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Considerable heterogeneity is found within the nucleotide and encoded amino
- acid sequence throughout the HCV genome. At least six major genotypes have been
30  characterized, and more than 50 subtypes have been described. The major genotypes
of HCV differ in their distribution worldwide, and the clinical significance of the
genetic heterogeneity of HCV remains elusive despite numerous studies of the

possible effect of genotypes on pathogenesis and therapy.



The single strand HCV RNA genone i s approxi mately 9500
nucl eotides in length and has a single open reading
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membered ring with an adjacent carbon atom, wherein the three- to six-membered
ring is optionally substituted with one or two alkyl groups;

each R® is independently selected from hydrogen and R'°-C(O)-, and
R'-C(S)-;
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enbodi ment of the first aspect each X is CH2. In
third enbodi nent of the first aspect aspect
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or a pharmaceutically acceptable salt thereof, wherein
R4 and R4. are each F36-N, G x 20k; and wherein s is O.
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(I D, or a pharmaceutically acceptable salt thereof,
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NS4B protein, HCV entry, HCV assenbly, HCV egress, HCV
NS5A protein, and | MPDH for the treatnment of an HCV
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The term "aryl al koxycarbonyl ," as used herein, refers
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“(cycl oal kyl ) al kenyl ," as used here n refers to an
al kenyl group 10substituted with one, two, or three
cycl oal kyl groups The term " (cycl oal kyl ) al kyl , "
as used herein, refers to an al kyl group substituted
with one, two, or Three cycl oal kyl groups. The al kyl
part of the (cycloal kyl)alkyl is further optionally
substituted wth one or two groups independently
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"cycl oal kyl oxyal kyl ," as used herein, refers to an
al kyl group substi t ut ed with,one, two, or three
cycloalkyloxy gr oups. The term
cycloallcylsulfonyl " as used herein, refers to a

cycl oal-kyl  qr.
oLty sl 2 SRty fa%eﬁ*“ﬁ%ﬁﬁpﬂoéﬁﬁhﬂ&%&%@cﬁw to
us‘nhdptrelnenoiecutwh@resy moougﬁlhl@lfuThmnt erns "hal 0" and

"hal o . d he fer F, d r, or.1
The. ¢ oriesniy sPRRISAabesh BrBhatefin o smapel bropghugthed to
hallhé)@dlrklyﬂmcgdfcmlhpn&idt}aﬁll’tﬁ@hh@ulfdil@l graﬁpant rrol ecul ar
nniety hr ough n 0X n ato

T ou TR oot wse Sore i St gy ey & A bjevgli fused

haxhligadyktéﬁﬁw}@f@lu&leaiﬂb@ﬁlr&dletrﬁlgﬁ he peng @?ougo Besdli@fused ring
nnlety t hrough a car bony]| e term

" hSYPISRE ROASISt Ofpsphgrd groyerfase to ? g’l"é 1tQ Sixgnegpbesgdarpmeficay gon-
S UQ&Ehﬁéﬂaﬁ%cmlc ORE., TBé’\le érblﬁp%%f t}férprés%rdlslaﬁ)lslﬁg e5h B REhed
The term "heterocycl ' as used herein, refers to a
f of@rthe papqny émlecela&mowwﬁr@eg)my sgiEtRle @gban atgn in the group.
10 C %éﬁéq@ﬁtﬁ%e@%ggl%%% aé}tgl'é;r(ﬁ%s m%{uaé H4f o %Btelfrf'?@édqgﬁin%?nyl

|ndependently m ni trogen, oxy
suinfiemy!, naphehyil ebenyheand eeteably dromagphthas Therawy! dowbs of thoprgsent

h I
18 R LIRS RIS SO 0 S O
t hindepeoizully eclépomuidisom mhexyt elkmyhhcert eﬁwxyxaibpﬂlyl dkgo 13
het
a‘f‘l%yl'igar (}n&/isgéeciong I%E %rﬁ el? a rfaﬁé\@ )ydiry S aglrlcg{r:boo%%f: f:yano halo,

noc
15 grlm]mlko@y halohbhyt, hett@cwyilw; hmmmrﬂm@rl dmmcgclgrcarbonyl

R TR e O T T S

2 @Zﬁhllcyﬁép}b&’enﬂy 2dlegedfréry hydrageh and alkyl; and wherein the alkyl part

or i iro b G ol e SeRau vhereRdic ebina

pazrryexrgl oupp HR GHl Pt apﬂhew]aum Qh’egehyﬁﬁyt df@fekwﬂcaat)@m Qe
n|trogen atomin t of heterocyclyl

20 gr RtpCYF it rOd e hBtG’EO%“S@ pﬁBtOf lﬁeﬁfiee)&y‘i]b‘alkb]e"ﬁ‘f&% enyl ,

f Uke¥drocyt R @BRY 1Y4ko fukRAQptionalty qﬁHAQﬁ'te\d'wuH &RItoagahxt .
i soxazol yl, norpholinyl, oxazolyl i perazi nyl

pi %léqfqtléﬁnw]]dep atbwe%cted éspm @](WI, alkﬂycpy_agq)ﬂhg]onyqloalkoxy,
Py AlQPYR Biidy! . pyrrolyl, thiazolyl, thienyl,
10th|onDrphoI|nyI 7- azab|cgclo[2 2. 1]hept 7- yI
2-az ab,Témyéqr@x[ ‘zryzallgep@b 13 q@gd reipgef2rs to an alkenyl group substituted
az ] The het er ocycl yl groups of
> h§#$§%%éﬁ%ga§§%a§ﬁﬁre are optionally substituted with
one, tWhe tdrimreeylalkeyr”’ as m;edfhewen safbrs ta anueplt goup attached to the
|nde ntI alkoxy, al | coxyal kyl ,
6%?ca§ﬁma megﬁﬁoPgl (VgﬁW%gnyl aryl, arylalkyl,
ar yl carIthe meyin aqyﬂkmwalhﬁll, s ubal lmaduhg@e&yns thad ﬂhjzlkgycbup a
second heterocyclyl 15gro hcterocyclylallcyl
héPE?B@?£W§£83¥ﬂ@%§f%“%¥ﬁ%g¥9x Y #9¥oxyal I cyl, nitro, -
30 NnY, ( N\ARYérﬂJ “pllalk ek Psarboyne aeisdd hieinateard topar t - of
the aryl al k and the heterocyclylallcyl are
u n%%ema&i% 8royp attaghest 8ithe Rapra Bpiprulat lﬁeefé(rtmouw garlgmyl
thgogy yl al kyl, the aryl part of the arylcarbonyl, the
second heterocyclyl group, and the heterocyclyl part
of the heterocyclylallcyl and the heterocyclyl carbonyl
are further optionally 70substituted with one, two, or
three substituents independently selected from
al | coxy, al kyl, cyano, hal o, hal oal koxy, haloallcyl,
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The term "heterocyclyl al kenyl ," as used herein, refers
to an al kenyl group substituted with one, two, or
WO 269%82368t er ocycl yl groups. The term  PCT/US2009/032830
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aremhnﬂﬂp@ﬁﬁeﬂ@byu&@ﬁeaﬂ&ddﬂm@mmmydﬂmgennmmhMEgyiqmamdno

| k | k
T LR N L e

thﬁéquhmeﬁhﬂQSbups The tern1 "( NRaRb) car bonyl ,

as used ereln LS to g p attached to

the pareént '@ HBl%K@F%ﬁ -fo1sed r?ﬁfﬁ%@ é@);'rbonyl gr oup.
30 The term “carboxy,” as used herein, refers to -CO,H.

The term “cyano,” as used herein, refers to -CN.
The term “cycloalkyl,” as used herein, refers to a saturated monocyclic,

hydrocarbon ring system having three to seven carbon atoms and zero heteroatoms.
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The term "-Nad," as used herein, refers to two
ﬁ% @g Re and Rd whi ch are 30attached to the ﬁ@

$8r noiety through a nitrogen atom ReP& 5@89/032830
are independently sel ected from hydrogen,
al I cenyl oxycar bonyl , al koxyalhcyl carbonyl,
al koxycar bonyl, al kyl, al kyl carbonyl, al kyl sul fonyl,
aryl, aryl al koxycarbonyl, aryl al kyl,

ar b 3bdyh G BOMYles opayxiogmyragl}mﬂs indidd! @frxe%bﬁlmréd to,
arylsul fonyl, cycl oal cl oal kyl sul fonyl,

f oeyeidpropsia mmn@osyy @ad mryﬂexylh é”hermawgroups of the present

h I .
PSS LAl O GRIAN b DL SEOSHEL MR lhsposivens
heméqmoymﬂyb@myahﬁ@ma&bxmhy@raw&a&kyih@mbmh@mpxx}mbamyl

( R}a?t%m(a/c hS\/ roxy@{ W%ﬁﬁ anrlg d I%%% a&%orr]%he? the

R hdt@o@@lyﬂi%éﬁihéﬁdpﬂbr@dllb?yhbsaﬂﬁbdummt twloybettlrep bﬁmduents

and .wher ei.n k art the a
o DO T oy mBRG el beyitty e ipsKapyabi o
hehwregyaldtiaey! car bonyl are further optionally
substityted with one -NR Rf grou and wherein the
aryl, theEry|Cxsipatobplkend” a W%r‘qﬁrswyeéqrwwralkerﬂe@Oup
an%&h&%&wnhBﬁe&@Mhﬁhﬁ%&%@bbmyvgnmkhe aryl carbonyl,
t he aryloxycarbon |, and the arylsul fonyl, the

10het er Bey&my T(CY%HWDP\]@Y‘h e apkiregiy refgite applkyligsoup
hef @tRaGNE Lth 3hKexY Qﬁﬁl@%loaﬁcpﬁorbﬁke TRE Y&, Vel Jr @l -

t he heterocyclylalkylcarbony

hetceelodlnd)allyd sriwdhey opticaaldy Nl?etlth@ﬂ mmr 91 eyeEeurbony |
arfﬁdé B&%ﬁ{,s&i@&ém&hh}’dé aéent fre@d with one, two, or

Ituents 1 ndepen y sel ected from al koxy,
aIkyI heagro chdb@kwharoahkckynmhabﬁahkybydaﬂudgmmpo
15T " MWBQ S r refers to

gﬂ?]l](éjﬁgmed)%oup %‘h?}%{ %t dﬁ&l%% a‘ﬁ%xg enealt&n or three

- NRC Rd Hreoerps' cycloalky]oil&hﬁcyt eamsed Nnei)laiefe(‘,sytb ah aks! gregd
her ref ers to an 0 substituted with one,
thte(il Wr a é)ne t L thleeo%/ﬁlogﬁqfﬁg . part of the

( NR Rd)"Hiekt}Hm rc$clf)ajk3tlh9fon§alp’taqml§kai Heyens u&:ﬁa‘ﬂ‘s itd altwdoalityll Broup

t Lected f | k
ol R e BarpbmG PTG oy eRu f anyl

aryl al kmeyahksfbm@n b@wsled hé@mbegrs toheHer ocycl yl

het er oc | car bon hydr ox and NReRSCarbon

wher ei nﬁl"' dmpah @Po@cwpgrns %mdh‘@re"brsr Foidl (5 B or1
subst i t1He@EmMhalbaRBLy,” dsWRed hdrEiR QefefsQbh halhikil 38up attached to
substituents |ndependently sel ected from al koxy,

al 1oy paregtyagiesulas oty H’é‘P‘{SBIaRG&XBC“H@FTbaI kyl, and nitro.

25 25The tBfeMm NRoRALSREBOM 125 udd HeRGA 1265 &) J‘hal&@l&ﬁ& Zroup

to an -NRcle group attached to the parent nolecul ar
nottieeheditp thewpgrenamelgeaydicty thyoyeh afaopgrgioup- NReRf , " as
used hefigiil, H&{cgfio1 L R s g ,

are attac hgg' o1 ?1(2 “par éarlrgtahegrr%f?ecu é& Irn% et"yg‘%)hqu% nﬁﬂj by
niommg@nﬂmmmnnﬁmbmﬂnﬂnRbnare |ndependently sel ect ed
fromh n, Auns bst i tute .
unaubst EQREn naBiYrisy | AR uEEr R v erositagiseven
unmenlnectred un@cbn(awng oﬂeaMw kh)aal kyfoyr hemsodiahs indépeddently

lﬁ{ mfrgugsgﬁ%%% tggﬁ& ﬁg {“heerf%g r%!e al:cr %rng']]?as zero double

(NR@R@&H oy mémBgedrsigchal 616 ltcﬂtwor ®huBkSoh®, ald thé &XJ and seven-
group substrtuted wi th one, or three - NReRf
gr Bepkered rpes have Zererr?éh&eer'%blmm al heyerEn M5 EsRRAY Cly " gdso
used herein, refers to an (Naf)allcyl group attached
to the parent nol ecular noiety through a carbonyl
gr oup. The term " (NWRi ) car bonyl," as used

herein, refers to an -Nal group attached to the parent
nol ecul ar noi ety through a carbonyl group.



5The term " (NWRf)sul fonyl," as used herein, refers to

an -NRelti group attached to the parent nol ecul ar
Woﬁt’ﬂ%@“{f hrough a sul fonyl group. The t EER{US2009/032830

-NVRY, " as used herein, refers to two groups, Wand

RY, which are attached to the,parent nol ecul ar noiety

t hrough a nitrogen atom VVan& W arc independently

sel ected from hydrogen, alkoxycarbonyl, al kyl ,

aI I I : L]

c¥\]ld§§"619 d?&é rou w ﬁﬂglﬁéﬂu@%ﬁ% ?&%yl rin SZ@%?I t%) biged
unsmdnsd:yctluhﬁekocgod}ll (gajulgydr a founs tosgt- membemld hetmetioayoinyargmatic
rein.lTe and RY' _are.
D GBRNGE 1T S 8Pt wRED Bl uBR ey 7 FaggAyetor2 2 hept-
The' W E3-maabic MR Y e | by b -1y, #ad 2usaisicu[ B2 12 ]oct iy BhethRtedityclyl

S L TR R T R 7
h efigbih aﬁl?fcﬁ{ﬁn £10man nitAPERYat G Ghl the FkdupC Eﬁﬁnﬁl@s $MRterocyclyl
parent no ecular noi ety through a carbony]

t eFAUPHIBGIude. Dyt 7e aof Ijitedityy bepzothigny! tfwke}mdazgdyl lnghnThe
t enfloly3 RidiRENHYikoxaz@pl, Hx%ﬁﬁloh?yﬁ Qﬂx@zol Ieglsérgzlﬁﬁ ﬁiﬂ%rldmyl
al kyl ene diradical, each end i s attached
th@ygaa%l Erérr%ﬁ nyrighdiayl, p wlwrléwvl ﬁm@xluthaafzolabﬂewl
| i | -
10 ls\l)te}g%gﬁlrpgiam?rl k‘)’ &X&Hc?o ﬂ?égmtze?ﬁt - 7- t@ &ﬁ{fa{?glot??é%.?nﬁ@& tyl, aftP?2
"t rEadidygloRl - %]loc 3-tals Tdns detetoey @yligroupe pethg present SistApsure are

m??&dn%l]fsdb%ﬂ% eh%&ln‘h OEQ,QWg e UfB? . PP%{Ye%%Fﬁﬁfeyﬁglﬁ%yﬁdemly

as scls@eti ifn@n elknxy, rBoryadkytl oﬂkmy@lrtkynb/l g]lk@l,l plkolszbtysd,iaryt ed
W t A laﬁfyq carb?r}% t hr eﬁa[]& 11%%55(&315 lhal%alk goﬁe%ond hetelocyclyl

Thé term ¥ ria
isr efoams ltemer@cyt:lylaﬂtyll drﬁtesocbrg/lymhﬂbyrhyl gwdtqzy,atyﬁmhﬂkiylt wtrd,he

etk PR i R R e PP S e Rmn i,

r emeueﬁacy@ylamylairé(yﬂsugmﬂu@ audbdierdinithe dry\lylthehar@nﬁrt off i@, ar}Oilky]

three trial silylal ko ynnetrlc center
ey e gt e SR, S sEHrRt B EoRi 4| B fregrererocyey

Th @sle oﬂtﬁehaé@cﬁﬂ}ﬂaldﬂ&h@ ﬂ@ﬂﬁférd@yclpia@fbﬁw‘aﬁl fertheRopt@nally
ependi_ ng on the configuration of substituents

Oar éER?H“‘feﬁ‘é“@’rﬁ“Fatlwoc%{rtB’@ﬁ subsBiwents ndensgdendy selegieruiieon ey

t hafkyl, beandi 506, 8EIRSNRADNRASSY natkd. St er eochemi cal
i someric forms, or m xtures thereof, 17 which possess

the abi Ihe tmp GheterpgyilyialleEla. asusest Rerdinapiestie prakaheiosn

of ;QRRRMNAS &énm%eoxﬁﬁl%%&%cy?dﬁtoﬁ%&)é cally from

comercial |y avail abl e starting materials which

cont ai nTehtermafheaeryelydalixy hyps predharcan rﬁﬁ s @fa IretsreqyEys group

of tion such
25asaﬁ%ﬁ%ﬂ?@ﬁ%ﬁhggﬂgﬂ%yg{%?ggtbgﬁggg?%¥ r “foll owed

by 5 sé&patean {loteroryclyéadiropstabdnyzats wed h@hnoﬁ&tsdgaaphi c

Ee%re]t@'ogg%ﬁalkf? %015 e%acl?eﬁqi‘?{ 1t 'aroeﬂté%oxgle%euqﬁgr}lo&%ﬁp r3uch'd cagfbonyl

parmtdupul ar stereochen1stry are ei t her connerC|aIIy

cnown 1 6 R SR oS e DB G RRE ore TS PR

30di salsatsdavifBohe pw®oreKies hetbx@cﬁﬂlﬁfgﬁfu@ﬁt Tisd 4181 @ard Of the
conf ormat i onal be separabl e. Torsi ona

asyRiFeCYSy kel it @th%?mloe%@oﬁu%%ﬂ Bith g5 twe pdditional groups
as YiiepdndbflySle REkE roRANox§ AMiAatiRl BxRasAURS, ﬁiloak&ayl c

hindrance or ring strajn, may permt separation of

di heleplsns hxdcsw@arrﬁs@ RTH’é‘erﬁr”éE‘éﬁVl igifytheneriioaaliynwbsitesd with
each conformational isoner of these conpounds and

m xtures thereof. 15The term "conpounds of the present

di scl osure", and equival ent expressions, are neant to
enbrace conpounds of Formula (1), and pharmaceutically
accept abl e enanti oners, diastereoners, and salts

thereof. Simlarly, references to internedi ates are
meant to enbrace their salts where the context so



represents salts or zwitterionic forns of the
ogunds of the present disclosure which are water or

wo @P?P(Qé(fsubl e or dispersible, which are, withiffT/HE009/032830
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scope of sound nedical judgnment, suitable for use in
contact with the tissues of patients w thout excessive
toxicity, irritation, allergic response, or other
probl em or conplication 25commensurate with a

r egRp Akl é‘hb?tﬁﬂ&fté &éépel%é%n{lf@él&tede}ﬂﬁn AkSxyChkGChAMBtAEd aryl,
their intended use The salts can pr epared Jun

t henstbistitiied pryblleoxy omsehstitupdrarflilsertyicorhomw, hal@ehad@ﬂilpwnds
or r ying a suitable nitrogen atom
mﬁ?ﬁ§@823$?%%%gmggﬁ . Representative acid addition
salts iﬂhcltemlé‘ha@elcml}slalkammpanyé ; aghgd hetem, refdrg toat e,

MY R R L b e
dl@?ﬂfObeﬁ]de dlydrochlorlde di hydr oi odi de,

| yceraphosphate, h t anoa ano
o et AR A RIAL Brocy TR BT o 4wl Brrath. B R e o
hygowy At o grehbythomyebihaneset ieoahe, catbdsyiakup.

mal eat e WCSI% yl enesul f opat e, nethangsulfonate

napht hﬁhéﬁeé@ul Ptsﬁ)gycaylow C%S[qsﬁ% cgein, refers to a heterocyclyl group
2- paphihaliepesi 11?1@1@@111;& m&éiﬁ'ﬂﬁ&&h an b@yRealatmaat e,
pectinate, persulfate, proprlonate pi crate,

pi val atlde t§5g ﬁ?féwawylowéefﬂ na&@ed hegeiny rgfegs to an alkyl group

U r G AEPRAR bR, Bro %tﬁréé&gf&&%&%&? erdaposphat e,

gl utamat e, bicarbonate, para-tol uenesul fonate, and
undecaﬂ&@ﬁ%nlE&@ﬁpY@Ebﬁﬂmﬁ@hﬁsfmh&ﬁﬁwﬁﬁhrﬁéﬂén@loyed
e T Ay SRR Bl e AR LA s PR Ay oy
hygtowtbr om ¢, sul furic, and phosphorlc and organic

aci ds Sc cin and citric.
Basi c zﬁgg?ﬁb#9é§%¥s %%%ég&gmféﬂgﬁ%dbgurlng the fina

i sol at i'Tha tamd‘hpdmxjfaﬂlqat’ aowed herbineretmsmpauntky! rypup substituted
r e |ngtwo b %&I%roug)MAth a suitabl e base such as
t he T oXr e ¢ % afe"Pr bi carbonate of a netal

cati on Tdne tast thy driorgititydcafongll” B lug@ltiegein, T&feité abydtoxyalkyl
secondar

or .te a e C
P ledh me b e Sl icy fEofee amRny e tHPum
sodi UMThp ér@S it asGRECherth, reRGRENOM and al um num
as wel | as nont oxi,G, quat ernary an1ne cations, such

oo HRE B S o AR < PR SRS i hich are

Mejiayteand e padhimRbIByIA Ry tliréd%{llﬁ fYd @k, R® and R® are
triethyl am ne, dlethglan1ne | ani ne,

t ringRpeydeaty prdcctadyfrqny xﬂéogeznawqya?%@w; ani | i ne,

N- met hyfhpiRgrd R 1eya1ly1 et Skl IBERNRk DS an alkyl eroup substituted
di cycl ohexyl am ne, procai ne, di benzyl am ne.

ruwm@om@h%yppﬁéﬁeNﬁyianww@ and N, N -
di benzyhethyl- b 3 c
ari nes wecrh TREH Rk ok ARk oA BB KRBTSR P
|n%%ddﬂt@ﬂhyM@mdeamﬂmemnﬂyHamw%annﬂ&nﬂdmmmhanolan1ne
pi peri din a aper.a 0, i Js
Phat, g ferma RS U RIRE T Moy ar PRIRS yucn are
anmtacites tofhe @amm’rpdamﬂhroﬁmé?p [}rlrmﬂ@ a(rlityggemstome IR and Rd are
phar mac abl e er eof
P At RaEahs & et T PRl tobone! phelRlip Bpg,
phﬂl&ﬁ@&arbd}@l a;ktyl u&glc@@fbﬁ}dl ﬁ]ﬁtlsugfsnﬁl Wﬁﬁﬁ&?@b&daﬂﬂinﬂ
conposi tion. Accor |ng ., the disclosure furt
prw?@aé's anyfdiricaEhony b @aica%wﬁo%ykormgbonmrxﬁulif%l Gydoalkyl,
therapeutically effective 55 anmounts of conpounds of
Formula (1) or pharmaceutically acceptable salts
thereof; and one or nore pharmaceutically acceptable
carriers, diluents, or excipients. The term
“"therapeutically effective amount,” as used herein,
refers to the total anmount of each active conponent
that is sufficient to show a meani ngful patient



5fornmul ation includi ng adm xi ng a conpound of Formnul a

(I'), or a pharmaceutically acceptable salt thereof,
WORDHI027%8 or nore pharnaceutically accept abl e PE€EAITS2009¢932830

di l uents, or excipients. The term "pharnmaceutically

acceptabl e, as used herein, #Ffers to those

conpounds, materials, conpositions, and/or dosage

forms which are, within the scope of sound nedlca

j ud e for n, co

| o T O tlus gt Rt Bhod i tPoaiLoREoWlion ciy,

ir rheTemCyﬂgAIalkakyoefb@hﬁ, M%m@&g}k}&b rhe&td&?ély]lﬁﬂ@l@bx%ﬂh}ﬂ,r

co i cation co nsurate wt son .

Do BETCED 1 B USRI T  Gr b r e b @ by e, (NR T allr,
i nt(aadéyhu@mrbonyl (NRCRFyadrB@@e teNRqef}suff&fymutmmm nay -be

present ed se fornms conta

P SRR B s o st Tp@ 4T PRATEHbS igesd digngh and
d 0 Sﬁwre@?ﬁl@ diky] RyEdf %eQIryIQlﬁylV\@l@ @rylaﬁ%h@a%on?l tN3 h@fégoc?@?]ldfkyl

m | | i gram per kil ogram ("ng/kg") dy wei ght

daymd Hredreroshtlylafulcabery! atsdithay ogtwnahsds@wmed T omg fT&%°Rf
bod)Yodﬁeéer/he?é?ﬁ a1/ qﬁe &bfepa%mwélkeiycmsnﬁ rtﬁégpfancyl the

di scl osure are typical 1n nonot her ap
pr endaikylombenyd tharasalcarbenyl, @hie Wm@pwle@ddh@emls@fonyl the

T e

_5 themymelalkdbyhedleteﬁc@ad:lylaﬂmmanbvwlythe hﬁteracy&mhtarbwym gnd the

h h
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rra;wﬂmemdeapﬁdmttyrselehed framraikexy nitityd rcyaioshaﬂ@, hptoalitucye
a si e dosage formw || vary depending on the
coﬁﬁﬁ%&%ha%éPﬁ% treated, the severity of the

1scondi t i Ohe teth &(NRRE)akEnadndsRis&d Headin, 9é¥ers thr6n d1ReHyegi0tp
adnlnlst%atlon t he rﬁte_ﬁg gxcretion of the conpound
enpPRVBEEd WSy P8 5R Y S5 %PFent, and the age,

gender , TWeicght(NRIRAakOITdistus@he@din, trBi@rsﬂ@Eﬁ aﬁyl group substituted
Preferred unit dos%%g sfornmul ations are

corttith Gy oa0rdie N &s 8ryps- siis- s part %féhm@\mema%iwd@ Eurther

I eGhliily SibsBittcaRRMARE bl Jdﬁﬁé%él%?bubb s Qe frod alﬁ(‘S‘xy
active ingredient. Treatnent maf be initiated with
%@ia@

205 rgflox grelony |l pkpwtsaibanylyall ety lelkexyspicatbendose
of cﬁr@@xy: ABRRUNGY 1, Jéa&&s;@fyic%fbonah%y&%a&ﬁ (N%CR“SL%Fb%ﬂﬁe@herem
by small i ncrenents untr| 30opt i mum'ef f ect under

t héhehetesenyslyhin degher gptioaplbhudistityted géh enca ko, tilivee, dompuivd
I n tl
| ey ue e Sl Aot R AL bt R R OPAR h B Plony,

r esaloelsyWiandyoue. causi ng any harnful or deleterlous
,sSi de ef c ositions of this | osur e
25Gonpr | sd ot FaREr B st R oat Fhac' R
pr esamtd ti tbeposumel@nkir ooetyothroupl @ cabldiyl grong!

th h th th
e Ehethe R T aRERR YRS e el o 07 o?)%f@g%ﬁﬁg%{ﬁ%g@@&ém
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305 Ph@nm}qelmqum{md‘dwymumy I mﬁsbmedt(ey@&m]?ﬂkﬁ Qfmubstltuted
adm ni stration approg}llklate route or examnp

by PetgEoCHH) UT(‘P?F@I“U?H l??ger‘aﬁyeb Yé)KN&ﬁsypqﬂf»@mriXNR*Pey&amonyl
nasal , TRPjERH (]\(Reﬁc)lalﬁéﬂ' T RO ERn, réfR k¢ M@ 1er®Ap substituted
transdernal), vagi nal . or parentéral (including
sub@ﬁﬁ@ﬁéﬂ@gﬁtmﬁﬁﬂﬂ%ﬂf&w&mus i ntranuscul ar,
intra-articul ar, |ntrasynovial, intrastenal,

i ntrathecal, intralesional, i ntravenous, or

intradermal injections or 10infusions) route. Such
formul ati ons may be prepared by any nethod known in
the art of pharnmacy, for exanple by bringing into
association the active ingredient with the carrier(s)
or excipient(s). Oral admnistration or adm nistration



For instance, for oral admnistration in the formof a
tabl et or capsule, the active drug conponent can be
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90acceptabl e inert carrier such as ethanol, glycerol,
water, and the |ike. Powders,are prepared by

comm nutl ng the conpound to a suitable fine size and
mxing with a simlarly comm nuted pharnaceuti cal
carrier ar , e f
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i n@lqwétuﬁdwelhalkyeuﬁvbwtutmhQﬁr@aycls/h gad éNl% '(R‘heaabonyl, wherein
0 ers, natural
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accel erlee s ealodsilyl” aused herainyrefon o -Sild/ wiergimB is alkyl.
abBQITPLIAR ALY the Wit @ifelni te, kaolin, or

di cal cit um phosphate. The powder m xture can be

gr anul dihedery tuadintsibyipliil. s wsed iherdiar refucte aagliay gnopp

st [ | utions of
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and one or more pharmaceutically acceptable carriers, diluents, or excipients. The
term “therapeutically effective amount,” as used herein, refers to the total amount of
each active component that is sufficient to show a meaningful patient benefit, e.g., a
reduction in viral load. When applied to an individual active ingredient, administered
alone, the term refers to that ingredient alone. When applied to a combination, the
term refers to combined amounts of the active ingredients that result in the
therapeutic effect, whether administered in combination, serially, or simultaneously.

The compounds of Formula (I) and pharmaceutically acceptable salts thereof, are as
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WOs230 50l B& nipatiia witR 0o thertingrediaits of the formulation and not
deleterious to the recipient thereof. In accordance with another aspect of the present
disclosure there is also provided a process for the preparation of a pharmaceutical
5 formulation including admixing a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, with one or more pharmaceutically acceptable carriers,
diluents, or excipients. The term “pharmaceutically acceptable,” as used herein,
refers to those compounds, materials, compositions, and/or dosage forms which are,
within the scope of sound medical judgment, suitable for use in contact with the
10 tissues of patients without excessive toxicity, irritation, allergic response, or other
problem or complication commensurate with a reasonable benefit/risk ratio, and are
effective for their intended use.
Pharmaceutical formulations may be presented in unit dose forms containing
a predetermined amount of active ingredient per unit dose. Dosage levels of between
15 about 0.01 and about 250 milligram per kilogram ("mg/kg") body weight per day,
preferably between about 0.05 and about 100 mg/kg body weight per day of the
compounds of the present disclosure are typical in 2 monotherapy for the prevention
and treatment of HCV mediated disease. Typically, the pharmaceutical compositions
of this disclosure will be administered from about 1 to about 5 times per day or
20  alternatively, as a continuous infusion. Such administration can be used as a chronic
or acute therapy. The amount of active ingredient that may be combined with the
carrier materials to produce a single dosage form will vary depending on the
condition being treated, the severity of the condition, the time of administration, the
route of administration, the rate of excretion of the compound employed, the duration
25 of treatment, and the age, gender, weight, and condition of the patient. Preferred unit
dosage formulations are those containing a daily dose or sub-dose, as herein above
recited, or an appropriate fraction thereof, of an active ingredient. Treatment may be
initiated with small dosages substantially less than the optimum dose of the
compound. Thereafter, the dosage is increased by small increments until the
30 optimum effect under the circumstances is reached. In general, the compound is
most desirably administered at a concentration level that will generally afford
antivirally effective results without causing any harmful or deleterious side effects.

When the compositions of this disclosure comprise a combination of a
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prophylactic agent, both the compound and the additional agent are usually present at
dosage levels of between about 10 to 150%, and more preferably between about 10
and 80% of the dosage normally administered in a monotherapy regimen.

Pharmaceutical formulations may be adapted for administration by any
appropriate route, for example by the oral (including buccal or sublingual), rectal,
nasal, topical (including buccal, sublingual, or transdermal), vaginal, or parenteral
(including subcutaneous, intracutaneous, intramuscular, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional, intravenous, or intradermal injections or
infusions) route. Such formulations may be prepared by any method known in the art
of pharmacy, for example by bringing into association the active ingredient with the
carrier(s) or excipient(s). Oral administration or administration by ‘injection are
preferred.

Pharmaceutical formulations adapted for oral administration may be presented
as discrete units such as capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-
water liquid emulsions or water-in-oil emulsions.

For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an oral, non-toxic pharmaceutically
acceptable inert carrier such as ethanol, glycerol, water, and the like. Powders are
prepared by comminuting the compound to a suitable fine size and mixing with a
similarly comminuted pharmaceutical carrier such as an edible carbohydrate, as, for
example, starch or mannitol. Flavoring, preservative, dispersing, and coloring agent
can also be present.

Capsules are made by preparing a powder mixture, as described above, and
filling formed gelatin sheaths. Glidants and lubricants such as colloidal silica, talc,
magnesium stearate, calcium stearate, or solid polyethylene glycol can be added to
the powder mixture before the filling operation. A disintegrating or solubilizing
agent such as agar-agar, calcium carbonate, or sodium carbonate can also be added to
improve the availability of the medicament when the capsule is ingested.

Moreover, when desired or necessary, suitable binders, lubricants,
disintegrating agents, and coloring agents can also be incorporated into the mixture.

Suitable binders include starch, gelatin, natural sugars such as glucose or beta-
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| nkbdinaiginate, carboxymethylcellulose, polyethylene glycol, and the like.
Lubricants used in these dosage forms include sodium oleate, sodium chloride, and
the like. Disintegrators include, without limitation, starch, methyl cellulose, agar,
betonite, xanthan gum, and the like. Tablets are formulated, for example, by
preparing a powder mixture, granulating or slugging, adding a lubricant and
disintegrant, and pressing into tablets. A powder mixture is prepared by mixing the
compound, suitable comminuted, with a diluent or base as described above, and
optionally, with a binder such as carboxymethylcellulose, an aliginate, gelating, or
polyvinyl pyrrolidone, a solution retardant such as paraffin, a resorption accelerator
such as a quaternary salt and/or and absorption agent such as betonite, kaolin, or
dicalcium phosphate. The powder mixture can be granulated by wetting with a
binder such as syrup, starch paste, acadia mucilage, or solutions of cellulosic or
polymeric materials and forcing through a screen. As an alternative to granulating,
the powder mixture can be run through the tablet machine and the result is
imperfectly formed slugs broken into granules. The granules can be lubricated to
prevent sticking to the tablet forming dies by means of the addition of stearic acid, a
stearate salt, talc, or mineral oil. The lubricated mixture is then compressed into
tablets. The compounds of the present disclosure can also be combined with a free
flowing inert carrier and compressed into tablets directly without going through the
granulating or slugging steps. A clear or opaque protective coating consisting of a
sealing coat of shellac, a coating of sugar or polymeric material, and a polish coating
of wax can be provided. Dyestuffs can be added to these coatings to distinguish
different unit dosages.

Oral fluids such as solution, syrups, and elixirs can be prepared in dosage unit
form so that a given quantity contains a predetermined amount of the compound.
Syrups can be prepared by dissolving the compound in a suitably flavored aqueous
solution, while elixirs are prepared through the use of 2 non-toxic vehicle.
Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols and
polyoxyethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil
or natural sweeteners, or saccharin or other artificial sweeteners, and the like can also
be added.

Where appropriate, dosage unit formulations for oral administration can be
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ri rgﬁ}/oieﬁéagsulated. The formulation can also be prepared to prolong or sustain the
release as for example by coating or embedding particulate material in polymers,
wax, or the like.

The compounds of Formula (T), and pharmaceutically acceptable salts thereof,
can also be administered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles.
Liposomes can be formed from a variety of phopholipids, such as cholesterol,
stearylamine, or phophatidylcholines.

The compounds of Formula (I) and pharmaceutically acceptable salts thereof
may also be delivered by the use of monoclonal antibodies as individual carriers to
which the compound molecules are coupled. The compounds may also be coupled
with soluble polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted
with palitoyl residues. Furthermore, the compounds may be coupled to a class of
biodegradable polymers useful in achieving controlled release of a drug, for example,
polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic
block copolymers of hydrogels.

Pharmaceutical formulations adapted for transdermal administration may be
presented as discrete patches intended to remain in intimate contact with the
epidermis of the recipient for a prolonged period of time. For example, the active
ingredient may be delivered from the patch by iontophoresis as generally described in
Pharmaceutical Research 1986, 3(6), 318.

Pharmaceutical formulations adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes,
gels, sprays, aerosols, or oils.

Pharmaceutical formulations adapted for rectal administration may be
presented as suppositories or as enemas.

Pharmaceutical formulations adapted for nasal administration wherein the
carrier is a solid include a course powder having a particle size for example in the
range 20 to 500 microns which is administered in the manner in which snuff is taken,

i.e., by rapid inhalation through the nasal passage from a container of the powder
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| Mmedmovsddtibradsa@rnasal spray or nasal drops, include aqueous or oil solutions of the
active ingredient.

Pharmaceutical formulations adapted for administration by inhalation include
fine particle dusts or mists, which may be generated by means of various types of
metered, dose pressurized aerosols, nebulizers, or insufflators.

Pharmaceutical formulations adapted for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes, foams, or spray formulations.

Pharmaceutical formulations adapted for parenteral administration include
aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats, and soutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and non-aqueous sterile suspensions
which may include suspending agents and thickening agents. The formulations may
be presented in unit-dose or multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for example water for injections, immediately
prior to use. Extemporaneous injection solutions and suspensions may be prepared
from sterile powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly
mentioned above, the formulations may include other agents conventional in the art
having regard to the type of formulation in question, for example those suitable for
oral administration may include flavoring agents.

The term "patient” includes both human and other mammals.

The term "treating” refers to: (i) preventing a disease, disorder or condition
from occurring in a patient that may be predisposed to the disease, disorder, and/or
condition but has not yet been diagnosed as having it; (ii) inhibiting the disease,
disorder, or condition, i.e., arresting its development; and (ii1) relieving the disease,
disorder, or condition, i.e., causing regression of the disease, disorder, and/or
condition.

The compounds of the present disclosure can also be administered with a
cyclosporin, for example, cyclosporin A. Cyclosporin A has been shown to be active
against HCV in clinical trials (Hepatology 2003, 38, 1282; Biochem. Biophys. Res.
Commun. 2004, 313,42; J. Gastroenterol. 2003, 38, 567).
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This disclosure is intended to encompass compounds having Formula (I)

when prepared by synthetic processes or by metabolic processes including those

occurring in the human or animal body (in vivo) or processes occurring in vitro.

The abbreviations used in the present application, including particularly in the

illustrative schemes and examples which follow, are well-known to those skilled in

the art. Some of the abbreviations used are as follows: HATU for O-(7-
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Intermediates 4 could also be prepared through an alternative route. The
coupling of bromide / with imidazole 7 under palladium assisted electophilic
aromatic substitution condition could afford 4 (Org. Ler. 2003, 5, 4835). Alkylation
of keto-bromide § with appropriately substituted acid 9 could afford ketoester 70,
which could be cyclized into imidazole // by reacting with NHyOAc in solvents such
as toluene, under thermal or microwave heating conditions. Conversion of 7/ t0 5 is

accomplished in analogous fashion to the methods used to prepare 5 from 4.
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Scheme 3:

Compounds such as /8 (or its regioisomer /9) could be synthesized from
dibromide / by integrating the two imidazopyrrolidines 7 and /7 in a sequential
manner via a palladium assisted electrophilic aromatic substitution reaction. It is
apparent to one of ordinary skill in the art that monocoupled products 75 and /6
might need to be separated before proceeding to the second coupling step. Mono-
deprotection of the pyrrolidine moiety of /8 may be accomplished when the two R**
groups are different. When one R' = benzyl, and the other R'* = t-butyl treatment
with hydrogenolytic conditions produces 20. For example, Pd/C catalyst in the
presence of hydrogen gas and a base such as potassium carbonate can be used.
Acylation of 20 can be accomplished under standard acylation conditions. A
coupling reagent such as HATU in combination with an amine base such as Hunig’s
base can be used in this regard. Alternatively, 20 may be reacted with an isocyanate,
carbamoy! chloride or a chloroformate to provide compounds of formula 27 where
R'%is an amine or an alcohol. Further deprotection of 2/ can be accomplished by
treatment with strong acid such as HCI or trifluoroacetic acid. Standard conditions
analogous to those used to convert 20 to 2/can be used to prepare 23 from 22. In
another embodiment where each R'* = t-Bu, direct conversion of /8 to 24 can be
accomplished by treatment with strong acid such as HCI or trifluoroacetic acid.

Conversion of 24 to 23 is accomplished in analogous fashion to the methods used to
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| SAm no- substituted phenyl acetic acids nmay be prepared

by treatnment of a chl oronet hyl phenyl acetic acid with
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Scheme 5:
The starting materials required for the synthetic sequences depicted in
Schemes 1-4 could be prepared according to the following procedures. Key
10 intermediate 33 is prepared from keto-amide 36 or keto-ester 32 via heating with
ammonium acetate under thermal or microwave conditions. Keto-amide 36 can be
prepared from 35 via condensation with an appropriate cyclic or acyclic amino acid
under standard amide formation conditions. Bromide 30 can be converted to 32 by
reacting with an appropriate cyclic or acyclic N-protected amino acid in the presence
15 of base such as Hunig’s base. Bromination of 33 (or its alkoxy methyl protected
derivative 7) with a source of bromonium ion, such as bromine or NBS, results in the
formation of 3. A special case of imidazole 33 (where R = H) can be prepared from
appropriately substituted N-protected amino acids by reacting with glyoxal in a

methanolic solution of ammonium hydroxide.



Final 98 = Phenomenex-Luna 4.6X50 nmS 10 =0 = 100 =2
mn=3mn=5nL/mn =220 nm= 0.1% TFA in 10%

WO HEY/HRAS / 909120 = 0. 1% TFA in 90% net hanol / 1RGHUI209/632830
HPLC XTERRA C18 3.0 x 50nm S7 =0 = 100 G adient tine
=3 mn 40 Stop time= 4 mn,flow Rate=4 nml/min
Wavel ength = 220 nm Sl ovent A= 0.1% TFA in 10%
net hanol / 90/ 4120 5 Sol vent B= 0.1% TFA in 90%
met hangk/ 10% H20 Condi t| ops Al | Col um: Luna 4.6X 50 nm
S a "to_Fj B= 100 qq;%@ht time F:gggqsm
St% 4 %in Frowdakes 4 mief vent A
H20: &% ("f‘,I—BCI\PO 10 nmm Armﬁé)nl um acet atog S’ Sol ve
5% H2Q2: 95% CH3CN, 10 mm Anmoni um acgtate Synt he%l
of common caps

32 33
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Scheme 6:
Substituted phenylglycine derivatives can be prepared by a number of
methods exemplified below. Phenylglycine t-butyl ester can be reductively alkylated
5  (pathyway A) with an appropriate aldehyde and a reductant such as sodium

cyanoborohydride in acidic medium. Hydrolysis of the t-butyl ester can be
accomplished with strong acid such as HCI or trifluoroacetic acid. Alternatively,
phenylglycine can be alkylated with an alkyl halide such as ethyl iodide and a base
such as sodium bicarbonate or potassium carbonate (pathway B). Pathway C

10 1illustrates reductive alkylation of phenylglycine as in pathway A followed by a
second reductive alkylation with an alternate aldehyde such as formaldehyde in the
presence of a reducing agent and acid. Pathway D illustrates the synthesis of
substituted phenylglycines via the corresponding mandelic acid analogs. Conversion
of the secondary alcohol to a competent leaving group can be accomplished with p-

15 toluensulfonyl chloride. Displacement of the tosylate group with an appropriate
amine followed by reductive removal of the benzyl ester can provide substituted
phenylglycine derivatives. In pathway E a racemic substituted phenylglycine
derivative is resolved by esterification with an enantiomerically pure chiral auxiliary
such as but not limited to (+)-1-phenylethanol, (-)-1-phenylethanol, an Evan’s

20 oxazolidinone, or enantiomerically pure pantolactone. Separation of the
diastereomers is accomplished via chromatography (silica gel, HPLC, crystallization,
etc) followed by removal of the chiral auxiliary providing enantiomerically pure
phenylglycine derivatives. Pathway H illustrates a synthetic sequence which

intersects with pathway E wherein the aforementioned chiral auxiliary is installed



Addi tional LC conditions applicable to the current
section, unless noted otherwi se. Cond.-M5-WI Col um=
WOXRTPRR2568. 0 X 50 nm S7 Start 98=0 Fi nal %B= 1®GT/US2009/032830

25Gradient time= 2 mn Stop tine= 3 min Flow Rate= 5
mL/ m n Wavel engt h= 220 nm Sol yent A= 0.1% TFA in 10%

met hanol / 90%4420 30 Sol vent B=0.1% TFA in 90%

nmet hanol /1 0% H20 Cond. - M5- W2 Col urm XTERRA 3 O X 50

nmﬁ)%é{ to a%}mset a%dxtll?(r)@ﬁ?telglatﬁ%b/ Oi/g;stter 09 gy accglc a\rMiv eng t h=
220)rd$11‘im86dl wéht sé\?l-‘cd)oﬂ%rﬂ'&ﬁxm Iibn]sﬁ)% ﬁmirblﬁrmej N9 sOccinimide,

SO B el e A L AALR, 8 oy o
Fi niakuti@m®@d amines in the presence of a tertlary amine base such as triethylamine or
5  Hunig’s base. Hydrolysis of the methyl ester via treatment with lithium hydroxide at
low temperature or 6N HCI at elevated temperature provides the substituted
phenylglycine derivatives. Another method is shown in pathway G. Glycine analogs
can be derivatized with a variety of aryl halides in the presence of a source of
palladium (0) such as palladium bis(tributylphosphine) and base such as potassium
10  phosphate. The resultant ester can then be hydrolyzed by treatment with base or acid.
It should be understood that other well known methods to prepare phenylglycine
derivatives exist in the art and can be amended to provide the desired compounds in
this description. It should also be understood that the final phenylglycine derivatives
can be purified to enantiomeric purity greater than 98%ee via preparative HPLC
15 using for example chiral column. It is apparent to one of ordinary skill in the art the
approaches described for the synthesis of aromatic glycine derivatives is equally

applicable to the synthesis glycine derivatives containing non-aromatic group at C-2.
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Gadient time= 2 mn 15Stop tine= 3 mn Flow Rate= 5
nmL/ m n Wavel engt h= 220 nm Sol vent A= 0. 1% TFA in 10%

WO WBYHBHMS / 90%120 Sol vent B= 0. 1% TFA in 90% PCT/US2009/032830
met hanol / 10% H20 70 Cond.-D.1 Col utmm= XTERRA C18 3.0 X
50 mMmm S7 Start %B= 0 Final %z 100 25G adient tine= 3
mn Stop time= 4 mn Flow Rate= 4 nlL/m n Wavel engt h=
220 nm Sol vent A= 0.1% TFA in 10% net hanol / 90%120 30
S°$c‘ﬁ§r§l% ,B=0.1% TFA in 90% net hanol /10% H20 42
Sol'vent A= 0.1% TFA in 10% net hanol / 90%120 Sol vent B
10 Condn aMBhdCehboaiment of the present disclosure, acylated glycine derivatives

may be prepared as illustrated below. Glycine derivatives wherein the carboxylic
acid is protected as an easily removed ester, may be acylated with an acid chloride in
5  the presence of a base such as triethylamine to provide the corresponding amides
(pathway A). Pathway B illustrates the acylation of the starting glycine derivative
with an appropriate chloroformate while pathway C shows reaction with an
appropriate isocyanate or carbamoyl chloride. Each of the three intermediates shown
in pathways A — C may be deprotected by methods known by those skilled in the art

10 (ie., treatment of the t-butyl ester with strong base such as HCI or trifluoroacetic

acid).
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15 Amino-substituted phenylacetic acids may be prepared by treatment of a

chloromethylphenylacetic acid with an excess of an amine.
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Start 9B Final %8 Gadient ti 15 Stop tinme Flow Rate

Wavel engt h Sol vent A Sol vent B 20 Condition | Col um
WOSPHYI02HB Final 9B 25Gradient time Stop time EICAPSRER&32830

Wavel engt h Sol vent A 30Solvent B = 0.1% TFA in 90%

met hanol / 10% H20 = XTERRA C1 .0 X 50 mm57 =0 = 40 =

2mn=3mMmn=5nL/mn-=2 nm= 0.1%TFA in 10%

nmet hanol / 909420 = 0. 1% TFA in 90% net hanol / 10% H20

Phenonenex- Luna 3.0 =0 .00 = 2 mn = 3

mn=4nmunin = 220 é%ﬁgougp i’%"’%ﬁﬁfofi%’”% %

met hano P %42 men0anti%ew FedolutiorOfdss rmealhsinwtit lcO8due20 on a

Shimadzu LC system coupled with Waters Micromass ZQ MS system. It should be
noted that retention times may vary slightly between machines. The LC conditions

5  employed in determining the retention time (RT) were:

Condition 1
Column = Phenomenex-Luna 3.0X 50 mm S10
Start %B =0
10  Final %B =100
Gradient time =2 min
Stop time =3 min-
Flow Rate =4 mL/min

Wavelength =220 nm

15 Slovent A =(.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0
Condition 2
Column = Phenomenex-Luna 4.6X50 mm S10

20 Start %B =0
Final %B =100
Gradient time =2 min
Stop time =3 min
Flow Rate =5 mL/min

25 Wavelength =220 nm
Slovent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0

Condition 3

30 Column =HPLC XTERRA C18 3.0 x 50mm S7
Start %B =0
Final %B =100

Gradient time = 3 min



Condition Il Colum= Phenonenex-Luna 4.6 X 50 mm SI O
43 Start 9B=0 Final 8= 100 Gradient tinme = 2 mn Sto
WO 2003802568 i n 5 Fl ow Rate= 5 nl/ni n Wavel engt hPE/P5909{p32830
Sol vent A= 0.1% TFA in 10% net hanol / 90%120 Sol vent B=
0.1% TFA i n 90% met hanol / 10%420 10Condition |1
Col umm= XTERRA CI8 3.0 x 50mm S7 Start %B=0 Fi nal %B=
100 Gradient time = 3 min 15Stop tine= 4 min Flow
Ragtg feml/ M@ nMavel ength = 220 nm Sol vent A= 0. 1% TFA
B hanoP 500+-50° S0l vent Bo 019 TRA i1 90%
meFlha/rRﬂtd 10%4H20/mieH A suspensi on of 10% Pd/ C
‘hg% %&qﬁl (10 nm.) was added to a m xture of
(R) “pfrenyl gl'ycine (10g, 66.2 mol), fornal dehyde (33
m_Skof/en’BA% vvt—O 1% Tiatie )Y rhdthddGl/9Q°88,Gr.) and net hanol

d d o, H2_ (60, DS 3 h . Th
oseTbR e GrBIRAG P B eV RPhHR i ot ormcoous

earth (Celite), and the filtrate was concentrated in
vacuo, The resulting crude material was recrystallized
fr ?H‘%”?ﬁg‘%panol to provide the HClL salt of Cap-1 as a
whiblemieediaet 845@me) S10pt i cal rotation: -117.1 [¢=9.95
mg/ L jn H20; k=589 nnj. 1H NMR 30(DVSO-d6, 6=2.5 ppm
5000fES . 67.%3-7.34 (m 5H), 414 (s, 1H), 2.43 (s,

[,

10 6HFinal %B =100
Gradient time = 3 min . ;
Stop time =4 min “
Flow rate =4 mL/min
Solvent A: = 95% H,0: 5% CH;CN, 10 mm Ammonium acetate

15 Solvent B: = 5% H,0 : 95% CH;3;CN; 10 mm Ammonium acetate

Synthesis of common caps

Additional LC conditions applicable to the current section, unless noted otherwise.

20
Cond.-MS-W1
Column = XTERRA 3.0 X 50 mm S7 o
Start %B =0 - f
Final %B =100
25 Gradient time =2 min
Stop time =3 min
Flow Rate =5 mL/min
Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0
30 Solvent B =0.1% TFA in 90% methanol/10% H,O

Cond.-MS-W2
Column = XTERRA 3.0 X 50 mm S7




44 LC (Cond. 1): RT=0.25; LC Ms: Anal. Calcd. for

[ Mr14] + G OH14NO2 180.10; found 180.17; HRMS: Anal .
WOeXW25Bor [ MFH] G OHL14NO2 180. 1025; found 18CTNCERY09/032830

NaBH3CN (6.22g, 94 nmol) was added in portions over a

few mnutes to a cool ed (iceléggter) m xt ure of

(R) - 2- Phenyl gl ycine (6.02 g, .8 mmol ) and net hanol

(100 nm.), and stirred for 5 mnutes. Acetal dehyde (10

nL)S added dropw se over 101Q minutes and stirring

was contB nued at the sane cool ed tenperature for 45

m Mita%Band at anbi ent tenperatigbe for -6.5 hours. The

a(%fll on m xture was cool ed back.wth ice-water bath,

tr eHeUE I water (3 nl) and 1H8h quenched with a
drcgwp@ﬁeaddltlon of concent =4 @¢h HCI over - 45

lftes until thc pH of the mxture was 1.5 - 2.0. The
cocﬁ MFath was renoved and 4RE™% i rring was
conyhwuggdimwhi | e addi ng 15conceps @t ed HG |n order to
mai ntain the pH of the m xture around 1.5-2.0. The

r ea®leBA mi xt ur e wad-BeTFAH 1%@@?%1?9@9][/90%%!(1 ered to

r enRyRniBe White suppepstR/n 9@n%em1§olhlolyt fia e vas
concentrated in vacuo. The crude naterial was

recrystallized fromethanol to afford the HC1L salt of
Ca a hi ning white solid in two crops (crop-1:
10 %&d;@g%ﬁz 2.19 g). 1H NWR (DVsO d5, i52.5 ppm
4OCC<M1M1). 10. 44 (1. 00,=KAERB®, 3.AK)50mmEG6 (m 2H), 7.51
ms&{')/o 5.30 (s, IH, 3.15 (hrym 2H), 2.98 (br m
750 (app br s, 6H). Crop-1: [ct]25 -102.210
(ciﬁna’%%} H20); crop-2: [a]25=98. 70 (c=0. 357, H20). LC
(CCtE: m RT=0.43 mn; LC MS, Anal. Calcd. for
P AR sNCR: 208, 13; f ouhid™208. 26. 45
15Ace$tt<aﬁtdeé1yde (5.0 nL, 89 1 nd pirand a suspensi on of
10%, Pd/.C (720 ng) i n nethanol/ O (4mL/1 nL) was
ecﬁﬂ % ly added to a cool 8d®™¢™H5 C) nixture of
(R)Wavewﬁgmyl glycine (3.0969,=2f048 mmol ), I N HC1 (30
0i:\nd et hanol (40 ni é The cool ing bath was renoved
ancfS Wt reaction mH% U TR 1€0imethenoliifdel2Cy 5
baldopent ®f 142 for =b7ANoHASa 99 nRdRhd119%:3,0
acet al dehyde (10 nL, 178.2 mmol) was added and
2stirring continued under H2 at nosphere for 24 hours
[ Nt gy -bhe supply of Fl’?) was repl eni shed as needed
t hr oughout the reaction The reaction m xture was
filGodey t hr ough di at §lea RS>0 @ambel ), and the
fildgpd® was concentrated in vaguo. The resulting
crude material was recrystallized fromisopropanol to
pr duiad&B10t he HO salt of =100
(R | am no) - 2- phenyl ac¢ acid as a shining
“whi ?’Zéd‘érgltt% (2.846g). 114 NNRG{’IB@SQ d6, 6=2.5 ppm 400
I\/I—@topt&‘md4 15 (br s, 1H), 9.55fbr s, 2H), 7.55-7.48
(m 2 88 (br m 1H), 2. 73 br m 1H), 1.20 (app
Fidbhy LC (Cond. 1) *FHZ8"9 min: >95 %
hormge:leagmy |ndex LC M5 Anap20 fal cd. for [ MF1- 11

a QH 4 : 180.10; fouyn 5 sion of 10%
Pd/()%llv(eg mg) in net%%%f# (.l)&%smﬁ#@f‘i%mﬁ%%as added to
308 rHokle® of (R)-2=0avhyFam om) m2tRhenyyAggs i c

aci cUHCL (1.492g, 6.918 mmol ), fornal dehyde (20 nL of
37% w. in water), INHCL (20 nL) and net hanol (23
mL)condbporeacti on m xture was sti rred under a bal |l oon
of H2 for -72 hours, where the

regldHnshed as need*e‘%henqlh@e#éalé%f‘éﬁ( gé)mmﬁl@ was
filtered 20 through di atonaceous earth (Celite(r))
and the filtrate was concentrated in vacuo. The
resulting crude material was recrystallized from

i sopropanol (50 nL) to provide the HCl1L salt of Cap-3
as a white solid (985 ng). 'H NWR (DVMBSO c16, 6=2.5
ppm 400 MHz): 8 10.48 (br s, 1H), 7.59-7.51 (m 5H),
5.26 (s, 1H), 3.08 (app br s, 2H), 2.65 (br s, 3H),

U1



46 acoeme (3.2 nm, 41.4 mmol) was added
dropwi se to a cooled (ice/water) THF (410 nl)

WO 20Mie2568 uti on of (R)-ten-butyl PCT/US2009/032830

(W)}

10

20

30

2- am no- 2- phenyl acetate/ HC1 (9.877 g, 40.52 mmol) and
di i sopropyl ethyl am ne (14.2 tglL, 81.52 nml) over 6
mn, and stirred at simlar tenperature for 5.5 hours.
The vol atil e conponent was renoved in vacuo, and the
reﬁgaﬁu/oeBwas partitioned betvvegrb wat er (100 nlL) and
ethyl "‘acetate (200 nL). The organic | ayer was washed
wi Finall%BHCL (25 nL) and sat urat0®d NaHCO3 sol ution (30
rrLZC’.ra E’e%lﬁ‘:de('\’gso“)’ filtered, ,and concentrated in

va ug. resul tant col orless”8fI was triturated from
heg@apeme filtered and washed=wniih hexanes (100 nlL) to

pravide (R)-tert-butyl _ X

2-](()%?3%‘3(ycar bonyl am no) -2-‘p‘hwlﬁcet ate as a 10white

?SWadelérYgt}Y Ig_g- NVR ( DMSO- d?, =828 nn PPM ?30 MHz) : H)7 98
1=8.0, | 7.37-7.29 5 5.09 , 1=8, 1H),

3. Bgvque A 3m=,d~¥@§§é(1§,lo‘éme%{n@%%ﬂé? 1): RT=1.53 nin;

- 990196 MO eNE] o, SFANH 0, héhdMSl/ 1080 @0 Cal cd. for

[ M ENa] * G 4Hi 9NNa04: 288.12; found 288.15. TFA (16 ni)

was added dropwi se to a cooled (ice/water) CH2Cl2 (160

mLy,,Absel ution of the above product over 7 m nutes,

and the cooling bath was renoved and the reaction

m &eluma was stirred fXFERRAKIEr30 XSi0mom S7he

de baetion was still not conp ete, an additional TFA

(1%911% was added and stirri @ continued for an

adbintliBal 2 hours. The vol at+#& conponent was renoved

i n~vacuo. and the resulting oil .residue was treated

vvi?ﬁa%be“lng?]ﬂe;l ether (15 L) and"héxanes (12 niL) to

pr&wp demea 20preci pitate. The=pmneei pitate was filtered

an V\ﬁ%rt}ed wi th diethyl et h_eglpfx.anes (-1:3 ratio; 30

nL) &nd"dried in vacuo to proVid&"Cap-4 as a fluffy

whivaeelsiti d (5. 57 g). Optical22o0a@iation: -176.9 [c=3.7

ny in H20; X= n N de, 8=2.5 ppm 400
M—é%g;enéAlz. §@~€§{33§§:m%,m@%g@%ﬁ@& 3, | H,

7. 8divoht B9 ( m0. BEITFASH 96%(bthahsBio8 HIG) , 3.55 (s, 3H).
LC (Cond. 1): RT=1.01 mn; >95% honogeneity i ndex;

L Ms: Anal. Calcd. for [Mf-H Colli2N04 210. 08;

f ogshiiakhG. 17, HRMS: Anal . Calcd. for [ MtHf CLOH12N04
210.0766; found 210.0756. Cap-5 47 A m xture of
( Ryolupnpheny Ryeyemneex-Lang3.§ X ¥ mm» Sifol ) ,

1, 4ol omoby ane (1.57 g, 7.27 mmol ) and Na2CG3 (2. 10
g, 19.8 mmol) in ethanol (40 nL) was heated at 100C

f ofingdfoBour s.10¢he reaction mixture was cooled to

s anBlanh: d.gmergfure and filtered, and the filtrate was

concentrated I n vacuo. The residue was dissolved in
S5eb$thphok and 3awindi fied with IN HCl to pH 3-4, and the
\

Ig\tylda? component. was removed in vacuo. The resulting
crude naterial Was purified by a reverse phase HPLC

(wWatetlénpet haraDmhiFA) to provide the TFA salt of Cap-5

as sem - Vi SC whi t e foam )< 1H NWR ( DMSO- d6,
i ,mg]oo wﬁ?ﬁ?{%vé@ oM @?l}gﬂ%{%@. 51 (m 5H), 5.23
(ssolld} B 3. 34. 18P AN 96% nddanoB1@5H(@PP br s, 2H),
1.95 (app br s, 4H); 10 RT=0.30 m nutes (Cond. 1);
>98% honogeneity index; LC MS: Anal. Calcd. for [MtH F
G N3 206.12; found 206.25. Cap-6 OH O | SThe TFA
salt of Cap-6 was synthesized from (R)-2-phenyl gl yci ne
an@oltmn pr ong-Phepongesfbes hoxXyd0enman® by using the

nmet hod of preparation of Cap-5. I1-1 NVR (DMSO d6,
8=2.5, 500 MHz) 8 12.20 (br s, 1H), 7.50 (m 5H), 4.92
(s, 1H), 3.78 (app br s, 4H), 3.08 (app br s, 2H),
2.81 (app br s, 2H); RT=0.32 mnutes (Cond. 1|); >98%
LCMS: Anal. Calcd. for [MtH G 2H 6NG3: 222.11; found
222.20; 20HRMS: Anal. Calcd. for [MH G 2H16NGS:
222.1130; found 222.1121.



Cap-7 48 benzyl 2-hydroxy-2-phenyl acetate (10.0g,
41.3 mmol ), triethylamne (5.75 nL, 41 3 nmmol) and
WOL0M/W368y | ami nopyri dinc (0.504 g, 4.13 mmol ) PCARVS2009/032830
mai ntai ni ng the tenperature between -5 C and 0 C. The
reaction was stirred at 0 Cf 9 hours, and then
stored in a freezer (-25 C for 14 hours. It was
allowed to thaw to anbient 5 tenperature and washed
vmtggary\@ber (2g0 m), INHCL (100 ni) and brine (100
dr'ied (MS™M), filtered, and concentrated in
vadhnnl%B provud@a benzyl 2-phenyl-2- (tosyloxy)acetate
as @% S ous whi ch solidified upon standing (16.5
8¢ |ﬂt egrity of the product was not
Ch@ldﬁﬁtﬂnand %Baﬂimproduct was used for the next step
% furthg p/ur.i fication. ITI NVR (DVMSO d6, 6=2.5,
teg 7-78M¢HI" 108. 6, 2H), 7.43-7.29 (m 10H),
7 apa\(elﬂngtgH) 2@0,1;3 (s 1H) 5 16 (d J=12.5, 1H), 5.10
1=12.5, 1H) . fo 00 (Cond. I11);
>909?J‘1§8%genept1)/ I%é‘k O/E(’ﬁel\an"lﬂﬁéleZOCal cd. for
[ Mdlveldis C22630Na0s S 90%9}6%0111@%1@2&19 04. A
THF (75 nlL) solution of benzyl
2- phenyl - 2- (tosyl oxy) acetate (6.0 g, 15.1 mol),
101- e hAbRiper azi ne (3.36 nL, 30.3 nmol) and
N, N- di i sopropyl et hyl am ne 15(13.2 nL, 75.8 mmol) was
heaﬁ@dmat 65- GTEBRA Gb1i9.8 x SPen $act i on was al | owed to
coq),, fHpanbi egt tenperature and the volatile conponent
was renmoved in vacuo. The residue was partitioned
betRN@é%Bet hy+dekt ate and water, and the organic |ayer
r\g@@ ed _t3h water and brine, dried (MJSO4),
ere and”¢Oncentrated in vctcuo. The resul ti ng
1scrLﬂﬂ®mm¢er|ak1nwas purified by flash chromat ography

(SI 90acetate) to provide benzyl
IJA “ﬁg?f%yl pi gérr‘qé{?% 1-y1) - 2- phenyl acetate as an
oramgxe&hgthbreMDNmscous oi | (4 56 g). Chiral HPLC

an sis, (Chir hat the sanple is
ﬂiteﬁtr‘é of = gﬁaﬁf}%‘%ﬁblro? fnﬁﬂlﬁ“ @b‘%?{ 58.7 ratio. The
sepmnahmn of Ol1IPETEA aNY0%0 ARIHEnA 0, 18fd ected as fol | ow
the product was dissolved in 120 nL of ethanol/heptane
-(1 1) and injected (5 nL/injection) on chiral HPLC
colum (Chiracel 03, 5 cmIRz-p0 cmL, 20 um eluting
wi th 85: 15 Heptane/ethanol at 75 nL/mn, and nonitored
at 220 nm Enantioner-1 (| 74 @) and enanti omner-2
(2.2149 g) were retrieve Vi us oil. 1H NWR
(CDCl 3, 6=7.26, 500 MHz) 7447 (m 2H), 7.33-7.24
(m 6H), 7.21-7.16 (m 2H), 51\’%(d 1=12.5, 1H), 5.08

d, J12, ;
gH) ey %gsu ;;ehg %n iy %Qrﬁgc (% b%)doﬁnda%r)% (%@mﬁ@%@; p&de& toa
SommgaeqféRi 9 phergéstycined 045:66,Amahol), Cfaﬂmadﬂehi?@r(3lé MEHTB7% wt.
0

COLRTE: PTBH LT, 9 sy RS
rret}hyxlqprrbefeaanon-rﬂuxmﬁe)w& mﬁmﬂyhmﬁ@ dftembdeolks @nh&Cahte ), and
mm{\%‘? was added to ens on of 10% Pd/ C (120 nyg)
i n el!HAY 313 felcemm éefewﬂn%ﬁw?wetemﬁéwéxposed

t 0 recripdiiRa frogf qu}y&gaﬁ&ea prdméeme BCLAl ef ehp-Mah LA AQdle
for <50 m nutes. | medi at el g@after St he conpl etion of

t hé4P acPpiisal rotaen:catal y{§1‘9 el ndhey vetdough 'H NMR
0 h t Ahe I I

G on P er G S f AP ani gty 87 i st B R
vvlth phenyl acetic acid as a tan foam (867. 6 ngy; nass
is above the theoretical yield). The product was used
for the next step without further purification. 1H NWR
(DMSO-d6, 6=2.5, 500 MHz) 67.44-7.37 (m 2H),
7.37-7.24 (m 3H), 3.92 (s, 1H), to02.63-2.48 (app. br
, 2H), 2.48-2.32 (m 6H), 2.19 (s, 3H); RTH131 (Cond.
); >90% honogeneity index; LC MS: Anal. Calcd. for
I\/H—|]t C13H19N202 235 14; found 235. 15; HRI\/S Anal

nnnnnn ‘A A N R AN N P~ P ‘o A

s
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hydr oxypi peri di ne for Cap-8 and
(S)-3-fluoropyrrolidine for Cap-9) and nodified

WO 208¥#1266%ns for the separation of the respectPGEUS2009/032830
stereoi soneric internmedites, as described bel ow. Cap-8
OH 8a enantiomer-1 8b enantigper-2 OH The
enantioneric separation of the internedi ate benzyl
2-(4- hydroxypiperidin-1-yl)-2-phenyl acetate was

eff Ly} di-t
oSS AL aaTRR O DBl R B R G R 0
m_foaaﬁd 030 17; HRVE: ienat. eSalidct i forgf M ] uﬁdﬁhN@ﬁl&OﬂjO%tfexdad( 5

% (ﬁgtl on) on a chiral HPLC colum (Chiracel QJ, 2
cm X'25 cmL, 10 pm eluting with 80: 20
hept ane/ et hanol at 10 nL/mn, nonitored at 220 nm to
provi de 186.3 ng of enanti o&ﬁr 1 and 209.1 ng of
enantioner-2 as light-yello Pscous oils. These
benzyl ester was hydrogepokysed according to the
preparation of Cap-7 to w@ Cap-8: 1H NWR
(DMSO-d6, 6=2.5, 50 500 MHz)Y'7.@® (d, J=7, 2H),
7.28-7.20 (m 3H), 3.78 (s 3.46 (m 1H), 2.93 (m
1H), 2.62 (m 1H), 2.20 (m[2H)], 1.70 (m 2H), 1.42
(m 2H). RT3.28 2éCond [1); >98% honpgenei ty i ndex;
LC/ V5. MeReiCNGAI%28 94fT@1’r‘10]Q Wwdd@qgnpomsw@g 2 fpganinges to a
fo ]
23%%%d§%@/ug7er e 1229%%{%}91&1&& ?6'6 ():26 328;31?;1&5\% methanol
s e@ﬁ@ atli).omd ofirrechfer § rieiere dicatalichyala£ ) mPJws) ad@ed dropwise over

Lr 1S
ert T BORKS SR Wik Vi bk AR ERY L RAELRN8 R ST S g tes
and\mamblemaerameedm@rfom»échhmm 1I+H@lr€éc0mi mimurg Ghs candel back
H 0.46 n

o sl R Aot b kB b Thcr kgl e
i ddaiitionfolf omcriatatd HDicbvar + eSipétusds wnel e pB of (Bc mik@rcHRIsC 1.5

elu r the ective osners

© one R edakte B VR Eeed R ST BatR et ietdine
15 ( 26bnBdnkrard HHOMaS brdel twinfaintéin tlﬁQﬂE@tUﬁe Bt aoGdd1.812. onater

+ 1 15n sat urat ed C}\la lution). The organi c phase

waSagop @YX Py AiTe ?Wé%‘gdﬂtea%ido EOPRYENRG WREFUTRENY o @B

t Othp Eiﬁyaltéj@%%n&nfmte@fn Ja&@&”l@'&rﬂde%ﬁ@erﬁ%@ By Qhillized from
fraction-2, These benz esters were hydrogenol ysed

aceibaal W@fﬁoai hpECHFd F&mizcﬂﬁ aghingpriTtepelipindpa FEPTEHY-1:
92, #9g. Qbp-2 Qaﬁf%‘%a‘}(i iNER [ SLBRIE! 51 5 hilE RBTRLS: p(ﬁ4@(l-.6(_),pbr

sal't &8s a resul purification on a reverse ase
20 HP-L(I:HOLS7 g 28, r?eftlr(anéH} TRA (s dillyeht3) (br fb2RIVR 98 (br m, 2H)

or 0 BRuBB 4B Teip- (ORI P 2% 57 RS Bl o 7 301

4H)c 0.35831H,0).00C (0and2 H): RTRD.4} ni: I(CR18d Anbl) ;CakQ5%r [M+H]"

ho it ; : Anal. Calcd. for [M+Hr

gﬁﬁ@%ﬁwzvogz‘gfoﬂ? 5‘%%3%% 224.14; Cap-9b
(d| astereoner-2): 3H NWVR (DMSO-d6, 8=2.5, 400 MHz)
743721(m5H) 5.19 (d of m J=55.9, 1H), 3.97 (s,
31H), 2.95-2.43 (in, 41-1), §“11é178(m 252H) .
RT=0.44 (Cond. |); LC/ M5; al , Calcd. for [M1-1]-
G 2H 5FNQ : 224.11; foun 4. 14. 51 Cap-10

OH

/ﬁj




0 HO -c) To a solution of D-proline (2.0 g, 17

mol ) and formal dehyde (2.0 nL of 37% w. in H20) in
WORBIMARWB (15 nl) was added a suspensi on of 10%IAH2@9/032830

(500 5mg) in nmethanol (5 mL). The m xture was stirred

under a ball oon of hydrogen fg 23 hours. The reaction

m xture was filtered through di at omaceous earth

(Celite(r)) and concentrated in vacua to provide

(CaDF\)/-Scl)?( %é‘ftg@%}% (‘é’l\@ iﬁ%? ﬁigjﬁ’%’l 4%‘d(1a?ﬁu%pﬁi%n1§tl_ @%ngcgg’(m mg)

J 9n ﬁxethﬁn&l/HqﬂbF(l)lmLﬂ 185) \2a37SSq1(eﬂ”nalﬂyH)ddec2t066;0618d (31'ﬂ °C) mixture

1H)° nglebisine G A%e. i
ot (k- rlebisinelsh A6, 70.95 Tiowgol W oy saval L3 cimtlapol (40

LC/B: T’ﬁ@%ohn lilqi@vasfré?ﬁov[e%ﬂﬁﬂ thEBdALZNRixtuleSWaOFirrell QbR a
129. 96. m xture of

S 2 Sl hiierck diogier G e st (18 o 1% ¢ orm) s

3 %dmn)i stnfr rr%@@rltﬁiﬁ&y%eﬂﬁ 'Jléph@fe 324 Wurs [N'atel'@lg)srép of
and 10% Pd é, i n met hanol

rrL)vam rgtktmsfhedj aysredéad throbglioubiba r@f:ncm} diflogpeection rrm&tgre was

o Al Brea ME A REb LRV SHHICANES, b bR ik Qihgmea

concextt rmat eguiting vadel mateﬂ'hlawarse&jrgathMaS‘rorxaecwqiaabll tb p&)dlde

f de the HO t
S 20 S0P DO ) A b S S
MHZ). 856g$9‘f( xshMR @13351@07(16 Suj)s %p4n 300 MHz)léHM 153<b99 1@1@@'55 (brs,
J=31.5, 13 1=25. 6,
2. 88D (B3s- é#’ﬁ (m 25P@o2 §8 &1 rH{) 14453 (’bzmst)z 128 (e(pmr ffmz 3H).
RT%@&O(}@OngTid 39 mino 898 by I\té%ndeQC@(/Mﬁ*gnw Caled. for
1T1F 148.08; found
148Mysl]’ @®H@é@l§0(1§;1mnéé8%bﬁp 52) 52 L-Alanine (2.0

g, 22.5 \/ 100 1 i
15car bonatA e so%ﬂ??ggw@?&%?% %%&ﬁ%ﬁg&?@?ﬁéﬁgﬁé u)tVYacs)n
of adéednyk ngkiueer b Q) Prdatley 1gmin0)-2rohenptisetmad@d €ld 1 4022, B3
re St bd a oS
St o b i Sl st S
V\/n i(Reméol Tl mmoni msgatewed stimeBundert alvallaordofa i fdi £72daburs,
ex tvsr/méer Ngcggw %pﬁl zﬁ.l_r'Fpl%né%e ed Trpe(%ger Sq]lﬁ%éagﬁ n’s’rg{x Be \OJVﬁSS ﬁl\{\@g’d
20C 0 NxioDEdiMb Gacto s @hase@e uﬁs afld ihediltthaRBQbhcentratetl @ @@uo. The
and concent rated. jn vacuo to provide a col orless oi]

(2.788lg Cﬂ@@@*%}ab\w&rﬁ%%ﬂﬁ%@rfm ISQRISPAH P e iroyide the
I eMRrISSIt HPLGhitd 1304 oG hanoky I)‘M’}i (IBMS(@f d%Vésﬂzes ﬁp%Q 400

of Cap-12 as a col orless ol'l.
8=MHz): 80048y, 17H)4'45?d STIQJHT), 3 26(0s 8H).,3.08. (m) lélbﬂ}é) 2.65

0. 300 5By Py e Ay g e

75mmlC)/MSf enatalCdity e (B H" @, H3K Ot 194%2 foliiNI 16+, FICHROBD Anal.

1598 kT By RSB DR a8 psi ) T or 3

hours, The reaction m xture was filtered through

di at omaceous earth (Celite(r) and the filtrate was
concentrated in vacuo to pr ge the HCl salt of
Cap-13 as an oil which solidifigd upon standing under
vacuum (4.4 g; the nmass i bovig theoretical yield).
The product was used with “Urtdwer purification.
20NVR (DMBO- dc" 8=2.5, 500 MHE 12.1 (br s, 1H),
4.06 (g, J=7.4, 1H), 2.76 (s, 6O , 1.46 (d, J=7.3,

3H) .

~




Cap-14 Cap-14 95Step 1: A m xture of
(R -(-)-Dphenylglycine tert-butyl ester (3.00 g, 12.3

WO 2pa9/02568NaBH3CN (0. 773 g, 12.3 mmol ), KOH (0. BODHS2002038830

10

15

25

nmmol ) and acetic acid (0.352 nL, 6.15 nmol) were
stirred in nethanol at 0 C Zﬁtthis m xture was added
53 glutaric dial dehyde (2.23 12 3 mmol ) dropw se
over 5 mnutes. The reaction m xture was stlrred as it

[ | ent t )
il AR AER RS LA
hOTHB (410hsL emvestitionas (R)lsamig Dtdming-2 Phusthcand/Hg9.877

ety it B Gt iR AL Sl P lsd S min v

( N@§@é)ﬁ snﬁxilbﬁt@xﬁﬁé’iat@ﬁd‘oﬁ@ﬁ BARE. I Pleobldi® cHnPIR&S wtaQremoved in
provide a clear oil This material was purifie

r er’éf’f‘% andh thegesidye s partifigned hpineep PrichESp ﬁéﬂ én@:ethy @cetsf@
lz@@mn% %B&%hrf‘l? iy & WowhESd With O ¥e) Q&% NFZ”&@ rqgfﬁgteat e

56% as a clear oil.

ysqgtgloyx (ﬂm@ dng%Mg&)@@l@r@yaq%ongq}rate@zngv;zcz(cd The
ﬁl:glhant'%lorl%%oﬂ \gasigtu(rzged f;lon]r ﬂe)gan@z ﬁltgrgg J'rl_(p waqge@\%ﬂgﬂe(canes

2H)1 00 mIg o [Qrgwde fR)ﬂ_texg—puw2 (@H)loxﬂarb@ny(lgmn@)—g phdn@japfBate as a

thezsg?!:l—g‘g‘? gi?l rre 0 uti o ¢= Sppﬁlew ng(?%%(? -§ 0, ]H)

es’l e'g7 09 (h2%H), aoasdngas)m)m d@ @hbiay, omet(.hanle L(IQchﬂd) yas
A (3 The reac e
P Lt b o mmgea € sk TR AeE, it i M
CO@QHBNB&D@dBBQZd%ﬁﬂE&B]BO give a light yellow oil.

The oil_was purified usjing reverse-phase preparative
HPLC ( Prithid§phervesedded drapyvise tﬂ?@(YP?ﬂﬁ$ (e mesRp ﬁg’ecb (4@ mL)

TRRutiof BEHRRPERRdRECOVEF REHMARSNMBRECSOARPHAE FadRfhoved and
concentrated to dryness in vacug. The residue was then

di $8 HRGEd MKt WenNtRgH e dars oPingethe derIptestivg ves siill aef
t Oco@rilb@été ef all @idXTER (208K Was kiR aﬁ@gttrﬁhg&ﬁ]%mge% fr :§1)

g) he cartrlg%es were rinsed with nethanol )
an’ﬂidttWéﬂ % Iparsg ddie elgtile @ﬁlﬁ?@mt We@mﬁtde@l vmfpn@ld 2ip resulting
aniPAligud Wad LA did I'Elhﬁ nROUGE nSQ 1%@%
fract?o%s ﬁkre co |ne%,an onc ntréte and o provide a
r eEdpitataakhetratcamtatepvas dilweed end washop ith idietityil etherdfexartes 6-1:3

R e X

5 Qﬁilc(alsrotallbl) -126%. [093.1 brg/BL. ii2H)Q; 1258Pn1R]. SH NMIR (DRSO-ds,
%—ébé@rpmn L}@égfl}l{éﬁ@ L%égél &2@21}(;?% '{’5%(12(%8%%{), 74?1a-|7%g (mf SOPE),
20994 02568 REH SR ROM PI283Dnad 1) RP=1.0 Pmin; >95 % homogeneity
index; LC/MS: Anal. Calcd. for [M+H]" C;oH;2NO, 210.08; found 210.17; HRMS:

Anal. Caled. for [M+H]" CyoH12NO, 210.0766; found 210.0756.

Cap-5

N



AB6>C. 5. HO MeHO Me (R)-Cap-15 Step /:

(S)-1-Phenyl et hyl 2-brono-2-phenyl acctate: To a
WOorRPsY19e¥80f abr onobphenyl acetic acid (10.75 g, PET53009/032830
mol), (S)-(-)-1-phenylethanol (7.94 g, 0.065 nol) and
DMAP (0.61 g, 5.0 mmol) in dry dichl oronmethane (100
nm.) was added solid EDCl (12.46 g, 0.065 nol) all at

once. The resulting solution was stirred at room

ai 10t oa W iR RO LpleBliel b ThR S AR B s g FRaguan

dr i(ed7 NaZS@dp]) ahil Nagl@d?2. 1agdl COme®ib)tin athewb! (49 ng)/\easaueated

al e ye | . ElLash chromat ogr

P e B Phuiss T Yoo SRR oS B DB emt e maratuppnd
ti tm@re@%ﬂaqmnﬁélva%o@enﬂa%@@m @zscu@ Whé Fe@ldﬁ@{vhﬂdlsslaﬁeﬁ\lw
(400 M, ()1 5 (q, J=6.

5HZ etl‘@ngll.q)ld agd@ig W&h 11}1-1@(?]60 p|IzI 3 Zb a5q1.|)he vglaglf C()glpoxtpngwgs
S. ?fgn&\%éi iR va'?_b% THe é&xhgl% crgdeﬁneﬁertﬂ was F\ﬁ‘hl)ed b¥ a2dvefsd phase

henyl e
( RHEPLQ @M@tgr@mqﬂ)@yolﬂﬁﬁg)tthyrom éhq ’EﬁAq salt]_o.f}i}_ppj ag a semi-viscous

D INLI05h B, [ B BRTRVP 312 S S IR B, s

(8 (M}HMSB&QGHOL 3':341 (emhb’ﬂ sapi)e. %Qarﬁﬂer:LZHW 35 (apprdt 9, 4H);

ol n| um i. 5
g Bl D AR PR B b gy G for
t eqpetgt Q[‘onﬁ\UD’Z ﬁ)étmzmﬂmasz@ams,t hen a sol ution of
4-met hyl-4- hydroxypi peridine (0.251 g, 2.18 mml) in
THF (2 nmL) was added. The m xture was stirred for 1
hour at room tenperature andcdhen it was heated at
55-60 C (oil bath 20tenperature) for 4 hours. The
cool ed reaction m xture hef diluted wth ethyl
acetate (30 nL), washed ( brine), dried
(MpS™), filtered and concent cat ed' The resi due was

purified by silica gel chro raphy (0-60% et hyl
acet at e- hexane) to provide fj r@? the (S, R -isoner of

the title conpound (0.306 %9 as a white solid and

e SRS Sl A ey

87 .tB6dmd- 245b(qmoeﬂﬂegiy)efhalib1by7usﬁ@ t]@emnetBH) of BerBB:tioy of JapBs.6'H

o, Byl i S0, OB, 2. i,

1. B878((8pp BH) 4Hj_§lv§(apﬁmals 21G5ad. gﬁ(apf) f s, CRI2HPAN3: midbds (Cond.

found: 354 (Mr1- oner; 0D). 5
7 A} >98°§OL@§NS el qalgé for [)fﬁ+lil}nC12;}L|§N072%117%d(2§? 20;
202HHRMS8AntM Catab £& [M2-H id)?ngﬂ@cQﬁzz(sz@ I'ﬂ)undzzﬂQ'l 21,60

5 (m 1H), 2.51 (dt J:6. Hz, 1H), 2.44-2.31
(m 2H), 1.75-1.65 (m IH), 165 154(m3H) 1.50
(d, J=6.8 Hz, 3H), 1.20 (s, 7 LCMS: Anal . Cal cd.
for C22H27NO3: 353; found: 354 (M+Hf. Step 3:
(R) - 2-(4- Hydr oxy- t hyd pi peridi n-1-yl)-2-phenyl acet i
c acid: To a 5sol S) - 1- phenyl et hyl

(R) - 2- (4- hydr oxy- 4- net ylﬁ eridin-l-yl)-2-

phenyl acetate (0.185 .52 a)e”? 'ogFchl or onet hane

ap/bzenan

(3 m) was added trif{ ugr oacetic Pats 'O?qir m.) and the
m xture was stirred atNroomtenperature for 2 hours.
The volatiles were subéequently renmoved in vacuo and
t he resiadoR,c1R@00 L) kbletonf pttemeﬁeﬁ@]f@maﬂormee@as atdsve
HPLC (Pr| mesphere C-18, 20 x 10 CN- H20- 0. 1%
2STFAYMPlY Was 3Hsleq Rropwise (a w&ﬁﬁdnﬁn &>@&§Ctpﬁ’/l0%ram yohgign gf (S)-
pal e bluish solid (0,128 g, 98% . LCMS: Anal. Cal cd.
for Cl4F119NC3: 249; found: 250 (MtH)+. Cap-16

(R -Ca p-16



5 Step /: (S)-1-Phenyl ethyl 2-(2-fluorophenyl)acetate:
A m xture of 2- fluorophenylacetic acid (5.45 g, 35.4

WO 8192568 ) - 1- phenyl et hanol (5. 62g. 46.0 ol PCT/ERRY09/032830
(8.82 g, 46.0 mml) and DVAP (0.561 g, 4.60 nmol) in
CH2A 2 (100 m) was stirred @k roomtenperature for 12
hours. The solvent was then 2121concentrated and the
residue partitioned with H20-ethyl acetate. The phases
we I
w PR E PRI RS B pI COMIL BLuED), RS B TR 41
\/\/errlenqlmri édjl@emy)lammopy@qine @rs0¢ g, 4 Na@8OY) whild intigragung the

con rat ed vaguy The reS| due. y
o oS E bR AR TR BB St BRi Fhoury
acgidath@r Jﬁﬁ&@ﬁﬁ) frée@err(rzgvo;i erilh fho&ﬂs t it eva§ elnm@ém tAS ta amblent
colorless oil 95(8.38 92% % 0D)
smswcrﬁmz%aqdmasm Wlﬂvwaten @0@@1@ nl]N 12?1 (180g8.) ead bgnedl@) mL),
"dMgS@)4)7 ;iltér%d a%h%%nr?%nt@ed(zg vaéu%'f@px%vi'dé be&l}_/l) 2-phenyl-2-
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solution was then purged with Ar, filtered through

di at onaceous earth (Celite), and concentrated 25 in
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solid (0.503 g, 98% . 11-1 NWR (400 MHz, CD30D) 6 7.65

(ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m 1H),

7.21-7.30 (m 2H), 3.07-3.13 (m 4H), 1.84 (br s, 4H),

1.62 O s, 2H). LCVs: Anal. Calcd. for Cl 3H 6FNC2:

237; found: 238 (MtH)+. Step |: (S)-1-Phenyl et hyl

(R) - 2- (4- hydr oxy- 4- phenyl pi peridin-I-yl)- 2-

phenyl acetate: To a solution of (S)-1-phenylethyl
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10x2, brine), dried (MgSH), filtered and

concentrated. The residue was purified on a silica gel
WO0094i19a5680- 60% et hyl acet at e- hexane) to provi ®ETAIS2009/032830

approximately 2:1 m xture of diastereoners, as judged
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30 x 250mMm 20%ethano| in CQ2 at 35 C), to give first
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hydroxyplperldme for Cap-8 and (S) 3- ﬂuoropynohdme for Cap-9) and modified
conditions for the separation of the respective stereoisomeric intermedites, as

described below.

8a: enantiomer-1
8b: enantiomer-2

OH
The enantiomeric separation of the intermediate benzyl 2-(4-
hydroxypiperidin-1-yl)-2-pheny! acetate was effected by employing the following
conditions: the compound (500 mg) was dissolved in ethanol/heptane (5 mL/45 mL).
25  The resulting solution was injected (5 mL/injection) on a chiral HPLC column

(Chiracel OJ, 2 cm ID x 25 cm L, 10 pum) eluting with 80:20 heptane/ethanol at 10
mL/min, monitored at 220 nm, to provide 186.3 mg of enantiomer-1 and 209.1 mg of
enantiomer-2 as light-yellow viscous oils. These benzyl ester was hydrogenolysed

according to the preparation of Cap-7 to provide Cap-8: 'H NMR (DMSO-de, 5=2.5,



5.05 (s, 2H) 5.82 (d, J=6.71 Hz, 1H) 7.15-7.52 (m

LCVMS: Anal. Calcd. for: C28H30N204 458. 22;

15H) .
wo ME&%P§6&59. 44 (MHH) +. Di ast ereomer 2: ' H NREI/USZ089/032830
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MHz, DVBO-d6) a, ppm 1.45 (d, 1=6.71 Hz, 3H) 2.27-2.44

(iii, 4H  3.39 (s, 4H) 4.23,(s, | H 5.06 (s, 2H)
.83 (d,

500 MHz) 7.40 (d, J=7, 2H), 7.28-7.20 (m, 3H), 3.78 (s 1H), 3.46 (m, 1H), 2.93 (m,
1H), 2.62 (m, 1H), 2.20 (m, 2H), 1.70 (m, 2H), 1.42 (m, 2H). RT=0.28 (Cond. II);
>98% homogeneity index; LC/MS: Anal. Calcd. for [M+H]" Ci3H;sNOs: 236.13;
found 236.07; HRMS: Caled. for [M+H]" C;3H sNO;3: 236.1287; found 236.1283.

Cap-9
O
OH
N 9a: diastereomer-1
< Z 9b: diastereomer-2

=

The diastereomeric separation of the intermediate benzyl 2-((S)-3-
fluoropyrrolidin-1-y1)-2-phenylacetate was effectéd by employing the following
conditions: the ester (220 mg) was separated on a chiral HPLC column (Chiracel OJ-
H, 046 cm ID x 25 cm L, 5 pm) eluting with 95% CO,/ 5% methanol with 0.1%
TFA, at 10 bar pressure, 70 mL/min flow rate, and a temperature of 35 °C. The
HPLC elute for the respective stereiosmers was concentrated, and the residue was
dissolved in CH,Cl, (20 mL) and washed with an aqueous medium (10 mL water + 1
mL saturated NaHCOx solution). The organic phase was dried (MgSOy), filtered, and
concentrated in vacuo to provide 92.5 mg of fraction-1 and 59.6 mg of fraction-2.
These benzyl esters were hydrogenolysed according to the preparation of Cap-7 to
prepare Caps 9a and 9b. Cap-9a (diastereomer-1; the sample is a TFA salt as a result
of purification on a reverse phase HPLC using H,O/methanol/TFA solvent): '"H NMR
(DMSO-ds, 8=2.5, 400 MHz) 7.55-7.48 (m, 5H), 5.38 (d of m, J=53.7, 1H), 5.09 (br
s, 1H), 3.84-2.82 (br m, 4H), 2.31-2.09 (m, 2H). RT=0.42 (Cond. I); >95%
homogeneity index; LC/MS: Anal. Calcd. for [M+H]" C;2H;sFNO;: 224.11; found
224.14; Cap-9b (diastereomer-2): '"H NMR (DMSO-dg, 5=2.5, 400 MHz) 7.43-7.21
(m, 5H), 5.19 (d of m, J=55.9, 1H), 3.97 (s, 1H), 2.95-2.43 (m, 4H), 2.19-1.78 (m,
2H). RT=0.44 (Cond. I); LC/MS: Anal. Calcd. for [M+H]" C1oHsFNO,: 224.11;
found 224.14.



1=6.71 Hz, 1H) 7.12 (dd, 1=6.41, 3.05 Hz, 2H)
7.19-7.27 (m 3H) 7,27- 7.44 (m 10H. LCVB: Anal.
wOQae@256Bor . C281- 130N204 458.22;  Found: &%I/US2009/032830

(MtH) . Internediate -17b H Diasteroner 1: RT11.76 N
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Cap-10

T

10

Ho” N
)

To a solution of D-proline (2.0 g, 17 mmol) and formaldehyde (2.0 mL of
37% wt. in H,O) in methanol (15 mL) was added a suspension of 10% Pd/C (500
mg) in methanol (5 mL). The mixture was stirred under a balloon of hydrogen for 23
hours. The reaction mixture was filtered through diatomaceous earth (Celite®) and
concentrated in vacuo to provide Cap-10 as an off-white solid (2.15 g). 'H NMR
(DMSO-ds, 8=2.5, 500 MHz) 3.42 (m, 1H), 3.37 (dd, J=9.4, 6.1, 1H), 2.85-2.78 (m,
1H), 2.66 (s, 3H), 2.21-2.13 (m, 1H), 1.93-1.84 (m, 2H), 1.75-1.66 (m, 1H).
RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal. Calcd. for [M+H]
CsH1oNO,: 130.09; found 129.96.

Cap-11
T
HO/U\L'\’)
®
A mixture of (2S,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
mmol), formaldehyde (0.5 mL of 37% wt. in H,O), 12 N HC1(0.25 mL) and 10%
Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of hydrogen for 19
hours. The reaction mixture was filtered through diatomaceous earth (Celite®) and
the filtrate was concentrated in vacuo. The residue was recrystallized from
isopropanol to provide the HCI salt of Cap-11 as a white solid (337.7 mg). 'H NMR
(DMSO-de, 8=2.5, 500 MHz) 5.39 (d m, J=53.7, 1H), 4.30 (m, 1H), 3.90 (ddd,
J=31.5,13.5, 4.5, 1H), 3.33 (dd, J=25.6, 13.4, 1H), 2.85 (s, 3H), 2.60-2.51 (m, 1H),
2.39-2.26 (m, 1H). RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal.
Calcd. for [M+H]" C¢H; FNO,: 148.08; found 148.06.

Cap-12 (same as cap 52)
O

/o\n/n\)\ o

O =



(Cond'n Il); N - LCMS: Anal. Calcd. for: So
C20H22N203 338. 16 41111 Found: 339.39 (MtH) -

WO 190%3428¢%0omer 2: 59  RT=10.05 mi nutes (CondP‘ﬁT/Uﬁ3009/032330
LCVS: Anal. Calcd. for: C20H22N203 338. 16; Found:
339.39 (M+H) +. o

L-Alanine (2.0 g, 22.5 mmol) was dissolved in 10% aqueous sodium

carbonate solution (50 mL), and a THF (50 mL) solution of methyl chloroformate
(4.0 mL) was added to it. The reaction mixture was stirred under ambient conditions
for 4.5 hours and concentrated in vacuo. The resulting white solid was dissolved in

5 water and acidified with 1IN HCl to a pH ~ 2-3. The resulting solutions was extracted
with ethyl acetate (3 x 100 mL), and the combined organic phase was dried (N2,SO,),
filtered, and concentrated in vacuo to provide a colorless oil (2.58 g). 500 mg of this
material was purified by a reverse phase HPLC (H,O/methanol/TFA) to provide 150
mg of Cap-12 as a colorless oil . '"H NMR (DMSO-dg, 3=2.5, 500 MHz) 7.44 (d,

10 J=7.3,0.8H), 7.10 (brs, 0.2H), 3.97 (m, 1H), 3.53 (s, 3H), 1.25 (d, J=7.3, 3H).

Cap-13
| O

/N:QJ\OH

A mixture of L-alanine (2.5 g, 28 mmol), formaldehyde (8.4 g, 37 wt. %), IN
15 HCI (30 mL) and 10% Pd/C (500 mg) in methanol (30 mL) was stirred under a
hydrogen atmosphere (50 psi) for 5 hours. The reaction mixture was filtered through
diatomaceous earth (Celite®) and the filtrate was concentrated in vacuo to provide the
HCI salt of Cap-13 as an oil which solidified upon standing under vacuum (4.4 g; the
mass is above theoretical yield). The product was used without further purification.
20 'HNMR (DMSO-ds, =2.5, 500 MHz) & 12.1 (br s, 1H), 4.06 (q, J=7.4, 1H), 2.76 (s,
6H), 1.46 (d, J=7.3, 3H).

Cap-14
QKCOZPBU ©/'\C02t-BU —_— ©)\C02H
Cap-14
25 Step 1: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3

mmol), NaBH3;CN (0.773 g, 12.3 mmol), KOH (0.690 g, 12.3 mmol) and acetic acid

(0.352 mL, 6.15 mmol) were stirred in methanol at 0 °C. To this mixture was added



Intermediate 4 7c | Diastereoner 1: TRA. 55 m nutes
(Cond'n 1); LCMS: Anal. Calcd. for: O C21H26N202

wO2e®/182568 Found: 339.45 (M+H) +; Di ast er eonePCI1US2009/032830
TR, 6.00 mnutes (Cond'n 1); LCVS: Anal. Calcd. for:

10

15

[ae)
N

C211426N202 338. 20 Found: 35%9. 45 (MrH) " .

glutaric dialdehyde (2.23 mL, 12.3 mmol) dropwise over 5 minutes. The reaction
mixture was stirred as it was allowed to warm to ambient temperature and stirring
was continued at the same temperature for 16 hours. The solvent was subsequently
removed and the residue was partitioned with 10% aqueous NaOH and ethyl acetate.
The organic phase was separated, dried (MgSO,), filtered and concentrated to
dryness to provide a clear oil. This material was purified by reverse-phase
preparative HPLC (Primesphere C-18, 30 x 100mm; CH3CN-H,0-0.1% TFA) to give
the intermediate ester (2.70 g, 56%) as a clear oil. 'H NMR (400 MHz, CDCl;) &
7.53-7.44 (m, 3H), 7.40-7.37 (m, 2H), 3.87 (d, /=10.9 Hz, 1H), 3.59 (d, J=10.9 Hz,
1H), 2.99 (t, /=11.2 Hz, 1H), 2.59 (t, /=11.4 Hz, 1H), 2.07-2.02 (m, 2H), 1.82 (d,
J=1.82 Hz, 3H), 1.40 (s, 9H). LC/MS: Anal. Calcd. for C;7H,sNO,: 275; found:
276 (M+H)". -

Step 2: To a stirred solution of the intermediate ester (1.12g, 2.88mmol) in
dichloromethane (10 mL) was added TFA (3 mL). The reaction mixture was stirred
at ambient temperature for 4 hours and then it was concentrated to dryness to give a
light yellow oil. The o1l was purified using reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH3;CN-H,0-0.1% TFA). The appropriate
fractions were combined and concentrated to dryness in vacuo. The residue was then
dissolved in a minimum amount of methanol and applied to applied to MCX LP
extraction cartridges (2 x 6 g). The cartridges were rinsed with methanol (40 mL)
and then the desired compound was eluted using 2M ammonia in methanol (50 mL).
Product-containing fractions were combined and concentrated and the residue was
taken up in water. Lyophilization of this solution provided the title compound (0.492
g, 78%) as a light yellow solid. 'H NMR (DMSO-de) & 7.50 (s, SH), 5.13 (s, 1H),
3.09 (brs, 2H), 2.92-2.89 (m, 2H), 1.74 (m, 4H), 1.48 (brs, 2H). LC/MS: Anal.
Calcd. for Ci3H7NO;: 219; found: 220 (M+H)".
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Internediate -17(1 0° Z Diastereoner 1: RT"7.19

m nutes (Cond' n |); LCMS: Anal. Calcd. for:
DRTHPZEOIO2 399. 22 Found: 400.48 (MtH)-; PCT/US2009/032830
Di astereoner 2: RT=9.76 minutes (Cond' n I); LCVE:

Anal . Calcd. for: C27H29N0r27 399. 22 Found: 400. 48
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retention tine

Cap-15
o}

O Me
e oowe 5 (IR . O
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OH

HO™ “Me HO™ "Me
(R)-Cap-15

Step 1: (S)-1-Phenylethyl 2-bromo-2-phenylacetate: To a mixture of a-
bromophenylacetic acid (10.75 g, 0.050 mol), (S)-(-)-1-phenylethanol (7.94 g, 0.065
mol) and DMAP (0.61 g, 5.0 mmol) in dry dichloromethane (100 mL) was added
solid EDCI (12.46 g, 0.065 mol) all at once. The resulting solution was stirred at

A B

room temperature under Ar for 18 hours and then it was diluted with ethyl acetate,
washed (H,O x 2, brine), dried (Na,S0O,), filtered, and concentrated to give a pale
yellow oil. Flash chromatography (SiO,/ hexane-ethyl acetate, 4:1) of this oil
provided the title compound (11.64 g, 73%) as a white solid. "H NMR (400 MHz,
CDCl3) 6 7.53-7.17 (m, 10H), 5.95 (q, /=6.6 Hz, 0.5H), 5.94 (q, J=6.6 Hz, 0.5H),
5.41 (s, 0.5H), 5.39 (s, 0.5H), 1.58 (d, J=6.6 Hz, 1.5H), 1.51 (d, J=6.6 Hz, 1.5H).
Step 2: (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (0.464 g,
1.45 mmol) in THF (8 mL) was added triethylamine (0.61 mL, 4.35 mmol), followed
by tetrabutylammonium iodide (0.215 g, 0.58 mmol). The reaction mixture was
stirred at room temperature for 5 minutes and then a solution of 4-methyl-4-
hydroxypiperidine (0.251 g, 2.18 mmol) in THF (2 mL) was added. The mixture was
stirred for 1 hour at room temperature and then it was heated at 55-60 °C (oil bath
temperature) for 4 hours. The cooled reaction mixture was then diluted with ethyl
acetate (30 mL), washed (H,O x2, brine), dried (MgSO,), filtered and concentrated.
The residue was purified by silica gel chromatography (0-60% ethyl acetate-hexane)
to provide first the (S,R)-isomer of the title compound (0.306 g, 60%) as a white
solid and then the corresponding (S,S)-isomer (0.120 g, 23%), also as a white solid.
(S,R)-isomer: '"H NMR (CD:OD) & 7.51-7.45 (m, 2H), 7.41-7.25 (m, 8H), 5.85 (q,
J=6.6 Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2H), 2.41-2.29 (m, 2H), 1.71-1.49 (m,
4H), 1.38 (d, J=6.6 Hz, 3H), 1.18 (s, 3H). LCMS: Anal. Calcd. for CyH,7NOs:
353; found: 354 (M+H)". (S,S)-isomer: 'H NMR (CDsOD) & 7.41-7.30 (m, 5H),
7.20-7.14 (m, 3H), 7.06-7.00 (m, 2H), 5.85 (q, /=6.6 Hz, 1H), 4.06 (s, 1H), 2.70-2.60
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(R)-Cap-16

Step 1: (S)-1-Phenylethyl 2-(2-fluorophenyl)acetate: A mixture of 2-
fluorophenylacetic acid (5.45 g, 35.4 mmol), (S)-1-phenylethanol (5.62 g, 46.0
mmol), EDCI (8.82 g, 46.0 mmol) and DMAP (0.561 g, 4.60 mmol) in CH,Cl, (100
ml) was stirred at room temperature for 12 hours. The solvent was then
concentrated and the residue partitioned with H,O-ethyl acetate. The phases were
separated and the aqueous layer back-extracted with ethyl acetate (2x). The
combined organic phases were washed (H,O, brine), dried (Na,SO,), filtered, and
concentrated in vacuo. The residue was purified by silica gel chromatography
(Biotage/ 0-20% ethyl acetate-hexane) to provide the title compound as a colorless oil
(8.38 g,92%). "H NMR (400 MHz, CD;0D) & 7.32-7.23 (m, 7H), 7.10-7.04 (m, 2),
5.85 (q, J=6.5 Hz, 1H), 3.71 (s, 2H), 1.48 (d, J=6.5 Hz, 3H).

Step 2: (R)-((S)-1-Phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate:
To a solution of (S)-1-phenylethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol) in



2H) 2.34-2.47 (m 2H)  3.37 (s, 4H) 3.71 (s, 1H
5.06 (s, 2H) 7.06-7.53 (m  10H). LCMB: Anal .

WO ZWpP/aers6§ or : C201- 122N204 61 354. 16; FoundPCBYS5208%/032830

10

15

20

(MrH) +. Cap-17b H NO CLCMS: N SI00 H RT-0.27 (Cond'n
I11); Anal. Calcd. for: C 2Hi5gl\l203 234.10; Found:
235.22 (MrH) +.

THF (1200 mL) at 0 °C was added DBU (6.19 g, 40.7 mmol) and the solution was
allowed to warm to room temperature while stirring for 30 minutes. The solution
was then cooled to -78 °C and a solution of CBr4(13.5 g, 40.7 mmol) in THF (100
mL) was added and the mixture was allowed to warm to -10 °C and stirred at this
temperature for 2 hours. The reaction mixture was quenched with saturated aq.
NH,4C1 and the layers were separated. The aqueous layer was back-extracted with
ethyl acetate (2x) and the combined organic phases were washed (H,O, brine), dried
(NayS0y), filtered, and concentrated in vacuo. To the residue was added piperidine
(5.73 mL, 58.1 mmol) and the solution was stirred at room temperature for 24 hours.
The volatiles were then concentrated in vacuo and the residue was purified by silica
gel chromatography (Biotage/ 0-30% diethy] ether-hexane) to provide a pure mixture
of diastereomers (2:1 ratio by 'H NMR) as a yellow-oil (2.07 g, 31%), along with
unreacted starting material (2.53 g, 51%). Further chromatography of the
diastereomeric mixture (Biotage/ 0-10% diethyl ether-toluene) provided the title
compound as a colorless 0il (0.737 g, 11%). "H NMR (400 MHz, CDs0D) § 7.52
(ddd, J=9.4,7.6, 1.8 Hz, 1H), 7.33 — 7.40 (m, 1), 7.23 — 7.23 (m, 4H), 7.02 - 7.23
(m, 4H), 5.86 (q, J=6.6 Hz, 1H), 4.45 (s, 1H), 2.39 — 2.45 (m, 4H), 1.52 - 1.58 (m,
4H), 1.40 — 1.42 (m, 1H), 1.38 (d, J=6.6 Hz, 3H). LCMS: Anal. Calcd. for
C21H24FNOy: 341; found: 342 (M+H)".

Step 3: (R)-2-(2-fluorophenyl)-2-(piperidin-1-yl)acetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate (0.737 g, 2.16
mmol) and 20% Pd(OH),/C (0.070 g) in ethanol (30 mL) was hydrogenated at room
temperature and atmospheric pressure (H; balloon) for 2 hours. The solution was
then purged with Ar, filtered through diatomaceous earth (Celite®), and concentrated
in vacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 'H
NMR (400 MHz, CD3;O0D) § 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 1H),
7.21-7.30 (m, 2H), 3.07-3.13 (m, 4H), 1.84 (br s, 4H), 1.62 (brs, 2H). LCMS: Anal.
Caled. for Ci3H 6FNO;,: 237; found: 238 (M+H)".

M



Cap-17c 11 PO OH RT=0.48 (Cond'n I1); LCMs: Anal.

Cal cd. for: C1l3H181\1202 234.14; Found: 235.31 ( MtH) +.
WOCAH/I02%8S] 0 0 OH RT,-2.21 (Cond' n 1); LCNVS: PAITAVS2009/032830

Cal cdf or: Cl9H21INO2 295.16; Found: 296.33 (M -H)+.

LCMS Conditions for determ nlglp retention time

Condition I 5 Columm: Phenonenex-Luna 4.6 X 50 mm S 10

Start (3/0 8=0 Fianl % B=100 Gradient Tinme=4 mn Flow

Rate=4 nmi./mn 10 Wavel engt h%22_3 Sol vent A=l 0% net hanol

- 90% H20 - 0. 1% TFA Sol vent 82dGo% et hanol - 10% H20 -

. 1% TFA Condition I tard 9%, B=0 Fianl =100
Gradl Tig % 1 on

N

HO
(R)-Cap-17

Ph

Step 1: (S)-1-Phenylethy! (R)-2-(4-hydroxy-4-phenylpiperidin-1-y1)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (1.50 g,
5 4.70 mmol) in THF (25 mL) was added triethylamine (1.31 mL, 9.42 mmol),

followed by tetrabutylammonium iodide (0.347 g, 0.94 mmol). The reaction mixture
was stirred at room temperature for 5 minutes and then a solution of 4-phenyl-4-
hydroxypiperidine (1.00 g, 5.64 mmol) in THF (5 mL) was added. The mixture was
stirred for 16 hours and then it was diluted with ethyl acetate (100 mL), washed (H,O

10 x2, brine), dried (MgSOy), filtered and concentrated. The residue was purified on a
silica gel column (0-60% ethyl acetate-hexane) to provide an approximately 2:1
mixture of diastereomers, as judged by '"H NMR. Separation of these isomers was -
performed using supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250mm;
20% ethanol in CO, at 35 °C), to give first the (R)-isomer of the title compound

15 (0.534 g, 27%) as a yellow o1l and then the corresponding (S)-isomer (0.271 g, 14%),
also as a yellow oil. (S,R)-isomer: 'H NMR (400 MHz, CDsOD) 6 7.55-7.47 (m,
4H), 7.44-7.25 (m, 10H), 7.25-7.17 (m, 1H), 5.88 (q, J/=6.6 Hz, 1H), 4.12 (s, 1H),
2.82-2.72 (m, 1H), 2.64 (dt, J=11.1, 2.5 Hz, 1H), 2.58-2.52 (m, 1H), 2.40 (dt,
J=11.1, 2.5 Hz, 1H), 2.20 (dt, J=12.1, 4.6 Hz, 1H), 2.10 (dt, /=12.1, 4.6 Hz, 1H),

20 1.72-1.57 (m, 2H), 1.53 (d, /=6.5 Hz, 3H). LCMS: Anal. Calcd. for Cy7H29NOx:
415; found: 416 (M+H)"; (S,S)-isomer: H'NMR (400 MHz, CD:0D) & 7.55-7.48
(m, 2H), 7.45-7.39 (m, 2H), 7.38-7.30 (m, 5H), 7.25-7.13 (m, 4H), 7.08-7.00 (m,
2H), 5.88 (q, J=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1H), 2.68 (dt, /=11.1, 2.5
Hz, 1H), 2.57-2.52 (m, 1H), 2.42 (dt, J=11.1, 2.5 Hz, 1H), 2.25 (dt, J=12.1, 4.6 Hz,

25 1H),2.12 (dt, J=12.1,4.6 Hz, 1H), 1.73 (dd, J=13.6, 3.0 Hz, 1H), 1.64 (dd, J=13.6,
3.0 Hz, 1H), 1.40 (d, J=6.6 Hz, 3H). LCMS: Anal. Calcd. for Cy7H9NOs: 415;
found: 416 (M+H)".



Fl ow Rate=4 nL/m n 5 Wavel engt h=220 Sol vent A=10%
met hanol - 90% H20
WO 30996192368 - 0. 1% TFA Condi tion |11
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LCMS: Anal. Calcd. for:
CasH3oN,04 458.22;
Found: 459.44 (M+H)".

Intermediate -17b

Diasteromer 1: RT-11.76
minutes (Cond’n II);
LCMS: Anal. Calcd. for:
Ca0H2N»03 338.16
Found: 339.39 (M+H)";

Diastereomer 2;

/
“ /
"L



Step 3;
(R, S)-2-(4-Pyridyl)-2-(N, N-di net hyl am no) aceti c aci d:

WOR0%1088BUt | on of (R, S)-ethyl PCT/US2009/032830

wn

2-(4-pyridyl)-2-(N, N-di net hyl am no) acetate (0.200 g,
0.960 mmol ) in a mxture of THF-nethanol-H20 ( | :1

:1, 6 nL) was added powdered 11 CH (0.120 g, 904.99
nmol ) at roon1tenperature The sol ution mas stirred

f orr 3—hours—and—thep—it+—was—actdi-fH-ed HS+h N
HCl. The aqueous phase was washed with %?ﬁgvﬁHB@Pﬁge
and then it was |yophilized to give thqcominH)LCMS4Amﬂ
di Hydrochl oride of the title conmpound @
sollid (containing CACI). The product wdgdﬁkéaré§&§d$ﬁh

I n |subsequent steps| | HNWR (400 Mz, Di\@,@l@@:mﬁ,d%ﬁ%g
(d,| J=5.7 Hz, 2H), .34 (d, J57|—|z 2 H) 6 (s

1H)|, 2.21 (s, 6H). Thefollovvlng @&J?Hﬁples wer e

pr €NaL Sy tar] fashirpn using the fed HESCTT.054
abcveeﬁ%glpd-?e ] ﬁ Me2 { Anal . %%QI%?%‘%SIC T35
CoHi 2\702: 180; foup EQ(MH—D BHuEa (CaO NME2

, '-{-CO2H 1N LCMs: nolon tion IFI 0

cpdoD) 8 8.55 (d. JE 7.84 ?@%@gtg“%alﬁd for:
Hz,{ 1H), 7.61 (d, J= @ 1 , 1. 37 (@GP0 3R. D
Hz,| 1H), 4.35 (s, 1 .6 6H) . Cap-21 .
NTH2 o----kkc 2H ONs-:-' L N g ges ar'

COHI ECI N202: 214, 21p; found: 5, 217 (MakfreomEad-1:26.00
NMVg 2

minutes (Cond’n I);
LCMS: Anal. Calcd. for:
CaH26N20, 338.20
Found: 339.45 (M+H)".

Diastereomer 1: RT.7.19

Intermediate -17d
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
N Cy7H29NO, 399.22
mo Found: 400.48 (M+H)";
O Diastereomer 2: RT=9.76
minutes (Cond’n I);
LCMS: Anal. Caled. for:
Co7H29NO, 399.22
Found: 400.48 (M+H)".

Chiral SFC Conditions for determining retention time

Condition I

Column: Chiralpak AD-H Column, 4.62x50 mm, S5um
Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C

Pressure: 150 bar



reCO2H 02N LCMS: Anal . Cal cd. for ClOH12N204: 224,
found: 225 (MtH)t. Cap-23 NVe2 Si CO2H 40 LCMVS:

WO 2064102568l cd. for Cl4H 5NO2: 229; found: 230 POA/HE$2009/032830

10

15

Cap-24 Nme2 ,3c 0Oco2H LCMS: Anal. Calcd. for

Cl 1 H 2F3NQ2: 247; found: 24866MFH) +, Cap-25 Nme2
10co2H cF3 LCVS: Anal. Calcd. " for Cl1H 2F3NQ2: 247,
found: 248 (M+H) Cap-26 NMe2 CO2H Si F LCVB: Anal .

Ca cd.atf. Ci?HlZFN@: 197; found: 198 (M+H) +. Cap- 27
ES BB Anal . Calcd. for ClOi- 112FNCD. 247
f oUuNdnhon2btd (@BR) tm Cap- 28 NMVe2

Injection: 1.0 mg/3mL methanol

Condition II

Column: Chiralcel OD-H Column, 4.62x50 mm, Sum
Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C

Pressure: 150 bar

Flow rate: 2.0 mL/min.

UV monitored @ 220 nm

Injection: 1.0 mg/mL methanol

Cap 17, Step 2; (R)-2-(4-Hydroxy-4-phenylpiperidin-1-yl)-2-phenylacetic
acid: To a solution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-y1)-2-
phenylacetate (0.350 g, 0.84 mmol) in dichloromethane (5 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
hours. The volatiles were subsequently removed in vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm;
CH3CN-H,0-0.1% TFA) to give the title compound (as TFA salt) as a white solid
(0.230 g, 88%). LCMS: Anal. Calcd. for C19H2NOs: 311.15; found: 312 (M+H)".

The following carboxylic acids were prepared in optically pure form in a similar

fashion:

Cap-17a RT-2.21 (Cond’n II); 'H
OYOVQ NMR (500 MHz, DMSO-

N de) 8 ppm 2.20-2.35 (m,

[N] 2H) 2.34-2.47 (m, 2H)

©)*\”/0H 3.37 (s, 4H) 3.71 (s, 1H)

o 5.06 (s, 2H) 7.06-7.53 (m,
10H). LCMS: Anal.
Calcd. for: CoH22N204




Cl isco2, LCVS: Anal. Calcd. for Cl101-112CINC2: 213;
found 214 (M+rH)+. 65 Cap-29 Nnme2 soco2H CI LCMs:
WORG8Y/102888| cd. for CLOH12CI NO2: 213; found: 212CINSAE/032830
Cap-30 NMe2 Oco2H C LCMs: Anal. Calcd. for
C10H12C1NO2: 213; found: 214 (MH. Cap-31 Nne2 CO2H
LCVMS: Anal . Calcd. for C81-11 02S: 200; found: 201
(MtH) +. Cap-32 Nwve2 ---CO2H LCMS: Anal. Cal cd. for
C3HI0Yv102S—185—Foun

LdVE: Anal . Calcd. flor CBEI 11N2S: 185:| Paudd I8e o538
(NH) t (M+H)".
Cap-17b H o RT-0.27 (Cond’n III);
[ f LCMS: Anal. Calcd. for:
N o C1oHN,05 234.10;
©)*\‘O( Found: 235.22 (M+H)".
Cap-17¢ Ill RT-0.48 (Cond’n II);
[ ] LCMS: Anal. Caled. for:
N o Ci:HisN,0, 234.14;
m Found: 235.31 (M+H)".
Cap-17d RT-2.21 (Cond’n I);
LCMS: Anal. Calcd. for:
Ci9H21NO; 295.16;
N Found: 296.33 (M+H)".
, OH
oY

LCMS Conditions for determining retention time

Condition I
5 Column: Phenomenex-Luna 4.6 X 50 mm S10

Start % B=0
Fianl % B=100
Gradient Time=4 min
Flow Rate=4 mL/min

10  Wavelength=220
Solvent A=10% methanol — 90% H,O0 — 0.1% TFA
Solvent B=90% methanol — 10% H,O —0.1% TFA

Condition I
15 Column: Waters-Sunfire 4.6 X 50 mm S5



Cap-34 OONme2 CO2H | O-N LCMs: Anal . Cal cd. for
Cll11-112N201: 220; found: 221 (MrHr. Cap-35 esNnme2

WO 1009025¢8CVS:  Anal . Cal cd. for d 2H 3NORS: 235PCTHB9g9/032830

W

10

2

1%
h

0

236 (MtH)t. Cap-36 NMe2 /CO2H LCMS: Anal . Calcd. for
G 2H14N202S: 250; found: 251.4MH)°" . 66

Step I'; (R'S)-Ethyl

2-(quinolin-3-yl1)-2-(N, Ndi net hyl am no) -acetate: A

m gt%H[’/?BQ§) et hyl N, N-di net hyl am noacetate (0.462 g,

3. nmol K3PO4 (1.90 g, 8.95 mmol ), Pd(t-Bu3P)2

( OFi@8I0o =100 176 mmol ) and toluene (10 nL) was degassed
vviéh a fc,{,.reg?w of Ar bubbles for 15 m nutes. The

r ealfIBh UM ¢ P2 was then heated at 5100C for 12
hoElo®, Raad=HeriL/mhii ch it was cooled to roomtenperature
anﬂ,pqej{gg]?:i to H20. The m xture was extracted with
et My1'e 3¢ (2x) and the combined organic phases
Wes &vaid aRegh, mid2inolb! 90%6 H,0 Aol 8d TENa2SO4) , fil tered,
and concentrated in vacuo. The residue was purified
f i pAYenb =P stedenplalee Pe@pdrlae T8 HPLC (Pri nesphere
C-18, 30 x 100nm CH304- H20-5 mM NH40Ac) and then by
flash 10chromat ography (Si 02/ hexane-ethyl acetate,
1: @yndigondHovi de the title conpound (0.128 g, 17% as

an i N , cDbcl3) 8 8.90 (d,
J:g&gg'ﬂlzgﬁ’eg%?ne%.ﬁ‘g’i%%?:hﬁ’ko Hz, 1H), 8.03-8.01 (m
OHtart % B0 (ddd, J=8.3, 6.8, 1.5 Hz, 1H), 7.62 (ddd,
J=8.3.6.8 1.5 Hz, 1H), 4.35 (s, 1H), 4.13 (m 2H),
12@““6%34’%636)9 1.15 (t, J=7.0 Hz, 3H). LCMVB. Anal .
CaGedienf Dime€1 5iin 118N202: 258; found: 259 (MrH) +.

155t ep, 2; 4%5‘,318

2- (O HETT A4 - 2- (N, N- di net hyl ami no) acetic acid: A
Wavelength=220
Solvent A=10% methanol — 90% H,0 — 0.1% TFA
Solvent B=90% methanol — 10% H,O —0.1% TFA

Cap-18
X N7 N7
OEt 2

- . ‘ NS _— X
=

N O N .~ 0]

Ar X=H C cap-18
1
B: X=8Br

Step 1; (R,S)-Ethyl 2-(4-pyridyl)-2-bromoacetate: To a solution of ethyl 4-

I\
N =~ 0

pyridylacetate (1.00 g, 6.05 mmol) in dry THF (150 mL) at 0 °C under argon was
added DBU (0.99 mL, 6.66 mmol). The reaction mixture was allowed to warm to
room temperature over 30 minutes and then it was cooled to -78 °C. To this mixture
was added CBry (2.21 g, 6.66 mmol) and stirring was continued at -78 °C for 2 hours.
The reaction mixture was then quenched with sat. aq. NH4Cl and the phases were

separated. The organic phase was washed (brine), dried (Na,;SOy), filtered, and

e’




m xture of (R S)-ethyl

2-(quinolin-3-yl1l)-2-(N, N-di net hyl am no) acetate (0.122
WOg009pL02568 nmol ) and 6M HC1 (3 nlL) was heat ed RCTATHI00Z/032830

for 12 hours. The solvent was renoved in vacuo to

provi de the di hydroehl ori de og the title conpound

(0.169 g, >100% as a |ight ye3l | ow foam The

unpurified nmaterial was used in subsequent steps

T T
( RShro2va{agrapy (8iDa ﬂ‘i:em)a-eﬂ"ry( ch(egdtd,lgrglo m‘pmw;% e e’tlie CorAygoued (1.40
2.6 13.19 : DMA\I3 a

é S)& %‘%Laém@ﬁwgﬁpgte% B30y, O‘I_L%Hl@%ﬁrém M@Téﬂééig%médd,
L) =vuas 1 8dgest EBGk é&@, J289601.8 HE; &P 5OB(9) 1809 129 (m, 2H%

m xture was allowed to stir at roomtenperature for 1
Shour . (. ¥é 1 6 YEht LGS £ rdn Crlsdro{os 8o nBENG d¢2. afkd found:
resiygugspRtiht i oned with ethyl acetate-H20. The |ayers

were separatéd, the agueogs | ayer was back-extracted
wi t h et Bigb 2acRSatEehyl 2x5-pamdy - heN Soditvetha Bmaregensiate: To a

oh _ i W . ( -
i RoRal & SRRAEE LRI bBbredll B B3ERNA o 10
pumilf)iagthobytemp¢rpivee sl adddur bmeathplgmapHYM(iBIToIFa g6 /mi)-130%
dieth her-h ne The. resul ti ur

10 T} ShATOERRIENS e (ASipE s By B fvarprggmaccranhy)
r evier wistiidsasee prepat atvhae anPtie rédfthicves phefiel K- 187 30 X

O i TR A 16t s o

f 1 posvaqeitenide @egloaid(0(09 50419g) as h3Hht wndwtoile 'H NMR (400 MHz,

(S)-1-phenet hyl _%S) - 2- 3

(IGREIRY &b by =5 B PHY SR ey HadBhah ¥ (po 2727 59,65 TH),

18 hel A -Anak . B : nd:
2 4?02%?’&@;0%%20%)‘@?07@5} %%&i mL %1@6‘?' SR, %%%5?“ d

15709 MHHE. 1, 1.5 Hz, 1H), 7.36-7.41 (m 2H),

7.28-17. (4 8L, NAFR; : : ( ;
T 3 Syl Sopdelipafforygiihoci2a08 Fo 0 solution
Calog (R.S¥-¢thylC1@HROENG2: N dimdtayierdino Boaté 1. 29019, 9;960 mmol) in

bR MM T4 o ) R .

206. @GD9(rgpol) atGo&m lappetdthre. Bh&@hfton was kirredXoB8Bhégs ariHhgn it was

L St S 9 e

( Rlan@theal it hyopaitizetog g e (te dihybodipiien pl jhacide cengmnd as A

o Cattheey R R By b i syhesaeq) yers.
(1.'25%vMR (S000HRNDME Oadiils A% EIEOH) 12/, O, 0.3428, .095.7 Mz, 2H),
et hanol (30 nli) was hydrogenated at room tenperature

25and-Bt(trdspirett & Phessure (1-12 bal I oon) for 4 hours.
The sol ghi PoWr¥RRahHNEN Y E)?:ggxleﬁ\”iﬂ s{i‘m?"j"r' fasg%déltlﬁfng%e method

t hrough di at omaceous earth rte(r
corfesAbedabedei n vacuo. This gave the title conpound as
a cotortess softd (0.50F

CD3D) 6 7.53-7. 6;@&@? 7. 33, %@%gtﬁh‘ﬁzﬁ@?&ﬁg&(s,

1H), 2.@®-1{%, 6H). D Podl . Cal G208 1GLOfdRRFENOR:
197] found: 198 ( . 30The S-ijsQnE )+coul d be

obt ai ned from (S)-((S5)-1-phenyl et hw 2-

(di met hyl am no) - 2- (2-fl uorophenyl )acetate TFA salt in
simlar fashion. WD 2009/102568PCT/ US2009/ 032830 68
Cap-39 Q1 OH OH O 0 cap-39 A m xture of
(R)-(2-chl orophenyl)glycine (0.300 g, 1.62 mol),

f or mal dehyde (35% aqueous sol ution, 0.80 n_, 3.23
nol ) and 20% Pd(CH) 2/ C




5(0.050 g) was hydrogenated at room tenperature and
at nospheric pressure (H2 balloon) for 4 hours. The

WO 28286 was then purged with Ar, filtered tHFBUEEP09/032830
di at onaceous earth (Celite) and concentrated in vacua.
The residue was purified by %%verse-phase preparative
HPLC (Prinesphere G 18, 30 x 100mm CH3CN- H20- 0.1%

TFA) to give theTFA salt of the title corrpound
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) LCBTIHAnal. RIaNWR £6r400

MHz|, 67. 37-7 H, 1 3 I,
4. 4 ( ap- %o 3. 83 O&%—o, gg’*ﬁ%“@ﬁ)%“(’gfl"i’lﬂ F%%
s, |[4H). LCMS: |Anal al'cel. for CLaMkHTNOB 235; found:
23 (I\/I-I-I—If The foll ow ng examl es were
sinilarly prepared usi nifthe net ho&Mfsdenl feded dor
Cap- 41¢,59p- 42 CO,H Ci1oH12FNO,: 197; found: 198
F (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-27 F COH C10H12FNO;: 247; found: 248
(M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-28 c COH | CioH12CINO: 213; found: 214

(M+H)".




O liptOH LCMS: Anal. Calcd. for
234 (ML41)+. Cap-43 0 0 OH LQVE:
WORI®ADASERIC2: 219; found: 220 Cap-
Anal . Calcd. for C111-115NO2: 19
70 Cap-45 LCMS: Anal. Cal cd.65fo
found: 249 (M+-H) Cap- 45a
nmol ) was added to a suspensi on

Cl 4Hi 9NO2: 233; found:
Anal . Calcd. for

44 Me N. -me @COHS2@90832830
3; found: 194 (MtH) +.

r Cl4H20N202: 248;

HVDS (1.85 nL, 8.77

of (R)-2-am no- 2-

NMe, LCMS: Anal. Calcd. for
Cap-29 d\COZH C1oH12CINO,: 213; found: 214
cl (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-30 /(:]/k CO,H CioH12CINO2: 213; found: 214
cl (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-31 s/ﬁ/k CO,H CsH12N,0,8: 200; found: 201
>; N (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-32 G(‘\CQQH CsHi1NO,S: 185; found: 186
' \_s (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-33 Sﬁ)\COZH CsH11NO,S: 185; found: 186
= (M+H)".
NMe, LCMS: Anal. Calced. for
Cap-34 QchozH C11Hi2N>0;: 220; found: 221
o-N (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-35 Qj/kCOZH C12H13NO,S: 235; found: 236
S (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-36 _<,N COH | CiuHiaN,0,S: 250; found: 251
S (M+H)".
Cap-37
N™ ™ N™ ™
OEt 1 7 2 ~
MezN/\[O]/ Me,N OFt Me,N OH
A 0 . Hel O
B

cap-37



5phenyl acetic acid p-toluenesul fonate (2.83 g, 8.77
mol) in CH2C12 (10 nL) and the m xture was stirred at

WO 2009 k826&hper at ure for 30 minutes. Methyl i socBeES009/032830

10

2 et ﬁﬁgﬂ* “a@@vtafv’éhervh@ﬁ@ﬂ@an#

(0.5 g, 8.77 mml) was added in one portion stirring
conti nued for 30 m nutes The eaction was quenched by
addition of H20 (5 nL) and tﬁe resulting precipitate
was filtered, washed with H20 and n- hexanes, and dried

indet SSRGS g BhgARE o
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HZwltH. h'l);trelmﬂnﬁ" -Alr. k38163 fob Hj mirﬂl,teﬁ7 (e rehtfion rhiis wA AN heated at

d, 0t h2N2Q3 .,208. 08 ound 209. 121
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SOl util on er m._Nno- pnenyl acetat e
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chl ori de 38 pw se over
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hovifoeys) b 11§1§ %ﬂév@ fbaie@%e %Hﬁﬁ‘vﬂieﬁ a{aeeqlamgs%ea ﬁlctuss%quem
pressure and he resultin 8 resi due was di ssolved in

MBagrel. (walsdweps heddiLh: 230;
uld: 26 N@9)HCL and brine, dried (MySO4), filtered
an concentra%ed under reduced pressure.

(R -tert-butyl 2-(3,3-dinet hyI ur ei do) - 2- phenyl acet at e
was obtained as a white soI 0.86 g; 75% and used
wi t hout further purlflcatlo H 20 NVR (500 MHz,

DVMSO- d6) 8 ppm 1. 33( H)o?&%(s 6H) 5.17
J=7.63 Hz, 1H) 6.55 ( 7.24-7.
5H) ~L CM§: Anal . Cal cd. 03 278. 16
27 (MrH) +;_HPLC Phe orrﬂnex L C 18,4.6 x

0 tof 100%®! over 4 minutes, 1 mnute ne, A—90 ()
wat €, NRIBS met hanol , TREA, | 0% wat er, 90% o
nmet hanol, 0.1% TFA, R NZp % hormgenei

95i ndexAc Step 2; - <" “OH

(R) - 2- (3, 3-di net hyl urei do)f Ny, phenyfacetic acid: FTofa
stirred solution of ((R)-tert-butyl
243, 3-di net hyl urci do) - 2- phenyPacet ate ( 0.86 g, 3Cames

(rjn:rgL?M IS equg(% ﬁ(g ﬁé)gﬁ?yt %ﬂrlyg?é gf gﬁl\[}:@g (2]@?{'1‘ zophenyl)acetate

and (S)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate: To a



stirred at rt for 3 hours. The desired conpound was
then precipitated out of solution with a m xture of

WOR009192548x anes (5:20), filtered of f and dri ed R¢FdéEs2009/032830

reduced pressure.

(R)-2- (3, 3-di et hyl ur ei do) - 2- phenyl aceti c acid was
isolated as a white solid (0.59g, 86% and used

wi t hout further purification. 1H NVR (500 MHz,
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S?arﬁﬂ) @@agusfﬁm lH)I(, 53821 zg ;(m1 089497, 2@nﬁ34t(3€deadagth 6.5 Hz,
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3197 54817 @MYEFlﬂ)ﬂ lﬁﬁﬁt(mﬁmo@(dﬂw R.5 x5 B 2R 6.02 (90/=6.5
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Lo to FLpshetof, Fld o Dol Yot cu
20et fha@oHFYOr90TFaundz382 (\M2H n,  96% honogenei ty

i ndex.
(R) - 2-( §7eg (ﬁgz ﬁ? HFthlylealm nci) -242- fh oro)PPenale)tacenc acid: A mixture of
st i (R)-€@)- Sqihamwetjhylbi (c(lﬁyt-hy]@minowt(%ﬂuoropheny])acetate TFA salt (1.25

2- (3~ f’%ydnaﬁgwyﬂ()f%ﬁ@%{é é(? Kl%n(% %E%‘az QSO |ﬂJ‘_-%) W quydrooenated at

tr |1ebxh eythrerdtarn end dmbéphatic prGui (Hiabal)oody fopwhees. Bifeckoluien
?Sgeﬁ%t : n%P?g%ld l<I>\$1tlh(:)Anr maere(f t%lrorurgl?9113?(}marcgo%rqne:§rﬁl%%lrlt%&)u zrir?d For
concentrated in vacuo. This gave the title compound as a colorless solid (0.503 g,
98%). 'H NMR (400 MHz, CD:0D) 8 7.53-7.63 (m, 2H), 7.33-7.38 (m, 2H), 5.36
(s, 1H), 2.86 (s, 6H). LCMS: Anal. Calcd. for CioH;,FNO»: 197; found: 198
(M+H)". '
30 The S-isomer could be obtained from (S)-((S)-1-phenylethyl) 2-

(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt in similar fashion.



5 vol atil e conponents were renoved under reduced
ressure and the crude product was recrystallized in
WO E‘i"?@?zsﬁ%et at e/ pentanes to vyield PCT/US2009/032830

(R)-2-(3-cycl opentyl urei do)-2- phenylacetic acid as a
white solid (0.69 g, 64%. |EBkNVR (500 MHz, DMSO-d6) 5
ppm 1.17-1.35 (m 2H) 1.42-1.52 (m 2H) 1.53-1.64 (m

2H) L67-1.80 (in, 2H) 3.75- 3.89 (m 1H 5.17 (d,

J=7.93 Hz, 1H) 6.12 (d, J=7¢323;4%, 1H) 6.48 (d, J=7.93
Hz, 101H) 7.24-7.40 (m 5H) 12.73 (s, 1H). LCMS: Anal.
Cal cd. for G 4H381WH203: 262. 31; f ouad"NZ63. 15 ( MrH) +.

HPLC XTERRA C-18 3JO PO mm 0 to 1Q0%B axer 2
mnutes, 1 m holld ti ne, A:96%er, 10%
met hanol , 0. 2%E8POO B=I 0% - wat er~90% %ret hanol ,

0.2% H3PO4, RT=1.24 mn, 100% hormogengid y, i ndex.
cap- 49 To a stirred solution of
2- ( benzg maxmire)f éR)eCiahacphdny RIing, (0320 &, IndPodamol)n

o3 B fBRHE iph ety BB IS0 GRS 65 e Pl

sm é(I(lﬂO%é msih)ﬂﬁdsgkﬁﬂbcll agadn e Fatire dxbatta&ﬂosf}ilheﬁ‘spl’éﬁuieQHZO
20 a a ite sol | recipitated.. F Wi
£ PR gt Btk “Risebof MtPLP REEE b dtied Tameeh
f upld@iacRNERIMt(CLET) MBI ARANCE u e TR FBidRE RMé SirTRd by
the crude product. Purification by reverse-phase

pr Epesaphasepiamratived By @rizgsphena® | Brd0 xdi0eet;i@hCat Ha20

n &/ r | 5 . 9 = 9

ey ar PG ARTE T B oAb R o B 0
10 mettiemplieny Dactts aids anobpricsted! (RS0 € $3%0). CORPERITE0 MHz,

2- [) - am tic id,as (i iS | t
(RS S35 b M DSy RS e 7 806 R Lovs:
DVBa:Id €plcB. fupid, 2 A8NCs; 213Houdd: Q44 (&;+HZH) 4. 34 (s, 2H)
7.29-7.68 (m 5H). LCMS: Anal. Calbd. for: Cl01413NO2
179. 09; Found: 180.20 (M+H)+. WO

2009/ 102568PCT/ US2009/ 03283Qupi4p Cap-50 Cap- 50

To a stirred solution of

3- et hyl - 2- (et hyl am no) but anoic acid (0.p0 g, 3.81
mml) in water ¢ 3Qul) was added K2§OBn{2063 g, 19.1

mol ) and benzy] chl oplde (1.32 g, 14.4lmmel). The

reaction mxt sti fred at a n@ tlenper at ure

for 18 hours. \The reaction mxture~wag eXdracted with

ethyl acetate (30 nL x 2) and the aqugous | ayer was
15 concentrated under reduced pressure pr8w di ng the

crude p]’cpzdueé—g{mE@l)fﬂ(tid&ﬂaﬁ"(R)J(Zcfﬂlcgg%}ﬁyylpgtytﬁ{es(@ﬂp@a&% gléné)l)
prepar e ten-a mm tect]on, at

PR (S a1 RIS 50 (3 BohhS 0t e R orogamate
90f0orahEr1.3.9 mAdNWopRtfRanat mitut%al Ehew&d Qe ateerfor PR

nmet hanol, 0.1% TFA) to provide 2- )
( DERAYS HRETRAIdiEeA byohe addianipf coine dHJi(€ 5 i) d Tha mactargvas

20 ( 126rabWg whg%hyﬁ&eateqqg%hmo%&ed bFRaNVBhLse s Mahed (1,0,
DVSO-d6) 8 ppm 0.98 (d, 3H) 1.07 (d,” 3H) 2.33-2.48 fm
| pyyne, drigd NZz8O(); flterghndcoggentrgted inacho Agiyasthe Ay compound

7. 882 e tandofdYB: AR R h%J geatl'f'r: Claobt NG
22514 oty ropheiylfa ‘ﬁ-ag’f os reton-3
foam (1.31 g, 96%). 'H NMR (400 MHz, CD;OD) & 7.39 — 7.43 (m, 2H), 7.29 —
7.31 (m, 2H), 5.69 (s, 1H), 3.65 (s, 3H). LCMS: Anal. Calcd. for CioHoCINOy:
25 243; found: 244 (M+H)".



HN', 01-1 Na7C33 (1.83g, 17.2 mml) was added to NaCOH
(33 nL of 1M H70, 33 mmol) solution of L-valine (3.9
WOg0092392368 nmol ) and the resulting sol ution waPC@dizee/032830

90with ice-water bath. Methyl chloroformate (2.8 ni,
36.1 nmol ) was added dropw se pver 15 mm the cooling
bat h was renoved and the reac?lon m xture was stirred
at anbient tenperature for 3.25 hr. The reaction

m xture was washed with eth%% (4§O m., 3x), and the
aqueous phase was cooled with i1'Ce-water bath and
acidified with concentrated HCl to a (yFI‘@egl on of 1-2,
and extracted with CHCl2 (50 ni, 3x) The 75o0r gani c
phase was dried I\)gSOéloand evapor at 'n v@gcuo to

afford Cap-51 as)a e solid (6 9). for the
domi nant rotamne S@HI6, . 2.5 ppm 0 @& Miz):

12.54 (s, 1H), 33 (d, J=8.6, 1H), 4 (dd, J=8.4,
6.0, 1H), 354(s 3H), 2.03 (m 1H), _0.87 (m 6H).

HRVS: Anal . Cal cd. for [ MtHr C2H14N04% 1 6. 0923; found
176. 09220 a5Gapendéh dﬁ%&cﬁﬁroﬁaﬂryﬂ)gﬁenyl)&eﬂ\ﬁmm $8.8 mmol)

or b SHE AT BLEER BT mortoRe A4 Ender S ediarphuieppa

schatiaed :ﬁrrbcﬁﬂtdnﬁiéraﬂﬂé Rﬁ’%%urs aTROFchétdR ndktutd RasGhétdBluted with
materi al was purl dt tha% a reverse phase HPLC
G Y

( HESW heAeh s feriead 1 F2)- Chs-2qpeqys ghasg graglyophilized and
COltE’erxeﬁ&?e \Vés%ﬁ!ﬂ@d & ilhcajggl MVt %ﬁ@%}d@uot%/ & 1@%%&15&9&91—
( a v@#v) ga leﬁ tbz Pble ccsnmnq %1(2 fLMprphgln@me(lyl)p@qy )ac_@tlczarpld asa
(d,corbsid ss%ohc?’{g)zz C@ﬁ%ﬁ_’&}fﬁ @OW}% @gﬁ@ﬁ 89 16d b 7M. 31,

appropriate material s acco
10pr c¥dud (g e$014. bfb(d Zf}b)r 3Bhersydihass &, @H) Gap-(Bsz,, 4M). tIECMS:

not ¢ edér@q?JR)fgra%ﬁ Elé)lafﬁgsg{)“n‘ﬁ?gﬁﬂw ure Data

The following examples were similarly prepared using the method described

for Cap-41:
Q LCMS: Anal. Caled. for

Cap-42 O Ci14H1oNO;: 233; found:
OH 234 (M+H)".

LCMS: Anal. Calcd. for

o
Cap-43 o Ci3H17NO5: 219; found:
OH 220 (M+H)".

LCMS: Anal. Calcd. for

Cap-44 - C11H1sNO,: 193; found:
OH 194 (M+H)".




0., L, ..-- yNOH O--...." ili NVR (DVMBO-d6, 6 =
500 MHz): 8 12.51 (br s, 1H), 7.4 (d, J =

W0%0y15)2é689 7.06 (app s, 0.1H), 3.86-3.82 (nPCT/UBH009/032830

10

15

3.53 (s, 3H), 1.75-1.67 (m 1H), 1.62- 1.54 (m 1H),
0.88 (d, J =7.3, 3H). RT =037 mnutes (Cond. 2);
LG M5: Anal. Calcd. for [MNa] C6HHNNaO4: 184. 06;
found 184.07. HRMS Cal cd for [I\/H\Ial Co6Hi | 1 \'| NaO4:
18@, 0586, fogund—184-05 ap-S4a— (R Cap=-54b—(S)

HO| -* OyN OH[0 A 111 N O-d6, 6 =2,
MHz): 8 12.48 (s, 1H), Nﬁ/ggs d J =7 éﬁﬁ)@%als‘%q%ds for
(app Gw-0. 1H), 3.52 ( 3. 36- 3. 33 Q1ztﬁzoNd€bz,248 found:
1.10-1.01 (m 1H), O. (gs(m 1H), él@wQHo (m
1H, 76  [0.39-0.3 . 0.31-0/21 . HAMG
Calcd. for [[Mr1-1] C7IT12N04: 174.0766; found 174.0771
Cap-55 1H NMR ( DMBO- d6, 6:25ppm 500 MHz): 6
12.62 (s, 1H), 7.42 (d, J ﬂ% 0.9H), 7.07 (app s,
0.1H), 5.80-5.72 (m 1H) &ag fd, 0 = 17.1, IH, 5.04

(d, J= 10. 4, 4p1-3.96 (m 1H), 3 o5 3H),
2.47-2.42 (m . 2.35-2.29 (m_1H) p-96 H
Y O v O

NH, HN.__O
s pTsOH salt
_NH
Cap-45a

HMDS (1.85 mL, 8.77 mmol) was added to a suspension of (R)-2-amino-2-
phenylacetic acid p-toluenesulfonate (2.83 g, 8.77 mmol) in CH,Cl, (10 mL) and the
mixture was stirred at room temperature for 30 minutes. Methyl isocyanate (0.5 g,
8.77 mmol) was added in one portion stirring continued for 30 minutes. The reaction
was quenched by addition of H,O (5 mL) and the resulting precipitate was filtered,
washed with H,O and n-hexanes, and dried under vacuum. (R)-2-(3-methylureido)-
2-phenylacetic acid (1.5 g; 82 %).was recovered as a white solid and it was used
without further purification. 'H NMR (500 MHz, DMSO-ds) & ppm 2.54 (d, J=4.88
Hz, 3H) 5.17 (d, J=7.93 Hz, 1H) 5.95 (q, /=4.48 Hz, 1H) 6.66 (d, J/=7.93 Hz, 1H)
7.26-7.38 (m, SH) 12.67 (s, 1H). LCMS: Anal. Calcd. for CioH;,N,Oz 208.08
found 209.121 (M+H)"; HPLC Phenomenex C-18 3.0 x 46 mm, 0 to 100% B over 2
minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10%
water, 90% methanol, 0.1% TFA, RT=1.38 min, 90% homogeneity index.

Cap-46
e ¥ 0
NH, HNYO
e pTsOH salt (NH



ON----yO OOHO!l ItHNW (DMSO-d6, 6 = 2.5 ppm
500 MHz): 6 12.75 (s, 1H), 7.38 (d, ..1 = 8.3, 0.9H),
WOR00%102308p s, 0. 1H), 4.20-4.16 (m 1H), 3.60- FCFEUA§9/032830

2H), 3.54 (S 3H), 3.24 (s, 3H). Cap-57 o tH NWR
(DMBO-d6, 6 = 2.5 ppm 500 I\/H;I) 6 12.50 (s, 1H), 8.02
(d, ,I =7.7, 0.08H), 7.40 (d, J =7.9, 0.76H), 7.19
S,d21J4: 8.2, 0.07H), 7.07 (d, J = 6.7, g 09H) ,

(m 0. 8%1%6 gg%re%g%?@twaé&%ﬁalé%g&f% ?ﬂ% rgg_so&?’%?gcgg)%q?o E?ap-

(m

452HJH NMIB 6500(MHz, DMS@-dd), § i) 0.96 G, {€bHtHz, 3H) 2/F-3:05 (m,

o S0 9 P PR DR

PPIM.3B@0 SNHi2).68 6, 12). GICNIBr Asal. Chipd. for B5H(A,Okp22. 10 Bolm(l

d
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15.
Cal
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: 2‘23:_1& %M%H@jf (}_I%I%JLC(,3 ?(%ER@ %—Il g% ()43< 50%3'1611% étoAfl%gl(b% ovej 2_mlnutes

Brmindteholdliihe, ARD0% WatdiB1 0¥, MuelHaRHI 0. 2(%)H3Pb§/é\éﬁoo/mﬁér 90%

cd, for [21\ A+H | - OBH i N205: 191 07; found 191.
wbanggg ‘V( h)PO@E—@@%mH( g@% h@mogenelty index.
Cap-47
oL - O . O
o O : o = o
NH, HNYO HN\fO
B Cap-47

Step 1; (R)-tert-buty] 2-(3,3-dimethylureido)-2-phenylacetate: To a stirred
solution of (R)-tert—butyl-2-amino-2-phenylacetate (1.0 g, 4.10 mmol) and Hunig’s
base (1.79 mL, 10.25 mmol) in DMF (40 mL) was added dimethylcarbamoyl
chloride (0.38 mL, 4.18 mmol) dropwise over 10 minutes. After stirring at room
temperature for 3 hours, the reaction was concentrated under reduced pressure and
the resulting residue was dissolved in ethyl acetate. The organic layer was washed
with H,O, IN aq. HCI and brine, dried (MgSQ,), filtered and concentrated under
reduced pressure. (R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate was
obtained as a white solid ( 0.86 g; 75%) and used without further purification. 'H
NMR (500 MHz, DMSO-de) 6 ppm 1.33 (s, 9H) 2.82 (s, 6H) 5.17 (d, /=7.63 Hz, 1H)
6.55(d, J=7.32 Hz, 1H) 7.24-7.41 (m, SH). LCMS: Anal. Calcd. for C;sH»nN,O4
278.16 found 279.23 (M+H)"; HPLC Phenomenex LUNA C-18 4.6 x 50 mm, 0 to
100% B over 4 minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1%
TFA, B=10% water, 90% methanol, 0.1% TFA, RT=2.26 min, 97% homogeneity
index.

Step 2; (R)-2-(3,3-dimethylureido)-2-phenylacetic acid: To a stirred solution
of ((R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate ( 0.86 g, 3.10 mmol) in
CH>Cl, (250 mL) was added TFA (15 mL) dropwise and the resulting solution was



~...- Oy H-LOH O 111 NMR (DMBO-d6, 6 = 2.5 ppm 400
8 12.49 (br s, IH), 7.40 (d, J = 7.3, 0.89H)

WOwOQ&OZ(Sfﬁ s, 0.11H), 4.00-3.95 (m 3H), 1.24 PGI/U32009/032830

7.3, 3H), 1.15 (t, J =7.2, 3H. HRMS: Anal. Cal cd.

for [MrH C6H12NO4: 162.07665,found 162.0771. Cap-60 H
ONO ---oy 0 OFI The crude rmterlal was purified with
a reverse phase HPLC (H20/ MeOH TFA) to afford a
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singl ets,
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Cal edgad 4ANO4: 188.09; found 188. 05.
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Cap-48
oL L O O
>0 <o Y 0
NH HN.__O HN.__O
. gf” glﬁ
B Cap-48

Step I (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate: To a stirred
solution of (R)-2-amino-2-phenylacetic acid hydrochloride (1.0 g, 4.10 mmol) and
Hunig’s base (1.0 mL, 6.15 mmol) in DMF (15 mL) was added cyclopentyl
isocyanate (0.46 mL, 4.10 mmol) dropwise and over 10 minutes. After stirring at " B )
room temperature for 3 hours, the reaction was concentrated under reduced pressure
and the resulting residue was traken up in ethyl acetate. The organic layer was
washed with H,O and brine, dried (MgSO,), filtered, and concentrated under reduced
pressure. (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate was obtained as an
opaque oil (1.32 g; 100 %) and used without further purification. 'H NMR (500
MHz, CD;Cl1-D) 8 ppm 1.50-1.57 (m, 2H) 1.58-1.66 (m, 2H) 1.87-1.97 (m, 2H) 3.89-
3.98 (m, 1H) 5.37 (s, 1H) 7.26-7.38 (m, SH). LCMS: Anal. Calcd. for CigHzN,O3
318.19 found 319.21 (M+H)"; HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B
over 4 minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1% TFA,
B=10% water, 90% methanol, 0.1% TFA, RT=2.82 min, 96% homogeneity index.



O OH [Note: the reaction was allowed to run for |onger
t han what was noted for the general procedure.] 1H NMR

WOHNBRWE, 5 = 2.5 ppm 400 MHz): 12.21 (hr sPCTAHS2009/032830

7.42 (hr 78 s, 1H), 3.50 (s, 3H), 2.02-1.85 (m
4H), 1.66-1.58 (m 4H). LC Ms;; Anal . Calcd. for
[MFH t C8H14N04: 188.09; found 188.19. Cap-64 1 o0 0)0
rz oo\ [Note: the reaction was allowed to run for
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(0.dodpwisel andthSfkswlting jolwks val eirtedcit ejon BRpauRre for Ghourh The

to a. cool ed ce-wat er xtu Na2CC3 44 ,
54. 8! Oj“poi‘iélwf‘(r%“’é“ deiﬁ‘?ﬁ‘ﬁfé pregsuge ?ﬂ‘h(ﬁ“j cryggproduct was
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o . e reacti Qgn m xture S Stlrre or
o Phamhetsuad e K P AG i oy TENMREO8 N e PhSh g

WapaoNti- DQ?@mfZQ{) 1942- Iasiﬁ%wzmalsﬁ 6215(nhQH) The 1r8©q51t b1913.75-
m Xxture was washed with ueous hase

was-Bdal &H) Wl K. Vcé Mz atH dafrl. -’t?oféél >f514§cﬂd vHrSB Hz,

oCOfl‘Fﬁﬁtzﬁamﬁ(nH@ﬂi)tl@ﬁ(spHﬂ" aq8: Afallchcd TRECYAL &LOL©62.31;

o
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30

rrponent was
found: 263.15 (M+H)". HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B over 2

minutes, 1 minute hold time, A=90% water, 10% methanol, 0.2% H;PO,, B=10%
water, 90% methanol, 0.2% H3PO4, RT=1.24 min, 100% homogeneity index.

Cap-49

@/\”/\IC])/OH

To a stirred solution of 2-(benzylamino)acetic acid (2.0 g, 12.1 mmol) in

formic acid (91 mL) was added formaldehyde (6.94 mL, 93.2 mmol). After five

@\T/\([)]/OH

cap-49

hours at 70 °C, the reaction mixture was concentrated under reduced pressure to 20
mL and a white solid precipitated. Following filtration, the mother liquors were
collected and further concentrated under reduced pressure providing the crude
product. Purification by reverse-phase preparative HPLC (Xterra 30 X 100 mm,
detection at 220 nm, flow rate 35 mL/min, 0 to 35% B over 8 min; A= 90% water, 10
% methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) provided the title
compound 2-(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a
colorless wax. "H NMR (300 MHz, DMSO-ds) & ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34
(s, 2H) 7.29-7.68 (m, SH). LCMS: Anal. Calcd. for: C1oH;sNO, 179.09; Found:
180.20 (M+H)".



renoved in vacuo and the residue was taken up in a 2:1
m xture of MeOH CH2C12 (15 nL) and filtered, and the

WO 30091@p% e was rotervaped to afford Cap-65 asPGI/HRI0PY032830
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sem -vi scous foam (1.236 g). 1H NWVR (DMSO-d6, 6 = 2.5
ppm 400 MHz): 86.94 (d, .J 5,8.5 0.9 H, 6.53 (br s,
0.1H), 3.89 (d, J =8.8, 1H), 2.94 (s, 3H), 1.15 (s,
3H), 151.13 (s, 3H). Cap-66 and -67 were
prepared from appropriate COIES cially avail abl e
starting materials by enpl oylpng the procedure
described for t synt hesi s of Cap-65.~ WO

2009/ 102568PCT/ U20Q9/ 032830 79 Cap- 66 1104 0' OH

1H NMR (DI\/SOd‘?, = 2.5—ppm APONWM)N P58 (br s,
1H), 7.07 (d, =@.3, 0.13H), ﬁ (d, J5= 8.8,
0.67H), 4.10-4.02 (iii, 1.15H), 3791 (dd, J = 9.1,

3.5, 0.85H), 3.56 (s, 3H), 1.09 (d,cadss 6.2, 3H).
[Note: only the dom nant signals of NH were noted].

NVR ( DNBQ digred 6olutich & 3ppethyl400ndvizdmind Butadoi¢ heid §).501¢)3,81
7.25 (d. J =8 4 .0.75 712 (hr | = 0. :
0. BB 5t wisg( Ly e Ridhe e d gl B pimeD iyt bempyyghtoriae

(S(1.33H) 11.4 n8o1), dThelreaetibn Bixtdtwnas piiveddent ambikiyt tédygerature for 18

dom na signal s.of NH were noted],.. Cap-6 150,
o B LR e Yeb S i A A L e
dr ﬂllﬁ;:wisiﬁef Qaﬁcdﬂi:é((ﬁﬂdgeﬂ ugcﬁecr) kﬁu&ﬁcﬂrbg OQ@@G i‘pro(vﬁiil% it crulle Product
mmo| ), a ) , 9.0 mol), L-aspartic
acygick y@b@%&%ﬁ@%@ﬁ@@ pEepaiptive ikt )&‘gﬂa 3@#63%@ (9

M JeteclibPat 28 Ghi, ABwFhts UOHR/MAS 2610 J0088 0@ér AR BR190% water,
conditions f washed wi th

or 3 hr, and then Et hyl )
ac Et %treethanol, 170 ‘BiA, Bl weiele 8% pehatolfalse JE%MHT@Gde 2-
Wi Gblgnz%r%Ne??ﬁa%%o%%—%th?l%ia%oic%eﬁ, gP(A KACH186 n}lg',ai gy, elshy!

acetate ( he conbi ned organic yers were

wagh@Etesiiveh B IWHE (500 Méte. PNEXSER D, ppm - 9%ded ) bda(d, 3H)

CONGLAUR e Nk AW Ant Al AL ADA8 28 730l Gy, <k

yel Fow o?‘f1 (I)| . 370; ggss )i S 9(a)t(b’ov t go’r%?i cal yie 3 )

andCMiseApgloffalstl. (wisCubetiOai22had gt Fdupd:123828 (M+H)".

purification). 1H NVR (DMSO-d6, 6 = 2.5 ppm 500 MHz):

8 12.88 (br s, 1H), 7.55 25(d, J = 8.5, 1H), 7.40-7.32

(m 5H), 5.13 (d, J = 12.8,CgpHy/, 5.10 (d, | = 12.9,

IH), 80 4.42-4.38 (m 1HP, 3.55 (s, 3H), 2.87 (dd, J

= 16.2, 5.5, 1H), 2.71 ( d =16.2, 8.3, 1H. LC

(Cond. 2): RT =1.90 nm L Anal . Cal cd. For [ MtH]

C131- 115N06: 282.10; foundi™N2825}p. 5Cap-69a and - 696

Cap-69a: (R)-enantioner Cap-69b: (S)-enantioner

Na,CO5 (1.83g, 17.2 mmol) was added to NaOH (33 mL of 1M/H,0, 33

mmol) solution of L-valine (3.9 g, 33.29 mmol) and the resulting solution was cooled
with ice-water bath. Methyl chloroformate (2.8 mL, 36.1 mmol) was added dropwise
over 15 min, the cooling bath was removed and the reaction mixture was stirred at
ambient temperature for 3.25 hr. The reaction mixture was washed with ether (50
mL, 3x), and the aqueous phase was cooled with ice-water bath and acidified with
concentrated HCl to a pH region of 1-2, and extracted with CH,Cl, (50 mL, 3x). The
organic phase was dried (MgSO,) and evaporated in vacuo to afford Cap-51 as a

white solid (6 g). 'H NMR for the dominant rotamer (DMSO-de, 5~2.5 ppm, 500

i Y
Mg



WOZP0Ia0z¥8ne (1.338 g, 15.0 nmol).

NaCNBH3 (2.416 g, 36.5 mvl) was added in batches to a
chilled (-15 C water (17 nlL)/MeOFl (10 nlL) sol ution

A few m nut FETEREG9/032830
acet al dehyde (4.0 nL, 71.3 nmol) was added drop-w se

over 4 min, the tocooling bath was renmoved, and the
reaction mxture was stirred at anbient condition for

6 hr. An additi onal acetal dehyde (4.0 nlL) was added

S rr r d
%dvl\gb 1%318‘ o&?)%d tjalgt6he féggt??dég ?n%?@ﬁe un?iﬁ %Hé
pH QI(BG(Oh éd), 0. 8]2 (51,, 6EhdRMS: Ared uCaleh oVl €/1ivaNOhd46.6823;
forf 9[76§5 240 C. Most of the volatile conmponent was
rendve vacuo and the residue was purified with a
Dowex 150t) 50WK8-100 ion-exchange resin (colum was
vvashed W th water u s eluted with
3di | ute NHAOH, prepareg’“{fi}srﬁe %%W of NFLOH and
282 m of water) to afford Cap 69 (2.0 g) as an
of f-white soft hygroscopi & 11 1 NI\/R (DI\/SO dé, 6

= 2.5 ppm 400 Miz): 63.44
2.99-2.90 (m 2H), 28925 OIiEH) 123(d J =
7.1, 3H), 1.13 (t, J = 7.3, 6H) Cap-70 to - 74x

were prepgse ebaamfe@h&gfr@@ Ltmn&réas&amgeo fepricbiedads@ibed
t he s¥nt hesi s of Cap- y enpl oyi ng appropriate

st dptthagynthstie pf Gnss %sm@tewwowmﬂ@a pergpn phihe gyde
NW&M%&nfﬁd b%g Téeﬂgghasé@@LWO/n%aﬂgl/f%) th afford Cap-
7.1, 1H 68-2 4H)

10(d, 52313 a cﬂloeess 3}spous @118@1 NMR gDMS@ &, 56X pprn_,(jﬂ)(\}/B{HAnh?I 49 (br

2,19 ) YeEh o G OUR W LB b A 2

( DNBD-(dB/=76,3H2. 5 ppm 500 MHz): 63.18-3.14 (m 1H),
2.84-2.77 (m 81 2H), 2.76-2.68 (m 2H), 1.69-1.54
(m 2H), 1.05 (t, | = 7.2, 6H), 0.91 (t, J = 7.3, 3H).
LG/ MS:  Anpls3 tdCak oetre propar¢d\itddn afpbirNCGRarfiGdma3rial edeoding to

15169heop6rbcegl?1%_d252cribed for the synthesis of Cap-51, with noted modifications if any.

Cap Structure Data
Cap-53a: 'H NMR (DMSO-ds, & = 2.5 ppm, 500
R) MHz): § 12.51 (brs, 1H), 7.4 (d, J = 7.9,
Cap-53b: 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m,
S e 1H), 3.53 (s, 3H), 1.75-1.67 (m, 1H), 1.62-
/OTN\&OH 1.54 (m, 1H), 0.88 (d, J = 7.3, 3H). RT =
© 0.77 minutes (Cond. 2); LC/MS: Anal.
Calcd. for [M+Na]" CsH;;NNaO,: 184.06;
found 184.07. HRMS Calcd. for [M+Na]"
CeH11NNaQ4: 184.0586; found 184.0592.
Cap-54a: 'H NMR (DMSO-ds, & = 2.5 ppm, 500
(R) n 9 MHz): § 12.48 (s, 1H), 7.58 (d, J = 7.6,
Cap-54b: /OTNXJ\OH 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H),
(S) © 3.36-3.33 (m, 1H), 1.10-1.01 (m, 1H),
0.54-0.49 (m, 1H), 0.46-0.40 (m, 1H),




0 OH I HNMR (DMBO-d6, 6 = 2.5 ppm 400 Miz): 6

2.77-2.66 (m 3H),
WO 2008/1028688 ('t ,
85 (d,
COH20NQR: 174. 15;

0.
I

J

= 6.5, 3H)

2.39-2.31 (m 2H), 1.94-1.85 (m
J=7.1, 6H,

0.91 (d, J = 6. 5PCHEH2009/032830

LC/ M. Anal . Calcd for [N%Fi]t

found 174.35. Cap-73 'NIO .OH -....0
| HNVR ( DVBO- d6, 6

2.5 ppm 500 MHz): 59.5 (hr s,

14, 3.77 (dd, J = 10.8, 4. 3.69-3.61 (_.m 2H),
3726 (s, 3H),72-99-2-88(m 13
Chp-74 ~--10'\\,..N OH 0 NHp ﬁﬁﬂlgl\;é (("D&)é@é‘é@%l@é)’@’

P

hm 500 MHz): 67. 54
6.6, k,1H), 2.82-2.
lo, 1H) .

2036 (dd, J

71 (m
= 15. 4

HROISOalcs, fot BI+HE.GH, 9(1\104

 Frhosst: ypd Plregdn ¢,
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E
G
G
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Ns. .

3l cd.

{ ZapBh) .

for

vi- HL C10H

RT = 0.125

)

[ MkH] ' C3H 7N203
ap-74x ----\0 \\,..0
PoNoP N 188, 17: f
. ACH 82/Ca7§7

m nut e$
N OH L¢
Step a

‘}ﬁ Qm@ &DI@SO &G M5 lsoo
found 189.13.

..M\PB) Sa62 (sCHDe @42 fb = 8.2,
’H@%),AO @dp s, 0928 5/80-5 2 U,
1H), 5.10 (d, J = 17.1, 1H), 5.04 (d, J =
10.4, 1H), 4.01-3.96 (m, 1H), 3.53 (s, 3H),
2.47-2.42 (m, 1H), 2.35-2.29 (m, 1H).

Cap-56

'H NMR (DMSO-dg, & = 2.5 ppm, 500
MHz): 8 12.75 (s, 1H), 7.38 (d, J = 8.3,
0.9H), 6.96 (app s, 0.1H), 4.20-4.16 (m,
1H), 3.60-3.55 (m, 2H), 3.54 (s, 3H), 3.24
(s, 3H).

Cap-57

'H NMR (DMSO-dg, 8 = 2.5 ppm, 500
MHz): 8 12.50 (s, 1H), 8.02 (d,J = 7.7,
0.08H), 7.40 (d, J =7.9,0.76H), 7.19 (d, J
= 8.2, 0.07H), 7.07 (d, J = 6.7, 0.09H),
4.21-4.12 (m, 0.08H), 4.06-3.97 (m,
0.07H), 3.96-3.80 (m, 0.85H), 3.53 (s, 3H),
1.69-1.51 (m, 2H), 1.39-1.26 (m, 2H), 0.85
(t, /=7.4,3H). LC(Cond. 2): RT=1.39
LC/MS: Anal. Calcd. for [M+H]"
C7H14aNO, : 176.09; found 176.06.

Cap-58

'H NMR (DMSO-ds, 8 = 2.5 ppm, 500
MHz): § 12.63 (brs, 1H), 7.35 (s,1H), 7.31
(d,J =8.2, 1H), 6.92 (s, 1H), 4.33-4.29
(m, 1H), 3.54 (s, 3H), 2.54(dd, J = 15.5,
5.4, 1H), 2.43 (dd, J = 15.6, 8.0, 1H). RT
=0.16 min (Cond. 2); LC/MS: Anal.
Caled. for [M+H]" CeH;1N,Os: 191.07;
found 191.14.




I \\,-N OH NaBH3CN (1.6 g, 25.5 mmol) was added
to a cooled (ice/water bath) water (25 m )/ et hanol

WO 2089/H2§68s0l uti on of H D-Ser-OBz1l MCl (2.0 g, FETEUS2009/032830
mol ). 5Acet al dehyde (1.5 m, 12.5 nmol) was added

drop-wi se over 5 nm the cool ihg bath was renpved, and

the reaction m xture was stirred at anbi ent condition
for 2 hr. The reaction was carefully quenched with 12N

T4 OO
CHVE i

entrated—Tnmvacu
wat er and purif

SR PSP drdt < &5 R 400
ovirthg sTiBASBE S, 185, 7.40 (d, 7 = 7.3,

(R) --benzyl 2-(diethyl am no)-B- 10hydroxypropanoate as
5 L6 Tss vi scoushol %.9g9.89%¥.mr(s $00.93 (m,
2. p(pm 500 M) :ll 69f 73~(br | sy 1h (g 7523 ArB61 45, 7= 7.2
5H), 5.32 (d, J =92.2, 1H), 217 (é,’ J :’12}.%5,‘%,
4.54-4.32 (m 1H), 4.05-3.97 {H HEHS: Bnad3Calc@ 1fof HyI+H]
4H), 1.23 (t|, | = 7.2, 6H). L§/ - = 8
i Lo landl . Gared. tor TARR OSSR R 18 !
f oufidp-862. 19. 15 Cap- 75 NaH [ DhdX7@ rggterial 82s parified wohio)
was added tag a cooled (ice-water HF
so| ution of [the TFA salt (R)-%&?{%W-Elaseéﬁg(ﬁz@/MeOH/TFA) to
2- [ di et hyl ami no) - 3- hydr oxy pr pgfasa@atofl&s 39ddhs @il tiht 8264
mpl ) preparjed above, and the m xt.ure was.stirred for
15/ mi n. 90Met hyl i odide (56 %K%tég?eédoﬁﬁ%‘rtis%é%ma’aa’&’d’sum
and stirring was ebntj nued fpio high VaEuudhi TENBRIR @MI5O-ds, & =
the bath to [th® jent condition. The reaction
wags quenched wit er and | daded, ¥8t\dHa): RBALRB (brs, 1H),
pre-conditiagned MCX (6 g) cartrjdg S it
mef hanol fol{l owed by conpound§'z+gt‘?‘%%}%\?ﬁ'tﬁlg%zpﬁg}lw&ﬁ/&ﬁ
NH3/ Met hanol|. Renpval of the| (rebd at3iH)el. 2o Rigmod (m, 2H).
vaguo afforded Cap-75, contam : i ¥
95( R) - 2- (di &t hyl ani no) - 3- hyd?%@f&?%f%“n@%?daéﬁr&?% a
yel | ow sem -solid (100 ng). [TO&pNQduet.06iasfousd tbed ol s
W Hhreut-further—purtfeatton+——83-Cap-—+#6-0-0-N-y—OHO
Cap-61 H NMR (DMSO-de, & = 2.5ppm, 400
H 0 MHz): § 12.27 (br s, 1H), 7.40 (br s, 1H),
/O\H/N%OH 3.50 (s, 3H), 1.32 (s, 6H). HRMS: Anal.
0 Caled. for [M+H]" CeH2NOg: 162.0766:
found 162.0765.
Cap-62 'H NMR (DMSO-ds, & = 2.5 ppm, 400
MHz): 8 12.74 (br s, 1H), 4.21 (d,J = 10.3,
| 9 0.6H), 4.05 (d, J = 10.0, 0.4H), 3.62/3.60
_o NN .
\ﬂ/ 7 "OH (two singlets, 3H), 3.0 (s, 3H), 2.14-2.05
A\ (m, 1H), 0.95 (d, J = 6.3, 3H), 0.81 (d, J =
6.6, 3H). LC/MS: Anal. Calcd. for [M-
H] CsH14NO,: 188.09; found 188.05.
Cap-63 [Note: the reaction was allowed to run for
0
o H longer than what was noted for the general
- j( OH .
o procedure.] 'H NMR (DMSO-ds, 6 = 2.5
ppm, 400 MHz): 12.21 (br s, 1H), 7.42 (br
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) NaCNBH3 (1.60 g, 24.2 mol) was added in

batches to a chilled (-15 C water/MOH (12 nL each)
UGN of (S)-4-anmi no-2-(tert-butoxycar bon)FHESHEY/032830
S5butanocic acid (2.17 g, 9.94 mol ). A few m nutes

| ater acetal dehyde (23 nL, 48g1 nmmol) was added

drop-wi se over 2 mm the cooling bath was renoved, and

t he reactlon mxture was stirred at anblent condltlon

f ; A ‘
mpol ) was a
hr. Most of d
and the renmining mxture 1
concentrated HCL until its p
heated for 2 hr at 40 C. The

I eppvred—h—pacHo—and—the—r
£FRO8x ane (20 nL) and sti
r 7.5 hr.| The volatile co
vacuo and the residue was p

50WK8- 100 ion- exghange resi p(O@@(lllmh HRYRAEIY8@-dai & 2.5
ter and thed d

NHAOH, prepared!fr. 18 d?p§Wﬁ%ﬁgandﬁg§g‘%$}§P,177®,

ter) to affor 8 i W ermedi af 6. 82H), 7.56/7.52 (overlapping br s,
(H) - 2-am no- 4- (di et hyl am no ogy-}
BTG Pl 275700 o

-white spplid (1.73 g).
.36 nL, 4,65 nmol) was adu@d4dWmmmeH¢1dmer&ﬂanﬂﬁh.
r\'F klﬁ’)f‘m /n 21412

t 6—a—cooted—{(i+ece—water)—mxt-ure—of (6243
2.29 mol), NaOH (4.6 nlL 70of 1N1F120, 4.6 mmol ) and
the above product (802.4 ngjup-dhe reaction mxture was
stirred for 55 min, and then the cooling bath was
removed and stirring was congi niyed for an additiona
5.25 hr. The reaction m»QﬁF gli luted with equal
vol une of water and mashedcmﬁth CH2d 2 (30 mL, 2x),

and the aqueous phase was co @Hwi th i ce-water bath
and acidified with concentrated HCl to a pH regi on of

2. The Nghhgchjosoformeaigi9sriank. Stfsmmpbyap éWéwnwe\Pa@rufamm
an@ A d381cE @H@I S altBt Skl OM@ascb%@ﬁzmbagS@@z WikdD), %@Sﬂr@% AL of

; colum was washed wat et and sanp

eI lM OB £2pmpol) angl NP a0 s4p hyéroaffﬁdmhylhmrmc @aq;um @g.8l

Sg%ﬁxfot owk/lj%%l 1%’[%% \9 %}]l%:d fc;'r?S a(ny%%%_ﬁe‘lcog%ba %gs

3Hemovin2G09hg GRS 68@@%‘1&2 008JdBRSEY7 Blr. The S@ast,l(ﬂﬁn(xmre

6 H%rasg\gas %\%it@%}{%@ , knﬁ')ﬂ?e a%]&%us éha%? w&p}wiﬁq)wnh 1cg§va{e¥ batP? and

18%i@ati |l e conponent was

CI rllln Was frnaf nr*l \th 4 M

Fdefe:dhe wagionas cbowkd to gyp for

?@ﬂhaﬂ"@ﬁm WREBMEE fdr fhe general
rified t h Dowex

10Cﬂﬂﬁﬁﬁ&&WﬁQ&ﬂ&mﬁ&&ﬂfﬁﬂtoﬁpHndy@B&ﬁQZ Tigayplatilacanehnent Hlas

15

The s hesi s conduct accor di e
or GERNG 6 ey BEIN bk T35 B WA TR R GR DR E
7- @3ailli)cyid Fingrdd, 2nd Heaemmtew isabtetaped affdidsi agea@nbhite
step, and by effectlnaﬁthe enanti oneri c separation o

of
t hgn}l ms&)qfefaqné{ 23z Vil NAR (DMSO-ds, 6 = 2.5 ppm, 400 MHz): 5 6.94
az@bJ %Cé ,0[0212 6.3 b&Rt GNEY 3&81))(51 21 Phgnyirpoehal 9H§Sﬂ. 1%3(5, 3H),
| 'owi ng condition: the i nt er meédi at e 03.
)1%é$3ﬁ)ssolved in ethanol, and t he resultlng

sol uti i1N

e, | B PR R e CoBOAT il
QOgmﬁﬁEHm@QMEb@Hnabyﬁgﬂﬁuﬁmmdwedn@nbarbnﬁEBﬂﬂmﬁecﬁKh355
Cto provide 124.5 ng of enantioner-1 and 133.8 ng of
enantioner-2. These benzyl esters were hydrogenol ysed
according to the preparation of Cap-7 to provide
Cap-77: 15 1H NVR (DMSO-4, S = 2.5 ppm 400 Miz): S
7.55 (m 2H), 7.38-7.30 (m 3H), 4.16 (s, 1H), 154
(app br s, 2H), 2.08-1.88 (m 4 H), 1.57-1.46 (m 4H).
LC (Cond. 1): RT = 0.67 mn; LCMS: Anal. Calcd. for

[ MF11] + C1L4HLI3NOR2: 232.13; found 232.18. HRVS: Anal .
Cal cd. for [M-Hr Cl141-1181\102: 232.1338; found

232. 1340.



Cap-78 OH NaCNBH3 (0.5828 g, 9.27 mmol) was
added to a m xture of the HCl1 salt of

WO 2R/ W2368t hy| ami no) - 2- phenyl acetic acid (an  PCT/US2009/032830
internediate in the synthesis of Cap-3; 0.9923 ng,
4.60 mmol ) and (1-ethoxycycl opgyopoxy)trinmethyl silane
(1.640g. 9.40 mol) in MeOH (I0 nL), and the
sem - het erogeneous m xture was heated at 50C with an
oil bath for 20 hr. More
(1- ethoxycyclopropoxy)tr|nefﬁglgllane (150 ng, 85
0.86 mmol ) and NaCNBH3 (52 827 mmol ) were added
and the reaction mxture wasnNjeated for an additiona
3.5 hr. It was then allowedlto[co& to anbient
tenperature and acidified t® a ghregion of 2 with
concentrated HCl, and the mxture was filtered and the
filtrat éH\hﬁﬁRl(DMSIOJdgpéd:.ZSTﬂnﬁn,meeMHzi)ring:j‘sSJ((’rLES riah) e1.0Bdd, J =

o axonderos Ao e Roahedbg Ol pR TR Wit haes

sof f0.g8510, 3.5@(sf 3H), 1.9 €1, genE BT ANR6te] dhiVAE HOMinARQitnald bBNH
of the resultant crude material was purified with a
re\)’é‘?r%BOtE)‘ﬁase HPLC (H20/ MeOH TFA) to afford the TFA
salt of Cap-78 as a colorless viscous oil (353 ng). 1H
NVR (DVMSO-d6, 8 = 2.5 ppm 400 MHz; after D20
exchange): S 7.56-7.49 (m 5K-675.35 (S, 1H) 3.35 (m
101H), 3.06 (app hr s, 1H), 2.6 (m IN, 1.26 (t, J =
7.3, 3H), 0.92 (m 1FD 05 SS{P (m 3H). LC (Cond.
1): RT = 0.64 nin; LC/ V&7 Hcd. for [ M hH]
Cl 3H18NO2: 220.13; found 2 ELVS: Arial. Calcd.
for [ MtH C13HL8NO2: 220. 1338 found 220. 1343.
1015Cap- 79y NMR 61)1@25@0@6, yas %&b'z&@@ MHY) O (@r @Qﬁge;dzs((ﬂﬁ—
O CHxC12 sol ution - 8
f or8-AQgatD), 5701 2ty @JF{H .44 Qa@ﬁﬁ)e@&@ (b@ﬁ Qﬁ%ﬁ)u% B5-286 &nndd), A 54

t gal
aln 3&9242 fraéag;@ 10 n6 o3rm3 il?/é E’I\’%t?(/\églyg{l e?cfo?xg%&n? 0 %Aaé%\@fgq %ﬂ%&%ﬁeéi )
-78 C bath was replaced with a -10 C bath and stirring

continued for an additional 30 ®in, and then the
vol atil e component was renoved I'n vacua to afford a

col orl ess viscous oil. HNaBHBCN (149 ng, 2.25
nmmol ) was added to a Nbguoﬂr sol ution of the
above crude nmateri al ph0|IH (500 M., 5.72

mmol ) and the mixture was 93st | d at anbi ent

condition for 4 hr. It was cool g to ice-water
jstenperature and treated with conc8atrated HCl to bring

its pH [ or. 2.5 h The :

vol ati | té\/?e(t:lgg t19010 %a{egg s rr{l’t])’vé %mmﬁ{)vuéaé Sg(?cd é’{‘%‘?j’ VR to a mixture

r esif dNEN aﬁHS(anywl dme@.mmhl),almmﬁcmamcpm ©fnl, MDmbBSIi.- aspartlc

(MeO sh;. 2.0 NH3/ MeQH e i on) reverse

phzfgg ﬁvzmi%tléyl(eﬁﬁb(/lk}e% fr&*)& D%A §f°r<6*fed9@§b thy rE"c?H?‘éP“ﬂﬁ‘Wﬁ was
unka@vdatamBwat conbiiHom ﬁh@'hf Rfd then washed With @8 hedifle (50 ml, 3x).
consune the norpholine cont ami nant, the above materi al

20na sl RGPy RYETWeS eigified with 1BNHGT taagHe kataed cwiackdmeitiN
g 0. e%%rl metaté-@%dm@l %"hé &Jrﬂb@x%%rémé l%ge?si W&Ge aRdhvd W]l‘ﬂ%rme

and stirred at” anbi ent condition
f ordrigg %SOZDHﬁﬂte(r@ @ndm@)w@ﬁateﬂl?ovc(c@o B affoyd Gerr-68 arckdleght yellow

andmls(ﬁ kb IHQigS ﬁ(ﬁ%\leq e(eyqetfcgl\ryle]id San!:l] tEhe d)I(Ekﬁ\ \%Q%tn c{\%ﬂ%out further

corrponen‘f vvas renove e resu
r equdfieations 'BASEBADME® g =|\2C5(pp$resﬁOﬂ MIVBOSI1 288 Hir s 2LH), W55

251 ators o 140 AP Mae s ke T R Sre A ERbI

further topurification. Cap-80a and -80b



SOC12 (6.60 nL, 90.5 mml) was added drop-w se over 15
mn to a cooled 15(ice-water) m xture of

WO 2089/1@5¢8mi no- 4- (benzyl oxy) - 4- oxobut anoi ¢ aci dP¢R/TSZ949032830
44.98 mmol) and MeOH (300 nmi), the cooling bath was
removed and the reaction m xtgkl/[)e was stirred at
anbi ent condition for 29 hr. st of the volatile
conmponent was renoved in vacuo and the residue was

ot T At SO R o B Mifanhd ranuefal-i62. 83

extm}idtcectmtit D): RITGAL.9¢ #f) LTOWIS; ARM) CahﬂdFdﬁﬂ’[MﬂﬂﬁﬁbH@éNOs.
s dried (MgSO4), filtered, and
%@%F@P@Z% ﬁ?vacuo to afford (S)-1- benzyl 4- et hyl

2 am nosuccinate as a colorless oil (9.706g). 1H NWR
(DMBO-4, 6 = 2.5 ppm 400 40-7.32 (m 5H),

55.11 (s, 2H), 3.72 (appCf’pl\é?‘Z’a”‘é‘Sgb 1H) 3.55 (s, 3H),
2.68 (dd, J = 15.9; 6.3, 1H) 26958 J=15.9, 6.8,
1H), 1.96 (s, 2M)_ Ll Cond. Cj") a gﬁjﬁgﬁ@fmn LC/ VS
75Anal . Calcd. for [W1%f' G . 238.11; found

238. 22. Pb( )2 (6. 06 g, 18.3 mmol ) was added

over 1 MaGNBId; @.4Ch2CHDS (n&@l)mka)s agdddduib batohesfio a chilled (~15 °C)

(4. 50 19.0

it (16 PP OOBTIOL GIEGRE RS i grtay e
mmirmteaMerEbaNdé}&dQ(MmLZﬂ 5nﬁli’mil)j Was adoell drbjg-wise over 4 min, the o~
het er.ogeneous ni xt s stirred at anbient caonditi (N

10 'cfooB R “ehieiey s PTGt Wt At e conditon

fi fok b &t eAmadditidnapdcediashide (M8 vaRdddddlah@firdeRgai t}aq stirred
and the final filtrate was concentrated The resul tlp&;ﬁ

cr 1988 et Pt sClstas il fdesd s tth BT e iRy st vt de;

( 3RecHdd siild, e @6 lresul@hggxlgux%'\ﬁh% h@ddd foP1 8f £1@0dC. Most of the

(S)-1-benzyl 4-nethyl 9-

phedidfile orpraneR men rencweém risysuldhnigsiduggatingifed with a Dowex
15 Vi @COUSK & PhPibh- %§<§1aﬁ’%e| redid (c%ﬁm%) waslvl/'&sﬁed% &/QMB%djtﬁe

2.5 ppm 400 2H), 9-7.13 (m 1

4. ompognd waselytpd wnh ﬂplyte 4Qﬂ p@pargd &y mpxige 18 of }§{4 I and

(d

2 25802‘]ml_0f%vag'el) M%"ordé%{%o a(%OyéE%/ gl} ﬁfa%gtétg D fi h’@rosci)tg;c solid. 'H

S@)d6 RT2.5 ppm]1 S0MVIKZ): 6G M1, Aﬂéill 183 1208:2. ST(b(Im

1055 o rek) 154 Bk Aokt rbb i so over

20 10 tom(mptmlta meﬁd?r(egeﬁ&gﬁ):ofﬂhﬁ t§ 82 prdcedwodesctivsal fof the
n 4- met 2-(9- . ) )
eSS o dants B egoyife e RS E e 807 ¢ 8. 18

mml) and stirred for -1 hr. Mel (0.57 nm, 9.2 mol)

was—addedd; ;
s{ CFPA4 was continued for 16H5MR (MMiSOedeab F@vﬁm?gn #A

copdy Nng bath to thaw to roo
qjgiﬁ)lchin w th turated NH4 ?péfutlg({tﬁ(S WL?{)268%60
of Gep€00:38) gani c>gonponent was, 4Hmbsed.44imy4id)y o.1ard] J =

t he residue\é@sprt'tioned t wee 1. ).
and water (4 rrL).jfutjt\eo"é)rganpg’ﬁ%@tﬁg\f\gg_éréégg EE/MS'
(MSH), fijtered, and concemhtitcatd HoryREED; CangNOhe
resulting crude material was ﬁ urified W|th a Bi ot age
(350 g silica gel; 25% Et 0A¢AKbkaAeY Wdldfford 3.65 g
of @, 29,:3S gn SI3R di asterfeoneri ¢ m xtures of

1 gl%nzyl 4- et hyl  3- met hy1- 271 9uvER €DYBOIH; § =R wpme, 300
yl no) sucgimate i OPE 1. 0: 0,65 ratio (ITI

st erpoghegj stry the domi naHt?) %n]r%g 14w, %%284277 (m,
determ ned at this juncture, and the mi xture was
submtted to the next step w thout separation. Parti al
| HNMR data (DVBO-d6, 6 = 2.5 PPrn, 400 WVHz): mmj or

di astereonmer, 64.39 (d, J = 12.3, 1H of CH2), 3.33 (s,
3H, overlapped with H20 signal), 3.50 (d, J = 10.9,
NH), 1.13 (d, = 7.1, 3H); mnor 95di astereoner, 64.27
(d, J =12.3, 1Hof CH ), 3.76 (d, J = 10.9, NH), 3.64
(s, 3H, 0.77 (d, J = 7.0, 3H). LC (Cond. 1) RT =

" a a 31 01 Nl PN PN R LN A




30 (2S)-1-benzyl 4-nethyl

3-net hyl- 2-(9-phenyl-9H fl uor en-9-yl am no) succi nat e
WwO(280931p2%38 6. 86 mmol ) prepared above, and sti r P€d/E20097082830

C for 20 hr. The reaction mxture was renoved fromthe

cooling bath and rapidly pourgd into -1M H3PO4/ H20

(250 88 nL) with stirring, and the m xture was

extracted vvlth et her (100 ni, 2x) The corrbi ned

or . 4
fil tered ang concentrated in a.
of| the crudg material was prepesed and, smpmgtlt(tegl_tm 3H).
chir omat ogr aphy (25% Et OAc/ hexanes; gravity eluti on) to
afford 1.1g |of 5(2S, 3S)- benzC/MS: Anal. Caled. for [M+H]
4-hydr oxy- 3-inet hyl - 2- (9- phenyt#8kkd ] umoelr}ﬁmyam(rm) bu

t gate_contamnated with benzyl alcohol as a

co| @#1-85s vilscous oil and (2 §0-dg-8 = 2.5 ppm, 400

hydroxy-3-nEthy1 2-(9- phenyl

noat e cont ai|n th@ (2S, 3R i %%g?(nisﬁf;f?g E’E
m X e.smh 8ist(ne 0HY, 0.98 toeJewma

i mpurity. The isaml e

col um chr orat ogr YWhouri fi i ditio B
afford 750 ng of rified ma %%)rggl%ggs_ ésv#ﬁt@g%@aﬁf 6.5,
[Note: the (|2S, 3S) isoner e|3esdRKongall 8lcd2kr BAH]"
i soner under} the above condition].. (2S, 39 isoner: 1H
NMR ( DVBO- d, 8 = 2 5 ppm 406 HG2 174 B% foupd 1344y 5.

7 B (T gpg/t(dJLM R By T, 73 sl sob

10| 1I NH)EJI 147 tg}i t Hmar%cj;;gg 3(m(d§%w 10.8,
ovier | appe i e ven N

0.88 (d, J = 6.8, EH). e e -’ :691-.1 ==H>2.~ (S -
Lg MS: Anal .| Calcd.!for [M-H 2.S32R80MNOLY), #6% (145= 7T 6HY

46 292 (2SS 3R sorerr—1H NMR (DMESO-d6 S =2 5 nnm
[y sy ) LIC A=A i i >3 =T

AL

A00CHHEY . 7.81 (d, J = 7.5, piH)NMREWMSOTe qTip-S pam) 200

II<{1

4.163 (d, J= t-

4.2 (d. J 1 _1(4?1253?5(7%@%, Pf‘)%%%”'%tﬁ)} 3811,
1H), 2.44 (dd, 3 | LHE,6, 1T, 2§82 1Hjm, 4615763 (dd,
(d'/ = 6.8,

Anjal . 90Cal qd. iraotckd 1B R 63,
46d. 52. t BDe0.0R énd edl2, AHS | RFRENDS

of| t he DI BAL-reductmm@n products
stiudi es conducted on |actone|d Y\Bg??r@ag?&r%réaﬂ Ecﬁtd
each i soner |by enpl oying the ﬁof) [NFeMi "G HpMNROOC 089.12; found

Li HVDS (50 pL of 1.0 M THF, 8)%51 nmol ) was added to a
cojpled (ice-jwater) THF (2.0 Sol ution of (2S, 38) -

95 ngzﬂx 0

4-|pydr oxy- 3-/met By 1- 2 (8- phenlde Ak, Wdprencd- o) bu
tanoate (62. 7 hg, YO. 85 mol and the reaction
mxture was |stir at siml a‘?lot{eh‘ﬁ)er dB%A & fpwyd L3320
Thie vol atil g conponent was renoved in vacuo and the
residue was partitioned between CH2CH2 (30 L), water
(20 mL) and saturated aqueous NRICl solution (1 niL).
The organic |layer was drieddapysSH4), filtered, and
concentrated in vacua, and. 30the resulting crude
material was submtted to a Biofage purification (40 g -
silica gel; 10-15% Et OAc/ (fo afford
(3S,4S) - 4-net hyl- 3- (9- phenyl- QHf1 uor en- 9-

yl am no) di hydr of uran-2(3H)-one @s a col orl ess fil m of
solid (28.1 ng). (2S,3R) - benzyl

4- hydr oxy- 3- et hyl - 2- (9- phenyl - 9H-f | uor en- 9-yl am no) bu
tanoate was 89 elaborated simlarly to

(3S, 4R) - 4- et hy1- 3- (9- phenyl- 9H-f | uor en- 9-

yl am no) di hydr of uran- 2( 3H) - one. (3S, 4S) -1 act one
isoner: 1H NVR (DMSO-d6, S = 2.5 ppm 400 MHz), 7.83
(d, J =7.5 2H), 7.46-7.17 (m 11H), 4.14 (app t J =
8.3, 1H), 3.60 (d, J =5.8, NH), 3.45 (app t, J = 9.2,
1H), -2.47 (m IH partially 5overl apped with sol vent
signal), 2.16 (m 1H), 0.27 (d, J = 6.6, 3H. LC




15was stirred at anbient condition for 14.25 hr. The
reaction mxture was then diluted with CH2C12 (30 i)
WO 200/1e286thed with water (15 L), and the or ganPCI/U830@9/032830
was dried (MgSO4), filtered, and concentrated in
vacuo. The resultant crude erial was purified wth
a Biotage (40 g silica gel; 5% Et0Ac/ hexanes) to
afford (2S, 3S)-benzyl
4-(tert-butyl dinmethylsily OX met hy1- 2- (9- phenyl- 9H
-fl uoren-9- "yl ani no) but andAt es t%po‘ﬁt am nated with TBDVB
based inpurities, as a co%grl&ss viscous oil (124.4
ng). (2S, 3R)-benzyl o
4- hydr oxy- 3- net hy1- 2- (9- phen\EU\QHfl uor en- 9- yl am no) but
anoate was el aborated simlaMNgy,to (2S, 3R)-benzyl
4- (tertbutyl di net hyl silyl oxy)-3-nethyl-2-(9-phenyl-9H
f | uor e NNEBHACAIM( h6 Rt amnoat)evas 6@EBd 363 esilddy(Icebtduarbath) water

e (G 5 oy L B o

5 ( MAcékddtlyde A.57R1, (1d.5 rﬂm§l) s’lvEs #dded top- vélse4631e£ ﬂmn{ the cb3lim bath

1 ’_%'is r(emoxE/3 3. 1d9 tbe(, g‘@ct (Hl mljtm:e yga%tlrrg@_ﬁt an& ep(t_)c?xghtmg Hyr 2'_Rr The

- OredeliohSvas 3h|)>fully Qué@hf(dswn}?’wN HECa{d@nebntrhted Wt tHe
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4 (tertbutyl di met hyl silyl oxy)-3-nethyl-2-(9-phenyl -9H
>l uoren-9-yl ani no) but anoate (836 5 ny, 1.447 nmol) and
10% Pd/ C (213 ng) in EtOAc f46791L) and the mxture was
stirred_at roomtengerature or - 21 hr, where t
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25 4- (Ryer (tdmﬁyyalrﬂihajes h%dr&bjp)/dp@?fd{a ac3d,nBh B}Milwzse(rﬁ s@llmegyd maht

fluoren-9-yl am no) but anoat e was "15sim | arl y el aborated
t oTpodR) Wos uyidl Avls adthew s pyififatiet hyl si iyl oxy) - 3-
met hyl but anoi ¢ acid. (2S,3S)-amino acid isonmer: jH NWR
(Met hanol -d4, S = 3.29 ppm 400 MHz), 3.76 (dd, J =
10.5, 5.2, 1H), 3.73 (d, J =3.0, IH, 3.67 (dd, J =
10.5, 7.0, I H, 2.37 (m IH, 0.97 (d, J = 7.0, 3H,
0.92 (s, 9H), 0.10 (s, 6H). LC Ms: Anal. Calcd. for

30 MbtH] CHH26NOBSI : 248.17; found 248.44. (2S,3R)- am no
acid isonmer: IFI NWR (Methanol-1h S = 3.29 ppm 400
MHz), 3.76-3.75 (m 2H), 3.60 (d, J 4.1, 1H), 2.16
(m 1H), 1.06 (d, J = 7.3, 3H), 0.91 (s, 9H), 0.09 (s,
6H). Anal. Calcd. for [M-H 4 CEl H261' 103Si: 248. 17;
found 248. 44. Water (1 nL) and NaOH (0.18 ni of
1.0 MH20, 0.18 mmol) were added to a m xture of
(2S,3S)-2-am no-4-(tert-butyl di nethyl silyloxy)-3-nethy
Ibut anoic acid 95(41 9 ny, 0.169 mml ) and Na2CO3
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0.85 (s, 9H), -0.84 (d, 0.9H, overlapped with t-Bu
signal), 0.79 (d, J =7, 2.1H), 0.02/0.01/0.00 (three
WwOg010239pi ng singlets, 6H). LC/ MS: Anal. Cal c@CTfu$2009/032830

[ MtNal  Cl 3H27NNa05S1: 328. 16; found 328. 46.
Cap-80b: NVR (CDC13, 6 = 7.24 PPm 400 MHz), 6.00 (br
d J=6.8 1H), 4.36 (dd, J =7 .1,3,1, 1H, 3.87
(dd, J = 10.5, to3.0, IH, 3.67 (s, 3H, 3.58 (dd, J =
10.6, 4.8, 1H), 2.35 (m 1 .03 (d, J =7.1, 3H
0.90 (s, 9H), 0.08 (s, 6I—|)%E@}ﬂ/5' Anal . Calcd. for

[ MtNa] C 3H27NNaO5Si : 328. 16;, faund 328.53. The crude
products were utilized wLbhoﬁg flurther purification.
Cap-81 0 150- Prepared afco diRY to the protocol
described by Falb et al. Syhthetic Communications
1993, 23, 2839. Cap-82 to Cap- 8%, 70Cap-82 to Cap-85
wer e synt hesi zed from appropri é%starting material s
according to the procedure descried for Cap-51 or

Cap- 13. | i { s | tral 1
Cor 19, RSOFRIPLER ALALAS AL SR8 U150
Caprald/MdCp ¢ Bimla pethCappated  of (B Slpaaind-2dleytyhut@@carbonylamino)

L LOD N0, N G0 R0, Cap: 52C0: SRR PARR S 4.1
mmol) was added drop-wise over 2 min, the cooling bath was removed, and the
reaction mixture was stirred at ambient condition for 3.5 hr. An additional
acetaldehyde (2.7 mL, 48.1 mmol) was added and the reaction was stirred for 20.5 hr.
Most of the MeOH component was removed in vacuo, and the remaining mixture

10 was treated with concentrated HCI until its pH reached ~ 1.0 and then heated for 2 hr
at 40 °C. The volatile component was removed in vacuo, and the residue was treated
with 4 M HCl/dioxane (20 mL) and stirred at ambient condition for 7.5 hr. The
volatile component was removed iz vacuo and the residue was purified with Dowex
® S0WX8-100 ion-exchange resin (column was washed with water and the

15 compound was eluted with dilute NH4,OH, prepared from 18 ml of NH4OH and 282
ml of water) to afford intermediate (S)-2-amino-4-(diethylamino)butanoic acid as an
off-white solid (1.73 g).

Methyl chloroformate (0.36 mL, 4.65 mmol) was added drop-wise over 11
min to a cooled (ice-water) mixture of Na,COs (0.243 g, 2.29 mmol), NaOH (4.6 mL

20 of IM/H,0, 4.6 mmol) and the above product (802.4 mg). The reaction mixture was
stirred for 55 min, and then the cooling bath was removed and stirring was continued
for an additional 5.25 hr. The reaction mixture was diluted with equal volume of
water and washed with CH,Cl, (30 mL, 2x), and the aqueous phase was cooled with

ice-water bath and acidified with concentrated HC1 to a pH region of 2. The volatile

04
()

component was then removed in vacuo and the crude material was free-based with
MCX resin (6.0g; column was washed with water, and sample was eluted with 2.0 M
NH3/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). 'H NMR
(MeOH-d4, & = 3.29 ppm, 400 MHz): § 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 3H),



To a m xture of O-nmethyl-L-threonine (3.0 g, 22.55
mol ), NaOH (0.902 g, 22.55 mmol) in H20 (15 nL) was

WO 200%eerSe8 CO2Me (1.74 nml, 22.55 mmol) dr opwi seP@T/USW09/032830
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The m xture was allowed to stir for 12 h and acidified
to pH I using IN HCL. The aqggous phase was extracted
with Et 0OAc and (2x250 nL) and 10% MeOH in CH2O 2 (250
nm.) and the corrbi ned organi c phases vvere concentr at ed

un I S§ 8 7%
R TR E e e
st BAVS: | AraNMBRI¢d (for MHZH ] CD(Eﬂgﬁ\)z(BABBQ 5 found £§3.24.
3.92-3.97 (m IH), 03.66 (s,.3H), 1.17 (d, J= 7.7 Hz,
3H). LCVS: Anal. Calcd. for C71-113N05: 191; found:
190 (MH-. Cap-87 MeO2CH 70 HkXH7psTo a m xture of
L- honoserine (2.0 9.79 mmol ), Na2CO3 (2.08 g, 19.59
mol ) in H20 (15 added C1CO2Me (0.76 ni, 9.79
nmol ) dropw se a ym xture was allowed to stir
for 48 h and acidified to pH 1 using IN HC1L. The
aqueous phase was exthacted Wyt h7ELQAGRRE (2X250 )
and the conbi ned organihe phases7mesaneorecentrated in
vacuo to afford a col orless solid (0.719 g, 28% which
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of 4-&@fsi b, 8506 iznrdRs s+ &8 A0]-S88 dmad HY).da37-Dogim, 4Fhe Lﬁe(@ond
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(ca. 1.1 g) was dissolved in H20, frozen and
| yophyllized. The title conpound was obtai ned as a

20foam (1.02 g, 62%. |HNVR (@0078&Hz, DVSO-d6) 6 8. 00

(s, br, 114), 7.68 -7.71 (m 114), 7.01 (s, br, 114),
6.88 (d, J = 7.5 Hz, | (s br, 1H), 3.54 (s,
IH), 2.04 -2.06 (m 114)} = 6.0 Hz, 3H),

0.91 (d, J = 6.6 Hz, 3H). 15Cal cd. for
C10H14N202: 194, found 9?/( t A m xt ure of
L-valine (1.0 g, 8.54 mol 5- bronopyrim di ne (4.03
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was added. The slurry was allowed to stand for 20 mn
and | oaded onto a pad of cation exchange resin
(Strata) (ca. 25g). The pad was washed with H20 (200
m.), MeOH (200 nL), and then NH3 (3Min MeOH, 2x200
nmL). The appropriate fractions was concentrated in
vacuo and the residue (ca. 1.1 g) was dissolved in
1420, frozen and |yophyllized. The title conmpound was
obtalned as a 30 foan1(1 02 g, 629% . I HNWR (400 MHz,
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subsequent reactions. LCVS: Anal. Calcd. for

C9H13N302: 195; found: 196 (MrH)+. Cap-90 CO2H Nwe2
WOQap/®a568as prepared according to the nethod RESWI2bedD32830

for the preparation of Cap-1. The crude material was

used as is in subsequent steﬁg LCVS: Anal . Calcd. for

CL1HI5NQ2: 193; found: 192 ( - The foll ow ng

caps were prepared according to the nethod used for

S e R S S e
Cal aturd Wiis edted frbs MidtichdB3. shauneias 8127 al{dwdd)to cd iy Sbient
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mixture was filtered and the filtrate was rotervaped. The resulting crude material was
5  taken up in -PrOH (6 mL) and heated to effect dissolution, and the non-dissolved

part was filtered off and the filtrate concentrated in vacuo. About 1/3 of the resultant
crude material was purified with a reverse phase HPLC (H,O/MeOH/TFA) to afford
the TFA salt of Cap-78 as a colorless viscous oil (353 mg). 'H NMR (DMSO-dg, & =
2.5 ppm, 400 MHz; after D,O exchange): § 7.56-7.49 (m, 5H), 5.35 (S, 1H), 3.35 (m,

10 1H), 3.06 (app brs, 1H), 2.66 (m, 1H), 1.26 (t, J = 7.3, 3H), 0.92 (m, 1H), 0.83-0.44
(m, 3H). LC (Cond. 1): RT =0.64 min; LC/MS: Anal. Calcd. for [M+H]"
Ci13H1sNO,: 220.13; found 220.21. HRMS: Anal. Calcd. for [M+H]" Ci3HsNO,:
220.1338; found 220.1343.

15 Cap-79
H O
/O N/,'

N
L/

Ozone was bubbled through a cooled (-78 °C) CH,Cl, (5.0 mL) solution Cap-
55 (369 mg, 2.13 mmol) for about 50 min until the reaction mixture attained a tint of
blue color. Me,S (10 pipet drops) was added, and the reaction mixture was stirred for

20 35 min. The -78 °C bath was replaced with a -10 °C bath and stirring continued for

an additional 30 min, and then the volatile component was removed in vacuo to
afford a colorless viscous oil.

NaBH;:CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of

the above crude material and morpholine (500 pL, 5.72 mmol) and the mixture was

o
i

stirred at ambient condition for 4 hr. It was cooled to ice-water temperature and
treated with concentrated HCI to bring its pH to ~2.0, and then stirred for 2.5 hr. The
volatile component was removed in vacuo, and the residue was purified with a

combination of MCX resin (MeOH wash; 2.0 N NH:/MeOH elution) and a reverse



R "N LCMS: Anal. Caled. for Cl10H12N204:
224; found: 225 (MtH) . Cap-94 0 OH. NHNO H 0 LQME:

WO 201025681 cd. for CsH 1 N304: 213; found: 214PCRERR009/032830
95 Cap-95 0O s-"0OANH O OCH LCVs: Anal . Calcd. for
C13H17N04: 251; found: 250 C%E 96 0 ...* '-"ONHO OH
4111 LCMS: Anal. Calcd. for 2H15N04: 237; found: 236
(MH-. Cap-97 0 --"ONHO J-L OH

phase HPLC (H,O/MeOH/TFA) to afford Cap-79 containing unknown amount of
morpholine.
In order to consume the morpholine contaminant, the above material was
dissolved in CH>Cl, (1.5 mL) and treated with Et;N (0.27 mL, 1.94 mmol) followed
5 by acetic anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for 18 hr.
THF (1.0 mL) and H,0 (0.5 mL) were added and stirring continued for 1.5 hr. The
volatile component was removed in vacuo, and the resultant residue was passed
through MCX resin (MeOH wash; 2.0 N NH3/MeOH elution) to afford impure Cap-
79 as a brown viscous oil, which was used for the next step without further

10 purification.
Cap-80a and -80b

A on
Cap-80a: S/S-diasterecmer

Cap-80b: S/R-diastereomer
/
O‘Si—<'
\

SOCI; (6.60 mL, 90.5 mmol) was added drop-wise over 15 min to a cooled
15 (ice-water) mixture of (S)-3-amino-4-(benzyloxy)-4-oxobutanoic acid (10.04g, 44.98
mmol) and MeOH (300 mL), the cooling bath was removed and the reaction mixture
was stirred at ambient condition for 29 hr. Most of the volatile component was
removed in vacuo and the residue was carefully partitioned between EtOAc (150 mL)
and saturated NaHCOj solution. The aqueous phase was extracted with EtOAc (150
20 mL, 2x), and the combined organic phase was dried (MgSQy,), filtered, and
concentrated in vacuo to afford (S)-1-benzyl 4-methyl 2-aminosuccinate as a
colorless oil (9.706g). 'H NMR (DMSO-ds, 8= 2.5 ppm, 400 MHz): 8 7.40-7.32 (m,
5H), 5.11 (s, 2H), 3.72 (app t, J = 6.6, 1H), 3.55 (s, 3H), 2.68 (dd, J = 15.9, 6.3, 1H),
2.58 (dd, J=15.9, 6.8, 1H), 1.96 (s, 2H). LC (Cond. 1): RT = 0.90 min; LC/MS:
25 Anal. Calcd. for [M+H]" C;2H,6NO.: 238.11; found 238.22.
Pb(NOaz), (6.06 g, 18.3 mmol) was added over 1 min to a CH,Cl, (80 mL)
solution of (S)-1-benzyl 4-methyl 2-aminosuccinate (4.50 g, 19.0 mmol), 9-bromo-9-
phenyl-9H-fluorene (6.44 g, 20.0 mmol) and Et;N (3.0 mL, 21.5 mmol), and the

heterogeneous mixture was stirred at ambient condition for 48 hr. The mixture was



LCVS: Anal . Calcd. for COHL5NO4: 201; found: 200

Cap- 98 O NN10-j-LNHO brilLtH LCMs: Anal. Calcd. for
WO BRE: 201; found: 202 (MrH)I. Cap-99 0 - .KCT/US20091032830

NH | HNVR (400 MHz, CD30D) 6 3.88 - 3.94 (m 1H), 3.60,

3.61 (s, 3H), 2.80 (n, 1H), 28;0(m1H), 1.82- 1.94

(m 3H), 1.45 -1.71 (m 2H). "CO2H Cap-99a 0

-.ONH O co2H I HNVR (400 MHz, CD30D) 6 3.88 - 3.94 (m

1H)
1.

Gy 2 e e, it e B il

. . ~filfrate Waltbrdbhtrated. The resulting crude material was submitted to a Biotage

10

15
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purification (350 g silica gel, CH,Cl, elution) to afford (S)-1-benzyl 4-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate as highly viscous colorless oil (7.93 g). 'H
NMR (DMSO-ds, 6 =2.5 ppm, 400 MHz): § 7.82 (m, 2H), 7.39-7.13 (m, 16H), 4.71
(d,J=12.4,1H),4.51 (d,J = 12.6, 1H), 3.78 (d, J = 9.1, NH), 3.50 (s, 3H), 2.99 (m,
1H), 2.50-2.41 (m, 2H, partially overlapped with solvent). LC (Cond. 1): RT =2.16
min; LC/MS: Anal. Caled. for [M+H]" C3H2sNO,: 478.20; found 478.19.

LiHMDS (9.2 mL of 1.0 M/THF, 9.2 mmol) was added drop-wise over 10
min to a cooled (-78 °C) THF (50 mL) solution of (S)-1-benzyl 4-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate (3.907 g, 8.18 mmol) and stirred for ~1 hr.
Mel (0.57 mL, 9.2 mmol) was added drop-wise over 8 min to the mixture, and
stirring was continued for 16.5 hr while allowing the cooling bath to thaw to room
temperature. After quenching with saturated NH4Cl solution (5 mL), most of the
organic component was removed in vacuo and the residue was partitioned between
CH,Cl, (100 mL) and water (40 mL). The organic layer was dried (MgSO,), filtered,
and concentrated in vacuo, and the resulting crude material was purified with a
Biotage (350 g silica gel; 25% EtOAc/hexanes) to afford 3.65 g of a 2S/3S and 2S/3R
diastereomeric mixtures of 1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-
ylamino)succinate in ~1.0:0.65 ratio ("H NMR). The stereochemistry of the
dominant isomer was not determined at this juncture, and the mixture was submitted
to the next step without separation. Partial "H NMR data (DMSO-de, & = 2.5 ppm,
400 MHz): major diastereomer, 6 4.39 (d, J = 12.3, 1H of CH,), 3.33 (s, 3H,
overlapped with H,O signal), 3.50 (d, J = 10.9, NH), 1.13 (d, J = 7.1, 3H); minor
diastereomer, 8 4.27 (d, J =12.3, 1H of CHy), 3.76 (d, J = 10.9, NH), 3.64 (s, 3H),
0.77 (d,J =7.0,3H). LC (Cond. 1): RT =2.19 min; LC/MS: Anal. Calcd. for
[M+H]" C3,H30NOy: 492.22; found 492.15.

Diisobutylaluminum hydride (20.57 ml of 1.0 M in hexanes, 20.57 mmol)
was added drop-wise over 10 min to a cooled (-78 °C) THF (120 mL) solution of -
(25)-1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)succinate (3.37
g, 6.86 mmol) prepared above, and stirred at -78 °C for 20 hr. The reaction mixture

was removed from the cooling bath and rapidly poured into ~1M H;PO,/H,0 (250
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LCVS: Anal. Calcd. for Cl12H14NO4F: 255; found: 256
(MH—%;. Cap-1 01 o .N.O.--1LNH CO2H 0 LCVB: Anal .
EP/APS6T or CI 1 1-113N04: 223; found: 222 (M HCTEP009932830
0 -.0..--11. NH CO2H 40 LCMs: Anal. Calcd. for

C11fi 13N04: 223; found: 222 @g}H) Cap-103 O -.ONH
--r-C2H ---7----"N----<; LCI\/IS Anal . Calcd for
C10H 2N204: 224; found: 225 (I\/H—|) . Cap- 104

l; H;FLQ with Q%'ﬁlg,oand Ohe/ milx}ﬁl%as( 409 MGt %ro(%o gﬁ, 978 (l"ﬁe

combined organic phase was washed with brine, dried (MgSO,), filtered and
concentrated in vacuo. A silica gel mesh of the crude material was prepared and
submitted to chromatography (25% EtOAc/hexanes; gravity elution) to afford 1.1g of
(2S,3S)-benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate,
contaminated with benzyl alcohol, as a colorless viscous oil and (2S,3R)-benzyl 4-
hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate containing the
(25,3R) stereoisomer as an impurity. The later sample was resubmitted to the same
column chromatography purification conditions to afford 750 mg of purified material
as a white foam. [Note: the (285, 3S) isomer elutes before the (2S,3R) isomer under
the above condition]. (2S, 3S) isomer: 'H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz):
7.81 (m, 2H), 7.39-7.08 (m, 16H), 4.67 (d, J = 12.3, 1H), 4.43 (d,J = 12.4, 1H), 4.21
(appt,J = 5.2, OH), 3.22 (d, J = 10.1, NH), 3.17 (m, 1H), 3.08 (m, 1H), ~2.5 (m,
1H, overlapped with the solvent signal), 1.58 (m, 1H), 0.88 (d, J = 6.8, 3H). LC
(Cond. 1): RT =2.00 min; LC/MS: Anal. Calcd. for [M+H]" Cs3;H3oNOs: 464.45;
found 464.22. (28, 3R) isomer: 'H NMR (DMSO-de, 8 = 2.5 ppm, 400 MHz): 7.81
(d,J=1.5,2H), 7.39-7.10 (m, 16H), 4.63 (d, J=12.1, 1H), 4.50 (app t, J = 4.9, 1H),
4.32(d,J=12.1, 1H), 3.59-3.53 (m, 2H), 3.23 (m, 1H), 2.44 (dd, J = 9.0, 8.3, 1H),
1.70 (m, 1H), 0.57 (d, J = 6.8, 3H). LC (Cond. 1): RT = 1.92 min; LC/MS: Anal.
Caled. for [M+H]" C3;H3oNO;: 464.45; found 464.52.

The relative stereochemical assignments of the DIBAL-reduction products
were made based on NOE studies conducted on lactone derivatives prepared from
each isomer by employing the following protocol: LIHMDS (50 uL of 1.0 M/THF,
0.05 mmol) was added to a cooled (ice-water) THF (2.0 mL) solution of (2S,3S)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (62.7 mg,
0.135 mmol), and the reaction mixture was stirred at similar temperature for ~2 hr.
The volatile component was removed in vacuo and the residue was partitioned
between CH,Cl; (30 mL), water (20 mL) and saturated aqueous NH,4Cl solution (1
mL). The organic layer was dried (MgSO,), filtered, and concentrated in vacuo, and
the resulting crude material was submitted to a Biotage purification (40 g silica gel;
10-15% EtOAc/hexanes) to afford (3S,4S)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one as a colorless film of solid (28.1 mg). (2S,3R)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was



3.50 - 3.53 (m 1H), 2.66 -2.69 and 2.44 - 2.49 (m
1H, 1.91 -2.01 (m 21-1), 1.62- 1.74 (m 41-1), 1.51
WO0-2009/92568m 2H). Cap-105 1P HNCO2H 101 | HNVR (P400USB9/032830
CD30D) 53.60 (s, 3H), 3.33 -3.35 (m 1H, partially
obscured by sol vent)l,l 2 37- 28491 and 0/ 97 98
Cap-109 0 -.0-K,NH -"A'CO2H .%--- k LCVMs: Anal. Cal cd.
for C10li12N204: 224; found: 225 (M+H . Cap-h0 O
' oe'lefb%%te}l'}'ﬁ'ni%%ﬁ'o (38’,4_R_)-140—/?néthy1-3—(9—pheny1-9H—ﬂuoren-9—
ylamino)dihydrofuran-2(3H)-one. (3S,4S)-lactone isomer: 'H NMR (DMSO-ds, & =
2.5 ppm, 400 MHz), 7.83 (d, J = 7.5, 2H), 7.46-7.17 (m, 11H), 4.14 (app t, J = 8.3,
1H), 3.60 (d, J = 5.8, NH), 3.45 (app t, J = 9.2, 1H), ~2.47 (m, 1H, partially
5 overlapped with solvent signal), 2.16 (m, 1H), 0.27 (d, J = 6.6, 3H). LC (Cond. 1):
RT = 1.98 min; LC/MS: Anal. Calcd. for [M+Na]" Cp4H, NNaO,: 378.15; found
-378.42. (3S,4R)-lactone isomer: "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz), 7.89
(d,J=7.6,1H), 7.85(d, J = 7.3, 1H), 7.46-7.20 (m, 11H), 3.95 (dd, /=9.1, 4.8,
1H), 3.76 (d, J = 8.8, 1H), 2.96 (d, J = 3.0, NH), 2.92 (dd, J = 6.8, 3, NCH), 1.55 (m,

10 1H),097(d,J=7.0,3H). LC (Cond. 1): RT =2.03 min; LC/MS: Anal. Calcd. for
[M+Na]" C24H;NNaO,: 378.15; found 378.49.

TBDMS-CI (48 mg, 0.312 mmol) followed by imidazole (28.8 mg, 0.423 mmol)
were added to a CH,Cl, (3 ml) solution of (25,3S)-benzyl 4-hydroxy-3-methyl-2-(9-
phenyl-9H-fluoren-9-ylamino)butanoate (119.5 mg, 0.258 mmol), and the mixture

15 was stirred at ambient condition for 14.25 hr. The reaction mixture was then diluted
with CH,Cl; (30 mL) and washed with water (15 mL), and the organic layer was
dried (MgSQ,), filtered, and concentrated in vacuo. The resultant crude material was
purified with a Biotage (40 g silica gel; 5% EtOAc/hexanes) to afford (2S,3S)-benzyl
4-(tert-butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-

20  ylamino)butanoate, contaminated with TBDMS based impurities, as a colorless
viscous oil (124.4 mg). (2S,3R)-benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-
fluoren-9-ylamino)butanoate was elaborated similarly to (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate.
(28,3S)-silyl ether isomer: "H NMR (DMSO-de, & = 2.5 ppm, 400 MHz), 7.82 (d, J =

25 4.1, 1H), 7.80 (d, J = 4.0, 1H), 7.38-7.07 (m, 16 H), 4.70 (d, J = 12.4, 1H), 4.42 (d, J
=12.3, 1H), 3.28-3.19 (m, 3H), 2.56 (dd, J = 10.1, 5.5, 1H), 1.61 (m, 1H), 0.90 (d, J
= 6.8, 3H), 0.70 (s, 9H), -0.13 (s, 3H), -0.16 (s, 3H). LC (Cond. 1, where the run
time was extended to 4 min): RT = 3.26 min; LC/MS: Anal. Calcd. for [M+H]"
C37H44NO3Si: 578.31; found 578.40. (2S,3R)-silyl ether isomer: '"H NMR (DMSO-

30 de, 6=2.5ppm, 400 MHz), 7.82 (d, J = 3.0, 1H), 7.80 (d, J = 3.1, 1H), 7.39-7.10 (m,
16H), 4.66 (d, J = 12.4, 1H), 4.39 (d, J = 12.4, 1H), 3.61 (dd, J = 9.9, 5.6, 1H), 3.45



| *--N.- LCMS: Anal. Calcd. for CI10H12N204: 224;
found: 225 (M+H)+. Cap-111 0 ..O. J.NH CO2H 411 (:)''

WO 2009/1256820 \ OH LCVB: Anal . Cal cd. for Cl2H16NSHES208%632830

10

15

30

found: 334 (MtH)+. Cap-112 0 .0A NH CO2H di NH LCWVE:
Anal . Calcd. for C13H14N204: (@62; found: 263 (MtH) +.
Cap-113 9 .0--Lc NH co2H 40 n LCVS: Anal. Calcd. for
C181- 119N05: 329; found: 330 (MrH). Cap-114 , CO2Me

[ - Ny LINVIRGS 408 WHZ7 = 10, 6.2, 11), 2.55 (dd, 7 = 9.5, 7.3, 1H), 1.74 (m, 1H),
0.77 (s, 9H), 0.61 (d, J = 7.1, 3H), -0.06 (s, 3H), -0.08 (s, 3H).

A balloon of hydrogen was attached to a mixture of (2S,3S)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (836
mg, 1.447 mmol) and 10% Pd/C (213 mg) in EtOAc (16 mL) and the mixture was
stirred at room temperature for ~ 21 hr, where the balloon was recharged with H, as
necessary. The reaction mixture was diluted with CH,Cl; and filtered through a pad
of diatomaceous earth (Celite-545%), and the pad was washed with EtOAc (200 mL),
EtOAc/MeOH (1:1 mixture, 200 mL) and MeOH (750 mL). The combined organic
phase was concentrated, and a silica gel mesh was prepared from the resulting crude
material and submitted to a flash chromatography (8:2:1 mixture of EtOAc/i-
PrOH/H,0) to afford (2S,3S5)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid as a white fluffy solid (325 mg). (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was
similarly elaborated to (2S,3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid. (2S,3S)-amino acid isomer: '"H NMR (Methanol-ds, & = 3.29
ppm, 400 MHz), 3.76 (dd, J = 10.5, 5.2, 1H), 3.73 (d, J = 3.0, 1H), 3.67 (dd, J =
10.5,7.0, 1H), 2.37 (m, 1H), 0.97 (d, J = 7.0, 3H), 0.92 (s, 9H), 0.10 (s, 6H).
LC/MS: Anal. Caled. for [M+H]" C);H6NOsSi: 248.17; found 248.44. (2S,3R)-
amino acid isomer: '"H NMR (Methanol-ds, & = 3.29 ppm, 400 MHz), 3.76-3.75 (m,
2H), 3.60 (d, J = 4.1, 1H), 2.16 (m, 1H), 1.06 (d, J = 7.3, 3H), 0.91 (s, 9H), 0.09 (s,
6H). Anal. Calcd. for [M+H]" C11H,6NO3Si: 248.17; found 248.44.

Water (1 mL) and NaOH (0.18 mL of 1.0 M/H,O, 0.18 mmol) were added to
a mixture of (2S,3S5)-2-amino-4-(tert-butyldimethylsilyloxy)-3-methylbutanoic acid
(41.9 mg, 0.169 mmol) and Na,COs (11.9 mg, 0.112 mmol), and sonicated for about
1 min to effect dissolution of reactants. The mixture was then cooled with an ice-
water bath, methyl chloroformate (0.02 mL, 0.259 mmol) was added over 30 s, and
vigorous stirring was continued at similar temperature for 40 min and then at ambient
temperature for 2.7 hr. The reaction mixture was diluted with water (5 mL), cooled
with ice-water bath and treated drop-wise with 1.0 N HCI aqueous solution (~0.23
mL). The mixture was further diluted with water (10 mL) and extracted with CH,Cl,

(15 mL, 2x). The combined organic phase was dried (MgSQ,), filtered, and



CDC13) 6 4.82 - 4.84 (m 1H), 4.00 -4.05 (m 2H), 3.77
(s, 3H, 2.56 (s, br, CO2H 99 2H) Cap- 1] 5 4
WOR0eodRsBHCO2Me | HNVR (400 MHz, CDC13) 5 5. 13 pCg/U42009/032830
1H), 4.13 (s, br, 1H), 3.69 (s, 3H), 2.61 (d, J =
5.0 Hz, 2H), 1.28 (d, J = 9.1 Hz, 3H. Gap-1]6
--ANT-"cO02H I HNMR (400 MHz, &013) 6 5.10 (d, J = 8.6
NHCO2 Me Hz, 1H), 3.74 - 3.83 (m 1H), 3.69 (s, 3H),
2. 5cff)nc_en’[ratgd galvaguno] to %gfgfl)d’ Calp'— 281 ag gne gftf—’wh‘gte solid. (2S,3R)-2-amino-4-
(tert-butyldimethylsilyloxy)-3-methylbutanoic acid was similarly elaborated to Cap-
80b. Cap-80a: '"H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz), 12.57 (br s, 1H), 7.64
(d,J=28.3,0.3H),7.19(d, J = 8.8, 0.7H), 4.44 (dd, J = 8.1, 4.6, 0.3H), 4.23 (dd, J =
5 8.7,4.4,0.7H), 3.56/3.53 (two singlets, 3H), 3.48-3.40 (m, 2H), 2.22-2.10 (m, 1H),
0.85 (s, 9H), ~0.84 (d, 0.9H, overlapped with t-Bu signal), 0.79 (d, J = 7, 2.1H),
0.02/0.01/0.00 (three overlapping singlets, 6H). LC/MS: Anal. Calcd. for [M+Na]"
C13H27NNaOsSi: 328.16; found 328.46. Cap-80b: '"H NMR (CDCls, & = 7.24 ppm,
400 MHz), 6.00 (brd, J = 6.8, 1H), 4.36 (dd, J = 7.1, 3.1, 1H), 3.87 (dd, J = 10.5,
10 3.0, 1H), 3.67 (s, 3H), 3.58 (dd, J = 10.6, 4.8, 1H), 2.35 (m, 1H), 1.03 (d, J = 7.1,
3H), 0.90 (s, 9H), 0.08 (s, 6H). LC/MS: Anal. Calcd. for [M+Na]™ C;3H27NNaOsSi:

328.16; found 328.53. The crude products were utilized without further purification.

Cap-81

Prepared according to the protocol described by Falb et al. Synthetic
Communications 1993, 23, 2839.

Cap-82 to Cap-85
20 Cap-82 to Cap-85 were synthesized from appropriate starting materials
according to the procedure described for Cap-51 or Cap-13. The samples exhibited
similar spectral profiles as that of their enantiomers (i.e., Cap-4, Cap-13, Cap-51 and

Cap-52, respectively).

~ \n/ s HJ\OH - W/“\OH - \n/ OH /OTN\‘)kOH
O Ph o O
Cap-82 Cap-83 Cap-84 Cap-85



= 7.0 Hz, 1H), 0.95 (d, J = 7.0 Hz, 6H). Cap- I | 7
to Cap-123 For the preparation of Cap-117 to
WO Z9p102368 t he Boc ani no aci ds were obtai ned frB@T/US2009/032830

commercially sources and were deprotected by treatnent
with 25% 5 TFA in CH2C4. Aft b conpl ete reaction as
judged by LCMS the solvents were renoved in vacua and
the corresponding TFA salt of the am no acid was

car banoyl ated wi th net hyl c(lgl ogéoformate according to

t he procedure described for ‘E’a 51. Cap Structure LCM5
Cap-]117 0 LCMs: Anal . Cab@ﬂlHl\{ --11. '"-"ONH 0 OH
for CLl2HL5NO4: 237; found: ZSWHH. 100 Cap-118

OH

4,

OMe
To a mixture of O-methyl-L-threonine (3.0 g, 22.55 mmol), NaOH (0.902 g,
22.55 mmol) in H>O (15 mL) was added CICO;Me (1.74 mL, 22.55 mmol) dropwise
5 at0°C. The mixture was allowed to stir for 12 h and acidified to pH 1 using IN HCL

The aqueous phase was extracted with EtOAc and (2x250 mL) and 10% MeOH in
CH,Cl, (250 mL) and the combined organic phases were concentrated under in vacuo
to afford a colorless oil (4.18 g, 97%) which was of sufficient purity for use in
subsequent steps. 'HNMR (400 MHz, CDCls) § 4.19 (s, 1H), 3.92-3.97 (m, 1H),

10 3.66(s,3H), 1.17(d, J = 7.7 Hz, 3H). LCMS: Anal. Calcd. for C7H3NOs: 191;
found: 190 (M-H).

Cap-87
MeO,CHN

HO OH

15 To a mixture of L-homoserine (2.0 g, 9.79 mmol), Na,CO; (2.08 g, 19.59
mmol) in H,O (15 mL) was added CICO,;Me (0.76 mL, 9.79 mmol) dropwise at 0°C.
The mixture was allowed to stir for 48 h and acidified to pH [ using IN HCI. The
aqueous phase was extracted with EtOAc and (2X250 mL) and the combined organic
phases were concentrated iz vacuo to afford a colorless solid (0.719 g, 28%) which

20  was of sufficient purity for use in subsequent steps. 'HNMR (400 MHz, CDCl:) &
4.23 (dd, J = 4.5, 9.1 Hz, 1H), 3.66 (s, 3H), 3.43-3.49 (m, 2H), 2.08 — 2.14 (m, 1H),
1.82 — 1.89 (m, 1H). LCMS: Anal. Calcd. for C;H3NOs: 191; found: 192 (M+H)".

Cap-88
N
7\
</ NH

)
[
Oﬁ
I



0O A -N. ONHO )\)LOH (7 LCMS: Anal . Calcd. for

C10H13N04S: 243; found: 244 (MtH +. Cap- | 19 0
WO.2000/10236BINHO ... /"' N..)LOH C? LCVS: Anal . Calped/us009/032830

C1O0H13N04S: 243; found: 244 (M+H) +. Cap-120 O

10

15

20

. " 0" LI NNHO

93

A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 mL, 18.7
mmol), K,COs (2.45 g, 17.7 mmol) and Cul (169 mg, 0.887 mmol) in DMSO (10
mL) was heated at 100°C for 12h. The reaction mixture was cooled to rt, poured into
H,0 (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H,O and the combined aq phases were acidified to ca. pH 2
with 6N HCL. The volume was reduced to about one-third and 20g of cation
exchange resin (Strata) was added. The slurry was allowed to stand for 20 min and
loaded onto a pad of cation exchange resin (Strata) (ca. 25g). The pad was washed
with H,O (200 mL), MeOH (200 mL), and then NH; (3M in MeOH, 2X200 mL).
The appropriate fractions was concentrated i vacuo and the residue (ca. 1.1 g) was
dissolved in H,O, frozen and lyophyllized. The title compound was obtained as a
foam (1.02 g, 62%). 'HNMR (400 MHz, DMSO-dg) & 8.00 (s, br, 1H), 7.68 — 7.71
(m, 1H), 7.01 (s, br, 1H), 6.88 (d, J = 7.5 Hz, 1H), 5.75 (s, br, 1H), 3.54 (s, 1H), 2.04
—2.06 (m, 1H), 0.95 (d, J = 6.0 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3H). LCMS: Anal.
Caled. for C1oH14sN»O5: 194; found: 195 (M+H)".

Cap-89

~ %

A mixture of L-valine (1.0 g, 8.54 mmol), 5-bromopyrimidine (4.03 g, 17.0
mmol), K,CO3 (2.40 g, 17.4 mmol) and Cul (179 mg, 0.94 mmol) in DMSO (10 mL)
was heated at 100°C for 12h. The reaction mixture was cooled to RT, poured into
H>0 (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H,O and the combined aq phases were acidified to ca. pH 2
with 6N HCl. The volume was reduced to about one-third and 20g of cation
exchange resin (Strata) was added. The slurry was allowed to stand for 20 min and
loaded onto a pad of cation exchange resin (Strata) (ca. 25g). The pad was washed
with H,0O (200 mL), MeOH (200 mL), and then NH3 (3M in MeOH, 2x200 mL).
The appropriate fractions was concentrated in vacuo and the residue (ca. 1.1 g) was
dissolved in H,O, frozen and lyophyllized. The title compound was obtained as a
foam (1.02 g, 62%). 'HNMR (400 MHz, CD;0D) showed the mixture to contain



XAOH \\\ - - LCVS: Anal . Calcd. for C OHL3NOAAS: 243;
found: 244 (MtH)'. Cap-121 0 OANH G ...02H 1HNMWR

WO 2009002968, CDC13) 8 4.06 - 4.16 (m |H), 3.63PCHUSHEY/032830
3.43 (s, 1H), 2.82 and 2.66 (s, br, 1H), 1.86 - 2.10
(m 3H), 1.64 - 1.76 (m 2H),41.44- 1.53 (m 1H).
Cap- | 22 0 -.0ANH |IHNWMR profile is

valine and the purity could not be estimated. The material was used as is in
subsequent reactions. LCMS: Anal. Calcd. for CoH13N30,: 195; found: 196
(M+H)".

5 Cap-90

CO,H
Cap-90 was prepared according to the method described for the preparation of Cap-1.
The crude material was used as is in subsequent steps. LCMS: Anal. Calcd. for
Ci11H1sNOy: 193; found: 192 (M-H).

10

The following caps were prepared according to the method used for

preparation of cap 51 unless noted otherwise:

Cap Structure LCMS
Cap-91 NHCO,;Me LCMS: Anal. Calcd. for
CO,H
©/'\/ 2 C11H13N04Z 223, found:
222 (M-HY".
Cap-92 NHCOoMe LCMS: Anal. Calcd. for
~ CO,H
©/\/ 2 C11H1:NO,: 223; found:
222 (M-HY.
Cap-93 o (l) LCMS: Anal. Calcd. for
Yo C1oH12N;04: 224; found:
HN,, )
OH 225 (M+H)".
7
>~ N
Cap-94 0] LCMS: Anal. Calcd. for
(N]/ﬁ)‘\OH CsHiN:Oy4: 213; found:
N HNTO\ 214 (M+H)".
O




simlar to that of its enantioner, Cam 121. Cap-
| 23 ,-NH o ol OHo LCMS: Anal. Calcd. for C27H26N206:

woLpd/10kend: 475 (MHH)-. . **fito lair WPCT/US2009/032830
2009/ 102568PCT/ US2009/ 032830 101 Cap-124
95
Cap-95 O LCMS: Anal. Calcd. for
\O/U\NH O C13H17NOy: 251; found:
WOH 250 (M-H)".
Cap-96 O LCMS: Anal. Calcd. for
\O/U\l;lH 0 C12H1sNOy: 237; found:
é\AOH 236 (M-HY.
Cap-97 0O LCMS: Anal. Calcd. for
\O)J\NH ? CoH5NO4: 201; found:
(‘) OH 200 (M-HY".
Cap-98 O LCMS: Anal. Caled. for
\O)J\NH 0 CoH15sNO,: 201; found:
@AOH 202 (M+H)".
Cap-99 0 "HNMR (400 MHz,
\OJLNH CD:0D) 5 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
COH 2.80 (m, 1H), 2.20 (m 1H),
1.82 - 1.94 (m, 3H), 1.45
~1.71 (m, 2H).
Cap-99a o) "HNMR (400 MHz,
\O)ngH CD:OD) § 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
COH 2.80 (m, 1H), 2.20 (m 1H),
1.82 - 1.94 (m, 3H), 1.45
~1.71 (m, 2H).
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with ino
presence
m xture

1HNMR (4
4.48 (dd
3H), 3.3p
for C9I -
Pr epar at
CcO2Bn cjt
/ 12 h

NaHCOB (

+ {4 —lr\

Cal cd.

-4-yepropanoi c acid
.21 g, 14.4 mol ) and
The title compound was

as—ts
rganic 5
of ca.
was used
DO MHz,
5 0,

HCY —satt—(1—79
salts. LCMS and
5% of the nethyl

as i s wthout fLr

CDI OD) 88.90 (s,
8.6 Hz, 1H),

QﬂQ(m

Y,

R L

eSl@H@nﬁHQlaBude

Anal

1%?@@54
27 b

on of Cap~&28

1H 1H) -
, a...,,

sodi um ascor bat e

BocHN CO2Bn c/-28

Prepared from cis-4-
aminocyclohexane
carboxylic acid and
acetaldehyde by
employing a similar
procedure described for
the synthesis of Cap-2.
The crude HCl salt was
passed through MCX
(MeOH/H,0O/CH,Cl,
wash; 2 N NH:/MeOH
elution) to afford an oil,

which was dissolved in

25%(4})@ MHg

7.3 Hz, 4H), 2.38 - 2.41
(m, 1H), 2.28 = 2.31 (m,

2H), 1.79 — 1.89 (m, 2H),

1.74 (app, ddd J = 3.5,
12.5, 15.9 Hz, 2H), 1.46
{app dtJ =4.0, 12.9 Hz,
2H), 1.26 (t, J = 7.3 Hz,
6H)

ﬁ? nglf aﬁtfn

3. EQm(gH) 3H), 3. 62 (s
Calcd

BocﬁNC(Pcbl\}nga 216(q, /B0cH

6

for COH1L3N304:
Cap- 127 103 Cap- 127
WO89HR&8ar ed according to the nethod for Cap-PICIEUS004/32830

ed

1) g

CH:CN/H;0 and
lyophilized to afford a
tan solid.
Cap-107 o LCMS: Anal. Calcd. for
(N]/\‘)J\OH CsHigN,04S: 230; found:
ST MNAON 231 (M+H)".
0
Cap-108 O LCMS: Anal. Calcd. for
qN]/:h(U\SH C15H17N304: 303; found:
o JN OO | 304 (MHH)'.




Ph-

\' N 1) TFA/ CH2d 2611,

19 2) G CO2Me / NaHCO3

THF- OMeQ2CHPF CO2Bn cj -29 15Step 1. Preparati on of

(cj-

27D) .

cj-27a (1.01 g,

and i Pr2NEt (1.7 nL, 9.8 mmol)
0C was added Cbz-CI (0.68 nL, 70 4.83 nmol).

BocHN CO2Bn cj - 276

4.74 mol), BYAP

WO R089/18p% y1  2- (tcrt - but oxycar bonyl ami no) pent - BCH/Y§2108/032830

To a solution of

(58 nmg, 0.475 mol

)

in CH2d 2 (100 niL) at

solutio
KHSO4,
concent 1
by fl ast
gi ve t hg
oi | . | Hp
br,

S
sl
ated in
' col um
b title
NVR (400
8.1 Hz,
12.2 Hz

[owegy to stir for
i ed (Na2SO4), f
SBXﬂBNHThe resid

phy (

O&%QaBO g,

3) 87.3
.23 (d, J=
4.48 - 4.5

The
T}cﬁlsa nd~C gl@@sﬁﬁo
tere

u@10W&§2@uQQ4,If@dld 1d
T - 1.hex: Et 0Ac)
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4

ON
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S

J
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(m 2H),
Anal . 5(
Step 2.
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Cal cd. fo
1zyl- 1H

of (S)-
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CZpGOO(i,
Preparai|on o?

pr opanoat e

Jo= 2.5 Hz,
0\ 104: 30
I_l!?(S) benzy
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cj -28). Bo
yl

L, 2,

pe

ar b am no) pent

sodi um ascorbate (0.036 ¢

1H) LCMS4An{ls CaRHi) forL(

YERIATACHPE: s A

1)25AMHEBT .t but oxycar

4-ynoate (0.50 g,
0.18 mmmol)

CHN CO2Bn cj -28 10T

CuSO4- 54
-mol ) i

(0.24 ni

65C. Af
portion
conti nug
and H20
aqueous
organi c
filtereq

H2lp(16/ 0
1 DM T-1
, 2.02

er 5h L
of NaN3
od for
and sha
| ayer e
phases

1,

] 0
L20‘£§§L§H
ol ) an
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P2 g, 9 mmol )
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eaction
en. =" | ayers w
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vashed (H20 x3, b
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p
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[ B
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ed and 15 heating v
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resi due was purified
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her
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he
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solidifi
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NH

CsChigG1 %alcgl—ﬁar p

t yell ow oil

G40 26 HATIR
LS (REH)"

o

was

Cap-113

~

O
O)kI;lH

CO,H

OBn

LCMS: Anal. Calcd. for
CisHi9NOs: 329; found:
330 (M+H)".

Cap-114

COgMe

[

CO,H

'HNMR (400 MHz,
CDCl3) & 4.82 — 4.84 (m,
1H), 4.00 — 4.05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,




suggests the presence of DVWF. The nmaterial was used as

is wthout further purification. ILI NVR (400 WMHz,
WORMBOOZE86 7.84 (s, IH), 7.27 - 732 (m 10H), PeT8#$2¢09/032830

2H), 5.07 (s, 2H), 4.25 (m 1H), 316 (dd, J 1.0, 5.3

Hz, 1H),
9.1, 14.

3.06 (dd,
1H),
for C24H28N4D4: 436;

7 Hz,

/{

J = 5.3,
1.31 (s,

7

Q)

found: 437.(N%FD+

Hz), 2.96 (dd,
-)sLCVS: Anal .
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J
Cal

cd.
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nny?qucarbonylanino)propanoate (502 ny,
was hydrogenated in the presence of Pd-C (82 ny)

1.11 mmol
in

MeOH (5 nL) at atnospheric pressure for 12h. The
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Caret ho
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m no) - 3- (1H 1, 2,
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), BCMS: dnall Calogl )
C I i
SRR oBuT
od fasdi 23/MHDUL
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1H),
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LCVS: An
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Preparati on of Cap-129 :ND1) H2 Pd-C / MeOHc )

CbzHN.

"0 CH3CN / 50C ¢ CbzHNI CO2H 2) O CORMeMe02CHNACORH
wo %‘]09/3@5\%?%& | THF-H20 cj-31lcap-129 10 Step 1PCT/US2009/032830

Preparation

(S)-2-(benzyl oxycarbonyl am n
yl') propanoic acid (cj-31).
suspenS| on of (S)- benzyl

of

- 3- (1H pyrazol -
(ND CbzHN-L-CO2H cj-31 A
2- oxooxet an- 3-yl car bamat e

=)

(0.67 3 ot ), 1
nmol Cg’F17%I§ISCI\I (12 noiL))| was heated at 5(;“ }lh a%’e
m xt ire was |cool ed 1@ riHover ni ght and forHaocdeNDeS: 243;
filtered to [afford (S)- zyl oxyclar ponyl 3-
| Hpyrazol -|1-y1) propanoi c ac?’d (330.1 P &'.2%??9{9%).
filtrate wasg concent ed in wno andthentriturated
vvithasrmll anount CHSCN(ca 4 ) to afforda
Secog=ct \43.5 n’g) Fotal ylcid 376~
m p. :ﬁ? 8275 168G 113 i p. 168.5- 16&@“?\/@’6@ Q%‘C%t
al . J. Am Chem Soto 9850107 7105] foﬂmmwo@tm
MHz, | CD30D) (37.51 (d, J-A
Hz, 1H), 7.24 - 7.34 (jm OHg | 23 m 1%”(“?@4%61\4(%5
12.7|H, 1H),| 5.03 (d,» 12.7 Hz, 1H), 4.59 - 4.66
(m 2H), 4.42 -4.49 . LCVS: Anal. Calcd. for
CHHI 5N304-—289: f ound: MeH) +. 9 107 (" Neyy
Ve02 044684 [cap- 129 LCMS: Anal.” Caled.
(S)-2-(benzy|ll oxycar Namano) - 3- ( 1H pysazgh oy puopa
noicjacid (J.20 g, 0.70 was hydrogenated in the
presence of |Pd-C (45 ng) Tn MEOH (5 ni)foapd: 204EdpHEFi ¢
pressure for] 2h. The oduct appeared to be insol uble
in MOH, \ d
Cap-121 )OL "HNMR (400 MHz,
o7 NH CDClL) 8 4.06 — 4.16
choz** (m, 1H), 3.63 (s, 3H),
3.43 (s, 1H), 2.82 and
2.66 (s, br, 1H), 1.86 —
2.10 (m, 3H), 1.64 —
1.76 (m, 2H), 1.44 —
1.53 (m, 1H).
Cap-122 i "HNMR profile is
07 NH similar to that of its
d-“COzH enantiomer, Cap-121.
- O .
Cap-123 >_NH o/ LCMS: Anal. Calcd.
o L@Q” N>}I-i=o for C27H26N2062 474;
O.O o found: 475 (M+H)".
. OH




5 therefore the reaction m xture was diluted with 5nL
H20 and a few drops of 6N HCl. The honpbgeneous
wo00xmoessA was filtered through di at onaceous e®CIHIS2009/032830
(Celite), and the MeOH renoved in vocuo. The remaini ng
solution was frozen and Iyopﬁﬂl ized to give a yellow
foam (188.9 ngy). This materi was suspended in
THF-H70 (1:1, 10nmL) and then cooled to OC. To the cold
m xture was added NaHCO3 (1 6 ng, 101.74 mol)
carefully (evolution of CO2)“ er gas evol ution had
ceased (ca. 15 mn) C1CO Me O 06 nL, 0.78 mmol ) was
added dropw se. The mi xture \ashal | owed to stir for 2h
and was acidified to pH 2=y tff 6NP"HC1 and poured into
Et OAc. The | ayers were sepa d and the aqueous phase
extracted with Et OAC (x5). The conbi ned organic | ayers
wer e vvaﬁ"heuyc(rbn}ﬂmieﬁa saldofi Iedlre(ohalmz SAhytylfasiet erecrbaamglated
iglag%]q% {oqg? P@c%df%fvgc%gl 7 t%c?’uqc 9 gl? %urws acidified
SDNSG}}dﬁ\) HE! &)3)}04 #n8 theldktur e7w§533ex(rdcted]wﬁh Et@d‘(ZXSQ HjL). The

¢ 48m%>gxﬁ?) Oli:ganlﬁ pt’!iZSES Yﬁg%lfoncpﬁjateddn Ze}cu()aga gwg a Hzlgr1%§s oﬂ y_vhg:h
Hz ,solldiflied ¢h st$hdingd Thd adudbusiler was déhcbifratedth vadu@bﬁi the
Anal . Calcd. for C3HLIN304: 213; found: 214
70 TeSHBing FR e Higresepikand morga@&ﬁﬁ‘i%ﬁﬁ%@%?de%}% E@ﬁsfyCHZCI"
acwWiabii n1:0f1) GRIMBY Gk @}gamc Ak CaRlerdidd in vRhBNY LOL ¥ €biBBess
anal gous to the Eroce ure%@en i n: Cal nes, ;
r

M ;
10Da A vghichgwas shaw by EEMSRO be Vherdgsieediprodyct. By eiescvesp combined

1933 Fwé%(s%%)oé 3%81%5 rwﬁm%’ﬁ@ il 8 d;gﬁda 5 th% 4.04(d, J =

soISuI Hon H0f 1.48)d; HertzdyHz, 3Hanl 063 Amelt i@allddutf(a'r(bhlblém 145;
hydy ach j (2.44 g; 10 mmol) and Huni g's base (3.67
I’TL%]?%' 529({ ng|{)n' THF (50 nlL). The resulting white
suspension was stirred at room tenperature overnight
(16 hours) and concentrated unf%%; reduced pressure.
The residue was partitioned He en ethyl acetate and
wat er. The organic | ayer waAs washed with brine, dried
(Mg504), filtered, and ent rated under reduced
pressure. The resulting yello | was purified by

fl ash 10chromat ogr aphy, el ggd wPth et hyl

acet at e; hexanes (1: \}) Col | ect ed fractions .
concent FaRSBSPGRERY OfFAEdn BP6vi i my: %1“86‘1“&0@8’@%13"&(37 Yo Wt

I M\/Bm QI};@IQ
gzgﬁ‘gg’qﬁ&c %ﬁ) 0 g‘g%%ﬁ’:a 59 r)lz%flgﬁm? gg-&;"."%“‘f’?ﬁ
I W?OXXG?’@@(W l,an@}qy)l,)ut@p@]_acgl_ (o] ‘Gf‘@ minelp Tha YWEiOIU.WBS, pukzed3
2 dw Tat4i ith? n S & I ith rogen oon
oL 3T gy s PR o by

15Apah ten@al g redcoon kiukg wah ﬁmad\momgh 2p8d dfidiatbroensdus earth

279,.03. St ep I\/EOH ol ution_of the
G Rear e rolfds Siaae et kel M obs R gr) g e
addederRiives (k0% is 26 Qhdmxt ﬁé}fi Ldvers: sl tdangl. BbraskH,,N,0.:
su%penfm on was flushed with N2 (3x) and placed under 1
8¢ ioynd 24 M xt ure was stirred at room

2590t enper at ure overnight and filtered though a
mcrofiber fillet to renove the catal yst. The
resulting clear solution was then concentrated under
reduced pressure to obtain 1.43 g (89% of Cap-131 as
a white foam which was used w thout further
purification. 1H NVR (500 MHz, DMSO-d6) S ppm 0.87 (d,
1=4.27 Hz, 3H), 0.88 (d, 1=3.97 Hz, 3H), 1.93-2.11 (m
1H), 2.80 (s, 6H), 3.90 (dd, 1=8.39, 6.87 Hz, 1H),
255. 93 (d 1=8.54 Hz, | H), 12.36 (s, 1H). LC (Cond.
1): 0.33 mn; MS: Anal . Calcd. for [MfrH 4

C81- 11 7N203 189.12; found 189.04. WO

2009/ 102568PCT/ US2009/ 032830 109 Cap- 132

15



0 0,Bn N\H2 HE OH YLO HM O Cap- 132 was

ared from (S)-benzyl 2-am nopropanoate
Woﬁg%{f

5

10

15

Betd ori de according to the nethod descriBelUpp9/032830
Cap-131. 11-1 NWR (500 MHz, DMBO-(16) 5ppm 1.27 (d,
J732Hz 3H), 280(362406(qt 1H), 6.36 (d,

J=7.32 Hz, 1H), 12.27 (s, | . LC (Cond. |): RT =
0.15 min; Ms: Anal. Calcd. for [MH C6HUN203: 161.009;
found 161. 00. Cap-133 oH @Flg Kl HNt O 10 Cap- 133 was
prepared from (S)-/ert-buty é am no- 3- et hyl but anoat e
hydr ochl ori grenaend 2- f | uor oet hyl chl or of 4T ¥de e
according & e met hadCadtec NaHix for 7. 1 H NMR
(500 MHz, DMSO-H6) 6 ppmo87<t; J 6.71 , 6H),
1.97-2.10 (MmN 02,3 83Tl tHCT88: 39, MéOZQEN COLH) |
414418(m 1I—2 4.20-4.25 (m 1H), 4.50- i 54.54
(m | . 4.5994265 (m 1H), 7.51 (d, J@Pé2%4Hz |

0,2 by SR AR
suspension of 3- methyl L-histidine (0.80 g, 4.70 mmol) n THF (10mL) and H,0 (10
mL) at 0°C was added NaHCO3(0.88 g, 10.5 mmol). The resulting mixture was
treated with CICO,Me (0.40 mL, 5.20 mmol) and the mixture allowed to stir at 0°C.
After stirring for ca. 2h LCMS showed no starting material remaining. The reaction
was acidified to pH 2 with 6 N HCL.

The solvents were removed in vacuo and the residue was suspended in 20 mL
of 20% MeOH in CH,Cl,. The mixture was filtered and concentrated to give a light
yellow foam (1.21 g,). LCMS and "H NMR showed the material to be a 9:1 mixture
of the methy! ester and the desired product. This material was taken up in THF
(10mL) and H,O (10mL), cooled to 0°C and LiOH (249.1 mg, 10.4 mmol) was
added. After stirring ca. 1h LCMS showed no ester remaining. Therefore the
mixture was acidified with 6N HCI and the solvents removed in vacuo. LCMS and
'H NMR confirm the absence of the ester. The title compound was obtained as its
HCI salt contaminated with inorganic salts (1.91 g, >100%). The compound was
used as is in subsequent steps without further purification. 'HNMR (400 MHz,
CDs;OD) 6 8.84, (s, 1H), 7.35 (s, 1H), 4.52 (dd, J = 5.0, 9.1 Hz, 1H), 3.89 (s, 3H),
3.62 (s, 3H), 3.35(dd, J = 4.5, 15.6 Hz, 1H, partially obscured by solvent), 3.12 (dd,
J=9.0,15.6 Hz, 1H).LCMS: Anal. Calcd. for CoH13N304: 227.09; found: 228.09
(M+H)".

Cap-127
MeN M‘ZN \
<\N \ CICO,Me, NaHCO, N

H,N">co,H  THF/H0/0°C MeO,CHN™ “COH

cj-26 cap-127



70 according to the nethod described for Cap-51. 1H

NVR (500 MHz, DMSO-d6) 6 ppm 0.72-0.89 (m 6H),
WOR00%B1025688 (m 4H), 1.54-1.66 (m 1H), 3.46- 3.PEI/YI2P09/032830

3H), 4.09 (dd, =8.85, 5.19 Hz, | H), 7.24 (d, | =

8.85 Hz, 1H), 12.55 (s, 1H). IF (Cond. 2): RT = 0.66

mn; LC/MS: Anal. Calcd. for COH 5NO04: 204. 12;

found 204. 02 WD 2009/ 102568PCT/ US2009/ 032830 110

S B v B prvsd pessrid ) i fhe e Cap ¢ 36 o stesing rom )
rm"oj dminb-BHCImdtiy1d Heltniydzet HeNprogandicricid (2.10 gNEBé nnnd

o 114Gl g b Brtisbn Cldna vl e e Bn o

( 6Q06ﬁ})urfd%asl)§tah1eafas #OHE salth €70k X4 100%;) WekSarhiiSBd w1th inorganic
filtered through Celite to afford the HCl1 salt of

Scapahs 143 anthitt IMBoderedhs prrgencg oty 7RV pthy! ovtgr. The
Ne%déﬂlxt%re I_\lJ)vé%séde’ is With&xt %91]1315%1}9'105&'% ZHNMI{ISAQQ I\htlz

(v (FIPzQD) 53‘4—90 (sRH)=7.83 flSQHIH A48 Cbhd.~ MB-3/B}l7. 1859.89 (s, 3H)

croname: T8 bRt Mg o g Bl bt 0o

C) ﬁﬂ@@ﬁhmdﬂz&ﬁv{ﬂ{ﬁenzyl 1H i m dazole (1.58 g, 10.0
10mml) i n anhydrous diethyl ether (50 nlL) under

nitrogen was added n-butyl lithium (2.5 Min bexanes,
4.0 m., 10.0 mml) dr oprwdpsiiohbL @dp-128i ng stirred for
20 mMmat - 50 'V, dry carbon dioxide (passe through

Drierite) was bubbled into the reaction mx -?nfor 10

m n befjore q/\?%“ Io| d to wesnsr upsos2® C.
heavy pxeci 2Flat’e" h f or med onm—addition o'* bon
dioxide ko the action Jm xtur e SABE" #°PPEF ed to yi @l d

a hygHyScophit, i tRociol doyeni cN2WHPMAdkeR up BrariNAat@a2Bn
(7 nmL), @erdified to pHe28, cool BIC/&h i nducedctzs
crystallize with scratching. Filtration of this
precipitate gave a white solid which was suspended in
net hanol , treated W¥R\ 1N HO / di et hyl ether (4 niL) and
concentr %\?? i n vacua '\ﬂ/ philizatiap/ rfCthe res Hu\

from\/\é)t B m) afy ed the H t of R—136

as a Miidemvsoldrtd,817 ng, $#0%. 1H (300 MHz,

DMBO- d6) 4,84 (d, M&S,CH; 2Bril—l) 7.71 (d, NeGsCHNS ~CO,H
Hz, 1H), 7 50-7.31 (m p122,
2009/ 102568PCT/ US2009/ 032830 11 | 5H), 5.77 (s, ZI—?)

0.51 mn (Cond.-NM5-Wb); 95% honogenity index; LAI\/S
Anal . Calc. for [MH Cii Hl, N202: 203. 08; found

5 ok P RN SO RGP (BT Ry PO R o o

pr epay. ed
I

BocHN™ "CO5Bn
¢j-27b

To a solution of ¢j-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and
iPr,NEt (1.7 mL, 9.8 mmol) in CH,Cl, (100 mL) at 0°C was added Cbz-C1 (0.68 mL,
20 4.83 mmol). The solution was allowed to stir for 4 h at 0°C, washed (1IN KHSOy,,

brine), dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified



according to the procedure in WO 2003/ 099274) (188
1.00 mol ), cesiumfluoride (303.8 ng, 2.00 mol),

WO qug/(wz(sps tert - butyl phosphi ne) pal | adi um di chl oPCH@S%OP@’%Z%O
ng, 0.02 nmmol) and 2-(tributyl stannyl)furan (378 ttlL,
1.20 mol) in anhydrous dioxgﬂp (10 nmL) under nitrogen
was heated at 80 C for 16 h ore it was cooled to 25
C and treated with saturated, aqueous potassium
fl .

| HPTAH ROA F  BOUURSHORE) 09, b
vva(1e30 B0d%D h:Ea arlgdes oil. paEdR @G0 MHpa(E]aCE)jZS 78880 6H), i35Hd,

puPtoical e SoAlE pocl i oS 7 B0 s i ub bl - o

W (rh 1096 2.68 30%1 ehyin), aoeiay e/eNanes) 1.84 fsoviged CMS: Anal.
137, step.a as a white solid, which was used as is
s ( 2 elc?rgfor YO42803; found S SEMEDNd. - M5- W2) ;. 90%
honogeneity index; LRVS: Anal. Calc. for [ M+H|
Cl141-18N20: 221.07; found; 221.12. Cap-137 CN co, H
ToStp SuSpeneiiohofds)-tensyl3i -besrdd Hal 2 8 tiazokd:yDe2-Gert-
&Qﬂk §438 ng, 2.05 mol) in
gg?%gﬁ ?@?ﬁﬁ%ﬁﬁgkpﬁéh 2) acetonitrile (1 nL) and
water (1.5 nL) was addéﬂrﬁuthenlun1tr|chlor|de hydr at e
(2 ng, 0.011 mmol ). 112 THeyznmixture was stirred at 25
C for 2 h and then partltN bet ween di chl or onet hane
and water. The aqueous | ayer s separated, extracted
.twice nore with dichl oromeidmarie-caen t he conbi ned
di chl or onet hane extracts were (dsd ed over Na7SO4,
filtered and concentrated. Trituration of the residue
10mﬁth héﬁame@daébﬁﬁﬂeﬁnémzmwm3mu@55ﬂnmym&ﬁ&@mms4@mmm(050

Qo8 kBB he R Reufice g 2 m1R by E8BE ST A2 sep 09
a- m“MGNaNMDm@ 2. Ifmﬂﬁdén iw A (Gaps4: 138 ritveas ka8 dlhBr
ARG L OB Ha e Rl ¢l rela el - AT T LM

st indfcedd $aHs PEREison. fouﬁhéﬁ){)dxm@?i bSKEN N0 hmwémde@@md
re in WO 2003/ .099274) (2.0

accordln to the
15 1 SheERGHR CopfiEned pW@ B S HHS PPATES g0 EHCHAGrppb0)aid
i nalﬁkéﬁ tﬁfe naRWAYQE Wpaiateld 20d e aq R8s ﬁ?&%%rméﬁ mlhﬁE‘t@Ac

(0.8 rnL) and diethyl azodi carboxyl ate é .
1 DG BAArERIe DR piaghcd (B eid boory P GRS rtered
t eRRLAHESich. OThQIQSI@u&% ﬁﬁb& bm?sh% o%h%@dlo‘ﬁMé‘s%tMé‘d)H in

acetate and washed wth brine, dried over Na,

f i CHeled Tdndoddeidiem Gﬁz@d to gfferd p dightiedovicad “ﬂn@aﬂbé@)‘iﬁb‘é@?
20  standing (748.3 mg, 104%). The NMR was consistent with the desired product but

suggests the presence of DMF. The material was used as is without further
purification. "HNMR (400 MHz, DMSO-de) & 7.84 (s, 1H), 7.27 — 7.32 (m, 10H),
5.54 (s, 2H), 5.07 (s, 2H), 4.25 (m, 1H), 3.16 (dd, J = 1.0, 5.3 Hz, 1H), 3.06 (dd, J =
5.3, 14.7 Hz), 2.96 (dd, J = 9.1, 14.7 Hz, 1H), 1.31 (s, 9H).

25 LCMS: Anal. Calcd. for CpyHsN4Oy: 436; found: 437 (M+H)'.

Step 3. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-

(methoxycarbonylamino)propanoate (cj-29).



onto silica gel and purified (elution wth 40% et hyl
acet ate/ hexanes) to afford Cap- 113 138, step a as a
wol2ogmo2368| | ow solid (1.00 g, 45% . 1H NVR ( CDEC3/US3010/032830
MHz) 5 9.19 (s, 1H), 8.51 (d, J=6.0 Hz, IH), 7.99 (d,
J=6.0 Hz, IH), 7.52-7.50 (m % 7.00- 6.99 (m 1H),
4.01 (s, 3H: Rt = 0.66 nrm(c58 d. D2): 95% honogeneity
i ndex; LCMS: Anal. Calc. for [ MF1- 1111 Ci oHi oNO
160. 08; found 160.10. 5 -138, step b To a stirred
solution of Cap 138, steB (2.34 g, 14.7 mol ) in
anhydrous di chl oronet hane nm.) at roomtenperature
was added net a-chl oroper bengoig 10acid (77% 3. 42g,
19.8 nmmol ) in one portion. Aftdr being stirred for 20
h, powdered potassi um c#ebetifii'e €280 g) was added and
the mxture was stirred for 1 at roomtenperature
before it was filtered and concentrated to afford
Cap- 138 A wtution bf @8-bangyhB-€1-bgrept tHlecﬂ ridzoldiyd 2 \as-

SH e B b BRG] £ ndB By B A A

( ddpL)J The hiBprelwag abthyedliblstir a‘tS&nﬁ)t-’knﬁ)dnauﬂe‘fbr 2h.Hehe hikjure was

7.52 (t, J.=8.1 Hz, 1 7.2 d, J=.8.3 Hz N
56, é:in{eaf;ratad:mfa@oﬁ? ’gin ﬁ)'é?omﬁ}_eﬁ(?%(véh}éml?%é on 8?@%}113

( Cemerram):s did%eeh QTTDIgEml'at)yaridrde%d td @S SoMakHCGa(125 g, 3.00

st e wageed Tlloned E Cick iRt (P P sy Aty Vg, o

st apsmhé ﬁhxme gﬁas 4618 8edivRfH)-23veh AN Het fd @8 pRrddlntd HID.
8. aeeton|tr|Ie(20 m.) at

t erﬁﬁ@ﬁét E %lama‘é(preﬁpgaf%@ieqﬁl \A%esaqd&]ag(fxtracted 2rxov81th EtOAc. The
1ot I icORbINKA Sigl ilesyRdt d@sHed (IQQ) %n?lgn&lQNmﬁ filtdf3€ and

m xture was heated at 75 fore it was

cosPegntyeqd feydmwﬁﬁyﬁatce}béle*smﬂ|(é@5e%nm HA%e DNMR supgested the

an gn Aashed aml@emwﬁ]%%@) wﬂahtémlahgda\m@er%ﬁn@% Wtd R,

brine prior to drying over and sol ven
C oﬂ&lémaﬁ%ua B#p. usTthes 1 wathel éur‘&basplfrlfwgﬁprc hHOWER é@ﬂé@ﬂe dPMSO-

o Db &R0 b M Rt g3 AR S HEPRY S0

15( 4%, Jr= i)y Hislffh) 906 (& J c1y/BHa) IH)ne350Mi3d (ml iy 3 vb (6 3H),

f it 8 red
Fr onRAg 7 7o i et (i3 486 T By SXESSTy
J= Caldd. Iftgr, C, N, B: 28; (whnd:B3955M5HHEZ, 1H), 7.88 (d, J=
8.5 Hz, 1H), 7.69 (t, .1 =8.0 Hz, 1H), 7.08 (d, J=
7.5 Hz, 1H), 4.04 (s, 3H); Rl= 1.75 min, (Cond.-Dl);
90%’[@0!'[}9‘ itioM of ()X ekl arbtdnMami 151013 b4 Cl
| HON20: 1%% 07; f%n)él( 185. 10. ?Clap I%%gqco H Cap- | 38,
205t ghPEPpIPigEid(Cap-12%). mpl ) was treated with 5N sodi um
hydr oxi de 10 sol ution (10 and the resulting
suspensi on Was heated at 8§Clfor 4 h, cooled to 25 C,
diluted with dichl oronethant”and acidified with 1IN
hydrochl oric acid. The qrgani hase was separ at ed,
washed with brine, dri eg\"eg)\%@?'sl\la g%ﬁl concentrated to
%volunme and filtered to aff@ammp 138 as a yell ow
solid (0.44g, 88.9% . 11-1 NWR (DVMSO d6, 400 MHz) 6
13.6 (béS)sbena}H)? (1 geggl-1 4 123341@2@1 4¥)-21H), 8.16 (d, J =

6. Qmethoxycarbonylammo)propanoate (502 mg, 1.11 mmol) was hydrogenated in the

presence of Pd-C (82 mg) in MeOH (5 mL) at atmospheric pressure for 12h. The
25  mixture was filtered through diatomaceous earth (Celite®) and concentrated in vacuo.

(S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-yl)propanoic acid was obtained



15 Hz, 1H), 8.06 (d, J= 8.8 Hz, 1H), 7.71-7.67 (m
1H), 7.30 (d, J= 8.0 Hz, 1H), 4.02 (s, 3H); Ri= 0.70

WO 240P0@256%. - D1) ; 95% honobgenity i ndex; LCVS: ARGI/USZ049/832830

for [MH Cl11H ONG3: 204.07; found: 204.05. Synthetic
Strategy. Method B (derived (({% Tetrahedron Letters,
2001, 42, 6707). Cap- 139

2009/ 102568PCT/ US2009/ 032830 115 Cap- 139, step a OCN
Toasaa éo r?el§s é@xl) 2%@’111 S‘I"f]@g &19?}1 Vilsaclonga%nﬁa%d WiEea?N 0% of the
ar gon- degassed suspens

1 niethglrmeﬁ Tied inatenial saig usadak isneitholit Rrther pAriflcarion] 'HNMR (400

g é@i?ééﬂ%%%&d?ﬁ b %9?5%(‘12\}%%%)% 1Hy 4.19 -

bi 804henys pbasphi, Bq)zr@@mtJa:nﬁ;ﬁQ 109 "y, 1@1)629@(83') =3 15.0
paI | adi um ) acetate (70 in anh_ydr ous
5P oHaahb. L6 M)Al arader (ERGNON 217: found: 215 (METED

t et r amet hyI et hyI enedi am ne (0.29 nL, 2.48 mmol). The
vial was seal ed, heated at 150 C for 22 h and then

al l owed to cool to 25 fCepariféonagéapi/éh m xture was
diluted 10with g | acetate, vvashed vvlth wat er and

brine, dried oydr Na2SO4, fi .@ Bd. oopeent rat ed. Q
The res e was purified o I C elumg wtﬁ
et hyl,,gce tecl 1B PARS to 29% et hyE Z%pt e7ﬁg%8nes co,H

af for step &bgh¥Na @ﬁt’te
b HzQHz 1o|ap129

31-1 NV (CDC13 500 MHz) ¢5378. 54 C°3
8.22 (d, =9.0 Hz, 1H), 7.76 (d, J= 5.5 Hz,

0 7.41-7.39 (m 1H), 7.13 (d, 1 =2.0 Hz, 1H), 153 98 (s,

15

3H); Rt = 1.66 mm (Cond.-D1); 90% honogenity i ndex;

L Chsp 1Anﬁelpara£@1 6. (ST-2Ubenbit dxytArboksd QRO 1 H.Brafbi-1 -
foupnd: 185. Cap- 139 CO2N ?() Cap- 139 was prepared
frd rP??é‘O‘ﬁé‘gﬁ c,(CJ g‘rol ysis of Cap-139, step a with 5N
NaOH accor di ng to t he procedurev=ehescri bed for Cap 138.
"H NVR (400 MHz, DMBO-d6) .5 13 (v br s, 1H), 8.60
(d, 1=9.3 Hz, 1H), 8.45 (d, J§¥ 5.6 Hz, 1H), 7.95 (d,
J= 5.9 Hz, 1H), 7.49 (d, cdm dk, 'H, 7.44 (dd,1 =
9.3, 2.5 Hz, 1H), 3.95 (s, ;9 R = 0.64 nin

(Cond. -D1); 90% honobgenity i dgex LCVS: Anal . Calc.

for 25[ Meldpesston! df'l(Sbl-\@zylZ%o%tanfﬁyﬂeﬂbarﬁzgé((ﬂ@ g, 3186nmol),

Cagr;dlp%/(r)azole (0.22 g, 3.29 mmol) in CH;CN (12 mL) was heated at 50 °C for 24h.
The mixture was cooled to rt overnight and the solid filtered to afford (S)-2-
(benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (330.1 mg). The
filtrate was concentrated in vacuo and then triturated with a small amount of CH;CN
(ca. 4 mL) to afford a second crop (43.5 mg). Total yield 370.4 mg (44%). m.p.
165.5-168°C. lit m.p. 168.5-169.5 [Vederas etal. J. Am. Chem. Soc. 1985,
107,7105). 'HNMR (400 MHz, CD:0D) § 7.51 (d, J = 2.0, 1H), 7.48 (s, J = 1.5 Hz,
1H), 7.24 — 7.34 (m, 5H), 6.23 m, 1H), 5.05 (d, 12.7 H, 1H), 5.03 (d, J = 12.7 Hz,
1H), 4.59 - 4.66 (m, 2H), 4.42 - 4.49 (m, 1H). LCMS: Anal. Calcd. for
C14H15N304: 289; found: 290 (M+H)".

Step 2. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-pyrazol-1-ypropanoic
acid (Cap-129).



CO 2H Cap-140, step a CH To a
vi gorously-stirred m xture of

WO12089/th2848] or 0- 5- et hoxyi soqui nol i ne (482 ng, 2.1X/0$A009/032830
prepared according to the procedure in W 2005/
051410), palladium (11) acetq%ﬁ (9 ng, 0.04 mmol),
sodi um carbonate (223 ng, 2.10'mmvl) and
1, 5- bi s(di phenyl phosphi no) pentane (35 ng, 0.08 mmol)
in dry 10di net hyl acetam de (2 nL% t 25 C under
nitrogen was added N,N,N , N - W
tetranethylethylenedlan1ne (60 0.40 mmol ). After
10 min, the mxture was heated to 150 C, and then a
stock solution of aceton ¥ HNohy@ein (prepared from
457 DL of acetone cyanohydri pap-1294. 34 nL DMA) was
added in_1 paortions over 18 li usin syring
punp. THY %a?gff@f X XRRRS oY Nyt i PR qwé}pméﬁ%ﬁ%w 208,
acef, 76 Ambband h z@ggéna@a% b BreSErd@bi 18d- b@ﬁfnﬁgﬁs}\/{eOH (5 mL) at

separated, was with brine, dried over
fi | ¥@pPwRetitRreeBiRdemty diearodrreppesiddebe waeluplaim ¥eeH. on

$i | h&afosethe Rlabidnixihd \Wasjrgf)@e‘atvmﬁl n%:ﬁt@taﬁd bwsgs Jf%N HCL.
40% et hyl acet at e/ hexanes to af Cap- 140, step

a yEielhomogeriepes Solgion wygs filRereq throlxgh_ ﬂlag)mp@eqrmearth (Cehte ) and the
. 90% h eni t

{ orERf St gl SRSl b a0 g Rbpry Rt

CapeitedOyelioa2bhm (188.9 agp-Thtlnawarial prepapadedipy THRHa0 (A1,

hydyol.ysi s, of - 140 t a, Wt N HC1

oI EhE 1in epEBE Qe T BR i hitre it FRhicgy (egp me
101411 .741ﬁ_ﬁn©r)ic_bﬁdﬂl§)€{é\0ﬂmiop 0ECD,)2 %ﬁmgz(s@@lﬂtmﬂ\/ﬁrd\b@)sed 80%01 5

Q@ 20t Blrgte D5 ela O Buel wasaligdtropygee: he miire was

20Qﬂ?iﬁ@ﬁﬁ%P@IbHSQQQQﬁﬁﬁﬁﬁﬁﬁo%@12Ga@(%ﬂﬁCl&%Rﬁnédnﬂo

Cap- ste step a

pr eH9ASd The Blaﬁ:ri W5FeoRRaed P%P%i%w. nli\a%e. Ay BREEC
fr Oﬁsrsﬁ ﬂmcsﬁbﬂqe@as.g@m RO wRR w&ﬁedu(%hﬁk? R (RERCEA6red, and

outlined in Chem 1970 as descri bed

11 n RENHRIEE sivahe e EHRPOBPL ekt aatarlss S@ﬁld@alﬂ 81mp, 79%ep
a (YR SARNAz, DASOMR) § $904 WHze, $186E8)s 62 81851167, -
5 Lvhi ﬁt% z, 91{32! Pd%'\l?)%_% Mz 61613)7 B2 848211117 487a, 7
8.1 Hz, 1H), 7.44 (d, J = 1.5 Hz, 1H), 6.19 (app 1, J = 2.0 Hz, 1H), 4.47 (dd, J = 3.0,
12.9 Hz, 1H), 4.29 — 4.41 (m, 2H), 3.48 (s, 3H). LCMS: Anal. Calcd. for
CsH1iN304: 213; found: 214 (M+H)".

Cap-130

»

AcHN COQH
Cap-130 was prepared by acylation of commercially available (R)-
phenylglycine analgous to the procedure given in: Calmes, M.; Daunis, J.; Jacquier,

25 R.; Verducci, J. Tetrahedron, 1987, 43(10), 2285.



1085 Hz, 1H), 7.83 (t, J= 7.63 Hz, 1H), 7.77-7.73 (m
7.55 (s, 1H): R = 1.60 nin (Cond.-Di); 90%

1H),
WOH@%‘{}éfﬁ ty index; LCMS: Anal. Calc. for [M-HPGT/US2009/032830

10

15

30

C OH6FN2: 173.05; found: 172.99. 15 Cap-] 41 CO2N
Cap- 141, step a (83 ny, 0.48;qgml) was treated with
12N HCl (3 nL) and the resultlng slurry was heated at
80 Cfor 16 h before it was cooled to roomtenperature
and diluted with water (3 '552? The m xture was stirred
for 10 mn and then filtered"to afford Cap-141 as an
off-white soljd(44.1 ng, 47.8%*"The filtrafe was

diluted with Ig{orrei_‘ha,ne/gf&wasﬂed i ne,
, and concenfta C;ed to af f ot

dri ed over Na2
addi tional Cap-144, which was su fICI ently puke to be

carried forward directly (29. 30" g, 31.8%. | T-1 NWR
( DM@Qa“Dm@Q@IMﬂQnoﬁ] chforfde (@92 ﬁlL 10‘&1m0§ vﬁi@a&de@%]({\ﬂj’ tda

o J
D soantanpg ES@rhenffym%anwoxi Hleﬂy&bumnﬁate @zﬂfach(lmif (28t 10 mmol)

h 1 m m €
1ogﬂag§1m % gaéﬁg @?67 m\%ah THERKE mLh) OFn QTN

2098PePYIPB BB PEHS e@&? (F@QY t@gggg@rel%n@@ ( lﬂ@uEé knd congypprpfed
Caﬁ’nd%“ﬁ%duc%ng&sﬁlrc&TheSrg\h&%s i‘)%%lelogés o C r Pa{c%{%?efaﬁﬁ water.

from 4-br ondil soqui nol i ne gd i n
t whhseremiplape e'th N@Shﬁrwlthﬁémpf drisd (MO, Biter@apnd @Bcentrated

nofbgenely pRaelt ToateRaypd s Py 1

Clﬂmﬁﬂttb@ap@?: 2lulng witlpethyl: ac@38:hoaned O IGapolletd fetcemsivefe
concentrated under vacuum providing 2.35 g (85%) of clear oil. "H NMR (300
MHz, DMSO-dg) 6 ppm 0.84 (d, /=6.95 Hz, 3H), 0.89 (d, /=6.59 Hz, 3H), 1.98-2.15
(m, 1H), 2.80 (s, 6H), 5.01-5.09 (m, J=12.44 Hz, 1H), 5.13 (d, J=12.44 Hz, 1H),
6.22 (d, J=8.05 Hz, 1H), 7.26-7.42 (m, 5H). LC (Cond. 1): RT = 1.76 min; MS:
Anal. Caled. for [M+H]" C16H2N20s: 279.17; found 279.03.

Step b: To a MeOH (50 mL) solution of the intermediate prepared above (2.35 g;
8.45 mmol) was added Pd/C (10%; 200 mg) and the resulting black suspension was
flushed with N, (3x) and placed under 1 atm of H,. The mixturé was stirred at room
temperature overnight and filtered though a microfiber filter to remove the catalyst.
The resulting clear solution was then concentrated under reduced pressure to obtain
1.43 g (89%) of Cap-131 as a white foam, which was used without further
purification. 'H NMR (500 MHz, DMSO-de) & ppm 0.87 (d, J=4.27 Hz, 3H), 0.88
(d, J=3.97 Hz, 3H), 1.93-2.11 (m, 1H), 2.80 (s, 6H), 3.90 (dd, /=8.39, 6.87 Hz, 1H),
5.93 (d, J/=8.54 Hz, 1H), 12.36 (s, 1H). LC (Cond. 1): RT = 0.33 min; MS: Anal.
Calcd. for [M+H]" CgH17N,03: 189.12; found 189.04.



ON To an ar gon-degassed suspensi on of Cap-142,
step a (116 ng, 0.50 mml ), potassium phosphate
wonoidmazies (170 ng, 0.80 nmmol), palladi um (I1) raxaisatm/032830
(3.4 ng, 150.015 mmol ) and
2-(dicyc|ohexy|phosphino)bipaggy (11 ng, 0.03 mmol)
i n anhydrous toluene (1 nL) added norpholine (61
pL, 0.70 nmol). The m xture was heated at 100C for 16
h, cooled to 25 C and filte éﬁﬁ t.hrough di at omaceous
earth (Celiteg). Purificati ¥ the residue on silica
gel, eluting with 1096%0 70% et hyl ac®t at e/ hexanes
af f or ded Cap-142, stepl(3§ no, 32@@ja50a yel | ow solid,
20 whi ch was carrled orfvar d directd = 1.26 mn
(Cond. - MB-WL ); 90% '8119 enity index; LCIVS Anal .
Cale. for [MF-H"' Cl4F114N30: 240. Ii\\found 240. 13.
WO 2009C&@255&EQ$&@&82@@9mﬂaﬁsao2%m9n@m@xmddbhﬁ&%ﬂMonde

p-1 ared fr i

Sodriny bR s e adbdhr Gl {ln HRbTR blep s
sCa &131827 8U—"7§2ﬁé23 p.{ OBHMBO O8O DgEn iy, 1H

B LS o B, - 1)

259‘2121 (S leQdeC (@@91 d% RicEp- 1§413n M Al @élﬁ 1i8[MEHEp a
Br ca,.&,8%:1161 86 rs@ldulsh @D, Of _
3- am no- 1- br onoi soqui noli ne (444 ng, 2.00 mml) in 15
anhydr ous di net hyl formam de (10 nlL) was added sodi um
hydri de (60% unwashed, 96 Ap, ;.4 nmmol) in one
portion. The m xture was stirred at 25 C for 5 mn
bef ore 2-bronoet hyl |ethe 90% 230 , 2.00 mml) was
added. The m xture st rred-furtfier at 25 C for 5 h
and at 75 C for 72 h¥efore it was" led to 25 C
quenched wi th saturat ed?@nmmoni um chloride sol ution and
di 1 uted with et hyl acetate. The 90organic | ayer was
separ at £60-\avReRreRdrehirom {Driedmutyb preno-Hmedybyipapate

m%?@ﬂ)chlfn'ldet £l Q%tﬁ)ﬂ%ﬂfypﬂﬁ&@f&ﬁﬁt@ QCcoPd-iﬁ % fol tﬁ@ﬁlbtﬂ@d @écscﬂitﬂé@ for
residue on silica g eluting wth o 70% eth

acetaatel Eﬁ%ﬁ%&ﬁ@fMH%d@MS@ab) d pn 0§t7épJ T @3l Hz, yﬁéi)l b¥/-2.10

rosoitl BTt R oail D I e, 30

15Cl B4 31 N @.59206. @8 ;1H,0uqidd, .293.5841z, 1H), 12.54 (s, 1H).

Cap-134
O OH
OH O
NH, HNW¢O
O\

Cap-134 was prepared from (S)-diethyl alanine and methyl chloroformate
20 according to the method described for Cap-57. '"H NMR (500 MHz, DMSO-ds) &
ppm 0.72-0.89 (m, 6H), 1.15-1.38 (m, 4H), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H),
4.09 (dd, J = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55 (s, 1H). LC
(Cond. 2): RT =0.66 min; LC/MS: Anal. Calcd. for [M+H]" CoHsNO,: 204.12;
found 204.02.



WO 2009/ 102568PCT/ US2009/ 032830 120 Cap-143 co2n To a
cold (-60 C solution of Cap-143, step a (154 ny,

WO og225¢8hol ) i n anhydrous tetrahydrofuran (5 REH/UHE/032830

10

15

20

added a solution of n-butyllithiumin hexanes 5 (2.5
M 0.25 nm, 0.633 mml). Aftgr, 10 mn, dry carbon

di oxi de was bubbled into the reaction m xture for 10
mn before it was quenched vvith IN HC1 and allowed to
warmto 25 C. The m'xture gyen extracted with

di chl oronet hane (3 x 30 nL) t he conbi ned organic
extracts were concentrated in vacuo. Purification of
the residue by a reverse phase PLC (MeOH wat er / TFA)
af forded Cap-143 (16 ng, , = 1.10 mn
(Cond. - M5-W) ; 90% hono ex; LCMS: Anal. Calc.
for [MrH d 4k115N203: . found: 259.08. Cap-144
CO2H Cap-144, step a G-~

1,3-Dic . 89.
added |A1ngcg§rtg‘#nl & or2tna 9%%@ %% h@OrZ&eﬁ%l)%gmcs%d‘@?é gng"‘?_éo PmOD
f uhV Hgl m chcthy:letacn (@.0(m0, 2 nmmhcknd ormehnt (3ate d nsulid urethenol (5
B SPePictRh el R R 18 e s ion tome)
st for 1 @ af T °CL 6rHa mﬁﬁlnee \msxhenrfﬁtemlshﬁohgncmufoeﬁformﬂhe H&1 salt
%{f ont a| ni ng hoppe %%e apd water and th

wr ALBHBTEST PPk odt N (308 Mifz, o106 6 es?

I tgd%ﬁ—@'i%btﬁl’(ﬁﬂz t2@1)a'f i@(& dJ%@TMﬁH) %tleg s, aH, 2_; (753(v%r s, 3H),

| ow solid which was used di'rect

2. 5%3 ¥ tﬁ s, f@@ﬁd‘ Déi)mm @Wh%\%hu%% h%@@ﬁmtyum LRMS

Angha), %éx@é' 1(4 H i«'ﬂJocgl 92 97; found:
242.92. 0091102568PCTIUS 0091032830 i21

Cap-136

@)
3
N OH

To a cooled (-50 °C) suspension of 1-benzyl-1H-imidazole (1.58 g, 10.0
mmol) in anhydrous diethyl ether (50 mL) under nitrogen was added »-butyl lithium
(2.5 M in hexanes, 4.0 mL, 10.0 mmol) dropwise. After being stirred for 20 min at -
50 °C, dry carbon dioxide (passed through Drierite) was bubbled into the reaction
mixture for 10 min before it was allowed to warm up to 25 °C. The heavy precipitate
which formed on addition of carbon dioxide to the reaction mixture was filtered to
yield a hygroscopic, white solid which was taken up in water (7 mL), acidified to pH
=3, cooled, and induced to crystallize with scratching. Filtration of this precipitate
gave a white solid which was suspended in methanol, treated with 1V HCl/diethy!l
ether (4 mL) and concentrated in vacuo. Lyophilization of the residue from water (5
mL) afforded the HCl salt of Cap-136 as a white solid (817 mg, 40%). 'H NMR (300
MHz, DMSO-d¢) 6 7.94 (d, J=1.5 Hz, 1H), 7.71 (d, J= 1.5 Hz, 1H), 7.50-7.31 (m,



wowbediopieat i num oxi de (30 ng),

Cap-144, step b Cl Cap-144, step a (0.30 g, 1.23
mmol ) was taken up in nethanol (60 nL) and treated

subjected to Parr hydrogenation at 7 psi H2 for 1.5 h.
Then formalin (5 nL) and addia'onal pl ati num oxi de (30
ng) were added, and the suspé ion was resubjected to
Pan hydrogenation at 45 psi 117 for 13 h. It was then

suctjon-fjltered ou di.a e earth. .
(CoDeRTt by IR B B R Rt aMBoRA 047 i dex: LRvs:
Suctdaoncdié.| for pirFaT @IHLKL,ePE0) GHupd-eoB It at e af f or ded
the title compound as a yell ow solid which was fl ash
10 chromat ographed on silica gel eluting with 5% et hyl
acetate in hexanes to 25% ethylszacetate in hexanes to
afford Cap-144, step b (231 ng, 78% as a pale yellow
solid. A= 2.36 mn (Cond N §96honngenity i ndex;
1H NVR (400 MHz, CDClI3) 8 ¥s, 1H), 7.95 (d, J=

and the suspensiPeT/is2609/032830

8.6 Hz, 1H), 7.57-7.53 (m 1H)\,,7.30 (d, J= 7.3 Hz,
51I—|) , 2.88 (s, 61-1); LCMS: Anal: Cale. for [MrHr
Cl1fi 11C12N2: 241.03; found: 241.02. HAVS: 15Anal .

Calc. for [MH' CIIHIIC“ghQ'

241.0299; found:

241.0296. Cap- 144, step P ONYP 4" cap-144, step c

was prepared from Cap-144
procedure described for t
step a. A= 2.19 mn (Cond.
LCMS: Anal. Calc. for [MH] +
found: 232.03. HAMS: Anal .

Naccording to the
aration of Cap-] 39,
95% honogeni ty i ndex;
2FI 11 CIN3: 232.06;
for [MtH 4

),

O 2H | O N3: 232.0642; found: 232.0631. WO
20091102568PCT1US2009/ 032830 122 Cap- 144 CO2H
10Cap- 144 Avaispepsiep af ohlarochexdneigoquanotine(188 oetp mmol; prepared

ook B S pieedith wiRaooy oA A5 § EBBha Pedium

5238100d¢ (3038 mai, 228 &rdd), bBap ged-HBtytpbospBihe)palladium dichloride (10

mg, 0.02 mmol) and 2-(tributylstannyl)furan (378 uL, 1.20 mmol) in anhydrous
dioxane (10 mL) under nitrogen was heated at 80 °C for 16 h before it was cooled to
25 °C and treated with saturated, aqueous potassium fluoride solution with vigorous
stirring for 1 h. The mixture was partitioned between ethyl acetate and water and the
organic phase was separated, washed with brine, dried over Na;SOy, filtered and
concentrated. Purification of the residue on silica gel (elution with 0% to 30% ethyl
acetate/hexanes) afforded Cap-137, step a as a white solid which was used as 1s (230
mg, 105%). Ry=1.95 min (Cond.-MS-W2); 90% homogeneity index; LRMS: Anal.
Calc. for [M+H]" C4HsN,0: 221.07; found: 221.12.

Cap-137
N CN
N
COH
To a suspension of Cap 137, step a, (110 mg, 0.50 mmol) and sodium
periodate (438 mg, 2.05 mmol) in carbon tetrachloride (1 mL), acetonitrile (1 mL)

and water (1.5 mL) was added ruthenium trichloride hydrate (2 mg, 0.011 mmol).



Caps-145 to 762 were prepared fromthe appropriate
1- chl or oi soqui nol i nes according to the procedure

WO 2008d935pd for the preparation of Cap-138 ( MePEBHS2)09/032830
Cap- 139 10(Method B) unl ess noted ot herw se as
outlined below Cap # Cap Metppd Hydrolysis RE (LC
Cond.); % honogeneity i ndex; data Cap- 145 ..-N 40c
002H - rrepared fromcomercially available 1, 3-

;‘f hL 818@)5@ %ﬂ?&gﬁ'{‘ ?5 %Cgof yh}_a?!i th]en% FalbaERng;, - M5
dichloromethane and water. The aqueous layer was separated, extracted twice more
with dichloromethane and the combined dichloromethane extracts were dried over
NaySOy, filtered and concentrated. Trituration of the residue with hexanes afforded

5  Cap-137 (55 mg, 55%) as a grayish-colored solid. Ry=1.10 min (Cond.-MS-W2);
90% homogeneity index; LCMS: Anal. Calc. for [M+H]" C;;HgN,O,: 200.08;
found: 200.08.

Caps 13810 158

10
Synthetic Strategy. Method A.
OH
A ,\D,,Eéa meBA TIMSCN__ 5N NaOH
_N THF B TEA, ACN 85" C
e,
15 Cap-138
~o
X
=N
COLH
Cap-138, step a
o
X
=N
20 To a stirred suspension of 5-hydroxisoquinoline (prepared according to the

procedure in WO 2003/ 099274) (2.0 g, 13.8 mmol) and triphenylphosphine (4.3 g

16.5 mmol) in dry tetrahydrofuran (20 mL) was added dry methanol (0.8 mL) and

diethyl azodicarboxylate (3.0 mL, 16.5 mmol) portionwise. The mixture was stirred

at room temperature for 20 h before it was diluted with ethyl acetate and washed with
25 brine, dried over Na,SOy, filtered and concentrated. The residue was preabsorbed

onto silica gel and purified (elution with 40% ethyl acetate/hexanes) to afford Cap-



[Mf-FI] CILOR7CINO2: 208.02; found: 208.00. Cap- 146

40N co2n Prepared fromcomercially A 5N NaCH 1.40 mn
WOQ@id256Bl ) ; 95% ; LCMS: Anal. 123 avail abl @C3¥U0S2009/032830

10

15

hydr oxyi soqui nol i ne Calc. for [MH Cl 1 HWNGS:
204. 07;

113

138, step a as a light yellow solid (1.00 g, 45%). 'H NMR (CDCls, 500 MHz) 6 9.19
(s, 1H), 8.51 (d, /= 6.0 Hz, 1H), 7.99 (d, /= 6.0 Hz, 1H), 7.52-7.50 (m, 2H), 7.00-
6.99 (m, 1H), 4.01 (s, 3H); R;=0.66 min (Cond. D2); 95% homogeneity index;
LCMS: Anal. Calc. for [M+H]" C;oH;oNO: 160.08; found 160.10.

Cap-138, step b

o

x
.
AN

To a stirred solution of Cap 138, step a (2.34 g, 14.7 mmol) in anhydrous
dichloromethane (50 mL) at room temperature was added meta-chloroperbenzoic
acid (77%, 3.42 g, 19.8 mmol) in one portion. After being stirred for 20 h, powdered
potassium carbonate (2.0 g) was added and the mixture was stirred for 1 h at room
temperature before it was filtered and concentrated to afford Cap-138, step b as a
pale, yellow solid which was sufficiently pure to carry forward (2.15 g, 83.3%). 'H
NMR (CDCl;, 400 MHz) & 8.73 (d, /J=1.5Hz, 1H), 8.11 (dd, /= 7.3, 1.7 Hz, 1H),
8.04 (d, /=7.1 Hz, 1H), 7.52 (t, /J=8.1 Hz, 1H), 7.28 (d, /= 8.3 Hz, 1H), 6.91 (d, J =
7.8 Hz, 1H), 4.00 (s, 3H); Ry=0.92 min, (Cond.-D1); 90% homogenity index;
LCMS: Anal. Calc. for [M+H]" C1oHoNO,: 176.07; found: 176.0.

Cap-138, step c

~o

X

=N
CN
To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmol) and triethylamine

(1.1 mL, 8.00 mmol) in dry acetonitrile (20 mL) at room temperature under nitrogen
was added trimethylsilylcyanide (1.60 mL, 12.00 mmol). The mixture was heated at
75 °C for 20 h before it was cooled to room temperature, diluted with ethyl acetate
and washed with saturated sodium bicarbonate solution and brine prior to drying over
Na,SO, and solvent concentration. The residue was flash chromatographed on silica
gel (elution with 5% ethy] acetate/hexanes) to 25% ethyl acetate/hexanes to afford

Cap-138, step ¢ (498.7 mg) as a white, crystalline solid along with 223 mg of



found: 204.06. Cap- 147 0 N CO2H Prepared from
comercially avail abl e 1-chl oro-4- hydroxyi soqui nol i ne

WO ROFM2/EH0H C 11H oNO3: 0.87 min (Cond.-D1); 9504/UBZONE032830
Anal . Calc. for [MH 204.07; found: 204.05. Cap- 148
40N co2H Prepared from comrehgli ally available 7-

additional Cap-138, step ¢ recovered from the filtrate. "H NMR (CDCls, 500 MHz)
8.63 (d, J=5.5Hz, 1H), 8.26 (d, J=5.5 Hz, 1H), 7.88 (d, /= 8.5 Hz, 1H), 7.69 (t, J
=8.0 Hz, 1H), 7.08 (d, /= 7.5 Hz, 1H), 4.04 (s, 3H); R,= 1.75 min, (Cond.-D1); 90%
homogeneity index; LCMS: Anal. Calc. for [M+H]" C;;HoN,O: 185.07; found:

5 185.10.

Cap-138
o
X
PAN
CO,H

Cap-138, step ¢ (0.45 g, 2.44 mmol) was treated with 5N sodium hydroxide

10 solution (10 mL) and the resulting suspension was heated at 85 °C for 4 h, cooled to
25 °C, diluted with dichloromethane and acidified with 1V hydrochloric acid. The
organic phase was separated, washed with brine, dried over Na,SO,, concentrated to
Vi volume and filtered to afford Cap-138 as a yellow solid (0.44g, 88.9%). 'H NMR
(DMSO-ds, 400 MHz) 6 13.6 (brs, 1H), 8.56 (d, /= 6.0 Hz, 1H), 8.16 (d, J = 6.0

15 Hz, 1H), 8.06 (d, /= 8.8 Hz, 1H), 7.71-7.67 (m, 1H), 7.30 (d, /= 8.0 Hz, 1H), 4.02
(s, 3H); R =0.70 min (Cond.-D1); 95% homogenity index; LCMS: Anal. Calc. for
[M+H]" C,1H1oNO;: 204.07; found: 204.05.

Synthetic Strategy. Method B (derived from Tetrahedron Letters, 2001, 42, 6707).
l | l

O.
Xy KCN, dpppe © > 5N NaOH o =
N Pd(OAc), _N =N
TMEDA, 150°C
Cl toluene CN CO,H
20 WO 2003/ 099274
Cap-139
A0 N
=N
CO,H



hydr oxyi soqui noline A 5N NaCH 0.70 m n (Cond.-D1);
LCMS: Anal. Calc. for [MtHt CLl1HLONG3: 204.07; found:

WO02000/103568Cap- 149 40N co2H Prepared from conmreCavEs2ben/032830
avai | abl e 5- hydroxyi soqui noline A 5NNaCH [ Mt1-1 |-
0.70 min (Cond.-D1); 95% LCI\{?5 Anal . Cale. for

15

Cap-139, step a
=N
CN
To a thick-walled, screw-top vial containing an argon-degassed suspension
of 1-chloro-6-methoxyisoquinoline (1.2 g, 6.2 mmol; prepared according to the
procedure in WO 2003/ 099274), potassium cyanide (0.40 g, 6.2 mmol), 1,5-
bis(diphenylphosphino)pentane (0.27 g, 0.62 mmol) and palladium (II) acetate (70
mg, 0.31 mmol) in anhydrous toluene (6 mL) was added N,N,N’,N -
tetramethylethylenediamine (0.29 mL, 2.48 mmol). The vial was sealed, heated at
150 °C for 22 h and then allowed to cool to 25 °C. The reaction mixture was diluted
with ethyl acetate, washed with water and brine, dried over Na,SQy, filtered and
concentrated. The residue was purified on silica gel eluting with 5% ethyl
acetate/hexanes to 25% ethyl acetate/hexanes to afford Cap-139, step a as a white
solid (669.7 mg). 'H NMR (CDCls, 500 MHz) & 8.54 (d, J= 6.0 Hz, 1H), 822 (d, J
=9.0Hz, 1H), 7.76 (d, J = 5.5 Hz, 1H), 7.41-7.39 (m, 1H), 7.13 (d, /= 2.0 Hz, 1H),
3.98 (s, 3H); Ry=1.66 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc.
for [M+H]" C;;HosN,0O: 185.07; found: 185.20.

Cap-139

/o X

N
COH
Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with SN
NaOH according to the procedure described for Cap 138. "H NMR (400 MHz,
DMSO-dg) 6 13.63 (v brs, 1H), 8.60 (d, /=9.3 Hz, 1H), 8.45 (d, J= 5.6 Hz, 1H),
7.95(d, J=5.9 Hz, 1H), 7.49 (d, J=2.2 Hz, 1H), 7.44 (dd, /= 9.3, 2.5 Hz, 1H), 3.95
(s, 3H); R¢=0.64 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for

[M+H]" Cy1H1oNOs: 204.07; found: 204.05.



124 C t HUDNG3: 204.07; found: 204.05. Cap- 150 TFA
-- Cco,u Prepared from 8- net hoxy- 1-

WO Hp/a02668soqui nol i ne, which can be synt hesi zedPEBHUB20H/072830
the procedure in WD 2003/ 099274 A 12N HCl 0.26 min
(Cond.-D1); 95% LCVs: Anal .II%aI c. for [MH +

Cap-140
o
~ O
N
COH

Cap-140, step a
0

\Cl

~N

tn

CN
To a vigorously-stirred mixture of 1,3-dichloro-5-ethoxyisoquinoline (482

mg, 2.00 mmol; prepared according to the procedure in WO 2005/ 051410),
palladium (II) acetate (9 mg, 0.04 mmol), sodium carbonate (223 mg, 2.10 mmol)
and 1,5-bis(diphenylphosphino)pentane (35 mg, 0.08 mmol) in dry
10 dimethylacetamide (2 mL) at 25 °C under nitrogen was added N,N,N’ N’-

tetramethylethylenediamine (60 mL, 0.40 mmol). After 10 min, the mixture was

heated to 150 °C, and then a stock solution of acetone cyanohydrin (prepared from

457 OL of acetone cyanohydrin in 4.34 mL DMA) was added in 1 mL portions over

18 h using a syringe pump. The mixture was then partitioned between ethyl acetate
15 and water and the organic layer was separated, washed with brine, dried over
Na,ySQy, filtered and concentrated. The residue was purified on silica gel eluting with
10% ethyl acetate/hexanes to 40% ethyl acetate/hexanes to afford Cap-140, step a as
a yellow solid (160 mg, 34%). R,=2.46 min (Cond.-MS-W2); 90% homogenity
index; LCMS: Anal. Calc. for [M+H]" C;,HoCIN,O: 233.05; found: 233.08.

20
Cap-140
o
O
N
COH

Cap-140 was prepared by the acid hydrolysis of Cap-140, step a with 12N
HCI as described in the procedure for the preparation of Cap 141, described below.
25 R¢=2.24 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C,H;1CINOs: 252.04; found: 252.02.

g
Ntz



CHKONGB: 204.07; found: 204.04. Cap- 151 1 401N CO2H

Prepared from 5-net hoxy- 1, 3-di chl oroi soqui nol i ne,
WORRIYW2¥En be synthesized foll owi ng the proced§TdIS2A0%ABR830

2005 / 0514W B 12N HC1 L78 nmin (Cond.-DI); 90% LCMVS:

Anal. Calc. for [Mt+H ClI1-39¢ NG3: 238.03; found:

238. 09. Cap-

Cap-141

N F

A

CO,H

Cap-141, step a

N F

N
5 CN
Cap-141, step a was prepared from 1-bromo-3-fluoroisoquinoline (prepared

from 3-amino-1-bromoisoquinoline using the procedure outlined in J. Med. Chem.
1970, 13, 613) as described in the procedure for the preparation of Cap-140, step a
(vide supra). "H NMR (500 MHz, CDCl;) & 8.35 (d, J= 8.5 Hz, 1H), 7.93 (d, J =

10 8.5Hz, 1H), 7.83 (t,J="7.63 Hz, 1H), 7.77-7.73 (m, 1H), 7.55 (s, 1H); R;= 1.60 min
(Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for [M+H]" C1oH¢FN2:
173.05; found: 172.99.

Cap-141

N F

N
COH
Cap-141, step a (83 mg, 0.48 mmol) was treated with 12NV HCI (3 mL) and

the resulting slurry was heated at 80 °C for 16 h before it was cooled to room

temperature and diluted with water (3 mL). The mixture was stirred for 10 min and
20 then filtered to afford Cap-741 as an off-white solid (44.1 mg, 47.8%). The filtrate
was diluted with dichloromethane and washed with brine, dried over Na,SQy, and
concentrated to afford additional Cap-741 which was sufficiently pure to be carried
forward directly (29.30 mg, 31.8%). "H NMR (DMSO-ds, 500 MHz) & 14.0 (brs,
1H), 8.59-8.57 (m, 1H), 8.10 (d, J= 8.5 Hz, 1H), 7.88-7.85(m, 2H), 7.74-7.71 (m,
1H); Ri= 1.33 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C1oH,FNO,: 192.05; found: 191.97.

o
tn



152 ¢ co2H Prepared from comercially avail abl e
6- met hoxy- 1, 3- di chl oroi soquinoline B 12NHCL 1.65 mn
wo %‘t%/ﬁ?ﬂ?“%]) 95% LCMS: Anal. Calc. for [M FIP¢T/US2009/032830

Cl1HOCI NO3: 238. 00:; 125 found: 238.09. Cap- 153
Br 118
Cap-142
®
=N
CO,H

Cap-142, step a

e

=N

5 CN

Cap-142, step a was prepared from 4-bromoisoquinoline N-oxide as

described in the two-step procedure for the preparation of Cap-138, steps b and c. R,
= 1.45 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
M+H]" C0HeBrN,: 232.97; found: 233.00.

10

Cap-142, step b

()

s
=N
CN
To an argon-degassed suspension of Cap-142, step a (116 mg, 0.50 mmol),
potassium phosphate tribasic (170 mg, 0.80 mmol), palladium (II) acetate (3.4 mg,
15 0.015 mmol) and 2-(dicyclohexylphosphino)biphenyl (11 mg, 0.03 mmol) in

anhydrous toluene (1 mL) was added morpholine (61 pl., 0.70 mmol). The mixture
was heated at 100 °C for 16 h, cooled to 25 °C and filtered through diatomaceous
earth (Ce]ite®). Purification of the residue on silica gel, eluting with 10% to 70%
ethyl acetate/hexanes afforded Cap-142, step b (38 mg, 32%) as a yellow solid,

20 which was carried f_orward directly. R, =1.26 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" Ci4H14N3O: 240.11; found:
240.13.



co2n Prepared from 4- bronoi soqui noline, which can be

synt hesi zed followi ng the procedure in WO 2003/ 062241
WOL0®NO0EHEE 1.18 min (Cond.-Ms- W) ; 95% LCWVS: PAAAIS2009/032830

Calc. for [M+1l-1]. CLOH7Br NO2. 251.97; found: 251.95.

Cap- 154 *ON 002n Prepared frlti)%w 7-fluoro-1-

chl or oi soqui nol i ne, which can be synthesi zed foll ow ng

the procedure in WD 2003/ 099274

Cap-142

.

~N

CO,H
Cap-142 was prepared from Cap-142, step b with SN sodium hydroxide as
described in the procedure for Cap 138. R = 0.72 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" C14HsN,Os: 259.11; found:
259.08.

w

10 CO.H

Cap-143, step a

(\o
o
PA)
Br
To a stirred solution of 3-amino-1-bromoisoquinoline (444 mg, 2.00 mmol) in
15 anhydrous dimethylformamide (10 mL) was added sodium hydride (60%, unwashed,
96 mg, 2.4 mmol) in one portion. The mixture was stirred at 25 °C for 5 min before
2-bromoethy! ether (90%, 250 pL, 2.00 mmol) was added. The mixture was stirred
further at 25 °C for 5 h and at 75 °C for 72 h before it was cooled to 25 °C, quenched
with saturated ammonium chloride solution and diluted with ethyl acetate. The
20  organic layer was separated, washed with water and brine, dried over Na;SOy,
filtered and concentrated. Purification of the residue on silica gel eluting with 0% to
70% ethyl acetate/hexanes afforded Cap-/43, step a as a yellow solid (180 mg, 31%).
R;=1.75 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C13H14BrN,O: 293.03; found: 293.04.



B 5N NaOH 0.28 mn (Cond.-Ms- WI ); 90% LCMs: Anal
Calc. for [MH' G oH7/FNC2: 192.05; found: 192.03.

WO 209§10286%| N CO2 hi Prepared from 1, 7- PCT/US2009/032830

10

15

di chl or oi soqui nol i ne, which can be synthesi zed
followi ng the procedure in 2003/ 099274 B 5NNaCH
0.59 mn (Cond.-M5- W); 90% LCMs: Anal. Calc. for

Cap-143

AT

COLH

To a cold (-60 °C) solution of Cap-143, step a (154 mg, 0.527 mmol) in
anhydrous tetrahydrofuran (5 mL) was added a solution of z-butyllithium in hexanes
(2.5M, 0.25 mL, 0.633 mmol). After 10 min, dry carbon dioxide was bubbled into
the reaction mixture for 10 min before it was quenched with 1N HCl and allowed to
warm to 25 °C. The mixture was then extracted with dichloromethane (3 x 30 mL)
and the combined organic extracts were concentrated in vacuo. Purification of the
residue by a reverse phase HPLC (MeOH/water/TFA) afforded Cap-143 (16 mg,
12%). R;=1.10 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc.
for [M+H]" C14H15N»03: 259.11; found: 259.08.

Cap-144

\N/

Cl

CO,H

Cap-144, step a

NO,

\CI

ZN
cl
1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in small portions to

a cold (0 °C) solution of fuming nitric acid (10 mL) and concentrated sulfuric acid
(10 mL). The mixture was stirred at 0 °C for 0.5 h before it was gradually warmed to
25 °C where it stirred for 16 h. The mixture was then poured into a beaker containing
chopped ice and water and the resulting suspension was stirred for 1 h at 0 °C before
it was filtered to afford Cap-144, step a (2.73 g, 81%) as a yellow solid which was
used directly. R;=2.01 min. (Cond.-D1); 95% homogenity index; LCMS: Anal.
Calc. for [M+H]" CoHsCLLN,0,: 242.97; found: 242.92.

Mgy



[ MtHf  C19H7CLINO2: 208.02; found: 208.00. 126

ci41l-... Nco,H 0.60 mn (Cond.-MSW); 90% LCMs:
WOR48%/10288p- Prepared from 1, 6- Cal c. for 156PCTRUS2009/032830

5NNaCH  di chl or oi soqui nol i ne, which can be

synt hesi zed fol | owi ng

10

15

121

Cap-144, step b

~
N/

P
N
cl
Cap-144, step a (0.30 g, 1.23 mmol) was taken up in methanol (60 mL) and
treated with platinum oxide (30 mg), and the suspension was subjected to Parr
hydrogenation at 7 psi H for 1.5 h. Then formalin (5§ mL) and additional platinum
oxide (30 mg) were added, and the suspension was resubjected to Parr hydrogenation

at 45 psi H, for 13 h. It was then suction-filtered through diatomaceous earth
(Celite®) and concentrated down to % volume. Suction-filtration of the ensuing

precipitate afforded the title compound as a yellow solid which was flash
chromatographed on silica gel eluting with 5% ethyl acetate in hexanes to 25% ethyl
acetate in hexanes to afford Cap-144, step b (231 mg, 78%) as a pale yellow solid. R,
= 2.36 min (Cond.-D1); 95% homogenity index; "H NMR (400 MHz, CDCl3) & 8.02
(s, 1H), 7.95 (d, J = 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, /= 7.3 Hz, 1H), 2.88 (s,
6H); LCMS: Anal. Calc. for [M+H]" C;;H;1ChLN,: 241.03; found: 241.02. HRMS:
Anal. Calc. for [M+H]" C11H;1CLN,: 241.0299; found: 241.0296.

Cap-144, step ¢

~,
N

=N
CN
Cap-144, step ¢ was prepared from Cap-144, step b according to the
procedure described for the preparation of Cap-139, step a. Ry=2.19 min (Cond.-
D1); 95% homogenity index; LCMS: Anal. Calc. for [M+H]" C,H,;;CIN3: 232.06;
found: 232.03. HRMS: Anal. Calc. for [M+H]" C,H;,;CINs: 232.0642; found:
232.0631.



the procedure in WO 2003/ [ MtHr C10117C1NQO2: 208. 02;

099274  found: 208. 03. 1.499 mn dC
WO 2083/40p56%1 ) - PCT/US2009/032830
122
Cap-144
\N/

N Cl
=N
COH

Cap-144 was prepared according to the procedure described for Cap-141. Ry
=2.36 min (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]" Ci,H;,CIN,O;:
5 238.01; found: 238.09.

Caps-145 to 162
Caps-145 to 162 were prepared from the appropriate 1-chloroisoquinolines according
to the procedure described for the preparation of Cap-138 (Method A) or Cap-139

10 (Method B) unless noted otherwise as outlined below.

R, (LC-
Cond.); %
Cap # Cap Method Hydrolysis homogeneity
index; MS
data
1.14 min
(Cond.-MS-
O W1); 90%;
=N LCMS: Anal.
Cap- COH Calc. for
145 Prepared from commercially B 12N HCI [M+H]*
avatlable 1,3- C16H;CINO,:
dichloroisoquinoline 208.02;
found:
208.00.
Cap- O 1.40 min
_N (Cond.-D1);
146 Son A 5N NaOH ‘
95% ;
Prepared from commercially LCMS: Anal.




0 -,
1, 4-

N co2u
Cal c.

95%
for

LCVS: Anal .
157 di chl oroi soqui nol i ne,
WOlzeo%meiciesi zed B 12N HCL [ M+1-1] '

Cap-

follow ng the procedure in WO 2003/ 062241

Prepared from
whi ch can
Ci oH 7C1LN®CT/US2009/032830

123
available 3- Calc. for
hydroxyisoquinoline [M+H]"
C11H oNOs3:
204.07;
found:
204.06.
0.87 min
(Cond.-D1);
o 95%;
o B! LCMS: Anal.
147 oot B SVNaOH | ﬂir
Prepared from commercially [M+H]
available 1-chloro-4- C11H1oNOx:
hydroxyisoquinoline 204.07,
found:
204.05.
0.70 min
{Cond.-D1);
x 95%;
Cap- ~o C/o:‘H LCMS: Anal.
148 Prepared from commercially A SN NaOH cele f0+1'
[M+H]
available 7- Cy1HoNOx:
hydroxyisoquinoline 204.07:
found:
204.05.
o 0.70 min
o P! (Cond.-D1);
149 con A SN'NaOH V%
Prepared from commercially LCMS: Anal.
available 5- Calc. for
hydroxyisoquinoline [M+H]'




208. 02; found: 208. 00. 0.69 mn C
wo Sosonesis N cood PCT/US2009/032830
124
C11H10NOs:
204.07,
found:
204.05.
0.26 min
N (Cond.-D1);
N TFA 95%;
0 o LCMS: Anal.
Cap- | prepared from 8-methoxy-1- Cale. for
150 chloroisoquinoline, which A 12N HC [M-+H]*
can be synthesized following Ci1HioNO=:
the procedure in WO 2003/ 204.07:
099274 found:
204.04.
1.78 min
o (Cond.-D1);
D ) 90%;
COuH LCMS: Anal.
Cap-
151 Prepared from 5-methoxy- B N HCI Calc. f(ir
1,3-dichloroisoquinoline, [M+H]
which can be synthesized Ci1HoCINO::
following the procedure in 238.03;
WO 2005 / 051410. found:
238.09.
1.65 min
_O el (Cond.-D1);
Cap- C/ONH 95%;
2 LCMS: Anal.
152 Prepared from commercially B I2VHA Cale. for
available 6-methoxy-1,3- [M+H]"
dichloroisoquinoline C11HoCINO;:
238.00;




W) ;
Cal c.

90%

LCVS: Anal .
for

Cap-

whi ch
WO29i1eBzed B S5NNaOH [ MrtHr C101- 17C1NO2:

the procedure in WD 2003/ 099274

+ 208. 02;

Prepared from1 ,5-
158 di chl oroi soqui nol i ne,

can be

f oIPICaYHS2009/032830
f ound:

125
found:
238.09.
1.18 min
P (Cond.-MS-
B! W1); 95%;
COH LCMS: Anal.
Cap-
153 Prepared from 4- A 6N HCI Calc. for
bromoisoquinoline, which IM+H]
can be synthesized following CioH7BrNO;:
the procedure in WO 2003/ 251.97;
062241 found:
251.95.
0.28 min
N (Cond.-MS-
F/@“ W1); 90%;
coeH LCMS: Anal.
Cap- Prepared from 7-fluoro-1- Cale. for
154 chloroisoquinoline, which B SN NaOH [M+H]*
can be synthesized following C1oH/FNOy:
the procedure in WO 2003/ 192.05:
099274 found:
192.03.
0.59 min
EN (Cond.-MS-
cl ZN W1); 90%;
COH LCMS: Anal.
Cap- Prepared from 1,7- Calc. for
135 dichloroisoquinoline, which B SNV NaOH M+H]"
can be synthesized following C0H,CINO,:
the procedure in WO 2003/ 208.02;
099274 found:
208.00.




208.01. 127 Cap- 159 F O N co2n Prepared from
5-fl uoro-1- chl oroi soqui noline, which can be

WO 2091013868 zed fol | owi ng the procedure in WO 200G/ USRHO% (32830
B 5NNaCH 0.41 mn

(Cond.-Ms>- WI ); 90% LCVS: Anal.
Calc. for [M+H' CLOH7/FNORZ: 1]2%2' 05;
0.60 min
a N (Cond.-MS-
ZN W1); 90%;
c co LCMS: Anal.
ap- Prepared from 1,6- Cale. for
156 dichloroisoquinoline, which B SN NaOH [M+H]
can be synthesized following Cy1oH,CINO,:
the procedure in WO 2003/ 208.02
099274 found:
208.03.
1.49 min
T (Cond.-D1);
AN
CO,H LCMS: Anal.
Cap-
Prepared from 1,4- Calc. for
157 B 12N HCI .
dichloroisoquinoline, [M+H]
which can be synthesized Ci1oH17CINO:
following the procedure in 208.02;
WO 2003/ 062241 found:
208.00.
0.69 min
7 (Cond.-MS-
X
ZN W1); 90%;
CO.H LCMS: Anal.
Cap-
Prepared from 1,5- Calc. for
158 B SN NaOH .
dichloroisoquinoline, [M+H]
which can be synthesized CioH7CINOg:
following the procedure in 208.02;
WO 2003/ 099274 found:
208.01.




found: 192.03. Cap- 160 OON co2n Prepared from

6-fl uoro-1- chl oroi soquinoline, which can be
wWOoL9ee2Bzed fol |l owi ng the procedure i n WO 20@8T/W(3QR7032830

B 5NNaCH 0.30 mn (Cond.-Ms- WI ); 90% LCMS: Anal.

Calc. for [MrH C oH/7FN 02: 118; 05; found: 192.03.

Cap- 161 40 NOO2H

0.41 min
¥ (Cond.-MS-
X
. W1); 90%;
COH LCMS: Anal.
Cap-
Prepared from 5-fluoro-1- Calc. for
159 B SN NaOH .
chloroisoquinoline, IM+H]
which can be synthesized CioH7FNO;:
following the procedure in 192.05;
WO 2003/ 099274 found;
192.03.
0.30 min
F ~ (Cond.-MS-
2N W1); 90%;
G LCMS: Anal.
Cap- Prepared from 6-fluoro-1- Calc. for
160 chloroisoquinoline, B SN NaOH (M+HT
which can be synthesized C10H/FNO,:
following the procedure in 192.05:
WO 2003/ 099274 found:
192.03.
0.70 min
~ (Cond. D1);
95%:;
X
P LCMS: Anal.
Cap- N COyH
Calc. for
161 Prepared from 4- - -
- , [M+H]"
bromoquinoline-2-carboxylic
Ci2H13N20O4:
acid and dimethylamine T
217.10;
(DMSO, 100 °C)
found:
217.06.
Cap- m 0.65 min
162 ™o N"copH (Cond.-M3);




Prepared from 4- bronoqui noline-2-carboxylic acid and
di net hyl am ne (DVSO, 100 O 0.70 mn (Cond. Dl);

WO Y941025685: Anal . Calc. for [MrH C 2H RN202: POT/PS2099/032830
found: 217.06. Cap- 162 40 NOO2H 0.65 nmin

(Cond.-MB); 128 128
Prepared from m-anisidine 95%;
following the procedure LCMS: Anal.
described in J. Hetero. Calc. for
Chem. 1993, 17 and [M+H]"
Heterocycles, 2003, 60, 953. CiHioNOs:
204.07;
found:
203.94.
Cap-163
OH
OH
O

To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in diethylether (25 ml)
was added phenylmagnesium bromide (22 ml, 1M in THF) dropwise. The reaction
was stirred at ~25 °C under nitrogen for 17.5h. The reaction was acidified with IN
HCI and the product was extracted with ethyl acetate (3 x 100 ml). The combined

10 organic layer was washed with water followed by brine and dried over MgSQ,. After
concentration in vacuo, a white solid was obtained. The solid was recrystallized from
hexanes/ethyl acetate to afford Cap-163 as white needles (883.5 mg). 'H NMR
(DMSO-ds, 5= 2.5 ppm, 500 MHz): 12.71 (brs, 1 H), 7.54-7.52 (m, 2H), 7.34-7.31
(m, 2H), 7.26-7.23 (m, 1H), 5.52-5.39 (brs, 1H), 2.11 (m, 1H), 1.88 (m, 1H), 0.79

15 (appt,J=7.4 Hz 3H).

Cap-164
O
OH
N
\

t\u‘/,



Prepared from m ani si di ne 95% follow ng the
procedure LCMS: Anal. described in J. Hetero.

WOQCa9%102368r Chem 1993, 17 and Het er ocycl ®S€T/I20R{032830
60, 9583. CoH10NGB:

129

A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde
(14 mL, 37% in water), IN HC1 (10 mL) and 10% Pd/C (0.5 mg) in MeOH (40 mL)
was exposed to Hj at 50 psi in a Parr bottle for 42 h. The reaction was filtered over
Celite and concentrated in vacuo, the residue was taken up in MeOH (36 mL) and the

5  product was purified with a reverse phase HPLC (MeOH/H,0/TFA) to afford the

TFA salt of Cap-164 as a white solid (1.7 g). 'H NMR (DMSO-ds, & = 2.5 ppm, 500
MHz) 7.54-7.47 (m, 5H), 2.63 (m, 1H), 2.55 (s, 6H), 2.31 (m, 1H), 0.95 (app t, J =
7.3 Hz, 3H).

10 Cap-165

To a mixture of 2-amino-2-indanecarboxylic acid (258.6 mg, 1.46 mmol) and

15 formic acid (0.6 ml, 15.9 mmol) in 1,2-dichloroethane (7 ml) was added
formaldehyde (0.6 ml, 37% in water). The mixture was stirred at ~25 °C for 15 min
then heated at 70 °C for 8h. The volatile component was removed iz vacuo, and the
residue was dissolved in DMF (14 mL) and purified by a reverse phase HPLC
(MeOH/H,O/TFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). 'H

20 NMR (DMSO-dg, 6 =2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d,J = 17.4 Hz,
2H), 3.50 (d, J = 17.4 Hz, 2H), 2.75 (s, 6H). LC/MS: Anal. Calcd. for [M+H]"
Ci12H16NO2: 206.12; found: 206.07.

Cap-166a and -166b

0
OH Cap-166a: Diastereomer-1

N Cap-166b: Diastereomer-2

N

/

25



204. 07; found: 203.94. Cap-163 To a
sol ution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in

WO 0giedspet her (25 nml) was added phenyl magnesi BGT/HS200P/632830
(22 M, 1IMin THF) dropw se. The reaction was stirred
at -25 C under nitrogen for b 5h. The reaction was
acidified with IN HC1 and the product was extracted
with ethyl acetate (3 x 100 nl). The comnbi ned

10o0r gan h j
brine ag% c{% ?glg%ndg\?é?b r\%%.p W/& ?rg?n con csfég %%ﬁggﬁp%ﬁ'
v adiamebicaclof?i 2. Ehgodried2 MRS aod:o)tréhg]&ﬁhe mhbhod ddscdbedesr the

t.al h I th t fford
oo SRRk, Chend R Sy g 5oy it BiskRo. o,
S mtei‘mEdlmp Mas @QraMdZJ);ihg 3 2enfilprép Chisalcel OfcoluhindZ ¥ 250Pmm, 10
(m 2H), 7.34-7.31 (m 2H), 7.26-7.23 (m 1H), )
5 BB egltlgg W(ltﬂ}r85 Sl 5 hfg_tilje/eﬂzanf&m(xmre g,_t,_])O m]i/nglg el(lmn rfr.q) for 25 min.
0. Z
e }é&baﬁﬁ’NMRﬂDM g) 205 b, 568 ac?f] 4(531(% 57341 2B,

m Xture of 2-am no- phenyl
rmi’;l27 1. 10 mn3td 6109 de 17114 . 3 (aprB%% 1), R b éapp,br b NPHQL81 @

b‘%_boaf‘g égl f‘}‘{ ﬁi(z%)gar r()"b IFI 9%’5@2% (d?'ﬁs 9%2%081%(;

r ed6t (On —\é)a&Hﬁ,l 1H)e EeMBvemal Callddt for @vietHE aDGlE RN @t 47,14
10 VagNa,. 423 resi due was taken up in MeOH (36 nL) and
t he''B pzr bct was purified with a reverse phase HPLC
(MeOH H20/ TFA) to afford the TFA salt of Cap-164 as a
white solid (1.7 g). 1H NNE%DI\/SO 4, 6 = 2.5 ppm 500
MHz) 7.54-7.47 (m 5H), @(ﬁf 1H) 2.55 (s, 6H),
2.3 (m 1H), 0.95 (app t, J = 7.3 Hz, 3H). 10Cap-165
To a m xture of 2-am no-2-j ndanecar boxyl ic acid (258.6

W

ng, 1.46 mmol) and 15for cfd (0.6 m, 15.9 nmol)
in 1,2-dichl oroethane (7 s added
OH
0

15
A solution of racemic Boc-1,3-dihydro-2H-isoindole carboxylic acid (1.0g,

3.8 mmol) in 20% TFA/CH,Cl, was stirred at ~25 °C for 4h. All the volatile
component was removed 7 vacuo. A mixture of the resultant crude material,
formaldehyde (15 mL, 37% in water), 1IN HCI (10 mL) and 10% Pd/C (10 mg) in

20 MeOH was exposed to H, (40 PSI) in a Parr bottle for 23 h. The reaction mixture
was filtered over Celite and concentrated in vacuo to afford Cap-167 as a yellow
foam (873.5 mg). 'H NMR (DMSO-dg, & =2.5 ppm, 500 MHz) 7.59-7.38 (m, 4H),
5.59 (s, 1H), 4.84 (d, J = 14 Hz, 1H), 4.50 (d, J = 14.1 Hz, 1H), 3.07 (s, 3H). LC/MS:
Anal. Calcd. for [M+H]" C,0H2NO,: 178.09; found: 178.65.

Cap-168

OH
NMez



formal dehyde (0.6 m, 37%in water). The m xture was

stirred at -25 C for 15 mn then heated at 70 C for
wOo09/1a%8vol ati | e conmponent was renoved i n vad®€a/uned/032830

the residue was dissolved in DVF (14 nlL) and purified

by a reverse phase HPLC (MeOH/,H20/ TFA) to afford the

TFA salt of Cap-165 as a visddus oil (120.2 ng). 'H 20

NVR (DMSO-d6, 5 = 2.5 ppm 500 MHz): 7.29-7.21 (m 4

;')H) 3'26%&?@(: %ggbz%g tv% ]Rl;ébar%;%?m ?%gg@ggdcf%?iﬁfi%ng—l F toxylic
C124hu6heR din g @6thd BiocEdurdbscrB f6 fhe fraprakdOaf anpl /164666 crude
130 ) S 166a and -166b were prepared from (IS,
4s)myteryal ?’??T‘E'BWWLC #38UChG; azabi cycl of 2. 2. 1] hept ane

(2HBr) according to the nmethod described for the
synthesis of Cap-7a and Cap-7b, with the exception

Shat the benzyl ester interG@ii®t e was separated using

a sem-prep Chrialcel Q) columm, 20 x 250 nmm 10 5pm
eluting with 85:15 heptane/ ethanol m xture at 10
m./mn elution rate for i N.0Cap- 166b: 1HNMR
(DMSO-d6, 6 = 2.5 ppm 5 . 7.45 (d, J = 7.3 Hz,
2H), 7.27-7.19 (m 3H), 4.09A%, °AH, 3.34 (app br s,
1H), 3.16 (app hr 5, | H), 2.83 (d, JlOle

2.71 2 S,
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sol ution of race
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3. &omT@a{yk iTRe REGOR (26l 21H0RA 09¢H deliifhndleonRtrdted Ahvacuo.

4h the volatile conponent was renoved in vacuo. A

i xﬁhgrr@ldarﬁ viap gkpreu intMef2H endiprsified by revarse phase meapddtyde

( 15(MEbH/\§Zt%/TF1A)W@taﬁBI)d thd ﬂ?k@u{ &%@Lﬁw%gv{k%{% RdhiGolid®.1
rrg was expose In a Parr

botg)l eH NMR Q@Dq:la SFh@26 eam;ﬁo@rMHz)xv 68-G. S\Mm, 2 H)1 B3%@33 (m,

oV ent.rat 0 ,af.f

Cap e F 5 08, TN BT HET Y i (R edher
6 :C12{15N©prn9450&oﬁﬁdz)9471259 7.38 (m 4H), 5.59 (s, 1H),
4.84 (d, J = 14 Hz, 1H), 4.50 (d, J = 14.1 Hz, 1H),
3.07 (s, 3H). LOMs: Anal. Calcd. for [MH G 3H 2NO2:
178.09; found: 178.65. 25 Gag-}B8 131 Racem c
Cap- 168 was prepared fromracem c Boc-am noi ndane- |
-carboxylic acid accordi iy t@e procedure descri bed
for the preparation of Cap-187, '@f crude material was
enpl oyed as such. 5Cap-169 OHN ¥

Y

0

1

U}

20 To (S)-2-amino-2-(tetrahydro-2H-pyran-4-yl)acetic acid (505mg; 3.18mmol;
obtained from Astatech) in water (15ml) was added sodium carbonate (673mg;
6.35mmol), and the resultant mixture was cooled to 0 °C and then methyl
chloroformate (0.26ml; 3.33mmol) was added dropwise over 5 minutes. The reaction
was allowed to stir for 18 hours while allowing the bath to thaw to ambient

25  temperature. The reaction mixture was then partitioned between 1IN HCI and ethyl
acetate. The organic layer was removed and the aqueous layer was further extracted

with 2 additional portions of ethyl acetate. The combined organic layers were



A m xture of 2-am no-2-phenyl propanoi c acid
drochloride (5.0 g, 2.5 mmol ), fornmal dehyde (15 nl,
wo §%3/&?2ﬁ6&/vat er), INHCL (15 m), and 10% Pd/ C PG1/§52099/032830
O in MeOH (60 mL) was placed in a Parr bottle and
shaken under hydrogen (55 PS|9, for 4 days. The
reaction mxture was filtered over Celite and
concentrated in vacua. The residue was taken up in
Me [ P :
@ﬂﬁ%t@ P;ﬂ_}_gp d?g(% g%a %l%gﬁﬁhs%mréeﬁl% n'&'}pb‘n%aentrated 16 vacuo
a toi agfonliSays €76 2 @ddriess eddde. g H NNIR (W(PI@DQMSO c&) &pﬁmza 65

15@%‘:50 ), W)(Hﬁ éstéés‘%é(ﬁrg? 25&9@ P?ﬂ%% Zﬁfﬁg%( 5”; 115,326 2

LOAMR), 182al1.95CalT; h), .01 - IM&]H 112111882 H, &94.J/RIS: Anal.

522 Qgigﬁfﬁ%%éféggi5§ﬁ &?%1§%$8V¥§H 4-ypacetic acid

(505nmg; 3.18mmol; obtained from Astatech) in water
(15nl) was added sodi um carbonate (673ng; 6.35mol),
and the resultant mxture ﬁ&é‘@éoled to OC and then
met hyl chloroformate (0.26nl; 3.33mmol) was added
dropwi se over 5 m nut es. SfHe r@action was all owed to
stir for 18 hours while all oW n@lihe bath to thawto
anbi ent tenperature. The re [ m xture was then
partitioned between IN HCl andlethyl acetate. The
organic layer was renoved and-Phe aqueous | ayer was
further e tracted ddi t i 2 on et hyl
acet at & SIS r%eﬂﬁlé g!z%‘?nég]ﬂf%ca’f g?‘?ﬁ\ﬂi# %:‘?gg washed
10 Wi ylmeber)acma,te @00 erg, OVEr mmRY ﬂEISdrmmoS(lb(fla,t% 669-61 Brgethand

concent ated i tqo afford -1 .70 a colorless
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Cap-171 Qi 0 O A solution of nethy

15 o_ (1%%1?941 m@ é’élnb‘B‘H%?I from }&?e@l{4b§@@ £g-ammonium molybdate, 6ml
t Oéﬁllﬂug@ 5@() 2681 668 WAQDiidRatel cgr%ﬂ-]em\»erslidn FI@l'é rf‘@a%ﬁ’on was
(2001), 609-613) in ethyl acetate
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ll\%/'_go gki&é:ﬁa%%mb@ Tﬁ’l@ 'irésg}ta?ng solut?bn‘was (am)wéld‘ t@ s? 110\)E|Fmte %t

@@lem&ﬁn&@r@(ﬂﬁ? ELQ)(I 4 E@’x?/ exa,H’#@BSle SterH)g @e(slﬁ4125®4 98
1 H. LOM: Anal. Calcd. 75for [M+H]' C81-114N05:
204. 2; found 204.0. To net hyl
2- (met hoxycar bonyl am no) - 2- (oxet an- 3-yl ) acetate (50
ng, 0.246 mmol) in THF (2 nL) and water (0.5 nlL) was
added |ithium hydroxi de nonohydratc (10.33 ng, 0.246
nmol ). The resultant solution was allowed to stir
overnite at



anbi ent tenperature. TLC (1:1 EA / Hex; Hanessi an

stain [1g Ce(NH4) 2SO, 6g 133 anmmoni um nol ybdate, 6nl
WO200%102368 aci d, and 100nl water]) indicated - POIUS2009/032830

starting material remaining. Added an additional 3ny

LiOH and allowed to stir overpight at which tine TLC

showed no starting nmateri al rlg$m| ning. Concentrated in

vacuo and pl aced on high vac overnite providing 55ny

i t hi um 2- ino)-2- 5 . o
s L6 B0 80 U8 i Bt
l(—DSG%t(MgZ re(rjﬂ‘dﬁ@r% z‘gdsd@EE ah Bicﬁt%)nal ﬁnéﬂlgfﬂhrad]aéﬂ)évg@}_o'z@?lr 6&}{31§ht at
4 G@ic(%wttin(mgmg‘ 6120\7_%1 nOf’[aHjngZ{na;t@mé 6ema3ﬁi17g ééoqg&ntra?edp;} vacuo and
EXARbAES) 0T e eS8 proviliisecs PsoiitBiu 1-tmdIRWyB8bonylamino)-2-

described I'n connection with cert ai n enbodi nents whi ch

Sar doxpan-3-phasaigeds g olorless solid: SH%MBéSOWPEZhMe@@mSmW 39 -
| 0 I ter

rrogsi'f]ir(cét:ie ?fgr?géﬁg géeqw @ Yﬁ%’ﬁaé Pg 48 (P%ltg\g?ﬁ%ehm 468

wi th7.02 Hael Hgége (f/=1.heHel2alls. Thus, the foll ow ng

exanpl es, which include specific embodi ments, wll

illustrate one practice of the present disclosure, it

bei ng 15under st ood t hat tIEYAMBEmS es are for the

pur poses, of il Igst rati o cesrtalin, enbodi {rent shan

are presehPEH S'?:}?Sél{ﬁ‘?ﬂ Watle CCTRRY INSORRFCpN WED Feifain

Mo Skmbugigdetils v&aﬁtdxd drend hrhynd;dm delirfit Qoetope |S©lﬁ thRtcbxrar fthd frésent

procedur es cqoncept ua ects Sol ut

per’&é ‘H@é%veé fFdisea V%ﬁe‘?’aﬁ? ﬁIIBH%B‘P%?fEIVP%PQFF BT ipcluded

andvig@ Bt ke bAtht ORIrAX MBS ShePfoll Ot FBx dnhIMOWHIFE include specific
rel ati gnshi p, . unl ess stat ed ot herw se. Nucl ear

10&&@{%@{%@&%\@%1(3}%&?{&@ OPRIRKRTics 96 dherpaesgidisclogwayiting

1sei tA@&rsiB8k @aﬁﬁ@&@fnp@@se 1608 p@hHos200r IMMiraaBe6 deRBRE er ;
the chemi cal shifts (6) are reported in parts

per
m |embedimepds 48thare preseraedog PEQFAE Wikes sdghievied &p Reuthe @ﬁSt useful and
Si |réaQi§¥ gﬁéeléﬁd%ﬁcrfbﬁg@&q{sr}ﬂoctegurg Add co§ce£) u@lsa@pects

chr omat ogr aphy techni que
2923). Solution mqeqntage%ﬁ@g%wn@htaﬁ dollu@wr¢1@tm|slup,| a@ﬁ sqtaigen

ane}llt 02 §§%¥\@ra%oﬁ%qgg gleqaat%négér%%éy%&t% §t¥§x‘iﬁ@ rI;Juﬁlle%r

couple Vaters M cromass system It s
20be npRgnetd ref’maanw ENBIR) ispaetre wesseeragedveithsr oglai Eghkdr)zoo 400, or

bet ndi t4 ons _e

oo F RR T REE e P Rl SR b R RL s o il

ti resh wﬁbmad@taphmgme&rmamr drln filicd @1 (@) fabdordivg 1oBHIG fidsh

condi ti ons: ndition | umn... Phengmenex- Luna 4.6
X 5 r%ﬂ%fa@héfe& 95, (B Boo F&??éﬂ n’&% E 2??3? 134 Gradi ent

Tl me = ﬁ'uﬂﬂﬂyﬁséébsﬂ\@n?@heow1éolﬂhéﬂﬁnﬁlsq\éﬁMﬁfh%%Bomu&%@ona

Sol vent A = 10% CH30OH - 90% H20 - 0.1% TFA 5 Sol vent

SRR ER Ystamep Dl widh Yosereiceumish £ROMS pysiam) %Wﬂd be
Ph SRRUBNE XtdnbA i ReOmay PHy iIBHA) PeRed! fadfifs =@he LC conditions

employed in determining the retention time (RT) were:

10

Retention times were determined according to the following LC/MS conditions:

30 Condition ]
Column: Phenomenex-Luna 4.6 X 50 mm S10
Start % B =0
Final % B = 100



to Final % B = 100 G adient Tine = 3 min Flow Rate = 4
nL/ m n Wavel ength = 220 Solvent A = 10% CH3OH -

WO H99402568) - 0. 1% TFA 15 Sol vent 3= 90% CH3OH - PAD¥$1499/032830

5

10

15

30

0.1% TFA Condition I1l Colum: Xbridge C18 4.6 X 50 nmm
S5 Start % B =0 90 Fi nal %Bl— 100 G adient Tine = 3
mn Flow Rate = 4 nL/m n Wavél ength = 220 Sol vent
A = H20 : ACN 95%: 5% 10 nm Ammoni um Acet ate 25

ACN 5% : 95% 10 nm Ammoni um Acet at e

So = .

Co@éa?ﬁnoﬁqevr%omurm: Phenomenex C18 10u 4.6 X 30 mm

St Elotv RétB=4mI3Mid-i nal % B = 100 Gradient Tine = 3 mn

Flgyv Rate =,4,mM/Mn Wavel ength = 220 WO

20 é‘Y‘i%‘é‘%‘és / US2009/ 032830 135 Sol vent A = 10% CH3OH
- 98%6nHAC= 10%9 CHYORFA®Bo Hy@ent). B, FFA0% CH3OH - 10% H20 -

0k AP 0.0k e Engpoenex 1o 100 4.0

Condition 1T

Column: Phenomenex-Luna 3.0 X 50 mm S10
Start % B =0

Final % B = 100

Gradient Time = 3 min

Flow Rate =4 mL/min

Wavelength = 220

Solvent A = 10% CH3;0H — 90% H,0 - 0.1% TFA
Solvent B = 90% CH30H - 10% H,O - 0.1% TFA

Condition 111

Column: Xbridge C18 4.6 X 50 mm S5

Start % B =0

Final % B = 100

Gradient Time = 3 min

Flow Rate =4 mL/min

Wavelength = 220

Solvent A = H;O : ACN 95% : 5% 10 mm Ammonium Acetate
Solvent B =H,0 : ACN 5% : 95% 10 mm Ammonium Acetate

Condition 1V

Column: Phenomenex C18 10u 4.6 X 30 mm
Start % B=0

Final % B =100

Gradient Time = 3 min

Flow Rate =4 mL/Min

Wavelength = 220



Gadient Tine = 10mn Flow Rate = 4 nL/Mn 10

Wavel ength = 220 Solvent A = H20 : ACN 95%: 5% 10 nm
WO 2089002568 Acet ate Sol vent B = H20 : ACN 5% 9BUIAB24¥41032830

Ammoni um Acetate Condition VI 15 Col um: Phenomenex

10u 3.0 X 50 mm Start % B Oﬁnal % B = 100 G adi ent

Time = 3 mn Flow Rate =4 rrL/1 n 2111Wavel ength = 220

Solvent A = 10% CH3011 - 90% H20 -0.1% TFA Sol vent B =

9009 TF S
o Rofa g 10h R g hao G L s S s

m SoemB +20% GH-OF / vd% B0 VAveITagt h = 220 nm Sol vent
A = 10% CH3OH / 90 )/0H20 / 0.1% TFA Sol vent B = 90%
CH3CH / 10% H20 / 0.1% TFA Col umm 2 = Phenonenex- Luna
3. @o¥daBnpm SI O WO 2009/ 102568PCT/ US2009/ 032830 136

S(( |ngpulnae? {R}z%;tfrg%?‘sc’(%w(“f @33 ( (. 28) - 2- ((met hoxycar bo
nyBaM R® = 8-

Final % B =100

Gradient Time = 10min

Flow Rate = 4 mL/Min

10  Wavelength =220
Solvent A =H,0 : ACN 95% : 5% 10 mm Ammonium Acetate
Solvent B =H,0 : ACN 5% : 95% 10 mm Ammonium Acetate

Condition VI
15 Column: Phenomenex 10u 3.0 X 50 mm
Start % B =0
Final % B =100
Gradient Time = 3 min
Flow Rate =4 mL/Min
20  Wavelength =220
Solvent A = 10% CH;OH - 90% H,O — 0.1% TFA
Solvent B = 90% CH30H - 10% H,0 - 0.1% TFA

Condition VII
Start %B =0
Final %B = 100

j0e)
(%,

Gradient time =2 min
Stop time = 3 min
Flow rate = 4mL/min
30  Wavelength =220 nm
Solvent A = 10% CH;OH / 90%H,0 / 0.1% TFA
Solvent B = 90% CH:OH / 10% H,0/0.1% TFA

Column 2 = Phenomenex-Luna 3.0 x 50 mm S10



met hyl but anoy1) - 2- pyrrol kli nvl)-1Hi m dazol - 5- y0- 9- oxo
-9H Jluoren-2-yl1)-111-

WO 200/485&0 - 2-y1) -1 - pyrrolidinyl)carbonyl) - 2- meRGl/DBI08932830
)carbanal e Exanple I, Step a cNi> (-213 N Boc | a
dyoxal (2.0 mL of 40%in wajgr) was added dropw se
over 11 mnutes to a 10CH3 sol ution of NHACOH (32 nl)
and (S)-Boc-prolinal (8.564 g, 42.98 mmol) and stirred
at anbient tenperature forgl19 hours. The volatile
conmponent was renoved in VACUA and the residue was
purified by a fl@sh chromatography (silica gel, EtO0Ac)
fol lowed by a regrystallization (EtOAc oom

tenperature) td&Nafhord i m dazol Ianglgf\qlJ ite fluffy
150,34 VHz) :

lid (4. 43 VE
11, I68/(11. 59%57%%&&0 ‘ 56.726 (s, 1H),

4.76 (m 1H), 3.4§/€m 1H), 3 35-3.29 (F1H),
2.23-1.73 (m 4H), 1.39/1.15 (s, 9H). LC fCond. VI1):
RT = 0.87 mn; >95% honogeneity i ndex LC/ MS: Anal.

Cal caetybt(1§)Med @Sk 2-CF-PHADNBD 2 - 239 2t @rnehoomet boB@umino)-3-

20l m =1g e oXofe] 39 e when anal yzed ynder,,
chi 1 B By Bl e D W B W 0

5 AD, 10 umidatoie2-x)-3@yrmoli@eyhoentony)-27Aketivemdichtbeptane
(isocratic) Flowrate: 1 ml/mn 25Wavel engt h: either
220 or 256 nm Rel ative retention time: 3.25mn (R,
5.78 mnutes (S) WO 20@R44023688CT/ 1. 152009/ 032830 - )
137 Exanple |, Step b Br N Bad )

<
] aBOé

Glyoxal (2.0 mL of 40% in water) was added dropwise over 11 minutes to a

10  CH3O0H solution of NH4OH (32 mL) and (S)-Boc-prolinal (8.564 g, 42.98 mmol) and

stirred at ambient temperature for 19 hours. The volatile component was removed in

vacuo and the residue was purified by a flash chromatography (silica gel, EtOAc)

followed by a recrystallization (EtOAc, room temperature) to afford imidazole 1a as

a white fluffy solid (4.43g). '"H NMR (DMSO-dg, J = 2.50, 400 MHz): 11.68/11.59
15 (brs, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H), 3.35-3.29 (m, 1H),

2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H).

LC (Cond. VII): RT = 0.87 min; >95% homogeneity index

LC/MS: Anal. Caled. for [M+H]" C2H2N:0, 238.16; found 238.22

20 Imidazole la had an ee of 98.9% when analyzed under chiral HPLC condition noted
below.
Column: Chiralpak AD, 10 um, 4.6 x 50 mm
Solvent: 1.7% ethanol/heptane (isocratic)
Flow rate: 1 ml/min
25  Wavelength: either 220 or 256 nm

Relative retention time: 3.25min (R), 5.78 minutes (S)



I b N- br onosucci ni mde (838.4 ng, 4.71 nmol) was
added i n batches, over 15 mnutes, to a cool ed

WOQRPWE EBer) CHOCL2 (20 ml) sol ution of i m daZélTé&iS2e09/032830
(1.0689 g, 54.504 mmol), and stirred at simlar
tenperature for 75 mn. The Eg& atile conponent was
renoved in vacua, and the crude material was purified
by a reverse phase HPLC system (H60/ CH3OH/ TFA) to
separate bromde Ib fro |ts gro -anal og and the
non- consumed starting mat’éft |peﬁ HPLC el ute was
neutralized with excess NI-1§/ CH (2.0 M and the
vol ati |l e conponent was reno ‘nlvacua. The residue
10 was partitioned betweep CH C1¥ and water, and the
aqueous | ayer was extracted wistPF CHz2dl 2. The combi ned
organi ¢ phase was dried (MgSO4), filtered, and
concent l’\/air&ldosjuBCIHﬁﬁdkﬁ(8B©4afgf ord rﬂrﬂibl)i\%a@dﬂéﬂ i'h@)aﬁ:ﬁésl, dver 15

( gﬁgﬁ%% a coy)le_ftldxc%%\z{ts %_@I??CA’) (?@ n%lr}]ssglj}p'?n ofgmgifz?lﬁ]la §_1H)689 g,
sOVerjoappes) \éhd firkatadimShiB@pdrature 1807 Slmif3 "I(hmvol%H)e component

1.39/1.17 (s, 3.8H -h 5.2H). 15LC (Cond. VII):

1. YOS impved 5ucwo Ag e 6Tudy MategabwasaupiBed w]%lreveréyap}@ae HPLC

f ors%:{ttégﬂgkmcf%@ﬂﬂal@ FNRBZratd %gongae 16 QHBQts %i‘b@orﬁ@ aF1 QR d8he

ic 70P h3P) 4 gﬂ’t mol ) was
ad @é@rcm@uy@aewté@@a ﬁ@teﬂab e'he dHIL& fmltﬁ gva@ h@trﬁilr;@@mrl@ QFpess
2_ % %Eﬁd"ﬁ’i@ @Qlat%e ng‘ﬁp&émj@ads gmox;leﬁ z%@acnymﬂle resuiue
bi s plnac to oron g, nmol ) ,
10( 3.v&2 pargyfiosd bovermrbH) Cle nncﬁwmlahred the @quebys. layn evap e)armcteé rw1th

LIR30 L 080 RO 0 e

COGk vacoo andffoedib tsempleitessiolid 674t Vid NMR KIQMSOHQQ&E at50, 400

Doy e 8 S T D b Al IR Bk b L apnstaer

NaGES sigodll Ri2sAl. 366n, #H), 1.30Me] DEghSIHE .29)er was dri ed

( d nd ntrated i.n vacua. The

15 WQH? gbﬁﬁﬁgol’ll %P’I>%§A%qufrﬂf’r‘§f’édﬁ Xfr om hexanes
( 10@/miS) An@ndalcBefo ¢Mh-olyV C1B38Ba0J0,d 185 fhiddtaesad and
washed with hexanes (100 nL) to afford inpure
bi s-boronate I¢c (5.011 g). The product was subnitted

to the coupling step w twmpmeg% purl f| cati on.
1

| HNMR (CDC13, = 7.24, 400 1 7.93
(dd, J =7.3, 1.0, 2M-27 /52 1. 33
(S, 24H). 5 Exanpl €] ﬁ‘@ Pd(PhSP)4

(93.3 ng, 0.081 nmol) was addgd to a pressure tube
cont ai ni ng bi s-boronate Ic (588.7 ng, 1.177 mol),
brom)im'dazole b (714 nmg, 2.2% nmmol), 10 NaHOO3
(635.6 4

zom_). The Ph ﬁ?% Hiéﬁ%)eiéld Vérsn raéé&emtg Bl%gsu\‘@t'ﬁ@é c&n@ammg the
cappeidreanid, 7h@lb!t0!m> H-1gorecfwe (5. B8 h 15éﬁ@hrm<ﬂbn aI | owed
to L& EOn. 0

b?qgﬁkacgﬁt %ﬁd’r\?g@ Sgg%h%l?ﬁiénoﬂ-)gg?&é@bggéi ?26‘: @E@E%ﬂ}l é) mn

betdere EHRC)2 Tha ctavtahersselTas ﬂnskgﬂimn(h rhay@n masedj ancﬁd:ated

trat
PG o 16,5 T PRt AR LW ot Ty R e
25f oltdropuedurbythe eMexils eorphmsst w&u@m@&wcmwﬁﬁéx&maér eterial
HPLC el ut. N113 OH (2.0
N SsnaE e IR B bkl SRt AT, B doo
r eshighu Q"h%ﬁgaig%ggbi Waneidd perkvesnfikdrddhnd @ﬁeemra%@ in vacuo

saturated Na solution. The organic |ayer was drie

( MJdegsultant pagrsglid ot as %ﬁ&té%frplat*@aaqeh(w i)t Bdghy m“ew
carbamate Id as a deep-red sem -solid (145 ng). 1HNWMR
(DVMSO d6, = 2.50, 400 MHz): 12.26-11.94 (three br s,
2H), 7.97-7A1 (m 8H), 4.85-4.77 (m 2H), 3.55 (m
2H), 3.37 (m 2H), 2.30-1.79 (m 8H), 1.40 (s, 7.5 H),
1.16 (s, 10.5H).




LC (Cond. VII): RT = 1.37 mn; >95% honogeneity i ndex
L MS:. Anal. Calcd. for [ MH C37H43N605 651. 33; found

WO 28Y102568 W0 2009/ 102568PCT/ US2009/ 032830 139 BHEH$1089/032830

10

15

20

Step e le Carbamate Id (184 ng, 0.283 mmol) was
treated with 25% TFA/ CH2C 2 {4. 0 nL) and the reaction
m xture was stirred at anbient condition for 6 hours.
The vol atil e conponent was renoved in vacuo and the

re

N B R S RS E Pt £ 0f OCRA ihole
f 0bm(5(0129). SThegprodugt wap sabwited thibe tme)dmgstﬁp:arlithw @irther  1H

d& k7 O, _ k93 € ),
GGG SRoichtds-40R, Wit bt - s
7. B0, A, 724-Dd,,J4F.71(652(rm1.23-0S,,24H)99-2. 93 (m 2H),
2.89-2.83 (m 2H), 2.10-2.01 (m 2H), 1.94- 101.86 (m
2H), 1.82-1.66 (m 4H). LC (Cond. VII): RT = 1.01 mn;
>95% honogenei ty i ndex |Echhe 1Aa)d Calcd. for [ MtHI
C271-127N60 451. 22; found 451.27. Exanple | | SHATU
(216.3 ny, 0.569 mml) was added |nHone/})atch to a DWF
(4.0 mL) sol utiog of \py N¢A28! g, 0.280
mol ), (S)-2- (et haxy X m&Chyl but anoi ¢
acid (109.6 ng, 0626 Hm)I) di-Pr2EIN (0.12 i,
0.689 mol ), and the resulti m xt ure was stirred at
anbi ent condition for -6 hourS. The volatile conponent

st atREsd T a8 nb 0L SR P PERuR b dfflining
el bis-borohatahe(SOREmy . 147 mewad), @@npalina'siedePLKZ(7é9'stgem6 mmol),

( '_1%3{88 @g%‘%'nég%%é ¥ncr)n 13\61\%@ 6§§H§L &%&) Eﬁ?enig)ressure

orange ft'oam
( DNE‘@Nakﬁpuroeﬂ vﬁ:}ﬁﬁtro%&abbﬁi) and Sedt 81 4t 899C @m~3em) andzhas

d, = 5 5.53 0..16 )
{10330 cogt pmsegpConon OB sy wap e i -
2. Moud, aﬁdlth@ mesidBiklwas Parifiortd BAtweon CHZE] andwatkiC TheoRgnic layer

VIT): RT = 1.26 mn; >95% honpbgeneity index LC/ NS ®
An‘éﬂls dr@a|(M5304)oﬁltqr%Pﬂxdwmqrmra@ INBETO, 264 p@rrﬁedfvammBlotage

e TR, 6080 SEkbes PR bR P et Pl
2 HRLOylute was neutralized w1th excess NH3/CH3;O0H (2.0 N) and the volatile
((SHRTRSY B5F BB vt e v B PO S 255Gt FBrFlapne
Ny-130% ddthriadt CRECIO; SolMilgir. IHke organic layer was dried (MgSOA4), filtered,
and concentrated in vacuo to afford carbamate 1d as a deep-red semi-solid (145 mg).
'H NMR (DMSO-ds, § = 2.50, 400 MHz): 12.26-11.94 (three br s, 2H), 7.97-7.41 (m,
8H), 4.85-4.77 (m, 2H), 3.55 (m, 2H), 3.37 (m, 2H), 2.30-1.79 (m, 8H), 1.40 (s, 7.5
H), 1.16 (s, 10.5H).
LC (Cond. VII): RT = 1.37 min; >95% homogeneity index
LC/MS: Anal. Calcd. for [M+H]" C37Ha3NgOs 651.33; found 651.26



[l uoren-2-y1)-1Hi m dazol - 2-y0- 1- pyrrol i di nyl ) carbonyl
) - 2- met hyl propyl ) car banat e NaBH4 (41 ng, 1.08
WOrAVI028s added to a cool ed (ice/water) CH3ORCIEIN2009/032830

solution the TFA salt of Exanple 1 (165 ng, 0.166

mol ) and stirred for 25 mm g?e reaction m xture was
directly passed through I\/CX& um (6g; washed with

50% H20/ CH3OH, followed by CH3OH eluted with 2.0 N

NH3/ CH3OH), and then to Eurifile%,with a reverse phase
HPLC ( CAN/ H20/ NHA0AC) t o™ %¥WP& 4 8 4npl e 2, cont ai ni ng
about -2 equiv of acetic acid, as a beigs foam (91

ng). 1H NMR ( DMSQd5, = NHz Y«\'7. 97/ 7. 92
(two br s, 2H), 7.¥%6-1.9 & B2/7.45 (two br
.46 (two s, 1H),

s, 2H), 7.29 (d, JN=81%,

5.26 (m 0.26H), 5&@9 (m A H), 4.07 (m 2H),
3.81/3.54-3.45 (m 10H), 2.2341.89 (10H), 0.9 (d, J =
6.8, 156H), 0.85 (d, J = 6.5, 6H). LC (Cond. VII): RT

= 1. 21 krwpemsiodoy g &SP mymelhwasdrqacd vgth 28Kal FACE:EH.(4.0
Irgtrrﬂ%/)lmna |t’ll]e r%&&%é%&ﬁ@ Zvaz ?t?rre%gat a&ﬁgﬁ}%og(ﬁt?xor%%r gﬁ@lﬂ?' "?he3

5( ( IvSletile4pmBynept {Es ie@oyedi imetduplaadrihnadsidie (24 (RSpased (v MCX

2- . : . g

((rteEnal year By am o) S ReE RSB Hs) By gy e at t iy

y 1 fedbi 12818 dag; oB -nfe abbye BEltheoretical yield). 'H NMR (DMSO-dg, § = 2.50,
fl = 2- -AH i 222 = 1- rolidjnyl o)
E 4530 ﬁ@i{%y ?’1;*%1 o(%§/ T,‘)zfgﬂ&dﬁ%or K %{9%(1&%)}78& [ UG vl g e Rony, (o
20090, 100568 EHT/W@@Q(@%?BDS%Q.§3 Ex,anp)l, 21 ®f2i0$t(mp2}a), 13a
A ero S, Ju xt of 2, 7-di brono-9H fl uorene
‘%4@@&%23%'1%@)’%% N- br orosucci ni mi de (2.77 g,
15.1565 ovre! YIyvesT + efoll uxed-9508 honfogbndi@ticex Addi ti onal

N- br ompsucci gi m d? iﬁ% 41+(gz;7 2,30 nmpl ) was added and

r efH P HaS2eentar BYEH !  orHaNsAdat-£4: dorad 4O h27 The
reaction mxture was allowed to cool to ambient
tenperature, and the volatile conponent was renoved in
vacua A portion of tH&#6le crude material (-

155.19) wagad @@I.mag@b.s_&@rdaﬂmgsdd&éa it 08004t@%o a DMF (4.0 mL)
(ice/water) THE solution of dinethylamne (30 nL of

2. golugion efrpyrrehding bol12h 5121 0B mmakis(S)-ertmydaxyeadoremino)-3-
het gk SRS (X694 ﬁ]g}"@&osr‘h}ngf)%gd LRLER d@ggf i,r?igd%g mmol),

vol atI'l e conponent was renoved i n vacuo,

r eghdithe resaliing amxtive) g strrgrbatwenbren Grpd1ion fvd 6watrer Thavaatile
th i Gl r ri . fil.
o SoBRR G AT R0l B MR bl k20
20s ulmethered wagh; .08V Xtagectipanol ¢lintga) pohth¢rObyb&severse phase HPLC
2 0 ford am.n as,, a.dark [ | ow, ..
i SRR AL RIFE AP T B 324" BLRR g i Maain
( 1.08223 foahl (2048. NMR). ( PVERERIGMSIO 6,2 50.50,400 M) 8.1827 88 (m,

(d,..J =.8,4, 7.73 (a S, 2 . dd, J. =
o0 gt o r s 8k s i Bfeth 533 el eafy ek gnadiso
VI I(oh; 41RT222-2.332m2R), kG5MD4 (A 3H), 0BaLE ) (fh, apH) MHH] |
C151-114Br 2N 367.95; .found 367.81 (for the dom nant

Bis Syd-EY By Te™ 820 min; > vefiprogensity midax sal t ) was

pr epAvSdAsd1athicAIfd NANVHRNE NG, R0 ARB 3 diolsy 6. Johe
procedure described for the ant hesis of Exanple 1
 r STRMSZARs-bE e - OFIN 1T 76H3824; found 765.3723




750ne 1H NMR (DMBO-d6, J = 2.50, 400 MHz): 8.27-7.99
7.33 (d, J = 8.3, 1.88H), 6.91 (br s, 0.12H)

(m , :
WOB)OQQOZé@r s, -1H), 0.12 (br s, 0.12H), 5.17 (RGT/¥SIBI/032830

10

15

H, 4.12 (m 1.88H), 3.91-3.79 (m 4H), 3.55 (s, -6H),
175 (app br s, 6H), 2.43-2.3f(m 2H), 2.24-1.95 (m
8H), 0.91-0.78 (m 12H). [Note sone of the chem cal
shifts of the mnor rotaner were not identified, and
that is partly why appromm{?@, Mal ues are 30given for
sonme of the integrations

2009/ 102568PCT/ | 52009/ 032830 142 LC (Cond. VII): RT =
1.09 m nutes, >9%% honpgeneity index L : Anal .

Cal cd. for [MFHN %3!—!5 o. 794 43H 94 29.
Exanpl e 4 rret

(61S) - 1- (((25) H(z (ﬁm”et hoxycarb
onyl ) am no) - 3-

met hyl but anoy1) - 2- pyrrol i di nyl) IH i m dazﬁl 5-y1)-9Hf
| uoren-2-yl1)-.1Hi m dazol -

yI )-1-pyrr ot (Iﬁ{/ﬁ))fc(éﬁlﬁbw&}@ ey 2o( By H B ebam at e
LA 0020 LB W BT

m_ﬂu«sr@mZ Y| hﬁﬂmldnzozirﬂ W)rd- g)azdidm)imC(abdgizlyl)zzaet@zlpa)plﬂcm bamate

ol ), 3 [Efod Qfnof wa'é”aﬁdeﬁc?%o lecﬂ(lce%v :ﬁ g?{ 88 3 mp)

nmol ) vvasa blro VVIS over i Hut
r eshitiootheriBA salteof Eswaﬁleslt(i(rimg, Of 16 rmnolaaidi dtirred &r 23 nbn.

h . Th ti ol t.
el BB W FBC SR ARG trelel e SR mhaPe MR
?eﬁoge emo@ﬁ%lotlaz fcagod/eavay €H,0fhaued ganing N a&grcwmwnm&n
\ | ere e
S O A g eSS VR B N
g &ontdifide zg;%ht ~BRuib 0% frlc QAia/ freXRNRIark (1)1a:fx<f)or‘1d NMR (DMSO—
| m dazol as a_col orl ess viscous ail 5%)
i 95 ettt 2351735 S R 176 T 45 7. s vo
( omar mpplzagd SJ' -ﬁgbelm) Sllrﬁ/ﬁ 4@8&»‘3/561}7)85 Q@Y@fd @6}9'( 599 Sm
sin
111- HQ) 4615 (Pﬂb ?H?s 3286/3(%11 -3. ﬁ5 @n,19H), 2.33- L§9F?1@H®5)794(d85 =68

1mH)§8§k§§§5( ) AH), 2.25-2.00 (m 2H) 1.90-1. 77
2 791-1), 1.12 (s, 21 H

0. b@(@onﬂev(lﬂ\ R%H)lle 19ing 29 /shorgegenelbonm Anal . Cal cd.

28%%W ;568PCT/ ué%@g@gsgé‘%%? 7@ @‘?1’“3?%7% {e

SEM 5.-N Br-cr NN
Example 3

oY
N\/TLI\T \IN 0O
\(\:/_ OiNH

methyl ((1S)-1-(((2S)-2-(5-(9-(dimethylamino)-7-(2-((2S)-1-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-5-y1)-9H-
Sfluoren-2-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)- 2-methylpropyi)carbamate



; Boc 4b A CH3CN (6 nL) solution of NBS (573 ng,

3.22 mmol) was added dropwi se over 8 mnutes to a
WOV 18eP6Bi ce/ wat er) CH3CN (10 nl) sol uti on of PERATU2009432830

and 5stirred for 95 mm The cooling bath was renoved

and stirring was continued fqr an additional 35 mn.

The vol atil e conponent was rermved i n vacuo, and the

resulting crude material was directly submtted to a

Bi otage(r) purification £100 ilica gel; 40- 50%

Et OAc/ hexanes) to afford&gmgkggéwﬂg as Ilght yel | ow

viscous oil (0.895 g). @‘C| oBII-I NVR t he

product appears to be a m @ f egi oi somers (in a

ratio toof 7.1:1.0), and mas Jubmtted to the next

step as such. LC (Cond. VII).NRT = 1.77 nmin LO M

Anal . Calcd, for [Mtl-1]+ Cl83%a 1338r N303Si : 446. 15

\flvggngrg o Exeéﬂqlgl € 5O %n7 d1brom0 9H-fluorene 4B§g 15. 37 mmol)

2, Yanaiwbdr@rﬂ@su%hﬁrha@@em 9199@::%@ vidds QxS ed P ~5 $ihduid.

Suzukl coupl i ng, accor % to the procedure described

5f orAQdH@ngly\ﬁng@P@cwfm@%% hat’e30 @ml’m@s yhlsd andgefipxing was

r e%ﬁ&ﬁm@m& ah amlﬁmra PihehrQItiSNRiERE WaPhRARE o Ecdl Qaam*e
on NOB studies, albeit it is inconsequential for the

cu ﬂ?rmwatwa;q@ééhﬁ volglageRpe DN ®agiBmoyedinag®. 500 MHz) :

8 04 8. , - VAN TRy AN e <
g%a c% 'fﬂe abgve c‘}fu%ezrzz%e%%]( (r%]'r%) OW% é'1§§e’d og€14]3()grg?nﬂtf toa

( mcocpled (n@H)/atelB TQI‘F s()hxpompﬁ d1m5th@@m(1m (3@m86}ﬂ)2i0 M), 24d thecooling

101; w%%@éwaéﬁgxg&ggﬁ?% %E%ﬁfr%ggn%ggs %lgctu(rgkr%%i%red fm%gfo%rss.o%hg m
1O.v;:bl¢bi§e,c0@1p.9123n0w&ﬂre(nnvéd4fh{}1¢cu8 aﬁl,d@ldlé r@s’ldue,lﬁédjpag%?éa between
VILY: RT =.1.92 m L "
Lt et and s e g ber Tl sy (BB5045 By, ohe”
20Q0hct02668 PCHCLIS20RIEMB G I0atdribd whxaibpliteed4o a Biddgped 41
Di
o SRR BR et U sy o g ot s P T h g8 o

151 eshtt tlawly Yidter Ogeseous (r 8! IDNMR KDMBO-dyas= 350 400edHz):

LT s a5 e e Afir o] el =2 S e 0% gy,

volzazgl(gqsfgon'ponent was rermved i n vacuo, and dried
under h vacuum and submtted to the next step
Wi tlﬁ?oﬁ(ﬁon%u}/il? it il A MikExanpl e 4 10Pyrrol i dine 4d was

el alorst Adalt @atchefoﬂﬁma?* (tjlsﬂLBgNaW & forg ae7 gi egr IBQ

t he protocol described e synthesis of Exanple 1,
20\ tdAMENaREAPN exception that 6 mol equiv of i-Pi2EtN
was enployed. Ili NWR (DWVSO-1:16, = 2.50, 400 MHz):
8.11-7.82 (m 8H), 7.34 (d, J =8.3, 1.89H), 6.92 (app
br s, 0.1111), 5.55 (m O. £a#)ple’. 16-5.13 (m 1.86H),

?m14 ZED Izzi}an(qm: 3 %H)A sgft) %v%é Ereﬁ?reé Etx\igt)m§ frox%@mne% a%%c&dlgé to the

pr ocedure described for the synthesis of Example 1 from 2,7-dibromo-9H-fluoren-9-
25 one. 'HNMR (DMSO-ds, § = 2.50, 400 MHz): 8.27-7.99 (m, 8H), 7.33 (d, J = 8.3,
1.88H), 6.91 (brs, 0.12H), 5.92 (brs, ~1H), 0.12 (brs, 0.12H), 5.17 (m, 1.88 H), 4.12
(m, 1.88H), 3.91-3.79 (m, 4H), 3.55 (s, ~6H), 2.75 (app br .s, 6H), 2.43-2.35 (m, 2H),
2.24-1.95 (m, 8H), 0.91-0.78 (m, 12H). [Note: some of the chemical shifts of the
minor rotamer were not identified, and that is partly why approximate values are

30 given for some of the integrations].



152.20-1.74 (m 8H), 0.91-0.78 (m 12H). LC (Cond.
VII): RT =1.28 mn LCM: Anal. Calcd. for [MiE]*
S%Q@sgoszsso

WO 26497123680\ 1806: 751.39; found 751.24 Exanpl e

10
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Ove net hyl

VS, 2R) - 2- met hoxy- 14(2S) - 2- (546 7- (2425) - 1- (N- (' net hoxyc
ar bonyl) - 0-

nmet hyl - L-t hr eony0- 2- pyrrolidi nyl)-1H i m dazol - 5- y0- 9H
fl 2 % 1= <050

2 Sy L L RER S st homosensty ndss o
TheC/MA Aval. t Cakd. Eswaliptie]l” §43hadNspk e7;9él4édf0ﬁmdﬂﬁ4 29.
pyrrolidine 4d and appropriate 25acid according to the
procedure described for Exanple 4. |FINVR (DVSO d6,
2.50, 400 MHz): 8.11-7.82 RxayipRH), 7.23 (d, J = 8.3,
1.87H), 6.75 (app br s, 0.13H), 145 165 (m O0.17H),
5.17-5.13 (m 1.83H), 4.33-4.22 (m 2H), 4.09 (s, 2H),
3.93-3.72 (m 41519, 3.61-3.19 (m ;4FET>2.44-2.33 (m

2H) , 2.21-1. 72" P~ 1/ a\c J .58H), 5.42
(d, J= 6.0, 5: £ 17 min
5LC/ MS: Anal . d for [ C411- 151 51 783. 38;
found 783. 23 Exanpte 6-7 MeNH2 (4.9ym, 9.87

mol ) and Na2CO3 (0.349 g, 3.29 mol) were added to a
THE (

e e e
100658 urmmorbl)-2-pamdliditye)-  iédreidnonh: iml))&}ﬂﬂemwé et H-imigadzol-2-
for 3 hours. ,The re din
vacua, and t’R ]hp 5’30?151"\%)“"})0 QBO ]ﬁ'o %g?(CI—Bm

wash; 20MNEI3/CRO—|eIut|on) to afford
39d|brom)6msthy16§- .

di hydr o- 5H- di benzo[ c, e] &3%H%é& %L 4 white solid (o 24
g) . NVR (DMBO- 4, c¢5= 2.50, 58 Miz): 2.31 (s, 3 I-1

3.24 (s, 4 H), 7.47 (d, J 2 7.55.7. 82 4
1514)FSLC (E%nd ||1)( Qj?’lglm K (m

NaH (243 mg of 60%, 6.08 mmol) was added in one batch to a DMF (15 mL)
semi-solution of imidazole la (1.228 g, 5.17 mmol), and stirred for 75 min. SEM-CI
(1.0 mL, 5.65 mmol) was added dropwise over 7 minutes, and the reaction mixture
was stirred for an additional 3.5 hours. The volatile component, including the
solvent, was removed in vacuo and the residue was partitioned between CH,Cl, and
water. The organic layer was dried (MgSQO,), filtered, and concentrated in vacuo.
The resulting material was purified with a Biotage® (100 g silica gel; 60-100%
EtOAc/hexanes) to afford imidazole 1a as a colorless viscous oil (1.649 g). 'H NMR
(DMSO-ds, 0 =2.50, 400 MHz): 7.16/7.13 (overlapping singlets, 1H), 6.80/6.78
(overlapping singlets, 1H), 5.61 (d, /= 10.8, 0.41H), 5.38 (d, /= 11.1, 0.59 H), 5.26
(d,J = 11.4, 1H), 4.95-4.85 (m, 1H), 3.51-3.33 (m, 4H), 2.25-2.00 (m, 2H), 1.90-1.77
(m, 2H), 1.35 (s, 3.79H), 1.12 (s, 5.21 H), 0.91-0.76 (m, 2H), -0.04 (s, 9H). LC/MS:
Anal. Caled. for [M+H]" Ci3H34N305Si: 368.24; found 368.23.

i’



WO

15

LG Ms: Anal. Calcd. for [MI-Ht G 5H1413r 2N 367. 95;
found 368.17 (for dom nant isotope) Exanple 6-7
wepgoregpar ed starting from PCT/US2009/032830
3, 9-di br ono- 6- met hy1- 6, 7- di hydr o5H di benzo[ c, el azepi ne
by enpl oyi ng the procedures qgfcribed for the
synthesis of Exanple 4 from

2, 7-di br ono- 9H-f | uoren-9-one 146 Exanpl e Conpound
Name R RT (LC-Cond.); % %elpg i ndex; MsS data 6
met hyl (0S)-1-(((2S)-2-( “’"{7 ’%’%23) -1-((2S) - 2-

( (et har year bonyl) am no) - 3- Eranhyl but anoyl) 2-
pyrrolidinyl)-1Hi m dazol - net hyl- 6, 7-

di hydro- 5H di benzoThel azérpL 3)

1H i m dazol - 2-y1)-1- pyrrolidi @@él kar bony0- 2-

nmet hyl propyl kar bamat e =N ., <". NHCO2Me 1.98

24 Q,E.é es (&%&7@ i}/%ygqof?ér{%@%y%ﬁﬂé‘ 3:20 G 6 wal Rded Mtphise

over 8 minutes to a cooled (ice/water) CH3zCN (10 mL) solution of amine 4a, and
stirred for 95 min. The cooling bath was removed and stirring was continued for an
additional 35 min. The volatile component was removed in vacuo, and the resulting
crude material was directly submitted to a Biotage® purification (100 g silica gel; 40-
50% EtOAc/hexanes) to afford bromide 4b as light-yellow viscous oil (0.895 g).
According to "H NMR the product appears to be a mixture of regioisomers (in 2 ratio
of 7.1:1.0), and was submitted to the next step as such.

LC (Cond. VII): RT =1.77 min

LC/MS: Anal. Calcd. for [M+H]" CisH3:BrN3zOsSi: 446.15; found 446.07

Example 4, Step ¢

N M\(\ Boc

Carbamate 4c was prepared starting from 2,7-dibromo-9H-fluoren-9-one and
bromide 4b, via a Suzuki coupling, according to the procedure described for the
synthesis of carbamate 1d. The above SEM regiochemical assignment for the main
product is based on NOE studies, albeit it is inconsequential for the current purpose.
'"H NMR (DMSO-dg, & = 2.50, 500 MHz): 8.04-8.02 (m, 2H), 7.74-7.70 (m, 2H),
7.56-7.49 (m, 2H), 7.06 (br s, 2H), 5.62-5.60 (m, 0.82H), 5.43-5.41 (m, 1.18H), 5.27
(m, 2H), 5.09 (m, 0.86H), 1.14 (m, 1.14H), 4.02 (s, 2H), 3.63-3.38 (m, 8H), 2.33-2.09
(m, 4H), 2.01-1.84 (m, 4H), 1.39 (s, 7.56H), 1.18 (s, 10.44H), 0.92-0.81 (m, 4H), -
0.04 (s, 18H).

LC (Cond. VII): RT=1.92 min
LC/MS: Anal. Calcd. for [M+H]" CaoH73NgOsSis: 897.51; found 897.37



795.27 7 (18,113)-2, 2W6-net hyl - 6, 7-di hydr o- 5H
di benzok, ej azepi ne- 3 9- diyOhis(1Him dazol e-4, 2-
WO H0912569) - 2, 1- pyffolidinedi yOoi s(N, N diet hyIiCﬁU&O@9/@.32830

phenyl et hanam ne) OPh EtEt 1.82 minutes (Cond. I11);
>95% LC/ MS:  Anal . Cal cd. forJ,M+H C53H64N902: 858. 52;
found 859.07. Exanple 8-12 HBr (11 nL, 97 mmol)

was added to a THF (10 m.) solution of (4,4 -

di br omobi pheny1-2, 2' - hanol, (for preparation
see: Tetrahedron Letters %@%g%‘%§7&2801 1.3 g, 3.49

mol ), and the m xture was refluxed for:zix hours and

then all owed to cool emmmﬂle.hmm of
@ Wty & rotet-vap,

the organic conponegy\\g
and the residue mgrtex?racte~ th CHQC12 (10 nmL, 3x).
a

The conbi ned org phase was dried (MgSO4),

filtered, and conce [ acuo to _afford a brown
0i | IRFANGRIRIR %@Hﬁ@% ?fn 453 ML Zmeeb s adied 49 osunoynd
t 0405@1%113@30 148lfimhoBakd ﬁl@tresﬁﬁaﬁﬂ h&tbl‘é@eﬂce@l'is réadfoR i ahd&hs @

precipitate, Filtration and i n vacua afforded
5 3 f@lrr&ﬂ Bt orlH heand. tmnr%x%(l&w%fvés @]dé%gﬁ s ingscogtigysH f@ an
S OAd’dQIO(IQ ~@258h<)5ﬂrs e %Mﬂ%lcgﬁqpoﬂehf q)vi\é'\@nﬁ)%%&% AdT Tllr_lbed
u,m]jel( lagh vqpu&m,7ang sulgmﬁed Q)H)‘le exy gfe withgut :puxzﬁqgtlmz H) .
Exanpl e 8-12 were prepared starting from
3, 9-di brono-5, 7- di hydr odi benzo[ c, e] oxepi ne by
enpl oyi ng the procedures deswplelfed for the synthesis

10 of Exarﬁglkr%hélmé 48 W%l%o%t?@%e '191-% E?]t oqIEe%ample na%coardmg to the

appropri’ate subs
protocol described for the synthesis of Example 1, with a notable exception that 6

mol equiv of i-Pr,EtN was employed. "H NMR (DMSO-dg, = 2.50, 400 MHz):

8.11-7.82 (m, 8H), 7.34 (d, J = 8.3, 1.89H), 6.92 (app br s, 0.11H), 5.55 (m, 0.14H),

5.16-5.13 (m, 1.86H), 4.14-3.74 (m, 8H), 3.55/3.35 (two s, 6H), 2.45-2.34 (m, 2H),
15 2.20-1.74 (m, 8H), 0.91-0.78 (m, 12H).

LC (Cond. VII): RT =1.28 min

LC/MS: Anal. Caled. for [M+H]" C41Hs1NsOg: 751.39; found 751.24

Example 5

/
o}

Hl\l)too H 7
eO;(\Q(N;‘)\II\\u‘/\ON)\?*OMe
EY O#NH

methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-O-
methyl-L-threonyl)-2-pyrrolidinyl)- 1 H-imidazol-5-yl)-9H-fluoren-2-yl)- 1 H-imidazol-
2-yl)-1-pyrrolidinyl)carbonyl)propvl)carbamate
The TFA salt of Example 5 was prepared from pyrrolidine 4d and appropriate
25  acid according to the procedure described for Example 4. '"H NMR (DMSO-dg, J =
2.50, 400 MHz): 8.11-7.82 (m, 8H), 7.23 (d, J = 8.3, 1.87H), 6.75 (app brs, 0.13H),



Compound Nanme RT (LCCond.); % honopgeneity index; NS

data 8 O.P ...0-",%"-- , 0. fiRco2ne net hyl
Wo(zqmﬂ))zsbs(((ZS) 2- (5 (9- (2 628) PCT/US2009/032830

14(251) - 2- (( et har ycar bonyi ) am no) - 3-

nethylbutanoyl)-2-pyrro|idinxhg-lk+

i mdazol -4-1,1)-5, 7-

di hydr odi benzol b, e] oxepi n- 3- yl) 1H

MGz B ok BV L WAL g0 s i 127

>951%Ju@ MSl 3A@a(ln 1ﬁaj e d4-2f33r(m| MR 2C421HEENSAY 1. 1084, ﬂgm,
found 781, %l P met hyl
(|0538H2’452‘§(-d21t£0( é“%l’éhzs) 1-°2.05 ninutes

. .1 (Cond.- VH): RT = 1.17 min
5 LC/MS: Anal. Caled. for [M+H]" C4Hs NgOg: 783.38; found 783.23

Example 6-7
MeNH; (4.9 mL, 9.87 mmol) and Na,COs (0.349 g, 3.29 mmol) were added

to a THF (6.5 mL) solution of 4,4'-dibromo-2,2'-bis(bromomethyl)biphenyl (0.328 g,
10 0.658 mmol), and the reaction mixture was refluxed for 3 hours. The volatile

component was removed in vacuo, and the residue was passed through MCX

(CH;0H wash; 2.0 M NH3/CH:OH elution) to afford 3,9-dibromo-6-methyl-6,7-

dihydro-5H-dibenzo[c,e]azepine as a white solid (0.24 g). "H NMR (DMSO-ds, J =

2.50, 500 MHz): 2.31 (s, 3 H), 3.24 (s,4 H), 747 (d, /= 7.9, 2 H), 7.55-7.82 (m, 4
15 H).

LC (Cond.III): RT =2.42 min

LC/MS: Anal. Calcd. for [M+H]" C;sH4Br,N: 367.95; found 368.17 (for dominant

i1sotope)
20 Example 6-7 were prepared starting from 3,9-dibromo-6-methyl-6,7-dihydro-

5H-dibenzo[c,e]azepine by employing the procedures described for the synthesis of

Example 4 from 2,7-dibromo-9H-fluoren-9-one.

N z
oA "
|



0. (N (methoxycat honyl)-L-al anyl)-2- (Cond. 1V);
NHCO2Me pyrrolidinyl)-1Him dazol-4-y1)-5, 7- >95%

WO HOWESdi benzo[ ¢, doxepi n-3-y1) - 1H PCT/US2009/032830
i mdcaol -2-y1)-1-pyrrolidinyl)-1-nethyl- LC NS
2-oxoet hyl ) carbamate Anal. 4.Calcd. for [ MtFi ]

Example Compound Name R RT (LC-Cond.); %
homogeneity index;
MS data
6 methyl ((1S)-1-(((2S)-2-(5- N 1.98 minutes
(9-(2-((2S)-1-((2S)-2- o)\_)\ (Cond. IV); >95%
((methoxycarbonyl)amino)- NHCO,Me
3-methylbutanoyl)-2- LC/MS: Anal.
pyrrolidinyl)-1H-imidazol- Caled. for [M+H]"
5-yl)-6-methyl-6,7- Ca3Hs6NoOs:
dihydro-5H- 794.43; found
dibenzo[c,e]azepin-3-yl)- 795.27
1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate
7 (18,1'S)-2,2"-((6-methyl- A 1.82 minutes
6, 7-dihydro-5H- O)Y Ph | (Cond. TII); >95%
dibenzo[c,e]azepine-3,9- e N
diyl)bis(1H-imidazole-4,2- LC/MS: Anal.
diyl(28)-2,1- Calcd. for [M+H]"
pyrrolidinediyl) ) bis(N, N- Cs3HeaNgOo:
diethyl-2-oxo-1- 858.52; found
phenylethanamine) 859.07.

Example §8-12
HBr (11 mL, 97 mmol) was added to a THF (10 mL) solution of (4,4'-
dibromobiphenyl-2,2'-diyl)dimethanol (for preparation, see: Tetrahedron Letters
5 2004, 45,2801; 1.3 g, 3.49 mmol), and the mixture was refluxed for six hours and
then allowed to cool to ambient temperature. Most of the organic component was
removed with a rotervap, and the residue was extracted with CH,Cl, (10 mL, 3x).
The combined organic phase was dried (MgSO,), filtered, and concentrated in vacuo

to afford a brown oil, which when dissolved in 5 mL acetone and allowed to stand at

.



C331445N807. 725. 34; found 725.32 10 ..nr----NMD

di net hyl (5,7- 2.06 m nutes SR =N 72 1D
WwOogpeiery8di benzo[ c, cl oxepi ne- 3, 9- (Cond. V) ; PCRRGSSRINS32830

di yl bi s(111- bni dazol e-4, 2-di y1(2S)-2, 1-

pyrrolidinediyl((lS)-2-oxo- 1-14;95%

ambient condition for 1 h afforded a precipitate. Filtration and drying in vacuo
afforded 3,9-dibromo-5,7-dihydrodibenzo[c,e]oxepine as a white solid (0.628 g, 51
% yield). "H NMR (DMSO-de, § = 2.50, 500 MHz): 4.23-4.29 (m, 4H), 7.53-7.60
(m, 2H), 7.74 (dd, J =17.9,2.1,2H) 7.79 (d, J = 2.1, 2H).

Example 8-12 were prepared starting from 3,9-dibromo-5,7-
dihydrodibenzo[c,e]oxepine by employing the procedures described for the synthesis

of Example 4 from 2,7-dibromo-9H-fluoren-9-one and appropriate substrates.

R
N N N
CE 5

Example R Compound Name RT (LC-
Cond.); %
homogeneity
index;

MS data

8 o methyl ((18)-1-(((2S)-2-(5-(9-(2-((2S)- | 2.31 minutes
o)\;/k 1-((28)-2-((methoxycarbonyl)amino)-3- | (Cond. IV);
NHCO Me methylbutanoyl)-2-pyrrolidinyl)-1H- | >95%
imidazol-4-yl)-5,7-
dihydrodibenzofc,eJoxepin-3-yl)-1H- | LC/MS:
imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)- | Anal.
2-methylpropyl)carbamate Calcd. for
[M+H]
CarHs3NgO7:
781.40;
found
781.59




(tetrahydro-2H pyran-4-y1)-2,1- LC M5

et hanedi y1))) bi scar bamat e Anal . Cal cd. for
WO 200p{1¢3568 C46H57N809: 865. 42; found 8BGI/852009/032830
148
9 o methyl ((18)-2-((25)-2-(4-(9-(2-((28)-1- | 2.05 minutes
O)\_/ (N-(methoxycarbonyl)-L-alanyl)-2- | (Cond. IV);

NHCOMe | pyvrolidinyl)-1H-imidazol-4-yl)-5,7- | >95%
dihydrodibenzofc,e]oxepin-3-yl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)- I-methyl- | LC/MS:
2-oxoethyl)carbamate Anal,
Calcd. for
[M+H]"
C3sHasNsO7:
725.34;
found

725.32

10 N 0 dimethyl (5,7- 2.06 minutes
O)\./C dihvdrodibenzofc,e]oxepine-3,9- (Cond. 1V);
NHCO,Me divibis(1H-imidazole-4,2-diyl(2S)-2,1- | >95%
pyrrolidinediyl((1S)-2-oxo-1-
(tetrahydro-2H-pyran-4-yl)-2, 1- LC/MS:
ethanediyl)))biscarbamate Anal.
Calcd. for
[M+H]
Ca6Hs7NgOy:
865.42;
found

865.89.

10A nn o) dimethyl (5,7- 2.09 minutes
o dihydrodibenzo[c,e]oxepine-3,9- (Cond. 1V);
NHCOMe diyvlbis(1H-imidazole-4,2-diyl(2S)-2,1- | >95%
pyrrolidinediyl(2-oxo-1-(tetrahydro-2H-
pyran-4-yl)-2,1- LC/MS:
ethanediyl)))biscarbamate Anal.




try...-

-"c,

or' N --")

di met hyl (5, 7-

di hydr odi benzo[ c, c] oxepi ne-3,9- 2.09 m nutes (Cond.
wOR2W)971023BICO2Me  di yl bi s(111-i m dazol e- 4, 2- 44( 2P2TA]S2609/032830

>95% pyrrolidinedi yl(2-oxo-1-(tetrahydro-2H
pyran-4-yl1)-2,1- LC M et H@&ekl) ) ) bi scar bamat e
Anal . 149 Calcd. for [M CasH57N809: 865. 42;
found 865.22. 11
Calcd. for
M+H]"
Cy6Hs7N35Oy:
865.42;
found
865.22.
11 Sl methyl ((]S,ZR)—Z—methoxy—] -(((2S)-2- | 2.15 minutes
O)\L/LO/ (4-(9-(2-((2S)-1-(N-(methoxycarbonyl)- | (Cond. IV);
NHCOMe O-methyl-L-threonyl)-2-pyrrolidinyl)- | >95%
1H-imidazol-4-yl)-5,7-
dihydrodibenzo[c,e]oxepin-3-yl)-1H- | LC/MS:
imidazol-2-yl)-1- Anal.
pyrrolidinyl)carbonyl)propyl)carbamate | Caled. for
[M+HT"
C42Hs3N3gOo:
813.39;
found
814.31
12 o (18,1'S)-2,2'-(5,7- 1.26 minutes
O)\‘/ Ph dihydrodibenzo[c,e]oxepine-3,9- (Cond. 1D);
e Vg diylbis(1H-imidazole-4,2-diyl(2S)-2,1- | >95%
pyrrolidinediyl))bis(N,N-diethyl-2-oxo-
1-phenylethanamine) LC/MS:
Anal.
Calcd. for
[M+H]
Cs2Hei1NsOs:
845.49;
found
845.22.




trrl ci.---t-Alro"-- .7_ NHco2ne net hyl
((1S, 2R) - 2- et hoxy- 1- (((28) 2-

WO 2002/1035¢824( 25) - 1- ( N- (et hoxyear bony1) - PCT/US2009/032830
O0- net hyl -L-threonyl) - 2-py?rolidinyl)-
1H i m dazol -4-yl)-5,7- 150
di hydr odi benzok, el oxepi n- 3-y15) -1H imdazol -2-y1)-1-
pyrrolidinyl karbonyl ) propyl kar bamate 2. 15 ni nutes
(Cond. 1V); >95% LC/ MVE: for [ MtHr
CA2H531\ 1809. 813. 39; outlmple 0, o (s |
'S)-2,2'-(5,7- dihydrodi benzol e, e] oxepi ne- 3, 9-
di yl bi s(11-1-i m Hct zol e- 4, 2-di yl (23) - 2,
pyrrolidinechl ¥¥hi s(N_N-di et hyl_- 0-/
1- phenyl et han L 26 @ @ 7 ﬂ/.\N LY ;—>95%

methyl ((1S)-1-(((2S)-2-(5-(9-(dimethylamino)-7-(2-((2S)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-5-yl)-9-
5 methyl-9H-fluoren-2-yl)-1 H-imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

Example 13, Step a

13a

10 NaN(TMS); (3.40 ml of 1.0 M/THF, 3.4 mmol) was added dropwise over 2
minutes to a THF solution of amine 3a (1.14 g, 3.10 mmol), and stirred for 20 min.
Then Mel (0.27 mL, 4.33 mmol) was added dropwise over 3 minutes, and stirring
was continued for ~65 min. The reaction was treated with excess CH3;OH and all the
volatile component was removed in vacuo. The resultant crude material was purified

15 with a flash chromatography (10% EtOAc/hexanes) to afford amine 13a as off-white
solid (793 mg). "H NMR (DMSO-ds, § =2.50, 400 MHz): 7.80 (d, J = 8.0, 2H), 7.67
(d,J=1.7,2H),7.58 (dd, J = 8.1, 1.8, 2H), 2.06 (s, 6H), 1.58 (s, 3H). LC/MS: Anal.
Caled. for [M+H]" Ci6H;6BraN: 381.96; found 381.90 (for the dominant isotope).

20 Example 13, Step b

Boq NI \ Q O \“/\ ‘
\ N Boc
A=Y
= SEM NMe,

13b

Pd(OAc), (5.3 mg, 0.024 mmol) was added to the mixture of dibromide 13a
(101.8 mg, 0.267 mmol), imidazole 13a (145.6 mg, 0.396 mmol), PhsP (12.5 mg,



845. 49; found 845.22. WO 2009/ 102568PCT/ US2009/ 032830
150 Exanple 13 net hyl
wo(zéds»ﬁhzslss( ((2S)-2-(5-(9-(di met hyl ami no) - 7- ( 24 28xAuk1003632830

((rret hoxycar bonyl ) am no) - 3- net hyI but anoyl) - 2- pyrrol i di
nyl) -1 H hnidazol-5-yl)-9- 15
5rret hyl - 9H fl uoren-2-y1)-111-i m dazol - 2-y0- 1- pyrrol i di

carbonyl) - 2- et hyl propyl ) car banmat e Exa 13
5 el i g (B GRENEN) 7 oo by nd irogen

M ngul?bléh tﬂ%ﬁgﬂ it WS rﬁi‘ﬂ%%&jfhgﬁ%a‘iéa a@‘l@(ﬁ (?(rﬁbﬂ%%@e% 3%
a THF sol ution of am ne 3a ,

C howeg ThomiaGe min roGR VEILQI (2 Litlicad 350w inaalue
el QR 36 R FudToREAT: 08, Thi EEBORRAR was puific

contI nue he reaction was treat
Sex bpge\CHE OhbsamtP L4l ﬂystteme(Hv@CéhDHéT%)nmrtbmHPhﬁglute was

Lﬁ;ﬁ%¥t?aﬁ’16éd‘\il\5’x?§x%?ﬁ ﬁ}*{‘f? gﬁk‘&%@g%& %tg? g%rﬁgo%?%@}q réRcved in

Et GAalh Qﬂaansesl)ant ma@fiflovad panitineedbsoveas CohLCL whd tvates @hd die

( 93@”8 Ia%?-bwag .’}%P%{Smth Cﬂz@ ﬁeggﬁqbégg%@art%ahaq?] was (grle’d

8 IMg$09, fikdld, ard &hcéBrate@H): vaduo58 affsrd 13bd)s a ‘luﬁteMBam (56.1

Anal . lcd, for. [M-H|t 116Br 2N 381. 96; .found .
1038 Yo ?E?EIOFIPFé’“&Jdm %l’gﬁtv%?ﬁé‘)’ %‘Eﬁ?ﬁ%ﬁﬁ ‘é‘sléc‘m@tqéﬂmal
I) for the curreROfUAGEY 2LCEM§ Al Cal@R4orMpiSEVwaS @Qd{@&mt)gsl

the m xture of dibromde 13a (101.8 ng, 0.267 mol

i mi%da2%faundsx43445. 6 my, 0.396 mol), Ph3P (12.5 rrg
151 0.048 mml) and K2CO3 (116 ng, 0.839 mml) in

di oxane (2.5 nL), and nitrogen was bubbl ed through it
for 1 minute and then heat®e@”&{e /840 C (ni crowave) for

153 hour s dRea RX S8 }f/ﬁ:zl 3t&§%¥®gre\§ds{ahln%m&lﬁoom 13b by

filtered through a co n plug and the volatil

C ompmiwnvtg thewrroeasnisy depciipediacthasymiesis of Bepanmat érpmantemaﬁhate

4. f t
H2 ,/\Jélﬁgaéf%é%?o’l{ tﬁéﬁjﬁéﬁorlg%ﬁ% 1@1’& ?ér?éxhstorr er?pl)lgyee for the
Wi tldst st wesiredrbRs¢dOHBIOM (Bhdnd thet omd»l &mOI muwfpm WARLS
T t gn I
ar TP red R RaSru bR AR IS R00" PR 2 50, 00 Mo
20l a}&a?rél - (ne XD a3 2(h, \ii 39H), @]89](2@1?2 s, ThEH); 615D (appdbr s, 0.12H),

nj S

S | ORISR AT T b Sl ap 2
( SQapb BEONER)), 2. 4he 9Begl et cal78imke2H)p of 13b was not
det d i nconsequential for the current

#3%@@@ izé“mir* MiBalcd. for [ M SEMHH|

C4€Lt€ﬁlﬁ1|§7 8381 Cakd4 A I+HIUDGHERIOS408 £ avmlde04.32 15The

TEA salt of Exanple 13 was prepared starting from
Zconpound 13b by

Example 14
O/

Hu)koo H ~/>
~ AT S
&



enpl oyi ng the procedures described for the synthesis
of Exanple 4 frominternediate 4c, with the exception
WO 2041025¢fe corr espondi ng pyn-ol i di ne precur sorPEHBEPW)YOE2830
for the last step was free-based with MCX, and that
only 2 nmol equiv of i-Pr2Et s enpl oyed for the
HATU- coupling step. "H NWR ( O d5, = 2.50, 400
70 8.24-7.96 (m 8H), 7.32 (m 1. 89H) 6.89 (app

Syl PR ol

(1 woeth b6t 2268 c(lamvbw—smd&w e %s_z@rd@ze%z OHfTudRHY:y)-
Vo v Rpat ekl g it b Bod B g, ng

808.32 95 Exanple 14 152 net hyl

5)%1”8? ar1n4E10)252% 2 (5-(7- (Exa&ngeS)ll %teéngS) 2- ((met hoxycarb

met hyl but anoyl ) - 2- pyrrol i yl i mdazol -5-yl)-9, 9-
di met hyl - 9H-f | uor en- 25 6’@ Br
1H i m dazol - 2-y1) - 1-pyrrolidbg carbonyl)-2-net hyl pro

pyl)carl m nate 5Exanpl e 14, =p a 1l4a
Powder ed KOH (0.970 g, 17.3 rﬁ‘?ﬁl) was added in batches

over 1 pg.jidfs Ié(ﬁil g)oér‘@:]g: 9. % %g%ﬁ)@asrgdg%d’%%aﬁgqes over | m nute to

2, 7-di bronmo-9H-f
( 02 BB@ogAnco @ nturmafl2) 7- dlhromw«@l!@rem_ol 30a4.0% mmcrl)s@ddﬂel

e

10 ( 1ﬁI@1rSmJ)he niik@r m@ahlmcd I\Aagnezvatmmwmls}m ewirddtedwaithelrex GiR9

S R T T N

a ﬁllta&h adheopo@aiagd ap hgla(os aﬂm keulviRs cluoasiedridSvaa paiifiddosith a

ge h: hexane ord l1l4a.(728 cont ed

o Ve R g e e RS B g By o ey Bt PrTare 142

12¢728 izl adnitanifdtedivVRe.correspondifgaoddVink By i8tebnddiat®©fn al1201

M THF,, }%ml) was added to a THF (4.0 nL) solution
15 of rafip b m xture (702 ng) and stirred for 10 mn.

Then MalaN(@ME), O3 m2 ofHL.o MO HF, WM%SQHM%%QW@YO

a fewmnutes and stirred for 75 was
qu‘é‘ﬁ?:??é‘ﬂlowof HeehaveHpiktee (03 mehand fﬁ’ére@ écrrdpunvle» Ehﬁwﬁle(ﬂtw

M&Lfﬁmphﬁ%& ) Whs %Qﬂ’e@q}ﬂﬁaw@g@/ef £ Rk/0H B8 8 PRl ¥droRehn, 1t
bet ween water, and the organic |ayer was

dr Vesdhenvapstshyd “MthtPépéWO aﬂd ae@ﬁ@ &pkeplgrcemppreny aesyempyed in
20 af faQ[{(g hﬂ?areﬁale%dq' gnittloﬂfe%l ﬂe e @Hng afx(ﬁ @lgtepfa (Hl@ orgamc layer

nono- net yate | urit e Cru mat eri’a
suw#s dricd MeBODheltaredk tancir,cmelpenmateﬂ outaquartd diferdtl fkoms a lighNVR

( C@g&% éoﬁ% 'frez 3?&15 ﬁ}%gg n%?ﬁ%aé%i 1m§>§r1&d ’TJJ:IE-I chém%fp‘%l'_\Qaf 45
(ssub@ﬁ&lél)to the VIEX (330 i LORGHERGTHOLSI0 DR B2BAE, J:53 24, 400
EX@iR.& k%, PLOR, By 7.53 (d, 7 = 2, 2H) 7.45 (dd, J = 8.1, 1.8, 2H), 1.45 (s,

25 6H).

30



14b Compound 14b was prepared from di brom de

14a according to the procedure described for the
woggelazsBs of 13b from di brom de 6a. LC MS: AREI/US2009/032830

Calal. for [MSSEWVH CA5H63N605Si: 795.46; found

795.33. Exanple 14, Step c 1 HC1/ di oxane (5 nL of

4N, 20 mmol ) was added to coﬁ'ggﬁ%und 14b (124.5 ny,

100. 135 mml ) and stirred to effect total dissolution.

The sol uti on was cool ed [ _{( ter bat h and
treated with 1 nL of 33 e%'t 4t%®d HO sol ution

dr opwi se over 2 mn. Then the cooldehg kb was renoved
and the reaction mxtH , st irr ech forny-22.5 hours.

< 1 lvagua, and the
g,{c, v MCX (2 g; CH3OH

wash; 2.0 N Na3/ i on), and then 15purified

with a reverse phase HPLC (C1- F30H Hoo/ TFA). The HPLC

el ut e wasmponcddb mak etpand frodnelireside tl aniccprddguc thewa® edure

free-bas i th X t ed.above to_ afford

R AL SRR N S s T AR
SWISEMKH 1 endH N 06Sit ngaua; toand 385.373.nmg) . | FI NVR ( DMBO- d6,

= 2.50, 400 MHz): 1.83 (s, 2H), 7.74- 7.69 (m 4H),

7.49 (app br s, 2H), 4.24-4.20 (m 2H), 3.04-2.98 (m
21i ), 2.93-2.87 20(m Zhyample¥d-FeLd (M 2H),

1.95-1.70 (6H), 1.48 (s, 6H). LC (Cond. VIl): RT =

1.03 min LO NS Anal. Calcd. for [MgHr -@>9H33N6:

465. 28, found 465. 21. nEa 4=\ 79 pl e 14 was
prepared as a TFA fal il gtc £ng ) i
t he procedure descfibed for the synthesis of Exanple 1
frominternedi ate I'e. NVR (DMS@®416, (5= 250 400 MHz):

? 5}137_( ggc%arter@ 8@%4@ (281 gmgg? Vi adgedltf Iqj)mp@lng ]}%F)HM 5 mg,

100. 1)41@)5 ,mrﬁollznd&uﬂ;éd {d’ﬂffcl:t 8@ H)issofhtid- THb @ﬁm(ﬂﬂva@b@o’lcd with
3.91-3 g 54/ 3. 33 %tvvos, 6H)H 2. 46-
( mlcemq)ter bathand re@tgd mﬂl lgrﬂ) of 33 osco(ngent]@}qf’ @ sglgh@m d;gp\lnlsﬁ
12K er Lin( GREE the\ébd)l)n:g vth vas Yerddvellaid Bk WaMRin M3@lre was stirred

Cal cd. for H55N806: 779.42; found 779. 23
Exefﬁfpﬂ@ Sthoursg ﬂﬁgyﬁlﬂlle component was removed in vacuo, and the residue was

(( %ra ﬁ% %@gehmﬂ]%bkl(y or €A% whs b Y NeL A, D HA7aKamy tRen

-clivl

151on>yr1ﬁ@ﬂ Wtﬂl’p ﬁ@tverqym(a(sqgj’lu@%@ﬁdpld@b@ﬁgﬂxﬁs)z Tox PR Crluse Wamne
C h%lﬂc)e)lpétéd:ﬂ{dqgé@gtﬁtam pr ucg%meegﬁ }egi \&1%1@(%(3}1 %%tre%ﬁove to

prepared accor he pr ot oc escrib
Ex affotdepytidlidipe Mqﬂsayad@,shtmnmrﬁm poitanmaad withfupidentifed

b ?%L@%%‘ff&( bl (R ARBRES 42 0%, 25080 SREARYG 2, 794

847[-6)9 (m{ 44Y, 7(419](a1@) WGHH), 5.248.20rm, BEH 96%-2.9%. (18 28), 23 3(2§7
e 318% 6% G224 B 70 B8 A B3,
LC (Cond. VII): RT = 1.03 min
LC/MS: Anal. Calcd. for [M+H]" Cy9H3:Ng: 465.28, found 465.21.

The vol atile conﬁ@%egm

resi due was first

Example 14

(O]
N

Example 14 was prepared as a TFA salt starting from 14c according to the
procedure described for the synthesis of Example 1 from intermediate le. 'H NMR
(DMSO-ds, 6 =2.50, 400 MHz): 8.13 (s, 2H), 8.06-8.01 (m, 2H), 7.85-7.79 (m, 2H),



15(twos, 6H), 2.45-2.34 (m 2H), 2.23-1.95 (m 6H),

1.54 (s, 6H, 1.21-1.04 (m 2H), 0.51-0.23 (m 8H). LC
WO 200985681 1): RT = 1.25 min LC MS: Anal . Cal cRECT/P$3009/032830

[ M+ H C43H61 N806: 775.39; found 775.36 20Exanpl e

16-17 Powdered KOH (983,my, 17.5 mmol) was added

in batches over 1 mnute to a heterogeneous m xt ure of

2, 7-di brono-9H-fl uorene (1.31 g, 4.04 nmmol) and 1, 3-

di QP Al I )

nzgg?%?rlgdﬁgiﬁ{)( gzent con)ézl‘?t6 n(?‘lom’j g%‘ﬁ?lﬁ%ﬂ#émm

m 406 (re, 2bBS3.91-B G0 éd, 44t hs%eer(m(ogo@}imz)%m (ex CHaCt2d1.99

o Ut R LTI oy 1l ieroa, and

c ohC étdrrdathaD): R =viaZdin The resul ting crude materi al

ified.w u raph | e was
ofaBi e E aid da DT Eek N ERaRaLe R B £
el ut| on) to afford
2' -di bronospi ro[ cycl obut ane-1,9' -fl uorene] as a
V\hlte fluffy solid (600 m&¥@ P NVR (CDCI3, 5 = 7. 24,
400 MHz): 7.86 (¢, J 155 1.8, 211), 7.48 (d, J = 8.0,
2H), 7.44 (dd, K= 8.1, 1.8, 2H), 2.61 (app t, J =
8.1, 4H), 2.42+%’ : Exanple 16-17
(TFA salt) were, N Ad AT S @ Pom 21,
di br onospi r o[ sycl gbut ] : IS Y—AEWDI oyi ng
the procedure destrE e synt heskg of Exanpl e
14 fromdi brom de 14a. Exanple R Con'poun/@ Nanme RT
(LG Cond.); % honobgeneity index; M data 16 ce, nethyl
((J drperB28)9-Zmbelhyl-§H-flukr2nd-0,259)fbist BBy iddzole-5,2-divI(2S)-2, 1 -

0 byr ol PUTAPLFIT I R deiagrD 5 renpl £ bRy BB bissibamae

1, 9' - f Im@merRA3' (TYAkald). wlak prdpaicd a2t dide #)thelprotocol described for
Example 14 by employing the appropriate acid for the final step. 'H NMR (DMSO-
ds, 0 =2.50, 400 MHz): 8.11-8.01 (m, 6H), 7.83-7.79 (2H), (d, J = 7.8, 1.84H), 7.47
(m, 0.16H), 5.46 (m, 0.19H), 5.18-5.15 (m, 1.81H), 3.89-3.72 (m, 6H), 3.55/3.33

15 (twos, 6H), 2.45-2.34 (m, 2H), 2.23-1.95 (m, 6H), 1.54 (s, 6H), 1.21-1.04 (m, 2H),

0.51-0.23 (m, §H).
LC (Cond. VII): RT =1.25 min
LC/MS: Anal. Calcd. for [M+H]" C43Hs;NgOg: 775.39; found 775.36

W

20 Example 16-17
Powdered KOH (983 mg, 17.5 mmol) was added in batches over 1 minute to

a heterogeneous mixture of 2,7-dibromo-9H-fluorene (1.31 g, 4.04 mmol) and 1,3-
dibromopropane (837 mg, 4.15 mmol) in DMSO (20 mL), and stirred at ambient
condition for ~5 days. The mixture was diluted with water (200 mL) and extracted

25 with 10% CH,Cly/hexanes (100 mL, 2x). The combined organic phase was dried
(MgSO0y), filtered, and concentrated in vacuo. The resulting crude material was
purified with a column chromatography (sample was loaded as a silica gel mesh;
hexanes, with gravity elution) to afford 2',7'-dibromospiro[cyclobutane-1,9-fluorene]
as a white fluffy solid (600 mg). 'H NMR (CDCl;, d = 7.24, 400 MHz): 7.86 (d, J



pyrrolidinyl kar bony0O-2- net hyl propyl)carbamate 1.38
m nutes (Cond. VII1); >95% LC/ MS: Anal. Calcd. for
WORMBHPB6E44HS5N506: 791. 42; found 791. 32 17 HBCH/US2009/032830

met hyl

i m dazol
(Cond. VII);

0S)-2-(2s)-2-(5-
(et hoxycar bonyO- L- al anyl) -
-5- yl)spirokycl obut
>95% LC/ MS:  Anal .

-1,9' -
Cal cd.

(71-(242S5)-1-01-
iﬁgyrrol i dinyl)-1H

1. 22 m nutes

[ MeH]

for

32&4 éﬁ”@% 9,53%(_)'?2614% %52&735 ﬁ) 8, 20,261 (app 1, J = 8.1, 48D,

pyrzmlz.xh @y 2)3p.1- net hyl - 2-

18-21

oxoet hyQcar banat e

Exanpl es

Example 16-17 (TFA salt) were prepared starting from 2',7'-

dibromospiro[cyclobutane-1,9'-fluorene] by employing the procedure described for

5  the synthesis of Example 14 from dibromide 14a.

JQ 24
O

H/>
O s

Example R Compound Name RT (LC-Cond.); %
homogeneity index;
MS data
16 2 methyl ((1S)-1-(((2S)-2-(5- | 1.38 minutes (Cond. VII);
\[/ (7"-(2-((28)-1-((2S)-2- >95%
((methoxycarbonyl)amino)-
3-methylbutanoyl)-2- LC/MS: Anal. Calcd. for
pyrrolidinyl)-1H-imidazol- | [M+H]" C44HssNgOs:
S-yD)spiro[cyclobutane- | 791.42; found 791.32
1,9"-fluoren]-2"-yl)-1H-
imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate
17 ch*% methyl ((1S)-2-((25)-2-(5- | 1.22 minutes (Cond. VII);
(7-(2-((2S)-1-(N- >95%
(methoxycarbonyl)-L-
alanyl)-2-pyrrolidinyl)-1H- | LC/MS: Anal. Calcd. for
imidazol-5- [M+H]+ CaoH47NgOg:
vl)spiro[cyclobutane-1,9'- | 735.36; found 735.28.




Exanpl e 18-21 were prepared starting from
3, 7-di br onodi benzo[ b, d]furan (which in turn was

WO PYHIP@Ed according to Fur. J. Med. Chem 199RCT/§32009/032830
205) by 5enpl oyi ng the procedures described for the
synthesis of Exanple 14 fromdi bronmi de 14a. Exanple R
Conpound Nane RT (LC-Cond.); % honogeneity index; NS
data 18 try ' nethyl VS)-l-(((ZS) 244 1H NMR

VAW AN oW\

250, 500 M) - | NCUZE C e Hoxydar borml ) am oy~
- nzet hyl but anoyl) | 2- pyitiazol-2gi)nirl) - ]H- m dazoh 14. 60
s, 2H), |8.32 (d, P =7,9, -1 .14-8.24 (m 4H),
87 (d, |J - 4-yod’9’6’8ﬁ218){1{25,}a’?4@!'2‘ 3-

1) - 1H-i ;M dazol - 2-y1) odoeripytdrdobmaienyl|) car bonyl) - 2-

o< \]/-\w n—

t hvl nrdn t o
Lll]l rJl Ur—l]l I\JMI KUATTAT U

Examples 18-21
Example 18-21 were prepared starting from 3,7-dibromodibenzo[b,d]furan

(which in turn was prepared according to Eur. J. Med. Chem. 1999, 34, 205) by

5  employing the procedures described for the synthesis of Example 14 from dibromide

14a.
N~
N I :
N AN \
I H
Example R Compound Name RT (LC-Cond.); %
homogeneity index;
MS data
18 ;\f‘\)\ methyl ((1S)-1-(((2S)-2-(4- | "H NMR (DMSO-dg, &
o) (7-(2-((2S)-1-((2S)-2- = 2.50, 500 MHz):

NHCOMe ((methoxycarbonyl)amino)- | 14.60 (s, 2H), 8.32 (d,

3-methylbutanoyl)-2- J=1.9,2H), 8.14-8.24

pyrrolidinyl)-1H-imidazol- | (m, 4H), 7.87 (d, J =
4-yl)dibenzo[b,d]furan-3- | 8.2,2H),7.34 (d,J =

y)-1H-imidazol-2-yl)-1- | 8.5, 2H), 5.17 (app t, J
pyrrolidinyl)carbonyl)-2- | =7.2,2H),4.13 (t, J =

methylpropyl)carbamate | 7.9, 2H), 3.79-3.92 (m,
4H), 3.55 (s, 6H),
2.41(m, 2H), 1.94-2.26
(m, 8H), 0.71 - 0.95
(m, 12 H)




8.2, 2H), 7.34 (d, J = 8.5, 2H), 5.17 (app t, | = 7.2,

2H), 4.13 (t, J =7.9, 2H), 3.79-3.92 (m 4H), 3.55
WO(2909/1B9rf68 2. 41(m 2H), 1.94-2.26 (m 8H), @®CTIUS2009932830

(m 12 H 157 2.27 mnutes (Cond. VI); >95% LC/ Ms:

Anal . Calcd. for [M+l-1]E C4q -149N807: 753.37; found

753.88 19 trtf, OA NHCO2Me di net hyl

(d| benzol | zdf f ur an- 3, 7- dzyl bi saHi m dazol e-4, 2-

2Q\ _ 2 1 Al A adzyvl LT

1
'_YJ-\L I) T &7 L pyttoritatHReazyr{{9S—=
eyel opr opy1- 2- oxo- 2, 11 et hanedi y1))) bi scdrangigtes (Cond
VI); >95%

LC/MS: Anal. Calcd.
for [M+H]"
CaoHa9NgO7: 753.37;
found 753.88

19 o dimethyl 2.18 minutes (Cond.
o)\;/A (dibenzo[b,d]furan-3,7- VI); >95%
NHCO,Me diylbis(1 H-imidazole-4,2-
diyl(2S)-2,1- LC/MS: Anal. Calcd.
pyrrolidinedivi((1S)-1- for [M+H]"
cyclopropyi-2-ox0-2,1- CaoHasNgO7: 749.34;
ethanediyl)))biscarbamate | found 749.78

20 o methyl ((1S)-1-(((25)-2-(4- | 2.51 minutes (Cond.
o)\__)< (7-(2-((2S)-1-((25)-2- VI); >95%
NHCOMe ((methoxycarbonyl)amino)-
3,3-dimethylbutanoyl)-2- | LC/MS: Anal. Calcd.

pyrrolidinyl)-1H-imidazol- | for [M+H]
4-vl)dibenzo[b,d]furan-3- | C4oHs3NgO7: 781.40;
yl)-1H-imidazol-2-yl)-1- found 781.85

pvrrolidinyl)carbonyl)-2,2-

dimethylpropyl)carbamate

21 )\/ko ’ methyl ((1S)-2-hydroxy-1- | 2.16 minutes (Cond.
0 (((25)-2-(4-(7-(2-((2S)-1- | VI); >95%

NHCO,Me ((2S)-3-hydroxy-2-

((methoxycarbonyl)amino)- | LC/MS: Anal. Calcd.
3-methylbutanoyl)-2- for [M+H]"

pyrrolidinyl)-1H-imidazol- | CaoHa9NgOg: 785.36;
4-yl)dibenzo[b,d]furan-3- | found 785.89




2.18 mnutes (Cond. VI); >95%LC/ MS: Anal. Calcd. for
[ MEFI ] * CAOHAS5N807: 749.34; found 749.78 20 ..n.r

WO 2009/102568 .. 0. NHCO2Me met hyl (05) - 1-g(25) - 2-§QL/US2009/032830
(7-(2-((29)-1-((2S)-2- gnet haryeaehonyl ) am no) -
3, 3-di t het hyl but anoy) - 2- pyrB%I i di ny0-11-1-i m dazol -
4-yQdi benzo[ b, di furan-3- yl1)-111-inlidazol -2-y0- 1-
pyrrolidinyl karbonyl)-2,2- tlimet hyI propyl )car bat nat e

2r5Tmmytes (Cond—Vi) Arnat—C€atcd—Fot
[ MeH CA2H53NBO7: 781. Mf’?é’ﬁha’zafg?l)sé 21 " A, OH

NHCO2Me et hyl als) - 2- Wd’bﬁdzyyl)]mrbonyl) 2-
(
(

72S) - 244- (7- (2- ((29))- 1 - ((2S fﬁ? el oxy. 2
net hoxycar bonyl ) ani no’}’etﬁ)&’?ﬁé’( hoy1) - 2-

pyrrolidinyO-1H 1 m dazol - 4-yl)cli benzo[ b, di fur an- 3-
2.16 mnutes (Cond. VI); >95% LC/MS: Anal. Calcd. for
[ MFEl | + C401- L49NB09: 785! %”Pf%nd 785.89 158

\ /
MeO,CHN,, N—7 N \_N NHCO,Me
(@] I\I/Ie 0]

methyl ((1S)-2-((25)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
5 pyrrolidinyl)-1H-imidazol-5-yl)-9-methyl-9H-carbazol-2-yl)- 1 H-imidazol-2-yl)-1 -
pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate

Example 22, Step a

o) N O
Me
22a
10 To a stirred solution of 2,7-dibromo-9-methyl-9H-carbazole (1.52 g, 4.47

mmol) in anhydrous THF {150 mL) at -78°C was added »#-BuLi (1.06 M in hexane,
12.6 mL, 13.4 mmol) over 10 min. The resulting suspension was stirred at -78 °C for
6 h, after which N-methyl-N-methoxyacetamide (1.43 mL, 13.4 mmol) was added.
Stirring was continued as the reaction mixture was allowed to warm to room

15 temperature over 18 hours. The mixture was then quenched with 2 N NaH,PO,,
extracted with ethyl acetate and the organic phase was dried (MgS0O,), filtered, and

concentrated to dryness. The residue was purified by column chromatography
(Biotage® Horizon system/ 2-55% ethyl acetate-hexanes) to afford 22a (0.560 g,
47%) as a yellow solid. 'HNMR (400 MHz, DMSO-de) & 8.35 (d, J = 8.09 Hz, 2H),

20 827 (s, 2H), 7.86 (m, 1H), 7.84 (m, 1H), 4.05 (s, 3H), 2.72 (s, 6H). LC/MS: Anal.
Caled. for Cy7H;sNO,: 265; found: 266 (M+H)".



y1l)-1Him dazol -2-y1)- |- pyrrolidinyl)carbonyl)-2-

nmet hyl propyl ) car banat e Exanpl e 22 met hyl ((1
WO3SPORU2IB - 2- (5- (7-(2- ((2S)-1- (N- (met hoxycar bomgI)us2e0@l0a2830

nyl) - 2-

5pyrrolidinyl)-1Hinzi dazol - 515'31) - 9- et hyl - 9H car bazol

-2-yl)-1H uni dazol - 2-y1) - 1-

pyrrolidinyl)-1-nethyl-2-oxoet hypcarbatnate Exanple

22, Step a 10Toast|rr ds on, of
2, 7- di br omp- 9- et hy| - 8’?’6%221%@(11 52 g, 4.47 mol)

in anhydr ous THF ded n- BuLi
(1.06 Min hexane48£$/% 7 BaB er 10 m n.
The resul ti ng suspensi 8 ed\at -78C for 6h,
after which N-nethyl-N-nethoxyacetan de (1.43 nl, 13.4
mol ) was added. Stirring was,gontinued as the
reaction m xture was allowed to warmto room 15

t enper atfyig iceweld shfhehaon 6£223N@ 66 X LUDENMES 1nttbﬁﬁne (20 mL)
guench NaH2 PO4 3§Xt racted with eth

acé’faatagge&ﬁaetbﬂ@nwéh%ﬁ mLph e Bmphand thea dert R}&géwyethylsﬂyl

st ligdie, 72300, ﬁ@m%; r 8liffhatiis ‘é&yt{ﬁ%&ﬁat oFtt%f REhAYRs WaP
purified by colum c romatograp y (Biotage-rib Horizon

sy shanrthe Za@B9omk e wasdpwedtoveaxanesom tempdriwred Adea3 h the

e faPmixn® L8 St SRR, G and i M (HIQ Witricd

7. &Biglovy), filtddpd, airld Sahcémmated i) drydesd o gigg 2BHs a 12hiARo¢s solid in

oo erity s ifs o) T0oedbe M hsaues pudatye 184 winou

10Ex goqoiee maRipulsti@p b

Example 22, Step ¢

(0] l}l 0]
Me
22¢

To a stirred solution of 22b in anhydrous THF (25 mL) at 0 °C was added N-
15 bromosuccinimide (0.709 g, 3.98 mmol) in one portion. Stirring was continued at 0
°C for an additional 30 minutes and the resulting suspension was filtered. The filter-
cake was air-dried to give 22¢ (1.05 g, 100%) as a yellow solid. 'HNMR (400 MHz,
DMSO0-de) § 8.41 (d, J = 8.59 Hz, 2H), 8.37 (s, 2H), 7.89 (m, 2H), 5.10 (s, 4H), 4.07
(s, 3H). LC/MS: Anal. Caled. for Ci7H13BraNO,: 421; found: 422 (M+H)".

Example 22, Step d

OOy

Boc N I}l N Boc
Me

22d



To an ice-cold suspension of 22a (0.661 g, 2.49 nmol)
in toluene (20 nL) was added triethylamne (1.39 rnL,

WO W0Y8023¢fp1 ) and then tert-butyl di nethyl silyl BCEPS30P93a830
(1.72 nL, 7.47 mmol). Stirring was continued at 0 C
for 10 minutes and then the ygaction mxture was
allowed to warmto roomtenperature. After 3 h the
reaction mxture was partitioned with Et 0Ac- H20 and
the org [ . t :
concentl?git %§§§r<}% Qﬁgﬂmﬁ%ﬁg‘% pl& e (F'i()ggtél'ggrq%\?\lﬁl) and
SODIENA {868 ssle it $3atunyl) mmtontnalb I(X/(Emy) @hsoheatEh S ITHL i@raisadled

was, used.as sych in the next step wi thout tofurther
R ph R atoan, TEScran e sdhireontintlit o dndtLly Bive a solid
so}esitiueom Bfixtdrdf tHis by Rea s H]Okc (2% §110)028tnd)) ik thahe (32

added N- 15 bronosucci nimde (0.709 3.98 mmol ) in
5 on@waft hegied at30 G ing somded r%-ééldm_gthee th qogled ggction

oot pRapl B Ot e TR IRRUARTNE 0,865

1ﬁhmedg andl@m%ntlaied aanyl ¢hd revidusods purifiedNRprépp@0ivVHP LC (C18/

?’vgg (?\@H §§E; 1";/"‘ ’ﬁ §1ve %S%A%g_})%;ﬁd (ag '(_)D%ZO %%4"/289%“13'213 a

Cayatidw sbid JRNER,; CHH-df) Gk (mﬁ}ZH) (A\S(te), #H)," 7200 (m,

Ex I t A f 22 1.

0 & P ade Bt T s s BimeZn 265 %, 55 885 ety BaRc
D' &4, ( 90 85 Tom)., LAMIB AREDIQalddn f@@%mmm 63; £28d:1ds? (VasD).
heated at 85 Cin a sealed tube for 2 hours. The

cool ed m xture was then concentrated to dryness to
give a solid residue. Agpixhdreseh.this material and
NH40Ac (1.92 g, 0.025 nol) "in toluene (32 5nL) was

heated at 120C n\a seal ad<t{ ube=ftor A5 nd then the
cool ed reaction ; @ @ onegWit'h

Et OAc- bri ne. Théel or gg ,'~ was o ;\ed HvpgsHA) ,
filtered, and concentrated agg the residue was
purified by preparative HPLC,4L18/ CH3CN- H20+0. 1% TFA)
to give the TFA salt of 22d (as 0.840 g, 34% overall)
15as a yeld mlmmhioﬁthelTHNMRt()ﬂm (M3z20 ¢ @8 GHREd]) 6 8. 28

e olbimedippe (S5 oA GGl gpt bk by
1. #8m(tempeBatne fdr ﬁlﬁbu(@ Thi th&tmd-\ﬁqwﬁn oﬁﬂéﬂntrat@@io@yne@@hd the
C37HAS5N704;. 651, Step

1578 u¢ a5y dissplypd 8@5@@* fﬂﬂ&pgléqdﬂo 6191“2% M@ swceon ¥l e,
Mgk -kohditidhed M@ ICBHI@RG0bmetFale, Wa5. BEAa6s WELeitdd with)

and the mixture was stirred at roomtenperature for 3

20 hoyHOH Tfhﬁéﬂ?ﬁoszl@@w (Weld 2pdyeen & itdnin CAH04L el te produd-
an&)ﬂalﬂﬁ'n% ﬁa?dn@h’@wé’i@%rghﬁ&%n\ﬁ%%deﬂn LB apPLiiRY R4

aJo of MCX extraction gel (12 g,
quantitative yield). This material was uqed as such in subsequent steps.

Example 22
25 To a mixture of (S)-2-(methoxycarbonylamino)propanoic acid (0.022 g, 0.150
mmol) and HATU (0.057 g, 0.150 mmol) in DMF (1 mL) was added DIEA (0.104
mL, 0.60 mmol), and the mixture was stirred at room temperature for 15 min. A
solution of 22e (0.034 g, 0.075 mmol) in DMF (2.5 mL) was then added and stirring

was continued at room temperature for 2 hours. The mixture was then partitioned



pre-condi tioned wi th CH30H di chl oronet hane, 1:1). The
plug was eluted with ?()Cl-1301-1- di Chl O Owethalle

wOoQReNp2%Bd then 2 N N143 in CH3OH, and the pr 86H3tS2009/032830
contai ning fractions were conbi ned and concentrated to
give 22e as a yellow solid (qgf;\ntltatlve yield). This
materi al was used as such i n subsequent steps. Exanple
22 95To a m xture of

O P SRR BT LT RPRAR o BBl b R, o

ML eona@atraebipdiniletsA dT(h@ mmumyas Purdidd mytpkaparfaamiHPh@ (C- 18/
oomte erature or 15 mm
S R0 S A o R R fratons Herdpencealtiba: o)

WaSir}trféﬁ;n The e@diuands E/bplﬁﬁtddgfrdﬁﬁ@HS@ﬂlinot(Ed) ﬁ)tgl‘l’eﬁtﬁénI‘FA salt of
r]rztperat ure for 2 hours. The m Xt ure was

5 parepmplsAad0-006 .. fir s Y HpH sabiet MR} M@?& QHl:Qfrds) 6 8.25
t heq Or 030k G PHRS ¢ ovRs, A ?ﬁe(d\’gsc%%s HE 1 2eh e ﬁ?'(r @@ﬂ 4. 49

concentrated to’ dryness. resi due was ‘puri
pr épartad FVe)THRL. CHY, G 20813. %@MIHQHD A9 FAH).anEB (m, 2H) 3 65 (s,

pr t;i tor
R N R R e e R
( 1:60)C#ldasyr Qe 7@héounBA 9gMHT. 5 Exanpl e 22 (0. 0064 g,
8% as a yellow solid. IHNVR (400 MHz, CH3OH d4) 5
8.25 (d, J =8.08 Hz, 2H), 7.93 (m 4H), 7.58 (d, J =
8.08 Hz, 2H), 5.30 (m ZI-Ex;zmﬁleéEQ-Zzlquart, J =7.07 Hz,
2H), 4.20 - 3.98 (m 1.5 H), 4.00 (s, 3H, 3.88 (m

10

2H), 3.65 (s, 6H),\ 2. §5 ( 2. 230(m/ 6), 1.34
(d, J =7.07 Hz, N6H)§ al ’lﬂor
C37H45N704: 709; rf oune? 710 10 an‘phe 23-24 Me

Exanpl e 23-24 were prepared a&agor ding to the general
met hod noted in Exanple 22, by using appropriate
acifxemplez 3 Péaray ereRIChiepoding INBeemed ardthodingied (ryExdoeple 22,

EH YR BhibHalBctiat a 23 Liu" (V.-

15

Example R Compound Name Description
(Yield)
'"H NMR and
LC/MS data
23 w7 methyl ((1S,2R)-2-methoxy-1- Yellow solid
o)\./?\ (((25)-2-(5-(7-(2-((2S)-1-(N- (0.011 g, 12%);

ﬁHCOzMe (methoxycarbonyl)-O-methyl-L- | "HNMR (400
threonyl)-2-pyrrolidinyl)-1H- MHz, CH3OH-d4)
imidazol-5-vl)-9-methyl-9H- 6 8.25 (m, 2H),

carbazol-2-yl)-1H-imidazol-2-yl)- | 7.94 (m, 4H),

I1- 7.59 (d, J = 8.08
pyrrolidinyl)carbonyl)propyl)carb | Hz, 2H), 5.31 (m,
amate 2H), 4.49 (m,
2H), 4.07 (m,

2H), 3.99 (m,




met hyl

a

8 car bony1) - 0- net hyl - L-
t hreonyO- 2-pyrrolidinyl)-1.1-1-

i m dazol -5-y1)-9-net hyl - 9H
carbazol -2-y1)-11-1-i m dazol -

% yo- 1-

S, 2R) - 2- et hoxy-1- Yellow solid O.
4(28)-2-(5-(7-(2-((29)-1-(N (0.011 g, 12%;
‘Wozém@%% (5-(7-(2-((25)-1-(N- ( g 4

NHCO2 Me
PCT/US2009/032830

pyrrolidinyl)carbonyOpropyl)carb amate 1HNVR (400 MHz,

8| 08 Hz, 2E|)ﬁg 31 (n 2H . 4.49 (m 2H) . 4|3
2H), 3.99 (m 162 3H), 3.91 (m 2H), 3.V2H}H73ZH),
3167 (s,|6H, 2.9 (m 2H), 2.22 (m 6H) 2H), 3.67 (s, 6H),
2.59 (m, 2H),
2.22 (m, 6H),
1.14 (m, 2H).
LC/MS: Anal.
Calcd. for
C41Hs51NoOsg: 797;
found: 798
(M+H)".
24 j"\/\/ methyl ((1S)-3-methoxy-1-(((2S)- | Yellow solid
o Y o~ 2-(5-(7-(2-((2S)-1-(N- (0.0203 g, 26%).
rCOatte (methoxycarbonyl)-O-methyl-L- "HNMR (400
homoseryl)-2-pyrrolidinyl)-1H- | MHz, CH;0H-d,)
imidazol-5-yl)-9-methyl-9H- 58.26(d,J=
carbazol-2-yl)-1H-imidazol-2-yl)- | 8.08 Hz, 2H),
1- 7.94 (s, 4H), 7.59
pyrrolidinyl)carbonyl)propyl)carb | (d, J = 8.59 Hz,
amate 2H), 531 (m,

2H), 4.59 (quart,
J =4.55 Hz, 2H),
4.02 —3.99 (m,
2.5H), 4.01 (s,
3H), 3.90 (m,
3H), 3.65 (s, 6H),
3.45 (m, 5H),
2.57 (m, 2H),
2.23 (m, 6H),
2.08 (m, 3H),
1.81 (m, 3H).




1.14(m 2H). LG/ Ms: Anal . Cal cd. for

C411- 151N90s: 797; found: 798 (MtH) ' . 24 0-Lt,
WO0@009/10238ICO2Me net hyl (0S)-3-methary-1-(S)-  PCT/US2009/032830

2-(5-(7-(2-((2S)-1-0V- Yellow solid (0.0203 g, 26%.

163
LC/MS: Anal.
Calcd. for
C41H51N9082 797;
found: 798
(M+H)".
Example 25

) /l:g )1 )

methyl ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
5 methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-yl)-9-methyl-9H-carbazol-2-yl)- 1 H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
The crude product obtained according to the general method noted in
Example 22, using (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.024 g,
0.138 mmol) and 9-methyl-2,7-bis(2-((S)-pyrrolidin-2-yl)-1H-imidazol-5-y1)-9H-

10 carbazole (0.021 g, 0.046 mmol), was purified by prep HPLC (C-18/ MeCN-H,0-
NH,4OACc) to afford Example 25 (0.0207 g, 59%) as a white solid. '"HNMR (400
MHz, CH3;OH-d4) & 7.98 (m, 3H), 7.82 (m, 0.6H), 7.74 (m, 2.4H), 7.53 (d, J = 7.07
Hz, 0.5H), 7.64 (m, 2.5H), 7.39 (m, 0.6H), 7.34 (m, 2.4H), 5.34 (m, 0.6H), 5.20 (dd,
J=5.31,7.83 Hz, 2.4H), 4.24 (d, J = 7.07 Hz, 2H), 4.01 (m, 2H), 3.65 (s, 6H), 2.37

15 —2.19 (m, 6H), 2.09 — 2.02 (m, 4H), 0.94 (m, 12H). LC/MS: Anal. Calcd. for
C41Hs51NoOg: 765; found: 766 (M+H)".

Exanzp]é 26

H
[Nj\( / O O \N/ N
7])1\1;&0 SOzPh " O)\"/ OCHs
o

H3CO



(et havect r bonyl ) - 0- net hyl - L-
honoseryl)-2-pyrrolidthyl)-1H

WO 2089/10286%] - 5- y1) - 9- et hyl - 9H PCT/US2009/032830
carbazol -2-yl)-1Hi m dazol -2-y0- 1- I HNWVR (400 MHz,
CH3OH 11) 6 8.26 (d, J = 8. 08 4Hz, 2H), 7.94 (s, 4H),
7.59 PYrrolidi nyQcar bonyppropyi karb mate (d,J = 8.59
Hz, 2H), 5.31 (m 2H), 4.59 (quart, J = 4.55 Hz, 2H),

2 AR et D i

6 Hpyrr2lidByl[-Wi-iBkdyizol15-3 L 9{(phen3tdifony L 8B-carbazdlQLNBI HAmnalazol-
S 2—y941]11§)tr§371[g?n9/%'-] -7?1gt%j}l—2—0xoethyl)carbamate

5 Example 26, Step a

N
SO,Ph
26a

A mixture of freshly pulverized KOH (1.31 g, 23.4 mmol) in DMSO (28 mL)

was stirred vigorously at ambient temperature for 10 minutes, after which solid 2,7-
dibromocarbazole (1.90 g, 5.85 mmol) was added in one portion. The mixture stirred

10 for 1 h and then benzenesulfonyl chloride (1.49 mL, 11.7 mmol) was added and
stirring was continued for 18 hours. The mixture was then diluted with water (150
mL) and the resulting precipitate was filtered off and the filter-cake was washed with
water and air-dried. The resulting beige powder was triturated with dichloromethane-
hexanes, filtered and dried in vacuo to give 26a (2.10 g, 77%) as a beige solid.

15 'HNMR (400 MHz, CDCl;) & 8.47 (d, J = 1.52 Hz, 2H), 7.83 (d, J = 8.59 Hz, 2H),
7.72 (d,J = 8.59 Hz, 2H), 7.50 (m, 3H), 7.40 (t, J = 8.08 Hz, 2H). LC/MS: Anal.
Caled. for CigHyBr,NO,S:463; found: 464 (M+H)."

Example 26, Step b

|
SO,Ph
26b

To a solution of 26a (2.086 g, 4.48 mmol) in dry THF (60 mL) at -78 °C
under argon was added n-BuLi (1.29M in hexanes, 10.4 mL, 13.4mmol) dropwise
over 5 min. The resulting mixture was stirred at -78 °C for 70 minutes and then N-

methoxy-N-methylacetamide (1.43 mL, 13.45 mmol) was added and the cooling bath

o
(92}

was allowed to warm to room temperature over 18 hours. The reaction was then

quenched with 2N NaH,PO, and extracted with EtOAc. The organic phase was dried



found: 798 (MrHy. Exanple 25 nethyl

((1S)-1-((29)-2- (5 (7-(24(2S)-14(2S)-2-((nmet hoxycar bon
WO Rhantses) - 3- PCT/US2009/032830

5met hyl hut anoyl) - 2-pyrrolidinyl)-1Him dazol -5-y1)-9-m

et hyl - 9H- car bazol - 2-y0- 1H 1

i m dazol -2-y1)-1-pyrrolidinyl ?%ar bony1l) - 2- net hyl pr opyl

) car bamat e The crude product obtained according to the

ted 22,. ' i .
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m 0.6H), 5.20 (dd, J = 5.31, 7.83 Hz, 2.4H), 4. 24

(
d, J =707 H, 2 1 3. 65 6H) . 2.37
(15-2. 19 (m 6H) 2H)09 N ﬁémfﬁu 0. 9518(m H)12H).

LCI MS: Anal . : o f d: 766
(MtH) I . Exanpl e ;1% N%g)r OFB%?AS oHn
(11S)-24(2S)-2-(5-(7-(2 Yet hoxycar bonyl) - L

-ctlanyl) - 2-
pyrrolidinyl)-1Hi m dazol - 5- y;g 9 (phenyl sul fonyl) - 9H
ear bazol -2-y1) - 1H i m dazol -

102- Y1) - 17p%h E&.lclodi smy;;le)lsxaﬂ sEtdBy | 1@g02<91¢&1nmi))a§@ﬁl%amﬁne (1.65
5Exanpl e 26, E’ A m Xture of fresh

pu|m/Ier1 1 zger@m?dm tomeng] (59 mlp3vag a@ﬁ?éﬂ)BDMS@FE@OémL &L%fi Y
t
S 'aﬁ& 8 nYik gPJ &é&%kﬁéeéﬁ% So{ﬁ%@g,& %I_q@g{rélg Fal fiien aﬁsw{dq PETBE

m nut es, ter whic ronocar baz
g, rﬁorﬁfﬁrrmmlh)rem laddes Tie oné&rrpwes thenparfitmediwth dit@Ac-
stir

ate?gmd the organic phase was dried (MgSOy), filtered, and concentrated to give

15  26¢ as an orange oil in a quantitative yield. This material was used as such in the
next step without purification. '"HNMR (400 MHz, CDCl3) & 8.60 (d, J = 1.52 Hz,
2H), 7.79 (m, 4H), 7.62 (dd, J = 1.52, 8.59 Hz, 2H), 7.44 (m, 1H), 7.29 (m, 2H),
7.17 (m, 1H), 5.03 (d, J = 2.02 Hz, 2H), 4.53 (d, J = 2.02 Hz, 2H), 1.07 (s, 18H),
0.27 (s, 12H). LC/MS: Anal. Calcd. for C34HasNO4SSiy: 619. found: 620 (M+H)".

Example 26, Step d

|
SO,Ph
26d

To a solution of 26¢ {2.96 mmol) in THF (40 mL) was added NBS (0.948 g,
5.34 mmol) and the mixture was stirred at room temperature for 24 hours. The dark
25  amber-colored reaction mixture was then concentrated to near dryness and hexanes
was added until a brown precipitate had formed. The mixture was filtered to give

(after drying in vacuo) 26d as a brown solid in a quantitative yield. This material was



JOor 1 h and then benzencsul fonyl chloride (1.49 ni,
11.7 mmol ) was added and stirring was continued for 18

WO HBP®S68The i xture was then diluted with watRET/[32909/032830

W

10

15

25

m.) and the resulting precipitate was filtered off and
the filter-cake was washed wigh water and air-dried.
The resulting beige powder was triturated with

di chl or onet hanehexanes, filtered and dried in vaeuo to
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Step b Toasolution of 26a (2.086 g, 4.48
mol) in dry THF (60 nL -78 C under argon was
added n-BuLi (1.29Min Sepe4 ni, 13.4mol)
dropwi se over 5 he re uIt|n m xtur S stirred
at -78 Cfor 7 nuiNes A ‘ N

Nret hoxy- N- net h{¥ acet am de 4 1. (13,44 ol ) was

added and the cBed i Ng bath 2%was al | O\Ned Ber warmto
room tenperature over 18 houB8:PhThe reaction was then
quenched wi th 2N NaH2PO4 and2®xtract ed with Et OAc. The
organi c phase was dried 165 filtered, and
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S0 400, Mz, DVBO-d6) 6 8.79 (s, 2H), 8.40
é"“gé“”%‘gﬁm@dr&&&g%”é BOET L 3 8.08 Hz, 2H), 7.85

5( d, J Amixt@é offthe cAkdp pll?)bﬁé]ed Bbovﬁ bl)d NA,68c (218 8.6 mmol)

2.74 Cal cd. for C22H17NO4S: 391,
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t oﬁg 1&%%%@ Sen%ﬁtya%@ detrgesd T#Bmm@rwaﬁ purgied by colsmes
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7.62 (dd, J = 1.52, 8.59 Hz, 2H), 7.44 (m 1H), 7.29

(m 2H), 7.17 (m 11-1), 5.03 (d, J = 2.02 Hz, 2H)
4.53 (d, J = 2.02 He, 2ffampledrsie] 18H), 0.27 (s,

J

[2H). LO MS: An cd. for C34F14% 2: 619. 620

(MtH) +. Exanpl ep
no / 7

N

SOzPh
26f

To a solution of 261 (0.868 g, 1.12 mmol) in dichloromethane (20 mL) was
added TFA (5 mL) and the mixture was stirred at room temperature for 2 h and then
concentrated to dryness. The residue was taken up in CH:OH and applied to a pre-

conditioned (CH3OH) pad of SCX extraction gel (3cm x 3cm). The pad was washed




26d To a solution of 26¢c (2.96 mmol) in THF (40

m.) was added NBS (0.948 g, 5.34 mmol) and the m xture
wowe®/192368r ed at room tenperature for 24 hoursPCThiS26ar082830

anber-col ored reaction m xture was then concentrated

to near dryness and hexanes \é\gi added until a brown

precipitate had forned. The ture was filtered to

give (after dryi ng in vacuo) 26d as a brown solid in a
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9- (phenyl sul fonyl) - 2, 7- bi sKx24p&)27pyrrolidin-2-yl)-1H m
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(0. 122 g, 66% as a white solid. IHNWVR (400

CH3OH d4) 88.64 (s, 0.5H), 8.59 (s, 1.5H), 7. 89 (m

4H), 7.74 (d, J = 8.08 Hz, 0.5H), 7.66 (d, J = 8.08

Hz, |.5H), 7.48 (m 1.5H), 7.36 (m 3.5H), 5.25 (m

2H), 4.50 (quart, J = 6.91 Hz, 1.5H), 4.27 (m 0.5H),

3.89 (t, J =6.57 Hz, 3H), 3.59 (m 6H), 2.48 - 1.99

(m 9H), 1.36 (m 6H). LG Ms: Anal. Calcd. for
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2.04- 1.80 (614). LG/ MsS: Anal. Calcd. for
CA6H33N9010S: 923; found: 463 KM 2)+H) +. Exanpl e 29
wWOoreaigeses ae- ( (1 PCT/US2009/032830
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t o [tMe)met hod described for Exanple 28, 10 and was
isolated as a white solid (0.083 g, 44%. 'HNWR (400
MHz, CH3OH-d4) 8.63 (s, 0.5H), 8.58 (s, 1.5H), 7.89
(m 4H), 7.72 (m 0.5H), Te@fplemo 1.5H), 7.47 (m
1.5H), 7.37 (m 3.5H), 556(m 0.414), 5.25 (dd, J =
4.80, 7.83 Hz, 1.6\4) = 5H56 Hzy 1.5H),

4.35 (m 0. 58P, R794 'R ‘ N’ 30W8 - 3. 69
(m 1.3H), % i Ve 0. FH)~2. 40-
2.22 (m (m 3H) 158%n( d. 3 = s 0608,
6H) . %W Cal cd. for C46H53N9010S: 553{ f ound:
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(0.014 g, 53% as a beige sol id. 1HN|\/R (400 MHz,
Cl-130Hc14) 67.98 (m 2H) 7 (s, 0.5H), 7.71 (s,
1.5H), 7.52 (m 05H) 45&’(“(”69 = 8.08 Hz, 1.5H),

7.37 (s, 5 0.5Hy—7.2 . A\J = 4.29,
7.83 Hz, 2H), 4 r—7 5HY, 4.27 (m
0.5H), 3.87 (t, = 5.3 3k (]( ,14H), 3.57

(s, 2H), 2.48 3 De2"(m oH), N1 33 (d Ny
6H) . LC/I\?S:JOz‘paH Cal cd. for C36H411° 4906 6885t otind:

696 (M+H) 1. YO0Exanple 31-32 Exanpl e 31-3% were
prepared fromthe respective sul phonam de precursors

by enpheyiing S)-be(A8y-0qeduy 2 (AR siciN-bedhdadarbdvel) yditheisi-s
ZOOf Exa vnoizgmvl) ]Exzmnyazol S-yl)-9H-carbazol-2-vl)-1H-imidazol-2-yi)-1-
pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate
.To a mixture of Exampe 26 (0.033 g, 0.039 mmol) and Na,HPO, (0.022 g,
0.051 mmol) in absolute EtOH (2 mL) was added freshly pulverized 6% Na amalgam
(0.079 g). The resulting suspension was stirred at ambient temperature for 6 h then it
25 was filtered using a 0.45 uM syringe filter. The filtrate was concentrated in vacuo

and the residue was taken up in CH3;OH (2 mL) and purified by preparative HPLC



R Conmpound Name Product description (Yield) 1H NVR and
LCMS data 31 J1-0 nethyl (05)-3-nethoxy-1- Yell ow

WO 2089/1§3568 ('~ _ . (1(2S)- 2- (5- (7- (24(2S) - 1- ( N-PEUIUERHO0/52830

10

269 ; NH co2ne Onet hoxycar bonyO- O-

met hyl - L- honoservl) -2- 1HNVR 4400 Mz, CH3OH d4)

PYt Tol i di nyl ) -1H i m dazol -5- y0-9H car bazol -2-y1)-111-
i m dazol -2-y1)-1- pyrro/idinyGCcarbonyOpropy/

) C@-W@;@N-HZO~NH4OAC). Product-containing fractions were concentrated to
dryness and the residue was lyophilized from H,O-CH3CN (7:3) to give Example 30
(0.014 g, 53%) as a beige solid. 'HNMR (400 MHz, CH;0H-d,) 57.98 (m, 2H),
7.79 (s, 0.5H), 7.71 (s, 1.5H), 7.52 (m, 0.5H), 7.44 (d, J = 8.08 Hz, 1.5H), 7.37 (s,
0.5H), 7.28 (s, 1.5H), 5.21 (dd, J = 4.29, 7.83 Hz, 2H), 4.48 (quart, J = 7.07 Hz,
1.5H), 4.27 (m, 0.5H), 3.87 (t, J = 6.32 Hz, 3H), 3.64 (s, 4H), 3.57 (s, 2H), 2.48 -
1.92 (m, 9H), 1.33 (d, J = 7.07 Hz, 6H). LC/MS: Anal. Calcd. for C3¢Ha1NoOe:
695; found: 696 (M+H)".

Example 31-32
Example 31-32 were prepared from the respective sulphonamide precursors

by employing the procedure described for the synthesis of Example 30.

R N N N
H
Example R Compound Name Product
description

(Yield)
'"H NMR and
LC/MS data

31 o methyl ((15)-3-methoxy-1- Yellow solid
o)\{\/o\ (((285)-2-(5-(7-(2-((2S)-1-(N- | (0.029 g, 26%);

NHCOzMe (methoxycarbonvl)-O- "THNMR (400

methyl-L-homoseryl)-2- MHz, CH3;0H-d,)

pyrrolidinyl)-1H-imidazol-5- | §8.22 (d, J =
vl)-9H-carbazol-2-vl)- 1 H- 8.59 Hz, 2H),

imidazol-2-yl)-1- 7.90 (s, 0.35H),
pyrrolidinyl)carbonyl)propyl | 7.86-7.84 (m,
Jcarbamate 3.65H), 7.60 (m,

0.3H), 7.54 (d, J
= 8.08 Hz, 1.7H),




88.22 (d, J
(m 3.65H),
WO R008Hp2568 171
8.08 Hz, 1.7H),
4.33 (m 0.3H),
3.47 (m 5H), 3.

, 7.90 (s, 0.35H), 7.86-7.84

, 7.54 (d, J = 8.08 Hz,
3H), 5.29 (dd, J =PETA’B2009/032830
J 4. 55 9. 09 Hz, 1. 7H),

7 3.65 (s, 6H),
2H), éggs (m 2H), 2.(36-2.H)16

H)
H)
0.

I ~l

5.66 (m, 0.3H),
529 (dd, J =
5.56, 8.08 Hz,
1.7H), 4.58 (dd, J
=4.55,9.09 Hz,
1.7H), 4.33 (m,
0.3H), 4.02-3.87
(m, 4H), 3.65 (s,
6H), 3.47 (m,
5H), 3.34 (m,
2H), 2.55 (m,
2H), 2.26-2.16
(m, 7H), 2.12-
2.04 (m, 4H),
1.85-1.77 (m,
2H). LC/MS:
Anal. Calcd. for
CaoHaoNoOg:783;
found: 784
(M+H)".

32 e methyl ((1S)-1-(((2S)-2-(5- | Light yellow sohd
o)\;/k (7-(2-((2S)-1-((2S)-2- (0.003 g, 1.6%);
NHCOzMe ((methoxycarbonyl)amino)- | "HNMR (400
3-methylbutanoyl)-2- MHz, CH;0OH-d4)
pyrrolidinyl)-1H-imidazol-5- | § 8.22 (d,J =
yI)-9H-carbazol-2-yl)-1H- | 8.59 Hz, 2H),
imidazol-2-yl)-1- 7.84 (d,J=3.54
pyrrolidinyl)carbonyl)-2- Hz, 3.5H), 7.76
methylpropyl)carbamate | (m, 0.5H), 7.61
(m, 0.3H), 7.53
(d, J = 8.59 Hz,




(m 7H), 2.12- 2.04 (m 4H), 1.85-1.77 (m 2H).
LC/ MB: Anal . Cal cd. for CAOHA9NO08: 783: found:
WO 27089102568 MrH) 1. 32 ..11. P nethyl ((J S)-1-(((2S/U2005632830
Light yellow solid 0. (7-(2-((29)-1-((2S)-2- (0.003
g, 1.6%; 179

1.7H), 7.15 (m,
1.5H), 5.26 (t, J =
7.07 Hz, 2H),
4.24 (m, 2H),
4.10 (m, 2H),
3.88 (m, 2H),
3.65 (s, SH), 3.43
(s, 1H), 2.57 (m,
2H), 2.37-1.95
(m, 10H), 0.94 (d,
J =17.07 Hz, 6H),
0.90 (d, J =7.07
Hz, 6H). LC/MS:
Anal. Calcd. for
CaoHa9NoOg: 751;
found: 752
(M+H)".

Example 33
N 0
N N,
IY'g it e PRUISN
’/QW/NH 0 r) O Hﬁ O
: k!

OCH,4
methyl ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
5 methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-5-y1)-9-(2-methoxyethyl)-9H-carbazol-
2-yl)-1H-imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

10




NHCO2Me (( met hoxyear bonyl ) am no) - | HNVMR (400

3-net hyl but anoyl) - 2- pyrrolidinyl)-1Him dazol - 5-
wOyebg9/181568 - car bazol - 2-y1) - 1H i m dazol - 2- y1) - 1PCT/US2009/032830

pyrrolidittyl)carbonyl)-2- thethyl propyl kar bamat e Mz,

CH3OHd4) 8 812 (d, ..1 = S.i? Hz, 2H), 7.84 (d, | =

3.54 Hz, 3.5H), 7.76 (m 0.5 3 7.61 (m 0.3H),

7.53 (d, J =8.59 Hz, 172

Example 33, Step a

N
i
CH2CH20M€
33a

To an ice-cold suspension of NaH (60% in oil, 0.201 g, 5.02 mmol;
previously washed with 3x5 mL of hexanes under Ar) in DMF (5 mL) was added a
5 solution of 2,7-dibromo-9H-carbazole (1.419 g, 4.37 mmol) in DMF (25 mL). The

mixture was stirred at 0 °C for 5 minutes and then 2-chloroethyl methyl ether (1.40
mL, 15.3 mmol) was added and the reaction mixture was warmed to 60 °C and stirred
for 40 min. The cooled mixture was then poured into ice water (300 mL) and the
resulting white precipitate was filtered off and dried under vacuum to afford 33a

10 (1.54 g, 92%) as a white solid which was used without further purification. 'HNMR
(400 MHz, CDCls) 8 7.87 (d, J = 8.08 Hz, 2H), 7.59 (s, 2H), 7.34 (dd, J = 8.34, 1.77
Hz, 2H), 4.37 (t, J = 5.81 Hz, 2H), 3.74 (t, J = 5.81 Hz, 2H), 3.29 (s, 3H).LC/MS:
Anal. Caled. for Cy5sH;3Br,NO: 381; found: 382 (M+H)".

15 Example 33, Step b

@] f}l O
CHQCHQOMQ
33b

To a stirred solution of crude 33a (1.577 g, 4.12 mmol) in dry THF (40 mL) at
-78 °C under Ar was added n-BuLi (1.29M in hexane, 9.53 mL, 12.3 mmol) drop-
wise over 5 min. Stirring was continued at the same temperature for 2 h and then V-
20 methoxy-N-methylacetamide (1.31 mL, 12.3 mmol) was added and the cooling bath
was allowed to warm to room temperature over 18 hours. The reaction mixture was
then quenched with 2N Na,HPO, and extracted with ethyl acetate (2x30 mL). The
organic phase was dried (MgSQy,), filtered and concentrated to dryness to give an

amber colored oil which was purified by column chromatography (Biotage, 40+M

(8]
wn

column/ 10-60% ethyl acetate-hexanes). Product-containing fractions were

combined, filtered, and concentrated to give 33b (0.967 g, 76%) as a yellow solid.



1.7H), 7.15 (in, 1.5H), 5.26 (t, J= 7.07 Hz, 2H), 4.24

(n, 2g2, 4.10 (m 2H), 3.88 (m 2H), 3.65 (s,
WO 29p§/10280843 (s, 1H), 2.57 (m 2H), 2.37- 1. 9BCT/HH2009/032830
10H), 0.94 (d, J = 7.07 Hz, 6H), 0.90 (d, J =

'HNMR (400 MHz, CDCl3) § 8.11 (m, 3H), 7.83 (dd, J = 8.34, 1.26 Hz, 1H), 7.55—
7.47 (m, 2H), 7.28-7.24 (m, 1H), 4.52 (t, J = 5.81 Hz, 2H), 3.78 (t, J/ = 5.81 Hz, 2H),
3.29 (s, 3H), 2.73 (s, 3H). LC/MS: Anal. Caled. for CoH;sNO;5: 309; found: 310
(M+H)".

Example 33, Step ¢

TBDMSOOTBDMS
N

CH,CH,0Me
33c
To an ice-cold suspension of 33b (0.967 g, 3.12 mmol) and triethylamine
(1.74 mL, 12.5 mmol) in toluene (50 mL) was added TBDMSOTf (2.15 mL, 9.38
10  mmol) and the mixture was stirred for 20 minutes at 0 °C and then it was allowed to
warm to room temperature over 24 hours. The mixture was partitioned with EtOAc-
water and the organic phase was dried (MgSQy), filtered, filtered, and concentrated
to give 33c as an oil in a quantitative yield. This material was not stable to "HNMR
or LC/MS analysis and was used as such in the next step without purification.
15
Example 33, Step d

1
SO,Ph
33d

To a solution of 33¢ (3.12 mmol) in THF (20 mL) was added NBS (1.00 g,

5.62 mmol) and the mixture was stirred at room temperature for 45 min. The

20 resulting yellow slurry was filtered, the fliter-cake was washed with a minimum
volume of THF and the solid was dried iz vacuo to give 33d (0.66 g, 45%) as a
yellow solid. This material was used as such in the next step without further
purification. "HNMR (400 MHz, DMSO-de) & 8.40 (m, 4H), 7.88 (dd, J = 8.34, 1.26
Hz, 2H), 5.08 (s, 4H), 4.77 (t, J = 5.31 Hz, 2H), 3.77 (t, J = 5.31 Hz, 2H), 3.18 (s,

25 3H). LCMS: Anal. Calcd. for Ci9H7Br,NOs: 465; found: 466 (M+H)".



Hz, 6H). LC ME: Anal . Calcd. for C40H49N906:

751; found: 752 (MH) . Exanple 33 nethyl
WO(2009802568 ( ((25) - 2- (5-(7-(2-1(2S)-1-((2S) - 2- ( ( merhis290082830

bonyl ) am no) - 3-

, t het hyl but anoy1l) - 2- pyt Tol i di %/1) -111-i m dazol -5-y1)-9

- (2- met hoxyet hyl ) -911- car bazdl?

2-y1l)-1H i m dazol - 2-y1) - 1- pyrrol i di nyl kar bonyl) - 2- et h

yl propyl karbantate WO 09/]1%;5568PCT/ US2009/ 032830

173 Exanpl e 33, Step a egimpie’s viepe

Boc \ Boc
CH,CH,OMe
33e
A solution of 33d (0.662 g, 1.42 mmol), N-BOC-L-proline (0.611 g, 2.84
mmol), and DIEA (0.495 mL, 2.84 mmol) in acetonitrile (20 mL) was heated in a
5  sealed tube at ca. 85 °C for 2.5 hours. After being allowed to cool to room
temperature, the mixture was concentrated to dryness to give a yellow solid. LC/MS:
Anal. Calcd. for CaoHyN3O;;: 735; found: 736 (M+H)".
A mixture of the above solid and NH40Ac (1.09 g, 14.2 mmol) in toluene (20
mL) was heated at 125 °C in a sealed tube for 3 ilours. The cooled mixture was
10 concentrated under reduced pressure, partitioned with EtOAc-brine, and then the
organic phase was dried (MgSO,), filtered and concentrated to dryness. The residue
was purified by preparative HPLC (C-18/ MeCN-H20+0.1% TFA) to give 33e
(0.810 g, 82%) as a beige solid. 'HNMR (400 MHz, DMSO-ds) & 8.31 (d, J = 8.08
Hz, 2H), 8.20 (m, 1H), 8.14 (m, 1H), 8.08 (s, 2H), 7.66 (d, J = 8.59 Hz, 2H), 5.06 (m,
15 2H),4.63 (t,J = 5.31 Hz, 2H), 3.80 (m, 2.5H), 3.64-3.58 (m, 2.5H), 3.48-3.39 (m,
2.5H), 3.18 (s, 3H), 2.45-2.40 (m, 2H), 2.11-1.94 (m, 7.5H), 1.79 (m, 1H), 1.41 (s,
8H), 1.19 (s, 10H). LC/MS: Anal. Caled. for C36HyNoOs: 695; found: 696 (M+H)".

Example 33, Step f

\ /
N N N

33f
OCHi

To a solution of 33e (0.810 g, 1.16 mmol) in dichloromethane (20 mL) was
added TFA (8 mL) and the mixture was stirred at room temperature for 24 h and then
concentrated to dryness. The residue was taken up in CHzOH and applied to a pre-
conditioned (CH3OH) pad of SCX extraction gel (3cm x Scm). The pad was washed

25 with CH3zOH and then eluted with 2M NH; in CH3;OH. Product-containing fractions

were concentrated to give 33£(0.380 g, 66%.) as an orange solid which was used as



CH2CH20Me 33a To an ice-cold suspension of NaH (60% i n
oil, 0.201 g, 5.02 nmmol; previously washed with 3x5 nL

WO H09/HERehes under Ar) in DMF (5 nL) was addedP@I/US2009/032830

10

15

5sol ution of 2,7-dibrono-9H carbazole (1.419 g, 4.37
mol) in DM (25 m). The m xjure was stirred at 0 C
for 5 mnutes and then 2-chl oroet hyl nethyl ether
(1.40 nL, 15.3 mmol) was added and the reaction
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.11;1 rj NBoc CH2CH20Me 33e A sol ution of 33d
WO((2009562568, 1.42 nmol ), N BOC-L-proline (0.611pgT/U5284/032830

mmol ), and DIEA (0.495 nlL, 2.84 mml) in acetonitrile

(20 nL) was heated in a 5seal Zg tube at ca. 85 C for

2.5 hours. After being allo to cool to room

t enper at ur e, the rrixture was concentrat ed to dryness
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preparative HPLC (C 18/ MeCN- H20+0. 1% TFA) to give 33e
(0.810 g, 82% as a beige solid. IHNVR (400 MHz,

DVSO0- (15) 88.31 (d, J = 8.B8midk32H), 8.20 (m 1H),
8.14 (m IH), 808 (s, 2H, 7.66 (d J =859 H, 2H),
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BIOLOGICAL ACTIVITY
An HCV Replicon assay was utilized in the present disclosure, and was
prepared, conducted and validated as described in commonly owned
25 PCT/US2006/022197 and in O’Boyle et. al. Antimicrob Agents Chemother. 2005
Apr:49(4):1346-53. '
HCV 1b-377-neo replicon cells were used to test the currently described
compound series as well as cells resistant to compound A containing a Y2065H

mutation in NSSA (described in application PCT/US2006/022197). The compounds



g, 0.29 mvol) and HATU (0.110 g, 0.29 mmol) in DWF (3
nm.) was added DMVA 10(0.252 nL, 1.45 mmol) and the

WO 2009102568 was stirred at room tenperature for PXOI/H$2009/08@830

10

15

this solution was added 33f (0.072 g, 0.145 mmol) and
stirring was continued for 47 ours. The reaction

m xture was then partitione& th EtOAc-brine (1:1)
and the organic phase was dried (NgSCﬂ) filtered and
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15(400 MHz, CH3OHd4) 67.99 (m 2H), 7.86 (m 0.5H)

7.80 (s, 1.5H), 7.54 (d, J = 8.59 Hz, 0.5H), 7.47 (d,
WO02009/182%88 Hz, 1.5H), 7.41 (m O0.5H), 7.36 (s, PCTAINL009/032830

5.54 (m 0.5H), 5.23 (dd, J = 7.83, 4.8 Hz, 1.5H),

4.60-4.54 (m 2H), 4.46 (d, J.& 5.05 Hz, 1.5H), 4.35

(d, J = 5.05 Hz, 0.5H), 4.00- @982 (m 6H), 3.70-3.63

(m 7H), 3.49 (s, 1H), 3.37 (s, 2H), 3.28 (m 7H),

2.39-2. 2
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o o e R ONE &l o oY S Bt ency
i n oNSB Alajrdeare tliebasere imeralpd 19 beamibomsedTIeilB8S2006/ 022197) .

The co r
ror ot hont el e SRR, Al S PHC by Wi fapisms i
contidiion twgbrtother tivent BISPA mbtithaen. vin lode ¢rylpelingit ke compounds of the
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t.] protein and are understood
5tqu t@EﬁBFFQEPVW% Pﬁégbnbinations as previously
descri bed in application PCDUS2006/ 022197 and commonl y
owned WD 04014852. Further, the conpounds of the
present disclosure can be effective against the HCV I b
genotype. It should al so be understood that the
compounds of the present disclosure can inhibit
mul ti pl e genotypes of HCV. Table 2 shows the EC50
val ues of representative 10 conpounds of the present
di scl osure against the HCV | b genotype. In one
enbodi ment conpounds of the present disclosure are
active against the la, |b, 2a, 2b, 3a, 4a, and b5a
genotypes. EC50 ranges against HCV I b are as fol |l ows:
A=>100nM B=1-99 nM C = 101-999 pM and D =
1-100 pM The conpounds of the present disclosure may
i nhi bit HCV by mechanisns in 15 addition to or other
than NS5A inhibition. In one enbodi nent the conpounds
of the present disclosure inhibit HCV replicon and in
anot her enbodi nent the conpounds of the present
di scl osure inhibit NS5A. Table 2 179 It will
be evident to one skilled in the art that the present
disclosure is not limted to the foregoing
illustrative exanples, and that it can be enbodied in
ot her specific forns without departing fromthe
essential attributes thereof It is therefore desired
that the exanples be considered in all respects as
illustrative and not 5 restrictive, reference being
made to the appended clains, rather than to the
foregoi ng exanpl es, and all changes which cone within
t he nmeani ng and range of equival ency of the clains are
therefore intended to be enbraced therein. The
conmpounds of the present disclosure may inhibit HCV by
mechani snms in addition to or other than NS5A
inhibition. In one enbodi nent the conpounds of the
10present disclosure inhibit HCV replicon and in
anot her enbodi nent the conpounds of the present
di scl osure inhibit NS5A. Conpounds of the present
di scl osure may inhibit nmultiple genotypes of HCV




WD 2009/ 102568PCT/ US2009/ 032830 180 CLAI M5 WHAT IS
CLAIMED | S: 51. A conpound of Formula (1) (1), or a
WO YR 1BB@eut i cal | y acceptabl e salt thereof; WhREEDUH2009/032830

and u' are independently 0, 1, 2, or 3; 10D and E are
each five-nenbered aromatic ggngs cont ai ni ng one, two,

or three heteroatons i ndependently selected from

ni trogen, oxygen, and sul fur; each R1 and RI' is

i ndependent |y sel ect ed froglgk xy, al koxyal | cyl,

al koxycar bonyl , al kyl, aryl'al Koxycar bonyl, car boxy,
fonnyl, hal o, hanaIIcyI, hydr oxy, hydroxyalkyl,

and (NRaRb) carbonyl; 15R2 and
R§§e5$%55¢£§§§ﬁ%36 the carbon atoms to which they are
attached, forma five- to eight-nenbered unsaturated
ring optlonallggfontakplng one or two heteroatons

5 i nHeperfugERQn ®rom ni trogen, oxygen, and
sul fur; wherein the five- to elght- enbeged

unsat ur at ed ring | i onal*yR?subg it ed with one,
two, or three substi ttuan B y selected from
al koxy, al koxyal kyl; K ny | kyl

al kyl sul fonyl, ary#?, aryl jarylsuﬁfonyl car boxy,

fornyl, hal o, haloalkoxyﬁgp IoaL hydroxy,

hydr oxyal kyl , - NRaRb I¥,  (Nnb) car bonyl ,
oxo, and spirocycle; R3 and R3' are each
i ndependent |y sel ect ed fron1%§drogen al koxyal kyl ,

al apheardoonighl]y :a:béqﬁa@e:mtbhmgdfa\mh@]ém al kyl ,
arylalkox car bon y | oal kyl ,
25hetero@§8l?F&F&?ﬁmeﬁbagﬁxaéyg (N eRb) car bony! ,
toand tr Ifghﬂ(y% Sﬂek&dh&’ﬁ%méy?ﬁrﬁydwmﬂfb rigsl c&ﬁalmag en& &g or three
endent rom 181 eac
i ﬁ&?é%‘éﬂﬁ%%‘f‘?%’eé&n ¥ Sqferod ram frogen, §XX%’?H€‘BE el | y 1,

2, or ZacleRCdndR'iis 1ﬂdeﬁlﬁﬂ@ﬂ§%el‘éh¥d Bomlaikoy, aBeoxPdikA;
5each X is indePendentI y selected fromO, S, $(0)

scpkoxggpbony iyl anylelerpgrbonyh cerbpae dormphhalghaioalois o,
X Thyir 9I 1§xatv@<9aﬂ<mom1@w (NRFESalk@ANshd GRS ’)’oarbon?g each

R5 is dently sel ect ed fron1a|kox yl,

15 hal o, rRalae@Rkyqogethrfl@@e caghRp ANpTe whméhw e Mt?éh%d Rgrm a

c af‘veoR)téI%ﬂ %én&befegruma@urgﬂﬁ &e bR REny dRtadide SRPELEd

ring with an adj acent carbon atom” wherein the three-

t ohetdreatoranineenspdently selected from nitrogen, oxygen, and sulfur; wherein the
five- to eight-membered unsaturated ring is optionally substituted with one, two, or
three substituents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,

20 alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR*R®, (NR*R®)alkyl, (NR*R®)carbonyl, oxo, and
spirocycle;

R’ and R” are each independently selected from hydrogen, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl,

25 heterocyclylalkyl, hydroxyalkyl, (NRaRb)carbonyl, and trnalkylsilylalkoxyalkyl;

R* and R* are each independently selected from



10ring is optionally substituted with one or two al kyl
groups; each R6 is independently selected from
wohyaviogss and R -C(0)-, and R7 is sel ected fr ®@ar/US2009/032830
hydr ogen and al kyl ; R8 and R9 are each
i ndependently sel ected from B Fr ogen, al kenyl
15al koxyal kyl, al kyl, hal oal é and (NRaRb) al kyl ; or,
R8 and R9, together with the carbon atomto which they
are attached, fosrma five or six nenbered saturated
ring optionaldy®&ont ai ning one or tvmjaféte oat ons
selected from/MR z, O, a)'rdw Rsv\her%an sel ect ed
from hydr oger | kye-Ny gid each Ns |Fr*1dependently

sel ected from &@Lkoky, al yal kyl . al hoxycarbﬁ
90al koxycar bonyl al kyl, al kyl, alaf%yl car bonyl alte

atyl, aradhah isém;eb;:ndanwmllko))@ aryl al kyl ,

aryl oxyal kyl. al kyl ycloalkyl)alkenyl

(cycl an?&?lo) %l@ en W@%ﬁoé’l%yi oxyal kyl , hal oal kyl ,

het er ocyadhylis mbq;te&deﬁmyo] yas keayl het er ocycl yl al koxy,

hcteroc Ik
Shydr oxyé?qk\y# i in %P et W&a%ﬁf%&@ysa S (ﬁf/é%)%’} CYR. andhg
( NRE(Reh) ;GG R@aMthat whedn GOTIXON Bllec@fd fedr TN, IGHRY, ai C(R Yos

pharmaceutical |y acce tabl e salt thereof, wherein R4
and R4' caghR ésalélﬁepRgden §el%te(d|:§5)n€a 0o alkyl aryl, halo haloalky]
20@%(19@92;2 258 BETR 3«@%@&941@%&&3&&0%%0;1&? f&np@ﬁp&}mfée 9 six-

claim 2, or a pharmaceutically acceptable salt
t heragieredainerdihnagiapenitirbomatom avhercip dheplbyasrdo sik-redraticpad

02 rﬁlrl nﬁﬁ%}ﬁ%ﬁﬁ#ﬁdt%hﬁo&%%& n%regu it thereof,

eac of cI aim 2 or
a phar na@@alﬁ |1tlaﬂ¢p)¢nm:ldlemlmtﬁdeﬁ@lahxdlog@erae@fl -Gi6ar, eih s
i's Qo ~186. A conpound of claim2, or a pharnaceutically
accept Ie salt thereof, wherein each R6 is RO)
-C(0)-. R7 NAekcotmbfrumdlydlfogm anidrall;wherein each Rl is

coePentet i, JELESE LG ARKLAL tbygusgen it oung
150f adi«ioaym:)zn allof, }alqalkar mat@R°RBalkyly ogccept abl e sal t
thereof andelli(’etogetlﬂel wgh tlllle car[)on ator(r:;rt]o \Q/hlch they are attached, form a
five or six membered saturated ring optionally containing one or two heteroatoms
selected from NR?, O, and S; wherein R* is selected from hydrogen and alkyl; and
each R'? is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
20  alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,
arylalkyl, aryloxyalkyl, cycloalkyl, (cycloalkyhalkenyl, (cycloalkylalkyl,
cycloalkyloxyalkyl, haloalkyl, heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy,
heterocyclylalkyl, heterocyclyloxyalkyl, hydroxyalkyl, -NR°R?, (NR°R%)alkenyl,
(NR°R%alkyl, and (NR°R%)carbony!.

2. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R* and R* are each
J{r‘

/ (Rs)s

R6- N%x



9. A compound of claiml, or a pharmaceutically
acceptable salt thereof, 20wherein R3 and R3' are each
WO otfaegeh. 10. A conpound of clai m1 wherei nPRRU&20EI/032830

R2', together with the atons to which they are
attached, forma five-nenber ring optionally
cont ai ni ng an oxygen or nitrgg%n atom wherein said
ring is optionally substituted with one or two

substitpyents independently. sel ect.ed fro k

a1 Roxy df EmEounREOEREE R pariRl By b loBler R tpreot
ar yhereiareydhahkyl., aryl sul fonyl, carboxy, fornyl, hal o,
hal oal koxy, hal oal kyl, hydroxy, hydroxyallcyl, -NRaRb,
(NRaRb) al kyl , (NRaRb) carbonyl, and oxo. 11. A
compound cethpdihaioMihimN & & bRarR3cafehliRAcceplafBaLIDBEreof,t N
the atons to which 30they are attached, forma
seVBHeHEMYer 8414 ng cont ai ni ng a het er oat om sel ect ed
from oxygen and nitrogen, wherein said ring is
optionally substituted with one, two, or three

subst i tAepreRouNA gEglaintid 9F p phayeresutieally fapesmiableiselk (hereof,

al kpxvialkkyd . al koxycarbonyl, al kyl, al kylsul fonyl,
aryl, arylal kyl, arylsul fonyl, carboxy, fonnyl, WO
2009/ 102568PCT/ US2009/ 032830 183 hal o, hal oal koxy,

hal oal | r . I . kyl,
o Pehoet | Xty DLy s SR

(| Wherdih MehRRNS R'°SC(OD1.) ; or a pharmaceutical |y

acceptabl e salt. thereof, wherein A is absent or

CR11R12; Gis selected from CR11R12, 0, and NR13; 10J
i s7.absentompouGRbf (i) 6 wherRa eadtoR Rék iadepemratly selected from

i ndependent sel.ecte rogen and R10-C(O0)-;
ea%ﬁﬁﬁﬁgﬁpgk¥ﬁ3§ﬂgﬁd% ﬁ%@ggﬁﬁ%ﬁted aryl al l cyl,

15 (cycl oal kyeal kyl, and ( NRcRd) al kyl ; each R11
angd R12 are i ndependently sel ected from hydrogen,
al kyl , ‘&fynRoup Rngé?—%ﬁl, {65 & phormapivetls aff&a@gﬁé?lgﬁa%eﬁ@an
OXWh&éiQWRANd QT are each 0. R' and R12, together with the
carbon atomto which they are attached, forma three-
to ei ght-nmenbered spirocycle; and each R13
i S9.i nd%@&ﬁ’&ﬂhh}éfcslﬁihﬁp,toia?pifxzfr&ﬁéetﬂi{ém@Q@d’épta@ﬂe%?ﬁ“ﬁ@}egﬁf| :

al kyl , and 90aryl sul fonyl. 13. A conpound sel ecte
20 £  phgrein RQ and RgJl a%é each hydrglgen, P

W

10. A compound of claim 1 wherein R? and R?, together with the atoms to which
they are attached, form a five-membered ring optionally containing an oxygen or
nitrogen atom, wherein said ring is optionally substituted with one or two substituents
25 independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR*R®, (NR*R")alkyl, (NR*R®)carbonyl, and oxo.

11. A compound of claim 1 wherein R? and R?, together with the atoms to which

30  they are attached, form a seven-membered ring containing a heteroatom selected
from oxygen and nitrogen, wherein said ring is optionally substituted with one, two,
or three substituents independently selected from alkoxy, alkoxyalkyl,

alkoxycarbonyl, alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl,
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pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. 15. The
conposition of claim 14 further conprising one or two
addi ti onal compounds having anti-HCV activity. 16.
The conposition of claim 15 wherein at | east one of
the additional conpounds is an interferon or a
ribavirin. 17. The conposition of claim 16 wherein
the interferon is selected frominterferon al pha 2B,
pegyl ated interferon al pha, consensus interferon,
interferon al pha 2k and | ynphobl astiod interferon tau.



20. The use of claim 19 wherein at | east one of the
addi tional conpounds is an interferon or a ribavirin.
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selected frominterferon al pha 2B, pegyl ated
interferon al pha, consensus jnterferon, interferon
al pha 2A, and | ynphobl astiod i nterferon tau.

methyl ((1S)-1-(((2S)-2-(5-(7-(2-((25)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-5-yl)spiro[cyclobutane-1,9'-fluoren]-
2"-yD)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((15)-2-((25)-2-(5-(7"-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)-1H-imidazol-5-yl)spiro[cyclobutane-1,9'-fluoren]-2'-yl)- 1H-imidazol-2-
yD)-1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

dimethyl (5,7-dihydrodibenzo[c,e]oxepine-3,9-diylbis(1H-imidazole-4,2-
diyl(2S)-2,1-pyrrolidinediyl{(1S)-2-0xo0-1-(tetrahydro-2H-pyran-4-y1)-2,1-
ethanediyl)))biscarbamate;

dimethyl (5,7-dihydrodibenzo[c,e]Joxepine-3,9-diylbis( 1H-imidazole-4,2-
diyl(2S)-2,1-pyrrolidinediyl(2-oxo-1-(tetrahydro-2H-pyran-4-y1)-2,1-
ethanediyl)))biscarbamate;

methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(4-(9-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)-1H-imidazol-4-y1)-5,7-
dihydrodibenzofc,e]oxepin-3-yl)-1H-imidazol-2-yl)-1-
pyrrolidinylcarbonyl)propyl)carbamate;

methyl ((1S)-3-methoxy-1-(((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-
O-methyl-L-homoseryl)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9H-carbazol-2-y1)-1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)propyl)carbamate;

(1S,1'S)-2,2'-(5,7-dihydrodibenzo[c,e]oxepine-3,9-diylbis(1 H-imidazole-4,2-
diyl(2S)-2,1-pyrrolidinediyl))bis(N,N-diethyl-2-ox0-1-phenylethanamine);

methyl ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidiny})-1H-imidazol-5-y1)-9H-carbazol-2-y1)-1H-
imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methy! ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoy!)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9-(2-methoxyethyl)-9H-
carbazol-2-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((1S)-2-((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)- 1 H-imidazol-5-y1)-9-(2-methoxyethyl)-9H-carbazol-2-y1)-1H-imidazol-
2-yl)-1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(5-(7-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)- 1H-imidazol-5-y1)-9-(2-
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methoxyethyl)-9H-carbazol-2-yl)-1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((1S5)-1-(((2S)-2-(4-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-yl)dibenzo[b,d]furan-3-yl)-1H-imidazol-
2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

dimethyl (dibenzo[b,d]furan-3,7-diylbis(1H-imidazole-4,2-diyl(2S)-2,1-
pyrrolidinediyl((1S)-1-cyclopropyl-2-oxo-2,1-ethanediyl)))biscarbamate;

methyl ((15)-1-(((2S)-2-(4-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3,3-
dimethylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-yl)dibenzo[b,d]furan-3-yl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2,2-dimethylpropyl)carbamate; and

methyl ((1S)-2-hydroxy-1-(((2S)-2-(4-(7-(2-((2S)-1-((2S)-3-hydroxy-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-4-
yl)dibenzo[b,d]furan-3-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate.

14. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

15.  The composition of claim 14 further comprising one or two additional compounds

having anti-HCV activity.

16.  The composition of claim 15 wherein at least one of the additional compounds is

an interferon or a ribavirin.

17.  The composition of claim 16 wherein the interferon is selected from interferon
-alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and
lymphoblastiod interferon tau.

18.  Use of a compound of claim 1, or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for the treatment of HCV infection.
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19.  The use of claim 18 further comprising use of one or two additional compounds
having anti-HCV activity prior to, after or simultaneously with the compound of claim 1,

or a pharmaceutically acceptable salt thereof.

20.  The use of claim 19 wherein at least one of the additional compounds is an

interferon or a ribavirin.

21.  The use of claim 20 wherein the interferon is selected from interferon alpha 2B,
pegylated interferon alpha, consensus interferon, interferon alpha 2A, and lymphoblastiod

interferon tau.



