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described in the definition of the term’aryl'. The
term "alkenyR, arepschgdepcRésdy seleqiek & t o a” strai ght
or branched chain 30group of two: SIX carbon atons
contalnlng at Ieaaﬁpone carbon-ca ). doubl e bond. The
tern "al kenyl oxy, " u& d hef%Tm Fefers to an

al kenyl group atgasped o nt nnlgcular noi ety

through an oxygen aton1 1fﬁ 8 P "The term
5 al kenyl.guyGabkenyl ," as used hereln refers to an

al kenyl oxy oup attached to the arent

m)| ety toRt ’Ol%g‘ﬁlrﬁlewflﬁ’(ﬁlﬁﬂ’ eapcbgﬁm a yl and haﬁgﬁgglﬂlﬁbe alkyl
" al KAXYa fus@BthieS St FRirRg Wilfa@la8jat it adb@ déxth; gr oup

attached to the parent nolecul ar noiety thqpu h an

oxygen &pInR’ isTmdepandenitysalertesam byfirogernzad ks eWer ei n,
refers 4o anialdiloohQRFURBHEIU ed with one two, or

three al COXY groups. The term’ koxyalkylcarbonY
i@s used MenéRn, arg efch Flﬁlep@daﬁlyaiﬁll?@%i/8P1P6Wdr@g@lﬁf9d alkyl; and

at t ache%aaoRm he mg% ﬁc{éhtlggé e%?eﬁa' hm Mygeéﬁjla%&? %%haw and

arbonyl oxycar " "as ‘used
her@ﬂﬁRJakfbrs to an aIkoxy gr oup attached toto the

par ent | [ [ U

The ter %g %} 1‘( C\éfn'[ Iak%&;ﬂ%}c glogﬁgég%%og]?lgl pom IleS}nSg a

t 0 ampahkd/bf Fgm“muﬂp (Ismatphmmaednmltmco&wbld%themo tahfl ee
al K X%rﬁ:%rg?tgcgﬁ¥ %%@t‘a‘lﬂ? 8amel In a fn St gmﬁoe&g&}t%lfh% thnd aqgecé Hlte

se dérrve roma str
or hmaneikiedcanalses artod tvad &Gﬂlth)yldlr @opbbhain hednd aitRIlOY activity.
fron1one to six car ato In,..15 the conmpound
t hellgySEsBHen E’P%‘EFB’S% ?eé‘?t %gﬁﬂ]&a?‘g“?a%)?on?ou Sirgd %6*%‘ onora
andqiReirirs 18k Kitd cn@@imeat Ky |1nt@&ﬁmﬂx|@&d:l@d’ﬂﬁl ﬂr(ym ﬁlﬂ(flfﬁl(al alpha 2B,
fused three- to six-nenbered {Hg Wt Iﬁd&gﬁa&t
car Prelald oMFEG ORI denseings B‘Fer g bor“d’ll B
@el %Wiphot(la&bd inter femn'—t@lDK N(12-) R7 where z is 1,

or 4, wis 0, 1, or 2, and is %kyl When w

|s 2, th‘Ieatf%thmaﬁ@éapq@whc@f@é%@*ﬁﬁyﬂ%aw SHRpOgfon

di f £ &58RIng a compounlil® FbERM (181K Y bRambetally a8&pusRdalt thereof,
herein, refers to an al kyl group attached to the

par énhalm@qe@t@ﬂla@cmﬁaél@yam i8¥, @ubﬁnea)l e %htyqna]gqoamﬁunds having
Thearf ﬁﬁ?\/ ich 1\|/<1 %51@&%“0@“@45 offe H&@t%ngﬁcro%ip@uncfs%f KIcBtell From
g

an "substituted with one, two, or three
28l kyﬂtetrlanlboﬁylhltegﬁldulpé mtwauken 2 p aomBdURg [Tk pHERSES Sy,

as Heve%gmt%rrlteolf ﬁ éypeelfh%!{)t r Fl@@e;?dn@’ llrﬁé'@?fﬁ@ Al Rense RNA,

att ache pare ecu noi et y "t hrough an
oxy feiqinaddoribavirin, an inosine 5'-monophospate dehydrogenase inhibitor,
amantadine, and rimantadine.

In a fifth embodiment the present disclosure provides a composition

30 comprising a compound of Formula (I), or a pharmaceutically acceptable salt thereof,



The term "al kyl sul fanyl ," as used herein, refers to an
al kyl group attached to the parent nol ecul ar noiety

wa twowghsa. sul fur atom WO PCT/USZOO9/O33380
20091102633PCT1US20091033380 11128 PCT 10
term "al kyl sul fonyl ," as used herein, refers to aﬂllngCT
al kyl group attached to the pé&ent nnlecular noi ety
t hrough a sul fonyl group. The term "aryl," as
used herein, refers to a phen group, or a blcycllc
f usbehar ’?’%Fﬁ“%%?@if BFreRiARF éi‘“ﬁ%ﬁ‘ %}C %M%a(@ftwﬂlﬂéompﬁws hgving

a pﬁﬁ”ﬂt\/@ﬁt@i@ wRireM Gl leQStt)h'es@fC{hJ éd'@lglo'éé?flyc%hl%gﬁldg ‘?srgff Stive to
of a ghen %rou fused to a four- to six-nenb §

it dhegfpnghign of arapgehtqlecteddrampt (e m@aliqpmgeaserﬁéc‘ésqnne
gr %B@as@f th%ogﬁ&%a%@m@'v %‘élllc%%“ FRAER 841 gl o@eﬁ 3he ngfp
t he parent nol écular noiety th roug stitutab
tar Hernay.dte Y agretiel gV oA Remﬂegledﬂl\élﬂw éOIebmm\q@ltre@lt of an
ar yljcgr include, but are not limted to, indanyl,
|ndenyfggﬁgghthyl phenyl, and tetrahydronaphthyl . The
aryl gr dupgougth dBIl’ﬁet the e&ecmtt disddsiuse:;bmslueﬁ Iaethocb@fttie@n@ dny

2 ﬂglgégl\/tub%ﬁ%n% 5 Eatlenﬁ 80 APy 19’1ngsa|'(11|menc %tg dngf tIO 61}ﬁ pg,ltl%lb'[)’zlshel apeutically
al k@ffcy‘a‘l’dwrlounaif Ia@mmamblaﬁyfbymﬂﬁ KYIOJ a @hi(mb@eaﬁ&wlmébcep&ble salt
S e C r ou

rryl Ca %fal% f fi ygﬂgddl tg?t }ﬁg?%'g]l t,%e H%/? h&ﬁ@&l}el comprises

h egﬁimmyteﬂuyg gnehetves ﬂElytEJnyﬂ O@hﬁéyundﬁ h@il@g’ QQMQCV' a@ﬁkﬁ@cﬁl‘ﬁblr to,
I.0X

MCTE R TR O

S e| Reéped]d Jan mMeREr ORIt Ment AMGsVWIELEINR alil8onal
aIk | part of the arylalkyl and the heterocyclylal k

y
ORSHBE TS b BHRRET GBI Inpdhiskerdndimgny (heghteyon is

15t he%e@ﬁt)éh fip@likte@Eroh BLADY ] Iﬁtr%ﬂ)ﬁled mtt&?el@nr M;Lhapé\fntaen‘@& ﬁ]téffelon,
aryl car bon I, t he heterocyc and the heterocycly

pariiegerop g 1%%@@&%@@&# inigrferop .
het er OC)H?!iYdu?tﬁreg’x@@dﬁhe%rcﬁ"tﬁ%ﬁxmﬁgq Okl 3{; !ltydIQCIOSUIG provides a
substituted with one, two, Pee substituents
i n&ép@h@b@ﬁtteytllwnéé@%@Inff?@@mﬂaﬁ Rm@yt cahikysing adyraigiering to the
hal [ﬁtleln aly %@A;}%M]ly Q@éo‘?@é Mbm @pgc&lﬁoﬁl&? of F or{nula éﬁhgl a
term "aryl al erein

20| Kedpxphaceprtiselty @erthkt &ﬂlﬂtehblwftdhd oreegr t‘tvmddmxmdt MQ&uatqyidvmg
%;?%IHEHCV d?tlvng p{lm t-gha e& 1|r ml}llgad%éusi thl fh C?Igp%l)ﬁlg of Formula (1),
95pam@hmHmumaguWamummm&ﬁyhmmnmﬁgﬁm&n1an&ﬂxngﬁﬂwpwdnmnm

o bl Mas AL BN iy 25 USSRy ShE S Runa

ar yhalck mmycxgllieodmslopment ofa type Thelpter el le<pome inter fenno RNA,

"a alko | car " as used, herein,
an aér yFlgF éﬁ%’i@lm]og ﬁ”g’talnd'(’:%@’(ﬁ B]OP(H%IO% éﬁfyds rogenasc

ITD|1ﬁlle1|tcaIdnlmtaGIn¢ ztnldrl Qll}@lkhdﬂlec ar bonyl 30group. 11128
| term aéy " as used herein,
refers g%dgﬁhﬁmkv*m&FQQHm ‘%§1%P%¥éﬁFM%PHdﬁﬁ@“”?ﬁbW“@?ad

t hrig@h@r of lre@@URH CTRBeAbK W 2 Pakh:, 85mirRE @Al b She
further o tlonaIIy substituted with one or two

ad d’iatl‘?%ﬁél}el WEHIFPLY PhiEpetaemt pia comserdel FarsmadDkesey,

s0al l@%bl@l@&ﬁ&@l@éﬂl)ﬁ&&?tm Qit t Wi‘éo‘?%&(wgox DELRRAENU] compounds having
het er oc r ox d, Swherein t he
hetaévé@‘é hgjIpIty B lﬁlum«ﬁ@r mowmﬂmmawgy witibgt r:@rumnwot" Roroné (1),
or I

al K SRR LG ol BRI R heRE) SRR el (R Tgne or e

ar ydditikest gompmis diois efftaitve e Jahljoitalhddoxgxmamlﬁamyge,t sdiadtal, from
hal oal koxy, hal oal kyl, hydroxy, and -N WRY.

The term "aryl al kyl carbonyl ,"” as used herein, refers

to an arylal kyl group toattached to the parent

nmol ecul ar noi ety through a. carbonyl group. The
term "nyl carbonyl ," as used herein, refers to an aryl
group attached to the parent nol ecul ar noi ety through

a carbonyl group. The term "aryl oxy," as used



on the nitrogen atom of the term na

nitrogen-containing ring, i.e., the pynolidine rings
woabodvtessgonpound of Formula (1). It shoul d bePCT/US2009/033380

understood that "Cap" or "cap"” can refer to the 11128 PCT

reagent used to append the grgup to the term na

ni trogen-cont ai ni ng ring or t the fragnment in the

final product, i.e., "Cap-51" or "The Cap-51 fragnent

found in Exanmple 5", The term'

herldi g et FICY ofine bt BF Wity oY BEfkgse icV
hengidp pdefeHe v é}nryC@évlassem@y LRIy AN0Y NSAs, piseid, and
her ei n, refers to -CN. 30The term' cycloalkyl " as

us T &irihe treafegns ok 4 BC¥ arfettigPed nonocycl i c,

hydroca %ﬁ)& efﬂb@ NS LeRe Iﬂ?e%nrt‘ QistIBEREmbP cHRURR q&i&bféo n
atoms and zero eteroatons Represent ati ve exanpl es of
scy cloowinegipnsept duper merelofi gmbodmentaend/ ¢ @spert diselagsdtherein.

CyC| Opr e]Y!)fherCéfl‘r"t!o(aH?&'rsyaInd agﬂgts Syﬁ"llﬁ gﬂg%éﬂle W-Il-h(% appar ent

cycl oal Kyl "groups o esent
200@&@0@@33@6@&&&@2@Q9b@®®38@“11128 PCT 12 di scl osure
are optionall bs h
or i ve 1BupepTeaing st St e B G, hbfore e
aIhﬁ&ynnﬁhkyhma&bmhanmm&mmﬂlhamomnhahmalkoxy,

hal oal k h hyd K
o2l et S VRS L AL o i

futda)egmapwlt@mraﬂ lhys sibyginiciplls @ fchairtidal bclnehngtvvo or thr ee
substituents ndependent|ly sel ect ed fronra
al kyl , é&%ﬁ&d%ﬁﬁp%Pqﬁﬁvigﬂ%% “mh%f3gFW§P%e% ﬁroiﬂmem

andyifiidshR. are those thatRe: u@EBRY Qtélﬂy ¢droad deypDalnicesyicalagas.
used herein,refers to an .al ken

roup substijt yted
WI th onét 1§t11%5ndcgfhaf WFél%ﬁrE%] (g ?/%S/ qbtpglﬁﬂéva“‘?hlél{‘f &y ﬁ]l RZ, R’
15 (Cye Ie@g aKY SBlikNdr10caBdn Msiﬁﬁiolaﬁrﬂrﬁid'lndép%c%ﬁﬁofﬁt@ defhiadikyl
group 10substituted with one, or taree cycl gal k

gr otlissvherptie thf wglecyar Forgrample "(llﬂ)éll D&l RYDA 'Olps groups
fii 0t DL mORIhORakifryefubstituted with one or two groups
i ndependent |y sel ected from hydroxy and - NR Rd,

The ter M pajeritpahiyl a@waﬂOlsrsarrglée‘%raqbr@rrefewmqs stietie by a
cycl %éhk%ﬁon AF AP At 6 &%@d%? léfl&%nd%ehrl ﬁﬁh eH@rle@/C Uh 8 case of

i &t rough an oxygen atom

70cymb@ahkyh@xﬂanhgbm(mﬁkhwseddh@ﬁ%ﬁﬁhmﬂ@ﬁewgpﬁﬁmén
glyié?/loa?lr(/%%ea; Hi tﬁé hﬁc%‘?%e}f\ﬂ%ﬂloﬂ NGe fJH\@Q/mgQEmkh)rageethe meanings
cymhmmkkylsulfonyl " as used hereln refers to a

cycl oal k t.he par |

noi ety t Tu@%ﬁ Qm & m ? %ﬁ%hg' ﬁﬁéﬁﬁésﬁ? ? lmal
use&ﬂhe&emM£%ﬁﬁfﬁm&mtdemE%ﬁMM@h@hﬂwﬁﬁs "hal o" and

"hal oge as u erei r.ef
’The ter :}rmﬁsél*@éﬁ g o 8e, a{}'slecaaﬁ L@ i h(ae OC§&y O%%{Jg of the
hal @@Ldﬁyhmﬁbﬂlwﬂn@t lbe&ﬁlheduttxoaet descripad erﬁdclmﬂ tﬁtﬁuicmectwe

noi ety .t hrough an 00X

R HORy b BBy e S3! td “harilhy! ERp gy O utgiuced
hal gakKgvedn efeQefniabl @F’rh@félrhoadflhe par ent nmol ecul ar
nnlety through a carbonyl grou 75The

rm .
"hal oal kiie tempglipanli 4iared herein ggfarsdo ?b“aé gt Rgnehgd gl

;U bgo‘ub Wk @\Q) BY¥ixQABon biths chithi8Rg aOleadh 01 calinQ@idn AbGITB bond.
The term' heterocyclyl," as used herein, refers to a

four -, fTWemﬂléﬂ%mY@K%séV@ﬁdhﬁﬁWb@ﬁ%ﬁmﬁPﬁHﬁEGﬁﬂ&Pﬁtﬁéedm
oney, t p‘Q%n 1 Br.88ar &JleQQHBuJ\%E%&Q@Jn%%n' ndependent | y

sel ecte ronrnltrog oxygen, and sul fur. The
four-nmenbered ring has zero doubl e 30bonds, the
five-menbered ring has zero to two doubl e bonds, and
the six- and seven- nenbered rings have zero to three
doubl e bonds. The term "heterocyclyl" al so includes
bi cyclic groups in which the heterocyclyl ring is
fused to anot her nonocyclic heterocyclyl group, or a
four- to six-menbered aromatic or non-aromatic 11128
PCT



13 carbocyclic ring; as well as bridged bicyclic

groups such as 7-azabicycl o[ 2. 2. 1] hept 7-yI
WOR08Y 8136y cl o[ 2. 2. 2 | oc-2-tyl, and PCT/US2009/633380

2-azabicycl o[ 2. 21] oc-3-tyl. The heterocyclyl groups. of

the present disclosure can be attached to the paréﬁ}ZSPCT

nol ecul ar noi ety through any darbon at om or nitrogen

atomin the group. Exanpl es of heterocyclyl 5groups

i nclude,.but arc not limted to, benzothienyl, fury],

i t ni dazolJIe™ ﬁE‘S‘WﬁWC?‘@PWﬁo [y psed i‘b‘%tnhie Fdioyn alkenyloxy group

| s @zl yd the Farcphadlbdi¥dr mB¢R AR 2 cRibBRYI3ZuRY | |,

pi peridinyl, pyrazolyl, pyridinyl, pyrrolidinyl,

pyrrol o Fi“iﬂ'inn)‘"}{k,o“byF‘%‘&F‘}/f{?mﬂlh‘ieéﬁdpwl alkyhgraypdttached to the

thhﬁﬂﬁ&&b&b&&%hmegﬁﬁ%éai&Mﬁ&@&%ﬂ&nl]hept'7'y|,

2-azabicycl of 2. 2. ]oc-?4y1, and 2-

Sazabi cydhg1pmyabpyeligli gt uset hercietcrvieys k! gpaupbstohted

thawﬁggﬁgﬂmlgﬁﬁg%ggggf @ﬁﬁilooptionally substituted

with one, two, three, %our, or five substituents

i ndependéatdy “skpeellettathoom s kiesdyherean, ke &b dydlkoxyalkyl

al i 4 n ryl. .aryl al kyl,
ary cgrbgﬁsp¥£%§§%§¥hﬁg%g&¥ﬁ§162?&%&§F%ﬁépgg@%§P" a
second Hét érocggbypcadood,as hstdderoy cdfys al daydlkoxy group attached

het I nyl. draoxy, .hydroxyal kyl, nitro, -
10 gfﬁ%%ﬁ%lgﬁ%w%rxgﬁtﬁ rﬁé%@] év/&?él?'oé?/ l?lﬁje al kyl part of
t he ar yl[Tak kyih “alkdxtchidoimgsleyloty abadl latdiy refark & an alkyl group
unsubstityted and wherein the aw, the aryl part of
buggét“fwﬁﬁ?“% W§“8¥]VR6QF¥Y%$KPH593W§1carbonyl, t he

the aryla
second ITat enacyRylylasgsalipreianefcisne a BB IOEHA N Pafateht or

of the heterocyclylal kyl and the heteroc cLyIcarbonﬁ

o YR O P R e TR B i aione. I
15t hrieecopipasidstod @ntpsesendepeRGeNIhd s &l 1egtes i§ comr al kX,

al k hal o, hat hal koxy, hal oal kyl, and nitro.

|, cyano, : (
20T Eat EtEYRSYEDYIPED Ry threcaly shsayymReiedring with an
r efa@faSenll GarBih Abk @NYilovEIE QHPSHOSRIL L &Howd bdlowpne, two,
or three heterocyclyl groups. The term
"het erocycl yl al koxy," as used herein, reféps to a

het er ocyghyl Jgroup attached t®"t he parent )ecular
moi ety thro an al kéxy .)The ter z
"hetero&?ﬁy | Koxycar bgny) ,™ used henei-n—+refems, to
a 95heteerj I alkoxyq@{o R at t achedwt thejparent
mol ecul ar noi%ty t hrough a tarbonyl gfdup.N Thc
term "het er ocytl yl al kyl , " a8’ used herein, grefers to an
al kyl group substituted with one, two, or three ’
hetwhescyisly2, 3gercupsis OTher &) doy IR hiantkybf Wheew is 2, the two R
sohe vel yl al .k i.s further optionally substituted
‘ﬁmﬁkﬁSg%égSﬁn@“ﬁxg%ﬁ?ﬁfgﬁg?”%?oups 30i ndependent | y
sel ect edh¢ reont dkidoacyonyd! kyhseanbonyletxyto aafalyl glbad Qiached to
hah&g%ko¥x,yh®!paLk%l hydroxy, and -NRcRd, wherein
t he AT 'S FUFtHRYF dﬁ@?%ﬁ%??%”@ §thtued with one or
two subShd fertendiBylcarplapemdentt yseg aben! ferf foclﬁnaﬂéfyll(g’ﬁéﬁp
al kyl ,. unsubstituted aryl 11128 PCT 14 unsubstitued
ar ﬁgl%ﬂlw&%w TS uBS P]ttg’feéénﬁlcﬁllbﬁmﬂ 8%3pear bonyl , hal o,
2shal oal koxyterth a&l@ﬁ&?&‘)l}yld}{ﬁra@ﬁyed nfeh, rdfer VR Yan alkylcarbony! group
The term "heterocycl yl al kyl earbonyl ," as used "herein,
r efité?cgeq 9 the et Piodspllay maieRy hroyeb fipoaremehed to t he
parent 1R @enkaky15mi P ale 1A Gal Qr
The tern1"hetergﬁg@%ﬁ?géﬁEg%y%?wﬂggaﬁggﬂyﬂggépﬁganmmedm
r eflerpgroppmalepdprepgely dhrphehy olfor ebmached to the parent
nol ecul ar noi ety through a carbonyl group. The
term "heterocycl yl oxy," as used herein, refers to a
het erocyclyl group attached to the parent nol ecul ar
noi ety through an oxygen atom 10The term
"het erocycl yl oxyal kyl ," as used herein, refers to an
al kyl group substituted with one, two, or three
het er ocycl yl oxy groups. The term
Thet erocycl yl oxycar bonyl ," as used herein, refers to a




The term "-NRaRb," as used herein, refers to two

groups, fe and Rd', which are attached to the parent
woBloeerdsar noi ety through a nitrogen atom RaPamtSEN9/033380

are independently sel ected from hydrogen, al kenyl é}l%@q’CT

al kyl . The term ™ (NRaszaIkyI " as used her
refers to an al kyl group subs(1tuted Wi th one, two, or
three -NteRb groups. The term " (NfeRb)carbonyI

as used herein, refers to an -Nf.eR6 rou$ﬂgttac eg dm

the par dhe (B akysafonybi %“t‘i?eqlllﬁ’?:}ﬂ’dﬁfe g PO

Thend Sl moN%BQl mof@z%/ tHﬁﬁgl ) DRl gré@f ers to two
groups, R~ d, arc attached to the %arent

mol ecul dhe tmmeﬁly/ht Ay Wad herain ieferolg emheityd BOuR O A Rigy gl fused

ar erm%%br&grﬁ R ﬁp(grle%l %@tﬁl%@ hl%%nggr @@pﬁé’l@i‘i ?ﬂ)@ﬁ‘ Bicyclic fused ring
oxycar bonyl, al koxyal kyl car bony

5a| koxtyoacdentdf,a Ié)lew leroug |fYeptl i foahye sm@}q@qe@g [ROBiF or non-

aryl ,-aryhal b 1 b hed

R S g

ar ytb shel ;famnymolecgd@li roabtkyllll Ouglwb’ @aﬂ’SRW@Lﬂ dathep [atong @ﬁlm/gr oup.

hal oal koxycar bon el

het 6e(§e Xt%twie é:IX%m le< of %ﬁqx%yq é g? ggt)ll%r% gﬁafﬁﬁ{ed%’s indanyl,

hetiadaey @hgﬂtl@ll I@xbx@a,rdnd mntahydlertaehmly dlhy lhyh E@Gpﬁwf the present

10? a&g%%s %YA gp)%%ﬂﬁ%es&g% t\ftee %qlgg X Onqu%r I&%&P}}( (t;lger %ubstltljentq

( NReidpksdshflp pdtdctcd- ﬂ::(nh\mmmo@ramy} alE(;k\j@N)thRYa,lkyAher ein

R is selec ed fr a unsub
PR Enesony Ry st 0t < PRe iy o By R PG Wabo, hato,
gr %ﬂha@da'&\()k? arlfatblﬁgdz} hetb@@y(ﬂbﬁﬂ%ﬁ@@d{@iy)ﬁﬂl@ﬂ K]}élei ocasidicirhenyl,
et erocyclyl a car bo re r op
o bSt L By oo R (R otOT S B heren
l‘ar yéach Rh?ll@@;ﬁ’elnd@@l&tqelg&ect fém ﬂ&dﬁb?&nkﬁ@%ﬁ(ﬂk@lf Bﬁm\yhelelh e alky! part
aryl al kyl, the ary yl carbonyl, the arylcarb

t heofsher wbe%h@@dhﬁwetm awe E Y ﬁwgmbﬁfaﬁw am{ yiacrein AMie'sceond
het ﬁ \%4 We’al}ﬁ%glt'bh@xe Q@qa@f}@QH@Aly%paﬂaﬁf‘ihechﬁyli:chl%nyl the
hete ocy koxycar bonyl het erocycl yl al kyl ,
t hehd*q@@@lckyw@ﬁ 91eé1|€1€y1012%lvlb@ﬁ;ﬂf hethgigrocyclylalkyl and the
hetg ta&%s& xda%ap Yy @adopm%u e&&ﬁ%a%w PGB mm
are tur ona y substituted with one,
20 hr ebstudst 1|ntifwemegﬂy rdestrareng kgx vs dkde ©aHO; flnak@n«\wékay
al k al o, hal oal koxy, hal oal kyl, and nitro.
Thex¥0ﬂ%¥%ﬂ%ﬁn d) al kenyl ," as used herein, refers to
an aIkeﬁMktgmoUmﬂMS@ubéaqum@b@emamﬁﬁﬁn@nakwmﬂbwwpﬁﬁ%é@wd
Rﬁ gr g S three aryl ?e term44(1\1nd)al kyl," as used
herg' oy Yers 1o %E%lﬂyl group substituted with one,
or Tihrteen “aNRelkexygr oupsl hefdie refbleyd aipaylk grodp dtlaghed to the

éNR qup%gy S furgher oglkonahl substituted wth
e PYFI IR Y BEMPION AT Ugh BUPEC Sl &% ed from al koxy,
al koxyal kyd tei@at Mﬂyxh(oxyahdyoxmedmmh refaskoy ks willf lamyp,
aryl al koxyal kyl car bony| % boxy, heterocyclyl,
heté@%@?@pyp@éWBdW9ﬂﬁtW§%?8 ﬁwxﬁ B3UPNReRi ) car bony! ;

wher ei n tRacketL4106Y6 akd 1daboh tah @fcddptei) Rtk Yo an
substituted with one, t hree, four

sub§b”@ﬁéﬁﬂ§ﬂuﬁ@@§@ﬁaﬁﬁﬁﬂyeE@PB@F%&“PP@RP&VEH&yhdcaﬁmny
@Ik%} cyano hal o, hal oal koxy, hal oal kyl, and nitro.
The tern1 (NRcIe)carbonyI " as used hereln refers to
an - NRi el eup aBalkpach@any s a H*@déiﬁlreéhtef%Foeaé“&Fﬁ?lkoxy group
ol : ReRf as
AL T P L L S A
are attached to the parent nol ecul ar noiety through a
nitrogen atom R1' and Rf are independently sel ected
from hydrogen, al kyl, unsubstituted aryl,
unsubstituted aryl al kyl, unsubstituted cycl oal kyl ,
unsubstituted (cycl ol al kyl)al kyl, unsubstituted
30het erocyclyl, unsubstituted heterocyclylal kyl,
(NnY) al kyl , and ( MeRY) car bonyl . The term
"(NRenal kyl ," as used herein refers to an al kyl group



The term "(Nf eRY)al kyl ," as used herein, refers to an

al kyl group substituted with one, two, or three - N\RY
W0 pe63315The term " (Nn) carbonyl ," as used her@i/es2009/033380

refers to an -NfeR> group attached to the parent

mol ecul ar noi ety through a carbonyl group. The t ed}28 PCT

"oxo0," as used herein, refers to =0. The term

"“sul fonyl," as used her ei n, refers to The ternas used

her ei n, efer erein Ris a 20The R

groups B tdWZal%yjné“ %ﬂ\ég@fef“e Fdvit fo an alky¥ grpHR Sybafited with

"trém| thb()[ &1 thigk @by ¥loups. ai%held ﬂpd"%f@lhé’blylﬁﬁ(&piﬁ ?urth@l &tionally
al k }3 roup. substltuted wi th one, hr ee

t ri APyt le OB Yups: additional grppes 1t1@qpﬁaidently qelected from alkoxy,
"1t un%ll&y&o%?lox& @Jal@oﬁé‘loalkc@@ 1&5‘1‘»&%@%@16& l eﬁﬁﬁ&ﬁr‘ Sh@NR°R,
trialkylsilylalk group attached Y he pare
Yol \@aﬁﬁlgfheﬁﬁ’geg{cyclyhp suitiar leogz)ggy@ghst]g{ed yith one or twptpgbstituents
terlmic f |
Cof or g@tdgﬁé}knéféé&%(}ﬁog{régu%%gﬁg%’lf ?nsugssﬁ )[/11 ﬁ{sgf)srﬁtuted
t hr%ﬂakpxmpwbglwtyql aily kbyeyy @riwupls halo, hal oalkomymwu hychoxy
centgrsr&y st in the conpounds of the present
di scl osure. These centers are designated by the
synbol s ThRterpr* aryﬁlkylﬁdmemji %glsﬁhheﬁ & refonftd guagtailgngofp
LS ub; S aroun It should
“be Ettﬁ ]g?g({]ﬁ] o8 thare ?Cﬁlp 6‘7%%‘%@8?@31 ﬂ‘&ygﬁﬁ)é@ses al |
St cr eocfbniccal “aiykarenyle’ mﬁemEhel eﬁn’ réfe tEesyt denefhehed to
tFeaDg ? 1thea tii é] bi t NS5A. | ndividual
st er eBi Lo TS 8F MR GRpBHES? Saé O“éf e epar ed
synt het iTaaldry “hiyQiXy CANTRGGertd, Yef@rY & dnalp) 18 r&lpakthd @ to the
ich contaln chiral centers or by

materi al s wl]
pr eBEPREP SR HTMHE Y (RTP D Grox e gAY ®ner i ¢ product s

1511128 PQhe kfmfahlay@rybas sepafll, edtes Usdh 481 CRAY SRR
to a mxture of diastereoners followed by separation
or WHHGSP 91 hige piPxY @HPBrat ogr aphi ¢ t echni ques, or
direct ggpapat h@[bx?&fal@ﬂ?ﬂ’t 4sQITBY Fer@R ER srtéllan aryloxy group
chr omat og}a phic columms. Starti nIg conpounds of
paraf‘fi“’cbﬁ‘lj the ppied decHiesiias mejetatheoush e iesborsd erpepci al | y
avai | ablrge f%fmc‘ﬁ?lspﬁmﬁ';@d% 1??@8’11&@1% LYol agll ﬁ)taﬁlam{:ﬁg‘d to the
known in the ar Certal n conpounds the

20pr dgeeAt Melieaddroviets thyeyehal ssBomytigetupi n di ffer ent stable
conf or g, 2 €,
asymmet r yé %L}gi téod%r gg(% \r@%t ed” ohé?ﬁl&%%g{%ﬂ% & an’ TohRh Rfhec
as st riireges iatigt ef thotedpingloritr @caﬂpﬂltemimgcmgse ofic @me)ﬁldme
hi ngr, Y, Q i
ai £ 75 oife ShmE PP 0 TRE BN B baR R S0 or o
i nchuoés tethe heagon ﬁlmdrraapm:naltheu @@mao tlﬁftex’hﬁh&ﬁ enmgﬂp@mmﬂlﬁng

san e

glél n)qogflc ?f%nedl} 1en. t e ﬁn éplodimuv L erﬁg]p éipi}l gllsfle g,rsqg%l élragment
rreémmdtnmEmﬁp'lase corrpounds of Formula (1), and
phar maceyt | call ept abl € enanti oners
di aster ig lﬁodly a *t‘bqec{ ]ﬁ‘é?lé’dF}eﬁ ®i¢&Dry, references
to int eTFHrcEﬁhﬂt @fﬁbol@ardeu@al@fen{ ecf@Fly aggHt heir salts
where the context so The conpounds of

the presBnemyi %)’éf‘%sﬁr‘r‘éeégﬁeléxW&q@SCHhar maceutical |y
s0accept abhecirtdgloallhe 48160 hdBAR&AY R SRl M monocyclic,
acce table salt," as used herein, represents salts or
zwity @lé‘fﬁl i rengfsaaRe Daing Hecede Gyaf fersormftompy endoreesleatgroatoms.
di R REMF 0
i iR ELE TR Rl PR IR P o
20 Redereanyljcuelgpa!, 3n§lSFb"tlab3|XE1 f?he CM@ealk)d goomt atthe picdnt
the tissues of patients w thout excessive toxicity,
inflation, allergic response, or other problem or
conplication cormmensurate with a reasonabl e
benefit/risk ratio, and are effective for their
i ntended use The salts can be prepared during the
final isolation and purification of the conpounds or
separately by reacting a swtabl e nltrogen atomvvlth a

g p—



11128 PCT 18 be enpl oyed to form pharmaceutically
acceptabl e addition salts include inorganic acids such
woasodmpassechl oric, hydrobronmic, sulfuric, and PCT/US2009/033380
phosphoric, and organi c acids such as oxalic, nal?ifﬁyPCT

succinic, and citric. Basic addition salts can be
prepared during the final isotdation and purification
50f the conpounds by reacting a. carboxy group with a

sui tabl e base such as t he h droxide cafbonat.e

bi CBCHOHALE B0 laféfﬂaﬁﬂt%%@t‘f"ﬁh% G tiCa ﬁ%ﬁf B¢ Bients
Or gAdtnEndRA TR éted %%%pzﬂg@(ry%/alk}qr ary e Efandr Al RAIBEk oxY Nigaloalkyl,
cations of Sharnaceutlcal y ac%%rtahl salts i ncl ude

[ t}ﬁfell,ﬂﬁydg]@ Ychﬁ?fy bb‘ila{&)@ﬂl@}nnltb}ap @éq Fnary ?ﬂﬁ] the

al yRiR iy Pate WRhdr o?@on@@@ﬁ%ﬂltﬁteg vahohpawy, RmirBEsubalth@ns
such as annonlun1 t et anet hyl anmoni um

st etm@e@ﬁwmhmmtedrﬁomﬁkwt failwln@fan%hﬁ@t quélfﬁxriélaloalkyl
trugghg 40Lng, triethylam ne, diethylan ne,

ne, tributylamne, pyridine,
N N- di rré‘dlhyellraﬁ(dyphelkymlh®wh’§/$3p48pfbhﬁl @Hlnéfer s to an alkenyl group

h procai ne,
di be%sztxqtgarﬁwﬁﬁl& eI\IR’]%Z 89@2%%§;ﬁ9ﬁ§%§(ﬁﬂ§?am ne, and N, N -
d|benzyﬁébhwménedkmMyhdkﬂﬁﬁmemmdepmeséhﬁaImMéQ@gganic

t he , 15f f Lt
10g aI slu st n'ﬁ%cf ﬁ]&lflléméet LW re th e c%crzlnq}(ylg?%ugﬁ.o?gefﬁﬁ]ﬁg%glt Bf &0
dlakhﬂ@mhanmpasﬁpﬁﬁemmﬁmmeﬂmandmaiWehamimewogumps

When it for 4 n therapy,
t heP4gpe ef‘% e ffi‘oé‘lé{;)fa(\/@‘ ulﬁ}?? of a conpound of
formul a 1tk Jer maﬁyo/r@hlkylcas/ ‘phakdaeaul, irefal kya acteadtyaploep
sal ts thereof be adm.nistered as the raw
CheRPEKH © 1 PHETOUUS N Y P SEBt CTHEN 60T ve

15701 ngr ect'h@'ﬂatlmaﬁycﬁomﬂﬁﬂ@ut dsGRLd EREPasietsit®n alkyl group
Accordi ngly, the disclosure further provides

phathstwer FEaPIG SKD 68 IF5eiEloalHPORSONY ude

t her apeutyl. ¢l %y&i@zﬂl@ﬁiﬂl%@yla’"ﬁ@ WidSeRln, saeP andsioafkyl group
formula (1) or pharnaceutlcally acceptable salts

t hettiaglfed taihd paiisat Belco e A FiveleB FsP EeIvl grodR cept abl e
carrier Sy, %1411"‘?&%%/1 ! usBX fdrBin 8RESs to OB er m

"therapeuticall fective amount,” as used herein,
2t ef ers tldetdest’ @M@@WW%&@%W%&F@@&@M%@I

that is ﬁ]léft& h]mhgl%glk%ﬁr ’SQQJ%C%J@@GE@&QHEhﬁl@&lk}ﬂnﬁoup attached to
benefit, e. tron in viral ad. Wien applied
to mnpaunldmwldmailr neetty theovighgn ewgem@tonadm ni st er ed

alone, LR &ML LAEHRakBnf Pl 1l AAERE] R ] NS MLBoup
applied to a conbi nat’ion, termrefers to co I ne
anmountisdod thciper cauhblvcaﬂmmgn@yi nlemt@ atdadonylegeipt i n t he
therape fe whet her, adm
~Conblnatl(?ge s$€5§FW asumdhmm]fg%éousfgkﬂgﬁ%w\mhumwdby
conpeurds thide, &dbﬁdhﬁw@h)mﬁﬂd pharnaceutlcally

accept abl e sal s thereaf, ove i i
carrier ?@})e terg |18‘€H%°(§¥1 %r‘]“eéﬁbe (PP é%?(sstﬁ ﬁ%lét he X TBeven
ac Cﬁl@ﬁl@&b(ﬁl‘lﬁ%dﬂ%llﬁ@ﬂ&et\@f t}b@l Glgfoﬁﬂfmbatcb]h‘emmﬁehddnhﬁ
other in redlents of the é n an

del S 308 HEOFHeOPEET Al et U Dl PRTaE b el gero double

3t o RNAh e ASRBGE @fg B eerBi@S@Ndoubk bdR&, HdThd9x- and seven-
di sclosure there is al so provi ded a process for the

pr epamherbRngihage prarhce d@wbéealpou%rﬂtﬂ 5 gteroretibichg
adn]nﬁu@&% tﬂcﬁﬁ’ QHRG , W nidhQh Mt @odykdyi riff isBused to another
pharmaceuti'cal 'y acceptable salt thereof, with one or
mor eopdraciraseuedyekl glyula@eéﬁtuaﬁp sixcaprphespdsarongatjc s ppe-aromatic
or e, xcipients. The term "pharmaceutically
acceptable,” as used herein, 5refers to those
conmpounds, materials, conpositions, and/or dosage
fornms which are, within the scope of sound nedica
judgnment, suitable for use in contact with the tissues
of patients w thout excessive toxicity, irritation,

al l ergic response, or other problemor conplication



30When the conpositions of this disclosure conprise a

conbi nation of a conpound of the present disclosure
woandy/onessor nore additional therapeutic or proghytsobd/es33s0

agent, both the conpound and the additional agent are

usual |y present at dosage |evels of between about 11§28 PCT

to 150% and nore preferably bétween about 10 WD

2009/ 102633PCDUS2009/ 033380 11128 PCT 20 and 80% of

t he dosaqe normal |y adm ni stered in a nonot he

r egfaRRTyClic ring; asprellarheidgrd Harlic giow saeh %fr?sd%zyyoéw 2.1]bept-
adapyed- aEeiUlcy@Q)[ﬂ ?QF)EQ Pl Y ﬁl){za@ﬁycl@%@rﬂ% B Q}tfle ThOH & ocyclyl
for exanpl e he oral (includih uccal

sub¥PR§PAINE, pl%@étdaﬂcloswa§a1 be gligglicd acp the PW@PU@I@I?@% IEEAY |
subyy} cﬁlgh’ Ay caﬁfonta{ro%{‘&qﬁﬁ 5%!11)21’[011}’ ﬁgﬁ@%hu O RIS Ok ﬁcr’tél)cyclyl
(includi ng subcut aneous,” I ntracuta dus
ﬁnt@éﬁhS@wWErmnammehmﬂﬁi@uhaﬂmammﬂr@wéynmﬁudwlannnd

i nt; a Lntraven

or 1?1@@?@%@@%@&?%0%%@@? %lldr%ﬂoh ]}ﬂlf é}%?%lgf]?m’el amtngl pigeil 111}7c1
formu&abﬂqmsdmaypbﬂﬂmnep@wedonymmnyInebhmdmkannhmnw

s cn BRI L PR R I ol b T it B0 gy >

or exieicyil@ntse-3ayal Tl&dmmmcs/tllyagmm cxfltheqﬁimeﬂm dsdcloaiire @fe

injection . .arc, 10preferr d Phar maceu
1G or?ﬂﬁlj%ﬁ *H@“&t&%{ipvgl Oy PV 7. IO 3 7 ﬁltawtwg}epagdenﬂy
pr eseote 6 oﬁﬁall{bxs} canedxgaamw 1180:5d6B0188, BN IUyRSHAYI, aryl,
t abl et % ranul es; sol utions or suspensi ons
ARG A,

i n Y daS. il efcery; hadeaiil & seeparbetgrocyelyl
V\:hl ﬁﬁup @étm@b}c‘l)}lﬂ}ﬁﬂt Rterby @U@yl 8 R8s, 8Ydrd8his T hirol |

ons. isFor instance, for oral a mnistration in
t heNM% ¥ RGalklpprash OXQrWEeaEr@ ikt Rt gl gy ladpvliagnd the
150(3%&‘% tyﬁi%] e WRQIERERE AWM § her@R o A1, B f)é}?(é)fcr he arylalkyl,
phar maceuti cal | acceptable Inert carrier such
et HARHY! Pl %@r%ylcwﬂtyért he gaehdtsErdcy /el erPaweed @e éwtenocyclyl
Pr SRATER e FROT AN | A hHR1G8 b
fi ﬁ% Si z]ee ancd ?nHyU ﬁ(té] W tt aet5|{geﬁ'waﬁjf glod?remﬁlwhg%% ifnally
phawhﬁwéqiwﬁbpmcaM%pewH@wghﬁmgnamméd@@b@bcakb@hﬁdnaﬂbmy
as, ,if\QrevNEXA I, Fl avori ng,
pré%@?J:ﬁgbe fgmg§§?lﬁnMﬁ% co&%rlng agent can al so
2(be presdt term hm@ocamédkesdaaﬁu%@d@chymﬁme@anmﬂgmagump
powder esc oV, and filling fornmed
e@? m&ﬂxﬁ gﬁne ial\(éf %dglﬁ es}]ggjhoc?yg lb‘(%lbé’ant S such as
COI I 0| dé] he sirhi¢ hamotyaﬂ)elalkm@g’h&mqwﬂ\eﬁdlﬁaeﬁtqeo a Getkiocyuiyl group
st e h)gg SOmlqﬂ C%%eaﬁ 1 ﬂ ¥ can be added to
the Rt B N N el B o 5GP o A
di si nt egﬂaatdxmg‘hﬁm osyilﬂ}t]b)lkb)tyzmﬂgn)a,gaﬂtxses heRinggefers to a
ag al ci um car ate, or so m car bopat e can
5T St S BT hasU e HRE naa PRI GO hiqueh & catbony!
ne@p@@ﬁent when the capsul e is ingested.
Moreover, when desired or necessary, sui t abl e bi nders,

| ubr i carft's °Ti B HCRYTEEIKHg 2 gashercin iefeis &t ot 1lkg eagent s

CanuBdtBAePRith HELOLROLAIER HeltRyLPE Bt YhEalkdatidP iR
bi nders i nclude starch, gelatin; ‘hat ur al sugars such

as gleiReysiuloliy b dpaher aptwaly S cs wiBraner /0 additignaiiroups
()anqn&:}%@ﬁdéﬁttl)l 1LY o%“ﬁpoﬁsalwlézﬁ b@rrle g%?@ ﬁ'ﬂf) hxa%l OXY,
sodi um al %I nat e, car oxymeth eth Yy erie
gl yebkikyhhudroxe and RER Rﬁuﬁrerqzlaﬁwpglw gefdnhcn opim@@éy sldsaiged with

1 7R Re SRR L ERLF i SR R R o

limtation, starch, nethyl ceIIquse agar, betonite,
xant han gum and the like. Tablets are formul ated, for
exanpl e, by preparing a powder m xture, granul ating or
sl uggi ng, adding a |ubricant and disintegrant, and
pressing into tablets. A powder m xture is prepared by
m xi ng the 5conpound, suitable conm nuted, with a

di  uent or base as descri bed above, and optionally,

wi th a binder such as carboxynet hyl cel | ul ose, an



formso that a given quantity contains a predeterm ned

anount of the conpound. Syrups can be prepared by
wodioesmR2§d3ng t he conmpound in a suitably flavor & TARNRIEES3380

solution, while elixirs are prepared through the Y$68 PCT

of a non-toxic vehicle. Solubhilzers and emul sifiers

such as ethoxyl ated i sostearyl al cohols and

polyoxyetllylene sorbitol ethers, preservatlves,

flavor add such pernmnt o ral
swebvunBhe! iRy s R RGBSR vafbirp P et ton,
smaﬁmﬁn@[$ymaﬁ¢ahmaNRﬁ&e can al so be added. 30Where
appropri ate, dosage ulﬁiﬁfo nul@tlonaéfor or.al

adni nf S{P LB MEaRCBD Ak EERA S E Ao R © o

f or e &y QRIS R Broah 8@ach&l PHIRPALGE oRcPROhEBE tabushusdagionyl

the release as for exanple by coating or embedding

YargPdul ate material in polyners, wax, or the |ike.

WO 2009/ﬂ@2§§34@@%;§%@9@&@§38meggg,glg Rfels 184 heterocyclyl

The conpounds of fornul a , d pharmaceutically

ac cgptnisiaghod 49 ths peisat melec zanncaw rpnehREaiband8@d i n

the for ni}hgftelln' R clglgk}l VI KePNSEiR TEfer sﬁHQﬁlet@x%chéoup
uni l amel l'ar vesic I'arge uni | anel l'ar vesicles,

mul tiatbteeded thalpametsm@lb@éal npdigip Soered ag QiKY 458 afosr med fr om a
variety Q h es an alky]

IOS tearyl é[?rm]e r’[}ée%gll B t% g&ﬂl%w%& ﬁsaf‘se?] gés)r%:ﬁ, Ite%E‘SOtL)_la;ﬁ 'él kyl group

connmmndsdwﬂhbmwmméanﬂhyﬂa&dxwdakﬂagempécalIy

acceptabl e salts thereo y the
use of %lﬁ eéfnolrl?g elo%‘il?%gﬁfaesn s af H%ﬁ% s e%%gsrjor%er s to

whi Igderbdyelytoppeatipdttamk e ouhesar arten(ﬂemukal mdlety'l'fh@ugh a carbonyl

conmpounds may al so be coupled with soluble polyners as

tar 8Wéb|e drug carriers. Such polymers can include

1&0po|yvrmmh@ywmgmbdpnesw@yhanmpmﬁmdwneH

88: zﬂzg't s\ggrgg)tg}]hlfyzt %lagsgh gﬁg{;}epegcru to an alkyl group substituted
pol yeh byd, am@mha@p@h%&ygmap\ substituted w th palitoyl
resi dues. Furthernore, the coppounds nay fbe coHﬁged o,
a cl ass JF 6o dagiosdpll@rioayy nsrseEst e ier Qe Wﬂﬁ&w
cong o ét%@herdab AR malcananoit® rthx@&%@irﬁlllaﬁ)onﬂcglo’dpaﬁ I C
acid, pol cpsi |l on caprol act one, pol yh g roxy butyric
Bci d, polPorEHoEEs etssised peny gt a N0
pol ydl hyself. QR aﬂﬁ“R’EQszﬁéﬁaﬁé%?rié’fls@tt@ﬁwo abehs, R"’ and R®, which are
cross-linked or a ath c bl'ock copolymers o
hy dattagleddgo the parent mhlamﬂweww SuPughor M s PO RadapRearc
Lol ik RNRARD @ﬂém&fﬂmlﬂh%lg%l AenPRYnPRIPT €SNt ed as
di screte patc intended”to refmain Iin Intinmte
contact'mnﬂhntNERébD@bﬁnWSU®ﬁlmhelﬁé@ﬁﬁﬁ@ﬂﬂwﬂ@wuaﬂmqﬂmed
r o] er 0 or exanple, the active
Oi nqu O¥%ﬂm &R&Qﬁ?@gﬁed fromthe patch by
i ont opho”ﬂesmn aBTRﬁér)@rlajnyly ade!s@rhehmm réfiars Rhar A BULiooRl
Rese eyt jca
f or ?‘f‘uatc ({2“8 & PRIFA p?lérﬁcﬁ%rm?w% g gha %lbg?gltt?&ipl on may be

fornulatﬁﬁtaﬁaONnﬂﬁans$aﬂmeamEaésuspengbmnsR $ﬂﬂﬁommd1me

po ut | ons, st es aer

o 1 i B hute B S Al SR BT B R af R o
36 ectnabpeadimiinisgitdied fron hmﬂygdhecillaé@wmﬁbbnas alkoxyalkylcarbonyl,
SUpposl tories or as en [ ? Utl a.%

f or AlPRCHEHY] aeéi%v&na@arlqa&onméhﬂw’aww@ PR Y GRS n

t he,Ganyh, %fyldl]%yl@dx&ﬁlyl QJVI&QJOH?}Gar@lc&?@hﬁlﬁﬁypQ\&ﬁ@ffoﬁ}@\éwﬂlalk}/]
a particle size for exanple in the range 20 to 50

mi cewtalloginbenyil.dome el nﬁ@ﬁé‘ér‘%oﬁyt’f‘f’ée‘ﬁ‘ﬁ’ﬁwér in V\,hl ch
snuff is taken, 30i.e., by rapid inhalation through

t he nasal passage from a container of the powder held
close up to the nose. Suitable fornmulati ons wherein

the carrier is a liquid, for admnistration as a nasa
spray or nasal drops, include agueous or oil solutions
of the active ingredient. 11128 PCT 23

Phar maceuti cal fornul ati ons adapted for adm ni stration



30The term "patient” includes both human and ot her

manmal s. The term"treating"” refers to: (i)
wpreyertssang a di sease, disorder or condition fr@ImMiS2009/033380
occurring ill a patient that nay be predi sposed to the

di sease, disorder, and/or condition but has not yéﬂIZSPCT
been di agnosed as having it; @?l) inhibiting the
di sease, disorder or condltlon i.e., arresting its
and ||a relleV|ng%the di sease,
y

d |
DS SRaEh g Gtk hafoor T R bl parg T emeh of
t hendddr Efﬁaalb@ 1§loﬁéi|§ chcﬁz'ﬂge[y@z{l b&@f‘ﬂ @'y@h‘o%lky ca1bony1 derNalkyl,
of the present discl ogu;e can ’
R Bt b h (MBS rBeBos I Do o aNGN O, and -
Cth@?C@N’)‘NWRAwh@éQ R&P Qélé(f@cdafr §H %@ ?%Muﬁe{? 81?6%y1 and

active against HCV in clinica pat o
2008hergg theadlgd pargpighh emral i, olpﬁwslalkﬂ@@} b013@@bcrﬂmmwcy2@®4kyl

3:L?’::\lld‘]f)'ze 1%&,[ Qﬁgﬁ@ﬁ bongloaqg’ fur t%gl’ 5)?19%)11% Qulfetltuted WIF gleeN&eRf

below |1 sts ative ex
t hagrogapnbeheadmitim aylethe dlydvpmh ofthe algtamo@mctmnyﬂt thte hiysalkyl, the
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The term “(NR°R%)alkenyl,” as used herein, refers to an alkenyl group

15  substituted with one, two, or three -NR°R* groups.

The term “(NR°R%)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NRR? groups. The alkyl part of the (NR°R%)alkyl is further
optionally substituted with one or two additional groups selected from alkoxy,
alkoxyalkylcarbonyl, alkoxycarbonyl, alkylsulfanyl, arylalkoxyalkylcarbonyl,

20 carboxy, heterocyclyl, heterocyclylcarbonyl, hydroxy, and (NRch)carbonyl; wherein
the heterocyclyl is further optionally substituted with one, two, three, four, or five
substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.

The term “(NR°R%)carbonyl,” as used herein, refers to an -NRR® group

25 attached to the parent molecular moiety through a carbonyl group.

The term “-NReRf,” as used herein, refers to two groups, R and R' which are
attached to the parent molecular moiety through a nitrogen atom. R®and R' are
independently selected from hydrogen, alkyl, unsubstituted aryl, unsubstituted
arylalkyl, unsubstituted cycloalkyl, unsubstituted (cyclolalkyl)alkyl, unsubstituted

30 heterocyclyl, unsubstituted heterocyclylalkyl, (NR*R)alkyl, and (NR*RY)carbony].

The term “(NRCRf)alkyl,” as used herein, refers to an alkyl group substituted

with one, two, or three -NR°R' groups.
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The term “(NR°R")sulfonyl,” as used herein, refers to an NR°R! group
attached to the parent molecular moiety through a sulfonyl group.

The term “-NR*R”,” as used herein, refers to two groups, R* and R”, which
are attached to the parent molecular moiety through a nitrogen atom. R™ and R” are
independently selected from hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl,
unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NR*RY )carbonyl, wherein
R* and RY are independently selected from hydrogen and alkyl.

The term “(NR*RY)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NR*R” groups.

The term “(NR*RY)carbonyl,” as used herein, refers to an -NR*R” group
attached to the parent molecular moiety through a carbonyl group.

The term “oxo0,” as used herein, refers to =0.

The term “sulfonyl,” as used herein, refers to -SO»-.

The term “trialkylsilyl,” as used herein, refers to -SiR3z, wherein R is alkyl.
The R groups may be the same or different.

The term “trialkylsilylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three trialkylsilyl groups.

The term “trialkylsilylalkoxy,” as used herein, refers to a trialkylsilylalkyl
group attached to the parent molecular moiety through an oxygen atom.

The term “trialkylsilylalkoxyalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three trialkylsilylalkoxy groups.

Asymmetric centers exist in the compounds of the present disclosure. These
centers are designated by the symbols “R” or “S”, depending on the configuration of
substituents around the chiral carbon atom. It should be understood that the
disclosure encompasses all stereochemical isomeric forms, or mixtures thereof,
which possess the ability to inhibit NSSA. Individual stereoisomers of compounds
can be prepared synthetically from commercially available starting materials which

contain chiral centers or by preparation of mixtures of enantiomeric products
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Certain compounds of the present disclosure may also exist in different stable
conformational forms which may be separable. Torsional asymmetry due to
restricted rotation about an asymmetric single bond, for example because of steric
hindrance or ring strain, may permit separation of different conformers. The present

10 disclosure includes each conformational isomer of these compounds and mixtures
thereof.

The term "compounds of the present disclosure”, and equivalent expressions,
are meant to embrace compounds of Formula (1), and pharmaceutically acceptable
enantiomers, diastereomers, and salts thereof. Similarly, references to intermediates

15 are meant to embrace their salts where the context so permits.

The compounds of the present disclosure can exist as pharmaceutically
acceptable salts. The term “pharmaceutically acceptable salt,” as used herein,
represents salts or zwitterionic forms of the compounds of the present disclosure
which are water or oil-soluble or dispersible, which are, within the scope of sound

20 medical judgment, suitable for use in contact with the 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 The salts can be prepared during the final isolation and purification of the

compounds or separately by reacting a suitable nitrogen atom with a suitable acid.

2]
n

Representative acid addition salts include acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate;
digluconate, dihydrobromide, diydrochloride, dihydroiodide, glycerophosphate,
hemisulfate, heptanoate, hexanoate, formate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, mesitylenesulfonate,

30  methanesulfonate, naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,
palmoate, pectinate, persulfate, 3-phenylproprionate, picrate, pivalate, propionate,
succinate, tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate,

bicarbonate, para-toluenesulfonate, and undecanoate. Examples of acids which can
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acids such as hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic acids
such as oxalic, maleic, succinic, and citric.

Basic addition salts can be prepared during the final isolation and purification
of the compounds by reacting a carboxy group with a suitable base such as the
hydroxide, carbonate, or bicarbonate of a metal cation or with ammonia or an organic
primary, secondary, or tertiary amine. The cations of pharmaceutically acceptable
salts include lithium, sodium, potassium, calcium, magnesium, and aluminum, as
well as nontoxic quaternary amine cations such as ammonium,
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine, tributylamine, pyridine,
N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine,
procaine, dibenzylamine, N,N-dibenzylphenethylamine, and N,N’-
dibenzylethylenediamine. Other representative organic amines useful for the
formation of base addition salts include ethylenediamine, ethanolamine,
diethanolamine, piperidine, and piperazine.

When it is possible that, for use in therapy, therapeutically effective amounts
of a compound of formula (T), as well as pharmaceutically acceptable salts thereof,
may be administered as the raw chemical, it is possible to present the active
ingredient as a pharmaceutical composition. Accordingly, the disclosure further
provides pharmaceutical compositions, which include therapeutically effective
amounts of compounds of formula (I) or pharmaceutically acceptable salts thereof,
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
described above. The carrier(s), diluent(s), or excipient(s) must be acceptable in the
sense of being compatible with the other ingredients of the formulation and not

deleterious to the recipient thereof. In accordance with another aspect of the present
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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
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
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 a 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
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
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
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
compound of the present disclosure and one or more additional therapeutic or
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
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appropriate route, for example by the oral (including buccal or sublingual), rectal,
nasal, topical (including buccal, sublingual, or transdermal), vaginal, or parenteral
5 (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 1 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

10 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.

15 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

20 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 Jubricants such as colloidal silica, talc,
magnesium stearate, calcium stearate, or solid polyethylene glycol can be added to

25 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.

30 Suitable binders include starch, gelatin, natural sugars such as glucose or beta-
lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, carboxymethylcellulose, polyethylene glycol, and the like.

Lubricants used in these dosage forms include sodium oleate, sodium chloride, and
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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 a 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
microencapsulated. 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.
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5  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

10  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,

15 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

20  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.

[ee]
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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,
30 ie., by rapid inhalation through the nasal passage from a container of the powder
held close up to the nose. Suitable formulations wherein the carrier is a liquid, for
administration as a nasal spray or nasal drops, include aqueous or oil solutions of the

active ingredient.
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Pharmaceutical formulations adapted for vaginal administration may be
5  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

10 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

15 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.

20 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 discase,
disorder, or condition, i.e., arresting its development; and (iii) relieving the disease,

25 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.

30 Commun. 2004, 313,42; J. Gastroenterol. 2003, 38, 567).

Table 1 below lists some illustrative examples of compounds that can be

administered with the compounds of this disclosure. The compounds of the

disclosure can be administered with other anti-HCV activity compounds in
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) Ingelheim
serine protease
BILN-2061 Antiviral Pharma KG,
inhibitor
Ingelheim,
Germany
serine protease Schering
SCH 503034 Antiviral o
inhibitor Plough
SciClone

Zadazim
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Pharmaceutical
s Inc., San
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La Roche LTD,
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Raton, FL
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GL-59728 Antiviral

ANA-971 Antiviral Anadys

The compounds of the present disclosure may also be used as laboratory
reagents. Compounds may be instrumental in providing research tools for designing
of viral replication assays, validation of animal assay systems and structural biology
studies to further enhance knowledge of the HCV disease mechanisms. Further, the
compounds of the present disclosure are useful in establishing or determining the
binding site of other antiviral compounds, for example, by competitive inhibition.

The compounds of this disclosure may also be used to treat or prevent viral
contamination of materials and therefore reduce the risk of viral infection of
laboratory or medical personnel or patients who come in contact with such materials,
e.g., blood, tissue, surgical instruments and garments, laboratory instruments and
garments, and blood collection or transfusion apparatuses and materials.

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: TFA for trifluoroacetic acid;
Ph for phenyl; tBu or t-Bu for tert-butyl; DMSO for dimethylsulfoxide; DMF for
N,N-dimethylformamide; EtOH for ethanol; Boc or BOC for tert-butoxycarbonyl;
THF for tetrahydrofuran; Et,O for diethyl ether; Et for ethyl; MeOH for methanol;

EtOAc and EtOAC for ethyl acetate; RT for room temperature or retention time
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35”-) %lua;hﬁeﬂrr@(ﬁl“éh‘bé)ﬂk}mtﬂl%ﬁvﬁ 1é4‘@§>1y%§ﬂeraﬂ ﬁﬂpdﬂlﬂ@a@/ﬁ\ BlBakd A
, for hours, where
r epE@ﬂIi\Cblhé\d?UaS alh@é@@ﬂwlﬂﬂ'ﬁéﬂi‘?éﬁ@tql@hﬂﬁ wﬁﬁﬁ%fom%dehyde in the
f ! l RE&H: S QUG Bl QNREER UBa R 11(L§§L1tb$ &a QﬁMSﬁ be
rate was concerntrated in vacua. The resulting .
c r ueiémmtatGé pheylahesnes eiorthystaickiondid ¢ freapaslicgoid rapy agto |Copggsion
m.) to provide the 30l TO salt of Cap-3 as a white
solid (985 ng). 1H NVR (DMSO-d6, 5-2.5 ppm 400 11128
PCT 39 MHz): 6 10.48 (br s, II1), 7.59-7.51 (m 5H),
5.26 (s, 1H), 3.08 (app hr s, 2H), 2.65 (hr s, 3H),
1.24 (hr m 3H). If (Cond. I): RT=0.39 nmin; >95 %
honogeneity index; LC MS: Anal. Calcd. for | MHr
C11H16N(2 194 12 found 194. 18 HRI\/S Anal Cal cd.

n R~ ‘A o~ A ‘A A P~ P~ ‘A A P~ A



HN O CicO2Me (3.2 nL, 41.4 mmol) was added

dropwi se to a cooled (ice/water) THF (410 nl)
wos®/reedsuti on of (R)-tert-butyl PCT/US2009/033380

2- am no- 2- phenyl acetate/ HC1 (9.877 tQg, 40.52 nnol%

and diisopropyl ethyl anine 04.2 M., 81.52 mvl) ovdt1%PCT

mn, and stirred at simlar téhperature for 5.5 hours.

The vol atil e conponent was renoved in vacua, and the

resi due was partitioned between water (100 nt.) and

et Hfitheasetrdpy afcobe tort sompetant keapipg gioue chralretceypishrisHidp-

Mﬁt )

tBlulcliNs,ul'fGélyll 21?151 - Dﬁ??&:eﬁ@ﬁtﬁ?&eﬁ%yﬁé dgr(!:)%g?]tglr Aai{pile latc
vac@ane fplliewmsime@qutlantenmhkfrﬂﬂes@nwlIestwa@n mqvtcimqaltsealtcd

fr %Hemgl?aﬁé der%Jﬁge?r ﬁld]%aﬁg)g P/‘?f‘g@gnl\énsﬁ&n&?@ﬁ%ﬁaﬁf él}glge

52 (deey Hoxycasdhonybly antentdatign pzhth ry b@nebatiecadyg perewhirdl @uxiliary

lgslélgl %bu n%)hémllei ﬁ_\w lf%&efdj @ ?—r}izl ggaf%th%no gan(il%_%%ﬁ)

3 &&dﬁ(ﬂgduﬁhﬁ Or Elnaﬁiﬁox(ls;ca%me b@itfleamek. Jeparatdh-cE 113 m n;

269 ;éo PP oﬁﬁﬁﬁelgzécoélgg r}xfg vz’afc N?(?é:gﬁ%lésmcga gleE %P%m%/\{f\'élll\ll% tion,
nL)etN)Esllcafédﬂbgi ldﬁ@@ll\lbﬁﬁe &1 dadlﬁ(ﬂﬁill}eﬂ 0(/1idﬁ1%/e\nait©hl)311&3ﬂg@iu%
Hg § sol ut h e above product over
10m eRe! HGITT éﬂV@éoFiﬂ E%Htﬂllf“%%S # SRS “f‘élH%“CF fich
r eagfetsofls Witk bith@apB sy hiskel the Bfofc@ienBbhel @8 auSiifiG & Hhtflled
deprotection was still not conplete, an addi ti onal TEA
( 1.1019%19 angias addlifd AR ENAEYSIY-ap S eicd b Prilasetq asid @R be
addirbiheRRl w2hhaiSe ofitemyaliAtisl &ick ngﬂﬁ{ét N%}@@E@Iﬁﬁfﬂde
in vacua, and the resulting oil residue was treated
wi t (et Hipi e pg :belqzysc Fomidexged bR disalaess! yithpe yariptytad mono- or
15PT QN u@emae@aﬁﬁﬂcm }ﬁre he f&rta%l(n@' atrrﬁl'ieeba\é@% hiad af%{h%mme or
and wash dl T erThexanes 2178 rat I 0]
L) Hamgl s éﬂee Hyﬂwlwa@xﬁ d]etnéﬁﬂpﬁ overder @aﬂpnwt asthéltlflvmﬂlw ox1de at

T A A e R e

40 deyi8yppegiera@lyeNHANothe Mah@Uis élb]’WIS 1 phthivry G7 . (Bgcine analogs

( d, CJdng ég v%@e’déxﬁl})a vatxa%l(oégﬂfé he%ld)es nFE]Te_al e%ﬂ}ée of a soulgggg/

7%0“&@&1‘1&1}(@’) %uddfe%)p‘alli(fﬁﬁrﬁ/&s(tAhmyl.ph(@ahmd) anﬁd)ase such as potassium
1MEH
Cal B4 By Th SO K 1ch BABAY 2 Bl Bty Dshsse o cid

Cam Sould lIeN)ldemtood tla‘r/btlliﬂl xitetlk@owifi meRpds 2 ppd’]b@ﬂ:}{ihglk}ygyﬂﬁb

m’mcf) 1gédwas T\Yﬁ\é% % ca@q:;e%r@gg %S&%}dﬁ@f é]ﬂﬁdlICO(n@@und\ in

nL)thMSsch@t&ﬂlﬁdt shdald akQdCuh@istas thaukstinal Pigenk BRGInke @Brivatives

7m'xtu:i)e was cool ed to. anbjent tenperature and

2 | 1PBPEBIBHA PHAPPHG NS HESCdBHE SHETe A o P4 C
The resi due was di ssolved in ethanol and acidified
with INHCL to pH 3-4, and the vol atile conponent was
removed in vacua. The resulting crude material was
purified by a reverse phase |1 PLC (water/ methanol / TFA)
to provide the TEA salt of Cap-5 as a sem -viscous 15
white foam (1.0 g). 11-1 NMR (DVS0-4, 6=2.5, 500 Miz)
6 10.68 (bra, 1H), 7.51 (m 5H), 5.23 (s, 1H), 3.34
(app hr s, 2H), 3.05 (app hr s, 2H), 1.95 (app bra,
4H); RT=0.30 m nutes (Cond. 1); >98% honbgeneity
i ndex; LC/MS: Anal. Calcd. for [MI] C 2H 6NQO2:
206. 12; found 206. 25. The TFA salt of Cap-6
was synt hesized from (R)-2-phenyl gl yei ne and 1-
br ono- 2- (2- br onpet boxy) et hane by using the method of
preparation of Cap-5. 'H NWMR (DVSO cl15, 6=2.5, 500
MHz) 6 12.20 (hr s, 1H), 7.50 (m 51-1), 4.92 (s, 1H)
3.78 (app br s,411), 3.08 (app hr s, 2H), 2.81 (app hr
s, 211); RT-0.32 mnutes (Cond. 11128 PCT 41 1);
>98% LC/ MS: Anal. Calcd. for [MrH i Cl12HL6NGCB:
222.11; found 222. 20; FIRNS Anal . Caled for [Mi-H

Y~ P~ 1 1 A 7~ R 1o~ P NN A A P~ P~ MmN N A A PN A



Cap-7a: enantionmer-1 Cap-7b: enantioner-2 5 A CH2C12

(200 nL) solution of p-toluenesul fonyl chloride (8.65
wooodm2éssnmol ) was added dropwi se to a cool ed KeThUS2D09/033380

Cl12C12 (200 nL) solution of (S)- benzyl

2- hydr oxy- 2- phenyl acetate (10.0 g, 41.3 nmol), 11128 PCT

triethylamne (5.75 nL, 41.3 ?ﬁml) and

4-di met hyl am nopyridine (0.504 g, 4.13 mmol), while

mai ntai ning the tenperature between -5 C and 0 C. The

reactgp} s stirr at @ for “Owhours, and then

store 42 freezeﬂ({ '?5—@—+orm1l47(?fburs It was

al | oned®t o\ t,haw t o afbi éfit"™t enperature and washed with

wat er (200, WQ%,RPN? ox(100 § and brine (100 o),

dri ed (N@S@%Q, Goneentrated in watuget o

provi de’ﬁb@pzy@ * (&éoSyI oxy)acetate as, a

Vi scous oﬁ’lao whi chRS@kzi difi ed upon standing (16. éTﬁ)

The chiral “[5int eqr t yn 0#2_t heel pr oduBtyfias=net checked
and that prodycg masous-d‘#or t he n@x&qﬁﬁep mhphgyg
further pqylf T ON. %M%VIR (DMBO- d6, 8- 2. 500

MHz) 87.78 (. \“ J—8 > 43-7.29 (m 1OH) '7.20

(m 2H), R”’e\rlz (8, 5 16*7@38 d=diad. 5, 1H), 5.10 d,Rza
1=12.5,, J11, 2. 3R9 (Rs, '3H) . AT=&E°TCAhd | P1eyieios 90
honogef¢] oty i ndex: M./ M5 AMal] Cal ed. OFTMF H a "
C22H$6Na S: 419. @6ﬁmﬂ@un@ﬂ4&QmQéw)20A THF (75 nl) o
sol et'her?of benzyl 12- s phenyl - 2- (tosyl oxy)'4cetate (6 O

g, 15.1 mmol), 1-rns] tHYI'pi perazine (3.36 g, 30.3

and N, N-di i sopropylget hyl amine (13.2 nL or® ol ) on
heated;afw6&e%i19 unrs The reaction S allow%wgr
to cool to anblent tenperature and the volatile
conponent was reﬁﬁm&d21ﬂqmﬂhfamnmhémf@@vdue%mas

gragtalmt Icqnglsoetfel \R,a\ré\@0d1mci]thoglthaecqel%s%xtltedthc osule Gacglatedgpglg h}% dne

( Mo&DH)tjvel lay b€ patparadhak idoneedbeatve d’henylg,lﬂnmu‘)derﬁhe/eﬁ wherein
S B Bar by (o res” pet il y B Nt i o
benazyd chdor(dd-mek hydspicper agdsa ﬂdch)al)neﬂ%ypﬂmeneyiom@h(&tthe as

anfErengCR e B ToBY ey Py EPan it we gt B <

a Mixtibke Shedfl @@a;etdblmméwnm aappBopliate@hRBofdr nﬁaact while phiigvay C
separatlon o% the WD 2009/ 102633PCT/ US2 O $ §%q
APPSR AT DRER S RSP ERGE bt P AL BT Cocfdhe
101 oglHetinWasddtes SRIWEE phitwda0A Me @by BE NpRdtdieptaads known
(1:1) and injected (5 nL/injection) on chiral HPLC

col enthosechilledeehe g (iegreaimantoihepbityh opter wigh fiipyy base such as
eIuhtp&tmhg&0§éng§:@bptane/ethanol at 75 m/mn, and
nonitored at 220 nm Enantioner-1 (1.474 g) and
enantioner-2 (2.2149 g) were 5retrieved as vi scous

oil. 11:1 NWMR (CDC13, 6=7.26, 500 MHz) 7.44-7.40 (m
21.1), 7.33-7.24 (m 6H), 7.21-7.16 (m 21-1), 5.13
(d,1H), 5.08 (d, J=12.5, 1H), 4.02 (s, 1H), 2.65-2.38
(app br s, 8H), 2.25 (s, 3H). RT=2.10 (Cond. 110; >98%
honogeneity index; LCMS: Anal. Calcd. for {M-H 1
C20H25N202: 325.19; found 325.20. 10A nethanol (10 ni)
solution of either enantionmer of bcnzyl 244-

nmet hyl pi perazin-1-yl)-2-phenyl acetate (1.0 g, 3.1

nmol ) was added to a suspension of 10% Pd/ C (120 np)

in methanol (5.0 m.). The reaction m xture was

exposed to a balloon of hydrogen, under a careful
monitoring, for <50 mnutes. Imediately after the
conpl etion of the reaction, the catalyst was filtered

t hrough di at omaceous earth 15(Celite) and the filtrate
was concentrated in vacua to provide Cap-7,

contam nated with phenyl acetic acid as a tan foam
(867.6 ny; nass is above the theoretical yield). The
product was used for the next step w thout further
purlflcatlon 1H NNR (DNBC>d5 6 2. 5 500 N+t)

— gy — oy ey o~ A Py ‘a8 N




43 8a: enantioner-1 8b: enantioner-2 CH The
enantioneric separation of the internedi ate benzyl
wo2009102636dr oxypi peri din-1-yl)-2-phenyl acet at ep¢#8852009/033380
effected by enpl oying the follow ng 5conditions: the
conmpound (500 ng) was dissol ved in ethanol / hept and1{2 PCT
m./ 45 nlL). The resulting soluf¥on was injected (5
nDi njection) on a chiral HPLC colum (Chiracel OE 2 cm
IDx 25 cmL, 10 nmm) eluting with 80: 20
hept ane/ et hanol at 10 nmJnmin, Ononitored at 220 DM %o
provide 186.3 ng of enanffqpersd and 209.1 ng BE g
enantiomer-2 as |ight-yellaw viscous i9s. These

. OH
benzyl ester was Qy ogeml yge according toRh
preparation of to provode 'Cap-8: 11-INNIR ©
(DMSO- d6, 500 7.40 (d, 1-7 , 2H), 7.28-7.20 (m
3H), 3.78 (s , 3.46 (in, @dH), 2.93 (m IH, 2.2

(m . 2.20 (m 21-1),r&. 70 (rp, 21-1), 1.42xgmll
211)%:0. 28 (TOAKRY 1) ; 62% jonogewei ty i ndex ORY
Luw.)\g%d/(:ared.—*for [ 3FISTTTO3: 2@6&%9*-*
found 236. 07, H%: Bal cd. f rﬁl—l] C131-118N®8: ;4
236.1287; found,. 286, 1283. 15 Cap-9 The

di agtergoutri cosepar@gion of the inernediate benzyl
24(S) - 3- ué)r%gF ol di n-1 - 1) - 2- phenyl acet at e was

ef fected by enplyi t he’f owi ng conditions: t

ester (220 my) was separat §d AR A chi A8l HPLC Bofummpeers
(Chiraccl 0J- H, 0.46 emg cmL, 5 pm el ufing,
with 95% C2/ 5% net hanol wigh 0.1% TEA, at 10 Fbar
pressure, 70 munmin flow rate, and a tenperature ofO35
C. The HPI,C, elute for thegnespective sterciosntrs
was concentrated, and the résidué was dissolved in
CH2C12 (/ginpdsybsamtkdphisindateid tdidsamydguequssdivpdicatme(dd a
m wat + .1 ' 7ol _saturated NaH( sol.ution). The

or g e B G A P Pl and 11128
PCT 44 concentrated in vacua to provi de®92.5 ng of
fraction-1 and 59. &ing of Eggaclgoon-z. yi[hg?s]e benzyl
esters were hydrodenol ysed ascor di ng [t ot he
preparation of px7 to prepare Cap and 9b. Cap-9a
(di astereomer-1;{t leis aT as a result
sof purification on a reverse phase c §&¢ g

H20/ nmet hanol / TFA sol vent): | HNVMR 5(DMSO-d6, 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. 84cmp@d@psalyi capplyion 31-2.09 (m
2H). RT?Qriérzasg(eu -1a1ld)1bw>r93%?{9ﬁ'89%93%§1y%i¥ \x’ew#juclre(d\/ NE:
Anal . Calcd. for [M1-1] O 2F115FNQ2: "224. 11, ound
2245hmadzgd sl gpengongt@web terg Micromass 2K S(DNVBO- #6hould be

10?;51159?63}6%&? Q. t’Mf%))] éiém?gh"a; ﬁﬁ%’s(i gﬂtgl?_ééw%g ngalglﬁi’(lg% h’e TC conditions

2. 1®ployes i dyteriHing RTx@erdidn (i@eHBT) Wyre: LG/ MS:  Anal .
Calcd. for [MFH "' CL12H15FNQ2: 224.11; found 224. 14.
15To a solution of D-proline (2.0 g, 17 mol) and

for mal dehyde (2.0 ni L Shthdi& whommion c&R0) i n met hanol
(15 nm) was added a suspension of 10% Pd/C (500 ng) in
met hanol (5 nmL). The mixture was stirred under a

1sbal Addonaf LOyeHdgen apicadS td@el EGrenTReti 1€ asledsadtadiotictibiee.
was filtered through di atonmaceous earth (Cclite) and
concentrated in vcieuo to provide Cap-10 as an

of feoai-va-gol i d (2.15 g). NVMR 70( DMSO- d6, 6=2.5, 500
MHz) 3.42 (m 1H), 3.37 (dd, J=9.4, 6.1, 111),

2, 8350-1??"78 (m 111), 23@((@5%{1@3@,9;4@12@527_ 13 (m | V),
1.93-1.84 (ni, 2H), 1.75-1.66 (m 1H). RT=0.28 (Cond.
11); >98% honogeneity index; LC/ Ms: Anal. Calcd. for
[Mt-Ht C6H , NO2: 130.09; found 129.96. Cap-11 0 HO




A m xture of (2S,4R)-4-fluoropyrolidine-2-carboxylic
acid (0.50 g, 3.8 mmol ), fornmal dehyde (0.5 nL of 37%
woWheo10P635120) , 12 N 11E1(0.25 nmL) and 10% 11%28/1(R2409453380
Pd/C (50 ng) in nethanol (20 rnl,) was stirred under. a
bal | oon of hydrogen for 19 hours. The reaction m tiB&CT
was filtered through di atomac&bus earth (Celite(r))
and the filtrate was concentrated in vacua. The
residue was recrystallized fromisopropanol to provide
t heStHCIBsal t of Cap-11 as a whife solid (337.7 ng). NW\R
5(?3@a g6, 8-2.5, 500 MHz) 5.39pd m .J=53.7, 1H),
4. m 1H), 3.90 (ddd, J-31.5, 13.5, 4.5, 1H), 3.33
(ddSaRsttne 13. 4, 1H), 2.85 (S2m8H), 2.60-2.51 (m
1H) . 39-2.26 (m IH). RT=0.28 _(Cond. I1); >98%
hon%oe%éfgty i ndex; LC/ Ms: Anal 3.8m 2l cd. for [ M-FI ]
COHIGERNE2: 148.08; found 148.10BmiCap-12 (same as cap
52) 0 9 N0 L-Alanine (2,0 g, 22.5 mmol) was
di sY8YVYEN n 10% aqueous sodi GA Gar bonat e sol ution (50
mL)SolamdAa THF (50 =ni.) %SdlALini 10 rodthanet/$0fbH,O

chlorof ormate (4.0 njl, s ed to jt. The reaction
i xf%Yeé‘t s sti rredwu%g%dﬂg%ﬁ?eﬂ%agﬁ%@t/? oh 15for 4.5
hours and concentrated in vacua The resulting white
solid was, dissolved in water and acidified with IN HC1
1§ o %"”ffi#w-s'ffgs. The resulting solutions was extracted
Wi tdoighhyl acetate (3 xxA@@&RrL) .o xasttnintgy conbi ned
organi ¢ phase was dried (Na2SO4), filtered, and
comi@htat ed in vacua to providd a colorless oil (2.58
g) .riRQ0,wo of this material wasgopurified by a reverse
phase I PI.0 (TW et hanol / TEA) to provide 150 20ng of
CapCrrgicaistinge col or |l ess oi | . HNMR™DMVSO- d6, 8-2.5, 500
M gtogﬁﬁ% (d, J-7.3, 0.811), F44&, (br s, 0.2H), 3.97
(in, 111), 3.53 (s, 311), 1.25 (d"/-7.3, 311). Cap-13
0 28pviase ure of L-al ani ne €2 BLEIN28 nmol ),
for@g%%%mﬁge (8.4 g, 37 Wm. Yool N HCL (30 nL) and 10%
Pd/ 0 ny) in nethanol (30 nl) was stirred under a
hy d@dgenAat nospher e ¢.50 To in 10@rm8hholp®oHaxhe reacti on
m xg ur s filtered {o j rth
(Cc:%allf\{eglfirg?) and the%f%%?‘rg%tqgg%gﬁeg]ﬁggmﬁgfegd I n vacua
260 provide the HCl salt of Cap-13 as an oil which
sol j.di fi. pon standi ng under vacuum (4.4 g; the
111@@7‘;'&?%@% mass i s above theoretical yield). The

pr odeicthnwas used w t hoatX TTERRAEH Xpily mii Zat i on. NVR

( O-d 6=2.5, 500 MHz) 6 12.:JO (br s, 1H), 4.064
J:7.t&1,t%-l), 2.76 (s, 611), 1.46°(d, J73, 311). Cap-1 4
Caprihdl %B Step 1. A m xture=8

R -(-)-D.plienylglycinc ter -putyl ester (3.00 g,
25(12.§1(aﬂ+?81t£e NaBH3CN (0. 773 g,‘?ﬁ’.‘% mmol ), KOH (0.690
g, d4dp8memol) and acetic acid=§@i352 ni, 6.15 nol )
were stirred in nmethanol at 0 C. To this m xture was
addelgWiég ut ari ¢ di al dehyde (2M28MH., 12.3 mol)

dr o%g&gqyer 5 m nutes. The=rneaggki on m xture was
stirred as it was allowed to warmto anbi ent
tenpdraidre and stiT P e 1Qannrthuwd ‘@eHtPe sane
b enpatat wre for 16 nowseea ihlogySelianlioas,o
subsequently renoved and the residue was partitioned
wi th 10% aqueous NaOH and ethyl acetate. The organic
phaggmy\g%s] separated, dried (MgSM), filtered and
concentrated to

Column = XTERRA C18 3.0 X 50 mm S7



15dryness to provide a clear oil. This material was
purified by reverse-phase preparative HP LC
woldghdBehere C-18, 30 x 100mm CH3CN- H20- 0. 1%ciiuY206933380
give the internediate ester (2.70 g, 56% as a clear
oil. 1H NWR (400 MHz, (1)03) 6 7.53-7.44 (m 3H), 11128 PCT
7.40-7.37 (m 2H), 3.87 (d, J¥10.9 Hz, 1H), 3.59 (d,
J=10.9 Hz, 1H), 2.99 (t, J=11.2 Hz, IH), 2.59 (t,
J=11.4 Hz, 1H), 2.07-2.02 (m 2H), 1.82 (d, J=1.82 Hz,
3I—|)Stall%ﬁ) (s, 9H). LCO Ms: Anal =0Cal cd. for Cl7H25NO2:
JIQMQd 276 (ME1-1)' Step 2. To a stirred
soI u{llon of the intermediate ester (1.12g, 2.88mmol)
i n @ragiohiomonet hane (10 ni) wes3 added TPA (3 nL). The
rea§t ﬁn m xture was stirred aj anbi ent tenperature
for”'® W8tirs and then it was con&htrated to dryness to
Qi VIEo‘aRlateght yell ow oil. The 4ohl/mims purified using
rev, ?@ggase preparative HPL 6Pr| mesphere C-18, 30 x
100WAYTECN- H20- 0. 1% TFA) . THEY BBpropriate fractions

wersleairhi ned and eomaenmma;hado/dr@ctmlw@ﬂ/smm vacuo.
The_r esi due was then dissolved in a nininum anpunt of

met Y8l Band appl i 89t Tapgh PeE ndhawed We241128 pPCT
47 extraction cartridges (2 x 6 g). The cartridges
were rinsed with nethanol (40 inL) and then the

IJest€dP8onpound was el uted using 2M ammoni a in
methgpgh (50 n). F’lﬂ%&ﬁm&m@wm@s@ hAEsiPns were
conbi ned and concentrated and the residue was taken up
i n Yert&B Lyophilization of thiF® solution provided the
tit ) ound (0.492 5g, 78%._ a5 a light yellow
o|1flgmﬁp1 NVR ( DVSO- d6) 67. 50%? , 511), 5.13 (s,
| H)Gragic@Qinfdor s, 2H), 2.92-2.89mim 2H), 1.74 (m 4H),
2H . L Ms: Anal . . cd. for CL3HL7NQO2:
1%1;‘&0%{1}%(1 220 (M n* Cap- 15 1%%1 20 Step 1:
(S)Fl@wlRla@nyl et hyl 2-bronp- 2-phehinhiacet ate: To a
x\g\/gve h abr onophenyl aceti ¢ @ind (10.75 g, 0.050
?%‘)" (-) - 1- phenyl et hanol ? "9a g, 0.065 nol) and
DVARIDt 81 g, 5.0 rmil% TiPA drig%dhehinoi/eotsHitane (100
nL)Sowgﬁ_ﬁaddegO?‘plTi:gm%W!l tgangliléﬁH% O 065 mot) all at
once. e resultin if10n was stirred at room
20 errperature under Ar for 18 hours and then it was
dild %di\é“h et hyl acetate, washed (H20 x 2, brine),
dr |ecf 9sM), filtered, and concentrated to give a
pal @olylehl ow 0i | . Fl asKTEIRRREL 8 gr-@ih nfi8iSa2/

x%';}n /eBthyI acetate, 4:1) of t|'(1)IS oi | provided the
titTe conpound (11.64 g, 73% as a white solid. '14
NI\/I?x(M(%BI\/Hz CDC13) 67.53- 7 134((m 10H), 5.95 (q,

05H) 5.94 (q, 6.Hz, 0.5H), 5.41 (8,

s‘ﬁbadle%“ 0.511), 1. 58 (%lmi“G 6 Hz, 1.511), 1.51

(d StdF6me Hz 1 5H) . St-ep man (S) 1- Phenyl et hyl
(R -2-(4- hydroxy 4- et hyl pi peri yl)- 2-

phefi§v gﬁf‘ Eate: To a solution o‘PE/(“% 1- phenyl et hyl

2- bwamdendtiphenyl acet ate (0. 4§ékzgnml 45 mmol) in THF (8
m.g was added tricthylanmn %100.61in 4.35 mmol ),

f ol YAVBH by tetrabut¥ érﬁ%’%nlind /i et lP@Hi g o 58
30MDdo)vent Bhe 1 €8CHITON inX hdkh@omaB nsé i rred at room
tenperature for 5 mnutes and then a sol ution of

4- et hy1l- 4- hydroxypi peridine (0.251 g, 2.18 nmol) in
THFC&nanmh) was added. The m xture was stirred for 1

ou room eratu en it was heated at
(g‘éuﬂlm (oi FtPﬁﬁ Cﬁnet“ B’Paa?g&{b‘f]@rgg hours. The
cool ed reaction m xture was then diluted with ethyl
acetate (30 nL), washed (H20 x2, brine), dried
(MgS01), filtered and concentrated. 11128 PCT 48 The
residue was purified by silica gel chronmatography
(0-60% et hyl acet at e-hexane) to provide first the
(S, R -isoner of the title conpound (0.306 g, 60% as a
Whl te solid and then t he correspondl ng (S S)-I soner

o~ A P~ P~ ~ o~ A



(R -Cap-16 Step | ; (S)-1-Phenyl ethyl

2-(2-fluorophenypacetate: A m xture of 2-
wobd/uephenyl acetic acid (5.45 g, 35.4 mmol )BCT/US2009/033380

(S)-1-phenyl et hanol (5.62g, 46.0 nmol), EDO (8.82 ?

46.0 nmol) and DMAP (0.561 g, 4.60 mol) in CH2C131128 PCT

(100 mL.) was stirred at roo?’ﬁterrperature for 12

hours. The solvent was then concentrated and the

residue partitioned with H90-ethyl acetate. The phases

wer¥at 128 POT 49 separated and the aqueous | ayer

backpgxiisactedowi th ethyl acetate (2x). The conbi ned

organi ¢ phases were washed (H20, brine), dried

( Na@sdyyt timp¢ Ft2epidd, and concentrated in vacuo. The

I esq s purified by silica, gel chromatography

(Bis%tgrggrg}évao- Zg%nfgt hyl acet at e-hexane) to provide the

% i tflewdetpourd mk/mancol orl ess oil 5(8.38 g, 92% . 1H

N 400 MHz, D) 7.32-7.23 (m 7H), 7.10-7.04 (m
%’“&Ye@%vw 2 He, 1H), 3.71 (s, 2H), 1.48
(d,3obenbAHz, =3H)” TFA in 10%tnegpha20l/{0RHAJ S) - 1- P heny et hy
1) 2-(2-f1uoroph L).- 2={ pi peridin-1 ~yl)acetate: To a
soI%Qtl‘lgeélﬁgof (%;ﬁ-/gf%ﬁellﬁé?%t%y an ﬁlf((ﬁf %F%or ophenyBacet at e
(5.00g, 19.4 mmol) in TH F (1200 nL) at 0 C was added
DB 6. 1% g, 40.7 mml) and the sol ution was

14 0ct9 38 't o warm to room tenperature while stirring

f orca@@mmi nut ePheddigens o uid NH XvESHIEED cooled to -78 C
and, a solution of CIBr4(13.5 g, 40.7 nmmol) in THF
(10%3%%)3 was ~ddded and the mixture was all owed to warm
to pid@,@mnd stippred at this tenperature for 2 hours.
The reaction m xture was quenched with saturated aq.
NRI @rdighdIthe ABifer s were separated. The aqueous | ayer
1 Wassihagkeext cachgd with 15 ethyl acetate (2x) and the
combi ned organic Phases were washed (1120, brine),

dr i dev (2 S0%)0, mbimiter ed, and concentrated in vacuo.
To $hsides duerwas, added piperidine (5.73 nL, 58.1

mmol ) and the solution was stirred at roomtenperature
f orS@%nhbur s = e TV 6l iat PYoerctigapl @ ¥hés® concentrated in
vac t he [ i fi silica gel
chr%{)(r?rvaetﬂggr aphydl?/éilrggg&‘gﬁﬁ%%}gﬂé@g/f E%? et her - hexane)
26 o provide a pure m xture 20of diastereoners (2:1
ratio HNW) as a yellowoil (2.07 g, 31%, along
Wi t%onlﬁjﬁ%()é]é@t ed stalling material (2.53 g, 519%.
Fur@diemnn chr ora{ Otk Rply 8 310 »t JenrdBAst er eoneric m xture

( Bi é)t%g%%{ 0- ;g)% di ethyl ether-tol uene) provided the
tit?e conpound as a colorless oil (0.737 g, 11%. 'H
NVR-10400B MHz = 10D30D) 8 7.52 (ddd"J=9.4, 7.6, 1.8 Hz, |
H, . .7.33 - - 7.40 (rn, 1), 7.23 7.23 (m 4H), 7.02

257 Jgragpime I ming g6’ (07 1=6.6 Hz, 1H), 4.45 (s, |H),
2. 3%op tikedS EmmaH), 1.52 1.58 (m 4H), 1.40 1.42 (m
1H, 1.38 (d, 1=6,6 Hz, 3H). LCMS: Anal. Calcd. for
C2110% KNG~ AR MR ound: 342 (MH) Step 3

(R wivdidrefll Uerophenyl) - 2- (pi peridi n-1-yBacetic acid: A
m xt ure of - i__R),- 68)-1-phen | et hyl)

2- (219401 op ARl ) éd{lé ‘perstiinal Tyt et at e (0. 737 g,
3@ 160130001 ) —and, 30%iPd6QTINRAG/ (@ @76 9) in ethanol
(30 nl.) was hydrogenated at roomtenperature and

at nrospheric pressure (1-12 balloon) for 2 hours. The
solution was 11128 PCT 50 in vacua. This provided the
title conpound as a colorless solid (0.503 g, 98%. 1H
NVR (400 MHz, CD30D) 6 7.65 (ddd, 1=9.1,7.6, 1.5 Hz,
IH, 7.47-7.53 (m 1H), 7.21-7.30 (m 21-1), 3.07-3.13
(m 4H), 1.84 (br s, 4H), 1.62 (br s, 2H). LCMVMS: Anal.
Cal cd. for C131116FNO2: 237; found: 238 (MtH)' Cap-17
(R) - Cap- 17 Step I: (S)-1-Phenyl et hyl

(R) - 2- (4- hydr oxy- 4- phenyl pi peridin-1-yl)- 2-

phenyl acetate: To a solution of (S)-1-phenylethyl

2- br ono- 2- phenyl acetate (1.50 g, 4.70 mmol) in THF (25

. Y~ o



20% et hanol in CO2 at 35 C), to give first the

(R -isoner of the title conmpound (0.534 g, 27% as a
woymbd/aaexsi | and then the correspondi ng (8)-i SQ@EIUS2009/033380

(0.271 g, 149, 20also as a yellow oil.

(S, R)-isomer: NVR (400 MHz, CD30D) 57.55-7.47 (m AL28 PCT

7.44-7.25 (m 10H), 7257177(m 1H), 5.88 (q, 1=6.6

Hz, 11-1), 4.12 (s, 1H), 2.82-2.72 (m IH), 2.64 (dt,

1-11.1, 2.5 Hz, 1H), 2.58-2.52 gm 1H), 2.40 (dt,

1=11.1, 2.5 Hz, 1H), 2.20 (d¥%-9=12.1, 4.6 Hz, 1H),

2.10 (dt,1-12.1, 4.6 Hz, 1072157(m 2H), 1.53
(d, 1=6.5 11z, 311). L alj| Calcd. for C22H29NGCS:
415; found: 416 (MH)I: (578)>Swrer: H NIVIR (400

MHz, CD30D) 87.55-7.48 (m 2HN_ 7.45-7.39 (m 2H),
738730(m 5H), 7.25-7.137(m 4H), 7.08-7.00 (m
5. 8Bsysppnsion 261456 FR/C (21e) indnaBanbs(10 TH)), wag add:d20 85

b W) e G g S AT

54 6111 H@Iel) 151238 (HDﬁL5éncﬂ.lhbt hand] BB nfldt andl=xp&ed fo 4, @O0 kizi) for 3

3 olio|ul QZ ZI%F ?qaftlon m%BH \dd% fo lL%e(%thﬁ?gl)) gl'gbomaﬁeai}éealmgphte and

Ca|tﬁ9ﬁltfa@w§%81%2@ﬁ@ﬁm vadi, Tﬁl@lﬂeﬂdhmélﬁldé hMeliallids. S5The
fO||OMAn? esters were Erepared in stmlar fashion

| nt'8rgiaRddron} isepyopanopfoprovisedhe BEdee Cp- 1|amamme ol
'VHZ(4 O%}f@'pg@ d%atf%gmll’i @‘6 cég 95 Jng%ﬂ nﬂqgo 3»%8921'1&]3'1?1 MR

105 &@M%D de, 6£2.6 pI’D'Lh Hi() MI:IZ) 1))7 43 154 (hl 521)(4 h4 (S,’]_HII—]) 2. 43 (s 6H);
4%2&{1‘%&% %':895; fOfss: AnSPELEI0ME0R 40828 o, FRY TG
found 180.17; HRMS: Anal. Caled. for [M+H]" C,0H14sNO, 180.1025; found
180.1017.

15 Cap-2

a

NaBH:CN (6.22g, 94 mmol) was added in portions over a few minutes to a

cooled (ice/water) mixture of (R)-2-Phenylglycine (6.02 g, 39.8 mmol) and methanol
(100 mL), and stirred for 5 minutes. Acetaldehyde (10 mL) was added dropwise over

20 10 minutes and stirring was continued at the same cooled temperature for 45 minutes
and at ambient temperature for ~6.5 hours. The reaction mixture was cooled back
with ice-water bath, treated with water (3 mL) and then quenched with a dropwise
addition of concentrated HCI over ~ 45 minutes until the pH of the mixture was ~ 1.5
—2.0. The cooling bath was removed and the stirring was continued while adding

25 concentrated HCI in order to maintain the pH of the mixture around 1.5-2.0. The
reaction mixture was stirred overnight, filtered to remove the white suspension, and
the filtrate was concentrated in vacuo. The crude material was recrystallized from

ethanol to afford the HCI salt of Cap-2 as a shining white solid in two crops (crop-1:



D asterconer 2: "H NVR (500 MHz, DMBO-d6) Si ppm
1.45 (d, J=6.71117, 3H) 2.27-2.44 (in, 4H) 3.39

wo(eo/fbB334. 23 (s, 1) 5.06 (s, M) 5.83 (d,rcT/ds260970B3380
11z, 111) 7.12 (dd,  1=6.41, 3.05 Hz, 2TI)
7.19-7.27 (m 311) 7.27- 7.44 (In, 10H.  LCvs1H28PCT

Anal . Cal cd. for: C251430N288 i 458. 22;

15

2
w

4.16 g; crop-2: 2.19 g). "H NMR (DMSO-dg, 52.5 ppm, 400 MHz): 10.44 (1.00, br
s, 1H), 7.66 (m, 2H), 7.51 (m, 3H), 5.30 (s, 1H), 3.15 (br m, 2H), 2.98 (br m, 2H),
1.20 (app br s, 6H). Crop-1: [a.]** -102.21° (¢=0.357, H,O); crop-2: [a]” -99.7°
(¢=0.357, H,0). LC (Cond. I): RT=0.43 min, LC/MS: Anal. Calcd. for M+H]"
C1oH1gNO»: 208.13; found 208.26.

O
4 OH
_N
W

Acetaldehyde (5.0 mL, 89.1 mmol) and a suspension of 10% Pd/C (720 mg)
in methanol/H,O (4mL/1 mL) was sequentially added to a cooled (~ 15 °C) mixture
of (R)-2-phenylglycine (3.096g, 20.48 mmol), IN HCI (30 mL) and methanol (40
mL). The cooling bath was removed and the reaction mixture was stirred under a
balloon of H, for 17 hours. An additional acetaldehyde (10 mL, 178.2 mmol) was
added and stirring continued under H, atmosphere for 24 hours [Note: the supply of
H, was replenished as needed throughout the reaction]. The reaction mixture was
filtered through diatomaceous carth (Celite‘®), and the filtrate was concentrated in
vacuo. The resulting crude material was recrystallized from isopropanol to provide
the HCI salt of (R)-2-(ethylamino)-2-phenylacetic acid as a shining white solid
(2.8462). 'H NMR (DMSO-ds, 5=2.5 ppm, 400 MHz): 8 14.15 (brs, 1H), 9.55 (brs,
2H), 7.55-7.48 (m, 5H), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app t, J=7.2, 3H).
LC (Cond. I): RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Calcd. for
[M+H]" CioH14NO,: 180.10; found 180.18.

A suspension of 10% Pd/C (536 mg) in methanol/H,O (3 mL/1 mL) was
added to a mixture of (R)-2-(ethylamino)-2-phenylacetic acid/HCI (1.492g, 6.918
mmol), formaldehyde (20 mL of 37% wt. in water), IN HCI (20 mL) and methanol
(23 mL). The reaction mixture was stirred under a balloon of H; for ~72 hours,
where the H; supply was replenished as needed. The reaction mixture was filtered
through diatomaceous earth ( Celite®) and the filtrate was concentrated in vacuo. The
resulting crude material was recrystallized from isopropanol (50 mL) to provide the

HCl salt of Cap-3 as a white solid (985 mg). 'H NMR (DMSO-ds, =2.5 ppm, 400



Found: 459.44 (M+H) . 11128 PCT 52 Internedi ate - |
71) S o D asteroner 1. RT-11.76 mnutes (Cond'n
wol20)9/10€E3¥65: Anal . Cal cd. for: C201-122N203 33&clfus2009/033380
Found: 339.39 (M+H)+; Di astereoner 2: RT=10.05 m nutes
(Cond' n 10; LCMB: Anal. Calcd, for: C2011221\120311128 PCT
338.16; Found: 339.39 (M If. M nternediate -17c  So |
N N--- 00 Diastereorrer 1. "fR4.55 mnutes (Cond' n f);
Anal . . for: C2I FT26N202 338. 20 Found:
3391\41415) él\lxpl4?3f(lpl)s' IH) P15t Br @6 AEY. 526 (Tri 1B, DB wpmbit sedH), 2.65

(OO(BP'S,@H%H 24 M?@fﬁljc (é@ gf R0 $Phbt 263 op ottty Ahiex;

Found: 3 rmedi ate -
Di dst/dSe dumelr Q@icdRT‘QIZWQI nCnhﬂi@@z(t%nldﬁ founy 194LK8\/B;RMS Anal.

(wa?a%ﬂ%‘g#@r Gt G 0B B 8 ona n 1)
5
Cap-4

BB
~" “OH
HNYO
o<

CICO;Me (3.2 mL, 41.4 mmol) was added dropwise to a cooled (ice/water)
THF (410 mL) semi-solution of (R)-tert-butyl 2-amino-2-phenylacetate/HCI1 (9.877

10 g, 40.52 mmol) and diisopropylethylamine (14.2 mL, 81.52 mmol) over 6 min, and
stirred at similar temperature for 5.5 hours. The volatile component was removed in
vacuo, and the residue was partitioned between water (100 mL) and ethyl acetate
(200 mL). The organic layer was washed with IN HCI (25 mL) and saturated
NaHCO; solution (30 mL), dried (MgSO,), filtered, and concentrated in vacuo. The

15 resultant colorless oil was triturated from hexanes, filtered and washed with hexanes
(100 mL) to provide (R)-tert-butyl 2-(methoxycarbonylamino)-2-phenylacetate as a
white solid (7.7 g). '"H NMR (DMSO-de, &=2.5 ppm, 400 MHz): 7.98 (d, J=8.0, 1H),
7.37-7.29 (m, 5H), 5.09 (d, J=8, 1H), 3.56 (s, 3H), 1.33 (s, 9H). LC (Cond. I):
RT=1.53 min; ~90 % homogeneity index; LC/MS: Anal. Calcd. for [M+Na]"

20 Cy4H oNNaO,: 288.12; found 288.15.

TFA (16 mL) was added dropwise to a cooled (ice/water) CH,Cl; (160 mL)
solution of the above product over 7 minutes, and the cooling bath was removed and
the reaction mixture was stirred for 20 hours. Since the deprotection was still not
complete, an additional TFA (1.0 mL) was added and stirring continued for an

25 additional 2 hours. The volatile component was removed in vacuo, and the resulting
oil residue was treated with diethyl ether (15 mL) and hexanes (12 mL) to provide a
precipitate. The precipitate was filtered and washed with diethyl ether/hexanes (~1:3
ratio; 30 mL) and dried in vacuo to provide Cap-4 as a fluffy white solid (5.57 g).
Optical rotation: -176.9° [c=3.7 mg/mL in H,0; =589 nm]. '"H NMR (DMSO-dj,



LCMS: Anal. Cala'. for: C27F129NC2 399. 22 Found:

400.48 (M+H)t . 11128 PCT 53 Chiral SFC Conditions
wofmo9/theszar m ning retention time Condition | PCIobS2009/033380

Chiral pa. k AD-H Col um, 4.62x50 nm 5jtm 5Sol vent

90% COR2- 10% net hanol with O. 1/éDEA Tenp: 35 C Pr es a8 PCT

150 bar Flow rate: 2.0 ni/nin? monitored @ 220 nm

10l njection: 1.0 ng/3nmL net hanol Condi tion 11 CoI urm

Chiralcel OD-1-1 Colum, 4.62x 5] un_Sol ven

9098 BPIo A AM Ao | 2364 ®Rs. dHinMdTé , 18, &Hpf- %%%r%ﬂ

1505 bayy, Flow er%t £35 @ 9{)'“?”@ {dond U mm! @pﬁ1§1d>(?$ Z ho?r%%eneuy

nmln ctl on: hanol c?
St elpd@(,, LC/MS: Anal. Calcd f01 [M+H] C10H12N04 210.08; found 210. 17 HRMS:

(R aga{ Eaibl IFP1M ﬁi‘wgﬂ dAl Todidhbpdsehony 1acet |

0 a s on 0 ethy
{R) -2-(4- hydroxy 4 phenylplperldln I-y1) 2-
phenyl acetate (0.350 g, 0.84. i n di chl oronet hane
(5 mM.,) was added trllluoroagyglc acid (1 nL) and the

m'xture was stirred at ro enperature for 2 hours.
The vol atiles were subsewemved in vacuo and
the residue was purified by reverS8e-phase preparative
HPLC (Prinmesphere C-18, 20 x 1M0nm CH3CN H20-0. 1%
TFA) to give the title conpoynd/(as TFA salt) as a

white solid (0.230 g, 88%. L . Anal. Calcd. for
Ci 9H21 I\I(Bmiﬁﬂﬁ: 0151) ﬂ{pbﬂdf]glmxze (L k6. 63 BFhE), fl FH-dilpwinnutane

car N 5855y B 023G LGOS VD 81 M

16 C)at R@Q 2C 2k 2(1 Gotmd! Mhe ﬂzic)tl,on ]:rhlxture was cooled to ambient temperature and
filtered, and the filtrate was concentrated in vacuo. The residue was dissolved in
cthanol and acidified with 1N HCI to pH 3-4, and the volatile component was
removed in vacuo. The resulting crude material was purified by a reverse phase
HPLC (water/methanol/TFA) to provide the TFA salt of Cap-5 as a semi-viscous

15 white foam (1.0 g). 'HNMR (DMSO-ds, 8=2.5, 500 MHz) 8 10.68 (brs, 1H), 7.51
(m, 5H), 5.23 (s, 1H), 3.34 (app brs, 2H), 3.05 (app br s, 2H), 1.95 (app br s, 4H);
RT=0.30 minutes (Cond. 1); >98% homogeneity index; LC/MS: Anal. Calcd. for
[M+H]" C12Hi6NO;: 206.12; found 206.25.

20 Cap-6

B
¥ TOH
N
L/
The TFA salt of Cap-6 was synthesized from (R)-2-phenylglycine and 1-
bromo-2-(2-bromoethoxy)ethane by ﬁsing the method of preparation of Cap-5. '"H

NMR (DMSO-ds, 8=2.5, 500 MHz) & 12.20 (br s, 1H), 7.50 (m, SH), 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 minutes (Cond.

o
o



NVR (500 MHz, DMSQd5) ti ppm 2.20-2.35 (in, 2H)

2.34-2.47 (m 2H) 3.37 (s, 411) 3.71 (s, 11-1) 5.06
woO(2909/id3dgs 7. 06-7.53 (m 10H). LCVS: Anal . Cal g@1/§9009/033380

C201- 122N204 354. 16: Found: 355. 38 (MH—l) Cap- 175 H

NO .

- - ---N....- is0O OH RT-0 27(Coﬂab|12|8PCT

LI T), LCVE: Anal Cal cd. for: 41C, 21114N203 234. 10;
Found 235.22 (MtH)11. Cap-1 7¢ | N --. N "--

0O OHRT.0.48 (Cond'n 1 Anal . Calcd. for:

o L :
CI FHTERE0DCASE: Anpl. %Eﬁhd&)f @@%V:E].C 1D 224 found; 232284
0 RiRvid: 2ha( Congd’ Mol i+ gh%‘gﬂlgﬁi@' 2 Eﬁﬁ%\f%z 1121,

Cl 9H2I NO2 295. 16; Foun

6.33 (W

Conditions for determning retention tinme Condition I
5 Col um: Phenontncx-Luna 4. ap>_(7 50 mMm SI O Start % B=0
Fianl % B=100 11128 PCT 5

15

O
OH

Cap-7a: enantiomer-1
[ j Cap-7b: enantiomer-2

A CH,Cl; (200 mL) solution of p-toluenesulfonyl chloride (8.65 ¢, 45.4
mmol) was added dropwise to a cooled (-5 °C) CH,Cl, (200 mL) solution of (S)-
benzyl 2-hydroxy-2-phenylacetate (10.0 g, 41.3 mmol), triethylaminé (5.75 mL, 41.3
mmol) and 4-dimethylaminopyridine (0.504 g, 4.13 mmol), while maintaining the
temperature between -5 °C and 0 °C. The reaction was stirred at 0 °C for 9 hours,
and then stored in a freezer (-25 °C) for 14 hours. It was allowed to thaw to ambient
temperature and washed with water (200 mL), 1N HCI (100 mL) and brine (100 mL),
dried (MgSOy), filtered, and concentrated in vacuo to provide benzyl 2-phenyl-2-
(tosyloxy)acetate as a viscous oil which solidified upon standing (16.5 g). The chiral
integrity of the product was not checked and that product was used for the next step
without further purification. "H NMR (DMSO-dg, 6=2.5, 500 MHz) 6 7.73 (d, J=
8.6, 2H), 7.43-7.29 (m, 10H), 7.20 (m, 2H), 6.12 (s, 1H), 5.16 (d, J=12.5, 1H), 5.10
(d, J=12.5, 1H), 2.39 (s, 3H). RT=3.00 (Cond. III); >90% homogeneity index;
LC/MS: Anal. Calcd. for [M+H]" Cy,H20NaOsS: 419.09; found 419.04.

A THF (75 mL) solution of benzyl 2-phenyl-2-(tosyloxy)acetate (6.0 g, 15.1
mmol), 1-methylpiperazine (3.36 mL, 30.3 mmol) and N,N-diisopropylethylamine
(13.2 mL, 75.8 mmol) was heated at 65 °C for 7 hours. The reaction was allowed to
cool to ambient temperature and the volatile component was removed in vacuo. The
residue was partitioned between ethylacetate and water, and the organic layer was
washed with water and brine, dried (MgSQ,), filtered, and concentrated in vacuo.
The resulting crude material was purified by flash chromatography (silica gel, ethyl
acctate) to provide benzyl 2-(4-methylpiperazin-1-yl)-2-phenylacetate as an orangish-
brown viscous oil (4.56 g). Chiral HPLC analysis (Chiralcel OD-H) indicated that

the sample is a mixture of enantiomers in a 38.2 to 58.7 ratio. The separation of the



G adient line-4 min Flow Rate=4 nlL/ m n Wavel engt h=220
Sol vent A=10% met hanol 90% H20 0. 1% ' Mk 5 Sol vent

woBFR0Hedsmst hanol - 10% H20 - 0. 1% TFA Condi ti orpciius2009/033380
Col umm: Waters-Sunfire 4.6 X 50 nmS5 Start % B-0

OFinal (1/0 B-100 G adient Tine-2 mn Fl ow Rate- 411128 PCT
nmr. / m n Wavel engt h- 220 SHl vent A-10% net hanol -

90% 1120 - 0.1% TEA 15 Sol vent B=90% net hanol 10% H20

- 0.1% TFA Condition 111 Col umm: Phengnenex. 100 3.

50 emticmgrs wors BEtad a8 Avlloys: heuodugh wis Bielveq el 20 ni ?f

Fl oW Relif54n oH: a0 YENelae B gt D220 LS ket |
rre%ha'iﬁ%? Py /oﬁzao }é%élé% 1% glségl?/n%r?? “BL90% nectoﬁgirlﬁ%&]me

109%JH2 Om-1D0 30¢m LTFAum) a8 WOTsS: 55H@xpedhanol aefS gil/min,
1 Ee’fnd éloflitc%‘red at 220 nm. Enantiomer-1 (1.474 g ) and enantiomer-2 (2.2149 g) were
5 retrieved as viscous oil. 'H NMR (CDCls, §=7.26, 500 MHz) 7.44-7.40 (m, 2H),
7.33-7.24 (m, 6H), 7.21-7.16 (m, 2H), 5.13 (d, J/=12.5, 1H), 5.08 (d, /=12.5, 1H),
4.02 (s, 1H), 2.65-2.38 (app br s, 8H), 2.25 (s, 3H). RT=2.10 (Cond. III); >98%
homogeneity index; LC/MS: Anal. Calcd. for [M+H]" Cy0HasN,05: 325.19; found
325.20.

10 A methanol (10 mL) solution of either enantiomer of benzyl 2-(4-
methylpiperazin-1-yl)-2-phenylacetate (1.0 g, 3.1 mmol) was added to a suspension
of 10% Pd/C (120 mg) in methanol (5.0 mL). The reaction mixture was exposed to a
balloon of hydrogen, under a careful monitoring, for <50 minutes. Immediately after
the completion of the reaction, the catalyst was filtered through diatomaceous earth

15 (Celite®) and the filtrate was concentrated in vacuo to provide Cap-7, contaminated
with phenylacetic acid as a tan foam (867.6 mg; mass is above the theoretical yield).
The product was used for the next step without further purification. "H NMR
(DMSO-ds, =2.5, 500 MHz) § 7.44-7.37 (m, 2H), 7.37-7.24 (m, 3H), 3.92 (s, 1H),
2.63-2.48 (app. brs, 2H), 2.48-2.32 (m, 6H), 2.19 (s, 3H); RT=0.31 (Cond. II);

20 >90% homogencity index; LC/MS: Anal. Caled. for [M+H]" Ci3H;oN,O,: 235.14;
found 235.15; HRMS: Anal. Caled. for [M+H]" C13HoN2Oo: 235.1447; found
235.1440.

The synthesis of Cap-8 and Cap-9 was conducted according to the synthesis
of Cap-7 by using appropriate amines for the SN, displacement step (1.¢., 4-

25 hydroxypiperidine for Cap-8 and (S)-3-fluoropyrrolidine for Cap-9) and modified

conditions for the separation of the respective stereoisomeric intermedites, as

described below.



Step 1; (R S)-Ethyl 2-(4-pyridyl)-2-bronoacetate: To a

sol ution of ethyl 4- 5pyridylacctatc (1.00 g, 6.05

Wd’%@/%m?ﬁ dry THF (150 nL) at O C under argon pasydaeafssso
99 nL, 6.66 mMmol). The reaction m xture was

allowed to warmto roomtenperature over 30 m nut @$128 PCT

and then it was cooled to -784. To this m xture was

added CBr4 (2.21 g, 6.66 nmol) and stirring was

continued at -78 C for 2 hours. The reaction mxture

was then quenched with sat. @g-SNHAClL and the phases

wer e separated. The grgani c phase was washed (brine),

dried (Na3sO4), filft And concentrated in Vael de.

The resul ting yeIIo xgl Medi ately purified by

fl ash chromat ogr aphy (S 07/ hexane-ethyl acetate, 1:1)

to provide the title ¢ rrp und ?%LQQPO €950 as a

somewhat unstabl e yel | T AR e( 00 WHz, CDC13)

58,62 (dd, 1=4.6, 1.8 H) 7.45 (dd, 146 1.8

Hz, 211), 5.24 (s, 111), . 21- 4. 29 (in, 2H), 151.28

(t, J=7.The kantidilpric ie@&@loxﬂlifahe infeath&iGhte f)@lrzyl@déll | OBr NC2:

24 244: found: 243
(1 1y§)oxg]?1ﬂg)odliln [-y)-2-phenyl dcet(ate was effected by empl(g)ymgD the following

2- (AnPyibhseiht odp&NdNseh AES Dl AN ﬂféﬁiaﬂéﬂ} A6 @ mL/45 mL
sol u?l on1 qof] ((I)? %) e:d?] Irﬂ%)tg yridy 1 - 2- brglr)rtoacgtn;te L)

(1. W rgultmeagiufiproyys ﬂ%ccmpé Mllwet)wnépn ﬁ@blh%ltfé‘)ﬁoﬁe@atnu} e
S(IC%QQ&%?'JE%‘} fiylaging ﬁ?%L'&mﬂ'lenf?@éz eptanbrcbhanol at 10

mvol ). After conpletion’o e reaction aSJucfga

t hi mLinay.enongtared ra Wymaphplovided 86.8 et dflcamtinerce | aedrzﬁf)eldmg of

B DR P S P by D\ B8
10et Wbmaﬂngt@aﬂlepfeeman@u) oﬂ@pp?fto\phcdedet(tne & |IHII\E\/[R<DIDMS|0)4& &§=2.5,

0. , I
oM aa . ub N AT I 2 s g SR b T i o,
211])H) %Mm(m) :2120 (m 33}921 Q@gm leﬂb,, 1.2 @7 268, R@H) 28 @c&a 10);
Ana d for. Cl11I]6N202: 208
fou>r9§% wg)g(exml np_qlex LC/MS Sétnéb (éalcd for | M+H] C3H1gNOx: 236 13;

(R 92364 7PURMVEY Ehrcd: de[M%]fr@tHMN@n 70) 128 Btihsndacb d283.
To a solution of (R S)-cthyl

12- (4-pyridyl)-2-(N, N-di met hyl ami no) acetate (0.200 g,
0.960 mmol) in 11128 PCT 57-a, g1 xture of

THF- met hanol -H20 (1:1:1, 6 nL) was added powdered

| AO11 (0.120 g, 4. m at room tenperature. The
solution was stirr r hours and then it was
acidified to pH 6 using INijI0193 Thecagtequs phase was
washed with ethyl acetg‘fl'—z and thensteeowas | yophili zed

to give the di hydrochloride of the title conmpound as a
Syel l ow solid (containindrLi Cl). The product was used
as such _in subsequent st eps. é

6 8. 49 (épe psigrepmepc qe’@pbatlolvofghe ]C]H:Irnj: ligfe {?61}42’1 2 g§i)"$
3. Suck&pyrrdhllin- 12}11)2ﬂ—p(1é)y1a@5ﬂ1te was cffectdd dnglibyand Mo followmg

exanpl es were gare in simlar fashion using t
20t OIS &webtéloﬂ B ege watsperpgd mve ghiral HPLC Qolunlm<C@@ecql OJ-

f Ol’jli%dg 46108%%5 cf%nLa|5 un%aéhﬁfjw W191r95@9¢_b_2)q\!?'§%10t 1]a§91 'with O l%

N TIHENVBY l(hbcu |pm‘\$mat7K)OIIL/nﬂJil.ﬂd_w M\Ra(wﬂﬁ)&nfpﬂem,tuxemc 6f he

z,. 111 t, J-5.3 Hz,. 1
gI%PI(,Q clufj: é '%peCil'\iﬁ Qtex)?lognfelf gaé ﬁ{ge@@ée‘dsaqqzt}]e Tﬁl)duekg«és
4 3BssoBed L, @0 n{lS),an®WhsheCapth2d adldeds hediumCOERHLG Nr + 1

25 mL saturated NaHCOj solution). The organic phase was dried (MgSOy), filtered, and

DMVSO- d6)



LCMS: Anal. Cal cdfor COHi t CLN202: 214, 216; found:
215, 217 (MtH)I. Cap-22 NMe2 CO2H 02N LCNI'S: Anal .

wdRLSthaedor C OH 2N204: 224; found: 225 (N“Wfpcﬁmé’ﬁms:»so
NVe2 CO214 |.CMs: Anal. Calcd. for C4411 15NO2: 22

found: 230 (MtH)!. Cap-24 NMe2 CO2H F3C so LCMVE: AMSPCT
Cal cd. for C [1112171N0): 24% found: 248 (M TT) .
11128 PCT 58 Cap-25 NMe2 10CO2H CF3 LCMS: Anal . Cal cd.
for CL1HLI2F3NQO2: 247; found: 248 (M+H)+. Cap-26 Nwe2

40 coREErraledNByacap il proGa 245 mei fretten-apgd $9 Kape ofifgption-2.

o T e

Capprg@are Caps 9a and 9b. Cap-9a (diastercomer-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

5 (DMSO-dg, 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. Caled. for [M+H]" C1pH;sFNO,: 224.11; found
224.14; Cap-9b (diastereomer-2): 'H NMR (DMSO-ds, §=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,

10 2H). RT=0.44 (Cond. I); LC/MS: Anal. Calcd. for [M+H]" C;pHsFNOy: 224.11;
found 224.14.

15 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

20 (DMSO-de, 6=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]"
CeH12NO»: 130.09; found 129.96.

D
L
Q
3
—
—

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 HCI (0.25 mL) and 10%



NMe2 aCo2H |l e LCMS: Anal. Calcd. for ClOn12CINC2: 213;

found: 214 (M+H) +. Cap-29 Nwve2 itCO2H CI LCMS: Anal .
woGabwth2eizor CLO0l i 12CINO2: 213; found: 214 ( Mt T/US2009/033380

Cap-30 Nve2 C 40CQ2H LCNI'S: Anal . Calcd. for

C 0l d12CINO2: 213; found: 214 (M+H) +, Cap-31 Nme2lH3HCT

LCMS: Anal. Calcd. for C81112411202S: 200; found: 201
(Mn). Cap-32 N Me2 CO2H LCME: Anal Cal cd. for

C81-111INC2S: 185; found: 186 (MtH) 5)33 NVe2 CO2H
0

10

15

25

L ONISYC ffme) icaiedignol (g n@w&%m@zg@el 28sioop o Agirogegdor 19
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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, 6=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¢Hy FNO,: 148.08; found 148.06.

Cap-12 (same as cap 52)
H O
/OTN\a/U\ o
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
water and acidified with IN HCI to a pH ~ 2-3. The resulting solutions was extracted
with ethyl acetate (3 x 100 mL), and the combined organic phase was dried (Na;SOy),
filtered, and concentrated in vacuo to provide a colorless 01l (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, 5=2.5, 500 MHz) 7.44 (d,
J=7.3,0.8H), 7.10 (brs, 0.2H), 3.97 (m, 1H), 3.53 (s, 3H), 1.25 (d, /=7.3, 3H).

Cap-13
l O

A,

A mixture of L-alanine (2.5 g, 28 mmol), formaldehyde (8.4 g, 37 wt. %), IN
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



Cap- 37 cap-37 Step 1; (R S)-Ethyl

2-(quinolin-3-yl1l)-2-(N, N-di net hyl am no) - acetate: A
wemoxiozess of ethyl N, N-di met hyl am noacet ate (CecH58s809/033380

3.54 mmol ), K3PO4 (1.90 g, 8.95 mml), Pd( -Bu3P)2

(0.090 g, 0.176 mol) and toluene (10 m) was degdds&gPCT

with a streamof Ar bubbles f8f 15 minutes. The

reaction mxture was then heated at 100C for 12 hours,

after which it was cooled to roomtenperature and

pouPay 1§ #hoye theggticatigldy %wreduﬁwa%@n(?yéh% fugthehpustfiggtion.

ace 1 S
nesho (L PO 05, SREPHRES | RLSESS T P RE e iR e

con@&émﬂé(ded*m Macua. The resi due was purified first

by reverse-phase preparative HPLC (Pri nesphere C-18,

30 x 100mm CH3CN- H20-5 m M NTLOAc) and then by fl ash

chr omat ography (Si 02/ hexanes’@tMyI acetate, 1:1) to

provide the title conpound (O. g, 179% as an_orange

oi |l .NMR (400 MHz, CDC13) 6 8.[90 1=2.0 Hz, (TsH1H),

8.32 (d, 12'\@12Hz 1H), 8.03- 1(m 2H), 7.

(ddd, 1- 8 8B, L 5 bz, 111),17.62 (ddzi 8.3 6.8,
1.5 Hz, 4798 ‘1* OnBLQH)—’z@wt)?co@H),
1.15 (t, “¥27. o Hz | 3H) m. Anal . Cal cd

C15H 8N202: 258; found: 259 (MtH) | tep 2;

(R'S) 2-(Quinolin-3-yl)-2-(N, N-di net hyl am no)@peati c

acid: A mxture of (R S)-ethyl

2- (qui nolt¢mt: 3Aym>;tu@0(f 6?Peﬁlﬁwldmlﬁ%‘)céd@tyé?%el((@0922123

9 191919 YA 2T o ARG @i\/k ko, k3o (&)oWafvz i‘%%@)danatace%gqmd
for 12 hours. The solvent Wwas renovéd in vacua

pr ofvide ntlh €. 1dinhyd) oeklsorida Imthamh@tﬂl"fil é ozﬂomwmd was added

e B R chtar > Sae Lugh S LS bytEh 8 LR

Wi t Ilnoml e fvds tthex:l apitrviak an@tzadan watrﬁlhﬁimb@mmlte.mp@almd and smmno

gtl 2Hzlis4c%%g§ue€ ('1%&: i{“g%utg%{}?é%’%iff@%vr (Hzoti's. The %9&1& %vas subsequently

2- (ﬁhneémlda}m 1’60?1ue2\;;/]z(<2)aftit1ld@¢‘cklplher(y/f> raeetsat@@mel cthyl acetate.
S S t
{2 e bt RS S0 et Qe iseediad ganosngreted to

l‘m XErh s Q)fpléxﬂade a clear oil. This material was purified by reverse-phase
S) - 2- (di et hyl am no) - 2- 2f|uoro hen IPPacetlc aci d
Neals b

(2. @Gpaga Fomnyre Comﬁ (09209 5T ENFLOMbIY) THdndo eive
ETE) thd 11@&%@&15@%&@1@'70%2 5@’/%) Q@’a cleln 9715 1'T‘-mQMR ('400 Qhﬁzzc@%dl 4@

) was ad and
m x{-81-é 4, Hi ohed. 3t7<§ms£ﬁﬂ 3ai<t7 (<il dorlrw &ﬂhﬁé?éd #orl0.921z,

hou 0] |V n;_r
ol B2 UG L R Pt D et e o
20 ayérb%ﬁéx SIsepHr @t B8, O Sayuaolsicd.afpeiWagiOz: 275; found:
?%? eted with ethyl acetate (2x) and the
[

ned |sorgan| c phases were washed (HA), brine),
dr i ed (Nag8D4)q a ftirtctieviedon afitbe wenoatidte atted! il g, \Zeﬁéumol) in

(51 GG GE550 B gt Rt ER alandr e LT BeO Fhgties

pur & achbasat tem@aﬁﬁrd for arhxdry fiel Masit tvb]ecrbnsamafeat@myb@sq to give a

T SRR o R Ry 2
(S) cPkmphgRethyE, HR) I'O@m(ndlﬂlﬁtmm ne) FAX Zhe bppropriate
uor ophcnyl )acetate (0.501 g, 130? and t hen
(S) ﬁ:ictlﬁpﬁe\ﬁ@ts ﬁg}pbx(xg ang_concentrated to dryness in vacuo. The residue was then

(di gRbhvlam mq)imgm(a%othmmmﬁ&ma Fﬁﬁl@@l ?bta%pﬁ&} tz %ZCE .LP
18%, both as their TFA salts. i soner:

(400 MHz, CD10D) 6 7.65-7.70 (m 1H) 7.55-7. 60 (ddd
.1=9.4, 8.1, 1.5 Hz, 1H), 7.36-7.41 (m 2H),
7.28-7.340, 5H), 6.04 (g, J=6.5 Hz, 1H), 5.60 (s, IH),
2.84 (s, 6H), 1.43 (d, 1-6.5 Hz, 3H). LCMS: Anal.

Cal cd. for 95CI si |20ENC2: 301; found: 302 (MKktlft
(S,S)-isoncr: 111 NMR (400 MHz, CD30D) 7.58-7.63 (m
1H), 7.18-7.31 (m 6H), 7.00 (dd, 1=8.5, 1.5 Hz, 2H),

~ P~ o~ ya



11128 PCT 61 Hz, 1H), 5.60 (s, 1H), 2.88 (s, 6H), 1.54
(d, ,fr6.5 Hz, 3H). LCVM5: Anal. Calcd. for

woGhkdiNC2:  301; found: 302 (h4 | | D+, PCTRISR09233380
(R) - 2- (di net hyl am no) - 2- (2-f | uor ophenypacetic acid: A
m xture of (R -((S)-1 -phenylethyl) 11128 PCT

2- (di met hyl am no) - 2- (2-f | uor ophenyl ) acet ate TFA salt
(1.25 5g, 3.01 mmol) and 20% Pd(OH) 2/ C (0.125 g) in

et hanol (30 nmL) was hydrogenated at roomtenperature
ancexaeeies shidrdees Presgurldc cHyridgas weosnipsddoyitumetbeyros (40The)

sol 44k Itl?e'ﬂ tl\ﬁ@(?esﬁe ardtgﬁﬁ)?%egﬁ%%& an@ﬁn jI\JI gltn%oﬁq il lec@lgr%i éSO mL).

di at onaceous oncentrat ed
Thi Fo¢mtreonthmng fitdteng oppoumtinas aial wotarhied gndstd)b la:ildue was

989 .. ' H NVR (400. 7.93-
? u’% 113]W§U§? 7Lyé)§ 11?1|rzﬁ1tlog ﬂ? 811%46%%101(1 glovi%)eii 916 tltlﬁ c%rgp((und (0.492
6119, 78%93&@1 hgthm@énomnlctd’H N(MR @nqsbmy 5&&7gH§ ,6unds, 1H),
198 tain

9 §) (2(&%)2 P %ﬁ%wp&)hwz} 8;2, A1 o & s, 2. LC/MS: &%\ nal.

(dlmédWMBMHQNO% A13; {fobMPQQ@hﬂmMﬂacet ate TFA salt in
simlar fashion. Cap-3 C N 010 cap-39 A

m xture of (R)-(2-chl orophenyl)gl ye e (0.300 g, 1.62
mmol ), fornal dehyde (35% agyegus sol ution, 0.80 nt.,
3 23 mml) and 20% Pd(C]—|)2/C 0. 050 g) was

engt ed at enper at ur d at nmspherl c m
pr aI e) for__A o ol ut OH
heln Urged Wi t ’Q”tered tt@roug atorraceo
earth (tont e-) and Béonce ated in{vacua. The resi d@
was purd fied by rever se-phase preﬁ |ve [TPI.O o™ Me
(Pr| mesphere C-18, 30 x 100mm Cl ‘H20- 0. 1% TFAR) cap-15

% o give theTFA salt of the title conpound
(R) 2- ( Hramet K§)-bRheng)etipd g 2rorehP phopfrentifel doetrmistuaceiox-

CDéJdBY Ilggﬁylggcség %‘gcll th)?]TS CZBDOQO %50@8'.}—( —é [?‘!enyléﬁsnol w B 0.065
(s, md1d)d, DIQIA8’7(O(6$ g ﬁH)nmdl)OM@ly AnibronCdtaed(100 orL) was added
ClO]'l %Egg} '(\gzl% g, 6%65 mo aﬂ “at glil(:% (fM-]esultmg qo]'u%lon Was stng3 e% at
15 1oom temperature under Ar for 18 hours and then it was diluted with cthyl acetate,
washed (H,O x 2, brine), dried (Na,SOy,), 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) & 7.53-7.17 (m, 10H), 5.95 (q, J=06.6 Hz, 0.5H), 5.94 (q, J=6.6 Hz, 0.5H),
20 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-y1)- 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 mixturc was
25 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 (MgSQO,), filtered and concentrated.



G HN OH 00 cap-40 "lo an ice-cold solution of

(R)-(2-chl orophenyl )glycine (1.00 g, 5.38 nmmol) and
woNaedA 00683862 g, 21.6 mmol) in 1-120 (5.5 nl) vwas/eskdex3’33so

nmet hyl chloroformate (1.00 ni, 13.5 mml) dropw se.

The mixture was allowed to stir at 0 C for 1 hour 14H$PCT

then it was acidified by the 48dition of conc. 1-I1CL

(2 5 m). The mixture was extracted vvlth ethyI acetate

_?H and the conbi ned organ c phase £ ?
b eI PPRESOR o] e o aY (B ShEeD sl heene)

VaCtH rdvRiedir¥8nd RERLikdh& of BRRRY Egmpound (O 306 g, 60%) as a white
- (et hoxycar bonyl am no) - 2- ophenyBaccti c
1% e 080y.

aCI c@h@lgnfhthg,rghp SN SP A (]Scﬁaﬂqo@;pl also pp ppyRite solid.

(A oot RhR (o Bty L 1245y, b il o3 1D, 345 o

Cal £d.6 Figrl HEo0 hGOUR02.56-2413; (nf diina:41 2420 (EivENY, 104 pk40L(m,

o< CBUCERT Bt e Byt 1At £ g GO

mmjs)% folanar Esh W&H@* rrs S) 15\0@@1 akﬂﬂreldimmmb@l) 6”811(713(8(91 gH),

el Tl R, b 88 R30 ke 29n s B La b T B B 2 60

d' | @P&;}\M dihaetby b, agetatie, @Bﬂz%xt(ﬁla@ft{)ed 78i1td3 (hlZQH) 1.65-
ueous phase was | ized and t

10( es %@m\%@ At (df /E8-88iz 3H). i1 (g;e”ﬁ)chp%ﬁ@@]r 5@?&9 for
(Bi @}zﬂgﬁb %(53;09@1%@3@ pali2Cl2) to give the title

conmpound 2- Mor phol'i nomet hyl ) phenyl ) acetic acid as
a col or 15ews}: d8)-R2d4{Hdpxydf; mgtw/anpellc:hnﬂmw}awa@rylw acid: Toa

oy o (i Tty g g g LIVZE,

LCI\t&enﬂmtate ©@alded, 0.pDmn@l)3f idgthNGBneﬂE% (3 mbuwds ad286
tll%l)]@l%’:’lﬁetlg' %clggl 1? )ggan ghe I’l’l.‘lXtUIe tw-f%g etll’lrL e:aho &%&%@Eé%@? f?lg%

Camodkfls Tﬁapeléﬁlemeﬂﬁ@wﬁeqmay 1en®ab<d:dz vabgr an@4hd £ 9NERwas
233; found: 234 (M4

£ orn el B o o b BT, Ohors s €00, 20 SRRl
N- - oe:; (OHHLCNIS: % ARal) to €oad e titlf oompClnd (ad ]IEEN@BI‘() a1393>a e bluish

Found Pk (MAD e G2RHA2 AW (-, 115N0-: 249: found: 250

20 (MHH)'.

Cap-16
0 ] O Me 0
OH : o —_— - OH
A O B

(R)-Cap-16
Step 1: (S)-1-Phenylethyl 2-(2-fluorophenylacetate: 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

D]
wn

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



O OH LCMS: Anal. Calcd. for Cl141-120N202: 248; found:
249 (M+H) . Cap-45a OHOH 00 NH2N O pT50H sal t NH

W08y #0683 HVDS (1.85 ni, 8.77 mmol) wascansathdssso
a suspension of (10-2-am no-2- phenyl acetic acid

p-tol uenesul fonate (2.83 g, 8.77 mml) in CH2C12 {138 PCT
m.) and the mixture was stirr€d at room tenperature

for 30 mi nutes. Methyl isocyanate (0.5 g, 8.77 mol)

was added in one portion stirring continued for 30

mi rrapasafcd aiehe emeeusday o1 brokeestrepirdritifeeth H o detd (4x).ohhaof
Wa;%h ngu{éh)owﬁ%g f% &a \ﬁg]% n%_ahﬂcﬂ%% & an B@éqemg@s% glfh’[tm%r 1€

exanes,
vacuuentrgtR) i@ rdehsdidue evad ol)uaﬁezl thdrwl alccétqnmtmcméiy

\A/as(glljcgaeggg g %fffg%éﬁ% ol\’e%%?eﬁ ;?‘10}11 Wpﬁt‘u%e %grp Ing 3% a colmleqs oil
s H (BWRE(@O) M-HNBI/_IIZE)I\(/B?)}Ig){zGCSIDmD)(% ‘5421 1 23 élaél"lz_ﬂt)S%IlBﬂliéO@h-l) 2),
517 . ,

65685§@ i3 g Thiy 2t 3aS sl ally 13 67 (%,
1H) : @HzArqa ((SS:@JP%QB'I&WI) £0- hu&aﬁ‘}%@ﬁ) Zngpél& if- @%@cctatc

2009. 121 ( z henonenex C-
t o KOO BB YEFS) -en el <2rﬂ1rﬁl?ﬁ§1@’év1}%¢taeﬁ Pfee. 1A49m%‘>1> in
vatgir (12044 %ff?ﬁm@&as ledé(?/ DE@%() 1B glw/? WAL RS and AR lution was

met hanol 38 nin, "90% honogenel t

19 ncPélﬁwe@pWéd;@ to IO%Owﬁ@e@@sﬁ Wil pirorLet 3%@9“1@{5 eﬁigﬁ' gdption

aﬁ/&%gfbég&o%@d theg ﬂg%m’g &&%&rdf*é%‘#ﬂg(f@ RS Cap; m%%@) in HHF (100

311P), \gas.zgd@tsan@me rgpq)m 6w1s731(o@/ed ]_O:W&I@B'[OI—&O °(§|_a_11d1s)n16d @i5his

(t 't<éﬁ]1€e§ atgl%_%) %l&ou{g li)heﬁea E‘))r( gtx&bg&/a e]j_ghegav#' lh)qar7u a%?d aq.

CI nbﬂjmmsthz 2315 Ovelr @M:pd a2, 3Tﬂ.f5dc(uM>d§T9yB; W&Phd@( XFHERRA with
%y§ d%eta?%e é{(?dnm.ﬂl 1e]d cl)%/ach ]\é%[ oy WasHi:ae &BO }mc) dried

rri nu ‘haho
H3 1(N@,S1).4), fi%texb@%lmilabmentlﬁél?/bﬂmt’dmaﬁ@l the &ﬂﬂ% WiRO4¢d piperidine
47 20St e

m 900/ onpgenei ty index. Ca g -
(RCTRAE B yTs! (5l B2 Gt PS8y 32 e ok 48 bovrs
To EleS/blaltlreed/eﬁﬁh&ﬂ d()(ﬂbblmﬁte(l R) vdces tind the residue was purified by silica
but 2- am no- 3! e(l g, 410 rnmol) and
i onaeaays. Goame 08 3hhirging RiyapiuereRge by Sgne

20addgdiicrabhpl(ean Aaamw TR NMII{)(HxIa@@H&\Q o382.0rLg, 34%} &long with
nrnol ) dropw se over 10 tes. After stirring at
r ogreagied thmpg:-platenal (2.53 g, 51%) Further chromatography ol the
diastereomeric mixture (Biotage/ 0-10% diethyl ether-toluenc) provided the title
compound as a colorless oil (0.737 g, 11%). 'H NMR (400 MHz, CD:0D) § 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
25 (m, 4H), 5.86 (q, /=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
CyHouFNOy: 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-ylacetate (0.737 g, 2.16
30 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
purg g .



65 tenperature for 3 hours, the reaction was
concentrated under reduced pressure and the resulting

wo R8d/fdesswas di ssol ved in ethyl acetate. The ar@aund2609/033380
| ayer was washed with H20, IN ag. HCl and brine, dried
(MyS™4), filtered and concentrated under reduced 11128 PCT
pressure. (R)-tert-butyl 50
2- (3, 3-dhnet hyl ur ei do) - 2- phenyl acet at e was 5obt ai ned
as a white solid ( 0.86 g; 75% and used w t hout .
f urithequop (ihisfirevadddahe tithRPSEB! £ loDRBE G- 83 spPa 7). H

(i osi g cBiopss 2D i htln g1 B3 g 7 PR,

Cal z2l-7 80(m 51102820 3m2718), 184f(lmusnélH2792 28 s( I&H—]—I)L’QMS: Anal.

overS Aorar e Do RPE P BT A "Aco0% vat ot 10%

sret hanol , 0.11Y0 TFA, B- 10%c0mater 90% met hanol, 0.1%

TFA, RT- 2, 26 nm 97% honogenei ty i ndex. tep 2;
(R)-2 , 3- (Sil et hyl urei d - phenybMaceti c aci @ :
H

stir soI t|n of ((R)- - bug 2 A
2- (3, reRdo) - 2- phenyl a ‘et alf 0786 g, 310
nmol ) D nmL) was ed TBA(15 nal)

dr opw se and the resulting siglution was 15stirre

rt for 3 hdurs. The desiredq,¢ unégl was then Ho
preci pitated out of solution with a mxture of Cap17
Et OAC. f | exanes (5:20), filtered off and dried under

r educed Sppels $3)F ePhenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-yl)- 2-

( R@hﬁ{léaﬁcg;éedaﬂoet § 1'1&%21(69 ?Sg)l(}ﬁi Egetlﬂy;g% eo¥n|o d&lenglag@a% (1.50 g,
WI téhﬁhihrrfol))nii el (P&imL mﬁﬁddedhmell}ylldﬂM@e ((15300nﬂ&1|-9242 mmol),

15 Sg l% 62d lzy tgtp %‘é\%wlm%]_b:m-},o}%%e (Bé%z éd() %_41 nlamfngEZ feﬁ]_!l@l mixture

7. 3&3aq(q1t11*red] athoSA tdridperadiny fof. 5381nﬁt.e4811d(thd$h a Diitiod 2f 6phdns]-4-

foulavdimxz@l@er%{f&(@r« Cag%%mr@?wgﬁpéé@i]@% iéfég?fﬁ'ﬁﬁ%uwas

10086 Bd el hdulaRUthes it whs ailned ®ithelhd ek (mrlﬁpf/mshed (H,0
wat er, 10% net hanol , 0. 2% 113PX4, B=10% wat er, 90%
met Hahtine). dieddiignQp, fitgad 1degngrnfiated 3bjeHes éYi’éPt‘ ffied on a

14( g;jﬁlifoa ot@ﬂg)'hfl@n (0-6098 Bth $iBicetdid heBanRE o B8 ide an approk@iutdly 2:1
ert-butyl
2- (Biye PPt siatByeal h EnyMRe steatrationnd theseipperaas

sol fogﬂe&fqn{g& cgc@tmapﬁhlgc HB&Q%LQEI%I C(Pnl@l‘éél‘bj H 30 x 250mm;
hydrochl ori dé (1.0 I’y and Huni ase (1.0

L, 2665 qtsalwﬂrm §Oj # 3@%€th gige ﬁiby thwé%) la@m@cpf g‘ﬁélﬂéﬁ@"ﬁp%“d

' So @@t % ﬁ)oa‘s‘gigr / oﬂ’ aﬁlcpthmle):mqgs &Wm s?ﬁgm%‘/(@fzﬁg 14%),
After stirring at roomtenperature

’><houarls3 astahell«)\eadt (DR)-baserc de‘@vIRr(ét@QeMHan@léfOD)e?dD@iea 47 (m,

ot g dasiaram SHES e dnt Sibe S ANiEATTh AR AG

andy. m pne(mdried. o K@S@fll)l 1,%. lsIHzene;:j,z samdszqomﬁmtzrzl@t(etd

2 (- y b opent P8 oy 1 A B g 2 e

as am-opaguert) h .56 1d, 3269 Hzl@IQ%L@ms Ns@dCuied. hf@ut:77H79No

further purification. 1H NVR (500 oMz, CD3C 70

°1 56L51 foymd (4P (ol 1 (B8)-ome: (HNMIH409 Mgz, E%@D@W 5é11§8
. 89-

Do e TR ERp RO G R L 23 gy R Os 70

(Mlzfﬂ), 588 HRUEO XTERRA), @-128s,3 H), X950 8, 1®i)t2)6&01@%931 1,2.5

ove o] i 9 5 €F 09

et Hanop: 20 508 FEA MBS el o S Sl He A 1 1
TFA RT=2.82 mn, 96% honogeneity index. 158tep 2;
(R) -2-(3-cycl opentyl urei do) - 2- phenyl acetic acid: To a
stirred solution of (R)-tert-butyl
2- (3-cycl opentyl urei do) - 2- phenyl acetate (1.31 g, 4.10
inmol) in CH2C12 (25 mid) was added TEA (4 inL) and
t hetheyl silane (1.64 m,; 10.3 nmmol) dropw se, and the
resulting solution was stirred at roomtenperature for



11128 PCT 67 To a stirred solution of

2- (benzyl am no) acetic acid (2.0 g, 12.1 nmmol) in

0f2@59n0§63@m d (91 m,) was added fornal dehyde (po:1%¢k2009/033380
.2 mmol ). After five hours at 70 "C, the reaction

mxture was concentrated under reduced pressure t&lR2§PCT

m, and a white solid precipidhated. Follow ng

filtration, the nother Iiquors were 5collected and

further concentrated under reduced pressure providing

t helPBrZJélé(qarJﬁd@ldt‘l 6 By 11, &d8 (&h /i3 ¢, é\ﬁbﬂ%éf@hla@e(dd J=13.6,

t ( r t |
DRSO e e B A st SueE GP R A 5
vvatfeund 4%(M(+H)‘ret hanol , 0.1% TFA, B-10% wat er, 90%
nmet hanol, 0.1% TVA) provided the title conmpound
2- (benzyl (nmet hyl )-am no)acetic acid as its TR salt

5(723 rrgTth@omsg @tetmabpfebasﬁilmﬂar]fh'shidﬂm (300 MHz,
5 nnm Py RQLN 4 0A (c 2

LI B = | = T U = LFR—_HA_W
7. 2d"*7f’%%f“fﬁ177‘511) LOVS: * Anal | cd. | Piptereomer I THINMR
C10l -1 13NO2 179.09; | Fou ( MrHf (50612 BHMSO-de) &
Cap- SO Toasilrred sol ution of '
3- net hyl - 2- Oret hyl ami no)ﬁaganm c acid (oeBd3§(d.3=8¢! Hz,
mml) in water ( 30 added K2CO33I(§2§3’3_2Q,1(Y;IL94}§.)
mmgl ) and benzyl chlori de (1 32 g, 11.4 mol ). The
redction mxture was anbi ent 3Befpéiat.gr e, 1H)
for| 18 hours. The reé ure was 1 it h
ethyl acetate (30 nmL X 2) an e 20ang‘gEg§?a§g§m\ﬁgs
concentrated under feduced p ure provi@?hgztitg 7.15-7.52
crude product which|iwas purified by rey {srslg hase
preparative HPLC (Xterra 30 x 100mm deteéection at 220
nm| flowrate 40 mfmn, 20 to 80% B oveCMs: tinal, CAkd. for:
90% water, 10 % net hanol, 0.1% TFA, B- r, 0
netlhanol , 0.1% TFA) |[to provi de 2- 8 %8 45?9/
(benzyl (et hyDami no) - 3- met hyl but anoi ¢ agowhd: ZP0AM4BI-HH)'.
(126 ng, 19% as a 25 colorless wax. 1H NWMR (500 MHz,
DM SO-d6) 6 ppm 0.98 (d, 3H) 1.07 (d, B811) 2.33-2.48
(m| 1H) 2.54-2.78 (m 311) 3.69 (s, 11:Djastradthefs, 'HNMR
21-1) 7.29-7.65 (m |5T1). |I.CV5: Anal . |Calcd. for:
Qild- 119NO2 221.14: |Found: 222.28 (M+H) PO0OMHadNeq-dgg)
Cap-51 Na2CCB (1.88g, 17.2 mmol) was igﬂxgq 4t5QdNa@11Hz
(33 mL of 1M 1120, 33 nmol) sol ution of val i ne .
g, 133.29 nmmol ) and the resul ting sol utiéH) M%,?éééllneﬂ{)
Swith ice-water bath. Methyl chlorofonnatg (258454 11
36.|1 mmol ) was added dropw sc over 15 lgﬁ(thegcoof\ )
batlhh was renoved and the reaction m xt ub&6mgH$ 688 fdsd
at |anbient tenperature for 3.25 hr. The ,r i ofy
m xt ure was washed wth ether (50 ni, % g%h’{mg'lz(dd’
aqueous phase was cooled with ice-water Jbath 3pdiz, 2H)
acidified with concentrated HCl to a pH.r
and extracted with ¢H2C12 (50 niL, 3x)| 7%&%’@8&%#3?
phase was dried (Mp$MH) and evapor at ed | 7@4vyac L@t O

af fiord Cap-51 as a wite solid (6 g). 1 R for. the
donj nant rotanmer (DMSO d6, 8-2.5 ppm Eié@\mn.‘flcfﬁ@4fm'
(s,| 1H), 7.33 (d, J=8.6, 1H), 3.84 (dd|clEBd0,615022:

1H)| 3.54 (s, 3H), 2.03 (in, 1H), 0.87 %m 5%2(. HR\VE: .
Anal . Calcd. for EM{I-H C7HLANO : 1766923 44'6thd! ) -
176.0922. Cap-52Z2 (Sane as Cap-12) r HN,,. OH Cap-5Z2 was

synt hesi zed from L-al ani ne according to the procedure
descri bed




for the synthesis of Cap-51.
a portion of the crude materi al

pur

poses,

For characterization

was purified

woRseg102e3ser se phase HPLC (F120/t net hanol / TFA) d@ryedhendds3so
1FINVR ( DVBO- 4

Cap-52 as a colorless viscous oil.

1H),
3.
11128 PCT 69 Cap

&2.
0.8

(s,

5 ppm 500 Miz):
8H),

314), 1.25 (d,

ucture Data (‘;m R?a

7.09 (app br s,

12.49 (br s,
0. 12H§?

.1=7.3, 3H)
(R\

97 (i

7.43 (d,

1=H1R8 PCT

I11), 3.53

n,

S) 0 H QN

Str

.51 (hr s,

50- ( 16,

.62'(s

AnrermediatrRVRD( DI\/S(
1H), 7.
14), 3.86-3.82 (1
, 1.62- 1.54 (m
7 m nutes (Cond.
Nar - C6HI | NNa04:
[M-Nal C61 Tl NN;
-54a: (R) Cap- 51
6 2.5 |
8 (d"/ = 7.6, O.
), 3.36-3.33 (m
, I1-1), 0.46-0.4
1-0.21 (m 1H).
.0766; found 174
“. 1 HNWR (
1FD 7.42
5.80-5.72 (

D-d6, ® -
4 (d,

tb: (S)
bpm 500 N+h)
O9H), 7.25 (app
1H),
1o(m 111),
-l RM5 Cal cd.

DVBO- d6, 6
(d,
5.10 (d

(‘ap- 53h:
02:5 ppm
7.9,
3.53 (s,

0.9
3H

Ca

6 12
s, O

1.10-1.01 (m
0. 39-0.
for [ Mrehitd. GoklCLaNO4;0,
0771 Cap-55 (Fi
2.
.1 =8.2, 0.9H) ¥uP7 (app s,

HI
S pp

]

5@@31{@;@)@' 1gRT-11.76
_I)mnu?es géor{darpﬁ)( S,

7LQMS3H)13] Rtlcd.- for:

NS TR

NHFA84: DHFR (M+H) ;

28ty

RT2)0.083mmAte S,
1), . - Q. 49
3 o(n%i i I’B; %4:6\/1% inal.

0%/ NO_i H
738k F s 339639

17.1 111)

4fn {egnedjate 1179 4
),

1H)
1H, 4.0

o
o

1-3.96 (m |

p)a§te@pgxgl ( sir:4.55
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
C21H26N,0, 338.20
Found: 339.45 (M+H)';
Diastereomer 2: Tr-6.00
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
CaHyeN2O, 338.20
Found: 339.45 (M+H)".

Intermediate -17d

.
k)

Diastereomer 1: RT.7.19
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
Co7H2oNO, 399.22
Found: 400.48 (M+H)";
Diastereomer 2: RT=9.76
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
Cy7H29oNO; 399.22
Found: 400.48 (M+H)".




2.47-2.42 (m 1H), 2.35-2.29 (m I11). Cap-56 0 H ON

---OHo 01 1H NW\R (DVMSO-d6, 6 - 2.5 ppm 500 MHz): 6

W012%097ﬁ)2£3§ 1H) 7.38 (d,1 - 83, 0.9H), 6.96 (ﬁlﬁm@oowosssso
1H), 20-4.16 (m 1H), 3.60-3.55 (m 2H), 3.54

3H), 3. 24 (s, 314). 11128 PCT 70 Cap-57 =z C 0 \1 lﬂ&PCT

NVR (DMSO-d6, 6 = 2.5 ppm 508 MN): 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=82 0.07H), 7.07 (d, J = 6.7, 0.09H),
4. 2dhizp] $BC CapdiBoio8hi) deteamre3 e 87 {an tirge 07H), 3. 96- 3. 80

(m 0.8511), 3.53 (s, 31-1), 1.69-1.51 (m 2H),
1.39-1.26 (m 2H), 0.85 (t, J= 7.4, 3H). LC (Cond. 2):
RT ContitB8ILC/ MS: Anal . Calcd. for [MIV C7H 4N04:

176..Q9; fqun 76, 06 5 rz' \ "E NMR
(Dl\%%la’é:, l'ag?a‘%f*g)‘%p%lu‘%‘gé 6%&&(3‘““’65*11? 63 (hr a, 1H),
sl. 3§01\(@@ts] o0eh, COB- ﬁ)%ﬁleﬂianoj with®. 124DAX), 6.92 (s, 1H),

4, 33 29 m 1H), 3.54 (s, 3H), 2.54(dd, J = 15.5,
54e 243(dd J =15.6, 8.0, 1H. RT = 0.16 mn

(angssu,%)wong{ M5: Anal . Calcd. for [ MtHr
C6H1, N205: 191. 07; found 191. 14. Cap-59a: (R
Flow rate: 2.0 mL/min.

UV monitored @ 220 nm

10 Injection: 1.0 mg/3mL methanol

Condition I
Column: Chiralcel OD-H Column, 4.62x50 mm, Spum
Solvents: 90% CO2-10% methanol with 0.1%DEA
15 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-yl)-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

25 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 CoHyNOx: 311.15; found: 312 (M+H)".

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

fashion:



Cap- 59hb:

8
w020
1.
An
16

(S) HON"
2.5 ppm 400 Miz
do/633. 89H), 7.04
24 (d, J
al. Cal a].
2.0771. Cap-60 |

0

7.3, 3H)
for [MTI]C6II117NO4: 162.0766;
"l he crude nateri al

----- ri
): 6 12.49 (hr s,
(br s, 0.11H),
1.15 (t, J

O<1lrz &\

1

0 0 OH 11-1 NWR (DVSO d6,

.7

H, 7.40 (d,

4. 00- 3. 95 HamyusHho/033380
7.2, 311).

I | RVE:

was purified with a reverse phase HPLC (H20/ MeOHLTFA)

to_afford a colaorless viscous _ojl

t hat

rystallized to

a Mkt &asol i d upon exposure to vacuRi2- 21{Crndn 1); 'H
(OMBO-d6, 6 = 2.5 ppm 40 12. 384 (580 ML) DMSO-
7.174 (a, 0.82H), 7.48 (s, 0.18H), 3.54/B.51 ((Stvvo s,
3H), 1.30 (m 2H), 0] 98 2H). 11128 ®CF pifrh 2.20HAMSm,
Anal . Calcd. for [MH 1] HIONO4: 1 6 0610, u
160. 0604. Cap-61 0 H ON ,"N" yOH 0 ' H Nwéﬁé&%g%ﬁé@%
=12.5 ppm 400 M |z); QH(br s, 1013.07 (s741403.{b, 1H)
s,| 1H), 3.50 (s, 3H)| s, 611). HRVS: a
for [M1-1]' CBHr2NOBA62.0766; found 1%96%7%‘@.7%'%3 (m,
Cap- 62 10H). LCMS: Anal.
Calcd. for: C20H22N204
354.16; Found: 355.38
(M+H)".
Cap-17D H o RT.0.27 (Cond’n HI);
[ T LCMS: Anal. Calcd. for:
N CH1IN,05 234.10;
> OH
m Found: 235.22 (M+H)".
Cap-17¢ r'u RT-0.48 (Cond’n II);
[ j LCMS: Anal. Calcd. for:
N C13HisN,0, 234.14;
OH
©/{*\yf Found: 235.31 (M-+H)"
@]
Cap-17d RT-2.21 (Cond’n I);

LCMS: Anal. Caled. for:
C19H21NOQ 295.16;
Found: 296.33 (M+H)".

LCMS Conditions for determining retention time

Condition I

Column: Phenomenex-Luna 4.6 X 50 mm S10

Start % B=0
Fianl % B=100




-z 111 NMR (DVMBO-d6, 6 - 2.5 ppm 400 M 1z): 6 12.74
en s, 111), 4.21 (d, I - 10.3, 0.6H), 4.05 (d, J -
wOo0091026834H) , 3.62/3.60 (two singlets, 3H), 3.PCT(152009/033380
3H), 2,14-2.05 (m 1H), 0.95 (d, J - 6.3, 3H), '?%HSPCT
(d, J =6.6, 3H. LOM: Anal,_ Calcd. for [
C81-114N041: 188.09; found 18%5 05. Cap-63 [Note: the
reaction was allowed to run for |onger than what was
not d for the l%eneral procedure.] 11-1 NVR (DMSO d6, 6
Sigdigd img gl 12.21 (br a, 1H), 7.42 (br a,
1|-|)F10\3R5Qa @&L/I%JJ) 2.02-1.85 (m 4H), 1.66-1.58 (n,
411).1.C/ M5, Anal.Calcd. for [MH ' CsH aNO : 188.009;
f outavel@sthrd20 Cap- 64 0J)0 oc! [Note: the reaction was
al l%tﬁ;gld/&'%cﬁ]@lﬁol Q)@@@Hdh@rlw'f‘f% was noted for the
general procedure. ] NV R % d5, 6 = 2.5 ppm 400
WHzjolvenpl 3¥)% meth@noltlle o Hi) 7 lt/sTF@ 82H), 7.56/7.52
(overl apping bra, 0.18H), 3.50 (s, 311), 2.47-2.40 (m
2H), 2.14-2.07 (rn, 2H), 1.93-1.82 (n, 2H). 11128 PCT
72 Qaits 11 Met hyl chloroformate (0.65 m,, 8.39
nmo opW eL<:5 mn to a cool ed
(1 e RO Bl-CP U e RS (0o’ g, “a' 23 mmol ).
NaCS*thx@%l%(nL of 5 IMH0, 8.2 nmol) and
n hydr oxy- 3- net hyl but anoic acid (L04 ¢
ldIHT‘r)g}B POOThe reaction mxture was stirred for 45
m eraiaﬁiﬂtlhlem tnhe cooling bath was renoved and
;P[ wa ont| nued for an additional 3.75 hr. The
JeV ovitem )‘&Lu‘?]lé] was washed with CH2C17, and the
aquw@uscn@bﬁgg) was cooled with ice-water bath and
acidified with concentrated I1Cl to a pH region of

1- oAV H areendomyonen? ~Wds® 1b%r enoved in vacua
lsands&hl;b%t Besjod HRmMas -tidken,alpoin, arR: 1 m xture of
MeOH CH2C12 (15 mL) and filtered, and the filterate
was rotervaped to afford Cap-65 as a white
senpsviseays foam (1.236 g). '14 NVR (DMSO-4, 6 = 2.5
ppm 400 MHz): 56.94 (d, J - 8.5, 0.9 H), 6.53 (br s,
0. 1¢)lumg: onqokney 1ep §.BX S@H)m 2. 94 (s, 311), 1.15 (s,
3H) Start §7és, 3H). 15Cap-66 and -67 were prepared from
appropr| ate commercially available starting materials
7(by lenpl%oBiFNY t he procedure described for the synthesis
gag 65 Ca§166 0 O NOH -'--- "OH 90NMR (DNI SO d5,
2B hp 208 6 12.58 (hr s, | H, 7.07 (d, J
8 3F10@Kb33|=|)lmlﬁmﬂﬂ. (d J - 8. 8, 0.67H), 4.10-4.02 (m
3} %2}0 (rid, J =9.1, 3.5, 0.85H), 3.56 (s,
3H) g 420 3= 6.2, 3H). [Note: only the doni nant
si ghab&t af 1 0dinwefagoinoled 1,0 CaphTra OH

25 Solvent B=90% methanol — 10% H,O - 0.1% TFA

30



11128 PCT 73 'I'd NVR (DMBO-d5, 6 = 2.5 ppm 400
MHz): 12.51 (br s, 1H), 7.25 (d,./ 4, 0.75H), 7.12
wd $909/dh2633 0.4, 0.05H), 6.86 (br s, 0.08H), 1953r8%2009M33380
2H), 3.54 (s, 3H), 1.08 (d, J = 6.3, 3H). [Note: onl

t he domi nant signals of NH were noted]. 5 Cap-68 J1428 PCT
ht,),L y OHO 0, Bn Met ARGl chl orof ormate (0. 38

niI 4.9 mmol) was added drop-wise to a m xture of IN
I\Ia()—l(aq) (9.0 M, 9.0 mol), 1M NaHCO3 (aq) (9.0 m,

9.0 mol), L- aspartlc aci d f3Cf!3?e/r192yI ester (1.0 g, 4. 5
mol ) ang Dioxa.ne (9 nl). The-eaction m xture was. .-

10sti alpganbi ent _conditions for 3 hr,, and then N
ms@aﬁmﬁﬁ Et hyl_ac®tate ( Q5 _The aque OH
| ayd s @cidified with | oo apH- 1-2 and ¢
extracted with ethyl acetate

3 x 50 nil). The
combi negl pEgaW—-'E | ayers were vva?hed with brine, drcia('eogl|8
te

6
8.

(Na2sO™4), fil ed, and concentrated in vacua to
afford g8.as a light yellowoil (1.37g; mass is
above theoretical yield, and the product was used

wi t hout further 15purification).N|\/R(D|\/BOd6, 6 = 2.5

me 50 tdyHz YR, SH-FLR1 884-phridyg)-2-bidmoadetdd @i bolaidB.ob ethll 4-

Lo, Pieiadag 4l oy i e Gaap ot pbs gy Ve

2. 8z7ddédeBU- (0186.nl,, 6%65mm<11b 1The r%ac?ﬂ;n aturedd aﬂ@wcﬁi t3 ,warm to
1H). LC (Cond. 2) mn; LUVS: Anal
For fopfnterpper @P@ﬁvﬂo} Olrelnute% andfé@ 1§ fyas ¢Qoifddo 2851 ZTO ﬂ?@ mixture

Capw9dandBr,6961 o 6. HEENBHAn{ AirddEwes co%ﬁn&drﬂm/@ °Wasr 2 hours.
added i n batches to a chil'l ed é}p% O water
[

nL) TISeetien oririeywas dlegneishest w #e NHB S‘Sd( e phasegywere
1deJe§>al . f eNe L Bifisd @&@&aﬁ&@(fbﬁh@eméé%%(ﬂ) @cil-teleg ]a'n§

was added d dr op-w se over he cool i ng
wasconepeied /7 eigdo-t hies reediens Y@HO‘FhO}%t\"@ﬁ énm/a@atglv iPEY Bef! lm ﬂdsh

?nbéhg(ﬂﬁatgé}m{ yv( SRﬂ/ Q505 etﬁ'};l acéiile aidg'tg bl%@ﬁllle tl%qgkgbﬁEMQQl 40

added and t he reactlon was stirre
hr g @é%& ent sancrdhaHGlstabla yslladdidd' Ny {00 &1HA éiDCéﬂ@t& @n(dd,

il 2 7 / 09
e e R R e D
1wasl heat.ed. fiar, 3H)hECMMS: 40a1C.CaMas tfordf, Ht, BeN©Qa 24P | 14e; found:
rr?@ Z%t(wfrenoved i n vacua and the residue was
pur th a Dowex (k) 50WK8- 100 ion-exchange resin
(|CO| um Segs2; wasmemhymt(h p»yatjyam 2- (Nngdtnmlw@mp@)u&hghtm ?
el ut t are y xing 1 .
R 0108 oy 5 STt e T e b e B0 2 BMF (10
g) laﬁ) :arﬂo@ﬁ fenVM@i afuﬁe &@J addlad/ glrn(bﬂ@%hlﬁe @M 1ndrHP1l§ 5NNB 17 0
7Q(I.H) mm21)9 @f’{gl (g@nq]qﬂon @ﬁﬂhe 1@208@1 (2% B@g({qﬁy té]rl)layelclz gmet@gl aphy)

7. Lthe 3bhtiledwdd réhoved inr vabudandBh residue waq SePled By hgh- 74X
wer e prepared accordlggwto t he procedure descrlbed for

t hechsymipaanhy (Bfoteeap4 @Wwﬁm&y PAG- J&Bm%lp»fl jpetae-hexane) to
St a5 hiBGmIRUEESBhSind (0.539 ¢, 31%) as a light yellow oil. 'H NMR (400 MHz,

CDCly) & 8.58 (d, J=6.0 Hz, 2H), 7.36 (d, J=6.0 Hz, 2H), 4.17 (m, 2H), 3.92 (s, 1 H),
25 2.27 (s, 6H), 1.22 (1, J=7.0 Hz). LCMS: Anal. Calcd. for C;;H;N20O,: 208; found:
209 (M+H)".
Step 3; (R,S)-2-(4-Pyridyl)-2-(N,N-dimethylamino)acetic acid: To a solution
of (R,S)-ethyl 2-(4-pyridyl)-2-(N,N-dimethylamino)acetate (0.200 g, 0.960 mmol) in



10 Cap-70a: (R Cap 70b: () h?I
“."....-, OH 1H NWVR (DMBO-d6, 6 =

WOZ0®/192633 400 |sz) 63.42 (q, J - 7.1, 1H), 2.PG8/US26@/033380

(m 4H), 1.53-1.44 (m 4H), 119(d J - 7.3, 310

0.85 (t, 1 =7.5 6H. LGNS Anal. Caled. for [ M8 PCT
COH20NO7: 174.15: found 174.1%. Cap-71la: (R) Cap-7 |

h: (S)  ----A\it 9%--- -OH ..--- ' FINVR (DVBO-d6, 6

Cm B0 SRS o Pty 1% B o ilonty o 1 g g o e

J  =.90. @mol) sool. tSdpdriture] The doldtion3tds stiteéd B3 hdnahnd then it was

glpa%gd?ﬁef % pk& 1\’?{11%]111 %_ll %hze l?llg?uzeo%g &}ﬁ%?sNﬁfrég‘%Sgﬁfég O%tggl'@cetate
2 Ean@ Iﬂieﬁ ,1t ﬂ&@yd}ﬂﬁlﬂbzed @%lqcﬁh@dlﬁﬁd&mlmﬁﬁ)of the-1319 C@m%nﬁmﬂ a

5( d, ye]jow 5@1 d5(001§z|1_1|)1m @1(@% ”Elée pr gduct ga%usZ@%bsugligylw@e(q)%%gﬁteps

Cal 1ﬁ"NMthaod Mhlzlélv@%hg%% @ %)17 4 7115& 2&8}17'?334 (%i?ﬁéﬁHz, 2H),
5003 m)lH)(STQQB(S( oid).s, 1H), 3.77 CI d J - 10. 8§,

4m1 1H) T h% fo?l%w?{g el(ﬁr(]p]'ggiwgljc%ﬁlbdl%d %%Lﬁl?gl fg@%ﬂ Véin%ﬁflg ﬂ}%‘[ﬁod

- - -d]:@:nllsiedl}lbove
NMe, LCMS: Anal. Calcd. for
Cap-19 | ~ CO,H CoH12N,0,: 180; found: 181
N7 (M+H)".
LCMS: no ionization. 'H NMR
(400 MHz, CD30D) 6 8.55 (d,
NMe,
Cap-20 l N coi J=4.3 Hz, 1H), 7.84 (app t,

_N J=5.3 Hz, 1H), 7.61 (d, J=7.8
Hz, 1H), 7.37 (app t, J=5.3 Hz,
1H), 4.35 (s, 1H), 2.60 (s, 6H).
NMe, LCMS: Anal. Calced. for

Cap-21 @/kcow CoH,, CIN,O,: 214, 216; found:
I~ +
N

Cl 215,217 (M+H)".
NMe, LCMS: Anal. Calcd. for
C(lp—22 g\COzH C]()H]2N2042 224, found: 225
O,N (M+H)".
NMe, _
LCMS: Anal. Calcd. for
CO,H
Cap-23 C14HsNO;: 229; found: 230
SRR
NMe, LCMS: Anal. Caled. for -

Cap-24 FSC\©)\002H C11H1»F3:NO,: 247; found: 248
(M+H) "




'11 NMR (DMBO-d6, 6 = 2.5 ppm 500 M 1z): 67.54 (s,
I11), 6.89 (s, 1H), 3.81 (t, J = 6.6, k, 1 H),
w022089?410363%1 (m 411), 2.63 (dd, J = 15.6, 7. P"ch%szae%ssso
( ., J =15.4, 6.3, O NH2 HI), 1.09 (t, J-72
O 125 minutes (Cond. 2); LC/MS: Anal. Calcd. 11
[M+H] C5H17N203: 189. 12; found58 189. 13. Cap 74X ----AO
OH LU Ms: Anal. Calcd. for [ MtH| cLmm
Cl0H22NCP2: 188.17; found 188 21 ap- 75 h OH 0 Cap- 75,
st efd a ----A0 |Bn 0 OH NMe;  NaBINESMGSLAGalg CaRS. Sor
m nal dded to C%dH(lce r t wat er
(25 |m };Varfég andl (1@JN ofution &%%Fﬁﬁ@%%%%%ﬁ
(2.9 g, 8.6 mml) t afdehyde (1(1\5+H} 12.5 mmol)
was -\W-se over 5 m n, he r\nnl i ng bat-h—10was
remgved, and the reacti M85 xt ur e| WadlSs Angly &a@lcdt for
anbilent cgongli tijon f co,The reaghi GROJS7CANET:UbkY
quenched with I2N nd concent ated .in vacua The
resildue was di gsol ved i rf wat er and(l‘éﬁfﬁ}fl ed with a
reverse phase 1 PLC (VEORII20TIFA) A& Al LoTdidgne, TFA
salt| of (R)-benzyl £2- di e Iﬁ%l am no }-3- ' ¢ '
hydrjoxypempanodt e & g0l mdiess VEstolrdCoi 247( fougd 248
| T|NVR (DMBO-d6, 6 5 (M),
NMe, LCMS: Anal. Caled. for
Cap-28 C’\©)\COZH C1oH1,CINO,: 213; found: 214
(M+H)
NMe, LCMS: Anal. Calcd. for
Cap-29 ©\)\COQH C10H12CINOy: 213; found: 214
cl (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-30 /@l\COQH C1oH12CINOy: 213; found: 214
cl (M+H)".
NMe: LCMS: Anal. Caled. for
Cap-31 S/YLC%H CsH12N,0,S: 200; found: 201
/N )
>/ (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-32 @A\C%H CsH11NO,S: 185; found: 186
S (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-33 Sﬁ/\coﬁ CgH11NO,S: 185; found: 186
= (M+H)".
_ NMe, LCMS: Anal. Caled. for
Cap-34 Qw/kcoﬁi C11H12N2043: 220; found: 221

(M+H)".




15ppm 500 ML17): 69.73 (br s, 1H), 7.52-7.36 (m 5H),

5.32 (d, J = 12.2, 1H), 5.27 (d, - 12.5, 1H),
woloerde32 (m 111), 4.05-3.97 (m 211), 3. 43-PETAIS2(09/033380

411), 1.23 (t, J - 11128 PCT 76 7.2, 6H). LC/ M

(Cond. 2): RT - 1.38 min; LC/MS: Anal. Calcd. for!H28PCT

[ MtHI C14- 122N01: 252. 16; found 252. 19. Cap- 75 5NaH

(0.0727 g, 1.82 mmol, 60% was added to a cool ed

(| C \"A'ater) THE (3 8] an) sol ution-—oft+he TPA salt

(R) Jbenzyl  2- (di et pyam fBfeea- hydy bSYisr dpangalcd for
(0.3019¢cgh-39. 8264 ed ﬁMﬁNO?}S‘dBtSh@)und 236
m xture was stilrred Rorl/ 15 ntin, Mgt i odi de (56 pL,
0.90 nmol) was |added ﬁnd stirri ng JSH)contl nued for 18
hr whitealtowiing the bat hyf,0 thaW focaRRieticd
condition. The|reactjion wa q2uenched fogugth wat er and
| oaded Gat-&6 a NeOH dida,8nedCMEXNeB2Yg R 50; found: 251
cartiri dge, and |wash h net hanoLM][Igtd owed by
conpound elutign with 2N NH3/ Met haho Renoval of the

vol atile conponent in vacua afforded Cap-75,

contam nated with

(R) - 2-(di et hyl am no) - 3- hydrcgf@?pg/opanm c acid, as a

yel l ow sem -solid (100 ng). Thesproduct was used | S
W t hout further purification. 76 - O

NaCNBH3 (1. 60 g, 24.2 mol) wisddded i n batche a
chilled (-15 "C) water/MOH (324 each) sol uti f
(.5)-4p8 OEY(tert Jbut oxycar ony(#‘g\m nof but anoilc
aci d (2 ‘17 9.94 Mol ). Ahe tes | at erve,N
acet al dehyde (2.7 ml" 48.1 mmol )owas added drop; W &e
over 2 minA the cooling bath was, renoved, and the
reaction mxture was stirred at “anbi ent conditi Qap-§0or
3.5 hr. An additional acetal dehyde (2.7 nm, 48.1 mmol
was addedrandRthdtng ddaiioelinggs)) SN N elemétbylapgokagstate:
MOSbi@he bRy W FATRARGRby AR OSERYeds] AnBCkR0.30d0

remal ni nm xture was treated concent r at ed
CI 849& mmol)t léd(thxPéza(@I@é@l g-0. 1760mand anhiehichedOanl fvers dzgdatred
at e I C t
TR IR RO HEy RS D ARG
m I J,O)) °€rfdx B hqursedfteatwhanihi emt coolerd ¢k tobmriehparatireSinf powrdhmto
\r/glsllq ﬁtecn% u(l)CnV% nq!: ng\@() Qt{ ﬁlqoh\;t?dl dcgte)ﬁ%l)’ fa@ ﬁlc (():Ir)]mgl)?(c: Oal r(%&nelc
1r esp mqe(q wkmmhtzm;ﬁ%@alslhed dndetl hNMﬁOe)[ filaareld, tah@conil:@m&d%T

77 co s di ned h dilute NH4(}I repar from
18 TP MR s Do aat AP e e bR AP
I nt@rimeeihateac- t§)30&- mmnnget} Cdietdhy Inammnbhut ﬂf(ﬂ(ﬂl@l cfi:gh

of f ite s (1.
o1 Purrary G ey Bs T dah v ouac e spraped
ove, @slontm)tﬁ aRoRASd &0 ' waab@t/mzntmn% @60 MaZ%Hz
(0.243 ¢, 2.29 mol NaCOH (4.6 mL of 1M H20, 4.
1“mm11§> & %l(ct He2 Atk bﬁ&a&c(tl (@8(2@)47 Trgyldd, 8. 3r@§c1t5 dr 1H),
M X4 Qaas-gL KT £d 002 381 AN stheni) heqoekhnars

was renoved and Stifring waS contl nuéd
addH7 (bHal31B. 26CHIS; ATile Galdc faréhsHmMaCur 25 Snésindii 250t BidH)

2 gt LRl 200 N ERRER I ke 450

i cemwatrepf (tRaS)hetland (amndmfd-eﬂ MN]N dooctbgamimatagctate (€122 @

a . f at| gt Was.. hen
oF oMo S0 i PG R B BB A L MR e b Sl
Wi t RaseXovedSh Radu6 .t@g,owdetlmm’hyda&lmashefdhw]tlhcomaioend (0.169 g,
and sanple was eluted with 2.0 M NH3/IVIeOH) to afford
i mpure Cap-76 as an off-white solid (704 ng). 111 NMR
(MeOH-di, 8- 3.29 ppm 400 MHz): 83.99 (dd, J = 7.5,
4.7, 1H), 3.62 (s, 3H), 3.25-3.06 (m GH), 2.18-2.09
(m IH, 2.04-1.96 (m 1H), 1.28 (t, J =7.3, GH).

:LC M5: Anal. Calcd. for [MFE]E CI0H21N204: 233.15;
found 233.24. Cap-77a and -771) 20The synt hesi s of
Cap 77 was conduct ed accor di ng to the procedure

‘A N o~ oA

OH



"H NMR (DVBO-d6, 8 -2.5 ppm 400 MHz): 87.55 (m 2H)
7.38-7.30 (m 3H), 11128 PCT 4,16 (s, 1H), 3.54 (app
wod005102883) - 2 08-1.88 (m 4 H), 1.57-146 (m %T/Ué-ﬁowmwso
Cond. 1): 0.67 mm LC/ MS: Anal. Calcd. for
[ MH1-1]" CI4H13hE2 232.13; found 232.18. HRVE: Addl28 PCT
Calcd. for [M-H CHHI8NO2: 2892.1338; found 232.1340.
5Cap-78 OH NaCNBEI 3 (0.5828 g, 9.27 mmol) was
added to a m xture of the HClsalt of
( Rz W0Yarhy ligiiyaldw ﬁmph éﬂny luapwified nzddrgl wasrpsed in subsequent
|nt
sgéﬁg%ﬂléﬁtefugﬁ‘e(ﬁ_@l]{? OX C 2 ﬂéér%é%}%? od: foﬁ’ﬁ‘i%ﬁ%\b@gnzgo_
(1‘®4mig319%ﬂﬁ)10nnnl) in MeOH (10 nL) and the
sem - het erogeneous m xture was heated at 50 C with an
oil bath for 20 hr. More
{ 1- et hoxycycl opropoxy)tri metéwts | ane (150 ng, 0.86
nmol ) and NaCNBH3 (52 0.827 mml) were added and
the reaction m xture wg ed ¥or an addition -5
hr. It was then all owed~0>g¢00b ient tenp ur

and dlbled to a, plT reg |§n of th concentrdte OH
HCl | 15mixture mas “filtered and the filtFatéd
was ro t w%fed The res |ng)crwde material was taken
up |n i - T (6 nil. EE;

to effect 0
dlssolutAon and the non dis sob e rt was fil d oh
off and the filtrate coneepNLated vacuo. Abou 1@3
of the resultant crude material was purified with & >
reverse phase HPLC (HO0/ MeOFI/BFA) to afford the Tzﬁ3
salt of Cap-78 as a colorless viscous oil (353 ny).

NVR (DlVES@pd/G (RG-((83-12D2nBet pyand- (dfiﬁl@’[hM'alﬂmnoaﬂt(erﬂum)@henyl)acetate

(TR Gl S Mhyfhons S fbespyinnicagie o

- 7 BixtdEh{ (R3)-22 d{nfthyldino 2- 83 &brdhefiyNacadiklrid (260 ¢C3no.

1): RT -0.64 mn;, LC/ M5 Anal. Calcd. for I 1-H.*

QL FPRTBNOHA A 504 5, 17 biting 296 (91T P et a O g mmon
f orinldvh, 1, Heo GBI 3 WA E@Z@(ﬂ-@g«% 17f1<sumoliam th3AhBturk Svas
11128 PCT 79 Cap 79 0O ON Ozone was
bubBloEG {hT 6RO e ?éae(fowlé h@)mcﬁée&@éveeswes thery removed in
SOl Wl ®MhdGaPresaud FHQidM8d wih 1y MRlale-f125. ARAM: Qapexméﬁal ated,

until the reaction mxture attained a tint of 5b

col 6f aquvREday e Oap PsétexHrGs Yy itheiBy ageiaa (2xaAer he éombmed

14 ea&%n@@pl%é@&’eﬁ -EwN@Rd 'd Bﬁﬁje)fcﬁfed%ﬁao ﬁlTQ@d whBcolicentrated
th”was replaced wt stlrrlng

corvmvrm@d Theresuie ad&jplmf@ﬁéw qr&k}@)a E@'hCh’a?ﬁ@tng@hy tHetage/ 0-50%

vol nt 1. & :

ol SEPUSIROTRONET SRS ARHey QO

mroby) rewase-pldeken e papatere MEQM (PEnOspikie Go8,u0ixof0wfm; OhleCN-H,O-

abq??%andq%ﬁgg%$§ Gbl%&%n&@@Qﬁf&&@ e&gﬁgwe t @ozgltlon

2 or fiubréyhenytijacavais (€5 ©d3Yedandctbeés) € Fphtemipér Atr e and
t th t HQL t
S R ER LR R e SRR R o e e s

C om;sqmemmaaoaé}{ NI VA0 MHz \(a@m)) bam 651:7!17@ (hesHus swa® (ddd,
purified with a conbi nat

2 o/N-NE13/ %&m”é? Jt36c7n61 <§haHéu 7r?é3v”é?%@n |5§é+(a%<QH#>‘LCC5 Hz,
( Fﬂﬁﬁﬂ\@@@(\lﬁﬁf@we o@if)fpm(d% g ﬁzcmt QIO R N KRN for

amount of norph oline. In ord er to consume t he

29101 PhBENO2 oMt amidid2 (MtHE; Ghdvieornat & NMIR (#A&MHz, CD:0D) §

dIS ( t t \\1
ég;éy%gl(gﬁ Qgﬁ%%)“%mr ?ﬁtﬁ&@{s’@’d YEES £ grqnh%/}g‘)r S rtes

(O 10 nE., 1.06 mmmol) and stirred at anbi ent condition

for 18 hr. 20THF (1.0 nL) and H20 (0.5 nil.) were

added and stirring continued for 1.5 hr. The volatile

conponent was renoved in vacua, and the resultant

resi due was passed through MCX resin (MeOH wash; 2.0 N

NH3/ MeOH el ution) to afford i npure Cap-79 as a brown

vi scous oil, which was used for the next step w thout



11128 PCT 80 Cap-80a and -80Db SO 2 (6.60 ni,

90.5 mmot) was added drop-wi se over 15 mn to a cool ed
W(xqo@%lm:;er) m Xt ur e of PCT/US2009/033380

(S)-3-am no-4-(benzyl oxy) - 4- oxobut anoi ¢ acid (10. %928PCT

44.98 5mml) and MeOH (300 ink), the cooling bath wa

renoved and the reaction m xture was stirred at

anbi ent condition for 29 hr. Mst of the volatile

cargrurty A FETBNER. b SRR LA Tub TR GARAS coted

sat fior GtsH@bFNé]vlC{(B ﬁxuhaut3|0®(1M+HIble aqueous phase was

or oan ¢ St ey STy R R a4 RS of

10c@ncEntirptpdethyl) Y-adimethly duradd)Qr@-uS)ophely®paydte TFA salt (1.25

-ms | 2-am I nat col or | ojl (9.7069).
Fa bR RER e 55, SR B TPl ey BB
( m robitemSeratdre GBd atﬁid);phcﬁc ﬁx%s(u&p@{zﬂ)allobn;‘fo@ A®oud Hrhe 3)hﬁfbn
(S,3,268(Cld J = 963 1H), 2.58 (dd,
15, gas t elg)mg_eijWlthlAlgélt%1§d T]2(Pl|)gl dLa@nQ@@% ealj_l) (Cehte % agd 90
nunoonl‘:fgtllé@d IIAQZ@LO ﬁﬂl gzg/e t{eqrtle cMnEbﬁ]r% ag Q%&%h@s@ m% (O 503 g,
38.11; found 238.22. ;
was9 &) ed NOVR (40D M, @Bx@)@-&@iz 6(3801 QHL)7 3§eﬂ 3118: GrmriHafS 36

10( it 1}565%6/&)”@}{ gﬁ&%eny&aﬁ‘g{;@ Oﬁ?ﬂ%r eHe ”(%é\]% 44?%7,’ %2’5&3 o

m*ro(lM+}a)’1d EfiN (3.0 roL, 21.5 mml) and t he

het er ogenequs mxt S, dition
for - g nme Strterchitf e OBt Fhb e uasuRaRomB i at o
was(dirh@iatiainw-1-{0- ﬂ@cs@%eaﬂ@bcémietreﬂrmha@ahruar afdot he
final 20filtrate was concentrated. The resulting crude
material was submtted to a Biotage purification (350
19 silica gel CH2C12 el utiomgptw afford (S)-1-benzyl

4- et hyl (9 phenyl-911-tl uoren-9-yl am no)succi nate
as highly viscous CNalH ess oil (7.9%ig)N “NMVR

(DVBO-d6, 6 = 2 M OH00_ MHz) : 57@1}%(%)
A(71 (d, J= 12 I 4.51 (d,
o‘? J =091, N Us,

7.39-7.13 (m
J- 12.6, 1H),

2.99 (m 51H), 150 2 41 (m 2H_ parti atdpysoover | apped
with solvent). LC (Cond. 1): RT = 2.16 mn; LC M

Anal . Ca} eertie of (DNMFEhloeg iR BRGie (438) 20:62fBunak

478 ka1t o g MRS s f

s AR G RS (e T 18 g 22 PN 2% B Bl
THROOS0 givivys lygragenades @foqnSenpetsame yid dmawheiyd prosspg(H,
»Ph b f £ . i nat ! !
2! ﬁgﬁ){lg)m% Alslé“bl(a?,r.e ]%f %lkj@&]l\gﬁc)tﬁglc@digbgis 1&1&%{, g@&ﬁ/glmm :

nL dlgoﬁladfmmi JarthdScladtadd deopstwitsier omen. Sheaienidiowah@irified by

t d sti f .5 i
N BRe Bt M e R ST s P ool bR
Af t@[%?&enhcr@glngﬂwm qSlat)ﬂm@tl?@chmmd aqlz;(cdma h{1Bmib)-2- éz
nost of the_organic co onent. wa LN vacuo an
¢ e BTN REL 5 P BHED el adeh Serpc o G2

7??/8(:1@@%1?} 5 1.9807 16 km, 5@#7%9@3'(& bay eraowas rari s, 6. LCMS

filtered, and concentrated in vacuo, and t
r estiali kgicdr leden (ﬂrhi@NOalm\?\af@wpfhﬂH[l\éﬁHW th a Biot age
(350 g silica gel; 25% Et OAc/ hexanes) to afford 3.65 g
of a 28/38 and 28/3R di astereoneric m xtures of
1- benzyl 4-nethyl 3-nethyl-2-(9-phenyl-9H fl uoren-9-
yl am no) succinate in -1.0:0.65 ratio CH NWVR). The
stereochem stry of the 10dom nant isoner was not
determ ned at this juncture, and the m xture was
submtted to the next step w thout separation. Parti al
if NVR data (DMSO-d6, 6 = 2,5 ppm 400 MHz): mgj or
di asterconer, 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, J = 7.1, 311); mnor diastereoner, 64.27
(d, =12.3, 1H of CH,), 3.76 (d,l = 10.9, NH), 3.64 (s,
311), 150.77 (d, J = 7.0, 3H) LC (Cond 1): RT = 2.19

o~ 8 1 r Nl PN PN R PN A




concentrated in vacuo. A silica gel nesh of the crude

materi al was prepared and submtted to chromat ography
wo(246900et3ACt hexanes; gravity elution) to affortiuskgoss33sso

(28, 3S) - benzyl

4-hydroxy-3-nethy42-(9-pheny1-9|—l—f|uoren-9-y|amn6}5@§tPCT

anoate, contam nated with benQ%I al cohol, as a

col orl ess viscous oil and (2S, 3R)-benzyl 4-

hydr oxy- 3- met hy1- 2- (9- phenyl1-9H f | uor en- 9-yl am no) but a

noat e containi ng the (ZS,SRﬁk@r%%eoisoner as an

inmpurity. The later sanple was resubmtted to the sane

30col um chr omat ogr aphy purification conqwgigns to

afford 750 ng ofCipu)t.fied material as!aiihi®Pe foam

[ Note: the (28, R[S sorer el utes, befare~theH(2S, 3R)

i sonmer under t above condition I. 28, 38) isoner:

"H NVR ( DMSO- do; 2.5 ppm 400 MHzJ: 1128 PCT 82

7.81 (m 2H), 7.39-7.08 (m 16H), 4.67apdp = 12. 3,

1H), 4.43 (d, J = 12,4, 1H, 4.21 (apP t, =5.2, OH,

3.22 (d’To\}ln-_Lcelqglq_s’ohp{FpHof g@)l(?—cél}ﬁropj}pl}y,] ggl_chg (tﬁﬁ) g,lj_BS’ mmol)

- 2. 2dNRorH{d 360es | ARRRA) Wil B (5 Ben1SQ) N @ldedsh tdloroform@te

(m 1liﬂ2,&%.8§§(d, J - 6.8,‘3%0.%LC (Condfg??: RT =

2. 00-0RinH:, 1B &/mvsel) Avpapvise CAbeixtyrgvap glowed 1q jtir at 0 °C for 1 hour

C3L L4 'a%@fhiﬁe'é:b WOHiASE . HEED 5 3. TRAPRkure Hab

NIVIR (DVBO d6, 8- 2.5 ppm 400 MHz): 7.81 (d, J =

7. Sxtradted Yith gthgacqate@2) apd heldpmbideGGraueic pliese was washgdHH-0,

g gﬁgl_néfgge({ ﬁ]a‘zls%%l%eé%;l%d’rﬁoﬁ?eﬁﬁitgg zéq v/jﬁfo( té %W% jhel‘\"ﬁ% ! ccg)’mpound

8. IR)2-(kiethoky At ofipipmilie)-2-(B-chigroptignyl)aceti6 a@d agdyellov@®range

f i (e Fapnas R aglna e ShgiRs 457 gD 720~

relagi@e (jzm,ei.@tp(@hl&ma@aﬁ (sasK). glramg.tzs%ao.f Cglh@ for C1oH10CINOy:
DI BAL- r educt i Loducts were made based on NOE
stdgkééma%ﬁ%ﬁggégson | act one derivatives prepared from
each isonmer by enploying the follow ng protocol: Li
IMDS (50 pL of 1.0 MTHF, 0.05 mmpl) was added to a
cooled (ice-water) TI IF (2fbwﬁﬂ) sol ution of (2S, 3S)-
benzyl 6/\0

4- hydr oxy- 3- met hyl - 2- (9- phenyl - 9H-f | u (;Q-Q-ylanino)bu
tanoate (62.7 ng,CiSO. 5 mol ), and Nereacti on

m xture was stirned at¢simlar tenpenat or --2 hr.
The volatil e cor ent pmasrenoved | cugnand the
resi due was part oned between Cl 12 (30 m), water
(20 nL) and saturated aqueous NI -14Cl solution (1
Iyl. ). The organic |ayer was dried (Nggﬁfy, filtered,

and concgnt gtc@doh b ﬂ@%ﬁl@rcﬁ%ﬁ)@ﬁeﬂy@%&!ﬁ& h@ (L6 0.8 mmol)
material was submtted to a Blotaggypurlflcatlon (40

: . ! g
si | ipdalfg@P mlpovee 2B ErgREPhextorhesy npelaFrldhgsolution was
( 3352d afhoBRt M berduit SoPNERYL 19 Tk K9 BRTPe was then diluted with
yl am no) di hydrofinan-2(3//)-one as a colorless film of
sol dthy! @oBatq alrﬁng_tra(tQ(S\,JvBIR){QO baxnz yhe aqueous phase was tyophilized and
N SR BRI S0 AR
( 3SCHR)I2)4e pit Hhelil8 <(18ppingd Ay 2 Bldifholimmenhy@iphenyl)acetic acid as a

yl at ni no) di. furan- = i3S, 48) = |

! ot AP b 7S ekt ERGash Tt SEGTRE, (. 310,
7. 8824-d.33 Im=11), 5.24 2DH), B.848brfk, A), B8 (4, 1HH), 3. 4. (bés, GAPPLCMS:
t, J = 8.3, 11-1)H.4 3.60 (d, J =58 NH, 3.45 (app t,
J =AplpCalgdy for CptNQy %3,5;i<?4,ndp%3r6t(Naﬁ>y over |l apped with
sol vent signal), 2.16 (m 1H), 0.27 (d, .1 = 6.6, 3H
LC (Cond. 1): RT - 1.98 min; LC/MS: Anal. Calcd. for

[ MiNa] F C24H21 NNa02: 378.15; found 378.42.
(3S,4R) -1 actone isomer: 1H N MR (DVBO-d6, 6 = 2.5 ppm
400 MHz), 7.89 30(d, J = 7.6, 1H), 7.85 (d, J' 7.3,
1H), 7.46-7.20 (m 11H), 3.95 (dd, J=- 9.1, 4.8, 1H
3.76 (d, J =8.8, IH, 2.96 (d, 1 - 3.0, NH, 2.92

(dd, 1 - 6.8, 3, NCH), 1.55 (m 11128 PCT 83 1H),

)
-~ Y~ A oA\

~ P~ P~



4.1, 1H), 7.80 (d, J = 4.0, 1H), 7.38-7.07 (m 16 H),
4.70 (d, J - 12.4, I1TT), 4.42 (d, J = 12.3, 1H),
wo0&81036339 (m 3H), 2.56 (dd, J = 10.1, 5.5, 2rI)ys2009933380
(m 110, 0.90 (d, J =6.8, 3H), 0.70 (s, 914), -0.13

(s, 3H), -0.16 (s, 3H). LC (Cond. 1, where the r ub128 PCT
time was extended to 4 mn): Ro- 3 26 mn; LC Ms:
Anal . Calcd. for IMFHE 20 C371- 144NG3Si : 578 31

found 578.40. (2S,310-silyl ether isoner:

( DN4S0- T&B ollgwng %(a]ablﬁ? Wg}@@l%]y prepatgg uflag thg met}@ddlescn ibed
11]{))1,(];1)&10((:1 J- 3.1, Ill), 7.39-7.10 (m 16H), 4.66
(d, J="12.4__1H) 4’%Q(d,j-1?4,11,’%61(dd"/-

9.9, 5.6, 1H), 3.45 (d, J—95 1F1). .4l§‘dd, J =
10, 6.2, 1H)| 2.55 (dd,N1, 9.5, 7.3, 1HyCMB: galf fpled. for
1H), @ufar(s) oH), 0. (d' b= 7.1, 3, H;RADEBS found:
3H)|, -81.308 (b , oon of hydromeh9 was oun
attlached to p mxture (29H3S) - benzy] 23-(M-abit -

bu(lyl di met hy| si |l yl oxy)=3- net hyl 2- (9 phenyl-9H-f | uoren

(243 ng) in EtOAc (16 and the m Xt UCRISWASalS alcteehr
at roomtenperaturefo 1 hr, where the balloon was

rechafgedwith t12 as ry. The rpactidint (puad:
was dil ut ed MthCHZ nddHIteredthgyJ(g,{lk}@‘"pad 30

of |di at omacepus earth litc-545. % and the pad was
wasthed with t 0Ac /')nn nd\ ELO0Ac - M OFF /1 1 Imvfura

- 9-lytamnojybptanoate (g@ng, I7447 mmpt) and 10% Pd/C
y L

[=A A= ANE LRy ==

200 nL) and MeOH (750 'Y'%L) The conbi nagcfg,]rsggg LiC dmgs?or

was concentrated, and 2“4 | gel nmesh was prepare
frdm he-4espl ting crugle 28 PCT 84| fimtleNCal 1Bntund:
sugm tted to|a flash mateegr aphy (8} 2; 1. xture of
Et QAci i Pr OH/ F120) to rd ?94]”\5%) :

(28,3S)-2-am-no-4-(tert-putyldinethyls

Lyl oxy
ety butang) ¢ aci d as & Wffte rlurfy bpl) L
(vl oxyp- 3- et hyl; @&9@0@%@ hd:
raat e (was 5sim | ar{lﬂy el aporat ed
to |(2S, 3R) - 2 ami no- 4- t-kﬁhyldirreth y) 3-
nmet|hyl but ano| ¢ aci d. ,3S)-am no aci ¢ i somsr " FI NMR

4- ([t eiiputsy! di met hyl si
f1 uoren-9-yl am no) but

(Methanol-d4, 8 = 3.29 ppm 400 MHz), 3.76 (dd"T =
10.5, 5.2, 1H), 3.73 (d, J = 3.0, 111), 3.67 (dd, J =
10.5, 7.0, 1H), 2.37 (m 1Hfapﬁ‘©7 (d J = 7 O 3T 1),
0.92 (s, 9H, 0 (g LC/ VEB: for
[MeH O i H26N 518 found 24 3R)
10am no acid i >l NVR (Vet hano oA G= 3.29
ppm 400 MHz), 3. 7643. 75 (m 2H), 3.60= 4—LN1 dH), 2.16
(m IH, 1.06 (d, J3rdodsa3ll), 0.91 (s, 9HI, 0.09 (s,
6H). Anal. Calcd. for [M+H]! CHH26NOBSi : 248H17; found
248. 44. Water (1 nL) and NaOH (0.48§ i, of 1.0
M H20, 0.18 mmol ) were added to a mixture of

(2S, 3S) -HMBRI( hBS Al ( 8 67 innbu} whschddet toylssspeydi@xyf)(R 32 retitny2-

(218 S ' et s TR PO GO 1 i nd he

to @fxﬁ@@tvad‘ltﬁx&@ latitob@Neiaperit@@cbertt rﬁl.nut-EheMHih)ﬁI W6 am@sS(0.5 g,
theg cool h an ice-water bath, L\%E
chl of 0P8y "’é %%?dowmpmwws@"wp in §01a38d“@aut8ve¥hes*®dc“0n

168, ARG BHSIdSEdnl ITIHNO (W@8.) GOd thic AERIn AbreSipithik @fas flltel ed
tenperature for 40 mn and then at anbient tenperatu

f orvgshed with Hiand edetanen 2l kiadre Idadc i dfied (nghylur cido)-
wat@51@@1&5%@)@@@@9';8& Ol rdc G0 0BE @ R L And lt&ﬁ%&ﬂ
drop-wi Se with aqueous solution (--0.2

The m xture was further diluted with water (10 rrL) and
extracted wth Cl12C12 (15 nt., 2x). The conbi ned
organi ¢ phase was dried (MgSO™), filtered, and
concentrated in vacuo to afford Cap-80a as an

off-white solid. (2S, 3R)-2-am no-4-
(tert-butyldimethylsilyloxy)-3-nethyl butanoic acid was
SI m I arly eI aborated to Cap 1580b Cap 80a "11 NIVIR

B —




Cap-82 to Cap-85 10Cap-82 to Cap-85 were synthesized

fromappropriate starting nmaterials according to the
wadesadse described for Cap-51 or Cap-13. Thep@ai65033380

exhibited simlar spectral profiles as that of their

enantiomers (i.e., Cap-4, Cap-13, (Tap-51 and Cap-13328 PCT

respectively). 000 OH OH0 N OB 0 PhO

Cap- 82Cap- 83Cap- 84Cap-85 15 Cap-86 M=02CHN Owve COH

To a mxture of O-methyl-L-threonine (3.0 g, 22.55

mle)thouNé@Hel(IﬂmgiO@log 2218 (WMZJDMS@Z@) ¢ prBm A154 Y d, w88

( 2
g%iﬁ%ure \/vaé’]agél%n_\hé%%%g?&’ m?%ﬁd ngtg q%
to PRO-1L38$mNF) IN. 4@, 1Hhe Layfe dus!. fluhsle fmoIéI&NfCacﬂO@.@%z

(250300 TReb IR o Pgian Ll o Beds e 100% B over 2

ﬁorhﬁiﬁlﬂielé,altrﬁﬂlutéﬂ@ﬁfnm@ A-B0UAVL&, Bfol ethadol C@h%rﬁm@ -90ds,
(4.18 97% which was of sufficient purity for use

i n ¥iibs Saﬁévﬁth@ﬁleﬁé% TR 1 G80nnMEs hapxmensitygndexa 9
(s, 1H), 3.92-3.97 (m 1H), 3.66 (s, 3H), 1.17 (d, =
7.7 Hz, 3H). LCMS: Anal. Calcd. for C71113N05: 191;

found: 190 (MH). 11128 PCE®&/Cap-87 Me02CHN 0

110r-t-f OH To xture of orm&?rlne (2.0
g, 9.79 mol ), Na 8 g, 19.5 in H0 (15
nm.) was added Cl 076_rrF9 odr opwi se at

0C. 5The mixture was @) owed to stir fof_48 h and
acidified to pH 1 usi ng IN HCI. The aqueBﬁs phase was
extracted with EtOAgpTamds4t2X250 nl) and t¥é comnbi ned
organi ¢ phases were concentrated in mat¢o to afford a
colorless solid (0.719 g, 28% which wgssof sufficient
purity for use in subsequent steps. 11-1NWR (400 MHz,
ICDC13) 64 dggre( gehdudt=waq pEepaigd tcddpdingltelthe BetB&1 es¢rit@iffor Cap-

1 oL S R oy it Mool {050 48

( I\/H-HI})—l—S Idnd . U z,0H) 06 &l, Vne 1 { Hz011H,6.@). B4/ Bz, 1H) 7.26-

Yeh 7-1 I
e o T oo A e p R el

n1 323\/1@31\44@5’( eIdPIa@ XTOBERA 0118 B2 s0ham! e &actGoonB et2uh@utes,
mas cool ed ured into bl20 150 ) and

s hEgyg HoH Bro Al ﬁ%vamwh%ﬁ&?ea&ﬁﬁ 6?5%#’ 1&% Water, 90%
exthagid oot b,ro s Rakb sammy @b%Qfonfszleﬁﬂ%dtche conbi ned
aq phases were acidified to ca. pT I 2 with 6N Iid.
The vol une was reduced to about one-third and 20g of
cation 20exchange resin (Str@ha)y was added. The slurry
was allowed to stand for 20 mn and | oaded onto a pad

of cation exchange resin (Strat (ca 250) .

was ed h11,10(2 ),0 Od(2p0m )@E/OC
t hen ( in MeOH> 2 The—appropri a
fractions:-wa® concentrated in vacua and the resi d%
(ca. 1.1 Y¥>was dissol ved i AiNEED, frozen and

| yophyl I ized. The title conpou d was obtained as a N
foam ( 1. (ég 62% 1HNMVR (400° M¥z, DMBO-4) 68.00 (s,
br, 1H), 768- 71(m 1H B 7.01 (s, br 1H), 6:4887

d, J=7,5 54 s, 1
7((2 04 Step I (R) tell;l)butyl 2- (3 3 (dlmethylmeldH% 2- pheny acgtate Tl(_)Dd '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



- 2.06 (m 1H), 0.95 (d, J = 6.0 Hz, 3H), 0.91 (d, J =
6.6 Hz, 3H). LCMS: Anal. Calcd. for ClOH141\1202: 194;

wol08id263395 (MHF-1)+. 11128 per A m Xtparmaus2609/033380
L-valine (1.0 g, 8.54 mmol), 5-bronopyrimdine (4,03

g, 17.0 mml), K200B (2.40 g, 17.4 mmol) and cul (HR§PCT
my, 0.94 nmol) in DMVSO (10 n95 5was heated at 100C for
12h. The reaction m xture was cooled to RT, poured

into H20 (ca. 150 nL) and washed with Et0Ac (x2). The

or demparatizsyferr Shauesy Seasackar adcopPe il aigd Spder redyerdigssie and

1- ]Tgé)l e@xﬁﬁ %1'33&1?&% cﬁ]ﬁglvétg n%@? Fcetafe rﬁle%géamcflhfeg whOwEded

evo was reduced to "about
one«wt i y@) léIde .’2@:@ apd biveet hiog! (@deSeah gticied gidopsintiated ynder
g I n
e BB LS R o5 A G Ul S oY
5( Stabatime) a mavhx@&gl)d ( TRe g ts)was uwdsvh‘éldutvﬁltthm Pui @R 00!

0 H3 1 (
ey RO okt 47 Pal DS g MhaslB g s e 110
VaO(LIQ (almdzl $eHf SSII)OIIZR@ 7(4:1&m FH] prvisasndi €sletlyéa G4, N,0;
frozen and ophyl lized. The ti 0 nd _was
ot Br6aone 2 e KO H sy el OB fhg 20 T 0t
CO3QY, 15 BoMRniH e, M nkhite BoldQinkOREAN vavd IIO%m@ﬂﬁﬁind] hero,
purity coul d not be estimated. The material was used

10as TEA, By 18Usaejuie medwpeli ©h%. THAGRHE: 2 AR, Gat kumogergity
C9H;,49302: 195; found: 196 (MrH)'. Cap-90 CO2H N Me2
Cap-90 was prepared according to the nmet hod descri bed
for the Spwehat-{SohdinfetiGhpeito)-2rhkenglogdlis apgt dpiagtimgghsolution

use I
thep- > LB BBl 6 ¢ CRY 6 Bimoh)Ak
T EEREB SR Sy B PR B 0Bl A6 b2
f ol ClovAIin@sS¢ aps WIAEﬁd?JC[i AEpan émLédeWGhemgd the resnbingeelnigeh was
use rati f C I . 1S A,
45285 B PR LD RSB B e S
L C\&ith AnﬁvltuxeGﬁEmc Horaes 131203 1i4604d 07264 dlﬁemlumdel r2@red
(M H. Cap- 0 _-.co2H LC\ o
G 13N 535 535 bW e PRy SRR 5 e
, N solid (0.59g, 86%) and used without further puriﬁcatlon "H NMR (500 MHz,
DMSO-dg) & ppm 2.82 (s, 6H) 5.22 (d, J=7.32 Hz, 1H) 6.58 (d, /=7.32 Hz, 1H) 7.28
20 (t,J=7.17Hz, 1H) 7.33 (1, J=7.32 Hz, 2H) 7.38-7.43 (m, 2H) 12.65 (s, 1H). LCMS:
Anal. Caled. for C1HaN,Ox: 222.24: found: 223.21 (M+H)". HPLC XTERRA C-
18 3.0 x 50 mm, 0 to 100% B over 2 minutes, | minute hold time, A=90% water,
10% methanol, 0.2% HzPO,, B=10% water, 90% methanol, 0.2% H3PO4, RT=0.75

min, 93% homogeneity index.

Cap-48
"0 v 0 - 0
NH, HN.__O HN. O

A G/NH gNH

B Cap-48



LCVS: Anal . Cal cd. for ClOnpN204: 224; found: 225 (M

TO . Cap-94 0 cNT----- TAOH N--HNO", H O LCMS: Anal .
wECaheao2630r C81- 111N301: 213; found: 214 ( MtH) Ser/G8089533380

O "-"ONHO OH LCMs: Anal. Calcd. for C1111117N04: 251;

found: 250 (M11):. Cap-96 0 '-'0--1-LNHO OH LCMVS:11128 PCT

Anal . Calcd. for O 2HI5N04: 23%; found: 236 (M Hy.

Cap-97 O -"10--j-LNHO aJL OH 1.CMV5: Anal. Cal cd.

for 0911, 51\ 104: 201; found: 200 (M }—3/ 11128 PCT 89

Cap- 98 Step b (R)-terigga0 268 ApHoRaonBircidpial-phanziageiates §p a stirred

E:'L %%a NP AR)- 2 hinof 012282 a iV b SRR (P8 04,10 mON 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

(9]

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 (MgSOy), 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

10 MHz, CD;CI-D) 6 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, 5H). LCMS: Anal. Calcd. for CigHyN,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.

15 Step 2; (R)-2-(3-cyclopentylureido)-2-phenylacetic acid: To a stirred solution
of (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate (1.31 g, 4.10 mmol) in
CH,Cly (25 mL) was added TFA (4 mL) and trietheylsilane (1.64 mL; 10.3 mmol)
dropwise, and the resulting solution was stirred at room temperature for 6 hours. The
volatile components were removed under reduced pressure and the crude product was

20 recrystallized in ethyl acetate/pentanes to yield (R)-2-(3-cyclopentylureido)-2-
phenylacetic acid as a white solid (0.69 g, 64%). 'H NMR (500 MHz, DMSO-de) &
ppm 1.17-1.35 (m, 2H) 1.42-1.52 (m, 2H) 1.53-1.64 (m, 2H) 1.67-1.80 (m, 2H) 3.75-
3.89 (m, 1H) 5.17 (d, J=7.93 Hz, 1H) 6.12 (d, J=7.32 Hz, 1H) 6.48 (d, /=7.93 Hz,
1H) 7.24-7.40 (m, SH) 12.73 (s, 1H). LCMS: Anal. Calcd. for C4H;sN2O3: 262.31;

25 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

30 cap-49



| HNMR (400 MHz, C,D30OL) 8 3.88 -3.94 (m 1H), 3.60,
3.61 (s, 311), 2.80 (m 111), 2.20 (m11l), 1.82- 1.94
wo(2op9/B2d3s, 1.45 -1.71 (m 211). Cap-99a 0 -..@CTIUS2bbe/B3380
1.002H 111NMVR (400 M Tz, C,D30D) 8 3.88- 3.94 (m 1H),
3.60, 3.61 (s, 311), 2.80 (m 1H), 2.2001H), 1.g2l1128PCT
1.94 (m 3H), 1.45 1.71 (m 28§. Cap- 100 0 0-it' NHO
CHIS . CI\/IS Anal . Calcd, for Cl121114N04F:. 255; found:
256 (M | CNH . Anal .
Cal €] . fT<9r %ﬂ#%ﬁm Olfﬁiéenzmmw ACGHAC %»%&?Nsﬂr&%m
PCTo2fic GeiR d}OI%prM add®d fo%%aldmsldmzl A 1d3 ﬂ—%l) Afin@} ﬁve

Cal cd. for | H 3N04: 223; found: 222 (MH)-
03 hours at 70 °C the reaction mixture was concentrated under leduccd pressule to 20

mL and a white solid precipitated. Following filtration, the mother liquors were
5 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

10 colorless wax. "H NMR (300 MHz, DMSO-dg) & ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34
(s, 2H) 7.29-7.68 (m, SH). LCMS: Anal. Calcd. for: CioH13NO; 179.09; Found:
180.20 (M+H)".

Cap-50

15 Cap-50
To a stirred solution of 3-methyl-2-(methylamino)butanoic acid (0.50 g, 3.81

mmol) in water ( 30 mL) was added K,CO5 (2.63 g, 19.1 mmol) and benzyl chloride
(1.32 ¢, 11.4 mmol). The reaction mixture was stirred at ambient temperature for 18
hours. The reaction mixture was extracted with cthyl acetate (30 mL x 2) and the

20 aqueous layer was concentrated under reduced pressure providing the crude product
which was purified by reverse-phase preparative HPLC (Xterra 30 x 100mm,
detection at 220 nm, flow rate 40 mL/min, 20 to 80% B over 6 min; A= 90% water,
10 % methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) to provide 2-
(benzyl(methyl)amino)-3-methylbutanoic acid, TFA salt (126 mg, 19%) as a

25 colorless wax. 'H NMR (500 MHz, DMSO-dg) & ppm 0.98 (d, 3H) 1.07 (d, 3H)

2.33-2.48 (m, 1H) 2.54-2.78 (m, 3H) 3.69 (s, 1H) 4.24 (s, 2H) 7.29-7.65 (m, 5H).

LCMS: Anal. Caled. for: C1zH1oNO, 221.14; Found: 222.28 (M+H)'.



O--...0NH ----%co2H ----Ncz....".,..) LCMS: Anal.
Cal cd. for ClOH12N204: 224; found: 225 (M1 11)+.

WO/ #3633HNCO2H 0 | HNMR (400 Mz, CDB0D) 83. 6Cpd19usa8hd0333s0
3.503.53 (m 1I1), 2.66 - 2.69 and 2.44 - 2.49

(m
1H), 1.91 -2.01 (m 2H), 1.62 - 1 74 (m 4H), 1.511128PCT
1.62 (m 2H). 0/ Cap-10568 HNI .CO2H 11-11N1VIR
(400 MHz, CD30D) 63.60 (s, 3H), 3.33 - 3.35 (m | H,
partially obscured by solvent), 2.37 - 2.41 and 2. 16-
2.23 (m 111), 1.94 2.01 (¢#-4H), 1.43 - 1.53 (in,
2H), 1.17 - 1.29 (m 2H). [ 0-K 0/  Cap-106
-ThN. 0...0Q2H 1TINMR (400 ¢ CD30D) 6 3.1 6 (q, J =
7.3 Hz, 414), 2.38 - 2.41 (W 4), 2.28 - 2.31 (m
2H), 1.79- 1.89 (m 2H), 1. 74{app, ddd J -3.5,
Prepared from ci s-4- am nocyclohexane carboxylic acid

and 11128 PCT
Na,COs; (1.83g, 17.2 mmol) was added to NaOH (33 mL of IM/H,0, 33

mmol) solution of L-valine (3.9 g, 33.29 mmol) and the resulting solution was cooled
5  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
10 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-ds, 6=2.5 ppm, 500
MHz): 12.54 (s, 1H), 7.33 (d, /=8.6, 1H), 3.84 (dd, J=8.4, 6.0, 1H), 3.54 (s, 3H),
2.03 (m, 1H), 0.87 (m, 6H). HRMS: Anal. Calcd. for [M+H]" C/H14NOy: 176.0923;
found 176.0922.
15
Cap-52 (Same as Cap-12)

O
© O

HN,,
‘I/U\OH

Cap-52 was synthesized from L-alanine according to the procedure described
for the synthesis of Cap-51. For characterization purposes, a portion of the crude
20 material was purified by a reverse phase HPLC (H,O/methanol/TFA) to afford Cap-
52 as a colorless viscous oil. 'H NMR (DMSO-dg, 5=2.5 ppm, 500 MHz): 12.49 (br
s, 1H), 7.43 (d, /=7.3, 0.88H), 7.09 (app br s, 0.12H), 3.97 (m, 1H), 3.53 (s, 3H),
1.25 (d, J=7.3, 3H).

3]
tn

Cap-53 to -64 were prepared from appropriate starting materials according to

the procedure described for the synthesis of Cap-51, with noted modifications if any.



91 acetal dehyde by enploying a sim|lar procedure
described for the synthesis of Cap-2. The crude HCl
woabd10ees passed t hrough MCX (MeOH H20/ CH2C12 paasis20@/0B5380

Nfli/MOH elution) to afford an oil, which was 11128 PCT
di ssol ved in C EUCN H20 and Ig/ophl lized to afford!H?8
tan solid. 12.5, 15.9 Hz, 2H) 1.46 (app dt ./ = 4.0,
12.9 Hz, 211), 1.26 (t, J = 7.3 Hz, 610 Cap-107 0 <;
. |\|r|\1'1rH‘c__l_||\n" 0_LCMS: Ana!_ Calecd. for
cshioNBBas: [230; Poue 231 Cap- P88 0 oH
N 53N--[--70 LCMSTAnal . Nﬁlﬂ{ 61\@ CASEEL 84500
30B; ‘found: |304 (MA-0'. Cap-fl (Pg 1 1% by
- R C@H ---- k LCMB: Ana MP@ISCI@ 51f(b1rs, (Hﬂl@H]@Z(NLZDﬁ7 9,
22 225 (MtH)-. 0 -LONH _ ------
<- ﬂg e Anal . Caicd. 1 ﬁ%\% Sloéé‘i\@’o*ﬁ%gi 86¢3 o%ﬁq‘i&"
225(SOMf-F1)1 - 11128 PCT 9R110ap5s314sl 3H), 1.75-1.67 (m, 1H), 1.62-
/O\H/Nﬁkor; 1.54 (m, 1H), 0.88 (d, J = 7.3, 3H). RT =
© 0.77 minutes (Cond. 2); LC/MS: Anal.
Calcd. for [M+Na]" C¢H;NNaO,: 184.06;
found 184.07. HRMS Caled. for [M+Na]"
CeH 11 NNaO4: 184.0586; found 184.0592.
Cap-54a: '"H NMR (DMSO-ds, & = 2.5 ppm, 500
(R) MHz): § 12.48 (s, 1H), 7.58 (d, J = 7.6,
Cap-54b: o 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H),
S) H _ ]
(S /O\H/N or 3.36-3.33 (m, 1H), 1.10-1.01 (m, 1H),
o} 0.54-0.49 (m, 1H), 0.46-0.40 (m, 1H),
0.39-0.35 (m, 1H), 0.31-0.21 (m, 1H).
HRMS Calcd. for [M+H]" C;H,NO.:
174.0766; found 174.0771
Cap-55 "H NMR (DMSO-dg, & = 2.5 ppm, 500
o MHz): § 12.62 (s, 1H), 7.42 (d, J = 8.2,
H
/O\H/N\__)J\OH 0.9H), 7.07 (app s, 0.1H), 5.80-5.72 (m,
o W 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, 8 = 2.5 ppm, 500
O
H MHz): & 12.75 (s, 1H), 7.38 (d, J = 8.3,
o M,
o = 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).




0 CO2H 100 ,P MeO \OH LCMS: Anal. Calcd. for
C 2H 6NO8P: 333; found: 334 (MFHt. Cap-112 0O
wo 2009/8b2633 NH CO2H 111 NH LCMS: Anal . Cal cd. f oscr/us2009/033380
Cl3HLNZ04: 262; found: 263 (M#H). Cap-113 O
ss.0--Us. NH CO2H 110 OBn LCMS: Anal. Calcd. for 11128PCT
Cl 8H19NO5: 329; found: 330 (MQ | |f. Cap-114 2002Me
FLI CO2H | HNML2 (400 MHz, CDC13) 6 4.82 - 4.84 (m
IH), 4.00 - 4.05 (m 2H), 3.77 (s, 3H), 2,56 (s, IX

2H) C@apZ 115 [*". . COORH NHOO2Mp'HLINMRNVRVISAAD, M- 215ppm, 500

9 8% (o B B el e Ml god -

3

3H). Cap-116 --Aey-111CO2H NHGCORNE 714b (4 WMR7 0 A HWHZ 19 (d, J
CDCl12) 8 5.10 (d, J = 8.6 Hz ll‘?, 3.74 - 3.83 (7IT6

11128 PCT H 0 =8.2,0.07H), 7.07 (d, / = 6.7, 0.05H),

/OYN\)J\OH 4.21-4.12 (m, 0.08H), 4.06-3.97 (m,

0 W 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,J=174,3H). LC (Cond. 2):RT =1.39
LC/MS: Anal. Caled. for [M+H]"
C7HuNO,: 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
0 (d,J =82, 1H), 6.92 (s, 1H), 4.33-4.29
N o (m, 1H), 3.54 (s, 31), 2.54(dd, J = 15.5,

o NH, 5.4, 1H), 2.43 (dd, J = 15.6, 8.0, 1H). RT

o =0.16 min (Cond. 2); LC/MS: Anal.

Calcd. for [M+H]" C¢H11N2Os: 191.07;
found 191.14.

Cap-59a: 'H NMR (DMSO-de, 8 = 2.5 ppm, 400
(R) MHz): 8 12.49 (brs, 1H), 7.40 (d, J = 7.3,
Cap-59b: ~_O__N i 0.89H), 7.04 (br s, 0.11H), 4.00-3.95 (m,
(S) I %OH 3H), 1.24 (d,J = 7.3, 3H), 1.15 (t, J = 7.2,

3H). HRMS: Anal. Calcd. for [M+H]"
C6H12NO4Z 1620766, found 162.0771.

Cap-60 The crude material was purified with a
reverse phase HPLC (H,O/MeOH/TFA) to
afford a colorless viscous oil that
o H crystallized to a white solid upon exposure
KMQH to high vacuum, 'H NMR (DMSO-dg, & =
2.5 ppm, 400 MHz): 6 12.38 (brs, 1H),
7.74 (s, 0.82H), 7.48 (s, 0.18H), 3.54/3.51
(two s, 3H), 1.30 (m, 2H), 0.98 (m, 2H).




93 111),
(sept,
wo eaPdrb26sd to Cap-123

3.

J

69 (s, 3H), 2.54
7.0 Hz, 1H), 0.95
Fo

2.61 (m 2TI), 1.88
(d, I = 7.0 Hz, 6H).
r the preparati orcafus2009/033380

Cap-117 to Cap-123 the Boc am no acids were obtained

fromcomercially sources and were deprotected by

11128 PCT

treatment with 25% TFA in 01202. After conplete
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Caled. for [M+H]" C¢H12NO4: 162.0766;
found 162.0765.

Cap-62

| O
o A,

0 _~

'H NMR (DMSO-ds, 8 = 2.5 ppm, 400
MHz): 3 12.74 (brs, 1H), 4.21 (d, J = 10.3,
0.6H), 4.05 (d, J = 10.0, 0.4H), 3.62/3.60
(two singlets, 3H), 3.0 (s, 3H), 2.14-2.05
(m, 1H), 0.95 (d, /= 6.3,3H),0.81 (d,J =
6.6, 3H). LC/MS: Anal. Calcd. for [M-
H] CgH14NOy: 188.09; found 188.05.

Cap-63

:ZI
o]
T

[Note: the reaction was allowed to run for
longer than what was noted for the general
procedure.] "H NMR (DMSO-dg, §=2.5
ppm, 400 MHz): 12.21 (br s, 1H), 7.42 (br
s, 1H), 3.50 (s, 3H), 2.02-1.85 (m, 4H),
1.66-1.58 (m, 4H). LC/MS: Anal. Calcd.
for [M+H]" CsH14NO4: 188.09; found
188.19.

Cap-64

[Note: the reaction was allowed to run for
longer than what was noted for the general
procedure.] 'H NMR (DMSO-dg, 5 =2.5
ppm, 400 MHz): 12.35 (brs, 1H), 7.77 (s,
0.82H), 7.56/7.52 (overlapping br 8,
0.18H), 3.50 (s, 3H), 2.47-2.40 (m, 2H),
2.14-2.07 (m, 2H), 1.93-1.82 (m, 2H).




11128 PCT 94 Cap-120 0 aNH O /c)LOH O S I.CMS: Anal,
Cal ed. for G oni 3NAAS: 243; found: 244 (M FED Cap-121

w2009/10288%) NH crsc02H | HNVR (400 MHz, CDCl 3) %&,@@2009,033380
4.16 (m 1H), 3.63 (s, 3H), 3.43 (s, IH, 2.82
2.66 (s, br, 1H, L86 - 2.10 (m 3H), 1.64 - - .716128PCT
(in, 2H, 1. 44 - 1.53 (m 111)2 Cap-122 0 NH
(1).,,002H 1 I-INWR profile is simlar to that of its

enanti oner, Cap-121. Cap-123 / 05-NHC)) =0
Cap-65

/O\H/H,
© OH
Methyl chloroformate (0.65 mL, 8.39 mmol) was added dropwise over 5 min
to a cooled (ice-water) mixture of Na,COj3 (0.449 g, 4.23 mmol), NaOH (8.2 mL of
5 IM/H0, 8.2 mmol) and (S)-2-amino-3-hydroxy-3-methylbutanoic acid (1.04 g, 7.81
mmol). The reaction mixture was stirred for 45 min, and then the cooling bath was
removed and stirring was continued for an additional 3.75 hr. The reaction mixture
was washed with CH,Cl,, and the aqueous phase was cooled with ice-water bath and
acidified with concentrated HCI to a pH region of 1-2. The volatile component was
10 removed in vacuo and the residue was taken up in a 2:1 mixture of MeOH/CH,Cl,
(15 mL) and filtered, and the filterate was rotervaped to afford Cap-65 as a white
semi-viscous foam (1.236 g). '"H NMR (DMSO-dg, 8= 2.5 ppm, 400 MHz): & 6.94
(d,J =8.5,0.9 H), 6.53 (brs, 0.1H), 3.89 (d, J = 8.8, 1H), 2.94 (s, 3H), 1.15 (s, 3H),
1.13 (s, 3H).
15 Cap-66 and -67 were prepared from appropriate commercially available

starting materials by employing the procedure described for the synthesis of Cap-65.

Cap-66

O N on
‘OH

20 "H NMR (DMSO-dg,  =2.5 ppm, 400 MHz): 8 12.58 (br s, 1H), 7.07 (d, J =
8.3,0.13H), 6.81 (d, / = 8.8, 0.67H), 4.10-4.02 (m, 1.15H), 3.91 (dd, J = 9.1, 3.5,
0.85H), 3.56 (s, 3H), 1.09 (d, J = 6.2, 3H). [Note: only the dominant signals of NH

were noted].

™
W

Cap-67

O H i
5 T /., OH
O /EU\
OH



00 LCMs: Anal. Calcd. for C27H26N206: 474; found: 475
NH tal ko 110CH Cap- 124 The

““ﬁ@@$%@ﬁ¥oclde salt of I|L-threonine tert-butylPEEERP09/033380

was carbanoyl ated according to the procedure for i1 pcT
Cap-51. The crude reaction mxfure was acidified mn%%

IN 1401 to pHT-1 and the m xture was extracted with

Et O Ac (2X50 ni) The conbi ned organi ¢ phases were
concent ngt a.t Lve r o]

SO|IdIfI§ on s andi %bfg%%@)dﬁﬁgéﬁéglégifQM%]}ﬂh’ﬁﬂﬁ /=
corce it isal.edi 2 (br ¥altta.4ands5H ) 6.86 ésul 0.081g), %XBLKSG{mQEH) 3.54

FE)': 0%«: %@}_S@g(éi 9?&%%%%@ é\?l é%ﬁ@?ﬁ@c{xﬁéﬁﬂ ?{ggd %g\g&ﬁ jwere noted].

phase concentrated in vacua to give a colorless 11128
PCT 95 oil which was shown by LCMS to be the desired

5product Rot h crops were co Prfad to give 0.52 g of a

solid. IHN MR (400 MHz, CIBO}? Q§ 60 (in, 1H), 4.04
(d, J- 5.0 Hz, 1H)), 1. 49 , 3 Hz, 3H). LQOMWE:
Anal . Calcd. for C3117N04: \4’4 f@tmd 146 (M+H)t
Cap-125 --NO \ Th-j <OH BocHNO" | Osuspensi on of
Pd(OH) 2, (20% 100 ng), aqueougtigrnaldehyde (37% wt
4 ), acetic acid (O 5nm) in hhanol (15 nlL) was
added (S) - tertbutoxycarbonylan1no)butan0|c

acid (1 WACW@O&W afe (038l bAB b Werd dgsh dropetyisg 6 & gy ture
ti s hysiragsn 9amm\e@smwaﬁrc@ﬂ (25,0 o moth %gbamc

hydr ogen bal I 'oon roon1tenP he reaction mXxture
fi 12eurfebenerresagH - g gadmep ! dnéPorace@us)). e Blre thagtice lmnctm)e was

Oan%tlf Q(?at\émb?eﬁl co%dﬁl%gp{%??nx ay\@ﬁlc[l @J:[H]e(cl2 q\/lhlrhtf‘{ﬁ%g&ate g@) ml, 3x).

15

resulting crude nateria
stéﬁwaqyimm@WmAmahmdﬁahcdmlﬂNﬂﬂﬂhoﬁzHNQDIcmmﬁzﬁﬁmajwn

R R e e
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THE
A A s A IR B R
t r Q)ahﬁditl\MlI HH@J-I@QHWE{(@M&@ =ni 5 ppm%O@Q«[HBPIS)D@@@Jthhﬁ{) 7.55

m xture all owe After stirring for

2h14 dvsgéhHé\)ea 498 352t<§’r éﬁhé 1r3na{t1eh ar-8r Bhad AP J"r’r?e) IH)
reachiptg wasHacl ¥ &i adh @7k 2-Weths& NiJ bGh(dd, /=162, 8.3,

1H). LC (Cond. 2): RT = 1.90 min; LC/MS: Anal. Calcd. For [M+H]" C;3HsNOg:
282.10; found 282.12.

Cap-69a and -69b
\\ O ) )
Cap-69a: (R)-enantiomer
\/N\HKOH Cap-69b: (S)-enantiomer

NaCNBH; (2.416 g, 36.5 mmol) was added in batches to a chilled (~15 °C)
water (17 mL)MeOH (10 mL) solution of alanine (1.338 g, 15.0 mmol). A few
minutes later acetaldehyde (4.0 mL, 71.3 mmol) was added drop-wise over 4 min, the
cooling bath was removed, and the rcaction mixture was stirred at ambient condition
for 6 hr. An additional acetaldehyde (4.0 mL) was added and the reaction was stirred

for 2 hr. Concentrated HCI was added slowly to the reaction mixture until the pH



25The solvents were renoved in mato and the residue
was suspended in 20 nL of 20% MeOH in CH, Ch. The
wormsweasswas filtered and concentrated to gi veCa/US2¢(9(033380

yel l ow foam (1.21 g,).
mat eri al
nmet hyl
mas taken up in THF (10nL) and H20 (10nL),
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3H)2H)32. 8&52(86(@1;11, 51423, JEST.6, ), 1.1Ht, baﬁt3|, élH) y
obscure
1H) . L

228&yﬂ@es(id\,ﬂ>ﬂ-_dﬁl)p 69 byGﬁJﬂ)wld.yMg ap@ dpORMBiarthNgH@B8iakHF / H20 /
M N MeO2CHN CO2H cap-127 15Cap-127 was prepared
'%ccording to the nmethod for Cap-126 above starting

0C

S‘[0| y%gx%e)rédpr

o b aRdUT 357 ol Pl e

froouA- S@a: 2-lamno 3 (1 "H NMR (DMSO-dg, & = 2 5 ppm 400
i nct hy 1FLin1dazoI 4- Apropapoi e acid (1.11
rmraﬂS) Naf | c .21 g, 14. 4| Mik193-4h@ thdQN/H) (20685%60
| c4,-28- e title co lgprgl di 88 (d vs
HC Zglt 1.79 g 10 % conﬂgﬁgﬁgtggﬁ fﬂgr angc
salts. |.CV8 and1 shop@d, ﬂﬁb0§5éséﬁdéiéﬂ)ddyM§%
of | t he net hyll ester The 20cr 1, Xt U : @S-
i s|without thither purificat Hq% %%ka£ﬁ %@%}ﬂ??ﬁ%, >
CD>OD) 6 8 90 (s, 1H), 7.35 $741}ﬁ¢m411%11dd = 5.0,
8. J.ll), 389 (3,. H), 362-£S ) ﬂﬂg) 1
Il f‘lp 3188 (Im 111): I, OVS: Aﬁimcg?’@é@%@’ 2.5 ppi, 500
COL¢R), 3N304:| 227. 09; found: 23§£§h8j1&@@4(&1&2@231577(m
Preparation of‘ﬁpp-@ZS
Cap-71b:(3) | \_n 2H), 2.76-2.68 (m, 2H), 1.69-1.54 (m, 2H),
OH
1.05(t,J=17.2,6H), 091 (t,J=7.3, 3H).
LC/MS: Anal. Caled. for [M+H]"
CsH sNO;: 160.13; found 160.06.
Cap-72 "H NMR (DMSO-dg, 8 =2.5 ppm, 400
MHz): 8 2.77-2.66 (m, 3H), 2.39-2.31 (m,
\\ i 2H), 1.94-1.85 1H), 098 (t, /= 7.1
94-1, , , 096 (1,7 = /.1,
NN o ), (m, 1H)
6H), 0.91 (d, J = 6.5,3H), 0.85(d, J = 6.5,
3H). LC/MS: Anal. Caled. for [M+H]"
CoHyoNO,: 174.15; found 174.15.
Cap-73 \ "H NMR (DMSO-ds, 8 = 2.5 ppm, 500
0
N, MHZ): § 9.5 (brs, 1H), 3.77 (dd, J = 10.8,
5\0 4.1,1H), 3.69-3.61 (m, 2H), 3.26 (s, 311),

2.99-2.88 (m, 4H), 1.13 (t, J = 7.2, 6H).




2) CCO2Me / NaHCC3 THF- H20MeO02CHN CO2BnMe02CHN CO2H

Cj -29cap-128 Step 1. Preparation of (S)-benzyl
WOR009/8r633but oxycar bonyl am no) pent - 4- ynoat e ( cjPZAB)S2009/033380

BocHN CO2Bn cj - 27b To a solution of (212 7?1128PCT

(1.01 g, 4.74 mmol ), DVAP (58 Iy, 0.475 nmol) and

i Pr2NEt (1.7 nth, 9.8 mmol) i CH2C12 (100 nL) at OC

vvas added Cbz-Cl (0.68 nth, 4. 83 mml) The sol ution

h

A + A ot vy £ Ar A amchod (1N KTIL-SOA

Fatl
Clll V vCou v SUTT U1l = T |RRYAY N INTT I

br | A&Y77dr i ad ( Na2SO4) | filtarféHMRaW%r%&T?étpéalﬂ?
vapuo. The rlesi due was puri f| gg hy 160

chromat ography (TLC 6: 1 hex: Et OAZ\?}S to@éll\/e) Jtaﬁg&f IH? 381
coppound (1. 30\\ 91 as a cayardéek&iH()lZ §2-2.HNIVR 4HB0D063 (dd,

M|z, CDCl11)| 8Z- 5,35 <(dy nbIy 7 Hz,
1H) . 5.23 (d, 2C1HZ 0 ,515&:71'9’ i('fa,z;@@_,é 74 03,
1H), 4.48 - 4. 53 ( 2. 681} 12981/ (i, 6BH) RT 2 0S5
(t}2.5 Hz, 1H), 1.4dn(s, 9H) LC N 1S: al 5Cal .c

fol Cl7H2INGi: 303: f%und: 332’“](“&%5&‘%0“?: égtaLe%M%:g%a" Cated.
Preparation |of (S)-benzyl for [M+H]" CsH17N,05 1 189.12; found
3-(1-benzyl-111-1, 2, 3-tri azo _8§§_1y1) -2-(tertbutoxycarbo
ny| am no) pr gpanoat e (cj-28). 1§18 pCT 98 BocHN

CRBRy-gix 28 &0 a mxture of (S)-benzyl
2-(tert-butax ;& bofiyl am no) peatv4-AMapat 8cd Qoﬁ[(ﬂ/[g,l
1.65 mmol ), |sodiu asQﬂ)rbateT%O 036 g, mo

CuBSO4- 51120 |(0.0 , 0.09 nyrblofl2AtY: M§&B7(few?@318)§212 1
mpl) in DVH-F190 '(5 tnL, 4:1) at rt was added BnBr

5(0724 i, 2. 02 mmot ) and the mxXture was warmed to
65C. After 5h LCVS indicated | ow conversion. A further
portion of NaN3 (100 ng) wagadded and heating was
continued for 12h. The reacti on was poured into EtOAc
and H90 and shaken. The | ayets re separated and the
aqueous | ayer extracted 3xuwW {DAc and the conbi ned
organi ¢ phases washed (H20 x3, brine), dried (Na9SOH),
filtered, toand concentrated. The residue was purified
by flash (Biotag, Fe, 401-M 0- 50 MeOH in Cl - Kb; TLC 3%
MeOH in CH2C12) to afford a Iight yellow oil which
solidified on standing (748.3 ng, 104% . The NWVR was
Sconsi stent with the desirédpgbodwst but suggests the
presence of |IDVP. The materi al vvas used as is wthout
further purification. IHN (4 , DMBO-d6) 6 7.84
(s, ITT), 727-732(m .54 (s, 2H) 5. 07
(s, 2H), 4.25 (m 1I11), 3.16 J-lO 5.3 Hz,
1H), 3.06 (dd, 3'- 5.3, 14.7 ,296(dd|-91
14. 7 Hz,NaBH.enladg 08, 3 &;’ﬁ%l%wla%edﬁ\ﬂaaéoole@%lc%mcﬁ BAih) water
C24H23N404: "436; foun
Pr eganayingthanst (1(531)11) branizgp] of H- D Sel OBzl HC1 2.0 g, 8 6 mmol).
3 ( o
O(/%rceﬁt d%%%ea(}glgﬁl ?%?nn{nngc; g%%pagﬁi%%%ép %\/156 0551)5111B1ht1\e cooling bath
10Ve O2GCHNNGREBmd¢he 2€ction mixtulk wolsutredr apbichSonbeinn ﬁh 23w ( The
l_ bg é1¥% Bvég%aé%fgl’l}(s %111: r!élezd%!qfﬁl élllllC?a[ngdtcgnce%l_a%il%Cv%u%on%
ad desiddléﬁ#aq(d‘ﬂsqasﬁuéd inTger ml(XIDMﬁf&?d\Aﬂﬂl skl owgthated 1BILGC r  at

roo e h.. The. m re entrat ed
CUPERIPERTER B At g b B M o S PR R s S
st andidRgpropdtoste a&l&&&l&@m@&s 0il (1.9g). '"H NMR (DMSO-ds, 8 =2.5
15 ppm, 500 MHz): $ 9.73 (brs, 1H), 7.52-7.36 (m, 5H), 5.32 (d, J = 12.2, 1H), 5.27 (d,
J =125, 1H), 4.54-4.32 (m, 1H), 4.05-3.97 (m, 2H), 3.43-3.21 (m, 4H), 1.23 (t, J =



mat eri al was di ssolved in THF-H20 and cooled to OC

Solid NaHCO3 (0.25 g, 3.00 mmol) was added fol | onwed by
woCheRdYe33( 0. 25 nl, 3.25 mmol ). After stirring Foruoe4033380

the m xture was acidified to pH-2 with 6N HCL anlci

then poured into H20- EtOAc. The | ayers were sepa AP CT

and the ag phase extracted 2x ¥ th Et0Ac The conbined

org layers were washed (H20, brine), dried (Na2SO4),

filtered, and concen rat ed o to give

col b8 b5 L g (805! BIith! 12195 MRSt DM+

pr esgne&f22n curyudensd fd ed i nmpurity) which solidified
whil e standing on the punp. The material was used as

is without further purification. IHNI\/R (400 MHz,

DVB0d6) 37.87 (s, 1H), 7.70 & l,% =8.1H, I1), 7.27

- 7.32 (m 1011), 5.54 (s, 2111) 51010§d 7 =12.7
Hz, |H) N&O72dge 1.2 mmpp 61?%|).|zvas g_c}q)ed tmag@ed(m;eg\zpte@rﬁ“HF (3.0

5 g Ptiohpr igra SygRbG 2o nidonchitbunoate

f or (OCR1H2 2NeA34 :mB@Apreparerhehov@9Bd (Hvthkture was stigedfyr 45 min.

P S |
oy PRS0 O {2bioR bR yh R RS captimged for 18 hr
( Ca@hll&ﬁ])ownfg'\dhé\bdﬂmw @@é‘lﬁt Caphtloa8 The reactidnS)ash@aaytd

benz -1
1O( rrei"H]b)%’%h H‘f}‘\l 3%%6%6?@%8%%3‘“@3%2\%% (6 ) PitrifEpPyd
waswhyhed Ageatiatolifildwa bp rc@&@&ﬁqa cQftiolPdt€ 2(082H Mk thia b,
MeO11l (5 nt.) at atnospheric sure for_ 12h. The
90nB§e“ﬂwaé0%%VqW% é‘?%@“?lﬁr"&) tgHo afc’ @6%%6%0@5@%@ with

172041 B G ONCER & AyBEhphfbiV &S @s a yellow semi-solid (100 m
(S) 22 ar(rietﬁgax c(g)rbg%ylﬁrgo)-s (111- { 2, 3- trlazoﬁ 4- 3%%3
pr OEWP@’CEYYMUS%*}* iBBtEPHAH s PRI | ess gum (266
1§y, 111% which was contam nated with ca. 10% of the
net hyl ester. The material was used as is wthout
further purification. |I1NVE®@(Z00 MHz, DVSO d6) 8
12.78 (s, br, IIl), 7.59 N 111), 7.50 (d, J - 8.0
117, 111), 4,19 - 254, 24 H*H) 3.49 (s, 3H), 3.12
(dd"l - 4.8 Hz, 14.9 Hz,/%%( Hdd"/ = 9.9, 15.0
Hz, 1H). LCMS: Anal . Cal cd.ofor C21-110N404: 214;
found: 215 (M+H)I. 11128 PCT 100 Preparation of
Cap-129 1) H2 Pd-C / MeOH CbzH CN / 50CCbzHNXCO2H
2) Cl CO2MeMe02CHN CO211 cf - 30Na / THF H20

-31cap- 129 Pr epar at |

(S) 2- (Bé@y@%%%&rob%‘ﬁ%/rﬂélt%m )adéed(l?e@‘ﬁ&/%%ﬁ“&ed (~15°C)

Syl \peopRosi (¢2 atl @ci)Gbruddy of (Waﬁiﬁ?@ﬂt%ﬂoﬁjm%nwammo)
A suspension of (S)- benz%ﬁ - oxooxct an- 3-yl car ba

’7? 0. @17(11@10 e 2 b 9 94 gypp! gzzvotp@utegla@ a@etal@ehz@c %qn& 43.1

in GhloBMs (aa-(?edrﬁlrap Was ohgated, @t c&@i@gfoﬁﬁ woé FemolBE@ and the

m xture was cooled to rt overni ght and the solid

fi | fceetid Migtugs Wasrsirredg3t pmbient condition for 3.5 hr. An additional

o(b n LoRang; h
SRR ) B R 80 02 DRSNS S5
vacM@staﬁ thetMe®H compencat ee roinetedar serab| and thsupaiof e CHEN

. gfvgfs“’técghe)d i&glﬁl C%%ctﬂe% /‘?te@H%?ﬁﬁqg?éggq Q’c%fé ?0@3 1611- %a@éd for 2 hr

168a1510 "C6Ih&v¢Ivdd emralsonemt vadq remdved mac@h eml thSm@Jdui %Stlcated

% 0 gimtg g—ﬁ;{/? 14{.?1&%% %‘n\scfl(%gamgﬁ in%\ilil el a%n? %&r%?tm%]f%x( ‘P? ht The

5H) yol&il2 Bormpondiwas Derfdbe( dh va]:ﬂa andlthe rekiklhg waspudiBieq djth Dowex

cwé %&1 Toagn i hapss g P BV 3G g R oho

Step 2. Preparation of
(S) 2 (mst hoxycar bonyl a
| 0) - 3-(1H pyrazol - 1-y1) propandi e 20aci d (Cap-129).



NEOZCHN CO2H cap-129
(S)-2-(benzyl oxycar bonyl am no) 3

WO2049%103¢38azol - 1-yl ) propanoic acid (0.20 g, 0. AECTAHIN(09/033380
was hydrogenated in the presence of Pd-C (45 ng) HTI%;PCT
MeOH (5 nmL) at atnospheric pregssure for 2h. The '
product appeared to be insoluble in MeOH, 11128 PCT
101 therefore the reaction mxture was diluted with
corePonT s YL ERT: RbGOR Witresriudf TR EENERIS ana 2w
( Cahi ctf@&)a,tel}aﬂodffbi‘dentl\ifhﬁdd13t@(ﬁ)\2€dn1h@4\(&10ﬂ1§)1an1T1’®3bU’t:ﬁi&iﬁ:l aeldng an
soI zen and | yophyllized to give a yellow

ﬁ$?ﬁ%%wgﬁﬁ£ ? rhis material was suspended in

TI I| g 112016yt cmmor&ma)c (and nilhamsenabigdad 2ldeCiropaviid®rer 11
co m xt ure
‘Sar B F OBV RGN OB B e B B L0 L
ceassaui/{Ho@. 4. BN arfdl (kCRWRe HRIRR ($02:4 Ae)! ThERRL fon¥8K ture was
added dro wi se. The m xture was allowed to stir for 2h
andtias %é? i jaad) thep ths|copling kil wasgRmPId a4 gupiag pagcontinued

I Nt@r & LGiondiRE 5I1RAY ?ﬁegl AEIR nPi§Re \@ets%qluéﬁ QVlﬁlréﬁuzﬁqgl%%%f
phase extracted with Et OAC t Q(x5). The conbi ned

or gHFrEn( apeicd wibréLhkdAele B muhthe eirices ninssBOEpQled with
| t.r-at
1021 IS IE@?;VEQB l;aﬁ‘igglsdcago;}@ég Wi @)Q(één?l agHYi%l M@}i}t{ Ill\i%\gh(gl nﬁ?}'%?glatlle
Dh/g(gnmgl)enswmh@m e(n@ved zln|v)¢cu07%1n@3he(qﬂudejnat@1a6szﬁeeH|>z)b¢d with

7 %Cgﬂeﬂn %6 @Aﬁé%m&w WE‘ZHzéz\%l% dy }el a]ng%éﬁgli ﬁvag%l\_llzeg W:EE])Q 0M

4 Z@H#Mdolﬂl to( affor @H)pu:escmmaq BH)EE-WEEMSTid AT mg) CAHAMR

norN D e o i P Gl SR e 2 . 3

15COMEY-E.0@ d1)6H3V2a18 abb emQH) 20phemyhglygiing @na mvtm)t 0

R - ObRGRe Tl R MR ol B0 A3 me 23 ks

Cap- 131 958tep a D net hyl car banoyl chl oride (0.92
m., 10 nmmol) was added slowy to a solution of
(S)-benzyl 2-anino- 3- netﬁ%?ﬁéf@ﬁoﬁfé hydr ochl ori de
(2.44 g; 10 mmol) _a&qd HJunig's base (3.67 ml., 21 mmol)
in TI1F (50 nt.). e r@sul ting white suspensi on was
stirred at roomterpendt tvie overni ght (16 hours) and
concentrated 11128 P®T 102 under reduced pressure.
The residue was partit oned betneerenathipbr-acet at e and
wat er. The organic | was WHSHBS MR i ne, dried
(MgSHM), filtered, and concentrated under reduced

20pr essur éhe Thghepie 90 Ctr-ng wyetdndweted dccwasgpa thefpraddiy described

];lcgf?pg @1?‘8 a%lggf ?%fﬂ}l/cym.:lgkg.}]@%%té}%tf?rrtg%Sﬁédlsplaccmem step, and by
5c onficetntgrtbd @dntimokeic svmuwmqﬁrlm\mtelnnmglaﬁa 1852 2(@5% of

|
(i ga%é% oyl'glzo [2. g}taheptan-g—g/%(%wngcgétc lgﬂfglp%\r@%g %)nfélo rHle

1H)inte2nddithtd $03.6 bik) wab diOdoledQR ethmol, hﬂdﬂlellé%uﬂ'ﬂiﬂ],g Q&\lld)lon was

75?' %g]e%‘g(h@in % ua%ﬁ';jﬁ() E@}_%J(%ganac‘f; gDFg-Colulim 7%? ws}g)'_gl%s um)

Anadiutingah qdovf ©®7 [ Ok EﬁO@l\ﬁi@-&lNﬂﬁ%nd?ﬂt&nTlJ -atufeQNE °C to
279.03. 10 Step To a MeOl 4 % ution of the

i ntpé?wéed%?ét%%i»%ﬁapweaﬂo«vé 162308 ¢f; en@twslewﬁﬂ fesghgnzy!
addedrsRAAOn{dO%ho120Q 08 diad e, B 1el5ﬁ§t%ntdf@zpb7| t@%kowde Cap-77:

suq ension was flushed with N2 3x) and placed under
MRADMH & derioxt 1p ermaOY Hr ) €d .- 5at(ny 3idm7t38rp¥r at. GHe
overn|ght and filtered though a mcrofiber filter to
renove the catalyst. 15The 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 wi thout further purification. 1H NVR (500 MHz,
woDMBOd&B 6 ppm 0.87 (d, 1=4.27 Hz, 3H), O 88 P(CCT/USZOO9/033380

1=3.97 Hz, 3H), 1.93-2.11 (m 1H) 2.80 (s,
(dd, J=8.39, 6.87 Hz, 1H), 5.9 J=8. 54 Hz %192%1’“
12.36 (s, I11). LC (Cond. 1) %T 0.33 nin; |vrs Anal .

20Cal cd. for [MrH Cal 17N203 189. 12 found 189. 04.

or G acl 1 iH (55 Dorisys 2 85 kA it Bpelidakts (A1) 1 %ona.

hydinogh Lqrmﬁmagemgmm t Qaltd efoﬂmhcm cﬁ&ﬁmmzb@ﬁz fDiound
Cap-131. 111 NMR (500

1=72337 SHERMipAnad @ Sf01 [@mﬂ c gl 19801 ggz 1@,&) fougd A1.1340.
(d, 1=7.32 Hz, 1H), 12.27 (s, 1H). LC (Cond. 1): RT =
0.15 mn; MS: Anal. Calcd. for [MH C61-1+3N203:
5161.09; found 161.00. 1112&: 103 Cap-133 NH2FI NO
Hel Cap- 733 was prepared from(S) tert-butyl

2- am no- 3- et hyl but anoat ero ?hl ori de and

2-fl uoroet hyl chl orof or mate ¢ling to the nethod
descri bed for Cap-47. |EI NWVR Q\,SOO VMHz, DMSO d5) 6 ppm

0.87 (t, J - 6.711 Iz, 61y 67-2.10 (n, 11-1),

3.83 ((1d, J=8.39, 5.95 Hz,"111), 4. 14-4.18 (m 1F1),
4.20-4. %@CNBHﬂ(stsz @% rérﬂol mase’lcﬂdeh)oaﬂlx%ﬂe 4 @8 HO Balt of
1H), 7.51 (d 8 B4 , 12.54 (s, 1H). Cap-134

al )(@ @(g:.]hylgqn@) MF{MI'@e@@ ac1d (an mtem@g}fgte?g ﬁlemlghﬁpég LB
framd)mdieh %ol%ﬁﬂll f@:%loé%}c{Egﬁowky)ﬁme%{y@sﬁl%mt@ao 1940

accor di ng to descr
19 500mpbEn M@QEQIaewwﬁhﬂ@ sppu bet@@gwpuwtm qwashegtedgt 50 °C
(m wﬁﬂ‘gn o1flba§h4fo} 2@ ﬁl (N/[Qve (il%ﬁﬁ))x?y%cl%? gﬁm@f?ﬂ 1(rmhg§;]1§1)e’(l % rgg

(dd
12. (5% x@saol)Hnd NamBHs (Songl.0.82):mim!) we. a@dedrand theue:atcwsa

An}ll" g@légsdh Ie g or[amldlii'tim%?%% h?.NR%Vas %%4{ ailtgwedftg %‘& to ambient
204, 027 &3p-F g4
temperature and acidified to a ~ pH region of 2 with concentrated HCI, and the
15 mixture was filtered and the filtrate was rotervaped. The resulting crude material was
taken up in i-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, 8 =
20 2.5 ppm, 400 MHz; after D,O exchange): 6 7.56-7.49 (m, 5H), 5.35 (S, 1H), 3.35 (m,
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]"
C1:H 1sNO>: 220.13; found 220.21. HRMS: Anal. Caled. for [M+H]" C3H gNOy:
220.1338; found 220.1343.

2
Ln



A solution of D-2-am no-(4-fluorophenyl)acetic acid
(338 ng, 2.00 mmol ), INHCL in dicthylcther (2.0 ni,
WO009/tieBl ) and formalin (37% 1 nl) in net harsT/YR00p083380
was subjected to balloon hydrogenati on over 10% 11128 PCT
pal | adi um on carbon (60 ng) fZ% 16 b at 25 C. The
m xture was then filtered through Celite to afford the
ElICl salt 25o0f Cap-135 as a white foam (316 ngy, 80%.
"El NMR (300 MHz, M:011-d4) 7959 11128 PCT 104 (dd,
J =8.80, 5.10 Hz, 2H), 7.29%%1 - 8.6117, 211), 5.17
(s, 111), 3.05 (v br s, 311), 2.63 (v br s, 3H); Rl=
0.19 min (Cond.-NM5-W); 9%% %m) enity |ndex LRVE:
Anal . Calcd. for [MH CLOR[3FMC2:OH98. 09; found:
198. 10. 5Cap-136 NO %o ool ed (-50 O
suspensi on of 1-benzyl-1Him dazgle (1.58 g, 10.0
nmol ) i n anhydrous diethyl ethef ({50 nlL) under
ni trogen was added n-butyl [itHhi (2.5 Min hexanes,
4.0 nm., 10.0 mmol) dropw se. After being stirred for
20 min @zone &Qﬁﬁﬁble@wo@rmmeamgl@ﬁcx&@;@%ﬁ%ﬁ%ﬂ Cap

Drierite) was bubbled into the reaction m xture
nm BePot @i 1 1 wagohifeigher dninanH tb%l@@@loz@n@mw*@mﬁé awt of

sPr agididi@t f101 O Bd R aagié;iv LidaRe RbciRan Q%Ie%% id& for

to the reaction m xture was ltered to yield
hy gtbosigopire ;7 8wkibed \S@Ilﬁmmﬁmﬁ e @bﬂ&bmdﬁ@mnrg apatimred for

(7 arql-a)i tl@lcf‘ch @‘b H“qu&c ?151? EL v%latl%ﬁ%}jﬁgnen@azgq leP]%U%PIg vgzcouo to

crysta ze Wt ration o
pr edfopd ¢ etlerlesSyacms ailwhi t e solid which was suspended

I et radeka gt g6 S AL T oL LR 6T

10r esthd@h@vé ciade wateenl ahd n10|TLh)oliaéf 560 deds.themnlol)Ghd sal rhixafe was

stm dmd) 1 %on?ﬁ@&(%?l d%fjl?ﬂ(? \gaqglgble E%@ce yatﬂ_!\l el(agtue Tld

HZ U chid)l with.cbfieektrddd HAY toThng itS pAho 3.0, zﬁ]ldl)tl;lenRtxrlchfoSl 5m The

95% honogeni ty index: LRVS, 2 | ..
(o By SR A0TE0EL L, LIEEXG BV 0l o
105:063%{)13&817 of MC&pedn (I\@@HA@SMQICIENFN}D;M@H elutlon) and a reverse

1-chl or | noline (188

o QAR Lo BT ARG E 4 K A S dUrOE AT A t2busy amoun o
099234 4holnd88 ng, LOO mmol ), cesium fluoride (303.8 ny,
2.00 nnnl), bis(tri-tert- butylphosphlne?palladlum

di chl or Ihagl Fllte cPrlgsumG tl@znwﬁgcpl)negﬁ@ammam he above material was

2- (digsbRud ! @quls)rﬁ]%?' A0 u@z%@wﬂ;th ke, NL 029 nhmaloy rhrﬂol) folloyed

anhydr ous di oxane under nitrogen was heated at
godyraseticrahyiliise (G @mils 1%@ b gtired Q@mbtenamdmo@évéa

20 tfhlsﬁtdlfhﬁ St 1, 2AMEAHE) Rat aéasedtm tmg& t;@lﬁmﬁ&i RELeR,. T

with vigorous 10stirring for 1 he 'm xture was
par\tOﬂctUﬂQﬁ@@ni)Ob@m weerenwved/in vacet am@harﬁsulwm epidamelastaesed

g;g@%@b@@f@meé%ﬂ atedy Nﬁ%&@@gﬂ@é&tmﬂg{o Iédaigl{pggedcap-

o

I'tered and concen
of Phee abesirdugoonois inhidavgeiled @ ticinoxt swb twith08b fiuoh<80%
r}%{mﬁ% at e/ hexa. nes) afforded Cap-]37, step a as a
¢ 'sol°'d which was used as is (230 ng, 105%. R, =
251. 95 nmm (Cond. -M5-W2) ; 90% honogeneity i ndex; LRVS:
Anal, ISCalc. for [WI C1411871\120: 221.07; found:
221.12. Cap-137 ON co,H



To a suspension of Cap 137, step a, (110 ng, 0.50

mol ) and sodi um 20periodate (438 ng, 2.05 mmol) in
wocastdmnezet rachl oride (1 nL), acetonitrile (| paryuszoe/033380

water (1.5 nmL) was added rutheniumtrichloride hy(iiu%sel)CT

(2 mg, 0.011 mmol ). The m xture was stirred at 25

for 2 h and then partitioned Bt ween di chl or onet hanc

and water. The aqueous | ayer was separated, extracted

twice nore with dichloronethane and the conbined

di chl or omet hanc ext r act sCHsP& @14 -6& over 25Na2s0. 1,

filtered and concentrated. Trituration of the residue

wi t h hexanes af@orﬁ}ed B 137 (55 ng, 55% as a

grayi sh-col ored Spl | = 1.4 0.4 GO B V) ;

90% honogeneity it LONG: Axals0p: Cat-@astdrédimef M t - Hf

C111-18N202: 200. 08; fcpur;rd 200.08 11128 PCT 106 Caps

138 to 158 Synthetic St @ gy. Method A, COM

10Cap- 138, step a To a stirred suspensi on of

5 hydr oﬁ%q@ﬁ@oﬂp 8. 5(pmel) awree el dad dwpdiingotten 1 § ren to a cooled

t fi g%gwﬁ{}(%bﬂ cl)xst%r oﬁgggﬁﬁ nglgg % ?% zgd% nﬁéﬁgxo%ﬁtaﬁox%h 210%%, 44.98

% ctmahly dnodMeOaN(3 ()(:2 Gmeme mhn@bbdkewaﬂmylom dnentigd re{ddioB mixture

gt)r‘f/??sgﬂwg % a%%ah %SWP oxé%ﬁ y t &r (Cf]l i) vola%é com%oéenm.r% )

t enRbaddur eadioran@ hehediik arae Cméfuiélgaﬁargtld)ntﬁédmmﬁ BtOstchyf 50 mL)
acetate an rine, drjed over Na2S
e e R e e MR CEb TR L R A R p eI
ont.@r, Slx? | &a t1g&Jon®nEdd Priahit ipBahe (ak ulﬁémwg&dm il %l ealhhlyl
acet at e/ hexanes) to afford Cap- 3 aas alig

14 o] qoBgFnEaet & ‘(“f“@@ ordiSop! HRIVR! 6@?5@1% a5 %P*Nﬁ—frf)at%a“@ 19
20(60'10|1|1)e§4‘811 g&o@é) (d ’NMR éD@ISQ) hiza h@%pn? 4%@1\&}@'3) 9746782 (m,

(s,5EBHY- 11 2H3: 3(72689pmh (@oﬂ!ﬂ) 3[52)(q 3689 @ﬁ)@ég’énéﬁf)yﬁ IH),

Cous GG 8: Sl S Ay L0 g Cr AN 2601 R8s

st |AmaédCslo¢l ufOII {M+Hﬁ (Ealgbxslﬂ@8 238l ggoend23834. g, 14.7
1) t
enper a?&@eamgm %gﬁer?%?c 1%?5“2& genzm c amcg @ R
3. 4dlugion DO(S- 1ntmnt§,)1 4imetloyl €-gpan¢suommatedft Org, bed mgnat thr@rdo 9-
for 20 vvder po Si u r te
adcadrg RO e GR AT, e G ial rr 19 Hhgliha e
5t elnpes @hene nberﬁmer\mslqtmwa& afnblehecoaditian dorad e eHiter aixede was

fford - 138, | 1] i
L O
7(83 ﬁl%)lte vﬂallm%w(t@@l}a reség Mddg mbteBalABas(sdbmidted fb aSBlblmoe
HZ p11_ﬂi})cat1071 (glg) %‘91 1caJu§1 é%ini q?xglonh_tff'fpmd%%%gifézy’l ﬁ metlg/] % (9-

ph'leilrgr%ﬁﬂ@a-reﬁ 9, ylalnmo)?uc%m'ilz: as hloh'l)y Vlﬁomo(oﬂessm (7 95{}
0.92 m n, §Cond -D1); 90% hom)%enl ty index;

AnaNMREAINSOfdord T%ppm» #00C4b X P TR 21 %6 3(977 13f<6ur%6H> 4.7
176ch %91 }13133’4 5 6&9 12. @NHé 3.88 &f Lred 1ol ykh @nmf 2.99 (m,
g, andtrletglamnc
25 lH) 2 50- 2 41 (m 2H, partially overlapped w1th solvent). LC (Cond. 1): RT =2.16
min; LC/MS: Anal. Caled. for [M+H]" Cz3HeNO,: 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.



iS(1.1 nb, 800 mml) in dry acetonitrile (20 nL) at
room tenperature under nitrogen was added

wWOo20pEee38 si |yl cyani de (1.60 ni, 12.00 mmol ). PIH&US2009/033380
m xture was heated at 75 C for 20 b before it was 8 PCT
cool ed to room tenperature, d%g uted with ethyl acépazté)
and washed with saturated sodfum bi carbonate sol ution
and brine prior to drying over Na2SO4 and soI vent

on ST DL veoga meahubR s wor kg oo WG BHERNS

a;: festnalgleg Wexangakrd f@ 185% ehhy hll@ae ak ebdsl\%ga)amc) thaw to room
afford Cap-138, step c (498.7 a ite,

cr yEPEPTpY Ml Al rgenshiah &l%*%fw a@@*ﬁ@?wmwdﬁ filoragst of the

Capcnkzﬁﬁo %Og%ﬁﬂmﬁ Wa€ Fe%(ﬁé@ﬁy \faEzQﬂﬁngm% Ifﬁlézlhﬁelr \f‘ili)ﬁ%)anitloh&dWRvecn

J @H§1HZIOO ﬂlb) and7w8t81 ((49 ijFTge g]gp.wc lalfﬂ)was-;hlg@ (MgS(S&, filtered,

8. oanlﬂl%onc%matednn%cz‘ad and e eswltifZ erudd thatedal Qs f)uc'mﬁe%kl)lth a
121= 1.75 mn, 90% 25honpgenei ty i ndex

L CNByotagp 150 g@dwé gelﬁ %i—% [E‘V&M/h@ﬂfﬁ@i@ém?’ 631881 ©75/3S and 28/3R
f o%?ﬂtmé&é&r’é%lxm;‘%%gg bgl'gj-l ;%th nge?i%ag (9% {5’16 9H- ﬂuohen 9-

, step c
5N ﬁwdmgmwmeox r~di@ ()s(oﬂ et 6H NMIB). nﬂ)e starebchéroisinesithe i ng

10> uscg)%iﬂﬁ%n?!} zngl%tt gﬁeﬁl ne%Sat %15 Jgﬁc ure ha’ng 91} ggng \?ﬁs Q%E[mttcd

omTet hane “and aci
hy dio alehieat step \an:hodt so]ih\eu@f Janiat }ﬁ)NM:Ie dwasDE8paisat €d,5 ppm,
washed with brine géove concentrated to

* A YONRR): BT fiiar&%léP@al 34 for d%éplfi o glag’ & Yelthow

sol ddribhed48m H%é g%& 3I 4 (HNR—(I@MB@[—I?Q 134(@0J M7|21) 315) lﬁn&
(Ur s, II1), 8.

6. Odiptzercorpdy, 6@26@ cﬂZﬁ HH gf @HpE3.74 44/ 710791NH>53764(WH>
1D P HR? (o e debe i anbuan e ahE AR T
Cal [M+H]0|C3{PMN4]> €92 1HfoNOB92.204. 07 found 204. 05.

et t ors. 00 F g IRC B ARG b BT AFFR

Capwds3@dedD@23-wiseCapr-1D38in tsh e@olai (- 'ZD"(CNTW (@20 mL) solution of

;:“g E l@l'g?ﬁ% aqséglggg- ér}@ﬁ%é—( ng 1enyr11()ﬁl tﬂllo ﬁgl]lamino)succinate (3.37
201- Cg]|60§68mﬁell) pebirexyios oqut Bodrddne - ’(81“(:2«.0920 1@, Zhemattion mixture

prepare accord proceqgure

099 8745:11]0}566]’[%%% hﬁ%@é&p 51)?@ nfloa &gy aom 1§t0 ?I léq4/%70 (250

bi shdj phiemiipd) asp e Raxpentangufde@Witlgeth&.(68 mmolx). amd

pal |l adium (11) acetate (70
combined organic phase was washed with brine, dried (MgSQOy,), filtered and

concentrated in vacuo. A silica gel mesh of the crude material was prepared and

25 submitted to chromatography (25% EtOAc/hexanes; gravity elution) to afford 1.1g of
(25,3S)-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)-benzy! 4-
hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate containing the
(2S,3R) stereoisomer as an impurity. The later sample was resubmitted to the same

30 column chromatography purification conditions to afford 750 mg of purified material
as a white foam. [Note: the (28, 3S) isomer clutes before the (2S,3R) isomer under

the above condition]. (28, 3S) isomer: "H NMR (DMSO-de, & = 2.5 ppm, 400 MHz):



11128 PCl 109 ng, 0.31 mml) in anhydrous tol uene (6

m.) was added N, N, N1, N - tetranerhyl et hyl enedi am ne
Wdﬂms?/ﬂ)zm 2.48 mmol ). The vial was seal ed, hemtEUSAH9/033380

150 "C for 22 h and then allowed to cool to 25 C hf

reaction mxture was diluted with ethyl acetate, HIZ3 PCT

washed with water and brine, 8fi ed over Na3SO4,

filtered and concentrated The residue was purified on

2500 60 K Hc b by OBk VBl o o St e Ty g
a V\(@bﬁ EJS-Q‘s QO%I(llﬁg%zlz? :ﬁj}) 10, 1%%16?@@}% 3 5@@11 Mthz)2.6 (m,

7 7BH(Qifer1@p@d with ﬂ}qzsolvzwlgn?ﬂ 412873 gHY, &881%«7 9. 85%“1 d:C
| = &on H?& RﬂrH) 2 0@ mAB L@Ms%kl)lal E2icd. —%ﬁﬁfiﬁﬂ@ H;olé(a)f 464.45;

( Cond. A)honogenlty i ndex;
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t hed B Gt geurel, des,cr i9%Esh frorHEap231@E8.1 HL -4 NV £ 4008.3, lH)

e 00 000, SRR A Sl

l'i zCalbd.l oy [M+BY (:oH:NOF 484.25;Hayndddh ,527. 44 (dd, 1 =

9.3, 2.5 Hz, 1H), 3.95 (s, 3H,; R .-0. 1N . ]

1 Cond - DAY TS BERE 5P R of SRS TAT e duigy grodvcts
f or wdid\nthdd bise €A MOELONGS cor@rttcd i 1dcaiabder 1\21@4@3(})5@pa1'ed from
Cap- 140 CO2H Cap-.140, step a 11128 PCT 110 T}?
a V?agbfsgg@{ ?,y g"flﬁ)lp}llégjthﬁlf(%{om’vplég gyptocol: LIHMDS (50 uL. of 1.0 M/THF,
1, 30,05 GMoPF Wasad@NOX YbSIBAUE QLN EHFABD nn\;;% qo&n@@ombm

prepared according to the procedure in

051erayl 4-dredi-oRhy-§o- @l@éyla%féﬂe@eﬁﬁ yl@no@bﬁﬁé}w)e (62.7 mg,

1§°d@) ll‘f@ &ﬁ{ogoﬂﬁttﬁc feR4dn MHxture-wdd IR At sANGr temperature for ~2 hr.
éﬁ henylphosphlno)gentane (35 ng, 0.08 mmpl)
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0.40 mmol rain, he m xture was heat ed
to 6D T aghic hzeen Vs §n@t<|M&$é}4DJtﬁ|h@r¢dmnda@@t€@tméed in vacuo, and
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Th d t th

1036%&%;1#%%% Bitie b RL e e B HEhEiRE) hexanes
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340 0% haonogeni
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23311@’553 cheand: 5 233108. 45¥§ap@aﬁ 140 11) ~@@25m IH, partally

Cap- 140 was prepared b he acid h drm

Capoyeiapped tiath sqlvgpteskgnal I\E Ham. 38).de5d e Jbeé 6» ?nHi He (Cond. 1):
du d
Pr RO G AL Ltcfl@sp&ﬁa@a?a&a %0 Al %I@CH{J; N1GR$CE 5080 oung

ohonD enity
i nd&3§.42L CMB4R Ahatione Saher; 'H OME NZHM]SOGIGZ&_f IZI5®IPNCB@0 MHZ) 7.89

522 P4 § oung:, 894 92 7.3??19[),]74436-7.%1, AR 3 A g STeP 13 g

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,



11128 PCT 111 Cap- 141, step a was prepared from
1- brono- 3-fl uoroi soqui noline (prepared from

wOo30aurones3l - br onoi soqui nol i ne usi ng the procedw®@/US2009/033380
outlined in J. Med. Chem 1970, 13, 613) as described
in the procedure for the preparation of Cap- 140, §f]e2;§PCT
a (vide supra). H NVR (500 M2 CDC: 13) 6 8.35 (d, J =
8.5 Hz, 93(d 8.5 Hz, 1H), 7.83(t .1=- 7.63

1H), 7.55 (s, 1H: Rt= 1.60 min

(@ﬁé%ﬁ T T B T 2SR b AP o
for M%‘THCZQ{QN@IEJS; 37M§ f@&ndmumd 172 99. 10 Cap-141
CO2H Cag| 141, step a mI:] ) was treated

wi t FBAMR-GCheHE me . 12&11@091@@ 0:W@§ @V@mﬁgﬂ%@ @R Symend<H2h ey
at 30, Cade@%o 460 (9?{30515 sbﬂltlm (QQ%)et%nE)q 4r1%mxy 3- methyl 2- (9—

tenperature and’
swasPheyl e dudrer-9 ytarrmﬁ)@n@how (i We‘hng (P 2%&1@@0t)mnéﬁlfeomdtwe

Cagva]s%{lin@@aﬁﬁngféﬁf co\{‘@ U:i/)\/lg tﬁﬁq él th 4’f|'he]1 fon ‘I’inxt§ was Tl;:lk‘ﬁ éhlutcd

[trate was or onet hane an
wi twitlhCHid; GomiledndwesheNa2B0vhterahdmEpnoe Hicroagaed 14y@r was

ff t 141 h ffi t
a c@f 8' éﬁggbggﬂpeg%‘dm%?gcoaﬁngg{%fl Gt \({%\gg %Jc 1eéu§tgletn 93é npal 1Al was
(NM Rr 1ﬁ(3d)WBfDa %QtagiQ@O Meitiya gel ,]5% ([Xt(@,ha?/hfsganélsb'l)o, aé&z %@Sg&ngenzyl
m
e iy 20 i BB Moo
hornpgsino byitah e ¥ontdrkiNied ANAITBIRAS Bascll Qﬁpl{lMek kel a colorless

?1%@%%2%? 5{1@3 Qfsoﬁﬁfewg‘l‘ 1@5@&-%@ Br #@d@

4 mx@l'ﬁmgi?lqhhirﬁwmaﬂ@dtm%bld@ol &8d desieny kads] I3R) b&lﬁyl 4- (ten
Wo- st ep ﬁroce ure for the preparatl on of

gylfﬁmg Jsibdoxy)-3ymatlykg-(p- Pléaﬁ]dg I@BOW))) ylg@m}@)butanoate

ho _ m I 5 -
BT R s e St g -

10TFol.dh).at- o ﬂééé)’séﬁbi Tsi¥shehgi.dn of 4. &ﬁk V *412 4 éﬂépﬁ B dJ
16 : .

o B T AR bR g T ERE RS, g RV, G,

mm+ H.8ahd), 270 N, @Iylhzl obe sy Biphas phisndbilghe@ropl. (.bthengthe run

%g?yl e)xte gT‘?\n qyn 1118LI|{§F0t 9'2%'%11? %M&%l}vﬁigﬁaﬁgmﬁ tHgd

90at clmmxlo@ﬁ] SIBh%l ool 6840 (253 REsiandihti ktreered NNMROURMSO-

ous rificat
Codhaned aprdy RERHD N 30 W bl R S S ouR b o 10 (m.
acelt(»axt)efd;tQmameszaf im de},@ (@@p: 1212,,1H>)t991 md(38 qxg,s 63219@ 3.45
as a vyellow salid, carried dire
ft ,(d=A7 96, hih- 6 dhee. J|\751Q/\té)2 1Téb%5ﬁé%den?t5 Maféxl 20 <m 1H),
LCMSW (/q\nﬁln 0.68les o1 AHY 61k (Chén 1d4NQ, 3240. 11; found:

25 A balloon of hydrogen was attached to a mixture of (2S5,3S)-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
30 of diatomaceous carth (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



20 Cap-] 42 11128 PCT 113 Cap-142 was
prepared from Cap-142, step b with 5N sodi um hydr oxi de

Woazgogjﬁﬁgjy bed in the procedure for Cap 138. Ripce1/0s2689/033380
mn (Cond.-M5-W); 90% honogenity index; LCVS: Anal

Cale. for [WY+ CLLH 5N203: 259.11; found: 259.0811128 PCT
Cap- 143 C©211 Cap-143, step & Br To a stirred
sol uti on of 3-am no-1-bronoi soqui noline (444 ng, 2.00
mmol ) in anhydrous dinethylformam de (10 mL) was
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0% to 70% hexanes af st ep
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1 a 9 e 11he n |
R

IICapiig@acid pomer: T8 NVIR GMethendg @i, 5¢) 3.39 birmi 40A M)Eflz)cé|66 343 (m,
st tu | A
te{a{?a?hyéég(ﬁﬂr a%l(@” ;6 o) o s AEPLCE 0By 091,65, 91D, 0.09 s,
n- bﬁH)yIAlnlat Hiale, i for Mn@slecI\KlaSS 2RETT memd(m@zlm 0. 25

nL, O. di oxi

Dbl ed TP et PUAEDIER el of Y MR Ak HErcRea o

wasa Iqu;ane be@SBiSH-n- ammad—lckteamdtyahﬂn@m@ldﬂylmy\}oarmethyjbﬁﬁn@ acid

The xtu sthe a d with.dic net h (
F0Te e PR LERorAenr Sant o 2 Biriclt ShERPis AR Forlou

conpﬁmi toatfed distoVaQUE. Iedet:hhisf ll"ﬁatnllﬁﬁre@{fas thee codsd ‘diﬂl@albl)te—

?1gv€?\$€xr S%Zgéeﬁ‘lyg&hl PL% \%%t/g a;rd: Wé &ixgaq agcg:aovelpjo s, and

hon@ge B yirkddde;cohGMa at/%ﬁlﬂﬂar téﬁﬁﬂe@atulfe @ér 4[0% and then at ambient

Cl 4H15N203: 259.11; found: 259. 08. I—S
Captelj.]ﬂ%améet gpo g N&hc reaction mixture was di ted w1th watel (5 mL), cooled

20 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 (MgSO,), filtered, and
concentrated in vacuo to afford Cap-80a as an off-white solid. (2S,3R)-2-amino-4-
(tert-butyldimethylsilyloxy)-3-methylbutanoic acid was similarly elaborated to Cap-

25 80b. Cap-80a: "H NMR (DMSO-dg, 8= 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 =
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]"

30 C13H27NNaOsSi: 328.16; found 328.46. Cap-80b: 'H NMR (CDCls, & = 7.24 ppm,
400 MHz), 6.00 (br d, J = 6.8, 1H),4.36 (dd, / = 7.1, 3.1, 1H), 3.87 (dd, J = 10.5,
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,



ca a 1, 3-Dichl oroi soquinoline (2.75 g, 13.89

mol ) was added in small portions to a cold (0 'CQ
wosobutozens of fuming nitric acid (10 rut) and PCT/US2009/033380

concentrated sulfuric acid (10 rut). The m xture

stirred at OC for 0.5 h before it was gradually mE?ﬁ@&CT

to 25 C where it stirred for 46 h. The nixture was

then poured into a beaker containing chopped ice and

water and the resulting s ensi on was, sti d for 1 .

T 80 8% 6. 01 BOR G bias TR T HeE drt O aipu Baaossi

st epga s Bul®3 3,538 1% cARe ?1 o6l QWelitdd WHoGIYuMRS purification.

90used directly. Rl= 2.01 mn. (Cond.-D1); 9.5%

honogenity index; LCMS: Anal. Cale. for [ MtH]

COH5C12N202: 242.97; found: @H2%92. Cap-144, step

11128 PCT 115 Cap-/ 44, step a (0.30g. 1.23

nol ) was taken up in nethan gpﬁfo nm.) and treated

with platinum oxide (30 he suspension was

subj ected to Parr hydrog |Qn at' 7 psi H2 for 1.5 h.

ﬂhen formalin (5 nt.) and additional platinum oxide

ad and subjected
to A= FARERER o JE-RURRERRL B TR, 22
theﬁm@mwﬁmmnniﬂwﬂeﬁed&whrough di at onaceous earth
(Celite(r)) and concentrated down to 1/4 vol une.

Suction-filtration of the ensuing precipitate afforded
the title conpound as a yeplsow s@l-8d which was fl ash

chronato on_silica uting wwth 5% e
%3cet at e qglﬁazﬁ g('ﬁ@'gst“&re’z%’% ?WIH‘O&‘E@%" thaiafe “taﬁTe‘%Haéé als
af fRe6ldfeapy héﬁ]oced@@dds&ul{ea% a5 17&0@apa13 8(11@@4@)1%&]}(11@\%(1

solid., R10 = 2, mn (Cond.-D1); 95%liono en| é
mo%@&“a‘fPF%W‘?@GWW éﬁ@fé?ﬂt‘@m@*@e ap- Mg gp-51 and
(d Cmﬁgzgﬂgmkzﬂyﬂl I) 7. 57 7 53 (in, III) 7. 30 (d,

7.3 2.88 (s, LCMS: Anal. Cale. for
[M+H] C}/ll 11C12N2 |24 "found: 248 02. HRVE: o)

Anal-? CMeH é};lllClZ@l%r £0299; Jound L
241.0 P45cap 144, step Cap- 144, step
cC was prepared from Cap- I44 step I) accordi ng t& the
pr oced escri bed for t.he prepara of Cap-139, s
step aqﬁﬁﬁg 2.19 nudp é%nd D); %%ﬁgnpgenlty |ndEX;
L. Ms: Anal. cale. for Ilh4(111+ C12H110IN8 232. 06;
found: 232.03. HRVS: Anal . Galpess for [MALI+
Cl21-11, C11\43: 232.0642; %%%PH 232.0631. Cap-144 \
COPH 11128 PCT 116 Caps-"#%%8 162 Caps-145 to 162
were prepared fromthe approprl
1- chl or oi soqui nol i nes accordi'i pthe procedure
described for the preparation @Mecap ]38 (Method A) or
Cap- 139 ¢ BoURSS AALEH: PLOEIM 6,351 0 Hg)e%bz
bel ow. é%gﬁ%ngap %@?%ggﬁfﬂ% grgﬁisbﬁs ]?QEE %%n e
% hanggemel) tuyH,O (15 mL) was added CICO;Me (1.74 mL, 22.55 mmol) dropwise
20 at 0°C. The mixture was allowed to stir for 12 h and acidified to pH 1 using 1IN HCI.
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, CDCl3) 8 4.19 (s, 1H), 3.92-3.97 (m, 1H),
25 3.66 (s, 3H), 1.17(d, J = 7.7 Hz, 3H). LCMS: Anal. Calcd. for C;H:NOs: 191;

found: 190 (M-H)".



i ndex; Ms data Cap- 14 1 - 40CI N 002H Prepared from

comercially avail able 1, 3- diehloroisoquinoline B
wolRbde/fk6dz 1. 14 nmin (Cond.-M5- W) ; 90% LCVS: Pw@S2009/033380

Cale. for [M+1l-1]" CLOH7CLNQO2: 208.02; found: 208.00.

Cap- 146 0 N co2H - ri epat ed from comercially 1128PCT

Prepared avail abl e 3- hydroxy@@oqui nol i ne A 5NNaCH

1.40 mn

Cap-87
MeO,CHN |
HO/\/\gH
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.
s The mixture was allowed to stir for 48 h and acidified to pH 1 using IN HCL. The
aqueous phase was extracted with EtOAc¢ and (2X250 mL) and the combined organic
phases were concentrated in vacuo to afford a colorless solid (0.719 g, 28%) which
was of sufficient purity for use in subsequent steps. 'HNMR (400 MHz, CDCls) &
423 (dd, J =4.5,9.1 Hz, 1H), 3.66 (s, 3H), 3.43-3.49 (m, 2H), 2.08 — 2.14 (m, 1H),
10 1.82-1.89 (m, 1H). LCMS: Anal. Caled. for C;H3NOs: 191; found: 192 (M+H)".

Cap-88
N
7\
= N’H o

A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 mL, 18.7

15 mmol), K,CO3 (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 HCI. The volume was reduced to about one-third and 20g of cation

20 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 in vacuo and the residue (ca. 1.1 g) was
dissolved in H,O, frozen and lyophyllized. The title compound was obtained as a

25 foam (1.02 g, 62%). "HNMR (400 MHz, DMSO-de) & 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 CoH4N05: 194; found: 195 (M+H)".



(Cond.-D1); 95% LCMS: Anal. Calc. for [M-liii+
Cul I'i oNG3: 204.07; found: 204.06. 11128 PCT 117 Cap-
WOIAT9/P2683. 2 col Prepared from comercial |y avaidraid2e09/033380
1-chl oro- 4- hydroxyi sogni noline B 5N NaOH 5N Na0O4 1128 PCT
C11ii 10NO3: 204.07; 0.87 min g_pond. -D1); 95% L :
D2

Anal . Calc. for [MH | found

15

04.05. 0.70 mn

Cap-89

oS
N=/ TR G
%

A mixture of L-valine (1.0 g, 8.54 mmol), 5-bromopyrimidine (4.03 g, 17.0
mmol), K2CO;3 (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>O (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 NHs (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, CDsOD) showed the mixture to contain
valine and the purity could not be estimated. The material was used as is in
subsequent reactions. LCMS: Anal. Calcd. for CoH 3N1:O,: 195; found: 196
(M+H)".

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

C11HisNO2: 193; found: 192 (M-H)".

The following caps were prepared according to the method used for

preparation of cap 51 unless noted otherwise:



(Cond.-D1); 95% WM S Anal. Cale. for [M14] |
CiiiiioNO3: 204.07; found: 204.05. Cap- 148 40N 002H

woPepanress from commercia y available 7- PCT/US2009/033380
hydr oxyl soqui noline A Cap- 149 40 ' N co2H Prepared
from commercial ly available 5- hydroxyi soqui nol i nd 188 PCT
5/11 NaOH Co Hi oNOii: 204.07;8%9.70 min (Cond.-D );

95% LCMS: Anal .
Cap Structure LCMS
Cap-91 NHCO,Me LCMS: Anal. Caled. for
CO5H
©/‘\/ 2 C11H13NO4Z 223; found:
222 (M-H).
Cap-92 NHCO,Me LCMS: Anal. Caled. for
~ CO,H
@N 2 Ci1Hi3sNO,: 223; found:
222 (M-H).
Cap-93 o C]) LCMS: Anal. Calcd. for
Y o CioH12N,04: 224; found:
HN,,, .
OH 225 (M+H)".
“
>~ _N
Cap-94 O LCMS: Anal. Calcd. for
«N]/YU\OH CsH11N304: 213; found:
N—  HN._O .
N N 214 (M+H)".
O
Cap-95 j)\ LCMS: Anal. Caled. for
SO7ONH O C13H7NOy: 251; found:
WOH 250 (M-H).
Cap-96 j\ LCMS: Anal. Caled. for
~o NH O Ci2HsNOy: 237; found:
OH 236 (M-HY.
Cap-97 )OJ\ LCMS: Anal. Calcd. for
\O NH IO CoHsNO,4: 201; found:
© OH 200 (M-H)..




Cale. for [M1-1] found: 204.05. Cap- 150 40N TFA ---
Oeo2a A 12NIICl 0.26 mn
woPnepared from 8- met hoxy- 1-

(Cond.-D);

Calc. for [Mrl-1]

Cl1bl 10NO3: 204.07: found: 20% 04. Cap- 151 c

Cap-98

LCMS: Anal. Calced. for
CoH5NOy: 201; found:
202 (M+H)".

Cap-99

"HNMR (400 MHz,
CD:;0D) & 3.88 —3.94 (m,
1H), 3.60, 3.61 (s, 3H),
2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
—1.71 (m, 2H).

Cap-99a

'HNMR (400 MHz,
CD;0D) & 3.88 —3.94 (m,
1H), 3.60, 3.61 (s, 3H),
2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
- 1.71 (m, 2H).

Cap-100

-

LCMS: Anal. Caled. for
CioH14NOy4F: 255; found:
256 (M+H)".

Cap-101

LCMS: Anal. Caled. for
C11H13NO4: 223; found:
222 (M-HY.

11128 PCT 118
chl or oi soqui nol i nepCTViNS2069/033380
can be synthesized follow ng the procedure in WO 2003/

099274  95% LCMS: Anal . 1128 PCT




opa 002H Prepared from 5-net hoxy-

1, 3-di chl oroi soqui nol i ne, which can be synthesi zed
“Kﬁﬁ%¢ﬁwkﬁg the procedure in WD 2005 /051410. Bd2dd68/033380
. mn (Cond.-D1); 90% LCMS: Anal. Calc. for 1M kmt
CI II19C1I\IQ3 238.03; found: 238.09. Cap- 152 ci N&NSPCT

cooi Prepared fron1conner0|al9® avai |l abl e
6- met hoxy-1, 3- di chl oroi soqui noline B 12N110E 1. 65
mn (Cond.-D1); 95% ICMS: Anal, Cale for

Cap-102 O LCMS: Anal. Calcd. for
\o)J\@H C11H13NOg: 223; found:
Co,H 222 (M-HY
Cap-103 O LCMS: Anal. Calcd. for
h /U\ C1oH13N,04: 224; found:
COZH 225 (M+H)".
Z N
|
Cap-104 N COZH "HNMR (400 MHz,
o= CD;0D) & 3.60 (s, 3H),
b 3.50 —3.53 (m, 1H), 2.66

~2.69 and 2.44 — 2.49 (m,
1H), 1.91 — 2.01 (m, 2H),
1.62 — 1.74 (m, 4H), 1.51

—1.62 (m, 2H).
Cap-105 <:>< "HNMR (400 MHz,
HNtoe CO,H
o= CD;0D) 6 3.60 (s, 3H),
O
/ 3.33 -3.35 (m, 1H,

partially obscured by
solvent), 2.37 —2.41 and
2.16-2.23 (m, 1H), 1.94
—2.01 (m, 4H), 1.43 —
1.53 (m, 2H), 1.17 - 1.29
(m, 2H).

Cap-106 | —\ _<:>_ "HNMR (400 MHz,
N CO,H
— CD:0D)§ 3.16(q, J =
7.3 Hz, 4H), 2.38 - 2.41
Prepared from cis-4- (m, 1H), 2.28 —=2.31 (m

aminocyclohexane 2H), 1.79 — 1.89 (m, 2H)
CarbOXyliC acid and 1.74 (app dddJ =35




[M1-H

C11HOCINGS: 238. 00;

found: 238.09. Cap- 153

Sr el N 00211 Prepared from4- A 6N HClI 1.18 mn

wo(Benmh263y5- WL) ;
br onmoi soqui nol i ne,
the procedure in WD 2003/ 062241
C1011 7B0402: 251.97;

95%

LCVB: Anal .

11128 PCT PL9/US2009/033380

whi ch can be synthesized follow n

Cale. for [Nhllﬂ; PCT

found: 2%41.95. Cap-

acetaldehyde by
employing a similar
procedure described for
the synthesis of Cap-2.
The crude HCI salt was
passed through MCX
(MeOH/H,0O/CH,Cl,
wash; 2 N NHz/McOH
elution) to afford an oil,

which was dissolved in

12.5, 15.9 Hz, 2H), 1.46
(app dt J = 4.0, 12.9 Hz,
2H), 1.26 (t, J = 7.3 Hz,
6H)

CH;CN/H,0 and
lyophilized to afford a
tan solid.
Cap-107 O LCMS: Anal. Calcd. for
(N]/\HLOH CsHoN,04S: 230; found:
57 MNNPON 231 (M+H)".
O
Cap-108 O LCMS: Anal. Calcd. for
(N]/;‘\I/LL(SH C1sH17N:04: 303; found:
Ph’JN 7!/ ~ 1304 (M+H)"
Cap-109 O LCMS: Anal. Calcd. for
\O)J\@H CioH12N204: 224; found:
EC%H 225 (M+H)".
~
N
Cap-110 O LCMS: Anal. Caled. for
\O/U\I;JH CioH12N204: 224; found:
— CO,H 225 (M+H)".




154 S.1; co2H Prepared from 7-fl uoro-1-

chl or oi soqui nol i ne, which can be synthesi zed foll ow ng
Wd{(ygg/ngggedure in WO 2003/ 099274 B 5N NaCH O. 1%‘/%2@09/033380

(Co -M5- W); 90% LCMS: Anal. Cale. for [ MtH'

G 0H7FN02 192.05; found: 192.03. Cap- 155 40 ., NIR8PCT

00211 Prepared from 1,7 - dicH?oroisoquinoline, which

can be synthesi zed follow ng the procedure in WO 2003/

099274 B_5NNaOl 0.59 min
Cap-111

LCMS: Anal. Calcd. for
C]szNOgPI 333; found:

E \COZH 334 (M+H)".
\\ O

LCMS: Anal. Caled. for
C13H14N204: 262; found:
COQH 263 (M+H)".

Cap-112

LCMS: Anal. Calcd. for
Ci1sHi1oNOs: 329:; found:
CO,H 330 (M+H)".

Cap-113

/
>:o

OBn
Cap-114 ,CO,Me "THNMR (400 MHz,
CDCly) § 4.82 — 4.84 (m,
1H), 4.00 — 4.05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,
2H)
Cap-115 \’/\COZH "HNMR (400 MHz,
NHCO,Me CDCls) & 5.13 (s, br, 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).
Cap-116 "THNMR (400 MHz,
NHCOCQfAZeH CDCLL) 8 5.10 (d, J = 8.6
Hz, 1H), 3.74 — 3.83 (m,

I

COQH




(Cond.-M5>- W); 90% LCMs: Anal. Calc. for [MFi]
C1OH7CI NG, : 208.02; found: 208.00. 156 Cap- Cap- a O

woi 009/10063r epared from 1, 6- di chl oroi soqui nol i e /vh20®M33380
can be synthesized follow ng the procedure in WO 2003/
B 5NNaCH 0.60 ni n (Cond.-M5- W); 90% LCVS: Anafl128PCT
Cale. for [MrH 11128 PCT 128® 099274  Cl OH7CLNCR:
208. 02;

1H), 3.69 (s, 3H), 2.54 —
2.61 (m, 2H), 1.88 (sept, J
= 7.0 Hz, 1H), 0.95 (d, J =
7.0 Hz, 6H).

Cap-117 to Cap-123
For the preparation of Cap-117 to Cap-123 the Boc amino acids were
obtained from commercially sources and were deprotected by treatment with 25%
s TFA in CH,Cl,. After complete reaction as judged by LCMS the solvents were
removed in vacuo and the corresponding TFA salt of the amino acid was
carbamoylated with methyl chloroformate according to the procedure described for

Cap-51.

Cap Structure LCMS
Cap-117 O LCMS: Anal. Calcd.
\O)J\NH 0 for CioHisNOy: 237;
OH found: 238 (M+H)".

Cap-118 LCMS: Anal. Caled.
O NH O for CioH1:NO,4S: 243;

OH found: 244 (M+H)".

Cap-119 LCMS: Anal. Caled.
for C10H13NO4SZ 243,

found: 244 (M+H)".




found: 208.03. Cap- 157 C 40.-- N co2n Prepared from
1, 4- dichl oroi soqui noline, which can be synthesi zed

wd by the procedure in WO 2003/ 062241 B g4&Mi%3b09/033380
1.49 mn (Cond.-D 1) ; 95% LCMs: Anal. Calc. for
1MLJ- 11' ClOH17CINO 208.02; found: 208.00. Cap- 13828 PCT
CF .-- N C214 Prepared from 945-
di chl oroi soqui nol i ne, which can be synthesized
foll owing the pr nrpdurp in WO 2003/ 099274

Cap-120 LCMS: Anal. Calcd.
> J\ for C1oH13NO,S: 243;
OH found: 244 (M+H)".

X

\ S
Cap-121 o) "THNMR (400 MHz,
\O/U\NH CDCl;) 8 4.06 —4.16

OACO2H (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 o 'HNMR profile is
\O/U\NH similar to that of its
é-\‘cozH enantiomer, Cap-121.
Cap-123 O>~NH J LCMS: Anal. Calcd.
J =0 | for CyHeNoOg: 474;

Ll
. o found: 475 (M+H)".

Cap-124

O#J\*

The hydrochloride salt of L-threonine tert-butyl ester was carbamoylated

N

according to the procedure for Cap-51. The crude reaction mixturc was acidified
with 1N HCI to pH~1 and the mixture was extracted with EtOAc (2X50 mL). The
combined organic phases were concentrated in vacuo to give a colorless oil which
solidified on standing. The aqueous layer was concentrated in vacuo and the
resulting mixture of product and inorganic salts was triturated with EtOAc-CH,Cly-

10 McOH (1:1:0.1) and then the organic phase concentrated /n vacuo to give a colorless



B 5N NaOH 0.69 mn (Cond.-M5- W); 90% LCMS: Anal
Calc. for [MH d oH7CI NC2: 208.02; found: 208.01.

woGa®r10353 40N CO2H Prepared from 5-fluoro-1-  pcT/Us2009/033380
chl oroi soqui nol ine, which can be synthesized

fol |l owi ng the procedure in WD 2003/ 099274 13 5NNAEH8 PCT
0.41 nun (C011 d. -MS W); %0% LCVS: Anal. Calc.for
M 11]" CILOH7FNOR: 192.05; 11128 pct 121

oil which was shown by LCMS to be the desired product. Both crops were combined
to give 0.52 g of a solid. "HNMR (400 MHz, CDs;0OD) 6 4.60 (m, 1H), 4.04 (d,J =
5.0 Hz, 1H), 1.49 (d, J = 6.3 Hz, 3H). LCMS: Anal. Calcd. for CsH/NO,: 145;
found: 146 (M+H)".

5
Cap-125
/
—N e
BocHN OoH

To a suspension of Pd(OH),, (20%, 100 mg), aqueous formaldehyde (37% wt,
4 ml), acetic acid, (0.5 mL) in methanol (15 mL) was added (S)-4-amino-2-(tert-

10 butoxycarbonylamino)butanoic acid (1 g, 4.48 mmol). The reaction was purged
several times with hydrogen and was stirred overnight with an hydrogen balloon
room temp. The reaction mixture was filtered through a pad of diatomaceous earth
(Celite®™), and the volatile component was removed in vacuo. The resulting crude
material was used as is for the next step. LC/MS: Anal. Caled. for Ci1H2N2Oy:

15 246; found: 247 (M+H)".

Cap-126

/~NMe Ni\NMe
N CICO,Me, NaHCO, =

HN"ScoH  THE/H070°C MeO,CHN™ “CO.H
¢j-25 cap-126
This procedure is a modification of that used to prepare Cap-51. Toa

20 suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in THF (10mL) and H,O (10
mL) at 0°C was added NaHCO; (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

25 The solvents were removed in vacuo and the residue was suspended in 20 mL
0of 20% McOH 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



found: 192.03. Cap- 160 O N 0020 Prepared from
6- Nom | - chl or oi soqui nol i ne, which can be synthesi zed

Wofngd/ﬂ}%ﬁg the procedure in WO 2003/ 099274 B &N,/ dNese¥d/033380
. mn (Cond.-M5- W); 90% LCMS: Anal. Calc. for

[Mkl fit G OH)FNO2: 192.05; found: 192.03. Cap- 181128 PCT
----N.-- NCO2H Prepared from 46
br onoqui nol i ne- 2-carboxylic acid and di met hyl am ne

of the methyl 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

5 '"HNMR 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,
CD;0D) b 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,

10 J=9.0,15.6Hz 1H).LCMS: Anal. Calcd. for CoH3N304: 227.09; found: 228.09
(M+H)".

Cap-127

MeN MeN

\
N oMe, NaHCO, N

H,N CO,H THF/ HZO/O C MeOQCHN COzH

cj-26 cap-127

15 Cap-127 was prepared according to the method for Cap-126 above starting from (S)-
2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid (1.11 g, 6.56 mmol),
NaHCO; (1.21 g, 14.4 mmol) and CICO,Me (0.56 mL, 7.28 mmol). The title
compound was obtained as its HCl salt (1.79 g, >100%) contaminated with inorganic
salts. LCMS and '"H NMR showed the presence of ca. 5% of the methyl ester. The

20 crude mixture was used as is without further purification. "HNMR (400 MHz,
CDs0D) 8 8.90 (s, 1H), 7.35 (s, 1H), 4.48 (dd, J = 5.0, 8.6 Hz, 1H), 3.89 (s,.3H),
3.62 (s, 3H), 3.35 (m, 1H), 3.08 (m, 1H); LCMS: Anal. Calcd. for CoH;3N304:
227.09; found: 228 (M+H)".



(DMSO, 100C) IMU f 0.70 min (Cond. DI); 95%

Il,CMS: Anal. Calc. for Cl121-113202: 217.10; found:
W0221)39/ﬂﬁ633Cap 162 C) NCO2H Prepared from m ani sicqif009/033380

followi ng the procedure described in J. 1-- 1 etero.

Chem . 1993, 17 and Hoe roevel es , 2003; 60, 95311128 PCT

[MtH 0.65 nmin (Cond.-MB); 959 LCMS: Anal. Calc. for

CeH 1 ONGB3: 204.07; found: 203.94. 11128 PCT 122

Preparation of Cap-128

Ph—
N
Il Cbz-Cl/ DMAP I BnBr / CuSO,-5H,0 o]
CH2C|2/ lPerEt N\\
‘ N
sodium ascorbate
BocHN™ “CO,H BocHN” >co,Bn  NaNs/DMF/H0 - gocHN™ >co,Bn
¢j-27a ¢-27b 65°C/12h ¢j-28
Ph“‘\
N HN
, H, / Pd-C )
1) TFA / CH,Cl, N, | 2 N, |
N MeOH
2) CICO,Me / NaHCO,
THF-H,0 MeO,CHN" >CO,Bn MeO,CHN" “CO,H
c-29 cap-128

Step 1. Preparation of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (cj-
s 27b).

BocHN CO,Bn
cj-27b

To a solution of ¢j-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and
iProNEt (1.7 mL, 9.8 mmol) in CH,Cl, (100 mL) at 0°C was added Cbz-CI (0.68 mL,
4.83 mmol). The solution was allowed to stir for 4 h at 0°C, washed (IN KHSO,,

10 brine), dried (Nay;SOu), filtered, and concentrated in vacuo. The residue was purified
by flash column chromatography (TLC 6:1 hex:EtOAc) to give the title compound
(1.30 g, 91%) as a colorless oil. "HNMR (400 MHz, CDCIl3) 8 7.35 (s, SH), 5.35 (d,
br,/=28.1Hz, 1H),5.23(d, /=122 Hz, 1H), 5.17 (d, J = 12.2 Hz, 1H), 4.48 — 4.53
(m, 1H), 2.68 - 2.81 (m, 2H), 2.00 (t, J = 2.5 Hz, 1H), 1.44 (5, 9H). LCMS: Anal.

15 Caled. for C3HyNOy: 303; found: 304 (M+H)".

Step 2. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-(tert-

butoxycarbonylamino)propanoate (cj-28).



Cap- 163 5To a solution of 2-ketobutyric acid (1.0

g, 9.8 mol) in diethylether (25 nil) was added
woRlgw:eBgnesi um bromide (22 m, | Min THF) dsapud 865033380

The reaction was stirred at -25 C under ni trogen for

17.5h. The reaction was acidified with IN IIClL and113PCT

product was extracted with ethyl acetate (3 x 100 ml).

The conbi ned organic | ayer was washed with water

foll owed by brine and dried over MpSO4. After

10concentration in vacud@a white solid was obtai ned.

The solid was recrystalli ze \ rom hexanes/ et hyl

acetate to afford Cap-] 63ﬂ ite needles (883.5

ng). 1H NVR (DMSO-d6, 6 = 2.5 gdpm 500 MHz): 12.71 (hr

s, 1 H, 7.54-7.52 (m 2H)Bocin32cd,6h1 (M 2H),

7.26-7.23 (m 1H), 5.52-5.39 (pig s, 1H), 2.11 (in,

1H), 1.88 (n, 1H), 0.79 (app t, J = 7.4 Hz, 3H). 5

Cap- 164 To a dBAradXSiHbenzf 2- QemhilmK)yCEl-quhﬁmI}ﬁnb)ﬂewél -gncai (0.50

N P Tp T s SR For 5" T o PatRE R 00

V\ﬁSmQKDQS@NaNO(Ol'BfgaF l5ﬁ)mgls in IDMF’éHzl@i@’SrmIb@tIﬂaenf\@E add2d BnBr
The reaction was | ere over elite

38 a2 M il S R s P 1 RROHACBE e

t he prasuety Wascrilbh. i f\'fﬁ%ey\%&ho@oﬂ QMEN(360 RPRSA aklfldlnd

( MeOH H20/ TFA? to afford the 25TFA salt of Cap-164 as

a ViRt Wl soatiqupd forg Rhjlke eesasmvas powgeding BO4Sand Befg and
M'@ml?aﬁéf‘hg 12@721@(\&7'&6 s@bgl ateg aﬁ)et é Eﬂ}leélwlayez eRicled 3x Ml’E‘[OAC

pC'[ang 2133 @g@n@g@r@mc phase% wa:ﬂ'@d 14 x%& ll}fl@e)ocflled)(NaasO@ filtered,
fdragnc%nﬁ ﬁg@nﬂ%"’%@@?éw&s ?uﬁﬁé@ay(f?a?ﬁ (@oﬂge 48+14% TRAJOH in

ormc acid

1 ZCIdszh [ToCo86 eatlt (TCHAC)) m@foadj@léahtfyeﬂmpd ahigh eolfdfigl on
n 'y o o N v 1S I 1 S

forkte%é/? (5‘4%"%&% %104/3 Q@x} L 988 tglht\“ etge @JO 're@ﬁﬁod&t but
conpegsitthavassenenwiddF | Hhymetaag! walndsqdrﬁe irediodtirthers

S SO P ) ORI P AR

1:Cap5 466, AS), 8.0Vi(S CHYS!. i (hn, (X20.12 (mcg)f 10-513 NWRT), 3.06 (dd,J—

56r .53 A9t T s 40 0T, 4233 |

2. 7I5CI(/IS ARY) Cale@ Mo, Anal,0,Galscund: aB7 [I‘Nh’HF] '
C12H16NQ2: 206.12; found: 206.07. 15Cap-1 Ma and -166b
Cap- 166a: Destereoner-1 (N9_, NCap-166b: D astereoner-2
Capsiey) ©6prcphithionl 69 -MBEA 30N eRANEAHE T DBGakSI-4-y1)-2-
4S)-(‘§L 2- e@ 31/1n]&{é5 90}g| azabi gscl o[2.2.1] hegt ane
°<(2HBre}hoawelme@mtOéplph@0%@{%8& described for the
synthesis of Cap-7a and fpaR-75, with the exception
that the benzyl ester interged ate was separated using
a sem-prep Chrialeel Q) celum, 20 x 250 nm 10 pm
eluting with 85:15 heptane/ & hanol m xture at 10
nm./mn elution rate for 1665: NMR ( DVSO- d6,
S -2.5 ppm 500 M) : ”2992?78’(‘] J _paf 3 Hz, 211),
7.27-7.19 (m 31-1), 4 09 (SCJZ|.9|—|) 3.34 (app br s,
1H), 3.16 (a r.s, 1 =10. , ,
271 (mi oty oy e g oo ph Fppora B ¢

9. Bputxycdibhnylamino)propanoate (0.52 g, 1.15 mmol) in CH,Cl, was added TFA (4

mL). The mixture was allowed to stir at room temperature for 2h. The mixture was

25 concentrated in vacuo to give a colorless oil which solidified on standing. This



11128 PCT 124 1.63 (d, .1= 9.8 Hz, 1H). LC/ MS: Anal.
Caled. for [MFIi] C1411191\1202: 247.14; found:
Wozzﬁgﬂtﬂozﬁﬁap 167 A sol ution of racemprhEa6eoh333s0

3 -d ihydro-2H -isoin dol e carboxylic acid (1.0g,

3.8 mnol) in 20% TFA/ CH2C12 was stirred at -25 Clig8PCT

4h. Al the volatile 10conponght was renoved in vacua.

A mxture of the resultant crude material,

formal dehyde (15 ME., 37%in water), IN HCL (10 nli)

andnatgdsl Pas Gs{oledmy YHF 00 waldéxpiés edlitl dNaHZ O3 4025 g, 3.00

PSI The r n !
b 2s AR ABBLEL By LORE: (osf FATER A Bl o

af f bj’s}dtheapxtm@'i(wascmﬁyétd E}WZ\@mlnﬂG $113 afd thg) pourbdNIMR H7O—

1?&@? ThS %1% Wy &83(1 e ?Jnd 1 ui%ﬂ Iill&dﬁe eﬁa)d(%esql&%nle EDOA}]C _The

514. cbrri'HZned Iol'@ layé3s @5’1e(“&slleﬁl'@{go,llﬁnh@drlmalaﬁ(ﬁalfﬁt]ezedf Ol
HI2NO2: 1 11
R © O W6 e P GRS dsh o N Sgksicd he

Bogrrawtharaifagamaedtfieaiinyy)whidtiotddies onilé Aghdig dnhﬁe pump.
pr ocedure descri bed for the pr epaéatl on_of Ca

The e ihirpersedps Wadthapd P aualdcalipn n HNhﬁi&@ M’@'Z‘F DMSO-

125583289 1) GHo (4, 7 = 8A HY Xi1yr7&70f 0
2- ar#:ﬁo- 2@%#1 5 pr(opJanm c aci zji hy dr%%zhﬁr%rll I&ID S(Sél (8 2gH) 10

102, Sdpholl R, 7H7011th5d)ér( oe= (2.3 Hel IHB%%ZH‘:* et d §i), 3149 (s, 3H),
HC1. 0
pl a%éegg(dm) 5%294 ;%[é P égg%éddsﬁa%)e% 13@@0‘1—% ?%gen }@5

PSI Gal¢do rfordCalyd.OiT Atd; feadt 3B Mkt ur e was f| ltered

over Cclitc and concentrated in vacua. The residue was
taken up in MeOH and purified by reverse phase

p r e?,Jeyi—lPLEeﬁaMﬁWoM)eZ (ﬂeﬂi@xyt@b@fyfmmb)ﬂh(eMsmzbl-of

i I}JO 88 8.yl sco sem solid (2.1 10g). 'PI NWMR
(c@&ép%m”? Pl 500 MHz): 7.58-7.52 (m 2 H),
7.39-7.33 (m 3H), 2.86 (bHN 3T 1), 2.47 (hr s,

314), 1.93 (s, 3H). L Ms:NAnal. Calcd. for [MrH 1
ClIFI16NO2: 194.12; found: 194 W2. Cap-170 15

To (S)-2-an no- 2- (tetraw‘g{g? @n-4-yQacetic acid
(505mg; 3.18mmol ; obtai ned from Ast at ech) in water
(15m) was added sodi um car B&nd€é (673ng; 6. 35mmol ),
and the uIt nt .m x l e o0 0 C and then
met hyl é% 125 ('tml%egzyzl—g_ ]6%\@%1 é%ﬂo%t) was added

dr apwil $Ey(mﬂﬁ)lily15nlmomib}eﬁoata' be®2 I‘rﬁ;@ﬂtlll ol aahidaweshid¢din the
stir for r.s_ whi o'n the bath to tha t
et bgdr teard ™ bR G rea R 8radet PR T
20parhixtdroRediRetMaragh Natdelacand catihykliCpiatcencedted in vacuo.
organi c |l ayer was renoved and the aqueous | ayer was

f urEhérmethpruseroany lgintnn)- - (Hidi%3-6har-pdirerIAgic g¢id stap ghtained
ac elatBior] Iﬁ?uﬁp(ﬁm Rgdi 959G \Lﬁyc%ﬁém%fe@ “\’}ﬁﬁscg e ‘?O@N‘oﬁ“ fhe

brine, dried over gnesium sul fate, filtered an
con@@hxlrcatteedf mnmrgcawaft wed by @mth@atpfmllm pariigelior. | BYYIR (400

e m,12 A
by UtV GBS IR0 I Eay PEX I PABRIL 13 B el g -
25( 3 404 @),,1H3, 3149 (s, BI)26.1% Bid J=4.8Hz, 149 Hz, 1H), 2.96 (dd, /= 9.9, 15.0
Hz, 1H). LCMS: Anal. Caled. for C7H;oN4O4: 214; found: 215 (M+H)'.




11128 PCT 126 H, m, 1.82- 1.95 (1 H 1.41 - 1.55 (2 H,
m, 1.21 - 1.39(2 H nm; LM Anal. Calcd. for

wd Midkiobbss COHL6NOS: 218.1; found 218.1. 5 A soleatisp009433380
nmet hyl 2-(benzyl oxycar bonyl am no) - 2- (oxet an- 3-
ylidenc)acctate (200 ngy, 0.721 mmol; |i Farmaco 11128PCT
(2001), 56, 609-613) in ethyIK@cetate (7 M) and
Cl7C12 (4.00 m) was degassed by bubbllng nitrogen for
| & nin. D nethyl dicarbonate (0.116 m, 1.082 mol)
and Pd/C (20 ng, O. 019Pmrc)fw/ezf6azz:®¥%en added, the
reaction m xtureywas fitted Mﬁth a hydrogen baIIoon N=
and allomed to f;>at anbi en :;£REE¥FEBDQ ?vernlght ':;>

at vvhlcht neTLC(955CH2 visul'alized

I'n £ g Ce(NH4) 7S rmon u
ol y%date m%%%u'iq?gﬁ‘? Ehaithi d, Cand ag 'V% 80 CHN " ~cozH
i ndi cat ét conplete converswdﬁ The |on %ﬁs cap-129
f| I'tered through celite and concentrat ed The residue

u led via Bio e- (loa Lt h ronet hane

on S8 LubisPaetorg b & BT aug B Py O R LT
idl chihpspreik hainecjfay. 3CV then 0 to 5% MeOH /
di chl or onet hane over 250mL thenf\p d at 5% MeOH /
di chl oronet hane for 250ni; 9nil ;}u ons). Collected
fractions containing desired and concentrated
to 120ng (81% of methyl 2- hoxycar bonyl am no) - 2-
(oxetan-3-yl)acetate as a®¥Norl“&s? oil. 1H NWVR (500
VHz, CHL(P(]:(PMD) 6 90 ppmSCJZE 3 40 (m J- 6 71 Hz,
1 II) 3.70 (s, Y
1 H 4. %quepepsg)g o( SrlqbegzyH)? ozp@«ytan 43 y;lgalk; e2(0|%7 ! 3é§_ mmol),
( hramslpydazblle (0. i.zﬂ: MS19 ARal) in @Hlm(lzfrﬁm \[JM heatEJi‘Hn 50 °C for 24h.
C8H14NO5: 204.2; found 204,
2- (ﬁlﬁrﬁeﬁywﬁwﬂﬂdmtﬁasn@lt%%é%eawhé k yege& %{"fOéd (86 ny
19 Zﬁ)@niﬂm&aalﬂxﬁyzhﬁx&% y@ﬁ&@l Wgt)ﬁ]ropf(xgio%cm-()ﬁ(y\@ﬁqg@dd&d
l'i thi um hydroxi de nonoh rate2 246
nofilfrate e cprosirated vg@wmw ign mgraé@mvewnta&i agioppt of CH:CN
OVEf Al NG Q@HQQ&OB@HB T-Blt-eﬁ:y(eid 3170'7_=Ané (4'2‘%5 m.p.

Hanessi an st ai n 1§¥l14 2804, 63§ anmoni um

mol {dat &§3°6nit sauq fh@Bﬁc E&{Sd cdatie @O Wit erhgm. Soc. 1985,
i ndi t a i
B R G s b e R TR

1Wn| cit), t712me MnsﬁHW@dBnm lﬁ)aﬂ)ﬁ g1 ratiet Hals5.08 édeld ni hg Hz,

NGt e, SAE U320 e S 3RS P AP ARG g

2- (UﬁHh@%@g&BbdﬁWdamm(@)ﬂz)- (oxet an-3-yQacetate as a
colorless solid. IHNW (500 VHz, MeOD) Sppm 3. 39 -
347(m 1) 3.67 (s, 3 H 4.28 (d"/=7.93 Hz, 1 11)
4. 6%tcf 0" PreBardBorti,(S)L2- H}letHO)@SaI()@nyldlmﬂo)oﬁ(1|HZpy1 hzol-T)yhBropadnoic
& 1=7.63 Hz, 2 H). 5 EXAWP The present

i sEOLHP A1 | now be descrl bed in connection with
certain enbodi nents which are notN tended to limt
its scope. On the contrary, the ent di scl osure
covers all alternatives, rmdl figations, and
equi val ents as can be Inggél@ﬁg ,iihi n the scope of
the clains. Thus, the fol | ow ng exanpl es, which
i ncl ude specific embodi nents W4’ illustrate one

practi cespb bhey Biﬁ%ﬁﬁaﬁyl%% QU ?yl abdl- 1b§%bwaaanom acid éo 20 g,

under stood that” the exanples are purposes o
i1 089 nmqlbwaqdfydee@taéadnn éwmﬁswweﬁf Bd é?r(é}S a@édefe@férﬁﬁ gg-) at
I d
o bRl Lt R SR b Sk
conceptual aspects. t 5Sol ution percentages express a
wei ght to volune rel ationship, and solution ratios
express a volunme to volune rel ationship, unless stated
ot herwi se. Nucl ear magnetic resonance (NVR) spectra
were recorded either on a Bruiser 300, 400, or 500 MHz
spectronmeter; the chemcal shifts (6) are reported in
parts per mllion. Flash chronatography was carrled

7 o~ £ N\



30Gadient time = 2 mn Stop tine-3 mn Flow Rate- 4
mJm n Wavel ength = 220 nm 128 Slovent A= 0.1% TFA in

wokdgefeeaanol / 90%20 Sol vent B= 0. 1% TFA i n 9Q%r/us2009/033380
met hanol /1 0% H20 Conditi on 2 Col um- Phenonenex- Luna

4.6X50 mMmm S 10 5Start /0B-o Final 918=100 G adi ent1128 PCT
time =3 nmin Stop time= 3 mi dOFl ow Rate=4 nlL/min 10

Wavel ength - 220 nm Sl ovent A-0.1% TEA in 10%

i net hanol / 90%+20 Sol vent B- 0.1% TFA in 90%

rretthqnf@re/ th@%ﬁ@@ n@efrucﬁ Wcisohlu@d Gothupm=HLThS: EEMrojls o6 GIClL
4. gl'l he. homggencm%s sQlut 101t was f' 19 Fd t'ﬂ 0&5]%@31:0}?%960% %;9 gb(@ehte ), and the
V\A\Mé@ﬂ'ﬂ g&rhov%d 22@ucuin I’IT]S 16M&ﬂh1gé§luﬁoﬂ%d%z@ﬁ)éﬁi liyophlQP4ed to
acet on/ 0 S nt B=.0.1% NH40Ae in 190

B O T Ve Gt S T R ST WP THE-H,0 (111,
sPheinaims aex thed 6163 tO ¥ G.0THRe 8410 n22Stakis U8B Qatkt 0al148Bmg,

100 Gr adi ent tlma =4 mn Stop time- 5 mn
1.74 mmol) carefully (evolutlon of CO,). ‘After gas evolution had ceased (ca. 15

min) CICO;Me (0.06 mL, 0.78 mmol) was added dropwise. The mixture was
allowed to stir for 2h and was acidified to pH~2 with 6N HCI and poured into
EtOAc. The layers were separated and the aqueous phase extracted with EtOAC

10 (x5). The combined organic layers were washed (brine), dried (Na;SOy,), filtered, and
concentrated to give the title compound as a colorless solid (117.8 mg, 79%).
'HNMR (400 MHz, DMSO-ds) & 13.04 (s, 1H), 7.63 (d, J = 2.6 Hz, 1H), 7.48 (d, J =
8.1 Hz, 1H), 7.44 (d, J = 1.5 Hz, 1H), 6.19 (app t, 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

15 CgHyN3O4 213; found: 214 (M+H)'.

Cap-130

»

AcHN™ ™CO,H
Cap-130 was prepared by acylation of commercially available (R)-
20 phenylglycine analgous to the procedure given in: Calmes, M.; Daunis, J.; Jacquier,

R.; Verduccl, J. Tetrahedron, 1987, 43(10), 2285.

Cap-131
.Bn
o a o
)\)Lo,m L o 0
HN._.O
NH, HNYO \(
HCl N ~N<

25 Step a: Dimethylcarbamoyl! chloride (0.92 mL, 10 mmol) was added slowly to a
solution of (S)-benzyl 2-amino-3-methylbutanoate hydrochloride (2.44 g; 10 mmol)
and Hunig’s base (3.67 mL, 21 mmol) in THF (50 mL). The resulting white

suspension was stirred at room temperature overnight (16 hours) and concentrated



Flow Rate- 4 nL/mn 30 Wavel ength = 220 nm Sol vent A=
0.1% TFA in 10% net hanol / 90%120 Sol vent B= 0.1% TFA in

WO%(/Q,{B%:ganol /10% 1120 11128 PCT Condition $cGodd58A83380
mm X =Luna Cl18 4.6 Start %8=0 Final %B=100 5 G adi ent

time =2 min Stop time=3 nmin Flow Rate= 5 nt./nin 11128 PCT
Wavel engt h = 220 nm Sol vent A$20. 1% NH40Ac in 10%
acetonitrile /90%420 | o Sol vent BO. 1% NH40Ac in 90%
acetonitrile /109120 Synthetic Route 1. BrCHO
Ph sind@HEJuce ek stureBUDK reskivB@as puntigled bbavsen hyl 1gdPgaiRCYater.
Ref er e .
S L R e T S
7351hd€r36®4<:ed QiCRdre. Aht Mssbihgyelbw af wpgtuadisd byrflash
ter but oxi d. 5dr.opw, se to )
BB oy P ARy Pt B RaR B oot B Fety wgre
Sl'n’mﬂohcdnﬂataﬂl bydbr oatsuDYVEDi{iR92.0% }; (86%6)esf diéar bidgENNAIR 340
d th I
an e solution was stirred_ 30 mn beforﬁgﬁgg 1|9%n2 s

of PéHBf%WQe%}éP%%éd(Jﬂ%rﬂz U0 Ortdly=oa

SeV W(ts %{)as 9f %Dghtﬁllg AWas, @ﬁ?%fl\zg@l Jangiap; 11,
tlonal was added to aid sol vation

anop Ihe, Je?a@i H@ﬁ %@2@—? (2 fracbH)g LRJGiesd: DhRT soll it pgnMs:
wasy RQUELE: ORE BVI+H]' C1sHaN,0s: 279.17; found 279.03.

10
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 mixture was stirred at room
temperature overnight and filtered though a microfiber filter to remove the catalyst.

15 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-ds) 8 ppm 0.87 (d, /=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, J=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.

20  Caled. for [MJrH]+ CgHi7N»04: 189.12; found 189.04.

Cap-132
- OH
o]
\HX\O/B” _— \r&o
i, HNYO
HCl AN

Cap-132 was prepared from (S)-benzyl 2-aminopropanoate hydrochloride
25 according to the method described for Cap-131. "H NMR (500 MHz, DMSO-d¢) 8
ppm 1.27 (d, J=7.32 Hz, 3H), 2.80 (s, 6H), 4.06 (qt, 1H), 6.36 (d, J=7.32 Hz, 1H),
12.27 (s, 1H). LC (Cond. 1): RT = 0.15 min; MS: Anal. Calcd. for [M+H]"
CeH13N»0O5: 161.09; found 161.00.



towater (120 nlL) and washed with chloroform The
aqueous | ayer was acidified with conc. FIC and

woexéyassed with chloroform (3 x 250 niL, ). The p@fg@nb®/ 033380
phase was concentrated and applied to a 65 (M Biotage

si |

ica gel colum; Gadient elution from 15-65% BIH& ?CT

Hexanes; B = EtOAc) over 2L tl§3give Exanple 1,

(E)

-5-(3- br onophenyepent -4-enoic acid 8.2 g (82% . 1H

NVR (300 MHz, CDCl13) ti 7.45 (t, J Is= 1.5 Hz, 111),
7.30 (dt,./= 7.7, 1.5 Hz, 1€typ13ﬁ27160n 1H), 7.12

(t,./] - 7.7 Hz, 111), §.40-6 32( ak), 6.23-6.14 (m
1H), 2.52 (s, 41, 1) (condition 1);
LRVB: Anal . Cal cd. €1 |mrozHN2 .97; found:
252.98 (M H). ExarrpIeHI co20 W T 2.1 minutes
.2,-- (condition 1) LRVS: ~Anal. Calcd. for

C12 1-1 1%@ Q% 3 w%@& cgzged fr @Mr@) re?tfbatﬂg dﬁ%d‘&umetl%ﬂngate

Exanple 1,

U!

pla num sul

Br onophenyl ) pent - 4-enoic acid (4
hygr 08hlﬁﬂ@ﬂ 2)nd %\%@l@nﬂ@é émv@ém nﬁtee@ﬁ%@lag & tae pathefl dgspolged for

apPA 1&'1&&?&3%6"&4&& B}gfs&ﬁ%%ﬁ&o%ﬁﬁ%ddb% 0. ah, p%.2.10

e on car e sol ution Was

fl ushed), \&&BKddhy]d:Bd@th%aHz 1H]),1Q84 -PCE (b 3M)at AOIEHEm| ), 4.50-

by T F AR an kP b i Bt bk ades Banth ooy e

and t he sol vent |nned|ately renoved by rotary
evaporation (in order to ni iq;ﬁfd esterification) to

gi ve Exanple 2, 543- bronmoph&h
(99% which was ¢
purification. 1H N
2H)

2H),

ol);

pcntanoic acid 4 g

ried forward with Yyt her

(300 MHz, CDC13) 6 7 %1 7.30 (in,

, .13 (t, J= ,OHN) _Z_QQ ,0J- 7.6 Hz,

), 2.60 (t, J= 7. ﬁt 2.37 (tHNJ d.0 Hz
1.68-1.65 (in, 4l T =21 n1nut§§;(cond|t|on

LR MS: Anal. Calcd. for C, 1111313r079~255. 00;

found: : , : .
ound 211%—]%2 w(ag/lfal!_e%ared from (S)-diethyl alanine and methyl chloroformate

15

according to the method described for Cap-51. "H NMR (500 MHz, DMSO-dg) 8
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, IH). LC
(Cond. 2): RT = 0.66 min; LC/MS: Anal. Caled. for [M+H]" CoH,¢NO,: 204.12;
found 204.02.

Cap-135

1) F
HO

/N\

A solution of D-2-amino-(4-fluorophenyl)acetic acid (338 mg, 2.00 mmol),
1N HCl in diethylether (2.0 mL, 2.0 mmol) and formalin (37%, 1 mL) in methanol (5
mL) was subjected to balloon hydrogenation over 10% palladium on carbon (60 mg)
for 16 h at 25 °C. The mixture was then filtered through Celite to afford the HCI salt
of Cap-135 as a white foam (316 mg, 80%). 'H NMR (300 MHz, MeOH-d;) & 7.59



Exanple 2a Br C 02H RT = 2.2 m nutes (Derived from
Exanple O (condition 1); LRVS: | a). Anal. Calcd. for

woQshd/ieBs02: 269. 02; found: 269.04 (MH. 10 pCT/US2009/033380

1

Ref erence: (Al kyl ati on/ hydr ol ysi s)J. Am ehem Sbc. (1946

68, 1468-1470. 4 Hunig's base (26.5 L, 0.15 nol ILHASPCT

added to 3-bronobenzyl broni d¥4(38g, 150.15 nol) and

N-net hyl -fl-alanine nitrite (14.2 nL, 0.15 m)l) in dry
DMT (400 nL The solution was stirred 16

con@éﬂf T 888 | hH% 280/ T beas- Gélrzy?@s.é 17 |1HDJr3aﬁ5éM bing, 3D,

et hegd @@AcaH)aRdif)'lb'iﬁgﬂ gor%ll Hirs dﬁ/‘fi?@gv TIRARLLS dﬁ?e% LRMS:

repeated oh 12 'trates we

condeait Calcddion M-t oy ekporlas Derfownid 19hE. r eS| due was
charged (CH2C19) to a 65 (M Biotage(r) silica gel
columm; Segnent 1: Gadient elution from 5-15% Hover
5.3 L; Segnent 2: 15% 100% Bap-A3& Hexanes; B = Et 0Ac)
over 6.75 t, to give Exanple 4,

3((3- brormbenzyl)(rret hyl ) gﬂ ropanenltrl le 44.4 ¢
(88% . 1H NWR (500 MHz, ,426)?3 .54 (s, 114), 7.46
(d, J- 7.6 Hz, 1H), 7.34( :76Hz, 1H), 7.30 (t,
= 7.6 Hz, 1H), 3.54 (s, v 2. 71 (t, J6.4Hz, 2H),
11128 PCT 132 2.63 (1, J= 4 Hz, 2H), 2.17 (s, 3H).
PT = 1.1 mnutes (condition?2); LRMS: Anal. Calcd. for

Cl H 3 ) 3 u on 1aa;
e

Br akmol) in anfygipps mm;a hep (1 M) wxley wopgintyas pddep-ueNgithium
( Mll_agﬁ)l\@%l) ﬁgcanésoﬁ.o QrilLZ, %.8)5)@5(9?(11ogé%e.lﬁftelfl%&ﬂ’é%nng@%i 30 min at -

0 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

5 gave a white solid which was suspended in methanol, treated with 1N HCl/diethyl
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-de) & 7.94 (d, /= 1.5 Hz, 1H), 7.71 (d, /= 1.5 Hz, 1H), 7.50-7.31 (m,
S5H), 5.77 (s, 2H); R, =0.51 min (Cond.-MS-W5); 95% homogenity index; LRMS:

20 Anal. Calc. for [M+H] C;;H3N,0,: 203.08; found: 203.11.

[Re]
N

Cap-137

\CN

=N

COLH



55 6N HCl was added to Exanple 4,

34( 3-bronobenzyl ) (nmet hypam no) - propanenitrile (44.4
woboodiodd® MOI) in a |l L screw cap pressure vess8hypoehoisso

the seal ed solution was heated at 90 C for 40 hours.

After being cooled, the solution was concentratedlii8PCT

vacuo to 'A vol. Filtration, l®6ncentrati on of nother

liquor, and ifiltration (2x) gave a quantitative yield

of Exanple 5, 34N (3-brotnobenzyl)-N

met hyl ) am nol pr opanoi ¢ actab-&¥, gemhi te solid (HC

salt). LH NWR (500 MHz, Q d6) A£7.90 (t, 1= 1.5 Hz,

111), 7.67 (dd"./ - 7.3, 1H), 7.64 (d, 1=7.9

Hz, 111), 7.43 (t, J = 7. AH), 4.33 (hr. s, 2H),

3.34 (br. s, 2H), 2.88 (t, 1=X.6 Hz, 2H), 2.63 (s,

3H. PT = 1.3 mnutes (cond|t|o 2); LRMS: Anal.

Calcd. for 15CH1L1BrNO2: 272.03; found: 272.10 (M+H).

11128 PCT 133 3 Exanpl e 2,
5- 0- br O@HESM%R%N 2RREL3 @ﬁnglqg(ﬂmg)hné-@S@ lO))n‘ﬁ@@ plepaled
taken up 1 n pol yphosphoric acid (1 ) "heat ed

s140d£§<><ﬁldmg$0 thopraseduic m WORORP/, 09@%@& angy éé)é)é!lmolmpﬁo@ﬁ
Lo RIEVEMRAIYGH An%' b‘i"s‘('&‘l LA B@!ﬂo%‘iﬂe%&llae? e dichloride (10

reacti on m Xt ure was I'tione tween”150
wateg, (H0m b @1&2{(16160tyma)my1§f(ﬁau(37c8mh, $.20 eved s@araphydyous

o CHowaE b B ie T LR R PR orfE B ER PSR o
\/\68255?[@&{11'(1 edattOwah 4Quib ), zﬁiuéﬂua@e(ak)urﬁ fihérca sgetioC@kthimigorous

and gra uted froms - % (Et OAc/ Hex) an ve
1q5xa¢rtrlgx|nég fl§ Tllc mlextu]e was par tmone éet(wecn ethyl dcetdte an wgter and the

2- bélgméplﬁs@w&stegztlat@@y@b&pedabhmnzeocﬂ%ha)mam@seﬁfme@d ind
. 1T _NWR (300 MHz, CDC13) 6 7

co]_]F.ﬁnn ated 4Rulefa:ét1qp-ofghq1rleplplie omsi aHfl (e|u|t1p1)1 w1tl7 0%5‘[0(3&% ethyl

J= keﬁteyhek%}es)l alﬂio}ded %’ B0 ?&tswfe%m aavﬂ"%,qolgcl'l)vhmg w@9u‘(et1 as is (230

R m 4H). 2.1 mnutes
(coméi W‘%ﬁi E)”Qﬁws* <de| K Pb&0W¢®m0@@|ty1@f31LWS Anal,

@Eig(r:r%{?.efoﬁ ;Mﬁ]ﬁ N’%é) oM Example3as(Derived from

Brw N RT = 1.17 m nutes (condition 1);
LRVS: Anal . Cal cd. for Cl dlitrirNGO 254,02; found:
254. 16 (MTE Exanpl e 3b ( Dﬁé\/]w from Exanpl e 5a)
Be", "ez.,,,,, , = 1.7 mnutes
(condl tion 2); LCI\/B Anal . N or CLOH913r02:
241.08; found: 241.2 (M 2) efer ence:
(Cyclization)JACS 1962 27, 70-CO6H. Br 11128 PCT
2
To a suspension of Cap 137, step a, (110 mg, 0.50 mmol) and sodium
20 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).
The mixture was stirred at 25 °C for 2 h and then partitioned between
dichloromethane and water. The aqueous layer was separated, extracted twice more
with dichloromethane and the combined dichloromethane extracts were dried over
25 NapSOy filtered and concentrated. Trituration of the residue with hexanes afforded
Cap-137 (55 mg, 55%) as a grayish-colored solid. R,=1.10 min (Cond.-MS-W2);
90% homogeneity index; LCMS: Anal. Calc. for [M+H] C;1HsN,O,: 200.08;

found: 200.08.



134 Thi onyl chloride (13.2 mL, 181 mmol) was

added (neat) to Exanple 2a, 6-(3- bronophenyl)hexanoic
woRosh1d248 9, 59.2 nmmol) in a I'L round- bott onedpdt/85¥09/033380

under a nitrogen atnosphere. The mixture was warmnmed to

60C for 2 h, excess reagent was renoved in vacua, 1ahpPCT

the residue was subjected to Hfeotropic conditions

(benzene 3x). The acid chloride was dissolved in

carbon disulfide (550 nL) and cannul ated into a

sol ution of alum num trichmsr/Sde {(#6.3 g, 198 nanol)

in carbon disulfide (1315 nL) heated at reflux. The

reaction was stirred 20 h, cool ed, decanted,

conderitctiabedcgandethbdAr esul t ant solids were stirred in

diethyl ether/TIIF (1:1, IL), and 1IN HC (500 ni) for

1.5 hours. The organic Iayer was flltered washed Mﬁth

wat eron and brineg“to 10gi vesExanpl e 3c, o

2-b , 8 d c :
P R e e
QDCll) 67 ;‘5@20‘;@8@ J= 8.4 Hz, 1H 7.38 (dd,l- 8.4 Hz,

CO.H
1.8 Hz, 1FD 7.33 (d, J- 1.8 Hz, 1H), 2.99 (t, J=6.6
Hz, ZFD 2.89 (t, ./ - 6.6 Hz, ZFD 1.85-1.73 (m 4H),
1.52-1.44 (m 2H). RT = 2. 8Cﬁb tes (condition 2);
LRVS: Anal Cal cd. for C121 113BrC) 253. 02; found:
253.15 (NI 11). | sRef er ence’® J. O g. C hetn, USSR

(Engl . Transl .) (1985) p 22 . Fac 5b
Magnesi um (0. 636 g, 26.2 s added to a solution
of 4-brono-1,1,1- trifluorobutgne (5 g, 26.2 mmol) in

THE ( 100 tnL) and under nitrodgé&h. The sol ution was
stirred for 18 h at 24 C, and the Gignard reagent was
transfered via cannula to 20a_sol ution of
1%- br onobenzal dehyde (4. 85C¢- /26597 Anpl) in THE (50 ni)
at -78 C under nitrogen. The,cold bath was renoved and
the reaction allowed to warm.a d stirred 18 h, diluted
with Et20 (1 vol), quenched th sat'd NHdCIsoIn and
washed with brine. Concentratée~take up in CH Ch and

char ged 10, &40 RIALS %R &
G adi ent el utnl o%ﬂ \\%ls Ogg)r sg]lrybr%) O(?%n%h%g% &Jd% E)C%Idmg(){/oeﬂr]e

1 Lpregsdmetie Xn eeP3EOPREY) ©@ gil 9.8 nimol) and tr 1phenylpho¢phme (43 g,

(5o AFRRNEEL by okl (GOLIINAREMAN ibadbt (b Sint ) ang
lgdc?illetll)dmdocg¢8®bnxdldww B miprlittermszl) pplexzn‘lvee bEicongtbevagstirred
u
a jg%onpte%%% aRﬁ)gim 25] gﬁagfof% 1%% (5 ]u?e% W]Het nyl lacet te ?%d wthed with

uoro
21 lﬁéhermwld)ovaQGS(DM gidtcict anld @:lmlcﬂm(amét ﬁhﬂeq(i%ﬁ)am%bqo'ﬁhﬁi

;Z?(glho il&al pullﬂigﬁ_eétgloﬁéﬁl. h 4@50 g%}h g{éeg%?/g?%aeﬁ ITEPOI(? 8(1]9_

appl isedert ©aa 11@@;;@ om:@na @n()(sO sus%)c%H OeiR QUb@RIB00 MHZ) & 9.19
Elution: 10- 60% B Al B Hexanes/EtOAc)}gave
2Ex diplte: 5b! <d1J(7P %Hédﬁ@h%%%/@) 7% 5,08) gz, 1H), 7.52-7.50 (m,"2 -

trid buer apg.@ne! 3 nR£ Ghirf D} (@

L Es @16 516}81 (c’ 190 @é() g@:@j ﬁ9§l%éﬁio ) Qlcm}»dex
2H) LCigSpangl, Cgle. fm(ﬁMHJzI] fz‘mké)oNCQlQ@OSz f@u@d(lﬁ?l@ll)
2.05-1.99 (m 2H). RT = 2.1 minutes (condition 1).
LCVS: Anal . Calcd. For diFi 11Br F30: 295.00; found:
295.00 (MEL). cF, R = 1¢@-idsere8 Exanple 5b.1 r a
(condition 1); LCMS: (Prepared from 3-brono- Anal
Calcd. For 1,1,1-trifluoropropane) CLOH9BrF30:
278.97; found: 278.98 (M@@+

N

25 0



Ref erence: (I m dazole synthesis) Bioorg. Med. Chem
Lest. 2002 1009-1011. 13 6 10Exanpl e 3,

w0087 036, 7, 8, 9-t ct r ahydr o- SH banzopl annul en-pg-Tars2009/033380
(1.5 g, 5.9 mol) was dissolved in 2:1 Et20/ THE (120
m.) and INTIC] in Et20 (9 nl,) was added. The I1128PCT
sol ution was cool ed to 0C befl@/e addition of
tsio-anylnitrite (1.2 rrL 9 mol ) and the reaction vvas
stirred 18 hours at 24 " concentrated, and ap

to 25 (NP 2Btigehpution|of §§P 4&¥ seBliimd sdabmend ”éPfd’tyfi’@HS
fr Qﬁ%hl&o%@t@a@e@ﬁﬁ ﬁL aﬂ'ﬁﬁﬁnﬁﬁpel ﬁm‘e%& Q) PRYEE I Bp@f)’é;lz%xc

gave. Exarrp (E br ot no- 6- (hydr oxyi m no) -6, 7

t ety drol- 52—& bléri?zlnmvb NP NORI- dvfisr heipg gtawpggfor 201 powdered
3 ! r
11 o gz’bg%‘as& R ‘]%ﬁ? R0 R for T At o
Sm rtema@a@camfﬂl it @as ﬁ(t@mh@llict CiOOWDZ)i‘CGd L@W&ld Chp-OF8, step b as a
3 0
| Hil Ef @898%%@%%55& ’gi%g'!%p‘gg i g mf aa(b 1i?1%3 %H
136VMR (EXatsp hen 16tz B)ema\/(eldjémrmﬂaml.la (dd J=173,1.7Hz, 1H),
8.04 (d, /=7.1 Hz, 1H), 7.52 (t, J=8&.1 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 6.91 (d, /=
7.8 Hz, 1H), 4.00 (s, 3H); R;= 0.92 min, (Cond.-D1); 90% homogenity index;
10 LCMS: Anal. Calc. for [M+H] CioHoNO2: 176.07; found: 176.0.

Cap-138, step c

CN
To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmol) and triethylamine
15 (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
20 gel (elution with 5% ethyl 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
additional Cap-138, step ¢ recovered from the filtrate. "H NMR (CDCls, 500 MHz) &
8.63 (d, J=15.5Hz, 1H), 8.26 (d, J=5.5 Hz, 1H), 7.88 (d, J=8.5 Hz, 1H), 7.69 (t, J
=8.0Hz, 1H), 7.08 (d, /= 7.5 Hz, 1H), 4.04 (s, 3H); R(= 1.75 min, (Cond.-D1); 90%
25 homogeneity index; LCMS: Anal. Calc. for [M+H]" C,;HoN,O: 185.07; found:
185.10.



3b) BrO ISN-ohi o RT = 1.55 mnutes (condition 2);

LCVMS: Anal . Calcd. for C10li5BrNG3: 270.08; found: 270

O(%d—gmﬁgxarrpl e 6¢ (Derived from Exarrpl e 3c) P%’T/dlﬁo@mssso
.51 mnutes (condition 2); ',CVM5: Anal. Calc

For CoH| 2Br NO2: 282.02; found: 282. 13 ( MtH) . Exan‘pllén@cPCT

(Derived from Exanple 5b) F G08n Br4 RT = 2.1 minutes

(condition 1); LCMS: Anal. Gated. For Cl111-110Br F3NQ2:

323.98; found: 323.99 (M+H). 7 Concentr at ed

28% anmoni um hydr oxi de sol u€id3§12 nlL,) was added to

a solution of Exanple 6, -~

(E) - 2- br ono- 6- ( hydr oxynni no)

5benzo[ 7] - annul en-5-one (1

N- Boe- L-prolinal (850 ng, & ) in methanol (35

nm.) and the reaction m xture wstirred 18 hours at

24 C, partially concentrated to fenove met hanol, and

the aquédirs!3Bedirdu® 488 P-4t Maepliwvesiroatad @ith SNFRiuBryarmide
gr‘aﬁ%u‘é@g@e )‘é\ﬂ&%qlﬁf@%?t% gasﬂ%eﬁaglg&?ge%%ﬂ% & M%%‘df&% to

uct otage sili
gel25cq), dlﬂmed \Gﬂadiuchlntonelﬂmhe anl ﬁ&@ﬁ@mltlﬂMhydi@%OSfa%13 The

300 t,2. 3 %<I.
g\é)e(gﬁaégci }&glééc_z&s %ngsrgte%txwﬁ‘ w1§q) mﬁx% ﬁgloéeﬁ\%?%@ I%_gncentlated to
(4¢9/@v01(1j;ﬂ;idfhlg/ﬂlt613&)ﬂ> dyfdzd C&)NBQ-7 e aiaezjyeaoxﬂgaidf(omig,s 9%|;ij'1_|) NMR
3 50T 190 VIS (1 tor giTD), B56ed i i 159 R Ba 0
1H)Hz 3}[?]8(% (gl6j£'818 }12")11{) 37 74127 & (%6 1@717 %;JQS%Q{ZZ 11719 4.02

9H) .
101 qqrﬁfﬁuP\e‘so (@aﬁ@qungnDh)) 95% hmvsgen;&ﬁa}dex éaﬂl\é%l AlfaéerC for

2 ”gga 4 488.14 (Mv). |IR_MS;
An;[l. @\@Q%%rg@é%ﬂifa%g%& 488. 1236; found:

488. 1242 (M Tl). Exanple 7a (Derived from Exanpl e 6a)
Ve Synthetic Strategy. Method B (derived from Tetrahedron Letters, 2001, 42, 6707).

e}
Xy KCN, dpppe 5N NaOH
_N Pd(OAc),
TMEDA, 150°C

Cl toluene CO,H
WO 2003/ 099274

)2 6,7,8,9-tctrahydro-5H
.y mol ) and

15

Cap-139

=N

CO,H

Cap-139, step a
O EN
e
20 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



N.. N-OHBoc RT = 2.29 minutes (condition 2);

T,CVB: Anal, Calcd. For N -1 C211-128N4Br03: 463.13;
WO 02683, 16 (MtH). Exanple 7b Bro RT - 1. 67 pamus2e®/033380

(Derived fromExanple (condition 1); LCVS: NN OH

6b) . Boc Anal. Calcd. For . C20112, 4N1Bra4: 450!%#.PCT

found: 450 (M+H). Exanple 7c 8 RT = 2.53 minutes

(Derived fromExanple S. (condition 2); LCVMS: 6¢) NN

%g,lo.ﬁnn{%Irlnbl) %aalm%gdrogsot%luene (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,SO,, filtered and
5  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), 8.22 (d, J
=9.0 Hz, 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.
10 for [M+H]" C;;HyN,O: 185.07; found: 185.20.

Cap-139

A N

_N
COH
Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with 5N
15 NaOH according to the procedure described for Cap 738. "H NMR (400 MHz,
DMSO-dg) & 13.63 (v brs, 1H), 8.60 (d, J=9.3 Hz, 1H), 8.45 (d, /= 5.6 Hz, 1H),
7.95(d,J=5.9Hz, 1H), 7.49 (d, /= 2.2 Hz, 1H), 7.44 (dd, J= 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]" C1HoNO3: 204.07; found: 204.05.

20
Cap-140
0
!
N
COH

Cap-140, step a
o
Cl

~N



- Boc / C22H291\ 1313r03: 462.13; found: 462. 31 (M+H).
Exanple 7d F3c RT - 1.9 mnutes (Derived from Exanpl e

wo.20bd/{oeegzdi tion 1); LCMS: NBac 6d) ni Anal .pc3absedo9/033380

For C211- 126N3Br F303: 504. 11; found: 504.17

(MrH). 11128 PCT 138 8 Triethyl phosphitd!128PCT
(0.78 nL, 4.7 mml) was added !'fo a sol ution Exanple 7,
(700 ng, 1.57 rnnol) in DVE (2 nE) and the sol ution
heated at 8QC for 18 hours under a nitrogen, .

at nosphdre: Vigheushegtted sHx ot r3ed19\%1%10t5a?<tg‘?f‘yb9ﬁq‘i“ﬁ“@€ Hy2
acehateyhh80 pitbdre@ A o MBI %evﬁl @)(!’éd%ﬁ@W(ﬁﬁUﬂ)Sb@ﬂ 12€0),

After concentra ion the crude product
palladium (IT) 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

5 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 uL 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

10 and water and the organic layer was separated, washed with brine, dried over

Na,SQ,, filtered and concentrated. The residue was purified on silica gel eluting with
10% ethyl acetate/hexanes to 40% cthyl 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]" Ci12HoCIN,O: 233.05; found: 233.08.

15

Cap-140
o
X Cl
=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.

20 R¢=2.24 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc. for

0
wn

[M+H]" CjoH;;CINOs: 252.04; found: 252.02.

Cap-141

X F

=N

CO,H

Cap-141, step a

x F

=N

CN



was applied to a 40 (S) Biotage(r) silica gel colum
and subjected to gradient elution; Segnent 1. 5% 15% B

woo%e/1038 L, Segnment 2. 15% 100% B over 600 mey(es2009/033380
CH2C12; B = Et0OAc) to give Exanple 8,675 ng (1009 .
114 NMR (300 MHz, DMBO-d6) 6 11.7 (br. s, 1H), 7.9p128PCT
(d, 1=8.4 Hz, I1Il), 7.82 (d, U1=8.4 Hz, 1H), 7.29
10(s, 1H), 4.78/4.69 (br s, 1 1 1), 3.57-3'18 (m 1H),
338332(m 1H), 2.85-2.78 (in, 411), 2.28-1.77 (m
, 1. @Plﬂimﬂﬁ(ﬁsﬂ wghiyeparet, fepnp] Hermees3- @@@ﬁ@pqulmﬂmﬂplepmcd

L A T L .

EanﬁD 91376,11)3) aRTesdri 80 imihnptossduf € o thetpraparatipn ol CE:/ 40, step a

il B0 RGP EURR S0 JL Saungy 408

51 STHAE, 121), ReCh 3 = Nal 04, THEVPS()7. 133e¢ 1HM74M (3 1HBDESQ.AY min

13%0%.—%1); 90% homogenity index; LCMS: Anal. Calc. for [M+H]" C;0HsFN,:
173.05; found: 172.99.

Cap-141
10

s F

N
CO.H
Cap-141, step a (83 mg, 0.48 mmol) was treated with 12V 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
15 then filtered to afford Cap-141 as an off-white solid (44.1 mg, 47.8%). The filtrate
was diluted with dichloromethane and washed with brine, dried over Na;SO,, 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,
20 1H); R(=1.33 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C1oH/FNO»: 192.05; found: 191.97.

Cap-142
o
)
_ZN

CO,H



To a solution of (S)-5-(hydroxynethyl)pyrrolidin-2-one
(10 g, 87 mmmol ) in dichloronethane (50 nm.) was added

yl chl or odi phenyl silane (25.6 g, 93 s
Wot(z(]a?g;/w%rlr}f 87 mmol) and DVAP (1.06 g, 8.7 mﬂq?%?%s;%so
m xture was 10stirred at roomtenperature unt|I t Aé128 PCT
starting pyrrolidinone was congl etely consuned, and
then it was diluted with dichloronethane (50 inL) and
washed with water (50 nlL). The organic |ayer was dried
(Na2S™4), filtered, and cOmcéft sigped in vacuo, and the
crude material was submtted ta,flash chromat ography

(silica gel; 30 to 100% of acet at e/ hexanes) to
afford the silyl ether as al calgfless oil (22.7 g,
1574% yield). 1HNM Z (400 [DVBO-d6, = 2.5 ppm)

7.69 (br s, 1H), 7.64-7.61 (in.®4H), 7.50-7.42 (m
6H) 3. 6:7ap31462sn€p"ﬂ wid‘blepaaedﬁ&rﬁélfblorﬁmmquﬁbl)ine W-oRdle 2s 04

s, 9T1). LG/ MS
(T dprenpey b gt Dt ipt § PPt niih e (B8Lgng e R
<177 nmrph)m Y@sndasidew 11; D0RAHokoghtyasded; soMisdAaMeCatOfan n
di chl or oret hane %@WO n.) solution of silyl ether
( 31 N@P@] CaglsBN2 235% pend1249-08nol ), Et 3N (8.93 g, 88
mol ), and DVAP (1.08 g, 8.83 mml) and stirred for 18
h at 24 C. Most of the volatile material was renoved
in vacuo and the crude mat@r{& stAken up in 20% et hyl
acet at e/ hexanes and applied to 2 L funnel containing
1.3 L of silica gel and then ﬁ@}ed with 3 L of 20%
et hyl acetate/ hexane and 2L of '50% ethyl 5 acetate).
Upon concentration of the desi fractions in a
rotary evaporator, a white y of solid forned
which was filtered, washed w t hiyhexaness and dried in
vacuo to afford carbanate M1 a ite oI|d
1QJ 82% );Foealndlj gonrqggﬁmg ?mmm_&fag( Hé@ a é%émol)
%‘ta%mﬁx% p(ilﬂ%ph@té 'tlll.)aswzlmn(? O% hfbl), %ﬂaﬂladu?m 51@)' aEetSﬁ (§.Mmg,
4.18 111) é J =10.4 IH), 3.68
( dOO 01 mme agfd 2 dllsyclglpqy(ylp OQ@th)bgjélele)fh(i 111@& ]Q_LCP mmol) in
4&1‘11%!1‘3& tgmanel('TDmL)ax/ag %dged]ngol glmhnél wl CLjLZ 00 n;]-mcgg +f1{9 mixture
354W@8mat@éhtcld)0 °@ 5@41 1241 cqogﬁjps_;@ R znd filtered thmuOh dlatomaceom

i (PGB Pl UGS OR A o H B SRR R (30, 0%
9 glé/l %@etﬂygégan@rhqlfokfgh @EQA’ 36.,Ms8 n@%%ﬂs%"%flﬁg 9(5lﬁ'it Y

cool I ng When t he i nternal erature of
t heWhlin(Wﬁli’r @ lrl@af@h@dd dlmtlm Ry Ti R o (anétllzf%%r\bfé} 8%%dr i de
(2 r a
drg%gk)9&8%n&mwggkgﬁﬁé%dq%' &tureeggygigdﬂ?gp g%g@
m n248hi3l e mai ntai ning the internal tenperature between
650 Cand -45 C Hunig's base (16.5 m., 94 nmmol) was
*hdded dropwi se over 10 min. Then, DVAP (34 ng, 0.278
nmol ) 20was added in one bathﬁd420llomed by the
addition of trilluoroacetic anhydride (3.6 m,, 25.5
mnol) over 15 min, while maintaining the interna
tenperature between -50 'V an?: 45 C. The bath was
renoved 10 min later, and the ;Bction m xture was
stirred for 14 h while allowind it to rise to anbient
tenperature. It was dilute 'th tol uene (15 ni),
cooled with an ice-water bath; d treated slowy with
water (55 nL) over 5 min. The phases were separated
and the organic | ayer washed with water (50 nmL, 2x)
and concentrated in vacuo. The crude material was
purified by flash chronmat ography (silica gel; 5% ethyl
acet at e/ hexanes) to afford di hydropyrrole M2 as a
colorless viscous oil (7.947 g, 82%yield). RR = 2.41
m n under the follow ng HPLC conditions: Sol vent
gradient from 100% A : 0% B to O%A : 100% B (A =

300. 1% TEA in 1:9 nethanol /water; = 0.1%TEA in 9:1
nethanol/mater) over. 2 mn and hold for 1 mn;

P~~~ NN TP~ ~ A~



At-Jo 5M 3 Diethylzinc (19 nmL of-1.1 Min tol uene,

20.9 mmol ) was added dropwi se over 15 mn to a cool ed
wo(o@010€933t ol uene (27 nL) sol ution of di hydr opworatoddo333s0
(3.94 g, 9.0 mol ). Chl oroi odonet hane (stabilized over

copper; 3.0 nL" 41.2 mol) was added dropwi se ovedlh§ PCT

mn, and stirred while maintdilding the bath
tenperature toat -25 C for 1 h and between -25 C and
-21 Cfor 18.5 h. 't he reaction m xture was opened to
the air (@fd4quenereychionyiersiiowdduvih oM S‘affmrsgwéfomde as
Satdéﬁ&ib@&jinl\tlﬁé pr-gg%@%resfg} @515 o4 (I%}Q ") mina(@gn&.mg]—WQW)g d
fromthe cooling bath and stirred at ambi ent

t erhperogeiyendesr LOWSivpal. Calewdy [MAH]eFetli MhPodgh | & found:
filfsgrgpaper and the white cake was washed with 50 nL
of toluene. The organic phase of the filtrate was
5separ at ed and 15washed with water (40 m, 2x), dried
(MyS0: 4), filtered, and conggngg;ted i n vacuo. The
crude material was purified J%ing a Biotage(r) system
(350 g silica gel; sanple was Iqéd d with 7% et hyl

acet at el hexanes; ()toted wi % et hyl

acet at e/ hexanes) to affor xture of

met hanopyrrolidines (M3 predaom nates) as a col orl ess
viscous oil (3.69 g, 90.79%. te: the exact
cis/trans-isoner ratio was not determned at this
20stag,el. Rt = 2.39 mn énQﬁ? the followng HPLC

condi tions: Solvent gradiefft’ ¥+ dH 100% A : 0% B to 0% A
: 100%B (A=0.1%TFAin 1:9 anh nol /water; B = 0.1%
TFA in 9:1 nethanol / wat er }»overN in, and hold for 1
mn; detection (4)220 nm msnex- Luna 3.0X50 mMm
S10 colum. " H NVR (400 MHz, [DMSO-d6, & 2.5 ppm
107.62-7.60 (m 4H), 7.49-7.40 (m 6H), 3.77/3.67

(over | appiargrrhd s@utic@H) 3-a@idd 1-br@&ugsaQvinphne (344 mg2.0Bmmol) in

sy gl g Py oy K LB RORE Gy

1H)96 19g,20¢ imp!) LiHpne HoBidS: The iNaje was4deda 25 HCHE Ominebefore

L et R

1snuntuftBerat 22T RRY dra@d wr 2rc(307 M hefsliulds@boled ts1d Y quenched
ethers M 3 43.13,9, 6.93 mmol.) and the n}xturp stirred
at Wibiegntted aRpeprigp e idg Folpticasng dilaed with el aggigict iT0R
of sadir @%@dv_a@mfaww@mc@ Kyiit6l & aB@ labid bide, (RedOvks NABSH,
of the volatile mat eri al was 5renpved in vacuo and,thg
r esilgid e corceriEied Befigeon oftherrotusmashign el choingtith 0% to

andypDUn sk ME@hEt BRI A £0) BT iHe, 801 WibRRoliBO 80Te, 31%).
The aqueous phase was extracted w th dichl oronet hane

20( 30RurL)- 75 mnd Goné-Morbi n &l drgasindty phiase wds: dpdlefalc. for
( b t Y C : in vacuo and then
)“(/g[;!vgfe%g d ,%B‘Sﬁ%. 2RYACKANEBHGH.

e o] vacuum overni ght. The crude nateri al

was purified using a Biotage(r) (silica gel; 40-50%
ethyl io0 acetate/hexanes) tgfgbfgrd a m xture of

al cohol's, contam nated with ¥ aces of a lower Rf spot,
as a colorless oil (1.39 g, -94%yreld). [Note: the
exact cis/trans isomer rat ot determined at
this stage.] 11-f-NWR (40Eiﬁ£§ﬁ§dinethylsulfoxide-dG,
ti= 2.5 ppm 4.70 (t, J =5.7, 1H), 3.62-3.56 (m 1H)
3.49-3.44 (m 1H), 3.33-3.27 (ﬁ] 1H), 3.08-3.04 (m

29 H), 2. 00 {dotd @90 Th-sdntiolofBepll B7stémy (15Hme, 0.581 minodKin

I( m@l}%i‘/‘%@\s’\}ﬁt{%aﬁﬁ%ﬁy&%ra& %92@"%) \ﬁ% a7d%é(9 a zo%ut’(&rlpsoé :rlzrﬁlﬂ)_utgl(l)lﬁldlt%gi 01& Ihg%anes
sodi um periodate (6.46 g, 30.2 mmol) in water (31 ni)
was added to a solution of alcohols (2.15 g, 10.08

mmol ) in acetonitrile (20 nL) and carbon tetrachl oride
(20 m.). Rutheniumtrichloride (0.044 g, 0.212 mol)

was added i mredi ately and the het erogeneous reaction

m xture was stirred vigorously for 9075 mn. The
reaction mxture was diluted with water (60 nL) and



30 acetate (2:1 ratio; 20 ml.) and dried under high
vacuumto afford the first crop of acid M4 (off-white
wotlysi@bs 1.222 g). The nother liquor was congeni§abesssso

in vacuo, and the residue dissolved in -3 nL of ethyl
acetate with heating, allowed to stand at 11128 P&R8PCT
143 anbi ent tenperature for 1114, and then 3 nlL hexanes
was added and stored in a refrigerator for -15 h. A

second crop of acid M4 was retrieved simlarly (grey
c r y@tSdMSO 29mi386¢) mnfod)y Adter bPrbviimdey Qﬂrt@mlc@fde@w&uwed:mto

gr o R RO QD TGy ERREN §BTS PRt Mhvea o

0. 1981 TRA 25 ﬁCl TQe mittivameb k}wabetrqcteB wathQlich96rTiEéthane (9x BO mL)
met h%Qﬁ’e Com ned nmgac%gie&%%tna?ed Z@Wufde 11§ca%1on of the

Pheonenex- tina 3 co
1 herefiiluestty cieo@sephbde/HBEQ e GHGvatkHFMNYR Roid4D Oapiz3 (16 mg,

DVBQ,d6,, S .= 2.5 . 1H), 3.88 ( I, S,

H) g/g) éiy—(l alp%mﬁ#BEIQ'—f#W?QSE%%/&B%%GW& w§%?§&§ Anal. Calc.
Si gfea[Ni+HP.QH (RI0;: p39. M1 1gund:25008(app hr s, 1H), 1.56
(app s, 1H), 1.40/1.34 (two overlapped s, 9H), 0.71 to
(m 1H), 0.45 (m 1H). 13C-NWR (100.6 MHz, DMBO d6, 6
= 39.21 ppm) 172.96, 172.60c,354445, 153.68, 78.74,
59.88, 59.58, 36.91, 31.97, 31.17, 27.77, 27.52,

14.86, 14.53, 13.69. LC/ M5 (M (Na) = 250.22. Anal .

Cal cd. For Cl1tl 17No4: C, «~“H, 7.54; N, 6.16.
Found (for first crop): C 24, H 7.84; N, 6.07.
1Cptlcal rotation (10 ng/nL in 13): [a] D= -216 and
0212 for the first and second crop, respectively.
15Synthetic route 3. Reference: (Bromnation),1,4(.78
(1952) 74, 6263. Referencg; ;.. «ony

(Di splacernentlcycllzatlonz)l]7 f P&t chem (2001) 44,
2990. 11128 PCT 144 NOzExarrpIe 3,

2- Brono- 6, 7, 8, 9-t et r ahydr oz6K-berAZ0[ 7] annul en- 5- one
. . [ nEt 20 (25 nl), cool ed
to OC and bromne (0.35 nL, 6.6 nmol) was added

dropwi se. The solution was stif'red at 24C until TLC

i ndi cat a-pRAGLHQRuESNR %tﬁ o 23. @@mﬂwol)&;@ﬁla@dc@QQ%ﬂﬂﬁwx)1@119 to
The solvent was renoved rotory 5evaporation and the
Ler ute!pilodu eeluigipfifeging @mac gud (ImIBjap¢ sepeeptyatesd sujfprg acid
gel (IQQ{Lqufhe @f)@lg% &Nt s@hditah oPC F5em 15961”31@@['@%@ O(a%uﬁlly warmed to
Hexancs; B = 10% Et OAc/ hex) over 500 m ., and gave

2, 625libr ot 6liredgonlq et Fleenydiuee w%tb@m[ F]intRradicalisr songaining
e

g b@gpﬁgéceﬂm te? aﬂd f%fe éuﬁlﬁg% edsld g%aﬁgﬂufdgfg} flg ! @}f‘tebefme
2, 6it Wabﬁlmmte a?f081 @s%t et athryd 620135g+8b%m z20{ iJlanrraliéwhBh gns

2. [ 4

o (qugﬂﬁ&g :}lowle?Oén I Sg ndeg(ii P}%‘g‘glé)F%LenLty }(%Q IQ@I\I‘/II‘E }g;\gal
andCﬂclmnHW®H I MR @b, (hag® . Svasuadddd.oar opwi se, and t he
reaction was stirred 18 hours at 55C. The sol vent was
renoved by rotory evaporation, and the residue taken
up in Et0Ac and washed w Cip-044NepO sol n, sat' d

Nal 1Q01 soln, and brine and concentration gave Exanple
9, (2S)-2-brono-5-0x0-6, 7, N9 tetrahydro- 15

514- benzo[ 71annul en- 6-y12- £ btit oxycar bonyl (t net hyl
) am no) propan-oatc 960 ny %/N\/\hi ch was carried
forward without further purTfigation. 1H NVR (300 MHz,
CDC13) 7.55 (dd, J= 8.4, 1.8 HZ, 1H), 7.40 (dd,./ =
8.4, 1.8 Hz, 1H), 7.38(s, 1H), 5.51-5.45/5.36-5.31 (m
1H), 4.96-4.79/4.72-4.53 (m 1H), 3.8 (br s., 3H),

2.94 (t, J = 4.8 Hz, 214), 2.82 (t, J= 5.1 Hz, 2H
2.10-1.95 (m 2H), 1.43 (s, 9H). RT = 2.3 20ni nutes
(condition 1). LR Ms: Anal. Calcd. for C20H26Br NO5:
440.11; found: 440.10 (MrH). Exanple 9a (Derived from
Exanple 3) Br IMDO HN. Boc RT = 2.2 mnutes
(condition 1); LCMS: Anal. Calcd. For Cl19H24Br NO5:

425; found: 425 (M+tH). Exanple 9a.1 (Derived from




3b) SO HR Boc RT -2.05 mnutes. (condition 2); LCMVS:
Anal . Cal cd. for Cl9H24Br NO6: 442.30; 11128 per 145

44. 2 (M 100 -2 Ex | 9a. 2
WongWﬁ%Xsénpl : g) Br) ( ; 1l‘_||) . a,rfg_?N ao O(%‘r/l‘r’s%%)/mssso

BOG --N H RT = 2.18 minutes (conditi on 1); LCMVS: ANRSBPCT
Cal cd. For C22H27Br NO5: 464. 105 found: 463. 99 (M+H).

Exanpl e 9,

(2S) - 2- brono- 5- oxo-6, 7, 8, 9-t et rahydr o- 511 - benzo[ 7] annu

| en- 6- y Xa@- [#¢ endp-daidt30xy t.as o)) \@ueam:y E)arini mothprod f@nokt ad
(960 , 2.2 mmol) . t aken cnc

nd g dea PP R Gl &Y 1B s pRsbarE Sy aEdaT bhe
ANTYAFdgBMaBio e biett i (11 for d. 591 "ﬂ&ne@mam‘a (3vaB) addeditiamd ptakigum
thul:é sheat at 1 oi | bathte era

5o WEGGHdd #dd W@ R dfep [ dt ) %lfﬁ%wgenaﬂon

saced as 51@25@1 . 1aRek Hat sudtida B Siedugh antbnidbeuoegani ¢
phase concentrat ed. The crude product was applied

(0Xeiie Iamdaco%n(l Wd Bivot lagevainhng.caucgen-fitetibn bdge ensuing
Segnent. L (9
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,
10 =236 min (Cond.-D1); 95% homogenity index; "H NMR (400 MHz, CDCl3) & 8.02
(s, 1H), 7.95 (d, /= 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, J = 7.3 Hz, 1H), 2.88 (s,
6H); LCMS: Anal. Calc. for [M+H]" C;1H;;ClN,: 241.03; found: 241.02. HRMS:

Anal. Calc. for [M+H]" C,;H;1ClLN,: 241.0299; found: 241.0296.

15 Cap-144, step c
\N/

\Cl

=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. R(=2.19 min (Cond.-
D1); 95% homogenity index; LCMS: Anal. Calc. for [M+H]" Ci,H;;CINa: 232.06;
20 found: 232.03. HRMS: Anal. Calc. for [M+H]" C,H;,CIN3: 232.0642; found:

232.0631.
Cap-144
\N/
SN Cl
=N
COH
25 Cap-144 was prepared according to the procedure described for Cap-141. R,

=2.36 min (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]" C;,H,CIN,O,:
238.01; found: 238.09.



1015% B for 300 niL; Segnent 2. Gadient elution from

10 - 100% B over 600 nL (A - hexanes; B = Et0OAe) to
waiok$1 5Pl e 10, 150 ng (16% NOTE: Conpound ﬁ@ﬁﬁszoo9/033380

occurred during chromatography (yield should be

hi gher). 'H NMR (500 MHz, CDCl13) 67.43-42 (m 2H), 11128 PCT

7.35 (s, H, 5.25 (q, J=7.0 B, 1H, 3.02 (t, J- 6.4

I Iz, 2H), 2.96 (s, 3H), 2.83-2.81 (m 2H), 2.0-1.98

(m 211), 1.74 (d, J = 7.0 Hz, 3H), 1.47 s(s, 9H. RT

= 1.8 mnutes (condition @jps-HRMBI62Anal . Cal cd. for

G201, A 2B N5P2 4204 10490k 20,00 (Moo HRR BT

. to.the pro@(dU1€I\le$d11lH&'d for ]lhegnemammblesf Caohth (Medrod1y);or CRBB39
11; found: 406. 23

Anal . _Cal 413r N302
M(:Nﬂejﬂ.lo an fis%n(itﬁdl [FZ Fvlét ?ﬂ“ﬁxanpl e 9a.1) Br s
4P BOG N Me RT=I.59 m nutes (condltlon 1); LCMs:

Angl—=Caled—Ffor—C291-121113rN303:—422- 33— eung:
424.2 (M#2F1). Exanmple | Oa. 2| (Derived from Exappl Be (LC-
9a}2) B 400 N."(--. N.).," BOGN-/''HH Cond.); %
Cap # Cap Method Hydrolysis homogeneity
index; MS
data
1.14 min
(Cond.-MS-
! W1); 90%;
N LCMS: Anal.
Cap- COH Calc. for
145 Prepared from commercially B I2VHC [M+H]'
available 1,3- C1oH,CINOy:
dichloroisoquinoline 208.02;
found:
203.00.
1.40 min
(Cond.-D1Y;
SO 95% ;
ZN LCMS: Anal.
Cap- CoH Calc. for
146 Prepared from commercially A SN NaOH M+H]
available 3- CiHioNO;3:
hydroxyisoquinoline 204.07;
found:
204.06.




RT = 1.74 mnutes (condition 1); LRVS: Anal. Cal cd.
For C221-127Br N302: 443.11; found: 443.07 (M'11).
;c route 4. 11128 PCT 147 Exanpl e 9a.p,3%@S

Wop%rég}égbﬁge% as described for Exanple 9.) four%: 4:’;8009/033380

(MtH). Exanple 9a.4 (Derived 6-bronmo tctral -1-0onell128 PCT

purchased fromJ & WPharnlLall7LLC) Br a. 0 BOG) F F

RT = 3.0 mnutes (condition 2); LCMS: Anal. Calcd. For

C201122BrF, NO5: 474; found:474 (MtH). Exanple 9a.5

(Derived|6-brono tctral - 1-one purchased from J 8087 n
PhannLab, LLC) 40 10 0 Boc (Cond.-D1);
h 95%;
3 LCMS: Anal.
Cap- #
COH Calc. for
147 B SN NaOH .
Prepared from commercially [M+H]
available 1-chloro-4- Ci1H10NOs:
hydroxyisoquinoline 204.07,
found:
204.05.
0.70 min
(Cond.-D1);
N 95%:;
c ~o =N LCMS: Anal.
a -
g codn Calc. for
148 Prepared from commercially A SN NaOH [M+H]"
available 7- Cy1HioNOs:
hydroxyisoquinoline 204.07
found:
204.05.
0.70 min
(Cond.-D1);
o 95%;
\N LCMS: Anal.
Cap- 7
CO.H Calc. for
149 A SN NaOH .
Prepared from commercially [M+H]
available 5- CiiHoNO:3:
hydroxyisoquinoline 204.07;
found:
204.05.
Cap- D 0.26 min
2 A 12N HCl
150 O COH (Cond.-D1Y;




HRT = 2.95 mnutes (condition 2); LCMS: Anal. Calcd.

For C21-125Br NO5: 472.07, 474.07; found: 472.02,
wokbfo Q36 sMNa) . Exanpl e 10a.3 (Derived from BExanmy$009/033380

9a.3 and prepared as described for Exanple 10.) Br se

N HN | Boo-0 F wy- 2.37 ninutes (condition 2); LRVEPCT

Anal . Cal cd. for C20H25Br N302t18418. 11 and 420. 10;

found: 418.21 and 420.17 (M+H). Exanple 10a.4 (Derived

from Exanple 9a.4) Br 400 N HN_ 1 Bo¢c-N FE T - 3
m hut es R {repmdi froro8-m2gthoxAvVS:  Anal . |Cal ed. for 95%,
C2DH22Br F2NRRZ i€ R EindfAR Sinichound: 454109362 (MrH) 1 kR g,
11028 EC]
can be synthesized following Calc. for
the procedure in WO 2003/ [M+H]"
099274 C11H1QNO3Z
204.07;
found:
204.04.
1.78 min
o (Cond.-D1);
Cl
I 90%;
COH LCMS: Anal.
Cap- Cale. f
-epared fr - - alc. for
757 Prepared from 5-methoxy N HCI ’
1,3-dichloroisoquinoline, [M+H]
which can be synthesized C11HoCINOs:
following the procedure in 238.03;
WO 2005/ 051410. found:
238.09.
1.65 min
{(Cond.-D1};
_o el 95%;
. N LCMS: Anal.
‘ap-
i oM Cale. for
132 Prepared from commercially 12N HCl [M+HT"
available 6-methoxy-1,3- C,HoCINOx:
dichloroisoquinoline 238.00:
found:
238.09.
B 1.18 min
Cap- N
N (Cond.-MS-
153 6N HCI
COH W1); 95%;
Prepared from 4- LCMS: Anal.




Exanpl e 10a.5 (Derived from Exanple 9a.5) RT 2.25

m nutes (condition 2); LCVMS: Anal. Cal ecL For
Wo%ég:h'o;%%Bri N1302: 430.12, 432.12; f ound: 430'&%‘/U52009/033380

432.02 (MHH). Synthetic route 5. 2. Alanine t:Lic

0 pc. NH40,00 1. Br2SrBr OA-C. R Xyl ena 140C 0 961R28 PCT

Me 9b.1 12 = H 1,5r2Fce 1S 0196.2 X = HH .3 X =

Cl-12 Exanpl e 9b (Prepared described in Exanpl e

9.) Sr Boc OAlu. RT = 2.2 minutes (condition 1);
IVB:  Anal bra@aligduinblore, @hwh- 112Eb- NOb: 371; f oundCa1for
FI1) | can be synthesized following [M+H]
the procedure in WO 2003/ CioH7/BINO3:
062241 251.97;
found:
251.95.
0.28 min
N (Cond.-MS-
E N W1); 90%;
con LCMS: Anal.
Cap- Prepared from 7-fluoro-1- Cale. for
154 chloroisoquinoline, which SN NaOH [M+H]"
can be synthesized following C1oH FNO,:
the procedure in WO 2003/ 192.05:
099274 found:
192.03.
0.59 min
X (Cond.-MS-
al 2 W1); 90%;
COH LCMS: Anal.
Cap- Prepared from 1,7- Cale. for
133 dichloroisoquinoline, which SN NaOH [M+H]"
can be synthesized following C1oH;CINO,:
the procedure in WO 2003/ 208.02;
099274 found:
208.00.
¢ = 0.60 min
C/ONH (Cond.-MS-
Cap- z
156 Prepared from 1,6- 5N NaOH W1); 90%;
dichloroisoquinoline, which LCMS: Anal.
can be synthesized following Cale. for
the procedure in WO 2003/ [M+H]"




Exanple 9b. 1

1);

11128 PCT 149

IP o nocria RT = 2.7 mnutes (condition
LCMS: Anal _ Cal cd_ For

woGhod102043r NO5: 385; found: 385 (MrH). Exanpl e &ir/@s2009/033380

(Derived from Exanpl e Exanpl e 5b.1) Br OF3C o oBoo ||

RT

1.9 mnutes (condition 1?
C20H24Bi

F3N 05 494. 08;

. LCMVE:

Anal .

Cal cd !l
foundt20494. 03 (1\41 11).

B§PCT

Exanpl e 9b. 3 (Derived from Exanpl e Exanple 5b.1 and

M ) Brsist . F CQ0Bop 111.0 o HR - 2 1 mnputes
(cpndition 1); LAYZ74Anal . Cal cd. Foi C21H24131F8NHEGNO::
526.07; flound: 525.91 (M+l-1)| Exanplie 9b. 4 Br 208.02:
found:
208.03.
1.49 min
7 (Cond.-D1);
X
N 95%;
CO,H LCMS: Anal.
Cap-
Prepared from 1,4- Calc. for
157 B 12N HCI '
dichloroisoquinoline, [M+H]
which can be synthesized CioH17CINO:
following the procedure in 208.02;
WO 2003/ 062241 found:
208.00.
0.69 min
7 (Cond.-MS-
X
N W1); 90%;
COH LCMS: Anal.
Cap-
Prepared from 1,5- Calc. for
158 B SN NaOH .
dichloroisoquinoline, [M+H]
which can be synthesized C0H7CINO;:
following the procedure in 208.02;
WO 2003/ 099274 found:
208.01.
F 0.41 min
X
N (Cond.-MS-
COpH W1); 90%;
Cap-
Prepared from S-fluoro-1- LCMS: Anal.
159 B 5N NaOH
chloroisoquinoline, : Calc. for
which can be synthesized [M+H]"
following the procedure in C1oH7FNO;:
WO 2003/ 099274 192.05;




ri oOCBz i RT - 2.2 mnutes (condition 1); LCMS: Anal.

Calcd. For C,21 H 20 BrNO 5 445; found: 445 (M FH).
wo%@%h&sﬁb 5 BrF OBoc N o RT = 2.94 m nutes (P%qr‘%zbdg%aixsgo

2); LCMS: Anal. Calcd. For C sll22BrFlIV05: 452.

454. 05, 466.05; found: 452.06, 454.06 11128 PCT 15(28PCT

(M Na). Exanple 9b.6 (Derived2ﬂrom Exanple MA) Br F

opoc ONH HRT = 2.78 mnutes (condition 2); LCMs:

Anal . Cal cd. For C19H2I Br ENO5: 464. 05, 466. 05;

found: 468. 92, 465.92 (M1 Na)| . Exanple 9b.7 found:
192.03.
0.30 min
F N (Cond.-MS-
ZN W1); 90%;
. coH LCMS: Anal.
ap- o rad .
P Prepared from 6-fluoro-1- Calc. for
160 chloroisoquinoline, B 5N NaOH [M-+H]*
which can be synthesized C1oHFNO,:
following the procedure in 192.05:
WO 2003/ 099274 found:
192.03.
0.70 min
~ (Cond. D1);
95%:;
S
P LCMS:; Anal.
Cap.. N CO,H
Cale. for
161 Prepared from 4- - -
o . [M+H]
bromoquinoline-2-carboxylic
. . . C12H13N202:
acid and dimethylamine
. 217.10;
(DMSO, 100 °C)
found:
217.06.
0.65 min
(Cond.-M3);
QBN
95%;
~o N >Co,H °
C LCMS: Anal.
Cap- Prepared from mr-anisidine
. Calc. for
162 following the procedure - - .\
o v [M+H]
described in J. Hetero.
C11H10NO3Z
Chem. 1993, 17 and
204.07;
Heterocycles, 2003, 60, 953.
found:

203.94.




(Derived from Exanple M4) Br OBoc HRT = 2. 05 m nutes
(condition I); LRMS: Anal. Calcd. For C191T2d3r NObNa:

woAbo/be3sf ound: 446.08 (MrNa), (M+2). Exanpl e pk®byus2009/033380

(Derived from Exanpl e 9b as described for Exanple 10

Br Boc NN\me ' N RT = 1.6 minutes (condition 1); RERMEPCT
Anal . Cal cd. For C17H22Br N302:22380. 10; found: 379. 98

(M H). Exanple lob.] (Derived from Exanple 9b.1) B 40
Boo, NNH ,> s. NRT = 1.7 mnutes (condition 1 );

ERVS: Anal. Cal cd. For Cl6HZ@B/#302: 365; found: 365
11128 PCl 151

OH
OH

5 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
HCl and the product was extracted with ethyl acetate (3 x 100 ml). The combined

organic layer was washed with water followed by brine and dried over MgSO,. After

10 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-de, 6= 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
(app t,J=7.4 Hz, 3H).

15
Cap-164
O
OH
N
\
20 A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde

[
tn

(14 mL, 37% in water), IN HCI (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
product was purified with a reverse phase HPLC (MeOH/H,O/TFA) to afford the
TFA salt of Cap-164 as a white solid (1.7 g). 'H NMR (DMSO-de, & = 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).



(N1 [11). Exanple 101).2 (Derived from Exanpl e 9112)
cF3 / N Bac N, poc RT = 1.66 mnutes (condition 1);

?%ﬁ? A Cal cd. for C281-124Br F3N302 474. Jp%fr/lfs%?@%ssso
wo 6?MH—I) RT = 1.7 mnutes (condition 1); LCNAS

Anal . Calcd. For C21H2411F3N302: 486.10; found: 4861280CT
(MH). 13r 1 Hc(a NH Exdeple 10b.3 (Derived from
Exanpl e 9b. 3) Exanpl e 10b. 4 (Derived from Exanpl e
9b.4) Br so N

Cap-165

5 To a mixture of 2-amino-2-indanecarboxylic acid (258.6 mg, 1.46 mmol) and
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 in vacuo, and the
residue was dissolved in DMF (14 mL) and purified by a reverse phase HPLC

10  (MeOH/H,O/TFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). '
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]
C12H16NO4: 206.12; found: 206.07.

15 Cap-166a and -166b
0]
OH Cap-166a: Diastereomer-1

N Cap-166b: Diastereomer-2

A

/

Caps-166a and -166b were prepared from (1S, 45)-(+)-2-methyl-2,5-
20 diazabicyclo[2.2.1]heptane (2HBr) according to the method described for the
synthesis of Cap-7a and Cap-7b, with the exception that the benzyl ester
intermediate was separated using a semi-prep Chrialcel OJ column, 20 x 250 mm, 10
um eluting with 85:15 heptane/ethanol mixture at 10 mL/min elution rate for 25 min.
Cap-166b: "H NMR (DMSO-de, & = 2.5 ppm, 500 MHz): 7.45 (d, ] = 7.3 Hz, 2H),
7.27-7.19 (m, 3H), 4.09 (s, 1H), 3.34 (app brs, 1H), 3.16 (app br s, 1H), 2.83 (d,
J=10.1 Hz, 1H), 2.71 (m, 2H), 2.46 (m, 1H), 2.27 (s, 3H), 1.77 (d, ] = 9.8 Hz, 1H),

[\o]
n



. Ncr,iii13z RT - 1.7 mnutes (condition 1); T, RVE:
Anal . Cal cd. For C211-120BrN102: 426.08; found: 426.09

W Mﬂomgxarrpl e 10b. 5 (Derived from Exanpl e 9b,Sp8009/033380
O( = 2.27 mnutes (condition 2); LCMs: Anal. e? d2

for CI Sii pBr1TN1302 410.09; found: 410.08 (MIT).11128 PCT

11128 PCT 152 Exanple 10b.6 (Ddrived from Exanpl e

9b.6) F NBoo it RT = 2.15 mnutes (condition 2);

LOVIS: Anal. Calcd, For Cl19H72Br EN302: 422.09; found:

4211.6%B(d; K-8 Hz, 1Eyah@IMS: 10h). Talcdefor M¢HT rbl EXAhp?4. 14;

9b.f7%mB Hhasgpeltiliop. 1 "=""1IN H ..4iLH H RT = 1.58
' condl tion 1); LAVIS: Anal,

Cap-167

OH

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
10 component was removed in vacuo. A mixture of the resultant crude material,
formaldehyde (15 mL, 37% in water), IN HCI (10 mL) and 10% Pd/C (10 mg) in
MeOH was exposed to Hy (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),

15 5.59 (s, 1H), 4.84 (d, T = 14 Hz, 1H), 4.50 (d, J = 14.1 Hz, 110), 3.07 (s, 31). LC/MS:

Anal. Calcd. for [M+H]" C;oH;,NO>: 178.09; found: 178.65.

Cap-168
OH
(0]
NM82

Racemic Cap-168 was prepared from racemic Boc-aminoindane-1-carboxylic

acid according to the procedure described for the preparation of Cap-167. The crude

material was employed as such.



Cal cd. For C191123Br N302: 404.10; found: 404.09

(I'ViI+H). Synthetic route 6. | ea. 311 11a
wofR/edshy 11128 PCT 153 11 Unwashed 6@%ora@dos/isssso

hydride (54 ng, 1.35 nmol) was added in one portion to

a stirred solution of Exanple 10a.3 (565 fig, 1.361128PCT

mmol) in dry DMF (10 m.,) udd®r nitrogen. The mixture

was stirred 5 min before addition of SEMCl1 (0.24 ni,

1.35 mmol ), stirred for 3 h, quenched with sat'd

ammoni um chloride (1 nL), dfdmf®d with Et 0OAc (50 ni),

and the organi c phase was washed with sat'd NallCGO3

solution and brine. The aqueous phase was extracted

twice nore with EtOAc and-Cenbised with the initia

organi c extract prior to Concentration gave a

resi due applied which was apprt,e®{ CH2C12) to a 40 (S)

Bi otage silica gel cartridge. Segnent 1. Hold 15% B

for 75 m.; Segment 2. Gadient elution from15%to

50% B ovenixgBoofa-amingegphsny PRPaBace agDugschipefc F5de.mt S

<( AmmFlZ)? 1 ﬁld’ h 3355 %n %7560 ng)!/a\(eg) rlﬁﬂ'i@l' 39 Hi[‘?)" !1191 W/Qﬁ&ﬂ’@t(? 329

Rf 6 5 .0 'm nut
(com MelQPb(r@OZl)L) wiels{ p VR wo@um@:zrle aDN/SQBk@IIBBmd@VhWZOgPD 8% PSI)

( m fmséég%/é T ih(’glg ?10% %ﬁ(_bgre a3 é’itjegpg g?é (Ce}lw zﬂ)d %o%c% Jgat%i?zg (vg}uo

( mTh]: kfsidu8 wAR takeisuRinde QI Iand thi)ﬁcd2>y8@fe@e 811_21@(: m epEI_I'II-])LC

Si_bz(?/feg)ﬂggat%%%g)%af %%%Ee T%A 6% (gfr@” apg@ as us I&nn 1 i (o (2.1

10Calggd!H RMR @12611,-51-3986 _b@a $0:MB4B 759; 7 quundH)Em&Q 233 (m

MH+H). Cold 4N HCl1 in dioxane (0.

RS RIS BT oritor | Smogrs LENS: Rni &l SRy

(1R 35,.Rd2) 10k €5 Lo Yb4 12,

(f br ono- 4, 5-di hydr o- 1H napht ho[ 1, 2- d] i mi dazol - 2-
yl) 2-azabi cycl o[ 3. 1. 0lhexane- 2- car boxyl ate (1.5 g,
3.49 mol) in MeOH (20 nl) gﬂgjp@e reacti on was
stirred for 2h at roonm tenperature. Concentration
yielded a tan solid whichy taken up in dioxane (20
m.)/ water (20 nL) and coQled ta 0OC. Na2CO3 (0. 369 g,
3.49 runlet) and C137.-C1 (0.4p8 Wi'., 3.49 mml) were
added and 25t he reaction nixtWYg&@as stirred as it
warmed to room tenperature over ;ph before 11128 PCT

15154 belng partitioned between Et OAc and sat'd NaHCOB
sol n. NaZS(Sg{ Q—@Irﬂh]% 1. @é‘[?&ﬁlymsz%ﬁg@q Wi ddnic BEild r('ﬁ)SanLlf & @@mmol;

over [tered, and concentrated. The crude
pr ohtrsned fepsn 6ﬁaﬂe@}édn pas-CHm)) was addahsodignedinpaie A Bme;

SI| tr i L5 L
%?ﬁl)ﬁ&i dqg‘{l eljz'% gg%}t %ﬂ%ﬁge \gag ?1%%@ y| e% éf)tﬁ n ?d']yl
( 1§;h3c$ofg_ﬁ)mte ﬁmr:’m}lj 3.33miph@h) b«gmmﬂcd AdBopdiise over Sbmmuth The reaction
ro n {. | m aza
A e S T
vartfp&atai mhle eGci@smiktide Gaf thofpartifioelVBetatic tN fur and cthyl
(a:ﬁgalé%ggr g"ge organic 1'ayle;c wﬁqqgm%\(/)edaarr]lg tlfé%%ug'oue ljyglu\)r;/]g\ fultl?(:? C)?'[Isdc’[ed

with 2 additional portions of ethyl acetate. The combined organic layers were

washed with brine, dried over magnesium sulfate, filtered and concentrated in vacuo
to afford Cap-170 a colorless residue. 'H NMR (500 MHz, DMSO-ds) § ppm 12.65
(1 H,brs), 7.44 (1 H, d, J=8.24 Hz),3.77 -3.95 (3 H, m), 3.54 3 H, s),3.11-3.26 (2

]
L



Exanple Iib (Derived from Exanple 10a.5) RT = 2.01
m nutes (condition 2); |I,CMs: Anal. Calcd. For C 241
wd g/e83s 464.10, 466.10; found: 464.11, 466. %éT/(IMOO9/O33380
+H) . 10Synt hetic route 7. 13a. 213b. 2 Reference:
.1.Chern.Soc. Perkin Trans 2 (1993) p 1305. 12 11128 PCT
AIBN (98 ng, 0.59 nmmol) was atitfed to
4- br ono- 1, 2- di net hyl benzene (11 g, 59.4 mmol) and
freshly recrystallized N bronosuccinimde (21.1 g, 119
ot mj, . 82CI OB GL, m) 1.4IThe 5§ Ealdt b h. 2% 302 Hway, INEstSed nal.
at u r u It n. 11128 PCT 155
A¢tgggie¢ﬁgﬁggﬁﬁ%§%¥§hrgggﬁféﬁ%gggﬁUre, the sol ution
was filtered and concentrated by rotory evaporation to
give 21 g of a mxture contz%nigg approxi mately (75%
4- brono-1, 2- bi s(brononet hy Bi{ZEne along with
3-brono- | ,2- bis(bmone | ) benzene. [ NOTE: The
starting material was contam natled with 525%
3- brono- 1, 2- di net hyl benzene] . TRT %i2.2/2.3 nin
(condition 1). The crude m xtikef 4- and
3-bronn-1,2-bis(bronntnethyl)béEZene (21 g) was taken
up in 042C12 (313 m) and di nethyl 3-oxopentanedi oate
(12.8 g, t _ 59| Uk.l.on_was
di | ut ed AV\AZ(?%&:;] %’% sté?ﬁ?‘?n%ﬂggg a%?%é%gﬁ?)é%k%{e{ag %64 ol )
i n Weleedaqepso(2Af Jng, RhRalsemoek anigiapcod 28 \66t 609-613) in ethyl
ben I I i ' I ! [ :
vvasgcgg%éz rﬁg&%}@t 2e2 rzg(lg'lébtg}njgg&?r% %l%ﬁs‘rggd %%u%g tgllngr Igtéé“%f gﬂ%ﬁn.
undemativtl dpgénnat (60EC.mMIAF.08r mgepandPi/On20Mmgt hel ongahivere
1P hat%gn a dgff' (RINEQNR .ng)lgt%fseewzys\@ﬁteg )v(vtit[laa%t Er((j) A btap o(:l_g}%zallg\ggd to
the co |ﬁe630rgan|c 'ayers were washed Wt h brine.
Congie at analti¢ro reng@vaeur2 8vgnight aa whehpineXT b ¢t vr@ 1 {hotNieOH:
o BT DR G O NGL PR 8 e o Py e, o
benmifpid¢ arid e neo:sl, Bate) tidichox yoraplee whivevionaghe datti@dyas
forward wi thout purification. RT = 1.87 mn (conditign
) ; ileredvirough egliteydegnges ratesh SHEI B OB wag prrified vig Biptage  (load

377 - , The 2 i xture of .crude. _
it et R MR on 25 bR o Ll GuP b Kb iy o
| anilV ére06¢ 8%dVic@i b dicyiloatne:ti{ano ntai2b@d! B¢ h22@atSommeDH /

d.flask fitted

o TGS et e R TR a Rt Lpsaghe irk
material and concentrated to 120mg (81%) of methyl 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate as a colorless oil. 'H NMR (500 MHz, CHLOROFORM-D) &

20 ppm3.29-3.40 (m, /=6.71 Hz, 1 H)3.70 (s, 3 H) 3.74 (s, 3 H) 4.55 (t, J=6.41 Hz, 1
H) 4.58 - 4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H) 5.31 (brs, 1 H). LC/MS: Anal. Calcd.
for [M+H]" CgH14NOs: 204.2; found 204.0.
To methyl 2-(methoxycarbonylamino)-2-(oxetan-3-yl)acetate (50 mg, 0.246
mmol) in THF (2 mL) and water (0.5 mL) was added lithium hydroxide monohydrate

™~
tn

(10.33 mg, 0.246 mmol). The resultant solution was allowed to stir overnite at
ambient temperature. TLC (1:1 EA / Hex; Hanessian stain [1g Ce(NH4),SO., 6g
ammonium molybdate, 6ml sulfuric acid, and 100ml water]) indicated ~10% starting
material remaining. Added an additional 3mg LiOH and allowed to stir overnight at

which time TLC showed no starting material remaining. Concentrated in vacuo and



mLl). A solution of 1(011 (8.8 g, 0.23 nol) dissolved

in water (250 m) was added and the initially tan
woSyepepsson turned bl ack upon heating at refl w)cﬂm()(jbﬁ)333so

hours. The reaction m xture was poured onto Et OAc

vol) and the organic phase separated. Brine (1/4 ¥ 2)SI’CT

was added to the aqueous |ayde7whi ch was extracted

wi th Et OAc, and 25t he conbi ned organic | ayers were

washed W|th brine. After being concentrated b%/ rota

evepé@ﬁ@it)lil bigh Ve epesipeRyad ina S5 e Bh yen2-(TTHP ey 9y Qlalaama@ -2-

i,.ot u
Do o S A B S R o B e D Bty

10 -3149060, B H)A.67 (Hexianess (B/<=7.2& BAd)Hbeth Vet a6 4tz11 H) 4.68 (t,

2. o N5 STATRY B 550 DenzBl 7] ant r ol o 7( 6t - one and

530(:ont ai ned 1-brorno-8, 9-di hydro-5H benzol 7
| annul en-7(614)-one, 8.3 g The m xture was
carried forward w t hout fu?%%éﬁ%rl fication, but a

pure sanpkgrednt EXABRI&wllZnoNaSe @déraicd ﬁﬂcdﬂﬂ@iﬁon with cer taln
crystallization by allowngthe mxtureto st and 3

we elaabogimentycwhigh gre prptengbt@ it 1@@@1)3) Og the cgptr 9(1}3 t gplmcnt
2 ld é?gosm%"c%vm J dl?’gte(ﬂ%QVe\‘] nmdlﬁéélt;'é)%g ah @I ﬂv’i@enﬁ ag’caIZbeJ-mH?adcd
Z, 114), 2.87- 2 84
102 a&u}gn srp s@m@ oﬁr—hfz claRms Ths ge flAyes* o %C&mmisde specific
;gg@bboé?ﬁéntq & 1‘1719%1 ateocgneglalc{: Ld (l)fEPﬁeqne%ﬁtgdlgblogtlQuﬁg?nga dded
't 0 wdsislond ilrahthgfsxmhéesmelfomlb@tpurr@sesméslb'éfewov@fg/ﬁltablf 2-

and Oarng%vqsa%am%q% mgwmﬁ\hw% @c?gwgq@bgﬁ]@mospﬁ@m and

r eacadlkymnvbastosd daserguliofh of ltﬂplhcedotm erhtanatndeh] aspaeis-t he
crude a- no ket ones were taks | ity -
1200 e PR g ST S « SRRyt BRAS AR g Biyion
andratibseexpeacd i/(ﬂmnl@/\ﬂ)&oﬂitrhernehdoﬁbﬁiphulﬁet maed lpdicngise. Nuclear
]éto Sr%gélgﬁ%rr aé}%g% ectgﬁ\x?el (2’%301%%5 ¢l he1 (2“2‘.? g l,?(glt %%eﬁbo or

wasiBdvivL: kkecwerh et tH@rchélﬁ],calaﬂIftsQ@)rw?@ﬂ:bﬁlﬂideﬁl paIR'If)eFrrﬂh@n

m nutes (broad peak, condition 1) crude. a-kern

nzi g QTR Ly s g @F&@@SPI‘GSS@ (ﬁféﬂ aherdtedo glp“ s flash
@ hl @b iR dhdEahRué 18- F9.Chb9. So18mt hoadded and t he

reaction mxfure was stirred for | s3.5 hours at 65 C,

concent rAFBHRsHF AU 8Rd/IoBVATHHEREINGES 2R dYF e drdeton

hi gl agaune fﬂ{em]t%ufi'lg&‘ (v?th Watem chm?ﬁﬂ@q Z?'gfﬁs § xt@m MQhould be

ket ones were 't aken up S uni gr base
( 24n4dd at lg_tglgxqrnm]le)s may chy slightly betwecn machmeq he LC conditions

(S) e- 2-carboxylic
d“l?@t’; iy daw‘fgﬁ%%ﬁ{e%ig%/u’%gfr%%k% 18 g, 18.89
?fnrrngtham tagd ecrd deteomiacp eecoidirg withdfoOwing d£HUS conditions:
StI{I'@P’g jAfter 8 hours the reaction was concentrat ed

7"8"781'ume in vacuo, and partitioned between LtOAe
I Cyluand 0. HNPhelBmént5Qund } OXenmiSa0sal t s wer e
veq/}?y fi ICLrati on t hrough di atonaceous earth
7~ and the organic |ayer was washed with brine
andrma)]rmsntrautle)d The crude product was charged
Cl2) to a 40M Biotage silica gel cartridge
3?dl GIa@é"é}t YMEG 4 W runs). Gradient 7Selution from 15%
to 4Qp¥B overs did L (A = Itexanes; B = Ethyl Acetate)
to i ve Exanples 13a.1 and 13b. | (3 8 g, 35.7%
foWeRp§/i el Me4RR as a mixture of diastcrconers.
Examlvgel;;ﬁa Lol 1.58/1.51 mn (condition 5). LCMS:
Anal . Calcd. for C21F127BrN204: 451.12; found: 450. 87
(I\/H—|). 11128 PCT 157 Ammoni um acetate (4.4 g,
73.1 mmol ) was added to a solution of the am des 13a,1
and 13b.l1 (3.3 g, 7.31 mol) in xylene (75 nL) and
stirred in a pressure vessel heated at 140C for 4
hours, After being cooled, the reaction m xture was
diluted with Et0Ac (500 nL), washed with sat'd



cartridge. Gradient elution from15%to 100% B over

750 mL (A - CH2Cl2; B - EtOAc) gave 2.49 g of a
woBosh/Mi833 hat was subjected to a second chr 0”31‘@?6%95\9@33380

40S Biotage(r) silica gel cartridge, elution

80% B over IL (A =1:1 Flex/CH2C12; B = 10% 11128 PCT

CH3OH Et OAc) and provided a M2t ure of Fxar npl es 13a. 2

and 13b.2, 1.1 g i0(34.8%. A sanple of the product

was applied to sem -prep nornmal phase HPLC (Chiral cel

(I) Sobantm, ZM%WmOQ‘mm@&l@ /Yeptieme/ EtOH (a), 10

o u lgedltgtv gé%éﬁ %FQ%H%W%? @WBEBESD; 3 a4 (s,

1H) CortiB (dd, . 1= 7.9, 2.1 Hz, 7. 09 (d, J= 8.2
HZ, 4. 73 3. 64-3. 61
(mCi]}PL_%lil, 3. 48" “%“ZF(“n%nL“%-ﬂ 6’%509 @51(@[0 J= 1S4.6 He,
52|—|)Sta12.°/8§) (t= = 5.8 Hz, 2H), 2.31-2.11 (m 1H),

%1]1.0/8}%(@% 146/1 48 (s, 9H). RT = 1.7 minutes
(co 8t'tPon 1)1 PRVS: Anal . Calcd. for C211- 126Br N302:
432GAdBA: tiho Hdnid32. 1268 (M 11128 PCT Synt heti c

route8 X 14 4-bronmo, X = H 15 4-brono; X = H
>8P BP§r no~™ XM F 153 4-bromo: X = F 14h 3-bromp: X

Hﬂé@‘ka&' br enpmr Kaixr H BrO

10 Wavelength =220 nm

Slovent A =0.1% TFA in 10% methanol/90%H20

Solvent B =0.1% TFA in 90% methanol/10% H20

Condition 3

Column =LCMS. GEMINI C-18 4.6 (7 50 mm
15 Start %B =0

Final %B =100

Gradient time = 3 min

Stop time =4 min

Flow Rate =4 mL/min

20 Wavelength =220 nm

Slovent A =0.1% NH40OAc in 10% acetonitrile /90%H20
Solvent B =0.1% NH40OAc in 90% acetonitrile /10% H20
Condition 4
Column = Phenomenex-Luna 3.0X 50 mm S10

25 Start %B =0
Final %B =100

Gradient time =4 min
Stop time =5 min
Flow Rate =4 mL/min
30 Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0



Exanpl e 14 14 N, N-Di i sopropyl et hyl am ne (18

m., 103.3 mmol) was added dropw se, over 15 m nutes,
wotmosithetser ogeneous m xture of N Boc-L-proli nedr/uskd®/0333so

g, 33.17 mol ), T 1-ATLI (13.324 g, 35.04 nmmol ), the

HCl salt of 2-am no-1-(4-bronp- phenyHet hanone (8. 127

g, 32.44 mmol ), in DVE (105 nL) and stirred at anbi ent

condition for 55 minutes. DM was renoved in netro,

and the resulting residue was 10partitioned between

ethyl acetate (300 nL) and water (200 nL). The organic

| ayer was washed with water (200 nt.) and brin §g'ed

(MS™M), filtered, and concentrated. A silica g%f sh

was prepared fromthe residue and submtted to fl ash

chromat ography (silica gel; 50-60 % et hyl

acet dteafifdanes) to prOV|de Exanpl e 14, (S)-tert-butyl

2- ( 2-Gofuntar onophmexyHuncet hy | carba oyl ) pyrrol

di ne-duw@a boxybate is as a white solid (12.8 g). "H.
NVR %d&“% 2.5 ppm 400 MHz): 68.25-8.14 (m |
H) , hr d = 8.0, 2H), 7.75 (hr d, = 8.6, 2H),
4. 61 Cadiectme=panim 5 7' 11-1), 4.53 (dd, | = 18.1,
5.6, S)timed. 223412 (m 1H) 3.43-3.35 (m 1H),

3. 30-18ow2Batd M =3 kiddin 2.18-2.20 (m 1H), 1.90-1.70 (m

3H), \Jaav%QAglh 344 app hr s 9H) RT = 1.70 min
it s B AR ot a0 3y

(11,
114 285D B1 59~ BXAATIAQAL 0% aggronirily /IGRILOR  FF RT =

1. 59 Svemar@s{tondition 4); LCVS: Anal. Calcd. for

C13 DRO:PCHl 6:0) ;. 445. (
14b% %%%Tm é‘é E)j Ei" -
C18H238a31204 (M 1-Na)-1- =h4B3. 08; found 43331
HM/C\/ CN Br- COH
N 6N HCI N
e Sy

Exanpi.e Br
Hunlg s base \©/\ i 1
4
Br\©, OH Br\©/

Br(CH,),COLEL
K2CO,/ DMF

0. ~_-COzH

O _~_-COxEt NaOH
EtOH

o

Isoamyl nitrite

THF/EL,O

N—-Boc

\(::I;W,ZN’OH

& X=YaCHy

6a X'= CHy; Y = NMe'
6b X = 0; Y = CH,

Bc X = CHy; Y = CH,CH,

2. NH,OH/MeOH

Br X~y Br X~y
= DMF 80°C =
N TN~0H N TNH
iy e,
Boc~N \J Boc~N
7 X=aY=CH, B X=Y=CM,
7a X = CHp; Y = NMe 8a X = CHy; Y = NMe
7b X =0; Y = CH, 8bX=0;Y=CH,
7e X = CHy; Y = CH,CH,
S poe FiG
OHC
— . FC N P(OE1),
iso amyl - OH FC i
Br nitrite i /N Boc
- NHy/MeOH OH Br i /
0 N / N N
5h Br /N Boc H
o Br 8¢
6d . N

SUBSTITUTE SHEET (RULE

Br. X-y
m PPA/ 130°C
o

3 X=Y=CH,
3a X = CHy; ¥ = NMe
3bX=0; Y= CHy

3c X = CHy; Y = CH,CH,

26)



Exanpl e 14c; step I: 5 or Acetyl chloride

(10.2 nL, 144 mmol) was added in a dropw se manner
woeer102633 to a cold (ice bath) solution of PCT/US2009/033380

3- bronophenol (25 g, 144 mmol) and pyridine (10.8 'PIIZSPCT

144 trunol) in di chI or onet hane (100 nL), and the

reaction was stirred 18 hr at! poomterrperature Wat er

(150 nL) was added and the organi c | ayer was extracted

10w th di chl oronmet hane. The caonbined o ni
weriEefigedV g v %Ct@&/cm‘é p) S A er; 2&@%&% 433?@?132
and dried over Na7SO4, and filtered. Concentration
gave the 3-bronophenyl acetate as a pink liquid (28 g,
96%) . GC-Ms data: 214 (N} NWR BO-d6): 7.37-7.39
(d, 1H), 7.26-7.30 (m 21 7.04- 7.07(t, 1H" 2.30
(s, 3H). 15Exanple l4c; step 2 11128 PCT 160

3- Bronophcnyl acetate (36 , anhydr ous

Al C13 (38! Mg%oluzsllofrﬁ%wuv%é%bWéﬁ%al %%F Ao ERe 2fdRd 2
fr Sdl ok (8 Qﬁllbb%a opg’/zfi i S AR AR RS 1 A6 d@%rﬂ@l@i in

the m xture was heatéd (steam bath) until solid
mat@hyabes RIMSOJRY ed.) unldy niviugerodt|24 Sepanddhesdluaing wagstirred 30

extracted |nto di ha e c
s R G R e S
t hemmhesslh pren@npxe e»cas plbqeafcee andT: zhneadaqmed e nhlaydeM\S@swaq added to
ract ed W
ot gt caenpara PeRlop PatFrihasAPeg G BNy red omo
1 i 1 Wwaegd20 angaconceaat watk éldoxbﬁ)l gl Tae iqednsdnpmoaacidified with

hydr OX%ZS%@% ha 0”%\%& 8‘)“ gg),-g,g) '1%9'%1@& ase was

7. 7&)113@1&@&36 dnd ddied t% a3 ((\@Bx@tﬁ@ sflick Bel 700&15111( @adlé-rﬂtib)utxon
102. 6 npl e 14c; step 3:

S, :
1- (moq@as Qh@/ﬁﬁ@%?‘ﬁh&]yﬁ)‘%ﬁ)ﬁ{%@ tor%ves‘a(amfw Aot 43
in
N N o e ol e kv Scat B (08 e gl STty ./
19 sandl Stte 1SpI7B0I(dn/ was, hédtzedHat’ 2616 (x HHOH 1 Wk addiz,
congen S, lti si 4
i ot aorh i uRl SRR HERE 0 300 G r T PLMES
ov efcoslits. 1)T hﬁMﬂ. gani. Calcayfer Cmes BeoncBSAYT abea!: t252.98 (M-H).
afford (E)-1-(4-brono-2-hydroxyphcnyl) - 3-
(di met hyl am no) prop-2-en-1-one as a bright yellow
sof Exhn{p&li9 g, 719%. LBWO; MR ( RVEQ- dfjnuled. 96
(s, 1H), 7.86-7.94(m 2 6. 96- 7. (dd, 211), . .
1105.92-5.96 (d, 1H)|, 3.32 (s, 3H), 3.23<C(’§‘%“%‘rb>zLRMS-
Exanpl e 14c; step 4:| O (Done. HCLAGAOGa1&d. Yorwas
added to a solution of (E)-1-(4-brono-2t
hydr oxypheny1) - 3- (di fret hyl ani no) pr op- 2- efflghee: (%709
g,| 118 mol ) in dichforonethane (900 M | jouamdd® (M-H).
repction mxture was| heated at reflux 40 min with
vigorous stirring. After being cooled tp room
t emperature, the organi c I ayer was separated and the
aqueous | ayer was extracted w th dichl oronmet hane. The
conbi ned organic | ayers %Wbé@zw th 3M pot assi um
carbonate soh], water, an ried over Na2S0d.
irltration and concentration gave

- brono- 4H chronmen-4-one as a pale 11128 PCT
Example 1, (E)-5-(3-Bromophenyl)pent-4-enoic acid (4 g, 15.8 mmol), was

dissolved in absolute ethanol (200 mL) and flushed with nitrogen before addition of

5% platinum sulfide on carbon (2.5 g). The solution was flushed with hydrogen at



161 yellow solid. 1,CV5 224.9 (M H); NVR ( DVSO- d6)
8.29-8.31 (d, 1H), 7.92- 7.99 (in, 2H), 7.64-7.66 (dd,
wokiio/1086337- 6. 39 (d, 1H). Exanple I4c; step 5! pdafus2009/033380

solution of 7-brono-4H ehrontn-4-one (26 g, 116 nmol
indry TIIF (500 mi.) under nitrogen for | hr, codl
to -80 C, and 173 nlL of diisdButyl al um ni um hydride
(2Min Tol uene) was added over 30 m nutes. The
reaction was stirred at the same tenperature for 30
rﬁtm@ﬁpbﬁm@psw@hd gn@ﬁ(jjlopgg gjle Latglmit @yas (@m(}l by filtration

vadronst B e nEeeP I a gk W L TOBIBAR R A REPY

co 'I‘@!onﬁ‘é%f)én ht‘icfna(‘inem\ﬁ@%o ﬁﬁﬂ&%ﬁ 'é%‘?@cah&l)% YREESampibe, S—ﬁ -
., washed wt

resi due was di ssolved in _
I N H\%{@PW@G@GW@)OIC ekid éd (%ﬁ%}wlNalzngdal feorreénithart dther

PR T BV BATR 00300 o8, S0 (A 140,850 .

7- btHhehy Ofad) /4= D6 Elz181)12.60 (t69%y.0diznaliy 2yl (0w soHzDH),

L0228, 0, HEFRS R (RUEOTCE 1,58 1oL kel

2. 7@112138@2(t255 Q(b'DfoulEXaHWDQ(MI%) step 6: N, OH

NaOAc (3.78 g, 46.2 mol) in 1120 (30 m,) was added
to a soln of 7-brono 4-chromanone (3.5 g, 15.4 mmol)
ar[d_hydoxypie am ne hydrochloride (I.75 OrT23. Amimmk)
in EtOH (70 mL). The re i on was hieat el at reflux for
2 |h,Deidsiden Bxangdin t enpsrat ure, and coplcertivier BalRYiRe
rgsi due wag,diluted with 1-120 and a pregjpitate pas
fijltered to give 7-bronochronman-4-one oxi ne obtai ned
as the needle like crystals 3.5g (98%. @L?EMBIQAAZ@WJ
211) RT = 1.7 min (Condition 2); |HNMR %?04%}%{%7
(g, 011, 111), 7.76-y7.70 (d, 111), 7.09¢t

4.116- 4.20 (t, 25211 . 2.79-2.83 (t 21)). Exanple
l4cstep 7 11128~ PCT—162p-Totuenesut fonic
anhydr| de (5 g, 16 mol) was added to a solution of 7-
br dhade bico nEvikdatanéhydolyye) {3 5 (enilSbc 48 94GY01S) 1488d 470.
tricthylam nc (2.4ml, 17.35 nmol) in dichloromnethane
(125 ml). The m xture was stirred for 3 h at room
tenperature and washed wsr ex,clrine, and dried
(Na2SO™4). Filtration and 5 centration under reduced
pressure to afforded 7- brormchrorran 4- one- O p-

tol uenesul foxime 5.5 g (96 % ds an off-white solid
whi ch V‘@ﬁm%@lﬁasé”{%%i d. 14 5,BB KvaR Hidell k&?%f@%bbeﬁz%@og’l% (38g,
(M2H)RT =1.92 nin (Condition 1). VR ( DVSQd6)

157 . 8RL5S/m@] aifddiN-npetin)l-B-afareig= i B@(1¢ @, ml 1) 15 ol 8 dy BV g100 mL).

gtbbijllegoléégrg\%ilfo&lﬁefl lgi}r)lc’%_ngé.nigteg 2}4 va%%i? o nfgléi gﬁesﬁ %;%tf Ziitte’d with

St eqiheS/EtOAc Anc% ﬁ]teu’edl on %eCfonpoetaaﬁm Wi refpda R |0dé2 @]_ Pt aqgmbined

sorlrEnr cH e Ry s b & By SRk Suframe
(5.(CHICL)4 a%smmIB)lotag'a:“tqmcugéneco(u@Ql rﬂegmaﬁtd Glf’e&heﬁﬁlt Yhtidrefrom

was stirred for 15 h at omtenperature. A
20 5-15% B over 1.3 L; Segment 2: 15% 100% B (A = Hexanes; B = EtOACc) over 6.75

’.JI

L to give Example 4, 3-((3-bromobenzyl)(methyl)amino)-propanenitrile 44.4 g
(88%). "H NMR (500 MHz, DMSO-dg) 8 7.54 (s, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.34
(d,/J=7.6Hz, 1H), 7.30 (t, J=7.6 Hz, 1H), 3.54 (s, 2H), 2.71 (t, J = 6.4 Hz, 2H),



15precipitate (potassiumtosylate) was renoved by
filtration and washed with diethyl ether. To the
woemined filtrates was added 3N HC1 (20 m) ipeT/US2009/033380
nmet hanol and the solution was stirred 2 h at room
tenperature to formthe HC1 salt. After renoval oft!1}3ePCT
sol vent, the residue was tritidPated with diethyl
ether. The resulti ng solid was filtered, washed with
ether, and dried to afford

7 bk Gis-3= Gfitifo2dhPdimih SH)-0RE “hy RGeS deandigon 2l [RMS: Anal.
fr i 2H) RT = 3.77

(Co |t|§0c1)(r?l ik 1ﬁeﬁ%§wgﬁ)\?§g dd 854@%%(%?) 2H) |

7.71-7.74 (d, 1H), 745(s 1H), 7.34-7.37 (d, 1H),

4. 67 |||,4. 434751 (t, oI Exanmpte
(Pr gﬁ%rrngré as descri bed | O?ﬁfvcoﬁ JI gerl ved from
pr odugiaredfas 8t ep 8) Br Bac N RT = #Hudsnut es

(conditjon 2 \nal. Cal cd. for Cla N2
43cr}36dl‘g‘t?ﬂ%‘"’° 4?/5( MiH) 11128 PCT 163 E%n‘%“’“ 2% ure
Examnphe 14, (S)-tert-butyl 2-(2-(4-brormph§M81)Aﬂ21-

oxqet hyl car banmoyl ) - pynrol i di ne- 1- car boxyl ﬁtl rJF1 g,
3112 mmol) and NFLOA¢ (12.0 g, 155.7 mmblyfdo%yl gnes
(185 nL) was heated in a seal ed tube at .I.QEQHQB°10E ?
hours. The vol atile conponent was renbved _jn vacuo,
and the residue was partitioned carefull 2Hettheen
ethyl acetate and wat er, whereby enough <>ﬂ)tuuaa;tggd
Nat/l CO1 sol uti on was added so as to mmke|the pH of |t he
aquyeous phase slightly basic after the sh ”ﬂé of the
bi phasit system The Tayers were separat ed, and the
aqueous | ayer was extracted with an additi onal et hyl
acetate. The conbi ned OWMQMOMS washed wth
brine, dried (MJSO4), filtered, and concentrated. The
resulting material was recrystallized from ethyl

acet at e/ hexanes to provide two crops of Exanple 15,
((S) - t er teNoMCydvas added to Example 4, 3-((3-bromobenzyl)(methyl)amino)-

2-(5-(4-hbr phen 1H-i.m daz rroli | ca
boxd PRVEN B GRG P1aS FsDHER T Sirsr e arsStish L PAf LaSrd
Vacdidneha$ H&Fﬁ@dtatt 6l ¢ oraofubas h AGBY Rt Rgrcanhysofigioh ive:a
gel ; 30% et hyl acetate/hexanes) to provi de an

ad dqopp@ﬁraqed VEvapup® @ vol iy 11NMI@11( PNASERERE On of motéelglqﬁgmmd
ﬁooﬁlw&n (2% 8%2@ 4§6a1n%ta%3é %D%}d%@ E&Qﬁaplé '5') 3 ((ﬁ (?%21:1 Jmél&é%ylﬁﬁ

m mg_tmyl)amlgo)gm)pdmgc (qqq asfHy ntcﬁoh@(H_Cl_‘@glt)( a{rbeMﬁc ( O I\@i—g

OYSHD E DR Il GO A LSy g0 -1

Anale 18] T4B (tfJoF 7. @}&HH%)],BBBI’\BIQZS 289.2. 0904 5, Frounds (t, /=7.6 Hz,

392180503 ks i - PRI Rl SO B Gl g
1:( coogHt BAVNO4) 272l0BRMBundnzi2. 10¢M+¢g for

O

Example Sa Br O_~_ COH RT = 1.05 minutes
Derived from 4a as in \© (condition2); LCMS:
J.Med.Chem.2000 43, Anal. Caled. for
2049 CioH 11 BrOs: 259.09;

found: 259.2. (M+2).




Cl s+120Br F21\ 130): 428.27; found: 428.02 (MtH). B a
) Exanple | 5b (Derived from Exanple 141)) B N Boc

wolapddposel . Cal cd. for C1812122Br N102: 392. 10;p1043869/033380

391.96 (M++1), 4 11128 PCT 164 Exanpl e 15e
(Derived fromExanple 0 NH R = 1.6 nmin (conditiodl®28PCT
LCVMS: N Doc 14c) 133

O

3

Example 2, 5-(3-bromophenyl)pentanoic acid (4 g, 15.6 mmol) was taken up
in polyphosphoric acid (15 g) and heated to 140 °C for § hours in a 150 mL pressure
vessel, capped to prevent product loss due to sublimation. The reaction mixture was

5 partitioned between 150 mL of water and CH,Cl, (600 mL). [Caution is necessary to
avoid boiling of CH,Cly.] The organic phase was washed with water, brine, and
concentrated. The crude product was applied to a 40 (S) Biotage® silica gel column
and gradient eluted from 5 — 60% (EtOAc/Hex) and gave Example 3, 2-bromo-
6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one 1.7 g (40%). "H NMR (300 MHz,

10 CDCl3) 8 7.56 (d,J= 8.1 Hz, 1H), 7.41 (dd, /=8.4 Hz, 1.8 Hz, 1H), 7.35(d, J=1.8
Hz, 1H), 2.86 (t, J= 5.9 Hz, 2H), 2.69 (t, J= 5.8 Hz, 2H), 1.90-1.73 (m, 4H). RT =
2.1 minutes (condition 1); LRMS: Anal. Calcd. for C;;H;1BrO: 239.00; found:
239.14 (M+H).

Example 3a 5 e RT = 1.17 minutes
T
(Derived from Example 5) \[:Q (condition 1); LRMS:
0 Anal. Calcd. for

C11H|3B}'NOZ 254.02;
found: 254.16 (M+H).

Example 3b Br o RT = 1.7 minutes
(Derived from Example \q} (condition 2); LLCMS:
5a) © Anal. Calcd. for

C]QHQBI’Ozi 241 08,
found: 241.2 (M+2).

Reference: (Cyclization) JACS 1962 27, 70-76.

Br\:; :
O

3¢



-N. Anal. Calcd. for C19H2213r N30, 3: 420. 33; found

422.2 (Mr-2H). Synthetic route 9. 15 16
woPR0d71vk634 (469 ng, 0.406 nmmol ) was added to apEIGUR009/033380

cap pressure tube containing a m xture of Exanple 15

(S)-tert-butyl 2-(5-(4-bronmophenyl)-1l1- 11128 PCT

i m dazol - 2-y1) pyrrolidi ne- 1- cBfboxyl ate (4 g, 10.22

nmol ), bi s(pi nacol ato)dl boron (5.4 g, 21.35 mml)

pot assi um acet ate (2. 26.21 mmol) and 1, 4-d

(80 ni) Thl@?h@ﬂ@r&%ﬁ%ﬁ] ﬂ%lslvamﬂaévaé@ik&é&nqmttwixample 22, 6-(3-

ni tgrBﬁSﬁ}lﬁnﬁ?QQ%l@&gd g3t &b (n%oll) 11? @tlﬂ r%@boﬁt@ﬁle@ﬁask under a

eaction m xture was I'tered
f il mm ages awaspoancEint matle@lwasnwmaf@d ao 60F EefOIC?r mdieicmteégqnawas

artitioned efully bet d. 2 .
o BHORSLL i H b R VATLIEE R0 g pRligh e
NaHGQB TE©Adid ¢Moer)de Wil @isas]ugloin sabayy disulfides(56% tila et dchnwilbiad
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ol 3% aldj .6~ 64 Hexarddli= 116 138 (gi frat8I1Hawd), 38t J £ Hz, 2H),

(11059 15 SATEL 2 o/ S 4 Bl oh e S Ay

MHz(condi@or22{ TRMSY/ARRL CBIEd(foy CHHTBTO 7953705 dund;, 353. 175 @V+H).

e’ SR T Nl o 40y iy 1) PR

= 1.64 mn (condition 1); LC MsS:FAnal. Calcd. for T™
[11 C24113513N104: 440.27; found 440.23. Exanple 16a
(Derived from Exanpl e 15a) 1, )--{-1Puc 11 FF RT -

1.62 minutes (condition 3)% AN, Calcd. for
C34FI TTFI FTN304: 475. 34; found: 474.78 (NMAT). Exanple
16b 5h

Magnesium (0.636 g, 26.2 mmol) was added to a solution of 4-bromo-1,1,1-
trifluorobutane (5 g, 26.2 mmol) in THF ( 100 mL) and under nitrogen. The solution
was stirred for 18 h at 24 °C, and the Grignard reagent was transfered via cannula to

20  asolution of 4-bromobenzaldehyde (4.85 g, 26.2 mmol) in THF (50 mL) at -78 °C
under nitrogen. The cold bath was removed and the reaction allowed to warm and
stirred 18 h, diluted with Et,O (1 vol), quenched with sat'd NH4Cl soln, and washed
with brine. Concentrate, take up in CH,Cl, and charged to a 40M Biotage® silica gel
cartridge. Gradient elution was performed from 15% to 100% B over 1 L (A/B

25 Hexanes/EtOAc) to give 1-(4-bromophenyl)-5,5,5-trifluoropentan-1-o0l 6.4 g (82%).

PCC (9.29 g, 43.1 mmol) was admixed with 9 g SiO, and ground with mortar
& pestle before being added in one portion to a solution of 1-(4-bromophenyl)-5,5,5-

trifluoropentan-1-ol (6.4 g, 21.54 mmol) dissolved in dichloromethane (350 mL).

The reaction was stirred 4h, filtered through diatomaceous earth (Celite ),



(Derived fromExanple 8) oBO. NH N--,.- Boo IC -
m nutes (condition 1); LCVS: Anal. Caled. for
WO%KM&G’]&?’NSO‘]' 497. 3; found: 479 (M‘FH) EX&W!}QTJ@O09/033330
(Derived from Exanpl e 10b). Exanple 16d (Derived from
Exanpl e 10b. 1) 1,.0, Me* RT = 1.83 minutes (conditildR8PCT

1.9

1); LCVMS: Anal. Calcd. for C23%-134BN304 427; found:
427 (MTH). >---c;c.c, g /-0 RT = 1.84 mnutes
(condition 1); LCMS: Anal. Caled. for >---0"1t0 o

111@8cda@3tcd,68d applied to a 160 g Thomson® silica gel column. Elution: 10 - 60%
B over 1.5 L (A/B Hexanes/EtOAc) gave Example 5b, 1-(4-bromophenyl)-5,5,5-
trifluoropentan-1-one 6.1 g (86%). "H NMR (500 MHz, CDClz) § 7.81 (d, J = 8.5 Hz,
2H), 7.61 (d, J= 8.3 Hz, 2H), 3.04 (t, J= 7.0 Hz, 2H), 2.25-2.16 (m, 2H), 2.05-1.99

5 (m, 2H). RT = 2.1 minutes (condition 1). LCMS: Anal. Calcd. For C;;H1BrF;0:
295.00; found: 295.00 (M+H).
CFs3 RT = 1.7 minutes
Example 5b.1 Br@_é (condition 1); LCMS:
(Prepared from 3-bromo- © Anal. Caled. For
1,1,1-trifluoropropane) CioHoBrF;0: 278.97;
found: 278.98 (M-H).
Reference: (Imidazole synthesis) Bioorg. Med. Chem. Lett. 2002 1009-1011.
o)
) “N-CH
6
10 Example 3, 2-Bromo-6,7,8,9-tetrahydro-SH-benzo[ 7]annulen-5-one (1.5 g,

5.9 mmol) was dissolved in 2:1 Et,O/THF (120 mL) and 1N HCl in Et;O (9 mL) was
added. The solution was cooled to 0°C before addition of iso-amylnitrite (1.2 mL, 9
mmol) and the reaction was stirred 18 hours at 24 °C, concentrated, and applied to 25
(M) Biotage® silica gel column. Gradient elution from 15-100% B (A = Hexanes; B

15 = EtOAc) over 1L and gave Example 6, (E)-2-bromo-6-(hydroxyimino)-6,7,8,9-
tetrahydro-SH-benzo[7]annulen-5-one 1 g (64%). RT = 1.9 minutes (condition 1).
LCMS: Anal. Caled. For Cy1HgNBrO;: 268; found: 268 (M+H).

o NMe RT = 1.35 minutes
Example 6a ) m {condition 2); LCMS:
N-OH

(Derived from Example

3a)

Anal. Calcd. For
C]]H]]BI’Nzozi 283.00;
found: 283.03 (M+H).




C22113211N304 413; found: 414 (M NET). Exanple 16e
(Derived from Exanple 10b.5) F N iBoc N RT = 2.62
woHoasi@ss3 condition 2); LRVB: Anal. Calcd. forpcr/us2009033380

024H3413R1304 458.26; found: 458.23 (M+H).  H

Exanpl e 16e.1 (Derived from Exanple 10b.6) \e P dd128 PCT
RT = 2.46 minutes (condition2)30 LRI MS: Anal . Cal cd. for
C251134BF1\ 1304 470. 26; f ound:

10

RT = 1.55 minutes
(condition 2); LCMS:
Anal. Calcd. for
Ci1oHgBrNO;: 270.08;
found: 270 (M+H).

Example 6b
(Derived from Example
3b)

RT =2.51 minutes
(condition 2); LCMS:
Anal. Caled. For
C12H1,BrNO,: 282.02;

Example 6¢
(Derived from Example
3¢)

found: 282.13 (M+H).
Example 6d (Derived RT = 2.1 minutes

C11H10B1'F3N022 323.98;
found:; 323.99 (M+H).

Br (0]
o)
Br< : ; ;
\
O N-OH
FaC
from Example 5b) ?\N’OH (condition 1); LCMS:
¥ o) Anal. Calcd. For
Bl’
N N‘OH
Boc

6,

7

Concentrated 28% ammonium hydroxide solution (12 mL,) was added to a
solution of Example 6, (E)-2-bromo-6-(hydroxyimino)-6,7,8,9-tetrahydro-5H-
benzo[7]-annulen-5-one (1g, 3.7 mmol) and N-Boc-L-prolinal (850 mg, 4.3 mmol) in
methanol (35 mL) and the reaction mixture was stirred 18 hours at 24 °C, partially
concentrated to remove methanol, and the aqueous residue extracted with CH,Cl,.
The organic phase washed with water and concentrated and the crude product
charged (CH,Cl,) to a 40 (S) Biotage@’ silica gel column; Gradient elution Segment
1. 15%-30% B over 300 mL; Segment 2. 30%-100% B over 700 mL (A =1:1
hexanes/CH,Cly; B = EtOAc) gave Example 7, 700 mg (44%). 'H NMR (300 MHz,
DMSO-dg) 6 11.3 (br. s, 1H), 7.91 (d, J=8.4 Hz, 1H), 7.35 (dd, /= 8.4, 1.5 Hz, 1H),



470.19 (MtH). Exanple 16f (Derived from Exanpl e 10b. 4)

*N- Ni --\/./ ¢ - RT =1.84 mnutes (condition 2);

wolédMe2s3Aanal . Cal cd. for C271-11213N104 473; fmzoff%é}%so
(Mdl). 11). Exanpl e | og (Derived from Exanpl e
10b.7) 0, 1' HamHH R - 1.59 ninutes (conditibR8PCT
1); 1.CvB: Anal. Calcd. for (3%51115131' 4304 452. 27;

found: 452.23 (MI11).

7.31(d, J=1.8 Hz, 1H), 5.0/4.87 (m, 1H), 3.51-3.46 (m, 1H), 3.42-3.36 (m, 1H),
2.90-2.70 (m, 4H), 2.27-1.80 (m, 6H), 1.38/1.11 (s, 9H). RT = 1.9 minutes (condition
1). LRMS: Anal. Calcd. for Co1Hp6BrN;O3: 488.12; found: 488.14 (M+H). HRMS:
Anal. Calcd. for Cy;Hy6BrN;O5: 488.1236; found: 488.1242 (M+H).

Example 7a

(Derived from Example

RT = 2.29 minutes
(condition 2); LCMS:

6a) N Anal. Calcd. For
.Boc
é\l C21H23N4BI‘O3I 463.13;
found: 463.16 (M+H).
Example 7b RT = 1.67 minutes

(Derived from Example
6b)

(condition 1); LCMS:
Anal. Calcd. For
CooH2aN3B1rO4: 450.34;
found: 450 (M+H).

Example 7c

(Derived from Example

RT = 2.53 minutes
(condition 2); LCMS:

N N-on
6¢c) Anal. Caled. For
N- Boc
C22H29N3Bl'031 462.1 3,
found: 462.31 (M+H).
Example 7d FsC RT = 1.9 minutes

(Derived from Example
6d)

(condition 1); LCMS:
Anal. Caled. For
Co1HaN1BrFz0s:
504.11; found: 504.17
(M+H).




11128 PCT 167 Exanple 16h (Derived from Exanpl e 8c)
F3c CNl-0, > 613 0/ uBoc RT = 1.9 mnutes

wolBenfhtizon 1); LCMS: Anal. Calcd. for C721 | isBER3N3OM33380
536.29; found: 536.37 (MI-11). Exanple 16i (Derived

from Exanpl e 1013.3) cF3 it--N H Poo N H RT = 1. 911128 PCT
m nutes (condition 1); LCVS: l88al. Calcd. for

C27H36BF: 1\ 1304 534.27; found: 534.21 (M+14) . Exanple
16] (Derived from Exanple 10a.3) 0.B00 N HN-1 soc-N

Br
N NH
&.Boc

8

Triethyl phosphite (0.78 mL, 4.7 mmol) was added to a solution Example 7,

(700 mg, 1.57 mmol) in DMF (2 mL) and the solution heated at 80°C for 18 hours
under a nitrogen atmosphere. The reaction mixture was taken up in ethyl acetate

5 (100 mL) and washed with water and brine. After concentration the crude product
was applied to a 40 (S) Biotage® silica gel column and subjected to gradient elution;
Segment 1. 5%-15% B over 300 mL; Segment 2. 15%-100% B over 600 mL (A =
CH,Cl,; B = EtOAc) to give Example 8, 675 mg (100%). 'H NMR (300 MHz,
DMSO-dg) 8 11.7 (br. s, 1H), 7.92 (d, /= 8.4 Hz, 1H), 7.82 (d, /= 8.4 Hz, 1H), 7.29

10 (s, 1H), 4.78/4.69 (br s, 1H), 3.57-3.48 (m, 1H), 3.38-3.32 (m, 1H), 2.85-2.78 (m,
4H), 2.28-1.77 (m, 6H), 1.39/1.14 (s, 9H). RT = 1.9 minutes (condition 1). LRMS:
Anal. Caled. for Cy1H,¢BrN3O;: 432.13; found: 432.14 (M+H).

Example 8a . NMe RT = 1.83 minutes
(Derived from Example \Cg;g (condition 2); LCMS:
7a) N Anal. Calcd. For
N.Boc
E/ Cz]HggBl‘N4Ogi

447 .14; found:
447.06 (M+H).

Example &b Br o RT = 1.95 minutes
(Derived from Example m (condition 2); LCMS:
N NH
7b) &B Anal. Caled. For
C20H24N3B1'032

433.24; found: 434
(M+H).




R 2.46 mnutes (condition2); LRMS: Anal. Cal cd. for

C261437BN304 466. 29; found: 466.27 MtH)I. Exanple 16k
“Mﬁi$WﬂM&Q from Exanpl e 10a.5) O N HN a Boc- WCTRREMDM&BSO

2.48 mnutes (condition2); LRMS: Anal. Calcd, fo
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Synthetic route 2.

HO\/i \ 1. TBDPS-CI TBDPSO\/i \ Li(Et);BH TBDPSO \/i \5
N © 2. (Boc),0 N 0 DMAP/TFA N
Boc Boc
M.1 Mm.2
wH WH
HO ?_y 1. TBAF TBDPSO bvy (Et)Zn
TN S ree TN
o 2. RuCl,, NalO, \ ICH,CI
Boc Boc
M.4 M.3
5
TBDPSO, T \
\/\N o
Ll
Boc
M.1

To a solution of (S)-5-(hydroxymethyl)pyrrolidin-2-one (10 g, 87 mmol) in
dichloromethane (50 mL) was added tert-butylchlorodiphenylsilane (25.6 g, 93
mmol), EtzN (12.1 mL, 87 mmol) and DMAP (1.06 g, 8.7 mmol). The mixture was
stirred at room temperature until the starting pyrrolidinone was completely
consumed, and then it was diluted with dichloromethane (50 mL) and washed with
water (50 mL). The organic layer was dried (Na,SOy), filtered, and concentrated in
vacuo, and the crude material was submitted to flash chromatography (silica gel; 30
to 100% of cthyl acetate/hexanes) to afford the silyl ether as a colorless oil (22.7 g,
74% yield). 'H-NMR (400 MHz, DMSO-d6, & = 2.5 ppm) 7.69 (br s, 1H), 7.64-7.61
(m, 4H), 7.50-7.42 (m, 6H), 3.67-3.62 (m, 1H), 3.58-3.51 (m, 2H), 2.24-2.04 (m,
3H), 1.87-1.81 (m, 1H), 1.00 (s, 9H). LC/MS (M+H) = 354.58.

Di-tert-butyl dicarbonate (38.5 g, 177 mmol) was added in portions as a sohd

over 10 min to a dichloromethane (200 mL) solution of silyl ether (31.2 g, 88.3



hours. After being cooled, the solution was
partitioned in EtOAc/water and the 10organic |ayer

woMGRAe th brine. "fhe crude product was apmdﬁ@gzoggm;;ggo
(CH2C12) to a 40 (S) Biotage(r) silica gel colum, and
gradient el uted from 20-100%B (A = CH2Cl2; B - E{ORS)PCT
over 1 L gave Exanple 17, 6804flg (49% . 1H NWVR (300
MHz, DMBO-(15) 6 8.05 (hr s, 1H), 778(d180Hz
2H), 7.66 (d, = 8.0 Hz, 2H), 7.53-7.45 (m 3H),
4 %ml)mzlﬂﬁﬁi 9D&)88 nengy-agd BMAI1.G89, 8.83 nymol) argl stigeq far 18 h

aéz% égl\d(zmgéf %Qolﬁr%lg?%m%éwaf le?]gov}liéi m(%#_u(gﬂ]c_l th76 %J%eux%qaetgnal
( cdmlehntupom 2Q%.ethyRiBtatefireahnes @ad guplied ora 1B amndsNe@ing 1.3 L of
665...38; ; 53 f 0
& i s Blafaia ! M anhr el B il % v
Ex agrplae). 10 por( ddacdnwetbnf af i cExmalrﬂaendjﬁ iandotiy amgloet@h) white
Boc \RT = 2. m nut e dition 2) . . Anal. . .
Car bt b TaE b6 h BB boP el ™ s ey in vacuo
11138 B dkcaliahatrannk e whitasdid(Br6s v 524 yieki). EXaxpiRe 406G B Hz,
and Exanpl e 10b. 2) F3c_Boc jN \ N0 11100 nN\H .. c-
MSO-d6, & = 2.5 ppm) 7.61-7.59 (m H), 7.56-7.54 (m, 2H), 7.50-7.38 (m, 6H),
4.18 (m, 1H), 3.90 (dd, J = 10.4, 3.6, 1H), 3.68 (dd, ] = 10.4, 2.1, 1H), 2.68-2.58 (m,
10 1H), 2.40-2.33 (m, 1H), 2.22-2.12 (m, 1H), 2.01-1.96 (m, 1H), 1.35 (s, 9F), 0.97 (s,

OH). LC/MS (M-Boct+H) = 354.58. Caled. 454.24.

TBDPSO\/§:§
Boc
M.2
A three-necked flask equipped with a thermometer and a nitrogen inlet was

charged with carbamate M.1 (10.05 g, 22.16 mmol) and toluene (36 mL), and

15 lowered into -55 °C cooling bath. When the internal temperature of the mixture
reached -50 °C, lithium triethylborohydride (23 mL of 1.0 M/tetrahydrofuran, 23.00
mmol) was added dropwise over 30 min and the mixture stirred for 35 min while
maintaining the internal temperature between -50 °C and -45 °C. Hunig’s base (16.5
mL, 94 mmol) was added dropwise over 10 min. Then, DMAP (34 mg, 0.278 mmol)

20  was added in one batch, followed by the addition of trifluoroacetic anhydride (3.6
mL, 25.5 mmol) over 15 min, while maintaining the internal temperature between -50
°C and -45 °C. The bath was removed 10 min later, and the reaction mixture was
stirred for 14 h while allowing it to rise to ambient temperature. It was diluted with
toluene (15 mL), cooled with an ice-water bath, and treated slowly with water (55

25 mL) over 5 min. The phases were separated and the organic layer washed with water
(50 mL, 2x) and concentrated in vacuo. The crude material was purified by flash
chromatography (silica gel; 5% ethyl acetate/hexanes) to afford dihydropyrrole M.2
as a colorless viscous 0il (7.947 g, 82% yield). Rt=2.41 min under the following
HPLC conditions: Solvent gradient from 100% A : 0% B to 0% A : 100% B (A =

30 0.1% TFA in 1:9 methanol/water; B = 0.1% TFA in 9:1 methanol/water) over 2 min

and hold for 1 min; detection @ 220 nm; Phenomenex-Luna 3.0X50 mm S10



NJ RT = 1.7 mnutes (condition 1); LRVS: Anal. Cal ed.

for

C411- 150E3N604: 747.38; found: 747.33 (MH).

wobsenmhessl7a. 2 (Derived from Exanpl e 16b and Exan2609/033380
8¢c) cr3 Boc NNCr.j \ -H40 O N, NHBoo J RT = 1.7
mnutes (condition 1), HRVS: Anal. Calcd. for 1128 PCT
CA2H52E3H604: 761.3997; found41761. 4005 (M+11).
Exanpl e 17b (Derived from Exanpl e 16 and Exanpl e 10)
BOG NN >-:31 \

10

15

column. "H-NMR (400 MI\}/IIZ, DMSO-d6, 6 = 2.5 ppm) 7.62-7.58 (m, 4H), 7.49-7.40
(m, 6H), 6.47 (br s, 1H), 5.07/5.01 (overlapping br d, 1H), 4.18 (br s, 1H), 3.89 (brs,
0.49H), 3.69 (brs, 1.51H), 2.90-2.58 (br m, 2H), 1.40/1.26 (overlaping br s, 9H),
0.98 (s, 9H). LC/MS: (M+Na) = 460.19.

.\\H

TBDPSO\/:\‘y/

Diethylzinc (19 mL of ~1.1 M in toluene, 20.9 mmol) was added dropwise
over 15 min to a cooled (-30 °C) toluene (27 mL) solution of dihydropyrrole M.2
(3.94 g, 9.0 mmol). Chloroiodomethane (stabilized over copper; 3.0 mL, 41.2 mmol)
was added dropwise over 10 min, and stirred while maintaining the bath temperature
at -25 °C for 1 h and between -25 °C and -21 °C for 18.5 h. The reaction mixture
was opened to the air and quenched by the slow addition of 50% saturated NaHCO4
solution (40 mL), and then removed from the cooling bath and stirred at ambient
temperature for 20 min. It was filtered through a filter paper and the white cake was
washed with 50 mL of toluene. The organic phase of the filtrate was separated and
washed with water (40 mL, 2x), dried (MgSQ,), filtered, and concentrated in vacuo.
The crude material was purified using a Biotage®™ system (350 g silica gel; sample
was loaded with 7% ethyl acetate/hexanes; cluted with 7-20% ethyl acetate/hexanes)
to afford a mixture of methanopyrrolidines (M.3 predominates) as a colorless viscous
o0il (3.69 g, 90.7%). [Note: the exact cis/trans-isomer ratio was not determined at this
stage]. Rt =2.39 min under the following HPLC conditions: Solvent gradient from
100% A : 0% B to 0% A : 100% B (A = 0.1% TFA in 1:9 methanol/water; B = 0.1%
TFA in 9:1 methanol/water) over 2 min, and hold for 1 min; detection @ 220 nm;
Phenomenex-Luna 3.0X50 mm S10 column. "H-NMR (400 MHz, DMSO-dg, 6= 2.5
ppm) 7.62-7.60 (m, 4H), 7.49-7.40 (m, 6H), 3.77/3.67 (overlapping br s, 3H), 3.11-
3.07 (m, 1H), 2.23 (app br s, 1H), 2.05-2.00 (m, 1H), 1.56-1.50 (m, 1H), 1.33 (very
broad s, 9H), 1.00 (s, 9H), 0.80 (m, 1H), 0.30 (m, 1H). LC/MS: (M+Na) =474.14.

.\\H

Ho_ ¥ 37

\77/\,1 “H
o Boc



NH NI- ifc .Boc NI Me RU= 1.8 mnutes (condition 1);
ERMS: Anal. Calcd. for C381-148N604: 675.37; found:
wob20hy/BRe3MNa) . Exanple 17b.1 (Der ived from @tanvmoglﬁsssso
and Exanple 10a.1l) Roc KiN-, \I Lii.".. . rN S
N---<NH "i N BOG'Vr Me RT = 1.65 m nutes (CondultH?&nPCT
1) LCMS: Anal. Calcd.forC 37FP46N603: 654.82; found:
655.4 (M+tH). Exanple 17c (Derived from Exanple 16 and
Exanpl e 10a) Boc SiN-- CJ-CN H1

10

15

]
wn

30

TBAF (7.27 mL of 1.0 M in tetrahydrofuran, 7.27 mmol) was added dropwise
over 5 min to a tetrahydrofuran (30 mL) solution of silyl ethers M.3 (3.13 g, 6.93
mmol) and the mixture stirred at ambient temperature for 4.75 h. After the addition
of saturated ammonium chloride solution (5 mL), most of the volatile material was
removed in vacuo and the residue partitioned between dichloromethane (70 mL) and
50% saturated ammonium chloride solution (30 mL). The aqueous phase was
extracted with dichloromethane (30 mL), and the combined organic phase was dried
(MgSO0,), filtered, concentrated in vacuo and then exposed to high vacuum overnight.
The crude material was purified using a Biotage® (silica gel; 40-50% ethyl
acetate/hexanes) to afford a mixture of alcohols, contaminated with traces of a lower
Rf spot, as a colorless oil (1.39 g, ~94% yield). [Note: the exact cis/trans isomer ratio
was not determined at this stage.] "H-NMR (400 MHz, dimethylsulfoxide-d6, 5= 2.5
ppm) 4.70 (t, ] = 5.7, 1H), 3.62-3.56 (m, 1H), 3.49-3.44 (m, 1H), 3.33-3.27 (m, 1H),
3.08-3.04 (m, 1H), 2.07 (br m, 1H), 1.93-1.87 (m, 1H), 1.51-1.44 (m, 1H), 1.40 (s,
9H), 0.76-0.71 (m, 1H), 0.26 (m, 1H). LC/MS (M+Na) = 236.20.

A semi-solution of sodium periodate (6.46 g, 30.2 mmol) in water (31 mL)
was added to a solution of alcohols (2.15 g, 10.08 mmol) in acetonitrile (20 mL) and
carbon tetrachloride (20 mL). Ruthenium trichloride (0.044 g, 0.212 mmol) was
added immediately and the heterogeneous reaction mixture was stirred vigorously for
75 min. The reaction mixture was diluted with water (60 mL) and extracted with
dichloromethane (50 mL, 3x). The combined organic phase was treated with 1 mL
methanol, allowed to stand for about 5 min, and then filtered through diatomaceous
earth (Celite®). The pad was washed with dichloromethane (50 mL), and the filtrate
was concentrated in vacuo to afford a light charcoal-colored solid. The crude
material was dissolved in ethyl acetate (~10 mL) with heating and allowed to stand at
ambient temperature with seeding. About 15 min into the cooling phase, a rapid
crystal formation was observed. About 1 h later, hexanes (~6 mL) was added and the
mixture refrigerated overnight (it did not appear that additional material precipitated
out). The mixture was filtered and washed with ice/water-cooled hexanes/ethyl
acetate (2:1 ratio; 20 mL) and dried under high vacuum to afford the first crop of acid
M.4 (off-white crystals, 1.222 g). The mother liquor was concentrated in vacuo, and

the residue dissolved in ~3 mL of ethyl acetate with heating, allowed to stand at



CS NH NNi- 4)---NJ -Bcc HRT - 1.8 mnutes (condition
LRVS: Anal. Calcd for C37F146N604: 639.37 f ound:

B2636MH) 11128 PCT 170 Exanmple 17c. QQﬁ{' 660
wo ?%%1é;anple 16g and Exanpl e 10a.2) Boc H|,. Ps2ii0s3sso

/). 1.- <.,i 1-Y---"H40 IMO NH -Boo H RT = 1. 61128 PCT

n1nutes (condition 1); LRMS: 1ABal . Cal cd. for

C41H491\ 1604: 689.38; found: 689.43 (MtH). Exanple 17d
(Derived from Exanpl e 16d and Exanple 10a) Boo FI N

;1 "ambMNt ten@Brature for 1 h, and then 3 mL hexanes was added and stored in a

refrigerator for ~15 h. A second crop of acid M.4 was retrieved similarly (grey
crystals, 0.133 g), for a combined yield of 59%. Rt = 1.48 min under the following
HPLC conditions: Solvent gradient from 100% A : 0% B to 0% A : 100% B (A =
5 0.1% TFA in 1:9 methanol/water; B = 0.1% TFA in 9:1 methanol/water) over 3 min;

detection @ 220 nm; Phenomenex-Luna 3.0X50 mm S10 column. MP (dec.) for the
first crop = 147.5-149.5 °C. "H-NMR (400 MHz, DMSO-dg, § = 2.5 ppm) 12.46 (s,
1H), 3.88 (app brs, 1H), 3.27 (app br s, 1H; overlapped with water signal), 2.28 (br
m, 1H), 2.07 (app br s, 1H), 1.56 (app s, 1H), 1.40/1.34 (two overlapped s, 9H), 0.71

10 (m, 1H), 0.45 (m, 1H). 13C-NMR (100.6 MHz, DMSO-de, & = 39.21 ppm) 172.96,
172.60, 154.45, 153.68, 78.74, 59.88, 59.58, 36.91, 31.97, 31.17,27.77, 27.52, 14.86,
14.53, 13.69. LC/MS (M+Na) = 250.22. Anal. Calcd. For Cy1H17NO4: C, 58.13; H,
7.54; N, 6.16. Found (for first crop): C, 58.24; H, 7.84; N, 6.07. Optical rotation (10
mg/mL in CHCI3): [a] D =-216 and -212 for the first and second crop, respectively.

15 Synthetic route 3.

1. Br2
NHOAc \ N
2. Alanine /S/ Xylene 140°C

‘Boc Boc=N] "//

R
10 X =CHj; R = Me
10a X=CHpyR=H
10a.1 X =0; R= Me

Br
1. Br, O ==
o Boc NH,OAc N
0 N y
H
9a.2

3 X=CH, X =CH,; R=Me
3bX=0 9a X=CHy;; R=H
9a.t X =0;R=Me

N,
Xylene 140°C \S
Boc~N {

10a.2

Reference: (Bromination) JACS (1952) 74, 6263.
Reference: (Displacement/Cyclization) J.Med.Chem. (2001) 44, 2990.

CQ#

‘Boc



NHifri-N.Bac HRT = 1.7 minutes (condition 1); LRVE:

Anal . Calcd. for C35/-144N604: 613.34; found: 613.28
W()(Mﬂowﬁxa”p' e | 7e (Derived fronkExanple 16c¢ ﬂf*ﬁU52009/033380

Exanpl e 8 poc; nme-p, (\ ,-N: HSOO 1,1---NH N BG |

RT = 1.7 minutes (condition I); LRVS: Anal. Cal ed.lli%&PCT

C38H48N604: 653. 38; found: 658450 (M+H). Exanple 17f

(Derived from Exanpl e 16d and Exanple 8) Boc Hj N

,?2----N \ HO41 NHN N BOC RT = 1.7 m nutes

( condi t ilample;3, RRVBNo-AVal, 9-te@ahysto-f Hrbe@@T AaimpbiNgDdne (1.5 g,

639, 37 found: 3%{2 {)ng gx rg% Hg%e L.ved Jfram

Exa 0%6 aqacplsdo r%ﬁ snL 580 ﬁO’LE% omine (0.35 mOL, 6.6
mmol) was added dropwise. The solution was stirred at 24°C until TLC indicated
reaction complete (2-18 h; scale dependent). The solvent was removed by rotory
evaporation and the crude product applied to a 25 (M) Biotage® silica gel column.

Gradient elution from 50-100% B (A = Hexanes; B = 10% EtOAc/hex) over 500 mL

N

and gave 2,6-dibromo-6,7,8,9-tetrahydro-5SH-benzo[ 7 ]Janmuilen-5-one 700 mg, and 1.5
g of a second fraction containing dibromide (1:1). RT = 2.2 minutes (condition 1).
The 2,6-dibromo-6,7,8,9-tetrahydro-5H-benzo[ 7 Jannuten-5-one (700 mg,

10 2.22 mmol), and N-methyl-L-alanine (493 mg, 2.4 mmol) were dissolved in
acetonitrile (8 mL) and 1.1 mL of Hunig’s base was added dropwise, and the reaction
was stirred 18 hours at 55°C. The solvent was removed by rotory evaporation, and
the residue taken up in EtOAc and washed with 0.1N HCl soln, sat’d NaHCO; soln,
and brine and concentration gave Example 9, (2S)-2-bromo-5-0x0-6,7,8,9-tetrahydro-

15 SH-benzo[7]annulen-6-yl 2-(tert-butoxycarbonyl(methyl)amino)propan-oate 960 mg
(98%) which was carried forward without further purification. "H NMR (300 MHz,
CDClz) 8 7.55 (dd, J= 8.4, 1.8 Hz, 1H), 7.40 (dd, J= 8.4, 1.8 Hz, 1H), 7.38 (s, | H),
5.51-5.45/5.36-5.31 (m, 1H), 4.96-4.79/4.72-4.53 (m, 1H), 3.8 (br s., 3H), 2.94 (t, J =
4.8 Hz, 2H), 2.82 (t,J=5.1 Hz, 2H), 2.10-1.95 (m, 2H), 1.43 (s, 9H). RT=2.3

20 minutes (condition 1). LRMS: Anal. Calcd. for CogHosBrNOs: 440.11; found:
440.10 (M+H).

Example 9a Br RT = 2.2 minutes
(Derived from Example \CQOJO%“ (condition 1); LCMS:
O 8
3) Boc Anal. Calcd. For

C19H24BI'NO5I 425,
found: 425 (M+H).

Example 9a.1 Br o RT = 2.05 minutes’
(Derived from Example m 7 H (condition 2); LCMS:
0 OJ}N-
3b) Boc Anal. Calcd. for

C19H24B1'NOGZ 442 30,




H40 SONH N _NBoc RT = 1.7 mnutes (condition 1);
LRVS: Anal. Caled. for C39H47FN604: 683.37; found

“mﬁﬁéﬁﬁéakN“FD 11128 PCT 171 Exanpl e 1711( Derc@gk2009/033380

fromexanpl e 16a and Exanple 8 Boo . N )--.- F Boc NN

N- HNI1 ill O NH .Boc RT - 2.31 mnutes 11128 PCT

(condition 2); LRMS: Anal. Caldéd. for C39HA7F2N604:

701. 35; found:701.69 (M+tH). Exanple I7i (Derived from

n

10

Exanple 16 and Exanple SO

found: 344.2 (M-100),
(M+2H).

3) Anal. Calcd. For
C22H27B1'N05: 46410,
found: 463.99 (M+H).

Example 9a.2 Br RT =2.18 minutes
(Derived from Example \E:QO { o (condition 1); LCMS:
N
H

Br\::
—
N

N,

M
Boc=N "
Me

10

Example 9, (2S)-2-bromo-5-0x0-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-6-yl
2-(tert-butoxycarbonyl(methyl)amino)propanoate (960 mg, 2.2 mmol) was taken up
in xylene (20 mL) and placed in a 100 mL screw cap pressure vessel. Ammonium
acetate (1.7 g, 10 equiv) was added and the mixture was heated at 120°C (oil bath
temperature) for 4 hours. The cooled mixture was diluted with ethyl acetate (150
mL) and sat’d NaHCOs soln and the organic phase concentrated. The crude product
was applied (CH,Cl,) to a 25 (M) Biotage® silica gel cartridge. Segment 1. Hold
15% B for 300 mL; Segment 2. Gradient elution from 10 - 100% B over 600 mL (A
= hexanes; B = EtOAc) to give Example 10, 150 mg (16%) NOTE: Compound loss
occurred during chromatography (yield should be higher). "H NMR (500 MHz,
CDCl3) 6 7.43-.42 (m, 2H), 7.35 (s, 1H), 5.25(q, /= 7.0 Hz, 1H), 3.02 (1, /= 6.4 Hz,
2H), 2.96 (s, 3H), 2.83-2.81 (m, 2H), 2.0-1.98 (m, 2H), 1.74 (d, /= 7.0 Hz, 3H), 1.47
(s, 9H). RT = 1.8 minutes (condition 1). LRMS: Anal. Calcd. for CyoHosBrN:O»:
420.13; found: 420.10 (M+H).



0O 0O Nne

(condition 2); HRMS:

NH N--c. (c_

N Bcie RT =

Anal . Cal cd. for

2.

02 m nutes
C341501\ 1704:

wdHRe3H¢k found: 680.3957 (M+H). Exanpl e 17j ﬁ@ﬁﬁsmgﬁloswso

from Exanpl e 16b and Exanpl e 155) Boo NN ri
1.7 mnutes (condition 1);

N NH -N Bou J RT =

H i
LRNE128 PCT

Anal . Cal cd. for C39H45N604: B®5.38; found: 665.37 (M
I I'l). Exanple 17k (Derived from Exanple 165 and
Exanple 8) Boo'NHN N NH Boc J RT n 8 m nutes

(condi t iFsamnly:;10¢ RVS:

(ol Ern A

fro
9a)

cd. for

I
Om . Exanpl
Exanmplye 8) CBz NN

Boc~N "
H

C. RP HIZNeowtes
%gx_(qi\ﬁdﬁef)i VRfs:
Anal. Calcd. For
Ci9H24BrN3;O,: 406.11;
found: 406.23 (M+H).

e

Example 10a.1
(Derived from Example
9a.1)

Br. O
jo 0
N

RT=1.59 minutes
(condition 1); LCMS:
Anal. Calcd. for
CioH24BrNzOs: 422.33;
found: 424.2 (M+2H).

Example 10a.2
(Derived from Example
9a.2)

RT = 1.74 minutes
(condition 1); LRMS:
Anal. Calcd. For
CooHyBrN;O,: 443.11;
found: 443.07 (M+H).

Synthetic route 4.

Br
Br 1.Brz Br O‘
O  Boc NH,OAc N
! 2. Proline O N Xylene 140°C HN-4
(@] X -1
~N X
X Boc X
9a.3 X=H 10a3X=H
924 X=F 10a4 X=F
‘ 1.Br Br NH,OAc Br
LSOy
2.M4 N Xylene 140°C N
OJ\LAH HN~4
@] ay
H Boc—N IH
9a.5 o
10a.5
Example 9a.3 RT = 3.1 minutes

(Derived 6-bromo tetral-
1-one purchased from J

& W PharmlLab, LLC.

(condition 2); LCMS:
Anal. Calcd. For
C20H24B1'NO5Z 438,




H sp 00 NHN et.Boc RT = 1.7 minutes (condition 1);
ERVS: Anal . Calcd. for C 12H46N601 699. 37; found:
w0t/ fhsGMHH) . 11128 PCT 172 Exanpl e 17n (Derﬁdﬁ%zﬁdﬂ'iksso
Exanpl e 16 and Exanple 7) Boc NN 11--N H 4. 041, N OH
N.800 _J RT =2.41 mnutes (condition 2); LRVS: Anal128 PCT
Cal cd. for c30-149N605 68L38;14found: 681.49 (M+H).
Exanpl e 170 (Derived from Exanpl e 16 and Exanpl e
13a.2) BOGijNLt-CN1 H IPNNN
Example 9a.3 was found: 438 (M+H).

prepared as described for

Example 9.)

Example 9a.4 Br 0 B RT = 3.0 minutes
(Derived 6-bromo mo N (condition 2); LCMS:
tetral-1-one purchased i FF Anal. Calcd. For
from J & W PharmLab, CooH2BrF;NOs: 474;
LLC) found: 474 (M+H).

Example 9a.5 Br o RT = 2.95 minutes
Boc
(Derived 6-bromo tetral- : ; OJ\(\NZSH (condition 2); LCMS:

O
1-one purchased from J H Anal. Calcd. For

& W PharmLab, LL.C) Co1H2sBrNOs: 472.07,
474.07; found:
472.02,474.02

(M+Na).
Example 10a.3 Br RT = 2.37 minutes
(Derived from Example O‘ (condition 2); LRMS:
9a.3 and prepared as HN?"” Anal. Calcd. for
described for Example oo CroH»sBrN:0O5: 418.11
10.) and 420.10; found:
418.21 and 420.17
(M+H).
Example 10a.4 Br RT = 2.3 minutes
(Derived from Example O‘ (condition 2);
9a.4) HNJ»'” HRMS: Anal. Calcd.
Boc’N\)VF

F fOI' Conngl‘FgNgOg
454.09573; found:
454.09362 (M+H).




Bog W' "'’
Cal cd. for

1.7 mnutes (condition I);
C391138N604 665. 3810;

HRVS: Anal .
f ound: 655.3789

wolMdAneBxampl e 17p (Derived from Exanpl e 16 ager/ys2009/033380

Exarrpl e 1313.2) Boo r_ir.r Lzr \ N H 40 Boo, NN ON 1)
;. RT = 1.7 minutes (condition LCVS: Anal. Calcd. for

C39H38N604 665; found: 655 (4)- Exanple 17q (Derived
from Exanpl e 16 and Exanple 7c) Bloc riNT \,,

Lshi 40 O - r4,..70-0H \ pfLp-BOC RT -2.43 m nutes
(condition 2) ; LRVMS: Anal. Caled. for (240H 51N605
695. 39; found: 695.55 (M+H). Exanple 17r (Der'Y?1‘§8{>E¥m

Exanpl e 16 and Exanple 10a.3) Boc ,...ri,,9
Examople 10a.5 Br O‘ RT = 2.25 minutes
(Derived from Example \% (condition 2); LCMS:
9a.5) Anal. Caled. For
Boc’N\a H
i Ca1H2sBrN;02: 430.12,
432,12; found:
430.02, 432.02 (M+H).
Synthetic route 5.
Br 1.8, __NHOAc _ Br R.\-Boc
2. Alanine i{ ‘R Xylene 140°C .r.&
Qb R = Me 10b R Me
9b.1 R = H 10bA1R=H
4B Br Boc, 4
Br NHaOAD N
561 O FoC~ NP
- 9b2X=HH 10b.2 X = HH
953 X = CH, 10b.3 X = CH,
Br Y A1Brp - __NHOAc
\C[( 2. Proline or M.4 "KLFH Xylens 140°C ”’\_%‘

o) .
mavomxombocn  Ivewxeumzecn
gg:gz:ﬁgﬁzgﬂz’;é;%‘;i 10b.6Y = F; X = CHg; Z = Boc
9b7 Y = H: X = CHy: Z = Boc 10b.7 Y = H; X = CH,; Z = Boc

Example 9b 8r o Bos RT = 2.2 minutes
(Prepared described in \©ﬁ(\o)%N'Me {condition 1);
o
Example 9.) LCMS: Anal.
Caled. For
C]_stgBl’NOsZ 37 1 M
found: 371
QM+HD.
Example 9b.1 RT = 2.7 minutes

o]

Br o BOO
OJ‘\rNH

{condition 1);
LCMS: Apal
Calcd. For

T THCHTTITT T GYTTRTVD rMHOTTY 17 2y



f ound:

1 " HA40 400 N' NH .Boc RT = 2.25 mnutes (condition
2); LRVS: Anal. Calcd. for C3811, 17N604 651. 37;
woBado 3 6M-H) . 11128 PCT 173 Exanple 17r.a @Q@"/ﬂ}%@@/@%sso

from Exanpl e 16 and Exanpl e 15c) RI
(Condition 2) LCMs: Anal .
652.78; found: 653.4 (M+H).
from Exanpl e 16b and Exanpl e 10a. 3)

m nutes (condition 1); LRVS: Anal.

Cal cd. for C3714- 44N605:
149Exanpl e 17r.1 (Derived

Rl
Cal cd.

2. 05 m nutes
11128 PCT

1.73
for

1150E3N604 747.38: found: 747.46 (MtH).
2.]17 mnutes (condifion 2); LRVMS: Anal.
C40H4A7N601 675.37; found: 675.39 (MHH).

Ci16H20BIRIDs=385;
foundC %85 El\%JrH)

Example 9b.2

RT = 1.9 minutes

Br FsC
O Boc
(Derived from Example \Q\H\OJKL'\‘) (condition 1);
0
Example 5b.1) LCMS: Anal.
Calcd. For
C20H24B1'F3NO5
494.08; found:
494.03 (M+H).
Example 9b.3 Br FaC RT = 2.1 minutes
O Boc
(Derived from Example \©\HJ\O)KLNKH (condition 1);
o
Example 5b.1 and M.4) H LCMS: Anal.
Calcd. For

C21 H24B]'F3N051
526.07; found:
525.91 (M+H).

Example 9b.4

RT = 2.2 minutes
(condition 1);
LCMS: Anal.
Calcd. For
C21HpBrNOs: 445;
found: 445
(M+H).

Example 9b.5

RT = 2.94 minutes
(condition 2);
LCMS: Anal.
Calcd. For
CigH»BrFNOs:
452.05, 454.05,
466.05; found:
452.06, 454.06




HRVS:  Anal

Cal cd.

for

found: 675.3680 (M+H).

woB@Mh&316i

(c
75

ondition 1).
7.3684;

and Exanpl e 10a.5)
HRMS: Anal .
found: 757.3684 (MHH).

C | oHt 6N604 675. 3653;
Exanple 17r. 3 (Derived from

Cal cd. for

Exanpl e 17r.4 (Derived from BX&8npl e 16j

RT = 1. 72 m\diuwis2609/033380
C421- 148F3N604

11128 PCT 174
and Exanpl e

10a.3) r RN--00 ih N HNOO 400 NH N Boo "N RT = 2.21
mnutes (condition 2); IRMS: Anal. Calcd. for
C401449N604 677.38; |found: 677.36 (MrH) .| (M+Na).

H

VS AL 686 O

(Derived from Example

M.4)

B E
' O Boc
o M aH
0
H

RT = 2.78 minutes
(condition 2);
LCMS: Anal.
Calcd. For

C19H2 BrFNO:s:
464.05, 466.05;
found: 463.92,
465.92 (M+Na).

Example 9b.7
(Derived from Example

M.4)

RT = 2.05 minutes
(condition 1);
LRMS: Anal.
Calcd. For
Ci1oH23BrNOsNa:
446.07; found:
446.08 (M+Na),
(M+2).

Example 10b
(Derived from Example
9b as described for
Example 10)

RT = 1.6 minutes
{condition 1);
LRMS: Anal.
Calcd. For
Ci7H»BIrN;02:
380.10; found:
379.98 (M+H).

Example 10b.1
(Derived from Example

9b.1)

Br.

Boc
N NH

RT = 1.7 minutes
(condition 1);
LRMS: Anal.
Calcd. For
Cy6H20BrN:O2:
365; found: 365

11128 PCT




C401449N604677. 3810;

found: 677.3803 (M+H). Exanple

17r.5 (Derived from Exanpl e 16k and Exanple 10a.5) H
woNoB?2G2633N HN 040 400 NH N------ Boo - H
2); LAMS: Anal. Calcd. for

m nutes (condition
C42H49N604 701. 38;

found: 701.36 (MH).

RT = p&12582009/033380
11128 PCT

HRVS: Anal . Cal cd. for ,-,r T-KRISL 42r-1491N 6, - 1n
01.3798 (Mrl4). Exanple 17r.6

4701. 3810; found: 7
(Derived from Exanp

e 16j and Exanple 11

a) lift - N

FIINO40 00 NH N- ,CBz RT = 2.21 minutes (

LRVS: Anal . Cal cd.
711.52 (M+H). Exanp

for CA3H47N604 711. 37
e 17r.7 (Derived frag

dHEDLi on 2)
: found:
m Exanpl e 16k

and Ex@&mpolpé 0pb12) H
(Derived from Example

9b.2)

H N - Boo d&

Br‘@*g/\{\l Boc
”*(“)

H

RT = 1.66 minutes
(condition 1);
LCMS: Anal.
Calcd. for
CooH24B1rFiN30,
474.10; found:
473.99 (M+H).

Example 10b.3
(Derived from Example
9b.3)

RT = 1.7 minutes
(condition 1);
LCMS: Anal.
Calcd. For
Cy1H24BrF3NzO;:
486.10; found:
486.10 (M+H).

Example 10b.4
(Derived from Example
9b.4)

RT = 1.7 minutes
(condition 1);
LRMS: Anal.
Calcd. For
C21H20BrN;Ox:
426.08; found:
426.09 (M+H).

Example 10b.5
(Derived from Example

9b.5)

RT = 2.27 minutes
(condition 2);
LCMS: Anal.
Caled. for
CisH2BrFN:O,
410.09; found:
410.08 (M+H).




HN .40 400 NHN ,CBz "N HRT - 2.06 mnutes (condition
2); LIMOS: Anal. Calcd. for C4511471\ 1604 735. 37,

wo R)f263535- 38 (M H ). 11128 PCT 175 Exanpl e dcASus2009/033380
(Derived from Exanpl e 16e and Exanple 10a.3) Brie ,

t,

IIIIII N

0 NH Boc

NI . RT = 2.31 minutlég28 PCT

(condition 2); ERN'S: Anal. GdRcd. for C381146EN604

669. 36;

fr

stisH NAxddple @b NH NBoc - A. RT = 2.15 minutes
(Derived from Example Br{g_{ﬁ N'B°° (condition 2);
9.6) HJ\LKH LCMS: Anal.
" Calcd. For
C19H2BrFN;Oy:

found: 669.60 (M1l1).

om Exanple 16e.1 and Exanple

Exanple 17s.1 (Derived
10a.5) Hoe rijNHix..

422.09; found:
421.96 (M+H).

Example 10b.7 o < > \//\lN Boc
(Derived from Example gJ\(Nng (condition 1);
9.7) H LCMS: Anal.
Calcd. For

RT = 1.58 minutes

C19H23B1'N3Ozi
404.10; found:
404,09 (M+H).

Synthetic route 6.

B’“
N

3 OO
N-SEM

NaH, SEM-CI
HN-4 N=
o sy
Boc’N\) Boc’N\)
10a.3 11
) OQ
N
1. HCl/dioxane HN& :
o
2.CBz-Cl N\)
CBz/
11a
Br
Br
1. HCl/dioxane O‘
N -
HN / 2.CBz-Cl N
‘g i HN~4



4H n RT - 2.22 mnutes (condition 2); LRMS: Anal.

Cal cd. for CA0E146FN604 693.36; found: 693.36 (M-H).
woHeMA02833al . Cal cd. for CAOHA6EN604 693. 3559; PCT/US2009/033380

found: 693. 3584 (MtH). Exanple 17s.2 (Derived from

Exanple | 6e.1 and Exanple 1 1 b) Hoc N tN410 H &I12§PCT

| NNCBz 'N1 RT = 2.2 mnuted3condition 2); TAWS:

Anal . Calcd. for C471144EN604 727.34; found: 727.35

(MrH) . Exanmple 17t (Derived from Exanpl e 16a and

Exanpl e 11) Hoc [1] N (ii Pi 1i "t"I'D SOO N-sEm Boo
-N RT = 2.71 mnutes (cond o 2= ERMS: Anal . Cal cd.
for C44b159F2N605Si 817. 42; fomég: 817.71 (MtH).

a

1

Exanple 171.1 (Derived from Exa je 16 and Exanple |
Oa.4) Boo RIN CJ-1N 1 Boc

Unwashed 60% sodium hydride (54 mg, 1.35 mmol) was added in one
portion to a stirred solution of Example 10a.3 (565 mg, 1.35 mmol) in dry DMF (10
mL) under nitrogen. The mixture was stirred 5 min before addition of SEM-CI (0.24
5 ml, 1.35 mmol), stirred for 3 h, quenched with sat’d ammonium chloride (1 mL),

diluted with EtOAc (50 mL), and the organic phase was washed with sat’d NaHCO;
solution and brine. The aqueous phase was extracted twice more with EtOAc and
combined with the initial organic extract prior to drying. Concentration gave a .
residue applied which was applied (CH,Cly) to a 40 (S) Biotage® silica gel cartridge.

10 Segment 1. Hold 15% B for 75 mL; Segment 2. Gradient elution from 15% to 50% B
over 750 mL; Segment 3: 50-100%B over 750 mL (A = hex; B = EtOAc) B to give
regioisomeric products Example 11, 497 mg (67 %). RT = 3.0 minutes (condition 2).
"H NMR (500 MHz, DMSO-dg) & 7.42-7.35 (m, 3H), 5.65/5.39 (d, J = 11.6 Hz, 1H),
5.29-5.27 (m, 1H), 5.00/4.93 (s, 1H), 3.54-3.51 (m, 3H), 3.43-3.41 (m, 1H), 3.02-

15 2.99 (m, 2H), 2.89-2.81 (m, 1H), 2.29-2.08 (m, 2H), 1.95 -1.84 (m, 2H), 1.37/1.13
(s, 9H), 0.89-0.86 (m, 2H), -0.02 (s, 9H). LRMS: Anal. Calcd. for CysH3oBrN;O5i:
548.19; found: 548.23 (M+H).
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Cold 4N HCl in dioxane (0.871 mL, 3.49 mmol) was added to a solution of
20 10a.3 (1R,3S,5R)-tert-butyl 3-(7-bromo-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-
yl)-2-azabicyclo[3.1.0]hexane-2-carboxylate (1.5 g, 3.49 mmol) in MeOH (20 mL)
and the reaction was stirred for 2h at room temperature. Concentration yielded a tan
solid which was taken up in dioxane (20 mL) / water (20 mL) and cooled to 0°C.
Na,CO; (0.369 g, 3.49 mmol) and CBz-Cl1 (0.498 mL, 3.49 mmol) were added and

25 the reaction mixture was stirred as it warmed to room temperature over Sh before
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AIBN (98 mg, 0.59 mmol) was added to 4-bromo-1,2-dimethylbenzene (11 g,

59.4 mmol) and freshly recrystallized N-bromosuccinimide (21.1 g, 119 mmol) in

CCly (50 ml). The reaction mixture was heated at reflux for 2 hours under nitrogen.




Br O NNseEm M NRT = 3.5 minutes (condition 2); LCVE:
Anal . Cal ed. or C261-15, 13r N303Si 546. 18; found:

woAM6e/D263GMrH) . Exanple 18b Br IS RT = 2. 74 m rnatTasS2009/033380
(Derived fromNH (condition 2); Exanple 10a.3) N E {:2
LCVS: Anal | Calcd. for C20rR3BING02 ~ 416.08. foundi2s PCT
416.08 (Mi IT). Exanple 18b./2°Br SO RT - 2.62 ninutes
(Derived fromNH (condition 2); Exanple 10a. 4)

15

After being cooled to room temperature, the solution was filtered and concentrated by
rotory evaporation to give 21 g of a mixture containing approximately (75%) 4-
bromo-1,2-bis(bromomethyl)benzene along with 3-bromo-1,2-
bis(bromomethyl)benzene. [NOTE: The starting material was contaminated with
25% 3-bromo-1,2-dimethylbenzene]. RT =2.2/2.3 min (condition 1).

The crude mixture of 4- and 3-bromo-1,2-bis(bromomethyl)benzene (21 g)
was taken up in CH,Cl, (313 ml) and dimethyl 3-oxopentanedioate (12.8 g, 73.5
mmol) was added and the solution was diluted with a 20% solution of KHCOs (64 g,
0.64 mol) in water (250 ml). Phase transfer catalyst benzyltrimethylammonium
chloride (1.7 g, 9.19 mmol) was added and the reaction mixture was stirred 18h under
nitrogen at 50 °C. After separation of the organic phase, the aqueous phase was
extracted with CH,Cl, and the combined organic layers were washed with brine.
Concentration gave 23 g of a complex mixture (both regio isomers and ester
diastereomers) containing dimethyl 2-bromo-7-0x0-6,7,8,9-tetrahydro-5H-
benzo[7]annulene-6,8-dicarboxylate which was carried forward without purification.
RT = 1.87 min (condition 1); LCMS: Anal. Calcd. for C;sH;sBrOs: 377.01; found
377.05 [M+Nal].

The 23 g mixture of crude dimethyl 2-bromo-7-0x0-6,7,8,9-tetrahydro-5H-
benzo[7]annulene-6,3-dicarboxylate (contained ~ 8g, 22.5 mmol) was placed ina 1 L
round-bottomed flask fitted with a reflux condenser and dissolved in ethanol (250
ml). A solution of KOH (8.8 g, 0.23 mol) dissolved in water (250 ml) was added and
the initially tan suspension turned black upon heating at reflux for 16 hours. The
reaction mixture was poured onto EtOAc (1 vol) and the organic phase separated.
Brine (1/4 vol) was added to the aqueous layer which was extracted with EtOAc, and
the combined organic layers were washed with brine. After being concentrated by
rotory evaporation, the residue was charged (CH,Cl) to a 40 (M) Biotage” silica gel
column (apply vacuum from beneath column to aid adsorption) and gradient eluted
10-100% B (A = Hexanes; B = EtOAc) to give a 4:1 mixture of bromides which
favored Example 12, 2-bromo-8,9-dihydro-5SH-benzo[7]annulen-7(6H)-one and
contained 1-bromo-8,9-dihydro-SH-benzo[7]annulen-7(6H)-one, 8.3 g (61%). The
mixture was carried forward without further purification, but a pure sample of
Example 12 was obtained upon crystallization by allowing the mixture to stand for 3

weeks at -5°C. "H NMR (500 MHz, CDCl3) § 7.37 (d, /= 2.1 Hz, 1H), 7.33 (dd, J =



TheN LCMS: Anal . Cal cd. F for C201-12113r E2N30,
454. 08 and 452.08; found: 454.01 and 454. 01 (wm+14).

woldod88266T 178 Exanple 18b.2 (Derived from Exaf@f/ﬁszoo9/0333so
17r.4) c---NBOC ">NHN O O NHBoo NRI' -- 28

m nutes (condition 2); LRMS: Anal, Calcd. for 11128PCT
C40HA5N604 673.35; found: 673186 (M+l). HRMS: Anal.

Cal cd. for C401- 145N604 673.3497; found: 673.3498

(MrH) . Exanpl e 18b. 3 (Derived from Exanple 17r. 6)

r N- B2 bHz( YHEZNOKN 07 OHANMINRERT2. 8¢ WY 45),2.@02-p7 (hut4éB. RT

( condigh Q&) iconti . PoRts: AG Eted. for C1HLBIO: 239.0: found:

239.04 (M-+H).
ROOS
/ N
0

13a.2

5 Bromine (1.4 mL, 26.8 mmol) was added to a solution of the 4:1 mixture,
respectively, of 2- and 1-bromo-8,9-dihydro-5H-benzo[7]annulen-7(6H)-one (6.4 g,
26.8 mmol) in diethyl ether (250 mL). The reaction was stirred for 4 h, concentrated,
and the crude a-bromo ketones were taken up in acetonitrile (200 mL). Sodium
azide (1.7 g, 26.8 mmol) was added and the reaction was stirred 16 h before being
10 concentrated. The residue was partitioned between EtOAc and sat'd NaHCOs; soln,
and the organic layer was washed with water, brine, and concentrated. RT = 2.0
minutes (broad peak, condition 1).
The crude a-keto azides were dissolved in CH3OH (350 mL) and tin (II)
chloride dihydrate (13.2 g, 69.6 mmol) added and the reaction mixture was stirred for
15 3.5 hours at 65 °C, concentrated by rotory evaporation, and dried under high vacuum
for 18 hours.
The crude a-amino ketones were taken up in DMF (300 mL), Hunig's base
(24.41 g, 189 mmol), (S)-1-(tert-butoxycarbonylpyrrolidine-2-carboxylic acid (4.07
g, 18.89 mmol), and HATU (7.18 g, 18.89 mmol) was added in one portion with
20 vigorous stirring.  After 8 hours the reaction was concentrated to 1/3 volume in
vacuo, and partitioned between EtOAc (1 L) and 0.1N HCI (150 mL). The tin salts
were removed by filtration through diatomaceous earth (Celite®), and the organic
layer was washed with brine and concentrated. The crude product was charged

(CH,Cly) to a 40M Biotage® silica gel cartridge (divided into two runs). Gradient

g
tn

elution from 15% to 100% B over 1.5 L (A = Hexanes; B = Ethyl Acetate) to give
Examples 13a.1 and 13b.1 (3.8 g, 35.7% combined yield) each as a mixture of
diastereomers. Example 13a.1: RT =1.58/1.51 min (condition 5). LCMS: Anal.
Calcd. for Cy Hy7BrN,Oy4: 451.12; found: 450.87 (M+H).



for C43H43N60. 1 707.34; found: 707.52 (M+H). Exanple
18b.4 (Derived from Exanple 17n5) HHNBoc G ----- N

wokbbsdogs35* NH . Boc N H Exanpl e not charact eri zed1/Us2009/033380

Exanpl e 18115 (Derived from Exanple 171-.5) H HN Boc

-N RN OMD NH .Boc; -NHR -2.32 ninutes (conditilbi8PCT
2); 1.RVS: Anal. Calcd, for (G221145N604 697.35; found:
697.36 (MW). HRMS: Anal, Calcd for C42H4A5N604

697.3497; found: 11128 PCT 179  697. 3488 (M+H). ,
Exanpl e ATSIABUD Bett et &0 ERahpiee added torg sjutigryof thgganides

13a.1 and 13b.1 (3.3 g, 7.31 mmol) in xylene (75 mL) and stirred in a pressure vessel
heated at 140 °C for 4 hours. After being cooled, the reaction mixture was diluted
with EtOAc (500 mL), washed with sat’d NaHCOs, brine, and the organic phase was
concentrated. The crude product was charged (CH,Cl,) to a 40S Biotage® silica gel
cartridge. Gradient elution from 15% to 100% B over 750 mL (A = CH,Cly; B=
EtOAc) gave 2.49 g of a mixture that was subjected to a second chromatography; 40S
Biotage® silica gel cartridge, elution 5% - 80% B over 1L (A = 1:1 Hex/CH,Cl,; B
= 10% CH3;OH/EtOAc) and provided a mixture of Examples 13a.2 and 13b.2, 1.1 g

10 (34.8%). A sample of the product was applied to semi-prep normal phase HPLC

15

(Chiralcel OD Column, 20x250mm, 10um; 98:2 Heptane/EtOH @ 10 mL/min; UV
220/254 nm) and collect Example 13a.2 eluting at 35-36 min. "H NMR (500 MHz,
CDsOD) 6 7.44 (s, 1H), 7.28 (dd, J=7.9, 2.1 Hz, 1H), 7.09 (d, /= 8.2 HZ, 1H),
4.73-4.69 (m, 1H), 3.91 (s, 2H), 3.64-3.61 (m, 1H), 3.48-3.44 (m, 1H), 3.09 (t,J =
4.6 Hz, 2H), 2.80 (t, /= 5.8 Hz, 2H), 2.31-2.11 (m, 1H), 2.01-1.88 (m, 3H), 1.46/1.48
(s, 9H). RT = 1.7 minutes (condition 1). HRMS: Anal. Calcd. for Cy;HpsBrN;O,:
432.1281; found: 432.1268 (M+H).

o) RT = 1.59 minutes
HN Boc
Br % (condition 5);
T |
LCMS: Anal.
Calcd. for
C21H’_)7B1‘N2041
451.12; found:
450.98 (M+H).
Example 13b.2 Boc, RT = 1.7 minutes

N
Br \N\jN/Q (condition 1).
C@ LCMS: Anal. Calcd.

for CQ]HQ@BI’N3OQZ
432; found: 432
(M+H).

Example 13b.1




1, -N HN 040 1010 NHCBz -N. HRT = 2.13 mnutes
(condition 2); LRMS: Anal. Calcd. for C451 143N604
wo/ddo/fhe3sf ound: 731.32 (M HI). Exanpl e 18c ( Deydvesb009/033380
fromExanple 17s) Boc NN 1 >-- -->rd 40 *IS NH ,Boc -N
R' = 2.3 minutes (condition 2). FIRMS: Anal. Cal d§128 PCT
for C381-144FN604 667.3403; flddnd: 667.3419 (MHH).
Exanple 1 Sc.] (Derived from Exanple 17s.1) eoe NN -

1F i.., . H 1140 ISONH ,Boo N H VE - 2.29 ninutes
( condifetiorpur)s.
Br,
Br Br, e
|\\ HATU/DMF I\\ T B \h,0Acixylene 140°C |\/ N A
: c/Xylene &
YT e HJ\Q I %)
roline N
0] 0] X Bod
X
14 4-bromo; X=H 15 4-bromo; X=H
14a 4-bromo; X=F 15a 4-bromo; X=F
14b 3-bromo; X =H 15b 3-bromo; X=H
Br O
Br 0] Br: (0]
4 steps Q  Boc NH,OAc/Xylene 140°C " NH
N/U\LN7 N= Boc
o o M N
W02007/088450 A2
14c 15¢
Example 14
Br
o Boc
v
o H
14
] N,N-Diisopropylethylamine (18 mL, 103.3 mmol) was added dropwise, over

15 minutes, to a heterogeneous mixture of N-Boc-L-proline (7.139 g, 33.17 mmol),
HATU (13.324 g, 35.04 mmol), the HCI salt of 2-amino-1-(4-bromo-
phenyl)ethanone (8.127 g, 32.44 mmol), in DMF (105 mL) and stirred at ambient
condition for 55 minutes. DMF was removed in vacuo, and the resulting residue was
10 partitioned between ethyl acetate (300 mL) and water (200 mL). The organic layer
was washed with water (200 mL) and brine, dried (MgSQ,), filtered, and
concentrated. A silica gel mesh was prepared from the residue and submitted to flash
chromatography (silica gel; 50-60 % ethyl acetate/hexanes) to provide Example 14,
(S)-tert-butyl 2-(2-(4-bromophenyl)-2-oxoethylcarbamoyl)pyrrolidine-1-carboxylate
15 asa white solid (12.8 g). "HNMR (DMSO-ds, 8 = 2.5 ppm, 400 MHz): § 8.25-8.14
(m, 1H), 7.92 (br d, J = 8.0, 2H), 7.75 (br d, J = 8.6, 2H), 4.61 (dd, J = 18.3, 5.7,
1H), 4.53 (dd, J = 18.1, 5.6, 1H), 4.22-4.12 (m, 1H), 3.43-3.35 (m, 1H), 3.30-3.23
(m, 1H), 2.18-2.20 (m, 1H), 1.90-1.70 (m, 3H), 1.40/1.34 (two app br s, 9H). RT =
1.70 min (condition 1); LCMS: Anal. Calcd. for C;gH»3;BrN,NaO,4: 433.07; found
20 433.09 [M+Na]".



LRVS: Anal. Cal cd. for CaaELHFNoQd 691. 34; found:
691.33 (MrH). HRVMS: Anal. Calcd. for CA0H44El" 1604

wo8dy/4683; found: 691. 3420 (M+H). Exanpl e 18c.p2T/US2009/033380

10

15

(DerlvedfromExarrpIe 17s.2) Boo RIN- El 4: i

H
,O MDNH .CBz N HRT = 2.05 minutes (condition2j1128PCT

LRI\/IS: Anal . Calcd. forC. 13H. B2BEN60, 1 725. 32: f ound:

725.25 (M-H). 11128 PCT 180 Exanpl e 18d (Derived
fromFynrmlp 17f\ Rnr‘ | / 11 HNle IS N-SEM N-

Boo| RT £xpmgle 144 nut ds di tion,2); FIlRVE LAkglnutes
Cal cd. for C44-157EZN6O 2; founguil e 44%:
(MH). Exanple 1Se (Derivedof ror anple 17t.1) )Boc

FF Anal. Calcd. for
CisHy1 BrFaNyOy:
446.00; found: 445.43
(M-H)-.

Example 14b LCMS: Anal. Calcd.

@Y BOC for C13H23BI‘NQO4:

(M+Na)t = 433.08;
found: 433.12

Example 14c

\@L”J\ Boc

14c

oY

Acetyl chloride (10.2 mL, 144 mmol) was added in a dropwise manner over 1

Example 14c; step 1:

h to a cold (ice bath) solution of 3-bromophenol (25 g,144 mmol) and pyridine (10.8
mL, 144 mmol) in dichloromethane (100 mL), and the reaction was stirred 18 hr at
room temperature. Water (150 mL) was added and the organic layer was extracted
with dichloromethane. The combined organic layers were washed with 2.5N
NaHSO,, 3N NaOH, water, brine, and dried over Na,SO,, and filtered.
Concentration gave the 3-bromophenyl acetate as a pink liquid (28 g, 96%). GC-MS
data: 214 (M"); "H NMR (DMSO-dg): 7.37-7.39 (d, 1H), 7.26-7.30 (m, 2H), 7.04-

7.07(t, 1H), 2.30 (s, 3H).

O

Example 14c; step 2:



tiNCNH 40 SO NH Boo NRT = 2.34 mnutes (condition
2); HRVS: Anal. Calcd. for C38E143F2N604 685. 3308;

wo Y26885. 3342 (MrH) . Exanpl e 18f (Derived f¥®MNUs2009/033380
Exanpl es 16a and 18b.1 according to the procedure

described for Exanple 17) Boc t;i <,- Nril 40 SO\ PCT
Boo NI F F RT = 2.34 nminutes {&ondition 2); HRVS:

Anal . Calccl. for C3511411741 1604 721.3120; found:

721. 3128 (M44). Synthetic route 1/ 1,1
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0.137 | dppf (7.61 ng, .0.Q014 mol ), d  K2CCcB
(1o oot PR B e (5 MR e e AT g
at :’mﬁ@@ SN &NaOH @06 &1188hd @du i @5BHoalivdaEss fik resti@dg precipitate.
solution was flushed thorouyghly wth argon, sealed,
anqT‘?erﬁ%F%iaYFhwéﬁfeBﬁ"Pte‘géfIHg%F‘éﬂ’%ﬂ 306 el G0 Syl acetae
stitred & Qurisd ovel 2B, RidterdBdnd concentrated to give 1-(4-bromo-2-
hydroxyphenyl)ethanone the crystals (35.8 g, 99%). GC-MS (214 M™; 'H NMR
(DMSO-de) 11.99 (s, 1H, OH), 7.77-7.80 (d, 1H), 7.20 (s, 1H), 7.13-7.15 (dd, 1H),
10 2.6 (s, 3H).
Example 14c; step 3:

To 1-(4-bromo-2-hydroxyphenyl)ethanone (35.8g, 167 mmol) in dry benzene
(800 mL) was added N,N-dimethylformamide dimethylacetal (44 mL, 333 mmol)
15  and the solution was heated at reflux for 4 hrs and concentrated to dryness. The
resulting residue was dissolved in dichloromethane (300 mL) and filtered over SiOs.
The organic layer was concentrated to afford (E)-1-(4-bromo-2-hydroxyphenyl)-3-
(dimethylamino)prop-2-en-1-onc as a bright yellow solid (31.9 g, 71%). LCMS. 270
(M+H); "HNMR (DMSO-d6) 14.96 (s, 1H), 7.86-7.94 (m, 2H), 6.96-7.02 (dd, 2H),
20 5.92-5.96 (d, 1H), 3.32 (s, 3H), 3.20 (s, 3H).

Br O
oY

O

Example l4c; step 4:

Conc. HCI (100 mL) was added to a solution of (E)-1-(4-bromo-2-
hydroxyphenyl)-3-(dimethylamino)prop-2-en-1-one (31.9 g, 118 mmol) in
25 dichloromethane (900 mL) and the reaction mixture was heated at reflux 40 min with
vigorous stirring. After being cooled to room temperature, the organic layer was
separated and the aqueous layer was extracted with dichloromethane. The combined
organic layers were washed with 3M potassium carbonate soln, water, and dried over

Na,S0O,. Filtration and concentration gave 7-bromo-4H-chromen-4-one as a pale



The m xture was cool ed, diluted with Ft0Ac and washed
wth sat'd NaELCO3 sol ution, brine, and dried (Na2SO4)
wOoa90/fieéBer ed. Sol vent was renpoved in vacua arRCT/H009/033380
resi due was charged (CH2C17) to a 25 (M Biot age(r?ljez PCT

silica gel colum: Segnent 1. j,O%B for 75 MI;, Se Bt
2. Gadient eluted from 10- 101(9A>B over 1.8 L; (A=1
Iexanes B = Et0Ac) gave Exanple 19, 88.7 ng (33%.
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151 8 A5k ha? (e b %8 712.35(01 1H), 453&5&é§r§ 12,7640 RgD-
0. 62 R 1)4CV\@,_§)@I ssolved in CH3OH (20 nL) and
HC1/ Di oxane 00 nL of 4N) was added and the reaction

was stirred 4 hr. The sol ¥ re renoved in Vael fO,
and the tetra HCl salt was d to high vacuum for
18 hours to give Exanple 21, 350 ng (94% as an IICl

salt which was used w thout furtifr purification. R =

ézgl_gsnﬁ%%f éggggo%dngﬂln% in ?‘I%E&O éﬂ%&vds ggil ga mio(ri:lt ofe7sbxomo
( cohdirtmarn2y3.5 LONVSt mmellapnChy drdxyFremiC hyAietBINGOG(1.75 g, 23.1
20 s BRI R FrTat ) s sassa b gy o B fyroom
HN-tehPGath SO dohBelntrathiH TheMsidue was dlluted with H,O and a precipitate
was filtered to give 7-bromochroman-4-one oxime obtained as the needle like
crystals 3.5g (98%). LCMS 244 (M+2H) RT = 1.7 min (Condition 2); "H NMR
(DMSO-de) 11.37 (s, OH, 1H), 7.76-7.70 (d, 1H), 7.09-7.13 (d, 2H), 4.16- 4.20 (t,
25 2H), 2.79-2.83 (t, 2H).
Example 14c; step 7:

Br O.
\@QIJ
N.



Rl = 1.3 mnutes (condition 1); LCMS: Anal. Calcd. for
C781 137N6 452; found: 452 HM 111). Exarrpl e 21b.1

wo(d0eg/ioeesh from Exanple 17b.1) HN N, cN 'H 40 IiR™MIS2009/033380
-,<NH 4/- NHI1 Me RT = 1.2 mnutes (condition 2);

LCVB: Anal . Cal cd. for C3 /1446N605: 454. 25; found: A3E28PCT
(MFH). Exanple 21c (Derived ¥om Exanmple 17c) N, >--N

1 -HHI . 040 NciNH41 NH2 RI' 1.3 mnutes

(conditi on 1) Anal . Cal cd. for C24130N6 438;

f ound: 4380 vwwfw%wml@eﬁ% 16 npely Poedided it SERERPPET-

17¢y; él)noclﬁ bihan>a Ione oﬁm%% §${ T4 mmc;l}) a%d"{h&%l%ﬁm(s g?!ﬂ@ll b4 95‘
1); LCIMs: Anal I -4311N6 489. 2 f dund
48931@31)(111\,111phlpr0|n)e_thane (125 ml). The mixture was stirred for 3 h at room

temperature and washed with water, brine, and dried (Na,S0O,). Filtration and

5 concentration under reduced pressure to afforded 7-bromochroman-4-one-O-p-
toluenesulfoxime 5.5 g (96 %) as an off-white solid which was used without further
purification. LCMS 398 (M+2H) RT = 1.92 min (Condition 1). 'H NMR (DMSO-
d6) 7.89-7.91 (d, 2H), 7.56-7.58 (d, 1H), 7.48-7.50 (d, 2H), 7.22 (s, 1H), 7.16-7.18
(d, 1H), 4.20.4.23 (t, 2H), 2.97-3.00 (4, 2H), 2.40 (s, 1H).

10 Example 14c; step 8:
Br O,
\@”J\NHZ'HCI

o
A solution of potassium ethoxide (1.27 g, 15.11 mmol) in ethanol (35 ml) was
added to a solution of 7-bromochroman-4-one-O-p-toluenesulfoxime (5.7 g, 14.3
mmol) in toluene (60 ml) and the mixture was stirred for 15 h at room temperature. A
15 precipitate (potassium tosylate) was removed by filtration and washed with diethyl
ether. To the combined filtrates was added 3N HCI (20 ml) in methanol and the
solution was stirred 2 h at room temperature to form the HCl salt. After removal of
the solvent, the residue was triturated with diethyl ether. The resulting solid was
filtered, washed with ether, and dried to afford 7-bromo-3-amino-chroman-4-one
20 hydrochloride 2.8 g, (80 %) as off-white power. LCMS 244 (M+2H) RT = 3.77
(Condition 2); "H NMR (DMSO-de) 8.79 (bs, 2H), 7.71-7.74 (d, 1H), 7.45 (s, 1H),
7.34-7.37 (d, 1H), 4.67-4.80 (m, 2H), 4.43-4.51 (t, 1H).

Example 14c¢ Br °NU o gee RT = 1.76 minutes
(Prepared as described in \Q;glu% (condition 2); LCMS:
Example 14, and derived Anal. Calcd. for

from product of step ) CioH2BrN,Os: 439.09;

found: 439 (M+H)




Exanpl e 21d (Derived from Exanple 17d) RT = 1.2

m nutes (condition 1); LCVMS: Anal. Calcd. for C25H28N6
wo4b@y/10kesand: 412 (ML41). 11128 PCT 184 ExanpleE120$2009/033380

(Derived fromExanple 17e) HN , N Me?, i c., I\IOlE)

040 N NHNizT = 1.4 mnutes (condition 1); Lovs11128 PCT

Anal . Calcd. for 02.81-132N6 #82: found: 452 (MH).

Exanpl e 21f (Derived from Exanple 170 H2NN >--1 ,,tNO

ISONH NNHRT - 1.2 mnutes (condition 1); I, CVE:

Anal . Calcd. for C27H30 unéec 438 (MDT) .

Exanpl e 21g(Derived from Exarrpﬁe g cH _ _(jh :0 041

NN NHNHJ RT= 1.3 minutes (condition 1); LCVS: Anal.
Cal ed. for C29H3I EN5 483; found: 483 (MtH). Exanple

21h (Derd Mgt e amRkedily1 2-(2-(4-bromophenyl)-2-
oxoethylcarbamoyl)-pyrrolidine-1-carboxylate (12.8 g, 31.12 mmol) and NH4OAc
(12.0 g, 155.7 mmol) in xylenes (155 mL) was heated in a sealed tube at 140 °C for 2

N

hours. The volatile component was removed in vacuo, and the residue was
partitioned carefully between ethyl acetate and water, whereby enough saturated
NaHCOj; solution was added so as to make the pH of the aqueous phase slightly basic
after the shaking of the biphasic system. The layers were separated, and the aqueous
layer was extracted with an additional ethyl acetate. The combined organic phase
10 was washed with brine, dried (MgS0Oy,), filtered, and concentrated. The resulting
material was recrystallized from ethyl acetate/hexanes to provide two crops of
Example 15, (S)-tert-butyl 2-(5-(4-bromophenyl)-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate 5.85 g. The mother liquor was concentrated in vacuo and submitted to a
flash chromatography (silica gel; 30% ethyl acetate/hexanes) to provide an additional
15 2.23 g "HNMR (DMSO-dg, & = 2.5 ppm, 400 MHz): & 12.17/11.92/11.86 (m, 1H),
7.72-7.46/7.28 (m, SH), 4.86-4.70 (m, 1H), 3.52 (app brs, 1H), 3.36 (m, 1H), 2.30-
1.75 (m, 4H), 1.40/1.15 (app br s, 9H). RT = 1.71 min (condition 1); LC/MS: Anal.
Caled. for [M+H]" CisH2:BiN:O,: 392.10; found 391.96; HRMS: Anal. Caled. for
CisH23BrN:O»: 392.0974; found 392.0959 [M+H].

(Derived from Example {condition 4); LRMS:
14a) Fr Anal. Caled. for

CisHaoBrFoNzO,: 428.27,;

found: 428.02 (M+H).

Example 15a /N RT = 1.59 minutes
Br*@ﬁ/,iﬁoc

Example 15b Br LRMS Anal. Calcd. for

N
(Derived from Example G—(/;/K(\N;OC Ci1sH2BrN;O,: 392.10;

14b) found: 391.96 (M+H).




RT - 1.7 mnutes (condition 2); |,CVMs: Anal. Calcd.

fo

r C291 13, 172N6501. 25; found: 501.51 (M+H). Exanple

wHdook 854 ved from Exanple 17i) \ - z 11 nj RTPCCB/iéJ:slﬁ)owmwso

m

nutes (condition 2); LRVS: Anal. Calcd. for

AN7 480.28; found: 480.26 (MAID 11128 PCT 185 EX&M’M%PCT
21] (Derived fronExanple 17j)1®&N1L N O 0. HNNH NH | RT

2
fr
m

506
Ex

o

10

15

1.3 minutes (condition 1); |LRVS: Anal. Calcd. for

H32N6 464; found: 464 (MtH). Exanple 21k (Derived
bom Ex&rphde 17k) r- 040 00 N.-| RH NH.6Rmin= 1. 3
nu ;oL Anal Cal c - 2

@%Médﬁ&g%&%@ﬂr Exa ?Blm ( Der @8%‘9@“% LB
arrpl e 17Mc)ZI 0_1" Anal. Calcd. for

C19H22BI’N3O3I 42033,
found 422.2 (M+2H).

Synthetic route 9.

zZ7N

Br—@—(\{\‘ Boc
%

i>

Br “ .! L\"«
o] Pd{Phs), !
N NH * i \B-—< >»—(/ IN Boc
o N NaHCO

N
.Boc
N
8 1 17 a
0
o~ Y poo
o N N
H

Pd(Ph3)s
KOAc Boc

Pd(PhsP), (469 mg, 0.406 mmol) was added to a screw cap pressure tube
containing a mixture of Example 15, (S)-tert-butyl 2-(5-(4-bromophenyl)-1H-
imidazol-2-yl)pyrrolidine-1-carboxylate (4 g, 10.22 mmol), bis(pinacolato)diboron
(5.4 g, 21.35 mmol), potassium acetate (2.6 g, 26.21 mmol) and 1,4-dioxane (80 mL).
The reaction flask was purged with nitrogen, capped and heated (oil bath 80°C) for
16 hours. The reaction mixture was filtered and the filtrate was concentrated in
vacuo. The crude material was partitioned carefully between CH,Cl, (150 mL) and
an aqueous medium (50 mL water + 10 mL saturated NaHCO; solution). The
aqueous layer was extracted with CH,Cl,, and the combined organic phase was dried
(MgSOy), filtered, and concentrated in vacuo. The resulting material was purified
with flash chromatography (sample was loaded with eluting solvent; 20-35% ethyl
acetate/CH,Cly) to provide Example 16, (S)-tert-butyl 2-(5-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine- I -carboxylate,



RT - 1.5 minutes (condition 1);LRVS: Anal. Calcd. for
C37H38N602 598; found: 598 (M+tH). Exanple 21n (Derived
wofnemoesasnpl e 17n) , RT - 1.7 mnutes (condi tRGMUS2P09/033380

LCVS: Anal . Calcd. for C291-133N60 481. 26; found:
481.37 (MJO Exanple 21 0 (Derived from Exanpl e PI’G%SPCT

HCNN- ----6ii

(condition 1) LCME:

f ound:

Anal . Cal cd. for

“H140 NH N HN '®F = 2.1 ninutes
C29H32N6464:

464 (MtH).. 1128 .186 Ex le 21 rived
¢ SR racel N G TR HOR T o6 T RIE Bligor
M Net@1d G0 Gt @Rval hbdeoMP1 (AMRMR) Cah€dmpl Ol eighed 3.9 g after

C29H32N6464,

f ound:

464 (MrH)

Exanpl e 2l g

(Derived

f r orA- Estansresury ¢ higvaguuig. - ENMR BMS@-ds, 5= 2.5 ppm, 400 MHz):
12.22/11.94/ 11.87 (m, 1H), 7.79-7.50/ 7.34-7.27 (m, SH), 4.86-4.70 (m, 1H), 3.52

(app brs, 1H), 3.36 (m, 1H), 2.27-1.77 (m, 4H), 1.45-1.10 (m, 21H). RT = 1.64 min

(condition 1); LC/MS: Anal. Calcd. for [M+H] Cp4H3sBN3O4: 440.27; found

440.23.

Example 16a
(Derived from Example

15a)

o)
o N/)\(:g
H
Fr

RT = 1.62 minutes
(condition 3);
LCMS: Anal.
Calcd. for
CxH3BF)N3Oy:
475.34; found:
474.78 (M-H).

Example 16b
(Derived from Example
8)

N\
B

RT = 1.9 minutes
(condition 1);
LCMS: Anal.
Caled. for
Cy7HagBN;Oy:
497.3; found: 479
(M+H).

Example 16¢
(Derived from Example

10b).

RT = 1.83 minutes
(condition 1);
LCMS: Anal.
Calcd. for
Cy3H24BN:O4 427;
found: 427 (M+H).

Example 16d
(Derived from Example

10b.1)

RT = 1.84 minutes
(condition 1);
LCMS: Anal.
Calcd. for




N' NOH (pHRT = 1.7 mnutes (condition 2) LCMS:
Anal . Calcd. for Oml435N160 495.28; found: 495.37
wd MbdAo2esExanpl e 21r (Derived from Exanpl e 17rpctids3009/033380
NN I----Ct --NN40O 00 NH NH RT = 1.5 mnutes (condition
2) LCMS: Anal. Calcci. for C28H30N6 451.26; found:11128 PCT
451. 33 (M+14) +. Exanpl e 21r. alq®erived from Exanpl e
17r.a) HN 1 L _:-:.-rEEO0 40 NHN NHRT = 1.1 minutes
(condition 1); ICMS: Anal. Calcd. for C37HAANGOS:

459.18; found: 453.2 (MrH). Exanple 21r. 1 |(DeFpRids 413;

fer Exanple 17r.1) jors NNc_.;: <,.. 411 fégﬁg:jl\{lj&
RT|= 1.4 minutes (condition 1) LCVG. Anal .| Cal cd.
Example 16e RT = 2.62 minutes
O\
(Derived from Example ;[OIBO{JI\(“;OC (condition 2);
H
10b.5) LRMS: Anal.
Calcd. for
C2aH34BFN304

458.26; found:
458.23 (M+H).

Example 16e.1 F RT = 2.46 minutes
(Derived from Example jiZ:BA@_{;JN\LgH (condition 2);
10b.6) ' LRMS: Anal.
" Calcd. for

CosH34BFN304

470.26; found:
470.19 (M+H).
Example 16f ;\60\8 /oy OYO\/O RT = 1.84 minutes
(Derived from Example o : Q/KLN) (condition 2);
10b.4) LCMS: Anal.
Caled. for
C7H3BN:O4 473;
found; 474 (M+H).

Example 16g 0 RT = 1.59 minutes
N 7N Boc
. jo’B O iNJ\(\N'E »
H

(Derived from Example H (condition 1);
LCMS: Anal.
Caled. for
CysH3sBN3O,
452.27; found:
452.23 (M+H).

10b.7)




C3

1H34F3N6 547.28; found: 547.26 (MtH).. 11128 PCT

187 Exanple 21n2 (Derived from Exanple 17r.2) xyLilim
WOR2028100433 1C=1. 46m n, (condition 2), LCMVS: PCT/US2009/033380
Anal . Cal cdfor C.,0H111\16 (M H ) 475.26; found:

47
fo
Ex

-PIIIII\I

5.25. FIRMS. Anal. Calcd for€30 HN 316 475. 2605;11128 PCT
und: 475.2616 (M 11). Exarrpll 21n3 (Derived from
anple 17r. 3) H H F30 HK, N1 N-(fl\ cH SQAnal . NH N

es /r-nnr~|| tiAan 1) Cal eod
\SASaRIY) LI O

21

f or csfi‘a&“@%#ﬁb 557. 26, § 557 2EU(VMB')T S aHpites
rrpl 7(§

LILILI Ilu AT OO

r(ﬂel’{\@ﬁffﬂoﬁﬁ@xaﬁ{pw e 1 r. 4) (condition 1);
< LCMS: Anal.
Caled. for
Cy7H3sBF3N30,4
536.29; found:

536.37 (M-+H).

8c)

1

Example 16i CFy RT = 1.9 minutes

(Derived from Example ;LLO:B _@_}rx Boc (condition 1);
10b.3) © ”J\(NAH LCMS: Anal.

H Calcd. for
Cy7H36BF3N304
534.27; found:
534.21 (M+H)".

Example 16; )}4 RT = 2.46 minutes
(Derived from Example o B O‘ (condition 2);
10a.3) o N LRMS: Anal.
\g"” Calcd. for
CasH37BN;O4
466.29; found:
466.27 M+H)".

Example 16k )24 RT = 2.48 minutes
(Derived from Example oB O‘ (condition 2);
10a.5) HN\@ LRMS: Anal.
i Calcd. for
0 Cy7H+7BN: Oy
478.29; found:
478.27 (M+H)",




Z Z 1. RT =1.43 mnutes (condition 2) T.CMS: Anal.

Cal cd. for C30H33N6 477.28; found: 477.22 (M1 H).
woHRddyBeg3al cd for C30H33NG 477.2761; found 477RE7660(9433380

H). Exanple 21n5 (Derived from Exanple 17r.5) H H NH

7N HN 40 SONH N -NHH RT = 1.56 ninutes (condiltihPCT

2) LOVIS: Anal. Calcd. for G¥2H33N6 501.28; found:

501.29 (MtH). HR MS: Calcd for C 321-133N6 501.2761;

11128 PCT 188 found 501.2761 (M FH). Exanple 21s

(Derived from Exanpl ef17g) RT - 1.7 minutes

(condition 2) LC NB: ;&naﬁ 1. Calcd. for C281- 130FN6

469. 25; found: 469. 47 ( Mﬂl—l) Exanpl e 21s.1 (Derived

from Exanple 17.1) OQ
N
i &.Boc

NH
Example 8, (950 mg, 2.19 mmol); Example 16, (S)-tert-butyl 2-(5-(4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yphenyl)-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate (965 mg, 2.2 mmol), and NaHCO; (462 mg, 5.5 mmol) were dissolved

5 in 1,2-dimethoxyethane (25 mL) and water (4 mL) was added. The reaction mixture
was evacuated and flushed with nitrogen (3x), Pd(PhsP), (127 mg, 0.11 mmol) was
added, and the mixture heated (oil bath at 80°C) in a capped 100 mL pressure vessel
for 8 hours. Additional catalyst (35 mg) was added and heating continued for 16
hours. After being cooled, the solution was partitioned in EtOAc/water and the

10 organic layer washed with brine. The crude product was applied (CH,Cly) to a 40 (S)
Biotage® silica gel column, and gradient eluted from 20-100% B (A = CH;Cly; B =
EtOAc) over 1 L gave Example 17, 680 mg (49%). "H NMR (300 MHz, DMSO-ds) &
8.05 (brs, 1H), 7.78 (d, /= 8.0 Hz, 2H), 7.66 (d, J = 8.0 Hz, 2H), 7.53-7.45 (m, 3H),
4.86-4.70 (m, 2H), 3.57-3.51 (m, 2H), 3.17 - 3.16 (m, 2H), 2.89-2.85 (m, 4H), 2.27-

15 2.18 (m, 2H), 1.99-1.83 (m, 8H), 1.40/1.16 (s, 9H). RT = 1.7 minutes (condition 1).
LRMS: Anal. Caled. for CagHagNgOy: 665.38; found: 665.39 (M+H). HRMS: Anal.
Calcd. for CaoHagNgO4: 665.3815; found: 665.33845 (M+H).

Example 17a Boc RT = 2.38 minutes
N
(Derived from L\\HN\ O (Condition 2) LCMS: Anal.
H
Example 16 O © Caled.  for  CigHyeNeOs:
and Example T 666.80; found: 665.2 (M-H).
8b) &.Boc




*

z zTh."zi ). 1/7 n RT = 1.62 mn, (condition 2),
LCVS: Anal . Calcd for C30H30' EN6 493. 25; found: 493. 28
WO(20b4A02633RVS:  (Dated for C3 OH 30 FN 6 493. 25PCT/62009D33380
493. 2520 (M FH). Exanple 21t (Derived from Exanpl e iﬁggPCT

FF i NH ------ ?-,is;SONI—lebHRT 1.7 mnuté
(condition 2) LCVS: Anal. for C281429F2N6

48

fro

1.
C2

7.23;

1 \ HN-N

m Evom-\! a 171-

found: 487.51 (NMFD. Exanple 211.1 (Derived

H40—-00—NH

NH-EE-RTF =

Rt e
8@@&&8&%@
Example 16b

jéss

and Example

10b.2)

Congi tiFén 2)
found: 487.51 (

(1 N
\I TN

LCVS:  Anal

RTcaﬂ 8 dlllﬂlf’[%%r(condltlon
Wy:H) . 11128 PCT

LRMS: Anal. Calcd. for
C41H50F3N6O4I 7473 8;
found: 747.33 (M+H).

Example 16
and Example

10)

Example 17a.2 CF3 RT = 1.7 minutes (condition
(Derived from Boe 1);
e
Example 16b N O HRMS: Anal. Calcd. for
and Example OQ CyHs2F3NeO4: 761.3997,
8¢) NN found: 761.4005 (M+H).
&‘Boc

Example 17b Boc RT = 1.8 minutes (condition
(Derived from L\"« 1);

LRMS: Anal. Calcd. for
C33H48N604I 67537, found:
675.35 (M+Na).

Example 17b.1

Boc

(Derived from
Example 16
and Example

10a.1)

RT = 1.65 minutes

(Condition 1) LCMS: Anal.
Caled. C37H46NgOs:
654.82; found: 655.4 (M+H).

for

Example 17¢
(Derived from
Example 16
and Example

10a)

RT = 1.8 minutes (condition
1

LRMS: Anal. Calcd. for
Ci7H46NgO4: 639.37; found:
639.32 (M+H).




189 Exanple 2111 (Derived from Exanple 18) HN N C_-4

0 00 NH NH RT =

wo@bgthaedzor C281- 129N6 449. 25;

1.6 mnutes (conditi
f ound:

on 2) LCMS: Anal.

449. 46 (idrirs2009/033380

Exanpl e 21u.1 (Derived from Exanple 18. 1) -z, lz 1
RT1.61min, (condition 2), ECVS: Anal.Cal cdfor  11128PCT
C130H29N6 473.36; found: 473.98 (MrH). HRVE: Anal .

Cal cd. forC30H29N6 473. 2448; found: 473. 2457 (M+H).
Example 2111 2(Derived from Exanple 18b.2) NH i - HN
040Exapplon 7NH| See BB(%”D' e 21X beI ow |ffalr = 1. ’6 minutes (condition
Cha%{%‘?k’%ﬁf‘%ﬂ‘“ d%@ea Pl ¢ 21u. 3(Derijved from Exanpl e

18b (] ’

Example 16g
and Example

10a.2)

LRMS: Anal. Calcd. for
Cu1Hi9NgOy4: 689.38; found:
689.43 (M+H).

Example 17d

RT = 1.7 minutes (condition

Example 16e
and Example

8)

HN_ N \
(Derived from R O 1);
H
Example 16d O. LRMS: Anal. Calcd. for
and Example N C3sHyaN6O4: 613.34; found:
10a) }N'BOC 613.28 (M+H).
H
Example 17¢ Boc RT = 1.7 minutes (condition
. Me’N\/QN \
(Derived from s N O 1);
H
Example 16¢ OQ LRMS: Anal. Calcd. for
and Examp]e & N NH C33H48N6O42 653.38; found:
&,-BOC 653.50 (M+H).
Example 17f Boc RT = 1.7 minutes (condition
HN_ N \
(Derived from \\\HN O 1);
H
Example 16d OQ LRMS: Anal. Calcd. for
and Example T NH C37H46NeO4: 639.37; found:
8) &-BOC 639.50 (M+H).
Example 17g Boc RT = 1.7 minutes (condition
N F
(Derived from L\\\"(N ! 1);
Q)

LRMS: Anal. Caled. for
C39H47FN5O4I 68337, found:
683.18 (M+H).




I HN 4140 400 NH ,CBz N RT -
LCVS: Anal. Calcd for CH N O; 383561 607.46 ' found:
WOy HEs M [ 11). 11128 PCT 190 Exanpl e 21u. £dres2ioped3380
fromExanple 18b.4) HHNH 1 -N HN *0 1 SO NH NH H
Exanpl e not characterized. Exanple 21u.5 (Derived1¥¥%ﬁﬁCT

2.10 min, (condition 2),

Exanpl e 18115) RIZzii z z RRF’L 1.82 ninutes
(condition 2); L,RVS: Anal. Calcd. for C22H29N6497, 25;
found: 497 29 (Me14)  HAMS: Calcd for ClLINAQ7 2448

Example 17h
(Derived from
Example 16a
and Example

8)

Boc

|
L)
i
_N

N H
é\],Boc

RT =2.31 minutes (condition
2); LRMS: Anal. Calcd. for
C39H47F2N604: 70135,

found: 701.69 (M+H).

Example 17 Boc N RT = 2.02 minutes (condition
N 4
(Derived from L\\HN \ O " 2); HRMS: Anal. Caled. for
H e
Example 16 N C1oHsoN704: 680.3924;
and Example T found: 680.3957 (M+H).
88.) &.Boc
Example 17j Bo O RT = 1.7 minutes (condition
(Derived from N__ N 1 Q 1);
(AT T

Example 16b
and Example

15b)

LRMS: Anal. Calcd. for
C39H43N6041 66538, found:
665.37 (M+H).

Example 17k
(Derived from
Example 16b
and Example

8)

RT = 1.8 minutes (condition
1

LRMS: Anal. Calcd. for
C4Hs5oNgOy: 705.41; found:
705.40 (M+H).

Example 17m cBz RT = 1.7 minutes (condition
N 7
(Derived from L\\HN \ O 1);
H
LRMS: Anal. Calcd. for

Example 16f
and Example

8)

CroHasN6O4 699.37; found:
699.47 (M+H).




32296 found 497.2448 (M-1-1).

Exanpl

e 21u.6 (Derived

from Exanple 18b.6) O NH =1"4 HN 40 "OS NH .CBz N H RT

wo=20d9/%0bes8 N (condition 2);
C( 10H35N602 631. 28;

(Derived fromExanple 18c) Hy , N
NH RT = 1.8 minutes (conditiol22) LCVS: Anal.
found: 467.43 (MH).

fo
19
z

r C281-128FN6467. 24,

LCVS: Anal

. Cal cd. #@¥Fus2009/033380

found: 631.27 (M+H). Exanple 21lv
---< '=N5 | SO NI PCT

Cal cd.
11128 PCT

7Exdniple 17n
(Derived from
Example 16
and Example

7)

Exanple 2

v.1 (Derived from Exa
Boc
AN

L
S
H

ple 18c.1) 7 U *
RT = 2.41 minutes (condition

2); LRMS: Anal. Calcd. for
C39H49N605 68138, found:
681.49 (M+H).

Example 170
(Derived from
Example 16
and Example

132.2)

RT = 1.7 minutes (condition
1)

HRMS: Anal. Calcd. for
C19H3sNgO4 665.3810;
found: 655.3789 (M+H).

Example [ 7p
(Derived from
Example 16
and Example

13b.2)

RT = 1.7 minutes (condition
b);

LCMS: Anal. Calcd. for
C10H3gNsO4 665; found: 655
(M+H).

Example 17q
(Derived from
Example 16
and Example

7¢)

RT = 2.43 minutes (condition
2); LRMS: Anal. Calcd. for
CaoHs51NO5 695.39; found:
695.55 (M+H).

Example 17r
(Derived from
Example 16
and Example

10a.3)

RT =2.25 minutes (condition
2); LRMS: Anal. Caled. for
C33H47NgO4 651.37; found:
651.33 (M+H).




.1CP1 RT = 1.7 mnutes (condition 2) ECMS: Anal.

Cal cd. for C301128EN6 491.24; found: 491.25 (MtH).
woRhiMB2638al cd. for C30H28FN6 491. 2354; found 4/ &366b/033380
(MrH) . Exanple 21v.2 (Derived from Exanple 18e.2) RT
= 1.76 mnutes (condition 2) LCMS: Anal. Calcd. f 44128 PCT

Ci i 8H34FN602 625.27; found: 63%.19 (M H ). Exanple 21w

(Derived fromExanple 18d) * h z Zi // u_u- RT =1.9
m nutes (condjition 2) |LCNMS. Anal Calcd._for

C2gappING2 48523, found: 485.46 (MRA)T 2R minuesg
m gﬁteﬁ%d(f%lﬂd loac 2) LCMS:  Anal . Ca'(@&’nditfo%f:%e@%%ﬁ: 26
485.23; found} 485.180 . .Exanpl e 21w. 1 (Derived
f rlotmaEpknl e [LRe) 111 F 192 Exakgl e 21w, 237HuNOs:
(Deri rom Exanpl e 18f H. H ) .
F Idnfgﬁgmél.e 3 minutes (condit Mo 2 léﬁ%‘}gﬁﬁg{ﬂ @gaér(ch@lﬁ{)
f grisce81- 125F4N6 521. 21; foundd \621./28 (Mrh). Exanple
21x (Derived from Exanpl e 19) E: |[Sane as Exanpl e
21u. 2

Example 17r.1 CFy RT = 1.73 minutes (condition

(Derived from N'BOC N 1); LRMS: Anal. Calcd. for

==
Example 16h = N O CaHsoF3NgO4 747.38; found:
and Example O 747.46 (M+H).
NH
10a.3) NS Boe
N
Example 17r.2 Boc RT = 2.17 minutes (condition
. i N\,{/N |
(Derived from ‘<Ls‘ N O 2); LRMS: Anal. Calcd. for
H H
Example 16g O‘ CaoHuNgO4 675.37; found:

and Example NS 675.39 (M+H).
10a.5) @,H

H HRMS: Anal. Caled. for
C40H47N6O4 675.3653;
found: 675.3680 (M+H).

Example 17r.3 RT = 1.72 minutes (condition

1).
HRMS: Anal. Calcd. for

(Derived from

Example 16i

and Example N CHysFiNgO4 757.3684;
Boc
102.5) %Q“L found: 757.3684 (M+H).




Rl

C30F129N6 473. 24;
wd 108¢/kosesh f rom Exanpl e 20)
m nutes (condition 2) FCVS: Anal.
C30H35N6479. 29;

14

1.7 mnutes (condition 2) LCVS: Anal.
found: 473.27 (M+H). Exanple 21x.1
Zl

. It
Ca

found: 479.39 (MH).

Cal cd. for

=Li P US2089/6533380
| cd. for

Synthetic rddd#PCT

HATO (88 ng, 0.33 nmmbl%) was added and rapidly

stirred solution of Exanple 21, (87.5 ng, 0.145 mmuol),
Cap-51: N net hnxvrarhnnv1T -valine (63 3 ng, 0 36 __
mpEyamp T (nigi-scbase (0.23 m,, |RD5 2@fohiputesn(cpmition
(3 Wvd Jhe|ré ctlon m xture was st PUFScd. f
bef o e %)ei;rng di lff8d with CH3OH (1 vo%)) o?lg%rec alad
sub?mtpé@ilftlo sem @ HPLC (4 i nj ect@mﬁhsNéh &7 7A8; found
each; 60A prep §8 um; 235% over 30
mn ndE[D%r\%BEZ“ h eI eng 77 3%2@5?{?

So| k) A = 0/1% TEA in 10%_@@01/ HRMR0; ASGI v@aitd B for
= 0.1%TEA in| 11128 PCT 193 %ret h /.10% H20) i
gi ve Exanple 22, (TEA salt) 14 NW?@%@&% 6%03810’
DMSO- d6) 88. 04- 8. 02 (m 1H), 7 78- 7. |58udp 743403 (M+H)
7.49-7.410n, ’2.‘—!), 130124 {+A—2H—5-09-5-01 (}

2H) Example Wrg3 | % 2H), 3. 81 3.79 (mRuFRY: 2531“8%65(@0“1“0“
6H) (DR P8B4 (M M EH), 2.17-2.09 (ilm), dkbs: AR0-ABA. for
(m_8H), 0.7940. 81%4»[“ 12H). RT = 1.5 " 5ni nut es

(co%%,ﬁnt nokkl) | LRVG ) Apal . Cal cd. fqrCdlaNgingdes; found:
7793rﬁl]25Xdﬁlg}énd 779. ¢ HRVS:  Angh 3 Garesl. for

C. 13H55N806: 779. 4245; 779. 4249 (MHH) .~ 11128
PCTIORGA  723)3619; 8643 |(FRMP: fralnpfecd.  for
223, ./ ,0 zolZ\ j t , zi z °¢ | (L TLeNGOs 701.3810;

found: 701.3798 (M+H).

Example 171.6
(Dertved from
Example 16j
and Example

11a)

N-Boc

S

HN___

RT = 2.21 minutes (condition
2); LRMS: Anal. Calcd. for
Cu3Ha7NgOy 711.37;
711.52 (M+H).

found:

Example 17r.7
(Derived from
Example 16k
and Example

11b)

RT = 2.06 minutes (condition
2); LRMS: Anal. Calcd. for
CasHa7NsOy 735.37;
735.38 (M+H).

found:




1" 0z Onr) *i *** '- z " "zi 0 Z1/0 00" /0 RT
- L7 (Derived from mnutes Exanple 21 (condition 1);
woandy/(agss4) LAMS: Anal . Cal cd. for CA9HS aSIDBS 2009/033380
723. 39; found:
11128 PCT
175
Example 17s Bog RT = 2.31 minutes (condition

(Derived from
Example 16e
and Example

10a.3)

2); LRMS: Anal. Calcd. for
C33H45FNGO4 66936, found:
669.60 (M+H).

Example 17s.1
(Derived from
Example 16e.1
and Example

10a.5)

RT = 2.22 minutes (condition
2); LRMS: Anal. Calcd. for
C40H46FN604 69336, found:

693.36  (M+H). HRMS:
Anal. Caled. for
CuoHacFNeO4

693.3559; found: 693.3584
(M-+H).

Example 17s.2
(Derived from
Example 16e.1
and Example

11b)

RT = 2.2 minutes (condition
2); LRMS: Anal. Calcd. for
CasHusFNgO,4 727.34; found:
727.35 (M+H).

(Derived from
Example 16
and Example

10a.4)

Example 17t Boo RT = 2.71 minutes (condition
N
(Derived from \e\"’« ! 2); LRMS: Anal. Calcd. for
Slae
Example 16a i ) CasHisoFNGOsSi 817.42;
= -
and Example < SZM found: 817.71 (M+H).
.boC
11) N
Example 17t.1 Boc RT = 2.25 minutes (condition

2); HRMS: Anal. Calcd. for
C33H45F2N6O4 687.3465;
found: 687.3497 (M+H).




723. 40 (MtH). HRMS: Anal . Cal cd. for C49H50Ns 06
847.3932; found: 847.3953 (MH). Exanple 22a RT =

w@2000/463%883 ved from minutes Exanple 21a (condp¢i/os089/033380
and Cap-51) LRMS: Anal. Cal cd. for 11128 PCT

176

Synthetic route 10.
Boc Boc
' i N
&

N
Lr\l\\"\”(/N\ O DDQ C\\\’(H O

DDQ (116 mg, 0.51 mmol) was added to a solution of Example 17r (S)-tert-
butyl 2-(7-(4-(5-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-y1)-1 H-imidazol-2-

N

~ yDphyenyl)-4,5-dihydro-1H-naphtho[1,2d Jimidazol-2-yl)pyrrolidine- I-carboxylate
(332 mg, 0.51 mmol) in benzene (5 mL) under nitrogen atmosphere and the dark
brown mixture was heated at reflux for 2 hours. The solvent was removed in vacuo
and the residue was charged (CH,Cl,) to a 25 (M) Biotage” silica gel column.

10 Segment 1; Gradient eluted from 50-100% B over 720 mL (A = CH,Cl,; B =20%
CH:O0H in CH,Cl,) Segment 2; Gradient eluted from 0-50% B over 720 mL (A =
CH,Cl,; B = CH;0H) gave Example 18, 261 mg (79%). 'H NMR (500 MHz,
DMSO-dg) 6 8.46 (br s, 1H), 8.31 (s, 1H), 7.95-7.55 (m, 8H), 5.1-4.8 (rotomers, 2H),
3.67 (br.s, 1H), 3.57 (br.s, 1H), 3.48-3.47 (m, 1H), 3.39 - 3.38 (m, 1H), 2.42-1.89

15 (m, 8H), 1.42/1.18 (s, 9H). RT = 2.24 minutes (condition 2). LRMS: Anal. Calcd.
for C38H44N604: 649.35; found: 649.65 (M+H).

Synthetic route 10a.

Boc Boc

N, N NN
] ]
NN N SN
iR N ‘ MnO, o u O
I ZNH I NH
N= N=
Boc Boc
17r.2 N 18.1 N
H H

H H
20 Activated MnO» (77 mg, 0.889 mmol) was added in one portion to a stirred

solution of Example 17r.2 (200 mg, 0.296 mmol) in dry CH,Cl, (2 mL), and the

suspension was stirred for 4h. Additional MnO, (300 mg) was added and the



CA2H53N807 781.41; found: 781.33 (MHH). 11128 PCT
195 Exanple 22a.1 (Derived from Exanpl e 21a and Cap-4)
wo009/102633 NH o INN --.-4 --'"40 1: 00 NNH N HNBRJAT/8520€9/033380

RT = 2.2 mnutes (condition 4); 1, RVS: Anal. Cal cq 128 PCT
for CasHA9NBO7 849.37; found: 849.25 (MH). Exanpld
22a.2 (Derived from Exanpl e 4.1 and Cap-51) \ A--N
-0 HN C1-4

mixture stirred 16h. This sequence was repeated until LCMS revealed no remaining
starting material. The reaction mixture was filtered through diatomaceous earth
(Celite®), concentrated, and dried under high vacuum for 1h to give Example 18.1
(185.8 mg, 92 %) as a yellowish-orange solid. LCMS: RT = 2.24 minutes, Calcd.

s for CyoHasNgO4 673.35; found: 673.36 (M+H). HRMS: Calcd for CyoHysNgOy
673.3497; found: 673.3525 (M+H).

Example 18a Br RT = 3.5 minutes
N-SEM

(Derived from ~ (condition 2);
Example 11) N\b\yBOC LCMS: Anal. Calcd.
for CyeHz7BrN:0sSi
546.18; found:
546.21 (M+H).
Example 18b Br RT = 2.74 minutes
(Derived from NH (condition 2);
Example 10a.3) Nb'BOC LCMS: Anal. Calcd.
for CyoH2:BrN; O,
416.08; found:
416.08 (M+H).

Example 18b.1 Br RT = 2.62 minutes
NH

(Derived from ~ (condition 2);
Example 10a.4) Nb'&’c LCMS: Anal. Caled.
E for CyoH7 1 BrF,NsO»
454 .08 and 452.08;
found: 454.01 and
454.01 (M+H).

F




o Nn F3SCN1gh MP 100 NNHH N o RT = 1.6 m nutes

(condition 1); HRMS: Anal. Cald. for C451456F3N806
wohbhoARdds found: 861.4269 (MI1). Exanple 22ap3r/us2000/033380

(Derived fronmkExanple 21a.1 and Cap-2) | o N F3C\

N---r/ H40 040 NNH IN RT - 1.4 mnutes (conditiordl138PCT

HRVS: Anal. Calcd. for C551-1B64F3N802 925.5099; found:

925. 5096 (MHO.

Example 18b.2
(Derived from

Example 171.4)

N\
Boc
N

RT = 2.28 minutes
(condition 2);
LRMS: Anal. Calcd.
for CyoHasN6O4
673.35; found:
673.36 (M+H).
HRMS: Anal. Caled.
for CyoHasNsOy
673.3497; found:
673.3498 (M+H).

Example 18b.3
(Derived from
Example 17r.6)

RT = 2.30 minutes
(condition 2);
LRMS: Anal. Calcd.
for C43H43N6O4
707.34; found:
707.52 (M+H).

Example 18b.4
(Derived from
Example 171.5)

Example not

characterized.

Example 18b.5
(Derived from

Example 171.5)

RT = 2.32 minutes
(condition 2);
LRMS: Anal. Calcd.
for CypHusNsOy
697.35; found:
697.36 (M+H).
HRMS: Anal. Calcd.
for C4pHasNeO4
697.3497; found:




11128 PCT 196 Exanple 22a.4 (Derived from Exanpl e

2la. 2 and Cap-51)
Cal cd. for
875. 4406 (M+H).

WOHRMBt 024932l .

s'"N H 40
LRVS: Anal .

NHoH RT =
Cal cd. for

ihlr

RT -

1.6 mnutes (condition 1);
CA6H57F31\ 1806 875. 4426 1T/62009¢133380
11128 PCT 197 Exanpl e 22b. 2
(Derived from Exanpl e 21b. 1 gnjg Cap-51) o Ho N--

1 mnutes (condition 4);

697.3488 (M+H).

Example 18b.6
(Derived from

Example 17r.7)

RT =2.13 minutes
(condition 2);
LRMS: Anal. Calcd.
for CysHasNeO4
731.34; found:
731.32 (M+H).

Example 18c
(Derived from

Example 17s)

Boc

-
.,
b,Boc

RT = 2.3 minutes
(condition 2).
HRMS: Anal. Calcd.
for CssHasFNgO,
667.3403; found:
667.3419 (M+H).

Example 18c.1
(Derived from

Example 17s.1)

Boc

H|..<.LN},<,N\ F
O NH
et

Boc

H
H

RT =2.29 minutes
(condition 2);
LRMS: Anal. Calcd.
for C4oH44FNgO4
691.34; found:
691.33 (M+H).
HRMS: Anal. Calcd.
for CuoHa4FNeO4
691.3403; found:
691.3420 (M+H).

Example 18¢.2
(Derived from
Example 175.2)

Boc

e N l\l\ F
H‘S\-(\\Hﬂ
NH
=

CBz

H
H

RT = 2.05 minutes
(condition 2);
LRMS: Anal. Calcd.
for Ca3HapFNgOy
725.32;

725.25 (M+H).

found:

_1_112§ PCT




N M NMo C411153N807 769. 40; found:
(M+H) . Exanple 22b.3 (Derived from R

wo@@@grm2§3321b 1 and Cap-4) (condition 4);
Cal cd. for CAT71-4491' 4807 837.37; found: 837.19

(MrH) . Exanpl e 22c (Derived flrg%m

769. 21
2.2 mnutes

L RVS: c 0€009/033380
11128 PCT

Example 18d Boc RT = 2.87 minutes
(Derived from (condition 2);
Example 17t) HRMS: Anal. Calcd.
N’SEM for CasHs7F2NsO4Si
815.4122; found:
815.4149 (M+H).
Example 18¢ Boc RT = 2.34 minutes
(Derived from (condition 2);
Example 17t.1) HRMS: Anal. Calcd.
for CagHazF2NgO4
685.3308; found:
F F 685.3342 (M+H).
Example 18f Boc RT = 2.34 minutes
(Derived from (condition 2);
Examples 16a and HRMS: Anal. Calcd.
18b.1 according to for CagHa1 F4NgOy
the procedure 721.3120; found:
described for F F 721.3128 (M+H).
Example 17)

Synthetic route 11

F’d(dPPf)zC|2

Boc
Boc l/\
N N B B
< O 0
N
B

18a 19

[1,1°-Bis(diphenylphosphino)ferrocene)dichloropalladium(ii)complex with

5 dichloromethane (11.2 mg, 0.014 mmol) was added to a stirred solution of Example

18a (150 mg, 0.274 mmol), bis-pinacol diborane (34.8 mg

, 0.137 mmol), dppf (7.61

mg, 0.014 mmol), and K,CO5 (114 mg, 0.823 mmol) in DM SO (2.5 mL) under argon

atmosphere in a screw top pressure vessel. The solution was flushed thoroughly with

argon, sealed, and immersed in an oil bath preheated at 80 °C and stirred 18 hours.



\ -

0Z O002ZYooORT =15 mnutes Exanple 21c and

Cap-51) (condition |I); HRMVS: Anal. Cal cd. for
WO A4ABR26I806 753. 4083; found: 753.4085 ( MFHICT/USRAMAB3380

PCT 198 Exanple 22c.1 (Derived from Exanple 21le a
Cap-2) j ofit NNC_t-

228 pCT
131

The mixture was cooled, diluted with EtOAc and washed with sat’d NaHCO;
solution, brine, and dried (Na;SO4) and filtered. Solvent was removed iz vacuo and
the residue was charged (CH,Cl,) to a 25 (M) Biotage® silica gel column: Segment 1.
10% B for 75 mL; Segment 2. Gradient cluted from 10-100% B over 1.8 L; (A =
Hexanes; B = EtOAc) gave Example 19, 88.7 mg (33%). 'H NMR (500 MHz,
DMSO-ds) 6 8.56-8.54 (m, 2H), 8.48 (s, 2H), 8.12-8.10 (m, 2H), 7.95-7.91 (m, 4H),
5.83-5.76 (m, 4H), 5.30-5.22 (m, 2H), 3.72-3.61 (m, 4H), 3.53 (t, /= 7.3 Hz, 4H),
2.44-2.18 (m, 4H) 2.11-2.08 (m, 2H), 2.0-1.94 (m, 2H), 1.38/1.08 (s, 18H), 0.91-0.81
(m, 4H), -0.06 (s, 18H). RT = 3.2 minutes (condition 2); HRMS: Anal. Calcd. for
CsoH73NsO6S1; 933.5125; found: 933.5132 (M+H).

Synthetic route 12

Boc ’ Boc

(4
(EtO);P a ﬁ ‘

C )

NaN-on Na NH

-Boc (\ E -Boc

Triethylphosphite (0.257 mL, 1.48 mmol) was added to Example 17q, (340
mg, 0.489 mmol) in DMF (5 mL) and stirred at 80°C for 16 hours. Additional

s
N N O

triethylphosphite (0.3 mL and 0.6 mL) was added at 8 hours intervals until LCMS
indicated the reaction was complete. The solvent was removed in vacuo and the
residue was charged (CH,Cl) to a 25 (M) Biotage@ silica gel column. Segment 1.
0% B for 300 mL; Segment 2. Gradient eluted from 0-50% B over 1440 mL;
Segment 3. Gradient eluted 50-100% B over 600 mL (A = CH,Cl; B =20% CH;0OH
in CH,Cl,) gave Example 20, 286 mg (82%). 'H NMR (500 MHz, DMSO-d¢) & 7.84-
7.80 (m, 8H), 4.87-4.68 (m, 2H), 3.55-3.54 (m, 2H), 3.40-3.30 (m, 6H), 2.82-2.76 (m,
2H), 2.25-1.82 (m, 8H), 1.63-1.57 (m, 2H), 1.42/1.18 (s, 9H). RT = 2.32 minutes
(condition 2); LRMS: Anal. Calcd. for C4oHs1NeOy4 679.40; found: 679.57 (M+H)".



1is MPP RT = 1.4 mnutes
*0 Calcd. for NNH

WO 2009/102633

Synthetic route 13
Boc
N2
=N

NH

Nx
.Bo
6 i

17

(condition 1); LRMS: Anal.
C511- 160N602 N

PCT/US2009/0633380

11128 PCT
182

4N HCI
—

21

Example 17, (411 mg, 0.62 mmol) was dissolved in CH3;0H (20 mL) and
HCl/Dioxane (100 mL of 4N) was added and the reaction was stirred 4 hr. The

5 solvents were removed in vacuo, and the tetra HCI salt was exposed to high vacuum

for 18 hours to give Example 21, 350 mg (94%) as an HCl salt which was used

without further purification. RT = 1.3 minutes (condition 1). LCMS: Anal. Calcd. for

CyoH13Ng: 465; found: 465 (M+H).

Example 21a H o
=

S 0N
H

(Derived from

Example 17a)

RT = 2.99 minutes

(condition 2); LCMS:
Anal.  Caled.  For
C37H4NeOs:  466.57;
found: 467.2.2 (M+H).

Example 21a.1
(Derived from

Example 17a.1)

RT = 1.4 minutes
(condition 1); LCMS:
Anal. Caled. for
CaHsaF3Ng 547.28;
found: 547.19 (M+H).

Example 21a.2
(Derived from

Example 17a.2)

RT = 1.4 minutes
(condition 1); LCMS:
Anal. Caled. for
C3yHzgF3Ng: 561.29;
found: 561.36 (M+H).




817.49; found:

RT = 1.5 (Derived fromH o

Anal .

817.62 (MtH). Exanple 22c.2 0

m nut es Exanple 21c.1 and

woGa@/H2933HH N-- N ?-(/.1 His *0 (condition PCI/HRMS1033380
11128 PCT
183
Example 21b H o N RT = 1.3 minutes
<

(Derived from

Example 17b)

(condition 1); LCMS:
Anal. Calcd. for

(Derived from

Example 17¢)

N NH CaeH3oNg 452; found:
j\r;m 452 (M+H).
Me
Example 21b.1 Ho N RT = 1.2 minutes
: L \ .
(Derived from S N O (condition 2); LCMS:
o)
Example 17b.1) O Anal.  Calcd.  for
N NH C37H46N6051 454.25;
j\TH found: 455.2 (M+H).
Me
Example 21c Ho N RT = 1.3 minutes
]

(condition 1);
LCMS: Anal. Calcd.
for C7H30Ng 438;
found: 438 (M+H).

Example 21c.1

RT = 1.2 minutes

(Derived from

Example 17d)

(Derived from Hﬁﬂ u\ O (condition 1);
Example 17c.1) OQ LCMS: Anal. Calcd.
N NH for C1HaaNg 489.28;
él\‘lvH found: 489.28 (M+H).
H
Example 21d H2N}/</N \ RT = 1.2 minutes

(condition 1);
LCMS: Anal. Calcd.
for CysHagNg 412;
found: 412 (M+H).




NH N--O0 Cal cd.
found: 803. 4236

wd2089/10063 -/

for

(M FH). Exanple 22c.3

CA5t 155N806

184

803. 4239;
RT =
PCT/US2009/033380

11128 PCT

Example 171)

Example 21e Me’“ / RT = 1.4 minutes
(Derived from N N O (condition 1); LCMS:
Example 17¢) OQ Anal. Caled. for
N NH CagH3oNg 452; found:
é\m 452 (M+H).
Example 21f HZN\’«N \ RT = 1.2 minutes
(Derived from s N O (condition 1); LCMS:
Example 17f) OQ Anal. Calcd. for
Ne N CyH3oNg 438; found:
é““ 438 (M+H).
Example 21g H o N . RT = 1.3 minutes
(Derived from L\\\—’«N \ O (condition 1); LCMS:
Example 17g) OQ Anal. Caled. for
Na N CooH3,FNg 433 found:
é\m 483 (M+H).
Example 21h H RT = 1.7 minutes
(Derived from F?L\‘Hﬁ O (condition 2); LCMS:
Example 17h) OQ Anal. Calcd. for
N, NH CooHaFaNg 501.25;
NH found: 501.51 (M+H).
Example 21i Y RT = 1.5 minutes
(Derived from \\"\’«N\ (condition 2); LRMS:

Anal. Caled. for
C29H34N7 48028,
found: 480.26 (M+H).




(Derived fromC)\
N-- N

(condition 1);

- m nutes Exanple 21c.1 FA =o

and Cap-2) H'N 40 HRMS: Anal .

wOo*009/0aé33d. for 3 C55H631"4802 PCT/US2009/033380
11128 PCT
185
Example 21j RT = 1.3 minutes

(Derived from

Example 17j)

(condition 1); LRMS:
Anal. Calcd. for
CaoH32Ng

464; found: 464
(M+H).

Example 21k
(Derived from

Example 17k)

RT = 1.3 minutes
(condition 1); LCMS:
Anal. Calcd. for
C3oH36Ng 505; found:
505 (M+H).

Example 21m
(Derived from

Example 17m)

RT = 1.5 minutes
(condition 1); LRMS:
Anal. Calcd. for
Ca7H3sN6O2

598; found: 598
(M-+H).

Example 21n
(Derived from

Example 17n)

RT = 1.7 minutes
(condition 2) LCMS:
Anal. Calcd. for
CaoH33N6O 481.26;
found: 481.37 (M+H).

Example 210 H
(Derived from

Example 170)

RT = 2.1 minutes
(condition 1) LCMS:
Anal. Calcd. for
CyoH1Ng  464; found:
464 (M+H).




867. 5068;

found: 867.5058

(MFH) .

Exanpl e 22d (Derived from Exanpl

11128 PCT 199
e 21d and Cap-51) o

woosiYs33 K,
(condition 1);
727. 39;

c?HNO *40 NH oH N o Rl

LRVS: Anal .

Cal cd. for

= m nut @81/US2009/033380
C391150N806

found: 727.32 (MtH). %)éan'pl e 22e // 00 zi 1G14PCT

zl a* 01 , -
Example 21p RT = 2.0 minutes
(Derived from (condition 1) LCMS:
Example 17p) Anal. Calcd. for
CyoH3Ng  464; found:
464 (M+H).
Example 21q HooN RT = 1.7 minutes
(Derived from L\\\—’« N : O (condition 2) LCMS:
Example 17q) O. Anal. Calcd. for
NeN-opy C3oH3sNeO 495.28;
g/NH found: 495.37 (M+H).
Example 21r BN RT = 1.5 minutes
(Derived from H N : O (condition 2) LCMS:
Example 17r) O‘ Anal. Calcd. for
N CasHioNe 451.26;
}j’” found: 451.33
(M+H)".
Example 21r.a HooN RT = 1.1 minutes
(Derived from L\\\f(m \ O (condition 1); LCMS:
Example 17r.a) O O/ Anal. Calcd. for
N CHuNeOs: 452.18;
})NH found: 453.2 (M+H).
Example 21r.1 CF3 RT = 1.4 minutes
(Derived from LH\"QN \ (condition 1) LCMS:
Example 17r.1) s N O Anal. Caled. for
O " Ca1H34F3Ng 547.28;
N= found: 547.26
})NH (M+H)".




z z 1zx /. /k-(I\-- r<Zl 0."C.."2=00// RT = 1.6
(Derived from mnutes Exanple 21le (condition 1); and
woGap/ 2933 HRVS: Anal . Cal cd. for CA71154N8@87/0S2009/033380

767.4239; found: 767.4240 (M-I1-H. Exanple 22f 11&8 PCT

- 1.6 (Derived from

187

Example 21r.2
(Derived from

Example 17r.2)

Bow
]
LN

H H

RT = 146 min,
(conditton 2), LCMS:
Anal. Calcd for

C 2o Ny (M+H)

475.26; found: 475.25.
HRMS: Anal. Caled

for C30H31N6

475.2605;
475.2616 (M+H).

found:

Example 211.3
(Derived from

Example 17r.3)

RT = 1.4 minutes
(condition 1) LCMS:
Anal. Calcd. for
CsH3FiNg 557.26;
found: 557.22 (M+H).

Example 211.4
(Derived from

Example 171.4)

RT = 1.43 minutes
(condition 2) LCMS:
Anal. Calcd. for
C3oH33Ng 477.28;
found: 477.22 (M+H).
HRMS: Calcd for

C, Hy N, 477.2761;
found 477.2765
(M+H).

Example 21r.5
(Derived from

Example 171.5)

RT = 1.56 minutes
(condition 2) LCMS:
Anal. Calcd. for
CxHz3Ng 501.28;
found: 501.29 (M+H).
HRMS: Caled for
C,H, N, 501.2761;




m nutes Exanple 21f (condition 1); and Cap-51) HRVE:
Anal . Cal cd. for GUH52NK) 6 753.41; found:
WO Bdo/2hesMF11) . 11128 PCT 200 Exanpl e 229 ( Depé¥/82000/033380
from Exarrple 21g and Cap-51) o ON & H NN G -tH t H40
00 HN, 11"0., o RT = 1.5 11128 PCT
188
found 501.2761
(M+H).
Example 21s Ho . RT = 1.7 minutes
(Derived from SN O (condition 2) LCMS:
Example 17s) O‘ Anal. Calcd. for
N= NH C23H30FN6 46925,
bH found: 469.47
(M+H)".

RT = 1.62 min,
(condition 2), LCMS:
Anal. Caled for
CSOH?‘OFN6 493.25;

Example 21s.1
(Derived from

Example 17s.1)

found: 493.28 (M+H).
HRMS: Calcd for

CWOH%OFN 493.2511;

found 493.2520
(M+H).

Example 21t Ho RT = 1.7 minutes
N
(Derived from F>L\\‘" N O (condition 2) LCMS:
F H
Example 17t) O‘ Anal. Caled. for
N=, NH ngHgngNs 48723,
JZ)N” found: 487.51 (M+H).
Examptle 21t.1 H RT = 1.7 minutes
N T
(Derived from L\\ N O (condition 2) LCMS:
Example 17t.1) O, Anal. Calcd. for
N=, N ngHQgFgNG 48724,

found: 487.51 (M+H).




m nutes (condition 1);

rif171cl (|

797. 41,

FIRVS: Anal . Cal

wo(Perioged from Exanpl e 21g and Cap-2) |

1----:hi

I 1 RVS: Anal .

F 40 *O NH RT =
C: al cd.

fo

1.4 mnutes (
r C531461FN802 8

cd. for

found: 797.21 (MH. Exanple 22g.1

r N \PCT/és20@/033380
condition 1

61.50: f ouﬁLIZS PCT

861. 31 (M+H). Exanple 22g.2 (@@rlved from Exanpl e 21g

G

and Cap-52) O N O HN 2,2 """ NHA40 *0 HNyCL- o RT
1.4 -mnutes cond!tlnn L —HRMS—Ana Cal-cd.—for
xampBENB06 741, §5; nbound: 741. 19 ( MHRT = 1.6 minutes
(Derived from L\‘ (condition 2) LCMS:
Example 18) Anal. Caled. for
C23H29N6 44925,
found: 449.46 (M+H).
Example 21u.1 H RT = 161 min,
. ] iy
(Derived from SN O (condition 2), LCMS:
Example 18.1) OO Anal. Caled for
NH
N= . C,,H, 0N, 473.36;
H found: 473.28 (M-+H).
H HRMS: Anal. Calcd.
for ConmN .
473.2448; found:
473.2457 (M+H).
Example 21u.2 @NH See Example 21x
In.
(Derived from %:N below for
HN
Example 18b.2) OO characterization.
A,
N\
e
Example 21u.3 (\NH RT = 2.10 min,
e

(Derived from

Example 18b.3)

(condition 2), LCMS:
Anal. Caled for

C, 1, N0, 607.46;

found: 607.46 (M-+H).




11128 PCT 201
and Cap-51)
wasb/10268 cd.
(M+rH) . HRVE:
found: 815. 40
from Exanpl e

(condition 2);

Exanpl e 22h (Derived from Exanple 21h

LCMVS:
found: &dHydR09/033380

for C43H52F2NsCo 815. 4056;
Exanpl e 2211. 1 (Derivddi28 PCT

RT = 2.05 mnutes (condition 2);
for CA3H52F21%96 815. 41;
Anal . Cal cd.
32 (ML 11).
21h and Cap-2) 190RT= 1.8 minutes
LCVS: Anal . Cal cd.

for C53H60F2N802

879.49; found: 879.86 (MrH). HRMS: Anal. Calcd. for
111 BgunpGT2 oD C531160F2N802 879. 4886 Exdropiadot
87

an
Example 18b.4)

R

rr

'*Ekampl e 22i (Derived from Example 21i

NH
H
H
Example 21u.5 H RT = 1.82 minutes
(Derived from H/'ENH (condition 2); LRMS:
Example 18b.5) HN =N Anal. Caled. for
OO CxHyoNg 497.25;
O NH found: 497.29 (M+H).
" NH HRMS: Calcd for

C,H N 497.2443;

found 497.2448%
(M+H).

Example 21u.6
(Derived from
Example 18b.6)

RT=1.91 min
(condition 2); LCMS:
Anal. Caled. for
C40H35N602 631.28;

found: 631.27 (M+H).

Example 21v
(Derived from

Example 18c)

RT = 1.8 minutes
(condition 2) LCMS:
Anal. Calcd. for
CysHosFNg 467.24;
found: 467.43 (M+H).




\ ZS00,(zi /0ORT =1.8 mnutes (condition 2); LRV
Anal . Cald. for CA3HS56N90 794. 44; found: 794.41 (MtH).
worRRMB102493al . Cal cd. for Ca3HS56NI0 794. 4354; f aTdUS2009/033380

794. 4365 Exanple 22j (Derived from Exanple 21J anq
Cap-51) Ho 1, __K/N'N H 40 NH H me, o RT= 114128 PCT
m nutes (condition |); Lcvs: Phnal . cal cd. for

CA3H54N306 779.42; found: 779.39 (MtH). Exanple 22j.1

( Derived—tftrom-Exanple-24—and Cap-2)——o0-N-+N-C-- N\
H (ORI o] RT= 114 minutes (condition| Bf;~ i-Cuutes
éggberi%ﬁgn for <Cs313620802 843. 51; f olpdaditidalHANIGT

Anal. Calced. for
N= Cj,ongFNG 491.24;
@“H found: 491.25 (M+H).
H HRMS: Calcd. for

C30H23FN6 491.2354;
found 491.2364

Example 18c.1)

(M+H).
Example 21v.2 Ho N . RT = 1.76 minutes
(Derived from H?\\‘HH \ O (condition 2) LCMS:
Example 18¢.2) OO Anal. Calcd. for
NS g | CasHaFNGO; 625.27;
Yoo | found: 625.19 (M+H).
H
Example 21w Ho N RT = 1.9 minutes
(Derived from iL\\\’«” \ O (condition 2) LCMS:
Example 18d) OO Anal. Calcd. for
N CagHorFsNg 485.23;
}j’“ found: 485.46 (M+H),
Example 21w.1 H\’q \ RT = 1.8 minutes
(Derived from \/\\5 N O (condition 2) LCMS:
Example 18e) Oe Anal. Caled. for
N CasHarF,Ne 485.23;
NH

found: 485.30 (M+H).




843. 48 (MH).

HRMS: Anal .

for C53H62N8043

843.5074; found: 843.5079 (I\/H-H). Exanpl e 22k (Deri ved

wo Hgndexaml e 21k and Cap-51) o NI
1.7 mnutes (condition 1);

INN 1 b* i n pdt/Gs205633380
LCMS: Anal. Calcd. for

CA6H53N506 N o 819, 46; found: 819.50 11128 PCT
(M1-H.
Example 21w.2 RT = 2.3 minutes
(Derived from \\ u]\‘\”\ (condition 2) LCMS:
Example 18f) Anal. Calcd. for
CosHasFaNg 521.21;
H found: 521.28 (M+H).
F F

Example 21x
(Derived from
Example 19)
NOTE: Same as
Example 21u.2

\‘

Iz \z

RT = 1.7 minutes
(condition 2) LCMS:
Anal. Caled. for
CioH29Ng 473.24;
found: 473.27 (M+H).

Example 21x.1
(Derived from

Example 20)

RT = 1.6 minutes
(condition 2) LCMS:

O. Anal. Caled. for

“ C30H35N6 47929,
éNH found: 479.39 (M+H).

Synthetic route 14

H
N

G

L
/"‘\

Iz

O OQ HATU 1 i-Pr,EtN OQ
s
N NH

HNLO Mo
S, o eh
HATU (88 mg, 0.33 mmol) was added and rapidly stirred solution of

5 Example 21, (87.5 mg, 0.145 mmol), Cap-51: N-methoxycarbonyl-L-valine (63.3
mg, 0.36 mmol), and Hunig’s base (0.23 mL, 1.25 mmol) in DMF (3.5 mL). The
reaction mixture was stirred 16 hours before being diluted with CH;OH (1 vol) and
directly subjected to semi prep HPLC (4 injections at 2 mL each; Dynamax 60A prep
C8 column; 25% - 100% B over 30 min; Flow Rate = 20 mL/min; Wavelength = 220

10 nm; Solvent A =0.1% TFA in 10%methanol/90%H20; Solvent B=0.1% TFA in



HRVS: Anal . Cal ed. for Cd6f 1581\ 1806
819. 4558; found: 819.-4547 (M+H). Exanple 22k.1

wolLho/102635= 1.4 minutes (Derived fromrr4 ( corditg2009/033380

1); Exanple 21k OHNN
) P 11128 PCT

193

90%methanol/10% H20) to give Example 22, (TFA salt). 'H NMR (300 MHz,
DMSO-dg) 6 8.04-8.02 (m, 1H), 7.78-7.58 (m, 4H), 7.49-7.41(m, 3H), 7.30-7.24 (m,
2H), 5.09-5.01 (m, 2H), 4.1-4.03 (m, 2H), 3.81-3.79 (m, 4H), 3.54 (s, 6H), 2.92-2.34
(m, 4H), 2.17-2.09 (m, 4H), 2.00-1.87 (m, 8H), 0.79-0.81 (m, 12H). RT =1.57

5 minutes (condition 1). LRMS: Anal. Caled. for C43H55NgOg: 779.42; found: 779.48
(M+H). HRMS: Anal. Calcd. for C43HssNgOg: 779.4245; found: 779.4249 (M+H).

Example 22.1 L g RT=14
(Derived from Q/EFO minutes
Example 21 LNMN \ (condition 1);
and Cap-2) S0 O LRMS: Anal.

OQ Calcd. for
N NH
EY@ Cs3HgpNgO,
N 843.51; found:
843.89 (M+H).
HRMS: Anal.
Calcd. for
Cs3He N3O,
843.5047;
found: 843.5099
(M+H).
Example 22.2 @ RT=14
\OJ( /(f
(Derived from N o nminutes

Example 21 \\HN O (condition 1);
H

and Cap-52) OQ LRMS: Anal.

N Calcd. for
"o,
&J‘TNTO\ C1sHagNsOs
© 723.36; found:
723.39 (M+H).
HRMS: Anal.
Calcd. for
C39H4eN3Og




LCVSB: Anal .
C56H66N1802

wddiRResnal -

and Cap-2) |Ib* ise
00 883.54: found:
Cal cd. for

194

Cal cd.

for

883.56 (M-H).

PCT/US2009/033380
11128 PCT

723.3619;
found: 723.3643
(M+H).

Example 22.3
(Derived from
Example 21
and Cap-4)

RT=1.7
minutes
(condition 1);
LRMS: Anal.
Calcd. for
CaoHsoN3Os
723.39; found:
723.40 (M+H).
HRMS: Anal.
Calcd. for
CaoHsoNsOs
847.3932;
found: 847.3953
(M+H).

Example 22a
(Derived from
Example 21a
and Cap-51)

RT=2.0
minutes
(condition 4);
LRMS: Anal.
Calcd. for
CrHs53NgOy
781.41; found:
781.33 (M+H).




C5611663\ 4802 883. 5387;

f ound:

883. 5353 ( MH).

11128 PCT 204 Exanple 22m (Derived from Exanple 21m
WO2000/10a¢8351 ) CBz c_c NN---1, HO |ISO NH RT = IP@/US2009/033380

m nutes (condition 1); |I,RVMS: Anal. Calcd. for H
NyO", O C441149N705 05 1128 PCT
Example 22a.1 N /lf RT= 22
(Derived from o7 minutes
0
Example 21a %N \ (condition 4);
and Cap-4) L\\ N O o LRMS: Anal.
O _ Calcd. for
Ng fK{@ CasHaoNsO7
N : .
HN\H/O\ 349.37; found:
o 849.25 (M+H).
Example 22a.2 @ RT= 1.6
: \OANK FsC .
(Derived from N O " minutes
N
Example 21a.1 L\\HN | O (Condition 1),
H
and Cap-51) OQ HRMS: Anal.
N NH Calced. for
61)1'\“/0\ CasHseF3NsOg
© R61.4281;
found: 861.4269
(M+H).
Example 22a.3 L ¥ RT= 14
(Derived from @&o FaC minutes
Example 21a.1 LN\’QN \ (condition 1);

and Cap-2)

HRMS: Anal.
Calcd. for

j\(@ CssHeaFaNgO»
N 925.5099;

found: 925.5096
(M+H).




756. 39; found: 756.55 (M1 ID Exanple 22n RT = 2.1
m nutes (Derived from (condition 2); Exanple 21n
woLAMB102688al . and Cap-51) Calcd. for C4111553¢118€0609/033380
795.41; found: 795.53 (MH). HRVS: Anal . Cal cd.
for  C, 13H55N807 11128 PCT
196
Example 22a.4 \OJ(E CF RT = 1.6
(Derived from N0 . minutes
N
Example 21a.2 L\?’«N \ O (condition 1);
H
and Cap-51) OQ HRMS: Anal.
NH Calcd. for
Nx fe) H
&T\H/O\ CasHs7F3NsO6
° | 875.4426;
found: 875.4406
(M+H).
Example 22b o] RT=1.6
X p \O/I( K
(Derived from N0 minutes

Example 21b
and Cap-51)

(condition 1);
LRMS: Anal.
Calcd. for
CayHsaNsOg
767.37; found:
767.42 (M+H).

Example 22b.1
(Derived from
Example 21b
and Cap-2)

o CsoHepNgO9

RT=14
minutes
(condition 1);
LRMS: Anal.
Calcd. for

N 831.50; found:
831.63 (M+H).




795. 4188; found: 795.4188 (M+H). Exanple 22n.1 /-- 0
- ornb ZI cEQ,,,7/ RT= 1.9 mnutes (Derived from
wo(mondiztizon 2); Exanple 21n IR MS: Anal. and rCapus2)oo/033380

Cal cd. for C51E63- 1\ 1803 859. 49; found: 859. 59
(MrH) . HRVB: Anal . 1Ti28 PCT
197
Example 22b.2 0 RT=2.1
\O/l(
(Derived from ﬁéo y minutes
N
Example 21b.1 L\\”«H \ O (condition 4);
and Cap-51) O © LRMS: Anal.
~ NH Calcd. for
N, fe) M
},’\, N\n/o\ C41H53NgO7
Me © 769.40; found:
769.21 (M+H).
Example 22b.3 O RT=22
p ol
(Derived from pH minutes
o
Example 21b.1 %N \ (condition 4);
and Cap-4) s N O o LRMS: Anal.
O _ Calcd. for
N NH
} )OY© Ca7H4oN5O4
N . :
e HN\H/O\ 837.37; found:
o) 837.19 (M+H).
Example 22¢ 0 RT=1.5
\O/l( K
(Derived from N0 " minutes
N
Example 21¢ L\?’«N \ O (condition 1);
H
and Cap-51) OQ HRMS: Anal.
NH Calcd. for
N oy
}QT\H/O\ Ca1Hs5:NsOg
© | 753.4083;
found: 753.4085
(M+H).




Cal cd. for C53H63N803 859. 5018; found: 859. 5015
(MrH ). 11128 PCT 205 Exanple 220 (Derived from
wOoXaoRi8321 0 and Cap-51) o \OAN H O NI ;11 -pdBy9odbissso
NH 1r c k oRT =15 mnutes (condition 1); H RVE:
Anal . Cal ed. for C41154N805 779.4239. found: , 11128 PCT
779. 4242 (MrH). Exanple 22p (B8rived from Exanple 21p
and Cap-51)
Example 22¢.1 ( y RT=14
(Derived from O/gfo minutes
Example 21c¢ LN\\_<,N \ (condition 1);
and Cap-2) g LRMS: Anal.
OQ Calcd. for
N}NH Q Cs1HeoNgO2
N N 817.49; found:
r 1 817.62 (M+H).
Example 22¢.2 0 RT=1.5
(Derived from N0 minutes
Hi, N )
Example 21c.1 §L\\HN\ O (condition 1);
H
and Cap-51) OQ HRMS: Anal.
N MO Calcd. for
N ~
2 ;N)\l\‘g CusHssNgOg
ANTH 803.4239;
found: 803.4236
(M-+H).
Example 22¢.3 RT=13
o Wt |
erived from tes
Q/{FO minute
Example 21c.1 HZLNMN \ (condition 1);
and Cap-2) N O HRMS: Anal.
OQ Calcd. for
NS NHS\\(Q CssHe3sNgOo
N
N 867.5008;
é‘Hi A
H found: 867.5058
(M+H).




o N--H 0

N Ts.

_ o/
m nutes (condition 1);

WOARH BedI805 779. 4239;

""NH N .N N tF(isi

| 1IRVMS: Anal .

Cal ed.

| PN RT =
for
found: 779.4243 (MtH). PERAD2D@/033380

1.5

22q (Derived from Exanpl e 21q and Cap- 51) OHO
1-NiNN'\ H40 ell NOHo ,TIS . ,c H\Nn '7"--- o ,. HIZPCT
= 2.2 mnutes (condition 2); 1I?E‘QMS Anal . Cal ed. for
CA4H57N807 809.43; found: 809.53 (M 11). HRMS: Anal.
| ed.—for C4,11-157N807 8094345 found:—809.4345
(nulf‘ﬁf‘mplel2ff28 PCT°2 Exan'pl e 22q.1 (Derived R Gmminutes
ExiaimRligeLdormnd éam‘ : N, _ /o i:HN (condition 1);
Example 21d \\?”QN\ O LRMS: Anal.
H
and Cap-51) OQ Calcd. for
N NH o C39H50N306
H
}NTTO\ 727.39; found:
H o

727.32 (M+H).

Example 21f
and Cap-51)

Example 22¢ 0 RT=1.6
\OJL
(Derived from Hio N minutes
N
Example 21e Me \\\/«ﬁ ! O (condition 1);
and Cap-51) OQ : HRMS: Anal.
NH Calcd. fOl‘
Nx o) H
é\,)I\'\‘(O\ CaHssNgOg
°1767.4239;
found: 767.4240
(M+H).
Example 22f 0 RT=1.6
\OJ(
Derived from N:CO minutes
( H

(condition 1);
HRMS: Anal.
Caled. for
Ci1HsNgOs
753.41; found:
753.54 (M+H).




cl N HO NNNOH (N SOC5, 1H65N803 RT = 1.9 m nutes

(c

ondition 2);

LRVS: Anal. Calcd. for 873.51;

f ound:

wo89/806fM | 11). FIRVMS: Anal. Gated. for CS54HESMNEOB09/033380

87

from Exanpl e 21r and Cap-5I)
-NNHNo- RT - 2.1 minutes (€¥ndition 2);

3.5174;

0J-

found: 873.5171 (M+H). Exanple 22r (Derived
0 o NN CJ--iv 1198 PCT
LCVS: Anal .

Cal cd. for C42H53N806 765, 41; found: 765.51 (MH)
|1 RMS:_Anal lcd. for C42]1153N506 765.4083; found:
76PEx088 {12¢H) . Epanpl e 22r.a (Derived from ERdrmpl-&
201 (e AR 2] N 0 TAN T4 o Nobh g
N F
Example 21g L\\HN \ ‘ (condition 1);
H
and Cap-51) OQ HRMS: Anal.
FNH Calcd. for
&TTO\ Ca3Hs:FN5Og
© 797.41; found:
797.21 (M+H).
Example 22g.1 ( y RT=14
(Derived from O/EFO minutes
Example 21g ' LN\»‘«N 1F (condition 1);
and Cap-2) S0 O HRMS: Anal.
OQ Calcd. for
N NH
0 Cs3Ha FNgO»
) N 861.50; found:
( 1 861.31 (M+H).
Example 22¢g.2 . /123 RT=14
(Derived from © H{FO N minutes
N F
Example 21g \\HN \ O (condition 1);
H
and Cap-52) ' OQ HRMS: Anal.
ONH Calcd. for
é\l)\[NTO\ CagH4sFNgOsg
o)
741.35; found:
741.19 (M+H).




LCVE:
f ound: 829. 65
Cal cbCTie2009/033380

ISN NHOdi RT = 1.8 mnutes (condition 2);
Anal . Cal cd. for C521161N802 829. 49;
wo(Mid2638RVS:  Anal . 11128 PCT 207

C521- 151N802 829.4912; found: 829.4917 (M+H). ExanPI e
22r.b (Derived from Exanple 21r.a and Cap-51) 1128 RCT
O NHO NN ',----1 :-N40 0 Nz20l:RRe - ti - 2.1 minutes
(condition 4); LCMS: Anal. Cala'. for C ,, H5, 807
767. 67, found: 767 .17 (MtH) Exanple 22r. ¢ ( rived
f ridfeERbemgRe pir. adand Cap-4) \ \o--/( RT =15
(Derived from o N ° minutes
Example 21g HLNh,QN 1oF (condition 1);
and Cap-86) . O HRMS: Anal.
OQ Calced. for
N NH ,
Q H Ca3Hs3FNsOg
N NTO\
)j"/o o 829.41; found:
! 829.25 (M+H).
Example 22h 0 RT= 2.05
(Derived from N o N minutes
N
Example 21h F \\\"« \ (condition 2);

and Cap-51)

LCMS: Anal.
Caled. for
Ca3HspF2NsOs
815.41; found:
815.79 (M+H).
HRMS: Anal.
Calcd. for
Ca3HspFoNgOg
815.4056;
found: 815.4032
(M+H).

Example 22h.1
(Derived from
Example 21h
and Cap-2)

RT= 1.8 minutes
(condition 2);
LCMS: Anal.
Caled. for
CsaHeoF2NsO,
879.49; found:
879.86 (M+H).
HRMS: Anal.
Calcd. for




N HONN. -- CG--N\ --"H 110 O NN =NHNt o RT = 2.2

m nutes (condition 4); LCVS: Anal. Caled. for
wEAdd1obéANB07 835. 35; found: parent not obs. (HRs2009/033380

Exanple 22r.1 (Derived from Exanple 21.1 and Cap-51)

OYCF3 NHO NN I----C H 400 NHN o O RT - 1.4 m nutld§28 PCT

(condition 1);
861. 43; found:
22r.2 (Derive

LCVS: Anal . Cal0@d. for CA5HS56NS06
861.61 (M-H). 11128 PCT 208 Exanpl e

fromExanple 21r. 2 and Cap-51) 0 No
Cs3Heol2NsO

879.4886;
found: 879.4855
(M+H).

Example 221
(Derived from
Example 211
and Cap-51)

RT=1.8
N" N0 minutes

N
L\\}/(’N \ O y (condition 2);
H e
N LRMS: Anal.

A NH o Calcd. for

&JIMO\ CiyHsgNoO

© 794.44; found:

794.41 (M+H).
HRMS: Anal.
Calcd. for
Ca3HssNoO
794.4354;
found: 794.4365
(M+H).

Example 22
(Derived from
Example 21
and Cap-51)

O RT= 1.6 minutes
\O/K ., .
N © {condition 1);
N E
L O OQ LCMS: Anal.
H
" Calcd. for

N fe) H
N__ O
é}' T | CaaHsNOg

779.42; found:
779.39 (M+H).

Example 22j.1
(Derived from
Example 21j
and Cap-2)

L y RT= 1.4 minutes
Q/S;o (condition 1);

N N : LCMS: Anal.
) Calcd. for

O Nx NH le)
6 Cs:HeNz O

( h 843.51; found:




p/.N..> 111 1dH ISOHoON HRT =1.95 mn
(condition 2). HRMS: Caled for C4,1H s3Ns06 789. 4083;

wof2001263889. 4098 (MrH). Exanpl e 22r.2a (Deri ved1fusms/o333s0
Exanple 21r.2 and Cap-2) \ --N N io - NNIF(....__Kel
Hs.N40 *O0 NH O N N RI =1. 70ni n gconditi on 2). HRVvsITI28 PCT
Cal cd for C5-1H61N802 853. 49893 f ound: 853.4925 ( MtH).

Exanpl e 22r.21) (Derived from Exanpl e 21r. 2and Cap-4)
\_1'0--/4 NEN ti ;'\ \_FA< 1 1>11le SONH
- 843.48 (M+H).

HRMS: Anal.
Calcd. for
Cs3HeNgOus
843.5074;
found: 843.5079
(M-+HY

Example 22k o I{ RT= 1.7 minutes
~ 5 N
(Derived from ot 21\1 (condition 1);

Example 21k O LCMS: Anal.
and Cap-51) OQ Calcd. for

nsMo CasHssNsOs
N__O_

é“ﬁ}f 819.46; found:
819.50 (M-+H),
HRMS: Anal.
Calcd. for
CasHsgNsOs
819.4558; found:

819.4547 (M+H).
Example 22k.1 L J RT= 1.4 minutes

(Derived from Q (condition 1);
Example 21k mm =N LCMS: Anal.
and Cap-2) O Calcd. for
OQ Cs6HesNsO»

Ns'm o 883.54; found:
é\' N 883.56 (M+H).
( W HRMS: Anal.
Caled. for
CseHesNgO2

883.5387; found:
883.5353 (M+H).




\ N- Nl HHNH -z,- / o RT = 1.85 mn (condition 2);

LCVS: Anal . Cal cd for C50H, 1 9N806 857.38; found:
wRbe/fobedMFH) . Exanpl e 22r. 3 (Derived from Exap@l/8s2000/033380

21r.3 and Cap-51) O HOF30 I-1 /NNl "1-2--N 1 pv'llry

ISONHO NII't HHGL- RT = 1.6 minutes (conditionl138PCT

11RVS: Anal. Calcd. for C46118417d\ 1806 871.4113;

found: 871.4114 (M+H). 11128 PCT 209 Exanpl e
22r.4 (Derived from Exanple 21r.4and Cap-51) r oyo HN
N NEXpOAZ2m CBz RT = 1.6 minutes
N N \
(Derived from L\?’(N O (condition 1);
H
Example 21m OQ LRMS: Anal.
and Cap-51) AN Calcd. for
H
N N\[go\ C4aH4oN7Os5
756.39; found:
756.55 (M+H).
Example 22n . J(L) RT = 2.1 minutes
o
(Derived from N ] © (condition 2);
<
Example 21n L\\\—(N O LRMS: Anal.
and Cap-51) O Caled. for
\—OH
Ny™ g y Ca3HssNgO-
N N._O«
a T 795.41; found:
795.53 (M+H).
HRMS: Anal.
Calcd. for
Ca3HssNgO-
795.4188; found:
795.4188 (M+H).
Example 22n.1 ( y RT= 1.9 minutes
(Derived from @&o {condition 2);
Example 21n NN LRMS: Anal.
L
and Cap-2) H O Caled. for
OQ Cs3He:NsOs
N~ OH
NS j\(© 859.49; found:
) X 859.59 (M+H).
( 1 HRMS: Anal.
Calcd. for
Cs:He:NsOs
859.5018; found:
859.5015 (M+H).




SONHN O HV- .-f RT =1.97 min (condition 2). |IlRMS:
Cale] for CH N /445580 6 791.4239; found: 791.4329
wolM263Exanpl e 22r.5 (Derived from Exanpl e 2PCTRIS2018/033380
Cap-51) t(j,W4ll oz * -0z i'ki | RT - 2.02 nin
(condition 2); LCMS: Anal. Cglcd for CA6H55NBO6 11128 PCT

815. 42;

found: 815.52 (MH).

PyRVE: Ccalcd for

046H55N806 815. 4239;
2

found: 813.4239 (MH).

s (Derived from Exanple 21s and Cap-51)

Exanpl e

zt| Brapple@2g2 70,

1 m nut es (cond|t| on

\_a % Zr Q
By = lonpgtes

Ana(be“ggalfp(gn flor 2E7' 806 783. 39; foundionfderty;
(NFH) . HRMS: Anal . ) for C421152Fi N8G6 783. 39 8
f autdmple 210 HRMS: Anal.
and Cap-51) NH Calcd. for
N/)\\\J Ca3Hs4NgOs
N
RN 779.4239; found:
o
0 779.4242 (M+H).
Example 2271 o) o, /| RT = 1.5 minutes
e oA i ] ¥ .
(Derived from N" N0 INH (condition 1);
N T AR
Example 21p L\\ N O " 7/0 HRMS: Anal.
H ~
and Cap-51) O N Caled. for
Ca3HsaNgOs
779.4239; found:
779.4243 (M+H).
Example 22q \oJ(O RT = 2.2 minutes
(Derived from N o (condition 2);

Example 21q
and Cap-51)

LRMS: Anal.
Calcd. for
CuasHs57NgO
809.43; found:
809.53 (M+H).
HRMS: Anal.
Calcd. for
CasHs57NgO
809.4345; found:
809.4345 (M+H)".




11128 PCT 210

(Derived from Exanpl e 21s and Cap-2)
w®209/1686337 1.8 minutes (condition 2);
C521160FN802 847. 47,
C52H60FN802 847. 4818;

Cal ed. for
Il RVMS: Anal .

Cal cd.

783.3972 (MtH). Exanple 22s.a

fou
for

r-z\ alLL z zi *

LCVS:  Anabt/us2009/033380
nd: 847.76 (MtH).
128 PCT

fou

847.4804 (MHO. Exanple 22s.b &@%rived from Exanpl e

21sand Cap-52)
N LHrco -

0oJ o HO NN >---0d

:-H40 OGS NHO tN

RT

1.8 minutes (conditi

n2):

Fragnplagg. |
7([%%\&@@%5%-

Example 21q
and Cap-2)

LCI
72]

Cal cd

HRLY1

Nt

L

or Cl SHA3FN806 727. 34
— Anal .

\
o}

N
N 2

OO

|- RTFp LA dninutes
(condition 2);
LRMS: Anal.
Calcd. for
Cs4HgsNsO5
873.51; found:
873.60 (M+H).
HRMS: Anal.
Calcd. for
Cs4HesNsO3
873.5174; found:
873.5171 (M+H).

Example 22r
(Dertved from
Example 21r
and Cap-51)

RT = 2.1 minutes
(condition 2);
LCMS: Anal.
Calcd. for
C42Hs53NgOs
765.41; found:
765.51 (M+H).
HRMS: Anal.
Calcd. for
Ca2Hs3NgOg
765.4083; found:
765.4088 (M+H).

Example 22r.a
(Derived from
Example 21r
and Cap-2)

N

RT = 1.8 minutes
(condition 2);
LCMS: Anal.
Caled. for
CsoHeNgO,
829.49; found:
829.65 (M+H).
HRMS: Anal.




Cal cd.

for

C3s. 1- 143EN2506 727. 3362;

f ound:

727. 3378

(M+H). Exanple 22s.c (Derived from Exanpl e 21s and
woGapy 80933\ |

1.9 minutes (condition 2);
C42H51FN308 815. 39;

211 HRMS:  Anal .

o 0 1o

Cal cd.

c_K H 4010 NNl N N r, vo @dr/iskosm/033380
LCVS: Anal . Calcd. for
found: 815,73 (I1VI+H). 111281P@fPCT

for

2642HMFNS0S 815. 3887:

found: 815.3916 (M+H). Exanple 22s.1 (Derlved from

Ex

anmlp 21s. 1 _and (‘;m R1\

oo H 1>---:-1

U0 _ SO0 H o

Calcd. for
CsoHeNsO»
829.4912; found:
829.4917 (M+H).

Example 221.b
(Derived from
Example 21r.a
and Cap-51)

RT = 2.1 minutes
(condition 4);
LCMS: Anal.
Calcd. for
Cy1Hs51NgO4
767.67; found:
767.17 (M+H).

Example 22r.c
(Derived from
Example 21r.a
and Cap-4)

RT = 2.2 minutes
(condition 4);
LCMS: Anal.
Calced. for
Ca7Ha47NgO
835.35; found:
parent not obs.

(M+H).

Example 22r.1
(Derived from
Example 21r1.1
and Cap-51)

RT = 1.4 minutes
(condition 1);
LCMS: Anal.
Caled. for
CasHs6NgOg
861.43; found:
861.61 (M+H).




Hc_. HRT = 2.00 mn, (condition 2). HRVS: Calcd for

Cl: 1H52FN806 807.3988; found: 807.4008 (MtH). Exanple
wo299/102833 Deri ved from Exanpl e 21s. 1 and Cap- 2pctyus2000/033380

Nl --INH N "..88-KH1-1\-N40 00 Ho N RT =1.74

mn, (condition 2). HRVS: Calcd for C54H60FNS02 11128 PCT

871.4818; found: 871.4830 (M498. . Exanple 22s. 1 b

(Derived from Exanpl e 21s. land Cap-4) o) \o-A\\1- Nt?

H-0 HNN-1>40 OS NH\_HNto HHzo RT = 2 02 mmn
( cpheinnion2) ; ko Anal . Calcd for C50 HREN 095 mins
86 (%Yegi'vg’gfroélound 053 (Mr1-1). (condition 2).
Example 211.2 <L HRMS: Calcd for
and Cap-51) C,H,NO,
789.4083; found:
HN\( 789.4098 (M+H).
H O
H
Example 22r.2a RT = 1.70 min
(Derived from N (condition 2).
o
Example 21r1.2 ””HJ<L N HRMS: Caled for
N
and Cap-2) AN O C, H NO,
O 853.4912; found:
_NH o
N§ NJ\(Q 853.4925 (M+H).
N
R
Example 221.2b RT = 1.85 min
o)
(Derived from \04N\\_ (condition 2);
o
Example 211.2 S LCMS: Anal,
¥
and Cap-4) §\\‘ N O Calcd for
O CooNsOs
~NH
N N)Kp 857.38; found:
o
TN~ 857.41 (M.
H 0
H s
Example 22r.3 \0J<O RT = 1.6 minutes
(Derived from N \oo PG (condition 1).
N
Example 211.3 Hor ] HRMS: Anal.
xamp }fﬁ\: y O n
and Cap-51) O‘ - | Calcd. for
N/‘ NH w\ C46H54F3N306
N Hﬁ\(o 871.4113; found:
KH 0 871.4114 (M+H),




11128 PCT 212 Exanple 22t (Derived from Exanple 211

and Cap-51) ot-0 .?z * 2zt O /O RT = 2.0 mnutes
wo(wontizeion 2); LCMS: Anal. Cal cd. for C4211- PICT/US2009/033380

E2. 1\ 1806 801, 39; found: 801.73 (M+H). FI RVE: Analr1128PCT

Cal cd. for C42H51E2N806 801. 3%80; found: 801.3874

(MHI ). Exanple 22t.a 0-1>. 7%z zx 0 zi,o/ RT = 1.8

m nutes (Derived from (condition 2); Exanple 21t

L GVE—Anal—aned—Cap-—2)—Cal-ed—For C52H50F2N802
Example 22r.4 d RT = 197 min
o
(Derived from HEZ/< (condition 2).
Example 21r.4 NN HRMS: Calcd for
I
and Cap-51) S=N C44H55NSO6
HN
99 o 791.4239; found:
z 791.4329 (M-+H).
N = 0
HN
kS
Example 22r.5 / RT = 2.02 min
O\FO
(Derived from L HN (condition 2);
Example 21r1.5 H/-P’N LCMS: Anal.
I o
and Cap-51) S:N Calcd for
hos Cl0
46755 876
O 815.42; found:
= NH o 5
N N)\_;/LO 815.52 (M+H).
HN
W oo HRMS: Calcd for
H
C it lssNOs
815.4239; found:
813.4239 (M+H).
Example 22s O RT = 2.1 minutes
P Yok o
(Derived from N o) (condition 2);
NN F
Example 21s e, \ O LCMS: Anal.
H
and Cap-51) Calcd. for
O‘ NH }k)\ C42Hs5FNgO
N= Q 420551 INgUg
b HN-¢° | 783.39; found:
| 783.64 (M+H).
HRMS: Anal.
Calcd. for
C4oH52FNgOg
783.3988; found:




865. 47; found:
for C52H59E2N802

wo(MasrtdezsExanpl e 221.1 RT = 2.0 minutes (Derimedu$zmm33380
Exanple 21t.1 LCVs: Anal. and Cap]?%igPCT

(condition 2);
Cal cd. for

865. 86 (M+H).

865. 4729;

2

HRMS: Anal .

f ound:

10

Cal cd.
865. 4706

783.3972 (M+H).

Example 22s.a
(Derived from
Example 21s
and Cap-2)

RT = 1.8 minutes
(condition 2);
LCMS: Anal.
Calcd. for
Cs2HeoFNgO,
847.47; found:
847.76 (M+H).
HRMS: Anal.
Calcd. for
CsoHgoFNgO,
847.4818; found:
847.4804 (M+H).

Example 22s.b
(Derived from
Example 21s
and Cap-52)

RT = 1.8 minutes
(condition 2);
LCMS: Anal.
Calcd. for
C3sH43FN8Os
727.34; found:
727.70 (M+H).
HRMS: Anal.
Calcd. for
CisHa3FN5O6
727.3362; found:
727.3378 (M+H).

Example 22s.c
(Derived from
Example 21s

and Cap-86)

RT = 1.9 minutes
{condition 2);
LCMS: Anal.
Calcd. for

CaHs FNgOg
815.39; found:
815.73 (M+H).




C42HSOE9ONBOS 801. 39; found: 801.45 (MtH). Fl RVS:
Anal . 11128 PCT 213 Cal cd. for (2421150E2N506
wo30dy/a863%; found: 801.3923 (M FH). Exanple 22tpcth/@s2009/033380
(Derived fromExanmple 211.1 and Cap-2) ----.NV
~_/--() NNI_ L---,N' HA0 S. Nr- '"NIN RT = 1.8 M1I128PCT
m nutes (condition 2): LCVS: 2Ahal . Calcd. for
C52H59F2N802 865. 47; found: 865.54 (MtH). FIRMS: Anal .
Calcd._for C52H59E2NS502 865 4724; found: 865 4735
(M+H) . Exanpl € 22u (Derived from Exanpl e 2| UR¥Rg Anal.
p-51) \o o- H-0 NN--, \.. 4.1 Hw Caled. for
CaoHs1FNgOg
815.3887; found:
815.3916 (M+H).
Example 22s.1 9 O RT = 2.00 min,
(Derived from (condition 2).
Example 21s.1 <L\’<N HRMS: Calcd for
and Cap-51) " C,H FN.O
807.398%; found:
HN\/( 807.4008 (M+H).
H o}
H
Example 22s.1a RT =1.74 min,
(Derived from N (condition 2).
Example 21s.1 ’j N ° N . HRMS: Calcd for
L)
and Cap-2) N O C, H,FN.O,
O‘ 871.4818; found:
_NH o
" N»\(Q 871.4830 (M+H)..
N
O
Example 22s.1b RT = 2.02 min
o
(Derived from o " (condition 2);
Example 21s.1 HH N © N e LCMS: Anal.
)
and Cap-4) N O Calcd for
o CH N0,
_NH ¢
N N 875.37; found:
o
W | 87553 (MHH),
H /




NHIS Nt/o I-1f - RT - 2.0 mnutes (condition 2);
LCMS: Anal. Calcd. for C42H5i NgO5 763. 39; found:

woRdfeisM T. Exanple 22u.a (Derived from Exasgles24de/033380

il andCapZ) -Th IO NN CI-IN1 HO 400 NHO N N
RT = 1.8 minutes (condition 2); LCVS: Anal. Cal cd11#ZPCT
C52149914202 827.48; found: 8@7. 75 (M+H). HRMS: Anal .

Cal cd. for 11128 PCT 214 C5211591\ 402 827. 4756;

found: 827.4762 (IVtH)

Exanpl e 22u. b(Deriv

d from

Exjappinel2ly and %p'za:) i 00 NOAN H u 1 |RT=2.0minutes
(Derived from (condition 2);
Example 21t “L N LCMS: Anal.
and Cap-51) A O Calcd. for

CarHs1F,NgOg
t HN\{ o| 801.39; found:
~ 801.73 (M+H).
HRMS: Anal.
Calcd. for
CaHs1F2NsOs
801.3900; found:
801.3874 (M+H).
Example 22t.a RT = 1.8 minutes
(Derived from N (condition 2);
Example 21t — N ° N LCMS: Anal.
and Cap-2) C \‘Hﬁ : O Calcd. for
O’ CsoHsoF2NsO»

865.47; found:
865.86 (M+H).
HRMS: Anal.
Calcd. for
CsyHsoF2NsO,
865.4729; found:
865.4706 (M+H).

Example 22t.1
(Derived from
Example 21t.1
and Cap-51)

RT = 2.0 minutes
(condition 2);
LCMS: Anal.
Calcd. for
CarHsoF2NsOs
801.39; found:
801.45 (M+H).
HRMS: Anal.




(condition 2);
w0 R/ ®3¢33f ound: 79532 (M+l-1).

NOOO N-NHNO, y vo

LCVS: Anal .

Cal cd.

from Exanpl e 21u. 1and Cap-51) N H |

for

H,

C51 40 *O H-lit HO,, RT = 2.00 nin, (condition 3J128 PCT

1 RT =1.9 mnutes
C42H51N808

Exanpl e 22u. 1 (ploanissesh/n3ssso

81 Nhl

LCVS: Anal. Caled for ClIIN 203445186 787.39; found:
787.39 (MtH). HRVB: Cal cd for C4111-51N806
Calced. for
CaHsoF,NgOg

301.3894; found:
801.3923 (M+H).

Example 22t.1a

RT = 1.8 minutes

(Derived from e (condition 2);
o)
Example 21t.1 —/ NN LCMS: Anal.
d Cap-2) L\\’« N\ O Calcd. fi
and Cap- s N alcd. for
O . CsaHsoFaNsO;
N= 3\(© 865.47; found:
N
VN\\ 865.54 (M+H).
Fr HRMS: Anal.
Calcd. for
CsaHsoF2NgO,
865.4724; found:
865.4735 (M+H).
Example 22u \0/40 RT = 2.0 minutes
(Derived from N0 (condition 2);
N N .
Example 21u L\\\’(m | O LCMS: Anal.
and Cap-51) Calcd. for
O NH 3\)\ C42H51N306
N = o| 763.39; found:
N .39; found:
O~ 763.75 (M+H).
Example 22u.a RT = 1.8 minutes
(Derived from N (condition 2);
0
Example 21u ~ NN LCMS: Anal.
("<
and Cap-2) = N O Calcd. for
OO CsaHsoNsO2

827.48; found:
827.75 (M+H).
HRMS: Anal.
Calcd. for




787.3926; found: 787.3944 (MtH). Exanple 22u.?2
(Derived from Exatnple 21x and Cap-51) o/ zir,0 z at
wozzoéﬁuf%sﬁo RT = 2.0 minutes (condition 2); LRME108@bo03330
Calcd. for C 1.1H5I NEO6 787.39; found: 787:58 (MH).
FIRVS: Anal. Calcd. for C44H51N306 787.3926; foundl1128PCT
11128 PCT 215 787.3921 (M+HyY. Exanpl e 22u. 2a

(Derived from Exanpl e 21x and Cap-2) , * z 0 ?), z _
RT = 1.86 mm (condition 2), LCVS: Anal lcd for
C541 159N802 851.48; found: 851.44 (M+H). HRMBsNeRbcd
for CH NO 545982 851.4755; found: 851.4756 QMWS& found:
827.4762 (M+H).
Example 22u.b oOI RT = 1.9 minutes
(Derived from \O’QHLO (condition 2);

Example 21u
and Cap-86)

LCMS: Anal.
Caled. for
CapHs51NgOg
795.38; found:
795.72 (M+H).

Example 22u.1
(Derived from
Example 21u.1
and Cap-51)

RT = 2.00 min,
(condition 2),
LCMS: Anal.
Calcd for

C H NO

447751 86
787.39; found:
787.39 (M+H).
HRMS: Calcd for
C H.NO

44”517 8§76

787.3926;
787.3944 (M+H).

found:

Example 22u.2
(Derived from
Example 21x
and Cap-51)

RT = 2.0 minutes
(condition 2);
LRMS: Anal.
Calcd. for
Cu4aH 51 NgOg
787.39; found:
787.58 (M+H).
HRMS: Anal.
Calcd. for
C44H 5/ NgOg
787.3926; found:




Exanpl e 22u. 2b (Derived from Exanpl e 21x and Cap-4)

.0* Z 22 o\ RT = 2.14 mn, (condition 2), LCWVS:
woAned/102633l cd for C H N 5047SO 6 855. 36; found:pcBAE2688/033380

(MtH). HRVS: Cal cd for C50H"17NsO 6 855. 3613;foun|gii:

855. 3611 (MrH). Exanple 22u.3 gDeri ved from Exanp L128 PCT

21u.3 and Cap-51) 0 HO NN G -%19(' N H40 400 NH , CE3z N

Rl = 2.18 min, (condition 2), LCMS: Anal. Calcd for C
H N-Q 454675 764.36; found. 764 .57 (M:H) 11128 DCT
216 Exanpl e 22u. 4 (Derived from Exanpl e 21u7%-JAl (MHH).
CapEahnple 22625 |11 RT = 1.86 min,
(Derived from S (condition 2),
_J o}
Example 21x N LCMS: Anal.
) 0
and Cap-2) = B O Caled for
OO NH o CoHGNO,
N%\] 851.48; found:
N
(| 85144 (MHH).
HRMS: Calcd for
CoHy N0,
851.4755; found:
851.4756 (M+H).
Example 22u.2b RT = 2.14 min,
0
(Derived from \O//(N\‘ (condition 2),
H (¢]
Example 21x N LCMS: Anal.
) 0
and Cap-4) = N O Caled for
OO NH o CootliNOs
N%l o 855.36; found:
HN~¢
o-| 855.58 (M+H).
HRMS: Calcd for
Cotla™NeOs
855.3613; found:
855.3611 (M+H).
Example 22u.3 N RT = 2.18 min,
oA .
(Derived from ﬁ'io (condition 2),
NN
Example 21u.3 H’N O LCMS: Anal.
and Cap-51) 4 O OO Calcd for
NH C H NO
NS a, 4546 775
N 764.36; found:
764.57 (M+H).




z 4 * air RT
Cal cd for CA46FI 5
wo dodieéal cd for

2.08 mn (condition 2);
3N806 813. 41;
C46E153N806 813. 4083;

LCVSB: Anal .

found: 813.35 (MH).

f ound: pB&i/BsHAB¢33330

(MrH) . Exanmple 22u.5 (Derived from Exanpl e 21u.5 and

Cap-51) o/ t-o z". z. | 0 RT - 2.14 mm (conditiod128PCT
2), LCMS: Anal. Calcd for C46H®LNS06 811.39; found:
811.39 (Mi-H. HRVS: Calcd for C46H51 NSO6 811. 3926;
fopund: 811.3945 (M1 I1). Fxanple 22nba (Derived from
Exaﬁtﬁr@@a%n-%andog@ ) 0 HO ICIH N H* 018TSCHONAID
HL fDerived from N"\c0 (condition 2);
N
Example 21u.4 e "~ ) LCMS: Anal.
HO S
and Cap-51) : O OO Calcd for
NHS)X\)\ C H NO
N= 46 53 876
N Hﬁ\(o 813.41; found:
H 09 813.35 (MHH),
HRMS: Calcd for
C46H53NSO6
813.4083; found:
813.4087 (M+H).
Example 22u.5 N /«O RT = 2.14 min,
o
(Derived from H'\QO (condition 2),
N
Example 21u.5 H@\}%’N O LCMS: Anal.
HUTS
and Cap-51) . O OO Caled for
NH C46H51NSO6

811.39; found:
811.39 (M+H).
HRMS: Calcd for
C H NO

46 51 8 6
811.3926; found:
811.3945 (M+H).

and Cap-4)

Example 22u.5a

o { )
(Derived from Yo -

H (@]
Example 21u.5 e NN

e 0

RT = 2.02 min
(condition 2);
LCMS: Anal.
Caled for

C.H NO

52747876
879.36; found:
879.53 (M+H).




-4- RT = 2.02 min (condition 2);

for C571-147N806 879. 36;

LCVS: Anal .
found: 879.53 (V1+14).

Cal cd
11128

WOPEMY/AR@33Exanpl e 22u. 6 (Derived from Exanpl e 2Au/@S2800d33380

Cap-51) N,.. H-) HC_ 40 HNel HS. NH RT = 2.02 il#&gPCT
(condition 2); 1,CN4S: Anal. Galcd for CHNO 47
, CBz N 788. 41; found:
Example 22u.6 <P RT =2.02 min;
o)
(Derived from ﬁéo (condition 2);
N N ,
Hiu 4 . .
Example 21u.6 H\<L\\\/<H O LCMS: Anal.
and Cap-51) OO Calcd for
NH C H NO
47 46 775

788.41; found:
H 788.36 (M+H).

Example 22v « P

o4
(Derived from ﬁ%;o
Example 21v
and Cap-51)

RT = 2.1 minutes
(condition 2);
LCMS: Anal.
Calcd. for
CarHs0FNgOg
781.38; found:
781.85 (M+H).
HRMS: Anal.
Calcd. for
CaHs0FNgOg
781.3832; found:
781.3850 (M+H).

Example 22v.a
(Derived from -
Example 21v

and Cap-2)

RT = 1.7 minutes
(condition 2).

. HRMS: Anal.
Calcd. for
Cs2HssFNO;
845.4661; found:
VNW 845.4655 (M+H).




788. 36 (MtH). Exanple 22v
2.1 mnutes (Derived from (condition 2);

RT =

W()?io‘69/m633€ap 51)
. 38; found:

LCVB: Anal .

781.85 (MrH).

0/ 1

t-0 -Jr

Cal cd. for
HRMS: Ana

218

C*z0\-1
Exanpl e

|(3421’@%§i8)@ﬁ033380
' 11128 PCT

Example 22v.1
(Derived from
Example 21v.1
and Cap-51)

N ¢]
oA
N \=0
N N

H"}_,</\F

Q.
g )-

N O

RT =2.05 min,
(condition 2),
Calcd for

C, H FNO,

805.38; found:

H?\:\( 805.35 (M+H).
B 9 HRMS: Caled for
CuHsFNOg
805.3832; found:
805.3850 (M+H).
Example 22v.1a RT = 1.38 min,
(Derived from e (condition 2).
0
Example 21v.1 —/ N HRMS: Calcd for
H11<LN VA
and Cap-2) o= N O C H FNO,
OO 869.4678 found:
_NH o
" N)\\p 869.4661 (MHI).
N
Ag
Example 22v.1b RT = 1.94 min
0
(Derived from o (condition 2);
o)
Example 21v.1 : N . Anal. Calcd for
M
and Cap-4) o= N O CH, FNO,

873.35; found:
873.33 (M+H).




Cal cd. for

C42. 1-15017N806
781. 3850 (M+H). Exanple 22v. a

781. 3832;
RT -

1.7 m nutes

f ound:
\ /

woCberioyed from -( 2). Exanple 21v N1, _ / PQTNISRD09/033380
11RMS: Anal. C
11128 PCT
219
Example 22v.1¢ N RT = 1.88 minutes
oA

(Derived from
Example 21v.2
and Cap-51)

N
H
It

\

oA
N:é;CBz
N
H

H

(condition 2);
LCMS: Anal.
Calcd. for
CasHasFN7Os
782.35; found:
782.22 (M+H).

Example 22w
(Derived from
Example 21w
and Cap-51)

Iz?\;o
<o

RT = 2.1 minutes
(condition 2);
LCMS: Anal.
Calcd. for
CyoH40F2NgOg
799.37; found:
799.81 (M+H).
HRMS: Anal.
Caled. for
CaoHaoF2NgOs
799.3738; found:
799.3759 (M+H).

Example 22w.a
(Derived from
Example 21w

and Cap-2)

RT = 1.7 minutes
(condition 2);
LCMS: Anal.
Calcd. for
Cs:Hs7F2NgO,
863.47; found:
863.64 (M+H).
HRMS: Anal.
Calcd. for
Cs2Hs7F2NsO,
863.4567; found:
863.4561 (M+H).




)--C and Cap-2)
NH O ----ts. 845.4661;

woldh2%0 25T 218 Exanpl e 22v.
21v.1 and Cap-51) Jo/ 0, II

-N 40 1SO Cal cd.

for c521 , 58FNR0O2
found: 845. 4655 (M+H).

(Derived from Exaemiyg009/033350
11128 PCT

220

Example 22w.1 <P
(Derived from ° H'to
Example 21w.1
and Cap-51)

RT = 2.1 minutes

(condition 2);

LCMS: Anal.
o9 Caled. for
=S » CazHaoF2NsOg
d Hﬁ‘g(i 799.37; found:

799.41 (M+H).
HRMS: Anal.
Calcd. for
CapHaoFyNsOg
799.3738; found:
799.3761 (M+H).

Example RT = 2.0 minutes
22w.1a el (condition 2);
(Derived from LN\.’(N : LCMS: Anal.
Example 21w.1 s N O Calcd. for
and Cap-2) % Cs:HsiFaNsO;
N 3\(© 863.46; found:
\é: VN\\ 863.50 (M+H).
i HRMS: Anal.
Calcd. for
CsoHs7FoNgO,
863.4567; found:
803.4575 (M+H).
Example 22w.2 \oJ(O ,C RT = 2.1 minutes
(Derived from N ) 0 N (condition 2);
Example 21w.2 i \\Hﬁ ‘ O LCMS: Anal.
and Cap-51) OO Calcd. for
" CapHi7F4NgOg

835.36; found:
835.61 (M+H),
HRMS: Anal.




LL * - z, ZS 00 z. O RT =2.05 mn,
Cal cd for C44H50FN806 805. 38;

woRhiMe2633al ed for C44HSOEL\ 1806 805. 3832;

(condition 2),
found: 805.35 (MH).
f ournrdiT/US2009/033380

805. 3850 (M+14). Exanple 22v. | a (Derived from
Exanpl e 21v.1 and Cap-2) \j. ---. NI .0 __, H128 PCT
NFHi ,\  Kt1l _ <--H40 1010 NA!0O N 40 IC = 1.38 nin,
(condition 2). HRMS: Cala] for C54H58FN302 869. 4678
found: 869 4661 (MtH) Exanple 22v. |b (Derjved from
Exanpl e 21v. 1 land Cap-4) oj \ \o--1( NV Ho| Nno¢ for
H - hi 40 00 NH [N \ CasHarFsNgOg
835.3549; found:
835.3547 (M+H).
Example RT = 2.0 minutes
22w.2a -\ (condition 2);
Mo
(Derived from N : LCMS: Anal.
Example 21w.2 e < N O Calcd. for
and Cap-2) OO CsoHssF4NgO,
Nzgw 899.44; found:
N
N .66 (M+H).
- ( a 899.66 ( )
F HRMS: Anal.
Calcd. for
CsoHssF4 N3O,

899.4379; found:
899.4375 (M+H).

Example 22x.1

0
SoA
(Derived from N o

N
Example 21x.1 \}/(N ! ‘
and Cap-51) ; O.
N« NH
O
Al
HN

RT = 2.1 minutes
(condition 2);
LRMS: Anal.
Calcd. for
Ca4Hs7N3Og
793.43; found:
793.48 (M+H).
HRMS: Anal.
Caled. for
Ca4Hs57NgOg
793.4396; found:
793.4396 (M+H).




- RT = 1.94 min (condition 2); Anal. Calcd for
c50H47UN80O6 873.35; found: 873.33 (MFH). 11128 PCT
le 22v. Ic (Derived from Exarrpl e 21v
W(?éb%/g@%)@ig’ ST NTSEE R AR C§’Bc2r/%§‘z%9/033380
1.88 mnutes (condition 2); 1. CMB: Anal . Calcd. fdil128PCT
C451145FN705 782. 35; found: 782.22 (MAT). Exanple 22w
(Derlved from Exanpl e 21w and Cap-51) ( O HF ,N

Example 22x.1a
(Derived from
Example 21x.1
and Cap-2)

RT = 1.8 minutes
(condition 2);
LRMS: Anal.
Calcd. for

Cs4HgsNsOo

N NH 857.52; found:
857.61 (M+H).
//N7 HRMS: Anal.
Caled. for
Cs4HesNsO2
857.5225; found:
857.5219 (M+H).

Syuthetic route 15 (Unsymmetrical Cap Analogs)

=z

N
(4
=X N
e
Pd/C
22m e

R NH
N fe) H
N_ O
N D
o

A solution of Example 22m, (149 mg, 0.197 mmol) and K,CO3 (27 mg) in
CH3O0H (5 mL) and water (0.3 mL) was flushed with nitrogen and 10%

LA

palladium/carbon (30 mg) added. The reaction was flushed with hydrogen and
stirred 6 h, filtered through diatomaceous earth (Celite(@), and the filtrate

10 concentrated and dried under high vacuum to give Example 23, 122 mg (100%) RT
= 1.5 minutes (condition 1). 'H NMR (500 MHz, DMSO-de) & 8.05 (d, J = 7.6 Hz,
1H), 7.80 (d, J = 7.9 Hz, 2H), 7.66 (d, /= 7.6 Hz, 2H), 7.50-7.40 (m, 3H), 7.28 (d, J
=8.6 Hz, 1H), 5.04 (br. s, 1H), 4.18 (t, /= 7.0 Hz, 1H), 4.09 (t, /= 8.2 Hz, 1H), 3.82
(br. s, 2H), 3.55 (s, 3H), 3.01-2.85 (m, 6H), 2.16-1.71 (m, 10H), 0.9-0.87 (m, 7H).

15 LRMS: Anal. Caled. for C3gHy3N705 622.35; found: 622.44 (M+H).



) N(. N 40O N _ 0- RT - 2.1 mnutes (condition
2); LCMS: Anal. Calcd. for C42H49F2N3806 799. 37; found:
wOoR0/Brex3MHH) . HRMS: Anal . Cal cd. for C. 42T | 49R204308/033380

799. 3738; found: 799.3759 (MI1F]). Exanple 22w a
(Derived from Example 2w and Cap-2) * z [/ zi , 1)28 PCT
1.7 mnutes (condition 2); L@ Anal . Calcd. for
C521157F2Ns02 863.47; found: 863.64 (M11l). TIRVE:
al . Calcd.—for C521157Fi Ns02 863.4567; found: !
86374561 PNH) .| 11 CT 220 Exanpl e 22w/ RI(DEP? papies
ng@e%qune 21w, ard_Cap-51) o No-A No ilicondition b, 1 40
‘e N
Example 22u.3) LN\\HN O LCMS: Calcd for
H
O Oe C37H40N7O3
s 630.32; found:
})NH 630.41 (M+H).
Example 23.2 N //(o RT = 1.75 minutes
o}
(Derived from ﬁ{o (condition 2),
N
Example 22u.6) H‘{LN\}"QN O LCMS: Calced for
H=S N
S P CootigN 05
N H 654.32; found:
éﬁ' 654.35 (M+H).
H
H
Example 23.3 N /(O RT = 1.57 minutes
O
(Derived from H‘io (condition 2),
N F
Example Hor ™ ¢ LCMS: Calcd for
22v lf) H<\\\ i O C. H FNO
T OO 377739 7 773
A 648.31; found:
é}? 648.21 (M+H).
H
H

3

HATU
AcOH

o0

NH
N A
(@]
24

Capping was performed on Example 23 as described in synthetic route 14 to prepare

Example 22. Except only I equivalent of HATU and 4 equivalents Hunig’s base



NHO NNF O-- RT = 2.1 mnutes (condition 2); LCMs:
Anal . Calcd. for C42HA9F2N506 799.37; found: 799.41

wd MdAho263RVE: Anal . Cal cd. for C42H 49 F2N306 p(OQu665033380
found: 799.3761 (M+H). Exanple 22w. la (Derived from
Exanpl e 21w. 1 and Cap-2) \ N - 1o I ( C2--<NH4d1EBoPCT
NHONF ---.. R 2.0 minut®4 (condition 2); LCMVS:
Anal . Calcd. for C52T157F2N302 863. 46; found: 863.50
(MEM HRMS: Anal. Calcd. for C52H57F2N302 863. 4567,

f ouviere ugBi30 pBPFe Enpnplp 24 ERA ] -& npgsAemditiopddy f4Hf: Anal.
Exarmpl £ 1§kl R G8Re hdndNeby a8 oviiafp NN

Example 24.a

(Derived from

\;\l/\FO

RT = 1.4 minutes

(condition 1);

NN \
Ly
Example 23 and H O LCMS: Anal.
N,N-dimethyl OQ Calcd. for
NH
glycine) Né\l 1 ﬂ\n/o\ CaoHs0NsO4
0 707.40; found:
707.53 (M+H).
Example 24.b . J? RT = 1.5 minutes
(Derived from © ﬁ/(fo N (condition 1);
N
Example 23 and \\"«N \ O LCMS: Anal.
H
Cap-52) OQ Calcd. for
N NH CnHsoNsOs
<o
é\, N\ﬂ/O 751.39; found:
© 175133 (M+H).
Example 24.1 N /40 RT = 1.95 min,
o
(Derived from {j’io (condition 2),
NN
Example 23.1 < % LCMS: Caled for
H
and Cap-2) OO C49H55N 0,
NH o 22N 819.43; found:
X

819.65 (M+T).




NI FN400 No NNr FO. - Rl - 2.1 mnutes (condition

2); LCVS: Anal. Calcd. for C42H. 17EI N506 835. 36;
wof00nt26835.61 (M[ 11). IIRVS: Anal. 11128 Rh/@2809/033380

Cal cd. for C42.1147FANB06 835. 3549; found: 835. 3547

(MrH) . Exanpl e 22w.2a (Derived from Exanpl e 21w 2 14K§ PCT

Cap-2) NL ---/0 1\1,IN 1\ H®B500 N NH "2-4) N --\ RT

= 2.0 minutes (condition 2); LCMS: Anal. Calcd. for

Example 24.1a N RT=2.10
o
(Derived from H'éo (condition 2),
NN
Example 23.1 §/<’N % LCMS: Calcd for
H
and Cap-4) C,H,NO,
A,
N:b o ] 821.38; found:
AN
N
HN\FO 821.61 (M+H).
O\
Example 24.1b \oJ(O RT =1.98 min
(Derived from N o (condition 2),
NN
Example 23.1 — 1) LCMS: Caled for
H
and Cap-170) O OO ] C%HﬁNSO7
N=c o\ 31829.40; found:
b H'TWO 829.61 (M-+H).
O
Example 24.1¢ \0//(0 RT =2.14 min
(Derived from M (condition 2),
N
Example 23.1 " % LCMS: Caled for
H
and Cap-45a) OO CMH57N905
N T 3\(@ 334.41; found:
b Hu—¢© | 834.60 (M+H).
HN—
Example 24.1d \0/40 RT = 2.02 min,
(Derived from N o) (condition 2),
. NN
Example 23.1 Nt () LCMS: Caled for
and R-Mandelic 4 O OO C,H,N.O,
acid) A 3\(@ 764.36; found:
b OH | 764.57 (M+H).




C52H55F4Ns02 899. 44; found: 899.66 (M+H). 11RVS: Anal .
Cal cd. for Cs2H55F41\ 1802 899-4379; found: 899. 4375
wolMigAnedzxampl e 22x. 1 (Derived from Exanpl e 2lpctluseneh/o33s3so

Cap-51) 0O oOAJ N-- . . , oNH1all leCa NNHO N

\r" o RT = 2.1 ninutes (condition 2); LRVS: Anal. 11128 PCT

| cd. for C44H57N3CH 793.43; f4Gnd: 793. 48 (MHLT) .

HRVS: Anal . Cal cd. for C441-157N806 793.4396; found:

7934396 (MrH) 11128 PCT 222 Exanple 22x.la (Derived

friom Exanple 21x.1 and Cap-2) RT - 1.8 mnutes

(c Tt 2) 5 LRV —Amal——Calcd.—for C54HG5N802 .

ge BV Z 0 ge7 6 (MtH) . HRVB: Anal . Caley. g
CoUBBENBRoB57| 5228 \found: 857. 5219 ( M+H) .| (condition 2);

YOS PUtp 1oy osyny rical Cap Anal Adys: calcd for
Ho— N

and Cap-2) C51H55N804
L o (1 843.43; found:
é’; Y| 843.48 (M+H).
0
Example 24.2a N RT = 1.99 min;
o
(Derived from ﬁ'io (condition 2);
NN
Hiv 4 ey -
Example 23.2 HQ\/(Q () LCMS: Caled for

and Cap-4) O Oe C49H49N Os

Ne= = ) 845.38; found:
N
N 845.32 (M+H).
P
H O
Example 24.2b N J<O RT = 1.85 min
o)
(Derived from N"\~0 (condition 2);
Hi,~N N
Example 23.2 A 1) LCMS: Caled for
K H
and Cap-170) O OO ] C48H53NSO7
N H 3\/{) 853.40; found:
%‘\ HN%O 853.51 (M-+H).
H O
H
Example 24.2¢ N /«O RT =2.02 min,
o)
(Derived from N 0 (condition 2),
Hi, N N
Example 23.2 " % LCMS: Caled for
H\» ~N H
and Cap-45a) OO C, H,,NO,

NH o 858.41; found:

N=, )\\p
é}“\ Hu-¢© | 858.36 (M+H).
H HN




0. 197
in CH3OH (5 nL) and water

23 A solution of Exanple 22m (149 ny,

mmol ) and K2CO: (27 np) (0.3

wortb)o/wagss3f | ushed with nitrogen and 10% pal | adipamicaod®as3so

(30 ng) added. The reaction was flushed with hydro%
and (: stirred 6 h, filtered through di at omaceous 11128 PCT
earth (Celite R -), and the f2ftrate 10 concentrated

and dried under high vacuumto give Exanple 23, 122 ng

(100% RT = 1.5 mnutes (condition 1). 11-1 NVMR (500
MHz, DMBO-d5) [68. 05 (d J= 7.6 Hz; 1H), 7.80 (d, J=
1 (G 1D D>q 7 66 J="76 Hz, 2, /.bL-R/rAll)g(lm
3yl 2d 18,6z, 1H), 5.04 (br. s, 1H), 18
(t|'"(Deriveddidiz, || H), N2N0QO (t, J= 8.2 Hz, 1H), 331]8210(1@9
S, s, BH)y 306 .85 (m 6H), 2. 7 !
10@"%?%’-3(5%587 (m He > S T S s Cud iRy
C36iH4 ANP0B7)622,. 35; f ounH v H. 11 125&59@:;04223
Exianpl e 231(Der|vedfromEx g\ 22U. d Vo---A pt
NH-0r-N _iN1--/- <N H 40 O N 1.5904% foynds
(clondition 2),| LEMS: C: alcd for C37tw N7Q 251
f gqund. NH 630. 41 (M+H). Exanpl %ﬂc%&ge(ﬁ )
H
Example 24.3 Y RT = 1.68 min;
O
(Derived from ﬂ'z;o {condition 2);
N
Example 23.3 H'{ﬂ'ﬂN\ LCMS: Caled for
H H
and Cap-170) C,H, FNO,
OO N o o 46 52
N= 847.40; found:
N =
HN-g© 1 84732 (M+H).
PHEREN
BIOLOGICAL ACTIVITY

An HCV Replicon assay was utilized in the present disclosure, and was

prepared, conducted and validated as described in commonly owned

Apr;49(4):1346-53.

PCT/US2006/022197 and in O’Boyle et. al. Antimicrob Agents Chemother.

2005

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 NS5A (described in application PCT/US2006/022197). The compounds

10

tested were determined to have more than 10-fold less inhibitory activity on cells

containing the mutation than wild-type cells indicating a related mechanism of action

between the two compound series. Thus,

the compounds of the present disclosure

can be effective to inhibit the function of the HCV NSSA protein and are understood

to be as effective in combinations as previously described in application

15

PCT/US2006/022197 and commonly owned WO/04014852. Further, the

compounds of the present disclosure can be effective against the HCV 1b genotype.



_ RT =1.75 mnutes (Derived from o0oJ o N
(condition 2), Exanple 22u.6)

wd ®09/102633 H 11

10

C39H10N703

228

.----K LC M. Cal a

PCT/US2009/033380
11128 PCT

It should also be understood that the compounds of the present disclosure can inhibit

multiple genotypes of HCV. Table 2 shows the EC50 values of representative

compounds of the present disclosure against the HCV 1b genotype. In one

embodiment compounds of the present disclosure are active against the 1a, 1b, 2a,

2b, 3a, 4a, and 5a genotypes. EC50 ranges against HCV 1b are as follows: A =>100

nM; B = 1-99 nM; C = 101-999 pM; and D = 1-100 pM.

The compounds of the present disclosure may inhibit HCV by mechanisms in

addition to or other than NS5A inhibition. In one embodiment the compounds of the

present disclosure inhibit HCV replicon and in another embodiment the compounds

of the present disclosure inhibit NS5A.

Table 2

Example

Activity or Range

22

5pM

22.1

D

22.2

o

223

22a.1

22a.2

22a.3

-~ | O T T

>
<

22a.4

22b

22b.1

22b.2

22b.3

22¢

22c¢.1

22¢.3

22d

22e

G2

22f

U%UUUUOUUUU

22g

<
Z




NH - 654.32; found:
Exanple 23.3 0 _

--NH 654. 35 (M+H).

1. 57 m nutes oJ

WG 200902p83H O (condition 2),

229

22g.1

22g.2

20 pM

22g.3

22h

22h.1

221

130 pM

22

14 nM

22i.1

22k

22k.1

22m

22n

22n.1

220

)
S 0 O U9 o O w

5
<

UUU%UUOUUUUUU

[\
)
<

Ol YUl w| O

H

(Derived
PCT/US2009/033380

11128 PCT



N-

22V.

Example H....__\
I ¢) H CIF181 0

WO 2009/102633

T,CMS: Calcd for
SO/ 39/3

230

228.1b

221

EU

22t.a

22t.1

22t.1a

22u

Ol O O ©

22u.a

J—
O

)
<

22u.b

22u.1

22u.2

22u.2a

22u.2b

S
<

22u.4

22u.5

22u.5a

22v

22v.a

22v.1

22v.1a

22v.1b

22w

22w.a

[\

22w.1

22w.la

22w.2

22w.2a

22x.1

22x.1a

24

[ %)
[\e;

24.a

24b

24.1

ol ol o2 o oo o oo oo oo o oooosloo oo

---Y3 H N

PCT/US2009/033380
11128 PCT



NH 648. 31; f ound: NH 648.21 (MH). H

Synthetic route 16 (Unsymmetrical Cap Analogs) N N N
woHAA02633Ac011 24 11128 PCT 224 were used t eqarERar®333s80

Exanple 24: RT = 1.5 mnutes (condition 1); LCMVS:

Anal . Calcd. for C381145N704 664.36; found: 664. 481128 PCT

(MrH). Exanpl e 24.a (Derived 2t onExanpl e 23 and

N, N-di net hyl glycine) o NN C--C

24.1a
24.1b
24.1c
24.1d
242
24.2a
24.2b
24.2¢
24.2d
243

o

Ul O U 9 g g O T

It will be evident to one skilled in the art that the present disclosure is not
limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore

s desired that the examples be considered in all respects as illustrative and not
restrictive, reference being made to the appended claims, rather than to the foregoing
examples, and all changes which come within the meaning and range of equivalency
of the claims are therefore intended to be embraced therein.

The compounds of the present disclosure may inhibit HCV by mechanisms in

10 addition to or other than NS5A inhibition. In one embodiment the compounds of the
present disclosure inhibit HCV replicon and in another embodiment the compounds
of the present disclosure inhibit NSSA. Compounds of the present disclosure may

inhibit multiple genotypes of HCV.



--"N4O 041 NHHNo RT = 1.4 mnutes (condition 1);

LCVS: Anal . Caled. for C401- 150N804 707.40; found:
woRdy/m3efsMH) . Exanple 24.1) (Derived from Exasmls2ddo0333s0

and Cap-52) o HO Nit...4 tirij 40 Gl HNN 11,0, o

RT = 1.5 minutes (condition ;B; |, CVMB: Anal. Cal cd1128 PCT

for CM E150N806 751.39; found32751.33 (M+tH). Exanple

24. 1(Derived fromExanple 23.1 and Cap-2) ,., QNH -

, O
CLAIMS

WHAT IS CLAIMED IS:

5 L A compound of Formula (I)

D,

or a pharmaccutically acceptable salt thercof, wherein

uand v’ are independently 0, 1, 2, or 3;

10 D and D’ are each independently selected from NRS, O, and S; wherein each
R’ is independently selected from hydrogen, alkoxycarbonyl, alkyl,
arylalkoxycarbonyl, carboxy, haloalkyl, hydroxy, (NRaRb)carbony], and
trialkylsilylalkoxyalkyl;

each R' and R'" is independently selected from alkoxy, alkoxyalkyl,

15 alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalky],
hydroxy, hydroxyalkyl, -NR*R®, (NR*R)alkyl, and (NR*R”)carbony!;

R? is selected from hydrogen, alkoxycarbonyl, alkyl, arylalkoxycarbonyl,
carboxy, haloalkyl, and (NR“Rb)carbonyl; and
R* is selected from hydrogen, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,

20  arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -

NRR®, (NR*R)alkyl, and (NR*R®)carbonyl; or

R? and R?, together with the carbon atoms to which they are attached, form a
five- to eight-membered aromatic or non-aromatic ring optionally containing one or
two heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein

25 the five- to eight-membered ring is optionally substituted with one, two, or three
substitutents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,

alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,



NN 1...... ...- NH, 0----NNr 1 RT =1.95 mm
(condition 2), LCMS: Calcd for C49H55NS04 819. 43;
wolQufh263819. 65 (MrH) . 11128 PCT 225 Exanpl e 34:11652009/033380
(Derived from Exanple 23.1 and Cap-4) * o0 z43) z , z
alt z, ,00 zi RT = 2.10 (condition 2), LCVS: Cal #4128 PCT
for CA7H49N 80R 821.38; found33821.61 (M+H). Exanple
24.1b (Derived from Exanple 23.1 and Cap-170) 0 HO NN

1>-

10

30

(IN H o-
haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NR*R)alkyl, (NR*R")carbonyl, oxo, and

spirocycle;

R” and RY, together with the carbon atoms to which they are attached, form a
five- to eight-membered aromatic or non-aromatic ring optionally containing one or
two heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein
the five- to eight-membered ring is optionally substituted with one, two, or three
substitutents 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, oxo, and
spirocycle;

R*and R* are each independently selected from

1

Nt

N pe
)20 R7- NX:‘O
t

R7’N(\/)x
m

each m is independently 0, 1, or 2;

8 .
and R ; wherein

cach s is independently 0, 1, 2, 3, or 4;

cach X is independently selected from O, S, S(O), SO,, CH,, CHR®, and
C(R®),; provided that when n is 0, X is selected from CH,, CHR, and C(R%);

cach R® is independently selected from alkoxy, alkyl, aryl, halo, haloalkyl,
hydroxy, and -NR'R", wherein the alkyl can optionally form a fused three- to six-
membered ring with an adjacent carbon atom, wherein the three- to six-membered
ring is optionally substituted with one or two alkyl groups;

cach R’ is independently sclected from hydrogen and R"'-C(O)-, and
RM-C(S)-;

R® is selected from hydrogen and alkyl;

R’ and R' are each independently selected from hydrogen, alkenyl,
alkoxyalkyl, alkyl, haloalkyl, and (NR*R™)alkyl; or,

R’ and R, together with the carbon atom to which 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,

alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,



RT = 1.98 min (condition 2), LCVs: Calcd for C
i 6H53NB07 829.40; found: 829.61 (MrH). Exanple 24.1c

wd J®smosess from Exanpl e 23.1 and Cap-45a) \0- - 4pdt/08009/033380
C--</nil Ho O \ Nf.9 HN Rl =2.14 mn

(condition 2), LCMS: Calcd for c, 18H52N905 834. 41;11128 PCT
found: 834.60 (M+H). Exanpl e 24. 1d (Derived from

Exarrple 23.1 and R—Mandellc acid) 0 oJ N HO N4O N H

0 O'NH._ OH RT - (condition 2), LCMS: cd

f or ang EH, Aosoxyemylssyclqaawmcycloalkym@herw ((manqyl)alkﬁzﬂMZS

PCT cycloalkyloxyalkyl, haloalkyl, heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy,

heterocyclylalkyl, heterocyclyloxyalkyl, hydroxyalkyl, -NR® RY, (NR°R? Jalkenyl,
(NRR%alkyl, and (NR°R%)carbonyl.

2. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

. 5
wherein D and D’ are each NR”.

3. A compound of claim 2, or a pharmaceutically acceptable salt thereof,

10 wherein each R’ is independently selected from hydrogen and hydroxy.

4. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein u and v’ are each 0.

15 5. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein R” is selected from hydrogen and haloalkyl.

6. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein R’ is selected from hydrogen and halo.

20
7. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R? and R, together with the carbon atoms to which they are attached, form a
six- or seven-membered carbocyclic ring.

25 8. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein R* and RY, together with the carbon atoms to which they are attached, form
a six- to eight-membered ring optionally containing one heteroatom selected from
oxygen, nitrogen, and sulfur; wherein the ring is optionally substituted with one or

two alkyl groups.

9. A compound of Formula (1)



226 Exanpl e 24.2 (Derived from Exanple 23.2 and

Cap-2) N HO HN,..... _p 10 ?- 00 *O NHO -1 RT - 1.80
woBobb10e68ndi tion 2); LCMS: Cal cd for CS1HSSNSQ41R%k30dbiz3380
foun&: 843.48 (MrH). Exanple 24.2a (Derived from

Exanple 23.2 and Cap-4) NWK Hro I-K <,N 0 H -ni| K@ CT
*O NHO --.. N HHN* HOM RT 2351.99 min; (condition

2); LCMB: Calcd for CA9HA9N306 845.38; found: 845. 32

(M} 11). Exanple 24.2b (Derived from Exanple 23.2 and
Cap-170) O N HO HNL_, N gi bFr°

an,

or a pharmaceutically acceptable salt thereof, wherein

R” is selected from hydrogen and haloalkyl; and
5 R® is selected from hydrogen and halo; or
R%and R®, together with the carbon atoms to which they are attached, form a
five- or six-membered aromatic or non-aromatic ring carbocyclic ring;
R* and R?, together with the carbon atoms to which they are attached, form a
six- to eight-membered aromatic or non-aromatic ring optionally containing one
10 heteroatom selected from oxygen, nitrogen, and sulfur; wherein the ring is optionally
substituted with one or two alkyl groups;

R* and R* are each independently selected from
. \}\r R9
= 7 )< 10
)\\ R'~N R
B ;
R \) and R® : wherein
eachsis O or 2;
15 each R® is independently selected from alkyl and halo, wherein the alkyl
forms a fused three-membered ring with an adjacent carbon atom;
each R” is independently selected from hydrogen and R'"-C(0)-;
R® is selected from hydrogen and alkyl;
R’ and R'? are cach independently selected from hydrogen and alkyl; and

20 each R'' is independently selected from alkyl, arylalkoxy, arylalkyl, and
(NRR%alkyl.

10. A compound selected from:



-\1? -40 100 HHO-., HRT =1.85 mn (condition 2);
LCOVIS: Calcd for C 1153N 0 48R/ 853.40;1:01. 111(1:

w9 PhesMH) . Exanple 24.2c (Derived from Exa%)f/gsgygg/g:{;:;so
and Cap-45a) N HO HNN >---N-- H H O_ HHN _.
2.02 mn, (condition 2), LCVS: Calcd for C50H52N905.128PCT
858. 41. f ound: 858. 36 (MHH) . 236128 PCT 227 Exanpl e
24.2d (Derived from Exanple 23.2 and Cap-77) \o,..
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N Ho H N HNOO ISONH O\ RT = 1.81 mn; (condition 2);
|,CMB: Cali-4 for C5311551\1504 867.43; found: 867.47
wolMioaesexanmpl e 24. 3 (Derived from Exampl e 23¢3/@009/033380
Cap- 170) O\Vo--1( N1 11%c N .2._ 4 N1- HNH
00 tp-- H17j to HO,, HRf - 1.68 nin; (conditioh!B2pPCT
|, CMB: Cal cd for C461- |152FNg87 847.40: found: 847.32
(MI 11). BIOOA CAL ACTIVITY An HCV Replicon
assay was utilized in the present disclosure, and was
pr epar ed onduct ed and val i dat ed asNBEfe§cri bed in
commmzlocyN wned PCT/ US2006/ 022197 an
al . Antig

ob Agents Chen-4)1MA. 20 )5 r
HCV | b-377-neo replico

X g currently described conpd
series as well g@' s resistant to conpound A NyN-oH
cont ai ning a Y2065H, put ati on i n NS5A (descri bed i&,BOC
appl i cati on PCT/ US2006/422197). The conpounds t ot\egt ed
were determned to Have nore than 10-fold | ess
inhibitory activity on cells contai rﬁ"ﬁg the nutation
than=wi | d-type cells indicating a r{g\l\}a{Ne\ nechani sm of
act i het ween the two conpound series.H Thug
corrpoundsY%fN the present disclosure can be’e @ﬁ
to inhibi't—¢He function of the HCV NSS5A proteifi an
are unde \\std'o be as effective in conbinationd™&s s
previ ously descrih appl i cation PCT/ US2006/ 02
and commonly owned 84014852. Further, the conpounds
of the present discl OBEF”% can be eff@etNi ve agai nst the

HCV | b genot ype. N

N.Boc L

Boc

a4
< H O

10



11128 PCT 228 It should al so be understood that the
conpounds of the present disclosure can inhibit

wdanb/mikss genotypes of Id CV. Table 2 shows tper/BsRb0333s0

val ues of representative conmpounds of the present
di scl osure against the HCV | b genotype. In one 11128 PCT
enbodi ment conpounds of the p?¥sent disclosure are

active against the la, |b, 2a, 2b, 3a, 4a, and 5a
genotypes. EC50 ranges against HCV I b are as fol |l ows:

A - >1(06 n = 1-99 nM C = 101-998°pM and D =

1- 100 (pM<¢ The conpounds of t@-}—m nt

di scl osur e | nhi bit HCV by nechani §t1ﬁ§
to or other t @@ i nhibition. In one ewbog
the conmpounds of “t'h& present disclosure inhib M
rcplicon and in anof er sedvbodi ment t he corrpoundsrf:%fmc

the present disclosur€’inhibit NS5A. Table 2 Exa [N
Activity or Range 22 pM 22.1 D 22.2 D 22.3 D 22a
22a.2 8323 .3 10 pM22a.4 D 22b D 22bEicD 22b 2 D 22b.3

C TR R
N=( N NH

Boc
o
NfBoc

Boc

(¢ e
Q

Iz

M
. 10 e

tn
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22c D 22c.1 D 22c.3 D 22d D 22e 3 pM22f D 22g 1 pi M
11.128 PCT 229 22g.1 D 22g.2 20 pM 22g.3 D 2211 D

wo2Ro/dp2833221 130 pM 22j 14 nM 22j.1 B PCT/US2009/033380

11128 PCT
239

H2N>/<,N \ | ‘
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22k D 22k.1 D 22m D 22n D 22n.1 D 220 C 22p 160 pl1lM
229 D 229.1 D 22r 22r.a D22r.b D22r.1 D 22r.2 D
w@RRny2@es3 22r.2b 22r.3 3 pM PCT/US2009/033380

11128 PCT
240
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22r.4 D 22r.5 D 22s D 22s.a D 22s.c 20 pK4 22s.1 D
22s.la D 11128 PCT 230 22s.lb D 22t 1 pM22t.a D
wO02Bb9/M263322t . | a D 22u D 22u.a 10 pM 22u.b D  PpCT/US2009/033380

11128 PCT
241

N, N
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O N NHO
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22u.1 D 22u.2 D 2211.2a D 22u.2b 20 pM 22u.4 D 22u.5 D
22u.5a D 22v D 22v.a C22v.1 D 22v. 1 a D22v. 1 b D
wO2ideo/D282w. a 120 pM 22w. 1 D 22w. | a D 22w. 2 DpCT/US2009/033380

11128 PCT
242
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22w.2a D 22x.1 D 22x. la D 24 320 pN1 24.a D 24.b D
24.1 D 11128 PCT 231 24.1a D 24.1b D 24.1c D 24.1d D

woXeodi0Bs334. 2a D 24.2b D 24.2c D 24.2d PCT/US2009/033380

11128 PCT
243
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D 24.3 It will be evident to one skilled in
the art that the present disclosure is not limted to

wdo eiREsgoi ng il lustrative exanpl es, and thatpdituean/0333s0
be enbodied in other specific fornms without departin
fromthe essential attributes thereof. It is therdf cT
5desired that the exanpl es be24donsi dered in al
respects as illustrative and not restrictive,
reference being nade to the appended cl ai ns, rather
t han_tb\the foregoing exanpl es, anga changes whi ch
come Wt\abn t he neani ng and range o ui val ency of

t he clqi: Mare therefore intended | ope
therein.sThe

0
i nhi bit IICVanisrrs in 10addition to~o
t han NS5A i nhi bi %FNH nyone enbodi nent the corpg
of the present disc‘égﬁggjgnhibit HCV replicon afip

anot her enbodi nment ounds of the present PR
di scl osure inhibit NS5A. Conpounds of the present O~
di sclo e may inhibit nmultiple genotypes of HCV

11128 I 232 CLAIMS WHAT IS CLAIMED IS 1. A

conpoundcof Formula ( (1), or a pbgg eutically
accept abl @-sal t thereof, wherein " andare

i ndepende 1, 2, or 3; 100 and B (ar € each
ed fromNR5, O, z};‘n“‘d 15, Cwher ei n
) ected from hydrodej, )
N

i ndependent

each R5 is inde

al koxycar bonyl , rbonyl, carboxy, Moy
hal oal kyl , hydroxy, ear bonyl, and jéj%fMgQ‘
trial kyl silylal koxyalkylf; each RI and Ru i 0

i ndependently sel ected from al koxy, al koxyal kyl,

al koxycar bonyl , al kyl, arylalkoxyggﬁ yl, carboxy,
forqxf, al o, hal oal kyl, hydroxy, hy xyal kyl ,
(Nnhalteyl, and ( NRI Rhear bonyl ; N1 is selected
from hy ng n,r al koxyear bonyl , alkykﬁﬁ N

aryl al Xy® nyl, carboxy, hal oal kyl, an O‘
(NRaR) ) car bo : R3 is selected from NH 6
hydr ogen, al koxy; Xy | kyl, al koxycarbonyl, al I»y>\
20ary|alkoxycarbonyﬂz&ﬁﬁi%oxy, fornyl, hal o, Y N

O
hal oal kyl , hydr oxy, riexy’al kyl , (NRaRb) al kyl, and O~
(Nab) car bonyl ; or R2-and R3, together with the
carbon atons to which they are attac , forma five-
to ei ght:nmenbered aromati c or non-ar tic ring
option y containing one O two helergatons
i ndepgndent |y sel ected from nitrogén,. ox
sulfﬁf;Nﬁhﬁregn the five- to eight-perbe
opti onalty, substituted with one, two, or t
substi t ut ent ependent|y sel ected from al N o

al koxyal kyl , al arbonyl , al kyl, al kyl sul f onyT .
aryl, aryl al kyl, ah-*&ﬂ‘iﬂyl, car boxy, fornyl, o@\
hal oal koxy, 11128 F 33 hal oal kyl, hydroxy,

hydr oxyal kyl , - NRaRb}~ ((N'el e) al kyl , (N eRb) car bonyl ,
oxo, and spirocycle; R44 and R3', together with
the carbon atons to which they are attached, forma
five- to eight-nenbered aromatic or non-aromatic ring
optionally containing one or two heteroatons

i ndependently sel ected from nitrogen, oxygen, and

sul fur; wherein the five- to eight-nmenbered ring is
optionally substituted with one, two, or three
substitutents independently sel ected from al koxy,

al koxyal kyl , al koxycar bonyl, al kyl, al kyl sul fonyl,
aryl, arylal kyl" nylsul fonyl, carboxy, fornyl, halo,
hal oal koxy, hal oal kyl, hydroxy,

hydr oxyal kyl , (NR4Rb) al kyl , ( NRue) car bonyl, oxo, and

gen, and
ring is




tospirocycle; R4 and R arc each independently sel ected
fromRO R7-N. 9., XandRI"Rio ; wherein each mis

wo dagepggdently 0, |, or 2; each s is independentis?eo/033380
I, 2, 3, or 4; 15each X is independently selected from
0, S S(0), SO2, CH2, CHR6, and C(R6)2:; provided th8PCT
when nis 0, Xis selected frédn CH', CHR6, and C(R6)2;
each R6 is independently sel ected fron1a|koxy, al kyl ,
aryl, hal o, hal oal kyl, hydroxy, and -NfeRb, wher ei n
the\qfk can optionally forma fused three- to
Si x- ed ring with an adj acentAcarbon atom
mherelgL three- to six-nenbered g%%lm

opti onald yn

tituted with one or tw 4§
each R7 is i tly selected from Hyd

is

groups

R11-C(0)- and R T is selected fromh n

and al kyl N= d RI are each indepe O
sel ect ed fron1hydrog%g;ragﬁenyl 95al koxyal kyl , 5@

hal oal kyl , and (NR4 Fkyl ¢~ or, R9 and I24

together with the carbon atomto which they are
attached, forma five or six nenbered saturated ring

option y contai ning one or tmo\gq atons sel ect ed
from| 0, and S; wherein Wis sel d from hydrogen
and al'kydo: and each Wis indengg@ |y sel ected
froma al koxyal kyl , al koxycar benyly i’

al koxycar bp al kyl, al kyl carbonyl a ﬁByI

aryl al kenyl , oxy, 11128 PCT 234 aryl al

NH

aryl oxyal | cyl, C‘O gyl (cycl oal kyl ) al kenyl ‘};
(cycl oal kyl ) al kyl yl oxyal kyl , hal oal kyl , HW{
het er ocycl yl , heter N wl al kenyl heterocyclylalkoxy, O~
het erocycl yl al | cyl, rocycl@loxyallcyl

hydr oxyal kyl , - Nad, (hbd)alkenyl ( )aIkyI, and

(hhd}za onyI 2. A conpound of cl 1, or a

phar ically acceptable salt The eof wherein D

and D @re/gach NR5. 3. A conpound Ia|n12 or a

phar maceut {ic
each 125 is i ntly sel ected from h
hydr oxy. 4. A coNoL wma, of claim1l, or a
pharnaceutlcally acc L e salt thereof, where
and u' are each 0. 1 Amdbnpound of cIa|n11 or
pharmaceutical ly acceptable salt thereof; wherein R

N
5
i S selected fromhydrogen and haloalkyl. 6. A (

conpou of claim1, or a pharmaceutically acceptable

salt_t eof, wherein R3 is selected {rom hydrogen and

hal 0. ™\Zo A conpound of claiml, ot har maceutical |y

H

accept 5 salt t her eof wherein R2 "a t oget her

with the o tons to V\hichtheyF#tsé*' ached, form

a six- or se»’~vwr=sered car bocyclicfring.

compound of cl afewE0r har maceuti cal | y accept

salt thereof, wherér nd R3', together mnthWﬁ;
HN\(

carbon atons to whioh\t eg are attached forma si
to ei ght-nenbered ring ionally containlng one

het er oat om sel ect ed fron1oxygen, nitrogen, and sul fur;
wherein the ring is optionally substituted with one or
two al kyl groups, 30 9. A conmpound of Formula (I1)
11128 PCT



235 (11), or a pharmaceutically acceptable salt
thereof; wherein R2 is selected from hydrogen and
Wd@bgﬁjzgw and Rs is selected from hydrogen aserHhao/033380
122 and 123, together with the carbon atons
to whi ch they are attached, forma live- or 11128 PCT
si x-menbered aromatic or non-Zomatic ring carbocyclic
ring; Rs' and R3', together with the carbon atons to
whi ch they are attached, forma six- to eight-nenbered
aromat yTyor non-aromatic ring optio y contai ni ng
one_10het er oat om sel ect ed from oxygep, nitrogen, and
sul f ut"i\=nsherein the ring is optioﬁa% substituted
Wi th two al kyl groups; 124 a R
mdeﬁg{ﬂg’g\ el ected from (R6)RF y:) ang
each's is O each R 6 is independen
from al kyl and T wher etp the al kyl forms 3
t hr ee- nenbered ri ng' 't)h\g@adj acent carbon atom%
R7 is independently d from hydrogen and
R LC(0)-; Rs is select ed Wr om hydrogen and al kyl ;
RO and R19 are each independently S%I ected from
hydrogen and al kyl; and 20each R4Io¥s/independently
sel ecitey—from al kyl, aryl al koxy, a.r¥yl k and
( NR4 kyl. 10. A corrpound sel ect ed @ s
T (839 "




NH _J NH _.J 10 11128 PCT 240 N, N-OH NH
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10 11. A conposition conprising a conmpound of claim

I, or a pharnaceutically acceptable salt thereof, and
woaophakgmceut i cal ly acceptable carrier. 12, Pag/us2009/033380

conposition of claim 11 further conprising one or two

addi ti onal 15conpounds haV|n%ﬁant|-HCV activity. 1¥§8PCT

The conposition of claim 12 érein at |east one of

the additional conpounds is an interferon or a

ri bavirin. 2014. The conposition of claim13 wherein

the i feron is sel ected fron1|nterner: aJpha 2B,

pegyl at'&d interferon al pha, consen$ds Je

i nterfegol al pha 2A, and | ynphobl asti od Fnt

t au. .C@ Use of a conpound of claim1, o

phar maceutt cal @@ eptable salt thereof in the  |_

manuf act ure of Ediscament for the treatnment of Fiéigr

infection. 16. Th&<Yuses,of claim 15 further conpris H

use of one or two é;@ﬂtional 5conmpounds havi ng W

anti-HCV activity prior to, affer or sinultaneously

with the conpound of claim1, or a pharmaceutically

acceph@?ﬂg salt thereof 17. The u§§;0%< ailm 16
mherelnngﬁ | east one of the additienal c¢o nds i s an
interferomtor a ribavirin. 10 18. The use of : 17
wher ei n erferon is selected frominterferon n

al pha 2B, i nterferon al pha, consensus N G
interferon, int n al pha 2A, and | ynphobl asti o
interferon tau. N=(
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or a pharmaceutically acceptable salt thereof.
10
11. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

12.  The composition of claim 11 further comprising one or two additional

15  compounds having anti-HCV activity.

13.  The composition of claim 12 wherein at least one of the additional

compounds is an interferon or a ribavirin.

20 14.  The composition of claim 13 wherein the interferon is selected from
interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha

2A, and lymphoblastiod interferon tau.
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15.  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.

16.  The use of claim 15 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.

17. The use of claim 16 wherein at least one of the additional compounds is an

interferon or a ribavirin.

18. The use of claim 17 wherein the interferon is selected from interferon alpha
2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and

lymphoblastiod interferon tau.



