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SUMMARY

in a first aspect, there is provided a process for the preparation of a compound of

struciural formula 1A or IB:
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comprising the steps of:



R;'1'HOH R IHI OH O O IA. M. comprising the steps of: WO 2006/0 1
745 5 PCT/US200510 2 73 0 8 a. Combining a ketone or ketal with an
WERBIniFIGESter of formula Il in the presence of a base and solEHUERdEIL 7308
an imine metal carboxylate of formula 111, and R2 R1 R2 H2N)~-/OR4
R3N O-M+ 00 IlI. 111. b. Reducing the imine metal earboxylate of
formut@MPiingrbdtiee: Fckishvith dro rrarmara A Gromuly ik e herarssense-5f 2
bascaky bodbranBcoueloatkyliranikar hetetorrybiRa-iaie ih alkyl, C1_s haloalkyl,
C3_8 cycloalkyl, arylalkyl, aryl or heteroaryl; R3 C1_5 alkyl, C1-5
haloalkyl, C3_g cycloalkyl, aryl, heteroaryl, CFg, CHF2,CH2F or C,FS; R4
is C1.5 alkyl; M is hydrogen, lithium, sodium, potassium or cesium.
DETAILED DESCRIPTION THE INVENTION By this inyention, there
are provided processes for the prepagation of compouhds Gf structural
formulas IA and IB: R3 RS Oﬁ’yJ',,~ JOH R BT
comprising the steps ofZa. Co bining a ketone or ketal with a
a-aminoester of formula Il in tHe presence of a base and solvéent to form

an imine metal carboxylate of f%rmula In, and P2 R1 R2 ORa 0-~+
. 1L

b. Reducing the imine metal carboxylate of formula I to produce a compound of formula IA or
1B; .
wherein R1 is C1_5 alkyl, Ca.g cycloalkyl, aryt or hetercaryl,
RZ is C1.5 alkyl, C1.5 haloaikyl, C3-8 cycloalkyl, arylatkyl, aryl or hereroaryl;
R3 C;_5 alkyl, C1.5 haloalkyl, C3.g cycloalkyl, aryl, heteroaryl, CFs, CHFy,CHoF or CoFs;
R4 is Cy.5 aliyl;

M 15 hydrogen, lithtum, sodium, potassium or cesium.

DETAILED DESCRIPTION OF THE INVENTION

By this mvention, there are provided processes for the preparation of compounds of

structural formulas 1A and IB:
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comprising the steps of:
a. Combining a ketone or ketal with an G-aminoester of formula II in the presence of a base
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H2N R3N OO Il. m. -2 WO 2006/017455 PCT/US2005/027308 b.
Reducing the imine metal carboxylate of formula 11l to produce a
compound of formula IA or IB; wherein Rl is CI-5 alkyl, C3-8 cycloallcyl,
WaRNeP hetéroaryl; R2 is CI-5 alkyl, C1-5 haloalkyl, C3-8 cycl@aikgls2005/627308
arylalkyl, aryl or heteroaryl; R3 C1-5 alkyl, C1-5 haloalkyl, C3-8 cycloalkyl,
aryl, heteroaryl, CF3, CHF2,CH2F or C,FS; R4 is CI-5 alkyl; M is
hydrogen, lithium, sodium, potassium or cesium. In an embodiment of the
infenbei RS ib-CRBOEFXEHRFve GaRBuln Enepmiacimesh ftheof formula 1A or
IB; invention, M is potassium. A ketone or ketal is combined with an

wherdn@MRQESLE; l%fl Qr% ?c”;éﬂ{ %r@f%?ﬁ&%% af f base and solvent to form
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R2 i &1 IMine r’r&etal oxylate o formula M. In die class of the invention, the
bAse IS A mEtal 8?’ ShatebrsiReNidernsiil thesdRdktasam alcohol, an
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R4 is Bmsaulaﬁnol ethanol, 1-propanol, 2-propanol, trifluoroethanol, butanol,

M is 1S r%@éXIE}!QOhOI 2- methoxththanol or mixtures thereof. In one subclass of
the invention ted "SI RPARY SR STran (TIIF), diethyl ether, diisopropy!
ether, dlﬁﬁﬁﬂ gﬁ}?@imt“ﬁﬁﬁfl%tﬁ%%ﬁ%@&)%&%ﬁy@%e or
mixturesitheresbdihang subelass.ebiher inyRatien,the ester is ethyl

acetate, er?é?é(};@&el\@ttﬁué%%%ﬁ élﬁ! ([etate_but Iacet , ethyl propionate,
o mixtures ré? ereof. In one sUDCIass of the vent f%‘notog'% |5P he presence of a

base a dd fof <ol fE)O il mmaﬁm@qﬁﬁgéﬁfm@l%w ACypetclass of the invention, the

rnet
base 3hﬁ‘éﬂ€i§ﬂl2€iﬁwgﬁd}h@h@i@¢l\ﬂm the solvent is an alcohol, an ether, an ester or an amide. In one

subc!ﬁs%{dmﬁ{bﬁﬂti&iﬂtﬁa@T&@I@WQE@]&%(&"QHQM@W!% GoPb! IEP&%&E tri uroergethanol

utan %) & )ent Ol’rln'gme rea;se IS PO assium carbohat e,
e b gl PHOSPREt allcP s Lol e mmvention, the

otassmm meth OXI € or potassium S

cther ’ﬁw‘éﬁ‘?ﬁ?ﬁ‘&’fﬁﬁa&r@“&‘és‘é‘%‘ﬁ‘r@iﬁfvémwaﬁlStb@m:bhm&ﬂ@rhass, igerfommed athar
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reduction is perfor
methy%%wmlfélwpo(lé{MP) 1 3-d1me,thyl 3.4,5,6-tetrahydro-2( 1H)-pyrimidinone, or mixtures

thereof. In one embodiment of the invention, the base is potassium carbonate, potassium methoxide or
potassium phosphate and the solvent is methanol. In one class of the invention, this combination is
performed at a temperature of about 15°C to about $0°C. In a subclass of the invention, the temperature
is about 30°C to about 60°C.

s one aspect of the invention, the imine metal carboxylate of formula 11 is not isolated,
and the reduction is performed with a metal borohydride prepared in an ether solvent to yield a
compound of formula IA. In a class of the invention, the metal borehydride is calcium borohydride,
magnesinm borohydride, zine borohydride or zirconium borohydride. In a subclass of the invention, the
metal borohydride is zinc borohydride. In a class of the invention, the ether solvent is tetrahydrofuran
 (THF), diethyl ether, diisopropy} ether, dibutyl ether, t-butylmethyl ether (TBME), dimmethoxyethane,
ethyleneglycoldimethyl ether or mixtures thereof. In another class of the invention, a co-solvent is added
to the ether solvent. In a further class of the invention, the co-solvent is C1-4 alkyi nitrie or aryl nitrile.
In a subciass of the invention, the co-solvent is acetonitrile. In a class of the invention, the volume of co-
solvent is 50-95 vol%. In a subclass of the mnvention, the volume of co-solvent is 85-95 vol%.

In a class of the invention, the reduction is performed at a temperature of about 25 °C to
about -40 °C to yield a compound of formula IA. In a subclass of the invention, the reduction is

performed at a temperature of about 0 °C to about -40 °C to yield a compound of formula 1A,
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compound of formula IA. In a class of the invention, the metal borohydride

is calcium borohydride, magnesium borohydride, zinc borohydride or

zirconium borohydride. In a subclass of the invention, the metal

wWherorydatfe is zinc borohydride. In a class of the invention, thetetisesos/o27308

solvent is tetrahydrofnran (THE), diethyl ether, diisopropyl ether, dibutyl

ether, t-butylmethyl ether (TBME), dimethoxyethane,

ethylene /oIl FRET BEHIRTSS 10T oot s thesslefethbformula T is
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metal GRS CoriBb BRI TR 23BN by oty 680 thesBEePETI s 28l BEE catalyst

is dfafﬁ@dﬁf@lﬁamIa'r-ib@heRHsﬁ&mt@M@emmnmmﬂtheafﬂduﬂﬁ@ﬂlﬁfeth@lﬁﬂetm a subclass of the
invenGRhaxylate ﬁf&t@f@%@# hé%p%@%@@@@%%@lﬁqgﬂqu”% Q@D)Ch
the

solvent to, yiel acom d of formul 1B In a class of the invention
metal borofhydna tilt%lurﬁeﬁ%\?% Oahzl iR BEFERY AL B boron hydride and a
chir alé&t‘éﬂéé‘ﬁiﬁfﬁdwﬁwm@ aI‘F?‘Q%lﬁb@:lﬂafs@mhéﬁn\lemlenldﬁhefmtalvenuon boron
hydrideorehydhiderisaaodimnmboee Aydade.(ha &ﬁﬂﬁ@ﬁﬁmﬁli&veﬂmﬁh%ﬁﬂw MaC,,
alkyl- @B@%ﬂtﬂg&%l‘iﬁ% Iﬂl% QQ&%GQEF% Iﬂ\/gﬁ B%n%w lra I?éqwq';e ﬁc%sc(?l st ].& methyl-CBS-
lvent in a volume of 1- 10%. In a class o the Invention the reduction
f‘ifgrmed at a temperature of about 25 C to about O C. In another
aspect oBth&iinperiom. thesertuctodes perfosméo iitipbydragenfanehgounds of
struct@hRIrekmoRtadcatalyst to yield a compound of formula IB. In one class of the
invention, the chiral metal catalyst is derived from an Iridium, Rhodium or
Ruthenium complex a@gza phosphine ligand. In a clags of the
invention, the chiral metal catalyst is (phanephos)Rh(CGD)CI or (i-Pr-f

Oxaza OFOE

nrolane)Rh(GRD)Cy Rét aspect of the inyentiqg: dittion is
performed with a bdfon hydride and a chiral Lewis ag¢id catalyst to yield a
compound of formula IB. T one class of the invention, boroA hydride is

catechol borane. In aﬁbther aspect of the invention, théQ:hlral Lewis acid
catalyst is a C1-4 alkyl-CBS-oxazaborolidine. In a subclass of the
iny&%mﬂéngec;{ggglutfems acid catalyst is methyl-CBS- oxazaborolidine.

Byth mventlon there are ovlde rocesses for the preparation of
S i e

mn ketone or ke
compoun g akeione o Form ulgs azﬁanfﬁestcr of formula IV in the presence of a base
and solvent to formn an imine metal carboxylate of formula V, and
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b. Reducing the imine metal carboxylate of formula V to produce a compound of formula
IC or ID;
wherein Rl is Cy.5 alkyl, C3.8 cycloalkyl, aryl or heteroaryl;
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R3 R2 R3R2 R1i~N (OH R1~HOH O O IC. ID. comprising the steps of:
a. Combining a ketone or ketal with an a-aminoester of formula IV in the
presence of a base and solvent to form an imine metal carboxylate of

WQdHHdE ¥ and R2 R1 R2 H2N” /OR4 R3~N-~YO M O O RCRUER003/027308
Reducing the imine metal carboxylate of formula V to produce a

R2: ompound, of formula IC or ID; wherein Rl is CI-5 alkyl, C3-8 cycloalkyl,
i GIvh BF Hetersdio 9 WS B6uB0% 7485 P 198 2008702708 R2 is C1-5
R3 Clafifkye C6Haloallcy! (G3-8ycielballyl drylatia) ats-or Betetoany kR3G1-5
R4 is alkylagl:-5 haloalkyl, C3-8 cycloalkyl, aryl, heteroaryl, CF3, C'HF2,CH2F
Mis 19 CZFSi' R4 is C1-5 alkyl; 1VI is hydrogen, lithium, sodium, potassium or
11s deiey, TR BRI AT SIS §iVHton, R3 is CF3, CHF2,CH2F or
C2F5. IAnan entiddnsisst ethesriantions Wi Sbtseidnh.cAketone or

ketal is campingdomitbapraminaestan of fermaylalV in the presence of a
base an iglventt foam an Lrlr;]ig\de“gﬁetal carboxylate of formula V. In one

Vention. the Dasa - is A hatal CASHEtS 'dPanidddn dicptrmence of a

class of the invention,
base and Rpdyinid wfPAicBHBlSBtHerT b datepidpanuiinyidén tmeonies sticlass ofon, the base
is 2 mtheé daventionrthikaldeheldsimethanel sethaneli, 1npreparehs21R0RANAN: 1n one

cubclaifarogthangl tmléagéﬂ &%%M@LC&%!D?-fnperE)h%éht%%tggg?gézm‘?ﬁ%%%mm,

bumggere_%.llzq 3?&'3 qlb(e:@gs of the invention, the “ether IS t r’é uran
[T HIEtRY T EtnePe S S PBI B &Y bl 8thdt chbEityrstAlihe tntion, the
ether iereiEyrefirrathbiybthiatie] ohemistares piibreof. fibonésubclass/biidhel cther
(TBMEWemiion,Hhenestesisetiyls acetate eyl Reatate s QRIARY) AGE RIS  is cthyl
acetatcg Lé%l)?l%@!lﬁf %%MLB§PQAQQ@%}% Qé%%%r%ﬁ%ﬁ%gggfon'ﬂeo gre mixtures thereof. In one
subclass of the invention, the amide is dimethylformamide (DMF), dimethylacetamide (DMAQ), 1-
methyIQ»pyrro]idinone (NMP), 1,3-dimethyl-3.4,5,6-tetrahydro-2( 1H)-pyrimidinone, or mixtures
thereof. In one embodiment of the invention, the base is potassinm carbonate or potassium methoxide
and the solvent is methanol. In one class of the invention, this combination is performed at a temperature
of about 15°C to about 80°C. Tn a subclass of the invention, the terperature is about 30°C to about
60°C.

In one aspect of the mmvention, the imine metal carboxylate of formmla V is not isolated,
and the reduction is performed with a metal borohydride prepared in an ether solvent to yield a
compound of formula IC. Tn a class of the invention, the metal borohydride is calcium borohydride,
magnesium borohydride, zinc borohydride or zirconium borohydride. In a subclass of the mvention, the
metal borohydride is zinc borohydride. In a class of the invention, the ether solvent is tetrahydrofuran
(THFY), diethyl ether, diisopropy] ether, dibutyl ether, t-butylmethyl ether (TBME), dimethoxyethane,
ethyleneglycoldimethyl ether or mixtures thereof. In another class of the invention, a co-solvent is added
to the ether solvent. In a further class of the invention, the co-solvent is C1-4 alkyl nitrie or aryl nitrile.
In a subclass of the invention, the co-solvent is acetonitrile. Tn a class of the mvention, the volume of co-
solvent is 50-95 vol%. In a subclass of the invention, the volume of co-solvent is 85-95 vol%.

In a class of the invention, the reduction is performed 4 4 temperature of about 25 °C to
about -40 °C to yield a compound of formula IC. In a subclass of the invention, the reduction is
performed at a temperature of about 0 °C to about -40 °C to yield a compound of formula TA.

In another aspect of the invention the reduction of metal carboxylate of formula V is
performed with a metal borohydride in a solvent to yield a compound of formula ID. In a class of the
invention, the metal borohydride is lithium borohydride, sodium borohydride or potassium borohydride.

In a subclass of the invention, the metal borohydride is sodium borohydride. In a class of the invention
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subclass of the invention, the amide is dimethylfonnamide (DMF),
dimethylacetamide (DMAC), 1- methyl-2-pyrrolidinone (NMP),
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrinvdinone, or mixtures thereof.
W{h2oie) Eittodiment of the invention, the base is potassium cefbionst® on2 7308
potassium methoxide and the solvent is methanol. In one class of the
he i?ven,tion, this combination is performed at a temperature of about 15C to
e S BlOE R ST cIAdS B IG R/BHETOI e te et dfe: iRosben! BDEvRdpme of 1-
10% dh oyt BOChinoreat@spectdhtheninveniions the imine-meial amaxgate ef abou: 0 °C.
formula Viis:atdspiatechs apdhihadad Hg@ﬂd&i@ﬁﬁﬁq{éﬁ%ﬂﬁ’é’&t@ﬁhmf&ﬁlgen and a chiral
et B B 0 e R o O oM el catatys
T C T 2 CIASS of thEPAVERtIOR. the metal BSroRydtdcd s aie e chiral metal catalyst
1s demisebfiyriadridmag Reeinm iso Forlerive coird domshy dhickerorezigodiuim a subclass of the
inverporohydtidel. na subslass @hihepinvaoticorie onetel haahydrde smioe

borohyd rm%nyﬂ@r Glazs 8% m%enllr\lxgﬁt%lp 'E}i_etn:%l?c I?oe ris %lg\{lj 'c%%%itﬁité ﬁé)[gron hydride and a

. tetrahydrofuran (THF), diethyl ether, diisopropy! ether, 3 .
chiral oAy ks (ﬁ“&\ﬁéﬁ“&’ﬁﬁ&ﬁﬂf{ﬁ}@fﬁﬁﬁﬁ BryreragIgEiaimmign. boron
hydridereragichhioras e Asetthaaprstrd i s windtinvkintidrvascoid oNanttis a C1.4
alkyl ateektatheiether solvantida afuther assof gﬂﬁzﬁﬂﬂ%%@ﬁtbﬁalyst is methyl-CBS-
oxaz82:Spyent is C1-4 alkyl nitrie or aryl nitrile. In a subclass of the invention,
the co-solvent is acetonitrile. In a class of the invention, the volume of co-
solvent is' BbgBIal! | Ardsberagssbrltme nventionuthe Voluet gfoup derived by
concaptrgiohreriaia 86:9 bydoddtn nandiassof theninventionedhe s eiansisurated
hydrqoerforiiied afs temperal Feiof @enH 2 SEHOBPOUC Q- G J0ryield-a-CH,) CH(CH3),,
_c(cﬁgj?g%nd of formula IC. In a subclass of the invention, the reduction is )
performed at a temperature of about 0 C to about -40 C to yield a
compountiefarniveah dribthsraspiervi ilventiohtire redigbtional carbon
atomQfinetalibarbiexjdate el formiylavis: pararmedaith e metabhorenygridsuy,

cyc}oﬂ%rﬁyﬁ%‘}’&%&&}){@ﬁ&&ﬂmBP&&!}%Q&%WU|a ID. In a class of the invention,

the metal borohydride Is lithium borohydride, sodium borohydride or
potassium*BEFORGEReTh & SUBMSS L SHe R SrRiom e Yaktar bicyclic carbon ring
of up pidhifaride $scbotianyborotmidedecin mglassoidie FventlencSuWiGyl clements
inc]tx(ﬂgﬂéf@ﬂﬁﬂﬁﬁt@@fﬂ%a@rggﬂtgy% %ﬁa@ﬁ, mﬁé%x%}aﬁﬁﬁfﬁhmmﬁ‘ @gcmaphthyl. In
cases%ﬁ@esgflé)lrgh %ulgls\{l 1r11 tlla?ri.]g\gllac't%[iésaa gx%dr'raisg COS_0|Ven£[, m'ta VOlume of 1-
“°10%. In'a tlass of the invention the reduction 18 peHormadtapaersiood that attachment
18 Via dBRA5RatisrEnst about 25 C to about 0 C. In another aspect of the
inventioriftheredtictiomig herfoseedrviithdpyesogensant: sehitat Retalyclic or

uicycBRtalySir o vield agampenndinl formiaR. 1o gns;glass of the invention. v 1
the chiral megﬁl catellllgst is derived from an Iridium, Rhodium or =~
& e tRaRiIT Complex 2Rt & SRBYBHIRG g™ a Seibras Bp e within the scope of

this definition include but are not limited to: benzoimidazolyl, benzofuranyl, benzofurazanyl,
benzopyrazolyl, benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl,
furanyl, indolinyl, indolyl, indolazinyl, indazolyl, isobenzofuranyl, isoindolyl, isoquinolyl, isothiazolyl,
1soxazolyl, naphthpyridinyl, oxadiazolyl, oxazolyl, oxazoline, isoxazoline, pyranyl, pyrazinyi, pyrazolyl,
pyridazinyl, pyridopyridinyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl,
tetrazolyl, tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, dihydrobenzoimidazolyl,
dihydrobenzofuranyl, dihydrobenzothiophenyl, dihydrobenzoxazolyl, dihydroindolyl, dihydroquinolinyl,
methylenedioxybenzene, benzothiazolyl, benzothienyl, quinclinyl, isoquinolinyl, oxazolyl, and tetra-
hydroquinoline. In cases where the heteroaryl substituent is bicyclic and one ring is non-aromatic or

contains no heteroatoms, 1t is understood that attachment is via the aromatic ring or via the heteroatom



invention, the chiral metal catalyst is (phanephos)Rh(COD)CI or
(i-Pr-ferrolane)Rh(COD)CI_ In another aspect of the invention, the
reduction is performed with a boron hydride and a chiral Lewis acid
WO {6 ield a compound of formula ID. In one class of tRE Tratignz 7308
boron hydride is catechol borane, In another aspect of the invention, the
hiral Lewis acid catalyst is a G- f.a |-CBS-oxazaborolidine. In a
Lomalg class o thévlﬁrll etlr?tf\({:])?lh? & thirs e}éﬁglg& &%\f}fsftlésrlﬁgﬁwﬁ@é@ the
CO““B%&E%&BH’&H%“W fé%—msmeﬂmmawééa Hé?élﬁiléﬁtﬂlll mean a substituting
univalentgrpppdecivegbysccaneeiituak rentaad O@ﬂﬂ@l(ﬁ@é@@@&@g@ﬁ%m is intended

inle{‘m g@%rQigg}Eq;r r!l t']qgjgh%% %MPH a Car n e [er] q
¢ 3 “CH2CHa g(%%lZ%HZ%HB CH%cgf}f'?ztILlJl ARG e iy

as ugedgﬁ?& ﬁf&lﬁ é?élﬂ{& @9%}’3 br? a"ﬁﬁ @ﬁ'ﬂ Bii’é’l égﬂwl cgh:éqftﬁggﬁﬁh@)yéﬁ@mder of the
molecwip g gh aikapestontHisersightiotal ivelidonnalonysc iinfess dthehkise

indicated;raramy: ﬁmmh@r Within Shiananeadiive &YGIOPIARYL GYELBH MLy is.
ccifOYC s h o hepty} or glllooct A As used herein, ' ‘aryl” is
specifs Y IQBE?Q]%[ EXJ%% % ﬁ”}/ d %X?Iﬁ) B }4 \?ﬁ?/ X‘l% ¢ hal R }R Ere%efnuwbnffaexamples

intended to mean any stable mohoc or bicyclic car
inchudg, Dol B IBEER tﬂr‘i{jﬂk}ﬂﬁ‘é?@myétdl’ééé‘f??ﬁé’ kiaglidatdmatic. Examples of

such aryleletmeritsylincitidecphienyt, aih;ﬂhﬂwyb;taﬂ&aﬁ%dk@n@@bﬂéﬁhdméw and to
mciudtblﬂ@%oﬁhﬁ%ﬁ?@ rﬂY!,lI %b@élﬁgé@ﬁ%@@pﬁm}ﬂpi& &aﬁ?}% M%{SJ e %hare not limited

to, bm%;p tou}g tlg, cI| gﬂd one ring, IS!T? romatlc it'is uhderstoo
ment |¥5V|a eargrh% ic |ngy i e’fér’?‘ﬁ%%t@?%’ﬁn&“%@t[‘}geﬂ‘ﬁereln
chlorophaprledivls Bxatapfs mhatiolaydiachits éne vr nridjolicding ofubdoyidatomsd
propylili@ath ring, wherein at least one ring is aromatic and contalns from 1 to
4 heterogtgms.sglgcted istin
followHiEtEr0ATY| groups wﬂhm%%@lilggé%%ggtﬁ%%ef%n 0?1 Oc?ea Tf)d atbakf?(éwn‘i jpns have the
fimited to® Eenzmmldazolyl benzofuranyl, benzofurazanyl,
b%ﬁliqgﬁi/razolyl ﬁféﬁ‘??&fﬂ%zolyl benzothiophenyl, henzoxazolyl, carbazolyl,
caxbalayl, cinnghivytiohexylamine
fysanyl, mdohnyllj[gg%léf }brllqmg?lnyl ,indazolyl,isobenzofuranyl,isoindolyl,isoq
uigo(l}%?othlazogx; |sox%§%3/ naphthpyrldlnyl oxadiazolyl, oxazolyl,
ox&zolitie, isoxazoline lrIﬁyrlétny? pyrazinyl, pyrazolyl, pyridazinyl,
pMﬁﬂHbyrldlnyl Mytidyh! pyrimidinyl, pyrrolyl, quinazolinyl, quinolyl,
quisaxalinyl, tepgg@[y{letg;qmppyridyl, thiadiazolyl, thiazolyl, thienyl,
lyl, dihydrgbe m dazonI
Eﬁ%enzofuﬁgnq %ff 11arorbenzothlophenyl dihydrobenzoxazolyl,dihydro
Sy Ry drociif o%ﬂ&ﬂ ylenedioxybenzene, benzothiazolyl,
bEaBéthienyl, gGinibknyoisbgtiinelinyl, oxazolyl, and tetra- hydroquinoline.
In cases where the heteroaryl substituent is bicyclic and one ring is

ngrll aromati C
chemes and depu:t the condensation of an alpha-aminoester with a ketone or ketal under

basic conditions leads to the formation of a stable jsolable imine carboxylate in high yiekd, Subsequent
treatmgnt of the imine under selected reducing conditions provides access to either the syn or anti
diasteoisomer of the corresponding substituted amine acid in high yield and selectivity. Thus this
methodology can provide easy access to all four diastereoisomers of a substituted amino acid by

judicious choice of alpha-aminoester enantiomer and reducing conditions.



contains no heteroatoms, it is understood that attachment is via the
aromatic ring or via the heteroatom -6 WO 2006/017455
PCT/IUS2005/027308 containing ring, respectively. If the heteroaryl
Woontaink’fifrogen atoms, it is understood that the correspondifgy IsBwides 308

thereof are also encompassed by this definition. As appreciated by those
of skill in the art, "halo" or "halogen” as used herein is intended to include
chloro, fluoro, brwno and iodo. The'teiketo" means carbonyl (C=0).
The term "alkoxy" as uged herein means an alkyl portion, where alkyl is
as defined above, connéicted to theemaifd&of the molecule via an
oxygen &8m. Examples ofglkHy in(]:gy hoxyRéthoiy and the like.
The terny "halqgjkyl" means an alkyl radicalas defified a ove,(t%l s
othdphise “specified, that is s@bsétuted with ondRtd fivel preferably one to
three halogen. Representative examples include, but are ngt limited to
trifluoromethyl, dichloroethyl, and the like. The term "arylalkyl" includes an
alkyl portion where alkyl is as defined d@besediut toinclude anarEeoiism
where aryl is as defined above. Examples of arylalkyl include, butgre not
limited to, benzyl, fluorobenzyl, chlorghenzyl phenylethyl, phenylpropyl,
fluorophenylethyl, and chorophenylethyl. Examples of alkylaryl incltde,
but are not limited to, toluyl, ethylghenyt, phenyl s /'\H/OH
schemes and examples below, various rgagent symbols and i
abbreviations have the following meanings: cH3CN: Acteonitrile DCIA:
Dicyclohexylamine HCI: Hydrochloric acid K2CO3: Potassium carbonate
McOH: Methanol TBME: t-Butyl methyl ether TI-IF: Tetrahydrofuran

R5 argri{ 8 Ma y2cind:BorohdhideodaBHAkSodium Borohydride Schemes | and
2 depict the condensation of an alpha-aminoester with a ketone or ketal
under basic conditions leads to thgémian of a stable isolable itnine
carboxylate in high yield. Subsequent

O
RE RTJJ\RB 1 R2
OR* > x> M
HQN/'\H/ Base R3/!\N/!ﬁfo
O O
Reductio:/ weducﬁon
R R? R R?
O O

The following examples further illustrate details for the preparation of the compounds of
the present invention. Those skilled in the art will readily understand that known variations of the
conditions and processes of the following preparative procedures can be used to prepare these

compounds. All temperatores are degrees Celsius unless otherwise noted.



treatment of the imine under selected reducing conditions provides access
to either the syn or anti diasteoisomer of the corresponding substituted
amino acid in high yield and selectivity. Thus this methodology can
Wihttrfitlé7dasy access to all four diastereoisomers of a substiftgd srmine27308
acid by judicious choice of alpha-aminoester enantiomer and reducing
conditions. -7 WO 2006/017455 PCT/US20051027308 SCHEME | 0 R50
OR6 R2 R1 R3 or R1xR3 R1 R2 F H‘;l]Base R3N--YOM OO
ReductidaTRReHGE oA - RERPIRT IR RENI XOM R INN KOH ARSI G ARS
and R6 are each independently hydrogen or alkyl. SCHEME 2 (0 R2
R1AR3 R1 R2 4 i H2NJ(/OR Base R3\NO Y M O O Reductio~/ eduction
R1 R2 R1 R2 R3ITN~/OH R3~N (OH O( O The following examples
) alls for theipeepgationf the PQ ds of the
n. Those-skilled-in-the-art-will ref ndefdtand that
of the eQUtionscaNd Boeesses of he\f‘ OWIRGK
preparative procedures can be used to prepare these/l

O

2.2, 2-Trifluoroacetophenone (4.24 g, 24.3 mmol) was added to a mixture of L-valine ethyl ester (3.21 g,
22.1 mmolj and K,CO5 (2.90 g, 20.9 mmol) in MeOH (50 mL). The mixture was warmed to 50 °C for
18h. The mixture was cooled to 20-25 °C, filtered and concentrated. The residue was suspended in

TBME (100 ml} and filtered to give the title compound as a white solid.

EXAMPLE 2
N-(2.2,2-TRIFL.LUORO-! -PEENY’LETI—MJE)ENE}L-LEUCH\IE POTASSIUM SALT

CF3 CF3
L-leucine ethyl ester AN
K2C03, MEBOH, SODC \\‘lWOK

P

2,2, 2-Trifluoroacetophenone (4.24 g, 24.3 mmol) was added to a mixture of L-leucine ethyl ester (3.52 g,
22.1 mmol) and K;CO4 (2.90 g, 20.9 mmol) in MeOH (50 mL). The mixture was warmed to 50 °C for
I8h. The mixture was cooled to 20-25 °C, filtered and concentrated. The residue was suspended in

TBME (100 ml) and filtered to give the title compound as a white solid.



compounds. All temperatures are degrees Celsius unless otherwise
noted. -8 WO 2006/017455 PCT/US2005/027308 EXAMPLE |
N-(2,2,2-TRIFLUORO-I-PHENYLETHYLIDENE)-L-VALINE POTASSIUM
WEAIPCRISCF3 O L-valine ethyl ester N K2C03, McOH, 500CTOK2@5/427308
2,2,2-Trifluoroacetophenone (4.24 g, 24.3 mmol) was added to a mixture
of L-valine ethyl ester (3.91 g, 2 Jxmm%ll){_]?nd K2C03 (2.90 g, 20.9
mmol) in MeOH (50 mL). The mixture %g\ Armed to 50 C for 18h. The
itk &R Cobleti 1B IPDLIERO:; HREIEN AT EDAcenirBtEaINFHROBSIEIEM SALT
was suspended in TBME (100 ml) and filtered to give the title compound
as a white solid. EXAMPLE 2
N-(2,2,2-TRIFLGORO-I-PHENYLETHYLIDENE)-L-LEUCINEF5
, , McOH,
A ol) Was added
e-of L-leucine giyi@ostaiddn2peg2.1 m nd\!{ COZH.90
g, 20.9 nanol) in MeOH (50 mL). The mixture was warmed t¢ 50 CJfor
18h. The mixture was cooled to 20-25 C, filtered and concenrtrated The
residue was suspended in TBME (100 nil) and filtered to giye the title
compound as a white solid. -9 WO 2006/017455 PCT/US2005/027308
EXAMPLE 3
59 ~4rE -\N- -TRIF RO-1-PFWNYLETIITL)-L-LEUCINE )
2 e e R Gl R ) R S W3t Getabry-fveine ety
ester k%@g’l’%\}' m})%é@zq%é?r@() £, 20.9 mmol) in MeOH (50 ml.). The mixture was warmed

to 30 °C for 18h. The mixture was cooled to 20-25 °C, filtered and concentrated. The residue was

suspended m TBME (100 ml) and filtered to give the title compound as a white solid.

EXAMPLE 4
N-(2,2.2-TRIFLUORO-1-PHENYLETHYLIDENE)-L-PHEN YL ALININE-POTASSTUM SALT

CF3 CF4
0 L-phenylalanine ethyl este; Y
K2CO3, MeOH, 50°C \\\'H‘rOK

O

2,2.2-Trifluorcacetophenone (4.24 g, 24.3 mmo}) was added to a mixture of L-phenylalinine ethyl ester
{4.27 g, 22.1 mmol) and K,CO; (2.90 g, 20.9 mmol) in MeOH (50 mL). The mixture was warmed to 50
°C for 18h. The mixture was cooled to 20-25 °C, filtered and concentraied. The residue was suspended

in TBME (100 mi) and filtered to give the title compound as a white solid.

- 10 -



O F 2,2,2-Trifluoroacetophenone (4.24 g, 24.3 mmol) was added to a
mixture of L-4-fluoro-leucine ethyl ester (3.92 g, 22.1 mmol) and K2C03
(2.90 g, 20.9 mmol) in McOH (50 mL). The mixture was warmed to 50 C
WQdPuEH e mixture was cooled to 20-25 C, filtered and com€ariiatsd027308
The residue was suspended in TBME (100 ml) and filtered to give the title
compound as a white solid. EXAl‘\éXrPA}:ﬁ4
N-(2,2,2-TRIFLUORO-1-PIENYLE ]ID_]HEéNE)-L-PHENYLALIIVINE-POT
ASBIUNBALT-2IRIFCEORSL-BREAN AR RINE SiNERSING 2QASNIC ACID
MeOH, 50-C ~OK O 2,2,2-Triforeseaipphenone (4.24 g, 24.3 mmol)
was added to a mixture of L-phenylalinine ethyl ester (4.27 g, 22.1 mmol)
and K2C0O3 (2.90 g, 20.9 mmol) in McOH (50 mL). The mixture was
warmed to gfF.C for 18h. The mixture was cooled to 20-25 C, filtered and

cong:entate'. Thq@%ﬂyg&g@&gg&pg@zﬂfﬁ?%%%ﬂﬁ (00 ml) and filtered

grxompound as a white s 2006103 74%
2005/027308 EXAMPLE 5
(2S)24[(12-2,2,2-TRIFf KSR AUEBIHERYE ETHYLIDENE IAMINO PK
NOIC ACID POTASSIUM SALT CF3 CF3 2S-aminobutanoi id gthyl
ester O K2CO3, MeOH, 50C OK CH3 O 2,2,2-Trifluoroacetophénone
(4.24 g, 24.3 tnmol) was added to a mixture of 2S-arninobutanoic acid
329 tgxl ester (2.90 g, 22.1 mrnol) and K2CO3 (2.90 g, 20.9 mmol) in MeOH
- f@ IET S A TARUTE Was T AMEE S SoER FISH e miktreindstousiedid ethyl
ester (§790-25 Onfiftbred nddPoemtr2dédniihg tesld0l WasSUSPendeeid was warmed
to 50 TBMES(1 0Gunh.and fiteresido give theditiecempaund.as,a.whits, solid

restdue was
suspended in TBME (100 ml) and filtered to give the title compound as a white solid.

EXAMPLE 6
N-(2,2,2-TRIFLUORO-1-PHENYLETHYLIDENE)-L-ALININE POTASSIUM SALT

CFs CFs4
o L-alanine ethyl ester ;_ @/KN
0 .
KoCOgz, MeOH, 50°C H,C HTOK
' O

2,2,2-Trifluoroacetophenone (4.24 g, 24.3 mmol) was added to a mixture of L-alinine ethyl ester (2.59 g,
22.1 mmol) and X,CO; (2.90 g, 20.9 mmol) in MeQH (50 ml.). The mixture was warmed to S0 °C for

I8h. The mixture was cooled to 20-25 °C, filtered and concentrated. The residue was suspended in

TBME (160 ml) and filtered to give the title compound as a white solid.

-11 -



EXAMPLE 6 N-(2,2,2-TRRFLUORO-1-PIIENYLETHYLIDENE)-L-ALIN T'
E POTASSIUM SALT CF3 CF3 O L-alanine ethyl ester K2CO3, MeOH,
50C OrLN H C,, ~OK 31l O 2,2,2-'Prifluoroacetophenone (4.24 g, 24.3
WW’S‘YW& added to a mixture of L-alinine ethyl ester (2.59 ¢,22UB o368
and K2CO3 (2.90 g, 20.9 mmol) in MeOH (50 mL). The mixture was
warmed to 50 C for 18h. The mi>ﬂ; ]\X\({j% cooled to 20-25 C, filtered and
concentrated. The residue was suspen ih TBME (2100 ml) and filtered
to give the title"cOMPTuhd BRIEIVRHRCs bIRHENE WY 1200676 LTMB5
PCTI17S2005/027308 EXAMPLE 7
N-[(IR)-2,2,2- TRIFLIJORO-l-PHENETHYL]-I,-VALINE CF3 CF3 N Na+
BHA OH /OK E 4% Cater H ~( 20-25 C 0 0 2h N-(2,2,2-1rifluoro-1
q -| -vatine potassmm salt (50 mg 0.161=tnmol was
ium borohldﬁ%le 642 P (OHMI)
r éliﬁed”ﬁbiﬁué%bmim‘ a reac)mn was stirred
reaction paggaenched ww NaOH (2 i) and
the aqueous layer eX¥acted once s)yjth TBME. The aqueous layer was
acidified with IN HCI (5 ml)) and extracted with TBME (2x10 ml). The
N-(2,20193R ith_brine (5 ml), dr over Na,SO4, and
Soc(humg %l%gglﬁﬂﬁfeg I?tiﬁg%%\% g%%rr]%:%:u r&i%“éis a W %%I%“ﬁbﬁ'ﬂﬂ% Rfctiebined with
if I&%‘té&n B YidSarashelidii & BheBd vEXAMPDE8« added to this mixture
and ihwq?(qtmz@,znml FLROORQ- feP I EENIET R¥deoh -k EWGINFed with IN NaOH (2 mi) and

the aqueous layer extracted once with TBME. The aqueous layer was acidified with 1N HCI (5 mD)) and

extracted with TBME (2x10 ml). The organic layer was washed with brine (5 ml}, dried over Na, SO,

and concentrated to yield the title compound as a white solid. *F NMR of the product indicated a
diastereomeric ratio of 65:1.

EXAMPLE 8
N-[(1R)-2,2,2-TRIFLUORO-1-PHENETHYL-L-LEUCINE

CF4
NS
N Na* BH4 @ﬂ
)\\H(OK THE 4% water

O 20-25 °C
2h

N-(2.2,2-Triftuoro-1-phenylethylidene)-L-leucine potassium salt (50 mg, 0.154 mmol) was combined
with sodium berohydride (23.3 mg, 0.615 mmol). THEF (1.0 ml) and water (40 ul) were added to this
mixture and the reaction was stirred at 20-25 °C for 1h. The reaction was quenched with 1IN NaOH 2
ml} and the aqueous layer extracted once with TBME. The aqueous layer was acidified with 1N HCI (5
ml)} and extracted with TBME (2x10 ml). The organic layer was washed with brine (5 ml), dried over

Na,5Q,, and concentrated to yield the title compound as & white solid. F NMR of the product indicated
a diastereomeric ratio of 59:1.

- 12 -



CF3CF3N N OH Na+ BH4 ,. /OK THE 4% water H O 0 20-25 C 2h
N-(2,2,2-Trifluoro-I-phenylethylidene)-L -leucine potassium salt (50 mg,
0.154 nrmol) was combined with sodium borohydride (23.3 mg, 0.615
Whiiteh! FEE (1.0 ml) and water (40 ul) were added to this niikits 2andlopTas
reaction was stirred at 20-25 C for Ih. The reaction was quenched with IN
NaOH (2 ml) and the aqueous la er extracted once with TBME. The
aqueous layer was acidified with T I)) and extracted with TBME
(2x10 mBTTRE Biganict Rays? WEBW%’@@@HMHH{EWWMI)LG@E{Mr
Na2S04, and concentrated to yield the title compound as a white solid.
'OF NMR of the product indicated a diastereomeric ratio of 59:1. -12 WO
2006/017155 PCT/US2005/027308 EXAMPLE 9 =
4-FLUORO- N R)-2,2,2-TRIFLUORO-I-PHENETHYL]-L.-.LEU CF3

F CF3 MN-Na' BHa N OH /OKTHE4%WaterH20 25 © b2hF

4- FIuo 2 ZN'I‘IﬂUOI‘O [-pher Mdene) ICine u It

(50 nzg;.0/ 6 m K coi’ﬁbﬁﬁe@’/mlatwdl de (22.0 mg,
0.582 mmol) (L ml) and veater;(4@ ul) wereadded to this Wixture

and the reacti asOstlrred at 20-2p C for Ih. The reaction was quenched

with IN NaOHg2ml) and the aqueous layer extracted once with TBME.

The aqueous layer was acidified with IN HCI (5 ml)) and extracted with

TBME (2x10 ml). The organic layer was washed with brine (5 ml), dried
4- Fluog% ﬁlﬂr(yi%gF%NQI@Ifll:{gio 1E:n eleés altg ?IY I%ﬁ:}zpeepgya%s%g{]n al?%‘%j n?és 8 1\/{\{2 IIES’I&O]} was
combined with sodiem borohydu e (22, 0 mg 0.582 mmeol). THF (1.0 ml) and water (40 ul) were added
to this mixture and the reaction was stirred at 20-25 °C for 1h. The reaction was quenched with 1N
NaOH (Zml) and the aqueous layer extracted once with TBME. The agueous layer was acidified with IN
HCI (5 mD) and extracted with TBME (2x10 mi). The organic layer was washed with brine (5 mi), dried
over Na,SO,, and concentrated to yield the title compound as a white solid. '"F NMR of the product

indicated a diastereomeric ratio of 71:1.

EXAMPLE 10
N-[(1R)-2,2,2-TRIFLUORO-1-PHENETHYL ]-L-PHEN YLALININE

Na* BH4
CF
OK  THF IF 4% water =3

20-25 °C N AOH
2h H O

N-(2.2.2-Triftuoro-1-phenylethylidene)-L-phenylalinine potassiom salt (50 mg, 0.139 mmol} was
combined with sodium borohydride (21.1 mg, 0.557 mmol). THF (1.0 ml) and water (40 ul) were added
to this mixture and the reaction was stirred at 20-25 °C for 1h. The reaction wag quenched with 1N
NaOH (2 mb) and the aqueous layer extracted once with TBME. The aqueocus layer was acidified with
INHCI (5 ml}) and extracted with TBME (2x10 ml). The organic layer was washed with brine (5 ml),
dried over Na,SOy, and concentrated to yield the title compound as a white solid. '"F NMR of the

product indicated a diastereomeric ratio of 61:1.

213 -



indicated a diastereomeric ratio of 71:7.. EXAMPLE 10
N-[(1R)-2,2,2-TRIFLUORO-I-PI NETHYL]-L-PI-IENYLALININ,, CF3\N
Na' BHg CF /" /OK THE 4% water =3 j(20-25CNOH /10 2hI/HO
W2(Re2) PHRfluoro-I-phenylethylidene)-L-phenylalinine potassiifi/Eam (5027308
tng, 0.139 mmol) was combined with sodium borohydride (21.1 mg, 0.557
mmol). THE (1.0 ml) and water (40 ulgcf‘ ere added to this mixture and the
reaction was stirred at 20-25 C fof - *Fhetrddction was guenched with IN
NaOH (2 nil)lam)-the agraausiayet xEactedronce with FTBME CTie
agueous layer was acidified with IN HCI (5 ml)) and extracted with TBME
(2x10 nil). The organic layer was washed with brine (5 ml), dried over

Na,S04, and coGégntrated to yield the title compound as a whl/tﬁ@‘:g 19F

NMR of the_product indicated a dj s; eomerlc ratio of 623 L. -3 WO

5 Pc\rwuszoosmz? E1
LUQRO-I- PTiﬁT\lé‘i‘%ﬂq- GLY INE|ICF3
CF3 CH3 "N Na| BHADH THE 4%0AZ6ECY0K 26-25¢ HO 'CHID 2h

(2S5)-2-[[(12)-2,Z&triftuoro-I-phenylethylidene]lamino)butanoic acid
potassium salt (50m,-,0.168 mmol) was combined with sodium
borohydride (25.4 mg, 0.673 mmol). THE (1.0 nil) and water (40 ul) were

o ,)e? éi o thls ixture and the reaction Was stirred at 20-25 C for Ib. The
- rd Blfidr A QU chaBEWIR N RSB £o MR AL 7 Aqastier 1aydp0 me, 0.168
mmolgxtractath opte witednBMBrFhidragiebtisayer wasnai i ithiINod @hter (40 ul)

were §8d8il b ame exiracted witheIBME/L2 x40k Ahesorganic laygr Wﬁx%%ﬂ%wcheé
with W NaOH (2 ml) and the aqueous layer extracted once with TBME. The aqueous layer was
acidified with 1N HCI (5 mi})) and extracted with TBME (2x10 ml). The organic layer was washed with

brine (5 ml), dried over Na;SO,, and concentrated to yield the title compound as a white solid. "*F NMR

of the product indicated a diastereomeric ratio of 20: 1.

EXAMPLE 12
N-{(1R)-2.2,2-TRIFLUORO-1-PHENETHYL]-L-ALININE

CFz CHs
oy Na* BH, : /kﬂ/OH
. OK TOE A whter ©/\ N
C\ 20-25 °C O
2h -

N-(2,2,2-Trifluoro-1-phenylethylidene)-L-ethylalinine potassium salt (50 mg, 0.176 mmol) was combined
with sodium borohydnide (26.7 mg, 0.706 mmol). THF (1.0 ml) and water (40 ul) were added to this
mixtore and the reaction was stirred at 20-25 °C for Ih. The reaction was quenched with IN NaOH (2
ml) and the aqueous layer extracted once with TBME. The aqueous layer was acidified with 1IN HCI (5
mi)) and extracted with TBME (2x10 ml). The organic fayer was washed with brine (5 ml), dried over
Na;S0,, and concentrated to yield the title compound as a white solid. "*F NMR of the product indicated

a diastereomeric ratio of 6:1.
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brine (5 nil), dried over Na2S0O4, and concentrated to yield the title
compound as a white solid. 19F NMR of the product indicated a
diastereomeie ratio of 20:1. EXAMPLE 12

VR PP 2-TRIFLUORO-1-PHENETHYL]-L-ALININE CPBCERS14§827308
Na BH N 4 OH THE 4%water OK HsC 20-25CH O O 2h
N-(2,2,2-Trifluoro-I-phenylethylidene)s -E}_lg}/galinine potassium salt (50 nig,
0.176 mmol) was combined with sodium borohydride (26.7 mg, 0.706
mmol). THE (L0l ancP i8R WeiENEHEY ké-thisA idtture and the
reaction was stirred at 20-25 C for Ih. The reaction was quenched with IN
NaOH Q. nil) and the aqueous layer extracted once with TBME. The

aqueous layer Was acidified with IN HCI (5 ml)) and extragt ith TBME
(2x10 @ anic layer wasgwaghad with brine (5 nilj, driefl ove
e

¢ d congentrated to yieIﬂthe—HiI@—comp s awhite soll .H9F
NMR 0 roduet i ted Gitiasteveameric Ltio of 6:1.F14
2006/01745J531>CP/ S2005/0274308 EXAMPLE 13 N-{(l
S)-2,2,2-TRIFLUOF@)-l-PHENETHYL]-L-V ALIIVE CF3CF3 N
Zn(BH4)2 N /OK |, OH CH3CN/ McOH H 0--t 0 7 O -40 C Zinc (Il)
chloride (204 mg, 1.5 mmol) and sodium borohydride (113 mg, 3.0 mmol)
Zinc (Werdlsuspended,ins mmol) and sodium borohydride (113 mg, 3.0 mmol) were suspended in

DME (1.5 mL}) and stirred for 18h. The resulting suspension was cooled o -40 °C and a suspension of

N-(2,2,.2-trifluoro-1-phenylethylidene)-L-valine potassium salt (311 mg, 1.0 mmol) in CH;CN (15 mi)
and MeOH (1.5 ml) was added. After 3h 1N HCI (20 ml) was added and the mixture was extracted with
TBME (3 x 20 ml). The organic layers were washed with brine (10 mi), dried over Na,SO,, filtered and
concentrated to give the title compound as a white solid. F NMR of the product indicated a

diastereomeric ratio of 33:1.

EXAMPLE 14
N-[(15)-2,2,2-TRIFLUORO-1-PHENETHYL]-L-LEUCINE

Sy Zn(BHy), (A OH
\\\-H(OK CH,CN/ MeOH Ho 0
-40°C
4 |

Zine (I} chloride (204 mg, 1.5 mmol) and sodium borohydride (113 mg, 3.0 mmol) were suspended in
DME (1.5 mL) and stitred for 18h. The resulting suspension was cooled to -40 °C and a suspension of
N-(2,2,2-trifluoro-1-phenylethylidene)-L-leucine potassivm salt (325 mg, 1.0 mmol) in CH;CN (15 ml)
and MeOH (1.5 ml) was added. After 3h 1N HCI (20 m!) was added and the mixture was extracted with
TBME (3 x 20 mi). The organic layers were washed with brine (10 mb), dried over Na,S0,, filtered and
concentrated to give the title compound as a white solid. “F NMR of the product indicated a

diastereomeric ratio of 18:1.
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DME (1.5 mL) and stirred for 18h. The resulting suspension was cooled to
-40 C and a suspension of N-(2,2,2-tiifluoro-1-phenylethylidene)-L-valine
otassium salt (311 mg, 1.0 mmol) in CH3CN (15 ml) and MeOH (1.5 ml)
WHHEUTE After 3h IN HCI (20 nil) was added and the mixtHiEeT&g003/027308
extracted with TB ME (3 x 20 nil). The organic layers were washed with

brine (10 ml), dried over NaZSOM&@E concentrated to give the
title compound as a white solid. “of the product indicated a

diastereom@ricFatio ol 53:1. 2 EXARURUER 2-{- HENEL DL TRIFEUCINE
UORO-I-PHENE'I'H 'L]-L .LEUCINE CF3 CF3 N Zn(BH4) (OH / ~OK
CH3CN/MeOHH O 40 C O Zinc (ll) chloride (204 mng, 1.5 mmol
sodium borohyfide (113 mg, 3.0 mmol) were suspendedcig D

ml-) an gﬁ reebfor 18h. The resgg@}ﬁgzspension was cod led t
Q. -H10

l

of N-(2,2,2-trifluere-l-pherydethylide L<feu
J, 1,0-menoPih CH3BN AW and N
added. After 3h IN HCI (20 ml)syag-added and the mixture was exftracted
with TBME 0 [l). The organic layers were washed with brine (10
ml), dried overfNa2S04, filtered and concentrated to give the title
compound as a white solid. 79F NMR of the product indicated a
diastereomeric ratio of 18:1. -15 WO 2006/017455 PCT/US2005/027308

Zinc (ﬁ?ﬁﬁgg 019 e 435 el andso sy ot (113 me, 3 el g sspended in
DME 494 Szﬁ%é (98Pl (IPReEsRIeS SRR 19UFEUdEEC and a suspension of 4-

(15 ml) and MeOH (1.5 ml) was added. After 3h IN HCI (20 ml) was added and the mixture was
extracted with TBME (3 x 20 ml). The organic layers were washed with brine (10 mb), dried over

NasS0Oy, filtered and concentrated to give the title compound as a white solid. ""F NMR of the product

indicated a diastereomeric ratio of 25:1.

EXAMPLE 16
N-(15)-2,2 2-TRIFLLUORO-1-PHENETHYL]-L-PHEN YL ALININE

CF;
~ N ZH(BI‘I4)2
OK T CFy
w CH;CN/ MeOH OH
- N
O 40°C
: O

Zinc (II) chleride (204 mg, 1.5 jomol) and sodium borohydride (113 mg, 3.0 mmol) were suspended in
DME (1.5 mL.) and stimed for 18h. The resulting suspension was cooled to -40 °C and a suspension of
N-(2,2,2-trifluoro-1-phenylethylidene)-L-phenylalinine potassinm salt (359 mg, 1.0 mmol) in CH;CN (15
ml) and MeOH (1.5 ml) was added. After 3h 1IN HCI (20 ml) was added and the mixture was extracted
with TBME (3 x 20 ml). The organic layers were washed with brine (10 ml), dried over Na,SQy, filiered
and concentrated to give the title compound as a white solid. F NMR of the product indicated a

diastereomeric ratio of 17:1.
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F Zinc (B) chloride (204 mg, 1.5 mmol) and sodium borohydride (113 mg,
3.0 mine]) were suspended in DME (1.5 mL) and stirred for 1Sh. The
resulting suspension was cooled to -40C and a suspension of 4-
WRASUAD 2 2-hifluoro-1-phenylethylidene)-L-leucine potasBftfisa3@ams
mg, 1.0 mmol) in CH3CN (15 ml) and MeOH (1.5 ml) was added. After 3h
IN HCI (20 ml) was added and the mixture was extracted with TBME (3 x
20 ml). The organic layers were washed with brine (10 ml), dried over
Na,S04, filtered and concentratedtd\gRIEthé title compound as a white
solich HOENSMR ofthe- groguct, tntieaterba diastareomericratioghadilas).
EXAMPLE 16 N-[(1S)-2,2,2-TRIFLUORO-1-PHENETHYL]-L-PHENY
LALININE CF3 N Zn(BH4)2 CF 3/\,. OK CH3CN/ McOIlOH O-40CH
O Zinc (Il) chlqﬂgg (204 mg, 1.5 mmol) and sodium borohydride @}.Bamg,
3.0 mmol) weré stispended in DM13 (1.5 mL) and stirre&far I19h. The
resulting Stspension was coole@&SR0C and a syspensibn o OH

oro-I| phe ggth%@%s E)gq%g’ nylali tass%&m saft (359
¥ithol) @ F i H (1.5.ihavas added Ghfter 3h
IN HCI (20 nil) was added andtthé-mixture was extracted with TBME (3x

20 nil). The orgariic layers were washed with brine (10 in]), dried over
. a §0,4, filtered and concentrated to give the title compound as a white
Zinc 3“c

orle Wive B thE PO R ReEr Dy Bide e rédmseril ramie oF 2y suspended in
DME (16 WO 20061047451 8hP T/ HSPI005 /02736080 EXAMRIE.1TOBU TANGIG ension of

(25)- QR 24 HriBir2o2s R LR R BB NN TR bAMING k(2 53 .0 rumony
in CHSCR FHR NMMEUBAY INQEEAQ. Afcer 3 1N HCI (20 mi was added and the mixture

was extracted with TBME (3 x 20 ml). The organic layers were washed with brine (10 ml), dried over

Na,S0,, filtered and concentrated to give the title compound as a white solid. °F NMR of the product

indicated a diastereomeric ratio of 11:1.

EXAMPLE 18 |
N-{(18)-2,2,2-TRIFLUORO-1-PHENETHYL]-L-ALININE

CFa

CF; CHy
- e N
HC "\WOK CH,CN/ MeOH 5
O 40 OC . .

Zinc () chloride (204 mg, 1.5 mmol) and sodium borohydride (113 mg, 3.0 mmol) were suspended in .
DME (1.5 mL) and stitred for 18h. The resulting suspension was cooled to -40 °C and a suspension of
N-(2,2,2-trifluoro-1-phenylethylidene)-L-alinine potassium salt (283 mg, 1.0 mmo}) in CH,CN (15 ml)
and MeOH (1.5 ml) was added. After 3h IN HCI (20 ml) was added and the mixture was extracted with
TBME (3 x 20 ml). The organic layers were washed with brine (10 ml), dried over Na,SOy, filtered and
concentrated to give the title compound as a white solid. "F NMR of the product indicated a

diastereomeric ratio of 6:1.
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-40 C CHs O Zinc (Il) chloride (204 mg, 1.5 mmol) and sodium

borohydride (113 mg, 3.0 mmol) were suspended in DME (1.5 mL) and

stirred for 18h. The resulting suspension was cooled to -40 C and a
Wgagggﬁgfgﬁ of (2S)-2-{ PCT/US2005/027308

[(17)-2,2,2-trifluoro-I-phenylethylidene)amino}butanoic acid potassium salt

(297 mg, 1.0 mmol) in CH3CN ( l).and McOH (1.5 ml) was added.
After 3h IN HCI (20 ml) was adde%i%g#g‘?h%edlr%ixture was extracted with

+FLPRREN U DmB OBMC SN BRE  RE RSN BBRIAEN YO hI LIETH YL ) -L-
dried over Na,S04, filte@mandcontentrxted 10.give $he title compound as
a white solid- '9F NMR of the product indicated a diastereomeric ratio of
11:1. EXAMPLE 18
N-[(1S)-2,2,2-TRIFLUORO-I-PHENETIIYLI-L-ALINI
Zn(BH4)2 QN(OH McO O-Qd C Zinc (I1)

FCF3 CF3 CH3 N
loride (204 mg, 1.5

) wese suspended in

of 18h. The resiiftifg suspension was cooled to

DME (1.5 ml-)
-40Candas
potassium sa 33'mg, 1.0 mmol) in CH3C
was & After 3h IN HCI (20 ml) was added+ Siilturelwas

title compound as a white solid. 19F NMR of the product indicated
diastereomeric ratio of 6:1. -17 WO 2006/117455 PCT/US2@Q5/
EXAMPLE 19

4-FLUORO-N-1(1S)-2,2,2-TRIFLUORO-1-[4'-(iM

(E)IN_IYL-4-YL] E1TI-IZ-!'!I(‘E}FI{1;)_L_76HS&}{F DICYCLQHEX
2. Acetone/HCI
3. DCHA MeO,S

CFs

SRS
® O
M9028

A 200 mi vessel was charged with 2,2,2—triﬂuor0m1ﬂ[4’~(methylsulphonyl}bipheny1u4~y1]ethane-l,1-diol
(9.08 g, 26.2 mmol), F-leucine ethy] ester sulphate salt (8.66 £, 31.5 mmol), potassium carbonate (14.5 g,
104.9 mmol) and methanol (27.3 mL). The mixture was heated to 50 °C, aged for 4 h and then cooled to
5 °C. |
A 500 mlL vessel was charged with zinc chloride (7.15 g, 52.5 mmol) and dimethoxyethane (40.9 ml).
The mixture was cooled to -10 °C and sodium borohydride (3.97 g, 104.9 mmol) charged in a
portionwise manner. The mixture was aged at -10 °C for 1 h and acetonitrile (63.6 ml.) added,
maintaining the temperature below 0 °C.

The imine mixture was then transferred to the borohydride solution, at such a rate as to

maintain the temperature between -3 and +5 °C. The reaction was then aged between -5 and +5 °C for

- 18-



OH O H2N 0 Me02S K2CO3/MeOH F CF3: OK 1. Zn(BH4)2/CH2CN 0
2. Acetone/HCI 3. DCHA Me02S F CF3OH NHO Me02S1/A 200 mL
vessel was charged with

WO HBAfAESro-1-[4'-(methylsulphonyl)biphenyl-4-yllethane-|, |-8{oI/(S:0842 7308

26.2 mmol), F-leucine ethyl ester sulphate salt (8.66 g, 31.5 mmol),

s potassium carbonate (14.5 g, 104.9 mmol) and methanol (27.3 mL). The .
b BriReie WS e kta d 10150 6 %GEaTo A rhnherthdle vebledems ¢ ABBBME (60.6
ml.), Al HEssEl WastohardedWeit @ihe chipride (7ai5¢)xs20% mmel) apd for 30 min. The
orgmfirpREtONehane. (40 Limkyubhe-mixdre MaReeRIae 195-10.C and sodim o

..Rorohydride (3.97 04.9 mm harged in a_portjonwise manner. The
B WA gt 10 C R LA oA (63 & hiE Ao
Dicyglohfiftdining the eribé ratkie Wl SikrCerarhe emiFermixiie ‘Wad therduct slurry was
aged tramisterred tothehorehyedside solutibRraksUChia ratea3.ie, Mainaip Ihe) °c 1

constlaMREIRAYRE tﬁﬁtﬂ'ﬁﬁé&ﬁdm dShed DESERGtON was then aged between
5 andg +5 C for -18'WO 2006/017455 %CT?U%%SB/oznos 15h,

guenched by the slow addition of acetone (33.9 ml-) and allowed to warn
to 20 C. TBME (60.6 mL), 2M HC1 (181.7 ml-) and DI Water (63.6 ml-)
were charged and the mixture aged for 30 min. The
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organic phase was separated and the aqueous re-extracted with TBME
(45.4 mL). The two TBME phases were combined, washed with water
(45.4 nil x 4) and diluted with TBME (139.3 mL). Dicyclohexylam ne
w3098 72858 mmol) was then charged over 30 min at 20 C. TH& 3rolit27308
slurry was aged at 20 C for 1 h, filtered and washed with TBME (36.3
mL). After dr ing in-vacuo at 30 C to constant weight, the title compound
WHHG gﬂtéﬁ@gja[s ‘a white powder. 19 WO 2006/017455
PCT/US2005/027308 WHAT IS CLAIMED IS: 1. A process for preparing
a compoyind of fospasla; e Qhabbaig R 3R RARE (il A REH- /OH O O
IA. 1B comprising the steps of: a. Combining a ketone or ketal with an
a-aminoester oflg?gmu LIl in the presence of a ba anq:@olvent to form

an imine metal E&r\boxﬁate of formula lll, and R2 R1 R2 yH12N(OR4 R3 ~
NO-M+ O Oi: ﬁ/??sju% the imine metaﬁwﬂx&( £36tmula 1l
to produce a compgyind ot formula IA or IB; wherein Rl is AlL-5 alkyl,

C3_8 cycloalkyl, aryl or h@[eroaryl; R2is C1_5 alkyl, C1-5 rfaloalkyl, C3_8
cycloalkyl, arylalkyl, &fyl or heteroaryl; R3 C1_5 alkyl, GB-5 haloalkyl,

C3_8 cyelpglkyhany, dagtesoaryl, CF3, CHF2,CH2F or CZFS; R4is C1_5

alkyl; M is hydregen,. Ihium,.sodim. RORSSINA ALGESIUD- -+ T8 1t in the presence

process of Claim 1 wherein the base Is a metal carbonate or all oxide, an
of a byRerag RS AP A e TEtER Bk date PO FERUAite™s. The process of

Claim 2 wherein the base is potassium carbonate, potassium

R? R' R2
OR? J‘\\ OM*
HQNJ\W R® "N
O O
1 1.
b. Reducing the imine metal carboxylate of formula HI to produce a compound of

formula A or IB;

wherein R1 is C1_5 alkyl, C3-§ cycloalkyl, aryl or heteroaryl;

RZ is C1.5 alkyl, C1_5 haloalkyl, C3.8 cycloalkyl, arvlalkyl, aryl or heteroaryl;

R3 C1_5 alkyl, C1.5 haloalkyl, C3-g cycloalkyl, aryl, heteroaryl, CF3, CHF2,CHF or C5Fs;
R4 is 1.5 alkyl; |

M is hydrogen, lithium, sodium, potassium or cesium.

2. The process of Claim 1 wherein the base is a metal carbonate or alkoxide, and

the solvent is an alcohol, an ether, an ester or an amide,

3. The process of Claim 2 wherein the base is potassium carbonate, potassium

methoxide or potassium phosphate and the soivent is methanol.

4. The process of Claim 1 wherein step a is performed at a temperature of about

15°C to about 80°C.
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methoxide or potassium phosphate and the solvent is methanol. 4. The

process of Claim 1 wherein step a is performed at a temperature of about

15C to about 80C. -20 WO 2006/017455 PCT/US2005/027308 5. The
WhttitessBf Claim 4 wherein the temperature is about 30C toP&BOiR26GT2 B8

The process of Claim 1 wherein the imine metal carboxylate of formula 111

is not isolated, and the reduction is roerformed with a metal boror;é/dride

preparedin an SRREFEGHShE L8 Vida S COMRpSUIRRF G forthatauA0%L Prigout 60°C.

process of Claim 6 wherein the metal borohydride is calcium borohydride,

magnesigim bomx%@@s afrmdmrphy@ieﬁhe&rlﬁrf;@mw el Q.E'gﬁf&%m HTis not

1solatehe'u?dt qr SNEnt J? lettan roﬁ%*%aﬁ‘en iLe h L IS ORIoPYE Sifer, d
utyi < er t fethy TAEY: OX e g D im an ether solvent to yield a

Compcé‘ﬂﬁil?éﬁ‘gﬁf%oll%methyl ether or mlxtures thereof 8. The process of Claim
6 wherein a co-solvent is added in a volume of 50-95% 9. The process of

Clalm 8 whereifihe, GO-SQIVERLISG -l QLA HitlS: ;ro J(,E‘Fé% it SRyarice,

im 1 wherein %terp b js performed at a temperature o
magnesBJm %06\ é\{ ol

tetrahydrofuran, diethyl ether, diisopropyl ether, dibutyl ether, t-butylmethyl ether, dimethoxyethéﬂe,

ZHIC wydride or zirconinm borohydride and the ether soiveni 13

ethyleneglycoldimethyl ether or mixtures thereof.

3. ‘The process of Claim 6 wherein a co-solvent is added in a volume of 50-95% .
9. The process of Claim 8 wherein the co-solvent is C1.4 alkyl or aryl nitrile.
10. The process of Claim 1 wherein step b is performed at a temperature of about 25

to about 40°C.



