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An | nproved Process for Preparing Oxazolidine
Prot ected Am nodi ol Conpounds Useful As Internedi ates

W e00F0a38eni col Technical Field The present i NRENUSING/034219
rel ates generally to a new process for preparing
oxazol i di ne protected am nodi ol conpounds. These
conpounds are useful internediates in the process for
maki ng Fl orfenicol. Background of the Invention
A imenevend Precess fornBreparing Mraznlidine Pretested dmuimoaliol
| For nulGomplounidssUsetid Aplrdatmeagdistes 4o ikdarfenicol
veterinary nedicine for the treatnent of both G am

_—&m and Gram negative bacteria as well as
Techhic ial infections. Florfenicol is also known as
[ i i .
ST HIES ayerion fel3tes Gereraly 0 ALY PAGSRS 5L preparing
oxaz@idine predetigbsarninodidl cptmoyhtiet Aykelacetamiudes are useful
, Conmpnl y-.assi gned U.S. Patent . No. 5,663,361 , the
'”"e”a?g']éf s'ﬁrtae&foq SR P}?ki"}q;glpﬁfgpgpéd herei n by
reference, describes the synthesis of Florfenicol
i nternmedi ates and their use in processes for making
Backgrepndmfdbe Inveetieni mary advant age di scussed therein

S« SAEap P MARERR AR 1 one Cans)

fromthe reaction vessel before proceeding with the
Fl or f eni col s%g&ggsis. More recently, U. S. Patent
2005/ 0075506 A scribed a process for

Formula I
CH,F

N

N
HO NHCCHC,

It has wide spread application in veterinary medicine for the treatment of both
Gram positive and Gram negative bacteria as well as rickettsial infections.
Florfenicol is also known as [R-(R*, $*)}-2,2-Dichloro-N-[1-(fluoromethyl)-2-hydroxy-
2-[4-(methylsulfonyl)phenyllethyllacetamide.

Commonly-assigned U.S. Patent No. 5,663,361, the disclosure of which is
incorporated herein by reference, describes the synthesis of Florfenicol
intermediates and their use in processes for making Florfenicol. The primary
advantage discussed therein is that the process eliminated the prior art's
requirement to isolate the aminodiol sulfone (ADS) from the reaction vesse! before
proceeding with the Florfenicol synthesis.

More recently, U.S. Patent 2005/0075506 A1 described a process for

preparing a compound of Formula Il that is useful as an intermediate in the synthesis
of Florfenicol.
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preparing a conpound of Forrmula Il that is useful as
an internediate in the synthesis of

wo-k@rozsscol . Fornula Il The process call ed forPCEESI0061¢34219
the hydrochloride salt of an optically pure am nodi ol
conpound of Fornula Il w bh acetone followed by
acetyl chloride to give a conpound of Fornmula Il. The
conpound of Forgpyté@ Il is then reacted further to give
Florfenicol of Formy a.l. Formula Il A nmajor drawback
of the process discl in 2005/0075506 A 1 is the

) 0
use of the am nodi oIting material of Fornmula II1.
The ami nodi ol conpouni—ef For jithb@H| | fornyakxpensi ve. |t
is also difficult to isola

atefand handl e due to its
anphoteric nature. Anoth } or drawback of the
process di sclosed in 200 *ﬁg 0eCik 1 is the
requi renent to hydrol yz%é azol i dine and the
N-acetyl group of Fornula

IXg, SFornmul a | Xa- to generate
a conmpound of Formula Xa; Fornmul a Xa foll owed by
acylating, with a second N-acyl ating agent, to forma
colpepnecest dadiechibardactingitiee pydroehtoride\eatttaf@m optically pure

ami AR R SNRIS DU DHE R0 PUBYLES BB o ove
compBendwnFEBABLE 10f THE @bhfstiupel of FIAMARY i ehHealhENFthENo give

n one enbodi ment, the present invention includes a
FlortenisebsEFegpulgriepar i ng an
CH3S0,

Formula III
CH,OH

N

A\ .
HO NH,* HCl

A major drawback of the process disclosed in 2005/0075506 A1 is the use of the

aminodiol starting material of Formula 1ll. The aminodiol compound of Formula lil is

expensive. ltis also difficult to isolate and handle due to its amphoteric nature.
Another major drawback of the process disclosed in 2005/0075506 A1 is the

requirement to hydrolyze the oxazolidine and the N-acetyl group of Formula IXa;
CH;S0,

Formula IXa

CH,F
3
O N~cocH;
H,C~ CH,

to generate a compound of Formula Xa;
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oxazol i di ne protected am nodi ol conpound of Formula V
Formula V wherein: Rl is hydrogen, nethylthio,
woreaohpbised f oxy, net hyl sul fonyl, fl uoronet hyl t hP@T/US2006/034219
fl uor omet hyl sul foxy, fluoromethylsul fonyl, nitro,
fluoro, brono, chloro, acet¥l, benzyl, phenyl, halo
substituted phenyl, Cl1-6 al kyl, Cl1-6 hal oal kyl, C3-8
cycl oal kyl, C2- aldmey], C2-6 al kynyl, G -6 al koxy,
Cl-6 aral kyl, C2-6 aral or C2-6 heterocyclic
group; R2 is hydrogen, al kyl , Cl- erdnalload kyl ,
C3-8 cycloal kyl, C2-6 a If aIkynyI Cl-6
al koxy, Cl1-6 aralkyl C2- * aryl, or C2-6
het erocycl i c group; R3 is ; Cl-6 aIkyI, Cl-6
hal oal kyl , C3-8 cycl oal kyl',” C2-6 ‘al*kenyl, C2-6
follcaw@hy acylating, \aﬁfka@e,co@ﬂi-f‘ﬁaaylatnkg lage@Z{@fca’hah kempound of
For@l a or C2-6 heterocyclic group; and R4 i s hydrogen,
“1-6 al kyl, Cl1-6 hal oal kyl, C3-8 cycl oal kyl,
bermel pre@éﬁ‘ﬂmeﬁ’tf o@dd@s@@@ﬂ%@s@' 0rtcBRANES a?ﬁ‘@ﬁ?c‘fvn&é‘@alternatuve
he ring may be substituted by one or " two
met%pds ef aremrmgcuse@u ingraelstgs incluatedtihdhe pyeh’neslsamf Florfenicol.
enbodi nent, the present invention includes a process
for preparing an oxazol i dine protected am nodi o
SUMMARVIIOF JHEFINVENTIONI : Fom ul aX p wherein: Ri, R2
anﬂ R3 are as defined above; and R7 is hydrogen, Ci-6
al Ky Pheembodimegh thg IPregent ¢nvaniiandagiuges agrogess for preparing an

oxakblididé pRitk¥led dminBdiol compound of Formula V:

Rj
Formula V
CH,OH
O><N\COR4
Ry Rj

wherein:

Ry is hydrogen, methylthio, methylsulfoxy, methylsulfonyl, fluoromethylthio,
fluoromethylsulfoxy, fluoromethyisulfonyl, nitro, fluoro, bromo, chloro, acetyl, benzyl,
phenw,hmosmbsﬁuﬂedphenw,CL6mkw,Cyehmoamw,C&gcydomkw,czgakenyL
Ca.6 alkynyl, C1¢ alkoxy, C1.¢ aralkyl, C,.¢ aralkenyl, or Co.g heterocyclic group;

Rz is hydrogen, Ci¢ alkyl, C1.s haloalkyl, C;.4 cycloalkyl, Cs.s alkenyl,
QmamwwhCmammwxhﬁamWWJh@ammawLawLm%hﬁhmanqdmgmum

Rais hydrogen, Cq.¢ alkyl, C+. haloalkyl, Cs.5 cycloalkyl, Ca.g alkenyl,

Cz.6 alkynyl, C1.6 alkoxy, C1. aralkyl, Co. aralkenyl, aryl or C,.5 heterocyclic
group; and

R4 is hydrogen, OH, Cy alkyl, C1.6 haloalkyl, C4.5 cycloalkyl, benzyl, phenyl or
C+.6 phenylalkyl group, where the phenyl ring may be substituted by one or two
halogens, C4.5 alkyl, or C4.5 alkoxy.



cycl oal kyl , C3-8 cycl ohal oal kyl, C3-8

cycl odi hal oal kyl, C3 cycl otri hal oal kyl, C2-6 al kenyl,
W@2006/0313ke/nyl , C -6 al koxy, C -6 aral kyl, C2P@I/US2006/034219

aral kenyl, C2-6 heterocyclic, benzyl, phenyl or phenyl

al kyl where the phenyl ringt may be substituted by one

or two hal ogens, G -6 alkyl or C -6 al koxy.

Pr ‘Hﬁ §H§Me¥ prétérred Mlmeﬁﬁ%g gré%brﬁ m\g?'%@ﬁ mﬁb@é@a process for

CHF2, odi nent
premﬁrmge@s Oxamlldd‘espltdh@oted apsnadiol @mpeand oﬁﬁoanmarmound
of Formula VI: Formula VI wherein: R -1 is as defined

above and R5 is hydrogen, G -6 al kyl, C3-8
cycl oal kyl , benzyl R;phenyl or C -6 phenylalkyl, in a
vessel with a reduciRg=agent in an al coholic sol vent
to forman am nodi ol pound of Fornula VII:wherein:
Ri is as defined abows reagyi g t hemdmiHodi ol
conpound of Fornula VIT inthe véessel without
isolation (i.e., in S|tu)<‘W|t an oxazolidine formng
reagent to forma conpoun xNﬁfmm,)l a VIll: wherein
Ri, R and R3 are as defi bove; and c) reacting
t he compound of Fornul a ~ n the vessel without

5 isolation (Ae., in situ) vvlthafirst N-acyl ati ng
agent to form an oxazolidi ne protected am nodi ol

coMhsRIB: of Formula V.

R1, Rz and Rj3 are as defined above; and
Ry is hydrogen, Cy. alkyl, C1.6 haloalkyl, C1.s dihaloalkyl, Cq.¢ trihaloalkyl, Cs.g
cycloalkyl, Cs.5 cyclohaloalkyl, Cs.5 cyclodihaloalkyl, Cs.5 cyclotrihaloalkyl, Co.g
10 alkenyl, Cz6 alkynyl, Cq alkoxy, Cy. aralkyl, C,. aralkenyl, Co.5 heterocyclic, benzyl,
phenyl or phenyl alkyl where the phenyl ring may be substituted by one or two
halogens, C1.s alkyl or C15 alkoxy. Preferably, R; is CH.Cl, CHCl,, CCls, CH4Br,
CHBry, CBr3 CHoF, CHF», or CFs.

In one embodiment, the process includes the steps of:

15 a) reacting a compound of Formula VI:
Ry
Formula VI
CORj
&
HO NH,
wherein:

R is as defined above and Rs is hydrogen, C1. alkyl, Cs.5 cycloalkyl, benzyl,
phenyl or Cy.6 phenylalkyl, in a vessel with a reducing agent in an alcoholic solvent to
20 form an aminodiol compound of Formula VIi:

Formula VII
CH,0H
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I n another preferred enbodi ment, the process includes
the steps of: a) reacting a conpound of Fornmula VI in
wW@2e838B6 Wi t h a reduci ng agent in an al cohol i BCHUF20061034219
to forman am nodi ol conmpound of Formula VII; b)
reacting the am nodi ol conpound of Formula VIl in the
vessel without isolation (i.e., in situ) with an
OWﬁé’rjelrF“ ne form ng agent to formthe conpound of
Formula "VI11; c) reacting the conmpound of Formula VIII
IrRH!seayetsm&idameut isolation (i.e., in situ) with
N-aclatln ent toformano zol i di ot ect ed
Bhod @Iacmg&%mraﬂ digl ARG ¢ %fjmf'? Yatinrhe VRgSe!Hdthout
isolaﬁﬁwpémgl QngﬁﬁgHTHﬁ BxFLdlidMd fbrﬁ'nﬁ%#é%@e‘?‘ﬂd ﬂﬂn@Q%Bhp'oUnd of
t resenc an organi c solveht to obtain
Fornmdmwlhnd of Formula XIll:Fornmula X1 wherein R— , R2,
R3 and R are ag defined above; e) selectively
hydrol yzi ng thelgonpound of Formula XIIl with an acid
or base catal yst NQrm t he conpound of Formula Xl :
Formul a Xl wher ei and R are as_def L?r{?g'f above; and
f ) if necessary, fyi nCHheHco Formul a Xl
with a mxture of a C 0 alkyl nono, di or tri
al cohol and water to f& mBhe pure conpound of Fornul a
XI. Applicants have n S P“pilrl singly found significant
processi ng advant agest
2

3

wherein R4, Rz and R are as defined above; and

c) reacting the compound of Formula VIl in the vessel without isolation
(i.e., in situ) with a first N-acylating agent to form an oxazolidine protected aminodiol
compound of Formula V.

In another preferred embodiment, the process includes the steps of:

a) reacting a compound of Formula VI in a vessel with a reducing agent in
an alcoholic solvent to form an aminodiol compound of Formula VIl;

b) reacting the aminodiol compound of Formula VII in the vessel without
isolation (i.e., in situ) with an oxazolidine forming agent to form the compound of
Formula VI,

C) reacting the compound of Formula VIl in the vessel without isolation
(i.e., in situ) with an N-acylating agent to form an oxazolidine protected aminodiol
compound of Formula XIl;

d) fluorinating the compound of Formula XlI with a fluorinating agent in

the presence of an organic solvent to obtain the compound of Formula XllI:



5

10

15

20

form ng the oxazolidine protected am nodi ol conpounds
of Formula V and Fornmula XllI. The conpounds of Fornul a

wo200003peci fically Formula 11, are obtai ned Whenusawo6/034219

ester precursor to the am nodiol free base conpound of
Formula 111 are used as stgrting materials. Such
esters generally correspond to Fornmula VI, and the
ester of Formul@, IV is one particularly preferred
ester: Formula | Whe~use of the esters of Formulas IV
and VI generates t oxpensi ve free base starting
materi al of Formulg | in h&y, t hemdpiilel i m nat i ng
the need to isolate ' ytticult to isolate
conpound. Yield | ossesJorpthe free base starting
material of Fornula IlP du¥~@pg sol ation are thus
elimnated with resul ti i ncreased yield and | ower
cost for the oxazolidiffte pfotected ani nodi ol conpound
of Forrmula V, or specifically the conpound of Fornula
[1, or in the nore preferred enbodi nent the
oxwherdiniFeRpr Bt eod &t amiasatifedcatrpyeund of Formul a

Kb o OB SIS IS Sl BSaVY B B aci o

base ostiahBatd frgnpthecesassundibiergri@agndl: i nvention thus has

t he advantage of being an efficient and econom ca
process for preparing Florfenicol, its anal ogs and
oxazol i dine interpediates rel ated thereto. DETAILED
DESCRI PTI ON OF THE\ EMBODI MENTS When utilized in the

present specificati and in the a {Jend\%ﬁj clains, the
terns |listed hereiR ow, uggﬁss HEP R se i ndi cat ed,
are defined as foll oWws:\The m "al coholic sol vent"

includes G to Cio aﬁgﬁhol Nﬁgﬁh as net hanol and
7
I

wherein Rq and Ry are as defined above; and

f) if necessary, purifying the compound of Formula XI with a mixture of a

C1. 10 alkyl mono, di or tri alcohol and water to form the pure compound of Formula

Xl.

Applicants have now surprisingly found significant processing advantages for

forming the oxazolidine protected aminodiol compounds of Formula V and Formula

Xil. The compounds of Formula V, or specifically Formula Il, are obtained when an

ester precursor to the aminodiol free base compound of Formula lli are used as

starting materials. Such esters generally correspond to Formula VI, and the ester of

Formula IV is one particularly preferred ester:

CH;S0,

ﬁ Formula IV
COCH,CHj;

N
HOY NH,
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et hanol and m xtures thereof, C2 to C 0 dial cohols
such as ethylene glycol and C1 to Cio trialcohols
wGe o038l ycerin. Alternatively, the al cohol i BCHUF20061034219
can be adm xed with any suitable cosolvent. Such
cosol vents can include other solvents which are
m scible wwth the al coholic solvent such as C4 to C 10

al kRBe e (ﬁrtﬁg@st&s%@'%%h Zﬁ}}ﬁ’} RE&Shss thteOé@%%.ve free

xyl enes, obenzenes suc enzene
basetstaafhlsg suatrialsofdictiwa 8t esity, trarebp etiglimeingythetrised, to isolate

i TR RS Lo SRS AP Sh TS s
Forrﬁﬁﬁﬂfﬁ duesio i8blbn e W@@lhﬁiﬂa?édﬂ)ﬂth ?é’éihtlﬁé ifFpEAedg }r/‘:%ld and

y propyl, or sec-butyl. Aternatively, the nu
lowescoshiasdhe axazalidine prmtgzcﬂ@é arpu@odfql edmpponde dgpinea VVObr

ool A i B, A Y B G5 EL b ifgpen e

oxaZalidind praasctdesihinbeid @@M)b@um@%f FomAREXP! ApRli€ants have also
; r‘éﬁdro gens are replaced by halo. The term"aryl" neans
ou

\wAYS to ghilizerbaygonsrmnd fitamuby \Cyithgneke effikigint end cost-saving
oo UL 358 A b St anc
ecowdrhmad prdoessvooprepadng Fldréerties| nit$ hablogaranid" omaneklne

intefmh%%{qsﬁﬁf)asﬂ?ﬂ uted by halo.In one aspect of the

Y% provided a process for preparing
an oxazol i dine protected am nodi ol conpound of Fornul a

V. Fornmula V wherein: RL is hydrogen, nethylthio,
DETAILER BESGRPTION 6F BUEEMBODIMENTSet hyl t hi o,

When utilized in the present specification and in the appended claims, the
terms listed herein below, unless otherwise indicated, are defined as follows:

The term “alcoholic solvent” includes C4 to C4q alcohols such as methanol and
ethanol and mixtures thereof, C, to C4 dialcohols such as ethylene glycol and C4 to
Cqo trialcohols such as glycerin. Alternatively, the alcoholic solvent can be admixed
with any suitable cosolvent. Such cosolvents can include other solvents which are
miscible with the alcoholic solvent such as C4 to Cy alkanes, aromatic solvents such
as benzene, toluene, xylenes, halobenzenes such as chiorobenzene, and ethers
such as diethylether, tert-butylmethylether, isopropylether and tetrahydrofuran, or
mixtures of any of the above solvents or cosolvents.

The term "alkyl" means a straight or branched alky! such as methyl, ethyl,
propyl, or sec-butyl. Alternatively, the number of carbons in alkyl may be
specified. For example, “Cq to Cgalkyl” means an “alkyl” as described above
containing 1 to 6 carbon atoms. "Haloalkyl" means an "alkyl" as described above
wherein one or more hydrogens are replaced by halo.

The term "aryl" means phenyl, or phenyl substituted by C+ to Cs alkyl or halo.

“Substituted benzyl” means benzyl substituted by C4 to Cs alkyl or halo.

The term "halo" means fluoro, chloro, bromo or iodo.

The term "halo aryl" means phenyl substituted by halo.



fl uor omet hyl sul foxy, fluoronethylsul fonyl, nitro,
fluoro, brono, chloro, acetyl, benzyl, phenyl, halo
wGeaiwsnsasss ed phenyl, C -6 alkyl, G -6 hal oal RgT/pS1086/@34219
cycl oal kyl, C2-6 al kenyl, C2-6 al kynyl, C -6 al koxy,
Cl-6 aral kyl, C2-6 aral kenyg, or C2-6 heterocyclic
group; R2 is hydrogen, 0 -6 al kyl, G -6 hal oal kyl,
C3 , |7 ;
1§Q§¥Qoﬁébf‘c¥f{ thgﬁ;i\g/ tl@ érlsaﬁio ﬁQJ 5?%(%8’880%)’ %%_pgrmg an
oxah@ﬂhm@pyﬁbdedgnompdmR@ow&ohydmﬁ@@mnu@‘4:aIkyI, G-6
hal oal kyl, C3 8 cycloal kyl, C2-6 al kenyl, C2-6
al kynyl, G -6 al ko C -6 aral kyl, C2-6 aral kenyl,
aryl or C2-6 het lic group, and R4 is hydrogen
OH, G- alkyl, G al oal k C3-8 cycloalkyl
benzyl, phenyl S ¥% PRyI grdh@“mﬁhere t he
phenyl ring may be subgTi ted by one or two hal ogens,
G -6 alkyl or Cl-6 al&ox ? conpounds
correspondi ng thereto ar use ‘intermediates in the
fornation of FlorfeniBgl ahd related conpounds. One
rﬁ;éﬁd process corresponding to the invention
|nc Gd2s" t he steps of: a) reacting a conmpound of
5 FORTU$ aymogeﬁo rrmﬂlhyﬂth\éb mle@wumxﬂ mbthysulBal ﬂ@Qrcﬁ‘ﬁ@tﬁ?lth«o
I's hy G I kyl, C3 cycl oal kyl, benzyl,
fluomﬁgylsg fo>@( merc%{pﬁmytwyﬁyw n|tﬁ) éluoggggq)nw £hlogo, acetyl, benzyl,

oheR N RRETL A ELEONER . POMLRRILS SEREM, oo sy

Cg.s@élfyrryé&maikexy, Cq.6 aralkyl, C,.6 aralkenyl, or C,.5 heterocyclic group;
Rz is hydrogen, Ci.5 alkyl, C1.6 haloalkyl, C3.5 cycloalkyl, Co.¢ alkenyl,

10 Cae alkynyl, Cq¢ alkoxy, Cy.6 aralkyl, Co. aralkenyl, aryl, or Co.4 heterocyclic group;
Rsis hydrogen, Cy.5 alkyl, C1. haloalkyl, Cs.5 cycloalkyl, Ca.¢ alkenyl,
Ca.s alkynyl, Cq.5 alkoxy, C1.s aralkyl, Co.s aralkenyl, aryl or Co.4 heterocyclic
group; and
R4 is hydrogen, OH, Cy. alkyl, Cy.6 haloalkyl, Cs.5 cycloalkyl, benzyl, phenyl or
15 Cq. phenylalkyl group, where the phenyl ring may be substituted by one or two
halogens, Cy.s alkyl or Cy.¢ alkoxy.
The compounds corresponding thereto are useful intermediates in the
formation of Florfenicol and related compounds.

One preferred process corresponding to the invention includes the steps of:

20 a) reacting a compound of Formula VI:
R
ﬁ Formula VI
CORs
\\\
HOY NH,
wherein:

R is as defined above and Rs is hydrogen, Cy.s alkyl, C3.5 cycloalkyl, benzyl,
phenyl or Cy. alkylphenyl, in a vessel with a reducing agent in an alcoholic solvent to

25 form an aminodiol compound of Formula VII:



b) reacting the am nodi ol conmpound of Formula VII in

the vessel without isolation (i.e., in situ) with an
W@x@Z/08038¢ ne form ng reagent to form a conmpounBPCDS2006/034219

Formula VII1: Forrmula VIII wherein RI, R2, R3 and R

are as defined above; and g) reacting the conpound of

Formula VIl in the vessel without isolation (i.e., in

situ) with a firgf Nacylating agent to forman

oxazol i di ne protected.am nodi ol conpound of Fornula V:

Formula V wherein RI, R, R3 and E{ﬁ ik §as defined

above. Wthin the &g pr FIC?% escri bed above,
ge rred aspects of the

there are certain current|

i nvention: Rl is mnethyl&hi oY t hyl sul f oxy, or

met hyl sul fonyl. Mre épefer aBIHe Ri is

met hyl sul fonyl ; R2 and R3 are hydrogen, net hyl , et hyl
WBropyl Nbr e preferably, R2 and R3 are nethyl; R4

|s

eradt Rylis agdefined gbeNST or i sopropyl group. More
@: ggs'lga&'”@ﬁ?%%ﬂmcﬂé‘" Cq;ﬁ‘&?{”ﬁé%f ﬁgmer}eﬂn ltnetfwgw_eﬁsel without

5 |sola¢|orrpioemd1 situ)vattmah @xlakbllchn@fmrremg: rmgqntzmv&)rhaaloempound of
ative conpounds corresponding to Formula VI can
Fom&‘@agilﬁpar ed using standard organic synthetic
t echni ques wi t lqut

Formula VIII
CH,OH
5><NH
Ry R

wherein R4, Ry, Rz and Ry are as defined above; and
10 c) reacting the compound of Formula Vil in the vessel without isolation
(i.e., in situ) with a first N-acylating agent to form an oxazolidine protected aminodiol

compound of Formula V:

Ry
CH,OH Formula V
§><N\COR4
Ry Rs
15 wherein Ry, Ry, R3 and Ry are as defined above.

Within the general process described above, there are certain currently
preferred aspects of the invention:

R is methylthio, methylsulfoxy, or methylsulfonyl. More preferably, R4 is
methylsulfonyl;



undue experinmentation. One preferred ester conpound
corresponding to Formula VI is In another aspect of

wo b@7iososent i on, the ester conpound of Formnul a RET/US2006/034219
Formula I'Va In still further aspects, the esters
correspond to: Fornula I erein R5 is as defined
above. In a nore preferred enbodi nent when Fl orfenicol

is the desired,end pro the conpound corces j
t Rores aren draSenem et G BB el e @BR T R: Bha Ry
are nfg#Ryi oned above, the first part of the process calls
for  reacti n]g a conpound of Fornmula VI in a reaction
vEedeh methy @trmédoropmboe@@mopyt@foqpu rhd@@ﬁeoreé@rabw@ R4 is methyl;
present invention, the term"reaction vessel" shall be
understood to nean a contai ner known to those of
5 oRdiig afethgk etHyl Whp@ipyi, Ssesrpail, Butd, thait ogpelhtgl The compound
react antsand allowi ng the reaction step roceed
of Fopprig 1o Ismmmﬁ@'adhyzae/aaﬁalet y‘N&efBﬁt'%g%f@POWﬁ‘f COfé@Spondmg to
FormgBeYPSan BEREG AR iahgR QlociEs Ehal BRRnkEs ihout
undUE@Skperm@n@&mts can be enployed in carrying out the
process of he i nventi o A non-limti Og I|s
D e BieiS e B8 1o GOTRM SRS RaBC KGR DT
Ca(BH4) 2, angyldd3H4 and m xtures thereof V\hen an
al cohol i ¢ sol vent used. The al cefigluk ey sol vent can
al so be one of ma \-recognlzed sol vents but sone
preferred sol vent ude ChHa , ethanol,
propanol , i1sopropandt but a0 é\nd3 pent anol and

m xtures thereof. One yWeféd d reduci ng agent is
10 KBHA4. %‘(P NE; .

In another aspect of the invention, the ester compound of Formula VI is
CH,S0,

and

Formula [Va

!
COCH,

\\\\

HO NH,

In still further aspects, the esters correspond to:

CH;S0,
Formula Vb

Ho\\c NH,
15
wherein Rsis as defined above.
in a more preferred embodiment when Florfenicol is the desired end product,
the compound corresponding to Formula VI is the compound of Formula 1V.
As mentioned above, the first part of the process calls for reacting a
20 compound of Formula VI in a reaction vessel with a reducing agent. For purposes of
the present invention, the term "reaction vessel" shall be understood to mean a

container known to those of ordinary skill which is capable of holding the reactants
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The nolar ratio of reducing agent, such as KBH4, to

the conpound of Fornula IV is between about 1: 1 and
w@bwan3@sd . Preferably, when the reduci ng agePeT/US208@634219

, the nmolar ratio of KBH4 to the conpound of Fornula

IV is about 1.5:1 and the préeferred solvent is

met hanol . This reduction can be carried out at a

and elpeingtiHe eedtiondsadp S PRSedc? BRYMPIBRAC Tﬂe%gzgauéncﬁglpe of vessel

hours. Preferably, the tenperature is bel ow
willy Aeceyrae, depencheponsths sise of the katch araintpe espiesifici reactady selected.

f th
cher e 2t Qi Bl e SR Bh i FmaleRip Ratrging out the
problags bmhmememrdlwd,«\?@ﬁl Iﬁﬁlﬂﬁgglﬁpﬁﬁsol?fa?éétjﬁegjﬁhdr 12 u@agﬁ %C%;%de
e ether
Na%gt ’t}géhg’néﬁ@%t)%:a%ﬁ?h'ﬁ%b iBop neistses ttereot Wéspm@la@mlm solvent
is UsBH mﬂh% é(bé)hcglﬁsso@féar? C'éﬂda%o bE dn%ﬁf%‘%\f %rtgﬁrcggf]rﬁalig SYvents but

in the same ves Si't
som&@zeﬁfbrrédrs@l\temtsnn@deemgmm@Léthaﬂ@l Empmbdeéb’pi@panol butanol

2-net h ene, 2, 2- di net OXYypr opane
anéﬁ%t%:q&m%tuﬁé% SHRI. 138 DFRTEHEPEETNG BHERY 1S KBH..

conmhd s raks fd)f?éddd?ﬁg &t sﬁfﬁ ta%%(EfH E?er r g@&%Sﬁné 8f Formula

make a conpound of Forrru a VIl
IV ig iehwer b pbedinbd and awutés boRdéfiecatily, mmtnarédubmgsagemt is

KB B o T Bl ¥ B i, B a6 3V b A el 51 and the
prefértdd scivérites ematnaneld TS radwrtiYh|dad ddcariRH ‘%ﬂ@ Bt §9emperature of
t he net hanol solvent is renoved by

abo&'ngg ¢It%@P8Ht SO inephaitdhairsh Ruatarably, thel teenterature is below
60° @ea%\cgﬂ%tt‘ﬁﬂ h&r tﬂ'er}egﬁtl@rptoofé%%ﬂl %&éfﬂs}rﬂq&é%&c\éﬁggf

such as to uene ene,” nexan
Thdn ;aneél@rnehi/eoasqmnit ofltheeinvention, the artisan can use reducing agents

such as LiAIH, or NaAlH; when anhydrous conditions are desired. In such
situations, solvents like ether or tetrahydrofuran can be used.

Once the aminodiol compound corresponding to Formula VIi has been made,
it is reacted, preferably in the same vessel (i.e., in situ), with an oxazolidine forming
reagent such as formaldehyde, acetone, 2-methoxypropene, 2,2-dimethoxypropane,
2,2-diethoxypropane and mixtures thereof, under conditions such as those set forth
in the examples to make a compound of Formula VIII. One preferred aminodiol

compound corresponding to Formula VII is
CH3S0,
Formula VIia
CH,OH

N
HOY NH,

In a preferred embodiment when Florfenicol is the desired end product, the

compound corresponding to Formula VIl is the compound:
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form ng solvent is toluene. The ratio of the
oxazolidine formng solvent to nethanol is about 0.5:1

W 2003030386 t h the preferred ratio of about 1: I1PCT/B82006/034219
oxazol i dine form ng reagent such as formal dehyde,
acetone, 2-nethoxypropene, 43, 2-di met hoxypr opane,
2, 2-di et hoxypropane and m xtures thereof is then
added. One prefigss,ed oxazolidine formng reagent is
acetone which is added\in a ratio to toluene of about
0.5:1to 3:1 wtht ef erred ratdg.@fvigpout 1: 1 .
The reaction runs t{ ca oletuﬁpo o formthe
oxazol i di ne conpoundof a VIl over about 12 -
18 hours in the presencesof pa base desi gnated herein
as an oxazol i di ne pronotQug MWase such as potassi um
car bonat e, sodlun1carbon thnethylan1ne or
triethylamne. A pr ef efp dse is potassi um carbonate

o AR AR ATt
replacedoivith @nottertshient tesighareunsendf ad-anmxbaoldihé foredimg Bolvent
in the sane vessel after conpletion of the reaction

suchse@ rlupiee NS, hesangoasynidyradhatgoht The rieigs@d oprazolidine
formﬂ‘?{{‘?%‘l%ﬁtt@rt@meﬁér %F I’?tl?%&_ acox%dﬁe’“@?rﬂmgﬁ‘écﬂvéﬁ% methanol

escribing the ylatin I rst) agents
is atmutﬁcﬁ dits 3 hgithdhe phefeargd o w$ abdoditot: 1 mefkn nmzdhlelme formlng

lid d ' | d f. F
reagg P B Ep R Ridss Faltritg SHDEHES B LbRgRaR AN e @ropane,
2,2- dﬁé%)dyprdd%efﬁd‘ﬁﬁﬂt@ﬂés%e@# lé?ﬂl@ﬁ%ﬁtﬁaﬁj o@na’é:‘BJrr@”l‘élrr%d>8><azo||dme

after i nternedi ate of Fornula X has been forned
formingraadest {Bycatpae yihigh ingddgenng r(ettlmt@d@lua@@@f abeuhg 5:1 to 3:1

i ARl ol MRS SHRRLbT R B85 Gfion o fom e

oxaz}tt’midfrﬁTctcﬂﬁlpbthm@bf Foaeylhatllingee aBbauNEs & Bows i itk presence of a
ornul a
base designated herein as an oxazolidine promoting base such as potassium

carbonate, sodium carbonate, trimethylamine or triethylamine. A preferred base is
potassium carbonate or triethylamine. The oxazolidine forming reaction can be
carried out at a temperature of about 65 — 85°C.

It is preferred that the compound of Formula VIl remain in the same vessel
after completion of the reaction step when the first N-acylating agent is added. The

"o

nomenclature “first,” “second” and “third” are used for describing the (1) N-acylating
(first) agents so as to distinguish the agents used for making the oxazolidine
protected aminodiol compounds of Formula V, from the (2) N-acylating agents
(second) which are used in the formation of the compounds of Formula X! after the
intermediate of Formula X has been formed, from the (3) N-acylating agents (third)
used during the process to form the oxazolidine protected aminodiol compounds of
Formula XlI. Thus, some preferred first N-acylating compounds are of the formula

ReCOR4
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R6COR4Awherei n: R4 is hydrogen, OH, GCi-6 alkyl, Cl-6

hal oal kyl , C3-8 cycl oal kyl, benzyl, phenyl or G -6
Web@nyseikyl group, where the phenyl ring nay BPET/US2006/034219

substituted by one or two halogens, C -6 alkyl or G

-6 al koxy; and R6 is halo, ¢8 C -6 al koxy. Some nore

preferred first acylating agents include acetyl

chl\préde:. acetyl brom de, propionyl chloride,

ionyl brom de, butyl chloride, nethyl
chIFg«@ffmdmeﬂ @ﬂh(}he@fhybr(bfedwfaalﬁyl Gramytloalkyl, benzyl phenyl or

Cr BN hien T he Gt e firow! 160 Fray bre S PulUEeEby e or two
hal I g gubﬁ o@m@;nghﬂespondl ng to Formula Vis

e conpound: In a préferred enbodi ment, a base such
FRroiS 4149, lﬁﬁ@aar@ibﬂé)t e, sodi um carbonat e,

e;t%gen ra fecFF ’{Sﬁég\z%@ﬂ%aﬁﬁh%f'“aaﬁﬁﬁﬁswﬁ%aﬁe acetyl

broaﬁntmtprdploﬂnyttcmldncﬁe p'FbploﬁS/IGérQh’ﬂ@éi RaglecH SridOtrAsH U(Eﬁloroformate
eth@ Fte or trleth){lamne and the preferred no

mate eyl dileeirmate apdirgixiureseergpbf er r ed

f| f d

o '2%‘ e Ry SR i &ﬁd ibehot, the
Conlpqtmdascrreﬂptondtﬂgetop?csﬁena &disrtag icompeung: 1. 1 :

Reaction tenperature is about 20 - 30 C and the

reaction conpletes in about 2 - 4 hours. After the

oxazol i di ne pr oCH_e,SCQd am nodi ol conpound of Fornul a

has been prepared, it be usedoinmlatthe synt hesi s of

Florfenicol and rel at

CH,OH
O><N\COCH3
H,C” CH,

In a preferred embodiment, a base such as potassium carbonate, sodium
carbonate, trimethylamine or triethylamine is added in a molar equivalent ratio to the
compound of Formula VII of about 1:1 to 1:3. The preferred base is potassium
carbonate or triethylamine and the preferred molar equivalent ratio is about 1.1 to 1.
The preferred first N-acylating agent acety! chloride is added in a molar ratio to the
compound of Formula VI of about 1:1 to 3:1 with the preferred ratio being 1.1:1.
Reaction temperature is about 20 — 30°C and the reaction completes in about 2 - 4
hours.

After the oxazolidine protected aminodiol compound of Formula V has been
prepared, it can be used in the synthesis of Florfenicol and related compounds.
Thus, in a further aspect of the invention, the inventive process continues by

fluorinating the compound of Formula V:
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Thus, in a further aspect of the invention, the
i nventive process continues by fluorinating the
w@eovposn3ss of Fornula V:wherein Ri, R2, R3 andP@dUs2006/034219

as defined above, with a fluorinating agent in the
presence of an organic solwvant to obtain a conpound of
Formula I X: Fornula | X wherein R-i, R2, R3 and R4 are
as defined above. kn one preferred aspect of this
enbodi nent when Flo col is theg,dgsired end
product, the conpoun N esponding to Formula 11X is
specifically: Suitab uorinating agents include,
wi thout limtation, HLH 17 2.
trlfluoroethyl)dlethylamnge, (2- chloro 1,1
,2-trifluoroethyl)di nmet hyD mNe,Cdﬂ-(Z chloro-1 ,1
, 2-trifluoroethyl)dipropyl N-(2 chloro-1, 1
,2-tri fl uoroet hyl) pyrrol ik neRs N-(2 chloro-1,1
,2-trifluoroethyl)-2-nmethyl pyrrolidine, I\I-(2-ch| oro-1
, 1 ,2-trifluoroethyl)- 4-nethyl pi perazine,
N(Nﬁeﬁélhqm RL Rs énd?R arel dL@sMRId A v TWitRNP i Bnating ggent in
N (2-chloro-1, , 2- trlfluoroethyl)plperldlne 1,

the presgneeof gp mwr@@tsﬁwent\rtq\pl@marrea lepmeund, of Formula IX:
(Diethylam no) sl fur trifluoride,
Bi s- (2- met hoxyet hy i nosul fur trifluoride,
N, Ndiethyl-1 ,1 , , 3- hexafl ugy Qs 1-Rr opanam ne
(1 shi kawa Reagent) m xt uctéﬁ% ther eo One preferred
fluorinating agent yl , 1
, 2,3, 3, 3- hexafluoro 1- p&op am ne. The nmol ar ratio of

the fluorinati ng agent agofl N-diethyl-1,1,2,3
, 3, 3- hexaf | uoro- 1- prog ne to the conpound
accord| ng to Fornul a ps Between about 1: 1 and about

2:1 . Preferably, the nolar ratio of the N, Ndiethyl-
,1,2,3,3,3- hexafluoro-1-propananm ne to the conpound
of wherein|Ry, Rqi B3 abdirs dremsidefinBdeatidveor i nat i ng st ep

Pr}igrgﬁc%f{e'rrgg aspecta of tﬂls enqgggh?‘r%eunrt(\a/vh%cn lf—'lro?fmmco?ls the d%swed

end produc:t, the compound corresponding to Formula X is specifically:

CH3S0,
Formula [Xa
CH,F
N
O><N\COCH3
H;C CH;,

Suitable fluorinating agents include, without limitation, N-(2-chloro-1,1,2-
trifluoroethyl)diethylamine, N-(2-chloro-1,1,2-trifluoroethyl)dimethylamine, N-(2-
chloro-1,1,2-trifluoroethyl)dipropylamine, N-(2-chloro-1,1,2-trifluoroethyl)pyrrolidine,

N-(2-chloro-1,1,2-trifluoroethyl)-2-methylpyrrolidine, N-(2-chloro-1,1,2-triflucroethyl)-

4-methylpiperazine, N-(2-chloro-1,1,2-trifluoroethyt)-morpholine, N-(2-chloro-1,1,2-
trifluoroethyl)piperidine, 1,1,2,2-tetrafluoroethyl-N,N-dimethylamine, (Diethylamino)

sulfur trifluoride, Bis-(2-methoxyethyl)aminosulfur trifluoride, N,N-diethyl-1,1,2,3,3,3-

hexafluoro-1-propanamine (Ishikawa Reagent) and mixtures thereof. One preferred

fluorinating agent is N,N-diethyi-1,1,2,3,3,3-hexafluoro-1-propanamine.
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1100C and at a pressure of about 60 psi. The organic
sol vent used during the fluorinating step is
wee@oes@é y 1, 2- di chl oroet hane, net hyl ene chl PCT/U82006/034219
chl orof orm chl orobenzene, chlorinated hydrocarbons or
m xtures thereof. A nore prgferred organic solvent is
nmet hyl ene chl oride. After the conpound of Formula I X

A MR A B 3 55
hexd@bir@ﬁ@br?gielgam? Efo ?\e?iﬁgyp?ﬁd ad:cmr@JH@Sm:orm Hos ﬁle:c:ween
abodfof & Ariabon 2cb e ARG HBMGA R 01 dap LN BSGT 4;188.3.3-
hexéﬂ%ﬁ@h%ﬂoﬁ?ﬁgm%é)fo il élblrﬁe y @FF(S*nJ\dlgﬁ?/ is atiout 1.5:1. The

anesul tonic acid. rolyzing ste
fluorpradihgrsadyd gan berdaeded out biya heraperegu tehaf fmmb@ud 80%C fo about

F IX with us. hydrochloric acid at a
110 Cgﬁﬁnarag?uﬂﬂés%frefq? gggﬁtp Sho' C to about 1050C for
abwé o%)arnb BEh/eAt ug@anr;ﬁgwﬁ@ﬂu@nﬁw@@wa 'lsnﬂre‘iér%ﬁﬁf 1,2-
be” apparent to those of dinary s

dlchw@eetéﬂn@dﬂaﬁwé@le @inIOfldescfdﬂM@rnmmworwh@nzm&)rqhd;mrta&d

L L e

chlodieapl et ed, the corrpound of Formula X is react ed
wi t hout |solat|on§' in situ) with a secon

N- AEST He; GRiMeeH Of borawa %m&ﬁ%mafﬂe%mvca’omzed with acid
to form the compound of Formula X:
Ry
Formula X
CH,F
HO\\\ NH,

wherein Ry is as defined above, preferably, R is CH3SO5.

The acid used in this part of the process can be an inorganic acid like
aqueous hydrochloric acid, sulfuric acid, or phosphoric acid or an organic acid like
methanesulfonic acid. The hydrolyzing step is preferably carried out by heating the
compound of Formula IX with 6N aqueous hydrochloric acid at a temperature of from
about 90°C to about 105°C for about 60 minutes. Other suitable hydrolyzing steps
will be apparent to those of ordinary skill.

In one preferred aspect of this embodiment when Florfenicol is the desired

end product, the compound corresponding to Formula X is:

CH;3S0,
Formula Xa

CH,F

Q
HOY NH,



Formula XI wherein Rl is the sane as above, preferably
CH3S®2; and R7 is hydrogen, G -6 alkyl, C 6
woabaakésgb, C -6 di hal oal kyl, C -6 trihal oal kyPCT@3206/034219
cycl oal kyl, C3-8 cycl ohal oal kyl, C3-8
cycl odi hal oal kyl, C - cycl otigi hal oal kyl , C2-6 al kenyl
C2-6 alkynyl, G -6 alkoxy, G -6 aralkyl, C2-6
ar aNt@ﬂM dro r@hé?béé@%ﬁd IsteBSPEY mﬁray i
al ky vvhier e%h phe ri r? Zﬂ% om ubst | tJl)th e n@hgw,g reacted
W'tB‘PUtt 'ﬁelahen deon), Sito) Vﬁ‘ll’eﬂi B?Dom‘ e )@WQW’L to make compounds of
FO@@%%ably R7 is CH2Cl, CHCl 2, CC 3, CH2Br, CHBr ,
r CH2F, CHF2, or CF3. Thus, one preferred compound
of Formula Xl is:Rwherein R7 is as defined above. In
one preferred aspe thi s enbodi maRtan
Florfenicol is the [d yed end product, the conpound
correspondi ng to FA¥ a Xl is; the conpound of Fornula
: Sui tabl e second N cy ' ¢onpounds are of the
for mul a RBCOR7, wher ei %e sanme as that
descri bed above and R8 1s OH halo or G _6 al koxy.
Sone nore preferred second N-aéyl ati ng agents incl ude
5 di chl oroacetic acid or a reactive derivative thereof.
A non-limting Iist includes reagents such as

rretmré@rﬁm%ﬂ@:@érﬁé%s dw! gretbt yer:rgsetz an@"

di chl oroacetyl chl oride. The second N-acylation step is
pr eRel’Sa*BNCVO@%@ r¢edalsyl Coy hadealkyinG -6 Héﬁadmnﬂoyduﬁde tfthaloalkyl, Cs.g

Wi th oroacet at e
FHRY, S8 ISHEPAR o Mibledakin e cIpbe T aRY e
alkéﬁylhﬁgg alkyApr & ¢t gO TR Akl C5Qraralkenyfl CL.s heBstBc@le benzyl,
i f necg ¥ t he conmpound of
10 phenyl or phenyl alkyl where the phenyl ring may be substituted by one or two
halogens, C1.¢ alkyl or C1 alkoxy. Preferably, Ry is CH,Cl, CHCl,, CCl3, CH,Br,

CHBr,, CBr3, CH2F, CHF», or CF3. Thus, one preferred compound of Formula Xl is:

CH,SO
392 Formula Xla

15 wherein Ry is as defined above.

In one preferred aspect of this embodiment when Florfenicol is the desired

end product, the compound corresponding to Formula X is the compound of
Formula I:
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Formula XI can optionally be purified by heating in a

m xture of an al kyl nono, di or tri alcohols and
woav®ro3038he al cohols in this part of the proceBeTaam0be34219

G -10 nonoal cohols, C-i-iodialcohols and

G .-iotrialcohols and m xtuggs thereof. A nonlimting

list of the G 10 nonoal cohol s includes nethanol,

et hanol , propaaBiso,i sopropanol, butanol, sec-butanol,

t-but anol and pent alg One preferred G 10

nonoal cohol is isopr pl . A non-1ini{9Ag2fist of the

C -10 dial cohols i des et byl.ene glycol, propylene

glycol and butylene gl'ycol o whi ch propyl ene gl ycol

is preferred. GcherrnHe thN@I{C ﬁ {red

C-iotrialcohol. A G -T0 nonoaljcoRidl is preferred for

the purification. One nost pref @rred C _i o nonoal cohol

is isopropanol. The ratio of al cohol, such as

i sopropanol, to water is between 1:5 and 5:1 .

Pr 3 witadolbe yeccvmtEN-adWet&ig:@fmbommde srepsfapefoimulb F,OGIR}, vherein

R Bipmaplions Mt deSetinebabpve and Reis M« 18 061 s alkoxy. Some
moresﬁ@f@rm QeccﬂffbdNV% e tls § Iﬁci@diroﬁfdbb'éeé%ﬁ 4Mid BF a reactive

m xture. The solutionis clarifre ration
derwatrvre Hwreok /e:anobdrrmang liat inicludes raagientsmernhcasol ed to

mefSRindidacriR e P itiGelitte. bRt uimie ®
SO|THe OSCarRl N%yﬁroh%té@%bre?&ablyzﬁﬁnéﬂ @ut B? r@é’étlrfg tﬁ@

rrpound of Fornmula Xl crystallizes from sol ution.

Cofm%rrtéw ffcprandda el ingnethamehwith sretbyidiakilorogcetate ats |t¢re§erature of
frorﬁ%oﬂ 96‘;‘?50 ab{?tﬁte cd Fdr%%gﬁ???%ﬂﬂps correspondi ng to

oun nila I. I n another
pr eAfesribd cen‘qmﬂlnnimfftFortﬁm (] tmmsae@mﬁrrﬁﬁmam} the cbfhound of

| udes t he_st
Formu\fa % Icgrrr] olpﬂgna?I be purified gy%eatrng in a mixture of an alkyl mono, di or

tri alcohols and water. The alcohols in this part of the process can be Cy.qo
monoalcohols, C1.1g dialcohols and C.4o trialcohols and mixtures thereof. A non-
limiting list of the C4.19 monoalcohols includes methanol, ethanol, propanol,
isopropanol, butanol, sec-butanol, t-butanol and pentanol. One preferred C1.¢q
monoalcohol is isopropanol. A non-limiting list of the C4.1¢ dialcohols includes
ethylene glycol, propylene glycol and butylene glycol of which propylene glycol is
preferred. Glycerin is the preferred Cq.qq trialcohol. A C4.10 monoalcohol is preferred
for the purification. One most preferred C4.10 monoalcohol is isopropanol.

The ratio of alcohol, such as isopropanol, to water is between 1:5 and 5:1.
Preferably, when the alcohol is isopropanol, the ratio of isopropanol to water is 1:1.
The compound of Formula Xl is dissolved in a 1:1 mixture of isopropanol and water
heated to the reflux point of the mixture. The solution is clarified by filtration with
active carbon and a filter aid, then cooled to about 10 — 30°C and the purified
compound of Formula XI crystallizes from solution. Preferably, the solution is cooled
to about 20 — 25°C and the purified compound of Formula X crystallizes from

solution.



a) reacting a conpound of Formula VI in a vessel with
a reduci ng agent in an al coholic solvent to form an

wearmotedosstk conmpound of Formula VII; b) reacti ngCrhs2006/034219
am nodi ol conpound of Fornula VII in the vessel
wi thout isolation (i.e., imM@&itu) with an oxazolidine
formng agent to forma conpound of Fornmula VIII; c)
regpt v,
r eaf 3u@@f%@@a§%e?p§nﬁph§ﬁtgﬁésé& id LHendésEFed f?rﬁ:eﬁrloduct the
purlﬂedwplnmoumgi qymﬂpmdurfgotprﬁ@rmm& & ih@u mmmdaot leormula |.

andp Eehosi TSR eesbad et e Hrooess Fiteshaiisiag to the invention
inclieed eHeadtepps OR7 is CH2Cl, CHCl 2, CCI 3, CH2Br, CHBr2,
CBr 3, CH2F, CHF2, or CF3; d) fluorinating the compound
5 of @or mipactid a wpapaangiaidiarmula Whinag asselwithhe reducing agent in

c t ai ound of
an BEGRGRESY I8 SRR PRt Bk el PR IRG e
ar e)as dehctirepthebaviziod®)l coaipethtE IRoriutl VYA g véd] without
. .CO und, of gorrmla Xl with an acid or base catal yst
'30'%0?&% inrsdtug Bitp Amexexolittierforaing agegrdo fgrm g compound of
RRES ry, purifying the conpound of Formula XI with a
Form xtﬁ?g of a Cl- 10 al kyl nono, di or tri alcohol and
10 watagr t geécling thieecqmapeurcbofpiéomallalViFar the wesde! without isolation

(i.e., in situ) with a third N-acylating agent to form an oxazolidine protected aminodiol

compound of Formula XII:

Ry
Formula XII
CH,0H
=
R; Ry :

15
wherein:
R1, Rz, Rzand Ry are as defined above. Preferably, R; is CH,Cl, CHCl,, CCl,,
CH2Br, CHBry, CBr3, CHuF, CHF5, or CF3;
d) fluorinating the compound of Formula Xl with a fluorinating agent in

20  the presence of an organic solvent to obtain a compound of Formula XIil:

Formula XITT
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In the preferred enbodi nent described above, there are

certain preferred aspects of the invention. One
wonref7@se3sd aspect is that after the conpound oPCEaiSzb@a34219

VIIl is nade it is reacted preferably in the same

vessel (i.e., in situ) withhga suitable third

N-acyl ati ng conpound. Sone preferred third N acyl ating

co a f f erein R6 and R7
ar @“%gé]gzﬁ’ %dg 8&@?7 #}%rgég %erfelﬁgerreygénbodi ment, R6 is
d eand BElectveliihGHrolctiy 2he @n@ou%ﬁFogﬁb&N )lell\ﬁlﬁﬂ dn acid or
F CF3. So referr thir acyl ating
bas%gae%)gs?_lqlérwgmedquwpg Eaﬁ%@‘rﬁulagﬂda%n vatives. A

i et t .
msph | gl.fﬂ??%?%% &P ,n@ ﬁy‘{ ngoacet auffg X! with a mixture of a

C1.1d |adj<ry|l orava dt gt trmmohdeanmwatwlt«z Fbrar tkm:mr&tcmmpound of Formula
X et hyl chl or oacet at e, chl oroacetyl chl ori de,
“methyltrichloroacetate, ethyltrichl oroacetate,

tr i iNeOsrefsrdy éﬁ"ﬁb@ﬁhé’@t deBRYiBY %'bt)l\/éot'h%?& ﬁFé‘E@’taln preferred
et hyl di fl uoroacetate, difluoroacetylchlorid

asperis oy ta iveotent Qne prefaiad awabmtétaéaﬁer the compound of

ForﬂllhéoYltﬂf}lg ?‘I%éludoe(r:ggc eelta% ed er&g%bi}{) hg%{qﬁ?ec ﬁﬁg%te?g , In situ) with a
suitabile rnrhm Naasiatiry @cmﬂd@undil BSouey Mé’di H’ﬂmlNdﬁxylatmg compounds
are %ﬁ@ yl chl ori de and acetyl broni de. preferred

SdPrrane Reted pcwnerr%lﬁ. Ro#nd Rr e aa&@fm@a ahee. In a preferred
emb%lﬁﬁéﬁtt Rs IQ?I %ﬁﬂ%r m%fﬁz I ?ﬁﬁfi{‘%@@ é §PrCﬂll'll3%, é'B|r3, CCHQF,

he conpoun n & preferred
CHF@rrbDGFment a base such as potassium carbonate, sodi um

ca onate | a eortrleth amn sadedln
Fit D Bt ok PR et mechacies st Al Geldmsh péic

derlbvéﬂ\le@ fon@m%tlﬁk% list ih@udesSrea t@é@éﬁéé%@ﬁﬁ?ﬂﬁﬂ&oacatate

pot assi unctar bonate or triethylam ne and e pre erred
ethyidichipraageiata) dishloreadatylcklosgeumethyichloroncetate, ethylchloroacetate,
chloroacetylchloride, methyltrichloroacetate, ethyltrichloroacetate,
trichloroacetylchloride, methyldifluoroacetate, ethyldifluoroacetate,
difluoroacetyichloride, methylfiluoroacetate, ethylfluoroacetate, fluoroacetylchioride,
methyltrifluoroacetate, ethyltrifluoroacetate, trifluoroacetylchloride,
dichloroacetylbromide, difluoroacetylbromide, acetylchloride and acetylbromide.

In a preferred embodiment when Florfenicol is the desired end product, the

compound corresponding to Formula Xl is the compound of Formula Xila:

CH;3S0,
Formula XIla
CH,0H
O><N\COCHC12
¢ cH,

In a preferred embodiment, a base such as potassium carbonate, sodium
carbonate, trimethylamine or triethylamine is added in a molar equivalent ratio to the

compound of Formula Vllla of about 1:1 to 1:3. The preferred base is potassium



The preferred N-acyl ati ng agent dichl oroacetyl
chloride is added in a nolar ratio to the conpound of
wéaomessyi | | a of about 1: 1 to 3:1 with the pretase®d034219
ratio being 1. 1 : 1 . Reaction tenperature is about
20 - 30C and the reaction ggnpletes in about 2 - 4
hours. After the oxazolidine protected am nodi ol
cart GRS A B pR R P FRE Ao o3 AsBE: 1.1t 1
The qﬁefﬂa@dds-.acﬂmﬂag dgenadfdhrdrbametascﬂﬂb @r}i?@fs &didad mveemr?la:rrratlo to
the i nventive praqcess continues uorinating the
the %ﬁﬁ%lemﬁ ObFORaN A 18 POORb AP Xt et et rako beiag
1.1: ?nﬁieaztlé‘ﬁ ?erﬁﬁer%?ur’erlg%gﬁppﬁ@ BWbé%rﬁl fh4anLRH b&%pletes in about
ent, as previously I ned presence of "an
5 2- 4oln<gam c solvent, as previously defi ned to obtain a.
C SRR e A, ol A SE P Sl s been
prep@ﬁ@@% Céﬁ bk msédQﬁ Wh\?ﬁﬂésuﬁk&mcﬁf@ﬂ&ﬂrﬁm&étéd tCBIE"n(g)ounds

desired end I‘O uct he co ound correspon |ng
Thugdpmifuathgr asma@ of fle inMentipn ythehleverdh'ﬁqlmdeﬁf codinues Hy

L he conpound of Fornula X I
fluorfldtrdh'c %@%Lﬁ ok %?ae)qli'vely hydrol yzed with acid

10 or base catal yst to formthe conpound of Fornula Xl .
R;
Formula XII
CH,OH

wherein Ry, Rz, Rz and Ry are as defined above, with a fiuorinating agent, as
previously defined, in the presence of an organic solvent, as previously defined, to

obtain a compound of Formula Xill:

15
Ry
Formula XI1I
CH,F
Ry Ry

wherein R4, Rp, Rz and Ry are as defined above.
In one preferred aspect of this embodiment when Florfenicol is the desired
20  end product, the compound corresponding to Formula Xill is specifically the

compound of Formula Xllla:
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A wi de range of acid catalysts can be enployed in

carrying out the process of the invention. A
woesiosasse i ng | i st of suitable acid catal ysts PeUsze6/034219

i norgani c acids |ike dilute aqueous hydrochloric acid,

sul furic acid, or phosphorigiacid or organic acids

i ke nmet hanesul fonic acid or p-toluene sul fonic acid.

One preferred acChiSoat al yst is ptol uene sul fonic acid.

Simlarly, a wide range=ef basic catalysts can be

enpl oyed in carrying ¢ he process of Fath@a Kikenti on.

A non-limting list o it abl e-pasic catal ysts

i ncl ude inorgani c bases sush 3 T OH, NaOH, KOH,

U2C08, Na2COs, K2CO3 or organibkc bases such as sodi um

met hoxi de, sodi um et hoxi d ageCcH, et hoxi de and
pot assi um et hoxi de. B%ﬁ d basic catalyst is
K2CO3. The sel ective hyd ymcﬁ'}g step is preferably

carried out be heating the conpound of Fornula XIII
with p-toluene sulfonic acid in a mxture of an
or gHterdhe sbumaundraf Rmnmia Xill has bapemadds, 6t ibedetauti8EYC.

vl Bt o RERE bftelRt IS Birel st oy e ot pmuia .
appiamdﬁ rdryet d¥aseid @étaWs@é Bafk besé?hblb%/edj th @é‘ﬁylﬁb%ﬂ@ kK& Process of

aspect of this enbodi nent when eni col

the d@éﬁ"‘ﬁ'@a élnao%,hgumg listici suit dlptp it calatysts mhdjmlgotgamc acids like
dlluFé’?t 4 t%ydrﬁcﬁl@ﬁg%‘&@%ﬁggr}%%md égmél o%gﬁ] Of organic acids

Ilkeneeté\asaswomd: acua!mrq@tdl@emé buifdrac poidi fOee pbéfetr@@ acid catalyst is p-
oS R SR A 6 s oo oy
Carwrgp%%tﬁgegﬂlé:’%% tﬁ@lrlrﬁ\f‘e?ﬁi%fjWHoﬁ-%nfﬂﬁdﬂr’ét%félulthIetBEGSIC
catalysts include inorganic bases such as LiOH, NaOH, KOH, Li»COs, Na,COs,
K2CO;3 or organic bases such as sodium methoxide, sodium ethoxide, potassium
methoxide and potassium ethoxide. One preferred basic catalyst is K:CO3;. The
selective hydrolyzing step is preferably carried out be heating the compound of
Formula Xill with p-toluene sulfonic acid in a mixture of an organic solvent and water
at a temperature below 80°C. One preferred organic solvent is methylene chloride.
Other suitable selective hydrolyzing steps will be apparent to those of ordinary skill.
In one preferred aspect of this embodiment when Florfenicol is the desired

end product, the compound corresponding to Formula X] is the compound of
Formula I:

CH;S0,
Formula I

CH,F

R
HO NH|(|3CHC12
0
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EXAMPLES The foll owm ng preparative exanpl es of
preferred novel derivatives serve to provide further
Wappresisss i on of the invention but are not meaPCT/US20861934219
way to restrict the effective scope of the invention.
Exanple 1 Preparation of 22
(4R, 5R) - 3-acet yl - 2, 2- di net hyl - 4- hydr oxyr net hyl - 5-[ 4-
( ”EMt}éP e é@ﬂbbﬁxﬁtﬂ‘@f‘?b}m&la -9 ¥ bl ﬁ%éc@@ﬁé’rﬁ F@aé oﬁ)tlonally
BRE) Et hyl - 2- am no- 3-[ 4- (et hyl sul f onyl') pheny
be wmféﬁcg/ mtf@amas@ ag Cswpabertiabuye. ( 109 pgefeneammmmx when

s W t.h pot assi

FlofiEnizils e 85 084 37 Prodgdob Rl ker Gds i barrsapprging o
Forbila st Getorapeumd bardimediy yield (1

R 2R) - 2- am no- 1-[ 4- (et hyl sul f onyl ) phenyl ] -1

, 3-propandi ol (Conmpound VII: Rl is nethylsulfonyl)

(85 36 g, 0.3480 nol es) 'EB(A?IWD Hﬁ Tol uene (500 ni)

and acetone (500 nL) replace ne anol which distills

of fTherddowiranprehapativessianmpleaobprefteed Gio%ebder®li686 serve to

t 75 - .850C for 12 - 18 hours
pro%%ﬁﬁéhg\# éS‘prQE% ||01r1]%f6‘1e invention but are not meant in any way to restrict
the EfBchR sdopk 8 thetiRydnthnhydr oxynet hyl - 5- [ 4- (net hyl sul fo

nyl ) phenyl] -1 , 3-oxazolidine (Conpound VIII: R is
nmet hyl sul fonyl and R2 and R3 are nethyl). Addition of
Exaywoplesti um carbonate (19.0 g, 0.1914 nol es) and acetyl

chloride (30.0 g, 0.3828 noles) at 20 - 250C for 2 - 4
Prepatationtdi€aREBRY-82e8typD2, %@hﬁéthﬁ/lmyﬂwxyﬁf&ﬁi/l% jates the

(me@tﬁw@kﬂfdﬂy%u@hyl] P?Id bké‘idlu@fhe (‘gﬁhﬂ)&%d"dl} (250 ni)
then drying yield

(28%&?} hx??]?an%hg% Et/g ?‘Rf ds%ﬁ@%%%é%]éh%‘ro N Tl
(Compound IV) (100 g, 0.3480 moles) in 500 mL of methanol reacts with potassium
borohydride (28.2 g, 0.5220 moles) over 4 - 8 hours at 50 — 60°C to quantitatively
yield (1R,2R)-2-amino-1-[4~(methylsulfonyl)phenyl]-1,3-propandiol (Compound VII:
Ry is methylsulfonyl) (85.36 g, 0.3480 moles) in solution. Toluene (500 mL) and
acetone (500 mL) replace methanol which distills off. Addition of potassium
carbonate (6.9 g, 0.0696 moles) with heating at 75 ~ 85°C for 12 ~ 18 hours yields
(4R,5R)-2,2-dimethyl-4-hydroxymethyl-5-[4-(methylsuIfonyl)phenyl]-1 ,3-oxazolidine
(Compound VIil: Ry is methyisulfonyl and Rz and Rz are methyl). Addition of
potassium carbonate (19.0 g, 0.1914 moles) and acetyl chloride (30.0 g, 0.3828
moles) at 20 — 25°C for 2 — 4 hours then addition of water (500 mL) precipitates the
crude product. Filtration, washing with water (250 mL) then drying yields (4R,5R)-3-
acetyl-2,2-dimethyl-4-hydroxymethyl-5-[4-(methylsulfonyl)phenyl]-1,3-oxazolidine
(Compound II).

Example 2

Preparation of (4R,5R)-3-acetyl-2,2-dimethyl-4-hydroxymethyl-5-[4-
(methylsulfonyl)phenyl}-1,3-oxazolidine (Compound 1)
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(Conpound 11). Exanple 2 Preparation of
(4R, 5R) - 3-acet yl - 2, 2- di net hyl - 4- hydr oxynet hyl - 5-[ 4-
w@ pwviogdssal f onyl ) phenyl ] -1 , 3-oxazol i di ne ( Conpormns2006/034219
11)(2S, 3R) - Et hyl - 2- am no- 3-[ 4- (et hyl sul f onyl ) phenyl ] -
3- hydr oxy- propanoate (Conmpamd 1V) (100 g, 0.3480
nol es) in nethanol (450 nm.) reacts with potassium

(28 @%@Mgu gﬁq.ﬁ,@%a[a eti% |¥9n r\%w DBIRYdrBxy-pPopiitiate at

OCto quant
(ComeQFR)H\’Z) eione- (13{1&0 mmem)ylhmdamanyl (#phRemly) featts with potassium

orgrigRi328e & AL62RANRLseh Ve 1k Pbiirs Somdie il p 4S5 pyiatively

ynel@?m QR$12OQMIKC45Q4ITHetﬁ3ﬁ&JIﬁﬁﬁ/I Bﬁéh@g@b wwp%fhdﬂﬂ %@biﬂp%und VII:

dition of triet
Ry isvmethedfamd) @6.479, 0. 386@@@@&) mzsolutm hB@ugngu(%@mL) and

aoo AR RplResRRAN! YRl AdPtgRT irbHgrTine 6.8

g, O:D87B mm@spwltﬁlhe@tuh@@m@uneo‘\a Fdr: 1 RL tigshdrs §idIgs (SR BR)-2,2-
ition of triethylam ne

d'm%ﬂﬂm' 4 '”@fgrwymrbﬁn% %émeﬁw&%f@@vpph@mlb? Baexazabidiped Compound
3i 4

Vi RSPl PR By ARG S Byiamine (440

g, Ophﬁl@dunolesFahd eaetyd chlonds{BO® gyia. BB%U&JIe:{)Zﬁ@M)ZSf(Dé@r 2-4

hou%{,%i eolﬁgq?f aﬁeﬁ%pﬂﬁf@%l 6%2)%' rreﬁdw%/ prj_nduct Filtration,

Washihgﬂﬁiﬂi Qaiteh @@O(fﬁ@ﬁﬂ\‘éﬁ'ﬁj{wh?)wel% %‘i‘ﬂ?'ﬁ? 3 8&8%2%5%@{/! 4-

- acet dr oxymet hy
hydr(qwmwméxﬁ Momwwhs@ﬁynyl)pber@l]o&amazalnm@e (@mp@und Il)l )
(2S, 3R) - Et hyl - 2- am no- 3-[ 4- (et hyl sul f onyl ) phenyl ] -

Exa¥r9r|8)§y' pr opanoat e

Preparation of (4R,5R)-3-acetyl-2,2-dimethyl-4-hydroxymethyl-5-[4-
(methylsulfonyl)phenyl]-1,3-oxazolidine (Compound I1)
(25,3R)-Ethyl-2-amino-3-[4-(methylsulfonyl)phenyl}-3-hydroxy-propanoate
(Compound 1V) (100 g, 0.3480 moles) in tetrahydrofuran (500 mL) reacts with lithium
aluminum hydride (16.0 g, 0.4224 moles) over 4 - 8 hours at 60 - 70°C to
quantitatively yield (1R,2R)-2-amino-1-[4-(methylsulfonyl)phenyl]-1,3-propandiol
(Compound VIii: Ry is methylsulfonyl) (85.36 g, 0.3480 moles). Addition of ethyl
acetate (75 mL) destroys any excess lithium aluminum hydride. Addition of xylene
(600 mL), 2-methoxypropene (37.6 g, 0.5220 moles), and p-toluenesulfonic acid
monohydrate (6.6 g, 0.0348 moles) with agitation at 20 — 30°C for 10 — 16 hours
produces (4R,5R)-2,2-dimethyl-4-hydroxymethyl-5-[4-(methylsulfonyl)phenyl]-1,3-
oxazolidine (Compound VIil: Ry is methylsulfonyl and R, and Rz are methyt).
Addition of triethylamine (81.3 g, 0.8039 moles) and acetyl chloride (30.0 g, 0.3828
moles) at 20 — 25°C for 2 — 4 hours then addition of water (650 mL) precipitates the
crude product. Filtration, washing with water (300 mL) then drying yields (4R,5R)-3-
acetyl-2,2-dimethyl-4-hydroxymethyl-5-[4-(methylsulfonyl)phenyl]-1,3-oxazolidine
(Compound HI).
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(Conpound 1V) (100 g, 0.3480 noles) in tetrahydrofuran
(500 nmL) reacts with [ithium alum num hydride (16.0 g,

W@ 20022303801 es) over 4 - 8 hours at 60 - 7Q0C tBCT/US2006/034219
quantitatively yield (
1R 2R) - 2-am no- 1- [ 4- (et hybgul f onyl ) phenyl ] -1
, 3-propandi ol (Conmpound VII: Rl is nethylsulfonyl)

Ex hﬁzélesg g, 0.3480 noles). Addition of ethyl acetate (75

stroys any excess ['ithium al um' num hydri de.

dd tio l.ene 7.6 @
e T L
(mehylseAg av'éﬁfee e %3g>xaéohf§ g@ a@.m%ﬁwaaw'z& and
Rsare G@”@Y'f%‘ld EO'S ethg) hours pr oduces

(4R 5R) -2, 2-di net hyl - 4- hydr oxynet hyl - 5-[ 4- (et hyl sul fo

(28,BRI)—)\MBmeI-]amjno—:B—[4e(>raatbb/isdIforelep(D@mprt}{mUydfbky-:p.r@paricsate
CoEbRtb s Rine Byt 6 R el Y G2 968in o0
mL §ﬂh6ﬂda¢'\%l (et Oweth s%dﬁﬁa%om%ﬁﬁbeqh e@g 0. 35§0fn‘it5le§) ovet 4 - 8

hours then addition of water precipitates the

houksraid® pBO&GEe quantltatlaehyofmeld\Aééirﬁi%])g2wnﬁlh0vi$ai4er (300 )

(el PRYANEL Hon RSO (GFomerupd VA Ry iy ety 467
g, O%Z)éﬁg?d;l%élbz)zﬂsolﬁh@x agaditigh g 209 hpanaiatlidric)adik ang 12624

d'm‘%thlgxmppén@r(%%?cﬂwﬁ 3430 mplemil aditatinm hafeBRyE far 3 4-5 hours
e 53 SRR QBN e irecel | Sone bpRAALY: 16 ours

yielast @R, PR)-2,2-dimethyi-4- hydroxymethyl 5-[4- (methylsulfonyl phenyl]-1,3-

t fon phen

L S e L SRR R HRRY
Addﬂl@)@'\ cﬁ\rtrléﬁlylﬁﬁhﬁ' 52(155095145%8%%§aﬁalp$§;%|oh9| é’r@&nd& (310f g,

hanol reacts WI t i sodi um bor ohydri de g g
0. B@MQ@SMI 88)- 2vér fof 2~ 8 hours then addition o water (6 5 mL)
precipitates the crude product. Filtration, washing with water (300 mL) then drying
yields (4R,5R)-3-propionyl-2,2-dimethyl-4-hydroxymethyl-5-[4-(methylsulfonyl)-
phenyl}-1,3-oxazolidine (Compound V: R is methylsulfonyl, R2 and Rz are methyl
and Ry is ethyl).

Example 5

Preparation of (4S,5R)-3-acetyl-2,2-dimethyl-4-fluoromethyl-5-[4-
(methylsulfonyl)phenyl]-1,3-oxazolidine (Compound IX: Ry is methyisulfonyl; Rz, Ra
and Ry are methyl)
(4R,5R)-3-acetyl-2,2-dimethyl-4-hydroxymethyl-5-[4-(methylsulfonyl)phenyl]-1,3-
oxazolidine (Compound 1) (75 g, 0.2291 moles) in methylene chloride (525 ml)
reacts with N,N-diethyl-1,1,2,3,3,3-hexafluoro-1-propanamine (Ishikawa Reagent)
(76.7 g, 0.3437 moles) at 95 — 105°C for about 4 hours. Cooling to 20 — 25°C,
addition to sodium hydroxide (6 g) in water (2500 mL), separation of the methylene
chloride layer, distillation and replacement of methylene chloride by isopropanol (750
mL), precipitates the desired product. Filtration, washing with water (100 mL) and
isopropanol (75 mL), then drying yields (4S,5R)-3-acetyl-2,2-dimethyl-4-fluoromethyi-
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hours at 50 - 60Q0C to quantitatively yield (
1R, 2R) - 2-am no- 1-[ 4- (nethyl sul fonyl ) phenyl]~1

WO 2s0papandi ol (Conpound VIT: R is nethyl sul f orgt/)s2006/034219
(67.31 g, 0.2744 noles) in solution. Addition of 20%
hydrochl oric acid and 2, 2- @bnet hoxypropane (35.7 g,
0.3430 noles) with agitation at 25 - 35C for 3 - 5

5- [m{meaqyumnwghémw]m sloxarbifite(EofhpBund |§<ﬂ¢a1*‘seﬁ¥étrﬁsﬂsélfbnyl Ro,
75 - for a further 12 - 16 hours yield

seaﬁa%mreznqﬂwl)net hyl - 4- hydr oxynet hyl - 5- [ 4- (rret hyl sul fo
nyl ) phenyl]-1 ,3- oxazolidine (Conmpound VIII: R-i is

E Eﬁs Qi;fhsulfonyl and R2 and R3 are nethyl). Addition of
X ylam ne (52.1 g, 0.5145 noles) and prop| onyl

chl ori de 3430 nples) at 20 - Cfor 2 -
Pre Al Oh (1SRl Bl S e e RS eromaghdch . (e -
SU'fPﬁé(')E'F%é] bﬁo@&ﬁ?@"dlpﬁl(ﬂom@%md a$hiismaihylsulietybrR 300 R; are
mety! pnd iaris @tfyithg yi el ds

(4R 5R) - 3- propi onyl - 2, 2-di net hyl - 4- hydr oxynet hyl - 5-[ 4-
(4R’(,ﬁl§) Byprspiohghy 2}d|n‘£d‘ﬂ|€y1¥1 hydrox@mexiag @-jadg nﬁ@hQ@Qﬁ@@H@enyl] -1,3-

OX%ZQ“%'PE@P @&é&%‘yggg&%ﬁ%ﬁfggw &%rn% Raare metiyi and R is ethyl)
UO%ﬁ?t@ﬁ%ul lI)(l)mp%hﬁI ﬁia"@fﬁd?? éazo | d| negl?\?:é(g1 Ié'l\ﬁ é(ﬁath&

1,113 ,Bs3- hemfwquﬂf—pm),danamne A8hikadaRZe agenthEthy lg) 0.328 moles) at

e R e

sodiuth Hydrékide Qhd Wt@ﬁ%ZOO‘@ e} BMH 2BBaFtoRrdrde hmdBRyIBhd chioride

reacts with N, N-d

Iayerzglvse%a:ﬁohés@@fcpfdéﬁeﬁm Waaﬂr&a dimetiyik-hvitLicRe Brgpbimyt] Y5-[4-
(methylsulfonyl)phenyl]-1,3-oxazolidine (Compound IX: Ry is methylsulfonyl, R, and
Rs are methyl and Ry is ethyl) for use in the next step.

Example 7

Preparation of (1R,2S)-2-dichloroacetamido-3-fluoro-1-[4- (methylsulfonyl)phenyl]-1-
propanol (Florfenicol)
(4S,5R)—3—acetyl-2,2—dimethyl-4—f|uoromethyl—5-[4—(methylsuIfonyl)phenyl]-1 3=
oxazolidine (Compound IX: Ryis methylsulfonyl; R, Rs and R4 are methyl) (50.0 g,
0.1518 moles) hydrolyses in water (300 mL) containing 20% hydrochloric acid at 90
to 100°C over about 1 hour. Adjusting the pH to greater than 12 by addition of
sodium hydroxide and extraction with methylene chloride (500 mL) yields (1R,2S)-1-
[4-(methylsulfonyl)phenyl]-2-amino-3-fluoro-1-propanol (Compound Xa) in solution.
Methanol (100 mL) replaces methylene chloride which distills off. Addition of methyl
dichloroacetate (65.1 g, 0.4554 moles) and triethylamine (16.1 g, 0.1594 moles) with
agitation for 12 — 16 hours at 20 — 25°C then addition of water (175 mL) and toluene
(100 mL) precipitates the product. Filtration, washing with water (100 mL) and
toluene (175 mL) then drying yields (1R,2S)-2-dichloroacetamido-3-fluoro-1-[4-
(methyl-sulfonyl)phenyl]-1-propanol (Florfenicol).
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(76.7 g, 0.3437 noles) at 95 - 105C for about 4 hours.
Cooling to 20 - 25C, addition to sodi um hydroxide (6
w@oo7/03088¢ er (2500 m ), separation of the metpPglT/E8M06/034219

chloride layer, distillation and repl acenment of
nmet hyl ene chl ori de by isopragpanol (750 m ),
preci pitates the desired product. Filtration, washing

|g3/vater| ((leO m ) and isopropanol (75 m ), then

i el ds

- LR LB e

(4s @Bs\%ﬁyetxl-ar%@mmpvl 4 figoginrthnyd-[4r(methodsiiontyphenylial 8-

oxa R LB RO sy A REpE L 3R RS o000,

0. 1@181mb)es hydrolyses ln water (300 mL) contalnlng 20% hydrochloric acid at 90

to 1D{: RYPEaPPELh @Jvfﬂrig ’[%t P Ssraar han B A Gaiop.of
sodﬁ‘h‘m h}/érd%ﬁié‘é{ﬁc? Hkifré’&)dn wfﬁ@ Bﬁn%{@#ﬁ?rglﬁﬁé@glrﬁpﬁﬁ%? z@R 28)-1-

[4- (mme)hwfeﬂf@ngl)ghQWIMMHQ{%WMOII—propanol (Compound Xa) in solution.

ey B a3 3] EIORBMER St GO BRTRBELL (245 0.
0. 16?@%!@)%@ 280 3025 for ﬂ@ﬁ@uh*sﬁﬁeﬁ“réﬂﬁo@é%f&ﬁélﬁ?l&esﬂ%ﬁdﬁ by

ydroxi de and water (2000 %and separation of the
d'StNﬁFWB@ﬁéerélﬁP@meﬂébV Beng m)wmmt@nmo mL) precipitates the

prodiF, el PR ol PR S RPN v
yieldd (1F$ ZSQ@dleldrémathmld&Bdludr&@ [aﬁ(me”t‘aylbullforqmmhgﬁyl]—ﬂ propanol
(Florften}izo} for use in the next step. Exanple

Example 9

Purification of (1R,2S)-2-dichloroacetamido-3-fluoro-1-[4-(methylsulfonyl)phenyl]-1-
propanol (Florfenicol)
(1R,2S)-2-dichloroacetamido-3-fluoro-1-[4-(methylsulfonyl)phenyl]-1-propanol
(Florfenicol) (45 g, 0.1256 moles) dissolves in water (115 mL) and isopropanol (115
mL) at reflux. Cooling to 20 — 25°C, filtration of the solids, washing with 1 to 1
water/isopropanol (50 mL) then drying gives pure (1R,2S)-2-dichloroacetamido-3-
fluoro-1-[4-(methylsulfonyl)phenyl}-1-propanol (Florfenicol).

Example 10

Preparation and Purification of (1R,2S)-2-dichloroacetamido-3-fluoro-1-[4-
(methylsulfonyl)phenyl]-1-propanol (Florfenicol)
(48,5R)-3-acetyl-2,2-dimethyl-4-fluoromethyl-5-[4-(methylsulfonyl)phenyl]-1,3-
oxazolidine (Compound IX: Ry is methylsulfonyl; Ry, Rz and R4 are methyl) (50.0 g,
0.1518 moles) hydrolyses in water (300 mL) containing 20% hydrochloric acid at 90
to 100°C over about 1 hour. Washing with methylene chloride (200 mL), adjusting
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Preparation of (
1R, 2S) - 2-di chl or oacet am do- 3-f | uoro- 1-[ 4- (net hyl sul f on
w@ kQoploaasgs | - 1- propanol (Florfenicol) PCT/US2006/034219
(4S, 5R) - 3-acetyl - 2, 2-di net hyl - 4-f [ uor onet hyl - 5-[ 4- ( net
hyl sul fonyl ) phenyl ]-1 , 3- ¢gxazolidine (Conpound I X Ri
is methylsulfonyl; R2, R3 and R4 are nethyl) (50.0 g,

i {4158 5%, 6L SLARER & Bl B ol O
metﬂyberne cbﬂdndet 800 miLl)equﬂ&ls (ORASat-pi- mhmylsbﬁobyl)mmw tamino-3-
ﬂuorerﬂ B%jgl?gg é%%%%élygg ng%gé(ltilgkgct Ii\}l)é](hanol (188tmly rep?aces
methﬁer(é‘Eﬁl%ﬁHé ﬁl@f‘i‘)ﬂs}l%‘%ﬁy'ddd?ﬂcﬁ%i“r‘hew H%Ldﬁbéc@c%@gi@i g

In solution. Methanol repl a
0.456dtrhgleehand hiiethyldeing ( th1 g, $t1 594sm@fefs) Mkﬂdagltadu@ndbr 12 - 16

nouit 2l e 8o 26cii0h St aguTrgtl ardidieag il u
precfﬁ?tfaté@the ShdePrbuct Fﬂﬂaﬂoﬂﬁﬁaéﬁ]ﬁ@ vathdivhtie? 0100 8@l toluene

and toluene (100 nL) precipitates the

(1 74|(cmba>| th,qn) dippoltian iroywatardd md rﬁr@j-)varmsmmanehﬁd 5i}-) aheefiux,

cool&v&l t%gff—-@gll(éﬁ llgpra%)l%rt& efﬂwedé Ollc%g%/\%é'lsjglrngs\/ﬁh [1 19 1 water/isopropanol
(50 tirptied dsind gings ke (R R8)-2-gichlpadadetamido-3-fluoro-1-[4-

F| o col Preparation of ( 1
(mefﬁi,y oayépfa{fvafﬁawam# ddOBERICYr 0- 1- [ 4- (et hyl sul f ony

| ) phenyl]-1- propanol (Florfenicol)
Exa qq 3-acetyl -2, 2-di net hyl - 4-f | uor onet hyl - 5-[ 4- ( net
ony| ) phenyl ]-1 ,3- oxazolidine (Conmpound I X: Ri

re rifi % 2 arc% M OY —)f <(.)ro— 9.
P Pmﬂ@@ ngﬁﬁ a2 el b

(me P€ 2CPH at 90 to 100 C over

about 1 hour. Adjusting the pHto greater than 12 b
Methyldne chlerige (450 mL ) distills from a solutlon of (4S,5R)-3-propionyl-2,2-

dimethyl-4-fluoromethyl-5-[4-(methylsulfonyl)phenyl]-1,3-oxazolidine (Compound IX:
R1is methylsulfonyl, R, and R; are methyl and Ry is ethyl) (50.0g, 0.1456 moles)
after addition of water (300 mL) containing 20% hydrochloric acid and heating to 90
—100°C for 2 — 4 hours. Adjusting the pH to greater than 12 by addition of sodium
hydroxide and extraction with methylene chloride (350 mL) yields a solution of
(1R,28)~1-[4~(methylsulfonyl)phenyl]-2-amino-3-fluoro-1-propanol (Compound Xa).
Methanol (150 mL) replaces methylene chloride which distills off. Addition of methyl
dichloroacetate (52.0 g, 0.3640 moles) and triethylamine (11.0 g, 0.1092 moles) with
agitation for 12 — 16 hours at 20 — 25°C then addition of water (150 mL) and toluene
(100 mL) precipitates the crude product. Filtration, washing with water (75 mL) and
toluene (125 mL) then dissolution in water (50 mL) and isopropanol (100 mL) at
reflux, cooling to 20 — 25°C, filtration of the solids, washing with 1 to 1
water/isopropanol (50 mL) then drying gives pure (1R,2S)-2-dichloroacetamido-3-
fluoro-1-[4-(methylsulfonyl)phenyl]-1-propanol (Florfenicol).
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15

20

25

30

35

sodi um hydr oxi de and extraction wi th nethyl ene
chloride (500 nm.) yields ( 1R 2S)-1-

wQ de00081386/1 sul f onyl ) phenyl ] -2-am no- 3-f | uor o- 1PET/OPENEOD34219
(Conpound Xa) in solution. Addition of triethylam ne (
16.9g, 0.1670 nol es) and di g8l oroacety! chloride (24.6
g, 0.1670 noles) at 20 - 300C for 4- 6 hours then

Exémﬁgq@ of nmethylene chloride by distillation and
replacenent by toluene (350 nL) and vvater (100 rTL)

PrefBfgl 8. RLAGUETen ol 3. é 5. 14-
?ﬁf I;»éqﬁ%gzﬂ 2 ggg“@ rbﬁi;: ?”g%g% llllal)?glr f é N
opano orfenico

23&%&%@ gy z:zj%rr]lofrﬁg%{(r)ng%eygulpnyl plgenyl] 3-hydroxy-propanoate
CorP)S\ ﬁcﬁ)ndzll'\/% (‘ibb g;; gpanwg’%ﬁ} B %L[ S)fl?wbﬁwa(d?)?wé@tsc‘ WithPBtassium

borml?ydm)e @8d2 ohDd228cedks) doe)84f— I8Umws Bt 50 -60°Cto quantltatlvely

R O ARG e SR B LSS b
R :csSﬁéﬂ"@/W\%hyI? éé@@r@-b ﬂ80’|%|éé>5 in Q@l@uhbﬂg w*ome%% (5065rFFL and

[tration of the solids, washing wt

acaipne (4G mhy) oprinee ni@bamal )whicke distifly offg Agidmxm pup@tassaum

carb3 Bt b 03eS] A Mbatho 5 981065 g aseye ik

4RE’XR)¥BI2@d|h®etH§/le®<h5/aﬁdx9ﬁ1 ~5?Mr-1rf)ét¢ﬁtsluﬁ6n94§pr(enyl] -1,3-oxazolidine
1R, 2S) - 2-di chl or oacet am uor o- 1-

(Commrauid YUk ﬁ%d§l”)€ﬁhﬂﬁy'fqnﬂ ang Rt Ra (am reteyi.c odylition of
potpdumflaBofe! HonPo % 46 R HbIbs fadd URNRIBAM)r chbid (B4 ¢,

0.3828 moles) at 20 — 25 C for 2 — 4 hours then addition of water (500 mL)
precipitates the crude product. Filtration, washing with water (250 mL) then drying
yields (4R,5R)-3-dichloroacetyl-2,2-dimethyl-4-hydroxymethyl-5-[4-
(methylsulfonyl)phenyl]-1,3-oxazolidine (Compound Xila).

Example 13

Preparation of (4S,5R)-3-dichloroacetyl-2,2-dimethyl-4-fluoromethyl-5-[4-(methyl-
sulfonyl)phenyl]-1,3-oxazolidine (Compound Xllla)
(4R,5R)-3-dichloroacetyl-2,2-dimethyl-4-hydroxymethyl-5-[4-(methylsulfony)phenyi]-
1,3-oxazolidine (Compound Xlla) (81 g, 0.2050 moles) in methylene chloride (450
ml) reacts with N,N-diethyl-1,1,2,3,3,3-hexafluoro-1-propanamine (Ishikawa
Reagent) (73.2 g, 0.328 moles) at 95 — 105°C for 2 - 4 hours. Cooling to 20 — 25°C,
quenching with 25% aqueous sodium hydroxide and water (2000 mL) and separation
of the methylene chloride layer gives a solution of (4S,5R)-3-dichloroacetyl-2,2-
dimethyl-4-fluoromethyl-5-[4-(methylsulfonyl)phenyl}-1,3-oxazolidine (Compound

Xilla) for use as an intermediate for the next step in the process.
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oxazolidine (Conmpound I X2 R is nethylsulfonyl; R2, R3
and R4 are nethyl) (50.0 g, 0.1518 nol es) hydrol yses
WO poorasesse (300 nl) contai ni ng 20% hydr ochl or i cPerU82086/034219
90 to 1000C over about 1 hour. Washing with nethyl ene
chloride (200 nlL), adjustimghe pHto greater than 12
by addi tion of sodi um hydroxi de and extraction with
lgY{g£ne chloride (300 M _) yields (1
-1-[ 4- (et hyl sul f onyl ) phenyl ] - 2- am no- 3-
Premana@pooi(pRca@ribulCh@n@miamId(aﬁ-flumredI-[eifﬁmﬁthyllvbtfhrayl)ﬂhenyl] -1-
progdr@d (Aorfenicepl aces net hyl ene chl oride which distills
of f. Addition of methyl dichloroacetate (65.1 g,
(4S @R“)@éidﬁ!&@ééetwg thth@twhﬁfmm@n{e]tﬁyl% - (rﬂeﬂngfé%fon&lghenyl]-
h agitation for hour s at - 25

1 3-ph@zplamﬁ fG@ﬁp@unMIéa (@Qfsgnelﬂ 5éa<nncnl@sma~léct(\@dwhmr9)yses in

metRUBRENLIE o%s(fgg%ng 4e &»%{;t%d(t]g)ﬁénl? ' Jicﬁfﬁghrfd“még@%%%%womc acid
at GOFGmbW‘se%‘ral Rowvat eReroldiTofithe nddthyleRoRhRPRIRADY fistidtn and
at reflux, cooling to 20 - 25C, f||trat|on of the

COO%@J f30 e ki W@CW'f?F?Slth@d)@d%tt driltiatiopr Washion witowatey (100
mL AR ‘Méé’lé"& 03I e gtl"%\‘lrcf%&wg iglds (1R .2S)-2-di F ishloroacetamido-3-fluoro-1-

1R 2 chl oroacet a ofo
[4(WMﬁnmyﬂﬁmephgmwphﬁmgménd(FMWMp&mﬁl (Florfenicol).

Exanpl e 11 Preparation and Purification of (

1R, 2S) - 2-di chl or oacet am do- 3-f | uor o- 1-[ 4-

(et hyl sul fonyl ) phenyl]-1 -propanol (Florfenicol)

Met hyl ene chloride (450 nL) distills froma solution

of (4S, 5R) - 3- propi onyl -2, 2-

di met hyl - 4-f1 uor onet hyl - 5-[ 4- (net hyl sul f onyl ) phenyl ]-1

, 3-oxazolidine (Conmpound I X: R is nethylsulfonyl, R2

and R3 are nethyl and R4 is ethyl) (50.CQg, 0.1456

nol es) after addition of water (300 nmi) containing 20%

hydrochl oric acid and heating to 90



- 1000C for 2 - 4 hours. Adjusting the pHto greater

than 12 by addition of sodi um hydroxi de and extraction
wovdaoh/ossséhyl ene chl oride (350 nL) vyields a sol BCT/082008/034219

(1

R, 2S) - 1- [ 4- (et hyl sul f onyl )Jhenyl ] - 2-am no-3-fl uoro-1

- propanol (Conpound Xa). Methanol ( 150 nl) repl aces

WhEEE YA ighl oride which distills off. Addition of
nmet hy&il ﬁ%i%c'hl oroacetate (52.0 g, 0.3640 noles) and

[ | am 1, | e fth agitation
1 fo(Ae &%yc_e%iégﬁ%%énég %Z(gj mgﬁé%g&hgﬁmﬂ‘aéim on of water
(150 nL) and toluene (100 nmL) precipitates the crude
pr oduct . Filtratlé\)n washing with water (75 nL) and
tol uene (125 nL) en dissolution in water (50 nmL) and
i sopropanol (100 mi} refl ux, codbimngXlo 20 - 250C,
filtration of the sQl i dp, vvashing with 1 to 1l
wat er /i sopr opanol ( ° Arying gives pure (
1R, 2S) - 2-di chl or oacet a % fluoro-1
-[ 4- (et hyl sul f onyl) pﬁé@l | ] - INHGRz0panol
5 (Florf eni col ). Exanple 12 Pr epar' tion of
(4R 5 I_) -di chl or oacetyl - 2, 2- di net hyl - 4- hydr oxynnet hyl
-5 V[’Q@ (et hyl sul fonyl ) phenyl ]-1 , 3-oxazol i di ne
(ST Pnetyitio,mefysulio, mepisYy: eyt
fluoyemehyisuifopanfheremeGonpdtomyl, Inityo, (ftL@(Do ro01B48®ropaeyl, benzyl,

phasi SRR P s sl B S 3G 6 b BIRR G £ SlslaalisrsCag alkeny,
10 Ca é&lkgn OC%bﬂ(oWa@{ébﬂilkwed?%/e Aifkshyl, or Czsheterocychc group; and
- 2-am no- 4- (meth squogI)pheny

, 3-pr lpuicaegsn, (Qiem@bﬂn& vhploatkyl, m@'hﬁ&ﬂaﬁmhf(éwﬁfdﬁa‘oalkyl Cas

bR €2) RSN, CTOL AR
alkeiyii . CAddikyhpin Cok aﬂi@ix§l$€h Hmaiaylbanataﬁalk@ﬁ Q»5 ﬁefé@@@yollc benzyl,

noles) with heating at 75 - 850C for 12 - 18 hou
ph%ﬂygpﬁéhenyl alkyl wherg the phenyl ring may be substituted by one or two

15 halogens, C4. alkyl or C4.5 alkoxy comprising:

a) reacting a compound of Formula VI

R;
F la VI
(l)l ormula
CORs5
R
HOY NH,
wherein:
20 R, is as defined above;

Rs is hydrogen, C1.5 alkyl, Cs.g cycloalkyl, benzyl, phenyl or C1.5 alkylphenyl,
in a vessel with a reducing agent in an alcoholic solvent to form an aminodiol

compound of Formula VIi;



(4R 5R) -2, 2-di net hyl - 4- hydr oxynet hyl - 5-[ 4- (et hyl sul fo
nyl ) phenyl]-1 , 3-oxazol i di ne (Conmpound VII11: Ri is
woreaohpbmses f onyl and R2 and R3 are nethyl ). AddPCT/082008/034219

pot assi um car bonate (19.0 g, 0.1914 nol es) and

di chl oroacetyl chloride (5634 g, 0.3828 noles) at 20 -

250C for 2 - 4 hours then addition of water (500 nL)

preci pitates the Rgrude product. Filtration, washing

with water (250 ni aen drying yi elod$ia vir

(4R, 5R) - 3-di chl or oa /r 2, 2-di met hyl - 4- hydr oxynet hyl -
5-14- (methylsul fonwl)pg enyl leloy3- oxazol i di ne

(Conpound Xl la). Exanple Pr épar ation of

(4S, 5R) - 3- di chl or oacet i\ 2, met hyl - 4-f | uor onet hyl -

- [ 4- (et hyl sul fonyl ) p enyI ]- ? 3-oxazolidine
(Corrpound Xl 11la)

di chl di met hyl - 4- hyd hyl -
R R < PORORS plerSt | 15 oxarol idine

( chﬁpouﬂ@aiﬁhrhgﬁihe( %lrmdlol(bo%%ﬂma%fﬁrmm‘a Wt/hﬁ/@%th an
chloride (450 m) reacts with N, N-diethyl -

5 oxazpliding ferrhiagdepgentdo fopn Gpzarapeund of Ecwrrmdwanrkeagent )
(73.2 g, 0.328 noles) at 95 - 105C for 2 - 4 hours.
Cooling to 20 - 250C, quenching wi th 25% aqueous
sodi um hydr oxi d&_and wat er (2000 L) and separation of
t he net hyI ene chlgcide | ayer gives n of
(45, 5R) -3- di ohl or pacetyl -2, 2- Rordtd b
di met hyl - 4-f | uor oRg é hyl sul fonyl ) phenyl ] -1
, 3-oxazol i di ne ( Conpoun ?% or use as an
internmediate for the next §ep in the process. Exanpl e
14 Preparation of ( 1 O. _NH
R, 2S) - 2-di chl or oacet am dp<3-fl uor o- 1-[ 4- (et hyl sul f ony
|') phenyl ] -1- propano! gFl oifseni col)

wherein:
R4 is as defined above;
10 Rz is hydrogen, Cy.5 alkyl, C1.6 haloalkyi, Cs.5 cycloalkyl, Co.s alkenyl,
Ca.6 alkynyl, C1.¢ alkoxy, C1.6 aralkyl, C,.¢ aralkenyl, aryl, or C.5 heterocyclic group;
and
Rsis hydrogen, C1.¢ alkyl, C1.6 haloalkyl, Cj.5 cycloalkyl, Ca.5 alkenyl,
Ca.6 alkynyl, Cq.¢ alkoxy, C1 aralkyl, Co. aralkenyl, aryl or C,.¢ heterocyclic
15  group;
c) reacting the compound of Formula VIl in situ with a third N-acylating

agent to form an oxazolidine protected aminodiol compound of Formula XII

R;
Formula XII
CH,0H
O N~cor
R2><R3

20
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25

(4S, 5R) - 3-di chl oroacetyl - 2, 2-di net hyl - 4-f | uor onet hyl -

-[ 4- (et hyl sul fonyl ) phenyl]- 1, 3-oxazol i di ne (Conpound
wWXkdoray0360. 5 g, 0.1 519 nol es) sel ectively hyPeDUSROE034219

in nmethylene chloride (300 M ) and water (100 m )

cont ai ni ng p-toluene sul fongz acid at 600C over

several hours. Renoval of the nethylene chloride by

di sthdre:i on and cooling to 20 - 25C precipitates the

product. Filtration, washing with water (100 m _) and

toIF&ﬁRe Ri@0d M a)reta‘sedefhheyli adfgavw;el ds (

[ 4. Cf)rret {Ho&g@#lgg&g Bﬂ@WPTd j_)f %bf@é%ll with a fluorinating agent in
the (réead@nofcad drgdhad sél\?'er‘?t' t@ld&@tnIaScorﬂapod\wdpprSﬁﬁu@%u

preparing a conpound of Fornula Xl : Formula

wherein: R is hydrogen, nethylthto, nethylsulfoxy,

nmet hyl sul f onyl , quoroqgthyIthlo f 1 uor onet hyl sul f oxy,

quoronethyIsquonyI ni fluoro, brono, chloro,

acetyl, benzyl, phenyl, ubsti t ut edfFgindmnyll] G -

alky), G -6 hanaIkyI cIoaIk |, C2-6al kenyl,

C2-6 al kynyl, G - alkoxy, @I, C2-6

aral kenyl, or C2-6 heterocyclig ¢ oup, and Ris

hydrogen, G -6 alkyl, G -6 I8l g -k@bR G -6

di hal cal kyl, C -6 trihaloalké -8 cycloalkyl C3-8

cycl ohal oal kyl, C3 8 cycl odi h toaﬁky

C3-bcycl otri hal oal kyl, C2-6 al kenyl, C2-6 al kynyl ,

Cl-6 al koxy, G 6 aral kyl, C2- aralkenyl, C2 6

hetwheejtl i c, benzyl, phenyl or phenyl al kyl where the

ph rin be su tltuted b ne or two hal ogens,
G eﬁ%héi %%n 'are.as & WW&%P& ng: a) reacting a
congountsedéctiveiymidoVkzing the compound of Formula Xl with an acid or

base catalyst to form a compound of Formula XI.

2. The process of claim 1, wherein R4 is methylthio, methylsulfoxy, or

methylsulfonyl.

3. The process of claim 2, wherein Ry is methylsulfonyl.

4. The process of claim 1, wherein Ry and R are hydrogen, methyl, ethyl or
propyl.

5. The process of claim 4, wherein Rz and Rz are methyl.

6. The process of claim 1, wherein Rs is methyl, ethyl, n-propyl, isopropyl, butyl,
t-butyl, or pentyl.

7. The process of claim 1, wherein the compound of Formula VI is
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Formula VI wherein: R is as defined above; R5 is
hydrogen, C -6 al kyl, C3-8 cycloal kyl, benzyl, phenyl
W@Rr00Zi030386 al kyl phenyl, in a vessel with a reduBCTgS2006/034219
agent in an al coholic solvent to forman am nodi ol
compound of Formula VII; Forgala VII wherein RL is as
defi ned above; b) reacting the am nodi ol conpound of
Formula VIl in sitad,;a0i h an oxazol i dine form ng
reagent to forma conpoyngrof Formula VIII Fornmul a
VII1 wherein: RL is as ¢ )ed above; R2 |s hydr ogen,
G alkyl, G . 6 haloalk -80%
C2- 6al kenyl, C2-6 al kynyl ] ﬁ&ﬁ%&ﬁ
C2-6 aral kenyl, aryl, ql_?I\‘S he Ig{locycl i c group; and
R3 is hydrogen, G -6 aI ky -6 hal oal kyl, C3
Scycl oal kyl, C2-6 al kenyl, C2-6 al kynyl C| 6 al koxy,
C -6 aral kyI C2-6 aral kenyl aryl or -
8. het EioRKREEEE o@ﬁ@um whaf@@dher@mnwn@mfpfwﬁwl@m is

Cl-6 aral kyl,

Formula VI in S|tgH Wdth a third N-acylating agent to
form an oxazolidi ne pr otected am nodi ol conpound of
Fornmula Xl 0
l
lCOCH3
OIS
9. The process of claim 1, wherein the reducing agent is selected from the group

consisting of NaBH4, KBH,4, Ca(BHa)2, and LiBH,4 and mixtures thereof.

10.  The process of claim 9, wherein the reducing agent is KBHj.

11. The process of claim 10, wherein the molar ratio of KBH, to the compound of
Formula VI is between about 1:1 and 2:1.

12.  The process of claim 11, wherein the molar ratio of KBH, to the compound of
Formula V! is about 1.5:1.

13.  The process of claim 9, wherein the reduction is carried out at a temperature
below 60°C.

14.  The process of claim 13, wherein the reduction is complete within 6 hours.
15.  The process of claim 1, wherein the alcoholic solvent is selected from the
group consisting of methanol, ethanol, propanol, isopropanol, butanol, pentanol,

ethylene glycol, glycerin and mixtures thereof.

16.  The process of claim 15, wherein the solvent is methanol or ethanol.



Formula Xl Iwherein: R, R2, R3 and R are as defined
above; d) fluorinating the conpound of Formula XlI
Wowaoh/030386 uori nati ng agent in the presence of BEI/US2006/034219
.. organi.c. solvent to obtain a conmpound of Formula XIII
Formula Xl wherein: R-i, %?2 R3 and R7 are as
defi ned above; and e) selectively hydrolyzing the
compound of Forrmula X1l with an acid or base catal yst
to forma conmpound of Formula XI. 2 . The process of
17. C'T@ié‘br%ce&@@f&bﬂn% WheP@h yd 5Bhvent K&h@ﬁﬁaﬁ@”oxy, or
nmet hyl sul f onyl . . The process of claim2, wherein Ri
is net hyIsquonyI 4 . The process of claiml1l, wherein

18, TeResSOEpat 4r arareiias EpmeRbMios HosuREYIis oy

6 . The process of claiml1l, wherein R5 is nethyl,
ethyl, n-propyl, iLsqopropyl, butyl, t-butyl, or pentyl.
7. The process ofcgfgh 1, wherein the conmpound of
Formula VI is8. The proee of claim1, wherein the
conpound of Fornul a Vi . The process of claim1,
wherei n the reduci ng agtat+-\ s sel8e®ed fromthe group
consi sting of NaBH4, KBH4, €h BYY) 2, and Li BH4 and

m xtures thereof. HO

19.  The process of claim 1, wherein the oxazolidine forming solvent is selected

from toluene, xylene, hexanes or mixtures thereof.

20.  The process of claim 19, wherein the oxazolidine forming solvent is toluene.

21.  The process of claim 20, wherein the ratio of toluene to methanol is between
0.5:1 and 3:1.

22.  The process of claim 21, wherein the ratio of toluene to methanol is about 1:1.
23.  The process of claim 1, wherein the oxazolidine forming reagent is selected
from the group consisting of formaldehyde, acetone, 2-methoxypropene, 2,2-
dimethoxypropane, 2,2-diethoxypropane and mixtures thereof.

24.  The process of claim 23, wherein the oxazolidine forming reagent is acetone.

25.  The process of claim 24, wherein the ratio of acetone to toluene is between
about 0.5:1 and 3:1.

26.  The process of claim 25, wherein the ratio of acetone to toluene is about 1:1.
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10. The process of claim9, wherein the reduci ng agent

is KBH4. 11. The process of claim 10, wherein the
woreioan3assd i o of KBH4 to the conmpound of For nmul BCMUS1086/034219

between about 1: 1 and 2:1 . 12. The process of claim

11, wherein the nolar ratigsof KBH4 to the conpound of

Formula M is about 1.5:1 . 13. The process of claim

. e'I;P‘{)\QﬁF cl?ggtogglaérﬂd@%%@ tﬁeffzﬁé&%ﬁ%ggﬁo o%)tlﬁg base isgselected

fromwhé Igebup EbEsistpeior perassiantearbbase, wotiitinm Cértiwmes trirhBthylamine
The process of claim1, wherein the al coholic solvent

and 'F@“%)é@@d’t%d fromthe group consisting of methanol,
et hanol , propanol, isopropanol, butanol, pentanol,
et hyl ene gl ycol, gI ycerin and i xtures ther eof . 16.
28. Th'éh@pams o@tleamaﬂﬁnmremeeejmzbﬁcﬁne @rornting base is
ano or et% 17, The process of claim 16,
PotagmEF 4l P REecl G BIATE et nanol - 18. The pr ocess of
claim1, wherein the conpound of Fornmula VII is 19.
The process of claim1, wherein the oxazolidine
29. f of né ppassk\éetaiinst, seharetreltiefacompawicdueinegrnuylf ofg js
hexanes or m xtures thereof. 20. The process of claim
19, wherein the oxazolidine formng solvent is
toluene. 2 1. TheCps$pess of claim 20, wherein the
ratio of toluene to net\gamqQl is between 0.5:1 and 3:1
22. The process of cl P 1, wherein the ratio of

tol uene to nmethanol is & 1: kp,043. The process of
claim1l, wherein the oxazoliding form ng reagent is
sel ected 5><NH

Ry Ry

30.  The process of claim 29, wherein the compound of Formula VIl is
CH,3S0,

CH,OH
6><NH
HiC™ CH,

31.  The process of claim 1, wherein the third N-acylating agent is of the formula:
formula RgCOR7 wherein:

Rs is halo or C4.6 alkoxy; and

Ry is hydrogen, C+ alkyl, C1.5 haloalkyl, C+¢ dihaloalkyl, C,.¢ trihaloalkyl, C;3.g
cycloalkyl, Cs.5 cyclohaloalkyl, Cs.5 cyclodihaloalkyl, Cs.g cyclotrihaloalkyl, Co.6
alkenyl, C,5 alkynyl, C1.s alkoxy, Ci. aralkyl, Co.g aralkenyl, Ca.6 heterocyclic, benzyl,
phenyl or phenyl alkyl where the phenyl ring may be substituted by one or two
halogens, Cy alkyl or Cy.5 alkoxy.
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fromthe group consisting of formal dehyde, acetone,
2- met hoxypr opene, 2, 2- di nethoxypropane,

wQ2@7aseBhoxypr opane and m xtures thereof. 24.pdmnes2006/034219
process of claim 23, wherein the oxazolidine formng
reagent is acetone. 25. Theggprocess of claim 24,
wherein the ratio of acetone to toluene is between

32, abgyt ? (?ﬂ?&?h% wﬁ@relﬁrﬁ%@b? ?he%o@ rlgl.]h%ﬁyl 1

wherei'n acetone uene bout

.27. The process of claim1, mhereln t he oxazoli di ne

pr ting base is | ect ed he group consisting
33. of 1h6LAe @%ﬁfﬁ@'%ﬁit%hem I8 Ehr bonat e.

trimethylam ne and triethylam ne. 28. The process of
claim 27, wherein the oxazolidine pronoting base is
34. potTasgiracesoofdiaiat 81 ovherdirRnys ail.08.CI2G),, DG, Rlodrs €HBI,

- ein the conpound of Fornula VIII is
CBré&ﬁﬁé’mﬁ&%@ %f claim29, wherein the conpound of

Formula VI1l is 3 1. The process of claim1, wherein

the third N-acylating agent is of the fornmula: fornula
35. ReCORPrapRsePrlaiRe 34 swhaled B iICH®:2.al koxy; and R7 is

hydrogen, C - alkyl, C -6 haloalkyl, G -6

di hal oal kyl, Cl1-6 tri hal oal kyl , C3-8 cycl oal kyl, C3-

36. cyd’ hermboaésktyﬂ claigB38, Wyéﬂdhﬁtl’feaﬂhﬂam@dcyla@rr@ agent is selected
cl ot ri hal oal kyl - kenyl, C2-6 alkynyl, G -6
fronh yup@on@sgpgpiWethﬂgm@bépgq:ekt@t%,|eth3dglc loroacetate,

dlchﬁ’t?ngé hldritre, H‘?‘vﬂﬁ}’lbhlo%ﬁf&éteo h@/h:‘?\%’rbaé’ét]é c\ﬁﬁtﬁBQcétgl%hlorlde

eny ring may be substituted one or
metQyitrichlcabkgétats, e@yltr@h@&m@a&zIrlcTﬂrezropcetyefhﬂ;orufe claim3

met%yldm%Foeéc%taﬁe,Qe%h‘i’lldgltJorcE)ggd;etgFet, %?ff(t}érgarloe%lggé)(ide,
methylfluoroacetate, ethylfluoroacetate, fluoroacetylchloride, methyltrifluoroacetate,
ethyltrifluoroacetate, trifluoroacetylchloride, dichioroacetylbromide,

difluoroacetylbromide, acetylchloride and acetylbromide and mixtures thereof.

37.  The process of claim 36, wherein the third N-acylating agent is

methyldichloroacetate or dichloroacetylchloride.

38.  The process of claim 37, wherein the third N-acylating agent is

dichloroacetylchloride.

39.  The process of claim 1, wherein the third N-acylating base is selected from
the group consisting of potassium carbonate, sodium carbonate, trimethylamine and

triethylamine.

40.  The process of claim 39, wherein the third N-acylating base is potassium

carbonate or triethylamine.
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33. The process of claim32, wherein Ris . 34. The

process of claim3 1, wherein R7 is CH2Cl, CHC 2,
w@g03/03382Br, CHBr2, CBr3 CH2F CHF2 1 O CF3. BGI/UI1966/034219

process of claim34, wherein R7 is CHCl 2. 36. The

process of claim3 1, where8h the third N-acylatating

agent is selected fromthe group consisting of

41.metThd gicekke bp arRehate whdréivltHe ehdiar 8ggiehheratio of the third N-
di chl oroacetyl chl ori de, methyl chl oroacet at e,
fd:rQﬁﬁbli’fl yilk

acygating kasedpdhe soarounsho sl katwgen 1:1 and 3:1.
nmet hyl trichl oroacetate, ethyltrichl oroacetate,
trichl oroacetyl chloride, nethyldifl uoroacetate,
42.et MiHadpfdcess oé cliratd,, whickéinaheatsthy bl aehtigatio of the third N-
t hyl fl uorpacetate, ethylfl uoroacetate,
acyjatipgrhasedpy ne kobased arhamua VT st di e,
ethyltrifluoroacetate, trifluoroacetylchloride,
di chl oroacetyl brom de, difl uoroacetyl brom de,
43. acekhd piivicess géclaimd 42¢ etherdin dne deolandhtiol oftdiciesroabetyeofiloride to
37, The pracess, o | ai m 36, erein t third
theﬁ_ogmuggiq# IR {/HE'S%T}W?B@%P%?%;&'@? gﬂe or
di chl oroacetyl chloride. 38. The process of claim 37,
wherein the third N-acylating agent is
44. i cheoprogess ¢f elpin diddwhessin thamgiantasiofalichidmianety] chloride to
In ot [ C [ base is selected from
the?ﬁ@@#’ﬁﬂﬁf&%@ﬁ“ﬁ?’%@o Og'gﬂggtsq m car bonat e, sodi um
carbonate, trimethylam ne and triethylam ne. 40. The

pracess of claim39,  wherein the third N-acylating
45. p 4 g gr056§%g€plgml 36, wherein the third N-acylation step is carried out at a

temperature between 20 — 30°C.

46.  The process of claim 45, wherein the third N-acylation reaction is complete
within 2 - 4 hours.

47.  The process of claim 1, wherein Ry is CH,Cl, CHCl,, CCls, CH.Br, CHBr,
CBI'3, CH2F, CHFz, or CF3.

48.  The process of claim 47, wherein Ry is CHCl, or CHF>.
49.  The process of claim 48, wherein R;is CHCl..

50.  The process of claim 1, wherein the compound of Formula Xli is:
CH3S0,

CH,OH
S
O><N\COR7
R R3 ;

51.  The process of claim 50, wherein the compound of Formula Xl is:
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carbonate or triethylamne.4 1. The process of claim
40, wherein the nolar equivalent ratio of the third
woawyhssscng base to the conpound of Fornmul a VIPECT/US2006/034219
between 1:1 and 3:1 . 42. The process of claim4 1,
wherein the nol ar equival enggratio of the third
Nacyl ati ng base to the conpound of Formula VIII is
about 1.1 : 1 . 43.cHjse,process of claimd42, wherein
the nolar ratio of dichl
conmpound of Formula VIII tween about 1: 1 and 3:1
whepgid), the molar ratio
of dichl oroacetyl chloride to\the/conpound of Fornul a
VIIl is about 1. 1 to 1. 45. The Pprocess of claim 36,
wherein the third N-acyl ati onOsg P~tcprcarried out at a
tenperature between 20 - 300C. ... The process of
cl ai m 45, wherein the third %ﬁhcy@%ﬁion reaction is
52.corfheep@cebs bf Bladn 504 whewsia thd ComPaRinBrIF@smu®d xqligi m
1, wherein R7 is CH2Cl, CHCI 2, CCI'3, CH2Br, CHBr2,
CBr3, CH2F, CHF2, or CF3. 48. The process of claim47,
wherein R7 is CHCligew, CHF2. 49. The process of claim
48, wherein R7 is CHCI X_50. The process of claim1,
wherei n the conpound of yula XIl is: 5 1. The
process of clai m50, 3 ound of Fornul a
XI'l is:52. The process of"cMN\i mA0,2"wherein the
conpound of Forrmula XlI is: §3. pThe process of claim
52, wherein the conpound of r aoddity,i st 54. The
process of claim1, wherein t fluorinating agent is
sel ected fromthe Ry Ry :

53.  The process of claim 52, wherein the compound of Formula X!l is:

CH;S0,

CH,OH
O><N\COCHC12
H,C CH, _

54.  The process of claim 1, wherein the fluorinating agent is selected from the
group consisting of N-(2-chloro-1,1,2-trifluoroethyl)diethylamine, N-(2-chloro-1,1,2-
trifluor-oethyl)dimethylamine, N~(2-chloro-1,1,2-trifluoroethyl)dipropylamine, N-(2-
chloro-1,1,2-trifluoroethyl)pyrrolidine, N-(2-chloro-1,1,2-trifluoroethyl)-2-
methylpyrrolidine, N-(2-chloro-1,1,2-trifluoroethyl)-4-methylpiperazine, N-(2-chloro-
1,1,2-trifluoroethyl)- morpholine, N-(2-chloro-1,1,2-trifluoroethyl)piperidine, 1,1,2,2-
tetrafluoroethyl-N,N-dimethylamine, (Diethylamino) sulfur trifluoride, Bis-(2-
methoxyethyl)aminosulfur trifluoride, N,N-diethyl-1,1,2,3,3,3-hexafluoro-1-

propanamine (Ishikawa Reagent) and mixtures thereof.



group consisting of N-N(2-chloro-1, 1
,2-trifluoroethyl)diethylamne, N-(2-chloro-1, 1, 2-

wao eoo7ioss86 oet hyl ) di met hyl am ne, N-(2-chl oro-1 PAT/US2006/034219
,2-trifluoroethyl)dipropylamne, N(2- chloro-1
,1,2-trifluoroethyl)pyrroliggne, N-(2-chloro-1
,1,2-trifluoroethyl)-2- nethyl pyrrolidine,
N-(2-chloro-1, 1
,2-trifluoroethyl)-4-nethyl pi perazi ne, N-(2-chloro-

55. 1, Theprocess abclaizh By yvherain fieofliornatiig(@gertlioNoN-Listhy!-

i f r oet eridine, 1, 1,2, 2-
L 1?%‘1# h@@?’b’@ffhg ")QB?{E%FWP@[‘ hyl ami ne, (Di et hyl ami no)
sul fur trifluoride, Bis-(2- methoxyethyl)am nosu! fur

trifluoride, N, N-diethyl-1, 1,2, 3,3,3-hexafluoro-1-
3 56. pr dpenzecess of dhink &dawRersje the natar natirtali Nsbl-disthyl-1,1,2,3,3,3-

hexHﬂEc%e {1 gfsc?q@-gg@g r 8 @5 ?{Prﬁfpaﬁtlé{? ﬂ%orriful\%h)?lrl 5 Qettwheeen about 1:1 and
2:1., 2, 3, 3, 3- hexaf | uoro- 1- propanam ne. 56. The process of
claimb55, wherein the nolar ratio of N, Ndiethyl-1 ,1
, 2,3,3,3- hexafl uoro-1-propanani ne to the conpound of

57, b ol b L UB 8 nd o By Bl 1S 200,
10 hexaflderdiephypanbmibe2o fﬂnéic@npbembf Hormulb- Xl ¢paiseuti 08:1t 0

the conpound of Fornmula XlI|I is about 1.5:1 . 58. The
process of claim57, wherein the fI uorinating step is

58, Ca“l‘Hee&o@éés 8f clélntn S7PRhakedh ?né)ﬁ a i ll}?)bsng |§Q£%n%8 outata

about 1100C and at a pressure o

tempetateresofdforolahiout 80°Gieabout tH¥ Coanchat a pa;esksweuof mbout 60 psi.
sel ected fromthe group consisting of
1, 2-di chl or oet hane, nethyl ene chloride, chloroform

15 59, Ch|T¢{eqh©Bé§§1@f clafth ar vhaksd they BFRie b@wénﬁ%e@dﬁéwr@ﬁq the group
thereof. 60. The process of clalmb59, wherein

cong,s@agl ok 1 gotighlerogthanpet mtl”eﬁlfgﬂa;ml@ﬂd@,echloroform Chlorobenzene
chlorinated hydrocarbons and mixtures thereof.

60. The process of claim 59, wherein the organic solvent is methylene chioride.
20

61.  The process of claim 1, wherein the compound of Formula Xlii is

CH;S0,

CH,F
Ri Ry .

62.  The process of claim 61, wherein the compound of Formula X!ii is:
25



6 1. The process of claim1, wherein the conpound of
Formula XIlIl is 62. The process of claim6 1, wherein

woheo7mamseund of Formula X1l is:63. The proceBsTmi2006/034219

63.

64.

65.

66.

claim6 1, wherein the conpound of Forrmula X1l is 64.
The process of claim®63, wxyein the conpound of
Formula XIll is 65. The process of claim1l, wherein

t he conmpound of Forambka, XI is: 66. The process of
claim 65, wherein the conpeynd is Florfenicoll 67. The
process of claim1, whereg he acid catalyst is

di | ut e aqueous hydrochl oci d, l.furic acid, or
phosphori c acid, methanesulforic cﬁg or ptol uene

sul fonic acid. 68. The process ofbhclaim67, wherein
the acid catalyst is p-tolue S IN#@@'R; acid. 69. The
process of claim1, wherein th ase catalyst is LiCOH,
NaOH, KOH, LJ 2C08, Na2C08, Hkscod™sodi um net hoxi de,
SOqiHePet8eX bHlglaind BY agMicksT fd BEMipSand i FRRHaRSXMING

et hoxi de. 70. The process of claim69, wherein the
base catalyst is K2CO3. 7 1. The process of claim1,
wherein the tenpesgkyye of the selective hydrolysis is
bel ow 80 C. 72. The prQcess of claim1l, wherein

met hyl ene chloride is { Brgani ¢ sol vent for the

sel ective hydrolysis. he pr%%ss of claiml,
wherei n the conpound of Zis purified with a
m xture of a CMO al kyl nong, & or tri alcohol and
water to formthe pure for @%ﬁ\@@@ﬁ@lﬂnd of Formul a
Xl .

Ry R

The process of claim 63, wherein the compound of Formula Xlll is

CH;S0,

CH,F
O><N\COCHCIZ
H,C CHy

The process of claim 1, wherein the compound of Formula Xl is:
CH;3S0,

CH,F

N

N
HO NHﬁR7
0
The process of claim 65, wherein the compound is Florfenicol
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74. The process of claim73, wherein the purification

is carried out in a mxture of nethanol, ethanol,
wW@e@pasisBe i so- propanol, butanol, sec-butanol ,PCT/US2006/034219

t-butanol, pentanol, ethylene glycol, propylene

gl ycol, butylene glycol or giycerin and water.75. The

process of claim74, wherein the purification is

carried out iKHgs0y xture of methanol, ethanol,

propanol , i sopropahg but anol , sec- but anol,

t-butanol, or pents and water. 76. The process of

claim75, wherein the ' rifi (@it#on i s Feampkiled out in a

m xture of isopropanol and watér. 77. The process of

claim 76, wherein the y®tio¥W d'ciﬂ)ropanol to water is

between 1:5 and 5:1 . /8. Thé procéss of claim77,

wherein the ratio of isopropan® to water is-1: 1 .

79. The process of claim 78, wherein the dissolution

tenperature for purification is the reflux point of 1:
67.1 iHwppapasslof amﬂnmwerelaﬁhe'ﬁmﬁj pataBes s difuts bausods,

rei.n t rificatio ction js cooled to 10 -
hydé%%@"t‘%a@gyé,&" MG 89+ PP REEES anegplfpnicraeid or p-
tolughecegenkfaghai m 80, wherein the purification reaction
© IS cool gd?o about 20 - 25C to crystallize the desired
conpound.

68.  The process of claim 67, wherein the acid catalyst is p-toluene sulfonic acid.

69. The process of claim 1, wherein the base catalyst is LiOH, NaOH, KOH,
Li2CO3, NaxCO3, K2COs, sodium methoxide, sodium ethoxide, potassium methoxide
and potassium ethoxide.

70.  The process of claim 69, wherein the base catalyst is K.COs.

71.  The process of claim 1, wherein the temperature of the selective hydrolysis is
below 80°C.

72. The process of claim 1, wherein methylene chioride is the organic solvent for
the selective hydrolysis.

73.  The process of claim 1, wherein the compound of Formula Xl is purified with a
mixture of a C4.10 alkyl mono, di or tri alcohol and water to form the pure form of a
compound of Formuia XI.

74.  The process of claim 73, wherein the purification is carried out in a mixture of
methanol, ethanol, propanol, iso-propanol, butanol, sec-butanol, t-butanol, pentanol,

ethylene glycol, propylene glycol, butylene glycol or glycerin and water.



10

15

20

WO 2007/030386 PCT/US2006/034219
42

75.  The process of claim 74, wherein the purification is carried out in a mixture of
methanol, ethanol, propanol, isopropanol, butanaol, sec-butanol, t-butanol, or

pentanol and water.

76. The process of claim 75, wherein the purification is carried out in a mixture of

isopropanol and water.

77.  The process of claim 76, wherein the ratio of isopropanol to water is between
1:5 and 5:1.

78.  The process of claim 77, wherein the ratio of isopropanol to water is 1:1.

79.  The process of claim 78, wherein the dissolution temperature for purification is

the reflux point of 1:1 isopropanol and water.

80.  The process of claim 73, wherein the purification reaction is cooled to 10 —

30°C to crystallize the desired compound.

81.  The process of claim 80, wherein the purification reaction is cooled to about

20 - 25°C to crystallize the desired compound.



