DESCRI PTI ON PROCESS FOR PREPARI NG CERTAI NCI NNAM DE COMPOUNDS Techni cal
Filed [0001] This invention relates to a new synthesis, internedi ates and
pr ecur sorwof2oro/@s®pari ng nul ticyclic ci nnam de conpound®CTR®esognsi0Me Ar t

[ 0002] Al zheiner's disease is a disease characterized by degeneration and
| oss of neurons as well as formation of senile plaques and neurofibrillary
degeneration. Currently, Al zheinmer's disease is treated only with
synptomati c treatnment using a synptominprovi ng agent typified by an
acetyl cholinesterase inhibitor, and a fundanental renmedy to inhibit
progression of the disease has not yet been developed. It is necessary to
devel op a nethod for controlling tEiE&EﬂEEE@ﬂ:the onset of pathology in
order to create a fundanental renedy for Al zheiner's Disease. [0003] It is
bel i eved that Ab-proteins as netabolites of anyloid precursor proteins

PROCESS FOR PREPARING CERTAIN CINNAMIDE
5 COMPOUNDS

[0001]
This invention relates to a new synthesis, intermediates and precursors for

10 preparing multicyclic cinnamide compounds.

Background Art
[0002]
Alzheimer's disease is a disease characterized by degeneration and loss of neurons
15 as well as formation of senile plaques and neurofibrillary degeneration. Currently,
Alzheimer's disease is treated only with symptomatic treatment using a symptom
improving agent typified by an acetylcholinesterase inhibitor, and a findamental remedy
to inhibit progression of the disease has not yet been developed. It is necessary to
develop a method for controlling the cause of the onset of pathology in order to create a
20  fundamental remedy for Alzheimer’s Disease.
[0003]
It is believed that AB-proteins as metabolites of amyloid precursor proteins
(hereinafter referred to as APP) are highly involved in degeneration and loss of neurons
and onset of symptoms of dementia. (Non-Patent Document 1 and Non-Patent Document

25 2) Main molecular species of AB-protein are AB40 consisting of 40 amino acids and



(hereinafter referred to as APP) are highly involved in degeneration and

| oss of neurons and onset of synptons of denentia. (Non-Patent Docunent 1
and Non- RyDento/@sanent 2) Miin nol ecul ar speci es of AbPpraiSeén/0s830e29 Ab4
consi sting of 40 am no acids andAb42 with two am no acids added at the
C-termintal. The Ab40 and Ab42 are known to have high aggregability

(Non- Pat ent Docunent 3) and to be nain conponents of senile plagues
(Non- Pat ent Docunent 4 and Non-Patent Docunent 5). Further, it is known
that the Ab40 and Ab42 are increased by nutation in APP and presenilin
genes which is observed in famlial Al zheiner's disease (Non-Patent
Docunment 6, Noyp4Paitknio dddeoaeinbdddd anet QNerwiRdt Birt A0 anthefu? a)knovdcoor di ngl vy,
a conmpound that reduces production of Ab40 and Ab42 is expected as a

progr essi on i mbvedighcggregabiiityoploy-Paat Docuagatrt) afidto bélmamaionporess df sskse. [ 0004]
Ab i s produced by cleaving APP by b-secretase and subsequently by

g- secret ase. Ppbrues (Nan-Raeasdoeument ¢ endNon-Fasntddobwemnt Ha derthen itdvloavethgt- secr et ase
and b-secretase inhibitors in order to reduce Ab production. Many of these
secr et ase i nhitly ApAOsand [Afd2dy ikancasad byrmytationin SRR apl presepibip géndewhighé pept i de
m nmetics such as L-685,458 (Non-Patent Docunent 9), LY-4 11,575 (Non-Patent
Docunent 105 Nbserviedindmbilifdddzhaiemt's distasa (NbnPRateaticemint )dooReedt Dé@imeatind LY- 450,
139 (Non-Patent Docunent 13, Non-Patent Docunent 14 and Non-Patent Docunent
15). Nonpepti di @d donPaentdncanat 8¥ okccendmplpl conyRkad 350 rddiiem production of

AP40 and AP42 is expected as a progression inhibitor or prophylactic agent for
Alzheimer's disease.
[0004]

10 AP is produced by cleaving APP by [-secretase and subsequently by y-secretase.
For this reason, attempts have been made to create y-secretase and f3-secretase inhibitors
in order to reduce AR production. Many of these secretase inhibitors already known are,
for example, peptides and peptide mimetics such as L-685,458 (Non-Patent Document 9),
LY-411,575 (Non-Patent Document 10, Non-Patent Document 11 and Non-Patent

15  Document 12) and LY-450,139 (Non-Patent Document 13, Non-Patent Document 14 and
Non-Patent Document 15). Nonpeptidic compounds are, for example, MRK-560 (Non-
Patent Document 16 and Non-Patent Document 17) and compounds having a plurality of
aromatic rings as disclosed in Patent Document 1. Certain cinnamide compounds with
potent activity to inhibit production of AB42 from APP have been previously disclosed in

20  Patent Document 2. Multicyclic cinnamide compounds with potent activity to inhibit

production of AB42 from APP have also been disclosed in Patent Document 3.

Prior Art Documents



Pat ent Docunent 16 and Non-Patent Docunent 17) and conpounds having a
plurality of aromatic rings as disclosed in Patent Docunent 1. Certain

ci nnam dewoanppousd wWith potent activity to inhibit pro@aEisernossorda2 from
APP have been previously disclosed in Patent Docunment 2. Miulticyclic

ci nnam de conpounds with potent activity to inhibit production of Ab42 from
APP have al so been disclosed in Patent Docunent 3. Prior Art

Docunent sPat ent Docunents [0005] Patent Docunent 1: WD 2004/1 10350 Pat ent
Docunent 2: US 2006/ 00040 13 Patent Docunent 3: WD 2007/102580 Non- Pat ent
Docunent s [0006] Non-Patent Document 1: Klein W.,, et al; Alzheinmer's

di sease- af f ectPattntiPerument?r esence of ol i goneric Ab |igands (ADDLs) suggests
a nol ecul ar basis for reversible nmenory | oss, Proceeding of the National
Acadeny of Scilé8e USA, 2003, Sep, 2; 100(1 8), p .104 1740422; Non-Patent
Docunment 2: Nitsch RM et al; Antibodi es agai nst b-anyioid slow cognitive
decline in Al zhei maensDepmende WA HI59003, May 22; 38, p.547-554:

Patent Document 2:  US 2006/0004013
5 Patent Document 3: WO 2007/102580

Non-Patent Documents

[0006]

Non-Patent Document 1:  Klein WL, et al; Alzheimer's discasc-affected brain:

Presence of oligomeric AP ligands (ADDLSs) suggests a molecular basis for reversible
10 memory loss, Proceeding of the National Academy of Science USA, 2003, Sep, 2;
100(18), p.10417-10422;

Non-Patent Document 2: Nitsch RM, et al; Antibodies against B-amyloid slow
cognitive decline in Alzheimer's disease, Neuron, 2003, May 22; 38, p.547-554:

Non-Patent Document 3: Jarrett JT, et al; The carboxy terminus of the  amyloid

15  protein is critical for the seeding of amyloid formation: Implications for the pathogenesis
of Alzheimers' disease, Biochemistry, 1993, 32(18), p.4693-4697;

Non-Patent Document 4:  Glenner GG, et al, Alzheimer's disease: initial report of
the purification and characterization of a novel cerebrovascular amyloid protein,
Biochemical and Biophysical Research Communications, 1984, May 16, 120(3), p.885-

20 890;

Non-Patent Document 5: Masters CL, et al, Amyloid plaque core protein in

Alzheimer disease and Down syndrome, Proceeding of the National Academy of Science

USA, 1985, Jun, 82(12), p.4245-4249;



Non- Pat ent Docunent 3: Jarrett JT, et al; The carboxy terminus of the b
anyloid protein is critical for the seeding of anyloid formation:
| mpl i cat iwo=0foarstdne pat hogenesi s of Al zhei nmers' di seas@CTRISO@aORI032TrY,
1993, 32(18), p.4693-4697; Non-Patent Docunent 4. G enner GG et al,
Al zhei ner's disease: initial report of the purification and
characterization of a novel cerebrovascul ar anyloid protein, Biochem cal
and Bi ophysi cal Research Conmuni cations, 1984, May 16, 120(3), p.885- 890;
Non- Pat ent Document 5: Masters CL, et al, Anyloid plaque core protein in
Al zhei mer di sease and Down syndrone, Proceeding of the National Acadeny of
Sci ence USA, 1985, NauitaienB8R¢chdynt 6. Ghideds GH2 9}, NonmneRahe A4 Dacanenion B Gour as
&K, et al, Intraneuropal Ab42 accunulation in human brain, Anerican Journal
of Pat hol ogy, ha6@hraid,admerid¢dnahiyal ofPathblo@y) 2008i0kae, RPad(Bng. 1 = unent 7: Scheuner
D, et al, Secreted anyloid b-protein simlar to that in the senile plaques
of Al zhei ner's di saskatensDocqumeng &S eStheunendd,\edalpSecteted apyled @rprdtein sibniland 2 and
APP mutations linked to famlial Al zheimer's disease, Nature Medicine,
1996, Aug, 2( 8)thptiBthd sddil®pladiesn{Rivheintr'sidiseaseris idcreBied osivoeby tHelpreseilinl |
Differential effects of the Swedish nmutant anyloid precursor protein on
b-anyl oi d atcundi? and AP mytetiogelinked fodamilial Atabeimenssiisaase Neomndediomal 9%6el | s, The
Journal of Biological Chem stry, 1997, Dec, 19, 272(51),

Aug, 2(8), p.264-870;

Non-Patent Document 8§: Forman MS, et al, Differential effects of the swedish
mutant amyloid precursor protein on f-amyloid accumulation and secretion in neurons
and nonneuronal cells, The Journal of Biological Chemistry, 1997, Dec, 19, 272(51),

10 p.32247-32253;

Non-Patent Document 9:  Shearman MS, et al, L-685, 458, an Aspartyl Protease
Transition State Mimic, Is a Potent Inhibitor of Amyloid B-Protein Precursor y-Secretase
Activity, Biochemistry, 2000, Aug, 1, 39(30), p.8698-8704;

Non-Patent Document 10:  Shearman MS, et al, Catalytic Site-Directed y-

15 Secretase Complex Inhibitors Do Not Discriminate Pharmacologically between Notch S3
and B-APP Cleavages, Biochemistry, 2003, Jun, 24, 42(24), p.7580-7586;

Non-Patent Document 11: Lanz TA, et al, Studies of AR pharmacodynamics in
the brain, cerebrospinal fluid, and plasma in young (plaque-free) Tg2576 mice using the
y-secretase  inhibitor N2-[(2S5)-2-(3,5-difluoropheny!)-2-hydroxyethanoyl]-N1-[(78)-5-

20  methyl-6-0x0-6,7-dihydro-5H-dibenzo[b,dJazepin-7-yl]-L-alaninamide =~ (LY-411575),
The Journal of Pharmacology and Experimental Therapeutics, 2004, Apr, 309(1), p.49-

55;



p. 32247-32253; Non-Patent Docunent 9: Shearman M5, et al, L-685, 458, an
Aspartyl Protease Transition State Mmc, |Is a Potent Inhibitor of Anyloid
b- Pr ot ei rwBnremumsor g- Secretase Activity, Biochem stry, PROAG200A065079,
39(30), p.8698-8704; Non-Patent Docunent 10: Shearman M5, et al, Catalytic
Site-Directed g- Secretase Conplex Inhibitors Do Not Discrimnate
Phar macol ogi cal | y between Notch S3 and b- APP Cl eavages, Bi ochem stry, 2003,
Jun, 24, 42(24), p.7580-7586; Non-Patent Docunent 11: Lanz TA, et al,
Studi es of Ab pharnmacodynam cs in the brain, cerebrospinal fluid, and
pl asma in young (plaque-free) Tg2576 m ce using the g-secretase inhibitor
N2- [ (2S) - 2- ( 3, 5- di NbniRaeop Pecwrient- 2: hy Womex it etaahofhrpnid\kreqtraghEmath -thavet hyl - 6- ox
g- 6, 7-di hydrq 5H- di ben2q[ b, d] azepi n-7-yl ]-L-al ani nam de (LY-411575), The
Jour nal of Phaeaaselielgyitcaridy-BXpens nerittial f-dhdoid peptide crpdu2@@4 andAglters 309( 1) ,
p. 49- 55; Non- Patent Docunent 12: Wng GI, et al, Chronic treatnent with the
g- secretase ilphpHopdiais ahd/ indehtirhi Bellodifferdmitibxion STHe- Janyd! of @ighegpti Aemirgduct i on
and alters |ynphopoiesis and intestinal cell differentiation, The Journal
of Bi ol ogi cal 20b&Mas 26,279 2D0pH28WMAI28826, 279(13), p.12876- 12882; Non- Pat ent
Docunment 13: Gtter BD, et al, Stereoselective inhibition of anyloid beta
pepti de secyeti on Byn-Paed6DAd8Ment d3:n Gittet BPLmalt Ptemaeskleagaiprivbibision pfamatoil
i nhi bi tor,

beta peptide secretion by LY450139, a novel functional gamma secretase inhibitor,

Neurology of Aging 2004, 25, sup2, p.571;
Non-Patent Document 14: Lanz TA, et al, Concentration-dependent modulation
of amyloid-B in vive and in vitro using the y-secretase inhibitor, LY-450139, The Journal
10 of Pharmacology and Experimental Therapeutics, 2006, Nov, 319(2)p.924-933;
Non-Patent Document 15: Siemers ER, et al, Effects of a y-secretase inhibitor in
a randomized study of patients with Alzheimer disease, Neurology, 2006, 66, p.602-604;
Non-Patent Document 16: Best JD, and nine others, In vivo characterization of
AP (40) changes in brain and cerebrospinal fluid using the novel y-secretase inhibitor N-
15 [cis-4-[(4-chlorophenyl)sulfonyl]-4~2,5-difluorophenyl)cyclohexyl]-1,1,1-
trifluoromethane- sulphonlamide (MK-560) in the rat, The Journal of Pharmacology and
Experimantal Therapeutics, 2006, May 317(2) p.786-790;
Non-Patent Document 17: Best JD, et al, The novel y-secretase inhibitor N-[cis-
4-{(4-chlorophenyl)sulfonyl]-4-(2,5-difluorophenyl)cyclo- hexyl]- 1,1,1-
20  trifluoromethanesulphonlamide (MK-560) reduces amyloid plaque deposition without
evidence notch-related pathology in the Tg2576 mouse, The Journal of Pharmacology

and Experimental Therapeutics, 2007, Feb, 320(2) p.552-558.



Neur ol ogy of Aging 2004, 25, sup2, p.571 ; Non-Patent Docunent 14: Lanz TA,
et al, Concentration-dependent nodul ation of anyloid-b in vivo and in vitro
usi ng t hewg-28monetdase i nhi bitor, LY-450139, The Jour nal pofri/uSk@wmesnad ogy and
Experimental Therapeutics, 2006, Nov, 319(2)p.924-933 ; Non-Patent Docunent
15: Sieners ER et al, Effects of a g-secretase inhibitor in a random zed
study of patients with Al zhei ner di sease, Neurol ogy, 2006, 66, p.602-604;
Non- Pat ent Document 16: Best JD, and nine others, In vivo characterization
of Ab (40) changes in brain and cerebrospinal fluid using the novel
g-secretase inhibitor N
[ ci s-4-][ (4- chlsnimmpireofithd Budntiomy| | - 4- ( 2, 5-di f 1 uor ophenyl ) cycl ohexyl]- 1,1, 1-
trifluoronethane- sulphonlanlde (MK-560) in the rat, The Journal of
Phar macol ogy dirdblém | ey qentiameut i cs, 2006, May 317(2) p.786-790;
Non- Pat ent Docunent 17: Best JD, et al, The novel g-secretase inhibitor
N-[cis- 4- [(4-mﬂﬂbrophenyl)sulfonyl] 4- (2, 5-di f Juorophenyl)cycl o- hexyl]-
1,1,1- trifluoronethanesul phonl am de (MK-560) reduces anyloid plaque
deposi tion w t hout Aedesatiberoaboreor eomppwsid shabighibisarnsiugigy of AB40ked ARRHmE nouse,
The Journal of Pharnmacol ogy and Experinmental Therapeutics, 2007, Feb,
320(2) p. 552- AP iSexpeeted/iodfe a therapeunice tpraphyl#Rtio beetnot mdbasescﬂuseédaymﬁ t he
| nvention [ 0007]

which is typified by Alzheimer's disease. As reported in WO 2009/028588, compound 12

(()-2-{(E)-2-{6-Methoxy-5-(4-methyl-1H-imidazol- 1-yl)pyridin-2-yl}vinyl }-8-[2-
(trifluoromethyl)phenyl]-5,6,7,8-tetrahydro[1,2,41triazolo[1,5-a]pyridine) is nonpeptidic
compound that potently inhibits production of AP42 from APP. There is therefore a need

10 to develop synthetic methods for preparing compounds such as compound 12, and their
synthetic precursors, which can be used as therapeutic agents. The invention provides an
improved method for synthesizing intermediates for the preparation of compounds such
as compound 12, and for the preparation of substantially stereochemically pure
compounds of the type of compound 12 from stereoisomeric mixtures.

15

Means for solving the Problem

[0008]
Thus, the present inventions relate to the following [1] to [18]:
[1. A process for preparing compound 12 ((-)-2-{(E)-2-[6-Methoxy-5-(4-methyl-1H-
20  imidazol-1-yl)pyridin-2-ylJvinyl}-8-[2-(irifluoromethyl)phenyl]-5,6,7,8-
tetrahydro[ 1,2,4]triazolo{1,5-a]pyridine) in substantial stereochemical purity, comprising

the steps of:



As descri bed above, a conpound that inhibits production of Ab40 and Ab42
fromAPP is expected to be a therapeutic or prophylactic agent for a

di sease cwO=ew/dhy19ab which is typified by Al zhei mer's dipsease009Assoreport ed
in WO 2009/ 028588, conpound 12 ((-)-2- {(E>2-[6-Methoxy-5-(4-nethyl -

1H i mdazol- 1 yl)pyridin-2-yl]vinyl }-8-[2-
(trifluoronethyl)phenyi]-5,6,7,8-tetrahydro[l ,2,4]triazol o]
1,5-a]pyridine) is nonpeptidic conpound that potently inhibits production
of Ab42 from APP. There is therefore a need to devel op synthetic nethods
for preparing conmpounds such as conpound 12, and their synthetic
precursors, whi ch gafornigz arsizticeas cdnipeura & arid compapedt Shy rddetingianymepiundn pr ovi des
an i nproved nethod for synthesizing internediates for the preparation of
conpounds suc hf Egmubipith A donif@yndaf Borfnole IY kshpyrdplemat i on of substantially
stereochem cally pure conpounds of the type of conpound 12 from

stereoi soneric mxtdres. Means for solving the Problem [0008] Thus, the
present inventiogg A process for

elate to the fooll owing [1] to"fa8]: [IAy
preparing conpouid,/12 { (2N 'T%-thhoxy-5§$ yhe=hHiJm dazol -
1-yOpyri di n*-yIPviltyQ. - RrQekiA | uor'omet hy OphenybF SA21-
tetrahydro[ 1, 2, 4]jtrj azol of<, 5-a] pyrid ioe) in substantial s

purity, conprisiny the "8tepsyof:a) fornming a mixture of conmpyu
conpound 12 by reacting a conpound Compount 1 s commouna 12

CF; .
eochem ca
nd 11 and

wherein X is a leaving group; R is C;-Cg branched or unbranched alkyl group, or C2-Cs
5  branched or unbranched alkenyl group; and the stereochemistry at carbon 1 is a mixture
of R and § isomers
b). forming a mixture of diastereomeric salts of compound 11 and compound 12
by treating the mixture of compound 11 and compound 12 with a chiral carboxylic acid
compound;
10 ¢). erystallizing the diastereomeric salt formed of compound 12 from a solution of
diastereomeric salts formed of compound 11 and corpound 12; and
d). forming compound 12 from the obtained diastereomeric salt of compound 12;
[2]. A process for preparing a mixture of compound 11 and compound 12, comprising
the step of reacting a compound of Formula I or a salt thereof with a compound of

15  Formula IV or a salt thereof as shown below:

Compound 11 + compouad 12

wherein X, R and the stereochemistry at carbon 1 are as defined in {1] above;



of Formula 1with a conmpound of Fornula IV as shown below. wherein X is a
Ris G -C branched or unbranched al kyl group, or C2-C6
group; and the stereocherCstusgooasmay bon 1
formng a mxture of diastereoneric

| eavi ng group;
branched wo 20rarched al kenyl
is amxture of Rand S isonmers b).

salts of compound 11 and conpound 12 by treating the m xture of conmpound 11
and conpound 12 with a chiral carboxylic acid conpound; c). crystallizing
the diastereoneric salt formed of compound 12 from a sol ution of

di astereoneric salts formed of compound 1 1 and conpound 12; and d).

form ng conpound 12 fromthe obtained diastereoneric salt of conpound 12;

[2] , A proceds]. f ofhepreegra ricorging torfil bar (2] ebové wirosipibeirectidd isamdedootipound 12,

conprising the step of reacting a conpound of Formula | or a salt thereof
with a conpoumettigfiol Rerahydrefurhn/oremixurs gheteof in e prsfencef ihidarple bsodwn wher ei n X,

R and the stereochenmistry at carbon 1 are as defined in [1] above;[3]

The

process accor deee. epsiopally foflovpdby thangdidonpfamiediviminge reaction is carried out

i n net hanol, tetrahydrofuran or a m xture thereof
i m dazol e or sodi um acet at e,

triethylam ne;

((-)-2-{(E)*2-
rom t hyOphenyl

10

15

20

A process for prepari

in the presence of
optionally followed by the addition of

gg con‘Found 12
[f}]s néws«;@yfospremlmwpmm - 2-[epmepesySidrmghylcib- i nyu- -

umdazol ll-yl)pyrld1[1-2-)'l]v1n)/l} 8-[2-(trifluoromethyhphenyl]-5,6,7,8-
tetrahydro[ 1,2,4]triazolo] 1,5-a]pyridine) in substantial stereochemical purity, comprising
the steps of

a). forming a mixture of diastereomeric salts of compound 11 ((+)-2-{(E)-2-[6-
methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl]vinyl } -8-[2-
(trifluoromethyl)phenyl]-5,6,7,8-tetrahydro[ 1,2 4]triazolo[1,5-a]pyridine) and compound
12 by treating a mixture of compound 11 and compound 12 with a chiral carboxylic acid
compound;

b). crystallizing the diastereomeric salt formed of compound 12 from a solution of
diastereomeric salts formed of compound 11 and compound 12; and

c). forming compound 12 from the obtained diastereomeric salt of compound 12;
{5]. The process according to any one of [1], [3] and [4] above, wherein the chiral
carboxylic acid compound is selected from D-dibenzoyl tartaric acid (D-DBTA), D-
dipivaloyl tartaric acid (D-DPTA) and (+)-N-(1-Phenylethyl)phthalamic acid ((+)-
PEPA);
[6].  The process according to any one of {1], {3], [4] and [$] above, wherein the

solvent is a co-solvent mixture of 2-propanol and acetonitrile;



tetrahydro[1, 2,4]triazolo[l 5-a]pyridine) in substantial stereochem cal
purity, conprising the steps of a), formng a m xture of diastereoneric
salts of worpmumaiorl ((+)-2-{(E)-2-[6- nethoxy-5-(4- et MgTAIS2009/055079

H i m dazol -1-yl ) pyridin-2-yl]vinyl}-8-[2-
(trifluoromethyl)phenyl]-5,6,7,8-tetrahydro[ 1,2,4]triazolof

1,5-a] pyridine) and conpound 12 by treating a m xture of conpound 11 and
conmpound 12 with a chiral carboxyiic acid conmpound; b), crystallizing the
di astereoneric salt forned of conpound 12 froma solution of diastereoneric
salts formed of conpound 1land conpound 12; and c). form ng conpound 12
from t he obtai[fled Theastas aoording © agadrie obfl ], EX)iplomd 5] dldye, Whdrein thEhe process
according to any one of [ I], [3] and [4] above, wherein the chiral
carboxyiic ac|sqlvqn0npgmtdwemsmstgte®ﬁmetuanblmdm@0wﬂﬂ@nzoyl tartaric acid
(D-DBTA), Ddipivaloyl tartaric acid (D DPTA) and

(+) - N- (| - Pheny$let hiHeppiaeshadcerding togapy enc©f bbb (NI . ind [7] ¥hawe. firigles s
according to any one of [1], [3], [4] and [5] above, wherein the solvent is
a co-sol vent sPRErisig asscomd grystsfligsion obfherimsiepweriosplt ofgommaund 1208 r ocess
according to any one of [1], [3], [4] and [5] above, wherein the solvent is
a co-sol vert Pt prior prforninaramaind iy acet oni tri | e; [8] . The process

ding t f[1 3 4 5 furth
according to gy On%p?oces[s ac]cordllng ly [8][abc])ve, Sileid tnd SheRh ale looapOve: further

crystallization is a co-solvent of 2-propanol and acetonitrile;
[10]. A D-DBTA salt of Compound 12;
[11]. A D-DPTA salt of Compound 12;
10 {12]. A (H)-N-(1-Phenylethyl)phthalamic acid ((+)-PEPA) salt of Compound 12;
[13]. A compound of Formula I:
X

NH

RO 1
CFy

I
wherein X, R and the stereochemistry at carbon 1 are as defined in [1] above, or a salt
thereof’

15 [14]. A compound of Formula III:

0 gy
HCO N A A N,
| H
HaC

wherein Z is a hydrogen atom or a nitrogen protecting group, or a salt thereof;



conprising a second crystallization of the diastereoneric salt of conpound
12 froma solvent prior to formng conpound 12; [9] . The process accordi ng
to [8] abwoepioerei n the sol vent for the second cryst alPCraskensioz9 a
co-sol vent of 2-propanol and acetonitrile; [10] . A D DBTA salt of Conpound
12; [ 11] . A D-DPTA salt of Compound 12; [12]. A

(+)-N- (I -Phenyl et hyl)phthal amc acid ((+)-PEPA) salt of Conpound 12; [13].

A conpound of Fornmula |I: wherein X, R and the stereochem stry at carbon 1
are as defined in [ 1] above, or a salt thereof; [14]. A conpound of
Formula I11: wherein Z is a hydrogen atom or a nitrogen protecting group,

or a salt thergsf; fdpmpouht 6f RARMPONI a &t thefdontbadiddth [ DI atvE &héreih Ber eof
according to [14] above, wherein Z is a hydrogen atom [16] . A process for

prepari ng a colpbwingeodtod:or nul a 1, conprising the steps of a), formng a
compound of Formula VI by reacting 2- (trifluoronethyl)phenylacetonitrile
with a conpoundélof AXx¢daCes2 Jor reflariag a singoandloéFamula Wieemmising Meampi okl are | eavi ng
groups; b). formng a conpound of Forrmula I, by reacting a conpound of

For nmul a VI a). forming a compound of Formula VI by reacting 2-

5 (trifluoromethyl)phenylacetonitrile with a compound of X(CH,);X1 as shown below:

CFs CFs

Nc’\© NCT1

VI
wherein X and X1 are leaving groups;
b). forming a compound of Formula 1, by reacting a compound of Formula VI
10 with ROH in the presence of an acid as shown below:
X X

CFa RO H, CF3
acid RO ,

NH

NC™1
vt | |

wherein X, R and the stereochemistry at carbon 1 are as defined in [1] above;
[17). The process of [16] above, wherein the acid is in situ prepared by reacting a lower
alkanoyl halide, thionyl chloride or trimethylsilyl halide with ROH;

15 [18]. A process for preparing a compound of Formula IV or a salt thereof, comprising
the steps of

a). forming a compound of Formula LI or a salt thereof by reacting N’-protected

acrylohydrazide $ or a salt thereof with a compound II or a salt thereof in the presence of

palladium catalyst, a substituted phosphine of PR'; and a base as shown below:

10



with ROH in the presence of an acid as shown bel ow. wherein X, R and the
stereochem stry at carbon 1 are as defined in [1] above; [17]. The process
of [16] aWwowelo/oeh®rein the acid is in situ prepared by PERAIS2009/08507DWer
al kanoyl halide, thionyl chloride or trinmethylsilyl halide with ROH, [18].
A process for preparing a conpound of Fornula IV or a salt thereof,
conprising the steps of a) formng a conpound of Fornmula IIl or a salt
t hereof by reacting N -protected acrylohydrazide 5 or a salt thereof with a
conpound Il or a salt thereof in the presence of palladiumcatal yst, a
substituted phosphine of PR and a base as shown bel ow. wherein Y is a
| eaving group; and Rl is G «Ce,branched or unbranched al kyl group, or
optionally substituted ph nvYzoup; b). forming g compound of Formula IV
or a salt theragf by renovi ng’ t he rps Ot echich r ofi. compound of Fornul a
| TT as shown bewg]. FRivEvprEeess of 1%] Rbove Wherein
di hydrochl ori des of conpound of For é‘p} is formed by reacting a
conpound of Forwsla 111 with HOJ in 1- Rl panol ; [20]. A conpound of Fornul a
11: wherein Y is as defined in [18] above, df a salt thereof; and [21] The
conpound according to [20] above, wherein Y is a brom ne atom

wherein Y is a leaving group; and R' is C;-Cs branched or unbranched alkyl group, or

optionally substituted phenyl group;
b). forming a compound of Formula IV or a salt thereof by removing the

5  protecting group of compound of Formula ITT as shown below:

o) [¢)

H
HacoINj/\v‘LN,mz He,c:o:tlj/\)LN,m-n2
H . H
— e
HiC i >) v

{19]. The process of [18] above, wherein dibydrochloride salt of compound of Formula
IV is formed by reacting a compound of Formula 11 with HC in 1-propanol;
[20]. A compound of Formula II:

HsCO. _N. Y
oy
HyC

10 !

wherein Y is as defined in [18] above, or a salt thereof’

and

{21]  The compound according to [20] above, wherein Y is a bromine atom.

15 Detailed Description of the Invention
[0009)

i1



Det ai |l ed Description of the Invention [0009] Throughout the specification
and clains, the follow ng definitions apply: As used herein, the term

"sol vent "wenemmasies both single solvents and cosol venPCRiUskamass06¢ nor e
than one solvent. "Alkyl" refers to a saturated straight or branched chain
hydr ocar bon radi cal. Exanples include without limtation nmethyl, ethyl,
propyl, iso-propyl, butyl, iso-butyl, fert-butyl, n-pentyl and n-hexyl.

"Al kenyl" refers to an unsaturated straight or branched chain hydrocarbon
radi cal conprising at | east one carbon to carbon doubl e bond. Exanples

include without limtation ethenyl, propenyl, iso-rrorenyl, butenyl,
i so-butenyl, tert - Buroughgut the ppepificatiomanid chind, the foovemgdefinititialapply:r ef ers t o one
or nore of a fluoro, chloro, bronp or iodo radical. "Leaving group"” refers

to hal o, C al ky(suf\f sadlceis theterm Ssotventh ensermpibk ot engleoplv@is-abdear y| sul f onat e
such as p-toluenesulfonate. "Salt thereof refers to hydrohalide such as
hydr of | uor i de, SO PidHesf mars thep peprselieBni de and hydr oi odi de; i norganic acid
salt such as sulfate, nitrate, perchlorate, phosphate, carbonate and

bi carbonat e; or gani Ak AR+ seusted sirsiehs or brmeled chain hydrarashon radieal eat e,

tartrate, fynarate and citrate; organic sul fonate such as net hanesul f onat e,
Examples include without limitation methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl,

fert-butyl, n-pentyl and n-hexyl.

“Alkenyl” refers to an unsaturated straight or branched chain hydrocarbon radical
comprising at least one carbon to carbon double bond. Examples include without
limitation ethenyl, propenyl, iso-propenyl, butenyl, iso-butenyl, zers-butenyl, n-pentenyl

10 and n-hexenyl.

“Halo” refers to one or more of a fluoro, chloro, bromo or iodo radical.

"Leaving group" refers to halo, Cygalkylsulfonate such as methanesulfonate, or
Ce.14 arylsulfonate such as p-toluenesulfonate.

"Salt thereof” refers to hydrohalide such as hydrofluoride, hydrochloride,

15  hydrobromide and hydroiodide; inorganic acid salt such as sulfate, nitrate, perchlorate,
phosphate, carbonate and bicarbonate; organic carboxylate such as acetate, oxalate,
maleate, tartrate, fumarate and citrate; organic sulfonate such as methanesulfonate,
trifluoromethanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate and
camphorsulfonate; amino acid salt such as aspartate and glutamate; and quaternary amine.

20 “Isomers™ refers to compounds having the same number and kind of atoms
and hence the same molecular weight, but differing with respect to the arrangement or

configuration of the atoms.
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tri fl uoromet hanesul fo nate ethanesul fonate, benzenesul fonate,

p-tol uenesul f onat e and canphorsul fonate; am no acid salt such as aspartate
and gl ut awat2ero/@sd7quat ernary am ne. "lsoners” refers tecrarspagng®havi ng
t he sane nunber and kind of atons and hence the sane nol ecul ar wei ght, but
differing with respect to the arrangenment or configuration of the

atons, "Stereoi soners” refers to isoners that differ only in the arrangenent
of the atons in space. "Di astereoi soners” refers to stereoisoners that are
not mrror images of each other. E nantioners” refers to stereoisoners that
are non-superinposable mrror inmages of One another, Enantioners include
"enanti oneri cal | y fSar@isomagireis td inaterstioanbiftenlyduths sreanpdnshd of tha awinngl e
enantionmer, for exanple, greater than or equal to 90% 92% 95% 98% or
99% or equal tepak00% of a single enantioner. "R' and "S" as terns
describing isoners are descriptors of the stereochem cal configuration at
an asymmetrical |y ‘SRigstereotsemesy refers ipotvrenisemars Ui eredetsiigerampgsnofshchan
asynmmetrically substituted carbon atomas "R'" or "S" is done by application
of the Cahn- I198¥®l d-Prelog priority rules, as are well known to those
skilled in the art, and described in the Internatignal Union of Pure and
Appl i ed Chehi stry (Erextamss Hgfermdo tessoisomers faiasnon singrapastblespigarimagesheni st ry .

Section E, Stereochem stry. ) ) . ) . )
of one another, Enantiomers include “enantiomerically pure” isomers that comprise

substantially a single enantiomer, for example, greater than or equal to 90%, 92%, 95%,
98%, or 99%, or equal to 100% of a single enantiomer.
“R” and “8” as terms describing isomers are descriptors of the stereochemical

10 configuration at an asymmetrically substituted carbon atom, The designation of an
asymmetrically substituted carbon atorn as “R” or “S” is done by application of the Cahn-
Ingold-Prelog priority rules, as are well known to those skilled in the art, and described in
the International Union of Pure and Applied Chemistry (IUPAC) Rules for the
Nomenclature of Organic Chemistry. Section E, Stereochemistry.

15 An enantiomer can be characterized by the ditection in which it rotates the plane
of plane polarized light, as is well known to those in the chemical arts. If it rotates the
light clockwise (as seen by a viewer towards whom the light is traveling), that enantiomer
is labeled (+), and is denoted dextrorotatory. Its mirror-image will rotate plane polarized
light in a counterclockwise direction, and is labeled (), or levorotatory. The direction of

20  rotation of plane polarized light by an enantiomerically pure compound, termed the sign
of optical rotation, may be readily measured in standard device known as a polatimeter.

“Racemic” refers to a mixture containing equal parts of individual enantiomers.
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An enantioner can be characterized by the direction in which it rotates the
pl ane of plane polarized light, as is well known to those in the chem cal
arts. |f wo2oowes®3 the |ight clockw se (as seen by a viPemars2a09masods whom
the light is traveling), that enantioner is |labeled (+), and is denoted
dextrorotatory. Its mrror-imge wll rotate plane polarized light in a
countercl ockwi se direction, and is |labeled (~), or levorotatory. The
direction of rotation of plane polarized light by an enantionerically pure
conpound, terned the sign of optical rotation, nay be readily nmeasured in
standard device known as a polarineter. "Racem c" refers to a m xture

cont ai ni ng equal pa¥dnSadhic? frstb 6 haltureaiining ildqBal pdRRf hae@m c” refers to a
m xture contai ni ng unequal parts of individual enantiomers. A non-racenic
m xture may bensiismert edl ndnradehge dixtuimaPbe atithed itr tad R-am S-confghradinng, W t hout
limtation, about 50/50, about 60/40, and about 70/30 R- to Senantioner, or
S- to R-enant iindmling, withottUitdtation, Bry$0/a0) tabant 60y40sdnd mencT&iRcad 3-y pure” and
"substantial stereochem cal purity" refer to enantioners or diastereoners
that are in ereamtipoerporiSe todeaagdmer, mitast er eoneri ¢ excess, respectively,
equal to or greater than 80% In sone enbodi nents, "Substantially
stereochem tal | y piRubstantially steeeadhemigailyipate” snddsubsattielsicccathepisalipusity” ref er to
enantionmers or diastereoners that are in enantioneric excess or

di ast er eomer i delesde epgtioneessy diagtereaters thapere i) engngomgric gresestop liagiineemeB 7o, equal to
or greater than 90% equal to or greater than 95% equal to or greater than

96% equal to SHFesyFeERsEtBiely; qouH torr geaterfhag 80% ln spmesmbadiments, RS y

stereochemically pure” and “substantial stereochemical purity” refer to enantiomers or
diastereomers that are in enantiomeric excess or diastereomeric excess, respectively,
10  equal to or greater than 87%, equal to or greater than 90%, equal to or greater than 95%,
equal to or greater than 96%, equal to or greater than 97%, equal to or greater than 98%,
or equal to or greater than 99%.
“Enantiomeric excess” (ee) of an enantiomer is [(the mole fraction of the major
enantiomer) minus the (mole fraction of the minor enantiomer)] x 100. Diastereomeric
15  excess (de) of a diastereomer in a mixture of two diastereomers is defined analogously.
[0010}
This invention relates to a new synthesis, intermediates and precursors leading to
substantially stereochemically pure compound 12. One embodiment of the invention is
depicted in Scheme L

20 Schemel
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or equal to or greater than 99% "Enantioneric excess" (ee) of an
enantioner is [(the nole fraction of the major enantionmer) mnus the (nole
fracti on wO 20tve28i9nor enantioner)] x 100. Di astereomeri eCeASe@s/ 062y of a
di astereonmer in a mxture of two diastereonmers is defined anal ogously.
[0010] This invention relates to a new synthesis, internedi ates and
precursors leading to substantially stereochem cally pure conpound 12. One
enbodi ment of the invention is depicted in Schene |I. Schenme 1[0011]
Compounds 11 and 12 have an asymmetrically substituted carbon atom noted
by a nuneral 1 in Scheme 1. Certain of the internedi ate conpounds descri bed
herein al so have an asy tri caIIy substituted carbon atom which is noted

by a nuneral 1 in the Stemd$™and For nul ae.Q The synt he5| s of °che i nvention
begi ns with thet si g Of COWOWW fpoulfi~dsra fpound 7
from conpound 4\v a;,comgound 6, ted f'n SchepaaN P rrpound 10 and
conpound 7 ar ‘then reacted togetﬁ}eﬁ to form g Zﬁé of st ereoi soners
conpri si ng corvg’/unds 11 e 12. Sdbstantial ly s ereoghemcally pure

conmpound 12, is*obtained by preparation of the D-di benzoyl tartaric acid
(D-DBTA) salt, the D-dipivaloylgtartaric acid D DPTA) sgalt, or the (+)-N

NC
Sia ge 3 Stage 4
Stage 5§

[}

MeO N-p ~N
Y e /,Q
- 2
);_"/ CFy
Compound 12 11 and 12
(-) enatiomer

[0011]
Compounds 11 and 12 have an asymmetrically substituted carbon atom, noted by
anumeral 1 in Scheme 1. Certain of the intermediate compounds described herein also
5  have an asymmetrically substituted carbon atom, which is noted by a numeral 1 in the

Schemes and Formulae. The synthesis of the invention begins with the synthesis of
compound 10 from compound 9, and compound 7 from compound 4 via compound 6, as
depicted in Scheme 1. Compound 10 and compound 7 are then reacted together to form a
mixture of stercoisomers comprising compounds 11 and 12. Substantiatly

10 stereochemically pure compound 12, is obtained by preparation of the D-dibenzoyl
tartaric acid (D-DBTA) salt, the D-dipivaloyl tartaric acid (D-DPTA) salt, or the (+)-N-

(1-Phenylethyl)phthalamic acid ((+)-PEPA) salt of the stereoisomeric mixture followed

15



(1- Phenyl et hyl ) pht hal amic acid ((+)-PEPA) salt of the stereoisoneric

m xture foll owedby crystallization to afford conpound 12 as the

(-) - enantworzero/o2styat is | evorotatory with respect to thecratsSawwossosd the

pl ane of polarized Iight. Conpounds 4, 6, 7 and 10 represent separate
enbodi nents of the invention. In Scheme 1, all of conpounds 4, 6 to 12 may
be in the formof a salt thereof. [0012] One enbodi nent of the invention is
a conmpound of Formula I: | or a salt thereof, wherein X is a | eaving group;
R is Cl-C6 branched or unbranched al kyl, or C2-C6; branched or unbranched
al kenyl ; and the stereochem stry at carbon 1 is R S, or a mxture of R and
S i soners. | n tyonstabipdtion ioraffotdspmpéunds12zs the &)-emagtiogren thet is ke@etatofyvdtn hal o, Q -
eal kyl sul fonate, or C‘j"arylsulfonate. In sonme enbodinents, X is a |eaving
group chosen frwaat letherotanwef thaplane of polarged light. Compaundsdn® 7anbbltepresents, X i s
hal o chosen fromchloro, brono, and iodo. In sone enbodinments, Ris C2-C4
branched or un¥paisegdigensof theipvestiore enbodi nents, R is Cl-C3 branched or

unbranched al kyl. In some enbodi nents, R is C3-C5 branched or unbranched
al kyl . In sone enbbuichsmstlsall ¢fcpmapopmds &b tp Ahmankedn the fogm Bf 259k He@otal kyl . In
sone enbodi pents, Ris ethyl. Imdate conmpound 10 in Schene 1 is one

embodi ment of @%ounds of Formula | (X=C and R=ethyl).

One embodiment of the invention is a compound of Formula I:

NH

RO” N
CFq

10 ora salt thereof,
wherein X is a leaving group; R is C;-Cg branched or unbranched alkyl, or C5-Cs
branched or unbranched alkenyl; and the stereochemistry at carbon 1is R, S, or a mixture
of R and § isomers. In some embodiments, X is a leaving group chosen from halo, C,_
salkylsulfonate, or Ce.14 arylsulfonate. In some embodiments, X is a leaving group chosen

15 from halo, mesylate, or tosylate. In some embodiments, X is halo chosen from chloro,
bromo, and iodo. In some embodiments, R is C>-C4 branched or unbranched alkyl. In
some embodiments, R is C;-Cs branched or unbranched alkyl. In some embodiments, R is
C;-C; branched or unbranched alkyl. In some embodiments, R is C4-Cs branched or
unbranched alkyl. In some embodiments, R is ethyl. Imidate compound 10 in Scheme 1 is

20  one embodiment of compounds of Formula I (X=Ci and R=ethyl).

[0013]
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[ 0013] Anot her enbodi nent of the invention is a conpound of Formula Il: or a
salt thereof, wherein Y is a | eaving group, preferably halo or triflate. In
sonme enmbodDrEe®@519Y i s hal o sel ected from brono or i odoPCBusawInssipound 4
in Schene 1 is a conmpound of Forrmula Il. [0014] Anot her enbodi nent of the
invention is a conmpound of Fornmula Ill: or a salt thereof, wherein Zis a
hydr ogen atom or a nitrogen-protecting group. The nitrogen-protecting group
used varies according to the starting material and is not specifically
limted insofar as the group does not inhibit the production of a conpound
of Formula Ill and it can be renoved w thout affect the other functional
groups of a conpoufisbti@r émtfedinmemt ofi the Infventibix & Apdrgoual of Bormiulaliogen- pr ot ect i ng
group include a benzyl oxycarbonyl (Cbz) group, a nethoxycarbonyl group, an
et hoxycar bonyl group, a tert-butoxycH roup (tBoc), a
9-fl uor enyl met hyl oxycar bonyl group (Eﬂpcl’g d trichl oroethyl oxycarbonyl
group (Troc). In one enbodi nent, sub¢tiNuted pyridi ne conpound 6 in Schene
1 is a conpound of Fornula TTI, mheré?ﬁ Z is tert-butoxycarbonyl
group. [ 0015] Anot her enbodi nent of'*the imvention is a conpound of Formul a
V.

or a salt thereof,

wherein Y is a leaving group, preferably halo or triflate. In some embodiments, Y is halo
5 selected from bromo or iodo. Bromo compound 4 in Scheme 1 is a compound of Formula

1R

[0014]

Another embodiment of the invention is a compound of Formula II:

0 y
HacojiNj/\\Jmez
| H
HeC

10 or asalt thereof,
wherein Z is a hydrogen atom or a nitrogen-protecting group. The nitrogen-protecting
group used varies according to the starting material and is not specifically limited insofar
as the group does not inhibit the production of a compound of Formula Il and it can be
removed without affect the other functional groups of a compound of Formula III.

15 Examples of a nitrogen-protecting group include a benzyloxycarbony! (Cbz) group, a
methoxycarbonyl group, an ethoxycarbonyl group, a fers-butoxycarbonyl group (tBoc), a
9-fluorenylmethyloxycarbonyl group (Fmoc) and trichloroethyloxycarbonyl group (Troc).
In one embodiment, substituted pyridine compound 6 in Scheme 1 is a compound of

Formula ITI, wherein Z is fert-butoxycarbonyl group.
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or a salt thereof. Compound 7 in Schene 1 is a conmpound of fornmula IV. A
conpound of Fornmula IV is one enbodi nent of conpounds of Formula IN (Z=H)

[ 0016] ArwoOhero/estodi mrent of the invention is process f@CTASEPROFFG
conpounds of Fornula V, conprising the step of reacting a conpound of
Formula | wth a conmpound of Fornmula IV as shown in Schene 2. Schene 2
[0017] In sone enbodinent, the reaction takes place in nethanol in the
presence of imdazole. In Scheme 2, conpounds | and IV may be in the form
of a salt thereof. [0018] Anot her enbodi nent of the invention is a process
for resolving compound Vinto its tw epanrioners, conpound 11 and conpound
12, by treatir@0idl m xture of conpound 11 and conpound 12 with a chiral
carboxylic acid conmpound, followed by crystallizing one of the

di ast er eoneri c sal Anatler emabodimshtyof thainyerhion isewiramimdenfForofulatide | nvention is the
preparation of conpound 12, the (-)- enantjonmer of Formula V, by selective
crystallization froma solution of the D-DBTA salts of conpound 11 and

conpound 12. Conpound 11 is the d&%% i y-Neosi tive
HyC 1Y

5  ora salt thereof. Compound 7 in Scheme 1 is a compound of Formula IV. A compound of
Formula [V is one embodiment of compounds of Formula IIT (Z=H).
[0016]
Another embodiment of the invention is process for preparing compounds of
Formula V, comprising the step of reacting a compound of Formula I with a compound of

10 Formula IV as shown in Scheme 2.

Scheme 2
X
NH ? HC
. HOO N A L, Nl NS
RO ™1 | P H ):/ —
CFy  NZN —_—
Hy v v
1
[0017]
15 In some embodiment, the reaction takes place in methanol in the presence of
imidazole.

In Scheme 2, compounds I and IV may be in the form of a salt thereof.

[0018]



sign of optical rotation) enantionmer of Fornula V, and conpound 12 is the

| evorotatory (negative sign of optical rotation) enantioner of Fornula V.
In sonme ewbadiomestyy a chiral carboxylic acid conmpound u®€w/iS2009/055079

Ddi benzoyltartaric acid (D-DBTA), D-dipivaloyl tartaric acid (D DPTA) or
(+)-N-(I- Phenyl ethyOpht hal am ¢ acid ((+)-PEPA). [0019] Anot her enbodi nent
of the invention is a salts of conpound 12 with a chiral carboxylic acid
conpound. In sonme enbodinent, the salt is a D-dibenzoyltartaric acid
(D-DBTA) salt, Ddjpivaloyl tartaric acid (D DPTA) salt or

(+)-N-(I-Phenyl et hyl)phthalamc acid ((+)- PEPA) salt of conmpound 12 as
shown in Schene 3. Afsghve aebod[nR62d the Sivlamive ivh palepds firgesalviy Béoi@indcV maut e

wher eby the conpounds 11 and 2 may be prepared as a m xture of

st er eoi soner s ittdo ehaptivrsspamatwd 1byndshmpaed 8 batdwingnmixtuehif cehpoesd urm.  Thi s
process may be used to obtain seed crystals of conpounds 11 and 12 commonly
used in the prdcedsorgpudcBerith achis dabirelipritonsowt, Sidvedbdy tryst8itiee 4

[ 0021] )
one of the diastercomeric salt selectively.

5 Another embodiment of the invention is the preparation of compound 12, the (-)-
enantiomer of Formula V, by selective crystallization from a solution of the D-DBTA
salts of compound 11 and compound 12. Compound 11 is the dextrorotatory (positive
sign of optical rotation) enantiomer of Formula V, and compound 12 is the levorotatory
(negative sign of optical rotation) enantiomer of Formula V.

10 In some embodiment, a chiral carboxylic acid compound used is D-
dibenzoyltartaric acid (D-DBTA), D-dipivaloyl tartaric acid (D-DPTA) or (+)-N-(1-
Phenylethyl)phthalamic acid ((+)-PEPA).

[0019]
Another embodiment of the invention is a salts of compound 12 with a chiral

15  carboxylic acid compound.

In some embodiment, the salt is a D-dibenzoyltartaric acid (D-DBTA) salt, D-
dipivaloyl tartaric acid (D-DPTA) salt or (+)-N<(1-Phenylethyl)phthalamic acid ((+)-

PEPA) salt of compound 12 as shown in Scheme 3.

Scheme 3
"N y Ny
=N ’\ -
_ . N

Compound 12

COCrlnpound 11 (+} (-} enantiomer

an

20 Compound 12(-)
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Preparation of imdates of Formula | Imdates of Formula | can be prepared
by reacting nitrile conpounds VI with a | ower al cohol of ROH, such as

met hanol ,wetzhewiab19and 1-rropanol in the presence of aci @CTfuseooenssope e
gaseous HCO , as shown in Schene 5. Scheme 5[ 0022] This process can be
performed according to a nethod described in J. Am Chem Soc, 1990, Vol.
112, pp, 6672-6679, for exanple. The reaction can be perfornmed with or

wi t hout solvent. And there is no particular restriction on the solvent used
in the reaction as long as it dissolves the starting material to sone
extent and does not inhibit the reaction, which may be any of an organic
sol vent, but pe0erred exanpl es of the solvent include a solvent such as
benzene, toluene, xylene, nethanol, ethanol, 1-propanol, isopropanol, ethyl
acet at e, tetrahydr &heman demtthe syntheticirouke gvbenaley, thd compdide fl h avd Bt haynies,

di chl oronet hane, \ , 2-dichl oroethane or a m xture thereof, and nore

pref er abl e exanraed ag 4ypiisof starcdispghsrs gnd bin separates) by ishramatogstnhie pee chiret hanol |

et hanol, 1-propanol, isopropanol or ethyl acetate. There is no particul ar
restriction orfolume- &biF grogese aay fe mprd tp biginiseedl axstaliopfcompounds Hoand Kot i nhi bi t
the reaction and it does not cause undesirable side reaction, but preferred
exanpl es of F t HFOMERRLY used & thegrogsss of Bheme handithsprasere pf Sehemsdk or HBr, and nore

preferable

Scheme 4
Meoruj/\/cozﬂ
l
1. $QCI, Nz
2 NaH ',\IHZ )ﬂ 2
CF; 3. I{CHyp)y-Br N. -0
@; 4. NHNH, %
COOH FiC
1
1. POCI N-N
FC i | )—{4 CFs
o » MeO. N, -y
0 |
2. CHsCOsNH; S

[0021]

10  Preparation of imidates of Formula I

Imidates of Formula I can be prepared by reacting nitrile compounds VI with a
lower alcohol of ROH, such as methanol, ethanol and 1-propanol in the presence of acid,
for example gaseous HCl, as shown in Scheme 5.

Scheme 5
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exanpl es thereof is gaseous HCl. This process can al so be perforned
according to a nethod described io Eur. J. Og. Chem, 2005, pp. 452-456,
for exanpwe.2ofesprocedures include in situ generation @CTUSRQOFH7DY
addi ng | ower al kanoyl halide to a m xture of nitrile conmpound VI and | ower
al cohol . Since this procedure does not use gaseous hydrogen halide, it is
sinpl eand easy to scale up the reaction. And the Imdate | can be isolated
fromthe reaction mxture easily. Instead of |ower al kanoyl halide, thionyl
hal i de such as thionyl chloride or trinmethylsilyl halide such as
trinmethylsilyl chloride may be used. The anount of the |ower alcohol used
in the reaction mayxbe increased or decreased accordingly, but the anpount
thereof is preferably, for exanple, @ 3.0-fold to 24-fold nol ar anount, and
nore preferabl flor exanple, a 3"0-{fold to 20-fold nolar anmount rel ative
tonitrile co gfid VI . T ama Of the acid used in the reaction may be
i ncreased or gegd accor di ngl i, the anount thereof is preferably,
for exanpl e, P. O f ol d tRPHR0-f ol pl ar anmount, and nore preferably, for
exanple, a 4.0- d to 16-fold nol&r anount relative to nitrile conpound
VI. The ratio of \jhe | ower al cohol jto the acid may be increased or
decreased accordingly as long as the anpbunt of the al cohol is excess to
that of the aqbe? and the excess anount of the alcohol is equinolar or an
excess to one o £ of nitrile conpound

This process can be performed according to a method described in J. Am. Chem.

Soc., 1990, Vol. 112, pp. 6672-6679, for example. The reaction can be performed with or
5  without solvent. And there is no particular restriction on the solvent used in the reaction
as long as it dissolves the starting material to some extent and does not inhibit the
reaction, which may be any of an organic solvent, but preferred examples of the solvent
include a solvent such as benzene, toluene, xylene, methanol, ethanol, 1-propanol,
isopropanol, ethyl acetate, tetrahydrofuran, ether, 1,4-dioxane, 1,2-dimethoxyethane,

10  dichloromethane, 1,2-dichloroethane or a mixture thereof, and more preferable examples
thereof include a solvent such as toluene, methanol, ethanol, 1-propanol, isopropanol or
ethyl acetate.

There is no particular restriction on the acid used in the reaction as long as it does
not inhibit the reaction and it does nat cause undesirable side reaction, but preferred

15 examples of the acid include hydrogen halide such as HCI or HBr, and more preferable
examples thereof is gaseous HCL.

This process can also be performed according to 2 method described in Eur. 1.
Org. Chem., 2005, pp. 452-456, for example. The procedures include in situ generation
of the acid by adding lower alkanoyl halide to a mixture of nitrile compound VI and

20  lower alcohol. Since this procedure does not use gaseous hydrogen halide, it is simple
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VI. The preferred ratio thereof is between about 1.2: 1 to about 1.5:1. The
reaction tenperature generally varies depending on the starting material,

t he sol vew 2arnd2519¢ reagent used in the reaction, and cacThS2ebasiyed
accordingly. The reaction tenperature is preferably, for exanple, from-10C
to 30C, and nore preferably, for exanple, fromOC to 10C. The reaction tine
general ly varies depending on the starting nmaterial, the solvent and the
reagent used in the reaction as well as the reaction tenperature and the
progress of the reaction, and can be increased or decreased accordingly.
After addition of the acid,the reaction is generally conpleted in
preferably, faendasaopiak,upthetractiblAtddherlmidatehdanrhe iselated &fra thaipdagtionf or exanpl e,
from12 to 72 hours at the above reaction tenperature. [0023] Nitrile
conpound VI i gniyweepasiledniised pElawdriatignoglhalide; thiond hdide sualy ps)thipavhchloaidet oni tri | e
wi th a conpound of X(CH2)3X1 as shown bel ow. wherein X and Xl are a | eaving
group. Nitril ertiosiholsitid haide seclsesivamehylsilyiehlorde eayiberiedrent of conpounds of
Formula VI (X=Cl). This process can be perforned according to a nethod
described in J. Neﬂl.ea@hwf,theﬂgw,alcvmuseﬁlz,theﬁwmmbmgmsedr%r exanpl e.
There is no particular restriction on the solvent used in the reaction as
long as it i sdéﬁ?%s“‘i"%‘gb'tQFW%OW%WEF?%PWW%H%e’@ﬂl’@rﬁ?’%ﬁg‘“ﬂoes not

inhibit the reaction, which
24-fold molar amount, angan%re preferably, for example, a 5.0-fold to 20-fold molar

amount relative to nitrile compound VL

The amount of the acid used in the reaction may be increased or decreased

accordingly, but the amount thereof is preferably, for example, a 2.0-fold to 20-fold
10  molar amount, and more preferably, for example, a 4.0-fold to 16-fold molar amount
relative to nitrile compound V1.

The ratio of the lower alcohol to the acid may be increased or decreased
accordingly as long as the amount of the alcohol is excess to that of the acids and the
excess amount of the aleohol is equimolar or an excess to one mole of nitrile compound

15 VI The preferred ratio thereof is between about 1.2:1 to about 1.5:1.

The reaction temperature generally varies depending on the starting material, the
solvent and the reagent used in the reaction, and can be changed accordingly. The
reaction temperature is preferably, for example, from -10°C to 30°C, and more preferably,
for example, from 0°C to 10°C.

20 The reaction time generally varies depending on the starting material, the solvent
and the reagent used in the reaction as well as the reaction temperature and the progress

of the reaction, and can be increased or decreased accordingly. After addition of the acid,
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be any of an organic solvent, but preferred exanples of the solvent include
a solvent such as tol uene, xylene, tetrahydrofuran, ether,

1, 2- di retwoxysid2arse, N, N-di net hyl f ormam de (DWF), or a mCIiuse@owbsreof, and
nore preferable exanpl es thereof include a solvent such as tetrahydrofuran,
ether or 1,2-dinmethoxyethane. There is no particular restriction on the
base used in the reaction as long as it does not inhibit the reaction and
it does not cause undesirable side reaction, but preferred exanples of the
base include a base such as sodi um hydri de, potassiumter/-butaxide, sodium
amde, lithiumdiisopropylamde, |ithium hexanethyldisilazide or

but yl t hi um Themereh@ionR gaRfally coilphted ireBéferhity, if@rxample h@© 120 brarspad agireof X(C - X]
used in the reaction as long as it does not inhibit the reaction and it
does not causeprefiadbly. foraiinpls froe 12 ®IC hownst the abovpreadtien readergranpl es i ncl ude a
conpound such as | -Brono- 3-chl or opropane, |-Chloro-3-iodopropane,
3-ch|oropropy)mﬂﬁﬂhanesulfonate, or 3-chl oropropyl ptol uenesul fonate. The
anount of the base used in the reaction may be increased or decreased
accordingly, but t hrigeeropeund Vs pregardddy praeing -4 {lyoronegyDelieaylasetenitrde 0. 9- f ol d
to 1.8-fold nolar anount, and nore Ereferably, for exanple, a 1.0-fold to
1.5-fol d noPar Wilharsmpoynd PEX(CHe): X bass ﬁFPWuoronethyl)phenylacetonltrlIe

The anmount of the conpound of X(CH2)3X 1 used in the reaction may be

i ncreased or decreased accordi y, but the anmount thereof is preferably,
for exanple, a 1.0- &pldé%fPéa’o feld gplar amount, and nore preferably, for

exanpl e, a 1.0- foldffo .

wherein X and X1 are a leaving group.

Vi

Nitrile compound 9 in Scheme 1 is one embodiment of compounds of Formula VI

(X=Cl). This process can be performed according to a method described in J. Med.
10 Chem., 1999, Vol. 42, pp. 4680-4694, for example.

There is no particular restriction on the solvent used in the reaction as long as it
dissolves the starting materjal to some extent and does not inhibit the reaction, which may
be any of an organic solvent, but preferred examples of the solvent include a solvent such
as toluene, xylene, tetrahydrofuran, ether, 1,2-dimethoxyethane, N,N-dimethylformamide

15 (DMF), or a mixture thereof, and more preferable examples thereof include a solvent
such as tetrahydrofuran, ether or 1,2-dimethoxyethane.

There is no particular restriction on the base used in the reaction as long as it does
not inhibit the reaction and it does not cause undesirable side reaction, but preferred
examples of the base include a base such as sodium hydride, potassium tert-butoxide,

20 sodium amide, lithium diisopropylamide, lithium hexamethyldisilazide or butyllithium.
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foid nolar amount relative to 2-(trifluoronethyl)phenylacetonitrile, The
rati o of the base to the conpound of X(CH )SXl may be increased or

decr easedwacowwadsrygl y as | ong as the anount of the conpeamasedoXeoHR) 3XI i s
equi nol ar or an excess to that of the base. The preferred ratio thereof is
bet ween about 1:1 to about 1:1.5. The reaction tenperature generally varies
depending on the starting material, the solvent and the reagent used in the
reaction, and can be changed accordingly. The reaction tenperature is
preferably, for exanple, from-90C to 30C, and nore preferably, for
exanple, from-78C to 10C. The reaction tinme generally varies dependi ng on
the solvent and t Nehefe@ar@9akiclls edtrictionton ¢hela@afipautdlofaSCMPIN1 vad ik the reacti on
tenperature and the progress of the reaction, andcan be increased or
decreased acc@¢ation@s Wng 5tid doési noginiibinthe Rhdtien and ddliodsinorvaak utdegirablaside | s
preferably from5 mnute to 4 hours at the above reaction tenperature. Then
t he conpound oéacténHRprafiméd exanpid diebide Stompound guchiasreBaiocrchivdghraparen of t he
conmpound of X(CH2)3Xl is preferably, for exanple, from10 mnute to 12
hours, and norleChireB-éxdajrbpape, B-ohlompmapy nethadesudimaBonFi-ahlerawerpyl®- 4 hours at the
above reaction tenperature. [0024] Alternatively, imdates of Formula |I may
be prepared f radvnesutietate] uor onet hyl phenyl acetic acid as depicted in Schene

5a.
The amount of the base used in the reaction may be increased or decreased

accordingly, but the amount thereof is preferably, for example, a 0.9-fold to 1.8-fold
molar amount, and mote preferably, for example, a 1.0-fold to 1.5-fold molar amount
relative to 2-(trifluoromethyl)phenylacetonitrile.

10 The amount of the compound of X(CH,);X1 used in the reaction may be
increased or decreased accordingly, but the amount thereof is preferably, for example, a
1.0-fold to 4.0-fold molar amount, and more preferably, for example, a 1.0-fold to 2.0-
fold molar amount relative to 2-(triffuoromethyl)phenylacetonitrile.

The ratio of the base to the compound of X(CH;);:X1 may be increased or

15  decreased accordingly as long as the amount of the compound of X(CHa):X1 is
equimolar or an excess to that of the base. The preferred ratio thereof is between about
1:1 to about 1:1.5.

The reaction temperature generally varies depending on the starting material, the
solvent and the reagent used in the reaction, and can be changed accordingly. The

20  reaction temperature is preferably, for example, from -90°C to 30°C, and more preferably,
for example, from -78°C to 10°C.

The reaction time generally varies depending on the solvent and the reagent used

in the reaction as well as the reaction temperature and the progress of the reaction, and
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Schene 5a [0025] Substituted phenylacetic acid VIl is prepared by naking
the dianion of 2- trifluoronethyl phenylacetic acid and reacting with a
conmpound WO 2K(0@A293XI as shown in Schenme 5a. Substit ut e#Cphiseglomssere c aci d
VIl may be converted to amde VIII by reacting acid VII| with a suitable
chlorinating agent to convert the carboxylic acid group to the
corresponding acid chloride, followed by reaction with aqueous anmoni um
hydr oxi de. Amide VIII may be reacted with dial kyl sul fates to provide
imdates of Formula | as the alkylsulfate salts, as shown in Schene 5a.
Alternatively, amde VIII may be reacted with trial kyl oxonium salts
foll owed by seshivdifcRysdt decteastducivrdngyd Stitriii dat efer afditloopfrikd sdisas the free
bases. [0026] Preparation of pyridines of Formula Il Pyridines of Formula
Il may be pr epgfeeddlytfyon Sigintite aok Hoon atahic shpyerapidnadneperptusu Jben thait ed
3-(2-oxoproryl formam de)ryridines or salts thereof with amonia or an
ammoni um sal t cebywandas X40FAyX] iraddsieStarine time afitradditdn ofithe tampowiod, as shown in
Scheme 6 Schenme 6 [0027]

X(CH,)3X1 is preferably, for example, from 10 minute to 12 hours, and more preferably,

5 forexample, from 30 minutes to 4 hours at the above reaction temperature.

[0024]

Alternatively, imidates of Formula I may be prepared from 2-trifluoromethyl

phenylacetic acid as depicted in Scheme 5a.

Scheme 5a
10
0 0
j\/@ 1) Base o Chlerinating agent ol NH4OH (ag)
HO 2) = .
CFs X/\./\X1 CF3 CFs
x> W x
0 Rz50,
HN HN
2 -_— 2
CFa Qe
Vit Ro-g—o I; aikyleufaie salt
X X
OR
1) RgO+ Y-
HN
2) NaOH CFa
8 H0
X |; freg basa
[0025]
15 Substituted phenylacetic acid VII is prepared by making the dianion of 2-

trifluoromethyl phenylacetic acid and reacting with a compound of X(CHz):X1 as shown

in Scheme 5a.
Substituted phenylacetic acid VII may be converted to amide VIII by reacting

acid VII with a suitable chlorinating agent to convert the carboxylic acid group to the

20  corresponding acid chloride, followed by reaction with aqueous ammonium hydroxide.

25



The reaction can be performed with or without solvent. And there i$ no
particular restriction on the solvent used in the reaction as long as it
di ssol veswORe1msarri ng nmaterial to sonme extent and doesPamtUS2oviosior9 t he
reaction, which nmay be any of an organic solvent, but preferred exanpl es of
t he sol vent include a solvent such as toluene, xylene, acetic acid,
tetrahydroruran, 1,4-dioxane, formam de, acetam de, |-nethyl-2-pyrrolidone
or a mxture thereof and nore preferable exanples include a solvent such as
acetic acid or formam de. There is no particular restriction on the
ammonium salt used in the reaction as long as it does not inhibit the
reaction and it dousideVII maykaeddrderh dislbylelfstde proedcimidarrs offeotnpier er r ed
exanpl es of the salt include an ammoni um salt such as ammoni um acetate or
anmoni um f or mas the alfimlfaasiltstas dbwh nSchmbai Allematakly. agdedvVIlimaylbe r eact i on may
be increased or decreased accordingly, but the amount thereof is
preferably, f osctekwitpiiakylexosiud-sflsifalowed Bodigh bydnuxida to preniderimidatesed nor e
preferably, for exanple, a 5.0-fgld to 10-fold nolar anmount relative to the
substituted pyrirdiaiess e freplraedser red enbodi ment, this reaction is carried out
with a 5.0-fold to 10-fold nol ar anmount of ammoni um acetate and a 10-fold
to 20-fol d holl@6lanount of acetic acid. In one enbodi nent, the substituted
pyridine is N (6-brorno-2-methoxypyridin-3-yl)-N (2-oxopropyl)formam de.
Preparation of pyridines of Formula IT

Pyridines of Formula Il may be prepared by the reaction of appropriately
substituted 3~(2-oxopropylformamide)pyridines or salts thereof with ammonia or an

ammonium salt such as ammonium acetate in glacial acetic acid, as shown in Scheme 6

10 Schemeb6
l\lde
o N.__Y MeO._ _N._ Y
S mee XY
= e PNF
H N HOAG N)_;_/
\fo
Il
[0027]

The reaction can be performed with or without solvent. And there is no particular
restriction on the solvent used in the reaction as long as it dissolves the starting material
15  to some extent and does not inhibit the reaction, which may be any of an organic solvent,
but preferred examples of the solvent include a solvent such as toluene, xylene, acetic
acid, tetrahydrofuran, 1,4-dioxane, formamide, acetamide, 1-methyl-2-pyrrolidone or a
mixture thereof and more preferable examples include a solvent such as acetic acid or
formamide.
20 There is no particular restriction on the ammonium salt used in the reaction as

long as it does not inhibit the reaction and it does not cause undesirable side reaction, but
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[ 0028] Preparation of protected pyridyl hydrazinecarboxylates Il The
synthesis of conpound 6 and sim | ar conpounds invol ves reaction of a

substi t utwo 2pwvazgione of Formula Il or a salt thereof w PATAIS2009/055079
ni t rogen-protected acryl oyl hydrazi necar-boxylate or a salt thereof to
provi de protected pyridyl hydrazi necarboxylates of Forrmula Il under

suitable reaction conditions. This is shown in Schenme 7. Schenme 7 [0029]In
Schenme 7, the nitrogen-protecting group Z used varies according to the
starting material and is not specifically limted insofar as the group does
not inhibit the production of a conpound of Formula ITI and it can be
removed w t hoplefeatéd Rahpléshethe bdieichide BCdnntuaiim sgit aapss aofmoaivmamground of Fornul a
I1l. The selection, incorporation of, and renoval, of nitrogen protecting
groups as aboeméumkhatknown to those in the chemcal arts. [P-GM Wits
and T.H. Geene, Geene's Protective Goups in Oganic Synthesis, 4th
Edi ti on, John W &}e smcon tREMTHoniGh aptused i th repetioh eay eainusasad es of t he
nitrogen-protecting group include a nitrogenprotecting group such as a
benzyl oxycar bderyascd @sailingly chwpthe smevat thessef isardfsiy, fogexsmple, W‘&dﬁ‘bxycar bonyl
group, a tert-butoxycarbonyl group (tBoc), a 9-

5  20-fold molar amount, and more preferably, for example, a 5.0-fold to 10-fold molar

amount relative to the substituted pyridine.
In preferred embodiment, this reaction is carried out with a 5.0-fold to 10-fold
molar amount of ammonium acetate and a 10-fold to 20-fold molar amount of acetic acid.
In one embodiment, the substituted pyridine is N-(6-bromo-2-methoxypyridin-3-yl)-N-
10  (2-oxopropyl)formamide.
[0028]

Preparation of protected pyridyl hvdrazinecarboxylates IT1

The synthesis of compound 6 and similar compounds involves reaction of a
substituted pyridine of Formula Il or a salt thereof with a nitrogen-protected
15  acryloylhydrazinecar-boxylate or a salt thereof to provide protected pyridyl

hydrazinecarboxylates of Formula IIT under suitable reaction conditions, This is shown in

Scheme 7.
Scheme 7
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f I uor enyl net hyl oxycar bonyl group (Frnoc) or trichl oroethyl oxycarbonyl group
(Troc), In a nore preferred enbodinent Z is tert-butoxycarbonyl (tBoc). Y

i n For mulhaiolzb1oves®@71 eavi ng group, and preferably brono ®CT/US2009/055079
trifluoromethanesul fonyl (triflate), with brono being especially preferred.
The reaction in Schenme 7 may be effected by reaction with pall adi um
catalyst in the presence of a substituted phosphine and a base. Preferred
exanpl es of the palladium catal yst include a catalyst such as pall adi um
(I'1) acetate (Pd(QAc) ) or Tris(diberizylideneacetone)di pal]adiun0) Pd;
2(dba)3. In a nore preferred enbodi ment the pall adiumcatal yst is palladi um
(1'l) acetate. Preflefthede &xigmitogen-mbtedting grolpos prad weies avcdrdinetodhephig®phi ne such
as tris(otolyl) phosphine or triphepyl phosphine. In a nore preferred

enbodi ment t henatetid sqathiinaoi spetificaly dintitedl yihspfah @s phei prouBdods mn ighijlatiec base and
an inorgani c base can be used in the reaction. Preferred exanple of the
base incl ude arothaten sfachmpmindipi Ropylplil asd fifycrmbd mooved mithouh gifesthethes

pot assi um carbonate. In a nore preferred enbodi nent the base is

di i sopr opyl et fipbtiondlgeoupstif e campoyndnd Forsmutaildyul ar restriction on the sol vent
used in the reaction as long as it dissolves the_startin% material to some
extent and3does nde isplefiiph. tinqopparafignged; pednremgidl (Of DHQEENJEOTRAUE BFPURSASor gani ¢
solvent or a water-containing solvent, hut preferred exa lPFS of the

sol vent i ncl udeva isuell kpngin dbpsadn (e |chenpical ats REM. %W%é%gﬁ}'iﬁﬁW%panol,

et hyl acetate, . .. .
y Greene's Protective Groups in Organic Synthesis, 4™ Edition, John Wiley & Sons 2007,

Chapter 7.] Preferred examples of the nitrogen-protecting group include a nitrogen-
protecting group such as a benzyloxycarbonyl (Cbz) group, a methoxycarbonyl group, an
10  ethoxycarbonyl group, a  tert-butoxycarbonyl group (tBoc), a  9-
fluorenylmethyloxycarbonyl group (Fmoc) or trichloroethyloxycarbonyl group (Troc). In
a more preferred embodiment Z is sert-butoxycarbonyl (tBoc).
Y in Formula II is a leaving group, and preferably bromo or
trifluoromethanesulfonyl (triflate), with bromo being especially preferred. The reaction in
15 Scheme 7 may be effected by reaction with palladium catalyst in the presence of a
substituted phosphine and a base. Preferred examples of the palladium catalyst include a
catalyst such as palladium {1 acetate (Pd(OAc)) ot
Tris(dibenzylideneacetone)dipalladium(0) Pdy(dba);. In a more preferred embodiment
the palladium catalyst is palladivm (IT) acetate.
20 Preferred examples of the phosphine include a phosphine such as tris(o-
tolyl)phosphine or triphenylphosphine. In a more preferred embodiment the phosphine is

tris(o-tolyl)phosphine.
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tetrahydrofuran, 1, 4-dioxane, N, N-di nethylfo pnam de (DWVF),

1-met hyl - 2-pyrrolidoe, acetonitrile, water or a mxture of the solvent as
above. | rwea:2vespref erred enbodi nent the sol vent is N, REaiuseddapsiooy mam de.
The ratio of the palladiumcatalyst to the phosphi ne may be increased or
decreased accordingly as long as the anmpbunt of the phosphine is equinolar
or an excess to that of the palladium The preferred ratio thereof is

bet ween about 1:1to about 1:4, and nore preferable ratio is about 1'2. The
reaction tenperature generally varies depending on the starting materi al,
the sol vent and the reagent used in the reaction, and can be changed
accordingly. The rBscCiniogyanit Bapadat ino@amisbass @h be whd i thefreactimxrafpdrad, f r om 50C
to 120C, and nore preferably, for exanple, from90C to 110C. The product of
the reaction emmpbefihsbisaingllddnbasrsychtaa Hilsopraylétoyiamiie Wigthylamiee eract i on. [ 0030]
Preparation of hvdrazi des of Formmla |IVHydrazi de conpound FV nmay be

prepar ed fr ompetassiutreatyenatepin e treost peeferced apbadimentihe et indiiseprpiyletylagringal t  t her eof
by subjecting the conpound of Fornula DI or a salt thereof to the

appropri at e depr otHeteiione patirulirréswiqiion o iesolvent uspbiptheirepctomgelong .t Schene 8
0031

[ ] 5  dissolves the starting material to some extent and does not inhibit the reaction, which may

be cither an organic solvent or a water-containing solvent, but preferred examples of the
solvent include a solvent such as toluene, xylene, ethanol, 1-propanol, ethyl acetate,

tetrahydrofuran, 1,4-dioxane, N,N-dimethylformamide (DMF), 1-methyl-2-pyrrolidone,
acetonitrile, water or a mixture of the solvent as above. In a more preferred embodiment

10  the solvent is N,N-dimethylformamide.

The ratio of the palladium catalyst to the phosphine may be increased or
decreased accordingly as long as the amount of the phosphine is equimolar or an excess
to that of the palladium. The preferred ratio thereof is between about 1:1 to about 1:4,
and more preferable ratio is about 1:2.

15 The reaction temperature generally varies depending on the starting material, the
solvent and the reagent used in the reaction, and can be changed accordingly. The
reaction temperature is preferably, for example, from 50°C to 120°C, and more
preferably, for example, from 90°C to 110°C.

The product of the reaction can be isolated by crystallization without extraction.

20 [0030)

Preparation of hydrazides of Formula IV
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Such deprotection conditions depend on the specific protecting group, and
are well known to those skilled in the art of organic synthesis.

Repr esentwizow/@swcedur es for renoval of nitrogen- prot e®Crrus2goosm3o nay be
found for exanple in Geene, 4* Edition, Chapter 7. For exanple a

benzyl oxycar bonyl (Cbz) group, a methoxycarbonyl group and an

et hoxycar bonyl group can be renoved under basic hydrolysis with alkal

met al hydroxi de such as |ithium hydroxi de, sodium hydroxi de or potassium
hydr oxi de. A 9- fluorenyl net hyl oxycarbonyl group (Fnoc) can be renoved by
the treatment wth several secondary am nes and a trichl oroethyl oxycar bonyl
group (Troc) can heydreid®satoby IVsiante @épard frbm apitefarptadted cdasumdnit , a
tert-but oxycarbonyl group (tBoc) can be used as a protecting group and can
be renoved i nFotmladiles e sdichadof Bysubjectikg thElvemppundofiformpde Bl @ alsdr theredt ri cti on
on the acid used, but preferred exanples of the acids include an acid such
as hydr ochl or itethaapprbpridtydipolzrtismicendiionsd Thisis sfownicSchenecB. or tri f | uor oacetic
acid. In a norepreferred enbodi ment, deprtection conditions include
treatment wit Schepré8ochl oric acid Ln al coholic solvent. There is no
particul ar sestriction on the solvent used in the reaction as Jong as it

di ssolves the starting matgrial to sone extent and does notdinhibit the
reaction, which Ms@ NH% ﬁﬁﬁ%’solventMﬁf]ffTaﬁeégﬂdﬁkaining
sol vent, but preferted exanphes of . H

pr ef erked exanm NP

- >

i v

[0031]
Such deprotection conditions depend on the specific protecting group, and are
10  well known to those skilled in the art of organic synthesis. Representative procedures for
temoval of nitrogen-protecting groups may be found for example in Greene, 4™ Edition,
Chapter 7.
For example a benzyloxycarbonyl (Cbz) group, a methoxycarbonyl group and an
ethoxycarbonyl group can be removed under basic hydrolysis with alkali metal hydroxide
15 such as lithium hydroxide, sodium hydroxide or potassium hydroxide. A 9-
fluorenylmethyloxycarbonyl group (Fmoc) can be removed by the treatment with several
secondary amines and a trichloroethyloxycarbonyl group (Troc) can be removed by using
Zine.
In preferred embodiment, a fert-butoxycarbonyl group (tBoc) can be used as a
20  protecting group and can be removed in the presence of an acid. There is no particular
restriction on the acid used, but preferred examples of the acids include an acid such as

hydrochloric acid, hydrobromic acid, sulfuric acid or trifluoroacetic acid. In a more
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sol vent include a solvent such as toluene, xylene, ethanol, 1-propanol,
i sopropanol, 1- butanol, ethyl acetate, tetrahydrofuran, 1, 4-dioxane,
N, N- di retwol2zboveeam7pude (DVF), acetonitrile, water and @&Cmustemos3f9t he
solvent as above. In a nore preferred enbodi nent the solvent is 1-propanol.
The ratio of the acid to the starting material may be increased or
decreased accordingly as long as the anobunt of the acid is an excess to
that of the starting naterial. The preferred ratio thereof is between about
5:1 to about 20:1, and nore preferable ratio is between about 10:1 to about
15:1. The reaction tenperature generally varies depending on the starting
mat eri al , the pefin¢e Bhbahtiknt, A&rdteagedbditine thelube frdasnehedie hydrchigitthicidan be
changed accordingly, The reaction tenperature is preferably, for exanple,
from 10C to 6GGilccholit solvene preferably, for exanple, from40C to 50C. In
particularly preferred enbodi ment, the procedure includes addition of the
starting material Thereds nd partienlar wmitritiomen thy delvohiised inghearsactioraasdon-apitopanol and
separation of the product by col lecting the forned crystal . [0032]
Pr epar at i on ofdisebyep tha siatinghatrisl ingde ¥ @orapd daseinat inhipit thecaptroumtdchi®eynay be
prepared by reacting a conpound of Formula | with a conpound of Fornmula IV
under suit abl derithie ) GEANEEAINt Ponwatg oA dhsolvgnt, but preferred examples of the
solvent include a solvent such as toluene, xylene, ethanol, 1-propanol, isopropanol, 1-
butanol, ethyl acetate, tetrahydrofuran, 1,4-dioxane, N,N-dimethylformamide (DMF),
acetonitrile, water and a mixture of the solvent as above. In a more preferred embodiment
the solvent is 1-propanol.
10 The ratio of the acid to the starting material may be increased or decreased
accordingly as long as the amount of the acid is an excess to that of the starting material.
The preferred ratio thereof is between about 5:1 to about 20:1, and more preferable ratio
is between about 10:1 to about 15:1.
The reaction temperature generally varies depending on the starting material, the
15 solvent and the reagent used in the reaction, and can be changed accordingly. The
reaction temperature is preferably, for example, from 10°C to 60°C, and more preferably,
for example, from 40°C to 50°C.
In particularly preferred embodiment, the procedure includes addition of the
starting material to a mixture of conc hydrochloric acid and 1-propanol and separation of
20  the product by collecting the formed crystal.

[0032]

Preparation of Compounds of Formula V
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Schenme 9. Schene 9 [0033] The reaction can be carried out in the presence
of a base. There is no particular restriction on the base used, but

pr ef er r edwexampi2ze®7of t he base include an organi c base ®aThuSa®9/055079

di i soprpyl ethyl am ne, triethylam ne, pyridine, collidine or imdazole, and
an inorgani c base such as potassium carbonate, anmoni um acetate or sodi um
acetate. In a preferred enbodi nent the base includes imdazole; sodium
acetate; a mxture of imdazole and triethylaraine and a m xture of sodium
acetate and triethylam ne. There is no particular restriction on the
solvent used in the reaction as long as it dissolves the starting materi al
to sonme extent andCaipesmdridtand Rbifutd 1hmay Baftpaced, bywkdctly araympoendedft her an
organi ¢ solvent or a water-containing solvent, but preferred exanpl es of

t he sol vent i Feimutkd vathscbrmntd gifotmulad Vivoden aritehle reydtienenditias hashadn inet hanol
l-rroranol, isopropanol, ethyl acetate, tetrahydrofuran, 1, 4-dioxane,

N, N- di et hyl f 6eeei®de (DMF), acetonitrile, water and nmixture of the sol vent
as above. In a nore preferred enbodi nent the sol vent is nethanol,
tetrahydrofii Sekeme® a ni xture thereof. The ratio of the base to the starting
material may be inc;(eased or decreased accordingly as |long as the anount of

the acid is an excess to that of the starting material. The eferred ratio
thereof is bet n(about 4.1 to alout 15:1, and [nore-pre F¥blle ratio
MeQ N, J NH; N7 &
O et T JIA
CFs PN CFs
{*) Isomar: compound 11

{-) Isomer: compound 12

5 i
[0033]

The reaction can be carried out in the presence of a base. There is no particular

restriction on the base used, but preferred examples of the base include an organic base
such as diisoprpylethylamine, triethylamine, pyridine, collidine or imidazole, and an
10  inorganic base such as potassium carbonate, ammonium acetate or sodium acetate. In a
preferred embodiment the base includes imidazole; sodium acetate; 2 mixture of

imidazole and triethylamine and a mixture of sodium acetate and triethylamine.

There is no particular restriction on the solvent used in the reaction as long as it
dissolves the starting material to some extent and does not inhibit the reaction, which may
15  be either an organic solvent or a water-containing solvent, but preferred examples of the
solvent include a solvent such as toluene, xylene, methanol, cthanol, 1-propanol,
isopropanol, ethyl acetate, tetrahydrofuran, 1,4-dioxane, N,N-dimethylformamide (DMF),

acetonitrile, water and mixture of the solvent as above. In a more preferred embodiment

the solvent is methanol, tetrahydrofuran or 2 mixture thereof.
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I S between about 6;1 to about 12:1. The ratio of the conpound of Fornul a
1lto the conmpound of Formula IV may vary depending on the reaction

condi ti onsp 2arh26®y be i ncreased or decreased accordi nglpgT/USb@9psdiier r ed
ratio thereof is between about 1:1 to about 2:1, and nore preferable ratio
I S between about 1:1 to about 1.5:1. The reaction tenperature generally
vari es depending on the starting material, the solvent and the reagent used
in the reaction, and can be changed accordingly. The reaction tenperature
is preferably, for exanple, fromOC to 70C, and nore preferably, for
exanple, from 10C to 40C, In one enbodi nent the reaction conditions
conpri se i m dazol elhemativesfhtaebhse td theastqoningf reaterisd meyrbeo dlicreesed or derrlsedol e or
sodi um acetate can be used as a base in nethanol, tetrahydroturan or a

m xt ur e t her eeécordinglyzs hog es thy afogntrof the edith 5 reess to thitef the stetinpmaterish be
carried out by optionally adding triethylamne to the base and the sol vent
as stated abovés preferredreticctbered intutwetn boytrdil ta about bnis amk more prefgrabie xatiar e of R
and S stereoisoners at indicated carbon 1, a m xture of conpound 11 and
compound 12 wild Hetwgen dbbutilteebouidd:lshown in Schene 9. The reaction tine

general ly varies depending on the starting material, the solvent
5 The ratio of the compound of Formula I to the compound of Formula IV may vary

depending on the reaction conditions, and may be increased or decreased accordingly.
The preferred ratio thereof is between about 1:1 to about 2:1, and more preferable ratio is
between about 1:1 to about 1.5:1.
The reaction temperature generally varies depending on the starting material, the
10 solvent and the reagent used in the reaction, and can be changed accordingly. The
reaction temperature is preferably, for example, from 0°C to 70°C, and more preferably,
for example, from 10°C to 40°C.
In one embodiment the reaction conditions comprise imidazole in methanol. In a
preferred embodiment, imidazole or sodium acetate can be used as a base in methanol,
15  tetrahydrofuran or a mixture thereof. In a more preferred embodiment, the reaction can
be carried out by optionally adding triethylarnine to the base and the solvent as stated
above.
If the compound of Formula I consists of a mixture of R and S stereoisomers at
indicated carbon 1, a mixture of compound 11 and compound 12 will be obtained, as
20  shownin Scheme 9.
The reaction time generally varies depending on the starting material, the solvent
and the reagent used in the reaction as well as the reaction temperature and the progress

of the reaction, and can be increased or decreased accordingly. The preferred reaction
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and the reagent used in the reaction as well as the reaction tenperature
and the progress of the reaction, and can be increased or decreased
accordi ngwg.20lespref erred reactiontinme is, for exanpl epPCa/useon2dssonour s,
and nore preferably, for exanple, from24 to 72 hours. In Schene 9,
compounds | and IV may be in the formof a salt thereof. [0034]
Purification of conpound 2 froma m xture of conmpound 12 and conpound 11
Compound 12 may be obtained in substantial stereochem cal purity froma
m xture of conpound 11 and conpound 12 by dissolving the mxture in a
sui tabl e solvent or solvent mxture, formng diastereoneric salts by the
addi tion of atifbis &r ecaiplROXyd 120 hdds,Cand @idkeCpietetabl @ fok axanyslé, doli 22itag2 one of the
di astereoneric salts fromthe solution, as shown in Scheme 10, The
initially obtanmed di astereoneric salt can be obtained in greater
stereochem cal purity by a second recrystallization froma sol vent or
sol vent m xture. %uhdmme 4.60pBOBB] afdidrmayibs inthe fomr ¢fiagalt thereafest ri cti on on the
chiral acid used in the reaction as long as it fornms a m xture of
di asteroneri c{@lts of conpound 11 and 12, but preferred exanples of the
acid include an aC| d such as 2 3 b| s(benzoyl oxy)tartar| C aci d (DBTA),
di pi val oyl 3t aPngifi¢aion; i A frg 2 pudenmpeing
(PEPA). In a nore preferred

ompound 12 may be obtained in substantial stereochemical purity from a

mixture of compound 11 and compound 12 by dissolving the mixture in a sujtable solvent
or solvent mixture, forming diastereomeric salts by the addition of & chiral carboxylic
acid compound, and crystallizing one of the diastereomeric salts from the solution, as
10 shown in Scheme 10, The initially obtained diastereomeric salt can be obtained in greater

stereochemical purity by a second recrystallization from a solvent or solvent mixture.

Scheme 10
1. chiral carboxylic acid N
IJ/\/L MeO N ! 7
D-DBTA
2. Recrystallzation
Compound 11 and compound 12 D-DETA saft of compound 12
[0035]
15 There is no particular restriction on the chiral acid used in the reaction as long as

it forms a mixture of diasteromeric salts of compound 11 and 12, but preferred examples

of the acid include an acid such as 2,3-bis(benzoyloxy)tartaric acid (DBTA), dipivaloyl

tartaric acid (DPTA) and N-(1-Phenylethyl)phthalamic acid (PEPA). In a more preferred

embodiment the acid is (25,35)- 2,3-bis(benzoyloxy)tartaric acid (D-DBTA), (28,35)-
20 2,3-bis[(2,2-dimethylpropanoyl)oxy] succinic acid (D-DPTA) and (R)-(+)-N-(1-

Phenylethyl)phthalamic acid ((+)-PEPA).
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enbodi ment the acid is (2S,35)- 2, 3-bis(benzoyloxy)tartaric acid (D DBTA),

2S, 3S 2-di met hyl | d
(ol +) NP o bl oy & aei 0 ( (+) - PEPA) . Thor e gisdin P00 o

restriction on the solvent used in the reaction as long as it dissolves the
starting material and each of the diastereoneric salts to sone extent,

whi ch may be either an organic solvent or a water-containing solvent, but
preferred exanpl es of the solvent include a solvent such as tol uene,

met hanol , et hanol, t-propanol, isopr opanol et hyl acetate, tetrahydrofuran,
1, 4- di oxane, N, N- di rrethylforrram acetonitrile, water and m xture
of the solvent as dBE¢ds nopetishar @??%@ems?ﬁénﬁh%fwlwwmﬂs its a

m xt ure of |sopro angl and acetonitrile. In another preferred enbodi nent,
the sol vent is %% e&%haf%meamﬁ@iﬂhampchaﬁéwémmewﬁqltém SPRESXEE HiBE t he
acid to the starting nateri gl be i ncreased r decr eas but. t he
preferred rati &aybe%@fr\ﬁﬁéﬁa‘%%‘?g@r 5""1‘”(‘?9“%‘3’(5‘%?° ‘Tmsb‘ffpﬁgeﬂ’éddﬁ?‘é?l&srqfed ratio
t hereof is bet about The reacti r1 te e ature

b .
general Iy vari \é@e&éa O%P‘?ﬁj’ SBW‘“’E ﬁ‘@hgsttglr“‘f'ie’rf@‘?ﬂf?ﬁ?le‘?l?aﬁ‘?l I-prppandly) %and t he
t Th t
temper at ﬂfi‘*. 's”%v‘ hE MR AL 4R @eﬁw"@@?w%@?ﬁe acc@e%@%d*ﬁe g, C2C 1 O
preferably, ﬁf(&g‘%ﬁlm of 2 cbvemF 2 al nIn onc Opre r{eﬁ em ocfj et thd sol\’ien{3 1sst ep, the

second recr yst arri zatio can peusé
mixture of isopropanol and acetonitrile. In another preferred embodiment, the solvent is a

mixture of methanol and acetonitrile.
The ratio of the acid to the starting material may be increased or decreased but the
10 preferred ratio is between about 0.5:1 w about 1.3:1. The preferred ratio thereof is
between about 0.5:1 to about 0.6:1.

The reaction temperature generally varies depending on the starting material, the
solvent and the reagent used in the reaction, and can be changed accordingly. The
reaction temperature is preferably, for example, from 0°C to 70°C, and more preferably,

15 for example, from 0°C to 50°C.

In the procedure of the step, the second recrystallization can be used in order to
improve enantiomeric purity.

A preferred condition for the initial crystallization is the use of a co-solvent
mixture of 2-propanol and acetonitrile, and use of (28,38)-2,3-bis(benzoyloxy)tartaric

20 acid as the chiral carboxylate. Another preferred condition for the initial crystallization is
use of a co-solvent mixture of methanol and acetonitrile and use of (28,35)-2,3-
bis(benzoyloxy)tartaric acid as the chiral carboxylate.. A preferred condition for the

second recrystallization is the use of a 1:1 co-solvent mixture of 2-propanol and
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i nprove enantionmeric purity. A preferred condition for the initial
crystallization is the use of a co-solvent m xture of 2-propanol and
acet oni t rwbepreemsaioase of (2S, 3S) -2, 3-bi s(benzoyl oxy)t ar PaTius2@eios50as t he
chiral carboxylate. Another preferred condition for the initial
crystallization is use of a co-solvent m xture of nethanol and acetonitrile
and use of (2S,3S)-2,3- bis(benzoyloxy)tartaric acid as the chiral
carboxylate.. A preferred condition for the second recrystallization is the
use of a 1:1 co-solvent m xture of 2-proranol andacetonitrile. Another
preferred condition for the second recrystallization is the use of a 2:1
co-sol vent m xtetonitrilef Andthpr grpfentadl comditibneferethe sectrmdi rkagystaNipgtion fiothe Garof wi ng t he
I nvention [0036] The foll ow ng abbreviations are used in the follow ng
exanpl es. D DBTAp-sdvdbi iztwreonf Ripeopsmet and acetriniril€t her Nanes:
(2S, 3S) -2, 3-bi s(benzoyl oxy) succinic acid D-DPTA: D-Di pivaloyltartaric acid
Q her Names: (2S, 35)-2, 3-bis[ (2,2-dinmethyl propanoyl)oxy]succinic acid
(+) - PEPA: (+) or { hal ami ¢ acid O her Nanes:
2-{[ (1R) - 1-5phe[(%é et hyl ] car banoyl } benzoic acid AcCl : Acetyl chloride
|
The following abbreviations are used in the following examples.
D-DBTA: D-Dibenzoyltartaric acid
Other Names: (28,38)-2,3-bis(benzoyloxy)succinic acid
D-DPTA: D-Dipivaloyltartaric acid
10 Other Names: (28,38)-2,3-bis{ (2,2-dimethylpropanoyDoxy]succinic acid
(+)-PEPA: (+)-N-(1-Phenylethyl)phthalamic acid
Other Names: 2-{[(1R)-1-phenylethyl]carbamoyl}benzoic acid
AcCl: Acetyl chloride
DMEF: N,N-Dimethylformamide
15 THEF: Tetrahydrofuran
EDC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
HOBT: 1-Hydroxybenzotriazole
IPEA: Diisopropylethylamine
IPA: 2-Propanol
20 tert-: Tertiary
[0037}
Chromatography was performed using BW-300 manufactured by Fuji Silysia

Chemical Ltd. as a carrier unless otherwise specified.

[0038]
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DMF: N, N-Di net hyl formam de THF: Tetrahydrof uran EDC:
| - Et hyl -3-(3-di nethyl ai t))nopropyl)carbodiimde hydrochl ori de HOBT:
1- Hydr oxywermawmiws®zol e | PEA: Dii sopropyl et hyl anm ne | PA: PRTRISo@a06307¢ ert - :
Tertiary [0037] Chromatography was perforned usi ng BW300 manuf actured by
Fuji Silysia Chemcal Ltd. as a carrier unless otherw se specified.
[ 0038] LC-Ms: Hi gh performance |iquid chromatography for preparative
i solation of a target conpound using nass spectroscopy. As an elution
solvent, a 10%to 99% i near gradient system of water containing 0-1%
trifluoroacetic acid and acetonitrile containing 0.1%trifluoroacetic acid
was used. [0039] TuweMSiHjgh mifomphdedighid clobradtegraphy or premoitivaifolatheofaur i f i ed
enantioners conpound 11 and conpound 12 was nmeasured in a pol arimeter using
standard net heost dompounnd tising issgedtrsdopye Amrab elution solvent, a 10% to 99% linear
gradient system of water containing 0.1% trifluoroacetic acid and acetonitrile containing
0.1% triflucroacetic acid was used.
5 [0039]
The sign of optical rotation for each of the purified enantiomers compound 11 and
compound 12 was measured in a polarimeter using standard methods known to those in
the art.
[0040]
10 Diastereomeric excess (de) measurements were measured by a chiral HPLC
method;
Column: Chiral Tech IB (150x4.6mm)
Mobile Phase: EtOH/Hexane = 40/60

Flow rate: 1ml/min, isocratic for 15min

15 Temperature: 25 degree C
UV =254nm
Example1
20 [0041]

Synthesis  of

yllvinyl}-8-(2-trifluoromethylphenyl)-5.6,7.8-tetrakydro-[1,2 4| triazolo[1.5-

-5-(4-methyl-1H-imidazol-1-
yDpyridin-2-yvljvinyl}-8-(2-trifluoromethylphenyl}-5.6.7.8-tetrahvdro-

25  [12.d]triazolof1,5-alpyridine (Compound 12) by the process of Scheme 2 and
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[ 0040] Di astereoneric excess (de) neasurenents were neasured by a chiral
HPLC net hod; Columm: Chiral Tech IB (150x4. 6m) Mobil e Phase: Et OH Hexane
40/ 60 Fl owmoratoan2s19mi / min, isocratic for 15m n Tenper at uP€T/UB200dp650ee C UV
254nm Exanple 1 [0041] Synthesis of (+)-2-((EV2-[6-neth q -y-5-(4-

i nethyl -1Hi piidazol-1- g i>pyridin-2- yllving |)-8-f2-tirifluoronethg

| phenvp-5,6,7.8-tetrahg dro-m 41triatol oH 5- al pyridine (Conpound 11 and
f-)-2-((E)-2-f6-metb iq xy-5-(4-nethg | -1Hipiida-zol-1- v pg ridin-2-vpg
ing I1-8-(2-triflnorQrethg | phenvp-S.6.7*-tetrahvdroll.

2,4Uri azol of | . 5-al pyri di ne (Corrpound 12) by the process of Schenme 2
andsepar at i on skpargtionbg chied cloow tinfendidtidmeria i ric m ur (1).
Synthesis of |-a piipo- 3 (2 trlfl uororrethw phepyl )p| reridin-2- qDe (D)

[ 0042] Thi onyl(1)c Bimthésidof hoi3 val: e (10

1. S0Cl,
2. NaH NH,

CF; 3. I{CHy)s-Br N. 20
4. NH;NH, 1
COOH FaC

5 1

[0042]
Thionyl chloride (2.72 mL) was added to a solution of 2-

16 trifluoromethylphenylacetic acid (1.9 g) in methanol (38 mL), and the reaction solution
was stirred at room temperature for three hours. The reaction solution was concentrated
under reduced pressure. The resulting residue was diluted with DMF. Sodium hydride
(containing 40% of mineral oil, 410 mg) was added under ice-cooling, and the reaction
solution was stirred for 10 winutes. The reaction solution was further stirred at room

15 temperature for 30 minutes and then ice-cooled again. 1-Chloro-3-iodopropane (1.02
mL) was added to the reaction mixture, and the reaction solution was stired at room
tempetature overnight. Water and ethyl acetate were added to the reaction mixture and
the organic layer was separated. The resulting organic layer was washed with saturated
aqueous sodium chloride, dried over anhydrous magnesium sulfate and then concentrated

20 under reduced pressure. The resulting residue was diluted with ethanol (26.6 mL).
Hydrazine monohydrate (7.6 mL) was added, and the reaction solution was stirred at
room temperature for two hours and then at 60°C for further three hours. The reaction
mixture was concentrated under reduced pressure. Saturated aqueous sodium bicarbonate

and ethyl acetate and were added to the residue, and the organic layer was separated. The
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a fluoronethyl phenylacetic acid (1.9 g) in nethanol (38 nL), and the
reaction solution was stirred at roomtenperature for three hours. The
react i on wolaotovsmiomas concentrated under reduced pressulPeT/USh@one®adti ng
resi due was diluted with DMF. Sodi um hydride (containing 40% of m neral

oil, 410 ng) was added under ice-cooling, and the reaction solution was
stirred for 10 m nutes. The reaction solution was further stirred at room
tenperature for 30 m nutes and then ice-cool ed again.

| - Chl or o- 3-i odopropane (1.02 nL) was added to the reaction m xture, and the
reaction solution was stirred at roomtenperature overnight. Water and

et hyl acetate vstlingiztoid laver wahwashethwithi sarratedl xquenue saliveh dhbvédepddpdnive | ayer was
separated. The resulting organic | ayer was washed with saturated agueous
sodi um chl or i dashydipRsarpgessiam sulftaadd themconesgiates under sadiiced pressamndThehasidue
concentrated under reduced pressure. The resulting residue was diluted with
et hanol (26.6 AeyPwifigddyaidichge] cabmprehromatograghy (@rries: Chigmators iEkielutiond t he
reaction solution was stirred at roomtenperature for two hours and then at
60C for furthef{RY BePtaRgsEHd aceipfreysieande obbvin b al the tiflpermpomde e at ed under
reduced pressure. Saturag d aqueous sq@di um bi carbonate and et hyl acetate
and were addedPPBTYHEUEE Y?‘Eiﬁﬂér,‘m‘ﬁﬂ&’ctaﬁg’“@f“’bani c layer was separat ed.

Theresulting o i.c | ayer ) shed with saturated aqueous sodi um
chloride, dri egg@ggm}érﬁg ot wﬂ%@?@sﬁ‘imi Rt Hivam):HSR-2c8r{me Bl at ed

under reduced Brgzéﬂe. The residue was cPuri fied by silica gel col um
chr omat ogr aphy “{ €&7% {% w’éﬁp’éﬁﬁf‘&@é&’ W dehP PorfHE A0, REp T dhEd et hy |
acetate system_to,Mhd A & 19% ), 751% sk 158 PR W b7 o,

[0043]
10
(2). Synthesis of (E)-3-[6-methoxy-5-(4-methyl-1H-imidazol-1-yDpvridin-2-vl}-N-[2-
oxo-3-(2-trifluoromethylphenyl)piperidin-1-yllacrylamide (3)
Meoinj/\,cozw
l FsC
PPN 3 1
NH, N);N 0O
N._.O 2 MeQ /N U N,N
- H
\
1 NN
i > .
1
15

[0044]

EDC (834 mg), HOBT (588 mg) and IPEA (2.03 mL) were added to a suspension
of (E)-3-[6-methoxy—5-(4—methyl-lH-imidazol—l-yl)pyridin~2~yl]acrylic acid
trifluoroacetate (2) (1.42 g) and 1-amino-3-(2-trifluoromethyiphenyl)piperidin-2-one @)

20 (750 mg) in DMF (30 mL). The reaction mixture was stirred at room temperature for 14

hours. Then, saturated aqueous sodium bicarbonate and ethyl acetate were added to the
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property val ues of the conpound are as follows. ESI-M5; mz 259 [M +H].
1H NWVR (400 MHz; CDCI3) d (ppm: 1.82-2.10 (m 3H), 2.18-2.26 (m 1H),

3. 58- 3, 7ew0nrpio/@2597 4. 07 (dd, J=10.0, 5.6Hz, 1H), 4.60 @EsT/UBR)09/0F5029 (d,
J=7.6Hz, 1H), 7.35 (t, J=7.6Hz, 1H), 7.51 (t, J=7.6Hz, 1H), 7.66 (d,
J=7.6Hz, 1H). [0043] (2). Synthesis of (E)r3-f6-nethoxy-S-(4-nmethg |-1Hi
i nidazol -1- g i)Dyridin-2-vn-N-f2-

oxXQ 3-(2-rrifluoronethyl pheayl >pi r>eridin-1-yllacrylam de (3) [0044] EDC
(834 ny), HOBT (588 ng) and I PEA (2.03 nL) were added to a suspensi on of
(EM-fo-met hoxy- S*ret hyl - 1H- i m dazol - 1-yOpyri di n*-yyacrylic acid
trifluoroacet at“ié‘“("?)so%‘i‘?“tl?‘ddlje agreric| layshivesesraed.- (The fefultingomganin ydyprens

pyl ) pi peri di n- éf%ﬂﬁﬁ‘é‘?l‘%l &750 ng). in DMF (30 nL). The reaction m xture was
stirred at rooff'fe YHuS Megesiym syfinrand thep gepcengated pndetoradusefmseseise. s odi um

bi car bonat e and, et hyl acetat re added to thereaction solution, and the
organi c | ayer \%/g%}egéuﬁéﬂraﬁ?‘ggl?‘? tﬁ\,@l"? g@ﬁ‘ﬂ'ﬂ%ﬁ""&?@&ﬁ?@ (paseg: ChgarstosxiNEl over

The reai aue. vas it PR AL BB beBal RGP o st Sarepryorebd ror - -
123G of the APTaE P Bl s Bl e of the conpound s as |
fol ows. ESI - MBgLgZn296h [[I\M+H]L.H] :

[0045]

(3). Synthesis of (+)-2-{(E)-2-[6-methoxy-5-(4-methyl-1H-imidazol-1-yDpyridin-2-

Ilvinyl 2-trifluoromethylphenyl)-5,6,7.8-tetrahvdro-[1,2.4ltriazolo[1

10 alpyridine and (-}-2-{(F)-2-[6-methoxy-5-(4-methyl-1H-imidazol-1-yDpyridin-2-
1lvinyl}-8-(2-trifluoromethylphenvl)-5,6,7.8-tetrahvdro-[1,2.41triazolo[1.5-

a]lpvridine

1.POCI, n-N

FyC MeO N~ A=) O
1

Te) 0 2, CHyCONH; NN l

MEOWN,N N
| H /\ﬂ;‘

AN TN
N° N
e *

15  [0046]

Compound 11 + compound 12

Phosphorus oxychloride (24.2 mL) was added to (E)-3-[6-methoxy-5-(4-methyl-
1'H-imidazol-1 —y[)pyridin-Z-yl]-N-[2-oxo-3-(2-triﬂuoromeﬂlylphenyl)piperidin-1-
Yljacrylamide (3) (1.2 g). The reaction solution was stirred at 100°C for one hour and
then concentrated under reduced pressure. Subsequently, the residue was diluted with

20 acetic acid (24.2 mL). Then, ammonium scetate (1.9 g) was added and the reaction
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[0045] (3). Synthesis of (+>-2-ffE)-2-f6-nmetho v-S-(4-nethyM+im dazol-1- g
|)pyridin-2- yllviiig

|| - 8-f2- twof2bwameret hyl phenyl V5. 6. 7. 8-t etr -t hvdr o- H. 2. 4PCTits2@0053079

al pyridine and (->-2-(flE)-2-t6-nethocg -5-(4-nethvl-1Hi

i ni dazol -1-yl)pyridi ia-2- vHvinyU 8-{2-trinuoroinethg tphenvl>-5,6J
8-tetrahvdro-[| t2,4]tria2qlofl,5- al pyridine [0046] Phosphorus oxychl oride
(24.2 nmL) was added to (E)-3-[6-nmethoxy-5-(4-nethyl- 1Himdazol-1
-yl)pyridin-2-yl]-N[2-0 c0-3-(2-trifl wuoronethyl phenyl)piperi din| -
yll]acrylam de (3) (1.2 g). The reaction solution was stirred at 100C for

one hour and tsHEibnGARGERIdN 2t UC YRdes v UTiRdeptiasslition wSUlbs egewehbl y, t he
residue was diluted with acetic acid (24.2 nL). Then, anmonium acetate (1.9

g) was added gggh tehiperkiBACint W QLohtehteibed Wder Stdutddeestire. 1 SR afed aqievss hour s.
The reaction solution was left to cool to roomtenperature and then

concentrat ed UBE@H bicAEUAGS endHIEEURR weDallded & Rekeadting GdsRiug el thorpinear bonat e
and ethyl acetate were added to the resulting residue, and the organic

| ayer was sepaiyat @b sepabiiedl ahelkdsiliig @ggrniyer Waydeaed oas ardiydred nogmssivanhy dr ous
magnesi um sul fate and then concentrated under reduced pressure. The residue
was purifiesl bylfad dnd dfen gelcentrotdimderabducsigtagre Jiny residaer was gurifiedly shieet or ex NH;
el ution solvent: heptane-ethyl acetate system) to obtain a racemate of the
title conpoundel &B8nmehromaidgephe Ceritt: Ghromatorex NH; elution solvent: heptane-ethyl
acetate system) to obtain a racemate of the title compound (750 mg). The resulting
racemate (410 mg) was separated by CHIRALPAK™ IA manufactured by Daicel
Chemical Industries, Ltd, (2 cm x 25 ¢m, mobile phase; hexane:ethanol = 8:2, flow rate:
10 10 mL/min) to obtain one of the title enantiomers with a retention time of 28 minutes and
positive optical rotation (compound 11; 174 mg), and the other title enantiomer with a
retention time of 33 minutes and negative optical rotation (compound 12; 170 mg).
(0047}
The property values of the title enantiomer with a retention time of 28 minutes
15  (compound 11) are as follows.
'H-NMR (400 MHz; CDCl;) & (ppm): 1.90-2.01 (m, 1H), 2.10-2.35 (m, 2H), 2.29 (d,
J=1.2Hz, 3H), 2.42-2.51 (m, 1H), 4.03 (s, 3H), 4.28-4.41 (m, 2H), 4.70 (dd, }=8.4, 6 0Hz,
1H), 6.92(d, J=8.0Hz, 1H), 6.95 (t, J=1.2Hz, 1H), 7.01 (d, J=7.6Hz, 1H), 7.39 (¢, J=7.6Hz,
1H), 7.44 (d, J=16.0Hz, 1H), 7.45 (d, I=8.0Hz, 1H), 749 (t, J=7.6Hz, 1H), 7.63 (4,
20  J=16.0Hz, 1H), 7.72 (d, I=7.6Hz, 1H), 7.76 (d, J=1.2Hz, 1H).
[0048]

The property values of the title enantiomer with a retention time of 33 minutes

(compound 12) are as follows.
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racemate (410 ng) was separated by CH RALPAK(tm | A manufactured by Dai cel
Chem cal Industries, Ltd, (2 cmx 25 cm nobile phase; hexane: et hanol =
8:2, flowpabrw/2i®7m./mn) to obtain one of the title emamttiseonnssordth a
retention time of 28 m nutes and positive optical rotation (conpound 11;
174 ng), and the other title enantiomer with a retention time of 33 m nutes
and negative optical rotation (conpound 12; 170 ng). [0047] The property
values of the title enantionmer with a retention tine of 28 m nutes
(compound 11) are as follows. 1H NWVR (400 MHz; CDCl 3) d (ppm; 1.90-2.01
(m IH, 2.10-2.35 (m 2H), 2.29 (d, J=1.2Hz, 3H), 2.42-2.51 (m 1H), 4.03
(s, 3H), 4. zsmﬂqﬂmmm@m (bisish 19680 ¥ien, AR HZI02495 (b2 049 (=8 OHz,

1H), 6.95 (t, J=1.2Hz, , 1 (d, J=7.6Hz, 1H), 7.39 (t, J=7.6Hz, 1H),
7.44 (d, J=16. Qll'ﬁ-lz mmzzzﬂqm(m) 41038(5,@%1;,42214)4,1 (o, 2489, 4(70 () =B 4668Hz, 1H) , 7. 63
(d, J=16. OHz, 1H), 7.76 (d, J=1.2Hz, 1H). [0048] The

property val UQH) @bz@hﬁsbﬂi, |y, 680} JE0DBE 10, U1 o, F-Et6Ent 7. 0itET6Hz33 ni nut es
(conpound 12) arc as follows.1H NVR (400 MHz; CDCI ) d (ppm: 1.90-2.01 (m
1H), 2.10-2. 39uf,m442d) 1=18018 16|, 7.45d, J-BlHzZ, &H)7452(t42=75£5,111()m76fi_l(9a 4.03 (s,
3H), 4.28-4.41 (m 2H), 4.70 (dd, J=8.4, 6.0Hz, 1H), 6.92(d, J-8-OHz, 1H),
6.95 (t, J= .12K0Hz1H),7.70.@1=161z, H)/7.6d, =18z, 1H). 39 (t, J=7.6Hz,

Example 2
[0049]

Svnthesis of 5-Chloro-2-phenylpentanenitrile (9

10 NC

[0050)
2-(Trifluoromethyl)phenylacetonitrile (12.47g, 67.3mmol) was dissolved
in THF (87.3mL) at room temperature under nitrogen atmosphere. The reaction solution
15  was cooled to -10°C. Then, potassium fert-butoxide (7.93g, 70.7mmol) was added to the
reaction solution and the reaction mixture was stirred at -10°C for 10 minutes. 1-Bromo-
3-chloropropane (6.99mL, 70.7mmol) was added dropwise to the reaction mixture over
14minutes, and the reaction mixture was stirred at 0°C for 2 hours. The reaction was
quenched with 10%NH,CI aq. (8.6mL). After the mixture was stirred, the aqueous layer
20  was separated. The organic layer was concentrated under the reduced pressure to obtain
the title compound (23.24g). The yield was calculated as over 99% by HPLC external

standard method.

2



1H), 7.44 (d, J=16.0Hz, 1H), 7.45 (d, J=8.0Hz, 1H), 7.49 (t, J=7.6Hz, 1H),
7.63 (d, -N16.0HZ, 1H), 7.72 (d, J=7-6Hz, 1H), 7.76 (d, J=1.2Hz, 1H).
Exanpl e 2wpQowdRssynt hesi s of S- Chl or o- 2- phenyl pent anei PCTrUSk@9(08507¢ 0050]
2-{Trifluoromet hyl)phenyl acetonitrile (12.47g, 67.3mmol) was dissolved in
THF (87.3nL) at roomtenperature under nitrogen atnosphere. The reaction
solution was cooled to -10C. Then, potassiumtert-butoxide (7,93g,

70. 7mmol ) was added to the reaction solution and the reaction m xture was
stirred at -10C for 10 m nutes. 1-Bronp- 3-chloropropane (6.99nL, 70.7mmmol)
was added dropwi se to the reaction m xture over 14m nutes, and the reaction
m xture was stif-KeE @0 MGz, COCLRS Py 3.18-TRE(nf, @H); B 5OE, BES 4q8i@maHEd Wi t h
109%\HACI ag. (8.6nmL). After the mxture was stirred, the aqueous |ayer was
separated. The7gr@ani £=1.68¥8) 798¢ 1HONCROLEAT Bidm pi)er the reduced pressure to
obtain the title conpound (23.24g). The yield was cal cul ated as over 99% by
HPLC external standard nethod. 1H NVR (400 WMHz, CDA 3) d (ppm: 2.18-1 .88
(m 4H, 3.58 (m 2H), 4.18 (m 1H), 7.47 (t, 1H5 J = 7.6 Hz), 7.65 (t, 1H
J = 7.6 Hz), 7Efamfi¢d 2H). Exanple 3 :

5 [0051}

Synthesis of Ethyl 5-chloro-2-phenylpentanimidate hydrochloride (10)
cl al
CFy _ CFa
NG B0
HCl MW
8 10

5-Chloro-2-phenylpentanenitrile (9) (2.0g, 7.64mmol) was dissolved in

[0052]

ethanol (5.36mL, 91.72mmol) at room temperature under nitrogen atmosphere. Then, the
10 solution was cooled to 0°C. Acetyl chloride (4.34mL, 61.14mmol) was added dropwise to
the solution, and the reaction mixture was stirred at room temperature for 67 hours. The
reaction mixture was cooled to 10°C. Traces of seed crystal of the title compound and
tert-butylmethylether (hereinafter referred to as "MTBE") (40mL) were added to the
reaction mixture and the reaction mixture was stimed, The solid was collected by
15  filtration, washed with MTBE to obtain the title compound (2.14g, 81.6% yield).
'H-NMR (400 MHz, CDCls) 8 (ppm): 1.38 (t, 3H, J = 7.2Hz), 1.78-1.65 (m, 1H), 1.95-
1.83 (m, 1H}, 2.43-2.32 (m, 1H), 2.65-2.50 (m, 1H), 3.62-3.55 (m, 2H), 447 (t, 1H,J =8
Hz), 4.65 (g, 2H, ] = 72Hz), 7.47 (1, 1H, J = 8.0 Hz), 7.66 (¢, 1H, T = 8.0 Hz), 7.71 (d,

1H, J = 8.0 Hz), 7.85 (d, 1H, J = 8.0Hz), 12.05 (br s, 1H), 12.58 (br s, 1H).
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[ 0051] Synthesis of Ethyl S-chloro-2-phenylpe ptani itiidate hydrochloride
(10) [0052] 5-Chl oro-2-phenyl pentanenitrile (9) (2.Qg, 7.64mmol) was

di ssol vedwpreomvdrarel (5. 36nmk, 9 1.72nmol) at room t enpePaTAISR009/063079

ni trogen atnosphere. Then, the solution was cooled to OC. Acetyl chloride
(4.34m., 6 1.14mvol) was added dropwi se to the solution, and the reaction
m xture was stirred at roomtenperature for 67 hours. The reaction m xture
was cooled to 10C. Traces of seed crystal of the title conpound and
tert-butyl nethylether (hereinafter referred to as "MIBE") (40nlL) were added
to the reaction mxture and the reaction m xture was stirred. The solid was
collected by filtration, washed with MIBE to obtain the title conpound
(2.149, 81.6%yield). 1H NWR (400 MHz, CDA 3) d (ppm: 1.38 (t, 3H J =
7.2Hz), 1.78-Exmiplé4n 1H), 1.95- 1.83 (m 1H) , 2.43-2.32 (m 1H),
2.65-2.50 (m 1H), 3.62-3.55 (m 2H), 4.47 (t, 1H, J 8 Hz), 4.65 (q, 2H,
J = 7.2Hz), 70003)(t, 1H, J = 8.0 Hz), 7.66 (t, 1H J 8.0 Hz), 7.71 (d,

1H, J =8.0 Hz), 7.85 (d, 1H, J = 8.0Hz), 12.05 (br s, 1H), 12.58 (br s,

1H) . Exanpl e 4 |RR§§ { idi

6- br ono- 2-1i ne conpound 4)
5 4
l\lne
O._N MeO. N, _.Br
jj)\ | X NH,OAc U
/
HY N N7

[0054]

A suspension of ammonium acetate (267 g) and N-(6-bromo-2-
methoxypyridin-3-yl)-N-(2-oxopropyl)formamide (199 g) in glacial acetic acid (400 ml)
was stirred at 130°C for one hour and 10 minutes. The reaction solution was returned to

10 room temperature. Ethyl acetate and ice water were added to the reaction solution, and
the reaction solution was ice-cooled. Then, concentrated aqueous ammonia (500 ml) was
added dropwisc and then the organic layer was separated. The resulting organic layer
was sequentially washed with water and brine and dried over anhydrous magnesium
sulfate. Then, the organic layer was purified by short silica gel column chromatography

15 (carrier: Wakogel C-200; elution solvent: ethyl aceiate). The eluted fraction was
concentrated. The resulting residue was triturated with ethyl acetate and fert-butyl
methyl ether and dried under reduced pressure to obtain 107.7 ¢ of the title compound.
[0055]

Then, the trituration mother liquor was concentrated. The resulting

20 residue was purified by silica gel column chromatography (carrier: Wakogel C-200;

elution solvent: toluene-ethyl acetate system). The target fraction was concentrated. The



[ 0054] A suspension of anmonium acetate (267 g) and N-(6-brono-2-

met hoxvpyridin-3-yl)-N-(2-oxopto ryl)forniamde (199 g) in glacial acetic
acid (400woizpivesiogtirred at 130C for one hour and 10 nmPOWIUS2009/DR®79 eact i on
solution was returned to roomtenperature. Ethyl acetate and ice water were
added to the reaction solution, and the reaction solution was ice-cool ed.
Then, concentrated aqueous ammonia (500 m) was added dropw se and then the
organi c | ayer was separated. The resulting organic |ayer was sequentially
washed with water and brine and dried over anhydrous magnesi um sul fate.
Then, the organic |layer was purified by short silica gel colum

chromat ography (carrier: Wakoge - 200 el ut.i ol : etate).
The el uted f rrﬁﬂ‘ﬁqnér{es\?ég %Fbﬁ?ﬁ& &'t‘cigéergwg nrietggg%?rnaaxr%gg ulgmv%h/éusc@cfri turat ed
with ethyl acgtateicdpdinti8bleoPit Mlle JdRb&MA. et her and dried under reduced

pressure to obtain 107.7 g of the title conpound. [0055] Then, the
trituration ng3dr |iquor was concentrated. The resulting residue was

purified by silica gel_columm chromatoqgraphy (carrier: Wakogel C 200;

el ution sol vent toIueﬁ%?@?ﬁ?wvgﬂ@?ﬁ&%“%?@@@ﬁfﬁsﬁwgwiarget fracti on was
concent r at ed. {TREREGUINIA LTS sipsmP@2o L@, F08BE, &) M0 (] sm), cloutad, met hyl
ether and dried under reduced pressure to obtain 12.9 of the title
conpound. [ 0058]2, 0.8Hz, 1H), 7.16 (d, J=8.0Hz, 1H), 7.40 (d, }=8.0Hz, 1H), 7.73 (d, J=1.2Hz, 1H).

ESI-MS; m/z 268 [M" +H].

Example 5

10 [0057)

Synthesis of fer-Butyl 2-

2-y1 2-enoylthydrazineearboxylate (compound
\)cl)\ }l‘: Q.
MK
H ¢ g y
MeoINj/B' s MeO. N A N o7<
o | H 1/
7N 7N

[0058]
DMF (52mlL) was added to 6-Bromo-2-methoxy-3-(4-methyl-1H-
15  imidazol-1-yl)pyridine (13.0¢g, 48.5mmol) and the  tert-Butyl 2-
acryloylhydrazinecarboxylate (9.9g, 53.3mmol) at room temperature under nitrogen
atmosphere, And the mixture was stirred at 50°C for 10minutes. Tri({o-tolyl)phosphine
(885mg, 2.90mmol), Palladium () acetate (327mg, 1.45mmol) and N,N-

diisopropylethylamine (12.7mL, 72.7mmol) were added to the mixture, and the reaction
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The property values of the conmpound are as follows. 1H NVR (400MHz; CDd 3)
d (ppm; 2.29 (d, J=0.8Hz, 3H), 4.03 (s, 3H), 6.92 (dd, J-1.2, 0.8Hz, 1H),
7.16 (d, wegpes191H), 7.40 (d, J=8.0Hz, 1H), 7.73 (d, PET/US2042/055DF) .
ESI-M5;, mlz 268 [M+ +H]. Exanple 5 [0057] Synthesis of -Butyl
2-ft 2E>- 3-f 6- net hoxy- 5- (4-net hyl - 1H-i m dazol -1-yl)p g ridip-
2-yl | prop-2-enovlnhydrazi necarb gcgl ate (conpound 6) [0058] DMF (52nL) was
added to 6-Bronp-2-net hoxy- 3- (4-net hyl -1 H m dazol - 1-yl)pyridine (13.Qg,
48.5mml ) and the tert-Butyl 2- acryl oyl hydrazi necarboxylate (9, 9g,
53.3mmol ) at roomtenperature under nitrogen atnosphere, And the m xture
was stirred amib@e WaoTrstirkddndt Nod€Sfor FridufsO Tho kedtiop eistpdai wes co@8bnnrood. 90Nl ) ,
Pal | adium (I11) acetate (327ng, 1.45nmmol) and N, Ndi i sopropyl et hyl am ne
(12.7m, 72. 7rnaspeatunesid @A kg I0eliti Ricueedueand wdsleedrtede twitinDMEt ur e was
stirred at 100C for 4hours. The reaction m xture was cooled to room
t enper at ure anéhif)i Watea{@dmihwaugidedCabpwie. to Tihe filtrete | atl tmESpassteh @dertt Wi ce wit h
DMF (6nL). Water (104nL) was added dropwise to the filtrate at room
t enper at ur e oVémint@yiThetisure Whsestinkd stunen wanperstierforekfhaurs.Aftap thetreistpesr at ure f or
| 5hour sAfter the m xture

5  was filtrated, the residue was washed with water/DMF =2:1(30mL) and MTBE (30mL).

The obtained solid was suspended in MTBE (50mL) at room temperature for 2hours,
filtrated and dried under the reduced pressure to obtain the title compound (15.8g, 87%
yield), "H-NMR (400MHz, CDCl;) & (ppm):1.50 (s, 9H), 2.28 (d, J=1.2 Hz, 3H), 4.03 (s,
3H), 6.83 (brs, 1H), 6.97-7.02 (m, 3H), 7.51 (d, J=8.0 Hz, 1H), 7.59 (d, J=15.2 Hz, 1H),

10 7.82 (s, 1H), 8.01 (brs, 1H).

Example 6
[0059]

Synthesis of (2F)-3-[6-Methoxy-5-(4-methyl-1H-imidazol-1-yDpyridin-2-

15 Hacrylohydrazide dihydrochloride (compound

)
H
MalO. N~ N,NTOK Ma0. N e N,NHz
L Ho§ S
JN 4N

e .

[06060]
Conc. HCI (5.85mL) was added to the suspension of ter+-Butyl 2-{(2E)-3-
20  [6-methoxy-5-(4-methyl-1H-imidazol-1-yD)pyridin-2-yljprop-2-

enoyl}hydrazinecarboxylate (1.17g, 3.13mmol)in methanol (5.85mL) with an ice-bath
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was filtrated, the residue was washed wi th wat er/ DMF

=2; 1(30rm.) and MIBE

(301). The obtained solid was suspended in MIBE (50nL) at roomtenperature
for 2hourwo2bidi2smred and dried under the reduced pressBCe/UuseobsaIN t he
title conpound (15.8g, 87%yield). 1H NVR (400MHz, CDC ) d (ppm:1.50 (s,
9H), 2.28 (d, J=I. 2 Hz, 3H), 4.03 (s, 3H), 6,83 (bra, 1H), 6.97-7.02 (m

3H), 7.51 (d, J-8.0 Hz, 1H), 7.59 (d, J=15.2 Hz, 1H),
(br s, 1H). Exanple 6 [0059] Synthesis of
(2E) - 3-[ 6- Met hoyy-5-(4-nethyl -1Hi piidazol-1-yl)p g

7.82 (s, 1H), 8.01
ridin-2-

yl i acryl ohvdrazi de di hvdrochl ori de (conpound 7) [0060] Cone. HC (5.85nl)
was added to tdubing Tepensivomixmire tvay stiBed af lrooR terRyatBe for 30minutes. 1-Butanol

[ 6- met hoxy-5- (4-net hyl - 1H i m dazol - 1-yl ) pyri di n-2-yl ]

pr op- 2-

enoyl } hydr azi (fesSalhandyMEBE(5(85mLYgere déBtentied rpdchionmivhicenaid tiesni8®rEWaswi t h an

| ce-bat hcooling. The reaction m xture was stirred at

roomtenperature for

30mi nut es. 1- Birted fiwy |20t BueSwith) andeechatkBpting SThe Hrintyre wes Biraieiiend theyetidve r eact i on
m xture, and the mxture was stirred for 20m nutes with an ice-bath

cool i ng. The miaxwashe withs!-futdnpleMTBE (2:8 (48 d apdedsied) yrdernifie reglacs BEssWiet h

1- but anol - MTBE é’Z;Bg (5.85nL) and dried under the reduced pressure to

obtain thestitd lgsempogdr3Tmer .20k d) .

'H NMR (400 MHz, d-DMSO) & (ppm): 2.36 (d, J=0.8Hz, 3H), 3.82 (brs, 2H), 4.04 (s,

3H), 7.28 (d, J=15.2 Hz, 1H), 7.54 (d, J=8.0Hz, 1H), 7.70 (d, J=15.2 Hz, 1H), 7.83 (d,

J=1.6Hz, 1H), 8.15 (d, J=7.6Hz), 9.4 (d, J=1.6Hz, 1H), 11.56 (s,1H).

[0061]

10  Another synthetic route for (2E)-3-[6-Methoxy-5-(4-methyl-1H-imidazol-1-

yDpyridin-2-yllacrylohvdrazide dihydrochloride (compound 7)

2-{(2E)-3-[6-methoxy-5-(4-methyl-1H-imidazol-1-y)pyridin-2-yl]prop-2-

enoyl}hydrazinecarboxylate (58.62g) was added to the mixture of 1-propanol (415mL)

and conc. HCI (180mL) at 45°C. The reaction mixture was stirred at 45°C for 25minutes.

15  1-Propanol (300mL) was added, and stirred with an ice-bath cooling. The mixture was

filtrated, and the residue was washed with 1-propanol (150mL) and dried under the

reduced pressure to obtain the title compound (47.26¢, 87% yield).

'H NMR spectrum was identical as above.

20 Example?
{0062]

Synthesis of 2-{(E)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-

8-[2-(trifluoromethyl)phenyl ]-5,6.7.8-tetrahydro(1.2.4]triazolo] 1,5-ajpyridine
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1IHNMR (400 MHz, (16-DMSO) 8 (ppm: 2.36 (d, J-0.8Hz, 3H), 3.82 (bra, 2H),
4.04 (s, 3H), 7.28 (d, J=15.2 Hz, 1H), 7.54 (d, J=8,0Hz, 1H), 7.70 (d,
J-15. 2 HzwoODb#0/0251983 (d, J=I. 6H , 1H), 8.15 (d, J=7.6HPLT/UB2eD4/065079 J- 1.
6Hz, 1H), 11.56 (s, 1H). [0061] Another synthetic route for

(2EV3-[ 6- Met hoxy-5-(4-nmeth g |1 -1Hi m dazol -

yl ) pyri di n- 2- vhaeryl ohvdrazi de di hvdrochl ori de (conpound 7)

2-{(2E) - 3-[ 6-nmet hoxy-5-(4-nmethyl - 1H i m dazol- 1-yl)pyridin-2-y |]prop-2-
enoyl } hydr azi necar boxyl ate (58.62g) was added to the m xture of 1-propanol
(41 5nm.) and cone. HO ( 1801) at 45C. The reaction m xture was stirred at
45C for 25m nompeuni-1Rkonpnal 1H3001.) was added, and stirred with an

i ce-bath cooling. The m xture was filtrated, and the resi due was washed
wi th 1-propanol (1501) and dried under the reduced pressure to obtain the
title conpound (47.26g, 87%yield). H NVR spectrumwas identical as above,
Exanple 7 [0062] Synthesis of 2-(fEM-2-f6-Meth

g3-V-5-(4-nethyl -1Hiinid-tzol - 1- vppg ridiii 2-yllviryU

8-f2-(trifluof t hynphenyl,l; 5, 6,7 8 h;Het rahvdr ofI 41tr} QI o‘[Fl 5-ai DVri di
ne( conpound 11/ spnpound 12) [P0 3 IJ,\/\N 3

7N
= ! N // 2HCI
HCl NH
10 7 Compound 11 + compound 12
[0063]

Imidazole (4.75g, 69.7mmol) and ethyl 5-chloro-2-phenylpentanimidoate
hydrochloride (2.00g, 5.81mmo!l) were added the solution of (2E)-3-{6-Methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-ylJacrylohydrazide dihydrochloride in methanol
(10mL) at 0°C under nitrogen atmosphere. The reaction mixture was stirred at 30°C for
40hours. The reaction mixture was adjusted to the pH6.5 with 5N HCl aq,, and extracted
with ethyl acetate (22mL). The organic layer was washed with water (4mL), concentrated
under the reduced pressure and azeotroped with 2-propanol under the reduced pressure to
obtain the title compound (2.4g, 86% yield).Traces of seed crystal of the title compound
which was obtained by the method of Scheme 2 was added to the solution of the crude
title compound in 2-propanol (10mL), and the mixture was stirred at room temperature
for 13.5hours. The suspension was stirred for Zhours with an ice-bath cooling. The solids
were collected by filtration and washed with 2-propanol and dried under the reduced
pressure to obtain the title compound as a mixture of enantiomers (1.55g, 56% yield).
'H-NMR (400 MHz; CDCls) & (ppm): 1.91-2.01 (1H, m), 2.10-221 (1H, m), 2.23-2.28

(1H,m), 2.29 (3H, d, 7=1.0), 2.43-2.50 (1H, m), 4.03(3H, s), 4.29 4.40 (ZH, m), 4.71 (1H,
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| m dazol e (4.75g, 69.7mmol) and ethyl 5-chloro-2-phenyl rentani m doate

hydr ochl oride (2.00g, 5.81mmpl) were added the sol ution of

( 2E) - 3- [ owbhEb ey 93- ( 4- PCT/US2009/055079

met hyl - 1H-i mi dazol - 1-yl ) pyri di n- 2-yl ] acryl ohydr azi de di hydrochl oride in

met heinol ( 10OnL) at OC under nitrogen atnosphere. The reaction m xture was
stirred at 30C for 40hours. The reaction m xture was adjusted to the pH6,5
with 5N HO aq, >and extracted with ethyl acetate (22nL). The organic | ayer
was washed with water (4nlL), concentrated under the reduced pressure and
azeotroped wth 2-propanol under the reduced pressure to obtain the title
conpound (2. 4gn, 1-80% 4% O} (1T, acersidd), st dd yst.oflz) 702t Hé dt =7 BBz)conmpound

whi ch was obtained by the nethod of Scheme 2 was added to the sol ution of
the crude tit}.8 QEMEOETGHENT.23 QHOHEAIGIGHE)L T (UH, & il &b 74P didd was stirred
at roomtenperature for 13.5hours. The suspension was stirred for Zhours

Wi th an i ce- bat7BHe) b4 (1Y, d, Tl .68le), 7.d35(1Hed, &= 1B12).8 76 &dL. By=1-PHDr at i on and
washed with 2-propanol and dried under the reduced pressure to obtain the
title conpound as a m xture of enantiomers (1.55g, 56%yield). 1H NWVR (400
MHz; CDCI3) d (ppm: 1.91-2.01 (1H, m, 2.10-221 (1H, nm), 2.23-2.28 (1H nX
2.29 (3H1dp JEsaniple8 2. 43-2.50 (1H, n), 4.03(3H, s), 4.29 4.40 (2H, m, 4.71
(1H,dd, J=6.0,8.4Hz), 6.93 (1H, d, J=7.8Hz), 6.95 (1H, dd, J=I. OHz), 7.02
(1H, d, J=7.8M#%4] 7.39 (1H, dd, J=7.6Hz), 7.43 (1H, d, J=I 5.6Hz), 7.46

(lH d J=7. 8HZ) 7 49 1H, dd, J=7. 3HZ lgllH d, J=156Hz), 7.73 (1H,
vITtiReS NS)-234(F)-2 dethoxy<3~(A -1 H-imidazol-1-vlypyridin-2- ’

yllvinyl}-8-12-( triflugromethyl}phenyl]-5,6.7.8-tetrahydro[1.2 4] triazolof1,5-

ridine - (28.38)-2.3-bis(benzovloxy)tartaric acid (1/1) (D-DBTA salt of

10 compound 12)

Ph
o 0

)K/?\g,ou
oy
N~ -N Ph
\ 7
N 1 D-DETA IJA/k

O-DBTA

Compound 14 + comp D-DBTA salt of compound 12

[0065]

15 2-{(E)-2-{6-Methoxy-5-(4-methyl-1H-imidazol-1-yDpyridin-2-yl]vinyl}-
8-[2-(triﬂuoromethyl)phcny]]-5,6,7,8~tetrahydro[1,2,4]triazolo{l,5-a]pyridine (100mg,
0.208mmol) was dissolved in the mixture of 2-propanol (1.6mL) and acetonitrile (2.0mL)
at 45°C, and the solution of D-DBTA (89.5mg, 0.250mmol) in acetonitrile (1.6mL) was
added. Traces of seed crystal of the title compound which was obtained by the same

20 method except the temperature of the solvent was 60°C and without seed crystal was
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[ 0064] Synt hesis of
(-)-(8SV2-1 (EV2-1f6- Met boyv-5-f4-nethyl -1H i m dazol - 1- vnpyri di n- 2-
yl 1 vinyl Iwe-20Ry026197f | uor omet hvnphenyl | -5. 6. 7, 8-t et r ahvdPOTIS2009/055079
J1.41triazol oH 5- al pyridine - (2S.3SV-2.3-bis(beiizoyloxy)tartaric acid
(1/1) (D-DBTA salt of conmpound 12~> [0065]
2-{(E)-2-[6-Methoxy-5-(4-nethyl-1Him dazol-1-yl) ryridin-2"yl]vinyl}-
8-[2-(trifluororaethyl)phenyl]-5,6,7,8-tetrahydro[1, 2,4]triazol of1, 5-a]
ryridine (10OOm, 0.208mvl) was dissolved in the m xture of 2-propanol
(1.6nmL) and acetonitrile (2,0m) at 45C, and the solution of D DBTA
(89.5ng, 0. 25MaEMio)thd solfi6d BIH3EC,ishd the itk wanabred diedm @mmoese fof 1$eed
crystal of the title conpound which was obtained by the sane net hod except
t he tenper at Urgrs0The JoBdsSedre/ @ilbctadas Bi#Gom ndshail with atectsmeilk/2prymnet2/hvasadded t o
the solution at 33C, and the m xture was stirred at roomtenperature for 18
hours. The 3056.5@&) Weidedrie® st SECacidds ythe dethicsdpresre tovakthie dhewittercompound
acectonitril e/ 2-propanol =2/1 (0.5nm) and dried at 50C under the reduced
pressure to olhaing, Isveytedd, HE7% a¢pThdnide (Gibolniy50. Bhg, ¥4 hde) ovas BEpeqd de) . The
title conpound (50.7nmg, 90.7%le) was suspended in
acect oni t risl efn? agettomein-ptbpatol€ 01 K0bmL.), andl theh enixvirx twas estimeds as 809 éd at 80C
for 25m nutes, and then stirred at roomtenperature for 15hours. The solids
wer e col | ect edshiutési Addreiini s@fedadd chodh te@braire T C3hond eThetshigis vecuobatedr essure to
obtain the title conpound

by filtration and dried at 50°C under the reduced pressure to obtain the title compound

(35.9mg, 70.8%yield, 98.1%de)

"H NMR (400MHz, ds-DMSO) & (ppm):1.90-2.00 (1H, m), 2.12-2.20 (1H, m), 2.15 (3H,
10 s),2.27-2.32 (2H, m), 3.98 (3H, 5), 4.27-4.31 (2H, m), 4.48-4.52 (1H, dd, J=5.9, 9.5 Hz),

5.84 (2H, 5), 7.24-7.34 (4H, m), 7.44-7.51 (2H, m), 7.56-7.63 (5H, m), 7.69-7.80 (4H, m),

7.96-8.00 (5H, m).

Example 9

15 [0066]
Synthesis of (-}-(88)-2-{(£)-2-[6-Methoxy-5-(4-methv]-1H-imidazol.1-yDpyridin-2-
yllvinyl}-8-[2-(trifluoromethyl)phenyll-5.6,7 8-tetrahydro[1.2 4] triazolo(1,5-

a]pyridine (compound 12)

~N

20 , ) ’
N 1
D-DBTA
C nd 12 free base
D-DBTA sait of compound 12 (-ompou 12
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(35.9nmg, 70.8%ield, 98,1%le) 1HNVR (400MHz, d6-DMSO) 8 (pprn): 1.90-2,00
(tam, 2.12-2.20 (1H, m, 2.15 (3H, s), 2.27-2.32 (2H, m, 3.98 (3H, s),
4.27-4. 3 WO(BH/028197 4. 48-4.52 (1H dd, J=5.9>9.5 Hz), 5. 8CT(UBR)09IBFF079
7.24-7.34 (4H, m), 7.44-7.51 (2H, m), 7.56-7.63 (5H, n), 7.69-7.80 (4H m,
7.96-8.00 (5H, m. Exanple 9 [0066] Synthesis of
f-WBS)-2-((E)-2-f6-Methoxy-5-r4-nethyl-1Him dazol -1-yr>Pyridin-2-

yl I vinvU-8-r27trifluoronethvl)phenvU-5,6.7,8-tetrahvdrol 1, 2. 41trifl zol ofl, S
a | pyridine (conmpound 12)[ 0067]

(-)-(8S)-2-{(E)-2-[ 6-Methoxy-5-(4-nethyl-1Him dazol -1-yl)pyridin-2-yl]viny
I'}- 8-[2-(trifobgmr or aet hyl ) phenyl ]-5,6,7, S-tetrahydro[ 1, 2,4]triazol of|
5-a]pyridine - (2S,3S)- 2,3-bis(benzoyloxy)tartaric acid (1/1) (20ng,
0.024mmol ) was addge@s)-e-{(H)e-[FiMeddxsHlaandtiph 1Gfimdedel ] -ypatiatellp@iinl) and 5
HC aq. (O lnl), aad the organic | ayer was separated. Ethyl acetate (0.2n)
and 5N sodi unsgdfoniochethgipheryld:-3,6:.8-tctmbwdrold ddkitdazolol s radpyaidine ou€@SP8lyer , and
the organic | ayer was separated. The organic | ayer was washed twice with
wat er (0. 1 ) 2.3disthentoyled tertadie raciih@/ 1) d2fimee @-Ogdramel) mes weéded ip Aher mixsd titl e

conmpound ( 11, 5ng, 99.9%yield), negative optical rotation
5 solution of ethyl acetate (0.TmL) and SN HCI aq. (0.1mL), and the organic layer was

separated. Ethyl acetate (0.2mL) and 5N sodium hydroxide aq. (0.1mL) were added to the
aqueous layer, and the organic layer was separated. The organic layer was washed twice
with water (0.1mL), and dried under the reduced pressure to obtain the title compound
(11.5mg, 99.9% yield), negative optical rotation.

10
Example 10

[0068]

Svnthesis of (-)-(88)-2-{(E)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-vD)pyridin-2-

yllvinyl}-8-[2-(trifluoromethyl)phenyl]-5.6.7 S-tetrahydro{1.2.4] triazolo[1.5-

15  alpyridine - (28,38)-2.3-bis[(2.2-dimethylpropanoyl succinic acid (1/1) (D-DPTA

salt of compound 12)
1-Bu

O..-: LD 0

N—N N~

Meo. N s A ) t8u MeO. N A 2
i = N GFs 0-DPTA P 3

/N = 4N
N N
.
7) 7) 0-DPTA

Compound 12 D-DPTA =ait of compound 12

[0069]
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Exanpl e 10 [0068] Synthesis of

(-)-r8SVv2-?f EV2-f 6- Met hoxy-5- (4-net hvl - 1Hii ni dazol - 1- vnpyri di D- 2-

vHvi avU- 8wp2e{owmsfIrt t or omet byl >phenyl ) 5, 6, 7, 8-t et r ahvdPefrius2009/055079
,41triazolo[1,5- alpyridi pe - (25"SV2, 3-bi sl (2. 2-di net hy
-rropanoyr)oxylsiiccinic acid (1/1) (D-DPTA I f d 12)

[0069] (-)-(8S)-2-{(E)-2-[ 6-Met hoxy-5-(4-nethyl-1H i m da2ol -1-yOpyridi n-2-yl
J]vinyl}- -PKtrifluoronethyOphe

ayll-S. e -tetrahydrot|~triazol otl”-al pyridine (48.0ng, O |Omvol) and

D- DPTA (31.$mg, O | Ommol) were stirred in 2-propanol (1.O0r) for 2.5 hours.
The solids were cé'l)-l(%’@'@é@)ﬂyWMeﬂloﬁaf {foRethyhd B timidazal- l'ﬁl)lﬂznﬁlﬂ@p’élﬁwl}‘and

hept ane, and dried at 50C under the reduced pressure to obtain the title
conpound ( 74. %'[Wﬂ"g@“mlﬂ@mﬂ] Sa%ﬁW'(ydreﬂ 13760[161\&)}1 ’(“f)prffg%“gl& 18H, s),
1.90-2.00 (1H (1 nlj@gl 53227 (1H, m, 3.98
(3H, s), 4. 25 Aofeaoll@ﬂD—lﬁliTA@ 2984 meﬁﬁeredamd% ?YOP@OE(HQE'}) f°52£1 (2H s),
7.23-7.33 (4H M, . 7.44-7.51 (2H, m J=7.3 3779(2H
m, 7.93 (1H, hgalrs Jbg sobdsp&e)re dt ltiaimc[ O‘Gs}’ﬁ‘? with 2-propanol and cptane, an

5 dried at 50°C under the reduced pressure to obtain the title compound (74.6 mg,
93.4%yield).
IHNMR (400MHz, ds-DMSO) & (ppm):1.15(18H, s), 1.90-2.00 (1H, m), 2.12-2.20 (2H,
m), 2.15 (3H, s), 2.27-2.32 (1H, m), 3.98 (3H, s), 4.25-4.34 (2H, m), 4.49-4.53 (1H, dd,
=6.1, 9.3 Hz), 5.41 (2H, s), 7.23-7.33 (4H, m), 7.44-7.51 (2H, m), 7.61 (1H, t, }=7.3 Hz),

10 7.75-7.79 (2H, m), 7.93 (1H, d, J=1.2 Hz).

Example 11

15

salt of compound 12 (from mixture of compound X1 and compound 12

1-Bu

o 0 Y0
OH
o 0

t-Bu
D-DPTA

CF3

Compound 11 + cempound 12 D-DPTA salt of compound 12

[0071]
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Synt hesis of (-W8S)-2-{(E)-2-r6-Mthocg
-5-(4-nethyl - 1H i m dazol - 1-ynpyridin-2- yllvinyl}-8-f2-(trifluoronethv
pphenvl | -\Wp@piv/@st9et r ahvdr oH*, 41t ri azol oH. 5- al pyri di ne PCT/US2009/055079
(2S3S>- 2. 3- bi s[ (2J-di et hyl pror>anoyl ) oxyl succinic acid 0/1) (D DFTA salt
of conmpound 12 (from m xture of conpound 11 and conpound 12))

[0071] 2-{(E) - 2-[ 6- Met hoxy- 5- (4-net hyl - 1H-i roi dazol - 1-yl ) pyri di n-2-yl ] vinyl}
-8-[2- (trifluoronethyl)phenyl]-5,6
7,8-tetrahydro[l,2,4]triazol o[1, 5-a] pyridine (192.0rag, 0.40mmol) was

di ssolved in the m xture of 2-propanol (0.64nlL) and acetonitrile (0.64n)
at 50C, and the s@H@E)2d6-MdthoRy-DRFmethyld H4mifazoD1-2Upmidin)2-ylivinpl¢ St[dni tri | e
(0.64nL) was added. Trace of seed crystal of the title conmpound obtai ned
from exanpl e (éfluseosnetpiophenytles. 6 hetetrdiydrof 1 st Jtriamtdl i Sadpymidioe (1920m&s cool ed to
10C. The solids were collected by filtration, washed with the m xture of
acect oni t ri) ef20mmalpeasdissebyef inthe mippuye, ofampmoi @§4rak) spdeetgnitide t he reduced
pressure to obtain the title conpound 43. 7%i el d,. 86. 3%le) .
Exampl e 12 [ ocpﬁgFL);yﬁ{)%‘@g]dghe@pluuon of D-D (76 4mg 24mmol) in acetonitrile

M A8SV2- { (E>- 2-f 6- Met hoxy-5-f4-net hyl -1H-i i ni dazoM v pqirldl - Vpvi pg

U- 8- f 24t r - I ubHgmie wvlay%e?wg oﬁsesi %yswl of_theditle spmpepnsabtasied;trgrp F’Q@B‘Fol | A-

al ridine (conmpound 12 from P-DPTA salt of canpou
Py ( rT\Iis)ras added to the solution, and the mixture was coolt:drtrg)l()"éI The so)h?:ls were

collected by filtration, washed with the mixture of acectonitrile/2-propanol=3/1 (1.5mL),
and dried at 50°C under the reduced pressure to obtain the title compound (139.6 mg,
43.7%yield, 86.3%de).

10
Example 12
[0072)

Synthesis of (-)-(85)-2-{(K)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-yI)pyridin-2-

[viny}-8-[2{trifluoromethyl)phenvil-5.6.7.8-tefrahvdro{1.2 4]triazolo{1

15  alpyridine (compound 12 (from D-DPTA salt of compound 12

N~N
UN/\/\ WOW 2
| N CFy
N
N 72

D-DBTA salt of compound 12 Compound 12 free base
{-)enantiomer

[0073]
()-(88)-2-{(E)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-yDpyridin-2-yllviny!}-

8-[2«(trifluoromethyl)phenyl]-5,6,7,8-tetrahydro{ 1,2,4]triazolo[ 1, 5-ajpyridine - (28,38)-
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[0073] (.)-(8S)-2-{(E)-2-i;

6- Met hoxy-5-(4-nmet hyl - 1Hii ni dazol -1-yl ) pyridi n-2-yl]vinyl}-

8- [ 2- (t riwbuoroanretdhyl ) phenyl ] -5, 6, 7, 8-tetrahydro[| , 2, 4PCTits2aoF5079
1,5-a]pyridine - (2S,3S)- 532, 3-bis[(2,2-dinethyl propanoyl )oxy] succi pic
acid (1/1) (20ng, 0.0250mmvl) was added to the m xed sol ution of ethyl
acetate (0.2nL) and 5N HO aqg. (O InlL), and the organic |ayer was
separated, |sopropyl acetate (0.1 8nL), nethanol (0.02nL) and 5N sodi um
hydroxi de aq. (0.1 InlL) were added to the aqueous | ayer, and the organic

| ayer was separated. The organic |ayer was washed thrice with water (0.2nL
2, Olm x 1) 2 3M2&@wmoyt)m}smw@é@(ﬁ%)ém ©0258meph HFSr?d@qﬁle title
corrpound ( 11. . 4% vyi el d‘)' &atl ve o tical rotation. Exanple 13
[0074] Synt he&® 'rge Jafxeg ( gpr?thy %etattz 2mL) and HClaq (0.1mL), and the organic

[}GSSNFFZh?;(?Il f5l Sde ﬁ%ﬁ%ir’inr@d g“%%""fe(%”@?%” st ?15919%}]13 d’\sNgzlsﬂiPI?‘azo) of 1, 5'
YT - el S DR YSRGSl 11 ((+VPEPA
(8S) - 2- {(E)S 2 gratl\égt’ltﬂe m)éamc lgyer wast\nt]aghed %hncé vrv?thdv?aztg'l(O.Z’LIﬁI}/J!; %,%ylll‘nqu{I 1), an 2 yllvinyl}-

dried under the reduced pressure to obtain the title compound (11.0mg, 91.4% yield),

negative optical rotation.

Example 13
10 [0074]

Synthesis of (-)-(8S)-2-{(F)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-

vilvinyl}-8-2(trifluoromethvl)phenyl]-5.6,7.8-tetrahvdro[1,2 . 41triazolo[1,5-

ridine - 2-{[(1R)-1-phenylethyl]carbamoyl}benzoic acid (1/1) ((+)-PEPA salt of

compound 12)
CQzH
H
CCx.
[0}
f}l'N N~N
MeO. N A 2 CF MeO. N~ A 2 F.
Ij/\/LN 3 (}-PEPA U\/LN 3
FNF N
N 7/)
Gompound 12 {(+)-PEPA salt of compound 12
15  [0075]

(-)- (85)-2-{(E)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yllvinyl}-

8-[2-(trifluoromethyl)phenyl]-5,6,7,8-tetrahydrof 1,2 4}triazolo[1,5-a]pyridine (48.0mg,
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8-[2-(trifluoronethyl)phenyl]-5,6,7,8-tetrahydro[l,2,4]triazolo[1,5-a]pyrid
ine (48.0ng, O 1 Omol ) and (+>PEPA (53.9ng, 0.20mml) were dissolved in

2- pr opanovo(2bi18nE)7at 50C, and the m xture was cool ed t @CTASA00O89E9 at ur e.
The solids were collected by filtration, washed with 2-propanol, and dried
at 50C under the reduced pressure to obtain the title conpound (49.5 ny,

66. 0%ield). 1H NWVR (400MHz, CDCI 3) d (ppm:1.41 (3H, d, J=4.9Hz),
1,90-2.00 (1H, m, 2.12-2.20 (2H, m, 2.14 (3H, s), 2.25-2.35 (1H1m, 3.98
(3H, s), 4.27-4.31 (2H, n), 4.49-4.53 (1H, dd, 1=6.1, 9.3 Hz), 5.06-5.14
(1H, m, 7.19-7.33 (6H, m, 7.39-7.63 (8H, m, 7.75-7.78 (3H, m), 7.87 (1H
d, <<I.5 Hz), 030MuBol} dokll(+)ePEPA£. Bidz (. 20nitxcdimreadiskdd vddO0Z-BlopByl({ bmwEi & of - -
8SV2 E -2- (6-Metbo y-5-(4-< <<<<<<< imdfl zol-1-yl pyridi a-2-

yl I vi nvU- 8- f 25¢°Cs anfl ithearrigme wasobladtmyddm ©mpprafurg -Thetofifs wapekoleq®d b 1t r i azol of 1, 5
- alpyridiae - 2-f[qRVI - phenvtethyl | carbanovUbenzoic acid (1/1) (f+)-PEPA
salt of corrpoﬂmtwpzwwwdmh&mm@aatidt@éﬁﬁoi&ﬁmwdﬁheam@mmo N [ 0077]
2-{()-2-[6-Met hoxy-5-(4-nethyl -1Him dazol - 1- yI)pyrldln 2-yl 3vinyl }-8-[2-(t
rifl uoronet hyFWﬁH%?PWPPWQ(@ﬁ“Bﬁﬁ%Y@ﬁ)ydr o[ 1 4] t ri azol o[ 1 5-a)pyridine

(96 1nmg, 0.20mmol) and C{) PEPA (53. QnH 3 di ssolved in
2-propanol 5( LAHNME{400MHz, CDCL) & (ppm):1.41 (3H, 4, J—49Hz),l9 2,00 (15, m), 2.12-2.20

(2H, m), 2.14 (3H, ), 2.25-2.35 (1H, m), 3.98 (3H, 5), 4.27-4.31 (2H, m), 4.49-4.53 (1H,
dd, 1=6.1, 9.3 Hz), 5.06-5.14 (14, m), 7.19-7.33 (6K, m), 7.39-7.63 (8H, m), 7.75-7.78

(3H. m), 7.87 (1H, d, }=1.5 Hz), 8.69 (1H, d, J=8.8Hz).

10 Example 14
[0076]

Synthesis of (-}-(88)-2-{(E)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-

Ilvinvl}-8-2-(triflucromethyl)phenvll-5,6,7.8-tetrahvdro[1.2.4]triazolof1,5-

alpyridine - 2-{[(1R)-1-phenylethyllcarbamovl}benzoic acid (1/1) ((+)-FPEPA salt of

15 compound 12 (from mixture of compound 11 and compound 12))

: :COzH
H Ay
N
W , /
(+)-FEPA
/'“N PN

N

COmpound 11 + compound 12 (+) -PEPA salt of compound 12

[0077)

2-{(E)-2-[6-Methoxy-5-(4-methy}-1 H-imidazol-1-yl)pyridin-2-yl}vinyl }-8-[2-
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40C, and the m xture was cooled to roomtenperature. The solids were
collected by filtration, washed with 2-propanol, and dried at 50C under the
reduced pwes8uves190 obtain the title conpound (47.0 ng, PBIABH0MEZH79

93. 2%le). Exanple 15 [0078] Synthesis of

(-WBSM-ffEM -tfi-Methoxy-S-fAnmethyl -1Hi piidazQ -1-vnpYridin-1-

yllvinyl V8-[2-(trifl porometb g |)Dhenyll-S, 6,7 8-tetrahvdroH\, 41tri aa;

Q of | >5- al Dyri di ne (conpound 12 (from (+VPEPA salt of compound 12)1 [0079]
(-)-(8S)-2-{(E>2-[6- Met hoxy-5-(4-met hyl - 1H-i m dazol - 1-yl ) pyri di n-2-yl ] vLnyl

8- (2- (trifl uoiEmedrénydthypblenyl]-§,6,3,8 betrdhy8rol 62, 41 miazot] f-dlpAididet(96. ol of 1, 5-a] pyrid
ine -2-{[(I R - |-phenyl et hyl | carbanmoyl | benzoic acid (| OCOrg, 0J33nmpl) was
added to the mhi2emaolaldit)-RBEPAGS3. Bd)0.L0mme} weredigsoliedinR-propanc! G RMHCK aq.

(0.5m), and the organic |ayer was separated. |sopropyl acetate (0.9n),
met hanol ( O. | A°C, emddheGhNxtgasienoley thrroom wmperepure.(The SBidg Yergenllectadoied t o t he
aqueous |ayer, and the organic |ayer was separated. Theorganic |ayer was
washed t hri ce filtiation, washed wigh12-goganed, apd dided BHA0°G urider theadicet} presgliretla@blpint he
reduced pressure to obtain the title corrpound (50.8rag, 79.3%yield),
negati ve opt i dhititle eqmepound{47.(oxe,hP%yield, 93.2%de).

Example 15
[0078]

Synthesis of (-)-(88)-2-{(E)-2-[6-Methoxy-5-(4-methyl-1H-imidazol-1-yDpyridin-2-

10 vllvinyl}-8-[2-(trifleoromethyl)phenyl]-5.6,7.8-tetrahydrof1.2 4ltriazolo[1.5-

a idine (compound 12 (from (+)-PEPA salt of compound 12

N-N N-N

MO, N~ A 2 MeO. N~ A 2
N £ = N CF.
| P CFy - . | P 3
7N 7N
N% Nﬁ
(+)-PEPA salt of compound 12 Compound 12 free base
(-}onantiomer

[0079]
(-)-(88)-2-{(E)-2-[6-Methoxy-5-{4-methyl-1H-imidazol-1-yl)pyridin-2-yl]vinyl }-
8-[2~(trifluoromethyl)phenyl]-5,6,7,8-tetrahydro{ 1,2.4]triazolof 1,5-alpyridine - 2-{[(1R)-
15  1-phenylethyljcarbamoyl}benzoic acid (100mg, 0.133mmol) was added to the mixed
solution of ethyl acetate (1.0mL) and 5N HCl aq. (0.5mL), and the organic layer was
separated. Isopropyl acetate (0.9mL), methanol (0.1mL) and 5N sodium hydroxide aq.

(0.55mL) were added to the aqueous layer, and the organic layer was separated. The
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[ 0080] Synthesis of 5-ChJoro-2-<2.trifluoroipethvl-Dheng | >rentanoic acid
[0081] A IL, 3-necked round bottom flask was charged with 20.4g of 2-

trifl uor owethylbenyl aceti ¢ acid and 200 nL of anhydr ou®CTHE2e0906507@
nitrogen atnosphere, and the m xture was cooled to -60 Cin a dry ice/lPA
bath. n-Hexyllithium (2.3 Min hexane; 43 nL) was added dropw se.

mai ntai ning the internal tenperature bel ow -50 OC The m xture was stirred
at -60C for Ih. Additional n-hexyllithium (44 nL) was added dropw se, again
mai ntai ning the internal tenperature below -50 C. The resulting yellow
solution was stirred for Ih at -60 C, then 13 nL of |-brono- 3-

chl or opr opaneongasc lagtdwa whsieg WirsewityWite (1.GhL x 2.9Smi s arédrgd ndgr thewed to stir
with warm ng to roomtenperature overnight. The m xture was cooled to 0 C
and treated wietdiredpgssure toobtaimheniiierpmrsbed GO Fme, A% igldhnpggtivargtiseht er nal
tenperature below 15 C. The m xture was stirred for 10 mn after addition
and then the piatises were split. The aqueous phase was cooled to 0 C and 6N
HC was added to adjust the pH to 2-3, agai nmaintaining the internal
tenperature below 15 C. The solution was extracted with toluene (200 nm).
The tol uene phase was washed with water (2 x 80 nlL). The organi c phase was
dried (T’\S@,.F,m!'li’lﬂ%red, and concentrated by rotary evaporation to afford
26. 99 of prodlljo%tém( 98 9.

Synthesis of 5-Chloro-2-(2-trifluoromethvl-phenyl}-pentancic acid

1) n-HexLi (2.3M in hexanes, 2.0 equiv) o
j\/@ THF (10X), -60°C

HO . HO

CF3 BrMCI (1-05 eqUIv> CF3
2)
60° Cto RT cl
[0081]
10 A 1L, 3-necked round bottom flask was charged with 20.4g of 2-

trifluoromethylphenylacetic acid and 200 mL of anhydrous THF under a nitrogen
atmosphere, and the mixture was cooled to -60 °C in a dry ice/IPA bath. n-Hexyllithium
(2.3 M in hexane; 43 mL) was added dropwise, maintaining the internal temperature
below -50 °C. The mixture was stirred at -60°C for 1h. Additional n-hexyllithium (44

15 mL) was added dropwise, again maintaining the internal temperature below -50 °C, The
resulting yellow solution was stirred for 1h at -60 °C, then 13 mL of {-bromo-3-
chloropropane was added dropwise. After 3h, the mixture was allowed to stir with
warming to room temperature overnight. The mixture was cooled to 0 °C and treated with
300 mL of 1N NaOH solution, maintaining the internal temperature below 15 °C, The

20  mixture was stied for 10 min after addition and then the phases were split. The aqueous

phase was cooled to 0 °C and 6N HC was added to adjust the pH to 2-3, again
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1H NMR (400 MHz, CDC13): d 1.65 (m 1H); 1.82 (m 1H); 1.93 (m 1H); 2-32
(m 1H); 3.49 (m 2H); 4.09 (m IH; 7.41 (m 1H); 7.59 (m 2H); 7.70 (m
1H). Exampbeo®M2fB082] Synt hesi s of PCT/US2009/055079
S-Chloro-1-C -trifluoronet hyt - DhenvD- peat anoi ¢ acid am de [0083] A 100 ni,
round bottom flask was charged with a solution of 5.07g (18.1 mml) of
5-chloro-2-(2-trifluoronethyl-phenyl)-pentanoic acid in dichloronethane (50
m). Oxalyl chloride (1.61 nm., 19.0 mmol, 1.05 equival ent) was added. The
flask was equi pped with a scrubber containing IN NaOH and DMF (70 uL, 0.05
equi v) was added. The reaction mxture was allowed to stir for 12h at room
t enper at ur e. TWhetaining thediitroal fenpersigtelrelpw S Viadhe wbttierwassxigiced Wi an i ce bat h.
To the cool ed solution was charged dropw se, 2.2 nL of_ aqueous NH4ACH

sol ution (28- Bipeng G Hica9lusRp phesq wasvashed with Wty  ABE) oHreREENE onduct ed at
such a rate as to maintain the internal tenperature at 15 C_ Once the

i nt er nal terrpétiﬂéﬁ‘Uﬁﬁé“MmSF?@dﬁlfc&dgﬂq’C@WWQ)W’RWF@WEWPM to room
tenperatureand stirred for Ih. Water (25 nL) was added. The m xture was
stirred for 28098 f@rodutPPhe phases were split. The | ower organic phase was
concentrated to yield the product. 1HNVR §400 VHz IBé: D1.65 (m 1H);
1.80-2.00 0m %Hi("}‘(é‘?oé\éHE’ CiPyo 165 (o1 i)p] -84, 1HR T8%(m, HH): 2437 (ngHys | 5.59

(br, 2H: 7. 3%.45 {u? ’2}1)1;?0'9 (nZ,' 1%; 7(.4rP(m,1 1'3);; 7.579' (3?251); 77.'707(£rln, m‘]

Example 17
{0082]

10  Svnthesis of 5-Chloro-2-(2-trifluoromethyl-phenyl)-pentaneic acid amide

QO o T 0
HO (COCl),, DMF o 1) NH,OH (aq) H,N
CF3  CH,Cly, room CF3 | ) Phase split CFy
temperature 3) Concentrate
cl Cl cl
[0083]

A 100 mL, round bottom flask was charged with a solution of 5.07g (18.1 mmol)
of 5-chloro-2-(2-triflucromethyl-phenyl)-pentanoic acid in dichloromethane (50 mL).
15 Oxalyl chloride (1.61 mL, 19.0 mmol, 1.05 equivalent) was added. The flask was
equipped with a scrubber containing IN NaOH and DMF (70 uL, 0.05 equiv) was added.
The reaction mixture was allowed to stir for 12h at room temperature. The acid chloride
solution was cooled to 0 °C in an ice bath. To the cooled solution was charged dropwise,
2.2 mL of aqueous NH4OH solution (28-30 wt% ammonia) with rapid stirring. Addition
20  was conducted at such a rate as to maintain the internal temperature at 15 °C. Once the

internal temperature returned to 5-7 °C, the mixture was warmed to room temperature
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1H). Exanple 18 [0084] Synthesis of 5-Chlor g-2-(2-trifluoronethy|-phen g

| Vrentanim dic acid ethyl ester [0084] A 25 ng round-bottom fl ask was

char ged wvoORojoazetdhyl oxoni um t etraf |l uor oborate (0. 851g, PETAB20m055074.. 24
equiv). The solid was dissolved in dichlororaethane (1.0 nL). To this
solution was charged 7.45g of a 13.6 wt % sol ution of 5-chloro-2-(2-
trifluoronethyl-phenyl)-pentanoic acid am de in dichloronethane (equival ent
to 1.014g of the amde, 3.62 muvl, 1.0 equiv). The resulting m xture was
allowed to stir under nitrogen for 24 h at roomtenperature. The m xture
was treated with IN NaOH (5 nL, 5.0 mmol, 1.38 equiv) and the biphasic

m xture al | oweutl sigedsfor th. Weter (29 min was.addpd<lhe mjpere wosestimedfard¥mieettdand t he
organi c phase was washed Ix with water (5 nL). Dichloronethane (5 nL) was
added and t he thsohases vesre phitn Ererlowes piganiq Rbaggripn esicenirgeddp Figldde Wadectpr oduct as an
oi . IHNVMR (400 MHz, CDCI3): d 1.28 (t, 3H . 1. - 1.69 ( 1H. 1.75 -
1.87 (m 1H); in% @OQMHE,RDCIPy U 185 gfa-léi):ésgorﬁlog?%2!{);32:2361“93*95%92( m 2H):

‘;’: 23 gﬁ; 9§H§F’( L .@'(églé)gs.ssz—Hs),és@f, 3. 739 (o e D7 G i 532 774 .82 (M 2H):

5 1H).

Example 18
[0084]

Synthesis of 5-Chlore-2-(2-trifluoromethyl-phenyl)-pentanimidic acid ethyl ester

10
0 1) Ets0+ BF ¢ (1.2 equiv) OEt
HoN CH,Cls (5X), RT, 24h N
CF; 2) 1N NaOH (5X), Split phases CFy
3) HO (5X). Split phases
¢ 4) CHCly (6%) o
[0085]

A 25 mg round-bottom flask was charged with triethyloxonium tetrafluoroborate
(0.851g, 4.48 mmol, 1.24 equiv). The solid was dissolved in dichloromethane (1.0 mL).
15  To this solution was charged 7.45g of a 13.6 wt% solution of 5-¢hloro-2-(2-
trifluoromethyl-phenyl)-pentanoic acid amide in dichloromethane (equivalent to 1.014g
of the amide, 3.62 mmol, 1.0 equiv). The resulting mixture was allowed to stir under
nitrogen for 24 h at room temperature. The mixture was treated with IN NaOH (5 mL,
5.0 mmol, 1.38 equiv) and the biphasic mixture allowed to stir for 10 mins. The layers
20  were separated and the organic phase was washed 1x with water (5 mL).
Dichioromethane (5 mL) was added and the solution concentrated to dryness to provide

the product as an oil.
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[ 0086] Synthesis of Ethyl
5-Chl oro-2-(2-trifluoronaethyl -phenyl' >-Dentaninmdate nethvtsiilfate [0087]
A 25 nmL rwondtgastoom f |1 ask was charged with 6. 6g of a 1BCH/UsEWH6300¢ i on of
5- chloro-2-(2-trifluoronethyl-phenyl)-pentanoic acid amde in
di chl oronet hane (equivalent to 0.898g of amde, 3.2 mmol, 1.0 equiv). The
m xture was concentrated to near dryness by rotary evaporation. D nethyl
sulfate (0.64 nL, 6.72 nmol, 2.10 equiv) was added. The flask was equi pped
with a reflux condenser and nitrogen inlet and inmmersed in an oil bath. The
m xture was heated to 70 C and aged at this tenperature for |16h. The
m xture was chpNemk @ Wiz aDCIHIBER((E 3H); ) 588 s.6a0deH); | The 18d(mttHIN was cool ed
to 0 C and aged at this tenperature for Ih, during which tine a white solid
preci pi tat e wagofonmesl. L6 8 ri2xek (i, Hyssi8 i3156 €n,of);3t920- 3084ntH), het wet cake
was washed with cold (0 C MIBE (2 x 0.5 nL) and dried. The nethylsulfate
salt was i sol g, eHy; 73709y (iellH); 7659162 @), 2Ky 769Whille sol i d. 1THNVR (400 MHz,
CDC13): d 1.62- 1.74 (m 1H); 1.84- 1.96 (m 1H); 2.31 -2.46 (m 2H); 3.52
- 3.60 (m 2H); 3.76 (s, 3H); 4.25 (s, 3H); 4.55 - 4.58 (m 1H); 7.46 -
7.52 (t, 1H); 7.64- 7.75 (m 3H). [0088]

5 Example19

[0086]

nthesis of Ethyl 5-Chloro-2-(2-trifluoromethyl-phenyl)-pentanimidate

methylsulfate
0 1) Concentrate

OMe
HoN 2) ;ﬂoegg(:?e(% equiv) Hzﬁ
CFs 3) Cool fo room temperature MeO—4 —8 CFy
4) MTBE (5X) S
Gl 5) Coolto 0 °C, 1h (o] ol
6) Filter

10 [0087]

A 25 mL round-bottom flask was charged with 6.6g of a 13.6 wt% solution of 5-
chloro-2-(2-trifluoromethyl-phenyl)-pentanoic acid amide in dichloromethane (equivalent
to 0.898g of amide, 3.2 mmol, 1.0 equiv). The mixture was concentrated to near dryness
by rotary evaporation. Dimethy! sulfate (0.64 mL, 6.72 mmol, 2.10 equiv) was added.

15  The flask was equipped with a reflux condenser and nitrogen inlet and immersed in an oil
bath. The mixture was heated to 70 °C and aged at this temperature for 16h. The mixture
was cooled to RT and MTBE (5 mL) was added. The solution was cooled to 0 °C and
aged at this temperamre for Lh, during which time a white solid precipitate was formed.
The mixture was filtered at 0 °C and the wet cake was washed with cold (0 °C) MTBE (2

20  x 0.5 mL) and dried. The methylsulfate salt was isolated in70% yield (0.916 g) as a white

solid.
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Whil e the present invention has been described with reference to the
speci fic enbodi nents thereof, it should be understood by those skilled in
the art twetowanrsvas changes may be made and equi val ent #Cras24m0/08Wb%t i t ut ed
wi t hout departing fromthe true spirit and scope of the invention. In
addi tion, many nodifications may be nade to adapt a particul ar situation,
material, conposition of matter, process, process step or steps, to the
spirit and scope of the present invention. AU such nodifications are
intended to be within the scope of the clainms appended hereto. Al patents
and publications cited above are hereby incorporated by reference.
| ndustrial ApPH Ny Mz [(DE3D] & Mre- PHdpe Hi); 1.8h-eh?6 (on 1k 391 €246 @, new
synt hetic nethods for preparing conpounds such as conpound 12 which is is a
nonpepti di c c@HpdaRd 30 ins2H);\.76 () #.20@. 3pHodhiiects 8 imofH)Ab¥2>- T.52dm APP. Al so,
the present invention provides an inproved nethod for synthesizing
i nt er medi at es 1Hp7.6¢ hé.7pre@hh.at i on of conpounds such as conpound 12, and for
the preparation of substantially stereochem cally pure conpounds of the
type of conpound 12 from stereoi soneric m xtures. CLAIMS 1. A process for
preparing conpound 12 ((-)-2-{(E)-2-[6-Methoxy-5-(4-nethyl-1H m dazol -
1-yl ) pyri dia- 20088]] vi nyl }-8-[2- (tri fl uor onet hyl ) phenyl ]-5, 6, 7, 8-
While the present invention has been described with reference to the specific
embodiments thereof, it sbould 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
10 a particular situation, material, composition of matter, process, process step or steps, to
the spirit and scope of the present invention. All such modifications are intended to be
within the scope of the claims appended hereto.

All patents and publications cited above are hereby incozporated by reference.

15 Industrial Applicability
[0089]

The present invention provides a new synthetic methods for preparing compounds
such as compound 12 which is is a nonpeptidic compound potently inhibiting production
of AP42 from APP. Also, the present invention provides an improved method for

20  synthesizing intermediates for the preparation of compounds such as compound 12, and
for the preparation of substantially stereochemically pure compounds of the type of

compound 12 from stereoisoreric mixtures.
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tetrahydir>[1,2,4]triazolo[1,5-a]pyridine) in substantial stereochem cal
purity, conprising the steps of: a) formng a m xture of conpound 11 and
conmpound WO 2bw/memct i ng a conpound of Fornmula | with a eompseed/osfo7¢-or mul a
|V as shown bel ow. wherein Xis a leaving group; Ris Cl1-C6 branched or
unbranched al kyl group, or C2-C6 branched or unbranched al kenyl group; and
the stereochem stry at carbon 1 is a mxture of Rand S isoners b). formng
a mxture of diastereoneric salts of conpound 1land conpound 12 by treating
the m xture of conpound 11 and conpound 12 with a chiral carboxylic acid
conpound; c). crystallizing the diastereoneric salt formed of conmpound 12
froma solution of diastereoneric salt&HAMBd of conpound 11 and conpound
12; and d). form ng conpound 12 fromthe obtained diastereoneric salt of
conpound 12.2. A process for preparing a m xture of conpound 11 and
conmpound 12, conprising the step of reacting a conpound of Fornula | or a
salt thereof with A pRaftPRUpEaths doapslal 32 I(M-D(ER2-FRltthddyar(@aiethgisishown

bel ow. wherein X, R and the stereochem stry at carbon 1 are as defined in
claim 1. 3. Theidafodtehpridiaeyiinply-st[o-(tefledramethylphedylWh®7.8i n t he reaction is
carried out in nethanol or tetrahydrofuran or a mxture thereof in the
presence of5 i ritchagind{&2.8)isgdolil Snrpyridine) in substantial stereochemical purity, comprising

the steps of:
a). forming a mixture of compound 11 and compound 12 by reacting a compound

of Formula I with a compound of Formula [V as shown below:

X
HCO,
NH Q : N /N‘N
HyCO. Ny~ A, NH; NPy 3 Y =

Iz

== — 1

GFy NN —_— CFs

HaC
Compound 14 + compound 12
t

10 wherein X is a leaving group; R is C1-C6 branched or unbranched alkyl group, or C2-C6
branched or unbranched alkenyl group; and the stereochemistry at carbon 1 is a mixture
of R and S isomers

b). forming a mixture of diastereomeric salts of compound 11 and compound 12
by treating the mixture of compound 11 and compound 12 with a chiral carboxylic acid

15 compound;

c). crystallizing the diastercomeric salt formed of compound 12 from a solution of
diastereomeric salts formed of compound 11 and compound 12; and

d). forming compound 12 from the obtained diastereomeric salt of compound 12.
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acetate, optionally followed by the addition of triethylamne. 4. A process
for preparing conmpound 12 ((-)-2-{(E)-2-[6-nethoxy-5-(4-nethyl-1H m dazol -
1-yl) pyriwonreyoesiovi nyi }-8-[2-(trifl uoronet hyl ) pheoyl ] - BC®/UB289/055079
tetrahydro[l, 2,4JtHaZolo[1,5-a]pyridine) in substantial stereochem cal
purity, conprising the steps of a), formng a mxture of diastereoneric
salts of conpound 11 ((+)-2-{(E)-2-[6-

met hoxy- 5- (4- net hyl - 1H Lm dazol - 1-yl ) pyri di n-2-yl ] vinyl }-8-[ 2-
(trifluoronethyl)phenyl]-5,6,7,8-tetrahydro[l ,2,4]ttiazol o[l

, 5-a] pyridine) and compound 12 by treating a m xture of conpound 11 and
conpound 12 w2t h A piefsssfer rrenetiepamixareé fanpewdd d asdrompound 13, gemaprising g t he

di astereoneric salt formed of conpound 12 froma solution of diastereoneric
salts forned & skprfysiroe acpmpend g dbpr ¢ salt thesepf with a eqspaymd @ compound 12
fromthe obtained diastereoneric salt of conpound 12. 5. The process
accordi ng to ARYPUATY opp saltithereqgas shown belg: 4 wherein the chiral carboxylic
acid compound is se)l( ected from D-di benzoyl tartaric acid (D DBTA),

Ddi pi val oyl tartarig acid (D-DPTA) and (+)-N-(I-Phenyl etbyl)phthal am c acid

((+)-PEPA). 6. Tae(pr oces accord n%Hto any one ojia @i/ S , 4 and 5,
wherein the sqlyvept is a™ ,g N xture of 'Z-pHOPHAOI acetonitrile.
7. The process acgLokgi ngzt y one of—elaiws 1, 3, and 5 W@grei n the

solvent is a ==
HaC

Compound 11 + compound 12

5  wherein X, R and the stereochemistry at carbon 1 are as defined in claim 1.

3. The process according to claim 1 or 2 wherein the reaction is carried out in
methanol or tetrahydrofuran or a mixture thereof in the presence of imidazole or sodium

acetate, optionally followed by the addition of triethylamine.

10
4, A process for preparing compound 12 ((-)-2-{(E)-2-[6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl]vinyl}-8-[2-(trifluoromethyl)phenyl]-5,6,7,8-
tetrahydro[1,2,4]triazolo[1,5-a]pyridine) in substantial stereochemical purity, comprising
the steps of

15 a). forming a mixture of diastereomeric salts of compound 11 ((+)-2-{(E)-2-[6-

methoxy-35-(4-methyl- 1 H-imidazol-1-yl)pyridin-2-yl]vinyl }-8-{2-
(trifluoromethyl)phenyl}-5,6,7.8-tetrahydro[ 1,2 4]triazolo[ 1,5-a]pyridine) and compound
12 by treating a mixture of compound 11 and compound 12 with a chiral carboxylic acid

compound;
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co-solvent m xture of nethanol and acetonitrile. 8. The process according
to any one of clainms 1, 3, 4, 5 6, and 7 further conprising a second
crystal | iwat2omm26f7t he di astereoneric salt of conpound PETfUSemased vent
prior to form ng conpound 12. 9. The process according to claim8, wherein
t he solvent for the second crystallization is a co-solvent of 2-propanol
and acetonitrile. 10. A D-DBTA salt of Conpound 12.11. A D-DPTA salt of
Compound 12. 12. A (+)-N-(I-Phenyl ethyl)phthalam c acid ((+)-PEPA) salt of
Compound 12. 13. A conpound of Formula | ; wherein X, R and the
stereochem stry at carbon 1 are as defined in Caiml, or a salt thereof.
14, A conpound of bForyswllizingthe diastdmemeriasalf formedanf bywhowddad framaselation®f ni t r ogen
protecting group, or a salt thereof. 15. The conPound of Formula Il or a
salt thereof degwosadiengsaltofomcdiofisompoundtibpngicampoupdlZyandydr ogen atom 16. A
process for preparing a conpound of Fornula 1, conprising the steps ofa),
form ng a conpound)-éfrmipe ceragound/2 figy thesaheeiried dlaspereomeric salt of compound 12.
(trifluoronethyl)phenylacetonitrile with a conpound of X(CH'XI as shown
bel ow. wherein X and Xl are |eaving groups;

5 5. The process according to any one of claims 1, 3 and 4, wherein the chiral
carboxylic acid compound is selected from D-dibenzoyl tartaric acid (D-DBTA), D-

dipivaloyl tartaric acid (D-DPTA) and (+)-N-(1-Phenylethyl)phthalamic acid ((+)-PEPA).

6. The process according to any one of claims 1, 3, 4 and 5, wherein the solvent is a

10 co-solvent mixture of 2-propanol and acetonitrile.

7. The process according to any one of claims 1, 3, 4 and 5, wherein the solvent is a

co-solvent mixture of methanol and acetonitrile.

15 8. The process according to any one of claims 1, 3, 4, 5, 6, and 7 further comprising
a second crystallization of the diastercomeric salt of compound 12 from a solvent prior to

formmng compound 12.

9. The process according to claim 8, wherein the solvent for the second

20  crystallization is a co-solvent of 2-propanol and acetonitrile.

10. A D-DBTA salt of Compound 12.



b). form ng a conpound of Fornula I, by reacting a conpound of Fornula VI
with ROH in the presence of an acid as shown bel ow. wherein X, R and the

st er eochewD2bry02at97carbon 1 are as defined in Caim1l, PCI/USh@9psmcess of
claim 16 wherein the acid is in situ prepared by reacting a | ower al kanoyl
hal i de, thionyl chloride or trimethylsilyl halide wwth ROH 18. A process
for preparing a conmpound of Formula IV or a salt thereof, conprising the
steps of a), formng a conpound of Fornmula Il or a salt thereof by
reacting N -protected acryl ohydrazide 5 or a salt thereof wima conpound I
or a salt thereof in the presence of palladiumcatalyst, a substituted
phosphi ne of PR andDPHAselt ofCostpound iBel ow wherein Y is a | eaving group; and
Rl is Cl1-C6 branched or unbranched al kyl group, or optionally substituted
phenyl group; b), form ng a conpound of Fornmula IV or a salt thereof by

removi ng the protectin roup of conmpound of Formulg Il as _shown bel ow
19. The proceé%-ofAE@%ﬁﬂﬁ@mwﬁﬂﬁgwgﬁﬁmﬁﬁﬁg&?BQHVBPﬂﬁgc@ﬁﬁwﬂiFlconpound of
Formula IV is formed by reacting a conpound of Formula Il with HO in

1- propanol . 20. A conpound of Fornula H: wherein Y is as defined in Claim

18, or a sg{t her eof . 21.fThe c?npound according to claim20, wherein Y is
a broni ne orly: A compound of Formula J:

NH

e

RO 1
CF,

wherein X, R and the stereochemistry at carbon 1 are as defined in Claim 1, or a salt

thereof.

10 14. A compound of Formula III:

O H
HacoINj/v-LN,N,Z
v "
H3C>PJ

wherein Z is a hydrogen atom or a nitrogen protecting group, or a salt thereof.

15.  The compound of Formula III or a salt thereof according to claim 14, wherein Z is

15  ahydrogen atom.

16. A process for preparing a compound of Formula 1, comprising the steps of
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a). forming a compound of Formula VI by reacting 2-

(trifluoromethyl)phenylacetonitrile with a compound of X(CH,);X1 as shown below:

X
CF3 CFq
NC’@ , NCT1
v

5  wherein X and X1 are leaving groups;
b). forming a compound of Formula I, by reacting a compound of Formula VI

with ROH in the presence of an acid as shown below:

X X
CFs ROH, CFs
acid RO.
NC™1 1
NH
Vi i

wherein X, R and the stereochemistry at carbon 1 are as defined in Claim 1.

10
17.  The process of claim 16, wherein the acid is in situ prepared by reacting a lower
alkanoyl halide, thionyl chloride or trimethylsilyl halide with ROH.
18. A process for preparing a compound of Formula IV or a salt thereof, comprising
15  the steps of

a). forming a compound of Formula ITI or a salt thereof by reacting N*-protected
acrylohydrazide 5 or a salt thereof with a compound II or a salt thereof in the presence of

palladium catalyst, a substituted phosphine of PR'; and a base as shown below:
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H 1 H
HiCO N Y 5 PR3 HiCO Ny oy N
| Pd catalyst, Base | H
. é\.N P
N

wherein Y is a leaving group; and R’ is C1-C6 branched or unbranched alkyl group, or
optionally substituted phenyl group;
b). forming a compound of Formula IV or a salt thereof by removing the

5  protecting group of compound of Formula I1I as shown below:

0
H
HiCOL N~ A Ny HaCOL N e -NHz
| P H i H
N7TN N//“‘N
— -
HaC

i 1} 4

19.  The process of claim 18, wherein dihydrochloride salt of compound of Formula
IV is formed by reacting a compound of Formula ITI with HCl in 1-propanol.
10

20. A compound of Formula II:

H3CO._N__¥
//‘\NU

H“C)‘J Il

wherein Y is as defined in Claim 18, or a salt thereof.

15 21.  The compound according to claim 20, wherein Y is a bromine atom.
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