﬁ’ﬁé{ Cr&h@w ent 1n%§?1651 mteﬁ_‘g)ﬂif%:flzwreme%ﬂoned

N Ghig L2178 atterﬁgﬁt@eﬁlhﬁlgﬁ?h%%m R, is -NH
0) NH( CHR) 2NVB2, 20 - 0C( 0) NH( CH2) 2NHC( 03 Me

- OC( @ DS Ehisd s, thé\!ﬁéé%nt inDeHkibhiEIAE Yo the iﬂkl@ﬁa@ﬁtl}&ed
and - NH( CH2) 2Nwe2. In certain enbodi nents,

cempeient andrany af the attenseritdegnitions, mbemiroReive@Hi oned
conpound and any of the attendant definitions, wherein
Rl i dn ceDdin ¢mbmﬂancra$,mheeprb®di ineertion reldies tprthassaa'nnementioned

cafigoui geny REE B Ra R RRh MR O GG D s

O@ﬂ(cyc@fﬁﬁ'@%l: -O(QQEBI@H% -0 @@jﬁﬁmﬁpm%ﬂwﬁaﬁmwmm, or -
NVEZ, - NHC( 0) e, -NHC(O)CF3 - NHC( 0) Ph,

Q@JM:% h, - NHC(0) CH2CH2CORH, -NHC( 0) CH2CH2CO2 M, -

NHCH2Ph, - NHCHZ2(4-pyridyl), -NHCH2(2-pyridyl )

- NHCHp eqﬁaewlpq)qnﬂynts _t]pq.mptgnvqr@gz Fgmﬁg to th mentloned

cﬁﬁg@&\%%‘c I agglr opy %%g’r‘t de%@%f%@ﬁm _é&e'

2008@9 gﬁﬂ?ﬁi&ﬁéﬁgi@ g[%rgs%zgmv ntion re!lﬂfaé:t%rtﬁeaﬁfgre{rﬁntloned

enbodi ment' s r CAvention rerates 1
cafnpoendcaidi aap eflthe (attpmlmud:lcﬁnninoanwhefeirt Regis aNNEdeEtz, -NHE, -

@gﬁ{éq:ﬁb@ WQM%E @W@ﬂgﬂzﬁk#@wﬁ Tel at es to

e U DI AL FONCR), -HEHFCHANEN!
NHCHzCHzNMGCH2CHzCI -NHCH,CH,0H, -N(Me)CH,CH,0OH, -N(CH,CH,0H), -
N(Me)CH2CO: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, I-piperidinyl, 4-morpholino, (R)-2-
(hydroxymethyl)- |-pyrrolidinyl, (S)-2-(hydroxymethyl)-1-pyrrolidinyl, (R)-2-(C(O)NMe;)-
1-pyrrolidinyl, (S)-2-(C(O)NMey)-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, -
CHNMe,, -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,0OH, -
N(Me)CH,C(O)NMe,, -N(Me)CH,C(O)NHMe, (R)-2-(hydroxymethyl)-1-pyrrolidinyl, or
(R)-2-(C(O)NMey)-1-pyrrolidinyl.

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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5In certain enbodi nents, the present invention relates
to the af orenenti oned conpound and any of the

attendant definitions, wherein R2 is -CH. In
wenrdgiomzenbodi ments, the present invention relcatuss00r018471
the af orenenti oned conpound and any of the attendant
definitions, wherein R3 is -0OM,.-CEt, -

OCH2 (To yertadp empgdiments, the pre@aPnPédileR relates to the aforementioned

6’@5% a'l(d4 (rgﬁ'f)attenc%%t defii 108% r“f}%rerll og%o%el?cr:éeﬁit%()m hﬁ §T0UP

masm&rgtoflmmmhdwm bigbladmsm o0 6he af orenenti oned
conmpound and any of the attendant definitions, wherein

R3 | Incein emBodigehts) the fERALINTEIHoS ,relhtlaetonhesﬁf&nennoned
|nvent| on relates to the aforenentioned conpound and

mposnd anianyof ddiardagdaiintions yderajhBeds B ad m s Aque2,
-NEt2, -NHEt, - 15 NI|CH2CHME2, - N(Me) CH2CHME2,
- N( VT CrERinombRetine s, the pIRESIEINTHICRZNRISE t9) thealorementioned

P trelinEetgs el tdant qomlilob SR G is sclted Gomhe group

oI THREHIOA), 2nd terhfuvk) GHRORRH, - N( Me) CH2C( 0) NH2,
CN( M) CH2C( 0) NHME, - N( Me) CH2C( 0) NMe2, - NHC( 0) Me,
- NHC(10 )césrivie Embddlm}tﬂtﬁ ahé phiesent inderiidh pélatles fathe §fYemitntioned

20( hydr oxynet h rrolidinyl, X ,

ctog)pogn ?ﬂPbo/ar“d ﬁﬁqﬁtﬂ#\ngg ﬁﬁyppﬁwq'@rqwﬁzz 1IsF,andmis 1.

(R -2-( O)NI\/qu2 yrroljdinyl,

(S)- é@l} Rmb gncntﬁn thgpresqqmvergyon réptes fo the eforpmeationed
L 55 R B  o
tomsisting ifynhethyl, hydroxymethyl, mlkogyrhethyl, nytoxgmethyt, snd hdlemethyl.
present invention relates to the aforenentioned
25cornfpoan amtodimgntsf the jxeseat m&ﬂd'mntrelaiteﬁ tothé hforfsnentioned
wher ei rtai

otnd i e A5 Pifent i el o R FGEp™ the shbup

SRBIPEY mmylamraiylﬂehﬁ/l QIHoﬁﬁﬁétﬂjrl gl dxyimleth9N) and HA16meth .
R4 is -Nwve2, -N(Me)CH2CH2OH, " - N( Me) CH2C(0) NMe2,

- N( Mah GEf4ih EnbblvBents, the present invention relates to the aforementioned
(R) - 2- (hydr oxynet hy fyrrol i dinyl, or

‘(OR)Pﬁﬂﬂé AN ﬁ)&aite@gmr dafinitiong, whegan Raxdemetivh

enbodi nents, the present invention relates to the

af or divsertain ﬁ@bocbmmt@uhejp@mt mmontioh relates bt the afgzamentioned

c%%ﬂoﬂh& anocpﬁl’y o‘f’ﬂ%ra?t N Rﬁdét‘%ntlonlsvew%lereln Ryq 1s methyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry3 is methyl; and Rj4 is 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.

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 R33 is methyl; Raq4 is methyl; and

R;5 is methyl.
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In certain enbodi nents, the present invention relates

to the af orenenti oned conpound and any of the

attendant definitions, wherein R22 is selected from
woOeom@odapr consisting of F, C, and tert-butylgcTassdedeis47
is 0 or!. In certain enbodi nents, the

present invention relates to the aforenentioned
5conp8Gadain Arbediyents, thepregant Byyenfion relates # th afegementioned

é’% gh@arﬁlz%y of t}E:’ att@ﬂ&npiléfﬁut%ng w}lerem | is - OIH] aﬁ(ﬁ{%ﬁ' -BH or -NH,.

I nment's resent I nvention relates 'to t
ot SRR AR, 0 0 A =
hiusd hibangfof fhe dilendaandefingtions b.vﬁeyém Rafd OH; Rs 1s'l-OH or -NH,; and
In certain enbodi nents, the present invention relates
Ruist@Meaf or enent i oned 10cormpound and any of the

attendant definitions, wherein R22 is F;, and mis |.
I'n cdncaitain gmbedimentst the prepeat pverfiontrelatey nihe aferereaniiprad

Soronia AL TTR M RORR TS PR 1O o OpLor N Ry s
{ide;gnd ip icomigpst i ng of met hyl, hydroxynet hyl,

al koxynet hyl, acyl oxynet hyl, and hal onmethyl. In

cer t dnrerait enhbmh’nteﬂts, mhprepam:'ma:ttndnnvlam 'toonhe ok ant e ot

CRETIORN PO Qi e RO A e Rher B 4 o Tyt -NE R s
OME a5l RY Gk -‘NMEEEINWe cﬁy@ﬂﬁmrrﬁtm CHzet(dﬁ)mwept hyl

acyl 0X rreth ,. and hal onet
AR e@é‘i‘f?xﬂh‘tﬁ@ﬂl hm:rrrtahﬂlwle@r (Rar2t(ﬁ‘é0)NMez) 1-
%&H t| oned corrpound and any of the attendant
I ni |ons wherein R23 is nethyl.

cert %Qeﬁﬂ?%bg& ﬁ% ﬁrgﬁ’en?gq%”ﬁuc?n'}}!ﬁ{ys Jote aﬁtet’%‘%e%ﬁ

t he Srenent roned dant
sbaiponhd aradasyy ofitter ztieidanP definstiomgtherein R isc-OH; &, fis -OH or -NH,; Ry is
qui nts, _the present invention relates to the

Kk iHRede conpound and any of the attendant
definitions, wherein RR3 is nethyl; and R24 is nethy

I'n celfCEan emBedimets: the preseat tﬂvé@taatretam inihe éf?“t"éff“&%@

ddngodfd APLS B Rl RREGNE SIRPHRE, VAR RY lsobﬁ 8 is -OH or -NHa; Ry

attendant définitions, wherein R25 i s selectéd from
lsm@tl@ﬂ,d%mlmetbwsmyit?\ngs wethylet hyl , hydr oxynet hyl , al
koxymet hyl , acyl oxymet hyl, and hal onet hyl . In
cer t alinreeraih onpbadiments, thi prepent syantidnmeleies iathe pioreneantiones

écpefpo%f? | onsnt&f%rkea‘titegéjaggéﬂntl%\gf\h}%%‘ln ﬁf 1st Iaﬁ-l ?%ztlse r&ﬁ-?or -NHz; R; is

1Al wher'ei
-OMe; R;; is methyl; R4 is methyl; and Rys is methyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant defimtions, wherein R, 1s -OH; R; is -OH or -NH;; R; is
-OMe; R, is amino; Ry 1s 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;; R; is
-OMe; Ry is -NMe,, -N(Me)CH,CH>OH, -N(Me)CH,C({O)NMe;, -N(Me)CH,C(O)NHMe,
(R)-2-(hydroxymethyl)-1-pyrrolidinyl, or (R)-2-(C(O)NMe;)-1-pymrolidinyl; Rz; is methyl;
Raa is methyl; and R;s is methyl.



In certain enbodi nents, the present invention relates

to the af orenenti oned conpound and any of the

attendant definitions, wherein RR3 is nethyl; R24 is
wietdogbz43®nd 30R25 is nmethyl. WO PCT/US2007/018471
2008/ 024337PCT/ US2007/ 018471 I n certai n enbodi nents,

t he grbesent invention relates tg the aforenentioned

conp&ufRIaErEmbadmets. thepraseridnation erbtesp therieremapiiangd n
c nglﬁd’ agﬁLanf?‘B%B%ttérﬁant%ﬂiﬁlonmerem R, is -OH! R, ﬁe?f-l‘%r TNH,; Rs is
enbodi nent s resent I nvention relates’t
-aMsy BﬁrmNh@aestammpﬂ)uh R:andietinl;, apd Redie nmth:&’éndant
definitions, wherein Rl is -OH R2is -OHor -N-12;
and 5 R3 is -0M. In certain enbodi nents, the
present invention relates to the aforenentioned

5  conpOumbtiean émbodimeht, tHegraettemeation gsftdsno b icompoundiod fermila 2:
R is -OH R2|s-0-lor-H2( is -OMe; and R4 is
am no. In certain enbodi mants 2, he present invention
relates to the af g enentioned \: ound and any of

t he attendant defl4 onso wh R |s-C]—|; R2 is
-OH or -NH2; R3 #3 i

-N(Me) CH2CH2OH, - N( M

(R) - 2- (hydr oxynet hylﬁ (F :
(R-2-(C(0)NMe2)-1 - pyr o\ iHdiMa3d,. certain
enbodi ments, the present invention reI ates to the
af orenent | one'd 15conpound and any of the attendant

defi ni |n RI is -OHor -NH2; R3
1S - Bﬁlépﬁ ﬁ\gﬁc?l acméafle Saltgl_léreq h certain
enbodi, ne nventl on relates to the
af or & r}i@r?f'} l&ﬂ%’&"&%‘ﬁlﬁg\}n&c}éﬂ% gf°of the attendant

10 deflnltlo?szRQV\@ereln Rl is -OH R2is -OHor -NH2; R23

. is nmethyl; and R25 is methyl. 20In
certain e od| nt sdentuy%lpegcsent i nv n£|302 reﬁj.at es to

the BfYy8 %o&n occurrence 1, 2, 3, 4,
R is -OH, -OC(O)Rs, -OC(O)N(Rs)(R7), or -NRe)(R1);
R; is -OH, -N(Rg)(Ro), -N(R)C(O)N(Rg)(Ro), or -N(R)C(O)R ; or has the formula
1b;

15 Ry2

R is alkyl, halide, alkoxy, (cycloalkyl)alkoxy, aralkyloxy, or -O(CHa)2-N(Rs)(Ris);

R4 1s alkyl, alkoxy, hydroxyalkyl], alkoxyalkyl, halide, nitro, amino, acyl, amido,
acylamino, aminoalkyl, acylaminoalkyl, acylaminoalkylamino, sulfonylaminoalkylamino,

20 carboxylate, or -N=C(N(R).)z;
Rsis -OH or -N(R;7)(R1g);

R and Ry are independentiy for each occurrence H, alkyl, aralkyl, heteroaralkyl, or
-[C(R15)(Ri6)]n-Rio;

Rg and Ry are independently for each occurrence H, alky), aralkyl, or heteraralkyl;
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conmpound and any of the attendant definitions, wherein
RlLis -OH R2is -OHor -NH2; R3is -OMe; R23 is

nmethyl; R24 is nmethyl; and R25 is nethyl. In
wendogiouzenrbodi nents, the present invention rekcatussoot018471
the af orenenti oned conpound and any of the attendant

definitions, wherein 121 is -OH; is -OH or -NH2; R3
is 231®wlkmal@lkalnondC(EazHRmé]ﬂGélQB(| R24 is methyl;
and R25 is nethyl. I'n certain embodi ments, the

pr esdR i, g ki, Bm, Rel, atdel e indeperdeot e fregadhoredtrence H or alkyl;
conpound and any of the attendant definitions, wherein

Rl i R7 fkd RfgArd iﬁdep@ﬂently foWtdach de8uirence BlyelkyRdraiky], hdlieliaralkyl,
- N( I\/I;ﬂ CH2CH2 ) CH2C(0) NMe2, - N( Me) CH2C( 0) NHWE,

(R) - 24koy 0‘?‘0@#&)&]9 Ruspyrrolidinyl, or

(R-2; (<0 Nl\/|92) rrolldlnyl R23|s net hyl ;. 30R24

i s mﬁ‘h?’l‘d WAEE 1@@@%&: cﬁ);;pch oow-;renceH hydroxy, alkyl, alkoxy,

2008/,87 43 ItoblyB LA ih b 8sh{tbnylamino! é}yp 8falldA, Rycloalkyl,

enbodi nents, theé present 1 nvention relates t0 the

af or dwismayolyk d‘let@mmdmlnﬂkmhdewl of hethrpargikybindant
definitions, wherein Rl is -CH R2 is -OH or -N112; R3

i s - Reeis ihdepesdenfigvR? cadkagcursence thglkyl, 824 hetsroast theterocyclyl,

d R25 | ol t
T A S YA TS
2 or agylghfhampelinied) dnidaeeeabablie salt thereof; '
wher ei n i ndependently for each occurrence

R3; independently for each occurrence is halide or alkyl;
R, is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl;

R4 is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl; and

Rzs 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(O)(CH;),Ph, -OC(Q)CH,;CHMe;, -OC(Q)NHMe, -
OC(O)NMe,, -OC(O)NHCH,(4-(OH)-Ph), -OC(O)NHPh, -OC(O)NHCH,Ph, -
OC(O)NH(CH32)4Ph, -OC(O)NH(CH,)2Ph, -OC(O)NH(CH,);Me, -OC(O)NH(CHz):NMe;,
-OC(O)NH(CH,);NHC(O)Me, -OC(O)NH(CH;):CHMe,, -NHMe, -NH(CH,):Ph, -
NHC(O)Me, and -NH(CH;);NMe,.

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 R; is -OH, -OC(O)Me, -
OCH,CO,H, -OCH,CO,Et, -N3, -N=C(NMe),, -NH;, -NMe,, -NHC({O)Me, -NHC(O)CF;,
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10mis 0, 1, 2, or 3; n, o, and p are independently

for each occurrence 1, 2, 3, 4, or 5, R is -OH
-0C(0)R6, -0C(O0)N(RaR7), or R is -OH, -N(R8)(R9),
chﬁ@;mQyN( R8) (R9), or -N(R)C(0)1210; or hasetives2007/018471
formula 1 b; 15 |bR3IS al kyl, halide, al koxy,

C cIoaIkyI)aIko , al kyl ox

oI @NEERHS yNHC(O)CH,CHC Qi NHR RYTH: GRS, -
MO thﬁﬁfﬁamg#a%}k(mﬁ@?r 2MCHG(GPtftn Ror.c-

(ﬁﬁ)jH)Prkn) nNHEty—M{ﬂHMpz, NHEHagHM), nNéﬂ?Hg.ﬂ}MBj)g

rbo N(R17) (1t 18 R6 and
Iﬁ%egf(gy mﬁé@)gﬁz&%ﬁd%cgrre%ge H, )al kyl ,
aral kyl , heteroaral k R16) 1n- R19; Rg and
RO a C?W?Hb%li’ﬂﬁlé‘ﬁ?qt§r¥lfed1’°S§5tdh‘%&‘8'ﬂlgﬁigaé?ﬁct)8%'H a%eﬁ’ﬁ?t?‘meg
c%fn@lmkﬁd and@hy Beihe hasrbiefinitions, 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 -NH,.

In certain embodiments, the present invention relates to the aforementioned

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

in certain embodim.ents, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R; is -OMe, -OEt, -
OCH;(cyclopropyl), F, -O(CH3),NMe,, -O(CHz)z(4-morpholino), -OCH;(4-(MeQ)Ph), or -
OCH;(2-pyridyl).

In certain embodiments, the present invention relates to the aforementioned

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

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R4 is -NMe;,, -NEt;, -NHE, -
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(O),CF;, -NHCH,CH,NMe;, -
NHCH,CH;NMeCH,CHCl, -NHCH,CH;OH, -N(Me)CH,CH,OH, -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-pytrolidinyl, (S)-2-(hydroxymethyl)-1-pyrrolidinyl, (R)-2-(C(O)NMe;)-
1-pyrrolidinyl, (5)-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, -CFs, or tert-butyl.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant defimitions, wherein R, is amino.

In certain embodiments, the present invention relates to the aforementioned

compound and any of the attendant definitions, wherein Ry 1s -NMe,, -N(Me)CH,CH,0H, -
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WD 2008/ 024337PCT/ US2007/ 018471 Rth is al kyl,
hal oal kyl, or -[C(Ri s)(1Z16)]0-COOR;, R, Ri.i, R 2, R13,
R14, R15, and R16 are independently for each

we sdaspompee H or alkyl; RL7 and Rig are i ndepee#anridoyoissr
for each occurrence H, aIkyI aral kyl , heteroaral kyl,

al koxy, [C(leé 1 5R10 and R20 are
N(h@béﬁau@@ﬁﬂtv;ezmt( n(cBé Hhyinpeiyosiryl)d yro]idinyl, or

Q kyl, acyl am no, sul fonyl am no,
(ﬁb5%§%®} qﬂ”@%@? g‘kzl he¥erocyc|y| Y

h t h t | kyl: R21
e D M o
ddRipiliMBdndlany BEhe haeldahtydefinitiohg Wdepeed B} Rl-kye, al koxy,
al kyl sul fonyl, aryl sul fonyl, alkyl sul fonam do,

10ar yh gaptah rp&ﬁmdi’«ﬂentﬁ ﬁhéﬁeseﬁf"hdé?}tloﬂ Frelfied quaforeﬁ%ﬁtloned
i ndependent |y for each occurrence is halide or alk

cRE@ojrd @'@Iaéﬁpéﬁlefdﬂ@rﬂam‘r@fgm@gsp wherei En.mga]qgfedeﬁq@th% group
Exggt%yo?#@l ’an@leﬁgﬁw)ﬂl &})ﬁ'wao?y.l oxyal kyl', and

'S selected fromthe

2L oun S Bl e GRS o AL e

dorpouidundgng upthe antsndant da:gnmibna hkngtein Ry d¢ Byand Ink 610, or 1.
al koxyal kyl , acyl oxyal kyl, and hal oal kyl. In certain

enbodh gatHiBembdiemprits S predeniandntion rélstkadoabe Aforehfettioned
af orenenti oned 20 conpound, and any, of the attendant
cQBPPHRG 31978y ofhe @E?lﬁiapt defigitigns, shetsin Redhielgsteddroguthe sroup

c%Hﬁ?ti tdf'it?:HPfanﬂért &Qgg(QDdIYE is I. quozg ﬁ"NE)ZZPh

Al B B SR SR

cofpo OndNd@AR p P tivaRendaftGlefinMeloChhe-,>05 Kfand m is 1.
-0C(0) NH( CH2) 2CHMe2, - NHMWe, - NH(CH2) 2Ph, -
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, acylox ymethyl, and halomethyl.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R4 1s 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 Rz 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 is 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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25 NHC(0) Me, and - NH( CH2) 2Nwe2. In certain

enbodi nents, the present invention relates to the

af orenenti oned conpound and any of the attendant
wigfoogidib@ns, wherein Rl is -OH I'n certa&iyus2007/018471
enbodi nents, the present invention relates to the

af orenent i oned conpound and any of the attendant

def i Hi eriginsembpidanants, thRprésent impgntiomEiadysive the-af@gementioned

CWH% a'%%%é@nt dl\%tlorll\é'% Mﬁzﬁzs is m&k?l - NVe2,
200 024337P /USZ(PO /018471 N 0 Ft)ht tl}ﬁ ]?BNHPh d
%{%&Eﬁ @E@fﬂﬂ :%Tﬁ gatione

rNbiSihﬁ(aﬂd Ay bﬂh&httendhitﬂ@bﬁﬁlﬂomy Wh&yih)Rz; is methyl; R34 is methyl; and
- NHCH2( 4- ( CORH) Ph), - NHCH2(3- ( CO2H) Ph), - NHCHVe?2,
RzNH@@@hwez - N( CH2CHWE2) 2, - NHCH2(cycl opropyl), or
0) CH2CH2NMe2. 51 n certain enbodi nments, the
pr e tertawérquments@tt@tpé@semdntqa@mat%qt@ﬁemﬁ abprementioned
[ O
%qlﬁﬂfjo %&@éﬂdﬁﬁ%eﬁﬁﬁjtlgﬁdﬁﬂgreﬂqi ng (%H . S\A@Q?]P?bln -NHo..

| S - certain e
e A B,
c&ﬁpdlﬁld atiany of the attendantldefitiéivhsaivhereinids AR R, ist@©H or -NH»; and

@ i nvention relates to the af orenenti oned
bt %und and any of the attendant definitions,
wherein R2 is - certai n. enbodi ment s,

pres Bhtertamvhqdaﬁe% tlat%%settdntqaeowe&t@rte His aéws@entloned

cSﬂHﬂ%Qﬂd @H}Qoﬁ'ﬂéf a@éndﬁﬁt%eﬁﬁltlgﬁd @'ﬂ&reﬁ‘ﬁiﬂ ig L@Hoﬁfls -oherell,; R, is
I's -0Me, OCH2(cycl opropy ), F,

-OMeC@@)&NNEQ"nO- O(CH2) 2( 4- mor phol i no),

-OCH2(4- (Me0O) Ph), or - OCH2(2-pyridyl). 15In certain

enbodi mllatnsemhddénmse therpresentvinyentiom rellmsao ¢w aferempmgioned

cgﬁigélﬁr}ﬁfﬂg Irar%r/] g%g rgté %gxg% fa tjto@ir“]/éhgrfcl ! s a(Slt-Ieng is E)H or -NHs; Ry is
-OMg; and R4 is -NMe;, -N(Me)CH>CH,OH, -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 -NH3; R; is
-OMe; and Ry is -NMe;.

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, 15 -OH; R; is -OH or -NH;; Rz;
is methyl; Ra4 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 -NHj; R; is
-OMe; R;3 is methyl; R4 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 -NH3; R; is
-OMe; Ry is amino; Ry; is methyl; Ra4 is methyl; and Rys 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 -
attendant definitions, wherein R4 is -NMe2, -NEt2,
wolbtios/02433NHCH2CHVE2, - N( M) CH2CHME2, PCT/US2007/018471
- N( Me) CH2CH2NHC( 0) Me, - 20 N( Me) CH2CH2NHS( 0) 2Me,
- N( Me) CH2CH2NHS( 0) 2CF3, - NHCH2CH2NMWe2, -

CrEvEarbaipents, thegiesapOrpaytion gt drpdpraantioned

COR}%W%%M a%%%%%'& &%@%ﬁﬁ@z%m or -NHy; R; is

-ONHCRQ ) CHvE, IN(pAg)EH ClTOH,,-NMEJITHHTIDINM 2, (IRMOCHC(O)NHMe,

(%{g';ﬁd@yﬁ %@MW&%‘;‘Jl%l-’llpgf:r(%‘lz'(g«ﬁweﬂ'1 -pyrrolidinyl; Roy is methyl;

F(ZB)S'rﬁetﬁﬁ( ShdWE B metBfAl- pyrrolidinyl,
S)-2-(C(0) Nve2) - 1- pyrrolidinyl, -NH2 -N®2, Br, d,

F, - G Gorln embé%ﬁk%res%%%nl@n relitePibtle afm@hl@nnoned
CH20H, - CH(Me

comﬁgmrdc(r@)aw of themgendant cteémtmbwglﬂerem R, is OHth @r—oﬁ qr -NHa; R3 is

%rgﬁe@mﬁégﬂé%mogﬁz@ EIY%% ?I{l’he at etngatn:]e

definitions, wherein R4 is am no.

2008/ 024337PCT/ U82007/ 018471 N(Me) CH2C( 0) NMve2,

- N(

( R) t& hwintp%: PESsSY pm;ptlondplates to a compound of

ff,ﬁ)mg?,{C(O) NMe2) - 1- pyrrol idinyl In certain
enbodi nents, the present invention relates to the

af orementi oned conpound and mof the attendant
definitions, wherejn R4 is -NI\/E\ >l n certain
enbodi nents, the prese

af orenent i oned Besmg
definitions, wherei
consisting of F, O,
In certain enbodi nents
to the aforenentioned conpound and any of the
attendant definitions, whereih R22 is F;, and mis 0 or

L 19255 RSP BT s P cocrt Tvert o

wherein independently for each occurrence

mis0,1,2,0or3;
n, o, and p are independently for each occurrence 1, 2, 3, 4, or 5;

R, is -OH, -OC(0)Rs, -OC(O)N(Rs)(R7), or -N(Re)(R7);
R, is -OH, -N(Rs)(Rs), -N(R)C(O)N(Rg)(Ro), or -N(R)C(O)Rq; or has the formula

1b,
; | [:fm
R, Y Rz
R12
1b

Rj is alkyl, halide, alkoxy, (cycloalkyl)alkoxy, aralkyloxy, or ~O(CH,)2-N(R5)(Ry6);

-12 -
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conmpound and any of the attendant definitions, wherein
R22 is selected fromthe group consisting of F, C;

and tert-butyl; and mis 1. In certain
warkosioaent s, the present invention rel ates tpct/is2007/018471
af orenenti oned conpound and any of the attendant
definitiaqns [

cert & aénﬂcfdt%nwmwl&yt'@ﬁ@mkxl H\?Bﬁjﬁs P, ?‘Bl“&t ¥yl pgpido,
a%ﬁ@mﬁ]fooérﬁﬂsﬁk Héﬂﬂgﬂ‘%ylﬁﬁt%o@lﬁ(/laﬂfmé @ﬁfcﬁﬁ/fa?rﬁﬁjcﬁmylammo
wherein R2

efinitions, is"selectéd fromthé group
catbnxylate argNsCN@)Ny| , hydr oxynet hyl , al koxynet hyl ,
acyl oxynet hyl , and hal onet hyl . In certain
enmbo®is e or N{R7jR@3ent i nvention relates to the
af orenenti oned conpound and any of the attendant
def i Riﬁhhd)RisareW?Ep@tdEntlBZ%a h?h%&&tﬁfbﬁﬁdll-lfaflk')jlmkdrﬂEylghéﬁetParalkyl, or
20congs] of . met hy ydr oxynmet hy al koxynmet hyl ,
acyl &)@ﬁt’ (ﬂgﬂ) IRasid hal onet hyl . In certai n
enbodi nents, the present invention relates to
af or Bedhfl Ro#re independeuthionsash &ﬁ‘;‘ﬂr@mﬁt Healkyl taéﬁllsalnpr heteraralkyl;
definitions, wherein R23 is nmeth In certain

enbo&iaie atky!, halnalkyk esEGER 15)Ried-C @Rr elates to the

af orenenti oned conpound and any of the attendant

def i B RioRs, RwhBragRin, REAR 1§ are prslepgridenthsioneash oeaurrence H or alkyl;
enbodi nents, the present invention relates to the

af or reandiRanarg indspenslanidly fondachrogcwstenchl, alkylearaliivk heteroaralkyl,

def 3 t hyl d R24 t hyl
o Ak L\f ORI L2 T eount ?ﬂvem'o'nsrgf A
Lo R AR PR RORR Pat 0o BB RO, RlandadSatiy, i

t he %mwarﬁﬁleakﬂt hdyan@iho, rtetftstwlmmhu Cﬁ'ﬂxé(rﬂlks'llhwol%cyl

al koxy metgcy} acyl oxynet , and hal onet hy
2008hejswes ﬁdtq@sg@@talbxﬂet{erqoaryl or hgterogralkylaj n

enbodi nents, the present invention relates to the
af or Bapindspendentbiiooeash oaswrenss/Horkylnasylabeteraarahheterocyclyl,

def i ﬂlattallogpaylafﬂpf;ﬁbfy, Rﬁ(?/lshﬁ‘om,ta%gulfonyl, alkylsulfonamido,

arylsulfonamido, amino, amido, or carboxyl;
R2; independently for each occurrence is halide or alkyl;

Rz is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl; and

Raq 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(O)(CH,);Ph, -OC(0)CH,CHMe,, -OC(O)NHMe, -
‘OC(O)NMez, -OC(O)NHCH(4-(OH)-Ph), -OC(O)NHPh, -OC(O)NHCHPh, -
OC(O)NH(CH32)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;.

-13 -
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In certain enbodi nents, the present invention relates
to the af orenenti oned corrpound and any of the :
attendant definitions, wherein RR3 is nethyl; R24 is
webtbngloz43and 5R25 IS Methyl. In certain enbodinﬂa‘m&eoowmmn
the present invention relates to the aforenentioned
conmpound and a of the attendant definitions, wherein
121 18 centgip C@h@‘Y ifRents.ghe puesest InvayLfn relates to the pigramantianed
@%ﬂh&*ﬂ&éx offife a&&‘?‘c&ﬁmeﬁng}bﬁE‘twr%&lﬁ ﬁ'e%t Bg.to the

enment 1 o ed conmpound an at't éndant

def 'Rg.htcler(eﬂ@ R}E\ﬂ@cﬁﬁgﬁtg tFﬂ pljesc‘en %ntﬁ% rélgte?re gr_#“g EfO{%g%ﬁor?eﬁd

cer ain enbo
cpnmqmemd andangnif therattemdaat deinitions, veheedfio Re ive OH, eDED)Me, -

GRS 688 Bl oy, F-CRME s ol R ol Rorcr,

NHO©)PH, INEEI(ORIHPE ﬂNP@(DKEH;CH;CU)?HPJWO)CHEKYH{GOzME

relates to the af orementi oned 1500nﬁound and

NHEHaPh, NHER(daeyridyD: NHSH:(GimaridyTh -RHGH; (4- @QZHpé‘)i SVHCH,(3-

- : i OMey [
%%%mﬁ%%‘ﬁéng%f@%ﬁﬁ S50 0) NHME,
NRCHz(cybigpiopydy,; e t R CYO YCHQYsNMep.di nyl , or
(R-2-(C(O)NWe2)- 1 - pyrrolidinyl. In certain
enbodnrerndis embbtﬁmﬁﬁtestﬁmprckemmméﬂtm rélefesitocthe hfordnie@tioned

afore nt'one d and any .of the atte ant
PEROHR ?\‘5%1&19 gitiopg, whegein R, ISOqul
is -0Me; and R4IS-N|\/E‘2 In certain

embodi§BTA1E embedimeRtathepresent imnention relaleaioshe e@retnrf@tloned

a ndant
SLfloRiFid AR ERONACi AR lieil REGMBIATL s

'S ”Bﬁ'l *&Xx‘t% aﬁﬂodlﬁltt:lg@ttn%érese@@%vg%ﬁm raa@ JB{L afoFértkerﬁtloned

certain e resent invention re

¢onepoand arehanytoll Memhnpdnﬂ‘mdloamdvmn 8% ist-D#. at t endant
definitions, wherein Rl is -CH R2 is -OHor -NH2; R3
i s - (heprtdR 8mbsedimentaythe pre@ht inventiwnhylates sntle RABementioned

c%erﬁp%ll'ld and any of the attendant definitions, wherein Rz is -OMe, -OEt, -
OCH;(cyclopropyl), F, -O(CH;);NMe,, -O(CH,),(4-morpholino), -OCH,(4-(MeQ)Ph), or -
OCH,(2-pyndyl).

In certain embodiments, the present invention relates to the aforementioned

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

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein Ry 1s -NMe,, -NEt,, -NHE, -
NHCH,;CHMe,, -N(Me)CH,CHMe,, -N(Me)CH,CH,NHC(O)Me, -
N(Me)CH,CH,NHS(0O),Me, -N(Me)CH,CH;NHS(0),CF;, -NHCH,CH,NMe,, -
NHCH,CH,NMeCH;CH,Cl, -NHCH,CH,OH, -N(Me)CH,CH,OH, -N(CH;CH;OH), -
N(Me)CH,CO,H, -N(Me)CH,C(O)NH,, -N(Me)CH2C(O)NHMe, -N(Me)CH2C(O)NMe;,, -
NHC(O)Me, -NHC(O)CHMe,, 1-pyrrolidinyl, 1-piperidinyl, 4-morpholino, (R)-2-
(hydroxymethyl)-1-pyrrolidinyl, (8)-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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In certain enbodi nents, the present invention relates
to the af orenenti oned conpound and any of the
attendant definitions, wherein Rl is -OH R2 is -CH or
wONdBs/0R3337 s 30-0Me; R4 is amino; R23 is met hybr/uRik70 8471
methyl; and R25 is nmethyl. WO
2008/ 024337PCT/ US2007/ 018471

& Qs 0. 1(HLO8, r%H(M@F%I eQHzIbSHz, het.NHMe, -

g@ggj( of the attendant
cg-feglnlt:a‘{o%s moglflg]p%%r?é?pb@y R2is -OHor -NH2; R3

) N( @%ﬂﬁ@?ﬂétﬁ%@%g ﬁl(el\ggg %%ﬁmﬁ to the aforementioned

comperird(dny dnypadytire hivandint Hefiyitions, wtensin R, i® amino.

(R -2-(C(0)Nwe2)-1-pyrrolidinyl; R23 is nethyl; 5R24
I's e Eyrlain enisbdifiéntd, SherPeésbivtlinvention reldték t6 €ld ibr@mentioned
enbodi ments, the present invention relates to the

camppuend iepy etthe atiendent definitionsayh @F'W%SdﬂMéndlﬁwe)CHchZOH -

Nt A1 O IRE R REO R (R (hyarafin Qi) hifonp i), o
(AR EEHNMe;rbtphyrolidiagl n an addi ti onal enbodi nent, the

present invention relates to a conpound of fornula 3:
( R22)rildettain enfhodimentsp HeerpreseBilinventibn yelaaste ;ﬂ’laaekfblemsatlimed

o805 ana BV D eI SRRRASRL L L8 R GEGRECUr T ence
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 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 misQor 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 m is 1.

In certain embodiments, the present invention relates to the aforementioned

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

In certain embodiments, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein Rz; 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 R4 is methyl.
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mis 0, 1, 2, or 3; n, o, and p are independently for
each occurrence 1, 2, 3, 4, or 5, R is -OH

-0C(0)126, -0C(O)N(R6)(122), or RR is -OH, -N(R8)(R9),
wORIR/697N( R8) (RO), or -N(R)C(0)142; or has wb®us2007/018471
formula 201 b; Ib R3 is alkyl, halide, alkoxy,

(cycl oal kyl ) al koxy, aral kyl oxy, or

- 0( mqeztam(m@(m@ the prgemiioBINGou B3R e thesfopmentiand 1

Eﬁpb%d%@ﬁt‘ o?t'hg Ql?fé{l’daln)ﬁgﬁﬁ? }SX[?Q .t%;ler'emeﬁ k?&%é}hgyhd R34 is methyl.

ni am no
amn

| K | al k
o o A SRR Xssgvsv PAEE P ST Renionsg
CSBﬁo@ﬂChnﬂiﬁnﬁlbﬁthb Gtﬂﬁﬂ@rﬁtdﬁﬁﬁlh&ﬂé‘ Whereida), 19 COHJ &dTCAs FOH or -NH,.
al kyl, aral kyl, heteroaral kyl, or -[C(R15)(R16)inal 9;

R8 aﬁkﬂcdfﬁuﬁdrﬂ)ddﬂﬁﬁﬂﬁﬂii%ésbh{t 1ﬁwnus.aedlutm6waa¢mmehhoned
al kyl , aral ky or heteraral kyl ; RlO is alkyl,

cAEPBHIdARA. an}épf the efterdangdefpigipps. whesain R, is -OH; Rz is -OH or -NHj; and
Rs 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 -NH3; R is
-OMe; and R4 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 -NH;; Rs is

‘ -OMe; and R4 1s -NMe,, -N(Me)CH,CH,OH, -N(Me)CH,C(O)NMe,, -

NMe)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,; Rj is
-OMe; and Ry is -NMe;.

In certain embodimenis, the present invention relates to the aforementioned
compound and any of the attendant definitions, wherein R, is -OH; R; is -OH or -NH3; Ra3
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;; R; is
-OMe; 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;; Rj is
-OMe; Ry is amino; 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;; R; is
-OMe; R4 is -NMe;y, -N(Me)CH,CH,0H, -N(Me)CH,C(O)NMe,, -N(Me)CH,C(O)NHMe,

-16 -



10

R, Rl11, R12, R13, Rl14, R13, and R16 are independently
for each occurrence Hor alkyl; 10R1l7 and R18 are

i ndependently for each occurrence H, alkyl, aralkyl,
WHR20B/0:8% kyl , al koxy, or -[C(R19) (R20) 13- RRPCT/ELO0FAB471
R20 are independently for each occurrence H, hydroxy,

Ryt Pty TR JIR- X s R tdinyl Ras s ety
ahéResieaeelyy! , heterocyclyl al kyl, heteroaryl, or
het eroaral kyl; 15R21 is i ndependently for each

OCCUTH Ediath éThbo@irKéﬂts thed presentigvKiOR Fldtes tbehedfoeiehtidned
het er ocycl yl al kyl al koxi_[1 al kyl sul f onyl

camppend andrapy of taf-' rijengantidsHnitipor Whaten Rk fgﬂaﬁq i§0OH or -NHj; Ry is
BR, iR, Rﬁaf &g{hQPéXA ¥%R%gle{h9pependent ly for each

occurrence i’5 R23 is
sel ected fromthe group consisting of alkyl,
hydroxyalkyl al koxyal kyl, 20acyl oxyal kyl, and

hal o e r '
0o i Sl BB el g Y sttt om
tRcabopxyalsisithg ofand hal oal kyl . I n certain enbodi nents,

the present iInvention regs to the af orenentioned

25conpound and apy of the aftendant defjiqitiops,
wher ei n is s t ed m t he~gr qup L.Stin

of - ot ag) 0 Ve !@ﬁ irve ) B
-OC(O)I\I'I'II\/Eg _ 0) b ‘ -Ph), ¥
- 0C( 0) NHPh N
- 0C( 0) NH( CH2)2Ph -OC( O) NH( CH2)2l\/te

-0C( 0) NH( CH2) 2NVe2, - 0C( 0) fd CH2. ) 2NHC( 0) M, g@

- bH

Nl( CH2) 2Ph 30 0
NHC( 0) M~ ard - vl
up N, OMe oen
H
HO N

PR # 5(‘#* £
ii*’* < b{"” £
. j&’f ¢ e &{ “‘f
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WD 2008/ 024337PCT/ US2007/ 018471 In certain

enbodi nents, the present invention relates to the

af or ement i oned conmpound and any of the attendant
YRABOHFENs, wherein 121 is -OH I n cePCA{U§2007/018471
enbodi nents, the present invention relates to the
aforenentloned compound and any of the attendant
deflnltlons

whergin R2 i s rnOH
OCH E N_LM N
--2C _2-.-,hh ﬁ-lgh
- NHC( 0) NHPh,H -] CH2CCORH,
NHCH2Ph, - ; Flﬁyl) :
-NHCH2(4 (C@H)Ph) - NHCH2( 3~ (CO2H) Ph), - NHEt, '
- NHCHMe2, - NHCH2CHME2, - N( CHWe?2) 2, -
NHCHQ(cycIopropyI) or o- O)CHQCHQNNBZ 40l n certain
enbodi nents, the pw invention relvale o lme
aforenentloned conp any of the ﬂ; emdant
definitions, wheregin R2 |s OH or - NH2.
certain e oodlnents he present i nvent

the af orerr npound ard ny°of e attendant
deflnltlons frewdin R2 is -NH2 ji;%; In certain

enbodi nents, theipfesent inventiore ates to the
af or ement i oned Igcoﬁﬁbund and any of &:at t endant

definitions, wherein R2 is -COH. In certain
enbodi nents, the present jnvention relates to |the
aforenentloned conpound any of the atten t
definitions, mh%re'n is -0OMe, -OBt-N ¥

OCH2( cycl opr opyT ) )

-0(CH2) 2( 4- nor pho
QCH2( 2- pyri dy1)” °0 n certain odinelig the present
I nventi oH S0 the aforé%§§t| ned conpound and
any of t dant definitiond, Mhgrein R3 is -0Me.
In certai bodd nents, the presefftys tion relates
to the af orenefitt-sed conmpound and any of the )
attendant definitions, wherein Rei is -Nwve2, -NEt2,-

g0 O

MeQ
O MeD
H P! N T

HO~"%
2 i H NH3
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NHCH2CHMe2, - N( Me) CH2CHME2, - N( Me) CH2CH2NHC(0) Me, - 25
N( Me) CH2CH2NHS( 0) 2Me, - N( Me) CH2CH2NHS( 0) 2CF3,

- NHCH2CH2NMe2, - NHCH2CH2ZNMeCH2CH2C1, - NHCH2CH2OH,
WORMBYBBICH20H, - N( CH2CH2OH) 2, - N( Me) CH2CORZ HCT/US2007/018471
- N(Me) CH2C( 0) NH2, - N( Me) CH2C( 0) NHWe,

- N( Me) CH2C( 0) NMe2, - NHC(0) Me, - NHC( 0) CHWe2,
1-pyrrolidinyl, 1-piperidinyl, 4-norpholino, (R)-
(hydroxynet hyl ) - 1-pyrrol i diayl , o
(S) - 2- (hydr oxymethyl )X 1-pyeebl i dinyl,
(R)-2-(C(0) NI\/EZ) -Byrrolidinyl, v
(S)-2- (C(O) NMVe2

yrrolldlnyl -NH2 - : Br,otl,

F, -C(0) 8/024337PCT/U82007'796 71
C( 0) NMVe2 - C02H, - CHO, —YEH2GH, (—H(Me) OH

P, - CH2NMWe2, -
tert-butyl. wo— s~ In certain enbodi sy the present
i nvention rel atés*#e the af orementi oned® ound and
any of the attendant ‘definitions, wherein R4 is am no.
5In certain enbodi nents, the present invention rel ates
to the aforenenti oned conpound and any of the s
H¢

»Me, -CF3, or

att endant defi n|t| onsg, wherein R4 is - Nw2, L2
- N( Me) CH2CH2OH,_.n_ALMEPCH2C( 0) NVE2, !

- N( Me) CH2C( 0) / NI DE)
(R) - 2- (hydr oxypgt
(R -2-(XQ vaez)- “pyrrolidinyl .

cer t ai n—giod the present i nt' or'®el ates to
the af oreneryipiigd 10 conpound and M he
att endant def-Aiti ons, wherein R4 B2 In certain

enbodi nment s, fHe Eﬁ’Pesent i nventi on reI ates—te the

af orenenti oned conpound and any of the attendant '
definitions, wherein R22 is selected fromthe group
consisting of F, d, and ter)\-butyl and mis 0 or I.
In certain enbodi nen,ss fthef present i nvention gel ates
to the aforenention@é cafippund and any _of bk
attendant definitions, Yherélm R22 is F, a
. In certain embodfhents, the present igyertion

~

relates to the f@repﬂ, i oned conpoynd and of the
att endant def Fpf4feps, wherein R2Z(¥Fg spl gcted from

the group cons!sfirgsof F, O, and yery-plsyl; and m
is |. P Anm, o~

,,'4 > Ly A

(
Me O Ma O
9 J
N b N I »
H Y“nn :

HO— s 2
: 2 PN Yy,
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In certain enbodi nents, the present invention relates

to the af orenenti oned 20conpound and any of the
attendant definitions, wherein RR2 is F; and mis |.

W& 2080343 enbodi ments, the present inventi oRCTAISA02418471
to the aforenentioned conpound and any of the

attendant definitions, wherein R23 is selected from

the group consisting of nethyl, hydroxynethyl,

i | koxyret hyl , acyl oxynet hyl, and hal onethyl. ¢n
certai n enbodi nents, the present inventi8 s to
the af orementi ong S@ongpound and any of t at tendant
definitions, where¢ s selected fra

consi sting of nethyf,
acyl oxynmet hyl ,
enbodi ne ﬁ’ t he
af or enent i ‘grie

Rﬁ4dj
hydrioxynet h al ko t hyl,
| onet hyl . .,I, cértain
ent invention]rdl afes to the
. ound and any of t'fefaitgndant
definitions, yspere€in R23 is nethyl. i o IN
certain enbodi ABntsy: the present invention‘relates to
t he af orenenti oned 30conpound and any of the attendant
definitions, wherein R24 is nmethyl. WO
2008/ 024337PCT/ US2007/ 018471 I n certain enbodi nents,
the present inv?ntiqp relates to the af brenmghtioned
conpound and anw._of A endant defi Al nsy~ wherein
R23 is nethyl; a'ﬂDRZﬂ is nmethyl. In certgn
enbodi ments, the dresent invention reltessto the
af orenent i oned cdnpgound and any. t ke ndant

g .S -OH or - NH2.

defini tigay, hhefen R is -OH .
51 n certalfntgnplgi nents, the pres qﬂ Lyenty on rel ates
to the af ormelKi oned iA NHjL/\r°“
H NH
=0

Fi

Ay e

H& o, P
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conpound and any of the attendant definitions, wherein
R is-OH R2is -OHor -NH2; and R3 is -0Me.

v{f@zcoﬁ)’h enbodi ments, the present invention rela

g 5 orement i oned conpound and any of thé’CT”USZ“07"“13”1
attendant definitions, wherein RLis -OH R2is -OH or
-NH2; R3 is 10 -OMe; and R4 is am no. In certain
enbodi ments, the present inyention relates to the
af orenent | oned canmpou d an ny of the attendant
definitions, whef N7 i RRis -0
is -0Me; and R4 is I\/|92 -N(I\/E)CI—|2CH2C]—|
- N( Me) CH2C( 0) NV, N( Me) CH2C( O) NHI\/Ie MeO
(R -2- (hyd yEne ) - 1pyrroI|

-nl- 15pyrrolidi ny In certain
enbodi nent s, gh Pr esent i nvention r to the
af or ement i oned?éokpound and any of t'He: Eﬂt gnd
definitions, whereih R is -OH R2 is -OH o0 . R3
s -0Me; and R4 is -NMe2. In certain embodi ment s,t he
present invention relates to 'the aforenentioned 20
compound and any of the attendant definitions, wherein
Rl is -OH R2is -OHor -NH2; R23 is nethyl; and R24
I's methyl. I'n ;tert n. enbodi ments, the present
invention relates to t all or ement i oned chpou d_and
any of the attendant d initions, whereind sﬁ OH;
R2|s-()—|or-NH2 3 -OMe; R23 is nethyly and R24

is nethyl. cert aifnenbodi nent's, thef nt
i nvention reI
any of the att n%

Nthe af orenen et c nd and
p-ef i ni tions, ReNpNRl i s - OH;
R2is -OH or -NH2;: R34 Me; R4 id dihe® R23 is

met hyl ; and R24 is nmet hyN._y I n ceftaisn y=
enbodi ments, the present invention relates to\

af or ement i oned conpound and any of the attendant >
definitions, wherein Rl is -OH R2 is-OH or -NH2; R3
is 30 -OMe; R4 i -NMe2, -N(Me)CH2CH2OH,
- N( Me) CH2C( 0) NVe; KNye) CH2C( 0) NHWE, \ -~
2008/ 024337PCT/ Us2hg?/ §18471 0 H
(R) - 2- (hydr oxyngigh -1-pyrrolidinyl,

(R-2-(C(Q.NWe2) - 1 pyrrolidinyl; : l; and
R24 is @ In certai bddi @ t he
present invyenyi ﬁ“ rel ages to the afoienehyi oned
conmpound and® f the—awt endant iR ons, wherein
R is -OH R2|'s-NH2' R3 is 5-0Me;™R41\s
-NMVe2; R23 is nethyl;™&nd R24 is nethyl.
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I n anot her enbodi nent, the present invention relates
to a conmpound selected fromthe group consisting of:
\

WO 2008/024337 PCT/US2007/018471
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H2hr - Kr' OH -

WO 2008/024337 PCT/US2007/018471

- 26 -



6H HO-3 6H HO OH  HOp OH

o

WO 2008/024337 PCT/US2007/018471

-27 -



WD 2008/ 024337PCT/ US2007/ 018471 . WD
2008/ 024337PCT/ US2007/ 018471

=

WO 2008/024337 PCT/US2007/018471

’>-~H ). 7 o | O_)_)""
o HO' ""(-\0
SN 0
. o :@ Q“ fi O \@—
L P e} HN / o
, o’:'j. 0 ;_N Y N\ @ HN
o

-28 -



HN

o

WO 2008/024337 PCT/US2007/018471

/ Lo OSN
HzN N .-‘&0
o_J.. on
HO™ r
1] HN
o]
;r}_/ 0 O hY
0 | & N—
S O, °
&0

-29 -



HO.-3 OH , ON HOA OH Br NH HN

WO 2008/024337 PCT/US2007/018471

O b0 o




HC014 c

WO 2008/024337 PCT/US2007/018471
e (
—N

N
PN e @(»Z,on

HN / HN

0 o)
5

HO™
N
A
N\
oy -
N (o]

O.
O.
oes
o
I



HO- 1COH

PCT/US2007/018471

WO 2008/024337

-32-



HO- -7 OH

WO 2008/024337

n’N -l~
S_J.
Y "

914. ... -

H
PCT/US2007/018471
on ~OF
o
o N
W —O %
q HNw
L 7
O~
o=
o
\
N_
7 H ©
. D
[/‘N o— NH
/ ¢ \
N
. /
\?I o\
5
oH 0K _<_/ ~
0 A 0
O N
\
:j*IH @ /N \
4 @ i ! ’ HN
N
o} Y @ N0
G

-33 -



N ft 9H -

WO 2008/024337 PCT/US2007/018471

-34 -



HN -

WO 2008/024337 PCT/US2007/018471

_/UH

HO, 0
RO o
H H
oﬁ’\.Eqﬂ O, N
@4 NSO ?/

-35-



PCT/US2007/018471

i nventi on

t he present
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I n anot her
relates to a conpound selected fromthe group

consi sting of:
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Anot her aspect of the invention relates to a

phar maceuti cal conposition, conprising at | east one of

t he conpounds of the present invention; and at | east

v eoophawsmceut i cal |y 10accept abl e exci pi ent. pcYWDS2007/018471
2008/ 024337PCT/ US2007/ 018471 The present

i nvention also rel ates to a nethod of treating a

bcl - . tled di sorder, rrploﬂ' sing the step of:

adm ni stering to a path \J n need thereof a A
therapeulbhcql |y effectiye™d t of at |east ‘0 of
t he CE the pregent Yfivention. 5In céftain

oyn
enbo? EE the bcl- \ sorder is gaAger or ]
' i sease. Fo exanpl =~ the bcl - medi )

di sgtder may be acute | eukem®@y,acute | ynmphocy
l e m a, acute nyel ocytic Ieuk§n1a myel obl ast

promyel ocyti c, nyelonnnocytlc nnnocytlc Rj
eryt hrol eukem a, chronic | eukem a, chronic nyelooyrlc
(granul ocytic) |eukem a, chronic |ynphocytic |eukem a,
pol ycyt hem a Vera, Hodgkin's disease, non- 10
degkln s disease; multiple nyel oma, WAl denstrom s
gogr%bullnen1a heavy chai n di sease, flbrosarco
azkcona | i posar conmed” €H6ndrosarcona ost eog
saﬂeﬁ b (),ordona ang|6§§ﬁnona endothellosaﬁﬁJna

ffangrosar come, < O
Lﬁﬁﬁhangh*C)-~thellosa45§ﬁa yNovi oma, nesoy qna,E%gf-
ng' st uNDi,.. elonyosarcpii: Q0pry@sar cond, coldn
car ci nona, p?ncreatic cancer , - St~ cancer, o
ovari an cawneler, prostate cancer, squanous cel | 6. on
carci noms, basal cell carci noma, adenocarci noma, sieat

gl and carci noma, sebaceous gl and carci nona, papilTary
carcinoma, papillary adepacarcinonas,

st adenocar ci nonma, medul | ? car ci noma, bronchogenic
cargj nome, renal cell carginoma, hepatoma, bile duct
car gna, chori ocar ci noma=csem noma, enbryonal ;*
cargcy W ns' tunnm rvi cal ncer, uterbne

canc tlcu ar | uj car ci nonm, I
Iumg rgi-opma, - ﬂg;nonaﬁ.ﬁgm -ﬁﬁ
c rci noma, oy astrocyt ong; medul | obl ast ona () :>‘£H

craniophﬁ?gnglona ependynomg, i pf neal oma,
hemangi obl ast oma, acoustic n@hrona ollgodendroglloné
meni ngi oma, nel anoma, neurobl astoma, retinobl astonma,
and endonetrial cancer. In_addition, the cancer may be
foﬂ|€Marlymmmm,dHf$klamm Bcﬁllymmmm
28"n@nt | e cel | | ynphonm, Q_gmnlc | ynphocyti cot etdfeni a
prasst cancer, breast 4 cer neuroblastdﬁqu

C »ﬁfe% endonetrlal ari an, |ung canceés
t ocel gr carci ngm{Oynul t i RES nyelona.‘gﬁhd
neck or .t&sticul ar cancer 3¢ :

HN
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In some enbodi nents the cancer over-expresses a Bcl
protein. In addition, the cancer can al so be dependent
upon a Bcl protein for growmh and survival. In sone 30
veobmdionmst s the Bcl protein specified may bepBeiusZo7/018471
and/ or Bcl-xL. In sone enbodi nents the cancer exhibits

a t(14;18) chronosonmal translocation. WO

2 008/ £%4337PCT1US2007/ 018%71 The preseny—
e@hion also relates t@ a nethod of treatin N
bcﬁﬁe d di sorder, co ising the step o o

tering to aq ient inneed thereof
ly effecti m)u &)of at |east -
ytic agent; a“igerapeutlcally
ef fecti venamount of at |eastd gne of 5the conpoundsoo
the present invention. :The conmpound or conpound&
may be adm ni stered parenté?ally, |ntranuscularlyf
i ntravenously, subcutaneously, orally, topically or
intranasally. In sonme enbodi nents the conpound or
conpounds are adm nistered systemcally. The patient
speci ficed above may be a mammal, primte, or human.
10 Bfdf Description of the Figures Figure 1
depi ctds certai n conpounds @fOtheé' venti on, ’ﬁoﬁb of
whi chNag e prophetic enbodi s F?g@ﬁe 2
deQi s certaijn conpounds of 9 nventi on, °sofe(D)
whi ch/ate préphetic 15 odbneﬁf . Fi
i ) nventi o
whi ch Maf Opheti c enbodr : Figure 4
depi cts éﬂ ai n conpounds of e invention, some of¥
whi ch are”pr¥pheti c enbodi neats. 20Fi gure 5 depi
certain conpounds of the invention, sone of which are
prophetic
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enbodi nment s. N Figure 6 depicts certain conpounds
of the i nvention, sone of which are prophetic

e Jnents 25Det ai | ed Description of the Inventi
??Oﬁ Pt Hhs For conveni ence, certain ngirﬁJ§2007/018471
enployed in the specification, exanples, and appended
Yins are collected her WO
8/024337PCT/U82007/0 71 The terns
gm ni stration” andS co-administering” refér to
concurr nt adn1n|$mrat|on (adm ni strati Bf two

re t peuti C \a

van
t herapew d’agents at a
the adniwi-g®tation of a #ﬁonal t her apeut
or agemrs) as long as the apeutic agent
present in the patient to §Q extent at the san®
tinme. The term "het eroatonf as used hereln‘ﬁe%ps
an atom of any el enent other than carbon or hydr'dgen.
Preferfed heteroatons are boron, nitrogen, oxygen,

phos rus, sulfur and sel eni um The term"al kyl"

refe to the radical of saturated aliphatic groups,
incI di ng 10 strahght-chain alNgyl groups, p
bran d- chain aIkylog{oups, gggloalkyl (al iy

S, substi t cycloml Ryl groups, @
kyI bstitute yI grougﬁcmln prgﬁ-;rea
enbo nWﬁ a straif@ht” c oB¥r,anched Hg e;X(
has g;)fgmer carbonh at i t:& backboie pa 4tk%n
Cl1- C30 tralght chai-n, C3-C30 for branched chAPh)
and mopre preferably 20 or fewer. Li kew se,
preferred cycl oal kyls have from 3-10 carbon atons in

15 their ring structure, and nore preferably have 5, 6
or 7¢cparbons in the ring struegure. Unless t he

nunmb€T of carbons is other se spgei fi ed, I@@e
kyl group, def i ned

al kyb" as used her ei r}
aboVeso but having fro nqup car bons,

unumet05|xc£“onaumslm'
ﬁlcture L% e se, ower al keAy™ apd ™
Wﬁnyl have [Simi | ar cHain I engths. P red

0

ipS are IoWgr 20a|ky|s In preferred M
3, @ substituent designated herein as a;%yf
is a | o¥er “al kyl . o~ oM

@2_2’!

g

o~ °
—N/ \Q 0

i% at the sanme time)and tine
dglnl ati on of Qne ° nore

neﬁml ferent fro

-/ of™
HO=,  +~OMIN__0 4 /
o O O 3 Lh o oy O
7 (o] - -N H NH @ O=x” N
HN/"‘—“-O HO\.--'OKE)""\SN“'@ @ T/ j‘” @
! ’/-\OH _@‘

T



The term "hal oal l cyl", as used herein, refers to an
al kyl group where anywhere froml to all hydgrogens

have been replaced with a halide. A "perhaloal kyl" is
wdrenroeoass7 of t he hydrogens have been repl aceacwmiuskooaois47t
hal i de. The term "aral kyl ", as used herein

referqqto an al kyl group substituted with an aryl
25gme(p (e.g., an aromatfc of heteroaromatic gr Qup) .

The tgrns "aIkenyI" and ygahkynyl " refer to unsaturated
al i phaté c groups anal ogousiin | ength and poag%pﬁ@”‘o
S tuti onét he al kyl descri bed above at

| Ead Q,r te bond %

as used her HN'

and 7-nmenb Ie ring aromati =0
30gr oups %n%?’nay i ncl ude fron(ﬂeraito four d;l”OH
het er oatrorfs, ®f or exanpl e, ben%snef ant hr acene, o r
naphthalene, pyrene, pyrrole, furan, thiophene,

I m dazol e, oxazol e, thiazole, triazole, WO

2008/ 024337PCT/ US2007/ 018471 pyrazol e, pyridine,
pyrazi ne, pyridazine and pygimdine, and the IlkeOH
Those aryl, groups haV|@§y et)eroatons in the ri
structur y also be refgrted to as "aryl /n%:P
het er ocyCljes" or "heteroar@gnatics." The aronaPﬁc

b%4% t ut ed at r. more~ting positi i Wiy
such)Substvyents as destt| bed acu e, for e e,
W %@az\é’%ﬁ al kyl , ar %I)kenyl, 5 al kynyl ¢
cy I, hydroxyl, alko IN no, nitro,

sul fdydryl, im no, anido, pho%é%gﬁate, phosphinateﬂ”<~<:>
carbonyl, carboxyl, silyl, etdter ® al kylthio, sulfonyl,
sul f onam do, ketone, al dehyde, ester, heterocyclyl,
aromatic or heteroaromatic noieties, -CF3, -CN, or the
like.” The term"aryl" al so includes polycyclic ri
syste aving two or yclic rings in which

or nor arbons are conmoR f0 two adj oi ni ng rings\ (ghe
rings_grg Sfused 10 rings™ wherein at |east ong

the rings afomatic, €.g °the ot her cycllc ri
V) be "“yl's, cyclodbkenyl sxTdycl oal kynw-)
aryl's: an r heterocyclyls. ' The terns ortho

H

neto ( ra apply to 1, 2- 1 -L*and @ H'LO
114 ubstituted benzenes, re$ ively. For exanplét) oH
t he s 1, 2- dlnethylbenzene Ad éx r

N
ortho dlnethylbenzene are synonynous 15The terns ko~
"het erocycl yl" or "heterocyclic group"” refer to 3- to
10-nmenbered ring structures, nore preferably 3- to
7-menbered rings, whose ring structures include one to
four heterag Lpns Het erocycl es can al so be pol ycycl es.

Het er ocycl ! § gr oups |ncIude for exar oIe t hi ophéne,

thlamvhregg furan, pYA an i soben f&l%ﬂ] chro?&ﬁé

xanbﬁf ) %-noxathlln rrole |ﬂadazole pyf az&

i sQt '.ZGie soxazole qu- p i ne, 0

@ % A HN"
o~ o
Ho d\L/
, o o
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20 pyrimdi ne, pyridazine, indolizine, isoindole,
i ndol e, indazole, purine, quinolizine, isoquinoline
U|noI|ne pht hal azi ne, napht hyri di ne, qui noxa
$98%he, cinnoline, pteridine, carbazolePCT’USZG07”‘”—3*”1
car bol i ne, phenant hridi ne, acridine, pyr|n1d|ne
phenant hr ol i ne, phenazi ne, phenarsa2|ne

phenot hi azyne, furazan, phenaxazin pyrroli
oxol_ane, ol ane, oxazol e, i | d| ne, pipefr _

qpr ol i lcact ones, | act ch as 25 azet |nones
pyrrolld/n nes, sulta h{ ones, and‘ i ke
ThéN et e ocycl |c ring, eosub tuted af or

mor e @s{D) ongwi th suc ué@ﬂue s as descr i
above, as for exanple, halo , alkyl, aralkyl, d;lx/
al kenyl , al kynyl’, cycloal kyl, hydroxyl, am no, nitsog,
sulfhydryl i m no, am do, phosphonate, phosphlnaTe
car bonyl , carboxyl silyl, ether, alkylthio, sulfonyl,
ket one, aldehyde, ester, a heterocyclyl, an aromatic
or heteroaromatic 30noiety, -CF3, -CN, or the |ike.
The I B "polycycl yl" or "polycyclic group” mger to
two v/ nore rings (e.g., cyclwedalkyls, cycloalk%ﬁy{s,
cycit Ikynyls aryl s and/or ggﬁb i '

rocycl yl s) |@w_gh
WO 2008/ 02?4337P /UB2007/ 018471 cagbdns

6 9., the ripg% are

Hﬁgs". Ri ng hat -hed t hroughp O
non- adj it atoms are A brﬁdged" rings
the ring; p?‘the pol ycycl e may be substltuted\M@'
such stbstituents as described above, as for exanphé) oH
hal ogen, al kyl, aralkyl, alkenyl, alkynyl, cycloalkyl, T
hydroxyl, am no, nitro, sulfhydryl, 5 inino, am do,
phosphonat e, phosphi nate, carbonyl, carboxyl, silyl,
ether al kyl t hi o, sul fanyl, ket one, aldehyde ester, a
he%erocyclyl an aro tkc or heteroaromatic ‘aoiety, -
ter

EN, or the ik As used here| Ny L he

nitro" |[nmeans - the t "hal ogen) d ¢ gnat es
- F, < Ch, or -1; thekterm’ | f hydryl " w, S\ - SH;
t he o) ydroxyl mea OHL and the term ° m

ogﬁe/" means -SQ2-. g ferns "amine" a
"am no" art-recognlzed dang, refer to both ;] oH
unsubstt ut®d and substitdfed amines, e.g., a nnlety'
that may be represented by the general formul as:" R50
R50 -N-N-R53 R51 Eﬁ

N\

o]
HaN

HN
o }5
:" @ \ ~.@’ >N % HN% OH
P HN“‘ HN\.‘ -Q N/j
@ & @ *o

Ny 0 N

Ho~ oM HO™
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R52 wherein R50, R51 and R52 each independently
represent a hydrogen, an al kyl, an al kenyl, - 15
(CH2),,,-R61, or R50 and R51, taken together with the
WO 200824837 whi ch they are attached conpl et e aPCT/US2007/618471
het erocycl e having from4 to 8 atons in the ring
structure; R61 represents an ar%zl a cycloaficyl,

cycl oal kenyl, a heterocycl ejor”a& pol ycycle; and o? S
zero o an integer in then al[g‘e of Ito 8. In cert

enbodi @ (Oonly one of REQ O

e.g. N 0, sRB1 and the nit <,3hg§1enc
an i Ianot};h errbodi s, R
opt i @’“3” ¥ LR); i ndegendentl

| yYeprasent a Yo
hydr dgen, ~ arta kyI an al kenyl, o -(CH2),,,-R61. 0”\)\/
Thus, the term "al kyI am ne" includes an am ne group, ¥ X
as defined above, having a substituted or Ho O
unsubstituted al kyl attached thereto, i.e., at |east
one of R50 and R51 is an al kyl group. The
term"acylam no" is art-recogni zed and refers to a
NI ety) that 25r eprese —\ed by the general
f or mul 2y 4 RS0 - 71 &N WO o \@’
2008/ 6245378 rf%uszoow 018471 WLy
* (o]
0" ffé;{§
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wherein R50 is as defined above, and R54 represents a
hydr ogen, an al kyl, an al kenyl or - (CH2).-R61, where

m and R61 are as defi ned above. . The term "am do"
WG 2@BN2488Cc0ogni zed as an ami no-substituted carowmgtioands71
includes a noiety that may be represented by the
general fornmula: 0 R51 5 R50 wherein R50 and R5] are
as i ned above. Certain enbodi nents of the am in
t he esent invention wl| nomHlncIude i m des i @
mRy~pbe unst e. Thelt rn1"a|ky|th|o" refgrs to
an aloyl g , as i ned dve, having a sul f

r adi wptnavged thereto. ﬁm ai n enbodi .\ the
"al, " b y is reia senyed_py 100ne df rwﬁ!
-slal k 552 fkenyl | ynyl Oinde-s (cHe), 17,

wher ei n n1and R61 are deflned abqve Eepresentat|VQ
al kyl thio groups i nclude nmethylthio, ethyl thio, anc
the like. The term "carboxyl" is art recognlﬁed
and i ncludes such noieties as may be represented by
t he general formul as: X5fc R55X50R56 15 wherein X50 is
a bon HNrepresents a ygen or a sulfur, \@nd R55
and R56\réppesents a hy ggn an al kyl, an{al kenyl,

(CHQ)",o or a pharnaceutF ﬁly acceptﬁgyé R56
remés an al kenyl

- ( CH) - e'defined abd¥{e) Witfe
X50 ik @ ygen and R%S 3 6 is not hydrog ®
for a represents an Ster™. [ é@
an 55 is as define ve, the noiety is referr ﬁ&
20 herein as a carboxyl group, and partlcularly'ﬂﬁen
R55 is a hydrogen, the fornula represents a
"carboxylic acid". Wiere X50 is an oxygen, and R56 is

hydr n, the fornula Jepresents a "formate". In
genepd , where the o;yg%n atom of the above fornula S
repl aced by sul fur, f ormul a represeaqs a™~

"t hi"§lcar bonyl group X50 is a sedksfoyr

q{ RO6 1s nal hydro , \ or yul a reprég@
' 0 hste V%ereﬁigb | fur and “R55°%i s
3&

\z/
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25hydrogen, the fornula represents a "thiol carboxylic
acid." Wiere X50 is a sulfur and R56 is hydrogen, the
formula represents a "thiolfornmate.” On the other
wapasonbser e X50 is a WO 2008/ 024337PCT/ US20@¢rakseh7aisi7
bond, and R55 is not hydrogen, the above fornula
represents a "ketone" group Where X50 is a bond, and
R55, i rogen, the abo fornula represents an
"ALdehyde" group. z;e terns "al koxyl" or

e

"al kixy" as used herein fers to an al kyl gro%p, as
def | above; havi ng afgxygen radi cal am&abhed
t e R sentatkv Ikoxyl gr oups |n©Lq§% 5"

t evt.J but ox ndh the” |

onsgyv coval en I|n

nmet ho emhoxy, propy

N %8 two hydr oc
oxygen. di ngly, the fgﬁzuent of an alk |
render sudhadr al kyl ~an et her %ve~or resenbl es an

al koxyl, such as may be repsésénted by one of

-O-alkyl, - 0-al kenyl, -0-al kynyl, -0-(CH2)m RS,

mhere m and R8 are descri bed above. The term
"sul fonate" is art recogni zed and includes a noiety

that mpy be 1Orepresented by, the general formwlamzo
-SJ. 07In which 1241 is electron pair, hy n,
1°kﬁﬁ? cycl oafkyl , or a yL? The terns I

nd nonaf‘&l art - ecognizedman

\
ulftn’P"b tol {onyl,nethangi f X

onyl , and»l5 nonaf | uor obut anest.f onyl groups, \ N
respectlﬁely The terns triflate, tosylate, nesylate,

and nonaflate are art-recogni zed and refer to
trifluoronmethanesul fonate ester, p-toluenesul fonate
ester, t hanesul f onate ester, and

nonaf robut anesul f onate ester functional groups and

ndl.gcll es that contain sald_gr?mef, respectively. Eﬁb

HN

The term "car banoyl " refer® - %3=0) NRR' , where
R, areHrdependent |y Hy-20ali p

Ratic gr s, ar o
2 or Keteroaryl gﬁQﬁE?? > 25? ““? oH
\‘o F © [ —N_ Hi¥ No
\] ro\[r \/@l F @ @

HO™
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The term "al kyl am no" refers to -NHR, where Ris an
al kyl group. The term "di al kyl am no" refers to -NRR,

R and R are al kyl groups. The ter
&V‘Eg@%g\?%kw " refers to -R-OH, where Ris aﬁ@T’USNOF”OIS‘m

ali phatic group. The term "am noal kyl" refers to

-R—\NI\;[?_, where R is an aliphatic group. 25The term

" al,rlteyJ am noal kyl " refers -R-NH-R , where both R and

R arse al i phatic groups. The term

"di g to -RN(R-R', where R, R,

and Bcare aliphatic gro . WO /™ l)'\o/

QB7H024337PA YUS20074 018471 The ternf®™  migo
am noalRyl " ref er's

kyl am noal kyl " refer

al i pk@h "and R is an ar reup. The Mo >
refers togjg/car bonyl oxyg W=OFe The termYthi !
refers tq a carbonyl sulfur 8&8.« 5The abbreviations

Me, Et,"°Ph,”™Tf, Nf, Ts, Ms représent nethyl, ethyl,

phenyl, trifluoromethanesul fonyl,

nonaf | uor obut anesul fonyl, p-tol uenesul fonyl and

met hanesul fonyl, respectively. A nore conprehensive

list of the abbreviations utilized by organic chem sts

of o nary skill in the art appears in the first

i ssué of each volume of the J@urnal of O hC N—

Chemistry; this list is,dypifahly presentedwn a table

entifT%d Standard 10 Lisgzog Ab
N

W at ico_nt ain a
at | ons utiliz by

ski | L&e art are hereby corporated by Kg
The termy lsulfate" is art recognized and includ !
noi ety thats,may be represented by the general fH%LémJll/a:
0

»
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0r|(]?41 150 in which Rin is as defirned above. The term
"sul fonylam no" is art recogni zed and i ncl ude's a

t may be represented by the general rul a
‘gglz'ﬁgéz 20The term "sul famoyl " is art -recoé'ﬁ ?éa‘“’z{ﬂ’d‘m

i ncludes a noiety that may be represented by the
general formula: O —3 -SSN\ O The term
"sul fonyl", as ed herean efers to a noiety that

may be repres d by the geri*e@ al fornmula: 3?
NH
\/EJ\‘\‘/\ } OH CN @
0 N “ \,‘_
HN'

OH

HO";

HN
N EO @ N .~3-‘-=o
o\:\, CAln
..,rOH OJ-.,,rOH
-
— é E o on ~OH

CH

N o)
—N 0\:\‘,, oH 0, NH
\ : ’
HO™ r N
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WD 20081024337PCT/ 11S2007/ 018471 -s-R44 in which 1244
is selected fromthe group consisting of hydrogen,

enyI al kynyl , cycl oal kyl, heterocyclyl
@g‘?ﬁ%m%‘% het er oaryl . The term "sul %’8{?/[@80”7’39471

used herein, refers to a noiety that may be
rep ented by 5the general fornula: 0 -S-R44 in which

R44 selected fromthe group consisting of hydrogen,
al Mal kenyl , al kynyl, cycloalkyl het erocycl yl ,
ar ylo, or aryl. A' élenoalkyl" refgrs_ 40 an

al kyl=group having a s sxlt d sel eno group:

=tached

reto. lary "
|€uted t he alkyﬁ*g?%cs cted from on&
- Se- SN- Se-al k -, and 9

¥§7, m and R bel def i'lned above-
Anal ogous~suBistitutions may be nade to al kenyl and,
al kynyltogr olps to produce, for exanple, am noal kenyl#s+
am noal kynyl s, am doal kenyl s, am doal kynyl s,
i m noal kenyl s, 15i m noal | cynyls, thioal kenyls,
thio ynyl s, carbonyl -substituted a |Ikenyls or
al kyayls. As used -C)-in, the definition of0§ ch
expl, ion, e.g., alky n, etc., when it ccurs
nor e an once in anyrstructure i s intended

P '.no

¥ endent its defimrtion el sewhere in tH@ﬁS

St re. 1&wll peWnderstg ﬁ* t hat "subst jt0fi on

or tifiut ed wi th" Tygf udgs~t he in’plicitﬁ A
RS
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20 proviso that such substitution is in aecordance

wth permtted val ence of the substituted atom and -t he
substsituent, and that the substitution results in a

VB 209B/@246smpound, e.g., which does not spont amewaskop7/018471
undergo transformation such as by rearrangenent,
cyclization, elimnation, etc. As used herein, the
term{shbstituted" is cSaggnpl ated to include aI

perm gsivbl e 25 substituets of organic coqgpo In a
br oadyaspect, the perm sSible substituents C ude

acycl im®and cyclic, bragched and unbr anchet, o

cdﬁ [ het erocygi c, arpmatic an magi c
substiiyent s*0f or gani o\npou_@ls—. 11 '
subst i t $0i Ncl ude, for - ¥
2008/ 02433 APGH/ US2007/ 0 ;
herein ghsve. The perm ssi bbgl substituents may © }
or nore and the same or dlﬂjerént for appropriat e
organi c conpounds. For purposes of this invention, the
het eroat ons such as nitrogen may have hydrogen
substituents and/or any perm ssible substituents of

organi ¢ conpoupds describgd herein which satisfy the
of
,ﬁ @

val Byices 5 he heter ons. This inventg0Orwi S not
inte imted in_any manner by the
perm s P@ st&tltuents Of=cOr gani ¢ conpounds
“hite- P8t ctlng ' as ed herejn
tenporary b i fowent s’ °pro€' t a potd
reactive funch&onal gr oup unge5|red chem
transformations. Exanpl es of glgh protecting
include esters of carboxylic a€i@s, silyl ethers
al cohol s, and acetals and ket%l s of al dehydes ang”
ket one respectively. The field of protecting group
chem s has been revie (Geene, T.W; Wits,

P. G.M Protectlve Cioups in Organic Synthe&ns 2nd

5 ﬁH Cert olgpo of the &mese
i nvent} exist inp i cud'ar geometri g or 15 3
stereo(:h -[Lg forms. Th St inventiégr'
cont enpl atigd_al | such conpo i ncl udi ngici s- and
trans-isqnergs R and S-enasti oners, di astereoners,
(D)-isoners, (0-isonmers, the racem c m xtures thereof,
andﬁgrger m xtures thereof, as falling within the

o

([)

sco f the invention. Additional asymetric carbon
atons{nay be present in a substituent such as an yI
group

are it oended to be included ff 20t his nt| on. 7wy

I U ne N PRLEI cu aﬁ\/‘érbantl 0

cd (ihe pre§q§f°|n ent i-aANi s deS|red_2%§r%:§—
be pr eﬁLby asynnet?%jﬁﬁzﬁ— gis, or by d on 0
with a cggga auxiliary e tle resul ti ng™

di astereo W’c m xture is separated and the aUX|I|ary
group cP€aved to provide the pure desired enantioners.
Al ternatively, where the nol ecule 25 contains a basic
functional group, such as am no, or an acidic
functional group, such as carboxyl, diastereoneric
salts are formed with an appropriate optically-active
acid or base, followed by resolution of the

di astereoners thus formed by fractiona

crystallization or chromatographic neans well known in
the art, and subsequent recovery of the pure

enanti oners. 30Cont enpl ated equi val ents of the

conmpounds descri bed above include conpounds
-48 -
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whi ch ot herwi se correspond thereto, and which have the
sane general properties thereof, wherein one or nore
sinple variations of substituents are nmade which do
wotoogdysssely WO 2008/ 024337PCT/ US2007/ 0184 3¢ Taikb®@ehi1s471
the efficacy of the conpound in binding to sigm
receptors. In general, the conpounds of the present
inventi-()nay be prepared by the nmethods illustrated

in the general reaction schenmes as, for exanple,

descri b@dbel ow, or by nﬁdr?icatlons t hereof, usi

Yail abl e start(“g}naterlals, reagent s anddb

nal hesis fmo In0 nese Wi 2 .

reactio I tw'T’s al so “of Warlanvﬁ
whi ch are?i Fhenselv re not ne
her e. Hterm "subj ece used her ei n, = et€r s o

to an anlnat typlcally a manmal r a human, —that has
been the obJect of treatnent, observatlon and/or
experiment. Wien the termis used in conjunction wth
adm ni stration of a conpound or drug, then the subject
ha Obeen the object of treatnment, observation,

and or ad istration of the co und or drug. —

gernt" erapeutlcall effect [Aamunt sed
her ns t rmug: of actlt')‘ef rrpou@ayo G
ce

ph e t gy { cig s %lologlc of wi_,
madi ci o}eﬁpense i |1 D r°e i td.ss 5
ani mal , or,hunan that is beiyg sought by a re%ear en;}‘éH

veterlnarlan clinician, or physician, which includes
al | eviation of the synptons of the 15 di sease,
condi tg,ones or disorder being treated. In the present

i nvent+@¥), such an anmount wl | sufficient to bind

to Bc&e'ﬁ' a cell and J+hibit | east part of zzg
anti - pmpt~-|c act|V|t ~%heHm&pte|n th an anmupte,
may uf¥ et ht t@ $ﬁK§kﬁythg>§peut t|vene§§\
in a patiept e t¥ sersidi ze the ‘Ce

treatnent W f*h another nti caneer agent. The
"conposition” is intended to enconpass a product
conprising the 20specified ingredients in the

speci fjed ambunts, as well as any product that
resultﬁx'dlrectly or indirectly, from conbi naki ons of

t he 8peci fi ed i ngredi ent s~¥n the specified aggunts

ThéﬁﬁgP "pharnaceutlgggfy acceptabl e carri él\’, refers

to aN mthat is u repare a desyr dos
eutically actepfa Ie

ngﬁLofoa npound. frar
carrier c ude or sSol vents, di t'4 &Oor

other |iqglid vehicles; di spex sion or suspen3|on£gﬁv,

ai ds; surface active agents; ‘i sot oni ¢ agents; ;o

t hi ckeni ng or enul sifying agents; preservatives; solid
bi nders; lubricants; and the |ike. Remi ngton's

Phar maceuti cal Sciences, Fifteenth Edition, E. W
Martin (Mack Publishing Co., Easton, Pa., 1975) and
Handbook of Pharmaceutical Excipients, Third Edition,
A. H Kibbe ed. (American Pharnaceutical Assoc. 2000),
di scl ose various carriers used in fornul ating

phar maceuti cal conpositions
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30 and knovvn techni ques for the prepar ati on t hereof
The phrases "parenteral adm nistration" and
y red parenterally"” as used herein
%&ggﬁg@#"ﬁ%ﬁtratl on other than enteral and togﬁgiﬁm%%f&m
adm ni stration, usually by injection, and incl udes,
wi t hou imtation, intravenous, int raszcuI ar,
intra rial, WD 2008/ 024337PCT/ US2007/018471
intra cal ,i ntracaps@wﬂtraorbi tal,i ntraca[)di ac,in
tradepmal ,intraperito |="transtracheal , “HH
eous, subcuticul'dee int raarti culare, w ®
syl arT‘_ubar achiaf®, ,intJs | nal and 0
rnanjectloh d°|nfu The ph S, ‘@I—

a"th ni stration, adid n| st er ed
syst eni cgfty, o perl pher a 5 agm ni stration"

"adm ni st q’d’ peri pheral | y as sed herei n nean t‘h,a\/
adm ni st“Patl on of a conpourf rug or other mategi‘alon
other than directly into the site of the Bel mediated
di sorder, such that .it enters the patient's system
and, thus, is subject to netabolismand other Iike
procfes, for exanpl subcut aneous adm ni stration.

r

The ase "t herapeut | y-effective amount” aseused
her eisn neans that anountsof a 10conpound, qgﬂ.giioal, or

co Ption conprisin c%npouno of the pregg

i vt ivon is ef ve fr oduci ng soke —O)
desir th@ dpeutic effec |nua | east a W
sub- I%con of cells i ani nal at a reasonabl "
benefi t/v ur ati o appli cablfe]t I(;nnany medi cal =

t r eat mepts, The phrase” maceutical ly —

acceptable" i s enpl oyed here|n to refer to those
conpounds, materials, conpositions, and/or dosage
forms which are, within the scope of 15sound nedi cal

j udgmerit’, suitable for use in contact Wi t hot he™ti ssues
ofrefitfan bei ngs and arf_yed(S) wi t hout exces ;

t 0l |rr|tat|ono aJ.r|c response, Ok Ot
prebl'em &1_conpl i c rate Wi t
r naby € eneflt/ k ra|
!
d N PN

b HO OH OH
it @ %é‘ /Co
} s d N-' “OH o AN~ HN"X 0
OTog e REO] - i £ 5
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-~ The phrase "pharmaceutical ly-acceptable carrier" as
used herein neans a pharnaceutical |l y-acceptabl e
mat eri al, conposition or vehicle, such as a liquid or
vembdosio2438y filler, diluent, excipient, manufaeCusE®7/018471
aid (e.g., lubricant, talc nmagnesium calciumor zinc
stearate, or steric acid), or solvent encapsul ating
nmat &r isal, i nvol ved in carryingsor transporting the
sum conpound from one or or portion ofgut hex

boést, not her organ r pa ‘i gn of the bodyA
Yer sist be "acClpiahl e" i hg sense of
g@ati& ith the ot#ef i rd’j{ﬁf’% ofthe&iu
f ormul at i.gn apd not inju o the pati enneo
exanpl es o"material s whi n s&ve as
HO

phar maceutical | y-acceptabl e carriers include: (1)

sugars, such as | actose, glucose and sucrose, (2)

starches, such as corn starch and potato starch; (3)

cellul ose, and its derivatives, such as sodi um

caryaxywnet hyl cellul ose, ethyl cellul ose and

cel’l i 0se acetate (4) powdered tragacanth; (5) gﬁ
84

Eﬁ patin 7) talc; (8) ci pients, such as ¢

\and -903|tory max oil's, suchj ! peanut
oi |, col onsee §é§§hE§ﬁL , sesane ﬁi
oliv "corn oi %zbigea (10) gI?@pl-C}
such as é% Iene gl ytol Iyols sucanas

gl ycerin,: bltol nannl?ol polyethyl glyé
(12) esFers " such as et hyl oIeate and et hyl Iaurab
(13) agar; (14) buf fering agents, such as magnesi ud™
hydr oxi de and al um num hydr oxi de; (15) al gi nic acid;™%
WO 2008/024337PCTAJ82007/018451 (16) pyrogen- free
mater isotonic salin 18) Ringer's solu

(19) aIcohoI; (20) p ered solutlons (21)

%Egeeiers pol ycar bonat @s -~amnd polyanhyﬂ¥|ﬂés and
E ,pther on-toxi c compaty §l ubst ances ®W Y in
phar’ma ’%ﬁLlfornulato e°phrases "
dlsorqe " 4Wd~"di sor der n%dl d by cel | s—eXpressi
al 5 po o ng" refer t hol ogi cal and di sease o
condi t1Ns in which a Bcl protein plays a role. Sut
roles nby be directly related to the pathol ogica
condition or may be indirectly related to the
condition. The feature conmon to this class of
conditions is that- they may be aneliorated by

i nhi bi.bi ng the activity off" function of, or
a§§e '@Iion with & proteins. As used herefh,the

tegli" 13¢1" and " 13cloprit gin" are intendeq o
encgémrp one or 10noreMd € Bcl -2 subf Qﬁgl

- apQp i C proteLF§§~Bcl cl-w, M . Bed—=

Bcl - B DI VA, 'and t hei horml ogue {Psynth @ N
of Hete vety ¢ Conpounds The\ i soxazol i di'ne congpgunds
of the invemockon may be prepared using a [3+2] 15

cycl oaddition reaction between a nitrone and an

al kene. The nitrone substrate and al kene may contain
functi onal groups suitable for chem cal derivatization
foll ow ng synthesis of the isoxazolidine core. In
certain instances, a Lewis acid is added to the
reaction. In a preferred enbodi nent, the Lewis acid is
Ti(G-Pr)4. In certain instances, the reaction mxture
IS subjected to m crowave radi ation. In general, the
subj ect reactions are carried

~5] -~



20 out in a liquid reaction nmedium but may be carried
out on a solid support. The reactions may be conducted
in an aprotic sol'vent, preferably one in which the
WRaWsPHE37 ngredi ents are substantially sol ublPE€T/US2007/018471
Sui tabl e sol vents include ethers, such as diethyl

et her, 1,2- dinethoxyetha diglyne, t-butyl nethyl

et hery tetrahydrof uran an he |ike; hal ogenated,

sol venks, ch as chlorof Q™ dichloronmethane, 5
di chl et\kdne, chl orobemdene, carbon 25
tetr hl ofj ge,. gnd the i Ke® aliphatic or aromabdic
ar bach)s@‘ as e xyl ene, ™
A ) ) 0
gemfhexame entane mgﬂa ke; esters

nes, such as ethyl ac ‘acetone, and’
2 butanone pol ar aprotic soI%;m such as
acetonitrile, dinethylsulfoxi r%nnethylfornan1 ' N
pyridine, and the |ike; or ¢8Bmbinations of two or )€ OH
sol vents. The reactions nmay be conducted at a vari,gty r
of tenperatures. In certain instances, the 30
cycl oaddi tion reaction is £onducted using a substrate

attach 0 a solid suppor Fol | owi ng synt hesj=, of
the iso ol i di ne core, the&X soxazolidine conggzﬁd may

be derivatiged using a variety,of functionalization
react o Kpown in the ar dpresent ati ve exanpl es

i nclLage 8/ 024337RCE/ US 4018471 pal Pum
coupl i actions to"% es or ar I\ de
oxid&mi reducti ons, ﬁﬂe.x:)ons wi th nucl eop '?esmf
re ions with electrogliiles, pericyclic react &=p
i ngtal l ati on of prot I ng groups, renoval of 6. oH
protecting groups, and the like. As set out abovg./: i
certain gnbodi nents of the present conpounds may
contaig/a 5 basic functional group, such as am no or

al kyl no, and are, thus, capable of fornlng

phar maceutical | y- acceptable §alts Wi th -

phar ceutlcally accepta@Ve acuﬂ The term S

"pha Beutically- acceppguf% salfs" in thisoﬂ@ ect,

re ho thi"el atlvyNHnn-"t ‘ , . 1 norgafl

or ganie<(aci g-&ddi ti on~sal t's ©)) conpounds of

prese vess i on. These sal tS may be prepared=n sint U
in the adwih' 4ration vehicle or the dosage fo <=0
manuf act urd ng process, or by separately reacting OH

purlfled*conpound of the invention in its free bgse K
formwi th a suitable organic or inorganic acid, and
isolating the salt thus foraed during subsequent
purificatieg. Representgfrve salts include th
drobrom; hydr ochl e, sulfate, bisul f/g@
sphate,“ [ tsate, ac t.e, ate, ol eate,
&ate st 2apate, | e, zoate, |
rogyl ate, cit ngl eate, fu

@r r@rtrate napg;yl ge mesyl at
gl ucekiept onat e, | act obi onat e;  auryl su
salts and the like. (See, FST exanple Ber ge etdal .
(1977) "Pharmaceutical Salts", .11 Pharm Sci. : Z,
66:]19). The pharnaceutlcally accept abl €' “Salts
of the subject conpounds include the conventiona
nontoxi c salts or .quatemary amoni um salts of the
conmpounds, e.g., from 20 non-toxic organic or
I norgani c acids. For exanple, such conventiona
nontoxi ¢ salts include those derived frominorganic
aci ds such as hydrochl ori de, hydrobrom c, sulfuric,
sul fam c, phosphoric, nitric, and the like; and the
salts prepared from organic aglds such as acetic,
propi oni ¢, succi nic, glycollé stearic, lactic, malic,
tartaric, citric, ascorblc pal mtic, naleic,
hydr oxynmal ei c, phenylacetic, gl utam c, benzoic,
salicyclic, sulfanilic, 2- 25 acetoxybenzoic,




WD 2008/ 024337PCT/ US2007/ 018471 the purified compound
inits free acid formwith a suitable base, such as

i de, carbonate or bicarbonate of a
\%ﬁgmﬁ gé%?lcally acceptable netal cation, wi Efy/US2007/018471
amoni a, or with.a pharmaceutically-acceptabl e organic
primary, secondary or tertiary am ne. Representative
al kal i or al kaline earth salts include the |ithium

sodi pot assium 5 cal cium whgnesium and a num
sal Ad the |ike. presentaﬁ?ve organi ¢ am nes
us or mat/on of bdsa_Addition sal t'S_,
inclu ethM m ne, di h Ian1neg;ffaylenedi Hne,
et han neegdlethanolam azine and ey i K

. swpra) 10Bi ol WW

( See, ford, ?aple Ber g&?
Act|V|tymﬁma ysi s he following in vitro ﬁ;
bi ndi ng and cel |l ul ar assays may be used to determ r“
the activity and specificity of conmpounds of the o™
present invention to bind to Bcl-2 and inhibit Bcl-2
functAgQn in a cell. 15 Bcl-2 Binding Assay Bcl -2
and -xL binding may be determ ned using a variety
of kRown net hods. One suegh @8say is a sensitive and
quamtitative in vitro brﬁqug assay using fJftiorescence
%Be

pol Tzation (FP) descri Wang, J. H¢.‘oZ 9, 4
: C]goks*—d\ S.; Sjam W Lup<Z.; Croce, fCC N
{, WS ; Kongol-ia‘ - H

[ Z Celd"\,,rqerwe e
Bl - Wdreg 20 peptides: a,cheni‘cal apprgach tg N»\J:j
apopt osi duction in tunor ce¥ts. Cancerea:& 2000,

60, 1493,15@2) Cell based assays The*ability of
i soxazol i di ne conpounds of the present invention to
inhibit cell-viability in cancer cells with Bcl-2
protejn over-expressi on was denonstrated. Wen RL- 25
ceIngare exposed to isoxazglidine conpounds of the
present invention, the 'nHiﬁkLQTS show a ﬁ)ﬁf\
dose® endent ceII-knb 4 ng hm Al amar bl uec-€yt SQXINClot Y
ass . When _PPancl celbﬁ(a; ekposed to t 2%,

i 0 0 |d|ﬁé conpg hresent vretn [

conbi 'oHLmnth c‘ ot h&€h,” t'he i nhibT%ors ow &

oz

rd

syner 8ose dependent cel | k||||ng i n propidium
i odi de exeﬁ |on cell survival assays. 30

Phar maceeti cal Conpositions I n anot her aspect,
the present invention prayi des pharmaceutically
accept*¥bl e conpositions ich conprise a

t he eutically-effectiye anount of one or nore of the
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WD 20081024337PCT/ US2007/ 018471 conpounds descri bed
above, fornul ated together with one or nore
pharmaceutically acceptable carriers (additives)
vapddosn24dsd uents. As described in detail bel owcTius2007/018471
phar maceuti cal conpositions of the present invention

may be_specially fornmulated for admnistration in

solid liquid form incl@®i ng those adapted r the
foll owg: (1) oral 5 a nistration, for _gx l e,
dr encheg™®(aqueous or nonwagqueous sol utions
sus.~@§>qns)h;%%blets , those targeted f

Ygual , apa(d) é}enLgéabsorptiqn,
or ,application f

tongue; (2¥ harenteral ade/mystsation, for ex
subcutanegys,5¢ntranuscular,di,;ﬁavenous or e u:iLi
injection as, for exanple,,%;%tgrile solution or o
suspensi on, or sustained-release formulation; (3)~F on
topi cal application, for 10 exanple, as a cream
ointment, or a controlled-rel ease patch or spray
applied_to the skin; (4) intravaginally or

intrar ally, for exanp-:().s a pessary, cream or

5) sublingually@D\- ocularly; (7) MO

transdéi'mal ly; (8) nasafly) (9) pul monary; or §10)
inkrat: cal | y For ations of the present
[ y tabl g for oral, n

sulzi ngual ), /

Q

vagi na d/s6 parenteral dfisf ration. The My
formul ati o y conveni ent y&gg presented in N =0
dosage fqum &nd nay be prepared by any net hods meP@lyx

known in the art of pharmacy? The anount of actiwug’ o
i ngredi ent which may be conbined with a carrier
material to produce a single dosage formw Il vary
dependig upon the host beig treated, the parth r
node Q?GadninistrationHyhgﬁ%anDunt of active
i ngre nt which may be,c
I\ to uce a singl
geheral ly be’¥hat amougt) of €h
pr odu N*ﬂggrapeutic effect. Meral |y, out of
hundr ed pQchgnt, this amount®=yi || range from a tp-}m
0.1 per &gmtrto about ni nety- ni nepercent of activéglyx
i ngredi ent, preferably from about per cent to ahedt o
70 per cent, nost preferably from about 10 nt to
about 30 percent. Methods preparing these=s
formul ati ons or conpositidns include the step of
brifiti ng i nto associ ati onwa conpound of the®
fonveant i with the carrier/~and, optionalyy
re" ry, i ngredi @

f 6F il af+ ﬁejgiepare 4

brwﬁg'ng it & assegi ati on npaeund of the es
inpgntion with liquid carriers,lgr finely dividads
solid carriers, or both, andoﬁhea, i f necessarwg; o
shapi ng t he product. 30For mulati ons of the invention
suitable for oral administration may be in the form of
capsul es, cachets, pills, tablets, |ozenges (using a
flavored basis, usually sucrose and acacia or
tragacant h), powders, granules, or as a solution or a
suspensi on i n an aqueous or non- WO

2008/ 024337PCT/ US2007/ 018471 aqueous liquid, or as an
oil-in-water or water-in-oil liquid enulsion, or as an
el ixifor syrup, or as pastilles (using an inert base,
such as gelatin and glycerin, or sucrose and acaci a)
and/ or as nmouth washes and the |ike, each containing a
predet erm ned anount of a corfpound of the present

i nvention as an active ingredient. A conmpound of the
present

d wth a carriers
dosage formw
onpound whi &




5i nvention may al so be administered as a bol us,
el ectuary or paste. In solid dosage fornB of the
for oral administration (capsules, RF ‘
|¥ﬁﬁk£g?%gees powders, granules, trouches 5&3 %@?muu71
like), the active ingredient is mxed with one or nore
pharmaceutical | y-acceptabl g carriers, such asysodi um
C|tnﬁte or dicalciun1pho§§ﬁ}te, and/ or any t he
gLng (1) fillers gp~extenders, such a%iétarches,
ct trer ose, glu se, marmtol, andAor silicic
acPdNH(Zr

nde fg%'rxanpla

car 't@K?LIoée iqg Zs, gelatin
pyr done sucrose and \2Qaci a;
such as gl ycerol; (4) d|S|nh§gLat|ng agents

S,

agar - agar, caIC|un1carbonata, fotato or tapi a~=“°
starch, alginic acid, certaln silicates, and soi
car bonate; (5) sol ution retardi ng agents, suchoas
affin, (6) absorption accelerators, such as
ternary 15 annunlunmconpounds and surfactants, such
ryl sulfate; (7) vvetting

cetyl alcohol,oglycer¢

pol oxamerXxand so | I
Ps, sgig;gs,
t gar n and nondw Wo Ik leé @ =
uch as k| n and dent f_) 3
such as tafc, calciun1stearate nagn uﬁp

s6M d polyet yl ene glycols, sodiumlauryl

OH

ﬂ)

| ubri ts

st earat e,

sul fate, zinc stearate, sodiumstearate, stearic acid,
and m xtures thereof; (10) coloring agents; and 20
(11) controlled rel ease nts such as crospqw done or
et hyl cellukgse. In the ggg f capsul es, tablets and
pills, the rrraceutica 03|t|ons may &hso
ggpmqlse bu mep¢m| agent’s=, Sol i d conp05|h| ad of a

rotyerpirﬁ al so, errplasflllfe i‘Bs.
and har l'& geldtl c} psuﬁ' usi ng such() W
exci pi e | a6t ose or (D) kK"sugars, as well agth@h
nmol ecul™ar melght pol yet hy edg)g ycols and the |

OH

25A tabl et may be nade by conp(é33|on
optionally with one or noré’accessory
Conpressed tabl ets may be prepared usi

or nol di Hy,
i ngredi ents.
ng. binder (for

exahpl e, gelatin or hydroxypropyl methyl cellul ose),
| ugmi cant, inert diluent, Jareservative, disintegrant
(f exanple sodi um s gl ycol ate or cﬁv§§ﬁ1inked
sodisum car boxynet hyl Sf.dulose) surface-actyve or
Fsing agent. Mpl@sd, t abl may be b
ng i 0 suit abkepnmachizhe a m xt uge \;he

()v-d“wmtlw an inert |i
2008/ 0243P U52007/ 018471 5}%@
other solid dos¥ge forms of the A M
conposi ti 8fis of the present invertion,
capsul es, pills and granul es, may

tablets
pharnaﬂeut@tal

such as dragees,
optionally be scored or prepared with coatings and

shells, such as enteric coatings and ot her coatings
wel | known in the pharmaceutical -formulating art. They
may al so be formulated so as to provide slowor 5
controll ed rel ease of the active ingredient therein
usi ng, for exanple, hydroxypropyl nethyl cellulose in
varying proportions to provide the desired rel ease

profile, other polymer matrices, |iposones and/or

m crospheres. They may be fornulated for rapid

rel ease, e.g., freeze-dried. They may be sterilized
by, for exanple, filtration through a

bacteria-retaining filter, or by incorporating
sterilizing agents in the faqrmof sterile solid
conpositions which o may be dissolved in sterile

wat er, or sonme other sterile injectable nmedium

i mredi ately before use. These conpositions may al so
optionally contain opacifying agents and may be of a



20 inert dilUents conmmonly used in the art, such as,

for exanple, water or other solvents, solubilizing
\989&%51@?# emul sifiers, such as ethyl aIcohoI Tﬁluwwomfn
I Sopropyl  al cohol, ethyl carbonate, ethyl ac&tat

benzyl al cohol, benzyl benzoate, propylene glycol,

1, 3-butyl ene glycol, oil in particular, cottonseed,
groungﬁugu corn, germ o%?@e, castor and sesane oils),

egd@r teLe ahydr of uryl) al cohol, pol yet hyl@ne™
egc@I &&pd tty acid €Stgrs of sorbitan, 0
R u gof . Ho i
ral™ co ns canda

Besi desl_i nert dil egn ()rma
0 dncTﬁjE adj uvant,s8uch=as
wetting agents, enmulsifyi gnge

y_suspendin nt's, O
sweet eni ng, flavoring, co Ng perfun1ng and
preservative agents. Suspen3| , in addition to The
active conpounds, may contaien slfspendi ng agents 30 as,
for exanple, ethoxylated isostearyl alcohols,
pol yoxyet hyl ene sorbitol and sorbitan esters,

m crocrystalline cellul ose alun1nun1netahydrOX|de
bent oni t e, agar-agar and fﬂ%ﬁacanth and m xtures

t hegseof? WO 2008/ 024337. PCH/ 07/018471 _y¢

Phat

,eutlcal conposi tions %0 rghps i nvention
f obsy eral adm nijstratijon cnpri se one or
N orH

cogpsungs{ of the i nvént icon “hAyconbi nat i on
mhEe~ phir steri | °on|
agueous o i ons, dispers ns —me

utical |l y=
noftqueo sol
suspensi ors or enul ns,~Mer sterile powders mhlch may
be reconstituted into sterile 5 injectable solutions
or dispersions just prior to use, which nay contain
sugars, al cohol s, antioxidants, buffers,
bacierlostats solutes |eﬁ”render t he fofrul ati on
i‘ gnlvvlth t he bl oodot &he i nt endedHq e opi |t or
endinyyr thlckenlng a Ef4gb
sdﬁtwbl@‘a- eouglyand ng aﬂue carrlers %ﬁhcho
e HB ed i har i cal np05|t|o f th@
|n5!nt|on i ncl ude wate etha , ponoIs uch as ©10
gl ycerol, propylene egcoI polyethylene gl'ycol, and
the like), and suitable m xtures thereof; vegetable
oils, such as olive oil, and injectable organic
esters, such as ethyl oleate. Proper fluidity .may be
naintaijﬁg, for exanple, by the use of coating
I

materi a such as | eci i/} by the nai ntenance of the

require éwtlcle si ze bnthe e of dispersj ons, and
t 3wt se co Iti y
servaf i veg vegThng

by the use ur f act
a j uvan uc
E%? nuhglfylng agent sc di spersing
ents. Prevention of the action of nicroo nlshs Qp
t he subj ect compounds may be ensured by th i ncl udoon

of various antibacterial and antifungal agents, for
exanpl e, paraben, chl orobutanol, phenol sorbic acid,
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and the like. It may al so be desirable to include

i sotoni c agents, such as sugars, sodium 20 chloride,

and the like into the conmpositiens. In addition,

w0 odosngesy absor pti on of the injectabl e phar neceatse@mabisszi
form may be brought about by the inclusion of agents

whi ch de| ay absorption such as al um num nonostearate

and geP4tin. In some cases, in order to prolong

t he eff(ect of a dr ug,,DJ ¢\ i s desi rabl eto sI owwt, he

absor ptiLgn of the dr om subcut aneous

i Ntk cula jeCtI s may be 25 agg% i shed
by th qugﬂwsugp j,on of crystakli or
anor ph ”L rlal LTt er sol i t%. 7/ The

rate of ahggrption of the d wo "t hen depends upQp/Tts
rate of djssalution whi clor,Nurn may depend dJpon
crystal sl ze and crystall|ne orm Alternatlvely0

del ayed absorption of a parenterally-adm nistered drug
formis acconplished by dissolving or suspending the

drug in an oil v@hlcle ny@ttable depot forns are
made by?ﬁor croenca £ matri ces of ubject
conmpounds®, n@dablejp rs such a

polylaéh e polygl I|d i ng on the rg% % ofHN

drug m’pb th- 2 ure par o

@%Iyﬁé e rate of $H€ (H
08/02433

/U82007/018471 dr release ma
control | ed. Exanpl es of other™hi odegradabl e polyners
i ncl ude pol y(orthoesters) and pol y(anhydri des). Depot
i njectable fornul ations ar lyso prepared y ~oH
entrappig the drug in lip or mcro 5i ONS
whi ¢ e conpati bl e with body« | ssue. Dosage ns

for fHe" caf<or transgdgr g (ni stragi8h ofla
conmpojind has 9 |nvenQ; ude po 5, sp \
oigﬁﬁéhts, st es\ creans, w| ns, gels, soluto ns,

pat ches afd i nhal ants. Tfe.active conpound may be_(
m xed under sterile conditions with a jij
pharmaceutical |l y-acceptable carrier, and with any
preservatives, buffers, or propellants which may be
requir The ointnents pastes, creams and gels may
contaJr, in addition tg\an active 10 conpound,of, this
|nvenﬂ|%n exci pi ents, ¢h _as animal and v etah&eo

fatsolls, gﬁxes par ak{ i st arch, trag&§ i,

; vatives§3pplyet |.ene gly gy ™ @
silic ,»pentonites] silici d, talc and e

oxi de, ;y1%tures t her eof . Powder s and sprays
can contaifiy®in addition to a conpound of this

i nventi &P, excipients such as lactose, talc, silicic
acid, aluninun1hydroxide, calciumsilicates and 15

pol yam de powder, or m xtures of these substances.
Sprays can additionally contain customary propellants,
such as chl or of | uor ohydr ocar bons and vol atil e
unsubstituted hydrocarbons, such as butane and

pr opane.
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Transder mal pat cheS have the added advant age of
provi ding controlled delivery of a conpound of the

S invention to the body. Such dosage faqr
‘gé§%§@%5 £ 20 di ssol ving or dispersing the c%ﬁ%&ﬁﬁg%ﬁw4”
t he proper nmedium Absorption enhancers can al so be
used to yncrease the flux of the conpound across the

ski n. T;? rate of such flux nay be controlled by
ei t her oviding a rate confrolling nmenmbrane or

di spgrsj t he cpmpound i a-pelymer matrig0r gel.

For mf ons e phargﬁz_ek j i conposi r he
ipvéh1io orwfectal g i admi ni st'r gt 10 Moy,
be prese aso a suppuditor iER may beuprefar edO)

by mi xi ng oﬁélow nore conpounds of the inveniion %W=h
one or norg.-5ubt able nonirritating excipients or =
carriers conprising, for exanple, cocoa butter

pol yet hyl ene glycol, a suppository wax or a
sali gyl aie, and which is solid at roomtenperature,
but,ﬁ%ﬁ?id at body tenpgrature and, therefore, will
mel tej*my t rectun1or’vag{n§hmb ity and rehe@ae tihe
acti v, onpound. V[RQQGBLDZ 337PCT/USZOQZ[QJ§4 1
Forfgi.at ionss\of t he present Tnighti on whighsare I O L
suilt abl e f ¥ viagi nal /&dwi ni Kpf afibn al sa ¥ hel ud X
pessaries, Yanmpons, creanms, gels, pastes, foans or
spray formil ations containing such carriers as are
known in the art to be appropriate.

Opht hal gl ¢ fornul ati ons, oi ntnents, powders,
sdtﬂiégi and the like, \a also 5 contenpl ated as
bei ng } aﬁhin t he scope this invention. Vhem,
t he ounds of the pre

nt invention are o4 ()
's{ered phar macegfi cals, {o hunans4ﬁﬁy \
er or as a7 °7 g

{ eal conpositi op=gcontaini ng, foegcexanp) e,
0.1 to 99Pg(nore preferably, &g~to 30?@1« acte

i ngredi ent” I7) conbi nation w t'R~g  phar uti cabky
accept abfe carrier. 10Regaradtess” of the route of

adm ni stration sel ected, the conpounds of the present
i nvention, which may be used in a suitable hydrated
form and/or the pharmaceutical conpositions of/he
presemt g%tnyention, are fgfmulated into §:>

phagﬁ?géuﬁP &Ily-acceptagggwdosage forms \H
conVvEnt? enagky met hods khowns to _those of skitl Jm, the
1 gs of JHerap rikeat ment
pr esent vention f er VéndEs nethod$

treating and reducing the severity of cancer g °mqk
as ot her Bchnedi ated di sorders or conditions.() 0
Bcl-2 inhibitors have been shown to be. active agdl S
a nunmber of cancer cell lines as single agent, .~ [
including, but not Iimted to, breast cancer (US

2003/ 0119894, published
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20 PCT applications WD 02/ 097053 and WD 02/ 13833),

| ynphomas (Nature (2005) 435, 677- 681), small cell
r (Nature (2005) 435, 677-681), 2%0)

‘Mgc can%gr (publ i shed PCT application WO 02?’%5@% j018471

and | eukem as (published PCT appli cat| on WO 02/13833).

Bcl-2 inhibitegs have been shown tqg be active_agai
unber of c%er cell lines 25 | corrbl nat@—)_@

@\E‘)ﬁl\ntl cantei_sfagents apd radia i ncl udi ng, but

not ast

publ i she% sr?catl

cer (Wtﬁ”‘é et axel ,
cancer ( cetuéxel, publ i

02199 ) > pro
02/ 097053), head and neck c er ith docet axel
publ i shed PCT application WD 02/ 097053), and non 0\3 rOH
smal | -cell lung cancer (Wth paclitaxel, Nature (2Q65)
435, 677-681). In addition to the aforenenti oned 30
conbi nati on chenot herapeutics, small nolecul e
i nhidi -8 s of Bcl-2 otel ns di spl ay synergy w th
ot h ti cancer ag nel udi ng, but not Tliyited to

et opgShdes), doxor ubi ci rf*,"‘ gi splatin, paclitaxel ™and

ragiati ol Nat ure (80 435 77-681). Q Cancers

u.%@éopl as di sease ted di sofTpes ERap
ﬁ"LOf conpoundsi.and H”

be'treateg/Dy adm nistr
conposi ti gi8 of the pre i fvention, include, gb\/
are not limted to those |I:ST€d in Tablel(fora
revi ew of such disorders, H°see Fi shman et al., 1985
Medi cine, 2d Ed., J. B. Lippincott Co., Philadel phia):
WO 2008/ 024331PCT/ US2007/ 018471 JHABLE 1 CANCERS AND

NE(PAHAST ORDERS Leukeni a qaeute |eukeni g agtite
| yi ng{;o (; 94 ocytic | eukefn%
astic ,e‘; afonocytic o i
NH o7 T \/n’]’ JNH O

d

= b
HN 0
d , Hi~7° o
@ " =0 _@\ \ @ N \ B'L“N,H o N
d\)\/ ) N oS O "fj
Ho~ OH 0 @ @ HO
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nonocyti c eryt hrol eukem a chronic | eukem a
chronic nyelocytic (granul ocytic) |eukem a 15chronic

| ynphocytic | eukem a Pol ycythem a vera Lynphoma
wodgkionsr di sease non- Hodgki n' s dcsessmn7/@13471
Mul tiple nyel oma Wal denstrom s macrogl obul i nem a Heavy
chain disease Solid tunors sarcomas arid carci nomas

25 fibrosarcoma rryxosarcon@ | i posar cona chondr osar cona
ost e@feni'c sarcoma BOchorgkoma angi osar conm o O

e
O N O
,.~N MNH
0 7 \ Q
\
p‘ @ N\ 4@ N\ NH;
O-N
°

e i>< Y X Y
dN\—’N -0 N/j :JN oA @(
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| ynphangi osar coma | yt nphangi oendot hel i osar coma

synovi oma nesot hel i oma Ewing's tunor | eionyogsarcona

‘ﬁﬁgﬁg ppypsar cona col on carci noma pancreati C peRc8o7/018471
reast cancer ovarian cancer 10prostate cancer

squanous cel |l carcinoma basal cell carcinoma

ade@g%agg%nona sweat gl and carci noma 153ebaceous gl and

papi |l l ary carci noma papi

adenocared nomas cystadenogar0|nona duIIary g@}%?nona

o\genl\cé.ar ci noma o O
R b o H
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renal cell carcinoma hepatoma bile duct carcinoma
chori ocarci noma 25sem noma enbryonal carcinoma WI ns'
tunmor cervical cancer uterine cancer 30testicular
woiBmER/0lemg carci noma small cell [ ung carci noraThisameerss7i
carci noma WD 2008/ 024337PCT/ US2007/ 018471 epi thel i al
carci noma glioma astrocytoma nedul | obl ast oma
Scrani opharyngi oma | 7o

o™

4,

CP

ool
NH

| \ o d\j.. o N
o N 7N
MM g b @ § f I \/\r
\

oH ~OH
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ependynoma pi neal oma hemangi obl ast oma acousti ¢ neuroma
100l i godendr ogl i oma neni ngi oma nel anoma neur obl ast ona
retinobl astoma 15 In certain enbodi nents, the
wonpeundsy of the present invention are used tp@riuse®t 018471
cancers including, but not limted to | ynphonas
(preferably foIIicuIar Iy homa, diffuse Iarge B- cel

| ynpivow®; mantle cell ynp oma, or chronid nphocytlc
| eu a) pr ost r at e "&€aj qer (more preferably thor none
|nseﬁs“t ¥g), breast 83nc preferably e%tr

rec or p05|t|ve neugo ast onm, fect
enﬁt r |\a ovari a ung ¢ f er abl y cel

hepat ocel | Utrar carC|nona tiple nyel oma, head: and
neck or testicular cancer (preferably gern1ce||}

Act ual dosage levels of the active ingredients in the
pharmaceutical conpositions of this invention nmay be
varied so,as to obtain an amount of the active

i ngredi e o) ich is 25 effective to achieve the

desired t ,@ngtlc res se for a particul ar patient,
conposi ti ogs._and,,node of m ni sfration, MAthOUt

9
toxic to thesgatient. Thg sekeeed dos e%
%ﬁﬁiﬂd upapia variety o ﬁ%ggo; ¢l udiln Mg _{_<
LA e particul ar ) ‘ fpothd 'of t he, N

i nvent i

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

the group consisting of:
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arni de thereof, the route of admnistration, the tine

of admnistration, the rate of excretion 30 or

nmet abol i sm of the particul ar conpound bei ng enpl oyeds
wbeossatesand extent of absorption, the duratirgm/ustootrhm471
treatnment, other drugs, conpounds and/or materials

used in conbination with the particul ar conpound

enpl oyed, the age, sex, ght, condition, WO

2008/ Q24337PCTPUR2004 08471 general heal th and or
medi wPati ent being teeated, 'Y i ke
fact or'S- e -n n 1 b~ nedj “ art. J

physi ci‘a ~yet erjsgari an haV| NG snagy lsldi 1§ _No the
art can readi ‘-yrdet drnd ne and Se the effective
anount of the pharr‘?adieutlcal COITpOSIHt A reduired. For
5 exanpl e, the physician or veterinarian could st art
doses of the conmpounds of#fhe invention enpl oyedn

cal  comp |on at | evels | owey
t hat UI 0 ach the |re

t her ap f s @ adua cry l. e o age
until t emrea fecf Is ac mﬁ‘vﬁ'\tl ng neral’, "a
sui t abl e" gy Jos€~of a conpount® g iMivention

will be that ambunt 10 of *the conpound which is the
| onest dose effective to produce a therapeutlcleffect
Such an effective dosg general ly dependO

factors descri gyl abavé eneral |y, or i ntg 3 e ous
|ntr w v’ ~and .o? t n t he
conpo --sN fvehgé? N_eoHs, %zﬁsed
for the t ed _agal gesi c eff ggs; 'l _wange from
about 0. OO@T Habout 100 ng per kiFofoam of body ,
wei ght per day. 151f desired, the effective daily dose
of the active conpound be adm ni stered as two,

three, four, SiX re sub-doses adm ni s ed
Separﬁl Yo at interval s th gho@aﬁ@
day, N Yome il urt LNdosa%!f A

enbod @ t atNl o) dh The

singyi s one adm e YN
conpound ot Athen i NV nt| on may he |stered as such
or in adnixtures 2 Nt th phar maE‘e fhicall v accept abl e
carriers and can al so be admi nistered in conj unct | on

Wi th antim crobi al agent uch as penicillins,

cephal ospori ns, . ani nogl [ des and gl yg« opeptl de

Conj u |ve th S | n des se

Si rrulo s (ang geparkt Wit fatf o ctive
conpourfd i n aovvay at t’he ther apEuitgal™ f
the firstos j st Lone is noto rel y”di sappear ed
when the stibsequent”is administered »

W"’“ ?@MI ,
2 a0

- 64 -



25 Treatnent of Cancer in Combination with

Chenot her apy or Radi ot her apy In certain
\589&&%9%9*5 one or more conpounds of the pr%%?ﬂkmmwww4n
TAVERLTON are used to treat or prevent cancer Or

neopl asti c di sease in conbination with one or nore

anti -cancer, chenot herapeutic agents incl uding,

not Iinited to -thq;rexate taxol aptqpu ,

30 th -~uagln-

cycl o am dé os m de sur = ciNrsgk@ti n,
carbopl. n cin, dacarba |me rocarb|2|ne
et oposi d&¥7ip insblone dexanmef'tigsong, Cyfarblne

canpatheC|ns bl eomyci n, doxor ubi ci n, idarubicin, WO
2008/024337PCT/US2007H018 71 daunorub|C|n
dactlnorrycmF plica 'toxantroqe aspar@glgsf
Vi nbl stlne ristan V|norelb|ne wClIt“

docet-§

conpoun W"p en'ffi‘*ﬂvent oy Ngs
pr event or .meopl astic dis

wi th one oF ® chenot herapeutic of

n cami nati on
agent s incl udi ng, but S5not limted to those presented

ther anti-cancer
in Table 2. TABLE 2 ERAPEUTI CS AND OTHER
ANTI - CANCER A S tQRa i on:y-radi atapn AlK ng
agent |t50 ycla Rosphamrgde osfam de
OME . O H
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15t r of osf am de Chl oranbuci| Estramnustine nel phal an

Ni t rosoureas: carnusti ne (BCNU) 20Lonusti ne ( CCNU)

Al kyl sul phonat esbusul fan Treosul fan =
wWo c@zemes: Dacar bazi ne Pl ati num cont ai ni ng PCT/US2007/018471
conpounds: G spl atin 25carbopl ati n oxapl ati n Pl ant

Al kal oi ds Vi nca al kal oi ds: vi ncri stine 30Vi nbl ast ilne

~OMe o AN

“on @, and

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

10 acceptable excipient.
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The present invention also relates to a method of treating a bel-mediated disorder,

comprising the step of:

administering to a patient in need thereof a therapeutically effective amount of at

least one of the compounds of the present invention.

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, erythroleukerﬁia, 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 ymphocytic 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 Bel-2 and/or Bel-xL. In some embodiments

the cancer exhibits a t(14;18) chromosomal translocation.
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The present invention also relates to 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 therapeuticaily effective amount of at least one of

the compounds of the present invention.

The compound or compounds may be administered parenteraily, 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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DHFR i nhi bitors: methotrexate Trinmetrexate | MP -

dehydr ogenase | nhi bitors: nmycophenolic acid Tiazofurin

20Ri bavirin EI CAR Ri bonucl oti de reductase | nhibitors:
wydésxyissea def er oxami ne Pyrimidi ne anal ogs: pcZius2007/018471
Uraci | anal ogs5-Fl uorouracil Floxuridine Doxifluridine
Ratitrexed 30capecitabi ne Cytosine anal ogscytarabine

(am GheCpios i“preadminisiralden dendr ['epdednpistgeing” refer to both concurrent

administration (administration of two or more therapeutic agents at the same time) and time
varied administration (administration of one or more therapeutic agents at a time different
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, cycloalky! (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-C3q for straight chain, C3-C3g 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 ning 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 alky] is a lower alkyl.

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

The term "aralky]", 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-ning 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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bi cal utam de Retinoids/Deltoids . .
pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. Those aryl groups

having heteroatoms in the ring structure may also be referred to as "aryl heterocycles" or
"heteroaromatics.” The aromatic ring may be substituted at one or more 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, -CFj, -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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carbons are common to two adjoining rings, e.g., the rings are "fused rings". Rings that are

jJoined through non-adjacent atoms are termed "bridged” rings. Each of the rings of the
polycycle may be substituted 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,
suifonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic moiety, -

CF3, -CN, or the like.

As used herein, the term "nitro” means -NOs; the term "halogen” designates -F, -Cl,

-Br or -I; the term “sulfhydryl" means -SH; the term "hydroxyl" means -OH; and the term

"sulfonyl" means -SO>-.

~ The terms “amine” and “amino™ are art-recognized and refer to both unsubstituted

and substituted amines, e.g., a moiety that may be represented by the general formulas:

R
R30 20
+
—N —N—RS3

wherein R50, R51 and R52 each independently represent a hydrogen, an alkyl, an alkenyl, -
(CH3)-R61, or R50 and R51, taken together with the N atom to which they are attached
complete a heterocycle having from 4 to & atoms in the ring structure; R61 represents an
aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a polycycle; and m is zero or an integer
in the range of 1 to 8. In certain embodiments, only one of R50 or RS1 may be a carbonyl,
e.g2., R50, R51 and the nitrogen together do not form an imide. In other embodiments, R50
and RS5] (and optionally R52) each independently represent a hydrogen, an alkyl, an
alkenyl, or -(CH;)-R61. Thus, the term “alkylamine” includes an amine group, as defined
above, having a substituted or unsubstituted alkyl attached thereto, i.e., at least one of R50

and R51 is an alkyl group.

The term “acylamino” is art-recognized and refers to a moiety that may be

represented by the general formula:

N ‘ ‘ R54

R50

-71-



10

15

20

25

30Lenal i dom de Bortezonm b Gentitabine Erlotinib WD
2008/ 024337PCT/ US2007/ 018471 Gefitinib Sorafenib

Sutinib |soprenylation inhibitors:Lovastatin
BO3PPaF138T gi ¢ neur ot oxi ns: 1- net hyl - 4- pheny| pyRGTHSAHHE471
ion Cell cycle inhibitors:staurosporine

\@‘Ifcé‘j:oiﬁy (fiélﬁﬁls Q éﬁl%ﬁ gg&%@bﬂ%%ks%?%%ﬁ%o&n alkyl an alkenyl or -

(CHz)m-R61, where m a.nd R61 are as defined above.

The term “amido” 1s art recognized as an amino-substituted carbonyl and includes a

moiety that may be represented by the general formula:

)J\N/#51

R50

wherein R50 and R51 are as defined above. Certain embodiments of the amide in the

present invention will not include imides which may be unstable.

The term “alkylthio” refers to an alkyl group, as defined above, having a sulfur
radical attached thereto. In certain embodiments, the “alkylthio” moiety is represented by
one of -S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CH3),-R61, wherein m and R61 are defined
above. Representative alkylthio groups include methylthio, ethyl thio, and the like.

The term “carboxyl” is art recognized and includes such moieties as may be

represented by the general formulas:

O

O
)J\ /R55 ~ J\
X50 X50 R56

wherein X50 is a bond or represents an oxygen or a sulfur, and R55 and R56 represents a
hydrogen, an alkyl, an alkenyl, -(CH;)m-R61or a pharmaceutically acceptable salt, R56
represents 2 hydrogen, an alkyl, an alkenyl or -(CH;),-R61, where m and R61 are defined
above. Where X50 is an oxygen and R55 or R56 is not hydrogen, the formula represents an
“ester”. Where X50 is an oxygen, and R55 is as defined above, the moiety is referred to
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 R55 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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Ant hr acycl i nes: daunor ubi ci n Doxor ubi cin (adriamycin)

| darubi cin 15 Epirubicin Pirarubicin Zorubicin

M t oxantrone NMDR inhibitors.verapam | 20Ca2+ ATPase
waobiosioress: t hapsi gargi n Anti bodi esAvasti n Er IpiCtras2007/018471
Rituxan 25The chenot herapeutic agent and/or radiation
therapy may be adm ni stered according to therapeutic
qﬁn@ta@ééﬁ it hydress therpbe veefogmula rqpreswntﬁ R “kpdongp ;gmntWhere X50

%%8“3? G R4 1358, WASBE it e cALR Piskial! 008"

,end,l. sease bei ng, t reat ed
T e s Re R i tﬁseussﬂgmnhrsf% A G as defined
aboel, havihgdinadxygéh tadRaRfyachd thbrto. dleﬁfb&ﬁﬁtw&aﬁﬁmy] Broups include
accordance with 30 the know edge of the [

S |
rpgthenve i© XYt prepyleven a{gé-gytpﬁy 'g.pq)ttl&:gk% (\Q "@thelr 5slaﬁ)ehydrocarbons

&Uﬂ&ﬁfﬁluﬂ@@ b&'aﬁ%iygé %Qéﬂoﬂiuéélj'r ahd aﬂu)stlt'iIB}f d?%n\éﬁ{yl At tddders that
vi ew of the observeéd effects of the adm ni stereéd

alkyéen gt ‘S@‘aﬁf@’ﬂﬂb@s an alkoxylasuch aeoypl &s répeesagfedby one of -O-alkyl, -
(5-%@81%?1361&11( Yy %eﬁﬁ@@se@& wh%ndm'aﬁd #:Bm ¢, . g obser ved

resp €s 0 e %44 ere
ther%peutlc agents. WO 2008/024337Pa111820071018471
Al so Thentega nsulpnate’o ifp stinesogmizedhandyincdudes 3 el hat may be

gsehtéﬁbgfﬂﬁé;@:hﬁﬁ ﬁﬂﬁﬁ'ﬁx‘ c agent do not have to be

m ni st same pharmaceuti cal conposition,
and may, because of differepy physical and cheni cal
characteristics, have to be |pdm nistered by different
routes. For exanple, conp ORf; the present
i nvention may be admi ni ster

in which R4 is an electron pair, hydrogen, alkyl, cycloalkyl, or aryl.

The terms tnflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to
trifluoromethanesulfonyl, p-toluenesulfonyl, methanesulfonyl, and
nonafluorobutanesulfonyl groups, respectively. The terms triflate, tosylate, mesylate, and
nonaflate are art-recognized and refer to trifluoromethanesulfonate ester, p-toluenesulfonate
ester, methanesulfonate ester, and nonafluorobutanesulfonate ester functional groups and

molecules that contain said groups, respectively.

The term "carbamoyl" refers to -O(C=0)NRR', where R and R' are independently H,
aliphatic groups, aryl groups or heteroaryl groups.

The term "alkylamino" refers to -NHR, where R is an alkyl group.

The term "dialkylamino" refers to -NRR', where both R and R' are alkyl groups.
The term "hydroxyalkyl" refers to -R-OH, where R is an aliphatic group.

The term "aminoalkyl" refers to -R-NH;, where R is an aliphatic group.

The term "alkylaminoalkyl” refers to -R-NH-R', where both R and R' are aliphatic
groups.

The term “dialkylaminoalkyl" refers to -R-N(R')-R", where R, R', and R" are
aliphatic groups.
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5 intravenously- to generate and mai ntai n good bl ood

| evel s, while the chenotherapeutic agent may be

adm nistered orally. The determ nation of the node of
wolniogiosisat i on and the advisability of adm nieermatdonnmissri
where possible, in the sanme pharnaceuti ca

conpgsition, is well within the know edge of the ,

ski | 10 tem rﬁr}élarawoattwe refggsitp aR-NE n’t’l“sf‘ff‘r Rl ghaliphytipand R’ is an
ﬂ?ﬂﬁo cording to established protocols known in the

art, nd t hen, based upon the observed 10 effects,

t he "y EIQ'dI%%ré’{? aaégjtg H?F&xﬁ@%ﬂ Ql end tines of

adntnls tration e skiIIed

cli ”"Jtﬁﬁé}m "thioxo” rIféFst LﬂbS@lﬁﬁltﬁfg%me

che er apeutrc ag en depend upon

| UdgriReesgie e S 2B Cpa0f sAPesiehpdf G, phenyl

teFIRSroflethah@ulfoBAL mEnhorﬁﬂ@b@ﬁ@ﬂanesﬁﬁ'dh}@,onpojdﬂdu@fesﬁlftﬁnyl and
present invention, and chenot herapeutic agent

and
rﬁﬁbi‘"&ﬂilg’t‘?yhé?ﬁpﬁféws]dmﬁqF@fee‘foé@f%h?ﬂ%‘i’ Hepf [the f(b&reglatlons utilized by
T 5 S OB o o0
Jvepehdf Gygampo Qhemistrmathisrlist of typheII)p pmberﬂt@r iata t.able entitled Standard

[;I:IFI tsgta i%BﬁEt"ﬂflgf(’:ﬁof ?ﬁ'@% gaggﬁ?{agtt)rggcé al dyn Palﬁli] gla{ aaﬁf fl@)rewatlons
higized! biynbrghueit etheintsts @0 jodifiry O3kil( iin @he oM hr@i KerébySirtetperated by
treatment 20protocol) with a conmpound of the present
TPERAEi on. If a conpound of the present

| nventyeQhm alfakN] £NRENNIYRH 3RE H‘Ic'ltfiiesag ?r{bﬁet?ﬁﬂt Hfay be represented
radi ati on are not adm ni'stered sinultaneously or

hysthe genierdl formaiamul t aneously, then the optimum order of

adm ni stration of the conpouncyof the present

i nvention, and the chenntheraﬂfutic agent and/ or

radi ation, may be different f different tunors.

Thus, in 25 certain situat thé”anpound of the

present invention nay be adnt stered first followed

by the admi nistration of the d¢henotherapeutic agent

4ﬁngﬁaqRJaghggaﬂﬁdagﬂg in other situations the

chenDtherapeutlc agent and/or radiation my be

adm mmtﬁmdsﬁlfdn§Mﬁ"|1@Vh®tdrebygrﬁibﬁ a@dninBludés’ atmdiety ahatamay be
quw % the esep invention. This alternate

Qﬁ? apg & ™9ula; epeat ed during a single

treat ment protocol. The determthati on of the order of

30 adm nistration, and the nu r of repetitions of

adm ni stration of each ther gagent during a

treatnment protocol, is well Jrln the know edge of

the skilled phyS|C|an afterl eval uati on of the disease

being treated and the condifti o of the patient. For

exanprg, tehhe"s%mg§lhet%aﬁ@k€cb§n1?&eﬁﬁd a}ﬂdﬁ&& 5%‘61@6" tmt may be

may be administered first, eSpecially if: is a

repEEneAby trrgneatioovla0 18471 cyt ot oxi ¢ agent and then

the treatnment continued wtlpthe mnistration of a

compound of the present |nv1£t|on ol | oned, where

det er mi ned advant ageous, gﬁéntnistration of the

chenot her apeuti c agent and/ iation, and so on

until the treatnent protoco IS Sghplete 5Thus, in

accordance with experience &d know edge, the

practpai P i [ c

Dot oy B PR30 SO0, IR AR BaClne) B rofcnted by

the generad dorpiand of t he present inventlon

chenot herapeuti c agent or radiation) of the treatnent

according to the individual patient's needs, as the

treatment proceeds. Exenplification
-74 -



10

15

20

25

10The i nvention now being generally described, it wll
be nore readily understood by reference to the

foll owi ng exanpl es, which are included nerel
‘%%?%3@%@@% of illustration of certain aspect%ciﬁ%mmwum4ﬂ

enbodi nents of the present invention, and are not

intended to limt the inventpon. Exanple 1 15 1

Part A 23 To a solution olt] phenol 2 (750 ng, 3

mol, 1 eq) in DMF (5 ) atg0 Gwas added 20 NaH (130

ny, 3.6 nmml, 1.2 eq) foll ovxﬁ]d by*Mel (280 gL, 4.5

mol, 1.5 eq). The reaction i xture was stirred at rt

for 24 h and then quenched wPth water. The ni xture was
ifliwhidteH g yvid $eldctdd fora e @S @6ndisting & Wyt g tafiyl,t dllesnyl, alkynyl,
brine. The solution was dried over MgSH, filtered and
cyolnalepl heterocdydyd, afk orttef@@ylng of crude product 3.

f 0
viel Ci"h:elz'%)m/{’ "sﬁﬁ'crngidoa as used herein, refers to a moiety that may be represented by

the general formula:
0

in which R4q is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aralkyl, or aryl.

A "selenoalkyl" refers to an alkyl group having a substituted seleno group attached
thereto. Exemplary "selenoethers" which may be substituted on the alkyl are selected from
one of -Se-alkyl, -Se-alkenyl, -Se-alkynyl, and -Se-(CH2)i-R7, m and R7 being defined

above.

Analogous substitutions may be made to alkenyl and alkynyl groups to produce, for
example, aminoalkenyls, aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalkenyls,

iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted alkenyls or alkynyls.

As used herein, the definition of each expression, e.g., alkyl, m, n, etc., when it
occurs more than once in any structure, is intended to be independent of its definition

elsewhere in the same structure.

It will be understood that "substitution” or "substituted with" includes the 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. [llustrative substituents include, for
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OVEHOHN Owve 2534 WD 2008/ 024337PCT/ US2007/ 018471
Al dehyde 3 (790 ng, 3.0 mmol, 1 eq) and hydroxyl am ne
‘g%;dro hl oride (250 ng, 3.6 mml 1.2 eq) were

208055 § n THE MeOF) (3:2, 10 ni). Water (2 FTjUSgygo18en
added and the pH was adj usted to 9 with 6 N KOH The

d‘x@ﬁﬁlgel HasdTHskAHEE Y¥sin Shdve! eﬂme%nﬁi%sx@l%%h%tﬂfbhts iyl 8 orlSor more
BH3CN (380 ng, 6.07 mmol, 2 eq) was added

g uhgvv@mebyr dlf@remt yiex appr@pnai@tong&m%ﬁ@m@cemdsrheF%wum@es of this
e e I
REAnBA e (Ricfonlii ST L hb Ak BV RTER|Bhsctis andior any
ﬁerr&qmbhtsubﬂdmdnlsowf oofanic ¢dnfchindsAfeseibes hievein which eatis®y the valences
t ortlo of NaBH3CN (380 . 6. 10 L, 2 e
dldbe 5 iptomg ¢ & his dpyenfipm, s P%?r‘“‘&“ﬁ?%’t 9 beobmirg?w a%a%faw by the
&Hn!sﬂﬁlersﬁﬁﬁfftde‘ﬁf% di“oi‘éaHFcQ:o%&r@’sOUght to 7 and DCM was
ded. The m xture was washed twice with water, brine

5t e 55 T i o
fEoteicd petentiedly reactivk flonationdlogrgp Gomhynilesixad eheimieal 4ransformations.
EYIa?nlp?es g’tg/%uc protecCEmg gr%%ps include esters of carboxylic acids, silyl ethers of
alcohols, and acetals and ketals of aldehydes and ketones, respectively. The field of
protecting group chemistry has been reviewed (Greene, T.W.; Wuts, P.G.M. Protective
Groups in Organic Synthesis, 2" ed.; Wiley: New York, 1991). Protected forms of the

inventive compounds are included within the scope of this invention.

Certain compounds of the present invention may exist in particular geometric or
stereoisomeric forms. The present invention contemplates all such compounds, including
cis- and trans-isomers, R- and S-enantiomers, diastereomers, (D)-isomers, (L)-isomers, the
racemic mixtures thereof, and other mixtures thereof, as falling within the scope of the
invention. Additional asymmetric carbon atoms may be present in a substituent such as an
alkyl group. All such isomers, as well as mixtures thereof, are intended to be included in

this inventjon,

If, for instance, a particular enantiomer of a compound of the present invention is
desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral
auxiliary, where the resulting diastereomeric mixture is separated and the auxiliary group
cleaved to provide the pure desired enantiomers. Alternatively, where the molecule
contains a basic functional group, such as amino, or an acidic functional group, such as
carboxyl, diastereomeric salts are formed with an appropriate optically-active acid or base,
followed by resolution of the diastereomers thus formed by fractional crystallization or
chromatographic means well known in the art, and subsequent recovery of the pure

enantjomers.

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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A solution of hydroxylarine 4 (700 ng, 2.5 mmol, 1 eq)
and nethyl glyoxylate 15 (445 ng, 5.05 mmol, 2 eq) in
benzene (715 nm.) was heated at reflux with a Dea ar k
98/0%3+ni ght . Excess sol vent was renoved |RCW@§%P£7’°18471
and the resulting nitrone 5 was taken on crude in the

aggé the! ?qﬂ“:acga&i( Coho?m%othgtzlhoaﬁdlg Osg)%rnﬁ% l‘rec%&t%?mni? gggi%fal the
cEFlinﬁbtﬁﬁs)df thd plesedt, inBenBionmidy, bel pEzp&rq&l bywethe nelitisgie | ilegirated in the

t ol uene and heated |n the njcrowave a C
EFRfra 1’6“‘rﬂoﬁ Sghé'“"rse% ‘?ro"r’l‘aWPlf‘! dessrifeds bedpwerely Woé}ﬁ%@t‘%éhﬁmf

ué.&hg rEad)ly%Qgila%lé ghtrﬁﬁ% k@A PapdntL e &Qﬁé}ﬁﬁl)hﬂl K‘xﬁ’n@@s procedures.

Was added. Arter stirring for 2
I’éld]@ifé‘@l regsliond dt s Kl pessitts tovanske dise Wi cyenwt& whwélt e ipdlemselves

\gﬁ pelg Lﬂa%nt l%l'ltg)qleffﬁgx% 25 M504, filtered over Celite
an

‘concentrated 1 h vacuo to afford an oil. The crude
resi due tevas "subject" i a8 diskd/ hereln, eefexgetb aa hanonal} tygicapjnya rﬁﬂrﬁﬂfal or a
hexanes/ Et 0Ac) to afford 575 ng of |actong 7. Yi.e
hyrgn, Bak aSEbee%pﬁ*eze'a @ii?@%/‘l?@%ﬁ‘f’ﬂe %cxn@frlwen NYhen the

t&AYEis 96ed 18 conjunction with administration of a compound or drug, then the subject has
been the object of treatment, observation, and/or administration of the compound or drug.

The term "therapeutically effective amount” as used herein, means that amount of
active compound or pharmaceutical agent that elicits the biological or medicinal response in
a cell culture, tissue 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-epOptotic 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 vanous 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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M AO7BSM | ; CH 7 To a solution of |actone 7 (225
nmg, 42 gnol) in THF (6 nL) was added pyridine (2 nl)
and HF/ pyridine (2 nL). The m xture was stirred at rt

wonroodohyshen TMSOMe (8 nl) was added. Sol ventpcwasS2007/018471
renmoved in vacuo and the crude product was purified by
silica gel 5 chrormtofqra hy (Et0Ac) to afford 128
13Fatbec&§ ainfiRsapaularg a intragrigital, 7 ggacysgdiag, Eintradermal, rr@raaentoneal

E %%hg:{l' eﬂbé@arﬁ‘zys'r owiuRQi40 mnfrgzﬁﬁ&llﬁntsﬁ‘n&bMarq) suba:élchnord

-1 sopi nocanpheyl'am ne (110 gL,
iDChdp{nal m;i)mumnaaldgcbtlbmambtnﬁwim um num (300 gL, 2 M 10

|nh a 1 nmol , .eq) ... Aft st rrin .

sg’FﬁiﬂFoﬁy%‘fmlFa H‘g‘)"”é‘f’(‘izsadﬂﬁmstﬁre%l Fﬁ‘?ﬁ'i‘cail‘%[ eqfripheral
ddamDQMt( " Bild) "adfeni A6re € Perdih@ralipeasdiisd uéremmn?eﬁd ddnfiflis@dtion of a
rt overnight. The reaction was quenched b

th
@apoundy rirgg op other material oﬁwaédemﬂhempethg aite 0§ dheuBrloprediated
‘fb%pﬁ%%‘@gg’&{egg 34%1 %emssar&@rﬂ'ami ¥h { {s 5 lggct t@ﬁ'le&bghsnhand other

m xtare washe tinmes wt
W&tpeocesses| fothemmpte, né;cutﬂmusmdmmmmttmas dried over

filtered ncetr vacuo to .afford
Tl b e RN S R 6 pel OB Brdnf R Bt of a
RipotRd, agterian or ecﬁhgﬁ )ontc@m@ﬁélﬁg g esmgfid r(SQtI'Iéfpr&entYh\QJnﬁon which
91% Part G A flask cont aini ng aryl iodide 9

is eHeqiiyg for produging samg desired therapguticiitsstan shleass |atselr-aﬂnngatlon of
, o ?

0 etz STl A S ST DU L iy

eq) v pRohsel mjmrmzut(caﬂﬁ a¢rgptable3B empidyed Bertindo yefovas those

s s S3PaRR R R e o AR W e o
Sdhdippdit £132d gt sﬁﬁt}a.bl@foSﬁseﬂﬁBdmtadi) with@kp tiseas oftiohash Béinks and
arrzien?glis [.]v?thout excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically-acceptable carrier" as used herein means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc
stearate, or steric acid), or solvent encapsu]ating material, involved in carrying or
transporting the subject compound from one organ, or portion of the body, to another organ,
or portion of the body. Each carrier must be "acceptable” in the sense of being compatible
with the other ingredients of the formulation and not injuricus to the patient. Some
examples of materials which can serve as pharmaceutically-acceptable carriers include: (1)
sugars, such as lactose, glucose and sucrose; (2) starches, such as com starch and potato
starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8)
excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil,
cottonseed oil, safflower oil, sesame oil, olive oil, com oil and soybean oil; (10) glycols,
such as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14)

buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid,;
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WD 20081024337PCT/ US20071018471 conti nued for an
additional 18 h. The reaction m xture was added to

O m), acidified with 6 N HO unti |
“\zﬁ%@éfﬁé§ ayer attained a pH of 4, and extrac%ggmﬁotoﬁms‘m
DCM (3 x 100 ni). The conbi ned organic layers were
(?6)1@%3@}{%(3 N@?é%vy fs?t‘oﬁig [ls_ﬁ_?he,a(’l@) Rﬁ@&_‘-”sfsbhﬁ‘ibﬁ%l 9)’1etP{ﬁ‘igé9hol; 20)
was di

o afford a brown oil. i s crude oi ssol've

pith bviSered (sslptions) (Ahdpalyesters dpolicathomeardiornpglyanBydrides; and (22)

o At confPotif Sl oo MRG0 ool 10

r edled plmsesi“Belimediard disptder't et &dsdvédrveadiatedib e cel{s3édpressing Bel

nL). apnd .DCM (100 ni nd acidified wth. HO unti |

Wﬂé‘“&q{?&ﬁdg P?‘%‘?E’S'Céﬁ %’gi ﬂ%‘“’&seac%'ﬂft@f‘s P Wg‘r‘?g aH%S) Srdeiplays a role.

suepadled asly B@irdclls rastbeRUte Bathd1aEEAGothitidh XAV Bt ikdiB&tly related
. The conbi ned 10 organic | ayers were dried over

L
todDescandition. t dhe deatyre egmaepnpfor thistelasy ¢fcanditions jrdthat they may be
r.at. P . r . 0l . il .
RGBS Ao VAR PLENA 2, U)o bl
Ve OHARGIYEd hareig) the tetm84B¢l” ahd TBclgsotainD mevintesdeiditel encéimgphast one or

63% _.Par 101 15A soluti.on of. 1 QD

TRFBof the éeb% PRI ?E@“m‘n’@aﬁg Proteins gaf-%%-'%éé%&’(%&- Al
Bil1, BE1-BSBOWADIV AL a8d @fblr: homologues. o

(S)-M N1, 4, 4-t etranet hyl pentane-1, 2-di am ne (120 ny,

0.74 mol, 1.5 eq), and HBTU (230 ng, 0.62 mvol, 1.3

eq). After stirring overnight at rt, the m xture was

%ggggs %&[é’i@r%&!cﬁ(: %H&!ndsand extracted with DCM (3 x 50

: € organli ¢ phases were dried over Na2SO4,

filt ' i ' i

col | 4T eTraonIRAY EORAERES of i PRSP nE IR P& isicl 2 B
cytipadditi@greagion hebvek % iite@ricldndCiy) alkane giThe nitfibe sgbstratesand alkene
ntg%/g?ﬁsggalérll %ﬁr&\_l?)gall %ro‘h%%sui%%le( E)?lcf)gr)'li)calt GGe%intlsz%tigr%L fo(lf\o/lwi_lqg+§ynthesis of

the isoxazolidine core. In certain instances, a Lewis acid is added to the reaction. In a

preferred embodiment, the Lewis acid is Ti(Oi-Pr)s. In certain instances, the reaction
mixture is subjected to microwave radiation. In general, the subject reactions are carried
out in a liquid reaction medium, but may be carried out on a solid support. The reactions

may be conducted in an aprotic solvent, preferably one in which the reaction ingredients are

substantially soluble. Suitable solvents include ethers, such as diethyl ether, 1,2-

dimethoxyethane, diglyme, t-butyl methyl ether, tetrahydrofuran and the like; halogenated
solvents, such as chloroform, dichloromethane, dichloroethane, chiorobenzene, carbon
tetrachloride, and the like; aliphatic or aromatic hydrocarbon solvents, such as benzene,
xylene, toluene, hexane, pentane and the like; esters and ketones, such as ethyl acetate,
acetone, and 2-butanone; polar aprotic solvents, such as acetonitrile, dimethylsulfoxide,
dimethylforrmamide, pyridine, and the like; or combinations of two or more solvents. The
reactions may be conducted at a variety of temperatures. In certain instances, the
cycloaddition reaction is conducted using a substrate attached to a solid support. Following
synthesis of the isoxazolidine core, the isoxazolidine compound may be derivatized using a

variety of functionalization reactions known in the art, Representative examples include
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11 WD 2008/ 024337PCT/ US2007/ 018471 Conpound 11
was synt hesi zed according to the procedure described
in Exanple 1 using
WS oodbh24B8r1, 5-tri net hyl hexane- 1, 3-di am ne i n pbawe200f/018471
(5)-N1, N1, 4, 4- tetranet hyl pentane-1, 2-di am ne. 49%

yi el.d. I\/IS](ESI( 2 mz 376.23 (Mr2H) 2. Exanple 3 5 .
praqnérptcoAp ing pepctiqnsjqogkkenylhalides or aryl halides, oxidations, reductions,

reactions with nucleophiles, reactions with electrophiles, pericyclic reactions, installation of

protecting groups, removal of protecting groups, and the like.

As set out above, certain embodiments of the present compounds may contain a
basic functional group, such as amino or alkylamino, and are, thus, capable of forming
pharmaceutically-acceptable salts with pharmaceutically-acceptable acids. The term
"pharmaceutically-acceptable salts" in this respect, refers to the relatively non-toxic,
inorganic and organic acid addition salts of compounds of the present invention. These
salts may be prepared in situ in the administration vehicle or the dosage form
manufacturing process, or by separately reacting a purified compound of the invention in its
free base form with a suitable organic or inorganic acid, and isolating the salt thus formed
during subsequent purification.  Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmitate,
stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate,
tartrate, napthylate, mgsylate, glucoheptonate, lactobionate, and laurylsulphonate salts and
the like. (See, for example, Berge et al. (1977) "Pharmmaceutical Salts", J. Pharm. Sci. 66:1-
19). '

The phammaceutically acceptable salts of the subject compounds include the
conventional nontoxic salts or quaternary ammonium salts of the compounds, e.g., from
non-toxic organic or inorganic acids. For example, such conventional nontoxic salts
include those derived from inorganic acids such as hydrochloride, hydrobromic, sulfuric,
sulfamic, phosphoric, nitric, and the like; and the salts prepared from organic acids such as
acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, palmitic,
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sulfanilic, 2-
acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic,

isothionic, and the like.

In other cases, the compounds of the present invention may contain one or more
acidic functional groups and, thus, are capable of forming pharmaceutically-acceptable salts
with pharmmaceutically-acceptable bases. The term "pharmaceuticaliy-acceptable salts" in
these instances refers to the relatively non-toxic, inorganic and organic base addition salts
of compounds of the preser{t invention. These salts can likewise be prepared in situ in the

administration vehicle or the dosage form manufacturing process, or by separately reacting
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1314 To a flask containi ng Boc- D- phenyl al ani nol 13
(100 nmg, 0.4 mmol, 1 eq), and 10

= triethyl benzyl ammoni um chl ori de (10 ng, 0.04 nunol,

WD 080pe3stas added THF (4 ni), 50% NaCH (3 nlPCT/HRHONEEB471
(26 uL, 0.4 mmol, 1 eq). After stirring at rt for 72

the reaction, mxture vvafs dlluted W th water g?g%) .
t%mauré@adrcgetpean i 15 Bespeid 1Qrmpayith 3 suitehls Qﬁ‘F@éH‘F}b ay the dyydroxide,
clﬂ\l%fnﬁ‘atéj bt §iga1‘%1%fte Bpgg%ma@éﬁﬂ&ﬁf)‘z%@éfﬁéﬁlc Al Bdtfoh! WRE al¥honia, or

silica gel flash chronmatography ( 5% Et OAc/ hexanes),

Witho A dqhﬁrgna&elmcgﬁy agsieptaple g OrgBOic nYIMBNYY secaiBipky sor tertlary amine.
lin,g elécl-:rﬁzgﬂlg ﬂl(nlill \é@f algélﬁl%oéav dsrlltg Ijhalluﬁ‘l: l‘l&% qﬂ}%\‘é{éllfj oﬁ%bd cp‘a?assmm
calﬁdmt hﬂag‘néﬁlndu and aheniapn rsaltﬁdndl\lt}tehhlteol Reﬁesdntatlge \begdhhﬁ‘ammes

T AT R .
eARSLAZARR R o130R0 AT iR:hE8hrfine, piperazin® ARPHEFikd A S¥@For example,

synt hesi zed accordlng to the procedure described in
Rle s#prahsi ng amine 14 in place of

(S)-NI, N1, 4, 4-tetramet hyl pent ane- 1, 2-di am ne. 56%

yield. M5 (ESI(+)) ink 757.93 (M+tH). Exanple 4 5 15

Bl?(%)}iccﬁ Activity Analysis

The following in vitro binding and cellular assays may be used to determine the
activity and specificity of compounds of the present invention to bind to Bcl-2 and inhibit

Bel-2 function in a cell.

Bcl-2 Binding Assay

Bcl-2 and Bel-xL binding may be determined using a variety of known methods.
One such assay is a sensitive and quantitative in vitro binding assay using fluorescence
polarization (FP) described by Wang, J. -L.; Zhang, Z -J.; Choksi, S.; Sjam. S.; Lu, Z.;
Croce, C. M.; Alnemri, E. S.; Komgold, R.; Huang, Z. Cell permeable Bcl-2 binding
peptides: a chemical approach to apoptosis induction in tumor cells. Cancer Res. 2000, 60,
1498-1502).
Cell based assays

The ability of isoxazolidine compounds of the present invention to inhibit cell-
viability in cancer cells with Bcl-2 protein over-expression was demonstrated. When RL-
cells are exposed to isoxazolidine compounds of the present invention, the inhibitors show a

dose-dependent cell-killing in Alamar blue cytoxicity assays. When Pancl cells are

- exposed to the isoxazolidine compounds of the present invention in combination with

camptothecin, the inhibitors show a synergistic dose-dependent cell killing in propidium

iodide exclusion cell survival assays.

Pharmaceutical Compositions

In another aspect, the present invention provides pharmaceutically acceptable

compositions which comprise a therapeutically-effective amount of one or more of the
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1617 To a solution of phenol 16(2.0 g, -10 nmol, 1 eq)

in DMVF (5 nL) was added K2CO3 10 (2.1 g, 15 mol, 1.5

e¢q) followed by Etl (880 AL, 11 mml, 1.1 eq). The

weaamsioassm xture was stirred at 60 C for 24 trcarnictiersd7i
cooled to rt and quenched with water. The m xture was
diluted with Et 0Ac and washed twice with water and i

qoFRuURds; Aescribgde aboyrey doranlaieds tegether Withe pngupsonore pharmaceutically
' : [ ua.aol [

ARSI A e T T Qe g U " Rlow, the

frervaceetdabicOmpysitiansadif the Pprdse6Ginyemiont iney desipeadlly formulated for

roduct. 17. 1sYiel.d.72% Part .B OEl t 18

B GRon i o9 REOF idujd G R0 i RSe P dirs A iee: () orl
danidnioedion] fodlex4rhple, d@mch@ggﬁﬂedﬁmibh' noA-adueddy soMBfichs or suspensions),
di ssol ved in THF/ MeQH ( 3: 10 mL)., Water (2 ) was
tablgisd egndthose targeted for buccal, sublingual, and systemic absorption, boluses,
powders, granules, pastes for application to the tongue; (2) parenteral administration, for
example, by subcutaneous, intramuscular, intravenous or epidural injection as, for example,
a sterile solution or suspension, or sustained-release formulation; (3) topical application, for
example, as a cream, ointment, or a controlled-release patch or spray applied to the skin; (4)

intravaginally or intrarectally, for example, as a pessary, cream or foam; (5) sublingually;

(6) ocuiarly; (7) transdermally; (8) nasally; (9) pulmonary; or (10) intrathecally.

Formulations of the present invention include those suitable for oral, nasal, topical
(including buccal and sublingual), rectal, vaginal and/or parenteral administration. The
formulations may conveniently be presented in unit dosage form and may be prepared by
any methods well known in the art of pharmacy. The amount of active ingredient which
may be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, the particular mode of administration. The amount
of active ingredient which may be combined with a carrier material to produce a single
dosage form will generally be that amount of the compound which produces a therapeutic
effect. Generally, out of one hundred per cent, this amount will range from about 0.1 per
cent to about ninety-nine percent of active ingredient, pref‘erably from about 5 per cent to

about 70 per cent, most preferably from about 10 percent to about 30 percent.

Methods of preparing these formulations or compositions include the step of
bringing into association a compound of the present invention with the carrier and,
optionally, one or more accessory ingredients. In general, the formulations are prepared by
uniformly and intimately bringing into association a compound of the present invention
with liquid carriers, or finely divided solid carriers, or both, and then, if necessary, shaping

the product.

Formulations of the invention suitable for oral administration may be in the form of
capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia

or tragacanth), powders, granules, or as a solution or a suspension in an aqueous or non-
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the pH was adjusted to 9 with 6 N KOH Thé reaction
m'xture vvas stirred at rt for 4 h then NaBH3CN (890

‘YE 2 eq) was added followed by a crﬁsta of
%”HW‘BWange The pH was adjusted to 2 and Fh&/US2007/018471
resulting ruby red color was naintained for the

agﬁl{oﬂE l18151d odr bR ofl—@ﬁ%le? Br QXteP foil ﬁrﬂ.ﬁ&' b dbrlas Qﬁ ef?zflr ‘ér syrup,
ter Stlrrlng anot her portlon of

om.mgm{leg gexingran iregt bﬁsm sucQ a@(g)elangmd\(g&wgnn,Aqrtsgprose and acacia)
aﬁtﬁ/‘or r nrgthﬁ)r zfshés h.l?(l tttge dn%cgé%‘%\t/%%;né K dé%&etﬁrﬁ]:r?ed 2Mount of a

U e WwWas roug

mnpbmrrdeoﬁ/\ae prasiteidlvéntion eas aQctive ingredient. A compound of the present
2008/ 021337PCT/ US2007/ 018171 with water, brine and
ipMen e Bo% plsppesesminpifgedas acholys, Pacieary AERStFsed direct |y

in the next reaction without further purification
Par t licsedid dospge dormscpfythe dRvegtion ferr Rl PéimNIsatiey fcapsulgs, tablets,
I
pﬁls flﬁﬁg@ pg@deﬁq%raﬁgﬁg%gﬁ%%s a ml)l M]%)ﬁﬂe% gtgafaec ive Qlércg elnﬁl)% ‘rfixed with
onk ton raoPeptranBi@ntically apceptabien cayhiers, E)ch%sscslﬂjm&matms dicalcium

PSRN Lot o B AURIERS & SPUERLDG, BAARRS 3% MPBurches, acose,
sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5)
solution retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary
ammonium compounds and surfactants, such as poloxamer and sodium lauryl sulfate; (7)
wetting agents, such as, for example, cetyl alcohol, glycerol monostearate, and non-ionic
surfactants; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate,
zinc stearate, sodium stearate, stearic acid, and mixtures thereof; (10) coloring agents; and
(11) controlled release agents such as crospovidone or ethyl cellulose. In the case of
capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering
agents. Solid compositions of a similar type may also be employed as fillers in soft and
hard-shelled gelatin capsules using such excipients as lactose or milk sugars, as well as high

molecular weight polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using'binder (for‘examp]e,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative,
disintegrant (for example, sodium starch glycolate or cross-linked sodium carboxymethyl
cellulose), surface-active or dispersing agent. Molded tablets may be made by molding in a
suitable machine a mixture of the powdered compound moistened with an inert liquid

diluent.
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Part D OEtOBr MeQrk.,14)BrOH OrBST1001314 N OE1 O
ibl\/b Ob M5 | ELOTBS 1019620 Nitrone 19 (2.0 g,

1 II'ylic alcohol 6 (2.0 g, 9.5 |
50 $08l53a T(1 opr) 4 (2.8 L, 9.5 nunol - 1. SR Epe

di ssolved in toluene (25 nL) and heated in a m crowave

t 1
3\/' . h%%? %Ab\{l:é?% F?%&) oﬁi‘epsohalagsd'g@ 3Gl s 110 pHahdeefRS! SinhpdsRidns of the

Besguli mmnhyh asm:hwas) drage.es papspbnq:dlﬂaﬂnd(gtamb)s m&som@ddw be scored or
After | [ri

P,‘}‘?R?{eﬁ]r“é' (}\%Saﬁlg ahfg[ 1% S’élgh gﬁ ?qie V\f?ngs B‘P‘? ﬁtg)er coat 1% uéei}le]pown in

th@ﬁﬁﬂmaéduh&aw&%mm @an cm? Ay thoibe fumtilfled J& t@rpﬂ@ﬂde slow or
resi due was purifi, e by silica, gel chromat ography (15
crablied Ielease &E yherastivg ingiedicohythersi wsing, fred#ap Qd‘ydwxéP@P)’lmethyl

0)
c%ﬁlrfb?eﬁ ﬁ{l_ Elaﬁlr%oa—%g&n\?\gés %a gﬂ@ad{ﬁ%pgl/és?%? rliégga(se ]prgf' 1@“18 her bolymer

rmtmasr thasames andfcrreuicmSphelreSf GFheg riayt baefwnmlxl&@%or(lzﬂld rrtbease e.g.,
3% gr‘?%Edl’he‘yg%lba\l)//ﬁ%%itstee\ém%%dr biy or e‘)j(amglI VR Aor og Igggl%)%tgr‘ija-retammg

roduc Ica g roma
f(lﬁéa -ot B9 hdoishiatipeaniem) dgentafd ve dorﬁﬁ@f mlefsolﬁﬂcom\ﬁoellndns which

rl?égfo/ P {stsol\lz:ed mtezr?lgsxzract)édfg? an%r /ot %fz gt%Zl{eol%usethl%Ie medium immediately
before use. These compositions may also optionally contain opacifying agents and may be
of a composition that they release the active ingredient(s) only, or preferentially, in a certain
portioﬁ of the gastrointestinal tract, optionally, in a delayed manner. Examples of
embedding compositions which may be used include polymeric substances and waxes. The
active ingredient can also be in micro-encapsulated form, if appropriate, with one or more

of the above-described excipients.

Liquid dosage forms for oral administration of the compounds of the invention
include pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active ingredient, the liquid dosage forms may contain
inert diluents commonly used in the art, such as, for example, water or other solvents,
solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene
glycol, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor and sesame oils),
glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

perfuming and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agents
as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and

tragacanth, and mixtures thereof.
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To a flane-dried round bottom fl ask was added .
(+)-isopi nocanpheyl am ne (235 uL, 1.33 mmol, 2 eq) and
DCM (2.0 nk). Trinmethylal um num (660 uL, 2.0 Min
wexasesass7l. 33 5 nmol, 2 eq) was added and t hecresmbiossr
m'xture was stirred at rt for 15 mn. Lactone 21 (256

, 0.663 mmol, 1 eq) in DCM (8 nL) was added and the
P§6WF'HW3M§m§9$1P?II§dOfétthlﬁ tinvetioB r suitable fon gparenterals agmingstration

| I l:

oSARHEPORC o St BlhoBlnd 8 SR th ol 33 one gr more
phanmadwtically- actce]btable Atehle 1m1mqu®dsi er nériaquenux selnkons, dlspcrsions,

hed with d fillit d d, . }
SHSHREEORS o SRR EL el BTass Srea iy b iend By into serie
ifg@&amwsbmh@f@ &yd@elrél&ﬁ Jﬂﬁ'é)ri%h it B, QEHi APy (:&Qaliaoéagars alcohols,

OAci hexanes) to afford ng of amide 22 in
aptieyidantsphpflers bactepipstas,sofytesswhiely mndrrnthﬂgfom%nomlm% with the

bﬁord(t?g%eqﬁtgﬂyﬁdézm %Lorgéﬁpgg%%& tﬁ@%@rﬁa%ﬁg] 2 eq),

cesi ca at. ot a
acet ate" ff;f 3 SUIEB{E%%“?PU% 8]“9 ninagngr% E%ll‘gcl? }Sé(efg: oyed in
tmgpha(am@deﬁncﬁmbmp&slﬂorsq;)' tMv@ﬂfogédchd Watad, ghanalNpoliBQuch as

gﬁW@’?&r ﬁ?ﬂgﬁ&fzgga@aﬂ%ur 7 m@%oj,gae he ]@ka&fga.lsrmab?qm@&)rcs thereof,
VB 8R4 sadtasfIRE ol JarRQR ek tabie @r dgaﬂl'c ektess, lQulch-ric]%th(y]sE))]f:antif':) Proper

reaction m xture was partltlone etmeen wat er
fhidity20ayDovimeBteingd) forreaampledbyf thedise of prating watamals, MCH@F lecithin,

e B R e R R B e we o
sdifacethtover Na2SO4, filtered and concentrated in vacuo
to a brown oil.

These compositions may also contain adjuvants such as preservatives, wetting

agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms upon the subject compounds may be ensured by the inclusion of various
antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid,
and the like. It may also be desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions., In addition, prolonged absorption of the
injectable pharmaceutical form may be brought about by the inclusion of agents which

delay absorption such as aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it is desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally-administered drug form 1s accomplished

by dissolving or suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of the subject
compounds in biodegradable polymers such as polylactide-polyglycolide. Depending on
the ratio of drug to polymer, and the nature of the particular polymer employed, the rate of
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The crude oil was dissolved in MeOH (6 nlL) and treated
wth AcOH (30 uL), 37%formalin (50 uL, 0.67 nunol, 4
eq) and NaBH3CN (30 ng, 0.50 nmol, 3 eq). After
WOeBI0Rg3P5at rt overni ght, the reaction m xtRGTAISARI3/018471
partitioned bet ween water (40 nL) and DCM (40 nlL) and

g;ﬂ %%sggmgﬁ :' ﬁ@trghﬁtg S@xan{%s of ot%er %}/o egrat\i\ebrlee polymers include
PSRBT Bl pdI2 idd34 DEpsbihjeatate tortdutaiio Yk GBo Prepared by

20 mL). The conbi ned organic | ayers were dried on

RIS the idrigdp digosomes @bmmmldﬁlw wikichy2re gemp#iblg vish Body tissue.
brown oil. To an aliquot containing 9% of this

cr udasage forrms figy, the tapiepl aniznsdarmead pdminisortioy of aicpmpgund of this

e, (RYodl pbbadh Tl FrRbeRYLIAPIASRL, RiMLEMAe soluions
itahgy andinbalantxt 'ﬂ]hee:ml\ias cotnpalind anayi Hefmiﬂbd) hh(ﬂeﬂ: steli)e c&ndltlons with a
%f i ed Hz{_&g%\é%gf‘egc ase {' C\'ﬂg ém; q pc%"gé"r’gé%%s m;.HfPe , orr&g/llaellants

ﬁmbhﬂuayﬁé?éqqué@% M5 (ESI (+)) mz 393.25 (Mr2H) 2+.
Exanple 5 102 Compound 23 was synt hesi zed

acco rﬁie”&n?n?ean ©aREOCEEUHL aftESE | B cbitafl 3RUGitifn to an active

usi ng am ne
ceRponnd Bf dilsranvention3 -eptipiepisp sush aaseanimd- anidaveigatable rfags) aﬂ:fe waxes,

S N LA SRBSO ARG bl B Hones
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to a compound of this invention,
excipients such as lactose, tale, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants, such as chlorofluorohydrocarbons and volatile unsubstituted

hydrocarbons, such as butane and propane.

Transdermal patches have the added advantage of providing controlled delivery of a
compound of the present invention to the body. Such dosage forms may be made by
dissolving or dispersing the compound in the proper medium. Absorption enhancers can
also be used to increase the flux of the compound across the skin. The rate of such flux
may be controlled by either providing a rate coutrolliﬁg membrane or dispersing the

compound in a polymer matrix or gel.

Formulations of the pharmaceutical compositions of the invention for rectal or
vaginal administration may be presented as a suppository, which may be prepared by
mixing one or more compounds of the invention with one or more suitable nonirritating
excipients or carriers comprising, for example, cocoa butter, polyethylene glycol, a
suppository wax or a salicylate, and which is solid at room temperature, but liquid at body
temperature and, therefore, will melt in the rectum or vaginal cavity and release the active

compound.
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24 Compound 24 was synt hesi zed according to the
procedure described in Exanple 4, using am ne

(S)-N, M4, 4-tetranet hyl pentane-1, 2-di am ne in place

o 2¢08024937 M di net hy1l- 3- phenyl propane- 1, 2- di &6TIES2001998471
yield. M5 (ESI(+))mz 764.95 (MrH)+. 20Exanple 7 WO

2008/ 02433 7PCT/ US2007/ 018471 25, . ound, 25 was. e
synt 8&?2%&“&9"5&%“@""?B“’F'Pfé"“p‘?’lag‘gg‘%r‘*‘&“%’é“sE‘Fi"ﬂ%laali gministration
dReAnReded peddaridd0 t@fibdMe, creams, gels, pastes, foams or spray formulations
(S? -NI, NI - di net hy1-3-(thi ophen-2-yl)propane-1, 2-di am n ’
@nfapnigg syeh ceypierssi are known in the art to be appropnate.

- di met hy1- 3- phenyl propane- 1, 2-di am ne. 16%yield. M
( ESI (Gphthahmic RoBulations, ¢yainnrntsEremdsics sglutioss @k the Aike, are also

contemplated as being within the scope of this invention.

When the compounds of the present invention are administered as pharmaceuticals,
to humans and animals, they may be given per se or as a pharmaceutical composition
containing, for example, 0.1 to 99% (more preferably, 10 to 30%) of active ingredient in

combination with a pharmaceutically acceptable carrier.

Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the phammaceutical
compositions of the present invention, are formulated into pharmaceutically-acceptable

dosage forms by conventional methods known to those of skill in the art.

Methods of Therapy and Treatment

The present invention further provides methods for treating and reducing the
severity of cancer as well as other Bcl-mediated disorders or conditions.

Bcl-2 inhibitors have been shown to be active against a number of cancer cell lines
as single agent, including, but not limited to, breast cancer (US 2003/0119894, published
PCT applications WO 02/097053 and WO 02/13833), lymphomas (Nature (2005) 435, 677-
681), small cell lung cancer (Nature (2005) 435, 677-681), head and neck cancer (published
PCT application WO 02/097053), and leukemias (published PCT application WO
02/13833).

Bcl-2 inhibitors have been shown to be active against a number of cancer cell lines
in combination with other anticancer agents and radiation, including, but not limited to,
breast cancer (With docetaxel, published PCT application WO 02/097053), prostate cancer
{With docetaxel, published PCT application WO 02/097053), head and neck cancer (With
docetaxel, published PCT application WO 02/097053), and non small-cell lung cancer
(With paclitaxel, Nature (2005) 435, 677-681). In addition to the aforementioned
combination chemotherapeutics, small molecule inhibitors of Bcl-2 proteins display
synergy with other anticancer agents, including, but not limited to etoposide, doxorubicin,
cisplatin, paclitaxel, and radiation (Nature (2005) 435, 677-681).
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OH - 1121 10 To a solution of phenol 17 (2.2 g, 12
mol, 1 eq) in DMVF (5 nl) was added K2CO3 (2.3 g, 16
nmmol, 1.5 eq) followed by (bronomethyl)cycl opropane

Wo 2008014337 12.2 nmmol, 1.1 eq). The reacti on mMPCTUSE00MAESAT
stirred at 60 C for 24 h and then cooled to rt and
guenched with water. The m xture was diluted with

Et 0ACanerts \@ashonlastiG cliseqses ndatclated) Sisprders Ehat aay Ppetreated by
a%lﬂllﬁigtjra‘?ﬂnv@%ogfﬁbﬁﬁs%ﬂ&r%é&ﬁon&fdfltﬂg 1%96 "fmrg.rentlon mcflude but are
concentrated I n vacuo. e mat

iy ligiifed ¢a thyst listed amBawgilafbdrya (Fielv héswh dﬁo&eﬁ%\sye Fishman et al.,

K5 N2 20T BN GRSk B0 BrAdYc) 7 as a col orless
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2128 20Al dehyde 27 (2.07 g, 8.11 mmol, 1 eq) and

hydr oxyl am ne hydrochloride (766 ng, 9.74 mol, 1.1

eq) were dissolved in BHF/ MeOH (3:2, 10 nlL). Water (2
wbroosmsssatded and the pH was adj usted to 9 WrHJT/E2007/018471
KOH. The reaction mxture was stirred at rt for 4 h

then NaBH3CN (1.02 g, 16.2 mmol, 2 eq) was added

foll owed by a crystal of nmethyl WO

2008/ 024337PCT/ US2007/ 0184 Fh (ff@pge. The pH was

adjusted to 2 and the resulting ruby red color was

mai nt ai ned f or CANCERS ANDOMEOPLASEIQ PBURDERSY t he
frequent addition of 1 N HCI Aft er qtirring for 2 h

Lgwsemir portion of NaBH3CN (1.02 g, 16.2 mmol, 2 eq)

was ad stirring for a total of 16 h, the pH
of thegc(r;ﬁgea]g@e%ﬁgm xture was brought to 7 and DCM was

added. aclikdymphdaytie lavkamia washed twice with water,
bri ne angﬁthqn drieg‘g over MgSH4, filtered and
concenf PR BYEIPHIG LEeMiThe crude product was used
directly in tRelobRatic reaction wi thout further

purification. Part C 2829
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 carcinornas
fibrosarcoma
myxosarcoma
liposarcoma
chondrosarcoma
osteogenic sarcoma
chordoma
angiosarcoma
lymphangiosarcoma

lymphangioendotheliosarcoma
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10A sol uti-on of hydroxylamne 28 (2.15 g, 7.90 nmol, 1
eq) and nethyl glyoxylate (1.39 g, 15.8 nmmol, 2 eq) in
benzene (30 nm.) was heated at reflux with a Dean Stark

woapsaeesni ght . Excess sol vent was renoved urrdayus2007/018471

reduced pressure and the resulting nitrone 29 was
taken on crude in the next step. Part D
Ni trone 29 (3¥™PY¥™Ma7 9 mmol, 1 eq), allylic alcohol 6

(2.6 9, 12 npRkotheiioma€d) and Ti (iOPr)4 (3.5 m., 12
mml, 1.5 eq) were dissolved in toluene (25 nL) and

heated i n t h&wwgstomave at 140 C for 20 mn The
reacti on m xtur luted with Et0OAc (50 nL) and

3- (di net hyl a I%§¥%%§?néropanediol (1 nm) was added.
After stirri dgbli@nhyckaieomkt OAC 20 was added and the

m xture was shed twice wwth water and then brine,
dried over Mj GﬁcarFlF‘Pméred over Celite and

concentr at ed CLiule residue was purified by silica
gel chronatography %1596hexanes/EtOAc) to afford 1.35
g of | actonebB@stciicetd 33% Part E WO

2008/ 024337PCTI US2007/ 018471 To a solution of
.30 (1.35 g, P*BEMST, 1 eq) in THF (21 nL) was added
HF/ pyri di ne pfbstaldancefhe m xture was stirred at rt for
3 h then TMSOVe (25 nlL) was added. Sol vent was renoved
in vacua ands‘llﬁ‘@oéfiﬁi]é:afﬁ'm?ct was purified by flash
chromat ogr apBysaf - ARG OAc/ hexanes) to afford 404

ng of 31. Yield 38% 5 Part F
adenocarcinoma

sweat gland carcinoma
sebaceous gland carcinoma
papillary carcinoma
papillary adenocarcinomas
cystadenocarcinoma
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
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32 To a flane-dried round bottom fl ask was added
(+) -1 sopi nocanpheyl am ne (325 uL, 1.83 mmol, 2 eq) and
DCM (2.0 nL). Trinmethylal um num (917 uL, 2.0 Min
WieWpex13371. 82 10 nmol, 2 eq) was added and t RET/US2007/018471
reaction mxture was stirred at rt for 15 mn. The

| act one 22 (37&1 g, 0.92 mmol, 1 eq) in DCM (8 nlL) was
added and st} Flli%c%@‘)l&%nti nued 16 h. A saturated
Rochel | e' s sgidmasol ution (5 nlL) was added fol |l owed by
DCM (5 nL) and the m xture was rapidly stirred at rt
for 2 h. DCMSa®Y!e8led and the mixture was washed with
water, dried , filtered and concentrated in
vacua. The C?gﬁgro%g?ﬁ%al was 15 purified by silica
gel chr omat ogrEpphar@®ni00% Et 0Ac/ hexanes) to afford
415 ng of am ded32. Yield 80% Part G 3226 A flask
cont ai ni ng a?‘ﬂﬂl YoM de 32 (90 nmg, 0.16 nrnol, 1 eq),
3-am no- 5- 2gineasthoxyphenyl boronic acid (60 ng, 0.33
nmmol, 2 eq),, cesiumcarbonate (160 ng, 0.5 mmol, 3
eq), potassiimaRgebRste™e15 ny, 0.17 nmol, 1 eq) and
Pd( dppf) C12 &ggstggmgngl? mmol, 0.1 eq) was purged
with argon and DMSO (5 nL) added. The m xture was

heat ed at 60cl@oflerdr@liomat hen addi ti onal Pd(dppf) C12
(15 ngy, 0.17 rrm)I‘b 1 eq) was added and heati ng

conti nued fol*I"&°W? The reaction nixture was
partitioned pehh&sn water (50 nL) and 25 DCM (50 nl)
and acidified to.a pH4 wth 6 N HCl, The | ayers were
separ at ed an®UfHeast¥ifeous phase was extracted with DCM
(3 x 25 ”L)-refiﬁk?ol [ ned organic |ayers were dried
over Na2504, tiltered and concentrated in vacua to

afford a brown oil. H HO

In certain embodiments, the compounds of the present invention are used to treat
cancers including, but not limited to lymphomas (preferably follicular lymphoma, diffuse
large B-cell lymphoma, mantle cell lymphoma, or chronic lymphocytic leukemia), prostrate
cancer (more preferably hormone insensitive), breast -cancer (preferably estrogen receptor
positive), neuroblastoma, colorectal, endometrial, ovarian, lung (preferably small cell),
hepatocellular carcinoma, multiple myeloma, head and neck or testicular cancer (preferably

germ cell).

Actual dosage levels of the active ingredients in the pharmaceutical compositions of
this invention may be varied so as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a particular patient, composition,

and mode of administration, without being toxic to the patient.

The selected dosage level will depend upon a variety of factors including the
activity of the particular compound of the present invention employed, or the ester, salt or
amide thereof, the route of administration, the time of administration, the rate of excretion
or metabolism of the particular compound being employed, the rate and extent of
absorption, the duration of the treatment, other drugs, compounds and/or matérials used in

combination with the particular compound employed, the age, sex, weight, condition,
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meOH CIOH 3t --109 - WD 2008/ 024337PCT/ US2007/ 018471
This crude oil was dissolved in MeOH (6 nL) and

treated with AcOH (30 ulL), 37% formalin (50 uL, 0.67
WOaM08043¥g) and NaBH3CN (32 ng, 0.50 mmol, 3PEFHUS2007/018471
After stirring at rt for thereactlon m xture was

i) bl S pROESRReEE %?w‘q‘%%eeh igh i o e e Brors we

@blvaiined nfedial &is. 4. The | ayers were 5separated and the
aqueous extracted with DCM (3 x 20 mL). The conbi ned

or gamd ghysRIAT §r VREmatiah REViRY BFdiley SEM iANRe GO RGE MR Yetermine
in vacuo to afford a brown oil. To an aliquot

apd merascAbe ghe 2éfpeivet Hﬂ%““é raf e phrmyazeutieg] compgsitionnisiquired.  For

n . .
g%mfl\“ th%}rs(xgl?:gb'% vele o aeny ég.lrl% sbtgrrt] ceiOst Qf Jle comnt urtdﬁ d)f EI}E: invention
eBnpldyvetdtimkhe ;ﬁmaﬁﬂaceﬂmmhl H[Ehﬂ'délt{oaCht tayels QoWet tmiroth,at teqemdd in order to
After SB:H‘I‘I ng for 12 h, the mxiiure was diluted tg

agpieye fectasired Wesapetiy itet sndegragially dysspase t%%%ﬂégﬁrw& the desired

reGNaMad el W th 40 M NHSCO2) to give 3 ng of
conmpound 26 as a white solid. Yield 12% M (ESI(+))

mz 40 gen%ﬁal,( Mu%l'ﬁ%l%'ﬂailﬂ@s@%lf & cgmp(.l:\ling of theliRvehtion 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 combination 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,

P
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Compound 33 was synt hesi zed according to the procedure
described in Exanple 8, using am ne
(S)-N, N1, 4, 4-tetramet hyl pent ane-1-2-di ani ne in pl ace
wb 240824357 b/ | - di met hy1l- 3- phenyl propane- 1, 2- dicarusmm7/018471
Yield 12% M (ESI(+))mz 396.25 (M+2H) 2+. 20Exanpl e
10 34 Conpound 34, was synt hesi zed accordi ng
daynerhiiclsy o dagiinPBYEiBs c PHGECINN  DUIORANEONS,  ASPARAGINaSH n&inblastine,
\(@ns%e Wﬂgffelﬁlﬁé ;}EEthié%eﬁﬁgféget%ﬁ% ‘;[g % Efi‘é_ 1?%12&%{3@%&3}}12&? He or more
cvimplodndl @Vdie MBsqnEBIvERt)on isised 380edt Or pmmamer orBoplastic disease in
2008/ 02433 7PCT/ US200

Rl S0 Byt Aol s S e SPt-<Fker prestsiteipding, bu
1€ fififed BCkhbde Jresefied & TabldSi ng am ne
(5) - MN14tr|msthyIpentane di am ne in place of
(S)-N , Mdi net hyl -3- phenyi ﬁ%&?ne 1,2-diamne. Yield

7B ST ) RGO R SR AD AR 12
ANTI-CANCER AGENTS

Radiation: y-radiation

Alkvlating 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

-93 -



OH 036 Prepared”in an anal ogous fashion as
described in Exanple 1 using (R)-M N1, 4, 4-
t hyl pent ane-1, 2-di am ne in place of
@;:60%3 " 4-tetranet hyl pent ane- 1, 2- di ani ne. YC&{U§2YH13471
M5 (ESI(+)) mz 750.5. (M+H). Exanple 13
Prepared in an anal ogous poasiion as described in
Exanple 1 using
0 bitarspheny| pr opane- 1, 2-di anine in pl ace
of (S)-N, M4, 4-tetranethyl pentane-1,2- diamne. Yield
65% M (ESI(+))mlz 770.7. (MtH). 20Exanple 14 WO
BapRlopRyiBasr PCT/ US2007/ 018#pdside38 Part A

Teniposide
Topotecan
9-aminocamptothecin

campto irinotecan

crisnatol

mytomycins

mytomycin C Mytomycin C

Anti-metabolites

Anti-folates:

DHFR inhibitors: methotrexate
Trimetrexate

IMP dehydrogenase Inhibitors: mycophenolic acid
Tiazofurin
Ribavirin
EICAR

Ribonuclotide reductase Inhibitors: hydroxyurea
deferoxamine

Pyrnimidine analogs:

Uracil analogs 5-Fluorouracil

- Floxuridine

Doxifluridine
Ratitrexed
capecitabine
Cytosine analogs cytarabine (ara C)
Cytosine arabinoside

fludarabine
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3940 53-Brono-2-fluoro-benzoic acid 39 (15 g, 69 mmol ,
1 eq) was dissolved in THF (400 nL) foll owed by the
addition of LiA1IH4 (2.9 g, 76 mol, 1.1 eq) over the

woues@:n87 5 nin. The reaction m xture was st iPCTAR2007/018471

vigorously for 12 h, quenched with a saturated
Rochelle's salt solution, and stirred for an
Rirwcandegst 2 h. The mi xt HCECaR@PUERen partiti oned in
DCM sat ur at ed NaHCO3 sol ﬁc]jo%gaﬁ%d extracted with DCM
(2 x 200 nL). The conbi ne organi cs were dried over
Boysofal therhpies:ed and concentrated in vacuo to afford
1.2 of al cohol 40. Part B 4041 Pyridinium
t % (22.3 g, 103 mmol, 1.91 eq) was
di ssolved in DCM 15 (140 nlL) and 4A Ml ecul ar Si eves
&%_2.3 g) were added to the solution. The reaction
tcedifogcias stirred for Femaxifm es. A sol ution of
benzyl al cohol 40 (11 g, p3fx |, 1 eq) in DCM (140
nm.) was added dropw se over e course of 5 mn. The
orange reaction m xture nwrgesthoately turned dark brown
]];}ﬁrﬁ additt_i on of alcohol. After stirring for 30 mn,
PR Fon mi xture was&UT%'ed with 70% Hexane/ Et OAc

solution (250 nm) and fi Lb&réKke acetate

Anti-androgens: flutamide

bicalutamide

Retinoids/Deltoids

Vitamin D3 analogs: EB 1089
CB 1093
KH 1060
Photodyamic therapies: vertoporfin (BPD-MA)
Phthalocyanine
photosensitizer Pc4
Demethoxy-hypocrellin A
(2BA-2-DMHA)
Cytokines: Interferon o
Interferon y
Tumor necrosis factor
Others:
Prednisilone
Imatinib
Thalidomide
Lenalidomide
Bortezomib
| Gemcitabine

Erlotinib
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20 through a plug of silica~gel (150 g). The silica

gel was washed w th Hexane/ Et 0Ac (500 ni), and
concentrated in vacuo to afford 9.8 g of al dehyde 41

WQ 2¢08{Apd38% solid. Yield 70% over 2 steps. PafCT{S2007/018471
4142 WO 2008/ 024337PCT/ US2007/ 018471 Al dehyde
41(9.8 g, 48.3 mol, 1 ¢ nd hydr oxyl am ne

hydrochl oride (3.97 g, 5§%f5ﬁ1:lhrol , 1.2 eq) were

di ssol ved in THF/ MeOH ( 3Sotaféfibnl) at rt. Water (25 nl)
was added and the pH was adjusted to 9 with 6 N KOCH.
After stirring for 16 h, SKEBRBCN (3.03 g, 48.3 nmol,

oyl ARE iAfgResf ol | onedrByasargrystal of nethyl
orande. The pH was adjusted to 2 and the resulting

Peraminazgic oolrotoxizs: t he r edondtyl-4aphenylpiridiaismmian nt ai ned

the duration of the r ' by the frequent
(‘f{;‘%{ﬁytclndﬁh]g]’rtoq" N FTCl . Af tgl?r%g Q|%|rrrh|?i ng for 2 h, another

Aainomgeinef NaBH3CN (3. 03 Agtinehyctn Dol , 1 eq) was
added. After stirring for_a,total] of 16 h, the
reaction mxture was adj PREWWMYSOH 7 with 6 N KOH.

gt]Egmmigg.ure was extract eg]e\g{\?zgﬂw (2 x 100 nlL) and

e conbi ned organics were ed with water (50 ni),
10 brine (20 m.), dried BleomyskpRH4, filtered and
concentrated in vacua to aflford 8.1 g of hydroxyl am ne
42. The crude materi al vvggpﬁr%%nthhout further
Anthiatyotiagd: on. Crude yi el dasfoPebidiart D

Doxorubicin (adriamycin)
Idarubicin

Epirubicin

Pirarubicin

Zorubicin

Mitoxantrone

MDR inhibitors: verapamil

Ca®* ATPase inhibitors: thapsigargin

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.
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15To a sol ution of hydroxylam ne 42 (8.1 g, 36.8 nmol,
1 eq) in ether (200 nL) at it was added nethyl

gl yoxyl ate nmethyl acetal (5.3 g, 44.2 nmol, 1.2 eq
WORMSRRH3 Dy the addition of cal ciumchlori de PFZUIW 71018471
44.2 mol, 1.2 eq). After stirring for 3 h, the

r?""“% ?ﬁ“g‘rfﬁoc %otlﬁcls @g il {&“ﬂ'&le 1%' 49 thm%hrﬁgtherapeutlc

W th centrated in vacuo

apBntt do satl hade t® bafatlmimstdred In gaemﬁméipbhaﬁ’faeemrculdﬁmmemn,aind may,
was used ﬁnthout further 20pr|f|cat|on Yi el d 98%

hegayse pigitierent physical gp c:g3c gﬁ@tegstbcs @inelﬁ?ope agministered by

cﬁﬁ'érentallolu)ék' Poratj: QJ c@mﬁgun%s @f HOprtERt invinforfhhy %@dadmlmstered

(1OPO4 (13 .2 eq) were dissolved in T
lcsovenm)sl)amcgeh%rw@dd mméanz Eocm Woasilaveds, a{hlliﬂl@ @emoihelaoeutlc agent

t |
o i FRER N et Sty 5 e B tpbifisfion and he
aﬂﬂﬁa]ﬂh(yddﬂmw&@dﬁoﬂo\)vhérc Popitindn e @lne(;ﬂ\aﬂiu)ceutﬁat &dmposition, is
itk g Rpopvisdliecns Wi SR imkiao Ho o Al QAR iapop ey be made

WBSAREG W dsBbMEHeE", P rétdcols REovwE-In Mel £4€ aﬁéQhéH-)Jaseqrdp%g the observed
over “WO 2008/ 02 337PCT/ US2007/ 018471

effectsutin dosdge: modascpiadmindsitatian end timey o€ ggmmsﬁétlfm nae be modified
L S BRiMHecane) (o afford 11,45 g of I actone 4.
Yi el dris#fartickabk ichdice of chemotherapeutic agent or radiation will depend upon the
diagnosis of the attending physicians and their judgment of the condition of the patient and
the appropriate treatment protocol.

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

-97 -
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To a 0 C solution of TBS-protected |actone 44 (11.2 g,

24 mmol, 1 eq) in THF (60 nL) was added 6 N HCL (6

m.). The reaction mxture was stirred for 2 h and-then
woenshedsby the addition of a saturated sodi BET/US2007/018471

bi car bonate solution (30 nL). The reaction m xture was
SR S g i ey ORI s Egh of 2 compound of
tH@Bl‘%@éHt hifeRfforl ﬂ)ll\b%ﬂ’%he}@%et@ﬁﬁiﬂ@d bRShEB A, ﬁ’)'éra'dfn'nﬁﬁratlon of

by silica gel chronatograph 30- 70% Ef 0Ac/ Hexane) t
thé hemothzerapaytio fagentcamsir a atlon, dnd 910mgntathe tgatment 'motocol 15
C%EISQ%' tion of alcohol 45 (810 ny, 1.99 nmmol, 1 eq) in

{20 nl) at OC was is added
t r | f IThos, Qﬁ&bdftﬂdlmsel |\hf1thmx@elﬂmhy dnd #eowledge, e, practiéingpilysician can

&1 Py PoIoog Ty e edmm SRR oG & TR, fheiRsatic agent, i
Birlpylfo nk Iﬂ)ré@éﬁ 1ﬁ@nﬂ'bﬂ cﬁ%btﬁ‘éﬁge@iﬁ a%&ﬁ o@dé’dl&tidﬁﬁ‘ oPthe treatment
sodluma2|de( ng, 5.97 mol ina single

apmrdungmothvmhwéwdpatmt‘mceﬂmraéthﬁa@amqntpr@@pedsar 12 h and

t hen quenched by the addition of water, extracted with

Et 0Ac (2 x 100 nl) and tHBemmifisaticd organi CS were

dried over 20MgSH4, filtered and concentrated in vacuo

t o afTheinveatorondw baihg gererdly deisdribadist will bd e rbadilyiunderatood by

0
%}Sregfe Q)é“m bqqg %68011/%h %%A,%éﬂfe’é%‘e‘?&ytf& lgjlufrlf)oosesg.:I 0 l?lustration
of certain aspects and embodlments of the present invention, and are not intended to limit
the invention. .

Example 1

)?ifmﬁ*ﬁ

Part A
OH OMe
oHC I | NaH, Mel oM I |
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 uL, 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
MgSOQ,, filtered and concentrated to afford 790 mg of crude product 3. Yield 100%.
PartB

OMe HOHN  OMe
3 4

-08 -
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WO 2008/ 024337 Part PCT/ US2007/ 018471 Br Br

0607 To a 0 C solution of

() -1sopi nocanpheylamne (1.98 nL, 11.8 mmol, 6 eq) inA
wolkodsdyssl) was added DIBAL (9.8 nL, 1 Min tpgruspe7/018471
9.8 mmol, 5 eq) and the reaction 5 m xture was stirred
for 2 h. A solution of |actone 46 (758 ngy, dissolved

05 ARG (190manRdimel dR) s hery e ool 4250 ms
£ Byl SBLVEE e Pl P B8, B b e

al tl?é)CplPJeLvhﬁ ‘agjustad tto anlitictéONCKOHI The neastion fttture was stirred at rt
vi gorously for ] Xture _was extracted wt

5 Th
Eemght Aftsr 1gs, Ne?Ha‘F.He@%%mﬂ?n@aw rig & ¥E méf}oﬂowed by a
ﬁét%%ff gn‘r/egﬁyl MenEd: The bHew £ GibdCBNCARt the t&MithB rYRCHA color was

maintained for the duration of the reaction by the frequent addition of 1 N HCl. After
stirring for 2 h, another portion of NaBH3CN (380 mg, 6.10 mmol, 2 eq) was added. After
stirming 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 with water, brine and then dried over MgSO,4. The
crude product was purified by silica gel chromatography (50-100% EtOAc/hexane) to
afford 706 mg of hydroxylamine 4. Yield 83%.

Part C
HOHN OMe Mp
@
k[l:rn e Oj(ﬁ‘ MeO~ N—\é/u
H (0] Qa
o
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 S5 was taken on
crude in the next step.

Part D

OMe OTBS .
Ti(iOPr),
® OH
Maom/\\_r:{ | ‘\-k)/
O % Me'

Nitrone 5 (880 mg, 2.5 mmol, 1 eq), allylic alcohol 6 (820 mg, 3.80 mmol, 1.5 eq)

and Ti(7OPr)q (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
MgSOQ,, 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
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10 an oil. The crude oil was purified by silica gel

chr omat ogr aphy (30-70% Et OAc/ Hexane) to afford 500 ng

of amde 47. Yield 47% Part |

W8 2088j00335- car boxyl phenyl ) boroni ¢ acid 48 (1®cgus8@7/018471
mmol, 1 eq) and pinacol (29 15 g, 249 mmol, 3 eq) were

conbined with THF (72 nL) and heated to reflux. After
heating at reflux f 8 h, g reacti ;@\xture was
cooled to it ang § oncentr at ed range oil.

The orange oil Wap"di%¥solved in MO o™fL) and the

sol ution was coo to O C using an bat h.

For mal dehyde (6% '@ B8 37% sol uti o’ff I'n Rater, 829

mol, 10 eq) was ddded foll owed by Ac®H (30 g, 497

Mol 756, &fhicAE 1dciime AYBI4 AR, 49 i Qe nf?fy wah added pyridine (2
NaBH3EN (7.“5? g, atlc24crrgml, g eq?.ﬁ ]# he |cg bat) was P e (
mEehadddF/ayridinh& méhcThombers wib sonebattro fordrinthen SMSOMe (8 mL)

tﬁp@%& ggcilY]eP(ng?q &fvg iénlv%\ﬁ}g H@Bﬁec Ct' 8” n\%a)i(tp%nﬁajgw silica gel
AitomASHapHYEEDAD)i 16 efortli 18 Fridl TS AdRMhiCIRGRNTiER Bt 0 an
orange ecl)ll The oil was dlhfsgtsol vaed |r11 Et OAc l(200 m),

ted with water and the pH was adjusted to pH 10
using 6 N Na ndthen extracted with EtOAc (2 x 200

m.). The 25 phase was adJ usted to pH |ng 6
N HC1 andie rgatethDCM M™% x_ 206 ) °Te
conbi ned o xtracty Wete then dried

filtered,ard\gpncentrated to WO
2008/ 024337PCT/ 1JS2007/ 018471 provi de 11 g Bf 29 as an
off-white solid. This material was used w tBout

];leJthCg?r %ﬂ%é—ﬁﬁ@@qﬁ-ﬁh rdoad botdom BaskeditAiRRE (#Risopie¥ampheylamine
(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 stirting 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 Rochelie 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 MgSQy, 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
Q )
I
g j'\’l I I 1. AB(OH}, Pd{dppnCl, Cs2C03 e @ OH
-.,ﬁ N, OMe 2. H2C0, NaHaBCN "N N, OMe
- H 4]
HO‘:)?‘C > HO~"2 PN
PH gy iH on
8 10

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
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474950 5l soxazolidine 47 (335 ng, 0.622 mol, 1 eq),

pi nacol boronate 49 (362 ng, 1.24 mol, 2 eq),

Pd(dppf)C12 (102 ng, 0.124 mmol, 0.1 eq), potassium
vegedmshoe3§79 ng, 0.81 mmol, 1.3 eq), and cesi WOI/US2007/018471
carbonate (608 ng, 1.87 mmol, 3 eq) were dissolved in
anhydrous DMSO (5 nL) and flushed w th argon under
qeatinyedyfer @ﬁ@éé@p@al b rlhgcescsian mixtugg wagadde tor vater 00 mL),

it i 820 U8, 8 LU e e Sty TR 98544 9 v
610 100l mlL)) Eindl combinad) weguni fHyers eweva sdried] onsdr elda;80,,phiteted and

with 6 HO. The egcbion ] Xture was extracted with
PRI 1 varg 19ANOrd AR onbi ned organics mere

drie over ered d t ed va
to affits af“q/%ﬁlwas ??8"8? I M 5%@ @P fiealgd wt hopAFOH(1 mL),

% f
2% AT G 0l S 00 RORR) o 2. e

sBirtrtee alyft fan:?-dl 3l (eacllqrgmmurgemsmwntlonid éqt)weamdvaHB'(EDO mL) and

I?éﬁ qgwe 819.8 ]aﬁ? EHRlﬁgccll it N\ﬁgdlglrl}ﬁfntzlg g!]ueggs fayer%ngcil'a Hh)of 4. The

Irtron
layers Nlcrd\ﬂepﬁhatafétah& the3aqupbrenstrpctep avitk -DICH- @i a 80 mL)( 2[316 combined

FiniSls s e drichosd NP R BRC: it o B SRRtonang concentrated
ih SbAfotionIM 8RWR MR H Lo SRhdiiriFied b-yngﬂlcﬁ gamhk cégraphy (5-7.5%

m xture was extracted with EtOAc x 10
MeRH/IHEM) & gani 34 2add B agip buwnsokd- G%.fi | tered and
concentrated in vacua to afford an oil. The crude oi
RasH

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)-V',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;SQj, 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

11
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WD 2008/ 024337RCT/ US2007/ 018471 purified by silica gel
chr omat ogr aphy (2-5% MeOH/ DCM to afford 23 ng of
bi phenyl amide 51. Yield 45% Part L 5138 5Azide Si
w6 3008m24307 023 ol , 1 eq) and dithiothreitol pCriusamr018471
0.07 mmol, 3 eq) were dissolved in DVF (1 nl) foIIovved
by the addltlon of DBU (12 uL, 0.07 mol, 3 eq
r eactGasmpond 4 1 vas simthesieed acserdingto therprogerss dpsgi ¢4 @oExamP'e 1
t414.40

r{g‘?ﬁi NYHZVD E@M&Bﬁﬁeﬁhﬁg% A"ﬁh@e@’ﬁ%dﬁnd 8 \341 4&%
tewﬁtmpgnm&zl 27 BiAming ma)ymld ME@%@))amZzB?éBZ (M+2H)*".
Prepared in an anal ogous fashion as described in
Exanpl e 13 using Example 3
2-am no- N, Ndi met hy1- 3- (t hi azol -4-y1l) propanam de in
pl ace of (S)-N ,Md inethyl-3-phenyl pr ne-1, 2-
15di am ne. Yield 29% M5 (E +))rrt>z A& 4. (MEH). WO
2008/ 024337PCT/ 1182 /00184 3 N~ Prepared in an
anal ogous fashi on a rIN @ Ex*;l%ake 13 using
NI, NI di et hyl et hane- Pn ne n place of

5 (5) M M di net hyl- 3- pheny :pr gané-1, 2-di ami ne. Yield
49% WMs (ESI(+))/n/z 667.4. (M+H) +.
: 12

Part A

O e O

H 2, FaCCOzH

Bocsﬁf\l H:N/.ﬁ

QH OMe
13 14

. To a flask containing Boc-D-phenylalaninol 13 (100 mg, 0.4 mmol, | eq), and
10 trethylbenzylammonium 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). Afier 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%).

15 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
-~
-, SN E
OMe N OMe O n/jam
DIPEA HBTU N py
0
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5Exanpl e 17 ioTo a solution of lactone 8 (1.8 g,

4.3 mol, 1 eq) in DCM (42 .n.) at 0 C was added

triflic anhydride (0.87 nL, 5.15 mml, 1.2 eq)

W sl sesover the course of 5 mn. After 30 por/usier01s471

reaction mxture was diluted with DM (10 nL) foll owed

by the addition of sodiumazide (0.84 g, 12.9 mmol, 3

eq) iGomposicht} waprynthiesired atbreding e thi orocadure deseribedsn Example 1,
h t {

i RaTls 14 R B Br T A RSl B 2 4R Bty M

(BSI(+)) en/nTsH. 93 (M+I<I))* wat er, extracted wth Et OAc (2 X

100 nL), dried over I\/gSai, filtered and concentrated

in vacua to afford an oil. Theugsmde oil was purified
by silica gel chromatography - 80% Et OAc/ hexane) to
afford 1.7g of azide 55. Yield 89% P B 5555

WD 2008/ 024337PCT/ USZOO?/ 018 -
sol ution of (+)-isadpt

nmmol, 6 eq) in THF 3 1BAL (14.3 nm, 2
Min toluene, 28.6 HI eq) -}, Af t €r stlrrlng for 2
h, the reaction nixturéewm qdde €d to a sol ution of

| actone 55 (2.54 g, 5.72 mol, 1 eq) dissolved in Ml

(10 m.). The conbined reactigqg m xture was stirred for

2 h, then diluted
Part A

aoC
i hel(5.75 nL, 34.3

OH OEt

0Hc©,ar K2C0s. EU OHC\.@,Br

16 17

To a solution of phenol 16 (2.0 g, 10 mmol, 1 eq) in DMF (5 mL) was added K,CO;
(2.1 g, 15 mmol, 1.5 eq) followed by Bl (880 uL, 11 mmol, 1.1 eq). The reaction mixture
was stirred at 60 °C for 24 h and then cooled to rt and quenched with water. The mixture
was diluted with EtOAc and washed twice with water and then brine. The solution was
dried over MgSQ;, filtered and concentrated in vacuo. The crude material was purified by
silica gel chromatography (10% hexanes/EtOAc) to afford 1.63 g of the desired product 17.
Yield 72%.
Part B

OEt HOHN  OQEt
QHC Br NHzO0H. NaCNEH; Br

- -

17 18

Aldehyde 17 (1.6 g, 7.0 mmo!, 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;3CN (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 HC1. After stirring for 2 h another portion of
NaBH3CN (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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5with a saturated solution of Rochelle's salt and

Et OAc. After stirring for 5 h the reaction m xture was
extracted with Et0OAc (3 x 100 nmL), dried over MySOH,
wohi®wnegdsand concentrated in vacuo to affordeanusedoz/o18471

. The crude oil was purified by silica gel

chromat ogr aphy (30-70% Et OAc/ hexane) to afford 2.79 ¢

with watedebrisg . andidaedio 2 PdgS8y tThE crude product wepwsed glireeiiynia the next
' Q . 1 eq), pinnacol boronate 49

r?gcéi%g%gthg%fﬂghg uﬁl’%@aﬁxpg. eq), Pd(dppOd 2 (82 ngy, 0.10

PaplC, 0.2 eq), potassium acetate (65 ng, 0.657 mmol,

1.3 eq), and cesium carbonate (494 ny, 1.52 nmol, 3

eq) were di%%ofiVed in arhydrous DVBO w5, i and the
reaction vess \%as Pyshed omder—posi tbvei
pressure 15 for 15 m n.2 The reaction m xture was

stirred at 60C®* or 2 h, then allowed to co®l to rt.

The 12aali@lofMytoX{Bmisisd sy 69 Mhb) 1 ELPMAG 1 late (1.07
and wat er l(10 %Lin gnﬁ' thgctaqt#éous phése&j\i/as a%%ug})géyae(

g, 0l 20Hmmalj £eqd iNbei@iene (e mld awasi lmatedi attraflex with a Dean Stark trap

SR, B 0 348 by BT g BTRR59 s e o
codciaflid wixeslep.n vacuo to afford an oil. The crude oil

s purified by gradient silica gel chronmatography 20
ﬁ'@g%% acet one/ hexanes) to afford 170 ng of bi phenyl
acid 57. Yield 53% Part D 5758 WD
2008/ 024337PCT/ US2Q07/ 018471

OTBS TI(IOP)
MeO Br OH 4
° % Me
19

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)4 (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 £

HF/pyfidine

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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Bi phenyl acid 57 (320 ng, 0.50 mml, 1 eq) and BBTU
(287 nmg, 0.756 mmol, 1.5 eq) were dissolved in DMF (5
m.) followed by addition of (5)-M N1-dinethyl- 3-

v snybpsspane- 1, 2-di ami ne (180 ng, 1.0 nmol , peTA0s7/018471
After stirring for 2 h, the reaction m xture was
diluted with EtOAc (100 nL) and a saturated sodi um

bi car bonat e sol on. 5The m xture was extr ed with
Et OAc (3 x Q,O er d : over My fi t @nd

concentrat & 8‘?‘1 oi | <-TRe crude oi purkfi ed by
silica gel mat ogr aphy (2 -5% MeOf o afford

197 g of 45 M5B8, Vi el d 49% Part E M
(15 ng, O. 0182‘mml 1 eq) and dithiothrei#ol (8.7 ny,
0.054 mpl, 3 eq) were dissolved in DVF

fol | drecflame- %rdh f?ﬁlllsirPO&Pm[fBU( pas sddgd ("‘)OISQléIAOCﬁW)thylagnmc (235 uL,
(OB ml, by 8hd BEVIG I L), Tebnedh BRG] {680 ol X0 HSnes, 1.33

rect er se- p ase
mwolh24Q) wad/adddd I-dﬁ‘ﬂlﬁ)q rebaioy ingk thre7 wagstofedaatirinfer 38 mili &lactone 21

Becar B6t1 sk Lhan RS0 (B Uiy addecind- e elionhwas simed at .

A hRigér Ve hNg se{tl@iteﬁnsolwﬂ}on of Rochelle’s salt (5 mL) was added, followed
trimeth Ipentane 2-diam ne in place of

byPCNA( i rEehgIIgE YRS rhjirTed @ﬁraﬂ@ af iofogiZahi HRCMpwayadded the
%m&@k%hcy@l&%&ﬂﬂed@v& 1@%01, f{l{\é‘il'éd) ahd cgh(&mfiltgd ﬂngvacuo to afford

an oil. The residue was purified by silica gel chromatography (50-100% EtOAc/hexanes) to
afford 200 mg of amide 22 in 56% yield.
Part G

OI o ]: :
s It 9' 1. ArB(OH)z, Pd(dppf)Clz Cs,C0, o] N
g N OEt 2. H,CO, NaH;BCN i N B
H o) 3.3, HBTU g Y 1 AN
HO-~: -
i H OH HO—_~~ AN
: iH Aoy
22 15

A flask containing aryl bromide 22 (90 mg, 0.17 mmol, 1 eq), 3-amino-5-

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, | 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 HCI. The layers were separated and the
aqueons extracted with DCM (3 x 25 mL). The combined organic layers were dried over

Na;SQ4, 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 NaBH;CN (30 mg, 0.50 mmol, 3 eq). After stirming
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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WD 2008/ 024337PCT/ US2007/ 018471 60 Pr epar ed
i n an anal ogous fashion as described in Exanple 17
using (R -(1- ethyl pyrrolidin-2-yl)methylam ne in
woaom/oefssf S) - NI, M di et hyl - 3- phenyl pr opane- 1,6¢1/682007/018471
di amne. Yield 43% M (ESI(+))mz 733.1 (M-H) +.

Exampl e 20 61 10Prepared in an anal ogous fashion as

exergeled B PEMECaxE0anly Th eqmitimyd ompnipylaygrsqwere dried on N2;SOq,
ﬁlg&éoazpﬁt gxéﬁﬁg%gnf B Dol g ace of (%)°0 AO

propane- ramne. Yield 27 % M

(253235 1?{1%%@%6@?%% fé?’;ig%ﬁe 01? 2‘15 mg,V(RM mmol, 1 eq) in DMF (1

mL) was added (S)-N' ,Nl-dimethyl-3-phcny]propane—1,2—diamine (15 uL, 0.07 mmol, 3 eq)

5 and HBTU (30 mg, 0.07 mmol, 3 eq). The mixture was diluted with MeOH (1 mL) and
purified by reverse-phase HPLC (MeCN/water with 40 mM NH,HCO;) to give 3 mg of
compound 15 as a white solid. Yield 16%. MS (ESI(+)) m/z 393.25 (M+2H)*".

Example 5

s 2
o)
SN UeNeRS.
- N, OEl
R 0 0
HO-— LN
iR o4

10 23

Compound 23 was synthesized according to the procedure described in Example 4,
using amine (R)-N',N'-dimethyl-3-phenylpropane-1,2-diamine in place of (S)-N'.N'-
dimethyl-3-phenylpropane-1,2-diamine. 21% yield, MS (ESI(+)) m/z 784.88 (M+H)".

Examgle

),ﬁ{ﬁfﬁ

24

15

Compound 24 was synthesized according to the procedure described in Example 4,
using amine (S)-N‘,Nl ,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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Prepared in an anal ogous fashi-on as described in

Exanpl e 17 using 2- phenylethylam ne in place of

(5)-M M di et hyl- 3- phenyl pr opane- 1, 2-di am ne. Yi el d
WIB%0sB3(7ESIN) miz 711.9 (M+H) +. 5Exanpl e 22pCcB8S2007/018471
Prepared in an anal ogous fashion as described in

Exanpl e 17 using NI,NIdinethglethane-l,Z-dianine in
place of (S)-N

i s"-di met hyl- 3- phenyl propane-1, 2-di am ne. 10 Yield
62% CRBPOEINES W@hsm@smecg Mpm)dmg tpsthgprogedgre degcribed m Example 4,

1 i
E&gpﬁfxﬁlg - 6&:,:% gﬂ}gktﬁgﬂiﬁgm J%PQ]%@P[)) ﬁlc%y gl%ﬁﬁdg th place of (S)-
U\éle.‘hmemle phenylpropane-1,2-diamine. 16% ywld MS (ESI(+)) m/z 396.18
(§§éﬂ , NI - di met hy1- 3- phenyl proparie-1, 2-di am ne. Yield
MS (ESI(+)) ni/z 712.9 (M+H) +. Exarrple l WO
2008/ 024337PCT/ US2007/ OlsAE]xam le 8

4,»5:“

26
Part A
OH Yc)
OHC. i Br K2C0; OHC. i Br
{bromomethyl)cyclopropane
17 27

To a solution of phenol 17 (2.2 g, 12 mmol, 1 eq) in DMF (5 mL) was added K,CO;
(2.3 g, 16 mmol, 1.5 eq) followed by (bromomethyl)cyclopropane (1.18 mL, 12.2 mmol,
1.1 eq). The reaction mixture was stirred at 60 °C for 24 h and then cooled to rt and
quenched with water. The mixture was diluted with EtOAc and washed twice with water
then brine. The solution was dried over MgSQ,, filtered and concentrated in vacuo. The
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%.

o 7 7

0 ) HOHN ™0

OHC l Br NH,OH, NaCNBH, L f Br

17 28
Aldehyde 27 (2.07 g, 8.11 mmol, 1 eq) and hydroxylamine hydrochloride {766 mg,
5.74 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 for4 h
then NaBH3CN (1.02 g, 16.2 mmol, 2 eq) was added followed by a crystal of methyl
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65 Prepared in an anal ogous fashion as

described in Exanple 17 using (S)-nethyl 2-

am no- 3- phenyl propanoate in place of

wopoeaslo2dNi7 di et hyl - 3- phenyl propane- 1, 2- di am mET/82007/018471

Yi eld 37% M (ESI(+))mz 770.1 (I\/H—|). Exanpl e 25
Prepared in an anal ;igous fashi on as

Q;ersgf:r i BedrH warsdingsedtorZ angksthp gesntiogsuthyored elop jas riaibaingd for the
@gﬂfoﬁ &'f e react QH bf tge frﬁ%uen %drd(l)nognog 1 1N }-chll éArﬁerr] énrr\l}g é'?r dZ h another

®rfion WQMC(N-II) Ohg,zl 66512mib1 ,(A\ehlwas Bddedp| Aft@Gstintng foV\®total of 16
2%9381/3 2%3}1371'@%-%}1] Isnzl)(i)ttl)u'?e/ '.gg's AfZl}ght to 7 and DCM was added. The mixture was
washed twice with water, brine and then dried over MgSQ,, filtered and concentrated in
vacuo. The crude product was used directly in the next reaction without further
purification.

Part C

) 1

0
Q
MeO S
Br meo - . Sy
H [»] o@
Q
28 29

HOHN

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

0T18S Tl(fOPr).; Oy
”‘°°‘r(\~’\© '\j o

Mé

Nitrone 29 (2.7 g, 7.9 mmol, 1 eq), allylic alcohol 6 (2.6 g, 12 mmol, 1.5 eq) and
Ti({0Pr)q (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 MgSQj,,
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
HF/pyridine
4] H Br.

TN O
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Prepared in an anal ogous fashion as.described in
Exanpl e 17 using ,
- (S)-2-am noN, N-di net hyl- 3- (thi azol - 4- Apr opyl am de in

v 80802837 S) - M M di net hy1- 3- phenyl propanel, 2pdraRio0go18471
Yield 11% M (ESI(+)) mz 790.0 (MtH). Exanple 27 68

Prepared in an anal ogous fashion as described in
Exanplea splutien rid 30R(L.R4 181, 2436 mmol, 1 eq) in THF (21 mL) was added

LR aRe= 1.2 di ani n f
ALY RE 18 hiZofL 4 Rt 155 BlpdOhiop! s m v
afé. ( Spjvent vad 3BmdvedMirHyacuo and9the crude proBu@paasguiifiedaby flash
RS A 02 eRSa SRS At B atkdha FRTR oF 1 Yt 39,
HP)FAN - di net hyl- 3- phenyl propane-1, 2-diam ne. Yield
15% Ms (ESI(+)) nz/z 15 635.8 (MtH). Exanple 29 WO
2008/ 024337PCT/ 007/018471 70

(1 O 0, -
i-N, O -_—
o T < Nitz Ny °£
H HO~"2
:H OH
32

To a flame-dried round bottom flask was added (+)-isopinocampheylamine (325 uL,
1.83 mmol, 2 eq) and DCM (2.0 mL). Trimethylaluminum (917 uL, 2.0 M in hexanes, 1.82
mmol, 2 eq) was added and the reaction mixture was stirred at rt for 15 min. The lactone
22 (378 mg, 0.92 mmol, 1 eq) in DCM (8 mL) was added and stirring was continued 16 h.
A saturated Rochelle’s salt solution (5 mL) was added followed by DCM (5 mL) and the
mixture was rapidly stirred at rt for 2 h. DCM was added and the mixture was washed with
water, dried over MgSQ,, filtered and concentrated in vacuo. The crude material was
purified by silica gel chromatography (50-100% EtOAc/hexanes) to afford 415 mg of
amide 32. Yield 80%.

Part G
gl {)
!
. i Br 4. ArB(OH. Pa(dppfiCtz, C52C0s e O N
“N N O 2. HaCO, NaHaBCN “ N O _Ne
H ] 3. amine, HBTL H
HO~": > HO~" SN~
iH l-oH IH gy
32 26

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)Cls (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 HC1. The layers were separated and the
aqueous phase was extracted with DCM (3 x 25 mL). The combined organic layers were

dried over Na;SQ,, filtered and concentrated in vacuo to afford a brown oil.
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Prepared in an anal ogous fashion as described in

Exanpl e 17 using nethylam ne in place of :

(8)-N, Ari-di net hyl - 3- phenyl propane-1, 2-di am ne. Yi el d
WIR%0sAB37ZESIN) mz 5 622.0 (MrH)t Exanpl e 30PCT/US07/018471
Prepared in an anal ogous fashion as described in

Exampl e 17 using conpound 57 in 10 place of  conpound
58, Yhisicadg kWi peisrdin MeQHEB T apdAteid Witk AYDFECE 4L, 37%
000 O] SCH BT R, 0 kg i
a{ B)orl b, e, réaction inmetre WV gsquattiioeed baweknawaterg 49 mlyland BCM (40 mL)

el N BB R0R e B B8 5. ) s v
separated and the aqueous extracted with DCM (3 x 20 mL). The combined organic layers

were dried over Na;SOs4 and concentrated in vacuo to afford a brown oil.

To an aliquot containing 12% of this crude oil (20 mg, 0.031 mmol, 1 eq) in DMF
(1 mL) was added (S)-N',N'-dimethyl-3-phenylpropane-1,2-diamine (20 uL, 0.09 mmol, 3
eq) and HBTU (30 mg, 0.07 mmo), 3 eq). After stirring for 12 h, the mixture was diluted
with MeOH (1 mL) and purified by reverse-phase HPLC (MeCN/water with 40 mM
NH;CO;) to give 3 mg of compound 26 as a white solid. Yield 12%. MS (ESI(+)) m/z
406.26 (M+2H)".

Example 9

33
Compound 33 was synthesized according to the procedure described in Example 8,
using amine (S)-N',N',4,4-tetramethylpentane-1,2-diamine in place of (S)-N',N'-dimethyl-
3-phenylpropane-1,2-diamine. Yield 12%. MS (ESI(+)) m/z 396.25 (M+2H)*".

Example 10
sUSNe
H [P l
Hoé'f' OH A
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 (§)-N',N'-dimethyl-3-
phenylpropane-1,2-diamine. Yield 13%. MS (ESI(+)) m/ 389.19 (M+2H)*".
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73 Compound 61 (4 ng, 0.006 nmol, 1 eq) was

dissolved in DCM (1 nL), followed by the addition of
pyridine (1.3 uL, 0.016 nmol, 1.5 eq) and acetic
vembysiozeey (1.5 ul, 0.016 10 mol, 1.5 eq). Aptemsioneisazt
the reaction m xture was quenched with water,

extracted with DCM driedgELELgYESO4’ filtered and
concentrated in vacua to la1dn oil. The crude
material was dissolved in MeOH (1 nL) and purified on
reverse-phase HPLC (CH3CN water 40 rnMNH411C0B) to
yield 2 ng of aceta de 73. ﬁﬂkld 47% M5 ((ESI(+))

mz 791.5 (MH) EdanBl ¢ 3 N
2008/ 024337PCI\/1182007 0 i”o ra N~ Prepared in an
anal ogous fashion as d A i-A~Exanpl e 32 using

conpound 62 in place of COHpound 61 and
trifluoroacetic anhydride in,place of acetic
anhydride. Yield 5 40% M (ESI(+))nz 808.4 (MH)

Exan@o%pgénd 35 was synthesized according to the procedure described in Example 4,
5 using amine (S)-N',N',4-trimethy1pentane—1,2-diamine in place of (S)-N' N'-dimethyl-3-
phenylpropane-1,2-diamine. Yield 17%. MS (ESI(+)) m/z 374.24 (M+2H)*,

Example 12

IS Jf
"’N N, OMe O AN
H o]
HO~": AN
HAR

10
Prepared in an analogous fashion as described in Example 1 using (R)-N',N',4,4-
tetramethylpentane-1,2-diamine in place of (S)-N',N' 4,4-tetramethylpentane-1,2-diamine.
Yield 4%. MS (ESK+)) m/z 750.5. (M+H)*.
Example 13
f;' "
15

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 (BSI(+)) m/z 770.7. (M+H)".

20 Example 14
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75 Prepared in an anal ogous fashion as
described in Exanple 31 using conpound 70 in 10 pl ace -
of conpeund 61 and succini c anhydride in place of

w0 edns@2Bmhydride. Yield 28% Ms (ESI(+))nmz #22/1562007/018471
(MtH). Exanple 35 76 WD 2008/ 024337PCT/ US2007/ 018471
Prepared i n an anal ogous fashion as described in
Exanpl e 31 usi ng conmpound 62 in place ef compound 61.
Yield 28% M (ESI(+4)) ma 754. 4 (MyH) . Exanple 36
577 Prepar ed Tl5" hn fan@l mc@ f#shi on as
described in Exanpl e B1lu |Nr¢cho hound 70 in pl ace of
compound 61. Yield 47%%CM3 [§§I () mz 664.4 (M-H) +.
Exanpl e 37 : :

38
Part 4
E OH F
Hoocﬁ,ar LiAlH, L f Br
19 a

3-Bromo-2-fluoro-benzoic acid 39 (15 g, 69 mmol, 1 eq) was dissolved in THF (400
mL) followed by the addition of LiAlH,4 (2.9 g, 76 mmol, 1.1 eq) over the course of 5 min.
The reaction mixture was stirred vigorously for 12 h, quenched with a saturated Rochelle’s
salt solution, and stirred for an additional 2 h. The mixture was then partitioned in
DCM/saturated NaHCQ; solution and extracted with DCM (2 x 200 mL). The combined
organics were dried over MgSQ,, filtered and concentrated in vacuo to afford 11.2 g of
alcohol 40.
Part B

Ho,\é,sr PCC k@/&
40 44

Pyridinium chlorochromate (22.3 g, 103 mmol, 1.91 eq) was dissolved in DCM

(140 mL) and 4A Molecular Sieves (22.3 g) were added to the solution. The reaction

mixture was stirred for 30 minutes. 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.

Pari C

E HOHN F

QHC f Br HONHQ. NECNBH3 | er

41 42
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1078 To a solution of nono-nethyl succi nate

(2.5 nmg, 19 p.nol, 3 eq) in DMV (0.5 nL) was added

HBTU (7.3 rmg, 19 unol, 3 eq). After stirring for 15

W H08/84337conpound 70 (4 ng, 64 unol, 1 eq) WAST/AEYEH018471
as a THF solution (0.5 nL). The crude reaction m xture

L fa g L e P
A8 )1.2 ) Wed 513801% 1ﬂfTI-HW/Ié©H7(8 2 Yo al1g a6 A% Wier (25 mL) was
a(d e%sé[n%t e? 5‘;’1 %vazgc%ilslted( to 9 with 6 N I?BH Aﬁer st?erg for 16 h, NaBH;CN (3.03
g, 48.3 mmol, 1 eq) was added followed by a crystal of methyl orange. The pH was
adjusted to 2 and the resulting ruby red color of the reaction mixture was maintained for the
duration of the reaction by the frequent addition of 1 N HCI1. After stirring for 2 h, another
portion of NaBH1CN (3.03 g, 48.2 mmol, 1 eq) was added. After stirring for a total of 16
h, the reaction mixture was adjusted to pH 7 with 6 N KOH. The mixture was extracted
with DCM (2 x 100 mL) and the combined organics were washed with water (50 mL),
brine (20 mL), dried over MgSO,, filtered and concentrated in vacuo to afford 8.1 g of
hydroxylamine 42. The crude material was used without further purification. Crude yield
76%.

Part D

HOHN F . o
Br MeQ
A
OH 8

42 43

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

F o
MEON Br UOTBS Ti(OPr)y
! .
0 8 Ma
43 &

Nitrone 43 (10.5 g, 36 mmol, 1 eq), allylic alcohol 6 (9.8 g, 45 mmol, 1.2 eq) and
Ti(iOPr1)s (13 g, 45 mmol, 1.2 eq) were dissolved in THF (50 mL) and heated in a

0TBS

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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7079 Compound 70 (4 ng, 6 gnol, 1 eq) was

di ssolved in DCM (1 nL) followed by the addition of

phenyl isocyarate (1 uL, 8 p.nol, 1.25 eq). After
woiewsiongsf or 30 min, the reaction m xture wa®Cmuszdor@b471
directly by reverse-phase HPLC (MeCNwater with 40

mmol 10 NH4AHCO3) to yield of urea 76. Yield 42%
WESQy Edered vl O 3nq sapegniTatbdasReoad heigndoyisidue was purified

B QR IRARSI EHRAPB L2 34 §4G hc/hexalié) BAfBR 41345 ¢ of lactone 44. Yield
67%.
Part F

M HC1

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
MgSOs,, 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
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
MgSQ,, 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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Conmpound 62 (10 ng, 0.014 mmol, 1 eq) was dissolved in
MeOH (1 i) followed by the addition of formnaldehyde
V{\%@:@ 0. 07 nmol ; 5 eq). After stirring for 30 min
BY2.6 ng, 0.04 nmol, 3 eq) was then a8GE&SF7/a18471

single portion. The reaction 5 mxture was purified by
PgVgr se- phase HPLC (MeCN water with 40 nmol NHAHCOB)

To yield 5 ng of dinethylamne 77. Yield 50% I\/IS
((ESI(+)) nz/z_740.5 (MrH). Exanple 40 81 '

Compound 70 (4 6 urml 1 eq) was d| ssol ve n I\/EOH
(1 nm) foIIovye addltlon of a I

ng, 0.02 (;3 eq L er SEM i

NaBH3CN( 1 23 eq) was ad P eact i on

m xture vvag*es'il Naed for an additional 30 m shen
purified diregttly by reverse-phase HPLC (I\/ECN wat er

\llameag)'/[ﬁ Ny %?TN'W:&C@ P T\%{p?‘lfggﬂr'%)f)m)ﬁ? rf?L’7%]6§ gnmol. 6 eq) in
TEMWHID.mL) was added DIBAL (9.8 mL, 1 M in toluene, 9.8 mmol, 5 eq) and the reaction
mixture was stirred for 2 h. A solution of lactone 46 (758 mg, dissolved in 5 mL THF, 1.97
mmol, 1 eq) was then added dropwise over the course of 5 min. Afier stiming for 2 h, the
reaction was diluted with a saturated agqueous solution of Rochelle’s salt and EtOAc and
then stirred 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% EtQOAc/Hexane)
to afford 500 mg of amide 47. Yield 47%.

Part I
oH o i} THF, reflux %g 9
ro'® OH HO)%(OH 48k . © CH
ii} CH,0, NaCNBH,
AcOH, MeOH, 12 h

(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 foilowed by AcOH (30 g, 497 mmol, 6 eq) and the portion-wise addition of
NaBH;CN (7.8 g, 124 mmol, 3 eq). The ice bath was removed and the reaction was allowed
to warm slowly to rt. After stimming 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 NaQH 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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WD 2008/ 024337PCT/ US2007/ 018471 Exanple 41 82 -
Prepared i n an anal ogous fashion as described in

| e 40 using 5|son|cot|naldehyde in place of
“29?08 P benzoic acid. Yield 37% M (ESI (+) FCH32007/018471
713.2 (MtH) +. 83 10Prepared in an anal ogous fashion

PRV 3¢ & tbffd49 s @ﬁaﬂﬁlxﬁnéosdha' nQ‘hﬁ.' ﬁﬁ{ehﬂlakwﬁﬁhjég& without further
pl ace of " 4-f orrry benzoic acid. Yield 44%

puHStgtionm z 713.2 (MrH) +. Exanpl e 43 84
PartJ

Pd{dppfCl.. KOAG
CszCC)g e -
tNH e

Isoxazolidine 47 (335 mg, 0.622 mmol, 1 eq), pinacolboronate 49 (362 mg, 1.24
mmol, 2 eq), Pd(dppf)Cl: (102 mg, 0.124 mmol, 0.1 eq), potassium acetate (79 mg, 0.81

mmol, 1.3 eq), and cesium carbonate (608 mg, 1.87 mmol, 3 eq) were dissolved in

anhydrous DMSO (5 mL) and flushed with argon under positive pressure. 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 M HCI. The reaction mixture was extracted with EtOAc (3 x 100 mL) and the
combined organics were dried over MgSQO,, filtered and concentrated in vacuo to afford an
oil. The crude oil was purified by silica gel chromatography (10-35% acetone/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 NaHCQO; solution. The
reaction mixture was extracted with EtOAc (3 x 100 mL) and the combined organics were

dried over MgSQ;, filtered and concentrated in vacuo to afford an oil. The crude oil was
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WD 2008/ 024337PCT/ US2007/ 018471 Prepared in an

anal ogous fashion as described in Exanple 40 using
3-fornyl benzoic acid i place of 4-fornyl benzoic acid.
woebw/3iE% MS (ESI(+))m z 756.2 (MH) +. Exammloz/u4o07/018471
585 Prepared in an anal ogous fashion as descri bed

i n _Exanpl e 40 using benzal dehyde in place o

purifigd rbwseiéaazﬁﬁl chregiatperaphy | (& 53334 QUEDCED) ‘Pﬁf§°T¢r{2§ nyg f piphenyl

SV 52IBI3 scoo7s 01ar1

Part L

51 38
5 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 NH,HCO;3), to yield 7 mg of compound 38. MS ((ESI(+)) m/z
757.4 (M+H)".

10 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-
15  diamine. Yield 29%. MS (ESI(+)) m/z 778.4. (M+H)".

Example 16

o]
O N/\/N\
H



To a solution of conpound 61 (8 ngy, 0.01 nunol, 1 eq)

in DCMDW (4:1, 1 nl), was added Et3N (5 uL, 0.03

nunol, 3 eq) and HBTU (10"'ng, 0.03 nmmol, 3 e }: Aft er

VY BIHPF or 3 h, the reaction nixture was pg’ TRUSHY7/018471
directly by reverse-phase HPLC 5 (MeCN water wth 40

MM NHAHCO8) to yield 4 ng of 586. Yield 44% M

((ESI(+)) mlz 810.4 (M+H) +. Exarrple 46 IMNH2 / HO

87 1@Rgated, it an fiakgous fashienepadestribed dn Ewaalpbyddsusing N'N'-

dﬁtﬁggﬁ%ﬁ%] ,g—giséacl:rrniilg ?nd piage |(E)¥ ?é‘j?}{r '?N ]]-'JimséEh%% -E)Jhgr?)jllg]rgparrrl%ht%ldiamine.

Yisii-abbs. RIS (B KDY hy-66y-4 femuhpr opane- 1, 2-di anine. Yiel d
26% Part B

5 Example 17

MeO.

9

"'No N,
i H Ay,

54

Part A
|
MeO
Q H i} DIPEA, Th0
o i N-o H) NaN;y
Mé: OH
B 55
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
MgSQ,, 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

|
Meolﬁ Meog:\j
MH2 H
; ) HO %
tH N3
56
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10

20

WD 2008/ 024337PCT/ US2007/ 018471 Azi do al cohol
88 (150 nmg, 0.232 nunol, 1 eqg) was dissolved in DCM

2.5 m), foll owed bythe addition of pyridin
"Y(P ?‘i‘?’r@l 3 eq) and para-nitro 5 chl orofor?‘?gir Sf“ﬂt’?)m”l

ny, O 695 mnol 3 eq). After stirring for 5 h, the
reaCtl"oo.FOmcxﬁdl‘ﬁt%nvﬁs(ﬂiﬁoﬂfr]@&ﬂﬂhﬁﬁmm 29 rm.—,D)CI\ﬂ Wrﬁél 6 eq) in

(20 mL) and the m xture was extracted wth

THD (60anL )ovrscded IRSMA(1463 o2 Miindeldenso?be mmas %@ﬂ)l Aﬁer stirring
f Qrd The r
f%r??fil,gpé % %on mllxtuggwgée:{dde lrbo nng?lHlé)r ag%&%(lggé é%%s g, 5.72 mmol, 1 eq)
dissolhed fmé]?{ﬂ’l €0 hD). YTl cdmbiizd mgactién Mmixmire ma¢ stifpaifat 2 hSfen diluted
Yi.el d 75% 0, a sol ution of
vely ) 3Aiuraied 891uElar5°fqﬁoclﬁllaisalhﬂm EtOpGe opp R Stiie ffoe 531 the peaction
t%réi@gﬁd ﬂfa@i‘éﬁ hydiaEBRc (B8 xUkeo fnrly! 'dpiea— "tﬁer QPSE,, filtered and
mol , eq) The reaction mxturelmTE|atey rned
condegtisted gh | wiguo Apt efordtmr oilng Ther créde oilt s rmlaﬁeﬂ dry silica gel

Xt ure Lot 15 with E 0

*‘%@p@"ﬁ%@%ﬁ%@%ﬁﬁsaifgfﬁ‘a?yé%lg R ST
Pt EtOAc (2 x 15 nL) and the combined organics were
dried over MpSHA, filtered and concentrated in vacuo
to afford a yellow oil. The crude oil was used j
directly in next step. Part D To a soru
of car bamat¥® (13 ng;n0.018 mml 1 eq) in THF
L) agld t hi ot hy'®j t ol o 054 mml”eo <
in ¢ m_)f Q tC@J:.adltIO (8
0. 054 nIL'gw L. ~3 eq%.éfterorstrrﬂmr 14, N‘O
reactionhf' e was purified directly by :

rever se- phase HPLC (MeCN water with 40 mml H Ng
Nl -1411CO3F to yield 54%g of conpound 87. Yield 40%

VB ( (&oRbdotiine 64368 e otk 1RG5 Mhficd boldnate 49 (368 mg, 1.26

mmol, 2.5 eq), Pd(dppf)Cly (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) andI 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 MgSQy, 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

5 o., B
o £ i
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10Prepared in an anal ogous fashion as described in
Exanpl e 46 using 2- phenyl ethylam ne in place of

di met hyl am ne. Yield 42% M (ESI(+)) nlz 769.5
wdMdds24337 WO 2008/ 024337PCT/ 1 f 82007/ 018471 pCT/US2007/018471
Prepared in an analogous fashi on as described in

Exanpl e 46 usin NI di et hyl et hane- 1, 2-diam ne in

pl ac Sigrenyl aisk 3&@11ﬂﬂe0 Somacd 13aendBBIEIRE% e, ¢/ 56 mmol, 1.5
I

ISR AR SRR I U
phenyprapanedf, 2-diameteh(f Bamignk0 mYn(ElJ ﬁeq@Z%ﬁeh/ﬁlrﬁE@fer)h), tlrdrzaction

679. 4 SI\QI—EI) +, 'tho 94 . . .
mixture was diluted with EtOAc (100 mL) and a saturated sodium bicarbonate solution.

5 The mixture was extracted with EtOAc (3 x 100 mL), dried over MgSO,, filtered and

concentrated to an oil. The crude oil was purified by silica gel chromatography (2 -5%

MeOH/DCM) to afford 197 mg of azide 58. Yield 49%.

Part E
[ T 1 | 2 :
N N A N
H H
MeO O g DTT. DBU O AN~
_— MeQ.
@ o g e 0 O
N N° N N0
HO HO~";
H Ny iH oy,
58 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
(CH;CN/water with 40 mM NH,HCO;), to yield 7 mg of amine 54. Yield 47%. MS
((ESI(+)) m/z 769.9 (M-+H)".

15 Example 18

| 0)
~N O ] ”/Et\
MeO
g
B
£ H NH2

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(H)) m/z 735.1 (M+H)".

Example 19
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10

.ng of 95. Yield 28% M (ES)

7094 To a solution of amine 70 (10 ngy, O0.02
mmol, 1 eq) in BEOH (1 n) was added acetal dehyde (0.5
...0.01 nuno, 0.5 eq) foll owed by NaBH3CN (2 nm,
\gﬁayqsioipy eq) 15 and finally AcOH (1 ng, 0.0 ! 1%28]7@%471
eq). After stirring for 12 h, an additional portion of
acet al dehyde (1 ng, 0.02 mmol, 1 eq) and NaBH3CN (2
ng, 0.03 nmol, 1.5 eq) was added and the reaction was
stirred at rt for 4 h. The cfude frayerial was purified
directly by WO 2008/024337P sz;e)o 7918471
rever se- phase BPLC (MeCN waterw th 40 nM of NEI RCO3)
toyield 2 ng of 91. Yield "4'@ (ESI (+))m z 650. 81.
(MrHr. 595 LREN9 ssprepared in an
anal ogous fashion as des ed in Exanple 50 using
i sobut yral dehyde in pl &c cet al dehyde to yield 3
R rtz/z 678.84. (WH)'.

10 96

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-
diamine. Yield 43%. MS (ESI(+)) m/z 733.1 (M+H)",

Example 20

] 0
~N O I H{
MeO
g
N b
H l—nn

HO:i
H 2

61
Prepa‘_r'ed 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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10

15

Ami ne 96 was prepared-in an anal ogous fashion as

descri bed in Exanple 50 using cycl opropyl al dehyde in

pl ace of acetal dehyde to yield 3 ng of 95. Yield 28%

Wi 24okBtG3) ) Mz 676.9. (MrHr. 15Exanple 97 PODUS2007/018471
2008/ 024337PCT/ US2007/ 018471 Am ne 97 was

prepared in an anal ogous fashion as described in

Exanpl e 50 using acetone in PRace of acetal dehyde to

yi el ‘isrgpa ﬂi’% 82%7 anYlogbit %%%onN@s(Ee?l:&S’e)d) ﬁmEQaQniblé o7 e 2

( MtH) + To a sol ution o am n
phguylélhﬁﬁlnrm:nh plate ofjiS)iM tddkdethil- Mhenm&so;add-dd daxmassvleld 43%,

ngggg%h aldﬁg%ggmggyng 0.08 nmol, 4 eq) foll owed by

Examg!e 22

| i |
~N O n/\/N\
X
N o
HO~"
:H NHz

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.
Yield 62%. MS (ESI(+)) m/z 679.1 (M+H)".

Example 23

64

Prepared in an analogous fashion as descrnibed in Example 17 using 2-(pyridin-2-

yl)ethylamine in place of (S)—Nl,Nl-dimethyl-3-p}{enylpropane-l,2-diamine. Yield 37%.
MS (ESI(+)) m/z 712.9 (M+H)".

Example 24
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10 innmol, 1.5 eq) and finally AcOH (1 ng, 0.02 nmol, 1
eq). After stirring for 2 h, the reaction m xture was
purified by reverse-phase HPLC (MeCN water with 40 niV
wiH 20u6HE4cE8) to yield 2 ng of 98. Yield 18% Wor/us2007/018471
(ESI(+)) rti/z 734.9. (MtH)+. 1599 WD

2008/ 024337PCT/ US2007/ 018471 Am ne 99 was
prepared i n an anal ogous fashion as cribed in
Exanpl e 53 usi ng formal dehyde in gl of

i sobutyral dehyde to yield 2 gg ofl99. ,Yield 38% M
(ESI(+)) nth 650.81. (M+H) +. hphel56 5 100 Part A
OVeOMVe >

65

Prepared in an analogous fashion as described in Example 17 using (S)-methyl 2-

amino-j-phenylpropanoate in place of (S)-Nl,N‘-dirncthyl-3-phenylpropane-1,2-diarnine.
5 Yield 37%. MS (ESI(+)) m/z 770.1 (M+H)".

Example 25

66
Prepared in an analogous fashion as descmbed in Example 17 using N-
10 methoxymethylamine in place of (S)-Nl,N]-dimethyl’-3-pheny]propane—1,2-diamine. Yield
87%. MS (ESI{(H) m/z 6522 (M+H)".

Example 2

[

>
Ao L;

n B
MeO
J
\
HO Fl
) NHz

67
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102103 Al dehyde 102 (12 g, 33 mmol, 1 eq) and

hydr oxyl am ne hydrochloride (2.7 g, 39 to mml, 1 18

eq) were dissolved in THF/ MeOH (3:1,60 ni). Vit e &V
Wg‘“%&”%?dded and the pH was adjusted to 9 ng’p{ngo /018471
KOH. The reaction mxture was stirred at rt overnight

and ﬁ’%ﬁreﬁﬁﬁ'ﬁ%l@ﬁ& fgsmé}?am!:%e%ﬁ Bdfpr fﬁhélw-l-amino-

by a crysta or ange. was ad) ust ed
N3Nakidethinle3- ftb@mlﬂ-ﬂ@wp}ﬂwmdem pi@demf (SM M‘adlmemyhédahérmlpmpane-

t dura 5t n t yequent addition
(#‘%imﬁel—é}'gﬁf]? r@? I‘Fﬁﬁﬁg ?zo?&%o Igﬁgﬁfther portion of
15 NaBH3CN (1 g, 13 nmol, 0.4 e was added. The
solution was stirred for / then neutralized to
pH 7 and diluted with DCM The m xture was washed with .
water (3 x 10 nlL), brine and dried oyer MySO4,
filtered and concentrated in)vacup. { The crude product
was purified by silica gel chnonwat¥gnaphy (50-100%
Et OAc/ hexane) to afford 8 g of on'perUnd 103. Yield
64% 20 Part B WD 2008/ 02433 / US2007/ 018471 OveOwe
A sol ution of hydroxylagi ne 188°(5 g, 13 mmol, 1 eq)
and met hyl gl yoxyl ate,N 86 mmol ) in benzene (15
m.) was heated at refl dix, 1 °a Dean Stark trap for 3
h. Excess 5sol vent was renpvedwdn vacuo and the

5 resulting nitrone 104 (6 g) was taken on crude in the
next step. 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—pheny]propane—l,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'-dimethyi-3-phenylpropane-1,2-diamine. Yield 15%. MS (ESI(+)) m/4
15 635.8 (M+H)".

Example 29
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Part C Nitrone 104 (5 g, 11"mml, 1 eq), allylic

aI cohol (2 g, 11 mmol, 1 eq) and Ti(iOPr)4 io (4 g, 4
1.18 eq) were dissolved in tol ueneq%

‘ﬁe)z‘"!?{?a”ﬂ'éat ed in a microwave at 120 C for 18GHUS20MHB4T

reacti'on m xture was diluted wth EtOAc (10 nL) and

3-(di net hyl am no) - 1, 2- propanedi ol (4 nL) was added.

After stirring for 2 h, EtOAc (10 nL) was added and

the m xture was washed wth vvater (3 x 10 nL) then

brine (10 m.), dried over d ftered over

Celite(r) and concentrated in The crude 15

residue was purified by sil M@a_k chr omat ogr aphy

(10- 30% Hexane- Et 0Ac) \1-Q affor .5 g of conpound 105.

Yield 35% Part D nJO a solution of PMB

et her 105 (2 g, 3 mmol 1|f€e oi n DCM (150 nl) was

added 20TFA (3 g, 31 ol 33 eq) dropwise at 0 C

The solution was stirred for 1.5 h and quenched with

saturated NaHCO3 (60 ni). Theloorganl c phase was

separated, washed with WO

2008 ¥oephd kGl hhd.ll&g‘lﬂ@’fébﬁib&é? flesaribedkin Edamplt eing methylamine in

Na2S concentrated.in v a r

Rlgteoh )P KRN ET g braaas heartiation dige 4ofh ctS Esic me
5 @hroqnetpdr aphy (10- 30% hexane- Et OAc) to afford 1.2 g

of conpound 106 Yield 74% Part E

Example 30

i

71
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

Yy

HO—:
i H 2

72
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10

15

To a solution of (+)-isopinocanpheylamne (0.6 g, 0.7
m., 4 mol, 2 eq) in DCM (10 nL) at rt was added
trlnethglalunlnun1(0 4 g, 3 nm, 2 Msolution_in °
WOPWEAY33%6 nmol, 3 eq) dropwi se over 2.5 ni nPCHYg2007/018471
sol ution was stirred at rt for 10 min prior to the

dro p‘l’l‘e?)@rea Qn %ﬂddnﬁiogéhsofaslﬁoﬁ 84 UtdcAPedOin ERdtNOe 7 WRM(E)-M N 4-
ml, leq) in"DCM (15 nl). The reaction was

trgmthlﬂeehtml, ﬂilalmmfdml place f (R Pelimethys3 whinyiprepane-1,2-diamine.

te on R le's salt (125 mL). The
Xﬁ?é#ﬁ?@ ggggéﬁghrdhg%§ g@ﬁﬁﬁed for 2 h until two
phases formed. The | ayers_were par ated and the
organi ¢ phase was washed éﬁﬂﬁﬂﬁéger, brine, dried over

MySO4, filtered and concentrated in vacua to afford a
solid. The solid was purified by silika gel 15

chr omat ogr aphy (25% hexane/ EtiOAc)fté® afford 0.5 g of
compound 107. Yield 39% Part 08 Pheno

107 (187 ng, 0.27 mmol, 1 eq) was di-8sol ved in DWF
(3.5 nm) and treated with K&e2~(111 ny, 0.8 mol, 3
eq), and allyl brom de 49 4 mrnol, 1.48 eq). The
20 solution was stirred’fok 4.5 h, diluted with water
and extracted with eth r.(3L¥?4 nL). The organic phase
was separated, dried over NaAsey, filtered and
concentrated in vacua to afford=@ solid. The resulting
solid was dissolved in THF/ Et3N (1:1,6 nlL) and treated
with a solution of HF/pyrldlne (1 nL) at 0 C The
solution was stirred for 1 h7&t it and guenched with
TVMSOWVe (25 inL) and concentrated in vacua to afford
solid which was puaéﬁ ed by WO | 0 di<
2008/ 024337.C] 7/ 018471 silica gel chrodbatagraphy

' tlosafford 0.21 g of conpound 4
white soligeo Yleld 67% Part G HO Ho-resOHweo

D, X v O e J,
oy "y N
N o N e

H 720
61 73

Compound 61 (4 mg, 0.006 mmol, 1 eq) was dissolved in DCM (1 mL), followed by the
addition of pyndine (1.3 uL, 0.016 mmol, 1.5 eq) and acetic anhydride (1.5 uL, 0.016

mmol, 1.5 eq). After 1 h, the reaction mixture was quenched with water, extracted with
DCM, dried over MgSQ,, fillered 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 NH,HCOs) to yield 2 mg of acetamide 73. Yield 47%. MS ((ESI(+))
m/z 791.5 (M+H)".

Example 33
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1011109 To a solution of the TBS ether 108 (0.25 g,

0.35 mol, 1 eq) in THF (5 nL) at 0 C was added

pyridine (6 nm.) and a solution of HF/ pyridine (1.2 -~
wiQR00s/Dbe33T eacti on was allowed to warmto A OWET/US2007/018471
while stirring. The reaction solution was quenched

Wi th an excess of TMSOWVe (30 nL) and stirred for an
addi tional 30 min. The reactlion pas tf concentrated

to an oil and purified by TN g e romat ogr aphy to
yield 0.21 g of 10 conpound . Yield 67% Part H

10910 To a sol ution otfeot re. al kene 109 (0. 14 g,

0.2 mol, 1 eq) inr o, ( ), THF (8 nL) and |120
(2 nL) was added NMOY 30 . 0.8 nmmol, 4 eq) followed

by the 15dropw se addit'gn 0s04 (O 21 g, 2.9 i,

2.5 %solution in 2-nethyt pf opanol , 0.02 mmol , 0.1
eq). After 3 h, the reactlon nFRture was diluted with
DCM (5 nl), br| ne and 10% NaZ%203 and t he or gani c

phase was separated. The aquegus phase was extracted
wth DCM (2 x 60 nlL), and the conbined organi cs were

dri edrenaead ingpIoalogdus| fashierasadeacriven de Bt praple d 2 usingsomaound 62

f I d
[‘lli(ﬁhl_a?&a S’mg‘quﬂ dldz{ndgﬂgb&ﬁ%egc tdﬁgéa fne%l\c{% ?%Jletlc anha'dnde Yield
5 408h.dMSSBSKY)) ndz 808¥YM+HD .eq) in single portion and
stirred for 12 h. The solution was diluted with DCM (5

m.) and washed wi th brineExdmipfcBgover

' i
~N -~
Sa

Rk

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 anhydnde. Yield 28%. MS
(ESI(+)) miz 722.1 (M+H)'.

Example 35

,:JHA,@
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Na2SO4, filtered and in vacua to afford-an oil. The

resulting oil was suspended in MeOH (5 nL) and treated

with acetic acid (100 uL), dinmethylamne (20 ng, 2 M -~

Wﬂ20t@i9|!11331). 5 mol, 2.5 eq) and NaBH3CN (30 n@®CTQ@IS3007/018471
2.5 eq) and stirred for 12 h. The sol ution was

25d ut e M.Na.OH (. .sat ur at NaCl (1 .
Sk o o E R o e R B Lo 2
ﬂi@@ﬂb@mp@ﬁd‘ﬁ@memzm.eﬂﬂ BSKay iz 74 afe)’.an oil .
The oil was purified W 20081024337PCT1US2007/018471
by silica gel chromatographympleGy MeOH AcCH,
99.5:0:0.5to 97.5:2:0.5) To afford 75 ng of conpound
110. Yield 60% Part | 5A fl ask containing aryl
i odide 110 (25 ng, 0.04 mmol, 1 eg), pinacol boronate
49 (17 ng, 0.06 mml, 1.5 eq)N ssium acetate (5
ng, 0.048 ritnol, 1. 2 ea), ces dar bonate (39 ny,
0.12 nmmol, 3 eq) and Pd(dppr)C1 (6.5 ng, 8 gnol, 0.2
eq) was purged with argon and O (2 n.) was added.
The m xture was heat ed or 3 h and then cool ed
to rt. The sol uti on wag d wwth DCM (10 i),
water (5 nmL) and the pH & adjusted to 6.8 with
0.1 N HO The aqueous phase " st extract ed with DCM (2
x 10 nmL) and the conbi ned organi ¢s were washed with
brine (20 mL), dried over MgSH, filtered and
s concentrated in vacuo to afferd a dark brown oil. The
resulting oil was purified by flash chromatography
(2.5 Rs%acadﬁn:mtamms fashigh andescriledriy Example dp awing cambpound 70 in

e 3 S ANa D! Y1 %€ FhsEL+) mrz 664.4 (M+H)

Example 37

10 78

O | o
- N

(J ’ O

MeO
» N ,
N \
H Q
HO—_~2
iH NH )\/Y

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 pmol, 1 eq) was added as a THF solution {0.5 mL). The crude reaction mixture was
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15 Part J To a solution of 111 (8 ng, 0.02
mmol, 1 eq) in DM (1.5 nL) was added FIBTU (9 ny,
0.02 ritmol, 1 eq), amne 112 (4 ng, 0.02 I eq
‘%%““E’P’s’ﬂf”(4 ng, 5 uL, 0.04 mol, 2 eq). Tthi“d%%“&ﬁ’}"S"”
was stirred for 2 h, diluted with water (0.5 nlL) and

r‘ - .
R D e I o e G P gfto viea 2
mgSof{ B¢ 78.) Yieldz4 29288 KESI(+)) ik dAGI €MSH) . WO
2008/ 024337PCT1US2007/ 018471 OH 113 Pr epar ed
i n an anal ogous fashi on agxdesleri8bed in Exanple 1
using (R)-N, Nl di net hyl- 3- phenyl propane-1, 2-di am ne in
pl ace of (S)-N , M4, 4-tetranet hyl pentane-1,2- 5
diamne. Yield 65% M (ESL(+)) /Rik 770.7. (MH) +.
Exanple 58 114 Pr epamee~j-1r,an anal ogous
fashi on as described in Exarrpl 1uusi ng conpound 60

in 10 place of compound 72 gnd Jsuccinic anhydride in.
u&{
HO E}EI i /@

pl ace of acetic anhydgi.de. 65 [%Jvield. M5 (ESIN) nth
770. 7 (MHH) +. _‘

Compound 70 (4 mg, 6 pmol, 1 eq) was dissolved in DCM (1 mL) followed by the
addition of phenyl isocyanate (1 ul, 8 pmol, 1.25 eq). After stiming for 30 min, the
reaction mixture was purified directly by reverse-phase HPLC (MeCN/water with 40 mmol

10 NHHCO3) to yield 2 mg of urea 76. Yield 42%. MS ((ESI(+)) m/z 741.2 (M+H)".

Example 39

80
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10

15

Exanpl e 59 Prepared in an anal ogous fashion as

descri bed i n-Exanpl e 37 using conpound 61 in place of

compound 70 and 3- (di net hyl am no) propanoic acid in

WP 29&0983Tononet hyl succi nate. 28 % Yi el d. NSPCESFHNP7/HH§471

849.6 (M+H) +. Exanple 60 WO

20081024337PCT/ US2007/ 018471 116 Prepar ed i
[ og: %}s

an anal ogoys faphi described in Exarrpl/qu 54
conpound & pua e of conpound 70 and forma
in place of obut er al dehydey, 3@ % Yield. M

(ESI (+)) WP776(M+H)L Exanphe 6 117“’?9A

o
N
HO
:H NH

62 8O
Compound 62 (10 mg, 0.014 mmol, 1 eq) was dissolved in MeOH (1 mL) followed
by the addition of formaldehyde (2 mg, 0.07 mmol, 5 eq). After stiring for 30 min,
NaBH;CN (2.6 mg, 0.04 mmol, 3 eq) was then added in a single portion. The reaction
mixture was purified by reverse-phase HPLC (MeCN/water with 40 mmol NHsHCO3) to
yield 5 mg of dimethylamine 77. Yield 50%. MS ((ESI(+)) m/z 740.5 (M+H)".

Example 40
g O N

Pg”

HO-%

iH NHC :;)
OH

acaly A
o

MeC: Me(
g " NaBHd
), 4 o
N
N o o
HO-.~?
£ H b,

Compound 70 (4 mg, 6 pmol, 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,
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,HCO;) to
vield 2.5 mg of benzylamine 81. Yield 51%. MS ((ESI(+)} m/z 756.2 (M+H)".
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- 10115119 To a m xture of MgCl2 (2.0 g, 20.-9
mmol, 2 eq) and paraf ormal dehyde (0.943 g, 31.4 mmol,
3 eq) in THT (50 nmL) under argon, was added

wWo pes/maszmi ne (2.92 ni, 20.9 nmol, 2 eq). ThecCwiustoar/eis471
was stirred at roomtenperature, under argon, for 10

m n and phenol 118 (2.00 g, 10.5 mmol, 1 eq) was

added. The reaction was h £ reflux for 2 h

isthen allowed to cool to rt. Diethyl ether (100 ni)

was added and the solution was washed with HO1 N (3 x
100 mL), dried over Na2504, fiiltegped and concentrated
to dryness to afford crude ¥ g) which was

taken on without further purif ation. Yield 90% Part

B 119120 20To a sol uti onm® ude phenol 119 (2.1

g, 9.5 mol, 1 eq) in at rt was added

K2CC3 (1.88 g, 13.6 . . 4 eq) followed by Mel

(0.848 nL, 13.6 mmol, <

2008/ 024337PCT/ US2007/ 01% 71 \The reaction nixture was

stirred at 40 C under argon for v and then quenched

with 6 NHO (1 Oml). The mixture was diluted with 1 N

HClI (250 nlL) and extracted with DCM (3 x 100 nlL).

Pool ed organics were washed ®#th water (3 x 100ni)

t hen [ 10 S on d.

Na2S PJpa%?| tlérgﬂt)gﬁﬂg%bgﬁcg% }rogt W%gs gﬁ)!ﬂaﬁess & le 40 using

isomfdotnadelyde ITpplacd ot fdrnyfbleasic axhd o‘ﬂmdo@ﬂ"/étdb[ﬁ (EEX(®poniz 713.2
CB_ﬁlexane gradient 0%to 20% to afford 1.02g of

(M uct 120. Yield 42%

Example £2

83
10 Prepared in an analogous fashion as described in Example 40 using picolinaldehyde

in place of 4-formylbenzoic acid. Yield 44%. MS (ESI(H) m/z 713.2 (M+H)".

Example 43
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Part C 120121 Al dehyde 120 (1.0 g, 4.37 rnnol, 1

eq) and hydroxyl am ne hydrochl oride (364 ng, 10 5.24
nmmol , 12 eq) were dissolved in THF/ MeOH water (4:2:1,

V3 209892433he solution was stirred at rt for SPOTAS20GEHLE471
a crystal of methyl orange and sodi um cyanoborohydri de

Sl UEFRar i 80 BPePHE bR S R Py EF P IE B BT R ormylbenzoic

AR iﬁ'?yﬁb&@ﬂ f&mytﬂaﬁzowmd yq&ld 9%t VS (ERIC)} A% 136.2 gﬂm)
regular addition of 6 N HCl. After stirring for

anot her portion of sodi umggy,g@gmrohydrl de (380 ny,
6.07 nmol, 2 15 eq) was a ter stirring for 1 h,
the mxture was filtered on paper rinsing with THF.
The filtrate was diluted with 1 N NaCH (100 nL) and
extracted with DCM (3 x 50m_/)l, bl ed organi cs were
washed with water (3x), brine ﬁhen dri ed over

to afford 703 ng of y| af
Part D Pyridine OHl) BVAP9NG2) Nal

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

10
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3) AgI\IQBOOZNG\I)I-, 0 122 A sol ution of

allylic alcohol 6 (5.0 g, 23 mol, 1 eq), pyridine

(3.75 nL, 46mmol, 2eq) and DNA? (281 ng, 2.31.1no

V0 10083433 DCM (120 nl) was cooled in an |cePCM§€}°7’°18471
bat h and bronoacetyl chloride (2.47 ni, 29.9 mol, 1.3
eq) was added. The solution was 25sti rred at 0C for 30
mn then allowed to_xeach rt. After 30 nmin, the

reaction Was.s cg\e;@/ely washed with 1\

m), watér [ JPONnL), 5% NaHCO3 (100ni),
with 10% NaZS03 (100 ni) then brine (10Q

over 'owgl il tered t#ereaconcentrate
yer i WD 20087 024337P

- OpiNd was diluted with acet Félfﬁ

(3. 44nqy., mmol, 1 eq) was added. xture was

stirred:&t“#: for 6 h then diluted witH WAC (100nL),

washed with water (I1x) then 10% Na2S03 (2x), Ndried

over Na2g4, filtered and concentrateded N Vacuo to an

arrberTogi 4olut§yb'f %oxﬂgéun\gﬁﬁ r&mﬁé %r(ﬁq-nxhﬂl QQ:ES H{‘DE‘:M/bﬁIP( Tﬁg 1 mL),

was ad
W@e&dﬂct‘bﬁtsﬂ?\h@i @E | .0 dne0led m:nbmd HBTH (110hreg, pas tmmcploa@a). After

etvve er (200. m i eth ther 50nL) . The
HEMSTE ¥ eleuaciol R van e iitich GTEbnE DY fvdscipiRe HPLC
5 (Blell®V/whttORitR ). m MMEHJ00)ne dielt Jaiy f Sawesld 4wy 81S ((ESI(+)) m/z
\Nﬁshed with brine (2x), dried over Na2SO™4, filtered
M¥bentrated in vacuo. The residue was purified by
flash to chromat ography (Et OAc in Hexane, gradient
fromO0%to 10% affordi ngfxemoled627q) as a cl ear
liquid. Yield 58% Part E

10 Partd

HB
HEN_

),j%

a8

#;i[;

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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10

15

01 - Si- / HO NH Ove 121 Nitrite 122 (800 ny,
2.50 mol, 1.05eq) was dissolved in DMSO (5 nlL) and 15

i tate (308 ng, 3.75 nmol, 1.50 eq) .
\?ﬁgoi%]z%?"fon was stirred at rt for 30 mn th\éﬁ:srblgﬁ&g@w“l
into brine (30 nL) and extracted with diethyl ether (3
x 30 nmL). The conbi ned organic | ayers were washed with
saturated NaHE®3 (Ix), water (2x) and brine lglx),0
dried owe 2504, filtered and concentrat ed @
dryness. pfoduct was then reacted overnig
hydr oxylamlpe 121 (588 rrg 2 35 20mmol , 1 e&qt) j

rfluxinguqnﬁ@ eSQMuU
en r dt ed resi

£
OH Ns

88 89
OZN

Azido alcohol 88 (150 mg, 0.232 mmol, 1 eq) was dissolved in DCM (2.5 mL),
followed by the addition of pyndine (55 mL, 0.695 mmol, 3 eq} and para-nitro
chloroformate (140 mg, 0.695 mmol, 3 eq). Afler 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 MgS(f)4, 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

oy Ny ©
A
o

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 MgSQO,, 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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10

purified by flash chromat ography (EtOAc in hexane,
gradient 0%to 30% to afford | actone 123 (923 ny).
Yield 78% Part F WD 2008/ 024337PCT/ US2007/ 018471
WQaesMa13323 (923 ny, 1.83 mmol, leq) is di ss&CFEF200/4/018471
THF. (8 nL) and HO 6N (0.6 nL) is added. The sol ution

is stirred at roomtergperature for 2 h then dilyted

with DCM (100 mi)dand hed with 5% NaHCO} (3x] ,and
brine (1x), dried r MNa2So4, filtered and{ )
concentr at ed to d(;y ess. 5To a solution of te reS| due

indry D ¥ adde§"2%Sol ut j on of
i Sopi nocar yIOa j (614 tL, 3. 66)’4

preV|oust

in dry DCM (6 an N,
trlmethylalum In hexanes (2.0 M 1. 3. 66
mol , 2 eq) § Noi n. The sol ution Wwaso %t pted at rt

over ni ght tHKe dlluted with dry DCM ahd} quenched with
Na2SO4. 10H20 (5.4 g 18.3 mmol, 10 eq). The M xture was

stirreda éblgaed of sdrianidte 00 (fpfngS o018 thJS'lel‘ﬂ equ b Q‘[—E"U(OC.mmL) was
Celite. The filtrate was concentrated ;jness and

ddded ﬂléu@ta{fetOb@rMquQﬂmmﬂt Ae® in BINREL %gﬂ-&ﬁ‘ﬂ Wegtbg Alee addition of

d 4
Iwel gqg%ff%@%art 1 '12@93 f%t)&‘tf?'ﬁgé‘iﬂébﬁ‘? gfar?ﬁgn ’F%‘%ﬁd"é“‘es purified
diz2tly By Geverpe-phi6e HIPIOT (M2CH G ater3vishdh omnbol NH4HC03) to yield 5 mg of
car box (24 1 nmmol , 2 eq),
@gg%%?ﬁ’@ﬂr Béﬂgﬁgé‘ qﬁ%@%&’»i"/@&)%fﬂ ‘eq), potassium
acetate (65 ng, 662 !not, 1 eq} and Pd(dppf)Cl2 (48
ng, 66 0.1 eq) was purged ‘yon and DMSO (5 nmb)
was added. The reaction m xtureg wascadded to water
(300 n.), acidified with 6M HCH f4y~t he aqueous
| ayer attained a pH of 4, 20 and tf*acted with DCM (3
x 100 m.). The conbi ned organ'msbl ers were washed

with water (1 x 100 ni) | ov Na2SO4 and
concentrated to a brown el

N 0
O” ;
91
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
o

!
N N
H
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This crude dil was dissolved in Meal (10 ni) and
treated with HOAc (38 1,21" 662 Inp], 1 eq), 37%

f orna (493 lit., 6.62 nol, 10 eq) and sodi
“é?/éqq?fggﬁyhydrl de (333 g, S. 29 nrnol, 8 eq). }AW@’OWOISHI

stirring at it for 40 mn, the reaction nixture was

par t ifréARAd i an b&a¥sens %ﬁ%‘h D QYeibrbedNd BXMple U6Miding N' N'-

and acidified with 6M HC1 until the aqueous layer

@m@favh&@n%tl,éfdlmmﬂ in THece| efydimsthytamine eYighda e aM,S (B(+)) m/z
e(fw extracted with DCM (3 x. 20 nL). The conbi ned

organi ¢ Iayers were washed with water (1x), dried over

Na2SO4, and concentr at ed a prown oil. This oil was

purified by silica gel fl&sfZ mat ogr aphy WO

2008/ 024337PCT/ US2007/ 018471 (jDCM leOH AcOH 90: 10:1 in

DCM 0% to 100% to give 119 2 sabrovvn sol id.

Yield 29% Pan H OH Ove HO O

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+HY".

Example 50

N N
H

e,

94

10

eQ g NaBH,CN MeQ. O
| —_
e o i o
ey N H 4y N
HO~u
tH Ly

70 04
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 NaBH;CN (2 mg, 0.03 mmol, 1.5 eq)
i5  and finally AcOH (1 mg, 0.02 mmol, 1 eq). After stirting 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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OHOH 117 5A solution of 123 (33 ng, 53 ttnmol, 1 eq) in
DCM (1 m) was treated with Et3N (22 ttL, 158 ttnol, 3
eq), diamne 124 (11 ng, 79 linm', 1.5 eq), and HBTU
WBO00E24370 |inmp', 1.5 eq). After 3h, the m xtPGTAISHAF 018471
concentrated to dryness. The residue was purifi ed by

r?\gqlig%-[ip%se(a %ﬁ% _@«; éh%’yng%gltgﬁ% %f‘%@%@ | 8 gf?ld mg of 91. Yield

1@%@@86{951(49))@,% gse pgoLEN)f ashi on as described in
Exanpl e usi ng 2- phenyl et haneam ne in pl ace of

(S)-N, M4 4-tetramet hyl peiaRg-342- di am ne. Yield 50%

15Exanp|e 63 127 20 Pan o

[
N N/
(J

Y

5 95
Amine 95 was prepared in an analogous fashion as described in Example 50 using
isobutyraldehyde in place of acetaldehyde to yield 3 mg of 95. Yield 28%. MS (ESI(+))
m/z 678.84. (M+H)".

Examnple 52
o

i
~N N~
H

e,

10
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/& 676.9. (M+H)".
15 Example 53

(J
ol
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10

121128 Ove WD 2008/ 024337PCT/ US2007/ 018471 To a
soI ution of hydroxylamne 121 (12.3 g, 49.2 mol, 1

eq) in anhydrous diethyl ether (270 nlL) was added t he
‘Y%NQVPNé%ker (7.68 g, 63.9 nml, 1.3 eq) andPaRNHPTYUST
calciumchloride (7.10 g, 63.9 mml 1.3 eq). The
react, tir
hour é&n%ﬂag?ﬁseaﬁ ?eﬁ\{\a{@gr@ gn a.hﬁg%ou% f!sﬁ%g]ag%g?cnlﬁgé Hl %Jnﬂ)rle §0 using
abétbie it Racsasf asasldetd,dbieé mldmfvﬂgalﬁm dlmmls%aMﬂa (ESIRQpDIn/z 664.8.
or gapi cs was then concentrated to dryness to obtain

e 128 (15.75 g) which was taken on without further
purification. Part B. N trone 128 (15.75 g, 49.2
mmol, 1 eq), allylic al colpmpled478 g 59.0 nmol, 1.2
eq) 15 and Ti(iOPr)4 (21.62 nm,, 7308 mmol, 1.5 eq)
wer e di ssolved in anhydrous TH 8Q-n.) and heated in
the m crowave at 140 C for 10 THe reaction m xture
was diluted with Et OAc (30 my)

3- (di met hyl ani no) - 1, 2- rpanedi (30 nL) was added.
After stirring overni t e m'

ture was washed wth
Rochel le's salt, water Fhdyb Hae The m xture was then
filtered over Celite and /wu<th Et OAc, water and
then brine. The organic was~ 20 i ed over Na2SO4, and
concentrated to dryness to obtafn crude 129 (24.82 g)
whi ch was taken on without further purification. Part

C. 25 To a solution of8l actone 129 (4.82 g,
49.2 mmol, 1 eq) in THF (270 nl) was added o
concentrated 4.6 nL, 148 mol , 3 eq) anQIN rred

at roomterrper reNfor 1.5 hours. The reaction s H
t hen baSIfle'?ﬂ pH 7 with saturated NaHCO3 agpsl

extracted w OAC. o NaBH,CN .
I
HJ\I/ ».N N,
HO-_~2 FI
: H NH; H N
70 98

To a solution of amine 70 (10 mg, 0.02 mmol, | eq) in EtOH (1 mL) was added
excess isobutyraldehyde (6 mg, 0.08 mmol, 4 eq) followed by NaBH;CN (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 buriﬁcd by reverse-phase HPLC (MeCN/water with 40 mM of
NH,HCO») to yield 2 mg of 98. Yield 18%. MS (ESI(+)) m/z 734.9. (M+H)".

Example 55
o
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10

20

30Pool organics were “'washed with brine, dried over
Na2SO4, filtered and concentrated to WO
2008/ 024337PCT/ US2007/ 018471 dryness. The cru
W 8k Has purified by flash chromat ography® ?E@é%@”?ﬁ¥”
Hexane, gradient 20%to 40% to afford 130 (15.6 Q).
Yi el qkrﬁl%e/°99 F\)@Jstpr ared5ln aﬂ%gg{géou-g%sﬁloﬁois%bc?ﬂe@fn ERah 0;99%3 using
130 (6.6 g, nmmol, leq) in n.) was ad
fognatiphiyde m miacseeof(@b@efrﬂdehysc) Wmido? mg3)f 88) Yiehd38%. MS (ESI(+))

[ hanesul foni ¢ anhydride (3.43 ni, 20.3
’ﬁ%@%#ggfgﬂggy at 0 Cand stirred for 15 ninutes The
reacti on m xture was thenlyﬂ npd. to room tenperature
and DVE (84- nl) and NaN3EE4#Begb 50 7 1ol 3 eq) was
added and stirred overni ght at room t nperature. The
reaction m xture was washed wth Na and brine,
dried over Na2SO4, filtered and onfentrated to
dryness. The crude 15 produﬁT ) ified by flash
chromat ogr aphy (Et0Ac in Hexang? grath ent 30%to 50%
to obtain 131 (6.85 g). ~yreld £88% Part E 20 To
a solution of (+)-isdpindganpheyl amine (1.22 n, 7.23
mmol, 6 eq) in THE (15’ i @s added DPBAL (6.03 niL, 1
Min DCM 6.02 mmol, 5 lagfd stirred for 30 mnutes
at 0 C. The m xture was thenwgrned to room
tenperature and allowed to stir for 25 another 2
hours. A solution of |actonejg$l (0.5 g, 1.2 mol, 1
eq) in THF (5 nL) was added and the m xture was

red for 30 mnutes at roomtenperature. The

reaction was diluted wué h Et OAc (35 mome and quenched
by the addition of s rat ed aqueous chel l e

HZNOH.HCI

0 0
HC\©/I HoﬁN,\©,|
N
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 overnight

and then NaBH;CN (3.1 g, 49 mmo!) 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 HC1. After stirring for 2 h another portion of
NaBH3;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 MgSQ,, 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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10

15

20

WO 2008/ 024337PCT/ US2007#/ 018471 salt (35 nmL) and the

m xture was rapidly stirred overnight. The m xture was
extracted with diethyl ether and the pool ed organics

W EW3NESWed with water and then brine, driedP6Vidi2007/018471
Na2SO4, filtered and concentrated to dryness. The

crude material oyy@s purified by flash chggmat ography

(Et OAc in Hexahe, gradient 10%to 30% to afford 132
(0.42 g). Yie 561%¢ Part F. 10A fl a cont ai ni ng

aryl brom de 132 (47 083 nmol, 1 ¢q), 3-anm no-5-
car boxyphe‘?ﬂyl bofoni c id (36.1 ngg 1.¥4 nunol, 1.5

eq), cesiufft at e (80.8 ny;roRT4E "3 eq),

pot assi um acet (122 ng, 1.24 @ , ~¥'5 eq) and
Pd(dppf)Cl2 (121®ngy, 0.17 mmol, 0.2 ®y) was purged

with argon and DMSO (10 M.) added. The m xture was
heated at 70 C for 3 hours. The reaction m xture was
added talutiai erhyfid ylaiine B03i digd, il 2 ehrindl} h e dd Ihethi@lyoxylate (1 g,

ntil the aquequs Jayer attained a.pH of 4 nd

gt et Rrohv et gt it e Do dies b ho Brcess
soRMET Was\¥ermB v ReghoMnt ek Bling SIEBRY F49E.g) Wit Bfle®P¥® Erude in the
Na2SO4, filtered and concentrated to dryness. The
nekUd®- mat eri al was purified by flash chronat ography
2 @Ac in Hexane, gradient 30%to 50%9 to afford 133

. Yield 8.5% 20 Part J. 13312134 WO
20081024337PCT/ US20Q5 018471 MBC’Q

HOu., (=\ —_—
o OTBS
0 ef\©/I
Oy
I
C &

104 ]

oT8sS

Nitrone 104 (5 g, 11 mmol, 1 eq), allylic alcohol (2 g, 11 mmol, 1 eq) and Ti(i{OPr),
(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 MgSOq, 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 105. Yield 35%.
Part D

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 NatHHCO; (60 mL). The organic phase was separated, washed with
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20

A solution of 133 (64.7 ng,” 0.099 nrnol, 1 eq) in DCM
(5 m.) was treated with Et3N (41.4 uL, 0.23 mml 3

%)0 S N1 N1- di et hyl - 3- phenyl propane-1, 2-di a
QE8HE7 0. 149 mmol, " 1.5 eq) and HBTU (75 nﬁCT/HS%{’%OIWI

mnol 2 eq). After 2 hours, the mxture was diluted

b%’l%h?ﬁmgxﬁéﬁgz ext ?%@%gﬁ E&[%%IH r&@&&?é@@ a%@lluq‘hgﬂesultmg
alowbs pedfied yarsilcal dy@natogvepfe/ (0 3o deeaneiE{OBCH to afford 1.2 g of

filter entrated to dryness. The crude
cﬁﬁingnfﬂ]ﬁ 1d°ﬁ, f| ed by flash chronmat ography (MeOH in

BMNeE gradi ent 1%to 5% to afford 134 (43 ng). Yield
53% Part K 10 15A solution of 134 (43 ng, 0.053
mmol, 1 eq) in DMVF (4 nL) was treated with
dithiothreitol (24.5 ng, 0.159 mmol, 3 eq) and DBU
(23.9 r.tL, 0.1 nmol , 3eq) and stlrred atH

After 15

ng nU t he xture was pur ] dby Cto
afford 133&@{@ |y0epvhbderrzat d 12. 7%
M5 (ESI ( 788. 13 T Exampte 64 Par t
A. WD 2008M0 7PCT1U82007/ 018471 otes

108
To a solution 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 MgSQ,,
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 ¥

1
HO l
/’\/0
<, A
} o
ST — 8
H o] Ny N
HO-_~% H o}
:H Y orBS HO &
OTBS
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,SQq, 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
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25

Am nodi ol 137 (5.0g, 29.9nunol*, leq) was dissolved in
MeOH (30nmL) at OC and diterbutyl dicarbonate (7.18g,
32.9mol, 1.1eq) was added. The solution was stirred

VR 20803PFr 2h then concentrated to dryness. PCT/US200f@18471
resi due was taken in DVF (120nlL) and i m dazol e (4.48g,

gg}g%: T [ [ .
Sg%ai%ce \/\%Tétr)grgg%yh&gﬁ’d@? er- 6‘%@?%. p ‘ggyzlq?’. %I%mgﬁ@cﬂb 3eagaWh1fe
spBd.86gld 632..9nmol , 1. 2eq) was added as a solution in
(20m.). The solution was stirred at rt for 18h
at 60C for 2h. The reaction was poured on
saturated NaHCO3 (300ni)t 10 and the solution extracted
wi th Et OAc (3x100mz~ conbi ned orggriosere dried
over Na2SO4, f'red, centrat egd._The resildue was
purified by flasp-chadmt ography (Rel/BLOAc 0%to 20%
to afford 138 as! giceldrless oil (6I15g,]12. 1mmol) .
Yield 41% Part B. :A1)-o¥spTsOH 2) TERF®\Q,, 4% 139
Conpound 138 (6.1g, 1mol, leq) was refiuxed with
2,2-di > : I j 0
ol uae TR I s 108028 G Rl 1387 1 G mbymocc
wasradbsdoyaidene((8 3ui),an0 a 32ntiod of KE/daddinead .2amLatTak y&iction was

fter 30mn, the react.jon was_allowed to.cool to rt 2Q
AR (RO P75 K GBS oA ESH o SEIoHoR Has fuepdisdivith an

b8 8 INBOMBZBRHL) drdlstige® fbr BRNHIHORRERS A, G8e tiction was then
dr yness. The crude was dissoled in THF (60nL)

coneentrated oM@l and pwmifisd by silicahgs) ichiomatigtaphy Fupelddi el
ﬁf‘}mf I, 5eq). The solution was stirred at

C@%‘%S?’})ér h %%(gﬁy%?s vol une was reduced on a rotary

Rrpforator. The residue was partitioned between water

' !
A~ N
|
. &), 8
'y N — i
H \0 “N N\
HO~ "2 MO o
‘A 4
H OH L H H
109

T 110

To a solution of the alkene 109 (0.14 g, 0.2 mmol, 1 eq) in +-BuOH (16 mL), THF
(8 mL) and HyO (2 mL) was added NMO (80 mg, 0.8 mmol, 4 eq) followed by the

dropwise addition of OsOy4 (0.21' g, 2.9 mL, 2.5 % solution in 2-methyi-2-propanol, 0.02

mmol, 0.1 eq). After 3 h, the reaction mixture was diluted with DCM (5 mL), brine and
10% NazS,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;SQOq, 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;SO,, 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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25 (100m.) and CHC13 (60nL). The-l ayers were separated

and the agqueous extracted with CHCL3 (2x60nL). The

conmbi ned organi cs were washed with brine (1x60nL),

VD 2880M9Er Na2SO4, filtered and concentr at edPCTHE2007/018471

resi due was purified by flash chromat ography

B Fé‘f“lX/ el hromidets ?%g@@yﬁ@ﬁé@oﬁ%@g.g%&&?% 078250 afford 75

ﬁ@@ﬁdoﬂ%ﬁ&&mmeﬂ%l 018471 Part C. 5Al cohol 139

§3.1Sg, 10. 2mmol, leq) and tosyl chloride (2.13g,
Hmol, 1.1leq) are dissolved in DCM (20nL) then

triethylamne (2.84n, 20.3mmol, 2eq) and catalyti®

DVAP (124ng, | mml, 0.l1leq) were added. The oratge

sol uti on was stllrred at, rt for 3h then diluted W

DCM (60rr1_7u’\wﬁ 6iCl 1o N (3x30nl) and\/m e

(1x30 \dbr i ver o4 tered, nqent r @
The reSiay s purified fIash—LOc @

( Hex/ Et OAG Yo 30% to afiford 140 (4.0¥ g,H %cmml)
as a white s'bl @ Yield 87% Part D.

seal ed react qg, tosyl ate 140 (4.08g, 8.8mmol ,"1 eql'ﬁ vvas
heated at 60C in a 1.0M solution of dinmethylanine in

THE (88ask contaimipg aryl sestidp 110625 ane, A4 mmed, & s pingeplbgzenate 49

e
e 08 nE el VL REF HoER SRR GLA A0 15SBPR. b2ceqgygesiom
cerob 3% mgad.1 2 mindl 43 ed)2and Ayl(dppHSENIHI hg,als pmok; I0&agg) was purged
0,
“Qilt}l argt\)(rll %lup D§fs{3 (f?ant) “%s 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 HCI. The aqueous phase was extracted with DCM (2 x 10

mL) and the combined organics were washed with brine (20 mL), dried over MgSO,,
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 111 as a
yellow solid. Yield 57%.

PartJ

. | o]

o C

o O
SN N O

0 N 5
HzN "o N
“r N N \
Py AL
H i
H

iH Loy
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 Et;N (4 mg, 5 uL, 0.04 mmol, 2
€q). The solution was stirred for 2 h, diluted with water (0.5 mL) and purified by reverse-phase
HPLC (MeCN/water with 40 mM NHHCO,) to yield 7 mg of compound 100. Yield 67%. MS

(ESI(+)) m/z 828 (M+H)".

Example 57
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WD 2008/ 024337PC111182007/ 018471 Corpound 141 (487ny,
_1.45nmmol, leq) was treated with a 4.0M sol ution of HCL

i i oxane (5nL) and water (100gL) at rt for

‘%@F@ /IG% *as then concentrated and dried undg&li]ﬁll%%wa&‘m
vaccumto obtain the hydrochloric salt of 142 (339ny,
1.45mmol ) as an 5off-white foamin a q titative

yield. Part F. 10 wd 10,(308g; 49gnol,

l eq), am ne 142 (14bm,, 599 2 )f\’and HBTU (22nyg,
59gnol, 1.2eq) vveres r Sequl () and
triethylamne (41gL, 12 hob, 6ef])) was added. The

reaction was stirred at 7d \fgr 30mi n then concentrated

to dryness The 15 residue was purified by HPLC to

afford 136 (13ng, 16gnol) asl® | yophilized powder.

i el &% WPad Grhibidas Ao 36 AlecbMt I BitempR 3RARy B8
dimethyl-3-phenylpropane-1,2-diamine in place of (S)-M ,N' 4, 4-tetramethylpentane-1,2-

5 diamine. Yield 65%. MS (ESI(+)) m/z 770.7. (M+H)".

Example 58
\ -
4t i
MaO. O‘

oy
Y

N

114
Prepared in an analogous fashion as described in Example 31 using compound 60 in
10 place of compound 72 and succinic anhydride in place of acetic anhydride. 65 % Yield.
MS (ESI(+)) m/z 770.7 (M+H)".

Example 59

AY
N

Kk

|
N
MeO

oal
S

Qy
N

Qo
WA~
H |

115

15
Prepared in an analogous fashion as described in-Exampie 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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Part A. WD 2008/ 024337PCl M52007/ 018471 To a
stirred solution of acid 125 (150 ng, 0.24 mmol, 1.0
equiv) in CHCl1l2 (3 nL, 0.08M was added triethyl am ne

WOR8/BH3I3T0. 717 mmol, 3.0 equiv) foll oned by BEREHI00H018471

al cohol 142 (45 ng, 0.24 mol, 1.0 equiv) and HBTU
(100 ng, 0.26 mml, 1.1 equiv.). After 14 hours, the

reaction mxture was diluted, wthy 2, washed with
water, dried with sodium sul,f‘I oncentrated in
vacuo. The resulting oil was i fifed by HPLC (acidic

nmet hod) to afford 143 as a W60 oil (9.2 ny, 5%

yield). LCMs (ESI(+)) me 804 H)+. 10 Exanpl e 66

144 Part A APy N PoﬂiNl 7 (4.0g, 23.9mmol, |eq)

was di ssolved in MeOHY(SHNL) at OC and diterbutyl

di carbonate (6.27g, 28. THTOL{_|- 2eq) was added. The

solution was stirred at OCfor\2h t hen concentrated to

dryness. 20The residue was t nin DVWP/DVSO 2:1

(60mL) and i m dazol e (3. 26g, .8muol, 2eq) then

t er - IPaépatediinan AydlGdouy faskibh as deteried. i8 BYampl8 52 RBIAE compound 61 in
wer e added, The sol ution was._ stirred

1. 2e .
PlAsE .)campouwf 1@ and; fopmaldeinide g place eﬁabﬁpréld@byézeraé % Yield. MS
BB 1777.6 (M+H) .

Example 61
. W
Part 4
OH oH
Br paraformaldehyde CHC Br
F MgCly, EtsN 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;SOs, 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

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 MeI (0.848 mL, 13.6 mmol, 1.4 eq).
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WO 2008/ 024337PCT1US2007/ 018471 2eq) then~
ter-butyldinmethylsilyl chloride (4.33g, 28. 7mmuol,
1. ZeG% were added. After 3h, the reacti on was

our ed
Wh2098(P34#3t ed NaHCO3 (200nl) and the solutlonP€£W?%@F%@*”
wi th Et OAc (3x100nL). The conbi ned organlcs were dried
t T: j :
T e PR ot P e et Habftor O g Tl P yn o N
HQ (dmrhbr aThg abxibzsvas dghiedwithi Il N HC192%), mIZDan?lmxtrhc)ted Wit DEM (3 x

1@3% Bh ﬁg[gam%ggefeowgggﬁ %@'ﬂ%ﬁ? (ﬁuogﬁajtﬁ A Rb0mL). The

sbrultllhefhlé'dﬂbﬁscwféf M, $3,, filieredCand AcoBdntratkd 2tSCt)ry1Y&§ €The residue was
di ssolved in dry THF (20ml) under Ar

RarEonby Sedtnheamberyb it GIOAL on Hexars, Hani) 0% 1o 20%) lofBrd 1.02g

G P ohereactlon was stin- edfor 2h then a
K g@?“&n%?@?ﬁ% enyl phosphi ne (340ng, 1. 3mol, 0. 2eq)

Ramt THF 15 (3nl) then diethyl azodi carboxyl ate (O 20,
1.3mmol, 0.2eq) werg, dded The sol ytj of,,was stin-ed

at rt for 1 h th@a ntrated to dr ssr The
resi due was purifig by f mat g phy
(Hex/ Et 0Ac’ 0%t 0 2 ,, to af ord 146 (1.38g, 5.45mol).

Yield 49% Part C. npound 146 (1. 379g
2. 7mddlehyde &2 (I\A%\g, 4 3%@:@& lqu) land]wqirazylﬁmnhwdraﬁéonde (364 meg,

4 Ak, SMOT O BB D4t T Bin v
sm'reqb aperfor § Iman fthenta aystalvef metloyl cenige ahé dodiomdiysmussohgdrdde (550
mg,GS {4ersnlm% 2 eq k\ger:]re agded 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 6 N HCI.
After stirring for 2 h another portion of -sodium cyanoborohydride (380 mg, 6.07 mmol, 2
eq) was added. Afier stirring for 1 h, the mixture was filtered on paper, rinsing with THF.
The filtrate was diluted with 1 N NaOH (100 mL) and extracted with DCM (3 x 50mL).
Pooled organics were washed with water (3x), brine and then dried over Na;SOs. The
crude product was purified by flash chromatography (EtOAc in Hexane, gradient 0% to
70%) to afford 703 mg of hydroxylamine 121. Yield 64%.

Part D
€l pyridine it
OH 1) ar’\g’ Jridine oo I
/\_—_/\OTBS H
AN /.\=:/\OTBS
8 ) 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% NaHCOs (100mL), brine
(100mL) with 10% Na;SO3 (100 mL) then brine (100 mL), dried over Na,SO,, filtered then

concentrated in vacuo to an amber liquid.
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DCM The m xture was filtered on paper and the

filtrate concentrated to dryness. WO

2008/ 024337PCT/ US2007/ 018471 The residue was

WD 3943 i n DCM (20nL) and tri et hyl am ne (1PEBHE2007/018471
8. 1nmmol , 3eq) then nesyl chloride (0.42n, 5.40mmol,

2eq) rre added,.. The .sol uti o St t gt for. 1
h t hen 8 ‘P‘r%?rdéluﬁlai“élﬁhiﬂa‘&ﬁ‘? E‘QV\@*‘{‘%M’I?@“? |“,’m9,£&)eq) was
adiell. TRS hixtGilelvaisistRed & rARFE h tRerdNRE with?BOAROGMEY dashed with
The solution was stirred at rt for 1 h then diluted 5

witer i O 1050 MeaS Qui g veriadexyeiiN g2y Ouchlterednd semspirgted mpacuo to
AAMRENGH organics were dried over Na2SO4, filtered and
concentrated. The residue was purified by flash

o T )t R 38 10 TG, Aoy 1250

wiés alldkd7 Zhédactioh vRastiied overniglarapn wireoh phaiticaed BI8esn water (200

TOMPS ORI SeH SDBEh i PR YRR s e il S Rl ghes more
with §es (10 AN e cefbbhed drizgnis Rlyvers wRie Washed With befe Bx),dried over

for 2h then its volunme was reduced on a rotar

. 3 { y
NegSPe fidtesd and pencertsitefio vagus. Pag residpowascpusidied b dlastat er

- ( : 3 3

bR (IOA P e o e S0 B0 ORI A 2D as
chanbquiedyiekigam.cs were washed with brine (I x30niL),
Pplri Ed over Na2SO4, filtered and concentrated. 20The

rdue was taken in DCM (10nL) then tosyl chloride
(448nmg, 2.35mmol, 1.2eq), triethylam ne (54p4, &
3.9nmol, 2eq) and catal ytic DVA? (24ngy, 196p.
0.1leq) were added. The solution was sti
4h then di buf ed=i tsh ¥ ed g
(3x20nL) apgdlbrine’fIx20ny, e dij ed over 4,
filtered, donceftrated. The r due was pufd Pied by
flash chromat ogr aphy (Hex/ Et Me(9%to 309 to afford
148 25(713nmgy, 1.43mmol) as*@a white solid. Yield 73%
Pan E.

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 NaHCOj (1x), water (2x) and brine
(1x), dried over Na,SQ,, 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
Meo, P e .
r@ Mg I} r\ ; Br
N, . N, OMe
o F AMe3 “N kel
2 IJ( H
) oS HO—4 OH

123 ’ 124
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WD 2008/ 024337PCT/ U82007/ 018471 In a seal ed
reactor, tosylate 148 (713ng, 1.43mmmol, |eq) was

heated at 60C in a 1.0M solution of dinethylamne in
WIHR03/08837, 57. 2mnmol , 40eq). After 16h, the s&CTUSHI7/018471
was concentrated and the residue purified by flash

0% |EHOGY 151 W2LRP | BTG L B eIy U () ) 2p HEPon 0

nﬁ)eﬂsdidaﬁi’/GThE’ablﬁm& 1s smredaomureﬂ]péfhaaré 3&517 .theh. &mmodmh DCM
eq) was treat OM solution of HOin dio

(é GomLy 2pd “faﬁhqdowlﬂl 5%rNéHFQn 630 286 bring §hx)ndrded oien NaSO,, fltered
B e T ot 150 (319mg, 1. 0dmmol) a5 |

whi t é'osmlsoldtlom of thipueasidue an idve DYZIM (6. mPamtas @lded a solution of (+)-
isopinocampheylamine (614 plL., 3.66 mmol, 2 eq) previously treated in dry DCM (6 mL)
with trimethylaluminum in hexanes (2.0 M, 1.83 mL, 3.66 mmol, 2 eq) for 15 min. The
solution was stirred at rt overnight then diluted with dry DCM and quenched with
Na;S04 10H;0 (5.9 g 18.3 mmol, 10 eq). The mixture was stirred vigourously at rt for 5 h
then filtered on Celite. The filtrate was concentrated to dryness and the residue purified by
flash chromatography (EtOAc in Hexane, gradient 0% to 80%) to afford 994 mg of 124.
Yield 71%. |

Part G

E.
o ;Q\
‘ Br 4. ArB(OH),, PA(dppfCly, C5,C0a
N, OMe 2. H,CO,NaH,8CN ,N

N T o
HO-~:

iH \oH

124 125

A flask containing bromide 122 (360 mg, 662 umol, 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 pmol, 1 eq) and Pd(dppf)Cl; (48 mg, 66 umol,
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 HCI 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;SO, and concentrated to a brown oil.

This crude oil was dissolved in MeOH (10 mL.) and treated with HOAc (38 uL, 662
umol, 1 eq), 37% formalin (493 pL, 6.62 mol, 10 eq) and sodium cyanoborohydride (333
mg, 5.29 mmol, 8 eq). After stirting 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;SOs,

and concentrated to a brown oil. This oil was purified by silica gel flash chromatography
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20144 Acid 10 (30nmg, 49p.nol, leq), am ne 150
(17mg, 54gnol, 1.1eq) and EIBTLI (21ng, 54mmol, 1.1eq)
were dispersed in DCM (1nl) and triethylam ne (414,

VWO RISABES7 WO 2008/ 024337PCT/ US2007/ 018471 6EEY/Ungfg7/018471

added. The reaction was stirred at rt for 30rrin t hen

ERMARSTROH 5 BB I RN 83104 L B s
Yeld®es. i eId 27. 8% VS (ES|(+)) me 863.25 (M+H) 4.
To a stirred solution

1§ gn’ple 67 151 Part A
id 125 (59 ng, 0.094 nunol, 1.0 equiv.) in CH2C12
(3 m., 0.03M was added t |ethyI amne (40 jilL, 0.282
. 8. equiv.) follom benzyl 15 sulfonam de

ol , O \
' 103 mol guiv.) and HBTU ng, ¢
g ,OM;qu‘?F\/.). Afte,g five m [ﬁ
i Xt uife was dI|Lg3§qwth h@*@
Sodi-t-Sul L ate—a rate,dq

vacuo. EThe resulting oil was pur| fi ed by HBLEofbasi c
met hod) to Bfford 151 as a brown oil (15.7 ngyr 19%
yi el di solbtiMBIES({3thy, I8 16nd@ 81 ed)Mt BICM (PR LPasReaeOSith EtzN (22

uL, 158 pmol, 3 eq), diamine 124 (11 mg, 79 pmol, 1.5 eq), and HBTU (30 mg, 79 pmol,

1.5 eq). After 3h, the mixture was concentrated to dryness. The residue was punified by
HPLC to afford 1 (6 mg) after lyophilization. Yield 15%. MS (ESI(+)) m/z 755.22 (M+H)".

Example 62

)’i&‘“ S

10
126

Prepared in an analogous fashion as described in Example 1 using 2-

phenylethaneamine in place of (S)-N',M ,4,4-tetramethylpentane-1,2-diamine. Yield 50%.

15 Exaniple 63

PP
sE¥gave
..,ﬁﬁi\{OMe AN
HO-% AN
iH NH

20 PartA4

F
OMa
H ,o
N O
HO" \J@\Br CaCly \j@\

OMe
Elher
121
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MO 2008/ 024337PCUUS2007/ 018471 152 Part A -
Conpound 153 (2.95g, 7.72mmol, |eqg) was dissolved in

DCM (30nm.) and triethylam ne (1.18nmL, 8.49mmol, 1.1leq)
vanthosdaks7( 47ng, 0. 38mmol, 0. 05eq) were addedpcThsz007/018471
solution was cooled in an ice/water bath and nesyl

chl ori de SO: 60nL, 10 7.72mol , Ieﬂz was added. The )
sol utliogrsoluiws of hydrogylamine;121 {b4-3 gri%hemaly | ed)Hy lalmidreus diethyl

cler $TT- 5, AR WL 1 HER AR (TREN 63 el b NP AAanhydrous

caliunB@hlotide (heh gpa3.Pimimohdd bt The reactidre miXtdenkys stivtkd at room

DCM (90 ., .The | rs wer epar at ed. t hen e
tB‘P@%éfPt"snk%\ér‘é"%?ra% ewfﬁ\tﬁfeﬁiégffe 639%3‘6?@)‘5- ‘h{‘]‘? Bl wps washed
WaZ oM ahil | di&hfAGth&G OPEAYrEAfi@0wasT1hen cBMd el Red@S dryness to obtain
purified b ash chr omat ographiyﬂﬁle(Hex/ Et 0OAc 0%to

fl
PEIR128 41579 B whiskway Bkaroy WEhET FrbR) puicationi | . vi ol d
89% Part B. 20Mesyl ate 154 (2.619g, 5.70mmol, |eq)
was di ssolved in dry THF (40nL) under Ar and potassium
toxi de (0.655g, 5.84mvol, 1.025eq) was added
dropwi se as a sol ution '

OTBS

OMe ‘ U ; ; “Br
o )j F Ti(iOPn), N2 0 N.  OMe
] 8]
O’E\JQ\BI' THF, Microwave b_K,OTBS

DMe H
128 129

Nitrone 128 (15.75 g, 49.2 mmol, 1 eq), allylic alcohol (12.78 g, 59.0 mmol, 1.2 eq)
and Ti(iOPr)s (21.62 mL, 73.8 mmol, 1.5 eq) were dissolved in anhydrous THF (100 mL)
and heated in the microwave at 140 °C for 10 min The reaction mixture was diluted with
EtOAc (30 mL) and 3-(dimethylamino)-1,2-propanediol (30 mL) was added. After stirring
overnight, the mixture was washed with Rochelle’s salt, water and brine. The mixture was
then filtered over Celite and washed with EtOAc, water and then brine. The organic was
dried over N2;80s, and concentrated to dryness to obtain crude 129 (24.82 g) which was

taken on without further purification.

Part C.

Fu 2 F
"B HCI Br
)

To a solution of lactone 129 (4.82 g, 49.2 mmol, 1 eq) in THF (270 mL) was added
concentrated HCI (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 NaHCO; and extracted with EtOAc.

Pool organics were washed with brine, dried over Na;SO,, filtered and concentrated to
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in dry THF (20rnL). The reaction was stirred at it for
3h then quenched with water (60nL) and extracted with

Et OAc (3x40nl). The-pool ed organi cs were washed with

W bdago24¥¥? 2008/ 024337PCT1US2007/ 018471 ( 1x30etjusthot/eds71
over Na2SO4, filtered and concentrat ed. The residue

was purified by flash chronatogra to obt ai n

dsyness- df isecreds produdisiyas punfisd, Ay asla§ MAFAE PhYARIOAS dn dlexane,

Al 0 reactor behind a
%d;(%nsﬁs toggﬁ’)éos%for%tl?ooﬂs rb)gguéﬁaé |/?1e 155 (1.87g,
5.14nunol, leq) and trinethylsilylazide (2nL,
}2015nunol 4eq) in nethanol (40nL) was heated at 70C
4%=sh. The sol ution was allowed to cool to rt then
concentrated. The residue 10 was purified by flash
chr omat ogr aphy (Hex/fFEtQAc 0% to 15% rtg.af ford adduct
156 (1.72g, 4. 36m’m|)5<§(isel dN %5% Par t

r aN;

Br
0

9 N. OMe N,  OMe
2N OH N Ny

130 TY

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 tnfluoromethanesulfonic 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 NalN3 (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.

I F
, ‘NH; a Q r ; Br
N N, OMe
H [o]
DIBAL o
THF :“-H N;
132

(B]]

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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Compound 156 (1.646g, 4.16mvol, eq) was dissolved in

dry THF (20nL) and a 1.0M sol ution of

t er but yl anunoni um fl uoti de was added (8. 3niL,

wo 2961837, 2eq). The solution was stirred atpetubmo7didsan
then its volune was reduced on a rotary evaporator.

The 20 residue was partitioned between water (60mnlL)

salt (3 50HC) and tBe mixtureTwas rapiglyrstimeg peerpightadhe wdxturedvasteatracted with

AR I 7 e S, s e

NA@SGQﬁlﬁltefrﬂ irﬁlr&dlcanﬂted(llﬁ:’@?ﬁesﬁt &He crude matdrind® waRghlified by flash

hrcomiastony (BSOS i Forgiengrdnmh S0k do 3840 to bl 042 ). Yield

eg) and catal yt| c DVAP (51ng, 416gnol, 25 0.1eq) were
added. The solution was stirred at rt for 4h t hen
diluted with DCM (60nL), washed with HC1 1 N (3x20ni)
Rpgrbrine (1x20nl), dried over Na2SO4, filtered,
“concentrated. The resi due was purified by flash
chr omat ogr aphy (Hex/ EtO %to 309 to afford 157
(886ng, 2.0mmmol) as a \M‘?rat»% solid. Yield 499% WO

2008/ 024337 USZOO?/O 71 Part E. 51 n afses
reacieL, tos £ 157 Mo 1.84mmo 1 q) Y
heaat0 oh.ﬁ a 1.0l soI ion of di IJ‘ 8 | dMe o
THE (: 7L, 3 nmol t he *SOI i S
concent and tW8°°?°é§1z°&ué°AbﬂF?f| ed by "Piés N

chr omat ography (DCM and DCM MeOH NH4ACH 80: 20 0.5 0%to
80% to afford 158 (352ny, 1.14mmol) as a cl &r oil.
Yield 62% 10 Part F.

A flask containing aryl bromide 132 (470 mg, 0.83 mmol, 1 eq), 3-amino-5-
carboxyphenylboronic 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)Clz (121 mg, 0.17
mmol, 0.2 eq) was purged with argon and DMSO (10 n{L) added. The mixture was heated
at 70 °C for 3 hours. The reaction mixture was added to water (10 mL), acidified with 6 N
HC! 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,SQ,, 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.

HaN

F
F O 0 AN O 2
O, L™ SN¥gace
"IN N, OMe N N‘O OMe AN
H 0 HBTU, E4,N, DCM H N
HO~/’ PLN
A iH Ny
134

. HO-E PLAN

N3
173 12
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Compound 158 (300nmg, 0.97mmol, leq) was treated with a
4. 0M solution of MZ in 15 dioxane (10nL) at rt for 1.
The turbid solution was then concentrated and dried
winsegolisgh vacuum to obtain the hydrochl ori cpedlub2009/018471

159 (238ng, 0.97mml) as white solid in a quantitative
yield. Part G 159 HBTU. EON HOOH152
A solution of 133 (64.7 mg, 0.099 mmol, 1 eq) in DCM (5 mL) was treated with
Et;N (41.4 pL, 0.23 mmol, 3 eq), (S)-N1,N1-dimethyl-3-phenylpropane-1,2-diamine (26.5
mg, 0.149 mmol, 1.5 eq) and HBTU (75 mg, 0.198 mmol, 2 eq). After 2 hours, the mixture
was diluted with DCM (15 mL), washed with saturated K,CO; solution (15 mL) and
5 extracted with DCM (2 x 15 mL). The combined organic layers were dried over Na;SO,,
filtered and concentrated to dryness. The crude material was purified by flash

chromatography (MeOH in DCM, gradient 1% to 5%) to afford 134 (43 mg). Yield 53%.

Part K.
10
SH OH
OH .
0 N —_ . o] N
H H
HO ™ LI HO-/; A
= H Ny 134 = H NHz 135
15 A solution of 134 (43 mg, 0.053 mmol, 1 eq) in DMF (4 mL) was treated
with dithiothreitol (24.5 mg, 0.159 mmol, 3 eq) and DBU (23.9 pL, 0.159 mmol, 3 eq) and
stirred 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
: HO,
O 1
g N\O OMe H
H /N'\
Ho—4  \-on

20
' 136

Part A.
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Acid 10 (40ng, 66).nmol, 1 eq), am ne 159 (18ny,
72gnol, 1.1leq) and HBTU (27ng, 72p.nol, 1.1leq) were
di spersed in DCM (I nL) and triethyl am ne (274,

w8 4dosioABh; 3eq) was added. The reaction was Sﬁdﬁﬁs@ébmimn
rt for 30m n then concentrated to dryness. The -

2008/ 024337PCT/ US2007/ 018471 resi due was purifi gd by

HPLC to afford 152 (18ny, 23p.npl S a | yophilized
powder. Yield @ I\/S(ESI(+)) in 3 MtH) +.
Exanple 69 rs Pt A 1688 nodiQ+< 1. O0g,
5.98mml , |eq) was~Sr¥sol vedesin DC%A&(QS @

diterbutyl dicar bonate (1.'"78§° s 1,134 0- 98eq) t hen

triethylamne (1.17ni, 12mm| 2eq) ré®added. The
reaction was stirred at it Afterlh the sol uti on was

G B S e S A R B r o

@1¢Hﬁmﬁylﬂdlairlﬁihateq7d82 re2gmnh6l, afl éqrehs bded( The&Qution was stirred at 0°C
whi ch was used wi thout further

f?’sﬁl}meﬁcewwﬁed @ 84% Part B.
The residue was taken in DMF (120mL) and imidazole (4.48g, 65.8mmol, 2.2¢q)

was added, The solution was cooled in an ice/water bath and ter-butyldiphenylsilyl chloride
(9.86g, 32.9mmol, 1.2eq) was added as a solution in DMF (20mL). The solution was stirred
at rt for 18h then at 60°C for 2h. The reaction was poured on saturated NaHCO; (300mL)
and the solution extracted with EtOAc (3x100mL). The combined organics were dried over
Na,SQ,, filtered, concentrated. The residue was purified by flash chromatography
(Hex/EtOAc 0% to 20%) to afford 138 as a colorless oil (6.15g, 12.1mmol). Yield 41%.

Q’\’L ST XO@
HN O-gf pTsOH N OH
L, A

Part B.

2) TBAF 02\0

a“ o
4\ 138 /'\\ 18

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 bnne (1x20L), dried over Na,SQs, 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, 5¢q). 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 CHCl; (60mL). The layers were separated and the aqueous extracted with
CHCI; (2x60mL). The combined organics were washed with brine (1x60mL), dried over
Na;SOq, 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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20conmpound 162 (1.13g, 4.2mmol, |leq) was dissolved in
DCM (20m.) then tosyl chloride (0.97g, 5.1mmol,
1.2eq), triethylamne (1.2nL, 8.5nmpbl, 2eq) and
webesykdise7 DMAP (100nmg, O0.85nol, 0.2eq) were addaso0ies471
solution was stirred at it for 4h then diluted wth
DCM (60m.), washed with HO 1 N (3x20nL) and brine
(1x20nm.), dried over Na2SO4, filtered, concentrated.
esi due was purified by flash chromat ography WO
024337PCT/U82007/018471 (Hex/ EtOAc 0% to 60% to

afford 162 (O. 84g 2 ) as a mhl solid. Yield
47% Part C. Tosyl at g dF

2. 09nmol qu) Ja ss 0l wecksin DY Ji 3;§?gnd
pyrrolidine (350 JAL, 4. 17waml eh wn% added. The
sol ution was stifré &b GOC overnl t. @dfter 16h, the

reacti on was allome to cool to rt, ‘diluted with water
(90nL) and extracted with EtOAc (3x30nL) The conbi ned

71 ' e anol a8 d8rdento el R;@gs}de@;ygg 1o%é§ (%“?s, e, 1120
hreafidloMBd SITBICR(2RAY) hECW 2eq) an)d catalytic

M Kol
80:20:0.5 0%to 80% to affor é 224ng, 6991t
BPMAR (Bdme, Ymaod, Bieq) weie adgod. The orange solution was stlrred at rt for 3h

then diluted with DCM (60mL), washed with HCI 1 N (3x30mL) and brine (1x30mL),
dried over Nag80,, filtered, concentrated. The residue was purified by flash
chromatography (Hex/E1OAc 0% to 30%) to afford 140 (4.08g, 8.8mmol) as a white solid.
Yield 87%.

Part D.

H
><O gl LN o/
A o w®
N S —_— N

0’; W AN
044\0 0 04L‘0

140 14

In a sealed reactor, tosylate 140 (4.08g, 8.8mmol, leq) 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.
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HCI \--"163 - Compound 163 (224ng,

6991.tnol, leq) was treated with a 4. 0M sol uti on of

HCl in dioxane (10nm.) at rt for 1. -The turbid solution
wasodghensconcentrated and dried under hi gh vaguisédnisin
obtain the hydrochloric salt of 164 (154ng, 699unpl)

as white solid in a 20quantitative yield. Part E.

Compound 141 {(487mg, 1.45mmol, leq) was treated with a 4.0M solution of HCI in
dioxane (5mL) and water (100uL) at rt for 1h30. The solution was then concentrated and
dried under high vaccum to obtain the hydrochloric salt of 142 (339mg, 1.45mmol) as an

s off-white foam in a quantitative yield.

Part F.
Q i HQ.,, oHO.. A
e 0 @ OH @ o ®
) N N
oo OM HA A N, OMe O H
H N 142 N o]
HO on 7 H N
Ho—/ OH
10 HBTU, Et,N %
136

10

Acid 10 (30mg, 49umol, leq), amine 142 (14mg, 59umol, 1.2eq) and HBTU

{22mg, 5%umol, 1.2eq) were dispersed in DCM (1mL) and triethylamine (41puL, 295umol,

6eq) was added. The reaction was stirred at rt for 30min then concentrated to dryness. The

15 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 O dro..
W C
. H
"N N~ OMe AN
H o] y
HO-~ PN
R
143

20

Part A.
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WD 2008/ 024337PCT/ US2007/ 018471 Acid 10 (100ng,
164p.nol, 1 eq), am ne 164 (44ng, 197p.nol, 1.2eq) and
FI BTU (75ng, 1971.xnol, 1.2eq) were dispersed in DCM
waniogoane tri et hyl ami ne (691. xL, 4921. xnol , 3€q)uSe@S/018471
added. The reaction was stirred at rt for 30mn then
concentrated to dryness. The residue was purified by
HPLC to afford 160 (9.1ng,..1 pm)l) as a |yophilized
powder. 5Yield 6.8% M5 (ESI{>-)) me 812.56 (MH)
Exanple 70 165 Boc- ( S)yaPhenyl al ani nol ¢ ( 2,

8. 24mmol , | eq} ht habi m de 1. 45g,.. 9. 88nu

and triphenyl phesphine (3. 244, 12. _,n |, {1
di ssol ¥ed. (20riEmander AF. N1 s
Di i sopr &pyl al rRoxyl atery@y43ni, H27ampl , - . 5eq)

was added dropwisse” and the reaction stirred at rt.

After 2h, they,solution was concentrate to dryHéss and

the residue purified by flash chromatography

(Hex/ Et OAc 15%to 25% to afford 166 (1.63g,

4. 281} stimedl RN ok 3¥%cid 1288190 e, 0.24 mmol, 1.0 equiv) in CH2Cly (3 mL,

0.08M) was added triethylamine (100 pL, 0.717 mmol, 3.0 equiv) followed by benzyl
alcohol 142 (45 mg, 0.24 mmol, 1.0 equiv) and HBTU (100 mg, 0.26 mmol, 1.1 equiv.).

After 14 hours, the reaction mixture was diluted with CH,Cl,, washed with water, dried

with sodium suifate, and concentrated in vacuo. The resulting oil was purified by HPL.C
(acidic method) to afford 143 as a brown oil (9.2 mg, 5% yield). LCMS (ESI(+)) m/e 804

(M+H)".

Example 66
|
SOy
(), A o
H
/N\.
HO " OH
144
Part A.
OH 1) Boc,0 OH
& ay N deroie 185G o../
HaN OH 2) Imidazole, TESCI HN ‘/Si
137 0“0

)V 145

Aminodiol 137 (4.0g, 23.9mmol, 1eq) was dissolved in MeOH (50mL) at 0°C and
diterbuty] 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, 28.7mmo], 1.2<=;q) were added.

The solution was stirred at rt overnight. Afier 16h, some more imidazole (3.26g, 47.8mmol,
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WD 2008/ 024337PCT/ US2007/ 018471 Conmpound 166
(3.46g, 9.09mmvl, 1 eq) was treated with hydrazi ne
hydrate (2.25nL, 45.5mol, 5eq) in refluxing ethanol
worogh243Fhe reaction was allowed to reach rt prhasoo7/018471
filtered on paper. The filtrate vvas concentrated to

ness and the residue taken in m xture

2qq{tf@r1é@r -y gimdhylabyl chlpdds (4 ﬁga?ww%eh%qqaﬂ*@ae Pt@ed > After 3h,

tg’é i{{bgﬁgno l“lé;.s }Bﬁreﬁ ?%1 %EJS”%@ Hgi‘fﬁggb@h%% ﬁnQ'E‘o utlgﬂciaxtracted with

B 04cdBri G0ndp) hElreydcebliiedroy gangds Iverd dhaaed(cﬂyexmg;SOi ﬂl«ﬂemb lconcentrated.
.05e wer e d. ter 5h, the re t'onnvvas jLute
SRR DTS S AR (R Oy 20V ord 145

5 M&?&%ﬂ(m% bo7Rghol)L ¥20di,. dried over Na2SO4,

filtered and concentrated. The residue was purified by
flash chromat ography (Hex/Et0Ac 10%to 25% to afford
Be/B(1l.63g, 10 3.99mmol) as a yell ow powder. Yield
68% Pars C. 0 Mel, K2CO O02NNO2 167

@1*?@55?

PPhy, DEAD

145 146

10
Alcohol 145 (2.08g, 5.45mmol, leq), phthalimide (0.96g, 6.54mmol, 1.2eq) and
triphenylphosphine (1.71g, 6.54mmol, 1.2eq) were dissolved in dry THF (20mL) under Ar
and diethylazodicarboxylate (1.04mL, 6.54mmol, 1.2eqj was added dropwise. The reaction
was stirred for 2h then a solution of triphenylphosphine (340mg,1.3mmol, 0.2eq) in THF
15 (3mL) then diethylazodicarboxylate (0.20mL, 1.3mmol, 0.2eq) were added. The solution
was stirred at 1t 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.
20

0 0=8=0
N <NH
EEA y
0. / 1) H;NNH, HN 0.4
HN

Si
§,_ ————— / 7<
/ 2) MsCl, Et;N o;\o

146 147

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
25  then filtered on paper. The filtrate was concentrated to dryness and the residue taken in

DCM. The mixture was filtered on paper and the fiitrate concentrated to dryness.
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NO2 168 15Compound 167 (777ng, 1.62mmol, 1 eq) and
pot assi um car bonate (447ng, 3.24mmol, 2eq) were
di ssol ved in acetone (20nL) and i odonet hane- (2044,

wo 2080Mks7 2eq) was added. The reaction was spifaSthoBé1s4rt

rt for 20h then diluted with HC1 1 N (100nL) and

extracted with Et0Ac (3x25nm). The conbi ned organics

wer e Thegheduenvashdissived i@ DCMR0mbBheandotriethylaniing Ond3mL, 8.1mmol,

B R e L
it Hex | Ei @i dode hﬂr@&%ﬁh)ﬂ@mﬂé f(on8mLG8. 1hﬁ1&ﬁﬂgeq)1an39ﬂ'6§3‘l )chloride
as _a yeI | ow powder. Yield 85% Pars

(BdRpduRdOmEoL Zaak egre addadmbhe solution ‘Wés*“FFééf Bdfopl ththgn diluted

Wit Mcag! P@Onﬁl} A Whshed Witfli D& (3&@%1* althercton'rbg{ed]orgamcs were
The turbl d solution was then concentrated and dried

driedepvdri B82S0, filtered and concentrated. The residue was purified by flash
chromatography (Hex/EtOAc 0% to 100%) to afford sulfonamide 147 (0.898g, 1.96mmol)

as a white solid. Yield 72.5%.
Parnt D.
] |
0=8=0 1} TBAF 0=8=0
‘..I‘IJH 2) TsCI El-_.,N @\J\,{T
HN O‘Si/

AN
A

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 CHCl; (2x30mL). The combined organics were
washed with brine (1x30mL), dried over Na;SQs, filtered and concentrated.

The residue was taken in DCM (10mL) then tosyl chloride (448mg, 2.35mmol,
1.2eq), triethylamine (545uL, 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 HCl1 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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WD 2008/ 024337PCT/ US2007/ 018471 vacuumto obtain the
hydrochloric salt of 169 (604ng, 1.4mmvol) as yell ow
foamin a quantitative yield. Part E. <Acid 10
wé0o@mo2 610l , eq), amine 169 (31ng, 79p. mol ,pcknAeeyio1s471
and BBTU (30ng, 79unol, 1.2eq) were dispersed in DCM
(1m) and 2,4, 6- collldlne (26uL, 197unol, 10 3eq) was
added. The rea QBS -was stirred at rt =|1=0h t hen

nmer capt oacetic g 1 , 1.82mol , was added.
The redish sol utj wag.gtirréed at rt 1/h t hen
concentrated to g"{yne@;gs. The residue N fied by
HPLC to afford 6% (7.3ny, 9.6unpl) aso "o yo?hl lized
powder. MsS (ESI (¥)’,§\ mie¢ 756. 33 ( M+H) +. 14. 6%
Exanple 71 15 170 Part A

In a sealed reactor, tosylate 148 (713mg, 1.43mmol, leq) was heated at 60°C in a
1.0M solution of dimethylamine in THF (28mL, 57.2mmol, 40eq).. After 16h, the solution
was concentrated and the residue purified by flash chromatography (DCM and
DCM/MeOH/NH,OH 80:20:0.5 0% to 80%) to afford 149 (416mg, 1.12mmol) as a clear
oil. Yield 78%.

Part F.,

N
HoN N

Compound 149 (385mg, 1.04mmol, leg) was treated with a 4.0M solution of HC! 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 0=5=0
]
A Q o HN
o OMe o) O N
o . OMe H N

HBTU, Et;N

Acid 10 (30mg, 49umol, leq), amine 150 (17mg, 54pmol, l.1eq) and HBTU
(21mg, 54pmol, 1.1eq) were dispersed in DCM (1mL) and triethylammne (41pL, 295umol,
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1) Et3N....-1L- 0S,..1 C A0'..-N. FIN..1........ , OH

2) NaBH,0.)--'0 V.k....- 171 20

N- Boc-S-terbutyl -(D)-cysteine (2.40g, 8.65nmmol, |e€q)
w@Soosh sl ved in dry THF (20nl) under an at npeplueiod7/@is471
Argon and the solution cooled down in an ice/ brine

bath. WD 2008/ 024337PCT/ US2007/ 018471

6eq) was added. The reaction was stirred at rt for 30min then concentrated to dryness. The

residue was purified by HPLC to afford 144 (11.8mg, 13.6umol) as a lyophilized powder.
Yield 27.8%. MS (ESI(+)) m/e 863.25 (M+H)".

5 Example 67

CH,

o=$=o
F JN
ON: SR
g N OMe NG
i 0
HO—" AN
iH Loy
151

Part A.
10

I
0=58=0
MﬁH GHs
SN gy 0=8=0

F gl o HyN N\ F O OHN

SRUsAs LN NV gsnes
K N Me . " N OMe N
g o 0 CHyCly 1t H o AN
HO-~% LN HO-~ A
iH Von iH Yoy

HBTU, E3N

128 154

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
15  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)".
20

Example 68
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Et hyl chl orof ormate (0.827nL, 8.65nmmul, 1 eq) then
triethylamne (0.876nL, 8.25mvpl, |eq) were added

dropwi se and the reaction stirred for 10mn at -10C. -
w9 Sdoyaher ohydride (1.31g, 34.6mml, 4eq) wapcaasngroissn
and the reaction stirred at -10C for 2h. The reaction
was then quenched with nethanol (40nmL) and HC1L 1 N
(15nm.) at OC. The nethanol was 5 evaporat dq of f and

the solution diluted with HCl extract ed
wi th Et OAc (3x30m_) 0 §S were washed
wWith HC1 1 N (3x20m) , Siaek 3% 0n*|*_),~and bri ne

(1x20mL), dried over Nd2S4 ‘|Iteﬂed and concentr at ed
to afford 171 (2.08g, 7.98mmmwl)%Which was used wit hout
further purification. Yield ?gfb 10Part B. 0 H eCHHN
0 0).%PPh3, DEAD 171 172 Al cohol 171 (2.0g,
7.6mmol, 1 eq), phthalimde (1.3g, 9.1nmol, 1.2eq) and
tri phenyl phosphine (2.4g, 9.1mmol, 1.2eq) were

arédol ved in dry THF (40nL) under Ar. 15

Di i sopropyl azodi car boxylate (2.4nL, 12mvol, 1.6eq) was

added dropwi se the reaction sr°qss)6°at rt. After
2h, the sol ution mconcent[%tg t 0 @ryness and the
residue purified b 5% fon .. y&éibx/EtOAc 0%
to 50% to afford 32(2 1g. ™ 6rmety. d 71%

Compound 153 (2.95g, 7.72mmol, leq) was dissolved in DCM (30mL) and
triethylamine (1.18mL, 8.49mmol, 1.leq) and DMAP (47mg, 0.38mmol, 0.05eq) were
added. The solution was cooled in an ice/water bath and mesyl chloride (0.60mL,
7.72mmol, leq) was added. The solution was stired at rt for 3h then triethylamine
{1.18mL, 8.49mmol, 1.1eq) and mesyl ch]oﬁde {0.60mL, 7.72mmol, leq) were added. The
solution was stirred for 30min, then partitioned between water (30mL) and DCM (90mL).
The layers were separated then the organics were washed with HC] 1 N (3x20mL), dried
over Na;SO,, filtered, concentrated. The residue was purified by flash chromatography
(Hex/EtOAc 0% to 25%)) to afford 154 (3.16g, 6.87mmol) as an oil. Yield 89%.

Part B.

|
0=8=0
0
M
HN _BUOK : }\_N

0)\0
»» K

154 158

Mesylate 154 (2.619g, 5.70mmol, leq) was dissolved in dry THF (40mL) under Ar
and potassium terbutoxide (0.655g, 5.84mmol, 1.025eq) 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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Part C. 20 Thi oet her 172 (2.1g, 5.4mol,
| eq) was dissolved in nethanol (100nL) and Oxone
(9.99, 16nmol, 3eq) was added as a solution in water -

waQis)zszIhe reaction was stirred at it for 1deridsesmroizsmn
quenched with 20% sodi um bi sulfite (20nL). The

solution was diluted with 25 water (200n) and )
exBPmk), ddedviover NeaBQy, 6ﬂtorema(1®wmt)ratedﬂ’féle cesifhie vead purified by flash

%%ggﬂg&%{p M\f er e %d%%#cgeﬁrdﬁ ‘idﬂ%%&% % %F"g{‘:ﬁ‘%‘%ag&? %

5.2mmol ) which vvas used without further purification.
[ eI 97% WD 2008/ 024337PCT/ US2007/ 018471 Part D.

rart C.
%)
I ;: TMSN3I, MeOH QI,
/ —_—
0 S: 0

155

In a sealed reactor behind a glass shield, a solution of aziridine 155 (1.87g,
5.14mmol, leq) and trimethylsilylazide (2mL, 20.5mmol, 4eq) in methanol (40mL) was
heated at 70°C for 5h. The solution was allowed to cool to rt then concentrated. The residue
was purified by flash chromatography (Hex/EtQAc 0% to 15%) to afford adduct 156
(1.72g, 4.36mmol). Yield 85%

Part D.

(I, 1) TBAF cl,
R) 2) TsCl, EL3N, R}
® 0./ DMAP T o,
HN /Si7< HN Dafs\\o
o P

AL ALY

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 CHCIy (30mL). The layers were
separated and the aqueous extracted with CHCI; (2x30mL). The combined organics were
washed with brine (1x30mL), dried over Na;SQ,, filtered and concentrated.

The residue was taken in DCM (10mL) then tosyl chloride (952mg, 4.99mmol,
1.2eq), tricthylamine (1.16mL, 8.32mmol, 2eq) and catalytic DMAP (51mg, 416umol,
0.leq) were added. The solution was stirred at rt for 4h then diluted with DCM (60mL),
washed with HC1 1 N (3x20mL) and brine (1x20mL), dried over Na,SQy, 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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Sul fone 173 (2.20g, 5.2mmol, leg) was treated with

hydrazi ne hydrate (2.5nL, 5 52mmol, 10eq) in refiuxing -
wo bRelisior 2h. The reaction was all owed to peagh004/018471
then filtered on paper. The filtrate was concentrated

to dryness and the residue taken in DCM The m xture

was filtered on paper and the filtrate concentrated to

. Bhypess.
Hlw S "
HN 2):’5“'0 — HN N~
OJ\O 0”0
157 158
5 In a sealed reactor, tosylate 157 (800mg, 1.84mmol, leq) was heated at 60°C in a

1.0M solution of dimethylamine in THF (37mL, 37mmol, 20eq). After 16h, the solution
was concentrated and the residue purified by flash chromatography (DCM and
DCM/MeOH/NH4OH 80:20:0.5 0% to 80%) to afford 158 (352mg, 1.14mmol) as a clear

oil. Yield 62%.
10
Part F.

]

Compound 158 (300mg, 0.97mmol, leq) was treated with a 4.0M solution of HCI in
15  dioxane {(10mL} at rt for 1. The turbid solution was then concentrated and dried under high

vacuum to obtain the hydrochloric salt of 159 (238mg, 0.97mmol) as white solid in a

j
0
Rl |
HoN LN !
O i : g O
0 OH 158 O it
. N OMe _ - 8 O N
N ‘0 s N,  OMe H N
H N HBTU, EI3N N 0 <
HO on 7 AN
=, HO—4, OH 152
10 =

Acid 10 (40mg, 66pmol, leq), amine 159 (18mg, 72prﬁol, l.leq) and HBTU

quantitative yield.
Part G.

20

(27mg, 72umol, 1.1eq) were dispersed in DCM (ImL} and triethylamine (27uL, 197umol,
3eq) was added. The reaction was sfirred at rt for 30min then concentrated to dryness. The
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The residue was taken in nethanol (40nL) and .

formal dehyde 37% (1. 1nl, 15mmmol, 3eq) was added. The
solution was stirred at rt for 10m n then sodiumto

wy anehppenydride (0.96g, 15mol, 3eq) was adadedusigoissr
reaction was stirred at rt for 1 h thyen quenched wth

5% NaHCO3 (40nL). The volune of the reaction was

residuc wds pnrified by AL v pliordt 152 @Rohgt R3umely iasl walyophilized powder.

SRHCRR S Y a R ARG i On br i e ( Ix2omL) ¢ hen
dried over Na2SO™4, filtered and concentrated to afford

174 (1.416g, 4.4mmol) which was used w thout further
purification. 15Yield 86%Emmpled a HO OAO 174

175
Q (:
3
160
Part A.

CH Bocyd Q?IQ,OH

P OH EtyN
161

10 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
15  purification. Yield 84%.

t-‘?J
QIF”/O H TsCI, Et; H O\

‘/ \
DMAP ©

Part B.

161 162

20 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 Na;SQ,, filtered, concentrated. The residue was purified by flash chromatography
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20Compound 174 (1.416qg, 4.4nunol, leq) was treat.ed

wth a 4.0Msolution of HCl in dioxane (10nlL) at rt

for 1. The turbid solution was then concentrated and

vl bpglozsster hi gh vacuum to obtain the hydrochlbewksmoroissn
salt of 175 (1.13g, 4.4nmmol) as yeIIowfoamin a

guantitative yield. 25 Part
(Plon&t0ag 9% tPEV¥Br0aford 16&00184& 2, Ommol) as Asvhite 50'id- A0pig 47%.

66tinmol, leq), amne 175 (31lng, 79tinol, | .2eq) and
HBTU (SOrTg, 79tinol, 1.2eq) were di spersed in DCM ni)
BaryiCi 1 et hyl am ne (271| L, 197tinol, 5 3eq) was added.

The reaction was~stirred at rt for t hen
concentrated to ®ss. The regidu Hpurified by
HPLC to afford 17079, 6 12plpol ) asla philized
powder. Yield 18% REST(+ry—mte 814, 47 (MrH) +.
Exanple 72 10 ©¢°%° oo

162 )b 163

Tosylate 162 (0.88g, 2.09mmol, 1eq) was dissolved in DMF (30mL) and pyrrolidine
(3501L, 4.17mmol, 2eq) was added. The solution was stirred at 60°C overnight. After 16h,
the reaction was allowed to cool to rt, diluted with water (30mL) and extracted with EtOAc
(3x30mL). The combined organics were washed with brine, dried over Na;SOs, filtered,

concentrated. The residue was punfied by flash chromatography (DCM and
DCM/MeOH/NH,OH 80:20:0.5 0% to 80%) to afford 163 (224mg, 699umol) as an oil.
Yield 33%.

Part D.

163 164

Compound 163 (224mg, 699pumol, 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.
@LOH
)
oD
@ Q HN N O oHb.., -
e o O OH 164 o | G
N N.o OMe - .,, N.. OMe O Ho
H N HBTU, Et3N N 0
HO o 7 " AN
p HO— oM
> 160

3

10
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176 Part A HN,-,(OH HN).---A3E1 0 02) NaBH4 0 177.
15N-Boc- S-net hyl - (L) -cysteine (1.50g, 6.37mvl, 1 eq)
was di ssolved in dry THF (20nL) under an at nosphere of

woaoesaagy t he sol ution cool ed down i n an i cefpcifusn®?/018471
bat h. Ethylchloroformate (0.610n, 6.37nunol, 1 eq)

t hen N-net hyl nor pholine (0.701nl, 6.37nunol, |leq) were
addedAdddmm@ng.nhﬁﬂfuhml rleq}; tanmome 564 t4dett, ﬂB?pmﬂmerea)t and HBTU

&l P20 aete difpesed fRaMEGLy g8 Pty SR eeo2umol,
;&,?\Ia%g S 1 RSRIGUERSARES W & horRhR0Rh chAl e 0tRs. The

15m.) at OC. The net han was evaporated off and
tebidus ofas tpudfiediby (HRIC vo tffordA 60 (3. lwﬁﬂblmob)dsrzal}bphihzed powder,

Yl d'6.8%. MS (BSI(+)) mve 812.56 (M),

Example 70

165

E?L*?@w;@

PPhy. DEAD

Part A.

0 0

Boc-(S)-phenylalaninol (2.01g, 8.24mmol, leq), 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) HaNNH, HN N
HN N _— o
A o 2) collidine 02\0 m
0% 0 o /jv ON NO
£.Ch

/\\ 166 -
e
0N NO.

d

Part B.
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Et 0Ac (3x30nlL). The conbi ned organi cs were washed with

HCl 1 N (3x20mL), NaOH 1 WO

2008/ 024337PCT/ US2007/ 018471 N (3x20nmL.) and brine

WA 2Re0137 dri ed over Na2SO4, filtered and comrcenstmbt/ensi7
to afford 177 (1.11g, 5.04mmol) which was used w t hout
further purification. Yield 79% Part B. _Alcohol 177

(1. 11%0m15)ugqn<}ﬁﬂ 3 1633(19 09rﬁﬁlpha]qq}| Was (tqgatgggglth hydrazine hydrate

@ﬁﬁiﬂ% ’Sm:]['n%ef%]) ﬁﬂ@ﬂﬁ)&hg%ﬁﬁ’dl i ghg Fea&t%ongtgzgy alSowed to reach rt

onmol wer e sol v e ry THF
therd éitcmd onEpapsro Pihe rf;llraz odis ccan@ut(ytleattce d(}meﬂsm the residue taken in

PR THE i P o Bo o R fle S0 b o) cmess

CONCETHel @tiBud Wasltakae 5 DaM (20meL) £:di T4 6-colidink (6‘$SSML 4.99mmol,
flash chromat ography (Hex/EtOAc 0% to 50% to afford
oD T8 4G PRSIt whlorde S99, SR Ls05e) were added. Afer

5h, the fhdtion was Hiuf4OP®: DCM (100mL), washed with HCI 1 N (3x20mL), 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 167 (1.63g,
3.99mmol) as a yellow powder. Yield 68%.

|

H o ©j\,N 8

qjy"\ﬁ Mel, K,CO;  HN ;‘;E
d

__.O)\

0
P TS N
1

Part C.

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 HCI 1 N (100mL)
and extracted with EtOAc (3x25mL). The combined organics were washed with water
(1x20mL) and brnine (1x20mL), dried over Na,SOs, 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%.

<jﬁ\/‘ 9 el ©j\/
N1 l »)
HN ™~ N\/g

g/, —_— ﬁN
o 2 P

o i [ ] | o ]g\
04 0; ON 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
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0) ....00)....00 178-.A "179 Thi oet her 178 -
(1.43g, 4.1mol, 1 eq) was dissolved in nethanol

(100nm.) and Ozone (5.1g, 8.2mol, 2eq) was added as a
wolwtisoanst N wat er (20nlL). The reaction was 2@cgiustéo®di1s471
at rt for 1 h then quenched with 20% sodi um bisulfite
(20nL). The solution was diluted with water (200nL) )
wasturE xto rabgaie dhavhydrodtoray saltopfl §93460dmig) 1. 4mheolt aniyeliyy foam in a
[ [:cs..ware washed with brine (1x30nL), dried over
ﬁ%\%@%&?éﬁﬁtered and concentrated to afford 179 (1. 3g,
3.4mol ) which was used wi thout further purification.

ield 83% 25 Part D. WO

024337PCT/ US2007/ 018471 o1l 1) H2NNH20 2)
NaBH3CN HAM 1} HBTU, collidine

QL' 0
N._F
SUS HEse j
169
0 O OH 0N NO, o gl
g OMe e N_ OMe O A
N
© HO A QH o

N
AN ZIELN
H OH
HOJK/SH

10 i 165

-

Acid 10 (40mg, 66umol, leq), amine 169 (31mg, 79umol, 1.2eq) and HBTU
(30mg, 79umol, 1.2eq) were dispersed in DCM (1mL) and 2,4,6-collidine (26uL, 197umol,
10 3eq) was added. The reaction was stirred at rt for 1 h then mercaptoacetic acid (108mL,
1.32mmol, 20eq) was added. The redish solution was stirred at rt for 1 h then concentrated
to dryness. The residue was purified by HPLC to afford 165 (7.3mg, 9.6umol) as a
lyophilized powder. MS (ESI(+)) m/e 756.33 (M+H)". Yield 14.6%.
‘ Example 71

=0
Q q‘\o
oRVUsaea:
H
. N
A’,‘N ‘o OMe N
H N
PPLEN
HC 4 OH

170

Part A.

\F 1)EN \F

[ o] s

_ oo~ 1
HN\.\HrOH HN® OH
0 ™o
4\ m

0% o 2) NaBH,

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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Sul fone 179 (1.3g, 3.4tnnol, leq) was treated with
hydrazi ne hydrate .(1.06nL, 34mol, 10eq) in refluxing
et hanol for 2h. The reaction was allowed to reach it

whedsbishsiered on paper. The filtrate was coneeffustoosiss7
to dryness and the residue taken in DCM 5The m xture

was filtered on paper and the filtrate concentrated to
Ethylaldgroformate (0.82anly, s Serurolnden) t thide fristhylaeing 46.876mL, 8.25mmol,

[ 70 . | ;
{50k AR ABbUR: SEPKATe R bl aB 1qmiATeC X Btohyaride
(3 &d g LB3%.cnyraclo bay) elay dddedand theGdagtion Shhradlat - 1980 Yon@hsThe reaction was
dded. The reactjon S stiryr t.rt f 1 t.hyen
e Alinsterih TeobRandRinn 50 T Gonflat ol o ethanol was
dvBRGthie@biVaRd 1RA YA 86b O ildted YithoHal Y ﬁv@%@ma@&a Wille EtOAc
resi dual aqueous solution extracted with (3x20mL

(Phi0reloprifin eféntbir@drﬂrwi%e;verlewa@h@b wiht HChi Nd%mr@gabﬂ I N
PR b RIS il bt RERE, A SONREpERN s Pattor 171

® 108t 29 0ntiol) hivhtwasusedivighatit B0%er pbiflaitionEYield 9D45s
HC11 OrOzrs HNO G ThH214 180181 Conpound 180 (0. 85g,
3mmol, leq) was treated with a 4.0Msolution of HCl in
Bipgane (10nmL) at rt for 1. The turbid solution was
then concentrated and dried under high 20vacuumto

obt ai n the hydrochferic sal f 184 (0. , 1. 17nmol)
as a white foam Yield ° °

g )

HN L/

W R N

HN* OH [¢] HN®

A Y 0
PPhy, DEAD [o 5 o)

0% o
)‘\ m )‘\ 172

Alcohol 171 (2.0g, 7.6mmol, leq), phthalimide (1.3g, 9.lmmol, 1.2eq) and
triphenylphosphine (2.4g, 9.1mmol, 1.2eq) were dissolved in dry THF (40mL) under Ar.
Diisopropylazodicarboxylate (2.4mL, 12mmol, 1.6eq) was added dropwise and the reaction
stired at rt. After 2h, the solution was concentrate to dryness and the residue purified by
flash chromatography (Hex/EtQAc 0% to 50%) to afford 172 (2.11g, 7.6mmol). Yield 71%.

Part C.

LP AP

8
HN' 5
OJD‘\ 172 OJJO\\ 173
Thioether 172 (2.1g, 5.4mmol, 1eq) 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,SQs, filtered and concentrated to afford 173
(2.2g, 5.2mmol) which was used without further purification. Yield 97%.
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39% WD 2008/ 024337PCT/ US2007/ 018471 Aci d
described in Exanple 4 part G (50ng, 80pnol, leq),
am ne 181 (17nmg, 96pnol, 1.2eq) and HBTU (36ny,

w6 poosjoz4337 2eq) were dispersed in DCM (1nl) andT/US2007/018471
triethylam ne (344" 240pnol, 3eq) was added. The
reaction was stirred at rt for 1 h then 5concentrated
Paridk yness. The residue was purified by HPLC to afford

176 (2.2nmg, 2.8pno ) as a Iyophi lize owder. M5
Exanpl e 73

(ESI(+)) rn/e 78 Yield 3. %9
10182 Part A aﬂt'zheree n \St/qimd bot t om
flask topped wit hm ensen;aam(aiu) Phleh ~ani ne-

1713
H H )V 174

Sulfone 173 (2.20g, 5.2mmol, leq) was treated with hydrazine hydrate (2.5mL,
52mmol, 10eq) in refluxing ethanol for 2h. The reaction was altowed 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.

The residue was taken in methanol (40mL) and formaldehyde 37% (].1mL,
15mmol, 3eq) was added. The solution was stired at rt for 10min then sodium
cyanoborohydride (0.96g, |Smmol, 3eq) was added. The reaction was stirred at rt for 1 h
thyen quenched with 5% NaHCOQ; (40mL). The volume of the reaction was reduced on a
rotary evaporator and the restdual aqueous solution extracted with DCM (3x20mL). The
combined organics were washed with brine (1x20mL) then dried over Na;SQy, filtered and
concentrated to afford 174 (1.416g, 4.4mmol) which was used without further purification.
Yield 86%.

Part E.
5 HCI
?_m\]\/rl‘l\ —_— L |
A HaN®

00
)Fﬂa

Compound 174 (1.416g, 4. 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
vacuum to obtain the hydrochloric salt of 175 (1.13g, 44mmol) as yellow foam in a

quantitative yield.

Part F.
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pyrrolidide (1.00g, 4.6mmol, |lea) was dissolved in dry
THF (20nmL) under an atnosphere of Argon. The sol ution
was cooled in an ice/water bath and Iithium al um ni um
Wy thog/olasamwas added dropwi se as a 2. OM sol ut i opcT/o$2bbH7018471
(9.2, 18mmol, 4eq). The reaction was refl uxed
overni ght under an atnosphere of Argon. Afterl 8h, the
reaction was allowed to incool tort, then cooled in
an ice/water bath and quegthed, by the cauti ous,

sequenti al , dropvvi se addidpon-6f water (0.7nL), 15% AN

NaC]—|(O 7m_) d ater (2. 1rrL) to obtain a W .z
el |tat. m et i on_was filt d on pape N;

the a Npsed Wit h THE (60n) . %?. rat gualbs] h

conce n at t o_ebt ai ned crude 183 al Yy I ow o} |
(0.917¢7°%4 I) whi ch was used wi t houb—4 daef ™
purificati ontw Yield 98% 25 Part B. k Acired

prepared as described in Exanple 4 part G (80ng,

1281. nnol, leq), amne 183 (31ng, 1541.anol, 1.2eq)

and HBIdJ105@0mg, H6udrol, ely), amnizedys vi@imeg,d7dprelsd@eignand HBTU

5(1 ) triethyl am 44, 385]. |, 3eq)
QB 1@@%@5& ?R?fﬁeaﬂgﬂgﬂ Firela aaa ithylging (3l dg7nmol,
ﬁg@@pmcﬁge@hé fha&wﬁ@%snrﬂéaeat r.@ﬁdrelu tH’&@%oH&Hn'trEﬂe&% *ayyness The
HPLC to afford 182 (16.8ng, 201.unol) as a |lyophiliZed
rpodwiewas Mrgfied 16 HPYC ﬂVBaf(olﬁSIlQ&)(?ﬁmgd&pBﬂ.cﬂ) 65 a(ljep)lized powder.
\E)él%%l%e 74 10 183 Part A 011Nall Cci

MS (ESI(+)) m/e 814.47 (M+H)".
Example 72

Part A.

| 1) NMM |
[ o]

A ®
c1” o ]\,
HN]\'rOH N OH

%o © ™o

2) NaBH, )v

77

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 HCl 1 N (15mL) at 0°C. The
methanol was evaporated off and the solution diluted with HC1 1 N (80mL), extracted with
EtOAc (3x30mL). The combined organics were washed with HCI 1 N (3x20mL), NaOH 1
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Sodi um hydri de 60% (3. 1g, 78mmvl, 2eq) was dispersed

in dry THF (40nL) under 15 .an atnosphere of Argon.

3-chl orophenol (4.1nm., 39nmol, | eq) was added dropw se
vy gins/dAs3n as a solution in dry THF (10nL). #Foeus2007/018471
sol uti on was stirred for 1 h then di et hyl chl or of or mat e

}ﬁ 9L, 78mmuol % was added dropwi se as a sol ution
rﬁ3’@|0WL'}HFd (roer) x2 ik, dmimvrebhla . Bitered apd eensenirajist to afford

§ f t

B 418y G hich 2 LRGN AR BHEREIESE, k1o 9%
d| et hyl et her (120nlL). The organics 20 were washed with

(2x30nm.) then NaOH (2x3Orri L), dried over

%ﬁm filtered and concentrated. The residue was
purified by flash chromato hy (Hexane/ Et OAc 0% t hen
109% to obtain 184 _as ano 8. 2d ). Yield
93% WD 2008/ 02-13B7Ra/ 1 007/ 0184717, t B. Dry THF
(120n.) was charg n a—fldhe-dried roynd- bott om
fl ask under an 50 sphereoab Arm and cooled in an
dry ice/ acetone b A 1.4M sol u n of sec-butyl
[ithiumin cycl ohexane (31nm, 43nmol ,17el. 2eq),
t et ramet hyl et hyl enedi am ne (6.5nm., 43mmmol, 1.2eq) and
a solution of 184 (8.2g, 36mmol, leq) in dr THF
i@lmoim_)17/Ver(éliagidéd)4mqll|,eribﬂl)alp}yhahm 46/86%4, 0 ﬁOﬂmmol 1.2eq) and

h d 1
bl Podhins {5286 Jiseidl e Herd el g S50HRE yo0mpgamder Ar
BifdopfopPRzoticrisiiylatee ( .48mEL, 78S6hmbl, 30pdq) wireaddtd dbpwiednd the
to reach it After 2h, t he reaction was guenched w é hhe cesidue

rsagfiop Supes af Todvier 2hhibe SeltipR cYas PoRFIrale; igdrymess an
;{u%)ﬁl@ow—)ﬂasﬁrhﬁr&ﬂﬂ% AISANOAT 084 8o J8d9GH (O Vdtford 178 (1.43g,

filtered and concentrat ed. The residue was
%Lﬂrmﬂlolédflblﬂ@f%ash chr omat ogr aphy (Hexane/ Et 0Ac 0%t o
309 to obtain 185 an oil (8.92g, 25nmol). Yield 70%
15 Part C r' NaOH 0 Cl 185

Part C.
0
j\/ %i Nz%
HN Oxone HN

0

/\\ 178 . )OF 179

Thioether 178 (1.43g, 4.1mmol, 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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Cl 186 Carbamate 185 (10g, 28mmol, |eq) was
treated with sodi um hydroxide-(11g, 283mmol, 10eq) in
refl uxi ng ethanol (140nmL). After 14h, the solution was
wao boogveriszt;o cool 20 to rt, acidified wth HClp6&Nusiverio1s471
extracted with DCM (3x60nL). The conbi ned organics

were dried over Na2804 filtered and concentrated. The

resi due was purtn:fsl e | ash chromat)gi r aphy
( Hexane/ DCM 0% €0 ]10Q0%t o Atit*#n 186 dl (3. 75g,
15mmol ). Yield % 25 Par t 2 Oﬂ'g\

A A TR

Sulfone 179 (1.3g, 3.4mmol, leq) was treated with hydrazine hydrate (1.06mL,
34mmol, 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.

5  The mixture was filtered on paper and the filtrate concentrated to dryness.

The residue was taken in methanol (40mL) and formaldehyde 37% (0.75mL,
10mmol, 3eq) was added. The solution was stirred at rt for 10min then sodium
cyanoborohydride (0.64g, 10mmol, 3eq) was added. The feaction was stirred at rt for 1 h
thyen quenched with 5% NaHCO; (40mL). The volume of the reaction was reduced on a

10 rotary evaporator and the residual aqueous solution extracted with DCM (3x20mL). The
combined organics were washed with brine (1x20mL) then dried over Na;SQOy, filtered and
concentrated to afford 180 (0.85g, 3mmol) which was used without further purification.
Yield 90%.

15  PartE.

o‘ﬁj\/ | HCI
— H,NL'
/&\ 180 181

Compound 180 (0.85g, 3mmol, 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

20  vacuum to obtain the hydrochloric salt of 181 (0.21g, 1.17mmol) as a white foam. Yield

39%.
Part F.
I j
N =0
HN ~ O ] %
&), 3 o
o OF! . N.
ﬂ o OF N
HATU, E;N AN
HO OH
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MG z Et3N C 0 OH 188 187 WO

2008/ 024337PCT/ US2007/ 018471 - To a m xture of

MyCl2 (2.25g, 23.6mmol, 2eq) and paraf or mal dehyde

WA 208924385. 4t nnol , 3eq) in THF (60nL) under BCTHUB200MAS4TI
added triethylamne (3.29nL, 23.6 rrnnol, 2eq). The

m xture was stirred at room tenperature, under argon,

for 10m n and phenol 186 (3.00g, 11.8nmol, leq) was
addeq\cid liesci®ad ih Exapk Neafted (GOmpeBOLolf AEq)3AmEnet D&IN(17mg,
allowed to cool to roomtenperature. D ethyl ether

6L00!.n.Feadeand HBEY @huist Henrsdl LLponver lispeshédn WGEM (ImL) and

e %‘waﬂ &8 Bl recrien eFfedie o 1 hen

chheBiHed tMhyRLss BiR Yok eY HPt erth Bfbrd 176 (2.2mg, 2.8pumol
pu(rzlflgattlon \s(leld 99% &?Fl’lar Eyl t ' (2.2mg, 2.8mol)

as a lyophilized powder. MS (ESI(+)) m/e 786.56 (M+H)". Yield 3.5%.

Example 73

I
0 O N
SWNP N o
H
A O
Ho—4 OH

182

D — @LO
N
HaN N HaN
0] 183

In a three-neck round-bottom flask topped with a condenser, (L)-Phenylalanine-

Part A.

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. After]8h, 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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To a solution of crude phenol 187 (3.33 g, 11.8mol,

leq) in DMF (50 nL) at room tenperature was added

K2CO3 (2.18g, 15.3rrnnol, 1.30eq) followed by Mt
wW®20800837 15 15. 3tnnol, 1.3eq). The reacti onporaKLIDS018471
was stirred at 40C under argon for 5h and then

guenched with HCL 614 (10nml). The m xture was dil uted

with HC1 1 N (250 i) extracted with DCM (3x100
mL). Pool ed organics we d with water (3x,100mn)
then brin€ {11x10@n). Thewsetuti on was dried x

& | i "amd concenfgated to @FyYness
r st due haSE purl fi ed by —ftash—hr omat oyt 4phy 9 O
( Ef 0Ac/ Mekane,N0% t o 209 #roe®0 af ford 183_{2\4R07 >

8. 16MMot) . Nield 69% Part F. 25Al dehyde 188 12
(2.41g, 8.13mmvol, leq) and hydroxyl am ne hydrochl ori de
(678mgy, 9.75mmol, 1.2eq) were dissolved in

THF/ Ma@dpphred af destrided iﬂlﬁiﬁa%p]eﬂ"ﬁa@@'(@@ﬂm?,nl Mﬁoﬁtlb%)f efline 183
at roomtenperature for 5 mMmthen a crystal of nethyl
(Btmpg&Ssummbls bdeq)marsly HBIBD (HBmygirisdemply . 10%g) were dispersed in DCM

AR e PRyt b Rt Comor s dited i bR pined ac t fo
1:)1? fhé:ﬁl WbchtflePfo driffest. GRE dsRite R4s bhﬁ%&(ﬁ&bﬁﬁﬂc 20t 1B2(16.8mg,

HO. After stirring for 1 h, the m xture was
X0pmtodyasd lpephiized powddrn¥iehiy] 64 % IMSWESI(+)) m/e 810.65 (M+H)".
2008/ 024337PCT1US2007/ 018471 THE The filtrate was
diluted with NaOH 1 N (100nL) and extracted with DCM
(3x 50nL). Pool ed organi cExmipee mashed wi th water
(3x20m.), brine (1x20nmL) and then dried over Na2SO4.
The crude product was purified by flashschromatography

(Hexane/ Et 0Ac, 0% to 80% to F'd 189)( 1. 498g,
4. 78mmol ). Yield 58%AA5Papt £ NN
VHWME A
o1

/N\
HO{ H “-0OH

183
Part A.

OH " Nan Oxrr"(/
o™= o)
cl O N C 184
¥

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;SQy, 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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Nitrite 122 (850ng, 2.66nmol, -1.05eq) was dissolved in
DVBO (5m.) and sodium O acetate (327ng, 3.99mol ,
1.50eq) was added. The solution was stirred at room

wenpenastyyre for 30m n then poured on brine (B6mus20aneis471
extracted wth diethyl ether (3x30nL).. The conbi ned
organic | ayers were washed with saturated NaHCGO3
m.), water (2x20nL) and brine (1x20M.), dried
over Na2sO4, filtered ]/and concentr at ed tlQ dryness. The
e

resi due was then regc d ovremf‘ght ﬁbh Aydr oxyl am ne

189 (588ny, 2. 35@ , A eq) in(rgflluxing tol uene
(20mL). After 14h7 tfe sol st#on: was dncentrat ed and

the residue puriffed™y flash chrondtogfaphy
(Hexane/ Et 0Ac, 0% to 30% to afford 190 (964ny,

1. 69yl Yi 66%

Lol e AL R Fha g Py 0 o3y et gonder an
aabsphbte(dT. Argérl-and @Oaﬁdﬁdn diReS@REWNE Bt A 1s4M rsﬁl@doxﬁbf sec-butyl
roomtenperature for 2 h then diluted w

lihipme iy GxaloRInGy (B hmboq4REmads 1 (289) taiﬁﬁn%hxlﬁhyleq%@)amme (6.5mL,
%‘hﬁ:ﬁq PY&D) amf@@g?ﬁhorf bt T@r@q%ZWﬂC%W e | n(lgﬁ;hL) were added

ness. To a solutio e resi
S@M)lal\haé" he sieletidbrawasattionedl ei-781C {or Ph then iodine (11g, 43mmol 1.2eq) was

a;(daggl noceiﬁr(p % WG@T?&L{}W so@% on wa‘s s? rrgg at”. 5% Ry %bX‘nm then

10084 62 A3 RCN&U:SZIQQHé Eb]a&ﬁmlwé’s @Mneneurmtmmahammm@mm then

h 39 f 15
SHRLIET wﬁﬁ \E&Sﬁe {x1 P%Lhﬁ‘rhrﬁo s«afﬁblp g?éewargnége@ fvey 5 NazSOs, filtered
Al cShcehtted. Vﬂ% r@s@&ﬁ%%a@ Eﬁl‘?f i l!»l:,oﬂ‘asﬁfch&i'i‘)ato gr )phy (HexanefEtOAc 0% to

I sopi nocanpheyl am ne 854, previously
30fede ebtainil 8§rap Omzsﬂﬁml)t Wiedd Wt r i met hyl al umi num
i n hexanes (8504, 1.69nunol, | eq) for 15 mn. After
5h, the 5 sol ution was diluted with dry DCM (150n.)
~AandCquenched with Na2SO4. 10H20 (8.2g, 25.4mmol, 15eq).
The m xture was stirred vigourously at room
tenperature for 15h then filtered on Gelite. The
filtrate was concen ad ‘t/o ey pe and the residue
purified by flash chiyome} ography (Féxdne/ Et 0Ac, 0%t o
100% to afford 191 Pe591y, 1. 09nTrDF):asY| eld 64% 10

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;SO,, 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.
o Gl
OH
X e X
1
& ' MgC ElN O Om
186 187
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Part |. A flask containing iodide 191 (659ny,

1.09mmol, leq), 3-am no-5- 15 carboxyphenyl boronic

acid (240ng, 2.17mmol, 2eq), cesium carbonate (628ng,
w3 268037 3eq), potassium acetate (107ng, 1. POPTHEA0)7/018471
| eq) and Pd(dppOCl2 (79ng, 109p.nol, 0.1leq) was purged
W th_argon, and s _added, The reaction wa

heat 40 RmBHE REMgah (PR SGRMObeR A A Asa (1068
§5Q1n¥iﬁ$ler3e<§)191oﬁ‘1{)f" @HL‘}“JnH@rdaﬁgbﬁ hy VL ek t&h@Ih'yimﬁxﬁbeQ 29mL, 23.6

aqueous | ayer attained a pH 4, and extracted w't
Dam, 28560 hnLI)uxtuTh@vas ctityet et r@dmn tnngumtlue,l wiyder grgney or IOmm and

nt) d Naz2S
BRI S5 S 0 BR300 o et o 3
thiérs slidweddiol CoolVe® rbdrd Qerhperatogd. Diehyleshak (llbo %P 'ﬁvﬁtf addetd Mand the

(1624, 2.17np 2eq)..and sodi um cyanobor ohydrj de
sebn@gﬁgwass V%%wﬂhsi{gl 1 AN g}xngrp]vg ,%edapv?rog{ﬁsoq, filtered and

oRERGLRE W ﬁryfn@srs tg’ gﬁ'ﬂafﬁ crﬁ(ﬁel 8r76(§@§% o, gﬁrﬁ%‘#}ﬁch"\@% taken on without
guenched w th sat rtitioned
Pgﬁhcxl@enﬁmmerYI@W% and DCM (20rrL) The aqueous | ayer

was acidified to pH 4with 6M HC1. The | ayers were
separated and the aqueous extracted with DCM (3x20

Mir) E. The conbi ned organic | ayers were washed with

wat er WO 2008/ 024337PCT/ US2007/ 018471 (1x20), dried

over Na2SO4, and conc lat ed goa broﬁ‘gﬂv\hl ch was

used wi thout purifin Par t
Conpound 192 was t akgngy n DCI\/I (2mL) the ne derived
fromluecine (78ng, 54aunol, O0.5eq), HBTUu( 206ng,

543unol, 0.5eq) and triet hyI am ne (1514, 1086unol, 1

eq) were added. The reaction was stirred at rt for 1 h

t hen Tocascbrion af emide phenol/H853.33 Ehtl . 8remiot] U eq)vim ®MBITI(30fmle)dat room

tgﬂ%&fr%t%ShHg}sr] ragﬁt ﬁ%ﬁ&p Wléqugl3and ID?%e'\éB folowecpEIy Mel (0.956mL,
15.3mmol, 1.3eq). The reaction mixture was stirred at 40°C under argon for 5h and then
quenched with HC1 6N (10ml). The mixture was diluted with HCl1 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 ov.er 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.

H NHZOH HCI |

o O NaBH;CN HD‘NH OMe

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. Afier stirring for 1 h, the mixture was filtered on paper, rinsing with
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10to 100% then by HPLC to afford 183 (5.0ng, 6.5gnol)

as a |lyophilized powder. Yield 0.6% (from 191). M
<(ESI(+)) me 770.49 (MrH)+. Exanple 75 15193 Part A.

WO Pawsa2861 uti on of benzoic acid derivate 10 (Pe@/useo7/018471
0.08 nmmol, 1.0 eq.) in DMF(3 nL) was added 2M sol ution

of (S)-/s/4-Benzyl-2-Benzyl pi perazine (0.04 ngy, 0.2

81 Tho fiblgaty wag %ﬁFﬂdf whd@/aéﬁ{ By Nt (10emhy raghieriactedowity DCM (3x

S Tl BRI M g B g e

oter Nap310,. f The dddé peodB@ Bis unified dgdtaislo chnoimatographydEexane/EtOAc,

BB set 1T R84 M RB38IAT 2 Vs 2t ust e

to 12 with 6 N NaOH and extracted with Ethyl acetate

2 x 100 nm.). The conbi ned organic extracts Were dried
), filtered and concentrated in vacuo to give

of 100 ng of a

o
O,ruo\,lko MeO, |
cl H Cl
o A,

N
1 122 o 0
NH  OMe hatd i ,|<
HO NaDAc ~ H O_Sl -

189 190

Nitrite 122 (850mg, 2.66mmol, 1.05eq) was dissolved in DMSO'(5mL) and sodium
acetate (327mg, 3.99mmol, 1.50eq) was added. The solution was stirred 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), dned over Na;SO,, filtered and concentrated to
dryness. The residue was then reacted overnight with hydroxylamine 189 (588mg, 2.35
mimol, 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.

| C

MeD
cl
Q g 1) HCI o
=N, _ - " N., OMe
o L. r |J< 2) AlMe3 H
SR NS HO A OH
NH,

81

Lactone 190 (964mg, 1.69mmol, leq) 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;SQO,, filtered
and concentrated to dryness.

To a solution of the residue in dry DCM (6mL) was added a solution of (+)-
isopinocampheylamine (569|.1L,l3.39mm01, 2eq) previously treated in dry DCM (6mL) with
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5 brown oil. This material was purified using silica

gel chromatography (2.5 - 10% MeOH/ DCM to give .33 ng

of. 194 as brown solid. Yield 47% M (ESI(+)) mz

wWioS08d246MH) . Part B. 10 To a sol ution obcT/US2007/018471

(S)- N4- Benzyl- 2- Benzyl pi perazi ne am de 194 (27 ny,

0.031 mmol, 1 eqg.) 15 in MeOH (3 nL) under H2

X & tristiylalinanide diexahesrl . $30 mDHP 29 manp] n'@q) or031mimoThe solution
e fter 2 acti

Fascties b5 Phuby I, Sl ca R o BRL S of -

1M;I1ﬂibchzﬂhﬁﬂrl:y¢£nme 83spL)1 69Fhlﬁo[ﬁ L¢d) Ip&tvﬁauﬂ@&reﬁteﬂ freddyBCMA3mL) with
in vacuo to provide crude_ 195

4. s a _light
%QMVW@&YF@”"WHWCIH heganes &1 ﬁéewl olZml fas Iegrin.  After Sh, the
& Wi - .
slrgarthég:PS dm{%jS btg@ﬁg a so(1<1§ct§!1f69n)aﬂq aﬂ%@ﬁ%dgs%téwﬁg‘“l&%o (828,
Iedremol |1 54D STRO mddumermeds, stitreé oyigoutdusligt 0 rbdrd. terhperavae for 15h then
filtered on Celite. The filtrate was concentrated to dryness and the residue purified by flash
chromatography (Hexane/EtOAc, 0% to 100%) to afford 191 (659mg, 1.09mmol). Yield

64%.

Part I

MM,
1)

HD,? OH
cl H
o o o
CsCOy  KDAc Cl e
s} |

., N, OMe Pd(dppCl, 0 O OH
N (o] —_— o N._ OMe
R 2 g ﬁ 0
HO—4 OH PLIN

. HJ'LH HO 4 OH

192

19 NaBH;CN

A flask containing iodide 191 (659mg, 1.09mmol, leq), 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, 109pmol, 0.leq)
was purged with argon and DMSOQ (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,4 and concentrated to a
brown oil. -

This crude oil was dissolved in MeOH (10mL) and treated with 37% formalin
(162pL, 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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25 added fornmal dehyde of a 37% aqueous sol*ution (4 nyg,
0.05 mol. 3 eq.), acetic acid (0.9 ng, 0.02 mmol, ‘1

.~ and sodi um cyanobor ohydride (3 ng, 0.05 mmol, 3
%2303/“Nﬁ%7er stirring at 23 C for 16 h, the r &&&{SQ7/018471
m xture was filtered through Celite 545 and WO

00 4 n e - dr .

GRay Qorg%ggcg@%‘é%é 244 R85 EP ST 8hCSh Wil ¥BES8ed without
wﬂfhat&)matwmeﬁaamhutl on of NaCl, water and EtOAc.
The pH of the m xture was adjusted to 10 with 6 N NaCH
and extracted with Ethyl acetate (2 x 50 nlL). The
SHehi ned organics were dried over MpSOH4, filtered and
‘concentrated in vacuo. The crude product was purified

by HPLC 5 to afford 4 ng of
(S) - d- net hyI hzyd pi per azj ne am de product .
Vi e|u§,f( bol zv@827'58 (Mnt), Exa .@ |
. N -
H
( 1

10196 OMe 7 15Fo—a—sotuti of.gf
toI uene ungder Ar gon"t&§sadded g gKakjo o an
SPHO®° Hg), triethylamne (0.7 nde)./q OHDd ~
cat al yst (O. Ozgzg) The sol uti on was purged ? t hAr gon
> then heated at 80 C for 2 h. LCMS showed nainly

st ar tCamgpowad 492 alas takamim_BCNBCEmr@ tEEHGRine 8erivag fRon luecine (78mg,

B hs iR Aok Sh0E ) e B GHEet sTE 0s6umo
Feﬂ?l\a%ﬁa idded3rHe IQELQwWJB%PAed @R 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, 6.5pmol) as a lyophilized powder. Yield

0.6% (from 191). MS (ESI(+)) m/e 770.49 (M+H)".

Example 75

O o]
o RS
Hgi{i AN
i H \—on
193

15
Part 4.

QPN
COOH o o N
OMe K N~ OMe N
H o}
N HBTU. TEA , DMF MO~ 't N
iH Yoy
194

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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20 nL) was added. The m xture was push through a short

plug of silica gel and concentrated. Flash :
chromat egraphy on silica gel (Hexane to 30% 50% et hyl

vas glogbA33mn hexanes) gave 1 g of desired prodegiudfdroissmn
Part B. WD 2008/ 024337PCT/ US2007/ 018471 To a

sol uti on of pinacol boron 197 (1 g) in mxed sol vents.

rahok @ StadneASeaustiangdor ¢Q.h 2 2350, e yeagtion mixfire wag didefed with EtOAc

(GREmEY 3REp SALR NGBS (AITIRE} 1T BSORNF gyl s adjusted o
l'EhEitli 6a¢ NaOH mﬁsix&uaabwah aﬂhyggcﬁtty r@gs i)aﬂ@Ll_)bmae i@éﬁ!ﬁideﬂeorganic
t N . t 3 1

st 8o ofe Blfisd ahd SPaggatitedriporastaq dmate o5 B me of
pAeSh el WikiB RatkAR wiY peSnay %Ein%’%% 80d iy RARBEApRH C(%.;Qy— 10%

provide 198 as a yell ow solid and used dire
MeOHACH e give 3t nf {Phat biowofsolithi Bieldxd AhgMB ESI(1)) m/z 858.62
BRL +C. To a solution of dihydro benzofuran

(car oxylic acid 199 (150 ng) in acetic acid (3

Part B.
O R ' 8
o O N Mz Pd(OH);,  MeQH o o O N
"‘N N\ OMe k,N - Y N\o OMs k’N'H
ol N (20% PAIC) Ho ) a
HO- PN RO~ AN
i H \on i OH

194 195

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.

O : SO
SRUensa s LSS Ueace
NN OMe NH - oSN OMe LN
H 0 NaCNEH, H 0
HO~~2 AN HO~ % ~Ns
iH \on iH L on
195

CH3COH ,EWOH
183

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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15 nL) at 0 C was added an acetic acid sol ution .of

brom ne (120 gl in 1 nL of acetic acid) drop wi se. The

m xture was- allowed to stir at 23 C for 12 hr. The
weaedsjogdsnas quenched with sodi um sul fite solpgtruRectd1s471

M until the red col or di sappeared. The m xture was
concentrated under reduced pressure and residue was
caakeniratgd 1 9dryn8es terlaffodvin axgrigeisolvh S haastertal wes éiledwith a saturated

dr, ' .
SRHIONPONE, o ShL BTSRRI SIRGERL LA S8ghu Y wi o v
NHOHl'reldmtctE@a(im Ethyl(deatate (@ 050 tn’(IL)STbe(adfrpblﬁéd ofgarits Rere dried

WO 024337PCT/ US2007/,018471 | uti
VT g’?&%g tze lterefiefsﬁ gonsentiaiss it pagHsig %vmmavcsf g'sﬂg @"lﬁﬁgdo by HPLC
@dﬁf&la a b dffr(smﬁw&@@z(b%ézmemﬁﬁémﬂmeq%&mmw ¥iéR033%, MS

pot assi um acet ate and Pd catal yst
(L‘%:)I(‘*))I' 6 782 R8(MeHNas purged with Argon and heated at
75 C for 5 h. LCMS showed desired product and reation
was concentrated. HPLC purification gave 20 ng of
5desired product 201. Pan Example 76 To a solution of
201 (5 ng) in DCM (1 nL) was added crude am ne (10
uL), HATU (4 ng). The m'xture dto stir at
23 C for 2 hrs. The cﬂ#1 & wasl t Hen) di | ut ed
wi th net hanol (800 uL d Luri [: yHH C (basic
10-100) to give desired pHO u
(ESI (+)) Se 777.58 (M+H) ¥

196

Part A.
0
H-B,
o
e o \ Pddba,.E13H e 0 t?’?%
- " N OMa O
o N OMe ‘N "
N o SPHOS, toluane H 0
HO~% HO—7%
PR on
8

Y

To a solution of 9 (1 g) in toluene (10 mL) under Argon was added dioxaborolane
(1 mL), SPHOS (0.04 g), triethylamine (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 | g
of desired product 197.

Part B.
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20

202 20 Pan A WD 2008/ 024337PCT/ US2007/ 018471
To a solution of boronic acid 198 (50 ng) in DMSO (1.5
at 23 C was added aryl brom de 203 (35 % cesi um
ngm}% BN

i)
Y rWEAHBY (100 ng), potassium acetate (10 EROfE018471
catalyst (9 ng). The m xture was purged with Argon and

heated at 75C for h. LCMS showed desired p;ﬁﬁ:t and
then reay org,co \Lsated. Purificatign by H
(aci di c 09) o,[;eq)s t edriqa n@eng O es r d)ﬁr%)auct
204. Part]BH o 10T SOladdbat, @i Of al Yehyde™'2

my) in THF"x osWas added isoprene (51 2.

phosphat e buf f gf (0.15 nL), and NaCl102 (18‘ rTBg) at 23

C. The reaction was stopped after 2h by addr’ ng wat er

(30 nm), acidifying to pH1 with 6M HCL, and

extr %gﬂg Cﬁ p%lﬂgf&l ?9'}.'4:1 11;r Hl?xe‘a SIRBNE of YRS W Ster (1:1,

drie and concent to glve
20 mL) at rt was added sodium periodate (2 g) and ammonium acetate (0.8 g). The mixture

was allowed to stir at 23 °C for 12 hr. The reaction was evaporated to dryness and the
residue taken up in ethyl acetate (100 mL), 0.1 N HCI (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.
Bra, acetic acld \E\EEX
]
oH 0 o

199 o 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.

B’OH

Pd{dppfiCly, CsCO; .
OMe OH "ﬂ 8
KOAC, DMSO HOwt
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205 as a white foam and used w t hout further .
purification in part C of this exanple. 15 Part C.

To a solution of 205 (7 nmg) in DCM (0.6 nL) was added
wouehgoansne (10 ul), HATU (4 ng). The m Xt ur @cwas2007/018471
allowed to stir at 23 Cfor 2 hr. The crude m xture

was diluted with nethanol (800 uL) and purified by

JPLC ThasolotidiDel@ddnigacid 198<1¢0edgpinddMSO Z0RLBan2p “G/Bas added

é'gglg}gM&é%@;é@&%%hﬁ%sgg%%gpgo?asZigm acV\Qtate (20 mg) and Pd

catalyst (17 mg). The mixture was purged with Argon and heated at 75 °C for 5 h. LCMS

showed desired product and reation was concentrated. HPLC purification gave 20 mg of

s desired product 201.

Part E.

10
To a solution of 201 (5 mg) in DCM (1 mL) was added crude amine (10 uL), HATU
(4 mg). The mixture was allowed to stir at 23 °C for 2 hrs. The crude mixture was then
diluted with methanol (800 uL) and purified by HPLC (basic 10-100) to give desired
product 196 3.5 mg. MS (ESI(+)) m/e 777.58 (M~+H)".

15
Example 7

7
<8 °A3V:
a NN
HO o~/
OH
02

Q
2

20 Part A

Q o

[ o)
~OH
e 2 B Br H Pd({dppf)Cly, CsCO3 s g H
o N, OMe OH . o N OMe
H (o] 0 H Q Q
z KOAC, DMS0 HO a O-./
. A

o/ e
tH Lay

188 203 204
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To a solution of phenyl al anine 207 (0.5 g) in m xed
sol vents of dioxane (5 nL) and 1 N sodi um hydroxide (5
n.) was added di-tert-butyl dicarbonate (0.7 %)U.UﬁThe

WA PA i xture was stirred at 23 C for 1. 5PRIVUPZONERIS471
(1 M was added untill the pH of the to solution was

o et O sRES R el A0 s PR H B DR SRR AT s sded
ém Bmiddri08 3 Mintg), NadSQLhriete OO ), rpataeﬂumcahﬂeqléﬁfg) and Pd

crude s)roduct 208 whi ch was used wi t hout furt er
q@taﬂyst (T ag).ofhe mipret wd pirgadnvith dxgompind . heptad 1at B5°C for 5 h. LCMS

T sol ution of Bo
SRR Pesvah prosiod B Saion HAnRerige o PR CEfbrT By HRLG acidic 10-
mwasamdamoafgﬂomaamd@mr;M4 ani ne (203 ng) and D PEA
(0.8 nL). The reaction m xture was stirred at 23 C for
2 hr. The reaction mxture was then diluted with 20
PXMB(50 nlL), washed with sat, sodium bicarbonate, sat.
NHAC1l, brine, dried over MJSO4 and then concentrat ed

to drypess. Fl mat ogr aphy on \sj Ilca g (100

e , 40%9@!60% o- OO I r
wo st eps). e

/gSZO H 01847 Limpo,

204

To a solution of aldehyde 204 (30 mg) in THF (1 mL) was added isoprene (51 pl),
2.7M phosphate buffer (0.15 mL), and NaClO; (18 mg) at 23 °C. The reaction was
stopped after 2h by adding water (30 mL), acidifying to pH 1 with 6M HCI, and extraction
with DCM (3x15 mL). The organic layers were dried on Na;SO4 and concentrated to give
205 as a white foam and used without further purification in part C of this example.

Part C.
N
[ ] Ny PR
PN
N"TN  N=
O aQ O—QN_ O OAEL«’
SN ¥gnse ' of A
"y N OMe o " N OMe o H
H O H @]
HO~ 2 o/ /Jj\,\ HO~—7 o~/
z OH HNTS) N H OH
205 202

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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Part C. 0O H2 02N I , Pei/0 Nzr NHBoc 2D9

209 (500 ng) was dissolved in nmethanol (10 nL). The
reaction solution was purged 5with N2, palladi um on
woLeRp43P% 0.6 g) was added, and a bal | oon picuids2éh018471
H2 was attached to the reaction flask. The reaction

was stirred at 23 Cfor 45 mn and then the m xture

was filtered through a short plug of cBfjte. The

Celite plug was washed with 2 portions t hyl

acetate. The organic sol uti ons pag nled and
concentrated to gi velgg Q AN
. H
N N,
H
HO~~* N
H Y—oH
206
Part A.
o] 0
O,N\©/\HLOH NaOH OgNWOH
NH; Boc,0 NHBoc
207 208

To a solution of phenylalanine 207 (0.5 g) in mixed solvents of dioxane (5 mL) and
1 N sodium hydroxide (5 mL) was added di-tert-butyl dicarbonate (0.7 g). The reaction
mixture was stirred at 23 °C for 1.5 h. KHSO, (1 M) was added untill the pH of the
solution was 5. Ethyl acetate (3X 100 mL) was used to extract the mixture. The combined
organic layers were washed with brine, dried with Na,SO4 and concentrated to give 583 mg

crude product 208 which was used withont further purification in part B of this example.

Part B.

O,N i N‘< i
NHBog NHBDII:

HATU

208 ~N~ 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. NH4Cl, brine, dried over MgSO,
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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10 Part D, 210 (100 ng) was dissolved in dry THF (1
m.) at 23 C followed by the additoion 150f HJ (4 M 1
m.). The mixture was stirred at 23 C for 4 hr then

wonneotfet ed to dryness. Ethyl acetate (2 X Pcih)s:000818171
used to drive off the excess HCL to give 105 ng crude

211 which was used without further purification in
Pt €. E of this exanple. Part E. 20 211212 To a
solution of 211 (100 in THF (1.5 nL) under argon

at 0 C was addg sol l,4t|on of LAH (1¢M 1.7 nL)
drop wise. The r%(?lf’t\I)nL Wi nfo 23 C
and 25stirred 12h: Th@B‘PeactPT’on m xt d wae guenched

by the slow additiomsof water (0.2 nlL), ,45% NaOH (0. 2
m.), and water (0.6 nlL). Subsequent addition of 10ml
sodi uni pot assi um

209 (500 mg) was dissolved in methanol (10 mL). The reaction solution was purged

with No, palladium on carbon (10%, 0.6 g) was added, and a balloon full of Hy was

attached to the reaction flask. The reaction was stirred at 23 °C for 45 min and then the
mixture was filtered through a short plug of celite. The Celite plug was washed with 2
portions of ethyl acetate. The organic solutions were combined and concentrated to give

450 mg of 210 .

Part D,
fo) Q
HaN N/ HEY HaN N/
| —_— |
NHBac NHZHC)
210 211

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.

0
HaN P THF HzN P
NHHCI LAH NH;

21 212

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

stired 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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WD 2008/ 024337PCT/ US2007/ 018471 tartrate sol uti on and
DCM (3X100 nmL) was used to extract the aqueous

sol ution. The conbi ned organic solution was dried with
ViR OR/0HBY concentrated to give crude oily pr8ETEE2007918471
(70 mg), which was used w thout further purification

i f t 5P
el Sttt e B S0 1) Seipatator pragiBe dgpenys splifien. The
bR d2drgarlid 3oiHon waB el Mt Mg S®N hnB)! doRentratd ko ]gloe crude oily

The m xture was all owed to stlr at 23 Cfor 2 hr 10
mRduch2 Pol7Rmg hwhick wes pd witheet fugherpyn ficatign évpani X ﬁf tb@wwample
(50 nm.) washed with sat. Sodi um bi carbonate, sat.
NHACLl, brine, dried over M504 and concentrated. HPLC
pg };-fl cation (acidic nmethod, 10-100) gave 2.8 ng of

ed product 206. M (ESI(+)) me 785.61 (MtH) +.
Exanmpl e 79 15 213

P O gy MP

HBTU
DIPEA
206

To a solution of 10 (14 mg) in DCM (3 mL) was added crude amine 212 (13 mg),
HBTU (14 mg) and DIPEA (14 pl). The mixture was allowed to stir at 23 °C for 2 hr at
which point the reaction mixture was diluted with DCM (50 mL) washed with sat. Sodium
bicarbonate, sat. NH,Cl, brine, dried over MgSQ, and concentrated. HPLC purification
(acidic method, 10-100) gave 2.8 mg of desired product 206. MS (ESI(+)) m/e 785.61
(M+H)".

Example 79

Part A.

MeO
1) DIPEA, THLO o

2} NaN,
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a2l4 WD 2008/ 024337PCT/ US2007/ 018471 To a 0 C
solution of lactone 8 (1.8 g, 4.29 mmol) in DCM (42
m.) at 0 C was added triflic anhydride (0.867 n_L, 5.15

wWoBdosh24d50pWi se over the course of 5 min. Af pefiyudthor/018471
mn, the reaction mxture was diluted with DV (10 L)

f ol I owed by the addition of sodium azide (0.837

12. 9 T 0)°Ci selutioniafdactonsct (liba, 4. Thamadhint PEM (ﬂZXer)ét 0 °C was

5 LAY V\ﬁﬂ@dﬁdé Etg%g xﬁ% i 1!}@%%%’% ej’i‘gl Oé%"ﬁfie of 5 min. After
J0emot, Itlﬁkemﬂ&nﬁuamh edas uwilgg evuadDIMgl (d)ﬂ ndf) Mb\emslgl the addition of
PR tofhY g T B Rindf KR Tadg honh The S lomBngye wasgemoved

feaif iikd REl bRh BaadiseNlowed 36 vagh rs@)w egraphy ﬁ(fi%@"sﬁ&ﬁg for 12 h, the
Et OAc/ hexanes) to afford 1.7 g (89% of azide

rgmgnfwag quenched by thegadditpnofowater: exdracigf with EtOAc (2x100 mL), dried

c%vg%l\/irﬁ% 2 ﬁﬂ&@&ggg}g%}%&# t%nant%l uglﬁéé?liﬁrgg%n% ﬂl.glg:gglby gradient
flasb khroméAfoigeaph g (30-80% Gt Ac/h&ahes) tohaffotd 1 7en(@9 140 of adide 21de

was added to a solution of |lactone 214 (2.54 g, 5.72

nol ) dissolved in THF (10 nlL). The conbi ned reaction
paxpure was stirred for 2 h, then poured into an
ErTenneyer flask containing a saturated sol ution of
“Rochelle salts and EtOAc. After stirring for 5l . the
reaction mxture wi€ racted with Ethyl ﬁ

(3x100 niL), driedy(, ), fD|Itere d CPRQE rated
to an oil. The cr L0i | was—purifi ey BY di ent
fl ash 20 chromat Gg#t (3 % Et OAc/ ) to
@/()H
214

afford 2.79 g (8# aa2|d 5H2 Part CM" Na 190 -

To a 0 °C solution of (+) isopinocampheylamine (5.75 mL, 34.3 mmol) in THF (60
mL) was added 2M DIBAL in toluene (14.3 mL, 28.6 mmol). After stirring for 2 h, the
reaction mixture was added to a solution of lactone 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
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
{MgS0Os), 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.

Me0 MeO
o Pd{dppfiClz, KOAG
H CszC0, e 9y
NH—i N, "NH N,
| [o]
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215 (302 ngy, 0.505 mmol),

pi nnacol

| soxazol i di ne
boronate 49 (368

ng,

1.26 nmol),

Pd(dppf)C12 (82 nmg- 0.101 nmol),

Wwotb@shtism acetate (65 ny,

0. 657 mol ),

and CesirRL0e07/018471

carbonate (494 ng, 1.52 mmol) were dissolved in
anhydrous DVMSO (5 nL) and fl ushed under positive argon
pr esslmmol'ﬂm Elﬁaéiq%mgnﬂﬁﬂﬁrmmmbspmﬁmi ddroantect Gomg, 1.26

he wed o t o anbi ent r at
), BaPP G 2 o QuRBoDL Pl e SHE o7 mmob, ane
ERmedrBenatel QoW g, st mhﬁl)aﬂdtedLBSolpétﬁﬁBam&roaﬂm&S@QS mL) and
to pH 4 with 6MHC, The regaction m xture wa o
%WP%EF‘&H I-W*flﬁe Eﬁ%@ref%ﬁﬁogg?ri‘)“w{%e é’@ﬁﬁpﬁ% at 60 °C for Z h,

m&gﬁﬂiﬁm t¥"%5 18l Blhﬁi‘gm(t@ﬂ?@ﬁﬁlre fietr&dchon %ﬁ%%ﬂ%{eﬁm FtOAc

to an oil e crude oil was purified by gradi
20 aely) and rvcmmt( tﬂgmép) hyd w(h& IBHY Plret vasidyestadtepH 4 with 6M HCI. The

S48k T el DERORE By R 1R, b i e

driR UM g58X), Tiltered. aﬁﬁ@oﬁ‘ﬂmﬁéted!\/&f & <£{l S'Sl@ﬂ e cblnw%/ﬁur(ﬁiedrﬂy) gradient
fol |l onwed by addltlon of (R)h yl.pyrrolidin- 3-

fiash phypgatography fhsP§ % Asetane §’E‘1HF~°r) t?laff?rsrﬁﬁ g (58h of Biphenyl acid
JRAction mxture was diluted with EtOAc (100 nL) and a
saturated sodi um bi carbonate sol ution. The m xture was
extracted with Et0Ac (3x100 nmL), dried (MgSOH4),

)_‘,clz bered and concentrated to an oil. The crude oil was
‘p‘UT‘I—f'I ed 20 by gradient flash chromatography (2 - 5%

MeOH DCM to afﬂord 76 mg (49% of azide 217 Bar

H
HBTU

MeQ
€ MeQ
O 0
HN 0
"y = N\
HO H Q

N

Biphenyl acid 216 (320 mg, 0.504 mmol} and HBTU (287 mg, 0.756 mmol) were
dissolved in DMF (5§ mL) followed by addition of (R)-1-methylpyrrolidin-3-amine (101
mg, 1.01 mmol). 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
(3x100 mL), dried (MgSOy), filtered and concentrated to an oil. 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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WO 2008/ 024337PCT/ US2007/ 018471 217213 Azi de 217
(13 ng, 0.018 mml) and dithiotreitol (8.7 ng, 0.054
nmol ) were dissolved in DMV (1 ni), followed by
veigiosvzps7of DBL1J (8.5 ul, 0.054rnrnol). AftePCHUS2007/018471
stirring for 1 h, the reaction mxture was purified
directly on HPLC (Agetonitrile/ 40 nmol amoni um

bi car bonat e aquleouys ggﬁyleld 6 my (479 Jof a

213. M5 ((ESI (+)]J 39 M 0218
Part A MeO j:
conpound_21 and pPred in
Exanpl € !a%; : ( _ SExanpl e
81 219 : . 1018471

- L 0

NHy

Azide 217 (13 mg, 0.018 mmol) and dithiotreitol (8.7 mg, 0.054 mmol) were
dissolved in DMF (1 mL), followed by addition of DBU (8.5 uL, 0.054mmol). After

5  stirring for 1 h, the reaction mixture was purified directly on HPLC (Acetonitrile/ 40 mmol

ammonium bicarbonate aqueous), to yield 6 mg (47%) of amine 213. MS ((ESI(+)) m/e

691.5 (M+H)".
Example 80
10
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)".
15 Example §1

Part A.
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To a solution of MgCl2 (powder 325 nesh, 5.0 g, 52

mol, 2 eq), paraformal dehyde (3.0 g, 79 mol, 3 eq)

and Et3N (7.0 nL, 52 mmol, 2 eq) in THF (60 nL) was

wo96m0288 (5.0 g, 26 nmmol, 1 eq), heated in toeg/us2007/018471

m crowave at 160 C for 15 min. TLC (3:2 5 Hexane: DCM
showed conpl ete consunption of 220. THF was evapor at ed

and the reaction m xtiure was taken up in EtDAc, washed

with brine, dried, @ter Wentrat in vacuo

to afford 5.2 g ofer whi'ch™Was™used Wodd Br
purification. Yield 93 % 10 Part B. 221222

To a solution of 221 ’(°6 0 g, 31 nmol , 1 eq) ZF'n DMVF (38

nm.) was added K2CO3 53.0 15 g, 41 mml 1.3 ;]

st i r rEga salutian afddegQlp(pevder 328 gmeshi 1§ &i iilramghé’,mq prfprmaldehyde

ongt hane

GREBEERE 7' adBen L odiPr sz imd) S RO L wag adoea 220
(3ax gn s Entat,) lséqt)v\leehtealom eiaimidrogave2it 1heC ot firminweLC (3:2
il ut nt o ter and extracted w c. The

IgF’&&FrE’%Waé howgdaPorrRlgie GRasRRYIAR; ?%\n %ﬂl EL‘%Q‘F‘?S graporated and the
fehdtioR! BfxtaRd wel NGREL rugt a0 BtOA¥ a%ahédo vaihf Bfidle,2dReASfidled and
oil. The crude material was puri col um 20
emcenimatedgn apdp to offbidcs2 gef 2283%3@@% ugedheitloye punfication. Yield 93
t%fford 2.4 g of 222 as a white solid. Part C

Part B,

F F
Mel, K2C03
————
OHC Br DMF QHC Br
OH OMe
221 222

To a solution of 221 (6.0 g, 31 mmol, 1 eq) in DMF (38 mL) was added K,CO; (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
NHzOH HCI H
NaBH,CN N
CHC Br _— HO Br
OMa MeO;I TTHF OMe
t1

222 223
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222223 WD 2008/ 024337PCT/ US2007/ 018471 To a sol ution

of 222 (2.5 g, 11 mmol, 1 eq) in MeOHTHE (3:1, 20 nl)

was added an aqueous sol ution of hydroxyl amne
wydseeniser i de salt (0.75 g, 11 minol, 1.2 eqpchubovkolssr

of water) in one portion. The pH was adjusted to 9

w th NaGOH é622 and stirred at rt for 1 hr where TLC
IQ.an}Hélmn 222 (A8 )s, dhavwel, ¢ apireMeQELAEE Bt 3A nof) wapadded an

%@g‘g%a ?j gf%ﬁdrgx re an&dr%% &idgr%ﬁl(gﬁygm \é\én%" 3% & 'F'}ﬁ ml of

Ratdr) iis bAgpdian. ITlhe MEDhag( éli_ihs\é&)to 9Teh NEOHf(6Nhend eticed aint for 1 hr

o5y Tt Brreor PAGAR haitts frerlef Cotumaien ahefh AGREICN (13 &
Rk o i rete S aret o o g S ekt g o 2

RArg¥eCl ANVIEOH (20 VY EHe pRdf SR RGRAGH Sl @fbni was\hait@inkdat pH 3 over
afford an orange oil. The crude 10 material. was

theicpyrseal KB/h oy alsiﬁwoe tof small sueuEhof the methanoge HClsglutipn, where it

tQ f®
so%]ﬂeg éﬁl‘%@@ltb 3:12(?5{{[2 é g\g.s’%hg scgutgn W&3edticRd GHtRAYO A c, washed

with brine, dried, filtered and concentrated in vacwo to afford an orange oil. The crude
material was purified by column chromatography (silica gel, 55 % EtOAc in Hexane) to
afford 2.7 g of 223 as a cream solid.

Part D.
F OMe F
H \H’l\ - CaC!z Oﬂ
HO” Br O'N B8
0 Ether YU r
Mo OMe
223 224 225

To a solution of 223 (1.8 g, 7.0 mmol, | 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
stirnng at 1t 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.

T

Br
~ JJ gty
+ ] 0. &
THF, Microwave, 140 C, 15 min v T-l oTES

223 6 228

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)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;O) 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 stirming at rt overnight. The dark brown solution was diluted with EtOAc and
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To a solution of 223 (1.8 g, 720 mvol, 1 eq) and

gl yoxyl ate ester 224 (1.0 g, 9.0 mmol 1.3 15 eq) in

di et hyl ether (20 nL) was added anhydrous CaCl 2 (1.0

W0 208024%0l , 1.3 eq), left stirring at rt foPCBUR2007/018471
resulting in a suspension. The suspension was filtered

aubtihel b SeieEls Sat S ER. et e WeFh BBGe dregningrpesnivated

iahkaro2fdrda Blowadl. Tke y@hé @Mteﬁhl' w@lﬁnﬁé& gy Gd)lﬁﬁﬁtchbbmatography
mnthoutgyurlflcatlon a solution of 225

(idicagdl, Hf) %EQdciipdlexant) @cﬁfforcho é?ﬂmmésaswhmwwl )
was_added

RatB7) - 5-tert-butyl di met hyl sil oxy)pent-3-en-2-ol 6 (0.5
m, 1.77 mol, 1.2 eq) and Ti (i0Pr)4 (0. 65 m., 2.22
mml, 1.5 eq) heated{in the microwave at %40 C for 15
mn. TLC (30:1 DCM 0) showed consunptiij of nitrone

225 and the aIIyI| ohol 6.+c3- 25 '
(di met hyl ani no)? "2; Preopanedigl (1 NJp$HOAC (1 m)
was added and t rk brown sol uti stirring at

rt overnight. The "d5"®br own sol Ut i on: was alluted with
Et 0OAc and WO 2008&024337PCT/U82007/018451 quenched

bri ndls robiion g Edh g 08 TRo dosd) i THE B ity was added

ekl 6 NTHE! Zo usienmed 81 hdholV8qPdhid fsm%i-i ByrtCet 9 TLC (1:2
chromat ography (silica gel, 1OA)EtOAc i n Hexane) to

hekansr B Qg c) 96 neptrstizabdiquet szhobfpd,mnblple consumplion of 226. The reaction
was neutralized with NaHCOn, extracted with EtOAc, washed with brine, dried, filtered and

concentrated in vacuo to afford a brown oil. The crude material was purified by column
chromatography (silica gel, 50 % EtCAc in Hexane) to afford 0.251 g of 227 as a brown
solid. 81% yield

Part G.

F
e g
Oy M N, Ome gy, Mo A ove
B OH l-:l
i H OH
227

To a solution of (+-) isocamphenylamine (0.314 g, 2.0 mmol, 2 eq) flushed with Ar
in anhydrous DCM (5 mL), was added MejAl (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, dred, and

concentrated in vacuo to afford a yellow oil. The crude material was purified by column
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Part F. To a solution of-226 (0.40 g, 0.903
mol, 1 eq) in THE (5 nL) was added concentrated 6 N

HCL (0.45 nmL, 2.71 mmol, 3 eq) and stirred at rt for 2
WO 2008024337 2 hexane: Et 0Ac) of neutralized al i ®G&US2007/018471
showed conpl ete consunption of 226. The reaction vvas

e‘éjfﬁgtglggaﬁ%’d(s\é\dw% Egl §¢ gl 4 E vty trfgtocgﬁpég 5?8 cg'&\ygﬁs a yellow oil.

Yatds 0 afford a brown oil. The crude material was
purified by colum chromatography (silica gel, 50 %
EiPAC in Hexane) to afford 0.251 g of 227 as a brown

solid. 81%yield Part. G 15 227225 To a

solution of §+-) isocanphenyl anmi ne (0.314g, 2.0 mmol,

2 eq) flush vvith in anhydrous DCM (5 ni),

ad ion in Hexane, O.» , £
B? opW| s€) over P @enai. Cs,caimad egBI A Ndye O o
cl oléut;‘? on stirfep for Msom,@gh A ZmJé’L‘fi on]

of the" e22“ﬂ .1.0 nmmol , 1 edP-f; o

(15 nmL) was added by dP'E)pV\/l se and the reaction mXxture
was stirftd at it for 12 h until all the 227 wa®

consurgg sé!ﬁubrﬂéif faésta%duﬁye ¥ b , Bt 10Gr e 21R8) inTBRISO (5 mL),
reaction was diluted wth uenched on dropw se

Berbipd woh atgssmawmaqﬁddql sheﬁnarc@lbwgn@t@l( mgr-33anapl, é:3q), potassium
%cg%ger (gt% g,56 qw‘?gl 5%% %smm %J?t? nQ{ng?‘:;k gnoé %3.6/1525 i3, 3 eq).
Upaostoemng f(ﬂtlednmnP&(dppIt)Cl& 02 %ainkzpo. ﬁBGamylﬂi] | ®2veq) Was added as a single
S()rrtlilgne ’Ijirlgtmenritltll%l wayva}'uaatedI to 7d 8 ?ortﬁyh then aﬁnwed to cool to rt. EtOAc and brine
were added and the pH adjusted 3-4 with HCl (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% MeCH in DCM) to
afford 35 mg of 229 as a brown solid. 30% yield.

HBTU.EWN
DCM. 2h * Ny OMe AN
A AN
OH
229 219

" 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
min. To this solution was added the amine (5.8 mg, 0.055mmol, 1 eq) and allowed to stir at
rt for 2 h. The reaction was taken up in DCM, washed with K,COs, water, brine, dred, and
concentrated in vacuo to afford a brown solid. The crude material was diluted with MeOH
(2 mL) and punfied by reverse-phase HPLC (MeCN/water with 40 mM NH.HCO;) to
afford 13 mgof219 asa white solid. 20% yield
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WO 2008/ 024337PCT/ US2007/ 018471 chr osmat ogr aphy (silica
gel, 50 % ElIQGAc in Hexane) to afford 0.33 g of 228 as
a yellowoil. Yield 53% Part H 5To a solution of -
wo 20084idi ne 228 (100 ng, 0.179 nmol, 1 eq) pcouhdoihisen
(5.m.), flushed wth argon, was added the

pi nacol boronate (68 ng, 0.232 n-unol, 1.3 eq),

pot assi um acetate (26 ny, Bxeegfe ol , 1..5 eq) and
cesium carbonate (175 ng, 0.526 nmol, 3 eq). Upon
stirring for 10 mm Pd(dppf)Cl2 (29 ng, 0.036 mol,
0.2 eq) was added as a single portion. e mxture was
heated to 70 C for 4 h, thensall owed cool to rt.

Et OAc and brine 10 e add H adj usted 3-4
with HCL (2N). The apic I dy § sgparated, washed
with water, brine, ddied, a‘cho centfated in vacuo to
afford a brown bl ack oWchT e Ude material was
purified by colum chrondto &pRy (silica gel, 4% MeOH
in DCM to afford 35 ng of 229 %s a brown SO|Id 30%
yield. 15Part |I. A solzggén of 229 (35 ny, 0.055
nmmol, 1 eq) in DCM (3 nL) wa dded Et 3N (23 ulL, 0.165
mmol, 3 eq) and HBTU (42 ng, 0.110 n-unol, 2 eq) and
pddawed to stir at rt for 10 mn. To this solution was
added the amne (9.8 ng, 0.055mml, 1 eq) and all owed
to stir at 20 rt for 2 h. The reaction was taken up in
DCM washed with K2CO3, sater, brine, dried, and
concentrated in vacuo tf%ﬁfford a brown lid. The

crude material was dilu MAanh@OH (2 ) and
purified by reverse-phas HPL r with 40 nV

NHAHCOB) to afford 13 f 219 a% e solid. 20%
yield WD 2008/ 0243378 007/ 0184 an‘pl e 82 230

21

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 NaBH3;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 MgSQs, 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

~0 CaCly

o Ho%ro\ Ether
HO. | o P \N/\©/'

H |
0 9
232 233
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To a solution of 232 (0.486 g, 1.83 mmol, 1 eq) and glyoxylate ester (0.285g, 2.37
mmol 1.3 eq) in diethyl ether (10 mL) was added anhydrous CaCl; (0.263 g, 2.37 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

5  invacuo to afford 0.497 g of 233 as yellow oil and used directly without purification.

Pant C
OMe MeQ,
TifiOPY),
o ¢ —
L | HO'--(_\ THF, Microwave, 140 C, 16 min
: OTBOMS
O OCg
23 ° 234

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 EtQAc (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 MgSQy, 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

23§
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;SQ,, filtered and concentrated in vacuo to afford an oil. The resulting
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231232 Al dehyde 231 (12 g, 33 mmol, 1 eq) and
hydr oxyl am ne hydrochloride (2.7 g, 39 10 mol, 1.18
eq) were dissolved in THF/ MeOH (3:1,60 ). Water (2 -

Wb roog@sisedded and the pH was adjusted to 9 weich/uS20¥/018471

KOH. The reaction mxture was stirred at rt overnight

and then NaBH3CN (3.1 g, 49 mmol) was added foll owed

%y“@smuy@@@byo#ﬂlweehwmaf@gan@é(10r Vo iaxanesEleHialde eddforg 1.2 g of

gbh“gd%g“& Res ’Y‘?&H hd;ng ruby red color was maintained for
uration o t’he reaction by the frequent addition

BartE N HCL. After stirring for 2 h another portion of

15 NaBILCN (1 g, 13 nmol, 0.4 eq) was added. The

solution was stirred for 16 h and then neutralized to

pH 7 and dilutr@withDCM The m xture_was was Wi th

water (3 x 10 brjne and dried ov

filtered éntat ¢d i MepeRSMo.  The g7 U8 wer oduct

was purifi y silicalg#t: chromat ogr aphip~£5§- 100%

Et OAc/ hexang) bosafford 8 g of conpound 232 “ield

64% 20 Part B OVEOMVE 232233 WO 6 raows
2008/'ﬂ)2£13<ﬁ3t|?6ﬁ_ré $9 6piIh0dBtbhdylamine (0.6%, 8.7581L.U4 hidkbl of eq) in DCM
232 go 486 MS% n%noclgﬁfbl yq (d cgI yoxyl ate esterq)
(16.mBkat rtzva@ﬁdﬁﬂ%M%Aé (@) Brmbi %tMn)ﬁPlUé'PhéB telugneppymmol, 3 eq)

Wﬁ%@é’r ?@Wlﬂr Oﬂﬁa @%ﬁ WA 4838 at 2 %? IWJH’ pr%or?io LY dropwise

stirring resulting
skigpand |a<snlut1€ﬁhef Is@teqlﬂﬁﬁ (dre, Dasndl] lekqiamelaCM’(rléln@}b) #he reaction was

S nd .eth resul {1
ien ofr 2broeiRd b8 HEMEadbBCeEs FitpaieddSbSa et spfhene’s sai
(Qzﬂﬂ}l)g Tok miRidresasy € pdrove] P stirredndr 2 hianhtilliwephiasys fotrhdio The layers

t
\Bgr[alsellaa(.:r?tecli grr;d the organic phase was washed with water, brine, dried over MgSQ,,
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 K2CO; (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,;SQ,, 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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Part C Orsovs 2336234 Nitrone 233 (5 g, 11-mml, 1
eq), allylic alcohol 6 (2 g, 11 mmol, 1 eq) and 10
Ti(iOPr)4 (4 g, 4 nL, 13 mmol, 1.18 eq) were dissol ved
wao 2tehzese (40 L) and heated in a m crowave POT/S20) 7018471
for 10 nmin. The rdaction mxture was diluted with

Et OAc (10 i) and 3-(di methyl am no) 1 2- p ropanedi ol (4

nm.) was added} . After st i ng fo (10 )
was added anp '_)gq was vva Ht parer (3 x
10 mL), brine {1d |ed“‘6ver ?{*P tered and
concentrated in of 1 e crude resi due r| fied
by 15 silica geI ¢ ot ogr aphy (10-30% Hexarh@,oEt 0Ac)

to afford 2.5 of conpound 234. Yield 35% Part D
20To Fe éé‘PlHtlﬁ’rbﬁf be afigers 23hE14239.2 mmgl, 13eqhie-BuPHedp mL), THF

i og 10 T L Ra SRR TR [ g B R 1 4 OURRN by he
&Rfw AL 2B8&REH oD S(Qtle”gatZ@dmNat'@@@ sbRfloftn 2- n'-lrJﬂl%/] 2-propanol, 0.02

organi ¢ phase was separat ed, washed w th brine,” dried
R, 0NB2OAfiek i3l K, ahe tkaddish MORGE M 3fi@edd i withy BOM ($ enL), brine and

?g";a (I)\{a?Sz%r; agcli Ithvs: o-ll-'gfmg S}?alétla f.vla? geparated The aqueous phase was extracted with
DCM (2 x 60 mL), and the combined organics were dried over NaySQ,, 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 mrho], 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,SO0,, 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
| | D)LPd(dppr}Cb Cs3C03, KOAJ ﬁr\s j
: ~N
N MSO,T0C, 4 b N
OH N’ﬁ N~ 0 HO (‘ \

218 239
A flask containing aryl iodide 238 (25 mg, 0.04 mmol, 1 eq), pinacolboronate (17

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 HCI. 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
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WD 2008/ 024337PCT/ US2007/ 018471 oil was purified by
silica chromat ography (10-30% hexane-Et0OAc) to afford
1.2 g of conpound 235. Yield 74% Part E To a
wokasgopmazof (+) i sopi nocanpheyl am ne (0.6 g, POT/TSID7/014471
mmol, 2 eq) in DCM (10 nL) at it was added Me3Al (0.4

, 3. nL SO utlon in tol uene, mo) e
‘%’Fi‘fbw %féoré\?mﬂ lobsown Gil. The desy 1n§tqﬂowawglf‘se9%ryrf@%h ghromatography
(&(SES%Q:HEC'IL/ME@H? tol a¥otd €6 ﬁll%% u%@dsﬁ hsod" é?lfowas% ‘ngiléi 54%.

solution of |actone 23 leq) in

BaryI The reaction was 10 stlrred for 24 h, dil uted
th DCM (12 ) and a saturated sol ution

f
Ile, @ (12§ m_) m xtd @ v'oously
Sty Opell 385 : ,
wer e ‘f 540 tH anic pHase

wat er, bT*i e ydﬂ{ed over MySHA, flltered*a d S
concentra,g iJjn vacuo to afford a solid. HfUEESOHd was

purified by $8i1ica gel chronmatography (25%

hexangf Etffi§on ma@f(%%g ()%2511191on1 &@WW(@%LM&' ddded HBTU (9
39% 15 Part

mas).02 mm@lq)l f\%@rrtmes éﬂomgefﬂOZ mIrDIl/Fl 3 ala'd Eﬂhl)l (ﬁm, b nbaf.84mmol, 2 eq).
’Me Q&@%as sltl fdﬁgf 2 31) EII% wé@ so?)u | agd %unﬂgd éf} %everse-phase

HBILC MCN{wzderl wittedD wiM NHyHCER) ﬁnﬁbi@itnrga@ftcedlpmmmﬁo. Yield 67%. MS
i.et hyl r 4 nL). The organi c phase was

@éﬁgﬂﬁfé%ﬁ&w& over Na2SO4, filtered and

concentrated in vacuo to afford a solid. The resulting

solid was dissolved in THF/ Et3N (1:1, 6 nmL) and

treated with a solution ofg el Ry dine (1 n) at 0 C
The sol ution was stirred fT+h_at it and quenched
with TMSOWe (25 nL) and concentrated in vacuo to

afford a solid which g

OH

240

OH 0 THF, refiux >?Lg Q _
o 0 HO)%(OH o o
10 min microwave

NH, NHz
241

Part A

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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25 was purified by silica gel chromatography (20% .
DCM hexane) to afford 0.21 g of conpound 237 as a
white solid. Yield 67% Part G WO

WO k02433 7PCT/ US2007/ 018471 To a sol pEireR20to18471
t he al kene 237 (0.14 g, 0.2 mvol, 1 eq) in t-BuOH (16
m.), THF (8 nL) and H20 (2 nlL) was added NMO (80 ny,
0.8 mol, 4 follomed b the dropwise addition of
0s04 (0.21 %.9 9 BRLYL I or;vi’/‘rp 0

2- met hyl - 2- prdp 00 o 5nmaﬂagco 1 ér 3 h,
the reaction m xXtUre was di | ut@d. ™& t h 5nm),
brine and 10% Na2'8203 and~t he organi ¢ phase was
separated. The, ﬁqueous phase was extrqg,tg with DCM (2
x 60 nmL), and the conbined organlcs mere Uried over

Na2S f t f

Sari G0 Frictdher Bhfind 0P ST E! L0 dilol RIHDMP, B hiL) W added

is(rhlaredthiyl) etttee (0.24 ¢,H . pewriodyl putassmnmo@ma (08,8, 0.74nmoi) land Beated to
i i | e ortlon stirred 10,12 h, .Th

&0 g T8 SolRRer v iRl Bl E (D PR §icghisd AR djety ether

R4 H|L)! drueetﬁl%@v&rayé}lamashfeﬂ hﬁtﬁwﬂerqmd 5 L), BEHO(L ML), dried over

afford_an oi The resulting oil was suspended i n DCM

Nz SEw,) filigred andocaneentiaiedin xecyq o1afTond pstergs phejl.i Trea gafption of the

B P T ISnt 2BOLARRL SN o SER 19 B PNl ot

wa stitied fonRals, dillited tveith water(10 ml) Mhmamc(ea wﬁ@ﬁtcnsat(a ratteiL). The

SRt e e Doy n i BEe L, el L' e ghasn), fltered

aidf %ﬁi:eﬂﬁ‘at@d |m T88:001td  MBsRd PAH 1 dil. e@h@)/oﬂﬁldrds(?@ulg@dted to column
chr omat o a(% DCM MeOH AeOH, 99.

dporsatogrgp PRG-I hergnery 3<§for<t%4?p4§@rmh@§8hd HaP4 vigld
20A fl ask cont aining aryl iodide 238 (25 ng, 0.04
nmmol, 1 eq), pinaeol boronate (17 ny, 0.06 nmmol, 1.5
Rany C KOAe (5 ng, 0.048 nmol, 1.2 eq), cesium carbonate
(39 mg, 0.12 nmmol, 3 eq) and Pd(dppf)Cl2 (6.5 ng, 8
gnol, 0.2 eq) was purged W th argon and DMSO

Pd(dppf)Cl CsCO. HO S

KOAc, OMSO, 70 C

243

A flask containing aryl iodide 9 (40 mg, 0.07 mmol, | eq), pinacolboronate 243 (30
mg, 0.09 mmol, 1.5 eq), KOAc (6.8 mg, 0.06% 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 HCI. 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,ClL,/MeOH) to afford 15 mg.of compound 245 as a yellow solid. Yield 22%.

Part D

-202 -



(2 ) was added. The m xture was heated to 70 C for 3
h and then cooled to rt. The solution was diluted wth
DCM (10 nmL), water (5 nL) and the pH was adjusted to
v0o Soobihs25 0.1 N HCL. The aqueous phase was p@¥fukaft/f@i71
wth DCM (2 x 10 nL) and the conbi ned organics were
washed with brine (20 nL), dried over MgSM4, filtered
and concentrated in WD 2008/ 024337PCT/ US2007/ 018471
vacuo to afford a dark brown oil. The resulting oil
was purified. by flash chromatography (2.5-5%

( mg of co ound 23 a9

RC12/ Me0
ol PH5496  Pararu, - ww
5To Ja &o uto| oh 239n(8 ng,oc@202 N q)°M A
(1.5 , Hﬂgajd HBTUN.9 ng, 0.02 rrm;u,b H eq) m ne
(4 nyg, O‘ 02 1 eq) and Et3N (4 ng, 5" OHO[

nmmol, 2 e@®: The solution was stirred for 2 h, 2k | uted
with water (0.5 nL) and purified by reverse-phase HPLC
( MeC valligsn ¥ 245 A0 rhi M. MW)] dq® iry DM (17 miTy) vals added Et;N (4

uL %%lf%jmgﬁg eq)Ya{n?lll-ijB'ng%E) 7 mg, 6 023 mm ) )1 lng quSaEg a]]fowed toH%lr at rt for
5 10 min. To this solution was added 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,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
NH4HCO3) to afford 4 mg of 246 as a white solid. 32% yield MS (ESI(+)) m/z 813.0

10 (M+H)"

Example 84

QP!
oy 0 N
AN OMe
A\ o
HO—= ~Nao /N-—-
Mef \—oH

15 247

Part 4

00
0 Oy C 0
Y AT
HO N N PyBop, E1N 'f
Pad 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 0 °C. The solution was
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10 Exasrpl e 83 240 15 Part A Met hyl -
( 3- Am no- 5- car boxyl phenyl ) boronate 241 (1.5 g, 8.3

nmmol, 1 eq) and pinacol (2.9 g, 25 nmol, 3 eq) were
wontwisned3m th THF (7 nL) and heated in a m crromaABR0N018471
140 C for 10 mn, the reaction m xture was cooled to

rt and then concentrated to an_ 20orange oil. The crud

sitee e O i Tollesved hycHrovin addiiar R g 4.4 cafi ok 34 mmol, 2 cy)
Rakd suﬁ"mélpr 3991% Qo F5<"dildRaQRia{ &?‘ﬁ]‘%ﬁéO; (40 mL) and the aqueous phase

was extracted with DCM (2 % 50 mL). The combined organic phases were washed with brine,
separated, dried over MgSQ,, filtered and concentrated in vacuo to afford an oil. The resulting
oil was purified by silica gel chromatography (50-100% hexane/EtOAc) to afford 249 as a clear
oil.

Part B

0, .0 H
. 0 Y 1. TFA, CHoCly N N
N N _— !
f 2. LAH, elher

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 stirming 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
O o’
..,N i L OMe 0 o _Hetu ), (,\,)L
ng AN i;_ OMB
iAoy -
10 250

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-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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To a solution of aniline 242 (0.4 g, 1.9 nmmol ) in DW

(5 nm) was added bis(chloroethyl) ether (0.27 g, 1.9

nmol ), potassiumiodide (0.8 g, 5.7 mmol) and heat ed

WO 20090%4330r 24 h. The solution was diluted \/\ﬂpt‘i'm\gﬁﬂo%1s471
(10 m.) and extracted with diethyl ether 5 (2 x 5 nL

The organic | ayer were washed with water (2 x 5 nm.), -
daga'mie; V&enpd oderi MgSOy é'lltelrddasd)wnchhtlrate? dvagpelto afford an oil, The

cent r at ed U0 t.o aff j TO. o
TR G oL BT ef et 5, @ -sPEMADHfIREM, 1% Bty 1o
SRIrdiL3 a1g Thiphbhiakitid A75YEd 4597 he resul tant sol ution
was stirred for 2 h, diluted with water (10 nlL) and

extracted with EtO0Ac (2 Xéxq,%@gj The organic | ayers
were washed with brine (1 , water (10 nlL) and
dried (Na2SO4), filtered 10and concentrated in vacuo
to afford an oil. The oil was_subjected Yo col um

chr omat ogr aphy (30% Et OAc i xant fford 243 as a
white solid. 42%yi 3

. nt O A fl ask
contai ning aryl iodige” ‘Wg 0. 07/'I‘mol 1 eq),
pi nacol boronat e 243 (3®-nf; O9Nmml 1.5 eq), KOAc
(6.8 ng, 0.069 mmol, 1. 2“Eeq H cesium carbonate (68 ng,
8,2,mol, 3 eq) and " Pd(dppf) &2 (10 ng, 14 umol, O.
was purged Wi th argon and DVMSO (2 nL) was added

The m xtur s heated tp 70 C for 3 h and t hep cool
4 on dlluted DCM( \
the p adJ_us.ted I

S phase 1S extract ed wi

Hconbi ned or gahi cs were vvashe @gmt brTrTe
(20 nm.), dried over MgSH4, filtered and concent Lat ed
in vacuo to afford a dark brown oil. The resultin i1

0]
vvas griphayberigh )0 {(4Gme, SAehbmacddr epiapd HBTRI G mg, 0.13 mmol, 2 ¢q)
el O%IWE?MQI(EH&Q 5621% lg%dﬁ%ﬁg%ﬂﬂ 1@&5‘ dthefhyl-3-(thiophen-
ngﬁbmaszmmmm/gmmmml 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

dried over MgS0Q,, filtered and concentrated in vacuo to afford an oil. The crude oil was
purified by silica gel chromatography (2 -5% MeOH/DCM, 0.1% Et3N) to afford 23 mg of
biphenyl amide 251. Yield 45%.

Example 86
/ \

252

Part A.
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245246 . A solution of 245 (10 ng, 0.015 mol, 1

eq) in DCM (1 nlL) was. added Et3N (4 uL, 0.031 mmol, 2

eq) and HBTU (8.7 ng, 0.023 nunol, 1.5 eq) and all owed

Wwe 260kjos43zt rt for 5 10 mn. To this sol utionpe@ysafcedsrr

the amne (3.3 ng, 0.023nmmol, 1.5 eq) and allowed to

stir at it for 2 h. The reaction was taken up in DCM

washed w th K2@C3, ter, brine, dried, and

concentrated i'nvacud to afford a brown solid. The {Q

crude materi al S dilute ith MeOH (2 nL) and 0 |
purified by r&Pgrye- phase\HPLC LMRQV watier wi th LN
f,f 83206 H

NH4HCEBYEt 0 4 ng of R46—as—a—white sakhi g

yield Ng (ESM-A)) nfz 8#80"10 (M-H) Exampl eo84~1524%.
Part A HBABR49 To a solution of M48Y%% (g,
17 mol, 1 gg ahd PyBop (11.6 g, 22 mmol, 1.3) in DCM
20 (60 ) added di methyl amine (1.5 g, 17 n_, 34

mmol, 2 eq) at 0 C. The solution was

Bipheny] acid 216 (130 mg, 0.205 mmol, 1 eq), Et3N (62 uL, 0.615 mmol, 3 eq)
s 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 =N
0 Q
J * g ,'.
n~-N prT0BU e O N “
-.,, ?N\ OMe H . “uNH OMe H
B o AN HO 0
Na M
253 252

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 stimming for 1 h, the reaction mixture was purified directly by reverse-phase HPLC
(CH3CN/water with 40 mM NH4HCO3), to yield 17 mg of amine 253. Yield 62 %

Example §7

QP
) L
N H
#"Ni?; OMe /N\
H o]
HO Br
OH

0
20 A

253
Part A,

- 206 -



10

15

20

WD 2008/ 024337RCT/ US2007/ 018471 stirred for 10 mn

foll owed by dropw se addition of DI PEA (4.4 g, 5.9 ni,
34 nmol, 2 eq). After stirring for 6 h, the solution

W@ Sodbiyied W th sat NaHCO (40 ni) and the pg¥RQsB7018471
phase was extracted with DCM (2 x 50 nL). The conbi ned
organi ¢ phases were washed with brine, separated,

dried over MgSM4, filteredf&id concentrated i n vacuo

to afford an oil. The & ting 50il was purified by

silica gel chronatogr aph 50 100% hexane/ Et 0Ac) to

af ford, 249 as ear 0| art 249 50 To a

sol ut i of°a

(100 mL d%’do N
stirring # hat rtHz o solvet it
vacuo to affor °&n oil . Th'é\ resultlhﬁ

suspended in THF and cooledto.0 C, to |ch 2#as added

Li AlH4 (4 g, 108 nmmol, 6.8 eq) in portions, and heated
at reflux for 12 h under argon. The sol uti on was
cooled to rt and quenched with water (4 nL), all owed
to stir for 5 min, followed by 15% NaOH (4 nL) and
stirred for additional 5 nmn, and finally water (12

L) dded .and.t he 15 sus i.on stifr unt.i

Tt R PeBC S aing piafett S2RRE U P F § o bifriignzoie acid
@0angasihatdmel, Bheqbt &dtmpaEbdriae (50 nig, tnemiips eqR potassmm acetate (5
concentrated in vacuo to afford 250 as an oi

smmaki k elandRidnpdClpdrme.0- 043 mepel. Gbephpes mlrged with argon
and DMSO (1 mL) added. The mixture was heated at 60° during 3h, then 45° overnight.

The reaction mixture was partitioned between water (30 mL) and DCM (20 mL) and
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

x OME

255

gg

Part A.
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10250247 Bi phenyl acid 10 (40 ng, 0.064 nmol, 1 eq)
and |iBTU (49 ng, 0.13 mol, 2 eq) were dissolved in
DMF (1 nmL) followed by the addition of

\gﬁ% DhodlodBiNY1- 14(2S, 5R) - 5- PCYIUS007/018471

enyl pyrrolidin-2-yl)nmethanam ne 250 (23 ng,
mol, 2 eq). The reaction mxture 25 was stirred for 2

h, diluted with.EtOAc a eAached with a saturated
) reacti on m x

aqueo I\IaHC(')%@I ytion e

ext r adte i t tgA (3 x1100 m)}-and ¢ h

2008/ 024 387WwCy/ U820p7/ 018471 or ga -@ﬁ{
T a

MySO4, fre d and QaIsEmnedoadt g

oi | . The crude 0il wds purified_ by silifcawgel

chr omat ography (2 -5% MeOH DCM 0. 1% Et 3aN®*to afford
23 ng of biphenyl am de 247. Yield 45% Exanple 85 o
t oBi phdlagk centiving bofordtem(B0 m20845 mmol, | £qd.03.4-adinkldepbeozoic acid

it 1 B y031,t 7). 5. Pp5s A" Gods HRRAEF eh 5, poMssibeh gHodphate (50

115) 0. Nimrhibl; il i;tmtahi& h-ddsi Mlitaﬂjilzdli&m%cyﬂal)epmmqngdhiﬂr ghigamame THF (2
) . ) - t t . v " .

ST 0B o T v horh 4 YRGB HereeR e ified with

MV STty SSDORIICER: shbihd O8rgankd fayeRafdrk @hed on Na2S04
m xture was extracted with Et0OAc (3 x 100 nL) and the

wdponeratiated ombrownwilr e 15 dried over MySO4, filtered

o 1 vEDBEMb: Efabel e B0 DR P 8 Lo oh (Pt e
AdeOdH(IIDN N O-dirtretky I3Nphanglpadphne- 8,2 2Bamige (¥0 uli, PHE myrholadregpand
I?IE;I'U (Xb %'g‘,jo.ﬁ %)mol, 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

SOy
], (L
- OM N
N Nb o o NN
HO~ "
iH OH
256

Br. CO:H
\qo
B Uens i
1
N OMe O 1.7, Pd{dppACly, KOAE, C5;C0;
0 2.6, DIEA, HBTU N
2 o}
H Moy

Part A.

ox=

H - H

A
HzN

/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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Exanple 86 20 Part A WO
2008/ 024337PCT1US2007/ 018471 - Bi phenyl acid 216 (130
mg, 0.205 mmol, 1 eq), Et3N (62 uL, 0.615 mmol, 3 eq)

BOoamsd/0BTU (155 ng, 0.410 nmmol, 2 eq) were dir€Ialseendo18471

in DCM (5 nmL) followed by addition of amne (74 ng,
0.410 mmol, 2 eq). After stirring for 2 h, the

react ure was diluted with Et0Ac (100 nmL) and a
saturat ed sodi um bi carboygate sol ution. The m xture
extracted wi th 3 00 ni), dried -n- E,1\/gOS

O an Ehe 0 '!”5) S
I Hc r omat ogr %
"ng of azidel 2 ‘¢I er 30/o
OH
257 and 258
Part A
9 [
e 0 O O HﬁN\
H H

Th
: T

A solution of crude compound 1 (8 mg, 0.01 mmol, 1 eq.) in MeCN (500 uL) was
treated portionwise with a 1:100 solution of bromine in MeCN until LC showed
consumption of 1. The reaction mixture purified by reverse-phase HPLC (MeCN/40 mM
ammonium formate 25%—80%) to give an inseparable mixture that appears by NMR to
contain approximately equal amounts of 257 and 258, as a white solid (3 mg, 30%). MS
(ESI(+)) m/e 830.6 (M+H)".

Example 91

/\/\
OB

259
Part A.

. /\\/N\
COzH =
OEt
x OEt H N

HBTUL

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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253252 Azide 217 (30 ng,, 0.038 mmol, 1 eq) and
dithiothreitol (17 ng, 0.113 mmol, 3 eq) 15 were
di ssolved in DMF (1 nL) followed by addition of DBU

W Zoodlinasy 113 ol 3 eq). After stirring forpch Roodzifsn
reactron mxture was purified directly by

rever se- phase HPLC (CH3CN water with 40 nM N 4HCO3) ,
the reaceditl afplareg cofmphtd MEHPHEG, thy inék tilre62as0di ntednipitleMB8DIH2Q mL) and

253. Part A. WD 4337PCT/.US2007/ 018471 H .
irtien TP asePRRGE B r e IVAB T Angryash agraLe 1% 80%) to give
B50A:s G PHiRBRE M ALCI BEY. IS (ESI(+)) m/e 750.6 (M+H)'.

Example 92

QP
o N NH3z
N O H o35
” \0 ~
HO- - AN
iH gy

260
Part A,
49
g ; Ay
: 5 Oy
e O H-L-Leu-NH; HCI N N O o]
Y N OMe DIEA H G
H 0 HBTY HO—_~% LN
HO~_~ N - iH OH
iH vou
260

10
To acid 10 (10 mg, 0.016 mmol, 1 eqg.) in DMF (1 mL) was added DIEA (10 uL), H-L-Leu-
NH2 HCI (8 mg, 0.05 mmol, 3 eq.) and HBTU (20 mg, 0.05 mmol, 3 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
260 as a white solid (3 mg, 25%). MS (ESI(+)) m/e 722.6 (M+H)".

Example 93

U
<, X ;
Nﬁj& OMe O A N
H 0
HO~~= NHy
iH on

261
Part A.
{HO},B COH

A
e 0 | 1. 19, Pd(dppf)Cly, KOAs, C5zC0;3 s o O N
o N, OMe 2,20, HBTU ) N, OMe N
H o - H o
HO~: HO -~ s NH;
iH ‘on R
9 HaNTN 261

/N\
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(30 mg, 0.11 mmol, 3 eq.), =<cesiumcarbonate (50 ng, 1
mol, 3 eq.), potassiumacetate (5 ng, 0.03 mol, 1

eq.) and Pd(dppf)d 2 (5 ng,0.003 mol, 0.1 eqg.) was
Worzes®24at h argon and DVSO (1 nl) added. The R@TAISA906/018471
was heated at 400 during 3h, then 45 overnight. The

reactio Xture V\(a I one et en ter (30
and M@@%OW&W%@ idecp g?ébo‘i“&i @a? mﬁcﬁoreﬁitfﬁ K%) mg, 0.7
k] ayb@pl&sm@e%fboaatte WAeRga] Bitha@f 3 1; %Tmsélameic%@gss mg, 0.35

separated and t he aqueous extract ed

mn@l,cb A} Aed Pé(dgaﬂCb (Peynas 9-046 rramel i0ddemhwapgead it argon and

SRS HEE 5, O L o B Bl 3. pon sciion

Ed{dbpf)(hlz ORE 1hd, 010BS wamohdele deq)hadded ael ét&nug. coﬁtlﬁliéd at ambient

mol , 2 eq.), DI 10 ulL) and HBTU

[FpFratuse e% }n Eﬁ*’%’ &Gt Pﬁ”ﬁweaﬁﬂ%g\‘?ﬁéﬁ c%ﬂﬁ‘bl %?@’“Wammmum
bidkfide 1206 Mg)Xdrdr &tvered Eobiiivags B3 MLyBOH 30 IniDCMNAThe combined
purified by reverse-phase HPLC (MeCN 40 nM ammoni um
oigara layersosre goshed withybrise (imbd; daiediontMa2S§EM; end epngeptrated to a
%_K%IOIMS (ESI(+)) me 807.6 (MrH). 20Exanple 88 255

ar 255 A flask containing boronate (30
ng, OT®an atigmbt cohtadging ca. 30%-of it tradobié (z@i7anmol, d €2t DMF (5

’g'?r) )"("“)‘é ﬁ@tggoég’i“lﬁi?gﬁtﬁ)s%i? R & nglé @ﬁ?%&ﬁm mgy Oeﬁgxh%ol 3 eq.).

Wen ﬂwde&lﬂoﬂﬁpﬁea}eh@dmymmm@ tH@ b SR dititkd mhwoﬁ (1
and THF (2 5 nL) added. The m xture was heated at

ke ARy pytiied Py seversgthpan NG & {Me N miMfamsepnjgm ifpremeﬁé%*%%
|
R R 8Y o lbED SSNESTR OTH S0 APIN! B L avers,

To an aliquot containing this crude 0|I (0.05 mol, 1
eqg.) in DM (1 nL) was added

(5) - NLN1- di net hyl - 3- phenyl pr opan Zl,z-dianine (30 uL
0.15 mmol, 3 eq.) and 10 ng, 0.08 mml, 1.5
eq.). Wien the reaction appeared conplete by HPLC, the
m xture was diluted wth purified by
rever se- phase HPLC gﬁ 0 formate
25% .80% to give 25 a§f§g%?' Iidf%s ng, 8% . M5

(ESI(+)) nfe 761.7 (MrHo~7

Part A.
U Jf JQL
s ? O N Acg0 OMe N
oS -N_ OMe N
H 0 _
HO-% NHy
IH on
61

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 ovemnight, 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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256 Part A Conpound 256 was synt hesi zed according
to the procedure described in Exanple 88. M5 (ESI(+))
me 749.6 (MtH). WD 2008/ 024337PCTI US2007/ 018471

W amhS$P 257and258 5 Part A PCT/US2007/018471

Example 95

A
0 R N
"N N, OMe H N
H o}
HO~~Z NO2
iH oy

263
Part A.

(HO)B. ; LCOH
O
NO; o N
e o 1 1. 19, Pd{dppfICly, KOAC, Cs,CO; N N, OMe O H N
- N, OMe 2.20,HBTU N 9
H o] HO-_~: NO2
HO~ = iH Zon
iH Lon
9 263
Hai

5 PLIN

Compound 263 was synthesized according to the procedure described in Example
88 using (R)-N1,N1,4-trimethylpentane-1,2-diamine in place of (5)-N1,N1-dimethyl-3-
phenylpropane-1,2-diamine. Yield 9 mg (53%). MS (ESI(+)) m/e 738.5 (M+H)".

10 Example 96

U
), g O
PN, OMe AN
H 0
HO—_* NOz
iH \on

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

YUY
o N
N, OMe H N
N N, b N
M O
HO-~= NOz
:H oy

20 T 265

-212 -



=

15

20

A solution of crude conpound 1 (8 ng, 0.01 nmol, 1
eq.) in MeCN (500 uL) was treated portionwise with a
1: 100 solution of brom ne in MeCN until LC showed

W& RseRLspNn of 1. The reaction mxture purifipe¢RY¥07018471
rever se- phase HPLC (MeCN 40 nM 10 anmoni um f or mat e

25% ?80% to give an inseparable m xture that appears
ByrtMVR t 0o contain approxi mately equal anounts of 257
and 258, as a white solid (3 30%9. Ms (ESI(+)) nfe
830.6 (M+H). Exanple 91 To an al i quot of
crude acid (exanple 3 part § £0.024 mmol, 1 eq.) in
DMF (1 nmL) was added am ne gl uL, 0.05 nmol, 2 eq.)
and HBTU (30 ng, 0.08 mol, ¥ dg.). Wien WO

2008/ 024337PCT/ US2007/ 018471 t;tke\ reacti on appeared
conplete by HPLC, the m xture was diluted with MeOH (1

) i 1f 4 e- P )

arone g i 2680 B UL RCIeRARE TPl B in Example
88)| vding 3mirg, 26679 plabds of ES)-NH N1 -dinvethy F3@hény(pbpdne-1,2-diamine and
El)t(earrr}l%lii?ttegazcid'5 deslc}lrli?lbzed in Example 95 part A.. Yield 3 mg (16%). MS (ESI(+)) m/e
786.5 (M+H)".

Example 98

YU
o N
g SN-N, OMe M N
H o
H

ECASe
267
Part A.

0 QP!
e o} O N o 1 O ﬂ
H ‘MeCHO N, OMs N
"'H N‘o OMe O AN NaHsBCN ﬁ | o ) o
el )
iH Loy :
264

OH
287

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

QP!
i s
N OMe A N
HO-~ N
iH \‘on U
268
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260 Part A 10 To acid 10 (10 ng, 0.016 nmol, 1
eq.) in DM (1 nL) was added DI EA (10 uL), H-L-Leu- 10
< NH2 HC1 (8 ng, 0.05 nmol, 3 eq.) and HBTU (20 ng, 0.05
wodos/oB3Eg. ) . When the reacti on appeared conpCes2i0%/018471
HPLC, the m xture was diluted with MeOH (1 nL) and
urified by reverse-phase HPLC (MeCN 40 nmM anmoni um
te 25% ?80% to give 260 as a white solid (3 ng,

259 . Cvipdub®|268 ) as Wy Rthdstzbd actdvitinly to HEstocddare deSeribed in Example
98, using glutaraldehyde in place of acetaldehyde. Yield 3 mg (14%). MS (ESI(+)) m/e

776.6 (M+H)".
5 Example 100
269
Part A.

3 ﬁ
o N
H MeCHO OMe
Y N, OMe AN NaH,BCN
H [
HO-—~: NHz
iH ‘on

An aliquot of crude 261 (0.03 mmol, 1 eg.) in MeOH (1 mL) was treated with
acetaldehyde (10 uL, 0.15 mmol, 5 eq.) and sodium cyanoborohydride (6 mg, 0.09 mmol, 3

10

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
), Ji\
20 PartA.

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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9 H2N261 WO 2008/ 024337PCT/ US2007/ 018471 A
flask containing iodide 9 (200 ng, 0.35 mol, 1 eq.),
baronate (126 ng, 0.7 nmol, 2 eq.), cesium carbonate

\{154&816%3371 nmol, 3 eq.), potassium acetate (3prfiBo07/018471

nmmol, 1 eq.) and Pd(dppf)Cl2 (20 ng, 0.035 mol,

O 1 eq.) was purged with argon and DVSO (11 nl) added

The m xture was heated at 60 during 3h,|then
addi tional 5 Pd(dppfy)Cl2 (20 . Q |, 0.1 eq.)
added and stirring etg i eq” 3t @il o tenperature

overni ght. The reactigh

treated with

t et rabut yl anmoni um br ona 230 and extracted from
water (30 nmL) 3 x 30 nL DCM Fhelconbi ned organic

| ayers were washed with brine7(20 nL), dried on
RaR3d4, and concentr at ed to a brown oil. 10To an

mml

V\hen

aliquot containing ca. 50%of this crude oil (0.017 Ji\

1 eq ) ) was added am ne (2

BTU ¢#£60 ny;
%@%beﬂr\ed c F"éte G b
mxtug °d|Iut,@d with MeOH (T nlL) .oe i

rever se- pha HH LC (MeCN/ 40 rnM ammoni um f 8r hé

25% *80% to ve 261 as a white solid. M5 (ESkh+))
rT1e7085(M+H) 15 Exanple 94 ,NOVe j HO HO - Ct

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)".
Example 103
NHZ
272
Part A.

2 5;*!* - w ﬁfﬁ* 5

To a solution of 216 (45.4 mg, 0.07 mmol, 1 eq) in DCM (5 mL) was added TEA

(30 puL, 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 it for 2h, the mixture was diluted with DCM (15 mL) and washed with saturated
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HOH 262 Part A A flask containing am ne 261
(12 mg, 0.017 mml, 1 eq.) in DCM (1 nL) and MeOH (.100
uL) was added D EA (10 uL, 0.05 mml, 3 eq.) and

W6 8bds2@pnydride (5 uL, 0.05 nunol, 3 eq.). AkhAis2007018471
shaki ng overnight, the reaction m xture was dil uted

W t h aqueous NaHCO3 and extracted (3 x 5 nL DCM. The
patadsiunechroomgersotution Y Hr mLeTie ajueed layer ®8s ¢ki26@d wathd>CM (2 x 10

',%%510 §tf: Ec%%n?drﬂ# é)régt?elg%%‘%/mrase r VmJe% tf\]a?&%i gltérgd 0% gg‘r%%ﬁtrated in

?&98/ O3 312l 452 Tied b8 4ilita s PERbRad BrapBb BOPAELO Ae/DCM with

1% triethylamine - 5% MeOH/DCM with 1% triethylamine) to give 40 mg of 273. Yield
S 69%. MS (ESI(+)) m/z 811.28 M".

Part B.
Hs\/\/\SH /E
OMe ﬁ[‘r OMe
DBU, DMF, 0°C
10 To a solution of 273 (40 mg, 0.05 mmol, 1 eq) in DMF (2 mL) at 0 °C was added

dithiothreitol (22.8 mg, 0.15 mmol, 3 eq) and DBU (22.3 pL, 0.15 mmol, 3 eq). The
solution was stirred at 0 °C for 30 min. The crude reaction was kept at 0 °C and purified

by HPLC to give 16 mg of 272. Yield 41%. MS (ESI(+)) m/z 785.33 M".

Example 104

M(@

2 74
\Q\ BBry
75

To a solution of 1-bromo-5-chloro-2 methoxyphenyl 275 (2.5 g, 11 mmol, leq) in
20 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

15 i
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

25  which was used without purification. Yield 32 %
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9263 H2N 5 Conmpound 263 was synt hesi zed
according to the procedure described in Exanple 88
using (R)-N, N1, 4-trinethyl pentane-1,2-di amine in

W 3680231 S) - NI, NI - di met hy1- 3- PCT/US2007/018471
phenyl propane-1, 2-diam ne. Yield 9 ng (53%. M

(ESI(+)) me 738.5 (M:H)+. 10Exanple 96 264 Part A.
BarmBound 264 was synt hesi zed according to the

procedure described in Exanple 1588, using

(S)- N, N1-di met hy1- 3- phenyl propane- 1, 2-di anj ne. Yield

? Q H
3 my (16%. M5 (ESh(+)) m%mﬂﬁ%m?a&wm: agpl e 97
20265 WD 2008/ P2¥337PCT/ GRS B4 7 1
Gi cl

276 7

To a solution of MgCl; (powder 325 mesh, 0.734 g, 7.71 mmol, 2 eq),
paraformaldehyde (0.347 g, 11.57 mmol, 3 eq) and Et;N (1.08 mL, 7.71 mmol, 2 eq) in
THF (20 mL) was added 276 (0.800 g, 3.68 mmol, | eq), heated in the microwave at 160 C
for 15 min. TLC (3:2 Hexane:DCM) showed complete consumption of 3. THF was
evaporated and the reaction mixture was taken up in EtOAc, washed with brine, dried,
filtered and concentrated in vacuo to afford 0.52 g of 277 which was used without
purification. Yield 47 %

Part C.
2 Mal, KoCOy ca
OHC Br DMF OHC Br

CH OMe
277 2718

To a solution of 277 (0.518 g, 2.2 mmol, 1 eq) in DMF (5 mL) was added K,CO»
(0.456 g, 3.3 mmol, 1.5 eq), stirred at rt for 10 min, resulting in a suspension. lodomethane
(0.206 mL, 3.3 mmol, 1.5 eq) was added dropwise and allowed to stir at it 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.
cl (]
NH20H.HCI H
NaBH,CN N
QHC Br HO Br
OMa MeOH : THF CMe
3:1
278 2r9

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. NaBH;CN (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 HC1 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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Part A H2N 266 Compound 265 was synt hesi zed
according to the procedure described in Exanple 88,

usi ng am ne 266 in place of

WB)008024B87- di net hy1- 3- phenyl propane- 1, 2- di am RET/HRW0TB018471
internmedi ate acid described in Exanple 95 part A..

iglyglﬁ,gqsgﬁeglgo %ﬁ&yj}é :;@OE[—F&I lgli)'[)he giglgti%%gfa? e)gtll'\z/lll&!.;% -l\-a'/ith EtOAc, washed '
with brine, dried, filtered and concentrated in vacuo to afford anorange ol The crude
material was purified by column chromatography (silica gel, 55 % EtOAc in Hexane)} to
afford 0.486 g of 279 as a cream solid. Yield 90%.

Part E.

OMe

cl 0 J\I el
‘n /O\KILO/ CaCly o |
HO Br —_——— 0,N B
oM OH Ether Y+ r
e OMe
279 260

To a solution of 279 (0.486 g, 1.83 mmol, 1 e¢q) and glyoxylate ester (0.285g, 2.37
mmol 1.3 eq) in diethyl ether (10 mL) was added anhydrous CaCl; (0.263 g, 2.37 mmol, 1.3
eq), left stirring at rt for 3 h, resultiné ina suspensién. The suspension was filtered through
a Celite plug washing with DCM and ether. The resultant yellow solution was concentrated
in vacuo to afford 0.497 g of 280as yellow oil and used directly without purification. MS
(ESI(+)) m/z 337.8 (M+H)" Yield 81 %.

Part F,
Cl
DMe
OJ\ ¢l I:Q\ Br
_07s Br “..l\)/ b—&_
OMe v THF, Microwave, 140 C, 15 min Y ‘!'—t OTBS
280 8 :

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 ovemight. 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.

-218 -



El

10

15

20

25

An aliquot of crude 261 (0.03 mmol, 1 eqg.) in MeOH_ (1
m.) was treated with acetal dehyde (20 uL, 0.3 mmol, 10
eq.) and sodi um cyanoborohydride (8 ng, 0.12 mmol, 4

wél 200808381 i ¢ acid (5 uL) was added and the s@lcyfiseshrioisir
shaken. overnight at 50. Wen the 15 reaction appeared
conplete by HPLC, the m xture was diluted with MeOH (1

m.) and purified ver se- phase HPLC ¢ 40 trI M

amoni um formate 2 % to ,gjve 267W|te solid

(3 ng, 15%. M org ) nle—+64-7 ( oEexarrpIe 99

20 268 WD 20g8A024337PCT/ US2D07/ Ogg?ﬂ_?%'Part A

Compound 268 was :synt¥iesi zed accordin the

procedure descri bedni n Exanpl e 98, using.

gl ut argldemds bfnml 8700k, 0.963 %rﬂ&hxd%( ) iXi B (3 ) was added
(14% . M5 ESIé e 776.6 (MtH) +. anpl e 100

ppncelzggedt %) 1 (045 mL, 2.7] mmol, 3 eq) and stirred at rt for 2 h TLC (1:2
hexane:EtOAc) of neutralized aliquot showed complete consumption of 281. The reaction

was neutralized with NaHCO,, extracted with EtQOAc, washed with brine, dried, filtered and
concentrated in vacuo to afford a brown oil. The crude material was purified by column
chromatography (silica gel, 50 % EtOAc in Hexane) to afford 0.25] g of 282 as a brown
solid. MS (ESI(+)) m/z 407.7 (M+H)" Yield 70 %

Part H,

] ]

(\Q\Br e e 0 (\ : ~Br
o] . MaAl i N, OMe
N\o OMe “NHy A H 5
] : DCM |
CH HO—/2
f H Yoy

283

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
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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An aliquot of crude 261 (0.03 mml, 1 eq.) in MOH (1,

rrL) was treated with acetal dehyde (10 uL, 0.15 nmol,

Seq.) and sodi um.cyanoborohydride (6 ng, 0.09 mmol, 3
sol ution was shaken overni ght at agpig Qioow (8471

Vﬁgﬁ%g?a?ﬁre The m xture was diluted with MeOH m_g

and purified by reverse-phase HPLC (MeCN 40 M

ammnl um$ rmat e/28% 80% to give 269 as a Y oF
B%jé% (ESI(+)) me 736 O
b@ omf 0 20} Part Pé}dppr)cmz CsCOs, KOAc D7 Q) g
nt esl z %{ i

accordl
Exarrpl ® SI ng on- ar al dehyde in pI acé'
acet al de Yield 3 Ry (14%. N5 (ESI(+)) rile 764.7
( MiH) +. Exan’pl e 102 V\D 2008/ 024337PCT/ US2007/ 028471
271 Part A 270271

To a solution of isoxazolidine 283 (100 mg, 0.179 mmol, 1 eq) in DMSQO (5 mL),
flushed with argon, was added the pinacolboronate (68 mg, 0.232 mmol, 1.3 eq), 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. EtQAc and brine
were added and the pH adjusted to 3-4 with HCI (2N). The organics 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 284 as a brown solid. MS (ESI(+)) m/z 644.0 (M+H)" Yield 30 %

al O o a O .
0 O _HBTUEGN e 0 O N
HW ’i DCM, 21 ﬁ WH M~
Ao\, A HO~ /" . AN

274

Part L.

284

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 X;CQs, water, brine, dried and concentrated in vacuo to afford a brown solid.
The crude material was diluted with MeQH (2 mL) and purified by reverse-phase HPLC
(MeCN/water with 40 mM NHHCQO;) 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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L5

20

5Crude reaction mxture fromthe production of 270
(0.03 mol, 1 eq.) was stripped of all volatiles in
vacua and taken up i-n MeOH (1 nlL). Acetic acid (5 ul),
3@ Yokotwpal in (10 ulL), and sodi um cyanobor ohydmiwerot418471
ng, 0.8 mmol, 3 eq.) were added. After 4h, the mxture
was diluted with MeOH (1 nL) and purified by

rever se- phase HPLC (MeCN 40 mM anmmoni u or mat e

25% 430% to give 271 as a Ne sali ng, 14% . M5
in(ESI(+)) me 778 I\/H;—l). 15Part A

To a solution of 216 ~anre @07 ol , 1 eq) in DCM
(5 nm.) was added TEAY( L, 0.22.0nol, 3 eq) and

HEI TU (54.2 mg, 0.14 nmoE® P eq). THE sol ution was
stirred at it for 10 mn. B anine 142 (28.7 ng, 0.11
;rm)l, 1.5 eq) was then added 2After stirri ng 20at it
FAY Aoh the mixture was diluted with DOM (15 ni) and
washed with sat (Rat ed WO 268802433 72PCT/ (iS2007/ 018471

| ——

pot assi um car bdiat ol¥ti o230 nm° ajueous

| ayer was extractedfwith DCMfL(Z x 10 nmLY. The conbi ned
organi c | ayers were™ri ed offer! Na2S4, "'+l tered and
concentrated in vacua. The material waszpurified by

HERENE Y N
GINE HG D% Gbludés of YorflatlichydeO%s Mied BRI d6hig, 59rEm8I] 1e8Sodium
(I:\gancl):‘;)%rr(t)hy%ﬁde (347mg, 5.5mmol, leq) was added and the reaction stirred for 30
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 285 (333mg, 31% yield). The monoalkylated product was carried on

to a second reductive alkylation.

Part B.
"3 1 NaGNBH3 " i
HO” OH . HO” OH
0
HN
N meso. L, Tas0" TN
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 stired 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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273272.10To a solution of 273 (40 ng, 0.05 mmol, 1 eq) -
in DW (2 nL) at 0 C was added dithiothreitol (22.8

ng, 0.15 nmol, 3 eq) and DBU (22.3 nL, 0.15 nmol, 3

vl 2oos/83¥83750l ution was stirred at 0 C for 30 mimuside®oissiri
crude reaction was kept at 0 C and purified by HPLC to

give 16 ng of 272. Yield 41% M (ESI(+)) nth 785. 33

M Exanple 104 1.5 274 Part A 275276 To a
sol ution of 1-brono-5-chloro-2 phenyl 275 (2.5
g, 11 mol, leq) in —zfx
;‘aﬁ‘i\ﬁ;,
s o (@\l HO’B KOAc Cs53C0,

.,,Nitr OMe . i(r OMe

H o} DMSO

Ho A \on Taso’\/”

288 OTBS
Boro:ﬁc acid 286 (162mg, 0.280mmol) was dissolved in DMSO (7mL) and
potassium acetate (28mg, 0.280mmol, leq) and cesium carbonate (277mg, 0.850mmol,
3eq) was added. Iodide 9 (100mg, 0.280mmol, leq) was added and the stirred solution was
degassed by subjecting the flask to three 60 second pulses of altemating vacuum and argon
purge cycles. 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
~M~ores Et3N - \/\DTBS

COH ,(
OMe + | HBTU OMe
AN T~

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,
l1.1eq). 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.

Part E.
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20 DCM (1Q0 nlL) was added dropwi se BBr3 (1 M sol ution

in DCM 38.5 mmol, 3.5 eq) over 20 mmat - 40 C. The
solution was warnmed to rt .and stirred for 12 h. TLC

W@ 26esiiesgne: DCM showed conpl ete consunpt i on pefridifzi018471
The sol uti on was quenched with NaHCO3 and stirred

until two phases appeared. The organi c was separ at ed,
washed with brine, drie filtered and concentrated i
vacua to affo 0. 8049 276 as a white sokid 25yhi

was | ration. Yig 32 %

2008/ 7HQN84 THE-Pinge t

sol uti onfofl MyC12 ( powder 328Hnesh, , 1.1
nmol | ngq‘)‘, 5 par af of#al dehyde (0. 3%9 g V11, 57 Yot
3 eq) and EF3N (1.08 nmL, 7.71 nmol, 2 eq)*Oin THF (20
nm) was added*276 (O, 800 g, 3.68 mml 1 eq), hkeated

in thﬁBS‘eﬂfeBW@Qﬂ{g, b@ﬁéﬁnbgrwamlﬁbmd T CHEJIAL) and HF-Py'ndlne
Hexane: DCM showed conpl ete consunption of 3. THF wa

addsd 61 ulel 08¥rﬂmf>h dcpehdern houi sstifengaths crudeanpterial was punﬁed by
9 t
AT UMETTFDEM, SoReinif o £ NEQULY B F8S hsmp. 130 Yield Ms

(BSi(+)pmtt 300tSHdMreH)IOpuri fi cation. Vi el d 47 % Part C.

Example 1 05

0:3:0
fR)
fl\s OMe

N\/\OH
HO
290
Part A
0=S=O
QO »Y
°°2H o= s o _HBTU_ N
M
OMa Nim Ei3N OMe
AN~
QTBS HzN
AMN~oras

150 251

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.

O:s:.O O-.'-.-s|=0
NH
I f Va
HF-Pyrdine e 0 N N
OMe THF N N\ OMe O H
H 0o
"'0 N‘-/"oms

Part B.

HO-~ N~
_5 A -~ OH

HQ
289
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cl Mel, KZCGB Br. DVFOHCBr Owve 278 OH 277 To a
solutlon of 277 (0.518 g, 2.2 mmol, 1 eq) in DV (5
rrL) was added K2CO3 (0.456 g, 3.3 mml 1.5 eq),
rt for 10 min, resulting in a sus

WO R ERE T (0.206 ni, 3.3 mwl, 1.5 eq) RefvsAsn
dropwi se and allowed to stlr at it overnight. TLC (9:1
He x a B EEBAC29 159agyai0 09nnia a1 disgh1vEd in THIE (0L AR MBPyridine
diFl[Efi;t ed into water and exg acted with EtOAc, The

&S 02apmphi e vAlRe &2 oV of stifEng,gfheegude material was
Jdﬁlf'ég 'b?as aﬁ%ﬂ@@ﬁﬁhﬁﬁd céd?aﬁ{lﬂg ¥%94 N}ﬂfd}ﬂrtg ﬁel@@@ Eﬁmg) 25%

or ange was used w
Yighd. M@ESIE). m/v-‘|8@Bd (BHY. 20 Part D.

Exampie 107

Ph

295-amine

Part A.

H@ : - Q3
o
‘ | one ’ e 0 CHO
- N, OMe N Ote
H [») + [—— N )
MO H o
TR HO~ CHO
E OH 0% ~H PH gy
9 203

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. PdCly(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 1t, 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), dned (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
i(; OMe OMe

Part B.

NaC|02 COOH

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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Cl OHCBr Owve 278 NH20OH HCI NaBH3CN MeOH : THF 3 : 1
Br Owve 279

o

WO 2008/024337 PCT/US2007/018471

mmol, 10.0 eq) and 1 M sodium chlorite solution (1.35 mL, 1.35 mmol, 1.2 eq). The
reaction mixture was stirred at rt for 50 min, quenched with 10% Na,S,;0; (10 mL) and
stirred for 15 additional min, diluted with AcOEt (10 mL), the layers separated and the
aqueous one extracted with AcOEt (2 x 10 mL). The comb org extracts were washed with
brine, dried (MgSO4), filtered and concentrated in vacuo. The residue was purified by
flash chromatography (DCM/MeOH 98:2 and 9:1). 294 was obtained as an off-white foam
(204 mg, 0.34 mmol, 31% yield).

Part C.

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-d'imethyl-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.

285-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 (MgSQ4), filtered and

concentrated in vacuo, A white foam was obtained, which was purified by preparative
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To a solution of 278 (0.505 g, 2.02 mmol, 1 eq) in
MeOH THF (3:1, 5 nL) was added an aqueous sol ution of
hydr oxyl amine (0.169 g, 2.43 mmol, .1.2 eq in 2.5 nL of
W@E@ﬁ/}mbf‘f one portion. The pH was adjusted t@c®yhdohoissrt
(6N), and stirred at it for 1 hr 25 where TLC
(2 1 Hexane: Et 0Ac) showed conpl ete consunption of 278.
HBEBERCNn(6. 295hmjine 21048213, mdok G %awdsld pabdelgoptititedgpowder. MS
0 t and the solution acidified to pH
@-Sféweﬁgﬁ%#mw (20 VN). The pH of the reaction
sol ution was nmai ntained at pH 3 over the course of 12
h by addition of snmall amounts of the nethanolic M
sol ution, where 279 217- WO
2008/ 024337PCT/ US2007/ 018471 it was basified to pH 9
with NaOH (2 N). The sol uEkempled@8extracted with
Et OAc, washed with brine, dried, fiJtered and
concentrated in vacuo to afford an%je oil. The
nmy c

crude material was purified col hr omat ogr aphy
(silica gel, 55 % Cén P£ord 0.486 ¢
of 279 as a creams I0de % "5 Part E.

296

H
N
0
H
BF\Q)LOH Cul, KaPO,

Part A.

| N

Br AMN~on (I\OH

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(I) 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
HCl 1 N (100mL). The mixture was brought to pH~4 using NaOH 1 N and HCI 1 N then
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.
o CsCOs  KOAG

o
Br oM Pd(dppﬂClz o O
" N, OMe O
N
" om 8" Ho—4  \-o
OMe OH -
207 208

A flask containing boronate (descrlbed in Example 1, part G) (194mg, 396pmol,
leq), bromide 297 (142mg, 475umol, 1.2eq), cesium carbonate (387mg, 1.18mmol, 3eq),
potassium acetate (39mg, 396pmol, leq) and Pd(dppf)Cl, (58mg, 79pmol, 0.2eq) was

- 226 -



10

15

20

25

To a solution of 279 (0.486 g, 1.83 mmwl, 1 eq) and
gl yoxyl ate ester (0.285¢g, 2.37 10 nmmol 1.3 eq) in
diethyl ether (10 nlL) was added anhydrous CaCl2 (0.263

vib 2sadissunol , 1.3 eq), left stirring at rt begul2ddvoisen

resulting in a suspension. The suspension was filtered
through a Celite plug washing with DCM and et her. The
puzged vdnargpe lahd DMD @ibhwesaddedn Tbareaati@uwanhsatedu 60% for sh

{1 Rt i foof a8 BNRE !Bt Pobp ) a3 FIPH- wim el
O0BUA TR nfik tudSwiiadsitrabted with DCM (3x30 ndl)S OTHeét dodibistdd ot8hic layers

(0.497 g, 1.48 mmpol, 1 eq) in anhydrous THF (10 L)
Wer§ vaaéa@(jwnh water (1x30mL) and brine (1x30mL), dried over Na,SCq, filtered and

sepecnralsy’ @ Lo A B pRARR i Fogiong G5 and

. DOM/MeDEBAEON Y0k B4 to T0¥ o bbiaino28v@ §Sihg, 1280 ufol)ars 2hSoil. Yield

mn. TLC (30:1 DCM Et 20) showed consunption of nitrone
Mo and the all ylic al cohol 6. 3-
kg et hyl am no) - 1, 2-propanediol (1 nL) in EtOAc (1 ni)
Wwas added and the dark brown solution left stirring at
it overnight. The dark br solution was diluted with
helle's salt solution,
ied and concentrgked in
pu e

N~NFhe crude mater RS -

' _ @ ¥hr oretegraphy (S_p > 0Me N

Et OAC “kN to affongTuoEwiQO g of 7281 as? a briown

oil." Mg L 521."VEREH) + Vi el d 164/ A Rar o
W 6

VD 2008/ 0243;93;”7 US2007/ 018471 "

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, 194pmol, 3eq) was added. The reaction was stirred at it 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

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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281282 To a solution of 281 (0.470 g, 0.903

mol, 1 eq) in THF (5 nL) was added concentrated 6 N

HO (0.45 nm., 2.71 mmol, 3 eq) and stirred at rt for 2

wWo 2008/024337 2 hexane: Et 0Ac) of neutralized ali gg@tus2007/018471

showed conpl ete consunption of 281. The reaction 5 was

neutralized with NaHCO3, extracted with Et0Ac, washed

sintihudgrfongQ additiand] min. The resgtiomacanenehet withd®% Naaba@u@ mL) and
f a b f

%l?rea f{)uir% mé%’r%ﬁr‘amo\glrﬂléﬁ%B%f g: gathgg y% %pg}‘é%?dlﬁh' 1!1e Jiq%gous one

émalﬁ&)wnﬂhmciﬁﬁt@ o OmRR 1Tl @ﬁnb?:&a oagan& dxtrav weed wd;hecwlth brine,

é@z@é@@ﬂ Eltqfsz Q&Pfe&%ﬁe f%L ?«as?r%. Os/@%fg%ﬁé%ﬁﬁ'%maﬁélsed without

£:8h riicatlon897 nmmol , 3 eq) flushed with Ar in
anhydrous DCM (3 nlL), was added Me3Al (2 Msolution in
Hexane, 0.632 nL, 1.26 mmol, 2 eq) dropw se over 20

BamBand the resultant clear solution stirred for 40 nm
at rt A 15 utieqn pft the | act one 282 (0.264 g,

fI iy , one (A 1T [eacuon v@ 0

evol Lg) the r actlon mxture was SUTETedy N or
12 h TLCI f2+-ax EFORE: Hexane) showed a ch eac L~
vvlth one margipal |y faster running spot The P%actl'on

b e o AR o e el B SRS F o s bem

ML ke ARtvak EddeﬁW@ ci"met ﬂ%y@%x?[aﬁﬁﬂa‘ l?ydhﬁ:}i%d&\@%m mg, 0.22 mmol,
separ at ed and washed wat er, brine, dried, and

6198k ATunig'ebpse (54 bk @614tmmak Pk o) ang FBIIHRme, fnlxé mmol, 1.5 eq).

d I
R o R Gpdcton R gl WY STRLE O TR0 5880 and. the
minecﬁ&&nasxiaacy&ell withiDEM (2 VB n{IBSIThe Lymbinkd 6iFni8 ek thackd) were washed

0
\I{t}? rine Zl & E?F()ia ed d/[gSO4) 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 Methyllthium in Et,0O (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 1t. 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;0 (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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To a solution of isoxazolidikne 283 (100 ng, 0.179
mol, 1 eq) in DVMSO (5 L), flushed with argon, was
added t he pi nacol boronate (68 ng, 0.232 mol-, 1.3 eq),
wobtemsse4381 5 acetate (26 ng, 0.268 mmol, 1.5 ewI/mae)7/018471
cesium carbonate (175 ng, 0.526 nmmol, 3 eq). Upon
stirring for 10 mn, Pd(dppf)Cl2 (29 0. 036 nunol
0.2 eq) was added as a single_portion. e m xture was
heated to 70 C for 4 h, g@ fH {0 cool to rt.
Et OAc and bri ne wer€ ad ' - djusted.to 3-4
with HC (2N). The omhgéamni par ated, washed with
water, brine, dried, A
afford a brown black oil " Th&%crude 10 material was
purified by colum chromat ogr¥8phy (silica gel, 4% MeOH
rt to afford 35 ng of 284 as a bromn SO|Id %)

(ESI(+)) mz 644.0 (MrH)+ Yield 30% Part |. 284274
olution of 284 (35 ng, O. 055 wno
0 l.l ?ﬁ%%; was gpdded Et 3N (23 ulL, O. I
Ho® gp,u Nedapnc? c:e:q,) Koacn ‘
‘:t for 10 suﬁ%
(S) N i met hy 1- ne g~ ~otes

ceinyl propame- 1, 2- di am
ng, O. @.55rm0| 1 eq)zaean "al | owed to stlr at it stBa 2

s cOoR GERGH O ol TR T B s Bl g8 0 me.

0 03 afﬂ‘]@r 2 3q} cvin %ﬂ-bblﬂatc (Ihs gC0.57 S Péd)Ahd ymssmm acetate (18.6
diluted with MeOQH (2 purlfled by reverse-phase

FeL 6 1P veoN), et ® rm\);?MEO SWLNMH@eEaﬁSqdobsabwhhhag f-@onghrough the
%{hétfogf' 8%&?‘5 Exaof}jpéddfbgz?%%@bﬁ Tﬁr}]ol%é §;94va% thdftidded and the

ABGDsbE3GTPEEb ISTOO TidthBAWAs 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;SQ,, 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.
N OMe OMe ch
(,\,)L 0 ﬁ’ (,\,)(
AM~or8s

AMores

DCM.
303

To a solution of 303 (17.3 mg, 0.022 mmol, 1 eq) in DCM (2 mL) was added TEA
(10 uL, 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 2Zh, 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;SQq, filtered and concentrated in vacuo. The material was purified by silica
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285 53-am no- 5- boronobenzoic acid (1g, 5.5mvol) was

di ssolved in 25mMOH and 412uL of a 37% sol uti on of

f or mal dehyde was added (0.166ng, 5.5mmol, 1 eq).
woddogipr@yanobor ohydride (347ng, 5.5mmol, 1 egr-THR$07/018471
added and the reaction stirred for 30 m nutes at room

tenperature. The solution was dried via rotary
gel almomatoigphpfeD-7 56 FEt©delckag with 61258 TRAS tpgnief 150 mg of 304.

ver.si L I -oh Q% H in DCM containing 0.2%
ﬁS@c@t/?‘éh%@Sg@)}%zo%g'g%h&g% (333ng, 31%yield). The
nmonoal kyl ated product was carried on to a second
ppRdoctive al kyl ation. Part B. [ 5Boronic acid 285

(10Z2Zmg, O.5mmol) 2nmi MeOH and 100uL of 3 (92ny,
0. 5mmol , was ad. Sodi um cyanobor ohydrj
(49n0y, 0.7 . 2eq) was added and.f he reagtii

ed ff nit 8s at nagmd enpe T N
solYit o ed \farot—ax—y—euagora| i},@ PLN
r esulfi Dcﬁt erf~aMowas purddidegsr,over si'9 I (%\-’T(@%

MeOH i 1 containing 0.2% acetic acid) to gulgt ain 286
5 (333%) Yi el td 3(%
a so utlon of 304 (15.1 mg, 0.016 mmol, 1 eq) in THF (1.5 mL) in a
polyproplylene tube at rt was added a 1:1:1 THF:HF/pyridine:pyridine solution (70 pL),
The solution was stirred at rt for 1 h, quenched with methoxytrimethylsilane (700 pL) and

- concentrated in vacuo. The crude 305 was used in the next step without further

10 purification. MS (ESI(+)) m/z 825.44 M".

ARt - g foh

N
Ae~on DBU, DMF, 0°C <" oH

Part D,

309 302
To a solution of 305 (14.3 mg, 0.017 mmol, 1 eq) in DMF (0.6 mL) at 0 °C was
15  added dithiothreitol (8 mg, 0.052 mmol, 3 eq) and DBU (7.8 pL, 0.052 mmol, 3 eq). The
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

MP

20 306
Part A.

OH Q

g o 1 ; 1 ¥ 4] OH
.,,N N\ OMe Ho-B OH Pd(dppﬂClz. CS:CO;. KOAG e N N OMe O
H | [o] H o)
HO i HO. g ~NH

OH _NH DMSO, T0'C

L] 285 308
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Part C WD 2008/ 024337PCT/ US2007,018471
Boronic acid 286 (162ng, 0.280nmmol) was dissolved in
DMSO (7mL) and pot assium acetate (28ng, 0.280mmol -

WweadosABsL£esi um carbonate (277ny, 0.850mml, pRaw)s2uaPis471
added. lodide 9 (100nyg, O 280mmol , | eg) was added and
the stirred sol ution was deg assed by subjecting the

f 1 askA sejutigi @eﬁfﬂOO@é%Blﬁ‘tp-”pﬁngeW bmmgil,t lemﬂdxqrwgc gaé a8h{151 mg,

R R ) T L e AT

ff), @l@gmem'&‘ i @g) h DMBG (7. 4helY wm:degassewag l:axbbhimg argon ttluough the

%gﬁ’gf’ %rd R ac&ﬁ?@%@géw@g%ﬂ?m %II g‘i.%rojﬁ%g then added and the flask

FPRCORIK Al8Rl trRe BMDRSSas hbBRd 6f WHIeC sradiR! TWE $eaction mixture was
purified by flash (5% MeOH in DCM to afford 288

addedhiy) bringo4tq oNg)etcgdifi puhw-tth . N HCI ugtlldhg ﬁ%eogﬂa@e%@med apH of 3,
agngo : negd %@E‘E@&C v 4‘3' 1’?’1]%9' \tRd obbitd ogggjné%}cré%relﬁried over

NGp ON]ﬂlMiedjirralBEtohyéhtratep hie myduprio péfost 4 b2wahi @liTihe of M@astpurified by

sl R el i o FetOA e B Bath e pig) © e 1243

rﬁgbﬁsoeﬁlyhaala§6%h%s(1581l@+)ﬁ #AC3960a (wasHpuri fied by flash
%veOH in DCM containing 0.2% NH4OH) to yield 289

}S42rrg) 69% Yi el d.
art B

DCM, n

To a solution of 306 (25 mg, 0.04 mmol, 1 eq) in DCM (4 ml) was added TEA (17
pL, 0.12 mmol, 3 eq), HBTU (31.8 mg, 0.08 mmol, 2 eq) and (S)-N1,NI-dimethyl-3-
phenylpropane-1,2-diamine {15 mg, 0.08 mmol, 2 eq). Afier stiring at rt for 2h, the
mixture 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,SQ,, 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 (ESK+)) m/z 756.45 M.

DBt Ve e Rotd]

NaCNBH,, MeOH, rl

Part C.

307 308

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 mmeol, 1.2 eq). The solution was stirred at rt for
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Part E. WD 2008/ 024337PCT/ US2007/ 018471 289 285
TBS et her 289 (42ny, 0.046nmol) was dissolved in THF (
I mL) and HF-Pyridi ne added (30uL, 0.092mmol, 2eq). -

Wb bRkoSiskours of stirring, the crude materi alpcpagio07018471
purified by flash (5%ve0H in DCM containing 0.2%
NH4OH) to yield 285 (4.5ng). 12% Yield. MS 5 (ESI(+))

1191 min8 0Bodburty Myifjoborokydridel (©.7106, 0.bibl &Hbl, 1.2 eq) was then added. The

solution was stirred at rt for 1 h and concentrated in vacuo. The crude reaction was purified

by HPLC to give 5 mg of 306. Yield 69%. MS (ESI(+)) m/z 814.53 M".

Example 112

O 0
A C i
,uiyq\c OMe o A AN
HO~~ A
iH oH |

308

P! I
6 0 N MEzNH.HC| s [0} O ﬁ
. Ie H
"N N‘o OMe LN TEA, HETU N Nb OMe o N~
HO-_% N\J\ - . HO~”: N N
:H :H ‘-oH |

-~
OH DCM,

306 308

10 A solution of 306 (5.5 mg, 0.007 mmol, 1 eq), dimethylamine hydrochloride (1.7
mg, 0.02 mmol, 3 eq), HBTU (5.2 mg, 0.014 mmol, 2 eq) and TEA (4 pL, 0.028 mmol, 4
eq) in DCM (0.5 mL) was stirred at rt for 2h. The crude reaction was concentrated in vacuo

and purified by HPLC to give 4.4 mg of 308. Yield 77%. MS (ESI(+)) m/z 841.63 M".

Example 113

A
), X Cr »
N H
‘aﬁ Nb OMe o /N\
HO-~: ~N N
tH Loy H

309

15

Part A.

A I
DB o Ao
NN e o N~ TEA, HBTU NN, OMe o N~
; - . A N
HO 7 /N\/U\OH HO A < H/
; OH : OH

DCM. nl
308 09

A solution of 306 (14 mg, 0.017 mmol, 1 eq), methylamine (26 puL, 2M in THF,
20 0.052 mmol, 3 eq), HBTU (13 mg, 0.034 mmol, 2 eq) and TEA (10 pL, 0.069 mmol, 4 eq)
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10Part A. 288150H0291 Bi phenyl acid 288 (25nmy,
0. 033mmol ) was dissolved in DMF (0.5nL) and conbi ned
with am ne 150 (10nmg, 0.033mmol, leq). Triethylam ne -

w3 44bbi2483099mol , 3eq) was added fol | owed by pbiBiidh007/018471
(13ng, 0.033nunol, | eq). After 4 hours the crude

reaction 15 was purified by flash (5% 10%ve0H i n DCM
0 ®CM I chl)as sOrep at rRfoylyi dhel crubbereactn was copGin@atzd 12 8gruo and

8 37PCT/US2007( 0 .
SR BRR i el B for TR TS (Frﬂl%/ﬁﬁﬁﬁand
HF- Pyri di ne added (2. 7uL, _0.022 , 2.5e After
hours of stirring, the cr%ﬁ@éﬁwl al vvasq|)our|f|ed by
flash (5%ve0H in DCM containing 0.2% NH#MOH) to yield
289 (2mgy). 25% Yiel d. I\/S(ESI(+)) me.s(wm+.

PTD
oufol 2 nufpd

DCM, 1

Part A.

308

A solution of 306 (13.3 mg, 0.016 mmoli, 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 pL, 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

5@&?

15
Part 4.

Pt T 4 2 N

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-ﬁhenylpropane—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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5 Exanpl e 107 To a solution of iodo-core 9 (1.00
g, 1.74 mmol, 1.0 eq) in DMSO (20 L) under Ar was
added cesium carbonate (1.71 g, 5.24 mol, 3.0 eq), =
WOoRepsH243d acetate (171 ng, 1.74 mol, 1.0 eqPCaAF2007/018471
, 5-di f ornyl phenyl boronic acid (622 ng, 3.49 mmol, 2.0

B ook oA R e e DB RN et S o2

tha) reaBti AP miTRle, wib ALesl) wHRMEDIE "(5@13j gEﬂaxﬂﬁﬂuécﬂ? purified by reverse-

resulting mxture stirred at 70 C for | h. The reaction

Rhass HPLGv(é@qhHwe@bm&hoflOrmM QERERRD give mguqﬁecomeunﬂjll as a
ny | ayers were
@g%és?g{j;&fﬁlgr?w Em @éigyﬁﬂg%h&gﬁ sshed vith brine (5
x 10 nmL), dried (I\/gSO4) Llter and concentrated in
. ; Ebdily5E 5

vacuo. The residue was 20f | ash
chr omat ogr aphy (Hex/ AcOEt 3: 1:4 and 0:1). The

product 293 (669 noy .l. 16 66%0 yi el d) was
ﬁy—mo a sol ution
ef f E (12 nL) was

obtai ned as a foa Prt

of 293 (650 ny, 112mﬁb :

added 2 M sodi um hydr dfes ﬁpha¥e solution (842 u
1.69 nunol, 1.5 eq), isobutylene (788 ul, 11.2 VO
2008/ 024337PCT/ US2007/ 01847131|%rml 10.0 eq) and 1 M
Ragtil.um chl orite sol ution (1 35 nm, 1.35 mol, 1.2 eq).

The 1 L fﬂ\lﬁi %éd'rﬂlﬂ tdthe ocE:@U're Q%CHB&‘] in Examp]el
guenched wth 10% 28203 stirre

paddi. tusimaabmmemle;]lw dvailabde mh%m«:methylwemmyﬁolu;gne my[;éch of (S)-
RGeS FRe? e T 50 SRl O R oy

Example 117
I o
oF >
N OM O H N
S bl ®
iH Yoy |
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 1o 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
0 0 O
sz OMe O
B [ o N
HO il
Part A.
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5 brine, dried (MgS™4), filtered and concentrated in
vacuo. The residue was purified by flash

chr omat ogr aphy (DCM MeOH 98: 2 and 9:1). 294 was
wobaispedsas an off-white foam (204 ng, 0.34 mdius2003¥isim
yield). Part C 10294295 To a stirred

solution of acid 294 (200 ng, 0.34 mmol, 1.0 eqg) in

dry [SompeundBld wagkonthesizedescaadideth the procedure descnibed in Example 1,

p(a§ BSl%EINESH‘%OIfF tthhyg) (1? a‘%ﬁ]?/ﬂélﬁj Ogal lh%?%y?ﬂ%m%&?%e?ved from the
Hr?’mélte afniflo &id ailshotrBiblhé frddedis: de@crﬁﬁd ﬁ‘ﬂTBkaml:ﬂle 93,9@t A) in place
the reaction was quenched w

qfﬁ@ﬂmea(;?&rﬂgNséﬁatFﬁ%réﬁhﬂH@t% b élaawe&ﬁéd e Mﬁt((ﬁﬁkwaﬂz 791.5
4;9 DCM (2 x 5 nlL). The conbi ned organic extracts

g/ve washed with brine (10 nmL), dried (MyS®),

filtered and concentratedgip, aGup- The residue was

purified by flash chromat DCM MeOH 9:1). Am de
295 (100 ng, 0.13 nmol, 39%yield) was qQbtained as a
foam 20 Part D. To_a soI uti of al dehyde

295 (42 ny, 0.06 mpl, 1.0 @
MeOH (0.45 nL) was deq; 075 oifi & i n di oxane
(2.23 m, 1.11 nmol 2({)} e@])OM? \Ne@:py AcOH (32 ul,
0. 56 mml 10.0 eq) an®-so4i um eNranobarohydri de (17
ng, 0.28 25 nmol , 50eq7 e resulting mxture was
stirred at rt for 1 h, quench¥®d wi th saturated sodium
fxﬂ_teéwbonate sol uti on (10 m.) and extracted w th AcOEt

L2y Rl ST SSMRERZS LB o B IR 0o ML o e |

padit Esntlg Gﬁ)-éeMBtlhy}J baoophofinshylinethfylaarinendsri wdtfaimn éhd requisite amino
a\{:\‘a anaIOgous 0 lfhrel Jrcl)c% ur%%e?cn%gc?‘ maEtxample 73, part A) in place of (S)-N'N'4,4-
tetramethylpentane-1,2-diamine. Yield 25%. MS (ESK+)) m/z 778.6 (M+H)".

Example 120 2

Part A.
BocH:i/O DIAD, PPhy BncH: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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WO 2008/ 024337PCT/ US2007/ 018471 HPLC to render -
295-amne (10 ng, 0.013 mmol, 24%yield) as a

| yophilized powder. M5 (ESI(+)) me 756.46 (M+-H).
Bezespks3108 HOOH Cr"OH 296 Part A, 297 10l eCa/Gse@N7 o471
reactor, 3,5-dibronobenzoic acid (1.0g, 3.57mmol,

leq), N, N- dinethylethanolam ne (735Dnl, 7.15mmol,

2eqL potassiumtri phosphate 1.517g, 7.15mmol, 2eq)
-éibl_copper(l) i odi de (68rrg, 0. 357nmmol, 0.1leq) were

di ssol ved in ro( T}H}gﬁ U3oh uti ondwas heated at
90C for 16h then jal d to cool tort d pa)ured on
HCI 1 N ( 100ndagw m xture was br oesg l‘b\rpH-4 usi ng

NaOH 1 N and HCl 4 N°then 15 extracted?*® ¢t~ Et OAc
( 3x3dmpounde3lorthoged.Somapm)) asqperae wesdiedvii tHydrazine hydrate

B3Pt 6 gmat Brd rllpxinalinihion e GRSt MBEHGR to reach
rpﬁ'M] e QREIAGTFApe0 THE flirfle Wﬁs 5&1&nthﬁ’eoot*6tcﬁyx{bs; %Yd {h@ Jfgf%e taken in

1.06mmol ) as an oil. Yield 30% Part B.
DCM,. bk migntearasifiligred on paper and d@idwat@mecmragdamn@ess,

gggtl fésl%%g'gds)t e #’mar bon ﬂobnh??ggwg, (l %ir%m ,m°l’ 1.leq)

tBaqt)-nptlgDﬁms:s((lABmﬁg Gt ladirgol( By, wedd bdde@1Thed s-bq,btloﬁm‘hs stirred at rt for
fhgg Egnoc%]ﬁ%en rat ggThgl%g‘ldllljg \%las ta.l?én2ile1 ‘Qto)ﬁ'? ?l 00mL) and the solution washed
with NaOH 1 N (3x20mL), dried over Na2SO4, filtered, concentrated to dryness to obtain
318 (1.051g, 85% pure) as an oil. Yield 99%.

i | Hel i 1
BocHN N\\-I’N\ \( ~

318 N g <M

Compound 318 (1.051g, 3.34mmol, leq) was treated with HCl 4M in dioxane for 1

Part C.

h then concentrated to dryness. The residue was precipitated from methanol/diethy] 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.
|
o N
0
3, A °“
N, OMe 319 N OMe Ny
N o Y A
HO-~ LN AN
PH Yoy
10

Compound 316 was synthesized according to the procedure described in Example 1,
part H using amine 319 in place of (S)-N',V' 4,4-tetramethylpentane-1,2-diamine . Yield
32%. MS (ESI(+)) m/z 806.6 (M+H)".

Example 121
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B R

MO 2008/ 024337PCT/ US2007/ 018471 purged wi th argon and
DMSO (2nL) was added. The reaction was heated at 60C
for 5h then allowed to cool to rt, diluted with water
&d%%}_ﬁﬁnd acidified to pH—4 \Nlth 1-1C1 O. OQMIUEU@TIOISHI
m xture was extracted with DCM (3x30 nL). The conbi ned
organic | ayers were washed with water (1x30nL) and
brine (1x30nml), dried over NagSM, filtered and 5
concentratedtoabovvn oi | sfpurified by
flash chromat ograp Ac(]—| 90:10:1 O
to 70% to obtain 29( san oi l.

Yield 59% Part C ci d 598 ( ng, 65 pnol,
leq), (S)-N1, N1l-dinet hyl 5 pA&nyl propane- 1, 2- di am ne
(14mg, 77El erI 1. 2eq) and HEBOU (29ny, 77prm| 1. 2eq)
Bwer4 di spersed in DCM (1nL) and triethylam ne (27pL,

194

o P EpmpoSEage sRBET e ErdiEE f Y Brot e ekt i prampte 1,
paa S fHiMd @S’D-Sd\{ahyll-‘lpi;ﬁ'rdlﬂlrﬁf héhyd VotylamiQeteritEA R IR pequisite
asal(}:o philized powd ESI(F)) tn/le 826.47

mamg@pqﬂojhgp;@cqg%m@ @ on Example 73, part A) in piace of (§)-
NN ,4,4-tetramethylpentane-1,2-diamine . Yield 22%. MS (ESI(+)) m/z 762.6 (M+H)".

Example 122

321
Part A.
cl cl
OVQ Br 0§/©*Br
OH 0

322

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 bn'ne_ (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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Ph VE) NMe2 Part A. 299 20295300 -

WO 2008/024337 PCT/US2007/018471
cl v
— H
oﬂm HO’N\/@sr
AL O
322 323

Aldehyde 322 (2.07 g, 8.38 mmol, 1 eq) and hydroxylamine hydrochloride (0.757 g,
10.9 mmol, 1.3 eq) were dissolved in THF/MeOH (1:3, 30 mL) at 23 °C. The pH was
adjusted to 9 with 6 N KOH. After stirring for 2 h, NaBH;CN (0.526 g, 8.4 mmol, | eq)
was added followed by a crystal of methyl orange. The pH was adjusted to 2 and the
resulting ruby red color of the reaction mixture was maintained for the duration of the
reaction by the frequent addition of 1 N HC1. After stirming for a total of 16 h, the reaction
mixture was adjusted to pH 7 with 6 N KOH. The mixture was diluted with water (100
mL)} and extracted with DCM (2 x 50 mL) and the combined organics were washed with
water (50 mL), brine (20 mL), dried over MgSOQ,, filtered and concentrated in vacuo to
afford 2.0 g (90% yield) of hydroxylamine 323. The crude material was used without

further purification.
Part C.
0
OH OQJLO
~Se="N0TRS ar/ﬁrc' /':\______/\OTBS

A 0 °C dichloromethane solution (120 mL} of (S)-allylic alcohol (5.0 g, 23 mmuol, ]
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
NHC1 t200 mL). The layers were separated and the organic layer washed successively with
water, 5% aqueous NaHCQs, and brine (S0 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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To a solutlon of 295 (100 ng, 0.13 mmol, 1.0 eq) in
TI-1F (2 n.) was added 2M sodi um hydrogenphosphat e
solution (99 ul, 0.20 mol, 1.5 eq), isobutylene (93
nunol 10.0 eq) and 1M sodiumc

%?OO%IP%%TMSQ ul, O 16 mmol, 1.2 eq). The regéﬁpgir?@mwm
25m xture was stlrred at it for I h, an equal anount of
ethRA (0160 ). Theddetlagss waie Wz[shétﬂwuh/‘@ater (200 mL) and brine (100 mL),
20 8/ 0243 7PCTI US2007/ Q18471 contl nyed for

PYFTOAEPOndnd epneentraiedin 4erugds afifeheted PRIR Oféb)@ oil (500 mg,
1'%211%%93 Eﬁ{%& dl%@/eﬁtlh d or( 61’1’&1 rﬂﬁh tl@htleﬁlm sWliliR acetate (193
Ac CEt | ayers separ ate he aqueous one
r@(tZrBécmmdl vhit m)matban g A 2B ‘i(iL)‘\ﬁcfr% nnmrrmenelemlm wahpeured into

1<feeXt rt%Cgtg) V\%g. \Q@Sth(? g tyteé}ber g(% ﬂ-gL)l %‘?ﬁje&’FNq"?f ﬁaeyegsoﬁere washed
sw@ﬁssu&gdwmtshmmtetﬁiqueélh%dmm bithrbaiat® watdtasind BinePihd dried over

Nve2 0 OH 0
sodium sulfate. Concentration in vacuo gave 324 as a clear oil (270 mg, 60% yield).

Part D

/O;il

\/@ O\JL oTBsS oy Cl

K/r o 1 :
323 :

Mé
325

Hydroxylamine 323 (350.0 mg, 1.3 mmol, 1 eq) and allylic glyoxylate ester 324
(393 mg, 1.44 mmol, 1.1 eq) were dissolved in toluene (20 mL) and heated in at 80 °C for 2
h. The reaction mixture was concentrated in vacuo. The crude residue was purified by
silica gel chromatography (10-50% EtOAc/hexane) to afford 420 mg of lactone 325 (61%
yield).

Part E.

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 HCI (0.3 mL). The reaction mixture was stirred for 4 h and then
quenched by the addition of a 5% aqueous sodium bicarbonate solution (30 mL). The
reaction mixture was extracted with &ichloromethane (2 x 40 mL) and the combined
organics were washed with brine (30 mL), dried over MgSO,, filtered and concentrated in
vacuo. The crude residue of alcohol was restored in dry dichloromethane (5 mL). A0 °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 alcoho! (was then
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OHHO 0 N 301 To a stirred solution of crude

acid 300 (67 ng, 0.09 nmmol, 1.0 eq) in dry DCM (1 10

nm.) under Ar was added N, O-di net hyl hydroxyl am ne

wpdomeblseride 5 (21 ng, 0.22 mmol, 2.5 eq), HOTNGE2607/018471

base (56 ul, 0.44 nm:d 5.0 eq) and EIBTU (49 ng, 0.13
1.5 eq %ﬂ After the reaction was quenched

ledF(h drpppase- ( matlmmaw@u1&9@?%235&&1&1@@”&%% (20 mL) and sodium
t eg T

ANEAS AN AL U e S HE , Fion v

qobCentrialed off tledﬁ(twmﬁﬂ,)vacrfm hffended aanail dlatceast patifel bp silica gel

%2"“ thepropafrofe Eokhodie M P8 piiiranit Syl edSio.

ng, 0.04 mmol, 1.0 eq) was dissolved in anhydrous THF
b+ L) under Ar and was cooled to -78 C. 1.6 M
Methyllthiumin Et20 (54 ul, 0.09 mmol, 2.0 eq) was
added and the reaction m xture was stirred for 30 mn
at -78 C and aléromedc‘f' rmto it The reaction was
guenched W tP-ss urat €r"Sol uti on (5 ) and

di | ut Wi bh BE&2B (5 the |ayers separ
aqueo & tracted sith Et20 (3 5
conbi ndd

®i ¢ extracts—washed W
dried (

M) \_ofi | tered and concentr ' Hvaci’fuo. A
f oam was gpt ai ned, which was purified by preparative
HPLC to render 299 (6 ng, 0.01 nmol, 18%yi*®l d) as a

| yophiihigeed apewags. Mg, (ESb4sH) ) mhieK 7§€9- 4g), (Millifethylamino)-5-
(phenethylcarbamoyl)phenylboronic acid (17 mg, 0.054 mmol, 1.2 eq), Pd(OAc); (1.0 mg,
0.0045 mmol, 0.1 eq), potassium carbonate (25 mg, 0.18 mmol, 4 eq), and S-Phos (Kevin
W. Anderson and Stephen L. Buchwald, Angew. Chem. Int. Ed. 2005, 44, 2-6) (4.7 mg,
0.009 mmol, 0.2 eq) were dissolved in tetrahydrofuran (1 mL) and water (0.5 mL). The
mixture was purged with argon and stirred at 50 °C for 5 h. The reaction mixture was
diluted with EtOA¢ (20 mL) and water (10 mL) and layers separated. The organic layer was
washed with bnine (10 mL), dried over sodium sulfate, and concentrated in vacuo,
Purification of the crude residue by HPLC (acetonitrile/30 mM aqueous ammonium
bicarbonate) to afford 9 mg of biphenyl 321 (30 % yield) as a white foam. MS (ESI(+)) m/e
747.5 (M+H".

Example 123

Part A.
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Exanpl e 110 . WD 2008/ 024337PCTI US2007/ 018471 Part A

A solution of aryl iodide 215 (113 ng, 0.19 mol, 1

eq), boronic acid 286 (80 ng, 0.23 mmol, 1.2 eq),
wobasmear bonate (185 g, 0.57 nmol, 3 eq) an®CT/US2007/018471
pot assi um acetate (18.6 ng, 0.19 mmol, 1 eq) in DVBO
(4.8 nL) was degassed by bubbling argon through the
solution for 10 mn. Pd(dppf)Ol’ZN/(\27 7 mg, 9 04 mol,

0.2 eq) was tﬂeh(\mieq aPgPt h f] askogar dg%Od Wit h
argon. The mi xt "8 was Hat ed at 70 C foemd™ h. The
reaction m xture was added to brine (10 ni3s acidified
with 1 NHC until the aqueous |ayer attained a pH of

3, arkb esvlution ef amindacdldokyd¢ Rimethy) avttpl (3The, 3dFbnmel 1 eg) in

BORED, L DG A SLEE bE° aBdST oS, (et i pmol. 2 oo

foHowELbY fmetand2ylfiyl chiari@e(3. $9hh Dt Deinanhys écﬂOTﬁ@Pésultmg mixture
Et OAct hexane with 0.25% aceti c acj d% to give

Wasottiresd At S5 Colop l eipnof e reation gvas iy e@sw{fEBFMﬁ%O L Bnd washed
\ZlY@sé&aM sof%tbl%bcina{’e%ﬁl%n 20 %‘Tbé a @%oug laglé} \9£s cted with
I'n 2 wa adde

DEM (21® LmLp. U&?comlnhf;d ergeltql}c lams BEEUIHe60@T MgS@:, Gitdred and

) The ut| stlrred rt.for.10 .
ARerves v RHyAS R FHRc 1loil Fhish s use
WighouD fidthér pariflcatidn. 5 eq) was then added. After stirring
at rt for 2h, the mxture was diluted with DCM (10 i)
and washed W|th sat urat ed potassi um carbonate sol ution
kAPgmL) . The aqueous | ayer was extracted with DCM (2 x
‘10 nL). The conbined organic |ayers were dried over

Na2504. filtered and %;Jncenugba;sgg in \éacu8 -~ The
mat eri al was purlqip/\ sttca—WD N

2008/ 024337PCT/ USZ?D’GZZI 018471 gel chromat agr aphy
(60- 75% Et 0Ac/ hexane With 0.25% TEA) to give 15.1 ngy

of 30 5 Ybitish 82%38 W50 GETE 4 hhol!"1Zeq) 3R a88oM: water (1:1, 4 mi) was

added Amberlyst-15 resins (3.0 g). The resulting mixture was stirred for 3 h. The
suspension was filtered through celite and concentrated in vacuo. Compound 330 was

obtained as a yellow oil and was used without further purification.

Part C.
oH 0 o OH 0
) NaCNBH .8
Ho-® oH . OV\N,‘S‘\/ — 2. o OH
H o
9
NH _N
- \/\”S.\
330 3t

To a solution of the boronic acid (90 mg, 0.462 mmol, 1 eq) in THF (2 ml) was
added 330 (158 mg, 1.154 mmol, 2.5 eq) in MeOH (I mL), followed by acetic acid (52.8
pL, 0.923 mmol, 2.0 eq) and sodium cyanoborohydride (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 MgSQs,

filtered and concentrated in vacuo to afford yellow oil. The oil was purified by silica gel
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Part C. To a solution of 304 (15.1 ngy, 0.016

mol, 1 eq) in THF (1.5 nm) in a polyproplylene tube

at rt was added a 1:1:1 THF: HF/ pyri di ne: pyri di ne

\ﬁ?ﬁdd&/bﬁ@ﬂm gL). The solution was stirred ag,cf,hsjogympsﬂl
guenc ed wi th nmet hoxytrinet hyl silane (700 pL) and

concentrated in vacuo. The crude 305 was used in the

chemiategrghy 2 £IYOGtMEQIHANE wWith (plibs ddetabdidirto g8 S4ESE 0F331. Yield

05302 To a solution of 305
6?1144( i‘%ﬁﬁﬁé%www in DMF (0.6 nL) at 0 C was
15 added dithiothreitol (8 ng, 0.052 mmol, 3 eq) and
PDBU (7.8 gL, 0.052 mmol, 3 eq). The sol ution was

vred at 0 Cfor 20 mn. The crude reaction was kept
5 at 0 C and purified by HPLC to give 0.8 ng of 302

Yield 6% (ESI(+))rr12 799.55 M Exarrple 111
| QR4 18471 solution of
lﬁéﬁ ‘ %% 1°"'rrﬁ‘iW°”°'21°5'é83) KoApo | c® a
1HrTg 78 mml , DARSHEM car bofs B@
Heq) and/ki SI um acetate (69. 2H N\/\ff
mml 1 eq) in DMSO (7. q nm.) was degassed by bub °I“ng S
argon t hrough the solution for 10 nm Pd(dppf) Cl233( 103

ng, 0.14 mmol, 0.2 eq) was then added and the flask 5

purg%ds%e reggﬁ:?%]riér [{)Th?lééba\?\gss &Qg@’gﬁb%&%e% 58895111101 2

e}, Jcesiami citfonetd (069 Mgl 0M82 nirhdl, lI’Hq) bnd bﬁaﬂqmeawatb @hemg, 0.245

o oy S SR b L bl o
nﬁ‘i‘ﬂz @%ppf)clzt 5. selng]aodmg aﬁﬁan@ ) agpd ad tﬁeﬂ/@me@ aﬁcfthéfﬂfagf lurged with

brown oil. he oi uri f lica

2E80N0 rifie SRR IS Y2 Hrestegla e 6 oy 4B Jhe o mIAGTGvES @dded to brine

(?{%Eﬁ%#%c)?dlﬁ cﬁ@g%ézﬁgi—[(% ﬁ]‘*ﬁ?ﬁgaqg&@ls l%e?h%n?e%'afsﬁﬁ ok‘@, and extracted

with EtOAc (3 x 20 mL). The combined organic layers were dried over MgSQq, filtered

15 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 T17.44 (M+H)".

Part E.
o}
O \ NH
SEVgass: f”“/‘; ’
"N N_ - OMe
H ° o HBTU, TEA O~
HO y /N\/\slr
: OH s
\\/
333 327

20
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 (8)-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 stirring 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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Part B. "N 14, _Ove 0 OOH HO CH 306 To a solution of

306 (25 ng, 0.04 mmol, 1 eq) in DCM (4 nlL) was added

TEA (17 15 p.L, 0.12 mmol, 3 eq), HBTU (31.8 ng, 0.08
WiRbos02438#) and (S)- N1, NI - di et hy1- 3- PCT/US2007/018471
phenyl propane- 1, 2-di ami ne (15 ng, 0.08 muol, 2 eq).

After stirring at rt for 2h, the m xture was dil uted

anganiic PEM WasSiriet ovemd g8@5 fiieredianh cameniratetdad vpoioasBieumaterial was

car.b | ut.i 10, jx.) r
RREPLBT e st ess 2o isld b B hRAE YR

| ayers were dried over Na2504, filtered and
concentrated i n vacuo. Tié%@%l 20 was purified by
silica gel chromatography (60-75% Et 0Ac/ i th 0.25%

TEA) to give 22.8 ng of 307. Yield 72% 1())

nilz 756.45 M [Pg ' 7 (6.7

ny, rt was added
e

Part A.

Meoj/\NH2 Fac ,, Q .CFy K Meo\I/\N\\\CFa

OMe £ 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 resuiting mixture was stirred at 0 °C for 1 h. The reaction was diluted with DCM (10
mL) and washed with saturated ammonium chlonide solution (20 mL). The aqueous layer
was extracted with DCM (2 x 20 mL). The combined organic layers were dried over
MgSQO,, filtered and concentrated in vacuo. Compound 335 was obtained as a pale yellow

oil and used without further purification.

Part B.
Q
ACFa HCI -CF
MeOY\Nj":{\ - 0\/\N 50
H H
OMe
335 336

IN HCI (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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25

gl yoxylic acid nonohydrate (1 ng, 0.011 mmol, 1.2 eq).
The solution was stirred at rt for WD

2008/ 024337PCT/ US2007/ 018471 10 m n. Sodi um
wpaoshenshydride (0.7 ng, 0.011 nmmol, 1.2 eq)rcaasziorers47l
added. The solution was stirred at it for 1 h and
concentrated in vacua. The crude reaction was purified
by HPLC to #five b ng of 3086, oY1 Rl 9% S (ESL(+)

mz 814.53% apl-e 9&2\,\5 *368—FPart 'K 1WA

sol uti on of (5.5 ny, O*C?O? mmol, 1 eq),

di met hyl am neNhydrochl oride (1.7 ng, 0.02 num\gf eq)
HBTU (5.2 mg, 0.014 nmol, @seq) and TEA (4 pk, 00028

nMo [ To #sohgjoniof tHeEkdrik @Id‘rﬂﬁl) 5 §.3d trmole ¢l eq)tin THH (@Qrml lvas added

RN TR N N N U B
K59 62 nhi®1 22.84Y) 831 Maium cyanoborchydride (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 IN HCl to pH 3, and
extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over MgSQy,
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.
), ‘Q)LOH Pd(dppf)Cla C5C 05, KOAC e o)
OMe + .
DMSO, 70°C "ﬁ
AN ? HO
t, CF;; r

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
MgSQs, 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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Exanpl e 113 15 309 . Part A 309 A
solution of 306 (14 ny, 0.017 mml, 1 eq), nethylam ne
(26 pL, 2Min THF, 20 0.052 nmol, 3 eq), HBTU (13 ng,

wo %3doim®» . 2 eq) and TEA (10 pL, 0.069 nmol pctsshh7018471
WD 2008/ 024337PCT/ US2007/ 018471

o]
“N

\
OH ik

0 HBTU, TEA i
S. HOwn, %

338

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 MgSQj, 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 Bel-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 “i{1{” indicates that the K; is <1 pM, “§71” indicates that the K; is 1-
5 uM, “11" indicates that the K; is 5-10 pM, and “{” indicates that the K; is > 10 uM.

Compound Bcl2z Bcel-XI Compound Bclz Bel-XI Compound Bel2 Bel-XI

1 dedede TTTT 84 ] 1. 240 dririr ke 1,1,1.
12 “ H 85 . t 247 it
15 drdrdr TTTT 86 ) 1, 251 e e TTTT
23 e T1—1—T 87 wr 1. 252 i 1.1.1.
24 et 91 . t 253 et
25 il TﬂT 92 ] T 255 il TTTT
26ttt 93 . 1 256 Wt
33 La st d TTTT 94 ki T 257 i TTTT
34ttt 95 ot 258 L
35 e gk TTTT 96 ol TT 259 o i TTT
36ttt o7 ‘ 1 260 -ttt
37 ot 98 o 262 - tt
38 ke T 99 * T 263 i ] TTTT
53 il T 100 Wi TTT 264 Wikl TTTT
54 Wi T 11 1 Wi TTTT 265 Wil TTTT
55 il TTT 1 12 wridd TTTT 267 il TTT
60 Wikl TTT 113 Wil TTTT 268 Wik TTT
61 bt 114 ottt 269 R S
62 ki 1.1. 11 5 Wik TTTT 270 Wi 1.1.1.
63 Eatl TT 126 Wil TTTT 271 Wl TTTT
64 ikl T 127 LAl ) TTTT 272 il TTT
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in DCM (1 mL) was stirred, at

rt for

2h. The crude

reacti on was concentrated i n vacuo. and puri fied by

HPLC to give 3.3 ng of 309. Yield 23%

\88390@;32%7 Exanpl e 114 5310 Part A
DCM 306309 A solution of 306 (13.3 ny,

eq), ammonia (7 !'lIL, 7N in MeOH, 10 0.049 mol ,
HBTEE (12. 4*1g, G. 033 ndk ,

nunéé ,

4 &Y)

2 &Y) amtttTEA (294! | L
i ntTbCM (114ﬁ_) was™sti tttdd at 285 for 2W.

The6%r ude “Y'eact tbn was1¢bncentt’at edtiitn va®d8® and ***
pur68i ed By HPEEHt o gi ¥&8! 6 ng™6f 310kt Yi el286 45% WS
(ESF+)) nfr 813. 58 M 18kanpl E"1151HTsol ut@®n of ‘10
(1079g, 0.°U2 mmdl

wi t A TEA (9 uL, tt0. 07 ndéfol ,
(S) TAL, NL"RD- t titiet hylﬂﬁl phenyT prorﬁhe 1, 208 ami n

7@) 06

75
76
77
78
79
80
81
82
83

Incorporated by reference are all of the U.S. patents, U.S. patent application

it
Tt

176

182
183
193
196
202
206
213
218
219
230

370 eq)ttt

e e

i

ok

Aok

drirdrir

i

i

st
tt
trt
Tt
tHt
tHt
T
tt
Tt
tHt

Incorporation by Reference

1 edf0in DVF (1Thlt) was0®reated”

VB (ESI (+)) nh
NH3 P'E%szlrﬁ'ﬂﬁm
0.016 mmol
3 GQ) :
07065 ttt
Tt
Tt
Tttt
Tttt
Tttt
R
e (9 ftftf
309 et
30 v
311 et
31 2 i TTTT
313 i TTTT
M4
M5 e gttt
36ttt
320 v
321 . t
295-amine  ***  tttt

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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20 mmol, 3.0 eq) (derived fromthe requisite am no
acid anal ogous to the procedure described WO
2008/ 024337PCT/ 11S2007/ 018471 in Exanple 73, part A),
and HBTU (10 ng, 0. 04 nmol, 2.0 eq). After stirring
for 2 h at rt, the reaction mxture was diluted with
MeOH (500 uL) and directly purified by reverse-phase
HPLC (MeCN'water with 40 mM NH5CO2) to give 5 ng of
conmpound 311 as a white solid. Yield 50% M5

What iseBprped sif z 784. 4 (M+H). 5Exanple 116 312 Part A
Conmpound 312 was synt hesi zed according to the

I, phAcomgovrs afdeunilpdd in Exanple 1, 10part H. using
commercially avail abl e
(R) - 2- ani nonet hyl - 1- et hyl pyRa

MM 4, 4-t et ranet hyl pent ane- 1,

idine in place of (9S)-
hNam ne. Yield 20% M5
e 117 R Owve fib

or a pharmaceutically acceptable salt thereof;

wherein independently for each occurrence

mis 0, 1,2, or3;

n, 0, and p are independently for each occurrence 1, 2, 3, 4, or 5;

R; is -OH, -OC(O)R¢, -OC(O)N(R)(R7), or -N(Re)(R7);

R; is -OH, -OC(O)Me, -OCH>CO;H, -OCH2CO;Et, -N3, -N(Rg)(Rg), -

N(R)C(O)N(Rg)(Rs), or -N(R)C(O)R;; or has the formula 1b;

:

Rig
—N ’
¥_—N,
J-l?l\/ Riz
Ri2
1b
Rj is alkyl, halide, alkoxy, (cycloalkyl)alkoxy, aralkyloxy, or -O(CHz2)2-N(R5)}{R1¢);

Ry is alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, halide, nitro, amino, acyl, amido,
acylamino, aminoalkyl, acylaminoalkyl, acylaminoalkylamino, sulfonylaminoalkylamino,

carboxylate, or -N=C(N(R)2)2;
Rs is -OH or -N(R;7)(Ryg);

R and R7 are independently for each occurrence H, alkyl, aralkyl, heteroaralkyl, or
-[C(R15)(R16)]a-Rig;
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HO OH 313 15Part A Compound 313 was

synt hesi zed according to the procedure described in
Exanple 1, part H using

(R) - 1-Benzyl- 2- (4- net hyl - pi perazin-1-y1)-ethyl am ne
(derived fromthe requisite amno acid anal ogous to
the procedure described in Exanple 73, part A in

pl ace of (S) NI, N1, 4, 4-t etranet hyl pent ane-1, 2- di am ne.

ﬁﬁl’fﬂ‘z@ A S GERhE) olhrBRBa. ROttt OB ey
SRERSHRA, Bk oS1Es ﬁsﬁigﬁp@@?rgé?? o usi g

(Rt Ry R is T e e el eg?%adéntipﬁfoe%a%écg%a%a? il
Lo e ser seedune described L0 By 6,73, 3l beflookdho,

'3 | pent ane- 1, 2- dlanlne Yield 28%
(ﬁko%% {CéRn'}ﬁ 50 Ehy I?MH—I) Exan'pl e 119 i

Ri9 and Ry are lndependently for each occurrence H, hydroxy, alkyl, alkoxy, amino,
aminoalkyl, acylamino, sulfonylamino, aryl, aralkyl, cycloalkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Rz, is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclyl,
heterocyclylalkyl, alkoxy, alkylsulfonyl, arylsulfonyl, alkylsulfonamido,

arylsulfonamido, amino, amido, or carboxyl;
R22 independently for each occurrence is halide or alkyl;

Ry; is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl;

Ry4 is selected from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl,
acyloxyalkyl, and haloalkyl; and

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

2. The compound of claim [, wherein R, is selected from the group consisting of -OH, -
OC(O)Me, -OC(O)(CH;),Ph, -OC(O)CH2CHMe,, -OC(O)NHMe, -OC(O)NMe,, -
OC(O)NHCH;(4-(OH)-Ph), -OC(O)NHPh, -OC(O)NHCH,Ph, -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(CH2),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;EL, -
N3, -N=C(NMe,)s, -NHj, -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-
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315 Part A.  10Conpound 315 was synt hesi zed accordi ng
to the procedure described in Exanple 1, part H using
(S)-3-Methyl -1-norpholin-4-yl net hyl am ne (derived from
the requisite am no acid anal ogous to the procedure
described in Exanple 73, part A) in place of

(S)-NI, N1, 4,4- tetranethyl pentane-1,2-diarnine. Yield
25% Ms (ESI()) mz 778.6 (MtHr. Exanple 120 15 Part

A i : I
P R BB NG PSP RS L, ks Gl
N(CHiCHNhn yNHIGE piycloprop3l) I8gNHIFOOHATH.NM&eq) wer e

di ssolved in dry THF (40nL) under Ar and

5. dTrheopipenyd of dzia brdhexen Bb & -O31 driNH,. 15. 2nmol , 1. 5eq)
was added dropw se. The solution was stirred at rt for

6. 1h:dmjnnd onasin I aileekit R, drvss. The residue was
purified by flash chronat ography (Hexane then

7. Hend En@den@ofldlaind] aiHeasifR3L7 0. 999, 8.6mol ) as a
white solid Yield 85% 3@

g. Zﬂ%&%@lﬁg EgﬁéiHSﬂ%'Qﬁﬁ?YleMe, -OEt, -OCHs(cyclopropyl), F, -
O(CH;);NMe,, -O(CH,),(4-morpholino), -OCH3(4-(MeO)Ph), or -OCH,(2-pyridyl).

9. The compound of claim 1, wherein R, is -OMe.

10. The compound of claim 1, wherein R4 is -NMe,, -NEt,, -NHEt, -NHCH,CHMe,, -
N(Me)CH,CHMe;, -N(Me)CH,CHNHC(O)Me, -N(Me)CH,CH,NHS(0),Me, -
N(Me)CH,CH>NHS(0)2CF3, -NHCH,CH;NMe,, -NHCH,CH,;NMeCH,CH;CI, -
NHCH;CH>0H, -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)NMey)-1-pyrrolidinyl, (S)-2-
(C(O)NMe3y)-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, -CFs, or
tert-butyl.

11. The compound of claim 1, wherein R4 is amino.

12. The compound of claim 1, wherein R4 is -NMe,, -N(Me)CH,;CH,OH, -
N(Me)CH2C(O)NMe,, -N(Me)CHC(O)NHMe, (R)-2-(hydroxymethyl)-1-pyrrolidinyl, or (R)-2-
(C(O)NMey)-1-pyrrolidinyl.

13. The compound of claim 1, wherein R4 is -NMe;.

14.  The compound of claim 1, wherein Ry; is selected from the group consisting of F, Cl, and

tert-butyl; andmis O or 1.
15. The compound of claim 1, wherein Rz is F; and mis O or 1.

16. The compound of claim 1, wherein R»; is selected from the group consisting of F, CI, and

tert-butyl; and mis 1.
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Part B. 1) H2NNH2 2) HBTU, Et3N_.PP. BocHNBocHN 0 317

Conmpound 317 (1.0g, .2.89mmvpl, 1 eq) was treated with
- hydrazi ne hydrate 5 (0.896nL, 28.9mml, 10eq) in

refl uxing 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 m xture was filtered on paper and the filtrate

L e R e
5 AT IHE Ty Ry e o,

hydroxyfrerhyd,ailicaginetive dcyldigmdatkrd] ahdehalumsetiiydken i n Et OAc
(100m.) and the solution washed with NaOH 1 N

19. (TheZdmpbundlsf @glmoN erhelNa? BAs sdlédtddefi@fl thec@B@ReinEdiigtofiiethyl,
dryness to obtain 318 (1.%2%%, 85% pure) as an oil
Y

hydroxypisthy | gdlogxymathyl, ecylRimgth thalametin 318

20, The compound of claim 1, wherein Rj; is methyl.

21. The compound of claim 1, wherein Rj4 is methyl.

22. The compound of claim 1, wherein Rj; is methyl; and Ry4 is methyl.

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 I, wherein R;5 is methyl.

25. The compound of claim I, wherein Rj; is methyl; Ry, is methyl; and Ry5 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; Rz is -OH or -NHaz; and R; is -OMe.

28. The compound of claim 1, wherein R, is -OH; R; is -OH or -NHj; R is -OMe; and Ry is
amino.

29, The compound of claim 1, wherein R; is -OH; R; is -OH or -NH;; Rj is -OMe; and Ry is -
NMe;, -N(Me)CH,CH,OH, -N(Me)CH,C(O)NMe,, -N(Me)CH,C(O)NHMEe, (R)-2-
(hydroxymethyl)-I-pyrrolidinyl, or (R)-2-(C(O)NMe,)-1-pyrrolidinyl.

30. The compound of claim 1, wherein R is -OH; R; is -OH or -NH;; R; is -OMe; and R4 is -
NME:;)_.

31. The compound of claim 1, wherein R is -OH; R; is -OH or -NH,; Ry3 is methyl; Ryq is
methyl; and Rz; is methyl.

32. The compound of claim 1, wherein R is -OH; R; is -OH or -NH;; R; is -OMe; Rys is
methyl; Ro4 is methyl; and Rps is methyl.

33. The compound of claim 1, wherein R, is -OH; R; is -OH or -NH>; R; is -OMe; R4 is

amino; Ry3 is methyl; Ra4 is methyl; and Rjs is methyl.
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319 Compound 318 (1.051g, 3.34mvol, |leq) was
treated with HO 4Min dioxane for 1 h then

. concentrated to dryness. The residue was precipitated
from net hanoUdi et hyl ether and dried under vacuumto
obtain in a quantitative yield the bis-hydrochloric
salt of 319 as an off-white foam (800ng, 2.89mmol).

Part D. Conmpound 316 was synt hesi zed according
0. P BRRIRFEAULE, FRORKLRES il DEHATPI S br 183) L 5%, is -

NMes,(-SXMS CINIGC 14,01, t- BV AT OpfeRleq NS (M e )ZHI CaniNTéMe, (¥)e-d
25 32% M (ES|(+))m.z 806.6B§IM+H) +. Eé,an]'pl e 121 WO
(hydroxgmathyb lsmyrsdid b s df)- 61 gUPI Me2)-3 myrelidinyIa Ros rfkps I8

Inahyﬁ%QjW%ﬁsﬁﬁﬂhmesized according to the procedure
described in Exanple 1, 5part H using

35, ( e‘&i%%hpa b d1aiRy § b R bs OBERY loR Y WATRISs -OMe: R, is -
(deriv romthe requisite
NMe,; Ros is methyl; Rp4 is methyl; and Ras is methyl.

36. A compound selected from the group consisting of:

QPP OPY!
), A Sk D SR
N OMe N N OMe -
N N
B ol S N o r?
HO-~ L HO-—2 LN
iH oy ) iH on ,
. M o
G N o N
‘- N OM O H/EM -‘ N OE O L
’ﬂ Jo) ° © Jﬁ o t I
HO-~Z AN HO- % LN
i H \gn , EH oy )
o M a1 C
Q N : 0] N
‘. N OB O H/jJ .. N OEt O HoON
’H 5 A ’ﬁ o N
HO-—~= AN HO-—~ AN
i H “oH , iH \on .
57
e
QPP QP!
SN Seasa sNRON '
N N, OEt N " N O N
H o] H o]
HO-—_~% LN HO— AN
iH Z“on iR p
3 3

~

Y 1 (P s o g A
o} 0 ?
IN Y G /N"\ 'N N\ 0 /N\'
H 0] H Q
HO~% NG HO~— % AN
iH OH , i H OH ,
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am no acid anal ogous to the procedure described in
Exanple 73, part A) in place of (S)- :

MNI, 4, 4-tetramet hyl pentane-1,2-dianine . Yield 22%
M5 (ESI(+)) nth 762.6 (Mt}1)+. Exanple 122 Cl 10 321
Part A 322 15

3- Br ono- 5- chl or o- 2- hydr oxybenzal dehyde (2 g, 8.5 mmol,
1 eq) was dissolved in DM (10 nL) and treated with

pot assi um car bonate (1.76 g, 12 7 rrunol, 1. and
i odomet hane (1.6, nL, d7 2 eq). ' was
stirred t 50 he tu e into

wat er ,tr%ched

The et he rHO N
i OH oR
3 >
O AL
)q )9 sacapt
NN
3 L
| o | \
~N NS N ~N N
(7 (TN
-
F. MeO
0 CI e o] ‘
': N oy N
, N N
N o ¥ o
HO— % HO~—s
H NH, PR Ay, i H by,
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20 | ayers were washed successively wth 15% aqueous
NaOH, water, and then brine (50 nL each). Drying over
magnesi um sul fate and concentration in vacuo gave the
ether 322 as a white solid (2.07 g, 98%yield). Part
B. WD 2008/ 024337PCT/ US2007/ 018471 CI Cl 322323

Al dehyde 322 (2.07 g, 8.38 mol, 1 eq) and

hydr oxyl am ne hydrochl oride (0.757 g, 10.9 nunol, 1.3
eq) were dissolved in THF/ MeOH (1:3, 30 nL) at 23 C
The pH was adjusted to 9 with 6 N KOH After stirring
for 2 h, NaBH3GN (09526 g, 8.4 =not, 1,eq) was.7agdded

foll oned by a €F ~of-Npet hyl orangen

adjusted to 2 an ,;l?i resulting ruby red_goldr of the
reaction m Xt we s mai ntained for tfg duration of
the re on by frequent addition o N HC1.

After sjt* for a total of , h¢ reaction

m xture Wasia stedto pH 7 witi @ OH. The m xture
was dil ut ed® water (100 nl) ard-~extracted with DCM

(2 x 50 nm) and {'ffe combi ned or gani cs' wete washed with
10 water (50 nmL), brine (20 nL), dried over MgS™4, ’
filtered and concentrated in vacuo to afford 2.0 g
(90% yi el d) of hydroxy ne 323. The crude nmateri al

was used W|thout ert purlflcatlon Part C 0 OH0

J:; | 2 )\
;A : O ﬁ/m
MeD- OMeO g|
0

E NH2 LU SN
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kl-AO --2----r----"--% 'QOIBSar,1,Cl ---.S"---0OIBS 0
15324 A 0 C dichl oronethane solution (120 nL) of.
(S)-allylic alcohol (5.0 g, 23 nmol, | eq) with
pyridine (4 niL, 46 mmol, 2 eq) was treated with
brompacetyl chloride (2 m, 30 nunol, 1.3 eq). After
20 mn, the mxture was stirred for 1 h at 23 C and
then poured into 1 20 N HCL (200 nL). The |l ayers were
separated and the organic |ayer washed successively
with water, 5% aqueous NaHCO3, and brine (50 nlL|each)
and dried over jsodi gm sul fate. Concentrati on

gave a |ight gry0ich (6.5 g, 83%vyietd

was restored in agetone (40 nL) wth sodiv

(3.0 g, 19 nmmmta. A, 0 equiv) and stirreeogt. 23 C for 6
acetate

h. The mxture then di | uted\wih et
(100 rrL), ashed successivel,,t wat er, 10%
agueous odﬂu oul fite, and brine 50_ o each), and
t he organlc ay wnas dried over sodiiumsyl fate and
dried in vacuo to give a |light anber oil. %hls oi | was

restore in dry acetonitrile (50 nmL) and treated with
silver nitrate (5.0 g, 29 mvol, 1.5 eq) and stirred 14

oi |
i odi-de

h at 23 C. The nj xture poured into water (200 ni)
and extracted twice li% WO ! Q

2008/ 024337PCT/ USRQA7/M018471 et her (2" N ~The
ether layers wegge Washed with water (20 ) and brine
(100 mL) , dried o MySO4 and concemto d in vacuo
to a cle Di . portion of tn obl nmg, 1.56
nmol , 1 eq) Mﬂ i ssol ved in d On6 nL) and
treated with° un1acetate (19 ©35 mol, 1.5
eq) with stirring &, 23 C. After é ~ti he n1xture

was poured into 5i e water (40 mL), extrge€ted with
ether (3 x 30 nL), and the ether |ayer<Swere washed
successively with saturated agqueous sodi um

bi car bonate, water, and brine and dried over sodium

sul fate. Cbnqentr;tlon i n vacuo gave 324 ws/i/ffaar
yiyel d) . Part D. Br/N N

oi | (270 my,~"6pe
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-0 323324Mn" ' -OTBS 10325 Hydr oxyl am ne 323
(350.0 ng, 1.3 mol, 1 eq) and allylic glyoxylate
ester 324 (393 ng, 1.44 nunol, 1.1 eq) were dissolved
in toluene (20 nL) and heated in at 80 C for 2 h. The
reaction m xture was concentrated in vacuo. The crude
residue was purified by silica gel chronmatography
(10-50% Et OAct hexane) to afford 420 ng of | actone 325
(61% 15yield). Part E. BrbBr To a 0 C solution of
TBS-protected | actone 325 (410 ng, 0.8 mml, 1 eq) in
THF 20 (4 nmL) was agded 6 N HC1L (0.3 ni). fe re ion

m xture was sti Mr 4 h and then que e
addi ti on of a 59 ueous sodi um bi carbonat® sol uti on
(30 mL). The ™ jon m xture was ext mag Wi th
di chl or t hane ped organics
were wa MySOH4,

x 40 nmL) and
_ y (1 brine (30 ni), e _
filteredian 0j8C ed in vacub, ! de residue
pred

of al cohol "Was in dry di chPGrokgf hane (5 ni).
AOC H H AY

®
Me O MeO
J g
N [P HE [ o
EH Ay iH

H NH —

[
| o ’N['D N
N O N
H
Me O,
MeD. O
DI I i D
H N‘o HO~% OH
HO EH Ay
PH OANH N=
H
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25 solution of (+)-isopinocanpheylamne (0.4 nL, 2..36
nunol, 3 eq) in dichloronethane (5 nL) was treated
with trinmethylaluminum (1.2 nL, 2 Min toluene, 2.36
nmmol, 3 eq) and the reaction m xture was stirred for
30 min. The solution of crude |actone al cohol (was
then WD 20081024337PCT/ US2007/ 018471 added dropw se.
After stirring for 14 h at 23 C, dichl oronet hane (50
nm.) and sodi um sul f at e-dodecahydrate (1.0 g) was
added, and the m xture stirred for 3 h. Filtration and
concentrated of| thegfiltrate in vacuo afforded arf gl

that was puri f1 i lica gel chronmatogfaphy 70%
Et OAc/ Hexane) to ford 335 ng of am de 326(
yield). 5 Par e 326321 Ami de 326428 0. 045

mol, 1 o3 ( t hyl am no) - 5-

10( phen L ripanoyl ) phenyl bor oﬁ, i g
mol , 1.2 ely) [ Pd(0Ac)2 (1.0 ng, D.B045amol, 0.1 eq),
pot assi um Catko e§é25 my, 0.18 midlys X eq), and
S-Phos (Kevin W son and St ephen L.bguqhmald,
Angew. Chem Int. Ed. 2005, 44, 2-6) (4. 7Ang, 0.009
mmol, 0.2 eq) were dissolved in tetrahydrofigan (1 ml)
and water (0.5 nL). The mxtyre was purged wi th argon
and stirred ato50 C for 5 h-N gaction m xt yre
15 di | ut&g wiTh~Et OAc (20 ni)~and water (10 ML)[ 3nhd
| ayers separe ed. The or ganweo er was washed with
brine (1@ogy dri edr odj sul fat e,
copgentrated i n vacuo.ls Pyrlf icati on of g
re.u‘gb HPLC (acet oni thi [ e»30 ' Tl |v|'
bi cdr Bonate) to afford Q THH Of ,hi phenyl 321 (:
yield) B8 \anhite fo "B (ESI(+)) inle ﬂﬂgb
205x&qp?e 123 (f?nj 0 xﬁﬁJ I

(17 ng, 0.054

r+

H
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Part A. WD 2008/ 024337PCT/ US2007/ 018471 .
Me0O, 17-. NH20"0 +% OweCl' S \ "7 MeO:s b
Chi o 328 -

I=
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To a solution of am noacet al dehyde di net hyl acet al
(3.5 g, 33.3 mol, 1 eq) in DCM (8 m) under Ar at 0 C
was added triethylamne (9.28 nL, 66.6 nrnol, 2 eq) 5
foll owed by met hanesul fonyl chloride (3.89 nL, 49.9
rrunol, 1.5 esti). The resulting m xture was stirred
at 0 Cfor 15 min. The reaction was diluted wth DCM
(20 nm.) and washed wi th saturated sodi um bi carbonat e
solution (20 rnL). Thq a ous | ayer was extract
with DCM (2 x.2Q nlL)¢ ol onbi ned or I C Iqmer
drlec -ver !a@ i ®d and.conce
@m|552mﬁm asnigiel oW
used witt h furff her purificgtibn
A0 I\/bd?’ﬂ oyst 15 | H OH u Ovie-828330 15To a
sol ution of 328 (3.0 g, 16.4 nmol, I eq) in acetone:
water (1:1, 4 m) was added A«nberlyst-lS resins (3.0
g). The resulting mxtu s stirred for 3 h.

suspensi on wa Itemed ough cellte 0

concat@d npouhgé as 2T o%as a

yel | ow sed,mwthou :iQE;- |Eahqon
[ e

20 Part ,NIO a solutio bamqni c aci d
(90 ny, d@ 2 I, 1 eq) in THF { %%as added 330
(158 ng, 1.154 mmol, 2.5 eq) in MeOH (I L), foll owkd
by acetic acid (52. 8

?5&“ ??513?”;@

QP!
.2 ®
N OMe
N ‘0
HO~—~% AN
iH Loy

-258 -



25 u.L,. 0.923 mol, 2.0 eq) and sodi um

cyanobor ohydri de (145 ng, 2.308 mmol, 5.0 eq). The
resulting mxture was stirred for 30 mn. The reaction
m xture was diluted with Et0Ac (10 nL) and quenched
with brine. The aqueous |ayer was acidified with 1IN
HCl to pH 3, and extracted with EtOAc (3 x 20 nL). The
conmbi ned organic |layers were dried over MySO4,
filtered and concentrateg—~ n vacuo to afford yell ow
oil. The oil was purifie y silica gel WO

2008/024337P 007/j018471 chromato hy (2 %
MeO l@ acktic aci to g 331.
Yield g4~ NMS?( (+) YVl z MicH) art R,

A sol utiop |-Nhodi de (140 nq* )
331 (85 my,:'d 5289 ymol, 1.1 eq), 5i um car Bonate (1159
ng, 0.489 nnDI deq) and ppt assi um aeet at’® (24 ny,,
0.245 10 mD1, 1 eq) in O (3 nL) was degassed by
bubbl i ng argon solution for 10 mn.
Pd(dpf (3 '- f0.049 mol, 0.2 eq) was th
added * fhelf pufiged wi t h argon he rrbxt was
heat ed N7 ﬁ; he keaction g" added
to brinet® r «a'bl Nt eth "Ny HEe @ | Ht
aqueous | ayer attained a pH of 3 extracted with
Et OAc (3 x 20 nmL). The conbi ned o&gﬁ s |ayers were
dri ed over My504, filtered’15 and concentrated in

vacua to afford a bromn IYy. The oil was purified
%t

silica gel chr tograp 0 - 1596NEOFV tOAcL ta ve
110 of 333. ESIO(+) ) @ :
( M) ] Par 1 Y Tb a 30 on of 50 thy

0. 04 1:‘0 ) I N DMF (1 ni) )jgée;é’%h (19 'y,
0. 05 nmo q)/and Br

(S)- N1, N1- dlnethyl 3- phenyl pr opane-1, 2- di ami ne (15 nyg,

0.08 nml, 2 eq), followed by TEA (1 L, 0.12 mmol, 3
eq) . ﬁdter stlrrlng at jhe m xture was

diluted with EtO J

10 nl). The ‘ @ 00%/ 018471 or gani ¢

| ayer was drled ov r , figtered and concent r at ed
in vacuo. The naterlal opurified by HPLC to give 11

mg of 327. Yield 30% |vrs (ESI(+)) Rk 877.72 M

D 5(*!* QL )’ *’ML

3
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oH").? ,CF3 ,S NH 334 CF Mo_3 Ow NH2 F2C,j)
RkCF2 T N dro- '0OOwve H 335 To a solution of

am noacet al dehyde di net hyl. acetal (1.0 g, 9.51 nmol, 1
eq) in 10 DCM (10 m) under Ar at 0 C was added
triethylamne (2.64 niL, 19.02 nmmol, 2 eq) foll owed by
trifluoronethanesul fonic anhydride (2.40 nL, 14.27
nmmol, 1.5 eq) dropwi se. The resulting m xture was
stirred at 0 Cfor 1 h. The reaction was dilute ith
DCM (10 nL) and Lt h saturated annonhym

chl orivde sql ut . The aqueou&']a er S
ext r, i t {20 ,,fT e cof 'd brgani c
| ayers -Hé%[‘; ah ¥ N
HO—Z NG, HOw—? NO,
iH ‘on , iH Loy :
o) o
e E T sie
N N OMe O H ALY "N N OMe H AN
HS : ° NO, Hg : 0 N
F I o Aoy [ ) ,
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15 My504, fil.tered and concentrated in vacuo. Conpound
335 was obtained as a pale yellow oil and used w t hout
further purification. Part B.. 0 t.OF2HO IH Ove 335336
20 IN HCl (1 L) was added to

2, 2- (di met hoxyet hyl)trifl uoronmet hanesulf onam de (500
nmg, 2.1 mol, 1 eq) and the resulting m xture was
heated at 100 C for 2 h. The solution was evacuated to
dryness to give 336 ngor own oil, which was used

wi t hout further puri agfon. 25 Part C. VO
2008/024337P 5S200 -‘é{?‘?l
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To a solution of, the boronic acid (60 ng, 0.31 mol, 1
eq) in THF (2 mM) was added the al dehyde336 (147 ny,
0.77 mmol, 2.5 eq) in MeOH (1 ), followed by acetic
acid (35 'IL, 0.62 mmol, 2.0 eq) and sodi um

cyanobor ohydride (97 ng, 1.54 mvol, 5.0 eq). The 5
resulting mxture was stirred for 30 mn. The reaction
m xture was dil uted mﬁth Et OAc (10 nL) and quenched
with brine. The aqueous | ayer was acidified wth

HCl1 to pH 3, a extrgct with Et0Ac £3 X 20 The
conbi -~ organ' 3 es vvere d |ed ov 4,
f||te a ‘ to Af @- yiel| ow
oil. ThE | Vms puf |f|qgép omat(o aphy
(2- 10 96 DEM it h 96acé? C|d)/¥0 gi
my of the 337. 10 Yield 56.2% N5 (ESI(+)) n z 371’22
(N%FD+ Part D. 15 solution of aryl iodide (90
ny, O 157 nmol nic aC|d 337 .4 ”93 73

r bonat )

1 eq) j 0,

eq) @a3| etrat '15 157 "@ 1Heqd) in
;%I%ﬁs deqassed bub Ilmg as roudhgthe
solutlon D& \1Q, ni'n> Pd(dpbf)ClZ x 40 ’ﬁBl nmo

0.2 eq) was then added and the flask 20 purged with’
argon. The m xture was heatgd at 70 C for 4 h. The

reacti on m xture was added brlye (10 nmL), acidified

with 1 N HO until e aque ayler_.at-t ai ned a pH of
3, and extracted 3’ t g 2B WL). The conbined
organic | ayers werd dml doover My504, filtered and

concentrated in vacud Lorﬁ\a brown oil. The oi
was purified by silica gel chromat ography (0 - 15%
MeOH Et OAc) to give 55 ng of 338. Yield 44.6% 25 M5
(ESI(+)) mz 771.45 (MtH) +. Part E. To a
solution of 338 (55 ng, 0.071 nunol, 1 eq) in DVF (1
nm.) was added HBTU (32.5 ng, 0.086 nmol, 1.2 eq) and
(5)- N1, N1- di et hy1- 3- phenyl propane- 1, 2-di am ne (25 ng,
0.143 imol, 2 eq), followed by TEA (30 4,, 0.213
nmmol, 3 eq). After stirring at it for 5 30 mm the

m xture was diluted with Et OAc (10 nL) and washed wth
brine (3 x 10 nL). The organic |layer was dried over
MySOH4, filtered and concentrated in vacuo. The
material was purified by HPLC to give 16 ng of 334.
Yield 24% M (ESI(+)) ink 931.61 M Exanple 125 Bcl-2
and Bcl-xL binding affinity analysis data is presented
bel ow for various ioconpounds of the invention. Note
that"****" jndicates that the K1 is < 1 nM
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indicates that the.K, is 1-5 nM"*" indicates that the
Ki is 5-9 nM "*" indicates that the is >9 nM Note
that "M indicates that the Lis d .11M "M" indicates
that the Kis 1- 5 gM "ft" indicates that the KL is
5-10 11M and "f" indicates that the& is > 10 gM
Conmpound 1 12 15 23 24 25 26 33 34 35
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36 37 38 53 54 55 60 61 62 63 64 Bcl-X1 Conpound Bcl2
Bc1l- X1 Conpound tttt84t240 if85tt247

=




tttt86t251 DMB7t252 tttt91t253 tiff92t255 tttt 93t 256
tttt94 t257 tttt95 tt258 tttt96 tt259 tttt97t 260
tttt98tt262 t99t263 t100ttt264 t111tttt265

-265-



ttt112tttt267 ttt113tttt268..tttt114tttt 269
tt115tttt270 tt126tttt271 t127tttt272 651136 66 tt143
67 tt144 68 ttttl151 691152 -

0
RO
- O-.C
ol o O 1L
o_J.., rOH o\j_,,,, rOH O'J.. rOH
- A b a E
HO HO™ Ho~
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tt213

70t160 71*ttt165 72 tttt170 73.DML76 74*tt 182 75

ttt183 761193 77ttt196 78*tt202 79*tt 206 80.
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81t 218 82*t219 83*t230 tttt274 tttt285 tttt290
tttt296 tttt299 tttt302 tttt306 ttt308 ttt309 tttt310
ttt311 -
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ttt312 tttt313 tttt314 tttt315 316 ttt320 ttt321 tttt
295-am ne Incorporation by Reference |Incorporated by
reference are all of the U S. patents, U S patent -
appl i cation 5publications, and PCT patent application
publ i cati ons designating the U S. cited herein.

Equi val ent s Those skilled in the art w ||
recogni ze, or be able to ascertain using no nore than
routi ne experi mentati,pn.osmany equi val ents to the
specific enbodinentigﬁfbthe i nvention descri bed
herein. Such equi valgrts ate i ntended to be
enconpassed by the égkio =g 10 i ms.
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What is clainmed is: 1. A conpound of fornula 1: 1 or
a pharmaceutically acceptable salt thereof; wherein

i ndependently for each occurrence mis 0, 1, 2, or 3; -
n, o, and p are independently for each occurrence 1,

2, 3, 4, or 5, RLis -OH, -0C(0)R6, -0C(0)N(R6)(127),

or R is -OH, -0C(0)M, -OCH2CO2H, -OCH2CO2Et, - N3,
-N(R3)(R9), - N(RC(O)N(R8)(R9), or -N(R)C(0)R10; or

the formula | b; b

~OH

-270 -



R3 is al kyl, halide, alkoxy, (cycloal kyDal koxy,

ar al kyl oxy, or -0(CH2)2-N(R15)(Ri0); R4 is

al kyl , al koxy, hydroxyal kyl, al koxyal Il cyl, halide,

nitro, am no, acyl, am do, acylam no, am noallcyl,

acyl am noal kyl , acyl am noal kyl am no,

sul f onyl am noal kyl am no, carboxylate, or R5is -CH or

R6 and R7 are independently for each occurrence H

al kyl, aral kyl, hetemoaralkyl or

C(l2. 15) (R16) b- | , RE, and RO are |ndependently
each occurrence \alkyl aralkyFo rov—

hexrer oaral kyl ; R10 His_al kyl , hal oal kyl", w0t

" 1213) (32. 16) ] - RI/3° R14, R15,

\ ence-i or
al Y E%? and R18

SaC
occurdence H, alkyl, g; 9 het er oar al éhkoxy,
or -[CE(RL9) (R20) b- R21 and R20 are ind r@tently

for ‘each occurrence HHUhdeoxy, al kyl , al kexy,' ani no,
am noal kyl, acyl am no, sul fonylam no, aryl, aralkyl,
cycloalkyl, het er ocycl yl, heterocyclyl al kyl,
heteroaryl, or heteroaral kyl; R21 is independently for
£gach occurrence H, alkyl, aryl, heteroaryl,
¢ heterocyclyl, heterocyclyl al kyl, al koxy,
P! sulﬂonyl aryl sul fonyl, al kyl sul fonani do,
U)ary S onanldo am no, amdo, or carboxyl; R22
ﬁndepe dgnf y, for each occurrence is hallde or al kyl;
03 LS téd fromthe group consisting of alkyl,
hydrox a . al koxyal kyl , acyl oxyal kyl, and
hal oal kyl ; R24 is sel ected from the group consi sting
of al kyl, hydroxyal kyl, al koxyal kyl, acyl oxyal kyl, and
hal oal kyl ; and R23 is selected fromthe group
hydr oxyal kyl , al koxyal ky

gﬁgig§tlng of al kyl L,
ixyal kyl , and h | kyl . 2. The conpound ofy_£l ai m
erein R is selee ed fromthe group consi 4t j°ng
2

\N OC(0) Me, -0 CH2) 2Ph, -0C(0 /
/ NHIVES 2)(:(0) x((, 08 0 HCH2?£1 %%:;Z(me O
-0 Hikh, - 0C(0) N 0) NH( CH2) 4PR; ™

0C( 0) NEICHR) 2Ph, - 0C(0 (&t 92|ve -0C( 0) NMe2,
~0C( 0)NF{ CH2) 2NHC( 0) Me,  06£0) NH( €H2) 2 , - NH\e,=

“NH( ) 2Ph, - NHC(0) Me, and SNH( CH2) 2NVe2.
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3. The conmpound of claim1l1l, wherein Rl is -OH. 4. The
conpound of claim1l, wherein R2 is -CH, -0C(0) M,

- OCH2CO2H, - OCH2COREt, - N3, -N=C(NWe2)2, -NH2, -Nwe2,
- NHC( 0) Me, -NHC(0) CF3, - NHC(O0)Ph, -NHC(0)NHPh, -

NHC( 0) CH2CH2CO2H, - NHC( 0) CH2CH2CO2Me, - NHCH2Ph,

-NHCH2( 4- pyridyl), -NHCH2(2- PYridyl),

- NHCH2( 4- (CQO2H) Ph) , - NHCH2( 3- (CO2H) Ph), - NHEt,

- NPEHME2, - NHCH2CHMVB2, - N( CH2CHMVB2) 2,
- N cycl opropyl), Jors- NHC( 0) CH2CH2NMe 2. The
conp fof cl a|m1“° V\;ﬁ\@reln R2 is -OH or /ﬁ 6. The
cgrrpe ndyaf clai m 1,5 R2 is -NH2. 7.w{The
TR \clalml'\/\7f1er M R2 is -OH 8 _/

- of cl ai m-E—~"Wher ei is -0Me, N= N
; QeH2(&ycl opropyl ), F, - @ ) 2NMe 2, HN\:

CH2) 2( 4- mar phol i no), - (4- (NMe0) Ph), N0
- OCH2(2-pyridyl). 9. Thescbmpound of claiml, twﬁlerm n
R3 is -OMe. 10. The compound of claiml1, vvher £iin Ra
is -NMe2, -NEt2, -NHEt, -NHCH2CHWE2, - N(I\/L'IZHZCHI\/EZ
- N( Me) CH2CH2NHC( 0) Me, - N( Me) CH2CH2NHS( 0) 2Me,
N( Me) CH2CH2NHS( 0) 2CF3, - NHCH2CH2NMe 2,
- NHGH2CH2NVBCH2CH2CL, - NHCH2CH2OH, - N( Me) CHRCH2 Qi
NECH2CH2OH) 2, - N(Me) CH2CCRH, - N( Me) CH2C( 0) NH2—~
C(0) NHVE, - N(Me) CH2C( 0) NMe2, - NHC( QMWe, -

= N
D:‘ Me2, 1-pyrrolidinyl, 1-piperidinylf
(—4- morp [ o, (R) - 2- (hydroxymet hyl ) - 1- PYpol i di ny|
M 2- (hye’ oxynmet hYD- 1- Pyrrol i di nyl, ~ \
(R) - 22 Q%O) NMe2) - 1- Pyrrol i di nyl, (S) - 2- al
(C(0) NKe H) 1-Pyn-olidinyl, -NH2, -NO2, Br, , O
2(0) Me, ¥ C(0) NMe2, - C(0) NH2, - CORH, - CHO o

-CH(Me) OH, - CH2NH2, - CH2NHMWe, - CH2NMe2, CH2NH€( 0) I\/te
-CF3, or tert-butyl. 11. The conpound of claim1,
wherein R4 i s am no. . The conpound of claim1,
wherein R4 is -Nwve2, -N(M)CH2CH20H, -
‘N( KBy CH2C( 0) NMe2, - N( CH2C( 0) NHMVE,

)02 (hydr oxyrret hyl ) ~X- pyrrol idinyl, or (R)-2-
3. The compound of

2) -pyrrd
| n R4 is I\/bzm 14. The conpound of
alm fin R22| e,NéI d fromthe group
conS|os,t| ng of and t utyl; and mis 0 or 1.

15. The conpoun@l of cl ai mo%, wherein R22 is F; and m
is 0 or 1.
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16. The compound of claim1, wherein R22 is sel ected
fromthe group consisting of F, Cl, and tert-butyl;
and mis 1. 17. The conpound of claim1l, wherein R22
is F;, and mis 1. 18. The conpound of claim1,
wherein R23 is selected fromthe group consisting of
met hyl , hydroxynet hyl, al koxynet hyl, acyl oxynet hyl ,
and hal onmethyl. 19. The conpound of claim 1, wherein
R24xis selected from the group consisting of methyl,
«'Eigroxynethyl al koxyyet hyl , acyl oxynet hyl{ and
o\ t hyl . 20. The gnpound of claim1l
npound of claim1, rein R24
_4"4:5 e . r?:poumﬂiaE claim1, ré&n Rﬁgr_
is methyl;, and R24 is thw{ 23. The conp
cl ai WL/ \wherei n R25 eeted fromthe gr p,
consi sting 'of nethyl, hy met hyl , alkoxyneth
acyl oxynet hyl, and halomethyi 24. The conpouwd oW
claiml, wherein R25 is nmethyl. 25. The conpound of
claiml1, wherein R23 is nethyl; R24 is nethyl; and R25
is nmethyl. 26. The conpound of claim1l1l, wherein Rl is
-OH, and R is -OH or -NH2. 27. The conpound of claim
whereln Rlis-OH R2is - or -NH2; and R3 is
- . 28. The conpound of cFéE%ﬁl mhereln/RI s -OH
|s - OH or -NH2; R3 is{- QMg and R4 |&Jaﬁnpo 29.

. °conpou of cIa|n11 2£E¥Hﬂ n R is -&fl' s - OH

ﬁ ﬁNHQ s - and - Nve2, - Nive) CHZCH2OH,
0) vaez Né,‘)" ) NHME, L@Q o

et hyl ) - 1- pyr i ch or b

(R) 24 )vaez) 1- pyu“ol

/ J—
KO . S s N () s
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30. The conpound of claim11, wherein Rl is -OH, R2 is
-OHor -NH2; R3is -OMe; and RA is - Nve2. 31. The
compound of claiml1l, wherein Rl is -OH R2 is -CH or
-NH2; R23 is nethyl; R24 is methyl; and R25 is nethyl.
32. The conpound of claim1, wherein RLis -OH R2 is
-OHor -NH2; R3is -OMe; R23 is nethyl; R24 is nethyl;
and R25 is nmethyl. 33. The conpound of claim1,

wherein RL is -COH, is -OHor -NH2; R3 is_~0Me; R4

|s amno; R23 is nethyl; R24 is nethyl; ano@ZSis

it hy| . 34. The cowpound of claim1l, wherein Rl is
R2 ils - OH or 2, R3is -OMe; R4 i Ave2,

. "CH2C( 0) NMVE2, N O
VEPCH2C( 0) NHI ¥/ (R - .
x§ et hyl ) - 1- py £l i dr yl, or O
(R) (r@(O) NMVe2) - 1- p pnyl R23 is nmedbhyl ; 2% is
metdyl ;. and R25 is et hﬁNj o85. The cONPOUR [

O
1, vvherelanls-(]—| R2is -OH or -NH2; R3|s>-
R4 is - NWe2; R23 is methyl; R24 is nmethyl; apd %25 is
nmethyl. 36. A compound sel ected fromthe group
copisi sting of:
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OH 37. A conmpound sel ected fromthe group consisting
of: Owe 0 - 299 -

=
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37. A compound selected from the group consisting of:
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