PROCESS FOR SYNTHESIS OF AMINO-METHYL TETRALINE DERIVATIVES  This invention
relates to processes for making substituted indan and tetralin compounds that are useful for enhancing
cognitive memory in patients and for treating varing central nervous system diseases. The actions of
5-hydroxytryptamine (5-HT) as a major modulatory neurotransmitter in the 5 brain are mediated
through a number of receptor families termed 5-HTI, 5-HT2, 5- HT3, 5-HT4, 5-HT5, 5-HT6, and 5-HT7.
Based on a high level of 5-HT6 receptor mRNA in the brain, it has been stated that the 5-HT6 receptor
may play a role in the pathology and treatment of central nerve system disorders. In particular,
5-HT2-selecipyecaness-FaR seiRativedigeogssnmpedaenident iedasnatentisir psafpivithe treatment
of certain CNS disorders such as Parkinson's 10 disease, Huntington's disease, anxiety, depression,
manic depression, psychoses, epilepsy, obsessive compulsive disorders, mood disorders, migraine,

Alzheimer's dl%@%@ﬁﬁ&{l?&m% B £QEHLING RN NhHIRER q{@%@ﬁ@&%@ﬂl@&ﬁﬂ@@ﬁ@@rs such as
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such as hydrocgphaliys, Syancampg @@'ﬁ?ﬁépgq&%ﬂﬁ%&%&%amﬁam&@ certain
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formula ki or "0 6F rom Q to ris aryl; eteroaryl, eac of which may be
optiori&lly e A altsees: BRI, %&f@é}ﬂwawﬁ?@%ﬁafhw@%@%@ﬂ&a%ny| or
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dihyd ronaﬁmﬁlg{%&m&ﬁg{g} B&b&%&héﬁ"c@@ 'ﬂﬁ)&gclﬂué 'a‘fga')rder (ADHD), attention deficit

disorder (ADD), withdrawal from drug abuse such as cocaine, ethanol, nicotine and

15 benzodiazepines, schizophrenia, and also disorders associated with spinal trauma and/or head
injury such as hydrocephalus. Such compounds are also expected to be of use in the treatment of
certain gastrointestinal (GI) disorders such as functional bowel disorder, See for example, B.L.
Roth et al., J. Pharmacol. Exp. Ther., 1994, 268, pages 1403-14120, D. R, Sibley et al., Mol
Pharmacol., 1993, 43, 320-327, A.] Sleight et al., Neurotransmission, 1995, 11, 1-5, and A J.

20 Sleight et al., Serotonin ID Research Alert, 1997, 2(3), 115-8.

While some 5-HT; and 5-HT, modulators are known, there continues to be a need for
compounds that are useful for modulating the 5-HTj receptor, the 5-HT:4 receptor, or both.

The disclosure provides, in a first aspect, a method of producing a compound of formula
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10with hydrogen gas in the presence of a Ruthenium catalyst of formula j1 or j2 Ru(Z)2(L)
Ru(E)(E")(L)(D) wherein: is an optionally chiral diamine; 15 E and E' are both halo, or E is hydrogen
and E'is BH4; is a chiral diphosphine ligand; and_4s halo or R"-002- (carboxylate) wherein Rb is:
C1_6alkyl; halo-C .6alkyl; C1_6alkoxY:; aryl optionally substituted with halo; or heteroaryl optionally
substituted with halo. The method is useful for preparation of compounds that are effective modulators
of the 5- 20 HT6 receptor. Also disclosed are compounds useful as intemiediates in the methods of the
disclosure,  YJrlgspethgrwise stated, the following terms used in this Application, including the
specification and claims, have the definitions given below. It must be noted that, as used in the
specificatidh arduthie aipséerstl.ctapns! tHEcking e foitaratly subsiitugddvithe” include plural 25
referents unlessihe caniekiClesitly gicigias, GiReswise, § Eufiegh s theloaOnevalent linear or
branched saturated hydrocarbon moiety, consistin%solely of carbon and hydr?(%gn atoms, having from

one totwelve carBor Hghn<r Wk 2610736877 5pE ¥ B 500 SobdaEesn of Coaigk A1 refers to an
alkyl groupof Qg 0. g’)gﬁg&rﬁoe&g%%;i.&.&é—_@@&l&% Examples of alkyl groups include, but are not
limited to, methyl, ethyf, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, pentyl, n-hexyl, octyl, dodecyl,
and the like. "Alieytestbbdneampsiarinear saturated divalent hydrocarbon radical of one to six carbon 5

atoms or a branched satyrated divalent hydrocarbon radical of three to six carbon atoms, e.g.,
methylene, ethgﬂg??é?gz?zé-jﬁﬁﬁéofﬁ%ﬁﬁ%rg ,18%589}8%‘31,%2}-%8 Bropylene, butylene, pentylene, and
the like. "Alkoxy" means a moiety of the fqrmuIaOngerein R is an alkyl moiety as defined
herein. Examples of alkoxy moieties include(Rut are nat limited to, methoxy, ethoxy, isopropoxy, 10
and the like.  "Allsylsulfonyl” means a moiety ¢ Rre-foRula -R'-R", where R' is -SO2- and R" is alky!
as defined herein.  "Alkylamino" means a maqie formula -NR-R" wherein R is hyrdogen or
alkyl and W is alkyl as defined herein. 15"Aryl\f means a monovalent cyclic aromatic hydrocarbon
moiety consisting of a mono-, bi- or tricyclic afematic ring. The aryl group can be optionally substituted
as defined herein. Examples of aryl moieties include, but are not limited to, optionally substituted
phenyl) naphthyitphedraptnryds fiu Srepsdsandariyd Rodirsilen whtalbratofybrasalibhendyl, biphenyl,
methylenediphenyk Ru(Z)(L) il

Ru(E)E")YLXD) 2

wheremn:

D is an optionally chiral diamine;

15 Eand E’ are both halo, or E is hydrogen and E’ is BH,;

1. is a chiral diphosphine ligand; and

7 is halo or R°-CO, (carboxylate) wherein R is: Cy_ealkyl; halo-C:salkyl; C,¢alkoxy; aryl
optionally substituted with halo; or heteroaryl optionally substituted with halo.

The method is useful for preparation of compounds that are effective modulators of the 5-
20 HT receptor. Also disclosed are compounds useful as intermediates in the methods of the

disclosure.

Unless otherwise stated, the following terms used in this Application, including the
specification and claims, have the definitions given below. It must be noted that, as used i the
specification and the appended claims, the singular forms “a”, “an,” and “the” include plural

25 referents unless the context clearly dictates otherwise,

“Alkyl” means the monovalent linear or branched saturated hydrocarbon moiety,

consisting solely of carbon and hydrogen atoms, having from one to twelve carbon atoms.



aminodiphenyl, diphenylsulfidyl, diphenykulfonyl, diphenylisopropylidenyl, benzodioxanyt, 20
benzofiiranyk benzodioxylyt, benzopyranyk benzoxazinyl, benzoxazinonyl, benzopiperadinyl,
benzopiperaziwyl 2bammopyarrolidinyl, benzomorpholinyl, methylenedioxyphenylyathensdiexyphenyl,
and the like, including partially hydrogenated derivatives thereof. Preferred aryl are phenyl and
napthyl, and more prefereably phenyl, which may be%ptionally substituted as defined below,
25"Cycloalkyl" means a monovalent saturated carbocyclic moiety consisting of mono- or bicyclic rings.
Cycloalkyl can ofitionalbliheé substitutet alith woep arfer e surb stitienisy v e ee i daelic glubstituent is
independemntiy Ay ritdralkomcrbalohaloalisylnaning, maengaliodanmiogyofdialinamino, unless
otherwise sg)oel% 'ﬁa}l}’ciﬂ%'cﬁt;%df_ b%)t(alm;ééln slof_%gglc?acl)léyl mef%igéie§ |&E1%CAL?1 e N éjt are not limited to,
cyclopropyf, cyctobutyl, C)}/dopentyV,B cfclghexyl,’ cychhepth?{an the Ili €, including partially
unsaturated derralivesthereafs a ieyclaalkyialkameanasmeistyaidhe forpuanRiabotvhere R' is
alkyleng a”a&'q%q'o%%W%@i@ﬁ&ﬂéﬁl%ﬁﬁ?%dm%a%%@%'&}{'o@Eergg%o%ﬂx%'@@ rpdical as defined .. .

herein wherein one, two or three hydr g?n atfoms have been rep wijth a su stltuenﬁi‘%c'fependently
selected frdm[hée@?oﬁﬁy a}fsi%t%agﬂé%%f NN RBRE S ¢SO RERVIERe B REGEF FFom O to
2), with theagddks dlstding that WO 2010/069778PCT/EP2009/066345 -4- the point of attachment of
the heteroalkyl radical is, through a carbon atam, wherein WI is hydrogen, acyl, alkyl, cycloalkyl, or
cycloalkylalkyl: ng IgﬁéyEtm S?Sgﬁdqé%%tﬁd)ﬁ%%%%\%h e%%yﬁ%\gelﬁ gﬁ&lflﬁygm?}?%yﬁﬁéﬁﬁ#or
cycloalkylafieiinafeiantdes afislboransiphicsrBigBIc aligflaisyrtb aneisd e cpetberiy kifleyh, asdmpriyn is 1
or 2, Rabis afkdyihctiktoalkyl, cycloalkylalkyl, 5 amino, acylamino, monoalkylamino, or dialkylamino.
Representative examples include, but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl,
z-hydroxy-l-hydré%&@@ﬂm@{hﬁe%ﬁaﬁﬁm&fﬁb?cfaw}@aw%rd&ymléetwyl%’thys@zhyaqiéiymw
2,3-dihydrossydheitybdZadrgéiroxy-1- methylpropyt, 2-aminoethyl, 3-aminopropyl, 2-methylsullonylethyl,
aminosulfonylmethyl, aminosulfonylethyl, aminosulfon}/ipro |, methylaminosulfonylmethyl, 10
methylaminosuifdy RN SIEATSERS B BRI ATk MRsremRistdrsdopenpealfyl 4nd
monocyclicRoibigdlics diediicad bEBito 12 ring atoms having at least one aromatic ring containing one,

two, or. three ring hetgroatoms selected from N, 0, or S, the remaining.ring atoms bejng C, with the
undierekanding A o AHERTAHRHESBIY GF S HEMEPURRI TR A MATE BE A At PAHiG e
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yridyl, pyrrolyl, pyrazolyl, pyrimi inyl, isaquindliny|; benzofuryt,. iophenyf,
benzothio p?ﬁﬁ?ﬁ%@%&?ﬁgy 8%“4%@0@5?%%@1‘?@%% fg&&fﬁ’% Rﬂr?}éﬂu’%ﬂﬁﬁ oR7t dd%’fé‘é’%h iadiazolyl,
benzoéwa_r’gamﬁ@&ryﬂ, Donizeditgoiil, ﬁ?f@i@mﬁamzlnwnoqmamwpwmyamzmnga,dmmqtizinyl,
naphthyrld|szpp@wmjﬂyc&mﬁa@Wfpaammyénﬁmm?w{nﬁpm@pwla@dw&@ygnCIudlng partially
hydrogenatgd glerivatives therenl: md hecteimsinp|Rm15/agen . anf.alidesubigh may be used
mterchang?abtl , T feéf{o a spbstjtuent fLuoro, chloro, br?mo %re@do. 25"H%Ioalk I means alkyl as
defined heriFTUAION B B FHOTE AR EO LR FERRC NGl SANE BPUHIENe Hlibgen.
Exemplary fil#nad esseiersd 15421, -CH2CF3, -CH2CCD, perfluoroalkyl (e.g., -CF3), and the like.
"Haloallcoxy" means.a mojety of the formula -OR. wherein R is.a haloalkyl mojiet defined herein.
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’ 0 cycrfohggy’l, cycloheptyl, and the like, including partially unsaturated derivatives thercof.

“Cycloalkylaliyl” means a moiety of the formula -R’-R”, where R’ is alkylene and R” is
cycloalkyl as defined herem.

“Heteroalkyl” means an alkytl radical as defined herein wherein one, two or three hydrogen
atoms have been replaced with a substituent independently selected from the group consisting
35  of -OR*, -NR"R, and —S(0).R* (where 1 is an integer from 0 to 2), with the understanding that



35 hydroxy-I-hydroxymethylethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl and
2-(hydroxymethyl)-3-hydroxypropyl. WO 2010/069778PCT/EP2009/066345 -5-  "Polar aprotic
solvent"” meanyva salvestrczomprised of molecules having polar groups theraanyimbsvithgass mobile
protons. Exemplary polar aprotic solvents include, without limitation, dimethyl formamide, acetonitrile,
dimethyl sulfoxide, N,N-dimethyt acetamide, N-methg/f'pyn-olidinone, tetrahydrofiiran, dioxane, ethyl_
acetate, tetrahydropyran, pyridine, acetone, 5 2-propanone, 2-butanone, ethylene glycol dimethyt
ether, methiile peichddriteshehiorofchmhcamd thelligical i Meatigh ‘Ureite’t meanstagioBp of the formula
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and R" are idispsrteribitydrogenudioaikytp pyidiRabaianRb até npdepeyidently of each other,
hydroggn, aﬂghw@gﬂgyﬁwg{g@m@wg@hgwf W%@W}igertaln preferred optional

substituents for "aryl", phenyl”, "heteroaryl" or "cycloalkyl” include alkyl, halo, haloalkyl, alkoxy, cyano,
‘amino and alkylsfﬁﬂr@w;@twiﬁmepﬁéﬁbmewgmﬁgtmévm@mrmmwf flvors; chivrontsitiavrgatcting,

methoxy, aesﬂn@,ranﬁﬁaeﬁkgaﬂﬁmﬁmmnelraawiﬂgtgf@umm&thﬁmew@tmtﬁmmrsgthe
conventionally Aasiciated Wbl 25 SRR ﬁ%ﬁﬁ%@é%h&’a&%@”n@ 59 tg'g%}?ceab'e

under substit tIO? on conditions. Examples groups inclu gut are not limie
halogen, e a’rlf maﬁﬁ%&wgulheﬁmﬁﬁ&ﬁé%mﬁwt@m@ ff‘c‘}H%ﬂé%? dipAethyl,
benzerésulferafioXratoplidosyhaers ehibmypionss dittattphosphinaylioxisbistiontiiyadiybebittatbenzyloxy,
isopropyloxﬁnﬁﬁ)ﬂﬂﬁlﬂaﬁlﬁIﬁ?lbﬂﬁﬁz%fehiegb%amﬂmg&& dﬁa&i%gnomaaf%@hopﬁ%ﬂgm- or '
CH3CO00". I s means a, molecule
that mteract ‘?j] g%zrg{éﬁtgﬁgﬁ%%ﬁ? &B%Pﬂ mbﬁ%q%lﬁ'g%?# t?ﬁ?é%tgﬁ |§P aiﬁ]ila onlst and the
like, as defifBAHERIHSO TSI} ?(Il W@& ﬁ%ﬁﬂ}ﬁlﬁ?@ﬁﬁg 1#?%@@%@@@{ %’Ffﬂ%‘ dd event or
circumstandstmeik il riebenrisred vap dnbethatithecddsbemishidd st nsranveswheds e event or
35 circpmstapERICIeE BN, BSARCES IMwIEH T feesyNQtu WAL QORI /BNCTARARPRAHPE6345 -6-
pteridinyl, carbazolyl, azepinyl, diazepinyl, acridinyl and the like, including partialty
hydrogenated derivatives thereof.,

The terms “halo”, “halogen” and "halide", which may be used interchangeably, refer to a
substituent fluoro, chloro, bromo, or iodo.

25 “Haloalkyl” means alkyl as defined herein in which one or more hydrogen has been
replaced with same or different halogen. Exemplary haloalkyls include ~CH,CL
~CH,CF3, ~CH,CCli, perfluoroalkyl (e.g., ~CF3), and the like.

“Haloalkoxy” means a moiety of the formula —~OR, wherein R is a haloalkyl moiety as
defined herein. An exemplary haloalkoxy is difluoromethoxy.

30 “Hydroxyalkyl” means an alkyl moiety as defined herein, substituted with one or more,
preferably one, two or three hydroxy groups, provided that the same carbon atom does not carry
more than one hydroxy group. Representative examples include, but are not limited to,
hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-
methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 2-

35 hydroxy-1-hydroxymethylethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybuty! and
2-(hydroxymethyl)-3-hydroxypropyl.



"Disease" and "Disease state" means any disease, condition, symptom, disorder or indication.
"Solution" as used herein is meant to encompass liquids wherein a reagent or reactant is present in a
solvent in diss@@etifdaty{as a solute) or is present in particulate, undissolvEir ferpgBremifoth. Thus, in
a "solution”, it is contemplated that the solute may not be entirely dissolved therein and solid solute
may be present in dispersion or slurry form. Accordiﬁiﬂy, a "solution” of a particular reagent or reactant
is meant to encompasses slurries and dispersions, as well as solutions, of such reagents or reactants.
"Solution" and "Sheley spalycise lused interehanbsabiehprend, d0rSbivdet hasiuspdldhiegempis meant to
encompassHigeidstnatiulividissoly e-abaadenihaiepstant HxpesadentbensplvertiBsivell as liquids

which only pagigy issoia inersageniat IRRtank ALDISN Ach 8e dsbataanisieingeagent o

reactant. T en a reactign is carried ouf in a "solvent”; it is con emplate hat some or

all of the reBGERIP BT PUARERG FFELERP M) (B BEGn UYL BRFEHCH PR SR e PYRIE AR PR G Rl
and nok- mammaasoMaHmw@meaws‘lammmm@mm@thmmmhhréenka@éqndmdtdgzotﬁum@mﬂlmlted to,
humans; ngr=hgman primates such as chimpanzees and other apes and monkey species; farm
animals such as cattle, horses, sheep, goats, and swine; domestic animals such as rabbits, dogs, and
cats; laboratory aHirials inehidfing roteh&osnct s fatmuﬁﬁidﬁ%ﬁﬂ)gdﬂi@'@"'Yy’ée@ﬁdfth@llk@ RXamples
of non-mangmBlsdepindentbuts ﬂ@sﬂmﬂe}ﬂﬂo to, birds, and the like. The term "subject" does not
denote a particular age or sex. ~ The terms "as defined above" and "as defined herein" when
referring to a varﬁﬁﬂéolﬁéo%%t%g&m@fé?@r@@m@ Hroatu&aition of the variable as well as

preferggh more pegley e NG GRLPTSIRe Aefions, RN TIEATO QL oRIEnL of @ disease
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not yet expepmmly)smmaydsyd@pﬁmd@’df thithdise ds dostatehsoinhibbitint threldiszase state, Le.,

arresting thesleyelanmandef Mﬁgasgﬁ@émr Boc@inical By RIQRRLIOH 3%@1@&5%\&@9 the. disease
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initially added, i e , there may e o ne,or. eymedl tes

201010697 BT TEPIOBHISEEHE 79 arepri L AR e S thahatel 1Ak f5ne
formation oRth&snisideneriemity of ﬁ%@ldﬁb%&}ﬁf@a%takﬂm@@ﬁa@i e lnehdalakurecnded in this
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using ISIS(H) §r5| 2 An en v§z gg j rlng a carbﬁfgnIl % nor nltro Cp atom in the

structures HEFETHTRAIEAE ég%g rd8etide of &' PRt R He e REHPar BRI ¥ present in a
structure b@ﬁbaéﬁﬁéfﬂéﬂtereochemlstry is shown both stereoisomers associated with the chiral

center are encom}gassed b¥1 the structtlrllre U.S. tﬁtﬁ{ét n@&g&lcatlon S%rlal 1113t1g qg Jiled on

mecans the group 'wi ng conventionally associa
December 21, 2005 pubished as Grotp & Y
25 Synthetlc orgamc chemlstry, 1.¢., an atom or group displaceable under substitution reaction

conditions. Examples of leaving groups include, but are not limited fo, halogen, alkane- or

arylenesulfonyloxy, such as methanesulfonyloxy, ethanesulfonyloxy, thiomethyl,

benzenesulfonyloxy, tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted

benzyloxy, isopropyloxy, acyloxy, and the like, Preferred examples of a leaving group are halo,
30 N or CH:COOQ', Particularly preferred are chloride, HoN or CH:COO',

“Modulator’” means a molecule that interacts with a target. The interactions include, but are

not limited to, agonist, antagonist, and the like, as defined herein.

“Optional” or “optionally” means that the subsequently described event or circumstance
may but need not oceur, and that the description includes instances where the event or

35 circumstance occurs and instances in which it does not.



10 US20060167255, and U.S. Patent Application Serial No. 11/280,712 filed on June 20, 2007,
published as US20080015256, the disclosures of which are incorporated herein by reference, disclose
compounds effeativeasdmedulators of the 5-HT6 and 5-HT2A receptors arglCusa b these compounds
for treatment of CNS diseases. This invention provides methods useful for preparing such compounds,
and chemical intermediates useful in such methods. ¥5The methods of the invention will be more fully
understood by first referring to Scheme A below, wherein: Ris Ci_palkyl and may be the same or
different in each dbstavehwst Viscastesvingrorotipandimay bettdisamegtdiffererdir each
occurrence;ig@.ar 1; 20 nis from 0 to 3; Ar is: aryl; or heteroaryl, each of which may be optionally
substituted with: halo; C1.6alkyl; C1 6allcoxy; cyano; hydroxy; Chsaficylsulfonyl; or halo-C1.6alkyl;

is -0-; -S(0)p- or “BelRigowhereiadph s ok B X a i RapsshidvslenheroO! Salleyht DI @staptionally
chiral diamigie;#b ik aadvEnaedbebivbalorer (ks is bydeygen anddnt is Bitdoulsta chitadatipbidsphine
ligand as deserbedfurther belawe,is halaahRi-0Qawisaihosalelwnerae Kiisy Glsfallyl
halo-C14,alicyt; CL6aLlcoxy aryl — optionally. sybstituted with halo; or hetergar | optionall §ugst|tuted
with o RS RAT G CA AR o0 b A BB 50 PSR RRY:fo 160
wherein R(# perGiuBaleptont-NREREnE anein i capenmasesicHun e pad demsysie iy drogdnor C1_6alkyl.
SCHEME ApolutibStekiofsghainer AsaitiaropisenyleompOtsidra iseastecwithtanriesiensrempound b,
to afford phenyl-alkyl carboxylic ester compound c. In embodiments where m = 0, ester compound 5 b
is a propionate, and where m = 1, compound b is a butyrate. R is preferably methyl or ethyl. The
alkylatidn reactioitaf/st€pai ualhbeicarrrechout; forexanplépuhddnphilly dpsotic sohagattaonditions,

such as in selufippi téﬁ%ﬂk@%‘éﬁ%‘iﬁ}’b@%@'&@iﬂ?ﬂ@%w{lﬂ@h@ﬁﬁ%@@cﬁ%&@@iﬁ@ it dp the
presence of zinc an |%gcl e%lég%ithat an Interme iate tzmcatctég?.t?ﬁ} wn comg%%%qﬁi&ls folioed. The

ho
reaction méﬁaﬂﬁﬁgf Be"Earfie ‘ou%ﬁ?lr‘?%rgsproerse%%a%?na %rhr(%%% In f%ﬁ)‘%%%%l%/ stic e%cémn'
bis(triphenylifpprsEphRie R IFarBHAE, 18 cqfﬁ%"f@&ﬁ@f%ﬁ&ﬂé@%ﬁd&ﬁ\éy@émf EHBRIBTGHELHPBIDIY SIS to
provide phefrybatkylgarndeyticiasidvedrfipound d. This hydrolysis may be carried out, for example,
under aqueous conditions in WO 2010/069778PCT/EP2009/066345 -9- the presence of base such as
NaOH 18 form theS e8I e JBF AP @ PaRERBR) MERIER Sy e b @FehrEa it acid to give

the correspondingléackexyliduaitig,. but not limited to, humans; non-human primates such as chimpanzees -
and other apes and monkey species; farm animals such as cattle, horses, sheep, goats, and swine;
domestic animals such as rabbits, dogs, and cats; laboratory animals including rodents, such as
rats, mice, and guinea pigs; and the like. Examples of non-mammals inciude, but are not limited

20 to, birds, and the like. The term “subject” does not denote a particular age or sex.

The terms “as defined above” and “as defined herein” when referring to a variable
incorporates by reference the broad definition of the variable as well as preferred, more preferred

and most preferred definitions, if any.

“Treating” or “treatment™ of a disease state includes:

25 o  preventing the disease state, i.e. causing the clinical symptoms of the disease state not to
develop in a subject that may be exposed to or predisposed to the disease state, but does not yet
experience or display symptoms of the disease state.

o  inhibiting the disease state, i.e., arresting the development of the disease state or its clinical
symptoms, or

30 o relieving the disease state , i.e., causing temporary or permanent regression of the disease
state or its clinical symptoms.

LI 71

The terms “treating”, “contacting” and “reacting” when referring to a chemical reaction
means adding or mixing two or more reagents under appropriate conditions to produce the
indicated and/or the desired product. It should be appreciated that the reaction which produces

35  the indicated and/or the desired product may not necessarily result directly from the combination
of two reagents which were initially added, i.e., there may be one or more intermediates which



A cyclization reaction is carried out in step 3 wherein compound d undergoes interal ring closure under
agueous acidic conditions to form a cyclicy ketone compound e. The reaction of 5 step 3 may in many
embodiments e effeaiosety carried out in concentrated H2SO4. Where m z0rtheeyalzation of step 3
results in formation of an indan compound (not shown), and where m = | results in formation of a
tetralin compound as shown.  In step 4, tetralone cdmpound e is reacted with nucleophilic aryl
compound f to yield aryl substituted tetralone g. Compound f may comprise, for example, an aniline
compound aacphedaleiGrobmpoumd ehalthivipieais] lcatpo tndoliha veadtibn ofl stepddmday e carried
out under pglarRiRtimsolvent conditions using NIVIP or a like solvent.  Cyclic ketone compound g is
treated with cyanide in step 5 to give dihydronaphthalene carbonitrile compound h. The reaction of

~ step 5 may be carritaout thenponnpllaresoiubnt bick s itotiens bismhethylsINGaNIde (IMSCN)
mlay be usegkasachanaie mgiﬁef%&t@@ténﬂﬁl%%@@ﬁﬂ@ﬂ FIay BeCaHsieha g&ﬁi&%&&%&nce o(I)fh
AIC13. Carponitrilc,c oun d not be.i d,in certainembodi ts, and thus compound h is
shown i%}: brea% %%‘Jégl S%%Qs]%h %“’é?ﬁﬁégﬁégﬁﬁﬁ ng%d:gr%r%hgn e c%%r%bgéu@n%nﬁg ﬁ%l}giézeg%)to form the -
correspondiRB AP RIRR SFECERRE S EBRPHME I Pifc Uy RIS Al B AehiR BEF 8P Sulfuric
acid under agudogsiconditidisrAsohote dcabove pinscettain #miodiments sitdibc20conripotistdyhsneed
not be isolafgelyAndthe:eventsRlSigRs b aNdith MayBeal e SHPRIRAIDBMAS S8 crurén Step 7,
dihydronaphthatene amide compound i is reduced, using either of chiral ruthenium catalysts jj or j2, in

the presence of kydr8gsnt ooy iertigfobarialritinlamide ¢orfifssunoDacemker depdlidinyWishpdas
configuratiansaboatalyst ik 0xi2 ISevershchirslicutibarsuiaiostalysts @ 311, Rdnay hesigedibuthis step and
are describgchin delal biaws e ok ) caRImE FARYSLILOIRIR Medecuclon olaigp. resuls

primarily in k 1 as product, while use of enantiomer catalyst or j2 results primarily in k2. In
ey embOHHHE AP e FHeF CHRA AT (376 T 85 bra e (REPISaRt e BFORRES k One
preferred casaipsupdofprapamegt (Y Sriamtoisrsr Tdhis [ReOMARG)Ss3rdhoHenss{ddor preparing
6,6'-dimethexybipheayhd, 2ndiyh-hisatiphenylpios phinginiseh khanstas [Ru(OAc)2(S)-
MeOBIPHEP)]. The reduction of step 7 may be carried out using a polar aprotic solvent such as
tetrahydofuran (Mmycthods abihcdmBdmmEHHdampie Bdinpadnsaebbxigosicritg &y areeradlation,
and step 8 m&ywbevharried out directly in the same reaction vessel used in step 6. In step 8, a
further reduction is carried out to convert chiral tetralin amide compound ki or 35 k2 to the

correspondfhg cHifal-fistaTING RscatiFEsRpSURACHITBRASD CFHETREARIction of step WO
2010/ 0697?@PC{E@B%&QE@@%@%‘&Q& BN RE LTG0k HOLLHYNRIG . HSING borane in a polar

aprotic solvent such as THE The configuration of compound kl or k2 is preserved in the corresponding
reduced praductisntl or m2. In step 9, aminomethyl tctralin compound ml or m2 is treated with reagent n
to afford tctralin compound ol or 02. Reagent n may comprise, for example, an acyl halide such as
acetyl 3chiBride’dFBIMEITT: ocarboxytic acid chloride, an urea, an acyl anhydride such as acetic

anhydride of othgr Gl 6earboxylicacidipniveiide, a7 @ syispyihalideisuch.atmeilapesHiony
chloride. The reactjon of step_%n;}%}é‘b.e Ca@ggg%ﬁ‘t in solvents§uc S water or NMP. The _
configuration of EBRTESURERR 8Y X5 bradsn st iivhe bPalfutt €bkibound ol or 02. In embodiments of
the inventiog wherein. Ydggulfyr.ar optional Rxidaliam may.he rafrigthiaubirsiep-uO wherein
compound ol or 02 is treated with peracid, hydrogen peroxide, or like oxidizing agent to afford sulfonyt
compound pit orip2n Fheovehfighratidirmofinreompound ol or 02 is preserved in the product compound pl

or p2. 25Acggiggli@glgret%gtmeggtig{mg%@g%%&qlﬁt@@%%ﬁmducing a tetralin or indan amide of formula
klork2™ (R1), ’ ) ©

L isa chiral diphosphine ligand as described further below,

Z  is halo or R®-COy (carboxylate) wherein R® is: Cisalkyi; halo-C,alkyl; C)galkoxy; aryl
optionaily substituted with halo; or heteroary! optionally substituted with halo;

R! s halo; Cy.salkyl; C;salkoxy; or halo-C, salkyl; and

30 R is -C(O)-R® or -SO,-R® wherein R® is Cygalkyl or -NRR® wherein R¢ and R® each
independently is hydrogen or Cygalkyl.



-... _NH\-1--2 15y Ar k1; 1c2; wherein: is 0 or 1; is from O to 3; Ar is aryl; or heteroaryl, each of
which may be optionally substituted with: 20halo; Cislkyl; C1_6alkoxy; cyano; hydroxy;
C1_6alkylsulferybeovdraosCl oallcyl; is -0-; -S(0)p- or -NW- wherein p i€ fram@doasand le is
hydrogen or Ch6alkyl; and R'is halo; ClI _6alkyl; Cix,alkoxy; or halo-Cf.6alkyl; the method comprising:
reducing a dihydronapthalene amide compound of fofthula i ON112 (RDri WO
2010/069778PCT/I§P2009/1166 45 with h drogen gas in the presence of a Ruthenium catalyst of

formula j_t or j2 RE(Z)2(L),Ru(E}¢E L(Ef}JZ\ hergin: R,
o RO o8 s g e
T XMOR c Hydrohze d C Cyclize

Ar YH @ I Hydro!yze
Step 7 Os L NH OxNH
Og-NH, 2 2
—_— R’ Y (R), Step &
H, n p
or sl
@O Ru(Z)(L) i )m v j,, | Reduce
o | e K2
A RUBJENLD) 2 | AT A=

-"Ns 2
m Ste” @é

a !’

Step 10 (R' ) "*N‘ R?
—
Oxidize O

oS
Ar pl

SCHEME A

In step 1 of scheme A, fluorophenyl compound a is reacted with an cster compound D, to

afford phenyl-alkyl carboxylic ester compound ¢. In embodiments where m = 0, ester compound

5 bis a propionate, and where m = 1, compound b is a butyrate. R is preferably methyl or ethyl.
The alkylation reaction of step 1 may be carried out, for example, under polar aprotic solvent
conditions, such as m solution with NMP (N-methyl pyrrolidinone). The reaction may be carried
out in the presence of zinc and iodine such that an intermediate zincate (not shown) compound is
formed. The reaction may further be carried out in the presence of a phosphinyINi(IT) catalyst

10 such as bis{triphenylphosphine)Ni(II} chloride.

In step 2 the ester compound ¢ undergoes hydrolysis to provide phenyl-alkyl carboxylic
acid compound d. This hydrolysis may be carried out, for example, under aqueous conditions in



5 Dis an optionally chiral diamine; and E' are both halo, or E is hydrogen and E' is BH4; is a chiral
diphosphine ligand; and is halo or R'-CO/ (carboxylate) wherein Rb is: Ci_oalkyl; halo-Ci_6alkyl; .

Ci_oalkoxy; akyhoptignalyssubstituted with halo; or heteroaryl optionally sulistiititigaamitksipalo. 10In
certain embodiments of the invention, m is I. In certain embodiments, m is 0. In certain embodiments,
nis 0 or 1. In certain embodiments, n is 0. In certaim®mbodiments, n is 1. 15In certain embodiments,
Ar is phenyl optionally substitutedh: halo; Ci_6alkyl; CI_ 6allcoxy; cyano; hydroxy; Ch6allcylsulfonyl; or
halo-C1,6alkylbresdicc@mtainsamibod Maents Abisnphe tytropiinallycartastitate dhadthoflugrehnaethy!l;

methoxy; Cyanoy QYR (ReHRIsTUI QM fY tikgiameityL.4a.ce1taln £gbodiments, Aris phenyl

optionally substituted with fluoro. 20In certain embodiments, Ar is: heteroaryl selected from: indoly1;
pyrrolyl; pyrazoly;dgdzatydnand ienzimidadalyt,iesich dptienalycsubstitdtddmlittebal dytprafenably fluoro.
In certain emREAINRRIS, MEIS; BEEEQRN BEIRELA AHOMsNH9H3wA: SolyRrarndald-Jhe Ay a-3-y1;
Lmethy-pyrrol3vtipyiazoLauts Lmelblimidazol-2:xl; and -luorobengimidazal oyl 25in certain
embodiments, % IS éz N cettain emno liments, Z'Is gcefate &Jj} 1&(‘38%3 T eeramn embo iments; the
catalyst is HHCeRb ERBSdithehtesubeit Renpdias 93 an indansepaliRetcamnantandiehersima =
diphosphiné fessitsetetheckfrany fhe qgrdupcecopsisting sh@0n(R) or (S)-enantiomers of: MeOBIPHEP;
WO 2010/069778PCT/EP2009/066345 -12- (2-Fury1)-MeOBIPHEP; pTol-MeOB|PHEP;

3,5-Me, 4-MeO-MBEBI SHEE 58 SPRIRKALS- MEBRTP HEEP S SRR Mg Srnpprep{ to yicld aryl
3,5-tBu,4-MeGins@BRirHER: 2. Compound f may comprise, for example, an aniline compound, a phenol

10 compound or a thiopheno! compound. The reaction of step 4 may be carried out under polar

aprotic solvent conditions using NMP or a like solvent.

Cyeclic ketone compound g is treated with cyanide in step 5 to give dihydronaphthalene
carbonitrile compound h. The reaction of step 5 may be carried out in a non-polar solvent such as
toluene. Trimethylsilyl cyanide (TMSCN) may be used as a cyanate source for step 5. This

15 reaction may be carried out in the presence of AlCls. Carbonitrile compound k need not be

isolated in certain embodiments, and thus compound h is shown in brackets.

In step 6, dihydronaphthalene carbonitrile compound h 18 hydrolyzed to form the
corresponding dihydronaphthalene amide compound 1. The hydrolysis may be achieved using
sulfuric acid under aqueous conditions. As noted above, in certain embodiments nitrile

20 compound h need not be isolated, and the évents of steps 5 and 6 may occur in the same reaction

vessel.

In step 7, dihydronaphthalene amide compound i is reduced, using either of chiral
ruthenium catalysts j1 or j2, in the presence of hydrogen gas, to afford tetralin amide compound
k1 or k2, depending on the configuration of catalyst j1 or 2. Several chiral ruthenium catalysts

25 jl, j2 may be used in this step and are described in detail below. Use of (S) enantiomer catalyst
il or j2 in the reduction of step 7 results primarily in (R) k1 as product, while use of (R)
enantiomer catalyst j1 or j2 results primarily in (S) k2. In many embodiments an (S) enantiomer
catalyst {1 or i2 is used to produce (R) enantiomer product k1.

One preferred catalyst i1 for preparmg (R) enantiomer ki is [Ru(OA¢):(5)3,3"-Diphenyl-
30 6,6 -dimethoxybiphenyl-2,2'-diyl)-bis-diphenylphosphine], also known as [Ru(OAc)(S5)-
MeOBIPHEP)]. The reduction of step 7 may be carried out using a polar aprotic solvent such as
tetrahydrofuran (THE). In certain embodiments amide compound k1 or k2 does not require

isolation, and step 8 may be carricd out directly in the same reaction vessel used in step 6.

In step 8, a further reduction is carried out to convert chiral tetralin amide compound k1 or

35 k2 to the corresponding chiral methylamino tetralin compound ml or m2. The reduction of step



3,5-TMS-MeOBIPHEP; TriMeOBIPHEP; iPr-MeOBIPHEP; 10 Cy-MeOBIPHEP; BenzoylOBIPHEP;
BITIANP; BIPHEMP; (2-Furyl)-BIPHEMP; 15 Et-Duphos; BICP; and PPF-P(tBu)2. In certain
embodimentsybeqhiiad-diphosphine L is selected from the group consisting-@ffR)@iteenantiomers
of: 20 p-Phenyl-MeOBIPHEP; 2-(Thienyl)-MeOBIPHEP; 2-Naphthyl)-MeOBIPHEP;
6-Me0-2-Naphthyp-MeOBIPHEP; 3,5-Xyl-MeOBIPHEP; 25 3,5-Xy1-4-Me0-MeOBIPHEP;
pAn-MeOBIPHEP; iPrOBIPHEP; BnOBIPHEP; tButylCOOBIPHEP; 30 3,5-Xyl-BIPHEMP;
PTol-BIPHEME; B NARIRIHANE RHQS:, IMBTR: a3 {RuR:$:&)Manehnhes aleartaine

embodiments,dhe. chiral fddmpf}&amﬁa bli%%)f%?&)\%ﬂ#ﬁfé-C.M%B%i@i%mp@u%iéag?(saﬁ&??ﬁ%ﬁf.@.

diphosphine L is (R)-MeOBIPHEP. WO 21110/069778PCT/EP2009/066345 -1 n Certain
embodiments, LlissGp%Duaihoxybiphenyin2,@wdiyObisldiphehid phasdhing (Me@BIRbER):dIN certain
embodimentgsknisdmpodmt Y MEORIEHER may comprise, for example, an acyl halide such as acetyl
5 chloride or other Cyscarboxylic acid chloride, an urea, an acy! anhydride such as acetic
anhydride or other C;gcarboxylic acid anhydride, or a suifonyl halide such as methanesulfony!
chloride. The reaction of step 9 may be carried out in solvents such as water or NMP. The

configuration of compound m] or m2 is preserved in the product compound ol or 02.

In embodiments of the invention wherein Y is sulfor, an optional oxidation may be carried
10 outin step 10 wherein compound ol or 02 is treated with peracid, hydrogen peroxide, or like
oxidizing agent to afford sulfonyl compound pl or p2. The configuration of compound o1 or o2
is preserved in the product compound pl or p2.

Accordingly, the invention provides a method of producing a tetralin or indan amide of
formula k1 or k2

1 OWNH‘? 1 O NH,
(R, : (R,
£0) >
% A I Y~ ~F A
[ ]
15 Ar Kl AT K2;
wherein:
m isOorl;
n isfromOto 3;
Ar 15 aryl; or heteroaryl, cach of which may be optionally substituted with:
20 halo; Cisalkyl; Cisalkoxy; cyano; hydroxy, C;salkylsulfonyl; or halo-C; salikyl;

Y  is-O-; -8{O),- or -NR* wherein p is from 0 to 2 and R* is hydrogen or C; salkyl; and
R'  ishalo; Csalkyl; Cygalkoxy, or halo-C;salkyl;
the method comprising:

reducing a dihydronapthalene amide compound of formula i



In certain embodiments D is 1,2-bis-diphenyl-ethylenediamine (DPEN). 5In certain embodiments,
catalyst jj is [RMOAC)2((S)-(6,6'-Dimethoxybipheny1-2,2'- diyObis(diphenylphosphine))] and the
tetralin or indan@midegempound of formula ki is produced.  In certain embedimpiicssatalyst .L2 is
[Ru(OAC)2((S)-3,5-Xyl-McOBIPHEP)((R,R)- DPEN)] and the tetralin or indan amide compound of
formula kl is produced. 10In certain embodiments, tHé-catalyst 2 is [Ru(OAc)2((5)-MeOBIPHEP)]. In
certain embodiments, the catalyst j2 is [Ru(OAc)2((R)-MeOB1PHEP)]. The method of the invention
further comprisesithedudergnzeompiaumdsehfornuliRuikhanka ckizkl 4fforrdPAIKIAF2 whereinin, n, Y,

Ar and RI are as defined herein. In certain embodiments a compound of formula kl is reduced to
form a compound of 20 formulaml.  In cerfdif&bodiments a ¢bmpound of formula k2 is reduced to
form a compound of fotinula m2. In certaiﬁg@éﬁﬂ@g@? the rggucing of the compound of formula
Id or k2 is carried out using borane. WO 201 7 /EP2009/066345

wherein:

5 D isanoptionally chiral diamine;
E and E’ are both halo, or E is hydrogen and E” is BH,;
L is achiral diphosphine ligand; and

Z s halo or R°-CO; (carboxylate) wherein R” is: Cygalkyl; halo-Calkyl; C) salkoxy; aryl
optionally substituted with halo; or heteroaryl optionally substituted with halo.

.1() In certain embodiments of the invention, mis 1.
In certain embodiments, m 1s 0.
In certain embodiments, nis 0 or 1.
In certain embodiments, n 1s 0.
In certain embodiments, nis 1.

15 Iz certain embodiments, Ar is phenyl optionally substituted with: halo; C; salkyl; C;.
salkoxy; cyano; hydroxy; Cigalkylsulfonyl; or halo-Cy_salkyl.

In certain embodiments, Ar is phenyl optionally substituted with: fluoro; methyl; methoxy;
cyano; hydroxy; methanesulfonyl; or trifluoromethyl.

In certain embodiments, Ar is phenyl optionally substituted with fluoro.

20 In certain embodiments, Ar is: heteroaryl selected from: indolyl; pyrrolyl; pyrazoiyl;
imidazolyl; and benzimidazolyl, cach optionally substituted with halo, preferably fluoro.

In certain embodiments, Ar is: heteroaryl selected from: indol-3-yl; 5-fluoro-indol-3-yi;
pyrrol-3-yl; I-methyl-pyrrol-3-yl; pyrazol-4-yl; I-methyl-imidazol-2-yl; and 5-fluoro-
benzimidazol-7-yl.

25 In certain embediments, Y is S.
In certain embodiments, Z is acetate (CH;COO").
In certain embodiments, the catalyst is 1.
In certain embodiments, the catalyst is j2.

In certain embodiments, the chiral diphosphine L is selected from the group consisting of
30 (R)or (S)-enantiomers of:
MeOBIPHEP;



with a reagent of formula n X-R2n. ArAro2; wherein: Xis a leaving group; 10 R2 is -C(0)-fe or -S02-R
wherein R. is Chr,alkyl or -NRdRe where Rd and Re each independently is hydrogen or Ch6alkyl; and
m, n, Y, Ar angyRbaigasdefined herein. In certain embodiments a compeppe-a§dasmeda ml is
reacted with a compound of formula n to fom a compound of formula ol. 15In certain embodiments a
compound of formula m2 is reacted with a compounéZef formula n to form a compound of formula 02.
In certain embodiments the leaving group X is halo. In certain embodiments the compound of formula
n is acetyl @tﬂEﬁi@@rmcmta}mmbodiments the compound of formula n is urea. 20In certain

embodiments the GopIpapd of formula n is acetic anhydride. In certain embodiments the compound of

fqrmula n I%%%h%%faf%ﬁ@m -15-  The method may further comprls_e hydrolyz_lng a
dihydronapfithiaténe 'ca pound h to form the compound of formulai5 wherein m, n, Y, Ar
and RI are &8-dfihdReYERBIXBIHEr embodiments the method may comprise treating a compound of
formulasg (R3-tBu-McOBIPHEP;
3,5-tBu,4-MeO-McOBIPHEP;
3,5-TMS-McOBIPHEP;
TriMeOBIPHEP;
iIPr-McOBIPHEP;
16 Cy-McOBIPHEP;
BenzoylOBIPHEP;
BITIANP;
BIPHEMP;
(2-Furyl)-BIPHEMP;
I5  Et-Duphos;
BICP; and
PPE-P(tBu),.

In certain embodiments, the chiral diphosphine L is selected from the group consisting of
(R) or (S)-enantiomers of:

20 p-Phenyl-MeOBIPHEP;
2-(Thienyl)-MeOBIPHEP;
2-Naphthy[)-MeOBIPHEP;
6-MeQ-2-NaphthyD)-MecOBIPHEP;
3,5-Xyl-MeOBIPHEP;

25 3,5-Xyl-4-MeO-McOBIPHEP;
pAn-MeOBIPHEP;
iPrOBIPHEP;

BnOBIPHEP;
tButylCOOBIPHEP;

30 3,5-Xyl-BIPHEMP;
pTol-BIPHEMP;
BINAP;
PHANEPHOS;
TMBTP; and

35 (R,R,S,S)-Mandyphos.

In certain embodiments, the chiral diphosphine L is (5)-MeOBIPHEP.

In certain embodiments, the chiral diphosphine L is (R)>McOBIPHEP.



Ar with cyanate, followed by treatment with sulfuric acid, 10to form the compound of formula i
wherein m, n, Y, Ar and R' are as defined herein. The method may further comprise reacting a

compound of igemlagé-Arg; -16- with eyanate, to afford the compound gfforpwiadraN (R1)n Ar
wherein in, n, Y, Ar and 12.1 are as defined herein. The method may further comprise reacting a

compound of formulae 0 (Ri)n 5 with a compound oflformula f Ar-YET to form he compound of formula
g Ar g; 10wherein m, n, Y, Ar and RI are as defined herein.

In certain embodiments, L 15 6,6 -Dimethoxybiphenyl-2.2"-diyl)bis(diphenylphosphine
(MeOBIPHEP).

In certain embodiments, L s (5)-3,5-Xyl-MeOBIPHEP.
in certain embodiments D is 1,2-bis-diphenyl-ethylenediamine (DPEN).

5 In certain embodiments, catalyst j1 is [Ru(OAC)((S)-(6,6’-Dimethoxybiphenyl-2,2’-
diyDybis(diphenylphosphine})] and the tetralin or indan amide compound of formula k1 s
produced.

In certain embodiments, catalyst j2 is [Ru(OAe)2((S)-3,5-Xyl-McOBIPHEP }{(R,R)-
DPEN)] and the tetralin or indan amide compound of formula k] is produced.

10 In certain embodiments, the catalyst i2 is [Ru(OAe)((S)-MeOBIPHEPR)].
In certain embodiments, the catalyst 12 is [RW(OACKH{(R)-McOBIPHEP)L

The method of the invention further comprises:

reducing a compound of formula ki or k2

O NH O.__NH
rem Ty ~§:,/ 2 ID1\ Y 2
(R, - U !
Tm)m \l{ )m
1 A kL Ar k2;
to provide & compound of formula m1 or m2
—NH NH
1 = 2 1 2
(R), z (R),
Ar mi: Ar m2:

wherein m, n, Y, Ar and R are as defined herein.

In certain embodiments a compound of formula k1 is reduced to form a compound of
20  formula ml.

In certain embodiments a compound of formula k2 is reduced to form a compound of
formula m2.

In certain embodiments the reducing of the compound of formula k1 or k2 18 carried out

using borane.



The method may further comprise cyclizing a compound of formula d OH -17- The method may
further comprise hydrolizying a compound of formula ¢ (R1) c. to form the compound of formula d (R1)
5wherein in, nyB angd)-age as defined herein The method may further compriggeasciifigsa compound
of formula a (R1)", a. with a compound of formula b 0 X '11;77---ILOR wherein m, n, X, R and RI are
as defined herein. The invention also provides a compound of formula-kl or k2 _NH 2 (RI),(Ri)n Arkl;
Ark2;

The method of the invention may further comprise:

reacting a compound of formula mi or m2

Ry R), .
A0, S0,
/&r ml: Al\r m2:
with a reagent of formula n
5 X-R? n;
to form a compound of formula ol or 02
H H
®y LR (R"), R
A0, S,
Ar o Ar o2

wherein:
X 1isaleaving group;

10 R* s -C(O)-RF or -SO,-R° wherein R® is Cjsalkyl or -NR'R® wherein RY and R® each
independently 18 hydrogen or Ciealkyl; and

m, n, Y, Ar and R’ are as defined herein.

In certain embodiments a compound of formula m] 1s reacted with a compound of formula

1 to form a compound of formula ol.

15 In certain embediments a compound of formula m2 is reacted with a compound of formula

n to form a compound of formula ¢2.
In certain embodiments the leaving group X 1s halo.
In certain embodiments the compound of formula n is acetyl chloride.
In certain embodiments the compound of formula n is urea.
20 in certain embodiments the compound of formula n s acetic anhydride.

In certain embodiments the compound of formula n 1s methanesulfonyl chloride.



WO 2010/069778PCT/EP2009/0663,15 -18- wherein: is O or I; is from O to 3; Ar is aryl; or heteroaryl,
each of which may be optionally substituted with: halo Ci_balkyl; 5Cislkoxy; cyano; hydroxy;
C,..oalkylsulfory;efdala-gislkyl; Yis -0-; -S(0)p- or -N-123 wherein p is fram-fip:&ang e is
hydrogen or Ci_6alkyl; and is halo; C1_6alky1; Ci.slkoxy; or halo-C1.6alkyl. The invention also
provides a compound of formula i 0 N H2 Ar 10whetéin: is 0 or 1; is from O to 3; Ar is aryl; or
hetcroaryl, each of which may be optionally substituted with: halo; Cislkyl; Ci..6alkoxy; cyano; hydroxy;
ChoalkylsulfonyiTis halteCishkyRikbeY ionrisS{OdiotamNel@ivaereiptphis diorrthtaidiand Ra is
hydrogen Oéo%@ﬁﬂéﬂﬁl; and R'is halo; Ci_palkyl; Chtalkoxy; or halo-Chpalkyl. Scheme B below
illustrates a synthetic route to some preferred compounds of the invention,. wherein: Xis a leaving
group; 20 Pis from 1 to 3; R3 is: halo; ClI_6alk kﬂ(}:i_Galk 9'; cyano; hydroxy; Ci_salkylsulfonyl; or
halo-Cislkyl; Rf is C, slkyl or -NRdle wherein Rd ahgre.eash independently is hydrogen or Cislkyl; and
D, E, L, Z, n, Rand RI are as defined herein.

to form the compound of formula i

O NH

2
.

wherein m, n, Y, Ar and R' are as defined herein.

1
(R},
1
Ar

| e s
fiar

In other embodiments the method may comprise treating a compound of formula g

with cyanate, followed by treatment with sulfuric acid,

10 to form the compound of formula 1

wherein m, n, Y, Ar and R' arc as defined herein.

The method may further comprise reacting a compound of formula g
1

R"), Q
}
i

A



--NH2 Step 9 X Rl aa0 bb SCHEME B  In step 1 of scheme B, bromofluorophenyl compound q is
reacted with an gamma-bromo butyrate compound r, to afford gamma-phenyl butyrate compound s.
This aviation reactisynfenay be carried out, for example, under polar aprotig-sgeRtsarpeitions, such
as in solution with NMP QV-methyl pyrrolidinone). The reaction is carried out in the presence of zinc
and iodine such that an intermediate zincate (not shd®n) compound is formed. The reaction is further
carried out in the presence of a phosphinylINi(ll) catalyst such as bis(triphenylphosphine)Ni(l ) chloride.
10In step 2 butyraité camgound s hystolygeshtooaftard phenyl-butyl carboxylic acid compound t. The
hydrolysis may be carried out under aqueous conditions i&ﬁwe presence of WO
2010/069778PCT/EP2009/066345 -20- NaOH(H;ﬂ)]; rm thejcorresponding carboxylate (not shown),
which is then be treated with acid to give the corregpore arboxylic acid t. In step 3 a cyclization
reaction is carried out in which carboxylic acid cg AhowAd idergoes interal ring closure under
anhydrous or dehydrating conditions to form cycTic ketone 5 compound u The reaction of step 3 may in
many embodiments be carried out in concentrateti H2SO4. Inystep 4, tetralone compound u is
reacted with thiophenol compound v to yield phenyl sulfanyl cyclic ketone w. The reaction of step 4
may be carried cvitdrsitheypre¥edcanst AnasminésSueh msciriethylamine, and under polar aprotic solvent
conditions using NMP ar a like solvent. 10In step 5. cyclic ketone c ound w is treated with
trimethylsilyl cyajr%%&%%gﬁlglﬁy@%&hgﬁ Kr%i eﬁeglcggl %ﬁﬂﬁ‘%%%?n%o%ﬁﬂ&? The reaction of step 5 may
be carried out in a non-polar solvent such as t?_ly ne, an@is preferably carried out in the presence of
AIC13. Carbonitrile compound x need not be isolatgekin eetain embodiments, and thus compound x is
shown in brackets. 15In step 6, dihydronaphthale ile compound x is hydrolyzed to afford
dihydrogaphthalene amide compound y. HydrolySi tep may be achieved using sulfuric acid
under agueous conditions. As noted above, in certain embodimetits nitrite compound x need not be
isolated, and the,gyents Qb sters Prans.f may occur in the same reaction vessel. In step 7,

dihydronaphthalene amide compound y is reduced, using chiral ruthenium
' Ar-YH f

to form the compound of formula g

10 wherein m, n, Y, Ar and R' are as defined herein.
The method may further comprise cyclizing a compound of formula d

(R"),

_ _OH
@ ;
' 0

to form the compound of formula ¢.

(=3

15 wherein m, n and R are as defined herein.



20 catalyst j_t or i2 in the presence of hydrogen gas, to afford tetralin amide compound z. As noted
above, several chiral ruthenium catalysts jl, j2 may be used for the asymetric reduction of step 7. Use
of (S) enantiomyey Basalsty or j_Z in the reduction of step 7 results primarilydg {RpsaeiigE z as shown.
Use of (R) enantiomer catalyst ji or j2. results primarily in the corresponding (R) isomer (not shown). A
preferred catalyst jl for preparing compound z is [Rul®Ac)2((S)-6,6'- 25
Dimethoxybipheny1-2,2'-diyObis(diphenylphosphine)], also known as [Ru(OAc)2((S)- MeOBIPHEP)].
The reduction ofisiemdt iB@ynbe faatiie doowrusiRgin RojarapEeiipsaluatisHatas tetrahydrofuran
(THF). In step 8, a further reduction is carried out to convert chiral tetralin amide compound z to the
corresponding chiral methylamino tetralin EBningund aa. This reguction may be achieved 30 using
borane in a polar aprotic solvent such as THF] _ igurdfion of compound z is preserved in the
reduced product aa. The chiral amide compound-Zof step 7 @eed not be isolated in certain
embodiments and may be reduced in situ in step In step 9, methylamino tetralin compound aa is
treated with reagent bb to afford tetralin compound cc. Reagent bb may comprise, for example, an acyl
halide such as atce{_t I ck%oride or\f}%‘g oftfger Cgo arboxylic acid chloride, a urea, or an acyl anhydride
such as acetic aithyande sPEREIE R o AT, a5<9clic acid anhydride. The reaction of step 9 may be carried
out in a polar aprotic WO 2010/069778PGREP2009/066345 -21- solvent such as NMP. The
configuration of compound 4a is preserved in eI , apound cc. In step 10 compound cc is
treated with peracid, hydrogen peroxide, or like izingnég t to afford sulfonyl compound dd. The
configuration of compound cc is preserved in prgduct 5 compound dd. Accordingly, the invention
provides a method of producing a compound of fo ONH2 Z; whereiny. is from O to 3; 10 pis from O
to I; R' is halo; Cislkyl; Cislkoxy; or halo-C1,6alkyl; and R3 is halo; Choalkyl; C1.6alkoxy; cyano;
hydroxy? Choalkylsrifonyl; oritheid I batsyefinedhettiod comprising: reducing a compound of formula

15y; with hydrogen gas.in the presence af a catalyst of formula jl or j2
y ¥ y "? e mquod may firther compgsc react?n)é a compound ojfl f.%rljnu]a a

;
(R, «

with a compound of formula b

X\/ﬁm\)LoR

10 to form the compound of formula ¢

1 .
(Rn OR
DA

F

b

e

wherein m, n, X, R and R' are as defined herein.

The invention also provides a compound of formula-k] or k2
Os NH

Os . NH
®), ¥ R), 2

Ym)m Y )m

Ar k2;



Ru(Z2)2(L) Ru(E)(E")(L)(D)i2; wherein: 20 Dis an optionally chiral diamine; and E' are both halo, or E is
hydrogen and E' is BH4; WO 2010/069778PCT1EP20091066345 -22- Lis a chiral diphosphine ligand,;
and is halo orgd.PRILeearboxylate) wherein Rh is: Cl..6alkyl; halo-Ci_oalleyl et atikexk aryl
optionally substituted with halo; or heteroaryl optionally substituted with halo. In certain embodiments,
nis 0 or 1. 5In certain embodiments, n is 0. In certaif®fembodiments, n is 1. In certain embodiments, p
is 0 or I. In certain embodiments, p is 0. In certain embodiments, p is 1. 10In certain embodiments, RI
is: fluoro methylxethexy; cyano; hydroxy; methanesu onyl; or trifluoromethyl. In certain embodiments,
Rlis fluoro.  In certain embodiments, R3 is: fluoro; methyl; methoxy; cyano; hydroxy;
methanesulonyis Betrifluoromethyl. 15In certain embodiments, R3 is fluoro. In certain embodiments,
catalyst j 1ri15 us}eqr.c)ll,r]}1 %enr)tai_n embodiments, catalyst j2 is used. In certain embodiments, Z is acetate
(CH3CO00) Tn Certam embodiments, the chiral diphosphine L is selected From the group
consisting ofr20i(S}yenariemens ot MeDBIRHERy (2 bpryh)HMeQBHRIER: pT akMeQBIRHEP;
3.5-Me g-MeO-NEQRIBHER, 73 AR AEQ MEQBIEHER, 8.2 (Bl e OBIPHEP:
3,5-tBu,4-Me0-MebBIP EIX?B,B- MS-MeOBI HEP; nMeOBIPHﬁEP;

Y  i8-O-; -S(O),- or -N-R” wherein p is from 0 to 2 and R” is hydrogen or Cisalkyl; and

R' s halo; Cyealkyl; Crsalkoxy; or halo-Cyealkyl.

The invention also provides a compound of formula i

O NH,
(R")
0,
Ar

10 wherein:
m islorl;
n is from 0 to 3;

Ar  is aryl; or heteroaryl, cach of which may be optionally substituted with: halo; C, salkyl;
Cisalkoxy; cyano; hydroxy; Csalkylsulfonyl; or halo-C,; salkyl;

15 Y  is-0O-; -8(0),- or -N-R* wherein p is from 0 to 2 and R* is hydrogen or Cisalkyl; and
R' is halo; Cysalkyl;, Cisalkoxy; or halo-C; salkyl.

Scheme B below illustrates a synthetic route to some preferred compounds of the invention, .
wherein:

X s a leaving group;
200 P isfrom ] to 3;
R?  is: halo; Crsalkyl; Crsalkoxy; cyano; hydroxy; Cssalkylsulfonyl; or halo-C)galkyl;
R' s Cpealkyl or -NR'R® wherein R® and R cach independently is hydrogen or C,salkyl; and
D, E L, Z,n, Rand R' are as defined herein.



30 iPr-MeOBIPHEP; Cy-MeOBIPHEP; BenzoylOBIPHEP; BITIANP; WO

2010/069778PCT/EP2009/066345 -23- BIPHEMP; (2-Furyl)-BI

PHEMP; Et-Duphos; BICP; and 5

PPF-P(tBu)2.ywg 0 6eséadp embodiments, the chiral diphosphine L is seleated/fronmihesgioup

consisting of (S)-enantiomers of: p-Phenyl-MeOBIPHEP; 2-(Th
2-Naphthyp-MeOBIPHEP; 6-Me0-2-Naphthyl)-MeGBEIPHEP; 3,
3,5-Xy1-4-Me0-MeOBIPHEP; I%& MeOBIPHEP; 15 iPrOBT

ienyl)-MeOBIPHEP; 10
5-Xyl-MeOBIPHEP;
PHEP; BnOBIPHEP;

tButyICOOBIPHEI?R?,S Xyl-BIPHEMP; b pTot=-BIPHEMP; 20 BINAP; PH< PHOS; TMBTP and
(R,R,S,S)-Mandyphoskx57In certalrbembod| eqisthe '@Rdg@@,@gp : : SIPHEP.
25In certain embodlt@wmsph is {R)- COBF?EP @ bodiments, L
is (S)-(6,6l-Dimetho%kyb |s(d|p enylphosphinc Tif'Certain ¥mbodiments, L is

o %é?tzémSe

(S)-3,5-Xyt-MeOBIPH

bodlmem% D is 1,2-bis-diphenyl-ethylenediamine (DPEN). 30In

certain embodiments, catalyst 51 is [Ru(OAc)2((S)-(6,6'- Dlmethoxyblphenyl -2,2'-

d|yOb|s(d|phenyIphosph|ne))] ]
R') R g R N
tep 3 ) R
A e oC
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u w
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SCHEME B

¢ HCO,HM,0,
3 3
bb R, | (R%),

In step 1 of scheme B, bromofluorophenyl compound g is reacted with an gamma-bromo

butyrate compound 1, to afford gamma-phenyl butyrate com

may be carried out, for example, under polar aprotic solvent

pound s. This alkylation reaction

conditions, such as in solution with

NMP (N-methyl pyrrolidinone). The reaction is carried out in the presence of zinc and iodine

such that an intermediate zincate (not shown) compound is formed. The reaction s further
carried out 1n the presence of a phosphinyINi(I} cataiyst such as bib(trlphcnylphosphme)Nl(H)

chloride.

10 In step 2 butyrate compound § is hydrolyzed to afford

phenyl-butyl carboxylic acid

compound t. The hydrolysis may be carried out under aqueous conditions in the presence of



In certain embodiments, catalyst j2 is [Ru(OAc)2((S)-3,5-Xyl-MeOBIPHEP)((R,R)- DPEN)] and the
tetralin amide compound of formula z is produced. In certain embodiments, the catalyst j2._is
[Ru(OAC)2((5wMe@BtRFi=P)]. 35In certain embodiments, the catalyst .j2 i$¢T/EP2009/066345
[Ru(OACc)2((R)-MeOBTPHEP)]. -24- The method of the invention fin-Mu comprises: reducing a
compound of formula z z. to provide a compound offormula aa (R1), (R3)p 5aa; wherein n, p, R' and
R' are as defined herein.  In certain embodiments the reducing of the compound of formula z is
carried outnsing foduanehe corrcifamdmeiRadolihe investnmmayihtheicoraprisedidaacting a

compoundéqggqﬂy%%&gogﬁ%m%%?ﬂgg%qf formula bb X Rf 0 bb; wherein: WO
2010/069778PCI/EP2009/066345 -25- is Cl.balkyl or -NR6Re wherein Rd and R.' each independently

is hydrogen or GiGabpyd papditationmeactompoungddiornmulecbeadmxylic acid compound t
undergoes interal ring closure under anhydrous or dehydrating conditions to form cyclic ketone
5 compound u.. The reaction of step 3 may in many embodiments be carried out in concentrated

H;S0,.

In step 4, tetralone compound u is reacted with thiophenol compound v to yield phenyl
sulfanyl cyclic ketone w. The reaction of step 4 may be carried out in the presence of an amine

such as triethylamine, and under polar aprotic solvent conditions using NMP or a like soltvent.

10 In step 5 cyclic ketone compound w is treated with trimethylsilyl cyanate to give
dihydronaphthalene carbonitrile compound x. The reaction of step 5 may be carried out in a non-
polar solvent such as toluene, and is preferably carried out i the presence of AIC;. Carbonitrile
compound x need not be isolated in certain embodiments, and thus compound x is shown in
brackets.

15 In step 6, dihydronaphthalene carbonitrile compound x is hydrolyzed to afford
dihydronaphthalene amide compound y. Hydrolysis in this step may be achieved using sulfuric
acid under aqueous conditions. As noted above, in certain embodiments nitrile compound x need

not be isolated, and the events of steps 5 and 6 may occur in the same reaction vesscl.

- Instep 7, dihydronaphthalene amide compound y is reduced, using chiral ruthenivm

20  catalyst j1 or j2 in the presence of hydrogen gas, to afford tetralin amide compound z. As noted
above, several chiral ruthenium catalysts jl, j2 may be used for the asymetric reduction of step 7.
Use of (S) enantiomer catalyst j1 or j2 in the reduction of step 7 results primarily in (R) product z
as shown. Use of (R) enantiomer catalyst j1 or j2 results primarily in the corresponding (R)
isomer (not shown). A preferred catalyst j1 for preparing compound z is [Ru(OAc)((S)-6,6’-

25 Dimethoxybiphenyl-2,2’-diyl)bis(diphenylphosphine)}, also known as [Ru{OAc),((8)-
MeOBIPHEP)]. The reduction of step 7 may be carried out using a polar aprotic solvent such as
tetrahydrofuran (THE).

In step 8, a further reduction is carried out to convert chiral tetralin amide compound z to
the corresponding chiral methylamino tetralin compound aa. This reduction may be achieved
30 using borane in a polar aprotic solvent such as THF. The configuration of compound z is
preserved in the reduced product aa. The chiral amide compound z of step 7 need not be isolated

in certain embodiments and may be reduced in situ in step 8.

In step 9, methylamino tetralin compound aa is treated with reagent bb to afford tetralin
compound cc. Reagent bb may comprise, for example, an acyl halide such as acetyl chloride or
35  other Cygcarboxylic acid chloride, a urea, or an acy! anhydride such as acetic anhydride or other

Ciscarboxylic acid anhydride. The reaction of step 9 may be carried out in a polar aprotic



wherein n, p, R1 and R3 are as defined herein. 5In certain embodiments the leaving group X is halo. In
certain embodiments the compound of formula bb is acetyl chloride. In certain embodiments the
compound of iggmdladilyissurea. in certain embodiments the compound of tarmEiadbdsagetic
anhydride. In certain embodiments Rf is Ci.6alkyl. iflin certain embodiment Rf is NRdRa whcrei
ivCi_oalkyl. In certain embodiments Rf is -NH2. In cértain embodiments Rf is methyl. The method may
further comprise: 150xidizing a compound of formula cc CC; -26- to form a compound of formula dd
dcf; whereialnzg,skih B3vavid, Rham e defidad hereibund ad Rexraeihed imay frgher compprise
hydrolyzmgcg dihydronaphthalcne carbonitrile 5 compound x to form the compound of formula y
wherein n, p, RI, and R3 are as defined herein. 10The method may further comprise reacting a
compound of formelepw{RHBpound c¢ is treated with peracid, hydrogen peroxide, or like oxidizing agent

to afford sulfonyl compound dd. The configuration of compound c¢ is preserved in product
5 compound dd.

Accordingly, the invention provides a method of producing a compound of formula z

N

wherein:
n is from 0 to 3;
10 p isfromOtol;
R'  ishalo; Ci.¢alkyl Cisalkoxy; or halo-C, salkyl; and
R® s halo; Cealkyl; Crsalkoxy; cyano; hydroxy; Crsalkylsulfonyl; or halo-Cyeaikyl;
the method comprising:
reducing a compound of formula v
@rmp
15 Y

with hydrogen gas in the presence of a catalyst of formula i1 or 12
Ru(Z),(L) il
Ru(EXE"NLND) i
wherein:

20 D isan optionaily chiral diamine;

E  and E’ are both halo, or E is hydrogen and E” is BH,;



WO 2010/069778PCT/EP2009/066345 -27- wherein n, p, R1 and R2 are as defined herein. The
method may further comprise reacting a compound of formula e 0 5lu; with a compound of formula v
3) RH to formpihemempesnd of formula w W 10wherein n, p, R1 and R2 ara-asdefingdberein. The
method may further comprise cyclizing a compound of formula t (R1) OH to form the compound of
formula u. (R1), -22-

L. isachiral diphosphine ligand; and

Z  is halo or R™CO; (carboxylate) wherein R” is: Cjalkyh; halo-Csalkyl; Cyalkoxy; aryl
optionally substituted with halo; or heteroaryl optionally substituted with halo.

In certain embodiments, nis 0 or 1.
5 In certain embodiments, n is 0.

In certain embodiments, nis 1.

In certain embodiments, 15 s0orl.

In certain embodiments, p is 0.

In certain embodiments, p is 1.

10 In certain embodiments, R' is: fluoro; methyl; methoxy; cyano; hydroxy; methanesulfonyl;

or trifluoromethyl.
In certain embodiments, R' is flucro.

In certain embodiments, R® is: fluoro; methyl, methoxy; cyano; hydroxy; methanesulfonyl;
or trifluoromethyl.

15 In certain embodiments, R* is fluoro.
In certain embodiments, catalyst j1 is used.
In certain embodiments, catalyst j2 is used.
In certain embodiments, Z is acetate (CH;COO).

In certain embodiments, the chiral diphosphine L 1s selected from the group consisting of

20 (S)-cnantiomers of:
MeOBIPHEP;
(2-Furyl}-MeOBIPHEP,
pTol-MeOBIPHEP;
3,5-Me, 4-MeO-MecOBIPHEP;

25 3,5-iPr,4-MeO-MeOBIPHEP;
3,5-tBu-MecOBIPHEF;
3,5-1Bu,4-MeO-MeOBIPHEP;
3,5-TMS-MeOBIPHEFP;
TriMeOBIPHEP;

30  iPr-MeOBIPHEP,
Cy-MeOBIPHEP:
BenzoylOBIPHEP;
BITIANP;



II; wherein n and R1 are as defined herein. The method may further comprise hydrolyzing a compound
of formula c (R1) 5 to form the compound of formula t (RI), wherein n, R and RI are as defined herein.
The method may fuisheseg@mprise reacting a compound of formula a a; withy-aeonspaend of formula r
WO 2010/069778PCT/EP2009/066345 -29- The invention also provides a compound of formula z ON
H2 (R1),, Z; wherein: nis from 0 to 3; 5 pis from 1 te?3:

10

30

35

BIPHEMP;
(2-Furyl)-BIPHEMP;
Et-Duphos;

BICP; and
PPF-P(tBu),.

(In certain embodiments, the chiral diphosphine L is selected from the group consisting of
(S)-enantiomers of:
p-Phenyl-MeOBIPHEP;
2-(Thienyl}-MeOBIPHEP;
2-Naphthyl)-MeOBIPHEP;
6-MeO-2-Naphthyl)}-MeOBIPHEP;
3,5-Xyl-MeOBIPHEP;
3,5-Xyl-4-MeO-MeOBIPHEP,
pAn-McOBIPHEP,
iPrOBIPHEP;

BnOBIPHEP;
tButylCOOBIPHEP;
3,5-Xyl-BIPHEMP;
pTol-BIPHEMP;
BINAP;
PHANEPHOS;
TMBTP; and
(R,R,S,S)-Mandyphos.

In certain embodiments, the chiral diphosphine L is (S3-MeOBIPHEP.
In certain embodiments, the chiral diphosphine L is (R)-MeOBIPHEP.

In certain embodiments, L 1s {5)-(6,6"-Dimethoxybiphenyl-2,2°-
diyl)bis(diphenyiphosphine).

In certain embodiments, L is (S)-3,5-Xyl-MeOBIPHEP.
In certain embodiments D is 1,2-bis-diphenyl-ethylenediamine (DPEN).

In certain embodiments, catalyst j1 is [Ru(OACc){(S)-(6,6"-Dimethoxybiphenyl-2,2°-
diyl)bis(diphenylphesphine))}.

In certain embodiments, catalyst j2 18 [Ru(OAc)((S)-3,5-Xyl-MeOBIPHEP)(R,R}-
DPEN)] and the tetralin amide compound of formula z 1s produced.

In certain embodiments, the catalyst 12 15 [Ru{OAc)((5)-MeOBIPHEP)].
In certain embodiments, the catalyst 12 is [Ru(OAckh((R)-MecOBIPHEP)].



Rlis: halo; Ch6alkyl; Ci_oalkoxy; or halo-Ci..6alkyl; and is: halo; Choalkyl; Challcoxy; cyano; hydroxy;
Cislkylsulfonyl; or hal0-C1..6alkyl. The invention also provides a compound of formula'y 0 NH2 (R1)n
10wherein: is {f@m@iesSi-is from 1 to 3; Rlis: halo; Choallcyl; C1.6alkoxy; p¢halpréahealkd; and R3 is:
halo; Ci_oalkyl; Chaalkoxy; cyano; hydroxyl Chsalkylsulfonyl; or halo-Chalkyl. 15Specific details for the
methods of the invention are described in the Exampfes section below.  Ruthenium catalysts
suitable for use with the methods of the invention may be represented by formulakr Ru(Z)2L WO
2010/069778P ClHER2009/066:345b c3horisialer @nipiiEO! where RI) is: Ci_ealkyl; halo-C16alky14,
CI_Oalkoxy; aryl optionally substituted with halo; or heteroaryl optionally substituted with halo; and is a
chiral diphosphifisttigiagd. Wﬁ’é’?ﬁ@ﬁéﬁlf%@é&fmplex catalysts are characterised by the oxidation number
[I. Such 5 ruthenium complexes can optionally comprigg fuanqr ligands, either neutral or anionic.

e
Examples of such neutral ligands are e.g. olef(rp;é e.g. ethylene propylene, cyclooctene, 1,3-
hexadiene, norbornadiene, 1,5- cyclooctadlene be e hexamethylbenzene, 13,5- trimethylbenzene,
ethylformarnlde acetonitrile, benzonltrlle

complex catalysts can be prepared for exam 2 the manner descrlbed by: N Feiken et al.,
Organometallies 1997, 16, 537; M.P. Fleming et al., US 6,545 16§(preparatron 15 and |solat|on of
chiral ruthen|umtg@@rﬁg@ql@gg}ﬁg@hg)gpmﬁg&@@plexes) B. Heiser et al., Tetrahedron: Asymmetry
1991, 2, 51 (in-situ preparation of the same carboxylato co I xes); or J.-P. Genet, Ace. Chem. Res.
2003, 36, 908, the disclosures of which are Lﬁgr?rporated Fereire by reference US 6,545,165 in
particular illustrates preparation of chiral rut )

complex catalysts can be prepared in situ, i.e. jus
which such a catalyst is prepared can already
hydrogenation or the solution can be mixed wi

the substrate just before the hydrogenation reaction is
initiated. Surprisingly, it has been foun alsg ruthenium phosphine complexes of formula 12
25 may be used with the invention; (R

5 ad;
wherein n, p, R and R’ are as defined herein.

In certain embodiments the reducing of the compound of formula z is carried out using

borane.
The method of the mvention may further comprise:

10 reacting a compound of formula aa

ad;

with a reagent of formula bb

wherein:

15 X isaleaving group; and



Ru(E)(E)(L)(D) wherein E and E' are both halo or E is hydrogen and E' is BH4; L is a chiral
diphosphine ligand; and D is an optionally chiral diamine. Complexes of type 12 can be specifically
prepared, isolatgdrndseharacterized in analogy to 30 the methods describgdiifAngaws:&hem. Int. Ed.
1998, 37, 1703-1707 and in the references cited therein, or can be prepared "in situ” from components
as described in above mentioned reference, and be&mployed without intermediate isolation in the
catalytic asymmetric hydrogenation. When the complexes of type 12 are prepared "in situ", the amount
of chiral dipiosphingdiganst (NRized irthie réasd @i ean wanRpiRmbiiaibeguivalenik velatve to
ruthenium, preferably WO 2010/069778PCT/EP2009/066345 -31- from 0.8 to 1.2 equivalents.
Analogously the'@fasuteramraidibipimg s vary from 0.5 to 2.5 equivalents based on the amount of
the ruthenium-complex, preferably 1 to 2 equivalents. Theg{eaction may be carried out in presence of
chiral diamines as depicted below; OMe R1)Further sui Fehiral diamines are propane- and
butanediarnines. An especially preferred chiral’ chgrineil DOEN V), (R,R) or
(S,9)-1,2-diphenyl-ethylenediamine. The chiral re’commercially available or can be
prepared according to known methods. WO 3¢ BPCT/EP20091066345 -32-  In certain
embodiments the chiral diphosphine ligand L pf catalyst jl, j2._ may be characterized by one of

formulae (3), (4), (5), (6), (7), (8), (9), (10), (12)0r (13): RIO
p

cc,
wherein 1, p, R! and R? are as defined herein.
5 In certain embodiments the leaving group X is halo.
In certain embodiments the compound of formula bb is acetyl chioride.
In certain embodiments the compound of formula bb is urea.
In certain embodiments the compound of formula bb is acetic anhydride.

In certain embodiments R is Cyealkyl.

. . . 4 . d . .
10 In certain embodiments R’ is NR°R® wherein R® and R° each independently is hydrogen or
C]@&H{yl.
. . £
In certain embodiments R is -NH..
. . f.
In certain embodiments R' is methyl.
The method may further comprise:
15 oxidizing a compound of formula cc
v
’ —~N.R

ce,



wherein 51:4_4is C1_6alkyl; R5 is C1_6alkyl; R6 is independently in each occurrence aryl, heteroaryl,
C3_6cycloalkyl or Ci_6alkyl; R7 is -N(Ci_6alky1)2 or piperidinyl; WO '
2010/0697 78R4 1 20094066345 -33- R8 is Ci_oalkyl, Cislkoxy, hydroxy p¢gieHhadkids$:60)0-; or the
two R8 substituents can be joined by a -0(CH2)"-0- bridge wherein n =2 to 5; R9 and RI independently
are hydrogen, C1_6alky1, Cislkoxy or di(Ci_6alky1¥mino; or R8 and R9 which are attached to the
same phenyl group, or R9 and RI which are attached to the 5same phenyl group, or both R8, taken
together, are -A+Chi2) blckmpyihareffoinigla0idor - C(0)0-, E is -0- or -N((.11_6alkyl)- and n is an integer
from Ito 6, or a CF2 group; or R8 and R9, or R9 and Rw, tpgether with the carbon atoms to which they
are attached, may form a naphthyl, tetrahydronaphthyl ar.dibe bfuran ring; R1' andR12 each
independently is Cl_Galkyl, C3_6cycloalky1{®hgnyl, napthyllbr heteroaryl, 10substituted with 0 to 3
substituents independently selected from the gro iffd of CI_ 6alkyl, Cl(salkoxy,
di(Ci_6alkyl)amino, morpholino, phenyl an&)t{i : y1; If RI"is phenyl, it is substituted with O to
3 substituents as described above. In c&fap embodiments, the chiral diphosphine ligand L is
characterised by formula (7), (9), (10) or (1 d wherein Z is CFLCOO, CE3CO00 or a halogenide.
15In certain embodiments, the chiral dipho (RS )selected from the group consisting of (R) or
(S)-enantiomers of: MeOBIPHEP; (2-Furyl)-MeOBIPHEP; pTol-Me@BIPHEP; 20
3,5-Me,4-Me0-MeOBIPHEP; 3,5-iPr,4-Me0-Me0B1PHEP; 3,5-tBu-MeOBIPHEP;
3,5-tBu.4-Me0-MeOBIPHERR . K3 8] RIS:MesQBimRdERels TriMeOBIPTIEP; iPr-MeOBIPHEP;

The method may further comprise hydrolyzing a dihydronaphthalene carbonitrile

5  compound x

R).

[

to form the compound of formula y

Y
wherein 1, p, R', and R® are as defined herein.
10 The method may further comprise reacting a compound of formula w

Rh, 9

0
G

#



Cy-MeOBIPHEP; BenzoylOBIPHEP; BITIANP; 30 BTPHEMP; (2-Furyl)-BIPHEMP; (R,R)-Et-Duphos;
(a/l-5)-BICP; and ((S,R)-PPF-P(tBu)2). WO 2010/069778PCT/EP2009/066345 -34-  (in certain
embodiments ythe:ehikabeiphosphine L is selected from the group consisting-@fdiR)@rtegnantiomers
of: p-Phenyl-MeOBIPHEP; 2-(Thienyp-MeOBIPHEP; 5 2-Naphthyl)-MeOBIPHEP;
6-Me0-2-Naphthyl)-MeOBIPHEP; 3,5-Xyl-MeOBEPHEP; 3,5-Xy1-4-Me0-MeOBIPHEP;
pAn-MeOBIPHEP; 10 iPrOBIPHEP; BnOBIPHEP; tButylICOOBIPHEP; 3,5-Xyl-BIPHEMP;
pTol-BIPHEMP; sRhBiNARy RHANERIHO &, -FB TR, @nthetaRo$ SinMandyphos. More preferably,
the chiral diphosphine is selected from: 20 MeOBIPHEP; pIp1-MeOBIPHEP;
3,5-iPr,4-Me0-MeOBIPHEP; and 3,5-tBu,4-Meq+M§eOBIPH In certain embodiments, the chiral
diphosphine L is (S)-MeOBIPHEP. 25In certain emb&gh the chiral diphosphine L is

(R)-MeOBIPHEP. :
3w

. 1 2 .
wherein n, p, R and R” are as defined herein.

The method may further comprise reacting a compound of formula ¢

RY, 9

with a compound of formula v

)
SH v

to form the compound of formula w

W,
10 wherein n, p, R' and R? are as defined herein.

The method may further comprise cyclizing a compound of formula ¢

et



Definitions for the above abbreviations used for the ligands, as well as references for literature and
commercial sources, are provided in Table 1 below. TABLE 1 No Abbreviation Ligand Refs.

MeOBIPHEP ©®&xRimeathexybiphenyl1-2,2'- diyObis(diphenylphosphine) 1 ¢tk m2chuisyd:NeOBIPHEP
(6,6'-Dimethoxybipheny1-2,2'-diyObts(di-2- furylphosphine) 1-4, 1121 3 pTol-MeOBIPHEP
(6,6'-Diethoxybiphenyt-2,2'-diyObis(di(p- tolyOphosphfhe) 1-4 21 WO
2010/069778PCT/EP2009/066345 -35- No Abbreviation Ligand

‘ to form the compound of formula u.

]

RY, §

F 0 |
1,

wherein n and R are as defined herein.

The method may further comprise hydrolyzing a compound of formula ¢

R1
R, OR
Y
F )
8

5
to form the compound of formula t
; :
R
R, OH
O .
F 5
wherein 1, R and R’ are as defined herein,
The method may further comprise reacting a compound of formula g
1
R
( )”: Br
10 F h
with a compound of formula r
O
Br\/\)’]\OR

L
to form the compound of formula s

(R"),
) /\,/\TrOR
D

F

5 wherein n, R and R' are as defined herein,

i
14



Refs. 4 3,5-Me4-Me0-MeOBIPHEP , (6,6 '-Dimethoxybip heny1-2,2'-diyObis(bis(3,5-di-
methy1-4-methoxyphenyl)phosphine) 54 5 3,5-iPr,4-Me0-MeOBIPHEP (6,6 '-Dimethoxybipheny1-2,2
'-diyObis(bis(3xmdiiiseserapyl-4-methoxyphenyl)phosphine) 8,10.12 3,54BysMaRIREHEP
(6,61-Dimethoxybipheny1-2,2'-diy1)bis(bis(3,5-di- tert-butyl-phenyl)phosphine) 1-4 21 7
3,5-tBu,4-Me0-MeOBTPHEP(6,6'-Dimethoxybipheny#-2,2'-diyObis(bis(3,5-di-
ten-butyl-4-methoxyphenyl)phosphine) 8, 21 8
3,5-TMS-MeOBIBid ER 6@ Rimetioxytiphenyind 2 odipabistis(3,5-bis
trimethylsilyl-phenyl)phosphine) 5 8 9 TriMeOBIPHE%(if}{lﬁ,zS',6,6'-hexamethoxybipheny1-2,2'-

' ~

(R")

wherein:
n isfrom0to3;
5 p isfroml1to3;
is: halo; Cyigalkyl; Cisalkoxy, or halo-Cy salkyl; and
is: halo; Cyealkyl; Cisalkoxy; cyano; hydroxy; Cealkylsulfonyl; or halo-C, galkyl.

The invention also provides a compound of formula y

Y
10 wherein:
n is from 0 to 3;
p isfromito3;
is: halo; Cysalkyl; Cysalkoxy; or halo-C, galkyi; and
is: halo; Cyealkyl; Cisalkoxy; cyano; hydroxy; Crealkylsulfonyl; or halo-Cysalkyl.

15 Specific details for the methods of the invention are described in the Examples section

below,

Ruthenium catalysts suitable for use with the methods of the invention may be represented

by formula ;I
Ru(Z)L 1L

20 wherein:



diyObis(diphenylphosphine) 1-4 1 10 | iPr-MeOBIPHEP
(2,21-Bis-(dnsopropylphosphino)-6,6'-dimethoxy- 1,1'-biphenyl) 20, 21 | 11 Cy-MeOBIPHEP
(2,2'-Bis-(dicyghhaxylphwesphino)-6,6'-dimethoxy- 1,1r-biphenyl) 20 | 12 BanzpyiBiBhikRs
(6,61-Dibenzoyloxybiphenyl1-2,2'- diyObis(diphenylphosphine) 17 li 3 BITIANP 3,3
'-bis-diphenylphosphany1-1H,I'H-[4,41- biisothiochrefenyl 19 14 BIPHEMP
(6,6'-Dimethylbipheny1-2,2'- diyObis(diphenylphosphine)

10

15

20

3]
Lh

30

Z s halo; or R™-COy where R is: C; alkyl; halo-Cy salkyl; Ci galkoxy; aryl optionally
substituted with halo; or heteroaryl optionally substituted with halo; and

L isa chiral diphosphine ligand.

The ruthenium complex catalysts are characterised by the oxidation number 11. Such
ruthenium complexes can optionally comprise further ligands, either neutral or anionic.
Examples of such neutral ligands are e.g. olefins, e.g. ethylene, propylene, cyclooctene, 1,3~
hexadiene, norbornadiene, 1,5-cyclooctadiene, benzene, hexamethylbenzene, 1,3,5-
trimethylbenzene, p-cymene, or also solvents such as ¢.g. tetrahvdrofuran, dimethylformamide,
acetonitrile, benzonitrile, acetone and methanol. Examples of such anionic ligands are CH3;COO",
CF:COO  or halides. If the ruthenium complex is charged, non coordinating anions such as
halides, BFy", ClOy, SbFy", Py, B(phenyl)s, B(3,5-di-triflucromethyl-phenyl)s’, CF:S05,
CsHsSO5 are present.

The ruthenium complex catalysts can be prepared, for example in the manner described by:
N. Feiken et al., Organometallics 1997, {6, 537, MLP. Fleming et al., US 6,545,165 (preparation
and isolation of chiral ruthenium dicarboxylate diphosphine complexes); B. Hetser et al.,
Tetrahedron: Asymmetry 1991, 2, 51 (in-situ preparation of the same carboxylato complexes); or
J.-P. Genet, Acc. Chem. Res. 2003, 36, 908, the disclosures of which are incorporated herein by
referenice. US 6,545,165 in particular illustrates preparation of chiral ruthenium dicarboxylate

diphosphines.

The ruthenium complex catalysts can be prepared in situ, i.e. just before use and without
isolation. The solution in which such a catalyst 18 prepared can already contain the substrate for
the enantioselective hydrogenation or the solution can be mixed with the substrate just before the

hydrogenation reaction is initiated.

Surprisingly, it has been found that also ruthenium phosphine complexes of formula j2

may be used with the invention;

Ru(E)(E"}L)D) i2
wherein E and E” are both halo or E is hydrogen and E’ is BH ; L 1s a chiral diphosphine

ligand; and D> is an optionally chiral diamine.

Complexes of type j2 can be specifically prepared, isolated and characterized in analogy to
the methods deseribed in Angew. Chem. Int. Ed. 1998, 37, 1703-1707 and in the references cited
therein, or can be prepared "in situ” from components as described in above mentioned reference,
and be employed without intermediate isolation in the catalytic asymmetric hydrogenation.

When the complexes of type j2 are prepared "in situ”, the amount of chiral diphosphine ligand

(L) used in the reaction can vary from 0.5 to 2.5 equivalents relative to ruthenium, preferably



1-4,6,11 1 ' 15 2-Furyl-BIPHEMP (6,6 '-Dethylbipheny1-2,2 '-diy1)bis(di-2- furylphosphine) 16

Et-Duphos 1,2-Bis((2,5-diethylphospholano)benzene 21 1 1 17 BICP

2,2'-bis(dipherydphrspkinm-(18,8,28,2 'S)-1,1'- bicyclopentyl 23 WO PCT/EP2009/066345

2010/069778PCT/EP2009/066345 -36- 'No Abbreviation Ligand Refs. 1 11 8 PPF-P(tBu)2
31-

from 0.8 to 1.2 equivalents. Analogously the amount of chiral diamine can vary from 0.5t0 2.5
equivalents based on the amount of the ruthentum-complex, preferably 1 to 2 equivalents.

The reaction may be carried out in presence of chiral diamines as depicted below;

NH, Bu~. _NH,
Rk Cr 1
S'NHQ Bu NH,
NH,
V, DPEN Wi, DACH vil, DTBEN Vill, DABN
Cy;]:NH2
Cy™ "NH,
IX, BDCEN
X, DAIPEN ?
5 Further suitable chiral diamines are propane- and butanediamines. An especially preferred

chiral diamine is DPEN (V}, (R,R) or (§8,5)-1,2-diphenyl-ethylenediamine. The chiral diamines

are commercially available or can be prepared according to known methods.



1 1-[(2-Diphenylphosphino)ferrocenyl]ethyldi-tert- butylphosphine 22 9 (6,6 '-Dimethoxybipheny1-2,2
'-diy1)bis(bis-bip henyl- p-Phenyl-MeOBIPHEP 4y1-phosphine) 1-4 11 |1 20 2-Thienyl-MeOBIPHEP(6,6
'-Dethoxyhiph@nrydsdyvdsdiObts(d)-2- th ienylphosphine) 4, 5, 15 21 2-NaphihykMefRREEP (6,6
'-Dimethoxybipheny1-2,2 '-diy1)bis(di-2- naphthylphosphine) 12 6-Me0-2-Naphthyl-(6,6
'-Dimethoxybipheny1-2,2 '-diy1)bis(bis(6- McOBIPHEPmMethoxy-2-naphthylphenyl)phosphinc) 14 ,23
3,5-Xyl-MeOBIPHEP(6,6'-Dimethoxyhiphen y1-2,2 '-diyObis(bis(3,5- dimethylphenyl)phosphine) 21 24
3,5-Xy1-4-MeO-MeQBiR kHiI3 (:6ir me oy Riphempning 250y Obisthis3:51di. may be
(3.5-dimethylpheny MG XYRRGIYLIRNeEPNE)), (7), (8). (9), (10), (11), (12) or (13):

wherein
18 C; _58,11{}-’}.;

1§ C} 6&11{}’1,

is -N(C;salkyl); or piperidinyl;

s
R
R f

N—P

PP

{13)

(%)

: S/_\z /
R\P N
R Fe N

R Q R
U $
;?5 é

R

(1%)

is independently in each occurrence aryl, heteroaryl, Csscycloalkyl or C; galkyl;



13, 14,16 125 pAn-MeOBIPHEP(6,6 -Dethoxybipheny1-2,2'-diyObis(bis(4-
methoxyphenyl)-phosphine) 126 iPrOBIPHEP (6,6'-Diisopropoxybiphenyl-2,2'-
diyObis(diphegydplaasifaing) /5,16 27 BnOBIPHEP (6,6'-Dibenzyloxybiphe @2 auo/m66345
diyObis(diphenylphosphine) 15 1i 28 tButylCOOBIPHEP (6,6'-Di(tert-pentoyloxy)biphenyl-2,2'-
diyObis(diphenylphosphine) 15, 16 , 29 3,5-Xyl-BIPBEMP (6,6'-Dimethylbipheny1-2,2'-diy1)bis(bis(3,5-
dimethylphenyOphosphine) 15 30

10

15

20

30

R® s Crealkyl, Cigalkoxy, hydroxy or C)salkyl-C(O)YO-; or the two R* substituents can be
joined by a —O(CH,),-O- bridge wherein n =2 to 5, '

R’ and R"’ independently are hydrogen, Cysalkyl, Cisalkoxy or di(C;salkyDamino; or

R and R® which are attached to the same phenyl group, or R? and R'® which are attached to the
same phenyl group, or both R, taken together, are -A~(CH,),-E-, wherein A is -O- or —
C(O)0-, E 15 —0- or -N(Cjsalkyl)- and n 1s an integer from 1 to 6, or a CF» group; or

R® and R”, or R’ and R, together with the carbon atoms to which they are attached, may form a
naphthyl, tetrahydronaphthyl or dibenzofuran ring;

R and R each independently is C,.salkyl, Cs.scycloalkyl, phenyl, napthyl or heteroaryl,
substituted with 0 to 3 substituents independently selected from the group consisting of C;_
salkyl, Cysalkoxy, di(Cj.salkylyamine, morpholino, phenyl and tri{C; salkylsilyl;

IfR" is phenyl, it is substituted with 0 to 3 substituents as described above.

In certain embodiments, the chiral diphosphine ligand L is characterised by formula (7),
(9, (10Yor (12), and wherein Z is CH;COO, CF,COO or a halogenide.

In certain embodiments, the chiral diphosphine L is selected from the group consisting of
(R) or (S)-cnantiomers of:
MeOBIPHEP;
(2-Furyl)-MeOBIPHEP;
pTol-MeOBIPHEP;
3,5-Me.4-MeO-McOBIPHEP;
3,5-iPr,4-MeO-MeOBIPHEP;
3,5-tBu-MeOBIPHEP;
3.5-tBu.4-Me(OQ-MeOBIPHEP;
3,5-TMS-MeOBIPHEP;
TriMeOBIPHEP,
iPr-MeOBIPHEP;
Cy-MeOBIPHEP;
BenzoylOBIPHEP;
BITIANP;
BIPHEMP;
(2-Fury])-BIPHEMP;
{R,R)-Et-Duphos;
(all-S)-BICP; and
((S,R)-PPE-P(tBu),).



pTol-BIPHEMP (6,6'-Dimethylbipheny1-2,2'-diyObis(di-(p- tolyl)phosphine) 1-4,6, 7.1/, 31 BINAP
(1,1'-Binap thy1-2,2'-diy1)bis-(diphenylphosphine) 1-4, 6 11, 21 WO

2(110/069778RE TdER4PEP/066345 -37- 0 z Abbreviation Ligand Refs. 32 RHAMRIIRS S
12-Bis(dmhenylphosphino)-[2.2Jparacyclophane 21 33 TMBTP

2,2',5,5'-Tetramethy1-4,4'-bis(diphcnylphosphino)- 33%*-bithiophene 18 34 (R R S S)-Mandyphos

(In certain embodiments, the chiral diphosphine L is sclected from the group consisting of
(R) or (S)-enantiomers of:
p-Phenyi-MeOBIPHEP;
2-(Thienyl}-MecOBIPHEP;

5 2-Naphthy])-MeOBIPHEP;
6-MeO-2-Naphthyl)-MeOBIPHEP;
3.5-Xyl-MeOBIPHEP,
3,5-Xyl-4-MeQ-McOBIPHEP;
pAn-MeOBIPHEPD;

10 iPrOBIPHEP;

BnOBIPHEP;
tButyl COOBIPHEP;
3,5-XyI-BIPHEMP;
pTol-BIPHEMP;

15 BINAP;

PHANEPHOS;
TMBTP; and
(R,R,S,S)-Mandyphos.

More preferably, the chiral diphosphine is selected from:
20 MeOBIPHEP;
pTol-McOBIPHEP;
3,5-Pr,4-MeQO-MeORIPHEP; and
3.5-tBu,4-MeO-MeOBIPHEP.

In certain embodiments, the chiral diphosphine L is (§)-MeOBIPHEP.,
25 - In certain embodiments, the chiral diphosphine L is (R)-MeOBIPHEP.

Definitions for the above abbreviations used for the ligands, as well as references for

literature and commercial sources, are provided in Table I below.

TABLE 1
No Abbreviation Ligand Refs.
. (6,6°-Dimethoxybiphenyl-2,2°- 1411
! MeOBIPHEP diyD)bis(diphenylphosphine)
5 2-Furvi-McORIPHEP (6,6’ -Dimethoxybiphenyl-2.2°-diyhbis(di-2- 141121
y furylphosphine)
(6,6'-Dimethoxybiphenyl-2,2-diy!)bis(di(p- o

3 pTol-McOBIPHEP tolyl)phosphine)




, 2,21-Bis[(N ,N-dimethylamino)(phenyOmethyl]-1,1'- b is(d icyclo hexylphosp hino)ferrocen 22
EP1043752 EP5303354 EP5659756 7EP5826928 59EP64764810 11EP80219012 13EP112788614
15EP167079216BR20¢3541 17EP1305324 1018Ben/neon, T. et at, .1. OrgeheMe R 65,
2043-2047 19Ben/neon, T. et at, J. Org. Chem. 1996, 61, 6244) 20Schmid et at, Pure and Applied
Chemistry 1996, 68(1), 131-8 21Sigma-Aldrich, P 0-Bex 14508, St Louis, MO, 63178, USA 22Salvias
AG, Klybeckstrasse 191, 4057 Basel, Switzerland 15Chtral Quest Inc., Princeton Corporate Plaza,

MonmoutRokt., NJO883ReldSfon The hr/drogenation is prefdrigalydcarried out in an orgcmiRémlvént
which is inert under the reaction conditions. As such solvents there can be mentioned, in particular,
lower alcphqls suah a3.2Q-NrefBangkrel th&h8i @r“?%’b%ﬁ&ﬁ%‘l’“ﬁ’r fruorBiHARE st such a5 ef.
diethyl ether| tetrahydrofuran or dioxand, or mix{tidy! Srastir eSO RIS s genated hydrocarbons
such as 20 methylene chicride, chicroform, hexafluorobernzene and the Tike or with ethers such as
diethyl ether, tetrahydigfigan.endioxape. Fréfebriat dordnpsforthe rectbn(bivtiowkr glcohols,
especially preferred is methanol, or ethers, esPEdiEIRy pfefedrek 1 betrdoRingh. The|reaction jis
carried outataconcentrationof about to509%, ideally about 5-to 30% The substratefcatatystratio
(S/C ratia) 6rs 100:100,0Q00, B fjﬁ ly 500¢86,800n & hex 25iHhydnd Getiatioh bssdastieddut at apressure of
Ito 300 bar, ide al?y a pressure of about Ito 50 bareanbust lsptempmiaterkiofiabout OC to about 150C,
ideally at:26€-to 1 0C.—The "s"m...et ic-hydrogenationscan-be-carried-outettherbatehwiseor in a
continuous ma WO §01060 8F’QTME’1m%%@@ﬁﬁﬁ&1myr 2,2’ -diylybis{ bis(3,5-di- 5 21
713,35 ,4 Me BIPHEP _ .
tert-butyl-4-methoxyphenyl)phosphing)
g 3,5-TMS-MeOBIPHEP (6,6 ~Drmcithoxybrphenyl~2,2 wdiyl)bie(bis(3,5~bis» 58
trimethylsilyl-phenylphosphine}
. . {4,4',5,5',6,6'-hexamethoxybiphenyl-2,2'- I T
? TriMcOBIPHEP diybbis(diphenylphosphine)
10l Pr-McOBIPHEP (2,2 ~Bls~(dnsopmpy§phosphmo)—6,6 -dimethoxy- 20, 21
1,1%-biphenyh)
1 Cy-McOBIPHEP (2,2"-Bis-(dicyclo hex;rlphosphmo)—éﬁ -dimethoxy- 20
1,1"-biphenyl)
- (6,6-Dibenzoyloxybiphenyl-2,2'- 17
12 BenzoylBIPHEP diyDbis(diphenylphosphine)
13 BITIANP 3,3 -brs-d1§ghcr}yl.pkrosphanyl—1H,E H-[4,4'}- 19
biisothiochromenyl
. (6,6’-Dimethylbiphenyl-2,2’- 145,11
14 BIPHEMP diyDbis(diphenylphosphine)
5 2-»F‘uryl~BIPHEMP (6,6’-Dimethylbiphenyl-2,2 -diyl)bis(di-2- 140
furyiphosphine}
16 Ef-Duphos 1,2-Bis((2,5-diethylphospholano)benzene “
7_ b by : " " kel -")7 - 7‘
17 RICP 2,2 bib(d}phenylphesphmo) (15,1°5,25,2°58)-1,1 23
bicyclopentyl
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turn are usable for the treatment of central nervous system diseases, conditions and disorders,
including Parkjpgopss,glisease, Huntington's disease, anxiety, depression, rpapigsaGRIGSSIAN.

psychosis, epilepsy, obsessive compulsive disorders, mood disorders, migraine, Alzheimer's 5 disease
(enhancement of cognitive memory), sleep disordersiéfeeding disorders such as anorexia, bulimia, and
obesity, panic attacks, akathisia, attention deficit hyperactivity disorder (ADHD), attention deficit

The methods and compounds of the invention are useful for preparation of compounds that in

disorder (ARPD), withdigwaditrasa drug ause such as cocaind,igiima@nol, nicotine and benzagiazepines,
schizophrenia, and also disorders assogiated with spinal trauma and/or head injury such as
hydrocephalus. The mpthpgs.gre particy IallIﬂ@s@fﬁb‘féY%P@%’é‘ﬁ%{%‘E‘?%ﬁ?ﬁ@ﬁWﬁ%‘for tredtment of
memory (klisc rders, for enhancing cognition, and for enham&i¥g &SR in Alzheimer's patients.
The following examples are given to enable those skilled in"the art to more clearly understand and to
practice thg presepf, &?\j/gﬂi@gﬂ,@ﬁ%sho&ﬁjﬁﬁdﬁib@fdjoﬂﬁid@@w%ﬁﬁhdibﬁﬁ?iﬁéisééjﬁ@mﬂthe iaventjon,
but merely as being illustrative and representative thereoftdiFhbhgbtafiolwing abbreviations may be used
in the examptes: DABN2;2=Diamino=1,1|-binaphthalene DACHtrans=1;2-Diaminocyclohexan-DATPEN
1,1-D|(_p-n}%thoxy_%%rll_‘)ﬁ_kg-&?ﬁrﬁg Ietrern@iﬁ%ﬁm@ﬁ@Nﬁh&g@@E@hﬁb}hﬂ@ﬂhylendla_rgnme 20
DCMdichjoromethané 7 methylene chloride DMAP 4-dimithyldrhisppiyridline
DMEN, Nidimethylformamide DRPENL2-Diphenyl-ethylenediamine- DTBEN
1,2-Di-tert.-butylethylenediamine 25 Et20dietlwyl -BibRisiIOARethyl-acetata BiQkiethanol GCgas
chromato&r]aph%ﬁﬂﬁ?ﬁt yﬁ‘&%%ﬁ%hosphoramide 30 HRhGHigh gerfenmance liquid chromatography
IPAisopr pa nol LDAlithium dii:nlnrgpylaminp mCPBA in-rhlnmpprhpn7nir~ acid.MeCNacgetonitrile
7 6-MeQO-2-Naphthyl- (6,6”-Dimethoxybiphenyl-2,2’-diylybis(bis(6- 14
“ McOBIPHEP methoxy-2-naphthylphenylyphosphine)
(6,6"-Dimethoxybiphenyl-2,2’-diyl)bis(bis(3,5- 2
23 3,3-Xyl-MeOBIPHEP dimethylphenyl)phosphine)
AN A o | (0,67-Dimethoxybiphenyl-2,2"-diy)bis(bis(3,5-d1- | 13 }4, 14
241 3,3-Kyl-4-MeO-McOBIPHEP (3,5-dimethylphenyl)-4-methoxyphenyl)phosphme)
25 pAn-MeOBIPHEP (6,6 —D1methoxyb1phenyl—2,2‘_-dl-yl)bm(b]s(fl- a1
methoxypheny!)-phosphine)
. - (6,6°-Ditsopropoxybiphenyl-2,2’- 1505
26 iPrOBIPHEP diylybis(diphenylphosphing)
- (6,6'-Dibenzyloxybiphenyl-2,2'- /5
27 BrOBIPHEP diyhbis(diphenylphosphinc)
. . - (6,6°-Di(rert-pentoyloxy)biphenyl-2,2°- /5. 14
28| (BuylCOOBIPHEP diy)bis(diphenylphosphine)
) - (6,6’-Dimethylbiphenyl-2,2’-diyl)bis(bis(3,3- /s
291 3-Xyl-BIPHEMP dimethylphenyfphosphine)
30 pTol-BIPHEMP (6.6°-Dimethylbiphenyl-2,2°-diyDbis(di-(p- | 14,6712
tolyhphosphine)
31 BINAP (1,1-Binaphthyl-2,2'-diylbis-(diphenylphosphine) | %/* %




35 MeOHmethanol MTBEmethyl tert-butyl ether NMPN-methyl pyrrolidinone WO
20101069778PCT/EP2009/066345 -39- S/CSubstrate-to-catalyst molar ratio TEAtriethytamine
THEtetrahydr{yram Jibdsthin layer chromatography 5 TMSCN trimethykilyl gyanatedsxasngle
1[(R)-6-(3-Fluoro-phenvisulfonyl)-1,2,3,4-tetrahvdro-naphthalen-I- yimethyll-urea The synthetic
procedure used in this Example is outlined in Schem&g-C. Step 8 H2NyNH2 0 HCI 10SCHEME C
WO 2010/069778PCT/EP2009/066345 -40-

No Abbreviation Ligand Refs.
32 PHANEPHOS 4,12-Bis(diphenylphosphino)-{2.2]-paracyclophane 4
3 TMBTP 2,2',5,5-Tetramethyl-4,4'-bis(diphenyiphosphino)- 78

3,3"%bithiophene

2.2"-Bis[(N,N-dimethylamino)(phenyDmethyli-1,1'- | 5 2

34 (R.R.3.8)-Mandyphos bis(dicyclohexylphosphino)ferrocen

f EPI104375 Y EP398132
i EP530335 Y EPS30336
* EP365975 ¢ EPS80336
7 EP582692 ' EP643052

5 * EP647648 0 Ep749953
4 EP802190 B EP974590
5 EP1127886 " EPI255747
L EPI6T0792 S EP2029541
7 EP1305324

10 " Benincori, T. et al., J Org. Chem., 2000, 65, 2043-2047

19 Benincori, T. et al,, J. Org. Chem. 1996, 61, 6244)
' Schmid et al., Pure and Applied Chemistry 1996, 63(1), 131-8
< Stema-Aldrich, P O Box 14508, 5t. Louis, MO, 63178, USA
“ Solvias AG, Klybeckstrasse 191, 4057 Basel, Switzerland
15 “ Chiral Quest Inc., Princeion Corporate Plaza, Monmouth Jct., NJO8852, USA

The hydrogenation is preferably carried out in an organic solvent which is inert under the
reaction conditions. As such solvents there can be mentioned, in particular, lower alcohols such
as ¢.g. methanol, ethanol or isopropanol, trifluoroethanol, ethers such as e.g. diethyl ether,
tetrahydrofuran or dioxane, or mixtures of such alcohols with halogenated hydrocarbons such as

20 methylene chloride, chloroform, hexafluorobenzene and the like or with ethers such as diethyl
ether, tetrahydrofuran or dioxane. Preferred solvents for the reaction are lower alcohols,
especially preferred 1s methanol, or ethers, especially preferred is tetrahydrofuran. The reaction
is carried out at a concentration of about 1 to 50%, ideally about 5 to 30%

T he substrate/catalyst ratio (S/C ratio) is 100-100,000, preferably 500-30,000. The
25 hydrogenation is carried out at a pressurc of 1 to 300 bar, idcally at a pressure of about 1 to 50
bar and at a temperature of about 0°C to about 150°C, ideally at 20°C to 100°C.

The asymmetric hydrogenations can be carried out either batchwise or in a continuous

manner.



Step 1 4- 3-Fluoromhe:icacid ethyl ester A slurry of zinc powder (1.44 kg, 1.2 eq, 100 mesh) in
anhydrous 1-methyl-2 pyrolidinone (7.3 kg) was treated with iodine (226 g) in a chemical reactor. An
exotherm to algytAasosgured and the iodine color disappeared. With gopg-agitaliondhgstemperature
was raised to 5 about 60C and ethyl 4-bromobutyrate (4.2 kg) was charged while monitoring for an
exotherm above the reactor jacket temperature. The3eaction was initiated by adding one kg of ethyl 4-
bromobutyrate and heating the jacket to about 55C. Reaction onset was detected at about 55C. The

reaction temperaiy eldasdconl elagdnans mantally frowh 6 tesahow: Pl byt B Wrageiiamaf the
remaining %B%J?Q :%%M'lé‘t?{ oahurate AL Ine §ad o4 s?&ﬂgéﬂﬁjéast&?cf(%ﬁﬂé?& %ét&gﬁé%"gf

heated to about 95C until the reaction was complete (approximately 2% starting materi

Formation SIEHEMGEATEIME Sictite THOHLESR HSSthet ey Wa SSisfrnieain e shkiysis, (a
sample aliquotiwas, gréephedtists andymdshiodicadidsand ektiaotéd witie MTBE) | Zibienegaction
mixtureswagicoelad iR.abontin 2Ccapeibistipheny phosalinainickel ), chioride: 4.8 & addediaThe
reaction m%ﬁﬁ‘r&@%ﬁ&%ﬁ%ﬁ?&%‘%&@%%&%ﬁ%&éﬁﬁ%@é&% @%P&%%Eg%&%&%@iﬁ as added

over a period of abqut e reaction temperature was maintaine tweeen 35 and’45C by

controlling HHEHAIHEH TR G BrImD: 37 HTETYBE R BhE “E Ha SR SHErh R EId LS HE
temperaturenditfereritistdpataie svh th faoket andd: edieerdtos iteaiatprobestOntetheaduition was
complete theeagtionmixtuneywassppatedfos 2d:hear srahdffoulThe vaedelion yas.eapledto 15C and
quenchid WIRWAIRL -3 istahariliag i abL 20 Brsays Y dioshionc.Ack (1 liRrg) and stired
until all gas evglutlon had ceased and all salts had dissolved. The crude reaction mixture was filtered
through a BEBFER e FAEBRte BEFN&s washed through with MTBE (10 liters) and charged to an

extractor ball. The exiipciarhallwasschaged withaddiionaliash MIBE-(R s aad fhe filtered

agueous reaction mixture was extracted in portions and split off, The organic layer in the extractor ball
Avas washel S e i WStEH (B REID Bk TAIS) A Dh g ot A Lo aPited and
concentrat&ePRT PASHO YRS, RS INGHYYCHY Being (HilisrespierynLesstricvadigietiyl ester (10.5 kg),
isolated.as an oiijhvcv?%lused Wit OU?‘Z‘ff}lh‘?ﬂfptgéﬁC%f%” ggutheane ¢ step: MS (M+1) = 210; 1-11NMR
(300 MFiz): 6 ppm (CDC13):1.25(3H, t, 9=7.16 H2), 1.9 ?2%,%‘8;"2.31(2& t, J=7.54 Hz), 2.65(2H, t,
J=7.54 Hz)PABX 2H Zof JRIPPREY 6. 848 9BYPRICRT), 7.19-7.26(2H, m). 30Stet, 2 4- 3-Fluoro henbu ic
acid Crixd 4 (3-fluoro pReibuvyricatiskethyl ester (10.5 kg), water (15.8 L) and 50% NaOH (12.0
kg) were chssgegNo & reaginhRN SHReeat DG ioh 2w s difgiydrolysis generated a mild

i mlxtu[gﬁgg@a(?r mgnophasm. Completion of the hydrolysis was

exotherm t g The binhasi ,

confirmed %EI? . Thg ’,rgt)a]gé%%n érr?&%ﬂ?e vas coole to 20C and washed with hexanes 15 kg 35
(contaiingntistatic digRtoRSH a8y factErfRFe B9 dfuorobiphenyl impurity generated in the previous
step. After phase sephadatioth thesagpeodmtayer was acidified with 37% concentrated HC1 (16.7 kg),
keeping thexexethermybelaw40EHklpanigooling the aqueous layer was extracted WO

2010/0697%§IT/EP129_ é@&?ﬁ@ 'ﬁ%ﬁ Jyith MTBE (15 kg in three 5 kg extractions). The solvent was
removed b)évacuum distillatio anclirli excess MTBE removed with a hexane strip. The resulting

4-(3-fluoro-BHER)-bltgid-4¢ic betes Ry ui4e rifoved from the reactor as an oil and used without
furthe2purifitddion: MEe(hidther 182; FE NMR (300 MHz). 3 ppm (CDCI3): 1.965(2H, p, J=4.9, 2.47
hz), 2.37(2HiA% J=2A%1H&ia266(2H, t, J=2.45), 6.87(2H, m), 6.95(IH, d, 1=2.63), 7.22(1H, m)
11.2(0.2H, E@HStep (—,3{'%% -3dro-2H-na hthalen-l-one  Crude 4-(3-fluorophenyl)butyric acid (8.83 kg)
was added to concentrated sulfuric acid (30 kg) in a chemical reactor at a rate such that the pot
temperatur&Stayed BERFEEHRPEARY 60 C (jacket heating was not necessary). The reaction was
stirred at 45 ¥ Rér 3 Houesnaridindaspiarrafidompletion was confirmed by LC. The reaction mixture was
cooledsandrgrenchediwitBenateraft6 lguandhenextiasted with 35% THF in methylene chloride (25.8
kg). The organic layer was separated and washed with water (16 L), saturated aqueous NaHCO3
(16.9 kg) and then a mixture of water (16.1 kg)/brine (4.7 kg). The organic later was concentrated
under vacubii'and ré'SHBLEHFMERPRAZER of hexane to remove water and afford
6-fluoro-3,4véiRBdro-2H:hiGamapiairalsrididne as an oil (5.88 kg): MS (M+1) - 165; HI NMR (300 MHz):
3 ppm (CDEBN 2. 142K nmi1d=6.03, 5.75 Hz), 2.64(2H, dd,1-6.03, 5.75 Hz); 2.94(211, t, J=6.03), 6.9-
7.0(2H, sm =226 ,2.64, 6,03 Hz), 8.02-8.070H, dd, 1=6.03). Step 4 6-(3-F1luoro-phenylsulfan-4\-3
4-dihydro-2H-naEphthaIen-I-one

MTB methyl tert-butyl ether

NMP N-methyl pyrrolidinone



A solution of 6-fluoro-3,4-dihydro-2H-naphthalen-1-one (3.64 kg) and 3-fluorothiophcnol 20 (2.80 kg),
in anhydrous NMP (7.7 kg) was treated with triethylamine (2.26 kg). After a mild exotherm had
subsided, the wiiti@oaassheated for 20 hours at 90C. The mixture was coaled:iombosized C and

- diluted with water (30 L) and heptane (10 kg). The mixture was agitated for 12 hours and then filtered.
The filter cake was washed with water and dried at-88-C under vacuum to afford
6-(3-fluorophenylsulfany0-3,4-dihydro-2H-naphthalen-1-one (5.52 kg): MP = 66.2- 25 66.7 "C; MS
(M+1) = 278XFE NMR: (308 Mbizxt dyppin (£ RG3): 2.10(2H, m, J=6.03, 6.40 Hz), 2.62(2H, dd, J=6.03,
5.75 Hz) 2.8#(2H, t, grleféhg@[nngS(lH tdd ,1=1.13, 2.64, 8.29 Hz), 7.08- 7.16(2H, m), 7.22(1H, dt, J=
1.13, 8.29 7. 31(114 9 Hz), 7.35(1H, dd, J=5.65, 7.91 Hz) 7.92(1H, d, J=7.91 Hz). Step 5
6-(3-Fluoro- enyts ﬁ@gdf (;ri’lhydroraphthalene 1-carboxylic acid amide
306-(3-Flua}bcphenylhmfhﬁw()b@)om@my@ﬁﬂb}fZH -naphthalene-1-one (4.78 kg) was dissolved in toluene
(50 kg) andriigassuliiizgerhiptéiise svasazeotropically distilled under vacuum at 50 to 55C until
approximately 10 L of toluene remalned The solutlon was cooled to 25C and AIC13 (52 g) was
added. TMSCN (12484 - FERSRRS PHEAG TR NY R a8 Hatween 20
and 50C. The reaction was monltored for comg Mmﬁﬁt (Hexanes/EtOAc 35 4:1). The resulting
6-(3-Eluoro- phen Isulfanyl) -3,4-dihydro-naphthalene-1-carbonitrile was not isolated from the reaction
mixture. Once cd glﬂtfé PESRSEHIT Wakd &@%@F&%ﬁ%ﬁ&@ﬁ%tﬂ me C.

2010/069778PCT/ /06634b 142- acid (4.06 kg) was atﬁiem%lowly to maintain an gwgraal

temperature belo . The reactign was t |Iutd WEE a_Wcid ulfuricac:?i%—gfi kg)
and water (2.4 kg): gﬁt\ign\npﬂl;ure was-b ' 5C and
guenched with watér (48 kq). The|p bt wasg filtered § «nd washed thorogghly withh water (28 kg),

MTBE (10.6 kg), and 5 dff8l uidere¥élaum with a nitrogen purge to afford
6-(3-fluoro-phenylsulfanyl)-3,4-dihydro- naphthalene-I-carboxylic acid amide as a white solid (4.59 kg):
MP = 167.9-169.7 C; MS (M+1) = 300; HI NMR (300 MHz): 6 ppm (DM50): 2.31(2H, m, J=4.29, 8.29
Hz), 2.72( 1H, t, J=7.91), 3.64(0.5H, s, NH), 6.54(1H, §, J=4.52 Hz), 7.02-7.12(3k\jn), 7.22(-0.5H, bs,
NH), 7.25-7.30(2H, na), 7.85-7. 42&%;,4; m), 7.52(1H, d[ J=8.67), 7.67(1H, bs, NH], 10StepGs
(R)-6-(3-Fluoro-phe ity 2.3-4-tetrak dro-n e-l-carbex i Ksuispension of
6-(3-fluorophenylsulis -dihy, aphthalene1 >safboxylpcacid|ang ang, s
[Ru(OAC)2((8)-MeOBIPHEP)] (1, i THéizfg) was hydgﬁggnatnga\ t 40C and 160,hs,{11 bar) of
hydrogen for 36 hours to afford a solutioh of (R)+6-(3-fluoro-A®H ! I o
phenylsulfany1)-1,2,3,4-tetrahydro- naphthal carboxylic acid ami S E thatiwas used directly
in the next step. Analysis of an aliquot of the THE solution provided the following data: MP =
131.9-132.6 C; MS (M+1) = 302 FP NMR (300 MHz): 6 ppm (DM50): 1.61(1H, m), 1.92(211, m),

2.70(2H, m), 3.63(1H, t, j=6.78 Hz), 6.9Ztb$0(4H, na), 7.13-7. @;H m), 7.33-7.40(114, np 7.50(1H,
NH); [ab = 4.0 (MeOH). Chire %say-éArea—Nemq)—aGolumn 20CHifdIE eISZﬂthr14(250X4 mﬂ% mobile
phase 90/10 hexane/ethgnel(isocraticge te 0.7mUnain25C- : 8.59/
(S)-isomer 1.41 16:(3-H -ihetikh ,23,4- rochloride
A solution of (R)-6 en%"éﬁlfa y1)Hy S tetr . thalengwl -carboxylic 25 acid amide
(approximately 4.62-kg) in THE W&8 qosg (? a atmospheric
distillation. To theesulting solutign af . thn}i’peratu THF solution;

67.5 kg) while venting off hydrogen thrddgh a flame arrestorFFollowing completion of the addition, the
reaction mixture was heated to 55 C and stirred for 40 hours. The reaction mixture was quenched by

inverse addition to cooled (5C) 10% aqueous H2$04 (13 F
—~N._NH, N NH,
Step 8 Y Step § S
HN N, /@O HCOMH, O
0 S S

H,0, 0=
@L @L
= F

10 SCHEME C



30 kg) in a quench vessel, keeping the vessel temperature below 20 C. The contents of the quench
vessel were then warmed to 25 C and stirred for 12 hours, then cooled to 5C and the pH of the
reaction mixtuge;wias affgted to 9-10 by addition of aqueous ammonium Rydrexide(@dzdka). The
reaction mixture was then warmed to 40 C, and the layers are separated. The organic phase was
concentrated to about 4 volumes by atmospheric digfiffation and isopropyl acetate (94.8 kg) 35 was
added. The organic phase was washed with dilute brine (20.9 kg) and acidified by addition of 6N HO in
IPA (5.25 kg). Distitlation-gf-thedierpasning blkineangd BAvcatsed precipitation of WO
2010/069778PCT/EP2009/006345 the product. After cooling to 0C, the product was isolated by
filtration, washed With ysdpidpypoacbtatb M drié du hbe pgak ATy SOt BfdYd-2 pyrolidinone
C4(R)-6-(3cFbrp-phandsidfany 1)dln2 Q2 getnahyidioindphihale nad exthtinethydatmnedoydrochloride

(4,64 kg): M&areh%%c?ﬂ%@{%%& cb'lo[f\lMﬁg Q0. Mdzh 7%)88 (OMBR: LrRel8963 s T2t 652 80(2H,
m), 2. 9 OH, §

d 1 1 Hz), 3.24(IH, 99-7.12(3H, m),
7.19-7. 5(?PP%§O %E%V%z@l 'Sz@(aéﬁ?"bg k&s«?li*i‘)“‘[ d‘fn‘%@d B)hé?“(‘l\ﬂlo&ﬁ%“@%% Id,&%gy {iFea Norm):
Column: CHiaipEie FA%&‘B@)@&I‘GM%}?%W% ‘BrasacBorouanaxbinskityidinsceake p ey rate LOH/min,
25C, uv (a)2300buty(R)-iscrhes 99, 1/ i(S) dsomsnd B3C SkepdRntnSeFluordethetdrnifetsahgdro-na

oo %e[‘i‘g*%%‘ﬁ?‘é%‘Mﬁ%%w@f%% %‘.én’*éf*ﬁ{@’“ i M%@Hﬁbﬁ@?%ﬁ“ﬁ%ﬁﬁ@? fid
o o R R A T s s e o

reactidf (caitfifpEadsy My tﬁ@?@h&ﬁdﬁaﬁﬁ&wwa@%&éaw%@@asﬁlﬁd%fé}rfeas 1&\3§owésbadded
The resulting sl iinyraas stirtedivigotedisly xidile: coalitigeowSth20€C andskbthamaidiyréivas allowed

o or 24y g el scld s i o nestag ik vl Theec et v
aken o fene | 561 e et g 0, oy eshecd it e (e i 13 5 ) na e

reaction mixture was cool€

[(R)-6-(3-Fitiotaptiaiistitaispaion mzureatrariand itagshi;ahont HVmaky it e erfsimbedsis addition
of nhepianés (738 Koy:a¥ heédpdasiue tiwasdiliei deb anthdried Tirderraduced pressiweandbbGitedfford 20

1151116 %%’V%éﬁéﬁ iAo o }?E?ﬁ%xﬁdﬁ%@“mgfqﬁﬁ%mi%%ﬁ'@ggfgZ 78(2H,
m), 2 86(L T TR S S s S e 2 RS 5 46024, 5,
NH), 6.11(ZHertaiepba ﬂlzgeeﬂ%aqbd@@(@wahwnmamizg@mﬁﬁmﬁ% washieaiad fy, 27 BoUm 490H, m):=
25.5 (MeOH)° CHillad Assayh (waseadNaino) 1 £0lamdnu2bctihiratiak A8 (M (L b4, 6entificdwvabiléphase
gO/ZLogﬁfg;]a ﬁnﬁk h%%@fdﬁ&;%ﬁl oW Egég%ﬁ%lfw& u2BGlI ; 4&@9{1@@% Q%éé@lﬂ%om%ﬁ 97.

sgL9j uor isu etithale
P (B LR e B A et PR TR s bt ety tene
chloride (71" F(g)‘/wa%dt%%i’ﬂé%f’\ﬁitw %@@?o(rlfﬂlét%ﬁda@ @1&%’@’% f?(?“éﬁ’é“@@% Qalﬁx%ﬁéﬂ’{ﬁ%?@@ &alberoxide
(6.63 kg). Tha Hiphasie bactitmomikfusd WAB§tiiFeteat 3bCtlorfd8rhdurscandrthemwatern kv was
added. Th%ﬁ%@&ﬁzﬂvﬂﬁléﬁpﬁﬁé it (BRViNg &*i‘gaﬁgl#e%%'%Rﬁé@ﬂ@'@d@ygé{ll%%@&gﬂ@%(ﬁ%@ for
treatnfgﬂ with sod | mp 1!de flte T e organ Iaé/er was washed with sa d aqueous
sodiuri blcar%ona e(‘gf %ds Wa éF Qhd Sa Lgrarlltlcgd ru‘g%hs g5diom ehidni céntj?gg ‘%ﬁe organic

layer was &aéék@aefé#%r@f%%%h@wowwth@wtﬁéqﬁ&qlwﬂéﬁ@%ﬂ|%ﬁd@]a§%%aw%m§tméd off and
replaced qummwmbﬂtfemmtpmﬁxtcwas rediacedt tacabd(f AMitéps-i-deHedMEes pvedsimejand the
resulting s pmEg)fitesetihot tosa glaan reacier, apd capled to %MWQ(@S@HV@SJQPMY added to

the cloud {3%2,;1}[9697%% Té'%]z%?% (9&6 zfddl[ 47 ngégﬁ the mixture was stirred for three

hours until cry’st i occurcd; and thed an itiond vater was added. The product was

filtered@nd washeg withhghillechliliered mathareksigrile water for irrigation (50:50). The damp cake
was dried at 40C in a vacuum oven with a nitrogen purge to constant weight to afford 3.95 kg of

[(R)-6-(3-fluoro- G hehyistierphym Dintyrie acfgirg-spHithiek 1 yhtse tHy IR Urbapdip’e NaOH
154.9-156.0C;0ND (Mrcl)imrd6Rid-H MRy (3G Ji GEOEM(DMS O} 1T b8 2¢Blrki g2 67Ra83(1H,
m)) 2.83- 298 Lebi M3 04 BAH AL id TR:82. 5030 R G hlPhadid kodmido gt 34, 8816:R3.8.67

was confirmed by LC. The reaction mixture was cooled to 20°C and washed with hexanes 15 kg

35 (containing antistatic agent “ASA 3”) to remove 3’ 3-difluorobiphenyl impurity generated in the
previous step. After phase separation the aqueous layer was acidified with 37% concentrated

HC1(16.7 kg), keeping the exotherm below 40°C. Upon cooling the aqueous layer was extracted



3.34(1H, s), 5.46(2H, s, NH), 6.10(1H, t, J=5.65 Hz), 7.43-7.47(1H, m), 7.52-7.59(1H, ddt, J=1.13,
2.64, 8.67Hz), 7.64-7.76(3H, m), 7.79-7.85(2H, m); [a]i) = 25.9 (MeOH). Chiral Assay 10 ( Area Norm):
(Column: Chirglgaksi13A{d-B9X4.6mm), mobile phase Ethanol(isocratic), Flovsaigpbd@sikénin, 25C, uv
@,230nm.: (R)-isomer 99.33/ (S)-isomer 0.67. WO 2010/069778PCT/EP2009/066345 -45- Example
2N-(R)-6-Benzenesultonv1-8-fluoro-1,2,3,4-tetrahvdfd-naphthaleml- ylmethvll-aeetamide The
synthetic procedure used in this Example is outlined in Scheme D. 5SCHEME D WO

2010/0697 #a8RGTIER2009/006345 54@-eﬁi%@t%@ﬁt@iﬂU@E@'@E@M%@d@&i@f@‘ﬁ%ﬁm@%&ﬁ{er A

slurry of Z%m@&fg«lﬁ%ﬁ Kb SN ARRMLQS: ey picidingns. éﬁc Sgae ipated with

iodine (210 At% erm to, 20-27C occure heio are agltatlon
the temperé%ﬁ% LY 1RISERYE Eﬁﬁ%@r&ﬁ%t&ﬁkﬁ%é@ A BhOKRG WAS" RIS harged to
bring the réé&hbhéﬁipé’rahﬁr@t@@@@@hﬁdﬂﬁhé@ﬂﬁ@))ahaﬁi{éﬁtamnkﬂ &t 24THay, thé7adition rate of
the remginipg ethi4-brsmebuty:ates Dase additinn wasgomplete e reactiommixtyewassheated to
90C (until zinc insertion was complete) Formatlon of the intermediate zincate (not shown) was
confirmed by G&'&R& Flaimpidslinseogiibnaplidaeigto 4Nty drochloric acid and extracted with
MTBE). The reagtio 0 iXture 0 Ied to d bis(triphenylphos 1 de
(80.2 g) was adc? H&I;#]e reaction m >% ur? 1%%%%2%? a'gg o nd1- Ct?ﬁ%mo ]'Q% u%)rg@?lzene
(2.71 kg) wh® dEekreves sepriby 6?@%&9%%%%%%%@%% Wé@‘i%‘i‘téta%@ﬁi 4056 by the
addition ratgackdlmamg+8;5iflummsken erie. ithisooxathetmadas MO Altored oy thenderypdoature

differengial mﬁyeeerikxeﬁshﬁhﬁa&i the interpalriokemQnee m@ @&ﬂ&%&v ﬁe{&pk@ﬁ thalgeaction
mixture was gef&egegotg #rgﬁo rsﬁgtﬁ@/CT e reaﬁth é’ gﬁ g n@ d&gﬁrre uen hed W|th water

(4.8 liters), aél agueous hy rochlonc. 18 &Volution had

ceased andFESfs A vE-ted BBy 29 Kok %TF&%FWS%% ﬁWI\?I*B)E“Eé. 4g) and the
phases wereisepavated:THé. dlgariodayér was Weashethwithtwatey (9ri¢bnkg)cd inelarganicileyrer was

separated @@dtﬁﬁme@ﬁmﬁg dra \sa%m gi\&en%ﬁelﬂga@%aagf@éréﬂlﬁu&r&m% Jrgutyic acid propyl

ester a purity Qf 6.2 A 00 M DC13):
1.26(3H. ?JP Eeﬁ ] :f%‘i%g ﬂ%}h 2H, tlgl @@M% gﬁ 1’%"3@?&@@&
4.14(2H, g 416 R %(82 Z)J 2595 B F15))5. 700 - 43RS, 1086 u%Hz). Step 2
4-(3,5- lelub%%myﬁmm&écﬁﬁ%khﬁﬁ%ﬁ%dé 4=@B-difluoro-phenyl)-butyric acid propyl
ester (3.3 kQ), water 44K )41and SQ% sodlym 1by}drox de | (3 35 kg) V\,Lere stlrred at 50 C for 1 hour. The
hydrolysis was SsHe Sotish

Sotttot stet-withrexane (4.2 kg) to remove
ggzzmc impuritieg. q??hﬁ(ﬁ%ﬁ@%dﬁx@%%&g%g%@ﬂm&%? dﬂ@ééﬁ 34Qh o %%%ﬁg‘ﬁgﬁﬂg QA;OBE
ion con n
ept(ét\j%gs ag% \Aﬁy/? ﬁ\quﬂg S rcat :tgl%rberb mme@?%&%}( %%{cr )ﬁ

with n- glve cru If uoro-p eny rnc a as an ol
exotherm had subsided, the mixture was heated for 20 hours at 90°C. The mixture was cooled to

about 25 °C and diluted with water (30 L) and heptane (10 kg). The mixture was agitated for 12
hours and then filtered. The filter cake was washed with water and dried at 60 °C under vacuum
to afford 6-(3-fluorophenyisulfanyl)-3,4-dihydro-2H-naphthalen-1-one (5.52 kg): MP = 66.2-

25 66.7°C; MS (M+1) = 273; H' NMR (300 MHz): & ppm (CDCl3): 2.10(2H, m, J=6.03, 6.40 Hz),
2.62(2H, dd, J=6.03, 5.75 Hz) 2.87(2H, t, ]=6.03), 7.03(1H ,tdd ,J=1.13, 2.64, 8.29 Hz), 7.08-
7.16(2H, m), 7.22(1H, dt, J=1.13, 8.29 Hz), 7.31(1H, q, 8.29 Hz), 7.35(1H, dd, J=5.63, 7.91
Hz) 7.92(1H, d, }=7.91 Hz).

Step 5 6-(3-Fluoro-phenylsulfanyl}-3.4-dihvdro-naphthalene-1-carboxvlic acid amide

30 6~(3-Fluoro-phenylsulfanyl)-3,4-dihydro-2H-naphthalene-1-one (4.78 kg) was dissolved in
toluene (50 kg) and the resulting mixture was azeotropically distilled under vacuum at 50 to
55°C until approximately 10 L of toluene remained. The solution was cooled to 25°C and AICk
( 52 g) was added. TMSCN (1.85 k.g)'was added at a rate such that the reaction temperature was
kept between 20 and 50°C. The reaction was monitored for completion by TLC (Hexanes/FtOAc

35 4:1). The resulting 6-(3-Fluoro-phenylsulfanyl)-3,4-dihydro-naphthalene-1-carbonitrile was not

isolated from the reaction mixture. Once complete the reaction was cooled to 3°C and sulfuric



NMR (300 MHz): 8(CDC13): 1.94(2H, p, J=7.54 Hz), 2.38(2H, t, J=7.54 Hz), 2.65(2H, t, J=7.54 Hz),
6.630H, tt, J=2.26, 9.04 Hz), 6.7(2H, m, J=2.26, 6.4 Hz), 11.70(1H, bs, COOH) Step 3
6,8-Difluoro-3 ity ysligr2el-naphthalen-1-one A mixture of concentrate-sutfdhieagidi{10.21 kg)
and crude 4-(3,5-difluoro-phenyl)-butyr ¢ 35 acid (2.8 kg) was stirred at 45 C until the cyclization
reaction was complete by HPLC. The reaction mixtuté-was diluted with water (6.15 kg), and the
product was extracted with WO 2010/069778PCT/EP2009/066345 -47- THE/methylene chlo
de(2.71/7.33Ka ) Xty evat hederganiclay efiives seg wential e washeda vt wateC(4rliterskpaturated

vonts ool SRRANGI (e (0 PAITTANHG A PERAIIES AUD B S e o ow
solid (92.7595 Blre 8y A‘ﬁ%ﬁ@f iﬁfyé 2 %g%%@% 3%(( adl 2&@ &{? w% (éb’ RV Ton %&MSO)
2.00(2H, p kax6herdocswoH teraterdovedaioaeaghly twitgagHZR Febadd7 BE(EN, Gan‘BﬁQd% Hz).
Step 4 8-Fluiogg-erdbetulsulien dh3 4idipergutt-npalfed 6RE-luofd-$akMonBinyl)-3,4-dihydro-
6,8-difluoros3 drdinydro-2H; ﬁtgat?m}s?@a Ladkain wac%a@%@@mra was

treated with triethyl ﬁ ophenol éﬁ E\%ZQOC and the r re was
stirred for 1 Q%d 3 %’i V\?&@J??éﬁgé %%t r% (2. f?ég?rtérg% %Eﬁtt@ tvater (9.5
liters) and th&ﬁﬂécﬁkfae ﬂdéﬂat@é%Wbltfrdﬁdrﬁ%lﬁﬁ)tﬁeoﬁegd@ﬁélsm}fﬂ wAsRedwithiice with
heptane (79Q st gaciHtimg);. B3reeltimiesmyith seater, (1 Bditers 'eacmima;) aimt.five times with
cyclohexane( 1.0 liters, each time) . The slurry was drled to give
8-fluortle- phenﬁ&ﬂf@n&@ﬂ@ﬁ%ﬁ@- Y ABSE 8GRy
96.2% by HRii€¢, together with 3.6% yield of the isomer 6 fluoro- 8-
phenylsulfanyl1-3,4-dihydro-2H-naphthalen-1-one: MP = 111.7-112.7 C; MS (M+1) = 273; HI NMR
(300 MHz): 6(DMISBIPLYBPA 6 St ranlizyy busaph b i bdenehicr g s, 6.60(111,
dd, J=1.51 2080062y 2bed (R QAL ($B MY BIBITIB] (SR ), IPAEHDS 8tepvss hydrogenated at
8-Fluoro-6- mr@%aumm(@1%9&%61&9&@@%@4@eeﬁoln@%bﬂmfﬁcﬁ@sidtam'tdE(R) 6-(3-fluoro-

3\/(;85 E:E?é?d’e Qn’ &g 2‘3&1334 05}”%6%8 @h%?ﬂ%@%'%ﬂo %Jc g%%!‘& if-1P MAISENT 958 step 4

3.2k res ng mixture was under, vacuum at 50- 55 C until

approximat&fyd %gﬂ&%l?d}ee&n%%wm\?éan FHRE RS ST Eéiﬁomaﬁ%g%dém@%e%%cm (37

actortonperlng s e bt B0 O LR TG gt o
S v i e ’o’fg RN CIRAGCE R Ak

pheny|su|fah91=é%myda07nﬂ}ﬁhih&%embarﬁb% tfidcOhichiwasArstisGlagadlormiT ke lkedstion mixture
was them cotliesitel SDana strfubeasididbZekghwan added:slowlynridintainiog fibe internal

temperaturg ﬁ%ﬁ%@@@“&ﬁ@@%M%Utﬁﬁétﬁ‘éxﬁ%ﬁ%'@@/@sl@lﬂé?q with acetic acid (9.25 kg, 5.0 vol.),

sulfuric acid (6.8 kg, 2.0 vol ) and water (0.93 kg 0.5 voI) The 30 reaction mixture was then heated to

105 C while moriitg 3% y is) the reaction was
cooled andrﬁy}ﬁgefd(glgymarmagged The product was flltered and washed twice with water (5.5 kg
each time) and then triturated in a reactor with EtOAc (17 kg) under reflux for 1 hour. The resulting -
slurry was cooled, Sikeret B rivsedivithpiwiodsEidomd (1.7, ké-sashsiarrTde productrivag éried at 35
C undes vageia iR @ivploRfnke: 851 eh8-HLarore-phe rylsdianist-& 4dibyeioeaphitbalenedacarboxylic

acid amidea%Yé’/ NG cf/%t%’é%!?yr“ 'ﬁl&éa&{{ﬁ 98%%&1 %%%&&e&{}%z%”é}aq é@é%ﬁ'ﬁfh%ﬁ#%?@ MH?z):

6(DMS0): WQ 2010/0697/8PCT/ ?@/ 34 (2H, t, J=7.54
Hz), 6. 47(1%\-4? HiCsp g9 Bod%) Mh&a Vgniff%g 1 @gaq%)t %%‘m ﬂﬂ}lef‘d%?fﬁ Fadloys,
7.35-7.45(5mpicRiveriythe 78861, ths, rhiehon mBtepy &vas heated to 55 °C and stirred for 40 hours.
(fR)-8-Fluonméreheioy ksktiae il @i tahvaionaghibalendo kd jmthyiaminechyersch ladde

30 kg) in a quench vessel, keeping the vessel temperature below 20 °C. The contents of the quench

vessel were then warmed to 25 °C and stirred for 12 hours, then cooled to 5°C and the pH of'the
reaction mixture was adjusted to 9-10 by addition of aqueous ammonium hydroxide (23.4 kg).
The reaction mixture was then warmed to 40 °C, and the layers are separated. The organic phase
was concentrated to about 4 volumes by atmospheric distitlation and isopropyl acetate (94.8 kg)
35  was added. The organic phase was washed with dilute brine (20.9 kg} and acidified by addition
of 6N HCIin IPA (5.25 kg). Distillation of the remaining THF and IPA caused precipitation of



5A suspension of 8-fluoro-6-phenylsulfany1-3,4-dihydro-naphthalene-1-carboxylic acid amide (1.46 kg)
in methanol (23.2 kg) and [Ru(OAc)2((S)-1McOBIPHEP)] (1.83 g) in methanol (1.5 liters) were
combined andxgsibiegteshte hydrogenation at 40C and 150 psig (10.3 bar). gzamplationefithe reaction
to form (R)-8-fluoro-6-phenylsulfany1-1,2,3,4-tctrahydro- naphthatene-1-carboxylic acid amide (not
isolated) was monitored by HPLC. The resulting 10-féaction solution was distilled and the solvent
exchanged from methanol to THE (7.6 kg). Analysis of an aliquot of the THE solution provided the
following detapMBie. 167eA cb68:2 (60r ¥ Shérokiar 302 isbktDNMR {BLAiIMHRZ )i B4DWMIS0)0DbHyL.84(2H,
m), 1. 91(2“&&%%&%@& Jﬂae%é&{u% & éaa‘é[v@da? kG BRI ﬁr@?h&%&lmnﬁf%w bs, NH),

6.920H, m), 7. 30. M @I orm): Column:
ChiralCel 14! %Wsﬁég%aé?ﬂw iw’ﬁﬂa%%%éff%hﬁ%iﬁf (eé*/ ?Hsaﬁ CS’H: jgreHO 7mUmin,
25C, uv (c72980@3M) NiRzisd men GONEXDIS)-SSohH B8, 2. FRETRIE. @@Iu%r@ﬁ(\}\}égitieated with Borane
THE complexCk OM TbiEsmiutioni22-3 kg) Ensiithie yestiting, iepation Tiztare was heatedmib5C at 5
B iotion AR b ﬁ‘@%‘:&ﬁ”ﬂ?@ﬁeﬁ“éﬁé D e oo (I Ul AR AL R o s
S e e T bR T M b B
was then héﬁtéwmcm‘e@iﬁ@amc Q&ﬂw&@é@béﬁﬂw@ tffe organic layer was

atmospherically |st| led.tq.r THFE so n W he replace ihi opropy! cetate (12.8
kg). The solutio EL [!ﬁ;%m?% l&iuom l;%}%cpegfe%; fanﬁg %fétl %nt‘ﬁ' 0-T14 Sl E-% as

then 2fycooled tR5G- @ﬂu%ﬁﬁmwmﬁwwc; w@&w@a@ @&hgouﬂé@wmmiw%y&a&m@a&@d and
atmospherlc I%%@tl 9 ﬁl%tp?etra One Y S%% |II tﬁ%@d \g}pcidgqiggqgon yj%l%g%g I%getate The

resulting so was | ate washe W|th iSO cetate and drled
under vacuis i ke) Waq added and the reaction mixture was oate to 100°C for three ourq

C-((R)-8- fIu@mP@WTEWSMfWLOE@E@-tetﬂéh&@ﬁoﬁapbﬁh’awnnlxyx)?-mmhyldtdlrreéﬁﬂr@dht@mje (1.38
: kg%827 8% yielgs wdtydggﬁ%éoségl%gg@&wg?&hu%a@;@ﬁ&& ®6iIMRAiZSARRIBBEC; agdg H(I\/IbF)l)
= S
3 3loﬁ§|b§h %é; ﬁ% Ic\j% s @’Y% Qt)fg]‘hg% “181% i Wiﬂl% “9|1de9 : §C§% éﬁ“ﬁﬂb@ IﬁﬁZ) [ct]i) =
31.8 " (MeOHHEE h%w&fséaw&{f@wofﬁlﬁﬁnééwmheléﬁ aréalé%&@*%%%m &) hoBE hase 95/5

hexane/ethanbwuit 0v1%6 istipldpylaminktisocretio) PishvnareOc@mitdnimPsC] (EV@@(EQQ@Onm
(R)- ISOmerrﬁﬁrﬁ%ﬂ@ﬂﬁ@mﬁr3]4S@traW@@Qé@{%&WﬁE&Eiﬁ,ﬁ?&@@@%@ﬂée&8n add®i@Pof n-

| | h iX f
(R TR, f‘%rﬁgé’%ﬂ"éﬁ%‘w Bl e
kg), DREAPTD ks ohbdtetnidvare-Phemisiamine %2 4 elrh Bdaﬁ&%@%%hyéma AN

stirred at 25 €l 30Ftéi 4G AviRgs Wateb (1A SN a8 ddide): ﬁﬁem@ﬂlﬁﬁ@hlb@%&ﬁﬁirmﬁ for 30
minutes at 2542 Tsk(@fmr@ﬁum;waﬂlsﬁalaseld)ﬁqwﬁuﬂatlm%mdwsmﬁ with 719, Uk, waters, Bogng

overnight af 50, fli{ril{gvg%féﬁmlﬁgﬁ%'\h

?Q 60670931, oy 7 1772@1& %,726
6-phenylsulfan rahy ro-napht alenl metﬁ/ y-aceta ):2 7-4% yleI 99 6% pure by
HPLC, 98.08% &8) ‘WIF;’ 4595 10p) (s = G40y ﬁWﬁ%(%@d

1.44- 1291(4I4mmpd11 BS(BH 38X L EarD, 7D, mas@qupme@m@mmmmm =1.51, 10.17
Hz), 6.90(1¢47aBMmif, 38-CABBHb 3R hery k080143 14/ b%)-lem&50197, NH); [a]p = 7.4 (MeOH). Chiral
Assay (Area Norm): Column Chlralpak AD- H(150X4 6mm) mobile phase 88/12

hexane/ethanokisge v dtaaoraenninl Doy hig d3ohph :

15stgafi_ N- R %\E&l&&r&%n% ?(l!i?"g Et%u%f?‘)%' eny 9191{2 ﬂylflljzlgnlg etraﬁc }(?ﬁp%tﬁa len-1-ly-
methyllurea (3.76 kg) in methylene chloride (71 kg) was treated with 98% formic acid (1.31 kg.)

30 and 30% aqueous hydrogen peroxide (6.63 kg). The biphasic reaction mixture was stirred at
35°C for 48 hours, and then water (12 L) was added. The phases were separated, leaving the
aqueous peroxide layer in the original reactor for treatment with sodium hydroxide-bisulfite. The
organic layer was washed with saturated aqueous sodium bicarbonate(30 kg), water (30 L} and
saturated aqueous sodium chloride (38 kg). The organic layer was checked for peroxide content,

35  and then the methylene chloride layer was distilled off and replaced with methanol. The
methanoi was reduced to about 9 liters under reduced pressure, and the resulting solution was

filtered hot to a clean reactor and cooled to 25°C Water (4 L) was slowly added to the cloud



N-((R)-8-Fluoro-6-phenylsullanyl-1,2,3,4-tetrahydro-naphthalen-1-ylmethyl)-acetamide (1.32 kg) was
suspended in methylene chloride (8 titers) and treated with 98% formic acid (455 g). The resulting
solution is treateshwish@e% hydrogen peroxide (2.38 kg) in two portions. TheZoptempesaire was
monitored after the addition of the first portion of peroxide and when the temperature stabilized the
second portion was added. The reaction mixture waé4stirred for 23 hours. A fresh charge of formic acid
(230-g) and hydrogen peroxide (1.32 kg) was added and the reaction mixture was stirred an additional
12 hours. Whienditetheaciiandvas condleiethydtRiuts, wwaterystadilitees) wasraddad and dhe phases

were separaleth, e melwiens d0larls e jw@&?@éefm&% withsalpiedsafumdicaponate
solution(5 k % ee times S liters eag eﬁ él th e ueou % sted negative for
peroxide ¢ Oﬁﬁécﬁigt‘ﬁ% 8 aHisAE MG AERR S Wf)“rﬁﬁ' 0%345 §< )AAd EBtiCetrated
under redu@é@lméhﬁﬁéwgh@%ﬁﬁéﬂt%a@réWQ@HTWRM%H@ of @ weightletitre residual methanol
was adjusted:io matehving stavtingrinpidothap kgl lchhie yessitinpselution wesifitesed aodwise solution
was treatedyo, ¢l 0“?6190}@%@?{5?6@/{@ gg’rr'?ﬁ{l@ﬁ’) Eyf?tf‘%'zz@ﬁi?@nt)o DEW @‘(?ﬁf%'f hayrs. More

ot ¥é‘i‘.§e e S R A R
water(1:2) éﬁ?&(dHed)uﬁdé@%éuhfﬁ)o@éﬁ(hHBD@ﬁoééd%@sa%ﬁv%fg%ﬂI’é gtfofeh2-7.59(1H, ddt,
N#R)-8-flugra-63phenysaifany 17642, 3¢43 e rahyaro-naptrtaten faybnmet byl - acrtamidenila 4@y 99.8%

pure bygHP L. Golral)3rrarsay- @ﬁr%g &%@Wﬂ?%m}ﬁ tésl:%%kél%%%m Flag7aE 11 NMR
55 Hz), 291(1H bdt),

(300 MHz): [ 0 45-1. 1,84(3H sé g 6.03, 1

3.17(3H, m); é&é’%@%ﬁ@ﬁd) B0 Vdd 5L 01?‘%% ﬁ%é) 8.06(1H, bt, NH); [amp = WO
2010/069778PCT/EP2009/066345 -50- 39.7 (MeOH). Chiral Assay ( Area Norm): Column: Chiralpak
IA(150X4.6mm), mobile phase 20/40/40 hexane/ethanol/methanokisocratic) Flow rate 0.7mUmin, 25C,
uv Cii)230nm.: (R)-isomer 99.27/ (S)-isomer 0.73. 5Exatnple
3[(R)-8-Fluoro-6-(3-fluoro-benzenesulfonvl)4,2,3,4-tetrahvdro- naphthalen -l-ylinethylkurea The
synthetic procedure used in this Example is outlined in Scheme E. SCHEME E 10Steal 8-FluoiShen
Isulfany1)-3,4-dihydro-2H-naphthalen-1-one A solution of
6,8-difluoro-3,4-dihydro-2H-naphthalen-1-one ( 50 g) in N, N'dimethylacetamide (100 ml)was treated
with triethylamine (38.2 ml), followed by 3- fluorothiophenol (28.2 ml), keeping the temperature below
20C. The reaction mixture was allowed to stir at ambient temperature for 18 hours. The reaction was
diluted with MTBE (70 ml) WO 2010/069778PCT/EP2009/066345 -51- and cooled on an ice-bath.
Water (300 ml) was slowly added (keeping temperature below 25C) and the mixture aged for 1 hour.
The product was collected by filtration and washed with water and cyclohexane, and dried to afford
8-fluoro-6-(3-fluoro-phenylsulfanyl)-3,4-dihydro-2Hnaphthalen-l-oneas a pale yellow solid yield (53.5
g, 95% pure by HPLC): MP =126.0-126.9 5 C; MS (M+]) = 291; 1-11NMR (300 MHz): 3 (DM50):
1.97(2H, pen, 1=6.03 Hz), 2.55(2H, t, J=6.03 Hz), 2.88(2H, t, J=6.03), 6.84(1H,dd,J=1.88, 12.06 Hz)
7.01(1H, d, J=1.03 Hz), 7.31- 7.44(3H, m), 7.52-7.59(1H, dd/d, J=6.03, 6.41 Hz).  Step 2
8-Fluoro-6-(3-fluoro-phenylsulfany1)-3,4-dihydro-naphthalene-1-carboxylic acid amide
108-Fluoro-6-(3-fluoro-phenylsulfanyl)-3,4-dihydro-2H-naphthalene-l-one (50 g, 0.17



moles) was dissolved in toluene (100 mL) and the resulting mixture was azeotropically distilled under
vacuum at 50 to 55C until about 50 ml of toluene was removed. The resulting suspension was cooled
to 25C and AlGH34{d@,0298%w/w) was added. TMSCN (96%, 24 inL, 0.17 mpfaspwasihenadded at a
rate such that the reaction temperature was kept between 20 and 50C. The 15 reaction was monitored
for formation of 8-fluoro-6-(3-fluoro-phenylsulfany1)-834-dihydronaphthalene-I-carbonitrile (which was
not isolated) by TLC (Hexanes/EtOAc 4:1). Once complete the reaction was cooled to 5C and sulfuric
acid (25 mL) wasragaesisiowly Nginiaimog-thesiiRinalganparalars, bedom B e -haghaaation mixture
was stirred and monitored by TLC (HexaneVﬁ%%l_gc)ethgﬁ?ecomplete the reaction was diluted with
acetic 20 acid (250 nfiL), sulfuric acid (100 ML) and water (Z5 mL). The reaction mixture was heated to
105C to distil off el ajieis:t Eheaedotionstdmpéiatiranywis smaihtanédSahdae b 105C while monitoring -

the reaction by HPLC. nceBpomEﬁé% the reagtion.was cooled. to %QC %nd guenched with water (500
mL) over one hour at @» 45 ion mi was$ cogle fteredhima glass filter funnel
and washed thoroughty#ith water, trituﬁed fro /

slowly cooled to 20C, fiftered iff itesfunnek; and ringed with EtOAc. Thelproduct yvas
transferred to a drying vacuum ove&Mand dried at 45C under vacuum with nit régen purge until a
constant weight to afford 8-fluord*6: {3 flikrophenylsulfany1)-3,4-dihydro-naphtha 1cm-1-carboxylic

acid amide as a yellow solid (43.1g), 79% yield, 99% pure by HPLC: MP = 212.9-213.7 "C;_ MS (M+1) =

318; EILNMR (300,MHz): 3 39 (DMSO): 225(2H, m,J=7.9147.16 Ha), 2:68([2H, t, J=7.167 p1Hz),
é.@te

6.52(1H, 1, J=4.7. 1(1H, dd, J=2534-18-55 Hz), 7.11(IH, bs;:-NH)4=14-7.23(4H, m), 7.4-7.49(1H,
m), 7.57(1H, bs, NF @w 0-6.23-ffifro- =@ | -1 2pRskarn htha ethylamine
phosphoric acid salt 35Tp"adégassed ion of g H,S0, g

8-fluoro-6-(3-fluorophenysulfany1)-3.4-di dronai thalenc-1- carff@@imid (4l-g) in tetrahydrofuran

(420-ml) was added a degassed solutiof! [RU(OA®)2((S)-MeOBIPHEP)] g) in tetrahydrofuran
(50 m1). The reaction mixture was WO 2010/065¥78PCT1EP20091066345 %2~ subjected to
hydrogen gas at 40C and 150 psi (10.3 bar) for 20 hours. The reaction was monitored by HPLC for
ressure from the

completion of the hydrggepation of the olefin. Solvent was removed under reduced
intermediate solution é%ﬁ-&ﬂuoro-ﬁa =NH, Step 6 Oy NH,| Step6
fluorophenysulfanyl)- trahydrohaphthalene-1-carboexadic acid amEe (not isolatedhiland 5 the

remaining liquid was t;rggtgeﬂd with aIm olytion in THF, 66@ M) The 1 acl:tor!\‘/V”gs sealed

and heated to 60C ang\&tjed @WJ % _Ipjxture was ntd F0% A4ueous
sulfuric acid (650 ml) at 5C. The pH of the sofution astagljisied with 8% aqueous jammonium
hydroxide to 9.4 and the biphlayers wehed aime oréa fC Igyer was redyiced in volume to
about 600 ml, treated with phaspnoric acid (48.3 drisopropan 60 m1). The remaining

tetrahydrofuran was atmospherically distilled and réplaced with isopropanol. The solution was cooled
to 5C and the resulting slurry was aged and filtered. The gjodygj was dried at 60C undﬁr vagyum with
a nitrogen purge to afforf 50-§$_F¥<R)-§fg Qro-6- A SS’tepB A
(3-fluoro-phenylsulfanythd ,2:3.4- étrah;aﬁgmap alerfhylkinethylamine phosp i@ salt (94%
yield, 100% pure by H P = 197:65,299.2 S (M+41) = 306C8E NMR ] z): 6 (DMSO0):
1.58-1.85(3H, m), 2¥5-2716(114, m), EF8-2.78(2H, m),2.8(IH, ddi/B=22.43Hz) 2.94(1H, dd, .1=3.77,

7))
¢

11, m), 6.90(1H, dd, 1, 10.17Hz), 6.97(1H, s) -7.17(3H, m),
7.36-7.44(1H, m) R92(5H, bs, NH/H3PO4); = 20.9 (MeOH).  Step 4R *8-F1Sendfan|-12 3
4-tetrahydro-naphthalen-lylmethylkurea
20(R)-8;Fluoro-&(3:fuprgphenylsulfany1)-1,2,3,4-tetrahydronaphthalen-1-yl-methylamine phosphate

The reaction was cooled to 70C and water (360 ml) was added dropwise



while allowing the temperature to decline to to room temperature. The resulting solids were collected
and washed with water. The crude filter cake (46 g) was recrystallized from toluene 25 (160 ml) and
n-heptane (60w htQualierek [(R)-8-fluoro-6-(3-fluoro-phenylsulfanyl)-1,2,3,4cr/ep2009/066345
tetrahydro-naphthalen-I-ylmethylt-urea (37.27 g) in 93.8% vyield, 99.8% pure by HPLC: MP --
130.7-132.4C; MS (M+1) = 349; HI NMR (300 MHZz)48- (DMSO0): 1.49-1.99(4H, m), 2.57- 2.83(2H,
dern), 3.99-3.27(3H, m), 5.43(2H, bs, NH), 6.20(1H, bt, J=6.03), 6.96-7.04(2H, m), 7.1-7.17(314, m),
7.37-7.47(1H, m3xdalp =224 2-(Melid)rRaSter:bymethylioureasii-luoro-6- 3-fluoro-benzenesulfonvl
1,2,3 4-tetrahvdro a thalen-

(R)-8-Fluoro-6-(3 flitrsphawmy Bomaaya) 37 Esl4 eatanydiviaphthaethilydmsmidines (3ihsh
dichloromethane:was-tidaietnyithi fopmisraciciiidO g @ad-808¢candends yid dagetv peroxide with
stirring for %1%1%5%5'%@1&?@66@%@%&%%&"{@&1%’&{% withmethylenechioride @r&ﬁoﬁbﬁﬁ@rﬁ@d water

(200 ml) to lve the resultin oI| S. layers . were separated and the o erwas
sequential AT G SR SO0 O I Erea o P 00 . Vo (R K8 ith 200
ml) until th@t&@%ﬂ&%ﬁ%@r&btm ﬁ&m@@tw@h@éw&rﬂ& wiol 4- bromobu‘fyra’fe Once

2010/0697 288G R2008/086 8¢5 b3ioahhitide layehvwas! filtored andidisidleéddaienmimzimum volume
and the reswmﬁqlIﬁ&m@&%@ﬁ&@tﬁf#ﬂm@l%ﬁﬁcﬁ@%@kmﬁ%mtﬂlm@ém@@mw (720 ml)

filtered, an d in a vacuum pven

[(R)-8-fluord ‘8“ Siuoro- %eﬁlgg)‘ﬁdggﬁ?fﬁy% ‘910 z Ct%%%%ﬁ“ér%"“ﬁﬁﬁﬁtﬁ“a%r‘ﬂ Bty fREcES% 37 g) in
95% yikld), e t7on i ot woe ehifaleBy Wmhwﬁphw&n@%um diehipgdad$9 Y38 7vaqpAdeR (300
MHz): (DM$B) rdadird D64k, wa}, tReb e BI061I (dad, U56h40-31.0-881ikz) b2u84n2 Q6] 1 Kgtltas

3.00-3.22 (3l 2436215k BSe MR, ﬁx@@%g@&e&m@%ﬂé%ﬂ EhifeRifled bb AP 43 848HH12),
7.62(1H, s/mé7§4437 4§h ﬁldJ5275 B, 8,2 t,J=1.88, 2.26, 7.54, 8.29
|ra

Hz); [a]p %@5’9 reéa lér?r)]( o%waq 1f:(f'nra rg b%qﬁféﬁg%ﬂeg‘mre) mobile phase
ethano|(|soér§~?é§ni@lﬁ1%qu<ﬁtéhe J?Phi?ﬁﬂﬁ tsiete i pEypa 7RSS zh@)a%ﬁwrw 9anpBGdEener 0.06.
Examplé 4Ghirah:Catalyst €ormpasisan XR)eand: (S)f6-(Bekhuaoton was cooled to 15°C and

phenvisullapytiit 23-telia xdmfaapammﬂ@m M@Waﬁi@ﬂﬂﬁ@@@@g Og) ig, pracedure used
OX

in this Examc[?leds oultll edin F O NH % }l_jE In ;ﬁ%love content < 2
d‘§ cvo ach an 1 salfs nave dl? olv ueeu% NERER
ppm) a6 m I ALtoCTAve & jfass’ifngert ) mag netic's Irrng EWaS harged with 50

mg (0.167 FifAbH &fl%t@é If%?hﬁ@ﬂwéﬁﬁfrﬂ?@ﬂi%rﬁhféféfﬁéﬂlcd&mbwﬁd@emchwﬁée 6.45
mg (0. ooaagammelymgpmm@ugﬂmmwew@a@s)qdmum@m%m]vesm P5)ard Lkmbod-

methangl. The agummSHIS NyHagenatianwas tufar 19-3 hours gh4Q & vnder 40 bangifyydrogen.
Alter coolingLo-IPOI_ 195, 1! NMR (300 MEzZ): 3(CDCL): 1.26(3H, 1, J=7.16 Hz), 1.94(2H, p, J=7.54
Hz), 232(2H, 1, J=7.54 Hz), 2.64(2H, 1, 1=7.54 Hz), 4.14Q2H, q, 1=7.16 Hz), 6.62(1H, tt, J=2.26.
9.04 Hz), 6.70(2H, m, J=1.88, 2.26, 6.4 Hz).

Step 2 4-(3.5-Difluoro-phenyl)-butyric acid

25 A mixture of crude 4-(3,5-difluoro-phenyl)-butyric acid propyl ester (3.3 kg), water (4.4
kg), and 50% sodium hydroxide (3.35 kg) were stirred at 50 °C for 1 hour. The hydrolysis was
monitored by HPLC. The resulting solufion was washed with hexane (4.2 kg) to remove organic
impurities. The aqueous layer was acidified with conc. HCI (4.73 kg), and extracted with MTBE
(4.23 kg). The solution was concentrated, and residual MTBE was removed by solvent exchange

30 with n-heptane (4.0 liters) to give crude 4-(3,5-difluoro-phenyl)-butyric acid (2.8 kg) as an o1l:
H' NMR (300 MHz): 3(CDCl:): 1.94(2H, p, J=7.54 Hz), 2.38(2H, t, J=7.54 Hz), 2.65(2H, t,
J=7.54 Hz), 6.63(1H, tt, }=2.26, 9.04 Hz), 6.7(2H, m, }=2.26, 6.4 Hz), 1 1.70(1H, bs, COOH)

Step 3 6.8-Difluore-3,4-dihydro-ZH-naphthaien-1-one

A mixture of concentrate sulfuric acid (10.21 kg) and crude 4-(3,5-difluoro-phenyl)-butyric
35  acid (2.8 kg) was stirred at 45 °C until the cyclization reaction was complete by HPLC. The
reaction mixture was diluted with water (6.15 kg), and the product was extracted with



temperature the pressure was released from the autoclave, the methanol solution was filtered through
a silicagcl pad and evaporated in vacuo to give (R)-6-(3-fluoro-phenylsulfanyl1)-1,2,3,4-
tetrahydro-nagithalengsk-garboxylic acid amide in quantitative yield and wily-gpengiaigrieric 25 ratio
of 99:1. The conversion was >= 99.9%. The enantiomeric ratio was determined by HPLC using a Chir
Icel-AS-H column, 25 cm*4.6 mm. Elucnts: 40 % n-H€ptane, 50 % ethanol, 10% heptane with 0.1%
diethyl amine. Flow: 1 ml/min, 40C, 1 jil. Injection volume: 210 nm. Retention times:

(R)-6-(3- ﬂupmph@m;mtfam&)d&(z BiAetnighydramaphibaleasclkcarboxylicasitdaamicde 3 win,

6-(3-Fluoraz 30, @{i“ﬁ u?tm@a%gauwgeﬁmmm LRRPNGACIADIAE BB MIhyca

(S)-6-(3-Fluoro [fanyl) 3,4-tetrahydro- ene-1-car IC & aml € 9.7 min WO
2010/0697??%%%/?5 00SsBE5A 58 Ao Tvenisroyiese! égoﬁéég%% \Nﬁg eog a%é%’%‘? sdifferent chiral
ruthenium dédtadystsieonpprbdabadorrespendihgyeRy eindliGisdntemsios by HPLC): MP = 58 1-58.8
6-(3-Fluoro:phesyisuiigny s, 213Mnetabydronapiiaisos-1 aapy ieacidanide The, rests are
shown in Tg%eggé&qgtpqngvg@ﬁg)ta}y(ﬁ;d%&ﬁ)rﬁo%g% and enantiomeric ratio. Reaction scale

was in all expériments’50 mg, 5 temperature was 40C. Examples 4.6 to 4.23 have been run at S/C 50.
Table 2: Ex. Catsiyst Tid€ I(hoows ) Eoniseition () RatiooRe 8-4apHRMOARE(R)-iIPr-MeOBTPITEP)1

19.5>99.9 3:97 4.2 ][RuCng ,R)-Et-Duphos)(p-cymene)]|CIl 19.5 20 67:33 4.3
A solution of 6,8-difluoro-3,4-dihydrd-2H-ndphthalen-1-one (1.58 kg) in N,N-

dimethylacetamide (4.65 liters) was treated with triethylamine (877 g) and thiophenol (954.9 g)

10 at 20°C and the reaciion mixture was stirred for 19 hours. The reaction mixture was treated with

heptane (2.38 liters.), followed by water (9.5 liters) and the precipitate was isolated by filtration
and the resulting slurry washed with twice with heptane (790 ml each time), three times with
water (1.0 liters each time) and five times with cyclohexane( 1.0 liters, cach time} . The slurry
was dried to give 8-flucro-6-phenylsulfanyl-3,4-dihydro-2H-naphthalen-1-one (1.86 kg, 79%

15 yield) with a purity of 96.2% by HPLC, together with 3.6% yield of the isomer 6-fluoro-8-
phenylsulfanyi-3,4-dihydro-2H-naphthalen-1-one: MP = 111.7-112.7 °C; MS (M+1) = 273; H'
NMR (300 MHz): 8(DMSO): 1.96(2H, p, J= 6.4 Hz), 2.53(2H, 1, J=6.03 Hz), 2.84(2H, t, J=6.03
Hz), 6.69(1H, dd, J=1.51, 12.06 Hz), 6.91(1H, d, J=1.13 Hz), 7.5-7.61(5H, m, Phenyl).

Step 5 8-Fluoro-6-phenylsulfanyl-3,4-dihydro-naphthalene-1-carboxylic acid amide

20 &-Fluoro-6-phenylsuifanyl-3,4-dihydro-2H-naphthalen-1-one (1.855 kg, 6.793 moles) from
step 4 was dissolved in toluene (3.2 kg) and resulting mixture was distilled under vacuum at 50—
55 °C until approximately 2 kg of toluene was removed. The remaining solution was cooled to
20°C and AICI (37 g) was added. TMSCN (96%, 0.7 kg, 1.0 equiv.) was added over one hour at
such a rate that the reaction temperature was kept between 20--50 °C. The reaction was

25 monitored for completion by TLC (hexanes/EtOAc 4:1) confirming formation of 8-fluoro-6-
phenylsulfanyl-3,4-dihydro-naphthalene- t-carbonitrile, which was not isolated.

The reaction mixture was then cooled to 5°C and sulfuric acid (1.7 kg) was added slowly,
maintaining the internal temperature below 30°C. After 10 minutes the reaction was diluted with
acetic acid (9.25 kg, 5.0 vol.), sulfuric acid (6.8 kg, 2.0 vol.) and water (0.93 kg, 0.5 vol). The

30 reaction mixture was then heated to 105 °C while monitoring the reaction progression by HPLC,
Once complete (2.0 hours) the reaction was cooled and water (10 vol.) was added. The product
was filtered and washed twice with water (5.5 kg each time) and then triturated in a reactor with
EtOAc (17 kg) under reflux for 1 hour. The resulting slurry was cooled, filtered and rinsed with
twice EtOAc (1.7 kg each time). The product was dried at 35 °C under vacuum fo give 1.56 kg

35  of 8-fluoro-6-phenylsulfanyl-3,4-dihydro-naphthalene-1-carboxylic acid amide (77%, 98.3%
pure by HPLC): MP = 223.6-225.9 °C; MS (M+1) = 300; H' NMR (300 MHz): 3(DMSO):



[Ru(OAC)2((5)-(3,5-iPr,4-Me0)-MeOBIPHEP)] 19.5 99.81 99:1 4.3Ru(OAc)2((all-S)-BICP) 19.5 99.7
75:25 4.5 [Ru(OAC)2((S,R)-PPF-P(tBu)2)r) 19.5 99.6 95:5 4.6 Ru(OAc)2((R)-BIPHEMP)] 22.5 100 ,
2:98 4.7 [Ru(tifyarpagetate) 2((S)-TriMeOPHEP)] 22.5 1 100: 99:1 ; 4.8 poy/mp2009/066345

[RU(OAC)2((R)-(2-Fury1)-MeOBIPHEP)] 22.5 | 99.8
48

22202, dt, =7.54 Hz), 2.64(2H, 1, J=7.54 Hz), 6AT(1H, t, 1=4.90 Hz), 6.83(1H, dd. J=1.88,
10.93 Hz), 7.0(1H, m), 7.08(1H, bs, NH), 7.35-7.45(5H, m, Phenyl), 7.55(1H, bs, NI

Step 6 ((R)-8-Fluoro-6-phenyisulfanyl-1,2.3 4-tetrahydro-naphthalen-1-yh)-methylamine

hvdrochloride

5 A suspension of 8-fluoro-6-phenylsulfanyl-3,4-dihydro-naphthalene- 1-carboxylic acid

amide (1.46 kg) in methanoi (23.2 kg) and [Ru{OAC):((S)-MeOBIPHEP)] (1.83 g} in methanol
(1.5 liters) were combined and subjected to hydrogenation at 40°C and 150 psig (10.3 bar).
Completion of the reaction to form (R)~-8-fluoro-6-phenylsulfanyl-1,2,3,4-tetrahydro-
naphthalene-1-carboxylic acid amide (not 1solated) was monitored by HPLC. The resulting

10 reaction solution was distilled and the solvent exchanged from methanol to THF (7.6 kg).
Analysis of an aliquot of the THF solution provided the following data: MP = 167.4-168.2 °C;
MS (M+1) = 302; H' NMR (300 MHz): 3(DMS0): 1.56-1.84(2H, m), 1.91(2H, m), 2.66(2H, m),
3.67(1H, t, J=5.65 Hz), 6.80(1H, dd, J=1.88, 10.17 Hz), 6.88(1H, bs, NH), 6.92(1H, m}, 7.32-
7.44(6H, m, Phenyl, NH): [a]p = 30.5 ° (MeOH). Chiral Assay (Area Norm): Column: ChiralCel

15 OD-H(250X4.6mm), mobile phasc 85/15 hexane/cthanol(isocratic) Flow rate 0.7ml/min, 25°C,
uv @230nm.: (R)-isomer 99.32/ (S)-isomer 0.68.

The THF solution was treated with Borane THF complex({ 1.0M THF solution, 22.3 kg)
and the resulting reaction nuxture was heated to 55°C at 5 psig for 20 hours. The reaction
mixture was then slowly charged into a 10% aqueous sulfuric acid solution (24.3 kg) while

20 keeping the temperature between 5 and 10°C. The resulting solution was treated with 28%

~aqueous ammonium hydroxide solution (7.05 kg) to adjust the pH to about 10, and was then

heated to 40°C. The biphasic system was separated and the organic layer was atmospherically
distilled to remove THF solvent, which was then replaced with isopropyl acetate (12.8 kg). The
solution was sequentially washed with water (4.0 kg) and brine (5.1 kg). The solution was then

25 cooled to 5°C and treated with 6N HCI in tsopropanol {1.69 kg). The mixture was heated and
atmospherically distilied and the solvent was distilled to 90°C and replaced with isopropyl
acetate, The resulting solid was isolated by filtration, washed with chilled isopropyl acetate (3.84
kg), and dried under vacuum to afford C-((R)-8-fluoro-6-phenylsulfanyi-1,2,3,4-tetrahydro-
naphthalen-1-yl)-methytamine hydrochloride (1.38 kg), 87.8% yield, purity 99.5% by HPLC,

30 Chiral HPLC 96.88% ec: MP = 232,5-233.8 °C; MS (M+1) = 288; H' NMR (300 MHz):
H(DMSO}): 1.55-1.78(3H, m), 2.08(1H, bd), 2.55-2.80(2H, m), 2.89(2H, bs), 3.31(1 H, bt),
6.85(1H, dd J=1.51, 10.35 Hz), 6.91(1H, s), 7.33-7.46(5H, m}), 8.37(ZH, bs, NH;); [a]p=31.8°
(MeOH). Chiral Assay (Area Norm): Colamn: Chiralpak AD-H(150X4.6mm), mobile phase
95/5 hexane/ethanol with 0.1% isopropylamine(isocratic) Flow rate 0.7ml/min, 25°C, uv

35 @230nm.: (R)-isomer 98.44/ (S)-isomer 1.56.



3:97, 4.9 [(0AC)2((R)-Cy-MeOPHEP)] 22.5 100 2:98 4.10 [Ru(OACc)2((S)-3,5-tBu-MeOBIPHEP)] 22.5
100 99:1 4.11 [Ru(OAC)2((S)-3,5-tBu,4-Me0-MeOBIPHEP)] 22.5 100 , 98:2 4.12

[RU(OAC)2((Sivd 207Mer-MeOBIPHEP)] 22,5 100 >99:1 4.13 POT/EP2009/066345
[RU(OAC)2((S)-3.5-Me, 4-Me0-MeOBIPHEP) 22.5 100 98:2 4.14
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Step 7 N-{{R)-8-Fluoro-6-phenylsuifanyl-1.2.3.4-tetrahvdro-naphthalen- i -ylmethyi)-
acetamide

A mixture of C-({R)-8-fluoro-6-phenylsulfanyl-1,2,3,4-tetrahydro-naphthalen-1-y1)-
methylamine hydrochloride (1.36 kg), DMAP (10 g), acetonitrile (8.6 L), triethylamine (1.27 L),
and acetic anhydride (0.41 L) was stirred at 25 °C. After thirty minutes water (17.5 L) was added.
The resulting shurry was stirred for 30 minutes at 25 °C. The product was isolated by filtration
and washed with 7.5 L of water. Drying overnight at 50 °C provided 1.34 kg of N-((R)-8-fluoro-
o-phenylsulfanyl-1,2,3 4-tetrahydro-naphthalen-1-yImethy!)-acetamide (97.4% yield, 99.66%
pure by HPLC, 98.08% ee): MP = 94.6-95.9 °C; MS (M+1) = 330; H' NMR (300 MHz):
S(DMSO0): 1.44-1.91(4H, m), 1.83(3H, s), 2.54-2.79(2H, m}, 3.06(1H, m), 3.16(2H, m), 6.83(1H,
dd, =1.51, 10.17 Hz), 6.90(1H, bs), 7.30-7.45(5H, m, phenyl), 8.01(1H, bt, J=5.65 Hz, NH); [alp
= 7.4 °(MeOH). Chiral Assay (Area Norm): Column: Chiralpak AD-H(150X4.6mm), mobile
phase 88/12 hexane/ethanol(isocratic) Flow rate 0.7ml/min, 23°C, uv @230nm.: (R)-isomer
09.04/ (S)-isomer 0.96

Step 8 N-{(R)-8-Fluoro-6-phenylsulfonvl-1,2.3 4-tetrahvdro-naphthalen- 1 -ylmethy)-
acetamide

N-((R)-8-Fiuoro-6-phenylsulfanyi-1,2,3 4-tetrahydro-naphthalen- 1-ylmethyi)-acetamide
{1.32 kg) was suspended it methylene chioride (8 liters) and treated with 98% formic acid (455
¢}. The resulting solution is treated with 30% hydrogen peroxide (2.38 kg) in two portions. The
temperature was monitored after the addition of the first portion of peroxide and when the
temperature stabilized the second portion was added. The reaction mixture was stirred for 23
hours. A fresh charge of formic acid (230-g) and hydrogen peroxide (1.32 kg) was added and the
reaction mixture was stirred an additional 12 hours. When the reaction was complete by HPLC,
water (1.8 liters) was added and the phases were separated. The methylene chloride layer was
washed with saturated sodium bicarbonate solution(5 kg), water (three times 5 liters each time)
until the aqueous layer tested negative for peroxide content. The methylene chloride layer was
washed with brine (6.54 kg) and concetrated under reduced pressure. The solvent was replaced
with methanol. The weight of the restdual methanol was adjusted to match the starting input (1.3
kg). The resuiting solution was filtered and the solution was treated to cloud point with sterile
water to allow erystallization to occur over four hours. More sterile water for irfigatioh was
added untit 3.38 kg total had been added and the mixture was stirred untif it returned fo room
temperature. The product was filtered and washed with methanol/sterile water(1:2) and dried
under vacuum oven at 50°C to constant weight to afford N-((R)-8-fluoro-6-phenylsulfonyl-
1,2,3,4-tetrahydro-naphthalen-1-ylmethyl)-acetamide (1.4 kg), 99.8% pure by HPLC, Chiral
Assay: 98.54% ee R-isomer: MP = 152.5-153.8 °C; MS (M+1) = 362; H' NMR (300 MHz):
S(DMSO): 1,45-1.93(4H, m), 1.84(3H, ), 2.74(1H, dq, J=6.03, 10.55 Hz), 2.91(1H, bdt),
3.17(3H, m), 7.54-7.75(5H, m, phenyl), 8.01(1H, dd, J=] .88, 7.53 Hz), 8.06(1H, bt, NH); [a]p =



Ru(OAc)2((S)-3,5-iPr,4-Me0-MeOBIPHEP)] , 22.5 100 99:1 4.15 [Ru(OAc)2((R)-(2-Fury1)-BIPHEMP)]
22.5 100 8:92 4.16 Rul((S)-MeOBIPHEP)(p-cymene)ll 22.5 100 99:1 4.17

[RUCK(S)-MeQR RifER)¢aenzene)|Clb) 22.5 100 99:1 4.18 [RU(()AC)2((R)-RMANRI,R2:5L00 3:97 4.19
[RU(OAC)2((R)-BenzOylOBIPIIEP)} 22.5 100
-50-

39.7 ° (MecOH). Chiral Assay { Area Norm): Column: Chiralpak IA(150X4.6mm), mobile phase
20/40/40 hexane/ethanol/methanol(isocratic) Flow rate 0.7mV/min, 25°C, uv @230nm.: (R)-
isomer 99.27/ (S)-1somer 0.73.

) Exampie 3 [{(R}-8-Fluoro-6-(3-fluoro-benzenesulfonvl-1.2,3.4-tetrahvdro-
naphthalen-1-vimethvil-urea

The synthetic procedure used in this Example s outlined in Scheme E.

Foo Step 1 9 step2 F CN
SH
F TMSCN O‘
F S S
H,S0,
EtBN /ACOH @
F F

Step 2 F OYNHZ Step 3 F Ox-NH, Step 3
(Cont) i : (Cont)
e O .
H,80, g BH,THF

/ACOH |
F
. H H
P NH PO, _N._NH N.__NH,

SCHEME E

10 Step 1 8-Fluoro-6-(3-fluoro-phenvisulfany)-3.4-dihvdro-2H-naphthalen-1-one

A solution of 6,8-difluoro-3,4-dihydro-2H-naphthalen-1-one ( 50 g) in N,
N’dimethylacetamide (100 ml)was treated with tricthylamine (38.2 ml), followed by 3-
fluorothiophenol (28.2 ml), keeping the temperature below 20°C. The reaction mixture was

allowed to stir at ambient temperature for 18 hours. The reaction was diluted with MTBE (70 ml)



2:98 4.20 [RUCWS)-3,5-Xyl-MeOBIPHEP)((S,S)- OPEN)] 22.5 10098:2 WO
2010/069778PCT/EP2009/066345 -55- Ex. Catalyst Time (hours) Conversion (%) Ratio R:S 4.21

[RUC12((S)-3.RXyiMe@B{PHEP)((R,R)- DPEN)] 22.5 100 99:1 4.22 PCT/EP2009/066345
[RUCL2((S)-3,5-tBU-MeOBIPHEP)((rac)- DPE1\1)] 22.5 100 99:1 4.23

[Ru((S)-(3,5-tBu-MeOBIPHEP)(DMF).4] [BE] 26) 22:51100>99:1

and cooled on an ice-bath, Water {300 mi) was slowly added (keeping temperature below 25°C)
and the mixture aged for 1 hour. The product was collected by filtration and washed with water
and cyclohexane, and dried to afford 8-fluoro-6-(3-fluoro-phenylisulfanyl)-3,4-dihydro-2H-
naphthalen-1-oneas a pale yellow solid yield (53.5 g, 95% pure by HPLC): MP = 126.0-126.9

5 °C; MS (M+1)=291; H' NMR (300 MHz): § (DMSO): 1.97(2H, pen, J=6.03 Hz), 2.55(2H, 1,
J=6.03 Hz), 2.88(2H, t, J=6.03), 6.84(1H,dd,J=1.88, 12.06 Hz) 7.01(1H, d, J=1.03 Hz), 7.31-
7.44(3H, m), 7.52-7.59(1H, dd/d, J=6.03, 6.41 Hz).

Step 2 8-Fluoro-6-(3-fluoro-phenylsulfanyD-3.4-dihydro-naphthalene-1 -carboxvlic acid

amide

10 8-Fluoro-6-(3-fluoro-phenylsulfanyl)-3,4-dihydro-2H-naphthalene-i-one (50 g, 0.17
moles) was dissolved in toluene (100 mL) and the resulting mixture was azeotropically distilled
under vacuum at 50 to 55°C until about 50 ml of toluene was removed. The resulting suspension
was cooled to 25°C and AlCL; (1g, 2.0%w/w) was added. TMSCN (96%, 24 mL, 0.17 moles)
was then added at a rate such that the reaction temperature was kept between 20 and 50°C. The

15 reaction was monitored for formation of 8-fluoro-6-(3-fluoro-phenyisulfanyl)-3,4-dihydro-
naphthalene-1-carbonitrile (which was not isolated) by TLC (Hexanes/EtOAc 4:1). Once
complete the reaction was cooled to 5°C and sulfuric acid (25 mL) was added slowly,
maintaining the internal temperature below 30°C. The reaction mixture was stirred and
monitored by TLC (Hexanes/EtOAc 4:1). Once complete the reaction was diluted with acetic

20 acid (250 mL), sulfuric acid (100 mL) and water (25 mL). The reaction mixture was heated to
105°C to distl] off volatiles. The reaction temperature was maintained at 100 to 105°C while

- monitoring the reaction by HPLC. Once complete the reaction was cooled to 40°C and quenched
with water (500 mL) over ene hour at 40 to 45°C. The reaction mixture was cooled to 20°C,
filtered in a glass filter funnel and washed thoroughly with water, triturated from EtOAc (500

25 mlL) under reflux for one hour, then slowly cooled to 20°C, filtered in a glass filter funnel, and
rinsed with EtOAc. The product was transferred to a drying vacuum oven, and dried at 453°C
under vacuum with nit rogen purge until a constant weight to afford 8-fluoro-6-(3-flucro-
phenylsulfanyl)-3,4-dihydro-naphthalene-1-carboxylic acid amide as a yellow solid (43.1g), 79%
yield, 99% pure by HPLC: MP = 212.9-213.7 °C; MS (M+1) = 318; H' NMR (300 MHz): &

30 (DMSO): 2.25(2H, m,J=7.91/7.16 Hz), 2.68( 2H, t, J=7.16/7.91Hz), 6.52(1H, t, J=4.7 Hz),
7.01(1H, dd, J=1.51,10.55 Hz), 7.11(1H, bs, NH)7.14-7.23(4H, m), 7.4-7.49(1H, m), 7.57(1H, bs,
NH).

Step 3 [(R)-8-Fluoro-6-{3-fluoro-phenvisulfanv}-1.2.3 4-tetrahydro-naphthalen-1-y1i-
methylamine phosphoric acid salt

35 To a degassed solution of 8-fluoro-6-(3-fluorophenysulfanyl)-3.4-dihydronaphthalene-1-
carboxamide (42-g) in tetrahydrofuran (420-ml) was added a degassed solution of
[Ru{OAC)H{{S)-MeOBIPHEP)] {120 mg) in tefrahydrofuran (50 ml}). The reaction mixture was



a) Prepared in-situ from [Ru(OAc)2(cyclooctadiene)l and diphosphinc.  b) Prepared by addition of 2
molar equivalents of HBF4 to [Ru(OAc)2((.5)-(3,5-tBuMeOBIPHEP)] in DMF. The above

procedure wagysggowiiy-several chiral ruthenium catalysts, but replacing theyamgibangalsolvent with
trifluoroethanol. The trifluoroethanol results are shown in Table 3. Table 3: Ex. Catalyst Time (hoiirs)

Conversion (%) Ratio R:s 4.24 , [Ru(trifluoroacetate)2{S)-pTol-MeOBTPHEP] 20 >99.9 90:10 4.25
[Ru(OAC)2((R)-iPr-MeOBIPHEP)] 20, >99.9i 1 38:62 4.26 [RUCK(R,R)-Et-Duphos)(p-cymene)]Cl
201.5 4-2731,11{]%&@&53%@1@ g@tﬂ Rr M%W' ﬂ'ﬂ.@%ﬂr)’—%%@-ﬁoum, The reaction was
monitored by HPLC for completion of the hydrogenation of the olefin. Solvent was removed
under reduced pressure from the intermediate solution of (R)-8-fluoro-6-(3-
fluorophenysulfanyl)-1,2,3.4-tetrahydronaphthalene- 1 -carboxylic acid amide (not isolated), and
5 the remaining liquid was treated with BH;-THF (1 molar solution m THF, 660 ml). The reactor
was sealed and heated to 60°C and stirred for 36 hours. The reaction mixture was quenched into
10% aqueous sulfuric acid (650 ml) at 5°C. The pH of the solution was adjusted with 28%
aqueous ammonium hydroxide to 9.4 and the biphasic layers were separated. The organic layer
was reduced in volume to about 600 ml, treated with phosphoric acid (18.3 g) and isopropanol
10 (60 mi). The remaining tetrahydrofuran was atmosphericalty distilled and replaced with
isopropanol. The solution was cooled to 5°C and the resulting slurry was aged and filtered. The
product was dried at 60°C under vacuum with a nitrogen purge to afford 50 g of [(R)-8-fluoro-6-
(3-fluoro-phenylsulfanyl)-1,2,3,4-tetrahydro-naphthalen-1-yi]-methylamine phosphoric acid salt
(94% vield, 100% pure by HPLC): MP = 197.5-199.2 °C; MS (M-+1} = 306; H' NMR (300
15 MHz): 6 (DMSQO): 1.58-1.85(3H, m), 2.05-2.16{1H, m), 2.58-2.78(2H, m), 2.8(1H, dd, J=12.43
Hz) 2.94(1H, dd, }=3.77, 12.81 Hz), 3.21-3.31(1H, m}, 6.90(1H, dd, }=1.51, 10.17Hz), 6.97(1H,
$), 7.06-7.17(3H, m), 7.36-7.44(1H, m) , 7.92(3H, bs, NH/H;PO4); [a]p = 20.9 ° (MeOH).

Step 4 [(R)-8-Fluoro-6-(3-fluoro-phenylsuifanvyl}-1,2.3 4-tetrahvdro-naphthalen-1-
ylmethyl]-urea

20 (R)-8-Fluoro-6-(3-fluorophenylsulfanyl)-1,2,3,4-tetrahydronaphthalen- 1 ~yl-methylamine

phosphate salt was treated with urea (27.5 g) in anhydrous N-methylpyrrolidinone (140 mi) at
100°C for 18 hours. The reaction was cooled to 70°C and water (360 ml) was added dropwise
while allowmg the temperature to decline to to room temperature. The resulting solids were
collected and washed with water. The crude filter cake (46 g) was recrystallized from toluene

25 (160 ml) and n-heptane (60 ml) to afford [(R)-8-fluoro-6-(3-fluoro-phenylsulfanyl)-1,2,3,4-
tetrahydro-naphthalen-1-ylmethyl]-urea (37.27 g) in 93.8% vield, 99.8% pure by HPLC: MP =
130.7-132.4 °C; MS (M+1) = 349; H' NMR (300 MHz): 8 (DMSO): 1.49-1.99(4H, m), 2.57-
2.83(2H, dt/m), 3.99-3.27(3H, m), 5.43(2H, bs, NH), 6.20(1H, bt, J=6.03), 6.96-7.04(2H, m),
7.1-7.17(3H, m), 7.37-7.47(1H, m); [a]p = 24.2 * (MeOH).

30 Step 5 [(R)-8-Fluoro-6-(3-fluoro-benzenesulfonyl)-1,2.3 4-tetrahydro-naphthalen-1-

yimethyl]-urca
(R)-8-Fluoro-6-(3-fluoraphenylsulfanyl)-1,2,3 4-tetrahydronaphthalen- 1-ylmethylurea

{ 36-g) in dichloromethane was treated with formic acid (11.9 g) and 30% aqueous hydrogen

peroxide with stirring for 18 hours. The reaction mixture was diluted with methylene chloride (1
35 liter) and water (200 mi) to dissolve the resulting solids. The layers were separated and the

organic layer was sequentiatly washed with saturated aqueous sodium bicarbonate (200 ml),

water {three times with 200 ml) until the organic layer was free of peroxide. The methylene



81:191 4.28 [Ru(OAc)2((all-S)-BICP)] 20 99.7 32:68 4.29 [Ru(OACc)2((S,R)-PPF-P(tBu)2)r) 20 99.7
90.10 a) Prepared in-situ from [Ru(OAc)2(cyclooctadienc)] and diphosphinc.  As can be seen from
Tables 2 and g@sypedsicyeduction in methanol produced better (more spggifig»giantiaseleetivity
than the corresponding reaction in trifluoroethanol. 10 [RuCk(R,R)-Et-Duphos)(p-cymene)JC1 was the
poorest catalyst in methanol in terms of yield and ef@ntioselectivity, and was essentially non-reactive
in trifluoroethanol. [Ru(OAc)2(iPrMeOBIPHEP)] and [Ru(OAc)2(PPF-P(tBu)2)] provided high
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98.8:1.2. The conversion was >= 99.9%, The reaction was repe e&wﬂ other catalysts according to
the procedure above, and the 15 results are shown in Table 4. Reaction scale was in all experiments
50 mg, temperature was 40C.

Example 4 Chiral Catalyst Comparison: (R)- and (S)- 6-(3-Fluoro-

phenvisulfanvD-1,2.3.4-tetrahvdro-naphthalene-1-carboxvlic acid amide

The synthetic procedure used in this Example is outlined in Scheme F.

H, O NH,

O — 00
SllPy

in a glove box (O content < 2 ppm) a 6 ml autoclave equipped with a glass insert and a

15
SCHEME F

magnetic stirring bar was charged with 50 mg (0.167 mmol) of 6-(3-fluoro-phenylsulfanyl}-3,4-
dihydro-naphthalenc-1-carboxylic acid amide, 6.45 mg (0.00668 mmol) of

20 [Ru(trifluoroacctate)((S)-pTol-McOBIPHEP)] (S/C 25) and | ml of methanol. The asymmetric
hydrogenation was run for 19.5 hours at 40 °C under 40 bar of hydrogen. After cooling to room
temperature the pressure was released from the autoclave, the methanol solution was filtered
through a silicagel pad and evaporated n vacuo to give (R)-6-(3-fluoro-phenylsulfanyl)-1,2,3,4-
tetrahydro-naphthaienc- 1 -carboxylic acid amide m quantitative yield and with an enantiomeric

25 ratio of 99:1. The conversion was >= 99.9%.

The enantiomeric ratio was determined by HPLC using a Chiralcel-AS-H column, 25
cm*4.6 mm. Eluents: 40 % n-heptane, 30 % ethanol, 10% heptane with 0.1% diethyl amine.
Flow: 1 mi/min, 40 °C, 1 pl Injection volaome: 210 nm. Retention times: (R)-6-(3-fluoro-
phenylsulfanyl}-1,2,3,4-tetrahydro-naphthalene-1-carboxylic acid amide 7.3 min, 6-(3-Fluoro-

30 phenylsuifanyl)-3,4-dihydro-naphthalene-1-carboxytlic acid amide 8.3 min, (5)-6-(3-Fluoro-
phenylsuifanyl)-1,2,3 4-tetrahydro-naphthalene-1-carboxylic acid amide 9.7 min.



Table 4: Ex. Catalyst Time (Hours) Conversion (Y0) Ratio R:S 5.1 [Ru(OAc)2((R)-iPr-MeOBIPHEP)] +
3HC1 18 13 15:85 5.2 [Ru(OAc)2((R,R)-Et-Duphos)] + 3 HC1 18 27 63:37 5.3

[RU(OAC)2.0)3 5k Piicd-Me0)-MeOBIPHEP)] + 3 HO. 99.6 99:1 5.4 [RU(QAG)246a(6:5):BICP)] + 3 HCI
18 99.8 82:18 5.5

-54-

The above procedure was repeated using different chiral ruthenium catalysts to produce
corresponding (R) and (S) isomers of 6-(3-F lu.orol—phenylsulfanyl)—E,2,3,4~tetrahydro»~
naphthalene-1-carboxylic acid amide. The results are shown in Table 2, together with catalyst,
time, % conversion and enantiomeric ratio. Reaction scale was in all experiments 50 mg,

5 temperature was 40°C. Examples 4.6 to 4.23 have been run at S/C 50.

Table 2:
Ex. | Catalyst Time | Conversion | Ratio
{hoursy  {%) R:S
4.1 | [RUOACH((R)-iPr-McOBIPHEP)] 19.5 >99.9 3:97
4.2 | [RuCl(R,R)-Et-Duphos)(p-cymene}|Cl 19.5 20 67:33
43 | [Ru(OACK((S)-(3,5-iPr,4-McO)-MeOBIPHEP)] | 19.5 99.8 99:1
43 | Ru(OAc)({all-S)-BICP) 19.5 99.7 75:25
4.5 | [Ru(OAC)((S,R)-PPE-P(tBu))T" 19.5 99.6 95:5
4.6 | [Ru(OAC)((R)-BIPHEMP)] 225 100 2:98
4.7 | [Ru(trifluoroacetate ) ({(S)-TriMecOPHEP}] 22.5 160 99:1
4.8 | [Ru{OACH((R)-(2-Furyl)}-McOBIPHEP)] 22.5 99.8 3:97
49 | [Ru(OACK((R)-Cy-MeOPHEP)] 22.5 100 2:98
4.10 | [Ru(OAC)((S)-3,5-tBu-MeOBIPHEP)] 225 100 99:1
4.11 | [RU(OACH((S)-3,5-tBu,4-MeO-MeOBIPHEP)] | 22.5 100 98:2
4.12 | [R{OAC){(S)-3,5-TMS-McOBIPHEP)] 22.5 100 >99:1
4.13 | [Ru(OAC)((S)-3,5-Me,4-MeO-MeOBIPHEP)] | 22.5 100 08:2
414 | [Ru(OA)((S)-3,5-1Pr,4-MeO-MeOBIPHEP)] | 22.5 100 99:]
4.15 | [Ru(OACH((R)-(2-Fury)-BIPHEMP)] 22.5 100 8:92
4.16 | [Rul({S)-MeOBIPHEPYp-cymene)]1” 22.5 100 99:1
417 | [RuCl((S)-MecOBIPHEP)(benzene)JC1” 22.5 100 99:1
4.18 | JRu(OACK((R)-BITIANP)] 22.5 100 3:97
4.19 | [Ru(OAc)h((R)-BenzoylOBIPHEP)] 225 100 2:98
490 gﬁﬁ)(}@)ﬁ,S-Xyl—MeOBIPHEP)((S,S)— 2 s 100 082
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Ex. |Catalyst Time Conversion |Ratio
(hours} (%) R:8

424 |[Ruftrifluoroacetate)y((S)-pTol-MeORBIPHEP] 120 >99.9 90:10
425 [[Ru(OAc)((R)-1Pr-MeOBIPHEP)} 20 >99.9 38:62
4.26 |[RuCIK(R,R)-Et-Duphos)(p-cymene) ]l 20 1.5 -~

427 {Ru(OAC)((S)-(3,5-1Pr,4-MeO)-MeOBIPHEP)] 20 99.9 81:19
4.28 1[Ru(OAc):((all-S)-BICP)} 20 99.7 32:68
4.29 | [Ru(OAC)((S,R)-PPF-P(tBu),)]" 20 99.7 90:10

o Prepared in-gitu from [Ru{OAc)(cyclooctadienc)] and diphosphine.

As can be seen from Tables 2 and 3, asymetric reduction in methanol produced better

{more specific) enantioselectivity than the corresponding reaction in trifluoroethanol.

TRuCI((R,R)-Et-Duphos){p-cymene}}Cl was the poorest catalyst in methanol in terms of yicld

and enantiosclectivity, and was essentially non-reactive in trifluoroethanol. [Ru{OAc),(iPr-
McOBIPHEP)] and [Ru(OAc)(PPF-P(tBu),)] provided high enantiosciectivity for both (R) and

(S) cnantiomers,



Conversion (%) Ratio R:S 7.1 [Ru(trifluoroacetate)2((S)-pTol-MeOIllIPHEP)J 24 99.9 99:1 7.2
Mu(OAC)2((S)-pTol-MeOBIPHEP)] 24 99.9 99:1 7.3 [Ru(OACc)2((S)-pTol-MeOBIPHER)] | 24 99.7 99:1

7.4[Ru(0AC)22)-Me@BWHEP)] 24 99 7 99:1 7.5 [Ru(OAC)2((S)-MeOBIPBIER)b 2R3 489:1
Example 8(R)-6-(3-Fluoro-phenylsulfany1)-1,2,3,4-tetrahydro-naphthalene-1-

Example 5 Chiral Catalvst Comparisen:
{R)- and {8)- 6-(3-Fluorc-phenvisulfanvi-1.2.3.4-tetrahvdro-naphthalene-1-carboxvlic acid

amide under acidic conditions

In a glove box (O, content < 2 ppm) a catalyst sofution was prepared in the glass insert of a

L

6 ml autoclave by reacting a solution of 6.45 mg (0.00668 mmol) of [Ru(trifluoroacetate)((S)-
pTol-MeOBIPHEP)] (S/C 25) in 0.5 ml of methanof with 0.5 ml of methanol containing 0.020
mmol of HCl and stirring for 2 h at room temperature. After addition of 50 mg (0.167 mmol) of
6-(3-Fluoro-phenylsulfanyl)-3,4-dihydro-naphthalene-1-carboxylic acid amide, the asymmetric
hydrogenation was run for 18 hours at 40 °C under 40 bar of hydrogen. After cooling to room

10 temperature the pressure was released from the autoclave, the methanol solution was filtered
through a silicagel pad and evaporated in vacuo to give (R)-6-(3-Fluoro-phenylsulfanyl)-1,2,3,4-
tetrahydro-naphthalene- 1-carboxylic acid amide in quantitative yield and with an enantiomeric
ratio of 98.8:1.2. The conversion was >= 99.9%,

The reaction was repeated with other catalysts according to the procedure above, and the

15 results are shown in Table 4. Reaction scale was in all experiments 50 mg, temperature was 40°C.

Table 4:
Time Conversion | Ratio
Ky, | Catalyst
- (Hours) | (%) R:S
5.1 | [Ru{OAC){(R)-iPr-MeOBIPHEP)] + 3HCI 18 13 15:85
5.2 | [Ru(OAc)((R.R)-Et-Duphos)] + 3 HCI ig 27 63:37
Ru{QA S)-(3,5-1Pr,4-MeQ)-MeOBIPHEP
53 | [RUOACK((S)-(3,5-1Pr.4-MeO)-Me s 99.6 99:1
+ 3 HCI
5.4 | [Ru(OAcK((all-S)-BICP)] + 3 HCI 18 99.8 82:18
55 [Ru.(OAc)g((S,R)-PPF-P(tBu)z)]‘“) + 3 H(CI 18 39.9 99:1

“ Prepared in-situ from [Ru(OAc)(cyclooctadiens)] + diphosphine.

Example 6 {(R)-6-(3-Finoro-phenvisuifanvl)-1,2.3.4-tetrahvdro-naphthalene-1-

20 carboxvlic acid amide

In a glove box (O, content < 2 ppm) a 35 ml autociave cquipped with a glass insert and a
magnetic stirring bar was charged with 250 mg (0.835 mmol) of 6-(3-Fluoro-phenylsulfanyl)-
3.4-dihydro-naphthalenc-1-carboxylic acid amide, 4.03 mg (0.00418 mmol) of
[Ru(trifluoroacetate ,{(S)-pTol-McOBIPHEP)] (5/C 200) and 3 ml of methanol. The asymmetric

25  hydrogenation was run for 24 h at 46 °C under 40 bar of hydrogen. After cooling to room

temperature the pressure was released from the autoclave, the methanol solution was evaporated



carboxylic acid amide WO 2010/069778PCT/EP2009/066345 -58- 1-carboxylic acid amide, 1.07 mg
(0.00134 mmol) of [Ru(OACc)2((S)-MeOBTPHEP)] (S/C 10000) and 28 ml of methanol. The asymmetric
hydrogenationyyas; (450418 h at 40 C under 9 bar of hydrogen. After coolipg AR saRmsisperature the
pressure was released from the autoclave, the methanol solution was evaporated in vacuo. Isolation
as described in example 4 afforded 5 after drying -37-
(R)-6-(3-Fluoro-phenylsulfany1)-1,2,3,4-tetrahydro-naphthalene-1-carboxylic acid amide in quantitative
yield as an affxwihitersehidswith o grastiemaricrra o S dmnenconvarsiopwaswrh 92i8% .1  The

reaction Wag%e;eee,%%&?efﬂ'%hd&t@aewﬁﬁtglx;s IpAscaIdg o e RiRgECs, aboKe @ﬂqthﬁfrg%ug@are

shownin T eaction scale in experiments 8 g,In experlments t0 8.10

was 2 g. T4BIE6: (X (Cltaar T e viialforsdrey %8%\?3@?)@ @%ﬁ opfonReaygy fanyD)-1.2.3.4
[Ru(OAC)2 (¢S iTot-MedBi RHEP) 10 X118 99d7:08dt 8.2 [Ru(triflovrcalidtaid) 24(ShrvitOBIRHEP)] 40
18 1005 ratio 0f99:1. The conversion was >= 99,9%.

Example 7 (R}-6-(3-Fluoro-phenvisulfanvi-1.2.3.4-tetrahvdro-naphthalene-1-

carboxvlic acid amide

In a glove box (O content < 2 ppm) a 35 ml autoclave equipped with a glass insert and a

10 magnpetic stirring bar was charged with (.40 g (1.336 mmol) of 6-(3-Fluoro-phenylsulfanyl)-3,4-
dihydro-naphthalene-1-carboxylic acid amide, 1.29 mg (0.00134 mmol) of
[Rutrifluoroacetate{((S)-pTol-McOBIPHEP)! (S/C 1000) and 4 ml of methanol. The
asymmetric hydrogenation was run for 24 h at 40 °C under 40 bar of hydrogen. After cooling to
room temperature the pressure was released from the autoclave, the methano! solution was

15 evaporated in vacuo. Isolation as described in example 4 afforded after drying 405 mg of (R)-6-
(3-Fluoro-phenyisulfanyl)-1,2,3,4-tetrahydro-naphthalene- 1 -carboxylic acid amide as a light
yellow solid with an enantiomeric ratio of 99:1. The conversion was >= 99.0%,

The reaction was repeated with other catalysts according to the procedure above, and the
results are shown in Table 5. Reaction scale was in all experiments 0.40 g, temperaturc was 40°C,
20 hydrogen pressure in examples 7.3, 7.5 was 10 bar.

Tabiec 5:

Esx. | Catalyst Time Conversion | Ratio
(Hours) | (%) R:S

7.1 | [Rutrifluoroacetate)((S)-pTol-MeOBIPHEP)] | 24 99.9 59:1

7.2 1 [Ru{OAC):{S)-pTol-MeOBIPHEP)] 24 99.9 99:1

7.3 | [Ru(OAc):((S)-pTol-MeOBIPHEP)] 24 99,7 99:1

7.4 1 [Ru(OAC)((S)-MecOBIPHEP)] 24 99.7 99:1

7.5 | [Ru{OAC)((S)-MeOBIPHEP)] 24 99.7 99:1

Exampie 8 {(R)-6-(3-Fluoro-phenvisulfanvl)-1,2.3.4d-tetrahvdro-naphthalene-1-
carboxvlic acid amide

25 In a glove box (O, content < 2 ppm) a 50 ml autoclave equipped with a mechanical stirrer
was charged with 4,00 g (13.36 mmol) of 6~(3-Fluoro-phenylsulfanyl)-3,4-dihydro-naphthalene-



99:1 8.3 [Ru(OAC)2(eS)-MeOBIPHEPA 51 FIBR, 40 181 99.1 99:1 8.4
[RUCK(S)-114e0B1PHEP)(pcymene)]C1 40 18 100 98:2 8.5[Ru(OAc)2((S)-MeOBIPHEP)] 2019 67

99:1 8.6[RU(CAE)2HS:MROBIPHEP)] 603.5 100 98:2 8.7FRII(OAC)2((S)-MePBIRIER) 480 2.5 100
97:3 |
58

1-carboxylic acid amide, 1.07 mg (0.00134 mmol) of [Ru(OAc)((S)-MeOBIPHEP)] (S/C
10000) and 28 ml of methanol. The asymmetric hydrogenation was run for 18 h at 40 °C under 9
bar of hydrogen. After cooling to room temperature the pressure was released from the autoclave,
the methano! solution was evaporated in vacuo. Isolation as described in example 4 afforded

5 after drying (R)-6-(3-Fluoro-phenylsulfanyl)-1,2,3,4-tetrahydro-naphthalene- { -carboxylic acid
amide in quantitative yield as an off-white solid with an enantiomeric ratio of 99:1. The

conversion was >= 99.8%,.

The reaction was repeated with other catalysts according to the procedure above, and the
results are shown in Table 6. Reaction scale in experiments &.1 to 8.4 was 4.00 g, in experiments
10 8.5to8.10was?2 g.

Table 6:
T Time Conversion | Ratio
Ex, Catalyst
°C (Hours) | (%) R:S
8.1 | [Ru(OACk((S)pTel-MeOBIPHEP)] | 40 18 99.7 99:1
g 2 {Ru(triﬂuo;‘oacetate)g((S)w 40 18 160 99:1
McOBIPHEP)]
Ru(OACH((S)-MeOBIPHEP)] + 5
g3 | RuOA(E)Me Jl 0 18 99.1 99:1
HBF,
RuCl((S)-MeOBIPHEP){(p-
gq | RUCHE)-Me )p 0 18 100 98:2
cymene)]Cl
8.5 [Ru{OAC)((S)-MeOBIPHEP)] 20 19 67 99:1
8.6 [Ru{OAC)((S)-McOBIPHEP)] 60 3.5 100 98:2
8.7 [Ru(OAC)((S)-MeOBIPHEP)] 80 2.5 100 97:3
8.8 [Ru(trifluoroacetate ), ((S)- 20 29 47 99:1
McOBIPHEP)]
89 [Ru(trifluoroacetate ), ((S)- 60 15 100 982
MecOBIPHEP)]
810 [Ru(trifluoroacetate):{((S)- %0 5 100 97
MeOBIPHEP)]
8.11" | [Ru(OAC)((S)-MeOBIPHEP)] 40 20 100 99:1

“This experiment was run on a 20 g scale under 40 bar of hydrogen.



[Ru(trifluoroacetate)2((S)- 8.8 MeOI3IPHEP)] 2022 87 99:1 8.9 [Ru(trifluoroacetate)2((S)-
MeOBIPHEP)] 60 3.5 10098:2 8.10 [Ru(trifluoroacetate)2((S)- MeOBIPHEP)] 80 2 10097:3 8.11")

[RU(OAC)2((S)yMeQBARREP)] 40, 20, 100 99:1 a)This experiment was rgp0ppa,¢8@Ssale under 40
bar of hydrogen. WO 2010/069778PCT/ P2009/066345 -59-

-59.

Example 9 {R)-6-(3-Fluoro-phenvisuifanvh-1,2.3.4-tetrabvdro-naphthalene-1-
carboxvlic acid amide

In a glove box (O; content <2 ppm) 2 35 ml autoclave equipped with a glass inserf and a
magnetic sturing bar was charged with 0.40 g (1.336 mmotl) of 6-(3-Fluoro-phenylsulfanyl)-3,4-
5 dihydro-naphthalene-1-carboxylic acid amide, 2.36 mg (0.00267 mmol) of [Ru(OAc)((S)-

MeOBIPHEP)] (5/C 500) and 4 ml of ethanol. The asymmetric hydrogenation was run for ca. 16
h at 40 °C under 40 bar of hydrogen. After cooling to room temperature the pressure was
released from the autoclave, the ethanol solution was evaporated in vacuo. Isolation as described
in example 4 afforded after drying (R)-6-(3-Fluoro-phenylsulfanyl)-1,2,3 4-tetrahydro-

10 naphthalene-1-carboxylic acid amide in virtually quantitative yield as a light yellow solid with an
enantiomeric ratio of 99:1. The conversion was >= 99.9%,

The reaction was repeated in other solvents according to the procedure above, and the
results are shown in Table 7. Reaction scale was in all experiments 0.40 g, temperature was 40°C,
hydrogen pressure was 40 bar.

15 Table 7:
Ex Solvent Time Conversion | Ratio
{vol/vol {hours) | (%20) R:S
9.1 MeOH 16.5 100 99:1
9.2 1-PrOH 16.5 100 98:2
9.3 CHyCl 16.5 48 97:3
94 CH2CI2/MeOH (2/2) 21 100 99:1
9.5 THF/MeOH (2/2) 18.5 100 99:1
9.6 THF/toluene (2/2) 18.5 92 08:2

Example 10 Radiolicand bindine studies

This example illustrates in vitro radioligand binding studies of compound of formula 1.

The binding activity of compounds of this invention in vitro was determined as follows.
20 Duplicate determinations of 5-HT; ligand affinity were made by competing for binding of
[PHILSD in cell membranes derived from HEK293 cells stably expressing recombinant human
5-HTs receptor. Duplicate determinations of 5-HTa ligand affinity were made by competing for
binding of ['H]Ketanserin (3-(2-(4-(4-fluorobenzoyl)piperidinoethyl)-2,4(1H,3H)-
quinazolinedione) in cell membranes derived from CHO-K1 cells stably expressing recombinant
25 human 5-HT4 receptor. Membranes were prepared from HEK 293 cell lines by the method



Example 9(R)-6-(3-Fluoro-phenvisulianyb-1,2,3,4-tetrahydro-naphthalene-1- carboxvlic acid amide
In a glove box (02 content < 2 ppm) a 35 ml autoclave equipped with a glass insert and a magnetic

stirring bar wag ghaggd-mith 0.40 g (1.336 mmol) of 6-(3-Fluoro-phenylsulfanydassdng .5
dihydro-naphthalene-I-carboxylic acid amide, 2.36 mg (0.00267 mmol) of [Ru(OAc)2((S)-

MeOBIPHEP)] (S/C 500) and 4 ml of ethanol. The as§mmetric hydrogenation was run for ca. 16 h at
40 C under 40 bar of hydrogen. After cooling to room temperature the pressure was released from the

a;ltocéave &B%ﬁﬂ%@"l@' ml&éﬁlﬁﬁe\vaﬁs ﬁﬁ@m@t@@zugﬁa@%% vIsalati 10 983%83%&@@9@ ea@dnﬂiﬁﬂ afféered
after rymn oro n u t r0- a e IC acl
%[ g coE t&n IR zsb é%?y%]tnyd S et dtle fa l?h armaco e%?ﬂ') #?9995){ The

amide in vir uantitative yle as a ellow soli h an enantlofn rcra O 0
conversion was pir 89i8%ion of BfifeRctioR.WasTeResied, umqtéteﬁmuemwﬁmﬁdmgdqm@ procedure

above, and,the.r %éh@&&ﬁ{ sﬁf‘%Wﬁ‘HJ@@ €16 RGAGHD SeREWRE Sl EXPer %9 17,4
temperature was 40C, hydrog en pressuré was 40 bar. iSTabIe 7, %EffaSolvent |voO Time (hours)

Conversiod CY S RAfF §“§ff I\Wéd?ﬁ%"% 1OHES: 1 ¢ 55 PrIRM e, ATH DS 3 %ﬁ?(‘}fﬂféfs‘%%? 3
9.4 CH2C 1dte0triiiore vzre1oeio s gy buffer containing 50 mM Tris-HCY, 5 mM ascorbic acid, 4
mM CaCl2, pH 7.4 at 32 °C, in a 250 microliter reaction volume.

Assay tubes containing ["H] LSD or ['H]Ketanserin {5 nM), competing ligand, and
membrane were incubated in a shaking water bath for 75 min. at 37 °C (for 5-HTs) or 60 min. at
10 32°C (for 5-HT5a), filtered onto Packard GF-B plates (pre-soaked with 0.3% PEI) using a
Packard 96 well cell harvester and washed 3 times in ice cold 50 mM Tris-HC1. Bound ['H] LSD
or ["H}Ketanserin were determined as radioactive counts per minute using Packard TopCount.

Displacement of ["HJLSD or [*H]Ketanserin from the binding sites was quantified by
fitting concentration-binding data to a 4-parameter logistic equation:

binding = basal +( Bmax - basal j

15 141 G—Hz’lf(iog[figcmd}—log ICy

where Hill is the Hill slope, [ligand] is the concentration of competing radioligand and 1Cs
is the concentration of radioligand producing half-maximal specific binding of radioligand. The
specific binding window is the difference between the Bmax and the basal parameters.

Using the procedures of this Example, the compounds (R)-[6-(3-Fluoro-benzenesulfonyl)-
20 1,2,3 4-tetrahydro-naphthalen-1-yimethyl]-urea, {(R)-8-Fluoro-6-(3-fluoro-benzenesulfonyl)-
1,2,3,4-tetrahydro-naphthalen- I -yimethyl]-urea and (R)-N-{6-Benzenesulfonyl-8-fluoro-1,2,3,4-
tetrahydro-naphthalen-1-yimethyl)-acetamide showed a pKi for 5-HTs 0f 10.0, 9.8 and 9.75
respectively.

While the present invention has been described with reference to the specific embodiments
25  thereof, it should be understood by those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the true spirit and scope of the invention.
In addition, many modifications may be made to adapt a particular situation, material,
composition of matter, process, process step or steps, to the objective spirit and scope of the
present invention. All such modifications are intended to be within the scope of the claims

30 appended hereto.



THF/MeOH (2/2)18.5100 99:1 9.6 THF/toluene (2/2) 18.5 92 98:2 Example 10Radioligand binding
studies This example illustrates in vitro radioligand binding studies of compound of formula I. The
binding activityx@f sampergds of this invention in vitro was determined as fqllewise 4 Rstplicate
determinations of 5-HT6 ligand affinity were made by competing for binding of [3H]LSD in cell
membranes derived from HEK293 cells stably expreésing recombinant human 5-HT6 receptor.
Duplicate determinations of 5-HT2A ligand affinity were made by competing for binding of
[3.H]Ketanserin {(F:&¥x4s(4-fluorobenzoyl)piperidinopethyl)-2,4(1H,3H)- quinazolinedione) in cell
membranes derived from CHO-KI cells stably expressing recombinant 25 human 5-HT2A receptor.
Membranes wer® prepatednioi HEK 293 cell lines by the method WO

2010/069778PC /EQ%%OQ%O@OG 45 -60(;/0desc§:d]gﬁ1 e&%g}%gn ma e al., Molecular Pharmacology, Vol. 43
pp. 320-329‘(19 131 and from CHOS Ceifings as' deseri by13onhaus et al., Br J Pharmacol. Jun;
115(4):622-8 (1995). For estimation Gfojing at the 5-HT6 recept10r, alkdgteminations were made in
assay buffer containing 50 n"(le;ris-HC\f‘-;, 10 mM MgSO4, 0.5 iR EDTA, | tnM ascorbic acid, pH 7.4
5 at 37 C, in a 250 microliter reacitm.woltine. For estimation of affiaifyratthe\5-HT2A receptor all
determinations were made in aslay)) Jeontaining 50 mM Tris-HCI, scorbic acid, 4 inM
CaCl12,pH7.4at32C,ina 2$0 microlitér réaction volume. Assﬁy tubes contdining [3H] LSD or
[3H]Ketanserin (5 tiM), competing ligand, and membrane were igeubated in a shaking water bath for
75 min. at 37 C (for 5-HT6) or 60 min. at 10 3Z2€*(for 5-14132A), filtered onto Packard OF-B plates
(pre-soaked with@3%: PEI) using a Packard 96 well cell harvester and washed 3 times in ice cold 50
mM Tris-HC1. Bound [3F1] LSD or [3H]Ketanserin were determined as radioactive counts per minute
using Packard T@pCdauher 1 Displacement of [3H]LSD or [3H]Ketanserin from the binding sites was
guantified by fitting concentration-binding data to a 4-parameter logistic equation: 15 Bmax -basal
binding = basal pos fF6m 10 £ ‘

Ar  is: aryl; or heteroaryl, each of which may be optionally substituted with;

halo; Cyealkyl; Crealkoxy; cyano; hydroxy; Cisalkylsulfonyl; or halo-C,; salkyl;
Y  is-O-; -S(O)p- or -N-R” wherein p is from 0 to 2 and R* is hydrogen or Cisalkyl; and
R’ is: halo; Cyealkyl; C;galkoxy; or halo-C.salkyl;
the method comprising:

reducing a dihydronapthalene amide compound of fornmla i

with hydrogen gas m the presence of a catalyst of formula 1 or j2
Ru(Z)(1) R
Ru(E)E"XL)D) 12

wherein:

D is an optionally chiral diamine;

E and E’ are both halo, or E is hydrogen and E’ is BH o

L isa chiral diphosphine ligand; and

Z  is: halo or R"-COy (carboxylate) wherein R® is: Cirealkyl; halo-Cysalkyl; Csalkoxy,
aryl optionally substituted with halo; or heteroaryl optionally substituted with halo.



', 1+10-Hill(log[ligand]-102 IC50 where Hill is the Hill slope, Higandl is the concentration of
competing radioligand and IC50 is the concentration of radioligand producing half-maximal specific
binding of radiligamanahe specific binding window is the difference betweenthwBmassassd the basal
parameters. Using the procedures of this Example, the compounds (R)46-(3-Fluoro-benzenesulfonyl)-
20 1,2,3,4-tetrahydro-naphthalen-1-ylmethylkurea, K@)-S-FIuoro-6-(3-f|uoro-benzenesulfonyl)-
1,2,3,4-tetrahydro-naphthalen-l-ylmethylkurea and (R)-N-(6-Benzenesulfony1-8-fluoro-1,2,3,4-
tetrahydro-naphthalen-l-ylmethyl)-acetamide showed a pKi for 5-FIT of 10.0, 9.8 and 9.75 respectively.

While the present invention has been %escribed ith reference to the specific embodiments 25 thereof,
it should be“und t%gl%@ a"éiégé iII&GEHTtHE Krt that various changes may be made and equivalents
may be substituted without departing from the true spirit and scope of the invention. In addition, many
modifications may be made to adapt a particular situation, material, composition of matter, process,
process step or Stepsstivthe objective 'spit andlscope of the present invention. All such modifications
are intended to be within the scope of the claims 30 appended hereto. -61- CLAIMS What is claimed
is: A method of producing a compound of formula kl or k2 0 N. _NH 2 (R1)(R1) wherein:isOor 1;is

from O to 3Ar ispianyl.Qrhgieioanyl, sachef which may be optionally substituted with: halo; Cis.lkyl;
C1_6alkoxy; cyano; hydroxy; Cl_salkylsulfonyl; or halo-Chsalkyl,

5. The method of claim 1, wherein the catalyst is j1.
6. The method of claim 1, wherein the catalyst is j2.

7. The method of claim 1, wherein Ar is phenyl optionally substituted with: halo; C;alkyl;
Cigalkoxy; cyano; hydroxy; Cisalkylsulfonyl; or halo-Cygalkyl.

&  The method of claim I, wherein Ar is phenyl optionally substituted with: fluoro; methyl;
methoxy; cyano; hydroxy; methanesulfonyl; or trifluoromethyl. '

9. The method of ciaim 1, wherein Ar is phenyl optionally substituted with fluoro.

10.  The method of claim 1, wherein Ar is: heteroaryl selected from: indolyl; pyrrolyl;
© pyrazolyl; imidazolyl; and benzimidazolyl, each optionally substituted with halo.

11.  The method of claim I, wherein Ar is; heteroaryl selected from: indol-3-yl; 5-fluoro-indol-
3-yl; pyrrol-3-yl; T-methyl-pyrrol-3-yl;, pyrazol-4-yl; 1-methyl-imidazol-2-yl; and 3-fluoro-
benzimidazol-7-yl.

12. The method of claim 1, wherein Y is S.

13, The method of claim 1, wherein Z is acetate,



Y is -0-; -S(0)r- or -N-Ra wherein p is from 0 to 2 and Ra is hydrogen or Choallcyl; and RI is: halo;
CiNoalkyl; CiNsalkoxy; or halo-Chsalkyl; the method comprising: reducing a dihydronapthalene amide
compound of womulasd@™MH2 (R1) with hydrogen gas in the presence of a eatsiystiof/éessaula j1 or j2
Ru(z)2(L) Ru(E)(E"(L)(D) wherein: is an optionally chiral diamine; and E' are both halo, or E is
hydrogen and E' is BH4; is a chiral diphosphine Iigaﬁ%j*, and is: halo or Rh-002 (carboxylate) wherein
RI'is: C1_6alkyl; halo-C16alkyl; CINsalkoxY; aryl optionally substituted with halo; or heteroaryl
optionally substilthiechatlithl kidllda W0 LRISI06R X8 RCITTERE09/D663Act6R r@mThe grethod of claim 1,

wherein miis I. %Omgtﬁ?m@j Q¢ aimndncwhereisrii is 0. 4. The method of claim 1, wherem niis 1. 5.
The method of E grein the catalyst s 6. The method of claim 1, wherein the catalyst is j2. 7.

The method of clalm efein Ar is phenyl optionally substituted with: halo; Ci_oaLlcyl; Ci_oalkoxy;
cyano; hydroxy; li’llﬁfé@m‘l‘)ylsu1fonyl or halo-C1 8. The method of claim 1, wherein Ar is phenyl
optionally substitikdil®jth: fluoro; methyl; methoxy; cyano; hydroxy; methanesulfonyl; or
trifluoromethyl. 9. @ggi@'gpl wherein Ar is phenyl optionally substituted with fluor. 10. The
method of clalm Eﬁ% lleAEtlﬁs t}\%t%% iﬁq lected from: indolyl; pyrrolyl; pyrazolyl; imidazolyl;
and benzimidaz eac substituted with halo. 11. The method of claim 1, wherein Ar Ls:
heteroaryl selec%ﬂTﬁF%?ﬁi’.l)rMé@@ EB:fluoro-indol3-y1; pyrrol-3-y1; 1-methyl-pyrrol-3-y1;
pyrazol-4-y1; 1-hét#i-medaddERY1; and 5-fluorobenzimidazol-7-3/1.

PHANEPHOS;

BICP;
TriMeOBIPHEP,
(R.R,S,S)-Mandyphos;
BnOBIPHEP,
BenzoylBIPHEP;
pTol-BIPHEMP;
tButylCOOBIPHEP;
iPrOBIPHEP;
p-Phenyl-MeOBIPHEP,
pAn-MeOBIPHEP;
pTol-MeOBIPHEP;
3,5-Xyl-MeOBIPHEP;
3,5-Xyl-BIPHEMP;
BINAP;
2-Furyl-MeOBIPHEP;
3,5-Xyl-4-MeO-MeOBIPHEP; and
BITIANP.

15. The method of claim 1, wherein the chiral diphosphine L is selected from the group
consisting of (R} or (S)-enantiomers of:
3,5-Me,4-MecO-McOBIPHEP;
3,5-iPr,4-MeO-MeOBIPHEP;
3.5-tBu,4-MeO-McOBIPHEP;
3,5-TMS-MeOBIPHEP;
1PPr-MeOBIPHEP;
Cy-MeOBIPHEP;
(2-Furyl)-BIPHEMP);



12. The method of claim 1, wherein Y is S. 13. The method of claim 1, wherein Z is acetate, -63- 14.
The method of claim 1, wherein the chiral diphosphinc L is selected from the group consisting of (R) or
(S)-enantiomevsoofuivie@BPHEP; BIPHEMP; TMBTP; 2-Naphthyl)-MeOBIPEIER2009/066345
(6-Me0-2-Naphthyl)-MeOBIPHEP; 2-(Thienyl)-MeOBIPHEP; 3,5-tBu-MeOBIPHEP; PHANEPHOS;
BICP; TriMeOBIPHEP; (R,R,S,S)-Mandyphos; BnOBPHEP; BenzoylBIPHEP; pTol-BIPHEMP;

tButyl COOBIPHEP; iPrOBIPHEP; p-Phenyl-MeOBIPHEP; pAn-MeOBIPHEP; pTot-MeOBIPHEP;
3,5-Xyl-MeOBIPEHR8¢s; Xyd-BIPHEMP; BINAP; 2-Furyl-MeOBIPHEP; 3,5-Xy1-4-Me0-MeOBIPHEP;
and BITIANP. 13pFhey nod of claim 1, wherein the chiral diphosphine L is selected from the group
consisting of (R) or (S)-enantiomers of: 3,5-Me,4-Me0-MeOBIPHEP; 3,5-iPt-,4-Me0-MeOBIPHEP;
3,5-tBu,4-Me0-MeOBIPHEP; 3,5-TMS-MeOBIPHEP; iPr-MeOBIPHEP; Cy-MeOBIPHEP;

(2-Fury|)-BI1|:’6H E’I%/le)r;ﬂe_t%ga of claim !, wherein L is (6,6 °-dimethoxybiphenyl-2,2°-

diylybis(diphenylphosphine).

17. The method of claim 1, wherein the catalyst j1 is [Ru{OAc)((6,6’-dimethoxybiphenyl-
2,2’-diyhbis(diphenyiphosphine)).

18.  The method of claim 1, further comprising:

reducing a compound of formula k1 or k2

0 NH O NH
s >
R). (R,
\l()m r )m
Ar Kl Ar -

to provide a compound of formula m1 or m2

(R),, Tk

ml;

wherein m, n, Y, Ar and R' are as recited in claim 1.

19.  The method of claim 18, further comprising:

reacting a compound of formuia ml or m2

— NH
(R). T ¢
{
Ar




Et-Duphos; and 1)13F-P(tBu)2. 16. The method of claim 1, wherein L is (6,6'-dimethoxybipheny1-2,2'-
diyObis(diphenylphosphine). 17. The method of claim 1, wherein the catalyst j is

[Ru(OAC)2((6 ecimetiaoxybiphenyl2,2'-diyObis(diphenylphosphine)). 18. Thermmeirad@fzgiaim 1,
further comprising: reducing a compound of formula kl or k2  kl; to provide a compound of foimula ml
or 2 (R1), Arml;whereinm, n, Y, Ar and R1 are as®écited in claim |. 19. The method of claim 18,
fiirther comprising: reacting a compound of formula ml or m2 (Ri)nrT-NH2 Arml; WO
2010/069778P Gtk R 2080066 84mubiin with a reagent of formula n X-R2 to form a
compound of folll ula ol or 02 N, (R1),(R1)R2 S. '

R .
to form a compound of formula ol or o2
N N
RY), I "R R, "R
i i
Ar ol: Ar o2

wherein:
X 18 aleaving group;

R? s -C(O)-R® or -SO.-RE wherein R¢ is C;salkyl or -NRR® wherein R and R® each
independently is hydrogen or Cysalkyl; and

m, 0, Y, Ar and R’ are as recited in claim 18.

20. The method of claim 19, wherein the compound of formula n is urea.

21. The method of claim 19, wherein the compound of formula n 1s acetic anhydride.

22. The method of claim 19, further comprising;

hydrolyzing a dihydronaphthalene carbonitrile compound h

wherein m, 1, Y, Ar and R’ are as recited in claim 19,



0 1;Aro2; wherein: Xis a leaving group; R2 is: -20)-R or -S02-12." wherein 12." is Ch6alkyl or -NRdRe
wherein Rd and Re each independently is hydrogen or Choalkyl; and m, n, Y, Ar and RI are as recited
in claim 18. 2Gvdhersnethad of claim 19, wherein the compound ofla n is uraar/2itzodéresmethod of claim
19, wherein the compound of formula n is acetic anhydride. 22. The method of claim 19, further
comprising: wherein m, n, Y, Ar and RI are as reciteflin claim 19. WO
2010/069778PCT/EP2009/066345 -66- 23. The method according to any of claims 19 to 21, further
comprising: treating a compound of formula g with cyanate, followed by treatment with sulfuric acid, to
form the compound of formula i whereinin_n, Y, Ar and R.' are as recited in any of claims 19 to 21.
24. The method BrcrsHHet ﬁ%&&ﬁé‘)&a@‘bﬁﬁﬁ%ﬁﬂ 6t i uf PO 8 ein: is from 0 to 3; is from O
to 1; R1is: halo;t%i

salkyl: I : 0-C1..6alkyl; and R3 is: halo; C1_6alkyl; Ci_oallcoxy;
f? ila y ) ) _ ya _ y;
cyano; hydroxy; C%E%%%ﬁs%ﬁfgoﬁﬁ?ﬁ?gorgﬁ%%- ollcyl; the method comprising: WO

2010/069778PCPEP2009/066345 ([”'531)n 0
|
Ar

£
with cyanate, followed by treatment with sulfuric acid,

to form the compound of formula i

wherein m, n, Y, Ar and R' are as recited in any of claims 19 to 21.

24. The method of claim 1 producing a compound of formula z
O NH,

wherein:

n  is from 0to 3;

p isfromQOto1;

R' s halo; Crsalkyl; Ciealkoxy; or halo-C)alkyl; and

R® is: halo; Cysalkyl; Cyealkoxy; cyano; hydroxy; Cysalkylsulfonyl; or halo-Cy salkyl;

the method comprising:



-67- reducing a compound of formula y y; with hydrogen gas in the presence of a catalyst of formula ji
or j2 Ru(Z2)2(L) Ru(E)(E")(L)(D)j2; wherein: is an optionally chiral diamine; and E' are both halo, or E
is hydrogen andoEisBdd#s is a chiral diphosphine ligand; and 7is: halo or REO£BnuieaEeaxylate)
wherein R_b is: C1.6alkyl.; halo-C1.6alkyl; Cl_sal-koxY; aryl optionally substituted with halo; or
heteroaryl optionally substituted with halo. 25 The méthod of claim 24, wherein R3 is: fluoro; methyl;
mcthoxy; cyano; hydroxy; methanesulfonyl; or trifluoromethyl. 26. The method of claim 25, wherein R3
is fluoro. 27. Thectheihgd afwlainn4l favargin D is (S)-MeOBIPHEP 28. The method of claim 24,
wherein the catalyst 2 is [Ru(OACc)2((S)-McOBIPHEP)] '68N|219' The method of claim 24, further
comprising reducing a compound of formula z (@1[))rovi e~gcompound of formula aa  wherein n, p, RI
and R3 are as recited in claim 24. n

¥
with hydrogen gas in the presence of a catalyst of formula il or 2
Ru{Z)x(1.) ik
Ru(E)E"YLXD) 32
wherein: '
D is an optionally chiral diamine;
E and E’ are both hale, or E is hydrogen and E” is BH,;
L. is a chiral diphosphine ligand; and

Z s halo or R"-COy (carboxylate) wherein R® is: Cy.galkyl; halo-C; galkyl; Cy salkoxy;
aryl optionally substituted with halo; or heteroary! optionally substituted with halo.

25. The method of claim 24, wherein R’ is: fluoro; methyl; methoxy; cyano; hydroxy;
methanesulfonyl; or trifluoromethyl.

26. The method of claim 25, wherein R’ is fluoro.
27. ‘'The method of claim 24, wherein D is ($)-MeOBIPHEP .

28. The method of claim 24, wherein the catalyst 2 is [Ru(OAc)((S)-McOBIPHEP)].



30. The method of claim 29, further comprising reacting a compound of formula aa with a reagent of
formula bb wherein: X is a leaving group; and -69- is Ci.6alkyl or -NRdRe wherein Rd and Re each
independentlyis hydragen or Cidalkyl; to form a compound of formula cc serwier@ing:4, Rl and R3
are as recited in any of claims 24 to 29. 31. The method of claim 30, wherein the compound of formula
bb is urea. 32. The method of claim 30, wherein the®ompound of formula bb is acetic anhydride. 33.
The method of claim 30, further comprising oxidizing a compound of formula cc cc; to form a
compound2of forimute: thd d dd clai#0 2 WHendist tomppRinR3 and Ware as recited in any of claims 24 to 30.

34. The method of claim 33, further comprising hydrolizing a dihydronaphthalene carbonitrile
compound X x reducing a compound of formula z

z
ag;
wherein n, p, R' and R? are as recited in claim 24,
30. The method of claim 29, further comprising
reacting a compound of formula aa
ag;

with a reagent of formula bb

wherein:

X  1saleaving group; and



to form the compound of formula y Y; wherein n, p, RI, and R3 are as recited in any of claims 24 to
33. 35. The method of claim 34, further comprising reacting a compound of formula w with
trimethylsilyl cyanidayosdbg to afford the compound of formula x wherein npgy/RbandoR34are as

recited in any of claims 24 to 34. ***
-69-

Rf s Crealkyl or -NRR® wherein R? and R® each independently is hydrogen or C.
salkyl;

to form a compound of formula ¢cc

cc;

wherein n, p, R' and R? are as recited in any of claims 24 to 29.
31. The method of claim 30, wherein the compound of formula bb is urea.
32, The method of claim 30, wherein the compound of formula bb is acetic anhydride.

33. The method of claim 30, further comprising

oxidizing a compound of formula cc



WO 2010/069778 PCT/EP2009/066345

<70-

wherein 1, p, R, R and R are as recited in any of claims 24 to 30.

34. The method of claim 33, further comprising

hydrolizing a dihydronaphthalene carbonitrile compound x

(R1)n CN

fve

gl

X

wherein 1, p, R!, and R* are as recited in any of claims 24 to 33.

35. The method of clair 34, further comprising

reacting a compound of formula w

with trimethyisilyl cyanide,
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to afford the compound of formula x

(Rq)n CN

ko
e

wherein n, p, R and R are as recited in any of claims 24 to 34.

X
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