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5 10 PYRROLIDINE INHIBITORS OF IAP This application claims priority
under 35 U.S.C. 119(e)(1) to United States provisional 15 application
60/638,202 filed on December 20, 2004 which is incorporated herein by
reference in its entirety. FIELD OF THE INVENTION 20 The present
invention relates to organic compounds useful for therapy and/or
prophylaxis in a mammal, and in particular to inhibitors of IAP proteins
useful for treating cancers. BACKGROUND OF THE INVENTION 25
Apoptosis or programmed cell death is a genetically and biochemically
regulated mechanism that plays an important role in development and
homeostasis in invertebrates as well as vertebrates. Aberrancies in
apoptosis that lead to premature cell death have been linked to a variety
of developmental disorders. Deficiencies in apoptosis that result in the
lack of cell 30 death have been linked to cancer and chronic viral
infections (Thompson etakdkd9R): RERISEROSF 14p6-1462). One of the
key effector molecules in apoptosis are the caspases (cysteine containing
a artate specific protease) . Caspases are strong proteases, cleaving
after aspartic acid residues and 35 once activated, digest vital cell

T]ﬁEC’iﬁB‘ﬁ@afﬁmecﬂﬁﬁérg %eum§é9%% GRZRASES %&ﬁ%l@o%&g& @tg€esa§%%s10nal

ht control of this family of proteins is necessary to prevent premat
aPBgﬂ*"&@étﬁ 008 e itled 48 dXseraber sphihedld cirkighiarg ddpdmentiog herein by
refeyenagens tadtagquire proteolytic processing in order to be active. This
proteolytic processing is only one of the ways in which caspases are
regulated. The second mechanism is through a family of proteins that bind

FIBDO @0 otrbireaspases. 1 A family of molecules that inhibit caspases are
the Inhibitors of Apoptosis (IAP) (Deveraux et aI J din Immunol (1999),

ThJe §§,l § lAP were ori |naII discov red| c lovirus their
itk ta'i(ﬁ niiot Rl ¥I9§E’ pr %S ek ﬁt SSPEpttt %yéé’ﬁ%phﬂam in

function |ty {6 subsfitu otein, an

2 TPEpE: avhin ooy @v&dwggp 67141 68217 ARefaifsrheatrgenncers.
descrlbed in organisms ranging from Drosophila to human. Regardless of
. LAPS comprlse one to three Baculovirus IAP

SFENAHGE of them also possess a carboxyl-terminal

Apoptosis or programmed cell death is a genetically and biochemically regulated mechanism
that plays an important role in development and homeostasis in invertebrates as well as
vertebrates. Aberrancies in apoptosis that lead to premature cell death have been linked to a
variety of developmental disorders. Deficiencies in apoptosis that result in the lack of cell
death have been linked to cancer and chronic viral infections (Thompson et al., (1993)
Science 267, 1456-1462).

One of the key effector molecules in apoptosis are the caspases {cysteine containing aspartate
specific proteases). Caspases are strong proteases, cleaving after aspartic acid residues and
once activated, digest vital cell proteins from within the cell. Since caspases are such strong
proteases, tight control of this family of proteins is necessary to prevent premature cell death.
In general, caspases are synthesized as largely inactive zymogens that require proteolytic
processing in order to be active. This proteolytic processing is only one of the ways in which
caspases are regulated. The second mechanism is through a family of proteins that bind and
inhibit caspases.
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RING forger motif. The BIR domain itself is a zinc binding domain of about
70 residues comprising 4 alpha-helices and 3 beta strands, with cysteine
and histidine residues that 10 coordinate the zinc ion (Hinds et al., (1999)
Nat. Struct. Biol. 6, 648-651). It is the BIR domain that is believed to

ARHSR DS, AAR0RNG GlipeL by NIBIUAG e,cASParas ANt L) Deveraux

€5
INng apoptosis. As an exa ﬁ uman romos

(AP linnitsigmed §H50. 39c?as§p33&9é 714Rd wracrqraitadiytdtlarymnet @ baculovirus

vineeiatestactivalion Pl aaRaseOrkReves Al St Al add 2 g%&M @éael<érzek et al.
2215- 2223 Cas ases 3 and 7 are inhibited bg%the 15 2 domain of

ORPAP, Wh @é%}ﬂé?n dfkadeve Peen dessBRedor tRethitBiGRERe fom
Deaspase © amtnaty Rhgﬂd&mpﬁassedru@q utiusha iy, Mest a&uﬂ&e@;ﬁew three
Bséagasmgtﬁtpgegeaé tge 4996, 3 §$56g&1349213a”%;§e§%£% ! %%mnal

In a number umor cell lines Of tf‘ll-l Ilne ane on e
REEn e r2g60,The: BIR, dpawim it iCinine dirdtinRésnaioohabout 70 residucs

c@iﬂé}laazgﬁo a@ﬁﬁﬁ?@ﬁ%@%@”@ﬁ%@%&%&ﬂd&‘%Q{hcgyé‘iéﬂ?é Qﬁeﬁgﬁm@}é&i@ﬁ@? that

. [o confer 20 protection against a variety of pro-apgptotic stimuli and
Bt S AT UG R S B sy Yeh Slruch Biok foRtbhshe, kdegie BIR
ddﬁéﬁﬁt}i&ﬁé%}ﬂl@@&lﬁ&nkwﬁb thisasoptoang e ekaﬁ@ﬁbzb@gvﬁm%%i?and thus

HEIEBETAQ %%%ﬂdmﬁv ?e}?n dergo g)i“tfaaed fOfP Ut it

myelogehous kemla( supr Bown-re -regu atlon of

C@Rﬁ@s%léﬁsﬁﬁseaﬁtlééfh%%@@rﬂdﬂmma§ beediattbwetitetisensitizespase 9

(BeRALEASIO death mduerd by 22bswiie yarge,alore-apoplalicAgsis sy te
%ﬁth in vitro and in vivo (Sasaki et al, Cancer Res., 2000, 60(20):5659;

deapBRicRkth Jidpdhc BER? Aan cardA B it enareiblas thogpubition of
cBPA}2B2B)VIBMATAN ABLGrdesivelslpeptidleshave alhor b@@&demmt(maan ot

altcf\lgﬁl?g '?5566‘ 3 g%%?({ 91 Iffe nt t%@%{) Z(fasllﬁg %?glrtlo at?OpthSIS IndL{f' F 1nes Xf the

a variety of pro-apoptotic rugs Arnt

NOY plusyldirzasrriibensehk Natoraive 4000 62; Isésjism& @mtsabxefancer Res.

2019520936 A SPIQ MHAIE Rt 2 Ty %kﬁbr(é@mag%% 8&%&4}&% confer
Yang et al, Cancer Res., 2003, 63(4):83I). Melanoma IAP (ML-LAP) is an

PIERP RoPGRAEAaIF I S RIS e HfRf Lo chemotherapy

(lupragllated mrmgkmapmngmseeamxzaeﬁh)%ﬁran&amsla 1368 1c36@)ation
5 De nati tein structu mons rated signijficant homo o)

be?f eﬁn F&W 0 Iﬁ {68 ?ﬁ% Pﬂé ea]omalns f%) corre's‘ré%eénf 8 éafrlrtiga!W acute

mﬁﬂ%@mﬁﬁ mmﬁaxmpm@ pARiLamebG). 2IAPRrEhBRIR fOMBAR ofittsdiaP by

aRRBRETSHO R R MAstRimiaies o RiBIR2.ABA BIRS X\ Rduced by =
C-IAP1 and C-LAP2, and ap%ﬂega%}9 s to be responsible for the inhibition of

Wi GBS RS PR ERARIATR RS BrfeoHAP ARARTSTE O (el fiotle ComisicRee a2000,

cponoastraied ¢hat, Biochem J., 2001, 353:299; Hu et al, Clin. Cancer Res., 2003,
9(7):2826). Smac/DIABIO-derived peptides have also been demonstrated to sensitize a
number of different tumor cell lines to apoptosis induced by a variety of pro-apoptotic drugs
(Arnt et al, J. Biol. Chem., 2002, 277(46):44236; Fulda et al, Nature Med., 2002, 8(8):808;
Guo et al, Blood, 2002, 99(9):3419; Vucic et al, J. Biol. Chem.,2002, 277(14):12275; Yang et
al, Cancer Res., 2003, 63(4):831).

Melanoma IAP (ML-IAP) is an IAP not detectable in most normal adult tissues but is
strongly upregulated in melanoma (Vucic et al, (2000) Current Bio 10:1359-1366).
Determination of protein structure demonstrated significant homology of the ML-IAP BIR
and RING finger domains to corresponding domains present in human XIAP, C-IAP1 and C-
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ML-LAP could inhibit chemotherapeutic agent induced apoptosis. Agents
such as adriamycin 5 and 4-tertiary butylphenol (4-TBP) were tested in a
cell culture system of melanomas overexpressing ML-IAP and the

18beMetheraReldic A0SNiEMere %SQAP&?Q%\AJQE%SQ“VG il Qg Hhe BIR2 and

cells when compared to a normal'melanocyte control. The mechanism

BihichT RIAEAY-1iBh fedsCaH B Rt apdoptpersaitiviey Testansible tfﬂbd@hmhlbitmn of
apmlptbsﬁl{) mﬁa&aﬁa&eb@ B8 dnaMrrlifYe d%ﬁﬁ&rﬁ(&et'vﬁéyc'&fup%ﬁmééﬁéd that

§ xghg Since tOSIS is a strictly controlled pathway with

mu tip o nk}em epaﬁfm G AEANd PO NSENTRIh@s adriamycin

@ég@mmmmwamﬁnmfw tbﬁkyd)msophllacﬁha-e%apﬁ{ PRhelanomas
otlradiaaly ipn Referlive: (i and-GRIN Rralfine B S'Cg"wﬁfaﬂ e o

and inhibit the anti-apoptotic activity of the rosophlla

SiBARHLN Yhe romreine smmbm@emetemmcﬂ‘tﬂqmmmy which

MalloPapopiosi 2AGiQpeethil WasiHNoWhatEbkins DM Ma APCRIOSISS and 9,
M%l\%g d%gr gﬁssed mto n active form.and is released from the
mitochondna inte th lfas‘:‘ﬁ?wﬁ etedit P ically binds to IAPSs and

prevents the LAP from blndlng to a caspase. This inhibition of the IAP

s@&@%&%&@%@agesm inRee %MKJU%B{OC%;" it ax%ogéosﬁm the
Interestln%i(%equence molt;ﬁ‘éabetween the IAP |nhuk1) Itors shiows
GifRAY TRt P IIRPRIFIYS HEiEFmGPd PRfeaN-veRtAludroheEuf O Bvetphila, the

Regitveprytelesl IRthietiapepligeanpenradodnng '&t&&ﬁﬂé@%ﬂ?'ﬁﬁmct with
a&oi%lkﬁ;[ Jnyt the §IR dogpaln and d#ﬁ[F pés the BIR domain bin g to

caspases féﬁ BPRPUI A Rl AeRsaphae &gBiy ff P Hsoypanmal, the
PW&WGSKMD‘YBMSQW teibeit. t{200@s NatL ﬁd@&ﬁ@ﬂﬁxi@&%}o&d. It was
siSRMA R oA RN Ao 5 ashect dhere I iexiad

. compound of formula f: '30 R, "R4\ R3 g f% SRR ?\clt% ¥A{Bﬁ?‘md §igpsed

g@ztﬂe@n'@chondna o the cytoplasm where it physically binds 1o IAPs and prevents the
IAP from binding to a caspase. This inhibition of the IAP allows the caspase to remain active
and thus proceed with apoptosis. Interestingly, sequence homeology between the IAP
inhibitors shows that there i§ a four amino acid motif in the N-terminus of the processed,
active proteins. This tetrapeptide appears to bind into a hydrophobic pocket in the BIR
domain and disrupts the BIR domain binding to caspases (Chai et al., (2000} Narmare 406:855-

862, Liu et al,, (2000) Nature 408:1004-1008, Wu et al., (2000) Nature 408 1008-1012}.

SUMMARY OF THE INVENTION

In one aspect, there is provided a compound of formula I:

Ry
A R Y
R4\N Ry 1 2 iz—" Re
d N Re'
R4 Rs
R X2
{2
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I wherein A is a 5-member aromatic heterocycle incorporating 1 to 4
beteroartoms N, O or S and is optionally substituted with one or more R7
and Rg groups; 5 Q is H, alkyl, a ca@bocycle, a heterocycle; wherein one
whedfmore OH2 or CH groups of an alkyl is optionally replaced with -0-, -5-,
“T8l0)-, S(0)2, -N(IA)-, -C(O)-, -C(0)-NR5-, -NRs- C(O)-, -SOz-NRs-,
A is jREogaber- pPR30 (OiERGCieNBIEENRHIE RF0 INRSTeRT RS, N.YO)-O 2uf is
-Gty @Rcianalin RENQGGE RNehheigEayEle is optionally

_substituted with one or more hydroxyl, alkoxy, acyl, halogen, mercapto,
Q isgxrlicdr B SRPTORL PRSI fe A 2GR SR o ™E G2 Mitior i 8t a2 alky!
gu@@iﬁﬁﬁﬂim@m&ﬂa“%hs@&mt%@arﬂog)ﬁdm@l ¥ A Q) naﬂstg@»gmtu%
ocygle; X1 an ee [ en ~ XS a ,
I(?@}«’?}a, Hors; Ggﬁ‘%gfg?r{zh é%%? N W]@%ﬁﬁﬂ%@%ﬁ%kﬂ/l, F(;FNH) )
SeéRyD- amiP2( By mdreo, diticyl aeriinoy A aiky loeieiroy ek heptimpAbx pupstinted
AR orl B IS fERR R 3RER2 &eﬁ,et&ﬁaéeﬁ,mﬁci%me&@,emoxﬂ, halo-

heterocycle; R2 is alkyl, a carbocycle, carbocyclylalkylL a heterocycle or
reRstiseird ALY FRE0OBTERa T SuBRHTREd SHARLFER GB PRYAIRGYY FBsged
thigheytieicapisseanyibaliybdrteniiydiealkoxy, alkylthio, sulfonyl,
amino and rgitr%; R3 s alkyl optionally substituted with halogen or
X aﬁggbxy e%cr %@%ﬁ%oée%g’r form a 20 3-6 heterocycle; R3'is I, or R3
Y isontbBRB' ((GyRherForntathéaanhoey cie? Red dhdsR kaiedrrl ederdevt yhlkyl,
A0, Al SRIDRCHARRBALPARKO LB BRBKANRI Y0,
carboeyéioalkyloxyearbonyl, heterocycle, heterocycloalkyl,

Ry inBer Be pabRudprithes 0Bt rod yers iRy RSJEaYBShy 1 wherein each alkyl,

R, i2aliear Q%ﬁ&@ﬂ@'cﬁﬁb@?&?ﬁ&?ﬂq xRy slaalexyaatbemy optionally
halilsaxydltyierza stifonslmdiuh aikylitalkoxy, amino, imino and nitro; or R4
R T S ol 8 RO R e S .

ifdeldergerily H, cyano, hydroxyl, mercapto, halogen, nitro, carboxyl,
R, ARIdPR, SMPRIBEAMYLR a 3-6 carbocycle;
Ry and R, are independeptly H, hydroxyl, aminmo, alkyl, carbocyeie, carbocycloalkyl,
carbocycloalkyioxy, carbocycicalkyloxycarbonyl, heterocycle,  heterocycloalkyl,
- heterocvcloalkvioxy  or  heterocycloalkyloxycarbonyl; wherein  each  alkyl,
carbocycloalkyl, carbeéycioalkyloxy, carbocycloalkyloxycarbonyl,  heterocyele,
heterocycloalkyl, heterocycioalkyloxy and heterocycioalkyvioxyearbonyl is optionally
substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, imino and

nitro; or Ry ané Ry’ together form & heterocycle;

Rs is H or alkyvi;

Rs, and Ry’ are each independently H, alkyl, ary] or araliyl;

R- in each instance is independently H, cyano, hydroxyl, mercapto, halogen, nitro,
carboxyl, amidino, guanidino, alkyl, a
carbocycle, a heterocycle or -U-V; wherein U is -O-, -8-, -8(0)-, (O}, -N{Rg}-, -C(O})-,
“O(0)NRg-, NRg-O(O)-, -SO;-NRg-, -NRg-50z-, -NR¢-C(O)-NRy-, -NRe-CONE)-NRy- -
NR;-C(WNH)-, -C(0)-0- or -0-C(O)- and V iz alkyl, a carbocycle or a heterocycle; and
wherein one or more CH, or CH groups of an alkyl is optionally replaced with -O-, -5-, -
S(O}, S(0), N{Rg)-, -C(O)-, C{O)}NRg-, -NRs-C(O})-, -30:-NRg~, -NRg-50;-, -NRe-
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carbocycle, a heterocycle or -U-V; wherein U is -0-, -5-, -S(0)-, S(0O)2,
-N(Rs)-, -C(0)-, -C(0O)-NRg-, -NT,g-C(0)-, -S02-NR5-, -NR.s-SO2-,
-NRg-C(0)-NR -, -N&-C(NH)-NRr-, - 35 NR$-C(NH)-, -C(0O)-0- or -0-C(O)-
and V is alkyl, a carbocycle or a heterocycle; and wherein one or more
H@)NﬁH 05QREREANRIYLISIORUANAY TBRIALEO Wit -Lrr S @y,
S(0) N(F-zs)- -C(0)-, “C(0)-NRg-, -NI4-C(0)-, -502-NR5-, N 9-SO
q:a@bo&v (o3 F%@texqq CGNW’NR%Y u@g\”q)th bf@)}(@ 6}1{%}/ acvi,
-Crfi4 Q) anebanalikyb, @arm?ycaan@daatﬁmﬁml@uamtlmﬂy cyano nitra,
T P D R S AR e
optienaljylsubstituted carbocycle or an optionally substltuted 5

R, REETRRvCle. RIS almearg@vm%é?egra@s}%&ve@ WP@E?'Q&B? H'said
more CH?2 or CH groups of said l'is og;ona(g&rﬁﬁlaced with™-0-, -S-,

-slioy- isseoyenefyReyagrd @’(@)”Oan satd Catkyl @@}eoanﬁ(o)- and said
h@I@D%&i@&@dﬁcﬁpﬁm{%@w&iltH@ﬁl&ﬂmxhé(ﬂf@%t‘decﬁﬁﬁ%cﬁﬁyﬂd brlogency!,
nwiarcagto 0X0 (t OC? c§§ox I,bac { ha 08 bst ute iammo cyano .
AMIdiRO, guani o%noé%l) n}all liu car o@{f‘é Eoran e

optiodiatly sudostitgted drmter@d}y(slélsambsambanybbohra&e&membﬁ kmbstituted
agg@ggg&pect there is provided the use of a compound as defined above
in the 15 manufacture of a medicament for inducing apoptosis in a cell. In

andyierer aefyate Wsetelis provided the use of a compound as defined above
in the manufacture of a medicament for sensitizing a cell to an apoptotic
signal. 20 In an ther, aspect téﬁtere is provided the use of und as

In BRTIREH B0V IRTHe MAIRSELRE B A thecheTRERRIGH IRARFHG S 0 the

mabifeing-oban AR preteinte acaspaspopieieitn qanother aspect, there is
provided the use of an effective amount of a compound as 25 defined
above in the manufacture of a medicament for treating a disease or

In amtﬂﬁmasmssaﬁate@mhmuedoﬂwmpreﬁsi@nmpamm idesimadramoat in the

maane! Ch[er as ect aarr% 'ﬁt o?\é'éjnes ZF}S use eﬁf an effectlv% amount of a
compoun Selfcne ABOve Th the HantTaciure &Og edlc%ment for
treating cancer. 30 Also disclosed are compositions comprising

In ggo @?_ueg%gcct)f Il?gg ullsaplrg\r/]%z% tﬁglleig'e do'%u g rCIE)I%p()‘Lmd as defined above in the

manufacture of a medicament for inhibiting the binding of an IAP protein to a caspase

protein.

In another aspect, there 1s provided the use of an effective amount of a compound as
defined above in the manufacture of a medicament for treating a disease or condition

associated with the overexpression of an IAP in a mammal.

In another aspect, there is provided the use of an effective amount of a compound as

defined above in the manufacture of a medicament for treating cancer.

Also disclosed are compositions comprising compounds of formula I and a carrier, diluent or

excipient,

L
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excipient. 5 Disclosed is a method of inducing apoptosis in a cell
comprising introducing into said cell a compound of formula I. 5 Disclosed
is a method of sensitizing a cell to an apoptotic signal comprising
introducing into said cell a compound of formula I. Disclosed is a method
for inhibiting the binding of an IAP protein to a caspase protein
comprising contacting said IAP protein with a compound of formula I. 10
Disgipsetbetiis Hah et rtareaniog aitiseals s atitiviedssssisiaditre! 2
corkRguaYeraxpragsion of an IAP protein in a mammal, comprising
administering to said mammal an effective amount of a compound of
formula I. i5 DETAILED DESCRIPTION OF THE PREFERRED
DisEiBO DAMENTSo Acyditimeansdl carbapybtontsigisigsubstityeintroducing into
saﬂ%@ﬁeasc?d‘ﬁ?gu% the farmula -C(O)-R in which Ris H, alkyl, a carbocycle, a
heterocycle, earbocycle-substituted alkyl or heterocycle- 20 substituted
alkyl wherein the alkyl, alkoxy, carbocycle and heterocycle are as defined
Dlsla@a@m;s%yhar@up@ﬂ nalueiealkapayh{e 8. Acstyrapeyi(e @ hengayb aodin
heteroar sa' Alézi means a. ranched or, un ran(ih d, saturated or

“OUEAtEA "“’é BikenyPEIhYIY ‘a?h‘b%“éﬁ%lh‘ifa ogarbién group, having up

to 12 carbon atoms unless otherwise specified. When used as part of

isBROIASL LEHD (R EXAMBlE: AURUAIDGG: 6. AL ATIPY BANDE & pression
saturated hydrocarbon chain, however also includes unsaturated

of mdé&m&mcamo%ﬁ@mscgmmw ‘afRERISTIRG afd BRI athiftective

am&xaoIRles P pantigulanalkyl groups are methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, 2-methylbutyl,
2,2-dimethylpropyl, n-hexyl, 2-methylpentyl, 2,2-dimethylbutyl, n-heptyl,
3-heptyl, 2- methylhexyl, and the like. The terms "lower alkyl" "C1-C4

pEMKHERIE @bt dniaf GRPARA0-AI0MST B SYgRXTous and used
mtercﬁangeably to mean methyl, ethyl, T-propyl, isopropyl, cyclopropyl,

... I-butyl, sec-butyl or t-butyl. Unless speC|f|ed substituted, alkyI%ou S may

A% f’é?ﬁ“éﬁePafB?‘é}SPﬁ‘bﬁ@‘f\’N&“PﬁPé‘é@‘&rr PBURS SRS AR IER 13y i meh

R sameauryﬂilfﬁer@chEoda,mIIweﬁf@ubsthenctgoaﬂeuwﬂim oihgiwiseheterocycle-

subgt%f ?e% eilk Iolggrre]ﬂna{n e,!rzliﬂd hng%y l’c r'i:a%tg Ctl% c?%d{c%’)égycmerca teﬁned herein.
carboxy, glcoxy nitro, cyano, amidino, uanl INo, urea suﬁony

Acyl groups include alkanovl (e.g. acetyi) aroyl (e.g. benzoyl), and hetercaroyl.

5a
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15 sulfinyl, aminosulfonyl, alkylsulfonylamino, arylsulfonylamino,
aminocarbonyl, acylamino, alkoxy, acyl, acyloxy, a carbocycle, a
heterocycle. Examples of the above substituted alkyl groups include, but
are not limited t0' cyanomethyl, nitromethyl, hydroxymethyl,

. trityloxymethyl, p %lonyloxymethyl aminomethyl, carboxymethyl,

O@%p ‘ﬂrob%r% §M@H%Wated (.e. alkenyl alloynyl)
alqibdaw@&nbewmﬂmmeﬂaymg&@aabameﬂmmﬁmluﬂ@mmwpmﬁed.
thoxymeth tox meth cetox ei;h chlorq
v\Sehromcg)/ernzwie ém ome ylet u%rom ?%%%?%mﬁ ml%r(%?ay bea
sapuratid zmmammapwwgveammmymmmmm%@m chains
SEHIPMP- m@ﬁgm&@ SHOSHYLH With. ag;am@sy%eﬁ a&réﬁaﬂ%g%&ﬁ&hﬂ

cyclopropylmethyl, cyclobutylmethyl cyelopentyhnethyl

et@%lc‘i‘h‘é'??%éfﬁ?f ‘@%uﬁé’“&é vb%’nbé.@’lhéeﬁé’%}ré%éﬁa’ﬁn@l R?EHV! R tbutyl,
2 byt kpRinby; hamdxg[plmﬁse&igpsfuplstlmne@ha&w&mﬂudﬁh@tpﬁtlmtegtyl 2-
m tituted by I stit th
e R R
atgr@u i slndeygrotpadsised g@mmemmemmmwd rbpwnnlchmmpyl
cfad-seiahvsiiopyanyieyynetivl. aceiexypetindg CQI&%EH%\&'OM%%S may

trifluoromethyl, chloromethyl, carboxymethyl, 30 bromometh | and

OB B P SRR 16 s SRS OES RS RN B i e qrifferen.

Endlggier aff alisplidepadieiatearotiineiss e g ualdd; Gild) IVitdx @b protected
"Ami no" means prim NH2 secondar NRH) .and tertiary
hydmx Ffﬂ‘:)rca?ﬁhe:}igaﬁlceﬁ(ar %e}c)(l)ndar an’d %"(“nary 4 %legs Sre™ sulfonyl,

Léﬂ%mimeowﬁwﬂa@ﬂﬁés@qnmm erdieifimyimenar atiiziesmibenpindcylamino,
adizialiodemiop whergin dbe lkvhispshetein defined and aRiRNaYinted alky!

substltuted Particular secondary and tertiary amines are methylamine,
SRS athidepr B&I&ﬁ?ln’é‘“ls}iﬁi‘ﬁﬁgylé‘?ﬂ|ﬁ€a‘ﬂfﬁﬁﬁ§%mﬁiﬁo’6‘€ﬁi’§llaméxymemﬁ

trxﬂﬁmwamme,p:@tﬁﬂmylamtﬁ&hﬁlpromyﬁmm&xﬁnd d@@@f?ﬂﬂﬂfﬂlnec&boxye+hyi
Car g}yno cB ?tectmg gro| 10%8 Use rler%n refers to a q{erg/}?té\é% tp mefhv]
u)b% 3!rhmonly em @’cf% Boe oryp’rotect ana noygroup Wﬁqmo o

C@é&@@@hﬁ%hﬂme@@tﬁ%@kﬁér ftimetiondhygrougstomthetied mpwardymethyl,
HRBMAISS of shiehRIQte A JIOHPSIRGIHEE b%fﬂ?éf@%ﬂ@me%  Ai¥hiorotn-

and aryl groups, imines, as well as many N-heteroatom 10 derivatives

Ao T POV e RO s K RG-SR BB be
s@@&lﬂ&&dprata@tmg greupsefde Beeodpmoc andiGlias Fuktihateexayopigsimethyl,
cyrgegatﬁ rc%rg o%gg yﬂneéhyi and cyclohexylmethyl groups, as well as the
corresponding we‘thyi, -propyl, -butyl, -pentyl, -hexy! groups, etc. Substituted alkyls include
substituted methyls e.g. a methyl group substituted by the same substifuents as the
“substituted C,-Cy, alkyl” group. Examples of the substituted methy! group include groups
such as hydroxymethyl, protected hydroxymethyl (e.g. tetrahydropyranyloxymethyl),
acetoxymethyl, carbamoyloxymethy!, triflacromethyl, chloromethyl, carboxymethyl,

bromomethy! and iodomethyl.

“Amidine” means the group -C{NH)-NHR wherein R is H or alkyl or aralkyl. A particular
amidine is the group -NH-C(NH)-NIH,.

“Amino” means primary (i.e. -NH,} , secondary (i.e. -NRH) and tertiary (i.e. -NRR)

amines. Particular secondary and tertiary amines are alkylamine, dialkylamine, arylamine,
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W. Greene and P. G. M. Wuts, "Protective Groups in Organic Synthesis",
2d ed., John Wiley & Sons, Inc., New York, NY, 1991, chapter 7; E.
Haslam, "Protective Groups in Organic Chemistry”, J. G. W. McOmie,

fafiaRIR0 R RIESSnN e RIKiNYmtd %h@x%ﬁptﬁé_%ﬁﬁ’ %’Lg Eeygiﬁ%%%%&? ‘and

"Protective Groups in Organic Synthesis", John Wiley’and Sons,
ORSARIK eubgHitopthe BAOBIDISEIERAATimRdreratiato amiaminsgroalylamine,
ctbyatituie grofithaange, ofi sberalmus MNiNAcRIMBGHNT GRS A Y iMIS bmine,

aid g alon’edor as %art of angther term means a carbocyclic aromgtic group
Z%S\J/v et eerlglrfoﬁg% Use gg}?}‘ﬁ”ﬁ?@’ {r?mumm’be'er of carbon atoms designated or

if no number is designated, up to 14 carbon atoms. Particular aryl groups

« kephenyl 7 [ Y enanth ah | and the like
(see (tai? . Langpsé}%d%hgg%%fhéﬁgmistry ({gg?fg%?wqe%?@igsg%ﬁ?ﬁ%%mmy
"*“7?5’{’?@%%]521% SFBISFRAN AT STRUB HRTR A fHe i crrsebstiursg other
fuaryioméagsupphenyhgrovppuady| grRuRSUDStUIRh WHB1ABem I Cfciunde
AUk t%SZSa@%%bsfor@éqmﬁIg 1-21, 1-§ or 1-4 substituents chosen, unI%ss
otherwise specified, Trom hAlogen e CIBIY), Hyd¥oky*hropeete-eteroatom

deiygrRy #eyeineami acaliyid forrescanmple 1B -@6irallaminalioxy. (fParexamplaino

prbidelil Al drbBOYNE £ LAXY FRIAIG IR B0 LURRN M in 7
Wprotected carboxymethyl, hydroxymethyl, protecte _ydroxymethyff,

atifremh ey £ -p?bt%té@/%iﬁéﬁf‘éfﬁgﬂ,#mwré%n@faw%ﬁém&mﬁyﬁa“ﬁﬁ%ﬁohn
Waeyakkyisui{omylaménoalisd, ary|sLifonydaminos aryisilenylamineaior! Groups in

terocyclylsulfopylaming, heterocyclylsulfonylaminoallyl, heterocyclyl
© ry ,Cc()z'rﬁ%)ét esfryg?gbézlgée%ﬁ% .eﬁé’?rl%%%eéfh gmé\ﬁ’&/(}) 73, Chapter

5, m&ﬁﬁé@m@%mgsei theseinduipstiueSiathesiy i tbn g g ubsiuie New
vt simglar srowpasihose enalsd abgve, agéﬁmglg %g%gss%&@gd with one

"substituted phenyl" includes but is not limited to a mono-
of G0N AR BFJ6 88 &PHRS2-chlorophenyl, 2-bromopheny,
4-chlorophenyl, 2,6- dichlorophenyl, 2,5-dichlorophenyl,

AR TGP N HSORAFGR, S b ARGt e
whetberooondi (et day)phehy Ingraugy sfichramndatopdy deyigheaylor if no mumber is
aeddiiiaeny b2y dibulronpheny e palediediudionr dalvales,,
ereof and the like; a nitrophenyl group’sdch as 3- or 4- |tr08 efﬁ’yl, &
PhepasREnyrRibasEYdr BhhD iéz,emm&%gﬂ Fandhwofiof 6 eiionvefDean,
1. alkydgphetydag rumesuohy assdpmethyiphem o2 A4 dignetiyIPBeVkues pheny! or
R Senpepenl el ool
ﬁ@,,Miwmhpixymeriyﬁ, 8rmethaovoytideents chosen, unless otherwise specified, from
halogen (F, Cl, Br, I}, hydroxy, protected hydroxy, cyano, nitro, alkyl (for example C,-C;
alkyl}, alkoxy (for example C,-Cs alkoxy), benzyloxy, carboxy, protected carboxy,
carboxymethyl, protected carboxymethyl, hydroxymethyl, protecied hyvdroxymethyl,
aminomethyl, protected aminomethyl, trifluoromethyl, alkylsulfonylamino,
alkylsulfonylaminoalkyl, arylsulfonylamino, arylsulonylaminoalkyl,
heterocyclylsulfonylamine, heterocyclylsulfonylaminoalkyl, heterocyclyl, aryl, or other
groups specified. One or more methyne (CH) and/or methylene (CH,) groups in these
substituents may in turn be substituted with a similar group as those denoted above.
Examples of the term “substituted phenyl” includes but is not limited tc a mono- or
di(halo)phenyl group such as 2-chloropheny!, 2-bromophenyl, 4-chlorophenyl, 2,6-
dichlorophenyl, 2,5-dichlorophenyl, 3,4-dichlorophenyl, 3-chlorophenyl, 3-bromophenyl, 4-
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benzyloxyphenyl, 3-methoxy-4-(1-chloromethyl)benzyloxy-phenyl,
3-ethoxyphenyl, 4- (isopropoxy)phenyl, 4-(t-butoxy)phenyl,
3-ethoxy-4-methoxyphenyl and the like; 3- or 4 10 trifluoromethylphenyl; a

bRRRREAN dCagmRbaRYL O REIRCICH AT IR REMYL OFALR 1 S he like; a
4-carboxyphenyl, ; a mono- or di(hydroxyrnethyl)phenyl or (protected

oy AR St ofSo PR BRERyPOF . 2

duliiyeyphetivietind) pheaytdahndeny- ostitenin enasity Bith ey ke o ciRigitny]

aminomethyl)phenyl such as 2-(aminomethyl)phenyl or 2 4:(prptecte )
S e N e

mepeh AsBlgwemealiyishifean yiaesn cyphenyl-ndso phentér A 4stibpstitvidgnyl, 2-

"Il . - t rp: - t mono
"‘S?f%’?%%e%ﬁ?ﬁ%ﬁﬁﬁ’ﬁ?ﬂﬁﬁiﬁg’yﬁ?@.&3@%@"3‘#}3{&% i

or3_ HGHCRIRATPE ky pREHDI, 2 ATetHo®P R Sro {@fpoxyphenyl,  3-methoxy-4-
behstbyjrhdaytiroRyipbbnyl-8< hyhloxyrdbnijbephaoyy-phenyl, 3-ethoxyphenyl, 4-
.2-hydroxy-4-chlo nyl. and the, like, as well.as trisubstituted 20.phenyl

L A R S R R RRTSNG o
rifigpeeneyheshz plorgne- netisArseriorpgiamipro{protected carboxy)phenyl group

sdnmethasd-henzyloxy-6 phemd-sulfonyaminex AndielasHPS It dprorected
phenyl ?gfégﬁps where the substituents are different such as

R ABRY BNSBy I0% - rfibthyl-BSHEIA suRSTTRIFBY hffetiaror 34
disulastitutedhphpimydygiroups inetdde the 2- ¢iderophenylraminophenggrotected

2-bromopheny.. 3-methaxyphenyl,. 3-ethoxy- Yl 4. 25 benzylox l, ..
N R P S R
ormetﬁoxymog@nzy@xyphéi@];(methyisulfonylmnino))phenyl such as 3-{N-

m thexyrAastoarage b anzuaxy:Rhe . SpReiiOXYsresents disubstituted
4-(1-chloromethyl)benzyloxy -6- methyl sulfonyl amlnophenyl_f%roups.

PREBLCHURT WAGS iy DB Stnolifiteiats Wi amp for @cRibfeRy dopmphenyl
3-ohitre-supstituentsm gpecifiethoxgin biniheisaye marnel-2asibsiitutad,  3-
kyl groups.. 30 Carbocyclyl", ;'carbocyclylic’, "carbocycle” and . . .
hSY?I(J:rar 06?/10 gp%efl r%’e %ﬁﬁvxﬁgr%ﬁg%r g%egﬁm%?gtﬁ% };ﬂ(gbﬁ p e%?%&%%ﬁ%ﬁmed
phesyd gative syedoaikysghstippenestars dofignansnior, Giampie thoyastioxaliphetiyking6-
mBaVINGI R0 A EARARAIOMS.HAL-pA0PIeN3A £GBEARAIOMR WhiCkstituted

masg be saturated or unsaturated, aromatic or non-aromatic. Particular
b

rSIPEBEEy St SEOSHATBE e e pYET e obgh ey cloparmyey-5-

madhgl-Gysiehexyligoayiamiic parhiguianasaiusaiegcaapesyclgrimsy clapigpyhe 2-
Another particular saturated.carbocycle is,cyclohexyl. 8 Particular

s R e S N
bedefinerhbknyleampieyynbenil, Thethexmé-bsubittymddnyhrioedatitxyphenyl, 3-
m;ﬁﬁﬁgpﬁ—)ﬁgﬁ;ﬁggpﬁgﬁﬁogxﬁ%&?ﬁm-ch}orome:thyi)benzyloxy-phenyl, 3-methoxy-
4-(1-chloromethyl)benzyloxy -6- methyl sulfonyl aminopheny! groups. Fused aryl rings
may also be substituted with any, for example 1, 2 or 3, of the substituents specified herein

in the same manner as substituted alkyl groups.

“Carbocyclyl”, “carboceyclylic”, “carbocyele” and “carbocyclo” alone and when used as a
moiety in a complex group such as a carbocycloalky! group, refers to a2 mono-, bi-, or
tricyclic aliphatic ring having 3 to 14 carbon atoms, for example 3 to 7 carbon atoms, which
may be saturated or unsaturated, aromatic or non-aromatic. Particular saturated carbocyclic
groups are cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups. A particular
saturated carbocycle is cyclopropyl. Another particular saturated carbocycle is cyclohexyl.
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these groups substituted by the same substituents as the "substituted
alkyl" group. 5 "Carboxy-protecting group" as used herein refers to one of
the ester derivatives of the carboxylic acid group commonly employed to

rRigskLr ﬂ%ﬁt&h%&@f)@%@%%%@&@" '@9&%‘9&5?%% E‘%iﬁ{éﬁ, for
on other functignal groups on the compound. Examples o sy‘ch

EPBERNT Y cid B ERiny R OHIsE REReawinitresRersiel avbinukopeoy mean

thBsd-gelinpe Hubxyinenizyl, (R 4etlimethoiybenzythe hbtimethogrbensyl,
2,4,6-trimethylbenzyl, 10 pentamethylbenzyl, 3,4-methylenedioxybenzyl,
benzhydryl, 4,4'-dimethoxybenzhydryl, 2,2'.4,4'-tetramethoxybenzhydryl,

“EARSAStRIEL R BT taarisAd theyia sefeth dyeritybl 44’ adirmetbvartvitylof the

ctobx I rINR RO itV P eRYIRFAR ZsYhi dEmGhyleiiyl e carboxylic acid group
utyldimethylsilyl, phenacyl, 2,2,2-trichloroethyl, beta—(trlmethylsnygethy,
WA DRI HREH G 9D SR, Ba e Lo ethR pompound. " Examples of
suéiniteoberytiylsaifo nytethyinalytogpanariytiel G-nitrobenzyl, 4-methoxybenzyl, 3.4-
(1 ilyhnethyhpropsl-en-3-y d like moieties. Th ecies.o
O i AL Uit R AR EEhg A hg o toers

PeaERvRHybEnEskb ok et he S rabhenmyihbewsiitivh of $ildsedbenibenzhydryl,
2, peactioptehrpothenpositiongigfithe-malecylgang canhe iemovediat IDein

rop iate point without disrupting the remainder of the molecule. In_
EBHE P 't HEPRSRIBEE cATBREY BFRRSCId riiBebssL.
buspidingpthybiityip hiie:20vha 96k 2 srichias dithil mb&ydraxieleyos IMaY], Obeta-(di(n-
' itians employing highl tivated metal hydrides such as
S D Y, R e G R
-temsingiaimebipiseecting-gidupmantisy droiyigroteTlingsgeoigpspf  carboxy-

préisauEsedub elave) Eatlich arcamnie acid PERIREHNG: gﬁ%&?l%ﬁc‘ig 8s stable
alkyl (e.g. methyl, ethyl, t- butyl), allyl, benzyl and p-nitrobenzyl groups.
to &5 AP Palo?&ﬁﬁ‘?a?gﬁmge@fé{qaéshea&ihezmﬁe%mﬁma@ vlscHiing be

remndepeptitie afscpaintalsoibewdedtiproiast aHearbaxy@FodPthe molecule. In

Jbstituents. Further examples, of these groups are found in T. W. Greene..
PR e SRR b P RIE e e g KoM
bagesnrrwiley SlgemshydexiNewr YelEIN. v, ieoetiveheiditiysEerhtdejany , highly

actRARIECHMEl GOHRS IRArIanio GNE MY naksBrediby M COURIGo E D HIRDYM ¢
Press, New York, N.Y., 1973, Chapter 5, and T.W. Greene, 30 "Protective

TRFEUSCT SRRNTE SYHBEEC R WS A SORSPRISNEERORY HoBsed
belohgptendicilae detoxyficoteriadaarhox erdgfersdair GArRONYIrRsRY, cthyl, t-
o e S Tior I & SO ARFEy i RO o53
thqyeppbeitspopirameilis thnd grotide Ni4-CENHYe Nk 258 to protect a carboxy group
substituents. Further exampies of these groups are found in T. W. Greene and P. G. M.
Wauts, “Protective Groups in Organic Synthesis”, 2™ ed., John Wiley & Sons, Inc., New
York, N.Y., 1991, chapter 5; E. Haslam, “Protective Groups in Organic Chemistry”, J. G,
W. McOmie, Ed, Plenum Press, New York, N.Y., 1973, Chapter 5, and T.W. Greene,
“Protective Groups in Organic Synthesis”, John Wiley and Sons, _New York, NY, 1981,
Chapter 5. The term “protected carboxy” refers to a carboxy group substituted with one of

the above carboxy-protecting groups.

“Guanidine” means the group -NH-C(NH)-NHR wherein R is H or alkyl or aralkyl. A
particular guanidine is the group -NH-C(WNH)-NH,.
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"Hydroxy-protecting group" as used herein refers to a derivative of the
hydroxy group commonly employed to block or protect the hydroxy group
while reactions are carried out on other functional groups on the

“fé?{g}%?ﬁﬁx%&éﬁ@" g\?ppfag% E%E’%%Ir}gfgrsoycp 3 i(? %lxjra? e of tllmeakﬁairoxy group

ahydropyranyloxy, benzoyl, acetoxy, carbamoyloxy, benzyT,
ceyReHE RISt B e BOP S gy drunepexatipiesioflithe see groupbout

oAl SHQURE dRoal Wrol E6RN ma kb ofthdV EVWiises %@%ﬁt%t@E%F%éﬂps include
Oéganic Synthesis!, 2" ed., John Wiley & Sons, Inc., New York, NY

K, NY,
Y RSN S: SRR b SO FBTREI R 3RO K- CraiX e ey TBS.
TRIFS MroMsChwigeEckarRiesuhtRressohieviry dsknd\iY TLIV 3Gtebapied B, G. M.

TN, b ratective G n.Organjc Synt jes",J hg iley

V?ﬁgf S%éléé %%Sv%% II%Y%E 81. g:Lg;élljt‘[t?l%sewtér%n '%dr'bti&éﬁeyﬁya%x%p rs“fé\;\(l-lf-r}%'’tg‘I o
Yaiky 8roxiPgto cirrigiistittitEd Batlsn & sptase e erraphirifggaty Stesstiisgy™, 1. G.
VA QWS eterooyelisares. , Nasteregycis?, "etereaysle’ s halereaxClreene,
.or "heterocycle” alone and when used as a moiety in a complex grou
IR S RRHEH By BT YD are Q0B VBV ATl AR GRABI i e 961

Tte anynrioneetdi-uehrdrigy cliftrs adur dtelloay wneat wrdteidyiedomatige of the above

. C 5}%&8{ N;aromatic ring having the number of atoms designated,
ngge?n%ﬁy ro g%%o Sgbout 14 ring atoms, where the ring atoms are carbon

and at least one heteroatom (nitrogen, sulfur or oxygen), for example 1 to
“AdnaiRseatoms Ty picallyc R R-Mmepekesedkfing-has AR ¢ rderbledRRds e alone
and 6- or 7-membered ring has 0 to 3 double bonds and the nitrogen or
B KBS ABSHE e SPRRRAI BE S3A01758 [EoRS i P afysed
imibgeredidverohtefer maynyopbonalty-pbergriajelinj zadirRattieulasaturated, aromatic

- ] .morpholinyl rphaling), pyrrolidinyl _
OSBRSS ORI R N s
abatitahy HreFyray Rk iy TRk ietemy RrectrsttychedrAbiensy hnsAidiagiom (nitrogen,
sidBeticiRydeneshyle2npid oWyl aniprrazinvk anshRIBRIIdiIBYhefbered ring has 0 to 2

"heterocyeloalkkyl" group is a heterocycle 25 group as defined above
SRS Bonde o R GF B s e AR A RS Pt e aegeen or sulfur

hererabpete chine terdeytie € onidinih geaz SSIDISA, D ygemattioaadieieotiom may
hreeitrggen atoms. are thiazolyl in particular. thiazol-2-yl. and ,
Oéhi?';lzoP-JZ-ygTJ N[:-ioxi e,ztehiadiazolf/‘f}}?ﬁrpaﬁ%u ar: 1::3,}-? *’fé’é%lze&-ﬁfﬁ arﬁ%fphomyl

(mogphotiakiayarEdyly o erzmmr L iorexarmpleroraesiizapyand -dkadiaoly!, 2H-
p e A kiR dr ARz Ay 2Rt oA -XRHIRZQER YYD BHIGHIAY azetidinyl, 1-

5-membered 30 ring heterocycles coqtainigg 2 to 4 nitrogen atoms include
a2 BTSRRI BRANARE, oy, Brierasipaliarigipgngsyg; heterocycle
grby, Bstdefznddelybvd dvhisiaizobdnddd amdrdatkay ghphisuchefatd above. Particular 5-
heterocycles a

Histprgla Yk Ealisular benzesused 2 membered i £
mIDE,‘I']ZOX&ZO.T- ‘E\éﬁ, ‘Benzt I&Z%F—ﬁ-y and %gﬁZIml az%?— -yl E”ar IC?J%FOgen atoms
arg-Hieptbérdel preticrinlydlisgd nvhipndribisgol-2-y! N-oxide, thiadiazolyl, in particular
1,3,4-thiadiazol-5-yl and 1,2 4-thiadiazol-5-yl, oxazolyl, for example oxazol-2-yl, and
oxadiazolyl, such as 1,3,4-oxadiazol-5-yl, and 1,2,4-0xadiazol-5-yl. Particular 5-membered
ring heterocycles containing 2 to 4 nitrogen atoms include imidazolyl, such as imidazol-2-yl;
triazolyl, such as 1,3 4-triazol-5-yi; 1,2,3-triazol-5-yl, 1,2,4-triazol-5-yl, and tetrazolyl, such
as 1H-tetrazol-5-yl. Particular benzo-fused 5-membered heterocycles are benzoxazol-2-yl,
benzthiazol-2-yl and benzimidazol-2-yl. Particular 6-membered heterocycles contain one to
three nitrogen atoms and optionally a sulfur or oxygen atom, for example pyridyl, such as
pyrid-2-yl, pyrid-3-yl, and pynid-4-yl; pyrimidyl, such as pyrimid-2-yl and pyrimid-4-yl;
triazinyl, such as 1,3,4-triazin-2-yl and 1,3,5-triazin-4-yl; pyridazinyl, in particular pyridazin-

10



10

135

20

25

30

35

three nitrogen atoms and optionally a sulfur or oxygen atom, for example
pyridyl, such as 35 pyrid-2-yl, pyrid-3-yl, and pyrid-4-yl; pyrimidyl, such as
pyrimid-2-yl and pyrimid-4-yl; triazinyl, such as 1,3,4-triazin-2-yl and
3413 drigailagy ! Pyridazinyh. Jmparisularayndagios 103:vland pyazinyl;
he rl%;il'ne I_\)Ib-{oxides and E)y_ridazine N-oxides and the ﬁyrllt%d&yl,g‘%ygge P yﬂdy}’
PWH&‘E‘ Y YRRl B igsg b e 1 AR d thé-Tigrndisz gioens grsupastieular
grﬁt@a;ﬂﬁbﬂﬁmdjrﬁ@tﬂ@-l ‘Sp@f:tmllﬁ@issiﬁﬁiémﬂa' ' B@&X%&@?Hﬁ'&tﬁﬁ*ﬁﬂ&t%{%ﬁféﬁégthe 5-
| further examples o tEe 5- and 6-membered ring systems discusse
anan%\%:%aﬁ e cﬁjlg?’cﬁn bt %%?‘r)ﬁrgrce at, @‘L%CFBI %t Reqetmer er al., U.S.
Patept78o7 93 7 78 parkicu artamibodirheditnsuic hsaptiopiatipSubstitiateet heterocycle
@@@x&iﬁt-aﬁ@&mﬁtﬁrﬁﬁmgitg R By doxy, ; glkoxy, agyl
g&}@ﬂ, i ff)q )@f c‘yf ﬁaﬂ&é@ cﬁ’a%%}%%h%]dé ,carboxyL

halogen, mercapto, oxo, carboxyl, acyl, Halo-slbstitute
acyl, g ,'WWF&ﬁ‘ﬁﬂ%dﬁH"ﬁu%iﬁf&n’@?@:@@@?@rﬁﬁrwﬂa@ﬁ@ and when

used as a moiety in a complex group such as a heteroaralkyl group,

refers to any mono-, bi-, or tricyclic aromatic ring system having the

number of atoms designated where at least one ring is a 5-, 6- or
“Hetarearithe réeheingdcohtaining fsonmoitty io foumindtergatomscielectaddramikyl

erdhS, HEALP RIRYEN.RXYSEN ARG SUILT RGP ARAticular. cmbodiment at .

least one heteroatom is nitrogen (Lang's Handbook of Chemistry, supra).

AoFEs IRSigRRAGT e bt SRea%Ry Biefehe GrotpReiphaing spytanipmirom one
1o ahoeibetecaarylitngs fare tisedd aREBAERE singaRaiticanheter pakisiar

incarporate a njitrogen or oxygen heterogtom. T flgo ing ring systems
e exeé%?)ﬁe%so%f ?H%%%%%%Iﬁv%@?ﬁ%‘%2u‘67§tif é’&g ‘?‘;grf) UHRY) spre)-
Ingrdepéndbndtdihibyrtirectermbinetbecanylts thteny hriyiofl fimalazolydteroaryl rings
apiazohd. Inigzobd. iaihiasohibaeralblsararoli. iazo Ihiadiazoly
oxadiazolyl, 20 tetrazolyl, thiatriazolyl, oxé%ﬁazol#ﬁyr%y% pyr?r%?l y?r O¥ng
heﬁwﬂffﬁyﬂyb@fﬂ&%% RESIHGIS SIS TAYIPIer-al A hevwaenadifvyhether substituted
or axadiaginddighiagingkdiexazinge oxathieminybaigirazinhy thialiazinds oiyt,
oxg{r'ia 'n&glbldithf% iazir%, imidgalz%lin l, dicgl ropyrimidyl, . ,
Pyt ahydropyrimidyT. tetrazolof L 5 bjpyvidaZiy ?‘ﬁ?&hr%l\?ﬁ%?%l?ﬁ%‘hmﬂﬂ’
tetiaanizb-fhiedeadérly ativebzobr e xandple meimidys zohyd zoen zofidytiny], thiazinyl,
oxpsnaothazalyl tﬂag&z@%Qﬁé@%ﬁ%ﬂ%&kﬁa&ﬁ%{zﬁ%é%%ﬁig.%ﬂ,yt'e%@mﬂ,
Jindolyl.A particular "he eroar%-lt is: I,3-thiazol-2-yl, 4-° _
higEEB Y mettR R thy |- 1 Sibitdssipdyl,  imidazolinyl,  dihydropyrimidyl,
tetd{p@tpertmsthyiyhonethyldB3-taiaaal 2 SpAiwN, Salt, well as benzo-fused
de r}‘,faz .%éthia}giazol-Sal, %—meth I-@Z,%—thia%%zol-&yl, 1J3,4-triazol-5-13](il, 2-
me?hy?il, 4 SHa7 95-)51?2231‘%8 sy 2132450 2 FEpiazolyl, - benzothiadiazolyl,
barzaarpol)-demnaetindat Byl atriainobBiyk padicwiusilbteroaryl” is: 1,3-thiazol-2-vi, 4-
cafsGamandMEed SAsitazoLe Y, Lacuaeobend L3 donadianal .
( 23 m%y?—l,?;%xadiazol-&y, 2-(hyd?%xy‘rjﬁ£ t ?/ }-I?, ,E[l%%ﬁ%%%{%? 1I,% vl
SOdi"}?M _S@%ad}a%ét@a}ﬂx,azolé-yl, 3-methyl-1,2 4-thiadiazol-5-yl, 1,34-triazol-5-yl, 2-
methyl-1,3,4-triazol-5-yl, 2-hydroxy-1,3,4-triazol-5-y1, 2-carboxy-4-methyi-1,3,4-triazol-5-v1
sodium salt, Z-carboxy-4-methyl-1,3,4-triazol-5-yl, 1,3-oxazol-2-y1, 1,3,4-oxadiazol-5-yl, 2-
methyl-1,3,4-0xadiazol-5-yl, 2-(hydroxymethyl)-1,3,4-oxadiazol-5-yl, 1,2,4-oxadiazol-5-y],
1,3,4-thiadiazol-5-yl, 2-thiol-1,3 4-thiadiazol-5-yl, 2-(methylthio)-1,3,4-thiadiazol-5-yl, 2-
amino-1,3,4-thiadiazol-5-yl, [ H-tetrazoi-5-yl, 1-methyl-1H-tetrazol-3-vl, 1-{1-
(dimethylamino)eth-2-y1)-1H-tetrazol-5-yl, I-{carboxymethyl}-1 H-tetrazol-5-yl, 1-
(carboxymethyl)-1H-tetrazol-5-yl sodium salt, 1-{methylsulfonic acid)-1H-tetrazol-5-y1, 1-
(methylsulfonic acid)-1H-tetrazol-5-y1 sodium salt, 2-methyl-1H-tetrazol-5-y1, 1,2,3-triazol-
5-yl, l-methyl-1,2,3-triazol-5-yl, 2-methyl-1,2 3-triazol-5-yl, 4-methyl-1,2,3-triazol-5-yl,
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dimethylamino)eth-2-yl)-IH-tetr
P e e

1,3,4-thiadiazol-5-yl, 2-thiol-1,3,4-thiadiazol-5-yl,
2-(methylthio)-1,3,4-thiadiazol-5-yl, 2- amino-1,3,4-thiadiazol-5-y1,
1H-tetrazol-5-yl, I-methyl-IH-tetrazol-5-yl, 1-(1-

-5-yvl, . )
S it athy ) SRR 5L 1+
metiaipmidaltylL - msthylsyifbhiel agitydextyaizoSeyl, 1,35, (rmetivtduifosidioxo-
46l Hstetiazolsyhsodiimmall. 2-RatbviaEeN a20lRa Y ad i lligZ0l-; 5.

5-yl, 1-methyl-1,2,3-triazol-5-yl, 2-methyl-1,2,3-triazol-5-yl, o
Aoy S BB RETAA Y I Yy rid- 2-y PR-Gigro-5-ox0-b-hydroxy-as-triazin-3-yl
s@HBA X2 2-(ihakisle Joryridaardyh20tyeroxyAyHEazyBsylindm salt, 2,5-dihydro-

met rid-2-yl, 1-methylpyrid-4-yl, 2-hy. rimid-4-yl,

S R AT by A DI 7 methony 2 ety as
tripziislevietiahdnole-Gommpniaanip356- didxdiasiriazine 2 yhetB-as-triazin-3-yl,

2,@1 &655%15:@—551{@?%1%16@&@@:%; tetrazolof1,5-blpyridazin-6-yl and &
2 roxy-as-triazin-3-yl 5 sodium salt,

,5-dihydro-5-0x0-6-h : Al -
S5 BOHFRYAGL b G RROTHYARI S 2- it JLEEHHAS 9 SRriseaRy)” includes; 4
(CEIEOQWQF@*}MthmWfﬂ%QE@@mW'%Sﬁ?ﬂi@t@c&iyl)é-methyi-E ,3-thiazol-2-yi
so%%%%:g%lg:gz ,}g—xrga:%-é[_%%g;%%% ??3{'3}’418? 3 E)r‘il—%%jlfrl],-%%!ietrazoi—i-yi, 1-methyi-1H-
tepraalifyiiro-5 1o o dimmdaiyhae ik Ziy! B-AH-tetrazol-5-yl, 1-(carboxymethyl)-1H-
1efra BN 9-RR¥ 0 grRimatnkaS ez 3oyl R Lar Ololhers IRYRRZ G M-
and 8- aminotetrazolo[1,5-b]-pyridazin-6-yl. An alternative group of
tosRR TS by IR IIESULORY (CSHDGWTFHRSERRN S etPAi 3 stz bi2gytiazol-5-v1,
1 4{earharymethyl)if-metindilBathiazek-2-yl, sodium salt, {3s4-tEagRiBoyt-(2-

2-methyl-1,3,4-triazol-5-yi, llIstetrazol-5-yi, .I-methyl-IH- tetrazol-5-yl .
i i R el R R
31dtraedius-yisalt, (carbdiydrethiopp-tivdrardibeidadiuimaltyl, tetrazolo[1,5-
bﬂﬁ&%%@@—yﬂo%a@%ﬁét% 1,555{4{&%&%%'-%”0”'&%@03113;1 groups are

acid)-IH-tetrazol-5-yl sodium salt, 1,2,3-triazol-5-yl, 15
optignally Fhiiyaraslesciibed A RrtFRAYSLtriazin-3-yl,

1,4,5,6-tetrahydro-4-(2- formylmethyl)-5,6-dioxo-as-triazin-3-yl,
«2a-dihydro-5-ox0-6-hydroxy-2-methyl-as-triazin- 3-yl sodium sal )

e RS0 MR PIETTS O, QAP proteins t
c@mwimwwm By otenazolo fhebbipititarfinpbppbsisl bierodtfl protein.
AHEQHPS ?“ﬁﬂﬁﬂf&@llyr@é}QS}'%&ﬁgﬁﬁ:ﬁ%ﬁﬁfﬁ%@&“ﬁ%ﬁ%ﬁgﬁﬂ&%ﬁm of X-

"Inhibitor" means a compound which reduces or prevents the binding of
AR it Shshrsetorrchie pasking istension Wit ednidsSstHrevents the
inhibition of apoptosis by an LAP protein. Alternatively, "inhibitor* means
com whic n eraction of X- LAP wi

“ ound w ,%ESVent the binding.int .
e B R PN KB R CRARCLRRE o susted

by one or more {e.g. 0, 1, 2, 3 or 4) of the substituents listed for that group in which said

substituents may be the same or different. In an embodiment an optionally substituted group

has 1 substituent. In another embodiment an optionally substituted group has 2 substituents.

In another embodiment an optionally substituted group has 3 substituents.

“Pharmaceutically acceptable salts” include both acid and base addition salts.
“Pharmaceutically acceptable acid addition salt” refers to those salts which retain the
biological effectiveness and properties of the free bases and which are not biologically or
otherwise undesirable, formed with inorganic acids such as hydrochloric acid, hydrobromic

acid, sulfuric acid, nitric acid, carbonic acid, phosphoric acid and the like, and organic acids
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"Optionally substituted” unless otherwise specified means that a group
may be substituted by one or more (e.g. 0, 1, 2, 3 or 4) of the substituents
listed for that group in which said substituents may be the same or
«diffarent.in.an embodiment. an optionally substituted group has | )
sgfbstitugnt. In anot eé@%ﬁ%ﬂirﬁ’gﬂ‘r‘%ct)aahr?l%%ﬁon%ﬁ?%ﬁ%stﬁ’lﬁpépd%}%u5‘?%5?“2"’1”’
cagppstiitetig subionis alastiericrasnidiavidit axtoptitmally mih stiaste deghquppionic
a&i@,sg%r&l@m@ RlseombParRaceutically @W&%ﬁ&!ﬁc@&ﬁf qﬁaRQ g&ﬁ?}g‘aleic
a‘?d base addition salts. "Pharmaceutically acceptable acid addition salt™
IS HOBE S TS ATE LTI Bofodieirisrriity sltde @dfigaspartic acid,
apropertias, elthenfreribasesranitididh Beezciothialagisalhicosds athemuisecid,
mgggg§irgp|§, f I ith ingrganic acids such as hydrochloric acid, .
hydrobror%ji’c gc%?%g%%‘hcagé%a, ﬁﬁ%:a%ecﬁ ,%I%nélr oﬁgcg’jac%?‘af)’ﬁ%us%%cricagﬁd P
tofiaaTEitie agiaisaligusiie erifrpdithertilis be selected from aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic, and sulfonic
o lasses (gf OI anic acids such as formic acid, acetic acid, propionic acid,
IR R g RIESRIRD o RS Fa B as i rutnchudsathesaficriesd, finmmidnorganic
baacidsurtal@icscedidy, matesiein attitivst coinie acie, ftirans asidntatialicragidsinc,
' QE ﬂﬁiﬁ!;aﬁ@?e?rﬂ id, 5. ascorbic acid, glytamic acid, anthranilic acid,
COEJ%nz_oic acid, c[nn%rfgn&i(lggcﬁ%m%%iéﬁg‘g%id,gag[rzr? %ﬁ%d%%si%l ,ap Igﬁly}lgl%ﬁesti%re the
AHERIIHE RS SUTonte Heit, citinasaidnivaaoitiyn tellteneSalfonitdeid, from
pmy@&mydaa%mh@aaﬁh%m@%g@%@ﬂ&%@@%@&%ﬁ%ﬁ'E&%ndary,
aalts". include thos% derived from inorganic 10 bases such as sodium,
A0 AT AR Y PR RTO rAHE SR AR e S B R e, St prh @paines,
cymigngaires el imituitnsalishang theitike siRartisulaiyobasaaddiiRn6atisnine,

aidigtheammeniym, potassium, sodium, calcium and magnesjum salts.
IISa ts derived’ rE)&Qfﬁ}aefm_a%gﬂoﬁgam%ceSigﬁ%]%%%eﬁic %oﬁ?é’%’i%%‘gg%t anol,
trifpetiieiss albiQrishmalymiscoritkny, anditertiaryhatiimes, saffstitytegrocaine,
hy@ralass-icluging.aatyalhsoccuiking seasifuted ABINGSiES CYelic AMINGS ..
thand basic ion exchange resins, such as isopropyiamine, trimethylamine,
TR RS RS RRGHTIG, RPTEpYR A dRRfiRminglyamine Tesins and the
lik2-dPettiyigariin osthan abn time thamine  isigysiohexy R Mg, Sine <AHiBIRgine,
m}g@igi;}g caffeine, procaine drabamine, choline, betaine,
ethylene%icagﬁﬁ?:lggég’?ﬁégls%%?ﬁ%ﬁ%’e %/Fdal%%%‘lreﬁine, theobromine, purines,
piperizine, piperidine, N-ethylpiperidine, polyamine resins and the 20 like.
“sHasiguIapALIaNIC AONHOUCRASE RALE, ISRPTAPYIRNING, AIYIaMING. o .,

thanolamine, trimethamine, ic_cloh%%lamlne, choline, and caffeine.
AR R S AR BBy rd A e oroiseamkpr warbbdyelony! (.c. -80.-

aldytterdayclexample methylsulfonyl; arylsulfonyl, for example phenylisulfonyl;

aralkylsulfonyl, for example benzylsulfonyi.

The phrase “and salis and solvates thereof” as used herein means that compounds of the
inventions may exist in one or a mixture of salts and solvate forms. For example a
compound of the invention may be substantially pure in one particular salt or solvate form

or else may be mixtures of two or more salt or solvate forms.

The present invention provides novel compounds having the general formula I:
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carbocycloalkyl or heterocycloalkyl. Particular sulfonyl groups are
alkylsulfonyl (i.e. -SO2- 25 alkyl), for example methylsulfonyl; arylsulfonyl,
for example phenylsulfonyl; aralkylsulfonyl, for example benzylsulfonyl.
The phrase "and salts and solvates theregf' as used herein means that
compounds of the invegtions may exigt in or a mixture of salts and
solvate forms. For exampig a 3f) co Bus\
substantially pure in onE:ﬁar' ularrsalt
mixtures of two or more Salt @ solfte fayms.
provides novel compounds having the genera a l:
~ YRs ~/NNR R35XZA Q wherein A. Q, X3/X2, Y, RI, R2, R3, R4,
R4', R5, R6 and R6' are as described herein. 5 Ring A is a 5-member
romatic r le,ingorporating,1,10 4 heteroartoms N, Q.or,S which is
@lﬁ%é’tgﬂ%ﬁt zgyn%l?ﬁ"éi 251%8’ IS ’cr)}igiibléﬁl fither SSEHeTEPSAtrsHes or
more R7 (for substitutions at a ring carbon atom) and one or more R-8
RfQr AUBSHIYILRAS A AdIRGiHERARI M B -8R I0GPUTRNCS Bims N, O or S
[ _dependenttgl#H %ano, hydroxyl, mercapto, halogen, nitro, carboxyl,

AT RO ) S AIHP R A ScoRien %eﬁamm@ssweﬁw%ﬁ@%ﬁ mpre Ry

&em or else may be
present invention

, C
i
{fisr -EhbstiBitionS (@) s, BR) 2a(REYM) GHD)oneCGONMNR S, NRSK(@hions at a ring
nﬁ§0%%ﬁl)\_le-, -NRS-SO2-, -NRs- C(0)-NR8-, -NR8-C(NH)-NR8-,

-NR8-C(NH)-, -C(0)-0- or -O-C(O)- and V is allcyl, a carbocycle or a

heterocycle; and wherein one or more CH2 or CH groups of an alkyl is 15

ropHonRly Jepiaed idthi@pendentB(@)- SEANR 1 - thekW5o. halogen, nitro,
-C(0)-NR8-, -NR8-C(0)-, - 502-NR8-, -NR8-S02-, -NR8-C(0)-NRS-,
C%i%ﬁ%@c?(ﬁiiﬁl—% REZINIRS2EN AP PER0 )50t Bt eters(oyy, B arheri U is -O- -
Seaffosy SeCpndidterocgeln-is-orlipNally, SNRstid VBO-NFrOXYR  SKOXYNR ;-
cRolecrsn. g oepcaiay, sofepubsippdglol g,
caipogytioally ktitretigied a0 Maseit pole oS absgttGEhtsrofthextoptioratty alky! is
oftbialligdcaaneeyCls”, and QBHORRY, N(Ry)-, -C(0)-, -C(0)-NRs-, NR-C(O)-, -
SO2-NRg-, -NRg-S0;-, -NR3-C(O)-NRg-, -NRg-C(NH)-NRy-, -NRg-C(NH)-, -C(0)-0- or -C-
C(O)-; and an alkyl, carbocycle and heterocycle is optionally substituted with hydroxyl,
alkoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-substituted alkyl, amino, cyano,
nitro, amidino, guanidino an optionaily substituted carbocycle or an optionally substituted
heterocycle.  Substituents of the “optiomally substituted carbocycle” and “optionally
substituted heterocycle” are as defined herein. In a particular embodiment such carbocycle
and heterocycle groups are substituted with hydroxyl, alkyl, alkoxy, acyl, halogen, mercapto,
oxo, carboxyl, acyl, halo-substituted alkyl, amino, cyano, nitro, amidino and guanidino. In an

embodiment R is H, haiogén, ¢yano, alkyl, hydroxyaikyl or alkoxyalkyl.

Ry is H, alkyl, a carbocycle or a heterocycle wherein one or more CH; or CH groups of said
alkyl is optionally replaced with -O-, -8-, -5(0)-, S(O})z, -N(Rg), or -C(O)-; and said alkyl,
carbocycle and heterocycle is optionally substituted with hydroxyl, alkoxy, acyl, halogen,
mercapio, oxo (=0}, carboxyl, acyl, halo-substituted alkyl, amino, cyano nitro, amidino,
guanidino an optionally substituted carbocycle or an optionally substituted heterocycle.
Substituents of the “optionally substituted carbocycle” and “optionally substituted

heterocycle” are as defined herein. In a particular embodiment such carbocycle and
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substituted heterocycle" are as defined herein. In a particular embodiment
such carbocycle and heterocycle groups are substituted with hydroxyl,
alkyl, aicoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl,

. ' inq, : ' icli anidino. In a
e e o Coaus A A 3 ey o<
casBOR 4, AROISP L LR OPRIARIEHER) CREHoh RSN RHIGIBH2 In a
paticbrgrabpsabsad ialkyldsapioasiy rBPkacabwithelr kot BBV I another
. OQJZméI\tl 8), ocré-Q(ql)l-' and.saild alkyl, carbqcycle and heterocycle is_

"optionaly Substitited Wiﬁ]pﬁxf? Toxy T ANEe%y 5%%,1%13'09[8&11 FRhepEN &ds H
hale@yy. carboxildacyy]. ralbsubstituietaidkilylamimolkeyaho fitnicammdnbodiment
r A giiapiding an.opfiopally substiiuied carbocyele or ﬁ\? QRHOPAlY - erctood that

substituted heterocycle. Substituents of the "optionally substitute
supstiBiape delsd fophoaat\Rednstrlidelheterorginbicmowms deftireare subject to
pdreisiibidraeparticular embodiment such carbocycle and 14 heterocycle

groups are substituted with hydroxyl, alkyl, alkoxy, acyl, halogen,

mercapto, oxo, carboxyl, acyl, halo-substituted alkyl, amino, cyano, nitro,
Inarpidivolanrnbodinidihongniehpatieeiardivbodimént RS is H, alkyl, or acyl.

In an embodiment R8 is methyl. In another embodiment R8 is acetyl. In a

particular embodiment R8 is H. In an embodiment R7 is H, 5 halogen,

amino, hydroxyl, carboxyl, alkyl, haloalkyl or aralkyl. In a particular

embodiment R7 is hal en, for example ClI or B [
embodiment R7 is Hylt gerstood that sy %ns defined for R7

and R8 as well as all otheryariable groups hetein.gte subject to

permissible valency. 164n a particular embodifent ring A has the general

formula 11: Z 0Zz Z0z1 73 Z3 N, Il IF wherein Z, is [\IR8, OorS; and

Z2,Z3 and Za are each ir%ependently N or CRY7. Grc;%p Qis 15 attached
whereing.AsoNfrroula laand H. abib @ ring saemberskedser e and. Z8dapay is

[ bodiment Z, is S..In,a particular empodiment Z, js,0. In ,

aﬁgﬂgfﬁ%r%}agr%a a(r)rénr}%(% fnlr%de%gt af%lig Niizdh fvlﬁgerlé%tﬁge?sgégn di e%ﬁe hBpEiar
emppginanticulisrenibadiert X dairig1ovh &rein(RSnistthin pmtthbr embodiment

7, @@N@Hﬂ&éﬁk@@m Mefinds h@QaniﬁraeﬁﬂrB&fér Mﬁb&@xﬁ%@?k NRg wherein Ry
© gmbodlment Z,is 0 or S while Zz is N and Z3 is N or CR7. In a particular

mBOHIRTERPE ST R S8t S0 NNMHPPSTER 7 Mra Batribraembodiment
Z; éntbodinétilie Z,; it 8 wiidile .42 36 dN @A Zdaigatidular embodiment Z, is S while Z, is

Nand Z;is CRy. In a particular embodiment 7, is § while 7, is N and 7, is CH.

In a particular embodiment, ring A is an aromatic heterocyle selected from the group

conststing of {la - Ilcc:

9] S Rg‘““
A P Y
Q Q Q
Ry Ry

Iia b He
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In a particular embodiment, ring A is an aromatic heterocyle selected from
the group consisting of Ha - licc: R7 R7 R7 C7 SR8--N Q Q ~~Q R7
R7R7251lallblic 15S~R8 R7 QR R7 R7 liclld lle \R7 R7 (r) N S/N
SQQQ RS5Iflig i lli NLRB R7-(r) R7 R7 NI-.Q Q,Q Ik Il R7 R7 -N
R8-NON N ~~ R7 I\‘i‘ 'QQ'QR7 10RsR7 limlinlloH NO/I‘TIQEZ -NR7 N
~N 7 NN No_N'N, Q% ON R R7llg lir s ft /N

R7 / ‘.\ / ~
Q a
R'{ Q RT R']
Ie fid ile
; ; ) Ry " R7
AN AN = =
O S G 3
= % N =
Q Q Q Q
RT R?
of Iig Ih 131
| . L
a0 R;-\{/\ r—d N
7 /{ A‘ —»;l
g N= ™,
N \Q - Q Q
Ij Hk 11}
~ S ‘\N Rsu—N/\\\N
A N, Ry \ e
NfN‘ >\/N\ N\ [®);
Q Q Q Ry
9 Ry
Im iin o ilp
/“‘\\ N =R ‘\ R7 /‘%N
Ne Rr— N N
}/N\ N/N' A\ M W N
0 Q) N7, N
o Q Q
T
Hg 0r Iis It
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I5N:EQR7Huflylixfly16 1 R7 R7R7 R7~"R7/1.R7/~.R7/~./0S
RN s liz llaa llbb 11cc 5 wherein R7 and R8 are as defined herein. Q is
not part of ring A and is shown for positional purposes. In a particular
embodiment, ring A is any one of the groups Ha - liz wherein R8 is H and
R7 is H, Cl, or hydroxypropynyl. In another particular embodiment, ring A
is any one of the groups !Is - Hz wherein R7 and‘R8 are both H. in

another emb&dim ~NNg A is thg~fig: franother iment, rip 1S7

fig and R7 is'H. 10.Q i H, %IRW{\Cﬁgocyae, abetdrocycRrwitereif one

or more CH2 or CH'groups of an® kylds optionaly repkaced WithNO-,~§-,

-S(0)-, S(0)2, -N(R8)-, -C(O)-, -C(O)-NR8-, -NR8-C(O)-, -SO2-RR8-,

-NR8-SO2-, -NRs-G{0)-NPs-, -NRg;C(NH)-NR8-,;z\R8-C(NH)-, ;C(0)-O-

or -0- C(O)-; and wherein any of the foregoing alkyl, carbocycle and

heterocycle is optionally 15 substituted with one or more hydroxyl, alkoxy,
whendinhblegé R mre roadifnaikissrearb Oxigl nacyhrt bhalong Ubstitlitedh ek for positional

inQ, ¢ [ foll 1idino. an optionally substituted : ,

P o R i rpaen v s
HepdBnsih Shissthvdessamnveytidr ametrepmiohetlp subfsioted, ring A is any one

oﬂl@.&ﬁ@@ﬁi{ﬁl |ﬁ'aarﬁza§}@$iﬂ@ig hereinaip @otﬁgﬂi%@%&f{éggﬁé%emeﬁy%% A s the
carbocycle and heterocycle groups are substituted with hydroxyl, 20 alkyl,
H%‘lk%%il",gta%&}ﬁrﬂ%‘? GEALHERAP SRS, Refddxyl, acyl, halo-substituted

alkyl, a_mino, cyano, nitro, amidino and guanidino._ Ina particul_ar _
Qmbatinent.hiz AUNREYGIS AL BELRIACYEIS OROnally SUNBLIER Wit i
. halogen, amino, oxo, alkyl, a €ar ocyclee ora he erocyde: wherein one or
1s pRstengtiy 2Btacad HitLss:-oFan%iky! K GhtioNE-replte dAfMhNR-, -BR-C(O)-,
-S€5 (0 SIRZSNRBIR,-GENNRC(RRNBE G NBE-CAR.cRRB: 80(0)-0- or -0-
o 88'50\2;;:3 25 NR8-%(H%-NR8-,,-NR8-C(NH)-NRB-, -NR8-C(NH)-, _

(0T "BFB - L irsRainEs A afaiP xR AR B rsidfotsy ersiegally
subgiiotedl lyisubstitntedrettpdhatrigetory ng], istigsty ImenapEaRILe, GREBOI acy],
hatb KXY oxy,.hydroxyalkoxy, alkylthio, acylaxy, acyloxyalkoxy, .

alkylsﬁ%l%\gl, al ci/é%‘ﬁ%ér{iyfgﬁgﬁ,%ﬁ%’lsuﬁmyﬁ’aﬁu a ysual?‘ln%/ﬁta’iﬂgﬁg stlbstiuted
carbocycle or an optionally substituted heterocycle. Substituents of the “optionally

substituted carbocycle” and “optionally substituted heterocycle” are as defined herein. In a
particular embodiment such carbocycle and heterocycle groups are substituted with hydroxyl,
alkyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-substituted alkyl, amino,
Cyano, nitro, amidino and guanidine. In a particular embodiment Q is a carbocycle or
heterocycle optionally substituted with halogen, amino, oxo, alkyl, a carbocycle or a
heterocycle; wherein one or more CH; or CH groups of an alkyl is optionally replaced with -
O, -5, -8(0)-, S(O)s, N(Re)-, -C(O)-, -C(O)-NRg-, -NRs-C(O)-, -S0,-NRy-, -NRg-SOs-, -
NRg-C{O)-NRg~, -NRg-C(NH)-NRg-, -NRg-C(NH)-, -C(0)-O- or -O-C(0D)-; and wherein said
alkyl, carbocycle or heterocycle is optionally substituted with halogen, amino, hydroxyl,
mercapto, carboxyl, alkoxy, alkoxyalkoxy, hydroxyalkoxy, alkylthio, acyloxy,
acyloxyalkoxy, alkylsuifonyl, alkylsulfonylalkyl, alkylsulfinyl, and alkylsulfinylalkyl.

In a particular embodiment, Q is a carbocycle or heterocycle selected from the group

consisting of Hia - [fIs:

17
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30 In a particular embodiment, Q is a carbocycle or heterocycle selected
from the group consisting of Ma - llls: 17 R7 (RAI (R7)n (R7)n N/O S~ 1/
R malllb llic llid (R7)n 9\s R7)n (R7)n Nw 50 Rie Riflllg 7)n (R7)n iN
O (R7)n\j(R7)n~\ (R7)nRi11 IE ) 10 (RA, (R7)n (R7)n N R$0 I|Dc
M1 ffim (R7)n P 1 (R7)n NON R¥5" N--N (R7)n R6 15 llin liio llip 187 3
(Ro)n T {Ra)n

(R7)n~L\Ii\I cu"~) (R7)n (E{Z)n/ . \/\ v
/_—'(R?)n N/ S\}

i8
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IQ IHr HIS wherein nis 1-4, for example 1-3, for example 1-2, for
example 1; Tis 0, S, NR8 or CR7R7; 5 W is 0, NR8 or CR7R7; and R7
and R8 are as defined herein. In a particular embodiment Q is any one of
llla - llli wherein R8 is H and R7 is selected from the group consisting of
H, F, Cl, Me, methgxy, hydroxye*u oxy, mpe
methylsui onyl me fgp%Imethyl phenyl &

- /
another particulz Qb odiment Q il aNarticularembodiment Q is
@ h R7. In 10\an 1)31er particular

llld which is su 7

embodiment Q tsHd*which is substltu eegFat the 5-posit R7. X, and

X2 are each independently O or S. In a par‘t%&lar embodime tT)XI and X2

are both 0. In anothgy particular embogiment X, and X2ggte both S. In

another particular embodiment, X, is S while X2 is 0. In another particular

embodiment, X, is 0 while X2 is S. 15 Y is a bond, (CR7R7), 0 or S;
whehngneinsni ig, foreRaamik R%jfdrl;ekmﬂ;pgenzaﬂsylgmblanafk){b GAIBIMNR; or CR/R7;

m ming, alko loxy or aralkylox I a :

ngtyréﬁrﬁg oé’lr%negnlt{a\%é#&ﬁﬁ 0%% S‘ry é(r%ém nﬁ‘i1 s rﬁ%‘ﬁ?nfs .

aﬂB‘IOH‘aRdeﬁ ﬁkwharfvp Farisi Iéwn%ﬁmmseém%ﬁﬁn@ raﬂ@ymmszsung of H, F, Cl,
M@ra|kﬂ§eﬁiaiﬂ0 alkeex RRHONY OF RERYIRNID a 2Q parlicwlarembodiment . ;
B‘%E? !In a_particular embodimentnis 1. In a partlcular embodimentY
ey RS o BT B BRI AT0 1 EeP iR RIS SR RoFTS © i
M&ralk;dqmymdmlaemhmﬁimber@yﬁdm Whiglpartchiasned boginesdsitith WapRY In
[ sF In articular odi tnis | HR7
e R e S iRty
particular embodiment Y is 0. In another particular 25 embodiment Y is S.

X Rhis 4 &re%zllﬁl'lﬁcﬂ%?eﬁﬁgﬁm@ PN R 2 &m&@%ﬁlﬁa&ﬂ&ﬁ RAHGUIAL e both O,

embodiment, Rl is H. In a particular embodiment, R, and R2 together
i P BN EPIAGTFF s e e MBS AeHethe: B s smegsEpent, X
is fowhila Zorizsednieptinger paatnothespissticndar, anbanimasty R4 30 and R2
together form an 8-member ring. In another particular embodiment, RI and
R2 together form a 7-member ring while Y is S. In another particular
Y enateain €t R <OHer Bowikikinvhis C12 2 [end othdl Jadticedanlkyl, aryl, aralkyl,

anﬁﬁ%bggf'@ﬁﬁ) Rl thﬁmﬁﬁﬁnm angihe 9&%&1%%@&99'”‘@@ Bicutar
is H, while Y is Q. R2 is alkyl, a carbocycle, car (;)%lclylalk l, a heterocycle

O RERG oy iy &tk mh BptroRARy S Bib<iititad ity fafdg BHOBRd i, vl
ar0kyl, thione, Mereaptoakaray, MME}@J@@HQHGO&BK@WIOX}' or aralkyloxy. In a

particular embodiment, Y is CH,. In a particular embodiment n is 1. In a particular

embodiment Y is a bond. In a particular embodiment n is 1 and Y is CHR, wherein R, is
aralkyloxy, for example bénzyloxy. In a particular embodiment n is 1 and Y is CHR,
wherein R; is F. In a particular embodiment nis 1 and Y is CHR; wherein R; is aralkylamino,
for exampie benzylamino. In another particular embodiment Y is O. In another particular

embodiment Y is 8.

R; is H or R; and R; together form a 5-8 member ring. In a particular embodiment, R, is H.
In a particular embodiment, R; and R, together form a 6-member ring. In a particular
embodiment, R; and R, together form a 7-member ring. In another particular embodiment, R,
and R, together form an 8-member ring. In another particular embodiment, R; and R,

together form a 7-member ring while Y is S. In another particular embodiment, R, is H,
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alkylthio, sulfonyl, amino and nitro. In a particular embodiment R2 is alkyl,
a carbocycle, carbocyclylalkyl, a heterocycle or heterocyclylalkyl each
optionally substituted with halogen, hydroxyl, oxo, mercapto, thione,

<Sarboxyl,alkyl, haloalkyl o akltognlfnl NG din'ro.nan .
gliﬂnbgdélé mce%r%'Rzﬁiagﬁ%%rag éﬁ%%aéyc% (%Irtbo%y%iy gl c’yl‘frr}éﬂﬁzglersogyclén o?mthe
PIYTERRBRpEnamtyRetidh. gpileail/Substituted with halogen, hydroxyl,
mercapto, carboxyl, alkyl, alkoxy, amino and nitro. In a particular
embodiment R2 is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a ,
Rhéta éy%r%mz???ﬁl&& walpzw*g PefieeiEr S HRmEH i igaghgptionally
subpcloadiwidr eheterdoyobeylnoacp dribes] ancempodimbot R 2lisykalsotdd fralkoxy,
a 0 SISt - l, isopropyl..gycl yl tetrahydropyran-4-yl, -
R el e i Py
caEpariyiddtopPeamasypiior Raireerysielaiyg medaatien o s ise Sdphialogen,
hpNSIaNeXANrARABANAE0EY S NERANR 1 Sy dlrixy, alkylthio, sulfonyl, amino

4-methylcyclohexane, 1-methyl-tetrahydropyran-4-yl, 2-hydroxyprop-2-yl,
LRSS, %ﬁ%mﬁwa%%ﬁ%ﬁyﬁa@é@aﬁﬁﬁb&ﬁ%ﬂ%%}ﬁ%’ﬁh&% et e oF

h&&dsytiplatidylisepromyipreiisl ehiestivhi el cldpeimtideahdipdranyl, mercapto, carboxyl,
ra pyran:4-yL 4 articular ' t gtz phen I, .In Qnioal
aﬁgll, Q g;& J@ﬂido Xli nnﬂrg e %ﬁ%%?&%%bﬁ% 3 Qz Q ; 12 (I:g joalkyl,

particularembodiment, R2 Is cyc . In-another embodimen

cYelralkyaiopyrar. 45lkvh afewrerysiroedrirenbolilentiRpstisesr spylodiment
Rg izg-amﬁt,)\@@lﬂ%lﬂmiﬂpa_ %@f&&?@;@%@i%&&gﬂ@z _H@ﬁmﬁj‘g&u{q{ﬁm@&mﬁh h Bbm the
IS t-butyl, In a rticular embodiment IS oriented such that the
9o SERE B iho A0 Ll SORE A hicr TE R s o d T tRpyran4-v1, -
metiednflGudtioan2h-R3is ttiranatofhiopianallyl substituledhiviphraaloge iorwhich
l: OF; t r f -6 heter le. In
K O R A0 R e A PolE RS M lexane, ¢-hyarory:

HpstErdipiobetangn ERpSHNsERRRD I RNGHhethiby deatyprardpsl dwt-2-yl, phenyl
arlSOPIRRMkJAIR 3R Particularypadticuar smAedife R 3as s oLmasinykdfropyl,

a.another particularﬁﬁbodiment R3 is methyl. In another E)articular_ i
BB OREE S AR e PR PRY BB S B it B R AU SBRTEnR: Re s
piiengl pastieupartenibo dintedinkRat Sy troxgypédhstyln amother-embablidianrtRB, is

is..orented such that the ami cid, or amino acid.analo ., Which it .
R R T B i A oo

agdgidnehaiih thanstbrnearornlauirabedBgisyRd dpebiettorin argricular embodiment
RDBI6HRENISudR ARG LROMIMENR RS @Rtk RALO IR ObMnARes is in the

azetidine ring. In a particular embodiment R3 and R4 together form a
LSOPSENeno0 R3'is H, or R3 and R3' together form a 3-6 carbocycle. In

an embodiment, R3'is H. In

R, is H or alkyl optionally substituted with halogen or hydroxyl; or R; and R, together form a
3-6 heterocycle. In an embodiment R; is H or alkyl; or R, and Ry together form a 3-6
heterocycle. In an embodiment R; is H or methyl, ethyl, propyl or isopropyl. In a
particularly particular embodiment R; is B or methyl. In a another particular embodiment R,
is methyl. In another partiéular embodiment, R; 1s ethyl. In a particular embodiment R; is
fluoromethyl. In a particular embodiment R; is hydroxyethyl. In another embodiment R, is
oriented such that the amino acid, or amino acid analogue, which it comprises is in the L-
configuration. In a particular embodiment R; and R, together with the atoms from which
they depend form a 3-6 heterocycle. In a particular embodiment R; and Ry together form an
azetidine ring. In a particular embodiment R; and Ry together form a pyrrolidine.
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another embodiment R3 and R3' together form a 3-6 carbocycle, for
example a cyclopropyl ring. In a particular embodiment R3 and R3' are
both methyl. 5 R4 and R4' are independently H, hydroxyl, amino, alkyl,
carbocycle, carbocycloalkyl, carbocycloalkyloxy,
carbocycloalkyloxycarbonyl, heterocycle, beterocycloalkyl,
R édtcfotydioamyIBxy teesbte foepcioik piskpestisony!; antsareidisanh Bikys . In
areEROsHEdaatet R0 sarRoCHEaalieviony 1acﬁ@%¥6&@1@mx¥%ﬁpgw5yclopmpyl
. heterocycle, etergc cloalkyl, hheterocyeloa'lkyloxy and
mf%tero%@%%%’[ af/‘ISI)?ygg’r’BS’ﬁ 1?%%%6@5%‘7%8%??&}’11% with halogen,
hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, imino and nitro; or R4
and R4' together form a heterocycle. In an embodiment R4 and R4' are
independently H, hydroxyl, amino, alkyl, aryl, aralkyl, cycloalkyl,
Regetbdikyaikyindraxdsail, By fotsesahy lpmppwriidincatoyts.ateyhoapgloaliyl,
caff@itbaaalaalicyl, exslealialkybhetaraany! ang&!ﬂ&?ﬁ@%@eﬂylal|q}é‘t§ocycloaikyl,

optionally substituted with halpgen, hydroxyl, mercapto, carboxyl, alkyl
RS PRI e AP AR R OB BT e b e el

caparticldakgmiyodimearbBAdrdkiRd) sogbihist, formhatchetetiecy cleyderocycloalkyl,
neXETPRIE; fidine. [l rrolidine ring. In. a particular embodiment
R4 andl)R '%%%E%Hg%r%yé%ot e}f”é%ér?fgﬁ gé égrﬁ)g%o |mlgnstuﬁ8§ El‘é?er%&f%lngﬁ) e
hygraxid. prefreatooepRmicl afkein b amispcBir 4uhoitreg ds Byerd Rl together
fof® b hekibesthe. OthemishhdiARRtRE LrRNY OGNSk RAGAIRA aNd:R411Simino,
amino, su %s NH2 N;Me aa NHEL, while the otheris H. Ina '
augdrﬁ%maﬁe SAREIY RO KR4 hetemoatily prahsterepmisiiod yehsgin pach
allojehodikeraliisy), dyetertiaty bov brdbetaRyyl dibtytobnya peirtietdaestalotlimeftonally
' roup_consisting.0f:-25 HN\N N\ H HN \
S o RS 8 B A Sl il e
and Ry’ together form a heterocycle. In a particular embodiment R, and R, together form a

heterocycle, for example an azetidine ring, or a pyrrolidine ring. In a particular embodiment
R4 and Ry’ are both H. In another particular embodiment R, is methyl and R’ is H. Ina
particular embodiment one of Ry and R, is hydroxyl (OH) while the other is H. In another

‘embodiment, one of Ry and Ry’ is amino, such as NH,, NHMe and NHE, while the other is

H. In a particular embodiment, R, is H and Ry is H, alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, hetercaryl or heteroarylalkyl. In a particular embodiment Ry is a group

selected from the group consisting of:

AN
HN - ON
) ) \D_ W
~ -
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OMe)2NO I/ (NH1/OH O H2N PhONO2ClY 51 (EtOHO/HO/ Br i
NO NO2 HO NO2 HN', 10 R5is H or alkyl. Ina particular embodiment, R5
is H or methyl. Ina particular embodiment, R5 is H. In another particular
embodiment,;R5 is methyl. 15 R6, and R6' are each independently H,

alkyl, aryl or arallcyl. | ‘tlcgl‘@re hodiment, RA_is alkyl, for example
meth another o@v ar embo R6is @ example phenyl.
In an m(ﬁ empodiment R6G @d forexample benzyl. In a

particular e Iment R6 and R6' are the same, far example both alkyl,
e.g. both methyl. In another particular embodlmenPﬁES is methyl and R6'
is H. In another embodiment R6 and R6, are both 20 H. 22 Compounds
of the invention contain one;or more asymmetric carbon atoms. o

Accordi Iy he compound: may exisf as diastereomers, enantiomers of

' . gmpounds 1y synploy O
' s g as starting grials -@
intermediates. Diastereomeric P(‘izh‘npounds may Be’separated by

chromategsaphic or 5 Ctystallization methods. Similarly, enantiomeric
mixtures may be separated using the same techniques or others known
in the art. Each of the asymmetric carbon atoms may be inthe Ror S
configuration and both of these configurations are within the scope of the
invention. In a particular embodiment, compounds of the invention have

the following-gtergoehemical _cgo 'figun@n/df formulij'___.
HO HO ’
E Br V

NO, HO NO, —

Rs is H or alkyl. In a particular embodiment, Rs i1s H or methyl. In a particular embodiment,
R;s is H. In another particular embodiment, Rs is methyl.

Rs, and Ry’ are each independently H, alkyl, ary] or aralkyl. In a particular embodiment, R
is alkyl, for example methyl . In another particular embodiment Ry iz aryi, for example
phenyl. In another particular embodiment Ry is aralkyl, for example benzyl. In a pariicular
embodiment Ry and R’ are the same, for example both alkyl, e.g. both methyl. In another
particular embodiment Ry is methy! and Ry’ is H. In another embodiment R; and Ry are both
H.
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R4R3 XtR2R6 N=NNR6 aRs R3 X2 AQ 10 whereinring A, Q, Xi,
X2,Y,R2,R2, R3, R4, R4', R5, R6 and R6' are as described herein. In
an embodiment, compounds of the invention have the general formula 1V
Ry RARXtRZ\FY R443RNR6 5R3X2N S~Q 15R7 IV wherein
CHPRIR ST eV BEPTRESIRY 105 ORBORE SIBICR7I0R Hertfestripadinely.
théesaipnuimianmparticsias dimitodimen| Qdstmrarbocyiieutsahbeiel OTHEIGtheses
0@4'9&@%&@&%?&%%1%%&%%% @%E%r@é’xgé%xsé' e1a12|1l1(1¥1|<) a”%) z)i(é(é %%g materials
halogen, mercapto, o0xd, carboxyl, amino, cyano, nitro, 20 amﬁmo,
or f ApiRITREER B p HOARRTFSUBEH ErBRCmdsoRpE| botarrapdibrallyosutistiankid or
crOIRIAGKEI e WRAISIE AR AY, NBRIR Gl O e LHPS 1 SBIRLAKYISg the same
ptionall r%Pla ed with - 0-, -S- -S(O}- S(0)2, -N(R8)-, -C(O)-, ]
oo TR REPEEC)- Dot -0 GBS oS SyNiFey be i the
R N R B NidHEHNRe:q HNR TR ponfBidt0ns0ireGuB{0)he It @ppaftictliarention.
h%@!ﬁ%@h’ﬂ? Q{E&b@dﬁl@ﬁxléy %{ﬁxrc%a&, H%D Hﬁqu%glgnstyak\)fgt{%t?(ﬂlgvvb% Osr%ergc erical
more hydroxyl, alkyl, 25 alkoxy, acyl, halogen, mercapto, 0xo, aﬁaoxy,
copfigiatiayaht s amidino, guanidino an optionally substituted
carbocycle or an optionally substituted heterocycle wherein one or more
CH2 or CH groups ost_aiq?glk 1is oftonallyreplaced with -0-, -5-, -S(O)-,
S(0)2, - 23 N(Rs)-, -C(b},r C(D)-NHS-, -NR8-C{Q)% -S02-NR8-,
-NR8-S02-, -NR8-C(RJ-NRE-, -NRs- (IRs-"¢NR8-C(NH)-, -C(0)-O-
or -O-C(0O)-.Ina particularie;nboﬁﬁne

I?
wherein ring A, Q, X, X5, Y, Ry, Ry, Ry, Ry, Ry, R, Rg and R, are as described herein.

In an embodiment, compounds of the invention have the general formula IV

Ry
. X 2 Y
R{\NM : ;\Z/
4 N/Kr R
R & R
X2 ==
S>/k
.
Q

R7

Rs

"
3]

Pl
)

v
wherein Q, X, X5, Y, Ry, Ry, Ry, Ry, RS, Rs, By, Rs and R; are as described herein. In 2
particular embodiment Q is a carbocycle or a heterocycle optionally substituted with one or
more hydroxyl, alkyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl, amino, cyano, nitro,
amidino, guanidino an optionally substituted carbocyele or an optionally substituted
heterocycle wherein one or more CH; or CH groups of said alkyl is optionally replaced with -
O-, -S-, -S(0}-, S(O), NRg)-, -C(O}-, -C(O)-NRy-, -NRg-C(O)-, -SO,-NRg-, -NR¢-SO;-, -
NRg-C(O}-NRg-, -NRg-C(NH)-NRg-, -NRg-C(NH}-, -C(0)-0- or -0-C(0)-. In a particular
embodiment, Q is aryl or heteroaryl optionally substituted with one or more hydroxyl, alkyl,
alkoxy, acyl, halogen, mercapto, oxo, carboxyl, amino, cyano, nitro, amidino, guanidino an
optionally substituted carbocycle or an optionally substituted heterocycle wherein one or
more CH; or CH groups of said alkyl is optionally replaced with -O-, -8-, -S(O)-, $S(O});, -
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heteroaryl optionally substituted with with one or more hydroxyl, alkyl,
alkoxy, alkoxyalkoxy, acyl, halogen, mercapto, carboxyl, acyl,
halo-substituted alkyl, amino, cyano, 5 nitro, amidino, guanidino. In a
articular embodiment Q is aryl or heteroaryl optionally substituted with
bgeh{@yCERIs-alktBkyalloky EPahBlam dRerdBoditiBet s iRa: toNRs-
ciswRRigiNRLCRSEBNAY@asdelinpdihergin phyaRay badiment Q is aryl or

embodiment Q is lllg, In a particular embodiment Q is Md, In a payticular

o I N e
alkvmkmbo@ivhdxﬁ%henmpou@bax&ih@iﬁymmnﬂammm, cyano,
nfe&mﬂ'@d%, %ﬁn&n e gﬁ&e Q&W&Zﬁ&éﬁ?@pﬁuﬁgﬁ &f ﬁgﬁﬂ%ﬂg ionally

have the general formula IV, R2 is alkyl, a carbocycle, carbocyclylalkyl, a
syPstisnisey et Srleatar GEgdARREY I BitoHA IRy Ash ST atcrmberimsal sy éntlia to
nhy@Heh RIERGanbn Cashexadfiaddyhealis0Xih AFIARERIRBARAN)LE Hq. Ina

embodiment,when co unds of the inventign have the, erg] f .
DRI TR Dy, obgr e R B o U e 10
Mo dinddiaflie ilventibn have the general formula IV, R4 is methyl

and RQ' is H. In an embodiment when compounds of the invention have

the general formula IV, R5 is H, In an embodiment when compounds of
In g cpReciment Wae aprenguRdyaf fBFiRYRRIO: Ry e BeoREipEmHi Mnkass H. In
arcepbodinmentyih eBrldeai potiadsweitia Rvermtiopehaveiigngereral is alkyl, a

formula IV R7 is.is H, hal n, cyano, alkyl, hydroxyalkyl or alkoxyalkyl. .
R R e S e SR S
Wftivrrﬁgal%w,,_ XydmayX 2rassdptth Garbmoani, eaﬂb@diaﬁearxm,mmnocqnﬂooﬁtpbjs olr an
B RENHAB YRR ACOL AL THOMIRH Ve ICllanetn TRGIVEPURD is H or
also encompasses prodrugs of the compounds described above._SwtabIe
methsd SRl PRIE apish BRI ERROHR A HPRR SrEtRERTs aff§c invention have
theqEheN Id thymf@tﬂgfmgmr@u@%hwmmgesrglem xf%@ﬂa@dmt_ A éhy@gﬁbaﬁesl 9 the
. yie arent compound u physjologic cqnditions. A particular
ST PR A B TR Aa T icR A TPBGUR e bR SFgonds of
ingenime, FvidirogeaeTa datkylbnBaninepiReocatk pethddmimoaoregladiotieny, when

caHipRdS SHRRIENET W R ydr(OiaruRs R0 Rlviearbavl GEQa iy,
group, an alkoxycarbonyl (-CO-OR), an acyloxyaII(yI-aIkoxyca}rbonyl
h@@éﬂ%@ﬂm@é@w@}oéb ARIErRPRmS R bR FaRaIers il HIR HVgroap kavg the
geasrelefinedialoye phadgrURNBMR W thaf e iR oGk Ou@ i Enpounds of the
: haloallﬁ}/l, where Pl aggd P12 ere‘}heg%%me or different and are H, lower
mgﬁ%}ﬁl}o@\feer Al e)‘%?/r;aé &ah Y |SWEr alkyl or aryl. In a particular

&Vano, hald'l
embodiment, the nitrogen atom is one of the

The invention also encompasses prodrugs of the compounds described above. Suitable
prodrugs where applicable include known amino-protecting and carboxy-protecting groups
which are released, for example hydrolyzed, to yield the parent compound under physiologic
conditions. A particular class of prodrugs are compounds in which a nitrogen atom in an
amino, amidino, aminoalkyleneamino, iminoalkyleneamino or guanidino group is substituted
with a hydroxy (OH) group, an alkylcarbonyl (-CO-R) group, an alkoxycarbonyl (-CO-OR),
an acyloxyalkyl-alkoxycarbonyl (-CO-O-R-0-CO-R) group where R is a monovalent or
divalent group and as defined above or a group having the formula -C(0)-O-CP1P2-
haloalkyl, where P1 and P2 are the same or different and are H, lower alkyl, lower alkoxy,
cyano, halo Jower alkyl or aryl. In a particular embodiment, the nitrogen atom is one of the

nitrogen atoms of the amidino group of the compounds of the invention. These prodrug
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nitrogen atoms of the amidino group of the compounds of the invention.
These prodrug 24 compounds are prepared reacting the compounds of
the invention described above with an activated acyl compound to bond a

nitrogen atom in th com d of the invention to the carbonyl of the
e A P A v EA e K g
activgied ddgasonpgrelip hond ednicdpen cadooiny tieachonand Uthfdﬂ&*aﬁyﬂon to the
cmm%fwgam%sa@% 88&&9{1 'gﬁaﬁét%ﬁ%ge&'goimﬁ af“ SR in s

acyl’phenoxides such as p-nitrophenoxy acy nitro

gomsidf;é]ﬂﬁéﬁ&w Qeweéﬂataﬁ%ﬁaemé‘ﬁés@l aesilmvh}éeré@ét@héearec@ amdnegiyecyl
py2 ARG 2R BEEEAIIIRTIN Wit iR R9MIMSH A IS B NRSEMNSS, acyl,

such as - 78 to a ut5 C. The re ctio s re us% lly also carrled out in

SR oBPERRCES AR e ULYSERRZIGRY @sithonAls gractions are
gesedﬁimmﬁmbmam e emrordanicibaset subkms aneilcadninsydrohiding:h as —

th payi odrygs is -
o ) DN L3 e e S B AR i

D350 BHERTS POPSTBRES7BIN MR CoFRENES SisHvRIErento el dtersiphbys an
anﬁﬁferaanﬂlﬂgmnﬁett&&%yﬁ@ﬁ@m C@W&fﬂﬁﬁa}ﬁl ér@tﬁhgé%st@@scnbed

BRI N A N NG Qe 0

the contents of which are incorporated herein by reference in their entirety.

Particular compounds of formula I include the following:

| m L Q \/Lg?
oty Ao
o

OMe
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O(O IN~N146 HN"JNN 145NHOV~"gN NF OHN, 'KN 147 H
O SN 9Z, SYNTHESIS 5 Compounds of the invention are prepared using
standard organic synthetic techniques from commercially available
starting materials and reagents. It will be appreciated that synthetic
procedures em in the preparation of compounds of th ftidention
will depend on the particular substituents present inja cognpodnd and that

various protegtion ynd d tection steps that aret¥taq _
synthesig m i t may not be illustrated iréthe &0 following==N ‘
general sck em#. partigular general synmgtic scheme compound$qf.~ O

the invention may beéprep using typical peptide chemistry techniques

compounds. 5 Scheme 1 RI ~Y RgR%R2 R~)--Y NRs H Rs'+ Boc-NR
OH Boc-NN Rs' - A Q 5 X2 RS X2 A QR1 R R2 R,~\ R~~N X, R2 H-NN

(Rai R3 X, Ra/N ‘F\ﬂ Rs'

””h,,'

r
O
i

Hiln.

119

& O 120
F

Q 0
122 H

|
HN N
121
= O N
& SN
N o
o
Hfll o
. H
i /N\)LN N
123 124 L S N

41



R5 X2 A0 4 NOHA O RRS3 10 It will be appreciated that the amino acid
analogs may be coupled in any order and may be prepared using solid
phase support which is routine in the art. For example, Scheme?2
illustrates an altegpative amino acid residue analogue couplingyroute. 15

R4 R3 Rs X3

Rs'/, (NN Rs' H3$ X2 4 QA Q
A is prepared t-{ M gOMmMeY.Ci;
Biganic ¢ mistry tenhnlqgeg., Or e%ay

intermediate may be preparéd ac g to scheme 3.5 Scheme 3 R, R
O Rt rY Lawesson's rY Br,.KY , ageﬁt ,NQ N PrR6'Pr R6' Pr' R6'
O NH2 SNH2 S ~N -\Q wherein Q, Y, Rt, R6, and R6' are as defined
herein and Pr is an amine protecting group. A proline analogue wherein
the alpha nitrogengs protected (Pr), for example with Boc or C

()
127 ooy )L 128 i 0H
= O e
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B8r e
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10 and amidated is converted to the corresponding thioamide, for example
using Lawesson's reagent according to the procedures described in
Williams et al ( S. Org. Chem, 2001, 66:8463). The thiamide is then
cyclized with an appropriate bromide to give the desired thlazole
substituted W|th 0

b Q, for example using the pro dur@s
Ciufolini et (3 ‘- . Chem. 1997, 62: 3804). Alte at| br
in the pkesen schme N%j incorporate a functlonal gro Wh h ma¥..

gg:llzatlon_stepHFor enfigh in which ring A is an

ed according to scheme 4.20

OHOLNHO~0\QQ Q 25 whereipAY, Y, RI, R6, and R6' are as
defined herein and Pr is an amine protecting group. The starting proline
analogue is réigtgd with an appropriate amine using stand id
forming procegures. The resulting amide is cyclized, for example usmg
Burgess Reagentfaccording to 46 the procedures d scriped th Pih o et al

J. OrgtChm., 999,\64:¢ 2) to give the d|hydroHN \
dihydrNoxazaleds ) p the |red oxazolé substltute =N

with group Q.i\lterhativ a |ne a) the tstep in the present S

scheme may mcorp%rate group in place of Q which may be \ N

used directly or |nd|rectly to coup gesired 5 group Q to the thiazole

chemlstry tech |que for example by reductive amination i
analog e.g. NH2-CH(R3)-C(@)-OH,
ahd Rd:

with q_{ ydg or ketone to give the [?54

subs e sghie . pting R41R4' substituied ayhino a |d

Imtermedlate cBn th ' e négt aming acid ' integmedi
gt sty standard peptide coupling

re

or the remainder of the co
procedures. Scheme 5
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10

15 O R3' X1 NaCNBH3 R3 LIOH.H20R3 R+ H2N R 4),i OR'i~/OH H
OR'1% AcOH R H R3 THF, H2 R H R3r DMF 1 X1 In a particular
embodiment, alanine is reacted with 1- methylindole -2- carboxaldehyde

in preparing co
N" 11 a O NaC

compound. 47 When compounds ofdhe sy

step iff p

if¥ention ibcorgorate ! 4' substituents other than H, they may &so.
be prepared by substituti 2 suitable acid |ntermed|ate which
incorporates a leaving groug=wi d amine. For example /

n amine R4-NH2 or R4-NH-R4' N7
R X1 DMF R 4 LiOH.H20 Rq X1 \
B, R4 P- g20 Rq OH R3 10

HHE
T
pa—,
i
o

9]
145 g N

147

I
o
TZ
50
B
\ 4
=
\ i

SYNTHESIS

Compounds of the invention are prepared using standard organic synthetic techniques from
commercially available starting materials and reagents. It will be appreciated that synthetic
procedures employed in the preparation of compounds of the invention will depend on the
particular substituents present in a compound and that various protection and deprotection
steps that are standard in organic synthesis may be required but may not be illustrated in the
following general schemes. In a particular general synthetic scheme compounds of the

invention may be prepared using typical peptide chemistry techniques by coupling amino

44
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20

as a final step in the preparation of the compound as illustrated in scheme

8.Scheme 8 15R,R1 R4R'XiR2rY DMF R4 R Xi R2 --Y Ny R6'" NH

BrRN R4 NR R3 X2 R3 X2 Q A Q In a particular embodiment,

2-bromopropionic acid.is reacted with_the following amjnes 20 dissolved in
TR BSEA FPIIPEBRER  ABHCS SHPITEE S5 TR NS JRERdq mine-
pratesipderrasitlesd risid e RidRndHRe dobided\abl Qdprdted&iNEdden@ily to give the
T N2 JYNEI2 NH2 O F F HO NH2 NH2 NHz TNH2 s H3¢(r) 5 OCH3

OCH3 CI ID-NH2 HO-NH2 10 Compounds of the invention in which either

X, or X2 is sulfur, i.e. the compound incorporates a thioamide, may be

prepared according to establishedsgrgagi¢ chemistry techniques. For

example, compounds in which X2 is sulfur can be prepared according to

Ry

7"\/ Re R. R Y,
N Re' OH 2 ( Re
Bocmg/ﬁf _— Boc-ﬁin)\r Re' P
X 5 X
A

Q

B Y Re R

R
N 3
Rf OH
Ra

It will be appreciated that the amino acid analogs may be coupled in any order and may be
prepared using solid phase support which is routine in the art. For exampie, Scheme?
iliustrates an alternative amino acid residue analogue coupling route.

Scheme 2

' R
R4\NR3 1 2 o Ry Ry X Ro
Rf o T H-g — /N N /kn/O-Pr —_—
R4. R
Rs ° X

R3 5 Ko

R Ry

R, 1 Re
P OH TN Re Ry 1 e N o
Ry R, Rs H™ Rg' R N Re'
3 4 Rs Rs XQ e

45

R4
4 R. Y,
] N iy NP P r:lfl Re
HN Re / N Re
RS XQ R4\ R3l X‘E R4 R5 X2
Q

Q
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scheme 9 starting from an Fmoc protected amino acid residue analog
NH2-CH(R2)-COOH 15 which is dissolved in THE and cooled to -25C,
with addition of DIPEA followed by addition of isobutylchloroformate. After
Tﬂi@ Hirdiegadh %d@ﬁﬂfﬁﬁmérﬂiﬁgoﬂeﬁzﬂ%ﬁaﬂe@ -FiaMinamsadded\ansbibeagents
c():tlon mlx&aﬂe IS canti uoutsg/ ed at -25C for 2 houys, then at r om1 "
5"1 FAETE SVerTghE. VISEINST PR RIS TR B8 théshuazole, the
nwmedma m&flb@hrﬂemmeagghagmaqbﬁmge%% EtOAc/Hexane to yield the
product. The Fmoc-alanine 20 derivative, phosphorus pentasulfide and
sodium carbonate are mixed in THE and stirred overnight. The solution is
concentrated and direct chromato&cé‘ﬁﬁ‘f fsing 80% EtOAc/Hexane yields
the activated thioalanine. The activated thioalanine and sodium nitrite are
then mixed in acetic acid and diluted with H2O. The resulting preC|p|tant 5

req and drled to yield the pr8 uct, The thioalanine ﬁ coupled to %
t

ring su ed ?)“i??e"’é?mno 25 afid ue anal solving bo
PO hé%hloamlcfe_pto.duct frdy then bes' deprote_ctedJA}EhiO% pr-
PIP/ or 15 minutes and used jugate to the R41R4'-N-

C(IQ3)( -000H. Alternatively thé FmoC “Drotected thioamide is first S
coupled to the A ring substituted proline amino acid residue analog \”k
followed by Fmoc deprotection and subsequent coupling to the
R4/R4'-R4/R4'-N-C(R3)(R3")-COON amino acid residue analog. 49

w«ﬁé&lam 9, RZMHgn@Rﬁ@k}éﬂlﬁeﬁﬁe&thelﬁWNﬁﬁM B:586E Broup. 4

Nat R NH R2 H N P4Sio, NaHCO3 FmocHN" N | NaNO2,
pl;& ﬁem e aip a nitrogen is protected (Pr), for example with Boc or Cbz,

and amldated is converted to the corresponding thioamide, for example using Lawesson’s
reagent according to the procedures described in Willams et al { J. Org. Chem, 2001,
66:8463). The thiamide is then cyclized with an appropriate bromide to give the desired
thiazole substituted with group Q, for example using the procedures described in Ciufolini et
al, (J. Org. Chem. 1997, 62: 3804). Alternatively, the bromide in the present scheme may
incorporate a functional group which may be used to couple a desired group Q to the thiazole
formed from the cyclization step.

For compounds of the invention in which ring A is an oxazole, the intermediate may be

prepared according to scheme 4.

Scheme 4
. OH
=] Y, Ry
17“Y /tI— R6 T_FY R Ri)——Y
N Rs HzN Q Re N ° N
Pr- Re' Re Pr-
OH o
o” "OH \‘/NH o N g N
Q Q _ Q

wherein Q, Y, Ry, Rg, and R’ are as defined herein and Pr is an amine protecting group. The
starting proline analogue is reacted with an appropriate amine using standard amide forming

procedures. The resulting amide is cyclized, for example using Burgess Reagent according to

46



THE S H20 N02 02N RtR N R6 Ri FmocHN NRs NRs3A H~Rs A
Q 10 UTILITY The compounds of the invention inhibit the binding of IAP
proteins to caspases, in 15 particular X-IAP binding interaction with
caspases 3 and 7. The compounds also inhibit the binding of ML-IAP to
the ProearEEe e seiest dmbilk arsé ddrhoEn G ern v EMmeoR) ate cirschd dérydro-
oxagkleiNFRpaRiaaISoi £AHS OISR RERIEE0 6 QHO B RRRIOH G RIgNRISulRituted with
arti ulalgxlcan ericel s. Campo fugd% of the in ﬁﬁtlon are useful for
inducing 5pop osg in CATE Al BVekstSIesd Re Brstaire e ratitsRrporate a
fupgtigpelugrdsroft b da v ovha;&emeﬁal derd2@rndycinihaipatp sischugiells desired
e dheilachorsrialApgniplic pathway s disrupted such that release
of Smac from ML-IAP proteins is |nh|b|ted for example by up regulation of
Bel-2 or down regulation of Bax/Bak. More broadly, the compounds can
Chﬁpﬂﬁﬁﬂkf@f thenbéhtigatmneni-airal bﬁmcﬁfet}éﬁ% i £l 1 wRdardOaccording
c%ta@s Examc%Ies (%f suc tﬁnc]:ancert pes i de neuroblastoma,
O teathe cartNoma Stieh SETEaHTn Ar gofSﬂuﬁaY&ﬁB’r‘Hgmn in which a
stigiintianyieglendnctdus poiyEDsig. cﬁfﬁf@m&shﬁﬁh@érdmarymﬁ polyposistabie

al&&l?&@%aﬂc&% %é%h@eﬂﬁ@é @rﬂﬁ%}asu@sl&lﬁ 8%"(:5%9@:%& Iar).énxl" hé resulting

carcinoma, hypopharynx carcinoma, tong 5 carcinoma, sallvary glan
R Bt HORTA Gk STROY AFish BIVE SR S Sifp b coRialnso thgrofdamino acid
ingaiiitiaraar Hapitadndoy iTitie @ GaB6IRHAMAnFRNAIERT SRINBJUSAR procedures.
parenchym carcinoma, ovarian carcinoma, cervix carcinoma, uterine
corpus carcinoma, endometrium carcinoma, chorion carcinoma,
pancreatic carcinoma, prostate ca¥cheoma, testis carcinoma, breast
carcinoma, urinary carcinoma, melanoma, brain tumors such as
ioblastoma, 10 gstrocytoma, meningioma, medulloblastoma and

’?ﬁ:ipheral neBeogctodermakiNabss, Hodgkin lyfaphoma, masktgelgkin Ra
rR1y Rira
3

20

25

phoma'2Bukki X;fﬁphoqwa-—awfe Iyn;plfrau,q — o~y OH
% AcOH THF, H, H Ry
Ra DME X4 Xq

In a particular embodiment, alanine is reacted with l-methylindole-2-carboxaldehyde and
reduced with sodium cyanoborohydride dissolved in 1% HOAc¢/DMF to give the N-
substituted alanine residue which may be used in preparing compounds of the invention. See

scheme 6.

Scheme 6

NaCNBH3 7/“\05?
+ HoN
\I/“\OR 1% ACOH

Alternatively, the reductive amination procedure to introduce RyR,’ substituents is the final

step in the preparation of the compound.
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(ALL), chronic lymphatic leukemia (CLL), acute myeloid leukemia (AML),
chronic myeloid leukemia (CML), adult T-cell leukemia lymphoma,
hepatocellular carcinoma, gall bladder carcinoma, bronchial carcinoma,

'rlocrﬁ;! Y SP{ﬁérlﬁ%&ho&c%%@ﬂa&eﬂJ PR 13 GRIGRAIT BB UIRIR, they may

mycloma, basalioma, teratoma, retinoblastoma, choroidea melanoma,

alsg &ﬁmsﬁaareﬁn%)bMW%@%WH&%?&M@@WWB@&%%@%S a leaving

gﬁﬁ@ﬂ%ﬁ%@ﬁf@@aﬂ%@%ﬁ@ﬁ&&;ﬂ@%@ﬁ}@d@ﬁ@ﬁ@mxmSifnh an amine
asmo oma Tp,?unds of the invention are useful for

t?f ) cells 0%18 6tie & S|gn 20 Accordingly, the compounds may
be administered prior to, concomitantly with, or following administration of
radiation therapy or cytostatic or antineoplastic chemotherapy. Suitable
cytostatic chemotherapy compounds include, but are not limited to (i)
antimetabolites, such as cytarablr‘?é ﬂ{ﬁ’ﬁa?rablne 5-fluoro-2'-deoxyuiridine,
gemcitabine, hydroxyurea or methotrexate; (i) DNA-fragmenting agents,
such as bleomycmx1(m) DNA-crosslinking %? agentsﬂsuch as chlorambucil,

R@L%)Iatln cyclodddiogphamide opmitrogen muﬁardgg mteréafﬁfrﬁg(hgeﬁts\ R X
s adriamycin (oexoriBicing of mitoxant V}protein synthesis \F/LOH

RII‘I ibitors, such gs L-asparaginase, cycloh@xlmld puromyc?ﬁ%ﬁz
dlphtherla toxin; (V|) topoisomerase | poisons, such as camptothecin or Rs
topotecan (vu) topoisomerase Il poisons, such as etoposide (VP-16) or
|crotubule directed. agen h,as calcemid, 30
F:“ &, é‘ %%‘é‘t‘"\?ﬁnﬁ‘?% tfﬁ?e‘%ﬁﬂﬁ g KRS TRRBR S shgormed

288 ﬁl:m?@w|ddhe stapacsporih ﬂ&‘ﬁﬂ:ﬁxﬁtﬁ@%@lﬁﬁﬂrdﬁaﬁmchhﬁm 01
(7-hydroxystaurosporine); (X) miscellaneous investigational agents such
as thioplatin, PS-341, phenylbutyrate, ET-18- OCH3, or famesyl
transferase inhibitors (L-739749, L3¢4839); polyphenols such as
quercetin, resveratrol, piceatannol, epigallocatechine gallate, theaflavins,
flavanols, procyanidins, bgtullnlc acid and 35 derivatives thereof; (xi) R

rhormones sucFy agglugoco ids or fenretipjde; (xii) hmjrr}gne(ﬁl R2
amaganlsts S ﬁ%@xﬁq,asterldaggHRH antag

articular embodimeht, gompounds of the present mvmﬁlon are
coadministeredWith a cy’fést @ pound selected from tfha group 2
consisting of cisplatin, doxorukic E?xol taxotere and mitomycin C. In a
particular embodiment, the cytostatic compound is doxorubicin. 5 Another
class of active compounds which can be used in the present invention are
those which are able to sensitize for or induce apoptosis by binding to
rdegthriccrptambdidaat Z%@@ﬁ@f@@ﬂﬁ&%l% Suchcagonigisted daaiing amines

d{sesgﬁpego Iizsl IB%!#’d gegtgblieg efgtorl su sti utcl:gn 15 complete to form MN-substituted

alanine residues:

NH,
@\/\NHZ (/\/ﬂ\ qf\ﬁz NHp
ﬁ F
Cl
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tumor necrosis factor a (TNF-a), tumor necrosis factor B (TNF-B,
lymphotoxin-a) , LT-B 10 (lymphotoxin-B), TRAIL (Apo2L, DR4 ligand),
CD95 (Fas, APO-1) ligand, TRAMP (DR3, Apo-3) ligand, DR6 ligand as
well as fragments and derivatives of any of said ligands. In an
embodiment, the death receptor ligandNig,TNF-a. In a particular
embodiment, the death receptor ligand is Apo2L/TRAIL. Furthermore,

~death receptors agonists comprise-qgonistic antibedies Qrdeath NH
receptorssuch Ati-CD95 ananti-TRA L-RI {DR4) antibody, 15 Z

" anti-TRAIL-R2 (DR5) antibody, & RAIL-R3 antibody, anti-TRAIL-R4
antibody, anti- DR6 antibody anti-TNF-RFantibody and anti-TRAMP
(DR3) antibody as well as fragments and derivatives of any of said
antibodies. For the purpose of sensitizing cells for apoptosis, the
compounds of the present invention can be also used in combination with
radiation therapy. The phrase "radiation therapy" refers to 20 the use of
electromagunetie’orpartic ateys efatiogyin the treapatentefneaplasia. N
wBediation therapy is base e principle that hig d 2
delivered to a target area Wwilk#/€sult in the g aHrOfrepfoducing cells i
both tumor and normal tissues. The radiation dosage| regimen is generally
defined in terms of radiation @b56rbed dose (sad), tifd€Hnd fractionationg!
and must be carefully defined by the oncologist. The amount of radiation a
patient receives 25 will depend on various consideration but the two most

important considerations are the location of the tumor in relation to other
mﬁctures o,‘_!%rg*aﬁﬁ of the body, and the extent to which the tumor

sprea 2 Examples o raﬁiotherapeutic agents are provided in, but not
limited to, radiation therapy and is known in the art (Hellman, Principles of
Radiation Therapy, Cancer, in Principles | and Practice of Oncology,
24875 (Devita et al., 4th ed., vol 30 1, 1993). Recent advances in radiation

her include three-dimensiqnal copformal external beam radiation,
C%ﬁgﬁlgﬁéf m éu d% Tated Tadiation ‘?%Jegr}ép%}[%lﬁ %?) ,Oétreﬁr’e 6faf’:'t'|?£fadr8‘s gkﬁa efypmpound
mmoﬁiatwwf({mmﬁﬁawmibﬁmdia_pg/)t,otmtisattéreplam'gagithehenﬁstry
reSRiG6esOf Fadigtion ditsaihninia thednmekasimplanted vess Q{_ﬁé}em%é&dmg to
iatio

newer treatment modalities deliver 52 greater doses of ra n to the
RSO WATEAZCEBLATS TRREN SHEFL SR SficctiEiesanlpr NTbrikRr OOH
wiitelstan diasdiexdein aliiean rasiaiiow thesapy wanizingtadiatioPwiholiowed by
ta-emitting radionuclides is cqnsidered the most useful for =
a(.irgalt% _?&hcqe%:al%oegﬁfﬁ:%%)ﬁﬁ%}ﬁo%s be%:%aeﬁs(?eooﬁﬁgt%b 3 TS A RERRynzene-1.2-
digpapisfas (64eT pod therescidmizinypariclen(slestsyryiand dtsAAtE Hoeliiates, then at

robaDEeHRICRIN Sevarel TRl et I HSTHS)d %@%@M@%S[}gﬁl 's\{x%ﬁegpe%atg Hash

at lower levels over much %eater distances. Alpha particles
chromatography using 50% EfOAc/Hexane to yield the product. The Fmoc-alanine

derivative, phosphorus pentasulfide and sodium carbonate are mixed in THF and stirred
overnight.  The solution is concentrated and direct chromatography using 80%
EtOAc/Hexane yields the activated thioalanine. The activated thioalanine and sodium nitrite
are then mixed in acetic acid and diluted with H,O. The resulting precipitant is filtered and
dried to yield the product. The thioalanine is coupled to an A ring substitued proline amino
acid residue analog by dissolving both in DMF. The thioamide product may then be
deprotected with 20% PIP/DMA for 15 minutes and used to conjugate to the Ry/R,-N-
C(R3)(Rs")-COOH. Alternatively the Fmoc-protected thioamide is first coupled to the A ring
substituted proline amino acid residue analog followed by Fmoc deprotection and subsequent

coupling to the Ry/Ry*-Ry/Ry"-N-C{R3)(R;"}-COOH amino acid residue analog.
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represent the other extreme, they deliver very high LET dosage, but have
an extremely limited range and must, therefore, be in intimate contact
with the cells of the tissue to be treated. In addition, alpha emitters are
generally heavy metals, which limits the possible 10 chemistry and
presents undue hazards from leakage of radionuclide from the area to be
treated. Depending on the tumor tghedieated all kinds of emitters are
conceivable within the scope of the present invention. Furthermore, the
present invention encompasses types of non-ionizing radiation like e.g.

|at|on and lasers. In ag,

i tlon UV radiation is ap I|ed H
The inventign also includés pharmaceutica ompositions@hLAREic
containing the compounds fthe invention and a therapeutically i iner
carrier, diluent or excipient, ggwell as 20 piethdds of using the

compounds of the invention to prepare such compositions and

medicaments. Typically, the compounds of formula | used in the methods

of the invention are formulated by mixing at ambient temperature at the
appropriate pH, and at_the deswedeegree of purity, with physiokgicall
acceptable carriers, i. cargers thiat‘are non-toxic to recipients at they N

@,m,ﬁg@é@nd Oyed in ggaN%g% igal BuinsiiStration N
n depen the particulag use

form.25 The pH of the fo mulat
andrtiae concentration of COMPOURd, but ma¥is@nge anywhere from abo

embodlment In an embodiment, the fnhibitory compound for use herejrhs
sterile. The compound ordinarily will be stored as a solid composition,
although lyophilized formulations or aqueous solutions are acceptable. 30
The composition of the |nvéh1t|on will be formulated, dosed, and
administered in a fashioffzconststent.with good medical practice. Factors

*f%—mnsrd'eratlo int ﬁ] éthe particular disorder being
ted, the parti amyj '

individial_gatient, the cause of

considérations, and is the minimum amount necessary to inhibit IAP
interaction with caspases, induce apoptosis or sensitize a malignant cell to
an apoptotic

UTILITY

The compounds of the invention inhibit the binding of IAP proteins to caspases, in
particuiar X-1AP binding interaction with caspases 3 and 7. The compounds alsc inhibit the
binding of ML-IAP to Smac protein. Accordingly, the compounds of the invention are
useful for inducing apoptosis in cells or sensitizing cells to apoptotic signals, in particular
cancer cells. Compounds of the invention are useful for inducing apoptosis in cells that
overexpress IAP proteins. Alternatively, compounds of the invention are useful for
inducing apoptosis in cells in which the mitochondrial apoptotic pathway is disrupted such
that release of Smac from ML-IAP proteins is inhibited, for example by up regulation of
Bcel-2 or down regulation of Bax/Bak. More broadly, the compounds can be used for the
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5 signal. Such amount is may be below the amount that is toxic to normal
cells, or the mammal as a whole. Generally, the initial pharmaceutically
effective amount of the compound of the invention administered
parenterally per dose will be in the range of about 0.01-100 mg/kg, for 10

treatanenplef’ ab cah @1t te@ @ iy Kl of padiert Bpchtoveigixtpeleday sivithdher wypes
uRREHUINRIIR00E SEQmPAUITIRedhaing 0.23,0, 15 Maladay Otal uikt,,
0]

dosage forms, such as tablets an capsules may y contain from a

fii s OO IPieS P HRO BB ATBRRTIRCHNh Beiredmtiornn-ThieTsoim polaredtal dhveer,
cd%@gﬂ%m&%aﬁmﬂ@aﬁfﬁgxﬁw aysulablg.meansociNding.arah 4o tong

%al tran dermal aEﬁatrenteral subcutaneous, mtraperltoneal

Ipuitmotfal (EFHERRT %  GaSF e SRERPRIA0 AP BRSAFHRGR2, medullary
tmﬁsmhadmIp@ﬁmnhﬁammaimnﬂmumlrmm@mm@ﬁmc

cdf&tﬁ%\‘(?an%léﬁnﬁtr&%{%ﬁé tra ecg}glg]%al oy, subcutaneous administr, datl%n D

An example of a suita ora osage or m |s A tablet or?tralnlng abou
TR SORTLL ORI S GARGICSHS 0T R Boofa RrastrispBImtbofthesinventiopma,
bre@RerHRsh WithRBP W2 8n3Rr30niag-anhy drpus lactese, sﬁQ?LHs5§4igﬁﬂgtoma

sodium croscarmellose, about5 -30mg polyvinylpyrrolidone (PVP) K30
aSHRE KBt T G Mra R R O A P h oW TR e FRSFRsieal afimors,
Hfidgkimn ixe@hogem:en-amghenymptmdxwlmmuﬁi@hoﬂfatmxﬁéd&?mﬂiﬁc leukemia

AEERER SO BTSRRI g, o

magnesium stearate and compres m usmg con

mé%}ai%%kﬁmmrﬂa%)s@ﬁéﬁ@ﬁh&ﬂm%@rpp@pm@w@@emmngm gall
bIEQTBPEABEORE, BBMRIA S:AQ0.m4. Qﬁéhecléwﬁmgoﬁa}@l@oﬁ{é't%l?s%ﬁe&n lung

salution, e. phosphate buffer, adding a tonicifier, e.g. a salt such
CoLRT RIGIRIE TR ok o [STRHE PIEaNF GRS b g aome.
seOPamicramdtitemyo remmowe. mpatitisieanckaantaniioantsods, EXAMMREESma,

n | e full u erstood by refer ence to the following
mg}grn%%g H%)}m%g W’ Efgr no]%lahowe\‘(fyer Benyc?ons?jt?uaegl asﬁ?r%"%lng the
scope of the invention. Reagents and solvents were obtained from
cgomm rcial. squrces and used as received. ISCO 54 chromatography

COBRSHPES e aWgﬂﬁQBkéﬁesﬁi%eﬁ”éef%lﬁ?ﬂﬂg%?ga@B?nﬁ%n‘?‘aﬂp%el%gnals
Adgyprdietidyineelsopounds ina}doﬂm;ifﬂem@s&apﬁdn&dd &ﬂi&)ﬁﬁﬁﬂt@uﬂiﬁh ofrabbliowing

adﬁ%ﬁh%%ﬁ@f?%i"’:%@ag% % % 1rc]:dorH meop‘?as?(y chemotherapy Suitable
Abbreviations Used herein-are as follo
cytostatic chemotherapy compounds include, but are not limited to (i) antimetabolites, such

as cytarabine, fludarabine, S5-fluoro-2°-deoxyuiridine, gemcitabine, hydroxyurea or
methotrexate; (i) DNA-fragmenting agents, such as bleomycin, (iii) DNA-crosslinking
agents, such as chlorambucil, cisplatin, cyclophosphamide or nitrogen mustard; (iv)
intercalating agents such as adriamycin (doxorubicin) or mitoxantrone; {v) protein synthesis
inhibitors, such as L-asparaginase, cycloheximide, puromycin or diphtheria toxin; (Vi)
topoisomerase I poisons, such as camptothecin or topotecan; (vii) topoisomerase I poisons,
such as etoposide (VP-16) or teniposide; (viii) microtubule-directed agents, such as colcemid,
colchicine, paclitaxel, vinblastine or vincristine; (ix) kinase inhibitors such as flavopiridol,
staurosporin, STIS71 (CPG 57148B) or UCN-01 (7-hydroxystauresporine); (x) miscellaneous
investigational agents such as thioplatin, PS-341, phenylbutyrate, ET-18- OCH,, or farnesyl
transferase inhibitors (L-739749, 1-744832); polyphenols such as guercetin, resveratrol,
piceatannol, epigallocatechine gallate, theaflavins, flavanols, procyanidins, betulinic acid and

derivatives thereof; (xi} hormones such as glucocorticoids or fenretinide; (xii) hormone
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ACN: acetonitrile; Chg: cyclohexylglycine; DCM: dichloromethane
DIPEA: diisopropylethylamine; 10 DMAP: 4- dimethylaminopyridine;
DME: 1,2-dimethoxyethane; DMF: dimethylformamide; DMSO:

dimethylsulfoxide EDC: Iethyl -3-(3-dimethylaminoprop )carbodnmlde 15
SnAEpRSS SR, AR B3 G BIERTBITG L ERAS SHifembodin
@hﬁam&@aﬁhymsmwemm@ewydﬁﬁﬁdte@ Wit Az olaesiziir@aglcund selected
ﬁ'w 8 gﬁﬁg@gﬁ?}?ggﬁ;ﬁ%%%ﬁﬁ‘)"(’%‘y”lﬂ‘ Oﬁh%h 1 btlc_lrg) a%[d mitornyein C. In a
p@t(qﬁ@@éwgémzbwmﬂwmwmmtm
Hexafluorophosphate 20 HPLC: high performance liquid chromatography;
NBS: N-bromosuccinamide; TASF: tris(dimethylamino)sulfonium
difluorotrimethylsilicate; TEA: triethylamine; TFA: trifluoroacetate; 25

Ail{drdlr'e'rtemmyﬂ mfwaﬁé@@ﬂmlewh&i{teﬁhBsutaxgmmibma)ﬂréiem invention are those

yrroI-% % noJ-propionic a g B /%I'EH "
B 0 U RO B o S 2 St ap (o
regipioHagoRisG THIRCIH 200084 CoB death aeiztninancligd deatly dsq@ipr ligands such as
R HH04s I?QIJ{&J% 16arR9XalARPYEE &S #8033 TMMAY) 15RIHMBxino) , LT-6

cyanoboroh drid {2 04g 32.5mmol) and AcOH (1% Were mixed in DIM
}/ (ApolL, DR4 ligand), CD95 (Fas, APO-1) ligand, TRAMP (DR3,
Apo—3) hgand, DR6 ligand as well as fragments and derivatives of any of said ligands. In an
embodiment, the death receptor ligand is TNF-¢. In a particular embodiment, the death
receptor ligand is Apo2l/TRAIL. Furthermore, death receptors agonists comprise agonistic
antibodies to death receptors such as anti-CD95 antibody, anti-TRAIL-RI (DR4) antibody,
anti-TRAIL-R2 (DRS) antibody, anti-TRAIH -R3 antibody, anti-TRAIL-R4 antibody, anti-
DR6 antibody, anti-TNF-RI antibody and anti-TRAMP {IDR3) antibody as well as fragments

and derivatives of any of said antibodies.

For the purpose of sensitizing cells for apoptosis, the compounds of the present invention can
be also used in combination with radiation therapy. The phrase "radiation therapy" refers to
the use of electromagnetic or particulate radiation in the freatment of neoplasia. Radiation
therapy is based on the principle that high-dose radiation delivered to a target area will result
in the death of reproducing cells in both tumor and normal tissues. The radiation dosage
regimen is generally defined in terms of radiation absorbed dose (rad), time and fractionation,
and must be carefully defined by the oncologist. The amount of radiation a patient receives
will depend on various consideration but the two most important considerations are the
location of the tumor in relation to other critical structures or organs of the body, and the
extent to which the tumor has spread. Examples of radiotherapeutic agents are provided in,
but not limited to, radiation therapy and is known in the art (Hellman, Principles of Radiation
Therapy, Cancer, in Principles I and Practice of Oncology, 24875 (Devita et al., 4th ed., vol
1, 1993). Recent advances in radiation therapy include three-dirmnensional conformal exiernal
beam radiation, intensity modulated radiation therapy {IMRT), stereotactic radiosurgery and
brachytherapy (imterstitial radiation therapy), the latter placing the source of radiation

directly into the tumor as implanted "seeds". These newer treatment modalities deliver
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overnight. The reaction was quenched with H20, and DMF was
evaporated. The mixture was 5 diluted with EtOAc, washed by 0. IN
NaOH, dried and concentrated to yield product ¢ 2.5g. The resulting ester
c (2.5g, 12.8mmol), di-tert-butyldicarbonate (3.06g, 14mmol) were mixed

etbatbH st Wﬁﬁt%ﬁ"f@%@ﬂ&ﬁwﬁ@ﬁj LUEHRIIRS: HelFWAS SYRRIAR e ss when
cgnd thﬂeﬁmixture was diluted with EtOAc, washed by IN NaOH, sat. N144Cl

@SRRI HALEmA BT R ntrated to yield the
Boc-protected ester d 3.3g. The Boc-protected ester d (1.67g, 10 5.6mol),
Iopigipin TGHES Y HoRg i dies ( Zediamycldey nifmevidsredmixe dupsT Mgeful for
radfithbiR6uic QFpliThionyassacsivmed g{&a&a@thseapm@gymd%@ﬁ) RY the
. dilute H2S0O4, extracted b%g EtOAc.twice. Organic |layers were combined,

B BT B iy DO (R AORSBI LT araiert o s
Gy reb2 ddhvethydyamimolepropionle acid smuth Examplts@ribiazaleha particles
reHBSHlRLEM Ui LANESRANS VEAORHEN B CBRaG0RNHE N2 iremery
_74%, flashed SO0 a b Following the general proceduré of Williams .

Limitrd spnes PRIRmetafhWET9cOPy . I FRSiaZ0RPRIBS With 816 3518 ehiste sk o be
trd¥t&abZnpilitie-n sk 4500 MGe 2:6herMNP hAWeSSAR SWARHSHA 2N M ssible
h1.0.5_ mmol) and toluene (5 mL). was heated at reflux for 2 h. The solution

a5 Conterratet, BHSsBea s S Chilte i PURRBE By Hadhm e area to be
tregrd rategdashyn (802400 tethyhmdethiendiexand s ptoaadfarsk 393otagyithin the

scbbA%DRf GRLBRHRG.R.S a colorless solid. O Cbz’NNH2/NC N S Chz
25 b ¢ 56 Following the general procedure of Ciufolini (Ciufolini, M. A. et

Flﬂhélﬁn%[g,'t cb %%Se]ﬁ 91171'€fe611%bn encompasses types of non-ionizing radiation like e.g.
ultraviolet (UV) radiation, high energy visible light, microwave radiation (hyperthermia
therapy), infrared (IR) radiation and lasers. In a particular embodiment of the present

invention UV radiation is applied.

‘The invention also includes pharmaceutical compositions or medicaments containing the
compounds of the invention and a therapeutically mert carrier, diluent or excipient, as well as
methods of using the compounds of the invention to prepare such compositions and
medicaments. Typically, the compounds of formula I used in the methods of the invention
are formulated by mixing at ambient temperature at the appropriate pH, and at the desired
degree of purity, with physiologically acceptable carriers, i.e., carriers that are non-toxic to
recipients at the dosages and concentrations employed into a galenical administration form.
The pH of the formulation depends mainly on the particular use and the concentration of
compound, but may range anywhere from about 3 to about 8. Formulation in an acetate
buffer at pH 5 is a suitable embodiment. In an embodiment, the inhibitory compound for use
herein is sterile. The compound ordinarily will be stored as a solid composition, although

lyophilized formulations or aqueous solutions are acceptable.

The composition of the invention will be formulated, dosed, and administered in a fashion
consistent with good medical practice. Factors for consideration in this context include the
particular disorder being treated, the particular mammal being treated, the clinical condition

of the individual patient, the cause of the disorder, the site of delivery of the agent, the
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3804), ethyl bromopyruvate (200 pi, 1.43 mmol) was added to a

suspension of thioamide b (378 mg, 1.43 mmol) in ethanol (5 mL), and

the mixture heated at 80 C for 5 min. The solvent was evaporated under

reduced pressure, and the residue purified by flash 5 chromatography
method A radipisERitfen (50 sabrbgnieeth idaeia sifatioax ane et dferIs3mwn to
ko 7AYO SR Z 1R c ARaico BHRSS SOHitheQb:duld B BeQdaisteha dill be
10 Phepyl magnesium bromide (2.1 mL of. 1.0 M solution in THF, 2.1
SRHTR s SR BT 5% SoRr (PR BB RoF SSI872 1400y, 1A
inlerefionoWith TdsEaS.mhduwverbpioin. ofhersodiing batlzweas cdinoved aodtotic
sipgisokution alawed 1aAPRENERAMASIRGIAIE, 3t WRNCRIMEILAS or the

poured into saturated agueous NH4CI (50 mL). The aqueous layer was
maRRe s Whtls09% ethyl acetate-hexanes (3 x 10 mL). The combined
organic layers were 15 dried (Na2S04), filtered, and concentrated. The

residue was purified by flash chromatography (SiQ2, gradient elution, :
B, e TS ALY (s PG (Ufohy B LI Hagegtion
adgolodess! solidni@kliPpet ©be RhilPhe Bh theGhreMN & ©Dourt @.612000 mg/kg, for
&Hﬁﬁ@ﬂ@é\ﬂ%@%%y@&%@%ﬁJﬁé& l—bé!%?&ﬁtﬂ gﬁ%ﬂgﬂrl]%ge

to alcohol d, and the resulting solution was allowed stand at rt for 1 h. The

olseERRIaS e ApFraletiicaht sde did [ Hurmeeren damps, such as tablets and
caRhoR ategtapan (BR300t ace e ey e shithaliiardfahe invention.

guantitative yield of compound e as a colorless oil. 25 57 H
The compound of the invention may be administered by any suitable means, including oral,
topical, transdermal, parenteral, subcutaneous, intraperitoneal, intrapubmonary, and
intranasal, and, if desired for local treatment, intralesional administration. Parenteral
infusions include intramuscular, intravenous, infraarterial, intraperitoneal, or subcutaneous
administration. An example of a suitable oral dosage form is a tablet containing about 25mg,
50mg, 100mg, 250mg, or 500mg of the compound of the invention compounded with about
90-30 mg anhydrous lactose, aboui 5-40 mg sodium croscarmellose, about 5-30mg
polyvinylpyrrolidone (PVP) K30, and about 1-10 mg magnesinim stearate. The powdered
ingredients are first mixed together and then mixed with a solution of the PVP. The resulting
composition can be dried, granulated, mixed with the magnesium stearate and compressed to
tablet form using conventional equipment. An aerosol formulation can be prepared by
dissolving the compound, for example 5-400 mg, of the invention in a suitabie buffer
solution, e.g. a phosphate buffer, adding a tonicifier, e.g. a salt such sodium chioride, if
desired. The solution is typically filtered, e.g. using a 0.2 micron filter, to remove impurities

and contaminants.

EXAMPLES
The invention will be more fully understood by reference to the following examples. They

should not, however, be construed as limiting the scope of the invention. Reagents and

solvents were obtained from commercial sources and used as received. ISCO
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N Phh PhNPh CN SNJ\.S CbzH e fFollowing the general procedure
of Thurston (Bose, S. D.; Thurston, D. E. Tetrahedron Lett. 1990, 31,
6903), BF3Et20 (0.78 mL, 6.2 mmol) was added to a solution of
carbamate e (280 5 mg, 0.62 mmol), propanethiol (560 I, 6.2 mmol) and

cxemﬁdgréghmte)fas g@ Mtesch gaa@bﬁeafhﬁiiﬁﬁ i RAU eLripihio system by
a sgrregd. vigoyou or.1 h. The layers were separate
THE %Pg%%c%&i“wgs\gﬁééﬁe%thdiﬂ%s%ﬁmw it SPrgpounds were

cheskedine 8 QfSeod SHAYMR mwehsiextracted with CH2CI2 (2 x 5 mL), and the
combined organic layers were dried (K2CO3), filtered and concentrated.
The residue was purified by flash 10 chromatography (Si02, gradient
A@Hﬁ‘ﬁ%ﬁﬁ‘%-ﬁﬁ%ﬁ?’)ﬁ‘%ﬂﬁ?%g@ﬂa{‘éﬁhexanes, 1% TEA) to afford 122 mg
ABI%)ealmamiae f as a colorless solid. Example 3 oxazole substituted
Cﬁ%rcolg (i)régxéq (goez_H 0 O H O + HCI=H2N~'AO N~Oi NBoc HOB NBoc
5 A b A hixttre of N-Boc-proline a (5.35 g, 24.9 mmol) serine methyl
Dedfedisplivonisibeiie b (3.50 g, 22.5 mmol), EDC (4.76 g, 24.85 mmol),

DPEEA(G PR a0l and CH2CI2 (90 mL) 20 was maintained
overnight. The mixture was diluted with CH2CI2 (200 mL) and washed

i1 R edleipPRiding 1 N NaOH (3 x 200 mL) and brine (1 x 100
DME). Theiekgenigetayer; was dried (Na2S04), filtered, and concentrated to

Dﬁg?@’%éﬁ Z_r:”a{%/éﬁgg;dipeptide cas a colorless fc_Jam. CC_)ZMe_ O H O JJIN]
oc ~NBoc’25 cd To a cool (0 C) solution of dipeptide ¢ (4.57 g,
D& wimetysandfos (100 mL) was added Burgess Reagent (Pihko, P. M.;
EOSKIAg R AcMiFenNSsingRMidRigsangn. K. J. Org. 58

EEDQ: 2-ethoxy-1-ethoxycarbonyi-1,2-dihydroquinoiine

LCMS: hquid chromatography mass spectrometry;

HATU: O«(7-Azobenzotriazol-1-yl}-1,1,3,3-tetramethyluronium hexafluorophosphate;
HOBt: N-Hydroxybenzotriazole

HBTU: 2(1H-Benzotriazol-1-yl)-1,1,3,3-Tetramethyl-uronium Hexafluorophosphate
HPLC: high performance liquid chromatography;

NBS: N-bromosuccinamide;

TASF: tris(dimethylamino}sulfonium difluorotrimethylsilicate;

TEA: triethylamine;

TFA: trifluorocacetate;

THF: tetrahydrofuran;

Example 1 2-[tert-Butoxycarbonyl-(1H-pyrrol-2-ylmethyl)-amino]-propicnic acid

di-tert-butyldicarbonate

0
H . Q NaCNBH, ’
— N
N / " Y ot 1% AcOH WH%O&
= o 0O
DMF
a b [

THF, HQO, NaHC03
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Chem. 1999, 64, 652, and references therein) (3.77 g, 15.8 mmol) in 3
portions over 30 min. The cooling bath was removed and the reaction
allowed to reach it, then heated at reflux for 1 h. After cooling to it, the
THE was removed under reduced pressure and the residue was
pfrtitioned b twe%%I EtOA@C(HQQ(InL) and saturated a eous NH4C1(200
m ga ayerwaswazghed wi N144C1(2 x
L) THe cambined aqligbug,Phases %erz extraFted ith EtOAc (1 x
50 mL) anBthe combined organic phases were waged with brine, dried
(Na2S04} filtered, and concentrated. The residue gvas purified by flash
chromatography (Si02, 50-75-100% ethyl acetate-hexanes) to afford 2.94
Ada6B/6)hyt mwmdwmlmm@Mom@@amﬁmWM) Csbdiium

%Qn&l@r%ﬂmc(ijoﬁ%%@ H‘%&eﬁ%@ﬁ Igl??q%lee %9@@%&{5 Q&? 'stirred

oskinen Nissinen, M. J issanen, K. J. Or

Oi@whsﬂ}@stzaﬁm FefesapRASd I ﬁ;%%ré@%%@esem?dﬁ@im was

di&@@d&ﬁi@?%@#@r @sﬁ@c@aﬁ@l_msg 5 Mm&%ﬂs&&i@a&am@@ AR&kD 2.50.
mol) an m m ere r xture

T R Tt 2 T L B O b o g pived

udﬁﬁﬁsﬁe@ w@iuhhﬁ@ﬂdaéﬁl QYrrp iR 83 migol T HN o <6 @G d 21 ¢@ Sandlt howéxthre was

ffifds the, Geeling Haiyves 1emenss and the Aixiire SHr feﬁﬁé’ﬂ%{g&*% [Qfxture

2 h. The reaction was then poured into 1:1 saturated aqueous NH

Weéﬁen%tﬁﬁﬁ@wmélﬁ@cgﬁﬁt@ﬁ%ﬁwrs&ﬁw%e%)&@ad@aew% mAdl 67g,
5@@@15%%119&@@&6%&9 hQHGARID PRAS BSTMERR)Y achestivii S traledH O at

sNH4C1 2 x 50 mL), brine, dried (N 4
OB S o P T T Sy B A st b
E%M@Ih@tmdwmmsbmaﬁ@dﬂed en38&4joodftokardte pratuat 2-ftert-

o SRIRHESR SAUGEHOH B SRR Pl oy PR NRRE NBoe

Exampie 2 thiazole substituted pyrrolidine

r> lawesson's
reagent N
_N 9 Cbz”
Chz NH,
NH
\y 2 74%, flashed &
O
a b

Following the generai procedure of Williams {Williams, D. R. et al, M. J. Org. Chem. 2001, 66,
8463), a mixture of N-Cbz-proline amide a (500 mg, 2.0 mmol) Lawesson’s reagent (420 mg,
1.05 mmol) and tolnene (5 ml.) was heated at reflux for 2 h. The solution was concentrated,
adsorbed onto Celite, and purified by flash chromatography (8i0;, 40% ethyl acetate—

hexanes) to afford 393 mg (74%) of compound b as a colorless solid.

foo
/N /4
Cbz N, ERS |

o
o]
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e f Phenylmagnesium bromide (4.4 mL of 1.0 M solution in THF, 4.4
nunol) was added dropwise to a cold (-78 C) solution of ester e (600 mg,
2.0 mmol) in THE (10 mL) over 5 min. The cooling bath was removed and
the solution allowed to reach it, at which time it was 59 poured into

FeBtwaiethagure sttt Gt ReRasous layer yas exyrasies Wil 4,
33&;)0 e(%}%3(/#acetate-hexanes (3 x 10 mL), The combined organic layers
e

we TRECTEGA® fiftdteds, hivd ROMEL Rafeges oz SiBensiqmerl thioamide b
(Prifigd s fiasioBhrostategraphyl (S gradientrehdion, ABBOAY0 LYl The
te:he a 443 mag, (52%) of oxazole fas a. 5 colo£e S
e S R oY R TR 8 B i Ty ot
chtdrgarky d8 P scrbinnisliytionalfon@idh otz bivotd¢Sexa0em ey ifbrd 293 mg

(TOVRY Bg 426 Roisak)s Thgiresulting solution was allowed stand at rt
for 1 h. The solvent was evaporated, and the residue partitioned between
EtOAc (20 mL) and I N NaOH (20 mL). The organic phase was washed
with IN NaOH (2 x 20 pal). The combined aqueous phases were H
extracted with %%@5& 20 mL), and the combined organic phase were
was with Inring’ (Ix 20 mL) dried (Na2S04), filtered,-and co rased
to af?gsj/\}&é\mim g as a colorless oil. contaminated ﬁ&ree(ﬂud i
trieth?l@ilane.aﬁ's material was used directly in the ﬁEK&t coupﬁﬁg'.
Examp@h4 Synthesis of methyl ketones: 20 McO2C Mc®2C O TO ab A
mixture of dihydrobezofuran a (Davies, H. M. L.; Grazini, M. V. A.; Aouad,
E. Org. Lett.* - d

Phenyl magnesitum bromide (2.1 mL of 1.0 M solution in THF, 2.1 mmol) was added

dropwise to a cold (—78 °C) solution of ester ¢ (360 mg, 1.0 mmol) in THF (5 mL) over 5
min. The cooling bath was removed and the solution allowed to reach room temperature, at
which time it was poured into saturated aqueous NH,Cl (50 mL). The aqueous layer was
extracted with 50% ethyl acetate-~hexanes (3 x 10 mL}). The combined organic layers were
dried (Na,SOy)}, filtered, and concentrated. The residue was purified by flash chromatography
(810,, gradient elution, 30-40% ethyl acetate~hexanes) to afford 404 mg (84%) of thiazole d

as a colorless solid.

OH
N Ph H
Ph ' Ph
(>—*</ | N— “pp
s (>~
Cbz N 8
Cbz
d

e
Triethylsilane (850 pl, 5.3 mmol) and TFA (5 mL) were added sequentially to alcohol d, and
the resulting solution was allowed stand at 1t for 1 h. The solvent was evaporated, and the
residue purified by flash chromatography (5i0,, 30% ethyl acetate-hexanes) to afford a

quantitative yield of compound ¢ as a colorless oil.
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2001, 3, 1475) (160 mg, 0.9 mmol) DDQ (300 mg) and CH2CI2 (11 mL)
was maintained at room temp. for 2 days. The solution was diluted with
50% ethyl acetate-hexanes and washed 25 with 0.5 N NaOH (3 x 10 mL),
brine (1 x 10 mL), dried (Na2S04), filtered, and concentrated to afford
150 mg (93%) of bezofufan b. 60 COZMe O N%. O bc

Isopropylmagnesiugn ¢ Bﬁ% (7.1 mL of a 2.0 M solution in THEp}4.2
mmol) Wa <To /drq wise to a mixture of ben ran | ester b
(500 mg, Z:8¢ mmatyrand N,O-dimethyl hydroxyl ami \flyd ochloride

(690 mg, 7.1£nol) and THE (8 mL) maintained <E20 C. 8 The mixture
was allowed to warm to O C over 20 min, then poured into 50 mL of
saturated aqueousNH4CI. The aqueous phase was éxtracted with EtOAc

F6Bow2hk: ik Jodhe-Corobinad opamieoRiBses were Tashed with brpentlaQer.

). dried (Na2S04), filtered, and concentrated, to afford 577. mg (85%)
1 R o B g SR B RS 250
mg, (660 mgoel3. 2R pametilobfd T (Brmio)ivas QHHEY (9 ep8 i biiag at rt,

) solygion i he.solution. was intai atQ C
B R e U TR e
wiTe esphetedapmthe Pigeawi piiase Wea s pehaddithtb M 0@ (Bf satmatdithe

cAAMEoHSNHACL The BUSAUS RNASE &ﬁmﬁg %?M%&%E&%ﬁ@%&%%m

mL), the combined organicghases were washed with brine 1 x50 mL),
lagrra ¥ TR 4 S By (itrdrElieman ardaoseriEist: e fydL et nayTiBodby dfesh
cikotonesthds eseipairadictd ciidiok, @20 GMmbtiiie Qf NORSSINY 1% TEA) to

(IS OACR (22,9, 1.8 o oo tgfone © (30, 159 mmal) ant

mL) was heated at for 1 It, then 60 C for 2 h. The
mixture was then poured into 500 mL of saturated aqueous NH4C1. The
agueous phase was extracted with

Example 3 oxazole substituted pyrrolidine

O
CO,H O O H
C{ . N Ao
NBoc H z
HO— NBoc \OH
a b c

A mixture of N-Boc-proline a (5.35 g, 24.9 mmol) serine methyl ester hydrochioride b (3.50
g, 22.5 mmol), EDC (4.76 g, 24.85 mmol), DIPEA (4.0 mL, 22.5 mmol) and CH,Cl, (90 m1L)
was maintained overnight. The mixture was diluted with CH,Cl, (200 mL) and washed with |
NHCI (3 x 100 mL), 0.1 N NaOH (3 x 100 mL) and brine (1 x 100 mL). The organic layer
was dried (Na,SOy), filtered, and concentrated to afford 5.2 g (73%) of dipeptide c as a

colorless foam.

COMe
0 N
O H |
NBoc —\OH NBoc
c d

To a cool (0 °C) solution of dipeptide ¢ (4.57 g, 14.4 mmol) and THF (100 mL) was added
Burgess Reagent (Pihko, P. M.; Koskinen, A. M. P.; Nissinen, M. J,; Rissanen, K. J. Org.
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Et20 (3 x 150 mL), the combined organic phases were washed with water
(3 x 150 mL), brine (1 x 50 mL), dried (Na2S0O4). The mixture was
adsorbed onto Celite, and 61 chromatographed (ISCO, 120 g silica
column, 10-60% EtOAc-hexanes) to afford 2.23 g (61 %) of the hydroxy

CREAEN a5 B/CokRlesSsRlithd mEdihAl 78 Q 13. é\ﬂ%ig[ﬁ %&8&%%%9&‘30 min.

9 g, 106 mmoal), fluoro ketone e (2.0 g, mmol) and DM
T%a”'%%? E‘%’ﬁ?ﬁ?&?ﬁéﬁ‘%ﬁ%ﬁﬁaﬁ&&%a%gﬁ%@é@% 3&9.1@9 atavﬂux for

1 Ehafrmixturingvastfideripifues iniowdQivd. redidet Nagite FREBEHIRNS was

PBIEBEB SIS U St BT LS KA SR

IR S bThEifh |$&E¢éf9@@§%émfﬁoi Celith). did chmbinetegrapiathases
wHS e RadQulRRhaalica GalumaL§ &Q"(&@é&%@%ﬁg}ﬁ&) ﬁf?a?gg%grgwéa%&d with

5% itril llow solid. Br S Br Br h A 'mixture of
‘%ﬁ'ﬁ BQ%f‘éé‘i‘? D egﬁe?%saﬁﬁ%ﬁa o ORI e Fsoesiflte WasE ARSI PYAtEIOH
clﬁ@rribﬁagn@hpv{i&@iﬁmaﬂqm% ¢th¥Babetdlechmisisd pravarsopbY bads i mL

NaQH and. ed with EtOAc (3 x 50 mL). The combined
1
COg{’g%‘ch phgasgag Wlef%%{\?ia%hed with 1 N NaOH (1 x 50 mL), brine (3 x 50

mL), dried (Na2S04), filtered and concentrated to afford 2.06 g (98%) of
thioether i as a colorlegggihe/ / SS O 20 To a -78 C solgtigpHf bromide i

(500 mg, 1.87 mm ndTHF (15 mL) was added see- Bg (1.6 mLof 1.4
M solution in cyclohiexane, 2.25 mmol) over 5 min. Af r Bmin at -78 C,

the dark purpte=sdlutih was quenched rapidly wi ©0.5 mL) and the
solution 62 NBoc NBoc

d &
Following the general procedure of Koskinen (Pihko, P. M.; Koskinen, A. M. P.; Nissinen,
M. J; Rissanen, K. J. Org. Chem. 1999, 64, 652, and references therein), to degassed CH,Cl,
(25 mL), was added CuBr (8.79 g, 39.3 mmol}, hexamethylene tetraamine (5.51 g, 393
mmol) and DBU (5.9 mL, 39.3 mmol) and the resulting dark mixture stirred vigorously while
it was cooled to 0 °C. To this mixture was added a degassed solution of d (2.94 g, 9.83 mmol)
and CH,Cl, (25 mL) over 5 min. The cooling bath was removed and the mixture stirred
vigorously for 2 h. The reaction was then poured into 1:1 saturated aqueous NH,Cl: cone.
NH4OH (200 mL), stirred for 30 rmin, then extracted with EtOAc (3 x 50 mL). The combined
organic phases were washed with saturated aqueous NH,C! (2 x 50 mL), brine, dried
(NazS04), filtered, and concentrated. The residue was purified by flash chromatography (SiO-

2, 40-50% ethyl acetate-hexanes) to afford 1.1 g (38%) of oxazole ¢ as a colorless solid.

COzMe Ph
N\ = N\ N
o C%O
NBoc NBoc

e f

Phenylmagnesium bromide (4.4 mL of 1.0 M solution in THF, 4.4 mmol) was added
dropwise to a cold (=78 °C) solution of ester ¢ (600 mg, 2.0 mmol) in THF (10 mL} over 5

min. The cooling bath was removed and the solution allowed to reach 1t, at which time it was
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warmed to 0 C and maintained at that temp. for 5 min. The solution was

then poured into saturated aqueous NH4C1 (50 mL). The aqueous phase

was extracted with EtOAc (3 x 25 mL), the combined organic phases

were washed brine (I x 50 mL), dried (Na2S04) and filtered. The mixture
pevisdagsospRtRied teatwlite Nah gl difordaro Ghaplgech (ISIEYD; ¥2sgesitieaed with 50%
AU Q-10% EIQACsheyanes) e AHg069 E?%Jlﬁgcg%%)ef’sf _@EJ&% %e%lgé‘sasésog,

aclearoil. // SSHOHVV iis To asolution o hyde j (400 mg, 1.
filteereamacreratEsd Hhe asiduaaasmeniiee brofeshbeormagsonhy Rifloretpdient
eflitithn, 28-pomORabQT. atharcoltian)yvas Maitainedat BBIHPLILOBRRIP.as a
O(t) %{%al!s% u?d to warm to 20 C for 30 min. The mixture was poured into 50

ML of saturated agqueous NH4C1. The aqueous phase was extracted with

EtOAc (3 x 25 mL), the combined organic phases were washed with brine

(1 x50 mL), dried (Na2SO4), filtered, and concentrated to gfford crude

alcohol k as a clearail_Which was used without further p fifgation. 150

~S=0 OH OH k| To # sBiution of crude sulfide k and MJ{):H 75 mL) at 0

C was added a sus e ion of Oxone (1.3 g, 2.1 mmoljinwater (5 mL)

over 20 min. The e was allawed tq reach ro mp and then

poured into 5¢ mL of saturated aqueous NH4C1. he;\\ggqueous phase was

extracted 20 w c (3 x25mL), the combinea/organic phases were

washed with brine (4 x 50 mL), dried (Na2S04), filtergd, and

concentrated. This residue was dissolved in MeOH (10 mL), cooled to 0
Teetrt s Pl btietf 2 SLEPe B Rotes Reme s A yto ok pirigpRe (50
mid, 0. Mindy e ROHRIN, Themnisthy eswamatitedat waovesightthennormedh,

into 50 mL of saturated NHA4CI. Th

TR e P e e RS bt B eI T g o

NofSHaimlith Bréregtnic Besa WasdristiedNaZS DUNME@d 20miL). The combined
acg%aﬁgeﬁﬁ@m&%ﬁemté@%m@@%<°{°xf96 WO SIeP RSNG| A% 2 SHEAL

were washed with brine (1x 20 mL) dried (Na,SOy), filtered, and concentrated to afford

amine g as a colorless oil, contaminated with residual triethylsilane. This material was used

directly in the next coupling.

Example 4 Synthesis of methy! ketones:

MGOzc MGOQC

a b

A mixture of dihydrobezofuran a (Davies, H. M. L.; Grazini, M. V. A.; Aouad, E. Org. Lett.
2001, 3, 1475) (160 mg, 0.9 mmol) DDQ (300 mg) and CH,Cl; (11 mL) was maintained at
room temp. for 2 days. The solution was diluted with 50% ethy] acetate-hexanes and washed
with 0.5 N NaOH (3 x 10 ml.), brine (1 x 10 mL), dried (Na,SQ,), filtered, and concentrated
to afford 150 mg (93%) of bezofuran b.
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6300 s=01S=00HO m A mixture of alcohol 1(550 mg, 2.1 mmol),
Celite (680 mg), and PCC (500 mg, 2.31 mmol) was stirred vigorously at
rt for 6 h. More PCC (200 mg) was added and the mixture was 5 stirred
overnight. T LG mixture was adso bed. onto more Cehte (5 g) and ch
omatographed (ISCO, 12 g silica column 0-50% EtOAc- exanes) to afford
m:LOO'~ @iiii n
grigle (26 mL, 365 mmol) was addeet mixtyre of
2-methoxy-|- hait acid n(4-57;22:3 mmol) and tolueyme (45 mL). The
resulting mixture wak heated at 75 C for 3 h. The er®was removed
under reduced pgessure, and the intermediate acid chloride was dried
under high vacuum for 1 h. It was dissolved in THE (50 mL) and cooled to
IsopopidegnssnDietidgiZint @5 ofie 301K MisciatioriAmhdptanendyd Gas added
dropmbe s Added eV8ELBINA harh %sEQLaﬁtd%brﬁié,ui@a;%&f)eﬁc?&%%if%thyl

5 min, allowed to warm to room temperature. The reaction was quenche
Xt G R R SACBIES BRI e A T Bqpebsiptiinse was °C
Textnhcted withiiQAad 3vxrt00 MiQ, dee et mbingsh QARG PRASES saturated

were ith brineﬁg x 100 mL), dried (MgSO4), filtered, and .

N ugﬂ%senir%?e?gll\%ev%%ﬁg giag?u & 5710 Cﬁf\m%gl %&@éfb@dxo%otgl@eﬁlfg &fppined
orgamifiechiged SGO: Goastisif | asth ArigcqlurmnB-1B% aifed 2M,S0,), filtered, and
?1‘8%@%‘?'@‘?8‘9@&11%3@9 },,06 gag%flé)/o of ketone g as a white solid. CN C
COC 011 %)1~ 9 64 Follo%rv?%g t 8 gene?%l %Sréé’e%r”gof Caldwell (Ichinose,

N.; Mizuno, K.; Otsuji, Y.; Caldwell, R.A.; Helms, A.M..7 Org. Chem.
1998, 63, 3176-84), to gsollytion of CH3MgCI (3.4 mb of

Nso
o
o O
c d

To a solution of amide ¢ (660 mg, 3.22 mmol) and THF (6 mL) was added MeMgBr (3 mL of
a 3.0 M solution in THF, 9 mmol) at 0 °C. The solution was maintained at 0 °C for 30 min,
then allowed to warm to 20 °C for 30 min, at which time a precipitate forms. The mixture
was poured into 100 mL of saturated aqueous NH,Cl. The aqueous phase was extracted with
EtOAc (3 x 50 mL), the combined organic phases were washed with brine (1 x 50 mL), dried
(Na;SGy), filtered, and concentrated to afford 460 mg (89%) of ketone d, as a clear oil.

Q 0
§ )F o
o QW\“O”
& f

A mixture of potassium tert-butoxide (2.2 g, 17.5 mmol), fluoro ketone ¢ (3.0 g, 15.9 mmol)
and ethylene glycol (30 mL) was heated at 50 °C for 1 h, then 60 °C for 2 h. The mixture was
then poured into 500 mL of saturated aqueous NH,CL. The agueous phase was extracted with
Et,O (3 x 150 mL), the combined organic phases were washed with water (3 x 150 mL),
brine (1 x 50 mL), dried (Na,;SO,). The mixture was adsorbed onto Celite, and
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3.0 M solution in THF, 10.0 mmol) in THE (20 mL) was added dropwise a
solution of 4- methoxy-1-naphthalenecarbonitrile p (0.5 g, 2.7 mmol) in
toluene (10 mL). After the 5 addition, toluene (10 mL) was added to the

mixture. The resulting solution was heated to reflux for 8 h. Aqueous
ceOMGIRAIERD) \Wag silidedolame.the-¢ixtbre Avas kaate th effoafitR ¥ar

(& c*}l,) AfGL ﬁ?&%&g&ﬂ& mixtueg was.dilyied with water, and the organic

phase separated, dried (MgSO4), filtered, and concentrated in vacuo to
afford 0.5 g (93%) of ketone q as a yellow oil, which was used without

Boswell (Boswell/E:
to a solution of sodiury

g a golution of 4-fluoro-I
15 acetylnaphthalene e (1.0 g, 5.3 mmol) in DMSO L). After stirring at
room temperature for.5 h, the mixture was dilutedgwith water, extracted
with CH2C12 %g’ X 20%%% d the combined or n|c phases were dried

A RHGSE 4 LB YR R A OIS SHEREE L) @ (HabapgeD and

DadH 0 mm@m&etm@alml fwmmywahma!em anseitidot fulheThe mixture

ﬂlécatlon 20 0.0 Q = n__EQ”OV\{_n%the g"f_p“ef 3‘19‘"3&‘ E%él G x
i

Ored 1ntg JUU i \td L. Ot it Was
proced%re of Trost ( rost iS M urran B l;'Isegfra hedron
1 P800 mmbmruoe@a@)cmW@ﬁ sufidd Wit 3ged (.6 hafhwl).irbrine (1 x 50

milPHRAONSSIRL Y AR Add S AARIHSE GRcidian ALRAIBRIMBHLIORRR,
fersulfate Ozone, 22. 8@@%7 1 mmol) 25 in Wateré75 ng keeping the

rSrePeedis él@‘m‘r%étfae%f&f%%& v o1 Sl 866
yéampeasiadure for 72 h, diluted with water and extracted with CH2CI2 (2 x
100 mL). The combined organics were washed with brine, dried
(MgS04), filtered, and

/
Br s
Br o Br
h i

A mixture of dibromide i (2.33 g, 7.78 mmol), NaSMe (600 mg, 8.56 mmol), and EtOH (5
mL) was maintained at rt 18 k. The mixture was poured into 75 mL of 1 N NaOH and
extracted with EtOAc (3 x 50 mL). The combined organic phases were washed with I N
NaOH (1 x 50 mL}, brine (3 x 50 mL), dried (Na,50,), filtered and concentrated to afford
2.06 g (98%) of thioether | as a coloriess oil.

To a —78 °C solution of bromide i (500 mg, 1.87 mmol) and THF (15 mL) was added sec-
BuLi (1.6 mL of 1.4 M solution in cyclohexane, 2.25 mmol) over 5 min. After 5 min at —78
°C, the dark purple solution was quenched rapidly with DMF (0.5 mL) and the solution
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concentrated to afford crude product. The residue was adsorbed on to
Celite and purified by 65 ISCO CombiFlash 40 g column (10-40% ethyl
acetate-hexane) to afford 2.32 g (88%) of sulfone s as an off white solid.
C FtCo e 5 A mixture of 4-fluoro-l-acetylnaphthalene e (4.75 g, 25.2

w0 MerRhR! S {880 n A2 SO 2 P13 Re b G s f}ge%];@gd into

DMSO (30 mL), and water (12 mL) was heated at 90 C for 8 h
SR ERbAARTRE Sl Therkewates RraaErsriantchEd RXAK(300s

mi) Jhe EORISAERRIIEE %V@&%éﬂé&%meﬁswmp Ra @stéog and
ﬁ&?&%‘§%§ filtered, and 10 concentrated in vacuo to afford crude product. It

At rlavia Ckisnerst clememrPard Yo Aricra Bise
cqu8R%) oFaFiudphatinynkst aneibas 2y ellpw4se)ick LiByRH 6 dickear oil.
2'-Hydroxy-I'-acetonaphthone u (5.0 g, 26.9 mmol) and K2C03 (11-1 g,
81.0 mmol) in 15 acetone (150 mL) were stirred for 20 min. To this
mixture was added brom%éthyl methyl ether (3.8 mL, %é 5 mmol) and
catalytic KI. The resulting mrxture was heated to re quf 72 h. After
cooling, the solvey sidue was dissolved in
EtOAc, washed 0 gSO04), filtered,
and concentrated{in vacuo. The crude produ cf was adsorbed on to Celite
and purified by ISé@-éomblFlash 120 g 20 coWn (5-25% ethyl
acetate-hexane) tojafford 3.21 g (49%) of etherk as an oil. COOH COOH

w Br x FoIIo ra dure of Shor Short W.F.; Wan
T e S T S T oS lL i T B B AEIEMECT (0.9
mbqtﬁrpp@@muhnaoreﬂuﬁéﬁrmemonaadmum'gefumnabn 25 oA AFLRAUSC for
thoi 0 8.0 mmol) and Ac
S Sl i S bR e o ot
saggRifrforapTissoliine]l (312 ameo® rhasmyol). oxfrested evadoRiOM cthik nrilkturg), the

co%&%&%%ﬁ%%&xﬁa&@%ﬁﬂ%%o id, %Eﬁr‘ﬂ%& Qd%%‘;p%ltered and

heating), and then stirred at room temperature fo . The mixtlre was

CORERHEHEMTS |H AP BICHRY WS Mitekea, svasraishwitAswiarsr vaiFput further
pugifySiadized from

3
S :
K !

To a solution of crude suifide k and MeOH (5 mL) at 0 °C was added a suspension of Oxone

(1.3 g, 2.1 mmol} in water (5 mL) over 20 min. The mixture was allowed to reach room temp
and then poured into 50 mL of saturated agueous NH4Cl. The aqueous phase was extracted
with EtOAc (3 x 25 mL), the combined organic phases were washed with brine (1 x 50 mL),
dried (Na,80y), filtered, and concentrated. This residue was dissolved in MeOH {10 mlL),
cooled to 0 °C, and to it was added a suspension of Oxone (2.6 g, 4.2 minol) in water (10 mL)
over 20 min. The mixture was stirred at rt overnight then poured into 50 mlL of saturated
aqueous NH,CL. The aqueous phase was extracted with EtOAc (3 x 25 mL), the combined
organic phases were washed with brine (1 x 50 mlL), dried (Na,SQy), filtered, and
concentrated to afford 550 mg (100 % for two steps) of sulfone ! as a clear oil.
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5 acetic acid (250 mL) to afford 8.9 g (61 %) of bromo acid x as a white
solid. COOH O U N'O Br Br x Y A solution of bromo acid x (6.0 g, 23.9
mmol), NO-dimethylhydroxyl amine hydrochloride (2.33 g, 23.9 mmol),
EDC (4.6 g, 23.9 mmol), and DIPEA (6.3 mL, 35.8 mmol) in DMF (35 10
mL) was stirred at room temperature for 4 h. The mixture was poured into
water, extracted with GH2C12 (2 x 200 mL). The combjned organic layers
were washed with 0:-58¢@queous HC1, 0.5 N aquesu$aOH, dried
(MgSO04), filtered, and concentrated in vacuo. The crude product was

(2-10% ethyl ace
1500 BrBr za

ide y as an oil.
M solution in

(2.5 g, 8.5 mmol) and THE (80 mL). The resulting Solution was stirred at 0
C for 114 then allowed to warm to room temperaturea After 2.5 h, it 20 was
uenche | ition,of aqueoys Ac 50%, 1 . Giluted wijt
AR BT, L L A e LS B ALt o o)
wit Giiroe(l wgdB@9iyLyt Thier 6ok blived r§athielayer svescrddedhsin thwithxture was
sine, fiad: (MoRQ4); filtered, and concanirated d‘%ﬁ@c_‘é%)‘%?aﬁ&[%éa?ographed
90%) of ketone a' as a yellow solid. 67 O O OHO~~CICC: ub, A
(ififduté Sﬁéi%f&%w-ﬂzg%t&%ﬁﬁﬁée@ (5.656r2689 MeGH R 2Esopr. s 2
c&loBehs’sdidnol), and 1-bromo-2-chloroethane (4.4 mL, 53.7 mmol) in DMF
(70 mL) was heated at 80 C for 24 h. The cooled mixture was diluted with
water, and extracted with CH2C12 (2 x 100 5 mL). The combined organic
phases were waghggiwith 0.5 N agueous NaOH, brine, Bried (MgS04),

filtered, and concentraged to afford crude product. The resi
adsorbed @e ™ . OO

n o}

Thionyl chloride (26 mi., 365 mmol) was added to a mixture of 2-methoxy-1-naphthoic acid
n (4.5 g, 22.3 mmol) and toluene (45 mL}. The resulting mixture was heated at 75 °C for 3 h.
The solvent was removed under reduced pressure, and the intermediate acid chloride was
dried under high vacuum for 1 h. It was dissolved in THF (50 mL) and cooled to 0 “C under
N,. Dimethylzinc (45 mL of 1.0 M solution in heptane, 44.6 mmol) was added over 15 min.
The reaction mixture was kept at 0 °C for 5 min, allowed to warm to room temperature. The
reaction was quenched with slow addition of saturated NH,Cl (200 mL). The aqueous phase
was extracted with EtOAc (3 x 100 mL}, and the combined organic phases were washed with
brine (1 x 100 mL), dried {(MgSQO,), filtered, and concentrated in vacuo. The crude product
was adsorbed on to Celite and purified by ISCO CombiFlash 40 g column (5-15% ethyl

acetate-hexane) to afford 1.96 g (44%) of ketone o as a white solid.

CN O
O\ O\
D L]
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Celite and purified by ISCO CombiFlash 40 g column (5-25% ethyl
acetate-hexane) to afford 1.6 g (24%) of chloroethoxy ketone b'as a light
yellow solid. O 0 C C C, 10 A mixture of chloroethoxy ketone b' (3.0 g,

12.1 mmol), benzoic acid (1.47 g, 12.1 mmol), and Cs2CO3 (4.73 g, 14.5
FatinvahdithDeet@prdeivra s Heatbee At(5hiGofer N6 MiBan0icCasidi, (0; 73Bdwell,
han v r {

RO S mmalhang 58%2@99%@9"9%,%3, % 7099} Wel S"ﬁﬁ:glgeg d%%&?%v%tgﬁ wl of

mixture heated at C for 24 h. The mixture was _ ‘
3806 &elvten ¥ v SrfetrRath kBT {200mbY wefgidnd) dntstisd aatrdution of 4-
memﬁﬁﬁﬂ%ﬂxisﬁeﬁa@b@ﬁ@tﬂﬁoﬂé (&.9%9 %ﬁ%ﬁﬂi)kﬁi%ﬁﬁ%s@o )&%LQW Qxithép the

NCry 9:PP O~10'~0 , €' f Following.the general procedure o
e Gy R e e S

refivinisth i Silyheyeamid 4@ (h%3401 mimothwabklatded siewiydpm |as .heated £0
refixtyse 40&.5'@%@1&3&@?%'%&9&4@%9&@% Wﬁl@at%é‘t%“&g%%a&ﬂc phase

toluene (12 mL). The resulting mixture was stirred at room temperature
sepgrasondtisg (Mise QaotHierdrabrorseaiE e imraws b afferdl ) W& diddetiketone
g &R wbitureivashested ioseflixier Subathgsooled dark solution

was poured into ice water (300 mL) and conc. HCI (10 mL) with stirring,

extracted 25 with EtOAc (3 x 400 mL). The combined organic layers were

washed with brine, dri€ J

4.78 g of crude unsaturaj

above unsaturate(

mmol) in toluene (4 fQE3:0 47

the precipitate was remgved by filtration, and washed with toluene. The

combined toluene laygrs were washed with 0.5 N NaOH>(2 x 100 mL),

dried (MgS04), and concentrated in vacuo to afford 4.22 g (81 %) of
Foligiing dacaspesrahrsenidernreéPravsctatBetveth Witho dtiavtieed Budficigorthen.

1963\ 1 6592-94), to a solution of sodium thiomethoxide (0.41 g, 5.8 mmol) in anhydrous
DMSO (8 mL) at 0 °C under N, was added dropwise a solution of 4-fluoro-i-
acetylnaphthalene ¢ (1.0 g, 5.3 mmol) in DMSO (8 mL). After stirring at room temperature

for 1.5 b, the mixture was diluted with water, extracted with CH,Cl, (3 x 20 ml}, and the
combined organic phases were dried (MgSO,), filtered, and concentrated in vacuo to afford

1.0 g (88%) of sulfide ¢ as a light yellow solid, which was carried on without further

S GoS.
|

T g

purification.

Following the general procedure of Trost (Trost, B.M.; Curran, D.P. Tetrahedron Lett. 1981,
22, 1287-90), to a cold (0 °C) solution of suifide r (2.3 g, 10.6 mmol) in methanol (50 mL)
was added dropwise a solution of potassium hydrogen persulfate (Oxone, 22.8 g, 37.1 mmol)
in water (75 mL) keeping the reaction temperature below 5 °C. The resulting slurry was
stirred at room temperature for 72 h, diluted with water and extracted with CH,Cl, (2 x 100
mL). The combined organics were washed with brine, dried (MgSQ,), filtered, and

concentrated to afford crude product. The residue was adsorbed on to Celite and purified by
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P Ol1~ 01~ 10fo! Following the general procedure for conversion of p to
g, nitrile f (2.20 g, 12.0 mmol) afforded 1.64 g (68%) of ketone g as a
brown oil. O a C OH C OH u h 15 (2-Chloroethoxy)trimethylsilane (8.70

mL, 53.8 mm ) was added o the e of 2'- hydroxy-I' etona hthone
P SR o chy R (G B BB BRSO G0 Ly SRk (oo of
suvifaters(20ambff wiie seBdlting mlxture was heated at 80 C for 24 h. The

mixture was diluted with water (400 mL). The crystalline precipitate was
collected by filtration, washed with water, dried to afford 5.21 g (84%) of

mmol) was added ové)
10.9 mmol) in CH2C12 430 mL) and AcOH (8.0 m
3 (5 mL),
¢

After 2 h, it was @@
diluted with CH2C4ZT® L). The layers were 69 separted and the

aqueous layer was extracted with 50 mL of CH2C12. The cpmbined

organics were wash&d with 0.5 N agueous NaOH until queous

washes are basic, dried (MgSO4), filtered, and concentrated to afford

3.70 g (96%) of bromo ketone i' as a dark brown oi. 500 FelL A
Amiisture of 2fimetihdrarethianditi@i8E ;4. 4245 i obnah dnpotdesinm(s.60 mL, 75.8
ORI (4578 %0 é‘?s’%ﬂ]&'ﬂh BiAsH 15080 inauas.si bexﬁl?)t&%’ﬁéated at 90 °C

temperature for £0 min. To this mixture was added dropwise a solution of

fo-fiord sty raphtiarerie dloyl ﬂ&s"rﬁ%mﬁw&a CH,Cl, (2 x 100 mL).
The combined organic layers were washed with brine, dried (MgS8Q,), filiered, and

concentrated in vacuo to afford crude product. It was triturated with water, filtered, washed

with water, dried to afford 6.40 g (99%) of morpholinvl ketone t as a yellow solid.

o O
OH
O‘“’\“
u v

2’-Hydroxy-1’-acetonaphthone v (5.0 g, 26.9 mmol) and K,CO; (11.1 g, §1.0 mmol) in
acetone (150 mL) were stirred for 20 min. To this mixture was added bromoethy! methyl

ether {3.8 mL, 39.5 mmol) and catalytic KI. The resulting mixture was heated to reflux for
72 h. After cooling, the solvent was removed in vacuo. The residue was dissolved in EtOAc,
washed with 1 N aqueous NaOH, brine, dried (MgSO,), filtered, and concentrated in vacuo.
The crude product was adsorbed on to Celite and purified by ISCO CombiFlash 120 g
column (5-25% ethy! acetate-hexane) to afford 3.21 g (49%) of ether v as an oil.

COOH COOH
w Br

Following the general procedure of Short (Short, W.F.; Wang, H. J. Chem. Soc. 1950, 991-4),
to a three-necked round-bottomed flask equipped with a reflux condenser, a dropping funnel,
and an aqueous NaQH trap was added 1-naphthoic acid w (10.0 g, 58.0 mmol) and AcOH (35
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10 mL), and the mixture was stirred at room temperature for 24 h. The
mixture was diluted with water (50 mL), and the phases separated. The
organic layer was washed with 0.5 N NaOH, brine, dried (MgS0O4),
filtered, and concentrated to afford 5.6 g (106%, excess wt. is solvent) of

mkgjoméB_a&LglbkﬁQMﬂa tliam W:IEQb 9@'&1151%%'&%&#11@?%%%{% G%&Qe (3.12
r Br t e general procedure of Tagat (Tagat,

G T A B e o S B BN A A Yollow solid
prélipitikedadnang ﬂhﬁlpmbmn&lth&Nasmgsad(a; Zirmte@pézaﬁ)rg foChem. PR xture
wi/ &&Zdllﬂtz)xc@ %&96%{9 QOBELQ%Q{REP%%L%H%& OtI:QWa B, 2 é%t% dzeg from

toluene é18 mL) was heated at 80 C. To this reaction mixture w.

2GR E RN @itk f8 i akdefdicasre Beid k s etabeodidnL, 42
mmol), and the resulting mixture was heated for an additional 30 min. It
was cooled to it, washed with water, saturated agueous NaHCO3, brine,
dried (Na2S04), filtered, and concentrated in vacuoép aff\h)rd 2.87 g (78%)
of t-butyl ester k' as a Bw oil, which was carried on |th§Ut further
purification. 70 B Bxe€ Br W F E' Following thegenerg| procedure of
Tagat, a stirred i of t-butyl ester k' (1.4 g, mg ) in anhydrous
THE (30 mL) wag cooled to -78 C under N2. n-Bulri (365 mL of 1.6 M
solution in hexan®’ 5.85 mmol) was added, and th%’resultlng solution was
stirred for 2 min, 5 f#lowed by addition of a solution &f

A 'él:ﬂiﬁ%og’xe&%%eéé{!{% B%df ﬁ% g%ngio% Om I&éﬁérgx mL e%t%t rcach.londe

stirrin 5 at -78 C for 30 min, the reaction was quen

(238 X BRI BDN Haos %%@ae@oa%d@ﬁﬁﬁvé@?eméﬁe&mﬁlmwﬁ (35
m¥)SeilrelliedroMoSRAtafilte fad 4andrEoRceREARE IVAGYRL MIREL W@ acted

d.gn to Celite. and purified by ISCO CombiFlash 40
S i A B 1 BT 6165 o et R Mg o aaucons
HEbihpidadutbes NalbilebslidiidSQ)O/I@@HnE chriftmaroatatic:actd (Ba8%rude
pre;ehea@amg&hvevc@%@gd@gug &aﬁ;& ﬁe%%utkgaafé%%goﬁmu% gungd iép&l&?m%

mmol) in CH2C12 (50 mL) at rt A er stirring for
et%@?&sf }é‘?@tﬁfﬂﬁd\fh&%%@fﬂfma as@o0¥%) of fluoro acid m' as

an oil, which was carried

|
Oi r\? Oli ;
Br Br

Methyimagnesium chloride (8.5 ml of 3 M solution in THF, 25.5 mmol) was added dropwise
to a cold (0 °C) solution of amide z (2.5 g, 8.5 mmol) and THF (80 mL). The resulting
solution was stirred at 0 °C for 1 h, then allowed to warm to room temperature, After 2.5 h, it
was quenched by slow addition of aqueous AcOH (50%, 10 mL), diluted with water (100
mL}, and separated. The aqueous layer was extracted with EtOAc (1 x 100 mL). The
combined organic layers were washed with brine, dried (MgSO,), filtered, and concentrated

in vacuo to afford 1.9 g (90%) of ketone a’ as a yellow solid.
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on. O OH O'Y N,0 F MI F n' 20 A mixture of fluoro acid m' (820 mg, 4.3
mmol), N, O-dimethylhydroxyl amine hydrochloride (420 mg, 4.3 mmol),
EDC (825 mg, 4.3 mmol), and DIPEA (750 pd, 4.3 mmol) in DMF (12 mL)
was stirred at rt for 3 h. The mixture was diluted with EtOAc (50 mL),
washed with P88 Citric acid, 0.5 N NaOH, dried (M§S©2), filtered,
adsorbed on.to Gg |te@@nd purified by 71 ISCO omlFIaa1 column
(2-10%, amitle n@s an

oil. Oi F @ ' 024, 4.6 mmol) in
THE at 0 C wgs added dropwise a solution of CH3!¥IgC1 (4.6 mLof3 M
solution in THF, 13.8 mmol). The resulting mixture was stirred at 0 C for 1

Altpthene df afmyaihmmmmmmmencr(e@ vgitmﬁe%mqugwsog\qmﬂ (£053.7

ted with L
ol S i S S R PO I
%ﬂ‘l‘é@Wef@héﬁé@l%ﬁgs@@)W@@ﬂﬁ@r@d“&mﬁ@er&@m#&@e@@@ﬁ@ﬁﬁﬁw 100

B0 Vel Budiadielnng:o e sah ViGN &M MH20G! nRRllewiIngithrI0658! Aliried
procedure of Coudret (Hortholary, C.; Coudret, C. J. Org. Chem. 2003

OB Gl P SOIHIGTIGH 1 AT RS BFRFon d R ORI 487 on to
CE&e?amhmi-)ﬁad 1p 80T OB mi0) atuhinvgs 6a eftillyacdechaoait}id afford
e.m sstlr d at O Cfor I h, then
g I{S%éﬁ‘) j #1?({% é%ﬁla %)%%rbfun%)(ia”llég Rd agdseéﬁdropwse to an ice-cold
solution of CuCl (5.3 g, 53.5 mmol) in water (150 mL). After addition,
CH2CZ%2 (80 mL) was added to the reaction mixtuge. The resulting mixture

phases were washed once with saturated sodium thiosulfate, dried
(MgSC?A) filtered, adsorbed on to Celite, and pudfied by ISCO

0 0

ASAIRIE BN AR AN (G 131 HOAGASKPRELR AT 263 9 4P o,
0] oro compoun a as wnite

and Cs;C0n (4.73 g, 14.5 mmol) in DMF (25 mL) was heated at 50 °C for 16 h. Benzoic acid

(0.735 g, 6.0 mmol) and Cs,CO; (2.36 g, 7.2 mmol) were added, and the mixture heated at 80

°C for 24 h. The mixture was filtered, diluted with EtOAc (100 mL}, washed with water,

dried (MgSQy), filtered, and concentrated in vacuo to afford 3.95 g (98%]) of ketone ¢’2s a

yellow oil.
O CN ' CN
O N G
d e £

Following the general procedure of Oda (Oda, M.; Yamamuro, A.; Watabe, T. Chem. Lett,
1679, 1427-30), Trimethylsilyl cyanide (4.5 mi., 34.1 mmol) was added slowly into a mixture
of 5-methoxy-1-tetralone &’ (5.0 g, 28.4 mmol), catalytic Znl, in toluene (12 mL). The
resulting mixture was stirred at room temperature for 24 h. Pyridine (40 mL) and POCl; (8.0
ml., 85.2 mmol) were added, and the mixture was heated to refiux for § h. The cooled dark
solution was poured into ice water (300 ml) and conc. HCI (10 mL) with stirring, extracted
with EtCAc (3 x 400 mL). The combined organic layers were washed with brine, dried
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72 CN 0 CI L~ CI Following the general procedure for conversion of p to

g, chloro compound g_ (2.63 g, 14.1 mmol) afforded 2.1 g (74%) of chloro

ketone r' as a yellow liquid. O 0 Br X CN 5 s Following the procedure of

Hallberg (Alterman, M.; Hallberg, A. J Org. Chem. 2000, 68, 7984-89) a
(mistole Ao mketRRerakl: @aﬁbﬁi@%ﬁ@&l&ﬁmzm g: Ziéa brown

ol), Pd(PPh3)4 (216 mg, 0.19 mmol) and DMF (8 mL) was heated in a

S‘g\l rowave reactor (Emry's Optimizer) in a sealed heavy-walled tube at

180 C for 5 min. After cooling, it was diluted 10 with water (30 mL),

Aem%m}@ Egé‘ﬁr&%gé%%é fed F%"%%%A% ﬂt%rx%%i dso t}ﬁgd??stgﬁ g 25.8

Celite, and purified by IS column

3 HE{@A&W&@&?«@%laﬁbrf@%@t?ﬁgt(@/“s?o‘?ﬁm&ﬁlé weﬁr@neosixas Vhitecsipitite was

réd@eBb{hiNatiod RO NHRY the RiResdurs.othesghe %ﬁfe%%?@a Bere washed
fb%dsbnﬁg?&%r N.E. SynLeft. 2003, 8, 1145- 48), a mixture of bromo ketone x

O ihindll) o DR 0 SO SRTBFARIPORIFE i ST 22 &

{(Heatethitrik i mawamwmmmms fapibdmen)iiioat Sedledpurification.

heavy-walled tube at 200 C for 8 min. After cooling, it was diluted with

water (15 mL), extracted with EtOAc 20 (20 mL), dried (MgSO4), filtered,

adsorbed on to Celite, angipurified by ISCO CombiFfaspa g column

(5-15%, EtOAc-hexane) 1o afford 55 mg (68%) of ketone t' as off

white solid. 25 E ?mb D and preparation

of thiazoles 73 B vag added over 20

min to a solution of

Bgomine (260 1, 5.07 m
one a (784 mg, 4.6 O

14 -
Following the general procedure for conversion of p to g, nitrile £ (2.20 g, 12.0 mmol)
afforded 1.64 g (68%) of ketone g” as a brown oil.

O O

Cor coT

23

u
15 (2-Chloroethoxyprimethylsilane (8.70 mL, 53.8 mmol) was added to the mixture of 2°-
hydroxy-1"-acetonaphthone u (5.0 g, 26.9 mmol), KOH (3.0 g, 53.8 mmol) in DMSO {60
mL) and water (20 mL). The resulting mixture was heated at 80 °C for 24 h. The mixture
was diluted with water (400 mL). The crystalline precipitate was collected by filtration,

washed with water, dried to afford 5.21 g (84%) of hydroxy ketone b’ as a brown solid.
20

© © Br

SO JOORS
Ao

L1 i

Bromine (610 ul, 11.9 mmol) was added over 10 min to a solution of hydroxy ketone i’ (2.50
g, 10.9 mmol) in CH>Cl, (30 mL) and AcOH (8.0 mL) at room temperature. After 2 b, it was
25 quenched with 10% aqueous Na,S,0; (5 mL), diluted with CH,Cl; (50 mL). The layers were
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5 mmol) in CH2CI2 (10 mL). The solution was maintained at rt for 1 h,

then quenched with 10% aqueous Na2S203 (10 mL) and stirred

vigorously for 20 min. The layers were separated and the organic phase

washed with saturated agueous NaHCO3 (1 x 10 mL), brine (1 x 10 mL),
semEieNaESO pgieere dazsidvasnedmetae vithafforall a6 Gbfhrorfibe combined
okalaneRRSA &l 0. ARakiss RNEDNMRINAICALES Bs APadiRsd 2r WXL Siried

of produgct to starting ketone 10 and dibrominated material. Boc'N N_NH 2
(EF 39, € PR QAT bl AR ACr AU of BEE S Ride & do
b{8wh gil39.2 mmol), Lawesson's reagent (8.25 g, 20.4 mmol) and toluene

was heated at 50 C for 1 It (use of higher 15 temperatures results in loss

of enantiopurity). The mixture was then adsorbed nto Celite, and purified

solid. N Boc'

formation: A mixtgre~gfthioamide d (7.81 g, 34~amely” bromoketone b

(7.05 g, 80% pure byrH NMR, 22.6 mmol), pyridine g.76.mL, 20.3 mmol)

and ethanol (75 mi) was heated at 80 C for 1 h. The Eth/aRQI was

removed under reduced pressure, and the residtie was adsorbed onto
AGeiitereldie rasithigttasaipornatographec¢Bid paasdient-elilbianes (4.76 g, 42.5

- ) 0 I

SEEEREQAGICHRCR o aford 63 (13%) of iggole a s geoloress.
added dropwise a solution of 4-fluoro-1-acetylnaphthalene (4.0 g, 21.3 mmol) in THF (20
mL}, and the mixture was stirred at room temperature for 24 h. The mixture was diluted with
water (50 mi), and the phases separated. The organic layer was washed with 0.5 N NaOH,
brine, dried (MgSOy), filtered, and concentrated to afford 5.6 g {(106%, excess wt. is solvent)

of ketone i’as a brown liquid which solidified under high vacuum.

0. O
COOH \i/

Br Br
X

K

Following the general procedure of Tagat (Tagat, J.R.; McCombie, S.W_; Nazareno, D.V.;
Boyle, C.D.; Kozlowski, J.A.; Chackalamannil, 8.; Josien, H.; Wang, Y.; Zhou, G. J. Org.
Chem. 2062, 67, 1171-77), a suspension of the bromo acid x (3.0 g, 12.0 mmol) in toluene
(18 mL) was heated at 80 °C. To this reaction mixture was added dropwise N,N-
dimethylformamide di-fert-butyl acetal (10.0 mL, 42 mmol), and the resulting mixture was
heated for an additional 30 min. It was cooled to rt, washed with water, saturated aqueous
NaHCO,, brine, dried (Na,SO,), filtered, and concentrated in vacuo to afford 2.87 g (78%) of

t-butyl ester k’ as a yellow oil, which was carried on without further purification.
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A mixture of bromide f (145 mg, 0.33 mmol), PhB(OH)2 (107 mg, 0.88
mmol), K2C03 (825 p.1 of 2.0 M aqueous solution, 1.65 mmol),
Pd(PPh3)4 (15 mg, 0.13 mmol), and 20% EtOH- 5 toluene (2.5 mL) was
maintained at 80 C for 3 h. The mixture was diluted with CH2CI2 (10 mL),
and washed with] N g%o/H (2 x5 mL). The combinegaql@ us layers

were extracted wi CI2 (1 x 10 mL). The combinediorganic phases
were washed.with bBrine (1 x 10 mL), dried (Na2S :

10 S S Thiazde g (70 mg, 0.18 mmol) in 1:1 dichldromethane:hexanes
(1.5 mL), was treated with N- chlorosuccinimide (30 mg 0.22 mmol). The
Follawinsnthsiemeaawsivegadt Tegak 2 Ktimedwhlopoifit-deititionial KIG54 g, 4.5

miAd)agwasaddadrand the) midumRistinedRvernight. GelitesyBsd3s mr of 1.5
dged, an%the dlg;la‘l?orom%thane was removed under reduced pressure.
MR MRPB AR AFYTAS U By ehPOATR SRS A iR O B G SRt SErsfAR2 min,
fofjractié by eliditon ©£3094uEdO AN ExamnbshienafiokehiAOdN P (BO§0% Ofmmol) in THF
thi - O-N o S S, Eir 20. Thiazole e mg, 0 .
“?n'%?‘éfé et o7 B AR e M i

SafsHHb SdReMMTEe (65 They BIBPwAET Wae setaastioh witixEnd s $6rreld) agiried
(MQODY) tempel e dasAdu AR Jhiserino. Lelitewas 3ddads At hew celite

ichloromethane was removed under reduced pressure. The product was
o TP AT R TP AFS (OCGOEE Fes e ECrHrBsh A taat 037 &
(58Ps) filBhad with@HRC i2dorTemilgias and then a gradient of 0- 9%
EtOAc/ CH2C12 gradient over 9 minutes.) to afford 128 mg (90%) of
bromidei. ON_OHOle6 pBBu3Sn->C\Y O S,-1SNBrkJ

o

For

Trifluoroacetic acid (3.85 mL, 50 mmol) was added to a stirred solution of flucro compound
I (1.23 g 5.0 mmol) in CH,CL (50 mL) at rt. After stirring for 3 b, the solution was
concentrated in vacuo to afford 0.95 g (100%) of fluoro acid m’ as an oil, which was carried

OI1.

?
Fom oo

A mixture of fluoro acid m’ (820 mg, 4.3 mmol), N, O-dimethylhydroxyl amine hydrochloride
(420 mg, 4.3 mmol), EDC (825 mg, 4.3 mmol), and DIPEA (750 ul, 4.3 mmol) in DMF (12
mlL} was stirred at rt for 3 h. The mixture was diluted with EtOAc (50 ml.}), washed with
10% citric acid, 0.5 N NaOH, dried (MgS0,), filtered, adsorbed on to Celite, and purified by
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HO S Fnllnwino literature precedent ((11 MAmtire M P - Cheete K P

MnVPty V Snc.Aa A P.; Zilberstein, A. J. Med. Chem. 1994, 37,

2129-2137; (2) Moreno, |.; Tellitu, I.; Dominguez, E.; SanMartin, R.; Eur. J

Org. Chem. 2002, 2126-2135) a mixture of bromothiazole i, (280 mg, 0.61
I3hiadboamver sty hy | staptvaive (P b dBI vheanpalsdtiits 48 & BHFanioatuoro
afmidVa JasAMeiChem. Soc. 2001, 123, 9694-9695) (250 mg, 0.73 mmol),

LiCI 10 (approximately 50 mg, 120 mmol) and toluene (6 mL) was

degassed with nitrogen for 30 min.

Tetrakis(triphenylpho%phinb)palIadium(O) (28 mg, 0.02 mmol), was added

Mt 100 C 3 h. After coolin§

zf (k&N a 15 gradient
of 0-20% EtOAc/ CH2C12 gradient over 10 minutesg tooafford 160 mg
(60%) of alcoholk. GNON YNTMS=YSO'N S BfJ m"- Following
Titersthimopreciadentathigidieir], 6. eNaussiasines, THH ety GCyelasa RRAG:GRyise &
%49)) 2 W '4(90 m '3]]?\7? mmol)l, ‘Tl\{lﬁya- tylene 1 (.8 mL, 13 .
*mmol) an (8.6 r%%,gmmoﬁ?,lffvlgrel%lissol\/cie?dglrgngllomﬁétrjilgl%ég%% & xture

W mijedr i iixford Wathereddssedt withe mitvoytsrver @erahed with 50% aqueous
ABistiriphenyiphasehipeinaliadiven dighierisie. (46 me; AAY BMARANGhe agueous

copper(1) iodide (62 mg, 0.3 mmol) were added and the mixture was
laygh Y SREPREAEET P e ©99PSb T el AL A6 /aXa IR Bt RS O
fillkRed pitidaied armrdniuieldloride &% biftterecktsotgheagaadi of celite.
The agueous mixture was extracted with 70% diethyl ether in hexane (3 x
20 mL), dried (Na2S04), filtered, adsorbed on to Celite, and
chromatographed 76 (I$80, 40 g column and a solventtdfadient of

0-11% ethyl acetatey
Terminal alkyne
silyl derivative. The~TM
treatment

*

' 4]
g -

Following the general procedure of Coudret (Hortholary, C.; Coudret, C. J. Org. Chem. 2003,
68, 2167-74), to a sclution of 4-amino-1-naphthalenecarbonitrile g’ (5.0 g, 29.7 mmeol} in
cone. HCI (50 mL) at 0 °C was carefully added sodium nitrite (3.07 g, 44.5 mmol). The
mixture was stirred at 0 °C for 1 h, then transferred into an additional funnel, and added
dropwise to an ice-cold sohation of CuCl (5.3 g, 53.5 mmol) in water {150 mL}. After
addition, CH,Cl; (80 mL) was added to the reaction mixture. The resulting mixture was
allowed to warm to rt and was stirred for 4 h. The mixture was diluted with CH,Cl,, and the
phases separated. The aqueous phase was carefully extracted with CH,CL (2 x 150 mL).
The combined CH,Cl, phases were washed once with saturated sodium thiosulfate, dried
(MgSQ,), filtered, adsorbed on to Celite, and purified by ISCO CombiFlash 120 g column (2-
12%, EtOAc-hexane) to afford 2.63 g (46%) of chioro compound g” as white solid.
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with potassium carbonate (200 mg) in methanol (5 mL) for 3 hours at rt.

Celite and toluene 5 (1 mL) were added to the mixture, and the solvents

were removed under reduced pressure. The product was purified by

chromatography (ISCO 40 g column, solvent gradient of 0-11% ethyl

acetate/hexane after flushing with pure hexane for 3 glinutes), to afford a

further 110 mg of termina hédkyne in (26% combined). O[,(ONn S \/10

H CH3 Terminal gjKjase {50 mg, 0.12 mmol) wasdjssalved in TIC' (0.3

mL) and cooled to - MDST0. 15 mCofa \ tion of in THF,

0.15 mmol) was added dfopwise and allowed to stir forf10 minutes.

Methyl iodide (0.1 md., exdess) was added, the rekctiorPlvas 15 stirred for
Féll% min utes at 7 an(giug n allo‘\!geg to aduallye\évarm to it, Oéer 45

minute s C%ﬁntew StRen a(? SIS R SA RS N TR S THROBR &nté el 41
mepa)ysfarésd dridef Heduetehiprelsyone ranvethdiresldmélpurified by

chromatography (ISCO, 12 g, column gradient elution 0-18% ethyl

acetate in hexane) to afford 25 mg (63%) of the methyl alkyne n. Q S Boc

H 20 g Typical Boc d éction: Carbamate o (75 m§=9-48 mmol) was

treated with TFA ( nd water (2 drops), in CH2CIZ (2 mL) for 2 h.

: RN

The volatiles werg removed under.reduced pres§

dissolved in ethyl !

The combined aquegpus layers were extracted with ethyl acetate (1 x 2

mL). The 25 combined &rganic phases were washeo .with brine (1 x 3 mL),

F&féﬁ%@“@@?%&d&&l&%?%ﬁ@%@ Reenuate. t%c%{r%\%lgl 9a%t'tat f)é' éﬂ@ 68,

amine Example 6 Linea rIﬁrllg prote
7984+85) a mixture of bromo ketone x (1.40 g, 5.62 mmol}, Zn(CN)z (790 mg, 6.74 mmol),
Pd(PPhs), (216 mg, 0.19 mmol) and DMF (8 mL) was heated in a microwave reactor {(Emry’s
Optimizer) in 2 sealed heavy-walled tube at 180 °C for 5 min. After cooling, it was diluted
with water (30 mL), extracted with BtOAc (50 mL), dried (MgSO,), filtered, adsorbed on to

Celite, and purified by ISCO CombiFlash 40 g column (5-20%, EtOAc-hexane) to afford 900

OH (3 x3 mL).

mg (83%) of nitrile ketone 5’ as white solid.

Following the procedure of Leadbeater {Arvela, R.; Leadbeater, N.E. SynLert. 2003, &, 1145
48), a mixture of bromo ketone x (100 mg, 0.40 mmol), NiCl, (103 mg, 0.80 mmol) and DMF .
(2 mL) was heated in a microwave reactor (Emry’s Optimizer) in a sealed heavy-walled tube
at 200 °C for 8 min. After cooling, it was diluted with water (15 mL), extracted with EtOAc
(20 mL), dried (MgS8OQ,), filtered, adsorbed on to Celite, and purified by ISCO CombiFlash 4
g column (35-15%, EtOAc-hexane) to afford 55 mg (68%) of chloro ketone t’ as off white
solid.

Example 5 bromination of methyl ketones and preparation of thiazoles
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5 Typical HATU coupling: A mixture of amine a (169 mg, 0.59 mmoi),
N-Boc-i-butiy glyeine (150 mg, 0.65 mmol), HATU (450 mg, 1.18 mmol),
DIPEA (200 I, 1.18 mmol) and DMF (2 mL) was maintained at it for 2 h.
The solution was diluted with ethyl acetate (50 mL) and washed with 1 N
HCI (3 x 10 mL), 1 N NaOH (3 x 5 mL), brine (1 x 10 mL), dried 10
(Na2S04), filtered, and concentrated. The residue was purified by flash
chromatography (SiQ- 2, 10-15-20% ethyl acetatezhexanes) to afford 286

mg (97%) of amidé
Boc dep#etestion procedUre ibed above,

h 15 Following the
Boc amine b (31 &

NOH2NONONNO~NOHON S 20 Typical EDC
coupling: A solution a)f amine ¢ (300 mg, 0.76 m#hol), N-Boc-alanine (158

as a colorless solid.
| 161 .84 DM
S S e e e O St S {L R ki me 46
mtammwamaﬁmmmmmm % X0 forl), 1 fleh a@ircf@dcwith
1M BInR LK) 9161&)%8‘1t{1'}1é!¥§é%cau£l§%‘?%m ?ﬂ@'fa%mt%%t&pmd

provide 453 mg T crude residue d, which was carried on directly:

ang hiy RO RbAHPINGH WtiPsagratedy aguemsCBHHCe (1 5 16 mL) brme (1x10
ml), dried (Na,SQy), filtered, and concentrated to afford 1.15 g of bromo kefone b as 2

yellow oil. Analysis by '"H NMR indicates a 70:15:15 mixture of product to starting ketone

and dibrominated material.

Boc”

Boc NH, NH,

O
¢ d
A particular procedure: A mixture of Boc-proline-amide ¢ (8.4 g, 39.2 mmol), Lawesson’s
reagent (8.25 g, 20.4 mmol) and toluene was heated at 50 °C for 1 h (use of higher
temperatures results in loss of enantiopurity). The mixture was then adsorbed onto Celite,
and purified by chromatography (ISCG, 120 g silica column, gradient elution 16-70%
EtOAc-hexanes) to afford 7.6 g (84%) of the thicamide d as a colorless solid.

N~ N
Boc™ * CH
NH _
S Boc
d b g

A particular procedure for thiazole formation: A mixture of thioamide ¢ (7.81 g, 34 mmol},
bromoketone b (7.05 g, 80% pure by 'H NMR, 22.6 mmol), pyridine (1.76 mL, 20.3 mmol)
and ethanol (75 mL) was heated at 80 °C for 1 h. The ethanol was removed under reduced
pressure, and the residue was adsorbed onto Celite. The residue was chromatographed (Si0,,
gradient elution 0-2.5-5% EtOAc/CH,Cl) to afford 6.3 g (73%) of thiazole e as a coloriess

solid.
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Typical final Boc removal and purification: The crude residue d from above
was treated with TFA (2 mL) and water (2 drops), in CH2C12 (2 mL) for 2
h. The volatiles were removed under reduced pressure. The residue was
purified by reverse-phase HPLC (C18, MeCN-H20, 0.1 %TFA) and the
solvents removed by lyophylization to provide 166 mg (38% for 2 steps)
10 of aming.a as a colorless powder. Example 7
N-Boc-N-fethyl-L-alanine-L-cyclohexylglycine BOC NH«CCO N 15 A
solutio H&"#m cyclahexylglycine (3.6 g, 9.6 mmol) diss d in DCM
(50 JiL P 6 L, 32 mmal) was adde S
chlbride Rsin (59, 8 mol) and gently agitated for' 3 hodrs at
temperature, The resirwas washed with DCM 4 times,
DCM/MeOH/DIPEA (17:2:1) 3 times, DCM 3 times, and 2 8mes
dimethylacetamide (DMA). 20 The Fmoc group was removed by tre
Athﬁxf@z&l R AERA0/¢ piReHdine A3 M 6D0 FabYder), %%miﬂgt@% 8%%%51{‘2@@5(325
Eﬁ with DMA 6 times. A solution_of Boc-N-methylalanine g
R FLRHE ST ANl HBAKEL8 T 43 NGl el S0 EIOH-
oDk DC ML Ivds bdimihwias addeddotheTesinianeganthiagitatad fa1,21, (10
hours.at room te eraIUJ:e 'I:he Iesm was washed with DMA 5 times,
PHEM 2 times, “élﬁ%llo dned dhder redlieed preSeIRR IS i ﬁ@'ﬁfﬁd@’%@‘tr&c&w
withe8¥eClfronkthe nelsinThe gentiéned)ivagianicvpibhseiGsedRXER (Hith:BrAO0 x 10
L OHFS\a t tur resm was removed by filtration
e CRton, Eoman Ea e s I RSB B v Soony
(SiPedfropin Wit teeaheses tmEerdold m&XSZF/h)e@ﬁhdZﬂé%m@e&W@lgﬂess solid.
purified by reverse-phase HPLC (C1 8, MeCN-H20, 0.1 %TFA) and the
79 solvents removed by Iyophyllzatlon to prowde 1.2¢9 (43% fdlpeptlde

OOO

Thiazole g (70 mg, 0.18 mmol) in 1:1 dichloromethane:hexanes (1.5 mL), was treated with N-
chlorosuccinimide (30 mg 0.22 mmol). The reaction mixture was stirred at rt for 2 h, at
which point additional NCS (10 mg) was added and the mixture stirred overnight. Celite was
added, and the dichloromethane was removed under reduced pressure. The product was
purified by chromatorgraphy (ISCO, 12 g silica column, gradient elution 0-30%
EtOAc/hexanes) to afford 70 mg (99%) of chlorothiazole h.

O. N O._-N
Thg - TThg
) g O | Br/ O

Thiazole ¢ (120 mg, 0.31 mmol) in dichloromethane (1.5 ml), was treated with N-
bromosuccinimide (65 mg 0.37 mmol). The reaction mixture was stired at room
temperature for 3 h. Afier this period, Celite was added, and the dichloromethane was
removed under reduced pressure. The product was purified by chromatorgraphy (ISCO, 12 g
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A mixture of N-Cbz-dehydropyranylglycine methyl ester a (Burk, M. J.;

Gross, M. F.; Martinez, J. P. J. Am Chem. Soc. 1995, 117, 9375, and
references therein) (5.2 g, 17 mmol), 5% PdC (500 mg), MeOH (75 mL)

and THE (25 mL) was maintained under an atmosphere of H2 for 24 h.
siipR GRpGre AETiE dH ¥ Tushed EEBfdtfe ¢ armirmanbi@ithendion of 0-
94 rang cOICeN pderuReer yaduees REesse ittsaiio @ vastiative; yield

of amine b as a colorless oil, which was carried on directly. O 0- 0 H2N
COZMe 00- -H CO2Me b ¢ The amine b prepared above was combined

with CH2 (40 mL), saturated agueous NaHCO3 (40 mL) cooled

oxy carbonyl chloride (3.0 mLyyvas then agdedN15 opwise
nd the mixtyre stiigoroasgﬁmght’. The phaseSWefe S§parateg

and thé aqueoty 2 extracted with CH2CI2 (3 x 20 mL). Thel=
compined ohgartic phasgs were washed with brine (1 x 50 mL)8dri
(Na2S04) diltered, adgorbed onto Celite and chromatographed (I
120 g silica column, gradient elution 5-55% EtOAc-hexanes) to/
4.15 g (80%) of racemic Cbz-pyranylglycine methyl ester. The
enantiomers were 20 separated on a Chiracel OD column BRitihg with

FA80it QHrhexapesedEhe(dositegh 5-, enaptionnets, autes fiishunder thasga. A

congitions. 80,0 | CO N c ixture of . ]
P'(S)n-%g’ffﬁtze%yf"‘anﬁg y&zr{ie%égr’r’fethy e%t%?’(fi%?ﬂ%? @ﬁgé‘rmfxpdg fitw, L
D@?ﬁ@m)ﬁMe@ﬁﬂmmLﬁwaﬁmaithmed%dgr 128608 pteelé36h H2nforture of
bamhbinbRGdRIxseHRs dilteredBrauah SAUGWID MeRELAN 5. Dabdoub, V.

concentrated under reduced pressure to afford 1.35 g 5 (100%) of amine _
By denioforleddoif- Aftefriditveior pitahyl Hly&iTe-8aRPhES) mBesiZommpl), LiCl

{approximately 50 mg, 120 mmol) and toluene (6 mL) was degassed with nitrogen for 30
min. Tetrakis(triphenylphosphine)palladium({0) (28 mg, 0.02 mmol}, was added and the
mixture was heated at 100 °C 3 h. After cooling, Celite was added to the mixture, and the

solvents were removed under reduced pressure. The residue was purified by chromatography
(ISCO, 12 g silica column, column was first flushed with CH,Cl, for 5 minutes and then a
gradient of 0-20% EtOAc/ CH,Cl; gradient over 10 minutes.) to afford 160 mg {(60%) of
aicohol k.

O._ N
>( Y _ O M
! K [y ™=y
s ! =N
T N
! / —
Br m /
Following literature precedent (Neidlein, R.; Nussbaumer, T Heterocycles, 2000, 52, 349),
bromide 1 (600 mg, 1.3 mmol), TMS-acetylene 1 (1.8 mL, 13 mmol) and TMG (0.6 mL, 5
mmol), were dissclved in dimethylacetamide (6 ml.). This mixiure was degassed with
nitrogen for 30 min. Bis{triphenylphosphine)palladiom dichloride (46 mg, 0.07 mmol) and
copper(l) iodide (62 mg, 0.3 mmol) were added and the mixture was sealed and heated at 70 -
°C for 30 minutes. The mixture was diluted with 1/2~saturated ammonium chloride and
filtered through a pad of celite. The aqueous mixture was extracted with 70% diethyl ether in
hexane (3 x 20 mL), dried (Na;SOy), filtered, adsorbed on to Celite, and chromatographed
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cnantiopure form following the procedure of Ghosl-t (uhosh, A. K.;
Thompson, W. J; Holloway, M. K.; McKee, S. P.; Duong, T. T.; Lee, H. Y.;
Munson, P. M.; Smith, A. M.; Wali, J. M.; Darke, P. L.; Zugay, J. A.; Imini,
E. A.; Schleif, W. A.; Huff, J. R.; Anderson, P. S. J Med. Chem., 1993, 36,
(13800% QY %l@ﬁ%?@@én@gx@@&l\@ﬁ @Q&M&Hﬁ?b&%%&{:ﬁegaﬂe %%@igéhmg
ixture of amine d (1.35 g, 7.8 mmol), N-Boc-N-methyl alanine a (1. )
W@@ hesh “‘fis.'esfeé’%f‘é“rﬁ%rf Mﬁﬁ&@wﬁ 5%)%%@%%3}% with

208 m e miighderitei e CNevilad S remmgy sdsunderved doecedipsessuria) andrtaenent
wfﬁ%@&%s%@gbm&%@%ﬁ\gﬂﬁggﬁﬂgh@ éﬂN ﬁgé 1(8’\&55 Janlin l‘éel(?fesahl teluene

NaOH (3 x 10 mL), dried (MgSO4), filtered, and concentrated to provide
(11519 FeRrd965 &p o teetedcd SOl Mk o B srdvced, Rressure.

TkeQdlaBeeNG Y dhianabetasel gtimrot @@t@l&t@;]sglg&rf? Sademeb %-2 11%
d THE (50 mL) were added LIOHH20 (1.23 g, 29.3 mmol) and wate
o o o P CAOF 0 B IR S0 B 10
mgyeisteanmien etkarditiedhizenreineds stirred overnight. Most of the THE was
then removed under reduced pressure and the residue was diluted with

CH2C12, washed with 0.5 N HCI, dried (MgSO4), filtered, and
concentr('?ted to provide 1.53 g (78%) of dipeptide N-Boc-

N-m -ralangne-L-dehydropyranylglycine g, a%@o}pﬁ‘ solid. 81 HN
N O N 'S BocN ckINGOZHHON H 0
3 = g

=

!

Terminal alkyne m (50 mg, 0.12 mmol) was dissolved in THF (0.3 mL) and cooled to —78 °C.
LHMDS (6.15 mL of a 1.0 M solution of in THF, 0.15 mmol) was added dropwise and
allowed to stir for 10 minutes. Methyl iodide (0.1 mL, excess) was added, the reaction was
stirred for 10 minutes at —78 °C and then allowed to gradually warm to rt, over 45 minutes.
Celite was then added to the reaction mixture, the solvents were evaporated under reduced
pressure, and the residue purified by chromatography (ISCO, 12 g, column gradient elution
0-18% ethyl acetate in hexane) to afford 25 mg (63%) of the methyl alkyne n.

e s
CH — I o

Boc
o B
Typical Boc deprotection: Carbamate o (75 mg, 0.18 mmol} was treated with TFA (2 mL)
and water (2 drops), in CH,Cl; (2 mL) for 2 h. The volatiles were removed under reduced
pressure, the residue dissoived in ethyl acetate {10 mL) and washed with | N NaOH (3 x 3
mL). The combined aqueous layers were extracted with ethyl acetate (1 x 2 mL). The
combined organic phases were washed with brine (1 x 3 mL), dried (Na,SOy), filtered, and

concentrated to provide quantitative yield of amine p.
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h A particular procedure for convergent coupling: A mixture of amine It
(69 mg, 0.26 mmol), 5 dipeptide
N-Boc-N-methyl-L-alanine-L-cyclohexylglycine from example 7 (60 mg,
0.23 mmol), HOAt (Carpino, L. A.; EI-Faham, A. Tetrahedron, 1999, 55,
6813) (47 mg, 0.24 mmol), DIC (53 pl, 0.34 mmol) and CH2CIZ (2 mL)
was maintained at rt overnight. The mixture was adsorbed onto Celite
and purified by chromatography (ISCO, 4 g silica column, gradient elution
Exame B 1o ALNEXARHRYRE BRGFINE4 mg of the product i as a colorless
solid 10 contaminated with diisopropyl urea. The mixture was carried on
directly to the next step. o ol _ BOCN~N NC HN,“NHN=HNS
-CF3CO02H S/ i The crude residue i from above wasirea ith TFA (2

mLb water (2 drops), in CH2CIZ (2 mL) for 2 h. The Hes were
removed under redyced pressure. The residuBawEd purjtied 1% by

salti as a colojesg’powder. 0 NNOS NHO SNH QS HN~ Boo
5 (NTFAEHOBO k 20 A mixture of the Acetate product’k (228 mg, 0.32
~mmol),.K2C03 (53 mg, Oh%%mmol in agueous methanol (1.2, v:v, 15 mlﬁ‘.
e i S S B i i
(Hifuree] \ithrweeby I G wighl CR2EDD.(DRB (1) pénidithem8®) and DMF (2

sArganicRhasedigd(MgS@4pandicanr el aiaddn yaguemie altord &6 mr) and

crude product, Conversion to the amine salt | was accomplished in'18% ~
Wadigr (ke p3) Vi tHe GehetaN piefeBdifres 5 mL), brine (1 x 10 mL), dried
10 (Na;SOy), filtered, and concentrated. The residue was purified by flash chromatography (SiO-

2, 10~15-20% ethyl acetate—hexanes) to afford 286 mg (97%) of amide b as a colorless solid.

8]
O.
H 0 S:N

oy

15 Following the general Boc deprotection procedure described above, Boc amine b (317 mg,

0.64 mmol) afforded a quantitative yield of amine ¢ as a colorless solid.

d

N g 9
S \ﬁg@
. W, N

20 Typical EDC coupling: A solution of amine ¢ (300 mg, 0.76 mmoi), N-Boc-alanine (158 mg,
0.84 mmol), EDC (161 mg, 0.84 mmol), catalytic DMAP and MeCN (3 mL) was maintained
at rt for 3 . The solution was diluted with ethyl acetate (50 mL.) and washed with 1| N HC! (3
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5 Example 8 COOH EDC, DIPEA 0 N.0.-\ N.O1~ DMF H N0O2 HCI NO 2

a b A mixture of acid a (1.5 g, 6.9 mmol) prepared according to the

procedures of described in 10 Kice et al. (J. Org. Chem. 1989, 54,

3596-3602), amine HCI salt (868 mg, 8.9 mmol), EDC (1.3 g, 6.9 mmol),
xang IR EA X1 Rami, @&nmn)inw(ﬁll g )19 SHEEANL ROk ltered, and

Th t diluted tOAc (50 mL), washed with 0.5 N
over%% Iﬁreoéﬁ'# #?ewas e %fe\# B W&?‘}’c‘é’ﬁimﬁ%ﬁgﬁﬁ ¥o afford

1.3 g (74%) of amide b as a yellow solid, which was carried on without
further purlflcat . 15 COOH H2, 10% Pd/C, CO0'Na" ):: \ NaOH, ag.
NaOH i NG2 N h 0 10% Pd/C (200 mg) was add@d 6a %on

\Z{; mmol)-NaOH (92 mg, 2.3 AN I mL)
d wvater (5'?nL)C|n @

or. THis Mixture was purgétd vith

10 min, then hydroge atec a Parr hydrogenator f=a&psi at R =
2.5h. Thegresultlng mixture™ws filtered through Celite, goncentrated in
vacuo to afford 50 mg (104%) of amine salt bas a greenish-brown solid.

e 10 CO N alNO2, CuBr COOH aq. HCINH2 14 Br ab
C%x ml[?érre mlxtaur%lg‘fj ET tcﬁlﬁﬁﬁff"r‘ﬂﬁ’ SfemahelfFineFaet with

TF30(2m),) evdlegat(D drops), in CH,CL, (2 mL) for 2 h. The volatiles were removed
under reduced pressure. The residue was purified by reverse—phase HPLC (Cis, MeCN-H,0,

0.1%TFA) and the solvents removed by lyophylization to provide 166 mg (38% for 2 steps)

of amine ¢ as a colorless powder.

Example 7 N-Boc-N-methyl-L-alanine-I-cyclohexylglycine

Ay

COOH

I

A solution of Fmoc-L-cyclohexylgiycine (3.6 g, 9.6 mmol) dissolved in DCM (50 ml} and
DIPEA (5.6 mL, 32 mmol) was added to 2-chlorotrityl chloride resin (5 g, & mmol} and
gently agitated for 3 hours at room temperature. The resin was washed with DCM 4 times,
DCM/MeOH/DIPEA (17:2:1) 3 times, DCM 3 times, and 2 times dimethylacetamide (DMA).
The Fmoc group was removed by treating the resin with 20% piperidine/DMA (50 mL) for
15 minutes. The resin was washed with DMA 6 times. A solution of Boc-N-methylalanine
(3.3 g, 16 mmol), HBTU (6.1 g, 16 mmol}, and DIPEA (5.6 mL, 32 mmol) and DMA/DCM
(1:1, 50 mL) was added to the resin and gently agitated for 2 hours at room termperature. The
resin was washed with DMA 5 times, DCM 2 times, and dried under reduced pressure. The
dipeptide was cleaved from the resin by gentle agitation with HOAc/TFE/DCM (1:1:3, 100
ml) for 2 hours at room temperature. The resin was removed by filtration and the solution
concentrated. Residual AcOH was removed by azeotroping with hexanes (15 times volume).
The solid residue was purified by reverse—phase HPLC (C,5, MeCN-H,0, 0.1%TFA) and the
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C, was added NaNO2 (248 mg, 3.6 mmol) in one portion (caution was
used due to elevated reaction temperature). After stirred at O C for 1 h,
this solution was added drop wise, via a dropping funnel, over 20 min to
an ice-water cold solution of CuBr (618 mg, 4.3 mmol) in 5 water (30 mL).
SOy drapsre e thante izaionLy wervidadeta 64SIGnRf deReheprN-methyl-L-
al@tidsec{cRubonsivamsseswhie darming). The resulting mixture was
allowed to reach RT and was stirred for 4 h. It was diluted with CH2CI2
(100 mL), separated, washed the aqueous layer with another portion of
EGHPE T2 (10U-BriyNrhetlndrhbineth e viroparenpighivad once with sat.
aq. Na2S203, dried (MgSQ4), and concentrated in vacua. The crude
product was adsorbed on( 10 tp Celite and purified by ISC& CombiFlash
12 g column (20-100%. et cetate-hexane) to afford 175 mg (29%) of
bromo acid bas a Iigkﬂ%%glo solid. Example 11 COOH , DIPEAO O
N- 0~1 DMFBxoHS ISSE8MA mixture of bromo acjd a (680 mg, 2.7
mmol), amlt (264 mg, 2.7 mmol), EDC (52&tg, $%Mfinol),
and DIPEA (472 L, 2.78anmol) in DMF (10 mL) was stirre¢at RT for

overnight. The mixtyre was partition between water (30 m | EtOAC _
AL S APAT ARG e BB g R ARDIGY FoBHor™: ¥
Matse (160 Ther26ocoBindd o fahicuvdereancastretiondtiy 9. HE 1 756mol),

5 ‘{/P#bé’\t%@% (Mk’?grm Q}ﬂg%kﬁf iE%WasCRQ&‘?QH&ﬁgdé}C%%%nsphem

e crude product was adsorbed on to Celite and purified by |
ofcdnipirthdh e gridhurie B istds ks nEetistameths felits wrthed 306 AigOH.
afld&ceftbremedmidaddaaseyallowoo i3k ExgraplRaliR.GHEMMECITE, as a

%ﬁaBr /(? Bﬂl%g Toa sg&utio{g oftpromo amide a (300 mg, 1.0 mmol) in

© ’l‘—fsfénml‘_"ﬁ at 0 e \\as aood’edracrof)' wise a solution of CH3MgC1 (2.0 mL
of 3 M solutio THF, 6.0 mmol). The resulting 30 mi was stirred for
I h, and then gllowed to warm to RT for 2 h. The mixture was 84
quenched with™$0% aq. AcOH (4 mL), diluted with wgter$0 mL) and

EtOAC (50,5, 416 dc Lﬁ come

b ¢

"'The amine b prepared above was combined with CH,Cl; (40 ml), saturated agueous

NaHCQO; (40 mi) and cooled to (¢ °C. Benzyloxy carbonyl chloride (3.0 mL) was then added
dropwise and the mixture stirred vigorously ovemight. The phases were separated and the
aqueous phase extracted with CHyClL (3 x 20 mL). The combined organic phases were
washed with brine (1 x 30 ml), dried (Na,SOy), filtered, adsorbed onto Celite and
chromatographed (ISCO, 120 g silica column, gradient elution 5-55% EtOAc-hexanes) to
afford 4.15 g (80%) of racemic Chz-pyranyiglycine methyl ester. The enantiomers were
separated on a Chiracel OD column eluting with 10% FEiOH-hexanes. The desired §-

enantiomer ¢ elutes first under these conditions.
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separated. The aqueous layer was extracted with EtOAc (50 mL). The
combined EtOAc were dried (MgSO4), filtered, and concentrated. The
crude product was adsorbed on to Celite and purified by ISCO
CombiFlash 12 g column (2-10% ethyl acetate-hexane) to afford 150 5 mg
(60%) of bromo ketane b as light yellow oil. Compound b may also be
prepared employjng the procedures described by Alvaro et al. ﬁ

2004099143) and Tsuno et al. (Bull. Chem. Soc. of Japan ,
48(11), 3347-55). mple 13 COOH CO2€H3~\\ ~) 3vCi2, CHGE3 \\ 10
NQZZyMcSH N(ﬁ? a%ﬁ)ﬂ% starting acid a (6.6 g, 30.4 mmc?_ll)N AS
tre ith thionyl chloride (50 mL), CHC13 (50 mL), and 1 ¢rop gBii=
at 78 C for 5 h. The resulting mixture was concentrated in vacuo, gried

under high vacuum for overnight. The resulting yellow solid was cooled in

AgHiTcera st baar Rl Ririre @om il eves @dde d Sdwiyodhi§wad-C (700

mif)enieefiuxesl:fon hs Afint2e0lete RIulbeKresuling RECOPHAEW S wre was
th cold MeOH,_ and dried to afford 5.0

ollected by filtration dw,
RSP bt VRO B s S eruge o 135 5
(IMEQHGCORE 3 20cNORN MR, aAlkdkrstisgensiomef gistenach. Bgsy2dhbsized in
GMQ ‘ax‘;ngogtgcyﬁ‘:ﬁ)n’gv{f% 1"& I’&Mueig%f( LTy :.L’ £ 9551‘1 p,:“lil r Bd méllgz‘l‘!NS%for' .
min,%‘en treated Withéa baﬁ%on of H2 atzlg%%'nii the iea'c%(‘)'h s e ‘9 =
Hellommetdl fohdéierny LToNPaynaiter BurethgHn® sddanemnixddreSmithNg M.;
whar 10miparkber2b. nHpure was fikered throgghSretie avasiied Withanderson, .

S-?gf?‘?;?’&’e%eﬁ‘é%%t%%‘E)g‘é%\;fl“a’ and high vacuum dried to afford 4.2 g
0) e

of amihe b as abrown oil. Example 15 85 Zn(CN)2 Pd(PPh3)4,
DMFA\W Br /i O

i O
F
BocN\g)LOH

N 9
BochN \)Lﬁ COQM@

d e f

HoN COzME

A mixture of amine d (1.35 g, 7.8 mmol), N-Boc-N-methyl alanine ¢ (1.74 g, 8.6 mmol), EDC
{(1.65 g 8.8 mmol) and MeCN (50 mL) was maintained at rt overnight. The MeCN was
removed under reduced pressure, and the residue diluted with EtOAc, washed with 0.5 N HC}
(3 x 10 mL)}, 0.5 N NaOH (3 x 10 mL), dried (MgSO,), filtered, and concentrated to provide
2.1 g (75%) of protected dipeptide £, as a clear oil.

o O

— L
BOCN\)L%\_&; COzMe BocNJ\ﬁ COoH

—h

g

To a 6 °C solution of ester £ (2.10 g, 5.86 mmol) and THF (50 mL) were added LiOH-FH,0
(1.23 g, 29.3 mmol) and water (2 maL). The mixture was maintained at 0 °C for 2 h, then the
cooling bath was removed and the mixture was stirred overnight. Most of the THF was then
removed under reduced pressure and the residue was diluted with CH,Cl,, washed with 6.5 N
HCI, dried (MgSQyq), filtered, and concentrated to provide 1.53 g (78%) of dipeptide N-Boc-
N-methyl-L-alanine-L-dehydropyranylglycine g, as a colorless solid.
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CN a b A mixture of bromo ketone a (285 mg, 1.1 mmol), Zn(CN)2 (400
mg, 3.4 mmoi), and Pd(PPh3)4 (88 mg, 0.076 mmol) in DMF (2 mL) was
heated in a microwave at 200 C for 600 5 sec. After cooled, diluted with
water (10 mL), extracted with EtOAc (2 x 10 mL). The insoluble material
was removed by filtration; the solvent was dried (MgS0O4), and

entrated. The crude product was adsorbed on to Celite-and purified

CO CombiFlash 11 : 2nai e.uy.r rc 147 acoi trilo e tutlitt ~.~-
Vio -hexane) to Iauvdf,d 190 ~vv/0) Of nd ~.|kc+p c vias ay hi
sol&l, _Zoen

pPoing a mawalsd be repared empldififitr-te foceptre
describe 10 Alvaro etal. %Ndzé)d@4099143) and‘and Tsufo et al W

(Bull.-Chem. Soc. of Japaﬁ 1975, 48(11), 3347-55). Example 16
COOCH3 NaNO2, CuBr COOCH3 )::aq. HCINH2 Cl 15ab Toa
suspension of amine a (4.2 g, 20.9 mmol) in 6 N HC1 (100 mL), cooled in

Alcgriater phathnWes Adee- NaNGS 22 & A BIoNAPOHENS( GRSl A on,

was_used due to elevated reaction temperature). After stirred at ice-water
dipshtisier ihacrdr Prthid el ey igieeg drop wieewatd 460 me 0.23
mieek; aithae | Wtiapied,QuBA. (S Ihah, AN Mot bednatet Y4805smLgs 29 &fteng, 0.24

addition,.CH2C1 0 mL).wa owly to the mixture, The reaction
mﬁ?ﬁufr}el%vgg éfcﬁoé\‘/géd If%mroe)gc gReiggﬁg i/as s%i?‘?’ealé f‘c])arultanu.lﬁiiv%lg dilt ¢ The
mygithra e Ghi2al Z’IQWE}. dihguphadédy mlem;gaalamdlsﬂﬁe dgudasolumn,
o RBRRCNASLXEacted NI CHRG1R (kR @f}%g- ok dgfmneg Qk)&%&i%s solid

were washed with sat. sodium thiosulfate (100°'mL), dried (MgSO4), an
cRHRERAtF (EHD FHEORIRRYS BradiRe WS EYSHSaTieh W IUERy Wrileotisar:
by ISCO CombiFlash 25 120 g column (1-8% ethyl acetate-hexane) to

afford 3.1 (66%) of chloro ester b as a white solid. Example 17 86
COOCH N' 011 1) CH3MgCI, THE\\
i) o}
|
Bodil\:)]‘a N HN\s/LLﬁ iy

o =N T o) 1—“
. S\//‘\ij «CF,CO,H S
i I
The crude residue j from above was treated with TFA (2 ml) and water (2 drops), in CH,Cl,
(2 mL) for 2 h. The volatiles were removed under reduced pressure. The residue was purified

by reverse—phase HPLC (Cy5, MeCN-H,0, 0.1%TFA) and the solvents removed by

lyophylization to provide 77 mg (54% for 2 steps) of amine salt i as a colorless powder.

A mixture of the Acetate product k (228 mg, 0.32 mmol}, K;COs (53 mg, 0.38 mmol) in
agueous methanol (1:2, viv, 15 mL) was stirred at rt for 1 h. Methanol was removed in

vacuo. The residue was diluted with water, extracted with CH,Cl; (1 x 50 mL), and the
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Cl+ 0oHCI 2) INHCI//CI ab Following the general procedure of
Williams et al. (Tetrahedron Lett. 1995, 36(31), 5461- 5464), to a stirred
suspension of ester a (1.5 g, 5.7 mmol) and amine (700 mg, 7.1 mmol) in
5 THE (30 mL) at -5 C under N2 was added CH3MgC1(16. 1 mL of 3 M
orpeMitioneie drHh (HB<b M mal avenRAdnin wails keering. hedeppsaiature
Cbelow 0 g: fter 0.5 | ég -5 C, the reaction n;ixture was allowed to warm
TG R A St 6 P BUe AT FIRY Feste b hadeld (é eRedalrmpA hs@pneral
pra#edext.with i N HCI (100 mL), heated the mixture at 35 C for 3 h, then
cooled, diluted with EtOAc (150 mL), dried (MgS0O4), and concentrated in
vacuo. The 10 crude product was adsorbed on to Celite and purified by
E4agepts €ombiFlash 40 g column (1- 10% ethyl acetate-hexane) to afford
900 mg (64%) of chloro ketone b as a clear liquid. Compound b may also
be prepared employing the procedures described by Alvaro et al. (WO
200409914? and and Tsuno et al. (Bull. Chem. Soc. of Japap, 1943, P

48(11), 3478%). 15 Exa@pl§ 18 EtOH?HEﬁE%Iuene COON0 FO
CO2ERg D oncent.ratedﬁ;lﬁ;ﬁic aci as added :I ia

stir d_sqlution of 2- fluorophenylacetic acid a (10.0 g, 65
toluene (100 nfY$and EtOH (7.6 mL, 130 20 mmol). The réSulting miktye
was heated at 100 C for 1.5 It. It was concentrated in vacuo, diiljuted with
EtOAc (200" mL), washed with 10% K2CO3 until the washes were basic,
A SHEYigSE A (hAdcHAcamaitexiared eaetdirgftorthe 9@ ¢8496 oo Hestabed in
Kibeas alightorgliewenil-1 esampiesdd SO HEIR AR ERES PRES Finc

LF a#) Concentrated sulfuric acid (3 mL) was added slowly to a stirred
(dokBionBrsth e diSiophinyoctic ZERPY @ OB, (B8 i SHEIGHRT for
ovéhBehm L Thstirtechat R dhisd withBseenceniBiedadilaedavih RORT 0.5 N

0mL), ith 10% K2CO3 until the washes .87 were basic, dried
N S B St s TS (el o = o
vellow solid, which was carried on without further purification.

COOH H,, 10% PI/C, COONa*
NaOH, ag. NaOH

a b

10% Pd/C (200 mg) was added into a solution of acid a (500 mg, 2.3 mmol), NaOH (92 mg,
2.3 mmol) in EtOH (25 mL) and water (5 ml} in a Parr reactor. This mixture was purged
with N, for 10 min, then hydrogenated with a Parr hydrogenator at 50 psi at RT for 2.5 h.
The resulting mixture was filtered through Celite, concentrated in vacuo to afford 50 mg

(104%) of amine sait b as a greenish-brown solid.

Example 10
COONa* NaNQ,, CuBr COOH
NH2 Br
8 b
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ester b as a white solid. Example 20 ' EtOH, H2SO4 C02Et 5 ~~'COOH

OZ/ NOZ ab Following the procedure for preparing ester from example

19, 2-nitrophenylacetic acid a (10.0 g, 55.2 mmol) afforded 10.9 g (95%)

of nitro ester b as a light yellow solid. 10 Example 21 NrOH ONO COZ2Et
Tea#Ered moNgOE HREMIF RinaSPoiowinhd tacdewar| b ¢&dore), cooled at 0
‘dlengtiRRR PR R22E Fho(d ARMSINEMINS 86 rtbA (Raiflibn 430séB 42 to elevated
reaction of difluoro-ester a (4. 0 £0.0 mmol), isoamyl-nitrite 3 2mL, 24.0
repBt oM P SR Rla SEET PTG 3% %Fﬁbh ]i‘n‘é‘cb"ﬂ“(%“rﬁ’ﬁﬁ & praRmeie: via a
dinppSE GuisembiEdashmB0tg aolivena{2:30% ettyibacataiBhexang)td.afferd]) in

diflyorg oxim I|d Example 22 N.OH

R s R e R BT oS e
(egxiiae wasueed dpg 1o famrongprdisreguides rairyreovkicapectaddarnssch RT and was
selescrihed by Kemniatah G \oH,enamvSac), ¢ aald, %@Qﬁ@@é?amous layer

DMF (30 mL) was_ added drop wise over 25 min to a vigorously stirred

PUOAERTRP GRS A WA N SR8 (riETaPSTe BATFGrSq Bith sat

aqnivio, Dy, RikHE (3:80L), undeoid2ntddes! nesuiting dackeoale reciwosioniveas:d on

e@it?éja%;? {;\Iuyhgi%dl%p I%Sr&gblﬁw g.”lJt E it altﬁ% /QZ Wacz:‘tat -he éane) to

extracte EtOAc (2 x 200 mL), washe tOAC wit rlne rie

afiorg S Guner ebricentratedd ik agadight Tﬁl@wa@@prod uct was adsorbed
on to Celite and purified by ISCO CombiFlash 120 g 88 column (1-10%
an'}ll acetate -hexane) to afford 1.6 g (41%) of benzisoxazole b as an off

COOH EDC, DIPEA O N~
oL —
-+
o S®
Br sHCI Br
& b

A mixture of bromo acid a (680 mg, 2.7 mmol), amine HCI salt (264 mg, 2.7 mmol), EDC
(520 mg, 2.7 mmol), and DIPEA (472 pl., 2.7 mmol) in DMF (10 mL) was stirred at RT for
overnight. The mixture was partition between water (50 mL) and EtOAc (100 ml),
separated, washed the agueous layer with another portion of EtQAc (100 mL). The
combined organic were washed with 1IN HC] (50 mL), IN NaOH (50 mL}, dried (MgSO,),
filtered, concentrated in vacuo. The crude product was adsorbed on to Celite and purified by
ISCO CombiFlash 12 g column (10-50% ethyl acetate-hexane) to afford 300 mg (38%) of

bromo amide b as a yellow oil.

Example 12
{
o) N‘O/ O
CHaMgCl, THF
2, 2,
a b

To a solution of bromo amide a (300 mg, 1.0 mmol) in THF (8 mL) at 0 °C was added drop
wise a solution of CH,MgCl (2.0 mbL of 3 M solution in THF, 6.0 mmol}. The resulting
muixture was stirted for 1 h, and then allowed to warm to RT for 2 h. The mixture was
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white solid. Example 23 a/ COOH EDC, DIPEAN N + H,0~ MeCN N O
5-0O (NHCI - O ab A mixture of benzisoxazole acid a (1.23 g, 7.5 mmol)
prepared according to the procedures described by Kemp et al. (J. Am.
Chem. Soc. 1975, 97, 7305-7312), amine HCI salt (736 mg, 7.5 mmol),
qEeDBe(l Widh gy 0PSaqnraeiiand RIFEAR with Gaten(BO D) MRCN G20 (@b)mL)

red a for overn t was ntrated jn vacuo, di sol
S%ggé%%c ZO%qir%E : Ms"h‘é’és wit S%évmﬁ%%%%cmgiﬁ%ﬁea&%ﬁ\f §% OAC
waisditishdat@tbdl l@r&ﬁm@ﬁrm@m o?hbmismmgtmammmeamm Celite
aﬁfﬁMhH@ng@c@(%tﬁtﬁﬁés& N/ QEEIMeGhol, B0 NedR A% Qe Ijitl? afford 150

é? the rocedure for pr ggarl bromo ketone from example

e QRS B P JEB VRIS | PibasCatmsd HB MG CHES. (*??rﬂ!’%’ﬁfed
exﬁpmysuguue) prmcéEEfEs da%:&mmm)mﬂae erdtl€ POt RASA BEH 1R0AD et al.
li 0] 40 g column 20 (1-5% ethyl
(égfeggﬁ%% AP? % ?%?r%bgg of benzisoxazole ketone b as a
white crystalline. Compound b may also be prepared according to the
Epfgerdures described by Smalley et al. (Science of Synthesis 2002, 11,
289-335) and Faroo et al. (WO 9614305). Example 25 O O Br2

AcOH/DGM orN B PR0 N 25500, oy, COCH;
b

The starting acid a (6.6 g. 30.4 mmol) was treated with thionyl chloride (50 mL), CHCl, (50
mL}), and 1 drop of DMF at 78 °C for 5 h. The resulting mixture was concentrated in vacuo,
dried under high vacuum for overnight. The resulting yellow solid was cooled in an ice-
water bath and MeOH (200 mL) was added slowly. This was then refluxed for 1 h. After
cooled to RT, the resulting precipitate was collected by filtration, washed with cold MeOH,
and dried to afford 5.0 g (71%) of ester b as a yellow solid.

Example 14
COLHs 0% Pd/C, MeOH COLH;
.
NO, NH;
a b

A suspension of ester g (5.0 g, 21.6 mmol) and 10% Pd/C (1.2 g) in MeOH (200 ml} was
purged with N; for 5 min, then treated with a balloon of H, at RT until the reaction is
completed {checked by LCMS). After purging the reaction mixture with N, for 10 mirn, the
mixture was filtered through Celite, washed with MeOH, concentrated in vacuo, and high
vacuum dried to afford 4.2 g (97%) of amine b as a brown oil.

Example 15
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a b Bromine (184 ML, 3.6 mmol) was added drop wise to a solution of
benzisoxazole ketone a (525 mg, 3.3 mmol) in AcOH (1.5 mL) and
CH2CI2 (6.0 mL). After 1 h at RT, LCMS 89 indicated no reaction. Five
drops of conc. HCI were added to t actlon mixture and stirred at RT
for overnight. It Wag-quenched.y EJS

concentratef » to affard 820 mg (105%) of tone bas a
brown oil. 5Exzmple OH NaH, THF, DMF CO IJ]\NFF
F a U Following the general procedure of Strupczewski et al. {J. Med.

Chem. 1985, 28, 7@&1-769), to 10 a suspension of NaHs (60% in mineral oil,

3 I & )wa ed. | Iyt £
Ad%ﬁ%%ﬁ?%l%ﬁ (g%io rrrggn_oilwlnﬁgl&% % g&ﬁ ‘?ﬁ)eanfgeos% #IJI‘%% , and

PRkie GATRELEE & fdViE 2 Wé@%a%ﬂ&ee 1P UTSHOBHE Wl (@ dor 600
s&iﬂL)M&xtbastaﬂ Gt It ORC €3tk FO0MHI.), T&@rfdzeh%d NM@%@@HQG{WGM) The
drled gSO4 and C ted The crude produc
r%e on rg%él) Céiite and] ?tﬁ/ 3[}) a‘i’§€:o oftbIETA s s 4 gég{g?ﬁ)ﬁ}’ and
ct(&C@%@ﬁyT@:mmmm@W@@ 1§ U7 dafirdiedibp X320 € @stéFlash
19 asoRmpiwhite solid, Example 2% GQAEL70M H28Q4 COQEL AN VN

%:uu1miuf. (o= Suaylrad CARIRS) W0 Ao e u.% s rUE Kelone U as &

0 20abA suspenS|on of benzisoxazole a (1 mmol) in 70% ~
Wﬁ?sﬁ?&l%so‘?ﬁﬂlp%@é HeBAIGALOSRr PrepradneTRlpPE JBreBroseiiss pesibed by

Avrshedaice FThemaligoves) colestiadrioykilteation 2wasORGWEB-WatgaRd 975,
4(§%rli5d§94e}fg%r)d 1.3 g (89%) of benzisoxazole acid b as a white solid.

Example 16
COOCH; NaNO,, CuBr COOCH;
oD —— 0
NH, Cl
a b

To a suspension of amine a (4.2 g, 20.9 mmol) in 6 N HCI (100 mL), cooled in ice-water
bath, was added NaNO, (2.2 g, 31.4 mmol) in portions (caution was used due to elevated
reaction temperature). Afier stirred at ice-water temperature for 1 h, this cold solution was
added drop wise onto an ice-cold solutiop of CuBr (5.4 g, 37.6 mmol) in water (150 mL).
After addition, CH,Cl, (80 mL) was added slowly to the mixture. The reaction mixture was
allowed to reach RT and was stirred for 4 h. It was diluted with more CH,Cl, (50 mL). The
phases were separated. The aqueous phase was extracted with CH,ClL, (2 x 50 mL). The
combined CH,Cl, were washed with sat. sodium thiosulfate (100 mL), dried (MgSO,), and
concentrated. The crude product was adsorbed on to Celite and purified by ISCO CombiFlash
120 g column (1-8% ethyl acetate-hexane) to afford 3.1 (66%) of chloro ester b as a white
solid.

Example 17
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25 Example 28 O | COOH EDC, DIPEAN McCNO +HC'FO (r)HCIF
O ab 90 Following the procedure for preparing amide from example 23,
benzisoxazole acid a (1.3 g, 7.0 mmol) afforded, after purified by ISCO
CombiFlash 12 g column (2-15% ethyl acetate- hexane), 740 mg (47%) of
benzisoxazolg %E e b as a white solid. 5 Example 29 O O GH3MgCI\ |
FOFO ab wing the proceéjure fq;@ge g—gﬁketone frgm

exampig X4; banzisoxazole an&Fl (740 mg, mmo I)ﬁeg!”
G

(66%) &f benzisaxazole ketone h.as an offgyhm.ﬁglld 10 ol
COON H2S04, EfOH COZEt a b Following the procedure for
preparing ester from example 19, 2,5-difluorophenylacetic acidba 15 (9.56

F%l)l(ez\?nt% 4 31%Yn 8‘]% »—i%‘é cg %&S‘ce‘?'ﬂf’@% e%}%rgna o5 158 Iy 5461
5464}, to a stirred suspension of ester a (1.5 g, 5 7 mmol) and amine (700 mg, 7.1 mmol) in
THF (30 mL) at -5 °C under N, was added CH3MgCl (16. 1 mL of 3 M solution in THF, 48 .4
mmol) over 20 min while keeping the temperature below 0 °C. After 0.5 h at -5 “C, the
reaction mixture was allowed to warm to RT and stirred for overnight. The reaction was
quenched with 1 N HCI, ditated with 1 N HCI (100 mL}, heated the mixture at 35 °C for 3 h,
then cooled, diluted with EtOAc (150 mL), dried (MgSQOy), and concentrated in vacuo. The
crude product was adsorbed on to Celite and purified by ISCO CombiFlash 40 ¢ column {1-
10% ethyl acetate-hexane) to afford 900 mg (64%) of chloro ketone b as a clear liquid.
Compound b may also be prepared employing the procedures described by Alvaro et al. (WO
2004099143} and and Tsuno et al. (Bull. Chem. Soc. of Japan 1975, 48(11), 3347-55).

Example 18
EtOH, H,80,
foluens
C}\/\COOH A @(\C%Et
F F
a b

Concentrated sulfuric acid (2 mL) was added slowly to a stirred solution of 2-
fluorophenylacetic acid a (10.0 g, 65.0 mmo!) in toluene (100 mL) and FtOH (7.6 mL, 130
mmol). The resulting mixture was heated at 100 °C for 1.5 h. It was concentrated in vacuo,
diluted with EtOAc (200 mL), washed with 10% K,CO, until the washes were basic, dried
(MgSO,), and concentrated in vacuo to afford 9.9 g (84%) of ester b as a light vellow oil.

Exampie 19

/@\/\COOH EtOH, H.80, /@\/\C(bgt
F F F F

2 b
Concentrated sulfuric acid (3 mL) was added slowly to a stirred solution of 2,4 di-
fluorophenylacetic acid a (10.0 g, 58.1 mmol) in EtOH (100 mL), stirred at RT for 2 d. It

was concentrated, diluted with EtOAc (200 mL), washed with 10% K,CO, until the washes

87



10

15

20

25

F Fab 20 Following the procedure for preparing ester from example 19,
2,3-difluorophenylacetic acid a (10.0 g, 58.1 mmol) afforded 10.8 g (93%)
of difluoro ester bas a clear liquid. Example 32 N,OH F ONO F COZEt ~
~ COZEt F NaOEt, EtOH F 25 a b Following the procedure for preparing

wsxiesoffiek MR 2 12ndifcarenbeted &y (vroug, Beiorhiol) affrdda ofstyluoro

eg 3%} efgiflinr@ oxime b as a white solid. 91 Example 33 N OH ONO |
CO2Et CO2Et F NaOEt, EtOH FF F a b 5 Following the procedure for
preparing oxime from example 21, difluoro ester a (10.8 g, 54 mmol)

Esffoptie?l4.9 g (40%) of difluoro oxime b as a white solid. Example 34 ,OH
Nall, THF, DMECQREL F COZELHy | 10 a b Eollowing the
procedure foﬁoe%ifbr frgtn&ékﬁn%é 26, diflucio ox#AeEa (5.5 g,
24.0 mmol) a s‘)c eatcafter purified by ISCO Combiktash,A0 g column
(1-5% ethyl acetate- hexane), 2.66 g (53%) of benzisoxazdle ester b as an
off white solid. 15 Bxample 35 b

Following the procedure for preparing ester from example 19, 2-nitrophenylacetic acid a

(10.0 g, 55.2 mmol}) afforded 10.9 g (95%) of nitro ester b as a light yellow solid.

Example 21

N,OH

Y\,ONO |
/@\COzEt CO,Et
F F NaOEt, EtOH F F

a b
Following the general procedure described by Kemp et al. (J. 4m. Chem. Soc. 1975, 97,
7305-7312), reaction of difluoro-ester a (4.0 g, 20.0 mmol), iscamyl-nitrite (3.2 mL, 24.0
mmol), and NaOEt (1.4 g, 20.0 mmol) in EtOH (40 mL), after purified by ISCO CombiFlash
80 g column (2-30% ethyl acetate-hexane) to afford 2.1 g (47%) of difluoro oxime b as a
light vellow solid.

Example 22
N,OH
I NaH, DMF COEt
A
CO,Et
NG, o
a b

A solution of the nitro oxime a (5.0 g, 21.0 mmol} prepared according to the procedures
described by Kemp et al. (/. Am. Chem. Soc. 1975, 97, 7305-7312) in DMF (30 mL) was
added drop wise over 25 min to a vigorously stitred suspension of hexane-washed NaH (60%
in mineral oil, 840 mg, 21.0 mmol) in DMF (40 mL) under N,. The resuiting dark colored
solution was heated slowly to 130 °C for 8 h. It was diluted with water (200 mL), extracted
with BtOAc (2 x 200 mL}, washed the EtOAc with brine, dried (MgS0O,), and concentrated in
vacuo. The crude product was adsorbed on to Celite and purified by ISCO CombiFlash 120 g
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,OH Nall, THF, DMF CO2Et CO2EtaN FOF F ab Following the

procedure for preparing ester from example 26, difluoro oxime a (4.9 g,

21.4 mmol) afforded 2.9 g (65%) of benzisoxazole ester b as a light yellow

crystalline. 20 Example 36 CO2Et 70% H2SO4 COON FaF\~N\~N
colpin®) { b 19 Feotibylingethre-rooed uoeaffordré gag g1 acicbfroenziscanmple R 4s an off
whghgiggxazole ester a (2.1 g, 25 10.0 mmol) afforded 1.92 g (86%) of

benzisoxazole acid b as an off white solid. 92 Example 37 CO2Et 70%

H2S04 COOH A\N\\N O/O FFab 5 Following the procedure for
Epraprriag acid from example 27, benzisoxazole ester a (2.4 g, 11.5

mmol) afforded 1.92 g (76%) of benzisoxazole acid b as an off white/ solid.

Exampie 38 (%6&QOH EDC, DIPEAN El_ch,:\,l %EPEA N‘o
-~ O MeCN
\,N . E ~ . \,N /
o oHCI o
a b

A mixture of benzisoxazole acid 2 (1.23 g, 7.5 mmol) prepared according to the procedures
described by Kemp et al. (J. Am. Chem. Soc. 1975, 97, 7305-7312), amine HCI salt (736 mg,
7.5 mmol), EDC (1.44 g, 7.5 mmol}, and DIPEA (1.2 mL, 6.7 mmol) in MeCN (50 mL) was
stirred at RT for overnight. It was concentrated in vacuo, dissolved in EtOAc (200 ml),
washed with 0.5 N HCI and water, dried (MgSQOy), and concentrated to afford 1.4 g {88%) of

benzisoxazole amide b as an off white solid.

Example 24
o/
N, Q
0 CH4MgCl
N > N
8] o
a b

Following the procedure for preparing bromo ketone from example 12, to benzisoxazole
amide 3 (1.2 g, 5.9 mmol) was added CH;MgCl (6.0 mL of 3 M solution in THF, 17.8 mmol).
The crude product was adsorbed on to Celite and purified by ISCO CombiFiash 40 g column
(1-5% ethyl acetate-hexane) to afford 670 mg (71%) of benzisoxazole ketone b as a white
crystalline. Compound b may also be prepared according to the procedures described by
Smalley et al. (Science of Synthesis 2002, 11, 289-335) and Farooq et al. (WO 9614305).

Example 25
0 8]
sz
AcOHDCM Br
N N
IN /N

O O

a b

Bromine (184 nL, 3.6 mmol) was added drop wise to a solution of benzisoxazole ketone a

(525 mg, 3.3 mmol) in AcOH (1.5 mL) and CH,Ch (6.0 mL). Afier I h at RT, LCMS
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O HCI O 10 a b Following the procedure for preparing amide from

example 23, benzisoxazole acid a (1.4 g, 7.73 mmol) afforded 1.95 g

(83%) of benzisoxazole amide b as a yellow solid, Example 39 COOH O/

EDC, DIPEAN, MeCN O N-01~O (nHCIO 15 F F ab (Following the
ipioted neadantipre garindremmidedrontiCX aresledd8d bethzisoraooleistuig end stirred

al R Gr 10e 10y Qfferded dhds Avide Yoo Nassles g eleAmide l?:ﬁ%ﬁ)o mL),
brown solid. 20 Example 40 (c) 0 F O CH3MgCIFNIC)\N o/d b

wEdifGWIiG the Profcduriemsiapie ity Madne- o eRarisied on vacuo to afford
sPengi sEEPIE Btiidaadds 95, Bokmaiiol) afforded 448 mg (30%) of

benzisoxazole ketone b as a brown oil. Compound b may also be

prepared according to the procedures described by Farooq et al. (WO
EQ81ri8(%). 5 Example 41 0/ O N O CH3MgCI/ ()0 FF ab Following

the procedure for prepajing ketone from example 12, benzisoxazole

amide a (1.70 g, 7.6 mol) afforded, 19 ro@i14%) of benzisoxgeaole

ketone b as a fipe solid. 2

Following the general procedure of Strupczewsld et al. (J. Med. Chem. 1985, 28, 761-769), to
a suspension of NaH (60% in mineral oil, 37 mg, 0.92 mmol} in THF (3.0 mL) was added
drop wise a solution of difluoro oxime a (140 mg, 0.61 mmol)} in DMF (1.5 mL). The
resulting mixture was heated at 70 % for 4 k. It was cooled, poured onto water {30 mL),

- extracted with BtOAc (2 x 50 mL). The EtOAc was washed with water, dried (Mg80y), and

concentrated. The crude product was adsorbed on to Celite and purified by ISCO CombiFlash

12 g column (1-5% ethyl acetate-hexane) to afford 60 mg (47%) of benzisoxazole ester b as

an off white solid.
Example 27
COEt 70% H804 COOH
A
\IN \IN
E 0O F Q
a b

A suspension of benzisoxazole a (1.6 g, 7.8 mmol) in 70% H,S0, {30 mL) was heated at 80
% for 4 h. It was cooled, poured onto crushed ice. The solid was collected by filtration,

washed with water, and dried to afford 1.3 g (89%) of benzisoxazole acid b as a white solid.

Example 28
o. ./
COOH EDC, DIPEA N
- O MeCN /0
N N + ;’:i ~ . N N
F 0O oHCI F ©
2 b
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10 Example 42 COOH COOCH3 H2S04, MeOH COOH COOCHS3 ab

15 A suspension of 1,4-naphthalenedicarboxylic acid a (10.0 g, 46.3

mmol) in MeOH (70 mL) and H2S04 (5 mL) was stirred at RT for 2 days,

and then heated at 50 C for 10 h. It was concentrated in vacuo,
Fobodinsoive drisdd k2 G2 (3060ing 2)nida Shoad avitihil© 96 KR2EB3x(20R mida (1.3 g,

rj : trat ive. 6.6 g.(60% i-ester,

T e LR LIOR Al OOy s
hexwp Admg A 'mhakbrazsriiacls-aaids b aaovgits ®imol), LIOH (344 mg,

8.2 mmol) in THE (40 mL), water (5 mL), and MeOH (1 mL) was stirred at
R Qv night. LCMS indicated some starting 25 di-ester still remains

Un-feacted. Extra LiOH (84 mg, 2.0 mmol) was added to the reaction 94
difuted with 0.5 N HCI (100 mL),
0§04), cgjg%%@ted to afford 1.4
gllow solid. Example 44 CO
I\ 2) Me2Zp 5 CO2CH3 ab A mixture Rida (1.4 g,
6.1 mmol) ahd SOC12 (9 mL) in toluene (15 mL) Was heated at 75 C for 4
h. The solvent wasaemoved in vacuo, diluted with toluene (50 mL) and
acuum o,verni%r?/t.,_'l"he residue was .

mixture. After 4 h, it was

r&RAseNtrated, and dried under high. vacuum overnidl esidue was ..

msflljjspe%a”ecdﬁlr? ‘fgﬁ%ueneuiglfgﬁl lr?{?L) and cooled In ice-water bath: MasZn {1y &

(AUt §-frssritisHoriekitame %0 pinolrivsazelddethsidvilyastiffedist R
for 3.5 It. The reaction was quenched with sat. NH4C1,

£ H,S0,, EtOH F
\©\ACOOH 294 \@\cozm
F F

a b

Example 30

Following the procedure for preparing ester from example 19, 2,5-diflucrophenylacetic acid a
(9.56 g, 55.6 mmol) afforded 9.24 g (83%) of difluoro ester b as a clear liguid.

H,SO;, EtOH
COOH e N CO,Et
F F

F F
a b

Example 31

Following the procedure for preparing ester from example 19, 2,3-difluorophenylacetic acid a
(10.0 g, 58.1 mmol) afforded 10.8 g (83%) of difluoro ester [ as a clear liguid.

Txample 32
v/\/omo NfOH
F
U\COZEt F@CO&%
F NaOEt, EtOH F
a b

Following the procedure for preparing oxime from example 21, difluoro ester a (9.2 g, 46.0
mmol) afforded 5.57 g (53%) of difluoro oxime b as a white solid.
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diluted with water (100 mL), extracted with EtOAc (2 x 100 mL), dried
(MgS04), and concentrated in vacuo. The crude product was adsorbed
on to Celite and purified by ISCO CombiFlash 40 g column (1-10% ethyl
acetate-hexane) to afford 890 mg (86%) of ketone 15 ester b as an off
white solid. Compound b may also be prepared accrording to the

EQ;&%%es described by Uehata et al. (JP 2003073357). Example 45 Br2
N 33% HBr/AcOH N 20 a b Bromine (1.49 g, 9.3 mmol) was added slowly
to a stirred solution of ketone a (1.47 g, 8.5 mmol) prepage@'éccording to
the procedures described by Beig etakqQWD 02066480) j
HBr/AcOH 1@ L) abRaFL It was' stirred for | It, dil @ ith &feF (65 mL),
and stirred wgsétrously for 1 h. T%@QIQ&@S collectegFbyiltration, washed
with ether, high vacuum 25 dried to afford 2.88 g (1@0%) of bromo methyl
ketone b as a yellow solid. Example 46 95 COON aN Mel, DMF, AN OH
O a b A mixdure of 2-hydroxyquinoline-4-carboxylic adid a (6.25 g, 33.1

Fonevwakg Melfle3drg fdpfepiring bxamd 2CO Q. g, dRubmn e i DM, 54
1 was heated at for 16 It .5 overnight. LCMS indicated
e R ey p 4 SR s added 10 the
reaction mixture and heated at 100 C for 3 h. It was cooled, poured into

ricgwater, and 10% K2CO03 (50 mL), extracted with EtOAc (2 x 150 mL).

The combined EtOAc were washed with water, dried (MgS0O4),

concentrated in vacw.0| he cru%sa }Qr?ﬂlﬁcb s adsorbed o Qo%tCelite and
a
g \S@-SO%@ ethyl ac h

purified bygSCQ CambiFlash 80°g ¢olymn exane)

to 10 afford 4 0 (65‘5/@}2%? dibydroguinecline-ester @- eff white solid.
Example 47 aN&OHH20aN ag. THEO O 11 ab o .

a o
Following the procedure for preparing ester from example 26, difluoro oxime a (5.5 g, 24.0
mmol) afforded, afier purified by ISCO CombiFlash 40 g column (1-5% ethyl acetate-

hexane), 2.66 g (53%) of benzisoxazole ester b as an off white solid.

Example 35
NJ‘C)H
i NaH, THF, DMF CO.EL
A

CO,Et ‘ O \(N

F O

F F
a b

Following the procedure for preparing ester from example 26, difiuoro oxime a (4.9 g, 21.4
mmol) afforded 2.9 g (65%) of benzisoxazole ester b as a light yellow crystalline.

Example 36
CO,Et 70% HyS0, COOH
F A E
N N
0 0
a b

Following the procedure for preparing acid from example 27, benzisoxazole ester a (2.1 g,

10.6 mmol) afforded 1.92 g (86%) of benzisoxazole acid b as an off white solid.
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15 Lithium hydroxide (1.45 g, 34.5 mmol) was added to a solution of
dihydroquinoline ester a (1.50 g, 6.91 mmol) in THE (40 mL), followed by
water (10 mL). The mixture was stirred at RT for 16 h. It was
concentrated in vacuo, diluted with EtOAc (100 mL) and 0.5 N HCI (100
mL). A white solid precipitated and was collected by filtration, washed with

Ewaisle ¥he EtOAc was separated, dried (MgSO4), concentrated in vacua
to afford a white solid product. 20 A combined yields of 1.41 g (100%) of
dihydroquinoline acid &% whif® &dJieP Which was useB%ih out further
purification. EXAMpie 23 N.O:M.QQNAa_N_E_DQ, O HO (nHCI O
25 ab 96 N,NDiisepropylethylamine (1.37 g, 1 ”was added to a
suspension of djhydroquinoline acid a (2.42 g, 11.9 mmol), amine (1.40 g,
14.3 mmol), and EDC (2.28 g, 11.9 mmol) in MeCN (80 mL), stirred at RT
for 2 h. It was concentrated in vacua, diluted with CHRC12 (100 mL),

- ' 4‘%‘&1;:@9 - ),.dried 5
F%ﬁ?&%ﬁ%@%ﬁ%@%med to a?fgg%gfgé) 851(16%74%?‘%?&%39 roa)gﬁﬁﬂ%ﬂ%eegtrcﬁi e(zbdL &
Ty ohiadiesing | Whie Vas Qi dsasismreaele asitle potitiatidte, dmple 49

ON_0O CHSMnnIf: THE Nz~ NON O 10 a b Following the procedure
Efoxrgg{g%aring ketone from example 12, dihydroquinoline amide a (2.17g,

i nmol), CH3MgCI (8.82 mL of 3 M solution in THF, 26.5 mmol)

afforded 766 mg (43%) of dihydroquinoline ketone b as a. yellowgsolid.

Compound b 1t3ythiso be prepared acdd@irdiRE4he procedures YN

descrigedth ﬁﬂita et al. (Che~& Pharm M8l 2001, 4§ @

arm. Bull. 2%0&, 49(4), 407-412). Example
Following the procedure for preparing amide from example 23, benzisoxazole acid a (1.4 2,

I
o

7.73 mmol) afforded 1.95 g (83%) of benzisoxazole amide b as a yellow solid.

Example 3%
O /
COOH EDC, DIPEA N‘o
MeCN
N\ N + \ﬁf(:)\ . A\ N /
0 eHCl o}
F E

I
Jezr

(Following the procedure for preparing amide from example 23, benzisoxazole acid a (1.9 g,

10.5 mmol} afforded 1.7 g (72%) of benzisoxazole amide b as a brown solid.

s} /
N, Q
F /o CHMgCl £
I
O 0
a b

Example 40
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1) Pd(dba)2, dppp, O Br TiOAc, DMF N 2)INF4CIN ab 20 Following

the general procedure of Legros et al. (Tetrahedron 2001, 57, 2507-2514),

4 bromoisoquinoline a (1.0 g, 4.8 mmol) afforded 707 mg (86%) of ketone

b as a light yellow solid. Example 51 COON EDC, DIPEA O \ H ACN +
Fijioping| the P MHr B rorar B edE et iR §rtanit d éeBendstyapriesanidg a (1.95

agrﬁdﬁﬁagmfm ples 418% dibyg r&;&ew&gsames@@xﬁ: K:hszﬁkﬁm@n%ﬂ?] ne@bhpound b
ared according to the procedures descri eady et ,

Ao B T R 0E P TEEy A o B84 G LAV O (V0 9614305)
dlhydr0|soqumollne amide b as a yellow gum. 5 Example 52 NOi

EH3MaEI NIl O p a b Following the procedure for preparing ketone from
example 49, dihydroisoquinoline ammde a 10 (0.754 g, 3.06 mmol)

afforded 510 mg (850fi\¢lihydroisoquino|ine ketone b &% a yellow solid.
Compound b may also/be prepared@ggaseing to the

by Alvarez et g e of S)Lmhfﬁls_ZQD_&._lﬁ .i
(Chem. & Phar :

29(23), 3881-8).

b

1]

Following the procedure for preparing ketone from example 12, benzisoxazole amide 2 (1.70

g, 7.6 mmol) afforded 192 mg (14%) of benzisoxazole ketone b as a white crystalline solid.

Example 42
COOH COQCH;
|
COOH COOCH,
a b

A suspension of 1,4-naphthalenedicarboxylic acid a (10.0 g, 46.3 mmol} in MeOH (70 mL)
and H,SQ, (5 mL) was stirred at RT for 2 days, and then heated at 50 °C for 10 h. It was
concentrated in vacuo, re~-dissolved in CH,Cl, (300 mL), washed with 10% K,CO; (200 mL),
dried (MgSQy), and concenirated to give 6.6 g (60%} of di-ester b as vellow solid.

Example 43
COOCH;, COOH
I I LiOHeH,0 I I
COOCH; COOCH,
a b

A mixture of the di-ester a (2.0 g, 8.2 mmol), LiOH (344 mg, 8.2 mmol) in THF (40 mL),
water (5 ml), and MeOH (1 mL) was stirred at RT overnight. LCMS indicated some starting

di-ester still remains un-reacted. Extra LiOH (84 mg, 2.0 mmo!) was added to the reaction

84
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Example 53 COOH COOH POBr3, toluene NOH-~~NBr ab A

mixture of 2-hydroxyquinoline-4-carboxylic acid a (4.0 g, 21.2 mmol),

POBr3 (25.0 g, 87.2 20 mmol) in toluene (40 mL) was heated at 100 C for

3 h. It was cooled to RT, carefully poured onto crushed ice, extracted with
oistORC (i 250 ink)s diiedd MgSOAN Emgeotratey éﬂtr&@é?&l%{lﬂm(%éi@% mL),

W Issqlved in 1 N NaOH (1 L racted with EtOAC (2 X llﬁ?
o e e RN e B e S

was collected by filtration, washed with water, dried to afford 3.0 g (56%)
Efdwame acid b as a 25 white solid. Example 54 98 | 000H EDC, DIPEA

N- O HMcCN N Br (r)HCI N Br a b Following the proedure for preparing

amide from examplecé&tbromo acid a (3.0 g, 11.9 m
' le 55 Q n 0 CH3MgCI

(77%) of bromo-amide b as a whieslidivedsxamp
N BrNBr a s@@! F j _ paring ketone
from example ™49, brgmo 10 amids mélza g, 3.4 afforded 800 mg

(94%) of bromo ketens,bras an off white solid. Examplec'ég@g Triflic

anhydride OTf
a b

A mixture of monoacid a (1.4 g, 6.1 mmol) and SOCI, (9 mL) in toluene (15 mL) was heated
at 75 °C for 4 h. The solvent was removed in vacuo, diluted with toluene (50 mL) and
concentrated, and dried under high vacuum overnight. The residue was suspended in toluene
(30 mL) and cooled in ice-water bath. Me,Zn (12 mL of I M solution in heptane, 12.0 mmol)
was added slowly, stirred at RT for 3.5 h. The reaction was quenched with sat. NH,Cl,
dijuted with water (100 mL), extracted with BtOAc (2 x 100 mL), dried (MgSQ,), and
concentrated in vacuo. The crude product was adsorbed on to Celite and purified by ISCO
CombiFlash 40 g column (1-10% ethyl acetate-hexane) to afford 8§90 mg (86%) of ketone
ester b as an off white solid. Compound b may also be prepared accrording to the procedures
described by Uehata et al. (JP 2003073357).

Example 45
BFZ N
=N 33% HBr/AcOH = N
o N-F 2 Nt/
o] Br o]
2 b

Bromine (1.49 g, 9.3 mmol) was added slowly to a stirred solution of ketone a (1.47 g, 8.5
mmol) prepared according to the procedures described by Berg et al. (W0 02066480) in 33%
HBr/AcOH (20 mL) at RT. It was stirred for 1 h, diluted with ether {65 mL), and stirred
vigorously for 1 h. The solid was collected by filtration, washed with ether, high vacuum
dried to afford 2.88 g (100%) of bromo methyl ketone b as 2 vellow solid.

Example 46
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pyr. DCM I\\ N COOEt N COOEt a b 15 Trifluoromethane sulfonic
anhydride (6.82 g, 24.2 mmol) was added drop wise onto to a mixture of
ethyl-4-hydroxyquinoline carboxylate a (5.0 g, 23.0 mmol) and pyridine
(2.95 mL, 24.2 mmol) in CK2CI2 (100 mL) at ice water bath temperature
under N2. The mixtugdmas stirred at RT overnight. It Ras @iluted with

ClI2C12 (100 mL), washed with O X (100 mL), dried (MgSO4),
concentrated i U0.The crude pro S;igi'zuas @ R to Celite 20
and purified by~ orpRiFlash 80 g column (2-45% Yo
acetate-hexane) to afford 7.4 g (93%) of triflate b as a white solid.
Example 57 99 1) Pd(dba)2, dppp Et3N, DMF aN~ OTf CCN COOEt 2) 1
N HCI COOEt a b ¥ollowing the general procedure O?Legros et al.

ATetrahost @By b REOT-R5Ay i stk §iflateradd )0 geR(B633 g, 72.7

mmol), bis(di lideneacetone)palladi (82 mg, 0.1 )
o By b G JERR g 16
omgmighb LYo iy aind Focomphity wartos riedralMRT (bfo15 AR trde) Nas added
dRUBVYhRIRRE (etR Hedld Dimel} DM RS dvas,Added ardRe, and

rgsultin mixture was stirred at 80 OC for 241 h. It was cooled to RT, 1 N
e g b Wake: s3adea iy, BitfsaarRPlor24 h Finecmiaieiidae were

wachHdalizt dvavith dribi KdgHD Ancbwdnaetet withrath rH@otd6 grodu)t drieddsorbed

( Q4), : e praduct .adsorbed an to
o R B s S B A S e
afert4teSrebeaiie ofcidtoinuaohng Bt ot leéisrhiihsalid white solid.

Example 58 O aN~ KOH, EtOH COOEt COOH 15 a b A mixture of
ketor%ee ester a (1.50 g, 6.17 mmol), KOH (640 mg, 11.35 mmol) in EtOH

E 47
(36°F
Ox Ol . 0. .OH
LiOHeHO
X ag. THF N
fl\é Q !;I Q

a b

Lithium hydroxide (1.45 g, 34.5 mmol) was added to a sclution of dihydroquinoline ester a
{1.50 g, 6.1 mmol) in THF (40 mL), followed by water (10 mL). The mixture was stirred at
RT for 16 h. It was concentrated in vacuo, diluted with EtOAc (100 mL) and 0.5 N HCI (100
mlL). A white solid precipitated and was collected by filtration, washed with water. The
EtOAc was separated, dried (MgSQy), concentrated in vacuo to afford a white solid product.
A combined yields of 1.41 g (100%) of dihydroquinoline acid b as a white solid, which was

used with out further purification.

Example 48
O~ _0OH 0 é;\
o EDC, DIPEA ?
~p-O MeCN
S + ﬁ N
?i\f 0 oHCI r;s O
a b
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mL) was stirred at RT overnight. The reaction mixture was diluted with
water (150 mL), extracted with EtOAc (100 mL). The aqueous layer was
then acidified with 1 N HCI, 20 extracted with EtOAc (2 x 100 mL), dried
(MgSO04), concentrated in vacuo afforded 1.53 g (100%) of ketone acid b
Nd‘éﬁii}eﬂmmé@hwa@bmpwhﬂ temay.dlsmielprepareaddetording teudimsion of
Hetdesibed @95 HeSta0R! ARIROF9. % & NegGhemm. %:?@ED%(@ 28 g

e 1147). Exam ~H EDC DIPEA + | COOH'(NH
1H8 g W%ﬁ%@df HHEKetbRE deicd(11369, csnpentmisdlyy vacuo, diluted

vilebylamie il odtlendadias moics 63 mﬂmoé}xdEDﬁli_z;(Mém (%), aied
an m stirred at
TG S s e e B o e e Wi soic

w@meu{q@mmlg)mﬁa@mdwﬁhatMHm (50 mL) and 1 N NaOH (50 mL),
dried (MgS04), and 5 concentrated. The crude product was adsorbed on
to Celite and purified by ISCO CombiFlash 40 g column (2-20% ethyl

Expranlaad Zdichloromethane) to afford 656 mg (53%) of ketone amide b as a
light yellow gum. Exampje 60-OH OTf Pyridine, DCM +Tf2000NN ab

as Ilght yellow jquig.
N 2) 1 N HCI N~z

Following the procedure for preparing ketone from example 12, dihydroquinoline amide g
(2.17g, 8.82 mmol}, CH;MgCl (8.82 mL of 3 M sclution in THF, 26.5 mmol) afforded 766
mg (43%} of dihydroquinoline ketone b as a yellow solid. Compound b may also be prepared
according to the procedures described by Fujita et al. (Chem. & Pharm. Bull 2001, 49(7),
900-904 and Chem. & Pharm. Bull. 2001, 49(4), 407-412).

Example 50
1} Pd{dba),, dppp, O
Br TiOAc, DMF
N PN O/;\\\ SN
=N 2) 1N HCl =N

a b
Following the general procedure of Legros et al. (Tetrahedron 2001, 57, 2507-2514), 4-
bromoisoquinoline a (1.0 g, 4.8 mmol) afforded 707 mg (86%) of ketone b as a light yellow
solid.

Example 51
oM
~ g
COOH EDC, DIPEA Yo
N H ACN N
+ /N\O/ .
AN oHC| N\
o 0
a b
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b Following the procedure for preparing ketone from example 57, triflate a
(6.0 g, 21.7 mmol) afforded 3.58 g (97%) of ketone b as a brown oil. 20
Example 62 OH OTf Pyridine, DCM + Tf20 aN CF3 N~CF3 ab
Following the procedure for preparing triflate from example 56,
F@l(twithgottonpethydre 26 pyetranyr enmdtnfeosn (6x8mide 32, ilyholyaffdrdiee: acid a
9 tri solid. e X )2,
(192§1g,g 6%41491)118{) I%E;I?éﬁéﬁa&@zﬁ@u%v)\!ol %g ﬁx%égc{ﬁ%L cggc;llﬁé'd ] )P BQ%Q? gt al. {J.

dppp OTf Et3N, aN'N CF3 ClI CF3 a b Following the
Heiseeudie T préPaling Keton e fisAse X anipr(SY irfifAddulirsggungingamide b
adagdipwafterded 1.79 g (35%) of ketone b as a yellow solid. 5 Example 64

0 COOHEDC, DIPEAN.IoH + McCN N,O0ON (r)HCIN ab Following

the procedure for preparing amide from example 59, 2-phenyl-4 1.0
Eganmpdtifcarboxylic acid a (5.0 g, 20.1 mmol) afforded 3.29 g (56%) of

amide b as an off Whiteisolid. Example 65

) N\O/ O
N CHaMgaCl N
N N._
O O
a b

Following the procedure for preparing ketone from example 49, dihydroisoquinoline aimde a
(0.754 g, 3.06 mmol) afforded 510 mg (85%) of dihydroisoquinoline ketone b as a yeliow
solid. Compound b may also be prepared according to the procedures desribed by Alvarez et
al. (Science of Synthesis 2005, 15, 839-906), Kimura et al. (Chem. & Pharm. Bull. 1983,
31(4), 1277-82), Tomisawa et al. (Chem. & Pharm. Bull, 1975, 23(3), 592-6) and Dyke et al.
(Teirahedron 1973, 29(23), 3881-8).

Hxample 53
COOH COOH
POBrs, toluene
= =3
N" o N Br
a b

A mixture of 2-hydroxyquinoline-4-carboxylic acid a (4.0 g, 21.2 mmol), POBr; (25.0 g, 87.2
mmol} in toluene (40 mL) was heated at 100 °C for 3 h. It was cooled to RT, carefully
poured onto crushed ice, extracted with EtOAc (2 x 250 mL), dried (MgSO,), concentrated in
vacuc. The residue was dissolved in 1 N NaOH (150 mL), extracted with EtOAc (2 x 100
mL). The aqueous layer was then acidified with 1 N HCI to pH 3. The white solid was
collected by filtration, washed with water, dried to afford 3.0 g (56%) of bromo acid b as 2
white solid.

Example 54

a8
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O N,oo CH3MSCI N N 15 a b Following the procedure for preparing
ketone from example 49, amide a (3.29 g, 11.26 mmol) afforded 3.29 g
(118%) of ketone b as a yellow solid. Compound b may also be prepared
accoridng to the procedures described by Sato et al. (JP 2002371078),
Wong et al (WO 9846572), Leardini et al. (J. Chem. Soc., Chem.
Communicatigrec984, 20, 1320-1), Z%B@nghg_:gt al. (CherQ 2
Bull. 1982, 30{1), 74-85), Sghwenk et al. (J<0rg. Chem. 194

A b Following the procedure for preparing amide from example 59,

2-hydroxy-4-§quinoIinecarboxyIic acid a (5.0 g, 26.4 mmol) afforded 1.88 g
FeBovamitenpidechuas forcpeepariig cotddesflich ExanpRiel§ boh3MAC s aNQ, 11.9

j rocedure far.preparing ketone from

m&%)rﬁé%ﬂfgiérﬁgg ?ﬁ%@é’%&iﬁ%‘%ﬁ‘?ﬁ%ﬁg& (g mg (66%) of ketone

b as a light yellow solid. Compound b may also be prepared accoridn to
Efbeieasedures described by Wetzel et al. (J Med. Chem. 1973, 16(5),

528-32), Jones et al. (J, Chem. Soc. [Section C]: Organic 1967, 19,

1808-13) and Ochig et IbLChem. & Pharm. Bull. 1963, 11, 137-8).

1%,

CHaMgCl
N aig

o

N Br

b

a
(46801-78) Following the procedure for preparing ketone from example 49, bromo
amide a (1.0 g, 3.4 mmol) afforded 800 mg (94%) of bromo ketone b as an off white solid.

Example 56
OH Triflic anhydride Ot
e o
N~ “COOEt N~ COOEt
a b

Trifluoromethane sulfonic anhydride (6.82 g, 24.2 mmol) was added drop wise onto to 2
mixture of ethyl-4-hydroxyquinoline carboxylate a (5.0 g, 23.0 mmol) and pyridine (1.95 mL,
24.2 mmol) in CH;Ci; (100 mL) at ice water bath temperature under N,. The mixture was
stirred at RT overnight. It was diluted with CH,Cl, (100 mL), washed with 0.5 N NaOH (100
ml}, dried (MgSOy), concentrated in vacuo. The crude product was adsorbed on to Celite
and purified by ISCO CombiFlash 80 g colummn (2-15% ethyl acetate-hexane) to afford 7.4 g
(93%;) of triflate b as a white solid.

Example 57
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15 Example 68 Boc'N NaBH4 Boo N NN N N EtO2C OH a b Boc-ester
a (900 mg, 2.0 mmol) was dissolved in TFIF (20 mL) and MeOH (I mL) at
ice 20 water bath temperature. NaBH4 (300 mg, 8.0 mmol) was added
and the mixture was stirred for 1 It then another 1 It at RT. Reaction was
quenched with the addition of fewdidops. alppwater, then diluted with more

water (100 mL), extracted with EtEi&% BMk 100 mL), dried _(MgS04), and
concentrated in/Hcuo to afford 739 m (90%) of alcohol b as a yellow
foamy seti xample 69 AN ATlQ/D\\I‘PEA-- FNETS,/ + . 0c-NH 0

S N Boc ON.B ,N OH OH 5a1bcl_1;‘othe mixture-af amine a (159
mg, 0.46 mmol}¥ Bo&eRFohexyl-Gl.OMH'S (129 mg, 0.50NmnfsBC&hd
HATU (350 g, 0.92 mmol) in MeCN (4 mL) was addedyDIPEA (162 L,

The . Iti ixt tirred at RT f . LCMS indicated
PO B PR POt ! S Al Gl 7 R ety ad s »
maxidrOMPENA8 ] [ .o.g@mm @Mﬂd@@cs{dme}@aﬂdydammqm lag, 0.14
m%&y%pgﬁggdwsgogﬁmawo&ﬂ@%&% GGl b AP, Washedyr s ss

with ( mL) and with water, dried (MgSO4), and concentrated.
mpied) EpGEE SHE Rt Wers sésetised bfrtd TR arRT Parifiddrty YogGther (143 ¢,
1LCombifjasDif g TelUNMn(Onbie Me@iHiehiRad 2)ile.afford 48/4mg (F400).r 24

h OTPIQIUSEC A%, R0 BRI 8% T ARIS 4% stowly, stirred at RT for 24 h. The
mixture was neufralized with 1 N NaOH and extracted with ether (2 x 100 mL), dried
(Mg8Qy), and concenirated. The crude product was adsorbed on to Celite and purified by
ISCO CombiFlash 12 g column (2-20% ethyl acetate-hexane) to afford 460 mg (66%) of

ketone b as a white solid.

Example 58
0O G
NS KOH, EtOH N
Z N COOE N” >COOH
a b

A mixture of ketone ester 2 (1.50 g, 6.17 mmol), KOH (640 mg, 11.35 numol) in EtOH (30
mL) was stirred at RT overnight. The reaction mixture was diluted with water (150 mL),
extracted with EtOAc (100 mL). The agueous layer was then acidified with 1 N HC,
extracted with EtOAc (2 x 100 mL), dried (MgSO,), concentrated in vacue afforded 1.53 ¢
(100%) of ketone acid b as a yellow solid. Compound b may also be prepared according to
the procedures described by Priestly et al. (Bicorg. & Med. Chem. 1996, 4(7), 1135-1147).

Example 59
o o
y EDC, DIPEA
= + /N\ = i
N” “COOH =HCI NN
0
a b
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Boc HATU, DIPEA, ~ HN O S11==/~N,00OHOTrjYNp\N-\_ --NHO

S/\N HCV OH Boc OH a b c To the mixture of amine a (62 mg, 0.13

mmol), Boc-N-Me-Ala-OH b (27 mg, 0.13 mmol), 20 and HATU (99 mg,

0.26 mmol) in MeCN (2 mL) was added DIPEA (46 gL, 0.26 mmol). The
Argexteregphtbe etonascslig €t ¥ BT, fﬁrrﬁdmlﬁ@ﬂh‘mhjﬂaﬁzﬁemw&dﬂﬁh\d@@m mg,

S o e e Rt Bl STt
weas ied @b R O9eTEshm SRIVI 0VaD TINOMG AT @esmime @25 BidsbledOy IEH;Cl,

(oBacN meQ@M @JN&L‘Q@ B0}’ ShirSosh %&10%% ?n%)l%é% ), and

cggcdlt%%gé{ mg, 9 mmol), thiazole amine li
MMo 9°rr%% &2 %%Hﬁ%‘l) oIl YR 95%651@?‘1 by ISCO
cammz ® mbylwes EREd ebyRictonetemighhdihadnixtume-wassdidterd o) of
kit GHZGIZ216 el%@;sgﬁg with 0.5 N HCI (10 mL) and 0.5 N NaOH
(10 mL), dried (MgS04), and concentrated. The crude product was 5
adsorbed on to Celite and purified by ISCO CombiFlash 12 g column
EXx38p2086 ethyl acetate- hexane) to afford 175 mg (89%) of product c as a
clear oil. Examglﬁ 72NyNHO SHN-/0S/ Boc 0-/-0 OO/T}O

Y ]
e Pyridine, DCM N
- + Tf20 - P

N N

a b

Following the procedure for preparing triflate from example 56, 5-hydroxyquinoline a (3.42
g, 23.6 mmol) afforded 6.0 g (92%) of triflate b as light yellow liguid.

Example 61
1) Pd(dba},, dppp
o Et.N, DMF o
| Yy T ™ SN
2N 2) 1 N HCl N7
2 b

Following the procedure for preparing ketone from example 57, triflate 2 (6.0 g, 21.7 mmol})
afforded 3.58 g (97%) of ketone b as a brown oil.

Example 62
OH OTf
Pyridine, DCM
~ ! R
N™ "CF; N~ "CFj;
2 b

Following the procedure for preparing triflate from example 56, 2-{trifluoromethyl)-4-
hydroxyquinoline a (6.87 g, 32.3 mmol) afforded 9.31 g (84%) of triflate b as a yeliow solid.

Example 63

101



15

20

/ (NTFA 10 ab Boc-amine a (175 mg, 0.26 mmol) was treated with (1:1)
TFA/ CH2C12 (8 mL), catalytic toluene at RT for | h. Solvent was
removed in vacuo. The residue was purified by reverse- phase HPLC
(C18, MeCN-H20, 0.1% TFA) and lyophilized to afford 98 mg (49%, in 2
steps) 15 of desired product b1aed(duayoseapic white solid. Example 73 a
N/ UGH-H20 N~-- }N\\--NH 08N BBZCH3 \N-NH® S\ / COOH Bee'
Boc' 20 a b A mixtufe of the Boc-ester a (200 mg, 0.30 mmol), LiOH (200
mg, 0.30 mmoTf (2 mLY, and wagsr 25 L) wasstitred at RT for i h.
MeOH (500 ed andstifred at RT overn It was diluted with
EtOAc (10 nL), wasted Wfth 0.5 MHE 0 mL), dried (WgSGHy,
concentrated in vacylo to afford 160 mg (82%) of Boc gcid 187 as a white
solid. 25 Example 74 105 O.-.N NaN3, NHYyCINN N~NH O S/\/CN
FRECRHRE SRR B TP BB BRI ORI AT AR Of tHE Rt aitrie & @dgnmeD
afftgi @i 317l NaNS (200 ang ydlidd satidl), and NH4CI 5 (252 mg, 4.75
mmol) in DMF (3 mL) was heated at 100 C for 3.5 d. It was cooled to RT,
diluted with water, extracted with EtOAc (2 x 50 mL), washed with brine,
FapegltftySO4), concentrated in vacuo. The crude product was adsorbed
on to Celite and purified by ISCO CombiFlash 4 g column (10-90%6 ethyl
acetate-heé%re)ea to afford 37 mg of tetrazole # as a brown omﬁlﬁﬂe
material was recovered by extracting th %5 BAayer with CH2C12 to
10 rg€Over 85 mg of producttA combined 1 2ig (49%
g mple 75 ~ G

W
[l 2

Following the procedure for preparing amide from example 59, 2-phenyi-4-
quinolinecarboxylic acid 2 (5.0 g, 20.1 mmo}) afforded 2.29 g (56%) of amide b as an off
white solid.

Example 65

CH,MgCl

[}~
=

Following the procedure for preparing ketone from example 49, amide a (3.29 g, 11.26
mmol) afforded 3.2% g (118%) of ketone b as a yellow solid. Compound b may also be
prepared accoridng to the procedures described by Sato et al. (JP 2002371078), Wong et al
(WO 9846572), Leardini et al. (J. Chem. Soc., Chem. Communications 1984, 20, 1320-1),
Kaneko et al. (Chem. & Pharm. Bull. 1982, 30(1), 74-85), Schwenk et al. (/. Org. Chem.
1946, 11, 798-802) and Shivers et al (/. 4m. Chem. Soc. 1947, 69, 115-23).

Example 66
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O (N NN KOH, EtOH\N/\ NHOSOHN~NNONOS/N Boo, CO2Et
BOO COOH 15 ab A mixture of the Boc ester a (135 mg, 0.20 mmol),
KOH (14.5 mg, 0.26 mmol) in EtOH (4 mL) was stirred at RT for 2 h, then
diluted with EtOAc (8 mL), acidified with 1 N HC1, separated, dried
(MgS04), concentrated in vacua, and high vacuum dried. The crude
product b waggajisied on without further purification. 20 ExafapleNig 0 O
kO COQ alb 25 Following the general9fac & of Yamamato [Asao,
pmoto,y . Teffahedron Letters, 2003, 4265542683, MeLi
(20 mLegA g\ seltion in €thé?; 30.2 mmol) was added 1984020 C
suspension of powdered CGT‘&QO g, 15.1 mmol) and ether (5 %L).%e
resulting grey solution was stirred vigorously for 10 min themyconcentrated
educed pressure at 0 C. Dichloromethane (20 mL, precgoled to O
F‘% %v%a% adéﬁfed?fcgﬁ%ﬁe s%%p nSlon as?“é%% e %-ﬁ@gﬁd $ sEryfrgry-4-
quficlinearhaxibt) aviasa{ddeg RSilbwaebbuibini sl 1288 alufioT o fostedeb 182 cream
cdQ@,024168603] (1.0 g, 5.0 mmol) and CH2CI2 (50 mL), the mixture was
stirred vigorously at -78 C for 30 min, then at O C for 2h. The mixture was
then poured into 200 nL, of 1:1 saturated NH4C1:NH4OH. The layers
Exwendes@parated and the aqueous phase was extracted with CH2C12 (2 x
20 mL). The combined ?rganic phases were washed with brine (I x 20
mL), dried (Na2SQ@4), agsorbed onto Celite and purified by

chromatography ISC 1d:|bombiﬁ%%}f g column, O-
acetate-hexa rd 783 mqg (72%) o

IR
[«

Following the procedure for preparing ketone from example 49, amide a (1.88 g, 8.1 minoi)
afforded 993 mg (66%) of ketone b as a light vellow solid. Compound b may zlso be
prepared accoridn to the procedures described by Wetzel et al. (. Med. Chem, 1973, 16(5),
528-32), Jones et al. (J. Chem. Soc. [Section C}: Organic 1967, 19, 1808-13) and Ochia et al.
(Chem. & Pharm. Bull, 1963, 11, 137-8).

Exampie 68
N _N
Boc . NaBH, Boc
S o
o

X

|
=N

EtC,C
a b

Boc-ester a (900 mg, 2.0 mmol) was dissolved in THF (20 mL) and MeOH (1 mL) at ice
water bath temperature. NaBH, (300 mg, 8.0 mmol) was added and the mixture was stirred
for 1 h then another 1 h at RT. Reaction was quenched with the addition of few drops of
water, then diluted with more water (100 mL), extracted with EtOAc (2 x 100 mL), dried
(MgSGCy), and concentrated in vacuo to afford 739 mg (90%) of alcohol b as a yellow foamy

solid.
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a clear oil. Example 77 O Ok O OH O O 15ab A solution of ester a
(780 mg), CH2C12 (5 mL), and TFA (2 mL) was maintained at ri
overnight. The solvents were removed under reduced pressure to afford
guantitative yield acid b as a colorless oil which was used without further
purification. 20 Example 78 O O O r k)" --~Ph 60H CO 0 ab Following
the general procedure of Evans [Evans, D. A.; Britton, T. C.; Ellman, J. A;
6!% L. J. Am. Chem. Soc. 1990,112,4011-4030], pivaloyl chloride

(Z72ymL, 26 mmol) 25 was ed to a -10 C solution of a (342 g,
Kg-8.mmol), (4.3 mL, mol) %druTHrEE 50 mL). reguiting
whitelStrry allewed to Warm tOJ..C_DME‘_LéD_m- ) in with Yigorout=N

stirringZThémjxture 749§ éhaooled to -78 C and a Sekth¥n oPthé
salt of (S)-4-b nzyI-2-oxzﬁoIidinone (prepared from
(S)-4-benzyl-2-o>@'i0lidinone (7.5 g, 42.3 mmol), n-BuLi (26 mL of 1.6M
solution in hexanes, 42.3 mmol) and THE (150 mL) at -78 107 C) was
added;via cannula over 10gmin. The mixture was maintained at -78 C for 1

, then. quenched with saturated NH4C1. (200 mL) and the THE removed
TG FReb e b B0 Dh 208 WA B i Pl
a0, rakd HAB 01 me 061 ame [ lia 3ésCvaFe mivh shae dddith iR (1 6250, The
ré%grﬁgt&%%éQ@reﬁ%‘?(ﬁ’P% gno E@Mg 1@1@%&% iﬂ%%&%ée ?eaction. An extra

chromatography ISCO CombiFlash 120 g column, 5-40% ethy
%@%ﬁ%&é&é&@&ﬁ@ﬁ& 8.4 @W@%%m(ﬁlaela SrGmBIP EXerpided and

stl@e@tDader 1 h. Solvent was removed in vacuo, diluted with CH,Cl, {10 mL), washed
with 0.5 N HCI (10 ml) and with water, dried (MgSQ,), and concentrated. The crude

product was adsorbed on to Celite and purified by ISCO CombiFlash 12 g column {0-5%
MeOH/CH,Cy) to afford 187 mg (74%) of product ¢ as a brown solid.

Example 70

r:% (]s?“ N L, B HATU, DIPEA o:; &! N 0
=~ N. _COOH = -
- NH S 2
OH Boc  * OH

c

o]
o

To the mixture of amine a (62 mg, 0.13 ramol), Boc-N-Me-Ala-OH b (27 mg, 0.13 mmol),
and HATU (99 mg, (.26 mmol) in MeCN (2 ml) was added DIPEA (46 uL, (.26 mmol).
The resulting mixture was stirred at RT for 2 h. Solvent was removed in vacuo, diluted with
CH;CL (10 ml), washed with 0.5 N HCI (10 mL) and with water, dried (MgSQy), and

concentrated to afford 69 mg (85%) of product ¢ as a clear oil.

Example 71

0
© HN
HOAt, DIC N\ o

]
oy
(e
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O ~Ph 0 "Ph 10 a b Following the general procedure of Evans [Evans, D.

A.; Britton, T. C.; Ellman, J. A.; Dorow, R. L. J. Am. Chem. Soc. 1990,

112, 4011-4030], a cold (-78 C) solution of imide a (5.7 g, 18 mmol) and

THE (64 mL) was added to a cold (-78 C) solution of KHMDS (20 mmol)
AanixbirEofl 20pepkilie ver100 g g.memc @Bl&%&ﬁﬁ@]}iﬁﬁh‘é\@% 0 Gagﬁgjrg@%mn,

-~ rl15 in., then =7 tion of TrsyIN 94q,224.
A e SR 24 n ST B B A e o
R{B forrpyeraighn mop miasusddrsddutdd et BHuCe Wasnin mediatetiticligiEC (10

3 Loane el e fanlhisthepasign ' ine was
:@i_ggépd CH2CJ@2%%§ ‘}ngi))r%“ %hasesqwagg%s%%%‘ga%g&%% 81%%%

WAL Estisaad wiesiy ERGQ S vmhieh. iPrecebmBiddP8l s acetate-
hphasps wiisel Washedsait) saiwater:20 NakBE3 (1 x 50 mL), dried
(Na2S04), adsorbed onto Celite and purified by chromatography 1SCO
CombiFlash 330 g column, 5-45% ethyl acetate-hexanes to afford 4.2 g
Exgswdy 8% azo imide b as a colorless solid. Example 80 O fOI O N NO N
OH ' 50ab A mixture of azido-imide a (4.7 g, 13 [) LIOHH20
(660 Mg, 15. mmol) THE mL) and water (31 mL) \@Hai ained at
rt for 1aN-urthenLiQHe 20%200 mg)wassadded, and t iX stifred ¢
for 2 SgﬂﬁﬁaHgo @3 was-added-and-the THEYemdv un,gi””
108-réduced pressure. Fallgiving dilution with water ) mL), thé
Badluedus phase was'washed with CH2C12 (3 x 50 mL) and the combined
organic phases'were extracted with saturated NaHC (1 x50 mL). The
combined aqueous phases were acidified with con. HCI to pH<2 and
extragted with EtOAc (4 x 50 mL). The combined organic phgses were

ngj?’g’f‘gél%z )E%(S()a&d con entra%d o) i%lg . 9 agidhasa .

color ESS_SCEH Brampld 870 BR D Iﬁv &% %2/36%%52 & HB‘% catalytic
toluene at RT for | h. Solvent was removed in vacuo. The residue was purified by reverse-
phase HPLC (Cy5, MeCN-H,O, 0.1% TFA) and Iyophilized to afford 98 mg {(49%, in 2 steps)
of desired product b as a hygroscopic white solid.

%

Example 73

Qﬁy Jgjk 3

O
5\ NH O S
IN—?-.
oc ~

B

a b
A mixture of the Boc-ester a (200 mg, 0.30 mmol), LiOH (200 mg, 0.36 mmol} in THF (2
mL}, and water (25 pL) was stirred at RT for 1 h. MeOH (500 uL) was added and stirred at
RT overnight. It was diluted with EtOAc (10 mL), washed with 6.5 N HCI (10 mL), dried
(MgS0s), concentrated in vacuo to afford 160 mg (82%) of Boc acid 187 as a white solid.

Example 74
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a b 10 Isoquinoline carboxylic acid a (5.0 g, 28.9 mmol),
NOdimethy-hydroxylamine hydrochloride (3.1 g, 31.8 mmol) EDC (6.1 g,
32 mmol), DIPEA (5.7 mL, 32 mmol) and MeCN (50 mL) were mixed
together and stirred at rt overnight. The MeCN was removed under
reduc res re and the residue partitioned betwee 00 mL) and
EtOA The x$es were separated and th aguedu phase
was extr 1’~EtO x 50 A8'nitiCrhe comhin

Were cblcfr 255 mple 820N O N\( ra-ib .
Eggg{bnesmm chloride (123 mL of 3.0M THF) w d to a 0 C solution
of amide a (4.0 g, 18.5 mmol) and THE (40 mL). %\fter 30 min at 0 C, the

cooling bath was removed for 40 min. The reaction was poured into cold
saturated NH4ClI (200 mL), and extracted with EtOAc (3 x 5@ mL). The

pcaﬂs;bsi&e@ko ﬂf@%@iﬁrﬂﬂ@é@%&@fﬁg@%%@ﬁ@l’;hm&&g{%@f&%@ tﬂﬁ?%mon and NH,CI
an 0).01 Ketone pas a

égﬁa KRR c@%ﬁ%r&@s 3,\%@0 R HBF b OrdiBRicgHe o RT.

dgeredraithroesdureetBadinh] Bty G.A50DaviesakhdR witk bk, smad, (MgSOy),

Nt 2 M- Mv&wAUﬁeJchééegEd%Q@\%aé% ?@’% %ﬁﬁg%%s ] § tzé%%y 1SCO

mmol) was added in one on to a solution o
%‘ﬁ%‘i‘))‘aéﬁd* R ALK o glrh RyeARICTaNs) éﬁh@?fq@@%gagwégeaaaé@ #asa

bisehtbe. ppsvameRliarteg Q@cﬁﬁ&%@%@%ﬁﬁé@ﬁh@dﬁé"ﬂ&xﬁﬂ@ﬁ@@ﬂ%@%@z o
under Vi cuug}to afforg 910 m zgy of bromide b as yeIIow solid. 10

G
recover % combingd 1 g (49%) of tetrazole b was 1solated.

Example 75
0

Qﬂ&m KOH, EtOH (17,

_)\——NH ENaw \_}—NH

Boc CO,Et COOH

a b
A mixture of the Boc ester a (135 mg, 0.20 mmol}, KOH (14.5 mg, 0.26 mmol) in EtOH (4
mL) was stirred at RT for 2 h, then diluted with EtOAc (8 mL), acidified with 1 N HC],
separated, dried (MgS0O,)}, concentrated in vacuo, and high vacuum dried. The crude product

b was carried on without further purification.

Example 76

a

jo

Following the general procedure of Yamamoto [Asao, N; Lee, S.; Yamamoto,Y. Tetrahedron

Letters, 2003, 4265-4266.], MeLi (20 mL of 1.6M solution in ether, 30.2 mmol) was added
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ON OH N CI a b A mixture of 4-carboxy-2-hydroxyquinoline a (500 mg,
2.64 mmol) and POC13 (5 mL) was heated at 100 C for 1 h. The solvent
was removed under reduced pressure, and the residue 15 was dissolved
in CHZCIZ (10 mL), and cooled to 0 C. Morpholine (1.0 mL, 13.2 mmol)

toved *Gduigetuliopwispoadiaeh €uhRtatesaS latonsechia eoRIe3quL) T resulting

-cooled ., ta.0 C and more morpholine (1.0 mL, 13.2
B2 B Y SR R et i a0

“oVeithigrrrthenn it Ly arepriaddm R EE Witk o RetsBmshypensibn was cooled
wrasheditnestiatedaiNH4G Loy 304mbkded R3160ENINRE ABYEMStion of ester

ere extracted 20 with CH2CI2 (1 x 20 mL), and the Combined
R S e el ap bR B e i e
vigyretripraat@§rapfy GOnChenbiFtersh (b2 Thcolsnixor? 5% @thyboured into 200
cetate- ( 78%) of amide b as a colorless solid.
m%l%%fa%%%%%%@%%%qﬁl\}f%é?ﬁma%erf)iﬂ’ee W Zhe a@%‘?”lflﬁi?ase was
SRBRIEO ith (o rel 2% 5 Orink ol v sontdiend oy zanivivitassOf enmitis BEYBD Orine (1
x 9oL e ehiSdADRRAYAOQRICRS Mmal AR f) Chlenhraphy 15CO

cautio s used due to exathermic reaction). The dark solution was
O AL PR T £ R RS A e 193 o
a gjgemiched into saturated NH4CI (50 mL), and extracted with EtOAc (3 x

20 mL). The combined organic phases were dried (Na2S04), adsorbed

onto Celite and purified by chromatography ISCO CombiFlash 12 g
Exzsmalan’ 0-75% ethyl acetate- 10 hexanes to afford 350 mg (71 %) of

amide b as a colorless sglid, Example 86 N N Cl ady 15 Diisopropyl zinc

(3 ml of 1.0M solution irjtolyehe, 2.5 mmol) was aded to a mixture of

chloride a (500 mg,_18 nnfol); NiC12DPPP (115/mg, 918 mmol), and

THE (3 mL) The da

9) o

a b

A solution of ester a (780 mg), CH,Ch (5 mL), and TFA (2 mL} was maintained at 1t
overnight. The solvents were removed under reduced pressure to afford quantitative vield

acid b as a colorless oil which was used without further purification,

Example 78
O

OH ESOL N\fi?

~Ph
0

O

O

a b
Following the general procedure of Evans [Evans, D. A.; Britton, T. C.: Ellman, J. A
Dorow, R. L. J. Am. Chem. Soc. 1990, 112, 4011-4030], pivaloyl chioride (3.2 mL, 26 mmol)
was added to a —10 °C solution of acid a (3.72 g, 23.5 mmol}, TEA (4.3 mL, 31 mmol) and
THF (50 mL). The resulting white slurry was allowed to warm to -5 °C over 20 min with
vigorous stirring. The mixture was then cooled to =78 °C and a solution of the lithium salt of
(8)-4-benzyl-2-oxazolidinone (prepared from (S)-4-benzyl-2-oxazolidinone (7.5 g, 42.3
mmol}), n-Buli (26 mL of 1.6M solution in hexanes, 42.3 mmol) and THF {150 mL) at -78
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solution was then heated at 100 C in a pW reactor for 15 min. The

reaction was then quenched into saturated NH4Cl (50 mL), and extracted

with EtOAc (3 x 20 mL). The combined organic phases were dried

(Na2S04), adsorbed onto Celite and purified by 20 chromatography ISCO
°@®ﬁﬁbﬂﬁlﬁﬁ?hib2c@1ﬁﬁﬂ&lmr D6 kb%% THyhaeaiatehaxanando Afforgl 387, mg then

740 li d 1 mple §7 C O

rﬁ%cgnesmm cﬁfgﬁ\%{&?mL 0 O I J?‘%a?gamegnmf%wa%ygcfgéﬁel%
aqosyRplAse Sves ameamm@ﬁmsx ﬁﬁrmD)aﬁHerdEb@&imtgaﬁm ghases were
waslbtiopwasialowed 49 GamedQel. 2%@?'%@&%%ahﬁﬂ?‘@8ﬂh°aﬂﬁr flified by

The reaction was quenched into cold saturated NH4CI (200 uuL
AR LRI BENIEY & T R TSR Ui 57
g praaseshiveidz washeranvith, brine (1 x 50 mL), dried (Na2S04), adsorbed

onto Celite and purified by chromatography ISCO CombiFlash 40 g

column, 0-30% ethyl acetate-hexanes to afford 1.88 10 g (86%) of ketone
Expawla Tlorless oil. Example 88 Br N IN HBr a b 15 Following the

general procedure of Barllrb[Barlln G. A,; Davies, L. Py Ireland, S. J.;

Ngu, M. M. L. Aust. J . 1989, 42, 173%17;&8){\ (640 L, 2.92

mmol) was added in N orﬂon to a solution of ketehe @ (2.27g,11.4

mmol) and 33% Plréﬁ’O mb)After 1 (‘SOJmL) was added,

and the ppt was cpllec ed andjlter paper, washed |theg{sw,er and dried

under vacuum to afiofd 3.88 g (94%) of bromid€b as a yellow solid. 20

Example 89 O rO O raQ

b

Following the general procedure of Evans [Evans, D. A.; Britton, T. C.; Ellman, J. A,
Dorow, R. L. J. Am. Chem. Soc. 1990, 112, 4011-4030], a cold (~78 °C) solution of imide a
(5.7 g, 18 mmol}) and THF (64 ml) was added to a cold {78 °C) solution of KHMDS (20
mmol} and THF (120 mL) over 10 min. The colorless solution was maintained at —-78 °C for
30 min., then a cold (78 °C) solution of TrsylN; (6.9 g, 22.4 mmol} and THF (40 mL) was
added via cannuia over 5 min. Acetic acid (5.3 mL, 90 mmol) was added and the mixture was
immediately brought to 30 °C and held there for 1h. The reaction was quenched with brine
(200 mL) and CH,CL (200 mL). The phases were separated and the ageous phase was
extraced with CH,Cl, (2 x 50 mL). The combined organic phases were washed with saturated
NaHCO; (1 x 50 mL), dried (Na,S0,), adsorbed onto Celite and purified by chromatography
ISCO CombiFlash 330 g column, 5-45% ethyl acetate-hexanes to afford 4.2 g (65%) of azo

imide b as a colorless solid,

Example 80
O
o ©
Na.,
N3’4. )LO B OH
N
:‘“Ph
o O
a b

A mixture of azido-imide z (4.7 g, 13 mmol) LiOHH,O (660 mg, 15.6 mmol) THF (93 mL)
and water (31 mL) was maintained at rt for 1 d. Further LiOHH,O (200 mg) was added, and
the mixture stirred for 2h. Solid NaHCO, (2.18 g) was added and the THF removed under

108



10

15

20

25

N CI N ab Following the general procedure of Rieke [Zhu, L.; Wehmeyer,
R. M.; Rieke, R. D. J. Org. 25 Chem. 1991, 56, 1445-1453], propyl zinc
bromide (4.0 mL of 0.5M solution in THF, 2.0 112 mmol) was added to a
mixture of chloride a (500 mg, 1.81 mmol), Pd(PPh3)4 (100 mg, 0.09

rdﬂiﬁﬂﬂi)p@éﬁu]:? Eo(ﬁ)ﬁfll_iﬁg &fi@léﬁ%ﬂﬂ@zﬁ@ﬂ{ﬁ@@ H’@If, gﬁ%@&&lﬂ&&gr‘z@s\%ash&i
reactqr for in. The reaction was then quenched into saturated .
“’@h%ﬁs&}rﬁﬁ@ 3T 20 RSP SR B PREELS BB fecurtec
NoHe(pd ¢ phaSeslwerbedrienhiiNg 28@4)s ailsebedrontaifietiteif apd. piCifiegH<2
. [ n, 0-75% ethyl.acetate-
a0 e [ e ekl it Sl REE Ao,
anghrgnggngatedsonyicliN - 1 e1588ea e kb anngalelgssekdl procedure of
Rieke [Zhu, L.; Wehmeyer, R. M.; Rieke, R. D. J. Org. Chem. 1991, 56,
E14451-618%53], cyclopently zinc bromide (4.0 mL of 0.5M solution in THE,
) I?nmol) was added to a mixture of chloride a (500 mg, 1.81 mmol),
Pd(PPh3)4 (100 mg, 8.09 mmol) and THE (3 mL). The resulting solution
was heated at 70 C in‘a Pactor for 15 15 min. The-Peaction was then
guenched into saturated NH4CI (50 mL), and extrac edWith EtOAc (3x
20 mL). The combined organic phases-were frie (N\a§SO4), adsorbed
onto Celite and purifié chromatography fseerCothbiFlash 12 g
column, 0-75% ethyl acetate- hexanes to afford 3%3 mg (59%) of amide b
as a colorless solid. 20 Example 91 O O NJ a b Methyl magnesium
Iseairiodas(7 SHx8ics. et inar HE.0226mmsly wesnatided! -G botblidnxphmine
hydfiigoadd 374 @, 6:12smmel) anstTE (L 3Mbghdlerspiion wag ahowed |9 ang

come 1o rt, 25 then majntained at that temp. for 4h. The reaction was
Maglll:eg nﬁi? eﬁ%ftg%%lﬁlégﬁ}%gg% Epfic§iirred Et rt overpight. The MeCN was removed

under reduced pressure and the residue partitioned between water (200 mL) and EtOAc (200

mlL). The phases were separated and the aqueous phase was extracted with EtOAe (2 x 50

ml.}. The combined organic phases were b as a colorless solid.

i
O N o
O/
g P
a b

Hxample §2

Methy! magnesium chioride (12.3 mL of 3.0M THF) was added to a 0 °C solution of amide a
(4.0 g, 18.5 mmol) and THF (40 mL). After 30 min at 0 °C, the cooling bath was removed for
40 min. The reaction was poured into cold saturated NH,CI1 (200 mL), and extracted with
EtOAc (3 x 50 mL). The combined organic phases were washed with water, brine, dried
(Na;SO4), and concentrated to yield 3.15 g {100%) of ketone b as a colortess oil.
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(100 mL), extracted with EtOAc (3 x 50 mL). The combined organic

phases were washed with brine (I x 50 mL), dried (Na2S04), adsorbed

onto Celite and purified by chromatography ISCO CombiFlash 40 g

column, 0-30% ethyl acetate-hexanes to afford 1.14 113 g (85%) of
Bketgieds as a colorless oil. Example 920 NCINN N=~5ab

Following the general procedure of Angibaud [Angibaud, P; et. al, Bioorg.

Med. Chem. Lett. 2008, 13, 4365-436-91, a mixtf&of choride a (i g, 5.0

mol) NaN3 (1.6 g, 25 :un¢i) Di ~F (10 mL) and.watek (1.0 mL) was heated

at heated at 120 geactor for2 h. T @ IC

guenched into wa ), and extracted with

10 combined organic phases were dried (Na2S@H4gr adsorbed onto Celite

and purified by chromatography ISCO CombiFlash 40 g column, 0-50%

ethyl acetate- hexanesito afford 300 mg (28%) of tetrazole b as a yellow
FetigirExhmpiecsd b¢0TiEk OMNBalid Bradin T ldorGmethanePsulifaaid, S. J.; Ngu,

zv?f}la)/ﬂ“%sﬁjo Shehl - ?9@“@) y¥asg e qd@@]d grroﬁ %’%&t(ﬂ 92%%%]:5 added in one
2-methyl-4-hydroxyquinoline a (2. 5%22 mmol) and yridine (1.54 mL,

PR {ASH FHOE é‘@fﬁe(éﬁ‘?ﬂy&t ) Bﬁﬂﬁ Fé%ﬁ%@éﬂ& pAfier 1
h,TRE=ADAWE) Was alliaethdanyapmm20 ¢0101&3. db YRS gilpde dvitBdGHRGHEr, and

1Q0 mL), wash rat HCO3 50 mL), dried (Na2804)
dl(lﬁg erZi{’o %eéi\eg rd%g 94b/l é&?@g %o)i?haﬁrﬁ%s %5% column

(0-30% ethyl acetate- hexane) to afford 2.57 g (54%) of triflate b as a dark
rQilExample 94 OH OTf 25 Cs CIN' ab

8

A mixture of 4-carboxy-2-hydroxyquinoline a (500 mg, 2.64 mmoi) and POCl; (5 mL) was
heated at 100 °C for 1 h. The solvent was removed under reduced pressure, and the residue
was dissolved in CH,Cl, (10 mlL.), and cooled to 0 °C. Morpholine (1.0 mL, 13.2 mmol) was
added dropwise, and the mixture was allowed to come to rt. The mixture was then re-cooled
to O °C and more morpholine (1.0 mL, 13.2 mmol) was added dropwise, and the mixture was
allowed to come to rt overnight. The mixture was then diluted with CH,Cl, (50 ml.), and
washed with saturated NH4Cl (3 x 20 mL). The combined agueous phases were extracted
with CHCl (1 x 20 mL), and the combined organic phases were dried (Na,SO;), adsorbed
onto Celite and purified by chromatography ISCO CombiFlash 12 g column, 5-75% ethyl

acetate-hexanes to afford 570 mg (78%) of amide b as a colorless solid.
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Following the general triflation procedure, 7-chloro-4-hydroxyquinoline a
(10.0 g, 35.4 114 mmol) afforded 7.5 g (68%) of triflate b as a colorless
solid. Example 95 OH OTf F/FN N 5 ab Follwing the general triflation
procedure 6-flouro-4-hydroxyquinoline a (5.0 g, 28.2 mmol) afforded 6.6 g
Exdphg 8f triflate b as a colorless solid. Example 96 OTfCIN 0 10 CC N a
b Following the general procedure of Legros [Tetrahedron 2001, 57,
2507-2514], a mixture of Ariflgte a (7.5 g, 24.1 mmal), O
bis(dibenzylideneacgtor}g)zﬁﬁadiumm) (690 mg, 19 e],))13
\péne (546 mg, 1.33 mmol); and Et3N (10 mL,

min under N2.
dded and the

(150 mL) were addgd slowly, stirred at RT for 24 It. The mixture was
neutralized with 1 N NaOH and extracted with ether (gx 100 mL), dried
Digthysany (hhinlcahbéNrsiator Feteluae. Brddurehivees adéot vee oistge of amide

a GelteanckpLkifisdhyLDeR %ﬁ)@ﬁiﬁ]bﬁﬁ'@%ﬁ?&&%ﬂm@ ﬁ?@gﬁ%&lﬂras used

- to afford 1.62 g (32%) of ketone b as a white solid.
d%i%t%tg%?g%%cgo%# ﬁhfﬂ:ﬁ%gﬁ tiog)was then heated at 100 °C in a pW reactor for

15 min. The reaction was then quenched into saturated NH,Cl (50 mL), and extracted with
EtOAc (3 x 20 mL). The combined organic phases were dried (Na,SO,), adsorbed onto Celite
and purified by chromatography ISCO CombiFlash 12 g column, 0-75% ethyl acetate-

hexanes to afford 350 mg (71%) of amide b as a colorless solid.

Example 86

0

O

o — X

P

N N
a b

Diisopropyl zine (3 mi of 1.0M solution in toluene, 2.5 mmol) was added to a mixture of
chloride a (500 mg, 1..8 mmol}), NiCLDPPP (115 mg, 0.18 mmol), and THF (3 mL) The dark
solution was then heated at 100 °C in a pW reactor for 15 min. The reaction was then
quenched into saturated NH;Cl (50 mL), and extracted with EtOAc (3 x 20 mL). The
combined organic phases were dried (Na,SO,), adsorbed onto Celite and purified by
chromatography ISCO CombiFlash 12 g column, 0-15% ethyl acetate-hexanes to afford 383

mg (74%) of amide b as a colorless solid.
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Following the general procedure for preparing ketone from example 96,
6.56 g of triflate a afforded 3.14 g (73%) of ketone b as a colorless solid.
115 Example 98 OTf AN 01 N a b Following the general procedure for
preparing ketone from example 96, 2.57 g of triflate a 5 afforded 820 mg
Pe%i-af7ketone bas a colorless solid. Example 99 BocN Boc SNS/N O
OH a b 10 Methyl magnesium chloride (0.5 mL of 3AM in THF, 1.5 mmol)
was added to 0 C solutior)(](# ster a (230 mg, 0.5 re)mol) and THE (5 mL).
The solution was markgai t 0 C for 2h. The reactier was quenched
into cold saturated NH4CI (50 mL), extracted with EtQAc (3 x 20 mL).
The combined g C phases werewashed w L x 50 mL), dried
(Na2S04), ads hQpF graphy ISCO
CombiFlash 12 g column, 0-50% 15 ethyl acetate-hexanes to afford 135
mg (61%) of alcohol b &s a colorless oil Example 100 Br2 AcOH/CH2CI2

I\/ﬁflhﬁ Aﬂgﬂeﬁan:ﬁ&d%Qllarkﬂmmgf@%gﬂan %ﬁﬁgﬁg%ﬁ?@ggﬁggQJlﬂgc slf)lution
olution nzisoxazole keton mg, .2 Mmol) In AC om
° ﬁﬁ‘&ﬁﬁz(éigf B o). BREP £ ﬁ%&?%@&g Thaisolteieh s lensH iR gome to 1t

tieropmiofabomicat @ wee fddéd Thdheapeiastion mixtuhedainch sibiechatdell NHC!
(QeRight,ltwas guegnched with 10%,Na2s203, diluted with GH2CI2 (100 .

LIV TS UL AR A

L) and water, separated, yvasﬁﬁéa lt'ﬁLé}'organ|cl?§§l/lecﬁv5fﬁ1m§8(opf\lf‘5ﬁcugi3‘,
withe PTINRYSO M, ahdebhcafightdNecs DS afiriBd7 oniy (SBI8F ofistonyesified by
chetane LAHAMolh Wit Sl 40 ¢ column, 0-30% ethy! acetate-hexanes to afford 1.88

g {86%) of ketone b as a colorless oil.

. ° Br
b, — OO
N7 N

HBr
a b

) Q
CHk, -

Example 88

Following the general procedure of Barlin [Barlin, G. A.; Davies, L. P.; Ireland, S. J.; Ngu,
M. M. L. dust. J. Chem. 1989, 42, 1735-1748], Bry (640 pL, 2.92 mmol) was added in one
portion to a solution of ketone a (2.27 g, 11.4 mmol) and 33% HBr/AcOH (40 mL). Afier 1 h,
ether (50 mL) was added, and the ppt was collected on filter paper, washed with ether, and
dried under vacuum to afford 3.88 g (94%) of bromide b as 2 yellow solid.

Example 89

=X

P
N° CI N
b

Following the general procedure of Ricke [Zhu, L.; Wehmeyer, R. M.; Rieke, R. D. J. Grg.
Chem. 1991, 56, 1445-1453], propyl zinc bromide (4.0 mL of 0.5M solution in THF, 2.0

3]
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Example 101 116 0 Boc’'N N Br N Pyr., ROHN+gocN FSNHpZO F
a b ¢ A mixture of bromo ketone a (537 mg, 2.1 mmol), thioamide b (718
mg, 3.1 mmol), and pyridine (153 L, 1.9 mol) in EtOH (15 mL) was heated
at 70 C for 1 h. It was concentrated 5 in vacuo. The crude product was

mBSPRe aRdaCelils andpurfisd by d%%gqr@pﬁmaw %9(1%)994%% mg, 0.09
m%éqﬁO% eth | acetate-hexane) to afford 1.90 mg (23% gﬂ)QOf thiazole ¢ as a

SO dirfrd ExarpHan ! B%Vaf&&mm Sindocs oW Teiror 13
miretidieydropynanyigtieinguas quiclasaditanNIDUA R 0GREN afdl extracted with

d d|n ellteratu e: Uhosh,A.
vy 0 ekan a S e 1o O o g ot
ang) i, by, m.rpmea%aanw Efrke qbﬂlbl,f‘@@lga% &. AoluBEminl- B% Aethyl acetate-

heREMISHEa WO d I (#7195 o ARRESOR, FeoporiksMega Chem,
1993,36,2300-2310. Example 103 piperidinylglycine H N OH H2N 200

Piperidinylglycine was synthesized according to the procedures described
Exynpleiet et al. (Tetrahedron: Asymmetry, 2001, 12, 2421-2425. 117
Example 104 4,4- d|quorocycIohexngIyC|ne

\/”\)

a
Following the general procedure of Rieke {Zhu, L.; Wehmeyer, R. M.; Rieke, R. D. J. Org.
Chem. 1991, 56, 1445-1453], cyclopently zinc bromide (4.0 mL of 0.5M solution in THF,
2.0 mmol) was added to a mixture of chioride a (500 mg, 1.81 mmol), Pd(PPhs), (100 mg,
.09 mmol) and THF (3 mL). The resulting solution was heated at 70 °C in a uW reactor for
15 min. The reaction was then quenched into saturated NH,Cl (50 mL), and extracted with
EtOAc (3 x 20 mL). The combined organic phases were dried (Na,50,), adsorbed onto Celite
and purified by chromatography ISCO CombiFlash 12 g column, 0-75% ethyl acetate-

fused

hexanes to afford 333 mg (59%) of amide b as a colorless solid.

Example 91

N _— X

e
NZ N
a b

Methyl magnesium chloride (7.3 mL of 3.0M in THF, 22 mmol) was added to 0 °C solution
of amide a (1.77 g, 6.2 mmol) and THF (15 mL). The solution was allowed to come to rt,
then maintained at that temp. for 4h. The reaction was quenched into cold saturated NH,CI
(100 mL), extracted with EtOAc (3 x 50 mL). The combined organic phases were washed
with brine (1 x 50 mlL), dried (Na;SO4), adsorbed onto Celite and purified by
chromatography ISCO CombiFlash 40 g column, §-30% ethyl acetate-hexanes to afford 1.14
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FFH2N OH 0 5 4,4-difluorocyclohexyiglycine was made according to
the procedures described in US 2003/0216325. Example 105 Boc
(S)-2-amino-2-(4-hydroxycyelohexyl)acetic acid 10 CbzHN, CO2Me 0 +
(NiYP-OMe OMB 0 a b CbzHN C CO2Me Following the procedure
«desgribed-bynSpain etghidbetfahedron: Asymmetry, 2001, 12, 2421-
24252, a solution of ketone a (8.4 g) and EtOAc (30 ML) was added to a
solution of N-Cbz- phosphonoglycine methyl ester b, TMG (4.5 mL) and
EktfAe (30 mL). The solution was 15 maintained at rt for 48h, then washed
with IN HCi (3x50 mL)(D brine (1x50 mL) dried (Na2%04), filtered, and
concentrated. The residkte was adsorbed onto Celite;xand purified by
chromatography, then further purified by re-crystalizatiopn from
EtOAc/hexanes @n rd B2 g of productt. O @ N CO2Me
CbzHN CO2Me ¢d-Z0-f6ltawying the procedurexdesstipes, py Sheih,
(Tetrahedron: Asymmetry, 2001, 12, 2421- 2425), a SW
c (5.0 g), (S,S)-Me-BPE-RNh(1) (1.5g, Strem Chemicals, Newburyport,
MA), and MeOH (100 L) was shaken virgorously un8er 70psi of H2 for

FéiRRvinbheselient WasHaroved. 4l TeaLeaskPressWie R a3dUENAS er:,
taken up in EtOAc, and 118 filtered through Si02 with more EtOAc. The

2 i A TR VG PGB RGPt BN g b proder o E
(1&snal_geloflessesglid. Al @aCiztd £ 0:2Mé BACHINIGO2MW cbgctor for 2 h. The
reaction was then quenched into water (50 mL), and extracted with EtQAc (3 x 20 mL). The

combined organic phases were dried (Na,SOy), adsorbed onto Celite and purified by
chromatography ISCO CombiFlash 40 g column, 0-50% ethyl acetate-hexanes to afford 300

myg (28%) of tetrazole b as a yellow solid.

Example 93
OH OTf
oy — L
/ e
N
a b

Trifluoromethane sulfonic anhydride (5.0 g, 17.7 mmol) was added drop wise 1o a mixture of
2-methyi-4-hydroxyquinoline a (2.56 g, 16.1 mmol) and pyridine (1.54 mL, 17.7 mmol) in
CHLCL; (25 mi) at ice water bath temperature under N;. The mixture was allowed to warm
to 10 °C. It was diluted with CH;CIZ (100 ml.), washed with saturated NaHCO; (3 x 50 mL),
dried (Na,S0,), adsorbed on to Celite and purified by ISCO CombiFlash 40 g column (0-30%
ethyl acetate-hexane) to afford 2.57 g (54%) of triflate b as a dark oil.

Example 94
OH OTf
RS
RN DU
/@\/j Clm
Ci N

a b
Following the general triflation procedure, 7-chloro-4-hydroxyquinoline a (10.0 g, 354
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A mixture of Cbz-carbamate d, (4.0g) Boc20, (2.9g), 20% Pd(OH)2C
(1.0g) and MeOH (30 5 mL) was maintained under an atmosphear of
1-12 for 6h. The mixture was filtered through Celite with MeOH. The
solvent was removed under reduced pressure to afford 4.5 g of residue e,
nwbipbfivakdaken @3Wireciifif ©0 BatbiNcodMe BocHN CO2Me e f
The residue e from above was dissolved in H20 (10 mL), AcOH (30 mL),
THE (5 mL), and 10 dichloroacetic acid (3 mL) and maintained at rt
Expraplight. Water (5 mL) was added and the solution and maintaned until
hyrolysis was complete, agmonitored by HPLC-MS. Sofig:Na2CO3 was
added cautiously until gag evolution ceased, the mixture/was diluted with
aq NaHCO3, and @@ with 1QZQEIQAQIDCmmed organic
phases were washgg [th brine, dried (Na ed, and
concentrated. The reS|due was purified by 15 chromatography to afford
2.9g of product f. 0 OHOH H ... THQ BocHN CO2Me BocHN CO2Me
FM&@&MaxftﬁﬂmAﬂmmm keianet [y e MeRbliteQ BhWass 2 mmoi)

f%r [?7 09E %90 m%aat 0 C for 20 min. The mixture was acidifed
T é_%qt% AE BARPARIPHTS HREEH was removed under reduced

pressure The residue was diluted with water and extraced with 20

E&%@QAC/DCM. The combined organic phases were washed once with
brine, dried (Na2S04), filtered, and concentrated. The residue was
purified by chromatograpoy to afford 1.17g of product Papd 0.23g of
product h. 119 OH OH HPTH,,, BocHN CO2Me BocHN CD2H gi A
mixture of ester g (A RIOHH2Q.(160mg), THE d water (4.5
mL) was stirred vigQrolisly at rt overnight. Them rewasAdiluted with
brine and exauStivly éxtraded with EtOAc. The combined organic phases
were washed once with brine, dried (Na2S04), b

Following the general procedure of Legros [Tetrahedron 2001, 57, 2507-2514], a mixture of
triflate a (7.5 g, 24.1 mmol), bis(dibenzylideneacetone)palladium(Q) (690 mg, 1.2 mmol), 1,3-
bis{diphenylphosphino)propane (546 mg, 1.33 mmol), and Et;N (10 mL, 72.3 mmol) in DMF
(50 mL) were stirred at RT for 15 min under N,. #-Butyl vinyl ether (15 mL, 120 mmol) in
DMF (15 mL) was added and the resulting mixture was stirred at 80 °C for 24 h. It was
cooled to RT, 1 N HCI {150 mL) were added slowly, stirred at RT for 24 h. The mixture was
neutralized with | N NaOH and extracted with ether (3 x 100 mL), dried {MgSQy), and
concentrated. The crude product was adsorbed on to Celite and purified by ISCO
CombiFlash 120 g column (5-30% ethy! acetate-hexane) to afford 1.62 g (32%) of ketone b

as a white solid.

Example 97
0
OTf .
F N — =
P -
N N
a b

Following the general procedure for preparing ketone from example 96, 6.56 g of triflate a
afforded 3.14 g (73%) of ketone b as z colorless solid.
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5 filtered, and concentrated to afford acid i (525mg). Example 106
N-Boc-N-cyclopropylmethyl-L-alanine 0 0 NaCNBH4 HZN THE/1%AcOH
O O+HMcOHiIHVVV VO 10ab c di-t-Boc Bicarbonate 0 LiOH, H20
N OH NaHCO3 N 1{ THF, H20 1 O THF, H20 Boc O Bocde 15
Ekaalpiain® methyl ester hydrochloride a (5g, 35.8mmol) and
cyclopropanecarboxaldehyde b (2.67m1, 35.8mmol) Were suspended in
50m1 THE w/1% AcOH. Addition of 5ml of CH3OH mage the cloudy
solution turned to cleafPNaCNBH4 (2.25¢g, 35.8mmgl) was added and the
reaction mixture s Ieyernight.-Fhe-reaetion W ghed by addition
of IN ag. NaOH.exttacted by EtOAc twice, orgafictaygrs were dried over
Na2S04 and concentr&ted 20 to dryness. The crude material was purified
by chromatography using 30% EtOAc/hexane (stainegl by ninhydrin) to

tain the compaund c (1qg,.18%). The compound c (1g,, 6,37mmol) and
e B R e o) B e &
affedyd B20me)( 304D obet¢acdpssohmnel polids added. The reaction

mixture stirred overnight for completion. THE was removed under
reduced pressure, and the aqueous layer was extracted 25 by EtOAc 3

Exprmzle &ombined organic layers were washed by IN NaOH, sat, NH4C1
followed by krine, the concentrated to dryness. T oc-protected
compo . 5.40mmol) was stirrggowi LiOH.(1.14g,
27mm(;%1 nd H20 (20m1) overnight g=Room~efnperature

TIFF was stri ar}cel:the aqueous layer was adjuls 0 P
@extracted by EtOAc 3 times. Combineét

purified by reverse phase C 5 18 column eluted by 0%-50%
acetonitrile/H20%o give pure compound e as a white solid (7#94mg).

Mt et dm chioride (0.5 mL of 3.0M in THF, 1.5 mmol) was added fo 0 °C solution
of ester a (230 mg, 0.5 mmol) and THF (5 mL). The solution was maintained at 0 °C for 2h.
The reaction was quenched into cold saturated NH,C1 (50 mL), extracted with EtQAc (3 x 20
mlL). The combined organic phases were washed with brine (1 x 50 mL), dried (Na,SC,),
adsorbed onto Celite and purified by chromatography ISCO CombiFlash 12 g column, 0-50%

ethyl acetate-hexanes to afford 135 mg (61%;) of alcohol b as a colorless oil

Example 100

sz
ACOH/CH,Cly Br

F O F o

Bromine (122 ul., 2.4 zﬁwmol) was added to the solution of benzisoxazole ketone a (390 mg,
2.2 mmol) in AcOH (1.5 mL) and CH,CL (6 mL). Afier 1 h at RT, LCMS indicated no
reaction. Four drops of conc. HCl were added to the reaction mixture and stirted at RT
overnight. It was quenched with 10% Na,8,0;, diluted with CH,Cly (100 mL) and water,
separated, washed the organic layer with 5% NaHCO,, dried (MgS0O,), and concentrated to
afford 537 mg (95%) of bromo ketone b as an off white solid.

Example 101
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O HOOON +01INOYO UOO0"00"0O 10\-Jabc Phosphonate b (7.2
g, 21 mmol) was dissolved in THE (25 mL) at room temperature, and TIM
(3.6 mL, 29 mmol, 1.3 equiv) was added dropwise. The mixture was
stirred for 15 min at room temp. Commercially available ketone a (6.7 g,
43 mmol) was dissolved in THE (25 15 mL) and added dropwise to the
mixture of phosphonate and base. The reaction was stirged,hf 24 h at
room tempetature and quen by addin a 200 ML of N, HCI.
Organic_groductsawere guick extracted.JE{o' %ﬁ) /0 ethyl acet&te-hexanes
(400 m aI),.NThe com%)al%ed ic phases were dried (Na2804 =N,
adsarbeFont® Celite and purified twice by chromatography ISCO

followed by 55% ethyl acetate-hexanes for 5 min, to afford 3.83 g (10.
mmol, 50%) of the product amino ester ¢ as a white solid. Example 08 0
Y O~0YNOOi ONOO O2 JO 25ab 121 Ketal a (1.56 g, 4.7%

Al onssuisgnMeshin H53l7 alel U RdhisHelMian wam ad4ed 1 mmol), and

P LA TRE RN WL BN eAT S o ey gonceniid

inAgueoUBht dhigodinduhydroxiderapprios.CHIO il pwiaddestambemibRsh 40
g 969&%%3%4%&53%&%%%@&%9&8@ %%@&Ig ?&?ﬂ%‘?g { %'0%%91azole c as a light yellow

gum.

Example 102 tetrahydropyranylglycine

OH
HoN

Tetrahydropyranylglycine was purchased from NovaBiochem, or synthesized according to
the literature: Ghosh, A. E..; Thompson, W. JI.; holloway, M. K.; McKee, S, P.; Duong, T.T.;
Lee, H. Y.; Munson, P. M.; Smith, A. M.; Wai, J. M; Darke, P.L.; Zugay, I. A.; Bmini, E.
A.; Schleife, W. A.; Huff, J. R.; Anderson, P. S. /. Med. Chem, 1993, 36, 2300-2310.

Example 103 piperidinylglycine

b

OH
HoN

o

Piperidinylglycine was synthesized according to the procedures described by Shieh et al.
(Tetrahedron: Asymmetry, 2001, 12, 2421-2425.
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5 mL). The organic product was adsorbed onto Celite by evaporation of
the solvent, and purified by chromatography ISCO CombiFlash 80 g
column with a solvent gradient of 0-40% ethyl acetate-hexanes over 20
min to afford 452 mg (1.58 mmol, 33%) of ketone b. Example 109 HO H
O -YOYN Y-1-0 ~-/OyN\T~OH \O~T 100 -jv10ab Estera (184 mg,
iole) ) d%jﬁ% lved in 2 ml.of THF. Deionized water was added (1
E(r%naL ?%;ﬂ%%ve\g%i/ It %ig?ﬁyﬁfg%%%é’ (r:ﬁngnohydrate (42 mg, 1.0 mmol). The
mixture was stirred at room tempetagdre overnight, then acidified using
aqueous 1 N HC1 and extracted into dichioromethane. Drying (Na2S04),
filtration and evaporation of the solveptyielded 175 15 mg (quantitative
yield) of the carboxylic acid b. Example 140 HOOYNOHHN O+S'N
H2NN OO~/ 0 Sabc AsmiNial Was charged with amine b (130
mg, 0.46 nnnol), acid a (175 mg, 0.55 rﬂmol) and 20 EDCHC1 (135 mg,
0.70 mmol). The mixture was dissolved in dichloromethane (3 mL) and
ashised YAt ALIRR IRTRGR LR Gl G Es ddartia s tegsliod.
and solvent was removed under reduced pressure. Crude product was
2HietP B3P chromatography 1SCO CombiFlash 40 g column with a
solvent gradient of 0-45% ethyl acetate-hexanes over 10 min followed by
45% ethyl acetate-hexanes for 5 min. The BOC-protected amine obtained
from 25 this coupling reaction was dissolved in dichloromethane (2 mL),
EdengriezEd water (8 8-ainjnand 4rifiuoropcetlichexyth{detinlayigind allowed to stir
for 3 h at room temperature. Organic

CbzHN_ COzMe

o_ 0O Y . 0
+ o” T\OMe
OMe
O
a b ChzHN c C0OMe

Following the procedure described by Sheih et al. (Tetrahedron: Asymmeitry, 2001, 12, 2421-
2425), a solution of ketone a (8.4 g) and EtOAc (30 mL) was added to a solution of N-Chz-
phosphonoglycine methyl ester b, TMG (4.5 mL) and EtOAc (30 mL). The solution was
maintained at rt for 48h, then washed with IN HCI (3x50 mL), brine (1x50 mL) dried
(Na,80y), filtered, and concentrated. The residue was adsorbed onto Celite, and purified by
chromatography, then further purified by re-crystalization from EtOAc/hexanes to afford 5.2

g of product ¢.
/ Ay
Q. O c_ 0
ChzHN CO.Me CbzHN COoMe
c d

Foliowing the procedure described by Sheih, (Tetrahedron: Asymmetry, 2001, 12, 2421
2425), a sclution of eneamide ¢ (5.0 g), (5,5)-Me-BPE-RIT) (1.5g, Strem Chemicals,
Newburyport, MA), and MeOH (100 mlL) was shaken virgorously under 70psi of H, for 48h.

The solvent was removed under reduced pressure. The residue was taken up in EtOAc, and

118



10

I35

20

122 solvents were removed under reduced pressure, the aqueous layer

was made basic using a small amount of 1 N NaOH, and product was

extracted into dichloromethane. Removal of organic solvent yielded 110

mg (0.25 mmol, 45% amine #) of the free amine #. 5 Example 111 OO 0
fiGerehl (hféugli\ﬂﬁ@ﬂ@it@zﬁtﬁNHﬂjﬂN %h% sbl®nt Ha@xfzﬁw@@ MFQ&[QCEQ%SSUIG to

I cedure was performed.using amine b (110 mg, 0.25 mmol) L

a%%%i Bg ?0 atgrgnar‘lseaé" { % 5 mmol) and EDC (67 mg, 0.35

mmol). BOC -protected} fin I product was purified gfﬁgromatography

ISCO CombiFlash 12 g&G i et of 5-55% ethyl

acetate-dichlorometh \ q ethyl acetate-

dichloromethane for 4 myn. BOC-deprotection was pefformed using 2:1

DCM : TFA with 15 f ifOf water. Final produch ¢, 4 mg, 66%) was

purified by reverse- p asg t € C18 columnWith 8.s0 g gradient of

5-50% acetonitrile-water over 20 min. Example 112 0 0 0 90~'N O-kN O
ATPETTeC JoPA T iR tRE faidral far%%bamfepcﬂ(@mk% g MeOH (30
m5yoss, MaifisiMAaringz,al Rmdsphear Ghﬁt‘pfo%@ﬁ 5995mikidefe WERRSLO dhrough

a, 100 mL methanol, and
RO B SRS oy e, kOB ARTS Aisetftia S 45 & of
resigiiRer Whisk 28 plirgent dittetiitrogen. Parr shaker was evacuated and

subsequently chargedto,70 psi of hydrogen gas for 32 hours. Methanol
was removed under eed pressure, and crude pfoduct was filtered

through a small plug ica gel using ethyl acetaté. Evaporation of the
solvent gave 4.0 g (| ol, 80%) of product b w 8% yield. 123
Example 113
BocHN CO.Me BocHN CO,Me
= f

The residue e from above was dissolved in H>O (10 mL), AcOH (30 mL), THF (5 mL), and
dichloroacetic acid (3 mL) and maintained at rt overnight. Water (5 mL) was added and the
solution and maintaned until hyrolysis was complete, as monitored by HPLC-MS. Solid
Na;CO; was added cautiously until gas evolution ceased, the mixture was diluted with ag
NaHCO,, and extracted with 10%EtQOAc/DCM. The combined organic phases were washed
once with brine, dried (Na,SG,), filtered, and concentrated. The residue was purified by

chromatography to afford 2.9g of product £.
O

BocHN™ "CO.Me BocHN™ BocHN COsMe

COzMe
f h

A mixture of ketone {(1.5g) MeOH (50 ml) was treated with NaBH4 (290 mg) at 0 °C for 20

min. The mixture was acidifed to ~pH1 with 10%agq citric acid and the MeOH was removed

oy
I

under reduced pressure. The residue was diluted with water and extraced with
20%EtOAc/DCM. The combined organic phases were washed once with brine, dried
(Na;S0y), filtered, and concentrated. The residue was purified by chromatography to afford
1.17g of product g and 0.23g of product h.
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OOHOHO ab 5 Z-protected amino ester a (4.0 g, 11 mmol) was
dissolved in methanol (30 mL). To this solution was added BOC-anhydride
(2.9 g, 13.5 mmol), followed by 20% Pd(OH)2C (1.0 g). All air was
removed from the reaction flask by house vacuum, and the mixture was
stirred vigorously for 5ypin. The flask was then filled g{h hydrogen gas
and allowed to stir vigdrously at room temperature fof 6 h. After
evacuating the hydrtmospher.e.,_the,lo mixtu @ filtered through
Celite using methanol~and crude product was obtajiied by evaporation of
the solvent. The prodist BOC-protected amine_b 2] oll}/ed in 5 mL of
THF. The foIIoWﬁ?ﬁ%lveﬂ%Mﬁere then added s%cqueriltialéﬁ deionized
water (15 mL), glacial &cetic acid (30 mL), and 15 dichloroacetic acid (3
Amiixiorh efreseugd Wag) StiftEdB e f bi§inat T temparbnaer Ehilthe was
AgURRWAS AHENEheR BY. Sioviy.3ading Salid s A RRNAE W, extraced

S\/I orous stirring until the release of gas was no longer visible, Crude

WHFORA v A B eSRPRincH REBRIOPRRSth AT SRS AR SHShREthR e S Ou),

fiptadl ehivamesisatbed eftedGealitebysavgporation of the solvents, and
purified by chromatography ISCO CombiFlash 120 g column with a
solvent gradient of 0 20 36% ethyl acetate-hexanes over 20 min followed
by flushing with 36% ethyl acetate-hexanes for 5 min to afford 2.86 g

E |, R1%).Qf gm’éﬁ%@ll HOH HOHHOS"'la
%%{Igﬁ%A %1&63).13 ﬁ@iﬁ%@p abc 295%%;%48ard EDC coupling was
performed using amine b (46 mg, 0.15 mmol), carboxylic acid a, (42 mg,
0.15 mmgol syn-diastereomeg) and EDC (ﬁ%ﬁ)&,{o.ﬂ mmol).

BQC-priptected finad produch was purifi % matography ISCO
CompiFlad stacker 2 comn withi g t2%*sBRent QW 28% O~
ethyEacetate-dichloromethane over 15 min, followed by 28% ethyH 3

c

a b

di-t-Boc dicarbonate o . OH
NaHCO, V\“/Hf . LiOH, K0 v/\T’Lr
g LD 0

THF, H,0
THF, H,O Boc Boc

d €

L-alanine methvl ester hydrochloride a {5g, 35.8mmol} and cyclopropanecarboxaldehyde b
(2.67ml, 35.8mmol) were suspended in 50ml THF w/1% AcOH. Addition of 5ml of
CH,0H made the cloudy solution turned to ciear. NaCNBH, (2.25g, 35.8mmol} was added
and the reaction mixture stirred overnight. The reaction was quenched by addition of IN ag.
NaOH, extracted by EtQAc twice, organic layers were dried over Na,SQ, and concentrated
to dryness. The crude material was purified by chromatography using 30% EtOAc/hexane
(stained by ninhydrin) to obtain the compound ¢ (lg, 18%). The compound ¢ (lg,
6.37mmol) and di-t-bocdicarbonate (2.1g, 9.55mmol) were diluted in THF (20ml) and H;O
(20ml), NaHCO; (1.3g, 15.9mmol) was added. The reaction mixture stirred overnight for
completion. THF was removed under reduced pressure, and the aqueous layer was extracted
by EtOAc 3 times. Combined organic layers were washed by IN NaOH, sat, NH.Cl
followed by brine, the concentrated to dryness. The Boc-protected compound d (1.39g,
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acetatedichloromethane for 3 min. Standard BOC-deprotection was

performed using 2:1 DCM : TFA with few drops of water. The TFA salt

was treated with base (aqueous 1 N NaOH) and extracted into

dichloromethane. 5 Example 115 H OHH OH O PJ HN~A HN L HzN OH
S KOmel)} @rSstiBed; vithal IAHGHAPlInGg4eS (tarmiok et THIFNEONAHRE B,(2Q0mi)

: = -methy: i 12 mg, 0.059 mmol
e D0 M D 0 Tad it dal Rt o
pidehiororinsaE | £itFe ) 28b gy sreraeadina Biodad Wasspufitiedingd organic
iaQExlrmmﬁamaw 8652 ?wﬁﬂf&aﬁ&&i@@g;@%%&%g r;}ﬁﬁlﬂ%rb\/’"igg&s«; phase C-
olvent gradient of 0-70% ethyl. acetate- dichloromethane over 20 min )

SR 008 QA e BRI Sl CURFEEHGT SRR € o 4 whie s
(B&@deprotection was performed using 2:1 DCM : TFA with few drops of

water. Final 15 product ¢ was purified by reverse-phase HPLC C18

column with a gradient of 5-50% acetonitrile-water over 20 min. Yield of

product anti-diastereomer ¢ was 22 mg. Example 116 H OH H OH HN~~
ExbfpN W+ S\IHZNN IOHOSF\/ 20abc

X q \/\ H 9
Q *‘ i, — Y
o OYNW)\O/ o M

./

a

o
0

P.hosphonate b (7.2 g 21 mmol) was dissolved in THF (25 mL} at room temperature, and
TMG (3.6 mL, 29 mmol, 1.3 equiv) was added dropwise. The mixture was stirred for 15 min
at room temp. Commercially available ketone 2 (6.7 g, 43 mmol) was dissolved in THF (25
ml) and added dropwise to the mixture of phosphonate and base. The reaction was stirred
for 24 h at room temperature and quenched by adding approx 200 mL of 1 N HCl. Organic
products were quickly extracted into 80% ethyl acetate-hexanes (400 ml total). The
combined organic phases were dried (Na,SQy), adsorbed onto Celite and purified twice by
chromatography ISCO CombiFlash 120 g column, 0-55% ethyl acetate-hexanes over 20 min,
followed by 35% ethy! acetate-hexanes for 5 min, to afford 3.83 g ¢10.6 mmol, 50%) of the
product amino ester ¢ as a white solid.

Example 108

») ﬁ i HoF
-
X T ° WO\H/N o~
O o

o o
(-

I
g
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Standard EDC coupling was performed using amine b (110 mg, 0.38
mmol), carboxylic acid a, (105 mg, 0.38 mmol) and EDC (86 mg, 0.45
mmol). BOC-protected final product was purified by chromatography
ISCO CombiFlash stacker 2 x 4 g column with a solvent gradient 25 of
kKet&1300 Sihyl Az tatedichisrdiselisie Ovdr ASTHMN, Tollbhwedhhis? 8% ety
-di t f i ar ~deprotection.w
e oo b1 By Ysa e et L, e

DAY trEatSHITRR IO VAR R et SepeRaT H arrPus Ht P sedinpp trydroxide (approx.
106GRIOrAMQRR Cad AR IS Jdliét 49 Bk ith G iR NI drtetlad A O,

. OS5FF C li f th d i / ineb (170
e R AT P R A 0 L ETHS PR A A peent o

pfifor hyadiioynatdginghE SCE ComigHed 3 motjuandvdiasolvingninradient of 0-40%

I [ - final t Wa ified
gl e ST F Ve SR e
ExgiRplad 8Fadient of 0-70% ethyl acetate dichloromethane over 20 min

followed by 70% ethybhacetate-dichloromethane for 5 min. Standgrd
BOC-dgpretectipn wds performed using 2:1 DCM TF@Witlﬂfew
water. Pinal firoduft ¢ Whs purified by reverse-phasg HPYC CT8
with a solvenfgradheqt of 5- 50% acetonitrile-water over ZD mir
anti-diastereom @1 uct ¢ was 106 mg. 15 Example 118 0 ;
CH3 Ilk /OHOD<HO/O~~w OO0 abc Ketone a (1.45¢5.3
mmol), was dissellveld in dry diethyl ether (20 mL) and coole@to &¥8 20 C.
Methyllithium (1. in Et20, 9.5 mL, 15 mmol) was added dr ise to the

reaction a b

Ester a (184 mg, 0.55 mmol) was dissolved in 2 mL of THF. Decionized water was added (1

mL), followed by lithium hydroxide monochydrate (42 mg, 1.0 mmol). The mixture was
stirred at room temperature overnight, then acidified using aqueous 1 N HCI and extracted
into dichioromethane. Drying (Na,SOy), filtration and evaporation of the solvent yieided 175
mg (quantitative vield) of the carboxylic acid b.

Example 110

a b

A small vial was charged with amine b (130 mg, 0.46 mmol), acid a (175 mg, 0.55 mmol) and

i
o

EDC-HC1 (135 mg, 0.70 mmol). The mixture was dissolved in dichloromethane (3 mL) and
stirred overnight at room temperature. Celite was added to the reaction, and solvent was
removed under reduced pressure. Crude product was purified by chromatography ISCO
CombiFlash 40 g column with a solvent gradient of 0-45% ethyl acetate-hexanes over 10 min -
followed by 45% ethyl acetate-hexanes for 5 min. The BOC-protected amine obtained from
this coupling reaction was dissolved in dichloromethane (2 mL), deionized water (0.5 mL)

and trifluoroacetic acid (1 ml) and allowed to stir for 3 h at room temperature. Organic
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mixture and stirred vigorously at the reduced temperature for 1 It. The
reaction was quenched by pouring the cold mixture into saturated
agueous ammonium chloride and extracting the organics into
dichloromethane. The organic layer was dried (Na2S04), filtered,
soaﬁmrbef;le m@elﬁmagﬁmﬁéﬁipﬁ@welﬁm@e@[@myr %Q%@l?abjgg@gtg a
1 column, Y% ethyl acetate-hexanes over. 25 min, followe
S R, e PSR S R RS A e R of
orgesitatelisakankieddr 8 mEdl ThivmokifitttioniadfrdéthSfdemyife 4. 126
mmol, 42%) of the syn-diastereomer ¢ and 299 mg (0.99 mmol, 37%) of
the anti- diastereomer b. Example 119 H3C OHH3C OHNOOH N OH
Ex8mgle i drolysis of the methyl ester a (300 mg, 0.99 mmol) was carried
out by dissolving in THE (0.8 mL), adding deionized water (1.2 mL) and
LIOH H20 (47 mg, 1.1 mgol). The mixture was stirred at room

extragteainto 90% ethyllacg
E@qﬁﬁbgsﬁa@iqi layer to aid[in fherextraction. Drying (Na2804), fijtr
ndbevaporation of théig6lvg t

nty d carboxylic a@im 8 -
mmol). Example 120 HO CA3 FMU£‘§~ON OH 1I5HOHO@b s :73 ﬂ

Hydrolysis of the methyl ester a (340@ 1.1 mmol) was carried out by
dissolving in TIC (0.9 mL), adding deionized water (1.4 mL) and LiOH -
H20 (50 mg, 1.2 mmol). The mixture was stirred at room temperature for
2 It, thed reacidified using aquedus 1 N HCI and 20 extracted into 0%

sualiwacetaiesishiopesaiiane Srinewas added 1a4he anuegus @E%#%%S I-

tg.aid in the extraction. Drying (Na2S04), filtration, and evaporation o
B%%TD%WF%F&%’W@JE%EB&%% HERT ' 325 B0 0 B8 RO rRgba P oRighected

firtd preehity thes paxifistepywhR@tiftography ISCO CombiFlash 12 g column with a solvent
gradient of 5-55% ethyl acetate-dichloromethane over 15 min followed by 55% ethyl acetate-
dichloromethane for 4 min. BOC-deprotection was performed using 2:1 DCM : TFA with
few drops of water. Final product ¢ (54 mg, 66%) was purified by reverse-phase HPLC Cjq

column with a solvent gradient of 5-50% acetonitrile-water over 20 min.

Example 112

OF—\O OmO
E? O | @ O ;
o’k;\; ¥e) O,LN; o

H o H o

a b

Following the general procedure of Burk [Burk, M. J.; Gross, M. F.; Martinez, I. P. J. 4Am.
Chem. Soc. 1995, 117, 9375-9376.], 5.0 g (13.8 mmol) of alkene a, 100 mL of dry methanol,
and [(5.5)-Me-BPE~-RR(COD)]'OTf (1.5 g, 2.4 mmol) were mixed in a Parr shaker flask
purged with nitrogen. Parr shaker was evacuated and subsequently charged to 70 psi of
hydrogen gas for 32 hours, Methanol was removed under reduced pressure, and crude
product was filtered through a small plug of silica gel using ethyl acetate. Evaporation of the

solvent gave 4.0 g (11 mmol, 80%) of product b with >98% vield.
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purification. 25 Example 121 127 H3C OH H3C OH ™',,), +H7 Ou O Si
fIHzN ~OxH O S\ a b c Standard EDC coupling was performed using
amine b (62 mg, 0.21 mmol), the carboxylic 5 acid a, (32 mg, 0.11 mmol)
and EDC (21 mg, 0.11 mmol). BOC-protected final product was purified
by chromatography ISCO CombiFiash 12 g column with a solvent gradient
of 0-40% _ethyl acetate-dichloromethane over 22 min, followed by 67%
te-dichloromethane for 3 min. Standard BOC-deprotection was
performed using 2:1 DCM : TFA with few drops of water. Th@TFA salt
was treated with ba$d,¢atjueous 1 N NaOH) and extracted injo ethyl 10
acetate wi %o dig CH3 OO
HNOH + 220 S, I\l H-e-s-2¢F Fabc 15 goupling of the
primary aming bﬂ?m, mmol) to L-BOC-N-mesqylalaning a Q%S mg,
0.30 mmol) wdg pe £d by adding EDC (61 mg, 0942 n&ol and
dissolving in dichlofbméthane (2 mL). BOC-protected final profuct was
purified by chromatography 1SCO CombiFlash 12 g column yith a solvent
radient of 5-65% ethyl acetate- dichloromethane over 25 min. Standard )
RSB SRR brForkh PR S50 FOERIP D s dp i
sutaten Fisatipso B -ankadiuiidiod: by e verse; TbasR ) BY- CoR IRGmUMN(1.0 g).
At asoen adientof 08 RN IRV INELEE BB st
vigorously for 5 min. The flask was then filled with hydrogen gas and allowed to stir

vigorously at room temperature for 6 h. After evacuating the hydrogen atmosphere, the
mixture was filtered through Celite using methanol, and crude product was obtained by

evaporation of the solvent.

The product BOC-protected amine b was dissolved in 5 mL of THF. The following solvents
were then added sequentially: deionized water (15 mL), glacial acetic acid (30 mL), and
dichloroacetic acid (3 mL). The mixture was stirred overnight at room temperature, and the
reaction was quenched by slowly adding solid sodium carbonate with vigorous stirring until
the release of gas was no longer visible. Crude product was extracted into 10% ethyl acetate-
dichloromethane. The product was adsorbed onto Celite by evaporation of the solvents, and
purified by chromatography ISCO CombiFlash 120 g column with a solvent gradient of 0-
36% ethyl acetate-hexanes over 20 min followed by flushing with 36% ethyl acetate-hexanes
for 5 min to afford 2.86 g (10.0 mmol, 91%) of ketone b.

Example 114
H OH
H OH
S
o . g N —_— HyN N -
)A A OH = o s
07N | i
H g -
a b ¢

Standard EDC coupling was performed using amine b (46 mg, 0.15 mmol), carboxylic acid a,
(42 mg, 0.15 mmol syn-diastercomer) and EDC (33 mg, 0.17 mmol). BOC-protected final
product was purified by chromatography ISCO CombiFlash stacker 2 x 4 g column with a
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product c was 22 mg (31 % from proline amine starting material). Example
123 25128 HOCH3HO CH3 HNO+/~" IHZN N/F\ I/F abc
Standard EDC coupling was performed using amine b (82 mg, 0.27
moral), the carboxylic 5 acid a, (95 mg, 0.33 mmol) and EDC (65 mg,

sl R4t et Bmwméi%@m%mmgﬁqg %hj@gg@pﬁéﬁwemﬁ
O C,.0mbiFiasli co.urn with a sq radient of 0-4°0% ethyl

R T, RS0 i pororod i 21

DidétatEEdioritbrémedrenseofforaBmifhs (B avd BOCsdepdotddtibmev@gueous 1 N

NaetorReckUsing Zib BEbroleAMith few drops of water. The TFA salt
was treated with base (aqueous 1 N NaOH) and extracted into ethyl 10

acetate with 10% dichloromethane. Example 124 H3C OH H3C OH O O
Exidple O + HZN N HN~NNO S\I_=HON9.F Fab b 15 Coupling of
the peduct primary amine b (70 mg, 0.15mmol) to

protected final produgct wias purified by chromatogwap SCO
Rtash 12 g column withH I, gradient of4 ‘._=- | &

K drometfizhe offer RO nith folldwed by 5t%-ethyl = H s N
acetate-dichfor he for 3 min. 20 Standard BOC-deprotection
performed using FCM : TFA + few drops of water.

i b c

Coupling of the product primary amine a (20 mg, 0.044 mmol) to L-BOC-N-methylalanine b
(12 mg, 0.059 mmol) was performed by adding EDC (10 mg 0.052 mmol) and dissolving in
dichloromethane (I mL). BOC-protected final product was purified by chromatography
ISCO CombiFlash stacker 2 x 12 g column with a solvent gradient of 6-70% éthyl acetate-
dichioromethane over 20 min followed by 70% ethyl acetate-dichloromethane for 5 min.
BOC-deprotection was performed using 2:1 DCM : TFA with few drops of water. Final
product ¢ was purified by reverse-phase HPLC Cyy column with a gradient of 3-50%

acetonitrile-water over 20 min. Yield of product anzi-diastereomer ¢ was 22 mg.

Example 116
H OH
H OH
@ -+ —_— N Q\’\
M AL o Y
H 5 = l
a b ¢

Standard EDC coupling was performed using amine b (110 mg, 0.38 mmol), carboxylic acid
a, (105 mg, 0.38 mmol) and EDC (86 mg, 0.45 mmol}. BOC-protected final product was
purified by chromatography ISCO CombiFlash stacker 2 x 4 g column with a solvent gradient
of 0-28% ethyl acetate-dichloromethane over 15 min, followed by 28% ethyl acetate-
dichloromethane for 3 min. Standard BOC-deprotection was performed using 2:1 DCM .
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Final product b was purified by reverse-phase HPLC C18 column with a
solvent gradient of 5- 50% acetonitrile-water over 20 min. Yield of product

b was 49 mg. Example 125 129\ 1\0hi0 OYNO/O\/NO "SS OO ab
Sulfide a (810 mg, 2.5 mmol), synthesized according to the general
mmmmm&;mehx{%iehrﬁmm ¥iewss rieaed, Wih Wik Rqubitls 3. NR@iger) and

f:}({)ﬁ,;ll' r}é‘srﬁlmetry, 2001, 512, 2421-24251, was dissolved in
metha xone (4.5g) was dissolved in deionized water (25

mL). The methanol solution of substrate was cooled to -10 C, and the

ERGMeRUS Bolution of Oxone was added to the reaction slowly. The reaction
was kept on ice and Ci%Ladually allowed to warm to room temperature while
stirring overnight. Dgiohi J5TS

approx 150 mL,
ied-by chrgma

i se was dried (Na2S04), adsgr .onteCelite
Fﬁmd,éhaﬁ_‘e ¢ aphy ISCO ComblFIashFﬂ@g olu n,9-90%
ethyl acetate- H’é’ﬁkNan over fford_8Q4,.mg >7NAml, 91 ,\pf

00 OS50 OFN G ol 0015 0%
Following the general procedure B rk [Burk, M. J.; Gross, M. F.;

Martinez, J. P..7 Am, Chem. Soc. 1995, 117, 9375-9376.], alkene a (774
mg 2.194nmol), dry methanol (4®mL), and [(SS)-Me-BPE-Rh(COD)]'OTf-

OaROARgr e prineh) pmera-yibsad iH @ aH:shakehtlaskL0. E@'@-@\drﬂ\é@}/lalamne a
g]ft §}n4é3arr aker &%s ev &)ua %gn subsequentl chargiia/d té) 60 psi

( HPPSHRBR R YRR, 'Foerhid Hf‘gl\ﬁ’ G disséiving in
didrivowedwnddR reduceBQstessuredafidat rpdeyprostac putalefllteyethibwaughaphy
IM&M@%% %ﬁ%rgf I}{uﬁrgcgﬁ%a\%%?gemlvem gradient of 0-70% ethyl acetate-
dichloromethane over 20 min followed by 70% ethyl acetate-dichloromethane for 5 min.
Standard BOC-deprotection was performed using 2:1 DCM : TFA with few drops of water.

Final product ¢ was purified by reverse-phase HPLC C,3 column with a solvent gradient of 5-

50% acetonitrile-water over 20 min. Yield of anti-diastereomer product ¢ was 106 mg,

Example 118
HsC. OH HO. CH,

>U\§ S XJ\% ngi

Ketone 3 (1.45 g, 5.3 mmol), was dissolved in dry diethyl ether (20 mL) and cooled to —78
°C. Methyllithium (1.6 M in Et;O, 9.5 mL, 15 mmol) was added dropwise to the reaction
mixture and stirred vigorously at the reduced temperature for 1 h. The reaction was
quenched by pouring the cold mixture into saturated aqueous ammonium chloride and
extracting the organics into dichloromethane. The organic layer was dried (Na,SQ,), filtered,
adsorbed onto Celite and purified by chromatography ISCO CombiFlash 120 g colurun, 0-
50% ethyl acetate-hexanes over 25 min, followed by flushing 50% ethyl acetate-hexanes for
3 min, and 90% ethyl acetate-hexanes for 3 min. This purification afforded 344 mg (1.1
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Evaporation of the solvent yielded 730 mg (2.0 mmol, 94%) of product b

with >98% yield. 25 Example 127 130 oso 0So | ~(\olk~0-~~0o~No H

O Hab Z-protected amino ester a (804 mg, 2.27 mmol) was dissolved in

methanol (16 mL). To this solution was added BOC-anhydride (1.5 g, 6.8
nmeiol Y26l owethd 208k Ra QP € Ca(250%B nag). Albainwas, remeved the ans-
afram the reaction flask by house vacuum, and the mixture was  stirred

vigorouslyfor 5 min. The flask was then filled with hydrogen gas and

allowed to stir vigorously at room temperature for 6 h. After evacuating
Ethenppdrogen atmosphere, the mixture was filtered through Celite using

methanol, and product b was obtained by evaporation of the

solvent (508 mg,°I6 mmol, 70% yield). 10 Example 128 Glg0, L)

off 'YIO'kN O\/ NOHHH ab Estera (508 mg, 1.56 myriof), was

dissolved in 8 ml i
2 8 mmal). The fixture w i&éﬂr aﬁi

by LiO 2Qy (120
tempe e - dzidified using aqueous I N

ethyl acetate. DFylng Na2S04), filtration and evapora on oh’e folvent
yielded 372 mg (1.21 ™hmol, 78% yield) of the carboxylic acid b cféan
enough to use in thegnext step without purification. 20 Example;129 O 0

Hycﬂ'oi_)'rsxs 0?(!;18 methjrl cster a (3'30 mg, 0.99 mmol) was carried out by dissolving in THF
(0.8 mL), adding deionized water (1.2 mL) and LiOH - H,O (47 mg, 1.1 mmol). The mixture

was stirred at room temperature for 2 L, then reacidified using aqueous | N HCl and

extracted into 90% ethyl acetate-dichloromethane. Brine was added to the aqueous acid layer
to 2id in the extraction. Drying (Na,SOy), filtration, and evaporation of the solvent yielded
the carboxylic acid b (79 mg, 0.28 mmol).

Example 120
HO, CH; HG CH,
NI T N
G
o ﬁ O/U\N OH
O i O
a b

Hydrolysis of the methyl ester a (34C mg, 1.1 mmol) was carried out by dissolving in THF
(0.9 mL), adding deionized water (1.4 mL) and LiOH - H,O (50 mg, 1.2 mumol). The mixture
was stirted at room temperature for 2 b, then reacidified using aqueous 1 N HCI and
extracted into 90% ethyl acetate-dichloromethane. Brine was added to the aqueous acid layer
to aid in the extraction. Drying (Na,SO,), filtration, and evaporation of the solvent yielded
the carboxylic acid b (254 mg, 0.88 mmol), clean enough to use in the next step without

purification.

Example 121
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a b c 131 Standard EDC coupling was performed using amine b (100 mg,
0.2 mmol), the carboxylic acid a, (58 mg, 0.29 mmol) and EDC (56 mg,
0.29 mmol). BOC-protected final product was purified by chromatography
ISCO CombiFlash 12 g column with a solvent gradient of 0-65% ethyl
acetate- dichloromethane over 15 min. Standard BOC-depggtgetion was

ISCO CombiFIash 12 g column with a solvent gradient of 0-65% ethyl

acetate-dichloromethane over 15 min. Standard BOC-deprotection was

perform@d using 2:1 DCM : TFARith few drops of water. Final froduct ¢
SwasplEfiEddipheyersepphasedHBing @ Bcolitthmayii2 brsahiribgradientic

acﬁ& 2,09 &%Q?Eq M& WRESE VRS Ném 1 Hﬁxl& fﬁm‘ie%t\é’cﬁﬁn;%pé%ua%as

Exam 3100 ~ yNJLOH Oy a b ¢ Following t
gy Wiy BY sheeegiges sy @Maﬁl Léﬁ@glumn WEHhKSWESTE EradigrbA=40%
et351 BefibtdiicKidromdiBARNAEF 0D 120021158 ed B3 3727 3l Raktnslbriiom Haskne

h W
for g‘S G agganga dtgoc-deprotecuon was performed using 2:1 DCM : TFA with few drops
of water. The TFA salt was treated with base (agueous 1 N NaOH) and extracted into ethyl
acetate with 10% dichloromethane.

Example 122
HO. CHg HO CH,

LY

c

it

Coupling of the primary amine b (47mg, 0.1 mmol) to L-BOC-N-methylalanine a (65 mg,
(.30 mmol) was performed by adding EDC (61 mg, 0.32 mmol) and dissolving in
dichloromethane (2 mL). BOC-protected final product was purified by chromatography
ISCO CombiFlash 12 g column with 2 solvent gradient of 5-65% ethyl acetate-
dichloromethane over 25 min. Standard BOC-deprotection was performed using 2:1 DCM :
TFA + few drops of water. Final product ¢ was purified by reverse-phase HPLC C;g column
with a solvent gradient of 5-50% acetonitrile-water over 20 min. Yield of anti-diastereomer

product ¢ was 22 mg (31% from proline amine starting material).

Example 123
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sodium hydride (480mg 60% dispersion in oil, 12.0 mmol, 4.0 equiv) and
purged with nitrogen for 15 min. THE (6.0mL) was added to the flask,
and the suspension was cooled to 0 C using an ice water bath. A
separate flask was charged with BOC-glycine a (525 mg, 3.0 mmol), dry
THE (6:0, ml:r; and ethyl iodide (1.0 mL, 12 mmol, 4 equrv)r«rqmsgmrxture
“added dropwise tg'the NaH suspensron in THF, _,. R.vigorous

C. After | h of st
m rat ire ahd allowed to stig

.:' Ok 1

was removed 5 under reduced pressure. Impurities were extracted into
90% ethyl acetate-hexanes, the aqueous layer was then acidified by F
adding solid citric acid until the pH reached 2-3. The product was
extracted into 90% ethyl acetateshexanes. This organic layer,was dried
(Na2S04) and filtered. Removal of the solvents under reduced pressure
Stafesrd gerpiinaiies yrefarpethis Bobatiot 182enerpe mapl e cgloxylic
acﬁg(rpﬁ hig)dﬁsbl ZiNnblyl dxl&lﬂmg ﬂlds/ nfg, 8. &\dgd(o@ SHOE ;ﬁd@e&e&iﬁ?}d&ﬁt was
C coupling was rmed u mige b (70 mq, 0.16. mmol te‘ﬁmﬁ
OE'J gr é%‘?w a? LUOL E%n?r%% ) D 6 ‘gbleﬂ(xém g bUOv’Elﬁ ﬁ,xﬁ;ﬁ (ﬁl)u of G-40%
etwm@@dmmtm%sﬂpﬁwwmhﬁﬁ%@tbglraqsﬂwtd%moromethane
fopipﬂﬁg' F@%HQ:% E@@M%&W@Bﬂ @94%091&%@@ gfzq %?%9[ ef@é\ with few drops

acetate-dichloromethane over 15 min. Standard BOC-deprotection was
of I TRingrd ¥ ERtedr it s fearershs Divete) anharmeed stte ethy!
acwas putfiedydeverseBphase HPLC C18 column with a solvent

gradient of 5-50% acetonitrile-water over 18 nun. Yield of of product c

was 82 mg. Example 133 O
Example 124

um:r
P ar

HG, OH HaC, OH

TELY

b

i

Coupling of the product primary amine b {70 mg, 0.15mmol) to L-BOC-N-methylalanine a
(37 mg, 0.18 mmol) was accomplished by adding EDC (36 mg 0.19 mmoi) and dissolving in
dichioromethane (2 mL). BOC-protected final product was purified by chromatography
ISCO CombiFlash 12 g column with a solvent gradient of 1-51% ethyl acetate-
dichloromethane over 20 min followed by 51% ethyl acetate-dichloromethane for 3 min.
Standard BOC-deprotection was performed using 2:1 DCM : TFA + few drops of water,
Final product b was purified by reverse-phase HPLC Cyg column with a solvent gradient of 5-

50% acetonitrile-water over 20 min. Yield of product b was 49 mg.

Example 125
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OHN)O-HN~ANN HNINHZ+N H2N~NN/=HSi.HOSI\F 25F
a b c 133 The free primary amine b (35 mg, 0.056 mmol), anhydrous
potassium carbonate (70 mg, 0.5 mmol) and fonnamidine hydrochloride a
(30 mg, 0.37 mmol) were mixed together in a vial and dissolved in
2 mL). The mixture was stirred at rggm_temperature for 1.5
etic acid was added until gas rele as no longer visible,
was 5 fikered. Reverse-phase HPLCysing a G18 column

and a solvent gi adiﬁnt Qi 5-50% acetonitrile-water ovex 25Ni '8];0.1%
TFA, separated?lﬂ/e d pire@ product c, aﬁ'ording 8.2 mg [i0.01% mmol,
e

27% yield) of theF, It after lyophilization. 10 Examp OHOH
H2N OH + )(000 ~OX BPC'N -1 F F a b c A mixture of unproiected
amino acid a (775 mg$7.24 mmol) and sodium carbonate (]% g, 16.0
mmol) was dissolved in a 1:1 solution of deionized water an E (15 mL
each). To 15 this méxture was added BOC-anhydride b (1.72g, 7.96

stmaell THhe mixture m@@gﬂﬁ%@&ﬁ@@%&%p@%%%%&%@ h R0 LT Shich

as removed under reduced pressure. T'he mixture_was then acidified to
(1P ¥ ith SuratBachdle S St licld, RFpf ool RdAfed B ktane ipi 001
120% Bilybatetate-dishlosd methathend h@ Organic layefavessdiiachs dissolved in

dé gi%g,(pv@ il NGy G ntrated. under reduced pressure to affo
c]]}éean Boé‘?%%{gﬁgd q&l\){rlﬁilr%g:lt %%18508 ?elftzl%lgo?%ﬁs%temwﬁg%ﬁ 3%5/%0t0?§fe £L(I’jlsa‘én the
awﬁﬁwcﬁyﬁﬁ@pﬁ@ﬁﬁ@gmﬁ added to the reaction slowly. The reaction was kept on ice

and gradually allowed to warm to room temperature while stirring overnight. Deionized
water was used to dilute the reaction to approx 150 mL, which was poured into 90% ethyl
acetate-hexanes for extraction. The organic phase was dried (Na,SOy), adsorbed onto Celite
and purified by chromatography ISCO CombiFlash 40 g column, 5-90% ethyl acetate-
hexanes over 30 min to afford 804 mg (2.27 mmol, 91%) of the product sulfone b.

Example 126

Following the general procedure of Burk [Burk, M. I.; Gross, M. F.; Martinez, . P. J. Am.

Chermn. Soc. 1995, 117, $375-9376.], alkene a (774 mg 2.19 mmol), dry methanol (40 mL),
and [(S,5)-Me-BPE-Rh(CODY'OTf (500 mg, 0.8 mmol) were mixed in a Parr shaker flask
purged with nitrogen. Parr shaker was evacuated and subsequently charged to 60 psi of
hydrogen gas and shaken vigorously overnight. Methano! was removed under reduced
pressure, and crude product was filtered through a small plug of silica gel using ethyl acetate.
Evaporation of the solvent yielded 730 mg (2.0 mmol, 94%) of product b with >98% yield.

Example 127
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Example 13500 O~~OONOH+HNPH2NHNFzOSFS-NFF
25 a b ¢ Standard EDC coupling was performed using amine b (64 mg,
0.14 mmol), the carboxylic acid a, (41 mg, 0.2 mmol) and EDC (38 mg,
0.2 mmol). BOC-protected final product was purified by chromatography
ISCO CombiFIasb\}lggg column with a solvent gradient of 0@53{@ 134 ethyl
acetate-cfighlorome®iane over 10 min, followed by a steady of 55%

or o 1. _
¥ CM . TFA + few drops of water. Eina

purified by re)létse-ha HPLC C18 column Wit&so,bue\nt adient of
5-50% acetdnitrif-waller over 18 min. Yield of productc wdb 70} 5 ing.
Example 136 IC~H~-N YJOH+NIlIIHzZNNfI( 3 8 '/HF foabc
Standard EDC coupling was performed using amine hydrochlggide b (250

0.6 ), th boxylic.acid a, (187.mg, 0.81 ), DIPEA (0.35
2 A A e (o Bt by B T e 1o i
sojuiden tewnpdigtuROGRARYHIBOC Hpestedfiinl fploducbwasp oy (250
mE{roMAIaEap %&@&Dﬁ%ﬁmﬁ@%&?fﬂdﬁamwma%u%?&vgﬂé 15155 %%a%g%s

of 0-25% ethyl acetate-hexanes over 10 min; followed by a stea W

SUSESSo ek SnfothiBx e Srsk ¥ranithes EirdariBlydagep sscanibiiomest to stir
vipadeimes resingdiptimdoxans H4. Advbe 3éhdng the hydrogen atmosphere, the

mixture was filtered through Celite using methanol, and crude product b was obtained by

evaporation of the solvent (508 mg, 1.56 mmol, 70% yield).

Example 128
0@84?0 O\\S&O
M I
0 N
e ﬁ ~ o/u\ N OH
O H O
a b

Ester a (508 mg, 1.56 mmol) was dissolved in 8 mL of THF. Deionized water (4 mL) was
added, followed by LiOH - H;O (120 mg, 2.8 mmol). The mixture was stirred at room
temperature overnight, acidified using aqueous 1 N HCI and extracted into ethyl acetate.
Drying (Na;S0,), filtration and evaporaiion of the solvent yielded 372 mg (1.21 mmol, 78%

yield) of the carboxylic acid b, clean enough to use in the next step without purification.

Example 129
O
H O
N+ \
(3 OK HoN -
8]

zm
3
1o
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To the primary amine hydrochloride ¢ (170 mg, 0.38mmol) and
L-BOC-N-methylalanine (91 20 mg, 0.45 mmol), was added
dichloromethane (2 mL), DIPEA (0.20 mL, 1.1 mmol) and EDC (86 mg,
0.45 mmol), stirring at room temperature for 24 h. BOC-protected final

SRHRENCEYa S Rdfifiedhy shromatogiap RGO GerbiFiash k219 elWioxyiic

with a_solvent gradient of 0,5- 52% ethyl acetate-hexanes over 13 min
Ry S39ERNA REERE RBERREY 105, PSYaripifgted final product was
pBHiE! te photectionapasIseorme Rising 210G wikA withfeysdiaps0§-65%
ter. 25 Einal t ified by teverse- HPLC C18 colum
o e ot T o Sr DI Vi ormed
uFipG Pprdefchd WEBO W gl anons @0 B Ztar3shiml wosue) ®ae pugigd-anreyerse-
pldse@IBLO & ddhSar iR R EEE SRUBING Wash PCERITAHIUSIAARNE 8 min.
?@r%ﬁhloride # (250 mg, 0.67 mmol), 5 the carboxylic acid a, (187 mg,
YRS PRSI SIEA ™50 mL, 2.0 mmol) and EDC (157 mg, 0.81 mmol).
Reaction was stirred at room temperature for 3 h. BOC-protected final
EQzﬁ?lg}é%U"asf pur by - -ography TOSCE" - Fla_shash -14gl. A
solvent gradient of purified chromatography Combir, | 14 co,uuua iu a

iani~ graQ.e..~ .. 25%\§thyl acetate-hexanes over 10 min, féligwed by a
teady flow of 269 | acetate- hexanes for 3 mip. Standar
OCldeprotection whs perfdrmed using HC1 in digdanei(4.dM,{10/3.0

mL3. T8%he print&y afgine Rysspchlprte (160 mg,H&T}:SJrJn\mo Ad -

L-BOC-N-methylalanirfé (915

mol), was added Hich‘ibro et

stirring at room temperature for 24 . BOC-protected final product was 15
purified by chromatography ISCO CombiFiash 12 g column with a solvent
graglient of 0.5- 52% ethyl,acetate-hexanes over 13 min followed by 52%
ethyl acetate-hexanes for 3 min. Standard BOC-deprotection was

SERSTREY SRR DSBS TRAT TRl WitE SRR § 6P IRgieP: mimalhrig rarboxylic
adeg paorifigdome revenseriBne ki lkhe, @IS aahenn Bith-grerientighadieM@fvas
P B AR R e 20t I L QL RrOIE NS DSt of 0-65%
ethyl acetate-dichloromethane over 15 min. Standard BOC-deprotection was performed
using 2:1 DCM : TFA with few drops of water. Final product ¢ was purified by reverse-
phase HPLC C;g column with a solvent gradient of 5-50% acetonitrile-water over 18 min.

Yield of product ¢ was 78 mg.

Example 131

0 9 D
XOTN\/U\OH WOTN \/ILOH
O
a b [
Following the general procedure of Grigg [Blaney, P.; Grigg, R.; Rankovic, Z.; Thornton-
Pett, M.; Xu, J. Tetrahedron, 2002, 58, 1719-1737] a roundbottom flask was charged with
sodium hydride (480mg 60% dispersion in oil, 12.0 mmol, 4.0 equiv) and purged with
nitrogen for 15 min. THF (6.0mlL) was added to the flask, and the suspension was cooled to
0 °C using an ice water bath. A separate flask was charged with BOC-glycine a (525 mg, 3.0
mmol), dry THF (6.0 mL) and ethyl iodide (1.0 mL, 12 mmol, 4 equiv). This mixture was
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20 Example 138 OH OH + HH2N XO ?~OH O/ FF 25ab c EDC
coupling was performed using amine hydrochloride b (230 mg, 0.61
mmol), the carboxylic acid a, (165 mg, 0.75 mmol), DIPEA (0.350 mL, 2.0
mmol) and EDC (157 mg, 0 81 mmol). Reaction was stirred at room

2JREARRERWALE 10R1R: Wik G icatech@niybalh compeienlare Gefbﬂéxlﬂi h of
acid (160 mg).and EDC (150 mg) was added to the reaction, and 136

SR, 58 mmﬁmf%f?smwmm@ ﬁb@%ﬁ@té@fé‘d’%‘ﬁ@m The
repeddnictayagaipusiied by etrr@ﬁamwﬁaanhxd STPH0mbHae 46v8£Q)Wich the
e radient of O- 55% eta e hexanes over in
gl Xy ggs?tlemé?é;%%veo?v g%@d aceteatt RS A e &0 g#ﬁ‘?ﬁ Was removed
u@ﬁn@éﬁ@%@@%@ﬁrot&@ﬁ@ﬁlﬂmywrm@mgﬂ@ %OV aFFMethfganes, the
adQRS BfvorWalemhelr QLR mwggdﬂ{QQHﬁ& BEMM‘%H&EJ%%%Q&& 2-3. The

0.Smmol) to L-BOC-N- methylalanlne (140 mg, 0.7 mmol) was performed

Rxﬁ’mtt‘ﬁe (455G, 5% Mol GRHoRSTBMand 13 fgpnic laver was dried
(MBSO pretaciiictfidal pRediveswvas phariiondyschramategiaphyrdSG@ afforded a

cqu ith a solvent gradient of 0-40% ethyl acetate-

qu%%{rﬂggro %ane O\Iljergifugtgln followed by 40% ethyl

acetate-dichloromethane for 3 min. 10 Standard BOC-deprotection was
eRgsfocmed using 2:1 DCM:TFA with few drops of water. Final product was

purified by reverse-phase HFLC Cab column with a solvent gradient of 5-

50% acetonitrile-watey over 20 min. Yield of final product 78 mg
Example 139 O N 15N BrNHBr ab M yl ket
%Oﬁmol) Qynthes ed%ng to the general p ed re fM |\/|I |
akemura, NN Hahike Takemura, S. J | et Oocy¥

a

1989, 26, 1739-1745] wad s

epdedin 33% HBr in acetlc a@|d (
Elemental bromine was O

E

2 b c
Standard EDC coupling was performed using amine b (70 mg, (.16 mmol), the carboxylic
acid g, (49 mg, 0.24 mmol) and EDC (46 mg, 0.24 mmol). BOC-protected final product was
purified by chromatography ISCO CombiFlash 12 g column with a solvent gradient of 0-55%
ethyl acetate-dichloromethane over 15 min. Standard BOC-deprotection was performed
using 2:1 DCM : TFA with few drops of water. Final product ¢ was purified by reverse-
phase HPLC C;5 column with a solvent gradient of 5-50% acetonitrile-water over 18 min.

Yield of of product ¢ was 82 mg.

Example 133

HN&\NH.Z 4 H2N\/u\ \Q*\ HN\/LL %QQN
N _

FEf

(1153}

1o
|
o]
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20 added in six portions (6 x 0.025 mL, 0.15 mL total, 3.0 mmol) with
vigorous stirring at room temperature. The reaction appeared to have a
light color after 10 min of stirring, when diethyl ether was added (10 mL).
Stirring at room temperature was continued for 30 min. The mixture was

THitgred Jhrobobadtih anddbeoselidndali Pehind- e soringes Withoal ibodhe, 0.5

ether, transferred to a vial, and dried under hgh vacuum. The solid
dJod femermiging xdredeionda s S8l d BRAILEBEE aNdshiossesine vial
afd thﬁﬂt&ﬁiﬂgﬂé’t&ﬁﬁb@di aSﬁﬂ)Wﬂfhemﬂiﬁﬂaeﬁapktﬂﬁﬁﬂihﬂdﬂl tbRiperature for 1.5 br.

C% é]ole orm| ste e %41% 13Z 'W;SNH%On Le ’}io r -N H%lr was
caﬂnoam n%gm bc%g mmo wasgadei’rs & e mleﬁlr% of

figeneAomehsiskolone H&E@ @smetrfrquqet@fﬂm @Mg)mmémrm‘b@m@npf 5-50%

Laskiahanel (38 wagiadsed, tissalvingihentive S ¢, affordmg 8.2

suspending the salts. Pyridine was then added dropwise (0.4 mL, 5
T8 Rdne Hiiei akestire el iy ehilizei®ire for 5 min. The

reaction flask was then heated to 70 C in an oil bath, with vigorous stirring.
After 10 min, the suspension of salts was no longer visible and the
reaction was homogeneous. The reaction was allowed to cool 10 to room
Exampisrbifie for 45 min, and Celite was added along with toluene (20 mL).
Solventst/ere removed under reduced pressure The crude product o

adsorbedjonto Celite yas p freoD by omatography ISCO CorﬁblFI sh
15@@ 0-30% é -d| romethane-over ZOfiin, OH
followe by a gradient of 30- 7(53/0 etI%/I acetate-dichloromethane over 5

min, to afford 518 mg (1.4 mmol, 47%) of the product thiazole. Removal
of BOC fgom the proline 15 aming,was accomplished by dissolving the
substrate in 2:1 DCM:TFA with few drops of water, following the standard

ARSI PS UBPER SIS RS BBtk B b hehtth P TPA ST AfTaRete (1.69 g,
16QUARKS SAFIERINET axigde: mdm&asﬂa&éﬂ@sarmmeﬂaﬁa THF (15 ml. each). To

e dlchlorometha d?l f%/ && e or yer azsé? filterin angliS stirred at
removmg ﬂ:le solven UCEr pre ure a ed é mg i‘ﬁ

roomm oin @8 el dremighiinad 128 Bxampie el vodéd eQiekd grédsieH b mixture

was then acidified to pH 2-3 with saturated agueous citric acid, and product was extracted

into 10% ethyl acetate-dichloromethane. The organic layer was dried (Na;SQ,), filtered and

concentrated under reduced pressure to afford clean BOC-protected amino acid ¢ (1.40 g, 6.7

mmol, 93%) to be used without further purification.

o

o
Hzm\[‘kﬁ N o
JTSAR"

€

Example 135

o
9
H
R %@
o) HoN =N
F o s _J

o

a
Standard EDC coupling was performed using amine b {64 mg, 0.14 mmol}, the carboxylic
acid a, (41 mg, 0.2 mmol) and EDC (38 mg, 0.2 mmol). BOC-protected final product was

purified by chromatography ISCO CombiFlash 12 g columm with a solvent gradient of 0-55%
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0si NN abcHOAt, DIC procedure was used to couple the above

dipeptide to amine. Secondary amine b 25 (65 mg, 0.25 mmol),

carboxylic acid a, (97 mg, 0.28 mmol) HOAt (53 mg, 0.4 mmol) and DIC

(50 mg, 0.4 mmol). BOC-protected final product was purified by
etﬁwggéé.t@gﬁ@ﬂ%% erQf@ilqlg L%ﬁ'h flcﬁigv&e%l é@’eég anow cgtlgSQ} gcoe:];ate-

0-65% ethyl acetate-dichloromethane over 1 min
diglerropsfrdte &R wits @W&Q@W%ﬂ@@MW@W@@W@%%@CM
TRAwatar. drinaloprestuct En\]{uagra&m edshy {)ﬁil»i%%? %\&?séﬂl%k% ﬁ@%@}g Y hmn
ith a.sol ent radi 5-50% a etonitrile-water over min. Yield of
S B R G R AT BRI FOVAERI RPN VAP R wes 702

m@OH S/ P~j ---~ H 0 S sON a HOAL, DIC procedure was used to couple
the above dipeptide to amine. Secondary amine b (50 mg, 0.2 mmol),
_carbox%/Iic acid a (72 mg, 0.21 mmol) HOAt (40 mg, 0.3 mmol) and DIC
r’?{g, 0.3 mmol). BOC-protected final product was purified by
chromatography ISCO CombiFlash 12 g column with a solvent gradient of

10-85%j ethyl acetate-dickilonomethane over 20 min. Stan
Mep tection was ed using 2:1 DCM : TFA + fely d of
ftluct c was pufifi ifidd by%ﬁbrse-pﬁﬁse HPEE CIB co i (\n

with a S‘blve&t gradient of 3-40% agétoritrile-water over 20 minl. Yie N
final product ¢ was 25 mg. 15 Exampe43 O O O H O H2N OH + O~O .
a b C

'tFMOCNOHO FF

Standard EDC coupling was performed using amine hydrochloride b (250 mg, 0.67 ol
the carboxylic. acid a, (187 mg, 0.81 mmol}, DIPEA (0.35 mL, 2.0 mmol) and EDC (157 mg,
¢.81 mmol}). Reaction was stirred at room temperature for 48 h. BOC-protected final
product was purified by chromatography ISCO CombiFlash 12 g column with a solvent
gradient of 0-25% ethyl acetate-hexanes over 10 min, followed by a steady flow of 26% ethy!
acetate-hexanes for 3 min. Standard BOC-deprotection was performed using HC! in dioxane
(4.0M, 3.0mL)}.

To the primary amine hydrochloride ¢ (170 mg, 0.38mmol) and L-BOC-N-methylalanine {91
mg, 0.45 mmol), was added dichloromethane (2 mL), DIPEA (0.20 mL, 1.1 mmol) and EDC
(86 mg, 0.45 mmol), stirring at room temperature for 24 h. BOC-protected final product was
purified by chromatography ISCO CombiFlash 12 g column with a solvent gradient of 0.5-
52% ethyl acetate-hexanes over 13 min followed by 52% ethyl acetate-hexanes for 3 min.
Standard BOC-deprotection was performed using 2:1 DCM : TFA with few drops of water.
Final product was purified by reverse-phase HPLC Cjs cohunn with 2 solvent gradient of 5-

60% acetonitrile-water over 20 min. Yield of final product was 90 mg.

Example 137
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a b ¢ A mixture of unprotected amino acid a (1.1 g, 10 mmol) and sodium
carbonate (850 mg, 10 mmol) was dissolved in a 1:1 solution of deionized
water and THE (13 mL each). To this 20 mixture was added FMOC-OSu
b (6 x 550 mg, total 3.3 g, 9.8 mmol) over a period of 1 h. After each
addition of FMOC-OSu was added 2 3mLofl M aqueou sodium

vernlgh and THE was removgd UR

i dilofeawith deightizell watgf=N
poured fhto gthyl acetate in a /ép y funnel, and made acidic by té™~,
25 addition of 6 N HCL After extrastizg~Npto ethyl acetate, the organic laye
was washed with deionized water, followed by brine. The organic layer
was dried (Na2S04), filtered and concentrated under reduced pressure to
afford clean FMOC-protected amino acid ¢ (1.05 g, 3.19 mnsol, 32%) to

s@ﬁdﬂ&?éﬁ\tﬂb@ﬁgiﬂﬁt%g %&%Ap&lﬂg%ﬁﬁ@méﬂ&%@ (eE% n@\/@@ mmot),
MOC~N O FMO FFEabc 5 FoIIowmg the gene

%(ﬁ*&‘éﬂdﬂ%?%&%&g[ﬁr@dm& RER Qiridans., 50 IB‘BH%W’[F% (157 me,
0.ATigetnlR. Readutr @aﬁhﬁﬂ&ﬁ aﬂ.ﬁﬁﬁn %;1;7&?&811&: fhres BMBE-protectelifinal product
imary_amin -Was dissolved in toluene (60 mb). . cq

%ap u?ormal’de% %gr%g %E’Uém ed. folfowed by a cata T)‘fflvédfirﬁfgg%‘r?t et
Zfr?ét@l@erheg@immexam OFer iy PO AminwRd Prie #ﬁ%@MrEQWa@fﬁédr@dﬁi&/ acetate-
hSUHedt seflux tRmpstatlde fehra-mith ¢aliecivarRnarperatadddnatero M,

in a Dean Stark trap. The reaction mixture was then allowed to cool to

“temperature, and washed with saturated aqueous sodium

bicarbonate (2 x 30 mL) The organic layer was dried (Na2S04), filtered

T2 d concentrated ress &9 afford 9,1 .Of

T e B e E AR B o
m @fthmmﬁemaﬁédéﬁoimqrwﬁkﬁg%@m@w%@%ﬁdé@@ﬁw&mol) and EDC
(s3luminuim Lo dricionde 260 Meng-Ama el) Aollowes-by friethyisilang duct was

(0.32mL, 2.0 mmol) The_reaction mixture Was stirred for 5 h at room s
PYBfRgeRA ERE BA BV TG Bt S0t SHIFTRE Rt R iges iepfignt of 0.5-
SZW(D&IJQI seshaduic:nal dwas exiia ctaidvrid Bba%sthylvhaetaie-hexanes for 3 min.
s ndar '%%]Qéﬁagﬁt&%%nwﬁé‘%h&%vrﬁ% DAQUePY-HCH2R i) fRllowsd BY arer
Final product was punﬁed by reverse-phase HPLC Cjg column with a solvent gradient of 5-

60% acetonitrile-water over 20 min. Yield of product ¢ was 79 mg.

Exampie 138

XJ\I( OM

a

o
[e}

EDC coupling was performed using amine hydrochloride b (230 mg, 0.61 mmol), the
carboxylic acid a, (165 mg, 0.75 mmol), DIPEA (0.350 ml., 2.0 mmol) and EDC {157 mg,
0.81 mmol). Reaction was stirred at room temperature for 3 h, LC/MS indicated only half
complete. More carboxylic acid (160 mg) and EDC (150 mg) was added to the reaction, and
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layer was dried (Na2S04) and filtered. Celite was added, and the solvent
was removed under 20 reduced pressure. The crude product adsorbed
onto Celite was purified by chromatography ISCO CombiFlash 40 g
column, 1-55% ethyl acetate-dichloromethane over 25 min, to afford 272

thn @(ﬁ\}?gd Wl\lrm @tlm%ﬁ(:/@vﬁ%ﬁ@ﬁf Qﬁk&hﬂﬂﬁrﬁﬂﬁ’cﬁf& 11!%@83%}%@&&%FM9 Groduct was
{ th
P R LD SO B 1 & R Chg (BRI G (%

etindqsfohredessing Ahinie. Hqllaempy @. demindlpwig B6eidethghrbetadibexanes

£0RGIchay @%ﬁcﬁ}g 136 mm %Q éﬁgxpﬂgi stlogﬂqof!?)cﬁo %Q—t?&iﬁg‘ops of
final product was v%ﬁrrfred by chromatography ISCO CombiFlash 40

VESTum RS <Hfivfit RPARRE i BF Y409 &thg | EE8tane- dftFirsPoethanBOC-N-
meah@ra&@mrr(1Imen@eomdnaﬁﬁwot@ﬁt@@&@r@dﬂ@ﬂ@qsﬁltﬂ@tootqumor) and

rtrons for re MOC The irst ortron
%ﬁmo N was dlg] Liyi dd m% oront%g?#agr?e ﬁoéud s ufl ?F?[S}B%Wﬁ pgraphy
IS Cmnbilasbmidoly, anthalowdd te steiatnogrdemipefatird for iyl Thetate-
diSRGRAEERAMHONL10@ Mg ilRBamouyasHissalued r %Mo%@%@ﬁénﬁ)r% min,

DMF (1.0 mL) and allowed to stir at room terr;é)erature overnight. B
StradutioNS WETRTfSEIRth @R CHAEMG R EIrop LS ERAPHIR %Mr@aa@f water.
Finaprpdnifiechbyusesss, p@m&@ﬁmm&qg&mmth@%umwmgﬂt of 5-
509} 3- 40% cetonltrlle iy ter oye fr?hrbr{?m Combined y d of final product c

was ‘75% évxam Rl {nal product Was L /E &1 owin
p y g

experlments was used a chimeric BIR domain referred to as MLXBIR3SG
EARWhigAdL1 of 110 residues correspond to those found in XIAP-BIRS3,
while the remainder correspond to ML-IAP-BIR. The chimeric protein
MLXBIR3SG was s to bind and inhibit caspase-9 icantly better
than either of the pative BIR domains, but bound 2D Spaac-bédsed peptides

and mature-Smag with affinities STmirarto those ot natjve ML-IAP-
—n Br =n HBr

a b
Methyl ketone a (480 mg, 3.0 mmol), synthesized according to the general procedure of Miki
[Miki, Y.; Nakamura, N.; Hachiken, H.; Takemura, S. J. Heterocyclic Chem., 1989, 26,

1739-1745], was suspended in 33% HBr in acetic acid (6 mL). Elemental bromine was
added in six portions (6 x 0.025 mL, .15 mL total, 3.0 mmol) with vigorous stirring at room
temperature. The reaction appeared to have a light color after 10 min of stirring, when
diethyl ether was added (10 mL). Stirring at room temperature was continued for 30 min.
The mixture was filtered through a frit, and the solids left behind were rinsed with 20 mL of
ether, transferred to a vial, and dried under high vacuum. The solid afforded (840 mg) was a
mixture of desired product b and the HBr sait of the starting material, used without further

purification in the thiazole-forming step.

Example 140
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BIR. The improved caspase-9 inhibition of the chimeric BIR domain
MLXBIR3SG has been correlated with increased inhibition of
doxorubicin-induced apoptosis when transfected into MCF7 cells. 25
MLXBIR3SG sequence: MGSST -H-HHSSGLVPRGSI
LETEEEEEEGAGATLSRGPAFPGMGSEELRLASFY
DWPLT PELLAAAGFFH4GH
EHAKW CQFLLRSKGQHYI ;
-F?ﬂ:‘T Peftidaiinding Assay imé&lResolved-Ftudrescence
sorfance Energy Transfegcomp tin'ES(Fperiments were pey
the Wallac Victor2 Multilabeled Counter Reader (Perkin Elmer Life and
Analytical Sciences, Inc.) according to the procedures of Kolb et al
(Journal of Biomolecular Screenigg, 1996, 1(4):203). A reagent cocktalil
containifig 300 nM his-tagged MEXBIR3SG; 141 200 nM biotinylatéd
TiSMAGpeRide (kY PR Bogintvantidid alléphycooyanib(hes5h(CiSBIob and

mbHGTRAHRR )20 200 BY M ieRiAKd '@t}%ﬁ&?m&'ﬁ%ﬁi%&l%ﬁe@s\é’o@ﬁng the
prépared in' reagent buffer (50 mM Tris [pH 7.2], 120 mM NacCl, 0.1%

thiRsiiide aResRPRIERIND B Fitsanty 8ios o5es sk retdsdideop tsrdithiely; GrmgioD

arRDsitad 6an hexmadeusing.eurapibsidaketed S anti-Hise(Ratkish BB Rvas then
and streptavidin-allophycocyanin (Perkin Elmer).at concentrations of 6.5

AR R, TB S b o P e A e BATSE E TR i sl

whe mpprare fivie 30dnhsutestiditess hoobatiommuth e ldecktaiisnasgeadedabto cool

to%ﬁ%%g%%@fb% at %@%‘?@éﬂ?& CRMRAUNG(SIHR %ﬁ%ﬂ%ﬁ%f FHIN Qfrvents
50 M) in 384-well black FIA plates (Greiner Bio-One, Inc.). After a 90

VEHEROTEBAOIP SR iE T et B TRt glvstederhed isGela Wanpyptied

bfiw&rfﬂﬁé%ﬁ?m@ﬂdﬁﬁiﬂ%mﬂiwm @éaﬂxﬁ'iﬂ'% @r?]d%aﬂae :ﬂiagigj&ﬁhloromethane
wayelengths o ropium (615 n ophycqQcyanin (665 nm). )

R A g e e o L R

aféiioptigcogyarimatos 66 indixith gt ahthehémissiRReobeslropROC &bGLG<PLIine

a.rgggg %gagaatéggxgﬁﬁgﬁé@ lﬁw r&i&%l%{?t‘%%ﬁf)&lfaz‘eoxg@lf%&ﬁsﬁ% q‘@t few drops of

manipulation). The reSulting values were plotted as a function o

vaiftalfoRistreoResirpsashriprsdirto &welbrparanetstialibYisisaisinghe TFA sal
witileidagianh seftwang 6Rwnes axaeafhwan, Meading iRAdichnsisations Obrying

otf\ntga onist oten% were determined, from the IC50 values. Compounds of

GEHtiOR Mt et e e td e (RS SRRy Aitsl FESHISifEE S F Tegssure
affosieBvhindidating!, 19996 fibite mnixetivity

Example 141
Y i 0
E 0 Hq = N N
OTN\:/U\N OH =N P I Y f.‘j N /I
o = " o S N ) © s A~
— —

ez

a c
HOAt, DIC procedure was used to couple the above dipeptide to amine. Secondary amine b
{65 mg, 0.25 mmol), carboxylic acid a, (97 mg, 0.28 mmol} HOAt (53 mg, 0.4 mmol) and
DIC (50 mg, 0.4 mmol). BOC-protected final product was purified by chromatography ISCO
CombiFlash 12 g column with a solvent gradient of 0-65% ethy! acetate-dichloromethane

over 15 min. Standard BOC-deprotection was performed using 2:1 DCM : TFA + few drops
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20 Fluorescence Polarization Peptide Binding Assay Polarization
experiments were performed on an Analyst HT 96-384 (Molecular Devices
Corp.) according to the procedure of Keating, S.M., Marsters, J, Beresini,
M., Ladner. C., 25 Zioncheck, K., Clark, K., Arellano, F., and Bodary.,

et b e el e A e
ohn, .).pp. -137, Be am, WA. Samples for fluorescence
g%%ﬁ?fz%%é%%?ﬁ%&?rﬁgées'ﬁ?é%%ﬁrsi\% 'p‘r’e‘ﬁlélr8 PRYPRE A B 22 serial
dilutions starting at a final concentration of 5M of MLXBIR3SG in
Epg{ﬁ.ﬁig@&ipn buffer (50 mM Tris [pH 7.2], 120 mM NacCl, 1% bovine
globulins 5mM DTT and 0.05% 30 octylglucoside) to
5-carboxyflourescein-conjugated AVPdi-Phe-NH2 (AVP-di FAM) at 5
nM final co tration. OH HNOOY ~~(~~~\\\ppp O ~N O
INH N_ iNEH2 O NH2 AVP-diPhe-FAM pibbelTh
- #itubafion jime of 10 rﬁir@/ﬂé%{htr 511\% 7
t%mp ZIUTR Wi 8 standa ~¢ff Titars for the fluorescein fifloro & N
(AQ, =485 nm;m =530 nm) in 9 ell black HE96 plates (Molecular =N
Devices Corp.). Fluorescence values were plotted as a function of the
protein goncentration, and the IC50s were obtained by fitting the data to a

- parameter equation using Kalédograph software (Synergy software,
HRehdiy, AR EO BT P SOHRHRN T e AR RS R eRsTs mine b
(Sthexd/I0. X BHRAS CartioRO L0 avettsig) containsigSoAd @b e 0.3 mmol) and DIC
-diRhe-F e as well as 1:3 serial dilutions of antagonist
O e A S0 s e o AR MO

Canlitpiel Wetecdlaay afidr @ 30se1ih gtedinoubbiion SH utigseate-dichloromethane
oRelarizatiosyaliesverapioited as.ad lﬂé%%e@[\m% ARG R A + few drops

concentration, and the 1IC50 values were obtained by fitting the data to a
%@ﬁ}ewm&(& solvent
griviad ioRh-RA). durkibitige-Laeanstaited, YR dlee aBgomists Weles me.
detellén]i&?d from the IC50 values. Compounds of the

Examp
0
i 3 i
H _N N
ZN\(LLOH + o~ o e FMOC fLOH
O
F F
a b C

A mixture of unprotected amino acid a (1.1 g, 10 mmol) and sodium carbonate (830 mg, 10
mmol) was dissolved in a 1:1 solution of deionized water and THF (13 mL each). To this
mixture was added FMOC-OSu b (6 x 550 mg, total 3.3 g, 9.8 mmol) over a period of 1 b.
After each addition of FMOC-0Su was added 2-3 mL of 1 M agueous sodium bicarbonate to
keep the reaction mixture at basic pH. The mixture was stirred at room temperature
overnight, and THF was removed under reduced pressure. The mixture was then diluted with
dejonized water, poured into ethyl acetate in a separatory funnel, and made acidic by the
addition of 6 N HCL. After extracting into ethyl acetate, the organic layer was washed with
deionized water, followed by brine. The organic layer was dried (Na,S0), filtered and
concentrated under reduced pressure to afford clean FMOC-protected amino acid ¢ (1.05 g,
3.1%9 mmol, 32%) to be used without further purification.
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invention that were tested in this assay exhibited a Ki or less than 100jM.
143 WE CLAIM: 1 A compound of formula I: R, R4\ R3tN Rz ~Y R6 R/N
N Rs aRs R3 Xz A Q 5 wherein A is a 5-member aromatic heterocycle
incorporating 1 to 4 heteroartoms N, 0 or S and is optionally substituted
ruithpneser more R7 and R8 groups; 10 Q is H, alkyl, a carbocycle, a
heterocycle; wherein one or more CH2 or CH groups of an alkyl is
optionglly rgplaced with -0-, -5-, -S(O)-, F10}2, -N(R8)-, -C(O)-, - ’ 0

() C(Q)-.-SQ2-N -NR8-C(GQ)-NRS-
NR8-C(NH)- NRs-. -NR$-C(NH)- "&(0)-d- or B-C(O)-: and aﬁ"&%l

carbocycle &and heterocycle is optlonally sUfgstituted with one or more E

hydroxyl, alkoxy, acyl, 15 halogen, mercapto, oxo, carboxyl,

halo- substltuted alkyl, amino, cyano, Etro amidino, guanidino an

optlonally substituted carbocycle or art optionally substituted heteroeycle;
FiljanidxBeogeneat brinddpendentiddonr $rvidingdooRAVCRBRE)h, ©;dteBpw, D.

sWhetein misgl oF AR i ﬁ@a&@g%ﬁ'ﬁ%@@m@ Rouh ATING) armine 5

arylamino, alkylamifno, aralkylamino, alkoxg loxy or aralkylox R, iIsH
ép

( lo?ﬁgsa%réw%aéfﬁ%rdﬁ%va@e luFp Rf?gaéwaléeémdé%@g) was
@&g)%wgélﬁm%}l Fa?cb@ﬁ?f@%&ﬁrfﬁ&mmh Mlﬁwb%ﬁh(ﬂpﬁﬂnb @lhvlimmol) The
substituted wit ogen 0XO0, thione, m OXY
TS RToATRT E’o%, RO S RORST A i oIS G oy aegrerd
mmmaaylmgbsﬁwtedrmth ﬁhbowntmmmmwlm RiZzardid®¥dd to cool to room
tempéramre, and washed with saturated aqueous sodium bicarbonate {2 x 30 mL). The

organic layer was dried (Na,SOy), filtered, and concentrated under reduced pressure to afford
210 mg (2.7 mmol) of oxazolidinone b. The oxazolidinone {337 mg, 0.99 mmol) was
dissolved in dichloromethane (20 ml). To this solution was added anhydrous aluminum
trichloride (260 mg, 2.0 mmol), followed by triethylsilane (0.32 mL, 2.0 mmol). The
reaction mixture was stirred for 5 h at room temperature and then quenched with 20 mL of |
N aqueous HCl. The product carboxylic acid was extracted into 25% ethyl acetate-
dichloromethane and washed with I N agueous HC1 (20 mL) followed by brine. The organic
layer was dried (Na;SO;) and filtered. Celite was added, and the solvent was removed under
reduced pressure. The crude product adsorbed onto Celite was purified by chromatography
ISCO CombiFlash 40 g colummn, 1-55% ethyl acetate-dichloromethane over 25 min, to afford
272 mg (0.79 mmol, 25% yield from FMOC-primary amine) of the FMOC protected N-

methy! amino acid ¢.

Example 145
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together form a 3-6 heterocycle; R3' is H, or R3 and R3' together form a
3-6 oarbocycle; R4 and R4' are independently H, hydroxyl, amino, alkyl,
carbocycle, carbocycloalkyl, 30 carbocycloalkyloxy,
carbocycloalkyloxycarbonyl, heterocycle, heterocyeloalkyl,

S%E%ch@ag&ﬁ&ﬁ%%&e%&%ég%}%}xmp q{lﬁﬂwqglé? £ aCho?J K¥he crude
144 carbocycloalkyl, carbocycloalkyloxy, carbocycloalky oxycar[g%lnyi,
HERRAGAS ,%Q@%@ﬁcl@wﬁl?@‘ﬂ%ﬁéﬁﬁéﬁo@@@%x&-éﬁ@ml)' BOC-protected final
o mEIEaRie, AT Sl Aoy Ao, S Aoy R
raxyl,.mercapto, carboxy. : oXy, amino,.imino and_nitro; or
e Tt N SR T oA G D P e el M ot
Prodtibt inefoprdih duntiy d-boatloyls &ytramanalikiils RMGCaactpin$tantatigortion (50 mg,
0.0SIEPRRARRLY ds6KRA G YIBKKNELEARS 113 0B iR \:}?s‘évxag%x'm. 19 L.,

amidino, guanidino, alkyl, a carbocycle, a heterécycle or -U ere
1 ol anplsred 9 NIRRT B IERdyNRS. TRRSCbyering (100 me
0.$§%ﬁdgﬁi\lwsd\k%0’(&®2-ﬁr Wg%(%)iﬁi&ﬁdr,emgi@l(h«kwﬂﬂﬁegﬁoxfed to stir at room
- - -0- or -0- - an S , &.carpocycle or a ,
wﬁlgteé?ggéc gg%uﬁg% \'/vch%éor% ﬁe%zﬁgngrwr%%erg‘@ﬁéegar%ﬁ%%g Mot BR ks Final
Progue iy mapliedely wittem@-phsss HBIO)C15¢0IBnaN(RB}- selB¢@) gradient of 3-40%

ackdEHNR e MR8 Q. NG 'el@@ﬁpgfodﬁﬁ%%%( ) RS_’
-NRs-C(NH)-NR8-, -NR8-C(NH)-, -C(0)-O- or -O-C(O)-; and 15 an alkyl,
carbocycle and heterocycle is optionally substituted with hydroxyl, alkoxy,
acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-substituted alkyl,

mino.. ¢yang, pitro..amidino, guanidino an optionally substituted
Eaamg 194 2P B s ) .
car g’cyc%/e of“ah OB{%ﬁﬁ?;%ég%Jbstltuted heterocycle; R8 is H, alkyl, a

carbocycle or a heterocycle wherein one or more CH2 or CH groups 20 of
ISl QREORANY:f&R 1000 S QR NR 5
. C(O)-; <’:1ntjh%§ai(§J alk I,tcarb?)%‘f/%(\eg a%%gg ﬁﬁeﬁ%&é%%?%%l 3(; %SS%IS%{{&%SG
D WHHCTh RSO msi/kv,s SeyERandderbene feastan SO X RIR barbryheaeyiainder

co@iposdins tiIige AR, amindhi SE0 PRIES, RIMIGNR2 SHARIGINGAM to bind and
nally substituted heterocycle;

. t'%onall Sblbstit ed carpocycle or an opt(igo ]

m%glaﬁés g%‘l 5 asﬁﬁngﬁ\a/%t?gsgtﬁg%e% " SRR QoS otAHY B AR AP B2 R i pound
SrrgrgbAsthsethiererat ahform Blaald erith' affinities similar to those of native ML-IAP-
BIR. The improved caspase-9 inhibition of the chimeric BIR domain MLXBIR3SG has been
correlated with increased inhibition of doxorubicin-induced apoptosis when transfected into

MCF7 cells.

MLXBIR38G sequence:
MGSSHHHHHHSSGLVPRGSHMLETEEEEREGAGATLSRGPAFPGMGSEELRLASFY
DWPLTAEVPPELLAAAGFFHTGHQDKVRCFFCYGGLQSWKRGDDPWTEHAK WFP
GCQFLLRSKGQEYINNIHLTHSL (SEQ ID NO.: 1)

TR-FRET Peptide Binding Assav

Time-Resolved Fluorescence Resonance Energy Transfer competition experiments were
performed on the Wallac Victor2 Multilabeled Counter Reader (Perkin Elmer Life and
Analytical Sciences, Inc.) according to the procedures of Kolb et al {Journal of Biomolecular
Screening, 1996, 1(4):203). A reagent cocktail containing 300 nM his-tagged MLXBIR353G;
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Z(1Z2 al(Z2 Z3 Z3 IN, 30 Il IF wherein Z,is NR3, 0 or S; and Z12, Z3
and Z4 are each independently N or CR7; wherein R8 is H, alkyl or acyl;
and R7 is H, halogen, amino, hydroxyl, carboxyl, alkyl, haloalkyl or
aralkyl. 145 3. The compound of claim 1, wherein ring A and Q together

z@@%ﬁ@lsgﬁ%gam M%ﬁ@r@sﬁm of WennliZafR R 2R Ay RFaldn -&1665)
5R7R7R7 llallp He R g QR7/SR7TR R7R7 7HelidHe 10 R7

G5Bp KEseresrsl At R fReir o lepiavidin-eeee (Fakip ik Ripspragered in

rediptilt BhifFey (RY1d TNy FeH-N2], 120 mM NaCl, 0.1% bovine globulins, 5mM DTT and
0.05% octylglucoside). (Alternatively, this cocktail can be made using europium-labeled
anti-His (Perkin Elmer) and streptavidin-allophycocyanin (Perkin Elmer) at concentrations of
6.5 nM and 25nM, respectively). The reagent cocktail was incubated at room temperature for
30 minuies. After incubation, the cocktail was added to 1:3 serial dilutions of an antagonist
compound (starting concentration of 50 uM) in 384-well black FIA plates (Greiner Bio-One,
Inc)). After a 90 minute incubation at room temperature, the fluorescence was read with
filters for the excitation of europium (340 nm) and for the emission wavelengths of
europium (615 nm) and a allophycocyanin (665 nm). Antagenist data were calculated as a
ratio of the emission signal of allophycocyanin at 665 nm to that of the emission of europium
at 615 nm (these ratios were muitiplied by a factor of 10,000 for ease of data manipulation).
The resulting values were plotted as a function of antagonist concentration and fit 1o a 4-
parameter equation using Kaleidograph software (Synergy Sofiware, Reading, PA).
Indications of antagonist potency were determined from the IC50 values. Compounds of the
invention that were tested in this assay exhibited IC50 values of less than 200uM indicating
IAP inhibitory activity.

Fluorescence Polarization Peptide Binding Assay

Polarization experiments were performed on an Analyst HT 96-384 (Molecular Devices
Corp.) according to the procedure of Keating, S.M., Marsters, J, Beresini, M., Ladner, C.,
Zioncheck, K., Clark, K., Arellano, F., and Bodary., S.(2000} in Proceedings of SPIE : In
Vitro Diagnostic Instrumentation (Cohn, G.E., Ed.) pp 128-137, Bellingham, WA. Sampies
for fluorescence polarization affinity measurements were prepared by addition of 1:2 serial
dilutions starting at a final concentration of SuM of MLXBIR3SG in polarization buffer (50
mM Tns [pH 7.2], 120 mM Nall, 1% bovine globuling 5mM DTT and 0.05%
octylglucoside) to 5-carboxyflourescein-conjugated AVPdi-Phe-NH, (AVP-diPhe-FAM) at 5

nM final concentration.
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NR7N.A\N.N.Q.QR7'QRQ 15s7Ilml1linnoUp-NR7N N N R7NI
NN G2ZN.QNN.NNR7QQ 14614 llruslit NNR7 R7 J </ R7R7
Hu llv lIx Hy 5 R7--\.Q R8 1Z wherein R8 is H, alkyl or acyl; and R7 is H,
halogen, amino, hydroxyl, carboxyl, 10 alkyl, haloalkyl or aralkyl. 4. The
compound of claim 1, wherein Q is a carbocycle or heterggycle optionally

with -0-, -S-, -S(O) 15, S(0)2:N(R8)-, -C(0)+nNC(G

-S02-NRS8-, -NR8-S02-, -Nf s-,-
-NR8-C(NH)-, -CfO)O- or 0-C( Qg w
heterocycle & yptioraty Subsiigdtedawith halo

mercapto, carbbxyr, alkoxygalkoxyal ;oxyq“ hydroxyaféxy, alkylthio,
acyloxy, acyloxyalkoxy, alkylsulfonyl, aIkyIsu?fony Ikyl, alkylsulfmyl, and
20 alkylsulfinylalkyl. 5. The compound of claim 1, wherein Q is a

carbocycle or heterocycle selected from the H2
AVP-diPhe-FAM probe

The reactions were read after an incubation time of 10 minutes at room temperature with
standard cut-off filters for the fluorescein fluorophore (hey = 4835 nn1; oy = 530 nm} in 96-
well black HES6 plates (Molecular Devices Corp.). Fluorescence values were plotted as a
function of the protein concentration, and the IC50s were obtained by fitting the data 1o a 4-
parameter equation using Kaleidograph software (Synergy software, Reading, PA).
Competition experiments were performed by addition of the MLXBIR3SG at 30 nM to wells
containing 5 nM of the AVP-diPhe-FAM probe as well as 1:3 serial dilutions of antagonist
compounds starting at a concentration of 300 pM in the polarization buffer. Samples were
read after a 10-minute incubation. Fluorescence polarization values were plotte_d as a function
of the aptagonist concentration, and the ICs, values were obtained by fitting the data to a 4-
parameter equation using Kaleidograph software (Synergy sofiware, Reading, PA). Inhibition
constants (K;) for the antagonists were determined from the ICs; values. Compounds of the

invention that were tested in this assay exhibited a Ki or less than 100uM.
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group consisting of llla - Ills: R7R7)n (R7)n (R7)n”" O SN R7 ~~ 25 ffia
b lllc Md 147 (R7)n P\S, (R7)n I (R7)n\W a T Me llIf Mg\ j (R7)n |
(R7)n N\O 1(R7)n IR7)n (R 5 llIh fBi Idij (R7)n (R7)n (R 7)n NN O 111k
nil ffim 9(RT)n R7)n NN O 10 N-N R7)n Rg Bin Inoilip (R7)n/I\N N

WHNRALANM(R7)n 11Q llir Isis 15 whereinnis 1-4; Tis O, S, NR8 or CR7R7,
and W is O, NRg or CR7R7.

1. A compound of formula L.

R, X,

Fnd

wherein

A 1s a S-member aromatic heterocycle incorporating 1 to 4 heteroartoms N, O or §
and is optionally substituted with one or more R, and Ry groups;

Q is H, atkyl, a carbocycle, a heterocycle; wherein one or more CH; or CH groups of
an alkyl is optionally replaced with -O-, -8-, -S(O)-, 5(O}),, -NRg)-, -C(O)-, -
C(O)-NRy-, -NRs-C(O}-, -SO;-NRg-, -NR3-8O;-, -NRs-C{O)-NRg-, -NRs-C{INH)}-
NRg-, -NRg-C(NH}-, -C{O)-0O- or -O-C(0)-; and an alkyl, carbocycle and
heterocycle is optionally substituted with one or more hydroxyl, alkoxy, acyl,
halogen, mercapto, oxo, carboxyl, halo-substituted alkyl, aminoe, cvano, nitro,
amidino, guanidino an optionally substiited carbocycle or an optionally
substituted heterocyele;

X; and X; are each independently O or §;

Y is a bond, (CR7R;),, O or S; wherein n is 1 or 2 and R, is H, halogen, alkyl, aryl,
aralkyl, amino, arylaminc, alkylamino, aralkylamino, alkoxy, aryloxy or
aralkyloxy;

R, is H or R; and R, together form a 5-8 member ring;

R, is altkyl, a carbocycle, carbocyciylalkyl, a heterocycle or heterocyelylalicyl each
optionally substituted with halogen, hydroxyl, oxo, thione, mercapto, carboxyl,
alkyl, haloalicyl, alkoxy, alkylthio, sulfonyl, amino and nitro;

Ry is H or alkyl optionally substituted with halogen or hydroxyl; or R; and Ry

together form a 3-6 heterocycle;

R’ is H, or R; and Ry’ together form a 3-6 carbocycle;

Ry and R, are independently H, hydroxyl, amine, alkyl, carbocycle, carbocycloalkyl,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl, heterocycle, heterocycloalicyl,
heterocycloalkyloxy or heterocycloalkyloxycarbonyl; wherein each alkyl,
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6. The compound of claim 1, wherein Rl is H. 148 7. The compound of

claim 1, wherein R2 is alkyl, cycloalkyl or a heterocycle. 8. The compound

of claim 1, wherein R2 is is selected from the group consisting of t- butyl,
isopropyl, cyclohexyl, tetrahydropyran-4-yl, N-methylsulfonylpiperidin-4-yl,
tetrahydratiiapytasiityy| cetaaiydaathiopy sistydtnich dh8says Rterocycle,

oxidized form_ SO, 0r,.S0,), cyclohexan-4-one, 4-hydroxycyclohexane, .
4-hyd roxygﬁ{}@rrcr)lc tﬁf/ﬁy}% oh%%ﬂgq?%ﬁﬁte%%%%bvg Qgéwl,oxycarbonyl 18
2-hydroxypniemaly|, sshstduged phiginyiadoged.- Hygsyeth hstctdl hearboxyl, alkyl,
compouncg@é,alaiffido, WheERRdRAs Bathyhak0, THR.AaMRQNDALPS Slaim. 1.
wherein R4 is)%l-l or methyl, and R4' is I}%‘tll(.i]%e%%mpound of%lear%?il:.}e”
wher&ihtRB 9% 88k methyl. 12. The compound of claim 1, wherein R6 and

R6' ake, indtRe naenily Hdpepathyd: Hl Alidhesoempesrd.of claim 1, wherein

X, angd X2 are independently 0. 14. The compound of claim 2, wherein R) |

is H; %Zulls%%plr%s%%?ibsuﬁl/, 3%%8%%&%0"# Dyran: 3@ RO RIPILeE o pitre,
methyl. REROPK¥LRS g0 r gvretidifio antk)] andaxbosyelebathh@eibytiseoof-&-V;
compoungph-laimdin. the maayfaguse @ medieamertdonRdusing ooy, -

apoptosis._in a cell. 16, Use of a compound of claim 1 in the’ manufacture

of a meditS,QFﬁIgﬁf'foflg%ﬁéﬁ%iné%‘sﬁ%jﬁo%“apw@rﬁﬁxﬂ?w&@% -
of claim 16(GytereinGaiaPaEIOn sigriakisAedkedRMIcatn SRMALING herein
said cellg\gthogrg&meﬁund(égle%tecg frlpegg1 elgrout.corff(isti 0 th
cytarabine, fludarabine: B5-fltidto-2-dedRyuindingr gecsmizesd with -O-, -5-, -
methotrex&t®;.B¥amytitRisplédn, -€fCibpResph@nide)adBianiyRia -NR.-S0,-,
(doxorubieim), ARl ORG, SAREAREC INHORIGEAN. CRIFHNE: 0.0(0)-; and

colchicine, paclitaxel, vinblastine, vincristine, tamoxifen, finasteride,

taxotere ARFHRoRRATED P disiEE Y eiegia grtivnelisaussierang wEh hydroxyl,
wherein sdiid:apapiotiasigesl ifdedpe neiicadby:coniagting paidh ok withy,
ApoZL/T% L. 1(:9' Use.t(gcf} aco %ound %f_uglaim 1lin té}llg( m%gufacture ofa
medicament 1or hhIbItng the. bmdmg o an TR &S ERigsfaebocysle or

protein. an optionally substituted heterocycle;

Rq 1s H, alkyl, a carbocycle or a heterocycle wherein one or more CH, or CH groups
of said alkyl is optionally replaced with -O-, -S-, -S(O}-, S(O)s, -N{Rg), or -
C(O)-; and said alkyl, carbocycle and heterocycle is optionally substituted with
hydroxyl, alkoxy, acyl, halogen, mercapto, oxo (=0), carboxyl, acyl, halo-
substituted alkyl, amino, cyano nitro, amidine, guanidino an opticnally
substituted carbocycle or an optionally substituted heterocycle;

and salts and solvates thereof.

The compound of claim 1, wherein ring A has the general formula I or I’

L F L
1 ’J /
N N
23 \\ .
n w
wherein Z, is NRg, O or S; and Z;, Z; and Z, are each independently N or CR;;

wherein Ry is H, alkyl or acyl; and R, is H, halogen, amino, hydroxyl, carboxyl,
alkyl, haloalkyl or aralkyl.
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20. Use of an effective amount of a compound of claim 1 in the
manufacture of a medicament for treating a disease or condition
associated with the overexpression of an IAP in a mammal. 21. Use of an
effective amount of a compound of claim I in the manufacture of a
medicament for treating cancer. 150 P2197R1 Sequence Listingl.txt

Sequeﬂl e&;;tir‘ljg <]f1(1)> Fliegv%rick Cohen Tsui, Vickie Hsiao-wei. Ly,

33 d efﬁ? e%%
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<140=wsstingyllgsBz<141> 2005-12-19 <150> US 60/638,202 <151>

2004-12-20 <160>1<210>1 <211> 133 <212> PRT <213> Homo
sapiens <4003 1 Met Gly Ser Ser His His His His His His Ser Ser Gly Leu

Val 151015 Pro A;géGIy Ser His Mef.eu Glu Thr Gly Glu glu Glu Glu
Glu 20 25 30 a Gly Ala Ser Arg ProyAt&Phe Pro Gly
Met 35 40 45\GlyiSer G1uGlu rg Leu Alar &r Phe Tyr Asp Trp Pro
Leu 505560/ Q “Q Q
Ry Ry Ry
ia b Iic
1\‘ \‘ ‘\‘ RS
/S N
P N .
Q Q
RT Q R? Ry
Iic Hd Ie
\ ; ' Ry \ Rz
S Sy R
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Q Q Q Q
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Thr Ala Glu Val Pro Pro Glu Leu Lea Ala Ala Ala Gly Phe Phe 65 70 75
His Thr Gly His GIn Asp Lys Val Arg Cys Phe Phe Cys Tyr Gly 80 85 90
Gly Leu GIn Ser Trp Lys Arg Gly Asp Asp Pro Trp Thr Glu His 95 100 105
Ala Lys Trp Phe Pro Gly Cys GIn Phe Leu Leu Arg Ser Lys Gly 110 115
120 GIn Giu Tgg lle Asn Asn lle His Leu Thr His fser Leu 125 330 Page 1

1
[y
" v

/~o 78 ‘(‘\ /
N N R, K R7—(\F
%‘"‘Q %“‘Q OJ"‘Q S/L“Q
Ry Ry
HE v Tix By

-
N g

g
Iz

wherein Ry is H, alkyl or acyl; and Ry is H, halogen, amino, hydroxyl, carboxyl,
alkyl, haloalky! or aralkyl.

The compound of claim 1, wherein Q is a carbocycle or heterocyele optionaliy
substituted with halogen, amino, oxo, alkyl, a carbocycle or a heterocycle; wherein
one or more CH; or CH groups of an alky! is optionally replaced with -O-, -S-, -S(O)-
» $(O), -N(Rg)-, -C(O}-, -C(O)-NRg-, -NRg-C(O)-, -SO»-NR;s-, -NRg-SOz-, -NRg-
C(O)-NRg~, -NRg-C{NH)}-NRs-, -NRs-C(NH)}-, -C(0)-O- or -0-C(O}-; and wherein
said a]kyi, carbocycle or heterocycle is optionally substituted with halogen, amino,
hydroxyl, mercapto, carboxyl, alkoxy, alkoxyalkoxy, hydroxyalkoxy, alkylthio,
acyloxy, acyloxyalkoxy, alkylsulfonyl, alkylsulfonylalkyi, alkylsulfinyl, and
alkylsulfinyialkyl.

The compound of claim 1, wherein Q is a carbocycie or heterocycle selected from the

group consisting of lla - His:

~ |
N (R ) I_(RT)n
\\‘/\/ 7in .
s/
Hia b iic Hid

147



10

15

s i = l o
T (R7)n TR -
) \ h\‘ \ \N \ /
S | W T
9]
Iie oIt Mg

(Ro)

7 Z
, TR I
\‘~~ \ ‘\\~ i \
N S

(R?')n
Hig Oir IHs

whereinn is 1-4; T is O, S, NRg or CRyRy; and W 1z O, NR; or CRyR.

The compound of claim 1, wherein R; is H.
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10.

11.

12,

13.

14,

15,

16.

17.

The compound of claim 1, wherein R, is alkyl, cycloalkyl or a heterocycle.

The compound of claim 1, wherein R, is is selected from the group consisting of t-
butyl, isopropyl, cyclohexyl, tetrahydropyran-4-yi, N-methylsulfonylpiperidin-4-yl,
tetrahydrothiopyran-4-yl, tetrahydrothiopyran-4-y] (in which the S is in oxidized form
SG  or S0, cyclohexan-4-one,  4-hvdroxycyclohexane, 4-hydroxy-4-
methylcyclohexane, 1-methyl-tetrahydropyran-4-yl, 2-hydroxyprop-2-vl, but-2-yl,
phenyl and 1-hydoxyeth-i-yl.

The compound of claim 1, wherein R; is methyl.

The compound of claim 1, wherein Ry is H or methyl, and R, is H.

The compound of claim I, wherein Rs is H or methyl.

The compound of claim 1, wherein R and Re’ are independentiy H or methyl.

The compound of claim 1, wherein X and X, are independently O.

The compound of claim 2, wherein R, is H; R, is isopropyl, t-butyl, cyclohexyl or
pyran; R; is methyl; Ry is H or methyl, Ry’ is H; Rs is H or methyl; and X, and X, are

both O.

Use of a compound of claim 1 in the manufacture of a medicament for inducing

apoptosis in a cell.

Use of a compound of claim 1 in the manufacture of a medicament for sensitizing a

cell to an apoptotic signal.

The use of claim 16, wherein said apoptotic signal is to be induced by contacting said
cell with 2 compound selected from the group consisting of cytarabine, fludarabine,
5-fluoro-2‘-deoxyuiridine, gemcitabine, methotrexate, bleomyein, cisplatin,
cyclophosphamide,  adriamycin  (doxorubicin), mitoxantrone, camptothecin,
topotecan, colcemid, colchicine, paclitaxel, vinblastine, vincristine, tamoxifen,

finasteride, taxotere and mitomycin C or radiation.
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18.

19.

20.

21

The use of claim 16, wherein said apoptotic signal is to be induced by contacting said
cell with Apo2L/TRAIL.

Use of a compound of claim 1 in the manufacture of a medicament for inhibiting the

binding of an IAP protein to a caspase protein.

Use of an effective amount of a compound of claim 1 in the manufacture of a
medicament for treating a disease or condition associated with the overexpression of

an JAP in a mammal.

Use of an effective amount of a compound of claim | in the manufacture of a

medicament for treating cancer,
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