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In a first aspect the present disclosure provides a compound of Formula (I)

)y (/)

D,

or a pharmaceutically acceptable salt thereof, wherein

25

uand u’ are independently 0, 1, 2, or 3;

D and E are each five-membered aromatic rings containing one, two, or three



u and u' are independently 0, 1, 2, or 3; D and E are

each five-nenbered aronmatic rings containing one, two,
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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-
25  membered ring with an adjacent carbon atom, wherein the three- to six-membered
ring is optionally substituted with one or two alkyl groups;
each R® is independently selected from hydrogen and R'°-C(O)-, and
R-C(S)~
R’ is selected from hydrogen and alkyl;
30 R® and R’ are each independently selected from hydrogen, alkenyl,



R7 is selected from hydrogen and al kyl; 30 R8 and RO
are each i ndependently sel ected from hydrogen,
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In a third embodiment of the first aspect aspect the present disclosure
provides a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
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In a fourth embodiment of the first aspect the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt thercof, wherein R*
and R* are each
A
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R®- N@,x
25 m ;and

wherein each R® is R'’-C(O)-. In a fifth embodiment of the first aspect each R'® is
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In a second aspcet the present disclosure provides a compound of Formula
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or a pharmaceutically acceptable salt thereof, wherein
A is absent or CR''R'%;
30 G is selected from CR'"R", O, and NR";
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(I'l'); or a pharmaceutically acceptable salt thereof,
wherein A is absent or CRI 1R12; 30 Gis selected from
WERI0VRLZ68 0, and NR13; WD 2009/ 102568 PCT/ US20PCr/0328BB2830
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provi
acceptable salt thereof, a pharmaceutically acceptable carrier, and one or two

additional compounds having anti-HCV activity, wherein at least one of the
additional compounds is selected from interleukin 2, interleukin 6, interleukin 12, a
25 compound that enhances the development of a type 1 helper T cell response,
interfering RNA, anti-sense RNA, Imigimod, ribavirin, an inosine 5'-monophospate
dehydrogenase inhibitor, amantadine, and rimantadine.
In a fifth embodiment of the third aspect the present disclosure provides a
composition comprising a compound of Formula (I), or a pharmaceutically
30  acceptable salt thereof, a pharmaceutically acceptable carrier, and one or two
additional compounds having anti-HCV activity, wherein at least one of the
additional compounds is effective to inhibit the function of a target selected from

HCV metalloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV
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for the treatment of an HCV infection.
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definitions. For example, the aryl part of an arylalkyl group may be substituted as
described in the definition of the term ‘aryl’.
The term “alkenyl,” as used herein, refers to a straight or branched chain
group of two to six carbon atoms containing at least one carbon-carbon double bond.
30 The term “alkenyloxy,” as used herein, refers to an alkenyl group attached to
the parent molecular moiety through an oxygen atom.
The term “alkenyloxycarbonyl,” as used herein, refers to an alkenyloxy group

attached to the parent molecular moiety through a carbonyl group.
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wherezis 1,2,3,0r4, wis0, 1, or 2, and R’ is alkyl. When w is 2, the two R
alkyl groups may be the same or different.
The term “alkylcarbonyl,” as used herein, refers to an alkyl group attached to
20  the parent molecular moiety through a carbonyl group.
The term “alkylcarbonylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three alkylcarbonyl groups.
The term “alkylcarbonyloxy,” as used herein, refers to an alkylcarbonyl group
attached to the parent molecular moiety through an oxygen atom.
25 The term “alkylene,” as used herein, refers to a divalent group derived from a
straight or branched chain saturated hydrocarbon containing from one to six carbon

atoms.
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The term “arylalkoxyalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three arylalkoxy groups.
30 The term “arylalkoxyalkylcarbonyl,” as used herein, refers to an

arylalkoxyalkyl group attached to the parent molecular moiety through a carbonyl
group.
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25 rings of the compound of Formula (I). It should be understood that “Cap” or “cap”
can refer to the reagent used to append the group to the terminal nitrogen-containing
ring or to the fragment in the final product, i.e., “Cap-51" or “The Cap-51 fragment
found in Example 5”.

The term “carbonyl,” as used herein, refers to -C(O)-.
30 The term “carboxy,” as used herein, refers to -CO,H.
The term “cyano,” as used herein, refers to -CN.
The term “cycloalkyl,” as used herein, refers to a saturated monocyclic,

hydrocarbon ring system having three to seven carbon atoms and zero heteroatoms.
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,group at 'h?ectlelr%g"ﬁa?oalkoxycarbonyl,” as used herein, refers to a haloalkoxy group
attached to the parent molecular moiety through a carbonyl group.
The term “haloalkyl,” as used herein, refers to an alkyl group substituted by
one, two, three, or four halogen atoms.
The term “heterocyclyl,” as used herein, refers to a four-, five-, six-, or seven-
30  membered ring containing one, two, three, or four heteroatoms independently
selected from nitrogen, oxygen, and sulfur. The four-membered ring has zero double
bonds, the five-membered ring has zero to two double bonds, and the six- and seven-

membered rings have zero to three double bonds. The term “heterocyclyl” also
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30  substituted with one, two, or three heterocyclyl groups. The alkyl part of the
heterocyclylalkyl is further optionally substituted with one or two additional groups
independently selected from alkoxy, alkylcarbonyloxy, aryl, halo, haloalkoxy,

haloalkyl, hydroxy, and -NR°RY, wherein the aryl is further optionally substitued with



substituted wth one, two, or three heterocyclyl
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25 The term “(NR°R")alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NR°R” groups.
The term “(NRaRb)carbonyl,” as used herein, refers to an -NR°R" group
attached to the parent molecular moiety through a carbonyl group.
The term “-NR°R®,” as used herein, refers to two groups, R® and RY, which are
30 attached to the parent molecular moiety through a nitrogen atom. R°and R® are
independently selected from hydrogen, alkenyloxycarbonyl, alkoxyalkylcarbonyl,
alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, cycloalkyl,
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heterocyclyl, unsubstituted heterocyclylalkyl, (NR*R”)alkyl, and (NR*R”)carbonyl.
The term “(NR°R%)alkyl,” as used herein, refers to an alkyl group substituted

with one, two, or three -NR°R' groups.
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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.
30 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 thercof,
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Representative acid addition salts include acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate;

30  digluconate, dihydrobromide, diydrochloride, dihydroiodide, glycerophosphate,
hemisulfate, heptanoate, hexanoate, formate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, mesitylenesulfonate,

methanesulfonate, naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,
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30 optimum effect under the circumstances is reached. In general, the compound is

the present

most desirably administered at a concentration level that will generally afford
antivirally effective results without causing any harmful or deleterious side effects.

When the compositions of this disclosure comprise a combination of a
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30 improve the availability of the medicament when the capsule is ingested.
Moreover, when desired or necessary, suitable binders, lubricants,
disintegrating agents, and coloring agents can also be incorporated into the mixture.

Suitable binders include starch, gelatin, natural sugars such as glucose or beta-
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30  polyoxyethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil
or natural sweeteners, or saccharin or other artificial sweeteners, and the like can also
be added.

Where appropriate, dosage unit formulations for oral administration can be
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30 Pharmaceutical formulations adapted for nasal administration wherein the
carrier is a solid include a course powder having a particle size for example in the

range 20 to 500 microns which is administered in the manner in which snuff is taken,

i.e., by rapid inhalation through the nasal passage from a container of the powder
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30 The compounds of the present disclosure can also be administered with a

cyclosporin, for example, cyclosporin A. Cyclosporin A has been shown to be active
against HCV in clinical trials (Hepatology 2003, 38, 1282; Biochem. Biophys. Res.

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

5 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

10  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

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

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

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

the art. Some of the abbreviations used are as follows: HATU for O-(7-
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dimethylaminopyridine; EDCI for 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride; DEA for diecthylamine; DBU for 1,8-diazabicyclo[5.4.0Jundec-7-ene;
t-BusP for tri-tert-butylphosphine; HMDS for hexamethyldisilazide; DMF for N,N-
dimethylformamide; EtOAc or EtOAC for ethyl acetate; Me,S for dimethylsulfide;
10 EtsN or TEA for triethylamine; LIHMDS for lithium hexamethyldisilazide; DIBAL
for diisobutyl aluminum hydride; TBDMSCI for tert-butyldimethylsilyl chloride;
iPrOH for isopropyl alcohol; Cb z for carbobenzyloxy; iPr,EtN or DIPEA or DIEA
for diisopropylethylamine; BnBr for benzyl bromide; KOAc for potassium acetate;
CAN for ceric ammonium nitrate; SEM-CI for (trimethylsilyl)ethoxymethyl chloride;
15 Me;NH for dimethylamine; TMS for trimethylsilyl; OAc for acetate; PPhs for
triphenylphosphine; Mel for methyl iodide; MeCN for acetonitrile; n-BuLi for n-
butyllithium; and TBDMSOTT for fert-butyldimethylsilyl triflate.
The compounds and processes of the present disclosure will be better
understood in connection with the following synthetic schemes which illustrate the
20  methods by which the compounds of the present disclosure may be prepared.
Starting materials can be obtained from commercial sources or prepared by well-
established literature methods known to those of ordinary skill in the art. It will be
readily apparent to one of ordinary skill in the art that the compounds defined above
can be synthesized by substitution of the appropriate reactants and agents in the
25  syntheses shown below. It will also be readily apparent to one skilled in the art that
the selective protection and deprotection steps, as well as the order of the steps
themselves, can be carried out in varying order, depending on the nature of the
variables to successfully complete the syntheses below. The variables are as defined
above unless otherwise noted below.
30
Scheme 1:
Dibromide / could be elaborated to boronate ester 2 and then coupled with

bromoimidazole 3 using standard Suzuki-Miayura coupling conditions (Journal of
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as LaBQmal®"Y= t-butyl, could be accomplished by treatment with strong acid such

as HCI or trifluoroacetic acid. Acylation of 5 can be accomplished under standard
acylation conditions. A coupling reagent such as HATU in combination with an
amine base such as Hunig’s base can be used in this regard. Alternatively, 5 may be
10 reacted with an isocyanate or a carbamoyl chloride to provide compounds of formula
6 where R' is an amine. Pyrrolidine 5 can also be reacted with chloroformates to
afford 6 where R' is an alcohol.
Intermediates 4 could also be prepared through an alternative route. The
coupling of bromide / with imidazole 7 under palladium assisted electophilic
15  aromatic substitution condition could afford 4 (Org. Let. 2003, 5, 4835). Alkylation
of keto-bromide 8 with appropriately substituted acid 9 could afford ketoester 70,
which could be cyclized into imidazole /7 by reacting with NH4OAc in solvents such
as toluene, under thermal or microwave heating conditions. Conversion of /7 to 5 is
accomplished in analogous fashion to the methods used to prepare 5 from 4.

20
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obt ai ned from conmerci al sources or prepared by well -
establ i shed literature nethods knomqﬂto t hose of

ordinary skill in the art, I WII x readily
apparent to one of ordi y ﬁ art that the
conpounds defi ned aboi s t hesi zed by

substitution of the ﬁb- oprmateWréactants and agents
in the 25 syntheses shdn below. It will also be

readily apparent to one skilléd in the art that the
sel ective protectloﬁ\ﬁnd depr bt ecti on ste S, _aszmell
as the order] off_ th@ Peps thensel ves, can he

out Hdependlng on thg N, @
varlégyyé té1su@cessfully conpl ete thngﬁntﬂeseu R
bel ow. &Fhe var, abl es are as defined abdve unl ess

ot herw se notﬁd bel ow. 30 Schenme 1: Dibromde 1 could
be el aborated o boronate ester 2 and then coupl ed

W th bron0|n1dazole\3 usi ng standard Suzuki-M ayur a
coupl i ng_gonfi t] on§ rnal of WO 2009/ 102568

PCT/U§2 q 1)Grgani ¢ Chenistry 1995, 60,
7508i#¢ AndewLhem, =t nt. Ed. Engl 2001, 40, 4544, or

vari atien thenﬁof) It should be noted that the
boroni c acid analog of 2 may be used in place of the
est feM§d t hat i m dazole 3 could be enployed as a

m xture efmphifdi Qick ATES &r 1t§ ﬁ)‘is@hfégl St) Q@ul@@@ LnIRGiZ&f from
R20, and is inconsequenti al o the final 5 outcone of
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cou o o 30 ele ThBAAAcrftAht BRaEEHERR: Mono-
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Subsise bt bOoRed ANBs kdoan. COtktiRE, QA teGeddted b8th-an28yanate,

5, 4835). Al kyl ation
15" carbaroyl chlofide or a chloroformate to provide compounds of formula 2/ where

R' is an amine or an alcohol. Further deprotection of 27 can be accomplished by

treatment with strong acid such as HCI or trifluoroacetic acid. Standard conditions

analogous to those used to convert 20 to 2/can be used to prepare 23 from 22. In

another embodiment where each R' = t-Bu, direct conversion of 18 to 24 can be
20  accomplished by treatment with strong acid such as HCI or trifluoroacetic acid.

Conversion of 24 to 23 is accomplished in analogous fashion to the methods used to



of keto-bromde 8 with appropriately substituted acid
9 could afford ketoester 10, which could be cyclized

WO pi09/1025681azol e 11 by reacting with NHAQAC i n BOI/USWD%032830
such as toluene, under thermal or mcrowave heating
condi tions. Conversion of 11 gg 5 is acconplished in
anal ogous fashion to the nethods used to prepare 5
from4. 20 WD 2009/ 102568 PCT/ US2009/ 032830 32 R20
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Scheme 4:
Compound 25 (25 = 6 (Scheme 1) wherein each R is -CH(NHBoc)R'®) can

be converted to 26 via treatment with strong acid such as HCI or trifluoroacetic acid.
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8 9 10 Schene 2: Pyrrolidine can be converted to a

separabl e mi xture of amides 12 and 13, wusing standard

pas g Frouibeg8gkd 1y B% pEe et wih b RRLATUREs bose

c ougi Affo@d goide yd. OTI‘SatmehttdgaiénrféfZﬂ\)h&l d@pmpnﬁe r:hlwoaczme@
products (12 or e _conv o 14 er
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be 61:}7&5@6&1\;@]{ the sane. In the event where the two
R10 groups of 14 are the sane, it will be identical
With 6. WD 2009/ 102568 PCT/ US2009/ 032830 33 (R5) R3,
R2 R2 1 NY N~' m Ny, rr~Q NH INH XN(Rl)f (R1) .

BocHN \(ﬁ (>) N\(ﬁNQ’m
18 R18

Rm o Rm % P
NHBoc R3 NH,

27a (T =COR%)

27b (T = CO2R?)
27¢ (T = CONRZR?®)
27d (T = SO,R%)

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

methanolic solution of ammonium hydroxide.
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Conpounds such as 18 (or its ngi oi soner 19) could be
synt hesi zed from dibronmide 1 by integrating the two

i mi dazopyrrolidines 7 and 17 in a sequential 5 manner

via,a paltadiypréssis £ct rophi IH;_Cﬁ?sorrati cC RO (RO,
subspi-uf)i on react i B, JTi¥s_appargmn ]g) one_ ongg'?_(*%v
ordi hgry Skill =i n the arg<that nonoCoufl ed produocts Nt

and 16Rgnigﬁt need to be sgparated bé¥14e proceediﬁéb
to the 'second coupling step. Mno- deptotection of wrhe
pyrrol i dine noiety of 18%nmay be acconysl i shed whgn- sh@einy)
two R14 groups are different. Wien one 4 = benzyl,
and the otﬁéh\gégn: t-butyl treatment 10 wkth |

hydr ogenol yti c ditions produces 20. For exanpl g (s,

Pd/ C catal®pst in the esence” of hydrogen gasBrTg ?r%y
base sﬁc as pot asngﬂ@iﬂaNborpate can be used. 0 W),
Acyl ation ®f 20 can be ag&onplished under standardo=X
acyl ation conditions. A gbupling reagent such as HATU
in conbination with an %m ne base such as Hund@-Skoh@sLor )
can be used in this regard. Alternatively, 20 may be
realtlé®efi t h an i socyanate, 15 carbanoyl chloride or

a chl or o, @k i@ted phy iR AR CARNBOMA S @ bW h@mBek of
where R10 ils arI; ar}rllpé:]}g gr gn al cohol P%ﬁrthg? °
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10 0 illustrates reductive alkylation of phenylglycine as in pathway A followed by a
second reductive alkylation with an alternate aldehyde such as formaldehyde in the
presence of a reducing agent and acid. Pathway D illustrates the synthesis of
substituted phenylglycines via the corresponding mandelic acid analogs. Conversion
of the secondary alcohol to a competent leaving group can be accomplished with p-

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

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

intersects with pathway E wherein the aforementioned chiral auxiliary is installed



WD 2009/ 102568 PCT/ US2009/ 032830 34 prepare 23 from

22. In this instance, however, the caps in 23 wll be

WO dwatoxses . It is apparent to one of ordi nar yPGRIUE1009/682830
the art that conpound 19 could al so be el aborated

under simlar route as the one_described for 18 to
prepare the correspondi ng 3 oi soneric final

products. 5 R20 (R5)s NTX R3 R2' R2N~N~) m(R5)sO

ot peing ity . € oty (ymapritegtod Sedgs

al kevoyimitdanlit Rource of Romonfian ik suth ad bRRaGnd, R Bromofuccihimide,
1 1% é R5) 2 %rGethajlt %%%én?v@ co%sbeﬁis&)g;{%cf W1th7a \Bﬁlleé[]-}w rr?oo{?o or
Rg—("rg}zs{bu‘oghtﬁ{ea alhlnes mmld\brésehcefbf\a iy ORI H?algeﬁsubh N tﬁet@ﬂlﬂnne or
é Ro/(ﬂl}glg(s@pgi) ﬁ}ﬁg@lysp@@f th@mp@]@l ey(c(er wZz trmgt‘ner)lt wl‘lt?]let 1mn|.l}ydr0|y§|1de at
\ N el turd G @K e Pat cRRAAE tefnBdhtbrdFRovides the substituted

phenylglycine derivatives. Another method is shown in pathway G. Glycine analogs
can be derivatized with a variety of aryl halides in the presence of a source of
palladium (0) such as palladium bis(tributylphosphine) and base such as potassium

10  phosphate. The resultant ester can then be hydrolyzed by treatment with base or acid.
It should be understood that other well known methods to prepare phenylglycine
derivatives exist in the art and can be amended to provide the desired compounds in
this description. It should also be understood that the final phenylglycine derivatives
can be purified to enantiomeric purity greater than 98%ee via preparative HPLC

15 using for example chiral column. It is apparent to one of ordinary skill in the art the
approaches described for the synthesis of aromatic glycine derivatives is equally

applicable to the synthesis glycine derivatives containing non-aromatic group at C-2.
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N Nwabh gn pppropriate chloroformate while pathway C shows reaction with an
appropriate isocyanate or carbamoyl chloride. Each of the three intermediates shown
in pathways A — C may be deprotected by methods known by those skilled in the art

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

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

chloromethylphenylacetic acid with an excess of an amine.
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XH(R.).. (R). RBTNH (R5)s 27a (T=COR29) 27b (T
= C02R26) 27c (T = C(]\IR27R28§ 27d (T = S02R29)
Schene 5: The starting materi Ps required for the
synt heti ¢ sequences depicted in Schenes 1-4 could be
prepared according tg.the follow n rocedures. Key 10
intermediate 33 is prépaP ‘f”f’gfﬁﬁgﬁg(f‘}g@gﬁi de 36 or
ket 0- est BiritpZssddsdeti@ad 1ovgreWlitton naR¥YBRALMIvAEEE At gctednshes
therpml or m crowave conditions.. Keto-amde 36 can be
preégﬁeezﬂglﬁﬂssﬂ@l uRlod SHSHESE NHAORT AN pFEp i shped be
CycChbted Pt RE&YE tﬁn@rﬂl@wagngnghﬂwm\eéensﬁa@ﬁﬁ@g drmMcd@nditions
formation conditions. Brom de 30 can be converted to

32 Byployehin dptanining thedptentindrttis (RdY &etycl i ¢ or acyclic
N-protected amno acid in the presence 15 of base such
as Hunig's base. Brom nation of 33 (or its al koxy

met kytditerot ected derivative 7) with a source of

br OFBRLHM | 0N, pRYUGHCRR-1RhPTORS0mNRP, results in the
formation of 3. A special case of imdazole 33 (where
R3 Staf)%oBan el prepared from appropriately
1§ub§;nia{%}3ed N Ryt ected am no acids by reacting with
gl yoxal 1n a methanolic solution of amobni um

hy d GodiaietimW\G 26§00/ 102568 PCT/ US2009/ 032830 36 5 Ho
(RSQS(gst.- eBr o:n%. s H\/ /(['RI55 Rzo (R5)) ~) mR3
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Wavelength =220 nm

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

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

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

Condition 3

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

Gradient time = 3 min
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derivatives. Pathway illustrates a synthetic
28equence which intersects with pathway E wherein the
af opgpenyégned chiral auxiliary is installed

Column = XTERRA 3.0 X 50 mm S7

Start %B =0

Final %B =100
25  Gradient time =2 min

Stop time =3 min

Flow Rate =5 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0O
30 Solvent B =0.1% TFA in 90% methanol/10% H,0O

Cond.-MS-W2

Column = XTERRA 3.0 X 50 mm S7
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and can be anmended to provide the desired conpounds in
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approaches described for the synthesis of aromatic
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gro%fbadz?é%%% R27 NH2 O NH2 O%“?“?: NH Ar Art Ar(OH J
18z S@ptime28 c~ C (R - R ) R30X3Haz OH ~J aGC~d7 ti O B
base, " ~a ArCO2Bn rA~y~a 6ds~ A eal Az R2: R 28 TsC
NGRYIBFB [ H RS N'R27 RRBNHBHE Ors Spec 0 r-La
Ar CERRBleeO2Bn  R27 F E adc=20psaf z8N CO2Et OH R
R27 R 2a separation
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20

Cond.-D1
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Start %B =0

Final %B =100
25  Gradient time =3 min

Stop time =4 min

Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0O
30 Solvent B =0.1% TFA in 90% methanol/10% H,0O
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Column = Phenomenex-Luna 4.6 X 50 mm S10
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W@B2009/1@568 R= chiral auxiliary) H R28N . COREt FRZENSRBEY032830
Br Br bromnation Br Ar OR 32 OH Ar"CO2Me Ar CO2Me O
Ar O 20 WD 2009/102568 PCT/ Uﬁ 009/ 032830 38 Schene
7: I n anot her enbodi nent of t present discl osure,
acyl ated gl ycine derivatives my be prepared as
il S%Qﬁed bel ow. d ycine deriy 0atlves wherein the
car acid is protected as an easily renoved
est emal wBY be acylated with anmwid chloride in 5 the
pre%ence of a base such as triethylam ne to provide
t he SE¥EENENdi ng ami des (patAWY A). Pat hway B
il Y& tiddees the acyl ation of theygtarting glycine
derivative with an appropri ate ch] orof ormate whil e
pat FIR¥E shows reaction wi th* B ™&ppropri ate
| SoQyARRLEL Or car banoyl chI ou;@gnnﬁach of the three
i nternmediates showmn in hways A - C may be

depPelvetted by0-hetlhdds IQMﬁfhwl/i’%féé) skilled in the
art sdfloilp € = I BAMER 0O mlHhol 1@RIND ester with
strong base such as HCl1 or trifluoroacetic acid). 00
R2,7 N~R36 Acid RZZN u, R36 A R(O R(CH ~6G0G OO O

lﬁ %b’é?’ 27 R\NH Cl CO2R37 R ~N~OR37 Acid R, N OR37
(aB” RIOH O Ras OO o,. Rae

Column = XTERRA C18 3.0 X 50 mm S7
Start %B =0
Final %B =40
Gradient time =2 min
15  Stop time =3 min
Flow Rate =5 mL/min
Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0O
Solvent B =0.1% TFA in 90% methanol/10% H,0O
20
Condition I
Column = Phenomenex-Luna 3.0 X 50 mm S10
Start %B =0
Final %B =100

25  QGradient time =2 min
Stop time =3 min
Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0
30 Solvent B =0.1% TFA in 90% methanol/10% H,O
Condition II

Column = Phenomenex-Luna 4.6 X 50 mm S10



R27 = H, alkyl Qa cOC/ O a9'1c0 27 C R N ~NR38R39
Acid R2: NANR38R39 R(OT_' R(CH O O Schene 8 15
wo\Rdnae2sebst i t ut ed phenyl acetic aci ds nay be pPEPHS®A9/032830
by treatnment of a chl or omat hyl phenyl acetic acid with
an excess of an am ne. Rg Rao o N \ H6N R4
CO2H 20 WD 2009/ 102568 PCT/U 009/ 032830 39 Compound
anal yS| s conditions Purity assessment and | ow
resgb n mass anal ysis were conducted on a Shinmadzu
coupfed with Waters M cromass ZQ M5 system
It Sfm@L%B be=rmoted that retention tines may vary
sI| ht|y hetween. machines. The LC conditions 5
Wé%‘tfnﬁed“ et ®Mhining the retention time (RT) were:
Congtoblt% 1 Col gion = Phenonenex-Luna 3.0X 50 nm S 10
Start 98 = 0 10 Final 98B = 100 Gadient time = 2 mn
StoBlofVl?ﬁ“’ée— 3 hinh/mig] o Rate = 4 nl/nmin Wavel ength =
220 Wikt evepti A = 0. 1% TFA in 10% net hanol / 90%420
Sol vent = 0.1% TFA in 90% net hanol / 10% H20
Condplvesr 2 coft- LT FA ipHEHonethael Y. 6X50 nm S 10

20 SLREd BB = ®19% TFA in 90% methanol/10% H,O

10  Condition III

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

Gradient time = 3 min
15  Stop time =4 min
Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0O
20
Cap-1
O
~" “OH
PUN

A suspension of 10% Pd/C (2.0g) in methanol (10 mL) was added to a
mixture of (R)-2-phenylglycine (10g, 66.2 mmol), formaldehyde (33 mL of 37% wt
25  in water), IN HCI (30 mL) and methanol (30 mL), and exposed to H» (60 psi) for 3
hours. The reaction mixture was filtered through diatomaceous earth (Celite®), and
the filtrate was concentrated iz vacuo. The resulting crude material was
recrystallized from isopropanol to provide the HCI salt of Cap-1 as a white needle
(4.0 g). Optical rotation: -117.1° [¢=9.95 mg/mL in H,O; %=589 nm]. 'H NMR
30  (DMSO-dg, 5=2.5 ppm, 500 MHz): & 7.43-7.34 (m, 5H), 4.14 (s, 1H), 2.43 (s, 6H);



Final %8 = 100 Gadient tinme =2 mn Stop tine = 3

mn FlowRate =5 nlL/mn 25 Wavel ength = 220 nm
WE@9ams6A = 0. 1% TFA in 10% et hanol / 90%120 BOT/USI9/E32830

= 0.1% TFA in 90% net hanol / 10% H2O Condition 3 30

Col um = HPLC XTERRA C18 3.0 >§‘450nm S7 Start 9B =0

Final 98 = 100 Gadient tine 3 mn WO 2009/ 102568

PCT/ US2009/ 032830 40 Stop time = 4 nmin Flow Rate =

Tood baenthar MO0 6 O A e %b@%ﬁ}rﬁjm ﬁ@o‘fﬁa 10;

met Ranol §d. O%HHAGS: Ao dCiled foMM-Go]" @M NONEBOA.0634 fHkhdmm
S ﬁ‘ﬁ) Start 9B = 010 Final 9B = 100 Gadient tine =
$0- Oétop time =4 mn Flowrate = 4 nL/mn Sol vent
A: = 95% H2O 5% CH3CN, 10 nm Ammoni um acetate 15
Solvent B: = 5% H20 : 95% CH3CN;.. 10 nm Anmoni um
acetate Synthesis of common 6@‘55 Addi tional LC

conditions applicable to cury ent section, unless
noted ot herwi se. 20 Cond - Col um = XTERRA 3.0
X50 m S7 Start 9B =0 Y~ TOH

M
NaBH3CN (6.22¢g, 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

10 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 HCI1 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

15 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 iz vacuo. The crude material was recrystallized from
cthanol to afford the HCI salt of Cap-2 as a shining white solid in two crops (crop-1:
4.16 g; crop-2: 2.19 g). "H NMR (DMSO-dg, 52.5 ppm, 400 MHz): 10.44 (1.00, br

20 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,0); crop-2: [a]* -99.7°
(c=0.357, H,0). LC (Cond. I): RT=0.43 min; LC/MS: Anal. Calcd. for [M+H]"
Ci2H1sNOy: 208.13; found 208.26.

25 Cap-3



Final %8 = 100 25 Gadient tinme =2 mn Stop tine =

3 mn Flow Rate =5 nL/mn Wvelength = 220 nm
W@E00980256A = 0. 1% TFA in 10% et hanol / 90%120 BOI/US2009/032830

Solvent B = 0.1% TFA in 90% et hanol / 10% H20

Cond. - M5- W Col umm = XTERRA 3.4 X 50 mm S7 WO

2009/ 102568 PCT/ US2009/ 032830 41 Start 98 = 0 Fi nal

B = 100 Gadient tine =3 mn Stoptime =4 nmnb5

Fl ow Rate = [ vel engt h, = 220 nm o =

0. 75 TSt oA B ahal GoTRIGR SsRaanbrer 2% Tl Gafme
i N S0 tBNBENO(4I0Yontid Qas 1&uéandy added Wa £&iddnm 15 °C) mixture
XTERRA 3.0 X 50 mMm S7 Start 9B = 0 Final 98 =30

G aff @it2-rierekcipe (.496g,129.48rmpgoly.i IREHE! GOl 2yl gigthpugl &40

= Snﬂ%/ m&oo}{\ﬁ’%‘@iﬂ?@gﬁt @mﬁv%d@ﬁ'@ I‘gﬁjtlgﬁ HﬁxtﬁeWa@ st:i-n/@d-u:ﬁer a
in 10% net ha /90%120 Sol vent B =

et hellson PLdskorpOhowy 4o pdilitiamp! sceioldghne £ OGTERZA 10808 105
X SQadiar! stirﬁﬁoﬁti%din@er 'ﬁz @ﬁhosmrg fot 89 hours [Note: the supply of

H; was replenished as needed throughout the reaction]. The reaction mixture was
filtered through diatomaceous earth (Celite™), and the filtrate was concentrated in
vacuo. The resulting crude material was recrystallized from isopropanol to provide

10 the HCl salt of (R)-2-(ethylamino)-2-phenylacetic acid as a shining white solid
(2.846g). "H NMR (DMSO-de, 8=2.5 ppm, 400 MHz): & 14.15 (br s, 1H), 9.55 (br's,
2H), 7.55-7.48 (m, SH), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app t, /=7.2, 3H).
LC (Cond. I): RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Calcd. for
[M+H]" C10H14NO,: 180.10; found 180.18.

15 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/HCl (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

20  through diatomaceous earth (Celite®™) and the filtrate was concentrated in vacuo. The
resulting crude material was recrystallized from isopropanol (50 mL) to provide the
HCI salt of Cap-3 as a white solid (985 mg). 'H NMR (DMSO-ds, 8=2.5 ppm, 400
MHz): 3 10.48 (br s, 1H), 7.59-7.51 (m, 5H), 5.26 (s, 1H), 3.08 (app br s, 2H), 2.65
(br s, 3H), 1.24 (br m, 3H). LC (Cond. I): RT=0.39 min; >95 % homogeneity index;

25 LC/MS: Anal. Caled. for [M+H]" C11Hi6NO»: 194.12; found 194.18; HRMS: Anal.
Calcd. for [M+H]" C;1HiNO,: 194.1180; found 194.1181.

Cap-4



25 Gadient tine =3 mn Stoptime =4 mn Flow Rate
=4 nmb/mn Wvelength = 220 nm Sol vent A = 0. 1% TFA

WO 2002002568t hanol / 90%4120 30 Sol vent B = 0. 1% TIRAI/US20990052830
met hanol / 10% H2O Cond. - D2 Col unm = Phenonenex- Luna
4.6 X 50 mm S 10 WO 2009/ 10259% PCT/ US2009/ 032830 42
Start 9B = 0 Final B = 100 adient tine = 3 mn
Stop tine =4 mnb5 Flow Rate = 4 niL/mn V\avelength:

220 nm %T met hanol / 90%-120

S e SR oAt A R e R (PR R Pt oo (ewaten
Conm"[}:IFrh](Bl @?Agyifﬂli%oli&Tm p%&t tliﬁtﬁ 2Xanfio- m&iyéacg?am(ilr@ﬁgﬂ
= 3%«140r§¢1118w>9éa4@wr8mﬂf}? jine %m&«n%i# mm@B@V rfy mun, and

SO' V@RId afsimiler téﬂig&&kﬁrd 0r £9%uret mldt@@mne@ww%{ov&i in
= 0.1% TFA i n 90% net hanol / 10% H2O 20 Condi ti on

Tol O canfsrieTIHIRCYS PAEORRdesy st WiisT 606 migead ?thmcemfe
Fi ngdoo %)= ThOBreartie 1656 APAs&shdd wileh N AT I3 mL) and saturated

NaHCOj solution (30 mL), dried (MgSQ,), filtered, and concentrated in vacuo. The
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
10 white solid (7.7 g). "HNMR (DMSO-ds, 3=2.5 ppm, 400 MHz): 7.98 (d, J=8.0, 1H),
7.37-7.29 (m, SH), 5.09 (d, /=8, 1H), 3.56 (s, 3H), 1.33 (5, 9H). LC (Cond. I):
RT=1.53 min; ~90 % homogeneity index; LC/MS: Anal. Calcd. for [M+Na]"
Ci4H19NNaOy4: 288.12; found 288.15.
TFA (16 mL) was added dropwise to a cooled (ice/water) CH,Cl, (160 mL)
15 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
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
20  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° [¢=3.7 mg/mL in H,O; %=589 nm]. 'H NMR (DMSO-ds,
5=2.5 ppm, 400 MHz): & 12.84 (br s, 1H), 7.96 (d, /=8.3, 1H), 7.41-7.29 (m, SH),
5.14 (d, J=8.3, 1H), 3.55 (s, 3H). LC (Cond. I): RT=1.01 min; >95 % homogeneity
25 index; LC/MS: Anal. Calcd. for [M+H]" CyoH12NO4 210.08; found 210.17; HRMS:
Anal. Calcd. for [M+H] C1oH;2NO, 210.0766; found 210.0756.

Cap-5

of



Stop time =3 mn Flow Rate = 4 nL/mn Wvelength =

220 nm Solvent A = 0.1% TFA i n 10% net hanol / 90%120 30
W@E009800568 = 0. 1% TFA i n 90% et hanol / 10% H2O PCT/US2009/032830

Condition Il Colum = Phenonenex-Luna 4.6 X 50 nm S10

WO 2009/ 102568 PCT/ US2009/ 032§§0 43 Start 9B = 0

Final %8 = 100 Gadient tine'=2 mn Stoptinme = 3

mnb5 Flow Rate = 5 niL/mn Wwvelength = 220 nm

Sol t A= 0 1% TFA %.me |
270 19 TRATT 0S8 FRERGE 00k RBEO 0T et T B
Col umv g 7XTHRRA) @m@cm . B0g0 S inm&l ar dthdiBl (20 @ﬂﬁwaaheated

B = 100 G adient tine =3 mn 15 Stop tine =
FI ot 196 for 2 epysniThe ropghs e vas cpplgd AR éque;aqture and

0. 1%‘[&5@ ah@ the Wﬁﬂ@@vmgbén%@t%h@pvac%’ | T’lﬁar}gsuﬁle'WaQ di'ss@l%ﬁ%n

in 90% met hanol Cap-
§us piaerol apd %‘Fdlfi@b}iﬁ’lﬁun@H@i tql@”} 314nar¥ééh¢1mi%ﬂle QOPGPQI?EI)t WRAS
add T4 Gesfl e A
ol PPt el B0 R AR P L
| N HELCI@atet/ netharb FEAh arobvidgle FEN salantiCaxpasegntgiskiis
(60, R&L $ahQ5.03). 'H NMR (DMSO-dg, 5-2.5, 500 MHz) 8 10.68 (br s, 1H), 7.51
(m, 5H), 5.23 (s, 1H), 3.34 (app br s, 2H), 3.05 (app br s, 2H), 1.95 (app br s, 4H);
10 RT=0.30 minutes (Cond. I); >98% homogeneity index; LC/MS: Anal. Calcd. for

[M+H]" C12H16NO»: 206.12; found 206.25.

Cap-6

QA
v~ “OH
N
()

15 The TFA salt of Cap-6 was synthesized from (R)-2-phenylglycine and 1-
bromo-2-(2-bromoethoxy)ethane by using the method of preparation of Cap-5. 'H
NMR (DMSO-dg, 8=2.5, 500 MHz) 6 12.20 (br s, 1H), 7.50 (m, 5H), 4.92 (s, 1H),
3.78 (app br s, 4H), 3.08 (app br s, 2H), 2.81 (app br s, 2H); RT=0.32 minutes (Cond.

I);: >98%; LC/MS: Anal. Calcd. for [M+H]" C1,H¢NOs: 222.11; found 222.20;
20  HRMS: Anal. Caled. for [M+H] Ci,H¢NOs: 222.1130; found 222.1121.

Cap-7

O
OH
Cap-7a: enantiomer-1

[ ] Cap-7b: enantiomer-2

A CH,Cl, (200 mL) solution of p-toluenesulfonyl chloride (8.65 g, 45.4
25 mmol) was added dropwise to a cooled (-5 °C) CH,Cl, (200 mL) solution of (S)-



hours. The reaction m xture was filtered through

di at omaceous earth (Celite ), and the filtrate was
w@oareammsssat ed i n vacuo. The resulting crude nmaR&r/82009/032830

was recrystallized from i sopropanol to provi de the

HCl salt of Cap-l1 as a mhitenggedle 4.0 g). Opti cal

rotation: -117.1 [c=9.95 ny/ in H20; a,=589 nnj. 1H

NNR 30 (DVMSO-d6, 6=2.5 ppm 500 MHz): 6 7 43-7.34 (m
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T
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
enantiomers were effected as follow: the product was dissolved in 120 mL of
ethanol/heptane (1:1) and injected (5 mL/injection) on chiral HPLC column (Chiracel

25 0J,5cmID x 50 cm L, 20 um) eluting with 85:15 Heptane/ethanol at 75 mL/min,
and monitored at 220 nm. Enantiomer-1 (1.474 g ) and enantiomer-2 (2.2149 g) were
retrieved as viscous oil. 'H NMR (CDCls, 8=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, J/=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%

30 homogeneity index; LC/MS: Anal. Caled. for [M+H]" Cy0HasN,Oy: 325.19; found
325.20.



45 Acet al dehyde (5.0 nlL, 89.1 nmol) and a suspensi on

of 10% Pd/C (720 ng) in nethanol/H20 (4nl/1 nL) was
weemuammsssl |y added to a cooled (- 15 C) m xt uPET/USF009/032830

(R) - 2- phenyl gl yci ne (3.0969, 20.48 mmol ), IN HCL(30

m.) and nmethanol (40 nl). 8 cool i ng bath was

removed and the reaction mxtdfe was stirred under a 5

bal l oon of H2 for 17 hours. An additional acetal dehyde
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needed. TiaYRBaE 9P 3ue G- cprducierl agponing tertlsgyhthesis
191 aLPARLLOYSs iPAphIbplite 'ahﬁﬂ%?s f@ek §}ELQ11§p'14cErhéﬁt S8, 4-

concentrat'ed in vacuo. r esul tlng crude nateri al
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1H) desgrilx@-bglos1 (m 5H), 5.26 (s, 1H), 3.08 (app br s,
2H), 2.65 (br s, 3H, 1.24 (br m 3H). LC (Cond. 1I):
RT=0.39 mn; >95 % honogeneity index; 25 LC M5S: Anal .
2Cal cd. for [MrH + C 1HL6NO02: Cip4. 12; found 194. 18;
HRVS: Anal. Calcd. fg [NHH]+ Cii HLI6NC2: 194. 1180;
found 194.1181. Cap- ¢ HNIf O(O1L11 WO

2009/ 102568 PCT/ US20 3]y 46 ClCO2Me (3.2 ni,

41.4 mol ) was added dropw se to a cool ed (|ce/mater)
8a: enantiomer-1
8b: enantiomer-2

OH
The enantiomeric separation of the intermediate benzyl 2-(4-
hydroxypiperidin-1-yl)-2-phenyl acetate was effected by employing the following
conditions: the compound (500 mg) was dissolved in ethanol/heptane (5 mL/45 mL).
25  The resulting solution was injected (5 mL/injection) on a chiral HPLC column
(Chiracel OJ, 2 cm ID x 25 cm L, 10 um) eluting with 80:20 heptane/ethanol at 10
mL/min, monitored at 220 nm, to provide 186.3 mg of enantiomer-1 and 209.1 mg of
enantiomer-2 as light-yellow viscous oils. These benzyl ester was hydrogenolysed

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



THE (410 nL) sem -solution of (R)-tert-butyl

2- am no- 2- phenyl acet ate/ HC1(9. 877 g, 40.52 mmol) and
walriosomsepyl et hyl ami ne (14.2 L, 81.52 mmol) OREF/US2009/032830
mn, and stirred at simlar tenperature for 5.5

hours. The volatil e conponent s renoved in 5 vacuo,

and the residue was partiti onéd bet ween wat er (100 )
and ethyl acetate (200 nL). The organi c layer was

sor ot it }266 WC }ﬁe%%@@gﬂiﬁ)f Esdlgg'\?gw 1H), 2.93 (m,

concEpRIctRd 133)1 fz\zaqmsz)Tln g0 (Ihfe&;tyl L. amgm cngo fR’[&ﬁ sg Q@d)ndh 1D);
urate I 1t an shed w
hexg%ég/gtho?@%elm_l)n ?XOL‘é 1@1@1 %lcf et}eo 3H18N03 2%6.13;
2- (b oxy/6AHINY @B A [RE e@mm aizﬁs @37&04&1 Wi 1bes.
solid (7.7 g). 1H NMR (DNBC> 6, 6=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, thg LC (Cond. 1):
RT=1.53 mn; -90 % honogeneity index; LC MS: Anal.
Cal cd. for [M+Na]+ AHIONNaO4: 288.12; found 288. 15.
TFA (16 nl) was adde 8 ﬁﬁe to a cooled (ice/water)
CH2C12 (160 niL) 15 soI [ ofgatdieicBQy e product over
7 mnutes, and the coo{fzi bat Bbwastereemeanced and t he

reaction mxture was s red for 20 hours. Since the
deprotection was still conpl ete, an addi ti ona
TFA (1.0 was added and sfirrin i nu or an
addi t i on&l® %asr%wrw Feparafign a{ fhp Gt ?fﬁ ﬁ%zyligégsp “éhoved

I N NaGYPyrroRiafh- - @2%@?&@& w&'e&‘feét@(ﬁbﬁ&ﬁplbﬂ\ﬁﬁ the e@ltoadng
with diethyl et hexanes

1Br oGPiions: 3y q5tce @2&“{*?@?’@5 Sepﬁ@teﬂwéeu Cb}r%lé{PeL%%umra {Ghdragsd OJ-
an ?m@%@ ed i dy it etmn% aﬁﬁ?gx/nﬂ%@ﬁ @@)2( 59% n?bthaﬁ@it\ill% 0.9

and dried in vacuo to provide Cap-4 as a
whi TEAs@I1D dhai FreBireg)0. mL/@pb Flowlrate, oﬂnéa itapmeratdr 6f % c[CE: 'Ele?

/ ' H2 , =589. . .1H NVR ( DVS 6, =2. 5.
300 M By 5P Shieppjle g T an RS el
7. 48isso29 if AH,GIH20 mE) ahd wadhedJwth. a3, aqﬂ.drd)w m3didm ({6 mL3kter + 1
LC >95 % i i :
1F G i Nealy QeroRFigh): [t opangs O34 b MO JilEsL. and

210c¢dnbentHRNS: vadb@d protadé 9215 nnglf fl[aMidﬂ} HarﬁBQMWfracnon 2.
210, 0766; found 210.0756. Cap-5

2008hese b ety V2 by ernolst acaozfgl)xg i tJa? afreearatfon(qi)@p 7to
2- pEﬁBé’rE @layscsbarh%d 68. @a199a ﬁaeﬁ%rééﬁﬁfl thelsa%p(l’é 1%mb§att@p@result

nmo ( nmo

et haﬂaﬂrl leaﬁwnna@)a r@oeirésew@aﬂeeLEPLCa@SIIgd@)zQ@nﬁtbanMFﬁdewggt) TH&MR

2h €aghiRB-d1 XU 8oR1-S 935 8%s R, P8R LEAPAIAULS) 318 (br
s, 1H), 3.84-2.82 (br m, 4H), 2.31-2.09 (m, 2H). RT=0.42 (Cond. I); >95%
homogeneity index; LC/MS: Anal. Calcd. for [M+H]" C2H sFNO,: 224.11; found
224.14; Cap-9b (diastercomer-2): 'H NMR (DMSO-dg, 8=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,

25 2H). RT=0.44 (Cond. I); LC/MS: Anal. Calcd. for [M+H]" CpHsFNO,: 224.11;
found 224.14.



filtered, and the filtrate was concentrated in vacuo.
The residue was dissolved in 5 ethanol and acidified
WO/ 102884HC1L to pH 3-4, and the vol atil e conmpoP@nUS248%032830
removed in vacuo. The resulting crude material was
purified by a reverse phase E"IDLC (wat er / met hanol / TFA)
to provide the TFA salt of Cap-5 as a sem -vVi scous
white foam (1.0 g). 1H NI\/R (DVMBO-d6, 6=2.5, 500 MHz) 6
10.68 (br s, 1H), 7.51 8091 5.23 (s, 1H), 3.34
(app br s, 2H), 3.05 (app br 02 1.95 (app br s,
4H); 10 RT=0.30 mi nutes (Condo I)/ >98% honogenei ty
i ndex; LC/MS: Anal. Cal cd. QJK/[\II\/HrH] + Cl2H16NO2:
206. 12: found 206.25. Cap-8° O N Cod 15 The TFA
salt of Cap-6 was synthesized fFom (R)-2-phenyl gl yci ne
and 1- bl'@ﬂﬁrh;’tro(n%fmlﬁﬂmﬁl(h@@l%hﬁﬁiﬂ)&nm{orﬁﬁidﬁgydefwo mL of

nmet hod of aration of

o038 a0t Ry Beihonctl BE o sl o phesSiopr g PR (6
6S, m%b‘@n metﬁanBB(S(Iﬁ‘]D)O e nfixtufbas sﬁn&&nﬁ&pﬁbam%ﬁ@f @hl) en for 23
2.81 (app br s, 2H); RT=0.32 m nutes (Cond. ); 8%

o Wre ARistreactsap vt ofes Fime] Ihreoeh eeREBcom 2L Gente’) and

(s A PRIy o

Cap(UMSOefna&thi o8¢ MHz) €4p{iibtH)ehantddomet.4,2.1, NHA 2G40 (m,

(20038 P8 B RhuraET L Lot F2A 2[?'8%&#% oc

1g)CT/®ITI%@.’22 (€0 HU169982/<olhdmidgelﬁbllt§?gncﬁS%j LA %@9]{] mklﬂ(ﬁ 8or [M+H]
) T es tat

CiotaTg SRR BBRCEY,) 2 PRY7E P e

nmol ) and 4-di met hyl am nopyri dine (0.504 g, 4.13
nmmol ), while maintaining the tenperature between -5 C
and 0 C. The reaction was stf4r&d at 0 C for 9 hours,
and then stored in a freezer ¢-25 C) for 14 hours. It

was allowed to thaw to anbie /tenperature and
washed with water (200 mi)HOIN (100 mL) and brine
(100 nmL), dried (MgSOM), filtered, and concentrated
in vacuo to provide benzyl 2- phen?l-z-

létpgﬁylstog%(]) agte}eatfgzgﬁg)ﬁ ﬁ{r(?]régyl%ﬁoh ne- -2~ carb%piyl%coa{cicfj (IO 5'0 s, 3.8
mmol), formaldehyde (0.5 mL of 37% wt. in H,0), 12 N HCI1 (0.25 mL) and 10%
Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of hydrogen for 19
hours. The reaction mixture was filtered through diatomaceous earth (Celite®) and
the filtrate was concentrated in vacuo. The residue was recrystallized from

20 isopropanol to provide the HCI salt of Cap-11 as a white solid (337.7 mg). "H NMR
(DMSO-dg, 8=2.5, 500 MHz) 5.39 (d m, J=53.7, 1H), 4.30 (m, 1H), 3.90 (ddd,
J=31.5,13.5, 4.5, 1H), 3.33 (dd, J=25.6, 13.4, 1H), 2.85 (s, 3H), 2.60-2.51 (m, 1H),
2.39-2.26 (m, 1H). RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal.
Caled. for [M+H]" C6H;1FNO,: 148.08; found 148.06.

25

Cap-12 (same as cap 52)



integrity of the product was not checked and t hat

product was used for the next step w thout further
w@eoofidxset i on. 1H NVR (DMSO- d6, 6=2.5, 500 MHzRCBUS20§8032830

(d, J=10 8.6, 2H), 7.43-7.29 (m IOH), 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 (C3Ad. I11); >90%

honogenei ty i ndex; LC/ MsS: Anal. Calcd. for [M:H +

C22H2 .41 419.04, T 75 L) ..
S AT 2 SRR Y5 et bRl wn

g, l&:ﬁb&laaemﬁm@% (5h-miey, md alpl" H:Dﬁ (Iﬁ)zrhln)eso(lﬁoﬁ of mtthyl3BloBoformate
nmo an i i sopr.opyl et am ne
K‘g 0 ks Wavaldediogh B reactigh X“?“WB s Stlrﬁeﬂémﬁ%&e’abfeahcmgwns

al | eed HodrseR@ borconteiddl /8 Mhcub € TREFREIHAEW Rk olill §7as dissolved in
vol atil e conponent was renoved in vacuo, The _ residue

fias WRISF #1dacisifisd gt WEER! ExanH adeh dths relingaqlutions gygy extracted
t hewgih 9@81 &e!a@x% 1081 ) WAa R oWibided WRaRiE pRAE WAk & (Na,S0.),
dried ( , filtered, and concentrated in vacuo.

The ﬁ}t%rgthathi ?@cerrt@éré Ifrecep talrovide 2 prlpiles el (B3R $)I 48hme of this
g ?g \%%}19%%%mﬁﬁé§w 4 RAcrSE hasPYE (2QD/RAERERNEEAS R provide 150
2-( mgrréﬂamlb apecoisznlems ai yf B szﬂp HeMpOadsed-e & 566 Mitr) 7.44 (d,

Snalyer vt TRt O 8 ap miomefiung sty Al e Ko

IS a m xture of enantioners |n a 38.2 to 58.7 ratio.

The separation of the enantj S were effected as
follow the product was diss pv din 120 nL of

et hanol / heptane (1:1) and |r” eaded (5 nL/inj ection)

on chiral HPLC col urm (Chiracell 25 @, 5 cmID x 50
cmL, 20 m eluting with 85:15 I—IQHt ane/ et hanol at 75
rrL/m n, and nonitored at 220 nm Enantioner-1 (1.474

g) and ehantiuemel-dani® (2549 28 mnwd);, Srmaldtinide(®dgal wt. %), IN

I I N N

(d, h)ﬂd:d.@nﬁtm(kbbqre B008I1) fa,5 hbutk?2 The rehefign mlétw@f?wésﬂlteidd)through

2. b , «8H)., 5 (s, 3H. RT=2.10

i gt SR foinaip T b edRhsmlRiar g fegovide the
for H[dl/ﬂ'd'l‘ﬂ of (g0 BI25 N2 G2 whi2R SeldkiPicd @um ctan BakbundBr va¥¥dm (4.4 g; the
2009/ 102568 PCT/ US2009/ 032830 49 A nethanol (10 m,_f) ,
sol Hridhakave Bicprtral giskhte ThirPdust Wasissg withoyt further purification.
2fEt WNMIQEBMSO%}SAQ@5609@%98'19@%@% lo@(% J=3:411H), 276 (s,
mml ) was added to a suspension of 10% Pd/ (120 my

in A Ha%dﬂ JE5.303M.) . The reaction nixture was exposed
to a balloon of hydrogen, under a careful nonitoring,
for <60 mnutes. Imediately after 5 the conpl etion of
the reaction, the catalyst was-f4ltered through

di at omaceous earth (Celite) the filtrate S
concentrated i n_ vacuo to provjide| Cap-7, cont ﬁ;ed

wi t h phenyl acgri c acid as a tan~f oam (867. 6 PSS

i's above t pearet i dal el d) The pPoduct s used

for the @ st'ep w thout @ e@oqbﬁmf a@%@zmm
Cap-14

25 Step 1: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3

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

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



(DMSO-d6, 6=2.5, 500 MHz) 6 7.44-7.37 (m 2H),

7.37-7.24 (m 3H), 3.92 (s, 1H), 10 2.63-2.48 (app.
wWhr00g/1026§ , 2.48-2.32 (m 6H), 2.19 (s, 3H); RIEGDUSD09/032830
(Cond. I1); >90% honogeneity index; LC MS: Anal .

Calcd. for [ M+rH + C13H19N202: 5 35.14; found 235. 15;

HRVS: Anal . Calcd. for [ M+H +°C13H19N202: 235. 1447;
found 23 5.1440. The synt hesi s of Cap-8 and Cap-9 was

cond 0 hesi s aof Cap-7 by.
o e SRRt 2 b S SR E ot 3 s el i
g . ﬁnxtlfnlé‘wab }!M@D@l}!lﬁ)ﬂwd@ralld\;vﬂﬂofv@fm Qﬁiﬂnl&elﬁmﬁgpefraturg and stirring
uor opyrrolidine for modi fi e
c onm FogHEuGdoH the HE“%EBIQF%{“F%W % q@éﬁh{&%% subsequently
ste Ee@iﬁivé@ﬁfﬁlﬁh@rebﬁﬁ@%ﬁsqﬁhhﬁﬁed &ﬁh 1@'5%%@1!{60@@181‘ a®B lapPeth@Qicetate.
Cap-8 OH. N 8a: enantionger-1 . enantioner-2 The

é nahbs oREHT Bhasepar wpiaisd ofricd ﬂ‘é%%éﬁ%‘dﬁ agl gonsanfzAfqd to
(eynby &5 Proviak 9 Slchiin ‘Tln%héter?a‘l RAEPM BT kAR YRS e

effect ed by e yin low ng conditions: the
OSSO0 Gy et G e O s RO O BL Bt 5o eive
mL/ lkd 0

e R fhnedet SUPRRLSK PR W | BOREE S 5
cm I7397 425 mc B}, 7.4007.37) (me RHD, 138y (dd S5 082 0H), 3.59 (d, /=10.9 Hz,
ep / n ni.t.ore 2 m

RS A VR LR TRAA  se
enanti.eHE,-2)ak40 (sghil). Va&l/MSwAwalS Caled. 6irlC5:H,I™@s e75; found:
ben ?%@ﬁ er was hydrogenol ysed according to the

preé T'oh of Cap-7 to provide Cap-8: 1H NWR

( DMSO- d6ste=2T5 a stf2d20R8HA 0PH 6 thtdrfaddibio2009/1 132 33 mn) in
i IC_)I)O dil\/glzo%%ge'(dftﬁloe §1%5mﬁ])53@ g%%ﬂ)eﬁi; TFZAié)S n-ﬂz)z 21%12 (r(?a]ﬁﬁigrgppéxtu?;é \Zlg%s(tisrred

1§m at%iﬂ)blenlteﬁ%el(amre 2l hodrs 4¥d B it Sk eonSdtRited8o (5R8 1o give a
I 1) >98% honogeneity index; LC MS: Anal. Calcd. for

Mgt ey NBIE o1bwis ppgified psinggv o geplose Prepive ERILE .
f or (I{rhﬁégjﬁ'érccé %B‘lﬁi\@ooﬁ%%}%%&mzé @UWQT?@? '[Jh%%ﬁproérlate

N 9a: di ast er eoner -
fract10ns were combined and concentrated to dryness in vacuo. The residue was then

dissolved in a minimum amount of methanol and applied to applied to MCX LP

20  extraction cartridges (2 x 6 g). The cartridges were rinsed with methanol (40 mL)
and then the desired compound was eluted using 2M ammonia in methanol (50 mL).
Product-containing fractions were combined and concentrated and the residue was
taken up in water. Lyophilization of this solution provided the title compound (0.492
g, 78%) as a light yellow solid. "H NMR (DMSO-de)  7.50 (s, SH), 5.13 (s, 1H),

25 3.09 (brs, 2H), 2.92-2.89 (m, 2H), 1.74 (m, 4H), 1.48 (br s, 2H). LC/MS: Anal.
Calcd. for Ci3H17NO,: 219; found: 220 (M+H)".

30



~ 9b: diastereoner-2 \° The di astereoneric separation
of the internedi ate benzyl 2-((S)-3-

wo basonasys r ol i di n- 1-yl ) - 2- phenyl acet ate was ef PEDUSH09§32830
enpl oying the following 10 conditions: the ester (220
ng) was separated on a chiral 4PLC col um (Chiracel
Q- H 0.46 cmID x 25 cm L, 5 m eluting with 95% C02
/| 5% methanol with 0.1% TFA, at 10 bar pressure, 70
nm/mn flowrate, and a tenp rature of 35 C. The HPLC
elute for the respective ste ‘@’ snmers was
concgntrated, and the residue diésqj, ved in 120

(20 nd washed wt h¥an aque me | 0 nt r
+ 1 csat_u’r \NadHCQB o‘l_’t|on)N aTn"'c g on
phase wers dried (MyBH4), ! tered, co entrate

in vacuQ to provide 92,5 ng of fra n-% and 596

of fraction-2. These enzyI esterr® Wt e CM‘jS
hydrogengl ysed according to the preparation of A Cap- pcar
to pr ep%?lé RSNy bro’@ﬁﬁ'@ﬁm( Bickds: ehospiturg of a-

t hepRABPBh&yladetR aIﬁ/(\l@% 3 (ﬂ%O@nc{_EgS})L(t) 1 Qﬁen{v’léfh'aﬁdl ¢RH4 Q1,065

on a reverSe phase HPLC usin /[ 'met hano

§ol \ehtapd DMA g 5 Opvsod) ésdty dichlosometipge (AQ)mL) was added
7 5?01121 ]ﬂ%l(('ﬁ 45 gDO 063 Il'l)’(ﬁ% %{Ipat%flcemTh% réﬁltlﬁg Ec]imon wasQfrrbPAt

RT—ooozmtemmmre iyl SR8 Wwbrgdelitiyasrtiese] WIS scottc

224, 1198[(:@% gq{ré‘k ML }ﬁ&ﬁﬁ“ﬁ#{“‘%mggg%apale

6 2y8lowagin H%ﬂh)ChrZ)mt})gmpBﬁ_(&@mhem cth] d@tafed4:dF ofithis oil

=55. 9 i 7 4
1Br0_)(id9%@ title Q%In%c&bnd (@4& iﬁ@?&a WI:i)’lte1 s)%]ld @ WR SAIQO IMHZ
Cal COCL) 617. MH] (n, COR HEIBNG =624z, DZBH) 5. W@W%Q@Hiéh 5H)
WO 2009/ 102568 PCT/ U82009/ 032830 51 gf
a softfy 8nter B rbthé ¢ & g= @“?F?lﬁﬁbll)“é d= AR
f I d o fiyl (BY20(Mh ihagp! 2-
il R

in ﬁ%ﬁtﬂﬁ@ﬁ%ﬂtte (B0 Apglutiopd ($ai Leplpnulethyk2 §f0rnr0r?eahq&1ﬁl§éfftata 464 g,

ibal b a9 AVAIOGERL ol adRd tHAH1I8mind NE6 1 KRACH. B?Hlmol) followed
m Xt ure vvas filtered through diatomaceous earth

( Ceby tegrautglpgmogigmdedide @44 & &5 aenpd). {Ide pragiirdeixTpwaQ
as ?tﬂre(afaft ro\@!ﬁi tE?péer&feq?ﬂ gm?aﬁbteg )and t’hglm ?@@m %th%rl -4-

6=2.5, 500
1 |—|) hy(ﬂomlpgnd]ge ((}:QSI g]_P:|)1 8 ngnc&jem(E{F @ H)L) vgas 24ddezl, j‘[@e ¥yture was

(oot Pt R i herdt 3nd BRI b« iy 6516901%am

2€al tb(iihpefaﬁrre)[fMl-él—I]ldurs The cooled reaction mlxture was then diluted with ethyl
acetate (30 mL), washed (H,O x2, brine), dried (MgSO,), filtered and concentrated.

The residue was purified by silica gel chromatography (0-60% ethyl acetate-hexane)
to provide first the (S,R)-isomer of the title compound (0.306 g, 60%) as a white
solid and then the corresponding (S,S)-isomer (0.120 g, 23%), also as a white solid.
25 (S,R)-isomer: 'H NMR (CDsOD) & 7.51-7.45 (m, 2H), 7.41-7.25 (m, 8H), 5.85 (q,
J=6.6 Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2H), 2.41-2.29 (m, 2H), 1.71-1.49 (m,
4H), 1.38 (d, J=6.6 Hz, 3H), 1.18 (s, 3H). LCMS: Anal. Calcd. for Cy,H,7NOs:
353; found: 354 (M+H)". (S,S)-isomer: "H NMR (CD;0D) & 7.41-7.30 (m, 5H),
7.20-7.14 (m, 3H), 7.06-7.00 (m, 2H), 5.85 (q, /=6.6 Hz, 1H), 4.06 (s, 1H), 2.70-2.60



C6H12NO2: 130.09; found 129.96. Cap-11 HOONF 15 A

m xture of (2S, 4R)-4-fl uoropyrrolidine-2-carboxylic
w@ei0d/1B8660 g, 3.8 nmol), formal dehyde (0.5 nkCDUSREY932830

w. in H20), 12 N HC1(0.25 nmL) and 10% Pd/C (50 np)

in methanol (20 nL) was sti rrzg under a ball oon of

hydrogen for 19 hours. The reaction m xture was

filtered through di atomaceous earth (Celite) and the

BTN R ERCET N T T

s al 1. 5@f(mcap} 130 a B-6veit, 8 HS,0l.200(s (3B7 LCMY )Anall K IR for

Od6 5.39 (d m J=53.7, 1H), 4.30

12ﬁ)27NQ-§ b%’? 8354@4&1)5 13.5, 4.5, 1H), 3.33 (dd,
3256 & 4, (R 4-By By Bmel Adia0r-2)-2 bhbiflacttid acid: T
2.39-2, 26 R% ( y yéS(Zgng%che }21) gj lacSfigacid: Toa
Rondyeingiof %ha%eﬂayleﬂld %z ﬂroxywﬁwlplpafdnp L 2
CoHldn ?Qgetaté ?31 8@% 0fs9 %ﬁl‘i’ol)lﬁ%ll&ﬁwrorgéh&% g3 i) (2aARICAS
cap 52 WD 2009/ 1025
PCTIiS2009G 32183bm15 zniﬂlﬁmﬁuwewaé stinedgt rapm Bmperaiuye g3
di SHQlr j efh @1&1@@{%%%9%@ Thvell A RANALS ROkl ORas
(50 m.), and a THE (50 nL ution of nethy
chl pvigiedryraewerse(phao pmp)lramasHBTq@ €drimesphare CTige2¢ v 4Q4nnan

X d : "n19] | 0

Life Se s B S S R T
sol iscdid\/(ﬁs2&lg,§)§%)v e0M% Apalwetadod. dordCidcibNOT: 249, fmmtdhzfﬁ(]\l
HC1 Q@ z 2-3. The resulting solutions was
ext %Id vvlth ethyl acetate (3 x 100 nl), and the
corrbl ned organi c phase was dri ed (Na2s&™4), filtered,
and concentrated in vacuo to |de a colorless oil
(2.58 g). 500 ng of this rra? was purified by a
reverse ase HPLC (H20Lx >

0.2H). .F97 (mo'i'H), 3. 5B @35 (d, f—

15 (R)-Cap-16
Step 1: (S)-1-Phenylethyl 2-(2-fluorophenyl)acetate: A mixture of 2-
fluorophenylacetic acid (5.45 g, 35.4 mmol), (S)-1-phenylethanol (5.62 g, 46.0
mmol), EDCI (8.82 g, 46.0 mmol) and DMAP (0.561 g, 4.60 mmol) in CH,Cl, (100
mL) was stirred at room temperature for 12 hours. The solvent was then
20  concentrated and the residue partitioned with H,O-ethyl acetate. The phases were
separated and the aqueous layer back-extracted with ethyl acetate (2x). The
combined organic phases were washed (H,O, brine), dried (Na,SOy,), filtered, and
concentrated in vacuo. The residue was purified by silica gel chromatography
(Biotage/ 0-20% ethyl acetate-hexane) to provide the title compound as a colorless oil
25 (8.38g,92%). 'HNMR (400 MHz, CD;0D) & 7.32-7.23 (m, 7H), 7.10-7.04 (m, 2),
5.85(q, J=6.5Hz, 1H), 3.71 (s, 2H), 1.48 (d, J=6.5 Hz, 3H).
Step 2: (R)-((S)-1-Phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate:
To a solution of (S)-1-phenylethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol) in



"AOH A mxture of L-alanine (2.5 g, 28 mol),

formal dehyde (8.4 g, 37 wt. %, IN 15 HC1(30 nL) and
wasmmese3 (500 ng) in methanol (30 nli) was stiPECEUS2009/032830

under a hydrogen atnmosphere (50 psi) for 5 hours. The

reaction mxture was filtered_through diatonaceous

earth (Celite) and the filtrat® was concentrated in

vacuo to provide the HCL salt of Cap- 13 as an oil

t he TR LRt o LRGN adb-A U LN ARy S Behiopaues

us eallomddne Warnh 1 h6ia terfiekdtire Gatle itring Er 26IntiMRs( DMECY16GEon

6=2.5, 500 6

1H) Wa%th%cqoéwzto ) ]Czafjdz?éO@aon 93&3(1%3%% sh %a‘ﬁﬂalhm 190
O MiNwds a(ﬁ@ahncﬁlﬂe hni6e6R twaBul1dwdd@8 Raroa-104C 2hd SrRR althis
A mxture of (R)- -gr-DphenyI glycine tert-butyl ester

¢ 3. trepngraturofos hﬁ%l he 1amIas N p Ty, wergugichabwith atgptpd aq
KWNﬂLﬂcﬁa%fa b laylets Werl B atat@n ci“h@ﬁ&deb&s 1a§;ér cdvas (>£l~k3b§%adiéd with

6.15 mmol ) were stirred in nethanol

m x ethyleacoias (Aodad thacombinod qngzr%shalsﬁwq%%@@sd mgone)zscyled
gl uEI@&S@;;ﬁﬁl@éer M@&n&&t%d Mvachd - Bo MS)dug WPWdé@?@g\lg(gne

tes. The reaction mxture was stirred as |
al | biA@dmLoS&/dammot)@néﬁblsehqtlort wayreirrad @ltrreorarmnmaturp ifarg4 hours.

STﬁ@F&létﬁ%e\gerg{heﬁ E@nc@ﬁ zﬁ W?c%r %B&J{ grés dél ; he el ﬁ{elﬁé)a esilica

he sol vent” was subse uen enove
was ggahtontatagreptly QBlbiag@Z O%Oéfqdletbu@thﬂa@kaam)do @tdvide a pure mixture
ac et 5 The epar 4
%\?éi?ster?onileirs ?201 dl%? Cgmﬁ eg % 011?%?3 lﬁe%s/l )t gong with
pr oumdm:mi s@lrﬁfgmﬂbﬂlal (53 g Stk eFmﬂier vasmptugrapliyea tiy

r ev gr se-ph as e r &%é y }ég RPP %— 8thg%\}gn?oﬁlﬁege)rg{9\élfi$f€ta? 3‘?%

%EE; %mﬁ&nd_' Bk zgeoléﬁ:% oﬂa@) 7:37C‘g| erc%) dHINMﬂ&(kuMJ\ﬁH(zél@@dzbjza 7.52

(d, (dslda15%4, ﬁé lﬁﬁyz N&) g@%df 401m_1@) gzﬁwg@dn@{ 7202997 23
(1, (rﬂﬂh’} ?86‘?? JAH Hz2 1ﬁ§ 4(4s, 5. s, Jlﬂiblz §9 I‘§45 gth4H321 97- 25@%11

(m
AnaI4H) ¢0cdl. 43(@1 161771%&@?6 621715 3H‘)ohﬁMS Apglg (a H)fqr
Stegﬂgl(ml%ﬁayﬁt i‘oéuh@%4?%ﬁ')*on of the internediate

1

ester di chl or onet hane (10 nl)
20as addeftemFAR(-3- (aﬂ_ﬂ)lorowh@ylr)é’a@meodnnmydiagete: agigls Asmixtyre df

(R)-((S)-1-phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate (0.737 g, 2.16
mmol) and 20% Pd(OH),/C (0.070 g) in ethanol (30 mL) was hydrogenated at room
temperature and atmospheric pressure (H; balloon) for 2 hours. The solution was
then purged with Ar, filtered through diatomaceous earth (Celite™), and concentrated

25 invacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 'H
NMR (400 MHz, CDs;OD) & 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 1H),
7.21-7.30 (m, 2H), 3.07-3.13 (m, 4H), 1.84 (brs, 4H), 1.62 (br s, 2H). LCMS: Anal.
Calcd. for C;3H6FNO,: 237; found: 238 (M+H)".

30



15 at anbient tenperature for 4 hours and then it was
concentrated to dryness to give a light yellow oil.
wab@oadisesvas purified using reverse-phase prepeCEHUB2089/032830

HPLC (Prinmesphere C 18, 30 x 100mm CH3CN- H20-0. 1%

TFA). The appropriate fractiqQps were conbi ned and
concentrated to dryness in vacuo. The residue was then

di ssolved in a mni mum anmount of methanol and applied

to applied to MCX LP 20 extrg z\npn cartridges (2 x 6

g). The cartridges were rinse ¥ th nethanol (40 m.)

and then the desired conpowqd wgs gl uted using o
amon n ﬁet Nanol (50 Pf od ct contaj n
fractign oi nee ang” Carfceyt ratf®ed and, t OH
resi due cfak p in waten. Lyop zation of Nhi s
sol ution ﬁ‘\‘ovide e title fonpound (0.492 g, 7@

as a light yellow solid. 1H ( Od6)67500
5H), 5.13 (s, 1H), 25309w%r§h ,29228@5'5
2H), 1.74 (m 4H), 1.48 (br s, LGVS: Anal . (R)-Cap-17

Cal o ¢ 9y SIAH ENGRR I Lo Q@ZO’%a%pP‘ﬁ bS] MPa:

Br ﬁheﬁiy]mﬂ% T helivton c(f Ry Cp]p]anjzﬁthSt bbro]no -2-phenylacetate (1.50 g,
oY i Tl s S R PR GE 24 ' Py mgl

ITD| fqllo@vﬁﬂ by te)ralﬂutjilhhﬁmyihlﬁhlh&lldé (0(3§r7 9240. IQL(}: E{ﬂlog))g Séle Deabidn) mixture

R R T S T AR SRR

at ﬁj’/tﬁrﬁxyp-la@ﬁdﬁle@lub(l d, rsgs4&mh¢1§ 1norH1v\@ﬁn§; \;v:israﬂdecﬁtThe heRMie was
en |

t enper at ure under an

di | e T Yohoupspe ge éttvyaﬁSélﬂute&Hétﬁ @Hlygwt&te)&@ mby. pigged (H:0
167 i @8l pribiey2 &) (M dSd, ), ﬁn@ed amn@éﬁ&ﬁ@wt Tid B8 dicOv BipuAriad on a
pal e vyel fow oil. Fla chr onat ogr aphy (Si 02/

hexailex gl Rylrma (:pe5e @thYMaCﬂated?eX@vﬁ to BpYida @ gppesrinersely £He
t( it hﬁ’xtﬁl@@@i‘dﬁgre&rﬁérs og Jl&l§ec7 MH ﬁ 1Ia§01§(9{ thége 15375'61%"\@5

Hz, p@fcsmyd u%nmperqut@k@mé chrz)ma@g@plbly ( lgrakpil QJsH 39 B%Omm
5.3 8¢

= 69%‘%%@21901%02 é’t%eg ,gc? grgf%?fs?‘fhgﬁeﬁr}f)éﬁof'tﬂe tRiE cgﬁllpound

1§ R) 253443, W’é)‘ @)@Weﬂomlhyd tep &ricdirespdndpg (S)-Romer (0.271 g, 14%),

T L N R N

THE4H§3 7mi4)7 X5a(n, A . 2517, Ht(hyllﬁmsm_ (QU=61 Wt 1 H, BB (s, 1H),

O Lo 2ROV B et AR eTRIAD o 93,0, 215,
J=11.1, 2.5 Hz, 1H), 2.20 (dt, J=12.1, 4.6 Hz, 1H), 2.10 (dt, J=12.1, 4.6 Hz, 1H),

20 1.72-1.57 (m, 2H), 1.53 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for C,7H»oNOs:
415; found: 416 (M+H)"; (S,S)-isomer: H'NMR (400 MHz, CD;0D) & 7.55-7.48
(m, 2H), 7.45-7.39 (m, 2H), 7.38-7.30 (m, 5H), 7.25-7.13 (m, 4H), 7.08-7.00 (m,
2H), 5.88 (q, /=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1H), 2.68 (dt, J/=11.1,2.5
Hz, 1H), 2.57-2.52 (m, 1H), 2.42 (dt, J=11.1, 2.5 Hz, 1H), 2.25 (dt, J=12.1, 4.6 Hz,

25 1H), 2.12 (dt, J=12.1,4.6 Hz, 1H), 1.73 (dd, J=13.6, 3.0 Hz, 1H), 1.64 (dd, J=13.6,
3.0Hz, 1H), 1.40 (d, J=6.6 Hz, 3H). LCMS: Anal. Calcd. for Cy7HysNO;: 415;
found: 416 (M+H)".
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LCM5:

Biderdon@aesr 'HONMR
white solid
(309.MHp [MSO-do) 5
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IHAB. 28 @51 gm) 4H)
és%? d%ﬁ) 435%, 6
$)05i(s BHR 682 1
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&2 BT
U=&J71 Bz181) 7.12 (dd,
J=6.41, 3.05 Hz, 2H)
7.19-7.27 (m, 3H) 7.27-
7.44 (m, 10H).
LCMS: Anal. Calcd. for:
CosH30N04 458.22;
Found: 459.44 (M+H)".

Intermediate -17b

Diasteromer 1: RT-11.76
minutes (Cond’n IT);
LCMS: Anal. Calcd. for:
CyoH2oN>03 338.16
Found: 339.39 (M+H)";

Diastereomer 2:
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To the residue was gdded peridine (3 miRudlycondn b,
mml|) and the sol utilon wag stirred at rfoom tenperature
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title 15 conpound ag a col orl ess oil ((%% 3&176?“1 for:
1H NVR (400 MHz, CD30OD) 6 7.52 (ddd, J€9HNG, §9.20. 8
Hz, |1H), 7.33 - 7.4Q0 (m 1), 7.23 - 7.2 2
_ 7[23 (m 4H), 5.86 (q, J=6.6 Hz, H)§0 d4é0‘fgsg(1\{;§>-
2.3-245(m4H) 152-158(m H, 1.40 - 1.42
(m LCVS: Anal . Cal cd.

f

Condition I

5

or C@Z*ll %@ﬂ@émog&@r d%remlang sezgzitlemwy +.

Column: Chiralpak AD-H Column, 4.62x50 mm, Sum

Solvents: 90% C0O2-10% methanol with 0.1%DEA
Temp: 35 °C

Pressure: 150 bar



20 Step 3:
(R)-2-(2-fluorophenyl)-2-(

pi in-1-yl)acetic acid:
woepnesse of (R -((S)-1-phe

ri

/

peridin
nyl et hyl) PCT/US2009/032830
2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate (0.737 g,
2.16 mmol) and 20% Pd(OH) 2 C6§)0. 070 g) in ethanol (30
nm.) was hydrogenated at room “tenperature and

at m)spheri c pressure (H2 balloon) for 2 hours. The

sol H?r on hen purged with Ar, filtered through

di a ﬁg@tg ‘Plt“h (Celite ), and concentrated 25 in

vacuu. m&htgsedr@moﬁmd the title conpound as a colorless

sol i d glo 503 8% NI\/R (400 MHz, CD3CD) 6 7. 65
( ddédec iy 140 m @Lfit%a , 7.47-7.53 (m 1H),
721730(m 2H) 307313(m 4H), 1.84 (br s, 4H),

1. 62 (br LCVMS: Anal. Calcd. for C13HL6FNCRZ:

237CoRd ﬂ‘ﬂblﬁ 238 (MrH) +. 30 WO 2009/ 102568
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WP“JOW&%W%?IE ridine (1.00 g, 5.64 mml) in

THE (5 m.) was added. The mixture was stirred for 16
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chr beras. obfreaysinyiles @iere wbteapendy r¢movsg invapBowie the BOYye was

et h b?lrrge%g%as%%r&rau@%gfs& %Prfirhésﬁﬂere E—el 8§ B) X '1@(91%‘1‘!
20 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 C1oHNO;: 311.15; found: 312 (M+H)".

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

fashion:

Cap-17a RT-2.21 (Cond’n IT); 'H
OYO\/Q NMR (500 MHz, DMSO-
N de) & ppm 2.20-2.35 (m,
[ ] 2H) 2.34-2.47 (m, 2H)

N
mOH 3.37 (s, 4H) 3.71 (s, 1H)
O 5.06 (s, 2H) 7.06-7.53 (m,
10H). LCMS: Anal.
Calcd. for: CyoH2N,O4




15 (0.534 g, 27% as a yellow oil and then the

corresponding (S)-isonmer (0.271 g, 14%, also as a
wqgeiaeses | . (S, R -isonmer: 1H NVR (400 MHz, CD3QDYSH09/032830

7.55-7.47 (m 4H), 7.44 7 25 (m 10H), 7.25-7.17 (m

1H), 5.88 (q, J=6.6 Hz, @12 (s 1H), 2.82-2.72

(m 1H), 2.64 (dt, J111 2, , 2.58-2.52 (m

1H), 2.40 (dt, J=11.1, 2.5 Hz, H), 20 (dt J=12.1,

4. 6—Hz—tH)y—2-10(di—I=12-1+—4-6 Hz, b .

1.72-1.57 (m 2H), 1|53 (d, J=6.5 Hz, 34?.4{6?:?5@%“%?1%3-3.8

Calcd. for C27H29NGB] 415; found: 416 ( NrHF;

(S S)-isoner: HINMR (400 !VHZ, r‘mg:)) 6 55-7 A48 .

oH Camrldl-7.39 (m 2H), 7.88.3.30 (m SHRI- RGTSETRVI

(m 4H), 7.08-7.00 (m ﬂ_%’ 5.88 (q, J'ﬁC@IS"'Aanall"(Balcd for:

4.12 (s, 1H), 2.95-2]85 (W-1H), 2.68 (dt, J=1

Hz{ 1H), 2.57-2.52 (M 1H)| 2,42 (dt, J-@IIZH14NZQ3§34~&O

1|‘P, 2.25 (dt, J=12. .|_, * , 25 1H), _F&%d(ﬁs,‘zz (M+H)

=12.1, 4.6 Hz, 1H), (ad, J=13.6, 8.0 Hz,” 1H),

1.64 (dd, J=13 6 3/0 Hz 1H) 1 40 (d 1=6.6 Hz,

3H) Cap-¢fs: Anal . Cal ¢d. fof C27H2ONCB: ARB:0.45 Gignein 1D);

416 (M+H) +. WD 2009/ LOZS% ECT/ Us2009/ 03%@%&.@% R4 for

foll owi ng esters were ed in simlar fashion: o

I n{ er redi at e-17a Di ast er eo r@&l: 1H NVR| COOON-60034HE,

DVMBO-d6) 6 CN) ppm 1 ' JH6. 41 Hz, H) .

2.93-2.51 (m 4H) O 4H) 4.25 EI?“ H>H QET

(s| 2H) 5.82 (d, J=6. 1H) 7.15-7/52 (m 15H).

LCMBup-Anal . Cal cd. f 28H30N204 458! RZ;2. 21F(@@5ﬂ@d’nl)

459. 44 (M+H) +. D ast 2: 1H NWR | (500

DMBO-d6) 6 ppm 1.45 .71 Hz, 3H QN%A}}MM%% for:

4H 3.39 (s, 4H 4.1 H  5.06 (s|C2H),ND,8Bs(1d;

J=6.71 Hz, 1H) 7.12 .

Found: 296.33 (M+H)".
A -OH
0

10

15

LCMS Conditions for determining retention time

Condition I

Column: Phenomenex-Luna 4.6 X 50 mm S10

Start % B=0

Fianl % B=100
Gradient Time=4 min
Flow Rate=4 mL/min
Wavelength=220

Solvent A=10% methanol —

90% H,O - 0.1% TFA

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

Condition II

Column: Waters-Sunfire 4.

6 X 50 mm S5




J=6.41, 3.05 Hz, 2H) 7.19-7.27 (m 3H) 7.27- 7.44 (m
10H). LCMS: Anal. Calcd. for: C28H30N204 458. 22;
wWo-0000d025469. 44 (M-H) +. Internmediate -17b H O PCT/US2009/032830
Di asteromer 1: RT-11.76 C ) mnutes (Cond'n I1); N
LCMS: Anal. Calcd. for: O CZ%ZQZNQOS 338.16 i O
Found: 339.39 (M+tH)+; D astereoner 2: WO 2009/ 102568
PCT/ US2009/ 032830 59 RT=10.05 minutes (Cond'n I1);
LCVG;, Anal . Calcd. for: C20H22N203 338. 16; Found:
Sggggg/G?WRFD+. Internmediate -1 7c | Diastereoner 1:
TR- #12bB%6 EENDO M nutes (Cond'n 1); N LCMS: Anal . Cal cd.
for:. O C1H26N202 338.20 Found: 339.45 (MtH) +;
Di aSTAP@HAEIC2. MR- 6. 00 ninutes (Cond' n I); LCMS:
AnaFlowGadted mf fin C21H26N202 338.20 Found: 339. 45

gw% +. Internediate -1 7d | Di astereoner 1: RT-7.19
avelength=220

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

Condition IIT
10 Column: Phenomenex 10u 3.0 X 50 mm
Start % B=0
Fianl % B=100
Gradient Time=2 min
Flow Rate=4 mL/min
15 Wavelength=220
Solvent A=10% methanol — 90% H,0 —0.1% TFA
Solvent B=90% methanol — 10% H,O —0.1% TFA

Cap-18
X ~p N
OEt 2 OEt 3 OH

S X
N~ (0] No 0 N

A: X=H C cap-18
1
B: X=Br

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

20

pyridylacetate (1.00 g, 6.05 mmol) in dry THF (150 mL) at 0 °C under argon was
added DBU (0.99 mL, 6.66 mmol). The reaction mixture was allowed to warm to

25 room temperature over 30 minutes and then it was cooled to -78 °C. To this mixture
was added CBry (2.21 g, 6.66 mmol) and stirring was continued at -78 °C for 2 hours.
The reaction mixture was then quenched with sat. aq. NH4Cl and the phases were

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



m nutes (Cond'n I); LCMs: Anal. Calcd. for: N

C27H29N02 399.22 0 Found: 400.48 (MtH)+; O
wor@tieaseoner 2: RT=9.76 mnutes (Cond n |); PCICNRR009/032830

Anal . Calcd. for: C27H29N02 399.22 Found: 400. 48

(MtH) +.  Chiral SFC Conditions,for determ ning

retention tinme Condition | 5  um: Chiral pak AD-H

Col umm, 4.62x50 nm 5m Sol vents: 90% C02- 10% net hanol

2008 HIEEE btk (BB G0 5 VO el Pusfieg by flash

ML/ BhrBmatoMapBNiSi@y Bekaf@-2BO da6mte] Nj A6 'ptcﬂ’[tie tHe talerﬂgh@lﬁnd (1.40
nmet hangl 5 Condition |l Columm; Chiralc oD-H

Col &nh/0)4s ez%swfmnsme velpvy eHt 1 N@@/&A@@N%%D%@%@ (dd,
Wit h- @6 11@5% 2H-')_e‘ﬂ@5 U/S EnessHng), sthQs hap, 49 Eb%{n 2H),
rate . moni't or ed @2220 nm 1njecti

01%,%{ %Hﬁaﬂ-& LEAS: ¥imal. Siadgsl. For CoH1oBrNO,: 242, 244: found:

(R) 223 645 g pxy- 4- phenyl pi peridin-1-yl)-2-phenyl aceti
aci d: To a solution of (S)-1-phenyl ethyl
(R) 2 ( 4Sthry &r G%§)-Bthphkeypywidpb2H@, N-dimgthylar@ino)acetate: To a

PSSP B S TP g 8 SR e 1
mhxtnlm let aIS tesnparartmﬂ vab addsd mm@hrmamae (¢ irf DHF, 8.5 mbutr %0
e vol atj

1 nenRLF b Sl G ARGRENN | LB kPR B
HPL (Be(VBranlm sphat@od 18 yac20 axd the @Ritue was purified by flash
chromatography (Biotage, 40+M SiO, column; 50%-100% cthyl acetate-hexane) to
provide the title compound (0.539 g, 31%) as a light yellow oil. 'H NMR (400 MHz,
CDClz) 6 8.58 (d, J=6.0 Hz, 2H), 7.36 (d, J=6.0 Hz, 2H), 4.17 (m, 2H), 3.92 (s, 1H),
15 2.27 (s, 6H), 1.22 (t, J=7.0 Hz). LCMS: Anal. Calcd. for C;1H16N,O,: 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
a mixture of THF-methanol-H,O (1:1:1, 6 mL) was added powdered LiOH (0.120 g,
20 4.99 mmol) at room temperature. The solution was stirred for 3 hours and then it was
acidified to pH 6 using IN HCI. The aqueous phase was washed with ethyl acetate
and then it was lyophilized to give the dihydrochloride of the title compound as a
yellow solid (containing LiCl). The product was used as such in subsequent steps.
'H NMR (400 MHz, DMSO-de) & 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J=5.7 Hz, 2H),
25 3.56 (s, 1H), 2.21 (s, 6H).
The following examples were prepared in similar fashion using the method

described above;

NMe, LCMS: Anal. Calced. for
Cap—]9 | X COZH C9H12N2023 180, found: 181
N (M+H)".

\




20 CH3CN-H20O-0.1% TFA) to give the title conpound (as

TFA salt) as a white solid
WQRRHb/102368 cd.

(0.230 g, 88%. LCMs:
for CI9H21ING3: 311.15; found: 31PCT/NB2)PH032830

The follow ng carboxylic acids were prepared in

optically pure formin a sim/l
RT2.21 (Cond'n @H OO Y NWR

fashi on: Cap-17a

6?500 MHz, DVSO- (N) d6)

6 ppm 2.20-2.35 (m N 2H) 2.34-2.47 (m 2H) CH 3.37
(s, A3t {s—tH)—O5-06{S—2H 7067 53—{m
10H)| LOVB: Anal. Calcd. for: C20mod$ea iqisation "H NMR
2009f 102568 PCT} US2009/ 032830 61 M6z, @mggﬁ (,
355. 38 (M+H)+ Cap-l?b NME&T- 0. 27 ConanII)
LCVE, A%a »pcal ed. f  H c121LJﬂAerogH)z§£41iwpto
Founlt: 536242 (e [Cap*%¥7c RT] 0-48 1L.oI71 (d)y7G
J LAVS: Anal. Cal cd. N C13H18N202 234.14;
Found: 235.31 (M+H)+. O Cap-17d | HR,TH{)213(C?®ndJT5I3)HZ
LCMS: Anal. Calid. for: C, 91- 121ngI %9% 61’H I\ég(p nézh
296.833 (MtH) +. |a-,,- OH LCMS Condlt ons(% ) E76H).
determ ning retenti on t i mdlMe; LCMS: Anal. Calcd. for
Cap—Z] | CozH C9H11C1N2023 214, 216; found:
c N 215,217 (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-22 @COZH CioH12N,O4: 224; found: 225
O,N (M+H)".
NM62
LCMS: Anal. Calcd. for
CO,H
Cap—23 O C14H15N023 229; found: 230
O e
NMe, LCMS: Anal. Calcd. for
Cap-24 F3C\©)\COZH C11H1,F3NO,: 247; found: 248
(M+H)".
NMe, LCMS: Anal. Caled. for
Cap-25 d\cozH C1HpFsNO,: 247; found: 248
CF, (M+H)".
NMe; LCMS: Anal. Calcd. for
Cap-26 ©\)\COZH C10H12FNO3y: 197; found: 198
F (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap—27 F\©/kC02H C10H12FN023 247; found: 248
(M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-28 cl CoH | CioH1,CINOy: 213; found: 214

<

(M+H)".




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

Start % B=0 Fianl % B=100 G adient Tine=4 mn Flow
w@Raioeadssd / min 10 Wavel engt h=220 Sol vent A=10%¢EUR00032830

- 90% H2O - 0.1% TFA Sol vent B=90% met hanol - 10% H20

- 0.1% TFA Condition |1 C%Iurm Waters-Sunfire 4.6

X 50 mm S5 WD 2009/ 102568 PCT. EJSZOOQ/ 032830 62 Start

% B=0 Fianl % B=100 G adient Tine=2 mn Flow Rate=4

mL/ m-r—5—Wavelepgth=220-—Salvent—~A=
H20 | 0.1% TFA | Sol vent B2%0% net h iﬁgﬁ Angs Asio for
0. 1% TF&gpGondi i on d&Gal um: R RaNeneX 3 10pnd3 204
X 50l mMm Start M B= % B=100 G@dl ent Time=2
nmin |Flow Rate=f¢ ni/mn ¥5 Wavel en§¥iE220 Sol vent
A=10p% et hanol | 90% 20 ~Ma, 1% T ﬁcwlA\ﬁgptCa@ds)%o
met hanol - 10% H20 - Q. 1% JFA Cap- X 11~ NI N Cet 2
~\ CEt GréH N| O N GOR X EmHm@lNE\)p 218; found: 214
Cl (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-31 g CO,H CsH12N,0,S: 200; found: 201
>; § (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-32 S CO,H CsHi1NO,S: 185; found: 186
S (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-33 S)\COZH CsH11NO,S: 185; found: 186
= (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-34 Q%COZH C11H12N,05: 220; found: 221
(M+H)".
Me, LCMS: Anal. Calcd. for
Cap-35 WcozH C1pH3NO,S: 235; found: 236
(M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-36 %,N COH | CiuH1N,058: 250; found: 251
(M+H)".
Cap-37
NTX N7 X
OFEt 1 ~ 2 ~
MezN/\[c])/ E—— Me,N OEt Me,N OH
A BO - Hcl ©

cap-37



20 B: X =DBr Step 1; (R S)-Ethyl

2-(4-pyridyl)-2-bronpacetate: To a solution of ethyl
W@A20094102568/1 acetate (1.00 g, 6.05 mmol) in dry AGEUSDBD032830

m.) at 0 C under argon was added DBU (0.99 nlL, 6.66

mol ). The reaction m xture mgg allowed to warmto 25

roomtenperature over 30 m nutes and then it was

cooled to -78 C. To this mxture was added CBr4 (2.21

3" houe 3. SRR S R MRS T EaSo T

sat ml)aﬁ]r-e omﬂgalN Nndimbmglapﬁraﬁeesath&sz g§ epanmicy Kﬁ(hm 90 g,

£ ??@ gﬁx%sl’éw@%@zégéé @eg?} Eﬂ?@flég@géb) Wigglegassed

con Q}@tﬁtarsﬁéa%doﬂ@r Bh@sl@pfor TheimR&U The RActHR! thiRilrOWhs th@Sheated at
|nned|ateli?gur|f|ed y flash _chromat ography (Si 02/

hex 40 Coiony? hetere plpi@vhiah if yvag epofiddQ ragen iemgerpiugq and poured into

0| | 1& q&%i}%%g&ﬁﬁﬁ&ﬁ?%%th%%ﬂﬁ? J%&tt@%ﬁlbm%h bgﬁﬁm

Hz, plgqsys were wshed (H.Q) bang, dry_edgN pppO4p ﬁ;tere@; apd cqrgent@pq)d in
4 2 ;Lacﬁo ZQhé lr@s Cdﬂirlliegﬁrs{ ISy re'Jerze %akgpr]g rdti e

oun 43
24 5(Rr1WdSphlere @{1§p302x IQORH)S)CI-ECEJJHZO -5 mM NH4OAc) and then by flash

.S PRGN T DS 8 B

(1. 40123,2, 87%Basnamwirjnge ml DNFNMR)@oorMHzaCD(an 8.90 (d, J=2.0 Hz,

. Ty 3618 R 72 IR0 TR 2P o bR B Pk b 11

(as7jedgrol/m/3, 6, m.slray er), qurscmch)gqr B3Ry, RH)IT (s, 6H), 1.15 (¢,
vol atiles were renoved in vacuo_and the_r

YT LR R e da T ot 25 g A
1sol um; 5696, 1A qut)lﬂﬂlbhﬁlggﬁ)ai @ilglediﬁ@ﬁ)zlahﬁlo)&é@c\/é&& Ahe

title conpound g el l ow oil .
1H Rvrue 2H R Ra=pthyl 269@3}31}11 & YQ BAN, Neflimgt Isla@mqiacetzqﬂl)(o 122 g,
7 3@ 448l mmb&f&n@ 6N¥HC12{§)ij)4Wajszle£th atzlw) PC @orgla h()§vs -JFHQ solxgeﬁt

f or W@ﬁi EADBNDID 2acp08 prowaiqrﬁl@ dlh@@@htomdwﬂihe Stl@@naﬁound (0.169 g,
(R S) o@/)(a‘& g’%ﬁﬂ ﬁyb‘% 'fgan§ %ﬂ&ﬁpmehxﬁmaﬂ&m%@& [nCsuB&hknt

To a so ut i
20 - ( Ateprywitiyt lﬁllrtﬂer(mrlﬁpacﬂllorretﬁMSamnaio)Cabét &1 (HD900: 20;

0.9 a m xture of THF-nethanol -H20 (1:1:1
n%q‘“ Ry powdered Li OH (0.120 g, 20 4.99 mol )

at roomtenperature. The solutlon was stirred for 3
hours and then it was aC|d to pH 6 using I N HCl.
The aqueous phase was mashe ethyI acetate and

then it was |yophili zedCS; gl(ye mehe di hydr ochl or ide of
the title conpound as a | ] olLid (conta|n|
Li C1 %Nproduct was used las su n subseque
ste VR (4001MHz, 49 (q
2H) @?{\L(GH J=5.7 Hz, 2 +
F NR'R? [;:Lv)k
: *@ %

Cap-38
25 Step I; (R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate
and (S)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate: To a



25 3.56 (s, 1H), 2.21 (s, 6H). The follow ng exanpl es

were prepared in simlar fashion using the nethod
wale®onddsesl above; Nve2 LCMS: Anal . Cal cd. for PQEPS299/032830

CO2H C9H12N202: 180; found: 181 N (MtH)+. WO

2009/ 102568 PCT/ US2009/ 032830 ,.64 LCMS: no ionization.

1H NWR (400 MHz, CD30D) 6 8. 85 (d, Nl\/teZ Cap 20 CO2H

J43Hz 784(apptNJ53Hz 7.61 (d,

H?nxt%reé)g(%ﬁé')z @pﬁléhyl%fwjglg)—%—a\—/éuor F'Zl)aégllc ag'?d (fzgsp 514 %
%F;n%ﬂolﬁ@ﬂﬂ\mg mo&mﬁﬂeﬂm ((:g)llfgghe‘n?lg?dnol (f;[)92 B 1%&? I_r|nm01)
Cloit! éz/'lr@a@ofgﬁ wap F i £159 é3 208N ¢ Mol o D R

Anahjiovéaalts §hr at Rom tEAPerddreG0RH KohAHTDNR v end 395 thE® teodbved in
230 (M . Nwve2 L . Anal . Calcd. for Cap 24 F3C

Eop ke phL D e pargtronedl ayithpthybagstatq-fpQy) The Inggsowerengparated,

Ana'thecgﬁéoﬁéj}a §1Q¥as bgécpex%@ctmffh Q%}H%&Et% an@fh@ comBHEd:
248 K|) + NMe CVB: Anal . Cal cd

26
COR Prgenig pilagpq\mge w;gglpd (If{& ine); drged (ﬁa;(SM*)_L )ﬁ.\lered ang concentrated
in vacuo. The residue was purified by silica gel chromatography (Biotage/ 0-50%

diethyl ether-hexane). The resulting pure diastereomeric mixture was then separated

10 by reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH3CN-H,O-
0.1% TFA) to give first (S)-1-phenethyl (R)-2-(dimethylamino)-2-(2-
fluorophenyl)acetate (0.501 g, 13%) and then (S)-1-phenethyl (S)-2-
(dimethylamino)-2-(2-fluorophenyl)-acetate (0.727 g. 18%), both as their TFA salts.
(S,R)-isomer: '"H NMR (400 MHz, CD:0D) & 7.65-7.70 (m, 1H), 7.55-7.60 (ddd,

15 J=94,8.1, 1.5 Hz, 1H), 7.36-7.41 (m, 2H), 7.28-7.34 (m, 5H), 6.04 (q, /=6.5 Hz,
1H), 5.60 (s, 1H), 2.84 (s, 6H), 1.43 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for
C1sH20FNO,: 301; found: 302 (M+H)"; (S,S)-isomer: "H NMR (400 MHz, CDsOD) &
7.58-7.63 (m, 1H), 7.18-7.31 (m, 6H), 7.00 (dd, J=8.5, 1.5 Hz, 2H), 6.02 (q, J=6.5
Hz, 1H), 5.60 (s, 1H), 2.88 (s, 6H), 1.54 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd.

20 for C1sH20FNO,: 301; found: 302 (M+H)".

Step 2; (R)-2-(dimethylamino)-2-(2-fluorophenyl)acetic acid: A mixture of

(R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt (1.25
g, 3.01 mmol) and 20% Pd(OH),/C (0.125 g) in ethanol (30 mL) was hydrogenated at
room temperature and atmospheric pressure (H; balloon) for 4 hours. The solution

25 was then purged with Ar, filtered through diatomaceous earth (Celite™), and
concentrated in vacuo. This gave the title compound as a colorless solid (0.503 g,
98%). 'H NMR (400 MHz, CD;0D) 8 7.53-7.63 (m, 2H), 7.33-7.38 (m, 2H), 5.36
(s, 1H), 2.86 (s, 6H). LCMS: Anal. Calcd. for C;oH12FNO,: 197; found: 198
(M+H)".

30 The S-isomer could be obtained from (S)-((S)-1-phenylethyl) 2-
(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt in similar fashion.



NMVe2 LCMS: Anal. Calcd. for Cap-27 F CO2H CloH12FNO2:
247; found: 248 (MtH)+. Nwve2 LCMS: Anal. Calcd. for
WE@2p92®5¢¢ CO2H CloH12C1INO2: 213; found: 214 ¥O#HH2909/032830

WD 2009/ 102568 PCT/ US2009/ 032830 65 NMe2 LCMS: Anal .
Cal cd. for Cap-29 CO2H CloHég 1NO2: 213; found: 214
Cl (M:tH) +. NMe2 LCMS: Anal . cd. for Cap-30 CO2H
CloH12C1NO2: 213; found: 214 CI (MtH) +. NMe2 LCMVS:
Anal . Calcd. for CO2H C8H12 : 200; found: 201
Cap-31 S Z~~ N (M+H) . ‘E’ : Anal. Calcd. for
Cap- 32 CO2H C8H11NOZS: 185 found: 18f NG8 (MHH) + Nwe2
LCVS: Anal . Cal cd. o? p-33 CO2H CBH1INOZy 185;

found: 186 ( s CvE—Anal . c for

Cap- 34 CO2H C11 : 220; found: @ N (MH) +.
NVez LCVMS: Anal. Calcd. for Cap-35/ I H
C12H13NCRS: 235; found: 236 S (MH) +. MVE2 Lovs:

Anal . CahGglxtufeQdt (R {F@PchRB N cfl i b2 biB GINS 0263 m81;

f Ou?o?mal%l?l%yde (3 SQAM;queous solution, 0.80 mL, 3.23 mmol) and 20% Pd(OH),/C

5 (0.050 g) was hydrogenated at room temperature and atmospheric pressure (H;
balloon) for 4 hours. The solution was then purged with Ar, filtered through
diatomaceous earth (Celite™) and concentrated in vacuo. The residue was purified by
reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH3CN-H,O-
0.1% TFA) to give theTFA salt of the title compound (R)-2-(dimethylamino)-2-(2-

10 chlorophenyl)acetic acid as a colorless oil (0.290 g, 55%). "H NMR (400 MHz,
CDsOD) & 7.59-7.65 (m, 2H), 7.45-7.53 (m, 2H), 5.40 (s, 1H), 2.87 (s, 6H). LCMS:

Anal. Calcd. for CyoH»CINO,: 213; found: 214 (M+H)".

Cap-40
0]
Cl  NH, Cl HNJ\O/
OH OH
oY oY
15 cap-40

To an ice-cold solution of (R)-(2-chlorophenyl)glycine (1.00 g, 5.38 mmol)

and NaOH (0.862 g, 21.6 mmol) in H,O (5.5 mL) was added methyl chloroformate
(1.00 mL, 13.5 mmol) dropwise. The mixture was allowed to stir at 0 °C for 1 hour
and then it was acidified by the addition of conc. HCI1 (2.5 mL). The mixture was

20  extracted with ethyl acetate (2x) and the combined organic phase was washed (H,O,
brine), dried (NaxSOy), filtered, and concentrated in vacuo to give the title compound
(R)-2-(methoxycarbonylamino)-2-(2-chlorophenyl)acetic acid as a yellow-orange
foam (1.31 g, 96%). 'H NMR (400 MHz, CD;0D) & 7.39 — 7.43 (m, 2H), 7.29 —
7.31 (m, 2H), 5.69 (s, 1H), 3.65 (s, 3H). LCMS: Anal. Calcd. for C;oHoCINOy4:

25 243; found: 244 (M+H)".



Cap-37 | /I e2 NN ~Cet 1 2 0 Me2N OBt Me2N OH A

0 . HCO 0 B cap-37 WO 2009/102568 PCT/ US2009/ 032830
w@0suegsesl; (R, S)-Ethyl PCT/US2009/032830

2-(qui nolin-3-yl)-2-(N, N-di net hyl am no) -acetate: A

m xture of ethyl N, N—dlnethyl%g1noacetate (0.462 g,

3.54 mmol ), K3PO4 (1.90 g, 5 nmol ), Pd(t-Bu3P)2

(0.090 g, 0.176 mmol) and toluene (10 nL) was degassed

with a stream of Ar bubbl es éor 5 m nutes. The

reaction mxture was then hedt’éd at 5 100 C for 12

hours, after which it was cooled to rggma enperature

and poured into H20. The m xture was lextracted with

et hyl acetate (2 and phe conbined g @anic phases

wer e washed (H20, ¢ 4 |Itered,

and concentrat ed wagHpuri fied

first by reverseXplase preparative H (Primesphere

C-18, 30 x 100nmm CH3CN H20-5 mM NH4 é% and then by

flash 10 chromat ography (Si 02/ hexane- % acet at e,

1:1) to w@wSﬁ@siohwzJ(z t&l&&ﬂ@@ﬁﬁﬁemﬂﬁc&ﬁ&cﬁ (2 wg@mausmmol)

an ora e oil. 1H NVMR (400 MHz, CDCL3)

J=21pl 20 niIl.,‘Dwasgtdéeéi I{l(&fphqjmg (10851_% 21 17|_151m0]g a%thg S(@‘ithnrﬂlas

;2 |'|) st1r7ed7a?r06ﬁijt@mpe]ra1§re%or ﬁh&ars 1T}§ r&%tlorﬂﬂ)xmre $abthch qg’ﬂed with

6. HL (Hl}l 4.13 (m 2H),
ch]glsacetgqq)and g_xtg@ste(l pvit HJQ7(2;@ e agjay us nheyggyva Ay@hlhzed and
Cal 91@ resﬁd(:ﬁ'é wad Eid'lﬁé}i%‘}?smcg é@l’chfo%%rapg§‘?81(){x§é7%ﬂ 0% thethanol-

2 ( Q},ﬁz@b) tprgn@-ﬂw titlezomRowddi-@etMrypotineroythd ity gedtig acid as a
2 (P2 o P MR 0N CRPRIA S #1140
19, 709473 (mbH), 42dds, BN),HCGB((Br mﬁ)\m (ne2at)edl14tbr 001 CLCMS:
for 1 S d in vacuo to
pro@?éngﬁ 8?&5%?3@@125 dau 2%ﬁ§P%ﬁ 1 e conpound
(0.169 g, >100% as a light yellow foam The

' vwas used in subsequent

w Ehout fltﬁfnﬁ%i%%%nm & At GBS R G ) 06? iqscrlbed
Cﬁ3h&4ﬁ@ﬁ2 230; found: 231 (MrH)+. Cap-38 P-j

\ 1= "1\ OFE NI / CH
Q LCMS: Anal. Caled. for

Cap-42 O C14H1oNO;: 233; found:
OH 234 (M+H)".

LCMS: Anal. Caled. for

o
Cap-43 o C13H17NO»: 219; found:
OH 220 (M+H)".

N~ LCMS: Anal. Caled. for

Cap-44 O C1iH1sNO»: 193; found:
OH 194 (M+H)".




/| OH1 +2FiN FNRIRIT \ OM OAFNOKH .11 F

~N B Cap-38 25 Step 1; (R -((S)-1-phenylethyl)
wQ2qodireasshy| ami no) - 2- (2-f1 uor ophenyl ) acet at e  BEITUS2009/032830

(S)-((S)-1-phenyl et hyl)

2- (di nmet hyl am no) - 2- (2-f 1 uor o%enyl )acetate: To a WO

2009/ 102568 PCT/ US2009/ 032830 ""67 m xture of

(RS) 2- (di net hyI am no) 2-(2-1l uor ophenyl )acetl c aci d

(2 o 12 F\I\III\D /n AN
J\J Yy Lo, IIIIUI/, \>n LUJ 3, - IJ. IIIIUI/ anu

(S)t1-phenyl ethanol 9 17 15 mol
(40| L) was ddded EDCI 9 g, 17.15 rr&r&l\%@éﬁ{]& f@ﬁ"d for

m xfur@pmes |al lowed t§ stir @t roomt elmﬂ{zmzmzezéngpfound
12 hours. The sol vent y&s  t hen renoved |i.n %@quo and
the|residue partiti on'tho'ét hyl acetate The

| ayers were geparated, ~the aqueous | ayer was
back-extracted wth ethyl acetate (2x) and the

conbi ned organi c phases were washed (H2O, brine),
dried (Na2SO4), filtered, afd’dficentr at ed i n vacuo.

The residue was—qurifded by silica ge oggt ogr aphy
(Bi ot age/ O- 50| etlhyl et her-hexane he resul ting
pure di astereonefi crmRture was then s t 10 by

rever se- phase pr epa'maztlve HPLC (Pri rresphe{ 18, 30 x
100m  CH3CN- H20- O..pT:L%-I-EEA) to give first
(S)-1-phenethyl (R)-2-(dinethylam no)-2-(2~ NH
fluorophenyl)acetate (0.501 g, 13% and thems
(S)-1-phenethyl (S)-2-

(di met hyHHSNd)85 2al(, 3. Inyoelo phewde] toecesangorf Of (R2-2-agnino-2-

% %hﬁ{}%w’é%g %ﬂ%ﬁenﬁl@@ﬂg% (ﬁ@amoﬁ%fg@h%c%gl% find the

15 ﬂrH:JQuré Wa8 stirredlat BJOHZtemj)H)lture]foBE) mindifies Metl@l—l)socyanate (0.5¢,

H) 37% f n%ls Egd, 1nf.n%f§0rz gr,l stHr:nég @n%l?edg%'_go I}P&Wés ﬁ}]e aI'F?,Ctlon

CaI ods qienched Gy 8HAOEHNIZ, O30 InL fand i resaBid g (thlﬂ)ttt,e was ﬁltered

EREET A WA A

16 02 p(léhyla%etﬁ; &id (|‘1'|25 g, 312‘0%) was B o(@ed abb)whitd.s88d 41, it @ﬁ)used
J=6.5 Hz, 3H). LCV5. Anal. Calcd,

gthegwlﬁop‘r@@n dH I‘%E (?W D%Sé)pd@éi I?Spm 2. 54 (d, J=4.88
( R) HZ. i}fﬁ's"fﬁ(?y}ﬁf@ﬁ@ '1?1‘) E%S f(+ yay 9@@1%[‘}’[]1))@@@&[ P64 B, 1A

m xt ur e of

2 ( a+2ﬁ'€t3|8;(tnaﬁi{;1b% é72(?8( 12{)f IL&M% g’h?@ et ot eHPNAO 808
%o%nfl 9? % ?ﬁ?j/; rﬁfveglﬁPL%]Phe%grﬁelf g(g,q_% 2{)9 4%9111%[205‘[091})0‘;{% over 2

et hano dr ogena
1and néun®s phéruitechgdd 8ms uxﬂo%ﬂzatbralld)%m)haholr 0. 4%htﬂnr B=1TMe

3 ?g%{%@%t}%&ﬁﬁ? ﬁq@/tﬁzj glggj 1nA50 % Elorlnggelilglgy 1n9gxo ugh

Cap-46
¥ 0 ~ =0
NH, HN.__O
¢ pTsOH salt (NH



concentrated in vacuo. This gave the title conpound as

a colorless solid (0.503 g, 98%. 1H NMR (400 MHz,
weDBOM2568 7. 53-7.63 (m 2H), 7.33-7.38 (m 2H)PCBUSH09/032830

(s, 1H), 2.86 (s, 6H). LCVM5: Anal. Calcd. for

A OHL2FNOZ2: 197; found: 198 H) +. 30 The S-isoner

coul d be obtained from (S)-((9)-1-phenylethyl) 2-

(di met hyl am no) - 2- (2-fl uor ophenyl )acetate TFA salt in

iml i.on. 009/ 102 [/ US2009 83 8
Capr 30 RS R el e oo Mg sagbed e Cap-
A miszd. UpeNaR (66 MER; DRISor-ap Bepyl0)asl (v oi-ne7 (R, 800 @-3.05 (m,

R W R T R I

hydvgt@ﬂasmzais (E,00m L@MSGA%EIU [Rlcangorad, MSPTRNDE. 10 found
pressure (H2 balloon) for hours. The sol uti on was

ﬁ heR2pLY @&tni HRLAXTHRRA @rléoﬁ ? KeOuEH Ode HBmBoReLsminutes,
eary *ﬁuﬁ‘.}??hélg %%;1 aR%@P%{%Ptlb@tlﬁéihdn'al YS%W&POE“E f(ﬁ/sivgtléf«‘ 90%
was puri reverse-phase preparative HPL

(Pr mﬁ@mﬂd}.é%(ﬂﬂ&, RIGO7 h00rHdfo ISHBE@RRdHI (nde®. 1% TFA) to
give theTFA salt of the title conpound

(R)-2-(di net hyl am no)-2-(2 10 chl orophenyl)acetic acid
as a col orless oiI (0.290 g,CHB%% . 1H NWVR (400 MHz,
CDBOD) 675 65(m 2H), 7.45;7.53 (m 2H), 5.40

2. LCME: . Cal cd. for
a m@i f1ound ) +. Cap-40 O @QH/??\\H
- 1IY_(]=T %9 15 cap-40 ToO -0
ice-cold g ion of (R)- (Z@I o(_r)ophenyl )gl yci ne (4n00Q0
g, 5.38mm) and NaCH (0 ,216mm|)in H20
(5.5 nmL) mas added nethyl chloNgformate (1.00 mi, N

13.5 mmol ) dropwi se. The m xture was allowed to stir
lat O Cfor 1 hour and then Bt was acidified by t 47

ddi ti
S R et e N
or gacr]iltipnpdﬁ @btevbdmtwldshmdo-@@@nylacbtater(ép g, 4119 enhnol) and Hunig’s
t he Oﬁ 79 mtl (? £Se fnoﬁ Dﬁ&”&ﬁ mL)%&ag gddela VEGH qcarban%lyye

& Conpotnd
chloride (0.38 mL, 4.18 mmol) dropwise over 10 minutes. After stirring at room

15 temperature for 3 hours, the reaction was concentrated under reduced pressure and
the resulting residue was dissolved in ethyl acetate. The organic layer was washed
with H,O, IN aq. HCI and brine, dried (MgSO,), filtered and concentrated under
reduced pressure. (R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate was
obtained as a white solid ( 0.86 g; 75%) and used without further purification. 'H

20 NMR (500 MHz, DMSO-ds) & ppm 1.33 (s, 9H) 2.82 (s, 6H) 5.17 (d, /=7.63 Hz, 1H)
6.55 (d, J/=7.32 Hz, 1H) 7.24-7.41 (m, SH). LCMS: Anal. Caled. for C;sH2N»Os
278.16 found 279.23 (M+H)"; HPLC Phenomenex LUNA C-18 4.6 x 50 mm, 0 to
100% B over 4 minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1%
TFA, B=10% water, 90% methanol, 0.1% TFA, RT=2.26 min, 97% homogeneity

25  index.

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



(R) - 2- (net hoxycar bonyl am no) - 2- (2- chl or ophenyl ) aceti c
acid as a yelloworange foam (1.31 g, 96% . 1H NWR

W@ 200/104%8 CD30D) 6 7.39 - 7.43 (m 2H), 7.29 PCT/US®09/032830
(m 2H), 5.69 (s, 1H), 3.65 (s, 3H). LCMS: Anal.
Cal cd. for ClOH10C1NO4: 25 24%'2 found: 244 (MtH) +. WO
2009/ 102568 PCT/ US2009/ 032830 '“69 Cap-41 O C N} OO
OH/ OH 611, cap-41 To a suspension of

2-(2-(chl or.onet hyl ) phenyl )aceti c .aci 2.00. 10. .
Rt A i GGt AR n Pt i et sotution
21. ?vitﬁmhhi):tuaalf’td Eh%ﬁﬁ&fdxblﬁeis %E :20R $iltbred biffan @ dri@t undeaBIuced
tenperature fo .hours. . eacti on xt ur s then
di | lteésefr«w<Bh2-<i§ﬁ§}vet§>@%&e§9§-£haw e e @Wh'“te
(2x3olid (D89 @RYEH USR] RRAS WA FurtiePplifchaed "ANMRb® MHz,
residue was purified by silica gel chronmatograph

£ B DIMRAo 00009 S HtT 22 @HECHS) B d g Pos (4 Ha 107 tzel H) 7.28
compo 15 T i Ci .
. "?a”’*&??i‘éé%‘?é??%@.%%j DY RO 2PT 1585 RLush. ascus:

8 )
D3yl e for ki Nogls SRS Bony 2282 7 0GaY LAY ¢ TERBA C-

(S, , r 0 . - . Q o

vy ¥ D A 108 Eber oS R ot A OBeR v,

236 1QMtakdhanolTha%d iddPlOaviB g % exanm P@s nvedragolsd.avd BuPOy, RT=0.75

I%efg‘%{go l{lsim%g nteﬁe. et hod described for Cap-41: LCMs:
al™™ GA 1T MOEGIY \i¥%ap- 42 O Cl4H1ONDR: 233; found:

H 234 (MrH)+. NO LCMs: Anal. Calcd. for Cap-43 O

C13H17NCO2: 219; found: (}Iga%_é%/l'rl)t M N-M LCVE:

Anal . Calcd. for Cap-44 O HISNCO2: 193; found:

o o ok

\( HN.__O
A : _NH : _NH
B Cap-48

Step I; (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate: To a stirred

15 solution of (R)-2-amino-2-phenylacetic acid hydrochloride (1.0 g, 4.10 mmol) and
Hunig’s base (1.0 mL, 6.15 mmol) in DMF (15 mL) was added cyclopentyl
isocyanate (0.46 mL, 4.10 mmol) dropwise and over 10 minutes. After stirring at
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

20  washed with H,O and brine, dried (MgSOQ,), filtered, and concentrated under reduced
pressure. (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate was obtained as an
opaque oil (1.32 g; 100 %) and used without further purification. 'H NMR (500
MHz, CD;Cl1-D) é 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 C;sH»sN,O5

25 318.19 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.



OH 194 (Mr1)+. WD 2009/ 102568 PCT/ US2009/ 032830 70 W
NJ LCVMS: Anal. Calcd. for Cap-45 O Cl4H20ON202: 248;
WO ouwndo25680H 249 (M+H) Cap-45a OH OH O O NH2 MXFU82009/032830
pTsOH salt ."INH Cap-45a HWDS (1.85 nL, 8.77 nmol)
was added to a suspension of (7 )-2-am no-2 5
phenyl acetic acid p-tol uenesul'fonate (2.83 g, 8.77
mml) in CH2C12 (10 nL) and the mxture was stirred

f 3
( 0 r5o 8 ,m gvng’fkﬁ:%t% )%Yﬂﬁien‘gglﬁgg&u%&gﬁglaﬁgp %/1?18“ %g gl?é adffglutlon
c onbf @m;&@h bayl BO-dicptglurcldog 2pdasidcote (Was gUIENBHIRD in

o oEF b b kbt SrER A St bbb e 10.3 mmol)

n- h@?@@ﬁfﬁs@,an@ﬁlﬂz r@ffu'ltﬂ% SUREST wiAGiddNat room temperature f0r6 hours. The
R) - 2 (3-nmet hyl urei do) 10 2-phenyl acetic acid @g{ .
uct was

2 vplalg sompprusiie Mets raovediRi¢raedise] ey apd ﬂ\%&%@
W t Fb@%fst?iliéi[a% %‘%Ehi@ Wekhd/ dﬁ@?a‘n@é"to ggelﬂi MHYE. %Q@Qlo%@ﬂylureldo) 2-
J 7 Plomyfagetic prifl aga%ut@ 60lid (049 g854%), "HRYMB (F¥ NHz DMFOgk) 5

2 10,01 30 Dyt b

HPL(338P’I(11@nH@eiwle7><(dC¥=l78933H© 1%1) 482 fan/=0. 3t2 é{Z;LU@)% B @vér7.P Hz,

s Tyl PP 0L LR It i %
TFAfouRT=25338 (MitH) . 30 hETBRRACI-1§ 30nddkmm, (Q:a;pl—OO% b @1

minutes, 1 minute holcPtlme l}? 90% watgr ?8/;' me"‘f‘hanoll\lb_| 2‘% 3PO4, =10%
water, 90% methanol, 0.2% H;PO,4, RT=1.24 min, 100% homogeneity index.

15 Cap-49

©AH/\[C])/0H

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

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

@/\T/E(OH

cap-49

hours at 70 °C, the reaction mixture was concentrated under reduced pressure to 20

20  mL and a white solid precipitated. Following filtration, the mother liquors were
collected and further concentrated under reduced pressure providing the crude
product. Purification by reverse-phase preparative HPLC (Xterra 30 X 100 mm,
detection at 220 nm, flow rate 35 mL/min, 0 to 35% B over 8 min; A= 90% water, 10
% methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) provided the title

25 compound 2-(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a
colorless wax. "H NMR (300 MHz, DMSO-ds) 8 ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34
(s, 2H) 7.29-7.68 (m, 5H). LCMS: Anal. Calcd. for: C;oH13NO, 179.09; Found:
180.20 (M+H)".

30



WO 2009/ 102568 PCT/ US2009/ 032830 71 The desired
product was prepared according to the nethod descri bed
WO 2009/030568 45a. 1H NVR (500 MHz, DVSO d6) 6 ppnPOr/882009/032830
J=7.17 Hz, 3H) 2.94-3.05 (m 2H) 5.17 (d, J=7.93 Hz,
1H) 6.05 (t, J=5.19 Hz, 1H) 6.60 (d, J=7.63 Hz, 1H)
7.26- 7.38 (m 5H) 12.68 (s, 1#) . LCVS: Anal . Cal cd.
for C 1H14N203 222.10 found 5 223.15 (M+H)+. HPLC
XTERRA C-18 3.0 x 506 nm O to0 5’[ 0% B over 2 m nutes,
1 minute hold tine, A=90% wat®r " 10% met hanol , 0.2%
H3PO4, B=10% wat 90% et hanol, O. 2°/s\l—9PO4 RT=0. 87
m n, 90% honobgenet tydmdex Cap- 47 O- 150~ 2 OHC. ~
O o 0 NH2 HNONANNT~ O—A"“b N/ -47
Step 1; (R)- terth bud yl |5
2- (3, 3-di net hyl ur ei do) - 2- phenyl acetate: To a stirred
solution of (R)-tert-butyl-2-am no-Z_ghgnyl acetate
(1.0 g, 4.10 mmol ) and Hunig's base Pl. 79 mL, 10.25
mmol ) i NTEMirfedQolntin sBsmattiglled (rakdthggdrhiyib batabaioagitl (0.50 g, 3.81

i it el ST e o Ry e TE R e chjoride

hou (1532 ¢, he.4reasl.i Dik ré@sios ﬁmeﬂat\xraameledtuﬂ debichitactigesture for 18

sure_and the resulting r si_ ue d| ol v
et hﬁ?uf%c&e&?aétlowwgw foz11 F’&l%l“‘ﬁg 8 1% *ﬂg
I'N a§licotdGdycaRds Blucifratcdih &4 réd\@é%@q'}ssm{e' Hvﬂﬁ@théﬂﬂde Froduct
concent rated under reduced pressure. {%& tert-buty
2- ( Fhizhyyespvilad hyapwsp-rhessmespreive HBb e (hisga 38 5t 89Hae

as  getioh 8t 0l dndl nlowlad @o %L/l%ﬁn@o BNoHBJevM 1&11?10!4& 90% water,
further purification. DVEO-

1ppmlQ Ygmethanol, §Hpo EF,gQBT ]59% ma,q)er 80 g/qme‘r(ljanoj 071% 3F Ay to)p_[g.})lde 2-

6.5 1 l.
R A A S R g

HPL@lﬁth@ﬂmn GKNMBNAOCMERZ, DMSQ-dS® tipm 0.98 tdo3FLDOPAB3H)

overatalh Tl Ty RSP Ry TR

TFALCRIB=2n26 Gulad, {§700:HoMyeX2eiltyF@Bdiader (MStep 2;

1§ R) - 2- (3, 3-di met hyl ur ei do) - 2- phenyl acetic acid: To a
Stirred solution of ((R)-tert-butyl

2- (3, 3-di met hyl ur ei do) - 2- phetiyl-sacetate ( 0.86 g, 3.10
mol ) in |

0._.0
O

g
o

Na,CO3 (1.83g, 17.2 mmol) was added to NaOH (33 mL of 1M/H,0, 33

mmol) solution of L-valine (3.9 g, 33.29 mmol) and the resulting solution was cooled
20  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 HCI to a pH region of 1-2, and extracted with CH,Cl, (50 mL, 3x). The
25  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-dg, 5=2.5 ppm, 500



CH2C12 (250 nlL) was added TFA (15 nlL) dropw se and the
resulting solution was WO 2009/ 102568

WERMPWBBEO9/ 032830 72 stirred at

rt for 3 houPGT/UJ19€9/032830

desi red conpound was then precipitated out of solution

with a m xture of Et OAC. Hexan
and dri ed under

reduced pres

23 (5:20), filtered off
re

(R) -2-(3, 3-di net hyl urei do) - 2- phenylacetic aci d was

i WO PR ¢ et o SPhaueP B B 55 300

DIVB@OBI@)n ﬁ{)pom 2m S6H)( ERM3AnRL. 221cdddfor IMYH B HZ,NOLH)76.0923;

038 (3129040

LCIVS Anal .

223.21 (M+H) +.
100% B over 2 ninutes,
10% net hanol ,

0. 2% H3PO4, RT OO

wat

met hano

er,

i ndex.

Cap-48 1

.32 Hz, 1H) 7.28
. 2H) 7.38-7.43
Cal cd.
HPLC XTERRA C

A aNH aNH B Cap- 48 Step 1;

15 sol ut¢
hydr ochl ori

for G 1H14N203: 222. 24;

Jf?

(t, J=7.17 Hz, 1H) 7.33
(m 2H) 12.65 (s, 1H).
f ound:

18 3.0 x 50 nm O to

6117 iR (UPe “h6TRHEh e, A=90%
. 2% H3PO4, B=10% wat er,

90%

O(}O mn, 9396honngeneity

g OOONHR HNHN If O
E)‘tﬂrt but yl
2- (3-cycl opentyl urei do) - 2- phenyl acetate: To a stirred

&5%%@%&@81&&"1‘1‘6& B aﬁﬁﬁ@ Xécgf‘cﬁﬁl_%

) tl?ecﬂr

g%edure described
uni g''s

(1. 6orithe systhass @ﬁﬁap)s lj ﬁomhara(:mszm)l pukescaddwetion of the crude
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and over

Y o SPLETR Bd
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g at
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trak
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dried (MgSOH4),
reduced pressure.

sl S A DRI e IR e

mastS(&UEh3H&© and bri ne,
and concentrated under

(R -tert-butyl

filtered,

yl ur ei do) - 2- phenyl acet at e

was obt apfesh @ssaARerePRFAKE idhl applopAdte Qtaartﬁ@%a%naﬁrhdcordmg to

used wi thout further

lém@fpmce@lrﬁﬂwqb@dorfﬁ

urification.

gs;yn(hﬁ‘ﬂs gjlsiap_tS Egvith @@d(npﬁdfmaﬂlons if any.

1H NVR (500

7-197 (M 2H) GuBlie 3- 98[(M 1IH) 5. 37 s 1H)
7.’6 7.38 (m 5H). LCV5: Anall. Calcd. for G 8H26N203
25 | ¥18-58@: f ound 319. 21 (MeH) + ' H NI (XVISRRA, £=28 $n0 580
50 O to [100% B over 4 m nut e_hol
time, A=90% ater, 10% net han ?}%{ﬁ% 817';55% 1 :’%‘(‘)8%7«127-97
wat| €lap-330% net hanol , 0. 1% TFAQ IRF=2oBRppt, 0. 1H06986-3.82 (m,
homa%enei ty | ndex. WD 2009/ 102568 PCT/ US2009/ 032830
o0 1H), 3.53 (s, 3H), 1.75-1.67 (m, 1H), 1.62-
/O\H/N\iko” 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;1NNaO,: 184.06;
found 184.07. HRMS Calcd. for [M+Na]"
CsHNNaO,: 184.0586; found 184.0592.
Cap-54a: 'H NMR (DMSO-dg, & = 2.5 ppm, 500
(R) y © MHz): 8 12.48 (s, 1H), 7.58 (d, J = 7.6,
O N
Cap-54b: ahid X OH 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H),
O
(S) 3.36-3.33 (m, 1H), 1.10-1.01 (m, 1H),

0.54-0.49 (m, 1H), 0.46-0.40 (m, 1H),




73 Step 2
acid: To a stirred solution

mol ) in CH2Cl2 (25 nL) was
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the resulting solution was sti
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1.69-1.51 (m, 2H), 1.39-1.26 (m, 2H), 0.85
(t,J = 7.4, 3H). LC (Cond. 2): RT =1.39
LC/MS: Anal. Calcd. for [M+H]"
C/HisNO4: 176.09; found 176.06.

Cap-58

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




Cap-50 OHOH YHNC OIl O NCap-50 To a stirred
sol ution of 3-nethyl-2-(nmethyl am no) but anoi c acid
W@ 2009002568 3. 81 mmol ) in water ( 30 nL) was adBETUKRDCWB2830
(2.63 g, 19.1 nmol) and benzyl chloride 5 (1.32 g,
11.4 mmol ). The reaction m'xtgr7e was stirred at
anbi ent tenperature for 18 hours. The reaction
rrixture was extracted with ethyl acetate (30 n. x 2)
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OUSHTTA508 Pet! USa006) 032850 T NNIR (DMSC 4 S ~2.3 ppm, 400
e MHz): § 12.27 (br's, 1H), 7.40 (br s, 1H),
/O\H/N%OH 3.50 (s, 3H), 1.32 (s, 6H). HRMS: Anal.
o Caled. for [M+H]" C¢H;NO4: 162.0766;
found 162.0765.
Cap-62 '"H NMR (DMSO-dg, & = 2.5 ppm, 400
MHz): § 12.74 (brs, 1H), 421 (d, J = 10.3,
|0 0.6H), 4.05 (d, J = 10.0, 0.4H), 3.62/3.60
/O\H/N\.:)J\OH (two singlets, 3H), 3.0 (s, 3H), 2.14-2.05
O AN (m, 1H), 0.95 (d, J = 6.3, 3H), 0.81 (d, J =

6.6, 3H). LC/MS: Anal. Calcd. for [M-
H] CsH14NO4: 188.09; found 188.05.

Cap-63 [Note: the reaction was allowed to run for
O
o H longer than what was noted for the general
i OH
o) procedure.] "H NMR (DMSO-dg, 8 =2.5

ppm, 400 MHz): 12.21 (br s, 1H), 7.42 (br




75 MHz): 12.54 (s, 1H), 7.33 (d, J=8.6, 1H), 3.84 (dd,
J=8.4, 6.0, 1H), 3.54 (s, 3H), 2.03 (m 1H), 0.87 (m
WG@RH0I/16RES: Anal . Cal cd. for [ MHH + C7HLANOA: RTBUSHBBO32830
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Methyl chloroformate (0.65 mL, 8.39 mmol) was added dropwise over 5 min
5 toacooled (ice-water) mixture of Na,COj3 (0.449 g, 4.23 mmol), NaOH (8.2 mL of
IM/H,0, 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
10 acidified with concentrated HCI to a pH region of 1-2. The volatile component was
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-ds, 8 = 2.5 ppm, 400 MHz): & 6.94
(d,J=8.5,0.9H), 6.53 (brs, 0.1H), 3.89 (d, J = 8.8, 1H), 2.94 (s, 3H), 1.15 (s, 3H),
15 1.13 (s, 3H).
Cap-66 and -67 were prepared from appropriate commercially available

starting materials by employing the procedure described for the synthesis of Cap-65.



174.0766; found 174.0771 Cap-55 i H NVR (DVMBO-d6, 6 =
2.5 ppm 500 H O M): 6 12.62 (s, 1H), 7.42 (d, J =
W@209/1025680yN LOH 0. 9H), 7.07 (app s, O0.1H), SPEOUS09R032830
(m O1H), 5.10 (d, J = 17.1, 1H) 504(d, J = 10.4,

1H, 4.01-3.96 (m 1H, 3.53 (s, 2.47-2.42 (m
1H), 2.35-2.29 (m 1H). Cap-5 1HNI\/R(DI\/ISOd6 6 =
.5 ppm 500 1110 H O MHz): 6 12.75 (s, 1H), 7.38 (d,
= 8.3, OHO0.9H, 6.96 (app s, 0.1H), 4.20-4.16 (m
00 1H), 3.60-3.55 (m 2HSP%%54 (s, 3H), 3.24 (s,
3H). Cap-57 i H NMR ( DVBO- d6, 6 =02.5 ppm 500 Mz): 6
12.50 (s, 1H), 8.02 (d, J& 787, 0.08H), 7.40 (d,"J =
7.9, 0.76H), 7.19 (d, J A 0= 8 20 07H), 7.07 (d, J
6.7, 0.09H), 1.10yN LOH #. 412 (m 0.08H),
4.06-3.97 (m 0 0.07H), 3.96-3. 80 "(m 0.85H), 3 53 (s,
3H, 1. ]GBNMRS(DMSKD d2H)= 2$p§13 40026Hém§ 12158 (br@, 8[5) 700 (d, J =

G b0 430 piok i L s Toded i ilingondlnos o1 35
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1H) Yewoedls  1H), 4.33-4.29 1.10yN,,, OH (m 1H),
3.54 (s, 3H), 2.54(dd, J = 15.5, O NH2 5.4, 1H), 2.43
(dd, J = 15.6, 8.0, 1H). RT 0 =0.16 min (Cond. 2);
LGVB: Anal. Calcd. for [M-Hfa-@6Hi 1N205 : 191.07;
found 191.14. WO 2009/ 102568 PCT/JUS2009/ 032830 77
Cap-59a: 1H NVR (DVBO-d6, & =H2.

/\n/’

10 "H NMR (DMSO-dg, & = 2.5 ppm, 400 MHz): 12.51 (br s, 1H), 7.25 (d, J =
8.4,0.75H), 7.12 (br d, J = 0.4, 0.05H), 6.86 (br s, 0.08H), 3.95-3.85 (m, 2H), 3.54
(s, 3H), 1.08 (d, J = 6.3, 3H). [Note: only the dominant signals of NH were noted].

Cap-68

@) 0]
Y
ON

15
Methyl chloroformate (0.38 ml, 4.9 mmol) was added drop-wise to a mixture

of 1IN NaOH (aq) (9.0 ml, 9.0 mmol), IM NaHCOs (aq) (9.0 ml, 9.0 mol), L-aspartic
acid B-benzyl ester (1.0 g, 4.5 mmol) and Dioxane (9 ml). The reaction mixture was
stirred at ambient conditions for 3 hr, and then washed with Ethyl acetate (50 ml, 3x).
20  The aqueous layer was acidified with 12N HCI to a pH ~ 1-2, and extracted with
ethyl acetate (3 x 50 ml). The combined organic layers were washed with brine,
dried (Na,SO,), filtered, and concentrated in vacuo to afford Cap-68 as a light yellow
oil (1.37g; mass is above theoretical yield, and the product was used without further
purification). 'H NMR (DMSO-de, & = 2.5 ppm, 500 MHz): & 12.88 (br s, 1H), 7.55
25 (d,J=28.5, 1H), 7.40-7.32 (m, 5H), 5.13 (d, / = 12.8, 1H), 5.10 (d, J = 12.9, 1H),



(RN MHz): 6 12.49 (br s, 1H), 7.40 (d, J = 7.3,

Cap-59b: ONOO0.89H), 7.04 (br s, 0.11H), 4.00-3.95

W@ 209/1623§8 - , 0 o | OH 3H), 1.24 (d, J = 7.3, 3HCT/US2H9/032830
(t, J =7.2, 3H. HRMS: Anal. Calcd. for [MH +

C6H12NO4: 162.0766; found 162.0771. Cap-60 The crude
material was purified with a fBver se phase HPLC

(H20/ MeOH/ TFA) to afford a colorless viscous oil that

crystal ljzed to [ sql i Ip € re o, hj

vas i BN f Btnolie, 7 Wl PR SR gl s
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S, . , . two s, , . m , .

(m 2 Q?'fg‘ﬂnlﬁ{%%.g'lé&nal. Cal cd. for [MtH + C6H1ONOA:

160. 0610; found 160.0604. Cap-61 1H NVMR (DVSO d6, 6 =
2.5 ppm 400 H O MHz): 6 12.27 (br s, 1H), 7.40 (br s,
iH), OyNOH 3.50 (s, 3H) Can-032a44-09%8H). HRVS: Anal. O
Cal cd. for [M+H] + -G§HLZNO4: 162. 0766: found 162. 0765.

Cap- 62 1H NVR (DMROn6,I 6 = S 480 R/Hz) - 6
12 7 (br s, 1I(—|), % CQH ng:?gigg?g‘?)'e 8’%’7 H)? 4.05
(d, J = 10.0, 0.4H), 3.62/3.60 "1 OyN, "ACH (two

si ngl et SNa@¥BH; R.416(gs36.3hmol)2vdbdd@ddb batthes ma a ditilled B19%)

Gai w3 g ibop D Eard Sin o uand Pk TawtE A rov
Cap nfiditdsNatbreicethfaehyide a€0 hndn 7 Wasnnad]) waved dédodropHvide@fer Omin, the
b e b Sh9gt TRt s, Dot e [oL, LS eneral. iion
VHZ Yor 612 R aldifiorad acktdldehyded 2.0 v:las added and the reaction was stirred
for 2 hr. Concentrated HCl was added slowly to the reaction mixture until the pH
reached ~ 1.5, and the resulting mixture was heated for 1 hr at 40 "C. Most of the
volatile component was removed in vacuo and the residue was purified with a Dowex
15 ® 50WX8-100 ion-exchange resin (column was washed with water, and the
compound was eluted with dilute NH4OH, prepared by mixing 18 ml of NH4OH and
282 ml of water) to afford Cap-69 (2.0 g) as an off-white soft hygroscopic solid. 'H
NMR (DMSO-ds, & =2.5 ppm, 400 MHz): 6 3.44 (q, / = 7.1, 1H), 2.99-2.90 (m,
2H), 2.89-2.80 (m, 2H), 1.23 (d, / = 7.1, 3H), 1.13 (t, J = 7.3, 6H).
20 Cap-70 to -74x were prepared according to the procedure described for the

synthesis of Cap-69 by employing appropriate starting materials.

Cap-70a: "H NMR (DMSO-dg, 8 = 2.5 ppm, 400

R) MHz): § 3.42 (q, J = 7.1, 1H), 2.68-2.60

Cap-70b: (S) H o) (m, 4H), 1.53-1.44 (m, 4H), 1.19 (d, J =
/\/N%OH 7.3, 3H), 0.85 (t, J = 7.5, 6H). LC/MS:

Anal. Caled. for [M+H]" CoH2oNO>:
174.15; found 174.13.

Cap-7l1a: \\ 0 .
H NMR (DMSO-d¢, 6 =2.5 ppm, 500
(R) NN OH
MHz): 6 3.18-3.14 (m, 1H), 2.84-2.77 (m,
Cap-71b: (S)




WD 2009/ 102568 PCT/ US2009/ 032830 78 s, 1H), 3.50 (s,

3H), 2.02-1.85 (m 4H), 1.66-1.58 (m 4H). LC Ms:
wWo\o@b/102568 cd. for [ MtH + CsH14NO4: 188. 09; f oR@US2009/032830
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The vol atilelconponent was 1 6ARVEO/MS) Mﬁpt@al@nd‘oﬁm@JrH
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to @’a ofd Cap-63 as a white $ﬁmMN6§m@ﬁdJQa@5(%méééo
g). NI\/R( d6Q 6 = 2.5 |ppm MHz): 6 6.94

VS
(d, J = 8.5, kaD)k 53 (bl MEz)05 46)br s318930d (ddl J= 10.8,
8.8, 1H), 2.94 (s,:3 ,115 , 1.13. (s, 3
H | cap-66 ahd - 67 ere prepar Q&Fﬁ:%ﬁ?gégr(gb%ﬁétséﬁs 3H),
ial ly|lavail abl e start 2mg-omst(er, bah 9. By, J = 7.2, GH).
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eny
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Cap-68-7WD 2000/ 102568 PCT/ US20004 10 $D850-ds7d=@apne 500
MHz): § 7.54 (s, 1H), 6.89 (s, 1H), 3.81 (t,

~ o J = 6.6, k,1H), 2.82-2.71 (m, 4H), 2.63 (dd,
NN oy J=15.6,7.0, 1H), 2.36 (dd, J = 15.4, 6.3,
O 1H), 1.09 (t,J = 7.2, 6H). RT =0.125
NH; minutes (Cond. 2); LC/MS: Anal. Caled.
for [M+H]" CgH;7N,Os: 189.12; found
189.13.
Cap-74x \\ 0 N
\/N/\ﬁLOH LC/MS: Anal. Calcd. for [M+H]
C1oHNO, : 188.17; found 188.21
Cap-75



HO 1.10Y"" OHO,,OHiH NWR (DMSO-d6, 6 = 2.5 ppm

400 MHz): 6 12.58 (br s, 1H), 7.07 (d, J = 8.3,
wW@23h2566. 81 (d, J = 8.8, 0.67H), 4.10-4.02 (PgT/US2009/032830
1.15H), 3.91 (dd, J = 9.1, 3.5, 5 0.85H), 3.56 (s,

3H), 1.09 (d, J =6.2, 3H. [Note: only the dom nant

signals of NH were noted]. -67 HO NOUOH1'" OH
O 10 1H NWVR ( DVMSO- d6, 6:25|O|Om 400 MHz): 12.51
(br s, 1H), 7.25 (d, J 75H) 7.12 (br d, J =

0.4, 0.05H), 6.86 (br s, &“687%)”%“95 3.85 (m 2H),
3.54 (s, 3H), 1.08 (d, Js~\63) 3H). [Note: only the

dom nant signals of NH enpotled]g, Cap-68 0 SOUN'AO
H O10 15 O Bn Methyl chlofofSrmate (0.38 m, 4.9
mol ) was added drop-w se to g xture of IN Na.CH

(aq) (9.0 M, 9.0 mol), 1M NaHCO3 (aq) (9.0 m, 9.0
nol ) L- sapiayaN €1.6 gc25s pdrobenz ytldedsd ecodldd (@efyated bbth) water

oot i) et Lo ol ptgRD-S A it Bl kD,

Iwas heetaldetylde Elt Syl 13.6&&1@%1@ wadiddedl drogXyise AQr I én, AlgpLROLS: bath
ayer was a |e with 12N HClL to a pH - 1-2, an

ext Wé%{e&fPV%IC Ef RejongRisfust way %‘”ﬁg Bt(i‘“ﬁﬁ“in.t C@ﬂ‘iélon%g hr. The
comiati@mh vak @anRtully lqaMRh&l Wl e NBsNad dhEdurbied nRucusdried
(Na2s), filter e(gl1 and concentrated in vacuo to

af f BFduexps Gsoksd i Vtghnd parifiglyvitivg reverse pmge HRBGs i s
aboywacbhgpoett Oab abfb@luh mwantd?@mséa%(g@t Y&%ldﬁ%ﬁ‘@ 3

wi thout further purification
19, 5hydsorypBOAndgkzs 2 0610112558150()15@15(1 9¢H) H T?MBE(D%SQ de 83: x5

© Sy gl PR Sl S T Bl an o
PCTHHS%Q@HQ&&S«O& (&Q 1H) 4120543 Q“B(nﬁ MH)JS-% 3. 31 &b, 49, 1.3H)t,J =
ST sl 57 iy R e B
FOT ChMiJTﬁOé 235123}61@&6252 2982 10 found 282.12.
15
Cap-75
NaH (0.0727 g, 1.82 mmol, 60%) was added to a cooled (ice-water) THF (3.0
mL) solution of the TFA salt (R)-benzyl 2-(diethylamino)-3-hydroxypropanoate
(0.3019 g, 0.8264 mmol) prepared above, and the mixture was stirred for 15 min.

20  Methyl iodide (56 puL, 0.90 mmol) was added and stirring was continued for 18 hr
while allowing the bath to thaw to ambient condition. The reaction was quenched
with water and loaded onto a MeOH pre-conditioned MCX (6 g) cartridge, and
washed with methanol followed by compound elution with 2N NHz/Methanol.
Removal of the volatile component in vacuo afforded Cap-75, contaminated with

25 (R)-2-(diethylamino)-3-hydroxypropanoic acid, as a yellow semi-solid (100 mg).

The product was used as is without further purification.

30



5 Cap-69a and -69b 0 Cap-69a: (R)-enantionmer N CH
Cap-69b: (S)-enantioner NaCNBH3 (2.416 g, 36.5 mmol)
wor@aokiesl i n batches to a chilled (-15 C  waRE&r/US¥9/032830
m.)/ MeOH (10 nL) solution of alanine (1.338 g, 15.0
mmol ). Afew mnutes |later a%t al dehyde (4.0 m., 71.3
mol ) was added drop-wi se over"4 mn, the 10 cooling
bath was renoved, and the reaction m xture was stirred
at anbient condition for 6d€“é’ ; addi ti onal
acet al dehyde (4.0 nL) was a d"'and the reaction was
stirred for 2 hr. Concentrat ed BCl was added slowy
to the reaction mxture urtjlthh H reached - 1.5,
and the resulting nixturé wis heat‘gﬂ for 1 hr at 40 T.
Most of the volatile conpoRent s renoved in vacuo
and the residue was purified withh a Dowex 15 (r)
50WK8- 100 i on-exchange resin (cg was washed with
wat er, and the conpound was el d with dilute NHACH,

hator SRR 0 3y Bl IS AR5 Ty 5 0)
hy gwesodfeiOE! &8 nldeacHolubivRo{ (BWVB@aHE)-2 &ept: -bRtosyqpnyl4@bio)
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1 5¥0ft Qf 4he(1}4160§[|_q))mpa_nej}bw%sdemgve%a IRV, 9(13511 }ZP rgmglgmﬁ mixture

10. 8%af treatell with/concen@led HICTLMR its chedCall ©Gnd fiRh hbdvkdHbi2 hr
COH20NO02: 174. 15; found 174.1 Cap-71la: O 1H NWR

( DIVEcHOd g Tie xolatilg c%mnegtozoas r%rpgvedmz @qu@élﬁd tﬁlfgesutug)was treated

MHZ }vith @ M8 1 8raRexdide @0 mid g st@regﬁf a?mggnt Q%dltm for 7.5 hr. The
2009/ 102568 PCT/ US2009/ 032830 81 2H), -2.68 (m

2H) yolatilggompagntygs rapfyved in vaggo grd thg reﬁldqe vgas p}p‘-gﬁed pith Dowex

(C‘E:B H%S%)Z8 300 %hbexcha?%%{ﬁ d\n ?&)"ﬂlmn \g‘f?sl \Qghecf Wih &IM&I_QHH the

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

Methyl chloroformate (0.36 mL, 4.65 mmol) was added drop-wise over 11
min to a cooled (ice-water) mixture of Na,CO3 (0.243 g, 2.29 mmol), NaOH (4.6 mL

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

25  component was then removed in vacuo and the crude material was free-based with
MCX resin (6.0g; column was washed with water, and sample was eluted with 2.0 M
NH3/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). 'H NMR
(MeOH-ds4, 6 = 3.29 ppm, 400 MHz): 6 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 3H),



Cap-72 iH NVR (DMSO-d6, 6 = 2.5 ppm 400 Miz): 6
2.77-2.66 (m 3H), 2.39-2.31 (m O2H), 1.94-1.85 (m
wapoo1@ses8 (t, J= 7.1, OH6H), 0.91 (d, J = 6PGI/USHNI/032830
0.85 (d, J =6.5 3H. LGYS: Anal. Calcd. for [MH]+
COH2ONC2: 174.15; found 174. 1%4 Cap-73 O 1H NWR

(DI\/SOdG 6 = 2.5 ppm 500 N ~OH MHz): 6 9.5 (br s,

| H, 3.77 (dd, J = 10.8, O411H) 3.69-3.61 (m

753 28R (a2 T { Ry €0 1anh= 330

I\/HZLC/MS AR C8led. o) [IMBHB L (15, N:030) 2333.58fbufd 233.484. J =
6.6, k,1 H, 2.82-2.71 (m 4H), 2.63 (dd, NOH J =
15.6, 7.0, 1H), 2.36 (dd, J = 15.4, 6.3, O 1H, 1.09
(t, J =7.2, 6H). RT = 0.k357,Ms2-mpnutes (Cond. 2);
LGVS: Anal. Calcd. for [MH + CBHL7N203 : 189.12;
found 189.13. Ca X ON CH LGVs: Anal. Calcd. for
[ MrH + C10H22NO02 8 ., found 188.21 Cap-75 ON
OH O 1 WO 2009/102568 PCT/ US2009/ 032830 82 Cap-75,

N
stepa O \NOQBn % Cap-77a: enantiomer-1

Cap-77b: enantiomer-2
5

The synthesis of Cap-77 was conducted according to the procedure described
for Cap-7 by using 7-azabicyclo[2.2.1]heptane for the SN, displacement step, and by
effecting the enantiomeric separation of the intermediate benzyl 2-(7-
azabicyclo[2.2.1]heptan-7-yl)-2-phenylacetate using the following condition: the

10 intermediate (303.7 mg) was dissolved in ethanol, and the resulting solution was
injected on a chiral HPLC column (Chiracel AD-H column, 30 x 250 mm, 5 um)
eluting with 90% CO,-10% EtOH at 70 mL/min, and a temperature of 35 °C to
provide 124.5 mg of enantiomer-1 and 133.8 mg of enantiomer-2. These benzyl
esters were hydrogenolysed according to the preparation of Cap-7 to provide Cap-77:

15 'HNMR (DMSO-dg, 8 =2.5 ppm, 400 MHz): § 7.55 (m, 2H), 7.38-7.30 (m, 3H),
4.16 (s, 1H), 3.54 (app br s, 2H), 2.08-1.88 (m, 4 H), 1.57-1.46 (m, 4H). LC (Cond.
1): RT = 0.67 min; LC/MS: Anal. Calcd. for [M+H]" C14H;sNO,: 232.13; found
232.18. HRMS: Anal. Calcd. for [M+H] C4HsNO,: 232.1338; found 232.1340.

20 Cap-78

NaCNBH; (0.5828 g, 9.27 mmol) was added to a mixture of the HCI salt of
(R)-2-(ethylamino)-2-phenylacetic acid (an intermediate in the synthesis of Cap-3;
0.9923 mg, 4.60 mmol) and (1-ethoxycyclopropoxy)trimethylsilane (1.640 g, 9.40

25 mmol) in MeOH (10 mL), and the semi-heterogeneous mixture was heated at 50 °C

with an oil bath for 20 hr. More (1-ethoxycyclopropoxy)trimethylsilane (150 mg,



NaBH3CN (1.6 g, 25.5 mmol) was added to a cool ed
(ice/water bath) water (25 m)/nethanol (15 m)
w@00atd2s8 of H-D- Ser- OBzl HCL(2.0 g, 8.6 mmol )PCBUS2009/032830
Acet al dehyde (1.5 m, 12.5 mmol) was added drop-w se

over 5 mn, the cooling bath s renoved, and the
reaction mixture was stirred & anbient condition for

2 hr. The reaction was carefully quenched with 12N
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MeChbmregcRusl tdoonad MCX (6 g) cartridge, and washed
with methanol followed by conpound elution with 2N

NH3/ Met hanol .  Renoval of the volatile conmponent in
iyacuo af forded Cap-75, contampajed with 25
(R) - 2- (di et hyl am no) - 3- hydr oxypr opanoi ¢ acid, as a
yel low sem -solid (100 ng). JheQproduct was used as
is without further purifi %) WO 2009/ 102568
PCT/ US2009/ 032830 83 Cap-7 071110 y OH O/N
NaCNBH3 (1.60 g, 24.2 mmol) was ~added in batches to a
chilled (-15 C) water/ MeOH (12 each) solution of
(S)-4-am no-2-(tert-butoxycar boEyI m no)
O
Ozone was bubbled through a cooled (-78 °C) CH,Cl; (5.0 mL) solution Cap-
55 (369 mg, 2.13 mmol) for about 50 min until the reaction mixture attained a tint of
blue color. Me,S (10 pipet drops) was added, and the reaction mixture was stirred for
20 35 min. The -78 °C bath was replaced with a -10 °C bath and stirring continued for
an additional 30 min, and then the volatile component was removed iz vacuo to
afford a colorless viscous oil.
NaBH;CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of
the above crude material and morpholine (500 uL, 5.72 mmol) and the mixture was
25  stirred at ambient condition for 4 hr. It was cooled to ice-water temperature and
treated with concentrated HCI to bring its pH to ~2.0, and then stirred for 2.5 hr. The

volatile component was removed in vacuo, and the residue was purified with a

combination of MCX resin (MeOH wash; 2.0 N NH3/MeOH elution) and a reverse



5 butanoic acid (2.17 g, 9.94 mol). A few m nutes

| ater acetal dehyde (2.7 nL, 48.1 mmol) was added
W@le@pAasse over 2 min, the cooling bath was rer@Es2009/032830

and the reaction mxture was stirred at ambient

condition for 3.5 hr. An addi :8' onal acetal dehyde (2.7

nm., 48.1 nmmol) was added and Re reaction was stirred

for 20.5 hr. Most of the MeOH conponent was renpved
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00 .ce-water) mxture of Na2CO3 (0.243 g, 2.29
lﬁenm}"?ﬁﬁckg@ (4.6 mL 20 of 1M H20, 4.6 nmol) and the
above product (802.4 ng). The reaction m xture was
stirred for 55 mn, and tctzle%wgdg?%l i ng bath was
renmoved and stirring was &ontf e for an additional
5.25 hr. The reactipn & xture was diluted with equal

vol une of wateo , gpd with CH2C12 (30 ni, 2x),

and the aqueous phasg was cool egh-suat s dkasesmd-er bath
and acidified wt onhgcent r at ead-0b: $/B-dastpkbmeegi on of
2. The volatile 25 co Yesit was then removed in vacuo
and the crude material was\free-based with MZX resin
(6.0g9; colum was washed with water, and sanpl e was

el ut ed wohk -0 N N%mm@w%%deéfdmww? ﬁi’ﬁﬁrlé g fp argpoled
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[ qupvellw%qmd theZ‘stwanC@@ﬁdly%@tlgwed be@eqen FR2AQNE0 mL)
- 77 Qnaq_ltur'hleagﬁggg& solftfddn tfh@ﬂﬁl%oﬁls ph%%gvaz zptracted with EtOAc (150

enant | omer
20  mlL, 2x), and the combined organic phase was dried (MgSO,), filtered, and

concentrated in vacuo to afford (S)-1-benzyl 4-methyl 2-aminosuccinate as a
colorless oil (9.706g). 'H NMR (DMSO-dg, & = 2.5 ppm, 400 MHz): & 7.40-7.32 (m,
SH), 5.11 (s, 2H), 3.72 (app t, J = 6.6, 1H), 3.55 (s, 3H), 2.68 (dd, J = 15.9, 6.3, 1H),
2.58 (dd, J=15.9, 6.8, 1H), 1.96 (s, 2H). LC (Cond. 1): RT =0.90 min; LC/MS:
25 Anal. Caled. for [M+H]" C,HsNO,: 238.11; found 238.22.

Pb(NO3); (6.06 g, 18.3 mmol) was added over 1 min to a CH,Cl, (80 mL)
solution of (S)-1-benzyl 4-methyl 2-aminosuccinate (4.50 g, 19.0 mmol), 9-bromo-9-
phenyl-9H-fluorene (6.44 g, 20.0 mmol) and Et;N (3.0 mL, 21.5 mmol), and the

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



The synthesis of Cap-77 was conducted according to the
procedure described for Cap-7 by using
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25 7d@sté1391)ner @)4@2 ((( M= 12@) lH@fQBsz;ﬂ[;’ (d J=10.9,NH), 3.64 (s 3H)
0.77 (d,J=7.0,3H). LC (Cond. 1): RT =2.19 min; LC/MS: Anal. Calcd. for
[M+H]" C3;H30NOy: 492.22; found 492.15.

Diisobutylaluminum hydride (20.57 ml of 1.0 M in hexanes, 20.57 mmol)
was added drop-wise over 10 min to a cooled (-78 °C) THF (120 mL) solution of

30 (2S)-1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)succinate (3.37
g, 6.86 mmol) prepared above, and stirred at -78 °C for 20 hr. The reaction mixture

was removed from the cooling bath and rapidly poured into ~1M H3;PO4/H,0 (250



(m 3H). LC (Cond. 1): RT = 0.64 mn; LC MS: Anal.

Calcd. for [M+H + C13H18NO2: 220.13; found 220. 21.
WOoRNB1024%] . Cal cd. for [ MHH] + G 3HL8NO2: 220PABB32009/032830

found 220.1343. 15 Cap-79 HO 1110 y HOCNJ O

Ozone was bubbl ed t hrough a c%gl ed (-78 C) CH2A 2 (5.0

m.) solution Cap- 55 (369 ng, “2.13 mml) for about 50

mn until the reaction m xture attained a tint of
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purh Bh ¢t {19N0. 5$8P 78985 31f]. 18QBond. 1): RT = 1.92 min; LC/MS: Anal.
20 Caled. for [M+H]" CsH3oNOs: 464.45; found 464.52.

The relative stereochemical assignments of the DIBAL-reduction products
were made based on NOE studies conducted on lactone derivatives prepared from
each isomer by employing the following protocol: LIHMDS (50 pL of 1.0 M/THF,
0.05 mmol) was added to a cooled (ice-water) THF (2.0 mL) solution of (2S,3S)-

25  benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (62.7 mg,
0.135 mmol), and the reaction mixture was stirred at similar temperature for ~2 hr.
The volatile component was removed iz vacuo and the residue was partitioned
between CH,Cl, (30 mL), water (20 mL) and saturated aqueous NH,4CI solution (1
mL). The organic layer was dried (MgSO,), filtered, and concentrated in vacuo, and

30  the resulting crude material was submitted to a Biotage purification (40 g silica gel;
10-15% EtOAc/hexanes) to afford (3S,4S)-4-methyl-3-(9-phenyl-9 H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one as a colorless film of solid (28.1 mg). (2S,3R)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was
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44,98 mol) and MeOH (300 ni the cooling bath was

renoved and the reaction mxture was stirred at

s EREO NP B 38R P M5 bl BBSRNAEL o

car 9famhﬂoyd1@@rr@miah@n§@5 Het s B e idohke 1H1-I\)MRE(DMSO do, &=
saturated NaHCO3 sol uti on. The aqueous ghas

ext PAPPBE4Y VhzET BAEd.(A56 528Dt 46’.5)(1)7 (mg HEk frd4 @@ﬁ’éane& 3,
or gani 8 dohase- wasnay ized (Qﬂ}@@@éb 2 il LQM@Qm ﬂ@ %ar‘uall

concentrated in vacuo to af Oog enz
2 am%bﬁmﬁﬂﬁlﬁ@pkye@sﬂ@al)@dw éHé, 7(d(-D= POG L) h@{@qm 1):

DVR@-dfgg @'Sn L%/ﬁg@?ﬂ@l ¢904. M‘d??Mﬂ@a 704%23\11\320 (i‘% 15 Egmd
5 11 (s, 3.55 (s, 3
2 687&412:1 (39,4R)-hbtoBe is6m; H.NMR (I2M59 C(6£ﬁj 2J:E)pﬂ154@11 Mblz8,7.89

26 i Pedtnd o T et T B d i il soin .

23812 3. 78 NO3} 2, (i6), @@6@1 J183.6, MDD P2 Vés Jadded, NCen, 1155 (m,

I b S0 T ALK P I cues

9 b[MmNa]@CZ&nmonﬁﬁg1wﬂfuﬁws7s{@ 44 g, 20.0 mol) and
and t he heteroggbqneous

m xtT 5&%4%&(4&% Ped2 a’tmoéhfﬁll‘é‘ﬁftd Rydméragele (2 S ome 4+ mmol)
The wRioaiEro Was, 0 (2 o 123R 68(2BGE)- b@&w&ﬁﬁﬁ@%@me&?l 2-(9-

filtered and the filtrate was treated with
fi | PeangboBdlpisn-Sademinpbutenesg (119.5 mg §L&3 Wa@l) and the mixture

1§0NGaNL R %gam‘t;wrﬁ cbRBH ﬂopgﬁl ﬁ 1d Q"hg%@tfdn%lx%@eswas then diluted
submtted to a Biotage urification (350 g silica

gel WitTiPeh (&) wi) @mi)W'dtSbe Witlowerey (S5 mil) brad 2k organielayay[was

2-

2 S A 0 B O R BByt v
2 5pppimd WithO: Biblepe (40 ¢Ail82 gt %P Ac/he8@es) td B f(rdn(2SLEHhbenzyl

% jtegt%éltyidlmﬁﬁylsﬂ%loygg% meth;@?_?l) 69d eé)g-9(l'ilﬁu0rir‘_§l_b 3.78

2Q 5&}aﬁur¥b;lb1(tmoat2 Honfaaitated|With TR@NISdpeddmpirities, a0 lavelotlss

Cond. l.cd.
v HF et e 4% e e SO R4
Of fuGredVd Pﬂﬁ;m@bﬂam \&’as\b%maéd edmﬁlflg) fo (AISSR)-beedy] 4. 0tert-
( S) g]l{[ lbitgﬁeg ISC;B' ?ﬁ&reﬂ?’l %59 -pheny 819 f[TL zens9o3llllélrtn}n%%u?afnoate
phemy, 359§ 1lcURF BB Y amm MHEOC St e 5(ppr29G0 M8 738 (d, J =
mmol) and stirred for -1 hr
25 4.1, 1H), 7.80 (d, J = 4.0, 1H), 738707(m 16 H),4.70 (d,J =12.4, 1H), 4.42 (d, J
=12.3, 1H), 3.28-3.19 (m, 3H), 2.56 (dd, J = 10.1, 5.5, 1H), 1.61 (m, 1H), 0.90 (d, J
= 6.8, 3H), 0.70 (s, 9H), -0.13 (s, 3H), -0.16 (s, 3H). LC (Cond. 1, where the run
time was extended to 4 min): RT = 3.26 min; LC/MS: Anal. Calcd. for [M+H]"
C37HuNOsSi: 578.31; found 578.40. (2S,3R)-silyl ether isomer: "H NMR (DMSO-
30 de, 6=2.5ppm, 400 MHz), 7.82 (d, J = 3.0, 1H), 7.80 (d, J = 3.1, 1H), 7.39-7.10 (m,

16H), 4.66 (d, J = 12.4, 1H), 4.39 (d, J = 12.4, 1H), 3.61 (dd, J = 9.9, 5.6, 1H), 3.45



Mel (0.57 mL, 9.2 mml) was added drop-wi se over 8 mn

to the mxture, and stirring was continued for 16.5
wheooahodses al | owi ng the cooling bath to thaw t oP€DUN009/032830

tenperature. After quenching with saturated NHCl

solution (5 nL), nost of the éﬁ or gani c conmponent was

renoved in vacuo and the residue was partitioned

between CH2C12 (100 nL) and water (40 nmL). The

congbrir e il B TP TR 7 e PR D 174 om 1,

mat e &, 9H@$)GQL(HII#6!(1 Wiy, b0.@ (s Bt ags (6,3%0. g si | | ca
nes) to aff

Ond 267 kool B Enmi ithedioaaishi Sh2h 2§ BT ert

4- mehitMimeihy1gt &x{e&i@z pheritHo HLUHRFRM-Padfho)b 836
gl amtgo)n;uc}glﬁgwb oF englr atio (1H %IR/R ? %ﬁagoate(

t eP8obhthmEPypngi 0% kd/C @émﬁmﬂ%@ miyyandifhg mixture was

det ek ane thodt tehPdrituteiBet Ul &, wahd tﬁehﬁll%r?(\kéérr@ch‘ﬁ%%d with H, as
submtted to the next step w thout separation.

Par figcassaryH TRy/reagianamixmesergluteg withyCl, filigd thyppgh:a pad

7o) §FbASHELEOMR roiRe daP9 il mclao 1As uorbtngh £G5B 0g m),

1Et(9$c/M]e§)H 1. lillﬁlx(ud: 200 mLY arld M3G; (75‘0 mb). Tfs combined organic
ereone

1?' aIS) S¢ wi%c%lber%ﬁlg}ed,za%l.cl%%ﬂi(:é gglél}elzgﬁl %v’as %rgga%ct tglo_r%?}he :rgs}lztglg crude
3 H) mateGal(40a rSﬁbmlﬂté(i toFdTlash &r&ﬁatﬂgrﬁéhﬂ.(@lﬂ\ﬁhmﬁi’iﬁ bf EtCchﬁ;j.
f 492, 9

i1 BB Ko Ry b7 eaaior b PR

hex areﬂlslblu&ﬁoﬁ fcimabh )Vh1té/\ﬂ1$ff}aﬂ)(ﬁ& @3335&@%) \(\mﬁz)o%eﬁfyl HQtefd- N
( 28 utgl%g)éqeﬁg)s}plyl?p%% ﬁ%ﬂ%l g (g %hegl%/% 9I§Ioﬂu%¥e:lno9nylgmm?0>)obutanoate was

13- ety &a&&at@@ﬁmﬁ; 3R QL £ e @:b)ty RITh RIS WGyt e
(3.37 %SSr epar ed above and stirred at
78n@1wgauta2@w Reid BB a§Hl 1Py MMMM@I@&%@& 3.29
fro i _
b S N A A e S T S s
mL) 1B+ 10, dH).r2:3en, 1END.SHd, i Xt0uBld), RRe (8 RH).AckOdel 6l)t h
eth 0 + i .. |
eaeEGA f?rha'f”s?al%&é’fm P BRSSP 2 Gy RLAR 4RSS 3R
20 onammbraaltiesbmen HadxuMaB. (mt}&nblidz,aé ge]zgl ppsfMEBE 3.(7643d7ﬁ (m,
pr ubmi ro ogr.a
(259 b AL rxaneds 6o Gore yPer Bt 1y 18 SRFaMetGRHY o
5286%I)S)Art1)al Calccl1r t‘r?r dM+H] C11H26N0381 248.17; found 248. 451H_ |
enz ydr o en uor e
SR VA SR OIS E T A
Zl C QR tured$ (B, BHL20Mhi8S 9-AHIRBHSMRIh 1s BNEx ) B3R 1HBERAY Acid

2hy d (M- P Hymelp airdNH RO (1 1- g £0. Ligrnemoldapg seriqesrion apout
noay Fnify @H@fﬁbﬂilfwlu{l&? of &gc%!n%R)Thé 'ilﬁ{tﬁl%'@a@ @f?e'h c@éle@@llth an ice-

|npur|tg ater sanp le was resubmtted to the sane
col water edih.onathyd ghlamf@mpt@r(o P odt P3O mored)i was@ddedtayer 30's, and

af f Q%GIOZEQII‘?%&ES %;4{11!11&% ?lrgsrlﬁg & ﬂl@ér%&%m o O?R%t.g@ E%ﬁﬂ‘\%bwnt

| sotmemeundefor 2t7He. Fhoreectoo mrdxmreoqu dilpe&witB S)atar $omed, .cooled

35 H \Nvl}{ﬁ ic(e%g bglél’ ang trgatgd grog-quge \%9101.('}@‘2})[(:31 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



7.81 (m 2H), 7.39-7.08 (m 16H), 4.67 (d, J = 12.3,

1H), 4.43 (d, J 12.4, 1H), 4.21 (app t, J = 5.2,
W@RH09/1®582 (d, J 10.1, NH), 3.17 (m 1H), 3.P8I/{83009/032830

1H), -2.5 (m 1H, overlapped with the sol vent

signal), 1.58 (m 1H), 0.88 ( J =6.8 3H). LC 15

(Cond. 1): RT = 2.00 mn; LC NS Anal. Calcd. for

[ MH] + C31H30NGB: 464. 45; found 464.22. (2S, 3R

1H N 5 40
I( 3onercent1‘7'1teél n MO to7 (%ggg ?apléOa( ?'F] anfgﬁﬁﬂnt%sog%%)ﬂ{jé -amino-4-
%3 %ert %lh'_l)l)/ldlrgetﬁrjgmg&gg) B1mdhzy%u4anglcza§id)was si%mﬁﬁly(zeﬂlﬁznlt(eg éo Cap-
37 25, g BRI NS o= 2o MLl 1352 (g s 11 7.6
3H) (¢, € s(WBi{) 7119 g;} 3.4 097%1)”41@4 (d'dCJM}? 1, 4\'68(*) 3H§Q 23(dd, T =
Cal cd. for FE-DE f ound
P el 8f7i 4 &t ééé/ﬁéﬁl('@@l Sl%@éﬁ éHhérf‘t853 4 (m.RE), 2 22-2.10 (m, 1H),
DI 86\185 (E9HG LR RRAHGH& BitREE sibATLE 7904, N 2 11

studi es cozduct ed on actagé\&fderlvatlves prgpared’ from
each. OB@MOOt(ﬂlrwleda}ppng sirtgéets, 6H). oIv(C/h/gS pmek dédid; for [M+Na]”

coot ol 038 2 Had 38 o e BT T MR BB 5294 Bam

benzg0 MHz), 600(brd J 6.8, 1H) 436 (dd, J =7.1,3.1, 1H), 3.87 (dd, J = 10.5,

it BB TS S G P L AR L R BN

i XBHK,8.9088 9B, 0.0, @), SIOMIKaKkndl eaped. afor [N+R ey Onilszaossl
The _vol atil e _conponent was renoved jn vacuo and the

r esPHuE; haed 33%- 3? t TherfEefe PEuGis SisTecHpies bW ity farther Rgifigtion.
(20 nmL) and saturated aqueous NH4Cl solution (1 nl).

The organic layer was dried (MySO4), filtered, and
concentrated in vacuo, and e resul ting crude
material was submtted to a Biotg@ge purification (40 ¢
silica gel; 10-15% Et QAc/ heiﬁg‘f@ to afford

(3S, 4S) - 4- et hyl - 3- (9- pheo fPdor en- 9-

gl am no) di hydr of uran-2(3H) - o(lje as a colorless film of
olid (28.1 ng). (2S,3R) - benzyl

4- h?wpmﬁ@a@or@tmyIthezprfqtgcqéH@ngﬁbedgifylrffalhmlabrﬂy@hhwcam no) bu

tan 0 68 PCT/ US2009/ 032830 89
Rl P00 66

el a ora

(3S, 4R) - 4- net hyl - 3- (9- phenyl - 9H-f | uor en- 9-

yl am no) di hydr of uran- 2( 3H) - qne. (3$.4S) -1 act one

i somer: 1H NMR ( DVBO- d6, T’ép%}f%ép-?%m 400 Mz), 7.83
20d, J = Tgbg2 RH)ap-36. vidre Fynihtsieed frdm kprophialedst{rappmaterials =

o uccobfe oo deierfeaor S 51 & el Bt penivica
sol vigiilar ﬁie@faabl)oﬂlea ad Baf gnthcltnantn?s (6, Cdp-3, G1yB13, Bh-51 and

LC (Cond. 1): = 1.98 mn; LCMS: Anal. Calcd. for
[ Mt ié%??@ivﬁmoe 378 15; found 378. 42.

(3S, 4R) - Iacbone i SO : dH NI\/R(DI\/ISOdGo 6 = 2.5 ppm

4oowz,\,,ﬁl@9 (dﬁ}V .6, 1H) o d, J = 7.34
2 (m 1’1 HO5 (dd\[rJ 9Ot/ 4.8 aﬁ

376(§’fh—., 2.96 (d, J @

(dd, J:683NCH),1.55(m101H),097(d J =
7.0, 3Hyap-8 (Cond. 1¥ap-RT = 2. 03 mCap-8£.GVE: Anal Cap-85
2€al cd. for



[ MENa] + C24H21NNaQ2: 378.15; found 378.49. TBDVB-C

(48 ng, 0.312 mmol) followed by imdazole (28.8 ny,
w@20023025%01 ) were added to a CH2C12 (3 nl) soPCE/U82009632830

(2S, 3S) - benzyl 4-hydroxy- 3-net hyl -2-(9-

phenyl - 9H-f | uor en- 9- yl am no) bldganoat e (119.5 ng, 0.258

mol ), and the m xture 15 was’stirred at anbi ent

condition for 14.25 hr. The reaction m xture was then

diluted with CH2C12 (30 ni) anglévvashed with water (15

m.), and the organic Iayer dried (MgSOH4),

filtered, and concentrat eldleO;_ﬂEl—NﬂaCUO. The resul tant

crude material was purified with a Biotage (40 g

silica gel; 5% Et OAc/ hexanes)..yo @afford (2S, 3S)-benzyl

4- (tert-butyl di met hyl silyl oxy) oge REt hyl - 2- (9- phenyl - 9H

-fluoren-9 20 yl am no) but anoate, contam nated with

TBDVS babedmixiyaof Oiraeshyldsthaeopisk 3.0 €52 55vinmeb @il [0.902 g,

(12

A hgzd?% @0&)_1&9 Z{tsﬂgﬁ 13??\8/_5% Af%l%%/ ?I_CQC?_ZI_Me (1.74 mL, 22.55 mmol) dropwise

| uer@h- Thy maxtimewab all @nwlao etinfas] 26 atlocalifed te pHillwamiy N HCI.

o SRS, S PR L Yo gdor

( 2SCBZYL $250yhL et dre dosbimed brgiiric bhﬁes(WS@rd:Gntrafﬁed:unﬁeﬁn vacuo

"ol by M8idge g (4 o pitn gy i ity Gy

4. AQubks€ljucsk steps. 1 2HSMRLEDO M2 8D81:3 9 4(191(s,3H)), 3.22-567 (el dH),

J =.10.1, 5.5, 1|—9, 1.61 (m_ 1H), 0.90 (d, J = 6.8,
18H) 3.60 (76H).d.17df)/ = 75’ }1233{{%}@1{}%; Ang. §led.sfor Gpi1NDg 191;
(Co%ndll,go\ofg)lep'{)e the run tine was extended to 4 min):
= 3.26 mn; LCMS: Anal. Calcd. for [MH +

C37H44N(138|: 578.31; found 578.40. (2S,3R) -silyl ether
i somer: 1H NMR (DMBO 30 d6, £, 2 5 ppm 400 MHz),
7.82 (d, J= 3.0, 1H, 780& = 3.1, 1H, 7.39-7.10
(m 16H), 4.66 (d, J—1MezCWH) 04.39 (d, J = 12. 4,
1H), 3.61 (dd, J = 9.9, 5.6/\J7|)\(3 45 WD 2009/ 102568
PCT/ US2009/ 032830 90 (d, HD = 9. 5pH1H), 3.41 (dd, J =

10 6.2,.1 2.5 J. = 9.5 . 3, , .74
, %%m@ »9? L meieﬂcla CAY gﬁ_ﬁ-ﬁ @@Oéﬁ)gézcb@ K?o%é %psl?-”
t3H) mmcﬁ)) 1?812031? &b) wafadaadl CmW(OWdﬂOQ@B asl) abpasbed c.
O a mX xture 0O nzy
but %%IFW%‘FHW% ?lmeémtlréowé%w a?ld{f@d ﬁfh%ﬁliw%lﬁ%r ehe

- 9- Yh R0 @M@@Q@J&ed@%ﬁ@tdﬁc@d (XA IRy )he%ﬂﬁbﬂa@c%)rgamc
Pd/ C (21 in EtCAc (16 nL) and the m xture

st i Phasep vagre F%ﬁatfaéqﬁlﬁ@ Veua featfad 390121165ﬁﬁ011d\/09€|1%g{3r$e@ which

B R R AE o ST erR o RS g0 B oo o

t hr 83§ hdda Fadis, 90f Hali L&, Guececli), B43-8 H (1Ge2H) 20843(14)n, 1H),

o A7 BB TR A BB K LN g2 e

The conbi ned organi c 10 phase was concentrated, and a
silica gel nmesh was prepared frg%:ﬂhe resul ting crude
material and submitted to a § chr omat ogr aphy

(8:2:1 mxture of EtOAc/i-N

2 \
=/ 4

,_.



PrOH H20) to afford

(2S,3S)-2-am no-4-(tert-butyl di net hyl silyl oxy)- 3-
woreaobstdIse’ anoi ¢ acid as a white fluffy solid (BRBUNYI/032830

(2S, 3R) - benzyl 4-(tert-

but yl di net hyl si |l yl oxy) - 3- neth% -2-(9-phenyl -9H-f | uoren

- 9-yl am no) but anoate was 15 si‘mlarly el aborated to

(2S, 3R)-2-am no-4-(tert-butyl di net hyl silyloxy)- 3-

re byl U 031 S 85,9510 0L SRR, ) NS
ig gxmog) g;gccij-l)z 453, TB7 (rdnol)lana (31(1) @nglﬂr@ 0. 8?7 @B;c(lpid DMSG (10

0. 51ty & bgged ) A5 i PP eptogr s e Rinned nc
[ MrHLor (&l lb@ﬁfﬂ%@ was%é@wilﬂ? Etd Q4xd). 2AR. 04§hn1c(l@y%rs?’s%re 3ﬂracted

am no_acid _isoner: MR ( Met hanol -d4, 6 =
aoowmf)imalé amgung oﬁgz(% ﬁlild the pemb1gedga@ p(nases yere agldiﬁedi@_ﬁa pH 2

2. 1Qid 'GN I-i@'l) Thd VQlﬁm(e Ghias vedtcel-td abo??lH})ne '[QII@ gcnc( ﬁ)g 0? @tlon
0. 09 6H) . Calcd. for [M+H| + :

248¢ an%wm(szr@;@) was adgigd. eFhe(siurgy vyas @qudat@sra(ld) fOIQO in and
?f iloragl) dl\gnlt_g%)ad%f %§tlmwan§\@{eﬁd %ﬁ?ﬁﬂ (% 0 25%‘1 LN Q& @a@xffvashed

tert-butyl dinethylsilyl oxy)- hy
I butVéih &0 (2 wl), MEC(HL(IZOQ nyy, angd tllﬁ@SNPMféM) mampmma@ mL)

§ 11‘1"?? %{0 Lalje]fgalc{m lvs)as C gnt?a? 'z‘ﬁ %c%g _?E(g {hreh ?%fd&% éélavglslr]g) was

di ss 1 on 0 reactants.
t hedisgdaided Hy tfrozamanddgephylliized. Bettitle compdunld was obtalned asa

" Bl QPGorehe BReir 4o e iR IalRoB 67 it G

t enperia)ur.el (spmr 41@) 6188 (@1V0= V.ber, o), aIThi(§BE, 1H), 3. 54 (s 1H), 2.04

tenp tur hr. The tion mxture

i 1 GoSR O (1) B & TSy, T8RS 30 Stk e RasrAnal
1bat bapadid Cea, 8404 10R; WSE 194 tM+H)'0 N HC1 aqueous
solution (-0.23 nlL). The m xture was further dil uted

with water (10 nlL) and extracted with CH2C12 (15 ni,
2x). The conbi ned organic p sovas dried (MgSO4) ,
filtered, and WD 2009/ 102568 PCT/ US2009/ 032830 91

concentrated in vacuo to rd Cap-80a as an
off-white solid. (2S, 3R)-2-a 'ﬂ9-4-
3

(tert-butyldinmethylsilylo aretdyl but anoi ¢ aci d was
simlarly el aborated to Cap- b.X Cap-80a: 1H NWR
(DI\/ISOdG 6 = 2 5 ppm 400 MHz), @2.57 (br s, 1H),
7.64

, 0.3 7.19 (d, J =8.8, Q.7
4 a4 (g gt Tvaind e St miysh il 163 o, 170
zé 4mn£b1)7idzco;’>(25@/g3 1D3 H{Iﬁd‘l\Panﬂldilg klgztgs%g 8y mrﬁomﬁ li?Mé@ (510 mL)
S,

O gp[as Eeldlaéb%)e@ Q0 1t2§1 ml"heB{fagp@ﬁlwd}lre x@as-pgol(:@to %T Qoqred into

2 1 Ho 8210 1@641&) Qﬂd @as@@d Widh E@Afﬁ(@'\él BRR): C%hﬂlcslh \?&@ extracted
328W1té a sl ﬁ@ow af HGD a@atbe s@nbmemqmw@e mmldlf@d% va PH 2
ppn\)vnh%glq{m)he Vgluglg v&(a%’ YeéiQGed‘]to abdit §ne tili?%l an(f]ZO%Q)f Qggm ‘]

ZQ s, emngegesgg(S(tr@@) wgs add¢d), Bhe shlre/ wa_s H}low@:’l tgsta(ldrfor Qp{)nm and
CJ %égkgi guiq 4 a pa caglo%]t%(?haﬁﬁﬁ?%%+ iStg?@?_% %Rg&[%l% {pa@ms 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

30 foam (1.02 g, 62%). 'HNMR (400 MHz, CD;OD) showed the mixture to contain



328.16; found 328.53. The crude products were utilized

W thout further purification. Cap-81 0 H Oz=--< NJOH
w@®@200230Bsepared according to the protocol descrPCTEs2009032830

Falb et al. Synthetic Comunications 1993, 23, 2839.

Cap-82 to Cap-85 20 Cap-82 to p- 85 were synthesized

fromappropriate starting mat €fials accordi ng to the

procedure described for Cap-51 or Cap-13. The sanpl es

exhihited, sim.lar gspectral. profiles as.that of their
onaitins e R pitity ouBBE Y RmBEQ sticly Rt VSt 155

r es p@séduedlryactions. OCMISH ARal. ICalEd0HbMNE JH N, 1.93 Ofoputid: No©OH
iO NT ~OH OPh OO Cap-82 Cap-83 Cap-84 Cap-85 25
wo 9¥04) 102568 PCT/ US2009/ 032830 92 Cap-86 Me02CHN O
\ OH W To a mxture of Onethyl-L-threonine (3.0 g,
22.55 mmol), NaOH (0.902 g, 22.55 mmol) in H20 (15
) was added CLCO2Me (1.74 G¢A29%2.55 nmol) dropwi se
5 at 0C. The m xture was al| dcogHstir for 12 h and
acidified to pH 1 using | 1.: The aqueous phase was
extracted with Et OAc and 250\Mf) and 10% MeOH i n

concln?? Seen TeERe PRG0S PR RIERE! &r B RERRaE & g
(4. T8e gudOmUpristhias hsedas isdh ssidéduent sespk. POMISt ¥ndlo Caled e for
"N CLHINO,: 193; found: 192 (M-HY.
10
The following caps were prepared according to the method used for

preparation of cap 51 unless noted otherwise:

Cap Structure LCMS
Cap-91 NHCO,Me LCMS: Anal. Calcd. for
CO,H
©)\/ 2 C11H13NO43 223; found:
222 (M-HY.
Cap-92 NHCO,Me LCMS: Anal. Calcd. for

CO,H
©/\/ 2 C11H13NO43 223; found:
222 (M-H).

l
00
Y 0 C10H12N2043 224; found:

Cap-93 LCMS: Anal. Calcd. for
HN,,,
OH 225 (M+H)".
“ 7
N
Cap-94 LCMS: Anal. Calcd. for

214 (M+H)".

O
«NNOH CsHN;O4: 213; found:
\— HN__O
H D
O




subsequent steps. 1HNWVR (400 MHz, CDC13) 6 4.19 (s,
1H), 3.92-3.97 (m 1H), 10 3.66 (s, 3H), 1.17 (d, J=

W@ 2009H2568H) . LCVS: Anal . Cal cd. for C7HL3NGCG: PAPLS2009/032830
found: 190 (MH-. Cap-87 M02CHNO HO'v \OH 15 To a

m xture of
(2.08 g, 19.59 nmmol)
(0.76 m, 9.79 mol) dropvvl se at 0C

L- honoserine (2.0

335

in H20

9.

79 mmol ), Na2CO3

nm.) was added CLCO2Me

The nixture_mas

al | OV\Ed tU QLI I UI "rU I
IN HCl. TH&“dqueous p gg
and (2X2%0 mL) and theo NhINEd ofr @aR|, SO, Isasesnder ¢
concentrated in yacyo ford a colorless solid
(0.719 g, 28% whi 20 s~ of O8uf30dMsH - purity for
use in sybsequent ps 1HNNR (400 NFB CIK13) 6
4. 23 (dd, }—=—4- :, 901 iz J.II}, E‘;R A T led.
3. 43-3. 49 @02+ 2008 - 2014 (nf % “31 QEC fPrgg
(m 1H). |[LCVS: Anato cod. for QrEIBNSBL: B9 1fouk@und:
192 (MrHy+. Capi88 N i 0 25 WD 2009/ 102568
PCT/ US2009/ 032830 93 A x?re of 220 M4t ne (1.0 g,
8.54 nmol|), 3-bro jdine (1.8 m., 18.7 muol),
K2CO3 (2.45 g, 1F. ) and Cul| (169 ng, 0.887 mmml)
in DMSO (10 nlL) |was~heated at 100C for 12h. The
reacti on|mgsigar e{wasocool ed to rt|Loasr geall ohed. 1320
(ca. 150|ni) and|washHed MAth Et OAc_(x2). The organi {
layers were extract®d th a smetdthididusel &unfpo and
t he conbiined aq phases™ @ci di figedntgyca. pH 2
with 6N KHCL. The|vol mas r educled to a%out one-thilrd
and 20g of catioh excHange resinl (Strata) was added.
The slurnypag alTowed to stand Tomcﬁ@:ﬂhﬂ‘@ggd fopaded
onto a pad of ca1kpgﬂgxchange r esj Strata? (ca.
25g). The pad was Was Wi t h FQCQ OP#2Y1; foymdH (200
m.), and|then NHB (3 , 2X2003 NL%{ 10 The
appropriate fraction S concentrated |n ‘'vacuo and
the residue (ca.|1l.1 was dissjolved in H2O frozen
and Iyophxﬁb@;ed The Titlre COHpOW@g@wﬁ 40UALNed as a
foam (1.02 g, 6299, JIHNVR (400 My d6) 6 8.00
(s, br, 1H), 7.68 -07. (m 1H)| CD3QJ:1)6(3388bB941m9
6.88 (d, [J= 7.5 Hz, 1 5.75 (s, : (s,
e 504 Yy 38693.613 )
COH 2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
—1.71 (m, 2H).
Cap-99a j\ "HNMR (400 MHz,
07 NH CD;0D) § 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
“CO,M 2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
—1.71 (m, 2H).




- 2.06 (m 1H), 0.95 (d, J =6.0 Hz, 3H), 0.91 (d, J =

6.6 Hz, 3H). LCMB: Anal. 15 Calcd. for C OHL4N202:
wa2ee/16xsehd: 195 (MtH) +. Cap-89 N N~ NH O  PCT/BIS2009/032830

m xture of L-valine (1.0 g, 8 54 mmol ),

5- bronmopyri m di ne (4.03 g, 98 20 mmol ), K2CO3 (2. 40

g, 17.4 mol) and Cul (179 ng,”’0.94 mol) in DVSO (10

)
was cool e

was heated at 1OOC for

A+~

12h The reaction nixture

washed wi
ext ract eg
aq phases
vol ume wg
cation 2%
slurry wg
onto a peé

!

A

s al | owm

L eion

wth
were a
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exchan

d of cal

CU IIILU

'JU
C The organ

(X
h 3
ci di fi

ca.
Obne- t
n (Strata)
st and for 2
i on~€éxchange res

o S AR Gkl B

NHarmunt of (EQ@@@NQBQ oo 1

with 6N HCL.
h%Sﬁ&N%ﬁH -20g of
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0 mn and | oaded
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ned
'he

h

259). The
m.), and
appropri
t he resiq
and | yopt
30 foam
the m xt
PCT/ US20(

|
!
!

I

dRpyqoyas
thgﬁ NH;
te fract
ue (ca.
yllized
1.02 g,
retoc
9/03283

3. (3Min MeOH, 2x
[ S S concent
1.1
Th
6

titlhe conpo
1HNMR (400
bt WD 2009/ 10

D 94 valine and

5 washed W th H2[Q ¢xQ0ARL) Calwqdr(t-

200

r%m@d}%% %@c@ﬁmhnd

aRs  di sspiwefiip H2O, froze
und was obt ai ned as

MHz, CD30D) showe
2568

the puritv could n

q

[(

be esti ne
subsequer

A

I
D

COH13N302:

NMe2 Cap-
descri beg
mat eri al
Anal . Ca

!

tCea-/03h
t react
195:;

90 was

for th
was use
cd. for

1

b materi al was us
SEMS: Anal .
ound: 196 (MtH)[+

pr epar ed¢adcor di n

eIepME' Agaljj falcd. for
é:ai{13§!104 ﬁ@ found:
5 °Cap-90° QO2H
g22t2c§M He met hod
Cap-1. The crude
uent steps. LCMS:
found 192 (MH) -

10 The f

met hod usge
ot her wi se:

h

Anal . Ca

k%gpweg
Cap S
cd. for

Capg WeT € prepar g
refjarati on of cja
EEEFUN@ LCVB Capf

CO,H
A N

S

2 51 U
ess not

%HMW L@MB
225 (M+H)".

' CHicd. Ofo‘r e

Cap-104

HN—<:>—002H
o=

o)

/

"HNMR (400 MHz,
CD;0D) 8 3.60 (s, 3H),
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

HN'--<:>—COZH
o~

"HNMR (400 MHz,
CD3s0D) 8 3.60 (s, 3H),
3.33-3.35 (m, 1H,
partially obscured by

solvent), 2.37 —2.41 and




CO2H C11H1I3NO: 223; found: 222 (MH-. Cap-92
NHCO2Me LCMS: Anal. Calcd. for ~ C02H Cii HI3NO4: 223;

w0 owado2s6222 (M H)-. Cap-93 0 0 LCMS: Anal . Cap€HUS$009/032830
0 C10H12N204: 224; found: HN,, OH 225 (MtH+. | N
Cap-94 0 LCVMS: Anal. Cal cd. f<3r7 ~N OH C8H11N304: 213;
found: HNYO11, 214 (M+H) +. 0°YAD 2009/ 102568
PCT/ US2009/ 032830 95 Cap-95 0 LCVs: Anal. Calcd. for

OANH 0 CE3HI7ZNO4—251:f pund—OH250 (M H —Can-96 0
LOVS: Andl. CalcH. for ONH O CL2HtENOR2S 5871 hoha:
OH 236 (M H)-. Chp-97 0 LOVB: Anal-2@alstf ps3—0 111
NH 0 COHI5NO4: 2p1: found: 200 (Mg%-. Cap- 98 0_LC\E:
Anal . Callcd. for| QANH 0 COH15NOA: |20 2Haunl: — 18X 202
(MrH) +. Cap-99 0| HNVR (400 MHz, |QNH2GP3CD) 6 3.88 -
3.94 (m |1H_3.60 3 61 (s 3k

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, ddd J = 3.5

acetaldchyde by 12.5, 15.9 Hz, 2H), 1.46

employing a similar (app dtJ = 4.0, 12.9 Hz,
procedure described for 2H), 1.26 (t, J = 7.3 Hz,

the synthesis of Cap-2. 6H)
The crude HCI salt was
passed through MCX
(MeOH/H,O/CH,Cl,
wash; 2 N NH3/MeOH
elution) to afford an oil,

which was dissolved in

CH;CN/H,0 and
lyophilized to afford a
tan solid.
Cap-107 0o LCMS: Anal. Calcd. for
«NNOH CsH1oN,04S: 230; found:
57 NNAON 231 (M+H)",
@)
Cap-108 0o LCMS: Anal. Calcd. for

«NNOH C1sH17N304: 303; found:
N— HN._O

O | 304 (MHH)




6..*c 2.80 (m 1H), 2.20 (m1H), 1.82 - 1.94 (m 3H),
1.45 - 1.71 (m 2H). Cap-99a 0 1HNMR (400 MHz, ONH

w@DBOm?2568 3. 88 - 3.94 (m 1H), 3.60, 3.61 (s,PGFYS2009/032830

lco2H 2.80 (m 1H), 2.20 (m1H), 1.82 - 1.94 (m 3H),
1.45 - 1.71 (m 2H). WD 2009/ %02568 PCT/ US2009/ 032830
96 Cap-100 0 LCMS: Anal. Cal cd® for OANH O
C12H14NOAF: 255; found: OH 256 (MtH)+. F Cap-101 O

LOVE:  Angis—Gategh—Har—ONH-CIIHIBNGE. —223—Fotngh:
O2H 222 | GHy? . [ capli102 0 Love: |ArarS: &l galcfofor
1~1 NH C11H13NO4 *nHoound:  CQRM ARR,O M. f&aa- 103
0O LCMS: Anal. Calcd. far O L~ NH CLoHL2N204: 224;
found: CORH 225| (M) +CARH | Cap204MIRD-(:)~co H
HNVR (400 MHz, ©O= OoD) 6 3.600 (s, 3H), 0 3.50 -
3.53 (m |1H), 2.66 |- .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 [dd-110 )OJ\ LCMS: Anal. Caled. for
\O l;lH C10H12N204§ 224, found:
CO,H 225 (M+H)".
Z
|
N
Cap-111 j)\ LCMS: Anal. Calcd. for
o NH C12HgNOgP: 333; found:
CO,H 334 (M+H)".
w O
_R
MeO \OH
Cap-112 j)\ LCMS: Anal. Calcd. for
\O I;IH C13H14N204§ 262, found:
CO,H 263 (M+H)".
N
NH
Cap-113 j)\ LCMS: Anal. Calcd. for
\O l;lH C18H19N05: 329, found:
CO,H 330 (M+H)".
OBn
Cap-114 COMe "HNMR (400 MHz,
H CDCls) 8 4.82 — 4.84 (m,
CO,H
1H), 4.00 — 4.05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,




Cap-105 HN ~ . ~ CO2H HNWR (400 MHz, ~ O< CD30D) 6

3.60 (s, 3H, 03.33- 3.35 (m 1H partially
W@b®enexs® by solvent), 2.37 - 2.41 and WO 2008¢ 1102868032830

PCT/ US2009/ 032830 97 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 -\ N.-( CO 2H HNVR (400 MHz, CD3OD) 6

3.16 (q, J = 7.3 Hz, 4H), 2.38 - 2.41 Prepared from

CI S'4' ( 1H), 8 2 31 \m IIU\J_)’\JI UIICI\QIIC 2I| y

1.79 - 1. 89 (m carboxyl iC ;%‘[Tl[d and 1.74 (app,

ddd J = 3.Cap-1/8C de by 12. 51H1\ﬂ1\5RQ4ddZMH2H) 1]46

enploying a sim rliﬁpzdt\]: . 12.9

procedur é descri bed for 2 1.26 @Pch)ﬁél‘ﬁ (8 brAH), { he
synt hesi g of Capt2. 6H) The crude s@ {gasgo (passed
t hrough MCX (MeOH H20/ CH2C12 vvasf%lglﬁl Nl—?g?l\/ggzl
elution) [to afford an oil, which #&s2.di §sdI=vedHzn
CH3CN H20 and |yophilized to aff _sol 1d.
Cap-107 0 LCMS: Anal. Calcd. for PP o

D |\;|_J
Q;

230; found: 3H).
Cap-116 "HNMR (400 MHz,
COH CDCls) & 5.10 (d, J = 8.6
NHCO,Me

Hz, 1H), 3.74 — 3.83 (m,
1H), 3.69 (s, 3H), 2.54 —
2.61 (m, 2H), 1.88 (sept, J
=7.0Hz, 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%
5 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 0o LCMS: Anal. Calcd.
\O)J\NH for C1oHisNO: 237;

OH found: 238 (M+H)".




Sjl H\yOL111 231 (MtH)+. 0 Cap-108 0 LCMVMS: Anal.

Calcd. for OH CL5H17N304: 303; found: </Nry" Ph-a
wohaot0368 (M-H) +. 0 WD 2009/ 102568 PCT/ US200B¢ 082889032830

98 Cap-109 O LCMS: Anal. Calcd. for O L~ NH

CloH12N204: 224; found: COZ& 25 (M+H) +. Cap-110 O

LCMS: Anal. Cal cd. for 12N204: 224; found:

CO2H 225 (MtH)+. N Cap-111 O LCVS: Anal . Cal cd for

I N O T-NH-E12HE6NCBP:—333:—f ouna:——CORH-334—(MHH)
MO POSPCHE 1112 0 L Anal . Cal cd. foroNg ‘%%hr? fled
C13H14N204: 262; founds “NEO2H 263 (M+HD For A\NHH, s KORs: 238,
O LCMB:. Anal .| Cal cd. for C18H19N0O5: 329; found:,
CO2H 330 (MrH) +. OBn p-T14 N, coz2ve HNRE: 266 Xk -
CO2H ¢DC13) 6| 4.82 - (m 1H), 4.00 - 4.05 (m
2H), [3.77 (s}, 3H), 2. (s, br,
Cap-119 LCMS: Anal. Calcd.
for C1oH13NO,S: 243;
found: 244 (M+H)".
Cap-120 LCMS: Anal. Calcd.
for C1oH13NO,S: 243;
OH found: 244 (M+H)".
N
\
Cap-121 o) "HNMR (400 MHz,
\oJ\ryH CDCls) 5 4.06 — 4.16
OACOzH (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 0o "HNMR profile is
\OJ\NH similar to that of its
é WCO,H enantiomer, Cap-121.
Cap-123 O>_NH J LCMS: Anal. Calcd.
d >:< =0 | for Co7HaeN,Og: 474;
O. o o found: 475 (M+H)".
Q oH




WD 2009/ 102568 PCT/ US2009/ 032830 99 2H) Cap-115

*111 ~C02H 1HNMR (400 MHz, NHCO2Me CDC13) 6 5.13 (s,
whegooaeses 4. 13 (s, br, 1H), 3.69 (s, 3H), 2. 6HCT/US2009/632830
5.0 Hz, 2H), 1.28 (d, J = 9.1 Hz, 3H). Cap-116 1HNWR
(400 MHz, ' ~co2H CDClS) 6 E%llo dJ =86 NHCOR2M: (
" Hz, 1H), 3.74 - 3.83 (m 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 Capgl ﬁ fFor the preparation of
Cap- 117 to Cap- 123 the Boc aiff’i 6*acids were obt ai ned
fromcomercially sources and weye deprotected by
treatment with 25% 5 TFAlnH 12. After conplete
reaction as judged by LOMS=¢he[sof¥ents were renmpved
in vacuo and the correspondi FA salt of the am no
acid was carbanoyl ated with nethyl chloroformate

accor di nthethydtdeklopdoed db E.ehdesos el datyll ester waapgarbdmoylatpd

s
2009/4th ORF6E] tE’ﬁIHFUSﬂDtﬂi@hﬁ)&%S@s eﬂl%te@a\dt-h]EEGA@(DGﬂSnL) The
ézzlc?rﬂ}ﬁ_gﬁcf: organg:o}llases we?er CO%]CGII"[_I!%’[%W \%cuoz ‘fésglve aocglorfgess 01I 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,Cl,-
MeOH (1:1:0.1) and then the organic phase concentrated in vacuo to give a colorless
10 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, CD;OD) & 4.60 (m, 1H), 4.04 (d, J =
5.0Hz, 1H), 1.49 (d, J = 6.3 Hz, 3H). LCMS: Anal. Calcd. for CsH;NOy: 145;

found: 146 (M+H)".

15 Cap-125
/
—N o)
BocHN OH

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-
butoxycarbonylamino)butanoic acid (1 g, 4.48 mmol). The reaction was purged

20  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. Calcd. for Ci;H2NOy4:
246; found: 247 (M+H)".

25



Cap-119 O LCVMs: Anal. Calcd. O NH O for G oHL3NAS:
243; OH found: 244 (M+rH)+. S Cap-120 O LCMS: Anal .
w@20000025680 NH O for C oHL3NA4S: 243; OH f oundPCRYH2009/032830

(MtH) +. S Cap-121 O 1HNWR (400 MHz, 0 1~1 NH CDC13)

6 4.06 - 4.16 yCORH (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 0
IHNVR profile is O NH sim'légr Eglthat of its 6-1C02H
enanti omer, Cap-121. Cap-15%7d2RH o LOMS: Anal .

Calcd. o o G-y for C2, H26N20C6: 474; @ f ound:

475 (MHH) +. 2009/ 102568 MRCHANES2009/ 08 101
Cap-124 O ~OH The hydreehleride salt of

L-t hreoni ne ten M' eSHEr Hym|D°C ar by HA O,H
according to the prdcedure for Cap-51. The crude
reaction mxturg-26@as acidified 5 with |IN@iC26to pH 1
and the m.xture was extracted wth Et

OAc (2X50 EL%
The conbi HEBFOBYEHT & Myiicaton gl et i EumErat 6P h Tatuo
t 0 QisPéhsn©PBRIBES -1Qktldinei0 8D g, £20 métiof)iif GHEM 1 GhIRNEH IO (10

The aqueous | ayer. was concentrated in_vacuo .and. the
5 mL)at 0°C was added NaHCO5 (0.88 g, 10.5 mmol). The resulting mixture was
treated with C1ICO,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 HCI.
The solvents were removed iz vacuo and the residue was suspended in 20 mL
10 of 20% MeOH in CH,Cl,. The mixture was filtered and concentrated to give a light
yellow foam (1.21 g,). LCMS and "H NMR showed the material to be a 9:1 mixture
of the 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
15 mixture was acidified with 6N HCI and the solvents removed in vacuo. LCMS and
"H NMR confirm the absence of the ester. The title compound was obtained as its
HCI salt contaminated with inorganic salts (1.91 g, >100%). The compound was
used as is in subsequent steps without further purification. "HNMR (400 MHz,
CDsOD) & 8.84, (s, 1H), 7.35 (s, 1H), 4.52 (dd, J = 5.0, 9.1 Hz, 1H), 3.89 (s, 3H),
20 3.62 (s, 3H), 3.35(dd, J = 4.5, 15.6 Hz, 1H, partially obscured by solvent), 3.12 (dd,
J=9.0,15.6 Hz, 1H).LCMS: Anal. Calcd. for CoH;3N304: 227.09; found: 228.09
(M+H)".

Cap-127

MeN M‘ZN \
N ]j\ CICO,Me, NaHCO4 N
N
THF /H,0 / 0°C

H2N COZH MeOzCHN COZH

75 cj-26 cap-127



resulting m xture of product and inorganic salts was
triturated with Et OAc- CH2C12- MeOH (1:1:0.1) and then

W@ b@9nexjemi c phase concentrated in vacuo to giREI/HS2009/032830
colorless 10 oil which was shown by LCVS to be the
desi red product. Both crops vvia e conbined to give
0.52 g of a solid. 1HNI\/R(4O , CD3QD) 6460(m
1H), 4.04 (d, J = 5.0 Hz, 149(d J= 6.3 Hz,

3H) .. L : f d
(WD Do B Sng e gﬁﬁ%ﬁ%‘f cag Rpapeieripsdion ©-
Pd( Ohdndno-{- mﬁiethgnginmi)dazoaqg&}pt@aﬁm ﬁeadl Cilel'ly%j-g 5r6rL3ﬂr9{olth

add aHF%; f]zé lagn%%g r@mél@ and C1 &nC)OzMe (5re é m%n%) 28 g‘nmol) 'I)hevﬁe

but eeuscund ¥y bsakh APIskd tHRN Q4IE (18701 & >( G02g), coﬂtaﬂlﬁlafgaﬁ\lﬁh inorganic
The reaction msé‘{[,)l\é]?\ ged 20 several times wth hydrogen
A

andsis LeMY qndgH hyrrd th presease Hyrar 6@@5%&@ ﬁster The

r 00BI @ ARsturd @is LRAGE IsQRtBLILHAE piaScatibh.t @NedR {doveh, a
pad of di atonaceous earth (Celite ), and the volatile

compreRt 5 ¥A8 (v, éHpvied (b.n HhabtfolddThe S0e8.61HA Hg). 8l de 3H)

TR S 35,08 3 o PN /Oy

25 WD .G0 G O2BEBIHPCT/ US2009/ 032830 102 Cap- 126

1// NMVe //-NMe N Cl CO2Me, NaHCO3 N H2N COZH THE / H20

! 0C MeQRCHN CO2H cj-25 cap-126 This procedure is a

nodi fication of that useeda@iqaregpapae2Cap-51. To a

suspensi on of 3-methyl-L-histidine (0.80 g, £t 70 nmol )

|n THE (|om_ and H20 10 5 nL) at OC was aad
I ) TheBn@$Oh$®4FﬁyI2¢n xt Hre\ was

treate :
m xt ure Ilowed stlr tOC ?QI" rasarfaferlngfor ca.

2h BGNBI’s d no sBem-tN ngeazat eriad} 3% ng.BoTHW ™ CO.Bn
reacti ong-amas acidi fied tie7pH 2 V\AGL5FP/612N HC1. Thej-2s
solvents were renoved in vacuo and the residue was
suspended in 20 nL

Ph—\
N HN
; H, / Pd-C )
1) TFA / CH,Cl, N, | 2 N, |
N MeOH N
2) CICO,Me / NaHCOs
MeO,CHN” >CO,Bn MeO,CHN” “CO,H

THF-H,0O
c-29 cap-128

15 Step 1. Preparation of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (cj-
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
iPrp,NEt (1.7 mL, 9.8 mmol) in CH,Cl, (100 mL) at 0°C was added Cbz-Cl (0.68 mL,
20  4.83 mmol). The solution was allowed to stir for 4 h at 0°C, washed (1N KHSO,,

brine), dried (Na;SQOy), filtered, and concentrated in vacuo. The residue was purified



10 of 20% MeOH in CH2Cl2. The m xture was filtered and

concentrated to give a light vyellow foam (1.21 g,).
wognvy1eese8 1H NVR showed the material to be a 9pdI/US2009/032830

m xture of the nethyl ester and the desired product.

This material was taken up in THE (1 Om) and H20

(10m), cooled to OC and Li 041%4249 1 my, 10.4 rmol)

vvas added. After stirring ca. Ih LCM5S showed no ester

The eforet i xtu S ac ied w
on Pt sl St (B T A 8% Bita & Gabdiha
NI\/R(1csmg ion 99 bhecAREeNse @mmmmamk cobe) 3785 @, 5H) 5.35(d,
co ound was obtained as it salt cont an nat ed

./ ot A EDs&P? 6. ¢ T 1922 I‘g‘Z 1‘5110%% (d. Frid 2&dtm btihd- e >3

gafg?ﬁgg{%g%nz%lﬂ%eﬁ%e%o%tﬁﬁsz R 2t h@HH iwstd}@f (LCMSlF?)nal
7. 36alcd. f019)7HzN5423Q3d@0un9 3945MTH)9 1 Hz 1H) 3.89 (s,
3H), 20 3.62 (s, 3H), 3.35 (dd, J = 4.5, 15.6 Hz, 1H,
partially obscured by solvent), 3.12 (dd, J = 9.0,
15. Stebli Pdeprati@M: (S Abaizy 3ad Heedzy 116k 1,29 HAGNB O4])- 22 1-09;
fou 7 MeN MeN K\ Cl CO2Me,
ﬁ%%&%&%‘f{%@? 002N HON CoPH COoH 25
CJ-26 cap-127 WO 2009/ 102668 PCT/ US2009/ 032830 103
Cap- 127 was prepared accordN to the nmethod for
Cap- 126 above starting frobh(5)-
2-am no-3-(1-met hyl - 1H-i m dazol } 4-yl ) propanoi ¢ aci d
(1.11 g, 6.56 mml), NaHGERH(I 2Zbgh 14.4 mol) and

Clco2me (0.56 ni, 7.28 nmol). J’] fitle conmpound was
obtained as its HCL salt (1.79 @, >100% contam nated

W th i nor@anixgub o$ @S)Ib‘énzyﬂ_%&ind)xiddrwaﬁlm\)@dt ll-lyﬁoate (0.50

f 5% of _th t hyl
Iomr i?ﬁﬂéﬁe@%ﬁ@ fﬁs%wna@g?réataf%%& Xflﬁﬂr‘i*@’ Cb‘g éﬁa@fq %7 009
}1 HZ'gBloElféﬂQ Nz (o 1@@@}1@1 )8a BRIE azo (lsH}lL 471}%5 rt(vse..s am)d BnBr

(s, @ mL32 %%mm‘ﬂ) a&ql.ohe X iyge \(qﬁwailmd toL@\fé A&ﬁ: ph LCMS

Cal Gidicale@ToW U SNBRAA furdieef %DQI%OH HeNmg; (16@&? Wﬂ's"&dﬂed A
Preparation of Cap-128 Ph- BnBr CuSO
15 5 Hhepting was continued for 12h. The reaction was poured into EtOAc and H,0 and

shaken. The layers were separated and the aqueous layer extracted 3x with EtOAc
and the combined organic phases washed (H,O x3, brine), dried (Na,SOy), filtered,
and concentrated. The residue was purified by flash (Biotage, 40+M 0-5% MeOH in
CH,Cl,; TLC 3% MeOH in CH,Cly) to afford a light yellow oil which solidified on

20  standing (748.3 mg, 104%). The NMR was consistent with the desired product but
suggests the presence of DMF. The material was used as is without further
purification. 'HNMR (400 MHz, DMSO-ds) & 7.84 (s, 1H), 7.27 — 7.32 (m, 10H),
5.54 (s, 2H), 5.07 (s, 2H), 4.25 (m, 1H), 3.16 (dd, J = 1.0, 5.3 Hz, 1H), 3.06 (dd, J =
5.3, 14.7 Hz), 2.96 (dd, J = 9.1, 14.7 Hz, 1H), 1.31 (s, 9H).

25 LCMS: Anal. Calcd. for CoyHysN4Oy: 436; found: 437 (M+H)'.

Step 3. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-

(methoxycarbonylamino)propanoate (cj-29).



CH2CI 2 /i Pr2NEt 4 2 N, sodium ascorbate N BocHN CO2H
0C BocHN C02Bn NaN3 / DWMF / H20O BocHN C02Bn cj-27a
W@po091ts6b6C / 12 h cj-28 Ph-\ N H2 / Pd- C HN PA/UTH0H9/$32830
CH2CI2 N. I N N MeOHN 2) CCO2Me / NaHCO3 THF- H20
MeO2CHN C02Bn Me02CHN CO2H 010-529 cap-128 15 Step 1.
Preparation of (S)-benzyl
2- (tert-butoxycarbonyl am no) pent -4-ynoate (cj- 27b).
BocHN C02Bn cj-27b To I5;}bsol ution of cj-27a (1.01 g,
4.74 mmol ), DMAP (58 ng, 0.%75 nmol) and i Pr2NEt (1.7
m., 9.8 mol) in CH2Cl2 (1 ) at 0C was added
Cbz-d (0.68 nm., 20 4.83 my The sol ution was
allowed to stir for 4 h at 0C, shed (1N KHSO4,
brine), dried (Na2S04), ¥¢PLENed COBd concentrated in
vacuo. The residue was purifige WO 2009/ 102568
PCT/ US2009/ 032830 104 by flash col um chr onmat ogr aphy
(TLC 6: 1Ah@1)4t1@t@(\8)betn@ylg3| (\léoetlhérlﬂrl?ét@@nbmm -(tqrte, 30

g’ E&t{ﬁyc@%ﬁl&ﬁ g@kcﬁ)gﬁoa%b® 52 }FHN%A'O %lg%%gc)e ﬁ’FA (4
J =ml2. Zhd—m}xtLItH)V'as 5101vkd tastir at momZeerdeture I¢)1)2h Z'hd gixture was

éz §%g|§rmaie]d2% \/C(CLlO %3%]676 ) ﬁ%g%e(snknw ch éozltﬁged Gon s%a‘%ldmg Tf%s

Cl7h|3be€l4x&/a53ﬁ)s'301Véd)1uﬁd-IF B afd/bddled to Bt@pSAid W@ @rs @n3.00
%m%%)gxg{];lz %ieiq_ffll%veél t{yr(Flggél}/[e &O %ﬁ 15nL23 ﬁ glmol) After stirring for

b ut OXY @'r&rrh)@ﬁh)(é Wi d&Qi)iﬁHdQ@ pHoAtvEth 68] HAI8hd tHRAipourdld inhd HMD-

Boc E'}BACCO laye¥s were separated and the aq phase extracted 2x with EtOAc. The

10 combined org layers were washed (H,O, brine), dried (Na;SQ,), filtered, and
concentrated in vacuo to give a colorless oil (505.8 mg, 111%, NMR suggested the
presence of an unidentified impurity) which solidified while standing on the pump.
The material was used as is without further purification. "HNMR (400 MHz, DMSO-
de) 8 7.87 (s, 1H), 7.70 (d, J = 8.1 Hz, 1H), 7.27 — 7.32 (m, 10H), 5.54 (s, 2H), 5.10

15 (d,J=12.7Hz, 1H), 5.06 (d, J = 12.7 Hz, 1H), 4.32 — 4.37 (m, 1H), 3.49 (s, 3H),
3.09 (dd, J = 5.6, 14.7 Hz, 1H), 2.98 (dd, J = 9.6, 14.7 Hz, 1H). LCMS: Anal.
Calcd. for CyH»N4O4: 394; found: 395 (M+H)'.

Step 4. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-
20  yDpropanoic acid (Cap-128).
HN

N, |
N

MeO,CHN” ~CO,H
Cap-128
(S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-
(methoxycarbonylamino)propanoate (502 mg, 1.11 mmol) was hydrogenated in the
presence of Pd-C (82 mg) in MeOH (5 mL) at atmospheric pressure for 12h. The
25 mixture was filtered through diatomaceous earth (Celite™) and concentrated in vacuo.

(S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-yl)propanoic acid was obtained



10 To a m xture of (S)-benzyl
2-(tert-but oxycar bonyl am no) pent -4-ynoate (0.50 g,
wa22®9/12568 ), sodi um ascorbate (0.036 g, 0.18 nP@I/P$2009/032830
CuS04-5H20 (0.022 g, 0.09 nmol) and NaN3 (0.13 g, 2.1
mmol) in DMF-H20 (5 nL, 4:1) ﬁd rt was added BnBr
(0.24 m, 2.02 mmol) and the ture was warnmed to 65C
After 5h LCMS indicated | ow conversion. A further

porti on o A added at i

Con 1 HNGT i G150 T LY BT P e BB i, TR e
andnidd@) @bd. Thdhiakenal whbasdday @r\suhw ﬁnﬁa@aﬁﬂ&a@dn dAtiMR 400
aqueous | ayer extracted 3x w

comite My dnidc 2pl4s &5 1\%5%%93(5( ﬁ@@ﬂ % (dakfr i ﬁ@)HZ & éd 9 -

( Nag S, 1Pi)' hhﬁ*( )8361@%&9@@@%31@91&%6 Zﬁ‘é{d‘auﬁ \9@515 0
purified i 0

TLCHg%PDb@l@M% P@alizcﬁiﬁégd tf@r Gth Q¥ @2 1 fghnd: ;2é$ [Mv\Hbu |

whi ch solidified on 20 standing (748.3 ng, 104% . The
NMR was consistent with the desired product but
suggests the presence dirgiEionti€aprdferi al was used as
is without furthges purification. 1HNMR (400 MHz N=
DVBO- d6) 6 7. 84H(\,s§

(s, @@07 (s, 2H), 4. ZS}QHﬁa %g]fé@é% Jszs;‘LN}
(dd Cb%* ébgp?N 1cga_H(s)C'%%Ei Ra&HN" ~COoH

Anal . for C24H28N404:J 31436: Yo(50a’ '2f3'=}20( Mi-H)cap-1729
Step 3. Pr epar ation of (S)-benzyl

3-(1-benzyl-1H 1, 2, 3-triazol -4-yl) - 2-

' met hoxycar bonyl ani no) pr opanoate (cj-29). WO

2008{eh A 2PRPaiRGdd $1FB PO bd REr3-(M-pNazdi-1- ~N
I\/EOZ(%I%IN Q)ﬁ%%n Cj %951 %s%ﬁﬁ%?%rn 1(;0%11‘:,2“1(1IS?T bc(anzi)/jwi11

3- (Ibﬁémlcaiﬂ(ilﬁ 3-triazol-4-yl)-2-(tert-

but oxycar bonyl am no) pr opanoat e ( 29, 1.15 mol) in
CH2C12 was added TFA (4 nl). i Xxture was al | owed
to stir at roomtenperaturefo 2h. The m xture was 5
concentrated in vacuo to giyg-a&ghorless oil which
solidified on standing. This terl al was dissol ved
in THF- H20 and cooled to 0C. $6fid NaHCO8 (0. 25 g,

300 MRl bansb CHEORMe .28, s o,

3. 25 mol After stirring he m xture was

laci éd pyeé%zotf‘do BHE3 % tnnw@rm Q@sClzirﬁHZ mheaphegied @t §hiCofor 24h.
H20Thé5ﬁl9§\$r WEBSOJ@MS Etsov\!:\ﬁ _Igﬁnt SRARE hiadidnd « Neordps)phase

extracte
(benzyloxycarbonylammo) 3- (1H pyrazol-1-yl)propanoic acid (330.1 mg). The

filtrate was concentrated iz vacuo and then triturated with a small amount of CH;CN
(ca. 4 mL) to afford a second crop (43.5 mg). Total yield 370.4 mg (44%). m.p.

20 165.5—-168°C. litm.p. 168.5—169.5 [Vederas et al. J Am. Chem. Soc. 1985,
107,7105]. "HNMR (400 MHz, CD;0OD) §7.51 (d, J = 2.0, 1H), 7.48 (s, J = 1.5 Hz,
1H), 7.24 — 7.34 (m, SH), 6.23 m, 1H), 5.05 (d, 12.7 H, 1H), 5.03 (d, J = 12.7 Hz,
1H), 4.59 — 4.66 (m, 2H), 4.42 — 4.49 (m, 1H). LCMS: Anal. Calcd. for
C14H15N304: 289; found: 290 (M+H)".

25
Step 2. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic
acid (Cap-129).



10 conbined org | ayers were washed (H20, brine), dried
(Na2SO™4), filtered, and concentrated in vacuo to give
waeolmsbess oil (505.8 ng, 111% NWMR suggest eRCT/h$2009/032830
presence of an unidentified inpurity) which solidified
whil e standing on the punp. The material was used as
is without further purificatlb 1HNI\/R(4OO WVHz, DMSO-
dé) 6 7.87 (s, 1H), 7.70 (d, J:81Hz 7.27 -
7.32 (m 10H), 5.54 (s, 2H) 51 5 J—127Hz
1H), 5.06 (d, J = 12.7 Hz, ?-437(m 1H),
3.49 (s, 3H), 3.09 (dd, J: 4.7 Hz 2.98
(dd, J = 9.6, 14.7 Hz, 1§P Anal . Cal cd for

C21H22N404: 394; found: Q%ZCﬂ"M-I—DCpZHStep 4.
Preparation of cap-129

V1) pr opaNbP ALY R e 2y o LR kb e e (020

Capo¥a &lmc(lﬁbvash@ﬂl?o)glenated in the presence of Pd C (45 mg) in MeOH (5 mL) at
3-(1-benzyl-1H 1,2, 3-triazol -

( me PITORBACHS Bewreaﬁw %)H}e@ﬁ%ﬁ%b&p@e%r%@ bgnsolpblegn MBI,

vas Haydso ardc86h miktdrB&as BMRSEREESAf. HRO-afd b &2v BB)s bHN HCL
MeOH (5 nlL) at atnospheric pressure for 12h. The 2

m x e konpggendgous sadwteoar was didiargh tapughchaioasngguseaith (Celite ), and the
( S i\%b?—ﬂ gecng NG n‘r‘@é ?e(?naln? %s%‘ﬁﬂfan was frozen and Iyophyllized to

oxycar
-(1lebvtpa XeI:BM fqamz(d)$8 leg) ) Priopataoil ovaa suspgewad ino bl i@ d 1 -\ WO

(22326 PRI boR PR AR R0 008 aladil RHEDE (B me

was contam na
1hel. mmﬂw] cagfley (cvalhgonnHtCE,). ah frvass eadionsad Gavidt(do Ut

furt h f 40 ) de), 6
15 S (CORE (G mE. g ey e Tie S vy
1 H) alldweliQo st1r4for2;41 dnthwal bidifidd #DH-2, widtHN HBI 4 foalebd idto=

1H) ng%vzlﬁe AT Wee%'%e@arate?ialné %?@ﬂwewase%m%m%ﬁ%’t%%

( M-H)5%.. The%oﬁ{b@fe@"ot@ﬁw@afye%é—%@sh@h Cbrml?Wdﬁed\{NhleCQ;) Miltered, and
1) H2 Pd -C/ MOH N CbzHNAQ CH3CN 50C CbzHN CO2H 2)

It ce%%ntwdmgme@mﬂe@pme@néﬂs Moeré%e@éld/mﬂ-ﬁ:mM?%
cap*RRAIRIB00 MHz, DMSO-de) 8 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
CgH11N3Oy4: 213; found: 214 (M+H)".
20
Cap-130

C

AcHN” >CO,H

Cap-130 was prepared by acylation of commercially available (R)-
phenylglycine analgous to the procedure given in: Calmes, M.; Daunis, J.; Jacquier,
25 R.; Verducci, J. Tetrahedron, 1987, 43(10), 2285.



Step 1. Preparation of
(S)-2-(benzyl oxycar bonyl am no) - 3- (1H pyrazol -1 -
w@kgopnagsesoi c acid (cj-3 1). N N/ CbhzHN COZETUSBN9/032830
A suspension of (S)-benzyl 2-oxooxetan-3-ylcarbamate
(0.67 g, 3.03 nmol ), 15 and §¥razole (0.22 g, 3.29
mol) in CH3CN (12 nlL) was he %d at 50 C for 24h. The
m xture was cooled to rt overnight and the solid
filtered to afford (S)-2-
(benzyl oxycar bonyl am no) - 3- ((ﬁ?ﬁ-lﬁflr azol -1-yl ) propanoi c
acid (330.1 ng OThe filtrate wg$nconcentrjat in
vacuo andthentrltg,rate_dJMt smallb g f CH3CN
(ca. 4 nL) to alif o¥d a second chop (43.5 ngn._bot al
yield 370.4 my #4%. mp. 20 1655 - 168C. It m p.
168.5 - 169.5 [Vederas et al. /J&m Chem Sot. 1985,

107 sm@ %Oéimetﬂyhi’é!%n&)?rp&ld}’id% o %@D)o ﬁm%l)@é‘as Q&*ded%low }_gtooa
6 zgalmon]_qﬂXS) l@ngﬁ 2(94111n0_]:2—n‘1pth§,|1bu1qq))ate Qy(bgch(l(uldeﬁ 44 g:2l07mmol)

F g $os8 . gFmpS | M) 2y crhebMne g
( |\/|+H)spens®5 &k etprr@ at Rrogplamatieore @fernight (16 hours) and concentrated

S
At L R L o s A S R
107 ThE orfgaic IWMHN@@HMWM,Z&M (MgS0y), filtered, and concentrated

I I

mbiies BTG PRt At R S B Ba i ) P
) Pe clﬁbﬁ:trelgn?gh)?fglggﬁi% ?t? fﬁdy]@&taﬁefheﬁﬁ&(—){ o}(lgt @gl)lecadd fractlons were
R T RV L e T N R
was M, wivesb-wh)tshppaid.g4 ROk Bz few (ﬂgmﬁﬂ%‘ 56, HEY - 1.98-2.15

The horm eneous solution was filtered

di aifemﬂ‘)e%&%@e@ﬂ A0 C&li (e /5 12 Hnfdz t1 g, 5- Nb(@hl%rlérf‘ﬂ\?é?d 1y

vacy9y (Jheghempi Mg, 2§©'4‘2t(in05‘H)N3LSC [ERAeM: R 1.76 min; MS
Iyophylllzedto give a ye [ ow foam (188.9 nmg). Thr’

Ifrat anpla|Calgds f@lﬂMpLéﬂ d@rdHuzNzQ'HQH-ﬂZD feund279.03.0n.) and
then cooled to OC. To the cold m xture was added

NaHCO3 (146. 0 nmg,
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

20  temperature overnight and filtered though a microfiber filter to remove the catalyst.
The resulting clear solution was then concentrated under reduced pressure to obtain
1.43 g (89%) of Cap-131 as a white foam, which was used without further
purification. 'H NMR (500 MHz, DMSO-dg) & ppm 0.87 (d, J=4.27 Hz, 3H), 0.88
(d, J/=3.97 Hz, 3H), 1.93-2.11 (m, 1H), 2.80 (s, 6H), 3.90 (dd, J=8.39, 6.87 Hz, 1H),

25 5.93(d, J=8.54 Hz, 1H), 12.36 (s, IH). LC (Cond. 1): RT = 0.33 min; MS: Anal.
Caled. for [M+H]" CsH;7N,05: 189.12; found 189.04.

30



10 1.74 mmol ) carefully (evolution of C02). After gas
evol ution had ceased (ca. 15 mn) C1CO2Me (0.06 ni,
wW@2008/102568 ) was added dropwi se. The m xture waBCT/US2009/032830

allowed to stir for 2h and was acidified to pH2 wth
6N HCl1 and poured into EtQAc,..The |ayers were
separated and the aqueous phagg extracted with Et OAC
(x5). The conbi ned organic | ayers were washed (brine),
dried (Na2SO4), filtered, 2% &g concentrated to give
the title conmpound as a coI Pddd solid (117.8 ny,
79% . 1HNMR (400 N+E gmsc>d6) 6 13.04 (s, 1H), 7.63
(d, J 2.6 Hz, 1H), 8 gt d, = diz, 1H), 7.44
(d, J = 1.5 Hz, 1H), 9(appt JHe 2 0 Hz, 1H),
4.47 (dd, J = 3.0, 1279 4z, 1H), 4.2 - 4.41 (m 2H),
3.48 (s, 3H). LQWE: Anal. Cal cd. for “CBH 1N304: 213;
found: 2dap-{ Mﬁf«‘ﬂwrepam f@ap(sl Bonzy A HINOORIHPaIQals hygochosde
pre are ac t f . co r |a1

Qcclordldn t|X i r}e{l‘ﬁg dg%ﬁ%% %‘Eg(r% ’?‘ oce%m\@y ?O\bgﬁ{l hiRo-d 5
é:al pEa,1.2V(d, /Basnir, 3H), 2.80&S GHI),er06 (@ BHR.6; 36\(e,rﬁluc3a|Hz JH),

Tet 1 abed pp, %%ndl&ﬁ& $25% O 200 AP e

Bn OQ: NN~ 1HOfoudZ6 HG). N i1 Step a:
Di et hyl car banmoyl chloride (0.92 nL, 10 mmol) was

added slowy to a solution of (S)-benzyl

2- am no- 3- net hyl but anoat e hyg%qghlorlde (2.44 g; 10
mmol) 5 and Hunig's base (3.67 nL, 21 mmol) in THE
(50 nm.). The resulti (%Qk; susp ngl'on was stirred
at roon1tenperature/gyé$ hgurd) and
concentrated under ré&duced pressuﬁ'gf?he resi due was
artitioned between ethyF'acetate ancwvater. The

1
{1 1 or odlAHS VomESREHATeH S By eubbed Ty bdaqy e

Thenhy®sdhlidriddgny glﬂ'u@tw_et‘liyl' chM@foﬁh’efté ddcedin@)o fHe@sdtoliQescribed for
with ethyl acetate: hexanes

chr omat ogr aphy, elutin

1 O sl B p0p st P ormnm 0.87 (7 671 Hor 06D 197-2.10
(m, 1H), 3.83 (dd, J=8.39, 5.95 Hz, 1H), 4.14-4.18 (m, 1H), 4.20-4.25 (m, 1H), 4.50-

15 4.54 (m, 1H), 4.59-4.65 (m, 1H), 7.51 (d, J = 8.54 Hz, 1H), 12.54 (s, 1H).

Cap-134
9] OH
OH _ O
NH, HN YO
O

Cap-134 was prepared from (S)-diethyl alanine and methyl chloroformate
20  according to the method described for Cap-51. "H NMR (500 MHz, DMSO-dg) &
ppm 0.72-0.89 (m, 6H), 1.15-1.38 (m, 4H), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H),
4.09 (dd, J = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55 (s, 1H). LC
(Cond. 2): RT =0.66 min; LC/MS: Anal. Calcd. for [M+H]" CoH sNOg4: 204.12;
found 204.02.

25



concentrated under vacuum providing 2.35 g (85% of
clear oil. 1H NMR (300 MHz, DMSO-d6) 6 ppm 0.84 (d,
wQ 2099856, 3H), 0.89 (d, J=6.59 Hz, 3H), 1.98rPQI/1IS2009/032830
(m 1H), 2.80 (s, 6H), 5.01-5.09 (m J=12.44 Hz, 1H),
5.13 (d, J=12.44 Hz, 1H), 6. (d, J=8.05 Hz, 1H),
7.26-7.42 (m 5H). LC (Cond. - RT =1.76 mn; M5 15
Anal . Calcd. for [ MtH + CL6H22N203: 279.17; found
279.03. Step b: To a MeOH (%C(g n}gé soI ution of the

i nt ermedi at e prepared above (. 8.45 mmol ) was
added Pd/C (10% 200 ng) and the resulti ng bl ack
suspensi on was flushed with N2 (3x). and pl aced under
1 atmof H2. The m xture w? at room 20

t enperature overnight an axed though a mcrofiber
filter to renove the cata?ys. The resulting clear
sol ution vvas then concentrat/é‘d\ under reduced pressure

to obt ai ( 99
i o wels SRS PROTT by T RSP A BRI e FIR o
§ 500N in Mﬂeﬂh&) 28 mpm.(mm&vol)(add famdli2 B7kz | i@H)in nBth88ol (5

d, =3. 97 Hz v 1.93-2.11.(m .80 (s, ,
(3. 96‘{8 34 Suf&?eégowaélog%gw?gefﬁj()?l Ozf%r]‘@/g@%egwmﬁga%ﬁ% (g9 mg)
1 H) forlB h362{ %. mfel)mlxm@ \(v@cm@h ﬁlﬂe}ed tRbugh Qelaatom'ffa)rd MBHC] salt
Cal cd. for }QT] N203: 189. 12:
18906@17 a0 %%@é?am éé@gpéﬁ“/obsz‘bwl’e@?%@{z MF!S)H ds) 87.59

Cap(d]d32 @do, §164BD 7129) (tH)\Lk%Pﬂz oS, 1'7'%! 1), Gy 325, 3H),

prepared from (S)-benzy - am nopr opanoat e

lhy d P88 it brs 8d); Rac OdP diin @Cwl M%erét% Qy@gémtmé@m BRMS:

CaDahg! Caltl c 3F@'V§ #8)tofind: 300RM 1. 27 (d.
=7 %?% Bw?gom (s, 1H)@.§ ?c ?nCond ﬁ;:) S

0.15 min; I\/IS Anal . Cal cd. %or_] MrH| + CBHL3N203:
161.09: found 161.00. Cap- 1546 --VO-< 0 NH2 HNYO
N 0O
[\>_/<
N OH

HCI

15 To a cooled (-50 °C) suspension of 1-benzyl-1H-imidazole (1.58 g, 10.0
mmol) in anhydrous diethyl ether (50 mL) under nitrogen was added #n-butyl lithium
(2.5 M in hexanes, 4.0 mL, 10.0 mmol) dropwise. After being stirred for 20 min at -
50 °C, dry carbon dioxide (passed through Drierite) was bubbled into the reaction
mixture for 10 min before it was allowed to warm up to 25 °C. The heavy precipitate

20 which formed on addition of carbon dioxide to the reaction mixture was filtered to
yield a hygroscopic, white solid which was taken up in water (7 mL), acidified to pH
=3, cooled, and induced to crystallize with scratching. Filtration of this precipitate
gave a white solid which was suspended in methanol, treated with 1N HCl/diethyl
ether (4 mL) and concentrated in vacuo. Lyophilization of the residue from water (5

25 mL) afforded the HCI salt of Cap-136 as a white solid (817 mg, 40%). "H NMR (300
MHz, DMSO-d¢) & 7.94 (d, J=1.5Hz, 1H), 7.71 (d, /= 1.5 Hz, 1H), 7.50-7.31 (m,



10 0 Cap-133 was prepared from(S)-tert-butyl
2- am no- 3- net hyl but anoate hydrochl ori de and

wQ2dovaeseet hyl chl orof ormat e accordi ng to t he PE&/OSH09/032830
descri bed for Cap-47. 1H NVMR (500 MHz, DVBSO-d6) 6 ppm
0.87 (t, J =6.71 Hz, 6H), 1. 17 2.10 (m 1H), 3.83
(dd, J=8.39, 5.95 Hz, 1H), 4. 41418(m 1H),
420425(m1H) 4.50 15 4.54 (m 1H), 4.59-4.65 (m

oL 5 R T Psii o Mo % bhasehhiniager dRvs:

vvas Aﬁﬁlem:arcedoﬁ 1( 8)HeiNaOh 3 88 aindiie 2@30m . met hy |

chl or of ormat e 20 accordl ng to the method described for
Cap-51. 1H NWR (500 MHz, DMSO-d6) 6 ppm0.72-0.89 (m
6H), 1.15-1.38 (m 4H), 1. S@a ./66 (m 1H) 3.46-3.63
(m 3H), 4.09 (dd, J—885 19 7.24 (d, J=

8.85 Hz, 1H), 12.55 (s, nd 2) RT = 0. 66
mn; LGVS: Anal. Calcd. CgH18N04: 204. 12;
found 204.02. 25 WO 2009/ 10256 PCT/ US2009/ 032830 110
p-135 OF HO 1-1 NAsqutlon of
D 2- am no- (4-fl uorophenyl)acetl c acid (338 ng, 2.00
mml ), 5 INHCL in diethyl J@ (St%ngL 2.0 mmol ) and
formalin (37% 1 nlL) in nethandl %’ m.) was subj ected
to bal | oon hydrogenati on oxer~¥6Nal | adi um on car bon
(60 myg) for 16 h at 25 T. i Xture was then
filtered through Celite to affprd the HC1L salt of
Cap-135 as a white foam (316 #gp 80% . i H NVR (300
MHz, MeOHd4) 6 7.59 (dd, J==8/80, 5.10 Hz, 2H), 7.29
(t, J= 8.6 Hz, 2H), 5.17(s 1H), 3.05 (v br s, 3H),
10 2.63 vbrs 3H)' Rt 0.19 mn (Cond.-NV5-Wb); 95%
lhonogeni yuﬁpﬁlﬁ&@ of |1 Fpgro- 3%%110150(13&%1&!16 (F&Srmg, NHiq|ramol; prepared

G o‘i@c%ﬁ%o tﬂe%oc%gurefHPWBOO%pgwé%) (%&%%0%9), cesium

fluoride (303.8 mg, 2.00 mmol), bis(tri-tert-butylphosphine)palladium dichloride (10

mg, 0.02 mmol) and 2-(tributylstannyl)furan (378 uL, 1.20 mmol) in anhydrous
dioxane (10 mL) under nitrogen was heated at 80 °C for 16 h before it was cooled to

15 25 °C and treated with saturated, aqueous potassium fluoride solution with vigorous
stirring for 1 h. The mixture was partitioned between ethyl acetate and water and the
organic phase was separated, washed with brine, dried over Na,SOs, filtered and
concentrated. Purification of the residue on silica gel (elution with 0% to 30% ethyl
acetate/hexanes) afforded Cap-137, step a as a white solid which was used as is (230

20 mg, 105%). R¢=1.95 min (Cond.-MS-W2); 90% homogeneity index; LRMS: Anal.
Calc. for [M+H]" C14HgN,O: 221.07; found: 221.12.

Cap-137
N
N
COH
25 To a suspension of Cap 137, step a, (110 mg, 0.50 mmol) and sodium
periodate (438 mg, 2.05 mmol) in carbon tetrachloride (1 mL), acetonitrile (1 mL)

and water (1.5 mL) was added ruthenium trichloride hydrate (2 mg, 0.011 mmol).



N OH 15 To a cooled (-50 C) suspension of
1-benzyl -1Him dazole (1.58 g, 10.0 mmol) in

wWa@ewydexses di et hyl ether (50 nli) under nitrogePCIES2009/032830
added n-butyl lithium (2.5 Min hexanes, 4.0 nL, 10.0
nmol ) dropw se. After being s{irred for 20 mn at - 50
C, dry carbon dioxi de (passed %%rough Drierite) was
bubbled into the reaction mxture for 10 m n before

0 e B eSS s P o o PP B PP on

di o¥ichierdn@tHaReaideasiéd dMe Biuebtl 18ydrass fdphiardesktta@ed di€d lore

a hygroscopic, white solid whi.ch was taken up in water
(7 Hith dichRretagg spding Ppm@négf e N
cryshaAld,i fARreMahdcsheélatl Meiturdtioh lof fhe ir@iue fwithMieSanes afforded
precipitate e a white solid mhlch:mas sus&ended in

gayv : . .

et GardP7 COrmeated) o ¢ Hatin-ertaredipdidn i = 1d0maip (CondirMS-W2);
ando@RMmeR0EdRELHdEN YA dnal- YOR b} [leliﬁ T, A NLBE 200.08;
residue fromwater (5 25 nL) afforded the HCL salt of
Capforsé 298.08. white solid (817 my, 40% . 1H NWVR (300
MHz, DMSO-d6) 6 7.94 (d, J= 1.5 Hz, 1H), 7.71 (d, J=
1.5 Hz, 1H), 7.50-7.31 (m WD 2009/ 102568
PCT/ US2009/ 032830 111 5Hyepsg33mw (&, 2H); Rt = 0.51
lggn (Cond. - M5-Wb) ; 95% honpgenity index; LRMS: Anal

le. for [MH + C11H12N202: 203.08; found: 203.11.
CapsgBlietiCl¥trategy. NVIBthGOAH Cap- 137, step a CN iN O 10 A
suspensi on of 1-chl oro-3-cyanoi soqui noline (188 ng,
1.00 mmol ; prepared according to the procedure in WO
2003/ 099274) (488 ngy, 1.0 mmol), cesiwn fluorideo

(303 , P2p0 ) N . ~
bi s( - 3leftr b oWgSAhi el pall _aTﬁM:,CEqm' ;@- rfN@Né)HZ N

mg, 0.02 mmps.and 2-(tributyl stannyl)furah (378 L, COH
1.20 mmol ) in anhydrous dioxane (10 nlL) under

nitrogen was heated at 80 C for 16 h before it was
jgooled to 15 25 C and treat g, Wiskh saturated, aqueous
pot assium fl uoride solution wth vigorous stirring

for 1 h. The m xture was pé?ﬁitioned bet ween et hyl
acetate and water and the grganic phase was

separ ated, washed with bri drijed over Na2SO4,
filtered and concentrated. Purjfication of the

residue on silica gel (elution S%th 0%to 30% et hyl

Cap-138, step a

20 To a stirred suspension of 5-hydroxisoquinoline (prepared according to the
procedure in WO 2003/ 099274) (2.0 g, 13.8 mmol) and triphenylphosphine (4.3 g,
16.5 mmol) in dry tetrahydrofuran (20 mL) was added dry methanol (0.8 mL) and
diethyl azodicarboxylate (3.0 mL, 16.5 mmol) portionwise. The mixture was stirred
at room temperature for 20 h before it was diluted with ethyl acetate and washed with
25  brine, dried over Na,SQy, filtered and concentrated. The residue was preabsorbed

onto silica gel and purified (elution with 40% ethyl acetate/hexanes) to afford Cap-



acet at e/ hexanes) afforded Cap-137, step a as a white
solid which was used as is (230 20 ng, 105%. Rt =

W@ 2®5/108568 ( Cond. - M5- W) ; 90% honpgenei ty i ndexPCL/BR4909/032830
Anal . Cale. for [MH + C14H8N20: 221.07; found:
221.12. Cap-137 CN \ iN CX2 5 To a suspension of
Cap 137, step a, (110 ng, 0.50°nmmol) and sodi um
periodate (438 ng, 2.05 mmol) in carbon tetrachloride

dddid ¥t et DRCCENOR GRG0 mylr ek a1k Behop o s 0.1
ol ) 11140 20991035681 PCTAVR2009 982130, - 112 503 210, 7 00

m xture was stirred

par 699 (B H81 (eéi): Rdr Qﬁﬁ@%ﬁ%m%@é) a(’ﬁcf’ @%ﬁoé?nelt?h@ex

aqueeNss: hayecapasosepaiaed Mxtica ok atuldvcegomor e
wi t h di chl or onet hane and t he conbi ned di chl or onet hane

éxtracts were dried over Na2SM, filtered and

concentrat ed. Triturationcg the %S|due w t h hexanes
afforded 5 Cap-137 (55 ny, %535 %% a grayi sh-col ored
solid. Rt = 1.10 min (Cond ®oMs-\W2); 90% honpgeneity

i ndex; LCVMS: Anal. Cale. f H + C11HBN202: 200. 08;
found: 200.08. Caps 138 t 8 _ni0 Synthetic Strategy.
Method A CHe e e 0 cbhl HACPBA TMBCN 5N NaOH N

THE N DCM 4 sthed E6iftio AN dp issNte%Scﬁzz\Mlg, i14. NmnRWh 2R ous
O 11, 1885-1888. CN CORH 15 ‘p 138 i N CO2H Cap- 138,

st eelcworonfif@nﬁ (50 miN ap gpompfempereiurs wep addediusiarblaropgrbenzoic
18- hyda exb/s aUdicN0d & AEndlPih SRAPGHoRCLRE BLY stiPed 020 h, powdered

potassium carbonate (2.0 g) was added and the mixture was stirred for 1 h at room
temperature before it was filtered and concentrated to afford Cap-138, step b as a
pale, yellow solid which was sufficiently pure to carry forward (2.15 g, 83.3%). '
NMR (CDCls, 400 MHz) 6 8.73 (d, /= 1.5 Hz, 1H), 8.11 (dd, J = 7.3, 1.7 Hz, 1H),

15 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;
LCMS: Anal. Calc. for [M+H]" CioH;oNO,: 176.07; found: 176.0.

Cap-138, step c

o
=
=N
20 CN

To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmol) and triethylamine

(1.1 mL, 8.00 mmol) in dry acetonitrile (20 mL) at room temperature under nitrogen
was added trimethylsilylcyanide (1.60 mL, 12.00 mmol). The mixture was heated at
75 °C for 20 h before it was cooled to room temperature, diluted with ethyl acetate

25  and washed with saturated sodium bicarbonate solution and brine prior to drying over
Na,SO,4 and solvent concentration. The residue was flash chromatographed on silica
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



procedure in WO 2003/ 099274) (2.0 g, 13.8 mmol) and
tri phenyl phosphine (4.3 g, 16.5 mmol) in dry

wa 2qopabpses of uran (20 nL) was added dry net hanoPCT/0SB09/032830
m.) and diethyl azodicarboxylate (3.0 nL, 16.5 mol)
portionwi se. The m xture was fflrred at room
tenperature for 20 h before i “was diluted with et hyl
acetate and washed with 25 brine, dried over Na2S04,

f||t ncentrated he resi due _was p S e

ont 8 C{éﬁlqlﬂaﬁ(g szio HAYC %FPV?YF%gOTéIPeL@FBtﬁ ﬁw@%ﬁ% ﬁw]\ﬁﬂ) 5

acekat ed hexanes) 1H)08.8é fOrd sGap.,\Wa) %@%1@2%%&& IHP 7.69 (t,J
PCT/ US2009/ 032830 113 138, step a as a lig y

sol & U(Hz.d8) - 0%8oq = 7DiHa. C‘MQ}H)ER)G 1|\Z§zl)1m6 C@ning) 90%

(S héhh%gognét %d&dLCM‘s %91 'd%lc %&g') ggi{ 9@11(1% 01-18§0§l f‘o‘{znd
F018$&&=0 66 n1n (Cbnd D2) 95@6honngene|ty |ndex

LCVMS: Anal. Cale. for [MtH + C OH ONO 160. 08; f ound

160.10. 5 Cap-138, step b ' ol / N+O To a stirred

solution of Cap 138, step a({e:134 g, 14.7 mmol) in

anhydrous dichl oromet hane {50 nL) at room tenperature

was added neta-chl oroperbenzpic 10 acid (77% 3.42 g,

19.8 nmmol ) in one portion. e being stirred for 20

h, powdered potassium car N(2.0 g) was added and

the mxture was stirred for 1 htegt room tenperature

before it was filtered and concentrated to afford ,
Cap- 138, Car-&1 pems (5 $Hal4é mped) wasresisid; v thwhY sodinpky droxide

TArHUBAES MR PGS IR oy B il
( dd25 X, dildted with dthidzomethdng adbadddifdd ) 19 hydrachiric atid) The
7.52 (t. = 8.1 Hz 7,2 d = 8.3 1 6. 91
(d 5 or. %rtnb ?ﬂage ﬁ%s sefﬁ’)a‘fe:cli,;r\'.zfﬁaed( \gl%h éﬁl_ﬂe: &r&&d:wﬁr. Ig%s%,%ﬁcentra%ed to

( Coticvotdie) 4nd 90Reck avraifed iCly- /36 ﬁkaa(yelloiy@b'ﬁi (0AKig) 88.9Ca). éH NMR

f Mt C oH 6. d 176. 0.
G e oNSOLd, o Ve 6 % i 8Pl Yt G Breoltoh Tedihy = 6.0
;38stﬁ-§98 be cpJZQ% SJHZ 41%907 MRk) (Iﬁnld{)t 7. B@Echyg%m ne lm 402

acetonitrile (20 room

t enflep &teo Hd’ééfl (ﬁ%@rtdr Q@br%%b@gloa%@dndex ofis: Anal. Cale. for
trl Fﬁmylcsl |H YNOY-20k 8. thdnd59415. 12. 00 nmmol ). The

re’was heated at’ 75 C for 20 h before it was
cooled to roomtenperature, diluted with ethyl acetate

Synthetic Strategy. Method B (derived from Tetrahedron Letters, 2001, 42, 6707).

o.
Xy KCN, dpppe 5N NaOH
_N Pd(OAc),
TMEDA, 150°C
CO.H

Cl toluene
20 WO 2003/ 099274

Cap-139
A x
e
CO,H

25



25 and washed with saturated sodi um bi carbonate
solution and brine prior to drying over Na2SO4 and
walmamsegoncentrati on. The residue was flash PCT/US2009/032830
chromat ographed on silica gel (elution with 5% et hyl
acet at e/ hexanes) to 25% et hyl 1egcet at e/ hexanes to
afford Cap-138, step c (498. b rrg) as a white,
crystalline solid along wt h 223 of WD 2009/ 102568
PCT/ US2009/ 032830 114 ad ]%Elal Cap 138, step c
recovered fromthe filtraté” KRe& (cpci3, 500 MHz) 6
8.63 (d, J= 5.5 Hz, 1H), 8RoAd~J= 55 Hz, 1H), 7.88
(d, J= 8.5 Hz, 1H), 7.69 (t.O Hz, 1H), 7.08
(d, J= 7.5 Hz, 1H), 4.04 (s, Y R=1.75 mn,
(Cond.-D1); 90% honpgeneity indéX; LCVMS: Anal. Cale.

for [ M*‘"ﬂ"d‘a ﬂ?ﬂékl-‘@ﬂ@@ scl&ﬁt(ﬁ)ﬁnalf &H&d}1ng%n1a8@n1&gas§apsul&3510n
\O/ | -138, step c 2.

moPy ﬁlagrof@@sfél%wwqwﬁolm %8& %mw%lrwaa@ %eor%lgm ihSn

€ 10pf61eédu?éh91 woeons %9@17'42 %oﬁbfk&ﬁﬁ‘ By‘?a!nﬁfé ((W@@ g, r@@ﬁﬁ%l)al 585
C for 4 h, cool ed diluted with

di chisehirbewxplosehishpeniie - 27 &d- & mroh rndadipdiar) (Fp pstate (70
aci ghe d. @an%ﬁ)gﬁl%ﬂ?yd%@%&ue‘?@%é AePaLelad: ywaghed with

brin€, dried over 2S04, concentrated to  1/4 vol une
andterffamptévléﬂlymeda#mlm (. 20apL. 138 mmoh. Jbe vielwasskdlel, heated at

(O 3 §P22Mhmn A Mol PRDIPE ¢4 Fhe Moo finrca
bz, withlethyBaco@te( erashddwah 8/atdz andlbine, dticd bvar. Mg SQyfiltdrell and

(oSt dussdiiie Jabouien fnakit edhdindyif sThelipa™ "

f or acctdidxindcid PR NEI acAtk/Hsnct QUITid CQAI BB step a as a wh1te
Synthetlc Strate od B (derived from Tetrahedr

Let tHS06%b0g)- k‘g%M@?@ﬂCha &) MHZKEN > tdppe 68 12 T HER: 2(d,J
NaOH 9@ 1z, |1WéN7N7(P(§i(ﬁQ@)52H2 11{%5'7 AN ')39| (2 HHTﬂ\ﬁ@AJ é@Q{%NM),

C tol uene
1602 B198 (s, 3H); R¢=1.66 min (Cond.-D1); 90% homogenlty index; LCMS: Anal. Calc.

for [M+H]" C1;HoN,O: 185.07; found: 185.20.

Cap-139

O X

ZN
COH

20 Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with 5N
NaOH according to the procedure described for Cap 138. "H NMR (400 MHz,
DMSO-deg) 8 13.63 (v brs, 1H), 8.60 (d, /=9.3 Hz, 1H), 8.45 (d, /= 5.6 Hz, 1H),
7.95(d,J=5.9 Hz, 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

25 [M+H]" CHoNOs: 204.07; found: 204.05.



25 WD 2009/ 102568 PCT/ US2009/ 032830 115 Cap-139, step
a \'1l iIN CN To a thick-walled, screwtop vial

W@ wwad2sssg an ar gon- degassed suspensi on of PCT/US2009/032830
1- chl or o- 6- met hoxyi soqui nol i ne (1.2 g, 6.2 mmol;
prepared according to the Plrocedure in WO 2003/
099274), potassium cyani de (0. o g, 6.2 mol), 1,5-
bi s(di phenyl phosphi no) pentane (0.27 g, 0.62 nmol) and
pal |l adium (I11) acetate (70 gg 8.31 nmol) in
anhydrous tol uene (6 m) wa$“Bdd2dN N, N, N -
t et ranet hyl et hyl enedi am ne-76.29 nlL, 2.48 mmol). The
vial was seal ed, heated at ~Ccfor 22 h and then
allowed to cool to 25 T. Theg_nleati on m xture was
diluted 10 with ethyl acetate, shed with water and
brine, dried over Na2SOM4, filterdd and concentrat ed.
The residue was purified on silica gel eluting with 5%
et hyl acetate/ hexanes to 25% eth I acet at e/ hexanes to
afford Cap-139, step a as“@WA?¢6” %ol id (669.7 ny).
1H NVR (CDC13, 500 MHz) 6 864 (d, J= 6.0 Hz, 1H),
8.22 (d, J = 9.0 Hz, 1H), @ J= 5.5 Hz, 1H),
7.41-7.39 (m 1H), 7.13 (d, 200 Hz, 1H), 15 3.98
gs, 3H); Rt= 1.66 mn (Cond.-D1); 90% honogenity
rndex; LCMS: Anal. Cale. for [WH + C11HON20: 185. 07,
found: 1Bba 2QoroCdp-siB@ thixturé &f 1, CARMoROS-Chpxyi@guinaléne (482

re ar fromthe has rol ysi
P ¢ RRERO0 Wt s ey R e QB TR0 sk s BABP .
Cappailﬁl&unﬂ.(lﬂ) Aiddrut¢ A0Qg, ke, mm&l)ﬁ@iidﬁl)cag)oﬁﬁe 623 (v, Rr10 $ymol)
1H), (d, J=9.3 Hz, 1H) . 8.45 (d, J=.5.6 Hz, 1H),
7.H)9%nf b?—gﬁﬁﬁ@ewlpwp@%%m@&ﬁ Be 916—8 o) ip dryy 7.H114
16 dd dimbthy@acStamie 52 l’ﬂL) aﬂ-Zﬂ) °C 131d&511tr@{g&n v@b‘&ddelﬂ\l N‘-I\ﬁ 1\64 m n
( Cond. "%VN 90% N ty i ndex;
for t%mf hyle mz&zf‘oc#molﬁ oﬁﬁaf 102131& f@smlwe was

200941028 @§0 @Iﬁ&ﬁ@@@%&@%ﬁﬁ@n ot dRtow8Byahdtydin (Sfdrtd from
457 DL of acetone cyanohydrin in 4.34 mL DMA) was added in 1 mL portions over

18 h using a syringe pump. The mixture was then partitioned between ethyl acetate

15 and water and the organic layer was separated, washed with brine, dried over
Na,SO,, filtered and concentrated. The residue was purified on silica gel eluting with
10% ecthyl acetate/hexanes to 40% ethyl acetate/hexanes to afford Cap-140, step a as
a yellow solid (160 mg, 34%). R;=2.46 min (Cond.-MS-W2); 90% homogenity
index; LCMS: Anal. Calc. for [M+H]" Ci»HoCIN,O: 233.05; found: 233.08.

20
Cap-140
/\O
N Cl
=N

COLH
Cap-140 was prepared by the acid hydrolysis of Cap-140, step a with 12N
HCI as described in the procedure for the preparation of Cap 141, described below.
25 R¢=2.24 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C12H;;CINOs: 252.04; found: 252.02.



Cap-140, stepa __Oi \''a V1 /N 5 CNTo a
vi gorously-stirred m xture of

wa2®9doxsk8 or o- 5- et hoxyi soqui nol i ne (482 ng, 2PODUMMOH/O32830
prepared according to the procedure in W 2005/
051410), palladium((I1) acetgfe (9 nmg, 0.04 mmol),
sodi um carbonate (223 ng, 2.1 nnol) and
1, 5- bi s(di phenyl phosphi no) pentane (35 ng, 0.08 mmol)
in dry 10 dinethylacetanidecgzlwg) at 25 C under
nitrogen was added N,N,N , N
tetranethylethylenedlan1ne e0~gFf 0.40 mmol ). After
10 min, the mxture was ho 150 C, and then a
stock sol ution of acetone cyanghydrin (prepared from
457 ~L of acetone cyanohydrin i“*#"4.34 nL DMA) was
added in 1 nL portions over 18 h using a syringe
punp. The m xture was then partltloned bet ween et hyl
acetate 15 and water and €He/éfggnicc | ayer was

separated, washed with brin ied over Na2SO4,
filtered and concentr at ed. re sidue was purified on
silica gel eluting with 1 yI acet at e/ hexanes to

40% et hyl acetate/hexanes to atﬁord Cap 140, step a as

? C%/ ﬁldl Omég Id ngpl gﬁ;b%%ﬁclfy%rgm I?tbr 4@8%%(1%20]]1% (prepared

Cal &omf3ezrm1ﬁlM+lI-lﬂrem@ﬁs@lﬂgcmm@mgzwp@&dufemmﬂdled 3B. /81 Oem.

B e I T

des Quideda@gai).n 1HM/IRH(51E)MHE eCIDOk) & BS5pd, epas. aHzorH)0f. 95:(pr—

Boobadia IS ¢ Raes went 7l et 1A AR To0 min

G 2k kE1N9BH0% Hendds m%%ﬂéﬁ L(VB: 1Q12a1 @QcZQQ?Mlﬁm%JNz

PCT/ US2009/ 032830 11 Cap- 141 I F N CO2H
173.05; found: 172.99.

Cap-141
15

x F

N
CO,H
Cap-141, step a (83 mg, 0.48 mmol) was treated with 12N HCI (3 mL) and

the resulting slurry was heated at 80 °C for 16 h before it was cooled to room
temperature and diluted with water (3 mL). The mixture was stirred for 10 min and

20  then filtered to afford Cap-141 as an off-white solid (44.1 mg, 47.8%). The filtrate
was diluted with dichloromethane and washed with brine, dried over Na,SOy4, and
concentrated to afford additional Cap-141 which was sufficiently pure to be carried
forward directly (29.30 mg, 31.8%). "H NMR (DMSO-dg, 500 MHz) & 14.0 (br s,
1H), 8.59-8.57 (m, 1H), 8.10 (d, /= 8.5 Hz, 1H), 7.88-7.85 (m, 2H), 7.74-7.71 (m,

25 1H); R¢=1.33 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C10H;ENO»: 192.05; found: 191.97.



Cap- 141, step a /I\ F iN5 CN Cap-141, step a was
prepared from 1-brono-3-fl uoroi soqui noline (prepared
WO e@i1®5681 no- | - br onoi soqui nol i ne usi ng t he preCEU2089/032830
outlined in J. Med. Chem 1970, 13, 613) as described
in the procedure for the prepﬁ)lrgezati on of Cap-140, step
a (vide supra). 1H NMR (500 , CDC13) 6 8.35 (d, J=
8.5 Hz, 1H), 7.93 (d, J= 10 8.5 Hz, 1H), 7.83 (t, J=
7.63 Hz, 1H), 7.77-7.73(m6%‘6 7.55 (s, 1H); R=
1.60 min (Cond.-Dl): 90% h&#Bd&Aity index; LOVS:
Anal . Cale. for [MtH + OoI—IGFIF 173. 05; found:
172.99. Cap-141 15/ \ F &)ZH Cap- 141, step a
(83 ny, 0.48 nmml) was treated W th 12N HC1(3 nL) and
the resulting slurry was he d>at 80 C for 16 h
before it was cooled to roo tfrperature and dil uted
with water (3 nL). The m xture ovas stirred for 10 mn
and 20 then filtered to afford Cap-141 as an off-white
solid (44.1 ng, 47.8% . The filtrate was diluted with
di chl or omet hane and washedgpi/¥h skpikne, dried over
Na2SO4, and concentrated to afford additional Cap-141
whi ch was sufficiently pure o be carried forward
directly (29.30 ng, 31.8%. (DVBO-d6, 500 MHz)
6 14.0 (br s, 1H), 8.59-8. ' 1H), 8.10 (d, J= 8.5
Mz, 1H), 7.88-7.85 (m 2H), 7.747.71 (m 25 1H); R =
1.33 m nC&;ﬁ@fEdste]pJ)wsﬁlg 4rBPBE arb Mok R lind NRidcARal .
Cale. for E + Co NO2: 192.05; found: 191.97. WD
2009¢s¢02588 1@@?1132@{99?%2@3@6 piepgratiaiho i - {38) sigmy b and ¢. R

COzH 1%9111%‘&@%&-‘1\@50\@1),99"0% homogenity index; LCMS: Anal. Calc. for
[M+H]" C10HeBrNa: 232.97; found: 233.00.
10
Cap-142, step b

()

s
=N
CN
To an argon-degassed suspension of Cap-142, step a (116 mg, 0.50 mmol),
potassium phosphate tribasic (170 mg, 0.80 mmol), palladium (II) acetate (3.4 mg,
15 0.015 mmol) and 2-(dicyclohexylphosphino)biphenyl (11 mg, 0.03 mmol) in

anhydrous toluene (1 mL) was added morpholine (61 pL, 0.70 mmol). The mixture
was heated at 100 °C for 16 h, cooled to 25 °C and filtered through diatomaceous
earth (Celite®). Purification of the residue on silica gel, eluting with 10% to 70%
cthyl acetate/hexanes afforded Cap-142, step b (38 mg, 32%) as a yellow solid,

20  which was carried forward directly. R; =1.26 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" C14H14N3O: 240.11; found:
240.13.



/1A iN5 CN Cap-142, step a was prepared from
4- br onoi soqui nol i ne N-oxide as described in the

W@ M9930258 procedure for the preparation of CapPdBB8$2009/032830
steps band c. Rt = 1.45 mn (Cond.-M5-W); 90%
honogenity i ndex; LCMS: Anal.1 le. for [MHH +
CloH6Br N2: 232.97; found: 233.00. 10 Cap-142, step b
(0) iN CN To an argon-degassed suspensi on of Cap-142,
step a (116 ng, 0.50 nnDI),ngot?ssiun1phosphate
tribasic (170 ng, 0.80 mmol ¥ ﬂg ladium (11) acetate
(3.4 ng, 15 0.0 15 mmol) and
2- (di cycl ohexyl phosphi no) bi phenyl (11 ng, 0.03 nmol)
i n anhydrous toluene (1 nl) mqggﬁdded mor phol i ne (61
L, 0.70 mmmol ). The m xture wa eated at 100 C for 16

h, cooled to 25 C and filte hr ough di at omaceous
earth (Celite(r)). Purific n_pf the residue on
silica gel, eluting with 10%tqg 70% et hyl

acet at e/ hexanes af forded Cap-142" step b (38 ng, 32%
as a yel CgwisokisthrepdftdwhinCOupva®, €as b iwell Shabwamthy droxide as

directly. Rt = 1.26 mn, (Cond.-M-W); 90% ha ity
Fnagscrifdi e Qure e ab 1 d). Ra D4 T (RDARO: WoR OV 1
f oURGkhogedAPinlisk; ML QA1 1025 68r RETH USZ QO M032830 1; bl
Cap-142 () /N CO2H Cap-142 was prepared from Cap-142,
ste65%ﬁ&MtI1 5N sodi um hydroxide as 5 described in the
procedure for Cap 138. Rt = 0.72 mn (Cond.-M5-W);
90% honopgenity index; LCVS: Anal. Cale. for [MH +
C14H15N203: 259.11; found: @BI#08. Cap-143 TN

AT

~N

10 CO,H

Cap-143, step a

(\o
Qacr
=N
Br
To a stirred solution of 3-amino-1-bromoisoquinoline (444 mg, 2.00 mmol) in
15 anhydrous dimethylformamide (10 mL) was added sodium hydride (60%, unwashed,
96 mg, 2.4 mmol) in one portion. The mixture was stirred at 25 °C for 5 min before
2-bromoethyl ether (90%, 250 uL, 2.00 mmol) was added. The mixture was stirred
further at 25 °C for 5 h and at 75 °C for 72 h before it was cooled to 25 °C, quenched
with saturated ammonium chloride solution and diluted with ethyl acetate. The
20  organic layer was separated, washed with water and brine, dried over Na,SOy,
filtered and concentrated. Purification of the residue on silica gel eluting with 0% to
70% cthyl acetate/hexanes afforded Cap-143, step a as a yellow solid (180 mg, 31%).
R¢=1.75 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C3:H14BrN,O: 293.03; found: 293.04.
25



v N 10 CO2H Cap-143, step a N\v N Br To a stirred
sol ution of 3-am no-1-bronoi soqui noline (444 ng, 2.00
worp@b)ioasss 15 anhydrous di net hyl f or mam de (10 PQd/USE9/032830

added sodi um hydri de (60% unwashed, 96 ng, 2.4 nmmol)

in one portion. The m xture szsostirred at 25 Cfor 5

mn before 2-bronoethyl ether”™(90% 250 L, 2.00 mmmol)
was added. The mixture was stirred further at 25 C

for 5 h and at 75 C for 72 bef re it was cooled to

25 C, quenched w th saturat ni um chl ori de
solution and diluted with ethyl ra(betate The 20
organi c | ayer was separ at ed ~.=,: with water and

brine, dried over Na2SO4, rered and concentrat ed.
Purification of the residue of SI lica gel eluting with
0%to 70% ethyl acetate/ hexands af f or ded Cap- 143,

step a ako achétmw:)ssoluludn Jalcin r@, st 4154 nk, 0321 mA]ihn
(Co VB- W 90% eni
{ or St ks KDL Dagels RGOl SO0 ANugg hgjancs
2009 iMZEQS nRCH/BSZRI. QLB 30 mid, Zl@y ééalsbn]d‘i&ﬂﬂ\/waslbhb@@iﬂto
Toacold (-60 C). solution of Ca step_a (154 ny,
59 f?ﬁ?B‘PI) mjxgure %H9 g heforedt W%ﬁ%?f&?%wgh 18’ FiGhHand gidggved to
ad d@dr 10381 %t ITAR nff RN &B@n'ekﬁi&é&l’ﬂn’tlfm&‘lﬂéﬁ@ﬁ@&ane% x303L)
M 0.25 nL, 0.633 mmol). After 10 mn, dry carbon

di osiciBe oemEbipRh B P iRgs VRIS cPresatdteshi oy Parifigation of the
mn régﬁtlé’f))ga ketveﬁé@ﬁhagélﬁﬁﬁb ?ﬁemﬁ@atérm’i@]aﬂ%ﬂféd @‘a}a 9%@1 6l

warmto he m xture was then extracted wt

18 chbor ofret hHh@IH(@ORd 20SHYD); 9% Homegengn gy & MY: géawl Cale.

ext e uo. Purification of
thew&esn uel%aL fzIn(§3r gége?fé?&nﬁ;%%%ﬂc (MeOH wat er / TFA)

af f orded Cap- 143 (16 ng, 10 12%9. R =1.10 mn
(Cond. -M5-W); 90% honpgeni tfy ]ggex LCMS: Anal . Cale.
for [ MtH] + C14H15N203: 259. 1P~ fbund: 259. 08.

\CI

=N

CO.H
15

Cap-144, step a

NO,
cl

S
_N
Cl
1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in small portions to
a cold (0 °C) solution of fuming nitric acid (10 mL) and concentrated sulfuric acid
20 (10 mL). The mixture was stirred at 0 °C for 0.5 h before it was gradually warmed to
25 °C where it stirred for 16 h. The mixture was then poured into a beaker containing
chopped ice and water and the resulting suspension was stirred for 1 h at 0 °C before
it was filtered to afford Cap-144, step a (2.73 g, 81%) as a yellow solid which was
used directly. R¢=2.01 min. (Cond.-D1); 95% homogenity index; LCMS: Anal.

25 Calc. for [M+H]" CoHsCLN,Os: 242.97; found: 242.92.



Cap-144 N'I / Z-NC \ | CO2H 15 Cap-144, step a N2

Cl N-N C1 1,3-Dichloroisoquinoline (2.75 g, 13.89
WOoreewb)oases added in small portions to a col d $Or/CH2009/032830

solution of fumng nitric acid (10 nL) and

concentrated sulfuric acid 20, {10 nlL). The m xture was

stirred at 0 Cfor 0.5 h befole it was gradual | y

warnmed to 25 C where it stirred for 16 h. The m xture

was then poured into a beﬁk ont |ning chopped ice

and water and the resulti ﬁéﬁ ion was stirred for

1 hat O Cbefore it was f\hl/tered to afford Cap-144,

step a (2.73 g, 81% as a y¢llqw solid which was used

directly. Rt= 2.01 mn. ( . ); 95% honogenity

i ndex; LCMS: Anal. 25 Cal e 2N MrH| + COH5CL12N202:

242.97; found: 242.92. WD 2009£102568

PCT/ US2009/ 032830 121 Cap-144, step b NI., G NC

Cap- 144, Cgt-&f¥, sief 0(BY g,1.2B. @Bolrwes pkewas in akegranold60 mL) and

met reat

) GQ’%%! dwﬁ%@a{;%%n gxqgei (ghm ,Sa%g tlg s!ilg) d&{ wgsgmbjgét (gt% }(a?’r

hydhyxgegeaatﬁcmt atpsmzpfen 1.5R8. Tien fdrrrﬁhin (5 Mhpadfaddinehal plagifum

m) a ddi.ti ona Ia num _oxi de 0. e .added, .
and oytuﬁeé@? J@ﬁ; ROCK! Jﬁle&ggctl rhg SEPSFIS&‘}H WSS ugg%}%d a5 hygrogerianon
hy datcgrat) fon 13 Atlt @5s fasd sucRod-HlterdBthhough tiawasicédue Barth

suction-filtered through di atomaceous earth
( CelGalieq p pyd epnacndiaivd éawn &t ‘dolaen Sugionsiitration gihe ensuing

Suct.ion-fi f t he ensuin pr ate

of £ BBt AR PRAGERET R WouRbEEMBEE M thcr

1was clfrbﬁistbgr]i@he@h)lheﬂﬁﬁ ggreamlng dmhrs%;ebthyl@eetge in 1&:|xaltes B925% ethyl

wth 5%e ace J%exan etate

' R Y e riRt clp e Bran T (et s fepale g s, .

a IOalz@6Mﬁh|(@Mvm§@1b,®5°/ﬁtomogemty index; 'H NMR (400 MHz, CDCL) § 8.02
(s, 1H), 7.95 (d, J = 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;;H;;Cl,N,: 241.03; found: 241.02. HRMS:

15 Anal. Calc. for [M+H]" Ci1{H;iCLNa: 241.0299; found: 241.0296.

Cap-144, step c

~,
N

o
=N
CN
Cap-144, step ¢ was prepared from Cap-144, step b according to the
20  procedure described for the preparation of Cap-139, step a. Ry=2.19 min (Cond.-
D1); 95% homogenity index; LCMS: Anal. Calc. for [M+H]" CpH;CIN3: 232.06;

found: 232.03. HRMS: Anal. Calc. for [M+H]" C;,H;;CIN3: 232.0642; found:
232.0631.

25



= 2.36 mn (Cond.-D1); 95% honogenity index; 1H NWR
(400 MHz, CDC13) 6 8.02 (s, 1H), 7.95 (d, J= 8.6 Hz,
WQ@RH09/1256%- 7. 53 (m 1H), 7.30 (d, J= 7.3 Hz, IM)T/U088032830
(s, 6H); LCVs: Anal. Cale. for [MH + CL1H11C12N2:
241. 03; found: 241.02. HRMS: 1 5 Anal. Cale. for
[MtH + Cii Hi i O 2N2: 241.0299; “found: 241.0296.
Cap-144, step ¢ N 11 b- Y Hcl N CN Cap-144, step c
was prepared from Cap-144, step g according to the 20
procedure described for theC%Pgﬁ ration of Cap-139,
step a. Rt= 2.19 mn (Cond~-D1l); 95% honogenity
i ndex; LCMS: Anal . Cale. ij|+ C12H11d N3:
232.06; found: 232.03. HR\G:| Afdal . Cale. for [ M+H] +
C12H11CIN3: 232.0642; found: 732.0631. 25 WO
2009/ 102568 PCT/ US2009/ 032830 “%22 Cap-144 N11 C

N
CO2H Capn~14 r r.Ai t.0 t [
doscr i bed b B2 PR EARE B L il S BLERS PB4y, v,
L CVB:2.38maih (C@al.-©.1);/90%0; LEMS: An@l 212 GENROZ ] §1:2B&1540:
gou9g§03§§m8QB8Q@ps-l45 to 162 Caps-145 to 162 were
pr epared ?roh1the‘appropriate 1- chl or oi soqui nol i nes
according to the procedure described for the
preparation of Cap-138 (Mt hod A Cap-139 10
(Met hod B) unless noted o W@?&?é%lgé out | i ned bel ow.
Rt Chps-145a0d6) weloprdpaied #rotae MptrdpedteHyeh@bi¥squsnolines according

honpgenei ty i ndex; data .
togtﬁe procgdure (ﬂescrlbecq/%r the preparation of Cap-138 (Method A) or Cap-139

10  (Method B) unless noted otherwise as outlined below.

R (LC-
Cond.); %
Cap # Cap Method Hydrolysis homogeneity
index; MS
data
1.14 min
(Cond.-MS-
~ W1); 90%;
N LCMS: Anal.
Cap- COH Calc. for
145 Prepared from commercially B 12VHCI [M+H]"
available 1,3- C1oH,CINO,:
dichloroisoquinoline 208.02;
found:
208.00.
Cap- O 1.40 min
146 ;)NH A 5N NaOH (Cogni/'m);
(UM
Prepared from commercially LCMS: Anal.




1.14 mn (Cond.-M5- C W); 90% N LCVMs: Anal. Cap-

coZH Cale. for 145 Prepared fromcomercially B 12N
woiahofidask§ + avail able 1,3- ClOH7CLNOZ2: PCT/US2009/032830

di chl or oi soqui nol i ne 208.02; found: 208.00. o 1.40

mn Cap (Cond.-Di); CO2H 959 Prepared from

comercially LCMS: Anal. WO 2009/ 102568

PCT/ US2009/ 032830 123 avai I abI e 3- Cale. for

hydroxtyll QU\.IUI IIUI I LI Y1 IIJ ' I Hlo!\m. 204. 07.
204.06. |0.87 maﬁal%’aéd D1)| 95% | N LCVB: Amalczﬂc for
147 Cap CozH@dﬁwp@@dlr@ﬁh@ for Prepared from [M+H]"
conrmercially [ MH| avail abl e| 1-chl ofo-4- C11HLONGS: '
hydr oxyi sloqui nol i ne 204. 07; found: CuHioNOs:
204.07;
found:
204.06.
0.87 min
(Cond.-D1);
~o 95%;
h LCMS: Anal.
Cap- N
COH Calc. for
147 B SN NaOH .
Prepared from commercially [M+H]
available 1-chloro-4- C11H10NOs:
hydroxyisoquinoline 204.07,
found:
204.05.
0.70 min
(Cond.-D1);
N 95%;
c ~o =N LCMS: Anal.
a —
141; - A 5N NaOH Cale. for
: a
Prepared from commercially [M-+H]*
available 7- C,HoNO:x:
hydroxyisoquinoline 204.07:
found:
204.05.
o 0.70 min
\N (Cond.-D1);
Cap- 7
COuH 95%;
149 A SN NaOH
Prepared from commercially LCMS: Anal.
available 5- Calc. for
hydroxyisoquinoline [M+H]"




204.05. 0.70 min (Cond.-D 1); 95% -~o N LCVs: Anal .
Cap- CO2H Cale. for 148 Prepared fromcomercially A

wEkNaDspvicH] +  avai | abl e 7- C1L1HLONGS: PCT/US2009/032830
hydr oxyi soqui nol i ne 204.07; found: 204.05. ~1o0 0.70
mn Cap- | -N (Cond.-D1); Co A SNNaOH 95% 149
Prepared fromcomercially L . Anal. avail able 5-
Cal e. for hydroxyi soqui noline [I\/H—|] + WD 2009/ 102568
PCH-US20669/-032830—124—CHHIONS3+—204-0+—Foup
204.05. [0.26 min (Cond.-D1);| \ N TFA 95% o é&z‘ﬂ—loN@
LCMS: Anal. Cap- Prepared frpom 8-nethoxy-1 Cale. p@ro7;
150 chl or|oi soqui nol i ne, which| A 12N KHCQ [M+H + | can be
symt hesi zZed fol | owi ng CLIHLONOB: the procedure|i nfnd
2003/ 204.07; 099274 found: 204.05.
0.26 min
N (Cond.-D1);
=N TFA 95%’
c 0 con LCMS: Anal.
a —
D Prepared from 8-methoxy-1- Cale. for
150 chloroisoquinoline, which A 12NHC [M-+H]*
can be synthesized following C1H1NOs:
the procedure in WO 2003/ 204.07;
099274 found:
204.04.
1.78 min
o (Cond.-D1);
Cl
I 90%;
COoH LCMS: Anal.
car- Calc. f
, . alc. for
751 Prepared from 5-methoxy B N HCI >
1,3-dichloroisoquinoline, [M+H]
which can be synthesized CiiHoCINOs:
following the procedure in 238.03;
WO 2005/ 051410. found:
238.09.
1.65 min
_o O (Cond.-D1);
c N 95%;
a —
P coH LCMS: Anal.
152 Prepared from commercially B 12vHC Cale. for
available 6-methoxy-1,3- [M+H]"
dichloroisoquinoline C1HsCINOx:
238.00;




204.04. 1.78 min (Cond.-Di); Cl1 Z-N 90% co2H LQCMVE:
Anal . Cap 151 Prepared from 5-nmet hoxy- B 12N HCl

w@2008/10%568 1, 3-di chl or oi soqui nol i ne, [ MtH] + RET/TR2008082830

be synthesized C 1HOCING3: follow ng the procedure in
238.03; WD 2005 / 051410. fou&: 238.09. 1.65 mn o
Z-N a (Cond.-D1); \ | 95% p- cozH LCVS: Anal .
152 Prepared fromconmercially B 12NHCI Cale. for

Arl Akl A -t hovevy -1 2 FAALD &+ A~ Ay A o
av KT T T J TTCUTTOUOAN Ly J VIT T T Ul oIl

t‘\ﬂlli n I i no
TOUT Ul QU\.IUI LLAANLELPAYS .
G 1H9CLINO3: 238.00; WD 2009/ 102568 RCT/ US2009/ 332§%‘5‘d'
12% found: 238.09. 1.18 nmin|Br (Cond.-M5- v i N W)JR.09.
95%  CO2H LCMS—Anal— Cap-15 red from4+ A

6NHICL Calle. for bronpi soqui npl i ne, which [ M+H] # e kmin

be |synt hesi zed fol |l om ng G OHfBr NO2: (Cond.-MS-
:N W1); 95%;
COH LCMS: Anal.
Cap-
153 Prepared from 4- A P— Calc. f0+r
bromoisoquinoline, which [M+H]
can be synthesized following C1oH7BrNO::
the procedure in WO 2003/ 251.97;
062241 found:
251.95.
0.28 min
N (Cond.-MS-
r =N W1); 90%;
coatt LCMS: Anal.
Cap- Prepared from 7-fluoro-1- Cale. for
154 chloroisoquinoline, which B SN NaOH [M+H]
can be synthesized following CoHENO:
the procedure in WO 2003/ 192.05;
099274 found:
192.03.
0.59 min
N (Cond.-MS-
C|/©©\‘ W1); 90%;
COH LCMS: Anal.
Cap- Prepared from 1,7- Cale. for
135 dichloroisoquinoline, which B SN NaOH [M+H]"
can be synthesized following C0H,CINO,:
the procedure in WO 2003/ 208.02;
099274 found:

208.00.




the procedure in WD 2003/ 251.97; 062241 found:

251.95. 0.28 mn (Cond. - M-
WO BNS10256% ]
154 chl or oi soqui nol i ne,
synt hesi zed foll owi ng G oH/F

FiNW)

90% Co

2H

Cap- Prepared from 7-fl uoro-1- CaP&r/us2909/032830
whi ch B SNNaOH [ M+H] +

can be

the procedure in WO

2003/ 192.05; 099274 found: ..03. 0.59 mn
(Cond.-M5 CI N W); 90% CO2H LCMS: Anal. Cap-
Pr epared—fromt—+—Cale—For—155 -
di ¢hl or oi[soqui nol i ne, whi ch B| SNNaOH|[ MrH] + can| be-60 min
synt hesi zZed fol {ow ng C OH7CINO2: the procedurg (CondMMS-
2003/ 208.02; 09 4 Nound: 208. 00. |WO 2009/ 10p568
PCT/ US20009/ 032830 0.60 mn a (Qond.-NMs N WL 90%;
90% CO2H LCMS: Anal .co#Cap- Prepared|from 1,6 Cakems: Anal
fon Cup6 di chhargl i pglinel which|B SNNaCH [ M+H| +
can q%ésyntheggéedﬁﬁgﬁldmﬁng O OH7CLNO2: 0o alc. for
dichloroisoquinoline, which a [M+HT'
can be synthesized following C10H,CINO,:
the procedure in WO 2003/ 208.02:
099274 found:
208.03.
1.49 min
¢ (Cond.-D1);
X
_N 95%;
CO.H LCMS: Anal.
Cap-
Prepared from 1,4- Calc. for
157 B 12N HCI R
dichloroisoquinoline, [M+H]
which can be synthesized C10H17CINO:
following the procedure in 208.02;
WO 2003/ 062241 found:
208.00.
0.69 min
¢ (Cond.-MS-
X
ZN W1); 90%;
CO.H LCMS: Anal.
Cap-
Prepared from 1,5- Calc. for
158 B SN NaOH .
dichloroisoquinoline, [M+H]
which can be synthesized C10H7CINO»:
following the procedure in 208.02;
WO 2003/ 099274 found
208.01.




the procedure in WD 2003/ 208.02; 099274 found:
208.03. 1.49 min a (Cond.-DI); -N 95% co2H LQVE:
wo\z@b/10256p 157 Prepared from 1,4 B 12NHC1 Cal BCT/1/82009/032830

di chl or oi soqui noline, [MrH + which can be synthesized
G oH17CING follow ng the pro edure in 208.02; WO
2003/ 062241 found: 208.00. .69 mn c' (Cond.-Ms- v
iNW); 90% co2H LCMS: Anal. Cap 158 Prepared from

; . : :

1, 5B SNNaoH-Cal-e—For—di-eht-protsogytnroHne—MrH-+—
which can be synthesized G OH7CLNO2: | fol | owi ng| t H&*! min
procedure in 208.0D2; WO 2003/ | 099274 |found: 208.(@bnd.-MS-
WD| 2009/ 102568 P, 009/032830 127 0.41 min \F__
(cond. - V& v | i 90% CO2H LCMS: Anal . CapW1)i90%;
CO.H LCMS: Anal.
Cap-
Prepared from 5-fluoro-1- Calc. for
159 B SN NaOH .
chloroisoquinoline, [M+H]
which can be synthesized C10H7FNO;:
following the procedure in 192.05;
WO 2003/ 099274 found:
192.03.
0.30 min
F N (Cond.-MS-
ZN W1); 90%;
coH LCMS: Anal.
Cap- Prepared from 6-fluoro-1- Cale. for
160 chloroisoquinoline, B SN NaOH (MH]'
which can be synthesized C1oH/FNO,:
following the procedure in 192.05:
WO 2003/ 099274 found:
192.03.
0.70 min
~ (Cond. D1);
95%;
N
P LCMS: Anal.
Cap- N CO,H
Calc. for
161 Prepared from 4- _ —
o . [M+H]"
bromoquinoline-2-carboxylic
Ci1oH13NO5:
acid and dimethylamine PR
217.10;
(DMSO, 100 °C)
found:
217.06.
Cap- m 0.65 min
162 o NZ co,H (Cond.-M3);




159 Prepared from5-fluoro-1- B SNNaOH Cale. for

chl oroi soqui noline, [MH + which can be synthesi zed
W@e@b162N62: fol |l ow ng the procedure in 192. O5PCTADS2009/032830

2003/ 099274 found: 192.03. 0.30 mn F (Cond.-Ms v

I iNW); 90% Co2H LCMS: Angl.. Cap- Prepared from

6-fluoro-I Cale. for 160 chl oroi soqui noline, B SNNaCH

[ MMH + which can be synthesized C oH/FNOQ2: foll ow ng

thr\ nr-acodur \AD-— 2002/ N0Q274 f and
L AW} UJ

A 1 1092 N - -

'JI UC \V | < LI Jo . UJ, AW o JT FJ T LIASA%LLA%D 0/ .
192. 03. |0, FPFITUEBASIPRY - [ 0506 |LOME: Anal 95%;
O-TNCO2H |Capolickdg ficppre@gde from 4- Cale. for --| £€MS: Anal.
br onoqui nol i ne- 2-carboxylic [ MH + ¢ 2H 3N202:| aci d

and di met|hy| &85 Hed fDAEE?00 ©) 217.10; found:| Cale for

217.06. Qap- ek, Q965 1Mafy 162 0 N OD2H ( Cond. - MB) pv MG
2009/ 102568 PCT/ US2009/ 032830| 128

Heterocycles, 2003, 60, 953. C11H1oNO3:
204.07;
found:
203.94.

Cap-163
OH
OH
(0]

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 1N
HCI and the product was extracted with ethyl acetate (3 x 100 ml). The combined

10  organic layer was washed with water followed by brine and dried over MgSO,. After
concentration in vacuo, a white solid was obtained. The solid was recrystallized from
hexanes/ethyl acetate to afford Cap-163 as white needles (883.5 mg). 'H NMR
(DMSO-dg, 8 = 2.5 ppm, 500 MHz): 12.71 (br s, 1 H), 7.54-7.52 (m, 2H), 7.34-7.31
(m, 2H), 7.26-7.23 (m, 1H), 5.52-5.39 (br s, 1H), 2.11 (m, 1H), 1.88 (m, 1H), 0.79

15 (appt,J=7.4 Hz, 3H).

Cap-164

OH

20



Prepared from manisidine 95% follow ng the
procedure LCMVMS: Anal. described in J. Hetero. Cale.

wo 20098 1993, 17 and [ MFHl + Het erocycl es, PODBS2069032830
953. C11HIONO3: 204.07; found: 203.94. Cap-163 OH
H /CH / O 5Toaso|utionf 2- ketobutyric acid
(1.0 g, 9.8 mol) in diethylether (25 m) was added
phenyl magnesi um brom de (22 m, 1Min THF) dropw se.

The reaC|on ronitr n for
NG (L R W R A LR
pr oduchL VIS, @xiatcy; 1A (1 hmeh byd 1086 BY/at(8.5(s)Mn MéOHr(MO) mL)
]:I' gﬁpvgg\gg)logﬁq%%[gﬁ&r g}%gfngrﬂaa&%%vgﬁsﬁg&ﬁeqﬂﬁlg w\é\s@ 11tered over
CoONCemt had tdBeritited A WRuo, Ak H WAl thidn \WB $n pﬂéoaﬂ (@@ fhL) and the
The solid was recré%tdal l'ized from hexanes/

éc eProdect s geffipdgvithpeyess %@S%@ﬁh’%%@%‘éﬁb@%@@@ afforg fhe

1 H) 7ag§‘?‘@95g&’asgw‘l’nt%sél&t{gmg}squMﬁzDM%é d716 LQrSJJ%m 500

(m MlH-it)) 7.58: Y- (B, 33) (ZtﬁB (81, 1HMHP,55Zs, bi), (21131 (m-l)lH) 1) B agmt, | =
1%07%8%5(appt, J =7.4 H, 3H). Cap-164 O OH N
0 V\é 102568 PCT/ US2009/ 032830 129 A mixture of
2-am no- 2- phenyl butyric acid (1.5 g, 8.4 mmol),

1&or mal dehyde (14 ni, 37%|2,6\/\@ r), INHCL(10 nL) and
0% Pd/C (0.5 nmg) in MeOH ( m‘f? was exposed to H2

at 50 psi in a Parr bottle for 42 h. The reaction was
filtered over o

©i>2\\OH
N/

/

To a mixture of 2-amino-2-indanecarboxylic acid (258.6 mg, 1.46 mmol) and

15 formic acid (0.6 ml, 15.9 mmol) in 1,2-dichloroethane (7 ml) was added
formaldehyde (0.6 ml, 37% in water). The mixture was stirred at ~25 °C for 15 min
then heated at 70 °C for 8h. The volatile component was removed in vacuo, and the
residue was dissolved in DMF (14 mL) and purified by a reverse phase HPLC
(MeOH/H,0/TFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). 'H

20 NMR (DMSO-dg, § =2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d, ] =17.4 Hz,
2H), 3.50 (d, J = 17.4 Hz, 2H), 2.75 (s, 6H). LC/MS: Anal. Calcd. for [M+H]"
C12H16NO3: 206.12; found: 206.07.

Cap-166a and -166b

0
OH Cap-166a: Diastereomer-1

N Cap-166b: Diastereomer-2

oA

/

25



Celite and concentrated in vacuo, the residue was
taken up in MeOH (36 nL) and the 5 product was

W@eopfipses wi th a reverse phase HPLC ( MeOH H20/ AEKYS1009/032830
afford the TFA salt of Cap 164 as a white solid (1.7

g). 1H NWR (DVSO d6, 6 = %% 500 MHz) 7.54-7.47
(m 5H), 2.63 (m 1FD 2. 55 ( 2.31 (m 1H),
0. 95 (app t J = .3 Hz, 3H). 10 Cap-165 OQi To a

nlxture n ndanecar xyl i [ 258. ,

1. 46 ot ff@fg%brw?rs Perae fomg A5 S- 43 ST

|:'Lr1 ZdQ%%Bﬁﬂyelbm Maggarc (2MB)) at@sding tabc mEt@de&ésdﬁhM(zfgf t(é@- 6
RV R s AR T S e MU

C OB iatdiRs § Veﬂdlsin? a\@Bltep @RGalEN O] cbi@fmh Riex X\ﬂﬁmm 10
di ssol ved in and purified by a reverse

phage qping withyis dyyheploncratinot mixgyre af 9 rolyEnimeptiengate feif 25 min.

RPN (0o ) b 0 P

3. 61.20d, 19Im=31Y 409k 1H) 354, (aph &0, (1), 316%aphTr 4, 1D, 2. 2}001,

e =G EREI et BB 2o 366 Caab Tebi 1 g-s Hadh

25 @63 {¢,0k IAHHCap) 1 66avS Dh s t@ileiofee [MEH] NN . Kay: 266ht;
Di ast eregner-2 WO 2009/ 102568 PCT/ US2009/ 032830 130
1&ap‘WT%é§g§ﬁd 166b were prepared from (1S,
4S) - (+) - 2-net hyl - 2, 5- di azabi cycl o[ 2. 2. 1] hept ane
(2HBr) accordi ng to the nethod descrlbed for the
synthesis of Cap-7a and Cap{"8;/0%ith the exception
that the benzyl ester internediate was separated
using a sem-prep Chrialcel Q colum, 20 x 250 mm 10
5 pmeluting with 85:15 he eNgghanoI m xture at 10
nm./mn elution rate for 25 W Cap- 166b: 1H NWR
(DMSO-d6, 6 = 2.5 ppm 500 N+E)'(; 45 (d, J = 7.3 Hz,
oH), 7.27-7.19 (m 3H), 4.09d’s.°™H), 3.34 (app br s,
1FD 3.16 (app br s, 1H), 2.83 (d, J=10. 1 Hz, 1H)
.71 (m 2H), 2.46 (n1 1H), 2.27 (s, 3H, 1.77 (d, J =
9.8 Hz, Akblutionlotaelric Bee- F3%ﬂ§zdfdzzH4sH)ndolle]§é dyhé\raalha 0g,
oun

Cal cd. for [ MH + CL4HI9N202: 247.14; 10 247
Cap3-Bammol) in 20% TFA/CH,Cl, was stirred at ~25 °C for 4h. All the volatile

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

20  MeOH was exposed to H, (40 PSI) in a Parr bottle for 23 h. The reaction mixture
was filtered over Celite and concentrated in vacuo to afford Cap-167 as a yellow
foam (873.5 mg). 'H NMR (DMSO-dg, & = 2.5 ppm, 500 MHz) 7.59-7.38 (m, 4H),
5.59 (s, 1H), 4.84 (d, ] = 14 Hz, 1H), 4.50 (d, ] = 14.1 Hz, 1H), 3.07 (s, 3H). LC/MS:
Anal. Caled. for [M+H]" C10H1,NO»: 178.09; found: 178.65.

25

Cap-168

OH
NMez



Ol N OH O 15 A solution of racemc

Boc- 1, 3-di hydro-2Hi soi ndol e carboxylic acid (1.0g,
wW@2@99asb9 i n 20% TFA/ CH2C12 was stirred at - 2BCTZUS2909/032830

4h. Al the volatile conponent was renoved in vacuo.

A m xture of the resultant c&gﬁe mat eri al

formal dehyde (15 nL, 37%in er), INHCL(10 nL) and

10% Pd/ C (10 ng) in 20 MeCH was exposed to FQ (40 PSI)

in a Par bott '

11 per ockaste e Rl bersn B PP Syl ool Svosyti

af f asid a@aﬂhrﬂgﬁtz tIﬁ:Spré’ceylﬁk ldensribddorainhé Bregarati¢f. CapH 6lNMRe crude

(DVBSO- d ﬁ) p 500 MHz) 7.59-7.38 (m 4H),

5. 5§Iatf>§}al‘iarﬁ)emp 8% JE)Sdi‘ChJ = 14 Hz, 1H), 4.50 (d, J =

14.1 Hz, 1H), 3.07 (s, 3H). LG/ MB:  Anal. Calcd. for

%Jl\_/lh-l—|]+ CloHL12NO2: 178. 09; found: 178.65. 25 Cap-168

O NVe2 WD 2009/ 102568 PEFPUS2009/ 032830 131

Racenm ¢ Cap- 168 was prepared fromracemc

Boc- am noi ndane-1-carboxylic acid according to the

procedure described for t pr egar ati on of Cap- 167.

The crude material was eRpLayee such. 5 Cap-169 O

O 5KoH N A mixture of 2-am.rog2-"phenyl propanoi c acid

hydrochloride (5.0 g, 2.5 mol), fornmaldehyde (15 m,

37% i n ter 5 m), and 10% Pd/ 1, 3 0

in MeOH @BX‘%’rﬁOf\%ﬁ?@”ﬂ;‘?' '@Bﬁlﬁﬂﬁo%n%P?ldqﬁésgrto?ql%‘g%ﬂ‘?ég Q%)a%%

Undﬁfmdll)\{ eir@aRehyd6 51 SR, 3 7% fiwardr)dBY SIC1 (i3eml),eae 1 0%Pd/C (1.32 g)
xture was filtered aver concentrate

19ac HOMeORKR0 b Ay lacrd dn ¢ Bﬁeéhot%arr%%w@@qn%@ymgmQSéBSD
by rgveRse TRASRHN ARnHPWe: fikdBQVoratiat AdFdhcdn@arl 08 uo.

the TFA salt of Cap-169 as a viscous sem -solid
g) . TherenNre yerekes upgn Me@ g dpyri{iedsporexgse phase %@-&PEQ
(M (MebdiiwaterBEAT t3attdrMhe TFA salt of Cap-169 as a viscous semi-solid (2.1
g). "HNMR (CDCls, & =7.26 ppm, 500 MHz): 7.58-7.52 (m, 2 H), 7.39-7.33 (m,
15 3H),2.86 (brs, 3H), 2.47 (brs, 3H), 1.93 (s, 3H). LC/MS: Anal. Calcd. for [M+H]"
C11H16NO3,: 194.12; found: 194.12.

20 To (8)-2-amino-2-(tetrahydro-2H-pyran-4-yl)acetic acid (505mg; 3.18mmol;
obtained from Astatech) in water (15ml) was added sodium carbonate (673mg;
6.35mmol), and the resultant mixture was cooled to 0 °C and then methyl
chloroformate (0.26ml; 3.33mmol) was added dropwise over 5 minutes. The reaction
was allowed to stir for 18 hours while allowing the bath to thaw to ambient

25  temperature. The reaction mixture was then partitioned between 1IN HCI and ethyl
acetate. The organic layer was removed and the aqueous layer was further extracted

with 2 additional portions of ethyl acetate. The combined organic layers were



15 3H), 2.86 (br s, 3H), 2.47 (br s, 3H), 1.93 (s,
3H. L Ms: Anal. Calcd. for [MtH + C 1HL6NO2:
waehoa@se$ ound: 194.12. Cap-170 O O OH HN | fPA/UusDaN032830

20 To (S‘)-2-an1no-2-(tetrahydro 2H pyran-4-yl)acetic
acid (505ng; 3.18mmol ; obtaimn3 from Astatech) in
wat er (15m ) was added sodiu ar bonate (673ny;
6.35mmol ), and the resultant m xture was cooled to 0 C

] h | ,.chl orof ormate .26mL: - 3..33mmo) S
S TR b, g o & Rt B e P R eded B Sacuo
al | etbrd 0usy 70 a Erick Srefiauy. SHWIVIRG 560 e szsto%) BppM 12.65

to thaw to ambi ent 25 tenperature. The reactio

m xtlulPrihd AEH: Baf it iteneld Toet Wit TNy $—|§:‘i(3a¥ﬁacﬁ) ekt Hy13-26 (2

aceHahl? 1. éﬁhel ﬁ(@@f"n&) | aver, Sy\@ﬁHrrﬁjT‘i’\Q@d 1%@‘@2 Hhﬁl) ARYELQRL A nal.
| ayer was furth er ext ract ed addi ti onal

por @Pbﬁsf%fMéHihﬂ9 sat2és. 1Tﬁ@@ndcﬂﬁtil ned organic |ayers
were WO 2009/ 102568 PCT/ US2009/ 032830 132 washed with
brine, dried over magnesium sul fate, filtered and
concentrated in vacuo to afdeprid/Cap-170 a col orl ess

residue. 1H NMR (500 MHz, DMBO-d6) 6 ppm 12. 65
(1H, brs), 7. 44(1H, d, J=8. 24 3.77-3.95(3H m, 3.54(3H, s
),3.11-3.26(2 H m), 1.82- Lﬁl H m, 1.41 -
1.55 (2 H m, 121-139(24 LCMS: Anal. 5

Cal cd. for [MtH + CgHLENO5: 21% found 218. 1.
Cap-171 OO OLi HNYO 1110 .Asol ution of nmethyl

2- (benzyl oxycar bony| am 0
yl .(dené)y%ééltyla%of( &dﬁef@%ﬂ%ﬁyﬁcaﬁaﬁﬁﬁamw@ 2&9’&%&
10 209ﬂdene)’é@etat@@%o &k39. 70 Pmton Yl Farﬁﬁ&t(%l)(ﬂ)(% 8396 83)Gh ethyl

CH2C12 was deg assed by b b|lnﬁ nitrogen for

10nﬁwtate @ Iﬁléﬁ Hel IR 0gmA e @qgam%bmubb nmzogﬁvépl) 10min.
and piféthy1 (ZQry¥8ate B. ﬁ%%l"mk;) m%[)eand PH@z@ﬁ%e@ 01§ RAfol) were

reaction m xture was y rogen bal | oon
andthen péded dthe tﬁactsmumlxwfe \mﬁbﬁt@d WI@I@WéEOSPTUlPaélO@V@ﬁrﬁHQWPd to

at a
e e
1ol yb@llali@,d wothktain made from 1g Ce(NH4),SO,4, 6g ammonium molybdate, 6ml

sulfuric acid, and 100ml water) indicated complete conversion. The reaction was
filtered through celite and concentrated. The residue was purified via Biotage® (load
with dichloromethane on 25 samplet; elute on 25S column with dichloromethane for
3CV then 0 to 5% MeOH / dichloromethane over 250ml then hold at 5% MeOH /

20  dichloromethane for 250ml; 9ml fractions). Collected fractions containing desired
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) &
ppm 3.29 - 3.40 (m, J=6.71 Hz, 1 H) 3.70 (s, 3 H) 3.74 (s, 3 H) 4.55 (t, /=6.41 Hz, 1
H) 4.58 - 4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H) 5.31 (br s, 1 H). LC/MS: Anal. Calcd.

25 for [M+H]" CsH14NOs: 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
(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),SOy4, 6g



sul furic acid, and 100m water) indicated conplete

conversion. The reaction was filtered through celite
wapwIgeseent rat ed. The residue was purified viBCT/US2009/032830
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by g A e AR
addéd’.03 Hhilum hyddidoki’dd WmAdhydrate (10.33 ng, 0.246
nmol ). The resultant solution was allowed to stir
overnite at anbient tenperature. TLC (1:1 EA / Hex;
Hanessian stain [ | g Ce(NEHM&HHﬁS Gg WD 2009/102568

CT/ US2009/ 03283
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exanpl es are for the u oses of tion of

cerf PWaO%WB%H?ﬂEW¥§( 82 eﬁrégt%ﬁgﬁbﬁg provi de what
i's beli emgy bRchBedthtd rm@ksmﬁﬁluﬁasamﬁlysrsefaﬁé ¢onducted on a
understood description of its procedures and

“oncliprda Lasptet Luplsy m%n%ﬁerﬁ Ml&r@ﬁ%sg%% Mexyyptegs Itshould be
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express a volune to volume relationship, unless stated

ot h éliﬂp\]‘og@ n qur@qn@a]lng the retention time (RT) were:

Retention times were determined according to the following LC/MS conditions:

30  Condition 1
Column: Phenomenex-Luna 4.6 X 50 mm S10
Start % B =0
Final % B =100



20 magnetic resonance (NMR) spectra were recorded
ei ther on a Bruker 300, 400, or 500 MHz spectroneter;
W@ b@ogbeses cal shifts (6) are reported in part SPEEDS2009/032830
mllion. Flash chronmatography was carried out on
silica gel (Si02) according t Stl [1"s flash
chr omat ogr aphy techni que (J. Chem 1978, 43,
2923) Purity assessnent and Iow resol uti on nass
ana |%\t]\;(xerevéonduct ed on a 25 Shinadzu LC system
cou&? s Mcromass zZQ Ms system It shoul d
be Fretrde Ehatl/mat ention tinmes may vary slightly
bet ween machi nes. The LC conditions enployed in
det &YAYFIANSIY= tzﬂé retention time (RT) were: Retention

t 1 MesIvWR ne= qi@%@momadgmq;g@dlmg/otrgAt he foll ow ng LC/ M5
condl tions: 30 Condition umm: Phenomenex- Luna

6 SXVeth Bin?®o £1:08r (% %Qo 0F11°/h aFAoB=100 WO
2009/ 102568 PCT/ US2009/ 032830 134 Gadient Tine = 4
mn Flow Rate = 4 nL/mn Wavel ength = 220 Solvent A =
109%6oxBE¥ L 90% H2O - 0.1% TFA 5 Solvent B = 90%
CH3 Gt BR bR ey nd ¥0FEA P tion 11 Col urm:
Phenonenex- Luna 3. mS 10 Start 98=0 10
Fi n&tee@=Bo00 G adi ent Tlrre =3 mn Flow Rate = 4

I 0.0y o, \NAY ngth = 220 Solvent A = 10% CH3OH - 90%
1%055]_&3]0@%2’%)_1% 15 Solvent B = 90% CH3OH - 10% H20 -

0. 1%iﬂmtT'ﬁdeBtriimn [1l Columm: Xbridge C18 4.6 X 50
nmlgp tart 020 Final % B = 100 G adient Tine =
- oW ate—4m min

Wavelength = 220
Solvent A = 10% CH3;0H — 90% H,O —0.1% TFA
15 Solvent B = 90% CH3OH - 10% H>O —0.1% TFA

Condition 11

Column: Xbridge C18 4.6 X 50 mm S5

Start % B =0
20  Final % B =100

Gradient Time = 3 min

Flow Rate =4 mL/min

Wavelength = 220

Solvent A = H,0 : ACN 95% : 5% 10 mm Ammonium Acetate
25 Solvent B=H,0 : ACN 5% : 95% 10 mm Ammonium Acetate

Condition IV
Column: Phenomenex C18 10u 4.6 X 30 mm
Start % B =0
30 Final % B =100
Gradient Time = 3 min
Flow Rate =4 mL/Min
Wavelength = 220



Flow Rate = 4 nL/min Wavel ength = 220 Solvent A = H20

: ACN 95% : 5% 10 mm Ammoni um Acetate 25 Solvent B =
WO2@09/102568N 5% : 95% 10 nm Anmmoni um Acet ate  CoPii/Ub2909/032830

'V Col um: Phenonenex C18 1Qu 4.6 X 30 mm Start 9%B=0

30 Final ¥B=100 G adient Tinme 3 mn Flow Rate = 4

nm./Mn Wavel ength = 220 WD 2&?9/ 102568

PCT/ US2009/ 032830 135 Sol vent A = 10% CH30OH - 90% H20

condPe P VIS B BB e 1626 100 4.6 x 30 Tm

St agblviBE0= %%@Hgﬁmlﬂl% H& adileaTFAi me = 10mn  Fl ow
Rate = 4 nL/Mn 10 Wavel ength = 220 Solvent A = H20 :
ACN 95% : 5% 10 nm Amoni um Acetate Solvent B = H20 :
ACNSYaitioPp% 10 mm Ammni um Acetate Condition VI 15
Col umm: Phenomenex | Qu X 50 mm Start %3:0 Fi nal
8= feblmnd?léF&P@ﬁ@eXﬁlﬁelOu“é $PHMIE| ow Rate = 4 nl/Mn 20
Vavel.gngh- & 220 Sol vent A = 10% CH3COH - 90% H20 -
0.1% TFA Sol vent B = 90% CH3OH - 10% H20O - 0.1% TFA
Con8ingl ‘6B w190

Gradient Time = 10min
Flow Rate =4 mL/Min
10  Wavelength =220
Solvent A = H,0 : ACN 95% : 5% 10 mm Ammonium Acetate
Solvent B =H,0 : ACN 5% : 95% 10 mm Ammonium Acetate

Condition VI
15 Column: Phenomenex 10u 3.0 X 50 mm
Start % B =0
Final % B =100
Gradient Time = 3 min
Flow Rate =4 mL/Min
20  Wavelength =220
Solvent A = 10% CH3;0H — 90% H,O —0.1% TFA
Solvent B = 90% CH;OH — 10% H,0 —0.1% TFA

Condition VII
25 Start %B =0
Final %B = 100
Gradient time = 2 min
Stop time = 3 min
Flow rate = 4mL/min
30 Wavelength = 220 nm
Solvent A = 10% CH3;O0H / 90%H,0 / 0.1% TFA
Solvent B = 90% CH3OH / 10% H,O / 0.1% TFA

Column 2 = Phenomenex-Luna 3.0 x 50 mm S10



25 Start B = 0 Final %8 = 100 Gadient tine = 2 mn
Stop tine =3 mn Flowrate = 4n./ mn 30 Wavel ength =
wWQ2Inmseol vent A = 10% CH3OH / 90%420 / 0. 1% AEUS2009/032830
Solvent B = 90% CH3OH / 10% H2O / 0.1% TFA Colum 2 =

Phenonenex-Luna 3.0 x 50 mm S 06 WO 2009/ 102568
PCT/ US2009/ 032830 136 Exanple™l O H -~INNONN

-1~ HONH - O0- /0 nethyl
((IS)-l-_(((28)-2-(5-(7-(2-(n%8?
bonyl ) am no) - 3- net hyl but a
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pyrrolidinyl)-IHjmdazol -5 yl)-9-o0xo0-9H fl uoren-2
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pyrrolidinyl)camMyonyl )-2-nmet hyl propyH) car panat e
Exanpl e 1, Step\i\?\ﬁ)élw% t@ =@ g\ﬁ;ﬁx

of 40%in water) \/\2%/ y .m e 0

a

(S)-Boc-prolinal (8.564 g, 42.

(2.0 nL
- ero’ll m nutes to
-of NHAOH {32 nlL) and<(

10 CH3OH sol uti
98 Mol ) ando stirred at

anbi ent tenperature for 19 hours. The volatile
conponeamky! Was) - -4 aS-Ee Si( i 2-uasub(ARel-t(vethvesidury wesro)-3-

purif imggzy}g}ftagoyfl)l—igprr&pdén%@’?}ﬁ%iggz%)i&&ald—éx%%ﬁ?—ﬁa'tdrerﬁ&%p H-
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imidazol-2-yl)-1-pyrrolidinyl) carbonyl)-2-methylpropyl) carbamate

Example 1, Step a

H ~
W

Boc
1a

Glyoxal (2.0 mL of 40% in water) was added dropwise over 11 minutes to a
CH;O0H solution of NH4OH (32 mL) and (S)-Boc-prolinal (8.564 g, 42.98 mmol) and
stirred at ambient temperature for 19 hours. The volatile component was removed in
vacuo and the residue was purified by a flash chromatography (silica gel, EtOAc)
followed by a recrystallization (EtOAc, room temperature) to afford imidazole 1a as
a white fluffy solid (4.43g). 'H NMR (DMSO-ds, 6 = 2.50, 400 MHz): 11.68/11.59
(brs, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H), 3.35-3.29 (m, 1H),
2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H).

LC (Cond. VII): RT = 0.87 min; >95% homogeneity index
LC/MS: Anal. Caled. for [M+H]" C1,H,0N30, 238.16; found 238.22

Imidazole 1a had an ee of 98.9% when analyzed under chiral HPLC condition noted
below.

Column: Chiralpak AD, 10 um, 4.6 x 50 mm

Solvent: 1.7% ethanol/heptane (isocratic)

Flow rate: 1 ml/min

Wavelength: either 220 or 256 nm

Relative retention time: 3.25min (R), 5.78 minutes (S)



followed by a recrystallization (EtOAc, room
tenperature) to afford imdazole la as a white fluffy
W@ 009d02548 43g) . 1H NVR (DVBO-d6, 6 = 2.50, 400rPG#iE$2009/032830
11.68/11.59 15 (br s, 1H), 6.94 (s, 1H), 6.76 (s, 1H),
4.76 (m 1H), 3.48 (m 1H), 3,35-3.29 (m 1H),
2.23-1.73 (m 4H), 1.39/1.15 % , 9H). LC (Cond. VII):
RT = 0.87 mn; >95% honogeneity index LC/ MS: Anal.
Calcd. for [M+H + Cl12H2 02 8.,16; found 238.22 20
| mi dazole | a had an eeod'\f@c @%izgo/s%zén anal yzed under
chiral HPLC condition noted #elqw Colum: Chiral pak
AD, 10 um 4.6 x 50 mm Sol '?)/t_r\‘l 7% et hanol / hept ane
(isocratic) Flowrate: 1 p 5 Wavel ength: either
220 or 256 nm Rel ative retent|1 Ii‘f’ctl me: 3.25mn (R,
5.78 minutes (S) WO 2009/ 102568 PCT/ US2009/ 032830 137

Exanpl e Mbroﬁ@ﬁcdﬂnmi’de/(%m mpBr4. ﬁoﬁimoﬂ) bvas added in batches, over 15
N- br gnosucci ni m de
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4.504 mmol ), and stirred at sinlar terrperaturefor
i nwaSrW@OWi Hrpeus- HuiBoredt majgdal rerBuEEEdiby avavess, Pha%?d{PLC

t hey 8%[&&9@{26%@0}%1? R s Qélé%ttf: b@%l@lb@rdﬁﬁ@d@%nﬁ%ﬁ%& and the

system (H20/ to separate bromd
fr on@n @@SWMWW'@P@@ apeHPRe clytorascsnsdired wih gxachng

Oﬁ‘@ (())'_I{ﬁ?!\/t-&gﬁié%cﬁ ti’l‘@@qnglﬁ)ﬂ%dt @Jak Fe%%v@d gnh/ag%c €S8R residue

e conponent was '
lﬁ e rrm@ptarilmpn@dbdweeanﬁIézC‘rle@ddmermld\ﬂwqpm lgyeomesgextracted with

bet
ot LR TR A P R e A0l ARSI Tl AU ¥ cenicated
dri edvaézMg@@ﬂi))rd Toi ds taovlid ,solak(d%mg):elﬂNMRe((ﬂ)MS@rduaSGUbSQ 300
ff | O- d
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honogenei Anali 0glex for [M+H]" CioH1oBrN;0, 316.07; found 316.10

Example 1, Step c
o} Jo
Eeagv e
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20 Pd(PhsP)4 (750 mg, 0.649 mmol) was added to a pressure tube containing the
mixture of 2,7-dibromo-9H-fluoren-9-one (5.124 g, 15.16 mmol),
bis(pinacolato)diboron (15.03 g, 59.19 mmol), and KOAc (3.526 g, 35.92 mmol) in
dioxane (60 mL). The reaction vessel was flushed with nitrogen, capped, and heated
at 90 °C for ~16 hr. The reaction mixture was allowed to cool to ambient

25  temperature, the volatile component was removed iz vacuo and the crude material
was partitioned between CH>Cl, (150 mL) and 50 % saturated NaHCO3 solution (60
mL). The organic layer was dried (MgSOQ,), filtered, and concentrated in vacuo.

The resultant semi-solid oil was triturated from hexanes (100 mL), and the yellow



LCMS: Anal. Calcd. for [ MtH + CL12H19Br N3Q2 316. 07;

found 316.10 Exanple 1, Step ¢ OR00:~ 0 1c 20
weA(OPh@Bssl (750 ng, 0.649 nmol) was added to aPQI/ESH09/¢32830

tube containing the m xture of

2, 7-di brono-9H f | uor en- 9- one { .124 g, 15.16 mol),

bi s( pi nacol at 0) di boron (15.03d, 59.19 mmol ), and KOAc

(3.526 g, 35.92 mmmol ) in dioxane (60 nlL). The

neatdi st g Tead hncq WAL Todald RAFTH GRERTHpE0e

al | opvesch 111 @).co prb@ucawii ®Bitd3 té depepdihg Ktep witheut further

vol ati| e conpanent renpved in vacuo and the crude
e ol AR CREnaa ik SRS 85 0teg T fibaha T
50 Yosatynah ed NaHEOQnsSpbutg, om( 60 nl). The organic

| ayer was dried (MJSO4), filtered, and concentrated in
vacuo. The resultant senmi-solid oil was triturated
from hexanes (100 nL), and.4he 1ysk)ew WO 2009/ 102568
PCT/ US2009/ 032830 138 solid was filtered and washed
wi th hexanes (100 nL) to afford inpuge bT\§ bor onat e

lc (5.011 g). The prody 3 s\ N t he
coupling step wit Aoyt Ky atiBm. 1H NWVR
(CDC13, 6 = 7.24, 400 WMHz): 81 (s, 2H), 7.93 (dd, J
=7.3, 1.0, 2H), 7754 (d, J =7.6, 2H), 1.33 (S,

24H). 5 Exanple 1, Step d Boc M\ \ - N N Boc N NN

O 1d P h 93. 0,,081 | dded to.
or essur oA G Lot Kt R BMSDS s ¢ BRRuBaE syt
1. 1Bié-boramhie,l c PF08Mah g 1diFZ ehreol), brdnciidaggle 2o 2764 mEpD . P6 mmol),

10 35.6 gy, 7.566 1), in DVE (18 d
i NRHED? (5 B0 PP Bk wha ety fon TR presure
n iht fubg ;avlras pﬁdg&p\eiﬂh ﬂiﬁldgdﬁeadpﬁ%u ald 118&6&3}‘80?01‘&0?2 h, aficthen
then allowed to cqQol to.a Lent condition. e .

vol 8H9vred te g &qaé?hlé%%ndet&%ﬁa VPIRtIle GaRRRIICN K reRRyed i
resigus, a}ﬁ@%e&@ﬁ&det\i'a@ DeditbRlIMREN AHRCRR asd W atdatBYc-orgbiR layer
organi c ayer

was dried (MgSOy), filtered, and concentrated in vacuo, and purified with a Biotage®

15 (silica gel; EtOAc) followed by reverse phase HPLC (CH3OH/H,O/TFA). The
HPLC elute was neutralized with excess NH3/CH3;OH (2.0 N) and the volatile
component was removed iz vacuo. The residue was partitioned between CH,Cl, and
~3% saturated NaHCOs solution. The organic layer was dried (MgSO4), filtered,
and concentrated in vacuo to afford carbamate 1d as a deep-red semi-solid (145 mg).

20 '"HNMR (DMSO-dg, d = 2.50, 400 MHz): 12.26-11.94 (three br s, 2H), 7.97-7.41 (m,
8H), 4.85-4.77 (m, 2H), 3.55 (m, 2H), 3.37 (m, 2H), 2.30-1.79 (m, 8H), 1.40 (s, 7.5
H), 1.16 (s, 10.5H).

LC (Cond. VII): RT = 1.37 min; >95% homogeneity index
LC/MS: Anal. Caled. for [M+H]" C37H4:NgOs 651.33; found 651.26

25



was dried (MgSO4), filtered, and concentrated in
vacuo, and purified with a Biotage(r) 15 (silica gel;
wE@a)256%1 | oned by reverse phase HPLC ( CH30H P2DUT$689/032830
The HPLC el ute was neutral i zed with excess NH3/ CH3OH
(2.0 N) and the volatile 3nent was renoved in
vacuo. The residue was partlt ned between CH2C12 and
-3% saturated NaHCO3 sol uti on. The organic |ayer was
dried (MySO4), filtered, . and centrated in vacuo to
afford carbamate Id as aE&@’gﬁle?e “Sem -solid (145 ng).
20 iH NWR (DMSO-d6, 6 = 2.50, 400 M) 26-11.94
(three br s, 2H), 7 97- . FDN\ézgé 4.77 (m
2H), 3.55 (m 2H) , 2 ™ (m 8H),
1.40 (s, 7.5 H), gmd > Cond. VI1): RT
= 1.37 mn; >95%h geneity |odex LG MS: Anal . Cal cd.
for [ MtH + C37HA3N605 651. 33; feound 651.26 25 WO
2009/ 102568 PCT/ US2009/ 032830 139 Exanple 1, Ste
N\ H Nowbangy 14 d84 oy ﬁa&?amélOI)dzvaMl@altedrglth@%%M‘Eﬁt@lz (4.0
was nILp et ﬁg ré%t‘id?l fiitfel v ﬁ;ﬁg(ﬁ:}tzan{b n@ccmd tiodt %Iéﬁb%rs The

reactron mxture was stir at a I ent condition
6 houetgle cathponsniweds aigmdwed @omm mthmldu@wwfe@ baﬂedv\alduMCX

e F12t Q ?F&%ﬁ %7 Wﬁ on afa E{Q Paop y%lrl(r%gf %?Sge_lled

| e &sma(1228 mgf ehmg(Ebeg:. tBe uhgoretacial ylgld}ablrbI\/NMRr(@MSO ds, 9 =2.50,

Mo SOFRHES 10 76 g bR Gt 85 €15 s F . 761 6

= 82H{) 4Jl6=€m82]£[) 2280)2,937nB 2H{, 2, 89-283) (m, 2H1.Q. (0r. OE(TI),,zH) 1.94-
-2.83 (m 2H), 2.10-2.01 (m

1%%0?8%(@42@“] ﬁg*éé%’ﬂh 1.82-1.66 (m 4H). LC

LG NG g ?Vﬂmf‘dﬂ"?ﬂ“""‘bwh%%%%ﬁ%@‘a%%{ 25 F ound
a or [ oun

451 S Bt For BTG Ths S5 BUstE ol ) virs

added in one batch to a DMF (4.0 nL) solution of

pyrrolidine e (126 ng, 0.280 mol),
(S)-2-(nmet hoxycar bonyl am nogmglplenlet hyl but anoi ¢ aci d

16 109) 6 nOATE- (8253 ML, 3693 RR0l) WaS Zddellid ShelbdicHlo « BMEBR.0 mL)

solution of pyrrolidine le (126 mg, 0.280 mmol), (S)-2-(methoxycarbonylamino)-3-
methylbutanoic acid (109.6 mg, 0.626 mmol) and i-Pr,EtN (0.12 mL, 0.689 mmol),

and the resulting mixture was stirred at ambient condition for ~6 hours. The volatile
component was removed iz vacuo, and the residue was purified first by MCX

20 (methanol wash; 2.0 M NHs/methanol elution) and then by a reverse phase HPLC
system (H,O/methanol/TFA) to provide the TFA salt of Example 1 as a reddish
orange foam (208.9 mg). "H NMR (DMSO-ds, 6 = 2.50, 400 MHz): 8.18-7.99 (m,
8H), 7.33 (d, J = 8.5, 2H), 5.53 (m, 0.16H), 5.13 (m, 1.84H), 4.12 (m, 2H), 3.91-3.80
(m, 4H), 2.42-2.33 (m, 2H), 2.25-1.94 (m, 8H), 0.91-0.79 (m, 12H).

25 LC(Cond. VII): RT = 1.26 min; >95% homogeneity index
LC/MS: Anal. Caled. for [M+H]" C4HsoNsO7 765.37; found 765.39.
HRMS: Anal. Calcd. for [M+H]" 765.3724; found 765.3723



and the resulting m xture was stirred at anbient
condition for -6 hours. The volatile conponent was
WO 2090i1ex368 N vacuo, and the residue was purifi eRCTUS2NI032830
by MCX 20 (nethanol wash; 2.0 M NH3/nethanol el ution)
and then by a reverse phase Hf’ C system
(H20/ et hanol / TFA) to provide e TFA salt of Exanple
1 as a reddish orange foam (208 9 nmg). 1H NWMR
(DVMBO-d6, 6 = 2.50, 400 MHz ]28799(m 8H), 7.33
(d, J = 8.5, 2H), 5.53 (m “Té?ﬁ) 5.13 (m 1.84H),
4.12 (m 2H), 3.91+3.80 (m 4H), 2.42-2.33 (m 2H),
2.25-1.94 (m 8H))§g 91-0.79 (m 12H). LC (Cond.

VIl): RT = 1. 26Hmn >95%hoanene|t5(ELc7Lx LC/ VS:
: ﬁ?g& f ound

Anal . Cal cd. r NENCA2
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s MG R Tst95h Ve G @%SS@ﬁB} ‘Eﬁ%é\éggfo ‘1%1 fidaith
Wi t 802 -HOON BN, G 1R by @BQlo ellatea Qvnmro lfxlll\&@/(\mm{)aand then
reverse phase HPLC ( CAN/ H20/ N to afford Exanp

19 Pedidarit %@VG&WSG fiPIe%L%N/@rz AC) Hraftprd Eé,anzple 2

b i iv i&%oa Y ,
ei Gﬁati ﬁﬁgm&?o%%z méﬂgféﬂgﬂ%cfzcl%&@%e oar éﬁ e OH MR (DMSO

i sy SO 007 A o b 241 775 L6 AH. ST 27.45 (1o

S. ’4% o (2)@1? 7(59"(@ B 833"%21}/1 2. ég/s(ét%m% 25#? 5.8 (890 ééﬁ)is o (it

( 1094)74 H, 4907(@1 s BR161 SABABH), 10@1)32523( 889 GIOH)ED %(d, 6I=|)6 8,

I 1.21 mn; >95% honogeneity i ndex
EC/ %ﬁ?%? (?/j Cglsl:%r “for [ MrH + C41H51N8O7 767. 39;

f ouh@ (Z6m. 2611): EtamplemB; >95% homogeneity index
LC/MS: Anal. Caled. for [M+H]" C41Hs N3O 767.39; found 767.26
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methyl ((1S)-1-(((2S)-2-(5-(9-(dimethylamino)-7-(2-((2S)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-5-yl)-9H-

20

fluoren-2-yl)-1H-imidazol-2-yl)- I-pyrrolidinyl) carbonyl)-2-methylpropyl)carbamate



OO HNONNHONH Of/ \\NO 20/ nethyl
((JS)-1-(((29)-2-(5-(9-(di et hyl am no)-7-(2-((2S)-1-((

WQ 8)09/202568 PCT/US2009/032830
( (et hoxycar bonyl ) am no) - 3- net hyl but anoyl ) - 2pyrrolidin
yl)-JH i m dazol - 5yl ) - 9H 141
fluoren-2yl)-1H i m dazol - 2yl )-41
pyrrolidinyl)carbonyl)-2-nethyl propyl ) carbamate WO
2009/ 102568 PCT/ US2009/ 0 830 3%}1 Exanple 3, Step a
Br Br N11 3a A heterog ?e’fﬁre of
2, 7-di br ono- 9H f | uor ene (4
N- br onosucci ni mi de (2. 777,
for -5.5 hours. 5 Additional N rom)succi nimde (0.41
g, 2.30 mvol) was added and refduxi ng was conti nued
for an additional |h. The reacts on m xture was aI | owed
to cool to anmbient tenperature, and the volatil
conponenf DGEEOSEReRpY BETR 0f2 dbromo-Bhruogse 6‘\‘98t$1é5éﬁ6%01)

Cr uges At RRdsadeidimide-(2 7121%_i 1\’59% rﬁ‘lqgl?@aéj%éﬁﬁxehQOmﬁyﬁﬁﬁs to
cool ed %}ce/ wat er) E sol ution of dinethyl am ne

§ 30Aﬁ111t1@19a1 @Omsucaﬁméeh@ A go b BAgmolpvisaadded g reflpngarns
and cc‘idﬁﬁu&@%fi‘aﬁpﬂﬁﬂﬁ)ﬁéﬁhmfﬁé féﬁ@uo‘ﬂqﬁlxﬁl}é \Hseaq,io&g’({ to 8910[51 bRibient

The vol atil e conponent was renoved I n vacuo,
r esledweraivas apéthle ivblableedmbetioweess re@HRQI2 vemnd. vvat er, and

t he orgapig Pela 1% eThe WO e ALyl d @%agel}/gﬁ?@ ]&) f\x}a% Lcﬁfeg ?Ver‘%Banutes toa

concentra I'n vacuo. e res
subpéd¢dgitetvortear) Bilbselgeon guimdthydatine B3 0(rOL 5% 0 M), and the cooling

CH2C12 ford am ne 3a
1§ snaereeyed Bl PR iR fRELA Eb Y The
(1. 3@atle cdihpdbR WAIVBHWE6 /1 ﬁzcafo ,AndH e rébihic Mz partitighe8 Between

6. 1 CPyCly g8yl (el SR ePVey sof syt ing
VI | yoncBitraredlin3idcuwi. IThe @éshiting Aagkial \@hﬁﬁimttﬁ:@fo d Blotdld
IC; glt;lylbr ég)at?fol\rll (035§7 C?ISOH/C%IZ%%) §o6al7fforcil n(ﬂlfngga Elshae darlg yel o?v%srl%ﬂst oil
15 that slowly yielded a dense solid (1.327). "H NMR (DMSO-ds, 0 = 2.50, 400 MHz):
7.83 (d,J = 8.4, 2H), 7.73 (app br s, 2H), 7.61 (dd, J = 8.1, 1.3, 2H), 4.98 (s, 1H),
2.22 (s, 6H).
LC (Cond. VII): RT =1.32 min
LC/MS: Anal. Caled. for [M+H]" CsH14BrN: 367.95; found 367.81 (for the

20  dominant isotope)

Example 3
Example 3 (TFA salt) was prepared starting from amine 3a according to the

procedure described for the synthesis of Example 1 from 2,7-dibromo-9H-fluoren-9-
25 one. 'HNMR (DMSO-dg, d = 2.50, 400 MHz): 8.27-7.99 (m, 8H), 7.33 (d, J = 8.3,

1.88H), 6.91 (br s, 0.12H), 5.92 (br s, ~1H), 0.12 (br s, 0.12H), 5.17 (m, 1.88 H), 4.12

(m, 1.88H), 3.91-3.79 (m, 4H), 3.55 (s, ~6H), 2.75 (app br s, 6H), 2.43-2.35 (m, 2H),

2.24-1.95 (m, 8H), 0.91-0.78 (m, 12H). [Note: some of the chemical shifts of the

minor rotamer were not identified, and that is partly why approximate values are

30  given for some of the integrations].



Exanple 3 Exanple 3 (TFA salt) was prepared starting
fromam ne 3a according to the procedure described

WO a09tbps6synt hesi s of Exanple 1 from PCT/US2009/032830
2, 7-di brono-9H-fl uoren-9- 25 one. iH NVR (DVBSO-d6, 6 =
2.50, 400 MHz): 8.27-7.99 (nqléE? 7.33 (d, J = 8.3,
1.88H), 6.91 (br s, 0.12H) (br s, -1H), 0.12 (br
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rotamer were not identified, and that is partly why
approxi mate val ues are 30 given for sone of the
integrations]. WO 2009/1025@@m5gnyus2009/032830 142
LC (Cond. VIl): RT = 1.09 m nutes, >95% honobgeneity

i ndex LC/ MB: Anada/ Cal cd. for [I\/H—I]+ CA3H56NOC6:

794. 43; found 794 8 Exanple 4 O HN \ HN O NH

aof/ \O 5 rreth
((JIS)-1-(((2S)- 7*&( met hoxycar
bonyl ) ami no) - 3- "V(Lutanoy

pyrrolidinyl)-JHi azoI 5vyl)- 9H quoreﬁ{Z
yl)-JHim dazol -2- yl)

yrrolid y p C rb te 10

AR Nl éé)n’a(é(ﬁ&@ e Al

O;%méihmmm?ﬂ) - pﬁﬁ%lz@dﬂ,ﬁdﬂzmwf&ﬁﬁ l%ﬂ} -OM flubred- ZQM:H(I Yhidazol-2-
m.) seni-soluytjon zole |l a

mol ), and sty%ré@err@l@fny%a hom- %@W@mpﬁ a%bww 5. 65
nmol ) was added dropwi se over 7 mnutes, and the
reaction mxture 15 was stirred for an additional 3.5
'fours. The volatile conpdri@fb’e 4 }e? édi ng the sol vent,

was renmoved i n vacuo and thesgm5|due was partitioned
bet ween CH2C12 and \]
e

Boé
4a

NaH (243 mg of 60%, 6.08 mmol) was added in one batch to a DMF (15 mL)

semi-solution of imidazole 1a (1.228 g, 5.17 mmol), and stirred for 75 min. SEM-CI
(1.0 mL, 5.65 mmol) was added dropwise over 7 minutes, and the reaction mixture

15 was stirred for an additional 3.5 hours. The volatile component, including the
solvent, was removed in vacuo and the residue was partitioned between CH,Cl, and
water. The organic layer was dried (MgSQO,), filtered, and concentrated in vacuo.
The resulting material was purified with a Biotage® (100 g silica gel; 60-100%
EtOAc/hexanes) to afford imidazole 1a as a colorless viscous oil (1.649 g). 'H NMR

20 (DMSO-dg, d =2.50, 400 MHz): 7.16/7.13 (overlapping singlets, 1H), 6.80/6.78
(overlapping singlets, 1H), 5.61 (d, J = 10.8, 0.41H), 5.38 (d, /= 11.1, 0.59 H), 5.26
(d,J=11.4, 1H), 4.95-4.85 (m, 1H), 3.51-3.33 (m, 4H), 2.25-2.00 (m, 2H), 1.90-1.77
(m, 2H), 1.35 (s, 3.79H), 1.12 (s, 5.21 H), 0.91-0.76 (m, 2H), -0.04 (s, 9H). LC/MS:
Anal. Caled. for [M+H]" C;sH24N305Si: 368.24: found 368.23.

25



water. The organic |ayer was dried (MgSO4), filtered,

and concentrated in vacuo. The resulting material was
wWEeoofiosed with a Biotage(r) (100 g silica gel ; PGDUID0YH32830

Et OQAc/ hexanes) to afford im dazole |a as a colorless

viscous oil (1.649 g). 1H NNR}%O (DMSO-d6, 6 = 2.50,

400 MHz): 7.16/7.13 (overlapping singlets, 1H),

6.80/6.78 (overl apping singlets, 1H) 5 61 (d, J=

10.8, 0.41H), 5.38 (d, J= 1 5.26 (d, J

= 11.4, 1H), 4.95-4.85 (" @if]‘" R 3 33 (m 4H),

2.25-2.00 (m 2H), 1.90-1.77 sivm 2H), 1.35 (s,

3.79H), 1.12 (s, 5.21 H), 0.94-0s (m 2H), -0.04 (s,

9H). LCO/ Ms:  Anal. Calcd. Brag. / + Ci 8H34N3(3Si :

368. 24; found 368.23. 25 WD 2009 102568

PCT/ US2009/ 032830 143 Exanpl €4, Step b SEM Br /> J

Boc

5. 22 ol L e Nea r ab e e 2 DL [l ropuise
coobed (nigetswategrple CHEONED CHILN (&Ml Fawiafof amm?élaA@d
nd t f I
§ {e%l fbl.r Jr%gl\}\l/a gﬁlg g(?]otl 'Batg ‘Q’Ag Fe%;og/eél Egi d& ?rﬁr%n%%gétﬁﬁgy ?oq an
Th e additicuial 3 Semmorihe nelatile warsp srentovasdemow ed &c u@yo,and thehesulting
resulting crude material was direcily submtted to a

Bi o%}@"e{nﬁ‘)erlﬁmsmre%ky| sgbmittedty yBistage caurgf@ﬁtlom@oo godisa gel; 40-
Et |
B L e SR e L

pr odumrdlagpaeaﬂﬁl\/ftmhbproducrmmemseo bd a megureiof E®Is®MEIsIfing ratio

ati was, subm t ed to the next
thy eppééqs(? Waiﬁb(‘@)‘*dg ﬂ\?l“leﬁ“ st i7" L ' :
AnalLC (Calhd:dVH)‘ & § M¥Hnin C SH33Br N3CBSi | 446. 15; found

15 he Mt Bmar! Ao NG b caghimd G g Praho o

2, 7-di br onp-9H-f | uor en-9-one and

Example 4, Step ¢

% Mf

Carbamate 4c was prepared starting from 2,7-dibromo-9H-fluoren-9-one and

15

bromide 4b, via a Suzuki coupling, according to the procedure described for the
synthesis of carbamate 1d. The above SEM regiochemical assignment for the main
product is based on NOE studies, albeit it is inconsequential for the current purpose.
20 'HNMR (DMSO-dg, 6 = 2.50, 500 MHz): 8.04-8.02 (m, 2H), 7.74-7.70 (m, 2H),
7.56-7.49 (m, 2H), 7.06 (br s, 2H), 5.62-5.60 (m, 0.82H), 5.43-5.41 (m, 1.18H), 5.27
(m, 2H), 5.09 (m, 0.86H), 1.14 (m, 1.14H), 4.02 (s, 2H), 3.63-3.38 (m, 8H), 2.33-2.09
(m, 4H), 2.01-1.84 (m, 4H), 1.39 (s, 7.56H), 1.18 (s, 10.44H), 0.92-0.81 (m, 4H), -
0.04 (s, 18H).
25 LC(Cond. VII): RT =1.92 min
LC/MS: Anal. Caled. for [M+H]" C4H7:N¢O¢Si»: 897.51; found 897.37



brom de 4b, via a Suzuki coupling, according to the
procedure described for the synthesis of carbamate

WO eov/Thesesabove SEM regi ochemi cal assi gnment f oPCT/K82009/032830
main product is based on NCE studies, albeit it is
i nconsequential for the currep%gl pur pose. 20 i H NMR
(DMBO-d6, 6 = 2.50, 500 MHz): "8.04-8.02 (m 2H),
7.74-7.70(m 2H), 7.56-7.49 (m 2H), 7.06 (br s,
2H), 5.62-5.60 (m 0.82H), 5.43-5.41 (m 1.18H), 5.27
(m 2H), 5.09 (m O0.86H) Exﬁ”%ﬁﬁ@ 14H), 4.02 (s,
2H), 3.63-3.38 (m 8H), 2.33-2.09 (m , 2.01-1.84

(m 4H), 1.39 (s, 7.56H) ' 0.92-0.81
(m 4H), - 0.04 (s,n18 VIH): RT = 1.92
nin LC MBS Anal . 1‘:% 'ﬁnl\leoss.z

897. 51 found 897. “WD 2009/ ]482568 PCT/ US2009/ 032830
144 le 4, Step d NN Nonl 'N NHH U 4d D oxane
sol utl o wrandeeugonef BEL (2 ng- of 4.0, khmpwes addeddelcqrppound

COMyo H@gj m 49 1(18]-§1§10T§gmd glejrés%ltmwerog%oﬁﬁ%a&1%§ Wid@Rat was

het er 0geneoUs reaction M xture was b Stirred for -
P, atrfdﬁdtfh@’ﬂ AdHaaHh¢m CH: QALY 1 Gand-) afdﬁj@dﬁed\ﬁl’@l sgltrnnrgrqongnued for an

CO”B&MQI L5 néfs. ﬂfég’ a'tlfér&% orf"entr’w%onjgﬁﬁv D%éétgl eﬁz‘ihildlrl d

conponent was renoved In vacu

vac under high daguimriutd ssbimited thibe nest step tvethowtipthfxeation.
purification. Exanple 4 10 Pyrrolidine 4d was

el aborated to the TFA salt of Exanple 4 according to
the protocol descri bed f orEiuhplesynt hesi s of Exan'pl e

th t
1D by 2 NOIBLBRAT SRR D e, 6 e Sepraipgp e
g/HS)Z)rotocSl db%cribe&i Dor (e sy Bitsis &‘Sli&(émf)lé 1, ditkaBof3ble lxc%@h‘l)n that 6
. a .S,

(m mff %@% r lz%’rzﬁalgéva%a ?lﬁved‘g 155'3{1‘5@}\%9@@6’ 0f SPELN 45’%@@
2 45-1&733@ (ﬁm;H?. K34 (4,75 R 32D891H)7é 92 (ﬁlpp B#B ,0 1QH9 15.43. (?rso 14H),
Cal S0 013y A n TAATEN (s . 7S B D sy T, 21,
1Exanpba A (R, §), Mo @, Mo\ 11 Owe

LC (Cond. VII): RT =1.28 min

LC/MS: Anal. Caled. for [M+H]" C4HsNsOs: 751.39; found 751.24

Example 5

O/

HN-)QOO N /I\>
: H O§(NH

methyl ((18S,2R)-2-methoxy-1-(((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-O-
methyl-L-threonyl)-2-pyrrolidinyl)- 1 H-imidazol-5-yl)-9H-fluoren-2-yl)- 1 H-imidazol-

20

2-yl)-1-pyrrolidinyl)carbonyl)propyl)carbamate
The TFA salt of Example 5 was prepared from pyrrolidine 4d and appropriate
25 acid according to the procedure described for Example 4. 'H NMR (DMSO-ds, 6 =
2.50, 400 MHz): 8.11-7.82 (m, 8H), 7.23 (d, J = 8.3, 1.87H), 6.75 (app brs, 0.13H),



N ON\H O- O 20 nethyl

((I'S,2R) - 2-nmet hoxy-1-(((2S)-2-(5-(7-(2-((2S)-J-(N-(net
wheoogaeassonyl ) - O net hyl - L-t hreonyl ) -2 PCT/US2009/032830

pyrrolidinyl)-JHimdazol-5 yl)-9H fl uoren-2

yl)-JHim dazol - 2yl)-1

pyrrolidinyl)carbonyl) propyl )1:4asr bamat e The TFA salt of

Exanple 5 was prepared from pyrrolidine 4d and

oo e R i Bt A S R CaBe R 39 R a7
gog(IMﬂ?); 3.81r-3g91m,81i4§()m.4z€%)3% (()%'9 Zla?bﬁz.ggé FJ2¥m861), 11081 H)= 6.3,
Pdg-égﬁggé‘géézfsfsg-bﬂ%%{)s. 65 (m 0.17H), 5.17-5.13 (m

1 83@)}%(3014(13.32[{)41{2%(.[\7mm, 4.09 (s, 2H), 3.93-3.72

4 .61-3.19 1 , 2.44-2.33 2
AL ol Pt ML ity Sl B0 ROREBTOE, 42 (d,
J =6.0, 5.42H). LC (Cond. VMII1): RT = 1.17 nin 5
LCMS: Anal. Calcd. for [ MtH + C41H51N808: 783. 38;
found 783.23 Exanple 6-7 Rewde ¢-4.9 nmL, 9.87 nmol)
?gdSI\IanE)%Nsolﬁg t(f%ﬁmggsﬁm%%lmﬁﬁ Na, 6! ®.339 9889 f1thof wWeiEadded
4, 410 2THF Enbod,) olutfsingf Krdo dbremds; P ytai(plemeyicthy DbigR@y h(0.328 g,
0 Q. , - ' ' d
1 or S5 Bl e o RGO R P SR ThE e
vacuenpaaa Wi ecmesi duecwasnpts sedlut hap pghedWBXugh( H30H
\gag %ﬁ@%@%&ﬁéﬁ%ﬂ%ﬁbﬁ éh?t{]c)n) Eooaﬂ%];c{ 25—%ibromo—6—methyl-6,7 -
di hyitlydroSiH-dibbenka]cephazepiine sakd €.24d)t EH NMR MDMBO2d, 6 =

Ig_g 2%5'%2%&1(152@% ?S?%Hjaﬁ??(“o(%! ‘gﬁL 7%98‘1“!’;':2 |)1|f ? 17[%75§5§7.'%%(m’ 4

§mm 15 H). LC (Cond.ll1): RT = 2.42 min LC M

Anal . lcd. for [ + C15H14Br 2N. 367.95; found
368?@7(8?‘? I)d%%zr?a%rr"_ﬂ’i sotope) 20 Exanple 6-7 were

pr epayas: Stadr 4l Hf IM-H]" CisH,BrN: 367.95; found 368.17 (for dominant
3, 9-di br.ono- 6- net hyl -6, 7- di hydr o-

5H #PYERzo[ c, e] azepi ne by enpl oyi ng the procedures

descri bed for the synthesis of Exanple 4 from

2, 7-di brono-9H-fl uoren-9-one. R N~ N~~ N '
20 Example 6-7 were prepared starting from 3,9-dibromo-6-methyl-6,7-dihydro-

SH-dibenzo[c,eJazepine by employing the procedures described for the synthesis of

Example 4 from 2,7-dibromo-9H-fluoren-9-one.

WLy
N N
O
E
C \

25



25 WD 2009/ 102568 PCT/ US2009/ 032830 146 Exanpl e
Conpound Nane R RT (LC-Cond.); % honogeneity index;
woRodaeze® nmethyl ((1S)-1-(((2S)-2-(5- ,nr 1. 9BCTUMIDEE32830
(9-(2-((29)-1-((29)-2- 0~% (Cond. 1V); >95%
( (et hoxycar bonyl ) am no) - N Me 3-net hyl but anoyl ) - 2-
LO Ms: Anal. pyrrolidinyl)-]H71mdazol- Calcd. for
[MH + 5 yl)-6-nethyl-6, 7- C43H56N906: di hydro-5H
79443 —Feund—-di-benzofeetazepti-—3y)—F95-—2+—=%
H i m dazol|-2 yl)-1 pyrrolidinyl)carbonyl)-2- nme
t hyEpimgy||) carbanmiugd Kaftk S, 1'S) - 2, R" - (( 6F RE{NYCond.); %%
1. 82 m nutles 6, 7-dihydro-5H{ o Ph (Cond. I111); >95%
di benzo[ c,|e] azepine-3,9- Et' |[N Et homogeneity index;
diyl)bis(l|H i m dazol e-4,2- LE MS: Anal . digldaRS) - 2, 1-
Calcd._forl ITMrHIL+ pvrrolidinedi yl ))hi Q( N_NE=

C5B8HB4ANI0Z: metli sty I (#29%051] 8%58. 52: f ouhB minutes

phenyl et hgananpne 59 . 'EXE%Q& Bf\](z H 1 {

nmol ) was adgﬁ?%%@g?q%% 2( 10|nL) sol uti OECS%&(%??SQ/

di br onobi pHérstkoxcapborglghipdi-ret hat8P°for preparati on,

see¢: Tetr ahedjr_,%thﬁ?&tg%yaéﬁ 2004, 45, 2801}LC/%%S3 Ay 3- 49
the mX S ré '

mml ), and ure f | uxed for six hours and
then al | owegrtabidizo! Heimiduadl ént  t enper at u€ded. MosiM-ofl]"
the organijc ¢ opnen renmoved with r gt ap,
ang the rési dg' )\hglalgwlz@/()t!\gz'ct ed with CFQClgC‘fgf?ﬁr % 3x).
The conbi ned or gamiliw-hase was dri ed ( MySB4)43; found

filtered, |a concentrated. in vacuo to d a brown
oi |, which &%é’?f@‘i@%ﬁ%dy?'n 5 nL acetonz%fa? al | owed
tolstand at V¥y-20080102568 PCT/ US2009/ 032830

pyrrolidinyl)carbonyl)-2-

=

methylpropyl)carbamate

7 (18,1'S)-2,2"-((6-methyl- e 1.82 minutes
6,7-dihydro-SH- o)\‘/ Ph | (Cond. TIT); >95%
dibenzo[c,e]azepine-3,9- e” Vg
diyl)bis(1H-imidazole-4, 2- LC/MS: Anal.
diyl(25)-2,1- Calcd. for [M+H]"
pyrrolidinediyl))bis(N,N- Cs3HeaN9O,:
diethyl-2-oxo-1- 858.52; found
phenylethanamine) 859.07.

Example 8-12
HBr (11 mL, 97 mmol) was added to a THF (10 mL) solution of (4,4'-
dibromobiphenyl-2,2'-diyl)dimethanol (for preparation, see: Tetrahedron Letters
5 2004, 45,2801; 1.3 g, 3.49 mmol), and the mixture was refluxed for six hours and
then allowed to cool to ambient temperature. Most of the organic component was
removed with a rotervap, and the residue was extracted with CH,Cl, (10 mL, 3x).
The combined organic phase was dried (MgSOs), filtered, and concentrated in vacuo

to afford a brown oil, which when dissolved in 5 mL acetone and allowed to stand at



147 anbient condition for 1 h afforded a precipitate.
Filtration and drying in vacuo afforded

W@ 2®9didssono- 5, 7- di hydr odi benzo[ c, e] oxepi ne asPEI/ki0D%032830
solid (0.628 g, 51 %yield). 1H NWVR (DMSO-d6, 6 =
2.50, 500 MHz): 4.23-4.29 (n1V¢H) 7.53-7.60 (m 2H)
7.74 (dd, J =7.9, 2.1, 2H) 7.79 (d, J =2.1, 2H. 5
Exanple 8-12 were prepared starting from

no-.5, 7= di hydr benzol c, el oxepi ne. by .

ety By AN e e b N A
of Efeaawl 3941&%@?15,2 d'ih}dl'tdmmmr Qttokdpinar £ A+hito RS BNB28 g, 51
appro rlatle SUDSLI esS.
eniptedR FoTHRIRTGRe orr 0.600 Wbt 5249 Vertbienel 140
I nd ,2H) I\/B74J|gtda,]8 TebhybH) 7.79 (d, J = 2.1, 2H).
g ) 1-(((29)-2-(5-(9-(2-((25)- 2. 31 m nutes

((2S)-2- ((met hoxycar bonyl )am no)-3- (Cond. 1V);
NHOBRMg, 1@®I1bxxlebéés @;%h‘? 3 sharéin 6k loLlbrodhb)s; 1-H >95%
i m dazol E di hydrodi benzo] c,
e] OQ@;@drﬁdlg?qZ}) c;eﬂpxeg@b RBemploping g@(ﬂroczqurys_ described for the synthesis

r a T r Tren- 1’1 an ropria u I'
B T S P s
781.40; found 781.59 WD 2009/ 10256§

PCT/ US2009/ 032830 148\,
0 O

Example R Compound Name RT (LC-
Cond.); %
homogeneity
index;

MS data

8 n methyl ((1S)-1-(((2S)-2-(5-(9-(2-((2S)- | 2.31 minutes
o)\;/k 1-((28)-2-((methoxycarbonyl)amino)-3- | (Cond. 1V);
NHCOMe methylbutanoyl)-2-pyrrolidinyl)-1H- | >95%
imidazol-4-yl)-5,7-

dihydrodibenzofc,efoxepin-3-yl)-1H- | LC/MS:

imidazol-2-yl)-1-pyrrolidinyl)carbonyl)- | Anal.
2-methylpropyl)carbamate Calcd. for

[M+H]"
CipHs3NgO7:
781.40;
found

781.59




9 1AP net hyl
m nut es

>95% di hydr odi benzo| c,

Im

dazol -

2yl)-1 pyrrolldlnyl)
2- oxoet hyl ) car banat e Ana

xycar bonyl)-L-al anyl ) - 2-

e] oxepin-3 yl)-1H
%grrethyl LGVE:
d. for M+H] +

((1S)-2-((29)-2-(4-(9-(2-((29-1- 2.05
O~ (N-(netho
WO 209/10288C2Me pyrrol i dinyl)-1H i m dazol

( Cond.
-4yl ) PGI/US2009/032830

C38HA5N8O7: 725. 34, found 725 32 10 dl et hyl (5, 7-
[AYA 1t o | AP N nl'
e d T T ooy | et (R R RS T P05 minues
di yl bi s(1 H- 4+ ol e- 4, 2adimetHoR@ridnyILi-a23BH62- | (Cond. 1V);
pyrrolidi nedi yl—g&}w?) 2- 0XO0- 1- o .
(t et rahydro- 2H pyran- 1y Pyrelidingd)-{lEfpydazol-4-y1)-5,7- | >95%
et hanedi y| ))) b' scar ba myﬂyﬁﬁ&benzoﬁ@]&@pznfﬁl) ]l{iM*'H] +
CAGHS7NsOD:  865.42; |found 865. 89.
di et hyl (5,7- 2.09 m Hiitlegl-2-y1)- ]pyrrolzdznyl) 1- methyl— LC/MS:
di hydr odi benzo[ c, e] oxepi ne- 3;. gxaeghgggkg NHCOR Mg
di yl bi s(I1 Him dazol e- 4, 2-di yl (29) S950%
pytrolidinediyl (2-oxot1-(tetrahydro-2H Caled. for
pyran-4yl)-2,1- LGVS:| ethanediyl)))biscarbanate MT
WO|[ 2009/ 102568 PCT/ USR009/ 032830 149 Cal cd. for
[ MPFH + CA46H57NsO0: C3sHasNgO7:
725.34;
found
725.32
10 S o dimethyl (5, 7- 2.06 minutes
O&“\_/O dihydrodibenzo[c,e]oxepine-3,9- (Cond. 1V);
NHCO.Me | divibis(1H-imidazole-4,2-divi(2S)-2,1- | >95%
pyrrolidinediyl((1S)-2-oxo-1-
(tetrahydro-2H-pyran-4-yl)-2, 1- LC/MS:
ethanediyl)))biscarbamate Anal.
Calcd. for
[M+H]"
CaeHs57N5O:
865.42;
found
865.89.
10A o 0 dimethyl (5, 7- 2.09 minutes
0 dihydrodibenzo[c,e]oxepine-3,9- (Cond. 1V);
NHCO,Me diylbis(1H-imidazole-4,2-diyl(25)-2,1- | >95%
pyrrolidinediyl(2-oxo-1-(tetrahydro-2H-
pyran-4-yl)-2,1- LC/MS:
ethanediyl)))biscarbamate Anal.




865.42; found 865.22. 11 nethyl
((JS, 2R) - 2-nmet hoxy-1-(((2S)-2- 2.15 mnutes 0 O
W@ 2000902588 ((2S) - 1- (N- (et hoxycar bonyl ) - ( Cond. PCNYS2009/032830
NHCO2Me O net hyl -L-threonyl )-2 pyrrolidinyl)- >95%
| Himdazol-4 yl)-5, 7 dihydrodi benzo[c,
el oxepin-3yl)-1H LGW: imd -2yl )-1- Anal.
pyrrolidinyl)carbonyl) propyl )car barrat e Calcd. for
[ MFHH+—CG42HE3NBE0+—813-39+—Feund—814-31—12
(J5,1'S)-2,2' -(5,7- 1/26 mnutes o Ph Caled. for
di hydr odi benzo[ c, e] oxepi ne-3,9- (Cond. 11); Et NMEI]
di yl bi s(I1 Hi m dazol e-4, 2-diyl (2S)-2, 1- >95% '
pytrolidinediyl))bis(N Ndiethyl-2-oxo 1 CagHs7NsOo:
phenyl et hanami ne) LGMS:  Anal. Calcd. for [ MH ges.40;
C52H6IN8(OB: 845.49; |found 845.22. WD 2009/ 102668
PCT/ US2009/ 032830 150 Exanple 13 O HN ON N N e
N~ 865.22.
11 o methyl ((1S,2R)-2-methoxy-1-(((2S)-2- | 2.15 minutes
o)\;/Lo/ (4-(9-(2-((2S)-1-(N-(methoxycarbonyl)- | (Cond. 1V);
NHCOMe O-methyl-L-threonyl)-2-pyrrolidinyl)- | >95%
1H-imidazol-4-yl)-5,7-
dihydrodibenzo[c,eJoxepin-3-yl)-1H- | LC/MS:
imidazol-2-yl)-1- Anal.
pyrrolidinyl)carbonyl)propyl)carbamate | Caled. for
[M+H]"
CapHs3NgOo:
813.39;
found
814.31
12 e (1S,1'S)-2,2"-(5,7- 1.26 minutes
O)\( Ph dihydrodibenzo[c,e]oxepine-3,9- (Cond. II);
Et” N< Et diylbis(1H-imidazole-4,2-diyl(25)-2,1- | >95%
pyrrolidinediyl))bis(N, N-diethyl-2-oxo-
1-phenylethanamine) LC/MS:
Anal.
Calcd. for
[M+H]"
Cs2He1NgOs:
845.49;
found

845.22.




O net hyl
((JS)-1-(((29)-2-(5-(9-(di et hyl am no)-7-(2-((2S)-1-((
W@ 8)09202568 met hoxycar bonyl ) am no) - 3- net hyl but anegI/ys@09/032830
pyrrolidinyl)-JHimdazol-5 yl)-9 5 nethyl-9H
fluoren-2yl)-JHimdazol -2yl)-
pyrrolidinyl)carbonyl)-2- net propyl ) car banat e
Exanple 13, Step a Br Br ~NM, 13a 10 NaN(TMs) 2
(3.40 M of 1.0 MTHF, 3.4 [ ) s added dropw se
over 2 mnutes to a THF s%@%ﬁ%f amne 3a (1.14 g,
3.10 mmol ), and s&irred for 20 mn. Then Ml (0.27
nm., 4.33 nmol) ma?tgdded dropwi se over 3 nutes, and
stirring was contifued for -65 nin. HThe yegction was
treated with excesy CH3OH-4 z e T vol ay'it e
conponent was - [ @QQ Ve ub'tagt crude
materi al was purifﬁeﬁ 15 wi th7an+1 ash chrosgfat ogr aphy
(10% Et OAc/ hexanes) to afford anine 13a as,/of f-white
solid (793 ng). 1H NWR (DVMSO-d6, 6 = 2.50, 400 MHz):
7.80 (d, mekyl$(10)-1-20S)- 28 569-(difretihy Qunino)-772-(28)-]-(LSHS-

e

found 38derRO-9Hfroréh2 yBdi-inddvizol Z.00-0peyroli@bykxelwplie 2-
13, Step b SEM Boc JN / N SEM Me

s b

NMe2 13b  Pd(QAc)2 (5. SHYP 0S4 HEf) was added to
the m xture of dibromde 13a (101.8 ng, 0.267 mol),

I m dazol e 13a (145.6 ng, _0.396 ), Ph3P (12.5 ng,
WD 2009/ 102568 PCT/ USZOO@?‘W?%%@%E% 0. 048 nmol) and
K2CO3 (116 ng, 0.839 mmol) 4R diexane (2.5 nL), and
nitrogen was bubbled tH© 0" 1 nminute and then
heated at 140 C (m crowave) f 3 hours. The m xture
was treated with CH3OH (2 ni); JT¥tered through a
cotton plug and the volatile conponent was renoved in
wacuo. TReN@MSle(3mtelrdfalo MASHH Ardi thineld was Bided dfopwise 9€er 2

phase HPLC tem.( H20/ CH3 TFA nd the HPLC el ute .
was MIHEG P :‘}uEf éam\‘zé‘% ﬁfo WP lrxln‘—‘r?% &l@ @311102%8“ fhigred For'$h in.
vol @héd McICOITP AMNE AL33WaGo1) KADMRIED Hidpwise over 3 minutes, and stirring

was continued for ~65 min. The reaction was treated with excess CH3;OH and all the
volatile component was removed in vacuo. The resultant crude material was purified
15 with a flash chromatography (10% EtOAc/hexanes) to afford amine 13a as off-white
solid (793 mg). 'H NMR (DMSO-dg, 6 = 2.50, 400 MHz): 7.80 (d, J = 8.0, 2H), 7.67
(d,J=1.7,2H), 7.58 (dd, J = 8.1, 1.8, 2H), 2.06 (s, 6H), 1.58 (s, 3H). LC/MS: Anal.
Calcd. for [M+H]" Ci6H 6Br2N: 381.96; found 381.90 (for the dominant isotope).

20 Example 13, Step b

SEM H

O
N N
N vaYeYen
\ N\ _N Boc
N o =D
> SEM e e,
13b

Pd(OAc); (5.3 mg, 0.024 mmol) was added to the mixture of dibromide 13a
(101.8 mg, 0.267 mmol), imidazole 13a (145.6 mg, 0.396 mmol), PhsP (12.5 mg,



vacuo. The resultant material was partitioned between

CH2Cl12 and water, and the aqueous |ayer was extracted
WO/ 1QHC12. The conbi ned organi ¢ phase was dPCETUS2009/032830

(MS™), filtered, and concentrated in vacuo to afford

13b as a white foam (56.1 10nﬂﬁ The regi ochem ca

make up of 13b was not deter ed as it is

inconsequential for the current purpose LC/ MEB: Anal

for 6 824. f.ou
540538 hfosith B o g DFRNAGRn gio R i 05 pggosen
p re pzagd mbb&ti 31ﬁrbug1gé 1‘0!2I ) ?ﬁlﬁmmm&l Heﬁted BVI4O€EI(h1®;yb\ﬁzg/e§ foe 3
eaur es escri pe ar n esl|
Fr ofvitht DrrBlfat was ggated Bt el {%{aieb? 10 e eion plug
cor pesReNslhiNg cOMpdneht ves m@nwe@ wm% Br@ashtdr whdurified
| ast step was free-based w and that only 2 nol

&quby e gverse lﬂ?aEEHRIL(R/&¥St@Prﬁ{1§§/ Hs@%/TFﬁaeanMrF@%ﬁ}Meﬂ@S

St € ﬁeutrl\f'&éﬁ"\ﬁth(%@@ﬁﬁCP@Oﬂ Ad A v nent %}Qs removed in
(m 32 (m 1.89H), app br s,

o 1 :myo Eh%lzsql@gbtpnﬁerwé wagpargfigned bethein @Hzéi 0 Waiersmdl)the
4. H)l §qu%o%Qa)(e(mvag @tract%d &/’i_’th @Hng H)l"he g’OIl?O‘Hle’%l &%n(ct PMscSwas dried

0. gg[Mgsczg f(l‘namd]_@}el)concp_e@tr@t@b m;dvac’wp tq affoRflr 13b ap, a]yszhnmfwm (56.1

1 oL sl o 505, CHSCRRE 5P g

WO K068 cLho2m68reeT/ ILQSB/[&? A3 ZRRA. frHmI- &@Mh@l " CusHesN70Os5Si:
((J % 7 (5-(7-(2-((29)-1-((29) - 2- (( et hoxycar
boné?%%%#éﬁé §§4gnethylbutanoyl) 2
pyrrolidinyl)-JHimdazol-5 yl)-9, 9-di net hyl -
fluoren-2 yl)- JHim dazol - %V%[}
pyrrolidinyl)carbonyl)-2- B/dpyl ) carbamate 5
1Exanpl e Kk TE3X el oafEthple 12 wBk prepated Rﬂﬂﬂ@freﬁ ckfapby(na. IQBBy
g, 17.3 mmol) wa ed. i n _batche
het ERBIgeHE &W?ﬁe ‘ErEFr Sgtbed for ke WrGRB: @I@Xﬁmﬂ? Len ot nier@sdlate
9, 4e, Qhthrm®éxceivd thdethe corresponding pyrrolidine precursor employed for the
last step was free-based with MCX, and that only 2 mol equiv of i-Pr,EtN was
employed for the HATU-coupling step. 'H NMR (DMSO-ds, 6 = 2.50, 400 MHz):
20 8.24-7.96 (m, 8H), 7.32 (m, 1.89H), 6.89 (app br s, 0.11H), 5.52 (app br s, 0.12H),
5.17-5.14 (m, 1.88H), 4.13-4.09 (m, 2H), 3.85 (m, 2H), 3.54/3.36 (two s, 6H), 2.63
(app br s, 6H), 2.43-1.93 (m, 13H), 0.91-0.78 (m, 12H).
LC (Cond. VII): RT = 1.14 min
LC/MS: Anal. Caled. for [M+H]" C44HssNoOg: 808.45; found 808.32
25
Example 14

O/

" P aYe f/j\/&
_N N|N\ N~



(0.560 nL, 9.00 mml) in DVSO (10 nL), and stirred at

anbi ent condition for -17.5 10 hours. The m xture was
waldoatiexsesvi t h wat er (100 nlL) and extracted w tPCHEKZN®632830

(100 nm.). The organic |ayer was washed with water (20

m), dried (MpSO™4), filtered,_.and concentrated in

vacuo. The resulting crude rm{S@ri al was purified with

a flash chromat ography (sanple was | oaded as a silica

gel nmesh: a t.0 ford.l4 ( .

ot el U0 P ra U aar OO e tgpy Damino)-3-

i(gtg L jbfa m§oyép2@¥ﬁ%z&ng Dl%%@%@l_(ﬂm Ad )ng ENS: VoA 20
: . : s, added to a

(4.0 me-W%%wb&pwﬁld%%zﬁ@t%wg L A LG (T

stirred for 10 mn. Then Mel (0.15 ni, 2.41 mol) was

added dropwi se over a few mnutes and stirred for 75

Mn It was then quench&8%i¢ i 84BEH (10 nmL) and the

vol atil e component was renpved i 0 vacuo. The

resi due was partitionedrba ' =

B2 and water, and
the organic |layer was dried ¢ , filtered, and
concentrated in vacuo to affordyl4a as a light vyellow
solid, free of the nono-nethylH®eed inpurity. The crude

pori 1 cab SRre A T 3 Mo L4 o BEER e 1 pinue
(d, adeteroger@pusdhixfure of5237-(ldbyondo-7-2uoRhl) (173045 4(0dlaymd) and Mel
% i o 5, 80 B P BERRAAORSEE 15
1B0C howHN The rhix SirdvasAdilutedoviounet (16tbmWasdexepardedit iaames
o oL A5, 82, BRSCIOLG, bl SRt e o0
Anafiltere@lagd conlcortratdVl /m voEM Hind rdsdibibe 3NGEOmPlciial 428 pdhified with a
f ou?lgsh7c ?dmsa?o'grap y ?smplece \x:!'a% 'loa%g arl)s aCsil[i\éa\geﬁmesEI; lg\egane';') to afford 14a
(728 mg) contaminated with the corresponding mono-methyl intermediate in a 12:1
15 ratio ("H NMR).
NaN(TMS), (0.5 mL of 1.0 M/THF, 0.50 mmol) was added to a THF (4.0
mL) solution of the above mixture (702 mg) and stirred for 10 min. Then Mel (0.15
mL, 2.41 mmol) was added dropwise over a few minutes and stirred for 75 min. It
was then quenched with CH3;OH (10 mL) and the volatile component was removed in
20 vacuo. The residue was partitioned between CH,Cl, and water, and the organic layer
was dried (MgSOy), filtered, and concentrated in vacuo to afford 14a as a light
yellow solid, free of the mono-methylated impurity. The crude material was
submitted to the next step without purification. 'H NMR (CDCls, = 7.24, 400
MHz): 7.53 (d, J = 7.8, 2H), 7.53 (d, J = 2, 2H) 7.45 (dd, J = 8.1, 1.8, 2H), 1.45 (s,
25 6H).

30



14c HC1/ di oxane (5 nL of 4N, 20 mmol) was added to

conpound 14b (124.5 ng, 10 0.135 mmol) and stirred to
we@doeso2s6®t al di ssol ution. The sol uti on was coRCEUS209/682830

ice/water bath and treated with 1 nL of 33%

concentrated HC1 sol ution drogwl over 2 mn. Then

the cooling bath was renoved d the reaction m xture

was stirred for -22.5 hours. The volatile conponent

was renoved in vacuo, th e was first

free-based with MCX (2 g,x@@dfe&fﬁg 2.0 N NH3/ CH3CH

elution) and then 15 purified wthg ngevégse phase

HPLC ( CH3OH H2Q TFA) PLC el concentr at ed

and the resultant B‘iﬁ«ocfq 4 @o- d Wcth MCX as

noted above to af f/ord ne 14c as a

reddi sh- orange foam—contamni najed with unidentified

inpurity (38.7 nmg). 1H NWR ( O-d6, 6 = 2.50, 400

1. Bc'&nlﬁcm,nd 24 wasiprégered Ar@® dipromidd)4a aécot@ing appe pirocedure

m 4-2.9 H)
5 gées?‘l%e% %roth% Fﬁn%éﬁ of wl%pnéd@gontlﬂ? gazg')r&/l\/% all C?b‘d for [M-
§ 6 HBEMEH48C (sHe: NeOISi: 795@64 fComr795\MB1 ) : RT = 1.03 nin
LG MS: Anal. Calcd. for [ MrH + C29H33N6: 465.28, found
465.21. Exanple 14 25 Exanple 14 was prepared as a
TFA salt starting from lég.ae€e0!dipg to the procedure
descri bed for the synthesis of Exanp Ie 1 from
internediate le. 1H NWR (DI\/SOd6 6 O 400 MHz):

8.13 (s, 2H), 8.06-8. (m 2H), WO

2009/ 102568 PCT/ USZN)\,QlL 2 .33 (m

1.89H), 6.93 (m o§/1H)H561 m014H) 5.17-5. 14
4706

(m 1.86H), 4.15- (m 2Hy4c 3.91-3.80 (m 4H)
3.54/ 3.3

(m 8H), ﬁ@ / élgxa(ng & @E;Of 4@ g&r_ngl_oggv a% Aflde gg_somggén% %@24 > mg,
tZaR)} 13Rﬁ1m01)]an33t1ﬂffédrto Sffbdehdvi disblation. Gank §6lutidrokas[ Wbl with

C43H5 ; 42; found 779.23 Exanple 15 O HN O
~H @e/SNf_qt %t}l £ F??é@[dh 1|thu1 mL of 33% concentraﬁgd HCI solution dropwise

( (29 89& nggﬁgt mzfénitﬁé’f:ddl‘iﬁg B was renfbivid Al (B bhktioh Migazal &<Brred
I -

pyr |~|2 P .hew yTeq wytile campongp map Moy cditgguon it tha Fraidpeg was
1)) iRk geapRaRie MEAPRI@1.b%r (45 & 1{11)13/&‘@?01@ LRRAHEHd then

according to the prot ocol descri bed
15 purified with a reverse phase HPLC (CH3OH/H20/TFA) The HPLC elute was

concentrated and the resultant product was free-based with MCX as noted above to

afford pyrrolidine 14c as a reddish-orange foam, contaminated with unidentified

impurity (38.7 mg). 'H NMR (DMSO-ds, d = 2.50, 400 MHz): 1.83 (s, 2H), 7.74-

7.69 (m, 4H), 7.49 (app br s, 2H), 4.24-4.20 (m, 2H), 3.04-2.98 (m, 2H), 2.93-2.87
20 (m, 2H), 2.13-2.05 (m, 2H), 1.95-1.70 (6H), 1.48 (s, 6H).

LC (Cond. VII): RT =1.03 min

LC/MS: Anal. Caled. for [M+H]" CyoHi:Ng: 465.28, found 465.21.

Example 14
25 Example 14 was prepared as a TFA salt starting from 14c¢ according to the
procedure described for the synthesis of Example 1 from intermediate le. "H NMR
(DMSO-ds, 6 = 2.50, 400 MHz): 8.13 (s, 2H), 8.06-8.01 (m, 2H), 7.85-7.79 (m, 2H),



Exanpl e 14 by enploying the appropriate acid for the

final step. 1H NVMR (DMBO d6, 6 = 2.50, 400 MHz):
W@2M0A®SE. (m 6H), 7.83-7.79 (2H), (d, J = 7.BCT/US2009/032830

1.84H), 7.47 (m 0.16H), 5.46 (m 0.19H), 5.18-5.15

(m 1.81H), 3.89-3.72 (m 6H) 55/3.33 15 (two s,

6H), 2.45-2.34 (m 2H), 2.23- 3595(m 6H), 1.54 (s,

6H), 1.21-1.04 (m 2H), 0.51-0.23 (m 8H). LC (Cond.

Cutaigaan 53Te%s g i 82 im ChiR, 51 op e Y dorn. 415

Povvzlels@ﬂ KQ-B 0988301, 45 3 3408183 dworasHAQMBD. 33 (nh atg, lex-1.99

2. 7um Dot o) 0928 o P0G, a0 ol ) ana 1,3

di bqug@ﬁcppalmpR(r%mmm 4.15 mol ) in DI\/SO (20 m_)

and stirred at anb Qondltlonfor - ¥

i x LGS vl g pled: efélr WT% WwattesNC200 i) fo&%l 7e9x3(3r act ed
25 with 10% CH2C12/ hexanes (100 ni, 2x). The conbi ned
organi ¢ phase was dried (MgSO4), filtered, and
concentrated in vacuo. The PPng crude materi al
was purified with a colum chronat ography (sanple was
| oaded as a sili c‘%gel mesh; hexanes, with gravity
elution) to affaquy H />

2', 7' -di br omospi r; @836 bu f‘ﬁf as a
white fluffy s d K gy F326 = 7.24,
400 MHz): 7.86 (d, QJ/V\DHZOOQ/ 568 PCT/ B9/ 032830
155 1.8, 2H), 7.48 (d, J 8.0, 2H), 7.44 (dd, J =
8.1, 1.8, 2H), 261(apth—81 4H), ~ 2.42-2. 34
(m %ethﬁ)i’mbﬁaeﬂl@f VH-fludiehe-3 3L i) DI B-iRIiBRAE-§D-divI(2S)-2,1-

starting from2
Qi br orroé’b”?léff”é%d&l%b%tla?ﬁéloﬂmgﬂ Y00t ERETay VIR BV RYe

the procediph HeSEh QR ﬁfdtb&aﬂ {ohl%‘@ St @Bld A
Exanpl e 14 from di brsomgqﬁ?g a0 ff\| © eSC“e or

R Chiperlnd? Nasreplrring theappyaeriate a@é foﬁ Mg’é‘rﬁé@t yHuNME»(DMSO-
ME daba 1) ugs Dﬁﬁz) (8(1'139 ok, %ﬁ?%) 837, 6@(2% @38/ MG 83H), 7.47
(Cond’ VI (AP ST TR
( ( mEnHbYBaY. %(WIO) @M);foys 314k, h1y$llﬁ)_t B0 2 GHICH 453 .33
1@22@8%@?243‘%4 RYSEPh LS i ki 118498%0h -1 IS ) om),
0.51-0.23 (m, 8H).
LC (Cond. VII): RT =1.25 min

LC/MS: Anal. Caled. for [M+H]" C43HsNsOg: 775.39; found 775.36

20 Example 16-17
Powdered KOH (983 mg, 17.5 mmol) was added in batches over 1 minute to

a heterogeneous mixture of 2,7-dibromo-9H-fluorene (1.31 g, 4.04 mmol) and 1,3-
dibromopropane (837 mg, 4.15 mmol) in DMSO (20 mL), and stirred at ambient
condition for ~5 days. The mixture was diluted with water (200 mL) and extracted

25 with 10% CH,Cly/hexanes (100 mL, 2x). The combined organic phase was dried
(MgS0y), filtered, and concentrated in vacuo. The resulting crude material was
purified with a column chromatography (sample was loaded as a silica gel mesh;
hexanes, with gravity elution) to afford 2',7'-dibromospiro[cyclobutane-1,9'-fluorenc]

as a white fluffy solid (600 mg). "H NMR (CDCls, 6 = 7.24, 400 MHz): 7.86 (d, J



S yl ) spiro[ cycl obut ane-
fluoren]-2"yl)-1H i m dazol
W@009a02568 nyl ) car bonyl ) - 2- et hyl propyl ) car bane€BU32009/032830

H3C-2, met hyl
Vi), (7

i m dazol - 5-

791. 42;
-2yl) - 1-

found 791.32 1,9

((1S)-2-((2S)-2-(5- 1.22 ninutes (Cond.

-(2-((29)-1-(N >959
alanyl)-2 pyrrolidinyl)-1H L
[ MtH] + C40HA7NS06:

Soverabssadt ket UBBouts o4bedo” 36! #1

i mi dazol342wl dHL- pyrrolidinyl)-1-nmethyl -

oroet Iy LR P o)

|l es 18-2

(wh hﬁ)tbnﬁdégﬁd{ﬁﬁldb@fan@ﬂ @Pﬂﬁ&éhe%ﬁ ehslofig

Chem 199

34, 205

5 enpl oyi ng tﬁ

Exa
VIR PEPHRO SR HIEE 8[“02 A7 furan

tHR pRdtedurd desMBbd for

e procedures

(et hoxycar bonyl ) -L
M5: Anal .

Cal cd. for

ROty e

18-21 were

8esgﬁﬁb@H%ﬁdﬁE?H@P@Qﬁﬁﬁgﬁﬁ@o@ﬁméﬁénple 14 from

di broni de

((nethoxycarbon
3- nethylbutanoyl

honobgenei ty i ndex;

14a. YN F2 NN\ NF2 NH O Exanple R
Compound Name RT (LC-Cond.); %
data 18 net hyl

(7-(2-((25)-1-( 59:02- =

MS

((¢S)-1- (((25) 2-(4 H NW\R (DVBO-d6, 6
.50, 500 MHz):

NHCO2 Me

Example R Compound Name RT (LC-Cond.); %
homogeneity index;
MS data
16 2 methyl ((1S)-1-(((2S)-2-(5- | 1.38 minutes (Cond. VII);
\r (7"-(2-((2S)-1-((2S)-2- >95%
((methoxycarbonyl)amino)-
3-methylbutanoyl)-2- LC/MS: Anal. Calcd. for
pyrrolidinyl)-1H-imidazol- | [M+H]" C44HssNgOe:
S-vl)spiro[cyclobutane- | 791.42; found 791.32
1,9'-fluoren]-2'-yl)-1H-
imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate
17 Ho C/‘?,, methyl ((1S)-2-((25)-2-(5- | 1.22 minutes (Cond. VII);
(7"-(2-((2S)-1-(N- >95%
(methoxycarbonyl)-L-
alanyl)-2-pyrrolidinyl)-1H- | LC/MS: Anal. Calcd. for
imidazol-5- [M+H]" C40H47NgOs:
yl)spiro[cyclobutane-1,9'- | 735.36; found 735.28.




pyrrolidinyl)-]Himdazol -
4yl ) di benzo[ b, d] furan-3- 8. 2,
2yl)-1- 8.5, 2H),
pyrrolidinyl)carbonyl)-2-
met hyl propyl ) carbamate 7.9, 2 ,
2.41(m 2H
(m 12 H WO 2009/ 102568 PCT/ US2009/ 032830 157

WQ R009A162568Ti

3.55 (s,
0. 95

6H) ,

+t ne

dazol -

7.
7.3
5. 17
7.2, 2H),
379
2.26

(m 4H),
2H),

4 -

QLE0L |

87 (d, J
4 (d, J
(app tPCTUS2009/032830
4.13 (t, J
3 92 (m 4H),

(m 8H), O.

71 -

nal

2 27 v o
« T LLL LAY

[ MEH + (4

di met hyl 2.
benzo[ by,

(di
di |
Cal

| bi s(1H
cd. py

Cond
TS SO0

OH49NBO7:
18 m nut
d] f uran- B,
+ i m dazol e-
rrolidine
| -2- ox0-2

é”“.?’?e”] 208k mws

=S ( Gﬁﬂdzol 2Q0)-1-

>95%

Arldhig ooy 1

i ylo&&ét@)’)céﬁbain@t@ [M

HASNS07:

Cal ed fAor
[T AT OO, U1

88 19 1

Hao2 Ve
LGVEB: Anal .

H] +

cyclopropy

49 34:

et hanedi yl ))) bi scarbamate found 749.78 20 1' nethyl

((1S)-1-(((2S)-2- (4- 2.51g
(7-(2-((29)-1- ((29) - 2- Wi}’

1.6%_A;Cond.
F@SS% NHCO2 Me

((meth ox@?@arpﬂﬂ)}%ﬂ ) wiere preparc@ stagingifiyiy h?ﬂ@mlmﬂéhﬁhaa [b.d]furan

Rl S e BT S L e

25)_5) by

§'| ) etployimi dezobce@yky degeribicd durdheAg hth8ds of Example 14 from dibromide

pyflﬁ
( Cond.

WLy

N N
i} N'Q% () \lﬁ‘R
C: ©

| idinyl)carbonyl)-2,2- dinethyl propyl)carbamate
M \/I\H met hyl ((1S)-2-hydroxy-1- 2.16 m nutes

((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-
pyrrolidinyl)- 1 H-imidazol-
4-yl)dibenzo[b,d[furan-3-
vl)-1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

Example R Compound Name RT (LC-Cond.); %
homogeneity index;
MS data
18 oo methyl ((18)-1-(((28)-2-(4- | "H NMR (DMSO-ds, 6
o)\;/k (7-(2-((25)-1-((2S)-2- =2.50, 500 MHz):
NHCO,Me

14.60 (s, 2H), 8.32 (d,
J=17.9,2H), 8.14-8.24
(m, 4H), 7.87 (d, J =
8.2,2H), 7.34(d, J =
8.5,2H),5.17 (app t, J
=72,2H),4.13 (t, J =
7.9, 2H), 3.79-3.92 (m,
4H), 3.55 (s, 6H),
2.41(m, 2H), 1.94-2.26
(m, 8H), 0.71 - 0.95
(m, 12 H)




0 (((25)-2-(4-(7-(2-((29-1- V);
((2S) - 3-hydroxy-2 ((nmethoxycarbonyl) am no)
WQ@RRHb/102368 cd.
pyrrolidinyl)-]Himdazol -
4yl ) di benzol[ b, d] f ur an- 3-
PCT/ US2009/ 032830 158 yl)-1

3- et hyl

>95%

but anoyl ) - 2-
C40H49N8B09: 785.
foun

NHCOZ Ve

LGVE:

for [ M+H] +PCT/US2009/032830

36;

785 89 WD 2009/ 102568
ni dazol -2 yl)-1-

pyrrolidi nyI )car bonyl ) - 2- et hyl pr opyI )car bamat e
EXMl |e 22 | |\| !\\I 1 II 0' !\\I '\MOZGLH\\I |\| |\| 4’746@‘%_"97
Ve OP met Hyl T 2 27 minutes (Cond
((1S)-2-((25) -2-(5-(7-{(2- ((25) - 1- (N- (et hoyyeagdonyl ) -
L-al anyl)-2 5
pyrrolidinyl)-1Hinmdazol-5yl)-9-nethyl-9H carbazol -2y
)11 Himdazol -2yl)-1- LC/MS: Anal. Calcd.
pyfrrolidinyl)-1-methyl|-2-oxoethyl)carbamate Exanple
22] Step d ONO M [22a 10 To a stirredfsdMation of
2, 7-di br orro- 9- met hyl - 9H-car bazol e (1.52 gi c4pd.N 000k} 37,
i n|anhydrqus THE (150 [nL) at -78C was added n-BulLi
(1]06 Min hexane, 12.6 nL, 13.4 mmol) oy&und @i,
The resul tli ng suspensijon was stirred at -¥8 C for 6
h, lafter which N nethyl - N-net hoxyacetam de (1.43 ni,
13| 4 nbol) addged. Sti rridigieski@s cont i nRéd masit¢siE€ond.
reacti on m x e s al dt rogm 15,
t efrper at urle over 18 hau Z&Aﬁefﬁ%‘gn’wﬁwﬁr%?vva 9'ES]he%A’
quenched Vit h ZNWOWP%szs(éﬂznmfzﬁdet n et hyl
acetate and the organijc phas ried ( ,
filtered, |and concent|rated ”fe’o]y%?ﬁess vgé%%ﬁ%‘b% Caled.
was purifiled by col um cwﬂmzfa@m@w - ( Bl edrpgedn’)
Hori zon system 2-55%leth acet exanes) t ff '
228 (0.560 g, 47% as %? cﬂxP \@R%Sﬁ%@%ﬂaé-g“a
DMBO-d6) 6 8.35 (d, J —eﬁzag&zﬂm)bzszmam%@ Bfodhd (89.72H) ,
7.86 (m 1H), 7.84 (m| 1H), 4.05 (s, 3H),|2.72 (s,
6H]. LC/ MB: Anal .
20 o methyl ((1S)-1-(((2S)-2-(4- | 2.51 minutes (Cond.
o)\;)< (7-(2-((28)-1-((28)-2- | VI); >95%
NHCOMe ((methoxycarbonyl)amino)-
3,3-dimethylbutanoyl)-2- | LC/MS: Anal. Calcd.
pyrrolidinyl)-1H-imidazol- | for [M+H]"
4-yvl)dibenzo[b,d]furan-3- | CpHs3NgO7: 781.40;
yl)-1H-imidazol-2-yl)-1- | found 781.85
pyrrolidinyl)carbonyl)-2,2-
dimethylpropyl)carbamate
21 o\ o methyl ((1S)-2-hydroxy-1- | 2.16 minutes (Cond.
o)\;)< ((28)-2-(4-(7-(2-((2S)-1- | VI); >95%
NHCOMe ((2S)-3-hydroxy-2-
((methoxycarbonyl)amino)- | LC/MS: Anal. Calcd.
3-methylbutanoyl)-2- for [M+H]"
pyrrolidinyl)-1H-imidazol- | C4H4oNgOo: 785.36;
4-yl)dibenzo[b,d]furan-3- | found 785.89




Calcd. for CL7H15NO2: 265; found: 266 (MtH)+. WO

2009/ 102568 PCT/ US2009/ 032830 159 Exanple 22, Step b
waBOMBQSTBDMS N Me 22b  To an ice-cold suspensbmng/032830

of 22a (0.661 g, 2.49 mmol) in toluene (20 nL) was

added triethylamne (1.39 nL, 9.96 mol ) and then

tert-butyldimethylsilyl 5 trif ate (1.72 m., 7.47

mml ). Stirring was continued at 0 Cfor 10 m nutes

-
b
D

an'j t hen euCt I UT LILIL] S, T j t \¥) VVU.I III t \¥)
room tenp re. After %’;fﬁﬁlﬁé] Z(fléayclfl'?‘ m xture was
i w th Et OAc- ?@Oamﬂy@@%@pg@m C phase was

e

partiti
dried MgS04), filter and concentrated to dryness

to|give 22b as a |ight| breWHP@8ri@ ignaessential iy

quantitative yield. This nmaterial wasS used as such in
the next step without 10 further manipul ation.
Exanpl e 22, Step ¢ Br / Br Bx@me& e 220 To a

stirred sol ution rTL) at 0
C was added N X (ONO

mol ) in Jportron ST rxd=Ag Jhas cntl nu

for an aﬁ“&.%. of go“in nutes ahd the res aNH@OZMG
suspensi on was |tered. The M9 ter- cake was

ol i d. "TERIA s ?{2% R DG TG e
leb7z»ﬁ%rglusg§)b711€fné6%¢di 50> %@ez@m%zbt)rpa@lc zaa(lsté imzwl\gz 2-yl)-1-
421: found: 422 l(%ﬁ)dfyﬁz’d"@l% g 6@2])‘” tepgd NQN N
Boc NN N Boc M 22d

Example 22, Step a

o] N O
Me
22a
10 To a stirred solution of 2,7-dibromo-9-methyl-9H-carbazole (1.52 g, 4.47

mmol) in anhydrous THF (150 mL) at -78°C was added #-BuLi (1.06 M in hexane,
12.6 mL, 13.4 mmol) over 10 min. The resulting suspension was stirred at -78 °C for
6 h, after which N-methyl-N-methoxyacetamide (1.43 mL, 13.4 mmol) was added.
Stirring was continued as the reaction mixture was allowed to warm to room

15 temperature over 18 hours. The mixture was then quenched with 2 N NaH,PO,,
extracted with ethyl acetate and the organic phase was dried (MgSO,), filtered, and

concentrated to dryness. The residue was purified by column chromatography
(Biotage® Horizon system/ 2-55% ethyl acetate-hexanes) to afford 22a (0.560 g,
47%) as a yellow solid. 'HNMR (400 MHz, DMSO-d) & 8.35 (d, J = 8.09 Hz, 2H),

20 827 (s, 2H), 7.86 (m, 1H), 7.84 (m, 1H), 4.05 (s, 3H), 2.72 (s, 6H). LC/MS: Anal,
Calcd. for C17H sNO,: 265; found: 266 (M+H)".



WO 2009/ 102568 PCT/ US2009/ 032830 160 A mi xture of 22c

(1.05 g, 2.49 mmol), Boc-L-proline (1.07 g, 4.98 mmol)
W@/ 1DISEA (0. 867 nlL, 4.98 nmol) in acetonitriPE/2109/032830

nm.) was heated at 85 Cin a sealed tube for 2 hours.

The cool ed m xture was then cggpentrated to dryness to

give a solid residue. A mxture of this material and

NHAQAc (1.92 g, 0.025 nol) in toluene (32 5 nL) was

heated at 120 Cin a sea%ed 5 Sfor 2.5 h and then

the cool ed reaction m xtif'® EBPtltloned with

Et OAc-brine. The 3@&@ j : 2

filtered, and con

purified by preparative C : ‘ cCN—H20+O 1%

TFA) to give the TFA salt of 29d (as 0.840 g, 34%

overall) as a yellow solid. MR (400 MHz, CH3OH d4)

6 828 (m 2H), 7.95 (m 4H), 7.60 (m 10 2H), 5.14

(m 2H), TdlaiDide-¢Sld s@ipnsiod. 624 M662 1) 2.42m@1Yif ol (20 mL)

1.93 . 1.48 (s, 8 1.3 1 : s
Anaba e ilet B ey RGOS %@ig é%@%gj)é%lzny WNEI}’ISH‘-‘/I
Examle 222 m?L @R 78ndbl). Berifs Wad¥ontihuclyRt 0 22 €1 nfifuté and
solution of the TFA salt of 22d (0.840 g, 0.845 nmmo

i n theh dslreacoprembdie wWas allgwed g &amel e gony anpeasurpd J fey

t herﬁbﬁ%%&tu%asﬁ}ahftfoﬁgd ﬁfth E{(ﬂ@cnht@ g&@t‘fl@%ﬂéﬁrﬁc Pse alas dried
hours. The m xture was then concentrated to dryness

and (Wh804) ridtsreduenduasceriratsdiodarhesito GHRCRD anal ligl pravendsotid in

a pl L% | - '

i © By Mo 86 Rl bl o hsg RERE R R AP DG ichou
1o t Furer :@kBktiodi chl or omet hane (1:1) and then 2 N NH3

in CH3CH, and the product- containing fractions were
conbi ned and concentrated to give 22e as a yellow

solid (quantitative yieEegmpldh? Stepat eri al was used as
such in subsequent steps. Exanpl- 22 25 To a mxture

of (S)-2-(nmethoxycard
g, 0.150 mol) and HATW Q=4 50 mol ) in DVF
(1 nL) was added DI EA (©.104 Wi, O. 60 mmol ), and the
m xture was stirred at roomteéWwperature for 15 mn. A
solution of 22e (0.034 g, 0.07%¢ mol) in DWVF (2.5 ni)

was then_ added and stirring was continued at room
t enper at b &St solupien pi22bjihanhyliops FAF (gpsmb b § °C was added N-

1par bichoonefildid: 2P o1 938 6Gn FEH JHSEHB3. 032 BRO wad &htinued at 0
°C for an additional 30 minutes and the resulting suspension was filtered. The filter-
cake was air-dried to give 22¢ (1.05 g, 100%) as a yellow solid. 'HNMR (400 MHz,
DMSO-de) 6 8.41 (d, J = 8.59 Hz, 2H), 8.37 (s, 2H), 7.89 (m, 2H), 5.10 (s, 4H), 4.07
(s, 3H). LC/MS: Anal. Calcd. for C;7H3Br,NO,: 421; found: 422 (M+H)".

20
Example 22, Step d



with ethyl acetate-water (1:1) and the organic phase

was dried (MgSO4), filtered, and concentrated to
wa@leaonaexss8 The resi due was purified by preparat PUBEUSRLL32830

(G 18/ MeCN H20+0. 19%9FA) and product - cont ai ni ng

fracti ons were concentrated t%)() dryness. The residue

was | yophilized from CH3CN-H20™(1:1) to give the TFA

salt of 5 Exanple 22 (0.0064 g, 8% as a yellow solid.

i 00 M SOGRE 58 g e

2 |'|) DIE@A '@(9867(1@1434 48 mr]lol'-j i/ a&%nhﬁle (ML) fahbated 3t 9330(( iMa sealed
1.5 , 3.88 (m 2H), 3.65

2 551b€ ﬁqr 2j}q)1rs 7 119300(1% mlg’p.bre was then ((oacenjratedgo @ynq% to %ﬁ) a solid
LC M qudNR Imix & & %15 mfcl@ﬁalgﬁg N‘f‘%ﬁlgffl 74 %Q).Oﬂ%%}jm tdiklhe (32
(M+H) +. 10 Exanpl e 23- NNNR M Exanple

23- M) wer beandap B2 la@csefrl@ti fube fon 215Heand élreartled cootet! eagtion

nOt 1)ft1|1r% I}é/%)é:%gg? 1§ne§ \Xf\gl ﬁ%ée?g?l? p’flpeporgeﬁlrc\ﬁ;ht ? dacsi d%%d ﬁ%%soz‘),
and ﬁltdzréid Neid d(atcalt@&d gnlirthe 1@§1dumw:h;yﬁur1ﬁed by preparative HPLC (C18/

((J ?Eé& 2& Pg[B 57‘/’%‘%4)(1? %;%'ﬂ'jeoi(‘\é'@ td%&ﬁ (2 0899 8 34% overall) as a

NHC@MBV s(o[mt l}mMRa(mDNmZ) e@;mfeidm 8.b8 (nl dMYRz 4AGK 4H), 7.60 (m,
t hreo rrolidin %ﬁﬁ. 9)
o S0 Vg BT 6 Bt A2 s 280 2499 GBB 0% (m, 2HD), 148 s,

car bﬁ%ql.m% Mbﬂ{) JitE M @aﬁplc&dylfar C24.d %514H)wnd1652 (M+H)
7.59 (d, .08 pyrrolidinyl)carbonyl)propyl)carb
Hz, 2H), 5.31(m amate 2H), 4.49 (m 2H), 4.07 (m

2H), 3.99 (m WO 2009/ 102568,P5T /sk52009/ 032830

22e¢

15 To a solution of the TFA salt of 22d (0.840 g, 0.845 mmol) in
dichloromethane (5 mL) was added TFA (15 mL) and the mixture was stirred at
room temperature for 3 hours. The mixture was then concentrated to dryness and the
residue was dissolved in CH3OH and applied to a plug of MCX extraction gel (12 g,
pre-conditioned with CH3;OH-dichloromethane, 1:1). The plug was eluted with

20  CH3OH- dichloromethane (1:1) and then 2 N NH3 in CH3OH, and the product-
containing fractions were combined and concentrated to give 22¢ as a yellow solid

(quantitative yield). This material was used as such in subsequent steps.

Example 22
25 To a mixture of (S)-2-(methoxycarbonylamino)propanoic acid (0.022 g, 0.150
mmol) and HATU (0.057 g, 0.150 mmol) in DMF (1 mL) was added DIEA (0.104
mL, 0.60 mmol), and the mixture was stirred at room temperature for 15 min. A
solution of 22¢ (0.034 g, 0.075 mmol) in DMF (2.5 mL) was then added and stirring

was continued at room temperature for 2 hours. The mixture was then partitioned



162 3H), 3.91 (m 2H), 3.73 (m 2H), 3.67 (s, 6H),

2.59 (m 2H), 2.22 (m 6H), 1.14 (m 2H. LG
wee@b/10256al cd. for C41H51IN908: 797; found: 7BEI/US2009/032830

(MtH) +. 24 Trv, nmethyl ((IS)-3-nmethoxy-1-(((2S)-

Yel l ow solid 2-(5-(7-(2-((2?39-11-“\!- (0.0203 g, 269%.

NHCO2Mo (et hoxycar bonyl ) - O & hyl -L- 1HNVR (400

hom)seryl) 2 pyrrolidinyl)-I1H Mz, CH3CH d4)

ar B0 S Dyt i i b e it Vi i hesa). Sirggg, and
( S, c&idéntraYedSS drymfsfsf Thd ekiayd weapupidiny by pl’feﬁa[iytiv)ecfﬁﬂfﬂ (((1:118/ J
uar =

4 5%/[6@ HMO WEF‘%)ZM@ pgyugtrﬁogﬁtagnrg%ctm% VRfe %(glcentlg}_qfl to
3. 9Qry8s. TBEHDesiddo €& 192;31111%& fromTHEN-IO §1H)) 1to give e KHA salt of

2
le)oﬁﬁa_mzsé%gqil@ﬁﬁ @s%b@/ao@ﬂ@seohdmlHNMR (4OOQWHZ CHFLOH ds) 38.25

(d, J = 8.08 Hz, 2H), 7.93 (m, 4H), 7.58 (d, J = 8.08 Hz, 2H), 5.30 (m, 2H), 4.49
(quart, J =7.07 Hz, 2H), 4.20 — 3.98 (m, 1.5 H), 4.00 (s, 3H), 3.88 (m, 2H), 3.65 (s,
6H), 2.55 (m, 2H), 2.23 (m, 6H), 1.34 (d, / = 7.07 Hz, 6H). LC/MS: Anal. Calcd.
for C37H4sN704: 709; found: 710 (M+H)".
10
Example 23-24

H H
N N “
<’ﬂj\( / O O 1 W//’N>
R N l?j N R
Me

Example 23-24 were prepared according to the general method noted in Example 22,
by using appropriate acids.

15

Example R Compound Name Description
(Yield)

'"H NMR and

LC/MS data
23 W o methyl ((18S,2R)-2-methoxy-1- Yellow solid

O)\/_\ ((28)-2-(5-(7--((2S)-I-(N- | (0.011 g, 12%):;
NHCO,Me (methoxycarbonyl)-O-methyl-L- | "HNMR (400
threonyl)-2-pyrrolidinyl)-1H- MHz, CH;OH-d4)
imidazol-5-yl)-9-methyl-9H- 5 8.25 (m, 2H),
carbazol-2-yl)-1H-imidazol-2-yl)- | 7.94 (m, 4H),

1- 7.59 (d, J = 8.08
pyrrolidinyl)carbonyl)propyl)carb | Hz, 2H), 5.31 (m,
amate 2H), 4.49 (m,
2H), 4.07 (m,

2H), 3.99 (m,




163 LC Ms: Anal .
(MtH) +.
WORMID68VE et hy

79

8

Cal
I

cd. for

CA1H51NO08: 797;
Exanple 25 N N x N NHCO2Me McQ2CHN, ,

f ound:
N
PCT/US2009/032830

((JS)-l-(((ZS) 2-(5-(7-(2-((29)-1- ((28)-2-((msthoxycar

bonyl ) am no) - 3
pyrrolidinyl)-JHimdazol -

5 meth

yl but ano

?/é) 9- net hyl - 9H car bazol - 2

yl)-JH imdazol-2yl)-1
py iH-eH-eiy-earbonry)—2-—rethylprepyrearbanpte—The
crude product obtained according to the gen ’%ﬁ%%@?ﬁ%
noted in |Exanple 22,| using 2H), 3.73 (m,
(S)-2- (et hoxycar bonyl am no) - 3- net hyl but anoi ¢_aci_d
(0]024 g, | 0.138 mmi|) and 2H), 3.67 (s, 6H),
9-met hyl -2, 7-bi s(2- ((|S) - pyrrolidin-2-yl)-1H | pkeagal)d
-yl)-9H 10 carbazole |[(0.021 g, 0.046 nmol ), was
putified by prep HPLG (C 18/ MCN H20- NH40ACY-2% M, 6H),
afford Exanple 25 (0./0207 g, 59% as a white| ki d.om)
IHNVR (400 MHz, CH3QHd4) 6 7.98 (m 3H), 7(82 Em
0.6H), 7.74 (m 2.4H)|, 7.53 (d, J = 7.07 Hz|LO! \nal
7. (m 2.5H), 7.39|(m 0.6H), 7.34 (m 2.4H,.8- 2é
(ml 0.6H)| 5.20 (dd, | J = 5.31, 7.83 Hz, 2.44)?"4.%’4
( J = 7/07 Hz, 2H),| 4.01 (m 2H), 3.65 (s, |6HH:N208797;
1 2.19|(m 6H), 2.109 - 2.02 (m 4H), 0.94 . :
LCIMS: Anal. Calcd. flor C41H51N906: 765; fOJﬁog&ld'?égb
(MrH) +. Exanple 26 N[N, NN N NN H3COO SONPHIP. = 0
HNC. ( CH3| 0 0 WD 2009/ 102568 PCT/ US2009/ 032830 164
24 W methyl ((1S)-3-methoxy-1-(((2S)- | Yellow solid
O)\/\/O\ 2-(5-(7-(2-((2S)-1-(N- (0.0203 g, 26°
Y . g, 26%).
NHCO,Me
(methoxycarbonyl)-O-methyl-1.- "HNMR (400
homoseryl)-2-pyrrolidinyl)-1H- | MHz, CH3;0H-d4)
imidazol-5-yl)-9-methyl-9H- 58.26(d,J=
carbazol-2-yl)-1H-imidazol-2-yl)- | 8.08 Hz, 2H),
1- 7.94 (s, 4H), 7.59
pyrrolidinyl)carbonyl)propyl)carb | (d, J = 8.59 Hz,
amate 2H), 5.31 (m,

2H), 4.59 (quart,
J =4.55Hz, 2H),
4.02 -3.99 (m,
2.5H), 4.01 (s,
3H), 3.90 (m,
3H), 3.65 (s, 6H),
3.45 (m, 5H),
2.57 (m, 2H),
2.23 (m, 6H),
2.08 (m, 3H),
1.81 (m, 3H).




met hyl
((1S)-2-((29)-2-(5-(7-(2-((2S)-1-(N-(nethoxycarbonyl) -
wao.2@bamsby - 2- pyrrolidinyl)-1Himdazol -5 PCT/US2009/032830
yl)-9-(phenyl sul fonyl)-9H carbazol -2 yl)-IHimdazol -
2yl )-1 pyrrolidinyl)-1-nethyl 623 oxoet hyl ) carbamate 5
Exanple 26, Step a Br \ / Brl®N sSoeph “26a A nmixture
of freshly pul veri zed KOH (1. 31 g, 23.4 mmol) in DVSO
(2(.) ndl_/ \IU.Q Qtl T I Cd VI yUI UUQI _y at am: ent t vLcmglAJﬂa
for 10 m nutes, after| which solid 2, 7-
di br onocat bazol e (1.90 g, 5.85 mmol) was addedalcdn fone
portion. The m xture |stirred 10 for 1 h and then
behzenesul fonyl chlorlide (1.49 mi, 11.7 mol ) CusleNsOs: 797
added and| stirring s continued for 18 houf gund:Mes
m xture was then diluted with water (150 nlL) and the
resulting|precipitate was filtered off and t h+HH)".
filter-cake was washed with water and air-dfied. The
resultinglbeige powder was triturated with
di chl or onet hane- hexanes, filtered and dried in vacuo
to give 26a (2.10 g, 77% as ,gplp?kge solid. 15 1HNWR
(400 Mz, CDCL3) 6 8.47 (d, J 52 Hz, 2H), 7.83 (d,

J 8.59 Hz, 2H)/ \7. 7.50 (m
3H) 7.40 (t J -N X
for ClsHid8yCHN2

Cal cd.

: . . “N
i ( ) apmieEo R,
Stepb ONO Oh 20 26b Tp a sol uti oP”of| 26a
(2.086 g, 4.4 I) in dry THE(60 m.) at C

under argon Min hexane
i, 13?164%14{{@) {ﬁ(é?pw-s(é . 6%/6(?5‘)51 fﬁ?% % (ff’?éfh?’év%ﬂbﬂ%)ﬁmlm) -3-

B Xt 818y INBSn oS Y1 25 8k liddkay -1 8- zgtznfa@&l 5Z)Q) 0l 25 Rk ﬁba&ﬁ%l) 1H-
N- et hoxy- N-net hyl acet am de (1 g mol ) was

added andmtlflf@%%a 1Ir@r@éflw%@r&%l)ér%@é@rom)cwdwwteo

room t enperldd éﬁocﬁkf@({bta}r&dr&@éﬁr&n Thee LERRE hl%oé{\’ﬁéte& fen
gquenched wth and %ract ed with OAc. The

or gARITEDlp RABINgAD- ehi Vi R00 BB SgEethybutanoic acid (0.004 ¢
PCTb l11§3919ﬁ/1 %%8@ th @57 ﬁl%%&%bﬁgﬂghdlﬁ Qrﬁ)d H&0f4az01- 5 yé) -9H-

concent rate ness to tan-col ored 2ol
1Thi sarkagbled0.0dkg, QQ%tmm@ib echs winti fredHenpaereldPIAC 66-0 B MeCIN€1,0-

o DR 5 5 L ARy g o8
sol ivHz, CHNDR-d, #®0.98/=,, 3H), 7.82 (m, 0.6H), 7.74 (m, 2.4H), 7.53 (d, J = 7.07
Hz, 0.5H), 7.64 (m, 2.5H), 7.39 (m, 0.6H), 7.34 (m, 2.4H), 5.34 (m, 0.6H), 5.20 (dd,
J=5.31,7.83 Hz, 2.4H), 4.24 (d, / = 7.07 Hz, 2H), 4.01 (m, 2H), 3.65 (s, 6H), 2.37
15 —2.19 (m, 6H), 2.09 — 2.02 (m, 4H), 0.94 (m, 12H). LC/MS: Anal. Calcd. for

C41Hs1NoOg: 765; found: 766 (M+H)".

Example 26
H
QY C) Q N
ﬁ/& / \{ P
H300 0 SOzPh O 5 OCH;



DMSO-d6) 6 8.79 (s, 2H), 8.40 (d, J = 8.08 Hz, 2H),

8.10 (d, J =8.08 Hz, 2H), 7.85 5 (d, J = 7.07 Hz,
WQ@R)09/1712568 (m 2H), 7.50 (m 3H), 2.74 (s, 6H)PCL/GABNI/032830
Anal . Calcd. for C22H17NO4S: 391; found: 392 (MtH) +.
Exanpl e 26, Step c¢ TBDMSO OTIB N SO2Ph 26c 10 To

an ice-cold suspension of 26b (1.16 g, 2.96 mmol) and
triethylamne (1.65 nlL, 11.8 nmol) in toluene (50 nl)

m xt 3?2’%\@1?@5{5 ﬂé@% 90 A3 Zéf 1 dﬁ’é’rgn%a}yff@ﬁnﬂ)( PS Whr)-2-

t herpyatoligwel 1HO eI 3-1)- 9!@7@&1}[&@&%} AHLHEH @MEX-yILBH-imidazol-

hours. The m n part ioned with Et QAc-
wat er and the)ao’?)gjgﬁ Wﬁf%{ e! wggly PRI Rgsespyate

filtered, and concentrated to give 15 26¢c as an orange
oil inaquantitative yield. This material was used as
Such in the next step wEtqrHt %tffepf‘ﬁ cation. 1HNMR
(400 MHz, CDC13) 6 8.60 (d 2 Hz, 2H) 7.79
(m 4H), 7.62 (dd, J = 1.3 744(m
iH), 7.29 (m 2H . 7.8 () .8 = 2.02
Hz, 2H), 4.53 (d, J = 2. Hz, éz‘f"% 1. 07 (s 18H),

0.27 (s, 12H). LGVB: Anal. Calt¥ "for C34HAENO4SSI 2:
619; found 620 (M+rH) +. 20 E%%arrple 26, Step d Br ~ /

Br P i :

T ThE (IO s oty pl G RaTROA 4] 20 A8l Aty O L)
t he was sttried eigeasislytal amipdnta¢mpeogune tf@rt@eniatltasr, eft¢rovhi@vsolid 2,7-
hour a or e u

t he%l‘%(r:o(grhoccgrrt])?zol (elgiétgo &2 énrmogi\y%seas ge i o Bﬁé rt10n Xf‘he I%X%A@e stirred
1addéa 1thndnid lthea blenznmﬂuh?mg«t cldotidet(é.4bad., fl 0.7 mﬁnbl) Whmadded and

m xtur.e was fi ‘after a
26 e B e SRl el Bioltgl B REEPlso
mat eil) ahd the sesiih @ PRGiHLA2 HaSfilRGdd dB200¢ ABR&3: wdsbbashed with
%ls_&d %?Wsu?rhmqkel Eﬁéﬁgﬁgg t1ge o\éwvilte{]‘gogsttggﬁja{téfg Caélelalorogleﬂnane—
8 Oﬁex'dﬁes ﬁh@red ﬁ}dlﬁheﬂ th vaductoGieDohiza. 1 REN77%F a98b&igs sodid=
07 2K, 7 Smll—l) 7.51 (m 2H), 5.13 (s
1ng) HNMR(4OO Hz, CDC13 §8.47 (4,7 = 1.52 Hz, 2H), 7.83 (d, J = 8.59 Hz, 2H),
7.72 (d, J = 8.59 Hz, 2H), 7.50 (m, 3H), 7.40 (t, J = 8.08 Hz, 2H). LC/MS: Anal.

Calcd. for CisHi1Br,NO,S:463; found: 464 (M+H)."
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Example 26, Step b

|
SO,Ph

20 26b

To a solution of 26a (2.086 g, 4.48 mmol) in dry THF (60 mL) at -78 °C
under argon was added n-BuLi (1.29M in hexanes, 10.4 mL, 13.4mmol) dropwise
over 5 min. The resulting mixture was stirred at -78 °C for 70 minutes and then N-
methoxy-N-methylacetamide (1.43 mL, 13.45 mmol) was added and the cooling bath
25 was allowed to warm to room temperature over 18 hours. The reaction was then

quenched with 2N NaH,PO, and extracted with EtOAc. The organic phase was dried



5 Exanple 26, Step e NN N\ N Boc N/ N Boc SO2Ph
26e A solution of 26d (2.96 mmol), N-BOC-L-proline

W@ 20027702568 5. 92 mmol ), and DI EA (1.03 nL, 5.92 PemU$20091032830
acetonitrile (40 nL) was heated in a seal ed tube at
ca. 85 Cfor 2 hours. After P@ang allowed to cool to
roomtenperature, the mxture 10 concentrated to
dryness to give a brown oil. A mxture of the crude
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I\/HZ +80 (d, J = 7.58 Hz,
343 (m 5H) 306(brs '2.19 (m 4H), 1.99 (m

3H), 1.51 (s, 18H). LCO Mg | cd. for
CA2HATN706S: 777: found: W@E%ﬁﬁf 20 Exanpl e 26,
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sol ution of 26f ( <

di chl oronet hane (20 nL)/ was TRA (5 nm.) and the

m xture was stirred at roomtegn)zaﬁature for 2 h and

then 25 concentrated to drynegs. The residue was

taken up in CH3OH and applied to a pre conditioned

10 CH3OH) pawsh ieé- c@@&s@&ﬁsi@(‘othG@?gl@ g, 036 Mol B trictTNEmPRE1 .65
was washed WD 2009/ 102568 PCT/ US2009/ 032830 167 with
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water and the organic phase was dried (MgSO,), filtered, and concentrated to give

15 26c¢ as an orange oil in a quantitative yield. This material was used as such in the
next step without purification. "HNMR (400 MHz, CDCLs) & 8.60 (d, J = 1.52 Hz,
2H), 7.79 (m, 4H), 7.62 (dd, J = 1.52, 8.59 Hz, 2H), 7.44 (m, 1H), 7.29 (m, 2H),
7.17 (m, 1H), 5.03 (d, J = 2.02 Hz, 2H), 4.53 (d, J = 2.02 Hz, 2H), 1.07 (s, 18H),
0.27 (s, 12H). LC/MS: Anal. Calcd. for C34,H4sNO,4SSiy: 619. found: 620 (M+H)'.
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Example 26, Step d

|
SO,Ph
26d

To a solution of 26¢ (2.96 mmol) in THF (40 mL) was added NBS (0.948 g,
5.34 mmol) and the mixture was stirred at room temperature for 24 hours. The dark
25  amber-colored reaction mixture was then concentrated to near dryness and hexanes
was added until a brown precipitate had formed. The mixture was filtered to give

(after drying in vacuo) 26d as a brown solid in a quantitative yield. This material was



i m dazol -5-yl)-9H carbazole (0.582 g, 90%) as a dark
anber solid which was i1imedi ately used in the next
wae@p/1056Exanpl e 26 To a sol ution of PCT/US2009/032830
(S)-2- (et hoxycar bonyl am no) propanoi ¢ acid (0.061 g,
0.412 mol) and HATU (0. 157 o 0.412 mml) in DVF (5
m.) was added DIEA (0.359 ni!%% 06 mol) and the
m xture was stirred at roomtenperature for 10 mn. To
this 10 solution was added a .crude 26f (0.119 g, 0.20
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Hz, 1.5H), 7.48 (m 1.5H), 7. I$G>2F€rm 3.5H), 5.25 (m
2H), 4.50 (quart, J = 6.91 Hzz2eel. 5H), 4.27 (m O0.5H),
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2y| )n t@ﬁepqﬁ ggdpvagpeaatedlat 125 °C 1n a sealed tube for 3 hours. The cooled
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Calcd. for CyH47N706S: 777; found: 778 (M+H) .
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Example 26, step f

H H
L OO
\ /
H N/ N \  H
SO,Ph
26f
To a solution of 261 (0.868 g, 1.12 mmol) in dichloromethane (20 mL) was
added TFA (5 mL) and the mixture was stirred at room temperature for 2 h and then

25  concentrated to dryness. The residue was taken up in CH3OH and applied to a pre-
conditioned (CH3;OH) pad of SCX extraction gel (3cm x 3cm). The pad was washed



m.) was added and the m xture was concentrated to

dryness in vacuo. The residue was purified by prep
WOHRWD102568.8/ CH3CN - H20 + 0. 1% TFA) and t he prOHUS100%032830

contai ning fractions were concentrated to dryness and

repurified by prep HPLC (C 1% CH3CN- H20- NHAQAc) to

gi ve Exanple 27 (0.0591 g, 52 7:) as a beige solid.
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tb 8ﬁ3§wthe§ %d&?ﬁyé{%’ it g}r’—x;%H( gao%?lﬁt(cg}lg%nét%—gdctions

7. 5&crehionceitrlted %. 2% o 1 B8 P RIS pfhrRink Ty 1
ZH) inzigéz% ([}5]%’124):'_2%%%%28 5&225’; &3%%5%@%@56@@1 i hv&zlas41
12H)mmé£été@use‘ﬂrlﬁ|the nelakpd. for CA6HS3NICBS: 891,

found: 892 (M+H)+. Exanple 28 W MeOHNN N'N H

J NNN S02Ph 0 H3CONH O HN- ~ OCH3 O 15 net hyl
((JS) - 3- et hoxy- 1- (((25) 2HeBmpig262- ((29) - 1- (N- (et hox
ycarbonyl)-O net hyl L-honoseryl)-2

pyrrol i qu]g/ﬁglutmq_qf ﬁ&')d?a@@ﬂthogycarbonylam1n0)pr0pan01c acid (0.061 g, 0.412
i' ) n%lkoﬁ)?%a ggAﬁ?i ld. Pﬁyé b 29T GRNBATRIF & mL) was added DIEA (0.359
pyr mdl, 28p nqulb%md IX)lm opyityed poammttemproatareder 10trnion To this

o bR PB G R RL B RO AT 00 PHABRY o o

i n DBurg.5Thdractias naxtdedvas 2@n PhiAo(dl BABEMIAC-1atgg rimlid)the

and t he xture ature f

o ot PRt WP BRSO, Bl 80 LR BIREL ISy (e ehBiing
nMokekidus vk purifigd Wa prepanativertiricC (G-08/ (Z{ﬁNaHgDMﬁ@Abh&d
reacti.on mxture was partitioned , wth

(1: piedu 8“”“8?]&3 Ftéonﬁ ﬁ%ﬁ’&e CORBTAEA go‘ir(li\?@%%e resf‘ Wetvéafed
1and lyopRitesat frat H@bmﬂ:Ny(me%; givdExahEd THUO. 12V S66P8rak b indete

by prep,HPLC q( CN- H20- NH40AC)HDand

pr otftlt - €O %9%@4@63&395&4?6%@4\%% y%?%ﬁlh%@d7§%(m 4H),

gl V¢7 W@o@ﬁz(@sﬁ 26@(d %‘Vgosﬁlﬁzq *7@8&9'1'5%1 7.36 (m,
59" (3

1 5|3|)5H)ﬁ@dn(ﬁﬁ)$ﬁ)0(qwﬂ63 Q%HQ%SH)#AE(IQMSP@;%&@(U 6.57
7.3 d, 4

7 SEel 0, 355 h01B, 405 (oo RSl 1309 e s, allcgna. o
20m C&H)4§N9®8$§3§§0un4 @H)(M+3I)‘54 (s, 1 5H)

Example 27
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o ) P
HscoYNH SO,Ph HN\\(OCH3
e} O

methyl ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
25 methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-5-yl)-9-(phenylsulfonyl)-9H-carbazol-
2-yl)-1H-imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-methylpropyl) carbamate
To a solution of (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.045
g, 0.256 mmol) and HATU (0.097 g, 0.256 mmol) in DMF (1 mL) was added DIEA

(0.223 mL, 1.28 mmol) and the mixture was stirred at ambient temperature for 10



3.49 (m 4H), 3.34 (m 2H), 2.49 (m 1H), 2.38 - 2.32

(m 2H), 2.27 - 2.08 (m 8H), WD 2009/ 102568
weEAmPBBEH9/ 032830 169 2.04 - 1.80 (6H). LC MET/BRa09/032830

Cal cd. for CA6H53N90I 0S: 923 found: 463 [(M 2)+H) +.
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8. 5%3/(@1{3CN A —NHZ‘O&%%_D{O"lee%mFKe 2620 ()E?)l 55 bﬁg’as 4 b68c (.

H)INMR' (360 Vi, CBI}&HAMB@% 637(88@5]4& 8.58.(6 HI)SH)47 9|07<nq dH).J7.74

- Sy 1 s P e 3, 8 g

3. 58z(3H), Q2T H), J =27.20H=, 221) 220X (m, 26H)3, 922(Ir0’ZHQ B 653H)SH), 3.47 (s,
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met hyl
((1S)-2-((29)-2-(5-(7-(2-((2S)-1-(N-(nethoxycarbonyl) -
L-al anyl)-2- 20 Example 28
pyrrolidinyl)-1Himdazol -5yl)-9H carbazol -2yl )-1Him
dazol - 2yl ) wiko [ij Hawé/”i OMe
pyrrolidinyl)- R < @ @ t'& " Tof a

m xture of Ex 26 N-d/ riol ) Na2 HPO4

(0.022 g, @ 05h, nfol) in absoéoypﬁ: EtOH (9
added freshi Wf verized 6% Na amal gam m\\(

15 methyl ((1S)-3-methoxy-1-(((2S)-2-(5-(7-(2-((28)- 1-(N-(methoxycarbonyl)-O-methyl-
L-homoseryl)-2-pyrrolidinyl)- 1 H-imidazol-5-yl)-9-(phenylsulfonyl)-9H-carbazol-2-
vl)-1H-imidazol-2-yl)- 1-pyrrolidinyl) carbonyl)propyl)carbamate
To a solution of (8)-4-methoxy-2-(methoxycarbonylamino)butanoic acid

(0.076 g, 0.398 mmol) and HATU (0.151 g, 0.398 mmol) in DMF (5 mL) was added

20  DIEA (0.348 mL, 1.99 mmol) and the mixture was stirred at room temperature for 10
min. To this mixture was added 26f (0.115 g, 0.199 mmol), stirring was continued
for 2 h and then the reaction mixture was partitioned with EtOAc-brine (1:1). The
organic phase was dried (MgSO,), filtered and concentrated to dryness. The residue
was purified by prep HPLC (C-18/ CH3CN-H,O-NH4OAc) and product-containing

25  fractions were lyophilized to give Example 28 (0.122 g, 66%) as a white solid.
'HNMR (400 MHz, CH;0H-d,) & 8.64 (s, 0.5H), 8.59 (s, 1.5H), 7.90 (m, 4H), 7.68
(m, 2H), 7.49 (m, 1.5H), 7.37 (m, 3.5H), 5.40 (m, 0.5H), 5.25 (dd, J = 4.04, 8.08 Hz,
1.5H), 4.61 (m, 1.5H), 4.40 (m, 0.5H), 3.93 (m, 3H), 3.65 (s, 4.5H), 3.54 (s, 1.5H),
3.49 (m, 4H), 3.34 (m, 2H), 2.49 (m, 1H), 2.38 — 2.32 (m, 2H), 2.27 — 2.08 (m, 8H),



(0.079 g). The resulting suspension was stirred at

anbi ent tenperature for 6 h then it 25 was filtered
wai2000002%6%. 45 pM syringe filter. The filtrate BEBUS2009/032830

concentrated in vacuo and the residue was taken up in

CH3CH (2 nL) and purified by Pérgeparatlve HPLC WO

2009/ 102568 PCT/ US2009/ 032830 77170 (C 18/

CH3CN- H20- NHAQAc) . Pr oduct - cont aining fractions were

concent r es

yoBRe 111200} o Mt AR Rk T e S ping: 45
(0. AM2gH)53% as a beige solid. 1HNVR (400 Mz,
CH3OHd4) 6 7.98 (m 2H), 7.79 (s, 0.5H), 7.71 (s,
1.5H), 7.52 (m 0.5H), 7.44 (d, J = 8.08 Hz, 1.5H),
7.37 (s, 5 0.5H), 7.28 (s, E;a,%-});,ggS 21 (dd, J = 4.29,
7.83 Hz, 2H), 4.48 (quart, J .07 Hz, 1.5H), 4.27

(m 0.5H), 3.87 J=i6. 4H) ,
3.57 (s, 2HMe®. g7 >l. d'N"J QMe7. 07
Hz, 6H). LC Mss al .N 595;

found: 69K +. 010 Exarrpl e g"ijlzp|$2 ExanpPe %ﬁ rer e
prepared fto respective sul phonam de pr sors
by enpl oyi ng ®he procedure described for the sy@thesis
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gl(l){l%& ,(\,qu@(r %ﬁ‘?@f ARy & 7 ééﬂ”ﬁéﬁf?f §-2%1 PYHIQWQ”(ﬁqqobmygpmpyl)?wbamate

met hyl - LED@IpRSBY Wis)pr ré&'ﬂéeor@h@%@ﬁ}mod described for Example 28,
pyrrolldlnyl )-1Himdazol - 22

191) atgi_w@saﬁqj@%z}s_azvl}qe)so]ui{o Q§33 5944%) Ql'&li)?\/lR (400 MHz, CH30H-d,) 6

:O;“rsg 3 n%xl'))s;%sfr(g 39?),6%9 19 %29118 S0 (1, 1 3HD. 747 (i,

3. 65I§lﬁ,) 73780, 1), 5.56 (m, O4H) 525 (dd, J =4.80, 7.83 Hz, 1.6H), 447 (d,J
=5.56 Hz, 1.5H), 4.35 (m, 0.5H), 3.94 (m, 3H), 3.83 (m, 1H), 3.73 — 3.69 (m, 1.3H),
3.66 (s, 6H), 3.61 — 3.56 (m, 0.7H), 2.40 — 2.22 (m, 6H), 2.07 (m, 3H), 1.21 (d, J =

15 6.06 Hz, 6H). LC/MS: Anal. Calcd. for C4sHs3sNoO10S: 923. found: 463 [(M/2)+H]".

Example 30

SgigterSigy

h
?( b
methyl ((18)-2-((28)-2-(5-(7-(2-((2S)- 1-(N-(methoxycarbonyl)-L-alanyl)-2-

20 pyrrolidinyl)-1H-imidazol-5-yl)-9H-carbazol-2-yl)- 1 H-imidazol-2-yl)-1-

HaCO OCH,

pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate
To a mixture of Exampe 26 (0.033 g, 0.039 mmol) and Na,HPO, (0.022 g,
0.051 mmol) in absolute EtOH (2 mL) was added freshly pulverized 6% Na amalgam
(0.079 g). The resulting suspension was stirred at ambient temperature for 6 h then it
25  was filtered using a 0.45 uM syringe filter. The filtrate was concentrated in vacuo

and the residue was taken up in CH3;OH (2 mL) and purified by preparative HPLC



0.3H), 7.54 (d, J = 8.08 Hz, 1.7H), WD 2009/ 102568

PCT/ US2009/ 032830 171 5.66 (m 0.3H), 5.29 (dd, J =
WG2®6108608 Hz, 1.7H), 4.58 (dd, J = 4.55, OPOBUSW9/032830

1.7H), 4.33 (m 0.3H), 4.02-3.87 (m 4H), 3.65 (s,

6H), 3.47 (m 5H), 3.34 (m ,?O 2.55 (m 2H),
2 26 2 16 (m 7H), 2.12- 2. 0 (n1 4H), 1.85-1.77 (m
Anal . Calcd. for C40H49NO0S8: 783; found

;2|4 %W@%% ﬁ%? ﬁ_{ %C (]%gﬁl CiL?‘%é%j?ig éaczﬁtogsﬁ(ﬁ@ gncentrated to

G%yﬁesls Eﬂrm Meidut KKB@ E@MﬁﬁdﬁﬂﬂyH)@mH’iQN-U BHNMR o(BQbhple 30
yl but anoy

[)
pyr B9 T4 ATo) aﬂaﬂpeil%sala%iHWRé“%) 1‘2‘22 zy((eH30H1-d) 8 7.98 (m, 2H),
|y|m) 72%&_@f5b{?2ﬁr(§ 1%%) Ikb (8; 65%{3)"'4 44 2= 8.08 Hz, 1.5H), 7.37 (s,

T DOF I oo} (G0 5= 489, 735 B8y 2H74 76 quart, / = 7.07 Ho,
et RgHProeY ) 63 AL @ A 39:2HH), 168K, 41, 3873 hn) A 83

1.92 (m, 9H), 1.33 (d, J/ = 7.07 Hz, 6H). LC/MS: Anal. Calcd. for C3sH41NoOe:
695; found: 696 (M+H)".

10 Example 31-32
Example 31-32 were prepared from the respective sulphonamide precursors

by employing the procedure described for the synthesis of Example 30.

R N N N
H
Example R Compound Name Product
description

(Yield)
'"H NMR and
LC/MS data

31 nn methyl ((1S)-3-methoxy-1- Yellow solid
oél\;/\/o\ (((28)-2-(5-(7-(2-((2S)-1-(N- | (0.029 g, 26%);

NHCO:Me (methoxycarbonyl)-O- "HNMR (400

methyl-L-homoseryl)-2- MHz, CH;0H-d4)

pyrrolidinyl)-1H-imidazol-5- | $8.22 (d,J =
yl)-9H-carbazol-2-yl)-1H- 8.59 Hz, 2H),

imidazol-2-yl)-1- 7.90 (s, 0.35H),
pyrrolidinyl)carbonyl)propyl | 7.86-7.84 (m,
Jearbamate 3.65H), 7.60 (m,

0.3H), 7.54 (d, J
= 8.08 Hz, 1.7H),




(d,

J = 8.59 Hz, WD 2009/102568 PCT/ US2009/032830 172

1.7H, 7.15 (m 1.5H), 5.26 (t, J = 7.07 Hz, 2H),
wa2@4/10258 2H), 4.10 (m 2H), 3.88 (m 2H), BCBBS1089/032830
5H), 3.43 (s, 1 H, 2257 (m 2H, 2.37-1.95 (m
10H), 0.94 (d, J = 7.07 Hz, f_}—b 0.90 (d, J = 7.07
Hz, 6H). LGWS: Anal. Calcd. olr CA0HA9NO06: 751,
found: 752 (MtH)+. Exanmple 33 NN N ';,)-, ONNN
O TONHHNOEH—1—O0-6CH3—OB—+ethy
((JS)-1- (((29) - 2- (5- (74(2- ((2S) - 1- ((29) - 2- ( CPE{ Ry hr
bonyl ) am no) -3 5 net hyl{but anoyl ) -2 5.29 (dd, J =
pyrrolidinyl)-JHimdazol -5
yl ) - 9- (2- et hoxyet hyl ) {9H car bazol - 5.56,8.08 Hz,
2yl)-JHimdazol -2yl )-1 1.7H), 4.58 (dd, J
pytrolidinyl)carbonyl)-2-nethyl propyl)carbamate 10
2009/ 102568 PCT/ US2009/032830 173 Exanpl e |334>5Pé8g Ha.
Br{\ / Br| N CH2CH2Ow 1.7H), 4.33 (m,
0.3H), 4.02-3.87
(m, 4H), 3.65 (s,
6H), 3.47 (m,
SH), 3.34 (m,
2H), 2.55 (m,
2H), 2.26-2.16
(m, 7H), 2.12—
2.04 (m, 4H),
1.85-1.77 (m,
2H). LC/MS:
Anal. Calcd. for
C40H49N9083783 ,
found: 784
(M+H)".
32 nn methyl ((1S)-1-(((2S)-2-(5- | Light yellow solid
O)\;/k (7-(2-((28)-1-((28)-2- (0.003 g, 1.6%);
NHCOMe ((methoxycarbonyl)amino)- | "THNMR (400
3-methylbutanoyl)-2- MHz, CH;0H-d4)
pyrrolidinyl)-1H-imidazol-5- | $8.22 (d,J =
yl)-9H-carbazol-2-yl)-1H- | 8.59 Hz, 2H),
imidazol-2-yl)-1- 7.84(d,J=3.54
pyrrolidinyl)carbonyl)-2- | Hz, 3.5H), 7.76
methylpropyl)carbamate (m, 0.5H), 7.61
(m, 0.3H), 7.53
(d, J =8.59 Hz,




33a To an ice-cold suspension of NaH (60%in oil,

0.201 g, 5.02 mmol; previously washed with 3x5 nL of
wheooanexseginder At) in DMF (5 nL) was added a BCT/US2009/032830

solution of 2,7-di brono-9H carbazole (1.419 g, 4.37

mol) in DMF (25 nmL). The m'xt%re was stirred at 0 C

for 5 mnutes and then 2-chl or'get hyl nethyl ether

(1.40 ni, 15.3 nmol) was added and the reactlon

m tulC VJ.Q lellcdtopocalld QtIIICd fCi" a5
I ARTENS
s.sH),Iim(edr—

54

The cool ed m xture was|then poured into ic
nm.) and the resulting|white precipitate
of{ and dried under vaguumto afford 33a 1
92% as a|white solid ich was used wtho
purification. 1HNVR (400 MHz, CDC13) 6 7.
8.08 Hz, 2H), 7.59 (s, |2H), 7.34 (dd, J =
Hz| 2H), 4.37 (t, J = 5.81 Hz, 2H), 3.74 (
Hz| 2H), 8.29 (s, 3H).LCO Ms: Anal. Calcd.
C15H13Br 2NO. 381; found:

Step b O NO CH2CH2
crude 33a|(1.577 g, 4.
-78 C under Ar was add
m.| 12.3 mmol) drop- w

4. 19 (HFl %H)81

%%‘8 (m, 21D,
382 (MrH) +. 15 Exanple 33,

33b To a stirred|360toHh 3B

2 mol) in dry THE t

d n-BuLi (1.29Min gsgéﬁyébsg(%’s

se over 5 min. Stirni2HYy 2wEs!.95
mm%ﬁ’rbv\ghs(d’

conti nued|at the sane fenperature for 2 h
20| met hoxy- N- met hyl acetam de (1.31 nL, 12.
adgded and|the cooling bath was allowed to|verhdtBz 6H),
ropomtenperature over 18 hours. The reacti 1 xtur
was then|quenched with 2N Na2HPO4 and ext Q@[ﬁé@j\;\iﬁm
ethyl acetate (2x30 nL). The organi ¢ phase HapG)JMiGEHIS:
(MpSH), tiltered and ¢oncentrated to dryness t Y
an| anber |col ored oil ich was purified b %6‘8]1' ?ﬁ???d- Tor
chyomat ography (Bi otage, 40+M 25 col um/ 10cG@eHeeRyis;
acet at e- hexanes) . Product - contai ni ng fractiaons vvere
combi ned, [filtered, an oundyy/52
(0]967 g, | 7699 as a yelll ow solid. WO 2009/
PCI/ US2009/ 032830 174 |1HNVR (400 MHz, CDC
(m 3H), 7.83 (dd, J =|8.34, 1.26 Hz, 1H), |7.55- 7.47
(m—2Hy, 7.28-7.24 (m 1IH, 4.52 (t, J = 5.81 Hz, ZH),
3.78 (t, J = 5.81 Hz, 2H) 3.29 (s, 3H), 2.73 (s,
3H). LGWS: Anal. Cal cd. f oExX@IHESNOS: 309; found: 310
(MtH) +. 5 Exarrplzj\( tep c
\ \ /
7r w( >
o] OCH3 o)

methyl ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
5 methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-5-yl)-9-(2-methoxyethyl)-9H-carbazol-
2-yl)-1H-imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-methylpropyl) carbamate

10



TBDMSO OTBDMS N CH, CH2OMe 33c  To an ice-cold
suspensi on of 33b (0.967 g, 3.12 mmol) and

wa ejoetiopsbsami ne  (1.74 b, 12.5 mmol) in tol ueneCT/B82009)32830
was added TBDVSOTf (2.15 nmL, 9.38 10 mmol ) and the
m xture was stirred for 20 mputes at 0 C and then it
was allowed to warmto roomtenperature over 24
hours. The m xture was partitioned with Et QAc- water
and the organi c phase vva rleglss SH), filtered,
filtered, and concentrat Y3458 433¢ as an oil in a
guantitative yield. This nga as not stable to
IHNMR or LGMVS anal ysi s, a @, spdpgas such in the
next step w thout purificaltho Exanple 33, Step d
Br~/ Br ON O SO2Ph 33d To E&IWA on of 33c (3.12
mol ) in THE (20 nl) was added 00 g, 5.62
nol ) and the m xture was stlrred at room tenperature

for 45 nr@an iEH8o1d Qusp@iibntdf NGHY 8% b lowion ¥, 5\@§mm01
filtered, the fliter-cake was washed with a m ni

vol Dissionsly weghed mithdpe md orfihgxangsunges 48 i RMEAS u%L)t%aS gfi%i a
33ds<(19uo%f9 7- &Mnoaﬁ{ @arba)é@iel(PH‘/lg‘:‘QM' . mlm? % mem AlL). The

was used as such in the next st ep w t hout further
pur mfixtergtwas AtirredHNVRC @mohnml@s AIRVBE) 2161)101@6®y14106tbyheﬂwm 1,40

7 88 ( 99 % ngl?l_o_q_gassaégsdl ané%;\iefe%citlon 1Xtur§ W?.i w&érhedét'ég@ Oé'a%%stirred
( S f(ﬁaO&hl) The(@dbled Arigture Waa ltigah. pofue@d ifth Reliwabi 23903aL)468 the
found:, 466 09/ 102568 PCT/ US2009/ 03
175ra:%‘<13ﬂ%}"’5&%%‘|_21@f3é?)w Iﬁ d q{f?‘%ndl%l@g er KFC\““‘F‘W%Hg 33a
166H2 GHRAQVB 28 3 85 a WhisdoUll I\xﬂi[bh@&as 334 withoBO@rtBor phrificatiGAOIHNMR
I\I-BOC—LIgrome(O 611 g, 84

(400 MHz, CDCl3) 67.87 (d, J = 808Hz 2H), 7.59 (s, 2H), 7.34 (dd, J = 8.34, 1.77

Hz, 2H), 4.37 (t, J = 5.81 Hz, 2H), 3.74 (t, J/ = 5.81 Hz, 2H), 3.29 (s, 3H).LC/MS:

Anal. Calcd. for C;sH3Br,NO: 381; found: 382 (M+H)".

15 Example 33, Step b

0] l}l 0]
CH2CH20Me
33b

To a stirred solution of crude 33a (1.577 g, 4.12 mmol) in dry THF (40 mL) at

-78 °C under Ar was added n-BuLi (1.29M in hexane, 9.53 mL, 12.3 mmol) drop-
wise over 5 min. Stirring was continued at the same temperature for 2 h and then N-

20  methoxy-N-methylacetamide (1.31 mL, 12.3 mmol) was added and the cooling bath
was allowed to warm to room temperature over 18 hours. The reaction mixture was
then quenched with 2N Na,HPO, and extracted with ethyl acetate (2x30 mL). The
organic phase was dried (MgSO,), filtered and concentrated to dryness to give an
amber colored oil which was purified by column chromatography (Biotage, 40+M

25 column/ 10-60% ethyl acetate-hexanes). Product-containing fractions were

combined, filtered, and concentrated to give 33b (0.967 g, 76%) as a yellow solid.



mmol ), and DI EA (0.495 niL, 2.84 mml) in acetonitrile

(20 nm.) was heated in a 5 sealed tube at ca. 85 C for
wQ2®oheiss. After being allowed to cool to rooPET/US2009/032830

tenperature, the m xture was concentrated to dryness

to give a yellow solid. LCOMs;_, Anal. Calcd. for

C39H49N3011: 735; found: 736 %7|\‘}H—|)+ A m xture of the

above solid and NH4AQAc (1.09 g, 14.2 mmol) in tol uene

ootk BRI b 60T med o R i upth M d3eufud. 7.55-

redgge $08-€7 240, b, 40 d o § R B OAD- brd ner =38nrd He, 2H
t hen tglgmfgsg%gl %sghasgwasqdrl ed (MySO4) f(lﬂltere % 2H).
o}

and3€d it et b ssnal. Thaod: ey @u@wNQasmBufquml edo
by RVIeRRT ative HPLC (C- 18/ MeCN H20+0. 1% TFA) to give
33e (0.810 g, 82% as a beige solid. 1HNVR (400 MHz,
PMSO-d6) 6 8.31 (d, J = 8.08 Hz, 2H), 820(m1H)

8. 14 1H), 8.08 2 , 8.59 Hz, 2H),
5. 06 m 1?)2H) 4. gg (t @amﬁegﬁggfgﬁu oH). 3.80 (mH)

2.5H), 3.64-3.58 (fphulo 390(Tng32. 5H), 3.18
(s, 3H), 245240B‘? 2 94 (m 7.5H), 1.79
(m 1H), 1.41 (s, 8H) ' OH\ LC/ M5 Anal .

Cal cd. for C36H41N906 695 fcmgdecﬁ% (M+H) +. Exanpl e
33, Stepf NNN? DN HNH 33f 20 OCH3 To a
solution of 33e (0.810 g, 1.16 mmol) in

di chl or T iRALoll 2hpislonWE33b LG, TFAniof1THll (AR il

m xture was stirred room tenperature for 24

t hefl-7cBhcknt mEgrbdn toavleaa% (Aealo), Waﬁwédqde’%ﬁl?j%%@ kSamIer? 38
1b‘l0 dhm}o%%e%ﬂfiuﬁ@%é s‘%ﬁirefl {Qo %ﬁutescé? patty h&)ﬁl%ﬁl WA ed to

SCX extraction ge 3cm x e pa vvas
was vexin movmttmn@@@ei ozngr@4thivens. Ehmme@mmhpwldﬂe@ wiith EtOAc-

uct - CO tal ning. fir con ntrate
to éva ter, arglgg ?réargc‘sg ase wg%@: e)d (@%&bﬁ %lrteargn\% fi ?tere? 88 \A%nce?]tra%d
was taugied3ass WoiP ﬁﬂ@quhﬁ%ﬁ\& YR/ TSR ﬁﬂ&hﬁ)ﬁﬁﬁ%t stdecﬁtoéHtNlMR

"o g ST bt 1 Re n LR By Putligl
1.26 Hz, 2H), 7.49 (s, 2H), 468(t J:808Hz 2H) ,
4.57 (t, J = 5.56 Hz, 2 %11% = 5.56 Hz, 2H),
3.43-3.36 (m 2H), 3.33- x‘?’g’le% te@lq) 3.26 (s, 3H),
2.48-2.05 (m 8H). LC/ Vs Asmdl. cd. for C29H33N7O0:
5 495; found: 496 (MFA)N 33 A0Ba sol ution of

(S)-2-(nmet hoxycar bonyl put anoic acid
(0.051

yI

To a solution of 33¢ (3.12 mmol) in THF (20 mL) was added NBS (1.00 g,

5.62 mmol) and the mixture was stirred at room temperature for 45 min. The

20  resulting yellow slurry was filtered, the fliter-cake was washed with a minimum
volume of THF and the solid was dried in vacuo to give 33d (0.66 g, 45%) as a
yellow solid. This material was used as such in the next step without further
purification. "HNMR (400 MHz, DMSO-dg) 8 8.40 (m, 4H), 7.88 (dd, J = 8.34, 1.26
Hz, 2H), 5.08 (s, 4H), 4.77 (t, J = 5.31 Hz, 2H), 3.77 (t, J = 5.31 Hz, 2H), 3.18 (s,

25 3H). LCMS: Anal. Calcd. for CioH;7Br,NO;: 465; found: 466 (M+H)'.



g, 0.29 mol) and HATU (0.110 g, 0.29 mol) in DWF (3
nm.) was added DI EA 10 (0.252 niL, 1.45 mmol) and the
WOorR000002568vas stirred at roomtenperature for 1BCHUS2009/032830
To this solution was added 33f (0.072 g, 0.145 mol)
and stirring was conti nued fo\[/\_hl 4 hours. The reaction
m xture was then partitioned h Et OAc-brine (1:1)
and the organic phase was dried (I\/gSO4) filtered and
concentrated to dryness. The r [tin resi due was
purified by preparative ﬁﬂ”@’lﬁ?% P CCHBON. H20+0. 196

TFA) and 15 prodge ns
WFA salt
5 sw id. 1HNMR
(400 MHz, (}Bma"&‘j 6825(&‘, J = 8.08 HF°2H), 7.96

(s, 2H), 7.94 (s, 2H), 7.58 (&HG:LM8 08 Hz, 2H) 5.28
(t J = 7.33 Hz, 2H) 467(t33eJ:505Hz 2H) 424
(d, J = 7.58 Hz m »—%2

(m 4H), Agolg‘gon(%f33é(.ﬁ662:g 2512(1@11013&5 0g- roimg@()?lrhg,284
2H) mn[?ol)3 ar;]di DR (% @é n{Lm2 &3 'Fﬁmo’_lfm%e&ﬁtrllé 26 n@L)a;as |ﬂ%ated ina

6H),
forse@uegmssmgcw 858’@9f0r26&m@rs smt(emml@wed E)Caﬂlﬁbeooml N

( (1 §)1‘np§ ¢ u(rezé%\é ‘IEIXP%&\IYV%%‘&% g‘gwr(% ? néﬂ.’tlY]e 'c‘;()EeYlow sohd 15C/MS

L- alaaly ICakcd. ByriCheHHhNHOY 17} 5; fbtenid nd dbayoiH)5

0 ) 91 2 TEORSLIL ke S Sor REROAC Bl a4 Bk IR0k o

TFAnS 3was Batddea i € i34 sealsd mbeﬂ)as EhduraC ThY €boltd niitufdias
gr ocedure described for Exanp and was retrieved
s SonrettyatRg vaderirgrucer ysssare, @am@?% Wl%t%%rbvlae@ gigifien the

gcgg}éﬁggﬂds@%fg@&@ed ljZMggOl HNBe(ﬁ 4Q0oWEtra #i49. Fhe residue

2H) Wasrplsg“le(i & preparatig: HBLC §C é&“ MﬁéNéﬁ)OWé"/Q@Ffé}ﬁo gpig)33e

4.6 2

i fo.%més% q asg‘a %%e%%qs T—%Mg ﬁ)% hgf{%]ll) EQQ) d6)°>8 §§£ A;“J 8.08

2. 26z 2H)88.20r(m, IGH) §.14 (34 H)XR.080(s 21), BB6 Kz J 438-159 HL,CHYB:.06 (m,

Ana f 7 : A153; :

Evrg PG a2 kP R 2 e o om
2.5H), 3.18 (s, 3H), 2.45-2.40 (m, 2H), 2.11-1.94 (m, 7.5H), 1.79 (m, 1H), 1.41 (s,
8H), 1.19 (s, 10H). LC/MS: Anal. Calcd. for CisH4NoOs: 695; found: 696 (M+H)".

Example 33, Step f

et Dg ORUSH

N

33f

20 OCHj,

To a solution of 33¢ (0.810 g, 1.16 mmol) in dichloromethane (20 mL) was
added TFA (8 mL) and the mixture was stirred at room temperature for 24 h and then
concentrated to dryness. The residue was taken up in CH3;OH and applied to a pre-
conditioned (CH3OH) pad of SCX extraction gel (3cm x 5cm). The pad was washed

25 with CH3OH and then eluted with 2M NH3s in CH3;OH. Product-containing fractions

were concentrated to give 33 (0.380 g, 66%.) as an orange solid which was used as



O \ff - NH? HNOL-1 O OCH3 O nethyl

((I'S, 2R) - 2-nmet hoxy-1- (((2S)-2-(5-(7-(2-((2S)-1- (N (net
wheoogaeastonyl ) - O 10 net hyl -L-threonyl ) -2 PCT/US2009/032830

pyrrolidinyl)-IHimdazol -5 yl)-9-(2-nethoxyethyl)-9H

car bazol - 2yl ) - 1H-i m dazol - 2yl 17;91

pyrrolidinyl)carbonyl)propyl)carbamate The TFA salt of

Exanpl e 35 was prepared according to the procedure

d bed for Ex Th f
o seadtbuePa el el ke elEUgH atsdy e e
t he7f b | Z.
67868§M2$65C33d@ @BQQ%@%%QM@@&S 2@{9 zﬁ&%u WNEI% 2H),
7 .8 (& T 5’5§.®Hz 2Hy B 2%3& JF 556 2,52§-I) 433, 3§an r2Tl]7!) A33¢ 28
gnOﬁ{)l‘R%é :55&9 24§ Ads ((nfn8H§’ EU)MS 7Ar§§f5 (éa%d ]f05¢5%|5){33N7O.
23 (dd, . ,
a 6693!,f(8141d(4ﬂ6 ) 4. 46 (d, J = 5 05 Hz 1 5H), 4.35
(d, J = 5.05 Hz, 0.5H), 4.00-3.82 (m 6H), 3.70-3.63
(m 7H) 349(s 1H), 3.37 (s, 2H), 3.28 (m 7H),
2.39-2.02 (m 8H), 1.18 (dExdnple8306 Hz, 6H). 20

N R

ut i ki &2dminel)tahé HATeE@ritl 0 ¢i 629 mswi)en DMiﬁvaIs) wqmradﬂ:aﬂéﬁEA

| i dat ed de
5" B iRb0on 934 63 B e e Rahre u RS R G
Ag et ﬂllﬂtﬂiﬂ‘i@hh&s ad®A05f (08P 4@ (455) mh34 GndSirriifSVas continued for

7-ne |icon cells were use t he
o 3Bt PSRt B i ol e b Gl ordE (1 gng he
I €S b phds® wa O MRAUNLSA ) Gl Mid@néenif@Qé bHliryissd. alie@sulting

in NSSA descrll‘?%%d i n application PCT/US2006/022197) .
The 'S GHpYBHRIL ARHO? Dt OPTEEL P/ {ISTHE B2 s> TTAgand

15 €S hRAuMRD fa Gl Bl GF 01 SR Qve?@co'ﬂ@e\ﬁ@rat@@ Ecﬁdr&ﬁ@@ s {rdr@ed tBSSFA
inhibitory activit ell's containj gthe mut ati on
I

t hatPVaN B TplSa ER0T5e AR et THEVAORE! APBAR MR HE <R -0
act §Qnhs @@tl"@@ﬁ}fihﬁ{t Y W96 %OQHP"}@Q §9H‘) e7’5’58 (-gh}‘sﬁ 0sNE, 2H),

conpoun resent di scl osure fective
t o PARitbY £ 13, QH¢t41 @t of= §. ﬂéHH@H)NS%(deGtH&Har%H) 4.14-

or cotoid JPReL AR RSB TEbi 5 (PR oY) B034E3-1-
2and26¢ (mgp%ﬂ[)%/o LI dr=\mémt4a16i4r5529o qaui Fggjr?, Pkl)zté bgf).f Ié(é/tl\/I[SV éAnal.
coat Rt TRE-te b GRrBybeT HLRoula ai s be

under stood that the conpounds of t he present
di scl osure can inhibit ?enotypes of HCV.
Tabl e 2 shows the EC50 vaI epresentative

OYW

NH SN
)/ OCH3 \‘g
25 methyl ((18)-2-((28)-2-(5-(7-(2-((2S)- 1-(N-(methoxycarbonyl)-L-alanyl)-2-

pyrrolidinyl)-1H-imidazol-5-yl)-9-(2-methoxyethyl)-9H-carbazol-2-yl)- 1 H-imidazol-
2-yl)-1-pyrrolidinyl)- I-methyl-2-oxoethyl)carbamate
The TFA salt of Example 34 was prepared according to the procedure
described for Example 33, and was retrieved as a yellow solid (0.0387 g, 27%).



10 conpounds of the present disclosure against the HCV

| b genotype. In one enbodi nent conpounds of the
w@e@eamsesli scl osure are active agai nst the | a, PCUSRA9/032830

2b, 3a, 4a, and 5a genotypes. EC50 ranges agai nst HCV

b are as follows: A = >100 B=1-99nM C =

101-999 pM and D = 1-100 pM The conpounds of the

present disclosure may inhibit HCV by nechanisns in

i tio or. ot he S nhi 0 In.o

0 Moottt 7 hd > 0de b o Bt i B2
I nhQH) t7, Wd U&pﬂ; qurb'zémﬂzHy 5699th§1£1) R Qe @I@m 49&@ 2H), 4.00

npounds resent di sclosure inhj

TobE B8 RehGur. G. 148 (2ATE2 Ut G DS 1524 86m,
PM 32, G 364D - 208183, TTRs: ufk. TR B QA 535%un:
pM29°D'5 D 16 D 30 2 2 nM17 D31 B 7 C
32 C4@Pi9 D33 D 9 D20 D34 B 10 C 21 D 35 662
10A B 22 B pM 23 D 20 WD 2009/ 102568
PCT/ US2009/ 032830 179 It will be evident to one
skilled in the art that théxpnegént disclosure is not
limted to the f gO|ng|IIustrat|ve exa es, and
that it can pe ezg;d\ld/eﬁ i sped{ fi¢ forms
wi t hout departj ngfrdm ihe\edsent iar@tyfi’ bat éaMe
thereof. It effr'e silfed tha Pﬂhe)ewrrpl es be
consi der ed—i H respects asKTI lustrative a]_mj t 5
restrictive, feference being!nade to the appendgg\
cl ai nms, rat hc?r than to the f8?'é3gm ng exan‘pl es,Oand
al | [ f
o HPRAEG SRS ERIR W 010 SR 0% AP, 62095910
Ibe enbraléd-thieendl-bpyToélindnidimidszobh yi)k%(Zﬁn@é@wtthyl) -9H-
di scl oac'c%'}f%c?zoy—@)f/l)lﬁﬁ%ﬂgkgzok%)—qypy%%gz%pf)csézpﬁonlyypropyl)carbamate

The TFA salt of Example 35 was prepared according to the procedure

described for Example 33. This material was repurified by preparative HPLC (C-18/
MeCN-H,0-NH,OAc) to give the free base as a beige solid (0.031 g, 25%). '"HNMR

15 (400 MHz, CH3OH-dy4) 8 7.99 (m, 2H), 7.86 (m, 0.5H), 7.80 (s, 1.5H), 7.54 (d, J =
8.59 Hz, 0.5H), 7.47 (d, J = 8.08 Hz, 1.5H), 7.41 (m, 0.5H), 7.36 (s, 1.5H), 5.54 (m,
0.5H), 5.23 (dd, J = 7.83, 4.8 Hz, 1.5H), 4.60-4.54 (m, 2H), 4.46 (d, J = 5.05 Hz,
1.5H), 4.35 (d, J = 5.05 Hz, 0.5H), 4.00-3.82 (m, 6H), 3.70-3.63 (m, 7H), 3.49 (s,
1H), 3.37 (s, 2H), 3.28 (m, 7H), 2.39-2.02 (m, 8H), 1.18 (d, J = 6.06 Hz, 6H).

20 LC/MS: Anal. Caled. for C43HssNoO7: 841; found: 842 (M+H)".

BIOLOGICAL ACTIVITY
An HCV Replicon assay was utilized in the present disclosure, and was
prepared, conducted and validated as described in commonly owned
25 PCT/US2006/022197 and in O’Boyle ct. al. Antimicrob Agents Chemother. 2005
Apr;49(4):1346-53.
HCV 1b-377-neo replicon cells were used to test the currently described
compound series as well as cells resistant to compound A containing a Y2065H

mutation in NS5A (described in application PCT/US2006/022197). The compounds



addition to or other than NS5A inhibition. In one

enbodi nent the conpounds of the 10 present disclosure
WO pvoho25684HCV repli con and i n anot her enbodi meneCT/b82009/032830

conmpounds of the present disclosure inhibit NS5A

Compounds of the present dis&} sure may inhibit

mul ti pl e genotypes of HCV. 09/ 102568

PCT/ US2009/ 032830 180 CLAIMS WHAT IS CLAIMED IS: 5

rmula (1) 4 4 R2'.. R R3. R3
( Rl estﬁg %re@ Pe]njnnef g) hage B}ﬂ% tﬁ%]é)ufg}dclgﬁspg}u@io&é EﬁtlgB}/ an cells
sal todtdifing e, muMi i &haf wildl-@pecdlls indictihdWiepedidesthhnism of action
five- red aromati c

1, 2, or 10 D and. E are_eac

ri néegwewﬁ%rw GO scfiffy Ty, © HREDouH ?:gﬁweaﬁ% disclosure

I ndepeddenttiy 18 Bih@ettRAfub &M IR tHeHOR NS5 RPYE R and@itd understood
sul fur; each RL and Rl' is independently selected from
al k &(I%P as gff%yg, 1| W}bmatlglpswé )E’Wé)ﬂlblﬁ ﬁlﬁqcrl %{ 1R)?pphcat10n

ary patrk mop6a02a0Y hnd &af @wﬁe@r\VWOmh@ésQ Fhahe Qhé‘)”

hydr oxy, hydroxyal kyl , ( NRaRb) al kyl , and

( NRegapdoryhe prwnmmémremn be ¢fsgiravgningithyHENE b genotype.
car lﬂ%ﬂ 1ﬁ(§ QUBHd Shdbhiosh by c@t‘flﬁoﬁhst @f(iﬁkeﬁjresetl (Fli/@l(%urefc'aﬂ fihibit

to ei n%ere unsaturated ring optional '
conty tmlergj:n@tmeesoﬁ HGNo Tablet Zevhows MGSﬁd/ekyemfémrtsyntatwe
e
1 e Tt AR AR BOUIAR (RTRCY Hh g B "
opt ﬁmh@hﬂnyntsump@unﬂuofetie wictent dimdosutens aative agahtse@e la, 1b, 2a,
subst it uent s nde ende se| ect.e
al kg?cf& ypnd 3 av‘%% Egﬁ%a‘“g%gaﬁlg F{d‘piﬁ’ Ky 'S i 0?(1 Bhiyf =100
arth[Bﬁy199kyﬂC%aﬂyuw@manyﬁDzeaﬂmbmyi fornyl halo

BRI N ST YT T e T

1and adRBionad er etaelhharmi@ye mditidny 1S aieeﬁttﬁdnﬂdhom Byt g éof the

T T L e

het efm@}mbaﬁltalls&wurelhmeﬁwm kyl', (NRaR) carbonyl, and
trial kyl silyl al koxyal kyl; R4 and R4' are each

i ndependent|y sel ected from 09/ 102568
PCT/ US2009/ 032830 TpIED

Example Range/ 11 146 24 C
Value pM 25 D
1 9pM 12 C 26 D
2 C 13 D 27 D
3 C 14 D 28 D
4 D 15 52 pM 29 D
5 D 16 D 30 20 nM
6 2nM 17 D 31 B
7 C 18 D 32 C
8 D 19 D 33 D
9 D 20 D 34 B
10 C 21 D 35 662
10A B 22 B pM
23 D

20



181 (R5) fir//~(RB)s R~ R RO f V i mmR7 and R ;
wherein each mis independently 0, 1, or 2; each o is
wo pwepeseently 1, 2, or 3; each s is independegit/U§2009/032830
1, 2, 3, or 4; 5 each X is independently selected from
0, S, S(O, S, CH2, CHR5, a C(R5) 2; provided that
when nis 0, Xis selected fr CH2, CHR5, and C(R5) 2;
each R5 i s independently sel ected from al koxy, al kyl,

aryl , and -NRaRb, wherein

Tl oot LA ane BGE e PBuafSRR R e no
Wﬁn”bﬁlﬂe(ﬂtorth@g)régotng 11&1’@tr&ﬁje&§ﬁﬁ1§le§; andmax itdaane eﬂqﬁ@tlliai i other
the t ree- to X 10 rin A
subSEPIGHREs iRy earBPg % thy %thgrﬁsubuggs té %J Fs fhgrefore

i ndegeodaat thy e;&ﬁiig%éﬂa@ dodsideradhy gl RGRRtsARN dluREAVERRY not
and R10-( is selected fron1hydr§§$n and
T

al kyastriche, ﬁﬁ?felif@g bging made o thierpsdsd skihy, rakar dep éeythe fpgoing
hydg Tos @Hdiﬁﬁr&}ﬁnges %ﬁlcﬁk&ﬂé(‘)(lﬁfnlﬁy}{ea m@hif¥land ﬂlﬁlg@@fi déMivalency
and é Ryal kyl; or, R8 and R9, together with"t
car@‘ﬁe9@6W¥¥%mﬁﬁﬁéﬁﬁﬁﬁéyhabée@bﬁ@%Hb@emforn1a f!ve

or six nﬁ{&%ﬁf@%&@%@&%&% LRG0 %h@?ﬁlﬁllkﬂtf@@@%?h%bﬁbgisms in
one or two heteroatons  selected from N S,

whepdditionRe of etherghancBTh fohibitiony dir @@amt@dmneat ﬂhy compmyeds of the
ac 1S I l4

B o A FREDSR o IR E Ao LTI R i cppounds
al kyf the atekqnlt diacrlwrtyllnhubk W S,SAa IGoimpoueidg Ioathle erepént d1sclosure may
ary ryl oxyal kyl, cycl oal kyl ,
(cycnl%lbl Jinte By Oﬁgﬂes Xé(%?zgl oal kyl ) al kyl ,

cycloalkyloxyalkyl hal oal kyl , heterocyclyl,
heterocyclylalkenyl, heterocyclylalkoxy,

het erocycl yl al kyl , heterocycl yl oxyal kyl, hydroxyal kyl,
-NRRd, (NRRd)al kenyl, (NRRd)al kyl, and

(NRRd) carbonyl. 25 2. A conpound of claiml, or a
pharmaceutically acceptable salt thereof, wherein R4
and R4' are each ,rJ
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3. A conpound of claim?2, or a pharmaceutically
waewepoxs e salt thereof, wherein each mis 1PCHUSA09/032830

conpound of claim2, or a pharmaceutically acceptable

salt thereof, 5 wherein each % Is CH2. 5. A compound

of claim2, or a pharnaceuticé y acceptable salt

thereof, wherein s is 0. 10 6. A compound of claim 2,

or a pharmaceutically accep&ig;ﬁssalt t her eof

wherein each R6 is R10-C(O A conpound of claimé6

wherein each R10 is independently selected from

aryl al cloal kyl)al kyl, and (NRRd)al kyl. 15 8. A

nﬂ@ﬂgﬁ %F£g&gﬁﬁl§ or a pharnaceutically accept abl e

salt t hereof, wherein u and u' are each 0. 9. A

conpound  of cIa|n11 or a pharmaceutically acceptable

gal £ t heft&ompoundof fiprapds ) R3 and R3' are each

hydrogen. 10. A conpound of claim1 vheregn R2 and

R2', together wit hY

attached forma fi

contai ning an oxygen

ring is optionally substitUifed w oneR’or two

substituents 25 |ndependenFﬂy se( ted from al koxy,

al koxyal kyl, al koxycar bonyl, “ual kyl’,u al kyl sul fonyl

aryl, arylal kyl, aryl sul fonyl . carboxy, fornyl, halo,

hal oal koxy, hal oal kyl hydro&} hydr oxyal kyl , - NRaRb,

( NRaR) ptlakntdceut{dhlRa R)cepttiio sl therasfiwbetein -~ 11. A conpound
of claim 1l wherei ogether with the atons

R2, and R
to mhlchuﬁﬁh{ﬁgvn%?gmﬁ??%%ﬁgaﬁ” orm a seven- nenber ed
10i ng conb aagE gk @cmﬁdém%b@m Semend Bitks lclt)ﬁtﬁamn%x)yg &Wo, &igﬁlree
n|t er el sal ri |1 S optlona Yy su titute
et%ﬁ%tomﬁ w&epeng?nﬂm?ls@e&gﬁ%ﬁw@hPéygeﬁoeélﬂé fEnt |y

S el ect edeabk Ryl Ikloisyndegéﬂﬂ@mwel@wed froﬁll dﬂ@ﬁy(}aﬁ% ?ﬂ}fjlrl
al kyl , al kyl sul fonyl sul f ony

car blésszycaﬁbemﬂaﬂlkyl mlglb@gﬁarbg%gam L}’swbéwbslz%@é@lass
hal gyqr r apb kyl |
a % ﬁ%’a }k&/l hﬁk@@'\@ﬂ R )Qlk?l%%?ﬁ%NRW@éa%%?i y

car y ) 0XO0
and together w1th the carbon atoms to which they are attached, form a

five- to eight-membered unsaturated ring optionally containing one or two
heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein the
five- to eight-membered unsaturated ring is optionally substituted with one, two, or
three substituents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
20  alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NR*RP)alkyl, (NR*R")carbonyl, oxo, and
spirocycle;
R’® and R are each independently selected from hydrogen, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl,
25 heterocyclylalkyl, hydroxyalkyl, (NRaRb)carbonyl, and trialkylsilylalkoxyalkyl;

R*and R* are each independently selected from



12. A compound of Formula (I1) NNHA'" G--J HNN 4 |

1R3 RN~/ \ N5 (11); or a pharnmaceutically
waewepoxs e salt thereof, wherein A is absentP@F/US2009/032830

CRi 1R12; Gis selected fromCR'R12, O, and NR'; 10 J

Is absent or CRi 1R12; R3 and 41 are each I ndependent |y

sel ected from hydrogen and RL10-C(O) - each R10 is

i ndependently sel ected aryl al kyl, (cycloalkyl)alkyl,

and (NRRd) al kyI each R11 and R 12 are independently

sel ect ed from\h)ﬂalé5 )rsogen, sl kyl, and - 15SNRaRb; or Ri11l

and R 12 toget form ahj,QRﬂr OUP 6 OF and Ri g,

t oget her w ghN r orNyfoom to whit chN t are
attached, form free- Ya eigh ndren‘q:ér ed SQJ rI%ﬁlycI e;
and each R13 is mdependently sélected from’ hyarogen,
al koxyal %yhmlaiddylbepdalﬂdo 20>raryl suI fonyl. 13. A

compound_s Iect f
S)-1-(((25)° % ‘b‘["“?@ @5 ’1 ((25) 2- ((met hoxycar bon
yl)am noéaehs is 1ndependently0 1 2 3, or4;

ﬁe?ﬁ;ryl bultl %1 ﬁé\&%%en%%)_ﬁ ectgcl tn é/rll b, %,"5('05” %38&,%&’1{5) and
di Ib ?E‘f?% gll;noeidaa g;at ﬁléiﬁhmk)) Xh&se;vgsgsz?téra(z{y CHRL - hamyl o(R;; di
-1 (o9 Rob P B BRI o iy ol

yl) ﬁﬁlr&@) and -NR* R , wherein the alkyl can optionally form a fused three- to six-
3- net h)él but.anoy| ) - 2- pyrrolidinyl)-1Hi m dazol - 5-yl )-9-

ox omgbened; BP%WItb ay F“jj acgpf carbon atom, wherein the three- to six-membered

ibm Qaggl F%M%&mﬁ%&ﬁ%&%@ﬂm gwu 2 met hyl propyl
) car bama 2009/ 102568 PCT/ US20 184
met hyl (e(ag[h R” is independently selected from hydrogen and C(O) and

S) - i{w(é(@gS) 2-(5-(9-hydroxy-7-(2-((2S)-1-((2S)-2-
( (et hoxycar bonyl ) am no) - 3- net hyl but anoyl ) - 2- pyrrol i di
nyl ) - TH R deloadd-Bony hydrogen and alkyl;

9H- }C l) ugrﬁmﬁaélt%i'hly:a)e chbh l%ﬁé&%ﬁ%&l}%gelwtéd o K&Jr&’éehdéﬂéé{b jcarb
15 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,

20  alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,
arylalkyl, aryloxyalkyl, cycloalkyl, (cycloalkyl)alkenyl, (cycloalkyl)alkyl,
cycloalkyloxyalkyl, haloalkyl, heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy,
heterocyclylalkyl, heterocyclyloxyalkyl, hydroxyalkyl, -NR°R¢, (NR°R%)alkenyl,
(NR°R%alkyl, and (NR°R%)carbonyl.

25
2. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R* and R* are each

A

J\f‘

/(R5)

RS- N@x



5 nethyl ((1

S)-1-(((29)-2-(5-(9-(2-((29-1-((2S)-2-((net hoxycar bon
W@ R00atd2568 - PCT/US2009/032830

3- et hyl but anoyl ) - 2-pyrrolidinyl)-1Him dazol -4-yl)-5,

7-

di hydr odi benzo[ c, e] oxepi n- 3- y}%z- 1H i m dazol - 2-yl) - 1- py

rrolidinyl)carbonyl)-2- nethyl propyl)carbamate; nethyl

(19 1A CARaof b (L TR AT R A

( ( mehbexyaas anyl ) am no) - 3- met hyl but anoyl ) - 2- pyrrol i di

nyl)-1Him dazol -5-yl)-

9H-fl uoren-2-yl)-1H i m dazol - 2-yl)-1-pyrrolidinyl)carb

onyl) - 2- A@@l‘hg(ydnﬂro@@lﬁﬁﬁ Q%bgﬁﬁhﬁeeuﬂﬁlﬂﬁkc {able salt thereof,

S)-1-(((29) (5(7(2((2) ((29) ( methoxycarbon

vl) gﬁ?rﬁl@)eachX is CHo.

3- net hyl but anoyl ) - 2- pyrr ol | d| nyl)-1Hi m dazol - 5-yl)-9-

met hyl - 9H- car bazol - 2-yl ) -

1H P daé@PmQOW)of 11a1@y2 rOéPPH@rﬁlﬁFf)u&lﬁaﬁbl@ﬁSﬁIPBab@-SﬁléthﬁWfar 0

pyl W& pe, nmethyl ((1
S)-1- ?%(2%? 2. (5-(7- (2 ((28) 1- ((2S)-2-((met hoxycar bon
yl ) am no)
t hyl 5 r N : o ez 9H
1§f l”ﬁore R;Bﬁﬁ?}ﬁfﬁ?& ﬁ)ﬁ’ﬁ 09 ‘pﬂé %L utidedty ST RBR e ¥t eb
2- yWwhertinggelr Rl i
e; nethyl
((1S)- 1 (((2S)-2-(5-(9-(dinet hyl am' no)-7-(2-((2S)-1-((
28) 72 20A compound of claim 6 wherein each R" is independently selected from

nyI fl}’%(ﬂﬁ}ng?y&g%g%’bé@@ d?ﬁ\]"r}{ﬂ%tlwl but anoyl ) - 2- pyrrol i di

iget hyl - 9Hf | uor en- 2- yI) 1H i m dazol -2-yl)-1-pyrrolidin

yI ) car bonyl ) - 2- ropy| ) carba
3! ((28 022@%15191@ leén f(%plh%m@f@u Wﬁﬁ%@p@é@ﬁ@héﬁ%@% a
| anyvlhﬁ\,lje%_u and v’ are each 0.
pyrrolidinyl)-1Him dazol -5-yl)-9-net hyl - 9H car bazol - 2
-yl)-1Him dazol -2-yl)-1- 25

pyrpol i dArawn})mﬁadra;?ElQuﬂ 1 ?ore Qﬁmayéu}l ?Qm?tasie sHl?Ih'ébé'of

((1S, 2R) - 2- et hoxy- 1-( (5-(7-

20 m%@ﬁ%rabéﬁylaye@mqii%e% t hr eonyl ) - 2- pyr ol | d| nyl )
-1H i m dazol - 5-yl)-9-

net hyl - 9H carbazol - 2-yl') - 1H i nj dazgl - %/

pyr 10l i disympeadiobayin) prbpyinR anh Rratoest @mlthéhmtbms to which

)(/E: :-l E{)g ﬁrf@gaﬁgeﬁ%ﬂm £ % ('g@:mger(:(lis rlﬁg olgt%nél )zc%)ltailnn{g[\kn(or){?é&%

o naitﬂogd:n dterthontes@n ydid Flﬂg ;s;opn@iallyi pubgtithted Mdithroind aztelo-sEbsyituents
- 9. H
2%” ) 1 enXenélg sel%c%%abfa ?r? a]:}fow ralrkgﬂa C}<y rfyallljox%c bon ?kY, opyl ) c
ar balﬂta]ﬁﬂfonVDa@Q@%ﬂa]lQﬂ%ﬁlsﬂﬁﬁ&USé}B@@/ ﬂ)’ﬁlﬁﬁl?:ﬁ)alo I8baiiethy|
S) - Helpipddp iy iy 28 R QRAG s QR Rk koo

yI ) am no) -
( DEE S?/lszg;é})%g nfl Oééglﬁ)ﬁ/ W erlelgll l{i%ln?l ;l_!t-olgéﬂler%vzl&lltﬁe étgmg {0 which

s6ar iRz Qle-aladhled -fddth 4 EveRARIbEY thg don@iAih@h hetbd¥tonGRlcBeN
yl)-2- methyl propyl ) carbamat e;
from oxygen and nitrogen, wherein said ring is optionally substituted with one, two,

&' HQ(IQ)ear bonyl ) - 2- met hyl propyl ) car bamat

or three substituents independently selected from alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formy]l,



5

(1S,1'S)-2,2"-((6-net hyl -6, 7-di hydr o- SH di benzo[ c, e] az
W@ pi0nae36®- di yl ) bi s(1H PCT/US2009/032830

i m dazol e-4, 2-diyl (2S)-2, 1-pyrrolidinediyl))bis(N Ndi

et hyl - 2- oxo- 1- phenyl et hanam pg); nmethyl ((1

S)-2-((29)-2-(4-(9-(2-((2S)-1-N- (net hoxycar bonyl )-L-a

I anyl ) - 2-

] OX %%) IF}% g‘!o%y %‘Etoifﬂﬁ'lg ?Xyzhyf;{%icyaﬂcyl ol Ry r&% 1?% rh%ﬂ[ c,e

yl ) (NRIRYca®biydj anl loko.1- met hyl - 2- oxoet hyl ) car bamat e;

net hyl
((1S)-3-methoxy-1-(((2S)-2-(5-(7-(2-((2S)-1- (N (nethox
ycan®onyA kompound of Formula (II)

O net hyl - L- honoseryl ) -2-pyrrolidinyl)-1Him dazol - 5-yl
) - 9- (phenyl sul f offyhy) - 91 car bazol - 2- yI)

H-i mi dazol - 2-yl) r Q! dlAqgﬁ\)par bQ pyl ) car bam

ate; nethyl | R
rac- (( 1R, 29)- 2. bt hoty /™ \( Ne2-((2R) - 1- (N
15

(et hoxycar bonyl ) - O net hyl - D-gfyr eonyl ) - 2- pyrrol i dinyl)

1H i m dazol -5-yl)-9-
(ph@h@z]p@unmntyqaﬁy a4deptablp satigherpofywherdipl | mi dazol - 2-yl) -1
- pyrrol opyl ) propyl ) carbamate; nmethyl ((1
S)-2-((2 é% %;g%@g@{}ﬁ g (28) 1- (I\I-}(mst hoxycar bonyl ) -L-a
| anyl ) - ZG is selected from CR! R , 0, and NR!

rrolidin azol -5-yl)-9-(phenyl sul fonyl ) -9H
ggr bazolj 3ﬂ)ﬁ)eiltOfl-ClFl{nrlr?dazol )2/0) (p d v
2-yl)-1- mannm“.aoh aaylh Jnddpemixintly kelgetaixfomt hydr) gearnbdREL@0)-;
rret hyl

((1S, 2R)%%h ﬁet%’%"eﬁdﬁ‘(‘w sdyetesl grylaioyl, E?CIP%%P“&V L (aRtEl

(rre(mmkgpmybonyl ) - O et P?/I L-t hreonyl)-2-pyrrolidinyl)
1H 11 9
i i Qg 3Ly R %?queﬁ%ﬂﬁy|S§le%?%%mhw%?ﬁymamam

18t eNrRARt Byl ((1 ) Com]

s (O kP TR AR R et hovoar bony) <L
pycrof | kYA REFobah a0l inSearbora@bh GATaZaLy Zexldenddtim o
m dazo y

pyr Hoger & %W)mqnh%dﬁwoczcléxa@ét hyl ) car bamat e; net hyl
((1 h R" is independently selegted from hyd Ikoxyalkyl, alkyl, and
§) - 1- ( ((3E Ry .Iy ndgngndeply seeced from bydrogen, alkoryplkyl kol an
29| ) snl(f(?nyl

3- et hyl but anoyl ) - 2-pyrrolidinyl)-1Him dazol -5-yl)-9,
9-di met hyl - 91 f | uoren-2-yl) -

1H 1% dazxebmpeupld selgcterd/droral i di nyl ) car bonyl ) - 2- met hyl pro

(o, o-ar AR S BB Eh- 0 5B et i

, 2- dﬂl}dtl(yﬂﬁ#anoﬁ],)—ﬂ-m'ymﬁchhyla}ﬂHedm@alzcél(Slyl) -6-methyl-6,7-dihydro-5H-

29 ﬁl&ﬁ%&hﬁ? AP et w S apapligmdigabonyh2-
PoDy032Batute; 186 nmet hyl ((1 S)-

1 (29105 (s P30 9 20 SRS o

) am no) -

3- {rsinliblyﬁmaamsawlz)pyzmmﬁhylgﬂ1Holmmzalzal-sllj)rb-gmxdaaoﬂuo%erm-)/gnﬂ-
ro[ cycl obut ane -2 -yl)-

H i HigaRebrYD: lymjrrOildwy}%ﬁr)?nér]>r?ymyteélpwﬁ9?afba§1—%t hyl prop
yl ) car bamat e; net hyl

S)-2-((29)-2-(5-(7" -(2- ((28)-1-(N—(nethoxycarbony|)-L-
alanyl)-2 5
pyrrolidinyl)-1Hi m dazol -5-yl)spiro[cycl obutane-1, 9" -
fluoren]-2'-yl)-1H i m dazol - 2-



yl')-1-pyrrolidinyl)-1-nethyl-2-oxoethyl)carbamate;
di net hyl
W@ 2009A40bsk8/dr odi benzo[ ¢, e] oxepi ne- 3, 9-di yl bi s( IPET/HP28%032830
le-4,2 diyl (2S)-2,1-pyrrolidinediyl ((1
S) - 2- oxo- 1- (tetrahydro 2H—pyrﬂg_4 yl)-2,1-
et hanedi yl ))) bi scar bamat e; I met hyl
(5, 7-di hydr odi benzo[ c, e] oxepi ne- 3, 9-di yl bi s(1H i m dazo
|l e-4, 2-

di yl ( 25) PEMLER S PA-HET ISP Ve CaHyar o- 2+ py
r an((ﬁmmokyoarbbnylmmesdmyﬂh)/lb)lﬂah@c)aq bﬁf@lid&xyl)nﬁl hmhazol 5-yl)-

gﬁé@érﬁwﬁ; aﬁé‘%ép prfr lﬂ%é’ﬂiﬂglj%oé Vgt r oI | d| nyl )
1Hmle g?%ﬁgl)caﬁbéfﬁa)te 5 7- 15

di hydro nzogg h i m dazo
By ol | GRIT SV G Y BBy ER Hal e (e ghebom Damino)-
(( 1§)me’%hym[ﬁﬁeih<agiw 2lpykbolidRn-2rliRidao1(#y16-62S) - 1- (N- (et hox

ycar bony

o} néﬁlﬁ%d?be%%@wymji -PD)-piiripgdazeli nyl)-Y pyHolidiing dadond -9
) 9Ekeﬁ1§fpp%%rgkargarﬂalté

i m dazol pyrrolidinyl)carbonyl)propyl)car bamat
e; 20 methyl ((IS) 1-(((2S)-2-(5-(9-(dimethylamino)-7-(2-((2S)-1-((2S)-2-

! SichgbaoniBndi g M ORLARNERL by AL RNSRL AR RS b

di ybHZBp=d; 2Ly lpy Hriolidadolrieg yjrp)’)rb]id;'(l)NDcN‘-bdh}él—hyl - 2- 0x0-1 -

phen methyl ((1
L Ep 3§arf€%‘)‘d(‘e/ (2- ((25) 1- ((2S) - 2- (( et hoxycar bon
yI ) am n01)1ethyl ((IS) 1-(((2S)-2-(5- (7 (2 ((2S) 1-((2S)-2- ((methoxycarbonyl)ammo)—

Cg? kftl)'lt an?§ 2jﬂ_yi_rropé{1 19 lh imid? azgl 513'/_5 q}?% %h carl:}{clzgl 293'/1)-

1 ;5 mi cu%zi@lhdaZOM YB-1-pPytoldihy 1 daibyhyl & anReii¥irdpy2ycirdihatt;pr opy|
car bamat

5 2 O e e R T Y o 1 -2 1269 2- (Pt Bt -

yl') amdag)butanoyl)-2 pyrrohdlnyl) 1H imidazol-5-y1)-9H-fluoren-2-yl)-1H- 1m1dazol
3- net hyl but anoy rrolidinyl)-1Him dazol -5-yl) -

(2- ?ré’tl)h]oRXf&hHW})caglpxpny}S 2- methylpropy carbamate
car bazol mémil( II‘SW(K()QE}I@@ %hrﬂétﬁyl&mf%f? ?i @5 pytspsbon

yl)-2- methyl
ZS) ) Q(n{e(hggyca@!b(lggwnq)ﬁ J(H(:tbsljou@nm% mﬂ@w@aﬂbmﬁwi B=y&)-9-

I anylediy 2or 3fioren-2-y1)-1H- J-2- lidinyl)carbonyl)-2-
oyr ral Yty Ay Har el Ay gy e iea o kot ) - ort

car bathglprapy)rarbanaté: m dazol -

2-y1) - 1- RYk§ QL isnydsh X TRl hs A ¥ QREAY L EBLRA R finy1)-2-

net hyl
(( 1Sy12®9d4@l)ﬁléi hImZIWZOI:S@()(92@):&121—?6—0@532(022@@2135 indidgAdl-2-y1)-1-

et hoxy, reonyl)-2-pyrrolidinyl)

A TRONR 615“2’8?10%‘%13’ 96"0(63‘%}8 b S a56h

PCT/ usz&aerhga:{am) N@Zthoxy-1-(((2S)-2-(5- (7 (2- ((2S)—1—(N—

netho eth carb l-2-yl)-1-

oyt PR DI SRYRT e bison kb PRl broto-

S) ﬁmﬂ@(@@kmﬁaﬁﬂaﬁﬁ)(@1&&&&&2%AX(28) 2 ( (et hoxycar bon
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methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(4-(9-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)-1H-imidazol-4-y1)-5,7-

15 dihydrodibenzo[c,e]oxepin-3-yl)-1H-imidazol-2-yl)-1-

pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((1S)-3-methoxy-1-(((25)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-
O-methyl-L-homoseryl)-2-pyrrolidinyl)- 1H-imidazol-5-y1)-9H-carbazol-2-y1)-1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)propyl)carbamate;

20 (1S,1'S)-2,2'-(5,7-dihydrodibenzo[c,e]oxepine-3,9-diylbis(1H-imidazole-4,2-
diyl(2S)-2,1-pyrrolidinediyl))bis(N,N-diethyl-2-ox0-1-phenylethanamine);

methyl ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9H-carbazol-2-yl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

25 methyl ((1S)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9-(2-methoxyethyl)-9H-
carbazol-2-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((1S)-2-((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-

30 pyrrolidinyl)-1H-imidazol-5-y1)-9-(2-methoxyethyl)-9H-carbazol-2-yl)-1H-imidazol-

2-yD)-1-pyrrolidinyl)- 1-methyl-2-oxoethyl)carbamate;
methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(5-(7-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)- 1H-imidazol-5-y1)-9-(2-
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methoxyethyl)-9H-carbazol-2-yl)- 1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((1S)-1-(((2S)-2-(4-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-yl)dibenzo[b,d]furan-3-yl)- 1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

dimethyl (dibenzo[b,d]furan-3,7-diylbis(1H-imidazole-4,2-diyl(2S)-2,1-
pyrrolidinediyl((1S)-1-cyclopropyl-2-0x0-2, 1 -ethanediyl)))biscarbamate;

methyl ((1S)-1-(((2S)-2-(4-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3,3-dimethylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-yl)dibenzo[b,d]furan-3-yl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2,2-dimethylpropyl)carbamate; and

methyl ((1S)-2-hydroxy-1-(((2S)-2-(4-(7-(2-((2S)-1-((2S)-3-hydroxy-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-
yl)dibenzo[b,d]furan-3-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate.

14. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

15. The composition of claim 14 further comprising one or two additional

compounds having anti-HCV activity.

16. The composition of claim 15 wherein at least one of the additional

compounds is an interferon or a ribavirin.

17. The composition of claim 16 wherein the interferon is selected from
interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha

2A, and lymphoblastiod interferon tau.

18. The composition of claim 15 wherein at least one of the additional
compounds is selected from interleukin 2, interleukin 6, interleukin 12, a compound
that enhances the development of a type 1 helper T cell response, interfering RNA,
anti-sense RNA, Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase

inhibitor, amantadine, and rimantadine.
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19. The composition of claim 15 wherein at least one of the additional
compounds is effective to inhibit the function of a target selected from HCV
metalloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV NS4B
protein, HCV entry, HCV assembly, HCV egress, HCV NS5A protein, and IMPDH

for the treatment of an HCV infection.

20. A method of treating an HCV infection in a patient, comprising administering
to the patient a therapeutically effective amount of a compound of claim 1, or a

pharmaceutically acceptable salt thereof.

21. The method of claim 20 further comprising administering 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.

22. The method of claim 21 wherein at least one of the additional compounds is

an interferon or a ribavirin.

23. The method of claim 22 wherein the interferon is selected from interferon
alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and

lymphoblastiod interferon tau.

24, The method of claim 21 wherein at least one of the additional compounds is
selected from interleukin 2, interleukin 6, interleukin 12, a compound that enhances
the development of a type 1 helper T cell response, interfering RNA, anti-sense RNA,
Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase inhibitor,

amantadine, and rimantadine.

25.  The method of claim 21 wherein at least one of the additional compounds is
effective to inhibit the function of a target selected from HCV metalloprotease, HCV
serine protease, HCV polymerase, HCV helicase, HCV NS4B portein, HCV entry,
HCYV assembly, HCV egress, HCV NS5A protein, and IMPDH for the treatment of
an HCV infection.



