Chem cal Conpounds Field of the invention The present disclosure
relates to antiviral conpounds. In particular, the present disclosure

rel at es twocompesivds useful for the treatnment of hepati PCI/US2mi00ueT8E HCV)
infection, crystalline salts of the conpounds, pharnaceutical conpositions
conprising the conpounds, and nethods for treating HCV infection.
Background of the Invention Chronic infection with HCV is a major

heal t h probl em associated with liver cirrhosis, hepatocellular carcinona
and liver failure. An estimated 170 million chronic carriers worldw de are
at risk of developing liver disease. See, for exanple, Szabo, etal.,

Pat hol . Oncol . Res. 2003, 9:215-221, and Hoof nagl e JH, Hepatol ogy 1997,
26:15S-20S. In the United States alone 2.7 mllion are chronically infected
with HCV, and the nunmber of HCV-rel ated deaths in 2000 was esti mated

bet ween 8,000 and 10,000, a nunber that is expected to increase
significantly over the next years. Infection by HCV is insidious in a high
proportion of chronically infected (and infectious) carriers who may not
experience clinical synptoms for dyiici®ntpount¥er cirrhosis can ultimately
lead to liver failure. Liver failure resulting fromchronic HCV infection
is now recogni zed as a | eadi ng cause of |iver transplantation. HCV is
a menber of the Flaviviridae fam Figldoéf thihventiarses t hat affect animals and
humans. The genone is a single -9.6-kil obase strand of RNA, and consists of
one open reading frame that encodes for a polyprotein of -3000 am no acids
fl anked by unt r ansThe mesenedjsadossreaelatastihamiviraigdmgourdad i faBiculaatie 3' - UTR) .
The pol ypr ot eppssRLESs RS rdidtes BIBMPEHRE u&é?ul%rth@ﬁéétméﬁ o RRARL € virld al

proteins critical for replication and assenb viral particles.
The organi zat ('%V)d’Ffe@PPLREYSEﬁ”é‘Ie sglof rﬁ*&ﬁ’n‘é"t’?ﬂi?é'ﬂqjﬁf a*rar@?%ﬁug?e}%gomwp%t'ﬁ@s HCV

pol yprot ei n i sorAgrisinglthedsdripotnds] afcmpthodoidr iNEBindNBIdR N 4dioNS5a- NSSb.  Because
the replicative cycle of HCV does not involve any DNA 2 internediate and
the virus is not integrated into the host genone, HCV infection can
theoretically be cured. Wil e tBackgauhdlobthe loventighy i nf ection affects mainly
the liver, the virus is found in other cell types in the body including
peri pheral bl ood |ynmphocytes. See, for exanple, Thonson BJ and Finch RG
Cin Mcrobial | nfggnic "2%@!9” with HE%y.i9.2 majgs ey arpkiem apsogistediveihdivierr a v,
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antitunoral activities at are secrete ani mal
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differentiati ffect] nmuni catl on an ical control.
T ntmont ot | ety SrHeR RSPt R SRenel SRRy R ey ot ¢
adverse si de efdcémisscatierh was nfaatnbgmeenefreuelimcamkynhdtms foendmcmrs ivad gi as,
arthral gi as, m|d;alORGE R I%%é(?o'\lng e §F e?Fa |§reg&t%h.ﬁ§§r8@ g%ﬂﬁ rﬂfxﬁorders
aut oi mmune henorren and ass 3| Sor uncti on.

Ri bavirin, anlnlfemh@fblrstngw regognipessasreleading Wﬁ@pﬁUSM@la@i@Wdr ogenase (| MPDH),
enhances the effi ¢Reds Qimenindk @ﬂtﬁ’@ﬁlahﬂnéﬁ@aﬁﬁfﬁﬁw&wu%s b llemmidie the

i ntroduction of ribavirin, nore than 50% of % tients do not elimnate
the virus w t AN¢ PEgngy 1 B?\Be’ﬁ%ﬂaﬁﬂ‘gkeh«?r‘ia‘ﬁ'9b?§ﬁ Si” RERAV D ANAPYIFSSATEN) and
ri bavirin. Byoﬁé)(d\benSéaiﬂ@a‘Faﬁndtharealﬁ&de@ffor(d'p’cﬂmrcﬁemeipamo@ iaSunGalaals fideed changed

to the conbingtiqgn of. peqyl at EN- wever, a nunber
of patients s bl o Ivteegsg%ons v %thts an% Qé ”Jémﬂ J?“ﬂ yPeoleérE ed to
ribavirin. Ri b@tvesrasth@a@s'ersorsto glﬁeasté@a@palrmqwreyslosemwnl@l m%pzbtatlpatl ents
treated at cubkeaddbiioheFHREETARY AARRS: TiAModbRudl SSulsuRPlda dofr at ogeni ¢

and enbryotoxic. Even'w recent 1 nprovenents, tantial fraction of

patients do n8{UFEIpEHRNINIP ﬁcgﬁglb’@[m‘i’éﬂs pepliews: oCFrE"T?ZVFi7r"&$2 N&§adS4Ad t here
is a clear nemd4bns58mMISBb Bdcatdd tie replidative &yale df FiENvas Abt imteiany BRI on.  See,
for exanple, Fried, et al. N Engl. J Med 2002, 347:975-982. A
nunber of approaches are being pursued to conbat the virus. They incl ude,
for exanple, application of antisense oligonucl eotides or ribozynes for
inhibiting HCV replication. Furthernore, |ow nolecul ar wei ght conpounds
that directly inhibit HCV 3



proteins and interfere with viral replication are considered as attractive
strategies to control HCV infection. Anong the viral targets, the NS3/4A
pr ot ease/Wol2otuaeesdand t he NS5b RNA- dependent RNA pol ynera3asare/o¢eensi der ed
the nost promsing viral targets for new drugs. See, for exanmple, N, Z J.
and Wagman, A. S. Curr. Op/n. Drug Di scov. Devel. 2004, 7, 446-459,
Beaulieu, P. L. and Tsantrizos, Y. S. Curr. Op/n. Investig. Drugs 2004, 5,
838-850, and Giffith, etal., Ann. Rep. Med. Chem 39, 223-237, 2004.
Besides targeting viral genes and their transcription and translation
products, antiviral activity can also be achieved by targeting host cell
proteins that are necessary for viral replication. For exanple, Watashi,
eta!, Mdlecular Cell, 19, 111- 122, 2Q05, show how antiviral activity can
be achieved by inhibiting host cell cyclophilins. Alternatively, a potent
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and each R i s”?ﬁﬂ?@ﬁte ?h%bel‘%‘tgﬁﬁﬂafaWHPU@é‘Ha"Y&CC‘H@”L&%??"Lﬂ'i‘?te'f‘?lw%ot her
aspect, the peesandristivieByicsl RffEdtsS Sloh € InBAERD PG rédjulakdy Bt antitunioral

activities that are produced and secreted by most animal nucleated cells in response
to several diseases, in particular viral infections. IFN-alpha is an important regulator
of growth and differentiation affecting cellular communication and immunological
control. Treatment of HCV with interferon has frequently been associated with
adverse side effects such as fatigue, fever, chills, headache, myalgias, arthralgias,
mild alopecia, psychiatric effects and associated disorders, autoimmune phenomena
and associated disorders and thyroid dysfunction. Ribavirin, an inhibitor of inosine 5'-
monophosphate dehydrogenase (IMPDH), enhances the efficacy of IFN-alpha in the
treatment of HCV. Despite the introduction of ribavirin, more than 50% of the
patients do not eliminate the virus with the current standard therapy of interferon-
alpha (IFN) and ribavirin. By now, standard therapy of chronic hepatitis C has been
changed to the combination of pegylated IFN-alpha plus ribavirin. However, a
number of patients still have significant side effects, primarily related to ribavirin.
Ribavirin causes significant hemolysis in 10-20% of patients treated at currently
recommended doses, and the drug is both teratogenic and embryotoxic. Even with
recent improvements, a substantial fraction of patients do not respond with a
sustained reduction in viral load and there is a clear need for more effective antiviral
therapy of HCV infection. See, for example, Fried, et al. N. Engl. J Med 2002,
347:975-982.

A number of approaches are being pursued to combat the virus. They include,
for example, application of antisense oligonucleotides or ribozymes for inhibiting HCV

replication. Furthermore, low-molecular weight compounds that directly inhibit HCV



wherein each R1 is independently H or Cl_3alkyl,;
each X is independently CRR 0, or

Cl 3alkyi;
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anot her aspect, the present
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H or the R3 groups together with the carbon to which they are bonded forma

4-, 5-,

or 6-nmenbered saturated spiro ring with the proviso that there is

no nore than 1 spiro ring on each saturated nitrogen-containing ring;
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proteins and interfere with viral replication are considered as attractive strategies to
control HCV infection. Among the viral targets, the NS3/4A protease/helicase and the
NS5b RNA-dependent RNA polymerase are considered the most promising viral
targets for new drugs. See, for example, Ni, Z. J. and Wagman, A. S. Curr. Opin.
Drug Discov. Devel. 2004, 7, 446-459, Beaulieu, P. L. and Tsantrizos, Y. S. Curr.
Opin. Investig. Drugs 2004, 5, 838-850, and Giriffith, et al., Ann. Rep. Med. Chem 39,
223-237, 2004.

Besides targeting viral genes and their transcription and translation products,
antiviral activity can also be achieved by targeting host cell proteins that are
necessary for viral replication. For example, Watashi, et al, Molecular Cell, 19, 111-
122, 2005, show how antiviral activity can be achieved by inhibiting host cell
cyclophilins. Alternatively, a potent TLR7 agonist has been shown to reduce HCV
plasma levels in humans. See, Horsmans, et al, Hepatology, 42, 724-731, 2005.

Compounds said to be useful for treating HCV infection are disclosed, for
example, in WO 2008/064218 (Leivers et. al), WO 2008/244380 (Bachand et. al),
and US 2009/0068140 (Bachand et. al). These references also disclose methods for
preparing the compounds, compositions comprising the compounds, pharmaceutical
compositions comprising the compounds and additional compounds, methods of
treating HCV, salts of the compounds, routes of administration, and other information
regarding how to make, formulate, and use the compounds.

Summary of the Invention

Briefly, in one aspect, the present invention discloses compounds of Formula I;
D-O-O-C
N N
H H X
Cﬁ o b J(CRR),
X T
;
HN” R R H

wherein each R' is independently H or Cy_salkyl;



5 each saturated spiro formed from R3 groups is independently cycl oal kyl,
or may contain 1 or 2 oxygen atons, or 1 or 2 sulfur atons, or 1 SO, or 1
NR4; eachwBaoig283vdependently H, C(0)0Cl_4al kyl, C(0) ClPeaaisgdio/046782

C(0) NC1_4al kyl, or SO2Cl4alkyl; each spiro ring may optionally be
substituted wth deuterium fluorine, or 1 or 2 nethyl groups. In
anot her aspect, the present invention discloses pharnaceutically acceptable
salts of the conmpounds of Formula I, II, or III. I n anot her aspect,
the present invention discloses pharmaceutical conpositions conprising a
compound of Formula I, Il, or Ill, or a pharmaceutically acceptable salt

t her eof . I n anot her aspect, the present invention discloses a nethod
for treating a viral infection, for exanple infection with HCV, in a human,
conprising adm nistration of a pharnaceutical conposition of the invention.
Det ai | ed Desc t e In the above Formulas I, 11

and 111, exce%%&f%ﬁgvﬁ%pe%%nﬂpw é?rng ogen, the carbon to which Rl is attached
is chiral . Inea@di@WEﬁPmKﬁémd@%RdﬁedStertiary carbon in each of the two
depi cted nitrgaen,cPah@i ni ng 5-menbered saturated heterocyclic rings is

al so chiral. Therefore, the c ounds contain at |east two chiral carbon
atons and wheRAHHE[§ igeppadepdy @ngr"kwdrogteﬂeoréﬁﬁt%ﬂﬂds contain at |east 4
chiral carbon at omsanoiiee agicor, the prdsenCiovgpoemdsclcsan cexXpainds of Roanulaus
enantiomeric m xtures. I n an enbodi nent of the invention, the
conmpounds of Fornula I, Il, or Ill, or pharmaceutically acceptable salts
thereof, are enantionerically e nanti oner wherein all of
the chiral carbons referred to J a raph are inthe S
configuration. In genekar// férefce to an enanti gne e@kk enri ched
conpound or salt, is meant>\yo-1'ndicat e that th8 i i ed enantloner will
conpri se nore than 50% by wei ghtl of the total gﬂt of all enantioners of
the conpound or salt. An exanmple Bf a conpound mt£> four chiral carbons in

Oz

S configuration is illustrat elow. 6 o~ o
T, R?
R
[

wherein each R’ is independently H or C;salkyl;
each R? is independently C4_salkyl;
each X is independently CRR, O, or S;
each n is independently 2 or 3; and
each R is independently methyl, hydrogen, or deuterium.

In another aspect, the present invention discloses compounds of Formula lll;

=00~
H

N
H

wherein each R’ is independently H or C.salkyl;

each R?is independently C+_salkyl;

on each carbon to which there are R® groups, either both R®s are H or the R® groups
together with the carbon to which they are bonded form a 4-, 5-, or 6-membered
saturated spiro ring with the proviso that there is no more than 1 spiro ring on each

saturated nitrogen-containing ring;



HN OA 7 >NH O O In an enbodi mrent of the invention, each X is identical.

In an enbodi nent of the invention, either all Rs are Hor all Rs are
deut er i unwQODRp11/028596t her words, in an enbodi nent of the Pavarstélonge7elt her
every CRR group in the spirois CH2 or every CRR group in the spiro is CD2.
Deuteriumis naturally present in very small anmounts in hydrogen conpounds.
By designating a substituent as deuteriumor D, applicants nean that the
nat ural isotopic anount of deuterium has been increased so that nore that
hal f of that particular substituent is D as conpared to H In an enbodi nment
of the invention, no nore than 2 Rs are nethyl. In an enbodi ment of
the invention, in conpounds of Formula Ill, when R3 groups forma spiro
ring on each saturated nitrogen-contaiming ring, each of said spiro groups
is bonded to the same relative carbon atomin each saturated nitrogen

containing ri P?chksr?(t)uvr\%tecli ) |{3ﬂ‘5%ﬁ?§d“§ﬁﬂrg s%iﬁggeﬂgénﬁéﬁzdé%ﬁvﬁgpmgf prepar ed

by methods we ¢ e art. e salts in Nose descri bed,
for exanple, Foent@n 196 AKigen aBmshor, 1 @2rulfyreatans, weit eier(1é¥S: ), handbook of

Phar maceut i cakacpad®isinBERRaENt 88 C(SRIE GaIky? 6 (0fR dalk (0302 alkpes 3,80, VO
2009/ 020828 (K?1 met .I I,RI )@V\:hi 'é/h d((as?rcﬁ%esﬂt ée%‘?@'ﬁ%r a(ti on%gf ycﬁicr ystzaﬁl i ne

salts of cert&tanti-viral conpounds. Preferred salts include HC salts,
for exanpl e aeshhdpcd risqinty ogtivdalyWenbdteutsdlvitisdeuterium, fluofihe ot apaunds and
salts of the iré}f]eptr&?ré may be used alone or in conbination with one or nore
ot her ther apeml d gageonts. In one aspect the further therapeutic agent is
sel ect ed from St afidenothepfispEal thetpeseaphentigudisclesss phareateutionlly @c¢stedie n,

smal | ol ecul g {dGYiHe@BbEHdIS 8PFdrMiall it @F fi. (More conmonly referred to as
direct acting antivirals. Suitable conbination therapies are described, for

exanmpl e i n WO 2008) Y41 8SRELle fNgdresest invegfign diggiyses ggroagesdier!( Bachand et .
al), and US 266Hd3tioflddmriBiagAanahp&ind AdFdrmulhieBsoriigoes pramacalisgllycont ai n
significant
acceptable salt thereof.
In another aspect, the present invention discloses a method for treating a viral
infection, for example infection with HCV, in a human, comprising administration of a

pharmaceutical composition of the invention.
Detailed Description of the Invention

In the above Formulas |, II, and I, except for when R’ is hydrogen, the carbon
to which R is attached is chiral. In addition, the depicted tertiary carbon in each of
the two depicted nitrogen containing 5-membered saturated heterocyclic rings is also
chiral. Therefore, the compounds contain at least two chiral carbon atoms and when
each R'is Cy_; alkyl, the compounds contain at least 4 chiral carbon atoms.
Therefore, the compounds can exist in various enantiomeric mixtures.

In an embodiment of the invention, the compounds of Formula I, I, or lll, or
pharmaceutically acceptable salts thereof, are enantiomerically enriched with the
enantiomer wherein all of the chiral carbons referred to in the previous paragraph are
in the S configuration. In general, reference to an enantiomerically enriched
compound or salt, is meant to indicate that the specified enantiomer will comprise
more than 50% by weight of the total weight of all enantiomers of the compound or
salt. An example of a compound with four chiral carbons in S configuration is

illustrated below.



7 di sclosure regarding routes of adm nistration, and other information
regardi ng how to nmake, formnulate, and use the conpounds. Exanples A table
of abbreweatnornesissed in this Experinental section is seCTfusealo/oeBDw.
DCMVDI chl or onet hane DVFN, N- di net hyl f or mam de

HATU( O- 7- azabenzotri azol -1-y1)-N, N, N , N -t etranet hyl uroni um

hexaf | uor ophosphate) ES LC- MSEl ectrospray Li quid Chromat ography Mss
Spectronetry THFTet rahydr of uran DI EAdi i sopropyl et hyl am ne

DVSQdi et hyl sul f oxi de DVEdi met hoxyet hane

In an embodiment of the invention, each X is identical.

In an embodiment of the invention, either all Rs are H or all Rs are deuterium
(D). In other words, in an embodiment of the invention, either every CRR group in
the spiro is CH; or every CRR group in the spiro is CD,. Deuterium is naturally
present in very small amounts in hydrogen compounds. By designating a substituent
as deuterium or D, applicants mean that the natural isotopic amount of deuterium has
been increased so that more that half of that particular substituent is D as compared
to H.

In an embodiment of the invention, no more than 2 Rs are methyl.

In an embodiment of the invention, in compounds of Formula Ill, when R®
groups form a spiro ring on each saturated nitrogen-containing ring, each of said
spiro groups is bonded to the same relative carbon atom in each saturated nitrogen
containing ring.

Pharmaceutically acceptable salts can be prepared by methods well known in
the art. Suitable salts include those described, for example, in P. Heinrich Stahl,
Camille G. Wermuth (eds.), handbook of Pharmaceutical Salts properties, selection,
and Use; 2002. See also, WO 2009/020828 (Kimet. Al), which describes the
preparation of crystalline salts of certain anti-viral compounds. Preferred salts
include HCI salts, for example a di-HClI salt, and sulphate salts.

The compounds and salts of the invention may be used alone or in
combination with one or more other therapeutic agents. In one aspect the further
therapeutic agent is selected from Standard of Care therapies such as
interferon/ribavarin, small molecule HCV replication inhibitors (more commonly
referred to as direct acting antivirals. Suitable combination therapies are described,
for example in WO 2008/064218 (Leivers et. al), WO 2008/244380 (Bachand et. al),
and US 2009/0068140 (Bachand et. al). These references also contain significant



TEATri et hyl am ne Pd(dppf)d 21, 1' - Bi s(di phenyl phosphi no) f err ocene-

pal I adi un(I1)di chloride dichl oronet hane conpl ex Dess-MrtinDess-Martin

peri odi nawe 2piRk3Bi9gh Resol uti on Mass Spectroscopy | nt er reditst@oni678et hyl
{(19)-1-R(2S)-2-{4-1. 4" - (am noacetyl) - 4- bi phenyl y11-1 H m dazol -2-y11-1 -Dv
rr olidinyncarbonyll-2-nethyl pr opyllcarbamate Internediate 1 can be
prepared as illustrated by the reaction schene below 8 0 HCI H2N 4

disclosure regarding routes of administration, and other information regarding how to

make, formulate, and use the compounds.
Examples

A table of abbreviations used in this Experimental section is set forth below.

DCM Dichloromethane

DMF N,N-dimethylformamide

HATU (O-7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophosphate)

ES LC-MS Electrospray Liquid Chromatography Mass Spectrometry

THF Tetrahydrofuran

DIEA diisopropylethylamine

DMSO dimethylsulfoxide

DME dimethoxyethane

TEA Triethylamine

Pd(dppf)Cl. 1,1'-Bis(diphenylphosphino)ferrocene-
palladium(Il)dichloride dichloromethane complex

Dess-Martin Dess-Martin periodinane

HRMS High Resolution Mass Spectroscopy

Intermediate 1: methyl {(1S)-1-[((2S)-2-{4-[4'-(aminoacetyl)-4-biphenylyl]-1H-
imidazol-2-yl}-1-pyrrolidinyl)carbonyl]-2-methylpropyllcarbamate
—0 2HCI

H

N0 NH

L OO
(T

Intermediate 1 can be prepared as illustrated by the reaction scheme below.



HATU, DI EA NH2OAc 00N

WO 2011/028596 PCT/US2010/046782
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A solution of 1,1-dimethylethyl[2-(4'-{2-[(2S)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonyl] amino}butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-
biphenylyl)-2-oxoethyl]carbamate (Intermediate 11) (3.8g, 6.3mmol) in DCM (40mL)
was treated with HCI (10mL, 4M in dioxane) to give methyl {(1S)-1-[((2S)-2-{4-[4'-
(aminoacetyl)-4-biphenylyl]-1 H-imidazol-2-yl}-1-pyrrolidinyl) carbonyl]-2-
methylpropyl}carbamate (Intermediate 1) as light yellow solid (3.5g, quant.).

Intermediate 2: (3S,7S,9S5)-7.9-dimethyl-2-{N-[(methyloxy)carbonyl]-L-valyl}-6.10-
dioxa-2-azaspiro[4.5]decane-3-carboxylic acid

o}
$R0®
O N~ 0
NH

.

[o) (0]
/

Intermediate 2 can be prepared as illustrated in the reaction scheme below.



f OH 11 10 A sol ution of
1,1-dinethylethyl[2-(4"-{2-[(2S)-1-((2S)-3-nethyl-2- {[(nmethyl oxy)carbonyl]
am nol butwoaytyo2@s9pyrrol i di nyl] - 1H i m dazol - 4-y11- 4- PCT/US2010/046782

bi phenyl y1) - 2- oxoet hyl ] carbamate (Internediate 11) (3.8g, 6.3mvl) in DCM
(40mL) was treated with HCl (10nmL, 4Min dioxane) to give nethyl
{(1S)-102S)-2-{444" -

(am noacetyl) - 4- bi phenyl y1] - 1H i m dazol - 2-y11- 1- pyrrolidi nyl) carbonyl]-2-
met hyl propyl | carbamate (Internediate 1) as light yellow solid (3.5g,
gquant.). Internedi ate 2:

(3S,7S,99) -7, 9-di net hyl-2- { N- Rret hyl oxv) car bonyl | -L-val v11-6, 10-

di oxa- 2- azaspi rol4. 51decane- 3- car boxylg ¢ aci d Internmediate 2 can be
prepared as illustrated in the reaction schene bel ow.

o)
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\>‘OH T on N\>— oH ~ 5 N\>: °
NH
OAO
/

HN 0= OH 0
HCI
\;/\NH \; \;NH
o’go %
) /

o)
12 13
e, ~ HO L
HO “OH O)H-““ 0 LiOH \><:§
(e} N o
— > 0 NV 0o _—
TsOH \; = \;NH
X
o)
0”0 P
/
14 2

To a stirred solution of methyl (35,7S,98)-7,9-dimethyl-2-{N-
[(methyloxy)carbonyl]-L-valyl}-6,10-dioxa-2-azaspiro[4.5]decane-3-carboxylate
(Intermediate 14) (360mg, 0.932mmol) in a mixed solvents of THF (4mL), &-butanol
(1mL) and water (1mL) was added LiOH (44mg, 1.86mmol). The resulting mixture
was stirred for 2 hrs at rt before acidified with 1N HCI to pH ~3 and further diluted
with ethyl acetate (100mL). The solution was washed with brine. The organic layer
was dried over Na,S0O., filtered and evaporated to give (3S,7S,9S)-7,9-dimethyl-2-
{N-[(methyloxy)carbonyl]-L-valyl}-6,10-dioxa-2-azaspiro[4.5]decane-3-carboxylic acid
(Intermediate 2) (315mg, yield: 91%) as solid. ES LC-MS n/z =373 (M+H)".

Intermediate 4: 2-amino-1-(4-bromophenyl)ethanone
O
HCI)—QBr
H2N

To a stirred solution of 2-bromo-1-(4-bromophenyl)ethanone (130g 0.478 mol)

in toluene (2500mL) was added hexamethylenetetramine (65.6 g 0.478mol). The
mixture was stirred at 40 °C for 16 hrs. The resulting solid was filtered off and
washed with toluene and ether to give a white solid. To a stirred suspension of this



WO 2011/ 028596PCT/ US2010/ 046782 9 To a stirred solution of nethyl
(3S,7S,99)-7,9-di net hyl-2-{N (et hyl oxy) car bonyl1] -L-val yl | -6, 10- di oxa- 2- aza
spi ro[ 4. Syvoecaresdecar boxyl ate (I nternediate 14) (360ngPCO/US3R00WLIR2i N a

m xed sol vents of THF (4nL), t-butanol (1nmL) and water (1nmL) was added Li OH
(44ngy, 1.86mmol). The resulting mxture was stirred for 2 hrs at rt before
acidified wwth IN HCl to pH -3 and further diluted wth ethyl acetate
(100mL). The solution was washed with brine. The organic |ayer was dried
over Na2SO4, filtered and evaporated to give (3S,7S,9S)-7,9-di net hyl- 2-

{N- Rmet hyl oxy) car bonyl R-val y11- 6, 10- di oxa- 2- azaspi r o[ 4. 5] decane- 3- car boxyl i
c acid (Internediate 2) (315ng, yield: 91% as solid. ES LCM mz =373
(MtH) +. I ntermedi ate 4: 2-am no-1-(4-hponophenvfl et hanone To a
stirred solution of 2-brono-1-(4-bronophenyl)ethanone (130g 0.478 nol) in

Lol uene (25007k). 483 G BB PITAAY LRS! SLATLEP (AT Do LBTRE . The

mxture was stirf e resu tered
of f and washedhenpdure whe elifeedahameiepidempesaigraier ) 'Wn"’ché sglisl Wap cotfected Bt i rr ed

suspensi on of fikhiich ané%a%dﬁthsé?ﬁdngl érﬂi v@t&%’ﬂ@ﬁnécﬁﬂ@aéﬂe)to@@@ Agdag 1-4-

concentr at ed hydrochlorlde aci d % . m xture was stirred at ambi ent
t enper at ure f 8PMeghe{Rethafpae &4 (P gm)ég'dc%l/T)@étaé’H“tS)?Olfdi PR MYaSYSEhd washed
wi t h et hanol ankbunpiirdicatmndordiie ekt stap.v ACNBIR(BOMIME, MBSO don{ 858 (s

br onophenyl ) et h ch wa
used \?\nth)c/)u% Buraﬂ ?gga(sglééjnégor t%'_é?ynex?d (238/9 Hi%ﬂ%%%ﬁmﬂ %JE} de6) ESS
ppm 8. 58 (s, Mszm%4ﬁ@HWﬂ 8.7FE 2H), 7.81 (d, J 8.7 Hz, 2H),
4.48-4.52 (m 2H). ES LC M niz = 214, 216 ( M+H) +.

Intermediate 5: 1,1-dimethylethyl [2-(4-bromophenyl)-2-oxoethyl]carbamate
o]
N
Y
>
To a mixture of 2-amino-1-(4-bromophenyl)ethanone hydrochloride

(Intermediate 4) (50 g, 0.2mol), Boc,0 (48g, 0.22mol) in DCM (1000 mL) was added
TEA (68.8 mL, 0.5 mol) dropwise at 0 °C. After addition, the resulting mixture was

stirred at ambient temperature overnight and was filtered. The filtration was washed
with 1 N HCI (300mLx3) and brine, dried over Na,SO., concentrated in vacuo to give
an off-white solid, which was further washed with petroleum ether to afford 1,1-
dimethylethyl [2-(4-bromophenyl)-2-oxoethyl]carbamate (Intermediate 5) (40g, yield:
64%). 'H NMR (300 MHz, CDCI3) & ppm 7.83 (d, J=8.7 Hz, 2H), 7.65 (d, J=8.7
Hz, 2H), 5.48 (s, br,1H), 4.60-4.62 (m, 2H), 1.49 (s, 9H). ES LC-MS m/z =336
(M+Na)".

Intermediate 6: 1.1-dimethylethyl{2-0x0-2-[4-(4.4.5 5-tetramethyl-1,3.2-dioxaborolan-
2-vlphenyllethyllcarbamate

(0] : 0
0 H B\Oi
)
=

Intermediate 6 can be prepared as illustrated in the reaction scheme below.



Internmediate 5: 1, 1-dinethyl ethyl12-(4-bronophenvl)-2-oxoet hyl | car bamat e

To a m xture of 2-am no-1-(4-bronophenyl)ethanone hydrochl ori de

(I nt er redwveat2e114283960 g, 0. 2nol ), Boc20 (48g, 0.22npl) | RCDTSELOOISNL) was
added TEA (68.8 nL, 0.5 nol) dropwise at 0 C. After addition, the resulting
m xture was stirred at anbient tenperature overnight and was filtered. The
filtration was washed with 1 N HCl (300m.x3) and brine, dried over Na2504,
concentrated in vacuo to give an off-white solid, which was further washed
with petroleumether to afford 1,1- dinethyl ethyl

[ 2- (4- bronophenyl) - 2- oxoet hyl ] carbamate (I nternediate 5) (40g, yield: 64%.
1H NWR (300 MHz, CDCI3) 6 ppm 7.83 (d, J = 8.7 Hz, 2H), 7.65 (d, J = 8.7
Hz, 2H), 5.48 (s, br,1H), 4.60-4.62 (m 2H), 1.49 (s, 9H. ES LC-M5 niz
=336 (MtNa) +. Internedi ate 6:

1, 1-di met hyl et hy1{ 2- oxo- 2- 14- (4, 4,5, 5-tetranet hyl -1, 3, 25 di axabor ol an2- vpdhe
nyl | et hyl | car banat e 11 6 Pd(dppf)d2 (2.6 g 3- ciweho was added
to a mxture of 'qﬁthylgthmb!ﬁquiz;BJQﬂﬁﬁhen N2% oxB6et hyl ] car bamat e
(I'nternedi at egh)/ ( ,  63. 7mmoli N bi i nacol at 0) di horon (19.4g, 76.4nmmol)
and KOAc (24.8g, 0.254npl) in dioxane (300nm), the=kiask vas purged with
nitrogen (3x) and heated to 80 C for #6 hrs under ni‘t r ogeri at nosphere. The

reaction m xture was glukp wi th hexane (300nL), &iltered,oconcentrated

and the residue was r sfsi €@d- by chr omat ogr aphy oq%é}%<§§%gél petrol eum

ether / ethyl acetaté £ 5PI) to give 1,1-dineth¥i hy1T2- 0%63244- (4, 4, 5, 5-
i I

tetranet hyl-1, 3, 2—diexaberelan—2=yl ) phenyl ] et hyl  carbamate (I nternedi ate 6)
(13.3 g, 7( 6
Pd(dppf)Cl, (2.6 g 3.18mmol) was added to a mixture of 1,1-dimethylethyl [2-
(4-bromophenyl)-2-oxoethyl]carbamate (Intermediate 5) (20g , 63.7mmol),
bis(pinacolato)diboron (19.4g, 76.4mmol) and KOAc (24.8g, 0.254mol) in dioxane
(300mL), the flask was purged with nitrogen (3x) and heated to 80 °C for 16 hrs

under nitrogen atmosphere. The reaction mixture was diluted with hexane (300mL),
filtered, concentrated and the residue was purified by chromatography on silica gel
(petroleum ether / ethyl acetate = 5/1) to give 1,1-dimethylethyl{2-ox0-2-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyllethyl}carbamate (Intermediate 6) (13.3 g,
yield: 58%) as a white solid. "H NMR (300 MHz, CDCI3) & ppm 7.90-7.93 (m, 4H),
5.55 (s, br,1H), 4.68 (s, 2H), 1.48 (s, 9H), 1.35 (s, 12H). ES LC-MS m/z = 384
(M+Na)".

Intermediate 7: 1,1-dimethylethyl(2S8)-2-({[2-(4-bromophenyl)-2-
oxoethyllamino}carbonyl)-1-pyrrolidinecarboxylate

A mixture of 1-{[(1,1-dimethylethyl)oxy]carbonyl}-L-proline (50 g, 0.233mol),
HATU (106 g, 0.279 mol) and DIEA (150 mL) in DMF (400mL) was stirred at ambient
temperature for 10 min. 2-Amino-1-(4-bromophenyl)ethanone hydrochloride
(Intermediate 4) (70g, 0.279 mol) in DMF (500 mL) was added and the resulting
mixture was stirred overnight before diluted with EtOAc (4L). The solution was
washed with TN HCI (500 mL x 4) and brine, dried over Na,SO., concentrated. The



yield: 58% as a white solid. 1H NWR (300 MHz, CDCI3) 6 ppm 7.90-7.93 (m
4H), 5.55(s, br,1H), 4.68(s, 2H), 1.48(s, 9H), 1.35(s, 12H). ES LCMs mz =

384 ( MrNaw®.201me39aedi ate 7: PCT/US2010/046782
1, 1-di et hyl et hyl (2S) - 2- ({[ 2- (4- br onophenyl) - 2-
oxoet hvl ] am nol car bonvl) - 1-ovrrolidi necar boxyl ate A m xture of

1-{[ (1, 1-di et hyl et hyl ) oxy] car bonyl | -L-proline (50 g, 0.233npl), HATU (106
g, 0.279 nol) and DI EA (150 mL) in DWMF (400nL) was stirred at anbi ent
tenperature for 10 min. 2-Am no-1-(4-bronophenyl)ethanone hydrochl oride
(Internediate 4) (70g, 0.279 nol) in DWF (500 nL) was added and the
resulting mxture was stirred overnight before diluted with EtOAc (4L). The
sol ution was washed with 1IN HCl (500 m2 x 4) and brine, dried over Na2504,
concentr at ed. The 12 crude product was recrystallized froma m xture of
petrol eum et her

1. 1- di met hyI e? ude ?%@?@tﬁ@%ﬁ g’ Faﬂ&%ér %%T%taﬁ%%h%)qf Betroleum ether / ethyl acetate

oxoet hyl ] am n(ﬂ/t‘)a@ pigery 1ydimetpylethy(2SoH1ie< - yosogpheni)-4 nt er nedi ate 7) (58. 49,
37/' Sl?)d( d61\0]/() a§x%ﬂ4y‘]QWn§l%@aﬂbgnyl 11Fb§dﬂ%‘|ﬁ|ﬁ§9%o%e IQM@@H) difte I?P('E'B&g%l&s 1H)
82, 3 = e e e o AR E T 2 oy
ES LC-MS nf z 8.44%] 21), 74118 JE § MHEH)H), 4.46-nt5e (mEZH )4 @5-8.:21 (m, 1H), 3.28-3.40

1, 1-di net hyl eﬁ,ﬁyg,_( 29k 12650 nﬁlﬂﬁ? %DPPF{PTYJQ% 1\‘5‘3 L’PT #4879k =23¥ el

pyrrolldlneca [0)4 1at

1, 1- di met hyl etNigHi)( 2S) - 2- ({[2 (4- bronDphenyI) 2-

oxoet hyl ] ami nol car bony1) - 1- pyrrol i di necar boxyl ate (7) (40.0g, 97.2mmol) and
NH40Ac (60g, 0.778nmpl) in xerne (400nL was heated to 150 C for 5 hrs in a
seal ed react oftermggiateds ) f-imigog

di ssolved in EMQﬁ@mé&ﬁQmwgg and mashed mnth aqueous NaHCCB and brine. The
organi ¢ phase was dri ed over Na2504, concentrated to dryness. The crude
product was purlqu RyN\chponat ography on silica gel (petroleum ether!

ethyl acetate 1/ 1)_tdlgi va

1, 1-di net hyl et hyl (2S) - 2H[ 4- (4- br onophenyl) - 1Hi m dazol - 2-y1] - 1-

pyrrolidi necarboxylate (Internediate 8) (34g, yield: 899@ as brown solid.

1H NWR (300 MHz, Mtabecﬁmmm@thﬁ@th&l@&é (FF2-- &oHépheZEZ .46 (d, J = 8.4Hz,

2 7.20 1 . 87 2
Sl 5 06 (m Qsihyﬁam'ga}cegew>(1n?yr§lﬁme°f3b&§y%ft§%7>é% 0g ZEeq%e ; _ég]z :%4

(M FH) + . | nt 8Hp®@AG @D, B778mol) in xylene (400mL) was heated to 150 °C for 5 hrs in a
4-(4-br Om)phege/a]rgd %a&t&{z %%e ?ea%t\(cy IQIL(EU% \ngsléon&eﬁtﬂa[gdd%hg reS|d\ue Was
dissolved in EtOAc¢ (500 mL) and washed with aqueous NaHCOj3; and brine. The

organic phase was dried over Na,SO,, concentrated to dryness. The crude product

was purified by chromatography on silica gel (petroleum ether / ethyl acetate =1/1) to
give 1,1-dimethylethyl(2S)-2-[4-(4-bromophenyl)-1H-imidazol-2-yl]-1-
pyrrolidinecarboxylate (Intermediate 8) (34g, yield: 89%) as brown solid. '"H NMR
(300 MHz, CDCls3) 6 ppm 7.52 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.4Hz, 2H), 7.20(s,
1H), 5.58-5.71 (m, 1H), 3.38-3.42 (m, 1H), 2.80-2.87 (m, 2H), 2.03-2.06 (m, 2H),
1.88-2.00 (m, 2H), 1.49 (s, 9H). ES LC-MS m/z =392, 394 (M+H)" .

Intermediate 9: 4-(4-bromophenyl)-2-[(2S)-2-pyrrolidinyl]-1H-imidazole

N7\
H \%’Br
HCl @L”

1,1-dimethylethyl(2S)-2-[4-(4-bromophenyl)-1H-imidazol-2-yl]-1-

pyrrolidinecarboxylate (Intermediate 8) (72.4g, 185mmol) was treated with saturated




HCI N s'N 13 HCl in dioxane (200 nL), and stirred at anbient tenperature
overnight. The resulting solid was filtered and washed with petrol eum et her
to give w0aetwswphenyl)-2- [(2S)-2-pyrrolidinyl]-1H i rCHaS16/046782
(Internediate 9) (60g, yield: 90% as yellow solid. 1H NWR (300 Mz,
DMSO-d6) 6 ppm 8.10 (s, 2H), 7.88 (d, J = 6.6 Hz,2H), 7.70 (d, J = 6.6 Hz,
2H), 7.49 (s, 1H), 7.32 (s, 1H), 7.16 (s, 1H), 4.50-4.52 (m 1H), 3.15-3.40
(m 2H),1.88-2.88 (m 4H). ES LCMS mz = 291.1, 293.1 (MtH) . Internedi ate
10: methyl [(1S)-1-({(2S)-2-14-(4-bronodhenyl)-1Hi m dazol -2-y11-1-
pYrrolidinyllcarbonyl)-2-nethyl propyllcarbamate -0 H,0 O

N- Rnet hyl oxy) car bony1lFL-val i ne (43.1g, 0.246npl) and HATU (93.5g, 0.246n01)
in DCM (1000 nmL) was stirred for 10 mi@. 4-(4-Bronophenyl)-2-[(2S)-2-
pyrrolidinyl]-1Him dazole (Internediate 9) (60g, O. 205rml) was i ntroduced,

(d%%a 00 miLy, ed entiem tu Itn
;?ﬂl:): g\r,:?dt 2?lrp5|r_|a ure or?/ nig 3 rJ)T% ed%g ﬁ sIUI I e\?vag}]ed
wi th agqueous PRIHEES filergd Brd W'esheq‘m,ih @@@éw%etbhratg@wwés(qurwh@m@rZ Na2504

concentrated fosyl. Mﬁﬁ%ﬁé‘mylﬂ_ﬂ‘ﬁnﬁé&@% mé?ﬁlg&&te\g?ﬁsoatv.éléIgg%)lagyafam ogr aphy
on silica gel, ISgletrol eum et her FEL’X acet a ive met OyJ

[(1S)-1-({(29) MB@QOMF'&n%MﬁQrﬂ?)ﬁP ﬁ|1ﬁ1%§%|78§91% §5572H). 7.70(

23(7)|/(I) di nyl | lciar baroyHy, 283, metohy,| 1) ong2 dscaﬂ)barrausg)m) mt&e)nnlﬁz?l(lng,'g?l) 330125;){&2% 1¥i (el d:
% as ye o m S,

1H) . 5.5%-5.5 “%ﬁ)zlé_és(wbwg'*gzgg %T%q%' 1239% Ty iH), 3..64-3.71

(m 5H), 2.99- 3 03 (m 1H), 1.88-2.31 (m 4H), O.88- 0 92 (m 6H). ES LC- M

Mz =449, 451 kdhkliatel 1Bl HMRAl A0 (%(éS)z [4-(4-bromophenyl)-1Ftimidazol-2-y1l-1-

1, 1-di methyl efhy112- (7 7S) - I- (( 2S) - 3- met hyT -

{1( met hyl oxy) & : AN A rolidi nyll 1H i m dazol -4-y11- 4-
bi dhenyl y1) - 2- oxoet hyJ—b};:_aJ bamat e 14

N-[(methyloxy)carbonyl]-L-valine (43.1g, 0.246mol) and HATU (93.5g,
0.246mol) in DCM (1000 mL) was stirred for 10 min. 4-(4-Bromophenyl)-2-[(2S)-2-
pyrrolidinyl]-1H-imidazole (Intermediate 9) (60g, 0.205mol) was introduced, followed
by DIEA (82.6mL, 0.308mol) dropwise. The mixture was stirred at ambient
temperature overnight before diluted with DCM (1000 mL) and washed with aqueous
NaHCOj3; and brine. The organic phase was dried over Na,SO,, concentrated to
dryness. The crude product was purified by chromatography on silica gel (petroleum
ether / ethyl acetate=1/1) to give methyl [(1S)-1-({(2S)-2-[4-(4-bromophenyl)-1H-
imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-methylpropyljcarbamate (Intermediate 10)
(629, yield: 67%) as yellow solid. '"H NMR (300 MHz, CDCI3) 5:7.43-7.51(m, 4H),
7.17 (s, 1H), 5.53-5.57 (m, 1H), 5.20-5.22 (m, 1H), 5.29-5.33 (m, 1H), 3..64-3.71 (m,
5H), 2.99-3.03 (m, 1H), 1.88-2.31 (m, 4H), 0.88-0.92 (m, 6H). ES LC-MS m/z =449,
451 (M+H)".

Intermediate 11: 1,1-dimethylethyl[2-(4'-{2-[(2S)-1-({2S)-3-methyl-2-
{[(methyloxy)carbonyllamino} butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-

biphenylyl)-2-oxoethyl]lcarbamate




To a m xture of nethyl

[(1S)-1-({(2S)-2-[4-(4-Dbronophenyl)-1H i m dazol -2-y1]-1-

pyrrol i diwglzbankisy 1) - 2- net hyl propyl ] car bamat e (| nt er mpdiraiSeo100¥678629,

0. 138npl), 1, 1-dinethyl et hyl

{2- ox0-244-(4,4,5,5-tetramet hyl-1, 3, 2- di oxabor ol an- 2-

yl ) phenyl J et hyl | carbamate (Internediate 6) (47.7g, 0.152npl) and NaHCO3
(34.2g, 0.414npl) in a m xed DMVE (800nmL) and water (260 nli) was added
Pd(dppf)d 2 (5.63g, 6.9mvl). The flask was purged with nitrogen (3X)
before heated to 80 C for 16 hrs. The reaction was cooled down to rt and
filtered. The filtrate was diluted with Et0OAc (1000m.), and the solution
was washed with aqueous NaHCO3 and bri#e, dried over Na2SO4, concentr at ed.
The residue was purified by chromatography on silica gel (petroleum ether!
ethyl acetate = 1/2) to give

1, 1-di net hyl et hyl [ 2- (4' {2 [(2S)-1-((29S)- 3<methyl 2-

{[ (et hyl oxy) car bonyl ] am nol but anoyl) - 2-gyrrolidinyl]-1Him dazol -4-y11-4-b
i phenyl y1) -~ 2-0oX hyd]car bana icate 11) (45g, yield: 54%  as
yel Low sol i d. 16 NMR{( 300 W, ) (5 ppm 8.03 (d, J = 8.4 Hz, 2H),
7.88-760 (m 6H)—*§ (SN bri-iH) ,=—5.42 (m 1H), 5.28-5.30 (m1H), 4.71 (s,
2H), 4.32-4.35 (m 1 - 3 "70-3. 84 (m 5H), 2.96 (s, br,1H), 1.96-2.11 (m
|4|r_]2 ér rlreglgag Z 12H) ;]Egta rture of me{hn] I( 1S) 2§)-2-[4-(|>1/§)rc§rr¥1gphe§yol)é}1 H-gml\i/lggotzyl]-ﬁ

N- Rret hyl oxy) py:rrdmomyl}cbrbbnwa:k yﬁth@R)pyk]baWem(&’ﬁtémmﬁQEd 100.{62900.13mol),

appr oxi mat el yﬂg%&@étb % -\i%@%’é?(e‘%ﬁ)ne dhyglu%od)%(a!?or LQbLI nate

hydr ochl ori de | Juce resurt| ng m xture was
stirred for amlmhﬁnb]ﬁﬁlbfl}eﬂﬁb%naéﬁt (Intermgefata @ quenched with NaHCOB (ss). The

| ayers were S efraigah @S‘Zrﬁ&ﬁar{dh\i’akﬁﬂ}ﬁ%% |03£Mﬁfno@’ﬁ1% :%?S(Eé @MEe@O(YHwL)"én@CM (2x).
The conbi ned %?%anl ¢ phase [ tered

nd
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oxy)ca L= ([t ermedi at e
(3. 59,yy| e?/d %8@%” hfhm()% %w&%%évv@ﬁ%@é%&&w 93%% RWaSs 54 (m 1
H 4.69 (t, Jw8shtt with aqledds NaHE®s@bd brirg, driedd dvpr Ma225D4(®nce11trH)ed3T@@ - 4.08

|(‘|)m 0182) ) 31711§e(s§iue %a r%re@@y (:§rom"§to'§l)apﬁy 3r93|F<,2d g%&p(e Ietilm E%eé/r%iyé?%egaéég ( m 2

met hyl N Rmret ﬁﬁ?g]%%/g' FJ@HW”I‘YJEL'JXH& @1{2 Kz&zb(@ oiailo hM'a% e To a S"[I rred
sol ution of N aﬁ@ﬁmwmbﬁﬁ]%mﬂydl@noWﬁhb%dlﬂRW AHivtidaRorg-ylarpHeRAYIS

(100) mtor e SrtRatdedPamat ol Redmad TR D Pt SRTBR S AR S bet or e

guenched wi t h(®0oMttr, COCHH) arppttE.e3s(dl § aBet mzsaa) MBB-7®Admt BidIN5 &S, bNAHCO3 (200
m). Stirred wgs rﬁoﬂli)' 5484 36% 1?—@ s 323% gﬂ%%%“ﬂ@og‘%?%ﬁt (f@gtped with

DCM (2 x 300niL). 'The ‘organi c r was over iltered and
concentr at ed. 2%@ &F Ude Qﬁﬁdﬁé"tﬂ 4H) 1.49 (s, 9H), 0.88-0.92 ( m 6H). ES LC-MS m/z

=604, (M+H)";

Intermediate 12: methyl N-[(methyloxy)carbonyl]-L-valyl-(4R)-4-hydroxy-L-prolinate

To a stirred solution of N-[(methyloxy)carbonyl]-L-valine (2.89g,16.52mmol) in
DCM were added TEA (3.51g, 34.7mmol) and HATU (3g, 16.52mmol). After



was purified by colum chromatography (silica gel, 0 to 70% et hyl acetate
in hexane) to give nethyl N Rmethyl oxy)carbonylFL-val yl1l-4-oxo-L-prolinate
(I nt er redwet2e111@3596 701ng, yield: 20% . 1H NVR (400 MHz, PCHICROPORVBZ) (5
ppm5.25 (d, J=9.18 Hz, 1 H) 5.07 (dd, J=10.74, 2.93 Hz, 1 H 4.36 (d,
J=17.77 Hz, 1 H 3.97 -4.23 (m 2 H 3.69 - 3.77 (m 3 H 3.63 (s, 3 H
2.92 (dd, J=18.94, 10.74 Hz, 1 H 2.62 (dd, J=18.94, 2.73 Hz, 1 H 2.01 (t,
J=3.32 Hz, 1 H 0.86 - 1.16 (m 6 H. 16 Internedi ate 14:

met hyl (3S, 7S, 9S) - 7, 9- di net hy1- 2- { N- Rret hyl oxy) car bonyl | - L-val yl | 6, 10- di oxa-
2 azaspiro[4.5] decane- 3-car boxyl ate Met hyl

N-[ ( met hyl oxy) car bonyl ] -L-val yl-4-oxo-L-prolinate (Internediate 13) (650ny,
2.164mmol ), (2S,4S)-2, 4-pentanedi ol (992ny, 8.66mvl) and TsOH (82ny,

0. 43mmol ) mere heated to reflux in toluene (40nL) with Dean Stark trap

over ni ght { t he
r\ésul ![?ng sol uﬁr%ﬁrﬂg g%%ﬂh\'m.d &Aﬁ‘%‘hﬂgﬂ@&l‘%w él a?e Ocﬁjﬁ eg(?gam c later
was dried oveil6REBOA) whs Intredusdd-afiek revingrmairie Wélshfé'”@‘ﬁ iﬁﬂédcﬂﬂ'%‘éms flas
purified by calydir &iyn@mtvmrmr@o (8d)! Iﬂaa |ag/@Js,weﬁ>e 5&haridl Sidié aqfeBli@t e in

hexane) to give net
N T et hol oS Rrisa vl DGNED. 3ha eareohkLoreanic.phase Wap eS| ek ane. 3- car b
(():ﬁllaa?tae: O(? :\/Fél )E!Nﬂfsﬂhaﬁlt%reliﬁb)nd(c&ﬁﬁzﬁgated'lHid:brue%‘k%SiL&Swamptmgb% %)Zl.d:cbllN\R |(_|)402 g/l5—|z

t -
a5 om L vy chBgBRBagngfiics 5oy oy octined pkane Ry [ 4,25,
(m 6 H 2. 46[me@yl5&')QérﬂP0ny|]-l=l)valxl ®R)-¢-daidrody=i-profizate intgBnadiate 12)K3.5@. 00 - 2. 06

1 1.54 1 m & Hz, 3
gm84 ] "% . (yleld 7069). (WNMﬁékbo IQAH%%HL@R@IEOIQIW%E pbn 5134935rér£d| jt*r@54 6%5 Z 1'7")

wer e prepar ed! tué18ﬁ3)ﬁt¥r EBAPAR &i hil) 41 €%1§'H§ gﬁréé@dﬁ‘r &§)8dt§ A8 in the

preparati on 08.66n, rHRH9at26502m, I M) @ raze i 1@t(e, 281) 0.86 - 1.13 (m, 6 H). ES LC-
(3S, 7R, 9R) - 7, 9., dl}@%?%é@_F N Ret hyl oxv) car bonyl | - L-val v11-6, 10-
di oxa- 2- azasp ! MHY 3 car boxylic acid 17 0 0 0O

Intermediate 13: methyl N-[(methyloxy)carbonyl]-L-valyl-4-oxo-L-prolinate

O
\OJ\r ‘‘‘‘
o
N

O
/

To a stirred solution of N-[(methyloxy)carbonyl]-L-valyl-(4R)-4-hydroxy-L-
prolinate (Intermediate 12) (3.5g, 11.9mmol) in DCM (80 mL) was added Dess-Martin
(10g) at rt The resulting mixture was stirred for additional 4 hours before quenched
with 5% aq. sodium thiosulfate (350 mL) and then sat. NaHCOg (200 mL). Stirred

0]

was continued for 10 min and the mixture was extracted with DCM (2 x 300mL). The

organic layer was dried over MgSQy, filtered and concentrated. The crude product

was purified by column chromatography (silica gel, 0 to 70% ethyl acetate in hexane)
to give methyl N-[(methyloxy)carbonyl]-L-valyl-4-oxo-L-prolinate (Intermediate 13)
(701mg, yield: 20%). "H NMR (400 MHz, CHLOROFORM-d) & ppm 5.25 (d, J=9.18
Hz, 1 H) 5.07 (dd, J=10.74, 2.93 Hz, 1 H) 4.36 (d, J=17.77 Hz, 1 H) 3.97 - 4.23 (m, 2
H) 3.69-3.77 (m, 3H) 3.63 (s, 3 H) 2.92 (dd, J=18.94, 10.74 Hz, 1 H) 2.62 (dd,
J=18.94, 2.73 Hz, 1 H) 2.01 (t, J=3.32 Hz, 1 H) 0.86 - 1.16 (m, 6 H).



HO N' 0 //\ 1H NVR (400 MHz, DVSO-d6) 6 ppm 12.53 (br.

s., 1 H, 7.49 (d,

1H), 4.34 (d, 1H), 4.24 (t, 1H), 4.06 (br. m 2H), 3.93 (t, 1H), 3.37 (m,
4H), 2.35W02m1/2b49s 2.09-1.86 (br. m 2H), 1.59 (m 2H) pCTAUBZo10my676), 0. 91

(m 6H). Internmedi ate 16:

met hyl (8S) - 7- { N- Rmet hyl oxy) car bonyl | - L-val y11- 1, 4- di oxa- 7-

azaspi rol4. 41nonane- 8- car boxyl at e ES LCG-M5 nfz =345.3 (M+H) +.
Internediate 17: (8S)-7-{N Rnet hyl oxy)carbonyl|-L-valyll-1, 4-di oxa-7-
azaspi rol4. 41nonane- 8- carboxylic acid 1H NMR (400 MHz, DVBO-d6) (5 ppm

12.56 (br. s., 1 H) 7.40 (d, J=8.39 Hz, 1 H 4.33 (dd,

J=8.78, 7.02 Hz, 1

H 3.81 -4.10 (m 5 H 3.41 - 3.66 (m 5 H 2.28 - 2.43 (m 1 H 1.94 -

2.11 (m 1 H)
(MrH) +. 18

1.74- 1.94(m 1 H 0.6716 1.05(m 6 H). ES LC-MS miz =331.6

Intermediate 14: methyl(3S.7S,9S)-7.9-dimethyl-2-{N-[(methyloxy)carbonyl]-L-valyl}-

6.10-dioxa-2 azaspiro [4.5]decane-3-carboxylate
o}
TS
O N o—
NH

e

0
/

0

Methyl N-[(methyloxy)carbonyl]-L-valyl-4-oxo-L-prolinate (Intermediate 13)
(650mg, 2.164mmol), (25,45)-2,4-pentanediol (902mg, 8.66mmol) and TsOH (82mg,
0.43mmol) were heated to reflux in toluene (40mL) with Dean Stark trap overnight.
After cooled down to rt and diluted with ethyl acetate, the resulting solution was
washed with NaHCO; (ss) and brine. The organic later was dried over MgS0O4,
filtered and evaporated. The crude product was purified by column chromatography
(silica gel, 0 to 50% ethyl acetate in hexane) to give methyl (38,7S,9S)-7,9-dimethyl-
2-{N-[(methyloxy)carbonyl]-L-valyl}-6,10-dioxa-2-azaspiro[4.5]decane-3-carboxylate
(Intermediate 14) (366mg, yield: 44%) as an oil. 'H NMR (400 MHz,
CHLOROFORM-d) 6 ppm 5.38 - 5.51 (m, 1 H) 4.54 (t, J=8.03 Hz, 1 H) 4.25 - 4.36
(m, 1H)3.91-4.05(m,2H)3.85 (d, J=10.04 Hz, 1 H) 3.54 - 3.77 (m, 6 H) 2.46 -
2.53 (m, 1 H)2.12 (dd, J=12.92, 7.65 Hz, 1 H) 2.00 - 2.06 (m, 1 H) 1.54 -1.75 (m, 3
H) 1.10-1.25 (m, 6 H) 1.03 (d, J=6.78 Hz, 3 H) 0.84 - 0.96 (m, 3 H). ES LC-MS m/z
=409.3 (M+Na)".

Intermediates 15 and 17 were prepared using procedures similar to the procedures

outlined in the preparation of Intermediate 2:

Intermediate 15: (3S.,7R.9R)-7.9-dimethyl-2-{N-[(methyloxy)carbonyl]-L-valyl}-6.10-
dioxa-2-azaspiro[4.5]decane-3-carboxylic acid




Exanmpl e 1: net hyl

1.(19)-1-({(2S)-244-(4'-{2-1.(3S,7S,9S9) -7, 9-di net hyl - 24( 2S) - 3-

met hyl - 2-werretneBiky) car bonyl | am nol but anoyl) - 6, 10- di ox®€C2AB2@9o6782 4. 51dec
-3-vnlHi m dazol - 4- 0- 4- bi phenyl y1) - 1Hi mi dazol - 2-y11- 1- pyrrol i di nyl | car bony
1)-2- nethyl propyl | car banat e 2 NH40Ac di oxane Example 1 To a
stirred solution of

((3S,7S,9S)-7, 9-di net hyl- 2- { N- Rnet hyl oxy) car bonylFLval y11- 6, 10- di oxa- 2- azas
piro[ 4. 5] decane- 3-carboxylic acid (Internediate 2) (96ng, 0.258mvl) in DV
(2m.) were added TEA (78ng, 0.773mvol) and HATU (108ng, 0.284mmopl). After
-3mn stirring, nmethyl {(1S)-102S)-2-{444' -(am noacetyl)-4-

bi phenyl y1] - 1H i m dazol - 2-y11- 1- pyrrohvdi nyl ) car bony1] - 2- met hyl pr opyl | car ba
mat e di hydrochloride (Internmediate 1) (149ng, 0.258mm1l) was i ntroduced.
After the reaction was stirred for additional 2 hrs at rt, the mxture was
directly loaded to RP HPLC, eluting with 5:to 80 % acetonitrile/ water (0.2
% NH3H20 (conc.)) to give nethyl %
[(1S)-1-({(2S)-244-(4"-{2-[(3S,7S, 9@@ Fwet hyl - 2- ((2S) - 3- net hyl - 2-

{[ (et hyl oxy) car bonyl ] am nol but anoygd) - §-10- di oxa- 2- azaspi ro[ 4. 5] dec-3-y1]-1
H m dazol - 4-y11-4-bi phenyl yl)-1Hi m gdazol - 2-y1] - 1- pyrrolidinyl | carbonyl) - 2-
met hyl propyl ] carbamate (I nternedi ate 3) L lid (135nmg, yield: 619 . i HNWR
(400 MHz, CHLOROFORM-d) (5 ppm 10.40 1.2 Im 1 H 7.32 - 8.30 (m 10 H
5.28 (br. s., 2 H 4.53 - 4.96 (m 4 H 4.17 - 4.53 (m 1 H 3.40 - 4.17
(m 11 H) 2. 834 NMR (320 MHz, DMSO-ds) 5 ppm 12.53 (br. s., 1 H), 7.49 (d, 1H), 4.34 (d, 1H),

4.24 (t, 1H), 4.06 (br. m, 2H), 3.93 (t, 1H), 3.37 (m , 4H), 2.35 (m, 1H), 2.09-1.86
(br. m, 2H), 1.59 (m, 2H), 1.17 (m, 6H), 0.91 (m, 6H).

Intermediate 16: methyl(8S)-7-{N-[(methyloxy)carbonyl]-L-valy[}-1.4-dioxa-7-

azaspiro[4.4]nonane-8-carboxylate
o}

ey

]
ES LC-MS m/z =345.3 (M+H)".

@)

Intermediate 17: (8S)-7-{N-[(methyloxy)carbonyl]-L-valy[}-1.4-dioxa-7-
azaspiro[4.4]nonane-8-carboxylic acid

NN
%

/

"H NMR (400 MHz, DMSO-ds) & ppm 12.56 (br. s., 1 H) 7.40 (d, J=8.39 Hz, 1 H) 4.33
(dd, J=8.78, 7.02 Hz, 1 H) 3.81 - 4.10 (m, 5 H) 3.41 - 3.66 (m, 5 H) 2.28 - 2.43 (m, 1
H) 1.94 - 2.1 (m, 1 H) 1.74 - 1.94 (m, 1 H) 0.67 - 1.05 (m, 6 H). ES LC-MS m/z
=331.6 (M+H)".

o)



19 (m 1 H 2.26 - 2.74 (m 3
H. ESLCMS mz = 858.6 (MF
[(1S)-1- (W028)1/@28994- (4" - {2- [ (
di met hy1-2- ((2S)-3-net hyl - 2-{
a- 2-

azaspiro[ 4. 5] dec-3-yl1l]-1Hi m dazol -4-y11-4-bi phenyl yl)-1H i m dazol - 2-y1] - 1-
pyrrolidinyllcarbonyl)-2-nethyl propyl]carbamate (Internmediate 3) (135ny,

0. 157mmol ) in di oxane (3nL) was added anmmoni um acetate (121ng, 1.57nmol).
The reaction m xture was heated to 110 Cin a seal ed tube overnight. Cooled
down to rt, filtered off excess of anmmonium acetate. The filtrate was
evaporated and the residue was purifieg by col um chromatography (silica
gel, 0-15% nmethanol in ethyl acetate) to give nethyl

RLS) - 1- ({(25) ppdd- (4 -2

((25) - 3- met hyF= _ .
azaspiro[ 4. 5] o , ¢ : f? iy aspHo P 2-y1] - 1-
pyrrol i di nyl | ¢ankeERs: ﬁ-m%m&@ @nyrhbsﬁf b@ﬁat@rr()@mrr@drs‘on% 2as sol id (8lny,
yield: 58%. IIINWR_'gY'C (5 ppm10.23 - 11.01 (m 1 H
7.31-8.08(..9”“5“3."%Dya ,J803Hz 513 - 5.89 (m 4 H 3.34 -
4.69 (m 13 H 284-331(m2 263-284(m1 229-253(m1
H 1.85 - 2.29 (n§ 1 8BATUITEA 4 63 -
1.16 (m 12 gﬁws d_835_2145§(5‘\QW T A4® Q&%@nﬁ% e 2:

met hyl 1.(1S) ¢ hyl - 1- ({(28) 2- 14 (4 7- ((28) 3-

{ Rmet hvl oxy) car\?ﬁ | I ami nol but an® Qf? azaspi rol@mn 8-yl1-1
Hi mi dazol - 44 -bi ph@ny ly1)-1Hi mb?fm o
pYrrolidinylIcarBonyl)propyllcar e /

i mi dazol - 4-y11- 4- bi phenyl y1)- 1Hi i dazol - 2 yl] 1- 3
pyrrolidinyllcarbonyl)propyl]car barfat ez was obtained from

(8S)-7-{ N[ (et hyl oxy) car bony1] - L-val yI1- 1, 4-di oxa- 7- azaspi r o[ 4. 4] nonane- 8- ¢
arboxylic acid (Internmediate 17) and net hyI

{(1S5)-102S)-2-{4-[4' - (am noacet y1l) - 4- bi pheny
di nyl ) carbony1] - 2- et hyl propyl | car banat e di#

H 1.54 - 2.26 (m 8 H 0.47 - 1.43 (m 18
H) +. To a stirred solution of nethyl
3S,7S,99)-7, 9- PCT/US2010/046782
[ (et hyl oxy) car bonyl ] am nol but anoy1) - 6, 10- di ox

| -2-y11-1-pyrroli
nt e(edi ate 1),

following the simlar twgastep syntheti c{p o@edures outlg n/Exanpl e 1.
1H NVR (400 Mz, CHLOROFORMITY (5 ppm 10.00T- 11.36 (m 27H) 7.%6 (br. s.,
10H)702-734(m 29P§°5.05 - 5.89 (mY4nNH) 3.76 - "(m 6 H 3.53 -
383(m6l—l)277-354(m2H)226-20’}°Q>(m2 0- 2.26 (m 6

H 0.61 - 1.25 (m 12 H. HRVS: (M+H) cal cd! 797. 3986 fodnd 797.3981.
Exanpl e 3: di net hvl Exariple 1
(4, 4" -bi phenvl di vl bi s{ 1H-i m dazol e- 4, 2-di VI R3S, 7S, 9S5) - 7, 9-

di et hyl - 6, 10- di oxa- 2- az |r014 1-oxo-1, 2
eyl 6 10 01 ok L ReraRyL e ASERes BB LU LR F R 1o
suspensi on of va.yl}iﬁ 1 QdIO&a-2{aZ§ﬂwn[¢l5dﬂeyar)da$-sQrzoxyb¢ amﬁbémthramdw@ 2)((98egry,
0.285nmmol, prgpsg H\ogﬁ%\%ﬁwﬂ_)mré%eﬁﬁﬁﬁ%ﬁgeﬁ795&%5’%% HRTYPRERAGO20825)

in acetonitrile ed (3S,7S
di met hy1- 2- { NORBHBMAYIAGRY YERP %ﬁsygl]meﬁhyi/{é‘i%/)1111(@%’6}{41[405@&“@%%%61 ro[ 4. 5] deca
ne- 3- car boxy bibkerdfi]d Hlihitags HPREL Bb@roRding R 3BEBYI-Pmbihlp@pyndMahwed by

?ﬂgl tsluggeﬁ; -(I)_ﬁAycgrochlon Intermedlaq-m?i ()149th0 igs)étm%ﬁ)%va\é@%ro%ucedrEfger?};[ 50 C until

reaction was stirred for additional 2 hrs at rt, the mixture was directly loaded to RP
HPLC, eluting with 5 to 80 % acetonitrile/ water (0.2 % NH3H,O (conc.)) to give
methyl [(1S5)-1-({(2S)-2-[4-(4'-{2-[(3S,7 S,9S)-7,9-dimethyl-2-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-6,10-dioxa-2-azaspiro[4.5]dec-3-yl]-1H-
imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-
methylpropyllcarbamate (Intermediate 3) as solid (135mg, yield: 61%). "HNMR (400
MHz, CHLOROFORM-d) & ppm 10.40 - 11.01 (m, 1 H) 7.32 - 8.30 (m, 10 H) 5.28
(br.s.,2H)4.53-4.96 (m, 4H)4.17 -4.53 (m, 1 H) 3.40- 4.17 (m, 11 H) 2.83 - 3.22



21 becane clear. After it was cooled down to rt, the reaction m xture was
diluted with ethyl acetate and washed with brine. The organi c phase was

dri ed ovewOlpB8@mss96i | t ered and evaporated to give PCT/US2010/046782

4, 4" - bi phenyl di yl bi s-2- oxo- 2, 1-

et hanedi y1(3S, 7S,9S, 3' S, TS, 9' S) bi s(7, 9-di net hy1-2-{N-[ (net hyl oxy) car bony1] -
L-val y1l1- 6, 10-di oxa- 2-azaspiro[ 4. 5] decane- 3-carboxylate) (Internedi ate 18)
(280mg, quant.). ES LGMs mlz = 979.6 (M FH) +. To a stirred solution
of 4, 4'-bi phenyl di yl bi s-2-0x0-2, 1-et hanedi y1

(3S,7S,95,3 S, 7'S,9' S) bi s(7, 9-di net hy1- 2-{ N Rnet hyl oxy) car bonylFL-val y11- 6,
10- di oxa-2-azaspiro[4.5]decane-3-carboxylate) (Internediate 18) (280ny,
0.286mmmo1) in dioxane (5nm) in a seal ¢d tube was added anmoni um acet at e
(441nmg, 5.72mmol). The reaction m xture was heated to 110 C overni ght.

Cool ed down t t fil ggqp e ltrate
was evapor at egnanla')% %??&gﬁﬁﬁe mﬁgs(“cgzl?‘? 8 y‘ﬁI ulquu ? Ii_‘ﬁl I(E:%-Ege’\{]é 0- 15%
met hanol in et 82&@{Mtd). to give dlnethyl

(4, 4" -bi phenyl di yl bi sf 1Hi m dazol e-4, 2- d|y1R35,75,95%-7,9-dinethyl-6,10-dio
xa- 2- To a stirred solution of methyl [(1S)-1-({(2S)-2-[4-(4'-{2-[(3S,7S,9S)-7,9-

ﬁ;?:pl( rEg([a4 F]eam{}ﬁz %Qé‘y@lhﬁék»i{( gﬁﬂet ny cBbbbnﬂqoam?Lblﬁ% Ngsltsarb%ﬂnmizz]}) bi scar ba
O ORCE ORI ¢ 2350 Bl I an -1 i ieges - &bnﬂyewi@é#nm@a% 2 7 61 (d,
J=7.53 Hz, 6 phrrolidig@}carbéndB2- (ﬂéthyl@rdﬁ)/l]dér%dd(,lntém&dﬁ& Pg135ngH) 5.23 - 5.39

Smlolzg Hg 430 Hsﬂﬁmég% 5&3%65@“4%%5 ‘?dc?@aj“"l%‘z%é é{%“ sr%ﬁmg'g 32 (m 2

H 2.70 (d, JItl@fG@@ldemxtheHyaSlheetgd(tQ)TH0 °€.in a3eglpd tubs gverniglg2 Conleddow) 1.13 -
33‘9164(9?1 1;;‘)&@ *flﬁ'%_ed & Q)?cegé%f ahfmdhum 5@\@6 TN at€ AhS Bvapdntedti@ne found:

(4, 4' - bi pheny[§i%¢ M"aé{’irlLfFeF’ HVH%JE’BP &hgmatography dipa gel40 o] 3y gethanol in

azasgl r 014 41 swpladietatd) o gehBRE) A 8)-neids)2-[A(9X24(3S 25 /981-a9efihathy2) bi scar bama
te

(4, 4" -bi phenyf é?b?me”@{/%lfr?ﬁt%% jcabgnilaginoiiaeeyly®. 104105 7-

azaspi r o[ 4. 4] azasand4.5]dec-3-yl]-1H-imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-

-8, 7-di y1R29) 5, ﬁr&a.hﬂ}egrb%nw@ ety mﬁg%@&.ﬁa&é JE)XQ#n@eas DarBli @s RS i ai ned
from1,1'-(4 | d1yl) 2- br onoet hanone) and

(8S)-7- {NRrret ﬁ%%bx'y}')'MBr(W'jFLG RAMQRMA) girpRd 02327 48p{Pol 4) 4P honane- 8- car
boxylic acid éloaf(mrsmplr as &1, 39, o:ua'z IPCH )65 18 -8B 6n, FI HM3 3r- 4,69 (ha3 Hwe-sst ep

procedures outlin 400 rﬁ% (5 ppm
11.10 - 11. 23'% 1?"1 W)%a'{%gf (M1 @%%&1 )085% 135)% 7.27 -
7.40 (m 2 H) 18528, 4 H51.88- (A7 (B, 6-) G16B11.(6Ith, 1248, BBMS6(MGH)Hajcd2 H) 3. 83
-4.21 (m 10 7 6H)305-346(m3|—|)247(dd

J=13. 46, 8.595%—]52?45%’5—6] i3 0 (m 2 H 1.08 (d, J=6.83 Hz, 2 H) 0.60 -
0.97 (m 12 H). HRVMS: (M+H) + cal cd: 855.4041; found: 855.4039. Exanple 5:
methyl alS)- 1 methyl-2-43S)-3-14-(4' -{2-1(2S)- 1-2S)- 3. et hyl - 2-

{Rn"et hy| :‘-Lgl@!"a 1 et HIUI 2 e =( 2 Sl {4dH Hedil (S )-1-((R[)- /Y
phenyl )él) . 2{[(methvloxv)carbonvl]ammo}butanovl) 1.4- dloxad7 azasplro[4 4]non 8- vI] 1ﬁ- | 5
1Him dazo i |cFazoI4vI?4%|p envlv%) 16}-%%151 ellzgl- -yl]- -1 ec-2-yll-2-oxoethyl ) carbamte

pyrrolidinyl}carbonylpropyllcarbamate

I e
S Py

0o ?0
|

Methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[(8S)-7-((2S)-3-methyl-2-
{[(methyloxy)carbonyl] amino}butanoyl)-1,4-dioxa-7-azaspiro[4.4]non-8-yl]-1H-



To a stirred solution of N-Rmethyl oxy)carbonylFL-al ani ne (22. 5nyg,

0. 153mmmol , prepared according to the procedure provided in W2003055474) in
DMF (2nL)woens/@sived TEA (15. 5ng, 0. 153mmol ) and HATU ( B8TAIsg010046788 ol ) .
After -3mn stirring, nethyl

[(1S)-1-({(2S)-244-(4"-{2-[(3S)-6, 10-di oxa-2-azaspiro[ 4. 5] dec- 3-

y1l] - 1H i m dazol - 4-y11- 4- bi phenyl y1) - 1H i m dazol - 2-y1] - 1- pyrrol i di nyl I car bon
y1l)-2- met hyl propyl ] carbamate (Exanple 19) (100ng, O0.153nmol) was
introduced. After stirred for additional 2 hrs at rt, the reaction m xture
was directly |oaded to RP HPLC, eluting with 5 to 80 % acetonitrile/ water
(0.2 % NH3H20(conc.)), to give nethyl ((1S)-

1-nmet hyl-2-{(3S)-3-[4- (4 -{2-[(28)-1-2@28)-3- nmet hy1- 2-

{[ (et hyl oxy) car bonyl ] am nol but anoy1l) - 2- pyrrolidinyl]-1Him dazol -4-y11-4-b
i phenyl y1) - . e

1H i m dazol - 'm'(ﬁzogl X%ﬂ?’phe ! lal—él'ansldefzf)lo% X] %] dec-2-yll- 2- oxoet hyl ) carbamat e
(Exanpl e 5) agyrsdiflinglcaeny))propyddashanategyas atpingeRrqna (3¢ WA, CHLOROFORM d) 23
ppm 10. 04 - 1P<mét1a bm)cﬁbd'rl)y A- v%g/l}'”l 48d95?a %- Qias&rgﬁ 4]Eorla$1e 8 darRylcBeid2 H) 5. 60
(br. s., 2 H 5 17 - é HL%) NU! 279 - 319 (m 1
H 2.45 - 2. Sﬁ_nt(emediatq_ﬂ 7)?n gethyb{( -1(-[I(](128k2-%-[41 oac%ylké—btpﬁ?ny@d]r_'blﬂ 1.22 -
1.47 (m 3 H) ifddaz3l-2-yl}-1-hrrdliainy Bearfony IHRMBEthy(pduigyl)) darbarhatd diny@3cHk8@de; f ound:

]7_8?1%)835 ( I{ ?tzgrt”%%efaazl )1F)BOVW] e%%r %@laﬁ@voqst%o sgng%llc procedures outlined in
azaspi r o14. 518same §.1 THNMR moaam CHLOROFDRY-ghepmyh §A.90 1 H- Bl 220 - 2- y11- 1-
pyr ol i di nyl I 6aphany Lo dr /e ko) ey b%@a&m - fﬁ%%‘ @ 8 HH3.50an be

prepared as illustrated the reacti on sche bel’ o
3.83 (m, 6H)277 354(m 2H)2.26-2.70 (m, 2H)145 226(m 6H)061-125

(m, 12 H). HRMS: (M+H)" calcd: 797.3986; found: 797.3981.

Example 3: dimethyl (4.4'-biphenyldiylbis{1H-imidazole-4 2-diyl[(3S.7S,95)-7.9-
dimethyl-6,10-dioxa-2-azaspiro[4.5]decane-3,2-diyl][(2S)-3-methyl-1-0x0-1,2-
butanediyl]})biscarbamate

o-p° Ty
N

X "L ool
joak OO {f -0 Yz:\
. u . \
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O#N
Example 3 /O
Under N, atmosphere, to a stirred suspension of 1,1'-(4,4'-biphenyldiyl)bis(2-
bromoethanone) (113mg, 0.285mmol, prepared according to the procedures
provided in WO2009020825) in acetonitrile (5mL) was added (3S,7S,9S)-7,9-
dimethyl-2-{N-[(methyloxy)carbonyl]-L-valyl}-6,10-dioxa-2-azaspiro[4.5]decane-3-
carboxylic acid (Intermediate 2) (212mg, 0.571mg), followed by addition of TEA

(57.5mg, 0.571mmol). The mixture was stirred at 50 °C until the suspension



2219 Internediate 21

phenyl met hyl (3S)-3-({12-(4'-{2-1.(2S)-14(2S)- 3-net hyl - 2-

{ Rmret hyl ow9)2eawrdassvgl | am nol but anoyl) - 2- pyrrolidi nyll- 1IHCirnisd@pole742 y11- 4-
bi phenyl y1) - 2- oxoet hyl ] am nol car bony1) - 6, 10- di oxa- 2- azaspi r o[ 4. 5] decane- 2-
car boxyl at e To a stirred solution of

(39S)-2-{[ (phenyl net hyl ) oxy] car bonyl | - 6, 10- di oxa-2- 24
azaspiro[ 4. 5] decane- 3-carboxylic acid (Internmediate 20) (878ng, 2. 73mmuol)
in DM (10m.) were added TEA (829ng, 8.20mml) and HATU (1039ng, 2.73mmol).
After -3mn stirring, nethyl
[(1S)-1-({(2S)-244-(4" -{2-[(3S)-6, 10-di oxa-2-azaspi ro[ 4. 5] dec- 3-

y1l] - 1H i m dazol - 4-y11- 4- bi phenyl y1) - 1pki m dazol - 2-y1] - 1-pyrrol i di nyl | car bon
y1l)-2- nethyl propyl]carbamate (Internediate 1) (1575nmg, 2. 73mml) was

added. The re | ' - [ kL t before

quenched w t hﬁ%!aawé%a?) s;%ﬁg{a' ¥%§c;{ofé§co{ogv§go It'? h_e %tq gd,&)t(r:1 r@%%e.vgalshwgﬁtggbn\%ﬁ ned

or gani ¢ | ayer sthifeasetals and wagbed WHDIB0DR, The prganie dhasadves\wapdeer MySOThe crude

product was pﬁl[éréd%é%p&%mﬂ‘? i @%H&HMHBM Askbld ca gel, 0 to 6% MeOH (2M
n

anmonia) in he
IO (1 5. (atbacsii b 48 B e T DK metbyia pHeD RV BRYFE YR

anlnolbutanoymmoﬂmpyanabmﬂbpwﬂdaﬁhbﬁmmMaﬂmh@4Hmﬂ&eda@Hpheamhglmaﬂ)oxoethyI]

am nol car bonyl) 0- dg pi ro[ 4. 5] decane- 2- car boxyl at e
(Internediateﬁgffﬁg%'%?so 5%P%ﬁ$2 yield: 80%. ES LC-Ms mz =807.5

(M+H) +. | nt er nedi dp@ sfied wénypfﬂaﬂ Hgmhenyldiylbis -2-0x0-2,1-ethanediyl

(35)-3-(4-{4' (KIS 3% 7@\13Bﬁfst('hg'dfﬂ%@(f)ﬁ@r{rb?(%ltﬂyrok%)@érﬁéﬁyﬂ% Rl d-di ny1) - 1H-
m dazol - 4-y1] - 4- bi phen éyll- I mdaZol - 2-

azaspi rol4. 516 KaAEPIEE FBlsegangr oarboxylate) 'T@r%ecg%t?ﬂ@éas%ﬂ Qi288mmep in

(35)-3-({[ 2- ( dioxdne~( 5&12)5% akeélé@fﬁbe 3wd¥eddayd admonium acetate (441mg, _5.72mmol)
.{ I[oggﬁ;[‘)y/: fxy) TR Pe%c AR RUARAYH TP PN rnt. AL dowr th T fBAR it~ Y 11-4-b
2- oxoet hyl ] anexmebeafrdnongniym Bceldie dTlxfdtrde azasypapoaftet Hiddec@aidu@wear boxyl at e

(Lntered at epdika ol ehO0TBL oo MlluRaaRan OB b (oAb | ube vas

added ammoni um acet at e eaction m xture was heated

to 110 C over fft @ﬁtphef@d}bxr“@%ﬂﬁdmﬁa%%e #2;dil[{ IS 3 B0 o3-fimefy & $0-8PXqAmoni um
acetate. The fazdsbrr(ﬂh 8]dBEhe S/ 2 PPN @SR d-nadisl - RRo - @sh iR iR SoiRdaiia@d by col um

el ;
(35) 50 oy o Eppiory a8 BRRq et Tt b2 bOMR TR NS SRECRIT NG i g1 ) -1
H i m dazol - 4- ¢ bpm4totsopHeeY( rynle)L}%s 250 (m, 2 H) 7.61 (d, J=7.53 Hz, 6 H) 7.26 - 7.35

(m, 4 H) 5.59 (d, J=8.53 Hz, 1 H) 5.23 - 5.39 (m, 1 H) 4.44 (dd, J=8.41, 5.14 Hz, 2 H)

4.02 - 4.23 (m, 4 H) 3.97 (d, J=10.29 Hz, 2 H) 3.72 (s, 6 H) 3.62 (d, J=10.29 Hz, 2 H)

3.04 - 3.32 (m, 2 H) 2.70 (d, J=13.05 Hz, 2 H) 1.93 (br. s., 2 H) 1.56 - 1.82 (m, 4 H)

1.13-1.46 (m, 12 H) 0.60 - 1.02 (m, 12 H). HRMS: (M+H)" calcd: 939.4980: found:

939.4981.

Example 4: dimethyl (4.4'-biphenyldiylbis{1H-imidazole-4.2-diyl(8S)-1.4-dioxa-7-
azaspiro[4.4]nonane-8,7-divl[(2S)-3-methyl-1-0x0-1.2-butanedivyi]})biscarbamate

OO0

N
@)
§<O
/




i m dazol - 2-y1) -6, 10- di oxa- 2- azaspi ro[ 4. 5] decane- 2-car boxyl ate (I nternedi ate
22) (1.44q9, yield 84% as foam ES LC-Ms mz =788.5 (MtH)+. Internedi ate
19: net hyWo[20uBpsbe ({ (25)-2-14- (4" -{2-[(35) -6, 10- di oxa- PCT/US2010/046782
azaspiro[ 4. 5] dec-3-yl]-1Hinrthenylyl)-1Himidazol -2-y1l]-1- pYrrol id

i nyl I carbonyl)-2-nmnet hyl propyl | carba mate Phenyl net hyl
(35)-3-(4-{4"42-((25)-1-{N-[ (et hyl oxy) car bonyl ]-L-val ylI-2-
pyrrolidinyl)-1Him dazol - 4-yl1] - 4-bi phenyl y11- 1H i m dazol - 2-yl ) -6, 10- di oxa-
2- azaspiro[4.5] decane-2-carboxylate (Internediate 22) (1.44qg,1.83mmpl) was
hydr ogenated in ethanol (100m.) w th balloon under the catalysis of Pd/C
for 20 hrs to give nethyl

R1S) - 1- ({(25)-244-(4'-{2-[(35)-6, 10-dppxa- 2-azaspiro[ 4. 5] dec- 3-y1] - 1H m daz
ol -4-y11- 4- bi phenyl y1) - 1H i m dazol - 2-y1] - 1- pyrrolidinyllcarbonyl) 2-

hyl | bayr M+
Im:# e?/ng(rj?g%/e] (Z:Sr tﬁ% A{?(bgﬁ]gﬁ& ﬂeg{h’l’%"’a car b%%{l% d%gé i o§<a |2_|)
azaspi r o[ 4. 5] ézasail4-3ineaaneoR.y tdivt (2B dnetinyhl é’rxﬁ'édﬁ @ﬁ@egwllma@@”@@m ed as

illustrated |5btghgdf@,ﬁqt1l 'SR | 8@th SETAE to b stirred
sol ution of oxal Ieg%géh orid (21 %&%'ﬁﬁs%mm hanone) ang and’% fé-

ﬁé g}e % was sl ow y added
DVSO (4. 8g, 6HMEIMMBKY Ca%’\tyﬂnL i‘Mer‘ dexar i p'r%[“ dapraedticatoxsliaasty |
1- ( phenyl nmet hyhferniedBited R))-udinb adhirareys émﬂarp@’ﬂfemivo-dleb@djcearrwo&ylir@tiﬁh (10. 1qg,

36.2mmol ) in annélg’gm“l-}N\(}fﬁsﬁ@ II&QIL {)'Qoﬂ_;(ple re %“1?? llggé% §t|rr|ng was

continued for ore add| ion ri eth P& mml)
Cool i ng bath W40t heh3 ﬁer?dxl')e7d4(hrﬁ;l15t(}fm8rl'©§c&7 -0 0nlimx 2irh) 8- 23a - %I rnoaw to

sl owly warm up 34 Qdoog=8 é’é“é dl%‘z“@*ﬂﬁ@ 8‘9" f4@1%ﬁ\t 10 N"!?f% 5%%%3 da1€3, h@yers
were separated and t

conbi ned or galic h*h%/éwdwéré?'dﬁa %63/ Héé’rH)l\Jg%bzl? 2%“? tzé'll)éoosdﬁd/ éx(ﬁéﬁiﬁ at ed The
crude product H\e80pPURTimerk By HRNMStTM+ETcarRatgsgHuaphoungi 855c4039el 0 to 50%
ethyl acetate in hexane) to give 2-nmethyl 1- (phenyl nethyl)

(2S)-4-o0xo0-1, 2- pyrroI|d| ne d| carboxyl ate (Interrredl ate 23) (6 Bg, yi el d:
3% K /P 4 4 1 ; Ls ) 08
5.37 (m 2 mﬂﬂneﬁﬂ/loxvﬁa%%m{ﬂ% n%}dfhan%w%g pyrré}ldpjgﬂ Hlum%ai& 4?’/I}Qe‘olphe?h/l%3 (m 3

H 2.95 (dd, J=18.8Z2, 10.79 H) .
1 H-imidazol-2- v1]-6,10- dloxa 2 azasplro[4 5]dec 2 vl} 2 oxoethvl)carbamate

o e D R A 5o
st nE

oo , (l)o oo
I

To a stirred solution of N-[(methyloxy)carbonyl]-L-alanine (22.5mg, 0.153mmol,
prepared according to the procedure provided in W0O2003055474) in DMF (2mL)
were added TEA (15.5mg, 0.153mmol) and HATU (58.2mg, 0.153 mmol). After
~3min stirring, methyl [(1S)-1-({(2S)-2-[4-(4'-{2-[(3S)-6, 10-dioxa-2-azaspiro[4.5]dec-3-
yl]-1H-imidazol-4-yl}-4-biphenylyl)-1 H-imidazol-2-ylI]-1-pyrrolidinyl}carbonyl)-2-
methylpropyljcarbamate (Example 19) (100mg, 0.153mmol) was introduced. After
stirred for additional 2 hrs at rt, the reaction mixture was directly loaded to RP HPLC,
eluting with 5 to 80 % acetonitrile/ water (0.2 % NH3;H.O(conc.)), to give methyl ((1S)-
1-methyl-2-{(3S)-3-[4-(4'-{2-[(2S)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonylJamino}butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-biphenylyl)-
1H-imidazol-2-yl]-6,10-dioxa-2-azaspiro[4.5]dec-2-yl}-2-oxoethyl)carbamate
(Example 5) as solid (36mg, yield: 29%). '"H NMR (400 MHz, CHLOROFORM-d) &



I nternedi ate 24: 3-nethyl 2-(phenyl nethyl)

(3S)-6, 10-di oxa- 2-azaspirol. 4. 51decane?2, 3- di car boxyl ate 3- Met hyl
2- ( phenylwet2h1l0ess98S) - 6, 10- di oxa- 2- azaspi r o[ 4. 5] decane- PC3AISdI10AudIOX Y| at e
(Internmediate 24) (1.02g, yield 84% was prepared from 2-net hyl 1-
(phenyl net hyl ) (25)-4-o0xo0-1, 2-pyrrolidinedicarboxylate (1.0g, 3.61mvl) and
1,3- 27 propanediol (0.55g, 7.21nmmol) follow ng the simlar procedure
outlined in the preparation of Internediate 14 1H NVR (400 MHz,
CHLOROFORM d) 15 ppm 7.05 - 7.61 (m 5 H 4.91 - 5.25 (m 2 H 4.29 - 4.68
(m 1 H 3.75- 407 (m 5H 3.38-3.75(m 4H 2.25- 2.67 (m 2 H
1.51 - 2200 (m 1H. ES LGMs nfz =336.6 (MH)+. Internedi ate 20:

(3S) - 2- {f (Dhenyl net hyl ) oxyl car bonyl | - 83 10- di oxa- 2-

azaspiro[ 4. 5] decane- 3-carboxylic acid

3S) - 2- h I 3-
gar%oxy??gpagpﬁhqﬁﬁggﬁﬁéﬁlﬁ?%ﬁggy} %@%ﬁgfﬂ}P%ﬁ% @geﬂas odgggﬁed ?rom
3- net hyl 2- (éﬁénﬁmﬁ—émh%H)SW 4.73 (m, 14 H) 2.79 - 3.19 ( m 1H)245-281(m, 1H)

35)-6,10-di o 2 5 d redi ate 24
(35525, 3 Sumiar 0 ) sbo e oy e, (18 o 29

procedure out [iR Hik ﬁ@ccb&é%g%é% foyRd: 3183@%%?\% medi ate 2. ES LG-MS niz
=322.2 (MtH) +. I nt ermedi ates 26, 27, 28, 29, 31, 33 and 34 were

pr epar ed usi ng. B GeAU6ES SHLAL hanhi}I8E1 4ERGHI 5 b atherRhgRAE At i on of

| nt er nedi at e

azaspiro[4.5]dec-3-yl]-1H-imidazol-4-yI}-4-biphenylyl)-1H-imidazol-2-yl]-1-

pyrrolidinyl}carbonyl)-2-methylpropyllcarbamate

Intermediate 19 can be prepared as illustrated in the reaction scheme below.

C(L B CN(NL\ W, )k’jD

N (H) y OY
S 0 K i)
A b oo
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Intermediate 21: phenylmethyl(3S)-3-({[2-(4'-{2-[(2S)-1-((2S)-3-methy|-2-
{[(methyloxy)carbonyllamino} butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-

biphenylyl)-2-oxoethyl]amino}carbonyl)-6,10-dioxa-2-azaspiro[4.5]decane-2-
carboxylate

Tiat s

Cl) 6}

To a stirred solution of (3S)-2-{[(phenylmethyl)oxy]carbonyl}-6,10-dioxa-2-



28 1H NWMR (400 MHz, CHLOROFORMrd) (5 ppm 7.27 - 7.46 (m 5 H) 4.97 - 5.27
(m 2H 4.29 -4.64 (m 1 H 3.72 -4.02 (m 6 H 3.49 - 3.72 (m 3 H 2.19
- 2.67 (myvo2oHy2sPs LC- M5 mz =338.2 (M FH)+. | nternmed aCe/ud6010/046782
(3S) - 2- { Rnhenvl net hvl ) ondcar bonyl | - 6, 10- di oxa- 2-
azasniro[ 4. 5] decane- 3-car boxylic acid-d2 HQO,\/0-\/E) ON--/\0-/\D 0 ES
LCGMs mz =324.2 (MtH) +. Internedi ate 27:
(3S) -8, 8-di net hvl - 2- { Rnhenyl et hvl ) oxvi car bonyl | - 6, 10- di oxa- 2-
azaspiro[ 4. 5] decane- 3-carboxylic acid I nt er medi at e 28:
(3S) - 2- { RPhenyl net hypoxyl car bonA- 6, 10- di oxa- 2-
azaspi rol4. 51decane- 3-carboxylic acid-d6 29

24

azaspiro[4.5]decane-3-carboxylic acid (Intermediate 20) (878mg, 2.73mmol) in DMF
(10mL) were added TEA (829mg, 8.20mmol) and HATU (1039mg, 2.73mmol). After
~3min stirring, methyl [(18)-1-({(2S)-2-[4-(4'-{2-[(3S)-6,10-dioxa-2-azaspiro[4.5]dec-3-
yl]-1H-imidazol-4-yl}-4-biphenylyl)-1 H-imidazol-2-ylI]-1-pyrrolidinyl}carbonyl)-2-
methylpropyljcarbamate (Intermediate 1) (1575mg, 2.73mmol) was added. The
resulting mixture was stirred for additional 2 hrs at rt before quenched with NaHCO3
(ss) and extracted with EtOAc (3x). The combined organic layers was dried over
Na,SOy,, filtered and evaporated. The crude product was purified by column
chromatography (silica gel, 0 to 6% MeOH (2M ammonia) in DCM) to give
phenylmethyl (38)-3-({[2-(4"-{2-[(2S)-1-((2S)-3-methyl-2-{[(methyloxy)carbonyl]
amino}butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-biphenylyl)-2-oxoethylJamino}
carbonyl)-6,10-dioxa-2-azaspiro[4.5]decane-2-carboxylate (Intermediate 21) as a
solid (1.76g, yield: 80%). ES LC-MS m/z =807.5 (M+H)".

Intermediate 22: phenylmethyl (3S)-3-(4-{4'-[2-((2S)-1-{N-[(methyloxy)carbonyl]-L-
valyl}-2-pyrrolidinyl}-1H-imidazol-4-yl]-4-biphenylyl}-1H-imidazol-2-y[)-6,10-dioxa-2-

azaspiro[4.5]decane-2-carboxylate

To a stirred solution of (3S)-3-({[2-(4'-{2-[(2S)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonylJamino}butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-biphenylyl)-
2-oxoethyllamino}carbonyl)-6,10-dioxa-2-azaspiro[4.5]decane-2-carboxylate
(Intermediate 21) (1.76g, 2.18mmol) in dioxane (5mL) in a sealed tube was added
ammonium acetate (1.68d, 21.8mmol). The reaction mixture was heated to 110 °C
overnight. Cooled down to rt, filtered off excess of ammonium acetate. The filtrate
was evaporated and the residue was purified by column (silica gel, 0 —15% methanol
in ethyl acetate) to give phenylmethyl (3S)-3-(4-{4'-[2-((2S)-1-{N-
[(methyloxy)carbonyl]-L-valyl}-2-pyrrolidinyl)-1H-imidazol-4-yl]-4-biphenylyl}-1H-



I nternedi ate 29: (8S)-7-{Rnhenyl net hyl ) oxyl carbonyl11-1, 4-di oxa- 7-

azasni r o[ 4. 4] nonane- 8- car boxylic acid-d4 OD D Internedi ate 30: 8-nethyl

7- (nhenylwotzhyles(98R, 3R, 8S) - 2, 3-di net hy1-1, 4-di oxa-7-  PCT/US2010/046782

azaspi ro[ 4. 4] nonane- 7, 8- di car boxyl ate 1H NMR (400 MHz, DVBO-d6) (5 ppm
1.12 - 1.24 (m 6 H, 2.00 - 2.18 (m 1 H), 2.35- 2.46 (m 1 H), 3.32 (s,
1H, 3.35- 3.4 (m 1 H, 3.56 (s, 2 H, 3.64 (s, 3H, 4.28 - 4.37 (m 1
H, 4.38 - 445 (m OH, 50 (s, 2 H, 7.24 - 7.41 (m 5 H LCM ( ESI
): mz = 350.1(MH)+; 30 LC-Ms ( ESI ): mz = 336.2(MFH)+;, Internedi ate
32: 8-nethyl 7-(phenylnethyl) (2S, 3S,8S)-2, 3-di nethyl-1, 4-di oxa- 7-

azaspi rol4. 41nonane- 7, 8- di car boxyl at e I HNVR (400 MHz, CHLOROFORMtd) (5
ppm1.18- 1.31 (m 6 H), 2.23 (dd, J=28.1, 5.9 Hz, 1 H), 2.39 (dt, J=13.1,
8.0 Hz, 1 H, 3.49 - 3.66 (m 6 H, 3.76 (s, 1 H, 4.39 - 456 (m 1H),

4.98 - 5.26 (Wﬁid&o@-yl)-gﬂ6-%ioQ<§J2-a§la_Qpiro[4.5]decane-2-carboxy|ate (Intermediate 22)
(1.44q, yield 84%) as foam. ES LC-MS nyz =788.5 (M+H)".

Intermediate 19: methyl [(1S)-1-({(25)-2-[4-(4'-{2-[(3S)-6,10-dioxa-2-
azaspiro[4.5]dec-3-yl]-1H-imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-

pyrrolidinyl}carbonyl)-2-methylpropyllcarbamate

c* A R

IO e}

Phenylmethyl (3S)-3-(4-{4'-[2-((2S)-1-{N-[(methyloxy)carbonyl]-L-valyl}-2-
pyrrolidinyl)-1H-imidazol-4-yl]-4-biphenylyl}-1H-imidazol-2-yl)-6,10-dioxa-2-

azaspiro[4.5]decane-2-carboxylate (Intermediate 22) (1.44g,1.83mmol) was
hydrogenated in ethanol (100mL) with balloon under the catalysis of Pd/C for 20 hrs
to give methyl [(1S)-1-({(25)-2-[4-(4'-{2-[(3S)-6,10-dioxa-2-azaspiro[4.5]dec-3-ylI]-1H-
imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-
methylpropyl]carbamate (Intermediate 19). ES LC-MS m/z =654.4 (M+H)".

Intermediate 20: (3S)-2-{[(phenylmethyl)oxy]carbonyl}-6.10-dioxa-2-

azaspiro[4.5]decane-3-carboxylic acid

Intermediate 20 can be prepared as illustrated in the reaction scheme below.
o o 0 o
\O)H““ ~ )H " J\' 0]
N\>—OH swern ° ‘\>:O o \‘><O:> " N\>< :>
o N o
Y —_— 0 e 0 N (0] » o
5 é % g
23 24 20
Intermediate 23: 2-methyl 1-(phenylmethyl) (2S)-4-ox0-1,2-pyrrolidinedicarboxylate




LCGMs ( ESI ): mz = 350.1(MFH) +; Internediate 33:

(2S, 3S, 89) -2, 3-di net hyl- 7- { Rnhenyl net hyl ) oxyl carbonyl11- 1, 4-di oxa7-azaspi r o[
4. 4] nonarwogetiAnrkwxkyl i ¢ aci d LCGMs ( ESI ): nlz = 336PR2TNISEMHDA167881

I nt er nedi ate 34:

(5"S)-1"-{Rphenyl nmet hypoxyl car bonyl | t et rahydrospiroffurol.3,4- dill

, 31di oxol e-2, 3" -pyrrolidinel-5 -carboxylic acid LCGMs ( ESI ): mz =

350. 2( M FH) +; Exanpl e 6: nethyl
1.(1S)-2-nethyl-1-({(2S)-2-14-(4'-{2-1.(3S)-2-((2S)-3-net hyl - 2-

{[ (et hyl oxy) car bonyl ] am nol but anoy1l) - 6, 10- di oxa- 2- azaspi ro[ 4. 5] dec- 3-y1]-1
H m dazol - 4- 0- 4- bi phenyl y1)-1 H i m dazol -2-y11-1-

pyrrolidinyllcarbonyl)propyl | carbanat g6 Met hyl

[ (1S)-2-methyl -1-({(2S)-244-(4"-{2-[(3S)-2-((2S)-3-net hyl -2-

{[ (et hyl oxy) car Bonyl ]

am nol but anoy 1) - i, 10- di oxa- 2- azaspi ro[ 4. 5] dec- 3-y1] - 1H m dazol - 4-y11- 4-bi ph
e

nyly1) - 1Hi m dazo ‘3’&&1] -1-
OYN

0

&

At -78°C, to a stirred solution of oxalyl chloride (5.97g, 47mmol) in DCM
(200mL) was slowly added DMSO (4.8g, 61.5mmol). After 10min stirring, a solution
of 2-methyl 1-(phenylmethyl) (2S,4R)-4-hydroxy-1,2-pyrrolidinedicarboxylate (10.1g,
36.2mmol) in DCM (30mL) was annulled into the reaction flask. Stirring was
continued for 60min before addition of triethylamine (10.98g, 108mmol). Cooling
bath was then removed and the reaction mixture was allowed to slowly warm up to
0°C, and quenched with sat. NH,CI solution. The layers were separated and the
aqueous layer was extracted with DCM (2X). The combined organic layers was dried
over MgSQ,, filtered and evaporated The crude product was purified by column
chromatography (silica gel 0 to 50% ethyl acetate in hexane) to give 2-methyl 1-
(phenylmethyl) (2S)-4-oxo-1,2-pyrrolidine dicarboxylate (Intermediate 23) (6.3g,
yield: 63%). "H NMR (400 MHz, CHLOROFORM-d) & ppm 7.29 - 7.56 (m, 5 H) 5.08
-5.37 (m,2H)4.80-5.02 (m, 1 H) 3.89 - 4.08 (m, 2H) 3.53 - 3.88 (m, 3 H) 2.95 (dd,
J=18.82, 10.79 Hz, 1 H) 2.63 (dd, 1 H).

Intermediate 24: 3-methyl 2-(phenylmethyl) (3S)-6.10-dioxa-2-azaspiro[4.5]decane-

2,3-dicarboxylate
o}
o'
0= N~ 1
Y
o}

&

3-Methyl 2-(phenylmethyl) (35)-6,10-dioxa-2-azaspiro[4.5]decane-2,3-
dicarboxylate (Intermediate 24) (1.02q, yield 84%) was prepared from 2-methyl 1-

(phenylmethyl) (2S)-4-ox0-1,2-pyrrolidinedicarboxylate (1.0g, 3.61mmol) and 1,3-



pyrrolidinyllcarbonyl)propyl]carbamate (47ng, yield :53% was prepared from
nmet hyl
[ (1S)-1- (WO28)1/24396( 4" - {2-[ (3S) - 6, 10- di oxa- 2- azaspi r o[ 4 PBTrdsee184yerB2 1H- i m d
azol -4-y11-
4- bi phenyl y1) - 1Hi m dazol - 2-y1] - 1- pyrrol i di nyl | car bony1) - 2- net hyl propyl ] car
bamate (I nternediate 19) (68ny, 0.104 mmol), N Rmrethyl oxy)carbonylFL-yaline
(18.2ny, 0.104) and HATU (40 ng, 0.104nmol), followi ng the simlar
procedure outlined in Exanple 5. 1H NWVR (400 MHz, CHLOROFORM-d) (5 ppm
10.20 - 11.06 (m 2 H 7.35 - 8.02 (m 8 H 7.22 (d, J=7.78 Hz, 2 H) 4.97 -
5,89 (m 4 H 3.22 -4.58 (m 15 H 2.83 - 3.20(m 1 H 2.58 - 2.83 (m 1
2.29 - 258 (m 1 H 1.57 - 231(m8l—|) 064- 1.22 (m 12 H). HRVE:
(MFH) + cal cd: 811.4143; found: 811.4142. Exanples 7 to 11 were
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{[ (met hyl oxy) eaHk mnyhj @m n@bb%aﬂqy@ég 64 89 Ri 10375 2ZGA Rk, 150hYs. 5 deps 3-y1] - 1
H m dazol - 4 -yl - heny
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Intermediate 20: (3S)-2-{[(phenylmethyl)oxy]carbonyl}-6,10-dioxa-2-

azaspiro[4.5]decane-3-carboxylic acid

(35)-2-{[(phenylmethyl)oxy]carbonyl}-6,10-dioxa-2-azaspiro[4.5]decane-3-
carboxylic acid (Intermediate 20) (878mg, yield :90%) was obtained from 3-methyl 2-
(phenylmethyl) (35)-6,10-dioxa-2-azaspiro[4.5]decane-2,3-dicarboxylate
(Intermediate 24) (1.02g, 3.04mmol) and LiOH (80mg, 3.35mmol), following the
similar procedure outlined in the preparation of intermediate 2. ES LC-MS m/z
=322.2 (M+H)".

Intermediates 26, 27, 28, 29, 31, 33 and 34 were prepared using procedures
similar to those described in the preparation of Intermediate 20:

A i i
SO S0 N 0— HO™ N\ 0
ol j(\ XD, T
b UL 6
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Intermediate 25: 3-methyl 2-(phenylmethyl) (3S)-6.10-dioxa-2-azaspiro[4.5]decane-

2.3-dicarboxylate-d»




0O 1H NWR (400 MHz, DVSO-d6) 6 (ppm 11.84 (br. s., 1 H), 11.80 (br. s, 1H),
7.90-7.60 (br. m 9H), 7.52 (s, 1H), 7.36-7.25 (br. m 2H), 5.09 (br. m
1H), 4. 98w0rep1110a85964. 49 (br. m 1H), 4.14-4.02 (br. m PHr/UusS201804¢782 , ,
2H), 3.73-3.40 (br. m 11H), 2.65(m 1H), 2.43-2.09 (br. m 3H), 2.07-1.81
(br. m 4H), 1.05-0.75 (br. m 18H ES LCMS mlz = 839 (M+ H+ Purity
(LC M5) 96% Exanpl e 8: net hyl
1(1S)-2-methyl-1-({(2S)-2-14-(4'-{2-1(39)-2-((2S)-3-net hyl -

{ Rmet hyl oxy) car bonyl | am nol but anoyl) - 6, 10- di oxa- 2- azaspi rol4. 51dec-3-y11-1
H m dazol - 4-y11- 4- bi phenyl v1) - 1Hi m dazol - 2-y11-1-
pYrrolidinyllcarbonyl)propyllcarbamate-dé 1H NVR (400 MHz, CD30D) (5 ppm
7.62 (m 8H, 7.29 (m 2H), 5.17 (m 28), 4.20 (m 2H), 4.00 (m 2H), 3.88
(m 2H), 3.65 (s, 6H, 2.65 - 2.03 (m 8H, 0.90 (m 12H). LC Ms for
C431-148N808D6 (M + H)+ calc: 817, found: 817. HRWVS for C431-148N808D6 (M +
H) + calc: 817. 4% und 817.4517 Purity (LO M5) 95% Exarrpl e 9: nethyl
1(1S)-2-met hyl- { -14-(4'-{2-1(8S)-7-((2S) - 3- net hyl -

{[ (et hyl oxy) ca® mDnoI but anoyl) -1, 4- di oxa- 7- azaspi ro[4. 4] non-8-y1]-1
H m dazol - 44 - bi enyI vl)-1Hi m dazol -2-y11-1- 34

pyrrolidinyllcanbonyl) propyl |l carbamafe-d4 D D D

"H NMR (400 MHz, CHLOROFORM-d) & ppm 7.27 - 7.46 (m, 5 H) 4.97 - 5.27 (m, 2
H) 4.29 - 4.64 (m, 1 H) 3.72 - 4.02 (m, 6 H) 3.49 - 3.72 (m, 3 H) 2.19 - 2.67 (m, 2 H).
ES LC-MS m/z =338.2 (M+H)".

Intermediate 26: (3S5)-2-{[(phenylmethyl)oxy]carbonyl}-6,10-dioxa-2-
azaspiro[4.5]decane-3-carboxylic acid-d»

Q
0K
5

ES LC-MS m/z =324.2 (M+H)".

Intermediate 27: (3S)-8.8-dimethyl-2-{[(phenylmethyloxy]carbonyl}-6.10-dioxa-2-
azaspiro[4.5]decane-3-carboxylic acid

0
X
O N~"1
Y
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Intermediate 28: (3S)-2-{[(phenylmethyloxy]carbonyl}-6,10-dioxa-2-
azaspiro[4.5]decane-3-carboxylic acid-ds




1H NWVR (400 MHz, CD30D) (5 ppm7.60 (m 8H), 7.28 (m 2H), 5.17 (m 2H),
4.23 (m 1H), 4.15 (m 1H), 4.06 (m 1H), 3.97 (m 1H), 3.88 (m 2H), 3.64
(s, 6H, W0201170225960 (m 8H), 0.90 (m 12H). LC M5 for PCAAB2M48MNIOBD4 (M +
H)- calc: 801, found: 801 HRVS for C42H48N808D4 (M + H)- calc: 801. 4237,
found: 801.4238 Purity (LC/ M5) 91% Exanpl e 10: net hyl
1.(19)-1-({(2S)-244-(4'-{2-1. (2R 3R, 8S)-2, 3-di et hyl - 7- ((2S) - 3-

met hyl - 2- { Rnet hyl oxy) car bonyl | am nol but anoy1) - 1, 4- di oxa- 7- azaspi rol4. 41non-
8-v1l-

1H i m dazol - 5- 0- 4- bi ghenyl v1) - 1H-i m dazol - 2-y11- 1- pyrrol i di nvi | car bonyl) - 2-
nmet hyl propyl | car banat e 1H NVR (400 MHz, DMSO-d6) (5 ppm 0.85 (d, J=6.4
Hz, 12 H), 1.24 (dd, J=11.9, 5.8 Hz, @9H), 1.87 - 2.06 (m4 H, 2.08 - 2.21
(m 2 H, 2.34 - 2.43 (m 1 H, 3.54 (s, 6 H, 3.59- 3.68(m 2 H, 3.69 -
3.7 (m 2 H, 3F81(br, s., 2 H, 3.97 - 414 (m 3 H, 500 - 517 (m 2
H, 7.25 - 7.33(m 2 K)p 7.49 - 7.54 (m 2 H, 7.62- 7.71(m 4 H, 7.78
(d, J=7.7 Hz, "4 >§1 (br. s., 2 H: LCGM ( ESl ): mz = 825.5( MrH) +;
HRVE: (M+H) + calkgt; 4299; found, 825.4302. Purity: 92% 35

1H i mi dazol - 5- 0- 4- bi uhenyl y1) - 1H i ni dazol - 2-y11- 1-uyrrol i di nyl | car bonyl ) - 2-
met hyl propyllc%m&te Ce sj OHO

Intermediate 29: (8S)-7-{[(phenylmethyloxy]carbonyl}-1.4-dioxa-7-

azaspiro[4.4]nonane-8-carboxylic acid-ds
Q D_ D

HOJH‘i>2)S<D

O N © b

Y

6

Intermediate 30: 8-methyl 7-(phenylmethyl) (2R.3R.8S)-2.3-dimethyl-1.4-dioxa-7-

azaspiro[4.4]nonane-7.8-dicarboxylate

o

O e’ [ S

/Tgi

(O]

O

"H NMR (400 MHz, DMSO-d6) & ppm 1.12 - 1.24 (m, 6 H), 2.00 - 2.18 (m, 1 H), 2.35
-2.46 (m, 1H), 3.32 (s, 1 H), 3.35 - 3.44 (m, 1 H), 3.56 (s, 2 H), 3.64 (s, 3 H), 4.28 -
4.37 (m, 1 H), 4.38 - 4.45 (m, 0 H), 5.09 (s, 2 H), 7.24 - 7.41 (m, 5 H)

LC-MS ( ESI ): m/z = 350.1(M+H)";

Intermediate 31: (2R,3R.85)-2,3-dimethyl-7-{[(phenylmethyloxy]carbonyl}-1.4-dioxa-

7-azaspiro[4.4]nonane-8-carboxylic acid




NHJHN'""'"rNHJ..4 0000 11 1H NVR (400 MHz, DMSO d6) (5 ppm 0.70 - 0.96
(m 7H, 1.12 - 1.35 (m 4 H, 1.85 - 2.04 (m 3 H, 2.04 -2.25(m 2 H,
2.31 - 2.W0 20102859, 3.33 (s, 7 H, 3.45 - 3.61 (m 8 PCT/UB2@8/046782 89 (m
7 H), 3.94 -4.15 (m 4H), 4.91 - 517 (m 2 H), 7.20 - 7.40 (m 2 H), 7.49
- 7.59 (m 1H, 7.60- 7.70(m 2 H, 7.70 - 7.81 (m 2 H), 7.81 - 7.93
(m 2 H, 7.96 - 8.08 (m OH, 11.59 - 12.00 (m 2 H; LCM5 ( ESI ): mz
825. 5(M FH) +; HRMS: (M+H) + cal cd, 825.4299; found, 825.4302. Internediate
36: (8S)-7-{Ruhenyl net hyl ) oxyl carbonyl11-1, 4-dithia-7-

azasui ro[ 4. 4] nonane- 8- carboxylic acid 233536 Internedi ate 35: 8-nethyl
7- (uhenyl met hyl) (8S)-1,4-dithia-7-azaspirold. 41nonane-
30
o
33
O~y
H "g ;i
0”70

LC-MS ( ESI ): m/z = 336.2(M+H)";

Intermediate 32: 8-methyl 7-(phenylmethyl) (2S,3S.85)-2.3-dimethyl-1,4-dioxa-7-

azaspiro[4.4]nonane-7 . 8-dicarboxylate

L.
0
/O‘IT"'"L?S
© o)\o

©

"HNMR (400 MHz, CHLOROFORM-d) & ppm 1.18 - 1.31 (m, 6 H), 2.23 (dd, J=13.1,
5.9 Hz, 1 H), 2.39 (dt, J=13.1, 8.0 Hz, 1 H), 3.49 - 3.66 (m, 6 H), 3.76 (s, 1 H), 4.39 -
4.56 (m, 1 H), 4.98 - 5.26 (m, 2 H), 7.36 (s, 5H)

LC-MS ( ESI ): m/z = 350.1(M+H)";

Intermediate 33: (2S.3S.85)-2,3-dimethyl-7-{[(phenylmethyl)oxy]carbonyl}-1.4-dioxa-

7-azaspiro[4.4]nonane-8-carboxylic acid

LC-MS ( ESI ): m/z = 336.2(M+H)";



7, 8-di carboxylate 0 36 To a stirred solution of 2-nethyl

1- (phenyl nethyl) (2S)-4-o0xo-1,2- pyrrolidinedicarboxylate (Internedi ate 23)
(680ng, 2wo3Rnmgy96i n anhydrous DCM (50nL) was added 1, Pcatusametoiizezii ol
(462nmg, 4.9mol) and foll owed by addition of BF3 etherate (139ny, 0.4nmmol).
The resulting m xture was stirred overnight at rt. before quenched with
NaHCO3(ss). Layers were separated and the organic |layer was dried, filtered
and evaporated. The residue was purified by colum chromat ography (silica
gel, 0 to 50 %ethyl acetate in hexane) to give 8-nethyl 7- (phenyl nethyl)
(8S)-1,4-dithia-7-azaspiro[ 4. 4] nonane-7, 8-di carboxyl ate (Internedi ate 35)
as an oil. 1H NWR (400 MHz, CHLOROFORMd) 15 ppm 7.28 - 7.48 (m 5 H) 4.95
-5.35 (m 2 H 4.34 - 4.63 (m 1H) 3390 - 4.11 (m 1H) 3.82 - 3.90 (m 1
H 3.78 (s, 2H)350-369(m H)315-345(m H)274(ddd
J=13.30, 7.78,... " ) .\ ) N

(MtH) . Inter 4 m%a .' “ _ _ OXY PG t hi a- 7-
azasoiro[ 4. 4] ) : Py
(8S)-7-{[ (Phenyl aet hypoxy] car bonyll 1, 4- d|th| a- 7-azaspi ro[ 4. 4] nonane- 8-
carboxylic (Int 536) acid (36) (640nmg, yield: 84% was obtai ned
from 8- nethyl -(\, t hyl)

(8S) -1, 4-di t hi &2~ azaspi r o[ 4. 4] nonane- 7, 8- di car boxyl at e (798nmg, 2.25mml )
and Li OH (60ng, 2~5mmol), following the procedure outlined in the
preparation of i rmediate 2. ES LC-M5 nfz =340.1 (M+tH). Internedi ate 39:
Preparati on of I 1.(1S5)-1-({(25)-2-14-(4"-{2-1.(8S)-1,4-dithia-7-
azaspirol 4. 41non-8-y11- 1H i m dazol - 4- 0- 4- bi phenyl y1) - 1Hi mi dazol - 2-y11- 1-
pyrrolidinyl | cam®gs)): 24resdnd(arapyl | car bamat e | nt er nmedi ate 37:

phenyl net hvl (8S)-8- ({12-(4'-{24(2S)-1- ((28) 3- net hyl -

{ Rmet hvl oxv) car bonyl | am noI but anovl) pyrrol i di nvll 1H-| m dazol - 4-y11- 4-
bi phenyl v1) - 2Examiie by yi [6\S (B G AL & Bimetvii241 nonane- 7-
car boxyl at e

{[(methyloxy)carbonyllaminolbutanoyl)-6,10-dioxa-2-azaspiro[4.5]dec-3-yl]-1H-

imidazol-4-y[}-4-biphenylyl)-1H-imidazol-2-yl]-1-

pyrrolidinyl}carbonylpropyllcarbamate

e

Methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[(3S)-2-((2S)-3-methyl-2-
{[(methyloxy)carbonyl] amino}butanoyl)-6,10-dioxa-2-azaspiro[4.5]dec-3-yl]-1H-
imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-
pyrrolidinyl}carbonyl)propyl]carbamate (47mg, yield:53%) was prepared from methyl
[(19)-1-({(2S)-2-[4-(4'-{2-[(3S)-6,10-dioxa-2-azaspiro[4.5]dec-3-yl]- 1H-imidazol-4-yl}-
4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-methylpropyl]carbamate
(Intermediate 19) (68mg, 0.104 mmol), N-[(methyloxy)carbonyl]-L-valine (18.2mg,
0.104) and HATU (40 mg, 0.104mmol), following the similar procedure outlined in
Example 5. "H NMR (400 MHz, CHLOROFORM-d) & ppm 10.20 - 11.06 (m, 2 H)
7.35-8.02(m, 8H)7.22 (d, J=7.78 Hz, 2H) 4.97 - 5.89 (m, 4 H) 3.22 - 4.58 (m, 15
H)2.83-3.20 (m, 1 H)2.58 - 2.83 (m, 1 H)2.29-2.58 (m, 1 H) 1.57 - 2.31 (m, 8 H)
0.64 - 1.22 (m, 12 H). HRMS: (M+H)" calcd: 811.4143; found: 811.4142.



Phenyl et hyl (8S)-8-({[2-(4"-{2-[(2S)-1-((2S)-3-nethyl -

{[ (met hyl oxy) car bonyl ] am nol but anoyl)-2-pyrrolidinyl]-1H i m dazol -4-y11-4-
bi phenyl| yWp-28t1002886 hy| ] am nol car bonyl) - 1, 4- di t hi a- 7- azagpirruspeodsrenane- 7-
carboxylate (Internmediate 37) (584ny, yield 68% was obtained from nethyl
{(15)-1-

R(2S) - 2-{444' - (am noacetyl) - 4- bi phenyl y1] - 1Hi m dazol - 2-y11- 1- pyrrolidi nyl)
carbonyl]- 2-nmethyl propyl | carbamate di hydrochloride (Internediate 1) (603
ng, 1. 046 mmol ),

(8S)-7-{[ (phenyl net hypoxy] car bonyl | -1, 4-di t hi a- 7- azaspi r o[ 4. 4] nonane-8-carb
oxylic acid (Internediate 36) (355ng, 1.046mvol) and HATU (498ny,

1.046mmol) , following simlar procedgpe outlined in preparation of
intermediate 21. 1H NWR (400 MHz, CHLOROFORMd) (5 ppm 7.88 - 8.03 (m 2 H)
7.45 - 7.85 (m 6 H 7.05- 7.45 (m 6 H 5.61 (br. s., 1 H 4.98 - 5. 41
(m 2H 4.42 - 492 (m 2 H 4.35 (t, J=7.78 Hz, 38 1 H) 3.93 - 4.06 (m
1 H 3.86 (d, J=8Exampes7® H)ywge grpared, ugmg(hqsimiquyy@hegigsgweng&5_02 Hz, 4 H)
3.21 (d, J=7. agsc"'gedféré%th%sééfExa%\p%ﬁs(m 2 H 2.24 (br. s., 2 H 1.93 -2.16

(m 2 H 0.98- 1.17 0.91 (t, J715H26 ES LG M5 mz =825. 2
(MrH) . | nt er nedi aty h‘l’lylrrethyphum %

(8S)- 8- (4-{4' 42- '%hyl cxyj—crarbon nya 132 Bt J\@ nyl) - 1H
i mdazol - 4-y11c4- i phenyl y11- 1H-i m azol ¢4-dithia-7- ﬁ/

azaspi rol4. 41ngndne- 7- car boxyl at e™ \Fé enyl methyl ©
(8S)-8-(4-{4"42 (%S) 1- {N—Rmethylcb?(y ®ar bony 1F %/al yll-2- b
pyrrolidinyl)- 1Hp dazol - 4-y1] - 4- bephenyl y11- 147 mi dazol - 1, 4-dithia-
7- azaspiro[4.4] nonane+7 car boxyl at%l nt er redi ate 38) (497rrg, 87% was
obt ai ned from phenyl net hyl (85)-8-( -(4'"-{2-[(25)-1-((25)-3-net hyl -

{[ (et hyl oxy) car bonyl ] am nol but anoyl) - 2-pyrrolidinyl]-1H1im dazol -4-y11-4-b

i phenyl y1) -

2- oxoet hyl ] am nol car bo /Ej-@-d@-%]g’ 7 azaspl rof .M @ @' ar hoxyl at e
(I'nternedi ate 37 oa ny 0.71 Mo ) g} Hcetate (5436/%7%%)

nmol ), follow rrg—t»he Sivft | ar pr oceaﬁrre ut+-pe °t he prepar at'l
| nt er medi ate (22pere E ,gNB m z —806’5 ( M+H) . \r\E/,LH

Cl)O

e OO

Example 7: methyl [(1S)-1-({(2S)-2-[4-(4'-{2-[(3S)-8.8-dimethyl-2-({2S)-3-methy|-2-
{[(methyloxy)carbonyllaminolbutanoyl)-6,10-dioxa-2-azaspiro[4.5]dec-3-yl]-1H-

imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-

methylpropyl]carbamate




| nt er nedi ate 39: net hyl
1.(19-1-({(29)-2-14-(4"-{2-1.(8S)-1,4-dithia-7-azaspirol4. 41non8-yl]-1Him
i dazol - 4-wo2et/@ag39bhenyl y1) - 1H i m dazol - 2-y1] - 1- byrr ol i ¢cmgusk@anixosy 1) - 2-
met hyl propyl | car bamat e 39 At rt, to a stirred solution of
phenyl net hyl
(8S)-8-(4-{4"-12-((2S)-1-{N (net hyl oxy) carbonyl]-L-val yll-2-pyrrolidinyl)-1
H i mi dazol - 4-y1] - 4- bi phenyl y11-1 Hi m dazol -2-yl1)-1 ,4-dithia-7 -azaspir o[4
. 4] nonane-7 -carboxylate (Internediate 38) (497ng, 0.617muol) in TFA (6nl)
was added triflic acid (278ng, 1.85mmol). The resulting mxture was stirred
at rt for 3hrs. Evaporated solvents, neutralized with NaHCO3(SS) and the
aqueous phase was extracted with DCM 38%% | PA) (3X). The conbi ned organic
phases was dried, filtered and evaporated to give nethyl RLS)-1-
({(2S)-2-[4-(4'-{2-[(89)-1,4-dithia-7-azaspiro[ 4. 4] non-8-yl]-1H i m dazol -
yl1l-4- fj%

bi phenyl y1) - 1H i m dazol - 2-y1] - 1- pyrrolldbny | car bonyl) - 2- net hyl propyl ] car ba
mate (I nternediate 400ng, yield: 97%<° ES LC-M5 mz =672.2 (MH).
Exampl e 12: net

hy
1. (1S) - 2- met hyl - \r(s §i\((zs) 3- et hyl - 2-
{Rnethyloxy)cap oyl DaHI ol bu an-vl) |qh|a 7-azaspirol4. 41non-8-y11l-1

4- bi phenyl yl') -1 H-|n1dazol 2-y11-1- rr@#{dlnylIcarbonynpropylIcarbanate
Met hyl [(1S)-2- rrethyl 1- ({(2S) - 244- (4 -{2-198S)-7-((2S)-3- et hyl -
Lin ol but anoy 55 MO0 VhizeDVS AL oPE) 41-84 e oy 180 (br. s, 1H), 7.90-7.60
?83' phenyl ?/é) (b%;ﬂ%gﬂ)dﬁ@ls ?Hyi]selz 250 hpleﬂisml(&rcmr eyl 9gropw), hewr bamat e
, |1 e
ko) 1 L1 (25 (540 1 232 EBS T oD AT 2309 B an R B Oy - 11t i i
zol - 4-y11- 4- 1H) 2.43-2.09 (br. m, 3H), 2.07-1.81 (br. m, 4H), 1.05-0.75 (br. m, 18H)
cafbanat 5 11 nESrEd ?2:?% §%%”"‘%2é8‘°yﬁ’“@*%%mé%“ﬁrb°”y1) zmethyipropyl]
N- [ ( met hyl oxy) carbonyl]-L-valine (65 ng, 0.372 mmol) and HATU (141ny,

0. 372mm1), fEkérﬁMé egrﬁehm rsisyiztraéthmqng_mat (@urtzlrdsmmz@) Ewm g 5. 1H NIVR

.58 (d, J=6.
542 (m 3 IrhicalroBd-vii- 44b104118n\(lm-1l'2-mhﬂa2312-&]-4-4 03 (m 101 270 Pt (m 2
2.30 - 1.19- 1.56 (m 4 H 1.07 (dd,

40 J=10. 54 “Rugdf CEDO : "%fk%—@% 10 H. HRVE: (MeH) + cal cd:
829.3530; found: 829, 3534 WD
(@]

oD

N N N \“chS
) <

'H NMR (400 MHz, CD;0D) & ppm 7.62 (m, 8H), 7.29 (m, 2H), 5.17 (m, 2H), 4.20
(m, 2H), 4.00 (m, 2H), 3.88 (m, 2H), 3.65 (s, 6H), 2.65 - 2.03 (m, 8H), 0.90 (m, 12H).
LC-MS for C43HssNsOsDs (M + H)* calc: 817, found: 817.

HRMS for Ca3HasNsOsDg (M + H)* calc: 817.4519, found: 817.4517

Purity (LC/MS) 95%

Example 9: methyl [(1S5)-2-methyl-1-({{2S)-2-[4-(4'-{2-[(8 S)-7-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-1.4-dioxa-7-azaspiro[4.4]non-8-yl]-1H-

imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-




Exanpl e 13:

met hyl | . (1S)-2-methyl -1-({(2S)-2-14-(4"'-{2-1.(8S)-7-((2S)-2-{Rmet hYl oxY)

car bonyl Jwoi2oaldstdanoyl) - 1, 4- di t hi a- 7- azaspi r o[ 4. 4] non- @CyAjS2abloueTsrazol - 4-
y11-4-

bi phenyl y1) - 1H-i m dazol - 2-y11- 1- pyrrol i di nyl | carbonyl ) propyl | car banmat e

Met hyl [(1S)-2-methyl-1-({(2S)-244-(4"-{2-[(8S)-7-((2S)-2-

{[ (et hyl oxy) carbonyl] am no}

but anoyl) -1, 4-di t hi a- 7- azaspi ro[ 4. 4] non- 8-y1] - 1H m dazol - 4-y11- 4- bi phenyl y1
)-1H i m dazol -2-y1]-1- pyrrolidinyllcarbonyl)propyl]carbamte (35ngy, yield:
279% was obtai ned from net hyl
[(1S)-1-({(2S)-2-[4-(4'-{2-[(8S)-1,4-d4thia-7-azaspiro[4.4]non-8-yl]-1Him
dazol 4-y11- 4- bi phenyl y1) - 1Hi m dazol - 2-y1] - 1- pyrrol i dinyl I carbonyl) - 2-

met hyl propyl ] : di,at.e. 3 (100 nmg, 0.149 mmol), (29)-2-
{[(nethyloxy)gﬂﬁﬁ@ﬂ?&?ﬁ%bﬂ%ﬁ%&ﬁ?fﬁ?fmgggd (24my. 0. 15mmol) and HATU
(56.5ngy, 0.149mmol ), follow ng the sim®Pgarpprocedure outlined in Exanple 5.
1H NWVR (400 MHz, CHLOROFORMd) (5 ppm 9099 11.64 (m 2 H) 7.53 (br. s., 8

H 7.12 - 7.34 (m 2~H) 5.26 (br. s., ° 3.18 - 4.64 (m 17 H 2.79 (br.
s., 2 H 1.43 - 2.6 N 8 0£0 -nD1- (\m 9 H. HRMS: (MtH) + cal cd:
815. 3373; found: Y 4l gty

1.(1S)-2-net honle({c( 2S)-2-T4- (4 -{24(8% - k- ({Rmet hyl oxy) car bonyl |
am nol acetyl)-49 4-di t hi a- 7- azaspi r 014. 41n8n- 8-y1l-1H i m dazol 4-y11- 4- bi phen
ylyl)-1Him dazol - 2-y1] - 1- pyrrolidinyl | carbonyl ) propyl]carbamate MM c(11--

N NO 'H NMR (400 MHz, CD;0D) & ppm 7.60 (m, 8H), 7.28 (m, 2H), 5.17 (m, 2H), 4.23
(m, 1H), 4.15 (m, 1H), 4.06 (m, 1H), 3.97 (m, 1H), 3.88 (m, 2H), 3.64 (s, 6H), 2.50 -
2.00 (m, 8H), 0.90 (m, 12H). LC- MS for C4,HssNsOsDs (M + H)* calc: 801, found:
801.
HRMS for CoHasNsOsDs (M + H)* calc: 801.4237, found: 801.4238
Purity (LC/MS) 91%

Example 10: methyl [(1S5)-1-({(2S)-2-[4-(4'-{2-[(2R,3R,8S)-2,3-dimethyl-7-((2S)-3-
methyl-2-{[(methyloxy)carbonyllamino}butanoyl)-1.4-dioxa-7-azaspiro[4.4]non-8-yl]-

1H-imidazol-5-y}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-

methylpropyljcarbamate

et

N_O RogN~"0

HNI"( \/:[NH

PN A
|

O (IDO

"H NMR (400 MHz, DMSO-d6) & ppm 0.85 (d, J=6.4 Hz, 12 H), 1.24 (dd, J=11.9, 5.8
Hz, 6 H), 1.87 - 2.06 (m,4 H), 2.08 - 2.21 (m, 2 H), 2.34 - 2.43 (m, 1 H), 3.54 (s, 6 H),
3.59 - 3.68 (m, 2 H), 3.69 - 3.75 (m, 2 H), 3.81(br. s., 2 H), 3.97 - 4.14 (m, 3 H), 5.00 -
5.17 (m, 2 H), 7.25 - 7.33 (m, 2 H), 7.49 - 7.54 (m, 2 H), 7.62 - 7.71(m, 4 H), 7.78 (d,
J=7.7 Hz, 4 H), 11.79 (br. s., 2 H); LC-MS ( ESI ): m/z = 825.5(M+H)*; HRMS:
(M+H)" calcd, 825.4299; found, 825.4302. Purity: 92%

Example 11: methyl [(1S5)-1-({(2S)-2-[4-(4'-{2-[(2S,3S,8S)-2,3-dimethyl-7-((2S5)-3-
methyl-2-{[(methyloxy)carbonyllamino}butanoyl)-1.4-dioxa-7-azaspiro[4.4]non-8-yl]-




1 Met hyl [(1S)-2-methyl-1-({(2S)-244-(4"-{2-[(8S)-7-

{[ (met hyl oxy) car bonyl ] am nol acetyl)-1, 4-di thi a- 7-azaspi ro[ 4. 4] non-8-y1]-1H
i m dazolweoytlr2sivsphenyl y1) - 1H i m dazol - 2- y1] - 1- pyr r ol iPdirrugké10audyeny! ) pr op
| ] carbamate (14ng, yield: 24% was obtai ned from nethyl
(1S)-1-({(29)-2-[4-(4'-{2-[(8S)-1,4-dithia-7-

zaspiro[ 4. 4] non-8-yl] - 1H i m dazol - 4-y11- 4- bi phenyl y1) - 1H i m dazol - 2-y1] - 1-
pyrrolidinyllcarbonyl)-2-nethyl propyl]carbamate (Internmediate 39) (50ny,

0. 074mo1l), N-[ (et hyl oxy) car bonyl ] gl yci ne (10ng, 0.074mvol ) and HATU
(28.3nmg, 0.074mmol ), followng the simlar procedure outlined in Exanple 5.
1H NWR (400 MHz, CHLOROFORMd) (5 ppm9.86 - 11.31 (m 2 H) 7.50 (br. s., 8
H 6.91 - 7.27 (m 2 H 5.41 - 6.31 (35 2 H 524 (br. s., 2 H 3.12 - 4.45

4
(
y
[
a

(m 18 H 2.77 (br. s., 2 H 1.77 - 2.50 (m 4 H 0.58 - 1.15 (m 6 H).
TRNB (MeH) + QQllrﬁ‘aazoigﬁl}%%&enwy?H mmEgZoJ %’(ﬁq,pv réi?il?/l}gaﬂ}&'vl)-@?t hyl
(1S)-2-methyt=I-(3 (2S5 -2 TEL NYT - 2-

{[ (et hyI oxy) Dﬁiﬁ@ﬂ;@ﬂ@lﬁ@&@tﬁbut anoyl) 8 oxa 2- azaspi ro[ 4.5] dec-3-y1]-1Hi mi
dazol -

YIl-4- b| Phenyl y1) - 1H-i m dazol - @ -@- g dﬁ',,n |d_7ar bonyl') propyl | car bamat
e A sol ution of net : f
((1S)-2-nmethyl-1-{[(2S)- 2(4 O[({[2((28) Ryl*- 2-

{[ (et hyl oxy) car bonyl ] am nol goyl) 8- oxa-%g‘?spi ro[ 4. 5] dec- 3-

yl ] carbonyl | am no) acet y1] - 4- ,yph nylyl1l-1Hi zol -2-y1)-1-
pyrrolidinyl]carbonyl | propyl¥c &’rbamat e (InterredPate 104) (131 ng, 0.16
nol ) and anmoni um acetate (122 ng, 1.6 nmmol) in dioxane (2 nlL) was
degassed and HeBMEI40@MHEZODZSDRIEAS pp@l0etd -t0A8e(n, 3H) 181D 1.Fhen. Mddct BHn was
cool ed to T compbefRes Af ulog 208l flid w 841 ubli (Rl k) s389L 3119, 304 Bleh fr ed and

concentrated i n vacuo. I’eSI due Wwas UI’I }/ C I’OI’TB.'[O raphy

eluting with ﬁdﬁ)é’o‘@%vﬁ%w e?d@t%ﬁi‘t?"‘%?‘d”‘bo/é o (. Ak TP d7 4R (Bf4 - white
solid (44 ny, H4%9y-redoin, 11—|7+M(R7(34@@n Mﬂ);77627wwﬂi\l@y7®4)7€93mn27 55 -

:73 8:73 fm4 84H% 3 (Sb‘%g §’8°(*B’r”|?s9 %%AS” g*ﬁBL&q‘]ﬂsgﬁﬁh{”ﬁs% 'ﬁ é §m2.£514H)

(m 10 H 1. 45|RI\/[B 8v-+H)rpaldd, iBp5. @Zﬂafouﬁd B26480202 H). HRVE for C44H57N807 (M +
H) + cal c: 809.4350, found: 809.4346. Purity (LC-M5): 96% Preparation of
internedi ate 104Interrred|ate 101 ethl .
8- oxa- 2- azaspineamedigtediS:Beer L0 glcarbonyl-1.4-diffiz/nedi ate 101 was
obt ai ned in qHi’d%biré[@mnkﬂﬁarﬁéls%éﬂb&&hcaecfoacemite from _

t et rahydr o- 2H pyr an- 4- car bal dehyde (1.0 g, 8.8 mmol) follow ng the
procedure outllned in WO 98/ 08850 pp. 50.

jf e JUJ ece

Intermediate 35: 8-methyl 7-(phenylmethyl) (8S)-1.4-dithia-7-azaspiro[4.4]nonane-

7.8-dicarboxylate
(o]
o\ S
00

b




I nternedi ate 102: ethyl 2-{N- Rmethyl oxy)carbonyll-L-val yll-8-oxa-2-

azaspi rol4. 51decane- 3- car boxyl at e 43 To a solution of ethyl

8- oxa- 2- awapivmpx’65] decane- 3- car boxyl ate (101) (200 ngpCo/S4onmwé732 HATU
(392 ng, 1.03 mmol) and N-[(nethyl oxy)carbonyl]-L-valine (181 ng, 1.03
mol ) in anhydrous CH2Cl 2 (6 nlL) was added Hunig's base (0.33 niL, 1.88
nmmol ) and the solution stirred at rt under nitrogen. After 2 h, the
reaction was concentrated in vacuo, purified by C18 RP chronat ography,
eluting with 10-90% ACN wat er/ 0. 2% NHACH, to afford the product as a yellow
oil (313 ng, 90%yield). Internediate 103:

2- { N- Rret hyl oxy) car bonyl | - L-val v11- 8- oxa- 2-azaspirol4. 51decane-
3-carboxylic acid o. HO 00 To asgsol ution of ethyl

2- {N-[ (nmet hyl oxy) car bony1] - L-val y11- 8- oxa- 2-

i 4.51d - 3. ) ) i 2:1:1
szaspl ol . 5] decang. et B o) £0492) ohabnfhy Bt [0 2
monohydr at e ( POTakiginedicagoxirgis (Integmgdiatee2dy G86my.cdvt2mnmale aabydreusrREMnper at ur e

for 2h. Treat edmi hhs dddaHG ethdnehidhidl » (488, latdnisitarlaseRed biFbfikonpd wat er
(30 nmL each), _organic | ayer extracted with Et0OAc (30 nL), dried (MJSOH) and

concentrated Bbs ghvatedTIdNe 8-4maah (T5¢ 1eSHYN9 PTG ™ ?aﬂ'rfedﬁ’ﬂa@'%?téﬁ"i al was
used i n subsepgerertqushers with NaBICD ; adili Liayes alergpsbphifatezibdndaiie ordéhidNider( 400 MHz,
DVSO-d6) 6 ppm.12. 4 .E‘)r S, . .1 7-19 -. 7. .41 , 405 - 4.28 (m 1
03 01 - o oRet fictoghaaovadostlyq piregafs i pffed ylault® 5 27 A1
1.98 (m 2 H) clirometograph@ili¢agel,10 te))500 4thyl-acetagon hexxang) tegive 83pethyl¥-46 (m 1
H 0.65 - 1. 0%%ylﬁ‘19thlﬂ) (85)-1,4-dithia-7-azaspiro[4.4]nonane-7,8-dicarboxylate (Intermediate

35) as an oil. "H NMR (400 MHz, CHLOROFORM-d) & ppm 7.28 - 7.48 (m, 5 H) 4.95

-5.35(m,2H)4.34-4.63 (m, 1H)3.90-4.11 (m, 1H) 3.82-3.90 (m, 1H) 3.78 (s, 2

H) 3.50 - 3.69 (m, 1 H) 3.15 - 3.45 (m, 4 H) 2.74 (ddd, J=13.30, 7.78, 1.25 Hz, 1 H)

2.40 - 2.64 (m, 1 H). ES LC-MS m/z =354.2 (M+H).

Intermediate 36: (8S)-7-{[(phenylmethyloxy]carbonyl}-1.4-dithia-7-
azaspiro[4.4]nonane-8-carboxylic acid

@]
HO S
RS
OT S

&

(85)-7-{[(Phenylmethyl)oxy]carbonyl}-1,4-dithia-7-azaspiro[4.4]nonane-8-
carboxylic (Intermediate 36) acid (36) (640mg, yield: 84%) was obtained from 8-

methyl 7-(phenylmethyl) (85)-1,4-dithia-7-azaspiro[4.4]nonane-7,8-dicarboxylate
(798mg, 2.25mmol) and LiOH (60mg, 2.5mmol), following the procedure outlined in
the preparation of intermediate 2. ES LC-MS m/z =340.1 (M+H).

Intermediate 39: Preparation of methyl [(1S)-1-({(2S)-2-[4-(4'-{2-[(8 S)-1.4-dithia-7-
azaspiro[4.4]non-8-yl]-1H-imidazol-4-yl}-4-biphenyly)-1H-imidazol-2-yl]-1-

pyrrolidinyl}carbonyl)-2-methylpropyl]lcarbamate




44 | nternedi ate 104: nethyl

ULS) - 2-net hyl - 1-{R2S) - 2- (4-{4' 4({12- a2S) - 3- et hyl -

{ Rmret hvl ow9)2erwrdassvgl | am nol but anoyl) - 8- oxa- 2- azaspi r ol 4PETASC018/046782

Yl | car bonyl | am no) acetyl | - 4- bi phenyl y11- 1H i m dazol - 2-y1) - 1-
pYrrolidinyllcarbonyl !l propyl)carbamate To a sol ution of

2-{N-[ (met hyl oxy) car bonyl] - L-yal y11- 8- oxa- 2-
azaspiro[ 4. 5] decane- 3-carboxylic acid (103) (100 ng, 0.29 nmol), HATU (111
ng, 0.29 mmol) and net hyl
{(1S)-102S)-2-{4-[4' - (am noacetyl)-4-bi phenylyl]-1 H m dazol -2-y11-1 -py rr
ol i di nyl ) carbonyl]-2-nethyl pr opy carbamate di hydrochloride (1) (168 ng,
0.29 nmmol ), prepared as described in Branple 1 in anhydrous CH2C 2 (2 ),
was added Hunig's base (0.2 nL, 1.17 nmol) and the solution stirred at rt
under nitrogen. After 1 h the reaction was congen in yacuo, purified

by C18 RP chrona ggu ng WPPH™10- 90% M\i\ﬁ? to
16:

afford the pr ﬂ as a yellomfsolbd (133 I5

met hyl 1.(1S)- thyl - 1- ({(2S) - ‘g 2 28)-3-rrei hyl 32-
{Rnethvloxy)ca wllaninolbutanoy -dIOX 8-t hi a-2-azagpirol 4. 51dec-
3- Yl | 1Hi ni dazol o4%0- 4- bi phenyl y1) - FFlnldaZO|° oy11-1-

pyrrolldlnylIcarbonyl)propyl]carba €16 A solmtlon of net hyl
((1S)-2-methyl -1-{[(2S)-2-(4-{4" - -((2S)-3-net hyl -
{[(nethyloxy)carbonyl]aninolbutanoyl) 8, 8- dioxido-8-thia-2-azaspiro[4.5]dec
-3- yl]carbonyl | am no) g et bi menylyll 1FL| 'da | -2.y1);1- 45

7N
pyrrolidinyl]carbonyll 08) (10 | X sand
ammoni um acet at .49 1 2 nnnl)ol x@me nL) was deg d with
ni trogen and hqugg 110 Cin a s aled fube fo 18 h. The reaction was
cooled to room tenper t Fe and dilutgd with ethyl Yacetate and filtered and

concentrated in vacuo. |P@r|f%ed by to affordot e product as a tan solid
(39 ng, 37%yield). 1H NMR (400 MHz, THANOL - d4) 6 ppm7.64 (br. s., 10 H
7.32 (br. s., 2 H 505- 524 (m 1H 4.04 - 4.29 (n1 1 H 3.99 (br. s.,
1 H 3.81 (br . 3 0. 3. 4 H 1.80 -
2.47 (m 14 jigmeqietdy: gnorRueiiE3Le e B Dush iza i F H + cal c:
857. 4020, f ouddnetindy ugzanl—u 0 om qylH ey roligimy]- 1 ipnice %“em of internedi ate

108 | nt er medi gipRenlYh-2-Sobili]aBrind)éaRbotryBa ASdithla04-4za8biflL AREnadear boxyl at e
8, 8-di oxi de carboxylate

OO

A
Ly

? 6}

Phenylmethyl (8 S)-8-({[2-(4'-{2-[(2S)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino} butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-
biphenylyl)-2-oxoethyllamino}carbonyl)-1,4-dithia-7-azaspiro[4.4]nonane-7-
carboxylate (Intermediate 37) (584mg, yield 68%) was obtained from methyl {(1S)-1-
[((25)-2-{4-[4'-(aminoacetyl)-4-biphenylyl]-1H-imidazol-2-yl}-1-pyrrolidinyl) carbonyl]-
2-methylpropyl}carbamate dihydrochloride (Intermediate 1) (603 mg,1.046 mmol),
(8S)-7-{[(phenylmethyl)oxy]carbonyl}-1,4-dithia-7-azaspiro[4.4]Jnonane-8-carboxylic
acid (Intermediate 36) (355mg, 1.046mmol) and HATU (498mg, 1.046mmol) ,
following similar procedure outlined in preparation of intermediate 21. 'H NMR (400
MHz, CHLOROFORM-d) & ppm 7.88-8.03 (m,2H)7.45-7.85(m, 6 H) 7.05-7.45
(m, 6 H)5.61 (br.s., 1H)4.98-541(m,2H)4.42-4.92 (m, 2 H) 4.35 (t, J=7.78 Hz,



0 Thi s conpound was prepared in 90% yield from

t et rahydr o- 2Ht hi opyran-4- carbal dehyde 1,1-dioxide (1.05 g, 6.47 mml) in
an anal og020f12eki9%en to Exanple 46 Internedi ate 106: ePhylUS2010/046782

2- { N- Rmet hyl oxy) car bonyl | -L-val y11- 8-t hi a- 2-

azaspi rol4. 51decane- 3- car boxyl ate 8, 8-di oxi de o..P-s, 00
Internedi ate 106 was prepared in 60%yield fromethyl 8-thia-2-
azaspiro[ 4. 5] decane- 3- car boxyl ate 8, 8-di oxi de (105) (200 ng, 0.77 mmol) in
an anal ogous fashion to Exanple 15. Internediate 107:

2- { N- Rret hyl oxy) car bonyl | -L-val y11-8-thi a- 2- azasbi rol . 4. 51decane3- car boxyl i
c acid 8,8-dioxide . .0 HO

38

1H) 3.93 - 4.06 (m, 1 H) 3.86 (d, J=8.78 Hz, 3 H) 3.62 - 3.80 (m, 4 H) 3.35 (d, J=5.02
Hz, 4 H) 3.21 (d, J=7.28 Hz, 1 H) 2.61 - 2.96 (m, 2 H) 2.24 (br. s., 2 H) 1.93 - 2.16
(m, 2H) 0.98 - 1.17 (m, 3H) 0.91 (t, J=7.15 Hz, 6 H). ES LC-MS m/z =825.2

(M+H).

Intermediate 38: phenylmethyl (8S)-8-(4-{4'-[2-((2S)-1-{N-[(methyloxy)carbonyl]-L-
valyl}-2-pyrrolidinyl)-1H-imidazol-4-yl]-4-biphenylyl}-1H-imidazol-2-yl)-1.4-dithia-7-

azaspiro[4.4]nonane-7-carboxylate

By,

T 3

Phenylmethyl (8 S)-8-(4-{4'-[2-((2S)-1-{N-[(methyloxy)carbonyl]-L-valyl}-2-
pyrrolidinyl)-1H-imidazol-4-yl]-4-biphenylyl}-1H-imidazol-2-yl)-1,4-dithia-7-
azaspiro[4.4]nonane-7-carboxylate (Intermediate 38) (497mg, 87%) was obtained
from phenylmethyl (8S)-8-({[2-(4"-{2-[(2S)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonylJamino}butanoyl)-2-pyrrolidinyl]-1H-imidazol-4-yl}-4-biphenylyl)-
2-oxoethyllamino}carbonyl)-1,4-dithia-7-azaspiro[4.4]nonane-7-carboxylate
(Intermediate 37) (584mg, 0.71 mmol) and ammonium acetate (546 mg, 7.1 mmol),
following the similar procedure outlined in the preparation of Intermediate (22). ES
LC-MS m/z =806.4 (M+H).

Intermediate 39: methyl [(1S)-1-({(2S5)-2-[4-(4'-{2-[(8 S)-1,4-dithia-7-azaspiro[4.4]non-
8-vl]-1H-imidazol-4-yI}-4-biphenyly)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-

methylpropyllcarbamate

Se il bee

gyg

Cl) 6}




nternmedi ate 107 was prepared in quantitative yield from ethyl

-{N (et hyl oxy) carbonyl] -L-val yl | -8-thi a-2-azaspi r o[ 4. 5] decane- 3- car boxyl a
e 8, 8-diwwi2du/28¥6) (187 ny, 0.45 nmol) in an anal ogou®Ciramsheio4d762 Exanpl e
5. Used in subsequent steps without additional purification. 1H NVR (400
MHz, DMSO-d6) 6 ppm 12.48 (br. s., 1 H 7.13 - 7.44 (m 1 H 4.10 - 4.31
(m 1 H 3.46 - 3.61 (m 3 H 2.93- 3.24 (m 3 H 2.32 (dd, J=3.7, 1.76
Hz, 1 H 1.93 - 2.13 (m 3 H 1.73- 1.94 (m 2 H 1.55- 1.71 (m 1 H) 0.66
- 1.04 (m 10 H). Internediate 108: nethyl

((1S)-2-nmethyl -1-{[(2S)-2-(4-{4" -[({12- U2S) - 3- net hyl - 2-

{ Rmet hvl oxy) car bonyl | am nol but anoy1l) - 8, 8- di oxi do- 8-t hi a- 2- azasbi rol 4. 51dec-
3- vl]carbonyl }am no)acetyl]-4-bi pheggl y1}-1H i m dazol - 2-y1) - 1-
pvrrolidinyllcarbonyl !l oropyl)carbamate 47 Prepared in 49%vyield
from2-{N[ (et hyl,pxy, -B-1 Befls 27 (4 1o (01 1IN

azaspi ro[ 4. 5] decang%‘:s’tzggﬁgd; ﬁdtuohoyﬁgxé%@%f(%f%g %4187(528() fdﬁ’ ny

and net hyl [(methyloxy)carbonyl]-L- vaIyI} -2-pyrrolidinyl)-1H-imidazol-4-yl]-4-biphenylyl}-1H-

{(19) - 1029) - 2yfidado-y) amormaqeézééa.rofmh&%wlaéﬂdox%iel|meqﬁ@&éte%syll 1-
pyrrolid inyl gcarb n - 2- met _U:yl propyll car bamat e di h%drochl oride (1) (148

my, 0.26 mol 498 & 1&?{‘&% S\ 1UHIYGH 2deeHBle ATHed SR BRApPle 1. Exanpl e
17: nmethyl 1. (esBlindm(fur@Bhs §4Kbd(aﬂrt‘fc{r24& Evdipdrated saveddd, A&)traBzauatithy | - 2-

(L (met byl oxy) RgrBBTES] 410 1R\ BUBARAS RafsasaLS AhifoBlfss fay o ! m dazol -
bi phenyl y1) - 1ppmiprietborganiophpsas wapyrredofilietdrapH levanosdied 0)ghv2-mast i B bpy | | car ba
g‘i;i [({[(28&-2%? l{& DIo_0 52 ABIRHiA 268 &k Q1ror 4% DB -infua2odTR)-4- and

3- et hyl - 2-{ %‘%@W&Y’)ﬂk@)‘wlz@c?nﬂ]r] BTHINBIGERABY N3 MetypropyiGethemRg car bonyI | ox
y)acetyl]- 4- bhtehesaydtey 39)- Zeamgoe‘ehydam)?)sm&rmm/ikmrzo(ma-w()(28) 3- net hyl -

{[ (et hyl oxy) car bonyl ] am nol but anoy1l) - 2- azaspi r o[ 4. 5] decane- 3- car boxy!l at e
(I'ntermediate 117) (307 ny, 0 35 mml) in anhydrous di oxane (3.5 nL) was
degassed wi t hErample ity e ASE2 dtio-23 h. The

reacti on was -. \ g pn |[ @434 cj iﬂ%ng Jb_ﬁ]@ﬁn Et 0OAc and
sat. NaHCO3 (. b_Bh b %rlaf/\?ggszta%ve{so € f rine and dried

(MySO4) and cBHEaEs ‘ A liEimidazal-2-¥Eidue was purified by Cl8 reverse
phase chromat @groa@.hwcg}b@hwmg)p\oﬂdakbam&00% acetonitrile/water/0.2% NHAOH to

I
2
t
1

0.26 mmol)

afford the title conpound as a yellow solid (235 ng, 80%yield). 1H NWR
(400 MHz, ‘\Ho ﬁ? 69 - 782(m 3 H 7.63 (br. s., 5 H)
7.17 - 7.37 ( H) 5.03 75y (yjl 4.20 (br. s., 1 H 4.06 - 4.16 (m
1 H 3.96 (br. 01H)385(>b§'
\K\KNH HN (
(02 0] o "0

I I
Methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[(8S)-7-((2S)-3-methyl-2-

{[(methyloxy)carbonyl] amino}butanoyl)-1,4-dithia-7-azaspiro[4.4]non-8-yI]-1H-
imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-
pyrrolidinyl}carbonyl)propyl]carbamate (88mg, yield: 27%) was obtained from methyl
[(19)-1-({(25)-2-[4-(4'-{2-[(8S)-1,4-dithia-7-azaspiro[4.4]non-8-yl]-1H-imidazol-4-yl}-4-
biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-methylpropyl] carbamate
(Intermediate 39) (250mg, 0.372mmol), N-[(methyloxy)carbonyl]-L-valine (65 mg,
0.372 mmol) and HATU (141mg, 0.372mmol), following the similar procedure
outlined in Example 5. "H NMR (400 MHz, CHLOROFORM-d) & ppm 10.07 - 11.08
(m,2H)7.82 (br.s., 3H) 7.58 (d, J=6.02 Hz, 5 H) 7.10 - 7.30 (m, 2 H) 5.54 (d,
J=9.29Hz,2H)5.17 -5.42 (m, 3H) 4.01-4.48 (m, 2H) 3.23 -4.03 (m, 10 H) 2.70 -
3.19(m,2H)2.30-249 (m, 1H)1.91-229 (m,4H) 1.19-1.56 (m, 4 H) 1.07 (dd,



H 3.62 (d, J=3.1 Hz, 6 H 2.24 - 2.38 (m 3 H 2.15 (br. s., 3 H 1.85 -
2.09(m 8H 1.77 - 1.85 (m 2 H 1.53- 1.76 (m 3 H 0.96 (br. s., 4 H
0.87 (d, woanR/g39612 H). HRMS for CA5HS57NB06F2+ H) + calPCT/UB4@048G92 found:
843.4371. Purity (LC-M5): 97% Internedi ate 60:

(25)-2-{R(2S)-2-{[ (1, 1-di net hyl et hypoxy] car bony11-1-
pyrrolidinyl)carbonyl]am no}-3-nethyl butanoic acid (24.57 g, 143 mml) and
N[ ( ret hyl oxy) car bonyl] -L-valine (25.1 g, 143 mmol) were dissolved in DCM
(50 mL). DIPEA (75 L, 430 nmmol) and HOBT (21.97 g, 143 mmol) were added.
After 5 mn EDC (27.5 g, 143 mmol) was added. The reaction was stirred at
rt for 3h. Diluted with water (50 nm.) and 1IN HCl (1 nlL) was added. The
precipitate was filtered off and orgampc/ aqueous | ayers were filtered

t hrough a hydrophobic frit and concentrated to dryness to afford 42.92g of

a colorless oi Nt ! 1.

N-[ (et hyl oxy)lcaréno HFIEEQ \%ﬁ?? P_'-97 B 1|0nHt M"(ﬁm%‘ggﬂcg ézP)Ssa%foué]Fssol ved
in HC (50 ni 829%43. rrm)l) (150 nlLO of a 4Msol) and stirred for 5h.
Concentrated to dryness to afford 47.9 g of product as a |light yellow
sticky foam Interrredl ate 70 49
1,1'-(4,4" -DbipH > ‘ waes—i ssol ved
in DVF (800m_):aradsrd/ndemamedoxﬂm4-iuﬁu mzédﬁ%m 4I|rra>ha\meﬁ1 mt.aaz&m (124~ 99 g, 81
mol ) was dISB Lé’ f aI%uI %ddltlon of NaH
(2.94 g, 73.4 The sol ution
was stirred undem\2

, then slowy added over 15 mn drop-w se to

a sol ution of @(f D (YY) bi s(2- br onoet hanone), followed by
stirring for M oRT. Solve anme was then reduced in vacuo to -100nL
and cool ed to 204 100nL of was slow y added and resulting slight
grey-yell ow solid vaas fil tere d washed with water (200nL), hexane

(200nL) and dried thder t he \Pac‘hum (12h). The crude conpound was purified
on 500g of silica with hexane/ ethyl acetate (increasing gradient from50%
to 100% EA), vyi el Hethy! {1)ZgmeétBYA-13902S b2-[4 dt-@rlBS7 4t28)-20. 1H NVR (400 MHz,

DVBO- d6) 6 ; ithd-7 7z 4 7.41
e 8)4 ngmln‘?btﬂﬁoxglﬁg bodw]%io%]b%taﬁow1 iﬂt%?a%sgar%i nbgga%}]dg’l 2 8"%, 3

H)
Hz. 1 H) 4. 03inigazobhdsyl-4-bighenylyl H@“% 2440 (m 1 H 3.60 - 3.73 (m 1 H
3.53 (s, 3 H) pgroddinyljcarbdrylprapyllcaH)aniatel B5mg Aviédd: 2A7m) wbsbbtafhe@from 2.06 (m 3

H 0.90 (dd, J2d0 (rs)9: RobBo-a8atth:(6B0- G AHiRE! Pl alirol A S B - AL Smibid Lot
4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-
methylpropyljcarbamate (Intermediate 39) (100 mg, 0.149 mmol), (2S)-2-
{[(methyloxy)carbonylJamino}butanoic acid (24mg, 0.15mmol) and HATU (56.5mg,
0.149mmol), following the similar procedure outlined in Example 5. "H NMR (400
MHz, CHLOROFORM-d) 6 ppm 9.99-11.64 (m,2H)7.53 (br.s.,8H) 7.12-7.34
(m,2H)5.26 (br.s.,2H) 3.18 -4.64 (m, 17 H) 2.79 (br. s., 2 H) 1.43 -2.62 (m, 8 H)
0.70 - 1.19 (m, 9 H). HRMS: (M+H)" calcd: 815.3373; found: 815.3373.

Example 14: methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[(8 S)-7-
({[(methyloxy)carbonyl] amino}acetyl)-1.4-dithia-7-azaspiro[4.4]non-8-yl]-1H-imidazol-

4-yI}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyllcarbamate

C#w&

S

? e} ? e}




50 Internediate 110: ethyl 8-{1.(1,1-dinmethylethyl)(dimethyl)silylloxyl-
azaspi rol4. 51decane- 3-car boxyl ate .si | Thi s conmpound was obt ai ned
in 98% yiwbaoam2ssdsacemate from4-{[ (1, 1- PCT/US2010/046782

di met hyl et hyl ) (di met hyl ) si | yl ] oxyl cycl ohexanecar bal dehyde (m xture of
cis/trans isoners) (7.35 g, 30.3 mmol) in an anal ogous fashion to Exanpl e
15. Internediate 111: 3-ethyl 2-(phenyl nethyl)

8-{1.(1, 1-di net hyl et hyl ) (di net hypsi |yl | oxv}-

2- azaspi ro[ 4. 5] decane- 2, 3-di carboxyl ate .. si To a solution of
ethyl 8-{[ (1, 1-di methyl ethyl) (dimethyl)silyl]oxy}-2-

azaspi ro[ 4. 5] decane- 3-car boxyl ate (110) (10.61 g, 31.3 mmol) dissolved in
dry DCM triethylam ne was added (10.81nL, 78 muol ), cooled to 0 C fol | owed
by the addition of Cbhz-C (6.2 nL, 43.5 nmol), and the reaction stirred at

N b oy I

purified by sil méwylgé»{)wmrwm@@a@qsﬁw é-ldlhhi@ﬂ@zﬁmrhmmloﬁﬁi%'h‘e‘*m@@pﬁ OAc to

filfl f2 or g the tigly ﬂ?1ﬁ~$m|§a%‘ﬂbjg@w ;ﬂfr!)l|d(r§l}ga3b&1y2§r8;5fyl]¥ér8£rqéte {14 14pger medi ate
et hyl |egb2h4e/? Wargeobtayned from r%et%olx(yS) 1 aZZaSSipI [5104' -{2-[( SS)e{:é?rc}Ehla ’7-

di car boxyl at eY'®51: yi
azaspiro[4.4]non-8-yl]-1H-imidazol-4-y}-4-biphenylyl)-1H-imidazol-2-yl]-1-
pyrrolidinyl}carbonyl)-2-methylpropyl]carbamate (Intermediate 39) (50mg,
0.074mmol),  N-[(methyloxy)carbonyl]lglycine (10mg, 0.074mmol) and HATU
(28.3mg, 0.074mmol), following the similar procedure outlined in Example 5. 'H
NMR (400 MHz, CHLOROFORM-d) & ppm 9.86 - 11.31 (m, 2 H) 7.50 (br. s., 8 H)
6.91-7.27 (m,2H)5.41-6.31 (m,2H)5.24 (br.s.,,2H)3.12- 445 (m, 18 H) 2.77
(br.s.,2H)1.77 - 2.50 (m, 4 H) 0.58 - 1.15 (m, 6 H). HRMS: (M+H)" calcd: 787.3055;
found: 787.3056.

Example 15: methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[2-((2S)-3-methy|-2-
{[(methyloxy)carbonyl]amino}butanoyl)-8-oxa-2-azaspiro[4.5]dec-3-yl]-1H-imidazol-4-

yI}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyl]carbamate

(¢}

""" N
\ Y
>=o O~
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A solution of methyl ((1S8)-2-methyl-1-{[(2S)-2-(4-{4"-[({[2-((2S)-3-methyl-2-
{[(methyloxy)carbonyl]amino}butanoyl)-8-oxa-2-azaspiro[4.5]dec-3-
yllcarbonyl}amino)acetyl]-4-biphenylyl}-1H-imidazol-2-yl)-1-
pyrrolidinylJcarbonyl}propyl)carbamate (Intermediate 104) (131 mg, 0.16 mmol) and
ammonium acetate (122 mg, 1.6 mmol) in dioxane (2 mL) was degassed and heated
to 110 °C in a sealed tube for 18 h. The reaction was cooled to room temperature
and diluted with ethyl acetate and filtered and concentrated in vacuo. The residue
was purified by C4s RP chromatography eluting with 10-90% water/acetonitrile/0.2%
NH,OH, to afford an off-white solid (44 mg, 34% yield). 'H NMR (400 MHz,



oH To a solution of 3-ethyl 2-(phenylnethyl) 8-{[(1, 1-

di met hyl et hyl ) (di net hyl ) si |l yl ] oxy}-2-azaspiro[ 4. 5] decane- 2, 3-di car boxyl ate
(111) (5.wB2011/225995 Mmool ) in THF (60 nlL) was added gl aecalusawewiesaci d
(1.38 nL, 24.0 mmol ) followed by TBAF (24 nL) as a 1 Msolution in THF. The
reaction was stirred at roomtenperature for 72 h. The reacti on was
partitioned between Et 0Ac and water (250 nmlL) each, the organic |ayer was
separated and washed with saturated NaHCO3 (100 nL) and dried (MgSO™4) and
concentrated in vacuo. The reaction was found to be inconplete by TLC. The
resi due was dissolved in dry THF (60 nmL), cooled to O C and treated with
HF-pyridine (1.6 nL, 18.0 mmol), warned to roomtenperature and stirred for
2 h under nitrogen. The reaction was ppured into saturated NaHCO3 (100 ni)
and solid potassium carbonate was added until gas evolution ceased.

Extracted wt ( ed and
washed with Onlf% hg‘ﬁ@ll' 02)1%6&%? gl’al7é@ ?%%g)&aéngyﬁéic%\ﬁ %ﬁg’% ﬂ vacuo to
afford the ti#l1é- é@ﬁfﬁ@uﬁﬂ)ﬁﬁf‘rqé%t{mthw3/&8$hre8| & R340 y&$4 GwSdii1-8hi ch was

used in subsegtg@ ozt Ms)ﬂﬁs t0 &@ddf 12 @nab HUARMsS8E .8, NI @rnedi at e
113: 3-ethyl i )C M% - -azaseélpr?oléll_%ldecane %q% =i

(ghenﬁ& ¥ é
di car boxyl at eH) HG SRB 30 T ﬁh%&i“ﬁ‘éﬁnept(ﬂiyd SMY: 9% 1 mol) and the

reaction stirred at rt under nitrogen for 18 h. The reaction was poured
into 10% aq SE 1 hi t q1550 m.) and sat. NaHCO3 (150 mi) and
stirred for 1Fi rmt'é 19&8 e% ?e{ DCM (2 x 150 m), drled(NgSO4) and
concentrated in v 0. The residue was rified by silic el

chr omat ogr aphy el ngHAminlknc%l- 80% hexages/ EfQAC to aff the title
conpound as a p3| W 789 @ -B7% yietd)—I nt diate 114:

3- ethyl 2- (pherynfre hylg T A
(3S)-8,8-difl uor o- 2w1azaspN(%ol4 51decar])§2w§,»od| car boxyl at g, YQ) 0

OO s OO mg A

CH ,Cl,
(0]

104
>Qo >§o f\
(o] (o]
Intermediate 101: ethyl 8-oxa-2-azaspiro[4.5]decane-3-carboxylate,

o N
\/7(%.?

e}

Intermediate 101 was obtained in quantitative yield as a racemate from
tetrahydro-2H-pyran-4-carbaldehyde (1.0 g, 8.8 mmol) following the procedure
outlined in WO 98/08850 pp. 50.

Intermediate 102: ethyl 2-{N-[(methyloxy)carbonyl]-L-valyl}-8-oxa-2-

azaspiro[4.5]decane-3-carboxylate




To a solution of 3-ethyl 2-(phenyl nmethyl) 8-oxo-2-azaspiro[4.5]decane-2, 3-
di carboxylate (113) (2.89 g, 7.13 mmol) in anhydrous CH2d 2 (50 nlL) was
added Deowo-2hlwmss962. 2 ni, 12.1 nmol) foll owed by a cat aCytiseolamwarsr of

et hanol and the reaction stirred at rt under nitrogen. After 2.5 h the
reaction is poured into sat NaHCO3 (150 ni), stirred for 10 m n. Extracted
with DCM (2 x 150 nlL), and the organic |ayer was washed with 0.1 N HClI (100
m.), dried (MJSO) and concentrated in vacuo to afford the desired conpound
as a yellow oil (3.01 g) which was found to be contam nated with 3-ethyl

2- (phenyl methyl) (3S)-8-fluoro-2-azaspiro[4.5]dec-7- ene-2,3-dicarboxylate
ina 1.1 ratio. The residue was dissolved in dry DCM (35 nL), and treated
with mCPBA (77% 1.66 g, 7.45 mmol) ang stirred under nitrogen for 18 h.
The reaction was poured into saturated NaHCO3 (40 nli) and 10% aqueous
sodiumthiosulfate (40 nL) and stirred for 10 mn. Extracted with DCM (100
m.) and dried (MgSO™4) and concentrated in vacuo. The residue was purified
by silica gel chro ography eluting with 5-50% hexanes/ Et 0OAc. The racemate
was then separat hiral HPLC on a 10 pm OD colum eluting with 25%

i sopropanol in h béﬂ@ to afford the title conpound as a clear oil (632
ng, 23%yield). The olute configurations were determ ned by vibrational
circular dichroism (VG). 1H NWR (400 MHz, CHLOROFORMd) 5 ppm 7.28 - 7.41
(m 5H 4.98 - 5,23 (m 2 H 4.37 (ddd, J=19.3, 8.1, 8.0 Hz, 1 H 4.22 (q,
J=7.2 Hz, 1 H) 3. 98 a-soWitidrpof(ethyl 8-okf-2-3zappiro[4 §]deCanerd-carbdiylal®:. (361)(4e), J=10. 8,
(Z-mo lA_,|ZH) N @9&%0|)JHA?U§392%%51'I% mrﬂrolfgnd]fv?%e&i};%ca(rﬁé(ngﬁL"\Dalér’;]e]_Saz' i ZDS
1.13 (t, J=7. {18mo, 10ﬁ|)mmq_ ”I@B*‘ES?US@WQ'Z#@W-):WQ%?F Hupigishase 6 3% BL.115:

et hyl (3S) -8, 8:8dinfrhdiodna-tie ammpsmebébt&lm@rm&;gan CARQIY krittreadtiofrwas To a

solution of 3-ethyl 2-(phe th i fluor 0

aoaspi ro 4. 5 faa s BRARRpHER] b b RAugadP iy SLEHN 109% | 1 absol ut e
et hanol (12 nAEN/wedber/Cediel dith 4 Q6I0toRdiO OHe produat as borellgvé Bil (Bg$ manB0% hyeld).eact i on
hydr ogenated on a Fi sher-Porter apparatus for 18 h at 60 psi. The reaction
was filtered through celite and concentrated in vacuo to afford the title
conpound as a|ntdr@adiatei 103 3$0-[(pthyBIYcarbenytlL-valynteoxaedibais pirald Sjdecane-
(3S)-8,8-difl %g%og“ QEEMEthyloxy)carbonylI-L-vaIy11-2-

azaspirol4. 51 rboxylic acid
@]

HO N
o) o)\["“l\
NYO
O\

To a solution of ethyl 2-{N-[(methyloxy)carbonyl]-L-valyl}-8-oxa-2-
azaspiro[4.5]decane-3-carboxylate (102) (310 mg, 0.84 mmol) in a 2:1:1 mixture of
THF/water/methanol (6 mL) was added lithium hydroxide monohydrate (70 mg, 1.67
mmol) and the reaction stirred at room temperature for 2h. Treated with 1 N HCI
(1.6 mL), partitioned between EtOAc and water (30 mL each), organic layer extracted
with EtOAc (30 mL), dried (MgSO,4) and concentrated to give a white foam (211 mg,

74% yield). This material was used in subsequent steps without additional
purification. 'H NMR (400 MHz, DMSO-dg) 5 ppm 12.43 (br. s., 1 H) 7.19 - 7.41 (m,
1H)4.05-4.28 (m,1H)3.91-4.05(m,2H)3.40-3.71 (m, 6 H) 3.20- 3.28 (m, 1 H)
1.81-1.98(m,2H)1.70-1.80 (m, 1 H) 1.46 - 1.69 (m, 2 H) 1.32-1.46 (m, 1 H) 0.65
- 1.03 (m, 10 H).



To a solution of ethyl

(3S)-8,8-difluoro-2-azaspiro[ 4. 5] decane- 3-car boxyl ate (115), (380 ng, 1.54
nmol ) i n wohlydreseCH2C12 (10 nL) was added HATU (614 mpCTAISGO10M0wd782

N- Rret hyl oxy) car bonylFL-valine (283 ng, 1.6 muvl) followed by triethylam ne
(0.43 nL, 3.1 nmmol) and the reaction stirred at room tenperature under 54
nitrogen for 1 h. The reaction was concentrated in vacuo and the residue
purified by silica gel chromatography eluting with 15-80% hexanes/ Et OAc.
Appropriate fractions were conbi ned and concentrated in vacuo. The residue
was di ssolved in THF/ water/ methanol ( 5 nL/2.5 nL/2.5 nL) and lithium

hydr oxi de nonohydrate was added (119 ng, 2.8 nmmol) and the solution stirred
at roomtenperature for 30 mn. The rgaction was treated with 1IN HCl (3.5
nm) and partitioned between EtOAc and water (50 nlL each). The aqueous |ayer
was extracted, e conbi ned
and dried (M Z X’e&]gthwturat ed in
di et hyl et her {egihvioxyicarpndleminoihutapaidiiBroxar2graspirel4Gldect: | e conpound as a

whi'te”sol i d ( Gniit)HadeRhduiorkr WA oM. (VO d6) (6 ppm 12 47 (br.
s., 1 H 7.41(d, J= H'z,l 4.24 (t, J=8. 1H 3.95- 414 (m 2
H 3.52 (s, 3Ryoligin arbo lgar e222(dd J123 8.4 Hz, 1 H 1.79 -
2.11 (m 5H) 158-177(m3 01.41 - 1.59 (m 2H)093(dd, J=12.7,
6.6 Hz, . LG M ESI (M+ H)+ 77.23. I nternediate 117:

> La L (LL(2) @%W o

{ Rmet hvl oxv) casponyly utandy lg pyrrolidinvllcar bonyl | oxv) acetvll- 4-
bi phenyl y11- 2- thyI (3S)-8, 8- art Ngg;ro 24(2S) - 3- net hyl -

{ Rmet hvl oxv) car)hgnyl | am nol but anovl) -12- azaspi r 014. 51decane 3-car boxyl ate

LNr 0 O ® To a solution of
(39)-8,8-difluoro-2-{N-[(nethyl oxy)carbonyl]-L-valyll-2-
azaspi r o[ 4. 5] decane-a3ottierbeylM-Iimetbylekyjcabeny-u-8d8ylhgrox®245 nmol ) and 2-[4' -

(bromoacet yl )aéaspiramgpxé%%lsérw&8%£wl 103) (100 m 029 mmoI) HATU (111 mg,
N-[ (et hyl oxy) car bo % mmol) in

iy ous oxLbeRmma astimetist (! GGl Bsreuti-fastingreadii A mandd- Tz, "0 6n mmol)
and the react intittaz®t-2- lyI}-ed)yﬂrbI|drr@[)cmrlidhw}emwlhmﬁopyl}ﬁhi‘bamté ﬂmg@acmmrdem)h The

reacti on was it e ?_lag %

organi c | ayer P@I&S '0(}% "gm\)/\) i redﬁégg%c éa'(]%gdﬁ?r(ha}'né)mggn ! I at ed in

vacuo. mL), was added Hunig’s base (0.2 mL, 1.17 mmoI) and the solution stirred at rt under
nitrogen. After 1 h, the reaction was concentrated in vacuo, purified by C;s RP
chromatography, eluting with 10-90% ACN/water/0.2% NH4OH, to afford the product

as a yellow solid (133 mg, 55% yield).

Example 16: methyl [(1S5)-2-methyl-1-({(2S)-2-[4-(4'-{2-[2-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-8.8-dioxido-8-thia-2-azaspiro[4.5]dec-3-yl]-
1H-imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-
pyrrolidinyl}carbonyl)propyljcarbamate

0;.-0
*g*
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A solution of methyl ((1S)-2-methyl-1-{[(2S)-2-(4-{4"-[({[2-((2S)-3-methyl-2-
{[(methyloxy)carbonylJamino}butanoyl)-8,8-dioxido-8-thia-2-azaspiro[4.5]dec-3-
yllcarbonyl}amino)acetyl]-4-biphenylyl}-1H-imidazol-2-yl)-1-



55 The residue was purified by silica gel chromatography eluting with

65- 100% hexanes/ Et0Ac to afford the title conpound as an off white solid
(309 ny, WO%Wi/eBdy. Exanpl e 18: dinethvl PCT/US2010/046782

(4, 4" -bi phenvl di vl bi s{1H i m dazol e- 4, 2-di v1(3S) - 8- oxa- 2-

azaspi rol4. 51decane- 3, 2-di vl R2S) - 3- net hyl - 1- oxo- 1, 2- but anedi vl | | ) bi scar banma
te To a solution of bis(phenyl nethyl)

(3S,3'S)-3, 3" 44, 4" -bi phenyl di yl bi s(1H m dazol e- 4, 2-di y1)] bi s(8-oxa- 2-azaspi
ro[ 4. 5] decane- 2- car boxyl ate) (119) (210 ng, 0.25 nmol) in trifluoroacetic
acid (2 nL) cooled to 0 C was added trifluoronmethanesul fonic acid (0.13 nlL)
and the reaction warned to roomtenperature and stirred for 30 mn. The
reaction was concentrated in vacuo andsrot ovaped. The residue was rotovaped
fromtoluene and the residue suspended in dichl oronethane (3 nL) and

d wth di
vacuo and t i PUIR BB S MRRRS b ube) (0P mBRES Rigy YRS oRGER, " 2! o 1
To a sol uti onaestate K gl i Ammel) dndigdine (S DWwedegapsed wikiditipgge and

NRet hyl oxy) cageniw b2y iPd sdiedtB BB18 0 ﬁmermﬁétbn wabEbb1édlB830dre, 0. 48 nmmol )
and triethyl am ne reaction stirred at room

Foer atun s FBmbgratire SRATIAG A BRLptetE Ans I e SHCORT R Py
el uting with PQrfRA%y SEEttoaiffdrd itHegdroviceds Htad Yol (39 43H31% yiafd).o-INVIRE400 t | e

compound as a,pal id 7%y : ( :
VETHANOL- d4) gﬁl%p@;i;ﬁ}é@&_ﬂd;%@nt%%?&%1%{6373&2?@?)322@‘5%52?13%; M. 9, 7.9
Hz, 2H) 4. 30 ¢ @4 -3290m21 Hz 3.92 () s. 41 H)73.8t(br.3=8.12) 35 - 3,273—1)n§H?)(§903 3B (m 6
3.56 - %n(zﬂh) 180 "54? rﬁ]'Q4(l-q(é 683-11(% % 18 ﬁﬁMS%or"&M%NB g\ﬁ J=12. 6,
10. 3 Hz, 88 - :? (m 6 H
0.83 - 0. 97 (R g3 ﬁ?”%ﬂv@w% 564@%%3?\48@8@(3 SJ %Mc 879.4769, found:
879.4769. Purity (LC-MS): 98% Internediate 118:
3,3 [4,4"-bip en Igl Ipls 2- oxo1 , 1-ethanediyl)] 2,2- bis(phenyl nethyl)
(3S, 3" S)bis(- 1decane 2, 3- dlcarboxylate) To a
solution of 1, 1 -(4, 4 -blphenyldlyl)bls(z bronDethanone) (155 ng, 0.39
nmol ) and
(3S)-2- {[(phenyln&ihypoxy]carbonyll-8 @%Q-Z azaspi ro[ 4. f ecane- 3-

carboxylic acid ( 275 0. 86 i n anhydrous tonitrile (4 )
was added tri et hyl ”P@E .. 1.4 I) amd _t he_sgl on stirred at
roomtenper at u e er gen for3: Ther+easdi 0 Oﬂﬁfkpartltloned
bet ween Et 0Ac andj 0!'1 No l\(40 n. eachy’, %he organi c | ay L(Mashed with

brine and dried (M%) arftetoncentrated PwCvacuo. The Pesildue aas purified
by silica gel chromatograpf eluting with 20-100% hexanes/ Et OAc[tp afford
the title conpound as a mhite solid (225 ny, @6yie|d) | Bt er late 119:
bls(phenylnethy

(3S,3' 9)-3, 3 I*zs(@muam epaﬁglme{vae@&a% azaspi
rol4. 51decane- 2 ooxy ate oH,l, 108

O>=o o\
\

0

Intermediate 105: ethyl 8-thia-2-azaspiro[4.5]decane-3-carboxylate 8,8-dioxide

0,.2:0
g%

o} N
\/7(%.?

e}

This compound was prepared in 90% yield from tetrahydro-2H-thiopyran-4-
carbaldehyde 1,1-dioxide (1.05 g, 6.47 mmol) in an analogous fashion to Example
15.



To a solution of 3,3 [4,4'-Dbiphenyldiylbis(2-oxo-2,1-ethanediyl)] 2, 2-

bi s(phenyl net hyl)

(3S, 3' S) hwe(2eB/836 2- azaspi r o] 4. 5] decane- 2, 3- di car boxy| at&)usedia®y678225 ny,
0.26 mml) in dioxane (3.5 nL) was added ammoni um acetate (318 ngy, 4.1
mol ). The reaction was degassed with nitrogen and heated to 110 Cin a
sealed tube for 18 h. The reaction was partitioned between Et0Ac and sat.
NaHCO3 (35 nlL each), the organic | ayer was washed with brine, dried (MjSO)
and concentrated in vacuo to afford the title conpound in quantitative
yield. Preparation of internmediate 121 120121 Internediate 120: 3-ethyl
2- (phenyl met hyl ) (3S)-8-o0xa-2-azaspirol4d. 51ldecane-2, 3- dicarboxylate 0

Et hyl 8-oxa-2-azaspiro[4.5]decane-3-cagboxylate (3.54 g, 16.6 mml) was

di ssolved in dry dichloronethane (80 nmL), triethylamne (5.8 n, 41.5 mmuol)
was added fol | owed Dy BENEMLITUNHRERYIER G rtoryiPL - Thiyi-84nidomol ) and the

reaction is

azaspiro[4.5]decane-3-carboxylate 8,8-dioxide

0
Oy

\/O N l\
0 o)\[““

NYO

O\

Intermediate 106 was prepared in 60% yield from ethyl 8-thia-2-
azaspiro[4.5]decane-3-carboxylate 8,8-dioxide (105) (200 mg, 0.77 mmol) in an
analogous fashion to Example 15.

Intermediate 107: 2-{N-[(methyloxy)carbonyl]-L-valyl}-8-thia-2-azaspiro[4.5]decane-

3-carboxylic acid 8,8-dioxide

0,0
s

HO N
0 Oé\’““l\
NYO
O\

Intermediate 107 was prepared in quantitative yield from ethyl 2-{N-
[(methyloxy)carbonyl]-L-valyl}-8-thia-2-azaspiro[4 .5]decane-3-carboxylate 8,8-dioxide
(106) (187 mg, 0.45 mmol) in an analogous fashion to Example 15. Used in
subsequent steps without additional purification. 'H NMR (400 MHz, DMSO-ds) &
ppm 12.48 (br.s., 1 H)7.13-7.44 (m, 1H)4.10-4.31 (m, 1 H) 3.46 - 3.61 (m, 3 H)
2.93-3.24 (m, 3H)2.32 (dd, J=3.7,1.76 Hz, 1 H) 1.93-2.13 (m, 3 H) 1.73 - 1.94
(m,2H)1.55-1.71(m, 1 H)0.66 - 1.04 (m, 10 H).

Intermediate 108: methyl ((1S)-2-methyl-1-{[(2S)-2-(4-{4'-[({[2-((2S)-3-methy|-2-
{[(methyloxy)carbonyllamino}butanoyl)-8.8-dioxido-8-thia-2-azaspiro[4.5]dec-3-

yllcarbonyllamino)acetyl]-4-biphenylyl}-1H-imidazol-2-y1)-1-

pyrrolidinyl]carbonyl}propyl)carbamate




58 stirred at roomtenperature for 2 h under nitrogen. The reaction was
diluted with dichl oronet hane, washed with 0.2 N HCI, dried over MgSO4 and
concent r aveaoiwn2e®6uo. The residue was purified by sili ®aTgsRo10/046782
chromat ography eluting with 20-100% hexanes/ Et0Ac to afford a yellow oil.
The racemate was then separated by chiral HPLC on a 10 pm OD col um el uting
with 25% i sopropanol in hexanes to afford the title conpound as a clear oil
(1.66 g, 29%yield). Internmediate 121:

(3S)-2-fthenvl net hvl) oxvi car bonvll- 8- oxa- 2-

azaspi rol4. 51decane- 3-carboxylic acid 0, HO1(- 0 O To a solution
of 3-ethyl 2-(phenyl nethyl)

(3S) - 8- oxa- 2- azaspi ro[ 4. 5] decane2, 3- d4ggar boxyl ate (120) (300 ng, 0.86 mmol)
in THF/ wat er/ methanol (3 nL/1.5 ni/1.5 nL) was added |ithium hydroxide
monohydrate (72 ng, 1.7 mmol) and thesreaction stirred at roomtenperature

for 30 mn. The reaction was treat ith IN HCO (2 nlL) and partitioned

bet ween Et OAc and water. The agueo ayer was extracted with Et0OAc and the
organi c | ayer i NOVE SO/ amld cgncentrated in vacuo to afford the
title corrpoundd:%f JJH NVR (400 Mz, DMVMSQd6) 6 ppm 12. 54
- 12.93 (m 1 Hp 21-747 m5°‘i’—|)4090-520(m2|—|)411- .41 (m
1 H 3.44 - 3. 70 324(dd Jm%o 11.7 Hz, 1H 2.32 (td, J=13. 6,
8.5 Hz, 1H) 1f(ddd J=16.8, 12.9, 7.°2 Hz, 1H 138-1.64(m 4H). LC M5

ESI (M-= 318. 19. Exampl e 19: 11d|rrethylethyl

2-{N-Rmet hyl Oxy) C pryanlih 44)%%@&&90% QL{/(/‘ﬂ(n{eﬂwyM )(:;frg&)yl]l_ vaIyI} -8- th|a 2- _
{ N- Rmet hyl oxy) car baony] R- val %? rroljdi i Yé’]l“ 4- bi phenyl
JL1-TH i das BAPIGA plobears:-datiaulao gy sdosfliot bl soch b auiare 55

methyl {(18)-1-[((2S)-2-{4-[4'-(aminoacetyl)-4-biphenylyl]-1H-imidazol-2-yl}-1-
pyrrolidinyl)carbonyl]-2-methylpropyl}carbamate dihydrochloride (1) (148 mg, 0.26
mmol), in an analogous fashion as described in Example 15.

Example 17: methyl [(1S)-1-({(2S)-2-[4-(4'-{2-[8,8-difluoro-2-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-2-azaspiro[4.5]dec-3-yl]-1 H-imidazol-4-yI}-4-

biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-methylpropyllcarbamate
F_F

......

U* NQW L
>§o kS

A solution of ammonium acetate (540 mg, 6.9 mmol) and 2-{4'-[({[(2S)-1-((2S)-
3-methyl-2-{[(methyloxy)carbonyl]amino}butanoyl)-2-pyrrolidinylJcarbonyl}oxy)acetyl]-
4-biphenylyl}-2-oxoethyl (3S)-8,8-difluoro-2-((2S)-3-methyl-2-
{[(methyloxy)carbonyl]amino}butanoyl)-2-azaspiro[4.5]decane-3-carboxylate
(Intermediate 117) (307 mg, 0.35 mmol) in anhydrous dioxane (3.5 mL) was
degassed with nitrogen and heated to 110 °C in a sealed tube for 3 h. The reaction
was cooled to room temperature and partitioned between EtOAc and sat. NaHCO;
(35 mL each), the organic layer was washed with brine and dried (MgSO,) and
concentrated in vacuo. The residue was purified by C,s reverse phase
chromatography eluting with 10-100% acetonitrile/water/0.2% NH,OH to afford the
title compound as a yellow solid (235 mg, 80% yield). 'H NMR (400 MHz,



A solution of 1,1-dinethylethyl 2-((2S)-3-nethyl-2-

{[ (et hyl oxy) car bonyl ] am nol but anoyl)-3-({[2-(4'-{2-[(2S)-1-((2S)-3-net hyl -
2- WO 2011/028596 PCT/US2010/046782

{[ (et hyl oxy) car bonyl ] am nol but anoy1l) - 2- pyrrolidinyl]-1Him dazol -4-y11-4-b
i phenyl y1) -

2- oxoet hyl ] am nol car bonyl) - 2, 8- di azaspi r o[ 4. 5] decane- 8- car boxyl ate (134)
(126 ng, 0.14 nmmol) and anmoni um acetate (105 ng, 1.4 mol) in anhydrous

di oxane (1.5 nlL) was degassed with nitrogen and heated in a sealed tube to
110 C for 18 h. The reaction was concentrated in vacuo and purified by HPLC
eluting with 10-90% acetonitrile/water/0.2% NH4OH to afford the title
conpound as a tan solid (84 ng, 68% yugld). 1H NVR (400 MHz, METHANOL-d4) 6
ppm 7.56 - 7.87 (m 10 H 7.31 (br. s., 5,04 - 5.23 (m 1 H 4.11

2 H

-4.32 (m 2 = 4.0 1 ) - ( , H)
3.33- 3.61 (H“E?H%@%%% 5@?2‘89(%@éﬁﬁgi?-8§<b§’-§%f@.7,1-”?1-6}’ Qﬁg(é%(%%é 5., 2
H 1.37 - 1.495((mol H)4.20 B1. s, 11 High.Q6m 4. 1&5(mK)1 H) BRIGBDE. 84 1 GBS (358008 (M H) +
cal c: 908. 5034 36ound=3 908. &AL 24 PuBB M 4 14> Mior. O30A) LRGP @H)of
i nt er nedi at e 1%4 %US .'oh.c. ?1 0 0.?...0§N@I'd-l I\%AD—h /.?Méo 3

177 -1.85 (M, 2H) 153 -1.76 (m, 3 H) 0.96 (br. s., 4 H) 0.87 (d, J=6.3 Hz, 12 H).
HRMS for C45Hs57NsOeF2 (M + H)+ calc: 843.4369, found: 843.4371. Purity (LC-MS):
97%.

Preparation of intermediate 70

. . intermediate 61
intermediate 60

O
o] intermediate 61 H 4 Br
O~ = o
IS Br ?’H

0 intermediate 70

Intermediate 60:
(2S)-2-{[((2S)-2-{[(1,1-dimethylethyl)oxy]carbonyl}-1-
pyrrolidinyl)carbonyllamino}-3-methylbutanoic acid (24.57 g, 143 mmol) and N-

[(methyloxy)carbonyl]-L-valine (25.1 g, 143 mmol) were dissolved in DCM (50 mL).
DIPEA (75 mL, 430 mmol) and HOBT (21.97 g, 143 mmol) were added. After 5 min
EDC (27.5 g, 143 mmol) was added. The reaction was stirred at rt for 3h. Diluted with
water (50 mL) and 1N HCI (1 mL) was added. The precipitate was filtered off and
organic/aqueous layers were filtered through a hydrophobic frit and concentrated to

dryness to afford 42.92g of a colorless oil.

Intermediate 61:

1,1-dimethylethyl N-[(methyloxy)carbonyl]-L-valyl-L-prolinate (61 g, 186 mmol)
was dissolved in HCI (50 ml, 1646 mmol) (150 mLO of a 4M sol) and stirred for 5h.

Concentrated to dryness to afford 47.9 g of product as a light yellow sticky foam.

Intermediate 70
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1,1'-(4,4'-biphenyldiyl)bis(2-bromoethanone) (37.8g, 95 mmol) was dissolved
in DMF (800mL) and degassed for 15 min (N2). Intermediate 61 (21.99 g, 81 mmol)
was dissolved in DMF (100mL), followed by careful addition of NaH (2.94 g, 73.4
mmol, 60% in oil) under nitrogen over 15 min. The solution was stirred under N2 for
15 min, then slowly added over 15 min drop-wise to a solution of 1,1'-(4,4'-
biphenyldiyl)bis(2-bromoethanone), followed by stirring for 1h at RT. Solvent volume
was then reduced in vacuo to ~100mL and cooled to 20°C. 100mL of water was
slowly added and resulting slight grey-yellow solid was filtered and washed with
water (200mL), hexane (200mL) and dried under the vacuum (12h). The crude
compound was purified on 500g of silica with hexane/ethyl acetate (increasing
gradient from 50% to 100% EA), yielding 14.5g (37.3%) of Intermediate 70. 'H NMR
(400 MHz, DMSO-ds) & ppm 8.11 (dd, J=12.0, 8.5 Hz, 4 H) 7.96 (d, J=8.4 Hz, 4 H)
741 (d, J=8.4Hz, 1 H)5.43-5.75 (m, 2H)4.99 (s, 2 H) 4.53 (dd, J=8.6, 4.7 Hz, 1 H)
4.03 (t, J=8.6 Hz, 1 H) 3.76 - 3.90 (m, 1 H) 3.60 - 3.73 (m, 1 H) 3.53 (s, 3 H) 2.22 -
237 (m,1H)2.12-2.21 (m, 1 H) 1.85 - 2.06 (m, 3 H) 0.90 (dd, J=10.7, 6.6 Hz, 6 H).

Preparation of intermediate 117

OH
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Intermediate 110: ethyl 8-{[(1,1-dimethylethyl)(dimethyl)silylloxy}-2-

azaspiro[4.5]decane-3-carboxylate

si”
O, 1

~ O
0

This compound was obtained in 98% yield as a racemate from 4-{[(1,1-
dimethylethyl)(dimethyl)silyljoxy}cyclohexanecarbaldehyde (mixture of cis/trans
isomers) (7.35 g, 30.3 mmol) in an analogous fashion to Example 15.

Intermediate 111: 3-ethyl 2-(phenylmethyl) 8-{[(1,1-dimethylethyD(dimethyl)silylloxy}-

2-azaspiro[4.5]decane-2.3-dicarboxylate

\~
O, 1

~© NFO

O ;d

To a solution of ethyl 8-{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-2-
azaspiro[4.5]decane-3-carboxylate (110) (10.61 g, 31.3 mmol) dissolved in dry DCM,
triethylamine was added (10.8 mL, 78 mmol), cooled to 0 °C followed by the addition
of Chz-ClI (6.2 mL, 43.5 mmol), and the reaction stirred at 0 °C, for 5 min, rt for 1 h.

Reaction diluted with DCM (700 mL), washed with 0.1N HCI (700 mL), dried
(MgSQ,4) and concentrated in vacuo. The residue was purified by silica gel

chromatography eluting with 10-60% hexanes/EtOAc to afford the title compound as
a yellow oil (5.73 g, 39% yield).

Intermediate 112: 3-ethyl 2-(phenylmethyl) 8-hydroxy-2-azaspiro[4.5]decane-2.3-
dicarboxylate




Internediate 131: 8-(1, 1-di met hyl ethyl) 3-ethyl

2, 8-di azaspirol4. 51decane- 3, 8- dicarboxylate 0 O H Thi s conmpound
was obt aiweadorm2ssdsacenmat e from 1, 1-di net hyl et hyl PCT/US2010/046782
4-fornyl 1- pi peri di necar boxyl ate follow ng the procedure outlined in WD

98/ 08850 pp. 50. Internediate 132: 8-(1, 1-di nethyl ethyl) 3-ethyl

2- { N- Rret hyl oxy) car bonyl | -L-val yl | 2, 8-di azasbi rol 4. 51decane- 3, 8-di car boxyl a
te 0 0 7Ths1A0-k HN,r0 O, To a solution of 8-(1,1-dinethylethyl)
3-ethyl 2,8-diazaspiro[4.5]decane-3, 8- dicarboxylate (131) (150 ng, O0.48
mol ), HATU (183 ng, 0.48 mmol) and NRnet hyl oxy) carbonylFL-v aline (93 ny,
0.53 mmol ) in anhydrous CH2A 2 (4 nL) was added Hunig's base (0.17 nL, 0.96
nmol ) and the reaction stirred at roopitenperature under nitrogen for 2 h.
The reaction was concentrated in vacuo and

OH

~©° N _o
rr

S

To a solution of 3-ethyl 2-(phenylmethyl) 8-{[(1,1-
dimethylethyl)(dimethyl)silyljoxy}-2-azaspiro[4.5]decane-2,3-dicarboxylate (111) (5.73
g, 12.05 mmol) in THF (60 mL) was added glacial acetic acid (1.38 mL, 24.0 mmol)
followed by TBAF (24 mL) as a 1 M solution in THF. The reaction was stirred at
room temperature for 72 h. The reaction was partitioned between EtOAc and water
(250 mL) each, the organic layer was separated and washed with saturated NaHCO3
(100 mL) and dried (MgSO,) and concentrated in vacuo. The reaction was found to
be incomplete by TLC. The residue was dissolved in dry THF (60 mL), cooled to 0
°C and treated with HF-pyridine (1.6 mL, 18.0 mmol), warmed to room temperature
and stirred for 2 h under nitrogen. The reaction was poured into saturated NaHCO3
(100 mL) and solid potassium carbonate was added until gas evolution ceased.
Extracted with EtOAc (2 x 150 mL), the organic layers were combined and washed
with 0.1 N HCI (100 mL), dried (MgSO,) and concentrated in vacuo to afford the title
compound in quantitative yield as a yellow oil which was used in subsequent
reactions without additional purification.

Intermediate 113: 3-ethyl 2-(phenylmethyl) 8-ox0-2-azaspiro[4.5]decane-2.3-

dicarboxylate
(o]

To a solution of 3-ethyl 2-(phenylmethyl) 8-hydroxy-2-azaspiro[4.5]decane-2,3-
dicarboxylate (112) (4.36 g, 120.05 mmol) in dry DCM (60 mL) was added Dess-



61 purified by silica gel chromatography eluting with 15-80% hexanes/ Et OAc
to afford the title conmpound as a pale yellow oil (125 ng, 55%yvyield).

| nt er mediWOe0113R8596 PCT/US2010/046782
8-{[ (1, 1-di net hyl et hypoxy] car bony11- 2- { N- Rret hyl oxy) car bonyl | - Lyal y11-2, 8-d
i azaspiro[ 4. 5] decane- 3-carboxylic acid 0 EioJ HNO/ N o-k O, To a

solution of 8-(1,1-dinethylethyl) 3-ethyl

2- { N- Rret hyl oxy) car bonylRyal y11- 2, 8-di azaspi ro[ 4. 5] decane- 3, 8-di car boxyl at e
(132) (125 ng, 0.27 mml) in THF/ water/MeOH (1.2 nL/0.6 nL/0.6 nlL) was
added |ithi um hydroxi de nonohydrate (22 ng, 0.53 mmol) and the reaction
stirred at roomtenperature for 1.5 h. The reaction was treated with 1N HCl
(0.5 nL) and partitioned between Et0Ag2and 0.1 N HClI (10 nL each) and the
aqueous |ayer extracted with EtOAc (10 nL). The organic layers were

combi ned and g [ [ - title
conpound as a ?'SD g‘é@ﬁ%) qggg%nF@W)%b(gﬁg)rgadl/'ﬂ?%\{lmh%5'38&%“%@%50 d6) 6
ppm 12.29 - 1fr3dh(The @aq“rl))n wag gouredrinipq1 0/m@q godigm tiagylfate (150 88.) and-pat. 1 H)
?m132 |£—1|)32 gZN(aﬂrCU% %O&ﬁL)ﬁ)ﬂSﬂ@éd(fWWiﬂi‘ﬁD (E?(tré’c'f’ed’l_\{)w?h Iﬁ@l\]/_l((irli@OSk'ﬁ)r_r% aal_é(a) L 43
1.67(m 3 H) Mg8H,)hnd8¢neentidtedH)y vBcu®9 TheleS@B!GQ/\mﬁ pErifidy. bylsmsa\@IESI (M=
440.59. Internediate 134: 1, 1-dinethyl et hyl 24(2S)-3-nme
{[(rret hyl oxy) E@P'BB‘HWPBW'HWQHU%%% hexanes/5L1QAp toﬁﬁorfj(”?sﬁ)“ef"@%)”d@srret hyl -2
a pale yellow oil (2.89 g, 67% yield).
{Rrret hyl oxy) car bonyl | am nol but anoyl) - 2- pyrrol i di nyll- 1Hi m dazol - 4-y11- 4- bi
phenyl y1) -
2-oxoet hyll a

2 3-dicarboxylate

F_F

\/O\n/§N

OO (0]

To a solution of 3-ethyl 2-(phenylmethyl) 8-oxo-2-azaspiro[4.5]decane-2,3-
dicarboxylate (113) (2.89 g, 7.13 mmol) in anhydrous CH,Cl, (50 mL) was added
Deoxo-Fluor (2.2 mL, 12.1 mmol) followed by a catalytic amount of ethanol and the
reaction stirred at rt under nitrogen. After 2.5 h the reaction is poured into sat
NaHCOq (150 mL), stirred for 10 min. Extracted with DCM (2 x 150 mL), and the

organic layer was washed with 0.1 N HCI (100 mL), dried (MgSO,) and concentrated

in vacuo to afford the desired compound as a yellow oil (3.01 g) which was found to
be contaminated with 3-ethyl 2-(phenylmethyl) (35)-8-fluoro-2-azaspiro[4.5]dec-7-
ene-2,3-dicarboxylate in a 1:1 ratio. The residue was dissolved in dry DCM (35 mL),
and treated with mCPBA (77%, 1.66 g, 7.45 mmol) and stirred under nitrogen for 18
h. The reaction was poured into saturated NaHCO3; (40 mL) and 10% aqueous
sodium thiosulfate (40 mL) and stirred for 10 min. Extracted with DCM (100 mL) and
dried (MgS0,) and concentrated in vacuo. The residue was purified by silica gel
chromatography eluting with 5-50% hexanes/EtOAc. The racemate was then
separated by chiral HPLC on a 10 ym OD column eluting with 25% isopropanol in



62 To a sol ution of

8-{[ (1, 1-di net hyl et hypoxy] car bony11-2-{ N[ ( et hyl oxy) car bonyl1] -L-yal y11-2, 8-

di azaspi rep4aoHjudeane- 3- car boxylic acid (133) (106 ng, ©CZASROMING78HATU (91

ng, 0.24 mmol) and nethyl {(1S)-102S)-2-{444"-

(am noacetyl) - 4- bi phenyl y1] - 1H-i m dazol - 2-y11- 1- pyrrol i di nyl ) car bonyl] - 2-

nmet hyl propyl | car banmat e di hydrochl oride(1l) (138 ng, 0.24 mmol) i n anhydrous

CH2A 2 (4 nmL) was added Hunig's base (0.17 nmL, 0.96 mmol) and the reaction

stirred at roomtenperature under nitrogen for 1 h. The reaction was

concentrated in vacuo and purified by HPLC eluting with 10-90%

acetonitrile/water/0.2% NH4AOH to afford the title conpound as an off-white

solid (129 ng, 58%yield). Exanple 2053net hyl

1. (1S)-2-nmethyl -1-({(2S)-244-(4"'-{2-12-((2S) - 3-net hyl -

{ Rmet hvl oxy) CREARBYHL! ABIRL Y ARMYda & Faidh 3 %%alnn&%%%ﬁ*e%% s+ 1 m daz

4- bi phenyl y1) canfiguraiieng »esire detgrmined-yyibragiongiciigulareiphsimy (MGopy! | car banat e.

To a sol utionypfymk lo@MPEt@HL@@MbRM ) 5 ppm 7.28 - 741 (m, 5 H) 4.98 - 5.23 (m, 2

Z{N[(nethylo%écarbon 1{ E

[2-((2S)-1-{N ?Ffiﬂdo%;ﬂ)géaﬁﬂo%9¥90 Pifo3 0 =13 Heol HUB-8314-13 i Wiidazol - 4- y1

] -4- bi phenyl ghs- 3Hoi(mi deiz8B6 2ddy 351038, 8-0diA2 &8 pi22afidl /5] e GBez, 3-)ar toxyl at e

(68 ng, 0.08 d ) d r cetlc

acid (0.3 nl) Ngﬁé Therng%tl{g%?sﬂﬁ)ﬁe% éf S;nclo V¥82% ?grgﬁjtﬁzg H)lrjggaﬁ

reaction was de¥htlntix B (tn/=Fddirm1&hdLeMS fEiSetM bW)H‘D&&J @.uting with 10 90%

acetonitrile/water/0.2% NHAOH to afford the title conpound as a tan solid

(49 nmg, 81%yield). 1H NI\/R (400 M—Iz, I\/ETHANO_ dg 6 ppm7 56 - 7.83 (m 10

H 7.31 (br. _ermd hyl il - de 3 ylate 4 01 (br.

s., 1 H 3.80 - 3. F(m1H)357-370(m6H)276-307(m4H)189

- 2.48 (m 10 H 1¢69- 1.81 (m 1 H 1.61 (br. s., 2 H 0.82 - 1.09 (m 15
. HRVS for C44H5 06+ H)+ cal c: 808. 4510, found: 808.4509. Purity

(LGM5): 94% 63 npl e 21: net hyl

1.(19)-1-({(2S)-2814-(4' -{248-acetyl -2-((2S)-3-net hyl - 2-

{ Rmet hvl oxy) car bonyI | am nol but anoy1) -2, 8-d

i azaspi rol4. 51dec Tgawnzmthwfu&ﬁtmzfsmhemylmethyl) (35)-8,8-difluoro-2-

4- bi phenyl y1) aﬂelé'bird[ll g]@ééﬁnezzyég:argoﬂlérte Qh b8y b CREPRAMLY )T AssBRildBrhoPPY! | car

bamat e

[ (1S)-2- net hy(121ml(){ \(@egjddggf,@"(‘f?d_(?ljhgn (:?r?g) (63. %@H? thegeaction hydrogenated

{[ (et hyl oxy) eablFeRylPar Bedsatiooydh al6Bosli Beasaitioo Was Bildderthdugh ] - 1H-i m da
zol - 4-y11- celite and concentrated in vacwo to afford the title com r oil

4- bi phenyl yl)-‘iﬁ?m R EbAs) f y’ﬁ-f pyT |90(1 ai ei/‘fol coglu‘ﬂ) ?ﬁ/?fﬁ? ﬁ’ﬁ c8¥’bamat e
(Exanpl e 20) P3®ymg). 0. 02 mml) in anhydrous CH2C 2 (0.5 nL) was added
triethylamne (0.016 nL, 0.12 nmol) followed by acetyl chloride (0.01 ni,
0.14 mml) and the reactlon stirred at roomtenperature for 1 h. The
reaction is cB¥g@gdiaigld 8 Seditporger (M (melvipxycarporlidlnalvBi2- (0. 7 nL) to

whi ch was addgghs @mmsﬁjbwﬁbwmmceac(ﬁo ng, O. 22 nmol ) and t he reacti on was
stirred at room tepperature for 2 h. The reaction was concentrated in vacuo
and partitioned ween CH2C 2 and water (3 nL each) and the aqueous | ayer
extracted with 2 (3 nL) and the organic layers conbined and dried
(MgS™) and concenprated in vacuo to afford the title conpound as a yell ow
solid (18 rrg, mtd) 1H NWVR (400 MHz, METHANOL-d4) 6 ppm 7.54 - 7.88
(m 10 H 7.32 ¢ ,2H)505-523(m2H)403 -4.34 (m 2 H 3.71
-403(m3H)35 ©3.710 (m 8 H 3.34 - 3.56(m 2H 2.14 - 2.46 (m 4
H 1.89- 2.14 (m 6 #) 1.46- 183(m4H)119-132(m2H)078-107

I(DlTri 3 3 I(_DLC_ I\H/E;VS f?ig/o seﬁjg%? & &%p;{”uom- -azaspiro (f4 é] ecdne- 3 ca doxylgt%0 4617.
2- { N- Rmet hy| oxpy &3800ngy; 111541mmacl) i BhhB¢us-GHECL 120 il PB)s dddeNMABUHE&140Rg,) car bony

4 el yLL 21 Bl W o T ARE O 1 ktad -4 RGNV NAda by

H m dazol - car boxy
tr|ethylam|ne (0.43 mL 3.1 mmol) and the reaction stirred at room temperature under




64 To a solution of nethyl

[ (1S)-2-methyl-1-({(2S)-244-(4"-{242-((2S)-3-nethyl -

{[ (et hylweyptarkdnayl ] am nol but anoyl) - 2, 8- di azaspi r o[ 4. Braas2@0p14784H- i m da
zol -4-y11-

4- bi phenyl y1) - 1Hi m dazol - 2-y1] - 1- pyrrol i di nyl | car bonyl ) propyl ] car bamat e
(Exanple 20) (19 ng, 0.02 mml) in anhydrous CH2Cl 2 (0.5 nL) was added
triethylamne (0.016 nL, 0.12 nmol) followed by acetyl chloride (0.011 ni,
0.14 mml) and the reaction stirred at roomtenperature for 1 h. The
reaction is concentrated in vacuo and di ssolved in nethanol (0.7 nmL) to

whi ch was added potassi um carbonate (30 ng, 0.22 mmol) and the reaction was
stirred at roomtenperature for 2 h. Fhe reaction was concentrated in vacuo
and partitioned betmeen CH2Cd 2 and water (3 nL each) and the aqueous | ayer

extracted wt nlt%%} o 1 E3Tﬁg-r)ea&|89 vktggoa({egﬁélg& v%&faf {qd‘%ﬁm BSQR@»H%Q ed

(MySO4) and con i nvacuo e Co yel | ow
solid (15 ng, S'V@/@@F@Pfﬁ?tpg@lghmmm@m 1018270 WW@AGMPWORI@@%CBQ”S- 7 92
(m 10 H 7. 3%elMombihed akd Eincentided inDadm. (e ré]siddlamfésgésoléedaﬁr (m 2 H 3.75
- 405 (m 2 HL 3.61 - 3.72 (m 7 H) 3.34 - 3.60 (m 4 rI;!) 1.82 - 2.50 (m 7
H 1.70 (br. $HF/watqrmehapgl (5mlL/g3 mig.5 mlpgndlithigm hygroxide mogo ra@equs 1.10
(m 14 H). HRMEIq 19046 HDNERE apdthe ddlutiorcstined a8|6>6m45rﬁﬁeraﬂ‘ummd30 @b0. 4564.

L Ot A8 TR gt 8 EFA DY kv st0sc
{ N- Rmet hvl oxvveter BOrmll ¢ach). vﬁ1e\ﬁnme®sp@>«er wh$ eftriaotey wittiethyd agatatsl (58 ML11- 4- bi phen

ylvll-1 H m dagQ)gafio erszwer@ c@'n@%@@@ﬁcfdr%h:w %9 aﬁ& %}ﬁe%rat&ﬁﬁt@%{%l ate 65
To a solution ofgl %

([ (et hyl oxy) E20 554y YEMTIRSHBS S PPE G oonpaptrated 1 {ope Lrafo[H8S - 3- et hyl -
title compound as a white solid (542 mg, 93% yield). '"H NMR (400 MHz, DMSO-d)

{[gm%‘t Y1 9XY) §AERYI BILNPRYLANSYLN o PV ES bk Hld nd thiy3 lazpl 4- 114D

i phenyly

2- oxoet hyl ] amimd a3 Bdisyd H) 2.26- diddzaspHy 2R3 (] dei2n84Hzc At dxPl-at1é (148)

(400 ng, 0.45 ,ﬁngqh d gfrm,) C 4 dr ous

di oxane (5 nL) was d%] 15 \%ﬂ?ﬁ ﬁ%%@]n(zgﬁ? gﬁg? eJ(ﬁ% ?@é )s-léaq]He)grLt@ube to

110 C for 18 Sﬁﬁé'\"r’*g'é)cﬁ%ﬁ%\as diluted with EtOAc and filtered and

concentrated in vacuo. The residue was purified by Cl18 reverse phase

chromatograph trile/water/0.2% NH4OH to afford

the title co - 0 ng, 80%yield). 1H NVR (400

MHz, DMSO d6) {_[mwinxﬁbaﬂ»ﬁnvllaMoBﬁJte(nnvl)-Z-Dlv‘l’rohaanVcanoﬁvIEﬁv)émtvlmH) 7.19 - 7.42

(m 1 H 5.08,(ht, - 3.62 - 3.93 (m 7 H 3.56
(s, 6 H 2.24= ) . S., .77-207(m6|—|)137
(d, J=5.5 Hz, {_Lmethvquvmarbonvia pnogh AzagRojd; SfdeganeA YRED8 (M + H) +

cal c: 880. 4721 found: 880.4725. Pyri ty (LC— M5): 95% Pr epar ation of

i nternedi ate 148

To a solution of (38)-8,8-difluoro-2-{N-[(methyloxy)carbonyl]-L-valyl}-2-
azaspiro[4.5]decane-3-carboxylic acid (116) (168 mg, 0.45 mmol) and 2-[4'-
(bromoacetyl)-4-biphenylyl]-2-oxoethyl N-[(methyloxy)carbonyl]-L-valyl-L-prolinate
(70) (250 mg, 0.43 mmol) in anhydrous acetonitrile (2 mL) was added triethylamine
(0.09 mL, 0.64 mmol) and the reaction stirred at room temperature under nitrogen for
1 h. The reaction was partitioned between EtOAc and 0.1 N HCI (30 mL each), the
organic layer was washed with brine and dried (MgS0O,) and concentrated in vacuo.



Ok -N +HO -NAO- O,e..-lt,oH ...",0)1- | 0 LiOH 3.- NN-N-- H__ HATU,

cHa 2d' "t r!

THF- wat er - MeOH 145HN'r 0 146 O,
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The residue was purified by silica gel chromatography eluting with 65-100%
hexanes/EtOAc to afford the title compound as an off white solid (309 mg, 82%
yield).

Example 18: dimethyl (4.4'-biphenyldiylbis{1H-imidazole-4,2-diyl(3S)-8-oxa-2-
azaspiro[4.5]decane-3.2-divl[(2S)-3-methyl-1-0x0-1,2-butanediyi]})biscarbamate

To a solution of bis(phenylmethyl) (3S,3'S)-3,3'-[4,4"-biphenyldiylbis(1H-
imidazole-4,2-diyl)]bis(8-oxa-2-azaspiro[4.5]decane-2-carboxylate) (119) (210 mg,
0.25 mmol) in trifluoroacetic acid (2 mL) cooled to 0 °C was added
trifluoromethanesulfonic acid (0.13 mL) and the reaction warmed to room
temperature and stirred for 30 min. The reaction was concentrated in vacuo and
rotovaped. The residue was rotovaped from toluene and the residue suspended in
dichloromethane (3 mL) and treated with 4N HCI in dioxane (0.65 mL). The reaction
was concentrated in vacuo and triturated in ether and filtered to obtain a brown solid.

To a solution of the solid in anhydrous DMF (2.5 mL) was added N-
[(methyloxy)carbonyl]-L-valine (88 mg, 0.5 mmol), HATU (183 mg, 0.48 mmol) and
triethylamine (0.4 mL, 2.88 mmol) and the reaction stirred at room temperature for 1
h. The crude reaction mixture was purified by HPLC eluting with 10-90%
acetonitrile/water/0.2% NH4OH to afford the title compound as a pale yellow solid (79
mg, 37% yield). "H NMR (400 MHz, METHANOL-d,) 5 ppm 7.60 - 7.79 (m, 10 H)
7.33 (s, 2 H)5.11 (dd, J=9.9, 7.9 Hz, 2H) 4.30 (d, J=10.2 Hz, 2 H) 4.17 (d, J=8.2 Hz,
2H)3.70-3.87 (m, 6 H) 3.56 - 3.71 (m, 10 H) 2.40 (dd, J=12.9, 7.8 Hz, 2 H) 2.13
(dd, J=12.6, 10.3 Hz, 2H) 1.88 - 2.00 (m, 2H) 1.70 - 1.84 (m, 4H) 1.46 - 1.69 (m, 6 H)
0.83-0.97 (m, 12 H). HRMS for C4sHe3NsOs (M + H)* calc: 879.4769, found:
879.4769. Purity (LC-MS): 98%.

Dl EA,



I nternedi ate 145: 2-(1, 1-di met hyl ethyl) 7-ethyl
2, 6-di azaspiro[ 3. 4] octane-2,7- dicarboxylate O -NLo-k N'-- H 66
Thi s conpwonrdivessdpr epared from 1, 1-di net hyl et hyl 3-f or mgTAB2010/046782
azetidi necarboxylate (650 ng, 3.5 nmol) in 93%yield in an anal ogous
fashion to Internmediate 131 in Exanple 19. Internedi ate 146:
2-(1,1-dimethylethyl) 7-ethyl 6-{N Rrethyl oxy)carbonyll-L-valyll-
2, 6-di azaspi ro[ 3. 4] oct ane- 2, 7-di carboxylate 0 -NAO-k o. Nr- To a
solution of 2-(1,1-dinmethylethyl) 7-ethyl 2,6-diazaspiro[3.4]octane-2,7-
di car boxyl ate (145) (500 ng, 1.76 nmmol), HATU (735 ng, 1.93 mmol) and
NRmet hyl oxy) car bonylFL-v aline (339 ng, 1.93 nmmol) in anhydrous CH2d 2 (10
m.) was added Hunig's base (0.68 nL, 8687 nmol) and the reaction stirred at
room tenperature under nitrogen for 2 h. The reaction was concentrated in
vacuo and purg’ I % Eglgi &8, Fe%}éﬂf-@- phase chromatography eluting with 10-90%
ACN wat er/ 0. 2% title conpound as an off-white solid
(398 ng, 51%yvyield). Internediate 147%2_%(

2-{[ (1, 1-di net hyl et hyl oxy] car bonyll N- Ret hyl oxg/) car bosaiyl | - Lval y11- 2, 6-
di azasbi r o[ 3. 4}-qChafig—4 shava aci d>= = (jEB/

Br Br 121 H O

ol

NH,OAc N N N\T‘s j‘\
pw— | IVaYaUae

dioxane O,go N J O O \ N o o

Intermediate 118: 3,3'-[4.4'-biphenyldiylbis(2-0x0-2,1-ethanediyl)] 2.2'-
bis(phenylmethyl) (3S,3'S)bis(-8-oxa-2-azaspiro[4.5]decane-2.3-dicarboxylate)

Q>=oo OO« YFJQO
54

To a solution of 1,1'-(4,4'-biphenyldiyl)bis(2-bromoethanone) (155 mg, 0.39
mmol) and (3S)-2-{[(phenylmethyl)oxy]carbonyl}-8-oxa-2-azaspiro[4.5]decane-3-

carboxylic acid (121) (275 mg, 0.86 mmol) in anhydrous acetonitrile (4 mL) was
added triethylamine (0.19 mL, 1.4 mmol) and the solution stirred at room temperature
under nitrogen for 3.5 h. The reaction was partitioned between EtOAc and 0.1 N HCI
(40 mL each), the organic layer washed with brine and dried (MgSO,) and
concentrated in vacuo. The residue was purified by silica gel chromatography
eluting with 20-100% hexanes/EtOAc to afford the title compound as a white solid
(225 mg, 66% yield).

Intermediate 119: bis(phenylmethyl) (3S.3'S)-3,3'-[4.4'-biphenyldiylbis(1 H-imidazole-
4.2-diyD]bis(8-oxa-2-azaspiro[4.5]decane-2-carboxylate)




0o-N1 -h HN, r0 O, To a solution of 2-(1,1-dinethylethyl) 7-ethyl

6- { N- Rret hyl oxy) car bonylRval y11- 2, 6-di azaspi ro[ 3. 4] oct ane- 2, 7-di car boxyl at e
(146) (3MMOormg1y@sd8 nmol ) in THF/ wat er/ met hanol (3 nl/ 1PETMSLAI0H46TR) was
added |ithi um hydroxi de nonohydrate (65 ng, 1.56 mmol) and the reaction
stirred at roomtenperature for 1.5 h whereupon it was treated with 1N HC
(1.5 nm). The reaction was partitioned between Et 0Ac and water (30 nL
each), the aqueous |ayer was extracted with 67 EtOAc (30 nlL), the organic
| ayers were conbined and dried (MJSO4) and concentrated in vacuo to afford
the title conpound as a white solid (245 ng, 76%yield). 1H NVR (400 MHz,
DMSO-d6) 6 ppm 12.46 (br. s., 1 H 7.06 - 7.66 (m 1 H 4.13 - 4.32 (m 1
H 3.88 - 4.12 (m 2 H 3.56 - 3.89 (gt 5 H 3.39 - 3.57 (m 3 H 2.24
-2.45 (m 1 H 1.99 - 2.19 (m 1 H 1.80 - 1.95 (m 1 H 1.26 - 1.44 (m 9
H 0.56 - 1.00 (m 6 H. LCM ESI (M-= 412.41. Internedi ate 148:

1, 1-di net hyl et hyJ_ 64(2S) - 3- net hyl - 2-

{ Rmet hvl oxy) car bonyl | am nol but anov1y<7-({12- (4" -{24(2S)-1-((2S)-3-net hyl - 2-
T[ (et hyl oxy) car | ] am no} but anoy Ly 2-pyrrolidinyl]-1Himdazol -4-yl}-4-b
i phenyl y1) - N \N/ \\N‘o o)

2- oxoet hyl | am nol @é’o y1)=2,6-di azaspiraql . 3. 4l oct ane- 2- carboxylate ol H
jC o00_k HNr K@

To a solution of 3,3'-[4,4"-biphenyldiylbis(2-ox0-2,1-ethanediyl)] 2,2'-
bis(phenylmethyl) (3S,3'S)bis(-8-0xa-2-azaspiro[4.5]decane-2,3-dicarboxylate) (118)
(225 mg, 0.26 mmol) in dioxane (3.5 mL) was added ammonium acetate (318 mg,
4.1 mmol). The reaction was degassed with nitrogen and heated to 110 °C in a
sealed tube for 18 h. The reaction was partitioned between EtOAc and sat. NaHCO4

(35 mL each), the organic layer was washed with brine, dried (MgSO,4) and

concentrated in vacuo to afford the title compound in quantitative yield.

Preparation of intermediate 121

0 O

(0]
CBz-Cl, TEA, CH.CI, g% LiOH
then separate

; HO__>—N
\/O N _—
Y YO THFwater/MeOH '@ bane
~© H enantiomers © o © o

° S S

121

120
Intermediate 120: 3-ethyl 2-(phenylmethyl) (3S)-8-oxa-2-azaspiro[4.5]decane-2,3-

dicarboxylate
O

\/O\IO]/'—N\FO
O

e

Ethyl 8-oxa-2-azaspiro[4.5]decane-3-carboxylate (3.54 g, 16.6 mmol) was
dissolved in dry dichloromethane (80 mL), triethylamine (5.8 mL, 41.5 mmol) was
added followed by benzylchloroformate (3.5 mL, 24.9 mmol) and the reaction is



o, To a sol ution of

2-{[ (1, 1-di met hyl et hypoxy] car bony11- 6- { NRret hyl oxy) car bony1FL-val y11- 2, 6-di
azaspi r o[\802puansive- 7- car boxylic acid (147) (245 ngy, 0. PeTrseé1p/ 04448 U (225
ng, 0.59 mmol) and nmethyl {(1S)-102S)-2-{444" -

(am noacetyl) - 4- bi phenyl y1] - 1H-i m dazol - 2-y11- 1- pyrrol i di nyl ) car bonyl] - 2-
nmet hyl propyl | car banmat e di hydrochl oride(1l) (342 ng, 0.59 mmol) i n anhydrous
CH2C 2 (6 nmL) was added Hunig's base (0.41 ni, 2.37 mmol) and the reaction
stirred at roomtenperature under nitrogen for 1 h. The reaction was
concentrated in vacuo and purified by Cl8 reverse phase chromatography
eluting with 10-100% acetonitrile/water/0.2% NHAOH to afford the title
conpound as an off-white solid (400 ngg 75% yield). Exanple 24:. nethyl
1.(1S)-2-nmethyl -1-({(2S)-244- (4" -{2-16-((2S)- 3-net hyl - 2-

(Rt vl 0y CRRRAN HdofToMBbABIhE1aPY Hhindor sl 2RI ot vidb Bfthed i - LH+ 1 m da
4- bi phenyl y1) dighloioriethape | washgd with1 0.3 ) HE| drigid oy en MegBroandIcppeeniigtet! ¢ar bamat e
68  NH vaclB] $h&Fé‘§1aQé'Ms m@B?Q@éaQﬂal ERtoRBogRBhPARS Wih01190%t O
Example 20 from 1, 1-di rreth%/

6- { N-[ (et hyI B?(’S?j“?:%{?w QId%(PWlO"? Thg racgmate. wasJegn sSEPARIGI NI Yxy) car bony
| yL-yal y11-2 HPLC@hladllonmiajDJddwhﬁmdﬂmnghwtnay%]so@fd@apdlemdxyde:ls-td afford the

Hi m dazol Q carboxylate (298 ng, 0.34
mml) to affog%ie %Ol%)%f”i aaaQarong{ éG%SQ/CXIQ{} ow solid (203 ng, 77%yield).
1H NWVR (400 MHz, METHANCL- d4) 6 ppm7.43 - 7.86 (m 8 H 7.04 - 7.42 (m 2
H 5.20 - 5. 4i1nte(rmbd|grtel")215(3%1rZ{ﬁDH&vIG{&hvgoMcapooﬁﬁ}80% 43 (m 1 H 412 -
4.27 (m 3 H 3.78 - (m H 3.60 - 3./8 (m 4 H 3.61 - 3.64 (m 6
H 3.39 - 359@@&\@4_5@@2@4%&% 1H 2.38- 2.54 (m 1H 2.09 -
2.39 (m 2 H 1.59%- 2.13 (m 4 H 0.81- 1.13 (m 12 H. HRMS for

C42H64N906 (M + cal c: 780.4197, found: 780.4200. Purity (LC MS): 96%
Exanpl e 25: neth [(19)-1-({(25)-244- (4" -{2-12-acetyl -6-((2S)-3-net hyl -

{ Rmet hvl oxy)c&??dn'&s,;bam nol but anoyl) - 2, 6-di azaspiro[ 3. 4]oct-7-y1l1-1Him daz
ol -4-y11-

4- bi phenyl y1) - 1H-6 dazol - 2-y1] - 1-pyrrolidinyllcarbonyl)-2-net hyl propyl ] car
bamat e

To a solution of 3-ethyl 2-(phenylmethyl) (3S)-8-oxa-2-azaspiro[4.5]decane-
2,3-dicarboxylate (120) (300 mg, 0.86 mmol) in THF/water/methanol (3 mL/1.5
mL/1.5 mL) was added lithium hydroxide monohydrate (72 mg, 1.7 mmol) and the
reaction stirred at room temperature for 30 min. The reaction was treated with 1N
HCI (2 mL) and partitioned between EtOAc and water. The aqueous layer was
extracted with EtOAc¢ and the organic layer dried over MgSO, and concentrated in
vacuo to afford the title compound in quantitative yield. 'H NMR (400 MHz, DMSO-
ds) © ppm 12.54-12.93 (m, 1 H)7.21-7.47 (m, 5H) 4.90-5.20 (m, 2 H) 4.11 - 4.41
(m, 1H)3.44-3.70 (m, 5 H) 3.24 (dd, J=15.0, 11.7 Hz, 1H) 2.32 (id, J=13.6, 8.5 Hz,
1H) 1.73 (ddd, J=16.8, 12.9, 7.2 Hz, 1H) 1.38 - 1.64 (m, 4H). LC-MS ESI (M - H) =
318.19.

Example 19: 1.,1-dimethylethyl 2-{N-[(methyloxy)carbonyl]-L-valyl}-3-(4-{4'-[2-((2S)-1-
{N-[(methyloxy)carbonyl]-L-valyl}-2-pyrrolidinyl)-1H-imidazol-4-yl]-4-biphenylyl}-1H-

imidazol-2-yI)-2,8-diazaspiro[4.5]decane-8-carboxylate




Thi s conmpound was prepared in an anal ogous fashion to Exanple 21 from

met hyl [(1S)-2-methyl-1-({(2S)-2-[4-(4"-{246-((2S)-3-nethyl -

{[ (et hylweypoarkwdayl ] am nol but anoyl) - 2, 6- di azaspi r o[ 3. 2Loats200pdq784H- i m da
zol -4-y11-

4- bi phenyl y1) - 1Hi m dazol - 2-y1] - 1- pyrrol i di nyl | car bonyl ) propyl ] car bamat e
Exanple 24 (40 ng, 0.05 mmol) to afford the title conpound as a yell ow
solid (35 ng, 83%yield). 1H NVR (400 MHz, DVSO-d6) 6 ppm 11.67- 12.33 (m
1H 7.19 - 7299 (m 12 H 5.07 (br. s., 1 H 3.92 - 4.25 (m 4 H 3.67 -
394 (m 4H 3.45- 3.66 (m 8 H 2.20 - 2.46 (m 3 H 2.17 (br. s., 2 H)
1.80 - 2206 (m 5H 1.60 - 1.82 (m 3 H 0.78 - 1.02 69 (m 12 H. HRVS
for C44H66N907 (M + H)+ cal c: 822.43089 found: 822.4300. Purity (LC MS):
91% Exanple 26: nethyl

6- {N- Rret hyl oxy) car bonyl | - L-yal y11 7-(4-{4'-124(2S)-1-{N1(net hyl oxy) car bony
| yL-yal y11-2-pyrrolidinyl)-1Him zoI 4-y1] - 4- bi phenyl y11-1

H m dazol -2-y1)-2 ,6-diazaspir Of 04]0 ct ane- 2- carboxyl ate Thi s

conmpound was pr epar ed in an anal us fashion to Exarrpl e 22 from net hyl
[ (1S)-2-methyl-1- ({(28) 2-[ 4- A(:/%ZG ((2S)-3-net hyl -

{[ (et hyl oxy) c yl) -2, 6-di azaspi ro[ 3 4] oct-7-yl]-1Him da
zol -4-y11- :3_’_ ‘/ O O \No ,,,,,
&

4- bi phenyl y1) - J#{ ni dazol - 2-y1] - 1.«)9w rolidinyllcarbonyl)propyl]carbanate
(Exanple 24) (48,ngy, 0.05 nmmol) tq afford the title conpound as a yell ow
solid (37 ng, B7% i el d) 1H NVR (400 MHz, DMSO d6) 6 ppm 11.38 - 12.37 (m
1 H 7.58 - 7.93 (m %7.1_9-7.59&%3%493 5,17 (m 1 H 3.63 -
4.22 (m 7 H 3.4 S-O'Ué% flhfimsthmety! SY29)-5melvke2n 4 H) 2.08 (br. s., 4 H)
1.79 - 2.07 (mm@hwd)xy&a%nyua&unbaau(ahbyl)l:smz :-25(25)Q-(@8)Bmetdy-2H) . HRVS f or
CA4H6E6NI08 ( w[('-n?e ly?dxy%é%bﬁ%]%%ino‘bu anoyl) §pyrrcﬂ|%|nyl] 1 lilr%lldgé/ol g1'3/5:4|\é)53hen)§yI{

2-oxoethyllamino}carbonyl)-2,8-diazaspiro[4.5]decane-8-carboxylate (134) (126 mg,

0.14 mmol) and ammonium acetate (105 mg, 1.4 mmol) in anhydrous dioxane (1.5

mL) was degassed with nitrogen and heated in a sealed tube to 110 °C for 18 h. The

reaction was concentrated in vacuo and purified by HPLC eluting with 10-90%

acetonitrile/water/0.2% NH,OH to afford the title compound as a tan solid (84 mg,

68% yield). 'H NMR (400 MHz, METHANOL-d,) & ppm 7.56 - 7.87 (m, 10 H) 7.31

(br.s.,2H)5.04 -523 (m, 1H)4.11-4.32(m,2H) 3.93-4.04 (m, 1 H) 3.80 - 3.92

(m,1H)3.63(s,6H)3.33-3.61(m,6H)1.86-2.49 (m, 9H)1.68 (br.s., 1 H) 1.56

(br.s.,2H)1.37-1.49 (m, 9 H) 0.81-1.08 (m, 15 H). HRMS for C4Hg:NoOg (M +

H)" calc: 908.5034, found: 908.5031. Purity (LC-MS): 93%.

Preparation of intermediate 134




Exampl e 27: net hyl

[ (1S)-2-nethyl -14{(2S)-244-(4"'-{2-12-[ (et hyl am no) car bony1] - 6-

((2S) - 3- eohyi/@8%96 ( et hyl oxy) car bonyl ] am nol but anoy1) - PCeAS2@PA$EBL O 3. 4] O
ct-7-yl1l- 1Hi m dazol - 4-0-4-bi phenyl y1) - 1H i m dazol - 2-y11- 1-
pyrrolidinyllcarbonyl)propyl]carbamate 70 To a solution of nethyl

[ (1S)-2-methyl-1-({(2S)-244-(4"-{246-((2S)-3-nethyl -

{[ (et hyl oxy) car bonyl ] am nol but anoy1l) - 2, 6-di azaspiro[ 3. 4] oct-7-y1]-1Him da
zol -4-y11-

4- bi phenyl y1) - 1Hi m dazol - 2-y1] - 1- pyrrol i di nyl | car bonyl ) propyl ] car bamat e
(Exanple 24) (45 ng, 0.06 mml) in anhydrous CH2Cl12 (0.6 nL) was added

met hyl isocyanate (0.01 nL, 0.17 nmol goand the reaction stirred at room
tenperature for 2 h. The solvent was renoved in vacuo and the residue

di ssolved in nethanol (1 nL) and gota55|un1carbonate (40 ng, 0, 29 nmmol ) was

added and the reaction sglrred aviroon1te ure for 18 Fh eaction
was partitioned betme JCH ClZoQ;p nL) é_ (5 nLLykKjg; ous | ayer
was extracted mLLh 2°(5 nL)’," t e o nic | agers were lened and
dried (MySH4) and’ ¢ entrarggqujvacuo Laffomg—ghﬁbm|mﬁa npound as a
yel low solid (34 my," 70%yield). 1H NVR (400 Miz, METHANOL®G) 5 ppm 7.64
(br. s., 10 H 7.33 (br. s., 2 H 5.06132 5022 (n1 1 FD 4.'83 O~~4 46 (m 3 H)
3.73 - 4.04 (m 8H 3.54 - 3.73 (m 6 H 3.46 (q, J .0 Hz, 2 H 2.52 -
2.76 (m 5 H 2.10 - 2.53 (m 4 H 2.02 (br. s., 0 70 - 1.09 (m 12
H . HRMS for C44H57N1007 (M + H)+ gal c: 4412 found JE?%ifﬁﬁQ+_Purlty

(LC-MB): 91% m@ﬂg{?% HATU, DIEA, J—Q—(;NA
[ (1S) - 2- net hylo 4%39 ~3- Irét h N

{[(nethyloxy)c;%ﬁényl]anlnolbutan yi) 2- (et hyl sul fony1) - % 61azasp|ro[3 4
]oct-7-yl1] - 1Fh?ﬁldazol 4- 0- 4- bi phenyl y1F: 1H-i m dazo#- 2- y118e°
pwwolldlnylIcarbonyl)orooylIcarbanate To a sol ution of°wret hyl

R1S) - 2-net hyl - 1- ({(2S) - 244-(4' -{246- ((2S) - 3- net hyl -

{[ (et hyl oxy) car bonyl ] am nol but anoy1l) - 2, 6-di azaspiro[ 3. 4] oct-7-y1]-1Him da
zol -4-yl1- Intermediate 131: 8-(1,1-dimethylethyl) 3-ethyl 2,8-diazaspiro[4.5]decane-3,8-

4- b|phenylyl)gégh%gkﬁ%zol-2-y1]-1-pyrro|idinyIIcarbonyl)propyl]carbanate
(Exanpl e 24) .08 Mol ) in anhydrous CH2C12 (1 nlL) was added
triethylam ne (0.054 nL° .39 mmol ) and the reaction was cooled to 0 C

Met hanesul f onyl | Of i .018 nmL, 0.23 mmol) was added and the reaction
stirred at 0 Clor nlnutes The 71 solvent was renoved in vacuo and the
resi due di ssolved im nethanol (1 nL) and potassi um carbonate (80 ng, 0.58
nol ) was added aﬁqlstcgﬁp&ﬁﬂ%ds%'ataﬂetira{seagr(a@émétugﬂmnhef@ﬁ{e%lé&filAfQ)rrr?yfll 5 h. The

reaction was partitioned tween L) é

organi c | ayer 'RipSrigipecaPoryiptedlipwing dhecrspcedriertlisad inmVo 28988 brrarfor d t he
title conpound as a tan SO|Id (57 ng, 86@6y|eld) 1H NMR (400 MHz,
METHANCL- d4) P . 0 : :

1 H 4.04 - 47A T . 1

3.55 (m 2 H)23:®R ¢ devan& 3 [dicrttQylat?. 86 (nl 1 FD 2.40 -2. 64 (m 1 H)
2.10 -2.40 (m 3 FD 1. 8% 2 09 (m 2H 1.20- 1.37 (m 2 H 1.07 - 1.20

(m 2 H 0.81 - 1,07 J2 H . HRMS for C43H36N308S (M + H) + cal c:
858. 3973, found{ 3975. 'Purity (LGM5): 86% Exanple 29: nethyl
1.(1S)-1- ({(2S)-2423x{4' -{2-1.(7S)-2, 2-di fl uor o- 6- a2S) - 3- et hyl -
{Rnethyloxy)carbony*# i nol but anoyl) - 6- azaspirol. 3.4l oct-7-y11-1H i m dazol -
4-4-4-

bi phenyl y1) - 1FL|n1dazE?-2 y1ll-1-pyrrolidinyl|lcarbonyl)-2-nethyl propyll carba
mat e

To a solution of 8-(1,1-dimethylethyl) 3-ethyl 2,8-diazaspiro[4.5]decane-3,8-
dicarboxylate (131) (150 mg, 0.48 mmol), HATU (183 mg, 0.48 mmol) and N-
[(methyloxy)carbonyl]-L-valine (93 mg, 0.53 mmol) in anhydrous CH,CI; (4 mL) was
added Hunig’s base (0.17 mL, 0.96 mmol) and the reaction stirred at room

temperature under nitrogen for 2 h. The reaction was concentrated in vacuo and



To a solution of 2-{4'-[({[(2S)-1-((2S)-3-nethyl -

{[ (et hyl oxy) car bonyl ] am nol but anoyl) - 2- pyrrol i di nyl ] car bonyl | oxy) acetyl]-4
- bi phenywolitidegsoeet hyl (7S)-2, 2-di fl uoro-6-((2S) - 3- nePhyIvsS2010/046782

{[ (et hyl oxy) car bonyl ] am nol but anoy1l) - 6- azaspi r o[ 3. 4] oct ane- 7- car boxyl at e
(157) (102 nmg, 0.12 nmol) in anhydrous dioxane (1.2 nL) was added amoni um
acetate (184 ng, 2.4 mmol) and the reaction heated to 110 C for 4 h. The
reaction was partitioned between Et 0Ac and saturated NaHCO3, the organic

| ayer was washed with brine and dried over MJSO4 and concentrated in vacuo.
The residue was purified by C18 reverse phase chromatography eluting with
10- 100% acetonitrile/water/0.2% NHAOH to afford the title conpound as a
yellow solid (68 ng, 69%yield). 1H NOR (400 MHz, DMSO d6) 6 ppm 11.42 -
12.37 (m 2 H 7.56 - 7290 (m 8 H 7.51 (s, 2 H 7.19 - 7.46 (m 2 H) 4 73

2252 86 (Ui sficserohhaaibiy difing g AcieB% ndenesPhy tieed 51 o0 10
5 H 0.57 - othgditle gpmagungips aHREYdllow oCHZPHBENGDBFEIN. H) + cal c: 815. 4056,
found: 815.4059. Purity (LC— I\/S) 97% Preparati on of internediate 157

I nternedi ate 150: et hyl - di et hg Mdl met h¥ Si Ig/l | oxyl - 6-
azaspi r o 3. 4] r ate’133; 1- unethvlethw'lﬂ xv]car 2-{N-[(methyloxy)carbonyl]- L-

valyl}-2,8-diazaspiro[4.5]decane-3-carboxylic acid

RS fot
ON L
"Y

ol

To a solution of 8-(1,1-dimethylethyl) 3-ethyl 2-{N-[(methyloxy)carbonyl]-L-
valyl}-2,8-diazaspiro[4.5]decane-3,8-dicarboxylate (132) (125 mg, 0.27 mmol) in
THF/water/MeOH (1.2 mL/0.6 mL/0.6 mL) was added lithium hydroxide monohydrate
(22 mg, 0.53 mmol) and the reaction stirred at room temperature for 1.5 h. The
reaction was treated with 1N HCI (0.5 mL) and partitioned between EtOAc and 0.1 N
HCI (10 mL each) and the aqueous layer extracted with EtOAc (10 mL). The organic
layers were combined and dried (MgSO,) and concentrated in vacuo to afford the title
compound as a white solid (107 mg, 91% yield). 'H NMR (400 MHz, DMSO-dg) &
ppm 12.29-12.54 (m, 1 H) 7.08 - 7.44 (m, 1 H) 4.47 (t, J=5.4 Hz, 1 H) 4.13 - 4.30
(m,1H)3.86-4.13(m, 3H)3.45-3.58 (m, 3H) 3.16 - 3.27 (m, 2 H) 2.64 (br. s., 1
H)2.15-2.31 (m, 1H) 1.81-1.95(m, 1 H) 1.43-1.67 (m, 3H) 1.29-1.43 (m, 11 H)
0.69-1.03 (m, 6 H). LC-MS ESI (M - H) = 440.59.

Intermediate 134: 1.1-dimethylethyl 2-((2S)-3-methyl-2-
{[{methyloxy)carbonyllaminolbutanoy-3-({[2-(4'-{2-[(2S)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonyllaminolbutanoy)-2-pyrrolidinyl]-1H-imidazol-4-yI}-4-biphenylyl)-

2-oxoethyllamino}carbonyl)-2,8-diazaspiro[4.5]decane-8-carboxylate




Thi s conmpound was prepared in an anal ogous fashion to 110 (exanple 17) from
34[ (1, 1-di met hyl et hyl ) (di met hypsi | yl ] oxyl cycl obut anecar bal dehyde (2. 23 g,
10. 4 mmolwoto11z28396d the title conpound (2.97 g, 92% yi eCa)usasioa46/et | ow
oil. Internediate 151: 7-ethyl 6-(phenyl nethyl)

24[ (1, 1-di et hyl et hvl ) (di net hypsi | vl i oxv}-

6- azaspi ro[ 3. 4] oct ane- 6, 7-di car boxyl at e Thi s conmpound was prepared
in an anal ogous fashion to 111 (Exanple 17) from et hyl

24[ (1, 1-di met hyl et hyl ) (di net hyl )si |l yl ] oxy}-6-azaspiro[ 3. 4] oct ane- 7-
carboxylate (150) (2.97 g, 9.5 mmol) to obtain the title conpound as a
yellow oil (1.87 g, 44%vyield). Internediate 152: 7-ethyl 6-(phenyl nethyl)
2- hydr oxy- 6- azaspi ro[ 3. 4] oct ane-6, 7- dgpcarboxylate HO To a solution
of 7-ethyl 6-(phenylnethyl) 24[(1, 1-

di et hyl et hyl ) (d I e67-d'carbo | at e
(351) {1 87y ?( '§§%Q%ﬁ§&l&*%@ﬁxhﬁﬁ“ﬁﬁgﬁﬂg&ﬂLﬁgéﬁﬂ9% aci al ace;ic ac?é (0. 48
m.), foll ovved[ pethyiBapcaro@yhLrvialy}-2Nt-djetagpiralthSidecaneisycagieayliciesid{ &30 (106n heat ed

to 45C for 18 0. 208k alqAT@ 1 CRNEROH b B6hli (1539 4Rartitioned
bet ween Et OAcmlgnd waté)% l(gwgium@%ob%zr was _W s llK/?v%‘?f\?d{sgtur at ed NaHCGB

fol | oned by bFWH@mCQMH4ﬁW¥ﬁ”HW} el 1Wﬁ@@@"ﬁ%@”¥@ﬁ&%ntrated in vacuo
to afford theniettylpeopgrapeumte diBchlocmloedéUDMBSmg aaaniniol)at avedipuel d. 1H NMR

400 WHz, DwVB 6 8 3.88 -
430 (m " 4y CHEGele MG fnc yinids RHBY7 Lk of ity qiiekllog 3yl - O3 1,
1.00 - 1.22 ( afrogmigmper@uieBinEg]nit(agenfad)lh. Thg 3eqctigh wasoseensa@iedtie vawss:

7-ethyl 6- (bhgny)mthy) Hrec exaiPrdz st AdetchittleRkREONL 0l tE&HRPXY | at e

the title compound as an off-white solid (129 mg, 58% yield).

Example 20: methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[2-((2 S)-3-methyI-2-
{[(methyloxy)carbonyllaminolbutanoyl)-2.8-diazaspiro[4.5]dec-3-yl]-1H-imidazol-4-yl}-

4-biphenyly)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyllcarbamate.

To a solution of 1,1-dimethylethyl 2-{N-[(methyloxy)carbonyl]-L-valyl}-3-(4-{4'-
[2-((285)-1-{N-[(methyloxy)carbonyl]-L-valyl}-2-pyrrolidinyl)- 1 H-imidazol-4-yl]-4-
biphenylyl}-1H-imidazol-2-yl)-2,8-diazaspiro[4.5]decane-8-carboxylate (68 mg, 0.08
mmol) in anhydrous CH,ClI, (1 mL) was added trifluoroacetic acid (0.3 mL) and the
reaction stirred at room temperature for 2 h. The reaction was concentrated in vacuo
and purified by HPLC eluting with 10-90% acetonitrile/water/0.2% NH,OH to afford
the title compound as a tan solid (49 mg, 81% yield). 'H NMR (400 MHz,
METHANOL-d,) & ppm 7.56 - 7.83 (m, 10 H) 7.31 (br. s., 2 H) 5.00 - 5.22 (m, 2 H)
4.12-4.30 (m, 3H)4.01 (br.s., 1H) 3.80-3.91 (m, 1 H)3.57 -3.70 (m, 6 H) 2.76 -
3.07(m,4H)1.89-248 (m, 10H) 1.69-1.81 (m, 1 H) 1.61 (br.s., 2H) 0.82-1.09
(m, 15 H). HRMS for C44HssNgOs (M + H)" calc: 808.4510, found: 808.4509. Purity
(LC-MS): 94%.



Thi s conmpound was prepared in an anal ogous fashion to 113 (Exanple 17) from
7-ethyl 6-(phenyl nethyl) 2-hydroxy-6-azaspiro[ 3. 4]octane-6, 7-di carboxyl ate
(152) (1.802011/02826mol ) to give the title conpound (1. PETQIS20086782] d) as
a clear oil. Internediate 154: 7-ethyl 6-(phenyl nethyl)
(7S)-2,2-difluoro-6-azaspirof 3. 4] oct ane6, 7-di car boxyl ate To a
solution of 7-ethyl 6-(phenylnethyl) 2-oxo-6-azaspiro[3.4]octane-6, 7-

di carboxylate (153) (1.25 g, 3.8 mmol) in anhydrous dichl oronet hane (20 mi)
was added Deoxo-Fluor (1.2 m., 6.4 mmol) followed by ethanol (0.04 niL, 0.75
mmol) and the reaction stirred at roomtenperature under nitrogen for 18 h.
The reaction is poured into saturated NaHCO3 and stirred for 10 mn. The
mxture is extracted with dichlorometbane (2 X) and the organic layer was
washed with 0.1 N HCl and dried over I\/gSO4 and concentrat ed in vacuo. The
resi due was pgl ¥ ~ Lth 5-50%
hexanes/ Et OAc:
pm OD col umm &{n4 Tazil's g ‘

conpound as a4£b¥dﬁ@ﬁv|m1H-M@e@ofmvn $9v’ﬁdﬁbfﬁblﬂ%rbohm %@@!p%rﬁﬂéa’i@ama% hyl
(7S)-2,2-difluoro-6-azasbirol. 3. 4l gctane- /- carboxylate F F Thi s
corrpound was prepared in an anal ogops fashion to 115 (Exanple 17) from

7-ethyl 6-(phenyl methyl) (7S)- fl uoro-6-azaspiro[ 3. 4] oct ane-6, 7-
0 T%a}

di car boxyl ate (14) (356 ng, 1 ) to afford the title conpound as a
clear oil (209 5i

:::::

\F

(o] (o]
~

_-0

To a solution of methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[2-((2S)-3-methyl-2-
{[(methyloxy)carbonylJamino}butanoyl)-2,8-diazaspiro[4.5]dec-3-yl]-1H-imidazol-4-yl}-
4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyl]lcarbamate (Example
20) (19 mg, 0.02 mmol) in anhydrous CH,Cl, (0.5 mL) was added triethylamine
(0.016 mL, 0.12 mmol) followed by acetyl chloride (0.01 mL, 0.14 mmol) and the
reaction stirred at room temperature for 1 h. The reaction is concentrated in vacuo
and dissolved in methanol (0.7 mL) to which was added potassium carbonate (30
mg, 0.22 mmol) and the reaction was stirred at room temperature for 2 h. The
reaction was concentrated in vacuo and partitioned between CH,Cl, and water (3 mL
each) and the aqueous layer extracted with CH,Cl, (3 mL) and the organic layers
combined and dried (MgSO,) and concentrated in vacuo to afford the title compound
as a yellow solid (18 mg, 90% yield). 'H NMR (400 MHz, METHANOL-d,) & ppm
7.54-788(m,10H)7.32 (br.s.,2H)5.05-5.23 (m,2H)4.03-4.34 (m, 2H) 3.71 -
4.03(m,3H)3.56-3.71(m,8H)3.34-3.56(m,2H)2.14-2.46 (m, 4H)1.89-2.14
(m, 6H)1.46-1.83(m,4H)1.19-1.32 (m, 2H) 0.78 - 1.07 (m, 14 H). HRMS for
Cu6HsoNoO7 (M + H)" calc: 850.4616, found: 850.4617. Purity (LC-MS): 94%.

Example 22: methyl 2-{N-[(methyloxy)carbonyl]-L-valyl}-3-(4-{4'-[2-((2S)-1-{N-
[(methyloxy)carbonyl]-L-valyl}-2-pyrrolidinyl)-1 H-imidazol-4-yl]-4-biphenylyl}-1H-

imidazol-2-yI)-2,8-diazaspiro[4.5]decane-8-carboxylate




I nternedi ate 156: (7S)-2,2-difluoro-6-{N Rrethyl oxy)carbonyl|-L-val yl1l-6-

azasbiro[ 3. 4] octane-7-carboxylic acid F F NO Thi s conmpound was

pr epar ed wo 2arv@s@bogous fashion to 116 (Exanple 17) fr ecTaiShyl/046782

(7S)-2,2-difluoro-6-azaspiro[ 3. 4] oct ane-7-car boxyl ate (155) (207 ng, 0.94

mml) to afford the title conpound as a white solid (263 ng, 81%yield). 1H

NVR (400 MHz, DMSO- d6) 5 ppm 12.53 (br. s., 1 H 7.46 (d, J=8.0 Hz, 1 H)

4.24 (t, J=7.8 Hz, 1 H 4.02 (d, J=10.4 Hz, 1 H 3.92 (t, J=8.5 Hz, 1 H)

3.62 (d, J=10.4 Hz, 1 H 3.51 (s, 3 H 2.54 - 2.78 (m 4H 2.28 - 2.44 (m

1H 1.81- 2.05(m 2 H 0.91 (dd, J=11.2, 6.7 Hz, 6 H. LCM5 ESI (M +

H + = 349.13. Internediate 157: 2-{4'4({[(2S)-14(2S)-3-nethyl -

{ Rmret hyl oxy) car bonyl | am nol but anoyl) - 84byrrol i di nyl | carbonyl | oxy)acetyll-4-

bi rt henyl y11- 2- oxoet hyl (7S)-2,2-difl uoro-64(2S)-3-nethyl -

{Rrret hyl oxy) car bonyl | am nol but anong -6-azasbirol . 3. 4l oct ane- 7- car boxyl ate
76 Thi s conmpound was prepargdoin an anal ogous fashion to 117

(Exanmpl e 17) from

(7S9)-2,2-diflu - 6- { N- Rret hyl oxy xcar bonylFL-val y11- 6-azaspi ro[ 3. 4] oct ane-7

- carboxyllc ac 17 mol ) and

244' - (br omoacé (1YNA- "]0-;2,&' xoet hyl

N- Rmet hyl oxy) car bony1FL- vaI yI L- pigla nate (70) (95 ng, 0.16 mmol) to afford

the title co ad as a white solid (104 ng, 75 %yield). Exanple 30:

met hyl [(1S)-2\nmethyl-1-({(2S)-2-14-(4"'-{2-11-a2S)- 3-net hyl - 2-

{ Ret fiyl oxy) car boryl! BekiPbARRY )z eyer-dr3% 29RI4 oL - Plsi8Gndtny 31~ 1+ 1 m

G 251 Pheny flimsthyviawlonbaadisminplpanoy B friespsaplyildessr BbHyimigasbibi-car bamat

€ 4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyl]lcarbamate (Example
20) (19 mg, 0.02 mmol) in anhydrous CH,Cl, (0.5 mL) was added triethylamine
(0.016 mL, 0.12 mmol) followed by acetyl chloride (0.011 mL, 0.14 mmol) and the
reaction stirred at room temperature for 1 h. The reaction is concentrated in vacuo
and dissolved in methanol (0.7 mL) to which was added potassium carbonate (30
mg, 0.22 mmol) and the reaction was stirred at room temperature for 2 h. The
reaction was concentrated in vacuo and partitioned between CH,Cl, and water (3 mL
each) and the aqueous layer extracted with CH,Cl, (3 mL) and the organic layers
combined and dried (MgSO,) and concentrated in vacuo to afford the title compound
as a yellow solid (15 mg, 74% yield). "H NMR (400 MHz, METHANOL-d,) & ppm
7.51-7.92(m,10H)7.32 (br.s.,2H)5.02-525 (m, 1 H) 4.03-4.31 (m, 2 H) 3.75 -
4.05(m,2H)3.61-3.72(m,7H)3.34-3.60 (m, 4 H)1.82-2.50 (m, 7 H) 1.70 (br.
s.,2H)1.44-163 (m,4H)1.27 (br.s.,4H)0.77 - 1.10 (m, 14 H). HRMS for
Cu6HsoNgOs (M + H)" calc: 866.4565, found: 850.4564. Purity (LC-MS): 96%.

Example 23: 1,1-dimethylethyl 6-{N-[(methyloxy)carbonyl]-L-valyl}-7-(4-{4'-[2-((2S)-1-
{N-[(methyloxy)carbonyl]-L-valy}-2-pyrrolidinyl)-1H-imidazol-4-yl]-4-biphenylyl}-1H-

imidazol-2-y1)-2.6-diazaspiro[3.4]octane-2-carboxylate

‘§-« OO ot

)\




To a solution of nethyl

((1S)-2-methyl -1-{[(2S)-2-(4-{4" 4({[1-((2S)- 3-net hyl - 2-

{[ (et hylweypoarkmnyl ] am nol but anoy1l) - 8- oxa- 1- azaspi r o[ 2CH|useet0D46782

yl ] carbonyl | am no) acet y1] - 4- bi phenyl y11- 1Hi m dazol - 2-y1) - 1-
pyrrolidinyl]carbonyl !l propyl)carbamate (169) (71 ng, 0.09 mol) in
anhydrous di oxane (1 nL) was added amoni um acetate (66 ng, 0.86 nmol) and
the reaction was degassed with nitrogen and heated to 110 C for 48 hin a
seal ed tube. The reaction was purified by HPLC eluting with 10-90%

wat er/acetonitrile/0.2% N -140H to afford the title conpound as an
off-white solid (10 ngy, 14%yield). 1H NMR (400 MHz, METHANOL-d4) 5 ppm
7.56 - 7.86 (m 9 H 7.16 - 744(m g5H) 6.88 - 7.09 (m 1 H 5.72 (br.
s.,1|—|)509-521(m1 4.03 - 4.28 (m 1 H) 3.80 - 4.04 (m 6 H

342 - 3.71 9 6 H 0.80- 1.06

12 H). R L 1?9'“&&“&'6%;@ %@%mﬁg%"  ond: 09, 4347, Puri('[ny
(LG MB): 93% {[fretiigxichdaniipmingtutanod)-&t{E2-(H6- [(3Ddr(RSH3apathyl82: et hyl

2- Rdi rt henyl rrﬁnmfwkg@}%@abanydlaﬁhﬁnoﬂsu(én@% L@f;‘syr%ne.n 1 hyhiaBzdta-yl gM‘-@;ﬂi’&‘ﬁ}IQgt anoat e

To a solution_of eth § E¥ ?3( a@y dene %Zym nat e (%
mol ), benzyl £POFRt M]P@ [PORY R P EazaRPIPIS: Hortage-21casdaigiey (T4H ¢* Td89 um
hydr oxi de nonohydrrmnear@zhnﬁﬁorg;m doktdle (BABIn)g, 415 ramhydranuwrdnsam)@n@(ﬂamh)ane (50

m.) was added 4- t n ydr 18. 0 mol)
as a soluti onwla% a% o%snht}éogeﬁgogﬁ%‘g‘% Igggunfl)%”i nd t'ﬁeﬁf}ég% Son stirred
at room terrper@lcmﬂeNEfSohlutEQMﬁh Et@%randlfdter@g@nd cortgentratesot ivegrowd e prsiduet i oned

bet ween di chl %Qaﬁrtf.eawo%r}gvée@é;ﬁ{as@aqoh%g@ghgﬁgmglv@m 1095 extracted with
di chl or onet hane. dried over sodi um suI fat e and

The
concentr at ed ??theﬁéxvaterwg% %’E‘ﬂ%ﬁg’ %Vé’éd tﬁﬁlt {lg ¢amppogyd & ¢ palg vejlow solid
chr omat ogr aphyz1eimi, 809 ywld).h%NWé%ntmmedaeBMED%ﬁé b af 69r i hen tiv)l e

compound as a,gleal, ol g0, qyantbtatyve ¥ield 51 304-423m aH)362-
3.93 (m, 7 H) 3.56 (s, 6 H) 2.24 - 2.45 (m, 2 H) 2.14 (br. s., 2 H) 1.77 - 2.07 (m, 6 H)
1.37 (d, J=5.5 Hz, 9 H) 0.76 - 1.02 (m, 12 H). HRMS for C.sHe;NeOs (M + H)" calc:
880.4721, found: 880.4725. Purity (LC-MS): 95%.

Preparation of intermediate 148
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Intermediate 145: 2-(1.1-dimethylethyl) 7-ethyl 2.6-diazaspiro[3.4]octane-2.7-
dicarboxylate
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H




Internedaite 163: ethyl 2-am no-4-(tetrahydro-4H pyran-4-ylidene)butanoate
To a solution of ethyl

2- [ (di phewgl2znattd2gioedene) am no] - 4- (t et r ahydr o- 4H pyr an4- pCrasa@plowt7anoat e
(162) (6.8 g, 18.0 mml) in THF (30 nL) was added water (30 nlL) and gl aci al
acetic acid (20 nL) and the reaction stirred at roomtenperature for 2.5 h.
The reaction was concentrated in vacuo and the residue dissolved in 0.1 N
HCl. It was extracted twice with ethyl acetate and the organic |ayer was

di scarded. To the aqueous |ayer was added solid potassium carbonate until
the sol ution gave bl ue pH paper. The aqueous | ayer was extracted with 15%
i sopropanol / di chl oronet hane (3 X) and the organic |ayer dried over sodium
sul fate and concentrated in vacuo to gford the title conpound as a cl ear
oil (3.05 g, 79%vyield). Internediate 164: ethyl

2-11(4-ni tropheny (N=Tag - 4- k N n:- 4-
YIidene)butanoateH%gE#®?&¥ﬁvﬁﬁkﬂ%%mﬁf&%ﬁii%g%ﬁﬁ@?@aﬁg¥ﬁgﬁkyl

2- ami no- 4- (t eBzeidpeeasbakHalsPathma- 3/ Miohd) Hife dietsde en gnaaous faspiogto 4. 7 nmol )
in anhydrous gi&he@hRMY ittan{prO1grl) was added Hunig's base (1.6 ni, 9.4
mol ) followed by 4-nitrobenzenesul fonyl chloride (1.14 g, 5.2 mol ) and
the reaction stirred at roomtenperature under nitrogen for 2 h. The

reacti on was ditdroibgidtevtiabh2di,¢calnostionainnamehd e WiasdtiedbxycaiboyIAL-MINEl , t he

organic 79 l9%9Fa%@ﬁm@{hgqmﬁﬁf?d%géﬁgkﬁgd concentrated in vacuo. The
resi due was p tography eluting with 10-70%
hexanes/ Et OAc to affor@ the title conpound as an off-white solid in
guantitative yield. di ate 165: ethyl

14(4-ni tr ophenytq i onyll- 8- oxa- 1- azaspi ro[ 4. 5] decane- 2- carboxyl ate

To a solution of 2-(1,1-dimethylethyl) 7-ethyl 2,6-diazaspiro[3.4]octane-2,7-
dicarboxylate (145) (500 mg, 1.76 mmol), HATU (735 mg, 1.93 mmol) and N-
[(methyloxy)carbonyl]-L-valine (339 mg, 1.93 mmol) in anhydrous CH,ClI, (10 mL)
was added Hunig’s base (0.68 mL, 3.87 mmol) and the reaction stirred at room
temperature under nitrogen for 2 h. The reaction was concentrated in vacuo and
purified by C,5 reverse-phase chromatography eluting with 10-90% ACN/water/0.2%
NH,OH to afford the title compound as an off-white solid (398 mg, 51% yield).

Intermediate 147: 2-{[(1,1-dimethylethyloxy]carbonyl}-6-{N-[(methyloxy)carbonyl]-L-

valyl}-2 6-diazaspiro[3.4]octane-7-carboxylic acid
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To a solution of 2-(1,1-dimethylethyl) 7-ethyl 6-{N-[(methyloxy)carbonyl]-L-
valyl}-2,6-diazaspiro[3.4]octane-2,7-dicarboxylate (146) (344 mg, 0.78 mmol) in
THF/water/methanol (3 mL/1.5 mL/1.5 mL) was added lithium hydroxide
monohydrate (65 mg, 1.56 mmol) and the reaction stirred at room temperature for 1.5
h whereupon it was treated with 1N HCI (1.5 mL). The reaction was partitioned

between EtOAc¢ and water (30 mL each), the aqueous layer was extracted with



NO2 To a solution of ethyl
2-{[(4-nitrophenyl)sul fonyl]am no}-4-(tetrahydro-4Hpyran-4-ylidene) but anoat
e (164) (wo&ui28367 mol ) in anhydrous chl orof orm (47 mCY/uUsasl0adciez]
trifluoronethanesulfonic acid (0.2 nm., 2.3 nmml) and the reaction stirred
at room tenperature under nitrogen for 4 h. The reaction was diluted with
di chl oronet hane and washed with saturated NaHCO3 and the organic | ayer
dried over MgJSO4 and concentrated in vacuo. The residue was purified by
silica gel chromatography eluting with 10-70% hexanes/ Et0Ac to afford the
title conpound as a white solid (1.47 g, 79%yield). 1H NVR (400 MHz,
CHLOROFORM d) 6 ppm 8.19 - 8.36 (m 2 H) 8.08 (d, J=8.8 Hz, 2 H 4.52 (dd,
=8.5, 2.1 Hz, 1 H 3.99 - 4.14 (m 26H) 3.87 - 3.99 (m 2 H 3.21 - 3.49
m 2H) 2.58 - 2278 (m 2 H 2.10 -2.30 (m 2 H 1.89 - 2.06 (m 2 H 1.77
J

J
(
dd, J=13.0, 2 (t, J=7.1 Hz,
§ H) . e Eéf&”{‘&z’o”@we e yféts pedombined o bl ?"'é’lgﬁ’ antie
8- oxa- 1- azasbrenseatraecis vaeus- tQaﬁ%ﬂWWlP&‘@@pound asawmegolgid%ﬁ Meved§ et hyl

1-[

(4-ni thph?uBM?)ﬂNl\l‘/lR@szo]Mﬁz O -0d%3PR ’f204[64(b5kd€f¢ﬁ}'7€0% GagehRxylgt e (165)
(.47 g, 3 was_added potassi um

. |na dr ous acetonltrlle ?73
carbonate (0. %83g 43@ H%?)S? éZé'Po%Hl%5<Eo3§ éj“ 03 ot 7 v ri-ghhenol
(0.6 m.. 5.5 mblmanld)tb@ :zesamﬁmorm 580 4 T.€3(nat1 HoloZ6 -t leap@r, atHyesef-or 18 h.
80 The react t 1 cyo and the residue dissolved in 0.1
N HCl . The aquggﬁm@fs'_'gg‘r@@/%sésg 3t eiéatél\t’\n ce with EtOAc and the organic
| ayer was di scarded. The aqueous |ayer was treated with solid potassium
carbonat e unt jrherfR&a0l4Bt h QDyAAMRtR]IBQ (X sRARRY2- | T Was extracted with 15%
i sopr opanol / di chrl or orret hane (3 X) and tne organt ¢ | a er dr| ed over sodium
sul fate and cefeaiioxyicadonylapinosutangylief {fg-(4' {262 SH1 SupRiee as a cl ear
oil (0.71 g, Qﬂ%twmk/@brboh%mrnmﬁﬁ@ba) %Vrrolﬂtnhﬂth-lmldazoMvl}4blphenvlvl)-
1-{N- Rret hyl oxy) car on I Qalibom?l

-y é—d ngsngro[?:;lzﬂoctane-2-carboxvlate

azaspl ro[4 5] = DOXyT a
(o]
N
(Nj\/H 0 N o-—
< OOt
O>I=O OJH\I‘E\\ (o]

To a solution of 2-{[(1,1-dimethylethyl)oxy]carbonyl}-6-{N-
[(methyloxy)carbonyl]-L-valyl}-2,6-diazaspiro[3.4]octane-7-carboxylic acid (147) (245
mg, 0.59 mmol), HATU (225 mg, 0.59 mmol) and methyl {(1S)-1-[((2S)-2-{4-[4'-
(aminoacetyl)-4-biphenylyl]-1 H-imidazol-2-yl}-1-pyrrolidinyl)carbonyl]-2-
methylpropyl}carbamate dihydrochloride(1) (342 mg, 0.59 mmol) in anhydrous
CH,CI, (6 mL) was added Hunig’s base (0.41 mL, 2.37 mmol) and the reaction stirred
at room temperature under nitrogen for 1 h. The reaction was concentrated in vacuo
and purified by C45 reverse phase chromatography eluting with 10-100%
acetonitrile/water/0.2% NH,OH to afford the title compound as an off-white solid (400
mg, 75% yield).

Example 24: methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[6-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-2,6-diazaspiro[3.4]oct-7-yl]-1H-imidazol-4-yl}-

4-biphenyly)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyllcarbamate




To a solution of ethyl 8-oxa-1-azaspiro[4.5]decane-2-carboxylate (166) (125
nmg, 0.59 nmol) in anhydrous dichl oronethane (2 nL) was added sil ver cyanide
(98 ng, OWd20nmmBI96f ol | owed by N- Rmet hyl oxy) car bonylFL- walryus2@iologs78zie (142
ng, 0.73 mol) as a solution in anhydrous dichloronmethane (3.5 nL) and the
solution stirred at roomtenperature for 18 h under nitrogen. The reaction
is filtered and treated with nethanol and stirred for 5 m nutes. The
reaction is concentrated in vacuo and the residue purified by silica gel
chromat ography eluting with 30-100% hexanes/ Et0Ac to afford the title
conpound as a white solid (43 ng, 20%yield). Internmedi ate 168:

1- { N- Rnet hyl oxy) car bonyl | - L-val y11- 8- oxa- 1-azaspirol . 4. 51decane2- car boxylic
acid 81 (1.0 nL/0.5 nmL/0.5 nmL) was ggded |ithium hydroxi de nonohydrate
(13 nmg, 0.3 mml) and the reaction stirred at roomtenperature for 72 h.

The reaction was treated with 1IN (0.5 nL) and the reaction partitioned
bet ween Et OAc and 0. 1 5%;?:2/§;§/ZQI whayer was separated and dried over
MySO4 and conceﬁt to afford the title conpound as a white
solid (53 ny, 7, ;Sywﬁ“ 1H NMVR ( |sz DI\/SOdG) 6 ppm 12.88 (br. s., 1
H 7.45 - 7.61 (m 489-50(@1 3.70 - 3.87 (m 2 H) 3.65 (t,
J=9.2 Hz, 1 H 3.53 (s, 3 H 3.02 (t® 3= 12 9, 4.9 Hz, 1 H 2.71 - 2.90 (m

1 522 30 oams cqmiunth pragbieg Ty Mbesidl fisRE: %l'fxéﬁ%%]*@? (Mo 1+

= 342.95. | nt é/irddethylethydl GIN-[(redtiydxy)carbonyl]-L-valyl}-7-(4-{4'-[2-((2S)-1-{N-

ULS) - 2- net hyl

{Rnéthvrgxy¥cL}%$%§%ﬁ§ﬁﬁﬂgﬂgﬁF§3 2%$6§§§Q3}%ﬁg%%é%€¥%_bﬁh%¥&g4f#

Yl | car bony! | atfiigypaeh-¢0tdiapappifohHgdignei2-aaprriaiaize$ mg.- .34 myol) to afford
pYrrolidinyll mrtm@aamb&rn@ayb)ysmbwmms mg, 77% yiek). & Nmmmo@mmf

e, AR b L Bt Ay 9409 L 8L S S5 R Ay o €
R(2S) - 2- { 444" 50aRbrioame? w;sa bidplrenyHyd ]2 1427 o iz )s. 7@- 404 (d, -5pyraed i di nyl)

car bonyl] - 2- @9@%&%9%{)1 C%Pﬁgﬁ(iﬁ)féd‘)’?é qh)i e Gl (?r?‘? kg‘%rﬁ_o 15 ol )

and HATU (58 I ous Hloronethane was added
Huni g' s base ?641r2 ht) 2096839rﬂ’0|%Hhh§l9t21é3 fredct) Gl st-13 med 24 HBM&

tenperature fgy 449134@&39% £AE 78691 FORKAGLABLULGD | Burit; @CM@)“%"JQU““ ed by
HPLC el uting with 10-90% wat er/ acetonitrile/0.2% NHAOH to afford the title
conpound as an off-white solid (73 ng, 58%yield). 82

Example 25: methyl [(1S5)-1-({(28)-2-[4-(4'-{2-[2-acety]-6-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-2,6-diazaspiro[3.4]oct-7-yl]-1 H-imidazol-4-yl}-

4-biphenyly)-1H-imidazol-2-yl]-1-pyrrolidinyllcarbonyl)-2-methylpropyl]carbamate

Q_(o NW.J\&\OC{

o

This compound was prepared in an analogous fashion to Example 21 from
methyl [(18)-2-methyl-1-({(2S)-2-[4-(4"-{2-[6-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-2,6-diazaspiro[3.4]oct-7-yl]-1H-imidazol-4-yl}-
4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyl]lcarbamate Example 24
(40 mg, 0.05 mmol) to afford the title compound as a yellow solid (35 mg, 83% yield).
'H NMR (400 MHz, DMSO-ds) 3 ppm 11.67 - 12.33 (m, 1 H) 7.19- 7.99 (m, 12 H)
5.07 (br.s., 1H)3.92-4.25 (m, 4 H) 3.67 - 3.94 (m, 4 H) 3.45 - 3.66 (m, 8 H) 2.20 -
246 (m,3H)2.17 (br.s.,2H)1.80-2.06 (m, 5H) 1.60-1.82 (m, 3H) 0.78 - 1.02



Exanmpl e 31: net hyl

ULS)-1-{112S)-2-(4-{4' 42-(1- acetyl
yl) - 1H i mvOoaaol02459¢11- 4- bi phenyl y11- 1H i m dazol

yll-2-

{(1S)-102S)-2-{4-[4'
y1) car bonyl ] am nol acetyl) - 4- bi phenyl y1] - 1H i m dazol

met hyl propyl ) car bamat e

-g[ (1-acety

_2_y1)_

- 8-oxa- 1-azaspi rol 4. 51dec- 2-

0 Thi s conpound was prepared in an
anal ogous fashion to Exanple 30 from net hyl

rbonyl] -2- methyl propyl I carbamate (172) (116 ny,

title conpound as a tan solid (19 nyg,

17% yi el d) .

- 8- oxa- 1-azaspi ro[ 4. 5] dec- 2-

0.16 mmol ) to afford the
1H NMR (400 MHz,

1rpyrusedioaiergt | car bon

-2-yl1l1l-1-pyrrolidinyl)ca

METHANOL-d4) 6 ppm7.51 - 7.90 (m 8 H) 7.17 - 7.52 (m 2 H) 5.08 - 5.26
(m 2 H 3.81-4.03(m 4H 3.64 (s,68 H 3.41 - 3.61 (m 3 H) 2.21 - 2.51
(m 5 H 2.01 - 2.21 (m 4H) 1.97 (d, J=19.9 Hz, 5 H 1.77 - 1.91 (m 1 H

1.64 - 1.75 (b k) HRwior CAHERLG MM 11D od: 822.2305; Blind:Bo2 8388, Purity

(LC-MS): 91%.

Example 26: methyl 6-{N-[(methyloxy)carbonyl]-L-valyl}-7-(4-{4'-[2-((2S)-1-{N-
[(methyloxy)carbonyl]-L-valyl}-2-pyrrolidinyl)-1 H-imidazol-4-yl]-4-biphenylyl}-1H-

imidazol-2-y1)-2.6-diazaspiro[3.4]octane-2-carboxylate
ﬂ W%C 4
4

This compound was prepared in an analogous fashion to Example 22 from
methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[6-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-2,6-diazaspiro[3.4]oct-7-yl]-1H-imidazol-4-yl}-

4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyl]lcarbamate (Example
24) (40 mg, 0.05 mmol) to afford the title compound as a yellow solid (37 mg, 87%
yield). "H NMR (400 MHz, DMSO-ds) 8 ppm 11.38 - 12.37 (m, 1 H) 7.58 - 7.93 (m, 8
H)7.19-7.59 (m, 3H)4.93-5.17 (m, 1 H) 3.63-4.22 (m, 7 H) 3.45 - 3.64 (m, 6 H)
224 -248 (m,4H)2.08 (br.s.,4H)1.79-2.07 (m, 6 H) 0.99 - 1.18 (m, 1 H) 0.75 -
0.97 (m, 14 H). HRMS for C44Hs6NgOs (M + H)" calc: 838.4252, found: 838.4252.
Purity (LC-MS): 87%.

Example 27: methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[2-[(methylamino)carbonyl]-6-

((28)-3-methyl-2-{[(methyloxy)carbonyllaminolbutanoyl)-2,6-diazaspiro[3.4]oct-7-vl]-
1H-imidazol-4-y[}-4-biphenylyl)-1H-imidazol-2-yl]-1-

pyrrolidinyl}carbonyl)propyl]carbamate

N>_N\
FIOOs
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HRVS for C391-148N705+ H)+ cal c: 694. 3717, found: 694.3718. Purity (LC MS):
79% Preparation of internediate 172 To a solution of ethyl

8- oxa- 1- awapivmpx’65] decane- 2- car boxyl ate (166) (135 ngPCO/US30M0M0WE7B2 i N
anhydr ous di chl oronmet hane (2 nL) was added Hunig's base (0.22 nL, 1.3 muol)
foll owed by acetyl chloride (0.05 nL, 0.76 nmol) and the reaction stirred
at roomtenperature under nitrogen for 1.5 h. The reaction was diluted with
di chl oronet hane and washed with 0.1 N HCl and the organic |ayer dried over
MySO4 and concentrated in vacuo. The residue was purified by silica gel
chromat ography eluting with 60-100% hexanes/ Et0Ac to afford the title
conpound as a yellow oil (94 ngy, 58%yield). Internedaite 171:

1- acetyl - 8- oxa- 1- azaspi rol 4. 51decane- 20car boxylic acid To a
solution of ethyl 1-acetyl-8-oxa-1-azaspiro[4.5]decane-2-carboxylate (170)

eh o hyar ot a6 e a%-ﬂ d(X%&Mg?%gﬁgglhél(#%%/[ghﬁ{%é Zggacu%yn sS podee

l'ithium hydroxi de m)no tirred
at room terrpef[&miméowmrbgnwamm@ut@am ?.6rdligzgsniroBSatleat 7wilt IW-imidagtt4-yle. 7 i)
and partitiongg plaeﬁmﬁm Eﬁ &46- @9111 ) r;lol.Bknwgarbohhﬁ)r@ﬁt]l@%bﬁndt@m%mms

extracted twice with th anlc ers were dried over
MySO4 and conéerfy H‘QeQIO(i" W”\PQ& 6nhtygroa$ PB'FQP EO M) “t’q dé%ﬁ’rﬁ‘&[ﬁ‘%'ds%a%?t‘?ml te
solid (79 ny, ((9(59/61y|(B1IB1m0I)lh(ﬁm%@hc&érESHtrEaat wefhyhperature for2 h. The

{(1S) - 14a29) 4-14' 1.4

S aohi rora. b1 gt famohed hBRE andi e BXPLdissoigs i mettend 1 PRI dazol - 2-y1
1-1- pyrroli dpm$S)m¢¢Jb¢rgﬁ1e1MQmmﬂﬁ9lmqmyaS| asded anbthe reactlon stirred at room

temperature for 18 h. The reaction was partitioned between CH,CI, (10 mL) and
water (5 mL), the aqueous layer was extracted with CH,Cl, (5 mL), the organic layers
were combined and dried (MgSO.) and concentrated in vacuo to afford the title
compound as a yellow solid (34 mg, 70% yield). 'H NMR (400 MHz, METHANOL-
d;)dppm 7.64 (br.s., 10H) 7.33 (br.s.,2H) 5.06 - 5.22 (m, 1 H) 4.03 - 4.46 (m, 3 H)
3.73-4.04 (m, 8H)3.54-3.73 (m, 6 H) 3.46 (q, J/=7.0 Hz, 2 H) 2.52-2.76 (m, 5 H)
2.10-2.53(m, 4 H)2.02 (br.s., 3H) 0.70 - 1.09 (m, 12 H). HRMS for C44Hs7N+,0;
(M + H)" calc: 837.4412, found: 838.4416. Purity (LC-MS): 91%.

Example 28: methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[6-((2S)-3-methyl-2-
{[(methyloxy)carbonyl]laminol}butanoyl)-2-(methylsulfonyl)-2.6-diazaspiro[3.4]oct-7-yl]-
1H-imidazol-4-y[}-4-biphenylyl)-1H-imidazol-2-yl]-1-

pyrrolidinyl}carbonylpropyllcarbamate

To a solution of methyl [(1S)-2-methyl-1-({(2S)-2-[4-(4'-{2-[6-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-2,6-diazaspiro[3.4]oct-7-yl]-1H-imidazol-4-yl}-
4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyl]lcarbamate (Example
24) (60 mg, 0.08 mmol) in anhydrous CH,CI, (1 mL) was added triethylamine (0.054
mL, 0.39 mmol) and the reaction was cooled to 0 °C. Methanesulfonyl chloride (0.018
mL, 0.23 mmol) was added and the reaction stirred at 0 °C for 15 minutes. The



84 Thi s conpound was prepared in an anal ogous fashion to 169 from
1-acetyl -8- oxa-1-azaspiro[4.5]decane-2-carboxylic acid (171) (56 ng, 0.25
nmol ) andwoebhiyi28596 PCT/US2010/046782
{(1S)-102S)-2-{444' - (am noacetyl) - 4- bi phenyl y1] - 1H i m dazol -2-y11-1-
pyrrolidinyl)carbonyl]-2-nethyl propyl | carbamat e di hydrochl oride (1) (142
nmg, 0.25 mml) to afford the title conpound as an off-white solid (118 ng,
67% vyield). Exanples 32 to 37 were prepared, using the synthetic sequence
simlar to Exanples 30 and 31. Exanple 32: nethyl
[(1S)-1-({(2S)-2-14-(4"-{248,8-difluoro-1-a2S)-3-nethyl-2- {Rmethyl oxy)
car bonyl | am nol but anoyl) - 1- azaspi ro[ 4. 5] dec-2-y11- 1Hi m dazol -4-y11- 4-

bi phenyl y1) - 1H i m dazol - 2-y1] - 1- pyrroki di nyl I car bonyl) - 2- met hyl pr opyl ] car ba
mate 1H NWVR (400MHz , METHANOL-d4) (5 7.92 - 7.51 (m 8 H), 729(br.

- , 5.7 1
IS:D, 1 15 i %(a\gn%'{ Waére%o%e n?/?§uo %diﬁé t&es%u%dléﬁcﬁ)eg ul@%%ng&q (1 %Lfi , 3 12 -
2.82 (m 1 |-|) potassggn cq_rbamate(q&p %Oﬁﬁ mnlolbg,as.ao@e@z,nc(m re_]_a(gthnb stlrrgd agoomo 64 (m

1H, 0.44 - Qan%%refnﬁbf&ﬂ'@h ﬁB’Y&Jm@ﬁ w%éé#ﬁt?&%&@@t@eé%ﬁzd@moq*@)gnd 843. 4369,
found: 843.4368. 85 Exa

1.(1S)-1- ({8, %26 fh%eif)éhegyr&%' '&yer{Nz'S f¥%dz@dgsp4a@§) cogeeptplag)in wacuo to
{ Rmet hyl oxy) cafidromgl tit|amm@dthutaalaoyrﬂs)oha{57ymg dSepyigiy)l IH Niwar piodased, - 4- y11- 4-

?r:a fge”y' Y1) - 1Rt .5 St 750 3RSR! TPhf7 33 B8 S, L 4. G&r Dony hpgopy! | car ba
4.04-426(m,2H)3.75-4.05(m,6H)3.56-3.72(m, 6 H) 3.38-3.55(m, 2H)2.84
-3.04(m,3H)2.70-2.86 (m,1H)2.40-2.64 (m, 1H)2.10-2.40 (m, 3H) 1.83 -

209 (m,2H)1.20-1.37 (m, 2H) 1.07 - 1.20 (m, 2 H) 0.81 - 1.07 (m, 12 H). HRMS
for C43Hs6NgOsS (M + H)" calc: 858.3973, found: 858.3975. Purity (LC-MS): 86%.

Example 29: methyl [(18)-1-({(2S)-2-[4-(4'-{2-[(7 S)-2,2-difluoro-6-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-6-azaspiro[3.4]oct-7-yl]-1H-imidazol-4-y[}-4-

biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-methylpropyllcarbamate
F_F

.....

To a solution of 2-{4'-[({[(2S)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonylJamino}butanoyl)-2-pyrrolidinyl]carbonyl}oxy)acetyl]-4-
biphenylyl}-2-oxoethyl (7 S)-2,2-difluoro-6-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-6-azaspiro[3.4]octane-7-carboxylate (157)
(102 mg, 0.12 mmol) in anhydrous dioxane (1.2 mL) was added ammonium acetate
(184 mg, 2.4 mmol) and the reaction heated to 110 °C for 4 h. The reaction was
partitioned between EtOAc and saturated NaHCOj3, the organic layer was washed
with brine and dried over MgSO, and concentrated in vacuo. The residue was
purified by C,s reverse phase chromatography eluting with 10-100%
acetonitrile/water/0.2% NH,OH to afford the title compound as a yellow solid (68 mg,
69% yield). "H NMR (400 MHz, DMSO-de) & ppm 11.42 - 12.37 (m, 2 H) 7.56 - 7.90
(m, 8H)7.51(s,2H)7.19-7.46 (m, 2H)4.73-5.39 (m, 2H) 3.91-4.23 (m, 3H)



1H NWVR (400MHz , CHLOROFORMd) (5 7.84 (d, J =7.8 Hz, 3 H, 7.72 - 7.41 (m
6 H, 7.31 - 7209 (m 3 H, 573 - 517 (m 4 H, 512 (br. s., 1 H, 4.41
- 4.06 (Mvo2oH)028d697 - 3.56 (m 11 H), 3. 37 - 2.76 (m PCTHS201B/06€¥82 1. 55
(m 9H, 1.46 - 1.20 (m 2 H, 1.06 (d, J 6.0 Hz, 2 H, 1.00 - 0.79 (m
5H, 0.56 (d, J =7.3 H, 1 H. HRVS for C44H55 2N806 (M + H)+ cal c:

829. 4213, found: 829.4211. Exanple 34: nethyl

((1S)-2-{8,8-difluoro-2-14-(4'-{2-1.(2S)-14(2S)-3-net hyl -2- {[ (et hyl oxy)

car bonyl ] am nol but anoy1) - 2- pyrrol i di nyl] - 1H i m dazol - 4-y11- 4-

bi phenyl y1) - 1H-i m dazol - 2-y11- 1- azaspi ro[ 4. 5] dec- 1-y11-1- et hyl - 2-

oxoet hyl ) car bamat e 1H NVR (400MHz , CHLOROFORMd) (5 10.97 - 10.14 (m 2

H, 7.91 - 7.40 (m 8 H), 7.34 - 7.1672m 2 H, 568 - 5,15 (m 3 H), 5.08

(d,J 6.0 Hz, 1 H, 4.34 (d, J =80H, 2 H, 3.95- 3.54 (m 8 H, 3.37
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1. (1S) - 1- (18, 1l ddounis: §8dodet Pk Lo MRS orbe.((29) - 3-methyl - 2- (Rt hyl oxy)
car bonyl | ani nol but anoy1) - 2- pyrrol i di ny1ll-1H i m dazol - 4-y11-4-
bi phenyl y1) - 1H i m dazol - 2-y11- 1- azaspi ro[ 4. 5] dec- 1-yl | car bonyl) - 3-
met hyl but yl | cardparsidreof intdtrhddidik (3¥*00MHz , CHLOROFORM d) (5 11.07 - 9.94 (m 2
H, 817 - 7.42 (m 10 H), 733- 7 8(m 2 H, 572- 519(m 3 H, 514
- 4.99 (m 1H) 486(br. S., \. .50 - 4.09 ¢ 4.02 - 3.50 (m
8 H, 3.45 (s, 33-271( \4 H), 2.59 - 7(m 11 H), 1.40 (br.
S. 3H),119- (m 11 040(m1 ). HRMVSB for
C46H59F2N806 (M+ PA+ calc: 857 452 found 857/0 Ex anplaen 36: net hyl
ULS) - 1-{112S) - 2- (454" - £ F acery dﬂém!ﬁr o CHCl,
azaspi ro[ 4. 5] de\c/ 2- - Ty m dazol o4- 1] 408i phenyl y 1H i m dazol -2-y1)-1-
pyrrolidinyllcarb ny11 2-met hyl propyl ) gar bamate .1 (400MHz
, CHLOROFORM d) (5 °1%0 17- 10.07 (m 2@, 8.16 - 7.40ﬁ 10 H, 7.35 - 7.03
(m 2 H, 585 - 498 (m 2 H, 4.59%4.12 (m 1 H, 3, an(gmﬁml—i) 3. 46
(br. s., 1 H, 3.33%- 2.72 (m 2 H, 2.76- 1.39 (mr : 0.74 (m
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Intermediate 150: ethyl 2-{[(1.1-dimethylethyl)(dimethyl)silylJoxy}-6-

azaspiro[3.4]octane-7-carboxylate




87 Exanpl e 37: nethyl

1.(1S)-2-nmethyl-1-({(2S)-2-14-(4'-{2-11-((2S)-3-nethyl -2- {Rmet hvl oxy)

car bonyl Iagi2oaldsidanoyl) - 8, 8- di oxi do- 8-t hi a- 1- azaspi r o12ChAseect0D46782 -

1H i mi dazol - 4- 0- 4- bi phenyl y1) - 1Hi m dazol - 2-y11-1-
pyrrolidinyllcarbonyl)propyl | carbamate 1H NMR (400MHz , CHLOROFORMd) (5
7.92 - 7.52 (m 9 H, 539 (br. s., 4H, 4.36 (br. s., 1 H, 3.98 - 3.82
(m 1H, 3.82- 3.60(m 10 H, 3.19 (br. s., 4 H, 2.88 -2.70 (m 1 H),
2.33 (br. s., 4 H, 2.02 (s, 4 H, 1.81 (br. s., 5H, 1.06 (s, 1 H), 0.89
(d, 3 =7.0 Hz, 6 H, 0.74 (d, J =6.5 H, 3 H, 0.44- 0.34 (m 3 H. HRVS
for C44H57N808S (M + H)+ cal c: 857.4020, found: 857.4018. Protocol for
testing and data anal ysis of conmpoundg3in the HCV replicon assay

Conpounds were assayed for activity against HCV using the genotype |a and

| b subgenom c rep I y e ' he
genotype |a and lgh%ggwwﬁga\%&?@%@ér&% %pél(%oggealﬁplhh%ﬁoqg%rﬁﬂc?ﬁ@. Bot h
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cell line is ghalty afidr@ifiRE t&Fpnt dobansigy dsPh Syelté Bipr i ng a
13891uc- ubi - neo/ N53- 37ET repl i c%n vmm%h |re(a*' / el

| uci f erase-ubi qui ti n-neonyci n phosphotransferase fusion protein and

EMCVI RES dr i v giteriNediate B 5p0 VepityDé-Gihenasth@l) 2H[(Ig1 -tivethyetHy) @inhdtiwieilvéiobapt | ve
mut ati ons (E1202G .T112801: T |eger at al, 2001 and unpublished).
The genot ype S oidibaRiabines PdEHoL Bl line Iicensed from Apath LLC,
nodi fied to contai n\fhe firefly Iumferase gene. The cells were grown in
DVEM suppl ementeggwth 10% fetal calf serum 2 mM @ utam ne, Penicillin
(200 TU L)/ Strept cin (100 pg/nL), |Ix nonessential am no acids, and
250-500 pg/nm A1 "Geneticin"). They were all available through Life
Technol ogi es (Bef hesda, Mi.). The cells were plated at 5 x 103 cells/well
in 384 well plafe cyrft ai ni ng conpounds. The final concentration of 88
conpounds ranged ‘Bet en 0.03 pMto 50 pmand the final DMSO concentration
of 0.5-1% Lu erase activity was neasured 48 hours | ater by adding
a Steady gl o reagen Pronega, Madi son, Ws.). Percent inhibition of
replication data was plotted relative to no conpound control. Under the
sane condition, cyhistcompaindywasfprépaeddoampenaia®usvieshidetoetirti( Eminmesnng cel |

titer glo (Pr ﬁ%’;ﬁ@ an 11 point
dose responseﬂgﬁ%\?/” |i\/§ﬂ ﬁggef\%ﬁ%&dserl ngéﬁhtg%%rpﬂb[?q ac n8”/”' npound, whi ch
spans a conceﬁQrP@ZtYiaém1f5%)r{§@7S 9.60ungl)dp @btaimiie I't@ﬁ‘@mpé‘ﬂnqq\ﬁﬁm”@\i"éh %@ each
conmpound was gefsef pibiggd Wi th Activity Base or with BioAssay plus the Excel
XC50 nodul e. Percent 1nhibition was determined wwth the foll ow ng equation
where the cross-talk corrected value is the value fromthe test well, the
conmpound posi tntar@ediatet 1501 7eEgN6-{phebmetvipP-agoxyed-amspifo[d. Mectasd-63- Wi t h no
conmpound pr esc&g%F %%E t he DMSO negative control nean is the average val ue
of the wells but no cells present. 100 * (1-(Cross-talk corrected
val ue - Conpound sitive Control Mean)) DVMSO Negative Control Mean -
Conmpound Positive ntrol Mean
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To a solution of 7-ethyl 6-(phenylmethyl) 2-{[(1,1-
dimethylethyl)(dimethyl)silyljoxy}-6-azaspiro[3.4]octane-6,7-dicarboxylate (151) (1.87
g, 4.2 mmol) in THF (20 mL) was added glacial acetic acid (0.48 mL), followed by
TBAF ( 8.5 mL, 1M solution in THF) and the reaction heated to 45 °C for 18 h. The

reaction was concentrated in vacuo and partitioned between EtOAc and water. The
organic layer was washed with saturated NaHCO; followed by brine, and then dried



These nornmalized values are exported to ECK where they are plotted agai nst
t he nol ar conpound concentrations using the standard four paraneter
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over MgSO, and concentrated in vacuo to afford the title compound as a clear oil in
quantitative yield. "H NMR (400 MHz, DMSO-ds) & ppm 7.17 - 7.48 (m, 5 H) 4.83 -
5.15(m, 3H) 3.88-4.34 (m, 4 H) 3.35 - 3.47 (m, 2 H) 2.02- 2.39 (m, 3H) 1.65- 1.96
(m,3H)1.00-1.22 (m, 3H). LC-MS ESI (M + H)" = 334.17.

Intermediate 153: 7-ethyl 6-(phenylmethyl) 2-0x0-6-azaspiro[3.4]octane-6.7-
dicarboxylate

This compound was prepared in an analogous fashion to 113 (Example 17)
from 7-ethyl 6-(phenylmethyl) 2-hydroxy-6-azaspiro[3.4]octane-6,7-dicarboxylate
(152) (1.39 g, 4.2 mmol) to give the title compound (1.25 g, 90% yield) as a clear oil.

Intermediate 154: 7-ethyl 6-(phenylmethyl) (7 S)-2,2-difluoro-6-azaspiro[3.4]octane-
6,7-dicarboxylate
FF

~© N
[oXe) (o]

To a solution of 7-ethyl 6-(phenylmethyl) 2-oxo-6-azaspiro[3.4]octane-6,7-
dicarboxylate (153) (1.25 g, 3.8 mmol) in anhydrous dichloromethane (20 mL) was
added Deoxo-Fluor (1.2 mL, 6.4 mmol) followed by ethanol (0.04 mL, 0.75 mmol)
and the reaction stirred at room temperature under nitrogen for 18 h. The reaction is
poured into saturated NaHCO; and stirred for 10 min. The mixture is extracted with
dichloromethane (2 X) and the organic layer was washed with 0.1 N HCI and dried
over MgSO, and concentrated in vacuo. The residue was purified by silica gel
chromatography eluting with 5-50% hexanes/EtOAc. The racemate was then



Replicon 1A pEC50 89 Replicon 1B pEC50 Exanple 1 8.8 11.0 Exanple 2 10.4

WO 2011/028596 PCT/US2010/046782

75

separated by chiral HPLC on a 10 ym OD column eluting with 25% isopropanol in
hexanes to afford the title compound as a clear oil (356 mg, 30% yield).

Intermediate 155: ethyl (7 S)-2 2-difluoro-6-azaspiro[3.4]octane-7-carboxylate
F_F

\/O\[]/:\H
(6]

This compound was prepared in an analogous fashion to 115 (Example 17)
from 7-ethyl 6-(phenylmethyl) (7 S)-2,2-difluoro-6-azaspiro[3.4]octane-6,7-
dicarboxylate (14) (356 mg, 1.0 mmol) to afford the title compound as a clear oil (209
mg, 95% yield).

Intermediate 156: (7S)-2.2-difluoro-6-{N-[(methyloxy)carbonyl]-L-valyl}-6-

azaspiro[3.4]octane-7-carboxylic acid
F_F

Ho\g/:% ]\
Nfo

~

This compound was prepared in an analogous fashion to 116 (Example 17)
from ethyl (7 S)-2,2-difluoro-6-azaspiro[3.4]octane-7-carboxylate (155) (207 mg, 0.94
mmol) to afford the title compound as a white solid (263 mg, 81% yield). 'H NMR
(400 MHz, DMSO-ds) © ppm 12.53 (br. s., 1 H) 7.46 (d, J=8.0 Hz, 1 H) 4.24 (t, J=7.8
Hz, 1 H) 4.02 (d, J=10.4 Hz, 1 H) 3.92 (t, J=8.5 Hz, 1 H) 3.62 (d, J=10.4 Hz, 1 H)
3.51(s,3H)2.54-278 (m, 4 H)2.28 - 2.44 (m, 1 H) 1.81 - 2.05 (m, 2 H) 0.91 (dd,
J=11.2,6.7 Hz, 6 H). LC-MS ESI (M + H)" = 349.13.

Intermediate 157: 2-{4'-[({[(2S5)-1-((2S)-3-methyl-2-
{[(methyloxy)carbonyl]Jamino}butanoyl)-2-pyrrolidinyl]carbonylloxy)acetyl]-4-
biphenylyl}-2-oxoethyl (7 S)-2,2-difluoro-6-((2S)-3-methyl-2-
{[(methyloxy)carbonyl]Jamino}butanoyl)-6-azaspiro[3.4]Joctane-7-carboxylate
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This compound was prepared in an analogous fashion to 117 (Example 17)
from (7 S)-2,2-difluoro-6-{N-[(methyloxy)carbonyl]-L-valyl}-6-azaspiro[3.4]octane-7-
carboxylic acid (156) (59 mg, 0.17 mmol) and 2-[4'-(bromoacetyl)-4-biphenylyl]-2-
oxoethyl N-[(methyloxy)carbonyl]-L-valyl-L-prolinate (70) (95 mg, 0.16 mmol) to
afford the title compound as a white solid (104 mg, 75 % yield).

Example 30: methyl [(1S)-2-methyl-1-({{2S)-2-[4-(4'-{2-[1-((2S)-3-methyl-2-

{[(methyloxy)carbonyl]amino}butanoyl)-8-oxa-1-azaspiro[4.5]dec-2-yl]-1H-imidazol-4-

yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)propyl]carbamate

N>§< Nfo

\

To a solution of methyl ((1S)-2-methyl-1-{[(2S)-2-(4-{4'{({[1-((2S)-3-methyl-2-
{[(methyloxy)carbonylJamino}butanoyl)-8-oxa-1-azaspiro[4.5]dec-2-
yllcarbonyl}amino)acetyl]-4-biphenylyl}-1H-imidazol-2-yl)-1-
pyrrolidinylJcarbonyl}propyl)carbamate (169) (71 mg, 0.09 mmol) in anhydrous
dioxane (1 mL) was added ammonium acetate (66 mg, 0.86 mmol) and the reaction
was degassed with nitrogen and heated to 110 °C for 48 h in a sealed tube. The
reaction was purified by HPLC eluting with 10-90% water/acetonitrile/0.2% NH,OH to
afford the title compound as an off-white solid (10 mg, 14% yield). 'H NMR (400
MHz, METHANOL-d,) & ppm 7.56 - 7.86 (m, 9 H) 7.16 - 7.44 (m, 2 H) 6.88 - 7.09 (m,
1H)5.72 (br.s., 1H)5.09-5.21 (m, 1 H) 4.03-4.28 (m, 1 H) 3.80 - 4.04 (m, 6 H)
3.42-371(m,9H)2.11-256 (m, 8H) 1.88-2.11 (m, 6 H) 0.80-1.06 (m, 12 H).
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HRMS for C44Hs7NsO7 (M + H)" calc: 809.4350, found: 809.4347. Purity (LC-MS):
93%.

Preparation of intermediate 169

o
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Intermediate 162: ethyl 2-[(diphenylmethylidene)amino]-4-(tetrahydro-4H-pyran-4-

vlidene)butanoate

To a solution of ethyl N-(diphenylmethylidene)glycinate (5.29 g, 19.8 mmol),
benzyltriethylammonium chloride (0.41 g, 1.8 mmol) and cesium hydroxide
monohydrate (4.54 g, 27.0 mmol) in anhydrous dichloromethane (50 mL) was added
4-(2-bromoethylidene)tetrahydro-2H-pyran (3.44 g, 18.0 mmol) as a solution in
anhydrous dichloromethane (40 mL) and the reaction stirred at room temperature for
72 h under nitrogen. The reaction was partitioned between dichloromethane and

water and the aqueous layer was extracted with dichloromethane. The organic layer
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was dried over sodium sulfate and concentrated in vacuo. The residue was purified
by silica gel chromatography eluting with 5-40% hexanes/EtOAc to afford the title

compound as a clear oil in quantitative yield.

Intermedaite 163: ethyl 2-amino-4-(tetrahydro-4H-pyran-4-ylidene)butanoate

To a solution of ethyl 2-[(diphenylmethylidene)amino]-4-(tetrahydro-4 H-pyran-
4-ylidene)butanoate (162) (6.8 g, 18.0 mmol) in THF (30 mL) was added water (30
mL) and glacial acetic acid (20 mL) and the reaction stirred at room temperature for
2.5 h. The reaction was concentrated /n vacuo and the residue dissolved in 0.1 N
HCI. It was extracted twice with ethyl acetate and the organic layer was discarded.
To the aqueous layer was added solid potassium carbonate until the solution gave
blue pH paper. The aqueous layer was extracted with 15%
isopropanol/dichloromethane (3 X) and the organic layer dried over sodium sulfate
and concentrated in vacuo to afford the title compound as a clear oil (3.05 g, 79%
yield).

Intermediate 164: ethyl 2-{[(4-nitrophenyl)sulfonyllamino}-4-(tetrahydro-4H-pyran-4-

vlidene)butanoate

_\o o

HN o
.

0

NO,

To a solution of ethyl 2-amino-4-(tetrahydro-4H-pyran-4-ylidene)butanoate
(163) (1.0 g, 4.7 mmol) in anhydrous dichloromethane (30 mL) was added Hunig’s
base (1.6 mL, 9.4 mmol) followed by 4-nitrobenzenesulfonyl chloride (1.14 g, 5.2
mmol) and the reaction stirred at room temperature under nitrogen for 2 h. The

reaction was diluted with dichloromethane and washed with 0.1 N HCI, the organic
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layer was dried over MgSO, and concentrated in vacuo. The residue was purified by
silica gel chromatography eluting with 10-70% hexanes/EtOAc to afford the title

compound as an off-white solid in quantitative yield.

Intermediate 165: ethyl 1-[(4-nitrophenyl)sulfonyl]-8-oxa-1-azaspiro[4.5]decane-2-

carboxylate

0
\/O N 0
.S

o o

NO,

To a solution of ethyl 2-{[(4-nitrophenyl)sulfonyllJamino}-4-(tetrahydro-4 H-
pyran-4-ylidene)butanoate (164) (1.87 g, 4.7 mmol) in anhydrous chloroform (47 mL)
was added trifluoromethanesulfonic acid (0.2 mL, 2.3 mmol) and the reaction stirred
at room temperature under nitrogen for 4 h. The reaction was diluted with
dichloromethane and washed with saturated NaHCO3; and the organic layer dried
over MgSO, and concentrated in vacuo. The residue was purified by silica gel
chromatography eluting with 10-70% hexanes/EtOAc to afford the title compound as
a white solid (1.47 g, 79% yield). "H NMR (400 MHz, CHLOROFORM-d) 5 ppm 8.19
-8.36 (m, 2 H) 8.08 (d, J=8.8 Hz, 2 H) 4.52 (dd, J=8.5, 2.1 Hz, 1 H) 3.99 - 4.14 (m, 2
H) 3.87-3.99 (m, 2 H) 3.21-3.49 (m, 2H)2.58-2.78 (m, 2 H) 2.10- 2.30 (m, 2 H)
1.89-2.06 (m, 2 H)1.77 (dd, J=13.0, 2.1 Hz, 1 H) 1.35 (dd, J=12.9, 1.6 Hz, 1 H) 1.22
(t, J=7.1 Hz, 3H). LC-MS ESI (M + H)" = 399.47.

Intermediate 166: ethyl 8-oxa-1-azaspiro[4.5]decane-2-carboxylate

o}
o N
~ H

o}

To a solution of ethyl 1-[(4-nitrophenyl)sulfonyl]-8-oxa-1-azaspiro[4.5]decane-
2-carboxylate (165) (1.47 g, 3.7 mmol) in anhydrous acetonitrile (25 mL) was added
potassium carbonate (0.76 g, 5.5 mmol), 18-crown-6 (0.2 g, 0.7 mmol) and
thiophenol (0.6 mL. 5.5 mmol) and the reaction stirred at room temperature for 18 h.
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The reaction was concentrated /in vacuo and the residue dissolved in 0.1 N HCI. The
aqueous layer was extracted twice with EtOAc and the organic layer was discarded.
The aqueous layer was treated with solid potassium carbonate until the solution gave
blue pH paper. It was extracted with 15% isopropanol/dichloromethane (3 X) and the
organic layer dried over sodium sulfate and concentrated in vacuo to afford the title

compound as a clear oil (0.71 g, 90% vyield).

Intermediate 167: ethyl 1-{N-[(methyloxy)carbonyl]-L-valyl}-8-oxa-1-

azaspiro[4.5]decane-2-carboxylate

To a solution of ethyl 8-oxa-1-azaspiro[4.5]decane-2-carboxylate (166) (125
mg, 0.59 mmol) in anhydrous dichloromethane (2 mL) was added silver cyanide (98
mg, 0.73 mmol) followed by N-[(methyloxy)carbonyl]-L-valyl chloride (142 mg, 0.73
mmol) as a solution in anhydrous dichloromethane (3.5 mL) and the solution stirred
at room temperature for 18 h under nitrogen. The reaction is filtered and treated with
methanol and stirred for 5 minutes. The reaction is concentrated in vacuo and the
residue purified by silica gel chromatography eluting with 30-100% hexanes/EtOAc to
afford the title compound as a white solid (43 mg, 20% yield).

Intermediate 168: 1-{N-[(methyloxy)carbonyl]-L-valyl}-8-oxa-1-azaspiro[4.5]decane-

2-carboxylic acid

To a solution of ethyl 1-{N-[(methyloxy)carbonyl]-L-valyl}-8-oxa-1-
azaspiro[4.5]decane-2-carboxylate (167) (80 mg, 0.2 mmol) in THF/water/methanol
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(1.0 mL/0.5 mL/0.5 mL) was added lithium hydroxide monohydrate (13 mg, 0.3
mmol) and the reaction stirred at room temperature for 72 h. The reaction was
treated with 1N HCI (0.5 mL) and the reaction partitioned between EtOAc and 0.1 N
HCI. The organic layer was separated and dried over MgSQO, and concentrated in
vacuo to afford the title compound as a white solid (53 mg, 72% yield). 'H NMR (400
MHz, DMSO-ds) & ppm 12.88 (br. s., 1 H) 7.45-7.61 (m, 1 H) 4.89 - 5.03 (m, 1 H)
3.70-3.87 (m, 2 H) 3.65 (t, J=9.2 Hz, 1 H) 3.53 (s, 3 H) 3.02 (td, J=12.9, 4.9 Hz, 1 H)
271-290(m,1H)2.22-238(m,1H)1.87-2.19 (m,3H) 1.53-1.73 (m, 1 H) 1.32
-1.42(m, 1H)1.06-1.15 (m, 1 H) 0.61-0.98 (m, 8 H). LC-MS ESI (M +H)" =
342.95.

Intermediate 169: methyl ((1S)-2-methyl-1-{[(2S)-2-(4-{4'-[({[1-((2S)-3-methyI-2-

{[(methyloxy)carbonyllamino}butanoyl)-8-oxa-1-azaspiro[4.5]dec-2-

yllcarbonyllamino)acetyl]-4-biphenylyl}-1H-imidazol-2-yl)-1-

pyrrolidinyl]carbonyl}propyl)carbamate

To a solution of 1-{N-[(methyloxy)carbonyl]-L-valyl}-8-oxa-1-
azaspiro[4.5]decane-2-carboxylic acid (168) (52 mg, 1.5 mmol) and methyl {(18)-1-
[((28)-2-{4-[4'-(aminoacetyl)-4-biphenylyl]-1 H-imidazol-2-yl}-1-pyrrolidinyl)carbonyl]-2-
methylpropyl}carbamate dihydrochloride (1) (88 mg, 0.15 mmol) and HATU (58 mg,
0.15 mmol) in anhydrous dichloromethane (1.2 mL) was added Hunig’s base (0.12
mL, 0.68 mmol) and the reaction stirred at room temperature for 1h. The reaction
was concentrated in vacuo and purified by HPLC eluting with 10-90%
water/acetonitrile/0.2% NH,OH to afford the title compound as an off-white solid (73
mg, 58% yield).
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Example 31: methyl ((1S)-1-{[(2S)-2-(4-{4'-[2-(1-acetyl-8-0xa-1-azaspiro[4.5]dec-2-
y)-1H-imidazol-4-yl]-4-biphenylyl}-1H-imidazol-2-yl)-1-pyrrolidinyl]Jcarbonyl}-2-

methylpropyl)carbamate

This compound was prepared in an analogous fashion to Example 30 from
methyl {(1S)-1-[((2S)-2-{4-[4'-({[(1-acetyl-8-0xa-1-azaspiro[4.5]dec-2-
yhcarbonyllamino}acetyl)-4-biphenylyl]-1H-imidazol-2-yl}-1-pyrrolidinyl)carbonyl]-2-
methylpropyl}carbamate (172) (116 mg, 0.16 mmol) to afford the title compound as a
tan solid (19 mg, 17% yield). 'H NMR (400 MHz, METHANOL-d,) & ppm 7.51 - 7.90
(m, 8H)7.17-7.52(m, 2H)5.08-5.26 (m, 2 H) 3.81-4.03 (m, 4 H) 3.64 (s, 3H)
3.41-3.61(m,3H)2.21-251(m,5H)2.01-221(m,4H)1.97 (d, J=19.9Hz, 5H)
1.77-191(m, 1 H)1.64-1.75(m, 1 H) 1.31 - 1.42 (m, 1 H) 0.79 - 1.04 (m, 8 H).
HRMS for CsgHssN;Os (M + H)" calc: 694.3717, found: 694.3718. Purity (LC-MS):
79%.

Preparation of intermediate 172

o)
\ NH Hunlg 's base, )LC| \ LiOH
o)
CH cl, O’l\ " THF/MeOH/water

O 166
171
o)
H o] H
[lrfovw o, o O O
[\ o
"""" CH,CI, < o
H HN 172
o) o

qQ
\ \

Intermediate 170: ethyl 1-acetyl-8-oxa-1-azaspiro[4.5]decane-2-carboxylate




9.5 10.9 Exanple 32 8.8 10.8 Exanple 33 9.0 10.8 Exanple 34 9.2 11.0
Exanple 35 8.7
WO 2011/028596 PCT/US2010/046782

83

N

(o

To a solution of ethyl 8-oxa-1-azaspiro[4.5]decane-2-carboxylate (166) (135
mg, 0.63 mmol) in anhydrous dichloromethane (2 mL) was added Hunig’s base (0.22
mL, 1.3 mmol) followed by acetyl chloride (0.05 mL, 0.76 mmol) and the reaction
stirred at room temperature under nitrogen for 1.5 h. The reaction was diluted with
dichloromethane and washed with 0.1 N HCI and the organic layer dried over MgSO,
and concentrated in vacuo. The residue was purified by silica gel chromatography
eluting with 60-100% hexanes/EtOAc to afford the title compound as a yellow oil (94
mg, 58% yield).

Intermedaite 171: 1-acetyl-8-oxa-1-azaspiro[4.5]decane-2-carboxylic acid

N
HO 04[\
To a solution of ethyl 1-acetyl-8-oxa-1-azaspiro[4.5]decane-2-carboxylate
(170) (93 mg, 0.34 mmol) in THF/water/methanol (1.1 mL/0.6 mL/ 0.6 mL) was added

lithium hydroxide monohydrate (29 mg, 0.69 mmol) and the reaction stirred at room

e}

temperature for 3 h. The reaction is treated with 1N HCI (0.7 mL) and partitioned
between EtOAc and 0.1 N HCI, the aqueous layer was extracted twice with EtOAc,
the combined organic layers were dried over MgSO, and concentrated in vacuo to
afford the title compound as a white solid (79 mg, 95% yield).

Intermediate 172: methyl {(1S)-1-[((2S)-2-{4-[4'-({[(1-acetyl-8-0xa-1-
azaspiro[4.5]dec-2-yl)carbonyllaminolacetyl)-4-biphenylyl]-1H-imidazol-2-yI}-1-

pyrrolidinyl)carbonyl]-2-methylpropyl}carbamate
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This compound was prepared in an analogous fashion to 169 from 1-acetyl-8-
oxa-1-azaspiro[4.5]decane-2-carboxylic acid (171) (56 mg, 0.25 mmol) and methyl
{(18)-1-[((2S)-2-{4-[4'-(aminoacetyl)-4-biphenylyl]-1H-imidazol-2-yl}-1-
pyrrolidinyl)carbonyl]-2-methylpropyl}carbamate dihydrochloride (1) (142 mg, 0.25
mmol) to afford the title compound as an off-white solid (118 mg, 67% yield).

Examples 32 to 37 were prepared, using the synthetic sequence similar to Examples
30 and 31.

Example 32: methyl [(1S)-1-({(2S)-2-[4-(4'-{2-[8,8-difluoro-1-((2S)-3-methyl-2-
{[(methyloxy) carbonyllamino}butanoyl)-1-azaspiro[4.5]dec-2-yl]-1H-imidazol-4-yI}-4-

biphenylyl)-1H-imidazol-2-yl]-1-pyrrolidinyl}carbonyl)-2-methylpropyllcarbamate

'H NMR (400MHz ,METHANOL-d,) § 7.92 - 7.51 (m, 8 H), 7.29 (br. s., 2 H), 5.71
(br. s., 1 H), 5.32 (br. s., 1 H), 4.21 (d, J = 7.4 Hz, 1 H), 4.15 - 3.80 (m, 4 H), 3.77 -
3.41 (m, 8 H), 3.18 (br. s., 1 H), 3.12 - 2.82 (m, 1 H), 2.63 - 1.40 (m, 16 H), 1.05 -
0.84 (m, 10 H), 0.78 - 0.64 (m, 1 H), 0.44 - 028 (m, 1 H). HRMS for
C45H57F2N8O6 (M + H)* calc: 843.4369, found: 843.4368.



The conpound of Exanple 2 was isolated and purified as the anorphous
free-base. This anorphous free-base was dissolved in acetone (3.6 nm; 30
vol ) at rwormtimp®sature with stirring. Hydrochl oric acpdT(i32@004678f 1. OM

i n dioxane; 2.1 equivalents) was added and resulted in an anorphous
precipitate. Methanol (480 uL; 4 vol) was added in aliquots until solids
just dissolved. Crystalline seeds of the WD) 2009/020828 di-HCI conpound
wer e added, and the m xture stirred over the weekend. The product was
filtered with no wash, and the yield was 62. 6% (84.0ng; 0.0946 nmol) of
crystalline di-HCl salt of the conpound of Exanple 2. Crystalline di-HCl
salt of the conpound of Exanple 2: The conpound of Exanple 2 was

i solated and purified as the amorphougsfree-base. This anorphous free-base
(555nmg; 0.696mpl) was dissolved in acetone (8.3nl; 15vol) and nethanol
(2.2nL; 4vol) gat, . 50f 1.0Min
dloxane 2.1 ] T o) stals of the
di-HCl salt o ¥ 1A RYI|afNOf eyt nt ai ned at 50C
for one hour, bﬁﬁéﬂvﬁzﬂ 1th0iﬁd&?éﬂiﬁl@@ia@h%{@5]d@@d—vﬁédrﬁd’n@%r@bﬁf%arﬁ)ﬂﬁat@eekend The
product was qU|ckIy filtered wth no wash and dried at S0C I n a vacuum oven
with nitrogen ble The yield was 54.0% (327ng; 0.376mmol) of crystalline
di -HC salt of_ ﬂbe g.uou a--le 2. Crystalline sulfate salt of the
conmpound of Exéhdf rphous sulfate salt of the compound of

Exanpl e 2 was prepa(Ed %y addlng of sulfuric acid to a solution of
free-base and concentrating to r Jhe anorphous sulfate salt (-50 ny;
0.056 mml) was taken up in ae dhe Ad; 15 volunes), and the m xture

was heated to 50C. Methanol (210ul; 4.2fvol) was added 10uL at a tinme until
the solids alnost all dissolved, resulting in a cloudy solution. This
cl oudy sol uti & NwRS(400MEH C&HLCEQQZFCDRWI d1 6 7eaupsy = Ur&emz co9), 2d2t 7. 443/, 6 The

duct f t
Crystalling sUMA Ed’s%f{*? SHTRE SRt O B 475 PR I B
sul fate salt 8#97tRebdonpbdhd - 33f- 2ES66(WpI4é1)22 60 - 1.55 ( m'BHé) anbr ﬂ)lﬂ@tﬁ@ 2 Hge- base
of the COWDOUHI@G% ﬂémﬁz%)(?é@mvg@n%ﬁmd dWas 78 g W tiryigtdanol

(1.25n; 5vo|) and heat e 50C to accel erat'e dissol ution.
Sul furic acid (1@"515(5%"@061('\"3 "@I\/Fei"h 8&%6%?3 fol’”@ é&d?%\l ent) was added slowy
foll owed by seed crystals of the sulfate salt of the conpound of Exanple 2.
The slurry was mai ntained at 50C for three hours to forma noderately
thick, yellow_slurr The te -erature was decreased to 150 to increase the
yiel d. The pr5arle dfsmpthyl lugrg Sy : n a vacuum
oven Wi th ni tﬂmm\n&we@dbonvﬂr@nm}eutdndw& &aoﬁ%mz,’kﬂmwaz& 426}14rrml ) of
crystalline s JLate salt . 2ystalllne Sal ts:
The crystalli d of Exanple 2 were
anal yzed by |Qﬂ£ﬁhﬂﬁﬁﬁﬂmg§aphy, powder X-ray diffraction (PXRD), Raman,
DSC, and TGA. Al | .apalyses were consistent with crystalline salts. The
powder X-ray di fjir ction ormed with a PANal ytical X Pert-Pro MPD
wi th Johansson Kat &c @ @ Sihg X' Cel erator detector. The key
operating paraneter MNe: '.dla i of: (Kai), 1.54060 angstrons

nsion: 45 kV; Current: 40 mA;

(monochromatic); Detector: Oesg a} orN
Start angle: 2.020; End angl e: p size:0.02; Tinme/step: 40.0 sec;
Scan speed: 0.05/sec; F

F

'H NMR (400MHz ,CHLOROFORM-d) & 10.97 - 10.14 (m, 2 H), 7.91 - 7.40 (m, 8 H),
7.34 -7.16 (m, 2 H), 5.68 - 5.15 (m, 3 H), 5.08 (d, J = 6.0 Hz, 1 H), 4.34 (d, J = 8.0
Hz, 2 H), 3.95 - 3.54 (m, 8 H), 3.37 - 2.69 (m, 4 H), 2.60 - 1.57 (m, 13 H), 1.56 - 1.18
(m, 3 H), 1.06 (d, J = 6.8 Hz, 1 H), 0.89 (d, J = 6.5 Hz, 6 H). HRMS for
C43H53F2N806 (M + H)" calc: 815.4056, found: 815.4061.



I nci dent beam 2 fixed anti-scatter slit, and programmbl e di vergence slit;
Diffracted beam 0.02 rad soller slit, and programmable anti-scatter slit.
Sanpl es weoeoregseed on silicon zero background sanpl e Pholu$er10/046782 The
di -HC salt of the conpound of Exanple 2 had significant peaks in powder
X-ray diffraction pattern at values of two theta in degrees and d-spacing
in Angstromin parenthesis of 5.3(16.55), 9.9 (8.94), 10.4 (8.54),
13.3(6.65), 18.9(4.70), 20.3(4.37), 21.2(4.18), 22.5(3.95), 23.2(3.84),
23.7(3.75), 24.4(3.65), 26.3(3.39), 27.6(3.23). The TGA trace of the di-HC
salt of the conpound of Exanple 2 was consistent with an anhydrous form
The DSC trace of the di-HClI salt of the conpound of Exanple 2 showed an
onset of nelting and/ or deconpositiongat approximtely 262C. The

sul fate salt of the conpound of Exanple 2 had significant peaks in powder
X-ray diffraction bs , and d- spaci ng
in Angstrom ' S 3. 41) ,

11.9(7. 41), 1ﬂﬂmﬁWme)mnmmv&@mmﬂbMamwhZqWHOmWWH1fhnmﬁgmqhmpil7 5(5.07),
18.4(4.81), ZleQér@lvﬂSl)—ﬁ- midhz&l Ay 1 zas B[ B Bed P Hcalttyi[GA trace of the
sulfate salt of the ggound of Exanple Z was consistent with a variable
hydrate form b of the sulfate salt of the conpound of Exanple
2 showed an onsef mel ti ng and/ or deconposition at approximately 241C.
wherei n each RJ,LS nelep : v C1 _3alkyl; each R2 is independently
Cl_3alkyl; on each r fop o€ ber e are R3 groups, either both R3s are
H or the R3 groups ng i
4-, 5-, or 6-nenbered saturated §pi o Fith
no nmore than 1 spiro ring on eag gat iy a

with the proviso that there is
£ Nitrogen-containing ring;

'H NMR (400MHz ,CHLOROFORM-d) § 11.07 - 9.94 (m, 2 H), 8.17 - 7.42 (m, 10 H),
7.33-7.08 (m,2H),5.72-519(m, 3H), 5.14-4.99 (m, 1 H), 4.86 (br. s., 1 H), 4.50
-4.09 (m, 2 H), 4.02 - 3.50 (m, 8 H), 3.45 (s, 1 H), 3.33-2.71 (m, 4 H), 2.59 - 1.47
(m, 11 H), 1.40 (br. s., 3 H), 1.19-0.67 (m, 11 H), 0.63 - 0.40 (m, 1 H). ). HRMS for
C46H59F2N806 (M + H)" calc: 857.4526, found: 857.4531.

Example 36: methyl ({(1S)-1-{[(2S)-2-(4-{4'-[2-(1-acety]-8 8-difluoro-1-
azaspiro[4.5]dec-2-yI)-1H-imidazol-4-yl]-4-biphenylyl}-1H-imidazol-2-yI)-1-

pyrrolidinyl]carbonyl}-2-methylpropyl)carbamate

0O
4 N

'H NMR (400MHz ,CHLOROFORM-d) & 11.17 - 10.07 (m, 2 H), 8.16 - 7.40 (m, 10
H), 7.35 - 7.03 (m, 2 H), 5.85 - 4.98 (m, 2 H), 4.59 - 4.12 (m, 1 H), 3.72 (s, 5 H), 3.46
(br. s., 1 H), 3.33-2.72 (m, 2 H), 2.76 - 1.39 (m, 17 H), 1.27 - 0.74 (m, 5 H). HRMS
for CA0H48F2N704 (M + H)" calc: 728.3736, found: 728.3736.



each saturated spiro fornmed from R3 groups is independently cycl oal kyl, or
may contain 1 or 2 oxygen atonms, or 1 or 2 sulfur atonms, or 1 SQ2, or 1
NR4; eachwBaoii2sivdependently H, C(0)0Cl_4al kyl, C(0) ClP¢aaisgd10/046782

C(0) NC1_4al kyl , SO2Cl4al kyl; and each spiro ring nmay optionally be
substituted wth deuterium fluorine, or 1-2 nethyl groups. 2. A conpound
according to Claiml wherein R3 groups forma spiro ring on each of the two
depi cted saturated nitrogen-containing rings. 3. A conpound according to
Claim 2 wherein each of said spiro rings is bonded to the sane rel ative
carbon atomin each saturated nitrogen-containing ring. 4. A conpound
according to Claiml1l wherein R3 groups forma spiro ring on only one of the
two depicted saturated nitrogen-contagping rings. 95 5. A conpound of
Formula 1I; wherein each Rl is independently H or Cl_3alkyl; each R2 is

i ndependent |y el 321Ky 1oinGi3al) L hiny - R98PE RGN LY. [ LF5s)- LmBhy 1S-
{[(methyloxy) carbonyllamino}butanoyl)-8.8-dioxido-8-thia-1-azaspiro[4.5]dec-2-yl]-
1H-imidazol-4-y[}-4-biphenylyl)-1H-imidazol-2-yl]-1-

pyrrolidinyl}carbonylpropyllcarbamate

'H NMR (400MHz ,CHLOROFORM-d) & 7.92 - 7.52 (m, 9 H), 5.39 (br. s., 4 H), 4.36
(br. s., 1 H), 3.98 - 3.82 (m, 1 H), 3.82 - 3.60 (m, 10 H), 3.19 (br. s., 4 H), 2.88 - 2.70
(m, 1 H), 2.33 (br. s., 4 H), 2.02 (s, 4 H), 1.81 (br. s., 5 H), 1.06 (s, 1 H), 0.89 (d, J =
7.0 Hz, 6 H), 0.74 (d, J = 6.5 Hz, 3 H), 0.44 - 0.34 (m, 3 H). HRMS for
C44H57N808S (M + H)* calc: 857.4020, found: 857.4018.

Protocol for testing and data analysis of compounds in the HCV replicon assay

Compounds were assayed for activity against HCV using the genotype 1a and
1b subgenomic replicon model systems. Stable cell lines bearing the genotype 1a
and 1b replicons were used for screening of compounds. Both replicons are
bicistronic and contain the firefly luciferase gene. The ET cell line is stably
transfected with RNA transcripts harboring a I3sgluc-ubi-neo/NS3-3'/ET replicon with
firefly luciferase-ubiquitin-neomycin phosphotransferase fusion protein and EMCV-
IRES driven NS3-5B polyprotein containing the cell culture adaptive mutations
(E1202G; T1280I1; K1846T) (Krieger at al, 2001 and unpublished). The genotype 1a
replicon is a stable cell line licensed from Apath LLC, modified to contain the firefly
luciferase gene. The cells were grown in DMEM, supplemented with 10% fetal calf
serum, 2 mM Glutamine, Penicillin (100 [U/mL)/Streptomycin (100 ug/mL), 1x
nonessential amino acids, and 250-500 pg/mL G418 ("Geneticin"). They were all
available through Life Technologies (Bethesda, Md.). The cells were plated at 5 x

10° cells/well in 384 well plates containing compounds. The final concentration of



nis 2 or 3; and each Ris independently nmethyl, hydrogen, or deuterium 6.
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compounds ranged between 0.03 pM to 50 pm and the final DMSO concentration of
0.5-1%.

Luciferase activity was measured 48 hours later by adding a Steady glo
reagent (Promega, Madison, Wis.). Percent inhibition of replication data was plotted
relative to no compound control. Under the same condition, cytotoxicity of the
compounds was determined using cell titer glo (Promega, Madison, Wis). EC50s
were determined from an 11 point dose response curve using 3-4-fold serial dilution
for each compound, which spans a concentration range > 1000 fold. The level of
inhibition for each compound was determined with Activity Base or with BioAssay
plus the Excel XC50 module. Percent inhibition was determined with the following
equation where the cross-talk corrected value is the value from the test well, the
compound positive control mean is the average value of the wells with no compound
present, and the DMSO negative control mean is the average value of the wells with

DMSO but no cells present.

100 * (1-(Cross-talk corrected value - Compound Positive Control Mean))

DMSO Negative Control Mean - Compound Positive Control Mean

These normalized values are exported to EC5, where they are plotted against the

molar compound concentrations using the standard four parameter logistic equation:

. BA
SRS

Where:

A = minimum y D= slope factor

B = maximum y x = log1p compound concentration [M]
C = log1oECsx pECs, = -C

As shown below, all tested compounds, except for Example 20, were found to
inhibit the activity of the replicon with pECs, >5.



7. A conmpound according to Claim5 or CQaim6 wherein each X is identical.
8. A conpound according to any of Clains 5-7 wherein Xis Sor 0. 9. A
conpound wocoridi2eggét o any of Cl ains 5-8 wherein every CRRTIGS2@362467896 10.
A conpound according to any of Clainms 5-8 wherein no nore than two Rs in
each spiro are nethyl. 11. A conpound according to any preceding claim
wherein each RL is isopropyl. 12. A conpound according to any preceding
cl ai mwherein each R2 is nethyl. 13. The conpound 14. The conpound of
Claim 13 wherein said compound is enantionerically enriched with the

foll ow ng enantioner 15. A pharnaceutically acceptable salt of a conpound
according to any preceding claim 16. A salt according to Caim 15 wherein
said salt is either a di-HCl salt or ggsulfate salt.

Replicon Replicon
1A pECsq 1B pECs4

Example 1 8.8 11.0
Example 2 104 11.1
Example 3 7.6 10.8
Example 4 104 11.0
Example 5 10.1 10.7
Example 6 10.6 11.1
Example 7 9.1 11.6
Example 8 10.5 11.1
Example 9 10.5 11.2
Example 10 8.7 11.0
Example 11 8.9 11.0
Example 12 10.1 1.4
Example 13 10.2 1.4

Example 14 9.2 11.3



17. A salt according to Claim16 wherein said salt is a sulfate salt. 97
18. A sul phate salt of the conmpound of Claim13 or 14. 19. A salt according
to Cl ai mwe,20i/2836 18, wherein said salt is crystalli n@CT/UB2010M46782
pharmaceutical conposition conprising a conpound or salt according to any
preceding claim 21. A pharmaceutical conposition conprising a conpound
according to Claim13 or 14, or a salt according to claim18. 22. A nethod
for treating a viral infection in a human conprising adm nistration of a
pharmaceutical conposition according to Claim20 or 21. 23. The nethod of
Claim 22 wherein said viral infectionis an HCV infection. 24. A

phar maceuti cal conposition for use in the treatnment of a viral infection in
a human, conprising a conpound or salppas defined in any of Clains 1-19.

25. A conpound or salt as defined in any of Clains 1-19 for use in the
treatment of a viral infection in a human. 26. The use of a conpound or
salt as defined in any of Cains 1-19 In the manufacture of a nedi canent
for use in the®@@aki®nt o2 virdP8infection in a human.

Example 16 9.4 10.4
Example 17 10.4 11.6
Example 18 10.7 10.9
Example 19 8.0 10.4
Example 20 <7.5 8.8
Example 21 8.0 9.7
Example 22 9.1 10.8
Example 23 8.9 11.0
Example 24 8.5 9.9
Example 25 8.9 9.8
Example 26 8.7 10.3
Example 27 8.2 9.6
Example 28 8.8 10.3
Example 29 10.0 11.5
Example 30 8.8 10.2
Example 31 9.5 10.9
Example 32 8.8 10.8
Example 33 9.0 10.8
Example 34 9.2 11.0
Example 35 8.7 10.9
Example 36 7.6 10.0
Example 37 7.9 9.5

Preparation of crystalline salts of the compound of Example 2: methyl [(1S)-2-
methyl-1-({(2S)-2-[4-(4'-{2-[(8 S)-7-((2S)-3-methyl-2-
{[(methyloxy)carbonyllamino}butanoyl)-1,4-dioxa-7-azaspiro[4.4]non-8-yl]-1H-
imidazol-4-yl}-4-biphenylyl)-1H-imidazol-2-yl]-1-
pyrrolidinyl}carbonyl)propyl]carbamate.

Crystalline di-HCI salt of the compound of Example 2:
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WO 2009/020828 discloses the crystalline di-HCI salt of a compound said to
be useful for treating HCV infection. The title compound of WO 2009/020828 was
prepared as described in that patent.

The compound of Example 2 was isolated and purified as the amorphous free-
base. This amorphous free-base was dissolved in acetone (3.6 mL; 30 vol) at room
temperature with stirring. Hydrochloric acid (316 uL of 1.0M in dioxane; 2.1
equivalents) was added and resulted in an amorphous precipitate. Methanol (480
uL; 4 vol) was added in aliquots until solids just dissolved. Crystalline seeds of the
WO 2009/020828 di-HCI compound were added, and the mixture stirred over the
weekend. The product was filtered with no wash, and the yield was 62.6% (84.0mg;

0.0946 mmol) of crystalline di-HCI salt of the compound of Example 2.

Crystalline di-HCI salt of the compound of Example 2:

The compound of Example 2 was isolated and purified as the amorphous free-
base. This amorphous free-base (555mg; 0.696mmol) was dissolved in acetone
(8.3mL; 15vol) and methanol (2.2mL; 4vol) at 50°C with stirring. Hydrochloric acid
(1.46mL of 1.0M in dioxane; 2.1 equivalents) was added slowly followed by seed
crystals of the di-HCI salt of the compound of Example 2. The slurry was maintained
at 50°C for one hour, cooled to room temperature, and stirred over the weekend.
The product was quickly filtered with no wash and dried at 50°C in a vacuum oven
with nitrogen bleed. The yield was 54.0% (327mg; 0.376mmol) of crystalline di-HCI

salt of the compound of Example 2.

Crystalline sulfate salt of the compound of Example 2:

The amorphous sulfate salt of the compound of Example 2 was prepared by
adding 1.0 eq of sulfuric acid to a solution of free-base and concentrating to dryness.
The amorphous sulfate salt (~50 mg; 0.056 mmol) was taken up in acetone (750ul;
15 volumes), and the mixture was heated to 50°C. Methanol (210ul; 4.2 vol) was
added 10uL at a time until the solids almost all dissolved, resulting in a cloudy
solution. This cloudy solution was mixed at 50°C for 16 hours, then cooled to 23°C.
The product was filtered, analyzed, and determined to be consistent with crystalline
sulfate salt of the compound of Example 2.
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Crystalline sulfate salt of the compound of Example 2:

The amorphous free-base of the compound of Example 2 (250mg; 0.314mmol)
was mixed with methanol (1.25mL; 5vol) and heated to 50°C with stirring to
accelerate dissolution. Sulfuric acid (0.105mL of 3.0M in water; 1.0 equivalent) was
added slowly followed by seed crystals of the sulfate salt of the compound of
Example 2. The slurry was maintained at 50°C for three hours to form a moderately
thick, yellow slurry. The temperature was decreased to 15°C to increase the yield.
The product was filtered with no wash and dried at 50°C in a vacuum oven with
nitrogen bleed. The yield was 73.6% (211mg; 0.231mmol) of crystalline sulfate salt
of GSK2336805.

Analysis of Crystalline Salts:
The crystalline di-HCI and sulfate salts of the compound of Example 2 were

analyzed by ion chromatography, powder X-ray diffraction (PXRD), Raman, DSC,
and TGA. All analyses were consistent with crystalline salts.
The powder X-ray diffraction was performed with a PANalytical X'Pert-Pro MPD with
Johansson Ka1 monochromator, using X'Celerator detector. The key operating
parameters were: Radiation: Cu (Ka1), 1.54060 angstroms (monochromatic);
Detector: X'Celerator; Tension: 45 kV; Current: 40 mA; Start angle: 2.0°20; End
angle: 50.0°20; Step size:  0.02°% Time/step: 40.0 sec; Scan speed: 0.05%sec;
Incident beam: 2° fixed anti-scatter slit, and programmable divergence slit; Diffracted
beam: 0.02 rad soller slit, and programmable anti-scatter slit. Samples were
prepared on silicon zero background sample holder.

The di-HCI salt of the compound of Example 2 had significant peaks in powder
X-ray diffraction pattern at values of two theta in degrees and d-spacing in Angstrom
in parenthesis of 5.3(16.55), 9.9 (8.94), 10.4 (8.54), 13.3(6.65), 18.9(4.70),
20.3(4.37), 21.2(4.18), 22.5(3.95), 23.2(3.84), 23.7(3.75), 24.4(3.65), 26.3(3.39),
27.6(3.23). The TGA trace of the di-HCI salt of the compound of Example 2 was
consistent with an anhydrous form. The DSC trace of the di-HCI salt of the
compound of Example 2 showed an onset of melting and/or decomposition at
approximately 262°C.

The sulfate salt of the compound of Example 2 had significant peaks in powder
X-ray diffraction pattern at values of two theta in degrees and d-spacing in Angstrom
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of 5.6(15.87), 7.1(12.39), 8.0(11.10), 10.5(8.41), 11.9(7.41), 12.6(7.02), 13.4(6.61),
14.3(6.18), 16.6(5.33), 17.5(5.07), 18.4(4.81), 20.0(4.43), 21.2(4.19), 23.8(3.73).
The TGA trace of the sulfate salt of the compound of Example 2 was consistent with
a variable hydrate form. The DSC trace of the sulfate salt of the compound of
Example 2 showed an onset of melting and/or decomposition at approximately
241°C.
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What is claimed is:

1. A compound of Formula lll;

D-O—~O1
3 N
R H N R’
8 N Ox—N
R 3
R’ RSIO jﬁ N
1 R
HNT R RT N
O)\o 9, °
k ®

Il
wherein each R is independently H or C,_salkyl;

each R?is independently C1.salkyl;

on each carbon to which there are R® groups, either both R®s are H or the R® groups
together with the carbon to which they are bonded form a 4-, 5-, or 6-membered
saturated spiro ring with the proviso that there is no more than 1 spiro ring on each
saturated nitrogen-containing ring;

each saturated spiro formed from R® groups is independently cycloalkyl, or may
contain 1 or 2 oxygen atoms, or 1 or 2 sulfur atoms, or 1 SO,, or 1 NR*;

each R* is independently H, C(O)OC.alkyl, C(O)C1.alkyl, C(O)NC;_4alkyl, SO,C;.
salkyl; and

each spiro ring may optionally be substituted with deuterium, fluorine, or 1-2 methyl

groups.

2. A compound according to Claim 1 wherein R® groups form a spiro ring on each of
the two depicted saturated nitrogen-containing rings.

3. A compound according to Claim 2 wherein each of said spiro rings is bonded to

the same relative carbon atom in each saturated nitrogen-containing ring.

4. A compound according to Claim 1 wherein R® groups form a spiro ring on only

one of the two depicted saturated nitrogen-containing rings.
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5. A compound of Formula I;
-0~
N o OjN x/
E 1 R N

HN” R H

CRR),

|
wherein each R is independently H or C,_salkyl;
each R?is independently C+_salkyl;
each X is independently CRR, O or S;
nis 2 or 3; and

each R is independently methyl, hydrogen, or deuterium.

6. A compound of Formula Il;

DO~
X N N
e >CH\ H be\
(CRRY); (CRR),
\X N/\]fo OjN X/
1 R1 N

HN” R H

1
wherein each R is independently H or C,_salkyl;
each R?is independently C+_salkyl;
each X is independently CRR, O, or S;
each n is independently 2 or 3; and

each R is independently methyl, hydrogen, or deuterium.
7. A compound according to Claim 5 or Claim 6 wherein each X is identical.
8. A compound according to any of Claims 5-7 wherein X is S or O.

9. A compound according to any of Claims 5-8 wherein every CRR is CH..
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10. A compound according to any of Claims 5-8 wherein no more than two Rs in

each spiro are methyl.
11. A compound according to any preceding claim wherein each R' is isopropyl.
12. A compound according to any preceding claim wherein each R? is methyl.

13. The compound

C}'“ .
N _o OzerN oj

5 A

0o ?O
|

14. The compound of Claim 13 wherein said compound is enantiomerically enriched

with the following enantiomer

15. A pharmaceutically acceptable salt of a compound according to any preceding

claim.

16. A salt according to Claim 15 wherein said salt is either a di-HCI salt or a sulfate

salt.

17. A salt according to Claim 16 wherein said salt is a sulfate salt.
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18. A sulphate salt of the compound of Claim 13 or 14.

19. A salt according to Claim 16, 17, or 18, wherein said salt is crystalline.

20. A pharmaceutical composition comprising a compound or salt according to any

preceding claim.

21. A pharmaceutical composition comprising a compound according to Claim 13 or

14, or a salt according to claim 18.

22. A method for treating a viral infection in a human comprising administration of a

pharmaceutical composition according to Claim 20 or 21.

23. The method of Claim 22 wherein said viral infection is an HCV infection.

24. A pharmaceutical composition for use in the treatment of a viral infection in a

human, comprising a compound or salt as defined in any of Claims 1-19.

25. A compound or salt as defined in any of Claims 1-19 for use in the treatment of a

viral infection in a human.

26. The use of a compound or salt as defined in any of Claims 1-19 In the

manufacture of a medicament for use in the treatment of a viral infection in a human.



