, *166166* O 1 JUN 2006 PRCXZESS FOR THE SYNTHESI S OF CHI RALLY PURE

(3- AM NO- ALCOHOLS B THE | NVENTI ON Thi's invention refdt d¥N 20062
novel process of pr |1y pure O-amno- 5 al cohols, as well as
i ntermedi ates thereo |ng'g I'ng a-am no acids. Conpounds of the present
I nvention are useful for a variety of purposes, including for use in

For producti on of TRObFSr EPRaE SRRl G MR BALBNSRATEE ' "

techni ques require the use of either 10 resolution procedures or asymetric
synt heses at sone point in theBAGKRGREHIND O THEINFEENEIGMe t ar get conpounds.

More efficient neans f r are
needed. SUMVARY OF THEq%N®E§ﬁF@kﬁ%?q?%&%ﬁ (ggggc?n&ﬁngﬁnﬁggngH?ﬁ@%nt|on
conprises a pr dc e glsolfolsy aspyedipa intengediatds itherebf lyclpﬂmgx Smeqamds; Gmmpamdfofa- ani no
aci ds. According i &y %@Qﬁgh 5 Ddeful ?&Qvﬁfeﬁ%‘?g%rsgsvgl?ﬁlhlﬂgfo?[né%‘{ﬁ des a

process for preparlng chirally pure S-ena m no aci ds
conprising the st éb%’méﬂe“tlcal)coﬂli’@ﬂt?ﬂ? ng an organonet allic reagent from an

al kyl halide of the 2Q \faﬂEth‘t@clﬁlﬁ)J%%{(e@é@ eSeiBed oS uBtidh ofa(pr'eﬁrrg Br or |
and nis O to about 10; R is al k substituted C  to C6 aIkyI c2

to C6 al kenyl, s uBRAnfiemr &gm °C?“‘P‘ba°€6 5\1%%%91““1“@2“{“63 B Uk §iT | substituted
C2 to Co6 al ky mgl , ré3y10ficdddrdc¥dures or asymmetric syntheses at some point in the synthesis to

prepare the target compounds. More efficient means for producing chirally pure

target compounds are needed.

SUMMARY OF THE INVENTION

15 In one aspect, the present invention comprises a process for preparing
chirally pure S-enantiomers of a.-amino acids.

According to one embodiment, the present invention provides a process for
preparing chirally pure S-enantiomers of a-amino acids comprising the steps of:

a) preparing an organometallic reagent from an alkyl halide of the

20  formula (R),CH(CH;),CH,X;

wherein

X is Cl, Bror I and n is 0 to about 10;

R is C, to Cg alkyl, substituted C; to C alkyl, C; to Cq alkenyl, substituted
C, to Cs alkenyl, C, to Cg alkynyl, substituted C, to Cg alkynyl, cycloalkyl,

25  substituted cycloalkyl, phenyl, substituted phenyl, benzyl, substituted benzyl,
CH,cycloalkyl, CH,-3-indole, CH(C; to Cy alkyl)-2-furan, CH(C, to Cs alkyl)-4-
methoxyphenyl, CH(C, to Cealkyl)phenyl, or CH(OH)-4-SCHj3-phenyl;

b) adding said organometallic reagent to carbon dioxide to afford a
carboxylic acid;

30 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 c) with an alkali metal salt of S-4-
benzyl-2-oxazolidinone;

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

D trapping said enolate anion with 2,4,6-triisopropylbenzenesulfonyl
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25 substituted cycl oal kyl, phenyl, substituted phenyl, benzyl,  substhdted
benzyl, CH2cycl oal kyl, CH2-3-indole, CH(Cl to C6 al kyl )-2-furndi,j&w to
C6 al kyl)-4- met hoxyphenyl, CH(Cl to C6al kyl ) phenyl, or

CH( OH) - 4- SCH3- phenyl ; b) addi ng said organonetal lic reagent to carbon
dioxide to afford a carboxylic acid; 30 c) activating said carboxylic acid

with an acid hali %det@%o%@lémgxuﬁ)lidﬁ‘n&iecﬁghgri de, acid anhydride, or thionyl
chloride in the presence of a tertiary amne base; d) reacting the product

of step c) with an al kali nbydiplyzing spid ekazgidinongezifeithan aqugousbpsgiihone; 35 e)
treating the prodyghofoSli&Pacl) W th a strong non-nucl eophilic base to
form an enol ate ani on; ?) trappi ng said enolate anion with
2,4,6-triisopropyl benzbhesurddusing saifl o-azidoEcid wangianjunecEp@d azi de to afford
an oxazol i di nonie azi de;, g) hiy:z i > &hitlo 0P Pbrhndhi e Widoh an
aqueous base tg af.for1 an g%é%tlglg%% %?ié;?%hﬁoredugéﬂrﬁlghlgg@gd“g?ggiagydgci dto
an a-amino acid; &l 5 i) recrystallizing said a-amno acid to formsaid

chirally pure a-am no pagfuflher hipedd, of prockRB prar§de8 €r prearfi GRIRES pirs SPr ovi ded for
preparing chirally pure S enantionmers of (3-am no alcohols. According to

anot her enbodi mengnantiers At Samine 4190t i on provides a process 10 for
preparing chirally pur @c&r&RoehhdnesfhbodfmeqItha Piekat iaventidiorovides A Bfatdssi ng t he

steps of: a repari ng, an organonetalli i
for Pn“ a (R )2@( C’%Z)Jrep%qﬁxhirallg pure S enantion|1e$s gf%?égnel#otalgo[lo Ep cg'm}pr%{nlg % st%};s the
of:

a) preparing an organometallic reagent from a halide of the formula
(R),CH(CH2):CH2X;
wherein
15 X is Cl, Br or I and n is 0 to about 10;
R is C; to Cg alkyl, substituted C, to Cs alkyl, C, to C¢ alkenyl, substituted
C, to Cg alkenyl, C, to Cg alkynyl, substituted C, to Cs alkynyl, cycloalkyl,
substituted cycloalkyl, phenyl, substituted phenyl, benzyl, substituted benzyl,
CH;cycloalkyl, CH,-3-indole, CH(C, to Cs alkyl)-2-furan, CH(C; to Cq alkyl)-4-
20  methoxyphenyl, CH(C, to Cealkyl)phenyl, or CH(OH)-4-SCH3-phenyl;
b) adding said organometallic reagent to carbon dioxide to afford a
carboxylic acid;
) activating said carboxylic acid with an acid halide, phosphorus
trichloride, acid anhydride, or thionyl chloride in the presence of a tertiary amine
25  Dbase;
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;
30 f) trapping said enolate anion with 2,4,6-triisopropylbenzenesulfonyl
azide to afford the oxazolidinone azide;
[:3) 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;

35 i) reducing said a-amino acid to an B-amino alcohol; and

la



wherein 15 Xis C, Br or I and nis Oto about 10; Ris C to I,
substituted Cl1 to C6 alkyl, C2 to C6 al kenyl, substituted Cé’lgﬁw

al kenyl, C2 to C6 al kynyl, substituted C2 to C6 al kynyl, cycl oal kyl,
substituted cycl oal kyl, phenyl, substituted phenyl, benzyl, substituted
benzyl, CH2cycl oal kyl, CH2-3-indole, CH(C, to C6 al kyl)-2-furan, CH(Cl to
C6 al kyl)-4 20 nmet hoxyphenyl Cl to al kvl O

CH( OH) - 4- SCH3- phenyl ; ﬁ) ad(rﬁcﬂ’g%i i‘é‘f‘ Sagir Q%HHB?T%%%IBPI@% gggéehﬁrta")f%ur%%rb n

di oxi de to affor daminoelashobxyl i c acid; c) activating said carboxylic acid
with an acid halide, p I i : i i rq.t hi onyl
chloride in the presenichce)ﬁg%%glgltsag?e{c{’ g?{ékeg% ﬁ@wc‘g@oﬂp&?eam%hhg?apgﬁisng t he
product of step c}nanfianferssaf Najukforlyl B-aminglalegiwlst of S- 4-

benzyl - 2- 0xazodi di Noneyghitd B erh inRhOR Slosehl inhiish Hdvidkh b brofes L T 0N
non- nucl eophil1c base to ofman enol ate aniton; 30 f) trapping said

enol ate ani on wi t fpr Bregaridg chirally pyre 8 prantiemerseaidswifonyhfHi  azide to afford the
oxazol i di none azi ggin, AkoHAE Bk Y&ieRSfoiAiif O0xazol i di none azide with an
aqueous base to afford an a-azido acid; h) redycing said a-azido acid to
an a-amno acid; 35 i) reducing said a-am no aci (3-am no al cohol ;
and la 0 1 JUN 2006 j) recrystallizing said (3-am al cohol to formsaid
chirally pure (3- amno alcohol. In yet another aspect, a process is
provided for preparing chirally pure S- enantiomerd, of N sulfonyl (3-am no
al cohols. 5 According to another enbodinent, the p gebnt i nvention provi des

a process for preparing chiral Iy/pz—jjanti oner[s of N-sul fonyl (3
cl NH
S s/

O//\\O OH

wherein:

10 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;-

15  phenyl;
wherein said process comprises the steps of:
a) reducing an a-amino acid to an B-amino alcohol of the formula:
RYR
(CHp)y
TNHZ
OH
b) sulfonylating said 3-amino alcohol with 5-chloro-thiophene-2-
20  sulfonyl halide; and
c) recrystallizing the product of step b) to afford said chirally pure N-

sulfonyl B-amino alcohols.
According to another embodiment, the present invention provides a process
for preparing chirally pure S enantiomers of N-sulfonyl B-amino alcohols of the

25  general formula:

1b



am no al cohols of the general fornmula: R /R CI OH wherein: Jd)1 %U'NSZIIJB

sel ected fromthe group consisting of |ower alkyl, substituted I'ower al ky

| ower al kenyl, substituted | ower al kenyl, |ower alkynyl, substituted Iomer
al kynyl, cycl oal kyl, substituted cycl oal kyl, phenyl, substituted phenyl,
benzyl, substituted benzyl, CHZCycIoaIkyI CH2- 3-i ndol e,

CH(I ower al kyl )-2-furan, CH(l oweral kyl) - neth%%yphemﬂ
CH( | ower al kyl ) phenyl, and CH(OH)-4- SCH3- 15 phe X erein said process
conprises the steps of: a) reducing an a-amno aci @l to an (3-am no al cohol
of the formula: R YR b) sulfonylati aid (3-am po al cohol with

5-chl oro-thi ophene-2- 20 sul fonyl ; and c) rystallizing the
product of step b) to afford sgi ira Iy pur e sulNf onyl R-am no

al cohol s. According to anot her enbod e present| i nvention provides a
process for preparing chirally pure S en \omers OOH\-sul fonyl (3-am no

al cohol s of the 25 general formula: Ib O J 2006 RR c) activating said
carboxylic acid with an acid chloride in the presence of a tertiary amne
base; d) reacti ngwhdrinipr oduct of step c) with a lithiumsalt of

S- 4-benzyl - 2- oxazol i dRRGRRcEOGH Thebbup fasiliRk bOMIVAGIGH BTMIIED lowber ei n.
alkyl, lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower
5 alkynyl, cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl,

substituted benzyl, CH,cycloalkyl, 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:

10 a) preparing a Grignard reagent from a halide of the formula

(R),CHCHX;

wherein X is Cl, Bror [;

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

carboxylic acid of the formula:

15 o
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:

Pl
\_/

&

3
20 \\Ph ;
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:

Ic



Ris selected fromthe group consisting of |ower alkyl, substitvted r
al kyl, Iower al kenyl, substituted | ower al kenyl, | ower alkynyﬂ! sWHsbﬁ¥ﬁted
| ower 5 al kynyl, cycloal kyl, substituted cycloal kyl, phenyl, substituted
phenyl, benzyl, substituted benzyl, CH2cycl oal kyl, CH2-3-indol e,

CH(I ower al kyl )-2-furan, CH(Ioweral kyl ) -4-net hoxyphenyl,

CH(1 ower al kyl') phenyl, and CH(OH)-4-SCH3; phenyl; wherein said process
conprises the steps of, 10 a) preparingla Gignard reagent froma halide of
the formula (R)2CHCH2X; wherein X i OB ®r 1; b) adding said Gignard

reagent to carbon dioxide to afford a cgrboxyic acid of the forrmula: OH
15 R 20 Ph e) treating the product of s?ep ) th potassium
hexanmet hyl di silazide to forman enol ate anh Cl 0 trapping said enolate

anion with 2,4,6-triisopropyl benzenesul fonyl azide to afford the

oxazol i di none azide of the formula: |Ic 0 1 N 2006 Ph g) hydrolyzing said

oxazol i di none azide with an aqueous bhase sel ected fromthe roua cgnsisting
%Psaé ¢4

of 1ithium hydroxide, Bbt as 8YQiehPnecdrid pxagelidingpe azing;Withan AQPEPYS af ford
an a-azido acid ofohhR gfrcﬁlb @bHsReing of lithium hydroxide, potassium hydroxide, or sodium

hydroxide to afford an a-azido acid of the formula:
R

R/ljfs

5 O 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

O OH -

i) reducing said a-amino acid using catalytic hydrogenation, diborane,
10 catecholborane, lithium borohydride/TMSCI, lithium aluminum hydride, DIiBAL-H,

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

R
R/KQ\NHz
OH
i) sulfonylating said B-amino alcohol with 5-chloro-thiophene-2-
sulfonyl chloride; and
15 k) recrystallizing the product of step j) to afford said chirally pure 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.

20 DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a process for the preparation of chiral
a-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 3-amino alcohols of the formula

1d



R5 U -OH; h) reducing said a-azido acid using hydrogen gas i@1t‘Pﬁ"t
presence of 10% pal | adium on carbon catalyst to an a-amno acid o ?1036
formula: R OH i) reducing said a-am no acid using catal ytic hydrogenati on,
di borane, 10 catechol borane, |ithium borohydride/ TMSCI, 1ithium alum num
hydri de, D BAL-H, Red-Al, or alane to an a-am no al cohol of the fornula: R

R, ANH2 J) OH sul i i = aln i t.h o5 t hi ophene- 2
sul fonyl chl ori de&?’&%@@ﬁ%@ﬁ’e@}){égﬁ ??Z(?,*]{Cso{‘ﬁlé w\én?%lgllfclf %(% Pagl&e’p j) to
afford said chi r ajubgitytedriewdstalksllofveraeny®-sabstitited ddwen pllstng |, lopgeallynglnd ot her
aspects of the in i i | 3 ky1Setiehyl, sitdtiruteBe art upon
readi ng of the fO%P%%mdtﬁgoogéétagﬂy%ﬁg@%??&p‘)’ﬁtgtﬁ@é(}?lo? h)ésﬁv)Jenti on. 20 DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to a process
for the preparation of chiral a-amno acids of the fornula

(R 2CH(CH2),,CH(NH2) C(=O) OH, where n is 0 to about 10; chiral R-am no

al cohols of the fornmula (R)2CH(CH2) " CH(NH2) CH2OH;, and chiral S enantioners
of N-sulfonyl R-am no al cohols of the formula Id 01 JUN 2006

(R)2CH(CH2) " CH( CH2OH) NH S( O) 2- 2- CAH2S-5-C, wherein R is |ower alkyl,
substituted | ower al kyl, |ower alkenyl, substituted | ower al kenyl, | ower

al kynyl, substituted | ower al kynyl, cycloal kyl, substituted cycl oal kyl,
phenyl , substituted

le



le 0 1 JUN 2006 WD 03/050063 PCT/ US02/ 38119 phenyl, benzyl, substi t ut e%
benzyl, CH2cycl oal kyl, CH2-3-indole, CH(loweral kyl)-2- furan, JUN 2006
CH( | ower al kyl ) - 4- met hoxyphenyl , CH(I| oweral kyl ) phenyl, or CH(OH)- 4-

SCH3- phenyl . Both natural and unnatural a-am no acids, natural and

unnat ural - JYOR¥PNY3 5 al cohol s, and internedi ates t her edICTH38BY pr epar ed
according to the present |nvention. Such a-am no acids and p-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 conpounds which are in

100% S-enant i 0#2({ %ﬂ‘s@o’étxtﬂi%ﬁ%&@%}ﬂ%’ycﬁhkﬁaéﬂﬁ A8 L BLIBRG i 2} 1 quid 10
ap; ¢

chr omat ogr aphy neasu I ncl ude
conventional an Wefﬁgfyﬁéd%eﬂ‘q’*}’f@leﬁ}’él|%l°‘§fféléﬂ}1’h@ﬂr ot GH(0BH-4- and
conventional chemj-ghehyl.net hods. However, the technique used to measur e

chiral purity is not. a limtation on the present invention. As described
herein, the method @Pﬂ’tnl*}%“allﬂ\?éﬂ?ai“ﬁﬂ%?ﬁ’&raﬁ’gs apnralang yangigrabBAmInG ami no aci ds

or p-amni no akcohiedhsls aad infnhditds RRreb S fbyy 5 pphred &lcbr@ifg ®l RS présentt he met hod.
Wher e chiral pur|%¥ I S ot a reg é{slr ment, the nmethod af the invention nmay

al so be used tBVPHEYIY A eleefls gray plsoybe Tafsed e a¥¥sl s whi ch
contain sone pahmeﬂﬁcagez-&iunaalmmtsure of enantioneric fornms, e.g., which

may be conposed of 0, abg % ant i ome foll owi ng the
met hod of the |nvenﬁg§%edlhe ‘E‘“%“a ra]l Ffefsg%?%’/??‘w ng'étf%/"é In one
enbodi nent , thelw/e%mnqnwefwmmwsur@ﬁ hy@tnteéhﬁgh parfarmghnee lguidcess f or

pr epari ng chbratmé?nﬁmh,tgmtf Otherdishh R RSlAR ity LAY VS Preparing

an organonetallic rea from an a or mul a
(R) 2CH( CH2) , , CHo9Renti ?’éﬁmca}enptéod@lncltsmgéwecﬁcmom apgcopventiongbout  10; addi ng

the organonet al themidabragioas. Imvezé 1B RIquiliseith ARasti} chifdl Bhrfly B nGrar boxyl i c
acid; activatin c acid wwth an acid halide, phosphorus

trichloride, ﬁ'@’%ﬁﬂy’ﬁ‘?‘f gfg%md?vef’%ononyl chloride in the presence of a
tertiary ami ne bas e;Asnlesarted herein/the pethudwe the diverftibeatfoedsickiadlly peregt ep Wi th an
al kal i met aI 55 ala:%mo acids or B-amino alcohols following the recrystallization step in the method.
Where chiral purity is not a requirement, the method of the invention may also be
used to provide chiral a-amino acids or B-amino alcohols which contain some
percentage of a mixture of enantiomeric forms, e.g., which may be composed of about
50 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 o.-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 n is 0 to about 10; adding the organometallic reagent to
25  carbon diqxide 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-triisopropylbenzenesulfony! azide to afford an oxazolidinone azide; hydrolyzing

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



of S-4-benzyl -2-oxazolidinone; treating the product of the aIkaJiupqmmlﬂms
step with a strong non-nucl eophilic base to form an enol ate ani on;
trappi ng the enolate anion with 30 2,4,6-triisopropyl benzenesul fonyl azide
to afford an.oxazolidi none azide; hydrolyzing the oxazolidinone azide with
an aqueousa\ﬁgg B3 afford an a-azi do aci d; reducing the BI85 %2006 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.
I n anot her enbodi nent, the present invention is directed toward a process
for preparing chiral S enantioners of P-am no al cohols, which involves
preparing an a 5 amino, acid as _descri.bed ahove, reducing th -amno acid
Do the (3- am noldranit © Batampetti, B arys e e smno st s sdpd Bl 1 o
afford the chi r alitally pue @-athiroaet.no al cohol. In a further preferred
enbodi ment, the present .invention is directed topward. a rocess_for
preparing chiral S zﬂﬁ?ﬁ‘]‘leﬁ%et’r(’gmtﬁ&"kﬁ%rﬁﬁe?td?ﬁﬂm"("ési &?‘Fﬁtﬁ%mg(ﬁ@&ﬁfﬂcgssfﬁ t he
gener al f or nul aprepiring Ghitah® erantivmiersios f-hunine alcololsy Whiclsin st tes brepeilg hiosver al kyl ,
| ower al kenyl, substi.tuted. r al kenyl, |ower, al yl, substituted | ower
al kynyl, cyclPoafRyf ?‘c“iﬁ*d@f"f‘l’%t\ggﬂ'e’crﬁ ‘8%%??[@““%’??@395‘%B?H’B"é’tarcf’@’ﬁ’éﬂyphenyl ,
benzyl, substi t rcestaligingtib f-aiid al¢cHobia lakyid theGhizal §-pur Gaintno aldohol.
CH(IoweraIkyI)-Z-furanﬁ gH | qwer al kvl ) - 4- et hoxyphenyl ...
CH( | ower al kyl ) pheny!™® orer%ﬁ?ﬁ% -e‘ﬂlzoé JE’bhﬁgfﬁsﬁn%(éﬁﬁg?f}quueﬁtefl&o“ﬁ%t 10. This
process i nvol vesproregioc pragpriagchiral-Seamantiomers ofiN{safoagt fRnging dahelk 6fthol of t he
formul a (R) 2CH( %g&gk¥.H2)CH2CH; sul fonyl ating the 13-am no al cohol with
-2-su

5-chl oro-t hi ophé&ne ‘onyl halide; and recrystallizing the product of
the sulfonylation step to afford the chirally'ﬁ?i N 20 sul fonyl (3-am no

al cohols. In one enbodi nent, the conpounds of the invention contain one
chiral carbon center, where Rin the above-noted structures is the sane.
In certain desired enbodinents, the R groups afGkxet hyl, ethyl, and

n-propyl, and nost preferably thi@\
cl NH
S e

N~

10

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, CHacycloalkyl, CH,-3-indole,

15 CH(loweralkyl)-2-furan, CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl,
or CH(OH)-4-SCH;-pheny] and n is 0 to about 10. This process involves reducing an
a-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-propy], 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



gr‘oups are ethyl. However, the invention further enconpasses produc{jng
a-am no 25 acids and p-am no al cohols of the general fornmulae pl’O\pi &UN 2006
herein where the R3 0 1 JUN 2006 WO 03/ 050063 PCT/ US02/ 38119 groups are
different. ln these conmpounds one or nore additional chiral centers may be
present; hoWR VP he additional chiral centers nust be%ﬂ”"&ﬁf’i% pure and
must not interfere wwth the production' of the chirally pure a-am no acids,
j 3-am no al cohols, and pure S enantionmers of N-sulfonyl 1i-am no al cohols
of the present invention. 5 In another preferred enbodi nent, the chiral
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pure products. T t ' i . ' fficient
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R-am no al cohol's are usef_lliﬂQs for 1 nhibi tl?glrl{eof (3- arryPoalhg Sjré%) uction, which
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i mmune stinulant_ or = suppressant, uvapt, or vaccina ent. Simlarly, a
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y the net of t. iavent i on. . ver., ot.her . . maceytical ly usefu

conpounds ngg beer?ol?’géf&gse"gfg%B'taﬁfnggmﬁ%?ﬁ&%f.us#gc’rt“g’f‘%?‘r\m%a??éwﬁmﬁs used herein

to refer to bot prodictiai, ghich ismdichedamatydeld edpivpathy, sathisl aimeldidahgiqpatay,i C

hydr ocar bon gro ' . I r abl one to eight
%}{Qémik%&ﬂ%ogg glazh%;}%r%'bl&%f g&g% )’ﬂ}érg{ﬁ% cheﬁ{ng\ﬁxgéfnhX%ﬁ .

carbon atons an nost “pre one t on a kenyl" is

i nt ended to i ncwistiemtleidasisof hePejeh typeainelusignchodhmppsitis P awnisl sindromgr oups wit h at
| east one 25 caphg-ogRibon double bond and two to eight carbon atons;
preferably tl\sNo to si

Aé used herein, the term “pharmaceutically useful” refers to compounds
having a desired biological effect, whether as a therapeutic, immune stimulant 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 atdms 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
carb'on.atoms;' and “alkynyl” group is intended to cover both straight- and branched-
chain alkyl groups with at least one carbon-carbon triple bond and two to eight carbon
atoms, preferably two 1o 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



ca{r bon atons; and "al kynyl" group is intended to cover both straig t1- lﬂg%ﬂﬁ
branched- chain al kyl groups with at | east one carbon-carbon tripl bY
and two to eight carbon atons, preferably two to six carbon atons. As used
herein, the term"lower"” refers to any of the above-defined gr oups havi ng
one to six WAPHESHt ons. 30 The terms "substituted al kyPET/UBREEY | t ut ed
al kenyl ", "substituted al kynyl", "substituted |ower alkyl", "substituted
| ower al kenyl™", and "substituted | ower alkynyl" refer to al kyl, al kenyl,
al kynyl, lower alkyl, |lower alkenyl, and |ower alksnmyl 4 0 1 JUN 2006 WO
03/ 050063 PCT/ US02/ 38119 as just described having fromone to three
substituents which are independent | sel ected from anong, hal ogen, CN, OCH,
N2, amino, ar y&Jutfisicapydgyng fom %‘l?ﬁgihfefe Sibgifjuents which ar§H{§gﬂeﬁ‘?e&€Yed
het erocyclic, akkaxyfonsdmdap hiloderdNaOKOXD;, aminy, lagX Yeterdtsloli¢, istbstitetdd ar yl oxy,
al kyl car bonyl , al kyl car L kyil am no.,. \ 1.0 stituents
may be 5 attac haé% %%S?‘%%eg%%‘? glrllc’ ;‘(;4( ° hsugslhf?% ngg{ykierﬂ%yj suob;rlgﬂgf‘%yrﬁ]{/*? group
provi ded that tdgylcatbryh ehylearboxymiigtamingt @d aglthio. dliess subsimweniamaybsi ety. The
term "substig ut otk Sy CalRenPD &MY n haYddag: @pe to four
substi t uent s§ whi cﬁma?rgg}{}!cr_?r 8%&%&’1‘%1?9_ sngll’ ect e&gg{ragbr?grarmng hal ogen, CN, OH,
NC2, amino, al#tpshmeptgensiityieg §siableghpriga)moielyt kyny| , al koxy, aryl oxy,
Sublst ih_t ut e$hal Kyl OX¥he tdih ‘@Jllﬂéﬁ’t}.lﬁdiﬂﬁ]?ﬂ’}’ﬂefersa&KMJeﬁ)ﬂigrb@(hb‘a,vingbkeytb@dﬁ'Eo, and
aryl thio. e term "cycl.al kyl" refers taq_.a carban:bas i avi ng nore
than 3 carbon SE{’SBH’E“%B*’I‘%H’FE%‘HWFWG tﬁéaﬁcé%@w(’%%a{%@’ ﬁgnéhnl%ﬁ’e term
"substituted bemayd, dlkyledydoakyl,alkanyhetkeysll, atox grylagy substitaedealyboxf.our
substi t uent s, whj re:i e . S.€ from anong hal ogen, CN, OH,
70,0, Wi 1SRRERIC AR h Rt

NO2, 15 am no, , a kynxl . al koxy, aryl oxy,
substituted al kyl oxi?\etamnewoém S1igfrs to RIpPIERASIY Ging haviegimareipnybearbam d
arylthio. The tgs col@hds the bh@b&E 8t thrighl ori ne, brom ne, fluorine, or
i odine. The term "strong non-nucl eo%b' i c base" refers

) ilLic to a
non- nucl eophi | i ¢ badhgtemt sulstined bepatrterde e benpt equp haxwe gns{a &ueophi | e or
bi nd to the reagedinntswhich Zre thdegeadenti seigetedXtdri atohgitaldgerg ON, OH, N, nunber  of
non- nucl eOp% i gmixtl)ce' %ﬁ'}%, %El%aliéyq,oax\f%gn}lll,naﬂgygﬁ, aﬁ<lb;[cy, %«9 oxyl', Ql%lstli{lqu alkyloxy,

-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  tothereaction. 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



sodi um hydri de, potassium hydride, lithiumdiisopropylam de and potassi um
hexanmet hyl di sil azi de. The term "aqueous base" refers to a solution
conposed of at a mininuma base and water. A nunber of b8deduni2008h readily
di ssolve in water are known in the 25 art and include al kali netal

hydr oxi des ¥@ct3/080463 i t hi um hydr oxi de, sodi um hydroxi de BfT/HERERIT um

hydr oxi de, anobng ot hers. The aqueous base solution may further contain

ot her reagents which do not interfere with the reactions of the present

i nvention, and include organic solvents such as tetrahydrofuran, nethanol,
or hydrocarbon solvents, salts such as sodiumchloride, and buffers, anong
others. 30 The term"organic solvent" may include any solvent known in the
art, which derYM@@Iwabanutl%miaﬁéhﬂE@f@%’m solvgntp, | pchidimgjarpmatie r eacti on and

i ncl udes sat ur ab@godirBh sbivi sRORE, MQCRRI0 3006 InPeblkSARIASaASs, hy dr ocar bon
sol vents, unsatur at eﬁlah%gp&g%grggn sol vents, incl Ugl. ntg ;;iro tjc hydrocarbon
sol vents, al cohol s, P A5the ISR yention gan b ugeq inge °§ﬂ'gﬁ5§1t%f'ﬁ'ers. The
conpounds of t hdereéfian phamacenicallyor pigsiolbgicallg exteptabld dols brasas oThesal ts, e. g.,
derived from.pharmaceutically, or. Lehogi cal |l v..accept ahl ids or bases.
These 5 salt$§ i ﬁ%@&@?e’ IB‘tJ}tarea{l\ételmHtc?F po)r/?x%?okl %‘gm% Sgal,lts %('hﬂleor%%ﬁ) %‘?mmﬁif%ﬁsigl ts with
organi ¢ and i norgdssuch as aesticl dactiv ciltic atgrtatic.shicinic, fumetié, caleisi malprie, tartari c,

succi ni ¢, f umar Gy gollRhiliie, hyRbidHcChydroBRRREHospho B hitrlcCaupiidr ochl ori c,
hydr obrom ¢, phosphoric, nrtric, sulfuric met hanesul foni c

t ol uenesul f oni ¢ MeEAEnesyLioRicpIRgnesuieRiGAnd simiprydmpen acepriEble agids and mixtyess
thereof. Qther si@kdf Othes kdlid Bicludd s Withtalkaldinkial br iR GrtP el fsatd 3 earth

metal s, such_.as 10 sodium.(e. q....50di um hydroxide), potassium (e.qg.,
pot assi um hydr oXf ‘Eﬁg-gr:isﬁﬁ%*??@m@ r%ﬁtﬂﬁmé'gnﬁ&tﬁséwm’fﬁéséﬁgﬁts, as wel |
as ot her conpourdsiwofr mbgaesiimventi on may be in the formof esters,

carbamates and ot her'l“r%&'liﬁ?s%si“%ﬂ%g%ﬂ;egéoﬁpﬂéﬁggft{l%%ﬁm Afhigm W88 of

adm ni stered in such torm” conver ) ctive noiety I'n vivo.
currently 15 pr eftes catianeatds ool ovean convenfienah iperckirg) dormseviiady whes, See, e.g., B.

Testa and J. CalgWgldered iﬂ'ﬁE}?ﬁHM%vB?Miﬁ?‘eiaEtﬁ'@ moicB8n vidsl HQAGurePr 0ach as a

Conpl enent to Ligand Design
15  preferred embodiment, the prodrugs are esters. See, e.g., B. Testa and J. Caldwell,

“Prodrugs Revisited: The “Ad Hoc” Approach as a Complement to Ligand Design”,
Medicinal Research Reviews, 16(3):233-241, ed., John Wiley & Sons (1996). -

In one embodiment, the a-amino acids and B-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 a-amino acids and alcohols are reacted with
thiophene sulfony! halides, more desirably, 5-halo thiophene sulfonyl halides, and
most desirably, 5-chloro-thiophene sulfonyl halides to form the chirally pure
heterocyclic N-sulfonyl p-amino-alcohols of formula (8).

In another embodiment, the a-amino acids or f-amino alcohols of the

25 invention are reacted with furansulfonyl halides to form chirally pure heterocyclic N-
sulfonyl B-anﬁno-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.



Medi ci nal Research Reviews, 16(3):233-241, ed., John Wley & Sons (1996).

I n one enbodi nent, the a-am no acids and (3-am no alcoholﬁJ 4 nventi on
are reacted with a variety of reagents to form conpl exes having at | east
one chiral 20 carbon center. In one enbodi ment, the a-am no acids and

al cohol s V@ ¥¥8Bed with thiophene sul fonyl halides, Por&4e8t anly,
5-hal o t hi ophene sul fonyl halides, and npbst desirably, 5-chloro-thiophene
sul fonyl halides to formthe chirally pure heterocyclic N-sulfonyl

li -am no-al cohols of fornmula (8). In another enbodi nent, the a-am no acids
or 13-am no al cohols of the 25 invention are reacted with furansul fonyl
halides to formchirally pure heterocyclic N sul fonyl 0-am no-al cohols.
The followi ng schene (Schene 1) will facilitate further a general
under st andi ng of the invention by sahase skilled in the art, while Schenme 2
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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

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 alky! bromide, chloride, or iodide. More preferably, the alkyl halide is an alkyl

10  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, conyersion to the carboxylic acid may



,ANHOH (2) ""YRZ7. reduction 1 3. N, alkali 11-!/ | meta (3) \ Ph \
4. strong Ph non-nucel ophilie 5. Trisyl azide base 6. aqu@dudib2008 RyR
(4 (7) RR y (CM) S 9.5-CI-Th-2SCRCL (9%HS 1 / OH (8) Referring to

Schene 1, conversion of the alkyl halide (1) to the carb ' acid (2)
may be achi WQ&°8%3initial conversion of the alkyl hali dlgé%%og/?%%an

be by any other suitable method known in the art. Such methods include reacting the
organometallic reagent with diethyl carbonate or ethyl chloroformate to afford the
ethyl ester, which is hydrolyzéd 1o the carboxylic acid using an aqueous base. A
variety of aqueous bases may be selected by one of skill in the art, and include alkali
5  metal hydroxides such as lithium hydroxide, sodium hydroxide or potassium
hydroxide, among others. '
The carboxylic acid (2) is then converted to the oxazolidinone derivative (3).
The carboxylic acid (2) is first converted to an activated carbonyl species by reaction
of the carboxylic acid with a reagent, including, but not limited to, acid halides,

10  phosphorus trichloride, acid anhydrides, or thiony! chloride, 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 §-4-benzyl-2-oxazolidinone which are useful in this reaction include lithium,
sodium, and potassium salts. Preferabiy, 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,



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

Synt heses, Volunme 2, John J. Eisch, ed., Academ c Press, New York, 1981.
Preferably, the alkyl halide is an alkyl bromde, chl og&,ﬂﬁs §§1 d odi de.
More pref eWBBBASO@Bhe al kyl halide is an al kyl 10 bromni dBVEYA ety of
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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 §-4-benzyl-2-oxazolidinone (generated
by the action of n’-butyllithium on S-4-benzyl-2-oxazolidinone) in tetrahydrofuran

10 '(THF) fo form the oxézolidinone 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).



known in the art and include triethylamne, trinmethyl am ne,

N, N- di i sopropyl ethyl anine, and pyridine, anong others. HF&fJNa208/, the
tertiary amne is triethylamne. 20 The activated carbonyl species is
subsequently reacted with an alkali netal salt of a chiral auxiliary
reagent in V808¥I58bl e organic solvent. Preferably, the ERTU2/38HAxi|iary
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 Asymeiric Synthesis, G Lin, Y. Li, and A
Chan, Wley 25 Interscience, New York, 2001 (for exanple, page 104, Tables
2- 13) Al kali nmetal _salts of S-4-benzyl-2-oxazolidi none which are useful
in this reaction i ncirgaady-prplidigpne ‘@WF@]?{? (4 r bp serererted torthempaidg-acidr ef er abl y,

the chiral auxi ks)awnys&tdbmnémoamhdmumbmqt«a%efem&)&ﬁ%mne&,t%ﬁml i di none. In
an effort to mammzeogro Uth,aélfeld conversion of the acid to the 30
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Ot o 050 Sl SHED Ly i Sy e 2,5,
(1) 1. My/CR - ¥etho@knowBWODEMT mcfgrzgly, the@eddctiokid\eFormedining catdlyticsyl azi de R
reduction with hydrogen gas in the presence of 10% palladium on carbon catalyst.
10 Alternatively, the reduction may be performed with zinc/HC, 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 ai-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
o-amino acid is accomplished with catalytic hydrogenation, diborane, related boranes
such as catecholborane, lithium borohydride/trimethyl silyl chloride (TMSCYJ), lithium
25  aluminum hydn'de_, 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



(7) 5 7. H2/Pd 8. LiBH4/1MsCl COH 9.5-Cl1-Th-2-SQ2CI (8) 6. LIiOHCL Ph In a
preferred enmbodi ment, the carboxylic acid (2) is convertedg Jpn% xed
anhydride by reaction with pival oyl chloride in the presence o
triethylam ne and subsequently reacted with the lithium

S- 4- benzyl - ¥HR458¢3 di none (generated by the action of ﬂéﬁh# ?%?%hiun1on
S- 4- benzyl - 2- oxazol i dinone) in tetrahydrofuran 10 (THF) to formthe
oxazol i di none derivative (3). See, Schenme 2. The oxazolidi none derivative
(3) is then converted to its enolate anion by the action of a strong
non- nucl eophi li ¢ bas as. defjned .herein. _Preferab] t he strong

non- nucl eophi | i ¢ basg"t?rga“ﬁgi”é‘? 'W%@%%@d@”&?’?ﬁe&&%‘#d@gs‘leré{ enol ate ani on
i s then react ecowdpbind(8)ibg yehetivg wtlie S-chlodoakiophedee2-aforybehinrid inlthediraaane

internediate (4)...9 01 JUN 2006. 050 PCT/ U 3
azi do- oxazol i di n'§ ﬁé“?“ﬁt“%?‘%%?’%?%@i%%ﬁa ‘“‘g‘ o%‘é‘Pf %%Altr%eﬁt}ﬁyéﬂ-%?dgzi do- aci d
(5) by any sui t aidcerstallizdtion|usngenappirapriats eolyant systemusinggechfigyes upwanbibeli nent , t he

azi do- Oxazoudiﬂ%ﬁr&s%%ﬁiﬁﬂggﬁ&ﬁr&&oﬁu grted to the a-azido acid by
a se, as d

hydrolysis with an gueous Ined herein. Preferably, the

azi do- oxazol i di none [THY ©peHsdrREee! he reaction seausnce gase of sykesis ssalabdiy adi d by
hydrol ysi s usi nohbaRiaAE SR Qlatin MRteAdls ikebihld BlocRy Slfotical Sethihfr the

a-azido-acid (5) can e f RS soke § Snantiomds dT-ARoEA Snib hodips 2Ny Ui table
Where catalysts or solvents are included in a reaction step of this invention, it

10  is expected that other catalysts or solvents known in the art, but not mentioned herein,
may be used; those skilled in the art will readily be able to determine suitable
catalysts, solvents and reaction conditions for each reaction step included in the
invention.

The invention includes certain types of reactions, such as enolate trapping,

15  hydrolysis and reduction reactions, that are generally known in the art, but previously
had not been applied in the novel manner of the present invention. Variations in the
specific methods of accomblishing 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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met hod known in the art. Preferably, the reduction is perfornmed using
catalytic reduction with hydrogen gas in the presence of #0%mal2pggdi um on
carbon catalyst. 10 Alternatively, the reduction nay be perforned with
zinc/ HCl, sodi um borohydride, or aqueous triphenyl phosphine. 1n an effort
to maxim z¥PPONEY yield, the reduction is desirably 68?@8?2{1"@1}% n about
24 hours. However, the reacti on tine may be dependent upon a variety of
factors including reaction tenperature, purity of the reagents, scale of

t he reaction, environnmental conditions, exact structure of the substrate,
and 15 concentration, anong others. Longer or shorter reaction tines (e.qg.,

about 12 hours to about 96 hours) jlized as determ ned by one of
skill in the art. The chiral a-am no t hen be isol ated using
t echni ques known by those of skill i Extxh}ﬂeart i ncluding, but not limted

to, chromatography and recrystall e stallization may be
performed using a variety of organ% %@‘giﬁcfnybﬁ%@gam c solvents known in the

art and provides chirally pure a-anmino acids. Alternatively, the a-am no
acid (6) can be reduced to the a-am gp algohol (7) by a variety of nethods
known in the art. In a preferred enbodifrent, reduction of the a-amno acid
is acconplished with catal ytic hydroge i di borane, related boranes
such as catechol borane, 1ithium borohydrijle/trinethyl silyl

chloride (TMpCl ), lithium 25 al um num hyotpi de, diisobutyl alum num hydride
(Di BAL-H), , bi s(2- net drlde Al).. and al ane. More
preferably, the reduhrl(:}gg :’%ﬁgr}' géé%gasgné: lppeé:méh %(’lmrl]eélsﬁr %ﬁgﬁe&ﬁg %@F%ﬁ??/dri de/ TMVsC
over 48 hours. inketnbhiamerhanRalstirercand b 6@ol. addition fimeel, W aildsd ragresiuruisi ng

techni ques knowg, Ry, sr(lthg%@ 769 m§llf v»l'h!lch'v@re RABhA] a D& .;fggle Rl refdlby | 1 M ted

to, chromatography a recryStalljzation. Recrystallization nay be
per f or med usi ng W& Rlaged wadgr aggong WWW&Sadﬁ?ﬁPgﬁ?ﬂovr%IW@mknovm inthe
art. 10 0 11U meﬁ/rﬁ&%ﬁﬁx sﬁ’gr/twﬁ&%ﬁméﬁ 1AbrbRbUYahd (163.9g 0.01€

13 o ool ook AN S 5 T g SELBSRISLD) O,

strong non- nucl empids| This rasef s THF abition tvarthdndeatedaviihrchefiguinkipl | et al

hydr oxi de. vigorous boiling occurred. The remaining 2-ethyl-1-bromobutane was diluted with
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 (N2;SO4). Concentration under reduced .
pressure gave a wet residue, which was taken up in methylene chloride (600 mL),

25  dried (Na;S0O,), 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, ]=7.5
Hz, 6H); MS(-ESI): [M-H]", 129 (100%); Anal. Calc. for C;H40: C, 64.58, H,
10.84. Found: C, 64.61, H, 11.11.

12



Recrystal lization using an appropriate solvent system using techni ques
known in the 5 art affords the chirally pure target conpoung? jUNe20®nci se
nature of the reaction sequence, ease of synthesis, scalability and
abundance of potential starting materials makes this process a practical

net hod for YR&P¥&paration of chirally pure S enanti oné’FglUé?Z/sﬂfl%ul f onyl
p-am no al cohols. Were catal ysts or solvents are included in a reaction
step of this invention, it 10 is expected that other catalysts or solvents
known in the art, but not nentioned herein, nmay be used; those skilled in
the art will readily be able to determ ne suitable catalysts, solvents and
reaction conditions for each reaction step included in the invention. The
invention includes certain types of reactions, such as enolate trapping, 15
hydrol ysis and reduction reactions, t ¥pmple 2 generally known in the art,

but previously had (3(28), 48)8A3-EE¥t-L-8hpeityj-A-epHeayialethyB 20 izoRdinddae  pr esent
invention. Variations in the specific nmethods of acconplishing individual
steps of the invention nay be apparent to those in the art. Although al

t hese possible variations cannot be set f&rth herein, .such variations are
contenplated to be within the scope of #ie\present invention. 20 The
foll ow ng exanples are provided to illustr te/ﬂge production and activity
of representative conmpounds of the inventPonNandPto illustrate their
performance in a screening assay. One skillgd-¥n the art will appreciate
that al though_ specific reagents and conditi®ns are outlined in the

fol |l ow ng exa%ples, t hese reagents and conditns are not a limtation on
the present inventi olto£2%. tdecked HasklehhiB0 GitMOni@344n oI 6ide, MGTHakioR 2/ 38119

EXAMPLES  Exanpl @nd; 3 GiddnREREEARA iagtoﬁ%i', Ga$tdded the product from Example 1 (91
8, 0.699 mol) and THF (1L). The solution was placed under nitrogen and cooled to
~78°C. Triethylamine (102.3 mL, 0.734 mol) was added, followed by pivaloyl

10 chloride (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 fo

15 -78°C. A solution of n-butyllithium (480 mL of a 1.6 M solution in hexanes, 0.768
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
monabasic (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
(Na;S04). 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), 431 (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



50 Into a 2L 3-necked flask equi pped with a condenser attagtiewﬁ
anitrogen inlet tube, a nechanical stirrer, and a 500 nL addrti qqpmel,
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 j %P 0¥GWNE? the magnesi um 10 turnings. Wth the PEEVRPHEA stirrer
turned off, 2-ethyl-I-bronobutane (155.5 g O 70 nol) was placed in the
addi ti on funnel and about 2-3 niL was added to the magnesium turnings. This
area of the THE solution was then heated with a heat gun until vigorous
boiling occurred. The remai ning 2-ethyl-I|-bronobutane was diluted with THE
(200 nm.) and added dropwise to the stirred reaction mxture at a rate that

15 mai nt ai ned al'geRSE £ 5617162 HndHhadP (ddofroNals. 2BRPHR 1 80 (serietagproxi mat el y
3-4 h. After 2#izJUH)! 1 @ D), 884 Edd) 89REvoGhdrid bleRd, 1LY Lwg) , and
gently heated %&M?‘gts%t er bath unt | rabﬁggrr?égneous}%’?%g’t{%n was
formed. The war LE heL205ut5dd7i 136-65.11803% L2847} 685 beakers each
cont ai ni ng cr uskess, sabé,d8.enBbo0, 360,25 00464, 10)2, 10138, MS@»%%I)."MH?E rred wvell
with a Teflog r al | t0 é roomtenperature. "After 18 h,
the sol uti ong \Aggoe&gk?/f’)ﬂt%gl%f'r{mectslﬁ'gi%a?gé'tég@ l%%ﬁ%’%f)s,‘" Fomdt GuA%fed with 2N
hydrochl ori ¢ acHd8.35004.83.)Analytieal HBLE @ufemi )@ mmahroalithiMgnekth coMhd) sodi um
chloride and extgagb&sh R b b, Acetat e. (200 .- The conbi ned
ethyl acetate |ayers \_NerEe@g%é&fﬂxgg%@%méoﬁ%é%ﬁraﬁg%wﬁag%’rm‘/r%uced
pressure gave a teptingjad2Rd nopfifdecates geraaierarmpengpt (PH7%et hyl ene chl ori de (600
m), 25 dried (Na2SO4), and concentrated at 56C under reduced pressure to
gi ve the titge conmpound as an oil (91 g, 99.8%: 'HNMR (DVMSO d6, 500 MHz):
8 11.95 (brd3d s, 1H), 2.11 (d, J=6. ExgBPled) "1 60 (septet, J=6.5 Hz,

1H), 1.28 (m 4113@SYHDB-(@iAzidb=-37ethyl-1hiz opefity))i4-(Whbmybrndthyl)-1-badbtidinba® (1009 ;
Anal . Calc. for C7H1402: C, 64.58, H, 10.84. Found: C, 64.61, H 11.11. 12
0 1 JUN 2006 WD 03/ 050063 PCT/ US02/ 38119 Exanple 2

t

Et&l\h ).]\

&) N O

\_/

3
N

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 (N22S0O4). After concentration under

14



(3(2S), 4S)-3-(3-Ethyl-I-oxopentyl)-4-(phenyl et hyl)-2-oxazolidi none Et Et
S5 Ph Into a 3L 3-necked flask equipped with a nitrogen inlet tgogyyn 2006
mechani cal stirrer, and addition funnel with a stopper, was addeg tzhe
product from Exanple 1 (91 g, 0.699 nol) and THE (1L). The soluti on was
pl aced underWRiI%®PWYEn and cooled to -78C. Triethyl am ne RCIH¥SOH38H? 0. 734
nol ) was added, followed by pivaloyl 10 chloride (90.4 ni, 0.734 nol).
The-78C bath was replaced with an ice bath. The thick slurry was stirred
at 0OC for I h. Concurrently, into a 5L 3-necked flask equi pped with a

(S LSy a benayl ToBsEEP TN A TR Peged BEpouts ol A ER () | The
reaction m xture withshegdna etickthyhadeite R givea ein (721569 bR Rot. GolbS = FAZ16°A

ol ven S b P R BhR e A L BSB e

t hi ckd tslhurry of J=be Hij Mﬁm.mhll}/ﬁpidﬁ MH&-T;H?,QEDM-W(MQT%J&QH@,{IHXO m;cn, t hen
(S5 () - bengyl T aFREr P s e BE LA EnaB A5 T08 (o var m
slowly to room t dnpéilad.a7 ed@:8é (w gherlapr@ tifes, Feactls, 6H); MCAMMR €DMEO- di vi ded
into three |L-porgi 1%E§g1z5%01%.W5§§.&[‘13%6 19!).#”15‘9‘.’26 14718 &Fsgyéz.ﬁﬁ‘(ﬂégt e (800

m.), washed once wit aturat'ed potassi Um phdsphate " nonobasi c 0 ),
twice with ice: 1M292@34-8612274, 308, 11154, 11 dAcknalCelh fordhikhA140d C. pb8GESi um
phosphat e monobasgf. F3QMY: 425308 e th brine (300 nL), and dried

(Na2SO4). After concentration under reduced pressure the crude residue was
passed 25 thrqugh a plug of Silica Gel (1 kg) with hexane and ethyl acetate
to yield an anber oil (123.7 g, 61% : EshinpleRot. [a] D21 =+94.75

190l ution, DVBO): 1HNVR ( DVBQ,d6, . . §7.35-7.15 (m 5H), 4.65
ng(i)H;J,IZ.nsl (t,)J:8.6 HZ,(I Mq(gf"ﬁ‘?"%?%%fww)é‘?"%{”g&g He, 1I(—|), 3.H2)o (dd,

J=3.2, 13.4 Hz, 1H), 2.91 (dd, J=7.7, 13.5 Hz, 13 0 1 JUN 2006

t
Et ANy
o]

oH

15 Into a 3L 3-necked ﬂésk 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,0 (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 ethy! 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;SO,), filtered, and concentrated under

15



WO 03/ 050063 PCT/ US02/ 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 overlapping triplets, J=7.3 Hz, 6H); L3C NVR (DVRONIEI06 100 MHz):
S 172.15, 153.27, 135.65, 129.39, 128.47, 126.81, 65.96, 54.26, 38.41,
36.70, 36. MO OIBIGT, 24.98, 10.62,10.52; MS(+ESI): [ MrH| 'PCTUS0ZHHNI 1009 ;
Anal . Calc. for C17H23NO3: C, 70.56, H, 8.01, N, 4.84. Found: C, 70.69, H,
8.31, N, 4.83. Analytical HPLC (4.6 nm x100 mm Chronolith Mnolith col um,
el uant 70: 30 AcCN wat er each containing 0.1% TFA, isocratic, flow rate=4
mL/mn, UV detection at 254 nm indicates a major conponent (97.7% . 10
Exarrpl e 3 (3(29, s
4S) - 3- (2- Azi do- Jedupsdypresredp afye A il 312 2R RAL Rot fighh - 283843 Bisplioione I nto a
12 L 3-necked flmgko). eﬂumqgﬂm &ﬁhsommt)range(arsud%tlrbUP%(d%-wfﬁan' cal 15
stirrer, and a 500 ni addition funne :%2 08Was ‘added t he product
)

from Exanple 2 (4236 (g, 11, k. %@)4@(198W“Z 91153 &1 Hbn was

pl aced under niMs@EsEN[NB, COqBRE. to -78C. A sol ution of potassium
bis(trirrethyI%inI) amde (1.018 L of a 0.5 Msolution in toluene, 0.509
mol) in TEX (W43 nmL) was added dropw se over a period of 2.5 h. After
stirring at -78C for 1 h, a pre-cool e(Ex@miEG 20 50 m n) sol ution of
2,4,6-triisopropyl benzenesul foa§ (c'f INAOR t6n 55 nmol) in TT3F (573
m.) was added via cannula (two g gauge 35'?% ed needl es) over a
period of 14 mn. After an additional 9 mn at -78C gl aci al acetic acid
(112.7 m, 1.95 nol) was added all at omce through a funnel. After 2 mn
at-78C, anhydrous potassium acetate 16§ gumg, 1.70 nmol) was added. The
-78C bath was lowered, and 25 the reactiof mxture was allowed to stir at
roomterrperature overni ght. The reacti on” hit ure was d| vi ded |nto four-1L

portions, ang,each pg%%t%g °¥\@‘§P‘qﬂ‘%§ﬁﬁ9{5ﬂ%“e@wﬁ l?ﬁ tﬁ)° aﬂe%l washed

twice with saturated potassi u once Wi th
brine (400 ml), casabené®), (gha@l&m)c ac%ﬁﬂ@mld,@n@wmrr(azéimb)wmdlewdmeo 1 JUN

2006 WO 03/ 050063 a%ﬁh%@?ﬁy%%@x?@o 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. [o}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/HsNO;: C, 57.90, H, 10.41, 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).

16



reduced pressure the crude residue was passed through a plug of Silica Cel
(1 kg) wth hexane and ethyl acetate to give an oil (79 g w ane OQpt . Rot .
[a]D25:+112 16- (1% solution, DMSO); IH NVR (DVBO- (f, 58 :
735715 I—&)Slld J=6.1 Hz, 1H), 4.72 (m 1H), 4.41 (t, J=8.5
Hz, 03(05 633=2.4, 8.9 Hz, 1H), 5 3.07 (dd, J=3. FCTA82881) 1H),
300(dd J? 5, 13.6 Hz, 1H), 180(m 1H), 1.55-1.20 (m 41), 0.87 and
0.84 (two overl appi ng trlpl ets, J=7.6 Hz, 6H); 13C NWR (DVBO d6, 100 MHz):
S 170.58, 153.48, 136.00, 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 C17H22NAC3: C,
61.80, H 6.71. Found: C, 62.53, H, mﬁﬁhéo Exanpl e 4

2(S)-Azi do- 3-ethyl pentanoic acid OH 1 Mo a 3L 3-necked flask equi pped
with a thernoneter, a nmechani cal2(8xAmine3;ethyipedtanolni t r ogen inlet tube was

pl aced the product from Exanple 3 (79 g, 0.239 nol) and THE H20 (3:1,
1.196 L). The solution was placed under tnitrogen, then cooled in an
ice/salt bath. After stirring for 50 m 1, the internal tenperature of the
reaction mxture was -0.5C. Lithi um“r‘lfg%ﬁf?ﬁde nonohydrate (20.8 g, 0.478
nol) was added 20 at a rate such that theinternal tenperature of the
reaction mxture did not go above 2.5C. THE reaction was nonitored by thin
| ayer chromafogr aphynto ABL.@metked flask equibped with amivdgen micbtwba kee¢hdiica)) was added.
The reaction m i ‘%nd’\ﬁﬁadﬁllhydﬁﬁl%llvﬂ{é)sté?Qvgsgacel'}hﬂgﬁrﬁﬁoq) dndEﬁ%?g%OFt' on was

diluted with sat%Jr at ed sodi um bi car bona wat er and

extracted with 8tTAM sglufienip JHEQRP mal) Thﬂ?é‘g‘élﬁ wea plﬁm@r@qow@d 25 was
washed olnce nDreooWdtt&O%a;t]Jblroaiéx@detthéW{ﬁ :ﬁarots@m&ﬂ)ava(s adfed mﬁvgsembrﬁt et h?/r{) |
acetate layer c i the. chiral auxili n et aside. The conbine
sodi um bi carbo ‘{g ynélflsTﬁvve'?egloﬂ\1 aﬁlefmégaéf?‘ﬁ “‘Pﬁfi‘l"'ﬁ'c"ﬁ’fméaam d (600
m.) to pH <20 Trrem teropeditirg fd 3@ opine usrebciipremixnaswaxbalaictd 6t and tha et hyl acet at e
(500 ). then sRbt Bhedaivils o295 OISR (e S EKLLREHRTEACS MO

with ethyl acetate ned et ceta ers were
dried (Na2so4), P?W°FPE¥5e‘alp ﬁhwe%%@wtureawaéeﬂqmé@rwar@ slowly to room

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 (N2;S04). 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): & 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, SH), 0.82 and
0.81(two overlapping triplets, J=7.4 Hz, 6H); MS(+ESI): [M+H]*, 132 (60%).

25
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0 1 JUN 2006 WO 03/050063 PCT/ US02/ 38119 reduced pressure to give an oil
(31.7 g, 77%: Opt. Rot. [a] D25 = -82.5 (1% sol ution, DIV%O)" VR
(DVBO-d6, 500 MHz): 8 13.12 (broad s, 1H), 4.26 (d, J=4.8 %@N?@H), 1. 67
(m 1M 1.45-1.15 (m 4H), 0.88 (t, J=7.5 Hz, 3H), 0.83 (t, J=7.5 Hz, 3H);
M5(-ESI): [KPEH05006370 (85% . 5 Exanple 5 2(S)-Ani no- 3- eRFHY9¥RIthoi ¢ acid
OH 10 A m xture of the product from Exanple 4 (31.7 g, 0.185 nol), 10%

pal | adium on carbon (7.9 g), glacial acetic acid (370 nL), and water (926
m.) was placed under an atnosphere of hydrogen (40 psi) and shaken on a
Parr hydrogenator. After 20 h, the reaction mxture was filtered through a
pad of Celite (1/2"), which was rinsed well wth water (200 nL). The
filtrate was concentrated under reduded@m®dssure in a bath 15 heated to 70C
to produce a whi t@cﬁraMﬁ.é(ﬁhzaetsgLﬂ-@lywaﬁynteﬂi.,u)ua@t]adhwphkheantayémiaeet ate (500
m.), filtered, and washed once nore with ethyl acetate (500 nlL), and then
air dried. This gave the title conpound as a white solid (21.2 g, 79%:

Opt. Rot. [a]D25 = +12.01 (1% sol Ukion, 9H2Q; NMR (D20, 500 MHz): 8 4. 65

(s, 3H), 3.69 (d, J=3.4 Hz, 1H) e GOu{ ~ci1. 44 (m 111), 1.03-1.10
(m 311), 0.83 and 0.81 (two 20 overliappi®n iplets, J=7.5 Hz, 6H);
MS(-ESI): (MH', 144 (100%; Anal. CaP®x. for C7Hx5NO2: C, 57.90, H,

10. 41, N, 9.65. Foungnixface &1 2(S§-2minbl3-etiip@iRtanolN34.9 46226 1abl) frdlmettishehe" ( Symmet ry
phosphor 1€ aci o JORPLARLIR GRed-Em “Soonsy S0m TIMBUEALTE over 20
mn, flow rate #hi00.2dmnel) was adésdeolidven buthe 8hfwiseimiditisn bMommem-2-25 .
of the “amno- atirasrum s 2R bmoR BEENIAS AR AN Thi ARiG 15 46 M)
(N-a- (2, 4- di ni t mixtge Pesadpwptie mpm slawly tlreem sensratate aghe ice dah B¥Rdt i oneri c
ratio of 99 '15: OAﬁer(Bzfﬁ'y%B}oom]tgnperaMe, the reaction mixture was divided into two-0.6 L
portions. Each portion was diluted with ethyl acetate (1L), and washed three times
with saturated potassium phosphate monobasic (200 mL), once with brine (200 mL),
and dried (Na;SO,). Concentration under reduced pressure gave a white solid (74.5 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. [alp® =+10.81° (1% sc;lution, MeOH);
' NMR (DMS0-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); *C NMR
20  (DMSO-d®, 100 MHz): 5 141.75, 133.73, 130.95, 127.60, 60.41, 56.89, 41.57, 21.31,
20.80, 11.79, 11.51; MS(-ESI): [M-HJ, 1 chlorine isotope pattern, 310 (100%), 312
(30%); Anal. Calc. for CyHiCINOsSy: 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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0 1 JUN 2006 WO 03/050063 PCT/ US02/ 38119 Example 6

2(S)-Am no- 3-ethyl pentanol OH 5 Into a 3L 3-necked fl ask equi pped with a
nitrogen inlet tube, a nechanical stirrer, and an additl@g wgmb with a
st opper was placed lithium borohydride (145 nL of a 2 M n in THF,
0.29 nol). Woxsssbest i on was pl aced under nitrogen and cpot/eshsa190C.
Chlorotrimethylsilane (73.8 nL, 0.58 nol) was added dropw se over a period
of 30 mn. The ice bath was renoved and the resulting slurry was stirred at
10 roomtenperature for 30 mn. The reaction m xture was cooled to 0C and
the product fromExanple 5 (21.1 g, 0.145 nol) was added in portions as a
solid over a period of 15 mn. The reaction m xture was allowed to warm
slowl y to room TheRpeviag eonpoass tvére piepeedratdndimgetb the ghstamtfinventio®: days at room
tenperature, the reaction mxture was cooled to 0OC, and nethanol (217 nlL)
was carefully added over a period 15 of 80 mn. The solution was stirred at
room tenperature for|Bx#pdditi onal 40 nm riName¢ hen concentr at under reduced
pressure in a water pat hj3sthyfp@@anokieeidr esul ting slurry was de basic with
20% sodi um hydr oxi de| (37{(5@8$), #S)-3ABtathryl-1 IForBEniyi-H-(shaylmetitdedt, 4nd the entire
aqueous | ayer was ex{r acjosarolidindne net hyl ene chl ori de (300 ) and dried
(Na2S04). Concentrat | oh iﬁr(%bﬂﬁ)aﬁ(?c@dfoﬁreé@klmypg‘éﬂbﬁ he tltlé conpound 20
as an oil (17.3 g, 91% . |(pltenylmetnr}2-gxaze]idingps ared in the
freezer overnight: (pf M}wﬁaﬂqwmdm% sal u'rlnn nl\zso); "H NVR
(DVBO-d6, 500 MHz): 8542@%1“’@?0&1?1}‘}4135“@@030@ 35 (dd averl appilng with a
broad s at S 3.32, JE465[2(Qgmino-3-pthylptanolz 14 (dd_J1=7 9_ 1012 Hz, 1H),
2.63 (m 1H), 1.45-1]/0% (mghloseI(8)-BethndbydogmetyhgtyBier | apging triplets,
J=7.4 Hz, 6H); MB(+ESL): thmhemesulfovmdﬂf 60% 25 17 0 1 JUN-2006 WO 03/ 050063

All publications cited in this specification are incorporated herein by
5  reference. While the invention has been described with reference to a particularly
preferred embodiment, it will be appreciated that modifications can be made without
departing from the spirit of the invention. Such modifications are intgnded to fall

within the scope of the appended claims.
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PCT/ US02/ 38119 Exanple 7 5-Chlo
ro-N-[(1S)-2-ethyl-I-(hydroxynet hyl)butyl]-2-thi ophenesul xgam 5A
m xture of 2(S)-am no-3-ethyl pentanol (34.1 g, 0.26 nol) ene
chloride (700 nL) was placed under Argon, and cooled to OC. Triethylam ne
(36.2 L, 0.26 nol) was added, followed by the dropw se addition of
5-chl or ot hi oSRaMMSY- sul fonyl chloride (56.4 g, 0.26 nol) in nethylene
chloride (400 nL). The reaction mxture was allowed to warmslowy to room
tenperature as the ice bath nelted. 10 After, 3 days at roomtenperature,
the reaction!m xt drRsocgRsdordreppiinghirally gure Resnentigmers ofpaming Adds cemprisingdhiet i on was
di luted withgsggshhyl acetate (1L), and washed three tines wth saturated
pot assi um phosphat e nmonobasic (200 nL)., once with brjn 00 . nL), and
et o0 (NanBOn, " CBhcenPRAY T A (iABPORUHIREG eeuUvehts G GG sol | d
(74.5 g, 92%).CHoH Akct (87.98 g) fromseveral runs were conbi ned and
recrystallized 15wfh£r%rrp hot heptane: ethyl acetate (4:1, 775 nL) to give the
title conpound as crystals (74.9 g, 85%: np 115-117.6C, Opt. Rot. [a]n25
=+10. 81 (1% sol ut XgsnCl, Be@Hland n i 19 th\NRuY(IBVSO- d6, 500 MHz): 8 7.71 (d, J=8.1
Hz, 1H), 7.44 (d, pisé;d dg'&lkylyd%stituteﬁ-cé;’o éGCL,lkXﬂ ol lakenyl, ibstithted @, folg, J=5- 2
Hz, OH), 3.31-3.15 ( 3H),"1.40-1.1 n‘i H, 1.07°(m 1H) .79 and 0. 76
(two over | appiksmyl & Fogﬁé{kg',‘y"fﬁbﬁ.“@’tep{f} toéﬂﬁ,kyﬁﬁgwybGURSWH@FIkXIOWeMHZ): S
141. 75, 133. édstitdedpthyl, bkrzfl, Sthstit0ldd Behzyl SEH, SR loakkH, OH,-3-Bhiliold ICH(C2R.BQikyl)-1. 79,
11.51; MS(-ESL) ; l.orine isotap ter 10 (11009 3 (309%;
Al cae. i G e SRS gifogyBregyt Cpft i %ﬁ‘?y‘iﬁ,%e%."gf@é?‘q@&@#'. " 42. 34,
H, 5.65, N, ghef@d; Chiral HPLC (Chiral pak AD, 25x0.46 cm eluant 8:2
hexane/ i sopr opanol, cont aj. nj 0 1N . ection
at 254 25 nm reto )enti tca)ﬁd_"{g_s?#ggp?@né%aﬁg%ggﬁgwﬁ&%%%&egog}rféermi&rg(g%r'ﬁda(r?dand
11.95 nin, respeéki vepsiyatinggeigrasepxyliv agjdvithan peid keflidel Oliosphopusrichipgide acid JUN
2006 WO 03/ O29&71eR &Tﬂléﬁp&ﬁéﬁé%ghe presence of a tertiary amine base;

d) reacting the product of step c) with an alkali metal salt of S-4-benzyl-2-

oxazolidinone;
€) treating the product of step d) with a strong non-nucleophilic base to form an
enolate anion;
) trapping said enolate anion with 2,4,6-triisopropylbenzenesulfonyl

azide to afford an oxazolidinone azide;

2) hydrolyzing said oxazolidinone azide with an aqueous base to afford an a-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 $-amino alcohols,

comprising the steps of:

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

wherein

X is Cl, Bror I and n is 0 to about 10;

R is C; to Cs alkyl, substituted C, to Cs alkyl, C, to Cq alkenyl, substituted C, to C
alkenyl, C, to Cs alkynyl, substituted C, to C¢ alkynyl, cycloalkyl, substituted cycloalkyl, phenyl,
substituted phenyl, benzyl, substituted benzyl, CH,cycloalkyl, CH;-3-indole, CH(C, to C¢ alkyl)-
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The foll ow ng compounds were prepared according to the instant invention:
Ex #Nane 13-ethyl pentanoic acid 2(3-(29),

4S) - 3- (3- et hyl -1 - oxopent yl ) - 4- (phenyl met hyl ) - 2- oxazol i di ndnt JBH2NEDS) ,

4S) - 3- (2- azi do- 3-et hyl -1 - oxopentyl)-4- (hen |Ineth |)-2-oxazolidinone 42(S
-azi do-3-ethyl entanoic acid 52 S)-am no-3-ethl entanoic acid

62(S) - am no- 3-et hl ent anol

75-chl oro- Niﬁlﬂaﬁ)cﬁgcei |andyny GG R & b oydidyn3nenyihérc HieRg s.8Lfignani de
Al'l publicati _ons’ cited in tyRi S speg?ﬁ%at i(oﬁgat?(e yi)ﬁce(r)]% ioorr ak{ledgher eign by 5
reference. VWemyd the invention has been described with reference to a

pa(rj_t :c cul ?_rl y pr eé)gr r eﬂgﬂg‘@m ?}r@ﬁiﬂfmeta]ﬁi& redidehi to bRbARDIUKEIR itedfidet £ daetoxylic acid;

nodi ficati ons can be nade w t hout eparting fromthe spirit. .1 he.

i nvention. Such nBdi fi%?HYait‘B%?'(gﬁag’oi‘yg‘fgﬂ%gﬁh ?"oaci‘d gﬁgq'&e’ R’;%\nofq%fwrlfs {rﬁfeagré%b%led of the
appengled cl ainhgdridd, ®r hibnyglidhloB @06 thelprebduBs: of b terlarpamgioelsse;f or preparing chirally
pure S-enantionerg of a-ani i LS) : - . preparing
an organonetal | i ctﬁr eag%?ﬁ?ﬂ%{rﬁg%%gl!ﬁggﬁs%gml%ﬁngga%?% lhsgltt ?ﬂ?#uq{egzyﬁ% R) 2CH( CH2) "
CH2X; wher ei oxazolldingneCl , Br or | and nis O to about 10; Ris Cl to C6

al kyl, substituted C {Quifdih@pbdtics ofGip byowifiG sBbrpaRinucidophaé baseiogsim@a to C6
al kenyl, C2 to C6 al kynyl, substituted C2 to C6 al kynyl, cycloal kyl,
substituted ¥9Be3EPKy] ,  phenyl, substituted phenyl, benzyl, substituted
benzyl, CH2cycl oafykyl , irdphtdg Said erdteanioi(tCl, 4,6 ariipraploprizgnesi2fofiylr an, CH(Cl to
C6 al kyl)-4-ne ho>%p(ptg9&ami%gC1 t.0 Co6al kyl ) phenyl, or CH(OH)-4- SCH3-

azidetoa né azide;

g) hydrolyzing said oxazolidinone azide with an aqueous base to afford an a-azido
acid;

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

i) reducing said a-amino acid to an B-amino alcohol; and

i) recrystallizing said B-amino alcohol to form said chirally pure B-amino alcohol.

3. The process according to claim 1 or 2, wherein step ¢) 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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phenyl; b) adding said organonetallic reagent to carbon dioxide to afford a
carboxylic acid; «c¢) activating said carboxylic acid with an acid halide,
phosphorus trichloride, acid anhydride, or thionyl chloride0ilnJiMaoi6
presence of i.ary am ne base; d) reacting the produ C) with
an al kal i n%?ﬁ%ﬁéé%ﬁ of S-4-benzyl-2- oxazolidinone; e) fégg%?ﬁéﬁ?he
product of step d) with a strong non-nucl eophilic base to forman enolate
anion; f) trapping said enolate anion with

2,4,6-triisopropyl benzenesul fonyl azide to afford an oxazoli di none azi de;
g) hydrolyzing said gxazepkgiceRscdihg® chhrh Do) whstbig e teRRSaming baef ord an
a-azido acid; h) reducing said a-azido acid to an a-amno acid; and i)
recrystallizing‘éﬁpﬂwﬁmaﬁino acid to formsaid chirally pure a-am no acid.
2. A process for preparing chirally pure S enantioners of (3-am no

al cohol s, conprising the.steps of: .a). prepari an._qr.gan i c reagent
froma halide of thegf or e?"“@ﬁ)“ﬁﬁfﬂf@%ﬁfj“@%%%%?g?%gqu%‘s)ggs, Br or |
and n is 0 to abmslttted GpmPhs groGilcangisti@s ofi lithinm hydresisie,i fotassien AydrexideCanda| kyl , C2
to C6 al kenyl, S&Q&Lﬁ?&%ﬁ L, C2 to C6 -alkenyl, C2 to C6-al kynyl, substituted
C2 to C6 al kynyl, cyc yl, substituted cycl oal kyl, phenyl, substituted
phenyl , benzyl, substituted benzyl, CH2cycl oal kyl, CH2-3-indole, CH(Cl to
Co6 g|6 klylk) | )20h01 f]UN Zi@.(():g ﬂrefphtﬁ:@sacc%gio dldﬂn@@xbﬁlvulhéﬂgi}rsﬁd pedhdeyp hEiny | | IC:—I_( Cl
t o Co6al kyl ) phenyl, or, -4- - _phe : addi sali nonetal lic
reagent to car bo?Fcﬁff‘Qﬁl?e&é'sg‘f;%méall’?'gf_%“%’g%%@ngncgaég‘l ; resgﬂcggg{oig@ati ng said
carboxylic acid pdiadiurann esbot clralstde, phosphorus trichloride, acid
anhydride, or thionyl chloride in the presence of a tertiary am ne base;

11.  The process according to claim 1 or 2, wherein said reducing step h) is
accomplished using catalytic hydrogenation, diborane, catecholborane, lithium
borohydride/TMSCI, lithium aluminum hydride, DiBAL-H, Red-Al, or alane.

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

the formula:

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, CHcycloalkyl, CHp-3-indole, CH(loweralkyl)-2-furan, CH(loweralkyl)-4-
methoxyphenyl, CH(lowéral_kyl)phenyl, and CH(OH)-4-SCHs-phenyl.
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d) reacting the product of step c) with an alkali netal salt of

S- 4-benzyl - 2- oxazol i di none; e) treating the product of step g) miégga
strong non-nucl eophilic base to forman enolate anion; f) tp pﬁ' ai d
enolate anion with 2,4,6-triisopropyl benzenesul fonyl azide to afford the
oxazol i di ndhRO3¥HUE: o) hydrol yzing sai d oxazol i di none XETHEXPIR an
aqueous base to afford an a-azido acid; h) reducing said a-azido acid to an
a-amno acid; i) reducing said a-anmino acid to an a-am no al cohol; and j)
recrystallizing said (3-am no alcohol to formsaid chirally pure (3-am no
al cohol . 3. The procgss J 1 r Walt c) is
acconpl i shed usin sgsi"sd %gg%wﬁ%fotgg@qhaa@h%orgig@%esésé‘agilg%@g?%gﬂ% o claim 3,
wherein said acﬁﬁgﬁéﬂmﬂbiis pi val oyl chloride. 5. The process according to
claim1 or 2, wherein said strong non- | eophilic base is selected from
t he group consi sting of sodiun1hydridé?rgotassiun1hydride, l'ithium

di i sopropyl am de and pot assi um hexanet i silazide. 6. The process
according to claim5, wherein said stropg gon-nucl eophilic base is

pot assi um hexanet hyl di sil azide. 7. The pnocess according to claim1l or 2,
wherein said organonetal lic conmpound is % Grignard reagent. 21 0 1 JUN
2006 WD 03/ 0500 - .6l aiml or 2,
wherein said ter |e%';érg>ll-Ii gglgﬁéet%éi §h GB%I%JBF rgtllSFe%F q?goﬁl[eﬁggﬁﬁggsgﬁtee& %r“%%:ess

accordi ng to cl i, lowsr alkenyl,pubptipted IS‘HQTG"(BEW&gbwsalb@@esqbglt“‘@&%t ed fromthe
group consi sti ngnghyll dykidhiky) saysre kftmkpp%}@gﬁ,i subBtitied pResiideenz@nd  sodi um

hydr oxi de. 10. The .prqcess cor.di.n or erein said reducin
s%/ ep h) is substi te% enzyl, %%Izcycloalkyg C 2-35nd%1e%l-}(lowera . l)-\gt}uran, 9
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, cycloalky), substituted cycloalkyl, phenyl, substituted phenyl, benzyl,
substituted benzyl, CHacycloalkyl, CH»-3-indole, CH(loweralkyl)-2-furan,
CH(loweralkyl)-44methoxypheny], CH(loweralkyl)phenyl, and CH(OH)-4-SCH;-
phenyl.
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acconpl i shed using catalytic reduction with hydrogen gas in the presence of
10% palladiumon carbon catalyst. 11. The process according Uplﬂhﬁiﬂh¥ or
2, wherein said reducing step h) is acconplished using catalytic

hydr ogenati gn, di borane, catechol borane, lithium borohydri %/T Cl,
Iithium al uOPdR®MS’dri de, Di BAL-H, Red-Al, or al ane. 12."%@5 Brtdtess
according to claim2, wherein said (3-amno alcohol is of the formula:
(CH2)n NNH2 OH, R is selected fromthe group consisting of |ower alkyl,
substituted | ower alkyl, |ower al kenyl, substituted |ower alkenyl, |ower

al kynyl , substi t ut ed ik owehe plokotBboraing HGleRRE k¥, whirbiRsdia bitkddingsc] oal kyl ,
phenyl, substituted phenyl, benzyl, substituted benzyl, CH2cycl oal kyl,

CH2- 3-i ndol e, CHABKAHLEIM22-f uran, CH(I oweral kyl ) -4- met hoxyphenyl ,

CH( | ower al kyl ) phenyl , and CH(CH) - 4- phenyl. 22 0 1 JUN 2006 ‘WO

03/ 050063 PCT/ US02/ 38119 13. The proc%ss according to claiml or 2, where
said carboxylic acid is of the fornulg: OH wherein Ris selected fromthe
group consisting of |ower alkyl, substit\ued |ower alkyl, |ower alkenyl,
substituted | ower al kenyl, |ower al kynyl] sdpstituted | ower al kynyl,
cycl oal kyl, substituted cycl oal kyl, phénylN, spbstituted phenyl, benzyl,
substituted benzyl, CH2cycloal kyl, CH2-3-iRddle, CH(loweral kyl)-2-furan,
CH( | ower al kyl ) - 4- met hoxyphenyl , CH(| ower aRkyl ) phenyl, and CH( CH) - 4- SCH3-
phenyl . 14. The process according to claimPM ot 2, wherein the product of

step d) is the Ivﬁ’éréiﬁ’Wiﬂgle&mﬂg'grogﬁkonsisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower
alkynyl, cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzy],
substituted benzyl, CHycycloalkyl, CHz-3-indole, CH(loweralkyl)-2-furan,
CH(loweralkyl)-4-methoxyphenyl, CH(loweralky!)phenyl, and CH(OH)-4-SCHs-
phenyl.

16.  The process according to claim 1 or 2, where said o-azido acid is of
the formula;

(CHY,

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, CHzcycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan,
'-CH(loweralkyl)-4-methoxypheny1, CH(loweralkyl)phenyl, and CH(OH)-4-SCHs-
phenyl.
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wherein Ris selected fromthe group consisting of |ower alkyl, substituted
| ower al kyl, Iower al kenyl, substituted | ower al kenyl, | ower qj*mnml
substituted | ower al kynyl, cycloal kyl, substituted cycl oal kyl pheny?a,]6
substituted phenyl, benzyl, substituted benzyl, CH2cycl oal kyl,

CH2- 3-i ndol ¥O0 WgW&wer al kyl )-2-furan, CH(| oweral kyl) - 4-HEYY8338Heny | ,

CH(I ower al kyl ) phenyl, and CH(OH)-4- SCH3- phenyl. . 23 01 JUN 2006 WD

03/ 050063 PCT/ US02/ 38119 15. The process according to claiml1l or 2, wherein
sai d oxazolidinone azide is of the formula: RyR Ph wherein Ris selected

fromthe group consi $§i NgnEfroblWREordhdlclaind VB3 Whedie thid @Yo add KY! . | Oover
al kenyl, substituted |ower al kenyl, lower alkynyl, substituted |ower

al kynyl , cycl oal $he fosylsst i t ut ed cycl oal kyl, phenyl, substituted phenyl,
benzyl, substituted benzyl, CH2cycl o&l kgl , CH2-3-i ndol e,

CH(I ower al kyl )-2-furan, CH(Ioweral kyl )} 4-net hoxyphenyl,

CH(I ower al kyl ) phenyl, and CH(CH)-4-SCH%5 phenyl . 16. The process according
to claim1l or 2, where said a-azido aci &RJss:;0of the fornmula: 0 OH wherein R
is selected fromthe group consisting of Jower al kyl, substituted | ower

al kyl, I ower al kenyl, substituted | ower ©al legnyl, |ower al kynyl, substituted

phenyl , ‘benzyl | PRI HBRL pleRdpitls Rt o JI e o ST 1 1 o
CH( I ower al kyl ) - 2alkylrlewer alkensd, subgitnted lRy¢r)alkenydavensdkymbile ppstituted lower
CH(l over al kyl ) phagl, cyRelkiTHubddhndd criddiky), pieRyysubstifted Phendibéngf106
substituted benzyl, CH,cycloalkyl, CH,-3-indole, CH(loweralkyl)-2-furan,
CH(loweralkyl)-4-methoxyphenyl, CH(loweralkyl)phenyl, and CH(OH)-4-SCHz-
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-(28), 45)-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), 4S)-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(S)-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.

25



WO 03/ 050063 PCT/ US02/ 38119 17. The process according to claim1l1 or 2,
wherein said a-amno acid is of the formula: RRR (CH2)n N, 2 of 1- ¥} 2006
wherein Ris selected fromthe group consisting of |ower alkyl, substituted
| ower al kyl, |ower alkenyl, substituted |ower al kenyl, |ower alkynyl,
substi t ut ed WOW6R| kynyl , cycl oal kyl , substituted cyclBﬁVR%?Bmﬁﬁenyl,
substituted phenyl, benzyl, substituted benzyl, CH2cycl oal kyl

CH2- 3-i ndol e, CH(IomeraIkyI)-Z-furan, CH(IomeraIkyI)-4-nethoxyphenyI,

CH(| ower al kyl') phenyl, and CH(OH)-4-SCH3- phenyl. 18. The process according

toclaiml or 2, wher, |ngﬁfbc? oc?sgra& x?%gtocéa%b%ﬂei?éms%dﬁt%ﬂ&?cgﬁ foi ¢ acid.

19. The process accor 0Xxazo |d|none
azide is (3-(2S) 2(8¥8nhing-3{ethyleitaol 3- et hyl - 1- oxopent yl ) - 4- (phenyl met hyl ) - 2-
oxazol i di none. 20. The process according to claim1 or 2, wherein said
product of step d) is (3-(29),

4S) - 3- (3- et hyl - | - oxopPént yA)PIQQGSé o eraparingehirglly e Sppentiomerg ofRsdfond B- - The

process accor di Ngming archidls e the Qineral foftf €i N said a-azido acid is
2(S)-azido-3-ethyl pentanoic acid. 22. The process according to claim1l or

2, wherein said a-amino acid is 2(S)-am no-3- hy’%entan0|c acid. 23. The
process according to claiml1l or 2, wherein Ris hyl . 25 01 JUN 2006 WD
03/ 050063 PCT/ US02/ 38119 24. The process according to claim2, wherein said
a-amno al cohol is 2(S)-am no-3-ethyl pentanol. (cHy,

L
® //\\ OH

wherein;

R is selected from the group consisting of lower alkyl, substituted lower alky},
lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower alkynyl,
cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl, substituted
benzyl, CHycycloalkyl, CHy-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) reducing an o-amino acid to an -amino alcohol of the formula:
R R

)

(CHz),

TNH:

OH
'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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25. A process for preparing chirally pure S enantioners of N-sul fonyl ~3-
am no al cohols of the general fornula: C OH wherein: (S Se]glﬁ ted from
t he group consisting of |ower alkyl, substituted | ower aﬂk

al kenyl , ed | ower al kenyl, |ower alkynyl, subs " mer
al kynyl , ?’ F)S%?F‘{g substituted cycl oal kyl , phenyl E#/P%O?}ét é%l) phenyl ,

benzyl, substitut ed benzyl , CH2cycl oal kyl , CH2-3-i ndoI e,

CH(Il ower al kyl ) -2-furan, CH(Il oweral kyl)-4- nethoxyphenyl,

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

conpri ses the steps.,gf %ebf%@éé%ce&dﬂ@toa:immvlﬁ@mdmuemmﬁnam no al cohol of

the formula: R.YR b) sulfonylating said coho

5- chl or o- t hi ophaifenypp-gminp glgohol is §ghlogeeh- [(éépdz %“E?’lrle@¥ XIﬁUﬁQZt he product

of step b) to aﬁ]fogﬁeqesﬁmrﬁmﬁbl rally pure N sulfonyl (3 am no alcohols. 26 0
1 JUN 2006 WO 03/050063 PCT/ US02/38119 26. The process according to claim

25, wherein said chirally pure N sulfonyl (3-am no alcohol is
5-chloro-N-[(1 S)-22et hyApﬂocdshgodﬁrQ)aylne«hh‘rymgmS/ériantﬁ)metsmfﬁpﬂéq%ldhl f onami de
27. A process for,. (? |€1$ nralqlo pure enanti omer-s of N-sul fonyl p-
amino al cohol s BF¢H ReTaFFor il a: RO OH wher ei n:

D

//\\ OH

wherein:

R is selected from the group consisting of lower alkyl, substituted lower alkyl,
lower alkenyl, substituted lower alkeny], lower alkynyl, substituted lower alkynyl,
cycloalkyl, substituted cycloalkyl, phenyl, substituted phenyl, benzyl, substituted
benzyl, CHxcycloalkyl, CHp-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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+ Ris selected fromthe group consisting of |ower alkyl, substituted | ower
al kyl, Iower al kenyl, substituted | ower al kenyl, | ower alﬁypyy ApEEst i t ut ed
| ower al kynyl, cycloal kyl, substituted cycl oal kyl, phenylY é gstltuted
phenyl, benzyl, substituted benzyl, CH2cycl oal kyl, CH2-3=i ndol e,
CH(IomeraIHW%Py%mWHran, CH(| ower al kyl ) - 4- et hoxypheny| ,PCT/US02/38119
CH(I ower al kyl ) phenyl, and CH( OH) - 4- SCH3- phenyl ; wherein said process
conprises the steps of a) preparing a Giignard reagent froma halide of the
formula (R)2CHCH2X; wherein Xis C, Br or 1; b) adding said Gignard
reagent to carbon dioxide to afford a garboxylic acid of the formula: 0 c)
activating said carboxylic acid mﬁtqra%gfcid chloride in the presence of a
tertiary am ne base; d) reacting the prdducf of step c¢c) with a lithiumsalt
of S-4-benzyl -2- oxazolidinone to affog@Njtienf ol l ow ng conpound: 27 0 1 JUN
2006 WD 03/ 050063 PCT/ US02/ 38119 e) treati\ng/the product of step d) with
pot assi um hexanet hyl disilazide to formag enolate anion; f) trapping said
enolate anion with 2,4,6-triisopropyl benzegesul fonyl azide to afford the
oxazol i di none azide qf the fornula: g) hydrolyzing said oxazolidinone azide
with an aqueous base®sel 8e¥tingthe produet plesteg dbvigh Romssiimshexpmetiyldisilazify tam
hydr oxi de, pot assmanechyiate aorcle, or sodi um hydroxide to afford an a-azido
e r e roe ot X180t e SR Bl 2 ifl2 3R 0o R MetiBneRro 11 09N 929

azide to afford the oxazolidinone azide of the formula:

R

o N [

\/

&
Ph N
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

o OH;
h) reducing said c.-azido acid using hydrogen gas in the presence of 10%
palladium on carbon catalyst to an o-amino acid of the formula;
R
R \NH;
O OH;
i) reducing said oi-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/HiNHZ

OH
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+ pal l adi um on carbon catalyst to an a-amno acid of the formula: R OH i)
reducing said a-amno acid using catal ytic hydrogenati on, ﬁhb " Q@
cat echol borane, |ithium borohydridei TMSClI, |ithium alum nu h@gfi g,
DiBAL-H, Red-Al, or alane to an (3-am no al cohol of the formula: R ,\NH2
OH 28 01 JUWQOB006D 03/ 050063 PCT/ US02/ 38119 j) sul f onyl BET/U8g2/38a19d n- ami no
al cohol with 5-chl oro-thiophene-2-sul fonyl chloride; and k)
recrystallizing the product of step j) to afford said chirally pure N
sul fonyl J3-am no al cohols. 29

i) sulfonylating said B-amino alcoho! with 5-chloro-thiophene-2-sulfonyl
chloride; and
k) recrystallizing the product of step j) to afford said chirally pure N-

sulfonyl B-amino alcohols.
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