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15 SUMMARY OF THE INVENTION

In one aspect, the present invention comprises a process for preparing chirally
pure S-enantiomers of a-amino acids.
In a further aspect, a process is provided for preparing chirally pure S-
enantiomers of -amino alcohols. ‘
20 In yet another aspect, a process is provided for preparing chirally pure S-
enantiomers of N-sulfonyl B-amino alcohols.
These and other aspects of the invention will be apparent to one of skill in the

art upon reading of the following detailed description of the invention.

25 DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a process for the preparation of chiral

o-amino acids of the formula (R),CH(CH,),CH(NH,)C(=0)OH, where n is 0 to about
10; chiral B-amino alcohols of the formula (R),CH(CH),CH(NH,)CH,OH; and chiral
S enantiomers of N-sulfonyl B-amino alcohols of the formula

30 (R)CH(CH,).CH(CH20H)NH-S(0),-2-C4H,S-5-Cl, wherein R is lower alkyl,
substituted lower alkyl, lower alkenyl, substituted lower alkenyl, lower alkynyl,
substituted lower alkynyl, cycloalkyl, substituted cycloalkyl, phenyl, substituted



phenyl, benzyl, substituted benzyl, CH2cycl oal kyl, CH2-3-indol e,

CH(I ower al kyl )-2- furan, CH(l oweral kyl) -4-met hoxyphenyl,

CH( | ower awkyBppieenyl , or CH(OH) -4 SCH3- phenyl. Bot h nat urall/tsazi3simnat ur al
a-amno acids, natural and unnatural a-amno 5 alcohols, and internedi ates
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acids and a-am no al cohols may al so be referred to as 2- am no acids or
2-am no al cohols. As used herein, the term"chirally pure"” refers to
conmpounds whi phenar berizpl, sulBG8sedbemah tdHhogetdatkyf, i 3amdote aSdfeerdiyly-Ri ral  hi gh
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car boxyl i ¢ acihkpmiesd tiethads. fidowaver, dwrténbrighé used éd mewutemhmi pagiyds nétal i de,
phosphor us trhﬁx%i?c{no‘ilﬁheﬁrgéeqtlﬂ%ﬂﬁgﬁ' de, or thionyl chloride in the presence
of a tertiary am ne base; reacting the product of the activating step with
an al kali netal sahs desgﬁbeShdsebleﬁmylheﬂﬁ)dwiawoﬂwedhmmfﬁ)xdstdlﬁahlymgeoche pr oduct
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hydrol yzi ng the oxazglidi none azide with an aqgueous base to afford an
a-azi do aci d: u;eé&gqow&e ¢lhgal a-amino acids or 3-amino alcohols which contain some

percentage of a mixture of enantiomeric forms, e.g., which may be composed of about
90 to about 99 % S-enantiomers, by following the method of the invention in the
20  absence of recrystallization.

In one embodiment, the present invention is directed toward a process for
preparing chiral S-enantiomers of a-amino acids, which involves preparing an
organometallic reagent from an alkyl halide of the formula (R),CH(CH,),CH,X,
wherein X is Cl, Br or I and nis 0 to about 10; adding the organometallic reagent to

25  carbon dioxide to afford a carboxylic acid; activating the carboxylic acid with an acid
halide, phosphorus trichloride, acid anhydride, or thionyl chloride in the presence of a
tertiary amine base; reacting the product of the activating step with an alkali metal salt
of S-4-benzyl-2-oxazolidinone; treating the product of the alkali metal step with a
strong non-nucleophilic base to form an enolate anion; trapping the enolate anion with

30 2.4, 6-triisopropylbenzenesulfonyl azide to afford an oxazolidinone azide; hydrolyzing

the oxazolidinone azide with an aqueous base to afford an a-azido acid; reducing the



2 WO 03/ 050063 PCT/US02/ 38119 a-azido acid to the a-am no acid; and
recrystallizing the a-amno acid to afford the chirally pure a-am no acid.
| n anot hewoaatsmsient, the present invention is directed PORASA2/381p¥ OCeESS
for preparing chiral S enantioners of R-am no al cohols, which involves
preparing an a 5 am no acid as descri bed above, reducing the a-am no acid
to the (3-amno al cohol, and recrystallizing the (3-am no alcohol to
afford the chirally pure (3-amno alcohol. In a further preferred

enbodi nent, the present invention is directed toward a process for
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wherein R is lower alkyl, substituted lower alkyl, lower alkenyl, substituted lower
alkenyl, lower alkynyl, substituted lower alkynyl, cycloalkyl, substituted cycloalkyl,
phenyl, substituted phenyl, benzyl, substituted benzyl, CHycycloalkyl, CH,-3-indole,

15  CH(loweralkyl)-2-furan, CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl,
or CH(OH)-4-SCH;3-phenyl and n is 0 to about 10. This process involves reducing an
o-amino acid to an B-amino alcohol of the formula (R),CH(CH,),CH(NH,)CH,OH;
sulfonylating the B-amino alcohol with 5-chloro-thiophene-2-sulfonyl halide; and
recrystallizing the product of the sulfonylation step to afford the chirally pure N-

20  sulfonyl B-amino alcohols.

In one embodiment, the compounds of the invention contain one chiral carbon
center, where R in the above-noted structures is the same. In certain desired
embodiments, the R groups are methyl, ethyl, and n-propyl, and most preferably the R
groups are ethyl. However, the invention further encompasses producing o.-amino

25  acids and B-amino alcohols of the general formulae provided herein where the R



25 acids and (3-am no al cohols of the general fornulae provided herein
where the R 3 WD 03/050063 PCT/ US02/ 38119 groups are different. In these
conmpoundsworng/osmedror e additional chiral centers may be presarsv/ssionever,
the additional chiral centers nust be optically pure and nust not
interfere with the production of the chirally pure a-am no acids, a-am no
al cohols, and pure S enantioners of N-sul fonyl R-am no al cohols of the
present invention. 5 In another preferred enbodi ment, the chiral carbon
center is of S stereochem stry which gives rise to enantionerically pure
products. ThugroublgreRIMRESR STrthest BEnpIME e ¥R midkOaddARBa1RRirR EAiek @Al route to
the synthesis of chirally pure S enantioners of (3-am no al cohols, and
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conpounds j§ay hBRinP IHANIGEBnAB-hhing alRBIIMOHe ustRAR firShMIbitiBh k¥p-amiBiqused herein
to refer to both straight-"and branched-chain saturated aliphatic

hydr ocar bon gpsdpetianawhich isamelicatediie amglaidragiogetbyrsereprabanaylaiglapgiopatley. t o ei ght
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cover both straight- and branched- chain alkyl groups with at |east one
car bon- cadbon tri pAeutedrhdresm thettenn ‘ipbaraiagiwticallyrisefil” refietsite comproafidsr ably two to

six carbon at ﬂgﬁng é‘ﬁesﬂ&? Giolbifcﬁf éﬂ‘ectt, Qﬁetﬂ&ragnd 'ﬁle éf@ﬁt'i'c, {nﬁ%ﬁ{essti}nglant or

suppressant, adjuvant, or vaccinal agent. Similarly, a variety of compounds which are

suitable for use in non-pharmaceutical applications, e.g., a diagnostic, a marker,
among others may be produced by the method of the invention. However, other
20  pharmaceutically useful compounds may be produced by this method.

The term “alkyl” is used herein to refer to both straight- and branched-chain
saturated aliphatic hydrocarbon groups having one to ten carbon atoms, preferably
one to eight carbon atoins and, most preferably, one to six carbon atoms; “alkenyl” is
intended to include both straight- and branched-chain alkyl groups with at least one

25  carbon-carbon double bond and two to eight carbon atoms, preferably two to six
carbon atoms; and “alkynyl” group is intended to cover both straight- and branched-
chain alkyl groups with at least one carbon-carbon tripie bond and two to eight carbon
atoms, preferably two to six carbon atoms. As used herein, the term “lower” refers to
any of the above-defined groups having one to six carbon atoms.

30 The terms “substituted alkyl”, “substituted alkenyl”, “substituted alkynyl”,
“substituted lower alkyl”, “substituted lower alkenyl”, and “substituted lower
alkynyl” refer to alkyl, alkenyl, alkynyl, lower alkyl, lower alkenyl, and lower alkynyl



any of the above-defined groups having one to six carbon atons. 30 The

ternms "substituted al kyl", "substituted al kenyl", "substituted al kynyl",
"substituwed3sosmes al kyl ", "substituted | ower al kenyl", amdT/tsab3gtii¢ ut ed
| ower al kynyl" refer to al kyl, al kenyl, alkynyl, |ower alkyl, |ower

al kenyl, and | ower al kynyl 4 WD 03/050063 PCT/ US02/ 38119 as just descri bed
having fromone to three substituents which are independently selected
from anong hal ogen, CN, OH, NO2, ami no, aryl, heterocyclic, substituted
aryl, substituted heterocyclic, alkoxy, substituted al koxy, aryl oxy,

subst i t ut ed aL @ ¥scribéd ﬁ‘a)&ln%@fo@@&)é' to b ARIRR WhictPdr dgiBnddhily and

aryl thio. These substituents nmay be 5 attached to any carbon of an al kyl,
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al kynyl ryl I
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car bon- based aﬁtawgmbravpmtumla@tatbhmhe@lcelanﬁﬁm atoms contained in the
backbone of the rifg. I;I;pesuf) Qﬁﬂetfm‘%] dﬂgm%} rh%@;ﬁ%%nét%f&ubenzw

group having one to four stl ents are |n ependent |y sel ected
from anong h a’s@g@n@ntmucme ltl\d@@delﬁ!}' salertnd rom amﬂlng h@iygﬁnoﬁNkQH; Nevkenyl ,

al kynyl , al ko o) bsit L1 wt I
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chl ori ne, l(broaliwiearbcbﬂyil@tkyhmbow, alkyéhinyie, aﬂ'mayltﬂe@m "st rong non-nucl eophilic
base" refers to a Ro ug S ct as a
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alkylcarbonyl, alkylcarboxy, alkylamino, and arylthio.
The term “halogen” refers to chlorine, bromine, fluorine, or iodine.
The term “strong non-nucleophilic base™ refers to a non-nucleophilic basic
reagent, which does not act as a nucleophile or bind to the reagents utilized according
20  to the reaction. A number of non-nucleophilic bases are known in the art and include
sodium hydride, potassium hydride, lithium diisopropylamide and potassium
hexamethyldisilazide.
The term “aqueous base” refers to a solution composed of at a minimum a
base and water. A number of bases which readily dissolve in water are known in the
25  artand include alkali metal hydroxides such as lithium hydroxide, sodium hydroxide
or potassium hydroxide, among others. The aqueous base solution may further
contain other reagents which do not interfere with the reactions of the present
invention, and include organic solvents such as tetrahydrofuran, methanol, or
hydrocarbon solvents, salts such as sodium chloride, and buffers, among others.
30 The term “organic solvent” may include any solvent known in the art, which

does not react with the reagents utilized in the reaction and includes saturated



or potassi um hydroxi de, anong ot hers. The aqueous base sol ution may further
contain other reagents which do not interfere wwth the reactions of the
present WowaMnsioeh, and i nclude organi c solvents such as tPretrrshysiiod ur an,
met hanol , or hydrocarbon sol vents, salts such as sodium chloride, and
buffers, anong others. 30 The term "organic solvent" may include any

sol vent known in the art, which does not react with the reagents utilized
in the reaction and includes saturated 5 WO 03/050063 PCT/ US02/ 38119

hydr ocar bon sol vents, unsaturated hydrocarbon solvents, including aromatic
hydr ocar bon s RS acetates, anon
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car bamat es ang ot her  conyventional "pro-drug’. for whi.ch en
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a-am no al cohols of .the invention re reacted, with a.varjety of reagents
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Medicinal Research Reviews, 16(3):233-241, ed., John Wiley & Sons (1996). -
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In one embodiment, the a-amino acids and pB-amino alcohols of the invention
are reacted with a variety of reagents to form complexes having at least one chiral
20  carbon center. In one embodiment, the ai-amino acids and alcohols are reacted with
thiophene sulfonyl halides, more desirably, 5-halo thiophene sulfonyl halides, and
most desirably, 5-chloro-thiophene sulfonyl halides to form the chirally pure
heterocyclic N-sulfonyl B-amino-alcohols of formula (8).
In another embodiment, the a-amino acids or -amino alcohols of the
25  invention are reacted with furansulfonyl halides to form chirally pure heterocyclic N-
sulfonyl B-amino-alcohols.

The following scheme (Scheme 1) will facilitate further a general
understanding of the invention by those skilled in the art, while Scheme 2 describes a
preferred embodiment of the instant invention. Those skilled in the art will readily

30  understand how to apply the process of this invention to the various embodiments

encompassed by this invention.



I n anot her enbodi nent, the a-am no acids or (3-am no al cohols of the 25
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strong R1 R R I R non-nucelophilic5. Trisyl  azide bas& R (CH2)n (CH,
A\ ~2 \Ng RY FQrRaqueoushbﬁsemg 2 reduct i«adeadarizs), \N3 O O CH O OH
or organometallic PCl3, or SO,Cly/ (CHy),
(SHa)n reagent {CHa)n tertiary amine o
l\2 H,/OH )k
X 3. 0 0 N o
o} alkali \ /
o (2) metal \N o ® \\\\
\-_-/ \Ph
\\ 4. strong
R, R R R Ph non-nucelophilicl 5. Trisyl azide
Y \r base
R R
(CH§i NEL, (CHy) ™ \r
o OH 7. reduction 1 OlOH 6. aqueous base X NN 0
O] % o N o}
@
l 8. reduction 2 \\
Ph
R R
' T
(CHgh A5
oo 9. 5-CL-Th-2-S0,Cl ‘\\N}P—ﬁ—-@—(ﬁl
ANHy — 0
OH
OH
™ ®
Referring to Scheme 1, conversion of the alkyl halide (1) to the carboxylic
5  acid (2) may be achieved by initial conversion of the alkyl halide (1) to an

10

organometallic reagent. Various techniques are known in the art to convert alkyl
halides to organometallic reagents. See, e.g., Organometallic Syntheses, Volume 2,
John J. Eisch, ed., Academic Press, New York, 1981. Preferably, the alkyl halide is
an alkyl bromide, chloride, or iodide. More preferably, the alkyl halide is an alkyl
bromide. A variety of metals and organometallic reagents are known to facilitate
conversion of alkyl halides to carboxylic acids and include Grignard reagents,
organolithium reagents, magnesium and lithium metals, among others. Once
prepared, the organometallic reagént is converted to a carboxylic acid, preferably by

quenching with carbon dioxide. Alternatively, conversion to the carboxylic acid may

6 WO 03/050063 PCT/ US02/38119 Schene 1 2.

lic
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(6) (5 0 NO (4) 8. reduction 2 RYR RYRPh O(S CH 2~ 11 (c
9.5-Cl-Th-2-S2CI \NHS O XNH2 O OH OH (7) (8) Referring to Schene 1,
conver si owoaB/ostee3 al kyl halide (1) to the carboxylic 5 aeca/usdy/3smy be
achieved by initial conversion of the alkyl halide (1) to an

organonetal lic reagent. Various techniques are known in the art to convert
al kyl halides to organonetallic reagents. See, e.g., Organonetallic

Synt heses, Volunme 2, John J. Eisch, ed., Academ c Press, New York, 1981.

Preferably, the bglalsybmbabitsiee matho@lan@&rm |thethrr10 rsu@lemembélsqwd&e refftink adi de.

More preferably, the aI kyl halide is an O bromde. A variety of

metal s and or QX¥eRReEl! ‘Flr%agF‘gdﬁ@rﬁﬂ"éhyéF@bRW emyl fhlesioformaie o affsdhiter si on of

al kyl hal i des &1 6sdrPRNVh ishy@Glydsd RNEL datdxyieacid d GG LERIEAES A
organol i thium reagent s, magnesiumand |ithiumnetals, anong others. Once

prepar ed, the VAHEHAbARMeaYs bages may e selested by of skald in fbe art.and Bslugp plkalici d,

pr ef er abl y sby n%#ﬁ'ﬁ‘}ﬁlbf@ﬁeé’!u%lhaﬁﬁﬁlgﬁﬁ MhydtoRide A& diuh ﬁiﬂf&?&e'o\fﬁbt\éssgﬁ? nversion to
t he carboxylic acid 8063 PCT/ US02/ 38119 "be by any ot her

sui tabl e net h&yd @quﬂgtoﬁ@fsart Such met hods i nclude reacting the
organonetal lic reagﬁ@&arﬁ%:&hc gdl@@wsjth&ﬂrolﬂ@ % fie oﬁéﬂaﬂhm%{y& ipfiReELe to

afford the ethyl ester, I'S hydrolyzed to the car ic aci'd using
an agqueous badde caboxylie |aelﬂ>é2)os firgheraperdiia seactivaipd brasbanyl mmesjbybya@m of

skill in the ¥ the Cgl%g)(}hﬂ qu'%f’haa“égéeht Iphcﬂﬁ | dﬁ%@ﬁ eq(% a%fdlehﬁeg l'ithium

hydr oxi de, sodi um hydroxi e assi um OXI anon ts.
10 phosphorus trichloride, acid anhydndes or thlonyl chlonde 'followed by reaction with

a tertiary amine. A variety of acid halides may be utilized and include acid chlorides,
bromides, and iodides. Preferably, the acid halide is an acid chloride. A variety of
acid chlorides are known in the art and include pivaloyl chloride, isovaleryl chloride,
ethyl chlorocarbonate, and isobutyl chlorocarbonate, among others. Most preferably,

15  the acid chloride is pivaloyl chloride. A variety of acid anhydrides are known in the
art and include trifluoroacetic anhydride and trichloroacetic anhydride. Preferably,
the acid anhydride is trifluoroacetic anhydride. A number of tertiary amines are
known in the art and include triethylamine, trimethyl amine, N,N-diisopropylethyl
amine, and pyridine, among others. Preferably, the tertiary amine is triethylamine.

20 The activated carbonyl species is subsequently reacted with an alkali metal
salt of a chiral auxiliary reagent in a suitable organic solvent. Preferably, the chiral
auxiliary agent is S-4-benzyl-2-oxazolidinone. However, other chiral auxiliaries may
be utilized and readily selected by one of skill in the art. See, e.g., Principles and
Applications of Asymmetric Synthesis, G. Lin, Y. Li, and A. Chan, Wiley-

25  Interscience, New York, 2001 (for example, page 104, Tables 2-13). Alkali metal
salts of S-4-benzyl-2-oxazolidinone which are useful in this reaction include lithium,
sodium, and potassium salts. Preferably, the chiral auxiliary is the lithium salt of S-4-
benzyl-2-oxazolidinone.

In an effort o maximize product yield, conversion of the acid to the

30  oxazolidinone derivative is preferably performed in about 30 minutes. However, the

reaction time may be dependent upon a variety of factors including reaction

temperature, purity of the reagents, scale of the reaction, environmental conditions,



The carboxylic acid (2) is then converted to the oxazolidi none derivative
(3). The carboxylic acid (2) is first converted to an activated carbonyl
speci es bworastosdn of the carboxylic acid with a reagentCTiused/sglihg, but
not limted to, acid halides, 10 phosphorus trichloride, acid anhydrides,

or thionyl chloride, followed by reaction with a tertiary amne. A variety
of acid halides nmay be utilized and include acid chlorides, bromdes, and
i odi des. Preferably, the acid halide is an acid chloride. A variety of

aci d chl ori desx#t sristudasr thersubkteateq biid Encenitratdn) d@omd sthdraylonghl @rsheltesr

i soval eryl chlorjde, ethy hl or gcar.bonat e, ~and.i sobytyl .chl orocafbonate,
o ot her <. RO fesieEa bt 7 2ok SDRnGED i BRIt 3 e iSRug R Rl o1 de A
vari ety of acgidllanihygdsi des are known in the art and include
trifluoroacetic anhydride and trichloroacetic anhydride. Preferably, the

acid anhydride is trifluoroacetic anhydride. A number of tegtiary amines

are known in the art and include grigethylamne, trinethyl am ne,
N, N-di i sopropy’fiﬁphyl ari ME€S02and pylfi di ne, arfoRyCHVRRY s. %a y, the
tertiary anmine ils tri efhAylam ne. 20 HactiVﬁT@ﬁ_gﬁ?bonyl SPRC] is
subsequent |y reacted with an al kal i tal sat oili chi ral "aux Ii(}y
reagent in a sujpjable organic sol venty Preferabkys tge chirgl & liary
agent is S-4-benzyl -2-oxazolidinone. However, otRer fchiral auxiN.iaries nmay
be utilized and readily selected by one of skillesTn the art. Sed® e.g.
Principles and Applications of Asymetric SyntheE%E, (é?ﬁmﬂiﬁ;ﬁ Li, and A
Chan, Wley 25 Interscience, New York, 2001 (for exanple, page 104, Tabl es
2-13). Alkali netal salts of S-4-benzyl-2-oxazolidinone which are useful

in this reaction|include lithium sodfum and potassium sakts. Preferably,
the chiral augiTremyzis the lithium ~af  S-4- benzyl - 25 Z0] igdinone. In
an effort to maxigmize progugkgyi el d, copversion @fiothe acid tp t 30
oxazol i di none detiv&five_is preferabl ypeekor medin_-about 3 iNTUt es.
However, the ré&action tine may be depgndent upon a vari et ygyof factors
including reaction tenperature, purity of the reagents, scal egof the
reaction, environrental conditions, 8 WO 03/050063 PCT/ US02/ 381 exact
structure of the q¥dsBHEME! and concentration, anpbng others. Longer or
shorter reactionjtimes (e.g., 10 to about 60 minutes) may be utilized as

determ ned by one of skill in the art.
R R 7 s
& /HiNHZ 9. 5-CI-Th-2-S0,C1 R/Him—ﬁ—@-q
(o]
OH OH
5

In a preferred embodiment, the carboxylic acid (2) is converted to the mixed
anhydride by reaction with pivaloyl chloride in the presence of triethylamine and
subsequently reacted with the lithium salt of S-4-benzyl-2-oxazolidinone (generated
by the action of n-butyllithium on S-4-benzyl-2-oxazolidinone) in tetrahydrofuran

10  (THF) to form the oxazolidinone derivative (3). See, Scheme 2.

The oxazolidinone derivative (3) is then converted to its enolate anion by the
action of a strong non-nucleophilic base, as defined herein. Preferably, the strong
non-nucleophilic base is potassium hexamethyldisilazide. The enolate anion is then

reacted with trisyl azide to form the azido-oxazolidinone intermediate (4).



Scheme 2 R RR1. My/CR ROH 2. tBuCOCI/TEARI1 p ol X3 ON/J~ \ O
\L-// (1) (2) LiI\NN O(3) ~4 ?- -~ \Ph 4. KHVDS Ph 5. Trisyl azide RRR
R NH2 R -W¥P,03/050083 R ~\1'rs~ O OH 7. H2/Pd 6. LiCOH/ O CHPOTIGSD2/3418) (5)
(4) \ Ph 8 LiBH#4/TMSC RRO R,,\NH2 9.5-Cl-Th-2-S®2C R\NHS O cl

O CH OH(7) (8 5 1n a preferred enbodinent, the carboxylic acid (2) is
converted to the m xed anhydride by reaction with pivaloyl chloride in the
presence of triethylam ne and subsequently reacted with the |ithium salt
of S-4-benzyl -2-oxazolidinone (generated by the action of n-butyllithium

on S-4-benzyl - 2- oxagQlabidb3o08Ndihdheliftb iR}t @f 4h@R converted to the a-azido-acid
(5) by any suitable method known in the art. In a preferred embodiment, the azido-
oxazolidinone intermediate is converted to the a-azido acid by hydrolysis with an
aqueous base, as defined herein. Preferably, the azido-oxazolidinone intermediate is
5  converted to the a-azido acid by hydrolysis using an aqueous solution of lithium
hydroxide.

The o-azido-acid (5) can be reduced to the a-amino-acid (6) by any suitable
method known in the art. Preferably, the reduction is performed using catalytic
reduction with hydrogen gas in the presence of 10% palladium on carbon catalyst.

10 Alternatively, the reduction may be performed with zinc/HCI, sodium borohydride, or
aqueous triphenyl phosphine. In an effort to maximize product yield, the reduction is
desirably performed in about 24 hours. However, the reaction time may be dependent
upon a variety of factors including reaction temperature, purity of the reagents, scale
of the reaction, environmental conditions, exact structure of the substrate, and

15  concentration, among others. Longer or shorter reaction times (e.g., about 12 hours to
about 96 hours) may be utilized as determined by one of skill in the art.

The chiral a-amino acid may then be isolated using techniques known by
those of skill in the art including, but not limited to, chromatography and
recrystallization. Recrystallization may be performed using a variety of organic and

20  inorganic solvents known in the art and provides chirally pure a-amino acids.

Alternatively, the a-amino acid (6) can be reduced to the B-amino alcohol (7)
by a variety of methods known in the art. In a preferred embodiment, reduction of the
a-amino acid is accomplished with catalytic hydrogenation, diborane, related boranes
such as catecholborane, lithium borohydride/trimethyl silyl chloride (TMSCI), lithium

25  aluminum hydride, diisobutyl aluminum hydride (DiBAL-H), bis(2-methoxyethoxy)
aluminum hydride (Red-Al), and alane. More preferably, the reduction is
accomplished using lithium borohydride/TMSCI over 48 hours.

The chiral B-amino alcohol may then be isolated using techniques known by
those of skill in the art including, but not limited to, chromatography and

30  recrystallization. Recrystallization may be performed using a variety of organic and

inorganic solvents known in the art.

10



10 (THF) to formthe oxazolidinone derivative (3). See, Schene 2. The
oxazol i di none derivative (3) is then converted to its enolate anion by the
action ofwe 0swsmwnryy non- nucl eophilic base, as defined hereiPeT/URoESEIADI Vv,
the strong non-nucl eophilic base is potassi um hexanet hyl di sil azi de. The
enolate anion is then reacted wth trisyl azide to formthe

azi do- oxazol i dinone internediate (4). 9 WO 03/050063 PCT/ US02/ 38119 The
azi do- oxazol i di none internediate (4) can be converted to the a-azi do-acid

(5) by any suitabl e aRkhag, KRIMIG-alddfol s cérﬂeﬁedRB %Ie%r%@c%hﬁﬂb()d' ment, the

azi do- oxazolidinone internmediate I's converted azi do acid by
hydrol ysi s w tchmapundg8)ksogaction sith Sapblou@fhlqpé@lqﬁésléfmyl Cﬂii@fde irathé presanie

azi do- oxazol | deQgéhd BRIkt sac{]t?élft‘{z#yeﬂnﬁ Oot P @A doRiEd Y

hydr ol ysi s usi ng an ‘agqueous ‘solutron o I"um
a-azi do-acid (R?):rysfaﬂlzwnr@mg@edpmcprtamoaemﬂgna@ngi tecB)iquey kaown mube abl e

met hod kno i eduction is perfornmed using

catal ytic \g?e &c gdﬁq}(\/a%h#gl@%ﬁéﬁgéﬁ%oé ﬁﬁ&t he presence of 10% pal | adi um on
carbon catal yst. 10‘h¢\b¢rxersaaatunee>lf me rédegon equate, easerod yyrtiesipeschlobiligydindi t h

o e i 2o pPUMIRTC P ante Hate T Ro e P R el R g™ B about
24 hours. I-bV\I@V@Iaratlbﬂﬂefdm'ahyplﬁélendﬁﬁom&y obBI-sﬂE‘px@rnﬂemhno alpgholsa vari ety of
factors including t enper at ur e, y of .the reagents, scale of
the reaction, envi 57@}‘? ‘i‘??aééfsmcoéﬁ‘ﬁ?’?"itsoaﬁ%‘ncg‘aﬁ‘f’ asf?%ﬁﬂe’% RipRoofgHs IERGRnE 1 at e,
and 15 conoentis épeaed tharming cthlp@s ot solveig Riovad inSkedrt, ®t doeaLhtionsd héréRs (€. g. ,
about 12 hours t aboah %§pp r§% ngé%be |I| ed as detern ned by one of
skill in the é‘?*iy e e A ' dglerming puiplRly ys; ng

t echni ques knewalyby, solvems endfeacich béndlt[bnﬁhﬂeadﬁreédﬁﬁﬂl e PGluddiih ot 11 m ted
to, chronatogr%% g and recrystallization. Recrystallization may be

performed usi B Wari ety of organic and 20 inorganic solvents known in the

art and provides clrhé allvénﬁoamcwdas@mamy@@bﬂlﬁacuoﬂé ts@é}mtehm%mpﬂu@ a- an no
acid (6) can %5 reduced to the (3-amno al cohol (7) a variety of

met hods ™ kridwn hydrotysis ag fedmrtwnaeaﬁwé]rsetmt@& @ﬁﬁé@ﬁﬁ@ﬁ‘tﬂm ﬁ%r%bw@fpvws%e

a-ami no aci-d ihad AGREPAIpERLH tmmelq%ﬁwaf&& frdhOgRMabA. OVariatlbrROh aRe,
rel ated boranes _such as catechol borane, |ithium borohydride/trinethyl

silyl chlori dépe(qfwg@tslodq 2¢comRjishing individual steps of the invention may be apparent
to those in the art. Although all these possible variations cannot be set forth herein,

such variations are contemplated to be within the scope of the present invention.

20 The following examples are provided to illustrate the production and activity
of representative compounds of the invention and to illustrate their performance in a
screening assay. One skilled in the art will appreciate that although specific reagents
and conditions are outlined in the following examples, these reagents and conditions
are not a limitation on the present invention.

25
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25 al um num hydri de, diisobutyl alum num hydride (D BAL-H),

bi s(2- met hoxyet hoxy) alum num hydride (Red-Al), and al ane. Mire

pr ef er ablwp oBlsoosducti on is acconplished using |ithium poraisyussidge/ TMSCI
over 48 hours. The chiral (3-am no al cohol nmay then be isol ated using

t echni ques known by those of skill in the art including, but not limted
to, chromatography and 30 recrystallization. Recrystallization may be
performed using a variety of organic and inorganic solvents known in the
art. 10 WD 03/ 050063 PCT/ US02/ 38119 Alternatively, the a-am no-al cohol (7)
is converted to the target chiral conpQunbiER) by reaction with

5-chl or o-t hi ophene-2-sul fonyl chloride in the presence of a strong

non- nucl eophi |l i c base such as a terti &xpmpeéhe or al kali netal hydroxide.
Recrystal | i zation using an approprq. t stem usi ng techni ques
known in the 5 art affords the chijrgflﬁgy%gta\rﬁg{ktag%et conpound. The conci se
nature of the reaction sequence, ease of synthesis, scalability and
abundance of potential starting materjal sgfrakes this process a practical
nmet hod for the preparation of chiral pure S enantioners of N-sulfonyl
a-am no al cohols. Were catal ysts or so vent(ﬁ{ are included in a reaction
step of this invention, it 10 is expect that other catalysts or solvents
known in the art, but not nentioned hereiff, may be used; those skilled in
the art w7 readily be able to determ ne-suitable catalysts, solvents and
reaction conditi ondntbarLeandekedeask bquippet eythianohduied attiched® a difiyat i on. The
i nvention incl.y certain.types of .r tions,. such as enol ate trapping, 15
hydrol ysis and” 1(r'jeg B%tai'%eﬁh?né%%%rﬁeﬁsa?df‘ﬁg(?m;ragafé‘% Bl Y2k MASPSEHR art
but previ ousl yturniveed (Y801 g, ek naqdp whizd viefe drihed OVEmho@ANE pes@it. Therediiog ent

i nvention. Variati on(i icﬁﬁt he ecli?ih}g ”Eté‘(fﬁs of accoppl i shi.ng individual
steps of the itvenToORwhiren ]355{8)35 Wap BAqef] GRSt GQVer{Re mpgnesigiy hoygh al |

t hese pf)s snogl eumgs.amﬁnse mamah fital BRrr&r@lmbD61E 2-ABYISI-FromoBiki&le (YS?IZ.% gb.ig@ns are
contenpl ated to be w.thin e . scope of t resent invengion. The

fol | owi ng exa%?lgga%}?lgceﬂF’b@‘leﬁgcgt‘?‘gﬁf‘?qflﬂ% aﬁ’&ﬁ@‘?ﬂ@ B?Sc?d‘gé‘{‘ioél?? e vi ty
of represent attimngs.OTRiOREA S Ht THFSoAYERAY BB Rdatbdtvath d HedBdunahgl t hei r
performance in.a sgreening a s;ﬁ/. One.skilled in the art will appreciate
that al t hough Vé%?é?:‘fsf(ﬁoﬁmgé’ﬁg’éﬁas e remaining 2-ethyl-1-bromobutane was diluted wi

THF (200 mL) and added dropwise to the stirred reaction mixture at a rate that

15  maintained a gentle reflux. The addition was completed in approximately 3-4 h.
After 24 h, the gray slurry was diluted with THF (500 mL), and gently heated with a
hot water bath until a homogeneous solution was formed. The warm solution was
then poured into two 4L Nalgene beakers each containing crushed solid carbon
dioxide (1 L). The slush was stirred well with a Teflon rod and allowed to stand at

20  room temperature. After 18 h, the solutions were diluted with ethyl acetate (500 mL),
and washed with 2N hydrochloric acid (500 mL). The aqueous layer was saturated
with sodium chloride and extracted once more with ethyl acetate (500 mL). The
combined ethyl acetate layers were dried (Na;SQO4). Concentration under reduced
pressure gave a wet residue, which was taken up in methylene chloride (600 mL),

25  dried (NaxSOy), and concentrated at 56°C under reduced pressure to give the title
compound as an oil (91 g, 99.8%): "HNMR (DMSO-d®, 500 MHz): & 11.95 (broad s,
1H), 2.11 (d, J=6.9 Hz, 2H), 1.60 (septet, J=6.5 Hz, 1H), 1.28 (m, 4H), 0.81 (t, J=7.5
Hz, 6H); MS(-ESI): [M-HJ, 129 (100%); Anal. Calc. for C;H1404: C, 64.58, H,
10.84. Found: C, 64.61, H, 11.11.
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and conditions are outlined in the foll ow ng exanples, these reagents and
conditions are not a limtation on the present invention. 25 11 WO

03/ 050063WwB@3NE62/ 38119 EXAMPLES Exanple 1 3-Et hyl pent ooiusozssidd Et Et
OH 5 Into a 2L 3-necked flask equi pped with a condenser attached to a
nitrogen inlet tube, a mechanical stirrer, and a 500 nL addition funnel,
was added magnesium turnings (18.7 g, 0.769 nol), which were crushed in a
nortar and pestle. The reaction was placed under argon. Enough THE was
added to just cover the magnesium 10 turnings. Wth the nechanical stirrer
turned off, 2-ethyl-I-brombutane (155.5 g 0.70 nol) was placed in the
addi tion funnel and about 2-3 nL was ded .to the magnesium turnings. This
area of the THE sol ution was then heat@® W% a heat gun until vigorous

boi | i ng occurred. [B2S)s 48y8-Gi-BilhyRt-axdpehtyl)-b(phenfaiicane)-NasazdiidiHb@d W th THE
(200 nL) and added dropwise to the stirred reaction mxture at a rate that
15 maintained a gentle reflux. The addition was conpleted in approxi mately
3-4 h. After 24 h, the gray slurry was di#tuted with THE (500 nL), and

gently heated with a hot water bath ungita hogogeneous sol uti on was
formed. The warm sol ution was then poured ijnto]Jtwo 4L Nal gene beakers each

contai ning crushed solid carbon dioxide ( e Slush was stirred well
with a Teflon rod and allowed to stand at 20 Aoom tenperature. After 18 h,
the solutions were diluted with ethyl acetatai(SOO m.), and washed with 2N
hydrochlorig acid (500 nmL). The aqueous |ayer “as saturated w th sodi um

chl oride and extracted gnce nor ith ethyl acetate (500 nL). The conbined
ethyl acetate |aye to\ﬁeﬁé'ﬂ‘?“tk@‘@jg‘(smﬁw.W’%EQ?&‘?P&%IPW%WG@W%uced

pressure gave siregland eddikbsefuni¥livah 2 WREpdr AKBRIINI thpABIRLENSamBlear ode (600
m), 25 dried eé %aég%@l)’ an% rJI%FC(CiES: e’lnﬁersgltuggl’l %gs 51Sc%d lljxplc?e? rnitrroegrllJ gn?idcoglreg fos ure to
give the titl p g8

—78°C. Triethylamine (102.3 mL, 0.734 mol) was added, followed by pivaloyl

10 chioride (90.4 mL, 0.734 mol). The —78°C bath was replaced with an ice bath. The
thick slurry was stirred at 0°C for 1h.

Concurrently, into a 5L 3-necked flask equipped with a stopper, mechanical
stirrer, and nitrogen inlet, was added (S)-(-)-4-benzyl-2-oxazolidinone (136 g, 0.767
mol) and THF (1L). The reaction mixture was placed under nitrogen and cooled to

15 -78°C. A solution of n-butyllithium (480 mL of a 1.6 M solution in hexanes, 0.763
mol) was added. The resulting solution was stirred at —78°C for 40 min. The thick
slurry of the mixed anhydride was re-cooled to ~78°C for 10 min, then poured through
a powder funnel into the lithium enolate solution of (S)~(-)-4-benzyl-2-oxazolidinone.
The reaction mixture was allowed to warm slowly to room temperature overnight.

20  The reaction mixture was divided into three 1L-portions. Each portion was diluted
with ethyl acetate (800 mL), washed once with saturated potassium phosphate
monobasic (300 mL), twice with ice: 1N NaOH (1:1, 300 mL), once with saturated
potassium phosphate monobasic (300 mL), once with brine (300 mL), and dried
(Na2SO4). After concentration under reduced pressure the crude residue was passed

25  through a plug of Silica Gel (1 kg) with hexane and ethyl acetate to yield an amber oil
(123.7 g, 61%): Opt. Rot. [a]p® =+94.75° (1% solution, DMSO); 'H NMR
(DMSO-d°, 500 MHz): § 7.35-7.15 (m, SH), 4.65 (m, 1H), 4.31 (t, J=8.6 Hz, 1H),

4.17 (dd, J=2.8, 8.9 Hz, 1H), 3.00 (dd, J=3.2, 13.4 Hz, 1H), 2.91 (dd, J=7.7, 13.5 Hz,

13



conpound as an oil (91 g, 99.8%: 111 NWR (DMSO- d6, 500 MHz): S 11.95
(broad s, 1H), 2.11 (d, J=6.9 Hz, 2H), 1.60 (septet, J=6.5 Hz, 1H), 1.28
(m 4H), wod3/0fae3 J=7.5 Hz, 6H); MS(-EST): [MM, 129 (leewmusorssmhe Cal c.
for C7TH1402: C, 64.58, H, 10.84. Found: C, 64.61, H, 11.11. 12 WD 03/050063
PCT/ US02/ 38119 Exanple 2 (3(29), :

4S) - 3- (3-Et hyl -1 - oxopentyl ) - 4- (phenyl net hyl ) - 2- oxazolidinone Et Et O O AO
5 Ph Into a 3L 3-necked flask equi pped with a nitrogen inlet tube,

mechani cal stirrer, and addition funnel with a stopper, was added the

roduct from . I H 1 T, sol ution was
BI aced under %%ég@aﬁ%ég@% ’ ?@9 2'3%%1?—%\5??;6 Ey}ﬁzak‘lh?iel %bi(ﬁ??eé%ﬁég 0.734
mol ) was addedz,flBl).| lo¥e@hn, B).5 ’Aednd Y183 18vootviedapipihe tfifiets AI=H3 H) 6AR4’Gol ). The
-78C bat h was .£pl bt i\C t.h, _.The i tirred at
OC for Ih. Con%@%r@%&?og%’ilmgﬂpﬁlgﬁﬁe flg’e% }%Staé;gk?@qigg%%é73?€ﬁfa st opper,
Ere;:h?ni) CZJ st65|r96$54.2<ar38.|4mjiérnlgﬁam%iab.ev,,24\ga$1(17amjed5:)z; MSé+ESI)é[M+{1]+, -
S)-(-)-4-henzyl -.2-axazol j di nope . an . e
reaction m%xt %8 (ﬁ%)%bI%@L}gfa{]?nﬁ’épnﬁﬁcgggﬂma%d}le ggh’éﬁ’ Y- P&é‘“’l“g&}o-ﬁ?a
sol ution of n-EOWY, N, 4138 usal¥i3el HELOf4.6mb. 8 000 Chifohiih MohiteEhsinn, 0. 768
solution was stirred at-78C for 40 m n. The

nol ) was added, The resultin )

thick slurry ﬁ%g%ﬁﬁé%)‘%?ﬂwmca@a%@g Oplge {661 errtly: Howeatermbn® n, t hen
pour ed t hr oughuv deewaert 25amnshdicatés hi6r donfpbhdn@mekat e sol ution of
(S)-(-)-4-benzyl -2-oxazolidinone. The reaction mxture was allowed to warm
slowy to roomtenperature overnight. 20 The reaction m xture was divi ded
into threegollL-portions. Each portion wagmgielsuted w th ethyl acetate (800
m.), washed once with saturated potassi um phosphate nonobasic (300 niL),
twice with ice: CAVNT-@AZdo-dethykilyoxopgmtyd)-di(phenylmethd)-2wxazelifinene um
phosphat e nonobasic (300 nL), once with brine (300 nL), and dried

(Na2SO4). After concentration under reguced pressure the crude residue was

passed
Et AR}

O N o]

\/

Ph
Into a 12 L 3-necked flask, equipped with a nitrogen inlet tube, a mechanical
15  stirrer, and a 500 mL addition funnel with a stopper, was added the product from
Example 2 (122.8 g, 0.424 mol) and THF (943 mL). The solution was placed under
nitrogen and cooled to ~78°C. A solution of potassium bis(trimethylsilyl) amide
(1.018 L of 2 0.5 M solution in toluene, 0.509 mol) in THF (943 mL) was added
dropwise over a period of 2.5 h. After stirring at—78°C for 1 h, a pre-cooled (-78°C,
20 50 min) solution of 2,4,6-triisopropylbenzenesulfonyl azide (170.6 g, 0.55 mol) in
THF (573 mL) was added via cannula (two 18 gauge double tipped needles) over a
period of 14 min. After an additional 9 min at -78°C, glacial acetic acid (111.7 mL,
1.95 mol) was added all at once through a funnel. After 2 min at-78°C, anhydrous
potassium acetate (166.5 g, 1.70 mol) was added. The —78°C bath was lowered, and
25  the reaction mixture was allowed to stir at room temperature overnight. The reaction
mixture was divided into four-1L portions, and each portion was diluted with ethyl
acetate (400 mL), washed twice with saturated potassium phosphate monobasic (400
mL), once with brine (400 mL), and dried (N22SO4). After concentration under

14



25 through a plug of Silica Gel (1 kg) wth hexane and ethyl acetate to
yield an anber oil (123.7 g, 61 %9: Opt. Rot. MD 21 = +94.75 (1%

sol ut i on,wDNB@jG063LH NVR (DVMSO-d6, 500 MHz): S 7.35-7.15 @ai/ushd/38149 65 (m
1H, 4.31 (t, J=8.6 Hz, 1H), 4.17 (dd, J=2.8, 8.9 Hz, 1H), 3.00 (dd,
J=3.2, 13.4 Hz, 1H), 2.91 (dd, J=7.7, 13.5 Hz, 13 WO 03/ 050063

PCT/ USO2/ 38119 1H), 2.81 (dd, J=6.7, 16.2 Hz, 1H), 2.69 (dd, J=6.9, 16.2
Hz, 1H), 1.80 (septet, J=6.4 Hz, 1H), 1.32 (m 4H), 0.84 and 0.83 (two

over | appi ng t rie@ced presshre/thd cilde refilths wasHasseMRo Sz 5 172. 15,
155 27 138, 65 0 5e 1 ae e ok i e Sty 070 36, 10

25. 07, 24.93, 1Withsbexane and-ethykpcetats) tp give g pil 479 S S6%0 QproReR [elninai+112ab6%. f or
C17H23NO3: C, (. 50 H, , . - iy 3 , 4.83.
anal yticai @ ioht DR o Bsde St B 851 15 b St 760 3

AcCN wat er eack6ddfit, AHhi4# (6, 1BD, TRA (L, st HatlitD, 4.27 GM, F=at4e 84 Hd 1¥),n, WV

?SE gg;i,on & 26 QB N9 $8EESIH, B Qo EAPUNEH,, {8 1.68%m, 1D, FA&THLe 3

48S) - 3- ( 2- Azi danB4H),I0y87-dnd 084 [fvit ovedlappingpiipleng) I 6l PHE - txsxmR (DNPONe Et Et

,niqt\[raogenoi m;t%Gt @y%Pﬁékﬁggllgﬁ%g 1%@8@3?%@?125'&%31%6%8 i'ﬁgga%\%%i@ég f unnel

with a stoppers23sas6.86/ded4tNesspipsuicet 16, . dararRIs 2, N.22c &1%0, . 424 nol )
and THE (943 r% . .The 'sglsﬁgi on was placed under nitrogen and cooled to

-78C. A sol ut ih JiOUpGt GGt &F t ri met hyl silyl) amide (1.018 L of a 0.5
M sol utionmo n toluene, 0.509 nol) in THE (943 nL) was added dropw se over
a period of 2.5 h. After stirring at -78C for 1 h, a pre-cooled (-78C, 20
50 min) solution of 2,4,6-triisopropyES#HpEdesul fonyl azide (170.6 g, 0.55

mol) in THE (573 L) was addeg{s)i#de3leMhyigerdthiie 4G4 9auge doubl e ti pped
needl es) over a period of 14 mn. After an additional 9 mn at -78C,

glacial acetic acid (111.7 nL, 1.95 nol) was added all at once through a
funnel. After 2 mn at-78C, anhydrous =

Et N3

o OH

15 Into a 3L 3-necked flask equipped with a thermometer, a mechanical stirrer,
and a nitrogen inlet tube was placed the product from Example 3 (79 g, 0.239 mol)
and THF:H,O (3:1, 1.196 L). The solution was placed under nitrogen, then cooled in
an ice/salt bath. After stirring for 50 min, the internal temperature of the reaction
mixture was —0.5°C. Lithium hydroxide monohydrate (20.8 g, 0.478 mol) was added

20  atarate such that the internal temperature of the reaction mixture did not go above
2.5°C. The reaction was monitored by thin layer chromatography. After 1h, solid
sodium bicarbonate (60 g) was added. The reaction mixture was divided into two-0.6
L portions. Each portion was diluted with saturated sodium bicarbonate (80 mL) and
water (160 mL), and extracted with ethyl acetate (700 mL). The ethyl acetate layer

25  was washed once more with saturated sodium bicarbonate (160 mL). This ethyl
acetate layer contains the chiral auxiliary and was set aside. The combined sodium
bicarbonate layers were acidified with 2N hydrochloric acid (600 mL) to pH <2. The
acidified aqueous layer was extracted with ethyl acetate (500 mL), then saturated with
sodium chloride, and extracted once more with ethyl acetate (500 mL). The

30  combined ethyl acetate layers were dried (Na;SOy), filtered, and concentrated under

15



pot assi um acetate (166.5 g, 1.70 nol) was added. The -78C bath was | ower ed,
and 25 the reaction mxture was allowed to stir at roomtenperature

over ni ghtwoTh®swencti on m xture was divided into four-1LPp@risonss]19 and
each portion was diluted with ethyl acetate (400 nL), washed twice with
sat urated potassi um phosphat e nonobasic (400 nL), once with brine (400
m.), and dried (Na2SO4). After concentration under 14 WO 03/050063

PCT/ US02/ 38119 reduced pressure the crude residue was passed through a
plug of Silica Gl (1 kg) wth hexane and ethyl acetate to give an oil (79

. 5699 : Opt. =112 1 RO (o VB0, MR O de,
500 I\/I—/%):q% 7.%gﬁcfé%gé%étoﬁh‘;%@ﬁl‘zg’,%@ggwikgg,{“]m,)83:5%5 ("r?qﬁ‘%@), 4. 41
(t. J=8.5 Hz, DMSO)AFNMRIDMSOZ’ 500 B1Hyr) 13 1-Joroall s34 A, J9E3HE, 13. 6

Hz, 1H), 3.00 {d =7. .80 : -1. n 4H,
0.87 and 0. 84 ‘E f867 “érﬁ%?p%wﬁ%g‘l?f%@ 8',8;‘5’%57)‘.7(6%&,]3%143'?13 Aot ?%{?50 ds,
100 MHz): S 17MISEESDIPEH317A@69)0, 130. 13, 129.26, 127.65, 67.38, 62.74,
55.55, 42.35, 36.86, 22.74, 21.58, 11.54, 11.19; Anal . Calc. for
Cl7H22N403:" C, 61.80, H, 6.71. Found: C, 62.53, H, 6.88. 10 Exanple 4
2(S)-Azido-3-ethyl pentanoic acid Et BExaMple®d OH 15 Into a 3L 3-necked
flask equipped with a thernoneter, a nmechanical stirrer, and a nitrogen
inlet tube was placed the procﬁjg)c'AP’r“U’rﬁ'%!Pﬁf‘@“S'c(a?g g, 0.239 nol) and
THF: H20 (3:1, 1.196 L). The solution was placed under nitrogen, then cooled
in anice/salt bath. After stirring for 50 min, the internal tenperature
of the reaction mxture was -0.5C. Lithjum hydroxi de nonohydrate (20.8 g,
0.478 nol) was added 20 at a rate suck thgt"®he internal tenperature of the
reaction m xture did not go above 2.5C. e reaction was nonitored by thin
| ayer chromat ography. After 1h, solid sbdi 8% bicarbonate (60 g) was added.
The reactiln m xt uremidsre di the gesductiTiotn Exuenpls H£(31.7 g, 0.185 mol), 10% palladium

on carbon (7.9 g), glacial acetic acid (370 mL), and water (926 mL) was placed under
an atmosphere of hydrogen (40 psi) and shaken on a Parr hydrogenator. After 20 h,
the reaction mixture was filtered through a pad of Celite (1/2"), which was rinsed well
with water (200 mL). The filtrate was concentrated under reduced pressure in a bath

15  heated to 70°C to produce a white solid. The solid was triturated with ethyl acetate
(500 mL), filtered, and washed once more with ethyl acetate (500 mL), and then air
dried. This gave the title compound as a white solid (21.2 g, 79%): Opt. Rot. [a]p*
= +12.01° (1% solution, H,0); "H NMR (D,0, 500 MHz): § 4.65 (s, 3H), 3.69 (d,
J=3.4 Hz, 1H), 1.69 (m, 1H), 1.44 (m, 1H), 1.03-1.10 (m, 3H), 0.83 and 0.81 (two

20  overlapping triplets, J=7.5 Hz, 6H); MS(-ESI): [M-HJ", 144 (100%); Anal. Calc. for
C-HisNO2: C, 57.90, H, 1041, N, 9.65. Found: C, 57.75, H, 10.89, N, 9.40. Chiral
HPLC (Symmetry C18 column, eluant: solvent A=50 mM triethylamine pH adjusted
to 3.0 with phosphoric acid, solvent B=AcCN, gradient 80% A/20%B to 50%
A/50%B over 20 min, flow rate 1.0 mL/min, detection at 340 nm, S isomer has a

25  retention time of 12.26 min and R isomer has a retention time of 15.46 min) of the
amino acid derivatized by Marfey’s reagent (N-o.-(2,4-dinitro-5-fluorophenyl)-L-

alaninamide) gave an enantiomeric ratio of 99.5:0.5 (2S:2R).
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L portions. Each portion was diluted with saturated sodi um bi carbonate (80
m.) and water (160 nL), and extracted with ethyl acetate (700 nL). The

et hyl acewatog/ob@myer 25 was washed once nore with saturat e®CTA$0288119

bi carbonate (160 nL). This ethyl acetate |ayer contains the chiral
auxiliary and was set aside. The conbi ned sodium bicarbonate | ayers were
acidified wwth 2N hydrochloric acid (600 nL) to pH <2. The acidified
aqueous | ayer was extracted with ethyl acetate (500 nlL), then saturated
with sodiumchloride, and extracted once nore with ethyl acetate (500 ni).
The 30 conbined ethyl acetate |ayers wamptié ed (Na2SH4), filtered, and
concentrated under 15 WO 03/050063, PCT/ USQ2/ 38119 reduced pressure to
give an oil (31.7 g, 77%: Opt. rAming-Hethylpentanol (194 5ol uti on, DMSO):

1H NVR (DVBO d6, 500 MHz): S 13.12 (broad s, 1H), 4.26 (d, J=4.3 Hz, 1H),
1.67 (m 1H), 1.45-1.15 (m 4H), 0.88 (t, J=7.5 Hz, 3H), 0.83 (t, J=7.5 Hz,
3H; MS(-ESI): [MM, 170 (85% . 5 Exanple 5 2(S) Am no- 3- et hyl pent anoi ¢
acid Et Et "\M2 0 OH 10 A mi xture of T hgVPBkoduct from Exanple 4 (31.7 g,
0.185 mol), 10% pall adium on carbon (7.91g), glacial acetic acid (370 nL),
and water (926 nL) was placed under an atn88phere of hydrogen (40 psi) and
shaken on & Pal’l’ hyﬁkbagierﬁiﬁ&ked sk @djulﬁﬁd hmth atrh@og'eﬁﬂﬁétltﬁ’dé FinséHahRanas
filtered throu %QCellte‘é,&]EZ" h was rinsed wel| wth water
(200 niL). The FF% diop Spngh; wapnihwé%lﬂ?@d&%‘wnﬁp@éwwé(m mLpat h 15

heated to 70C dfa m@dmmmm toemﬁm) Orhe EB1@tSiPWvAHINRE uhder hitfogéBhdwi th et hyl
acetate (500 rrLgﬂd fllter(la washed once nmore with ethyl "acetate (500

m.), and t hen %QPled Q¢ Cedfh Orﬂ’i“g*ea'é({féa*ter{@ﬁmh 8-58 spbovircrdded drorwire @vesal i d

(21.2 g, 799 pe%& of Rﬂﬁnn [T@al“ E&Ebathmat IenBkd aﬁdlthJQéQﬂuH%'slﬁﬂy vJé?Q)rred ]aH NVR
(D20, 500 NHz): 9 (m 1H),

(m 1H), 1%3 r?"’?(’ﬂe"(‘ﬁﬁa“@ﬂfor 3@ g, Ehﬁre(ect@m N{ixigEs W C@\ﬂé@ F‘h‘bﬁlaﬁ@ﬂ’@rl plets,
J=7.5 Hz, 6H) ;prdfect fisthExahple bl(21.1 32041453007 vas £1d8d in Jotidns af Plolid over a

period of 15 min. The reaction mixture was allowed to warm slowly to room

1.44

temperature as the ice bath melted. After 3 days at room temperature, the reaction
mixture was cooled to 0°C, and methanol (217 mL) was carefully added over a period

15  of 80 min. The solution was stirred at room temperature for an additional 40 min,
then concentrated under reduced pressure in a water bath at 60°C. The resulting
slurry was made basic with 20% sodium hydroxide (37.5 mL). Water (37.5 mL) was
added, and the entire aqueous layer was extracted with methylene chloride (300 mL),
and dried (Na28S0Oy). Concentration under reduced pressure gave the title compound

20 asanoil (17.3 g, 91%), which was used immediately or stored in the freezer
overnight: Opt. Rot. [a]p? = -3.7° (1% solution, DMSO); *H NMR (DMSO-d%, 500
MHz): 3 4.38 (broad s, 1H), 3.35 (dd overlapping with a broad s at § 3.32, J=4.5, 10.3
Hz, 3H), 3.14 (dd, J=7.9, 10.2 Hz, 1H), 2.63 (m, 1H), 1.45-1.05 (m, 5H), 0.82 and
0.81(two overlapping triplets, J=7.4 Hz, 6H); MS(+ESI): [M+H]", 132 (60%).

25
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C7H1I5NO2: C, 57.90, H, 10.41, N, 9.65. Found: C, 57.75, H, 10.89, N, 9.40.
Chiral HPLC (Symmetry C18 columm, eluant: solvent A=50 mMtriethyl am ne pH
adj ust ed wo®385@63i t h phosphoric acid, solvent B=AcCN, gr&dirasp2/80¥w A/ 2098
to 50% A/ 5098 over 20 min, flowrate 1.0 nL/mn, detection at 340 nm S
isomer has a 25 retention tinme of 12.26 mn and R isonmer has a retention
time of 15.46 mn) of the amno acid derivatized by Marfey's reagent
(N-a-(2,4-dinitro-5-fluorophenyl)-L- al ani nam de) gave an enantioneric
ratio of 99.5:0.5 (2S:2R). 16 WD 03/050063 PCT/ US02/ 38119 Exanple 6
2(S) - Am no- 3-et hyl pentanol Et Et A 2Engibl§7' nto a 3L 3-necked fl ask

equi pped with a nitrogen inlet tube, a nechanical stirrer, and an addition
funnel with a sSeQidero-Nel6lSH2eetlyd-1-Ghy thioxympdwybhytyHi2qdiqrbenesyifonagpide, o |\
solution in THE, 0.29 nol). The solution was placed under nitrogen and
cooled to OC. Chlorotrinethylsilane (73.8 nL, 0.58 nol) was added dropw se
over a period of 30 mn. The ice bgth was r ved and the resulting slurry
was stirred at 10 room tenperat Ug RNEGOR n./ tie reaction m xture was
cooled to OC and the product from Exanpl® 21.1 g, 0.145 nol) was added
in portions as a solid over a period of 15 mn. The reaction m xture was

al | owed toswarm s Qub 0o A8MmbERALALGCA54 1 B0 b6 MobahimEmbasl. After 3
days at room tenperature, € reactio m xture was cooled to OC, and

net hanol (217 chloyidew¥$0 oel)efas plagedatderArgom and cqndad to @°Q. 5 Tagthdanifg (36-2The

sol ution was stirr r 0o : h ik el kfe-2- t hen
concentrated é’r r%%tg§fd§F%§§B°S%§%gE}§ {;ﬁ{%@%ﬁ?ﬂ“ﬁ%@é@%@ﬂ esul ting
slurry was madelfeiss tidondet (56.2@90.2® ool i inydiylexs ehdor{d@14® ml) Thaggastony 37. 5 nl)

oot e S RS 04 gy re
pressure gave Afhe 3tdayd @ ramneopacind) teseationmixtire agdiyided i twoshp &h was used
| mredi atel'y Orpo%t&o?lg.e]gacih%ohn)% vIzars QHdEd with ethyl acetate (1L), and washed three times
with saturated potassium phosphate monobasic (200 mL), once with brine (200 mL),
and dried (Na;SOy). Concentration under reduced pressure gave a white solid (7145 g,
92%). The product (87.98 g) from several runs were combined and recrystallized
15  from hot heptane:ethyl acetate (4:1, 775 mL) to give the title compound as crystals
(74.9 g, 85%): mp 115-117.6°C; Opt. Rot. [o]p® =+10.81° (1% solution, MeOH);
Y NMR (DMSO-d%, 500 MHz): § 7.71 (d, J=8.1 Hz, 1H), 7.44 (d, J=4.1 Hz, 1H),
7.22 (d, J=4.1 Hz, 1H), 4.56 (t, J=5.2 Hz, OH), 3.31-3.15 (m, 3H), 1.40-1.15 (m, 4H),
1.07 (m, 1H), 0.79 and 0.76 (two overlapping triplets, J=7.3 Hz, 6H); BCNMR
20  (DMSO-d°, 100 MHz): § 141.75, 133.73, 130.95, 127.60, 60.41, 56.89, 41.57, 21.31,
20.80, 11.79, 11.51; MS(-ESI): [M-HT, 1 chlorine isotope pattern, 310 (100%), 312
(30%); Anal. Calc. for Cy1HisCINOsS,: C, 42.37, H, 5.82, N, 4.49. Found: C, 42.34,
H, 5.65, N, 4.43. Chiral HPLC (Chiralpak AD, 25x0.46 cm, eluant 8:2
hexane/isopropanol containing 0.1% TFA, flow rate 0.5 mL/min, UV detection at 254

25  nm, retention times for the S and R isomers are 10.95 min and 11.95 min,

respectively) revealed an S/R ratio of 100.0:0.0.
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over ni ght:
500 MHz):

Opt .

1.45-1.05 (m 5H),
MB(+ESI): [ MrH] +,

Rot .

[ a] D25
S 4.38 (broad s,
3.32, J=480 0305®63 Hz, 3H),

1H),

-3.7 (1 %solution

DVBO); 1H NVR ( DVBO- d6,

3.35 (dd overlapping with a broad s at S
3.14 (dd, J=7.9,
0.82 and 0.81(two overlapping triplets,
132 (60%) .

10.2 Hz, 1H), PRTAB0LsR11LH),

J=7.4 Hz, 6H);

25 17 WO 03/ 050063 PCT/ US02/ 38119 Exanple 7

5-Chlo ro-N-[(1S)-2-ethyl-I-(hydroxynet hyl)butyl]-2-thi ophenesul fonam de
S\ / CL O OH5 A mxture of
(34.1 g,

mu@anFQﬁ%

0.26 mol)

Et OS E . ,

m.) was pl ace
nol ) was adde
sul f onyl
reaction mxture
bath nelted. 10 Af

\' NH- |
2(S)-am no- 3- ethylpentanol

r.Ar

e Rilph ™
chl ori de (56 4 g,

E.X#:

divided into two-0

61

T

acetate (1L), and \
nonobasi ¢ (200 n),

\aghe
ong

0.26 nol) and net hyl ene

%Pedtagcog

W se ad
in nethylene chlorlde (400 m.) .

chloride (700
Trihehbyhamieagod:36. 2 i, 0.26

I on of b- chlorothlophene 2-
The

HiE

E-08). é§)~§1(%rﬁ§1yl PR g
QXMCHnQﬂel ne (200 nm)

re as the ice
m xt ure was
N et hyl
phosphat e
1) .

- %‘H.nb?fr]?y %’%‘l um

Concentrati on under
product (87.98 g) f

Bed
rom

and_dri-ed—{(Naz2S
(@8). 983 S2radgavtyhl wrereadot-i d (74. 5
§henylmpthy3<oxagolidinepphi ned and recrystal

J, 92% . The
lized 15

from hot heptane: ¢

t Hyl

2¢80erido-8-qthylpentagqisagil) t o give the fit

b compound as

crystals (74.9 g,

85%)

2(Spanilice3-thylpecmoucid Rot

[ D21 =+10]|81 (1%

solution, MeOH); 1

H6N

) - 26thy Ep&Qarivhiz )

S7.71 (d. J=8.1 Hr, 1H), 7.44

(d, k=4.1 Hz, 1H),

. 2

3.31-3.15 (m 3H),

1. 40

thiophRndsiiforddide

3-chibro-3Fi1 S)-2kethy -1 HhydrdxysGetifh)buyHR-2 Hz,
1.07 (m 1H),

oH) ,
.76 (two

0.79 and

overl apping triplets
141.75, 133.73, 13
11.51; MS(-ESI):

Anal .

%Elmubh?%o?ﬁ
Calcs f Oéfeféﬁdd-ll\ﬁﬁi]d\iﬁa BRentOn h42be’317 deslsrlb® vgth refqrenqe Jive:! PWH&Y C,

J=7.3 Fz, 6H);

hed $0n A Js%

or|ne tope

13C NWR 20 (DVSO d6, 100 MHz):
cﬁi@afci?’o%’ ard fhcér%ora?e@l hdrkin b

b

0yzo 80, 11.79,
312 (30%:

42. 34,

pattern, 310 (100%

preferred embodiment, it will be appreciated that modifications can be made without

departing from the spirit of the invention. Such modifications are intended to fall

within the scope of the appended claims.

19



H 5.65, N, 4.43. Chiral HPLC (Chiral pak AD, 25x0.46 cm eluant 8:2
hexane/ i sopropanol containing 0.1 % TFA, flowrate 0.5 nm./mn, UV detection
at 254 28Omaisewes ention tines for the S and R i soners ar @CT0ISOH38TIN and
11.95 mn, respectively) revealed an SR ratio of 100.0:0.0. 18 WO

03/ 050063 PCT/ US02/ 38119 The foll ow ng conmpounds were prepared accordi ng
to the instant invention: Ex # Nanme 1 3-ethylpentanoic acid 2 (3-(29),

4S) - 3- (3-et hyl -1 - oxopent yl ) - 4- (phenyl net hyl ) -2- oxazol i di none 3 (3-(29),

4S) - 3- (2-azi do- 3-et hyl - 1- oxopentyl )-4- (henylneth |)-2-oxazolidi none 4

2(S)-azido- 3- I me'@)gsqi d 5 2(S)-am no-3-ethyl pentanoic acid 6
2(S)-am no- 3- et nglgﬁ anol 7
5-chloro-N-[(1S)-2-ethyl-I|-(hydroxynethyl)butyl]-2- thi ophenesul fonam de

Al'l publications ciited i ' | b GRdL 2 oA A OLBR AL SthilEIcRIsN by 5
reference. Wile tr}é in\l} r{{)él%sf\foﬁglgﬁéé{é%%ﬁﬁé@@?%ﬁ?@mﬁ% ré)?er ence tg a
particul arly qonptising ée seaspbofli nrent, it wll be appreciated that

nodi fications can be nmade without departing fromt 4.t -of the

i nvention. Such nodffi cBIPEHE A gtr%%aea %ntlﬁgman%?ﬁélgdetoﬁgwscope of the
appended cl ai nlermdl® (RECRQIBRO06R; PCT/ USO2/ 38119 WHAT IS CLAIMED IS: 1. A
process for prepari chj r.aétﬁ §U{e S—.e&gn iotni%rs of a-am no acids
conprising the step¥FEin %) b Bp8H g 7dh oraég onetal lic reagent from an

al kyl halide of the) foaddihgsa{d)rafidEtdRic reddant o varboredinxie ® afford Br or | and
nis O to about

carb:lb%llic acid;

c) activating said carboxylic acid with an acid halide, phosphorus
trichloride, acid anhydride, or thionyl chloride in the presence of a tertiary amine
base;

d) reacting the product of step ¢) with an alkali metal salt of S-4-benzyl-

2-oxazolidinone;

e) treating the product of step d) with a strong non-nucleophilic base to
form an enolate anion;

f) trapping said enolate anion with 2,4,6-triisopropylbenzenesulfonyl
azide to afford an oxazolidinone azide;

g) hydrolyzing said oxazolidinone azide with an aqueous base to afford

an o-azido acid;

h) reducing said o-azido acid to an a-amino acid; and

i) recrystallizing said o-amino acid to form said chirally pure a-amino
acid.

2. A process for preparing chirally pure S enantiomers of B-amino

alcohols, comprising the steps of:

a) preparing an organometallic reagent from a halide of the formula
(R),CH(CH2).CHzX;

wherein X is Cl, Br or I and n is 0 to about 10;

b) adding said organometallic reagent to carbon dioxide to afford a

carboxylic acid;
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b) addi ng said organonetal lic reagent to carbon dioxide to afford a
carboxylic acid; c¢) activating said carboxylic acid with an acid halide,
phosphor &0 oBwsmwbd ori de, aci d anhydride, or thionyl chloripde/tisn2/sgieo
presence of a tertiary amne base; d) reacting the product of step c) with
an alkali netal salt of S-4-benzyl- 2-oxazolidinone; e) treating the
product of step d) with a strong non-nucl eophilic base to forman enol ate
anion; 1) trapping said enolate anion with

2,4,6-triisopropyl benzenesul fonyl azide to afford an oxazolidi none azi de;
g) hydrol yzing sai ct)oxaacti\dadxhgmitbcadzixyll@ aeid witlaan zeidileadide, phasphorus af f ord an

a-azido acid; h UCIn L. | d: - am 'ﬂg! nd i)
recrystalli zi ntﬁlhglgf“ge 301% rl&ie Ocrj%%m%j C(%l?o(riﬁldgé% %e@ﬂals%ac?% pur %maﬁl no acid.
2. A process fimgepreparing ch| rally pure S enantioners of a-am no

al cohol s, conprising the ste epa n,.0L gan I eagent
froma halide of tﬁﬂ fof‘??ﬁ?‘égptﬁf%og (’E&%B‘Hk‘éaﬁ(\%er%ﬁ%nag&g4&eﬁ é

and n is 0 to abgubliditbneb) addi ng said organonetal lic reagent to car bon
dioxide to afford a, carbox CcC a 50063 PCT/ 2{ 3 c)
activating said careBoxyI F%t“'é&“ rﬁﬁ‘?ﬁb epadgmdt?‘ﬁaf mla%non"?\uaeﬁ#c%rp t #eh'
trichloride, aﬁhﬂaﬁ.aﬁ’tyﬁémd&a or thionyl chloride in the presence of a

tertiary am ne baseg; reacti he produc f ste wi th.an aI kal i
netal salt of S-4- %nzyl APRHNG AL %1"}36‘? lﬂé% @'tg‘é?l?r %ﬁ%ﬁ%e’ﬁf% % of step
d) with a st romdert@affau&haemmmmnbaﬁ@e,t 0

g) hydrolyzing said oxazolidinone azide with an aqueous base to afford

an a~azido acid;

h) reducing said a-azido acid to an a-amino acid,

1) reducing said o-amino acid to an B-amino alcohol; and

)] recrys{allizing said B-amino alcohol to form said chirally pure B-amino
alcohol.

3. The process according to claim 1 or 2, wherein step b) is accomplished

using said acid halide.

4. The process according to claim 3, wherein said acid halide is pivaloyl
chloride.
5. The process according to claim 1 or 2, wherein said strong non-

nucleophilic base is selected from the group consisting of sodium hydride, potassium

hydride, lithium diisopropylamide and potassium hexamethyldisilazide.

6. The process according to claim 5, wherein said strong non-nucleophilic

base is potassium hexamethyldisilazide.

7. The process according to claim 1 or 2, wherein said organometallic

compound is a Grignard reagent.
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forman enolate anion; f) trapping said enolate anion with
2,4,6-triisopropyl benzenesul fonyl azide to afford the oxazoli di none azi de;
g) hydrolweiongs®es d oxazol i di none azide with an aqueous ba&se/so2/siiord an
a-azido acid; h) reducing said a-azido acid to an a-am no acid; i) reducing
said a-amno acid to an a-am no al cohol; and j) recrystallizing said
(3-amno alcohol to formsaid chirally pure (3-amno alcohol. 3. The
process according to claiml or 2, wherein step b) is acconplished using
said acid halide. 4. ThehppeaSssccaliny tticlaim 1 or 2 vhemeiB saidvieetiagy ammababeaci d
halide is pivaloyl _chloride. 5. The process according to claim1l or 2,
wherein sai d St FEHYIAIRE nucl eophilic base is sel ected fromthe group

consi sting of sodium hydride, potassium hydride, lithiumdiisopropylam de
and pot assi um hexanet hyl di sil azi de. 6. The progcess according to claimb5,
wherein sai d strong nonTHEBIOSESH RFIFHNS tﬁﬁg@"‘&é’r ‘Y%?’i‘ﬁﬂﬁiaquegus base’is

hexanet hyl di sisfiel&ront the [HBuPEQERES aCkafue Rairbade; |patasdidm dydidxidehardei n
said organonetal |ic conpound is a Gignard reagent. 21 WO 03/ 050063

PCT/ US02/ 3811 gs0dgm hyjdgo cess according to claim1 or 2, wherein said
tertiary amne base is triethylamne. 9. The process according to claim1
or 2, wherein said aqueous base is selected fromthe group consist.ing of

l'i t hi um hydr oxi de, 8ot adbp orecesy ascoxdingsto claim 1 o8 Savipssinyad seieias seh) iy he

process accor djdgmpidhéd &idB chtaBftic Zedubi Wikt hy&iddgdn bRGHEhd 1 FeshRbI Y% S
acconpl i shed using catal ytic reduction wth hydrogen gas in the presence of
10% pal | adi unpadladismoneatbencaiplyst . 11. The process according to claim1 or

2, wherein said reducing step h) is
11.  The process according to claim 1 or 2, wherein said reducing step h) is

accomplished using catalytic hydrogenation, diborane, catecholborane, lithium

borohydride/TMSC], lithium aluminum hydride, DIBAL-H, Red-Al, or alane.

12.  The process according to claim 2, wherein said -amino alcohol is of

the formula:

OH :
R is selected from the group consisting of lower alkyl, substituted lower alkyl,
lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower alkynyl,
cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl, substituted
benzyl, CHxcycloalkyl, CHy-3-indole, CH(loweralkyl)-2-furan, CH(loweralkyl)-4-
methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCH3-phenyl.

22



acconpl i shed using catal ytic hydrogenati on, diborane, catechol borane,
l'ithium borohydride/ TMSCl, |ithium alum num hydride, D BAL-H, Red-Al, or
al ane. 12woDhes@sdcess according to claim2, wherein sai dpeTarsonssiad cohol
is of the formula: R /R (CH2)n \~NH2 OH R is selected fromthe group
consisting of |ower alkyl, substituted |ower alkyl, |ower alkenyl,
substituted | ower al kenyl, |ower alkynyl, substituted |ower alkynyl,
cycl oal kyl, substituted cycl oal kyl, phenyl, substituted phenyl, benzyl,
substituted benzyl13. CHZthg ptaedslaydordifidd-cBimidoRewhdtbfdidvmbadyky hdid B- f ur an,
CH( | ower al kyl ) - 4= t hoxyphenyl , CH(I ower al kyl ) phenyl, and

CH( OH) - 4- SCH3- B%%%&Eﬂ?m@z WD 03/ 050063 PCT/ US02/ 38119 13. The process
according to claim1 or 2, where said ®Barboxylic acid is of the formul a:
R/R (CH2)n /OH Owherein Ris selected fromthe group consisting of

| ower al kyl, substituted |ower alkyl, &eywer al kenyl, substituted | ower

al kenyl , | ower al kynyl, substituted Iow{afoglkynyl, cycl oal kyl, substituted
cycl oal kyl, phenyl, substituted phenyl, nzyl, substituted benzyl,
CH2cycl oal kyl, CH2-3-indole, CH(Iloweral kyo)-2-furan,

CH( Il ower al kyl ) - 4- net hoxyphenpyl , CH(I ower al kyl ). pheny|, and.CH - 4- SCH3-
phenyl . 14. Th¥hgpBdeisselsgiebiem fy @WHPH?ﬁWQOgﬁ“?f%kﬂe?@ﬁﬁ“?& foduct of
step d) is thakfioloweralkéhyt SRBRAHRA: lowerRlkeMyl, lower alkynyl, substituted lower

alkynyl, cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl,
substituted benzyl, CHzcycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan,
CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCHs-
phenyl.

14. The process according to claim 1 or 2, wherein the product of step d) is

the following compound:

wherein R is selected from the group consisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower
alkynyl, cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl,
substituted benzyl, CHacycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan,
CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCH;-
phenyl.
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(CH)n ONO1/ - ,le . Ph wherein Ris selected fromthe group
consisting of |lower alkyl, substituted |Iower alkyl, |ower alkenyl,

substi t utwo iBosws3 al kenyl , | ower al kynyl, substituted | oweCT/UsbX§81y9 ,
cycl oal kyl, substituted cycl oal kyl, phenyl, substituted phenyl, benzyl,
substituted benzyl, CH2cycl oal kyl, CH2-3-indole, CH(loweral kyl)-2-furan,
CH(I ower al kyl ) - 4- met hoxyphenyl , CH(| ower al kyl ) phenyl, and CH( OH) - 4- SCH3-
phenyl . 23 WD 03/ 050063 PCT/ US02/ 38119 15. The process according to claim
1 or 2, wherein saild. ox&hepiodessamerdigziodnimg ool, wieeih szidokalidndfie ( CH2) n

QN3 0 ONX\O_.Ph rein Ris selected fromthe group consisting of |ower
al kyl , substitﬁ?%%s$§§%‘”m‘giyl, | oner al kenyl, substituted | ower al kenyl,

| ower allynyl, substituted |ower aRkyf®yl, cycloal kyl, substituted
cycl oal kyl, phenyl, substituted pheny|, benzyl, substituted benzyl,
CH2cycl oal kyl , CH2-3-indol e, CH(loweral kyl)-2-furan,

CH( | ower al kyl ) - 4- met hoxyphenyl , CH(Ié )ghka)phenyl, and CH( OH) - 4- SCH3-
phenyl . 16. The process according to clajm 1 or 2, where said a-azido acid
is of the fornula: R 0” N 0

\Ph :
wherein R is selected from the group consisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower
alkynyl, cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl,
substituted benzyl, CHxcycloalkyl, CH»-3-indole, CH(loweralkyl)-2-furan,
CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCH3-

phenyl.

16.  The process according to claim 1 or 2, where said a-azido acid is of

the formula;
R R

)

(CHy)y

)fs

0~ “OH:
wherein R is selected from the group consisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower
alkynyl, cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl,
substituted benzyl, CHxcycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan,
'CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCH;-

phenyl.
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YR (CH2). (N3 O OH wherein Ris selected fromthe group consisting of
| oner al kyl, substituted |lower alkyl, |ower alkenyl, substituted | ower
al kenyl , wowansmbkynyl , substituted | ower al kynyl, cycl o&Ciyusp2/3s1bstit ut ed
cycl oal kyl, phenyl, substituted phenyl, benzyl, substituted benzyl,
CH2cycl oal kyl , CH2-3-indol e, CH(loweralkyl)-2-furan,
CH(I ower al kyl ) - 4- met hoxyphenyl , CH(| ower al kyl ) phenyl, and CH( OH) - 4- SCH3-
phenyl . 24 WD 03/050063 PCT/US02/38119 17. The process _according to claim
1 or 2, wherein saild a- Zht BEcee peFording tofclaimd of drRAren iy RranfiegPYRhis\ HH2 O
OH wherein R hﬁ%ﬁ?ﬁﬁﬁﬂ&d fromthe group consisting of |ower alkyl,

al kyl

substituted | ower , lower al kenyl, substituted | ower al kenyl, | ower
al kynyl, substituted | ower al kynyl, foal kyl , substituted cycloal kyl ,
phenyl, substituted phenyl, benzyl, sﬁggtituted benzyl, CH2cycl oal kyl ,

CH2- 3-indol e, CH(loweral kyl)-2-furan, g1 oweralkyl)-4-methoxyphenyl,
CH(I ower al kyl ) phenyl, and CH(CH)-4-SCH§- yl . 18. The process according
to claim1 or 2, wherein said carboxylic facid is 3-ethyl pentanoic acid.
19. The process according to claim1l or 92, "agherei n sai d oxazol i di none
azide is (3-(29, 49).-3-(2-azidg-3-ethyl -|.-oxppent -4- (nhenyl et hyl ) - 2-
oxazol i di none. Vé%?‘n%fésedéci@gi‘g“ g‘éé&}"@ﬁﬁ‘&‘%g 8&8?"% élﬂ(}g’r S"Bgtﬁviﬁ@é’&eﬁ sai d
product of st efkf)lowesalkedyk &bstituted lower alkenyl, lower alkynyl, substituted lower
45) - 3-(3-ethyl e;licy_n())rf %?&g]a{;ll%lll,)s_uﬂs_tl(nﬁg c'? c{ogrﬁglb \éﬁgn_yl? _s&))ggt%%ldlp Ierpy?, eehzyl,

substituted benzyl, CH,cycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan,

CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCHj-

phenyl.

18.  The process according to claim 1 or 2, wherein said carboxylic acid is

3-ethylpentanoic acid.
19. The process according to claim 1 or 2, wherein said oxazolidinone
azide is (3-(25), 4S)-3-(2-azido-3-ethyl-1-oxopentyl)-4-(phenylmethyl)-2-

oxazolidinone.

20. The process according to claim 1 or 2, wherein said product of step d)

is (3-(28), 45)-3-(3-ethyl-1-oxopentyl)-4-(phenylmethyl)-2-oxazolidinone.

21 The process according to claim 1 or 2, wherein said a-azido acid is

2(8)-azido-3-ethylpentanoic acid.

22.  The process according to claim 1 or 2, wherein said o-amino acid is

2(S)-amino-3-ethylpentanoic acid.

23, The process according to claim 1 or 2, wherein R is ethyl.
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21. The process according to claim1l or 2, wherein said a-azido acid is
2(S)-azi do-3-ethyl pentanoic acid. 22. The process according to claim1 or

2, wher eiwolajoshos3 ami no acid is 2(S)-am no- 3-et hyl pent an®Ct/ts02/881123. The
process according to claiml or 2, wherein Ris ethyl. 25 WO 03/050063
PCT/ US02/ 38119 24. The process according to claim2, wherein said R-am no
al cohol is 2(S)-am no-3-ethyl pentanol. 25. A process for preparing
chirally pure S enantioners of N-sulfonyl f3- am no al cohols of the general
formula: RY R (CH2)n T&aphkksSa&otding fo claliin 2yvekdreinwaid R-ansnsdbadol sd from t he

group consisting of lower alkyl substituted |ower alkyl, |ower alkenyl,
substituted | o%(g?'mﬁlnR@ﬁ‘i}f‘leefné%%@Ik al kynyl, substituted | ower al kynyl,
cycl oal kyl, substituted cycl oal kyl, phenyl, substituted phenyl, benzyl,

SRS P SO e R S i

CH( OH) - 4- SCH3- phaB ¥lcohdM& R Fensal frRfI@cess conprises the steps of. a)
reducing an a-amno acid to an (3-amno al cohol of the formula: R YR

(CH2)n H2 \N OH b) sulfonylating said (3-am al ol with
5-chl or o-t hi ophene- 2- sul f onyl

(CH2)n

e
O//\\O OH

wherein:

R is selected from the group consisting of lower alkyl, substituted lower alkyl,
lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower alkynyl,
cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl, substituted
benzyl, CHycycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan, CH(loweralkyl)-4-
‘methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCH3-phenyl;

wherein said process comprises the steps of:

a) reducing an a-amino acid to an f3-amino alcohol of the formula:

b) sulfonylating said f-amino alcohol with 5-chloro-thiophene-2-sulfonyl

halide; and
c) recrystallizing the product of step b) to afford said chirally pure N-

sulfonyl B-amino alcohols.
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hal i de; and c) recrystallizing the product of step b) to afford said
chirally pure N sulfonyl (3-am no al cohols. 26 WO 03/050063 PCT/ US02/ 38119
26. The pwowmasstoaxcording to claim25, wherein said chiralPCy/ysaz/zsih

sul fonyl a-amno alcohol is 5-chloro-N-[(1
S)-2-ethyl-1-(hydroxynethyl)butyl]-2- thiophenesul fonam de 27. A process

for preparing chirally pure S enantioners of Nsulfonyl f3- am no al cohols
of the general formula: RR CL NHS S//\\ OH wherein: Ris selected from
t he group consi sti M. of Thepmresalakopkdingtolokiim 26 vdrdinved clataldypureN-ower

B kymyl | ool B I-ards el Peertorembi Rt Ay R b L Dheny!
benzyl, substihigpBshesinayide CH2cycl oal kyl, CH2- 3-i ndol e,

CH( | ower al kyl ) -2-furan, CH(loweral kyl)-4- nethoxyphenyl,
CH( | ower al kyl ) phenyl , and CH( OH) - 4- SCH3- phenyl ; wherein said process

conprises the Step5270f a rB&é?sPﬁ:"r arthg'hirfl ﬂeS@ﬁeﬁiﬁGﬁq kool pde of the
formula (R)2CHCH2X; vvherpel n bn%l g%r W; b) addi %gosal dfs(z‘r%{ gnard

reagent to carmnodlcebﬁlﬁ@fth%g@ﬁlfdbfoﬂndacar boxylic acid of the formula: RR
OH Oc) activating said carboxylic acid withgan acig chloride in the
presence of a tertiary am ne base;

LA

//\\ OH

wherein:

R is selected from the group consisting of lower alkyl, substituted lower alkyl,
lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower alkynyl,
cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl, substituted
benzyl, CHycycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan, CH(loweralkyl)-4-
methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCH;-phenyl;

wherein said process comprises the steps of:

a) preparing a Grignard reagent from a halide of the formula
(R),CHCH,X;

wherein X is Cl, Bror I;

b) adding said Grignard reagent to carbon dioxide to afford a carboxylic

acid of the formula:

c) activating said carboxylic acid with an acid chloride in the presence of
a tertiary amine base;
d) reacting the product of step ¢) with a lithium salt of S-4-benzyl-2-

oxazolidinone to afford the following compound:
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d) reacting the product of step c) wth a lithiumsalt of S-4-benzyl-2-
oxazol i dinone to afford the foll ow ng conpound: 27 WO 03/ 050063

PCT/ US02/\8813850083 R O N Ph e) treating the product of swrep/utp2/sdiih

pot assi um hexanet hyl di silazide to forman enolate anion; f) trapping said
enolate anion with 2,4,6-triisopropyl benzenesul fonyl azide to afford the
oxazol i di none azide of the formula: R R,,N3 0 ON O Ph g) hydrolyzing
sai d oxazol i dinone azide with an aqueous base selected fromthe group
consisting of |ithium hydroxide, potaskium hydroxide, or sodium hydroxide
to afford an a-azido acid of the fon : Ro R,\N3 OOH; h) reducing
said a-azido acid using hydrogen gas in theiiresence of 10% pall adi um on

carbon catalyst to an a-anmno acid of #hexforpula: R R _ 0 OH, i)
reduci ng said a-am no acid using catal ytic\ hydrogenation, diborane,

cat echol borane, lithium borohydride/ TMBCIS |ithium al uni num hydri de,
D BAL-H, Red-Al, or alane to an (3-am no\all cohol of the formula: R

e) treating the product of step d) with potassium hexamethyldisilazide to
form an enolate anion;
) trapping said enolate anion with 2,4,6-triisopropylbenzenesulfonyl

azide to afford the oxazolidinone azide of the formula:
R

R/iiNs i

Y N o]

g) hydrolyzing said oxazolidinone azide with an aqueous base selected
from the group consisting of lithium hydroxide, potassium hydroxide, or sodium
hydroxide to afford an a-azido acid of the formula:

R
R N3
9 OH
h) reducing said a-azido acid using hydrogen gas in the presence of 10%

palladium on carbon catalyst to an a-amino acid of the formula:

R
R AINHz
o OH -
2
1) reducing said o-amino acid using catalytic hydrogenation, diborane,

catecholborane, lithium borohydride/TMSCI, lithium aluminum hydride, DiBAL-H,

Red-Al, or alane to an B-amino alcohol of the formula:
R

R/KQ\N H,

OH
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R a\NH2 OH 28 WD 03/ 050063 PCT/ US02/ 38119 ) sulfonylating said (3-am no
al cohol with 5-chl oro-thiophene-2-sul fonyl chloride; and k)

recryst alwoasngposhe product of step j) to afford said chi ralrigsopssies N-

sul fonyl (3-am no al cohols. 29

i) sulfonylating said B-amino alcohol with 5-chloro-thiophene-2-sulfonyl

chloride; and
k) recrystallizing the product of step j) to afford said chirally pure N-

sulfonyl p-amino alcohols.
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