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While some 5-HTs and 5-HT,4 modulators are known, there continues to be a need for

compounds that are useful for modulating the 5-HT¢ receptor, the 5-HT,4 receptor, or both.

The invention provides a method of producing a compound of formula k1 or k2

(R : (R),

Ym)m Y )m

Ar K2:

25 wherein:

m isOorl;



reduci ng a di hydronapt hal ene am de conmpound of formula i O NH 2 with

hydr ogen gas in the presence of a Rutheniumcatalyst of formula A or
10Ru( Z) 2(Wp 2Ru(idT7E' ) (L) (D) wherein: Dis an optionally ehirEekoodioadsishe;

E and E are both halo, or Eis hydrogen and E is BH4; 15 Lis a chiral

di phosphine ligand; and Zis hal o or Rb-B2- (carboxylate) wherein Rb is:

C _6al kyl; halo-C _6al kyl; C _6al koxy; aryl optionally substituted with
hal o; Qr h@Hﬁ&g%r¥l optlonally substituted with halo. The nethod is useful
for preparatlon of “tonpounds that are effective nodul ators of the 5-
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butyl ene, pentylene, and the |ike. | "Al koxy" means a noiety of the
formula -OR, wherein Ris an aIkyIAﬁDiety as defj.ned herein. Exanples of
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alkyl and R is alkyl as defined herein. 15"Aryl" neans a nonoval ent cyclic
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her ei n. dﬁﬁﬁé@ of aryl noieties include, but are not limted to,
optionglly.substit ., haphthyl, phenanthryl, fluorenyl, indenyl,
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15 L  isachiral diphosphine ligand; and

Z s halo or R*-CO, (carboxylate) wherein R® is: Cy.galkyl; halo-Calkyl; 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-
HTs receptor. Also disclosed are compounds useful as intermediates in the methods of the

20 1invention.

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 in the

(13 ” (13

specification and the appended claims, the singular forms “a”, “an,” and “the” include plural

referents unless the context clearly dictates otherwise.

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

consisting solely of carbon and hydrogen atoms, having from one to twelve carbon atoms.
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partially hydrogenated derivatives thereof. Preferred aryl are phenyl and
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WO 2010/ 069778PCT/ EP2009/ 066345 - 5- "Pol ar aprotic solvent"” nmeans a
sol vent conprised of nol ecul es having pol ar groups thereon, but w thout
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- 6- "Di sease" and "Di sease state" neans any di sease, condition,

synit om di“Blelodékyl’omeamsdillgats defined hereit Bokwhich oné oasotesedrdgendianbéch neant to
enconp L QLK ﬁﬂgr j 1d 7 S n a solvent in
di ssol \q;g@ %d%{ éd dﬁ{f \Zt)ﬂa?c%%ﬁnﬁxe%ep rﬁ%% ]?lclgg?aﬁgctndl ssol ved
form —CHxCF; —C 2CC13, perﬂuoroalkyl (e.g., —CF3) and the li

“Haloalkoxy” means a moiety of the formula —OR, wherein R is a haloalkyl moicty 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-dihydroxybutyl and
2-(hydroxymethyl)-3-hydroxypropyl.



5 or both. Thus, in a "solution", it is contenplated that the solute may
not be entirely dissolved therein and solid solute nay be present in

di sper si omoan1oglegr’sy form Accordingly, a "solution" of PaTfEReeod3as
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terms "as dERTOREY BiseRscr 2ranp of te foramyly e (HEp-EHh when referring to a

var| abl e incor.por ef erence 1t he broad d n of he var|abl e as
we|1 as preberred @%Ewéutﬁﬁ V\éhepélaedaw&swﬂoa PYlni PSR t any .

" Tr eat i"eglodkyl" tor¢atitiBft ek aa athil SeRa¢l, Bétatoaryl) rtcylcldxﬁesyl andlfcevigioh isng t he
di sease di sease state not

Lo sov opBh ity subyfe IR RIS w otk S8 I YR AR prel b BSOSy
di seaseulsttitucats S@Lﬁeted(femn alby], yeelodk ple ey dordleylalk y i hetproalk ys yaygteoyslkpk, haloe

di seasg i a4, BLARLDI ARG, b da[?@ﬂﬁlgg N tm)a%k -
o B BB o8y il QTR SRS Kb gty s ﬁp%}eﬁil?%rﬂ% PRSI e he

di seas @@@Rt(ﬁfh&fe i) 1Ts Sn @ﬂtbgqui%lm 6 y&ptfo’r@ld R” are nﬂ@ﬁeﬁd%ﬁw h drb gt ¢m1<y1 and R

i nabp s SEHIRG, o RERGURLE bhSR SouBrS AR 8 IR TR

FL oslu quha@ o id dh aated fidandd w 5 th’degsl a&@%dép@ﬁi@ﬁﬂy hydrogéipw dlkﬁemﬂ{ﬂ eﬁﬁil at ed
a reacti on e,.l
o e H A Rl S RIOSRE Sy di gt gk Sy oURY: PRGOS PEEVAE’ | wo

readfe ntp&emhalkhl) VEdrenin pnefermldlqptlankiedbstnueats fot hayl, preyyBe" eteeoay!" mor e

i nterme 0]/ PCT EP 1,066 e r ced in
the m x V%l"‘ﬂ{nﬁgi] ta)ﬁgatzhg1 yh? %g'ig ﬁzg E %%9(? %?‘ééd ?&Ylﬁa%&ﬁgll\gg ed and/ or
t he desvlrfrfelaiect)qﬂﬁ)aut@@nts are methyl, faorss alilloros ﬁﬁlummmﬁbylamﬂwxuszémnp and hi s

Appl i catdipmebiafdageed on AUTONOMIm v. 4.0, a Beilstein Institute conputerized
system for the géneration of |IUPAC systematic nonencl ature. 5 Chem cal

st Ir uct ur es B ﬁh@"uﬁ? ﬁlew{%rtﬁe proRpaviackhy %&ﬁlng%bﬁ&eﬁ]}loﬁzﬁ[ysds@db1ﬁe@¥vnﬁxﬁt¥mopen
val ency earin carbon, oxygen or ni he str.uctures
or 2 Sy R P eame BB EEdrodngfor Oh gire R s Vi U e Rt er i s
pr esentconditianss Exaieples of kating (groamecmcﬂude biitearenath anit it to yhalsgeahaime- bot h

st er eoi e sed by the
struct u? &?ﬁ]&ﬂ%&%{i}é C%%p%eltﬂgaa itlgﬁo a?tﬁ%gﬁiof%%% %Og{m I ed o% Decenber
21, 20(bsnzq@amlfoghbdy,atgSﬂwwambWélhabnwﬂphmoybavmﬂow jubatifuend Seri al
yloscll é/gﬁf?%é&# 1swh%o°p2109\5} aldﬂb% 26hd ROBKe. ERILE BenAss L2 ROAR0 ?@@e hdife

ai e ncorgorat ed herein by reference, d| scl ose

contfbud®s e £Eet PP Fagticpbin nietsrsd gre ¢hvprids. Hry g QA receptors and

uses of the qunds for tr nent o es. This invention
o ovi des. mendiRI SRS 1 BB Hr i BT abE Mg R M S are
i nt er madt Ainésd ts afarist] mtsgonist,mat] hiodiske, &5a'dsfmerm1bfmds of the invention wll

be nore fully understood by first referring to Schene A
“Optional” or “optionally” means that the subsequently described event or circumstance

may but need not occur, and that the description includes instances where the event or

35 circumstance occurs and instances in which it does not.



bel ow, wherein: Ris G _6al kyl and may be the sane or different in each
occurrence; X is a leaving group and may be the sane or different in each
occur rence 2mio69778r 1; 20 nis fromO to 3; Ar is: aryl PCOEPh@O®sGAF Yy ,
each of which nay be optionally substituted with: halo; G _6al kyl; Cl1_
6al koxy; cyano; hydroxy; C _6al kyl sul fenayl; or halo-C _6al kyl; Yis -0-;
-S(0)p- or -N-Ra wherein pis fromO to 2 and Ra is hydrogen or C _6al kyl;
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10 “Solvent” as used herein is meant to encompass liquids that fully dissolve a reagent or
reactant exposed to the solvent, as well as liquids which only partially dissolve the reagent or
reactant or which act as dispersants for the reagent or reactant. Thus, when a particular reaction
is carried out in a "solvent", it is contemplated that some or all of the reagents or reactants

present may not be in dissolved form.

15 “Subject” means mammals and non-mammals. Mammals means any member of the
mammalia class including, 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 include, 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.

2% e

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
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SCHEME A

In step 1 of scheme A, fluorophenyl compound a is reacted with an ester compound b, to
afford phenyl-alkyl carboxylic ester compound c. In embodiments where m = 0, ester compound
b is 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 in 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(II) catalyst

10 such as bis(triphenylphosphine)Ni(Il) 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



Ru(E)(E' )(L)(D)i2 wherein: 5 Dis an optionally chiral diamne; E and E are
both halo, or Eis hydrogen and E' is BH4; Lis a chiral diphosphine |igand;
and Zi s mhabaoovosRISOC2- (car boxyl ate) wherein Rb is: C PEaIEPY009/066345

hal o- G _6al kyl; G _6al koxy; aryl optionally substituted with hal o; or
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enbodi nent s taln e I ment I S acet at
cert ai ﬁu@%ad Fﬁérﬁl@e gt ﬁem@amﬂ Sapy F%umSG foi cerpplgi # aiedsomneuad, a phe

cat g Yy gbmpsudPor a thiophenol comPo &R, trak ReRITGOEF WENA $naythRafitdouk uﬂde@'@@ﬁphl ne L

IS selected f onlthﬁ @rougﬁﬁﬁﬁé%Stl of 30 (R or (S)-enantionmers of:

MeOBI PERFIC SNNCBIOHA B8 Y 9bt %)%Oéé%% 12- (2-Furyl) - MeOBl PHEP;

pTol - MeCBl Fé?ycﬁ’c 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 h need not be

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

In step 6, dihydronaphthalene carbonitrile compound h is hydrolyzed to form the
corresponding dihydronaphthalene amide compound i. 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 events 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 j2. Several chiral ruthenium catalysts

25 jl, j2 may be used in this step and are described in detail below. Use of (S) enantiomer catalyst
11 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 j1 or j2 is used to produce (R) enantiomer product k1.

One preferred catalyst j1 for preparing (R) enantiomer k1 is [Ru(OAc),(5)3,3"-Diphenyl-
30  6,6'-dimethoxybiphenyl-2,2'-diyl)-bis-diphenylphosphine], also known as [Ru(OAc),(S)-
MeOBIPHEP)]. The reduction of step 7 may be carried out using a polar aprotic solvent such as
tetrahydrofuran (THF). In certain embodiments amide compound k1 or k2 does not require

isolation, and step 8 may be carried 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- Mg, 4- Me0- MeOBI PHEP; 3, 5-i Pr, 4- Me0O- MeOBI PHEP; 5 3, 5-t Bu- MeOBI PHEP;

3, 5-t Bu, 4- Me0- MeOBI PHEP; 3, 5- TM5- MeOBI PHEP; Tri MeOBI PHEP; i Pr- MeOBI PHEP; 10
Cy- MeOBI RMBRp10Bsoey| OBl PHEP; BI TlI ANP; Bl PHEMP; ( 2- PATYEPROOBIORHENP; 15
Et - Duphos; BI CP; and PPF-P(tBu) 2. In certain enbodi nents, the chiral

di phosphine L is selected fromthe groel® consisting of (R or
(S)-enantioners of: 20 p-Phenyl-MeOBI PHEP; 2-(Thienyl)-MOBI PHEP;

2 BB B S AR P M D AR LR B Lo FREP: 29
t But y| CODBEUPHER oﬁmngaosnckgl oBkPHRVvEscrysTioh (R EENRNIBIZNARy cePHANERHOS 0r TNBTP,

and 35 (R R S, S)-Mandyphos. In certain enbodi nents, the chiral di hOSphI ne
Lis (9)- NéwepﬁEPmnpﬁle&ml foAaHn epMIpRNIfERd o7 M2Hs treEd Hithdrasenish o

(R - Me @Bt RIEBmpolf 808040 GREIEIPEThEFNH0668842mpld,3m acyl halide such as acetyl

5 chloride or other C, ¢carboxylic acid chloride, an urea, an acyl anhydride such as acetic
anhydride or other C;.scarboxylic acid anhydride, or a sulfonyl halide such as methanesulfonyl
chloride. The reaction of step 9 may be carried out in solvents such as water or NMP. The

configuration of compound ml or m2 is preserved in the product compound o1l or 02.

In embodiments of the invention wherein Y is sulfur, an optional oxidation may be carried
10 out in step 10 wherein compound o1 or 02 is treated with peracid, hydrogen peroxide, or like
oxidizing agent to afford sulfonyl compound p1 or p2. The configuration of compound o1 or 02
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 o) NI 1 O NH,
(R, : (R,
O O,
15 Ar kl; Ar k2;
wherein:

m isOorl;

n is from 0 to 3;

Ar is aryl; or heteroaryl, each of which may be optionally substituted with:
20 halo; Cysalkyl; C;salkoxy; cyano; hydroxy; C,salkylsulfonyl; or halo-C,salkyl;

is -O-; -S(0),- or -NR"- wherein p is from 0 to 2 and R* is hydrogen or Csalkyl; and
R' is halo; Cisalkyl; C;salkoxy; or halo-C;salkyl;
the method comprising:

reducing a dihydronapthalene amide compound of formula i

25 Ar



In certain enbodi nents, L is

6, 6' - Di net hoxybi phenyl- 2, 2' - di yObi s(di phenyl phosphi ne (MeOBI PHEP). In
certain ewbadiomeat’s, L is (S)-3,5-Xyl-MOBI PHEP. |n cer Prairmpreoodinaent s D
is 1, 2-bis-di phenyl - et hyl enedi am ne (DPEN). 5l n certain enbodi nents,
catalyst Ais [Ru(QAc)2((S)-(6, 6'-D mel hoxybi phenyl-2, 2' -

di yObi s(di phenyl phosphine))] and the tetralin or indan am de conpound of

formula kI j. . I ert g : I . P A 2. 1S

[ R on) 2( (o5 SESS TR it mres By R R TR SRR 82 % T
am de conpound of fornula kI is %ﬁ_j’aﬁ%d 10l n cgrtain enbodi ments, the
catalyst j2. is [Ru(QAc)2((S)-M EP)]. In certain enbodinents, the
catalyst j2. is [Ru(OAc)Z((R)-NE%tﬂ(‘Eﬁ@I])(D) The et hod of the invention
further conprises: reducing a conpound of formula id. k2 0?2 NH\v 2 (=Y
Arkl; to mpewigte a conpound of formula ml or n2 m;n2; wherein m n, Y,
Ar and R are as defined herein. In certain enbodi nents a conpound
of fr mul aisdn dpsiondtiuded] Hanfier;m a conpound of 20 fornula ml . In
certain, enpbodi nen conpound of formula k2 is reduced to forma conpound
of for rﬁﬂréiWrgﬁoﬁﬁlaﬁh%@rl%%chﬁj%qwéi%ﬁ??a he reducing of the conpound of

formula kl or k2 is carried out using borane. WO

2010/ 08977 8RCHiEPDHOshEEI1End;jand

Z s halo or R*-CO, (carboxylate) wherein R® is: Cy.galkyl; halo-Calkyl; C\alkoxy; aryl
optionally substituted with halo; or heteroaryl optionally substituted with halo.

10 In certain embodiments of the invention, mis 1.
In certain embodiments, m is 0.
In certain embodiments, nis 0 or 1.
In certain embodiments, n is 0.
In certain embodiments, nis 1.

15 In certain embodiments, Ar is phenyl optionally substituted with: halo; C; ealkyl; C;.
salkoxy; cyano; hydroxy; C;salkylsulfonyl; or halo-C,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; pyrazolyl;
imidazolyl; and benzimidazolyl, each optionally substituted with halo, preferably fluoro.

In certain embodiments, Ar is: heteroaryl selected from: indol-3-yl; 5-fluoro-indol-3-yl;
pyrrol-3-yl; 1-methyl-pyrrol-3-yl; pyrazol-4-yl; 1-methyl-imidazol-2-yl; and 5-fluoro-

benzimidazol-7-yl.
25 In certain embodiments, Y is S.
In certain embodiments, Z is acetate (CH3COQO").
In certain embodiments, the catalyst is j1.
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;



The nethod of the invention may further conprise: reacting a conpound of
formula m or n2 with a reagent of fornula n 5X-R2n; wherein: Xis a
| eavi ng gwoup10/b@77R2 is -C(0)-Rc or -S02-Rc wherein Rc PSTEP2@I0kssHS Or
-NRdRe wherein Rd and Re each independently is hydrogen or C _6al kyl; and
m n, Y, Ar and R are as defined herei? In certain enbodi nents a
conpound of fornmula m is reacted with a conpound of fornmula n to forma

COWOUEE‘-P%E ﬂ-R/fe@ﬁI@HiS‘P' 151 n certain enbodi ments a conpound of fornula n2 is
reacted”w th’ a conpound of forrmula n to forma conpound of formula 02. In

cert ai TehyeBRRHED;t he | eaving group X is halo. In certain enbodinents the

conmpoundk_8fc £ RfdBINEOBIPEIERCEt Yl chloride. In certain enbodi nents the
compound_ of fornula n is urea. 20ln certain enbodi nents the conpound of

of 'f
f or mul a-Hihrg-MeLrMeOBIRNERi de. In certain enmbodinents the conpound of
formul @ ntBsMeHIaEERY| f onyl chloride. -15- The met hod may further

?gmriﬁgsﬂ%‘ﬂ%i\lg%@h\@&% | I;;(@:I‘rionapht hal ene carbonitrile conmpound h h; to
3,5-TMS-McOBIPHEP;
TriMcOBIPHEP;
iPr-MecOBIPHEP;

10 Cy-MeOBIPHEP;
BenzoylOBIPHEP;
BITIANP;

BIPHEMP;
(2-Furyl)-BIPHEMP;

15  Et-Duphos;

BICP; and
PPF-P(tBu),.

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

20  p-Phenyl-MecOBIPHEP;
2-(Thienyl)-MeOBIPHEP;
2-Naphthyl)-MeOBIPHEP;
6-McO-2-Naphthyl)-MeOBIPHEP;
3,5-Xyl-MeOBIPHEP;

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

BnOBIPHEP;
tButyl COOBIPHEP;

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 (S)-MecOBIPHEP.

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



5 wherein m n, Y, Ar and Rl are as defined herein. In other enbodi nents

the nethod may conprise treating a conpound of fornula g g; W th
cyanat e, wol2oovese77By treatnment with sulfuric acid, 10t oPComeratkmsesehpound
of formula i wherein m n, Y, Ar and R are as defined herein. The nethod

may further conprise reacting a conpouhd+ of formula g (R1)0O g; wherein m
n, Y, Ar and Rl are as defined herein. The nmethod may further conprise

rArG‘_"‘\C(H AR gty ?ﬁb&ilmeﬁ{snﬂ e ﬁlmgthp x8 gﬁﬁ%n?l -59RRHRA(bnd Qi Rk fhide

oun
(MeOBIPHEP)
In certain embodiments, L is (S)-3,5-Xyl-McOBIPHEP.
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’-
diyl)bis(diphenylphosphine))] and the tetralin or indan amide compound of formula k1 is
produced.

In certain embodiments, catalyst j2 is [Ru(OAc)((S)-3,5-Xyl-MecOBIPHEP)((R,R)-
DPEN)] and the tetralin or indan amide compound of formula k1 is produced.

10 In certain embodiments, the catalyst j2 is [Ru(OAc¢):((S)-MeOBIPHEP)].

In certain embodiments, the catalyst j2 is [Ru(OAc)((R)-MecOBIPHEP)].

The method of the invention further comprises:

reducing a compound of formula k1 or k2

1 O%_,NH2 1 O NH,
(R, : (R,
15 ol kl; Ar k2;
to provide a compound of formula m1 or m2
—NH NH
1 = 2 1 2
(R, : (R)n
Y ) Y )
| |
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 is carried out

using borane.



(R1) 210wherein m n, Y, Ar and R are as defined herein. The nethod may
further conprise cyclizing a conpound of fornmula d (Rl) OHd. -17- The
met hod mayoforodeer78conpri se hydrol i zyi ng a conpound of POTMPREIOEIRL) C.
to formthe compound of formula d (Rl), OHO d; 5wherein m n, Rand R
are as defined herein. The nethod may -idwt her conprise reacting a conpound
of fornmula a (R1), a. with a conmpound of fornmula b 0 XOR b;

The method of the invention may further comprise:

reacting a compound of formula m1 or m2

_NH NH
R, T Z R, ’
Ym)m Y )m
| |
Ar mi: Ar m2:

with a reagent of formula n

5 X-R? n;
to form a compound of formula o1 or 02
N N
1 NN K2 N2
(R), : R (R"), R

Ym)m Y )m

I I

Ar ol: Ar 02:

wherein:
is a leaving group;

10 R? is-C(O)-R® or -SO,-R¢ wherein R® is C galkyl or -NR'R® wherein R? and R each
independently is hydrogen or C;salkyl; and

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

In certain embodiments a compound of formula m1 is reacted with a compound of formula

n to form a compound of formula ol.

15 In certain embodiments a compound of formula m2 is reacted with a compound of 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 chloride.
In certain embodiments the compound of formula n is urea.
20 In certain embodiments the compound of formula n is acetic anhydride.

In certain embodiments the compound of formula n is methanesulfonyl chloride.



10to formthe conpound of formula ¢ (R1l) c. wherein m n, X, Rand R are
as defined herein. The invention also provides a conpound of formula-kl or
k2 0 ? NMO\20102%9717R1) , =(R)n 1. 101.10 YY 1li ArAr kl; \OPCT/EP2009/066345

2010/ 069778PCT/ EP2009/ 066345 -18- wherein: nis 0 or 1; nis fromO0 to 3;

Ar is aryl; or heteroaryl, each of whi-¢f+ may be optionally substituted
with: halo; G _6alkyl; 5C _6al koxy; cyano; hydroxy; C -6al kyl sul fonyl; or

e o G ool Bine SRR S e RSP o B (e 2 nd P

hal o- Cicogabtyd h The invention al so provides a corrpound of for rruI ai ONH2
Y Ar 10wherein: ms 0 or 1; nis fromO to

h;
to form the compound of formula i
1 O -NH,
(R),
Y O‘ )m
|
5 Ar i

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

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

R, Q
Ar

with cyanate, followed by treatment with sulfuric acid,

10 to form the compound of formula i
O -NH,
)
(R),
Y O‘ )m
|
Ar

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

The method may further comprise reacting a compound of formula g

(R"), Q
Ar



Ar is aryl; or heteroaryl, each of which nmay be optionally substituted
with: halo; G _6al kyl; Cl 6al koxy; cyano; hydroxy; C _6al kyl sul fonyl; or
hal o- C1_6aibky10/0694B8Yi s -0-; -S(0)p- or -N Ra wherein p iPST/EPOIMO6E3d5 2 and
Ra is hydrogen or G _6alkyl; and Riis halo; C _6al kyl; C _6al koxy; or

hal o- G _6al kyl . Schene B bel ow il-Ifsstrates a synthetic route to sone
preferred conpounds of the invention, wherein: Xis a leaving group; 20 Pis
from1l to 3. .S N - & e | koxy; cyano; hydroxy; G
_6a|ky|su|§%%§ ?h%PA:§h§¥5$%fg§$£§¥%oﬁé%qgggﬁi_6a|kyI or -NRdRe wherein Rd
and Re each independently is hydrqgen or GCNeal kyl; and D, E, L, Z, n, R
and Rl are as defined herein. (R)n.stdp 1 of scheme B,

br onof | uor ophenyl conpound g is reactfd an ganma- brono butyrate
conmpound r, to afford gamma- phenyl ‘ Lex0onpound s. This al kyl ation
reaction 5 may be carried out, for pxanple, under polar aprotic solvent
conditions, such as in solution w tAr NVP (N-nethyl pyrrolidinone). The
reaction is carried out in the presence of zinc and iodine such that an

i nter medi atg zlinGaLey( APLnFROWY)as CeARAURG.ihS formed. The reaction is

further carried out in the presence of a phosphinyl N (11) catalyst such as
bi s(tri phempkphesaivnie it LompiNeQEidifg akBhipoahesr Rrikyr at e conpound s is
hydrol yzed to afford phenyl -butyl carboxylic acid conpound t. The

hydrol ysis nmay be carried out undgp1ﬁqueo (2 conditions in the presence of
WO 2010/ 069778PCT/ EP2009/ 066345 - 20-""NaH formthe correspondi ng
carboxyl ate (not shown), which is th¢ cated with acid to give the
correspondi ng carboxylic acid t. I? )gyclization reaction is
carried out in which carboxylic acid conpound t eundergoes interal ring

cl osure under anhydrous or dehydrating conditions to formcyclic ketone 5
conmpound u.withtheompmod ob forofulast ep 3 may in many enbodi ments be carried out
in concentrated H2SO4. In step 4, tetral one conmpound u is reacted with
t hi ophenol conpound v to yield pheny?“ﬁﬂﬂfanyﬁ cyclic ketone w. The
reaction of step. 4 may be carried out in the presence of an am ne such as
triethylanﬂ%§¥nhmﬂCﬁWé@Fwﬁgﬁ%Vmﬁﬁgotic sol vent conditions using NVP or a

| i ke solvent. 10In step 5 cyclic ﬁ§{one cqgpound wis treated with
trimethylsilyl cyanate to give di aﬁonaph;halene carbonitrile conmpound x.
The reaction of step 5 may be carrie % a non-pol ar sol vent such as
toluene, and is preferably carried o presence of Al1Cl3.

Carbonitrile Y m
|
Ar .
£
10 wherein m, n, Y, Ar and R' are as defined herein.

The method may further comprise cyclizing a compound of formula d

n OH
Y
F

to form the compound of formula e.

(R")

d;

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



conmpound x need not be isolated in certain enbodi ments, and thus conpound x
is shown in brackets. 15l n step 6, dihydronaphthal ene carbonitrile conpound
x 1 s hydrwbyawdepysaf f ord di hydr onapht hal ene am de conp®amEPRo0gEIn®] ySi S
in this step may be achieved using sulfuric acid under aqueous conditions.
As noted above, in certain enbodi nentslhitrile conmpound x need not be
isolated and the events of steps 5 and 6 may occur in the sanme reaction
vessel . ] reduced usi ng
chiral rut Adn s PN B MAE SRG B R GRIBRNIG rilid T OO0k Gas, to
afford tetralin am de conpound (g )As not ed above, several chiral ruthenium
catalysts jl, j2. may be used for "= e '6ﬁieduct|on of step 7. Use of
(S) enantioner catalyst j1 or j2. tion of step 7 results
primarily in (R) product z as shown ") enanti omer catalyst j1 or
j2. results primarily in the corresponding (R) isomer (not shown). A
preferred catalyst j1 for preparing conpound z is [cRu(QAc)2((S)-6,6"- 25

Di net hoxybi phenyl-2, 2' -di y1) bi s(di phenyl phosphi ne)], also known as

[ Ru( OAc) 2( (SformNbOBdmpiERd|of faimeula dduct i on of step 7 may be carried out
using a polar aprotic solvent sugh as tetrahydrofuran (THF). In step 8, a
further reduction is carried odR | tetralin am de conpound
z to the corresponding chiral net al 1 n conpound aa. This
reduction may be achi eved 30 usi nd hgfane inCa polar aprotic solvent such
as THF. The configuration of conmpoufid z is preserved in the reduced product
aa. The chiral am de conpound z of Btep 7 need not ybe isolated in certain
enbodi nrents and may be reduced in situ in step 8. In step 9,

”Ethy|a”1”Qﬂkﬁ%ﬁﬁlhﬂR%ﬁH@@%&Qm%ﬁﬁh&ih&@ﬁied with reagent bb to afford
tetralin conpound cc. Reagent bb may conprise, for exanple, an acyl halide

such as acmlm&lhﬁdo[&laﬁﬁlrﬂfer&}nms}a%a @canheyd bCoatild achl ori de, a urea,
or an acyl anhydride such as acetic an ydri de or other G _6carboxylic acid
anhydride. The reaction of step 9 nﬁ? )be carried out in a polar aprotic WO
2010/ 069778PCT/ EP2009/ 066345 - 21 sol vemastich as NMP. The configuration of
conpound aa is preserved in the produd npound CC. In step 10 conpound cc
is treated with peracid, hydrogen perox#e, or |ike oxidizing agent to
afford sul fonyl conmpound dd. The configgration of conpound cc is preserved
in product 5 conmpound dd. Accordingly, the inva&ntion provides a nethod of
produci ng a conpound of formula z O,N H2 - wherein: nis fromO to 3; 10 pis
fromO to WithRl ¢ampeaind of &rmwdd kyl ; G _6al koxy; or hal o-C _6al kyl ; and

0O

b;
10 to form the compound of formula ¢
1

(R OR

m

O
F

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

The invention also provides a compound of formula-k1 or k2

O U_NH
Ry ¥ (R"), i

Ar K2:



R3 is halo; G _6alkyl; C1 _6al koxy; cyano; hydroxy; C 1 _6al kyl sul fonyl;
or halo-C 1 _6alkyl; the nmethod conprising: reducing a conpound of formula
y 15y; wwohotwdpigen gas in the presence of a catal yst Pofi/HPoe00b&EE4A oOr
Ru(2)2(L)A; Ru(E)(E )(L)(Dja; wherein: 20 Dis an optionally chiral

di am ne; Eand E' are both halo, or E i-$8hydrogen and E is BH4; WO

2010/ 069778PCT/ EP2009/ 066345 -22- Lis a chiral diphosphine ligand; and Zis
hal o or Rb- 5 (carboxylate) wherein Rb is: C _6al kyl; hal o-C _6al kyl ;

C _6al koxy; ‘ar yrll' optionally substituted with halo; or heteroaryl optionally
substitytee gyt halo. In certain enmbodinents, nis 0 or 1. 5In certain
enbodi nents, n iI's 0. In certain enbodinents, nis 1. In certain

enbodi eNt & frdnigtoB;0r 1. In certain enbodiments, p is 0. In certain
enbodi nents, p is 1. 10ln certain enbodinents, R is: fluoro; nethyl;

et hoxyAr CaRgl; ohietexyl, saeh bewarH kgl aptiohally dubbtitafedvaitHhlo; Cngatieflf ai n
enbo |ment?jh % IS fluoflo ) Ilﬁ%ﬁﬁegtai‘n q}gﬁggi m(lil{]tls R3 is: fluoro;

met Iyl melweRs0%Ye gYHS: MYdras iy calkubitonsd g 1691t ri f 1 uor omet hyl . 151 n
certai R, enmbody , is | g rtal hadi C Y Ais
used. ﬁ% ggsr'tgEij é?%@ﬁ%ggg\]rrb@twsl{eyegég a grg?lcujetffl%ns% Igggﬁ%ﬂg&%:gel}?laﬁ%&(% Ec%di ments,
Z 1s aggt a‘is%aﬁ&'@%@ﬂ%y?, Cealkoxy; or halo-C,salkyl.

The invention also provides a compound of formula i

Oy NH,
R"),
20,
Ar

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

Ar is aryl; or heteroaryl, each of which may be optionally substituted with: halo; C,.salkyl;
Cisalkoxy; cyano; hydroxy; Cj.salkylsulfonyl; or halo-C,; salkyl;

15 Y is-0-;-S(0),- or -N-R* wherein p is from 0 to 2 and R* is hydrogen or C;salkyl; and
R' s halo; Cyalkyl; C)salkoxy; or halo-Csalkyl.

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

wherein:
X isa leaving group;
20 P is from 1 to 3;
R’ is: halo; C alkyl; Cisalkoxy; cyano; hydroxy; C;salkylsulfonyl; or halo-C;_salkyl;
R" s Cisalkyl or -NRR® wherein R® and R® each independently is hydrogen or Csalkyl; and

D,E, L, Z, n, R and R' are as defined herein.



In certain enbodi nents, the chiral diphosphine L is selected fromthe group
consisting of 20 (S)-enantioners of: MOBI PHEP;, (2-Furyl)-MOBI PHEP;

pTol - MeOBVBHER/063778- Me, 4- Me0- MeOBI PHEP; 25 3, 5-i Pr, 4- Me@CVHERBIORIHRBYS

3, 5-t Bu- MeOBI PHEP; 3, 5-t Bu, 4- Me0- MeOBI PHEP; 3, 5- TM5- MeOBI PHEP;

Tri MeOBI PHEP; 30 i Pr- MeOBI PHEP; Cy- MeGBYPHEP; Benzoyl OBI PHEP; BI TI ANP; WO
2010/ 069778PCT/ EP2009/ 066345 -23- BI PHEMP; (2-Furyl)-Bl PHEMP; Et-Duphos;
BICP; and 5 EF P(tBu) 2.step1 (In Gertain enmbodi nents, the chiral
di phosphi ne L selg ct‘e‘d—f‘I’Om t fe), cansisy ing ofR'{,S) - enant i o s of:
p- Pheny! - MeOBI (Thi erf1) - Me 2- N&§Hg hy| :
6- Me0- 2- Napht E{y RHEP,.ﬁ, XyI OB PHEP; 3 5opy1- - N OBOPHEP;
pAn- MeOBIl PHEP; N% I Bhi OBl PHEP; t But yl COOBI PHEP; 13, 5- Xyl - Bl PHEMP;
pTol - Bl PHEMP, 20 BI PRARED . TMBTP; and (R R S, S) - Mandyphos.
®),  q ®R),  § R L
) 0
H,SO, F S Step 5 S
u w
(R%); v R%), TMSCN <§*(R3)p
SH
TEA L X -
O NH O NH
R, Co_ st R %
Step 6 ) Step 8
— Ru),(L) I —
HZSO4/ACOH S or S BH3°THF
y
Ru(E)(E')(L)D) ; z
G(Ra)p u(E)(E')L)D) i2 @(Ra)p

= (R \n/ =
O

; Step 9 A
o0 T e TS
S
cc HCO,H/H,0,
@(Ra)p - @Ra)p @<R3>p

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 alkylation reaction
5 may be carried out, for example, under polar aprotic solvent 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 is further
carried out in the presence of a phosphinyINi(II) catalyst such as bis(triphenylphosphine)Ni(II)

chloride.

10 In step 2 butyrate compound s 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 enbodi nents, the chiral diphosphine L is (S)-MOBIPHEP. 25In
certain enbodi nents, the chiral diphosphine L is (R)-MOBI PHEP. I n
certain ewbadivent’s, L is (S)-(6, 6" - D met hoxybi phenyl- 2 P2TEP2009/066345

di yObi s(di phenyl phosphine). In certain enbodinents, L is
(S)-3,5-Xyl-MeOBI PHEP. In certain enbeddents Dis

1, 2- bi s-di phenyl - et hyl enedi am ne (DPEN). 30l n certain enbodi nents, catal yst

Ais | - ‘- D). ' 2.2 : .

i Yoot SUERLELehe ERrRpa TP BRNR PRI e Zaich iy thep be treated pithecidfo |
[ Ru( CA@2(thsyoBsspondihg MrbBtidERId({ R, R) - DPEN)] and the tetralin anide
conpound of fornula z is produced. ~ In certain enbodi nents, the
catal yst | 2n steg 3[amyclimeéipp reasfionisoprmdemyt in wishcaghoryls #0idapBpouddt s, the
cat al ysuhdér%oesi itk AR sg (R MaEBH RIS B} hehydra%ﬂlg cohaitioRs B a8r tydift&ketone

I nvention turfher, conprises: reducing a co un f formula.z z . to

b ovt d@ORPEBAthu TBE BRC thi Sy hiaty, Fapainets b caed fufirregnisriraled

def i ned 8éxei n. In certain enbodi nents the reducing of the conpound of
formula z is carried out using borane. The net hod of the invention
may f urt herdn stepgr icgrelond Gempeitridngis acastadpoitnthigtheidroonipausdy tayichl Fhenglagent

of for @Hifo’%ykl) ngficlﬁetdnre V_Q T reYUiBh ©F Sep lﬁneér BeScafriddPsty iiﬂ'ﬂl@%&%ﬁée S amine

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

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 in the presence of AICl;. 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 vessel.

In step 7, dihydronaphthalene amide compound y is reduced, using chiral ruthenium

20 catalyst j1 or j2 in the presence of hydrogen gas, to afford tetralin amide compound z. As noted
above, several chiral ruthenium catalysts j1, 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),((S)-
MeOBIPHEP)]. The reduction of step 7 may be carried out using a polar aprotic solvent such as
tetrahydrofuran (THF).

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 C;¢carboxylic acid chloride, a urea, or an acyl anhydride such as acetic anhydride or other

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



WO 2010/ 069778PCT/ EP2009/ 066345 -25- R is G _6al kyl or -NRdRe wherein Rd
and Re each independently is hydrogen or C _6al kyl; and to forma conpound
of formulwocelvoshEsein n, p, R and R3 are as defined hec&irr2008/o6638®rt ai n
enbodi ments the leaving group X is halo. In certain enbodi nents the
conpound of formula bb is acetyl chlorbe. In certain enbodi nents the
conpound of fornula bb is urea. In certain enbodi nents the conpound of

101 - ca?PArt SeRAChME ARGyl bGhBll FIRIPLERMIN e sl el

i s hydregen or C _6alkyl. In certain enbodinments Rf is -NH2. In certain
enbodi nents Rf is nethyl. The nmethod may further conprise: 15o0xidizing a
conpound ofln pigp Hlicampeund cc is greated wWithmeragid pogruPIPxideranliky ogilizing ggent

wher ei Ro Bfford sulfbny1RBnPpBehdid. ame ceafigehiidiest @i cc is preservElen pRIdaed nay

further co% hydrol yzi ng a di hydronapht hal ene carbonitrile 5 conpounds

x to f SPHPP mpound of formula vy
Accordingly, the invention provides a method of producing a compound of formula z
1 O\\_, NH,
(R) :

wherein:
n is from 0 to 3;
10 p is from 0 to 1;
18 halo; C;salkyl; Csalkoxy; or halo-C;ealkyl; and
is halo; Cysalkyl; C;salkoxy; cyano; hydroxy; C;salkylsulfonyl; or halo-C;salkyl;
the method comprising:

reducing a compound of formula y

<2

15 Y
with hydrogen gas in the presence of a catalyst of formula j1 or j2
Ru(Z),(L) il
Ru(E)(E")(L)(D) i2;
wherein:

20 D  isanoptionally chiral diamine;

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



y; wherein n, p, R, and R3 are as defined herein. 10The nethod may further
conprise reacting a conpound of formula w (R1),0 -27- with trinmethylsilyl
cyani de, wo 2afofwp™Ist he conpound of fornula x (RL)CN whecaier2e09/0p34R and
R2 are as defined herein. The nethod may further conprise reacting a
conmpound of formula e (Rl) 511; with-32conpound of formula v SHv. to
formthe conpound of formula w W 10wherein n, p, R and R2 are as defined

?Erl)ei N, The, MRERP i TB%HiY fdAGH, £QPri se cyclizing a conpound of formula t

Z s halo or R*-CO, (carboxylate) wherein R® is: Cy.galkyl; halo-Calkyl; C\alkoxy; 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, p is 0 or 1.

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 fluoro.

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 (CH3COQO").

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

20  (S)-enantiomers of:
McOBIPHEP;
(2-Furyl)-MecOBIPHEP;
pTol-MecOBIPHEP;
3,5-Me,4-MecO-MeOBIPHEP;

25  3,5-iPr,4-McO-McOBIPHEP;
3,5-tBu-McOBIPHEP;
3,5-tBu,4-MecO-McOBIPHEP;
3,5-TMS-MecOBIPHEP;
TriMeOBIPHEP;

30 iPr-McOBIPHEP;
Cy-McOBIPHEP;
BenzoylOBIPHEP;

BITIANP;



OHt wherein n and Rl are as defined herein. The nethod may further

conpri se hydrolyzing a conpound of fornmula ¢ (Rl) s. to formthe conpound
of formulwoto(RLY7Mherein n, R and R are as defined herermr20bmcsset hod may
further conprise reacting a conpound of formula q (R1), 10T, 0
Br--...... ACR r; to formthe conpound2df formula s (R1) WO

2010/ 069778PCT/ EP2009/ 066345 wherein: nis fromO to 3; 5 pis from1l to 3;
Riis: f};’ﬂ)%;El\ﬁi,._Gal kyl ; C _6al koxy; or halo-C _6alkyl; and R3 is: halo; G
_6al kyl;” G~ _6al koxy; cyano; hydroxy; G _6al kyl sul fonyl; or halo-C

_6al ky|(_2-Furyl)-BIPHEMP;

Et-Duphos;
BICP; and
5 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;

10 2-Naphthyl)-MecOBIPHEP;
6-McO-2-Naphthyl)-MeOBIPHEP;
3,5-Xyl-MeOBIPHEP;
3,5-Xyl-4-MeO-Me¢OBIPHEP;
pAn-MeOBIPHEP;

15 iPrOBIPHEP;

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

20 BINAP;

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

In certain embodiments, the chiral diphosphine L is (S)-MecOBIPHEP.
25 In certain embodiments, the chiral diphosphine L is (R)-MecOBIPHEP.

In certain embodiments, L is (S)-(6,6’-Dimethoxybiphenyl-2,2°-
diyl)bis(diphenylphosphine).

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

30 In certain embodiments, catalyst j1 is [Ru(OAc)((S)-(6,6’-Dimethoxybiphenyl-2,2’-
diyl)bis(diphenylphosphine))].

In certain embodiments, catalyst j2 is [Ru(OAc)((S)-3,5-Xyl-MecOBIPHEP)((R,R)-

DPEN)] and the tetralin amide compound of formula z is produced.
In certain embodiments, the catalyst j2 is [Ru(OAc¢):((S)-MeOBIPHEP)].

35 In certain embodiments, the catalyst j2 is [Ru(OAc)((R)-MecOBIPHEP)].



The invention also provides a conmpound of formulay O NH2 ( R1 )11 Y.,
10wherein: nis fromO to 3; pis from1l to 3; Ris: halo; G _6alkyl;

C _6al koxwo 20r0/det78- Ci _6al kyl ; and R3 is: halo; C _6al pgir/EP@I09/06E@BHKOXY;
cyano; hydroxy; C _6al kyl sul fonyl; or halo-C _6al kyl. 15Specific details
for the nethods of the invention are dé4cribed in the Exanples section

bel ow. Rut heni um cat al ysts suitable for use with the nethods of the

i nvention b A Ru(z)2Lii; WO
2010,06977@%%?%%g§§8§ﬁ§§§§§§n{%ﬁ@gggﬁﬁﬁge%; or Rb-0CR- where Rb is:

G _6al kyl ; -G ey | koxy; aryl optionally substituted with
hal o; or hé?g%gggg?ﬁﬂ%k¥%R£F¥§ﬁgﬁ%stituted with halo; and Lis a chiral

di phosphi ne ligand. The rutheni um conpl eQgalNtlLysts are characterised by

t he oxi dation nunmber 11. Such 5 quﬁgniunlgonplexes can optionally conprise
further ligands, either neutral or a 3\ anpl es of such neutral

| igands are e.g. olefins, e.g. ethyl byl ene, cycl ooctene, 1, 3-

hexadi ene, norbornadi ene, 1,5-cycl aptts " benzene, hexanet hyl benzene,
1,3,5- trinmethyl benzene, p-cynene, Jor al so solvents such as e.g.

tetrahydrof uran, dinethylformmd cetegnitrile, benzonitrile, acetone and
nmet hanol . Exanpl es of such ani oni géﬁd& are CH3C00-, 10 CF3C00- or
halides. If the ruthenium conplex TS charged, non.coordinating anions such
as halides, BElI, Cl04-, SbF6-, PF6 , B(phenyl)4, —

B(3, 5- di -t ih plos@cA®ntholund® By dhifhraa CF3503 , C6H5503- are present. The

rut heni um conpl ex catal ysts can be prepared, for exanple in the nmanner
described by: N. Feiken et al., QOganonetak+NEE 1997, 16, 537; M P. Flening
et al., US 6,545,165 (preparati and isolation of chiral ruthenium

di car boxyl at e di phosphi ne conpl exes) ¢<B ser et al ., Tetrahedron
Asymetry 1991, 2, 51 (in-situ prepa t he sanme carboxyl ato

conpl exes); or J.-P. Genet, Acc. G Red"2003, 36, 908, the disclosures
of which are incorporated herein bly reference. US 6,545,165 in particular

illustrates preparation of chir henj um di car boxyl at e di phosphi nes.
20The rut heni um conpl ex catal yst @ﬁ)prepared in situ, i.e. just before
use and without isolation. The soO ion in which such a catalyst is

prepared can already contain the substrate for t 8" enant i osel ecti ve

hydrogenat%g@mgﬁn} ﬁf%ﬁh%@kﬁ@a§&ﬂm9$h&%ﬁfd Wi th the substrate just before

the hydrogenation’ reaction i1s initrate
In certain embodiments the reducing of the compound of formula z is carried out using

borane.
The method of the invention may further comprise:

10 reacting a compound of formula aa

1 —NH
(R)

2!

(R),
aa,

with a reagent of formula bb

o={

bb;
wherein:

15 X isaleaving group; and



Surprisingly, it has been found that al so rutheni um phosphi ne conpl exes of
formula j2. 25 may be used with the invention; Ru(E)(E )(L)(D wher ei n
E and E wioeotvashr7®al o or E i s hydrogen and E is BH4; [PCTEP2000/0663a%

di phosphine ligand; and Dis an optionally chiral diam ne. Conpl exes of
type j2. can be specifically prepared,-2fsol ated and characterized in

anal ogy to 30 the nethods described in Angew. Chem Int. Ed. 1998, 37,
1703- 1707 i e i e r.ej r epaf ed, " itu"
fron1cggpo%gngﬂgigﬁgggﬁﬁ%ﬁ%&%ERa%%gg%gﬁfﬁ% 8%%?g§§§hﬁ%0f%éﬁ3i6e %%%?%yed
W t hout i”E@ﬁﬂ@%ﬁéﬁéﬁddﬁﬁb?hhﬁﬂhi&:the catal ytic asymmetric hydrogenati on.
When t he conpl exes type | 2. are prepared "in situ", the anount of chira
di phosphine ligand (L) used in the reactﬂ;&icaeﬁé?ry fromO0.5 to 2.5

equi valents relative to rutheni 1)prefen

2010/ 069778PCT/ EP2009/ 066345 -3 ™1- '\r.qm (R 8 ﬁg 1.2 equival ents. Anal ogously
t he anobunt of chiral diam ne can va 0.5 to 2.5 equival ents based on
t he amount of the rutheni um conpl exk_pge ably 1 to 2 equivalents. The

reaction nmay be carried out in presence of chiral diamnes as depicted

bel ow; V, DPENVI, DACHVII, DT 11, DABN Owe S5Further suitable
chiral diam nes are propane- an gi am nes. An especially preferred
chiral diamne is DPEN (V), (R S,%5) - 1, 2-di phenyl - et hyl enedi ani ne.

The chiral diam nes are comercially avail abl e or “€an be prepared accordi ng
to known nethods. %g%%/0691%%PQJ?EP2009/066345 - 32- In certain
enbodi ment SVICHER 8RS 08Il KESHHIHECY S L of catalyst jI, j2. may be

chargct et | 40Dt B0k Y%l Bouphend® - (9> (7). (8. (9. (10),

In certain embodiments the compound of formula bb is acetyl chloride.
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 Ciealkyl.

10 In certain embodiments R is NR‘R® wherein R? and R® each independently is hydrogen or
Ciealkyl.

In certain embodiments R is -NH,.
In certain embodiments R” is methyl.
The method may further comprise:

15 oxidizing a compound of formula cc

CC,



wherein 5 R4 is G _6alkyl; R5is C _6alkyl; R6 is independently in each
occurrence aryl, heteroaryl, C3_6cycloal kyl or G _6alkyl; R7 is

-N( G _6alwoRpR/we77gi peri di nyl ; WO 2010/ 069778PCT/ EP2002C0a#3e15/066335 R8 i s
C _6al kyl, G _6al koxy, hydroxy or G _6al kyl-C(0)0-; or the two R8
substituents can be joined by a -0(CH2§6~0- bridge wherein n =2 to 5; RO
and R independently are hydrogen, G _6alkyl, G _6al koxy or di (G

_6al kyl)am.ng: o ihch,are attached to the same phenyl group, or
R9 and R \}\ﬂ?dgﬁl%?@%ot%pggﬁg%%ga&ne 5sane phenyl group, or both R8, taken
together, are -A-(CH2)"-E-, wherein Ais -(H or C(0)0-, Eis -0- or

-N(G _6alkyl)- and n is an integ&ﬁ from l;t% Ror a Cr2 group; or R8 and
R9, or RO and Rm together with %ncrbo atlons to which they are
attached, may form a napht hyl, fetrghyd apht hyl or di benzofuran ring; R
and R12 each independently is Cra63 C3 _6cycl oal kyl , phenyl, napthyl or
heteroaryl, 10substituted with@®o 3" subStituents independently sel ected
fromthe group consisting of CL__®alkyl, C _6al koxy, di (G _6al kyl)am no,
nmor phol i no, phenyl and tri (G _ phlyl, If R" is phenyl, it is
substituted with O to 3 substitus s ‘'descri bed above. In certain
embodi nents, the chiral diphosphine ligand L is chiacterised by formula
(7), (9), (10) .or (12).,and wherein Z is CH3CO0, CF3C00 or a hal ogeni de.
151 n cert ai'ficEsbBdi-fenRsand Rearg as definedibsfdsphine L is selected fromthe

B T EGENCR et T —

3, 5-3 Prepépbiettt VOBl PHEP; 3, 5-t Bu- MeOBI PHEP;

(R"),
S“

[

<2

wherein n, p, Rl, and R® are as defined herein.

Y;

10 The method may further comprise reacting a compound of formula w



3, 5-t Bu, 4- Me0- MeOBI PHEP; 3, 5- TM5- MeOBI PHEP; 25 Tri MeOBI PHEP; i Pr- MeOBI PHEP;
Cy- MeOBI PHEP; Benzoyl OBl PHEP; BI TI ANP; 30 BI PHEMP; (2- Furyl) - Bl PHEMP;

(R R) - Et -Wophwmgneo17al | - S) - BI CP; and ((S, R) - PPF- P(t Bu) 2) . PCYBP2009/066345

2010/ 069778PCT/ EP2009/ 066345 - 34- (I'n certain enbodi nents, the chiral
di phosphine L is selected fromthe groe@p consisting of (R or
(S)-enantioners of: p-Phenyl-MOBI PHEP; 2-(Thienyl)-M0OBI PHEP; 5

2- Napht hyl ) -. > 1 6- - 2- - I - 1.3, 5- Xyl - MeOBI PHEP

3, 5- Xy1- 4- @%@5@%@&‘%& EOAME%VHH@E@Q@BFE% *PHEP; BnOBI PHEP:

t But yl COOBI PHEP; 3,5-XyI-BIPHENP;NgToI-BIPHENP; 15 BI NAP; PHANEPHCS; TMBTP;
and (R R 'S, S)-Mndyphos. Re)np ef ejably, the chiral diphosphine is
selected from 20 MeOBI PHEP; pTol - Me ORTPNEP: 3, 5-i Pr, 4- MeO- MeOBl PHEP; and
3, 5-t Bu, 4- Me0- MeOBI PHEP. In cg hbodi nents, the chira
dlphosphlne Lis (S)-MO0BIPHEP. 251 ce'tal enbodi nents, the chiral

di phosphine L is (R)-MOBI PHEP. i
used for the ligands, as well as r
sources, are provided in Table 1 B

e for literature and comerci al
. Q%i%LE 1 No

X,
wherein n, p, R' and R? are as defined herein.
The method may further comprise reacting a compound of formula ¢

R, 9

with a compound of formula v

)
SH

v,
to form the compound of formula w
(R1>nE O"
S
3
@(R )
w,

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

The method may further comprise cyclizing a compound of formula t

(RO, OH

O

[l



Abbrevi ation Ligand Refs. 1 MeOBI PHEP (6, 6' - Di met hoxybi phenyl-2, 2" -

di y1) bi s(di phenyl phosphine) 1-4,11 2 2-Furyl - MeOBI PHEP

(6, 6' - D nwOhomyispRenyl-2, 2' -di y1) bi s(di-2- furyl phosphiPe&)EP2004/066815 21 3
pTol - MeOBI PHEP (6, 6' - Di net hoxybi phenyl-2, 2" -diyl)bis(di(p- to lyl)p ho sp
hine) 1-4, 21 WD 2010/ 069778PCT/ EP20098-066345 - 35- No Abbreviation Ligand
Refs. 4 3,5- M, 4- Me0- MeOBI PHEP

to form the compound of formula u.

(R"), ”
F

wherein n and R! are as defined herein.

I=

The method may further comprise hydrolyzing a compound of formula ¢

wherein n, R and R! are as defined herein.

The method may further comprise reacting a compound of formula q

10 q;

with a compound of formula r

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



(6" 6 ' -D nmethoxybi phenyl-2,2 ' -diyl)bis(bis(3 ,5 -di-

nmet hyl - 4- net hoxyphenyl ) phosphine) 14 5 3,5-i Pr, 4- MeO- MeOBI PHEP (6' 6 '
- Di met hoxwbi2ptvaeyrs2, 2 ' -diyl)bis(bis(3 ,5 -di- . PCT/EP2009/066345

i so- propyl- 4- met hoxyphenyl ) phosphi ne) 8,10,12 6 3, 5-tBu-MOBI PHEP (6, 6
- Di met hoxybi pheny1-2,2 ' -diyl)bis(bis% ,5 -di-

tert-butyl - phenyl)phosphine) 1-4, 21 7 3,5-tBu, 4- Me0- MeOBI PHEP (6" 6 '

- Di nmet hoxyhi ) hi i i -

tert-butyl HIEB “ﬁo%ya‘%eﬁyﬂV?d%JaCgh?‘n’ﬁﬂlfé?f(’ﬁu% 5- TMS- MeOBI PHEP (6, 6'
- Di et hoxybi pheny1-2,2 " -diy1l) bi S(bl s(30,\\5,NbI S-

trimethylsilyl- phenyl ) phosphi ne) QR 53 TrEMeOBI PHEP (4, 49%

, 5", 6,6'-hexanet hoxybi pheny1-2, 2" - ml phenyl phosphi ne)
S
3
e,

N

wherein:
n is from 0 to 3;
5 p isfrom]1to3;
R' is: halo; Ciealkyl; Cyalkoxy; or halo-Csalkyl; and
R’ is: halo; C alkyl; Cigalkoxy; cyano; hydroxy; C;salkylsulfonyl; or halo-C;_salkyl.

The invention also provides a compound of formula y

OsNH,

1

(R,

ive
e

Y
10 wherein:
n is from 0 to 3;
p isfrom1 to 3;
R' is: halo; Ciealkyl; Cyalkoxy; or halo-Csalkyl; and
R’ is: halo; C alkyl; Cigalkoxy; cyano; hydroxy; C;salkylsulfonyl; or halo-C;_salkyl.

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 j1
Ru(Z,L  jl;

20 wherein:



1-4, 11 10 i Pr-MOBI PHEP (2, 2'-Bis-(diisopropyl phosphino)-6,6'-di met hoxy- 1
, 1 '-biphenyl) 20, 21 11 Cy-MeOBI PHEP (2, 2'-Bis-(dicyclo hexylp ho

sphi no) - ewp@otodiepE8ho xy- 1 , 1 '-biphenyl) 20 12 BenzOPCBIEPRED/066345

(6, 6" -Di benzoyl oxybi phenyl1-2, 2' - di y1)bi s(di phenyl phosphine) 17 13 BI TI ANP

3,3 ' -bis-diphenyl phosphanyl- 1H, 1 '-BP{4,4 ' ]- biisothiochronenyl 19 14

Bl PHEMP (6, 6' - Di net hyl bi phenyl-2,2' - diyl)bis(di phenyl phosphine) 1-4, 6, 11
15 Z is halo; or Rb-COz' where R® is: Cisalkyl; halo-C,salkyl; C;¢alkoxy; 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 II. Such
5 ruthenium complexes can optionally comprise further ligands, either neutral or anionic.

Examples of such neutral ligands are ¢.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 e.g. tetrahydrofuran, dimethylformamide,
acetonitrile, benzonitrile, acetone and methanol. Examples of such anionic ligands are CH;COOQO",

10 CF;COO or halides. If the ruthenium complex is charged, non coordinating anions such as
halides, BF4", Cl1O4", SbFs, PFs’, B(phenyl)s', B(3,5-di-trifluoromethyl-phenyl)s”, CF3SO5’,
CsHsSO;™ are present.

The ruthenium complex catalysts can be prepared, for example in the manner described by:
N. Feiken et al., Organometallics 1997, 16, 537; M.P. Fleming et al., US 6,545,165 (preparation
15 and isolation of chiral ruthenium dicarboxylate diphosphine complexes); B. Heiser 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
reference. US 6,545,165 in particular illustrates preparation of chiral ruthenium dicarboxylate

diphosphines.

20 The ruthenium complex catalysts can be prepared in situ, i.e. just before use and without
isolation. The solution in which such a catalyst is 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

25 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 is 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
30 the methods described 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



2- Furyl - Bl PHEMP (6, 6' - Di et hyl bi pheny1-2, 2' -di y1) bi s(di-2- furyl phosphi ne)
1-4, 9 16 Et-Duphos 1 ,2-Bis((2,5 -diethyl phosphol ano)benzene 21 17 BICP
2,2 "' -biwOdop/deerrgl p ho sphino)-( 1S, 1 'S, 2S,2 'S)- 1PCI/EP2000i06638% opent yl
23 WD 2010/ 069778PCT/ EP2009/ 066345 -36- No Abbreviation Ligand Refs. 18
PPF- P(t Bu) 2 1-[(2- Di phenyl phosphi no) feBtocenyl]ethyldi-tert- butyl phosphine
22 19

from 0.8 to 1.2 equivalents. Analogously the amount of chiral diamine can vary from 0.5 to 2.5

equivalents based on the amount of the ruthenium-complex, preferably 1 to 2 equivalents.

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

NH, tBu~.,__NH,
N Cr /E
"NHZ tBu NH,
NH,
V, DPEN VI, DACH VII, DTBEN VI, DABN
OMe
Cy~._-NH,
L e
Cy™ NH, O NH,
IX, DCEN NH,
X, DAIPEN
5 Further suitable chiral diamines are propane- and butanediamines. An especially preferred

chiral diamine is DPEN (V), (R,R) or (S,S)-1,2-diphenyl-ethylenediamine. The chiral diamines

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



p- Phenyl - MeOBI PHEP (6, 6' -Di net hoxybi phenyl-2,2 '-diyl)bis(bis-biphenyl -

4y1l- phosphine) 14, 11 20 2-Thi enyl - MeOBI PHEP (6, 6' -Di net hoxybi phenyl-2, 2

' -di yl) biwOdntide9t7Ri enyl phosphine) 4, 5, 15 21 2- Napht hpCTHPOBOBERS (6, 6'

- Di met hoxybi pheny1-2,2 ' -diyl)bis(di-2- nap hthylp ho sphine) 12 22

6- Me0- 2- Napht hyl - MeOBI PHEP (6, 6' - Di m82-hoxybi phenyl-2,2 '-diyl)bis(bis(6-

nmet hoxy- 2- napht hyl phenyl ) phosphi ne) 14 23 3,5 - Xyl - MeOBI PHEP (6, 6'

3 DL L oy o BB HiPofnsn Il RER GBS (ihi nell TRSULRRPIV 12 RllgsRNT ne) 21 24
characterized by one of formulae (3), (4), (5), (6), (7), (8), (9), (10), (11), (12) or (13):

Ry R Ry R R
lll lll 4 R /
\/\R7 \Re 6>P N\
R Fe 5

4
Q ° ©o °
6

|IQ12 R
(6) R10 (7) (8)
R'
S R" R11R12\ 12
12 \ I 11 R'L ~R
R An P—R P P
RE—7 )—pP—R" E&_O
/A A H
S R
R'2
(10) (11)
PPhJ

(13)

wherein

W
;U-b

i C1_6a1kyl;

W

i C1_6a1kyl;

o

is independently in each occurrence aryl, heteroaryl, Csscycloalkyl or Cysalkyl;

w\l

18 -N(Cj.salkyl), or piperidinyl;



(6,6" -D nethoxybi phenyl-2,2 ' -diyl)bis(bis(3 ,5 -di- (3,5 -dinmethylp
henyl)-4-netho xyp henyl)p ho sp hine) 13, 14, 16 25 pAn- MeOBI PHEP (6, 6'

- D et hoxwbizpteereyrs2, 2 ' - di y1) bi s(bi s(4- nmet hoxyphenyl) PpmEppéooneg34d- 4, 11
26 i PrOBlI PHEP (6,6 -Dilsopropo xybip henyl-2,2 '-

di y1) bi s(di phenyl phosphi ne) 15, 16 27 -BhOBI PHEP

(6, 6" -Di benzyl oxybi phenyl-2,2'- diyl)bis(di phenyl phosphi ne) 15 28

i y1) biS( crnany P pisaeak S d R Yl B ERGOPNETN B aibsiuonts can be

- Di met hy!| bjgimeshigyia 200CH) g0y byidges pbers{m3n 52 to 8i et hyl phenyl ) phosphi ne)
R’ and R'® independently are hydrogen, Cyalkyl, Calkoxy or di(Calkyl)amino; or

R® and R’ which are attached to the same phenyl group, or R” and R'® which are attached to the
5 same phenyl group, or both R®, taken together, are -A-(CH,),-E-, wherein A is -O- or —
C(0)0-, E is —O- or —-N(Cj.salkyl)- and n is 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, Cscycloalkyl, phenyl, napthyl or heteroaryl,
10 substituted with 0 to 3 substituents independently selected from the group consisting of C;.
salkyl, C;salkoxy, di(C;.salkyl)amino, morpholino, phenyl and tri(C;_salkyl)silyl;

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), (10) or (12), and wherein Z is CH;COO, CF;COO or a halogenide.

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

20 3,5-Me,4-MeO-MeOBIPHEP;
3,5-1Pr,4-MeO-McOBIPHEP;
3,5-tBu-McOBIPHEP;
3,5-tBu,4-MecO-McOBIPHEP;
3,5-TMS-MeOBIPHEP;

25 TriMeOBIPHEP;
iPr-MecOBIPHEP;
Cy-McOBIPHEP;
BenzoylOBIPHEP;

BITIANP;

30 BIPHEMP;
(2-Furyl)-BIPHEMP;
(R,R)-Et-Duphos;
(all-S)-BICP; and
((S,R)-PPF-P(tBu),).



15 30 pTol - BI PHEMP (6, 6" -Di nethyl bi pheny1-2,2 '-diyl)bis(di-(p- to lyl)p
ho sp hine) 1-4, 6, 7, 11 31 BI NAP

(1,1’

- Bi maiphmtyabozg2' - di y1) bi s- (di phenyl phosphi ne) 1-4, PET/EP209286345\D

2010/ 069778PCT/ EP2009/ 066345 -37- No Abbreviation Ligand Refs. 32 PHANEPHOS
4, 12- Bi s(di phenyl phosphi no) -[ 2. 2] - par ad4<| ophane 21 33 TMBTP
2,2'",5 5 -Tetranmet hyl-4, 4' - bi s(di phenyl phosphi no)- 3, 3'-bithiophene 18 34

10

15

20

25

(In certain embodiments, the chiral diphosphine L is selected from the group consisting of
(R) or (S)-enantiomers of:
p-Phenyl-MeOBIPHEP;
2-(Thienyl)-MeOBIPHEP;
2-Naphthyl)-MeOBIPHEP;
6-McO-2-Naphthyl)-MeOBIPHEP;
3,5-Xyl-MeOBIPHEP;
3,5-Xyl-4-MeO-MeOBIPHEP;
pAn-MeOBIPHEP;
iPrOBIPHEP;
BnOBIPHEP;
tButyl COOBIPHEP;
3,5-Xyl-BIPHEMP;
pTol-BIPHEMP;
BINAP;
PHANEPHOS;
TMBTP; and
(R,R,S,S)-Mandyphos.

More preferably, the chiral diphosphine is selected from:
McOBIPHEP;
pTol-MecOBIPHEP;
3,5-1Pr,4-MecO-McOBIPHEP; and
3,5-tBu,4-McO-McOBIPHEP.

In certain embodiments, the chiral diphosphine L is (S)-MecOBIPHEP.
In certain embodiments, the chiral diphosphine L is (R)-MecOBIPHEP.

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.
(6,6’-Dimethoxybiphenyl-2,2’- 1411
! MeOBIPHEP diyl)bis(diphenylphosphinc)
5 2 Furvl-McOBIPHEP (6,6’-Dimethoxybiphenyl-2,2’-diyl)bis(di-2- 14,11, 21
Y furylphosphine)
(6,6'-Dimethoxybiphenyl-2,2'-diyl)bis(di(p- 14,21

3 pTol-MeOBIPHEP tolylphosphin)




(R RS, S)-Mndyphos 2, 2’

bi s(di cycl ohexyl phosphi no)ferrocen 21, 22 EP 1043752EP398132
3EP530335%BRBRIBIE85EPS5659756EP580336 7EP5826928EP64305PCT/EP2009/066345
59EP64764810EP749953 11EP80219012EP974590 13EP112788614EP1255747 15EP

-Bi s[ (N, N-di net hyl am no) (phenyl )nethyl]-1,1"-

167079216EP2029541 17EP1305324 1018Benrdfcori, T. et al., J. Og. Chem,
2000, 65, 2043-2047 19Benincori, T. et al., J. Og. Chem 1996, 61, 6244)
20Schigs et aIAbbleaﬁoﬁnd Appl [ ed Chem st ry ]ngﬁnd 68( 1) 131-8 Refs,
21Si gpe=fAtdrich, P 0 Box14508; touis,—MS—63178; uo/-\ 22SotvipsAG
Kl ybeckstrasse 191, 4057 Basel(6§womﬁghb £hi_gajl gam i
Pr i ncet - CHRgbMECMBOBRHERNTOUL s 5@ sphme) -
hydrogenation is preferably carried ou in an organlc sol vent mhlch is
inert|under the reaction conditions. such solvents there can be
ment i pped, 5 ip} PRI FbBIPHEPWeO-Al- Péfﬁ@tlhgxgﬂlé}ﬁn&]sz & .-giyDbis(hig(der-di- et hamol for
i soprppandl, trifluoroethanol| et HerBropycnpshaxygherailehosphing) her
tetra.ycrofuran or—di-exane—er—mxtures—ef—sueh—alcehols—withhalpgenated
hydrocaribons such as 20 net hyl eng _ehhohh s of f§&prob nzene
and t hé |l i k&5¢Buiic@BEHNEN s su %ﬁ as d%é&gﬁnp yohd %hg ofuran or
di oxahe.| Preferred solvents flor the reactl *’ a cohols especially
preferred is nmethanol, or ethe;s, espgﬁliggﬁﬁgrgferged |zbtftrgﬁydrofuran
The read t (G.6cDmoethoxdtplenyb?,2adplibis(bis@,5d9% | i deal |y
about 2 ?50 %b/‘f Mehe sﬁﬂa@ﬁ%tpa/cat aleyrstiutylat-imethoSfthenglplaysphineL00- 100, 000,
pr ef er.ahl y 500-30,000 The 2 h\/dr ogenat Lon i s carried out a'r a_pressure of
lto 30( bar, ideally at a pr of ab t0,;
t enper &tjur 8, 5TMEHMEOBIBHE® abo fﬁsé %tho 1%)2 %BES( is-2 The
asynmmet rji ¢ hydrogenati ons can be carP' ﬁ 5@@% se or jn a
cont i hugus manner. WO 201070697 78PCT/ |:|-'4009/ 066345
. (4,4',5,5',6,6'-hexamethoxybiphenyl-2,2'- 14,11
? TriMeOBIPHEP diyl)bis(diphenylphosphine)
10 Pr-McOBIPHEP (2,2 -Bls-(dllsopropy}phosph1n0)-6,6 -dimethoxy- 20,21
1,1'-biphenyl)
1 Cy-McOBIPHEP (2,2 -Bls-(dlcyc10hex3:lphosph1no)-6,6 -dimethoxy- 20
1,1'-biphenyl)
(6,6'-Dibenzoyloxybiphenyl-2,2'- 17
12 BenzoylBIPHEP diyl)bis(diphenylphosphine)
13 BITIANP 3,3 -bls-dlphe‘r‘lylph'osphanyl-lH,1 H-[4,4°]- 19
biisothiochromenyl
(6,6’-Dirnethylbiphenyl-2,2’- 1-4,6, 11
14 BIPHEMP diyl)bis(diphenylphosphinc)
15 2-Furyl-BIPHEMP (6,6 -D1rnethy1b1phenyl-2‘,2 -diyl)bis(di-2- 14,9
furylphosphine)
16 Et-Duphos 1,2-Bis((2,5-diethylphospholano)benzene 2
17 BICP 2,2’-bis(diphenylphosphino)-(15,1°§,25,2°5)-1,1°- 23

bicyclopentyl
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pr epar at
central

The net hods and conpounds of the invention are useful

i on of conpounds that
EO0L63Y8t em di seas

f

or

in turn are usable for the treatnent of

es,

condi tions and di sor dePST/HPR@i90663nF)

Par ki nson' s di sease, Huntington's disease, anxiety, depression, nanic
depression, psychosis, epil epsy, obsess3fve compul sive di sorders, nood
di sorders, mgraine, Al zheiner's 5 disease (enhancenent of cognitive
Menor W | eemﬁg@%‘%ﬁs feedi ng disorders smggh@s anorexi a, bul | nkgg. and
obesi by,;r panic attacks, akathisia, attention defrcit hyperactivit disorder
(ADHD), |attention deficit disord Q[hﬁli@)ylph%ﬁlﬁﬁﬁ)@éﬂﬁiceﬁﬁmﬂdlugrtabuse suclh
as cocdine, et RBRABwi coti ne g benzodi aggpiphgsphirkChi zophreni a, and allso
di sorderls associated with spi naI trauna and/or head injury such as
hydrocephal us. The nmethods arie particularly useful for preparati on of 10
conpolynds fophetngp%@mp}l@fp medPy Dngapadrisheny be . Zer el big bedghvl | one 17and
for ephancing cognition in Allzhei mer's patfgmhosphine) The fol | ovm ng
exanples—are—given—to—enablethoseskitHedi+nthearttorere—ecleprty
understand and to practice the py@gepimihy 1-Xhey Bfg i%_not| b
consi & ed2akhi¢riybiMa Qi PEIS scope Gf the I@%ﬁ% : %1 gy as be?fﬁﬁ
illustrative and representatilve thereof. l}o ng abbrevi ati ons nmay
be used|in the exanples: DABNZ, 2" - Di am no- 1, 1" - bi napht hal ene DA
1 ans'2]1’ gﬂtﬂ %Pﬁgﬁﬁ DAl PENG’-Dimethoxybiphenyl-2,2’-diyl)bis(di-2- 12
1, 1-D(p-ne xy@h apr opyl et hyl enpldhgiphosphine)
DCENL1|_2-1Di (‘\/rl nhpxanp et h\/I endi an*i ne ?ﬂ I')(‘J\/Hi chl oronmet hane / nmeth /I ene
chl or deDM%P d I m ngp
DPENL1|22-| Di pheMdé Q@E gdl an ne pﬁ? mitzl"y Jl{gl%?%@%g enedi affi nel 25
Et 20d] et|hy!| et hyl |acet a’fng f‘bﬁefm t ogr aphy HVPA
hexangtt y| pnospnoram de— 30 HRCChigh performance | | gqui d_chromatography
| PAI sppro Al di i [s 06,6 pPlirasthaeybifkRRBA- 2R GhlydbapssBShzo) ¢ aci d
I\/ECI\lagzgt oni ? 8 X’h Rgﬁb%#?ﬁe hanol dimethylphenyl)phosphine)
(6,6’-Dimethoxybiphenyl-2,2’-diyl)bis(bis(3,5-di- 13,14, 16
24|3,5-Xyl-4-MeO-McOBIPHEP (3,5-dimethylphenyl)-4-methoxyphenyl)phosphine)
25 pAn-McOBIPHEP (6,6’-Dimethoxybiphenyl-2,2 -dlyl)bls(bls(4- 14,11
methoxyphenyl)-phosphine)
. (6,6’-Diisopropoxybiphenyl-2,2’- 15,16
26 IPrOBIPHEP diylbis(diphenylphosphine)
(6,6'-Dibenzyloxybiphenyl-2,2'- 15
27 BnOBIPHEP diyl)bis(diphenylphosphine)
(6,6 -Di(tert-pentoyloxy)biphenyl-2,2°- 15,16
28| tButylCOOBIPHEP diyl)bis(diphenylphosphinc)
(6,6’-Dimethylbiphenyl-2,2’-diyl)bis(bis(3,5- 15
2 3,5-Xyl-BIPHEMP dimethylphenyl)phosphine)
30 pTol-BIPHEMP (6,6 -D1rnethy1b1phenyl-2,2 -diyl)bis(di-(p- 1467 11
tolyl)phosphine)
31 BINAP (1,1'-Binaphthyl-2,2"-diyl)bis-(diphenylphosphine) | %%/




MIBEnet hyl tert-butyl ether NVPN nethyl pyrrolidinone WO

2010/ 069778PCT/ EP2009/ 066345 -39- S/ C TEA THF TLC 5 TMSCN

Subst r at ewOaeateai7gst nol ar ratio triethyl am ne tetrahy@coffree@/o6dsush | ayer
chromat ography trinmethylsilyl cyanate Exanple

1[ (R) - 6- (3- Fl uor o- phenyl sul fony1) -1, 2,-374-t et r ahydr o- napht hal en- 1-

yl methyl j-urea The synthetic procedure used in this Exanple is outlined in

Schemy 4. ]zgﬁgél%of; WD 2010/ 069778PCT/ EFQQQ,% 066345 -40- Step Refs.
4- ( 3- Ftuoro-phenyt)=butyric acid ethyt—estet
32 PHANEPHOS 4,12-Bis(diphenylphosphino)-[2.2]-paracyclophane 2
33 TMBTP 2,2',5,5'-Tetramethyl-4,4'-bis(diphenylphosphino)- 18

3,3'-bithiophene

2,2'-Bis[(N,N-dimethylamino)(phenyl)methyl]-1,1"- | 27 22

34 (R.R,S,S)-Mandyphos bis(dicyclohexylphosphino)ferrocen

I EPI104375 ' EP398132
’ EP530335 Y EP530336
’ EP565975 5 EP580336
7 EP582692 ¥ EP643052

5 ’ EP647648 10 EP749953
T EP802190 2 EP974590
I3 EPI1127886 4 EP1255747
5 EPI1670792 16 EP2029541
17 EPI1305324

10 8 Benincori, T. et al., J. Org. Chem., 2000, 65, 2043-2047

o Benincori, T. et al., J. Org. Chem. 1996, 61, 6244)
2 Schmid et al., Pure and Applied Chemistry 1996, 68(1), 131-8
2 Sigma-Aldrich, P O Box 14508, St. Louis, MO, 63178, USA
= Solvias AG, Klybeckstrasse 191, 4057 Basel, Switzerland
15 s Chiral Quest Inc., Princeton Corporate Plaza, Monmouth Jct., NJ08852, 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 is 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 pressure of 1 to 300 bar, ideally 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

manncr.



A slurry of zinc powder (1.44 kg, 1.2 eq, 100 mesh) in anhydrous 1-nethyl -
pyrolidinone (7.3 kg) was treated with iodine (226 g) in a chem cal

react or. wo enatsheBm t o about 40C occured and the i odi neCraParodsESappear ed.
Wth good agitation the tenperature was raised to 5 about 60C and et hyl
4-bronobutyrate (4.2 kg) was charged wh$d e nonitoring for an exot herm above
the reactor jacket tenperature. The reaction was initiated by adding one kg

f hyl 4-
onset e JUFGRTRER aft Bhnf0es AP Al AR ol ARERL oy B lon i con R R R
i ncr ememtwh pie ysplmieohe greathsot O%Grblyles?mwsm@mtdu&gaseefcomﬁ@onem disqrgefs, 2 kg
of et hB{ﬁclﬁ]mHg PQFR%BM*s%Es%aseAHuhﬁﬁgtsﬂg dREadh %u@&?'&e'p%m&ﬂ%&rﬁ@&éﬁr@é&ldﬂ xture

10 was heated to about 95C until the reaction was conple (appr oxi mately
206 st aPBYFgSietPelepsh OBYFsers Cowm fisprdgys, mﬁedﬁﬁ%t%ml%r@eezﬁ 8T S ot
shown ldﬁlse&‘ef(eﬂlﬁm@mm%f@@g‘tﬁ!wd@@m&y) Cﬁ‘ee@&ﬁéo}f&érﬁ,,feécﬁn%@l@&lders%htlﬂ&wnom

o o it 2 P B ki faifoh BRSO bbb aardbh CADRRS: ' ©"
chl ori agecdton8leficaddedier TABD) cathdrawalnfrorh unes ataise suvhras kleallmsd ethan(albmubtutbOC
and 1- B TR A MARCDSTRENSAR, (1 2 i RS ARG QURCo BB Ryl 2bout ©

hour s. e reaction te nt al ne weeen

cont r olhcpdhiurbisueiue lmdmepl@al@s iﬂle meﬁrqﬂmr@amqm@tmﬁéé@@rem@l@aﬁ her m was
monj ¢ orceﬂlpaunds%r ﬁ@ﬂﬂ@ﬁ@f@ﬁ&n&zfdis%f&% it e @ANBER %tnhenl, ARk cARhcipe

react or |r1terna %ro e, Once the addition was co ete the reaction mxture
was he&PEHLPRIN AlEhREIET'S PIHCUBC. The reaction was cool ed to 15C and quenched
with water (4. iters aC|d|f|e wi th 6N drochlor c acid (14
M torsy andimiawube sihn S s e bhitls Mo Rt BabEu T ao5 Y9kl 2 hag

di ssol wadersthhe and todeacteadhd oasam xivanteonndbey sHoudt v telepouddredadbleditof thel it e.
The celgf, S harged to an
extract o(grpeebal ﬁe ‘Q@ﬁneﬁ’é%k?& ‘%rg{y%b%? n\éﬂvbg%t% %Earédé%?\% és%llﬁgé\)(?it %%gl fresh MIBE
(5 {4ters) T@a@%ltlmn%'aBlSt@Gﬁgor%C}H%pH@usreQ%¥He%&a?h?&%“re was extracted in

porti ons and S{}é) . The organic layer in extractor ball was washed
with tH PP hwetisdphthalanet er s each tine). The organic |ayer was

separ at[ndcgnd GORCEMDiahe@dcl dlo@hl0 and the resulting crude

4-(3-fl n ric ac eth 10.5 kg), isolated as an oil,
& (3 iefanphen Xeszﬂ?einpfl)- PRy Rl BRI O he (Mo o 230: OFi |
NI\/R (3GCHEMNZ) : 1,8-Dipyel¢icRed3ythyleAdiaBhe t, J=7.16 Hz), 1.94(2H, dp), 2.31(2H,

w20 TS Ry G B S ey batyr 1€ acid Crute

4 ( 3- f IRMABphehylimes Yl?mll@pa@ﬂ@eet hyI ester (10.5 kg), water (15.8 L) and
50% Na@hi(12. ON@_)dlﬂll\&h shanggd to a reactor and stirred at 50 C for 2
hours. The hydr erat d a mld exothermto 55C. The biphasic
mi xt ur PPt ame! gﬂ%@bﬁg’gﬁ Ye@ﬁ‘i’ﬁ]fné‘ﬁ on of the hydrolysis was confirned by
LC. TheTBENtI Q- Mﬁéitub@tywﬁ@mﬁeiaﬁdndo 20C and washed wi th hexanes 15 kg 35
aini ng ané.i t}t?t c agent "ASA 3") to renove 3' 3-difl uorobi phenyl
r@ ener ated F'A% he previ ous step. After phase separation the aqueous
| ayer \Eﬁ@Aaci dethyledtetatedt h 37% concentrated HC1 (16.7 kg), keeping the
exot her w?é%% Upon cooling the aqueous |ayer was extracted WO
2010/ 0 609/ 066345 -41- with MIBE (15 kg in three 5 kg
ext ractGQ)ns) Fecheynajegiepas renoved by vacuum distillation and excess

MIBE r gpppad WhdxAnRtHy8deshotirhide. The resulting 4-(3-fluoro-phenyl)-butyric
amﬁh(%%& kg) s renmoved fr thhe reactor as an oil and used w thout

fur i fipig paﬁomwe% k}ﬂ‘i@ ofgHogplly NVR (300 MHz): 6 ppm ( CDCL3):

1. 965( 2PA p, stéprapaﬁblm hz) 2.37(2H, t, 5 J=2.47 Hz), 2.66(2H, t,

J=2.45 87( 1H d, J=2.63), 7.22(1H, m 11.2(0.2H, bs). Step
3 6-Fl )t}cl))r/g 3, 412t§11hmngilso% nap ?hal en- 1- one Crude

4- (3- flmﬁbl?lﬁzﬁhemydhjdmpqrbﬁmzomcww 83 kg) was added to concentrated sul furic
aci d (3@.ce9) '&e?on?t?ﬂ‘em cal reactor at a rate such that the pot tenperature
stayed between 40 C and 60 C (jacket heating was not necessary). The

re i Qs strtheeRl at 45 C for 3 hours and reaction 10 conpl eti on was
confi rr]ijEy Lﬁeth‘l}h@rﬁ’-lﬁﬂy‘ﬁdtw m xture was cool ed and quenched with water
(16 L) P ract with 35% THF in nmethyl ene chloride (25.8 kg).

The oragﬁ cla er?“ 9P8&d and washed with water (16 L), saturated
aqueous NaHCO3 (16.9 kg) and then a m xture of water (16.1 kg)/brine (4.7
kg). The organic | ater was concentrated under vacuum and re-stripped with
the aid of hexane to renove water and afford 6-fluoro-3, 4-di hydro-2H 15
napht hal en-1-one as an oil (5.88 kg): M5 (M+l) = 165; fil NWR (300 MHz): 6
ppm (CDC13): 2.14(2H, m J=6. 03, 5 75 Hz), 2. 64(2H dd, J 6 03, 5.75 Hz)

- ~ NS\ -— e~ PN - SN NS ~ N~ NN SN N oA



to afford 6-(3-fluorophenyl sul fanyl) -3, 4-di hydr o- 2H napht hal en-1-one (5.52

kg): MP = 66.2- 25 66.7 C, M5 (M1)
(CDC13) : WORO(@@do77m J=6. 03, 6.40 Hz),
2.87(2H, t, J=6.03), 7.03(1H
m, 7.22(1H, dt, J= 1.13, 8.29 Hz),
5.65, 7.91 Hz) 7. 92(1H d, J=7.91 Hz).

ok S P LA ey o

= 273;

fil NVR (300 MHz): 6 ppm

2.62(2H, dd, J=6P0O3/EP200986d323
,tdd ,J=1.13,
7.-39(1H, q,
Step

2.64, 8.29 Hz),
8.29 Hz),

7.08- 7.16(2H,
7.35(1H, dd, J=
5
- napht hal ene- 1- carboxylic acid am de

I hydr o- 2H- napht hal ene- 1-one (4.78 kg)

was di sdohved iristhytdmiene (50 kg) and the resulting mxture was

azeotrogyeal | Yte%l%}drl)ﬁ@ﬂl under vacuum at
of tol uene remai ned

added. T¥BCN (HhiBBYRphropatoggaby

t enper atMsENVasginkepfisibgtcyaree 20 and 50C.
conpl etion by TLC (Hexanes/Et0Ac 35 4:1).

50 to 55C until approximately 10 L

The sol utjon was cooled to 25C and A1C13 ( 52 g) was
at a rate such that the reaction

The reaction was npnitored for
The resul ting

6- ( 3- Fl uor o- pranpledul f affR1»6-(3; Fludtmpﬂemmhtrhal,hﬁﬂ-ﬂetmammniphth&lemas not

isolated fromthe reacti on m xtur
to 5C and sulfuric WO 2010/ 06977

(2.4 kg)
cooled to 2

Th
nd quenche
washed thoro

E’&z@%&pl ete the reaction was cool ed
/1 066345 -42- acid (4.06 kg) was
added sl ow

was t hen dlme%ggﬁahgﬁtﬁace?? %gegtéll?g&atx E[ E%I

e%hﬁ%'cﬁé%@@C The reaction

uric acid (18 kg) and water

8ct i orStep Xt ure was heat ed to SGQQ for t hr ee hour s Stefh®n
48 kqg)

i t h_vatle (28%
vacuum wi th ag mtrogW%@Eto aflf or d

6- (3-f 1 uoro- phenyzr:aul {RMPLNGS, 4- dithydr 0-©

s fit+tered and
1b@ 5.drjmd 'tuSar

napht hal ene- IFcarbo£%I|c aci d

am de as a white solid (4.59 kg): MP = 167.9-169.7 C, M5 (M1) 300; fil
NVR (300 MHz): 6 ppm (DWVSO): 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, t, J=4.52 Hz),-7.02-7.12(3H, m,
7.22(-0.5H, bs, NH), 7. 25 7.30(2H, m, H35-7.42(2H, m, 7.58(1H, d,
J=8.67), 7.67(1H, & OStep 6 Step 5
(R) - 6- (3 FI uor p=g | pl -1, 2 L%fff}_&; nap- 1-€nboxyl i ¢
acid am de SUSpP on of —

6- (3- f | uor opheény fany , 4-di ydr onapht hﬁ 1- c3r boxyl i ¢ |acePRni de
(2.3 kg) and [Ru(QAc) 3:] P)] (1.36 Ty 5 kg) wasAcOH

hydr ogenat ed at 40C and 160 psi bar) of fi IF'ogen 36 hours to afford
a solution of (R)-6-(3-fluoro- 15 J

phenyl sul fanyl1) -1, 2, 3, 4-t et rahydr o- napht

hal ene-1-carboxylic acid anmide in

THF that was used d| rectly in the next step. Analysis of an aliquot of the

THF sol ution provi ded the fogke%wsng dat

302 fil NMR (300 M<gyN

3.63(1H, t, J=6.78 : 6 97 10(4H
n, 7.50(1H NHj = 4.0 Chl
Chiral Cel OD 2 5Mike e—nahase
flowrate O. /mn 25C, uv

Step 7 [(R 3- Fl uor oMgR ptanyl)-
met hyl am ne rochlorigd | i on of

(R)-6-(3-f|uoropﬁenylsul?any
25 acid am de (approxinmately 4.63 kQ)
approximately 4 volumes via atnosph
solution at room tenperaturewas add
whil e venting off MWeRr&gen through a
of the addition,

hour s.
10% aqueous H2504 (1®

HCI

icC

S

Q,

10 SCHEME C

BG3THE (1.0 M THF sol uti
a

he rﬁﬁ’tlon eOnas heated= 0 55 tPrred for 40
The reacti d'hz g Xtur e Q ched by He®grse Qd o cool ed (50

a: MP = 131.9-132.6 C; M (Mrl
61(1H @NNf'zgzgtgbt,? n)

27—6 b

Al §b.|3 NolF
gte; etq@no?c)

, 7. 13
r al

9QLA

@SHWOA(;@R)-lsoner 98.59/ (S)4isoner 1.41.

3, 4- t et r ahydr pht hal en-1-yl E
-1, 2,3, 4-tetraltydr onapht hal ene- 1-Fcar boxylic
in THF was concentrated to

distillation. To the rl_esultlng

N|67 5 kg)

arstgs® or. Fol | owi ng orrp etion
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stirred for 30 minutes at 25 C. The product was isolated by fi Itratl on and
washed wi t H* JusBensiagroflgtled--Bugionpgenyledfanyin! . 2at; 45@%@%@%%%% 3 kg of
N‘ ((R 'ngetlfl}bl €0¢3.76 kg) in methylene chloride (71 kg) was treated with 98% forrmc acid (1.31k g

etr al.en- | .met h } acetamd£§74%
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acet amrﬁk&hanol was reduced to about 9 liters under reduced pressure, and the resulting solution was

acet am et LERITR S BRI s LSRR IR R Blargfhdny ™

treated vmth 98%formc acid (455 g). The resulting solution is treated
wi th 30% hydrogen peroxide (2.38 kg) in two portions. The




20 tenmperature was nonitored after the addition of the first portion of
peroxi de and when the tenperature stabilized the second portion was added.
The reactwonrrorvoshrBe was stirred for 23 hours. A fresh ehampeooofoedas m c
acid (230-g) and hydrogen peroxide (1.32 kg) was added and the reaction

m xture was stirred an additional 12 hédrs. \When the reaction was conplete
by HPLC, water (1.8 liters) was added and the phases were separated. The

et hy' grg%{i&g{ ¢ fig Jré%f‘a b silfods ﬁ?ﬂ%@ég&ﬁ wtﬂﬂr s?élﬁ%at% %)caﬂrg('ti 4T Phentn bonat e

sol uti ree e aqueous

| ayer tad dalréelg af waer os agdadoXhalprodueitvesstiiltciideanderdsh¢ewih chillod uﬁéteretiayer
vas washgshndi-t ts’fbrﬁ’é bv%r fo@ n‘éﬂgaﬁ&ﬁ (5@)“51) Oﬂ%&&ﬁ@éaﬁ’(@ v&é@ Ql%%d 5@%9 aRfaBRRHr €. The

sol vent was .repl aced met hanol he resi dual nethanol was
adj ust &y} Wltﬁét%‘ﬁog%é’%geatptqoﬁﬁali“ﬂb%%ht(tcl aﬁon&*g% 95 k&ef KBEGHE1THE™0l uti on was
filter ehednshifonel)siol, 8itemahydso- hmﬂaﬁ 1raéth qi-uﬁ&l MP wilshosttser e M9 wat er

gt et a R R0 SLEE d’ﬁ“]a@r 3L abbed e K Sl e s
sti rred.Q6tH) m),t3.048.04(¢bddd Jmosnct@meﬁﬁafﬂz); 2211 Hr ddtldt4.98.6.08i8.62Hed and
washed yu/ Kma@;?ﬂﬁk@ﬁﬁtﬁ%'@dﬁ?ﬁe{ §15 63 HBG ALY 851 ENAGT 7 YAGWM V&R at S0C

to consta

N#R) - 8JFL4drD6%- %Bﬁs)l 56 06(3H, @), 3,78-1. 83 @Hhydr [edmapath aiMeQH). hiret Assay - ace
t am(ﬂe é(&reélN%g}l) (@8ndp @Mr@l BY 1 |§@X4@ﬂhﬁ Imodele gﬁ%xﬁthﬁﬁl(%%@aﬁe) Ridve pAIET

1 45- 11 ?r?"c w@é{% 1?@%(%—113/&%/)%5 wmgr &8/ 10 55 Hz), 2.91(1H,
bdt), 3. 17(3H m, 7.54-7. 75(5H m phenyl), 8. 01(1H dd, J=1.88, 7.53 Hz),
8.06(1H, bt, NH); [4) = VI)2010/069778PCT/EP2009/066345 -50- 39.7 (MeOH).
Chiral Assay ( Area Norm: Columm: Chiral pak | A(150X4. 6nm), nobil e phase
20/ 40/ 40 hexane/ et hanol / met hanol (i socratic) Flowrate 0. 7ml/ mn, 25C, uv
@30nm : (R)-isomer 99.27/ (S)-isomer 0.73. Exanple

3[ (R) - 8- Fl uoro-6-(3-fl uoro-benzenesul fonyl)-1, 2, 3, 4-tetrahydro-

napht hal en-1-yl met hyl | -urea The synthetic procedure used in this Exanple
is outlined in Schene E SCHEME E 10Step 1

8- Fl uor o- 6- ( 3-f | uor o- phenyl sul f anyl) - 3, 4- di hydr o- 2H napht hal en- 1- one A
solution of 6,8-difluoro-3,4-di hydro-2H napht hal en-1-one ( 50 g) in N,

N di net hyl acetam de (100 ml )was treated with triethylamne (38.2 m),

foll owed by 3- fluorothiophenol (28.2 m), keeping the tenperature bel ow
20C. The reaction mxture was allowed to stir at ambient tenperature for 18
hours. The reaction was diluted with MIBE (70 nl) WO

2010/ 069778PCT/ EP2009/ 066345 -51- and cool ed on an ice-bath. Water (300 m)
was sl owy added (keeping tenperature below 25C) and the m xture aged for 1
hour. The product was collected by filtration and washed with water and
cycl ohexane, and dried to afford
8-fluoro-6-(3-fluoro-phenyl sul fanyl) -3, 4-di hydr o- 2Hnapht hal en- 1- oneas a
pale yellow solid yield (53.5 g, 95% pure by HPLC): MP = 126.0-126.9 5 C,
M5 (MF1) = 291; Fil NWR (300 MHz): 6 (DVSO): 1.97(2H, pen, J=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- Fl uor o- 6- ( 3-f |l uor o- phenyl sul fanyl) - 3, 4- di hydr o- napht hal ene- 1- car boxyl i c
acid am de

108- Fl uor 0- 6- ( 3-f | uor o- phenyl sul f any1) - 3, 4- di hydr o- 2H napht hal ene- 1- one (50
g, 0.17



nol es) was dissolved in toluene (100 nm.) and the resulting m xture was
azeotropically distilled under vacuumat 50 to 55C until about 50 ml of

t ol uene vaie 20emEYEd. The resul ting suspensi on was cool edCTEP2HP0663ds ALCL3
(1g, 2.0%/w) was added. TMSCN (96% 24 nmL, 0.17 noles) was then added at a
rate such that the reaction tenperaturéSwas kept between 20 and 50C. The 15
reacti on was m)nitored for formation of

8- fl uoro- 6-

(whi ch was In -
reacti on was cool ed to 5C and swilmethvl)-aceitaimides m_) was added sI OV\A Y,

mai ntai ning the internal tenperature bel ow 30C. The reaction m xture was
stirred andhgshthenicriopsdure eed i funEsmmle southingd in Sebeme Brpl et e t he

reaction was gdi | uted wit cetic 20 agi d(250 IfrlcaC|d(100rrL)
and wat er (25FOI gre_Lg%t_ﬁdq. m X ggtesdtféldé,l% tll off
vol atiles. The ction te ature 5 manNgL-Ql ned, & 100105 wWBHl e
noni toring the reacti @n choan dt e the Teactionfwas cgol ed to
40C and quenched with \/vatg,ﬁ/|(5 over offe hour at 40 td& 45C. The
reaction m xture was C?IQIL‘E&I\I’(?I 20C, f||tered in a glass filter funnel and
washed thoroughly w t h"weat eriturated from Et 0OAc (500 25 nml) under
reflux for one hour, then slowy cooled to 20C, filtered in a glass«filter
funnel, and d wFttht OAOSte he prodyct @as trggskerfed to,:a @nvijng
vacuum oven—é{g-gid : B- r vacuum th-m—tEF-eg

const ant wei tjtﬁOjo
8-fluoro-6-(3-fl

, :‘g Ll g,
aci d ani de asayellowsoI| 9% vi el d, é&g@

7
212.9-213.7 C, M (M1) SI&H\FII@(SOO MHz) 6 30

mJ=7.91/7.16 Hz), 2.68( 2H, t, J= 91Hz), 6.52(1H
7. 01( 1H, dd, J=1.51,10.55 Hz), 7.11(IH, bs, NH)7.14-7.2
4-7.49(1H, m, 7.57(1H, bs, NH). Step 3 -
(R - 8 Fl uor o- 3-fl uoro- phenyl sul fanyl)-1, 2, 3, 4-tetrahydro- napht hal en-1 -y
h met hyl am negé phori c_as| ngaI }EETO a deg sped sol gt i (K 9f step 6

f apht hal dne~X- car pogaym de
it pn—ef—s

[ Ru(QAc) 2((S) - ) . | B -TieCti On
o hydrogen gas

m xture was WDO/2 & S v [ et
at 40C and 150 pSI (1 3 bar) f Ru(DIAe)zr bagti on was ni tored by

HPLC for conpl etion he hydr%e - Ta Pefp the o . Sol venf was renoved
under reduced pressu rom theH,nt ¢ Firat e sol ut'teA of (R)-8{fl uoro-6-(3-
fl uorophenysul fanyl)-1, 2, 3. 4-tet rahy onapht hal ene-| - car boxyliC acid am de

(not isolated), and 5 the remai ni ng |iquidbwas, treated with BH3- THF 1
mol ar sol ution i THE; NBs0 nil). The react_«'ﬂ\l seal ed and hceated\j

and stirred for 36 hpwHel THEER Bacti oh ni: e wiem@enched |j nt

aqueous sul furi (650 l@@n of W §t| justed

wi th 28% aqueqg DI um h OXI 9 4 and t i S S were
bput 600 nl, treated

The renaining

fl uoro- 6- (3
42-g) in tetr

7.
[
I
8-
( added a degass

separated. Thg organlc | aye s reduced in vol ulé
wi t h phosphagfs, acid (18.3 g) an opropanol 10 (60
t et rahydr of was at nospherica distilled and repl ag
i sopropanol . Yhe solution was cooled to 5C and the resultfing slurry was
aged and filtered. The product was dried at 60C under vacuumw th a

ni t rogen pdFEME Rfford 50 g of [(R)-8-fluoro-6-

(3-fl uoro-phenyl sul fanyl)-1, 2, 3, 4-t et rahydr o- napht hal en-1-y1] - net hyl am ne
phosphoric acid salt (94%yield, 100% pure by HPLC): MP = 197.5-199.2 C, M
(M+1l) = 306; fil NWR (300 15 MHz): 6 (DvsO): 1.58-1.85(3H, m,

2.05-2.16(1H, n), 2.58-2.78(2H, m, 2.8(1H, dd, J=12.43 Hz) 2.94(1H, dd,
J=3.77, 12.81 Hz), 3.21-3.31(1H m, 6.90(1H, dd, J=1.51, 10.17Hz),

6.97(1H, s), 7.06-7.17(3H, m, 7.36-7.44(1H, m , 7.92(5H, bs, NH H3PO);
[4) = 20.9 (MOH). Step 4

[ (R) - 8-Fl uoro-6-(3-fluoro-phenyl sul fanyl)-1, 2, 3, 4-t etrahydr o- napht hal en- 1yl
nmet hyl ] -urea

20(R) - 8- Fl uor o- 6- ( 3-fl uor ophenyl sul fany1)-1, 2, 3, 4-t et r ahydr onapht hal en- 1-yl
-nmet hyl am ne phosphate salt was treated with urea (27.5 g) in anhydrous
N-net hyl pyrrolidinone (140 m) at 100C for 18 hours. The reaction was
cooled to 70C and water (360 m) was added dropwi se while allow ng the
tenperature to decline to to roomtenperature. The resulting solids were
coll ected and washed with water. The crude filter cake (46 g) was
recrystallized fromtol uene




25 (160 m) and n-heptane (60 m) to afford

[(R)-8-fluoro-6-(3-fluoro-phenyl sul fanyl)-1, 2, 3, 4-

t et r ahydrwonamhsheBen- | -yl net hyl ] -urea (37.27 g) in 93. gvayredod/ 068395 8% pur e

by HPLC. MP = 130.7-132.4 C. M5 (M+l) = 349; fil NWR (300 MHz): 6 (DWVS0):

1.49-1.99(4H, n), 2.57- 2.83(2H, dt/m-46-3.99-3.27(3H, m, 5.43(2H bs, NH),

6. 20( 1H, bt, 6.03), 6.96-7.04(2H, rr) 7.1-7.17(3H, m, 7.37-7.47(1H, m;
0

| et hyl )
(-8 H uoro; g‘?¥§f?‘1ﬁu8°‘”dﬁ (748 LS9 ol VR e 1 e
t hyl ur s treagdgyitly igd @P&%f‘bg)oﬁﬁteﬁ%léfmzq -2 4t aerupc mdrthe ipdincgeld (11. 9 )
and 30%iqag %&sMgmﬁagltaﬁé@ﬁied@nmmhr@mﬁaise@ td @(F"Cl@tﬁwufb?oma_&ﬁyfa@eac'“ on
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hydr ogen4 Ay, @Woggplmrygqtg@ roena 4 epperature the pressure was rel eased from
the autoclave, the methanol solution was filtered through a silicagel pad
and evapor @tt@dzl ri-(3a% DiflioRo-phyiey 1) Ritye 48df | uor o- phenyl sul fanyl)-1, 2, 3, 4-

t et rahydr o- napht hal ene-1| -carboxylic acid amde in quantitative vyi eI d and

wi t26 an enanmivanerdfenizie 4-@t5-diflubrddphchyl)Thveyrocoaviepoipplesvea$3.3kgD Ivadenh(4 Fhe
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di et hymemtorgsl by BlE . Ihemeﬁlﬁtlng safatiqn was WBShed h‘fl'élchelxémﬁ (\ﬁ(ﬁ o IgMQVorfyganic

Ret ent '1&Buﬁlﬂlé§e$he aqueous la?ler was acidified with conc HCI (54 .73 kg), and extracted with MTBE

R) - 6- quor | sul fanyl)-1 trah r o- napht hal ene- 1- car poxylic
gCI) d a a 1n¥1 0 s p(p%])a%ateé@nd r651 alM BE was re%love by solvent exc ang)e/

ph e}[y | switHf Iany;ithne?:(% ldtehy &y Sive aplde ha(B enéiflliomagheaslylbutyracictll @r8 b a8 ad offi N,

(9)-6- (-Elporgpheny] sideny Doshid: 2147 STHEAYSEGrNRRNS BeLenes dssar poxyl i

acid a
J=7.54 Hz), 6.63(1H, 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-3.4-dihydro-2H-naphthalen-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



WO 2010/ 069778PCT/ EP2009/ 066345 - 54- The above procedure was repeated
using different chiral rutheniumcatal ysts to produce corresponding (R) and
(S) isonmewe 20f0/069778 PCT/EP2009/066345

6- ( 3- Fl uor o- phenyl sul fanyl) -1, 2, 3, 4-t et rahydr onapht hal ene- 1- car boxyl i ¢ aci d
am de. The results are shown in Table-%/- together with catalyst, tine, %
conversion and enantioneric ratio. Reaction scale was in all experinents 50

, 5 r - , o : :
Tobt o JHEGeRlE IBpiadd EEIL SRl Lo PR S s
[ Ru( CAcya¢r(R)itdrey savwemdpEEss sadiut biggbenag: @ro4ka, water(3.0 kg) and 50% diluted
[ Rud ( (bﬁnB)(g.Ekggf&%%m‘tﬁéf SROEH Qovfh%dfl.@q(sgqg:z%?i@idﬁo% 8-difluoro-3,4-
[ Ru( OAc) 20) - gS, -1 Pr.4- Me0) - MeOBI PHEP) | 19, 9.8 99'1 4.3 B
ihydro-2H-naphthalen-1-oné as a light yellow solid (92.75% pure by HPL.C): MP = 58.1-58.8
5 °C; MS (M+1) = 183; H' NMR (300 MHz): 3(DMSO): 2.00(2H, p, J=6.4 Hz), 2.57(2H, t, J=6.40
Hz), 2.96(2H, t, J=6.40 Hz), 7.08-7.20(2H, m, J=2.26 Hz).

Step 4 8-Fluoro-6-phenylsulfanyl-3.4-dihydro-2H-naphthalen-1-one

A solution of 6,8-difluoro-3,4-dihydro-2H-naphthalen-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 reaction 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, each time) . The slurry
was dried to give 8-fluoro-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-
phenylsulfanyl-3,4-dihydro-2H-naphthalen-1-one: MP = 111.7-112.7 °C; MS (M+1) =273; H'
NMR (300 MHz): 3(DMSO): 1.96(2H, p, J= 6.4 Hz), 2.53(2H, t, 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 8-Fluoro-6-phenylsulfanyl-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-1-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 to 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): (DMSO):



Ru(QAc)2((al//-S)-BICP) 19.5 99.7 75:25 4.5 [Ru(QAc) 2((S, R) - PPF- P(tBu) 2)]
19.5 99.6 95:5 4.6 [Ru(OAc)2((R -BIPHEMP)] 22.5 100 2:98 4.7
[Ru(triflworonushrase) 2((S)-Tri MeOPHEP)] 22.5 100 99: 1 4PBT/EP2009/066345

[ Ru( OAc) 2((R) - (2- Fury1) - MeOBI PHEP)] 22.5 99.8 3:97 4.9

[ Ru(QAc) 2((R) - Cy- MeOPHEP)] 22.5 -48-

10

15

20

25

30

35

2.22(2H, dt, J=7.54 Hz), 2.64(2H, t, J=7.54 Hz), 6.47(1H, t, J=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, NH).

Step 6 ((R)-8-Fluoro-6-phenylsulfanyl-1,2.3.4-tetrahydro-naphthalen-1-yl)-methylamine
hydrochloride

A suspension of 8-fluoro-6-phenylsulfanyl-3,4-dihydro-naphthalene-1-carboxylic acid
amide (1.46 kg) in methanol (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 isolated) was monitored by HPLC. The resulting
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(DMSO): 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
OD-H(250X4.6mm), mobile phase 85/15 hexane/ethanol(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 mixture 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
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
cooled to 5°C and treated with 6N HCl in isopropanol (1.69 kg). The mixture was heated and
atmospherically distilled 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-phenylsulfanyl-1,2,3,4-tetrahydro-
naphthalen-1-yl)-methylamine hydrochloride (1.38 kg), 87.8% yield, purity 99.5% by HPLC,
Chiral HPLC 96.88% ee: MP = 232.5-233.8 °C; MS (M+1) = 288; H' NMR (300 MHz):
O(DMSO0): 1.55-1.78(3H, m), 2.08(1H, bd), 2.55-2.80(2H, m), 2.89(2H, bs), 3.31(1H, bt),
6.85(1H, dd J=1.51, 10.55 Hz), 6.91(1H, s), 7.33-7.46(5H, m), 8.37(2H, bs, NH,); [a]p =31.8 °
(MeOH). Chiral Assay (Area Norm): Column: Chiralpak AD-H(150X4.6mm), mobile phase
95/5 hexane/ethanol with 0.1% isopropylamine(isocratic) Flow rate 0.7ml/min, 25°C, uv
@230nm.: (R)-isomer 98.44/ (S)-isomer 1.56.
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4.10 [Ru(OAc)2((S)-3,5-tBu-MOBI PHEP)] 22.5 100 99:1 4.11
((S)-3,5-tBu, 4- Me0- MeOBI PHEP) ] 22.5 100 98:2 4.12
310363778 V5- MeOBI PHEP) ] 22.5 100 >99:1 4. 13 PCT/EP2009/066345
S) - 3, 5- Mg, 4- Me0- MeOBI PHEP)] 22.5 100 98:2 4. 14
S)-3,5-iPr, 4- Me0- MeOBIl PHEP)-#922. 5 100 99:1

AAO/—\

Step 7 N-((R)-8-Fluoro-6-phenylsulfanyl-1,2.3.4-tetrahydro-naphthalen-1-ylmethyl)-

acetamide

A mixture of C-((R)-8-fluoro-6-phenylsulfanyl-1,2,3,4-tetrahydro-naphthalen-1-yl)-
methylamine hydrochloride (1.36 kg), DMAP (10 g), acetonitrile (8.6 L), tricthylamine (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 slurry 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-
6-phenylsulfanyl-1,2,3,4-tetrahydro-naphthalen-1-ylmethyl)-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):
O(DMSO): 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); [a]p
= 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, 25°C, uv @230nm.: (R)-isomer
99.04/ (S)-isomer 0.96

Step 8  N-((R)-8-Fluoro-6-phenylsulfonyl-1,2.3.4-tetrahydro-naphthalen-1-ylmethyl)-

acetamide

N-((R)-8-Fluoro-6-phenylsulfanyl-1,2,3,4-tetrahydro-naphthalen-1-ylmethyl)-acetamide
(1.32 kg) was suspended in methylene chloride (8 liters) and treated with 98% formic acid (455
g). 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 residual methanol was adjusted to match the starting input (1.3
kg). The resulting solution was filtered and the solution was treated to cloud point with sterile
water to allow crystallization to occur over four hours. More sterile water for irrigation was
added until 3.38 kg total had been added and the mixture was stirred until it returned to 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):
O(DMSO): 1.45-1.93(4H, m), 1.84(3H, s), 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=1.88, 7.53 Hz), 8.06(1H, bt, NH); [a]p =



[ Ru(OAc) 2((R) - (2- Furyl)-BI PHEMP)] 22.5 100 8:92 4. 16
I ((S)-MOBI PHEP) (p-cynmene)llb) 22.5 100 99:1 4.17

(S) -WbeBIRIERB ( benzene) ] A b) 22.5 100 99:1 4.18 PCT/EP2009/066345
QAc)2((R)-BITIANP)] 22.5 100 3:97 4.19 [Ru(OAc) 2((R) - Benzoy1OBI PHEP) ]
100 2:98 4.20 [RuC12((S)-3, 5- Xyl -MOBI PHEP) ((S, S)- DPEN)]

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

5 Example 3 [(R)-8-Fluoro-6-(3-fluoro-benzenesulfonyl)-1.2.3.4-tetrahvdro-
naphthalen-1-vimethvl]-urea

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

Foo Step 1 T 9 stepo F CN
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SCHEME E

10 Step 1 8-Fluoro-6-(3-fluoro-phenylsulfanyl)-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 20°C. The reaction mixture was

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



22.5 100 98:2 WD 2010/ 069778PCT/ EP2009/ 066345 -55- Ex. Catal yst Tine

(hours) Conversion (%9 Ratio RS 4.21 [RuC12((S)-3, 5- Xyl -MeOBI PHEP) ((R R) -

DPEN) ] 22w6 2000069981 4. 22 [ RUC12((S)- 3, 5-t Bu- MeOBI PHEP) PCTAPR0IDREN | 22. 5

100 99:1 4.23 [Ru((S)- (3, 5-tBu- MeOBI PHEP) (DVF) 4] [ BF4]2b) 22.5 100 >99:1
-51-

and cooled on an ice-bath. Water (300 ml) 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-phenylsulfanyl)-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, 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-phenylsulfanyl)-3,4-dihydro-naphthalene-1-carboxylic acid

amide

10 8-Fluoro-6-(3-fluoro-phenylsulfanyl)-3,4-dihydro-2H-naphthalene-1-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 AICL; (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-phenylsulfanyl)-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 distll 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 one 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 mL) 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 45°C
under vacuum with nit rogen purge until a constant weight to afford 8-fluoro-6-(3-fluoro-
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-phenylsulfanyl)-1.2.3.4-tetrahydro-naphthalen-1-vy1]-

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):((S)-MecOBIPHEP)] (120 mg) in tetrahydrofuran (50 ml). The reaction mixture was



a) Prepared in-situ from[Ru(QAc)2(cycl ooct adi ene)] and di phosphi ne.

b) Prepared by addition of 2 nolar equivalents of HBF4 to

[ Ru( OAc) 2§03p1ro(89B8t BuMeOBI PHEP) ] i n DVF. The abeoce/Rre@oddsi® was
used with several chiral rutheniumcatalysts, but replacing the 5 nethanol
solvent with trifluoroethanol. The tri-f2-uoroethanol results are shown in
Table 3. Table 3: Ex. Catalyst Tine (hours) Conversion (% Ratio RS 4.24
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[ Rud ( (rm)rmprﬂby[ﬂbhﬁ 991 eree)f]tist hxiyogengtion of the Rifin. Solvent was removed
RU( QAGhd{(rRduded p?esklﬁé ﬁ%ni\@lg)mt%hﬁyﬁmlﬂlo@& (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 in 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 ml). The remaining tetrahydrofuran was atmospherically 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-yl]-methylamine phosphoric acid salt
(94% yield, 100% pure by HPLC): MP = 197.5-199.2 °C; MS (M+1) = 306; H' NMR (300

15 MHz): 6 (DMSO): 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, J=3.77, 12.81 Hz), 3.21-3.31(1H, m), 6.90(1H, dd, J=1.51, 10.17Hz), 6.97(1H,
8), 7.06-7.17(3H, m), 7.36-7.44(1H, m) , 7.92(5H, bs, NH/H3PO,); [a]p = 20.9 ° (McOH).

Step 4 [(R)-8-Fluoro-6-(3-fluoro-phenylsulfanyl)-1,2.3.4-tetrahydro-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 ml) at

100°C for 18 hours. The reaction was cooled to 70°C 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 (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% yield, 99.8% pure by HPLC: MP =
130.7-132.4 °C; MS (M+1) = 349; H' NMR (300 MHz): 5 (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 ° (McOH).

30 Step 5 [(R)-8-Fluoro-6-(3-fluoro-benzenesulfonyl)-1.2.3.4-tetrahydro-naphthalen-1-
ylmethyl]-urea

(R)-8-Fluoro-6-(3-fluorophenylsulfanyl)-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 ml) to dissolve the resulting solids. The layers were separated and the

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

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



99.9 81:19 4.28 [Ru(QAc)2((a//-S)-BICP)] 20 99.7 32:68 4.29
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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-naphthalene-1-carboxylic acid amide, 6.45 mg (0.00668 mmol) of

20  [Ru(trifluoroacetate),((S)-pTol-MeOBIPHEP)] (S/C 25) and 1 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 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

25  ratio 0f99:1. 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, 50 % cthanol, 10% heptane with 0.1% diethyl amine.
Flow: 1 ml/min, 40 °C, 1 ul. Injection volume: 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 phenylsulfanyl)-3,4-dihydro-naphthalene-1-carboxylic acid amide 8.3 min, (S)-6-(3-Fluoro-
phenylsulfanyl)-1,2,3,4-tetrahydro-naphthalene-1-carboxylic acid amide 9.7 min.



15 results are shown in Table 4. Reaction scale was in all experinments 50
ng, tenperature was 40C. Table 4: Ex. Catalyst Tinme (Hours) Conversion (%
Rati o R SvB.2010/0ee(7®Ac) 2( (R) -i Pr- MeOBI PHEP) ] + 3HCL 18 1BCTHP3®HIH66345

[ Ru(QAc) 2( (R R) - Et - Duphos)] + 3 HC1 18 27 63:37 5.3
[Ru(QAc)2((S)-(3,5-iPr,4-Me0)-MeOBIPHERY{ + 3 HC1 18 99.6 99:1 5.4
[Ru(OAc)2((all-S)-BICP)] + 3 HC1 18 99.8 82:18

The above procedure was repeated using different chiral ruthenium catalysts to produce
corresponding (R) and (S) isomers of 6-(3-Fluoro-phenylsulfanyl)-1,2,3,4-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
(hours) | (%) R:S
4.1 | [Ru(OAc):((R)-iPr-MeOBIPHEP)] 19.5 >99.9 3:97
4.2 [RuCI((R,R)-Et-Duphos)(p-cymene)]Cl 19.5 20 67:33
4.3 | [Ru(OAc)((S)-(3,5-1Pr,4-Me0O)-MecOBIPHEP)] | 19.5 99.8 99:1
4.3 | Ru(OAc)((all-S)-BICP) 19.5 99.7 75:25
4.5 | [Ru(OAC),((S,R)-PPF-P(tBu),)]"” 19.5 99.6 95:5
4.6 | [Ru(OAc)((R)-BIPHEMP)] 22.5 100 2:98
4.7 [Ru(trifluoroacetate),((S)-TriMeOPHEP)] 22.5 100 99:1
4.8 | [Ru(OAc)2((R)-(2-Furyl)-MeOBIPHEP)] 22.5 99.8 3:97
4.9 | [Ru(OAc)((R)-Cy-MeOPHEP)] 22.5 100 2:98
4.10 | [Ru(OAc):((S)-3,5-tBu-MecOBIPHEP)] 22.5 100 99:1
4.11 | [Ru(OAc)x((S)-3,5-tBu,4-MeO-MecOBIPHEP)] | 22.5 100 98:2
4.12 | [Ru(OAc)x((S)-3,5-TMS-MecOBIPHEP)] 22.5 100 >99:1
4.13 | [Ru(OAc)((S)-3,5-Me,4-MeO-MeOBIPHEP)] | 22.5 100 98:2
4.14 | [Ru(OAc)((S)-3,5-iPr,4-MeO-MecOBIPHEP)| | 22.5 100 99:1
4.15 | [Ru(OAc):((R)-(2-Furyl)-BIPHEMP)] 225 100 8:92
4.16 | [Rul((S)-MecOBIPHEP)(p-cymene)]I” 22.5 100 99:1
4.17 | [RuCl((S)-MeOBIPHEP)(benzene)]C1” 22.5 100 99:1
4.18 | [Ru(OAc)2((R)-BITIANP)] 22.5 100 3:97
4.19 | [Ru(OAc)x((R)-BenzoylOBIPHEP)] 22.5 100 2:98
490 ][;{1;1];5)(](8)-3,S-Xyl-MeOBIPHEP)((S,S)- s 100 982
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425 |[Ru(OAc),((R)-iPr-McOBIPHEP)] 20 >99.9 38:62
4.26 |[RuCI((R,R)-Et-Duphos)(p-cymene)]Cl 20 1.5 - -
427 |[Ru(OAC)x((S)-(3,5-iPr,4-Me0)-MeOBIPHEP)] |20 99.9 81:19
428 |[Ru(OAc),((all-S)-BICP)] 20 99.7 32:68
429 |[Ru(OAc)x((S,R)-PPE-P(tBu),)]" 20 99.7 90:10
) Prepared in-situ from [Ru(OAc).(cyclooctadiene)] 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.
10 [RuCl((R,R)-Et-Duphos)(p-cymene)]|CIl was the poorest catalyst in methanol in terms of yield

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

(S) enantiomers.
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rifluoroacetate)2((S)-pTol-MOBIPHEP)] 24 99.9 99:1 7.2

OAc) 2§03 ropboi7s MeOBI PHEP) ] 24 99.9 99:1 7.3 PCT/EP2009/066345
QAc) 2((S)-pTol - MeOBI PHEP)| 24 99.7 99:1 7.4 [Ru(QAc) 2((S)- MeOBI PHEP) ]
9.7 99:1 7.5 [Ru(QAc) 2((S) - MeOBI PHE®) | 24

Example 5 Chiral Catalvst Comparison:
(R)- and (S)- 6-(3-Fluoro-phenvlsulfanvl)-1.2.3.4-tetrahvdro-naphthalene-1-carboxvlic acid

amide under acidic conditions

In a glove box (O, content < 2 ppm) a catalyst solution was prepared in the glass insert of a
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 methanol with 0.5 ml of methanol containing 0.020
mmol of HCI 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
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

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

Table 4:
Time Conversion | Ratio
Ex. | Catalyst
(Hours) | (%) R:S
5.1 | [Ru(OAc)((R)-1IPr-MeOBIPHEP)] + 3HC1 18 13 15:85
5.2 | [Ru(OAc)((R,R)-Et-Duphos)] + 3 HCI 18 27 63:37
Ru(OA S)-(3,5-1Pr,4-MeQO)-MeOBIPHEP
53 | [RUOA((S)-(3,5-1Pr,4-MeO)-Me g 99.6 99:1
+ 3 HCI
5.4 | [Ru(OAc).((all-S)-BICP)] + 3 HCI 18 99.8 82:18
5.5 [Ru(OAc)z((S,R)-PPF-P(tBu)z)]a) + 3 HCl 18 99.9 99:1

% Prepared in-situ from [Ru(OAc)x(cyclooctadiene)] + diphosphine.

Example 6 (R)-6-(3-Fluoro-phenvlsulfanvl)-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
magnetic stirring bar was charged with 250 mg (0.835 mmol) of 6-(3-Fluoro-phenylsulfanyl)-
3,4-dihydro-naphthalene-1-carboxylic acid amide, 4.03 mg (0.00418 mmol) of
[Ru(trifluoroacetate),((S)-pTol-MecOBIPHEP)] (S/C 200) and 3 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 methanol solution was evaporated
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experinents 10 8.5 to 8.10 was 2 g. Table 6: Ex. Catalyst T C Tine (Hours)
Conversion (% Ratio RS 8.1 [Ru(OAc)2((S)-pTol -MeOBI PHEP)] 40 18 99.7 99:1
8.2
Example 7 (R)-6-(3-Fluoro-phenvlsulfanvl)-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  magnetic stirring bar was charged with 0.40 g (1.336 mmol) of 6-(3-Fluoro-phenylsulfanyl)-3,4-
dihydro-naphthalene-1-carboxylic acid amide, 1.29 mg (0.00134 mmol) of
[Ru(trifluoroacetate),((S)-pTol-MecOBIPHEP)] (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 methanol solution was
15 evaporated in vacuo. Isolation as described in example 4 afforded after drying 405 mg of (R)-6-
(3-Fluoro-phenylsulfanyl)-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 >= 99.9%.

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, temperature was 40°C,

20  hydrogen pressure in examples 7.3, 7.5 was 10 bar.

Table S:

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

7.1 | [Ru(trifluoroacetate),((S)-pTol-MeOBIPHEP)] | 24 99.9 99:1

7.2 | [Ru(OAC)((S)-pTol-MecOBIPHEP)] 24 99.9 99:1

7.3 | [Ru(OAc),((S)-pTol-MeOBIPHEP)] 24 99.7 99:1

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

7.5 | [Ru(OAc)((S)-MecOBIPHEP)] 24 99.7 99:1

Example 8 (R)-6-(3-Fluoro-phenvlsulfanvl)-1.2.3.4-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-
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[ Ru + 5 HBF4 40 18 99.1 99:1 8.4

[ RuCl( ( SywhbcBVdeHER) (pcynmene) ]Gl 40 18 100 98:2 8.5

[Ru(OAc) 2((S)-MeOBI PHEP)] 20 19 67 99:1 8.6 [Ru(OAc)2((S)-M0BI PHEP)] 60
3.5 -58-

MeOBI PHEP)] 40 18 100 99:1 8.3

PCT/EP2009/066345

I-carboxylic acid amide, 1.07 mg (0.00134 mmol) of [Ru(OAc¢),((S)-McOBIPHEP)] (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 methanol solution was evaporated in vacuo. Isolation as described in example 4 afforded

after drying (R)-6-(3-Fluoro-phenylsulfanyl)-1,2,3,4-tetrahydro-naphthalene-1-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 8.1 to 8.4 was 4.00 g, in experiments

8.5t0 8.10 was 2 g.

Table 6:
T Time Conversion | Ratio
Ex. Catalyst
°C (Hours) | (%) R:S
8.1 [Ru(OACc)((S)-pTol-McOBIPHEP)] | 40 18 99.7 99:1
g2 [Ru(trifluoroacetate),((S)- 40 8 100 99-1
MecOBIPHEP)]
Ru(OA S)-MeOBIPHEP)] + 5
8.3 [Ru(OAC)((S)-Me )] 40 18 99.1 99:1
HBF,
RuClI((S)-McOBIPHEP)(p-
g4 |RUCHEMe P 20 |18 100 98:2
cymene)]Cl
8.5 [Ru(OACc)((S)-MecOBIPHEP)] 20 19 67 99:1
8.6 [Ru(OACc)((S)-MecOBIPHEP)] 60 3.5 100 98:2
8.7 [Ru(OACc)((S)-MecOBIPHEP)] 80 2.5 100 97:3
8.8 [Ru(trifluoroacetate),((S)- 20 29 o7 99-1
MecOBIPHEP)]
8.9 [Ru(trifluoroacetate),((S)- 60 15 100 98:2
MecOBIPHEP)]
810 [Ru(trifluoroacetate),((S)- %0 5 100 973
MecOBIPHEP)]
8.11Y | [Ru(OAc)((S)-McOBIPHEP)] 40 20 100 99:1

“This experiment was run on a 20 g scale under 40 bar of hydrogen.
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| fl uoroacetate)2((S)- MeOBIPHEP)] 20 22 87 99:1 8.9

i fIworosastase) 2((S)- MeOBI PHEP)] 60 3.5 100 98: 2 PBT/HP2009/066345
i fl uoroacetate)2((S)- MeOBIPHEP)] 80 2 100 97:3 8.11a)

-59.

Example 9 (R)-6-(3-Fluoro-phenvlsulfanvl)-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
magnetic stirring bar was charged with 0.40 g (1.336 mmol) of 6-(3-Fluoro-phenylsulfanyl)-3,4-
dihydro-naphthalene-1-carboxylic acid amide, 2.36 mg (0.00267 mmol) of [Ru(OAc),((S)-
MeOBIPHEP)] (S/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-
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.

Table 7:
Ex. Solvent Time Conversion | Ratio
(vol/vol) (hours) | (%) R:S
9.1 MeOH 16.5 100 99:1
9.2 i-PrOH 16.5 100 98:2
9.3 CH,CL, 16.5 48 97:3
9.4 CH2CI12/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 98:2

Example 10 Radiolicand binding studies

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

The binding activity of compounds of this invention in vitro was determined as follows.
Duplicate determinations of 5-HTs ligand affinity were made by competing for binding of
[PH]LSD in cell membranes derived from HEK293 cells stably expressing recombinant human
5-HTs receptor. Duplicate determinations of 5-HT»4 ligand affinity were made by competing for
binding of [*H]Ketanserin (3-(2-(4-(4-fluorobenzoyl)piperidinol)ethyl)-2,4(1H,3H)-
quinazolinedione) in cell membranes derived from CHO-K1 cells stably expressing recombinant

human 5-HT;a receptor. Membranes were prepared from HEK 293 cell lines by the method
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9 1 MeOMMiBase wog inarbgted in a shaking water bath for 75 min. at 37 °C (for 5- HT6) or 0 min. at
10 32°C (for 5-HT,,), 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-HCL Bound [*H] LSD

or ["H]Ketanserin were determined as radioactive counts per minute using Packard TopCount.

Displacement of [’H]LSD or [’H]Ketanserin from the binding sites was quantified by

fitting concentration-binding data to a 4-parameter logistic equation:

binding = basal + [ Bmax - basal ]

15 1+IO—HiZZ(log[Zigand]—logIC50

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-ylmethyl]-urea, [(R)-8-Fluoro-6-(3-fluoro-benzenesulfonyl)-
1,2,3,4-tetrahydro-naphthalen-1-ylmethyl]-urea and (R)-N-(6-Benzenesulfonyl-8-fluoro-1,2,3,4-
tetrahydro-naphthalen-1-ylmethyl)-acetamide showed a pKi for 5-HTs of 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.
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CLAIMS
What is claimed is:

I. A method of producing a compound of formula k1 or k2

O U_NH
Ry ¥ (R"), i

Ar k2

wherein:
m isOorl;
n is from 0 to 3;

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

Y  is-O-; -S(0O),- or -N-R* wherein p is from 0 to 2 and R* is hydrogen or C¢alkyl; and
R! s halo; Cisalkyl; C;salkoxy; or halo-C;salkyl;
the method comprising;:

reducing a dihydronapthalene amide compound of formula i

Oy NH,
R"),
20,
Ar

with hydrogen gas in the presence of a catalyst of formula j1 or j2
Ru(Z),(L) il
Ru(E)(E")(L)(D) i2;

wherein:

D  is an optionally chiral diamine;

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

L  isa chiral diphosphine ligand; and

Z s halo or R™-CO, (carboxylate) wherein R” is: Csalkyl; halo-C; salkyl; Csalkoxy;
aryl optionally substituted with halo; or heteroaryl optionally substituted with halo.
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-basal J[_F 10 -H Il (Tog[ligand]-] ere H1l 1s the HITI slope,
[ligand] i §ljéarpé0’6’@ﬁ}?éﬁt HWPEh ij6a]56%b]é?3%gorr1§m -6143atd and 1Cso is the
concentration of radioligand producing hal f-maxi mal specific binding of
radi ol i gand. The specific bindi ng wi ndow i s the difference between the Bmax

and t he, basal r .S ro ed re this Ex le, th

oo u%d S ?ﬁe E%ﬂ@[@fcf? %’}Zlﬁrzeg'h 105%1y subst%u?ed Wlﬁmfluofo, rne?hyl,

1, 2, 3, 4- t etedivxgr Wama;imdlwiyemelhaylbnéfbhyllpr trife@romethyl.

[ (R)-8-Fluoro-6-(3-fluoro-benzenesul fonyl) -

1, 2, 3, 4-tetrahydro- napht hal en-1 -yl net hyl] urea and

(R -N Benzenesul f ony1l-8-fluoro-1, 2,

t et rah§9dro Tha pisthed) ofslqumy, ﬁ@@ﬁwW&d&ﬁ&ﬁ%oeﬁmst&umwkbﬂu@ome of 10.0,
9.8 and 9.75 respectively. Wile the present invention has been descri bed
W th reference to the specific enbodiments 25 thereof, it should be

underst e i.lled.in.the.art, that various chan be made and
caut valBnt BRI GalAF O be bRl YRR Hoa AR RS T g
scope of tpgrazmlvlemmMamel randdehzimatazolyh sychnapdiohiltasubsitsitadeyittoealocade t o
adapt a particular situation, material, conmposition of matter, process,

process step or steps, to the objective spirit and scope of the present

i nvention. such nodifications are intended to be within the scope of
t he cl dilns Q@W?Ht?éirﬂfé indp athgrein Ar 1s: heteroaryl selected from: indol-3-yl; 5-fluoro-indol-

3-yl; pyrrol-3-yl; 1-methyl-pyrrol-3-yl; pyrazol-4-yl; 1-methyl-imidazol-2-yl; and 5-fluoro-
benzimidazol-7-yl.

12. The method of claim 1, wherein Y i1s S.

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



WO 2010/ 069778PCT/ EP2009/ 066345 -61- CLAIMS What is clained is: 1. A

nmet hod of producing a conpound of forrmula kIl or k2 0?2 NH\, 2 (R1)n=(Rl)n
1.101. 10 W8 2A10A69KB; wherein: ms 0 or 1; nis fromO toPBI/ER009H663AF Y] ; oOr

het eroaryl, each of which nmay be optionally substituted with: hal o;

G _6al kyl ; G _6al koxy; cyano; hydroxy;-6& _6al kyl sul fonyl ; or

hal o- Ci 6a| kyl; Yis -0-; -S(0)p- or -N-Ra wherein pis fromO to 2 and Ra

i's hydrlggeml(lgﬁh ﬂcﬁ o%'ﬁ%{llﬁl AR chﬂé‘i' &%%la%mﬁé‘ﬂﬁxgelﬁc%ad—%}nktﬁ%éq B i de

hal o- G _b6a d conprising Ing a rona

conmpound ofSOIiS@ﬂUrlitEbé(R)@(&H@nﬁ(mmewqfh hydrogen gas in the presence of a
cat al yst OMJ@ME@ Aor Ru(22(L)A Ru(BE)(E)(L)(D wherein: 1is an
optional | y Chl lrEl%/}P di'am ne;

2

TMBTP;
2-Naphthy)-MeOBIPHEP;
(6-MeO-2-Naphthyl)-MecOBIPHEP;
2-(Thienyl)-MeOBIPHEP;
3,5-tBu-McOBIPHEP;
PHANEPHOS;

BICP;

TriMeOBIPHEP;
(R,R,S,S)-Mandyphos;
BnOBIPHEP;
BenzoylBIPHEP;
pTol-BIPHEMP;
tButylCOOBIPHEP;
iPrOBIPHEP;
p-Phenyl-MeOBIPHEP;
pAn-MeOBIPHEP;
pTol-MecOBIPHEP;
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-MeOBIPHEP;
3,5-1Pr,4-MeO-MecOBIPHEP;
3,5-tBu,4-MecO-McOBIPHEP;
3,5-TMS-MecOBIPHEP;
iPr-McOBIPHEP;
Cy-MecOBIPHEP;
(2-Furyl)-BIPHEMP);



and E are both halo, or Eis hydrogen and E is BH4; 1is a chiral
di phosphine ligand; and Zis: halo or Rb-0Q2- (carboxylate) wherein Rb is:
C _6al kylwohalome€i7zs6al kyl ; C _6al koxy; aryl optionally gabsrrecgec4s t h
hal o; or heteroaryl optionally substituted with halo. WO
2010/ 069778PCT/ EP2009/ 066345 -62- 2. Thé nethod of claim 1, wherein mis 1.
3. The method of claim1l1, wherein nis 0. 4. The nethod of claim1, wherein
nis 1. 5. E\lml §Q<? of claim1l, wherein the catalyst is jl. 6. The nethod
of claim1l o he catalyst is j2.. 7. The method of claim1, wherein
Aris phen?PFd)p{tBlﬁnal |y substituted wit h: halo; G _6al kyl; C1_6al koxy;
cyano; hydroxy; C _6al kyl sul fonyl; or halo-Cl _6al kyl. 8. The nethod of
claim1l1, wherein Ar is phenyl opti onal Iy substi tuted with: fluoro; nethyl;
met hoxy; ydr.oxy hanesul f ony tri nethyl. 9. The nethod
of clailfh 1)/F%9\H}§’F®dr‘i)fﬁula“?lsl ]S“ { @%@F@%}ﬁlﬁg ) Etzéd' with fluoro. 10.
The net hoddgzﬁ)bisl(dipmn%rlphd@@ﬁ@a)n Ar is: heteroaryl selected from indolyl;
pyrrolyl; pyrazolyl; imdazolyl; and benzi m dazolyl, each optionally
substituted with halo. 11. The method of claim 1, wherein Ar is: het er oar yl
selected from indol-3-yl1l; 5-fluoro-indol3-yl; pyrrol 3-y1;
1- net hyll7- pifihe sletidyor-clapyrlawdicredn the catalysbilhy | Ri(G At 6,6 zdlmthoamblphenyl-
5- f1 uor obenzb i {dRzQlipReiphobphindfye Method of claim 1, wherein Y is S 13.
The net hod of clai mf Viher el n is acetate. -63- 14. The method of claim
1, wherein the chiral diphosphine L is selected fromthe group consisting
of (R} or (S)-enantioners of: MOBI PHEP;, BI PHEMP;, TMBTP;
2- Naphtilgy | Jrhd/edoBlodHER]aifn6 Kthe? ebiaptidihy| ) - MeOBl PHEP; 2- ( Thi eny1) - MeOBI PHEP;
3, 5-t Bu- MeOBI PHEP; PHANEPHCS;

reducing a compound of formula k1 or k2

1 O%_, NH, 1 @) NH,
(R), : (R,
Tm)m T )m
Ar kl: Ar k2
to provide a compound of formula m1 or m2
—NH NH
1 = 2 1 2
(R, = (R),
Y o Y e
I I
Ar mi: Ar m2:
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 formula m1 or m2
—NH NH
1 = 2 1 2
(R, : (R)n
Ym)m Y )m
I I
Ar mi: Ar m2:




BI CP;, Tri MOBI PHEP; (R R 'S, S)- Mandyphos; BnOBI PHEP; BenzoylBI PHEP;

pTol - Bl PHEMP; t Butyl COOBI PHEP; i Pr OBl PHEP; p- Phenyl - MeOBI PHEP;

pAn- Ve OBIWBEP10/gsTT8 - MeOBI PHEP; 3, 5- Xyl - MeOBI PHEP; 3, 5- XPCTHRIPRIRNE;3481 NAP;
2- Furyl - MeOBI PHEP; 3, 5- Xy1- 4- Me0- MeOBI PHEP; and BI TI ANP. 15. The net hod of
claim1, wherein the chiral diphosphiné5i is selected fromthe group
consisting of (R) or (S)-enantioners of: 3,5-M, 4- Me0- MeOBI PHEP;

3,5-iPr, 4- ﬁ% !\%%{}Eg ﬁ_jﬁ 3; t Bu, 4- MeO- MeOBI PHEP; 3, 5- TMS- MeOBI PHEP;

i Pr-MeOBI P BREB. 2 (2- Furyl) Bl PHEMP) ; - 64- Et-Duphos; and
PPF-P(tBu)2. 16. The nmethod of claim { gwherein L is

(6, 6" -di net hoxybi phenyl-2,2'- diyl)bi S(%I phenyl phosphine). 17. The net hod

of claim 1y Mﬁraedo%ﬂomﬁdgﬁf@hﬁﬁlto]ﬁoﬂo‘g [ Ru(OAc) 246, 6' - di met hoxybi pheny1-

2, 2" -diyl) bi s(di phenyl phosphi ne)). 19. The nmethod of claim 18, further
conprising: reacting a co und of formula m or n WO H
SN - N2

2010/ 069778PCT/ E(Iﬂ(ynow 06(—%3r R85 (R1)n R

Y I Y I

| |

Ar ol: Ar 02

wherein:

X s a leaving group;

R® s -C(0)-R°® or -SO,-R® wherein R€ is Cy_galkyl or -NRR® wherein RY and R each
independently is hydrogen or C;salkyl; and

m, n, 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 is acetic anhydride.

22. The method of claim 19, further comprising:

hydrolyzing a dihydronaphthalene carbonitrile compound h
; CN
(R )n] I '
Y L
Ar

to form the compound of formula i

Oy NH,
R"),
20,
Ar

= e
=

wherein m, n, Y, Ar and R' are as recited in claim 19.



with a reagent of fornmula n X-R2n; to forma conpound of fornula ol or 02
HH (R1) _ 11-R2 ISO YY Il ArAr ol;o02; wherein: Xis a |leaving group; R2
is: -C(0)wBcomw069882- Rc wherein Rc is C _6al kyl or - NRJReTw#reooione3Rtl and Re
each independently is hydrogen or G _6alkyl; and m n, Y, Ar and R are as
recited in claim18. 20. The nethod of-6@l ai m 19, wherein the conpound of
formula nis urea. 21. The nethod of claim19, wherein the conpound of
formula n is acetic anhydride. 22. The nethod of claim19, further
conprising: hydrolyzing a dihydronaphthal ene carbonitrile conpound h CN h;
to for ?3t h?h?ﬂm%gﬂc&fdiﬁgQB%ﬂlgf &lain‘lsl9to\’i"1?ﬁfrfh@r EBmIS]risinE: Ar and R are as

recited in claim
treating a compound of formula g

R, Q
Ar

with cyanate, followed by treatment with sulfuric acid,

to form the compound of formula i

Oy NH,
R"),
20,
Ar

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

wherein:

n is from 0 to 3;

p isfromOto I;

R' is: halo; Cisalkyl; Cisalkoxy; or halo-C)salkyl; and

R’ is: halo; Cialkyl; Cysalkoxy; cyano; hydroxy; Cysalkylsulfonyl; or halo-C_salkyl;

the method comprising:



WO 2010/ 069778PCT/ EP2009/ 066345 -66- 23. The nethod according to any of
clainms 19 to 21, further conprising: treating a conpound of forrmula g g;

wi t h cyamsioepioiebi7ewed by treatnment with sul furic acid, PCO/HPOE0OI064385
conmpound of forrmula i Y i Ari; wherein m n, Y, Ar and R are as recited in
any of clains 19 to 21. 24. The nethod6®f claim 1 producing a conpound of
forrrula z 00 NH2 (- wherein: nis fromO to 3; pis fromO to 1; Ris:

hal o; X |OCI _balkyl; and R3 is: halo; G

_6al ky | %Jﬁénﬁk%?m%g@nyforﬁ{% G _6al kylsulfonyl: or halo-C 1

_6al kyI t he net hod conpri si ng: V\D 2010 6IMAGPCT/ EP2009/ 066345 - 67-
reduci ng a conpound of formula vy (SR)

S

<2

with hydrogen gas in the presence of a catalyst of formula j1 or j2
Ru(Z),(L) il

Ru(E)(E")(L)(D) i2;

Y;

wherein:

D  is an optionally chiral diamine;

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

L  isa chiral diphosphine ligand; and

Z s halo or R™-CO, (carboxylate) wherein R” is: Csalkyl; halo-C; salkyl; Csalkoxy;
aryl optionally substituted with halo; or heteroaryl 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 (S)-MecOBIPHEP .

28. The method of claim 24, wherein the catalyst j2 is [Ru(OAc),((S)-McOBIPHEP)].



wi th hydrogen gas in the presence of a catalyst of formula A or Ru(Z) 2(L)A
Ru(E) (E )(L)(D) wherein: 1is an optionally chiral diamne; and E are both
hal o, or Woi2810mgeir78egen and E' is BH4; is a chiral di phesphPa@losggand; and

Zis: halo or Rb-02- (carboxylate) wherein Rb is: G _6al kyl;

hal o- G _6al kyl; C _6al koxy; aryl optioehd |y substituted with halo; or

het eroaryl optionally substituted with halo. 25. The nethod of claim 24,

wher ei noR34.S: orQ;. : hy| , : _cyano; hydroxy; methanesul fonyl; or
trifl ug?bnewgwemogiéf% 1@%?{%189%&1%3 A 25, wherein R3 is fluoro. 27. The
met hod of ¢laikm.2 LEL Pl A S) - MeOBI PHEP . 28. The nethod of claim
24, wher ei néd?hfggcgbpg}ﬁegt(?})z.o%g [Ru( OAc) 2((S)- MeOBI PHEP)]. -68- 29. The

met hod of claim 24, further conprising reducNHg a conpound of formula z to
provi de a conpound of formula aa (wﬁ)erei n B p, R and R3 are as recited in

claim24. 30. The method of clai m 29, X 8 conprising reacting a
conpound of formula aa vm'thareage mula bb X Rf Ir 0O bb;
S

[N

(R%),
aa;

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

] —NH,

(R)

2!

(R),

aa;

with a reagent of formula bb

o={

bb;
wherein:

X 1is aleaving group; and



wherein: X is a leaving group; and -69- Rf is G _6al kyl or -NRdRe wherein
Rd and Re each independently is hydrogen or G _ 6alkyl; to forma conpound
of formulwoce10/mse778 , wherein n, p, R and R3 are as re®Cr&R2000/0663y5 of
claims 24 to 29. 31. The nethod of claim 30, wherein the conpound of
formula bb is urea. 32. The nethod of -69-ai m 30, wherein the conpound of
formula bb is acetic anhydride. 33. The nethod of claim 30, further

conpri si ngpoxi dizi C tl O . f
Formul a daX dd CrebByPERIERT Ol RO ndiPeld il B SARRATCE L o
claims 24 to 3@ky34. The method of claim 33, further conprising hydrolizing
a di hydr onapht hal ene carbonitrile conmpound x (RL)CNn S. x. to formthe

conpound ofo fogmAgoappund 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

CC,

dd;



Y., whereinn, p, R, and R3 are as recited in any of clains 24 to 33. 35.
The nmethod of claim 34, further conprising reacting a conpound of fornula w
W wth tworetdnsbmsl yl cyanide, -71- to afford the conpoume2@b/obanirul a x
X; wherein n, p, R and R3 are as recited in any of clains 24 to 34. 36.
The invention as hereinbefore described0- ***

wherein n, 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

1 CN
(R),
S I ’
3
(R%),
X;
to form the compound of formula y
1 Oy -NH,
(R),
I
3
(R%),
Y

wherein n, p, R', and R? 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 cyanide,



WO 2010/069778 PCT/EP2009/066345

71-
to afford the compound of formula x
CN
(R,
A2
3
(R%),

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

36. The invention as hereinbefore described.

ok ok



