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20  Canada and Mexico). The current sales for linezolid are over one billion US dollars per year
and rising in part because of its indication for the treatment of many forms of MRSA.
Linezolid is quite expensive, as a course of treatment can cost up to several thousand U.S.
dollars. Much of the high cost of linezolid has been attributed to the expense of its
manufacture. Therefore, the development of new, more economical processes for
25  manufacturing linezolid and pharmaceutically acceptable salts thereof are needed.
Described herein are efficient processes for the preparation of linezolid and
pharmaceutically acceptable salts thereof. In one embodiment, the processes described
herein include the step of preparing the oxazolidinone present in linezolid and
pharmaceutically acceptable salts thereof from an oxirane and an isocyanate.
30 In another alternative aspect, the processes include the step of preparing 3-
fluoro-4-chloronitrobenzene from 4-chloronitrobenzene and fluorine. In another alternative

aspect, the processes include the step of preparing 3-fluoro-4-(1-morpholino)nitrobenzene, or



a salt thereof, from 3-fluoro-4-hal onitrobenzene and norpholine. In another
alternative aspect, the processes include the step of preparing
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In another alternative aspect, the processes include the step of preparing a compound of the
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or a salt thereof from 3-fluoro-4-(1-morpholino)phenyl isocyanate and an oxirane of the

formula

10  formula
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where RA is halo or a protected amino group; and RB is halo, amino, or a protected amino

group. In another alternative aspect, the processes include the step of preparing a compound
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or a salt thereof from
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In another embodiment, described herein are process that proceed in high

of the formula

and CH3C(O)SH.

20  overall yield. In another embodiment, described herein are process that do not require any
purifications using chromatography. In another embodiment, described herein are process
where the products from each step are isolated as solids and/or crystalline solids. In another
embodiment, described herein are process that proceed with high enantiomeric excess. It is

to be understood that the processes described herein may be performed using and to produce
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(c) mixing 3-fluoro-4-(1-morpholino)nitrobenzene with a reducing agent to

prepare 3-fluoro-4-(1-morpholino)aniline, or a salt thereof;

15 (d) mixing 3-fluoro-4-(1-morpholino)aniline with an acylating agent to

prepare 3-fluoro-4-(1-morpholino)phenyl isocyanate;
(e) mixing 3-fluoro-4-(1-morpholino)phenyl isocyanate with an oxirane of the

formula
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20  to prepare a compound of the formula
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or a salt thereof; where RA is halo or a protected amino group; and RB is halo, amino, or a
protected amino group; and

(f) mixing a compound of the formula
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with CH3C(O)SH to prepare a compound of the formula

25



/ VAR 20 to prepare a conpound of the formula O/--\N\__/ o No RB or a
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and combinations thereof.

or a salt thereof;

It is to be understood that in the foregoing embodiment, processes are
5 described that include one or more of any of the steps, two or more of any of the steps, three
or more of any of the steps, and so on. For example, processes are described herein that
include step (e); processes are also described herein that include steps (d) and (e); processes
are also described herein that include steps (e) and (f); processes are also described herein

that include steps (d), (e), and (f); and so on.

10 It is also to be understood that in step (e) the RA group on the oxirane and the
RB group on the oxazolidinone are generally the same. Illustratively, when RA is halo, such
as chloro, RB is halo, such as chloro; and when RAisa protected amino group, RBisa
protected amino group. However, it is also to be understood that RA may be converted to a
different RB in step (e) and still fall within the scope of the process step. For example, when

15 RAjis halo, such as chloro, RB may be amino or a protected amino if other components are

added to the mixture that are capable of concomitantly or sequentially converting the halo,

such as chloro, to amino or a protected amino. Similarly, when RAis a protected amino, RB
may be amino if other components are added to the mixture that are capable of concomitantly
or sequentially converting the protected amino to amino.

20 In another embodiment, described herein is the process as in the preceding
embodiment wherein the 3-fluoro-4-halonitrobenzene is 3,4-difluoronitrobenzene.

In another embodiment, described herein is the process as in any of the
preceding embodiments wherein the 3-fluoro-4-halonitrobenzene is 4-chloro-3-
fluoronitrobenzene.

25 In another embodiment, described herein is the process as in any of the
preceding embodiments wherein the reducing agent is hydrogen gas.

In another embodiment, described herein is the process as in any of the

preceding embodiments wherein the acylating agent is phosgene or a phosgene analog.



0 0O HCH3 or a salt thereof; and conbinations thereof. It is to be
understood that in the foregoing enbodi nent, processes are 5described that
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20  or a salt thereof; where RA is halo or a protected amino group; and RBis halo, amino, or a
protected amino group;
and combinations thereof.
It is to be understood that in the foregoing embodiment, processes are
described that include one or more of any of the steps, two or more of any of the steps, three
25  ormore of any of the steps, and so on. For example, processes are described herein that
include step (d); processes are also described herein that include steps (c) and (d); processes

are also described herein that include steps (b), (c), and (d); and so on.
It is also to be understood that in step (d) the RA group on the oxirane and the

RB group on the oxazolidinone are generally the same. Illustratively, when RA is halo, such



I n anot her enbodi nent, described herein is the process as in any of the
precedi ng enbodi nents wherein the acyl ati ng agent is phosgene or a phosgene
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or sequentially converting the protected amino to amino.

In another embodiment, described herein is the process as in any of the

10 preceding embodiments wherein the 3-fluoro-4-halobenzoic acid is 3,4-difluorobenzoic acid.

In another embodiment, described herein is the process as in any of the
preceding embodiments wherein the 3-fluoro-4-halobenzoic acid is 4-chloro-3-fluorobenzoic
acid.

In another embodiment, described herein is the process as in any of the

15  preceding embodiments wherein the activating agent is a chlorinating agent and the activated
acid is an acid chloride. It is to be understood that any of a wide variety of activating agents
may be used, including but not limited to, brominating agents, pentafluorophenylating agents,
peptide coupling agents, and the like.

In another embodiment, described herein is the process as in any of the

20  preceding embodiments wherein the chlorinating agent comprises thionyl chloride,
phosphoryl chloride, phosphorous pentachloride, and the like, or a combination thereof.

In another embodiment, described herein is the process as in any of the
preceding embodiments wherein the chlorinating agent comprises phosphorous
pentachloride.

25 In another embodiment, described herein is the process as in any of the
preceding embodiments wherein steps (b) and (c) are performed contemporaneously.
Mlustratively, the activating agent is phosphoryl chloride, and the azide salt is sodium azide.

In another embodiment, described herein is the process as in any of the
preceding embodiments comprising step (d).

30 In another embodiment, described herein is the process as in any of the

preceding embodiments wherein the oxirane is a compound of the formula



200r a salt thereof; where RAis halo or a protected am no group; and RBis
hal o, am no, or a protected am no group; and conbi nations thereof.
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scope of the process step. For exanple, WHew RA is hal o, such as chloro,

RB ray be i.no_ofr rotected.amno if other conmponents are 5added to the
m X uréy?%gg}g?o?%Qggﬁwgmg?&%gﬁggﬂitantIy or sequentially converting the
hal o, such as chliarnfothtOeraiidifen| da&cibeal iecéiads dBipRsessSisith hay bfthewhen RA is
a protected am no, RB may be amino if other conponents are added to the

mi xt ur PresdinZeMmbodpet whefrincdhisER¥nt |y or sequential |y converting the
t ect ed i t } : t : i i I i th
protected am no tg aﬁ%ﬁ@e%%dgggggaﬁﬁénﬁﬁ%g&ﬁ?%e p&ﬁ—g&r dsqﬁ‘qﬁgSf fkn I's the

process as in any o e i ments rernt
3- f | uorppeckdmal coliedirodts abedin Ar 3, 44chdoropbmybbenzoi ¢ aci d. In

anot her enbodi ment, described herein js the process as i.n any.of the
pr ébedi ng enbodi ﬁ’éﬁP%t%%eéP‘éqqﬁmFlﬁeg%“Pﬁ’f@o‘F%@ﬂ-“h%F(BB‘Eﬁ%SoarSdn 4Ry f the
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chloride. It is to be understood that any of a wide variety of activating
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15 In another embodiment, described herein is the process as in any of the

preceding embodiments wherein RA is benzylidene amino, 4-chlorobenzylidene amino; 4-
bromobenzylidene amino; or 2,4-dichlorobenzylidene amino.

In another embodiment, described herein is the process as in any of the
preceding embodiments wherein RA is benzylidene amino.
20 In another embodiment, described herein is the process as in any of the
preceding embodiments wherein RB is an imine.
In another embodiment, described herein is the process as in any of the

preceding embodiments wherein RB is benzylidene amino, where the benzyl is optionally
substituted.

25 In another embodiment, described herein is the process as in any of the

preceding embodiments wherein RB is benzylidene amino, 4-chlorobenzylidene amino; 4-
bromobenzylidene amino; or 2,4-dichlorobenzylidene amino.

In another embodiment, described herein is the process as in any of the

preceding embodiments wherein RB is benzylidene amino.



20 precedi ng enbodi ments wherein the chlorinating agent conprises thionyl
chl ori de, phosphoryl chloride, phosphorous pentachloride, and the |ike, or
a conbi nawpan1ti3ga2eof . I n anot her enbodi nenPCTdSg@iobeds her ei n
is the process as in any of the precedi ng enbodi ments wherein the

chl orinati ng agent conprises phosphorous pentachl oride. 25In another

enbodi ment , deSCI’Ihhﬁdthhled’rﬂﬁ)d'dlﬂnSntt hl@cﬂb@bl@ﬁn%thh praeys Bfin aheopthecedi ng
embodi ment s. wher ei n steps ( (c) are perfornmed contenporaneously.

|11 ust rPAgGegBiRFmRodamelts Wb%ﬁemfae aaéﬁﬁalwé SPHYEIHSIY| chioride, and the azide
salt is sodium ath%ﬁother embodiment, dés@n@vﬂpﬁe@&ﬁ i€ @és@%‘} pre ﬁ‘%ra‘ bed herein

is the process as in any of the preceding enbo ment s co ing step (d).
301 n anotipennénbtbdiforently descri bed herein is the process as in any of the
precedi ng enbodi nents wherein the oxirane is a conpound of the formula

I n anot her enbodi nent, descri bed ereln is the process as in any of the
precedlng enbodi nents wherein t é a conpound of the fornmula 0 1
' CHSAr Swhere Ar is optionally substltut H/%henyl I n anot her

embodi npRte AHRSEIHORS! hﬁkﬁhﬂﬁhﬁwﬁﬁe process as in any of the preceding
enbodi nents wherein i s phenyl I n anot her enbodi nent,

descri bed herein th@PltOheSSppmpesmga@ jtep efnpixafg 2 bempruaded ithegfoenbladi ment s
wherein Ar is 4-chlorophenyl. 10In é t her enbodi ment, described herein is
the process as in any of the preced ﬁg enbodi ments wherein RAis an i m ne.
I n anot her enbodi nent, describ Ns the process as in any of the
precedi ng enbodi nents wherein RA |s benzyﬁ“ﬁ@ﬁe am no, where the benzyl is
optiongly, gyastituted. 151 n another enbodi ment, described herein is the
process as in any of the

10 In another embodiment, described herein is a compound of the formula

O
=~ NSCH-Ar
where Ar is optionally substituted phenyl.

In another embodiment, described herein is the process or compound of any of
the preceding embodiments wherein Ar is phenyl.

15 In another embodiment, described herein is the process or compound of any of
the preceding embodiments wherein Ar is 4-chlorophenyl.

In another embodiment, described herein is a process for preparing 3-fluoro-4-
(1-morpholino)phenyl isocyanate, the process comprising the step of mixing 3-fluoro-4-(1-
morpholino)aniline with an acylating agent.

20 In another embodiment, described herein is the process as in any of the
preceding embodiments wherein the acylating agent is phosgene or a phosgene analog.

In another embodiment, described herein is a compound of the formula 3-
fluoro-4-(1-morpholino)phenyl isocyanate.

In another embodiment, described herein is a process for preparing 3-fluoro-4-

25  chloronitrobenzene, the process comprising the step of mixing 4-chloronitrobenzene with
fluorine.

In another embodiment, described herein is a compound of the formula 3-

fluoro-4-chloronitrobenzene.



precedi ng enbodi nents wherein RA is benzylidene am no, 4-chlorobenzylidene
am no; 4- bronobenzylidene am no; or 2,4-dichlorobenzylidene am no.

| n anot hewoentgdirazzent , descri bed herein is the process &sTius2anp3«fist he
precedi ng enbodi nents wherein RA is benzylidene am no. 20l n anot her

enbodi nent, described herein is the process as in any of the preceding
enbodi ment s wher dhan&Beit @nteodimentn@escribed herein is a pilodesfoit frepargEBotluoent-,
described herein is the process as in any of the precedi ng enbodi nents

wher ei AMREPHAinplspbanzad Rgidenrfosaltiiarel. theePresiiy Gampiasinhihe 5Heap Pl (2)

substit : ' ) QU ri (N cess as in
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4- chl orcobespoplingenevaed mod; ahd (br mmohethz gbirdgoediagiantyatat acid with an azide

2, 4-_di ch] or obenzyl i dene am no. I n anot her enbodi nent, descri bed
her &i n - t he process as in any of the preceding enbodi nents wherein RBis
benzyl i dene am nqp anMRRPOAIddlR i 2dREeAbddIZDL A1 OBE DF&ess of the precedind N anot her
enbodi ment, described herein is the process as in any of the preceding
enbodi rretitodimgrd mdierein He agiivaimgsigent if g chlodnafingaagiedieand the activated acidjipamnot her
enbodiqggf 1d%%££ib6d herein is a process for preparing a conpound of the
formul a %1 Ar where Ar is optionally substituted phenyl; the process

conprising the stigpnéthednibdtimants@epabEIChEin i @e pESFLH GF b1 o€, predetimdr Wi t h
a base. 10l n anot her enbodi nent, described herein is a conpound of the
f orlful &£mbodiments wherein the chlorinating agent comprises thionyl chloride, phosphoryl chloride,
phosphorous pentachloride, or a combination thereof.
In another embodiment, described herein is the process of the preceding
embodiment wherein the chlorinating agent comprises phosphorous pentachloride.
In another embodiment, described herein is a compound of the formula 3-
15 fluoro-4-(morpholin-1-yl)benzoyl azide, or a salt thereof.
In another embodiment, described herein are efficient, convergent processes

for preparation of the antibiotic Linezolid, and pharmaceutically acceptable salts thereof. In

another illustrative embodiment, the processes include the following sequence of steps:

F, ! ) F,
HN O
OH \___/ /\ OH
Y S —— N
O 3 hrs \__/ 0
14
F
PClg, CH,Cl, /\ Cl
14 O N
\__/ 0
22
NaN3

F
H,O/Acetone /\ N3
22 > O N
—/ 0
15

y o-Xylene, reflux 16 . o/_\N >\: N>LO
Cat. Br- N/ \)\/N
17

20

3 1
o-Xylene CH-R

reflux



01 'CHA where Ar is optionally substituted phenyl. In

anot her enbodi nent, described herein is the process or conpound of any of
t he precealOngigsoxdi nents wherein Ar i s phenyl. 15l n aneChars2@mvbsgrsrent ,
described herein is the process or conpound of any of the preceding
enbodi nents wherein Ar is 4-chl orophenyl. I n anot her

enbodi nent, described hergiHtiis a process forOpreparing 3-fluoro-4-

(1- nor phol i no) phenyl i socyhb@l e, the\pr S @bqyrising the step of m xing
3-fluoro-4-(1- norphttinoyanPrnew t aty ng agent. 20l n anot her
enbodi ment, described herein is tRe—froc as-TmNalys’6f the preceding
embodi ments wherein the acyl ating agent i$ phosgene or a phosgene anal og.
I n anot her enbodi nent, described herein is a conmpound of the forrmula 3-

f1 uoro-4-(1-norphol i no) phenylpH Bocyanat e. R O I n anot her
enbodi ment, described herejjo/icn,@, process—f or =.-padLQQ 3-fluoro-4-
25chl or oni t robenzeneqq t he—precess—<enpa si M3 Nep of m xing

4-chl oroni trobenzene with fluorine. —/ n a er enbodi nent,

described herein is a conpound of the formula H

fl uoro-4-chl oroni trobenzene. WO 2011/137222PCT/U820ff/834278 I n anot her
enbodi mewhe asgescsfl theprooeysed, the sibstitperneBS: 1kDrin P @pakidhgas3r Hal apen pard-the
(nnrpholin-l-yl%benzoyl azi de a salt thereof, the process conprising

the st dfs- dHustiabivelyxY nyF ot ?l-u”Bbegtgrﬁpa(rﬁmeorrw-omn@_(5%@%?1&6&658%@%% an
act isvat cBomAaERlo: hiPa ANEAR! Ech Q?sﬁ\gﬂé{n%:s gﬁgﬁt Aol rﬁ,dco%ﬁ;o%d ang if bk

m xi ng the correspondi ng activated aci an azi de bsalt. I n
anot herabenbsudieme precip eswsras hedlidh &oei the rectiiemprtocagen atidifivatipnead diayde

enbodi nent erein the activating agent is a chlorinating agent and the
activ_atoaO %ﬂﬁ%ﬁb?éﬂ“ﬁ@?%yéﬁ$ﬁﬂﬂ%%@g' In anot her enbodi nent,
descri bed herein 1t § tb B8 uRIQEBSS tHAf 2 3% Rfrichhér %[&ﬁ?@sﬂ:&skﬁ@;@@éﬁﬂ%&'&cﬁ
wherein the chlorinating agent conprises thionyl chloride, ‘phosphoryl

chl ori de cagihafsphsiepudespebeddetdior Feesxamplea icdrispatriiomof ¢reppapind (14) to
10 compound (15), illustrative solvents include, but are not limited to, CH»Cl», acetone/HrO

mixtures, xylenes, xylene/H>O mixtures, DMF, DMSO, and the like. In one embodiment,

intermediate acid chloride (22) is not isolated. In another embodiment, intermediate acid

chloride (22) is isolated as a crystalline solid. In another embodiment, illustrative catalytic

sources of Br include, but are not limited to, magnesium bromide etherate, lithium bromide
15  in combination with a phosphine oxide, such as tri-n-butylphosphine oxide, and the like.

In another embodiment, R' is alkyl, aryl or heteroaryl, each of which is
optionally substituted. Illustratively, R'is optionally substituted phenyl, including but not
limited to phenyl, 4-chlorophenyl, 2,4-dichlorophenyl, 2,6-dichlorophenyl, 4-bromophenyl,
4-nitrophenyl, and the like. Illustratively, R'is phenyl. In another embodiment, compound

20 (17) in the above scheme precipitates or crystallizes from the reaction mixture, and may be
optionally further purified by crystallization. It has been unexpectedly discovered that
compound (17), when R' is unsubstituted phenyl, is also isolable from the reaction mixture as
a solid. In another embodiment, compound (11) in the above scheme precipitates or
crystallizes from the reaction mixture, and may be optionally further purified by

25  crystallization. Without being bound by theory, it is believed herein that azide (15) in the

processes described herein is converted to the corresponding isocyanate (6)



I n anot her enbodi nent, described herein is the process of the preceding
enbodi nent wherein the chlorinating agent conprises phosphorous

pent achl owDael/13m2anot her enbodi ment, descri bed herei n ipsTASC@mpdengl of t he
formul a 3- 15fl uoro-4-(norpholin-1-yl)benzoyl azide, or a salt thereof.

I n anot her enbodi nent, described herein are efficient, convergent processes
for preparation of the antibiotic Lifpezolid, and pharnmaceutically
acceptabl e salts thereof. In anotker  ustrative enbodi ment, the processes
i ncl ude the foll ow ng sequenceoof N W=CFOOH HN\/O /--\CH O N 3 hrs 14

2022 15 WD 2011/ 137222PCT/ US2011/0 4278
6

during the course of the step.

In another illustrative embodiment, the processes include the following

sequence of steps:

HN O
F
/ R HCO,NH, R
MeOH / N\ MeOH, THF /\
Y NO; ——— 0O NONOZ > 0 N@NH
\__/ ) 10%Pd/C \_/
5 1 5
V\/ ‘CH-R! R Q
COCl, /—\ 16 /N >\\O
5 E—— > O N N\)\/
Cat. Br —/ N
PhMe ~“CH-R!
o-Xylene 17
reflux

wherein the substituents Y are as defined above. In another illustrative embodiment,
compound (2) crystallizes from the reaction mixture, and may be optionally further purified
by crystallization. It is to be understood that a wide variety of reducing agents, including

10 HCO;NH;4 and catalytic Pd may be used in the processes described herein. In another
illustrative embodiment, compound (6) crystallizes from the reaction mixture, and may be
optionally further purified by crystallization. Compound (6) may be subsequently mixed
with oxiranes (16) described herein, and carried forward to prepare linezolid, or a
pharmaceutically acceptable salt thereof.

15 In another embodiment, described herein is a process for the conversion of
acid azides, such as compound (15) and/or isocyanates, such as compound (6) into linezolid
using epichlorohydrins. In another illustrative embodiment, the processes include the

following sequence of steps:

6 (I)>\/C' R Q
o-Xylene, reflux 16 s /_\N N}\\O
or > > —2 >—
Cat. Br 7/ \)\/C
15 o-Xylene epi-7

reflux



11 9AcHN I n one aspect of the processes, the substituent Y is a |eaving
group such as a halogen, and the like. Illustratively, Yis For d. The
pr epar at iwo 20fv/ismzpound (14) nay be perforned as a 5 ne®CTrES01M084208 i n a
solvent, such as sulfolane. In another enbodi nment, conpound (14) in the
above schene precipitates as a solid fromthe reaction mxture upon
acidification, and may beFRoptiomally furthey purified Ry cr aI lization.
It is to be uNderstoqd—\t hap—a vari etypaé sol )rent 6ay be

enpl oye’P-{ n each of 0| = d herern. £ ror
conver si on of?,}",@rrpou (14) und (15), il ustra |ve so enf’

i nclude, but are not |imtegssto, CH2Cl2, acetone/H20 m AMtures, Xxylenes,

xyl ene/ H20 m xtures, DWF, DMSO, and the like. In one enbodinent,
internediate acid chloride (22) is not isolated. In another enbodi ment,

i nternedi at e aci dn@hptber epebqdpgnti descgbdghasein asa progespdoithp copvesson of | n

anot her i 1 ources of Br- include, but are
not |i rfgizcgig:)l’ t8ﬁr§snédmeoéllngsfrﬁ%%to\ﬁg‘em%dﬁlel%é{: e I§I i thi um brom de 15in

conmbi nation with a phosphone oxi de, such as tri-n-b yl phasphi ne oxi de, and

the |ike. aghog her erfibaO¥ht, Rl 5 al, eyl or
heteroaryl, e \ijiptlvn-a-l—ky—su-bstiout Btratively, RL is

optionally substituted phenylY including but no i mYed t pNenyl ,
4-chl orophenyl, 2, 4-dichl oropwenyl, 2,6-dichl orophenyly, 4-basmophenyl,

4-nit rophenyl, and tRE8ike. Illustrativel y, RLis phenyl I n anot her
enbodi nent, C0”pqw&got%gl(ﬂ-latrdtﬁeteﬁﬁ)oéﬁ%ﬁg mcﬁffﬁﬁésg'ebéi1§§1rf?érmed1ates
crystalllzes fromthe reaction m xture, be optionally further

puri f i edclys dosesilabtidtechbdlowm for QOMMn@ékﬁA)ummecQse@I tpr piepamesthen ardat
7),, . i t d h I f th
e RO N U e M RN S

above sgh&n® precipitates or crystal [ zes fromthe reaction m xture, and
may be optional l y furt her purified by 25crystallization. Wthout being

bound by theor Qg |§ved hepgi n th zide (15) in the pr ses
descri be%?\él n | s FEed bp\t/h@/gqrr ge ndi Rg:d., socﬁ@n@t/m\( \
2011/ 137222PCT/ US20H, 834278 — o W

MeOH RT, 2 hrs
10 16A

wherein W represents one or more substituents as described herein. It is to be understood
that the imines described herein may be either in a (Z) or (E) configuration, or a wide variety
of mixtures thereof. Without being bound by theory, it is believed herein that the
arylalkylidene imines are typically in or predominantly in the (E) configuration, as shown

15 herein for compounds such as (16A).

In another embodiment, described herein are processes for the preparation of
3-fluoro-4-(1-morpholino)nitrobenzene. In one aspect, the processes include the step of
displacing a leaving group present at the 4-positoin on the corresponding 3-
fluoronitrobenzene. Illustrative leaving groups include halogens, such as chloro and fluoro.

20  3,4-difluoronitrobenzene is commercially available. 4-chloro-3-fluoronitrobenzene may be
prepared as described herein by fluorinating 4-chloronitrobenzene.

In another embodiment, described herein is a convergent process for the
preparation of the antibiotic linezolid starting from 3,4-difluorobenzoic acid and (S)-
epichlorohydrin. In one aspect, this convergent process provides linezolid in an overall yield

25 of 34.7% . In another embodiment, processes described herein are used to prepare linezolid



O--\N\_/ N=C=0 6 during the course of the step. I n anot her
Il lustrative enbodi nent, the processes include the foll ow ng sequence of

st eps: wotrerigism2ehe substituents Y are as defi ned aboweT/usnotaost2ier
illustrative enbodi ment, conpound (2) crystallizes fromthe reaction

m xture, and may be optionally further purified by crystallization. It is

t o be undiiesheadntidnadricaexetdef WbeitOU % af gréeyahaug 98@easitessatérnel abdungp %0
HCO2NH4 and catalytic Pd may be used in _the processes described herein. In
anot heroligfaiidt Mapiqreeranprshitheocess Y HsStiRFINEICIR AYRIE 19 455 Q5 CYREFHVE he

reacti C}Qa%fétsﬂél?as RRtnTRYuBSideRhd ?Igﬁgélgé’id Wit purified by

crystalltzation. Conpound (6) may ubsequently m xed with oxiranes (16)
@E%repare linezolid, or a

descri bed herein, and carried for\/%{
pharmaceutically acceptable salt thereof. 151 n anot her enbodi nent,

deséri bed herei n Ti fallpridgessmples firtter donuee SpaifioémbeditheAiod@s, such as
conpound (15) and/or isoc}ian,at es, such as_conpaund (6).into linezolid using

epi chl dREWVART Rloweyef: Hisdphavingeryapieathardd Boffsdntsnieted imanypy veedunis thenc| ude
the fol;|,owig sequence of steps: WO 2011/137222PCT/ US2011/034278

EXAMPLE 1. General. Products were analyzed by LCMS (dissolving the

product in acetonitrile) under the following conditions. Column: Agilent Eclipse XDB-C18,

10 5uM, 4.6x150 mm. Solvent A: 5 mM Ammonium acetate in Water. Solvent B: 5 mM
Ammonium acetate in CH;CN:MeOH (1:1). Method A: Time 0 Min: 20% B; Time 25 min
100% B; gradient elution flow rate 1.00 ml/min. Method B: Time 0 Min: 20% B; Time 10
min 100% B; stop time 12 min; gradient elution flow rate 1.00 ml/min. GCMS analyses were
performed under the following conditions: Column: HP-5 5% phenyl methyl siloxane

15 (HP1909/J-433). Method: Time 0 min 80°C; Time 2 min column temp increases at 20°C/
min to 300°C; Stop Time 12 min.

EXAMPLE 2. Fluorination of 4-chloronitrobenzene with fluorine gas in
sulfuric acid provided 4-chloro-3-fluoronitrobenzene as a crystalline solid on aqueous
workup of the reaction. This was followed by displacement of the chloro group with

20  morpholine (neat) in quantative yield, isolated as a crystalline solid on dilution of the reaction
with methanol. Reduction of the nitro group with ammonium formate under an argon or
nitrogen atmosphere provided 3-fluoro-4-morpholinoaniline as a crystalline solid which was
converted to the isocyanate and treated with the chiral epoxide (§) N-
(oxiranylmethyl)acetamide in xylene with lithium bromide and tributylphosphine oxide to

25  yield linezolid. Alternatively, the intermediate 3-fluoro-4-morpholinoaniline was converted to
the benzylcarbamate with benzyl chloroformate in aq. sodium bicarbonate, and subsequently
treated with n-butyl lithium to form the anion and treated with () N-
oxiranylmethyl)acetamide to provide linezolid.

EXAMPLE 3. 3-Fluoro-4-morpholinonitrobenzene (2). In a 250 ml 3-neck

30  round bottom flask with mechanical stirrer, septum and drying tube was added 3,4-
difluoronitrobenzene (1) (12.91 g, 81.1 mmol), methanol (60 ml) and morpholine (15.93 g,
16 ml, 183 mmol). The clear solution was heated at reflux with stirring for 2 hours. The

reaction mixture containing yellow crystals was cooled in an ice bath for 1 hour with stirring.



I n anot her enbodi nent, described herein is a process for the conversion of

azi des, such as conpounds (8) into linezolid in one step: I n
anot her iwbustwiarizge enbodi nent, imne or Schiff base epoxiuseoinsersred at es
such as those illustrated bel ow for conpound (16A), and processes for
preparing themare described. Illustratively, conmpounds (16A) nmay be

pr epar etheasydtdlh uste @flected by fi@atfonl and\dring irsehan€l mm v esen tenWerapreeseht S one
or nore substituents as described_herein. It |s to be understood that the
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pr edom I3anHkyl + A.5tihe), 6E)2 (dInfhl.gur 88ildn J =288 $havih8d &lde#ld h=H#drHe,dnpélnds

e it 20t b 91 354 Thirol 2 AR HoNET THEPAT eV SEL N BV 2B one acpect

the processes i nGEXIARIAIIFEL SE &M RE-4dhSHhBGARilfel (SABLIGoBIQUP present at the
4-positoin on the corresgondlng 3- fluoronitrobenzene. Illustrative |eaving

gr oups meiphelawnifzabegeans (269 g, dhl1drromahdngd aworagivm formate (19.5 gm, 309

203, 4-di £l yor oni enzene, i caommerci al | avai.l,abl e. .
Lo e A0udaRE BREREL <Bo SRTER Ut by AN UliPRiofalt smar. Msthanel (155

f 1 uor i nat)iaf@ réhpéitt @IRMTHF CfFeRPeRge added to the flask. The ADQtlevaseEbRd iR ce
described herein is a convergent process for the preparation of the

antlObi dwefteand the flatk wassalgrmately evacynied (Howrervagbansiidtesorieh arepa (bXd () - _
on S SEARN ol RS RSTABpo F HANISRIL AR B M noz0l L
her ei n vacpandsfdtbdtwitlpagpalEX) dndezol sticked W2 RE bathIR22 RiBEIT41105A04 fheG8:2i68
havi ng an enanti omeri c excess of about 97% or greater, about 98% or
gr eat erto VEFMAR ERpm ggoperature. The water-white reaction (when stirring stopped and catalyst

allowed to settle) was treated with solid sodium ascorbate (4 gm) and diluted with ether (200

15  ml). Decanted the reaction solution from the dark solid (catalyst and salts) intoa 1 L
separatory funnel. Washed/decanted the dark solid with additional ether (50 ml) that was
added to the separatory funnel. Brine (220 mL, containing 4 gm sodium ascorbate) was
added to the separatory funnel and the organic layer separated. The aqueous layer was
extracted with additional ether (100 ml). The combined ether layers were washed with brine

20 (2 X 100 ml) (to remove MeOH — and water), dried (MgSQy,), diluted with benzene (25 ml)
and evaporated providing a light yellow or a slightly reddish pink crystalline solid (13.3 gm,
90%). TLC (silica gel, EtOAc:Hexane 9:1) showed a single spot with lower R¢ than 2 that
turned brown on standing in the air. Material used immediately in the next step (should be
stored under argon or nitrogen until used).

25 EXAMPLE 5. 3-Fluoro-4-morpholinoaniline (5). Alternative procedure. 3-
Fluoro-4-morpholinonitrobenzene (2) (12.6 gm, 55.67mmol) and ammonium formate (14.45
gm, 229 mmol) was added to a 3-neck 500 ml rd bottom flask with football stirrer. Methanol
(135 ml) and reagent grade THF (35 ml) were added to the flask. The mixture was warmed to
obtain a homogenous solution and ammonium formate (14.45 gm, 229 mmol) was added

30  forming a homogenous solution. The reaction was cooled in an ice bath and the flask was
alternately evacuated (House vac) and filled with argon (4 X) (Firestone valve). 10% Pd/C

(335 mgs) was added and the reaction was evacuated (House vac) and filled with argon (2X)

and was stirred in an ice bath overnight allowing the reaction to warm to room temperature.



or greater. In another aspect, the processes described herein avoid the use
of expensive reagents such as lithiumt-butoxide and (R)-glycidyl butyrate.
EXAMPLES w0he11feri2owi ng exanpl es further illustrate speecriuszamosdisrent s of
the invention. However, the follow ng exanples should not be interpreted in
any way to limt the invention. EXAMPLE 1. Ceneral. Products

wer e ankleyzaer-wiitd hBidndiveealsiiring stdpped aadlereilystrllaced Oﬁidttllei) lve)s tieadar the
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cooled in an ice
remove a small quantity of flocculent material, rinsing with toluene (15 ml). TLC of the light

yellow filtrate (small aliquot diluted with MeOH, to make the methyl carbamate) showed a
single spot. The filtrate was evaporated in vacuo to an almost colorless oil. The oil was
poured into a 250 Erlenmeyer flask washing with hexane (total volume 60 ml). Within

30  minutes off-white to light purple crystals formed. The crystalline mixture was cooled in an
ice bath under argon and was collected by filtration (12.6 g, 84%) after drying in vacuo.
LCMS (CH;CN/MeOH as solvent to dissolve the crystals). Retention time 9.76 min (99%)
m/e 255 (methyl carbamate M+).



10 bath and the flask was alternately evacuated (House vac) and filled with
argon (4 X) (Firestone valve). 10% Pd/ C (450 ngs) was added and the

reacti on wiexonviagarat ed (House vac) and filled with ar gomCTaXpo1als42ams
stirred in an ice bath over night allowing the reaction to warmto room
tenperature. The water-white reaction (when stirring stopped and cat al yst
al lowed to sett| §XMMEPIH BaB-&thord-Uhmsphblind adyumta &) o Miairativd pgapdrad
diluted with ether (200 15m]znl%Decant ed the reaction saql ut| on fromthe dark

sol i d (V4 Bhgrgensindoigng P mind @ mmol) wassranglatsdynto g gL L yasHets brioaht ed
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light yellow or a slightly reddish pink crystalline solid (13.3 gm 90%.
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was decanted fromthe dark solid (catalyst and salts) into a 1 L separatory
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t heoor gaepagatlcayd( 1 HepaIMs QMethUﬂ%ﬂ@lﬁ@WMe@Eiis sedseneiot digolhvedhaeitybials)
addi tional nethylene chloride (75 . The conbi p)ed organic | ayers were
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cooled to roomtenperature and filtered through fluted filter paper to



renove a small quantity of flocculent material, rinsing with toluene (15
m). TLC of the light yellow filtrate (small aliquot diluted with MeOH, to
nmake the wethyligrebamat e) showed a single spot. The fi PCTAIS20MA34278
evaporated in vacuo to an alnost colorless oil. The oil was poured into a
250 Erl enneyer flask washing with hexane (total volunme 60 ml). Wthin
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EXAMPLE 9. (S)-N-[13-[3-Fluoro-4-(norpholinyl)phenyl]-oxo-5-

oxazol i dyl I net hyl am ne (11). Anhydrous LiBr (30 ng, 0.3 nmol) and

tri-n- butwbphogphi2ne oxi de (75 ng. 0.3 mmol) were addedPCo/Us2@53/084278- neck
round bottomflask with football 10stirring bar containing o-xylene (10

m ). The m xture was refluxed for 50 mnutes in an oil bath to
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(6) aw)sl) E, Z) - N-benzyl i dene- 1- (oxi ran-2-yl ) met hanam ne (10) (720 ng,

4. 47 )2 1Pn o-xylene (5 mM) was added to the reaction via a syringe in a
sl ow stream The gy 0, Wolals ' 1 Xxture was
heated at refl ux ﬁf%gmf%%d'ceg)o?{agwgﬁ%%%% ée{nn%lpgﬂg}%@go rljegfbi ?t o arapidly
sti rri rgrasdldyt]imethyddmine X Anéryditshlvkide. Ao fai Wenlpd-eedkpidttattenf ftaskedtht dtiating ur ned
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5.27 mm (409 me 296, 6.17 nm (38% me 296 (apparently the sang nateri al
si nce owastheatedée raflaxko fgymontlpan setnt®n2Thavergsemks obliion wes djaced ova 8% Chonl ( 8. 5%
me 51 9. 77 mm (6. 7% e 2 P=0). The sol.ind was di ssolved in 1 N
ren ¢ st TG and Aselling? ¥ 2T I Spanl L B OTARR PSPRSAPE 0 1 e

renmai niJagitipufbidtyl dilorfith £thBasIe whao addell)drépwisé. hashir! freapiyatbeemeg ainver t ed
to %11)). The solution was cooled with ice and extracted with Et0Ac (50
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9 d | . i . (L i . e
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| i ght ptirpd at 4216 8015 lbuslto bvemight ClVie Fhctorbway removed B%n thit @il2afh, and. 23 M
8.3%, 219 (Bu3P=0). Th | i di l.ved i CH2C12 .4 m d
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started to'elute omthe colu fractions were collected. 30 The first
t wd 5f r athyil engate dhkdidmeld anditieed aidewy ddvuemnusiig a Bir&torneenlea. sthewhhevarygalspot  Rf

-0.2 started t te. .F ti t ai ni th | . i terial .
400 m ) OB e et CBOMIOF aUS BF S rEso BRedr Er  SRIRE (710" mo,
549 ofthbligh b fIREr ﬁap:ér%ﬁo_ml@rle%e?&%ﬁ%@ﬁgﬁg@dé%qg)%&ﬁwlsal{dl@@f@ ne
= 296 (M) =0. LCMS RT = 7.89

. The faster eluting material was Bu3 mn nie
2109. in an ice bath wglxAf#PinE. Tiie resulting off-white crystals of (11) hydrochloride (430 mg,

S) - N ~[ 3- Fl upr o-4- (mor.phol i nyl + OX075-,.0xazolid net hyl am ne
(D0 e ety ARBBAE. e RIR MO BiRaea @ARAELLEY TR Y AT
angodr Waﬂ@rhpélao\ﬂaslfﬁﬂml@\d(DMSO—d@ 0 8.28 (s, 3H), 7.49 (dd, 1H, J =15 Hz, /=2.5 Hz),
(S)-,E 2)-5-((benzyl i deneam no) net hyl )-3-(3-fl uoro-4-
nor phol % @ﬁe&w’w&} 6§e§zHF,in?ﬁ2ﬁ6n%0?i@fi, 1Hz7d6= fid, Hz Imd il Hzart9E oA % 8 n ) .
The m to refil f | g3r _ut kep, 2l eagt ion
Sorut] ok RA"E, PR B 9 2 LI SR QIR AR 6y LIPTRAIEN,
HCl i n et hahol =(419 Hx,,3. 280t rathl)) =(pt Hppoed By, 4thad=dddilt,iJend. aHac BINMR

chl oride to. ethanol d dropw se. ite precipitate formed that 10
nent | bEH BT GRETR Scutniid: Biakar b 7ol ~cieHet Aol Re e Fes¥i ng. a
cl oudy pphijter KeRCYLON| R XtdEdd( Riopw & rpddity pp,Pusvent SH5! 40Pidg of the
precipitate), The reaction was

1H,/J=8.7Hz,/J=8.7Hz), 3.88 (dd, 4H,J =4.8 Hz, J=4.6 Hz), 3.82 (dd, 1H, /=8.5Hz, J

=6.7Hz),3.11 (dd, 1H, J=13.7Hz, J=4.1 Hz), 3.05 (dd, 4H, J =4.7 Hz, J=4.6 Hz), 2.97

(dd, 1H,J =13.7 Hz, J=5.7 Hz).

EXAMPLE 11. (8)-N-[{3-[3-Fluoro-4-(morpholinyl)phenyl]-oxo-5-

30  oxazolidyllmethyl]acetamide: Linezolid (9). In a dry 2—neck 15 ml round bottom flask with
stirring bar, septum and reflux condenser containing an argon bubbler on top was added (§)-
N-[{3-[3-fluoro-4-(morpholinyl)phenyl]-oxo-5-oxazolidylJmethyl]amine (11) (540 mg, 1.83
mmol) and CH,Cl; (5 ml). Pyridine (320 mg, 0.33 ml, 4 mmol) and acetic anhydride (470



stirred at 45 C for 5 hours to overnight . The reaction was renoved from
the oil bath and ethyl acetate (15 ml) was added to the white crystalline
solid. Thwo=olvBm22was separated fromthe crystals usi ngCa/udseémtims423%8i ck and
a positive argon pressure. The crystals were washed with 15ethyl acetate (2
x 15 m) and dried under vacuumusing a Firestone valve. The white crystals
wer e t regtoedh m, s mefdiuwerrgdethaqotntialy wiqg syainde tTe corslebd feagighalolidtioan was
gravity flltered t hrough fl uted fllter per into an Erlenneyer flask and
sl owl y ¥dicagd pbreflys mnie AR 8RN 2tResPheHe- gﬁl.le reastipnivgs faltowved kG Mg anghe

resul tipng, ohfc m dofnftéc¥ %§Iﬁz{1§algfélo£ éiﬂr):a&%qrsgﬁllﬁloﬁ 'irérggveﬁ%@ aﬂﬂlge 6afdedver e

collected by filtration, wash Et OH and dri ed c oven (House
20vacuufn)d with @GQCNlﬂlltbﬂ&N/er()mB@wiﬁ))n fﬂu§1n228plpstxe @I-ﬂ)amox'fe dlgudl(lchd) [AMISI = 15

ro: 53 2hguyRIg s g 415 . 300 PRt Tifgeagich 6qcqqfedy k Goyreng =5 g3

( dd 1Hce éo?d gatara% an NaﬁC@) Had dllgtea‘lvvlﬁfjﬂidltﬂﬂal @H‘Cl‘} éorﬁgmed] orgaﬂm\rka}’é%s) , 3.23
(t, 2H 7 (dd Hz) . NMVR of t he

free anmbec( wh:bst)le 6257mb>61c(5@d1d QTN 1 BOL @b 5 3 mﬂz))and priod (ddd, 1H,

J = 8. J= 1. H, 1 Hz),
2. 67 ( MG NG R Bt adbat gtheq it G2 GGy otyr R EalBhgy iy, )
Hz, J Véas@vhﬁératea iBRaduddo a Wlite TR s&lﬁnd‘ﬂ)hd\llﬂ ﬁg724'%) TL8.(CH,.COMedH,9: D= 13.7
Hz, Hz 3.05 (dd, 4H, J 8297 (dd, 1H, J =
13. 1@ HzRf 1]%4 eptlp&l)wu@mlg hllgzoh(dg))) |~Re|_c1;|}{§tahzed from tOAc (2.5 ml) cooling to
3-Flu i dyl | met hyl | acet am de:

[LI nezoﬁligy%gﬂ?@fvﬁﬂ%@?% Qc%ﬁ%@ﬁhkrg?%?o?gg%%t g?Sarngm f?/ask Wi %/h stirring bar,
sept um and refl u>(S)IErEjeln@nzgzlmehaanﬂnnmamom}goparb%b{1@1) BxnzhldphyegSadded

- NJ1 3-fluoro-4- (norpholin henyl ] - oxo- 5- oxazo] i dyl | net hyl ] am ne
(11) (&égﬁ%mi egranghid §m1aﬁ§d @ﬂz:cﬁfﬂ E%Wﬁs 85@91?1913.“@@6 {dss t%@lo@ﬁé§04ﬂd 4
mm') ad?)@Oﬁ%sk%vlﬁpﬂ%}ﬂﬁfall‘gﬁrr n%ﬁﬁr (r\é@l@x@%y Amfd %}%&gfnﬁ %fl&@&%ﬁﬁir 5 0.44
m, 4.6 mmol) were added sequentially Vvia syringe col orl ess reaction
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foll db 2 h | et I t of t
sol ut drmPerBvadet & 8yh Rligle el ee B et & ot resene R erera s ovgh o
cotton rBidﬂlgn'sﬂluﬁo@kwﬁﬁufﬁ)ol’aQed' RMIRoridsO UGS 8d dikfddBwih %@BNS Bi).The8 nmnie

338 (MH), 360 (Mt23). The reaction was cooled to RT, poured into ice cold
sat ur atsehltlaq waNgpigled oady déd mdébewltorweddd iwa O FOOHRIR 2t bimnied whitgani ¢

Iayersvva 2 HCl ine (2 x
22 1> SRR B Bl i) Dbl Ml i B Al B 1T gl
purpl e fﬂﬁdrpxn)d rethb@eChk O¢st Gﬁﬁledetérrb@ItVear e a@mdaioetdm Eonv:ARiHQ theQcrgistyi t e

crystalline solid (150 , 249 TLC (CH2C12: MeOH 9:1) 10Rf = 0.4 i1dentical
with aut H@n@vedfmm&bqquam( @rystﬁéédqagﬁ lymelisd dupipgthet Hapin-2cmled M agdet i ng to

RT yi el

(9 (e PRI HL S EhXTL LA SARNER P lecRaE e ine AR e e Rl e e

(5. 95 gecryQaltized frometOfaniodf ho2bexaing raneyic®memalNekhOtht(dF iggolBe maekipl byer e
addedtoalO round bottomflask with football stirring bar sulting
in a mifgiex ayﬂthgqiwe %ﬁﬁsyve%f/ érﬂvawgﬁwmnﬁhw%ﬁ@wd hltgepaper - %an%ﬁ§ )33
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t hi ck n iLuted.with ter. ( The solution was cooled on Dry Ice
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i nsol ubl e mat er.i al treatlf%bevmth Celite followed b ravity filtration
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EXAMPLE 12. (S)(E, Z2)- N benzylidene-1-(oxiran-2-yl)nmethanam ne (10).

(S)(E, 2)-1-(B enzylideneam no) - 3-chl oroprop an-2- ol (12) (2.55 g, 12.9
nmol ), resigenti/grade 30 net hanol (65 nl) and anhydrous K2CO32¢13/0327¢), 25.8
mmol) were added to a 250 m round bottomflask with football stirrer and
drying tube. The reaction mxture was stirred vigorously (rate of stirring
det er megesl woairee of CHeC Ny figaad tsougaipdtenyith Atdeon Pubisa GpSaslkepigderonpl et e
conversion to the e%om de (snmall aljquot renmpved fromthe reaction, diluted

with arRetsqionding 137 5ub, ﬁ@?/lééé@fﬁ%@wwk?oawmm oBFipethsrePexideRas £ i | t er ed
t7 h;gu% *}ﬁt@hm{ ﬁl‘ﬁe‘ﬁ‘ éﬂnﬁl AR 1t9951(sﬂbé{9ntia'i‘ f@ntiSRBP AR BRItk ed B‘%Ea?c%h on tinme

he net hoxyal cohol from openi ng the epoxi de has
r et ent iablowed mcep18>c6321 aviemighite The 2plofeedsstanivn atas ddnrdtwidnCHECly hi () mbtaedi al

observe f reaction allowed t roceed rnj : e co orel ess.reaction
Oae o 11l atpeht Ry vr D vasg0 v RaRETS SRR b bl o8 OF¥8I e wi ¢ h
addi ti qay%res%@@%sﬁe%i %uﬁgnﬁé %3 X Tloe nﬂ?fﬂ?ieﬂg Of)@(ﬂmzmh)%ﬁfe:%po\ﬁ&é&tws hed

with brine (3 X m), dried dg evaporated to a col orl ess

oi I (2. Cpl@‘lesxq@léfﬁ 1 gaquav@taydweb@ NUR (§®0W Ha- DAEDA1BIO 6. BHZQ’ Bs771H) ,

3 55 G 2 74 e dp S Byl ¥ %3%} SRR 3oy
mz 162 ¢Mm, 13»,,23:@@ 51T, 14418 280, 70 892 rO( G BB 6043) 14@@3@ 532, 91

100 ows essenti al pure epoxi de; used directly to prepare 11.
i

GCNE Réﬁ%tlﬂ%kﬁhlr%(%)iélm (M8 ghyws essentially pure eppxispppsed fgectly to
3-Fl uor(}e%ﬁg&)f pﬁ@'Mf@RPt%H gﬂﬁmgglﬁ; én]nh 0‘-'500 m 3-neck rd bottom fl ask
Rk ﬁ ' c arge

fitted anical stirrer was with 3, 4-difluorobenzoic (15.8
g, 100 mmol) and EXAMRIIE e -Flioge- 47tﬁ)onpsholuﬂibenmd©1d(mneAc$(manl 3akdkidon was

heated at reflux with 15stirring for 30 hours, The heating source
r ermved’OIttPB‘rﬁlatsﬁélttF@%fhi meehanical ifigrer Wat chasaeday ik d-4adifleorobeireicls- SOaaWﬁﬁe si de

of the Ifnlnaﬁiﬁn@%r 1n@(€7(§j%f7091q1 @@b‘rﬁlm&l? iz c@ar%ﬁlﬁoﬁsw% R O B \gltﬁ‘CI d

wWith rapid stirri roduct started to precipitate as the pH drops
belléw G;tlnTrtEfOpB@dmmerheehanaBg salrtevhenipyed itonhr the rontiamthivashba t hor oughl y

o oo tonlatned agby eRtis SR Hes et f, s o B T e PR SrteENe T Y

and CO!]Fy@chhﬁiri%C&ckpw@lQQa i sti’ihh? ﬁfe‘;frédhﬁg stafeb Y &t d;ﬁéépﬁét@hﬁﬁhetp@l cﬁ@ﬁsﬂbél@wt he
refl uxi ng sol uti on when the vol urme had been reduced to ca. 400

cryst alGs The peecimiiolestas avlleciodrby Eipatiantand svashad therougllyiveth warnafs0 @é'“mrh for

L o DTS PO SR8 R S (v Ve
Hz .2, 7d1§81v(11£gj1,n r&ﬁ'hmﬂg ethiﬁol%(bﬂlmlﬂan‘d cﬂ;ncdﬂZrat)ed tJ 2@9111([ eldth sBbridd,. Glyswl8. 6 Hz, J

8.6 Hz), 3.75 (dd, 4H, J = 4,5 Hz, J = 4.5 , 3.12 (dd, AR J = 4.5 H
4. 5t3tgd to form in the refluxipsqiiqn when the FPW&W@ h%l% fﬂ%wdﬁ@b‘ér&(& gl d&F d

j =
]S |4 @r%s%l}qazte V(%O[E%ttg %jom TJHI G0 dc&ﬁéd atnq{:@ h \f(cﬁjl_][etcﬂlrr GHET & sl?grmgz 008,

Iterature procedure of “Fujisaki et a erocyc
75, 168:]311&:&&41&)3( filtsatiog ab/Bedm wolv dhduse lviametv&}(’C)a(BCll g)\ﬂ/é%)y]iHaNMR $508bt ai ned

(i A R0t 4o 119 bt o ol B 28 Ty By £0 i eer

W b megnatl ¢ 6§17, § L GHRRAR PARICAT aed sWif, r]—”PB@il:‘?'j edad4ml 1 =28 Aol ),

sulfolane (5 m) and 3,4-difl uorobenzoic acid
2011/ 139232B(¢T/ US2011/ 034278

EXAMPLE 14. 3-Fluoro-4-morpholinobenzoic acid (14). Alternative
method. This compound was alternatively prepared following the literature procedure of
Fujisaki et al. (Heterocycles 2008, 75, 1681-1694), using DMSO as solvent. However, a

30  lower yield is obtained with this method.

EXAMPLE 15. 3-Fluoro-4-morpholinobenzoic acid (14). Alternative

method. A 15 ml ACE Glass crew cap thick walled vessel with magnetic stirring bar was

charged with morpholine (5 ml, 28.5 mmol), sulfolane (5 ml) and 3,4-difluorobenzoic acid



(1.12 g, 7.1 mol ). The vessel was sealed with the screw cap and heat ed
wth stirring at 170 to 175 C (oil bath tenperature) for 3 hours. The
vessel wawocoulem22n an ice bath. NVR (DMSO d6) of the pceaispéitiase7$ or ned
froma small aliquot of the acidified reaction indicated conplete
conversion to (14). The reaction was diluted with an equal volume of water
and 5 ac¢ildig 7ddninol)cahe pddsd wad sSalvd tvith hdNschyvd cgraiddtearedaditdstiniihgat oul t i ng
white preC| piitate was collected by filtration and washed vvlth ref | uxi ng
wat er (1807 § (@16DERIGIRRETIHES) FADRYTS: dfhe ¥5rs5hBRT FROIG1) 828 dFA Rath-dEMEt hat
appear @RrsuR} of it Bleipiti oA RSN HlaRbl SHnd&AkFCd Machidhhdidichine
NVR) . he ite precipitate was dried at 110 C under house vacuum (1.35 g,
81% anctonex]:ertgl stradetsiagen (4o rﬁ heetdrdino lwas Hil0ted ,wiBRarbddual idivRf (560 aIM-Iz

DNS? df) Cslafi ?dgté Q_]glg Jtog’: vgt}B6 Myd?ocﬂf@)c&c%) e%es?lljtln(gdﬁntezﬂ_'emﬁlta_te Wa% HZ - % -
4.5 Hz)oollgeté@bﬁ Adratibiland wasl‘f’ed5wﬁﬁ reffuxn 4;34 v@téf'?%@ ml) to ensure the refrOAMRIE 16

Scal e-up of the synthesis of | uor o- 4- nor phol i nobenzoic acid (14). A2 L
3- neck rn@nph@hrtydtytdmﬂhiqraig Kthfat @HP@@IF asi tvie tripletsdnit@bpvesth mOéphqimd peaisifox

condens line (700 00 m to the
stirrin %)sl\gﬁﬁﬁ ﬁgﬁg )g BWAS lélcf 51 te ¥if Féocg%tblgﬁzéu@ dear(:}l10 Sf iﬁzjmaadssn%l )
(Anpl a@l@mnd ﬂ’é@l)ysta-ﬂfk%d @ﬂoﬁamemhw(u o, VE2s5 % AHaUMVR (SOQMH% ma@oad’ia)e& 29

hour s gquot was renoved fromthe light yellow reaction

soll@ti c7n69 @cﬂHpJ r§d4 W{)W%S (Mt brd 3tHdzdretbili-b dt (@é,sl%ﬂ&r §odir-by 1H NVR
DVSO- ty t ct t a e of the

ar omat {6 pakice ARdg g 13 13 Tl LRI o M ZRIRET O

reacti on was al | GWeAMRLE b®| Sdate- h{@bbolve l@ﬁhébﬁk(bfeﬁqﬂum% mr;ﬂfouhbbenamlcdl fied
H1to 2) wth 6 N hydrochloric acid th d stirrin nitial

ég diti c?ﬁldo(% r\{&ﬂéﬁw&gk ﬁﬂuge\kp%llnﬁlﬁsk 'ﬁﬁéﬁ\ﬁ“ wi8 r%ecglﬁwlélf%%%ﬁgcwe'ﬂﬁ% clool i ng).

The pr %H&énséﬁ@és‘tﬁlaf d%lﬁf:ﬂngf Blife @7@0?‘? ®H1 f@nbﬁ aH@Itcp‘Eﬂe@tlm SoRftRAi Pitate

was col |l ected by f ration and washe orou ghly wth hot (80 C) water (2

L) Ibo ewmswdded Bd- dlﬁm@vbetnzofc acat @6BIgi hmOhM(a\nmdhChﬂTndecx Thatleappdera s t wo

triplets jys bove  t he rpholin eaks for (14) in_.the 25 The white
br eoi piEae Sherdng ol TIEBRGS thfet gt vat it R ARt b bidoed by
di ssol tkfgioh RoRtibRNRIdifidh '51‘[1}5 NP GRANBRPrE@DikROwhOaral el bYWI'HINSIR T i NY.
Crystals started to formin the refluxing soluti on when the vol ume had been

reducedDMS@als) 3h@ving tha ghegiegasioalverswemplatoby e ab@emgoﬁtlle@man peadsiat ri ng,
e R 08 BBl e s B Wl "R e SRR SR R R P

dried in vacuo et rm i denti ca t hat

30020r thengraduaterdlgsadidibied (JH 1 th1e) RitBGINUSdPelagE agd with rapid stirring  EXAMPLE
17. 3-Fl uoro-4-norphol i nobenzoyl azide (15). Thionyl chloride nethod.

3- FI uor(8utaal pgdisien |0f AYHdRL adrapy ise Puithen 262 sloymtread withtoolina hhst hyl ene
chlori I
b A e AT
chl ori dedWshd! thbrou2hly windohgt (&6 8C)dwyteDIZHXt0 eRsuré )hewemevﬂdxﬂ etbrplmlinke f | ask.
The m e was ated at a gentle reflux and w utes a |ight
yel | ow a1l GRe (G aredna’ GRS TRIGE L V8 dhsmtebolinneaks el Sinvets heat oc
at osef | VR Ofhehwhifd E?hw%@dﬁ%&@}% eder ﬁélsé)vaafun?-amlnlysﬁ 17948y of the
reaction that was I'n methanol 5(to formthe nethyl "ester)
i ndi catddgobongpinetlmnobivel sarmhcaneertthagioncd d.Sdhwoh isdeingTOeystalgdtarted to form

in the refluxing solution when the volume had been reduced to ca. 3.5 L. The crystals were

cooled to room temp with stirring, cooled in an ice bath for 1 hour with stirring, collected by

filtration and dried in vacuo at 80 °C (172.5g, 77%). 'H NMR spectrum identical with that

30  for the product described in the previous paragraph.
EXAMPLE 17. 3-Fluoro-4-morpholinobenzoyl azide (15). Thionyl chloride
method. 3-Fluoro-4-morpholinobenzoic acid (14) (16.2 gm, 72 mmol) and methylene

chloride (180 ml) were added to a 500 ml rd bottom flask with football stirrer and reflux



yel | ow sol ution was evaporated to dryness in vacuo providing a |light yellow
solid. Hexane (75 m) was added and the flask was swirled for a few

m nut es. Wbeohensaaze was evaporated in vacuo yiel di ng crPsTaiSRinNs34288sS.
Hexane (75 m) was added to the crystals, the flask was swirled and the

i ght yellow solution was decanted fromthe white crystalline nmass of the
10aci d whl@rsed&hiohhectiolided 198sm2$6 alv@flanddrigdBVIBNe.7(i2) Gvend Jddat t¢ them t enp
and the_ solution was cooled in an ice bath with stlrrlng A soI utlon of
sodi um Bk dEN(RIXIYT vt Bedpb Y2 satigatisr rdonthn § weniadaey igdt ¥sllefow st ream
to the dofpiofllimi dnfiloA0 A sQl'Bsﬁchl e QBacrifn WAL har AWK (RUSGhRILK! ©
formed in the reacti m xture the tine all of the sodium azi de sol ution
had beér.Qdddd ], MeOH % : Havha wasll alﬁmo‘t/eﬂthame:hcnelpﬂmt:wds ndniched inouethdreirp

r bat ter 15 utes the granul ar precipi. e had_di ssol ved and
e St wdCbttadns SRl sie yitiircrranadct BparyoLErfs Bt Shoudl ookl 45
M nut esye]1dNQoNRRE tWaQ @Vé(@)?atgdl td SRl Wit Oac'%tp%/\h@lﬂg aQ&hpyélﬂ)%v {ol@OHBkaneand t he
| ower col orl ess organic | ayer was separated fromthe upper |ight orange
aqueoud7d ayewas add@daqdémi@smxgpétswwbesi fexa feye merhtey. {1 he ladchnt: ivonahapeeathy| ene
chloride (75 ml conbl d or ni | a h h |ce cold
10% ag. n Vg Ot%el)dm "?Fr}e Eﬁ](el(gg rrf Yva df §r| ed Sefl g@%%stlnﬁ Ul fate

over ni @erledr Rl e Mgmgyeﬂgmbmma WS ey dotyorhithd whitd @dsvstande fies eBkiey | ess
solution was evaporated to dryness in vacuo bath tenmp 3502 formng a white

cr yét gqudrféﬂ%r&e. he pelidavies ctlmfwri)m aresonsdda@ mahy rogre t‘éffllyﬁlﬁcb hleusméltlﬁa%%wasd
e o giep TR PalRhf e, Ausplbh 8F:Sthh OE PSS I REXEDRY BEC

t ur ned b ewR addedexsposew etréamn tdvthk irglidly sm:m&&eéctﬁﬁ selufibn 6A @hjtaigi-dnaidr deconp) ;

h fil 2154, 167 1; 1 NVR (125 NMHz 1 17 1, 154.
145( })7'5}302@#22@@2@ HB%“E rgaf(i:@l ngtufefb/y By tlrrefealwf thy @%%ni)mg saitlon hid E)5(AI\/I(:)>EE

18. 3- K Uph@ied: TRE f&@%ﬂhﬂ%%&%%d @r&i'l‘égla Ith E?&%ﬂ@ﬁ#@at@%&tﬁcﬂh&f jgle
met hod. 3- Fl uor o- 4- nor phol i nobenzoi ¢ aci nmol ),

metlfy| eneuthltior graeul@iFeapitatahad qblla@érﬁdmndshqae’m pimm cﬁacd@n f(OIutIIsﬁl wm 10.5

nmol ) wer. de bottom f | baI stirrer and
Tor i TEOANGHEER an g P MonlsSoleariiid Wi Rt hmaB A shioBH  op ¢ nat
had a | 5@nEPriHaas: Bl @oRrBist draRN alyainkad &Ba@te@'ff&ﬁtheﬁ%bﬂlhg{ﬁ oftinlgk 0gen

i nfl ow and a line connected to a drying e t hat to a gas scrubber to

trap hmnmdamlﬁm@eewdaw‘m@s nmaqmdewubgdméamaém@éhﬂ@eg@mﬂd@ emlux for
90 M Yt 8 hind0, 204 L 2RAPCTLAERON Q4R Rt T g ookl Sl LD

reacti on enous ow' solGtSn 5) of

a <0al I(1a(b nmmid difedtoher Jodagh k@lfté BRimivas Ty Gf\ﬁﬂgﬁigdnﬂwaﬁfdﬂﬂﬂeﬂ b tfdrftvnm t he
met hyl ester) indicated conplete conversion to the acid chloride. The
mi xt ur engdle exjeror selation waueyARaEsed ta dypesbInpraeY? diaryterp 1 gkt fy@inow sol i d.

Hexane v(fl%?e &f}talmé scﬁgid ?lgxﬁﬂ:d(7§ rﬁl?%ﬁg Lcﬁﬁ:ﬁ a8 theX t%lﬁge £QEs \gasf ﬁgeg"anu'[ es. The

hexane was aporated 1 n vacuo yielding a cryst I ne naess. xane (25 m)
was add¥dCiollietred by ﬁmaﬂo& (wltheutfwahln gwaish Bemand:)enhdancﬂrieﬁQlSGS gt 8@h) WBE

decant ed fro i eI | ow cr tals he smal | anpun hexane

r emai ni (e Hflfﬁ >@39\§? P§nﬁJ§§PP éweﬁﬁr%%expﬂ%greéew&%hﬂowgé has

di sgol vegy & "C%Rﬁ&ﬂ%eéolﬁp)”‘[ﬁ (tﬁfn f‘ilﬁﬁ@l%@”ﬂ%%%ﬁlr 93@NMI@(1%@|MH‘ZC’@D@‘1 )%Od' um
azide (3. 25 In water m) wa added to the’ rapldy

stirring0gdl M4@91 143“1@@ 12m72]oﬂa§é6$(blh42 dd7r3én@6 ﬁ@d’r%i?ﬂ room t enperature and

was Vi gorously st e tals forned
in the reaction fﬂf)&é&fb@gﬁé §gﬁr‘eﬂr°'%38‘f18 ;1 ﬂg% la?g‘wgﬁo% °'Yhe reaction
t o di ssehmenibhee ﬁfeﬂﬁ)ﬁa|3SFluﬁfot4ﬁﬁlo%l@thwnzI)1|&€hc 4phrased 0l Hhhhfin, was
transf?réred to a separatory funnel. TLC CHCleLPﬁ;iof the two Iayers showed

t hat nosethyeng gldopdnZoynl) end phasghorye geritaehirid @rent. ey mnphewdreweded ayer

W80 toa 100 ml round bottom flask with football stirrer and reflux condenser. The reflux
condenser was fitted with a T-tube on top that had a line connected to a nitrogen tank for a
slight positive nitrogen inflow and a line connected to a drying tube that led to a gas scrubber

to trap hydrogen chloride gas. The mixture was heated at a gentle reflux for 90 minutes with



15 extracted with nethylene chloride (25 m) and the | ower |ayer was

di scarded. The net hyl ene chl ori de extract was added to the upper |ayer plus
an addi tiwoab11237222 of net hyl ene chloride. The |ight | emrom/usedlom28®l uti on
was extracted with ice cold 10% aq. sodium carbonate (2 x 10 m), water (25
m) and dried (Na2SO4) over night. The drying agent was renoved by
filtratstiomgand tiikhaneah®reaydn Wiy Shdrtit dedbukght geR@O KAt tIL.@r yness i n vacuo
(bath t(%\%QSSC) 20to a light yellow crystalline solid. Cold hexane ( 15 O

(15 m) LaMeRH: 4xd) phesnallpiauet pf thereaciier that wasawenched indpethansy (to
filtratd,on panded lresgyrj fdichRd 3o gle%zcﬁn'verﬂog e Q:ui-éﬂ()ﬁdlé ’I‘B@ nggure QE&C]-B)

(spot turns bro on ‘exposure t C (w thout
deconp)evap@at(eti o dryhedsrip VZGLMrOWGﬂ@ ad[ghl yelchv NNR H‘ﬁ@ﬂld\(ﬂﬁ ,mlIDWBOiGHﬁ)l aﬁd 7.76
Hz
2 (e Tk Vi e opa 2 el g hexbisai g ppraiegiy ool Yielgng 5 274 6
3. o'i_’ys(tQHne thiks. Plexarfe: (35 Hﬂ%wﬂs a’dd%dzo h%)cr%slé?lQ thMRask e Milded £1GhS) 6
170 88, 155.11, 144.78, 126.73, 123.90, 117.60, 117.38, 65.82, 50.04.

EXAMPL Bomon uapidgemeedsrom rtlpml@ght iyoben zwtalsaifhd émeli §9noumu af énenmq rv@amm od.

Thi s cQnpo nd be pre ared fro one pot actl i ng
pecta” FRCEE o0 B BReRE T wieh® oty o B 06 A5 onleB o redt b

pr ocedut oddh teﬁﬁpeﬁjd’t@ﬂ’e @l aablutiodyh socﬁ&}ﬁqm (2093m, 368 mrﬁ&Y Irﬁalﬂ-t):r (12 ml) was
EXAMPLE 20. (S)-(E, 2Z2)-5-((4-Chl orobenzylideneam no)neth -3-(3-

f1 Uér o- add%wdh@rquﬂp ﬁ@tﬁyltg)selva@m Thei thoxhgpresodution remangd @ rrLtieBmel(aMs

i 19l Peck oM Qe ARGl A i R R B PR B e s

added tftask. R&Otiodal 3eat@ck(10 dnlpotat addeltagie raadtion fto diskald thetclrjfsltalsngAﬁa[r gner ef | ux
condenser that s fi iﬂttEd with an ar?on inlet valve a si dearm

dr oppi MY tmﬁm) phasgesobition yyas tiggefered [ aEdariry 3eng- E&tfggcalil@sa?fs% fWe the
Li Br bﬂaf’éﬁ}{o%'d%@z{tln}[os{ Smﬂ}é bRk ?@Eﬁ()n@é’ gé ﬁtthé {1%}{}3? laglg:f TR 10%&: lgirerQ\flast he

xyl ene. A solution of 3-fluoro- |no enz zide (15) (6.25 g, 25
rrm:llS) anta¢ts) with,riZgth Neifedchd driidsr @D eml2 gﬂhd deneyerlayeoxias almczr-deojll Themhthrym ne

Fiomel chitthias 83t TS aldeliotid Ve Favby Bl oo Bl 35 S Pneliet GBS | e

sol uti OFhle h ﬂe’ﬁ)on%ﬂoévls@)uu\éﬁ%va@@ﬁ'@@htéd@lth@&Cctoncpm%(ahuslddﬁﬂn E%G@ﬂe m&l ow.
The reacti on was heated at reflux for 30 mnutes, renoved fromthe heat

sour ce drmalgwatei €3y mh) aneédeed (Fa80ghoviel nigbd The drying p@pﬂéwaﬁ pneovgd DY dr oppi ng
&ggngld élﬁaté?ng&)n\\,%eﬂsl% le? 10n, ayellgyvas%} yltoétv%srelv%}go?atlél(? k drg?fé[:ses'\ Qacuo Qae[?g%apn%nf%)m I on

fine |itg Iathgyieyélw ayeaailipe salice Cold hedné as “@rsl 5anl) kx&@fa&&isdtahdfthé tistat i on and
air dried 7193 68% . Recrystallization of the yellow solid from50 m of
t ol ueneref 19W|Cﬂé%t HWers @@ﬁﬁ%bxﬁlﬁrqtloa@aﬁtalrtdyleé1(2ﬁrgs b GBrshilalGilics eeded) ,

S
65% aflRerhinl fiyin@ 164 1\6&6 em- it H4NMR HONRz ( BRI OvHEZ), & DW/BQdd,G])H g 8938%H4,s,
o' 3228 7l o By ¥ e ks el 854 Tg w3y G 66
( m251H)3 834(d%1241(1dﬂz 436"Hz JJ 4% }&f 5 (cﬂd thBJﬁ zﬁii{z Q77 1(19)0' 13C1N|MR]( 2 817( ;Zjd J
1H J :MHB QDEIii) 82D7J) &8 55$1H2L44J78 12L6 B, I-H2)5 9031 B776(( dd;l? 3&%@5 8]2 504)48 Hz, J =
4.7 Hz), 3.05 ( quXAMPL‘]E 9. 3—?’luoré—4—morphohnolf)|zl)120yl azide (15). Alternative
method. This compound may be prepared from (14) in a one pot reaction utilizing POCl; in
DMF (Vilsmeier complex) and NaN5 following the literature procedure of Sridhar et al. (Syn.
30 Comm. 2003, 33, 607-611).
EXAMPLE 20. (S)-(E,Z)-5-((4-Chlorobenzylideneamino)methyl)-3-(3-
fluoro-4-morpholinophenyl)oxazolidin-2-one (17). Anhydrous LiBr (168 mg, 1.9 mmol), a

0.1 M solution of tri-n-butylphosphine oxide in o-xylene (19 ml, 1.9 mmol) and o-xylene



EXAMPLE 21. (S)-(E, Z)-5-((4-Chl orobenzyl i deneam no) net hyl ) - 3-(3-

f 1 uor o- 4- nor phol i nophenyl ) oxazol i di n-2-one (17). Alternative procedure from
i sol at ed weaeyiarsarze 6. Anhydrous LiBr (190 ng, 2.2 nmol pCan$2011/034278
tri-n-butyl phosphi ne oxide (537ng, 25 2.5 mmol) were quickly added to a 250
m 3-neck round bottom flask containing toluene (110 mM) wth football
stirri ngotan .wefe ddfednd a A50 pPi3Agck udbettonMilakk &ithEo@ball alrting &iid, teflugondenser
that had an argon gas bubbler on top were placed on the flask and the

mi xt ur é%@?retgﬁw%ﬂfe&m%awﬂeﬁ sdetgpiierang agan mal YR grermineeiventlo di stil |
from t hgahaRk Ws HeARKd f6:B0aARhEQRE GRLJIVe fhETRNEL YRSGbpich RS Hnidvilg i N a
clear solution. A solution of 3-fluoro-4- 30norpholi noFsoc anate (6) (9.5
g, 42. 8varerdby)distriting St caE10 &) of\thd xgleherdbentign od&fleerb-4-morpholinobenzoyl

i - 2- t i 16 9 , in to] 45 inth
c(JI?)c()I :)?rr‘!i’jldfsﬁ%?en@%ag&?fgﬂlg 8 fé?éE%ng ‘)Z(lc J(lf}qb:?ﬁﬁl&?ﬁg)?ﬁ(ofi‘@fl%) slt P eameover
15 Uity 610010915, 0€ 0 @A bOR 1150 b vestabiea eff droppial ! Ux an

additional 45 mnutes, cooled in an ice bath and seede )
2011/ 13022 pairddedoiiapvosa @nge raburing regeiion with sfisingads the setutignebpl asd anount

of lig ello stals. The reactjon m xture was cogled.tp -.15.C
over nt ghe S RREESR Ry PRk FRG HeTh EodRRoFEGeRTe bRPIRATIY ana

washed minttes Gehdvéd AmGhe hadt Yeee 4l xalidy filtdre@ftotldl Beted filtbhgap¥Ri@iim oven
at 50 C (12.7 g, 71%. NVR was identical with spectruns from previ ous runs

t hdf wetrepnieg fupgeldpireme § s GeatitepfdnsExas/magerpp The warm solution was

(S) - (E 4z ; [ | i denean y (Ze

fl uoro- hﬁéoﬁ%&%ﬁgﬁ%gﬁﬁﬁ%%%%%oﬁﬁgﬁ% 2%1%%%1%((5% gﬂ)A%tfg}enlé%hlt \}/’%HOB}I ocedure from
i sol at gqaedigiaty foraice ti{ab vau soligtedegndiantion rdoait diéedet7hleg, 860 ))aReagitalliystion
instead of |ithiumbrom.de and tri-n-butyl phosphi ne oxi de. Magnhesi um

br omi dé)félﬁ%ﬁﬂéwoe@f@%g ) of Polpghs) (iltghed T fray e s Bl gty 05518%11%@- neck

round -l N 3 S th L bar. A
o i o e R et e torsa T hat R, " gon
gadSbubbiterere noliagpdierfdtptiaced washed evithlcatktohrde (hé5 pi 6&%ir dtewdsyiimest ed t o

et ux snder, Argon RiRALHLARD, Pidold I8k REPHINIAY I aBgLE, () (095

chl or obeswyub dengr A exiduantiZ- 1y 3 saihanans pe, { 16)0 G9), 822, (dd, 11913 9.bn
toluene (8 mM) was 15added to the dropping funnel and the sol ution was
added the,Jied.2 &) .uhkdngnrddctildndd.lHa I s HiwHst § edt Bebrt.05 (dilnli.dss 8. T,

magnesium hron erate i nto ut i on the resultin den
yorl ow bt an dal R feh=a Tt e PRI 35 RET S b Y Y R %R Ee et
anqosegded s HAIWH 1.0 B),i13087 (d, 4141 vat4 9 Hzof =yel How3©syed adis.] Ths Hedct i on

m xture was cooled to -15 C overnight and the yellow crystals were

col | ect®e@HBY filtration and washed with cold (-15 C) 20toluene (2 x 15 m)

and air dried. R Id 4 i r | : i mal |
anount of insol ub %Xﬁéaﬁg?gﬁ%%gﬂg)aﬁ@ﬁ%&ﬁ%& ﬁ%e%%%}l{ggﬂﬁgﬁe%bgggégm of
yel | ow faroystahsrphdltmdghenyljog aAdi diVR osip € £1)r Whewassive geretdwralfrom isblagidect ra of

Comound (Ll SILBLBILLSS (4, Dot eeraatallized tamghuene. @

252%02%’ )ﬁﬁ&éﬂ WERNGARIY AR 134 2503n( BnédUBlRa fodBh PRA! denmapYdiharazol i din-

(110 ml) with football stirring bar. A 125 ml dropping funnel with side arm and reflux

condenser that had an argon gas bubbler on top were placed on the flask and the mixture was

refluxed for 30 minutes under argon allowing toluene to distill from the reaction flask, to

azetropically remove water, resulting in a clear solution. A solution of 3-fluoro-4-

30  morpholinoisocyanate (6) (9.5 g, 42.8.mmol) and (S) (E, Z)-N-4-chlorobenzylidene-1-
(oxiran-2-yl)methanamine (16) (9.2g, 47mol) in toluene (45 ml) in the dropping funnel was

added to the refluxing reaction in a slow stream over 15 minutes. The golden yellow reaction

solution was heated at reflux an additional 45 minutes, cooled in an ice bath and seeded



Anhydrous LiBr (ca. 2.4 g, 7.6 nmol), and tri-n-butyl phosphine oxide (6.0
g, 38 mmol) were quickly added to a 2L 3 neck round bottom fl ask contai ni ng
0- Xyl ene WwbQOniiB712hat was outfitted with a 500 nl side acmiuseapps42gs f unnel
and reflux condenser with an argon gas inlet valve on top and a football
stirring bar. The m xture was refluxed for 30 mnutes with stirring 30to
azet r opesubfifg @anke f@inatiornoith tapiclisssaiuvieot light yelBsw biysdiss The kdaogorofixta@. 50

of the xylene. A solution of 3-fluoro-4-norpholinobenzoyl azide (15& (90 g,
0.36 not3s Cgﬁ@d(tg)ﬁ( @ OVZ)rmgpt(aAld the hght yellow crystals were collectéd by filtration an

chl or ohenayd bvﬂﬁ '&'é‘l)d d(lrs( ‘@ﬁ't&%@n@(ﬂﬂ H‘Eﬁ%ﬁ%}eﬁ% (h%@ac&ﬁﬁ ofen &-586% t@'?

o- xyl ene (400 i ssol'ved by warmng to h stirring in a %

Er | ennellép). Nﬂ\& Iwa@ abbdiioa Wlﬁespeptwmszlﬁfom@remmmiMBWEEZE’@WtalﬂiZ@d.ﬂrbﬂB4278

t he Erleghg¥er flask initially assists the dissolution of benzoyl azide
(15?) Pr-aced in the dropping funnel and added to the refluxing reaction
With stirring overxAMYLE A8 (tsmegqlw(c(n@hmt)b&&?md@l@glmﬁ%%emﬁ Adgded the
reaction solution turned gol den brown and gas évol uti on was” observed.

( Caut i dtvonet- m@'ph@lmqpb@lﬁma@nlsﬁlrda@n@ éll)he\ltyfasatlév prqgtsd@ﬁ)frommelateéact i on was
heat ed .5at _ref|ux _an addltlo 3 te bat
ctrrrtArt P R R Rom? oMbl Ehe GOR BT e b iRt dtalt Fon.

The mi xtily-But ogﬂm{eecdq@/emagrwaﬁmabronﬁ&e @haaté (umﬁml ghB nYrﬁbﬂ) s adyestal s
were collected by filtration and washed with cold - 20 toluene (250 m).

Redfy stadry 22 aul hireckfrounbbefiom faskeqpneaining gglaene (8 mlyyith f 2111 Srgne Pyl dene

filt |1
quant ¢ B SRIAE (e ST Mo bRl B A b BLETRERIETE ' 200
(al I owitogwieee goad dnahe Aask atrﬁrth@maitureavam Hehted tto rerﬂumgmaaohrgdnenAlsaluann bte bath

for 30 mnutes) gave off white crystals that were collected by filtration
and wasTREOHRE L RoOBIdnporaaEe (890534 138 map) 8 (8t Ridg i ' vacuo at 40

C. 1H %r@%‘z‘?lﬁd&%'ﬂ%&hh&%‘ E}%étﬁhntaﬁﬁﬂe 1%? &(%% Rt (IReSS (shR W the

pr evi ous par ag

[ 3-161 ucddedito(the dpippingrfym)qb ladhthie] SOlelOH Svas @xdedabitlytefloeingyédctian ét asiode:

Li nezolid (9 ternat route fram (S)-(E, 2)-5-((4- . .

chl or ob&fi O)VEFeﬁI l?ﬁt?‘Fo) tASA"F 8IS0 ‘%’1“1? ‘i&%éri‘zlt)e PP@PE‘&F(S‘P PABEAEHY! PP di n- 2-
one ( 1@olde£%/eﬁ0\1199acﬁion Rxgis lﬁ@it&@ﬂ@ 16188 ForWstrhinatel QbRAlA af ideHatiehddEdawas
added (17) (2.09 , et hyl ene chlorlde(15 nm) and water (15 nl)
foll omedslli)tyngllzl the b@mpbyqll@waarmalﬁOTMemtlonzmmrwas yoolaqthe AP Xt ur e was
rapldly sti.rred raomte iR 15 mnute I

Corut s erisalio BT, SRR ol my Dl B b R SR e

or gani aoluayeR Was ) adaidadd. Rbayaquieis frayesluwas 10ashadmoling saddi ti onal
nmet hyl ene chloride (15 m) and discarded. Methyl ene chloride (15 m) was

added tanquakokifeipbls maé@r@l by g vty dilergiinng ﬁ}épyédeé& UEMoH YaH_W ﬁés@f%@ﬁz ed with
2 N so nPhN r on in
an iced{)at . %@gﬁeggu%% 1%§1c§ﬁ'e\%r%1§/gp§@ Pr om&tﬂl{llﬁeo%rn ga(ui:’{)l%ér}\gp F Iggatg%l:ﬂetl o
anhydriwlﬁetekrﬁtaﬂlzedjfﬁonﬂmuenev\mdad[dm a)bive at once to the rapi dI y stirring
solution and the s, stirre roo e 10 mi nutes and was
neutralized to pI-II{SI? W@ﬁ?mﬁ@%ﬂm Wﬁ}eélﬁl Einéé @Z) g(%‘) The organic | ayer
M%ﬁ?%[&&l%iﬂz?l&fkn%ﬁlﬁm%ﬂ%cﬁ% 3 @Y8lor YRS %ﬁ%ep%nm&xazﬁﬂﬂﬁ 9'&1@%&7 met hyl ene
chloride (2 x e conbi ned organic layers were 30 dried (I\/gSO4) and

evapor a%ldddeWS\laBu@at dia, %élmmioflfmdstnm -blutykphospdhemeystidd (6.2 @d38 momlewhnel

acetate Ss flu t 0Ac_and. ref d.to a volune of
20 i) i SR ES  of e ap Piielom B ap T S et LT weChE ana ot or
30 M NWueSttIoRies 50@rrfl@1d|e(éﬁml@l@&ﬂi‘nngﬁﬁﬁn%‘nﬂ@efﬁfﬂ&h@érﬁ%eﬁltﬂ alBr®ncab lgat ed by
filtration and dried in vacuo at roomtenp (1.1
valve on top and a football stirring bar. The mixture was refluxed for 30 minutes with stirring
30  to azetrope off any water and to dissolve the LiBr by distilling off ca. 50 ml of the xylene. A
solution of 3-fluoro-4-morpholinobenzoyl azide (15) (90 g, 0.36 mol) and (S) (E, Z)-N-(4-
chlorobenzylidene)- 1-(oxiran-2-yl)methanamine (16) (72 g, 0.368 mol) in o-xylene (400 ml)

dissolved by warming to 35 °C with stirring in a 1 L Erlenmeyer flask (adding the epoxide to



WO 2011/ 137222PCT/ US2011/ 034278 g, 65% honbgenous by TLC (CH2C12: MeOH 9: 1)
and LCVS (Method B) 5.71 min me 338. 1H NMR ( 500 MHz, CDC13) 6 7.44 (dd,
1H, J = 1M80&0Hz37222= 2.6 Hz), 7.08 (dd, 1H, J = 8.8 Hz, PATAIS2016/0842y8 6. 93 (
t, 1H, J = 9 Hz), 6.1 (bt, 1H J = 6.1 Hz), 4.8 (m 1H), 4.0 (t, 1H J =
8.9 Hz), 3.87 (t, 4H, J = 4.5 Hz), 3.75 ( dd, 1H, J = 9.1 Hz, 6.8 Hz), 3.70
(ddd, ltht Edemndykr 6la8HajtiallyasOst® tHdzdissdlurioB .of béitzpyl &ide2(16Ptwasidthced iFthe4. 7. J
= 6.0 M), 305 (t, AH J =45 M), 202 (s 3H): [U25D 13 0fc = 1.00,
Et OH) . ApPriiupead adder tegheretlyxipgdeiction it trripnoyaid frj At thgrselusion &f whi t e
crystalg ; oXONVE E

(S)-N [(? gﬁaél?l]f{:l E}g\;’v%s_ zﬁi_ded the reactio bE tied Qﬁé&rﬁﬁ&@n%d%&@&%@&ﬁo% Wis

( mor phaibiserytd. g euydnl rod xoadst tor azodliy diyk tovéiclpb badetiari dbe rdacnezwhs beat®) . To a

2 L_3 neck 10 roynd bojtomflask with overhead, stirrer s added water (425
) 5 1 R GER R Gt opat h Apgee ¥t A AL RGP e (340 1)
and ( S)er{dmlflrorr thé golden yellow-brown reaction. The mixture was stored overnight at -15 °C_

chl or obenzyl i deneam no) et hyl ) - 3- (3-f | uor o- 4- nor phol i nophenyl ) oxazol i di n- 2-

one (17ndBslight yetaw 4rystabi yeneicaleated by filtatiomendiyhehed vorl eid ¢80(€5 i ). The
m xture _was i stirred .at om t an 1tB N30 m nutes a two-phase
cl ear ﬁ[81r1r18réee{12§§srﬁ:1 i‘gﬁeﬁfxséar%h agp rrlngd.ﬁle‘f“rl'ure(Fr (¢ Sgatl%’,\t)l?g\/%sﬁos ﬁ“rog glfl 81° 1 hour and
t he or grigerey ehd @ukiWerix Q¢ aidr addiay €lelive® réins ¢4 dasl] qddieity emmsolyigk! ow
aqueous | ayer was washed with additional nethylene chloride (200 m) and

t hd OmretgtPiafeandyicduxine daws telp gehmererf. 700enlHyll @i dp coplite eoqna peratuigas added
to the a r Ut 1 toa 2L

Er | enrrla‘€)lgl§1§[¥)r}4 g% E{?&’@Sg e %CE%Q%%EE@%@‘?ﬁéﬁég%n%t ra ic}z‘;esgﬂf%lg{:‘g&ng 7 with

i ce colabllectddl Biafiratioa and Srasited witth t@td sdludrel (89.2tg) 89.30) edetridoying in ¥deeo hce

bath. The reaction changed in color fromyellow to colorless and a white
preci pittale %N%%?Pe?ﬁ@nﬂé@%kwmt@éﬁhﬁ/@adwqéﬁwﬁed PeiE PIYPY] ask and
aceti C,%ﬂm%}lﬂ;hi' de (72 m, 720 mmol) was added all at once to the rapidly
stirring ture. The m xture was vigorously stirred at roomtenp for 1
houb yi el di ng a IEXAMRBI 24w SsiNe &f3-B-Flayer4-swbxphobmyl) phheyls-ok oSt on was

cooled in an i.ce bath and npde hasj a. pH W t odi um hydr oxi de.

The. 551 BRehEARTaPerg B R e BT Al B R i SHE A T s et r act ed
Wi L adidbRRelIARLNheNSG) ot (08 snd Bomidpne) RAGRII ROCrRY RIS

ca 1000 HO M Riograop et ol coRaU oy StaicEd T 660 41 Biobess of vihi

ca. 400G my, i . ) SS 0 ite
crystal s at s.dil.ut it h refd uxing et hyl tate, (250 ng, t he

o ey ebBhe 5SS ot bl B PR S YO SRR AR BBl o "m0

m 20(t otahm30. Itk wiiRtulE@Bs filp)dly baked@Sodraftdro &6 Gawn tSommuweslauve-phiasel L. An
additional 500 m of hot ethyl acetate was added and concentrated by

ref | uxigr sQUBOR BIrmRe: Bre reaqtionivas sgEpd Forig. minpies e EhelowRERRYE layeht  t he
recrystald di& BRI Aub ﬁ{?egg@ag Wihé& &{tﬂg&;@ io?% r%?eélylafekch%mé@ pfipd at

roomtenp overnig coo n an ice m nutes before the
white AWMDdARAdHEd IVRAANRDE/ dif it 11 DEAPWSs aidys taths aqlieouS Jayeenel holvephes by

filtration, air dried and dried in vacuq ,at 35_C (57. , . 84 9. haonogenous
by TLC*C ?&f@sw_%tﬁﬁ%%‘“@fdz_g oy hyg e %ﬁ/@%lﬁ@dpé)?@%st@lﬁg M% " 338.
THONMR spech it i IcdeRit. G icMbalh & AdlenfoQLd 1R BE RAKGEn ARkGhuRedid n the

previ ous paragraph; [U 25D -13.6 (¢ = 1.00, EtOH). Chiral chromatography:

Ret ent ianhydrideg(1 520D 75 mimolj was 00deid)albd 8% e®) th¢ mpall @ 3@yinghpbmmab agd ther showed
undet ecta?l e levels,of th r which h

R ti . t [ ' f 14.44
mn) . mixture was stlrr%mrﬁ%%l? ?%gl |IIBIfIJlB S 8Pd gvgﬁ{lﬁ%%hgecﬁ% p%%lw(/)lﬁl é Nms °

(S) - N- [sb3thdr hyd#6xi@e fka. 5 ml). The organic layer was seﬁ)arated and the aqueous layer was
(nor phol i nyl ) phenyl | - oxo- 5- oxazol i dyl | met hyl ] acet ami de: Linezolid (9).
Al t er naxirgeted atbadditionalTaethyleng cidoreac(e x bumd). hbe conpinpdaleanictlityesveeisead
stiqrer ter 0 10m 12,.N-hydr ochl or i i.d (40 480
mm3|0) , d&%‘:’?ﬁ]}\/ffggggg%lh eaf:?lp%réé: 4B 69Crﬁ0gto a ﬁahc% S’ﬁl‘?é(sgﬁ%w_a rec?ys%ﬁhzed fﬁom rg:lh’yl
acetate (dissolved in 35 ml of refluxing EtOAc and refluxed to a volume of 20 ml). The
crystals were allowed to cool to ambient temperature and after 30 minutes cooled in an ice

bath. The white crystals of 9 were collected by filtration and dried in vacuo at room temp (1.1



5- ((4-chl orobenzyl i deneam no) net hyl ) - 3- (3-f | uor o- 4- nor phol i nophenyl ) oxazol i
din-2-one (17) (100 g, 239 mmpl) rinsed in with nmethylene chloride (100 m)
The m xt Wwe 20ms13r2pi dly stirred at roomtenp and w t hi nP8O/UsRMUNEE TR

t wo- phase cl ear honogenous solution forned. The reaction was stirred for 1
hour and the orange yellow | ower organic | ayer was discarded. 15 The | enon
yel | ow gﬁ@ﬂ%r)mmbg@tems vaTLaE AWM Hgd) tndbaM SeltdtidEBES Ghingininde 36250 )
and theg rre | ene chl oride was djscarded. Methyl ene chl oride ‘&'SOO m) was

added t &N sa%wgz CRfdp) ahtt (dde THwb=pRaEEz ot 4O, (88 (44 dRsfed&d to a
2 L Erignyeyeg }fzklaé%df,‘?fi ¢d 913,21 1 @ ﬁ@tﬁL gndiHensial 1ged dQ pg g oH 7
with ice cold Na (ca. 50 m) le’stirring the reaction in an ice
bat h. TheHzpad7 @ittt Hangéds)B.2dl dd, 11H dm 9.éHzpw Stz )cd/0Kddss §Hahd 1d.60hi t e 20

pr eci pi a nt o | uf | j C t'n triLring.
e | cdpder JAB T arlbal Flomi b sk T thak Mnallil 4T uthe (72
72Qs M) jo%Bs- 13964 pbO, RDIONAR aaaaubm 4880 &/ag fsblafed fRPh Wlel ON. The
mxture was stirred at roomtenp for 15 minutes, cooled in an ice bath and
made bddirate(as a.whitd cgystalinelsolbd.-N sodi um hydroxide (ca. 350 m). The | ower

organi c | ayer vvas%)%ﬁgp,ﬁi%%d ca? 1tll?gfsa ous I@yﬁﬁég\i?rggértor@ct ed with
e 0

addi tional 25 net ene’t 5P ned organi c | ayers

wer e dr(hﬁ(ﬂpﬁdﬂﬂ§gﬁ)enﬂ]d)x@ﬂ@ﬁd'zah@ﬂ]rﬁaﬁ?lﬂhc%&md@?in@zoh@ (. VI 48, Dfecka. 400

| ow sol ution was sl ow 0 a stirring refluxing

m. The |

sollft | gﬁu‘léfg b@t@ﬁl}zﬂa%fc\aﬂataéerb@@@tlm Wamﬁcfééfwam(éﬂ%jmm 12 &' hydgeahlerc asid 800 ni .
Hot et d th | k | ut

was ?rgé%3@9%58%818&??}6@9?%%%{68%Yﬁd{ﬂ@i gaf( %Ozﬁ |nI ter:dmandy solution

concentchidreltbnlylideatirminongethol)-3- GMromnoﬁph&m&Q)hamylwmkblﬁhm Pranagl7 )((385 stal s

started formng in the refluxing sol utlon at _a volune of ca.. 1250 . The
f1 ask vga§8%fhmm@1a rigsed- igoviih @Ry Ve g At (S8l c B BEtis v Y?Efélyb%lflﬁdﬁbr 30

m nut es,08HOhE b & itHH IEmANSAND-PHasd %aﬂ’lﬁ)h‘f‘og%f?&dses%fu%@n%(rrﬁéd' ’Tﬁé‘t' on, air
dried and dried in vacuo at roomtenp (62 7 9% honogenous by TLC
( CH2C1 2eavtiohi v8rs Btirréd for 1 hWaGr 20d the D2 mw msmmgaammy& Wassjcagted. TIBVS

Conpourerbe el dntors v vir ¢ped St iBau B uYREE L §iecREf siftnd Be®

EXAVPL En@Ryled 1 65idd wis &1é‘caQIHd0fl\Q&ﬁ§'léMé blﬂ@ﬂ&’@mﬁ@ﬂ%%ﬁ H&&HQ@E&%I%&ISN (18).
4- Chl or obenzal dehyde (7.85g, 56 mmol ), ethanol and conc NH4OH (5 g,

86 Smmdhyeraed theawigadaseos odutmoovasi trangfetyed tom? léréﬂnnwy@h fsboedsa¢d inginiieq | ng
bar. ( Epi hydri.n 25 r| ca, Lat: AZR7B,
mn os R BB A SRy e i 5y SaDFPIh AT R e 085 neat od a

40 20 ( haidiiohemhlk itObath. THe rehdtidn Sharget Mg c B ral yawed tb eolsaﬂas”schnata wigem t enp
overni ght. The reaction solution was diluted with nethyl ene chloride

( 150 )Pregapitase foyeed.1 he jgebathryigs ispgyed Bomdhe reagien Saskandpeeficandydide aqueous
| nbi ned
oyer | DIREACTARARIMADGBARLS hanRL B ALLERRALA LA S8e HiknThg, conol ned

t o] dr ynegc&oyslﬁ Ismitrengataomlt@nlb ﬁsg laiuk yielhdihg wdightcyeyistvadl¢az @elafaraniubiendrte (9. 0
GCMS Retention tinme 10. mn (nfe 232).. EXAMVPLE 28.

(S) ( E ZPh‘iloPltVa@ﬁP%lFi%Hbﬁ“zlfF a@ﬁéarw%)bagg??ﬂ Bﬁo‘?ﬁr%@awzsoemz hedroxide tHienat i ve
pr %edqr)@er(ﬂr &ht ‘P‘fy@p%ﬂg debded(loaducoiR hia mx}ractggmréghltl()ﬁg n) 15 and
conc NH4AOH % m"rg were added to a 250 round bottomflask with
f oot balmetbylﬁner ¢higr1<ﬂm(r3 x [(®) mEip"thmd:melhsxtlongamé 1ziyegs w@eslrigtl (Mg688.4nanol )
(Atlantic Sci G oup, o c) 8% ri d he col orl ess
reacti of? %‘?ff“iﬁg%%a:ﬁ]h zﬁseadf)g %J“(ab%(ﬁmﬁ\%a} g?‘g?’elg)“ﬁ?o ¥ stirring and
al | owed:{@a15iing adhick AR b%t@&i@ﬁtﬁlsgﬁﬁt wasdNBtea Rty @taxab ety ade@aE 150N
solution indicated conplete reaction. The reaction solution was dil uted
wi t h 20mhendilleshuarycwhopeuded (MO stiring aﬁ@mg sedutionsofiethyl aquiete &%)anl)dtqtzdyer

sep e USoUS | a act yl ene
chi%(())rl dveﬁltré%??ﬂmb‘fﬁg%ag i ne d8%’§an| co 11:5]Sl/eeér?fdl\/\%IISAr\llvf%scﬂ{jdrE 4 gp ﬁ lplﬂr%et (50 m),

dried (dMySe8dtatarnechs ad@@i)arrﬂto@dcdrﬁaa:dw refuxiny & abblume o3 0lli @ith Cliftingl TLCOUS
runs initially isolated as an oil that was seeded). The crystals were

t r eat edChl2Eh: HeQRBRE L dohederrystadinatign sy @ﬁweéﬁ)un@ﬂs(v@%ﬁle&ﬂ* ddted by

filtratd rs at
room ¢ orgd pElerElehdy AR WTesRedll flct BpR SERPHIMEX g el IR0 3L
2H, J=8.5 Hz) ), 7.52 (d, 2H, J=8.5 Hz), 5.29 (d, 1H, J=5.4 Hz), 3.94(dd,
1H, J= 13 Hz, J= 6.1 Hz), 3.25 (br ddd, 1H, J= 6.5 Hz, J=3.5Hz, J=2.8 Hz),
2.65 (dd, 1H, J=5 Jz, J= 2.6 Hz), 2.77 (dd, 1H, J= 5Hz, J= 4.1 Hz); GCMS
Retention tinme 10.03 mn (ne 232). 30EXAMPLE 29. Scal e-up of the synthesis
of (S)(E, 2)-1-(4-



chl or obenzyl i deneam no) - 3-chl oropr opan-2-ol (18). 4-Chl orobenzal dehyde (157
g 1.12 nol), ethanol (500 m) and conc NH4COH (100 g, 1.72 nol) were added
to a 2 L wound/t3atzeom flask with football stirring bar. PCBUSEpi1®ob4208 ohydri n
(100 g, 85 m, 1.08 nmol) (Atlantic WD 2011/137222PCT/US2011/034278 Sci Tech
G oup, Inc) (98% purity) was added and the col orless reaction solution was
heat ed aystA10oQ N b&'tehcdlkem[é)i bfycfﬂtrﬁidmr, aiidtibd sitd diidédnig vaawb @&l350@ed77q, stahnd at
roomtenp overnight. anal ysis of the reactjon solution indjcated

conpl ethOmaggRYSAY. T%@H&J@M Sdl B FOPasd LMy et B) met!Hyingre
chl or i dgg( Gy Wl@@gec%hﬁ%eﬁtmpwml)thaﬁ&%é’Prgﬂﬁ&t%ekéﬁﬁ iV cﬁ@ﬂé‘ﬁsat ed Sand the

aqueous | ayer extracted wth additional thyl ene chl ori (250 m). The
combi nguragraphnic hayd6° Was1xﬁ)ﬁs]E@H)/\,Chtralmhrcpmat()g@phydBeterrﬂuonenine( MySOh)n and

eva or white c | I'ine sol ssrraller runs
o B ai 100 fageReeh kS ol aR shkubumrenhl B P KiRat theht oq
wi th hexapehiZ0Retthidon GROLEN N naM). i ce bath and col | ect ed by filtration and
washed with 50 m of cold (-20 C) hexane, air dried and then dried in a 10

vacuum oven for FEXONHE-Ea26.r - menfbsymb@slsg?f (DY { 3-1HIINVR-4-500 MHz,

DVBO- d 7.78 8.5 Hz),
525 ( dmoipsitupGemdidos ol it rindod O fyihadE® p O
1H, J= Iﬁo&d{ﬂ?e Tl)—é32 ﬁfinecll—l%uﬁd bBt)om 21265w(tH dverhbhd sh-rre'ﬁ wlll ,addjeﬁ \Qatér (H@O) 2.77
(dd, 1H, Retention tine 10.0

EXAQPL F_mlé.ol2 Wé)vdl(oehlozy ﬂNd44@:mlo489d@ﬁ@y>b mgtvyéeng chlokide é‘HlOzml) 1159 |(§>n@t %ﬁn ani ne

o, b e REAR. SRR o S ORI BRI Lo 2.
76 7mm(|17) (weo g, add admbb rins&D0h with nethyddre et dridag koOnint THeanixbat bas tdpidler . The

reaction mxture was stirred_vigorously. After 2 hrs GCM5S showed corrpl ete
conver stFRY fbroPRECEBRA e thisAR MTINRES 4 bye- Plaaéﬁﬁl?éahq%%nt%sq?@m fogned-gi | ut ed

with anflﬁ%?étloﬁ%alé @Err@ci f&"ﬁgﬂr alfld {hre%'iréﬁ% g@ﬂ&bv la elpslvﬁe&lgc%rd@dt h a
cotton plug) Retention tine 8. . The ol orfess reaction was

di 118t edl'hsilemoCkRACHR aqiu;lcﬁﬁs hﬂy?r \aasdwtﬂhr:dl evithladOitiwh)l. mathgleaeqddonée (289 enl) was

t t th di t CH C12 |
washed TR BrRET hignds vy el M son fRRE CYRTED TR AN BHORE cp 45
C) to 3a§1ﬁé’ch@rlii§%§§n&tﬂe /6 pﬁgse s%ﬁl%on wils tAIYRekr8OR m&%@ygﬁﬂasﬁ &oRR S
), 7.53 (d, 2H 25J= Hz), 3.89 (ddd, 1H,

J 13 Hzn lgﬁ‘:laatE anﬁnemﬁllle@tom) pHZ 88 igd@oldiN NJanigcal—@O mjwhild stiping Jhe 1. 3

) 3 gl 8 S salt ThS rSetod BraghePin Doy nnfyficg ecfartRs b whiie =05

m QO( M eckSifeke formed that went bacKAMBlsEluGdn v@@&ﬂoﬁﬁh&&d@in@}ﬁ@tﬂ%ﬂcé b&ﬁl waS) (E,
Z) - N-4-chl or obenzyl i dene- 1- (oxiran-2-yl)nmethanam ne

(E, 2) - fcmvf@rﬂr@m Agtiqnodask apd ﬁ@f)tm:?nt%mreﬂcdaz aﬂa?ﬂozm@@dva%aﬁéyd a3 g, 0.7
I 1 4 I

ver & adigary e Sy JRLDAich: The b BN RO R ol i ed 1l T2

react i aokabit un ecewash @idi madedbasig@aopts Dy .wisf 6 8irsodivn BydEG:NBe Qdmoimﬂrmb)orrpl et e

conver to the e OXI de (small aliquot renpved fromth actjon, diluted
with aﬁ'}@ga\gpr Q;g{ira Y&¥ weﬁ_%'@ﬂrated and tl(lqe aqueous layer was extractec? Wlt% add{tlonal

25  methylene chloride (3 x 150 ml). The combined organic layers were dried (MgSQOy4) and
evaporated (bath temp 25 °C) to a volume of ca. 400 ml. The light yellow solution was slowly
added to a stirring refluxing solution of ethyl acetate (800 ml) and refluxed down to a volume
of 800 ml. Hot ethyl acetate was added to a volume of 1800 ml and the milky solution was
treated with Celite (caution to avoid foaming) filtered and concentrated by refluxing to a

30  volume of 1100 ml with stirring. Crystals started forming in the refluxing solution at a
volume of ca. 1250 ml. The flask was stirred at room temp overnight and cooled in an ice
bath for 30 minutes before the white crystals of (9) were collected by filtration, air dried and

dried in vacuo at room temp (62.1 g, 77 %) homogenous by TLC (CH>Cl,:MeOH 9:1, Rf =



WO 2011/ 137222PCT/ US2011/ 034278 filtered through di sposable pipette with a
cotton plug). The colorless reaction was diluted wwth CH2C12 (1 L), brine
(800 m ) wodowatse22( 200 ml ). The aqueous | ayer was extr ®CTAS26410B4278

addi tional CH2Cl12 (250 ml). The conbi ned organic | ayers were washed with
brine (4 x 200 m), dried (MgSO4) and evaporated (bath tenp 45 C) to a

col or | é554)ant Lﬂ&ﬁgMemarB)li'altmueﬂﬂe %H AIVEh A y3A1 Mdzspe EMBQadGdr his8. 35 (s,
1H), 7.78 (d, 2H, J=8 Hz% d2HJ82Hz)389(ddd 1H, J=13
Hz, J=%0gpoynd Were’ild@ltl‘l% with thgise éaﬁﬁﬂchwre:ﬁwu&ls hegein3=" 6.1 Hz, J= 1.3 Hz),

3. 25 (br ddd, 1Hg z, J=
2.6 H), 2.77 (dd. ilﬁﬁnlﬂ%_ﬁrfzsﬁ%smzl cim%o ce deng?lgﬁltol gg’htlo}géméan@&mn (e
194) . EX3WPKEhIB@benzaldehyde (7.85g, 56 mmol), ethanol (25 ml) and conc NH,OH (5 g, 86

G s S Cree ahes 3000 bt Bpars ek Wah RSPy VB B | 5l BRI s ne

OX' de (98 7m1, 54 mABB| rCvanRrY] I6k! XZzRdBe it 93@ psl )fﬂ/as?adﬂé‘cpé’ndrtﬁémd bottom
flask containing o-xylene (65 nm) that was outfitted with a 125 m side arm

dr oppi r;@ldrlmm@lacta:mmémwsmwdéﬁts@ Qvﬂ:talth t@mpaf@cﬁwhnwlestlrmag wed @Mpqub and a
f oot bal I ure was fl uxe

Stirri ng and 8{ 100 tlf):%rpt%f-fl:-rhn%hglr e reactlotnl s|o u 106 v&bafsghlu% 81 etﬂu Yleni¢ ﬁl‘l’YIOI’ld

I'SSO e Xylene. A

sol uti qmsmﬂ) Lbd bﬁﬁél MSQﬁl@p?FhedrgamfchwWaéséﬂhf@@@éﬂdl@@ﬁ@lmbhb rgeyanated(14. 6
g, 66 mmol) and &1 %@Chl or ohydrin {g , 66 mvol) (Atlantic
ScilPechvith eﬁ%ﬂona gethy %Cblﬁﬂﬂﬁﬁﬂo mh. kw@ﬁ@ne@g&wy lgwess wegoeashedwithe

i OPP! gL 4ASE 8Ky AAUSH  a U f88 1] AntntedRd klitbichesuegRYed 1rom

the oil at S reacti on resuned
ref | uxiongstal&xed éoncleaxphe(%e0 adti%). dBCMSRetbintginttirpé kOB rommreeZs).i on (t hat
contai ned a small__anpunt of 20i nsol ubl wt erial) was 3?%@? back |n the

oil bath and heat®AMPLEY (60) &l abdtG alPen&Bh‘Fﬁnﬁ%}PE@ IR OPYI-£ Wb m
tenper a@% eAl@é}Hatwe gn&reegret hir OHGILLER 24 a/ﬁé htsﬁf %rﬁqrigrmmt) Iné&h MR RY

f unnel i g rown solution was ad sowstreamtoastlrrlng
sollat i cmd@banHa@éI (8@0 1M moTheercaddé¢d iorrg 2H0 Hdllpuncab@tdrmﬂa@dwu}nt o a sem

lidt lidified f t
over ni dhoval PG eErsra e e HARE b At it S8t Fairon,
washed ey bS%%ﬁft‘@ wachdakd at th8dolodesstefotioh s¥utioR@kak Yl&t.t@(ll hi 4edd @atHf rom 95%
et hanol (150 ) provided a light pink crystalline solid (12.85 g, 62%

af t er desphigpr 6dlrm&u@rramg g8l djowedmstamé aerpingamp joyernght.@s S(%@lﬁ%of (me

v (ot ot ofortd oo el ng RupdonGoRI R 30, OO0
1H20J= 8etfylklde chlaride @0biznl) died Brif® (78 dnl). 6TRSorighnic 1d§her xllas SephradédHimd, thd. 84 (m

1H), 413(t,1HJ—425@£392 (dd, 1H J= 5.65 Hz, J= 9.1 Hz), 3.87
(t, 4H,aqgecusjaysr ptyactes! wish pdfjtionglymeghydene ahlquige (215'1111)1 Ths cppbined ormgnicdd, 1H,

%0 11/ 1§$% ?Béﬂafﬂé%do‘?@ 8%%2% @Aﬁéé]\@oﬁ afd «!:_%)porate\éQo a white crystalline

(S) - 5- (sddd. ddmptekioiuy ﬂﬁl-s[lﬁlﬂfl]ljdmbh{e@ a(sénnﬂrtbhtobasmyéderimeﬁlyac}ryﬂals@ma otitabne.
(S)-5-( or onet 3-fluaro-4-(4; p i nyl) phenyl] -.2- gxazo| | none
(9.88 gN%beX?nﬁﬁ{hy ) Sl et (éi & Ferpet ¥ it Rt O de
(158 M gicher & vaqiil B84 b3 ﬁoé@g‘c fHon{ Rup158td o5%h! gk oL PBMSO-
stirring bar under argon and heated iIn
de) 0 8.34 (s, 1H), 7.78 (d, 2H, J=8.5 Hz) ), 7.52 (d, 2H, J=8.5 Hz), 5.29 (d, 1H, J=5.4 Hz),
3.94(dd, 1H, J= 13 Hz, J= 6.1 Hz), 3.25 (br ddd, 1H, J= 6.5 Hz, J=3.5Hz, J=2.8 Hz), 2.65 (dd,
1H,J=51Jz,J=2.6 Hz), 2.77 (dd, 1H, J=5Hz, J= 4.1 Hz); GCMS Retention time 10.03 min
(m/e 232).
30 EXAMPLE 29. Scale-up of the synthesis of (S)(E,Z)-1-(4-
chlorobenzylideneamino)-3-chloropropan-2-ol (18). 4-Chlorobenzaldehyde (157 g 1.12
mol), ethanol (500 ml) and conc NH4OH (100 g, 1.72 mol) were added to a 2 L round bottom

flask with football stirring bar. (S)-Epichlorohydrin (100 g, 85 ml, 1.08 mol) (Atlantic



5an oil bath at 90 C for 15 hrs. The light pink reaction m xture was cool ed
to roomtenperature and diluted with ethyl acetate (200 m) and brine (200
m ). The wowerv/wrpani c | ayer was separated and the aque@a3/usayian3£ss r act ed
with additional ethyl acetate (50 m ). The conbi ned organic |ayers were
washed with brine (3 x 100 m ), dried (MgSO4) and evaporated to a |ight
col or edSaiilTdch Gibep,dnt) (\9&% slirityitveds asddedaet tharolorlekaremtionrselitibh wag hedied e
10formation of a mass of white crystals. The crystals were cooled in an ice

bat h arf \Qe(tbéthGBWP)e@F édlrb\g}thr%ﬂmga%r}doa%lwgﬁ? ﬁf@nwﬂﬁO@d@aP@Wﬁ@r&ﬂt GF¥A di ng

7.97 ¢ a€1§l§/{{)s o@thetrggctltohtsl)ﬁltl@ﬁ hlﬁﬁca@écfc%‘in £t¥ k&gubﬂ‘ T%e‘fé‘a{%‘ﬁHH‘s&‘dﬁé‘n @hs 50 C.

LCMS: Reténtion tine 8. ( M) . 1H NVR (500 WHz, CDC13)
5 44 dilekd ik m&th:ylezc @h]dzl,de .(]1 h) am:i 13“1116207 QO ?hl)]. 3r l(echzfrgamd H,yer]was @pﬁratdzi J =

2. 1H, J
— 59 ]@é‘él}e a%leguflﬂszleyer eZE‘Hactécs wré a%d1H251al r%et%%?ed%ﬂorﬂq (550 ml_% Téle |<_:|2mb ed 8.9
Té) A HZ Qatﬁcgﬁgerl\blas Qasﬁe&w@th%ne\lﬂﬁ) b, arlé'CYQMgS?Of)%n&l @dapo;d'flzd t awhitd Hz, J =
(R -N [c[rgsia(ll;ne}:ﬂ;qj]@lr 6\1 Qte nﬁirﬂﬁﬁ@@usrﬂ}ﬂlqﬂhEﬂl}ﬂi)mQalelGOEted as an 011 that was seeded).

oxazol i R) -44ne oI i

(S)-5- (ﬂ?z/ %% } }ﬁ%’éaogﬁi‘dé) nor) eﬁilfllan l‘fe) paﬁ%%ri/dﬁoufagQg%l i none
(7.8 g, filg4tich iﬂmbéshadldqthfmq{ﬂa&tdoﬁi @zh @C)(I%Qam hlrwe@ andgenliiBeh in a 100 m
round bottomflask with stirring bar, flttgd with %ass sto per and the

r edQI t i VagUYT gHen {pe BINGW STB FRAT SNBSS & £ Fods H‘HMRJLS?OH Ha{D érﬁaé‘i ature.

B e B S U i iR T ey

W t h stl=risikg Jtmﬁtl Hz}, Be259bt ddh)tl Hwds 6rSeHn\Je6| 5HEhB:2WhH‘rz)3 2p65€(ddp1}ﬁ ates s

treated with eth acetate (20 nml). and he m xture wa ated to 25 refl ux
and an Jo b ot Lol e BT 1A . WeZARC Nk igRitAg i 1003 4 RS HE i xt ur o

was cool ed in an E;@gmw?@n@ﬂ@ezmwem%%aengl@o?n@@kgﬁ%pﬁl %y filtration

and washed with cold eth acet at €: hexane
Redby stydlndtradmye dios s@) VEZY-1i-@- @ldbtqunz}gldemdamm@eﬁetldb@p(dphﬁ X)) (18nd
refl uxe

i 1o BB o0 R 4 Ry QateTE P e nal s e i Siar b IRl B0 e Tn o

ice batfy, ﬁmob herdRalbny alsoghil @ bbiorh St itk fM\&Bﬁl gglréreg&ee@aaibnfmlxwrat ion
and washed with cold ethyl acetate - hexane g :1) (5.4 g, 66% after drying

| n a vaw:aﬁlﬁmrsdémomusm A(ﬁer ZIHN\@CQ\@EJ@OM@ co @I@Vﬁﬁl@ tp4hq ¢poxidg, (Smaﬂ 5 8
7 2.6 Hz
2 3 Hz)af'qli&dgfn{)vc%_c'i fr(lll‘l_]l th%reactbon5 dH%tfa WAth'/a(Sl € Lal \Y me gp €§3¢F‘ fll%c?_'edgl L o 0 HZ)

3. 74 (tdlspo‘sMBlQﬁl:pé‘{té-&YtB%%B@ﬁ bﬁ%@RéﬁeﬁMﬁ&e%ﬂS rﬂm—m% 5041he cBlof@ss( dd, 1H, J
= 10.6 Hz, 6.4 t,4HJ—46HZ)

1.83 (geacgpp Wa@lﬁiiﬂlfl@ﬁ V@H’r@f#’é@@éﬂi@dﬁp anﬁéﬂéﬁﬁ@ﬁﬂ% Hhs apBeQuSHRYFI("69) (nf e 338,
M+ forex éte&mﬁzaghftg}laléﬁ (ﬁrﬂl)(rpﬁse/go Jﬂéut ggmf II\$,+rsfv%re é@%héﬂ'\% olid),

ee 90% rral chronmat og ra yvvas carrie iral cel
QJ ( Lotbri¥e.(3 X6B> masdﬁﬁﬁal\agsaoaad eezipo@tednha&i tempdifsiC) Yo 260lodesh. ol (BDg,

and B abe g 0R PRLEH AR SPkE) o BaRur . Blaidl usbeatSuelhbet v o
m s 20%gB, yA)l 589 GQudT iy, JO0PHE, J:Qfsqfii,qﬂtw?tl%}, KGR (dddOM! AL €3 4,0 &1 /T, N
J=1.3 Hz), 3.25 (br ddd, 1H, J=6.5 Hz, J=3.5Hz, J=2.8 Hz), 2.65 (dd, 1H, J=51Jz,J=2.6
Hz), 2.77 (dd, 1H, J= 5Hz, J=4.1 Hz); GCMS Retention time 8.95 min (m/e 194).
EXAMPLE 31. Scale-up of synthesis of (S) (E, Z)-N-4-chlorobenzylidene-1-

7.
6
8

(oxiran-2-yl)methanamine (16). (S) (E,Z)-1-(4-Chlorobenzylideneamino)-3-chloropropan-2-
30 ol (18) (163 g, 0.7 mol), reagent grade methanol (1.5 L) and anhydrous K,COs (193 g, 1.4

mol) were added to a 3 L 3 neck round bottom flask with overhead stirrer. The reaction

mixture was stirred vigorously. After 2 hrs GCMS showed complete conversion to the

epoxide (small aliquot removed from the reaction, diluted with an equal volume of CH3CN,



0 0 \\u EtOH HO H EXAMPLE 35.

(S)-N-[3-(3-Fl uoro-4-norpholinyl phenyl) - 2- oxo-5- 10oxazol i dyl ] met hyl am ne
hydr ochl owode1msmzal cohol ate. (5)-(E, Z)-5-((4- PCT/US2011/034278

Chl or obenzyl i deneam no) net hyl ) - 3- ( 3-f | uor o- 4- nor phol i nophenyl ) oxazol i di n- 2-
one (17 gm 40.45 mmol), was added to a two phase sol ution of nethyl ene

chl ori détefébthrdugh divpberbld Bipetrd \)/itﬁdotlé’n PukICThe Colwtlpssi mBacion Ghsmilutedund
bottom flask with footbal| sti rrlvﬁge The reaction m xture was rapidly

sti rredVigh CHabIn( ppguing 8YEMDAH; ra@@%lbp HAS aaworHtyBhWasgterted gvits
m nut esadhﬂfonﬁ’lr@ﬁﬂl'flg (isgéﬁle mm&&g&l@& efsRfer@QMERMSy Y Gle YRS 2Bt ract ed

w th nmethyl ene chlori 2 x 30 ueous |l ayer was basified to pH 8
to 9 wimb, dr&‘?zb(MgSOﬂa@Hl argocol (bath|t¢mp|45 i’Cetoratdiondse bdi i¥pawhudngitativgst al s.

25 i) Tl PP0aRE BRI it bol ) relh B P B 2R et (G

vere camyes E@Qddclehﬁ—ﬂM% qehlsqus, de 15@1{&) 19355 idas pHYINE HY, efdiarp! j£780 m)
20 cont ai ni ng N et hanolic HCL (10 n) | uxi ng down to 200 m vyielding

a nass ), Mﬁt(ler dﬂﬂykﬂa]=56 5 Threlet-§Hr.dRS. &ﬁx)e%é@ﬂ@dH b=adzi lee2. 0 &lzin,2.77
col | ect fi n eth 12 0 gm 89.5% after
drying (89 ﬁ%é“\éﬁ:u Im ove?} gd@%%{%ﬂfﬂ%@m %eg?; e 1|9 4.69 mn (100% n1 e
(233 (li/ld) J6}3 ([ZMAMPBE 321F(|SN|‘9R(51®&0 ] gl)md&b zﬁ(zﬁnﬁﬁph(ohﬁylspheaﬁ]

] = 8.8 H
7.09 (2 owmh{lony Anbydryus 141B943 ﬁﬂlg,l‘HFle) %d frg-n- bmlplyosahlge 951dﬂz()980 NBY5 (dél

%H44J< Tt g B ik giqdho o 350 gy Hinesigbund gt koncinfit S-b1gs 30 1
( 1Et OH rabhiBhat Sraklputfiteed ﬁzlfhl-alz)% XA i 3oppiReduyisd ahd ieflakicondeater wittezol i d (9)

fromethyl acetate an Li nezolid was recrystallized using a
pr oced &SI Valve pp tqm@%@owéﬁém%doabﬂ@o@%tw N@p refiyxed for 3P migutes 3

Med. Chem o CT? B di3VIvehS 1 8%y ditifin Iofffhet%gzl the of %heofazl&)e Was%lutl\%) of
2011/ 137222PCT7 US2011/ 034278 dysso v%d in refluxing ethyl acetate

(utldl i Zrasylyepréymiréd h@ustq éh)orplﬁﬂmnpl)en(yhmamaed(lt% S, @rmmnt) apfl (S)ol vent to

obtain a.h €0 ol or and .r exane (12 m
O i ERRERORS SR 6f Byt ERBuR it B e A R St 30
secondsygdenys W &8s Igaa/eatlalt& (ﬁ‘bﬁﬁlh@ﬂltﬁl@l §1f b IR (e RTdoHXhdI B8 flsubéean. The
m xture was stirred and the Erlenneyer 5flask filled with white fluffy

cryst alrsmovest frem, thQAOIﬂTbﬁti@ﬂb‘i’ﬂfﬂV@at sPplea fate gat t&)@ge@tllooms@lmd reffuxmeR. and

slow y o t o, .00 erat quer 30 m The cr | s
cor | et KhsgPigE S GITRR B B Bl Gas o Ehcon i LR PRl 4F o hexane

(1:20) (iAdbIB1¢ maddrial)dydsgdaded bhél€inBhe bin®hthfand medted afreflbx Bh AddiesnadAd t hen in
t he vacuum oven for 1.5 hour at 35 C (0.96 % The foll owi ng publications,
and eadRiNEdi OEH4P 'QUB FGRRerItENe a@ﬁtf%@rq@éh@iuﬁ flyped filter paper into a dropping

funnel. The light brown solution was added in a slow stream to a stirring solution of hexane
(500 ml). The resulting precipitate turned into a semi solid that solidified to an off-white
crystalline solid after stirring overnight at room temperature. The solid was collected by

25  filtration, washed with hexane and air dried (15.9 g, 77%). Recrystallization from 95%
ethanol (150 ml) provided a light pink crystalline solid (12.85 g, 62%) after drying in vacuo
at 55 °C. LCMS: Retention time 8.16 min (85.3%) (m/e 315, MH+), 8.42 min (14.7 %) (m/e
361, MH+ for the bromomethyl analog). 'H NMR (500 MHz, CDCls) 0 7.44 (dd, 1H, J =
2.6 Hz,J =143 Hz), 7.14(ddd, 1H, /=89 Hz, J=25Hz, J=1.0Hz),6.95 (t, IH, J=9.1

30  Hz),4.84 (m, 1H), 4.13 (t, 1H, J=4.25 Hz), 3.92 (dd, 1H, /=5.65 Hz, J=9.1 Hz), 3.87 (t,
4H,J =4.6 Hz),3.79(dd, 1H, J =4.0Hz, J=11.65Hz),3.75 (dd, 1H,J=6.6 Hz, ] =
11.65), 3.06 (t, 4H, J = 4.6 Hz).
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layer was separated and the aqueous layer extracted with additional ethyl acetate (50 ml). The
combined organic layers were washed with brine (3 x 100 ml), dried (MgSQO,) and
evaporated to a light colored oil. The oil was diluted with ethanol (75 ml) resulting in the
formation of a mass of white crystals. The crystals were cooled in an ice bath and were
collected by filtration washing with cold ethanol providing 7.97 g (82%) of the title azide
after drying in a vacuum oven at 50 °C. LCMS: Retention time 8.15 min (100%) (m/e 322,
MH+). '"H NMR (500 MHz, CDCl3) & 7.44 (dd, 1H, J = 2.6 Hz, ] = 14.3 Hz), 7.13 (ddd, 1H,
J=0.7Hz,]=2.6 Hz,J =8.8 Hz), 6.94 (t, 1H, ] =9.0Hz), 4.77 (m, 1H), 4.05 (t, 1H,J =8.9
Hz), 3.87 (t,4H,J =4.6 Hz), 3.82 (dd, 1H, J =6.2 Hz, ] =8.9 Hz), 3.70 (dd, 1H, J =4.5 Hz,J
=13.2Hz),3.59(dd, 1H,J =4.5Hz,J =13.2 Hz), 3.06 (t, 4H, J = 4.7 Hz).

EXAMPLE 34. (R)-N-[[3-(3-Fluoro-4-morpholinylphenyl)-2-oxo-5-
oxazolidyl]methyl]acetamide, (R)-Linezolid. (S)-5-(Azidomethyl)-3-[3-fluoro-4-(4-
morpholinyl)phenyl]-2-oxazolinone (7.8 g, 24.3 mmol) and thiolactic acid (20 ml) were
combined in a 100 ml round bottom flask with stirring bar, fitted with a glass stopper and the
resulting light yellow solution was stirred for 15 hrs at room temperature. The reaction
mixture, containing a white precipitate, was warmed in a 50 °C water bath and a stream of
nitrogen was blown into the reaction mixture with stirring until the solvent was removed.
The white precipitate was treated with ethyl acetate (20 ml) and the mixture was heated to
reflux and an equal volume of refluxing hexane was added. The crystalline mixture was
cooled in an ice bath and the white solid was collected by filtration and washed with cold
ethyl acetate:hexane (1:1) (6.5 gm, 79 %). Recrystallized by dissolving in refluxing ethyl
acetate (175 ml) and refluxed down to a volume of 75 ml with stirring. At a volume of ~150
ml white crystals started to form. The crystalline mixture was cooled in an ice bath and the
shiny light pink crystals were collected by filtration and washed with cold ethyl acetate -
hexane (1:1) (5.4 g, 66%) after drying in a vacuum oven at 50 °C. 'HNMR (500 MHz,
DMSO-d¢) © 8.24 (t, 1H,J = 5.8 Hz), 7.49 (dd, 1H,J = 15.0 Hz, ] = 2.6 Hz), 7.17 (dd, 1H, J
=8.8Hz,J =23 Hz),7.06 (t, 1H,J=9.5 Hz), 4.70 (m, 1H), 4.08 (t, 1H. J = 9.0 Hz), 3.74 (t,

(a)



(c) mxing 3-fluoro-4-(1-norpholino)nitrobenzene with a reduci ng agent to
prepare 3-fluoro-4-(1-norpholino)aniline, or a salt thereof; 10(d) m xing
3-fl uor o-woQatm3rRol i no)aniline with an acyl ati ng agenPCraSpriapat2es

3-fl uoro-4-(1-norpholino)phenyl isocyanate; (e) mxing

3-fl uoro-4-(1-norpholino)phenyl isocyanate with an oxirane of the fornula
15 to phitgpgar £5al00pouad 16f, Jt=hE).6 elzpoluaid)/3.40 Y, YH, [ =305 NeQ 2.9 (tadisal+
thereof; where RA is halo or a protected am no group;. and RB i s hal o,

ani no, b6 8. dritk ot by ChmramaapraphydRetention time 1 3.2 fin (kG 328 ilound of
the forguld 1FQeotid), 1@{1?1@&1h‘(9§’%?911)e;3/8!\i31H+ for (R $-PireERiEd) eIk OCRI@Par e a

conpound of the formula
chromatography was carried out as follows: Column: Chiralcel OJ (Lot No. 168-053-40615)

5 (Daicel Chemical Indust.) 250 x 4.6 mm Cellulose-tris (4-methylbemzoate) coated with 10
um silica gel; Solvents A and B are as described under the “General” Example above;

Method: Time 0 min: 20% B, Time 60 min 100% B, Gradient elution flow rate 1.00 ml/min.
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EXAMPLE 35. (S)-N-[3-(3-Fluoro-4-morpholinylphenyl)-2-oxo-5-

10 oxazolidyllmethylamine hydrochloride monoalcoholate. (S)-(E,Z)-5-((4-
Chlorobenzylideneamino)methyl)-3-(3-fluoro-4-morpholinophenyl)oxazolidin-2-one (17 gm,
40.45 mmol), was added to a two phase solution of methylene chloride (85 ml), water (85 ml)
and 12 N HCI (7 ml) in a 500 ml round bottom flask with football stirring bar. The reaction
mixture was rapidly stirred at room temperature forming a two-phase solution. After 30

15  minutes the organic layer was separated and the aqueous layer was extracted with methylene
chloride (2 x 30 ml). The aqueous layer was basified to pH 8 to 9 with 10% aq. NaOH and
cooled in an ice bath yielding white crystals. The crystals were collected by filtration and
washed with cold water (2 x 25 ml). The crystals were air dried a few minutes on a Buchner
funnel and were converted to the hydrochloride salt by dissolving in ethanol (700 ml)

20  containing 10 N ethanolic HCI (10 ml), refluxing down to 200 ml yielding a mass of white
crystals. The crystals were cooled in an ice bath, collected by filtration and washed with cold
ethanol (12.0 gm, 89.5%) after drying in the vacuum oven at 50 °C. LCMS: Retention time
4.69 min (100%) m/e 296 (MH"), 613 ([2M+Na]*). "HNMR (500 MHz, DMSO-d¢) & 8.36 (br
s,3),7.49 (dd, 1H, J =2.55 Hz, J = 14.95 Hz), 7.18 (dd, 1H, J = 2.0 Hz, J = 8.8 Hz), 7.07 (t,

25 1H,J=9.1),4.94 (m, 1H), 4.16 (t, 1H, J =9.15 Hz), 3.85 (dd, 1H, J = 6.6 Hz, ] =9.23 Hz),
3.74 (t,4H,J =4.6 Hz), 3.70 (br s, 6H), 3.44 (1EtOH CH,, 2H, 7.0 Hz), 3.23(m, 2H), 2.97 (t,
4H, J =4.6 Hz), 1.05 (1EtOH CH3, 3 H, J = 7.0Hz).

EXAMPLE 36. Recrystallization of linezolid (9) from ethyl acetate and
hexane. Linezolid was recrystallized using a procedure similar to the one described by

30  Brickner, S. J., et al., J. Med. Chem., 1996, 39, 673-679. Thus, linezolid (1.05 g) was



or a salt thereof; and conbinations thereof. WO
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3. The process of claim1 wherein the 3-fluoro-4-hal onitrobenzene is 4-
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ON'O or a salt thereof; where RAis halo or a protected am no
group; and RB is halo, amno, or a 25 protected am no group; and

conbi nat iwoothsreoef . 8. The process of cl aPeT/USaMI0842M8 t he
3-fl uoro-4-hal obenzoic acid is 3,4- difluorobenzoic acid. 9.
The process of claim7 wherein the 3-fluoro-4-hal obenzoic acid is 4-

30chl or&kﬁiggimoisg acid. WD 2011/137222PCT/ US2011/ 034278

10. The ( yone of clainms 7 to 9 wherein the activating agent is
a chlorinating agent angrdcbe faepicpaidiRebld bSa piraatsitielidcefable salt

11. The process of claim210 wherein the chlorinating agent conprises

t hi onylthetRele fedwoceshedphidting a shp s¢lpcied frprdbe Bioup GanpPEMREh] ori de, or a

combi nati on theregf,; %fatlﬂl%rc% 8§e}§i1?er%fvéfefﬂ Al SRk PGHE Q—{%quli_g—hl ori nating

agent conprises phosp ous pentachlori he process of
any sonehtfrogitrabdere;t 0 9 wherein steps (b) and (c) are perforned
cont enpor aneousl y, o 14. The process of claim 13 wherein the
activating agent (P5MBHBS pribroyr-4detmiteriraencarith PAPhGEIGE Rienare P41UeEti um
azi de. —(l—morpholino)niu]o%enz-lélﬁ@ (Era%%ﬁfiﬁer%f; any one of claims 7 to 9 conprising
step (d). 16. The process of any one of clainms 1 to 3 or 7 to
9 wherei n the oxi(cameing3-dluoorfgiHmebrpliolinegifrolrematree with a reducing agent to

prepare 3-fluoro-4-(1-morpholino)aniline, or a salt thereof;

10 (d) mixing 3-fluoro-4-(1-morpholino)aniline with an acylating agent to
prepare 3-fluoro-4-(1-morpholino)phenyl isocyanate;
(e) mixing 3-fluoro-4-(1-morpholino)phenyl isocyanate with an oxirane of the
formula
O

LA UR

15  to prepare a compound of the formula

= 0
o/_\N4<i>fN>LO
/ \/\,RB

or a salt thereof; where RA is halo or a protected amino group; and RB is halo, amino, or a
protected amino group; and

(f) mixing a compound of the formula

= 0
o/_\N4<j>fN>LO
\_/ \/K/Ng .

2

20
with CH3C(O)SH to prepare a compound of the formula

F 0]
O/_\N4<j>~N>¥O H
\__/ \)\/N CH,
T

and combinations thereof.

or a salt thereof;



1517. The process of any one of clains 1 to 3 or 7 to 9 wherein the oxirane
Is a conpound of the fornula O 1 \N\4N, 'CH Ar where Ar is optionally
substi t utwo 2phier3yi22 18. The process of claim 17 wherei n RCTIGS2@hasu2hs

2019. The process of claim 17 wherein Ar is 4-chl orophenyl.

The process of any one of clains 1 to 3 or 7 to 9 wherein RBis an im ne.
21. The process . anyTteneoaks of @i WheeiBther3-fludro-4ShaMneitrebanzEi ik S,4-
benzyl i dene am no, where the benzyl is optionally substituted. 2522. The

pr oces<IIROrgpNIoBHEERF claims 1 to 3 or 7 to 9 wherein RB is benzylidene

ami no, 4. chl orobenzy! i f4gngoall Blait PLABRAPHYLAE0S- RIARob AL crfe i 3-
di chl orobenzyl i dene am no. 23. The process of any one of clains 1 to 3 or 7
to 9 whhtedd-RBrosittbberzyhd. dene ami no. WO 2011/ 137222PCT/ US2011/ 034278

24, 5The process of e Sl Bhm ettty B RD LRAEL o
the forigyyd@ofer gasCH Ar
5. The process of any one of claims 1 to 3 wherein the acylating agent is
phosgene or a phosgene analog.
6. The process of any one of claims 1 to 3 comprising step (e).
10 7. A process for preparing linezolid or a pharmaceutically acceptable salt
thereof, the process comprising a step selected from the group consisting of
(a) mixing 3-fluoro-4-halobenzoic acid with morpholine to prepare 3-fluoro-4-
(morpholin-1-yl)benzoic acid, or a salt thereof;
(b) mixing 3-fluoro-4-(morpholin-1-yl)benzoic acid with an activating agent to
15  prepare the corresponding activated acid;
(c) mixing the corresponding activated acid of 3-fluoro-4-(morpholin-1-
yl)benzoic acid with an azide salt to prepare 3-fluoro-4-(morpholin-1-yl)benzoyl azide, or a
salt thereof;
(d) mixing 3-fluoro-4-(morpholin-1-yl)benzoyl azide with an oxirane of the
20  formula
O

LA UR

to prepare a compound of the formula

K 0
O/_\NON»\O
/ \)\,RB

or a salt thereof; where RA is halo or a protected amino group; and RB is halo, amino, or a
25  protected amino group;
and combinations thereof.
8. The process of claim 7 wherein the 3-fluoro-4-halobenzoic acid is 3,4-
difluorobenzoic acid.
0. The process of claim 7 wherein the 3-fluoro-4-halobenzoic acid is 4-

30  chloro-3-fluorobenzoic acid.



S5where Ar is optionally substituted phenyl; the process conprising the step
of m xing a conpound of the formula CHN, "CH Ar with a base. 26. A
conpound Wb 20he13f2enmul a 0 / 10' CH Ar where Ar is option&Cryussubssizrsit ed
phenyl . 27. The process of claim25 or conmpound of claim 26
wherein Ar is phenyl. 28. The process of claim25 or conmpound
of claim 26 wherein ArThHeprdeesd Stdilyaneplfienyths 7 to 9 wherein the a28@vatihgpreondss f or
preparing_ 3-fl uoro-4-(1-norpholing)phenyl isocyanate, the process

conpr i i PHIRENE pEgRt 3Rd HheacHypted 49i¢,6vad-agid ahl hol i no)aniline with an

acyl at Ing agent. p; The process of claiﬁpl%mgreﬂftﬂg%ﬁl%ﬂﬁgtirfgl M (%%1}%\4%@{ ein the
acyl ating agent is phosgene or a 20 phosgene anal og. 31. A

pr oces ghiooyl ghl@pkr pingpBeryl cdedded phbdpboimns perchdnaalee or 4 benpnatt@sthecofpr i si ng
the _step of mxi 4-chloronitr qenz e wth fluorine. . 32. A
comfound of the {igr mul HeFrpieinp AL ) SRERIn e SRRt ie agent comprises 357 a
pr oceshb@FhobiRRRAIaBBoRdE.| uor o- 4- (nor phol i n-1-yl') benzoyl azide, or a 25salt
t hereof, the process conprising the steps of (a) m xing

3-f 1 uor o- 4- (nmor phial i n-The prpgaseaizaniycongsi dlans i tap vdietdiy siepny) arbte) ateo
prepare the c g&gﬁﬁ&g%&% Slactivated acid; and (b) m xing the correspondi ng
acti vat®ed “ati d" W T PAN Az de salt. 34. The process of claim 33

wherein the activiat i ngriegesdess sf @aiehl Pivhsidid he aa@eifihg abéht ighosptidryiat ed aci d
is an acid chloride.. ] ) )
1 chloride, and the azide salt is sodium azide.
15. The process of any one of claims 7 to 9 comprising step (d).
16. The process of any one of claims 1 to 3 or 7 to 9 wherein the oxirane is
a compound of the formula
O
15 17. The process of any one of claims 1 to 3 or 7 to 9 wherein the oxirane is

a compound of the formula

O

L\’N\\CH-Ar

where Ar is optionally substituted phenyl.
18. The process of claim 17 wherein Ar is phenyl.

20 19. The process of claim 17 wherein Ar is 4-chlorophenyl.
20. The process of any one of claims 1 to 3 or 7 to 9 wherein RB is an
imine.
21. The process of any one of claims 1 to 3 or 7 to 9 wherein RB is

benzylidene amino, where the benzyl is optionally substituted.

25 22. The process of any one of claims 1 to 3 or 7 to 9 wherein RB is
benzylidene amino, 4-chlorobenzylidene amino; 4-bromobenzylidene amino; or 2,4-

dichlorobenzylidene amino.

23. The process of any one of claims 1 to 3 or 7 to 9 wherein RB is

benzylidene amino.



WO 2011/ 137222PCT/ US2011/ 034278 35. The process of claim 34
wherein the chlorinating agent conprises thionyl chloride, phosphoryl
chl ori de,wphosptiza2ous pent achl ori de, or a conbi nati on tRerasko11/034278

36. The process of claim 34 wherein the chlorinating agent conprises
phosphor ous pentachl oride. 537. A conmpound of the formula

3-fl uoro-4- (nor pll i n-Theydropdeenabady anziodelairas 1 & 3al U té Bevheadin the azide salt

is sodium azide.
25. A process for preparing a compound of the formula
O
% N -
~CH-Ar
5 where Ar is optionally substituted phenyl;
the process comprising the step of mixing a compound of the formula

OH

CI\/'\/N\‘CH-Ar

with a base.
26. A compound of the formula
O

L\’N\\CH-Ar

10
where Ar is optionally substituted phenyl.
27. The process of claim 25 or compound of claim 26 wherein Ar is
phenyl.
28. The process of claim 25 or compound of claim 26 wherein Ar is 4-

15  chlorophenyl.

29. A process for preparing 3-fluoro-4-(1-morpholino)phenyl isocyanate,
the process comprising the step of mixing 3-fluoro-4-(1-morpholino)aniline with an acylating
agent.

30. The process of claim 29 wherein the acylating agent is phosgene or a

20  phosgene analog.

31. A process for preparing 3-fluoro-4-chloronitrobenzene, the process
comprising the step of mixing 4-chloronitrobenzene with fluorine.

32. A compound of the formula 3-fluoro-4-chloronitrobenzene.

33. A process for preparing 3-fluoro-4-(morpholin-1-yl)benzoyl azide, or a

25  salt thereof, the process comprising the steps of (a) mixing 3-fluoro-4-(morpholin-1-
yl)benzoic acid with an activating agent to prepare the corresponding activated acid; and (b)
mixing the corresponding activated acid with an azide salt.

34. The process of claim 33 wherein the activating agent is a chlorinating

agent and the activated acid is an acid chloride.



WO 2011/137222 PCT/US2011/034278

35. The process of claim 34 wherein the chlorinating agent comprises
thionyl chloride, phosphoryl chloride, phosphorous pentachloride, or a combination thereof.

36. The process of claim 34 wherein the chlorinating agent comprises
phosphorous pentachloride.

37. A compound of the formula 3-fluoro-4-(morpholin-1-yl)benzoyl azide,

or a salt thereof.



