6H-DIBENZO|[E,E1IOXEPINE DERIVED NONSTEROIDAL MINERALOCORTICOID RECEPTOR
ANTAGONISTS The present invention relates to tricyclic compounds that are useful as Stherapeutic
agents in theytsegisnreiqf physiological disorders responsive to mineralocertipoidosaspior
antagonists, to pharmaceutical compositions comprising the compounds, to methods of using the
compounds to treat physiological disorders in patients,;and to intermediates and processes useful in
the synthesis of the compounds. 10Aldosterone, the primary endogenous mineraloconicoid, regulates
hemodynamic homeostasis by promoting sodium and water reabsorption and potassium excretion
following intgera}g:tion Witf}]3 th}eomiggrgl%%%r]':t\ircoid B%c%%'g%rx MR)M%%cauosgo %‘, Iald%)l)steg%ngj{s 1raole in
maintaining "ﬁ@?@%& 1 Wﬁ?er%alance,FﬁF?an%agonls%sL have beer used Tor the treatment of
numerous physiological disorders including hypertension, hypolcalemia, myocardial arrhythmias,
Banter's Syndrome, as well as disorders of primary or secondary hyperaldosteronism such as Conn's
Syndrome. More recently, MR anigganisii iave:Bsenise b s iiseiment alggngestive heart failure
and acute myocardial infarction. Ina di ion, antagonists have also proven effective in preclinical
models of kidney disémgeaitid 20H dothbiratiomiei hhatagidaied! tierier fospedicetdroteinuria in patients
sufering from renal disgideis,uoh A ARG HAREY S RATERLICR diatilcOapRaRathy.

u e

However, existing MR antagonists produce concomitant effects which limit their safety and / or

effectiveness. For ex@fioBpEEifeemetse oAusHehe mrivls ShietRnTALSIst IO Y86 cross reacts

with other nuclear hopmenaesaplos?hiaisteihanndtegeniseteplar:(@ithethe pirgesterone receptor
(PR), or the glucocorticoid receptor (GR)) which mediate other physiological processes.
Spironolactone theramg‘éngc%en associated with hyperkalemia as well as gynecomastia, erectile
dysfunction, reduced libido Aliegutae nensesrasndettasigasitieidisttess], Egldsenone, though selective
for MR relative to the other nuclear 30hormone r oIS, I ' with
hyperkalemia. Thus, ﬁrgPeyr%ar%naciﬁ(smg%%%S% ﬁ%%%a%r?%%rs % %ﬁ%ﬁ\%ﬁﬁ%he {?&I{l/la%{ﬁgntagonist therapy.
-2-  The object of theigprasesrcmieniidioisnmipesaden nofisterainainrRmigeiddecwiich possess MR

antagonist activity. Axgpreferied smnedimant iisifmabisshioRNge BrDsiRiPidALMR antagonists
which bind to MR wﬂ?é%reater affinity relative to AR, PR, and GR. As a more preferred embodiment, it

is an object of the 5pMREREENERTINISBROVRISH SHsIEAIREE! R RUBISTAEIIRETL \R#H©h bind to MR with

greater affinity relativgdg AR ,grﬁﬁdiggqygﬁe@mﬁjvgﬁ@nmpﬁammmrmmi@@@imw@tective acti\(ity.
As an even more preferred embodiment, it js an.ohject of the present invention torfroéf}de nonsteroidal
VIR antagonists which BIRGFES HHRSWH BEAte: ARG elATE KRR ISR R IRTHBhich posses

potent reno- or 10cardiamsSteckivasadiuitytebutiwiNMRaaedioad incideroeed fikdithomtmefiproducing
hyperkalemia.  An important consideration.for any ther | nt j he agent is likely to
cause a prolongationoolinf"p ?ﬁ%eé”'}éiﬁ%?vg fuﬁ? 3%(}1?% emggﬁg@%?#%%c%ﬁcfgﬂ%ag%%%ﬁ% agents may induce
a prolongation of the @Wdmetvahis Bsoimoekirgleneve BhFrinisabmeddls i bdrdizbsaiestd. Blockage of

the the HERG channc) piGyEnia pASSAGR APOaSSITeRs priossserdiassrl memfranes resuiting in

prolongation of the action potentials of the cells, which could lead to danfggo,us cardiac arrhythmias.

Thus, a further preferfo &mpsbhpRisat Bekhe Prosiridsee dersdndydrs iR firesriogdists with a
reduced incidence or likelihgadQEblaeidnontk Baconists produce concomitant effects which timit

their safety and / or effectiveness. For exampie, spironolactone, a potent MR

antagonist, is nonselective and cross reacts with other nuclear hormone receptors
25  (e.g the androgen receptor (AR), the progesterone receptor (PR}, or the

- glucocorticoid receptor (GR)) which mediate other physiological processes.

Spironolactone therapy has been associated with hyperkalemia as well as

gynecomastia, erectile dysfunction, reduced libido, irregular menses, as well as

castric distress. Eplerenone, though selective for MR relative to the other nuclear
30 hormone receptors, has also been associated with hyperkalemia. Thus, there

remains a need in the art for alternatives to curreat MR antagonist therapy.



20channels.  Tricyclic MR ligands are known in the art. For example WO 04/052847 and WO
05/066161 disclose tricyclic steroid hormone receptor modulators which are useful for treating
disorders susceptiblestssmineralocorticoid receptor or glucoconicoid receprarmsdelstigsysT he present
invention is directed to the 25discovery that certain novel tricyclic compounds, as given by Formula (1)
below, have particular profiles of activity, as evidenceghby in vitro and in vivo testing, which indicate
that they have utility in the treatment or prevention of disorders responsive to mineralocorticoid
receptor antagonist therapy. In particular, exemplified compounds of Formula (1) are potent MR ligands
which antagonize the 30mitieralgcorichgmeeaptoendacardipglyidtheprasaht Mzdifiods provides a

Pycrogen or fluoror ST s Tesea s R e e TS ot
hydrogen or a group ofbieeidememsaroidal MR pyagoprasamich Oind oy MR @)Rigzatsr afftisrmaceutically
acceptable salt 10thereal. «, Ak anetherembodiment e RESERIMYENTCR Broydesammethod of

treating or preventing congestive heart failure, diabetic nepluopathy, chronic kidney disease,
hypertension, hypok®fSHATAHRAGEAaRICEIh)RHidshNB AR ECPIRdLPAEF 888ondary
hyperaldosteronism, @&£0REISYEIEHOME AT PRIISING R 4mAdNSIRERG IRA RabiesK in need thereof an
effective amount of a compound. of Formulgﬁ(%_}gg?g harmageutically acceptable salt thereof As a

\

more particular aspe&® HHePBrEERH AU OLE IEHEE AT RAIRARG BISEPeORIRAG congestive
heart failure, hypertetisipreseliaibediciorep propdtpneechdenidkidnreynbdiséadebind tbifher, the present

ihe reatment of proveNg R A oA e R IRt Winey iscase.
hypertension, hipokaksdivapmisasisarditiiar vy thinia BacnéinsiSynae co i ipeirh afproducing
hyperkalemia.

An important consideration for any therapeutic agent is whether the agent is
likely to cause a proiongation of the QT interval. A central mechanism by which
therapeutic agents may induce a prolongation of the QT interval is by blocking the

15  hERG channels in cardiac muscle. Blockage of the the hERG channe! prevents
passage of potassium ions across cardiac cell membranes resulting in prolongation
of the action potentials of the cells, which could lead to dangerous cardiac
arrhythmias, Thus, a further preferred embodiment of the present invention is to
provide MR antagonists with a reduced incidence or likelihood of blocking hERG

20 channels,

Tricyclic MR ligands are known in the art, For example WO 04/052847
and WO 05/066161 disclose tricyclic steroid hormone receptor modulators which
are useful for treating disorders susceptible to mineralocorticoid receptor or
ghicocorticoid receptor modulation. The present invention is directed to the

25 discovery that certain novel tricyclic compounds, as given by Formula (1) below,
have particular profiles of activity, as evidenced by in vitro and in vivo testing,
which indicate that they have utility in the treatment or prevention of disorders
responsive to mineralocorticoid receptor antagonist therapy. In particular,
exemplified compounds of Formula () are potent MR ligands which antagonize the

30  mineralocorticoid receptar.

Accordingly, the present invention provides a2 compound of Formula ([)



10secondary hyperaldosteronism, or Conn's Syndrome. More particularly, the invention provides a
compound of Formula (1), or a pharmaceutically acceptable salt thereof, for use in the treatment or
prevention &¥eangestisedheart failure, hypertension, diabetic nephropathypPGrghnsmaielicy disease.
In addition, the present invention provides a compound of Formula (1), or a pharmaceutically
15acceptable salt thereof, for use in therapy. In anothgr embodiment, the present invention provides
the use of a compound of Formula (1), or a pharmaceutically acceptable salt thereof for the
manufacture of a medicament for the treatment or prevention of congestive heart failure, diabetic
nephropathy, chronic kidney disease, hypertensioRy hypoéalemia, 20myocardial arrhythmia, Bartter's

Syndrome, primary or secondary hyperaldostngmn' A, Or CQnR'S %yndrome. More particularly, the
@ , Or a pharmaceutically acceptable salt

present invention provides the use of a compound

thereof for the manufacture of a medicament for th Ffmelftor prevention of congestive heart
failure, hypertension, diabetic nephropathy, or chrontekitney 25disease. In addition, the present
invention provides a pharmaceutical compgsition gomgprising a compound of Formula (1), or a
pharmaceutically acceptable salt thereof, in c ingtion with one of more pharmaceutically acceptable
carriers, diluents, or excipients. More particulmﬂf%resent invention provides a 30pharmaceutical
composition for the treatment or prevention of cégg@?stive heart failure, hypertension, diabetic
nephropathy, or chronic kidney disease, comprisingt a compound of Formula (1), or a pharmaceutically
acceptable salt thereof, in -5- combination with one of more pharmaceutically acceptable carriers,
diluents or excipients.  The present invention also encompasgwﬁlé\ﬁé)l intermediates and processes
useful for the synthesis ofiggmpound of Formula (1). 5The present invention also relates to solvates
of the compound of Formyla (I).gr pharmaceutically acceptable salts of compounds of Formula (I). As
such, Wher?used herein Lafgﬁ?egc&%%g(ﬁ%ﬁt rrg%i?sﬁggﬁ%?bffégreagﬁ%ﬂﬂid gf Formula (1), incluc(JI()es
within its meanirg any solvaigeéiiie-compoyrdHEEMEES-of phairaaceutically acceptable salts and
methods for their preparagipn are well within 10the knogv@d@e of those skilled in the art. See for

example, Stahl eta?., "HahdBEEEF BIRERRTACEA SRS ties, Selection and Use,"

VCHA/Wiley-VCH, (2002); Gogteh, P.L., 'S lection for basic drugs," | rmnal Journal of
Pharmaceutics, 33: 201-2471{198&); Be{:gﬁ et ah~“Pharmaeliical S " Journal{of Pharmaceutical
)

Sciences, 66, No. 1, (January 7); and Bastif et al. "Salt'Y5Selection fhiZation Procedures
for Pharmaceutical New Chemigal Entities," ) ()
0 ol
: N/ : i / \ (* ! {
: . N— N N = N—
H Y\ / , [
HO HO
(&) ® (g} ()
.~ , /

R* represents ~CN or —C(O)NH,, or a pharmaceutically acceptable salt
10  thereof
In another embodiment, the present invention provides a method of treating
or preventing congestive heart failure, diabetic nephropathy, chronic kidney
disease, hypertension, hypokalemia, myocardial arrhythmia, Bartter’s Syndrome,

* primary or secondary hyperaldosteronism, or Conn’s Syndrome, comprising



Organic Process Research and Development, 4:427-435 (2000). Particular mention is made of the
hydrochloride, maleate, and mesylate salts of compounds of Formula (I). The compounds of the
present inveifizi¥hgiiHave one or more chiral 20centers and may, thereFérEVe3i8t i EVariety of
stereoisomeric configurations. As a consequence of these chiral centers the compounds of the present
invention may occur as racemates, mixtures of enantibmers, and as individual enantiomers as well as
diastereomers and mixtures of diastereomers. Except where specifically set forth herein, all such
racemates, enantiomers, and diastereomers are within the scope of 25 the present invention.

Enantiomers of the 28RNSETHED GRS I parilsrecta sHoERIFGIMEUH e RSB %%r example, by
one of ordinary skiIIﬂ&.ﬁk\gaqm%m%@g@{gmcmm%@@hmmm desesrihestlyr). Jacques, el al.,

"Enantiomers, Racemates, and Resolutions”, John Wileg/

( nd Sons, Inc., 1981, as well as those
techniques providedSPeehdle BIRSTREEVSBTAR RIAAEHHS T gi@n?ﬁ?@&%@r@%@%@peciﬁc stereoisomers

and enantiomers of gampowtdarofaforilscheaivheiptepanephypoie afdrdineidskill in the art utilizing

well known techniqugs and processes, such as those disclosed by Eliel and Wilen, "Stereochemistry of
Organic -6- Corrhpo A& John Wiley & Sons, Inc., 1994, Chapter 7; Separation of Stereoisomers,
Resolution, Racemization Farti:hyhSpitetra i aniteproBideraiovmersnReldermattid Lastk Resolutions”, John

Wiey & Sons, . 49RhASEH AR HeSR SERIIASHBUIeh b SREMERn RiRaralons, and

Examples herein. F ‘ e, 'specific stereoisomers and enantiomers can be prepared by
stereospecific synthegesstisrpahaiticniaetny b BEBiKiBsrdistsnantiomerically or

geometrically enrichgd s{artiog H}%&@cﬂ@lﬁial@n@é@iﬁﬁm e EReCifieRleenaane paREeANtiomers can
be resolved and recovered bé;[%c niques such as chromatography on chir%[ tatﬂgonary phases,
enzymatic resdiBitioriSPFHABHERST A SeeiSri i PO SPYALHBR RS R3FHTE r&,, agents used for that

purpose. The terms jiRen@odl ploviase Aseshherkil Rsreamonly pieedraiginicapeinistry to denote
specific configurationiof a chiral cente{l. ‘{'he terms Q "R/S"Pr "RS"re err%c% %urraecemic configuration
Et e

of a chiral center. A rﬁ’ﬁfel f ﬂ??olﬁttles rgfa]t %nh?ggugécin()tﬁo%f) S 8?&%% Nemia r;? IS Contained in

"Nomenclature of 15@pemicoEatiapetimashRpiiripleshnuErdoticdlse(IeHFddsher thet al., eds., 1974)
As il be appreciatog. b, ape.f AR KL i elREHES SRIRG Aceybon-carbon o

carbon-nitrogen doub e bond may exist as geometric isomers. Two methods are commonly used to
designate the Specificdepsehisrealtitfieress fonyis ineafdl and the "E and Z" method depending on

whether the groups attacheg fo.deashoafibe deubledendeadiaiomsiaenbassame or different. A
discussion of geometric isomerism and the naming of specific isomers js found in March, "Advanced

n
Organic Chemistry",C%ﬁﬁ‘\‘AﬁI%@FQZ’B‘%;@’1(5@é’,}‘@ﬁﬁﬁ@?‘:&ﬁﬁﬁcﬁ%wBéam@???@%‘g rs, as well as
mixtures of individuahis@merse afe weditamplaiediandprovidedrbyeilienprseptsinudrtion. 25Compounds

Sharmacevtical comPUUoN CBIRBTEIG & EortbaLrd OFESHTTa By GhaT LSt Eally acseptable
salt thereof, in combinatientialithrbyphaaniaceatichiyimove ptatdey casseanmdituent or excipient is an
oot emoode LG P X aPmeteil opagSens e menocs o
provides the use of a compound of Formula (I), or a pharmaceutically acceptable
salt therecf . for the manufacture of 2 medicament for the treatment or prevention of
congestive heart failure, hypertension, diabetic nephropathy, or chronic kidney
25  disease.
In addition, the present invention provides a pharmaceutical composition
comprising a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, in combination with one of more pharmaceutically acceptable carriers,
diluents, or excipients. More particularly, the present invention provides a
30  pharmaceutical composition for the treatment or prevention of congestive heart
failure, hypertension, diabetic nephropéthy, or chronic kidney disease, comprising 2

compound of Formula (1), or a pharmaceutically acceptable salt thereof, in



REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY (A. Gunnar, eral., eds., 19th ed.,
Mack Publishing (1995)). lllustrative compositions -7- comprising compounds of Formula (I) include,
for examplewé seopessid of Formula (1) in suspension with 0.5% carboxyraeitrsdasihdsase, 0.25%
Polysorbate 80 and 2.7% NacCl; or a compound of Formula Tin suspension with 1% carboxy
methylcellulose and 0.25% Polysorbate 80; or a compnund of Formula | in 5suspension with 1%
carboxy methylcellulose, 0.25% Polysorbate 80, and 0.05% AntiFoam 15 10 in purified water. It will be
understood, however, that a preferred composition of the present invention comprises a compound of
Formula (1), or a phammbgetiticai) aceepiaitesaltiheol]farmpladiediniarcadisels ar tablet. A
compound of Formu&cg&e&g a composition comprising a compound of 10Formula (I) can be
administered by any route which makes the compound bioavailable, including oral and parenteral
routes,  One of skill in tRecaresgit Wppréuiateomiapparsciensive vtmeEdatestiel progissscdissolution of a

pharmaceutical ageptwhigh aig %ﬁeﬁ?@f@%@ﬁbmpﬁ%ﬁfatﬁ? agent. "Particle size" as used herein,
R ,

refers to the diameter of a particle of a 15pharmaceutical agent as determined bg conventional
techniques suchas laser lightEesEERNENARES TR VAE e rrRp SedrhEPREHEN field flow

frictéqlpation, ﬁlhotom@fr%{@ﬁma?ﬂe@m@wﬂa?mkg@dﬂlg@gdﬁﬁagfg wﬁmﬁgqgel,th%gent; hav? p;]oor

solubility, small or reduce rticle sizes n; e solution and, thus, increase absorption of the

agent. Amidon et al.‘,’%fﬁ’d‘ﬁ#%gggla%?r m@/ & g(?(f@%’fwg 88@38?%@(9 controlling

particle size arc conggriticinddsamithindiunteantillingy whtgrifdingonnicnohiZatiom|and the like. Another

method for controllir[}f?\ Raricle.size involves preparing the phar egc%uglgaz%loaggen‘;« In @.panosuspension.
€ n?pé}un {%Il)l

. . acetill LCC a
A particular embodi EIIII%’O? t?we presen mvenE‘l%n comprises a co or Formula (1), or a

pharmaceutical Bomosiivricsaempribmgsaikeshinpde ad. I fiGcrpunbe(StahikeréinTsaidbeoknpound has a
d90 particle size (i.e g size.ofwhiel Q%R e Rplicle8:are SMaler ihgnornagyal to) of less than

about 50 pm. A more particular embodiment comprises a compound of Formula | having a d90 particle

size of less than abdgtt0: rfivklAS dee FerisFigEtepatie ntIHETeREaerE/AUREA or nonhuman

m?mmal S%S»uch as ih@%@@tsc@,% TEUPJEIWYI%@Ifsﬁeﬁgre%m@,pf?%@ﬁﬁdé%ﬁ%ﬁtﬂalw: szlﬁgsgrm "pr?tti)ent“
refers to a human. The term "treating"” (or "treat’ or "treatment”) as used herein includes prohibiting,
4 SO tevery Dot }

preventing, restrainifiy, MEAYSH “o r{ban“@r% todhe SaIR 8revatity of an existing
symptom or disardesSeldaaciesnd (arementingP (eedpre \ferthatipatien tan’ Casnise dhgain refers to

oBrg e AT e 1 g g i A
mention is made of the hydrochloride, maleate, and mesylate salts of compounds of
Formula (),

The compounds of the present invention may have one or more chiral

20 centers and may, therefore, exist in a variety of stereocisomeric configurations, Asa
consequence of these chiral centers the compounds of the present invention may
occur as racemates, mixtures of enantiomers, and as individual enantiomers as well
as diastereomers and mixtures of diastereomers, Except where specifically set forth
herein, all such racemates, enantiomers, and diastereomers are within the scope of

25  the present invention, Enantiomers of the compounds provided by the present
invention can b.e resolved, for example, by one of ordinary skill in the art using
standard techniques such as those described by I. Jacques, et al., "Enantiomers,
Racemates, and Resolutions”, John Wiley and Sons, Inc., 1981, as well as those
techniques provided in the Schemes , Preparations, and Examples herein,

30 Specific stereoisomers and enantiomers of compounds of Formula I can be
prepared by one of ordinary skill in the art utilizing well known techniques and

processes, such as those disclosed by Eliel and Wilen, “Stereochemistry of Organic



5"chronic" condition, or as an "acute" episode. Thus, the treatment of disorders contemplates both
acute events and chronic conditions. In an acute event, compound is administered at the onset of
symptoms &g shigoantiged when the symptoms disappear, whereas a cimonicseorsdigin’is treated
throughout the course of the disease. 10As used herein the term "effective amount" refers to the
amount or dose of a compound of Formula (I) which, ipon single or multiple dose administration to the
patient, provides the desired effect in the patient under diagnosis or treatment, An effective amount
can be readily determined by the attending diagnostician, as one skilled in the art, by considering a

gumber of falcto(;s shLE(fjn@sLﬁhE’Smmi@ﬁlef ESnayimal ] #%isiZepagé; Sardrganeral health; the specific
isease involved; t egree or ity O j e, R -the . g{g)g&j patient; the
particular compoun Betlzlem%@%ﬁ”ﬁgﬁlﬁﬁ)ﬁb%%%?gﬁmﬁ?ﬁi%%?a%o%ﬁ\? t%%ﬁlo%&%fagﬁ%y charrébteristics of the
preparation adminisfeeuhate dddtevelgtivnt, sehactetsy dndatielnsel8f by wothabitant medications.

20When used in conjupetion. with; iheimethedsandmessohihe.RIgsaRkiRVeaEaN File compounds and

compositions of the present invention may be administered either alone, or in combination with

conventional therap&taieriyapra fifseras) st iy BRNEURsT Hidh PasFBred RuitieioWwAHIR the
compounds or compgsiiens afihempesanidavemibeaRHeaY psrpar ehaicarMnstion, the 25

compound or composition comprising Formula (I) m e administered arately or as part of a
formulation comprisifitf BRI GAREERE 588}%%%2%\%?%Eﬁﬁ?sglfbﬁﬁse%%&%ﬁsﬁ%pﬁ?f&%ﬁ%&?&s herein, the
designation™ refers tadchandibatcprdtrudel ed afdwardrdtbyfi¢timiglaneuol e page, whereas the

designation" -"um' "refers to a 3 bonq]th t rotrudeﬁag)é%cgl\{\?lb{%%t%
e

k of pl ]tgie page. 9
Summary In a first a$ ggi&:tﬁ%al% :]soxﬁfo%/rlﬂ ét tg) %%%ound 0 ouft?%?}]sﬁ %1Ogﬂ%ﬁérein, Rl and R2 each

independently fepresemystattiragem brdditowcsdlty éprestiges@moysed faCEQMBCH2- | or a direct bond;
Rl represents hydrogen Oor £, 9taHR ‘q{’tQﬁdf%nw&adse/d\hél'éfrgﬁél&glﬁmﬁfy {296 Organic

chemistry to denote specific configurations of a chiral center. The terms “(2)”,

“R/S” or “RS™ refer to a racemic configuration of a chiral center. A partial list of

priorities and a discussion. of stereochemistry is contained in "Nomenclature of

15  Organic Compounds: Principles and Practice”, (LH. Fletcher, et al., eds.,, 1974). As
will be appreciated by one of ordinary skill in the art, molecules containing a
carbon-carbon or carbon-nitrogen double boand may exist as geometric isomers.
Two methods are commonly used to designate the specific isomers, the “cis-trans”
method and the “F and Z” method depending on whether the groups attached to

20 each of the double bonded atofns are the same or different. A discussion of
geometric isomerism and the naming of specific isomers is found in March,
“Advanced Organic Chemistry”, John Wiley & Sons, 1992, Chapter 4. All such
geometric isomers, as well as mixtures of individual isomers, are contemplated and
provided by the present invention.

25 Compounds of the present invention may be formulated as part of a
pharmaceutical composition. As such, a pharmaceutical composition comprising a
compound of Formula (T), or a pharmaceutically acceptable salt thereof, in
combination with & pharmaceutically acceptable carrier, diluent or excipient is an
important embodiment of the invention. Examples of pharmaceutical compositions

30  and methods for their preparation are well known in the art. See, e.g.
REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY (A. Gennaro,
etal., eds., 19% ed., Mack Publishing (1995)). IHustrative compositions



HOHO (e)(f)(g)(h) Or -0 N/HO (1) HO 9a In a second aspect, there is provided a compound or salt
as defined above for use in therapy. In a third aspect, there is provided a compound or salt as
defined abave foeumssss the treatment of congestive heart failure, diabeti®Gepiy2opPs?ochronic
kidneydisease, hypertension, hypokalemia, myocardial arrhythmia, 13artter's Syndrome, primary or
secondary hyperaldosteronism, or Corm's Syndrome.7- In a fourth aspect, there is provided a
compound or salt as defined above for use in the treatment of congestive heart failure, hypertension,
diabetic nephropathy, or chronic kidney disease. In a fifth aspect, there is provided a
pharmaceutical compogitisngcomprsiigiFoomiroiintduisafonsdeiaed abapeud édmbination with one

or more pharmaceual AoRAIRNE GAFGIS IENAP RGBS Ia S ASa, there i

provided a pharmaceutical composition as defined above comprising a compound that is
(E)-N-(54(E)-3-FIuor&ﬁ-814-21We?ﬁﬂ@[b?é]%@?ﬂﬁ“ﬂ@Im}%étﬁwmmn with 1% carboxy
((R)-1-methy1-2-mogphqlinsridethy)-As8; dilydiehenzoimidazpbdaylidenmiean or a pharmaceutically
o e 5" Remion o T asbory e Ted OB 85 RIS, carmers: dlvents
or excipients. ,
AntiFoam 1510™ in purified water, It will be understood, however, that a
preferred composition of the present invention comprises a compound of Formula
(T, or a pharmaccutically acceptable salt thereof, formulated in a capsule or tablet.
A compound of Formula (I), or a composition comprising a compound of
10 Formaula (I) can be administered by any route which makes the compound
bioavailable, including oral and parenteral routes,
One of skill in the art will appreciate that particle size can affect the in vivo
dissolution of a pharmaceutical agent which, in turn, can affect absorption of the
agen{. “Particle size” as used herein, refers to the diameter of a particle of a
15  pharmaceutical agent as determined by conventiénal techniques such as laser light
scattering, laser diffraction, Mie scattering, sedimentation field flow fractionation,
photon cotrelation spectroscopy, and the like. Where pharmaceutical agents have
poor solubility, small or reduced particle sizes may help dissolution and, thus,
ncrease absorption of the agent. Amidon et al., Pharm.Research, 12; 413-420
20 {1995). Methods for reducing or controlling particle size are conventional and -
include milling, wet grinding, micronization, and the like. Another method for
controlling particle size involves preparing the pharmaceutical agent in a
nanosuspension. A particular embodiment of the present invention comprises a
compound of Formula (I), or a pharmaceutical composition comprising a compound
25 of Formula (T, wherein said compound has a d90 particle size (ie. the size of
which 90% of the particles are smaller than or equal to) of fess than about 50 um. A
more particular embodiment comprises a compound of Formula I having a 490
particle size of less than about 10 pm.
As used herein the term “patient” refers to a human or nonhurnan mammal
30  such as a dog, cat, cow, monkey, horse, or sheep. More particularly, the term
“patient” refers to a fruman. The term “treating” (or “treat” or “treatment”) as used

herein includes prohibiting, preventing, restraining, slowing, stopping, or reversing



9b Particular Aspects of the Invention The following lists set out several groupings of particular
configurations, substituents and variables for compounds of Formula a). It will be understood that
compoundswef teegrusies{l) having such particular configurations, substitudatsoEBoainkes, as well as
methods, uses, and compositions comprising such compounds, represent particular aspects of the
present invention.  Thus, a particular aspect of the gresent invention is one wherein the compound of
Formula (I) is one wherein L, R3 and R4 have any of the values defined herein, and: R' represents
hydrogen and R2 represents hydrogen or fluoro; or RI represents fluor() and R2 represents hydrogen
or fluoro; or Fe représgmisrassitrogerverifiudioandtiR@ seppresent dikyrdeo B lomR| represents hydrogen

or luoro and R renrgsepis, R0 0L RN B2 easindspendanibrr EsaRigiooen. L5Additional

particular aspects of the preSent invention are those wherein the compound of Formula (1) is one
wherein RI, R2, R3,Tetidimagheniahintingriindncidines TeRasmperals, SHmon sepreslntASCH(CH3)-CH2-
or a direct bond; or Lrepresaptssife Bl &iid Gkign, pRydoleREeFaNRiIadachRARd:s o Additional

particular aspects of the present invention are those wherein the compound of Formula (1) is one

wherein RI, R2,5_ anel B Ap8HE AT ierbalGRE orindet hBreiHeAra a3 F5pi¥Eents hydrogen or a
group of the formula:HiehbMtel biie Bl OelefikedftiEhronic conditions. In an acute event,

compound is administered at the onset of symptoms and discoﬁtinued when the
symptoms disappear, whereas a chronic condition is treated throughout the course
of the disease.

10 As used herein the term “effective amount™ refers to the amount or dose of a
compousd of Formula (I) which, upon single or multiple dose administration to the
patient, provides the desired effect in the patient under diagnosis or treatment, An
effective amount can be readily determined by the attending diagnostician, as one
skilled in the art, by considering a number of factors such as the species of

15  mammal; its size, age, and general health; the specific discase involved; the degree
or severity of the disease; the response of the individual patient; the particular
compound administered; the mode of administration; the bicavailability
characteristics of the preparation administered; the dose regimen selected; and the
use of any concomitant medications.

20 When used in conjunction with the methods and uses of the present

‘invention, the compounds and compositions of the present invention may be
administered either alone, ar in combination with conventional therapeutic agents
used to treat the particular disorder or condition. Where the compounds or
compositions of the present invention are used as partlof a combination, the

25  compound or composition comprising Formula (T) may be administered separately
or as part of a formulation comprising the therapeutic agent with which it is to be
combined.

Ag used herein, the designation * —ms “ refers to a bond that protrudes
forward out of the plane of the page, whereas the designation “ il “referstoa

30  bond that protrudes backward cut of the plane of the page.



-10- (b)R3 represents a group of the formula -f--NONN-N-

" (@)(b)(c)

S5Further particular aspects of

the present invention are those wherein the compound of Formula (1) is one wherein RI, R2, L and R4
have any of the values defined herein, and: (a)ie represents hydrogen or a group of the formula -12-

HOHOHO (i)(k) Or 9

Summary

In a first aspect, there is provided & compound of the formula

wherein,

Vi .
and R” each independently represent hydrogen or fluore;
L represents ~(CHylo— | —CH{CH;)~CH.— , or 2 direct bond;

3
R represents hydrogen or a group of the formula:
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or N— - and
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R* represents ~CN or ~C(O)NEHL,

or a pharmacettically acceptable salt thereof.



;orHO (m) HO (n) (c)R3represents a group of the formula Additional particular aspects of
the present invention are those wherein the compound of Formula (1) is one wherein RI, R2, L and R3
have any of the values defined herein, and 10(a)R4 represents -CN or (b)R4 represents -C(0)NH2.

-13- 12.1 and R2 each independently represent Bydrogen or fluor(); L represents -CJ(CH3)-CH2- or a

direct bond; R%ﬁ%%@é‘&{&%@@{o&%@ W SQUP 0 L(grflr?pg%rn@l&a salt as defined above for use in
therapy. :

In a third aspect, there is provided a compound or salt as defined above for use in
the treatment of congestive heart failure, diabetic nephropathy, chronic
kidneydisease, hypertension, hypokalemia, myocardial arrhythmia, Bartter’s
Syndrome, primary or secondary hyperaldosteronism, or Conn’s Syndrome.

In a fourth aspect, there is provided a compound or salt as defined above for use in the

treatment of congestive heart failure, hypertension, diabetic nephropathy, or chronic kidney

disease.

In a fifth aspect, there is provided a pharmaceutical composition comprising a compound

or salt as defined above in combination with one or more pharmaceutically acceptable carriers,

dituents, or excipients.

In a sixth aspect, there is provided a pharmaceutical composition as defined above comprising a
compound that is (E)-N—(S-((E)-B-Fiuoro—(SH—dibenzo[b,e}oxepin—I 1 ~ylidcnemethyl)»1'-
((R)-1-methyl-2-morpholin-4-yl-ethyl)-1,3 -diiydrobenzoimidazol-2-ylidene)-urca, or a
pharmaceutically acceptable salt thereof, incombination with one or more

pharmaceutically acceptabie carriers, diluents, or excipients.



/VVANON-\\ (a)(b) N/O-\+/0Or; and HOHOHO (e)(1)(1) 5R4 represents -CN or -C(0)NH2, or a
pharmaceutically acceptable salt thereof ~An even more particular aspect of the present invention is
one wherein the compound of Formula (I) is one wherein, Rl and R2 each independently represent
hydrogen or fluoro; 10L represents -CH(CH3)-CH%: or a direct bond, provided that when L represents
-CH(CH3)-CH2- , then R3 represents a group of the formula: /\ --1-N' and when L represents a
direct bond, then R3 represents a group of the formula: 15

Particular Asnects of the Invention

The following lists set out several groupings of particular configurations,
substituents and variables for compounds of Formula (T). 1t will be understood theat
compounds of Formula (1) having such particular configurations, substituents or

5  varizbles, as well as methods, uses, and compositions comprising such compounds,

represent particular aspects of the present invention,

Thus, a particular aspect of the present invention is one wherein the
compound of Formula (T) is one wherein L, R® and R* have any of the values
defined herein, and:

10 (2}  R'represents hydrogen and R? represents hydrogen or fluoro; or

(o) R represents fluoro and R? represents hydrogen or fluoro; or
(©) R’ represents hydrogen or fluoro and R” represents hydrogen; or
@ R represents hydrogen or fluoro and R represents fhuoro; or
(¢)  R'and R? each independently represent hydrogen.

15 Additional particular aspects of the present invention are those wherein the
compound of Formula (I) is one wherein R, R?, R’, and R* have any of the values
defined herein, and:

{a) L represents ~CH(CH3)~CHj— or & direct bond: or
(b) L represents —CH(CH;)~CHy—:; or

20 (c) L represents a direct bond,

Additional particular aspects of the present invention are those wherein the
compound of Formulz (T} is one wherein R', R*, L and R have any of the values
defined herein, and:

(a) R’ represents hydrogen or a group of the formula

O +0O- %w—@

25 (&

w:%



20 -14-rTh N-CH3 CN-CH, (a)(b) O R4 represents -ON or -C(0)NH2, or a pharmaceutically
acceptable salt thereof. 5Additional particular aspects of the present invention are provided by the
compoundsvaf Beprorfizsd(a) and Formula I(b) below. It will be understood R&dEBHHFEEAYS of Formula
I(a) and Formula I(b), as well as methods and uses employing such compounds, and compositions
comprising such compounds represent particular furth@r aspects of the present invention. 10Thus, a
particular aspect of the present invention is provided by a compound of Formula I(a): -15- Formula
1(a) wherein, Rl and R2 each independently represent hydrogen or fluoro; L represents
-CE-1(0-13)-CH2- or a direct bond; and R3 represents hydrogen or a group of the formula:

R® represents a group of the formula

.:m e *Cw—ﬂ

(@) (b)
KY O
i ¥ : N"""""' ¥ :
HO HO
()
5 Further particular aspects of the present invention are those wherein the

compound of Formula (I) is one wherein R' R% L and R* have any of the vaiues

defined herein, and:
a) R’ represents hydrogen or a group of the formula



or a pharmaceutically acceptable salt thereof An even more particular aspect of the present
invention is a compound of 10Formula 1(a), wherein Rl and R2 each independently represent
hydrogen owitumw;@pgkl represents -CH(C13)-C142- or a direct bond, prRAVIIEERepEIAHEN L
represents -0-1(CH3)-CH2- , then R3 represents a group of the formula: / 0 \ 15and when L represents
a direct bond, then R3 represents a group of the formula; -16- or a pharmaceutically acceptable salt
thereof. Yet another particular aspect of the present invention is provided by a 5 compound of
Formula 1(b): R3NL-N k-NH )r--NH2 0 Formula I(b)
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(b} R’ represents a group of the formula



wherein, Rl and R2 each independently represent hydrogen or fluorot 10L represents -CH(CH3)-CH2-
or a direct bond; and or a pharmaceutically acceptable salt thereof. An even more particular aspect of
the preseniwivesntiessss4 compound of 5SFormula I(b), wherein R1 and R2PEEERIHESpEdently
represent hydrogen or fluoro; and L represents -CH(CH3)-CH2- or a direct bond, provided that
when L represents -CH(C13)-CH2-, then R3 represemts a group of the formula: /' 10and when L
represents a direct bond, then R3 represents a group of the formula: /CH, ,N -CH3 ,00 , HO
(a)(b)(c)(d) or a pharmaceutically acceptable salt thereof. In addition, a most particular aspect of
the present invention is proyidedy those/t:ompounds of F rmula (Igszgzjg herein, most
particularly (E)-N-(5- 1 5((Ej=8-Flupro-6+-Ndiberzofh, e] chyli methyl)-1-(
1-methyl-azetidin-3- y1)-1,3-dikydro- benzbiridazol-2- ylldene) cyanamid -(54(E)-(3-
fluorodibenzo[b,e]oxepin-11(6Hjpylidene)méthyl)-143S,45)<4-hydroxy- (d)
Imethylpyrrolidin-3-y1)-1H-benzo[d]imidazol-2(3F1)-ylideneicyanamide; (E)-N-(5-
((E)-(3-fluorodibenzo[b,e]oxepin- 1% ylidene) ;j)/l) 14(35,45)-4- hydroxy 1-

20methylpyrrolidin-3-y1)-1H-| idazQ yli icfana |de,m € te fE) N-
[5-((E)-3-Fluoro-6H- dlbenzo[b epin-11- yI| hyl) -1-{(354 5P 4- ' ‘
hydroxy-1-methyl-pyrrolidin-3-y1)-1,3-dihydro-benzoimidazol-2-ylidenel-ure
(E)-N-(54(E)-3-Fluoro-6H-dibenzajb,e]oxepin-114ylidenemethyl)£-((R)-1- HO
methyl-2-morpholin-4-yl-ethyl)-1,3-dihydro-benzoimidazol-2-ylidene)-urea; or
25(E)-N-(54(E)-3-Fluoro-6H- dlbenzej_p eloxepin- 1&Hylldenemeth¥n 1475, 8aR)-

TS

(i)

| HO @) RO

(¢) R represents z group of the formula
v/ Y i , N/\L \ N 73
"%"N O _':‘_CN'_CH‘,’ -IhCl or n:;es-
\ / 3 ' 1 ""'/O 1
(&) (©) )

Additional particular aspects of the present invention are those wherein the
compound of Formula (I) is one wherein R', R’ L and R® have any of the values
defined herein, and:

10 {a)  R'represents ~CN or
®) R* represents —C(O)YNH.

A more particular aspect of the present invention is one wherein the

compound of Formula (1), is one wherein,



hexahydro-pyrrolo[2,1-c][1,4]oxazin-7-y0-1,3-dihydro-benzoimidazol-2-ylidene)- urea. The compounds
of formula () may be prepared by a variety of procedures known in the art as well as those described
in the Schewmgspivegasations, and 5SExamples below. However, the followingwhscsssienis not
intended to be limiting to the scope of the present invention in any way. For example, the specific
synthetic steps for each of the routes described may g combined in different ways, or in conjunction
with steps from different schemes, to prepare additional compounds of Formula (1). The products of
each step in the schemes below can be 10recovered by conventional methods including extraction,
evaporation, precipitatior’ @lﬁtﬂlﬁmmbwdﬁﬁﬂgﬁmsimuh@ﬁmgemwmfi@aﬁon and the like.  The
substituents, unless othe wise indica E%I‘d( preVIOLCJlS efined. The reagents and starting
materials are readily avattd] B?éei?)ngne 8%$ § skilf {H‘Y@ ther necessary reagents and starting
materials may be made Iy pieeeduissvhichrargsglectad ﬂ‘mmis.tandard techniques of organic and
heterocyclic chemistry, techniques which are analogous to the syntheses of known structurally similar
compounds, and the proce@y_reé_éscrlbed i the Preparations.and Exam high follow, including
any novel procedures. As uSeWn tﬁ*— llowing terms h the meanings indigated: "MeOH"
20refers to methanol; "EtOH" refers to ethanol; "EtOAc" refers to ethyl acetate; "DMF" refers to
dimethylformamide; "DMSO" refés to dlmethy‘/‘l’)sulfomde "TFR" refers to trifitibroacetic acid; "THE®
refers to tetrahydrofuran; "DEAD" refers to diethyl azodicarboxylate; "DIAD" refers to diisopropyl
diazodicarboxylate; "NBS" refers to bromosuccmlmlde "MCPBA" reféers to m-
25ehloroperoxybenzoic acid; " r "mog" refers to terr- butoxycar I""rac" refers to racemic;
"prep" refers to preparatlon@fers {3 exam Pﬂa and "HBLC" rété(s t¢ high:gedformance liquid
chromatography. X-NR, (1) -¥9 Scheme

(i)
5 R* represents —CN or —C(O)NH,, or a pharmaceutically acceptable salt
thereof.
An even more particular aspect of the present invention is one wherein the
compound of Formula (T) is one wherein,
Rll and R” each independently represent hydrogen or fluorc;
10 L represents —CH(CH3)-CH,~ or a direct bond, provided that when L
represents —CH{CH;)-CHy- , then R’ represents a group of the formula;

! 1

N 0
N/

and when L represents & direct bond, then R’ represents a group of the

formuta:

20



(2) NO2 X represents for example: (-1 -N N74 boc-N) (A,B each independently Arepresent H or Me)
Formation of an intermediate of formula (3) can be carried out in accordance with reactions as
depicted inv8ohemessssin Scheme 1, an amine of formula (1) is reacted witl/g$3008r8s29fluoro-2-
nitro-benzene in a nucleophilic aromatic substitution (SNAr) displacement to provide an
amino-nitro-phenyl bromide of formula (3). For example, the amine (1) can be reacted in an inert
solvent such as ethyl acetate, THF or a protic solvent such as ethanol, at room temperature to the
reflux temperature of the solvent. 10 It will be appreciated by the skilled artisan that compounds of

formula (1) can be readily prepaxed by meth similar to tho ribed %ifr%r by using
procedures that are estabT@WTﬁéaartﬁF@&ﬁ%le, a'méthyl substitoted of unsubstituted
morpholinyl ethylamine can be obtained by mesylation of a N4tenbutylcarboxyl ethanolamine and
subsequently the mesylate dispjaced with 15morpholine to give the desiretPmarpholinyl-ethylamine. It

will also be recognized that the selection and use of suitable protecting groups is well known and
appreciated in the art (see for example, Protecting Groups indOrganic Synthesis, Theodora Greene

(Wiley-Interscience)). Amine aality sych a8that pres :t\ijnfﬂh‘e azetidi oiety, can be
deprotected and 20 subseeqently further<eacted to give-gddifional compsynds pithe i(\vention. For
example, following deprotectigh of 344-brorio-2-nitro-phen arnino)-azetidineedrboxylic acid tert-butyl

ester under acidic conditionsthe azetiding'@€an be -20- aH@y!gqted ina redlwd%g amination, such as
with formaldehyde, to give the({?\l-methyl azetﬁ%inyl intermediate.

O <0 Q) K
‘ o ° 4O
° ) i )

H
(k) {1

-w-—Cf/\ d
or ; ; 2N
y, /0

m)

R* represents ~CN or —C{O)NH;, or a pharmaceutically acceptable salt
thereof.

5 Additional particular aspects of the present invention are provided by the
compounds of Formula 1{a) and Formula I{b} below. It will be understood that
compounds of Formula I{2) and Formula I(b), as well as methods and uses
employing such compounds, and compositions comprising such compounds
represent particular further aspects of the present invention.

10 Thus, a particular aspect of the present invention is provided by a compound

of Formula I(a):



Scheme 2 Br Formation of an intermediate of formula (9) can be carried out in accordance with
reactions as depicted in Scheme 2. In Scheme 2, Step 1, an ester of formula (4) is reduced to an
alcohol of fevmubas(edss@Nne skilled in the art will recognize that there are apqumisesosfedSrrethods for
reducing esters. For example, the ester of formula (4) is treated with lithium borohydride at about O to
40 C in an inert solvent, such as diethyl ether. Quenching of the reaction after 10 min allows isolation
of the alcohol azide of formula (5) which is subsequently reduced to the amine in Step 2. The reduction
of the azide can be performed using catalytic hydrogenation conditions common in the 15art to obtain
the amino alcohol of formula (6). In Scheme 2R:Step 3, 4-bromo-1-fluoro-2-nitro-benzene
undergoes a SNAr reaction with an amine of fggmuyla (8 TSP vic?:usly described for Scheme 1, In
Step 4, the phenyl-amino-pyrrolidine of formula - £d using acidic conditions, such as
hydrogen chloride or trifluoro acetic acid, and the p lized in Step 5 to an oxezinone of
formula (8). The cyclization is achieved using chlogeagetyl chloride in the presence of an inorganic
base such as sodium hydroxide with the pkb\r\naint e between pH = 10 to 12. The reaction is run in
a mixture of THF and water (about 1:1). L-IR Sgheme 2, Step 6, an oxezinone of formula (8) is
reduced to an oxezine 250f fonnula (9). The carb)aﬁ%functionality is reduced using
borane-tetrahydrofuran -21- complex or borane\fQimethylsulfide complex in an inert solvent, such as
THE, at a temperature of about O C to the reflux texmperature of the solvent. Chiral pyrrolidines of
formula (4) are known in the art and can be readily prepared from stereo jsomers of 3-hydroxyproline.
The alcohol can be mesylated 5and then displaced with inversion of STBRD Emistry to the azide,
Alternatively the alcafietgtan be converted to the bromide under Mitsinobu conditions using carbon
_tetrab_romide with invgrsigma%ﬂgre&cig (gni%% {IO”rOV\il“gscfi:nl%Yl s&#gse%%t,rl%to r%i,splacer_nent vv_ith az?de ion to
invert the stereochemistry again. Frans yaroxygroiﬂ)ne can be converted to the cis configuration by
treatment with agetic 10dcidpansdnacefid@ihydiitle at 9dC(Chod;kedins and C. E. Sehafmeister J. Org.
Chem., 2005, 70, 9002-9&9{8%;%85&%&%3 -22- Formﬁéi%gmofl an intermediate of formula (14a & b)

or (17a & b) can be carried SHLIN ACCOIOAnce With reactions as 8épicted in Scheme 3.
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or & pharmaceutically acceptable salt thereof,
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An even more particular aspect of the present invention 1s a compound of
10 Formula I{a}, wherein
R' and R? each independently represent hydrogen or fluoro; and
L represents —~CH(CH;)-CH,— or a direct bond, provided that when L
represents ~CH(CH1)-CH,—, then R’ represents a group of the formula:
N C
\_/

' H

15 and when L represents a direct bond, then R® represents a group of the

formula:



In Scheme 3, Step la, the racemic trans-hydroxy benzylamine pyrrolidine of formula (10) can be
resolved using an appropriate enantiopure acid. For example, 5treatment with (+)-mandelic acid in an
appropriatexspbaenossieh as acetonitrile with about 1% water, results in tHRCIEISERFIEEU stallization of
the (S, S) hydroxy benzylamine (+) mandelate salt in very high diastereomeric excess. The salt can
then be neutralized by utilizing an appropriate base,-$gch as aqueous potassium carbonate. In Step Ib,
the mother liquor from the above recrystallization, now 10enriched with the (R, R) enantiomer, can be
evaporated and treated with (-) mandelic acid in a solvent such as acetonitrile containing about 2.5%
water to obtain purified (R, R)"€hantiomer, In/&tep 2, subject ,@h@“ﬁree}(s )QC)F'(R,R) hydroxy
benzylamine to standard "ﬁ%k@ﬂ'\“&?ﬁbn condjtinsising t‘:‘o@n catalvfs‘rgzwch:as palladium on
15carbon, in a common solvent, such as methanol, n-butanoj, or tetrahydrofuran, affords the
corresponding (S, S) or (R, R)dydroxylamine®in Scheme 3%tép 3, the SI¥Ardieaction of the resulting
aminopyrrolidine of formula (12a or b) with 4-bromo-1-fluoro-2-nitro-benzene provides a
phenylaminopyrrolidine of formula (13a or b). The reaction can be carried out in the 20presence of an
appropriate base such as ;@a‘?ﬁme in mfion salve Eucﬁ*és tetrgh furan or ethyl acetate.
In Scheme 3, Step 4, the ‘¢hirality of theshydrokyl groupiofthe|pyrrolidine-pfformuta{13a or b) is
converted from (S, S) and (R;'R) to (3R, 4% and (3S, 4R§;spectively. Thexhiral conversion is
effected using a Mitsunobufeaction. The r2555§f)killed artisa*r'pw@ recognize that there are various
Mitsunobu conditions employé%l in the art. For example, the alcohol of formula (I 5a or b) is dissolved
in a suitable anhydrous solvent like THF, CH2C12, toluene, etc., and treated with a trialkyl- or
triarylphosphine such-as Me Bu3P, or 13113P.and a dialkylazo-dicarboxylate, suich as DEAD or
DIAD. 30In Step 5, the 3$;-4R and-45, ,3%@%0&/ ester offformula (IGa’or b) ishydrolyzed to
the hydroxypyrrolidine of for (16a or b). H1e olysis is omplis ushYy an inorganic
base, such as aqueous littham hydroxide, in a Sq!vent such as methanol, at 0 to %9 C for 4 to 24 h.

In Scheme 3, Step 6, the four Yiastereomeric amfhopyrrolidines of formula (13a or' b) and formula (16a
or b) are deprotected using acidic conditions. The 5deprotection of tert-butoxycarbonyl groups is
well-known in the art. Preferred conditions use_an igert solvent, such as ethyl acetate treated with
anhydrous hydrogen chloride gas at aboul,?D.@ 10 jnm. The resulting NH-pyrrolidine is subjected to
reductive amination conditions to obtain an N methylpyrrolidine of formula (14a or b) and formula (17a

or b). The reaction is preformed in an inert -

or a pharmaceutically acceptable salt thereof.

Yet another particular aspect of the present invention is provided by a

5  compound of Formula I(b):

Formula I(b)

wherein ,

R! and R%each independently represent hydrogen or fluoro;

10 L represents ~CH(CH3)-CH,~ or a direct bond; and



10solvent, such as dichloromethane, THE, or preferably acetonitrile and treated with aqueous
formaldehyde. The reaction is treated with a reducing agent, such as sodium borohydride, sodium
cyanoboroi@lriele/085 Breferably sodium triacetoxy borohydride at about &¢3A5&4PEF4Y 24 hours. It
will be appreciated by the skilled artisan that compounds of formula (10) 15can be readily prepared by
methods similar to those described herein or by using7procedures that are established in the an. For
example, 3-pyrroline can be protected with di-tert-butyl dicarbonate and subsequently brominated in
DMSO/water to provide the trans-3-bromo-4-hydroxypyn;olidine (A. Kamal et. al. Tetrahedron Lea.,
2004, 45, 8057-8059; A. Rarispiceenti|s TetxpebedpmElmmetry, 202006, 17, 2876-2883). Reaction with
sodium hydroxide forms the epoxide in sjtu which is reacted with benzylarnine to provide the racernic
trans-hydroxy benzylarningﬁbgdi b of fdfmula(1g). | @.moreogir%hg epoxide can be
formed directly and isolated Yy gXidatio 3-pyrroli ith MCPBA. In er synthetic
alternative 2,4-dichloro-2-butene can g reacted with iert-butyl 25carbamate to generate
1-Boc-3-pyrroline (Y. Tsuzuki{aget. al. Tettghedron Asymmetry, 2001, 12, 2989-2997). The t-Boc
protecting group can be avoided altogether by doing the reaction with methylamine in place of
tert-butyl carbarnaté?rSBWQQ&ﬁ?@f‘?%ﬁ% %‘ﬁ@)??de with MCPBA and opening with ammonia
gives racemic trans-4-amine-dvaaatiow-pytialiding@al oThipeambavestied witmbound of
30bromo-4-fluoro-3- itro%]? en%to‘ ive a compound of formula (I 4a & b) as a mixture of
enantiomers. RSSOI[%%“ %?S“ér%%%omeric mixture can be accomplished by methods known in the
art such as chiral HPLC oR!ecr/Rtaiiibatiénendentiyivpaseathvingeanafustaaidally pure carboxylic acid,
such as with D-(-) or L-(f)-,tartaric aci hedike. Schem . tep 1, a trans
amino-hydroxy-piperidine 1dfr BT 5?@@8@%%%%@%%&%?&0&% régb%%v}}/iﬁt iéﬁz%ldehyde to provide
a benzylamino piperigiresokforTuHFNHFherskiietastisanagibrpobgrifertkt there are various 1 0
conditions which are suitable to achieve a reductive amination. For example, the reaction proceeds in
a solvent such as ethanol, in the presence of ace_}j_q\]égia\@nd a reducing agent, such as sodium
cyanoborohydride.  In Scheme 4, Step 2a, the racemi¢ trans-hydroxy benzylamine piperidine of
formula (19) is resolved using an appropriate enantiopure acid. For example, 15treatment with
(+)-tartaric acid in anmlpgiroptiatpreehentisethad, dtetdnitepeswith apoup sHhoatenlesults in the
selective recrystallization of the (3R, 4R) hydroxy benzylamipeﬁ(;—) tartarate salt of formula (20a) in

very high diastereomerig ¢ S. §ir,qj,|, rly, 1 Step 2 €'¥acemic mateparl i regrystallized with (-)
tartaric acid in a solvent s s dcetonitrilg contHining ut 26%WvateN btain purified (S,
20enantiomer of formula (20b). ud

>

(8) ) (c) @

or a pharmaceutically acceptable salt thereof.

In addition, a most particular aspect of the present invention is provided by
those compounds of Formula (1) exemplified herein, most particularly (E)-N-(5-
15 {{E)-3-Fluoro-6H-dibenzo[b,eJoxepin-11-ylidenernethyl)-1-(1-methyl-azetidin-3-
y1}-1,3-dihydro-benzoimidazol-2-ylidene)-cyanamide; (E“}N—(S—({E)—G—
fluorodibenzolb,ejoxepin-11(6H)-ylidene)methy)-1-((35, 45)-4-hydroxy-1-
methylpyrrolidin-3-y1)- 1H-benzo[ dJimidazol-2(3H)-ylidene)cyanamide; (E)-N-(5-
((E)-(3-fluorodibenzo[b,e]oxepin-11(6H )-ylidence)methyl)-1-((38, 45)-4-hydroxy-1 -
20 methylpyrrolidin-3-yD)-1H-benzo[ d]imidazol-2(3H)-ylidene)cyanamide maieate;
{(E)-N- {5—((E)—3—Fiuoro—ﬁH—éibenzo[b,e]oxepin-1 1-ylidenemethyl}-1-((35,45)-4-
hydroxy-1-methyl-pyrrolidin-3-yi}-1,3-dihydro-benzoimidazol-2-ylidene]-urea;
(E)-N-(5-((E)-3-Fluoro-6H-dibenzo[b,eJoxepin-11-ylidenemethyl)-1-((R)-1-
methyl-2-morpholin-4-yl-ethyl)-1,3-dihydro-benzoimidazol-2-ylidene)-urea; or
25  (E)-N-{5-((E)-3-Fluoro-6H-dibenzoib,ejoxepin-11-ylidenemethyl)-1-((7S, 8aR)-



-25- In Step 3, the resolved 3R, 4R and 3S, 4S enantiomers of formula (20a) and (20b)

respectively, can be debenzylated by catalytic hydrogenation to the aminohydroxy piperidine of

formula (2w ondp4eiEadly the tartrate salt is washed with a solution of soBtEIUSIOpStASEIIM
carbonate, followed by extraction with 5dichloromethane to remove the tartaric acid. The free

benzylaminc is then hydrogenated in an inert solvent guch as ethanol or methanol using 5 or 10%

palladium on carbon.

In Scheme 4, Step 4, the aminohydroxy piperidine of formula (21a or b) is
converted to the phenyl-aminopiperidine of formula (22a or b) as in Scheme 3, Step 103.

In Step 5,

the phenyl-aminopigessingwoefsioonilld (22 o) is teprofedizd anstaikylate bl viettuctive amination to
the N-methyl piperidtilpet;l of formula (23a or b). The reaction proceeds in a solvent mixture of acetic acid
and water in the presence of formaldehyde and a reducing agent, such as sodium cyanoborohydride.
154-Amino-3-hydroxy pipefi¢liesonfsrehfiamuls | amaxienisireh v vaitycdmivecfasdily prepared
from the 4-piperidong, Ry rRANCHER IS BN NPT AiNGRFRIC fteghwithgosPr other protecting

group. The alcohol can be mesylated, eliminated to the olefin, and then g:%oxidlze_d to provide racemic

cis-7- oxa-3-azabicyR ISRl PRREptERR L atisielfe g dRevesii wddsie

& B 9EXREINE

20subsequently opegegt\witheazigie graten iavehiast ihenirang, regiechepnisiny sfet@iyed by reduction to

obtain the amino hy

10

20

25

R R T G SRRt e oo e DO commba i differont Wy

or in conjunction with steps from different schemes, t¢ prepare additional
compounds of Formula (T). The products of each step in the schemes below can be
recovered by conventional methods including extraction, evaporation, precipitation,
chromatography, filtration, trituration, crystallization, and the like.

The substituents, unless otherwise indicated, are as previously defined. The
reagents and starting materials are readily availabie to one of ordinary skill in the
art. Other necessary reagents and starting materials may be made by procedures
which are selected from standard techniques of organic and heterocyclic chemistry,
techniques which are analogous to the syntheses of known structurally similar
compounds, and the procedures described in the Preparations and Examples which
follow, including any novel procedures,

As used herein, the following terms have the meanings indicated: “MeOH”
refers to methanol; “EtOH” refers to ethanol; “EtOAc” refers 10 ethyl acetate;
“DMF” refers to dimethylformamide; “DMSO” refers to dimethy! sulfoxide;
“TFA” refers to trifluoroacetic acid; “THFE” refers to tetrahydrofuran; “DEAD”
refers to diethyl azodicarboxylate; “DIAD” refers to diisopropyl
diazodicarboxylate; “NBS” refers to N-bromosuccinimide; “MCPBA” refers to m-
chloroperoxybenzoic acid; “tBOC” or “boc™ refers to tert-butoxycarbonyl; “rac”
refers to racemic; “prep” refers to preparation; “ex” refers to example; and “HPLC”

refers to high performance liquid chromatography.

R'22



PCT/US2008/085997 R3/0)(31) )1-N Nr"NH NO2N -N412 Formation of a compound of formula
(30) or (31) can be carried out in accordance with reactions as depicted in Scheme 5. An appropriate
compound o fasamaa 24) is one in which Rl and R2 are as defined in Rgramuéaddy,adyX = Bror I
Appropriate compounds of formula (30) or (31) are ones in which R1, R2, L, and R3 are as defined for
Formula (1). In Scheme 5, Step 1 and Step 2, a hﬂlg)ﬂbenzyl phenylether of formula (24) undergoes
a double Heck coupling with methyl or ethyl acrylate to give a vinyl 10ester of formula (26) with E
regiochemistry at the double bond. The reaction takes place in the presence of a palladium catalyst,
such as tetrakis(triphenylphosphine)palladium (0), galladigm chloride, or preferably, palladium (II)
acetate. A base is included such as triethylamine, potassium carbonate, sodium acegtate ora
guaternary ammonium salt, such as tetra-n ufylammonlum bromide. The rg¢agtion proceeds in an
inert solvent such as DIVAfNey N- methylp. ine at a temperature of abgut 48.4¢ 130 C for 4 to 48 h
to give an intermediate of formula (25). It i ated and subsequently cyclized ot he vinyl ester of
formula (26) under essentially similar reactlon conditions at higher -27- tempa)ature such as 90 to
150 C. Alternatively, the halobenzyl phenyl ether of formula (24) can be taken directly to the vinyl ester
of formula (26) in one petwithqutisglatian of thé“'hﬁermedlate of fonnula (25) at a temperature of about
90 to 150C 5In Step 3, the ester of formula (Zé\iusmydrolyzed and converted to the vinyl bromide of
formula (27). The hydrolysis can be accomplished using an inorganic base such as potassium,

sodium, or preferably, lithium hydroxide. The festling carboxylic acid can be subsequently treated
with acetic acid and NBS at a temperature of 40 t6 100C. 10In Schemes, Step 4, the vinyl bromide of
formula (27) is converted to a vinyl pinacol borgrate of formula (28). The vinyl bromide is reacted with
bis(pinacolato)diboron in the presence of a baSe, h as ceS|um orp otassium acetate, in an inert
solvent such as THE, I,2-dimethoxyethane, or prefarghly, ],,e ree (e %m%‘é/ reaction is conducted at a
temperature of about 40 C to the refluxing 15temperature of the solvent in the presence of a palladium
catalyst, such as 1,1'- bIS( hen Ipl;tos rroc > m (II dichloride (Pd2(dPPOC12), or
alternatively tris(dibenzylide ggég ondydipd % atr% f%ﬂ?@(@%gﬁ)b?n hrél%f’élgé‘nce of a phosphine
ligand, such as tricyelsheitgtpvogpleicéons as dﬁplc’{ed in Scheme 1.

5 In Scheme 1, an amine of formula {1) is reacted with 4-brome-1-fluoro-2-

nitro-benzene in a nucleophilic aromatic substitution (SNAr) displacement to
provide an amino-nitro-phenyl bromide of formula (3). For example, the amine (1)
can be roacted in an inert solvent such as ethyl acetate, THF or a protic solvent such
as ethanol, at room temperature to the reflux temperature of the solvent.

10 It will be appreciated by the skilled artisan that compounds of formula (1)
can be readily prepared by methods similar to those described herein or by using
procedures that are established in the art. For example, a methy! substituted or
unsubstituted morpholinyl ethylamine can be obtained by mesylation of a N-tert-
butylcarboxy! ethanolamine and subsequently the mesylate displaced with

15 morpholine to give the desired morpholinyl-ethylamine,

It will also be recognized that the selection and use of suitable protecting
groups is well known and appreciated in the art (see for example, Protecting
Groups in Organic Synthesis, Theodora Greene (Wiley-Interscience)). Amine
functionality such as that present in the azetidinyl moiety, can be deprotected and

20  subsequently further reacted to give additional compounds of the invention. For
example, following deprotection of 3-(4-bromo-2-nitro-phenylamino)-azetidine-1-

carboxylic acid rert-butyl ester under acidic conditions the azetidine can be



In Step 5, the vinyl pinacol boronate of formula (28) is reacted with an 20aminonitrobromobenzene
under Suzuki cross-coupling conditions to provide the vinylnitrophenyl intermediate of formula (29).
The skilled grtisagowikegcognize that there are a variety of conditions usefy-farfagiitating such
cross-coupling reactions. The reaction conditions make use of a suitable solvent such as
dioxanelwater or THF/methanol. The reaction is acco_%qlished in the presence of a 25base such as
sodium carbonate, sodium methoxide, potassium carbonate, or potassium acetate. The reaction takes
place in the presence of a palladium catalyst, such as tetrakistriphenyl phosphine palladium (0) under
an inert atmosphere a’a‘&ﬁlaﬁmﬂﬁE@&Héﬁv@faﬁﬁlﬁ%ﬂ,%@hjagQ@H%ﬁa@%ﬁﬁié?t@ OHEN JRBheme 5, Steps
6 and 7, the vinylnitrophenyl intermediate of formula 30(29) is reduced to the diaminophenyl
intermediate (not shtH ARABEEESNESrd hydrogenation conditions with 5 or 10% platinum on carbon
or 5 or 10% palladium on carbon in an appropriate solvent such as tetrahydrofiran, ethyl acetate, or
-28- isopropanol. After removal of the catalyst, the§1i r&iggphenyl intermediate can be converted into
the cyanoguanidine of formula (30) utilizing diphcnyf— cyanocarbonimidate at room temperature to 100
C. An inert solvent ist EN asebsoprop@g;wyr\iadine QL EHF, i:[L] rvwzhout &t inorganic base,
such as sodium Sbicarbgigte, Purification of the fihal progtet-can t;i)ﬁﬁieved by nethods common to
those familiar with the“al}, such as chromaltg thy or recrystalliz@tion.g  In Se 5, Step 8, the
~cyanoguanidine of foriiula (30)4s fdiYolyzed to the urea of formula (31) under i:acizc conditions. The
reaction proceeds with 4 N hydrochloric acid in dioxane/water or in TEA/water for 4 to 72 h at room
10temperature to about 80C. It-will be apprecjated by the skilled artisan that compounds of
formula (24) can be @aﬁﬁy repakg rb)ﬁmethogls{similar to thosesdpescrib/eq herein or by using

procedures that are estafilishediin.the art-Forex le, Smas oqa%tssol Br
2-bromo-5-chlorophenol is a'llEyI gd wittfs 2-iodovern obenzylbromige 4 e the phenylether
of formula (24). Compounds of forrhula (24) whéein ft" orad12 = F, the requisitetbe ylbromide is

obtained by, for example, lithiation of 1-brorno3-fluorobenzene and reaction with N-methyl-N-phenyl
fomvamide to provide the dlefE{ieeoSubetstesd v 1net heszyiediedtisl and reaction, with a

brominating agent, sychramfhesPhacays tikkompige;9isdibromo-3-fluorobenzyl 20bromide.
Determination of Biological Activity: used herein, "Kd" refers to the equilibrium dissociation

As [
constant for a ligand-recepfbPW5Mipfex e Ffais 8 e b iahasEatiatiohodShstant for 25
drug-receptor compléxyakd i5. @ninditadioniel contenrtiaion ohadtg:iratwillhbndfto half the binding
sites at equilibr@%m; "K%i;@réef%rlsrégugil}(}ace uilib[:jum dissocjation copfstanli f% an ant%{g}ilst-receptor
¢ :

" LE1LY CLeTSs, I exampie, the ester O ITRUIL T . L
complex; "IC50" refers e‘concentration of an aggnt Whic produces & '0f the maximal inhibitory

response possible fdnl:han ggghy@ideaﬂtehmti@/eiﬁﬂt&lheandnﬂrenﬁ&aﬁorsuoh anc@jarif[ethbnch produces 50%
30displacement of "%@Hnﬁi‘ﬂ?&@91@%1&%&?&&&;{16?ngﬁgﬁ&%sr%f%ﬁoﬁ?otﬂﬁecﬁ&%%i‘é@&bo& of an agent which

produces 50% of the maximal response possible for (hat agent,
formula (5) which 1s subsequently reduced to the amine in Step 2. The reduction of

the azide can be performed using catalytic hydrogenation conditions common in the
15 artto obtain the amino alcohol of formula (6).
In Scheme 2, Step 3, 4-bromo-1-fluoro-2-nitro-benzene undergoes a SNAr
reaction with an amine of formula (6) ag previousty described for Scheme 1,
In Step 4, the phenyl-amino-pyrrolidine of formula (7) is deprotected using
acidic conditions, such as hydrogen chloride or trifluoro acetic acid, and the product
20 cyclized in Step 5 to an oxezinone of formula (8). The cyclization is achieved
using chloroacetyl chloride in the presence of an inorganic base such as sodium
hydroxide with the pH maintained between pH = 10 t0 12, The reaction isrunina
mixture of THF and water (about 1:1).
In Scheme 2, Step 6, an oxezinone of formula (8) is reduced 10 an oxezine

25  of formula (9). The carbonyl functionality is reduced using borane-tetrahydrofuran



-29- and "ED50" refers to the dose of an administered therapeutic agent which produces 50% of the
maximal response for that agent. Steroid Hormone Nuclear Receptor Binding Assay: 5Cell lysates
from humanrgmbpyraigdidney FIEK293 cells overexpressing human MR gpifgtalaepgiseid receptor),
GR (glueocorticoid receptor), AR (androgen receptor), or PR (progesterone receptor) are used for
receptor-ligand competition binding assays to determipe K., values. Briefly, steroid receptor
competition binding assays are run in a buffer 10 containing 20 mM HEPES buffer (pH = 7.6), 0.2 mM
EDTA, 75 mM NaCl, 1.5 mM MgC12, 20% glycerol, 20 mM sodium molybdate, 0.2 mM DTT
(dithiothreitol), 20 ggifls RRRIHRIEMRNEHZH P MklcHBEIRHIM @Seay Ritar) skyrically, stgroid receptor
binding assays include radio-labeled ligands su%? as 0.25 nM [3H]-aldosterone for MR binding, 0.3
11M [3F1J-dexametif85HETS CERY iﬁd?n‘é?(f @ﬁ?\ﬂ?ﬁ@i’]@ﬁ%{ﬁ)ﬂ‘f}'@ﬁblone for AR binding, and
0.29 nM [3H]- methyltriendiging gordtikkingi fignand ithek20Mg 20 3-Mi] hpsdieradilpg 293-GR lysate,
22 pg 293-AR lysate, or 40.lijg 293-PR lysate well. Assays are typically run in 96-well format.
Competing test comBSLAL 18 NS d T ARt R B o GOy Fom 200 BloL nM to 10
MM. Non-specific birotirbeisd@@dstdrmiihaydnitheopresenbeofts00 hivkzltostEeongfdy MR binding, 500
nM dexamethasone far GR hinding, oraq0 M BRIVIIRPRIGNS Jar ARia0A RRpiadigg- The binding
reactions (140 ML) are incubated overnight at 4 C, then 70 gL of cold charcoal-dextran buffer
(containing per 50 niEUgPREYES BIHarCOITH A Brrepeieniainiloned by sPkredtesh) is added to each
reaction. Plates are gaxRe-faé82amindses enaretitat shakekiattuinl healates are then centrifuged
at 3,000 rpm at 4C for 10 minytes. An aliquot of 1%%\%\_ of the binding reaction %tur,e is then

transferred to anothd¥ SRR RIatErE P81 ISP BN R Y i< htillation fluid is
added to each well. Rirtesiateizealsdrandistakeit VigdrousiyueCal. cxbitahslakeroAfter an incubation
of 2 hours, plates ar%}{ggdiﬁofg\ \%a&l‘zm%g% robeta counter. The data are used to calculate an
estimated IC50 and percéntagé inhibifion at'10 gM. The Kd for [31Thaldosterone for MR binding,
[3H]-dexamethasone for -30- OR binding, [31-IJmethyltrienolone for AR binding, or
[3H]-methyltrienolone for PR binding, is determinegcﬂgrﬁgg.lration binding. The IC50 values for
compounds are converted to Ki using the Cheng-Prusoff equation. Following a protocol essentially as
described above, the compounds of 5SExamples 1 -50 display a IC; in the MR binding assay of 5_ 10
nM. Preferably, compounds of the presemi inyention display a Ki in the MR binding assay of' 5 5 nM,
and more preferably 5 1 nM. Specifically, {8 compeuinds of Examples 1, 8, and 23 displayed a Ki in

the MR binding assay of about .79 an Qﬂ nM28nd 0.23 rtM respectively (values reported as
geometric mean of n = 2¥athus boc HN ~ OH Stop 3
89NH OH (8. 8) Step 2 s
—————
N Br
N Step 1b (280D (e .
boe BnNH, OH (S, 5) or (R, R) N,
{10} (-ymandetc
(ttby N aoid
boo
R R
boc
boc H B
N Br bog, N f
Step 4 N Br  sens
L= LT
HO M no NTY o~ WO,
{13a or b) ! Cl/wro H NO, {16z or b)
(3. SYor (R, R} O (158 or b) (3R‘ 43) of {33, 4R)
. (3R, 48} or (35, 4R} Step
ep \ * .
\ N r
N Br
QNQ S;LSQ/
Ho T no e NC2
» b 2 {(t7aorb)
. (S( S"’; : (; R (3R, 43) or (35, 4R)



10demonstrating that compounds within the scope of the present invention are potent ligands of
human MR. Functional Assays of Steroid Nuclear Hormone Receptor Modulation: Aldosterone exerts it
physiologicg} g§Hgpigdikqugh interaction with the 15mineralocorticoid receptarykall@wiaggytoplasmic
binding of aldosterone to MR, the ligand receptor complex translocates to the cell nucleus where it
binds to hormone response elements on DNA to initigztfs_ expression of target genes. To demonstrate
the ability of compounds of the present invention to modulate the activity of steroid honnone receptors
(i.e. either agonize, partially agonize, partially 20antagonize, or antagonize), bioassays are performed

which detect functional maaiating of iaTgeiaene: eXpession 43 gellutransientykapsfected with a
nuclear receptor protein and a hormone response element-reporter gene construct. The solvents,
reagents, and Iigand?ré‘ﬁ%li%&‘iﬁofﬁ@fﬁW&ﬁorﬁ%tlgggﬁil%lgéc}%gaﬁitﬁef%g%Iz‘ble from commercial sources,
or can be prepared by oneiofctdinanssiillanRothardctrAdNydeay blaryianedfeaepiareRanel Screen
Human embryonic Kidney. 293, cells are ransiectod wilh stsraid hoTgnedegepigr and reporter
gene plasmids using a Suit Qaﬁans ection reaéent SIS ugen%m “Brie Iy,%e Pepiorter plasmid
containing two copiescetfuerobadin-30aRE aad K ahypnidinietkivsdss) prdravrestapstiesiin of the

luciferase reporter cLNA.1i5 Fansireiad inig BIESRI3.cals MMy & RiagaYe §pﬁ$ﬁM§vely expressing

human androgen receptor (AR) using viral CMV (cytomeégalovirus) promoter. The -31- reporter
plasmid containing thF87GEEY 6t R pE S IprERidieh GPRSEEamres thesticifBrdat ¥horter cDNA is

transfected with a plashved sRSHWEYS W B%REsSINEaithes ImarpiveasaitigRidssageptor (GR), human
mineralocorticoid receptor (MR), or human progesterone receptor %%IEZ%U ing.viral CM.V promoter.
Cells are Stransfect&d AT diERFRARK ?r‘?’ﬁkﬁ% bt mé\l\%’?ﬁ%\?&/ﬁ 6%?—33{%68& Fetal Bovine
Serum (FBS). After amriovaf nigihthoRiFatiomivarsfentiéd celleraral tnypsmizéditplaied in 96 well dishes
in DMEM media containing 5%, charcoal-stripped FBS, incubated for 4 ts and.then exposed to
various concentratio%lsa'néf €s ]élolﬁﬁ)%ou%e §5Paé%1péfna§e roc?r%na %)S?R&Blf ﬁrlf\%upo?' ?6? ﬁ%ﬁrﬂ% the antagonist
mode for 10 the assdyan ipwilsshide Bty atitisafragonist for each respective receptor are added to the
media (0.08 nM aldosterong §%":{"§m§c - "%éjﬁé@@%tpﬁs(%ﬁ@)Wdﬁ@ M}Mngfumethyltrienolone for

AR, and 0.08 nM of promegestone foi PR). After 24 hours incubation with’test compounds, cells are
lysed and luciferase e/ TEIREaHAMSEdEipr SEARAFITER RAILRS S1BaRs BAREY to a four

parametsr-fit logisticegne itpa@)ﬁiﬁﬂ%r}i@@ﬁeﬁﬁﬁﬁﬁéﬂﬁﬁﬂﬁh@lﬁ%ﬁlﬁﬁéﬁgf t@if;féﬁmfg&@;m%ounds with
saturated maximum I’FSpORETGS or the per ent m@g&im S_tl ulation compoun S with maximum
‘ Yo

responses that do ndHSFUGES R MR rl T HaRitim stimulation obtained with the
following reference agonisis:S3Rcni3akigsietongiar hhkkiasséhelBanhg 2@ingthyllittnoténe for AR

assay, 30 nM promeggstona for, AR aeaY, and 1ih 400 M dexameianane pr.GR assay. CS0
values are determined similarly us'r)ng antagonist mode assay 8ata, IR the antggoﬁlst mode, percent

inhibitions are determinaghyobdimpafogmest Germdounteactsinn isntts praisdnseivfiow concentration of
agonist (0.08 abf, aldgsterons: MR &R SAM SRR ReASANE 2% common solvent such as

tetrehydrofuran or ethy! acetate,

In Scheme 3, Step 4, the chirality of the hydroxy! group of the pyrrolidine of
formula (132 or b) is converted from (S, S) and (R, R) to (3R, 4S) and (38, 4R)
respectively. The chiral conversion is effected using a Mitsunobu reaction. The

25 skilled artisan will recognize that there are various Mitsunobu conditions employed
n the art. For example, the alcohol of formula (152 or b) is dissolved in a suitable
anhydrous solvent like THF, CH,Cl,, toluene, etc., and treated with a trialkyl- or
triaryiphosphine such as MesP, BusP, or PhsP and a dialkylazo-dicarboxylate, such
as DEAD or DIAD.

30 In Step 3, the 38, 4R and 4S, 3R-chloroacetoxy ester of formula (15a or b)
is hydrolyzed to the hydroxypyrrolidine of formula (16a or b). The hydrolysis is



25 GR, 0.66 nM of methyltrienolone for AR, and 0.08 nM of promegestone for PR) to the response
produced by the same low concentration of agonist in the absence of test compound. B.nMR

Competitiveaniggppisishssay: 30Human embryonic kidney HEK293 cellsppeg ttapsiagiest with human
MR using the same transfection reagents, plasmids, promoters, reporter constructs, buffers, and

procedures as described above for the Nuclear Hormope Receptor -32- Panel Screen. Transfected
cells are trypsinized, plated in 96 well dishes in DMEM media containing 5% charcoal-stripped FBS,
incubated for 4 hours and then exposed to various concentrations (10 dilutions) of aldosterone

(ranging from about Q.Q, %&%Qﬂ@%@ﬂ%gﬁl@ lﬁ@é“%‘i&fa@@@:%ﬁfs%ﬁﬁ% @9@%@5&&tr}?ahMR is determined
5in the absence and presence of fixed concentrations of test compound and is monitored by

measuring luciferasé Rt tYeh YAl 8nigdes! #é Fest compound Kb may then be
determined using a SchlldIarmlms plgté;mg, k@gf(ﬂe&ﬁgaﬁ@mclx):a@ﬂiﬂﬁj?ﬁ@ﬁcﬁﬁea@ﬁgmg concentration

usi.ng the equation: i?ﬂ QD@@B)‘?) for As'lga%ogést]]e fdteé) atec%(\{vlg%{ﬁe &tc?g, dcoo%a (glaegg (HR) represents the
r e of tes

ratio of the 10aldosterone esen compound to GSterotie EC50 in the
absence of test bomgapurichtion ofﬁaﬂwmrg’farpﬂomgmuesmﬁakymdtewm&alﬁ@m the exemplified

compounds ofthe piggeRt RRDRN dishickR Kby U MR capailvs puiagapist assay of 200 .

Preferably, compounds of the present invention display a Kb 15in the MR competitive antagonist

assay of 50 rtM, and'hidstechraterdpBas g Mout @&@flé&@ﬂth@%&ﬁé@%ﬁﬂﬁﬁfmﬁﬁb@s l, 8, and 23

displayed a Kb in the,MR€@m %@M@c@ﬁiﬁﬁ%ﬁ%@@%ﬂs% ahauitsh R HMhﬁlp%ﬂMdﬁ@sz 5nM
respectively (values reported as %)eometrlc mean of n = 2), thus demonstrating that compounds within

the scope of the preSSAUAVERTS )aar‘édﬁﬁrfgﬂllaéh’f%ﬁ’b}ﬁrs@’?)f%ﬁ?ﬁﬁﬁ RIEOspd Al P Riodel of

Aldosterone medlat@dl%@nahdalmsmoronabﬂad@eurﬂfmapbfaemnyae@loﬁpmguﬁ Pawleyitats (240-280 g)
are housed individuall Wlth ad li ?l% ater nd rge&%?é vs{n@a] tfor one we%a%gAfter acclimation,
ota

formaiae Ged” recr%)glz>§ rﬁ ngéﬁ?g[teﬂh d creatinine.

baseline 24 li urine s {&s are €0
Animals are randomménlm@bﬂndﬁnﬂmghhmdybaﬂmhoiwdnd&eqnweé&rabﬂbtsoénuuh;tlmm. Baseline scrum

is taken by tail-clip aéb%‘ﬂ?é’r’%&%%g {gg)rupéng(}ug%p A{r@@grﬁ N), creatinine, and electrolytes. After

baseline samples arc taken, all rats with'the eéxception of theé control group are maintained on a diet

containing 6% salt, and drﬁﬁﬁiﬁ%ﬁl@ﬁe@@ﬁ@m% Wﬁ% K@i&ﬁ%@gﬁ@w EfouBdéiration. Control
animals are maigtainggRna0N iRt ANERUBVAIERIBHIBaW R St dMgtianand do not

receive aldosterone. Alza mini-pumps to deliver 2.5pl/h x 28 da}/s of d-aldosterone in 0.01% DMSO at
0.75 pg./h, s.c. are |mﬁ?ﬁﬂﬁ@a that are estabiished in the an For example, 3-pyrroline can be

protected with di-tert-butyl dicarbonate and subsequently brominated in
DMSO/water to provide the trans-3-bromo-4-hydroxypyrrolidine (A, Kamal et. al,
Tetrahedron Lett,, 2004, 45, 8057-8059; A, Kamal ct. al. Tetrahedron Asymmetry,

20 2006, 17, 2876-2883). Reaction with sodium hydroxide forms the epoxide in situ
which is reacted with benzylamine to provide the racemic trans-hydroxy
benzylamine pyrrolidine of formula (10). In a more dircct manner, the epoxide can
be formed directly and isolated by oxidation of 3-pyrroline with MCPBA. In yet
another synthetic alternative 2,4-dichloro-2-butene can be reacted with tert-butyl

25 carbamate to generate 1-Boc-3-pyrroline (Y. Tsuzuki, et, al, Tetrahedron
Asymmerry, 2001, 12, 2989-2997). The t-Boc protecting group can be avoided
altogether by doing the reaction with methylamine in place of zert-butyl carbamate.
Subsequent oxidation to the epoxide with MCPBA and opening with ammonia
gives racemic trans-4-amino-1-methyl-pyrrolidin-3-ol, This can be reacted with 1-

30  bromo-4-fluoro-3-nitrobenzene to give a compound of formula (14a & b) as a
mixture of enantiomers. Resolution of this enantiomeric mixture can be

accomplished by methods known in the art such as chiral HPLC or recrystallization



-33- in non-control animals (e.g Test Compound group and Vehicle only group) under isoflourane
anesthesia. Test compound, in a vehicle comprising 1% carboxy methylcellulose (CMC) / 0.25%
polysorbateydg ,akvalisle alone, is then administered by once daily oral gavagR fkQ/sakdg) beginning
the day after 5aldosterone implantation. Repeat urine samples are collected after 2 and 4 weeks of
compound or vehicle alone administration and analyzegd for total urine protein and creatinine. At study
termination, pharmacokinetic samples are obtained at 8 timepoints (0.5, 1, 2, 3, 6, 8, 12 and 24 11). In
addition, hearts and kidneys are removed and fixed in 10% buffered formalin for haematoxylin and
eosin (H&E) 10 andMrasen s Hchameasiaimnaio.deinglisusigivwiah damaas.in sardiac and renal
tissues . Serum is taken by cardia¢ puncture at study termination for additional analysis of serum BUN,
creatinine, and electfBiEdC &?ﬂa\ﬁﬁé’kﬁ'protocol essentially as described above, the compounds of
Examples 1, 8, and 23, when administered at 10 mg/kg/day x 14 days, reduced 15 uninary protein
excretion compared to vehicle treated animals by %b éjnt; e4 , 83, and 64 mg/day respectively (values
represent an average of n = 8 for each compound),ct us'demonstrating that compounds within the
scope of the present invention have potent in vivo reno-protectpgeagtivity. 20In order to demonstrate
that a compound has a reduced incidence or likelihood of produci yperkalemia, the following model
may be employed. In vivo Assay of Eleetfol Modulaggé%r}a Male Sprague-Brawley rats (240-280 g) are
adrenalectomized then myi HedWSO?@%ﬁnt chow 26:NANCI dri?ﬁ?lng solution for 6 days
after 25surgery. Animals then fasted © ight and 1% saline(gfi’%ing water is replaced with house
water ad lib. The mornitgy ¢f the study, fast gcanimaIS\aLte;Iomiz’ed to treatment on the basis of
fasted body weight. Contrgdanimals (e.g . those that r§tceive ogptdggterone or test compound) are
given 10 mL/kg of test compound vehicle comprising Bo%h cMC 1 0,259 polysorbate 80 / 2.7% NaCl
by 30oral gavage, and 1 mL/kg of aldosterone vehicle (0.01% DM$O/Mwater).hy subcutaneous
injection. Vehicle animals are given the same test compound vehiglé' by oraigavage and aldosterone 3
jig/lkg, s.c. Test substances are suspended in the -34- carboxy me%@?@gellulose/NaCl vehicle. The test

compound treatment groups reggive test substance suspended in the c)arboxy methylcelluloseiNaCl

vehicle and aldosteroeg, 3 jig/ S rlmrg@g;atévw dogifg,HAnirsals are ed } abolic racks
with ad lib access to house water. Urimesamples are'ce d 5 tiours aft o ministration and
electrolyte excretion is assayed. Data a;é?rese(ﬁ%é Las log Na/K excretion rgtiod Cgmpounds can be

. . 2 . . . .
tested at various doses to de}a?ﬁﬁg)ne whe her the co[yzg%pd induces an increase. jn the urinary Na/K

ratio (an index of increas%cll é&}rg D.Ptassium congenfration) 10Without fygthey, glggggégtion, itis
believed that oné skilled in the' art car use ’ '

In Scheme 4, Step 1, a trans amino-hydroxy-piperidine of formula (18}
undergoes reductive amination with benzaldehyde to provide a benzyiamino
piperidine of formula (19). The skilled artisen will recognize that there are various

10 conditions which are suitable to achieve a reductive amination. For example, the
reaction proceeds in a solvent such as ethanol, in the presence of acetic acid and a
reducing agent, such as sodium cyanoborohydride.

In Scheme 4, Step 2a, the racemic trans-hydroxy benzylamine piperidine of
formula (19) is resolved using an appropriate enantiopure acid, For example,

15  ftreatment with (+)-tartaric acid in an appropriate solvent such as acetonitrile with
about 5% water, results in the selective recrystallization of the (3R, 4R) hydroxy
benzylamine (+) tartarate salt of formula (20a) in very high diastereomeric excess.
Similarly, in Step 2b, the racemic material is recrystallized with (-) tartaric acid in a
solvent such as acetonitrile containing about 2.5% water to obtain purified (S, S)

20 enantiomer of formula (20b).



the preceding description to practice the present invention to its fullest extent. The following
Preparations and Examples are provided to illustrate the invention in further detail and represent

typical syntkesisiedthesgompounds of Formula (1). However, they are not gtengedinssizthe invention
in any way whatsoever. The 15reagents and starting materials are readily available to, or may be
readily synthesized by, one of ordinary skill in the art.;kEhose skilled in the art will promptly recognize
appropriate variations from the procedures described in the examples. The names of the compounds
of the present invention are generally provided by ChemDraw Ultra(r) version 10.0. 20 Preparation 1
1-Bromo-4-fluoro-2-(2-iodaniez yleheyjehenziedre Sinal a8 xigreafidredalienaylbromided0.29 mol, 90
g), 2-bromo-5- fluorophenol (0,29 mol. 57. tas arbonat %O moI 63 g) in N, N-
25d|methylformam|dQ@3/'(2)5r(€3$}:‘)r1EtfVc yr’(%rrln% ec?%%%é%pl??g $ Hr’wu iagir%a?e?{( ) &tir the resulting mixture
for one hour, filter oftmolidgdringeipeitidineatéfomdaii] wa@a@uuwﬁyﬁhet&(@m ikgiSeC) to obtain the

e compound (121 g,10956) HH UM, 90 Mty HSQUINABIA(G, A AARL 4. 713 (L 11

7.19 (dd, 1H), 7.46 (t, 1H), 7.59 (d, 1H -3¢~ Preparation 2
3[242-Bromo-5- ﬁuor@@?@%@ﬁ@éﬁi%@ﬁ%ﬂ%@?ﬂ@&c@&ﬁﬁ éélﬁé)ffamm‘lféﬁébﬁﬁlxture of

1-bromo-4-fluoro-2-(gyipsierhenzyaxinb enzentud: e Mok mdimhotasdiim acrjate (0.44 mol, 36.1 g,

1.5 equiv.), tetra-n-but Iammonlum Sbromide (0.29 mol, 90.3 g), palladium (11) acetate (8 mmol, 1.8
g, 3 mol %), and N- RiSeH Shth®ne (900 mL) at 55-60 C, add drop wise a solution of ethyl acrylate
(0.32 mol, 34.3 mL) in N- mgmhmmaIBihp@héaé%ﬁmﬂh@z&lrﬁp@iﬁheﬂmﬂihm@(wmdpbm@m temperature

and treat with water (2 L rtbut ether. (2 %rou h diat macequs, earth, add ethyl
acetate (1 L), 10sepéra¥ér?#qq e%tvngmm 1pei'llt mwalffér(r)1 u%)( %ﬁ%&%f&§ &?%%rflgn Tover
anhydrous soditim sdifate, filter, and concentrate. Suspend the resulting solid in hexanes (1 L),

refrigerate for 2 h, filter, a 50 C/20 mm
Fig) to obtain the title comr%%%\{r%g gazﬁ ggrgﬂeiﬁ %ﬁgﬁags@oéﬁ{éﬁggo%h%S zaaaoys&gla@%%%&c{o [M+H]". 15

Preparation 3 (E)- (@‘ﬂ@%@aﬁﬁlbdlﬁ'éiﬁ%‘[bW@W‘@%dﬁi@la&?@ﬂél%ﬁ ©mplestétor  Heata

mixture of 342-(2-bremarR-fuenanpibRxime thilkahenviinReplicrcidethyleste (@5 mol, 94 g),

sodium acetate (0.37 mol, 30 g, 1.5 equjv.), tetra-
( presence of 901 maidehyde Qnd a reducing agent, such as sodium cyanoborohydride.

15 4-Amino-3-hydroxy piperidines of formula (18) are known in the art and
can be readily prepared from the 4-piperidone by reduction to the 4-hydroxy
piperidine, protected with boc or other protecting group. The alcohol can be
mesylated, eliminated to the olefin, and then epoxidized to provide racemic ¢is-7-
oxa-3-aza-bicyclo[4.1.0Theptane-3-carboxylic acid fert-butyl ester, The epoxide is

20 subsequently opened with azide anion to effect the trans regiochemistry, followed

by reduction to obtain the amino hydroxyl piperidine of formula (18),

25

30



20n-butylammonium bromide (0.25 mol, 81 g), and palladium (Il) acetate (7 mmol, 1.7 g, 3 mol %) in
N-methylpyrrolidinone (850 mL) at 100-110C for 6 h. Cool to room temperature, dilute with water (1 L),
filter througkygiatgemasanus earth, and wash with ethyl acetate (2 L). Trangfef ihgdikiatade a
separatory funnel, add water (500 mL) and separate the layers, Wash the organic layer with water (2 x
1.5 L), 25dry over anhydrous sodium sulfate, filter thr ggh a silica pad, wash with ethyl acetate (1.5 L)
and concentrate to dryness. To the residual solid add hexanes (I L), refrigerate for 2 h, filter, rinse with
hexancs (500 mL), and dry at 50 C/20 mm Hg to obtain the title compound (64.3 g, 87%). LC-MS m/z
299.0 [M-E1-1] -36- Preparation 4 (E)- 11-Bromorgegiayenc-3-fluoro-6, | |
-dihydro-dibenzo[b,eloxepine To a suspension of (
-fluoro-6H-dibenzo[b,e]oxepin-11- yh@lenc) -acetic acig ethyl £ : l, 69,5 9) in isopropanol (725
mL) add a solution of IlthlurrRShydr mto 70 "C for 4
h. Allow the mixture to cB ; , 25 mL). After
stilling for 15 min, add N-b uccinimide (0.25 mol, ¥4 g). ,( emperature rises
to 45 C, and solids form after a feanmin. Stir the mikturecair40-45 C for one hour and cool to room
temperature. Add 10sodium bisulfite (4.5 g) in water (150 mL), saturated aqueous sodium bicarbonate
(150 mL), and water (450 mL). Filter e resulting suspensmﬁ’ and rinse with cold 1:1
isopropanol/water (300 mL). Dry tha s rn obtain the title compound
(65.8 g, 93%). IHNMR (400 ¥z, DM .9-53(pr d, 634dd, IF 827 (dt, Hi). 7.13 (s,
1H), 7.32-7.46 (m, 4H), 7.52 (dd, 15IF). Preparation 5 (E)-24(3+f dlbenzo oxepin-11(6H)-y1
idcne nnethy 0-4,4,5,5-tetramethyl- 1,3,2 -dié%aborolane 0 & T{o a sﬁqeﬁ%ﬁture of
(E)-11-(bromomethylene)-3-fluoro-6,1 | - dihydrodibenzo[b,e)oxepine (49 mmed, 15 g) and
bis(pinacolato)diboron (64 mmol, 16g) in 1,4-dioxane (250 mL) add potassium acetate (150 mmol, 15
g) Flush the mixture with nltrogen add dlchloro[l 1o bls(dlphenylphosphlng -ferrocene] 25palladium(Il)
3 rtemperature,
filter through dlatomac%o -4 , atelan ] in vacuo. Add

a -37-

Formation of a compound of formula (30) or (31) can be carried out in

accordance with reactions as depicted in Scheme 5. An appropriate compound of
5 formula (24) is one in which R' and R? are as defined in Formula (I} and X = Br or
I Appropriate compounds of formula {30) or (31) are ones in which R', R* L, and
R’ are as defined for Formula (I).
In Scheme 3, Step 1 and Step 2, a halobenzyl phenylether of formula (24)

undergoes a double Heck coupling with methyl or ethyl acrylate to give a vinyl

10 ester of formula (26) with E regiochemisiry at the double bond. The reaction takes
place in the presence of & palladium catalyst, such as
tetrakis(triphenylphosphine)palladium (0), palladium chloride, or preferably,
paliadium (I1) acetate. A base is included such as triethylamine, potassium
carbonate, sodium acetate, or a quaternary ammonium salt, such as tetra-n-

15  butylammonium bromide. The reaction proceeds in an inert solvent such as DMF
or N-methyipyrrolidine at a temperature of about 40 to 130 °C for 4 to 48 h to give
an intermediate of formula (25). It is isolated and subsequently cyclized to the

vinyl ester of formula (26) under essentially similar reaction conditions at higher



brown solid to form. Collect the dark brown crystals by filtration and dry under vacuum overnight to
obtain the title compound (7.28 g, 42%). Concentrate the filtrate and purify by column chromatography

eluting with Q% ipdedexethyl acetate in hcxanes to obtain the title compougehkassasyeligwssolid (3.46 g,
20%). Total yield 5 for the reaction is 10.7 g (62%). IFI NMR (300 MHz, CDC13) 6 7.36 (dd, J=8.8, 6.8

Hz, 1H), 7.32-7.27 (m, 4H), 6.64-6.57 (m, 1H), 6.48 (gzq,_leo.s, 2.6 Hz, 1H), 5.98 (s, 5.20 Jr s, 1H),
1.15 (s, 12H). Preparation 6 101-Bromo-3-fluorobenzaldehyde To a solution of diisopropylamine
(2.27 mol, 320 mL) in anhydrous tetrahydrofuran (800 mL) in a 5 L flask at 0C add 1.6 M butyllithium

(1.16 L, 1.86 mol) intkaxaass.crapwiss avesols, h Rl keswtiapyaiowisalutien:arr0 C for 30 min.
In a separate 12 L flask d's;a%}ve 1-bromo-3-fluorobenzen éZOS 5 mL, 1 86 mol) in anhydrous
tetrahyGioturan (650 LY At LB Ao A i RALF B0 RRE BTG SoIABRRE an avicition funnel
via cannula and addwditopwisgatothe thebnomo@sthof GlvanizeB8) solutmpeoree 2 fasmtb@ttemperature
does not rise above i o%. Stir the resulting slurry at -78 C for 30 min. Add a solution of N-

methyl-N-phenyl formamide (230 mL, 1.86 moles, 1.00 equiv.) in anhydrous 20tetraltyclrofuran (1.15
L) dropwise at -78C over oiiéstibdr thhifeeniditorainin G2 ehe terrpbrat ael setvovted © GieStirvihe reaction

cold for 2 h while sloylyaliowinghh i 15e 180 AR IRRBEBLE AHGETIAN S Rl igaction with
methyl tert-butyl ether (3 L), quench with 1M hydrochloric acid (4 L) and stir vigorously for 3 h.

Separate the layers &#8 %‘?ﬁéﬁ:???‘i’és@&ué%%@a%ﬁ”ﬁfﬂﬁ‘bﬁe%ﬁ%%ﬁyﬂiﬁyldétﬁg}e(TESEBt.iﬂK/ash 25the
combined organic phagesvithciManvdreskigiameciebdRawlith hewrtgiiddddnbEne«(1 L), dry over

magnesium sulfate, filter and c‘;{){@ent e to an orange oil that slowly solidifies to obtain the title
compound (394 g, 1559SPRIRMA ($DE13) 6 10.37 (s, 1 H), 7.50 (d, 1 H), 7.44 (m, 1I-), 7.17 (¢, 1 H).
-38- Preparatior’7 1-BromiSetiemedhSrepyd, alleotofl broridel dbfomei8ciliaseberazattiehyde (1.60 kg, 7.91

mol in methanol (14 b\ A A4 seRlum Baralyia 2840 T AR el getigns over 30 min o

control Sthe exotherm and gas evplllljatlon. in, quench with water nit) and concentrate to
obtain a yellow oil. DisspRasalae gibmcatiniha oeste{eiia) bapel welsts withiwat@o@sinExtract the

aqueous layer with efhyl acstate ¢ Lr\Washithe nompnad oaANInRNAEs WithyRring (2 L), dry over

sodium sulfate, filter, and concentrate to obtain the title compound as an orange oil (1614 g, 100%). 'El
NMR 10(CDC13) 37453e- 11hf) repctisy i candupter b2 (emppry iused 10w 44y Prearatisnng
1-Bromo-3-fluorgbenaypbrearide flosas@l o dsienpa 3uidereheniysalenak (1161 kg, 7.85 mol) in

tochloroform (14 1) 8 &G 8 RYSIAS reeem a3 1D BB RFIIE, or
alternatively tris(dibenzylidencacetone)dipalladium(0) (Pd,(dba)s) in the presence
of a phosphine ligand, such as tricyclohexylphosphine.
In Step 5, the vinyl pinacol boronate of formula (28) is reacted with an
20 aminonitrobromobenzene under Suzuki cross-coupling conditions to provide the
vinylnitropheny! intermediate of formula (29). The skilled artisan will recognize
that there are a variety of conditions useful for facilitating such cross-coupling
reactions. The reaction conditions make use of a suitable solvent such as
dioxane/water or THF/methanol. The reaction is accomplished in the presence of a
25 base such as sodium carbonate, sodium methoxide, potassium carbonate, or
potassium acetate. The reaction takes place in the presence of a palladium catalyst,
such as tetrakistriphenyl phosphine palladium (0) under an inert atmosphere at a
temperature of about 70 to 120 °C for about 8 1o 24 hours.
In Scheme 5, Steps 6 and 7, the vinylnitrophenyl intermediate of formula
30 (29) is reduced to the diaminopheny! intermediate (not shown) under standard
hydrogenation conditions with 5 or 10% platinum on carbon or 5 or 10% palladium

on carbon in an appropriate solvent such as tetrahydrofuran, ethyl acetate, or



exotherm) and stir at 0 "C for 5 min. Add phosphorus tribromide (900 mL, 9.49) dropwise while
maintaining the internal temperature below 20C and stir the resulting solution overnight while allowing
to warm to rpemiRmeasature. Cool the reaction to 0 C and quench slowlygith ica waterd? L). Transfer
to a 50 L 20flask, separate the layers and then extract the aqueous layer with chloroform (1 L). Wash
the combined organic phases with 5% sulfuric acid (Z_QIB)_, saturated aqueous sodium bicarbonate (2 L),
brine (2 L), dry over magnesium sulfate, filter, and concentrate to obtain the title compound as a yellow
oil (1753 g, 83%). IHNMR (CDC13) 37.43 (d, 1 H), 7.21 (m, 1 H), 7.09 (t, 1 H), 4.68 (s, 2 H).

Preparation 9 1'Bf0fﬂ@ﬁi%{(&x&foﬂmﬁeﬂmﬁ%@ﬁﬁ%ﬁé‘t@?&!ﬁ;ﬂfé'Hﬁﬁ%ﬁ%ﬁﬁ&?ﬂﬁwrm&ﬁ%@c%‘ﬂ'Héion of
1-bromo-3-fluorobenzyl bromide (1.75 kg, 6.52 mal) and 2- bromo-5-fluorophenol (730 mL, 16.56 mol,

1.01 eq) in N, N-dim&RyHEAdMRCsHORIAn o Uiy H AR SiptmataN .36 kg, 9.80 mol) in
one portion and stir (venestttimienzteryt eala fongrehotr @oddhemn alfoQURIGMPLEALNR Overnight.
Transfer the reaction msigt%eatgia =) Ijlter flask, aojE WaL(ta_krg 1t4 I_‘) d(r%%ﬁ.wise oveé 30 -39- mitt and ice
periodically to contrdl the' exothern o %ﬁgrcrysta‘m‘iza{ﬁo“ﬁ. 4t T3 ]tcel?ﬁ?)eef‘gﬁ f& Yor'8fe hour, collect
off-white solids By filbiatibonarxashuwiithtwaté thafidatipyodne rmight ath&06! fry alethidsthetitiencompound
(2.22 kg, 90%). 1-1 - v o) il : -1.1-1), 6.89 (dd, 1 1-1), 6.67
(m, 1 FI), 55.26 (d, Z%I%B%%%@A?ﬁﬂhlﬁok(%’-S?ﬁ?l?%st)ﬁ%%?%- ﬁgith-djlc%é%gy;%?éi%ﬁ{é%in-ll-ylidene)-acetic
acid ethyl ester Degas a niixhehsmt 1-brbriolz-goamimndge obfomdn Boivdrsiiedtol Obenzene (886

mmol, 335 ), ethyl agryiief a3l Jtmkdid Qadind HRAGM AR NNk 259,
tetrabutylammonium bromide, (886 mmol, 286?%{ and sodium acetateé% 40 mol, 363.5 g) in

N-methylpyrrolidinord 8 BUC5 gl A iamng Heter SabkfirtmtpRided h#iVeotines. Heat the mixture
to 120C for 2 h1CooltapdtaiGiandaddvater (5.5 L) over 40 mm. Filter the precipitate, rinse with water

(2 15 x 500 mL) and air dry for 30 min. Reslurry the jnisopropanol (1 L) for 2 h an | on ice for one
hour. Collect the dark graylﬁ‘go}r%j cﬂ‘%{%%r‘ihﬁr%ee%dﬁd@&g&% FSB P\%%r[% Q%fﬁﬁl Ei_g‘g ddryat50C
in vacua to obtain thestithe readip pranar¢d 91 mstB&%)indGPre paratiostdikd &)eih or by using
1-Bromomethylene-3.7-difluora- 0. ~dihen e ing. a slirr lurry. of

| (E)-(3,7-difluoro-6H-%ﬁ%cgggﬁggéﬁgg%%ﬁﬂ}%ﬂéglfggﬁ?%%gégtric Sk v i %@8@%&%%%2 H90 g) in

methanol (1.9 L) an@@rmﬁhﬁrﬁw&ij@él\éﬂgedﬂém P00 to Boarbsr2 hroRédnsye the methanol
in 25vacua and resjuity theprrayiting: bfasksidees v Walekd® b) thgio M) wherein R! or R?
= F, the requisite benzylbromide is obtained by, for example, lithiation of 1-bromo-
3-fluorobenzene and reaction with N-methyl-N-phenyl formamide to provide the
aldehyde. Subsequent reduction to the benzyl alcohol and reaction, with a
brominating agent, such as phosphorous tribromide gives 1-bromo-3-fluorobenzyl
20 bromide.

Determination of Bioloeical Activity:

As used herein, “K 4" refers to the equilibrium dissociation constant for a
ligand-receptor complex; “K;” refers to the equilibrium dissociation constant for
25 drug-receptor complex, and is an indication of concentration of drug that will bind
to half the binding sites at equilibrium; “Ky,” refers to the equilibrium dissociation
constant for an antagonist-receptor complex; “IC50” refers to the concentration of
an agent which produces 50% of the maximal inhibitory response possible for that
agent or, alternatively, to the concentration of an agent which produces 50%
30 displacement of ligand binding tc the receptor; “EC50” refers to the concentration

of an agent which produces 50% of the maximal response possible for that agent;



hydrochloride acid (250 mL) over 45 min, stir for 2.5 h, filter, and rinse the residue with water (4 x 200
mL). Dry the gray solid in vacua at 60 C overnight, and 80 'C for 6 h. Dissolve the solid (still wet,

contains apwgw@gy,@S g of water) and lithium acetate (60.1 mmol, 4 gpgﬂ[%gédg@ggpmmle (1.7
L) and stir for 15 min. 30Add N-bromosuccinimide (661 mmol, 118 g) in one portion and stir for 2.5 h.

Add-0.25 NI sodium thiosulfate (400 mL), followed byzcgaturated aqueous sodium bicarbonate (400
mL), and water (900 nth). Stir the mixture for one hour-at room -40- temperature and then stir for 2 h
on an ice bath. Filter the mixture and rinse with cold acetonitrile (300 inL). Dry overnight in vacuo at 50

C to obtain the title compewa0-asiadighhbeigeosehddifidaa B9% el A AINMRHEMSRE) 65.25 (s,
2H), 6,67 (dd, 111),f )529 i, 11-0, 720 s, Igl') 722(d 11-1), 7.28 (t, 11-1), 7.36 (dd, 51H), 7.48 (m,

1H). Preparation 12 I SRHSERE b A& Bin-11(6H)-ylidene)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 1OT0 a mixture of (E)-11-(bromomethylcne)-3,7-difluoro-6,11-

dihydrodibenzolb,c] is(pinacolato)diboron (50.3 mmol, 15.3 g) in
1,4-dioxane (150 mL I 5 %S mOﬂe c(l)earli? & HNP g), nicyclohexyl phosphine (6.03 mmol,
1.69 g) and Pd2fdba)3 (2.82lhypets 21ar8 @mﬁlwsibrbylm;bbhﬂfg%m%tcewrethﬂmesimwth heating at
65 C overrtight. Afteq,dacoofingdadaRm iR mReLae) E@f@t%ﬁ

ngogg%@% p ggpad of diatomaceous
earth, wash the pad with ethyl acetate, and remove the sofvent to o taln own oil. Dilute the oil with

methanol (180 mL) A#UISERA W?éﬂ*é@uiﬁﬁ’@ﬁﬁﬁéﬂ?ﬁ@@ﬁ%ﬁ%@fl)é%ﬁé@éﬁﬁﬁ%@dﬂ%éuum for3h

causing a white precipitptationfeiiinCleat the-rrecipikatakysvacuum filtration to obtain the title
compound (10.8 g, 63%) $6§£70Whlte solid. '"H NMR (300 MHz, CDCI3) 37,34 (dd, J=8.8, 6.7 Hz,

11-1), 7.24-7.18 (m, 1H), GG 5951 “é%“%c%*éot‘rﬁ“’fﬁ? %8 eI 8 BT Hz, 11-1), 5.99 (s,
1H), 5.31 (d, J20.9 Hazninngl20 6iis HEPE bRfepaatoe 1 8. 25(F)EDTA, 75 mM NaCl, 1.5
1-Bromomethylene-3 (Iv[f

essentially as descri ed n‘f%? zgoéﬁgclgﬁjl@d] m ﬁf&g f%]oci'YX&Pme 2 ﬁrg%re the title compound

1-bromo-2- bromoméﬂu@i&@rﬂmwba@,mh@mm@dhﬁbiﬁ@t@nimmmﬁﬁn@maﬂ&xfﬁrﬁparation 14

(E)-2-((3,8-d fluorodipen 0X 1 I|dene|me 1)-4,455- ...
tetramethyl-1,3,2- dlép %?l rs‘glrmg Qece;%’c 1(%111 g assays mc 1)ad1b Iasbeﬁed ligands, such as

(.25 nM [3H]-aldosterone for MR binding, 0.3 nM [3H] dexamethasone for GR

15  binding, 0.36 nM [3H]—methyltr1cnolone for AR binding, and 0.29 sM [3H]—
methylirienolone for PR binding, and either 20 pg 293-MR lysate, 20 pg 293-GR
tysate, 22 ug 293-AR lysate, or 40 pg 293-PR lysate per well, Assays are typically
run in 96-well format. Competing test compounds are added at various
concentrations ranging from about 0.01 nM to 10 uM. Non-specific binding is

20 determined in the presence of 500 nM aldosterone for MR binding, 300 nM
dexamethasone for GR binding, or 500 nM methyltrienolone for AR and PR
binding. The binding reactions {140 uL) are incubated overnight at 4 °C, then 70
L of cold charcoal-dextran buffer (containing per 50 mL of assay buffer, 0.75 g of
charcoal and 0.25 g of dextran) is added to each reaction. Plates are mixed for 8

25 minutes on an orbital shaker at 4 °C. The plates are then centrifuged at 3,000 rpm
at 4 °C for 10 minutes. An aliquot of 120 pL of the binding reaction mixture is
then transferred to another 96-well plate and 175 uL of Wallac Optiphase Hisafe
3™ seintillation fluid is added to each well, Plates are scaled and shaken vigorously
on an orbital shaker. After an incubation of 2 hours, plates are read in a Wallac

30 Microbeta counter.

The data are used to calculate an estimated 1C50 and percentage inhibition

at 10 pM. The Kd for [3H]-aldosterone for MR binding, [3H]-dexamethasone for



To a mixture of (E)-11-(bromomethylene)-3,8-difluoro-6,11- 5dihydrodibenzo[b,e]oxcpine (90.0 mmol,
29.0 g) and bis(pinacolato)diboron (117 mmol, 29.5 g) in 1,4-dioxane (295 mL), add potassium acetate
(144 mmol,{:é.Jeeubdsyclohexyl phosphine (11.7 mmol, 3.28 g), and Pd2¢dha)3:6dskédsoamol, 3.80 g).
Flush by bubbling nitrogen through the mixture, then heat at 65 C overnight. After cooling to room
temperature, filter through a pad of diatomaceous earfj and 10wash with ethyl acetate. Concentrate
the filtrate in vacuo to obtain a brown oil. Dilute the oil with methanol (180 mL) and swirl the resulting
mixture for 1.5 hon a rotory evaporator without vacuum, causing a brown precipitate to form. Collect
the precipitate by vaGRwndittgatior t@eﬂ@!&ié}zm@mf@ serbprind s a bramwyisaliditad Brg, 73%). IH

NMR (300 MHz, CD 7. 35 d, J=8.8, 6. S 1 7.05-6.93 (m, 2H),
6.65-6.59 (M, 1H), 6%?%‘0%“" 15 i?z" %&‘f‘i‘é"’éﬁj‘lgﬂ“’f %h%f%& é[nés;{f) dj';‘?%‘““(lgq 12H).
Preparation 15 (R)- Methamawifmrﬁm&mg DetChebgonydeortidamino-propyl ester 20Add
methanesulfonyl chloride @ 428mql %@o@oﬂes&e%&?@“% aquaeem JQ A (5(&)85‘1185 R)-0- 2-

ten-butoxy-carbonylamino-I- propano 0.085 mo 0g) and trlet ylamine (0.12 mol, 17.3 g, 2.0
equiv.) in dichlofométtramie1560display 0 1§ urileMithogers aéﬁﬁmﬁ)fcéﬁ{bﬂéﬂe Bigtiitably, warm the reaction
mixture to room temperafy %SO qlStII; JS% nve%ﬂ)%t hle react % ith dlchIQrggnethane 25wash
with 0.1 N hydrochlorlc did and saturate ium bicarboHate Solut |on BFy the o organic layer over
anhydrous sodium stifased filter mcfelrﬁﬁm@htrhtte&padﬁcamcﬁmmntnpomamﬁﬁealﬂjﬂeed)rﬁpound (20.8 g,
96%) as white solid. R 40 24 (d, 3 ) s, 3H), 3.97 (br s,
IH), 4.14 (dd, 1H), 4”5? ”pi‘ 4 AP ’“@‘o’éﬁ%@i %%Brteﬁiéa fg R &R
(R)-(1-Methy1-2-mofstioivi- Wb@ﬂ@»(&ahbamlmladd&ewm@nw a@wrof B2 2), thideat a mixture of
(R)-methanesuifonicyggichGrigH-bU0ATBROMAMINARIORY RHELIA0RS RAtAA o) aag morpholine
(0.83 mol, 72.2 g) in acetonltrlle (210 mL) to 65C for 16 h. Concentrate the reaction mixture, dilute the
residue with water, et itrsitM8romethane, combine organic layer and wash with Swater. Dry the
organic layer over anhydrous sodium sulfate, filter and concentrate under vacuum to obtain the title
compound (12 g, 62%) as y?IIow thick oil. t1-1 NMR (400 MHz CDCI3)8 1,13 (d, 3H), 1.43 (s, 9H),
2.21 (dd, 1H), 2.26-288tefelAsvs o Sieiod] Ruclsap dosmpscRecepior MOQUIsion, 3 70 (m, 5 H), 4.68 (br
S, 1H, - NH). 10 Preparatloﬂcﬂﬂterone exerts 1t p11y51010g10a1 effects through interaction with the

15 mineralocorticoid receptor. Following cytoplasmic binding of aldosterone to MR,
the ligand receptor complex translocates to the cell nucleus where it binds to
hormone response elements on DNA to mitiate expression of target genes. To
demonstrate the ability of compounds of the present invention to modulate the
activity of steroid hormone receptors (i.e. either agonize, partially agonize, partially

20 antagonize, or antagonize), bicassays are performed which detect functional
modulation of target gene expression in cells transiently transfected with a nuclear
receptor protein and a hormone response element-reporter gene construct. The
solvents, reagents, and ligands employed in the functional assay are readily
available from commercial sources, or can be prepared by one of ordinary skill in

25  the art.

A Nuclear Hormone Receptor Panel Screen

Human embryonic kidney HEK293 cells are transfected with steroid
hormone receptor and reporter gene plasmids using a suitable transfection reagent
such as Fugene™ . Briefly, the reporter plasmid containing two copies of probasin

30 ARE and TK(thymidine kinase) promoter upstream of the luciferase reporter
cDNA, is transfected into HEK 293 cells with a plasmid constitutively expressing

human androgen receptor {AR) using viral CMV (cytomegalovirus) promoter. The



(R)- I -Methyl-2-moipho | in-4 -yl-ethy laminehydrochlo de Add 1.6 N4 hydrogen chloride in dioxane
(120 mL) to a solution of (R)-(1- methyl-2-morpholin-4-yl-ethyl)-carbamic acid tert-butyl ester (0.05

mol, 12 g) iRydPsiy dickderomethane (75 mL) at 0 C. Warm the reaction mpdgygdadpeEstemperature
and stir for 2 h. Filter the precipitate and dry under vacuum to obtain the title compound (9.2 g, 86%)

as a white solid. 114 NMR (400 MHz, DMSO-d6) 61._239_(d, 3H), 3.10 (br s, 2H), 3.38 (hr s, 4H), 3.79
(br s, 5H). 20Preparation 18 (R)-(4-Bromo-2-nitro-phenyl)-(1-methy1-2-morpholin-4-yl-ethyl)-amine
Reflux a mixture of (R)-1-methyl-2-morpholin-4-yl- ethylaminehydrochloride (0.04 mol, 8.7 g),
5-bromo-2-fluoronitrepenzene A48t mehe 10 EPic g RBANN KR meQNRE A8 B
dimethylaminopyridipe.}0.0004 2rt5m p.04t23 ggtm ecigﬂ ace{ate. 220 Tntﬂ_g f(ir 16 h. Cool the reaction
mixture to room tempSrtare AUES Skt SiriAms et R PRl BiEEP X0 BRI, Dry the organic
layer over anhydrousitodiumas\ghateofilited amdpcer{ @)t fateaPunfyderartgibichrgeboolumn using 10%
ethyl acetate in hex in.the titl . 0 i nge solid. 1H
NMR (400 MHz, CD é?ﬁ%ﬁgg w %@é@ﬂg%@e@%m@%@t ﬁzﬁgﬁﬁ%ﬁ Eﬁ%%ﬁ-&% (m, 4 H),
3.72-3.78 (m, 1H), 6tmesfertaddy, T dbcpadaskein BEOM medip 8idF Yocharppal-agprediigk the

intermediates in the fahle._elow gﬁ%Sﬁﬂgaﬂyoﬁgg}ﬁg\gﬂ@gﬁh&ﬁg&q%gf@c%@gegg§Feribed in Preparations
15, 16, 17, and 18 starting from OH+ 2- ten-butoxy- carbonylamino-I-propanol or

tert-butyl-N-(2-hydro¥§RiRiF e e Bih G seh sitise iy IYEY Crdinroaiaitrge PRYERM Data 19
(S)-(4-Brorno-2-nitrostfaipe o yixg linneihivd-Br mespoalin ey legibydi1d LalibiMER(498MhzoCDC13) 51.29

(d, 3H), 2.46-2.58 (m, 6 hi). 3.63-3.69 (m, 4 Hg, 3.71-3.79 (m, 1H), 6.77 (d, 1H), 7.45 amine
test compounds ranging from about 0.01 nM t¢ 10 pM. ' In the antagonist mode for

10 the assays, low concentrations of agomist for each respective receptor are added to
the media (0.08 nM aldosterone for MR, 0.25 nM dexamethasone for GR, 0.66 aM
of methylfrienolone for AR, and 0.08 nM of promegestone for PR). After 24 hours
incubation with test compounds, cells are lysed and luciferase activity is determined
using standard techniques.

15 Data are fitted to a four parameter-fit logistic curve to determine EC50
values. The percentage efficacy (compounds with saturated maximum responses) or
the percent maximuimn stimulation (compounds with maximum respoases that do not
saturate) are determined relative to maximum stimulation obtamed with the
following reference agonists: 30 nM aldesterone for MR assay, 100 nM

20 methyltrienolone for AR assay, 30 nM promegestone for PR assay, and with 100
nM dexamethasone for GR assay. 1C50 values are determined similarly using
antagonist mode assay data. In the antagonist mode, percent mhibitions are
determined by comparing test compound activity in the presence of low
concentration of agonist (0.08 nM aldosterone for MR, 0.25 nM dexamethasone for

25  GR, 0.66 M of methyltrienolone for AR, and 0.08 nM of promegestone for PR} to
the response produced by the same low concentration of agonist in the absence of

test compound.

B. hMR Competitive Antagonist Assay:
30 Human embryonic kidney HEK293 cells are transfected with human MR
using the same transfection reagents, plasmids, promoters, reporter constructs,

buffers, and procedures as described above for the Nuclear Hormone Receptor



(dd, 1H), 8.29 (d, I H), 8,33 (d, 1H). 5Preparation 20 (4-8 romo-2-n
itro-pheny1)-(4-methyl-piperazin-l-yl)-amine Heat a mixture of 1-amino-4-methyl piperazine (0.217

mot 25.0 9)wiy kimgsskfluoronitrobenzene (0.239 mol, 52.6 g) and triethyaming @ 4&49el, 46 g) in
ethyl acetate (900 mL) to reflux for 16 h. Cool the reaction mixture to room 10temperature, dilute with

ethyl acetate, and wash with water and brine. Dry the_ﬁ[ganic layer over anhydrous sodium sulfate,
filter, and concentrate. Purify on a silica gel column using 5% methanol in dichloromethane as eluent
to give the title compound (43.2g, 63%). ES-MS rn/z 315 [M+1]. 15Preparation 21

3-(4-Bromo-2-nitro-phgeyeninoazetigitexisearbomtizacis e R ubkestathes indissolye

5-bromo-2-fluoronitrobenzene. (28.8 mmol, 3.55 mL), 3-aminoazetidine-I-carboxylic acid tert-butyl ester
(55,5 Mo, 4.96 6) S GTEY R TS  aRIRTOTE0 ) S A LR GE ity el ey undier

nitrogen for 48 20 hexpantito radmsternysaratime (\Nakhtwith) 0f218bsnydie chilgig dcinl tiviae, dry over
anhydrous sodium sulfate, filter, an entrate in vacuo to obtain a bri range solid (11.04 g,
000 LomS miy b O e e iy o he AN G R
25Azetidin-3-y1{4-birotmeiZanitremdheyideahined bydrachlamsef test Stinpawalation of
3-(4-bromo-2-nitro-phenylamino -__%ze_t.icli - cart% X lic aci t{%ft-b tyl ester (29,66 mmol, 11.04 g) in
4.0 M nydrogen el B B e Bimight Salics
crash out of solutioncabingtetiith mavidhoPond At roft gotrld dnndeswittoirplegédoer and -44- dry

(8,54 g, 93%). "FINME (409 MHizi PR oAnke (Gl eFloft-tin A ehidifn/ 2 Dkﬂ%wﬁ-?fi (d, 1H),
7.62 (dd, 1H), 8.30 (d, 1H). LC-MS m/z (79Br/8tBr) 272.0/274.0 [M-f-H]. Preparation 23

(4-Bromo-2-nitro-phéfigihiaaansisty A28t e afiatio (R seppeire e ratio of the
azetidin-3-y1-(4{hroma.a-ritioRaeny krapinachydracblariden@it. haamekeS R4k inagetonitrile (100
mL) and 37% aqueoys formaldehyde % 0 mmol, 6.28 mL, 3.00 equiv.) at 0 C add sodium
10triacetoxyborohyd%ﬂ%nfﬁﬁ?éeﬁﬁﬁ¥81?‘1 .3'g) slowly. Stir at room temperature under nitrogen overnight.
Remove volatiles under refultedmpre ssuoec Rikateisithsatbyk bed thtep winskxeviifiiifiP6 aqueous sodium

bicarbonate twice, dry over ous sodium. sulfate, fil a centrate.under reduced pressure
to obtain 8.5 g of an Cc\é}n ‘ Oélggssr:)&}lyég 5&&%@? EAVQ?}E% dE}S':paill? é%c%l Hpﬁjle ing &ﬁl@%ﬁrﬁ Otlﬁslfl

ona g umn eluting wit anol in
15dichloromethane tsseptdirs 06 title Eorfepdindofbp@@nds PE%)pE-MBenfion display a Ky,
15 inthe MR competitive antagonist assay of < 50 nM, and more preferably < 10 nM.
Specifically, the compounds of Examples 1, 8, and 23 displayed a K, in the MR
competitive antagonist assay of about 1.2 nM, 1.1 nM, and 2.5 nM respectively
(values reported as geometric mean of n = 2), thus demonstrating that compounds
within the scope of the present mvention are potent antagonists of human MR.
20
In vive Model of Aldosterone mediated Renal Disease
Male uni-nephrectomized Sprague Dawley rats (240-280 g) are housed
individually with ad /ib house water and rodent 5001 diet for one week. After
acclimation, baseline 24 h urine samples are collected and analyzed for total urine
25 protein and creatinine. Animals are randomized via body weight and baseling urine
protein into study groups. Baseline serum is taken by tail-clip and analyzed for
blood urea nitrogen (BUN), creatinine, and electrolytes. After baseline samples are
taken, all rats with the exception of the control group are maintained on a diet
containing 6% salt, and drinking water containing 0.3% KCl throughout the study
30 duration. Control animals are maintained on 5061 diet and house water throughout

the study duration and do not receive aldosterone. Alza mini-pumps to deliver

2.5pl/h % 28 days of d-aldosterone in 0.01% DMSO at 0.75 pg/h, s.c. are implanted



(79Br/81Br) 286.0/288.0 [M+HI. Preparation 24 . (2S, 4R)-4-Hydroxy-pyrrolidinc-1,2-dicarboxylic
acid 1-tert-butyl ester 2-methyl 20ester Add thionyl chloride (1.07 mol, 128.2 g) drop wise to a

solution of (g, 4Rdndskydroxy-pyinlidine-2-carboxylic acid (0.70 mol, 93.q,g)rjﬂé1%%§§g@,nol (2L)at0

C under a nitrogen atmosphere. Upon complete addition, warm the reaction mixture to room
temperature and stir for 6 It Concentrate the reaction mjxture 25under reduced pressure to obtain the
corresponding methyl ester hydrochloride. Add triethyfamine (1.56 mob 157.5 g) to a solution of methyl
ester hydrochloride in dry dichloromethane (2 L) at 0C and stir for 30 min. Then add N,
Ndlmethylamlnopynqmﬁ%&m%igﬁlgwﬂe@é@ﬁ{peaﬁxl%amrm&g-éﬁgggﬁéluﬁ%%ﬁdég)

ir for

consecutively. Warm the reaction mixture to room temperature and st . Quench the
reaction mixture with'SWHeEPEAIEF L thd BT Gamectelt aXehita SR bt g @ Saturated sodium
bicarbonate solution miatyihehargamisiayer nves hodbrianhyslrausisodivesufate, filter, and concentrate
under reduced pressurse.to opt in the.tglﬁ co poundé 6%)](? ?%JB% as \’/i%C(aus oél. ES-MS trilz 246.1
[M+1]+. Preparation n&?ﬁ? @Y—E%yﬁ&’x@% frotidine-2- g SEBe ¢ %? Ehloride Toa
mixture of aceticantdrittecf408gimaitacktizacidntls@p)cat QG adadtafns2 4ahiyéivaxyslofproline (0.36
mol, 94 g) in a single ' . I ixture for 5.5 h at.90 nd then concentrate it.
Dissolve the residue%ﬁgéglgﬁﬁy%%%ﬁg%&%ﬁéﬁaﬂr@ {r%thléia{g&r %%?’25%oﬂ?”tﬁ%f%‘é%%i‘é‘h&?ﬁ?x%“fe to room 10
temperature, filter thFseRRiBRatd e Susiaait, Biarmsacapticrempivd eravdined airdtil white needles

form. Filter the crystajsepvash with ethers and-dniuader yagumto Qhtainthe fitle Fompound (90.0 g,
75%). [ct]D20 +10.0 (c = 1.0in methanolo} 11-1 NMR (400 MHz, D20), 62.34-2.39 gme 1H), 2.45-2.53
2R

(m, 1H), 3.38 (dd, 1H*™%% &d fingd g8 edwas, farmalinfos hagmptay iy apsheatip
4R)-4-Hydroxy-pyrrolieingz& @rdicrtbenykinianig th-tercbubit esiptaupethyhesiesAidshihionyl chloride
(1.81 mol, 213.8 g, 1.5 eq) drop wise to a solution of 20(2R, 42)-4-hydroxy-pyrralidine-2-carboxylic
acid hydrochloride (f%{%ﬁﬁeﬁ%ﬁl&f%e% v ﬁ%re{{fﬂ%%l?c@r%fta? é%ﬁ‘éé‘?lgpﬁﬂ% GHS#hosphere. Upon
complete addition, waly thefreaatiGiUMixteatniocr@odrekemperature and stir for 6 h. Concentrate the

ti IXtl d d ' ' thyl est drochloride. Add
reaction mixure un gf redygS e SHIRA CRIANAS AUFRERINING MEIBySilgL by crochioride

xamples 1, &, and 23, when administered at 10 mg/kg/day * 14 days, reduced
15 uninary protein excretion compared to vehicle treated animals by about 49, 83 |, and
64 mg/day respectively (values represent an average of n= 8 for each compound),
thus demonstrating that compounds within the scope of the present invention have

potent in vivo reno-protective activity.

20 In order to demonstrate that a compound has a reduced incidence or
likelihood of producing hyperkalemia, the following model may be employed.

In vive Assav of Electrolyte Modulation

Male Sprague Dawley rats (240-280 g) are adrenalectomized then
maintained on 5001 rodent chow and 1% NaCl drinking solution for 6 days after
25  surgery. Animals are then fasted overnight and 1% saline drinking water is
replaced with house water ad /ib. The morning of the study, fasted animals are
randomized to treatment on the basis of fasted body weight. Control animals (e.g .
those that receive no aldosterone or test compound) are given 10 mL/kg of test
compound vehicle comprising 0.5% CMC / 0.25% polysorbate 80 / 2.7% NaCl by
30 oral gavage, and 1 mL/kg of aldosterone vehicle (0.01% DMSO/water) by
subcutancous mjection. Vehicle animals are given the same test compound vehicle

by oral gavage and aldosterone 3 ug/kg, s.c. Test substances are suspended in the



25to a solution of methyl ester hydrochloride in dry diehloromethane (2 L) at OC and stir for 30 min.

Then add N,N-dimethylaminopyridine (0.18 mol, 21.9 g) and di- tert-butyl dicarbonate (1.43 mol, 313.5
0) consecutwglx@@/gggggbe reaction mixture to room temperature and stlr{,g I 95?5@5’?' the

reaction mixture with water, separate the organic layer and wash with water and NaHCO1 solution.

Dry 30the organic layer over anhydrous sodium sulfa S filter, and concentrate under vacuum to obtain
the title compound (260 g, 88%) as a thick oil. IFINMR (400 MHz, CDC13) 61.43 (s, 9H), 1.46 (s, 9 H),

2.05-2.10 (m, 2H), 2.26-2.35 (m, 2H), -46- 3.48-3.56 (M, 211), 3.58-3.61 (m, 1H), 3.64-3.70 (in, 214),
3.77 (s, 314), 3.79 (Rafdly haks R0 Nav st %ﬁ@té@c&k{%ﬁ&%%rﬁ@ (2,

42)-4-Methanesulfonyloxy-pyrrolidine-1,2-d carboxylic acid 1-ten-butyl ester 2-methyl ester  Add

methanesulfonyl chiSHaE T S EUREBRE g5 IR IS CAB XL BieHIBlelesg NaCT vebicle and
4R)-4-hydroxy-pyrroligin@sh-dicaroy ignacidigrihutyl esieninmelhyp astet{hbamaiet. 160 g) in

pyridine (600 mL) at O C under a nitrogen atmosphere. 10Upon complete addition, warm the reaction

mixture to room temFSKiHD ShAPSEERO houtsitites th & Has stBrlshig GAYSRitd A iFfethane, wash
with 0.1 N hydroghlofis@gichiaakion @mﬁmf@&e&&@d@m hiegdaomatie HebHigmney the organic layer

hyd di Ifate, filter, and t to optain the titl d (185
o, 9106) 6 a thic of LTS WA/ 39s L RROLE L5000 [ SO bR AR R,

4R)-4-Methanesulfomyicks:pyreotiginedliZhaicanbmkydiscacithd utertrh bty Kester (@amdthydfester 20Prepare

the title compound esg; %@%‘g@ﬁ %ﬂ?&%dﬂcg{ﬁﬁ% tion 27 from (2R,
4R)-4-hydroxy- pyrroI| ine-1,2 oxylic acid 1 tert utyl ester 2-methyl ester. ES-MS m/z 324.1

[M+11-. Preparation 29 25(2S, 4S)-4-Bromo-pyrrolidine-1,2-dicarboxylic acid 1-ten-butyl ester 2-methyl

ester  Add trighenylphosphifg: (@338 dn9} R RAHRERH ASAUHE MM 2P can use
42)-4-hydroxy- pyrrolldlne 1,2-dicarboxylic acid 1-ten-butyl ester 2-methyl ester (0.58 mol, 144 g) and

CBr4 (0.88 mol, 292 65 E?ﬁ%ﬁ‘é}%éﬁﬁffﬁgﬂ%ﬁﬁ%t@e 3{11@ E5e%ﬁn(§ invention to 1t§ fullest extent. The

following Preparations and Examples are provided to illustrate the invention in
further detail and represent typical synthesis of the compounds of Formula (T),
However, they are not intended to limit the mvention in any way whatsoever. The
15  reagents and starting materials are readily available to, or may be readily
synthesized by, one of ordinary skill in the art. Those skilled in the art will
promptly recognize appropriate variations from the procedures described in the
examples. The names of the compounds of the present invention are generally
provided by ChemDraw Ultra® version 10,0,
20
Preparation 1
1-Bromo-4-fluoro-2-(2-iodo-benzyloxy)-benzene
Stir a mixture of 2-iodobenzyl bromide (0.29 mol, 90 g), 2-bromo-3-
fluorophenol (0,29 mol, 57.9 g), and potassium carbonate (0,46 mol, 63 g) in N, N-
25 dimethylformamide (750 mL) at room temperature for 16 h, Add water (1 L), stir
the resulting mixture for one hour, filter off solids, rinse with water and dry in a
vacuum oven (20 mm Hg/60 °C) to obtain the title compound (121 g, >100%). 'H
NMR (400 MHz, DMSO-ds) 8 5.11 (3, 2H), 6.81 (1, LH), 7.13 (¢, 1H), 7.19 (dd,
1H}, 7.46 (t, LH), 7.59 (d, 1H), 7.62 (1, |H), 7.93 (d, 1H).
30



30 C. Upon complete addition, warm the reaction mixture to room temperature and stir for 4 h. Add
ethanol (1.44 L) and stir for an additional 2 h. Add diethyl ether (1.44 L) to the reaction mixture, filter

the precipitajggl frikliggadpliosphine oxide, -47- and concentrate the filtratepqder redused-pressure.

Purify by column chromatography using 5% ethyl acetate in hexanes as eluent to obtain the title
compound (155 g, 85%) as a thick oil. ES-MS m/z 30_%,;[_!\/I1]. 5Preparation 30 (2R,
45)-4-Bromo-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester  Prepare the title
compound essentially as described in Preparation 29 from (2R,
4R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1ptesabstiyhester 2-methyl 10 ester. 1IE1 NMR (400
MHz, CDC13) 8 1.45-1.47 [(292[ 9H), 2.38-2.45 (m, 1H), 2.54- 2.59 (m, 1H), 3.72-3.74 (s, 3H), 3.84-3.87
(m, 1H), 3.92-3.94 (m, 1H)l4Z2RB Yifvapphereparshish-gicay pgylic acid ethyl ester
4S)-4-Azido-pynolidine-1,2rdigaiixausyli¢ Boidnotefbuiyl-esiedbmeintyesiekene (biEamalmixture of (25,
4R)-4-methanesulfo -pyrrolidine-1, 2- dicarboxylic acid 1-ten-butyl ester 2-methyl ester (0.60 mol,
185 g) and sodium gz){lc%( ég‘ﬁ{‘ﬁ%ﬁ“?@% %qﬁ’,%-gﬁ&h@%%ﬁ%‘é ’rr}f3 Ig"%l'bli_lfy 8"80EHBY 16 h. Dilute the
reaction mixturewitthwatde €htp ettt dihpetiayivacEfatec WitaSntinel chfnbihed 1 20pegdiic layers with

0.5 N hydrochloric aﬁl@ﬂﬁ@%@ﬁﬁ%&%%@&LS%E%‘%%@CS%&W?% %g ?&ﬁ@i ?%% %\ﬁ anhydrous sodium

sulfate, filter, and conce nder vacuum to obtain the title ‘compou 8%) as a thick,

yellow oil. ES-MS nthegvate QN2-mpt, 73 N Boegtholsprelidirenh 62 tedmediatékein the table below by

essentially following heRiaeduas %ﬁ%@m@%ﬁ’m@%ﬁ@%&fgﬁr}m fHeMmyihg-appropriate
bromo or mesylpyrolidine. Pre?efhemical Name Physical Data 32* (2S, 4R)-4-Azidopyrrolidine-1,2-

dicarboxylic acid 1-t@HBLERE Stk Fastiyrueidiranicrys £8)ti. WeiefBy sy rieidinel1, 2- dicarboxylic acid

1-ten- 10 separate the layers, and wash with water (2 L). Dry the organic portion over
anhydrous sodium sulfate, filter, and concentrate. Suspend the resulting solid in
hexanes (1 L), refrigerate for 2 b, filter, and wash with cold hexanes (500 mL). Dry
in a vacuum oven (50 °C/20 mm Hg) to obtain the title compound as a pale yellow
solid (104.4 g, 95%). LC-MS m/z 381.0 [M+H]".
15
Prenaration 3
(E)- (3-Fluoro-6H-dibenzo[b,e]oxepin-11-ylidene)-acetic acid ethyl ester
Heat a mixture of 3-[2-(2-bromo-5-fluoro-phenoxymethyl)-phenyl}-acrylic
acid ethyl ester {0.25 mol, 94 g), sodium acetate (0.37 mol, 30 g, 1.5 equiv.), tetra-
20 n-butylammonium bromide (0.25 mol, 81 g), and palladium (II) acetate (7 mmol,
1.7 g, 3 mol %) in N-methylpyrrolidinone (850 mL) at 100-110 °C for 6 h. Cool to
room temperature, dilute with water (1 L), filter through diatomaceous earth, and
wagh with ethyl acetate (2 L). Transfer the filtrate to a separatory funnel, add water
(500 mL) and separate the layers, Wash the organic layer with water (2 x 1.5 1),
25 dry over anhydrous sodium sulfate, filter through e silica pad, wash with ethyl
acetate {1.5 L) and concentrate to dryness. To the residual solid add hexanes (1 1),
refrigerate for 2 h, filter, rinse with hexanes (500 mL), and dry at 50 °C/20 mm Hg
t0 obtain the title compound (64.3 g, 87%). LC-MS m/z 299.0 [M+HT".

30



1H NMR (400 MHz, CDC13) 5 1.40- 1.41 (s, 91-0, 2.09-2.13 (m, 1H), 2.40-2.44 (m, 1H), 3.37-3.45 (m,
-48- Prep Chemical Name Physical Data butyl ester 2-methyl ester 11-1), 3.61-3.65 (m, | H),

3.67-3.69 (SyMeéhB8s445 (M, 1H), 4.25- 4.38 (m, IH). 34 (2R, 45)-4-Azidgpykrelidigsdoer dicarboxylic
acid 1-ten- butyl ester 2-methyl ester ES-MS firth! 271 [N4+1], 171.1 [MBoer base peak Preparation

35 (2S, 45)-4-Azido-2-hydroxymethyl-pyrrolidine-l-cqg oxylic acid tert-butyl ester 5Add lithium
borohydride (0.16 mol, 3.6 g) to a solution of (2S, *-4-azido- pyrrolidine-1,2-dicarboxylic acid
1-ten-butyl ester 2-methyl ester (0.16 mot, 40 g) in anhydrous diethyl ether (400 mL) at -10 to -20C
under a nitrogen atmosphere. Upon complete adglifippa8ik the reaction mixture for 30 mm at the same
temperature. Quench the reaction mixture with s%turated sodium bicarbonate 10 solution at -70C and

allow it to come to room tekfip&l AR URSHKI S trre trd iRyt d BEHAL t the aqueous layer
with dichloromethane. Drythe argaiionayes -tueaithyieuns setlikupisuifalalfitescaivdgoncentrate

under vacuum to obtain.the ti om d.(32 g, crud ick,.yellow oil. . 1-1NMR (400 MHz,
CDC13) 8 1.46 (s, 9%?’129???&%3 %Pﬁg)%’ %).ﬁb“%)é? e?@?éaﬁf@fg%?{fﬁﬁ?"4%’%qﬂ?§b (m, 152H).
Prepare the intefmedtiatesiila {hé3able I3dlgwibyaedéntially) foldlowinytehd prdoedbresd imvdescribed in

Preparation 35 startigg fipahe aRproRsaic.Ryialdinesan abaralicacit malbeser. Prep
Chemical Name 36 (2S, 42)-4-Azido-2-hydroxymethyl-pyrrolidine-1- carboxylic acid tert-butyl ester
mlL). After stirring for 135 min, add N-bromosuccinimide (0.25 mol, 44

2). Bubbling ensues, the temperature rises to 45 °C, and solids form after a few

min. Stir the mixture at 40-45 °C for one hour and cool to room temperature. Add
10 sodium bisulfite (4.5 g) in water (150 mL), saturated at;ueous sodium bicarbonate

(150 mL), and water (450 mL). Filter the resulting suspension and rinse with cold

1:1 isopropanol/water (300 mL). Dry the solid at 60 °C/20 mm Hg overnight to

obtain the title compound (65.8 g, 93%). "H NMR (400 MHz, DMSO-de) & 4.9-5.4

(brd, 2H), 6.63 (dd, 1H), 6.77 (dt, 1H), 7.13 (s, 1H}, 7.32-7.46 (m, 4H), 7.52 (dd,
15  [H).

Preparation 5
(E)-2-((3-fluorodibenzolb,eloxepin-11(6H -ylidene ymethyi)-4.4,5 5-tetramethyl-

1,3,2-dioxaborolane

20
To a stirred mixture of (£)-1 [-(bromomethylene)-3-fluoro-6,1 1~

dihydrodibenzo[b,eJoxepine (49 mmol, 15 g) and bis(pinacolatoydiboron (64 mmol,
16 g) n 1, 4-dioxane (250 mL) add potassium acetate (150 mmol, 15 g). Flush the
mixture with nitrogen, add dichloro1,1'-bis(diphenylphosphino)-ferrocene]

25 palladium(IT) dichloromethane adduct (2.46 mmol, 1.80 g), and heat at 65 °C
overnight. Cool to room temperature, filter through diatomaceous earth, wash with
ethyl acetate and concentrate the filtrate in vacuo. Add methanol (200 mL) and

rotate the mixture for one hour on a rotory evaporator without vacyum causing a



37 (2R, 4R)-4-Azido-2-hydroxymethyl-pyol d ne-1- carboxylic acid tert-butyl ester 38 (2R,
4S)-4-Azido-2-hydroxymethyl-pyrrolidine-1- carboxylic acid tert-butyl ester 20 Preparation 39 -49-

(25, 48)-4-Apringndraveoxymethyl-pyrrolidine-1-carboxylic acid tert-butyl gstef;thdds daddeBocC
Dissolve (25, 4S)-4-azido-2-hydroxymethyl-pyrrolidinc-1-carboxylic acid tert-butyl ester (32 g) in
methanol (150 mL). Add 10% palladium on carbon (3.2 5g) and hydrogenate (1 atm) at room
temperature for 16 h. Filter off the catalyst through a plug of diatomaceous earth and concentrate
under vacuum to obtain the title compound (28 g, crude) as a thick, yellow oil. ~ Prepare the

intermediates in the gakle HElow ﬁ,y@sggn@jﬁmyef@dfg\miagntb@mq;@@{@ﬁoﬁ%g gesetbed in Preparation
39 starting from the a rlate %g rroli d|n PreIP @m% @2 &Structure 40 (25,
42)-4-Amino-2-hydr SRy BII R kSRS e

filtrate and purify by column chromatovrapby eluting with 0% to 16% ethyl acetate

in hexanes to obtair the title compound as a yellow solid (3.46 g, 20%). Total yield

5 forthe reactionis 10.7 g (62%). 'H NMR (300 MHz, CDCl;) 8 7.36 (dd, /=8.8, 6.8
Hz, 1H), 7.32-7.27 (m, 4H), 6.64-6.57 (m, 1H), 6.48 (dd, J=10.3, 2.6 Hz, 1H), 5.98
(s, 1H), 5.20 (br s, IH), 1.15 (s, 12H).

Preparation 6
10 1-Bromo-3-fluorobenzaldehyde
To a solution of diisopropylamine (2.27 mol, 320 mL) m anhydrous

tetrahydrofuran (800 mL) in a 5 L flask at 0 °C add 1.6 M butyllithium (1.16 L,
1.86 mol) in hexanes dropwise over 1.5 h. Stir the resulting yellow sclution at §
°C for 30 mun. Ina separate 12 L flask dissolve 1-bromo-3-fluorobenzene (203

15 mlL, 1.86 mol) in anhydrous tetrahydrofuran (650 mL) and cool to -78 °C. Transfer
the preformed LDA solution to an addition funnel via cannula and add dropwise to
the 1-bromo-3-fluorobenzene solution over 2 h so the temperature does not rise
above <70 °C. Stir the resulting shurry at -78 °C for 30 min. Add a solution of N-
methyl-N-phenyl formamide (230 mL, 1.86 moles, 1.00 equiv.) in anhydrous

20 tetrahydrofuran (1.15 L) dropwise at -78 °C over one hour while maintaining the
temperature below -70 °C. Stir the reaction cold for 2 h while slowly allowing it to
rise to room temperature overnight. Dilute the reaction with methyl rert-buty! ether
(3 L), quench with 1M hydrochioric acid (4 L) and stir vigorously for 3 h, Separate
the layers and extract the aqueous layer with methyl teri-butyl ether (1 L). Wash

25  the combined organic phases with 1M hydrochloric acid (2 x 1 L), water (1 L),
brine (1 L), dry over magnesium sulfate, filter and concentrate to an orange oil that
slowly solidifies to obtain the tifle compound (394 g, 105%). "H NMR (CDCl;) &
10.37 (s, 1 H), 7.50 (d, 1 H), 7.44 (m, 1 H), 7.17 (1, 1 H).



41 (2R, 4R)-4-Amino-2-hydroxymethylpyrrolidine-I -carboxylic acid tert-butyl ester N'l \OH Boc 42 (2R,
45)-4-Amino-2-hydroxymethylpyrrolidinc-1-carboxylic acid tert-butyl ester N1\ 'OH Boc Preparation 43

(25, 45)-4-(4yBraypangAitro-phenylami no)-2-hydroxymethy |-pyrrolidinc-1pgarbexicaeish tert-butyl
ester Boc HO -50- (0,29 mol, 64.0 g) and triethylamine (0.58 mot, 59 g) in ethyl acetate (320 mL) to
reflux for 16 h. Cool the reaction mixture to room temperature, dilute with ethyl acetate, and wash with
water and brine. Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate to obtain
the title compound (42 g, crude) as 5a thick, dark, orange oil. Preparation 44 (2S,
4S)-[4-(4-Bromo-2-nitro-phenylamino)-pyrrolidin-gryllsraghanol, hydrochloride HCINMV 10NO2

1-Bromo-3-fluorobenzyl alcohol

To 1-bromo-3-fluorobenzaldehyde (1.60 kg, 7.91 mol) in methanol (14 L) at

0 °C add sodium borohydride (284 g, 7.93 mol) in portions over 30 min to control
5  the exotherm and gas evolution. After 15 min, quench with water (500 mL) and
concentrate to obtain a yellow oil. Dissolve the oil in ethyl acetate (6 L) and wash
with water (3 L), Extract the aqueous layer with ethyl acetate (1 L), Wash the
combined organic phases with brine (2 L}, dry over sodium sulfate, filter, and
concentrate to obtain the title compound as an orange oil (1614 g, 100%). '"HNMR
10 (CDCls) 6740 (d, 1 H), 7.18 (m, 1 H), 7.07 (t, 1 H), 4.86 (s, 2 H).

Preparation 8
1-Bromo-3-flucrobenzyl bromide
To a solution of 1-bromo-3-fluorobenzyl alcohol (1.61 kg, 7.85 mol) in

15  chloroform (14 L) at 0 °C add pyridine (770 mL, 9.52 mol) in one portion (slight
exotherm) and stir at 0 °C for 5 min. Add phosphorus tribromide (900 mL,
9.49) dropwise while maintaining the internal temperature below 20 °C and stir the
resulting solution overnight while allowing to warm to room temperature. Cool the
reaction to 0 °C and quench slowly with ice water (2 L). Transfertoa 50 L

20 {lask, separate the layers and then extract the aqueous layer with chloroform (1 L).
Wash the combined organic phases with 5% sulfuric acid (2 L), saturated aqueous
sodium bicarbonate (2 L), brine (2 L), dry over magnesium sulfate, filter, and
concentrate to obtain the title compound as a yellow oil (1753 g, 83%). 'H NMR
({CDCL) 8743 (d, 1 H), 7.21 (m, 1 H), 7.09 (1, 1 H), 4.68 (s, 2 H).

N
N

Preparation 9
1-Bromo-2-{ 2-bromo-6-fiuoro-benzyloxy)-4-fluoro-benzene
To a solution of 1-bromo-3-fluorebenzyl bromide (1.75 kg, 6.52 mol) and 2-
bromo-5-fluorophenol (730 mL, 16.56 mol, 1.01 eq) in N, N-dimethylformamide
30 (14 L)at 0 °C add potassium carbonate (1.36 kg, 9.80 mol) in one portion and stir
the resulting shurry celd for one hour and then at room temperature overnight,

Transfer the reaction mixture to a 50 liter flask, add water (14 L) drop wise over 30



Add 4.0 M hydrogen chloride in dioxanc (950 mL) slowly to a solution of (2S, .
43)-4-(4-bromo-2-nitro-phenylamino)-2-hydroxymethyl-pyrrolicline-1- carboxylic acid tert-butyl ester

(0.22 mol, S @) asRssichloromethane (475 mL) at room temperature and sfikf0hd s dsliter the
precipitated solid and dry under 15vacuum to obtain the title compound (70 g, 87%) as an orange

solid. 'H NMR (400 MHz, CD30D) 3 1.98-2.05 (in, 1H“)3 2.71-2.79 (m, 1H), 3.36 (dd, 1H), 3.58-3.63 (n,
IF), 3.76 (dd, 1H), 3.88-3.95 (m. 2H), 4.55-4.58 (m, 1H), 7.03 (d, 1H), 7.66 (dd, 1H), 8.30 (d, 1H).
20Prepare the intermediates in the table below by essentially following the procedures as described in

Preparations 43 andiii4 starsseHamAne:apReRriaie dminaryHRl dding: Zrem GhemisakName Physical
Data 45 (2S' 4R)-[4-(4-Bromo-2- nitr -pher(glamino)-pyrrolidin-2- Ik methanol, hydrochloride '"H NMR

(400 MHz, DMSO-d&5PF %S b9 o4 C4 88 Sy ob i i Faao8oiah 81 #3185-3.71 (m, 2H),
3.83 (br s, IF), 4.49-4faQifnay drhidhy, a2 89° (Shol dbthinrthé2iddotipelnd 12922 (e, B9 8. 2 (dvEH), 9.10 (hr s,

methanl, hydrochloRI I RTH (o0 Whis RS Sr6y e 50 & BE U ). 5% b, 169,
3.43-3.51 (m, 3H), 3B8-8168Hn, 1H), 3.69-3.72 (n, 2 H), 4.50- 4.51(m, IH), 7.10 (d, 1H), -51- Prep
Chemical Name Physical Data 7.55 (dd, 1H), 8.14 (d, 1H, -NH), 8.20 (d, 1H).
Preparation 10
(E)- (3,7-Difluoro-6H-dibenzo[b,eloxepin-11-ylidene)-acetic acid ethyl ester
Degas a mixture of 1-bromo-2-{2-bromo-6-fluoro-benzylioxy)-4-fluoro-
10 benzene (886 mmol, 335 g), ethyl acrylate (931 mmol, 101 mL, 1.05 eq), Pd(OAc)
(22.2 mmol, 4.97 g), tetrabutylammonium bromide (886 mmel, 286 g), and sodium
acetate {4.40 mol, 363.5 g) in N-methylpyrrolidinone (3.3 L) by evacuating and
back-filling with nitrogen five times. Heat the mixture to 120 °C for 2 h. Coolto
35 °C and add water (5.5 L) over 40 min. Filter the precipitate, rinse with water (2
15 x 500 mL) and air dry for 30 mun. Reslurry the in isopropano! (1 L) for 2 h and
cool on ice for one hour. Collect the dark gray sokid by filtration, rinse with cold
isopropanol (5 * 100 mL) and dry at 50 °C in vacuo to obtain the title compound
(191 g, 68%).

20 Preparation 11
(£)-11-Bromomethylene-3,7-difluoro-6,11-dihydro-dibenzo[b,e]oxepine
Heat a stirred shurry of (£)-(3,7-difluoro-6H-dibenzo[b,e]oxepin-11-
ylidene)-acetic acid ethyl ester (601 mmol, 190 g) in methanol (1.9 L) and 3N
sodium hydroxide (1.20 mol, 240 mL) to 50 °C for 2 h. Remove the methanol in
25 vacuo and reslurry the resulting black sludge in water 3 L). Add5 N
hydrochloride acid (250 mL) over 45 min, stir for 2.5 h, filter, and rinse the residue
with water (4 > 200 mL). Dry the gray solid i# vacuo at 60 °C overnight, and 80 °C
for 6 h. Dissolve the solid (still wet, contains approximately 95 g of water) and
lithtum acetate (60.1 mmol, 4 g, 0.1 eq) in acetonitrile (1.7 L) and stir for 15 min.
30 Add N-bromosuccinimide (661 mmol, 118 g) in one portion and stir for 2.5h. Add
0.25 M sodium thiosulfate (400 mL), followed by saturated aqueous sodium

bicarbonate (400 mL), and water (900 mL). Stir the mixture for one hour at room



IFI NMR (400 MHz, DMSO-d6) 6 2.08- 47 (2R, 48)44-(4-Bromo-2- nitro-phenylamino)- pynnlidin-2-ylk .
methanol, hydrochloride 2.21 (m, 2H), 3.27 ( d, 1H), 3.57-3.61 (m, 2H), 3.68-3.71 (in, 1H), 3.83 (br s,

11-1), 4.47-4:83dgwveddsdy 5.44 (br s, 1H), 7.08 (d, 1H), 7.72 (dd, i), 7.94 (ftikGee8stdsAH), 9.06 (br
s, 1H), 9.59 (br s, 1H). Preparation 48 (75,

8aS)-7-(4-Bromo-2-nitro-phenylamino)-tetrahydro-py[HB[o[Z,1-c][1,.4]oxaz 4-one 0 5NO2 Add
chloroacetyl chloride (0.49 mol, 55.7 g) drop wise to a solution of (2S,
4S)-14-(4-bromo-2-nitro-phenylamino)-pyrrolidin-2-ylkmethanol, hydrochloride (0.22 mol, 79 g) in
tle(;rigygrofuranlwate&ﬁ%élatﬁm_ _ '@gﬁﬁﬁ&ﬁ%@@mﬁfqgmet%mwl'mﬁ@e Mﬁm@ml}w@aggpn prbetween
- y continuous ition of. odjum roxide solutio er complete addition o
chloroacetyl chloride™ i?%ﬁg%ﬁ%égﬂ W@tﬂb@’@?&nﬁg&z?&gﬁ%éﬁaé‘?&%Pg’.t ISV tetrahydrofuran
under reduced pressirspaint exiragiithegquapus iayerwith dichiomnmatsane;) By, organic layer
over anhydrous sodi ulfate, filter concenirate to obtain the title compou g, 62%) as an
orange solid. 'l-1 N@(%ﬁg‘iﬁggggﬁﬁg ?@Sﬁg‘? 3@2&1)@:@%?@&%?%?&.40 t, IH), 3.71
(dd, 1H), 3.91-49D1 (tH) 214 (4,08d, 1H), 4.20 (dd, IH), 4.29-4.35 (m, 2H), 6.75 (d, 1H), 7,54 (dd, 1H),
8.05 (d, 1H), 8.32 (d, 1H). -52- Preparation 49 (4-Bromo-2-nitro-phenyl)-((75, 8a5)-hexahydro-pyrrolo

[2 1-c] [1,4]oxazin-7-y1)- amine 5Add B1-H.THF (1.0 M in tetrahydrofuran, 0.056 mol, 56 mL) drop
wise to a solution of (75', 8aS)-7-(4-bromo-2-nitrbegIrepiitartio)-tetrahydro-pyrrolo [2,1- c][1,4]

oxazin-4-one (0.028 mot, A0xq) iy @H@t@%@%ﬁﬂ,@&%ﬁ—[ﬂ@i@ﬁ-}%@l@r&éﬂgﬁ?{-ﬂﬁ;@ﬁen- After complete

addition, rcflux the reaction’ mixture for 3 h. Cool the reaction mixture to 0 C, quench with 1 N
hydrochloric acid, and then add | N 10aqUBtRe Skl 1ierdeéeiution. Remove tetrahydrofuran

under reduced ¢ To a mixture of (E)-11-(bromomethylenc)-3,7-difluoro-6,11-

dihydrodibenzo[b,eJoxepme (46.4 mmol, 15.0 g) and bis(pinacolato)diboron (50.3
mmol, 15.3 g) in 1,4-dioxane (150 mL) add potassium acetate (74.3 mmol, 7.29 g),
tricyclohexyl phosphine (6.03 mmol, 1.69 g) and Pdy(dba)s (2.32 mmol, 2.13 g).
Flush by bubbling with nitrogen, then stir with heating at 65 °C overnight. After

15 cooling to room temperature, filter the mixture through a pad of diatomaceous
carth, wash the pad with ethyl acetate, and remove the solvent to obtain a brown ol
Dilute the oil with methanol (180 mL) and swirl the resulting mixture on a rotory
evaporator without vacuum for 3 h causing a white precipitate to form. Collect the
precipitate by vacuum filtration to obtain the title compound (10.8 g, 63%) as a

20 white solid. "H NMR (300 MHz, CDCl3) 8 7.34 (dd, /=8.8, 6.7 Hz, 1H), 7.24-7.18
(m, LH), 7.08-7.01 (m, 2H), 6.65-6.59 (m, 1K), 6.50 {(dd, /=10.3, 2.6 Hz, 1H),
599 (s, 1H), 5.31 (d, /=09 Hz, 2H), 1.16 {5, 12 H).

_ Preparation 13
25 (E)-11-Bromorethylene-3,8-difluoro-6,11-dihydro-dibenzolb,e]oxepine
Prepare the title compound essentially as described in Preparations 9, [0 and
{1, starting with I-bromo-2-bromomethyl-4-fluoro-benzene and 2-bromo-5-fluoro-

phenol.



pressure and extract the aqueous layer with dichloromethane. Dry the organic layer over anhydrous
sodium sulfate, filter, and concentrate. Dissolve the residue in methanol (160 mL), add 4 N hydrogen

chloride in digxapg 4484 mL) and heat the reaction mixture for 4 ii at 80C. £.00}tg fpAjEkigmperature
and adjust the pH 15between 10-12 by adding 4 N aqueous sodium hydroxide solution. Remove the

methanol under reduced pressure and extract the aqueous layer with dichloromethane. Dry the
organic layer over anhydrous sodium sulfate, filter, and concentrate to give the title compound as a
crystalline, yellow solid (8.0 g, 83%). IH NMR (400 MHz, CDC13) 8 1.32-1.38 (m, 1H), 2.19-2.22 (m,
1H), 2.34 (dt. 1H), 202.42-2.47 (m, in), 2.54-2.58 (@ Mih?192 (d, 1H), 3.07 (d, 1H), 3.34 (t, 1H), 3.61
(dt, 1 H), 3.85 (dd, I H), 3.97 édd 1H) 4.01,—4.07gé)m 1H), 6.67 (d, in), 7.48 (dd, in), 8.17 (d, 1H), 8.35
(d, 1H). Prepare the intertfi& bt e tierBRGieTdd ?éﬁlﬁ%%\ﬁfﬁ&%ﬁé*’ ricedures 25 as

described in Preparations 48 and 49 starticgxfiony thes appoagsiaieghenyl-aminopynt lidine. Perform
V\altﬁ bor%rﬁ:tetrahydrofuran complex

the reduction of the tetrahydro-pyrrolo -c][1,4]oxazin-4-
or borane-dimethyl sulfideyg%?nlg%;é%%)[rg @é%_ e M%e$¥é%§%§§d “hd'51. -53- Prep Chemical

N]?me] Physical dza)ta@Qf@mﬁbf@aﬁ)}a@@mm(ﬁ%QnMp%ﬂ@)aQ&b%&hWMﬁWdMﬁ,(147 : )
e][1,4]oxazin-7-y1)- i - [ - . - m, 1H),
2.31-2.38 (m, 1H), 2@%2%%(%% g@%‘z@?@&@i%%%ﬁ%ﬁ%%%&i@lﬁﬁqé’z{@(t 1H), 3.62
(dt, 1H), 3.86 (dd, 1HCE OerFbPpfphine L4 091, 329 }) cred Hé! dbedy, (7. Wonpaal. 2149 9.16 (d, 1H, -NH),

8.32 (d, 1H). 51 (71 % 8aR) (AdpiamAnds N igRBe M n (heXMYAIRaPY E]I0f2% Ls Gl 4l0xazin-7-y1)-
amine 1HNMR (400 MHz, CDC13) 6 1,30-1.36 (m, 1H), 2.18-2.250§m, IH), 2.31-2.38 (m, IH), 2.42-2.47

(m, 1H), 2.53-2.58 (MtPHPORreaqERorHymp s, fitry, trauehe nag o8 Btomrcaquy caB6Tdd, 1H), 3.97
(dd, 1H), 4.01-4.99 (Fhshl Wik Sa6T dekiel) Cotuieltle HhbfiBed o blh WBthiBB8rEdin ). 52 (7S,
BaR)-(4-Bromo-2- g e D P ol e e hre Ry e o 1" h om o
rotory evaporator without vacuum, causing a brown precipitate to form. Collect the
precipitate by vacuum filtration to obtain the title compound as a brown solid (24.2
g, 73%). "HNMR (300 MHz, CDC1;) 8 7.35 (dd, J=8.8, 6.7 Hz, 1H), 7.29-7.24
15 (m, 1H), 7.05-6.93 (m, 2H), 6.65-6.59 (m, 1H), 6.49 (dd, J=10.2, 2.6 Hz, IH), 5.99

(s, 1H), 5.15 (br s, 2H), 1.16 (s, 12H).

Preparation 15
(R)-Methanesulfonic acid 2-terr-butoxycarbonylamino-propyl ester

20 Add methanesulfonyl chloride (0.128 mol, 14.7 g, 1.5 equiv.) drop wise to a
solution of (R)-(+)- 2- tert-butoxy-carbonylamino-1-propanol (0.085 mol, 15.0 g)
and triethylamine (0.12 mol, 17.3 g, 2.0 equiv.) in dichloromethane (150 mL)at 0
°C under nitrogen. Upon complete addition, warm the reaction mixture to room
temperature and stir for 2 h. Dilute the reaction mixture with dichloromethane,

25  wash with 0.1 N hydrochioric acid and saturated sodium bicarbonate solution. Dry
the organic layer over anhydrous sodium sulfate, filter, and concentrate under
vacuum to obtain the title compound (20.8 g, 96%) as white solid. "H NMR (400
MHz, CDCL)d 1.24 (d, 3H), 1.43 (s, 9H}, 3.03 (s, 3H), 3.97 (brs, 1H), 4.14 (dd,
1H), 4.21 (brs, 1H), 4.64 (brs, 1H, Boc-NH),

30

Preparation 16

(R)-(1-Methyl-2-morpholin-4-yl-ethyl)-carbamic acid rers-butyl ester



1LINMR (400 MHz, CDC13) 6 1.69 (dd, 1H), 1.88-1.96 (m, 1H), 2.17-2.24 (in, 1H), 2.42-2.48 (m, 2H),
2.93 (d, IH), 3.27 (t, IH), 3.57 (t, IH), 3.68-3.75 (m, 1H), 3.87 (d, 1H), 3.97 (d, 1H), 4.09-4.17 (m, IH),

6.69 (d, 1H)y ¢ 96héReddd), 8.07 (d, 1H), 8.32 (d, 1H). Preparation 53 Tert-hiinisz008/085907
2,5-dihydro-1H-pyrrole-1-earboxylate Add a solution of di-tert-butyl dicarbonaie (0.69 mol, 151.0 g) in

methylene 5chloride (200 mL) dropwise to.a solution“%“?,-pyrroline (40.0 g, 0.57 mol) in methylene
chloride (400 mL) over a period of 1.5 h at 0 'C and stir at room temperature for 10 h. Remove the
solvent and carry the crude product on to the next step, Preparation 47 (95.0 g, 98%). 10Preparation

54 Rac-trans-3-Bromo-4-hy dionmayrE idinendaeataaxylic agithieri-bibdesiemiRmisiired mixture of
tert-butyl 2,5-dihydro-1H- yrrole-l-earbo%?ylate 0.29 mol, 50.0 g) in_ dimethylsulfoxide (360 mL) and

water (18 mL) add NEPSMSEEEHih el @ $2 87 hBereong Y Y FAMRII @ &CRRIEED C. Atter stirring
15at room temperatypefari 3 fo satic fueaten.(50aconkyanit exdrast withethihacetiateidia4- Wash the

gt brown oil b G e LA RO 0 RAEE Tt ) S B U ) 124,20 (. 2HD.
3.96-4.11 (m, 2H), 3v88:5. Dy (f; Qieni813R1UE {nhy id)s dodinrissudlki}, Blerephratiznttte

Rac trans 3 Benzylamiae g iR eshocaB eI lcaies At RRIGF SHF a mixture of

crude rac-trans-3-bromo-4-hydroxy-pyrrolidine-1- garboxyll aci utyl ester (75.0 g) and aqueous
1 N sodium hydroxideM208000viil2 D0 tdiise faturetfors P nddIddazHaride30286mol, 80.0 g,),

stir at 65 C for 4.5 h fiﬁﬁi m%%q{?ﬁsﬂi%@ (t}ﬁ?zrﬁi@f‘@ﬂf% %G&P%fﬁ%_[%g/ éﬂltgaiiign_, wash with

water and isopropy! ethér and dry to obtain the title compound as a whité solid (50.0 g, 63%). 11-1
NMR (300 MHz, CDEH3) 7.21-7.38 (m, 5H), 4.06-4.15 (m, 1H), 3.84 (d, J=5.0 Hz, 2H), 3.57-3.75 (m,
2H), 3.10-3.35{m, 3H), 1.65 (br s, 152H), 1.46 (s, 9H). Preparation 56 (3S,

45)-3-Benzylamino-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester,
Préparation 17

(R)-1-Methyl-2-morpholin-4-yl-ethylaminehydrochloride
Add 1.6 M hydrogen chloride in dioxane (120 mL} to a solution of (R)-(1-
methyl-2-morpholin-4-yl-cthyl}-carbamic acid rers-butyl ester (0.05 mol, 12 g) in
15 dry dichloromethane {75 ml.) at 0 °C. Warm the reaction mixture to room
temperature and stir for 2 h. Filter the precipitate and dry under vacuum to obtain
the title compound (9.2 g, 86%) as a white solid. 'H NMR {400 MHz, DMSO-dy)
6 1.29(d, 3H}, 3.10 (br s, 2H), 3.38 (br s, 4H), 3.79 (br s, 5H).

20 Preparation 18
{R)-{4-Bromo-2-nitro-phenyl - |-methyl-2-morpholin-4-yl-ethy{)-amine
Reflux @ mixture of (R)-1-methyl-2-morpholin-d-yl-

ethylaminehydrochloride (0.04 mol, 8.7 g), 5-bromo-2-fluororitrobenzene (0.048
mol, 10.5 g), tristhylamine (0.20 mol, 20.2 g) and dimethylaminopyridine (0.0004

25 mol, 0.043 g) in ethyl acetate (220 mL) for 16 h. Cool the reaction mixture to room
temperature, dilute with ethyl acetate, and wash with water and brine. Dry the
organic layer over anhydrous sodium sulfate, filter, and concentrate. Purify on a
silica gel column using 10% ethyl acetate in hexanes as eluent to obtain the title
compound (12.8 g, 95%) as an orange solid. "H NMR (400 MHz, CDCls)§ 1.29 (4,

30 3H),2.47-2.51 (m, 5 H), 2.53-2.58 (m, 1 H), 3.64-3.60 (m, 4 H), 3.72-3.78 (m, 1 H),
6.78 (d, 1H), 7.46 (dd, 1H), 8.30(d, IH), 8.33 (d, 1H).



(+)-mandelic acid salt 20Heat a mixture of rac-trans-3-benzylamino-4-hydroxy-pyrrolidine-1- carboxylic
acid ten-butyl ester (0.343 mol, 100.0 g) and (+)-mandelic acid (0.378 mol, 57.83 g) in acetonitrile QL)
and water (30dmkgoals€E6 for one hour and then cool to room temperaturep@.*nqg $) ct the
resultant crystalline precipitate by filtration, wash with acetonitrile, and recrysta rom acetonltrlle/
water (20:1) to 25give the title compound as a white ¢ |§| stalline solid (62.0 g, 40%). 'HNMR (500 MHz,
CDC13) 7.19-7.44 (m, 8H), 5.05 (br s, 2H), 4.97 (s, 1 % 3.95-4.02 (m, 1H), 3.73 (s, 211), 3.28-3.50
(m, 4H), 2.95-3.18 (m, 3H), 1.39 (s, 9H),; nip 185-188, [a]23D +50.00 (c 0.50, MeOH). -55- Preparation
57 (38, 45)-3-Benzy barpinond-hygretrarysralidinsr %ew'@%éu@n n?mmw b%%%%edum:go (38, 48)-

3-benzylamino-4-hydroxy-pyrrolidine-1-carboxylic acid ten-butyl +)-mandelic acid salt (60.0 g)

add 3% aqueous pofS<EiHPELIL bR RIESBD D) gn@*@iﬁé‘@ﬂﬁ%fff@é %Thezv@?fﬁ Biyracetate (3 x
250 mL). Wash the carsbipiehacgppicpayeowih-Rrifieandiiyyananamdions sqdiimsuifate.

Evaporate the solvent-ynderreduced-pressure-to-gbtain-the-(8,8)-enantiomer-as-a-white solid (34.0 g,
65%). APCI MS m/z 2934 R Gopge [a]°°“ +18.0-(c DiEEcaliba TQ—)-l@-E&epaFatlon 58 (35,
48)-3-Amino-4-hydroxy-pyrral 'ﬁ(efﬁ’fpgé? 8%9;?& adidt %ﬁpglé)(ﬁ&t?@r{fbf (35.
48)-3-benzylamino-4-hydpoxy eiﬁ?ﬂi&%'m 1-3;‘ 'boxﬁ %? ﬁ‘?ﬂ @ ?)I 16.0 g) in
n-butanol (225 mL) add 109%| 15PcUC (5% 'eg§ ?1d hy ﬁ‘e ’ps $or|10 h. Filter the
reaction mixture thorough-a-plig-ofdiatomaceous-earth-ard-wash-with w.u..u. "ﬁpf"ﬁte the filtrate
to obtain the title compound as a white solid (11.10 g, 99%). APC1 MS in/z 203 [M +H]T; [a]23," +7.8
(c, 0.50, MeOH).220Preparation 59 Preparation 20

(4-Bromo-2-nitro-phenyl}-(4-methyl-piperazin-1-yI)-amine

Heat a mixture of 1-amino-4-methy! piperazine (0.217 mol, 25.0 g), 5-
bromo-2-fluoronitrobenzene (0.239 mol, 52.6 g) and triethylamine (0.46 mol, 46 g)
in ethyl acetate (900 mL) to reflux for 16 h. Cool the reaction mixture to room

10 temperature, dilute with ethyl acetate, and wash with water and brine. Dry the
organic layer over anhydrous sodium sulfate, filter, and concentrate. Purify on a
sihica gel column using 5% methanol in dichloromethane as eluent to give the title
compound (43.2g, 63%). ES-MS m/z 315 [M+1]".

15 Preparation 21
3-(4-Bromo-2-nitro-phenylamino)-azetidine- | -carboxylic acid tert-butyl ester
Dissolve S-bromo-2-flucronitrobenzene (28,8 mmol, 3.55 mL), 3-amino-
azetidine-1-carboxylic acid fert-butyl ester (28.8 mmol, 4.96 g), and triethylamine
(35.9 mmol, 5.00 mL) in ethyl acetate (100 mL) and reflux under nitrogen for 48
20 h. Cool to room temperature. Wash with 0.5 M hydrochloric acid twice, dry over
anhydrous sodium sulfate, filter, and concentrate in vacuo to obtain a bright orange
solid (11.04 g, >100%). LC-MS m/z ("Br/*'Br) 394.0/396.0 [M-+H]"

Preparation 22
25 Azetidin-3-yl-(4-bromo-2-nitro-phenyl}-amine, hydrochloride
Stir a solution of 3-(4-bromo-2-nitro-phenylamino)-azetidine- 1-carboxylic
acid tert-butyl ester (29.66 mmol, 11.04 g) in 4.0 M hydrogen chloride in dioxane
{40 mL) at room temperature under nitrogen overnight. Solids crash out of

solution. Dilute with ether (200 mL), filter off solids, rinse with ample ether and



(35, 48)-3-(4-Brorno-2-nitro-phenylamino)-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester To a
solution of 1-bromo-4-fluoro-3-nitrobenzene (0.125 mol, 26.0 g) in ethyl acetate (300 mL) add (35,

48)-3-benzyjaminpdsizygdroxy-pyrrolidine-1- 25carboxylic acid tert-butyl esteq(Gs1ded M9923.0 9) and
triethylamine (0.339 mol, 35.0 g), reflux for 14 It, cool to room temperature, and wash with water and

brine. Dry over anhydrous sodium sulfate, evaporate jhe solvent, and purify by flash colunm
chromatography to give the title compound as a yellow solid (43.0 g, 90%). APCI MS m/z 403 [Mt -56-
Preparation 60 (3R, 4R)-3-Benzylamino-4- hydroxy pyrrolldlne 1-carboxylic acid tert-butyl ester,

(-)-mandelic acid salgviix, fmeem%)tram@ﬂa r@gy@grm{rﬁm@gk&am@(yhc acid
5tert-butyl ester (O. mol, %) m %CL{%) Q{%n‘) % d eq) in acetonitrile
(200 mL) and water%g @g @r 7h(lfi(rd ?ogp ?fé% g&?ﬁo&rﬁr’{ . Collect the
resulting crystalline pve@pﬁategwfnﬁatlon wash with acetonitrile, and recrystallize from
acetonitrile/water (20:1) to obtain the (-)-mandetic acid salt as a white crystalline solid (34.0 g, 88%). 'H

NMR (500 10MHz, CDCI3) 6 7.19-7.44 (m, 81-1); 5.05 (br s, 21-f), 4.97 (s, 1H), 195-4.02 (m, 1H), 3.73
(s, 2H), 3.28-3.5D (m, 41-f), 2.95-3.18 (m, 3H), Eag{satd)23cep -58.0 (c 0.50, MeOH). Preparation 61

15(32, 42)-3-(4-Bromo-2-nitro- F@J‘B%ﬁ%@”ﬂﬁ?o”pﬂﬁ?[?(ﬁyn@(ﬁ@?@%%h Q%FB%MHQ acid tert-butyl ester

Prepare the title compound by essentially following the procedures as described in Preparations 58,

59, and 60 starting from (3R, W}“‘gﬁ"dgﬁ%%ﬁﬁn}r&44'H§9ﬁ?6)2ynﬁ§9ﬁ8}%é3m§&?boxyl|c acid tert-butyl
ester (-)-mandelic agigiralio2dRreranaiiaeB2 g) in acetonitrile (100 mL) and 37% aqueous

formaldehyde (83.0 mmol, 6.28 mL, 3.00 equiv.) at 0 °C add sodium

10 triacetoxyborohydride (88.6 mmol, 18.8 g) slowly, Stir at room temperature under
nitrogen overnight. Remove volatiles under reduced pressure. Dilute with ethyl
acetate, wash with 10% agueous sodium bicarbonate twice, dry over anhydrous
sodium sulfate, filter, and concentrate under reduced pressure to obtain 8.5 g of an
crange solid. Purify on a 120 g silica column eluting with 5% methanol in

15  dichloromethane to obtain the title compound (5.92 g, 75%). LC-MS m/z
("Br/"'Br) 286.0/288.0 [M+H] .

Preparation 24
(28, 4R)-4-Hydroxy-pvrrolidine-1,2-dicarboxylic acid [-fers-butyl ester 2-methyl
20 ester
Add thionyl chioride (1,07 mol, [28.2 g) drop wise to 2 solution of (25, 4R)-
4-hydroxy-pyrrolidine-2-carboxylic acid (0.70 mol, 93.0 g} in dry methanol (2 L)
at 0 °C under a nitrogen atmosphere, Upon complete addition, warm the reaction
mixture to room temperature and stir for 6 h. Concentrate the reaction mixture
25 under reduced pressure to obtain the corresponding methyl ester hydrochloride.
Add tricthylamine {1.56 mol, 157.5 g) to 2 solution of methyl ester hydrochloride in
dry dichloromethane (2 L) at 0 °C and stir for 30 min. Then add N, N-
dimethylaminopyridine (0.10 mol, 13 g} and di-rert-butyl dicarbonate (0.85 mol,
185.7 ¢) consecutively, Warm the reaction mixture to room temperature and stir for
30 18 h. Quench the reaction mixture with water, separate the organic layer, and wash

with water and saturated sodium bicarbonate solution. Dry the organic layer over



(35,4R)-zert-butyl 3-(4-bromo-2-nitrophenylamino)-4-(2- chloroacetoxy)pyrrolidine- -carboxylate To a
mixture of (35, 45)-tert-butyl 3-(4-bromo-2-nitrophenylamino)-4- 25 hydroxypyrrolidine-1-carboxylate

(2.50 mmolpled:ahe e8pacetic acid (3.0 mmol, 300 mg) and triphenylphaspiine d&/8¢3s910l, 850 mg)
in tetrahydrofuran (40 mL) add diethylazodicarboxylate (3.0 mmol, 600 mg) and stir at room

temperature for 12 h. Remove the solvent, add ethyl jgetate (50 mL) to the residue and wash with
water and brine. Dry over anhydrous sodium sulfate and evaporate. Purify the 30 residue by column
chromatography, eluting with 20% ethyl acetate in methylene chloride to obtain the title compound as

o 10 5 T Bt 14D, 3.7 (
.82 (m, 1H), 5.55 -57-(d, J=6. ,4.32 (m, 1H), = ,3.90 (m, IH), 3.79 (m,
1H), 3.74 (dd, J=4.25%%9%?’&%%@%,%2;% EF?,“%?H’, ?é{%&?’é‘l@é@f@ﬁgltion 63

5(35,4R)-tert-butyl 3-(4-bromo-2-nitrophenylamino)-4-hydroxypyrrolidine-1- carboxylate Toa

solution of the (35,4R)-tert-butyl 3-(4-bromo-2-np'r%$g1ﬁln%la in0)-4-
(2-chloroacetoxy)pyrrolidine-l-carboxylate (2.20 mmol, i.d‘g%lin methanol add 2.0 M aqueous lithium
hydroxide (5 triL} and stir at(édorR terhpdraxtineyforgisr-ceoRemoweidnky duicidptidelilute the residue with

ethyl acetate (50 mL), andasihith waterand e B PUR! aehyeius sodiym sullgie, iter, and

evaporate the solvent. Purify by column chromat%%raphy e utln? with 50% ethyl acetate in methylene
chloride to obtain thé' s cbiIS MaPERBE YRR Yo Hd IO MR ORYEIME FRIBL B2 [M + Hit 15
Preparation 64 (3R,45)testthity Ba(40roma-2ditaphenytamipRi-hydraxynofidine-1- carboxylate

20Prepare the title c ound by essentially follqwi e procedures as described in Preparations 62
and 63 starting from%@%ﬁzﬁ‘ﬁsﬁgﬂ-ﬁoﬁ%féﬁﬁgﬁ? (r}ﬁ’o%%mhe reaction mixture o room
nitrophenylamin6)-4tbypdeciypygadidines thchrbhmegtate. citk parbtionddb25¢8&r vacuum yntil
45)-4-(4-Bromo-2-nyg:pheny aminO Tl S0l Isesplgrde, T8 7 susRanign of the (35,
45)-3-(4-bromo-2-nitro-phenylamino)-4- hy roR}-pyfrm ine- -carfioxylle augl ter -%ul{ly ester (0.106
mol, 43.0 g) in ethy! alreitate: (5B emppatOGBUb B anmidrdls Wifoger dhiositiengas'for 10 min and

it oom empere o B Rl D 4 ol 00l sl et vauum
(d, 1H), 4.50 {dd, 1H), 4.58 (br s, 1H).
15 '
Preparation 26
(2R, 4R)-4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid [-rert-butyl ester 2-methyl
gster
Add thiony! chloride (1.81 mol, 213.8 g, 1.5 eq) drop wise to a solution of
20 (2R, 4R)-4-hydroxy-pyrrolidine-2-carboxylic acid hydrochloride (1.19 mol, 200 g)
in dry methanol (2 L) at 0 °C under a nitrogen atmosphere. Upon complete
addition, warm the reaction mixture to room temperature and stir for 6 h,
Concentrate the reaction mixture under reduced pressure to obtain the
corresponding methy! ester hydrochloride. Add triethylamine (265.9 g, 2.63 mol)
25 toasolution of methyl ester hydrochloride in dry dichloromethane (2 L} at 0 °C and
stir for 30 min. Then add N,N-dimethylaminopyridine (0.18 mol, 21.9 g) and di-
tert-butyl dicarbonate (1.43 mol, 313.5 ¢) consecutively. Warm the reaction
mixture to room temperature and stir for 18 h. Quench the reaction mixture with
water, separate the organic layer and wash with water and NaHCO; solution, Dry
30 the organic layer over anhydrous sodiurn sulfate, filter, and concentrate under
vacuum to cbtain the title compound (260 g, 88%) as a thick oil. 'H NMR (400
MHz, CDCL) 6 1.43 (s, 9H), 1.46 (s, 9 H), 2.05-2.10 (m, 2H), 2.26-2.35 (m, 2H),



-58- Preparation 66 (3S, 4S)-4-(4-Bromo-2-nitro-phenylamino)- I-methyl-pyrrolidin-3-ol To (3S,
45)-4-(4-Bromo-2-nitro-phenylamino)-pyrrolidin-3-ol 5hydrochloride (0.104 not, 35.0 g) in acetonitrile
add sodiumsgrigegiosytzagohydride (0.37 mot, 78.0 g) at O C. To this mixturgg-geidsivikssd?% aqueous
formaldehyde (30 mL) over 10 min and stir at room temperature for 10 h. Add saturated aqueous
sodium bicarbonate and stir for one hour. Extract with,gthyl acetate, and wash with water and brine.
Dry over anhydrous sodium sulfate, filter, and evaporate the 10solvent to obtain the title compound as
a yellow solid (34.0 g, 98%). APC1 MS m/z 302 [M + HIE; [c(1223D +58.6' (c, 0.50, MeOH). Prepare

the intermediates in g tablehelaw hysessentially fallewing the pracedukesras deseribey in
Preparations 65 and 6 rein the ropriat t-butyl 3-(4- 1
S5 uberein e Appropriate o

5bromo-2-nitrophenylamiro)-4:hydroXypyfirolidine-1-carboxylate is treated with anhydrous 1-ICI gas for
10 - 30 min and then stirred for 1 -4 h. Treat the resulting deprotected pyrrolidine with formaldehyde for
15 min to 10 h. Pre Chemical Name Physical Daja, Zxﬁ'& )-444- Bromo-2-nitro- phenylamino)4-
methyl-pyrrolidin- 3-o0l 11-1NMR (300 MHz, CDC13) 88.21 (d, J=7.9 Hz, 1H), 7.57 (dd, J=3.5, 8.8 Hz,
1H), 7.08 (d, J=8.1 HZ51H)-4-Netpanesonybaymyronying-2 2-(Hearbesig, apid Hezrimiylzsia (dd, J=4.8,
8.9 Hz, 1H), 2.71 (dd, J=3.8, 8.8 Hz, 1H), 2.59 (agi_m%ﬁﬁ.l%sérg Hz, IH), 2.41 (s, 3H) 00 'C (3R,48)-4-(4-

bromo-2- nitrophenylaminoﬁ- I- methylpyrrolidin3-ol ES] MS miz 318 [M + HI 69 |
dd methangsulfonyl chloride (1.56 mol, 179 g) drop wise to a selution of

(28, 4R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-methyl

ester (0.65 mol, 160 g) in pyridine (600 mL) at 0 °C under a nitrogen atmosphere.
10 Upon complete addition, warm the reaction mixture to room temperature and stir

for 2 h. Dilute the reaction mixture with dichloromethane, wash with 0.1 N

hydrochloric acid solution and saturated sodium bicarbonate solution. Dry the

organic fayer over anhydrous sodium sulfate, filter, end concentrate under vacuum

t0 obtain the title compound (185 g, 91%) as a thick oil. ES-MS m/z 324.1 [M+1]",
15 224.0 [M-Boc]”.

Preparation 28
(2R, 4R)-4-Methanesulfonyloxy-pyrrolidine-1,2-dicarboxylic acid 1-ter-butyl cster
2-methyl ester
20 Prepare the title compound essentially as described in Preparation 27 from
(2R, 4R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl
ester, ES-MS m/z 324.1 [M+17",

Preparation 29
25 (25, 45)-4-Bromo-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-methyl
ester
Add triphenylphosphine (0.88 mol, 231 g) in portions to a solution of (25,
4R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-methy! ester
(0.58 mol, 144 g) and CBr4 (0.88 mol, 292 g) in dry dichloromethane (1.44 L) at 0
30 °C. Upon complete addition, warm the reaction mixfure to room temperature and
stir for4 . Add ethanol (1.44 L) and stir for an additional 2 h, Add diethyl ether

(1.44 1) to the reaction mixture, filter the precipitated triphenylphosphine oxide,



(3S,4R)-4-(4- bromo-2- lli NMR (300 MHz, CDC13) 8 8.66 (d, J=5.4 Hz, 1H), 8.33 (d, J=2.4 Hz, 1H),
-59- Prep Chemical Name Physical Data nitrophenylamino)- 7.48 (dd,1=9.2, 2.1 Hz, 1H), 6.67 (d, 1-

J-9.3 H2), 4wig-desblogiagd H), 4.05-400 methylpyrrolidin- (m, 1 H), 2.90-2.88(roskkn&:68-2.63 (M,
3-ol 1H), 2.38 (s, 3H) Preparation 70 4-Hydroxy-piperidine-I-carboxylic acid tert-butyl ester Add
sodium borohydride (0.82 mol, 31.3 g) in portions to g;solution of 1- (terr-butoxycarbonyl)-4-piperidone
(0.74 mol, 150 g) and tricthylamine (1.5 mol, 151.6 g) in dichloromethane (1 L) at 0 C. Upon complete
addition, warm the reaction mixture to room temperature and stir for 4 h. Quench the reaction mixture
with saturated ammaniLymmchiatidehsaluticnand reimoy ertharethantl bndelinaduced pressure, Dissolve
the residue in water ¢ Q‘gn'lea)t((grg?f 1\j§fvgpmdglgb/l Ef)}macgtat% in Eer alggqe as eluent to obtain the title

compound (135 g, 85%) as a thick oil. ES-MS m/z 308 [M+17".

5 Preparation 30
(2R, 45)-4-Bromo-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl
gster

Prepare the titie compound essentially as described in Preparation 29 from

(2R, 4R)-4-hycroxy-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-methyl

10 ester. 'HNMR (400 MHz, CDCl) & 1.45-1.47 (s, 9H), 2.38-2.45 (m, 1H), 2.54-

2.59 (m, 1H), 3.72-3.74 (s, 3H), 3.84-3.87 (m, 1H), 3.92-3.94 {m, 1H), 4.44-4.54

(m, 2H).

Preparation 31 .
15 {28, 48r4-Azido-pyrrolidine-1,2-dicarboxylic acid 1-ters-butyl ester 2-methyl ester
Heat a mixture of (25, 4R)-4-methanesulfonyloxy-pyrrolidine-1, 2-

dicarboxylic acid 1-ferr-butyl ester 2-methyl ester {0.60 mol, 185 g) and sodium
azide (1.20 mol, 78 g,) in N.N-dimethylformamide (I L) to 80 °C for 16 h. Dilute
the reaction mixture with water and extract with ethyl acetate, Wash the combined

20 organic layers with 0.5 N hydrochloric acid, saturated scdium bicarbonate solution,
and brine. Dry over anhydrous sodium sulfate, filter, and concentrate under
vacuum to obtain the title compound (140 g, 88%) as a thick, yellow o1l. ES-MS
miz271.2 {M+17", 171.0 [M-Boc]”.

25 Prepare the intermediates in the table below by essentially following the procedures

as described in Preparation 31 starting from the appropriate bromo or mesyl-

pyrolidine.
Prep Chemical Name Physical Data

(28, 4R)-4-Azido-

3 pyrrolidine-1,2-
dicarboxylic acid 1-tert-
butyl ester 2-methyl ester
(2R, 4R)-4-Azido- "H NMR (400 MHz, CDCl3) § 1.40-

33 pyrrolidine-1,2- 1.41 (s, 9H), 2.09-2.13 (m, 1H),
dicarboxylic acid 1-fert- | 2,40-2,44 {m, 1H), 3.37-3.45 (m,




10organic layer over anhydrous sodium sulfate, filter, and concentrate to obtain the title compound
(150 g, 99%) as a viscous solid. IFI NMR (400 MHz, CDC13) 1.45 (s, 9H), 1.53 (d, 2H), 1.83-1.87 (m,
2H), 3.02 (dfy@ kihoddsa85 (m, 3H). Preparation 71 154-MethanesulfonylegrRipanigiagss-earboxylic
acid ten-butyl ester Add methanesulfonyl chloride (1.12 mol, 128.8 g) drop wise to a solution of
4-hydroxy-piperidine-1-carboxylic acid tert-butyl ester [g ).74 mol, 150 g) and triethylamine (1.5 mol,
151.6 g) in dichloromethane (1 L) at 0 C. Upon complete addition, warm the reaction mixture to room
temperature and stir for 16 h. Dilute 20the reaction mixture with dichloromethane, wash with saturated

sodium bicarbonate slufieAnd watehRiyaing:afganid layer ovepppid@ipiiz sodium Sulfate, filter,
and concentrate to obfain the Title,gOTRRAIN &I I 2 Va8 S33 RAgY R 0T NIWRR3(4P0 MHz, CDC13) S
1.45 (s, 9H), 1.78-1.8% (m, 2H),i1.93-1.98 (m, 2H), 3.03 (g, 3})4.892613.32 (M), M3, 3.68-3.71 (m, 2H),
4.85-4.90 (m 1H). 25 Preparation 72 3, 6-Dihydro-21-14pyrgliag+ fi.carboxylic acid ten-putyl ester
Heat a solution of 4-methanesulforylesyspiperidine- 1-garboxylic acid ten-butyl ester (0,69 mol, 193g)
in DBU (400 mL) at 8C for 16 hphiiligitba peaction -60ESXSRE With[Matet, Fxtigstwith diethyl ether,
and wash the organic IayeﬁNith Hidibypdytichtatic-acid qridesdtuatechisodium bicarbonate solution. Dry
the organic layer over|anhydroustsodicsnr Seifatte;] ilter, pnd concentrate to obtain the title compound
(116 g, 92%) as a bréwfColbr 1IBMNMR (400 MHz, CDC13) 5 1.46 (s, 9H), 2.12 (br s, 52H), 3.47 (t, 2H),
3.87 (s, 2H), 5.65 (br s, 1H), 5.81 (br s, 1H). Preparation 73 Rac cis-7-Oxa-3-aza-bicyclo [4.1.0]
heptane-3-carboxylic acid tert-butyl ester Add a solution of m-chloroperoxybenzoic acid (0.77 mol,
133.1 g) in 10dichloromethane (200 mL) drop wiseepsratssidtion of 3,6-dihydro-2H-pyridine- carboxylic
acid tert-butyl ester (0.6 paob A1 4SO IBAGHAAPERANRLE LBLQ ke LR amPlele addition, warm

the reaction mixture to room temperature and stir for 16 h. Dilute the reaction mixture with

dichloromethane® and wasH At BeErH s dLige soiti8ot, asalgioneld 4rike: Digidhe organic layer
over anhydrous 15segittdsiatediilieoxanecanceniiaieitesebtainihe ditle @ormpund (112 g, 87%) as

light yell il. 11-INMR, (400 MHz, CD 51.44 (s, 94),1.87-1.93 , 11-1), 2.04 (hr s, 1H),
AN B TN T Ay e e e oy

ES-MS m/z 204 [M-Elidn complete addition, stir the reaction mixture for 30 min at the same

temperature. Quench the reaction mixture with saturated sodium bicarbonate
10 solution at 70 °C and allow it to come to room temperature slowly. Separate the
organic layer and extract the aqueous fayer with dichloromethane. Dry the organic
layer over anhydrous sodium sulfate, filter, and concentrate under vacuum to obtain
the title compound (32 g, crude) as a thick, yellow ¢il, 'H NMR {400 MHz, CDCls)
6 1.46 (s, 9H}, 2.32-2.35 (m, 1H), 3.30(dd, 1H), 3.65-3.76 (m, 41}, 4.07-4.29 (m,
15 2H).

Prepare the intermediates in the table below by essentially following the procedures
as described in Preparation 35 starting from the appropriate pyrrolidine-2-

carboxylic acid methyl ester.

Prep Chemical Name
36 (28, 4R)-4-Azido-2-hydroxymethyl-pyrrolidine-1-
carboxylic acid rerr-butyl ester
37 (2R, 4R)-4-Azido-2-hydroxymethyl-pyrrolidine-I-
carboxylic acid fert-butyl ester
38 (2R, 48)-4-Azido-2-hydroxymethyl-pyrrolidine-1-
carboxylic acid rerr-butyl ester

20
Preparation 39



20Preparation 74 Rac trans-4-Azido-3-hydroxy-piperidine- 1 -carboxylic acid tert-butyl ester Heat a
mixture of racemic tram-7-oxa-3-aza-bicyclo [4.1.0] heptane-3- carboxylic acid tert-butyl ester (0.56
mol, 112 9)xsedinsnaase (1.12 mol, 73.08 g). ammonium chloride (0.56 pel30:0:4,6030d
methanol/water (3:1) (1 L) at 65C for 2516 h. Dilute the reaction mixture with water, extract with
dichloromethane, and wash the organic layer with satyrated sodium bicarbonate and brine solution.
Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate. Purify the residue on a
silica gel column using 6% ethyl acetate in hexanes as eluent to obtain the title compound (42.3 g,
42%) as a light yellow il 1AM (400 MHZneRE-3 3 3Rfn- #8060 Qb sbiAADRS LB erl 97-2.01 (m,
IH), 2.74-2.82 (m , 1H), 2.88 (br s, 1H), 3.37-3.4 “n IH), 3.50 (hr s, 1H), 3.91 (br s, 1H), 4.09 (dd, IH).
ES-MS rn/z 143 [M-Boc]l. -6!- Preparation 75 R&cyrans-4-Amino-3-hydroxy-piperidine-l-carboxylic
acid tert-butyl ester Dissolve racemic trans-4-azido{3-hydroxy-piperidine-I-carboxylic acid 5tert-butyl
ester (0.23 mol, 56.6 g) in methanol (500 mL), add 1§% palladium on carbon (12.0 g) and hydrogenate
(1 arm) at room temperature for 16 h. Filter off the caedystthrough a plug of diatomaceous earth and
concentrate the filtrate to gbtain the {itle.compo 53.7.0..99%).as a thjck, light.yellow oil.
10Preparation 76 Rac translslfgéveen@éla i‘rgg?@-ﬁl%?%%}’-%ﬁ%e"ﬁl |Rgﬁiﬁ§§rio%}lﬂl’(§{ :—thlzrl\éia’[%(r%ﬁbutyl ester Add
benzaldehyde (0.24 wobupd Sty (62aesvlutithunt (Atemid. tradd-UWapalladium on carbon (3.2
no-3-bydroxy-pigeridingsk ARl Aciien Bub e Ba Mok Sl dadaggic acid (92 mL)in

ethanol (400 mL) and stir the reaction mixture at room 15 temperature for 30 min. Add sodium
cyanoborohydride (CM9ERc PBiE of gjaiTpresiutrrarte atdient FAdIPEIO T O Byt & Peaction mixture
with sodium bicarbogatesapsianand exiiariithdichinsepgthane. Dry the organic layer over
anhydrous sodium sulfate, filter, and concentrate. Dissolve the residue in a minimum amount of
dichloromethane and add 0.1 N aqueous hydrochloric acid to maintain the pH 20 between 4-5. Discard
the organic layer. Wasipdhealadidienadises us tayebitrdevtivyessenthhidictilorametbane @nediscard the
organic layer. % 'USt&Eth%g@ELQ ﬁpgr%%%%%d%yﬁ}‘peﬁyﬁ , e10-]102 ar ga%x 5§ct r"é’l'it dichloromethane.

i oVE “Sulfate, fiter. and 0

1C, .
Dry the organic layer over anhydrous sodium su oncentra Obtain the title

compound (35.7 g, 46%8ras a light lkmicalNesAMR (400 MHz, CDIC13) 6 413860rd0 (m, 2H), 25 1.45
(s, 9H), 2.05 (br s IH), 2.43 (1, 1H), 2.57 (t, 1H), 2.69 (br s, IH), 3.27 (bH#! IH), 3.70 (d, 1H), 3.94 (d,
1H), 4.15 (br s, 1H), 4.26G¢d,| 1R, & PBARG (Ml h:8@y7-32 (M, 2H), 7/337.36 (M, 2H). -62-
Preparation 77 (3R,4R)-4-Bgnzylaiiine 13-hyckony Arpipendine-dteargoxyligaCa terr-butyl ester,
éOC OH
HN,
41 | (2R, 4R)-4-Amino-2-hydroxymethyl- U
pyrrolidine-1-carboxylic acid terr-butyl ester N7,
E'm OH
HN
42 | (2R, 48)-4-Amino-2-hydroxymethyl- Z \
pyrrolidine-1-carboxylic acid rert-butyl ester N7
éOC OH

Preparation 43
(28, 45)-4-(4-Bromo-2-nitro-phenylamino)-2-hydroxymethyl-pyrrolidine-1-

carboxylic acid fert-butyl ester

Boc
HQ L{‘j\ Br
15 NO,

Heat a mixture of (25, 45)-4-amino-2-hydroxymethyi-pyrrolidine-1-

carboxylic acid rerr-butyl ester (G.14 mol, 31 g), 5-bromo-2-fluoronitrobenzene



L-(+)-tartaric acid salt Heat a mixture of racemic trans-4-benzylamino-3-hydroxy-piperidine-1-
5carboxylic acid tert-butyl ester (0.11 mot, 35.0 g) and L-(+)-tartaric acid (0.12 mot, 18.9 g, 1.2 eq) and
acetonitrileAwaterob2Rskk {175 mL) at 75C for 4 h. Concentrate the reactiorpgjxtittgaos/agenreduced
pressure to obtain the tartaric acid salt (53.0 g). Crystallize the residue from acetonitrile three times.
Filter the crystals and dry under vacuum to obtain thestjtle compound (18.3 g, 67%). HPLC (Column:
10Chiralcel OD-H(250 mm*4.6 mm), solvent system: isopropanol1/0.1% triethylamine in hexanes
(8:92); flow rate: 0.800 ml/min; wavelength: 258 nm): 99.9% ee. tR 9.502 mitt tR for opposite
enantiomer ((3S,4S)B2biyaioxy Ay phetrthylapiperidisedcarboxieragistestt uyhaster. L-H-tartaric

acid salt) 8.714 min._15 Preparati 3R.4R)-4-Amino-3-hydroxy-piperidine-.1-c r?oxylic acid
oy oater LR e e R R S B b e acid
tert-butyl ester, L-()-tactaticzadielashiviif. O4tanaid bBn8. gyintieemzapotassionareahpdmate solution (500 nil
oo . g e Lo AU L G el BB e Qver anfydrous
sodium sulfate, filter, and concentrate to obtain the free amine (11.3 g, 92%). Dissolve the amine in
methanol (110 raL), &dérl.opskpatagi on carbon (2.5 g) and hydrogenate (1 atm) at room
temperature for 16 h. Filter off the catalyst through a plug of diatomaceous 25earth and concentrate
the filtrate to obtain the title compound (7.6 g, 95%) as thick, 26.1 light yellow oil, [alp +2,141 (c 1.0,
methanol). 1H NMR (400 MHz, DMSO-d6) 8 1.08 {eRfatien 44.38 (s, 9H), 1.67 (dd, | H), 1.80 (br s, 1H),
2.37-2.45 (M, 21-1), 2.67 (43 57lk-1 BroRbrisird bherdiZitoy-Byibhid- BSifissabtl), 5.0 (hr s, 1H).
ES-MS miz 217 [M+Hr. -63- Preparation 79 .
(3R,4R)-4-(4-Bromo-2-nitro-p-henylamino)-3-hyd}%96%%%?&ne-l-carboxylic acid tert-butyl ester Heat a
mixture of (3R.4R)-4-amino-3-hydroxy-piperj:;&ne-lﬁcarbox lic acid Sterr-butyl ester (0.02 mol, 6.0 g),
5-bromo-2-fluoronitrobenzene (0.03 mol, 6.71 nditrie mine (0.058 mol, 5.88 mL) in ethyl
acetate (180 mL) to reflux for 16 h. Cool the ;@@% 0 room temperature, dilute with ethyl
acetate, and wash with water and brine. Dry the organt¢ laygr over anhydrous sodium sulfate, filter,
and concentratlto obtain the title compound (12.35 g, crude)’: 11-1 NMR (400

Add 4.0 M hydrogen chloride in dioxane (950 mL) slowly to a solution of

(28, 48)-4-(4-bromo-2-nitro-phenylamino)-2-hydroxymethyl-pyrrolidine-1-
carboxylic acid rert-butyl ester (0.22 mol, 95 g) in dry dichloromethane (475 mL) at
room temperature and stir for 2 h, Filter the precipitated solid and dry under

15  vacuum to obtain the title cormpound (70 g, 87%) as an orange solid. 'H NMR (400
MHz, CD;0D) & 1.98-2.05 (m, 1H), 2.71-2.79 ( m, 1H), 3.36 (dd, 1H), 3.58-3.63
(m, 1H), 3.76 (dd, 1H), 3.88-3.95 (m, 2H), 4.55-4.58 (m, 1H), 7.03 (d, 1H), 7.66
{dd, 1H), 8.30 (d, 1H).

20  Prepare the intermediates in the table below by essentially following the procedures
as described in Preparations 43 and 44 starting from the appropriate amino-

pyrrolidine,

Prep Chemical Name Physical Data

"H NMR (400 MHz, DMSO-ds) § 2.01-
2.10 (m, 2H), 3.06-3.10 (m, 2H), 3.47-3.60
(m, 3H), 3.62-3.71 (m, 2H), 3.83 (brs,
1H), 4.49-4.50 (m, 1H), 7.09 (d, 1H), 7.72
(dd, 1H), 7.94 (d, 1H), 8.2 (d, 1H), 9.10
(brs, IH, HCI), 9.60 (br s, 1H, HCI).

(2R, 4R)-[4-(4-Bromo-2- | '"H NMR (400 MHz, DMSO-ds) & 1.80-
nitro-phenylamino)- 1.85 {m, 1H), 2.54-2.59 (m, 1H), 3.43-3.51
pyrrolidin-2-vl]- {m, 3H), 3.56-3.63 (m, 1H), 3.69-3.72 {m,
methanol, hydrochloride | 2 H), 4.50 - 4.51(m, 1H), 7.10 (d, 1H),

45 | (28 4R)-[4-(4-Bromo-2-
nitro-phenylamino)-
pyrrolidin-2-yl}-
methanol, hydrochloride

46




10MHz, CDCI3) 81.46 (s, 9H), 1.50-1.51 (m, 1H), 2.08-2.12 (m, 1H), 2.93 (dd, 1H), 3.01 (hr s, IH),
3.55-3.61 (m, 1H), 3.62-3.68 (m, 1H), 3.68 (br s, IF), 4.13-4.18 (m, 1H), 6.97 (d, 1H), 7.48 (dd, IH),
8.08 (d, 1H)W%.3&)§Qg§d§). ES-MS m/z 316 [M-BOGI’. 15Preparation 80 POT/US2008/0835097
(3R,4R)-4-(4-Bromo-2-nitro-phenylamino)-piperidin-3-ol.hydrochloride salt Add 4.0 M hydrogen
chloride in dioxane (70 mL) slowly to a solution of ;.
(3R,4R)-4-(4-bromo-2-nitro-phenylamino)-3-hydroxy-piperidine-I-carboxylic acid tert-butyl ester (0.027
niol, 11.5 g) in dry dichloromethane (40 mL) at room 20temperature and stir for 16 h. Filter the
precipitate and dry unq&@glyaécuumjﬁgrg}a@mamg title compound (BR8da189%a) as a yellow|solid. H NMR
(400 MHz, CD30D) 6 1-81-1.86 (m, IH), 2.39-2.4% (%S;Iald, Hi‘i‘g.%{é,(my R 3315 3129 (m, 1H),
3.34-3.40 (m, IF), 3.45 (dd, 1-0, 3.87-3.91(m, 2H); 7 (d, 1H), 7.61(dd, | Hi, 8.28 (d,|1H). 25
Prepar_ation 81 (32,4R )-4-(4rBromo-2-nitro-phienyig Wﬁ'@@d%ﬁ@%@&&%’@bﬂ& Add formaldehyde
(20.5 rill, 37-41% aqueous Sgggm)[@(@%%%ﬂ_ 9f2 21 (m, 2H), 327, 144, 3.57:3.61 (o
(3R,4R)-4-(4-bromo-2-njto- mi%p_erldmﬁr_g[.“)6@_@6;&“&9, %ajggngsogé4 mipol, 8.68 g) and
acetic acid (10.2 mL) in water{A3|mk)and stir the reaction mixtyrs, 400 temperatuye for 30 min.
Add sodium eyanobarohydridg:{t:3miedc ki) andrstin theseagtionomistyre, fop@h; Quench the
reaction -64- mixturg with spdium bicarbonate solutign, ang extsag withdishioramethang. Dry the
organic layer over anhydrous sodium sulfate, filter, and concentrate to obtain the titte compound (7.8
g, 97%). 1H NMR (400 MHz, CDC13) 5 1.63-1.7 (pm, 11;3;%16-121 (m, 2H), 2.33 (s, 3H), 2.35-2.38
(in, IH), 2.60 (br s, IH), 2.80 (d, 1H), 53.54-3.56 (PR 78.3.79 (m, 1H), 6.92 (d, 1H), 7.48 (dd, 1H),
8.14 (d, 1H), 8.30 (d,{If1fPrégarAtiom &2nitro-§BSiylamino)-tetrahydro-pyrrolo[2,1-¢][ 1,4 Joxazin-
45)-4-Benzylamino-3-hydroxy-4-piperidine-l-carbox%%gcid tert-butyl ester, 10D-(-)-tartaric acid salt
Concentrate the mother liquor of Preparation 77 to obtain enantio enriched _
(35',48)-3-hydroxy-4-phenethyl-piperidine-1-car, lic acid tert-butyl ester L-(-t-)- tartaric acid salt
(0.0377 mol, 17.2 g). Add 4% aqueous potassmm'\}:arbonate sglution (500 mL) and stir for 30 min.
Extract the free amine with 15dichloromethane~Rryhe ¢rganic layer over anhydrous sodium sulfate,
filter, and concentrate to obtain the free amine (11 igat a mixture of 4-benzylamino-3-
hydroxy-piperidine-I-carboxylic acid terr-butyl ester (080361} mol, 11.0 g) and D-(-)-tartaric acid (0.0397
mol, 5.97 g, 1.1 &quiv.) in acetonitrile/water (20:1) (100 ml) at 75C for 4 h. Concentrate the reaction

mixture under reduce presgdpeRaERHA chioride (0.49 mol, 55.7 g) drop wise to a solution of (25,
48)-[4-(4-bromo-2-nitre-phenylamino}-pyrrolidin-2-yli-methanol, hydrochloride

O

(0.22 mol, 79 g) in tetrahydrofuran/water (1:1) mixture (1180 mL) at room
temperature. Maintain the reaction pH between 10-12 by continuous addition of 4

10 M sodium hydroxide solution. After complete addition of chloroacetyl chloride,
stir the reaction mixture for 4 h at room temperature. Remove tetrahydrofuran
under reduced pressure and extract the aqueous layer with dichloromethane. Dry
the organic layer over anhydrous sodium sulfate, filter, and concentrate to obtain
the title compound (30 g, 62%) as an orange solid. "H NMR (400 MHz, CDCl;) &

15 1.59-1.67 (m, 1H), 2.58-2.64 (m, 18, 3.40 (1, 1H), 3.71 {dd, 1H), 3.91-4.01 (m,
2H), 4.09 (d, 1H), 4.20 (dd, 1H), 4.29-4.35 (m, 2H), 6.75 (d, 1H), 7.54 (dd, [H),
8.05 (d, 1H}, 8.32 (d, 1H).



20crude tartaric acid salt. Crystallize the residue from acetonitrile three times. Filter the crystals and
dry under vacuum to obtain the title compound (14.8 g, 90%). HPLC (Column: Chiraleel OD-1-1(250
mm*4.6 ramy;saluenisystem: isopropanol/0.1% triethylamine in hexanesg@;%2);dioMkkase: 0.800
ml/rnin; wavelength: 258 nm): 96.4% cc. tR 8.714 mm. tR for opposite enantiorner 25((3R,
4R)-3-Hydroxy-4-ph enethyl-piperid ine-l-carboxy lic aﬁd ten-butyl ester. L- (+)-tartaric acid salt) 9.502
mm. Preparation 83 (35',4S)-4-Amino-3-hydroxy-piperidine-1-carboxylic acid tert-butyl ester
30Dissolve (3S,4S)-4-Benzylamino-3-hydroxy-4-phenethyl-piperidine-1- carboxylic acid tert-butyl
ester, D-(-)-tartaric acid salt (0.036 mol, 16.4 g) ip-4%xagMeey's potassium carbonate solution (500 mL)
and stir for 30 min. Exg act with -65- Q%-F chloromethane, dry the organic layer over anhydrous sodium
sulfate, filter, and con ﬁf%‘?@ P EERRETNE Hée m&@"(’ﬁ%od’y@@é}%y bé@oﬂ%"?ﬁ@ AMifie in methanol
(110 mL), add 10% palladium on carbon (5.5 g) anddmyidsogenate (50 psi) at room temperature for 2 h.
Filter off the catalyst through diatomaceous earth and 5concentrate to obtain the title compound (7.7 g,
99%) as a thick, light yellow oil. Preparation &{@\N Br _
5,48)-4-(4-Bromo-2-nitro-phenylamino)-3-hydrexy-piperid -carboxylic acid tert-butyl ester 10Heat a
mixture of (3 8,4,5)-4-amino-3-hydroxy-piperidine oxylic acid tert-butyl ester (0.035 mol, 7.5 g),
5-bromo-2-fluoronitrobenzene (0.038 mol, 8.48 g) andHtriethyl amine (0.073 mol, 7.44 g) in ethyl
acetate (250 mL) to reflux for 16 h. Cool the reaction mixturé*o room temperature, dilute with ethyl

acetate and wash with Watgacagmmlﬂeﬂ[}ymhﬁ@mgmgﬂgﬁem@g@r@@mg%@g%um@gllfate 15filter,
and concentrate to o% n the title compound (16. 163 crude). Preparatlon 85
i AP 16

5,48)-4-(4-Bromo-2-i tAaffito) i ERPT- ﬂV&Vé‘EWI’b? derAN ¢ RIIakaden chioride in
dioxane (90 tnL) slow]i i} axsthﬂICmeqt) 028 mol, 10 g) in tetrahydrofuran (150 mL)at 0 to -5°C

20(3S,45)-4-(4- brom&(?-mt R¥!am|no - -h %oxyr%er dlne -carbox él%o }'ort&f) butyl ester

(0,035 mol, 14.6 g) in orome ane at room éj’rﬁeagriglu%xgind & 6 h. Filter the

precipitate and dry uﬁdewva@ummﬁwb@ﬁb@diﬁ,m@nmevcﬂ)@bﬂuﬁdocblamg@%_m%ﬂw solid.
25Preparation 8§ (3gfa)és (a2 KOG MEARIRO LD &I MR PR30k

pressure and extract the aqueous layer with dichloromethane, Dry the organic layer

over anhydrous sodium sulfate, filter, and concentrate. Dissolve the residue in
methanol (160 mL), add 4 N hydrogen chloride in dioxane (160 mL) and heat the
reaction mixture for 4 h at 80°C. Cool to room temperature and adjust the pH

15 between 10-12 by adding 4 N aqueous sodium hydroxide solution. Remove the
methanol under reduced pressure and extract the aqueous layer with
dichloromethane, Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate to give the title compound as a crystalline, yellow solid (8.0 g, §3%).
"H NMR (400 MHz, CDCl) & 1.32-1.38 (m, 1H), 2.19-2.22 (m, 1H), 2.34 (dt, 1H),

20 2.42-2.47 (m, 1H), 2.54-2.58 (m, 1H), 2.92 (d, 1H), 3.07 (d, 1H), 3.34 (1, 1H), 3.61
(dt, 1H), 3.85 (dd, 1H), 3.97 (dd, 1H)}, 4.01-4.07 (m, 1H), 6.67 (d, 1 H), 7.48 (dd,
tH), 8.17 (d, 1H), .35 (d, 1H).

Prepare the intermediates in the table below by essentially following the procedures
25  asdescribed in Preparations 48 and 49 starting from the appropriate phenyl-amino-

pyrrolidine. Perform the reduction of the tetrahydro-pyrrolo[2,1-¢][1,4]oxazin-4-

ong with borane-tetrahydrofuran complex or borane-dimethy! sulfide complex, for

example, with Preparations 50 and 51,



Add formaldehyde (24 mL, 37-41% aqueous solution) to a solution of (3
5,45)-4-(4-brorno-2-nitro-phenylamino)-piperidin-3-ol, hydrochloride (0.028 mol, 9.8 g) and acetic acid

(12 mL) in wgiesddamatasand stir the reaction mixture at 30room temperaty&erjggzggsm%ﬁdd sodium
cyanoborohydride (0.083 mol, 5.26 g) and stir the reaction mixture for 3 h. Quench the reaction

mixture with sodium bicarbonate solution and extract

ith dichloromethane. Dry the organic layer over

-66- anhydrous sodium sulfate, filter, and concentrate to obtain the title compound (8.4 g, 92%). 4H
NMR (400 MHz, CDC13) 5 1.63-1.71 (m, IH), 2.16-2.21 (m, 2H), 2.33 (s, 3H), 2.35-2.38 (m, 1H), 2.60

(brs, 1H), 2.80 (d, 1H), ﬁx’?p‘l'

/n\@F "'H-Igi Iéﬁ?l?ed /9 (m, IH), bn%ﬁyﬂd
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MR (400 MHz,
(or s, 1H), 5.63

13), 7.06- 7.10

-2

ylidenemethyl)-2-nitro-phenyT

(78, 8aR)~(4-Bromo-2-
nitro-phenyl}-
(hexahydro-pyrrolo[2,1-
¢}l 4loxazin-7-yI)-
aming

-(I-methyI-2-morphofin- 47\1{46[%({ amine

R (400 MHz, CDCly) 8 1.69 (dd,
1H), 1.88-1.96 (m, 1H), 2.17-2.24 (m,
1H), 2.42-2.48 (m, 2H), 2.93 (d, 1H), 3.27
(t, 1FD), 3.57 (1, 1H), 3.68-3.75 (m, 1H),
3.87 (d, 1H), 3.97 (d, 1H), 4.09-4.17 (m,
1H), 6.69 (d, 1H), 7.50 (d, 1H), 8.07 (4,
1H), 8.32 (d, 1H),

Preparation 53

Tert-butyl 2,5-dihydro-1 H-pyrrole-1-carboxylate

5  chloride (200 mL}) dropwise to a solution of 3-pyrroline (40.0 g, 0.57 mol) in

methylene chioride (400 mL) over a period of 1.5 h at 0 °C and stir at room

temperature for 10 h. Remove the solvent and carry the crude product on to the

next step, Preparation 47 (95.0 g, 98%).

10

Preparation 54

Rac-trans-3-Bromo-4-hydroxy-pyrrolidine-1-carboxylic acid zert-butyl ester

To a stirred mixture of rert-butyl 2,5-dihydro~-1 H-pyrrole-1-carboxylate

{0.29 mol, 50.0 g) in dimethylsulfoxide (360 mL) and water (18 mL) add N-

bromosuccinimide (0.325 mol, 58.0 g) gradually over 15 min at 0 °C. After stirring

15 atroom temperature for 2 h, add water (500 mL) and extract with ethyl acetate.

Add a solution of di-ferr-butyl dicarbonate (0.69 mol, 151.0 g) in methyiene



(0.017mol, 9.0 g) in tetrahydrofuran (35 mL) and isopropanol (90 mL). Add triethylamine (0.039 mol,
3.9) and 10% platinum on carbon (1.5 g) and 10 hydrogenate in a Parr shaker at 50 psi (H2) at room
temperaturexfarzdobskdigr off the catalyst through a plug of diatomaceous gafisRidgigdhe filtrate with
dioxane (35 mL), add diphenyl N-cyanocarbonimidate (0.019 mol, 4.61 g) and stir at room temperature
for 48 h. Concentrate the reaction mixture under reduggd pressure. Purify on a silica gel column using
0.5% methanol in dichloromethane as eluent to 150btain the title compound (6.0 g, 64%) as an
off-white solid. LC-MS m/z 528.2 [M+H]t Prepare the following examples in the table below,
essentially as describeghimPsepakatiosn &ﬁmﬁ&nm& <bdusinglfive ajapxepsiatephenyl bromide and

the 20appropriate Vlﬂ"?fljlodlo? %?or ) ent% con peun&s aT gﬁ% Nam rr@%rbjctlélrstg &\tﬁh{)ata 2

(E)-N-((5)-5-((E)- 3 Benzo p e oxepin-
morpholin-4-y1- eth{A1y8Hd nirh-) benAoinidaz dlFD; aymarm){myam)amamrm 20 7-NH ) N \?
3.68-3.94 (m, 2H), 3.32-3.48 (m, 1H), 1.47 (s, 9H).

Preparation 55
Rac-irans-3-Benzylamino-4-hydroxy-pyrrolidine-1-carboxylic acid feri-butyl ester
Stir a mixture of crude rac-trans-3-bromo-4-hydroxy-pyrrolidine-1-

carboxylic acid fert-butyl ester (75.0 g) and aqueous 1 N sodium hydroxide (400
10 mL)at room temperature for 2 h. Add benzylamine (0,86 mol, 80.0 g,), stir at 65

°C for 4.5 h and then cool to 0 °C. Collect the resultant precipitates by filtration,

wash with water and isopropyl ether and dry to obtain the title compound as a white

solid (50.0 g, 63%). "H NMR (300 MHz, CDCly) § 7.21-7.38 (m, 5H), 4.06-4.15

(m, LH), 3.84 (d, J=5.0 Hz, 2H), 3.57-3.75 (m, 2H), 3.10-3.35 {m, 3H), 1.65 (br s,
15 2H), 1.46 (s, 9H).

Preparatien 56
(35, 45)-3-Benzylamino-4-hydroxy-pyrrolidine- 1-carboxylic acid zert-butyl ester,
(+)-mandelic acid salt
20 Heat a mixture of rac-rrans-3-benzylamino-4-hydroxy-pyrrolidine-1 -
carboxylic acid terz-butyl ester (0.343 mol, 100.0 g) and (+)-mandelic acid (0.378
mol, 57.83 g) in acetonitrile (1 L) and water (10 mL) at 70 °C for one hour and then
cool to room temperature during 4 h. Collect the resultant crystalline precipitate by
filtration, wash with acetonitrile, and recrystallize from acetonitrile/ water (20:1) to
25 give the title compound as a white crystalline solid (62.0 g, 40%). 'H NMR (300
MHz, CDCL) 6 7.19-7.44 (m, §H), 5.08 (br s, 2H), 4.97 (s, 1H), 3.95-4.02 (m, 1H),
3.73 (s, 2H), 3.28-3.50 (m, 4H), 2.95-3.18 (m, 3H), 1.39 (s, 9H),; mp 1R5-188,
[0]%p +50.0° (¢ 0.50, MeOH).



N-lle LC-MS m/z 510.2 [M+Hr 3 3-Fluoro-61-fdibenzo [b,e]oxepin-1 1 - ylidenemethyl)-1-
(1-methyl-2- morpholin-4-yl- ethyl)- 1 ,3-dihydrobenzo imidazol-2- ylidene)- cyanamide U-0 zz) 0
LC-MS m/zpa0CshdMisbii 4 3,8-Difinoro-6Hdibenzo [b,e]oxepin -11- PCT/US2008/085997

-55-

Preparation 57
(35, 45)-3-Benzylamino-4-hydroxy-pyrrolidine- [-carboxylic acid tert-butyl ester
To (38, 485)- 3-benzylamino-4-hydroxy-pyrrolidine-1-carboxylic acid ferr-
butyl ester {+)-mandelic acid salt (60.0 g) add 3% aqueous potassium carbonate
5 (300 mL) and extract the free amine with ethyl acetate (3 x 250 mL). Wash the
combined organic layer with brine and dry over anhydrous sodium sulfate.
Evaporate the sotvent under reduced pressure to obizin the (5,8)-enantiomer as a
white solid (34.0 g, 65%). APCIMS m/z 293 [M +HI": mp 69-70 °C, [0
+18.0° (¢, 0.50, MeOH).
10
Preparation 58
(38, 48)-3-Amino-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester
To a solution of (35, 45)-3-benzylamino-4-hydroxy-pyrrolidine-1-
carboxylic acid tert-butyl ester (0.054 mol, 16.0 g) in n-butanol (225 mL} add 10%
15 Pd/C (5.0 g) and hydrogenate the mixture at S0 psi for 10 h. Filter the reaction
mixture thorough a plug of diatomaceous earth and wash with ethanol. Evaporate
the filtrate to obtain the title compound as a white solid (11.10 g, 99%). APCIMS
miz 203 [M -+ HI™; [al"p +7.8° (¢, 0.50, MeOH).

20 Preparation 59
(38, 45)-3-(4 —Bromo—2—nitro—pheny1amino)-4-hydroﬁy—pyrroiidine— I-carboxylic
acid rerr-butyl ester
To a solution of 1-bromo-4-fluore-3-nitrobenzene (0.125 mol, 26.0 ) in

ethyl acetate (300 mL) add (38, 45)-3-benzylamino-4-hydroxy-pyrrolidine-1-

25 carboxylic acid tert-butyl ester (0.113 mol, 23.0 g) and triethylamine (0.339 mol,
35.0 @), reflux for 14 k, cocl to room temperature, and wash with water and brine.
Dry over anhydrous sodium sulfate, evaporate the solvent, and purify by flash
column chromatography to give the title compound as a yellow solid (43.0 g, 90%).
APCIMS m/z 403 [M + H]",

30



ylidenemethyl)- | - (1-methy1-2- morpholin-4-y1- ethyl)-1,3-dihydro- benzoimidazol-2- ylidene)-
cyanamide 1,, SN N 4111 LC-MS in k 528.5 [M+H]+ () 5 (E)-N-((R)-5-((E)-

3,7-Difluoroyiairiglibeszasb,eloxepin- | 1 - ylidenemethyl)-1-(1 -methyl-2- mprphaliaddadsethyl)- 1
,3-dihydro- benzoimidazol-2- ylidene)- cyanamide 11 101

-56-

Preparation 60
(3R, 4R)-3-Benzylamino-4-hydroxy-pyrrolidine- I-carboxylic acid terr-butyl ester,
(-)-mandelic acid salt
Mix racemic frans-3-benzylamino-4-hydroxy-pyrrolidine-1-carboxylic acid
5 tert-butyl ester (0.085 maol, 25.0 g) and (-)-mandelic acid (0.094 mol, 14.45 g, 1.1
eq) in acetonitrile (200 mL) and water (5 mL) at 70 °C for one hour. Cool to room
temperature during 4 h. Collect the resulting crystalline precipitate by filtration,
wash with acetonitrile, and recrystallize from acetonitrile/water (20:1) to obtain the
(-)-mandelic acid salt as a white crystalline solid (34.0 g, 88%). "H NMR (500
10 MHz CDCly) 8 7.19-7.44 (m, 8H); 5.05 (br s, 2, 4.97 (s, 1H), 2.95-4.02 {m, 1 H),
3.73 (s, 2H), 3.28-3.50 (m, 4H), 2.95-3.18 (m, 3H), 1.39 (s, 9H); [a]"p ~58.0° (¢
0.50, MeOH).

Preparation 61
15 (3R, 4R)-3-(4-Bromo-2-nitro-phenylamino)-4-hydroxy-pyrrolidine- 1 -carboxylic
acid tert-butyl ester
Prepare the title compound by essentially following the procedures as
described in Preparations 58, 59, and 60 starting from (3R, 4R)- 3-benzylamino-4-
hydroxy-pyrrolidine-1-carboxylic acid fert-butyl ester (-)-mandelic acid salt.
20
Preparation 62
(38,4R)-tert-buty] 3-(4-bromo-2-nitrophenylaming)-4-(2-
chioroacetoxy)pyrrolidine-1-carboxylate
To a mixture of (35, 45)-tert-butyl 3-(4-bromo-2-nitrophenylamino)-4-

25 hydroxypyrrolidine-1-carboxylate (2.50 mmol, 1.0 g), chloroacetic acid (3.0 mmol,
300 mg) and triphenylphosphine (3.0 mmol, 850 mg) in tetrahydrofuran (40 mL)
add diethylazodicarboxylate (3.0 mmol, 600 mg) and stir at room temperature for
12 h, Remove the solvent, add ethyl acetate (50 mL) to the residue and wash with
water and brine. Dry over anhydrous sodium sulfate and evaporate. Purify the

30 residue by column chromatography, ehuting with 20% ethyl acetate in methylene
chloride to obtain the title compound as a vellow solid (1.10 g, 98%). "H NMR
(500 MHz, CDCI;) 6 8.35 (s, 1H), 8.20 (m, 1H), 7.60 (m, 1H), 6.82 (m, 1H), 5.55



"NH 11 N Ith LC-MS m/z 528.5 [M+H]f -69- Ex Chemical Name Structure Physical Data 6
(E)-N-((S)-5-((E)- 3,7-Difluoro-6Hdibenzo [b,e]Joxepin-11- ylidenemethyly I-(1-methyl-2-
morpholin-g-yl>@indists3-dinydro- benzoimidazol-2- ylidene)- PCT/US2008/085997

-57-

(d, J=6.8 Hz, 1H), 4.32 (m, 1), 4.13 (bd, J=8.2 Hz, 2H), 3.90 (m, 1H), 3.79 (m,
[H), 3.74 (dd, J=4.2, 10.4 Hz, 1H), 3.25 (t, J=7.20 Hz, 1K), 1.41 (s, SH).

Preparation 63

w

(38,4R)-tert-butyl 3-(4-bromo-2-nitrophenylamino)-4-hydroxypyrrolidine-1-
carboxylate
To a solution of the (38,4R)-tert-butyl 3-(4-bromo-2-nitrophenylamino)-4-

{(2-chioroacetoxy)pyrroiidine-1-carboxylate (2.20 mmol, 1.0 g) in methanol add 2.0
M aqueous lithium hydroxide (5 mL) and stir at room temperature for 3.5 h,
10 Remove the solvent, dilute the residue with ethyl acetate (50 mL), and wash with
water and brine. Dry over anhydrous sodium sulfate, filter, and evaporate the
solvent. Purify by column chromatography eluting with 50% ethyl acetate in
methylene chioride to obtain the title compound as a yellow solid (900 mg, 98%).
APCIMS m/z 462 [M+ H]'",

15
Preparation 64
(3R, 4S)-tert-butyl 3-(4-bromo-2-nitrophenylamino)-4-hydroxypyrrolidine-1-
carboxylate
20 Prepare the title compound by essentially following the procedures as

described in Preparations 62 and 63 starting from (3R, 4R)-tert-butyl 3-(4-bromo-2-

nitrophenylamino)-4-hydroxypyrrolidine-1-carboxylate.

Preparation 65
25 (38, 48)-4-(4-Bromo-2-nitro-phenylamino)-pyrrolidin-3-ol, hydrochloride
To a suspension of the (35, 45)-3-(4-bromo-2-nitro-phenylamino)-4-
hydroxy-pyrrolidine-1-carboxylic acid feri-butyl ester (0.106 mol, 43.0 g) in ethyl
acetate (500 mL) at 0 °C bubble anhydrous hydrogen chloride gas for 10 min and
stir at room temperature for one hour, Remove the solvent and dry the resultant
30 solid under vacuum to give the title compound as a yellow solid (35.0 g, 98%).
APCIMS m/z 302 [M + H]'.



cyanamide * 411 LC-MS m/z 528.2 [M+1-1]* SIN N Preparation 88 [4-((E)-3
,7-Difluoro-6H-dibenzol[b,e]oxepin- 11 -ylidenemethyl)-2-nitro-pheny1]-(4 -

methyl-pipegag Nroypkkamine SNO2 Degas three times a mixture of  peg/usI068/085897
(4-bromo-2-nitro-pheny1)-(4-methylpiperazin-l-y1l)-amine (0.016 mol, 5.0 g), (E)-3,7-difluoro-
1144,4,5,5- tetramethyl[1,3,2]dioxaboroIan-2-ylmethy[e§e) - 6,11-dihydro-dibenzo[b,e] oxepine (0.017
mol, 6.4 g), triphenylphosphine (0.0028 mol, 0.74 g) and potassium 10acetate (0.0317 mol, 3.11 g) in
dioxane/water (3:1) (200 mL) with nitrogen. Add palladium (Il) acetate (0.5 mmol, 113 mg) to the
reaction mixture and degas again three times W'@Igepi;tmg@pﬁdfleat the resulting reaction mixture at 85C

for 16 11. Coot the reaction mixture to_room temperature an Iute |th W tract the mixture with
ethyl acetate, combine orgghicta >$ ‘L%‘?{HM&EHWP&W&?&% IB‘F rganrc phase over
anhydrous sodium sulfate, filter, and concentrate. Crystallize the crude materral from methanol, filter,
and dry under vacuum to obtain the title comp{l{.ﬂi (4. o) as an orange solid. ES-MS m/z 479
[M+1]1-.

To (38, 45)-4-(4-Bromo-2-nitro-phenylamino)-pyrrohdin-3-ol
5 hydrochloride (0.104 mol, 35.0 g) in acetonitrile add sodium triacetoxyborohydride

(0.37 mol, 78.0 g) at 0 °C. To this mixture, add slowly 37 % aqueous formaldehyde
(30 mL) over 10 min and stir at room temperature for 10 h. Add saturated aqueous
sodium bicarbonate and stir for one hour, Extract with ethyl acetate, and wash with
water and brine. Dry over anhydrous sodium sulfate, filter, and evaporate the

10 solvent to obtain the title compound as a yellow solid (34.0 g, 98%). APCIMS m/z
302 M +HJ": [0 +58.6° (¢, 0.50, MeOH).

Prepare the intermediates in the table below by essentially following the procedures
as described in Preparations 65 and 66 wherein the appropriate fert-buty! 3-(4-

15 bromo-2-nitrophenylamino)-4-hydroxypyrrolidine-1-carboxylate s treated with
anhydrous HCI gas for 10 — 30 min and then stirred for 1 - 4 h. Treat the resulting

deprotected pyrrolidine with formaldehyde for 15 min to 10 h.

Prep Chemical Name | Physical Data
"H NMR (300 MHz, CDCJ5) 6 8.21 (d,
(3R 4R)-4-(4- J=1.9Hz, 1H), 7.57(dd, J=3.5, 8.8 z,
&7 Bromo-2-nitro- IH), 7.08 (d, /=8.1 Hz, IH), 4,11 (m, [H),
phenylamino)-1- 3.92 (m, 1H), 3.21 (dd, J=3.8, 7.9 Hz, TH),
methyl-pyrrolidin- | 3.12 (dd, J=4.8, 8.9 Hz, 1H), 2.71 (dd,
3-0l J=3.8, 8.8 Hz, 1H), 2.59 (dd, /=4.8, 8.9
Hz, 1H), 2.41 (s, 3H)
(3R, 45)-4-(4-
bromo-2-
68 nitrophenylamino)- | ESI MS m/z
- I8 M+ H]
methylpyrrolidin-
3-ol
69 (35,4R)-4-(4- TH NMR (300 MHz, CDCls} 8 8.66 (d,
bromo-2- J=54Hz, 1H), 833 (d, J=24Hz, IH),




-70- Example 7 (E)-N -(5 -((E)-3 ,7 -Difluoro-6H-dibenzol[b ,e]Joxepin-11-ylidenemethyl )-1-(4-methyl-
piperazin- -y1)-1,3-dihydro-benzoimidazol-2-ylideneycyanamide Dissolve
[44(E)-3,7-diflgargeRksedibenzo[b,e]oxepin-11-ylidenemethyl)-2- PCT/US3008/085957
nitro-phenyl]-(4-methyl-piperazin-1-y1)-amine (0.008 mol, 3.96 g) in tetrahydrofuran (150 mL). Add
triethylamine (0.018 mol, 1.84 g) and 10% platinum o_rgggarbon (1.3 g) and hydrogenate in a Parr
shaker at 50 psi (1-12) at room 10 temperature for 3 h. Filter off the catalyst through a plug of
diatomaceous earth, and add pyridine (150 mL) and diphenyl N-cyanocarbonimidate (0.009 mol, 2.17

g). Stir at room tempefatghejor L6¢hanf fNeAheal #8415 i94¢8 h. Concentrate the reaction mixture
under reduced pressufe. PUrty PR&; éﬁ?—l&ﬁin%?w Wmm@@ anes as ducat to
obtain the title compouind (1.8 g| #3%) as an 150ft-yhite:slid 4k G-M3nvzi49H2 WNe(lift. Prepare the
following examples in the table belewipasantially pendesgrbed i Pieparatos88sang, Bxample 7,
using the appropriate phenyl bromigle and the approgyiatgsvinygiHdioxaborolane. Ex Chemical Name
Structure Physical Data 8 (Ei-N-(5-((E)-3- Fluoro-6H- dibenzo[b,e]oxepin- 11-ylidenemethyl)-1-

(4-methyl-piperazin- | - y1)- L3-1,3- beUzmmMaszﬂ%;}yA@oel] -cyanamide | rTh40 -NN-NflI\\ _NH /

4-Hydroxy-piperidine-1-carboxylic acid ‘er-butyl ester
Add sodium borohydride (0.82 mol, 31.3 g) in portions to a solution of 1-

5  {rerr-butoxycarbonyl}-4-piperidone (0.74 mol, 150 g) and tricthylamine (1.5 mol,
151.6 g) in dichloromethane (1 L) at 0 °C. Upon complete addition, warm the
reaction mixture to room temperature and stir for 4 h. Quench the reaction mixture
with saturated ammonium chloride solution and remove the ethanol under reduced
pressure. Dissolve the residue in water and extract with dichloromethane. Dry the

10  organic layer over anhydrous sodium sulfate, filter, and concentrate to obtain the
title compound (150 g, 99%) as a viscous solid. 'H NMR (400 MHz, CDC:) &
1.45 (s, 9H), 1.53 (d, 2H), 1.83-1.87 (m, 2H), 3.02 (dt, 2H), 3.8-3.85 (m, 3H).

Preparation 71
15 4-Methanesulfonyloxy-piperidine-1-carboxylic acid rer-butyl ester
Add methanesulfonyl chloride {1.12 mol, 128.8 g) drop wise to a solution of
d-hydroxy-piperidine-1-carboxylic acid fert-butyl ester (0.74 mol, 150 ¢) and
triethylamine (1.5 mol, 151.6 g) in dichloromethane (1 L) at 0°C. Upon complete
addition, warm the reaction mixture to room temperature and stir for 16 h, Dilute
20 the reaction mixture with dichloromethane, wash with saturated sodium bicarbonate
solution and water. Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate to obtain the title compound (192 g, 92%) as a brown solid. 'HNMR
(400 MHz, CDCly) 8 1.45 (s, 9H), 1.78-1.85 (m, 2H), 1.93-1.98 (m, 2H), 3.03 (s,
3H), 3.26-3.32 (m, 2H), 3.68-3.71 (m, 2H), 4.85-4.90 {m 1H).
25
Preparation 72
3, 6-Dihydro-2H-pyridine- 1 -carboxylic acid reri-butyl ester
Heat a solution of 4-methanesulfonyloxy-piperidine-1-carboxylic acid tert-
butyl ester (0.69 mol, 193¢} in DBU (400 m1.) at 80 °C for 16 h. Dilute the reaction



N 'CN LC-MS m/z 481.08 [M-411- -71- Ex Chemical Name Structure Physical Data 9
(E)-N-(5-((E)-3,8- Difluoro-aldibenzo[b,e]oxepin- 11-ylidenemethyl 1-1- (4-methyl-piperazin-1- y1)-
L3-dihydro-gpgnggdmdarot-2- ylideneycyanamide rm010 -NN -N W\ LC-M$-ing 489034+ Hr NH

60~

mixture with water, extract with diethyl ether, and wash the organic layer with 1 N

hydrochloric acid and saturated sodium bicarbonate solution. Dry the organic layer

over anhydrous sodium sulfate, filter, and concentrate to obtain the titie compound

(116 g, 92%) as a brown oil. "H NMR (400 MHz, CDCl;) 8 1.46 (s, 9H), 2.12 (br s,
5 2H), 347 (t, 2H), 3.87 (s, 2H), 5.65 (brs, 1H), 5.81 (brs, iH).

Preparation 73
Rac cis-7-Oxa-3-aza-bicyclo [4.1.0] heptane-3-carboxylic acid fert-butyl ester
Add a solution of m-chloroperoxybenzoic acid (0.77 mol, 133.1 g} in
10 dichloromethane (200 mL) drop wise to a solution of 3,6-dihydro-2H-pyridine-1-
carboxylic acid ferr-butyl ester (0.64 mol, 117.8 g) in dichloromethane {1 L)at 0
°C. Upon complete addition, warm the reaction mixture to room temperature and
stir for 16 h. Dilute the reaction mixture with dichloromethane and wash with 4 N
sodium hydroxide solution, water, and brine. Dry the organic layer over anhydrous
15 sodium sulfate, filter, and concentrate to obtain the title compound (112 g, 87%) as
a light yellow oil. 'H NMR (400 MHz, CDCls) 8 1.44 (s, 9H), 1.87-1.93 (m s, 1H),
2,04 (brg, 1H), 3.11 (br s, 1H), 3.20 (br s, TH), 3.28 (s, 1H), 3.44 (brs, 1H), 3.68
(brs 1F), 3.81-3.92 (m, 1H). ES-MS m/z 204 [M+H]",

20 Preparation 74
Rac rans-4-Azido-3-hydroxy-piperidine- 1 -carboxylic acid tert-butyl ester
Heat a mixture of racemic trans-7-oxa-3-aza-bicyclo [4.1.0] heptane-3-

carboxylic acid tert-butyl ester (0.56 mol, 112 g), sodium azide (1.12 mol, 73.08 g,
ammonium chleride (0.56 mol, 30.07 g) and methanol/water (3:1) (1 L) at 65 °C for

25 16 h. Dilute the reaction mixture with water, extract with dickloromethane, and
wash the organic layer with saturated sodium bicarbonate and brine solution. Dry
the organic layer over anhydrous sodium sulfate, filter, and concentrate. Purify the
residue on a silica gel column using 6% ethyl acetate in hexanes as eluent to obtain
the title compound (42.3 g, 42%) as a light yellow oil. "H NMR (400 MHz, CDCI:)

30 8 1.48(s, 9H), 1.84 (brs 1H), 1.97-2.01 {m, 1H), 2.74-2.82 (m, 1H), 2.88 (brs,
1H), 3.37-3.40 (m, 1H), 3.50 (brs, 1H), 3.91 (brs, 1H), 4.09 (dd, [H). ES-MS m/z
143 [M-Boc]".



N'CN Example 10 5-0E)-3,8-Difluoro-61{-dibenzo[b,e]oxepin- 1-ylidcnemethyl)-1,3-dillydro-
benzoimidazol-2-ylidene-cyanamidc 0 5 Isolate the title compound as a side-product during the
final purificagionafoiigkdd4(5-0E)-3,8-difluoro- 61-I- dibenzo[b,e]oxepin- 11-peligferemmeibydiy1-(4- methyl-
piperazin- 1-yl)- 1,3-dihydro-benzoimidazol-2-ylidene)-cyanamide (Example 9). LC-MS raiz 401.3
[M+1-11-. Preparation 89 [4-((E)-3,7-Difluoro-6H-dibeggo[b,eJoxepin- -ylidenemethyl)-2-n
0-pheny1]-(1- methyl-azetidin-3-y1)-amine -72- NO2 Purge with nitrogen for five mm a mixture of
(4-bromo-2-nitro-phenyl)-(1- methyl-azetidin-3-y1)-amine (709 pmol, 203 mg),
(E)-3,7-difluoro-11-(4,4,5,5-

tetramethy141,3,21dioxaborolan-2-ylmethylene):6 11-d@f},¥ld7r§>-dibenzo[b,e]oxepine 5(723 umol, 268

mg) in methanol (1.0 mt)/tetrahydrofuran (3.0 mll_)f'%?ﬁ%aslo vent ratio) in a sealed tube. Add sodium

metboxide (1 42 mmol, REatrgys tethaitisripdenytphosdinndypabiordiinaci8eurhutyl4tteng) and heat at 70
€ ovemight. Dilute with ethylaagialeeyiash it 1036 SOUIHI BicarhRpAte.igpickypver anhydrous
sodium sulfate, filter, and concentrate in vacua to obtain 377 mg of
5  tert-butyl ester (0.23 mol, 56.6 g) in methanol (500 mL), add 10% palladium on
carbon (12,0 g} and hydrogenate (1 atm) at room temperature for 16 h, Filter off
the catalyst through a plug of diatomacecus earth and concentrate the filtrate to

obtain the title compound (53.7 g, 99%) as a thick, light yellow oil.

10 Preparation 76
Rac wrans-4-Benzylamino-3-hydroxy-piperidine-1-carboxylic acid tert-butyl ester
Add benzaldehyde (0.24 mol, 26.3g) t¢ a solution of racemic trans-4-

amino-3-hydroxy-piperidine-1-carboxylic acid terr-butyl ester (0.24 mol, 53.7 g),
and acetic acid (92 mL) in ethanol (400 mL) and stir the reaction mixture at room

15  temperature for 30 min, Add sodium cyanoborohydride (0.49 mol, 31.2 g) and stir
the reaction mixture for 3 h. Quench the reaction mixture with sodium bicarbonate
solution and extract with dichloromethanc. Dry the organic layer over anhydrous
sodium sulfate, filter, and concentrate. Dissolve the residue in a minimum amount
of dichloromethane and add 0.1 N agueous hydrochloric acid to maintain the pH

20 between 4-5, Discard the organic layer. Wash the acidic aqueous layer three times
with dichloromethane and discard the organic layer. Adjust the pH of the aqueous
layer between 10-12 and extract with dichloromethane. Dry the organic layer over
anhydrous sodium sulfate, filter, and concentrate to obtain the title compound (35.7
g, 46%) as 2 light yellow oil. "H NMR (400 MHz, CDCL) & 1.35-1.40 (m, 2H),

25 1.45(s, 9H), 2.05 (brs 1H), 2.43 (t, 1H), 2.57 (t, 1H), 2.69 (brs, 1H), 3.27 (brs,
1H), 3.70 (d, 1H), 3.94 (d, 1H), 4.15 (brs, 1H), 426 (d, 1H), 7.23-7.29 (m, 1H),
7.30-7.32 (m, 2H}, 7.33-7.36 (1, 2H).



10an orange oil residue. Purify on a 12 g silica gel column eluting with 5% methanol in
dichloromethane to obtain the title compound (199 mg, 62%). LC-MS rniz 450.0 Example 11

15(E1-N-(54(B)sshdnksoro-6H-dibenzo[b,e]oxepin-11-ylidenemethyl)- 1- @-peiihs 0gses7
azetidin-3-y1)-1,3-dihydro-benzoimidazol-2-ylidene)-eyanamide Dissolve
[44(E)-3,7-difluoro-6H-dibenzo[b,e]oxepin-11-ylidenemgethyl)-2-
nitro-pheny1]-(1-methyl-azetidin-3-yfi-amine (4.23 mind, 1.90 g), triethylamine 20(9.31 mmol, 1.30 mL)
in tetrahydrofuran (20 mL), add 5% platinum on carbon (200 mg) and hydrogenate (50 psi) at 35 C for
one hour. Filter off the catalyst, rinse -73- with pyigiRgi@P7mL), add diphenyl N-cyanocarbonimidate
(4.65 mmol, 1.11 g) and stir at room temperature avernight under nitrggen. Dilute with ethyl acetate,
wash with 5% aqueotidS8aitimeBRe § YRS, GRP P%ﬁﬁﬁ%ﬂg%&ﬁ%’%ﬂ?ﬁ@eﬁﬂer, and
concentrate in vacuo to obtain approximately B-g ehatrioraideiboil. Purify on an 80 g silica gel column
eluting with 5% methanol ip dichloromethane to obtain.-930.mg of.a yellow semi-salid. Dissolve in a
minimum amount of metha%leodI% grﬁ%’ﬁ%’ Sit. While %’ﬁég Pc?rn Z.I%\r@gP %@ﬁfﬁxﬁlfgp%%glfﬁeﬂolids and rinse
with methanol tdbobtedrbenglitieidomigutnhastas Q. Whitel Ul £8a8 hag)4ane)c RGNS vl 70.2 [M+1i]].
Prepare the followingEyamples IndalahifibRiaw eosanianasdescrlpacin tigRaralion 89 and

Example 11, using the appropriate phenyl bromide and the appropriate vinyl dioxaborolane. Ex

Chemical Name StriiétFastiphsins bk reductdovessir einfippds Biske prd sat (138ehemethyl)-1-( 1-
methyl-azctidin-3-y 1310 vl elrng i dag@omaily iden Gincy aPAeIEe crystals and dry

under vacuum to obtain the title compound (18.3 g, 67%). HPLC (Column:

10 Chiralcel OD-H(250 mm*4.6 mm}); solvent system: isopropanol/0.1%
triethylamine in hexanes (8:92); flow rate: 0.800 ml/min; wavelength: 258 nm):
99.9% ee. tg 9.502 min. tg for opposite enantiomer ((38§,45)-3-Hydroxy-4-
phenethyl-piperidine-1-carboxylic acid fert-butyl ester, L-(-)-tartaric acid sait) 8.714
min.

15

Preparation 738
(3R, 4R)-4-Amino-3-hydroxy-piperidine- -carboxylic acid fers-butyl ester
Dissolve the (3R, 4R}-4-benzyi-3-hydroxy-4-phenethyl-piperidine-1-
carboxylic acid tert-butyl ester, L-{(+)-tartaric acid salt (0.04 mol, 18.3 g) in 4%

20 potassium carbonate sofution (500 mL) and stir for 30 min. Extract the free amine
with dichloromethane, Dry the organic layer over anhydrous sodium sulfate, filter,
and concentrate to obtain the free amine (11.3 g, 92%). Dissolve the amine in
methanol (110 mL), add 10% palladium on carbon (2.5 ) and hydrogenate (1 atm)
at room temperature for 16 h. Filter off the catalyst through a plug of diatomaceous

25  earth and concentrate the filtrate to obtain the title compound (7.6 g, 95%) as thick,
light vellow oil, [a}Dm‘ +2.141 (¢ 1.0, methanol). "H NMR (400 MHz, DMSO-d;)
8 1.08 (dg, 1H), 1.38 (s, 9H), 1.67 (dd, 1H), 1.80 (brs, 1H), 2.37-2.45 (m, 2H), 2.67
(brs, 1H), 2.90 (br s, 1H), 3.79 (brs, 1H), 3.88 (brs, 1H), 5.0 (brs, 1H). ES-MS
m/z 217 [M+HT',

30



NO .01 )/---N N N li LC-MS nVz 452.2 [M+FI]t 13 Difluoro-6H- dibenzo [b,e]Joxep in-11-
ylidenemethyl)- | -(1- methyl-azetidin-3-y1)- 1,3-dihydrobenzoimidazol-2- ylidene)-cyanamide O IP

N)7-N N e LgaMsdhk44P-2 [M+1-1]- Preparation 90 -74- [4-((E)-3 ,7-Difliora:8dsdibgser[b.€]
oxepin-11-yli den emethyl)-2-nitro-phenyl]- (( 7S,

8a5)-hexahydro-pyrro|o[2,1-c][1,410xazin-7-y1)-amin_%3_

Preparation 79
(3R, 4R)-4-(4-Bromo-2-nitro-phenylamino)-3-hydroxy-piperidine-I-carboxylic acid
tert-butyl ester
Heat a mixture of (3R.4R)-4-amino-3-hydroxy-piperidine-1 -carboxylic acid
5 fert-butyl ester (0.02 mol, 6.0 g), 5-bromo-2-fluorenitrobenzene (0.03 mol, 6.71 g)
and triethyl amine (0.058 mol, 5.88 mL} in cthyl acetate {180 mL) to reflux for 16
h. Cool the reaction mixture to room temperature, dilute with ethyl acetate, and
wash with water and brine. Dry the organic layer over anhydrous sodium sulfate,
filter, and concentrate o obtain the title compound (12,35 g, crude). "H NMR (400
10 MHz, CDChL) 8 1.46 (s, 9H), 1.50-1.51 (m, 1H), 2.08-2.12 (m, 1K), 2.93 (dd, 1H),
3.01 (brs, 1H), 3.55-3.61 (m, 1H), 3.62-3.68 (m, 1H)}, 3.68 (brs, 1H), 4.13-4.18 (m,
1H), 6.97 (d, 1H), 7.48 (dd, TH), 8.08 (d, iH), 8.30 (d, 1H). ES-MS m/z 316 [M-
Boc]".

15 Preparation 80
(3R, 4R)-4-(4-Bromo-2-nitro-phenylamino )-piperidin-3-ol.hydrochloride salt
Add 4.0 M hydrogen chloride in dioxane (70 mL) slowly to a solution of
(3R, 4R)-4-(4-bromo-2-nitro-phenylamino)-3-hydroxy-piperidine- 1 -carboxylic acid
tert-butyl ester (0.027 mol, 11.5 g) in dry dichloromethane (40 mL) at room
20 temperature and stir for 16 h. Filter the precipitate and dry under vacuum to obtain
the title compound (8.68 g, 89%) as a yellow solid. "H NMR (400 MHz, CD;0D)
5 1.81-1.86 (m, 1H), 2.39-2.44 (m, 1H), 3.02-3.07 (m, 1H), 3.18-3.26 (m, 1H),
3.34-3.40 (m, 1H), 3.45 (dd, 1H), 3.87-3.91(m, 2H}, 7.17 (d, 1H), 7.61 (dd, 1H),
8.28 (d, 1H).
25
Preparation 81
(3R 4R)-4~(4-Bromo-2-nitro-phenylamino)-{ -methyl-piperidin-3-ol
Add formaldehyde (20.5 mL, 37-41% aqueous solution) to a solution of
(3R, 4R}-4-(4-bromo-2-nitro-phenytamino)-piperidin-3-ol. hydrochioride salt
30 (0.0.024 mol, 8.68 g) and acetic acid (10.2 mL) 1n water (42 mL) and stir the
reaction mixture at room temperature for 30 min. Add sodium cyanoborohydride

(0.073 mol, 4.6 g} and stir the reaction mixture for 3 h. Quench the reaction



Of-\ NO2 Degas three times a mixture of (4-bromo-2-nitro-phenyl)-((78, 8a5)-
5hexahydro-pyrrolo[2,1-c][1,4]oxazin-7-yl)-amine (0.011 mol, 4.0 g), (E)-3,7-

difluoro-11-¢4¢amrigicamethyl[1,3,2]dioxaborolan-2-ylmethylene) - 6,11-gibydrodinarzalb,.e] oxepine
(0.012 mol, 4.76 g), triphenylphosphine (0.0031 mol, 0.8 g) and sodium methoxide (0.03 mot, 1.6 g) in

tetrahydrofuran/methanol (3:1) (120 mL,) with nitrogq@4ﬁdd palladium (1) acetate (1.0 mmol, 240 mg)
to the reaction 10 mixture and degas again three times with nitrogen. Heat the reaction mixture at 70
C for 4 h. Cool the reaction mixture to room temperature, filter through a plug of diatomaceous earth

and concentrate the filifate wndeiipduseehpigssugila aRiaifribexiticicampaind .64, crude).
15Example 14 (E)-N-(5-((E)-3,7-Difluoro-6H-dibenzo bﬁé%xe in-ll%-%lidenemethyl -1-07S, 8a8)-
hethydro-pyrrolo[ﬂ@ | 2 fo%\‘?iﬂﬁl Rp{ydroys _g- ya _ f@-@‘fﬁ’ﬂéﬁéﬁ_’-o {Ahamide N N" NH
ZOD;Sr?O'Veh[‘g((E)'3iﬂcd?ﬂ&l&f@p@lﬂdctfbs@,Z@'/fxb).e]@Q&Mﬂ(ﬂ@}MFQ?U@@I’%IBM'B?‘IMF%P%QSYU{((75,(
8aS)-hexahydro-pyrro -c|[1,4]oxazin-7-34)-amine (0.009 -75- mol, 5.0 g) in tetrahydrofuran (40
mL). Add triethylami%é%gbw}&g%ggﬁﬁ%’%é%%gt%ﬂhrﬁ%r%‘gsgt‘ﬁgﬁ %%bg%oa?qdll}i@drogenate ina
Parr shaker at 56 psi.(42) #t(rodi iSfparatne 6,382 FilteH pff dedddatalyst. thrdugh a plug of
diatomaceous earth,8 dédoxggiine (40 mL) and diphenyl N-cyanocarbonirnidate (0.009 mot, 2.35 59) to
the filtrate, Stir at room termperature for 16 h, then heat at 60-70C for 8 h. Remove the solvent under
reduced pressure. Dissolve the resulting residue in dichloromethane and wash with water and

saturated sodium bicarbonate solution. Dry the qrganigayes over anhydrous sodium sulfate, filter, and
concentrate under reduced pressure. Purify on a silica gel column using 1% methanol in
10dichloromethane a8 efsartt Bsrglatme-tly Eomipouinerting eabosylic esdie iayb owes [M+Hf.
Prepare the following Examples in the table below.essentiady.as described in Preparation 90 and

E le 14, using th iaf I id the 15 [ iny] dioxabgrol d
Example 14, using the appiopriate Pl RIoMIK 3R he fsapproplale i diapgrolane an

(35.45)-3-hydroxy-4-phencthyl-piperidine- 1 -carboxylic acid 7er-butyl ester L-(+)-
tartaric acid salt (0.0377 mol, 17.2 g). Add 4% aqueous potassium carbonate
solution (500 mL) and stir for 30 min, Extract the free amine with

15 dichloromethane. Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate to obtain the free amine (11.0 g). Heat a mixture of 4-benzylamino-3-
hydroxy-piperidine-1-carboxylic acid tert-butyl ester (0.0361 mol, 11.0 g) and D-(-
J-tartaric acid (6.0397 mol, 5.97 g, 1.1 equiv.) in acetonitrile/water (20:1) (100 mi)
at 75 °C for 4 h. Concentrate the reaction mixture under reduce pressure to obtain

20 crude tartaric acid salt. Crystallize the residue from acetonitrile three times. Filter
the crystals and dry under vacuum to obtain the title compound (14.8 g, 90%).
HPLC (Column: Chiralcel OD-H(250 mm*4.6 mm); solvent system:
isopropanol/0.1% triethylamine in hexanes (8:92); flow rate: 0.800 ml/min;
wavelength: 258 nm); 96.4% ee. tx 8.714 min. t for opposite enantiomer

25 ((3R 4R)-3-Hydroxy-4-phenethyl-piperidine- 1-carboxylic acid fert-butyl ester.L-
{+)-tartaric acid salt) 9.502 min.

Preparation 83
(35,48)-4-Amino-3-hydroxy-piperidine-1-carboxylic acid fert-butyl ester
30 Dissolve (38, 45)-4-Benzylamino-3-hydroxy-4-phenethyl-piperidine-1-
carboxylic acid tert-butyl ester, D-(-)-tartaric acid saft (0.036 mol, 16.4 g) in 4%

aqueous potassium carbonate solution (500 mL) and stir for 30 min, Extract with



Chemical Name Structure Physical Data 15 (E)-N-(54(E)-3-Fluoro6H-dibenzo[b,e]oxepin-
11-ylidenemethyl)-1-(( 75, 8a5")-hexahydropyrrolo[2,1-c][1,4]oxaz n- 7-y1)-1,3-dihydro-
benzoimidapgl Zoovlideng)-cyanamide 0 . 4111 N N N [M+1-1] LC-MS rniz pp%8shedfddzioM-(54(E)-3,8-
Difluoro-6Hdibenzol[b,e]oxepin-11- ylidenemethy1)-1-(( 7S, 8aS)-hexahydro- pyrrolo[2,1-c][1,4]oxazin-
7-y1)-1,3-dihydrobenzoimidazol-2- ylidene)-cyanarnidgIL 0 0 LC-MS m,/z 526.3 [M-Eli] -76- Ex

10

20

30

dichloromethane, dry the organic fayer over anhydrous sodium sulfate, filter, and
concentrate to obtain the free amine (11.0 g, 99%). Dissolve the amine in methanol
{110 mL), add 10% paliadium on carbon (5.5 g) and hydrogenate (50 psi) at room
temperature for 2 h, Filter off the catalyst through diatomaceous earth and

concentrase to obtain the title compound (7.7 g, 99%) as a thick, light yellow oil.

Preparation 84
(35,48)-4-(4-Bromo-2-nitro-phenylamino)-3-hydroxy-piperidine-1-carboxylic acid
tert-butyl ester
Heat a mixture of (35,45)-4-amino-3-hydroxy-piperidine-1-carboxylic acid
tert-butyl ester (0.035 mol, 7.5 g), 5-bromo-2-fluoronitrobenzene {0.038 mol, 8.48
g) and tricthyl amine {0.073 mol, 7.44 g) in ethyl acetate (250 mL) to reflux for 16
h. Cool the reaction mixture to room temperature, dilute with ethyl acetate and
wash with water and brine. Dry the organic layer over anhydrous sodium sulfate,

filter, and concentrate to obtain the title compound (16.16 g, crude).

Preparation 85
(3§,48)-4-(4-Bromo-2-nitro-phenylamino }-piperidin-3-ol, hydrochloride
Add 4 M hydrogen chloride in dioxane (90 mL) slowly to a solution of
(38, 45)-4-(4-bromo-2-nitro-phenylamino)-3-hydroxy-piperidine-1-carboxylic acid
tert-butyl ester (0.035 mol, 14.6 g) in dry dichloromethane (50 mL) at room
temperature and stir for 16 h. Filter the precipitate and dry under vacyum to obtain

the title compound {9.84 g, 80%) as a yellow solid.

Preparation 86
(35, 45)-4-(4-Bromo-2-nitro-phenylamino)- 1-methyl-piperidin-3-ol
Add formaldehyde (24 mL, 37-41% aqueous solution) to a solution of
{38, 45)-4-(4-bromo-2-nitro-phenylamino)-piperidin-3-ol, hydrochloride (0.028
mol, 9.8 g) and acetic acid (12 mL) in water (46 mL) and stir the reaction mixture at
room temperature for 30 min. Add sodium cyanoborohydride (0.083 mol, 5.26 g)
and stir the reaction mixture for 3 h. Quench the reaction mixture with sodium

bicarbonate solution and extract with dichloromethane. Dry the organic layer over



Chemical Name Structure Physical Data 17 (E.)-N-(5-0)-3,7- Difluoro-6Hdibenzo[b,e]Joxepin-11-

ylidenemethyl)-1-((7R, 8aS)-hexahydro- pyrrolo[2,1-c][1,4]oxazin- 7-y1)-1,3-dihydrobenzoimidazol-2-

ylidene)-eyapgmigleokdsdd Z Z LC-MS rniz 526.3 [M+H] 18 PCT/US2008/085997
(E)-N-(5-((E)-3-Fluoro6H-dibenzo[b,e]oxepin- 11-ylidenemethyl)-1- ((7R,
8a5)-hexahydropyrrolo[2,1-c][1,4]oxazin- 7-y1)-1,3-dihydro- benzoimidazol-2- ylidene)-cyanamide
N N N [M+11] LC-MS mk 508.3 + 19 (E)-N-(5-1(E)-3,8- Difluoro-6H- dibenzo[b,e]oxepin-11-
ylidenemethyl)-14( 7R, 8aS)-hexahydro- pyrrolo[2,1-e][1,4]oxazin-

anhydrous sodium sulfate, filter, and concentrate to obtain the title compound (8.4

g, 92%). ‘H NMR (400 MHz, CDCia) § 1.63-1.71 (m, 1H), 2.16-2.21 (m, 2H),
2.33 (s, 3H), 2.35-2.38 (m, 1H), 2.60 (brs, 1H), 2.80 (d, 1H), 3.54-3.56 (m, 1H),
3.75-3.79 (m, 1H), 6.92 (d, 1H), 7.48 (dd, 1), 8.14 (d, 1H), 8.30 (d, 1H).

Preparation 87
(R)- [4~((E)-3,8-Difluoro-6H-dibenzolb,cJoxepin-1 1 -ylidenemethyl)-2-nitro-
phenylj-(1-methyl-2-morpholin-4-yl-ethyl}-amine

Flo*‘

S —\\N
T HoNo,

10 Degas three times a mixture of (R)-(4-bromo-2-nitro-pheny!)-(1-methyl-2-
morpholin-4-yi-ethyl)-amine (0.637 mol, 12.8 g), (£)-3,8-difluoro-11-(4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-yimethylene) - 6,11-dihydro-dibenzo[b,e]
oxepine (0.037 mol, 13.7 g), triphenylphosphine {(0.007 mol, 2.02 g) and potassium
acetate (0.074 mol, 7.29 g) in dioxane/water (3:1) (450 mL) with nitrogen. Add

15 palladium (1) acetate (0.001 mol) to the reaction mixture and degas again three
times with nitrogen. Heat the resulting reaction mixture at 85 °C for 16 h. Cool the
reaction mixture to room temperature, dilute with water, extract with ethyl acetate,
combine organic layer, wash with water and brine. Dry the organic phase over
anhydrous sodium sulfate, filter, and concentrate, Purify on a silica gel column

20 using 7% ethy! acetate in hexanes as eluent to obtain the title compound (9.1 g,
48%%) as an orange solid. "H NMR (400 MHz, CDCL), § 1.26 (d, 3H), 2.44-2.57
(m, 6H), 3.66-3.68 (m, 4H), 3.71-3.78 {m, 1H), 4.89 (brs, 1H}, 5.63 (brs, 1H), 6.52
(dd, 1H), 6.61 (d, 1H), 6.67 (dt, 1H), 6.76 (s, L H), 6.89 {d, 1H), 6.95 (dt, 11}, 7.06-
7.10 (m, 1H), 7.19 (dd, 1H), 7.29-7.41 (m, 1H}, 7.95(d, 1H), 8.35(d, 1H, -NH).

25

4]



7-y1)-1,3-dihydro- benzoimidazol-2- ylidene)-cyanamide 411 )7-NH N N LC-MS rniz 526.2 [M+1-11+
20 (E)-N-154E)-3,7- Difluoro-6H- dibenzol[b,e]oxepin-11- ylidenemethyl)-1-((7R,

8aR)-hexahygyomyiriaks 1-el[1,4]Joxazin- 7-y1)-1,3-dihydrobenzoimidazolpg-piidanelgyanamide * * Z
Z C LC-MS miz 526.4 1,M+111 -77- Ex Chemical Name Structure

67~

Example 1 .
(E}Y-N-((R)-5-((E£)-3,8-Difluoro-6H-dibenzo[b,cJoxepin-1 1 -ylidenemethyl)-1-(1-
methyl-2-morpholin-4-yl-ethyl)-1,3-dihydro-benzoimidazol-2-ylidene)-cyanamide

Dissolve (R)-[4-((£)-3,8-diftuoro-6H-dibenzo [b,eJoxepin-11-
ylidenemethyi)-2-nitro-phenyl]-(1-methyl-2-morpholin-4-yl-cthyl)-amine
(0.017mol, 9.0 g) in tetrahydrofuran (35 mL) and isopropanol (90 mL). Add
triethylamine (0.039 mel, 3.9 ) and 10% platinum on carbon (1.5 g) and

10 hydrogenate in a Parr shaker at 50 psi (H,) at room temperature for 2 h. Filter off
the catalyst through a plug of diatomacecus earth. Dilute the filtrate with dioxane
(35 mL), add diphenyl N-cyanocarbonimtdate (0.019 mol, 4.61 g) and stir at room
temperature for 48 h. Concentrate the reaction mixture under reduced pressure.
Purify on a silica gel column using 0.5% methanol in dichloromethane as eluent to

15 obtain the title compound (6.0 g, 64%) as an off-white solid. LC-MS my/z 528.2
[M+H]",

Prepare the following examples in the table below, essentially as described in
Preparation 87 and Example 1, using the appropriate phenyl bromide and the

20 appropriate vinyl dioxaborolane.



Physical Data 21 (E)-N-(54E)-3,8- Difluoro-6H- dibenzo[b,e]oxepin-11- ylidenemethyl)-147R,
8aR)-hexahydro- 7-y0-1,3-dihy drobenzoimidazol-2- ylidene)-cyanamide pyrrolo[2,1-c][1,4]oxazin-

or'\N \"™.--- Q40 NokfkderMS miz 526.4 22 (E)-N-(5-((E)-3-Fluoro6H-dibenzofheloxenins,,

11-ylidenemethyl)- I- ((7R, 8aR)-hexahydro- pyrrolo[2,1-cl[1,4]oxazin- 7-y0-1,3-dihydro-
benzoimidazol-2- ylidene)-cyanamide of Th\N, 4 I' 'N _Igg[\l 1---NH O

Ex

Chemical Name

Structure

Physieal
Data

(E)-N-((S)-5-((E)-
3-Fluoro-6H-
dibenzo
(b.eloxepin-11-
vhidenemethyl)-i-
(1-methyl-2-
morpholin-4-yl-
ethyD-1,3-dihydro-
benzoimidazol-2-
ylidene)-
cyanamide

EC-MS
m/z 510.2
IM+H]

(E)-N-((R)-5-(E)-
3-Fluoro-6H-
dibenzo
[b,eloxepin-11-
ylidenemethyl)-1-
{1-methyl-2-
morpholin-4-yl-
ethyl}-1,3-dihydro-
benzoimidazol-2-
ylidene}-
cyanamide

LC-MS
m/z 510.4
[M+H]"

(E)-N-((8)-5-((£)-
3,8-Difluoro-6H-
dibenzo[b,eloxepin
-11-
ylidenemethyl)-1-
(1-methyl-2-
morpholin-4-yl-
ethyD)-1,3-dihydro-
benzoimidazol-2-
ylidene)-
cvanamide

LC-MS
m/z 528.5
[M+H]

(E)}-N-((R)-5-((E)-
3,7-Difluoro-6H-
dibenzo
[b,eloxepin-11-
ylidenemethyl)-1-
(1-methyi-2-
morpholin-4-yi-
ethyl)-1,3-dihydro-
benzoimidazol-2-
ylidene)-
cyanamide

LC-MS
miz 528.5
IM+H]'




LC-MS miz 508.2 23 (E)-N-(5-RE)-3,7- Difluoro-6H- dibenzo[b,eloxepin-11- ylidenemethyl)-1-07S,
8aR)-hexahydropyrrolo[2,1-c][1,4]oxazin- 7-y1)-1,3-dihydro- benzoimidazol-2- ylidene)-cyanamide ,Th
\UNF 1111 B 49ulis7adsskN N fil LC-MS ink 526.4 [MH-H]. 24 (E)'N'(5'((E)'§¢8ﬂé§%{§’[@%§§}}'
dibenzo[b,e]oxepin-11- ylidenemethyl)-14(78, 8aR)-hexahydro-
pyrrolo[2,1-c][1,4]oxazin7-y1)-1,3-dihydro- benzoimid%EQI-Z- y lidene)-cyanamid ¢ r---\ 0\, * N le )/--N
HN N

Physical

Ex Chemical Name Structure
Data

(E}-N-((8)-5-((E)- F
3, 7-Difluoro-6H-

F
dibenzo O O

[b.e]oxepin-11-
vhidenemethyl)-1- //\ LC-MS
6 | (I-methyl-2- O\/,N O m/z 528.2
morpholin-4-yl- N M+H]
ethyl)-1,3-dihydro- N}_ NH
i
N

benzoimidazol-2-
ylidene)-
cyanamide

Preparation 88
[4-((E)-3,7-Difluoro-6H-dibenzo[b,e]oxepin-11-ylidenemethyl)-2-nitro-phenyl]-(4-

methyl-piperazin- I -yl)-amine

NO,

Degas three times a mixtare of (4-bromo-2-nitro-phenyl)-(4-methyl-
piperazin-1-yl)-amine (0.016 mol, 8.0 g), (E)-3,7-difluoro-11-{4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-ylmethylene) - 6,11-dihydro-dibenzo[b,e]
oxepine (0.017 mol, 6.4 g), triphenylphosphine (0.0028 mol, 0.74 ¢) and potassium

10 acetate (0.0317 mol, 3.11 g) in dioxane/water (3:1) (200 mL) with nitrogen. Add
paliadium (IT) acetate (0.5 mmol, 113 mg) to the reaction mixture and degas again
three times with nitrogen. Heat the resulting reaction mixture at 85 °C for 16 h.
Cool the reaction mixture to room temperature and dilute with water. Extract the
mixture with ethyl acetate, combine organic iayers, and wash with water and brine.

15 Dry the organic phase over anhydrous sodium sulfate, filter, and concentrate.
Crystallize the crude material from methanol, filter, and dry under vacuum to obtain
the title compound (4.2 g, 55%) a3 an orange solid. ES-MS m/z 479 [M+1]".



* LC-MS wiz 526.4 -78- Ex Chemical Name Structure Physical Data 25 (E)-N-(5-((E)-3-Fluoro-
6H-dibenzo[b,e]oxepin- 11-ylidenemethyl)-14(7S, 8aR)-hexahydro-

pyrrolo[2,1-g}} Alexazia{-y!)-1,3-dihydrobenzoimidazol-2- ylidene)-cyanamigea Qhdok/osdNH N N 1.
LC-MS in/z 508.3 [M+1-1]+ Preparation 91
(38,45)—4-(4-((E)-(3-f|uorodibenzo[b,e]oxepin-11(6H):y6igiene)methyl)-2-

Example 7
(E}-N-(5-((£)-3,7-Difluoro-6H-dibenzo[b,c]oxepin-1 I-ylidenemethyl)-1-(4- merhyi

piperazin-1-y1}-1,3-dihydro-benzoimidazol- 2-yhdene) cyanamide

Dissolve [4-((E)-3,7-difluoro-6H-dibenzo[b,e¢]oxepin-11-ylidenemethyl)-2-
nitro-phenyl-(4-methyl-piperazin- 1 -yl)-amine (0.008 mol, 3.96 g} in
tetrahydrofuran (150 mL), Add triethylamine (0.018 mol, 1.84 ¢) and 10%
platinum on carbon (1.3 g) and hydrogenate in a Parr shaker at 50 psi (H,) at room

10 temperature for 3 h. Filter off the catalyst through a plug of diatomaceous earth,
and add pyridine (150 mL) and diphenyl N-cyanocarbonimidate (0.009 mol, 2.17
g). Stir at room temperature for 16 h and then heat to 70°C for § h. Concentrate
the reaction mixture under reduced pressure. Purify on a silica gel column using
60% acetone in hexanes as eluent to obtain the title compound (1.8 g, 43%) as an
15  off-white solid. LC-MS m/z 499.2 [M+H]"

Prepare the following examples in the table below, essentially as described in
Preparation 88 and Example 7, using the appropriate phenyl bromide and the

appropriate vinyl dioxaborolane,

Ex Chentical Name Stracture Physical

Data

(B N-(5-((E)-3- “F

Fluoro-6H- O O

dibenzo[b,e]oxepin- I LC-MS

8 | 11-ylidenemethyl)-1- m/z

(4-methyl-piperazin-1- /N 431.08

y1)-1,3-dihydro- AR [M+H]"

benzoimidazol-2- N! NH

vhdene}-cyanamide N




nitrophenylamino)-1-methylpyrrolidin-3-ol 5 Combine
(35,45)-4-(4-bromo-2-nitrophenylamino)-1-methylpyrrolidin-3-ol (17.6 mmol, 5.55 g),
(E)-2((3-fluakastasngaiiaeloxepin-11(61-1)-ylidene)methyl)- 4,4,5,5-tetramgtylbidsargligaborolane
(16.0 mmol, 5.62 g), triphenylphosphine (2.87 mmol, 0.75 g), and K2C0O3(44.7 mmol, 6.18 g) in 110
mL of dioxane:water 10(3:1). Degas the mixture by b_uﬁpling with nitrogen for five mm, add palladium
(11) acetate (0.48 mmol, 322 mg), and heat at 82 C under nitrogen for 3.5 h. Cool to room
temperature, dilute with water and dichloromethane and then pass through a pad of diatomaceous
earth. Separate the phase&[zand extract the aqupous phase with dichloromethapgfydge | Combine the

organic phases, wash With [orife? @8 VRS anhydrous sotithiififate, filter, |angygemove the solvent
in maw. Dissolve in 4:1 CH2C12/MeOH and pass through a plug ofslica using the same solvent.
Concentrate the filtrate and & uate yithhmethanol. Collect -\- regsultinfg Sehdl by filtration to obtain the
title compound as a red soli 102 8156%): 1E1 NMR (300 €797 Mk C13) 52.23 (dd, 1=9.9, 5.6
Hz, IH), 2.38 (s, 3H), [2.28-? #6chpa[Blédxehif0 (dj1-3.5 Hz, 2H), 3. 9.8; 7.1 Hz, 1H), 3.91-3.87
(m, 1H), 4.01 (br s, 1H)95.0014y88:(8Mmcki);-3-70-5.50 (M, 1H ' =10.32M°Hz, 1H), 6.68-6.64
(m, 1H), 6.78-6.75 (), 2H)| A6ic(dyl diptadziizl-1H), 7. 08 dy 1395 Hz, 1H), 7.228:%572% (m, 1H), 7.35
(dl, 1=7.5, 1.2 Hz, IH), 7.47 (il B=8lgd&6 Hz, 1H), 747 (d \I=¢4 Hz, IH), 7.94 + H), 8.00 (d, 1=6.2
Hz, 1H). 10Example 26 (E -hbl(ﬁﬁ(l&f)a(z@lfﬁﬂorodibenzo[b,e]®1§<epin-11(6H)-yIidene)methy)-1-((3.5,45)-4-
hydroxy-1-mcthylpyrrplidin{3dydgadireemadd] imidazol-2(3 €R-ylidene )cyanamide To a solution of
(3S,45)-4-(4-((E)-(3-fluorodibenzolb,eloxepin-11(6H)- 1
5ylidene)methyl)-2-nitrophenylamino)-1-methylpyrrolidin-3-ol (3.10 mmol, 1.43 g) in isopropanol (85
mL) and triethylamine (9.3 mmol, 1.30 mL) add S%XPng (ilgo mg) and hydrogenate at 50 psi for 1.5 It
Filter through a plug of diatomaceous earth and wash with isopropanol (50 mL). Add diphenyl
cyanocarbonimidate (3.3-#dndR-0ifaay)-ardlbinzl bedmerarmigerhdarenavisrrigbtdihdroneat to reflux for
3 h. 20Remove the solvent and purify thﬁl{ﬁgjgigglgyzgglgégg famatography eluting with a gradient
from 0% to 20% methanol in methylene chloride to give the title compound as a light brown solid (955
mg, 57%). [4)23+13.8 (c 0.17, CH3OH); ESI MS a/¢ 82 [M+H]' -80- :

Isolate the title compound as a side-product during the final purification of
(E)-N-(5-((F)-3,8-difluoro- 6H- dibenzo[b,cloxepin- 11- ylidenemethyl)- 1-{4-
methyl- piperazin- 1-yi)}- 1,3-dihydro-benzoimidazol-2-ylidene)-cyanamide
(Example 9). LC-MS m/z 401.3 [M+H]".

10
Preparation 89
[4-({E)-3,7-Difluoro-6H-dibenzo[b,eJoxepin-11-ylidenemethyl)-2-nitro-phenyl]-(1-

methyl-azetidin-3-yl)-amine



Prepare the examples below by following the procedures as essentially described for Preparation 91
and Example 26, using the appropriate vinyl bromide and vinyl dioxaborolane and heating at about 80
to 85 C for 3xg Ifadndsisa 5% or 10% platinum on carbon or palladium on gashpsiestassseduction for
about 1-4 h. Ex Chemical Name Structure Physical Data 27 (E)-N-(5-((E)-(3,7-
difluorodibenzol[b,e]oxe pin-11(61-0- yIidene)methyI)-_Jm-_((38,48)-4-hydroxy-1- methylpyrrolidin-3-y1)-
1 FI-b enzo[d] imi dazol- 2(31-1)- ylidene)cyanamide \ NH N N ail) 0.50, 10 APCI MS m/z 500 [M +

F11-: +12.8 (c CH30H)
R 0
O
|
- JC
O

NO,

Purge with nitrogen for five min a mixture of (4-bromo-2-nitro-phenyl)-(1-
methyl-azetidin-3-yh)-amine (709 pmol, 203 mg), (E)-3,7-difluoro-11-(4,4,5,5-
tetramethyl-[1,3,2}dioxaborolan-2-ylmethylene)-6,1 1 -dihydro-dibenzo[b,e]oxepine

5 {723 umol, 268 mg) in methanol (1.0 mL)/tetrehydrofuran (3.0 mL) (1:3 solvent
ratio) in a sealed tube. Add sodium methoxide (1.42 mmol, 77 mg),
tetrakis(triphenylphosphine)palladium (35 pmol, 41 mg) and heat at 70 °C
overnight. Dilute with ethyl acetate, wash with 10% sodium bicarbonate twice, dry
over anhydrous sodium sulfate, filter, and concentrate in vacuo to obtain 377 mg of

10 an orange oil residue. Purify on a 12 g silica gel column eluting with 5% methanol
in dichloromethane to obtain the title compound (199 mg, 62%). LC-MS m/z 450.0
[M+H]".

Example 11
15 (E}N-(5-((E)-3,7-Difluoro-6H-dibenzo{b,e]oxepin-1 1 -ylidenemethyl}-1-(1-methyl-

azetidin-3-yl)-1,3-dihydro-benzoimidazol-2-ylidene)-cyanamide
R 0
e by
|
-l
Oy

AN

N
Dissolve [4-((E)-3,7-diftuoro-6H-dibenzo[b,eloxepin-1 1-ylidenemethyl)-2-
nitro-phenyl]-(I-methyl-azetidin-3-yl)-amine (4.23 mmol, 1.90 g), triethylamine
20 {9.31 mmol, 1.30 mL} in tetrahydrofuran (20 mL), add 5% platinum on carbon (200
mg) and hydrogenate (50 psi) at 35 °C for one hour. Filter off the catalyst, rinse



OH 28 difiuorodibenzo[b,e]oxe pin-11(6H)- ylidene)methyl)-1- ((3S,4S)-4-hydroxy-1-
methylpyrrolidin-3-y1)- 1H-benzo[d]imidazol- 2(31-1)- ylidene)cyanamide OH IS NH N N le 0.50 , APCI

MS m/z 50QM%6iisskad D" +12.6 (c CH30H) 29 difluorodibenzol[b,cloxe i d4fkdksoor
((3R,4R)-4-hydroxy-1- methylpyrrolidin-3-y1)- 11-1-benzo[d]imidazol- 2(314)- ylidene)cyanamide

73

with pyridine (20 mL.), add diphenyl N-cyanocarbonimidate (4.65 mmol, 1.11 g)
and stir at room temperature overnight under nitrogen. Dilute with ethyl acetate,
wash with 5% aqueous sodium bicarbonate twice, dry over anhydrous sodium
sulfate, filter, and concenirate in vacuo to obtain appreximately 3 g of an orange

5  oil. Purify on an 80 g silica gel column eluting with 5% methanol in
dichloromethane to obtain ~930 mg of a yellow semi-solid. Dissolve in a minimum
amount of methano! and let sit. White solids form. After 30 min filter off the
solids and rinse with methanol to obtain the title compound as a white solid (815
mg, 41%). LC-MS m/z 470.2 [M+H]".

Prepare the following Examples in the table below essentially as described in
Preparation 89 and Example 11, using the appropriate phenyl bromide and the

appropriate vinyl dioxaborolane.

Physical

Ex | Chemical Name Structure
Data

0]
NAS(EV-3- F
gi?;oro-éf(I—E) O | O

dibenzo[b,cloxepin-11- ]
12 | ylidenemethyl)-1-{1- LC-MS

methyl-azetidin-3-yl)- \NQ\N O m/z 452.2

1 3-dihydro- ) [MiHH]
benzoimidazol-2- \ 7
ylidene)-cyanamide \Q\N

O
(E)N-(5-((E)-3,8- : O F
Diftuoro-6H- _ Q i

dibenzo[b,eJoxepin-11-

13 | ylidenemethyh)-1-(1- o O iy
methyl-azetidin-3-yl}- | N v
1 3-dihydro- N)‘N (MHH]
benzoimidazol-2- N4
ylidene)-cvanamide \\

15

Preparatien 90



ylidene)methyl)-1- Il SI NH N 41) ESI MS m/z 500 23 [a]o- 16.2 (c 0.24,CH30H) OH -81- Ex
Chemical Name Structure Physical Data

WO 2069/085584 PCT/US2008/085997

74

[4-((E)-3,7-Difluoro-6H-dibenzo[b,c]oxepin-11-ylidenemethyl)-2-nitro-phenyl -
(7S, 8aS)-hexahydro-pyrrolo[2,1-c]{1,4]oxazin-7-yl)-amine

"o
F
Jesy
=1
M no,

Degas three times a mixture of (4-bromo-2-nitro-phenyD)-((78, 8a5)-

5 hexahydro-pyrrolo[2,1-c][1,4]oxazin-7-yl)-amine (0.011 mol, 4.0 g), (E)-3,7-
difluoro-11-(4,4,5,5-tetramethyl[1,3,2]dioxaborolan-2-ylmethylene) - 6,11 -dihydro-
dibenzo[b,e] oxepine (0.012 mol, 4.76 g), triphenylphosphine (0.0031 mol, 0.8 g)
and sodium methoxide (0.03 mol, 1.6 g) in tetrahydrofuran/methanol (3:1) (120
mL) with mitrogen. Add palladiam (IT) acetate (1.0 mmol, 240 mg) to the reaction

10  mixture and degas again three times with nitrogen. Heat the reaction mixture at 70
°C for4 h. Cool the reaction mixture to room temperature, filter through a plug of
diatomaceous earth and concentrate the filirate under reduced pressure to obtain the

title compound (5.0 g, crude).

15 Example 14
{E}N-(5-((£)-3,7-Difluoro-6H-dibenzo[b,e]oxepin-1 I-ylidenemethyl)-1-((7S, 8aS)-
hexahydro-pyrrolo[2,1-c]f 1,4 ]Joxazin-7-y1)-1,3-dihydro-benzoimidazol-2-ylidene)-

cyanamide

20 Dissolve [4-((£}-3,7-difluoro- 6H-dibenzo [b,eloxepin- 11- ylidenemethyl)-
2-nitro- phenyl}-((7S, 8a8)-hexahydro-pyrrolo[2,1-¢][1,4]oxazin-7-y1)-amine (0.009



30, Chi-N-(5-0)-(3.8- difluorodibenzo[b,e]oxe pin-11(61-1)- ylidene)methyl)- I- (3S, 4R)-4-bydroxy- I -
methylpyrrolidin-3-y1)- 1H-benzo[d]imidazol- 2(311)- ylidene)cyanamide APCI MS m/z 500 [M + EITh;

[0123- 43.6 ;130H). - 31 (E)-N-(5-((E)-(3 ,7 - difluorodibenzo], in: H)-
yIidene)metﬁ/?%j@éog%%é)-&hydroxy- | - methylpyolidin-3-y1)- 11-1-ben£g%(lf]alfr§r’%§agébc§é §§(31-1)-

ylidene)cyanamide 0 e SIN )7-NH % 5.

mol, 5.0 g) in tetrahydrofuran (40 mL). Add triethylamine (0.009 mol, 0.9 ¢) and
10% platinum on carbon (1.0 g) and hydrogenate in a Parr shaker at 50 psi (H,) at
room temperature for 3 h. Filter off the catalyst through a plug of diatomaceous
carth, add pyridine (40 mL) and diphenyl N-cyanocarbonimidate (0.009 mol, 2.35
5 g tothe filtrate. Stir at room temperature for 16 h, then heat at 60-70°C for § h.

Remove the solvent under reduced pressure. Dissolve the resulting residue in
dichloromethane and wash with water and saturated sodium bicarbonate solution.
Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under
reduced pressure. Purify on a silica gel column using 1% methanol in

10 dichloromethane as eluent to give the title compound (1.9 g, 36%). LC-MS m/z
526.4 [M+HT".

Prepare the following Examples in the table below essentially as described in
Preparation 90 and Example 14, using the appropriate phenyl bromide and the

15  appropriate vinyl dioxaborolane and heating at about 70 °C for 4 to 16 h,

Ex Chemical Name Structure Physical
Data
0
(EYN-(3-((E}-3-Fluaro- .
6H-dibenzo{b,e]oxepin- Q ; O

-ylidenemethy)-1-((7S, | ¢\, LOMS

- | 8aS)-hexahydro- \*Kl |

15 , m/z 508.3
pyrrolo[2,1-c][1,4]oxazin- N IM+HT

7-y1)-1,3-dihydro- )N

benzoimidazol-2- N\\

ylidene)-cyanamide N

(E}-N-(5-((£)-3,8-
Difluoro-6H-
dibenzo[b,ejoxepin-11-
ylidenemethyl)-1-(( 7S,

16 | 8aS)-hexahydro-
pyrrolo2,1-c]{1,4]oxazin-
T-yb)-1,3-dihydro-
benzoimidazol-2-
ylidene)-cyanamide

LC-MS
m/z 526.3
[M+H]™




N [M+

(E)-N-(54(E)-3-Fluoro-6H-dibenzo[b,e]oxepin-11-ylidenemethyl)-1-((3S,48)-4-

5hydroxy-1ynethydetseaqy-pyrrolidin-3-y1)-1,3-dihydro-benzoimidazol-2-ylgenek syasaasoide

0.24, C1-130H). ESI MS m/z 500 1-1]. [a]D23 +61.0 (c Example 32

To a

solution of (E)-N-(54(E)-(3-fluorodibenzo[he]oxepin-11(61-)- ylidene)methyl)-1-((35,48)-4- hydroxy- 1-
methylpyrrolidin- 3- yl)- 11-I- 10benzo[d]imidazol-2(3H):lidene) cyanamide (0.27 mmol, 130 mg) in
-82- dichloromethane (10 mL) add m-chloroperoxybenzoic acid (0.43 mmol, 93 mg) and stir at room
temperature overnight. Load the solution on silica and purify by flash chromatography eluting with O to

20% methanol in dich
[MH-Et. 5 Example 3

nlorom
3

(&-N

pthane to obtain the titlé

(5 -KESTS N BYB8iben

D compoug
zo[b ,e] 0

d (135 mg, 1009
EHRUAEeL 1(6H)-y

oPHy&icM S
li demnce)m

m/z 498.2
ethyl)-1 -((35,

4S)-4- hydroxy-I-met

nylpyrr

17

plidin-3-y1)-1H-benzold
(E)}-N-(5-((E)-3,7-
Difluoro-6H-
dibenzo[b,e]oxepin-11-
ylidenemethyl)-1-({ 7R,
8aS)-hexahydro-
pyrrolof2,1-c][1,4}oxazin-
7-y1)-1,3-dihydro-
benzoimidazol-2-
ylidene}-cyanamide

limidazol-2(3H)

Iklenc)cy

anamide,

LC-MS
miz 526.3
IM+HHT

maleate ONH

18

{E)y-N-(5-((E)-3-Fluoro-
6H-dibenzo[b,e]oxepin-
11-ylidenemethyl)-1-
((7R, 8aS)-hexahydro-
pyrrolo[2,1-c|[1,4]oxazin-
7-yb)-1,3-dihydro-
benzoimidazol-2-
ylidene)-cyanamide

LC-MS
m/z 508.3
IMEHH]

19

(E)N-(5((E)-3,8-
Difluoro-6H-
dibenzeib,ejoxepin-11-
ylidenemethyl)-1-((7R,
8aS)-hexahydro-
pyrrolo[2,1-¢]{1,4]oxazin-
7-y1)-1,3-dihydro-
benzoimidazol-2-
ylidene)-cyanamide

LC-MS
miz 526.2
IMAHH]

20

E)N-GAER, -
Difluoro-6H-
dibenzo[b,eloxepin-11-
ylidenemethyD)-1-{(7R,
SaR)-hexahydro-
pyrrolo[2,1-c][1,4]oxazin-
7-yh-1,3-dihydro-
benzoimidazol-2-
ylidene)-cyanamide

LC-MS
m/z 526.4
(M+H]"




N/ 10 Heat (E)-N-(54(E)-(3-fluorodibenzo[b,e]oxepin-1 1(6H)-ylidene)methyl)-1- ((35, 48)-4-hydroxy -
1- methylpyrrolidin-3-yl)- 1H- benzo[d] imidazol-2 (3H)- ylidene) cyanamide (7.10 mmol, 3.42 g) in
acetonitrile (68 smoy@tSQ C for 30 min and add (Z)- 2-butenedioic acid (7.201Rehsk34e53g) at once.
After a few minutes, 15the suspension becomes homogeneous and then precipitates start forming.
Cool the resulting suspension to room temp. Collect the solid by filtration, wash with acetonitrile (50
IL), and dry in a vacuum oven at 50 C for 2 h to obtain the title compound (4.1 g, 97 %). LC-MS m/z
488.2 [M-H]. 1H NMR (400 MHz, DMSO-d6): 2.80 (s, 3H), 3.77-3.72 (m, 8H), 4.66-4.63 (m, 1H),

4.96-4.91 (m, 1H), 20 5.16-5.10 m 1H) 5 72-5.67|(in, IH), 5,89-5.82 (m, 1H)| @RQital 2H), 6.59 (dd,
J= 2.6, 10.5 Hz, IH), 6.86:6/76 (! Fl%‘“% g87¢, 1H), 6.94-6. 9“6% 1), 7.02 (5, Ibiha7.22 (Id, 5=7.5,
1.3 Hz, IH), 7.30 (d, J=8.8 Hz 1H 7 36 (td 5=7.5, 1.3 Hz, 1H), 76D.7.57 (n}, 2H). Alternate
procedure: 25DissolVe (E)- N(I%H rodlberzo[b,e]oi G ylid ene)methyl)- 143S,
4S)-4 -hydroxy-1 -methylpy (E)ihnﬂjdazol- ene)cyanamide (145 mg) in
acetonitrile (5 mL) hegat to - d % g{gbudyﬁp{?ﬁon. Fssolve 2-bute ?fﬁdﬁ acid (35 mg) in
THF (300 1,1) and slpwty ad % X eme r| eé to providea clear’solution. C()o tr}s glutlon to room
temperature while stifring tc Qr |tf]he aZCl:ontlnue stirr he solution OV@EJr —ast filter the
resulting solids and dry undg clJy 540 C. Resiglial acetonitrile Was observed in the
subsequent TGA (Thermo G ﬁxtird ?@Iy&ﬁ thermogram\@nd the materia] was dried further

overnight.
(3R,4R)-4-144(E)-3,7

-Diflug

{&ﬁ@ AN AR

ro -6H- dlbenzo[b eloxe

o-

10phenylamino]-1-methyl-pinenisins3:h 5 Mfei-H NO2
(3R,4R)-4-(4-bromo-2-nitro-

(E)-3,8-difluoro-11-64,4,5,5;
150xepine (0.01 mol,|3.729,
(0.02 mol, 1.2 g) in te

tetiainetndilyg, 2]diox

7-y1)-1,3-dthydro-
benzoimidazol-2-
ylidene)-cyanamide

Qﬁ@@%@%ﬂpéj‘dx@ﬁmyl plperldln- @

(LR qui)hekiphenylph 3
trahydypfuradbthdnidb{a:ih)

in-11-ylidenemethyl)- 2 nit

n- 2yme|hyene) E

SOg)

a mixture of

{o-dibenzo[b,e]
dium methoxide

M+H

(E)-N-(5-((E)-3,7-
Difluore-6H-
dibenzo[b,eJoxepin-11-

2 yhidenemethyl)-1-((78, \ N LC-MS
8aR)-hexahydro- O m/z 526.4
pyrrolo2,1-c][1,4]oxazin- N IM+HT
7-y1)-1,3-dihydro- . >/’NH
benzoimidazol-2- N\\
ylidene)-cyanamide A
(E)-N-(5-((E)-3,8-

Difluoro-6H- Q O
dibenzo[b,cloxepin-11-
ylidenemethyl)-1-((75, \,“m LC-MS

24| 8aR)-hexahydro- G\ O 1z 526.4
pyrrolo{2,1-¢][1,4]Joxazin- N}_NH IM+HT"
7-y1)-1,3-dihydro- NG
benzoimidazol-2- \\
ylidene)-cvanamide N




with nitrogen. Add palladium (1) acetate (0.8 mmol, 183 mg) to the reaction mixture and degas again
three times with nitrogen. Heat the reaction mixture at 70 C for 16 h. Cool the reaction mixture to room
temperatureytiltandfasssigh a plug of 20diatomaceous, and concentrate thepfitivatedsndetoreduced
pressure to obtain the title compound (6.6 g, crude). -84- Example 34 (E)-N-
(5-((E)-3,7-Difluoro-6H-dibenzo[b,e]oxepin-1 -ylidenemethyl)-1-((3R, 4R)-
3-hydroxy-I-methyl-piperidin-4-y1)-1,3-dihydro-benzoimidazol-2-ylidene)- cyanamide 5 Dissolve
(3R,4R)-4444(E)-3,7-Difluoro-6H-dibenzo[b,e]oxepin-11-

ylidenemethyl)-2-nitro-phenylami
mL). Add triethylamine (0.018 m

Parr shaker at 50 psi
diatomaceous earth.
the filtrate. Stir at roo
under reduced press

sodium bicarbonate solggor

concentrate under re

dichloromethane as eluent o/ otdif-thie ditle compa
(400 MHz, DMSO-d6 _ _
3H), 2.81 (hr s, 1H), 2.96 (hr¥idert);208189cON s,

5.46 (hr s, 1H), 6.68
IH), 12.49 (hr s, 1H).

MU oo

idin-3-ol (0.009 mol, 4.48 ¢)Rny¢shydrofuran (100

duced pressiofe,i Rilif| onansi

1.66-1b8pmimidapl1275-1.78

ure. Di sw]ymghwggiqipg@gy@icfﬂgﬁth 3
SkBPryxtihederganic layer o

b platinu TR %on (2.2 @) apgthydrogenate in a

(142) at room 10temperature ffor 4 h. Filter offthie catalyst through|a plug of
Add py r@gjqa@%@)m@l@g_dip henyl N-e fdate (0.009 mol, 2.16 g) to
m temperagtenierlbopnd thenheat at 6 3 h. Remove the solvent

SiltU water and saturated
drous sodium sut rjs" er, and
ica gel column using 5% : % [
und (1.2 4%%) as an offrwhite-solid. IH NMR
m, 1H), 1.87-1.90 (m, 1H), 2.03 (hr $, 1H), 2.24 (s,

114), 4.31 (br s, 1H), 5.09 (s, 1H), 5.36 (hr s, IH),

dd, 1H), 6.82-6.87 (m, 3H), 6.

99 (d, 1H), 7.09 (s, 1H), 7.26-7.35 (M, 3H), 7.62 (t,

-85- Example 35

10

15

Preparation 91
(38, 45)-4-(4-((E)-(3-fluorodibenzo[b,eJoxepin-1 1 (6H)-ylidene)methyi)-2-

nitrophenylamino)-1-methylpyirolidin-3-ol
0
avoy
|

OH :

Combine (385,45)-4-(4-bromo-2-nitrophenylamino)- 1 -methylpyrrohidin-3-ol
(17.6 mmol, 5.55 g), (E)-2~((3-fluorodibenzofb,eloxepin-11(6H)-ylideneymethyl}-
4,45 S-tetramethyl-1,3,2-dioxaborolane {16.0 mmol, 5.62 g}, triphenylphosphine
(2.87 mmol, 0.75 g), and K,CO; (44.7 mmol, 6.18 ¢) in 110 mL of dioxane:water
(3:1). Degas the mixture by bubbling with nitrogen for five min, add palladium (IT)
acetate (0.48 mmol, 322 mg), and heat at §2 °C under nitrogen for 3.5 h. Cool to
room temperature, dilute with water and dichloromethane and then pass through a
pad of diatomaceous earth. Separate the phases and extract the aqueous phase with
dichloromethane twice. Combine the organic phases, wash with brine, dry over
anhydrous sodium sulfate filter, and remove the solvent in vacuo. Dissolve in 4:1
CH,Clo/MeOH and pass through a plug of silica using the same solvent.
Concentrate the filtrate and triturate with methanol. Collect the resulting solid by

filtration to obtain the title compound as a red solid (4.12 g, 56%): 'H NMR (300



(E)-N- (54(E)-3,7-Difluoro-6H-dibenzo[b,e]oxepin-11-ylidenemethyl)-1-((3S,45)-
3-hydroxy-1-methyl-piperidin-4-y1)-1,3-dihydro-benzoimidazol-2-ylidene)- cyanamide Dissolve
444-((E)-3, *difluwosedgakidibenzo [b,e]Joxepin-11-ylidenemethyl)- POT/US2608/085997
2-nitro-phenylamino]-1-inethyl-piperidin-3-ol (0.012 mol, 5.97 g) in tetrahydrofuran (50 mL). Add
triethylamine (0.024 mol, 2.44 g) and 10% platinum opgarbon (2.9 g) and hydrogenate in a Parr
shaker at 50 psi (1-12) at room 10temperature for 4 h. Filter off the catalyst through diatomaceous
earth. Add pyridine (50 mL) and diphenyl N-cyanocarbonimidate (0.012 mol, 2.88 g) to the filtrate. Stir

at room temperatureNpr16irang thendieat @b 605 70CI foy, 8 1% Rempyethe zplventyinder reduced
pressure, dissolve the residue 2 E%ic{;lca? etbgne and wash with water and saturated sodium
g ﬁ ro

bicarbonate solution!%4 8Dy tA F over AffyHidus sotilm s datd: HitdF saHé concentrate
under reduced pressuge-Filrity, tHé)resitlisoma silica geladofemiBusing 5% Imedsanskin
dichloromethane as gluent t 10 the. tifle Ul 7 79 ¥ -whit lid. LC-MS in/z
514.4 [M+H]t. 20Pre§%.’rz%§ ’&(b_éwm%éen% %%}bm%%&r% ’th%jétﬁgﬁig%?zéﬁgﬁg%w described for
Preparation 92 and ExariplétB47aiid B5/xishnd Az aldpr Gptiatil phéniyodroimide ) ahdivithyl dioxaborolane

and heating at aboutjgggq{gqg)f%g(go ﬁ%@ d{ﬁg oY% %{‘&O%{platinum on carbon or palladium on
D, PP LS. 2 Hz  YHT:

carbon for the reduction for about 1-4'h Ex Chemical Name Structure Physical Data 36 (E)-N-
(5-((E)-3-Fluoro6H-dibenzo[b,e]oxepin-11- ylidenemethyl)-1-((3R,4R)- 3-hydroxy- | -methyl-
piperidin-4-y1)-1,3- dihydro-benzoimidazol-2- ylideneycyanamide

10 Example 26
{E3N-(5-({E)}-(3-fluorodibenzo[b,cloxepin-1 1(6H )-ylideneymethyl)-1-({3S,45)-4-
hydroxy-1-methylpyrrolidin-3-y1)-1H-benzo[dJimidazol-2(3H)-vlidene)cyanamide

a8y

OH
\

To a solution of (38, 48)-4-(4-((E)-(3-fluorodibenzo[b,e]oxepin-11{6H)-

15 ylidenemethyl)-2-nitrophenylamino)-I-methylpyrrolidin-3-o01 (3,10 mmol, 1.43 g}
in isopropanol (85 mL) and triethylamine (9.3 mmol, 1.30 mL) add 5% Pt/C (420
mg) and hydrogenate at 50 psi for 1.5 h. Filter through a plug of diatomaceous
earth and wash with isopropancl (30 mL). Add dipheny! cyanbcarbonimidate (3.1
mmol, 0.74 g} and stir at room temperature overnight, then heat to reflux for 3 k.

20 Remove the solvent and purify the residue by column chromatography eluting with
a gradient from 0% to 20% methanol in methylene chloride to give the title
compound 2s a light brown solid (955 mg, 57%). [o]p” +13.8 (¢ 0.17, CH;OH);
ESI MS m/z 482 [M+H]".



' $ .N OH>-NH N/ ON [M +1-1]- LCMS m/z 496.5 37 (E)-N- (5-((E)-3,8- Difluoro-6H- dibenzo
[b,eloxep in-11- ylidenemethyl)-14(3R, 412)- 3-hydroxy-I-methyl- piperidin-4-y1)-1,3-

dihydro-beng@imiciagaszs yli dencycyanamide 4111110 S N OH/-NH N bNoEEMSobiiie34.5 | [M -EH[
38

-R0-

Prepare the examples below by following the procedures as essentially described
for Preparation 91 and Example 26, using the appropriate vinyl bromide and vinyl
dioxaborolane and heating at about 80 to 85 °C for 3 to 16 h. Use 5% or 10%

- platinum on carbon or paliadium on carbon for the reduction for about 1-4 h.

5

Ex | Chemical Name Structure ;I;if;lcal
(B N-5-((E)-3,7-
difluorodibenzofb,ejoxe hA/IPSC; y
pin-11(6H)- 500 [M N

77 ylidene)methyl)-1- HT-
((35,45)-4-hydroxy-1- T
methylpyrrolidin-3-yI)- ioi“}zb 8 (c
1H-benzo{d}imidazol- 0 5 0
2(3H)- e
vhdene)cyanamide CH,OH)
(£)-N-(5-((E)-(3.8-
difluorodibenzo[b,eloxe }\AIIE;C; /s
pin-11(6H}- 500 [M +

28 vlidene)methyl)-1- H]';
{{(38,45)-4-hydroxy-1- s
methylpyrrolidin-3-yl1)- icgj 6 c
l_?-bimzo[d]imidazol— 0 50’
2(3H)- g
ylidene)cyanamide CH;OH)

F o -

(E}N-(5-((E)-(3,7- F
diftuorodibenzo[b,eloxe Q O ESIMS
pin-11(6H)- | m/z 500

29 | ylidene)methyl)-1- \ [M+H]"
{{3R.4R)-4-hydroxy-1- N O fap® ~
methylpyrrolidin-3-y1)- Q\N 16.2° (¢
1H-benzo[d]imidazol- Y NH 0.24,
2(3H)- N CH:0H)
vhdene)cyanamide \;\‘




- (E)-N- (5-((E)-3-Fluoro6H-dibenzo[b,e]oxepin-11- ylidenemethyl)-1-((3S,4S)-
3-hydroxy-1-methylpiperidin-4-y1)-1,3 - dihydro-benzoimidazol-2- ylidene)-eyanamide dr4111 NSi
OHN/ N bNwk:g MGomzs496.5 [M +F11 - 39 (E)-N- (5-((E)-3,8- Difluoro-6Hgibenzelasaiexepin-11-
ylidenemethy1)-14(3S4S)- 3-hydroxy-I-methyl- piperidin-4-y1)-1,3- dihydro-benzoimidazol-2-
ylidene)-cyanamide 0 40 1 101 'N OHNH N 'CN LCM§ m/z 514.5 [M +1-11I- -87- Example 40

Ex | Chemical Name Structure P])l;f;ica]
0
- F

(EFN-5-((BF(3.8- Q
difluorodibenzofb,eloxe f:&gc; .
pin-11(6H)- \ 500 [M +

10" viidene)methyl)-1~ N O HY' ‘
((3S,4R)-4-hydroxy-1- Q""N (0] ~
methylpyrrolidin-3-yi)}- NH -~
1H-benzo[d]imidazol- Ot N}’ 43.6% (c
\
ylidene)cyanamide N ;0H)

F

(E)-N-5-((EWG3.T- s | Bsins
difluorodibenzo[b,ejoxe Q O e
pin-11(6H)- | e

31 | ylideneymethyl)-1- \ H]'
((3R,48)-4-hydroxy-1- N O 0] s
methylpyrrolidin-3-y1)- N D
1H-benzo[d]imidazol- o N},"N"' 362{40 (c
2(3H)- .24,
ylidene)cyanamide \\ CH;OH)

" Use potassium acetate in the Suzuki coupling reaction,

Example 32
(E)-N-(5-((E)-3-Fluoro-6H-dibenzo[b,eloxepin-11-ylidenemethyl)-1-((3S, 45)-4-
5 hydroxy-1-methyl-1-oxy-pyrrolidin-3-yh)-1,3-dihydro-benzoimidazol-2-ylidene)-

cyanamide

To a solution of (£)-N-(5-({£)-(3-fluorodibenzo[b,cloxepin-11(6H)-
ylidene)methyl)}-1-((3S,45)-4- hydroxy- i- methylpyrrolidin- 3- y1)- 1H-
10 benzo[dlimidazol-2(3H)-lidene) cyanamide (0.27 mmeol, 130 mg)in



(E)-N-(54(E)-3,7-Difluoro-6H-dibenzo[b,e]oxepin-11-ylidenemethyl)-1-((R)-1-
methyl-2-morpholin-4-yl-ethyl)-1,3-dihydro-benzoimidazol-2-ylidene)-urea O Prepare a solution of 4
M hydrogensahlaisigsirgdioxane by diluting 12 M hydrochloric acid (10 mLpavitkrgi@sarest20 mL).
Slowly add this solution to (E)- N-((R)-5-((E)-3 ,7 -difluoro-61-1-dibenzo
Tb,e]oxepin-11-ylidenemethyl)-1-(1-methyl- 8-
2-morpholin-4-yl-ethyl)-1,3-dihydro-benzoimidazol-2-ylidene)-cyanamide (0.005 mol, 3.0 g) at room
temperature and stir for 48 hours. Quench the reaction mixture 10with agueous 4 N potassium
hydroxide solution, exéragtmihagichiprametbanchanchwashawiificaidiates sadiun bigafonate solution.
Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under reduce pressure.
Purity on sica ool LA TR YA MEIATIh KOG B 8 Gh P e Eampound (L2 o
38%) as an off-whiteisolichdgriMvkiR 400/ kKAK 2o DISO B Lisnikilorenofti{my IsNbimomers. Major
isomer: 81.44 (d, 3'1211@(:%%&%1%% %5@?’ %ﬁ%@%my@gﬂéﬁgﬁklm 2.77-2.82 On 1H), 3.29-3.46
(n, 5H), 4.77-4.82 (m, IH), 5.35-5,44 d 2H), 6.65 (dd, IH), 6.89 (dt, 3H), 7.13 (s 1H), 7.1 (s, 1H),
7.21-7.28 (m, 2H), 7.31-7.42 (m 1H), 7.55-7.62 (in, 1H), 9.95 (s, 1H). Minor isomer: 8 1.39 (d, 3H,
E,Z-isomer), 2.23-2.26 (in, 2H), 2.32-2.33 On 2H); 2881343 20(m 1H), 3.29-3.46 (m, 5H), 4.80 - 4.99
(m, 1H), 5.35-5.44 (br d, ZH%, 6.65 (dd, IH), 6.89 (dt, 3H), 7.13 (s .1H), 7.1 (s, 1H%, 7.21-7.28 (n, 2H),
7.31-7.42 On 1H), 7.58- Y62 g uideazalpglosgpr g keisie depeimethyl)-1-((35,45)-4-
(E)-N-(54(E)-3-FluorpybR=dibapgaipyelaxepiyllpliseneiiiethiyirl 433 hdeax)tyknamide,
-methyl-pyrrolidin-3-y1)-1,3-dihydro-benzoimidazol-2-ylidene)-urea 5To a mixture of trifluoroacetic
acid (30 mL) and water (6.0 eq, 100 mmol, 1.81 mL'}}lne%{% ice bath add

10.00 g). Allow the resulting suspensionito warm up to ke erature and stir for 2 10h. Dilute the

solution with ethyl acetate (250 mL), cgolNfie mixture in amy

sodium hydroxide to pH = 11. Wash th& grganicNayer
and concentrate under reduced pressuré. Puriy\%"r ique by column chromatography eluting with
I

2.5 to 5% methanol in ethyl acetate to oBtain a wijte spiit Dry in a vacuum oven at 40 C 15overnight
to obtain the title compound (6.74 g, 81%). LC-MS miz 500.2 [M-FHt. Prepare the examples below by
following the procedures as essentially described for mple 40 or 41, using the appropriate

cyanoguaniding.” Ex
Heat (E)-N-{5-((E)-(3-fluorodibenzo[b,e]oxepin-1 1{6H)-ylidene)methyl)-1-

((3S,48)-4-hydroxy- I- methylpyrrolidin-3-yI)- 1H- benzo[d] imidazol-2 (3H)-
ylidene) cyanamide (7.10 mmol, 3.42 g) in acetonitrile (60 mL) at 50 °C for 30 min
and add (Z)- 2-butenedioic acid (7.10 mmol, 837 mg) at once. After a few minutes,

15  the suspension becomes homogeneous and then precipitates start forming, Cool the
resulting suspension to room temp. Collect the solid by filtration, wash with
acetonitrile (50 mL), and dry in a vacuum oven at 50 °C for 2 h to obtain the title
compound (4.1 g, 97 %). LC-MS m/z 488.2 [M+H]". 1H NMR (400 MHz,
DMSO-d,): 2.80 (s, 3H), 3.77-3.72 (m, 8H), 4.66-4.63 (m, 1H), 4.96-4.91 (m, 1H),

20 5.16-5.10(m, LH), 5.72-5.67 (m, 1H), 5.89-5.82 (m, 1H), 6.00 (5, 2H), 6.59 (dd, =
2.6, 10.5 Hz, 1H), 6,80-6.76 (m, 1H), 6.86 (s, 1H), 6.94-6.90 (m, 2H), 7.02 (s, 1H),
7.22(dd, J= 7.5, 1.3 Hz, 1H), 7.30 (d, J= 8.8 Hz, 1H), 7.36 (td, J= 7.5, 1.3 Hz, 1H),
7.61-7.57 (m, 2H).
Alternate proecedure:

25 Dissolve (E)-N-{3-({E)-(3-fluorodibenzofb,eoxepin-11{6H)-
ylidenemethyl)-1-((3S,45)-4-hydroxy-1-methylpyrrolidin-3-yl)-1H-
benzo[d]imidazol-2(3H)-ylidene)cyanamide (145 mg) in acetonitrile (5 mL) heat to



Chemical Name Structure Physical Data 42 (E)-N-(54(E)-3-Fluoro6H-dibenzo[b,e]oxepin-
11-ylidenemethyl)-1- ((R)-1-methyl-2- morpholin-4-yl-ethyl)- 1,3-dihydro- benzoimidazol-2-
ylidene)-ureg®3ghh)dhkgi IP NH N O le LCMS in/z 528.2 [M +FT] -89- Ex gheriisalsdhacse; Structure
Physical Data 43 '

-83-

50 °C 1o give a cloudy solution. Dissolve 2-butenedioic acid (35 mg) in THF (300

nL) and slowly add to the acetonitrile to provide a clear solution, Cool the solution

to room temperature while stirring to give a precipitate. Continue stirring the

solution overnight. Fast filter the resulting solids and dry under vacuum for 2 h at
5 40°C. Residual acetonitrile was observed in the subsequent TGA (Thermo

Gravimetric Analysis) thermogram and the material was dried further overnight.

Preparation 92
(3R, 4R)-4-[4-((E)-3,7-Difluoro-6H-dibenzolb,e]oxepin-1 1 -ylidenemethy?)-2-nitro-
10 phenylamino]-1-methyl-piperidin-3-0l

5 0
A
- |
QL2
¥ N
on " NO,

Degas three times a mixture of (3R, 4R)-4-(4-bromo-2-nitro-phenylamino)-
1-methyl-piperidin-3-01 (0.009 mol, 3.0 g}, (E)-3,8-difluoro-11-{4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-ylmethylene) - 6,11-dihydro-dibenzo[b,e]

15 oxepine (0.01 mol, 3.7 g, 1.1 equiv.), triphenylphosphine (0.002 mol, 0.61 g) and
sodium methoxide (0.02 mol, 1.2 g) in tetrahydrofuran/methanoi (3:1) (150 mL)
with nitrogen. Add palladium (1T} acetate (0.8 mmol, 183 mg) to the reaction
mixture and degas again three times with nitrogen. Heat the reaction mixture at 70
°C for 16 h. Cool the reaction mixture to room temperature, filter through a plug of

20 diatomaceous, and concentrate the filtrate under reduced pressure to obtain the title

compound {6.6 g, crude).



(E)-N-(5-((L)-3,8- Difluoro-6Hdibenzo[b,e]Joxepin-11- ylidenemethyl)-1-(02)- 1-methy1-2-morphol in-
4-yl-ethyl)-1,3-dihydro- benzoimidazol-2- ylidene)-urea 0 N NH N - oNH 2 4.1 LCMS ni/z 546.2 [M

+HI 44 (E)-Mr{P246E)s3431 Difluoro-6H- dibenzo[b,e]oxepin-11- ylidenemethyhris HehdoprA-hydroxy-1-
methy f-pyrrolidin-3-y1)- 1,3-dihydro- benzoimidazol-2- ylidene)-urea 111 LCMS 411 m/z 518.5 + [M

+H]

10

15

20

R

Example 34
(E)-N- (5-((E)-3,7-Difluoro-6H-dibenzo[b,eJoxepin- I I-ylidenemethyl)-1-((3R, 4R)-
3-hydroxy-1-methyl-piperidin-4-y1}-1,3-dihydro-benzoimidazol-2-ylidene)-
cyanamide
R 0
seby
- i
O
H N
o )NH
N\
CN
Dissolve (3R, 4R)-4-[4-((E)-3,7-Difluoro-6H-dibenzo[b,eJoxepin-11-
ylidenemethyl)-2-nitro-phenylamino - 1 -methyl-piperidin-3-01 (0.009 mol, 4.48 g)
in tetrahydrofuran (100 mL). Add triethylamine (0.018 mel, 1.83 g) and 10%
platinum on carbon (2.2 g) and hydrogenate in a Parr shaker at 50 psi (H,) at room
temperature for 4 h. Filter off the catalyst through a plug of diatomaceous earth.
Add pyridine (100 mL) and diphenyl N-cyanocarbonimidate (0.009 mol, 2.16 g) to
the filirate. Stir at room temperature for 16 h and then heat at 60-70 °C for 8 h.
Remove the solvent under reduced pressure. Dissolve the residue in
dichloromethane and wash with water and saturated sodium bicarbonate solution.
Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under
reduced pressure. Purify on e silica gel column using 5% methanol in
dichloromethane as eluent to obtain the title compound (1.2 g, 26%) as an off-white
solid. "H NMR (400 MHz, DMSO-ds) 8 1.66-1.8 (m, 1H), 1.75-1.78 (m, 1H),
1.87-1.90 {m, 1H), 2.03 (br s, 1H), 2.24 (s, 3H), 2.81 (brs, 1H), 2.96 (br s, 1H),
3.99 (brs, 1H), 4.31 (br s, 1H), 5.09 (s, 1H), 5.36 (br s, 1H), 5.46 (br ¢, 1H), 6.68

(dd, 1H), 6.82-6.87 (m, 3H), 6.99 (d, 1H), 7.09 (s, TH), 7.26-7.35 (m, 3H), 7.62 (t,
TH), 12.49 (br s, 1HD).



40 N OHNH )-NH, o 45 Difluoro-611- dibenzo[b,e]oxepin-11- ylidenemethyl)-1- ((IS,
45)-4-hydroxy-1- methyl-pyrrolidin-3-y1)- 1,3-dihydro- benzoimidazol-2- yliden e)-urea # LCMS m/z
518.6 [M +Hifg hdbidsss PCT/US2008/085997

85-

Example 35
(E)-N- (5-({£)-3,7-Difluoro-6H-dibenzofb,e]oxepin-11-ylidenemethyl)-1-((35,45)-
3-hydroxy-1-methyl-piperidin-4-y1)-1,3-dihydro-benzoimidazol-2-ylidene)-

cyanamide
F 0

5 CN
Dissolve 4-[4-((E)-3,7-difluoro-6H-dibenzo [b.e]oxepin-11-ylidenemethyl)-

2-nitro-phenylamino]- I-methyl-pipenidin-3-ol {0.012 mol, 5.97 g) in
tetrahydrofuran (50 mL). Add triethylamine (0.024 mol, 2.44 g) and 10% platinum
on carbon (2.9 g) and hydrogenate in a Parr shaker at 50 psi (H,) at room

10 temperature for 4 h. Filter off the catalyst through diatomaccous carth. Add
pyridine (50 mL) and diphenyl N-cyanocarbontmidate (0.012 mol, 2,88 g) to the
filtrate. Stir at room temperature for 16 h and then heat at 60-70 °C for § h.
Remove the solvent under reduced pressure, dissolve the residue in
dichloromethane and wash with water and saturated sodium bicarbonate solution.

15  Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under
reduced pressure. Purify the residue on a silica gel column using 3% methanol in
dichloromethane as ¢luent to obtain the title compound (1.7 g, 27%) as an off-white
solid. LC-MS m/z 514.4 [M+HT.

20 Prepare the examples below by following the procedures as essentially described
for Preparation 92 and Example 34 and 35, using the appropriate phenyl bromide
and vinyl dioxaboroiane and heating at about 80 to 85 °C for 3 to 16 h. Use 5% or

10% platinum on carbon or palladium on carbon for the reduction for about 1-4 h.

25



OHN -NH, o 46 (E)-N-(5-((E)-3,7- Difluoro-6H- dibenzo[b,e]oxepin-11- ylidenemethyl)-1-
1(35145)-3-hydroxy-1- methyl-piperidin-4-y1)- 1,3-dihydro- benzoimidazol-2- ylidene)-urea F SI N OH

N/ NH -- NHzg bdadbssayz 532.6 PCT/US2008/085997
_R6-
Ex | Chemical Name Structure Physical
Data

0
F
(E)}-N- (5((E)-3-Fluoro- O O
|
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ylidenemethyl)-1-(3RA4R)- | “y O ;21“3
36 | 3-hydroxy-1-methyl- (j\ 496.5
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piperidin-4-yI)-1,3- N M +H]"

dihydro-benzoimidazol-2-
ylidene)-cyanamide N




[M +HY -90- Ex Chemical Name Structure Physical Data 47 (K)-N -(5 -((E)-3,8- Di
fluoro-6Hdibenzo[b,e]oxepin-11- ylidenemethyl)-1- ((3S, 45)-3-hydroxy-1- methyl-piperidin-4-y1)-
1,3-d ihydray bengsosridazol-2- ylidene)-urea . | 0 NH ON N/ -Nfri2 o * LCMS iZ¢odedsSob +

87~

Example 40
(EY-N-(5-((E)-3,7-Difluoro-6H-dibenzo[b,e]oxepin-11-ylidenemethyl}-1-((R)-1-
methyl-2-morpholin-4-yl-ethyi)-1,3-dihydro-benzoimidazol-2-ylidene)-urca

™~ F
k/”\\

SN
>—-NH
N/
}—NHz

)
5 Prepare a solution of 4 M hydrogen chloride in dioxane by diluting 12 M

hydrochloric acid (10 mL) with dioxane (20 mL). Slowly add this solution to (E)-
N-{(R)-5-((E)-3,7-diflworo-6H-dibenzo [b,e]oxepin-11-ylidenemethyl}-1-(1-methyi-
2-morpholin-4-yl-ethyl)-1,3-dihydro-benzoimidazol-2-ylidene)-cyanamide (0.003
mol, 3.0 g) at room temperature and stir for 48 hours. Quench the reaction mixture

10 with aqueous 4 N potasstum hydroxide solution, extract with dichioromethane and
wash with saturated sodium bicarbonate solution. Dry the organic layer over
anhydrous sodium sulfate, filter, and concentrate under reduce pressure. Purify on
silica gel column using 1% methanol in dichloromethane to obtain the titie
compound (1.2 g, 38%) as an off-white solid. 'H NMR (400 MHz, DMSO-dy)

15  mixture of (E,7)-N isomers. Major isomer: 8 1.44 (d, 3H), 2.23-2.26 (m, 2H),
2.32-2.33 (m tH), 2.63 (dd, 1H), 2.77-2.82 (m 1H), 3.29-3.46 (m, SH), 4.77-4.82
(m, 1H), 5.35-5.44 (br d, 2H), 6.65 (dd, 1H), 6.89 (dt, 3H), 7.13 (s 1H), 7.1 (s, 1K},
7.21-7.28 (m, 2H), 7.31-7.42 (m 1H), 7.55-7.62 (m, 1H), 9.95 (s, |H). Minor
isomer: § 1.39 (d, 3H, £ Z-isomer), 2.23-2.26 (m, 2H), 2.32-2,33 (m 2H), 2.88-3.0

20 {m1H), 3.29-3.46 (m, 5H), 4.80 - 4.99 (m, 1H), 5.35-5.44 (br d, 2H), 6.65 (dd, 1 H),
6.89 (dt, 3H), 7.13 (s 1H), 7.1 (s, 1H), 7.21-7.28 (m, 2H), 7.31-7.42 (m {H), 7.55-
7.62 (m, 1H), 9.95 (s, 1H).



HI 48 (E)-N-(54(E)-3-Fluoro6H-dibenzo[b,e]oxepin- 11-ylidenemethy0-1- ((7S,
80)-hexahydropyrrolo[2,1- c][1,4]oxazin-7-y1)-1,3- dihydro-benzoimidazol- 2-ylid enet-urea Il .1 )7-NH

N -NH, 0 15 ¢ SVbmerdg4526.6 {M+ HI 49 Difluoro-6Hdibenzo[b,eloxepin-¥piticirosuresky 1)-1-((7S,
8a2)-hexahydro- pyrrolo[2,1- c][1,4]oxazin-7-y1)-1,3- dihydro-benzoirnidazol- 2-ylidelle)-1.1rCa 41 5 tH
0.LCMS

-R8-

Exampie 41
(E}-N-(5-((E)-3-Fluoro-6H-dibenzo[b,eloxepin-11-ylidenemethyl})- 1-((38, 45)-4-
hydroxy-1-methyl-pyrrolidin-3-y1)-1,3-dihydro-benzoimidazol-2-vlidene)-urea

o
NQ:),

OH
O}—NH,_,

5 To a mixture of triftuoroacetic acid (30 mL) and water (6.0 eq, 100 mmol,
1.81 mL) in an ice bath add (£)-N-(5-((E)-(3-fluorodibenzo[b,eJoxepin- 11{6H)-
ylidene)methyl)- 1- ((35,48)-4-hydroxy- 1-methylpyrrolidin- 3- y1)- 1H-
benzo[d]imidazol- 2(3H)- ylidene) cyanamide maleate (16,73 mmol, 10.00 g).
Allow the resulting suspension to warm up to room temperature and stir for 2

10 h. Dilute the solution with ethyl acetate (250 mL), cool the mixture in an ice bath
for 30 min, and treat with 5 N sodium hydroxide to pH = 11. Wash the organic
layer with brine, dry over anhydrous sodium sulfate, and concentrate under reduced
pressure. Purify the residue by column chromatography eluting with 2.5 to 5%
methanol in ethy] acetate to obtain a white solid. Dry m a vacuum oven at 40 °C

15  overnight to obtain the title compound (6.74 g, 81%). LC-MS m/z 500.2 [M+H]",

Prepare the examples below by following the procedures as essentially described

for Example 40 or 41, using the appropriate cyanoguanidine.

Ex | Chemical Name Structure Physical
Data
)
(E)-N-(5-((E)-3-Fluoro- O F
6H-dibenzolb,eJoxepin- O
11-ylidencmethyl)-1- o | LCMS
42 | (R)1-methyl-2- \\,N\\\ O iz
morpholin-4-yl-ethyl)- L 5282
1,3-dihydro- ) >«-NH ™M +HT
benzoimidazol-2- N
vlidene)-urea }‘NHZ
0




m/z 544.6 [M H]+ 50 Difluoro-61-1- dibenzo[b,e]Joxepin-11- ylidenemethyl)-14( 7S,
8aR)-hexahydropyrrolo[2,1- c][1,4]oxazin-7-y1)-1,3- dihydro-benzoimidazol- 2-ylidene)-urea It IP YNH
N INH2 41146 M@ arkaH044.6 [M+ HY -91- Ex Chemical Name Structure Rhysicalbatasal
(E)-N-(5-((E)-3-Fluoro6H-dibenzol[b,e]oxepin- 11-ylidenemethyl )-1- ((7/?, 8aR)-hexahydropyrrolo[2,1-

c][1,4]oxazin-7-y1)-1,3- dihydro-benzoimidazol- 0-
Ex | Chemical Name Structure f;};ﬁi‘:ai
o)
0
(EN-(5-(B)-3.8- @
Difluoro-6H- 5 |
dibenzo[b,cloxepin-11- N LCMS

B idenemetyD 4Ry | =~ ) miz
I-methyl-2-morpholin- &N N 546.2
4-yl-gthyl)-1,3-dihydro- N}’ M +HT"
benzoimidazol-2-

NH
ylideng)-urea o>/— :
(E)-N-(5-({E)-3,8-

Difluoro-6H-
dibenzo[b,e]oxepin-11-

44 | yiidenemethyl)-1- LSMMS
((3§,48)-4-hydroxy-1- ’5"1‘% 5
methyl-pyrrolidin-3-yI)- M +H +
1 3-dihydro- [M+H]
benzoimidazol-2-
vlidene)-urea
(E)-N-(5-((£)-3,7-

Difluoro-6H-
dibenzo[b,eloxepin-11- r

45 | yhdenemethyl)-1- \ L(/:MS
((38,48)-4-hydroxy-1- A O ’fi; 6
methyl-pyrrolidin-3-y1)- K{N UM *H +
1,3-dihydro- Lo IM+H]
benzoimidazol-2- N
ylidene)-urea o% NH,

F
(E)_N-(S—((E)_3:7_ ° In
Diflyoro-6H- Q O
dibenzo[b,eloxepin-11- _

46 | ylidenemethy])-1- | L?MS
((38,45)1-3-hydroxy-1- | ~—n O ’;”33 6
methyl-piperidin-4-y1)- "N ‘M +H ;
1,3-dihvdro- vy [ ]
benzoimidazol-2- N
ylidene)-urea o}“ N,




2-ylidene)-urea * 101 LCMS m/z 526.6 [M F1]* NNH N O What is claimed is: 1.A compound of the
formula Ri 2 wherein, R3 and R2 each independently represent hydrogen or fluoro; L represents

-(CH2)2- , -Gid(faldak4sEk2- , or a direct bond; R3 represents hydrogen or @@faup«akfagsfarmula: ON N-

-90-
Ex | Chemical Name Structure ghysmal
ata
(E)-N-(5-((£)-3.8- F
Difluoro-6H- F Q O
dibenzo[b,¢ joxepin-11- LCMS
47 | ylidenemethyD-1- m/z
(35 48)-3-hydroxy-1- ~N O 532.6
methyl-piperidin-4-yi)- "§' ™+
1,3-dihydro- on NA H]'
benzoimidazoi-2-
ylidene)-urea o>— N
(E)-N-(5-((E)-3-Fluoro- O F
6H-dibenzo[b,e]oxepin- O
s (i(lgii;en;rlneﬁa?l);il— LOMS
4 75, 8aR)-hexahydro- My O
pyrrolo[2,1- O e Q"N g\z/{ﬁf
¢]{1,4]oxazin-7-y1)-1,3- i BT
dihydro-benzoimidazol- N
2-ylidene)-urea O}‘”“z
(E-N-GHEr38- -
Difluoro-6H- F Q O
dibenzolb,ejoxepin-11- LCMS
49 ylidenemethyl)-1-((7S, m/z
$aR)-hexahydro- [ e O 5446
pvrrolo{2,1- A o M+
c][1,4Joxazin-7-y1)-1,3- N H]'
dihydro-benzoimidazol- >/,_NH2
2-ylidene)-urea 0
F
(E)-N-(5-((E)-3,7- AN
Difluoro-6H- O O
dibenzolb,e]oxepmn-11- LCMS
50 | ylidenemethy!)-1-((7S, m/z
SaR)-hexahydro- of\ N O 544.6
pyrrolo[2,1- N Q"’N ™M+
c][1,4Joxazin-7-y1)-1,3- j K H]'
dihydro-benzoimidazol- N
2-ylidene)-urea o>_ NH,




(a)(b) R4 represents -ON or -C(0)NH2, or a pharmaceutically acceptable salt thereof. -93- 2. The
compound or salt according to Claim | wherein Rl represents hydrogen and R2 represents hydrogen or
fluoro. 3. Theycampmssad or salt according to Claim | wherein R' represenig-hytiageasgsdiuoro and R2
represents hydrogen. 5 4.The compound or salt according to Claim | wherein Rl and R2 each
independently represent hydrogen. 5. A compound g salt according to any one of claims | through 4
wherein L represents -CH(CF13)-CH2- , or a direct bond. 6. A compound or salt according to any one
of claims | through 5 wherein 123 10represents a group of the formula: ON N-"/"'/ (a)(b) 7.A

compound or salt accprding to any one of claims|1 through 6 wherein R4 repre
i g‘FBCWﬁ'érein le repres

compound or salt accofding tGEHEAAEBE claims|l throu

SPaRtEaCN. 158.A
emiga-C(O)NE-12. 9.The

compound or salt accprdin

fluoro; L represents -C1-1(CE1S = oFlEadre¢t bond;

51

| 2-ylidene)-urea

6H-dibenzob,e]oxepin-
11-ylidenemethyl}-1-
((7R, 8aR)-hexahydro- ‘g
pyrrolof2,1-
¢][1,4loxazin-7-y1)-1,3-
dihydro-benzoimidazol-

y to claim | wherein, Rt and R2 each in

C entFIy represent hydrogen or

LOCMS
m/z
526.6
M+
H]'




20123 represents hydrogen or a group of the formula: -94- /\V/\ -t-N 0 -N N\ (b) .(e)(() R4 represents
-CN or -C(O)NH2. 0-) Or; and HO (0 10. A compound or salt according to any one of claims 1
through 9 selgsrtaghfsgythe group consisting of (E)-N-(5 -((E)-3-Fluoro- 6I—lpglpfﬁgmaggggcppm -1 1- 5yli
denem ethyl)-1 -(1-methyl-azetidin-3 -y1)-1,3-dihydro-benzoimi dazol-2-ylidene)- cyanamide;
(E)-N-(5-((E)-(3-fluorodibenzo[b,ejoxepin-11(6H)-ylidepe)methyl)-1-
((3S,4S)-4-hydroxy-1-methylpyrrolidin-3-y1)-1H-benzd[d]imidazol-2(3H)- ylidene)cyanami de;
(E)-N-(54(E)-(3-fluorodibenzo[b,e]oxepin-11(6H)- ylidene)methyl)-1-((3S,
45")-4-hydroxy-1-methyipyrealidia-3-y1)-1H- 10benzo[d]imidazol-2(3H)-ylidene)cyanamide maleate;
(E)-N- [54(E)-3-Fluoro-6H- dibenzol[b,e]Joxepin-11-ylidenemethyl)-1-((3,5, 4S)-4-hydroxy-1
-methyl-pyrroli din3-y1)-1,3-dihydro-benzoimidazol-2-ylidenekurea;
(E)-N-(54(E)-3-Fluorb-6Hdibenzaitné lexepiordikylidenemethyl)-1-((R)-1-methyl-2-morpholin-4-yl-ethyl)
- 1,3-dihydro-benzoimidazol-2-ylidene)-urea; and (E)-N-(5-((E)-3-Fluoro-6H- 1

hexa

5
wherein,
R' and R? each independently represent hydrogen or fluorg;
L represents —{(CHy)o— , ~CH(CH;3)}~CH,- , or a direct bond;
R? represents hydrogen or a group of the formula:
n —\ L "\ _J_C /ﬁ
1 \ / , : '
{a}
o ;
; N/ ! P! M { f {
: : N— ' N N ¥ N=—
A '
HO HO .
(e) 6] (g) ()
\ 0
1 N I {
; or i N— - and
HO HO
10 i) ()

R* represents —CN or ~C(O)NH,,

or a pharmaceutically acceptable salt thereof.



c][1,4]oxazin-7-y1)-1,3-dihydro-benzoimidazol-2-ylidene)-urea. 11. A compound according to claim 10
that is (E)-N-(54(E)-(3- fluorodibenzo[h,e]oxepin-11(61-1)-ylidene)methyl)-1-((3S,4S)-4-hydroxy-1-
methylpyrroliginsgiyddsdd]-benzold]imidazol-2(3H)-ylidene)cyanamide, or %§%ﬁg@%§§%@aﬂy
acceptable salt thereof 12. A salt according to claim 10 that is (E)-N-(5-((E’)-(3- fluorodibenzo[b ,
eJoxepin-11(6H)-ylidene)methyl)-1 -((35',
4S)-4-hydroxy-1methylpyrrolidin-3-y1)-1H-benzo[d]inifdazol-2(3H)-ylidene)cyanamide maleate. -95-
13.A compound according to claim 10 that is (E)-N-(54(E)-3-Fluoro-6H-
dibenzo[b,e]oxepin-}1-ylid R o dor B - in+4-yl- fg% -
1,3-dihydro-benzoim]%azgI%i%?(%%?ﬁlﬁgg@(ﬁcéﬁﬁ%?nyggéﬁggﬁe %g?cgp}t@a{)g e slgbl%lkﬁléol%egf. 514.A
compound according# EIEFeHiAIgther Adidchloride, maleate, or mesylate salt.  15. A
compound or salt acgordingrkocany e »kaaisdis e iR s ndhesary hids Arompound or
salt according to any ope of claims 1 through 14 for use in 10the treatment of congestive heart failure,
diabetic nephropathﬁ‘ﬁ’f%?n?é“i‘(%rf&@faf%ﬁgéfiﬁ‘??%rtension, hypokalemia, myocardial arrhythmia,
Banter's Syndrote, primarjhocaesandarysdiypesaldesteismyascom eadxhdigme. 17. A
compound or salt aclcn%dgn e%%clai{& elﬂ? fo&rgsg in the treatment of congestive heart failure,
hypertension, diabetic n%pl)]hrop { ,of C fORFC If?idney 15disease. 18. A pharmaceutical composition
. comprising a compotind orfsaitraoent dingltecasdion® efigkaiens ddinmroughmoiighin wbendiiation with one or
more pharmaceuticarll rg_qce%%pwt_%?ﬂ § r_r&ﬁsi d‘iblyaeﬁ.t%bos’ogécipients. 19. A pharmaceutical composition
according to Claim 18°'comprising a 20cormpoun ltlhatt s '
(E)-N-(54(E)-3-F1uofo-6H-tlitxemzufid, o] sxie Ricvddingiteme mrethf/f)aims | through § wherein R
((R)-1-methyl-gDmorrg&ggighéygrgﬁ?)ghﬁe%%grobenzoimidazol-2-y|idene)-urea, or a pharmaceutically
a

acceptable salt thereof, incombination with one or more pharmaceutically acceptable carriers, diluents,

or excipients. A /\ ‘ : N/\
“-N 0 —-—N  N— —%«<>N«~ .
! \ / ' | \ / 1 t 1 t O +
. (c) @ -

() (b}
o
. N/ \ Vir
HO HO HO
(e} B )

7. A compound or salt according to any one of claims 1 through 6 wherein R?

represents —CN,
15 8 A compound or salt according to any one of claims 1 through 6 wherein R?

represents —C({O)NH,.

9. The compound or salt according to claim 1 wherein,

R' and R” each independently represent hydrogen or fluoro;
L represents ~CH(CH3}-CH,— or 2 direct bond;

20 R’ represents hydrogen or a group of the formuta;
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1 \ .\ / o
(a) () {c) (d)
-~ O\+/
: N ¢ ' N
: ’ —:@NH o or :‘Q s and
HO HO HO
- (e) ® (i

R* represents —CN or ~C(O)NHa.

10. A compound or salt according to any one of claims 1 through 9 selected
from the group consisting of (E)-N-(5-((E)-3-Fiuorc-6H-dibenzoib,e]oxepin-11-

5  ylidenemethy!)-1-(1-methyl-azetidin-3-y1)-1.3-dihydro-benzoimidazol-2-ylidene )-
cyanamide; (E)-N-{5-((E)-(3-fluorodibenzo[b,e]oxepin-11{6H)-ylideneymethyl)-1-
{(38,48)-4-hydroxy-1-methylpyrrolidin-3-y1)- I1H-benzold limidazol-2(3H)-
ylidene)cyanamide; (E)N»(S-((E)-(3—ﬂuorodibenzo{b,e}oxepin—l 1(6H)-
ylidene)methyi)-1-((38,45)-4-hydroxy-1-methylpyrrolidin-3-y1)-1H-

10 benzo[d]imidazol-2(3H)-ylidene)cyanamide maleate; (£)-N- [5-((E)-3-Fluoro-6H-
dibenzolb,ejoxepin-11-ylidenemethyl)-1-((3S 45)-4-hvdroxy-1-methyl-pyrrolidin-
3-y1)-1,3-dihydro-benzoimidazol-2-ylidene]-urea; (£)-N-(5-((E)-3-Fluoro-6H-
dibenzoib,e]oxepin-11-ylidenemethyl}-1-({R)-1-methyl-2-morpholin-4-yl-ethyl)-
1,3-dihydro-benzoimidazol-2-ylidene)-urea; and (E)-N-(5-{(E)-3-Fluoro-6H-

15 dibenzolb,eloxepin-11-ylidenemethyl)-1-((78, 8aR)-hexahydro-pyrrolo[2,1-
¢](1,4]oxazin-7-yI)-1,3-dihydro-benzoimidazol-2-ylidene)-urea.

1. A compound according to claim 10 that is (F)-N-(5-((£}-(3-

fluorodibenzo[b,eloxepin-11(6H }-yhidene )methyl}-1-((38.45)-4-hvdroxy-1-

methylpyrrolidin-3-y1)-1H-benzo[ d]imidazol-2(3H)-ylidene jcyanamide, or a
20. pharmaceutically acceptable salt thereof.

12, A saltaccording to claim 10 that is (£)-N-(5-({F)-(3-

fluorodibenzo[b,eJoxepin-11(6H)-yhdene)methy!)-1-((385,48)-4-hydroxy-1-

methylpyrrolidin-3-y1)-1H-benzo{ dlimidazol-2(3H)-ylidene)cyanamide maleate.



10

15

20

-95.

13. A compound according to claim 10 that is (E)-N-(5-((E)-3-Fluoro-6H-
dibenzo{b,e]oxepin-1 1-ylidenemethyl)-1-((R)-1-methyl-2-morpholin-4-yl-ethyl)-
1,3-dihydro-benzoimidazol-2-ylidene)-urea, or a pharmaceutically acceptable salt
thereof.

14. A compound according to Claim 1 which is the hydrochloride, maleate, or

mesylate salt.

15. A compound or salt according to any one of Claims 1 through 14 for use in
therapy.
16. A compound or salt according to any one of claims 1 through 14 for use in

the treatment of congestive heart failure, diabetic nephropathy, chronic
kidneydisease, hypertension, hypokalemia, myocardial arrhythmia, Bartter’s
Syndrome, primary or secondary hyperaldosteronism, ot Conn’s Syndrome.,

17. A compound or salt according to Claim 16 for use in the treatment of
congestive heart failure, hypertension, diabetic nephropathy, or chronic kidney
disease.

18. A pharmaceutical composition comprising a compound or salt according to
any one of claims 1 through 14 in combination with one or more pharmaceutically
acceptable carriers, diluents, or excipients.

19. A pharmaceutical composition according to Claim 18 comprising a

compound that is (E)-N-(5-((E)-3-Fluoro-6H-dibenzo [b,eJoxepin-11-ylidenemethyl)-1-
((R)-1-methyl-2-morpholin-4-yl-ethyl)-1 ,3-dihydrobenzoimidazol-2-ylidene)-urea, or a
pharmaceutically acceptable salt thereof, incombination with one or more

pharmaceutically acceptable carriers, diluents, or excipients.



