METHODS FOR PREPARI NG OXAZOLI DI NONES AND COVPQSI TI ONS CONTAI NI NG THEM
BACKGROUND OF THE | NVENTI ON [ 0001] Oxazol i di nones as a chem cal class find
wi despr easlousm/msssphar maceuti cal agents for the therapypramispesoopbozkaxi s of
such nedi cal conditions as bacterial infections and atherosclerosis. The
utility of these compounds has spurred efforts to find efficient routes to
synt hesi ze them such as the copper-catal yzed cross coupling disclosed in
US 20070049759. US 20070155798, which is hereby incorporated by reference
inits entirety, recently disclosed potently anti-bacterial oxazolidi nones

that feature GubgididFe mﬁ&@w@ PREABL TG §§4Nﬁ@§ﬁg@§lﬁdﬁ§ wer €

initially incorporated by synt EﬁHﬁﬁ?T&ﬂﬁ? ving tin-based couplings,
whi ch because of the toxicity o?&§ﬁ§ residua i n conpounds i s not

desirabl e for pharnmaceuti : ingl exi sts for synthetic
routes to substituted (py&ﬁ%@ﬁ;ﬁfﬁﬁgﬁgﬁgEE@Q%Pﬂ%ﬁﬁgﬁgs t hat does not
invol ve use ofpobin r eRGeMEnonkt 88 @ PEmichECIARVRALWRB - &R0ZL N BAIRERREE ar e

useful in the preparation of oxazolidi none-contai ning conpounds. SUWARY OF
THE | NVEMNENGNoOf O0BEApyend pdopbflasy mifsedi medigalaconditpouadbastertahefertione and e

wher ei n is H . Ria and Rib are inge endently sel ct%%?tron1H and F,

provi ded™PHAECIPSFeH Uidie OB fhers SRR % SPUered effori3 Tpgdyad) gt routes to

opti onal ég%ﬂék'i?é%ﬁehﬂ%&qll dsltN€co Er-féétél‘g%@@{s%uﬂlﬁ{gedi&%é% fh G9IBHT()4095 AL

| east one N, 0, or S atom ¢c rises treating a conpound having the

st ruct ur¥®S 20070155798, which is hereby incorporated by reference in its entirety, recently disclosed
potently anti-bacterial oxazolidinones that feature substituted pyridinyl phenyl moieties. These
moieties were initially incorporated by synthetic routes involving tin-based couplings, which
because of the toxicity of any residual tin compounds is not desirable for pharmaceutical use.
Accordingly, a need exists for synthetic routes to substituted (pyridinyl)phenyl oxazolidinones

that does not involve use of tin reagents.

Field of the Invention

[0002] Novel methods are useful in the preparation of oxazolidinone-containing
compounds.
SUMMARY OF THE INVENTION

[0003] A method of synthesizing a compound of the structure

R'a o
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R'b

wherein

Ris H,

R'a and R'b are independently selected from H and F, provided that at least one of R'a
and R'bis F,

Het is an optionally-substituted five- or six-membered heterocycle comprising at least
one N, O, or S atom,

comprises treating a compound having the structure



wherein R2 is selected fromthe group consisting of optionally substituted
benzyl and optionally substituted Cl1-C6 alkyl, with a strong base or an
or ganol i twbi2arwe28sr and t hen additi on of glycidyl butyr&Ce/useomher26esul ting

ani on under conditions to make R a0 [0004] I n sonme aspects, the treating
step is perforned in the presence of a facilitating conpound, such as 1,3
-di net hyl- 3, 4,5, 6-tetrahydro-2(1H)-pyri m di none. [ 0005] I n sone

enbodi nent s,

the nethod includes an additional step conprising reacting

wherein R is PQ(OH)2. [0006] The nethod may al so conprise treating the

conpound of the structurpg

where Rb is PQQOH)2 with a base under conditions

a
to formthe conpound of t he\ st ruct oge 8 a0

\
NH R

wherein R” is selected from the group consisting of optionally substituted benzyl and

optionally substituted C;-Cs alkyl, with a strong base or an organolitthium salt and then

addition of glycidyl butyrate to the resulting anion under conditions to make

R a 0
Het o N>\\O
e
'N / \V/J\\//OR
R'b

[0004] In some aspects, the treating step is performed in the presence of a

facilitating compound, such as 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone.

[0005] In some embodiments, the method includes an additional step comprising

reacting

3
H o N/\O
et
'N Y \V/J\\//OR
R'b
with POCls;, POCI(OBn),, or P(N-iPr;)(O-tBu), under conditions form

R a 0
Het o NB\N\O
e
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wherein R’ is PO(OH),.

[0006] The method may also comprise treating the compound of the structure

2-



wherein R' is a pharmaceutically acceptable salt of POQOH) 2. In sone
aspects, the base is a sodiumcontaining base. In sone aspects, R' is
PC3Na2 [ OWO2pru/megsar at e net hod of maki ng an i nternmedi at @CTaS2em/06di t i onal
step before the steps above, conprises coupling a first internediate of the

structure Het wherein X is a |eaving group such as selected fromthe
group consisting of d, Br, I, and trifluoronethanesul fonate, with a second
internmediate of the structure wherein Y is selected fromthe group
consi sting of zZnC, BF3,Rand BR3R4,Owherein R3 and R4 are independently
selected fromthe group consisting 8¢ OH and optional |l y-substituted Cl-C6
nono and di hydr.i c A %\ whefeir® R3 and R4 together may forma ring,
under conditi ofs TW prgducy COﬁREEﬂQ‘EL the structure [0008]In sone
aspects, the coupl il ed out~n OBresence of a pall adi um conpl ex

such as phosphi ne |igandghpund to pal | adium for exanple,

di chl orobi s(tri phenyl phosphi ne) pal | adi un(I1),

t et raki s(tri ptwbergl PhospPO{@E).pwith adbase(W)der oondAd@(sdipalloBm the compoGoD @f Ahe
separate nmethod of making an internediate, or an additional step before the
coupl i ngSt&tc8Cabove, conprises a) treating an aryl halide of structure 5a
0 0, R NH

R a 0
Het o N>\\O
e
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wherein R’ is a pharmaceutically acceptable salt of PO(OH),. In some aspects, the
base is a sodium-containing base. In some aspects, R” is PO;Na,,
[0007] A separate method of making an intermediate, or an additional step before

the steps above, comprises coupling a first intermediate of the structure

Het \ / X

N
wherein X is a leaving group such as selected from the group consisting of Cl, Br, I,
and trifluoromethanesulfonate, with a second intermediate of the structure

o

>7\ o
\

NH R

R1a
Y

R'b
wherein Y is selected from the group consisting of ZnCl, BF;, and BR’R*, wherein R’
and R* are independently selected from the group consisting of OH and optionally-substituted
C;-Cs mono and dihydric alcohols, and wherein R® and R* together may form a ring, under

conditions to produce the compound of the structure



R1 a5a wherein Xl is leaving group, with a strong base such as n-butyl
lithiumand then reacting a resulting anion with a trialkylboric acid ester
under comaiDR2oomE2880 forma R b6; or b) treating the argir/usalooaeo2et
structure 5a with a palladium catal yst such as PdC12(dppf)2 and a

di pi nacol ate ester of diboronic acid under conditions to form WO

2010/ 042887PCT/ US2009/ 060267 [0010] I n sone enbodi nents, Y is selected from
the group consisting of B(OH)2, BF3, and B- [0011]In sone enbodi nents, Het
is selected fromthe grddp consi®ting_of optionally-substituted pyrrole,
furan, piperazine, oeri) AR, | le, 1,2,4-triazol, 1,2,3- triazol,
tetrazol e, pyrazole, neyy oxazol e, isoxazol e, oxadi azole, pyridin,
pyrim di ne, thiazo\e ne, such as an optionally-substituted
tetrazolyl group, tor exarnple 2-nethyltetrazol-5 -yl. [0012]1n sone

embodi nents, the nethod®furt her conprises treating the conpound of the
structure

[0008] In some aspects, the coupling is carried out in the presence of a palladium
complex such as phosphine ligand bound to palladium, for example, dichlorobis(triphenyl-
phosphine)palladium(II), tetrakis(triphenylphosphine)palladium(0), or Pd,(dba)s.

[0009] A separate method of making an intermediate, or an additional step before
the coupling step above, comprises

a) treating an aryl halide of structure Sa
OsOn_p
R1 Y R
NH

X'
R'a 5a

wherein X' is leaving group, with a strong base such as n-butyl lithium and then

reacting a resulting anion with a trialkylboric acid ester under conditions to form

o
>7\ o
\
NH R
1

R'b 6; or
b) treating the aryl halide of structure Sa with a palladium catalyst such as

PdCl(dppf), and a dipinacolate ester of diboronic acid under conditions to form

o

>7\ o
\

NH R



b with a glycidyl ester such as glycidyl butyrate. In sonme aspects
the glycidyl ester has R stereochem stry, such as R-(-)-glycidyl butyrate.
Thi s treavDrgleess7may be carried out in the presence ofPCiriuskéon60267
hexanet hyl di si | azi de. [0013] Conpounds made fromthe processes descri bed
herei n incl ude 0 /OH HO and WO 2010/ 042887PCT/ US2009/ 060267 wher ei n;
Ria and R b are independently selected fromH and F, provided that at |east

one of Ria an ipis F, R2 is_selected fromthe group.consjsting of
optional Iy su&’é}lli{bfut da SpaRs{pLodimEntptYi 'SREFF§T SOBSIIR EHRRICRBIS RS af ﬁffﬁ})zand
BF;, and

[0011] In some embodiments, Het is selected from the group consisting of
optionally-substituted pyrrole, furan, piperazine, piperidine, imidazole, 1,2,4-triazol, 1,2, 3-
triazol, tetrazole, pyrazole, pyrrolidine, oxazole, isoxazole, oxadiazole, pyridin, pyrimidine,
thiazole or pyrazine, such as an optionally-substituted tetrazolyl group, for example 2-methyl-
tetrazol-5-yl.

[0012] In some embodiments, the method further comprises treating the

compound of the structure

R,a O
>\70
Het—</ N\ NH R
N—
R, b

with a glycidyl ester such as glycidyl butyrate. In some aspects the glycidyl ester has R
stereochemistry, such as R-(-)-glycidyl butyrate. This treating step may be carried out in the
presence of lithium hexamethyldisilazide.

[0013] Compounds made from the processes described herein include



Het is an optionally-substituted five- or six-nenbered heterocycle
conprising at least one N, O, or S atom [0015]In sonme enbodi nents, a
conpound WO 20tven4p837mul a has the foll owi ng structure: R 20T/Usk@9050267
Ria and Rib are independently selected fromH and F, provided that at |east
one of Rra and Ribis F, R2 is selected fromthe group consisting of
optionally substituted benzyl and optionally substituted Cl-C6 al kyl, and
Y is selected fromthe group consisting,of ZnC, BF3, and BR3R4, wherein R3
and R4 are independently selected fromthe group consisting of OH and
optional | y- subst &\t ed and di ric al cohols, and wherein R3 and
R4 together may|forp i i sorre aspects a corrpositi on conpri ses
the conpound het'eif h_ag @kee wkth the processes
herein and a di mer having the f0l | ow ng structure.6r a pharmaceutical ly
acceptable salt of the dimer © OR a wherein Ri @’ Ri b are independently
selected fromH and F, provided that at | east one of Ria and Rib is F,

[0014] In some embodiments, a compound of the formula has the structure:

R,a O
>\—o
vet—d N NH R
—
R,b
wherein;

R'a and R'b are independently selected from H and F, provided that at least one of R'a
and R'bis F,

R’ is selected from the group consisting of optionally substituted benzyl and optionally
substituted C;-Cs alkyl, and

Het is an optionally-substituted five- or six-membered heterocycle comprising at least
one N, O, or S atom.

[0015] In some embodiments, a compound of the formula has the following

structure:
R'a 0
>\70
\ 2
Y NH R
R'b
wherein

R'a and R'b are independently selected from H and F, provided that at least one of R'a
and R'bis F,
R’ is selected from the group consisting of optionally substituted benzyl and optionally

substituted C;-Cs alkyl, and



Het is an optionally-substituted five- or six-nenbered heterocycle
conprising at least one N, O, or S atom [0017]In sone aspects, Riais F
and Ri b iwOHosvd288¢t i s 2-nethyl-tetrazol-5-yl. [0018] | mrCirarseéve60267

enbodi ments a conposition conprises the conmpound herein such as prepared in
accordance wth the processes above, wherein the conposition lacks tin

i mpurities. DETAILED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

[0019]thhods ar royi.ded for nt hesi zi u it (pyridi nyd nyl -
oxazol i di noned 15 Selgeted from the grourtconsisgee pE2a ﬁa.wﬁﬁ%ﬁ Pt B Ry e
or siXx § sdch as
opt § onal 13- BTt saenel FOae Sl uSbupEBOrENR Jrict S Suglepe st

t hi azol yinpn@mtti d1h5uimza1>¢qhblsnmcb¢vhﬁsmﬂ mnd(ﬂ%ﬁo@ﬁmm fores ring. an
optionally-substituted tetrazolyl such as 2-methyl-tetrazol - Ri a and
R b are i ndeptideht | yn semecasBesty raoﬁemp%ﬁwnmww &@dcq%&unat er%wlb'ﬁ% i's
F, and | t alts
of o oy serel i RO T e BChE: A SO ERRFHARE Moo RGR TR FRAST, o

t ake t heora pisddbcoitadliyngseptsbpesiltfdfeld dishet hose specified in the MGaw Hi ||
Di ctionary of Scientiétf and gechnical Terms, 6i11 edition.
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R'a

wherein R'a and R'b are independently selected from H and F, provided that at least

one of R'aand R'b is F,

Het is an optionally-substituted five- or six-membered heterocycle comprising at least

one N, O, or S atom.

[0017] In some aspects, R'a is F and R'b is H and Het is 2-methyl-tetrazol-5-yl.

[0018] In further embodiments a composition comprises the compound herein
such as prepared in accordance with the processes above, wherein the composition lacks tin
impurities.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0019] Methods are provided for synthesizing substituted (pyridinyl)phenyl-

oxazolidinones

Het \ / N\//L\V/OR



[ 0021] I n sone enbodi nents, nethods include synthesizing substituted N
(pyridinyl)aryl oxazolidinones by the follow ng route (100221 Schene 1)
[ 0022] Schwoeoh/R1888 NHet 4 Rxn 1 06 PCT/US2009/060267

wherein Het is an optionally-substituted five- or six-membered heterocycle comprising
at least one N, O, or S atom such as optionally-substituted tetrazolyl, oxazolyl, triazolyl,
oxadiazolyl, thiazolyl, and isoxazolyl moieties. In some aspects, Het is an optionally-
substituted tetrazolyl such as 2-methyl-tetrazol-5-yl.

R'a and R'b are independently selected from H and F, provided that at least one is F,
and

R is selected from H, PO(OH),, and pharmaceutically acceptable salts of PO(OH)s.

[0020] Unless otherwise specified, technical terms here take their usual meanings,
specifically those specified in the McGraw-Hill Dictionary of Scientific and Technical Terms,
6™ edition.

[0021] In some embodiments, methods include synthesizing substituted N-
(pyridinyl)aryloxazolidinones by the following route ([0022] Scheme 1)

[0022]  Scheme 1

Y
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1 (R = H)

[0023] In Scheme 1, a first intermediate (4) is coupled in Rxn 1 with a second
intermediate (6) to afford a coupling product (7), which in Rxn 2 is then treated with a
glycidyl ester to afford compound (1).

Scheme 2

OR



71 (R=H [0023]In Schenme 1, a first internediate (4) is coupled in Rkn 1
with a second internediate (6) to afford a coupling product (7), which in
Rxn 2 i s whemomessted with a glycidyl ester to afford cecpasaa90a)267 Schene
2 [0024] I n Schenme 2, internediate 6 may be fornmed by treatnent of
internediate 5a with 2 equivalents of a strong base such as a C -C6 al kyl
lithiumfor exanple n-butyl lithiumor t-butyl lithiumfollowed by the
addi tion of the appjopyiate el ectrophile such as zZnCl2 or B(OR)3 i.e.,
Cl-C6 trial koxybor orﬁfe\R:?uch as triisopropyl bor oné?t?oﬁgueous wor kup of

the resul ti nﬁ eagl LOA m xture wheBwithe el egirophilg is a trial koxyborate
ester yields thronic acid 6a._TT_The di ani o ais treated with a
cyclic boronate~ester then the cﬁﬁpﬁc%boro%ic atli d_lester 6b can be

n

i solated. Furtherl, if the electrophtle is OC?Z then the zinc reagent 6c¢C
can be isol ated. ternatively, the boronic a®HdR'amy be prepared by the
M yaura boration procedure (Myaura Top. Cum Chem 02, 219,11-59). In
this reaction, a diester of diboronic acid such as digi agoﬁ{ ate ester of
di boronic acid s epupled to amsatiyl hal i de (5a), using p adi um cat al yst.

Wt h aqueous acid to

The resulting boﬁfni\e aci d ester—6b-can be hy
i vative 6d can be

t he boroRitke_aeid M. Further, t drifluoroborate
formed from boronic acid 6a§§y kIgat ment B T and/ or KHF2. [0025]1In
t he aboveyscn S, )é is aleavi @ropp. | n sqne engigdi m_sgtth, X is selected
fromd, Br, i and® ri f1 uor onet hanesul f onat e, [0026] XI iS a | eaving group.
In sone enbodinents, Xi is a halogen such as O, Br, or |I. [0027]Het is an
optional | y-substcb#yt)e five- or six-nenbered het roBycI e conprising at
| east onegh, O, orl St
pi per azi ne, ‘wiperit ne, inmidazBPE' 1,2, 4-gwiazal , Nk 2, 3-triazol, tetrazole,
pyrazol e, py i di ne, oxazol &, 4 soxazole, o zol e, pyridin, pyrimdine,
t hi azol e oX'“pyfazine. In sone aspzects, Zn’ < ional | y-substituted
tetrazolyl or Rnethya-tetrazol ¥5-yl. |In Some gnbodi ments, Het is
unsubstituted or has 1 or 2 substituents. [0028]°"Rg@a and Rib are
i ndependent |y sgl e@t\szd fromH and F, provided that %[ I8ast

\R2

om including optionall y-s\\brbstFk% uted pyrrole, furan,

PdClx(dppf)2
R’ NH — R' 7\1;
o O °
X . O/B—B\O B
R'a O R'a 6b
H
H R
1 N._ _O.
R N__o, KF OR?
2 F
TR Fo, o
HO\B o) KHED B*
/ F 1
HO  R'a g, R'a &4

[0024] In Scheme 2, intermediate 6 may be formed by treatment of intermediate
Sa with 2 equivalents of a strong base such as a C;-Cs alkyl lithium for example n-butyl
lithium or t-butyl lithium followed by the addition of the appropriate electrophile such as
ZnCl, or B(OR); ie., C;-Cs trialkoxyboronate such as triisopropyl boronate. Aqueous
workup of the resulting reaction mixture where the electrophile is a trialkoxyborate ester
yields the boronic acid 6a. If the dianion of 5a is treated with a cyclic boronate ester then the
cyclic boronic acid ester 6b can be isolated. Further, if the electrophile is ZnCI2 then the zinc

reagent 6¢ can be isolated. Alternatively, the boronic acids may be prepared by the Miyaura



one is F; Y is selected fromznC, BF3, and BR3R4, wherein R3 and R4
are independently selected from OH and optional |l y-substituted Cl-C6 nono
and di hydwDcoslaessol s, and wherein R3 and R4 toget her mrgTiusRomAct26Tg. | n
sone enbodi nents, Y is B(OH)2 or pinacol atoborate, nanely, such as
B(OH) 2. C1-C6 nono and di hydric alcohols nmay be optionally substituted with
Cl-C4 al kyl. A Negishi reaction may be performed to form conpounds wherein

Y ZnCl (Negi sh 88, .33, -47 00291 ] ] )
errlbgdl nms'i’ﬂr IO@CWCEM%H%@& t Sded 2&@%1 -%J% 95)su‘§s4nsgafcglangm figstehe or
mor e subg kit, ﬂfcsacuf afch%gﬁmﬁa%olaw&%}%f%%% %Sih‘%‘%ﬁ.g)lédf?)”a& i}glhgl'icfé”(i@a)

consi sting of hal ogen, roxy, am no _ ky am

al kyl ) amigieg aC]ycalelumncettalg)st CTIhé radukiytlg, b&@bnik acd lestey, 6dean4ba¢1yHrolﬁéd 4with

t hi oal kyl, Cl-4 th| ooxoal kyl ,. hal ogen substituted Cl-4 al kyl and hal ogen
subst i t uiBgoesIacd i %Wror{l@@%@ﬁm §orthey, @@H@ﬂ@orfborﬂze Jegivaipye ehean §e formed

substi tuﬁ&q tﬁ%ﬂ&%h Cc& gﬂéyo[@ 111%’11(%?{@13[@ L6 -C6 alkyl. In sone

enbodi men enz are unsu S ?tuted or independently

optional ly supmtzs}t ut qd thé alibvlaasbh)@m o isal levitlg S, als oimeCéntsddiyédx yX id n
sone enbodi ments, R2 is benz and[0071] Ris H [0031] Suitable catalysts
f or cros@@tﬂﬁﬁf@%@hr@aéﬁn@rﬁﬂ omethagesponadi um conpl exes, for exanpl e

pal | adi um pho gxesar di chI orobl s ri. henylkphos

R R v et i R A L S
in situ BfynPd2(dba)3 (dba = benzyli deneacetone) in the presence of PCy3.
The proport| on of Pd conplex to substrates to be coupled is not critical,
but approxi mal08Ry] 1 ﬁiﬂte18%8(nr glpapnally-substgutethefivek or Gix- -thersbdseenhdteroaxtle o be

useful . 003 zatlo roduce the, axazolidinhone ring is effected in
Rxn 2 by q%&h% SRR P%S Sne M QUi ARl ' Fyrld SR

hexanet h Sih 1R[Ha519aN0l4L b im 98- U leNpRydd b 1N
t he pres%lhgﬂg o‘]3 %b%ﬁi&ﬁ s ﬁia%g, 45, ttErsllatéelt rahyglraééfara% “ %r?uﬁn I%}’rndgl'rclielg}

(DVPU) , éuzbbmdxdzyleao@dyazpuypyr&hm egxyrlsmhlhe dsazte & [fyryzmgl. yloisdyk agscesr Hef or
exanpl e,. but to afford ound 1 (R = : e enbodi nent us .
i thium ﬁé%Pé%ﬁ%alh’ﬁ“H?t&PﬁetaF%zoiﬁ?%W%&?etféﬁ%‘@rﬂizog% SQiFe CEBPGEIRLS, Jiet s DVPU
present toof ﬁtle&i%ﬁh&ltg';e%&ﬁﬁﬁﬁlbﬁtg at a tenperature between about 0C and
about 30C a a sto |omstry of 7 to glycidyl ester of about 1:1 on a
nol ar basis. [0028] R'a and R'b are independently selected from H and F, provided that at least
oneis F;
Y is selected from ZnCl, BFs;, and BR’R*, wherein R’ and R* are independently

selected from OH and optionally-substituted C;-Cs mono and dihydric alcohols, and wherein

R’ and R* together may form a ring. In some embodiments, Y is B(OH), or pinacolatoborate,

namely,
such as B(OH),. C;-Cs mono and dihydric alcohols may be optionally substituted with
C;-C4 alkyl. A Negishi reaction may be performed to form compounds wherein Y is ZnCl
(Negishi: Chem. Ind. 1988, 33, 381-407).
[0029] In some embodiments, Het may be unsubstituted or optionally substituted
with one or more substituents, for example, independently selected from the group consisting

of halogen, hydroxy, amino, C;4 alkylamino, di(C;.4 alkyl)amino, cyano, nitro, C;.4 alkyl, C;4

-10-



[0033]If desired, conpound 1 (R = H) can further be converted to the

di hydrogen phosphate, for exanple, by treatnent wth POC1l3, according to
wel | - knowworzetonaelks? For exanpl e, conpound 1 (R = H) canPbe/use@atetom t h
POC13 fol |l owed by an aqueous quench or in a two step process using a
protected form of phosphorous oxychloride such as: POC1(0Bn)2 where the
first step prepares the phosphate triester and the second step renoves the

A ter nat HORRy. lt‘i re(é;fy Clﬁ%gﬁkﬁwé’zéﬁa‘f'oo%g% FIPKO LG e 0 @i hipen

P(N-i Pr Z%Lfbgtlttu ){3,\Ned by oxidation with an oxidizing reagent such as
nCPBA fo by tre ment with base or aqueous acid to renove the
tert-butyl esfo#88). AMD 21@1%61428871?@“ Ldﬁ‘sﬁ@ﬁeﬂllyOﬁﬂﬂﬁtthe{d)(Baﬁk]lehﬁ r @gidnhliyng

di hydr ogen phosphate conpound 2) can further be converted to a

phar rracembﬁfétarqdycaEeéEfvbblrbS%ff @mgwésﬁlea@ 'P%yloq@oﬁx Gomplky) %fede‘&ﬁHﬁ’é 1 (R
= PO(0) 2.
base. | oBaBTRl GROhHR bt bt el ol shPactc SOPUMILEPMELIMED

t hat theelhm(mlernha{zrmbauy] ad(0o71pRAeHt abl e salt” refers to salts forned

wi th such bi ol ogi cal I% conpati bl e cations and/ or anions, as appropriate.
Such cations [08élude Suialle ertaliiws afori eross-eonpling, reg@tm s o arn palllaﬂwnum

i f
O gant ¢ HTNBgenBre- paBle Pl 8O Rh R sofislfisy ol kO BB hmERo i
chl or opr pgrRERAYIIE h@étfa'k%(tr@h&iyﬁﬁl@%lﬁfé')lﬂﬂladl@ﬁlmﬁ' emdlt@dn PRpafdd MRi hyh,glfégam ne
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some embodi maﬂ)t0§3] If desired, compound 1 (R = H) can further be converted to the dihydrogen

phosphate, for example, by treatment with POCl;, according to well-known methods. For
example, compound 1 (R = H) can be treated with POCl; followed by an aqueous quench or in
a two step process using a protected form of phosphorous oxychloride such as: POCI(OBn),
where the first step prepares the phosphate triester and the second step removes the
protecting group (for example H,/Pd-C to remove the benzyl esters). Alternatively, the 5-
hydroxymethyl-oxazolidinone can be treated with P(N-iPr;)(O-tBu), followed by oxidation
with an oxidizing reagent such as mCPBA followed by treatment with base or aqueous acid to

remove the tert-butyl esters).
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C18 Col um) Tj0e86) m rOQxakblalindnet./ prepared by the methods herein differ from the
oxazolidinones that have been prepared in accordance with the US 20070155798 method.
Oxazolidinones made in accordance to the process described herein do not contain tin
impurities as no tin-containing reactants are used. In addition, in some embodiments, a dimer
impurity has been observed, for example, in batches in which phosphorus oxychloride (POCI;)
was used to convert hydroxyl to the dihydrogen phosphate. Specifically, a molecule of TR-

701 reacts with a molecule of phosphate ester containing at least one P-Cl bond to form the

dimer, such as having the following structure.

R'a o
7 N\ N»\O R1b
N= \/\/O\ gq/o Y =N
p-O-p Het
RS AR o) \ 7/
OoH © ~
R'a

[0037] The impurity is present in some detectable quantity and is present in less
than about 10% by weight of the composition, and in some cases less than about 9%, 8%, 7%,

6%, 5%, 4%, 3%, 2% or 1%, such as less than 0.1% or 0.05%. Thus, in some embodiments,
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compositions comprise an oxazolidinone as prepared in accordance with the process herein
and a dimer. In some embodiments compositions comprise an oxazolidinone lacking any tin
impurities.

[0038] Oxazolidinones prepared by the methods herein are useful as medicaments,
and particularly for impeding the growth of bacteria, as is disclosed in detail in US
20070155798, which has been incorporated by reference in its entirety.

[0039] The terms “approximately”, “about”, and “substantially” as used herein
represent an amount close to the stated amount that still performs the desired function or
achieves the desired result. For example, the terms “approximately”, “about” and
“substantially” may refer to an amount that is within less than 10% of, within less than 5% of;,
within less than 1% of, within less than 0.1% of, and within less than 0.01% of the stated
amount.

Examples

[0040] The practice of the inventive method is illustrated by the following non-

limiting example.

Experimental and Analytical Data

[0041] Reagents were purchased from commercial sources and were used as
received. Proton nuclear magnetic resonance spectra were obtained on a Bruker AVANCE
300 spectrometer at 300 MHz or an AVANCE 500 spectrometer at 500 MHz with
tetramethylsilane used as an internal reference. Carbon nuclear magnetic resonance spectra
were obtained on a Bruker AVANCE 500 spectrometer at 125 MHz with the solvent peak
used as the reference. Phosphorus nuclear magnetic resonance spectra were obtained on a
Bruker AVANCE 500 spectrometer at 202 MHz with phosphoric acid used as the reference.
Fluorine nuclear magnetic resonance spectra were obtained on a Bruker AVANCE 300
spectrometer at 282 MHz. Mass spectra were obtained on a Finnigan AQA spectrometer with
electrospray ionization. Thin-layer chromatography (TLC) was performed using Whatman
No. 4500-101 (Diamond No. MKG6F silica gel 60 A) plates. Visualization of TLC plates was
performed using UV light (254 nm) or potassium permanganate stain. HPLC analyses were

obtained on a Varian Prostar HPLC equipped with a Waters SunFire C18 column (150 x 4.60
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2.0 30.0 1.0 98.0 220 A = water with 0.05%v/v trifluoroacetic acid B =
acetonitrile with 0.05%v/v trifluoroacetic acid Wavel ength = 254 nm
[ 0043] MetwooB/av¥sver s XBri dge C18 Col utm) 1. Ti me (m n) PRT/USR@o60zk? ni n)

%8 0.0

1.0 98.0

mm, 3.5 pm) or Waters XBridge C18 column (75 mm x 4.6 mm x 2.5 pm) using the methods

below with the detector at the specified wavelength.

[0042] Method A (Waters SunFire C18 Column)

Time (min) Flow (mL/min) %A | %B
0.0 1.0 98.0 2.0
15.0 1.0 5.0 95.0
25.0 1.0 5.0 95.0
27.0 1.0 98.0 2.0
30.0 1.0 98.0 2.0
A = water with 0.05% v/v trifluoroacetic acid
B = acetonitrile with 0.05% v/v trifluoroacetic acid
Wavelength = 254 nm
[0043] Method B (Waters XBridge C18 Column)
1. Time 2. Flow
% A % B
(min) (mL/min)
0.0 1.0 98.0 2.0
15.0 1.0 5.0 95.0
25.0 1.0 5.0 95.0
27.0 1.0 98.0 2.0
30.0 1.0 98.0 2.0

A = 87% 25 mM ammonium bicarbonate solution in water/13% acetonitrile

B = acetonitrile

Wavelength = 254 nm

[0044] Method C (Waters SunFire C18 Column)

3. Time 4. Flow

% A % B
(min) (mL/min)
0.0 1.0 98.0 2.0
15.0 1.0 5.0 95.0
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2.0 15.0 1.0 5.0 95.0 25.0 1.0 5.0 95.0 27.0 1.0 98.0 2.0 30.0 1.0 98.0 2.0

WO 2010/042887 PCT/US2009/060267
25.0 1.0 5.0 95.0
27.0 1.0 98.0 2.0
30.0 1.0 98.0 2.0

A = water with 0.05% v/v trifluoroacetic acid
B = acetonitrile with 0.05% v/v trifluoroacetic acid
Wavelength = 240 nm

Example 1: Preparation of 5-Bromo-2-(2H-tetrazol-5-yl)pyridine, 3

[0045] To a 22-L, three-neck, round-bottom flask equipped with an overhead
stirrer, nitrogen inlet/outlet, thermocouple and heating mantle was charged S5-bromo-2-
cyanopyridine (799 g, 4.37 mol, 1 weight), N,N-dimethylformamide (6.4 L, 8 volumes),
ammonium chloride (350.3 g, 6.55 mol, 1.5 equivalents), and sodium azide (425.7 g, 6.55
mol, 1.5 equivalents) while stirring. The internal reactor temperature set-point was adjusted to
85°C (Target temperature is 90°C). The temperature set-point was reached after 45 minutes,
and the reaction continued to self-heat to 94°C over 40 minutes. The reaction was judged to
be complete after 1 hour by HPLC analysis by complete consumption of the starting material
with an assay of 76.7% (AUC) of the tetrazole ammonium salt. The mixture was cooled and
filtered at room temperature. The reactor and wet cake were washed with 2-propanol (3.2 L,
4 volumes) and dried under high vacuum at ambient temperature to afford the tetrazole
ammonium salt as an off-white solid (847.9 g, 80% yield, 89.9% AUC). A differential
scanning calorimetry experiment was conducted on the tetrazole ammonium salt to understand
its thermal stability. The salt melted at approximately 228°C and had an energetic
decomposition at approximately 270°C.

Example 2: Preparation of 5-Bromo-2-(2-methyl-2H-tetrazol-5-yl)pyridine, 4 (X =

Br)

[0046] To a 22-L, four-neck, round-bottom flask equipped with an overhead
stirrer, nitrogen inlet/outlet, and thermocouple placed in an ice/brine bath was charged the
tetrazole ammonium salt (835.0 g, 3.44 mol, 1 weight), tetrahydrofuran (7.5 L, 9 volumes),
N, N-dimethylformamide (2.5 L, 3 volumes) and sodium hydroxide powder (343.5 g, 8.59 mol,
2.5 equivalents) while stirring. The internal reactor temperature was allowed to reach 12°C,

whereupon iodomethane (1.22 kg, 8.59 mol, 2.5 equivalents) was added dropwise over 50
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A = 87% 25 mM ammoni um bi carbonate solution in water/13% acetonitrile B =
acetonitrile Wavel ength = 254 nm [ 0044] Met hod C (Waters SunFire C18 Col um)
3. Tine AVOEBhoV428%79B (m n) (nl/ m n) 0.0 1.0 98.0 2. 0PCT/US2009/060267

minutes, maintaining the reaction temperature below 20°C. After 20 minutes addition time,
due to a rapid increase in temperature, the addition was paused and the reaction continued to
self-heat from 15-20°C over ten minutes. The remainder of the addition was completed at
constant temperature (18°C ). Upon completion of the addition, the ice/brine bath was
removed and the reactor was equipped with a water condenser and a heating mantle. The
internal reactor temperature was adjusted to 40°C, however the reaction continued to self-
heat to 48°C. The reaction was judged to be complete after 6 hours by HPLC analysis by
complete consumption of the starting material. The reaction mixture was cooled to room
temperature overnight for convenience. The THF was removed by distillation, and water (8.35
L, 10 volumes) was charged to the reactor. The slurry was stirred for 30 minutes and filtered
by vacuum filtration and the reactor and filter cake were washed with water (4.2 L, 5
volumes) to afford crude 4/N1 isomer mixture as a peach colored solid (500.7 g, 61% yield,
3.85:14: N1).

[0047] The solids (500.7 g) were dissolved in CH,Cl, (2.5 L, 5 volumes) to which
6 N aqueous HCI (7.5 L, 15 volumes) was added. The biphasic mixture was stirred and the
layers were separated. At this point, the desired product is in the aqueous HCI layer. The
CH,Cl, layer was washed with 6 N aqueous HCI (4.5 L, 3 x 3 volumes) until <5% AUC 4
was present by HPLC analysis. The combined 6 N HCI extracts were transferred to a reactor
and the pH was adjusted to 10.6 with 50% aqueous NaOH (~3.2 L) while maintaining the
internal temperature below 40°C. The solids were isolated by vacuum filtration and the
reactor and filter cake were rinsed with water (1 L, 2 volumes) to afford crude 4 as a
yellow/orange solid (322.4 g, 64% recovery, 39% yield, 93.5% AUC 4, 4.1% AUC N-1
isomer) as confirmed by HPLC and 'H NMR analyses.

[0048] The crude 4 was further purified by an isopropyl acetate (IPAc) reslurry
(1.61 L, 5 volumes) at 5S0°C for 1 hour. Upon cooling to room temperature, the solids were
filtered and the reactor and filter cake were washed with additional IPAc (500 mL, 1.6
volumes) to afford purified 4 as a off-white/yellow solid (275.5 g, 85% recovery, 33% yield,
98.2% AUC) as confirmed by HPLC and 'H NMR analyses. DSC analysis of 4 showed a
decomposition exotherm at approximately 245°C.

Example 3: Preparation of benzyl (4-bromo-3-fluorophenyl)carbamate, 5
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[0049] To a 12-L, three-neck, round-bottom flask equipped with an overhead
stirrer, nitrogen inlet/outlet, addition funnel and thermocouple was charged 4-bromo-3-
fluoroaniline (800.0 g, 4.21 mol, Matrix lot # Q13H), THF (6.4 L, 8 vol), and solid sodium
bicarbonate (530.5 g, 6.32 mol, 1.5 eq). The addition funnel was charged with benzyl
chloroformate (861.9 g, 5.05 mol, 1.2 eq), which was added dropwise to the reactor over 70
minutes. The temperature of the reaction was maintained below 20°C with an ice water bath.
The batch was aged 1 hour at room temperature at which point HPLC analysis indicated that
the reaction was complete. The reaction mixture was transferred to a 22-L flask and the
mixture was diluted with water (6.4 L, 8 vol). The two-phase mixture was warmed to 50°C
and held at temperature for 16 hours to quench the excess benzyl chloroformate. The mixture
was transferred hot to a separatory funnel to remove the lower aqueous phase. A rag layer
was observed which was taken with the aqueous layer. The THF layer was filtered through
Whatman #1 filter paper to remove some particulates, and the mixture was transferred back to
a 22-L flask equipped for distillation. Heptane was added in portions and distilled to remove
the THF. (Note that it is best to distill some of the THF out first before adding the first
amount of heptane.) A total of 26.5 L of heptane was added, and the total distillate collected
was 25 L. At this point, the pot temperature had reached 97.7°C and the distillate coming over
contained 0.9% THF by "H NMR analysis. The mixture was cooled to room temperature and
the thick white slurry was filtered. The filter cake was washed with heptane (4 L). The
product was dried in a vacuum oven at 40°C to give 1257.0 g of intermediate 5 (92% yield).
The HPLC assay was 98.3% (AUC).

Example 4: Preparation of 4-(Benzyloxycarbonylamino)-2-fluorophenylboronic acid 6

(R"=F, R""=H, R*=Bz Y = B(OH),)

[0050] A 22-L, three-neck, round-bottom flask was equipped with an overhead
stirrer, temperature probe, 2-L addition funnel, and a nitrogen inlet adapter. The flask was
charged with intermediate S (1.00 kg, 3.08 mol, AMRI lot # CAR-L-18(3)), THF (10 L, 10
vol) and triisopropyl borate (638.2 g, 3.39 mol, 1.1 eq.). The mixture was stirred and cooled
to -72°C in a dry ice/acetone bath. The addition funnel was charged in portions with 2.5 M n-
butyllithium (2.59 L, 6.48 mol, 2.1 eq.), which was added dropwise to the reaction over

approximately 2 hours. The maximum temperature during the addition was -65°C. The
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deconposi tion exotherm at approxi mately 245C. Exanple 3: Preparation of

benzyl rono- 3-f | uor | )cay e, .5 e
2010/ mzé@gﬁca%@éo by ﬁ%@@ﬁt oh Fbﬁﬁ@%zt@iw%d theppregence jof Qae pogpound. Pd
round- bogltg;g] sfshewkd egybpfq]q stifltRhrOXRE head stirrer, nitrogen

unne

inlet/outlet, addition and thernocoupl e was charged 4- br ono- 3-
fl uor oani | i ne[0088P. O The idteRedint 7 Wit retcxystaﬁize# fiQnil&hyl, acEtdte (bBfidithkr; reduveol ) ,
and solid SOdI um b| carbonate (530.5 The addition

m_nn? wiis leyehof aallygiym B@ﬁwﬂlatqﬂ 318 & @é@%@@t@eg@%mﬁo olumes) egqy) | f
the 1 eact R £ 5Pt RE e Wl FRAHR By Fhe Rl Bt Gt JEERRLARYL © ©

aged 1 hpsint #he soR@ibsdREr Bhélhét sailutwm Wik fledred td-R¥fovanayl ysllaliunndiacla{®@gd- t hat
the reaction was conplete. The reaction m xture was transferred to a 22-L

flask ant® 9-He- Pnfﬂ%tfﬁl ﬂI@ besd) @1d| igtwaednia i cleap orl (flesly The ehsolcﬂcytaterﬁéutmmwehase

m Xt ure 50C _and eI d at erature for ur uench
T oxcodBisal Titholhertd Briite 18" nbe DOTBEEAlE ) Feed, B3 Rt 2L TR
separ at 0§dlutfdahnﬂ'@§ cbSled RIOYE LAE tlﬁeOiJ&@ultlﬁgl @Elwswﬁ%hﬁﬁ@ed ATHeaﬂlaskaa)ﬁ@rﬁlté@%ake
observed which was taken with the aqueous |ayer. The THE | ayer was filtered

t hr ough ‘et washedt withjethyd acqu €4 xt1g0 mdpofestiryd ﬂeetqtarThecpnréQCbmtermmmWewas

m Xt ure transferred b r dist atj

Fept ane AR BAERTH o5GH B DhS S abedile § PEa B BROVES e R Rt S Rac i
i's best fQidibstel éur?ﬁ%ﬁqn@fm&hﬁe 2098 5bd E&UCB’efﬁ’er Sal?aqgt'rrf‘&vfslhﬁ tflé ﬁﬁﬁé’dm“nt
of heptane.) Ato of 26.5 of heptane was added, and the t

distill aptedual Wwe b gnuakhe2iother Atjudrhvas pepotated trerq:mtzett e&gembd:mde phaiﬂtct
reached 7C and th d| stil|late com ng over contained 0.9% THE by 11-1 NWR
anal ysi s! %F—PCH’(QW HRRE %Yol ed to room tenperature and the thick white
sturry vas fibkehad dnepldbibn Calie 4e% 1aENedni fubenl- SRRl difrs.yiThe
product was dried In a vacuum oven at 40C 10 give 1257.0 g of internedi ate
5 (92% yflwdrdphenyhe-drEvasesay oxvasli@8-23806 A\l(E)— HE)@&M\rIeErréd tPne“BR-G00°0n of 4-
Benz | ox carbon _|lamno -2-fluoro hen | boronic acid 6 (Ra F,, RRb H - 2 K=

Bz, Y = B(CH) BPS#bosat A-athree-peske oymdchotiond datk B teampppchwthma% oggfilictshed

h b,
i oSS eREALII ARTRELARALE PRy Aok LI TR 000
3. 08 nol driddMwith |aQiea#gL(ﬁAﬁhder 1803 pf nifddked ﬂ&aﬂ-lnteiﬁal\t@thﬁ)eraﬂme’e bf 60°E0Mhe Pk

borate (638.2 g, 3.39 nol, 1.1 eq g The m xture was stirred and cooled to
-72C in aawlyarg@ctemt@emtﬁﬁ@ecbatteh7 ( & @i 272omok YR 19 QM@r@E@OEH))omdi ons

ir opwt s TSERHSTHIL ) B0 St G Ral Birpearp St esdhl Gy PR o °the

t enper at g&@idUfunAE WiecrRdeid van mm-@tﬁtﬁn ﬁEEl@meﬁhﬁI@féﬂészb W feeoeds I ete
by HPLC anal ysis. The acefone was renpved fromthe cooling bath, and t

reactionl ﬁésqdu@h@héﬂ\/mst wltﬂa%mﬁwiﬂgé daoproisd tnthe hobitiod ef swkmddete { ®ver L)
allowing the .rea n to mto1 £ Th R as s.were separated and the THE
| ayer wa@PLHpaE t mE‘B“?f sdsoluigg %rrntfge E Bqn V@%St}fgegl‘iﬂe °gh2 1908 2

et hanol /te%pefat&réfan& the%ch@"U) (Ao £QOM GIRST &) WA ati@éd Ind %rmlxtit}e tithd 1 €
was filtered and the filter cake"was rinsed With 3:2 ethanol/water (2 x 2
L). The @yddm:‘sluwasThhr batch ivas aoaled inuan v bathabd SrI?QmRt @)Fﬁéywdym betytae g41\/l-5
592.8 ¢ of di at 6% yi el.d) that 89. 8% ( HPLC ysi s
(Met hod )0 Qéh tQaSr‘? IW"tﬁég “rﬂ%‘ﬁgluég%e lE)‘ulfFlewafhei@tXt%Waéﬁ 1r6& insth ifg gL
anal ysi s ( S used
e vl EBQ %ﬁQquZH&%{Q% g%gﬁ lﬁlre‘g 3‘9? ‘%‘le*?‘?fﬁ eerﬁ}/eeigﬁ Lt ‘R{eg{é to TR, ReEch

et hanol / feaed a tuhisiohryrae IﬁW@dmtt hendddBLEO ramﬁlpmbytftﬂf b biers mltiman:dfd ﬂvalsthbi“ee,'was
impurity observed in the 19F NWR spectrum and the HPLC at 240 nm

Exanpl e zgapr@f1@|g@}ya§]‘yeﬂ71?0?0(bér@§q|1ntermed1ate and approximately 7% of the butyrate ester
(4-(2-(2-methyltetrazol -5-yl)pyridin-5-y1)-3- fluor Imate 7 Het = Rl a= F,
Rb=H R=Bz)(Rf : JAS-G96) (Ref: CAR-L-93, DUG AF-202) [0052]To a
5-L, three-neck, round-bottomfl ask wag charged 4 (200.0 g, 0.833 nol)

foll owed by 1, 4-dioxane (3 L, 15 vol). &rude conpound 6 (361.2 g, 1.249
nmol, 1.5 equiv.), Pd2(dba)3 (11.44 g, 0.0125 g, 0.015 equiv.), and PCy3
(7.0 g, 0.025 nol, 0.03 equiv.) was charged and degassed with nitrogen for
30 mnutes. A solution of K2CO3 (195.7 g, 1.7 equiv.) in water (800 nL, 4
voI) was char ged and the reacti on was heat ed to 70 C. The reactl on was

o, Y 1 ~ - S n7s7 _r .




HPLC anal ysis. The 1E1 NVR and 19F NMR indi cated the presence of one
conpound. Pd anal ysis showed 135 ppm Pd was in the product. [0053] The

i nt er rediwoeoiv/osess7r ecrystal lized fromethyl acetate toPCumshew/os@duce the
| evel of palladium Internediate 7 (130 g) and ethyl acetate (3.9 L, 30

vol unes) were charged to a 5-L, three-neck, round-bottomflask. The slurry
was warnmed to 75C at which point the solids dissolved. The hot sol ution was

filtered r ve a al | adi um bl ack i 0.4 Itesthe st)
and et UPoR 16 4 eralbhan o sadem mﬁtéwévgﬁ ot 188k il o e SR | { e
at at mswfﬁecbzﬁ)&?%v%}s' IGrik® Hhe qDchﬁlr %02rebno9b tﬁ@?es%gly!sstéc aihatif- fp@#?ce@s up{/80) .
The sol ution was coo to 22C and the resulting slurry was tered. The
f | ask anghatyisist sr tlmabemmhewwas]lmd wist ippebriynatehic 046 TR3780 1a0 0% of tked hyl
acetate. The purifed internediate 7 s dried.in vacuum oven, at SOCto
give 110% @Y@teo?St?rntT ? feAgiian &vay %8@?@%&6%? monl’ﬁgl “é%%l&&?nb‘im glpjgride
purified r a I i lo

purified dé‘?%" lediﬁbté@g&gv@%‘?%ﬂ‘se@&% er ?V-(qléﬁgfrggl\/aisfgvtgp@gr g@d d[bgertrvgcgg @r 18
g of cr ugklitonodfcie z{rﬂlﬂ%lnmC@ﬂ(ﬁ’[@e soh A ﬂ}hmt%)phase mIXtUIEX‘ﬁﬁH)HIStﬂﬁ:d to a pot
Preparation of (R)- 4-(2-(2-nmethyltetrazol -5 -yl)pyridin-5 -yl)-

fluor cl@MPYELEER 7§2 o eheTie Presgie) torrepRye-approXiglatdly aflept Big E é'éhls

i th an Syrkagick ARAFhens b bERRR IRE s BHOS RLhAT PhARSTIRR: SR

ni t r ogentd mbet ted@aftiee (2376r€) fahasks \ﬁﬁéredrTI@djﬁmrtcbk@wbﬁﬁIhslﬁu Rvithnglger @ . f Low of
nitrogen to an internal tenperature of 60C The flask was charged With

i nter madiQat\’el) angd Illfdh@lob (55@ w2 Sriesll), toasiRe TiRe? 06+ apryavinge- bid( Thy “@hdal@nwyﬁdr ous
THE (2.2 t d d t

formed. -4 SeratEndin ¢ aiedn R ndBely §FE R8T 0 Biumeria P Dict! ikl A,
hexamet hyt gissiAdaz) sleHPRE%nblysis O 28R 10D wak f@ehed dudifiedTbierekliutiyas is ol7ut | 31)'1 was

added dropwi se to the solution of internediate ? over ‘approxi mately
m nut es. val) pé€d: Is olethanoliwiter aed0°Criveoked ta 2o, waterisp i and edasbing Wmhnmealnanpbom

o p e ot 5P dh rih Ehoaed Sore it Bl S of st b oot o TR PRl
5.7C. R-f00 wid Yé&cbotkd RUb§¥:al&d (§062rethl] Rel@BEnd e pukit %a@%p%@d theg 4%jded

in one portion. The mixture was stirred’in the ice bath for 0.5 hour and
t hen vvas(Adé@)r’eyjHPbCranalrym‘s effpgratisdine cangnisyay Hepbrover ni ght . The reaction
formed a tan

i ndi cated t hat*4® L el e R )7 5Ly VAR AR PR : and
appr oXi Nt &b yheh¥h) %f thP&V%M %&szcﬁehez on9fd11¥;6rag%9 oSSR | | qRou mo@mpd' um
met hoxi de 1T n nethandol (11 ni, O. was added, and the batch wasS stirred

for 1 hoaso tecﬁerreelrtmae“TRdOrlEAi’ duaI ester The i n-process HPLC anal ysi s at
this point shovved there was approximately 9Q. 7% TR-700 and 0. 2% of the
butyrate estel05Fhe rearti dekeisd iquadrbrdempiasknwanfarippeh With aooeverhsad.
anmoni u | 44 ) nt..from
22C to 2 %mve\lfg%hlo lgze?veglt%ﬂo{{lnﬁna%dh%rﬁgogo%@é’t%tr%em%;glﬁf t&ﬁ?é%ﬁ%r&?@ SO eﬁtu}hgh.
The t wo- Phagiskn wdsu tlearyas vdthStDRl T@d (T@0 ag, pOtlSPeﬂﬁﬁBraHRQl af L7QGC vol), and

(at nospheric pressure) to renove approximately 2.2 L of the THE. This

f Ior nmed atrieHivéaming (38r3/gvth$ thmpk 3cra) utheplyis Was/ﬁtréqd qnésbe mketsemmr@i#éﬂswasl The
G T
cake wastdS 3y Thet Mo RRRARTRE PG bt pRohBNE o Bihordel 8RB 0B hon ' £,

give TR- 7@%) RASTHEF \Wo b, SOJdl)d Onlsbehe/\mter@aakenmuwﬂeede@wecnthgfptoelgl s@lut\f@cuum

oven at 50C to give 89.7 g of TR-700 (89% yield) that was 97. 8%& )r
HPLC analgsirddedTéiepWRe 708T W4 smiytes h&he puaxinfune dntpgpak @mmra’cbyﬁe ngas A22C.7The (30

I f 4. th | / t 7 t
wth et R ao e Tl iy SRS sr Rt FET b AR e‘g‘d”%;“@@?‘g
that is gbagr TRmooT&elamwl fA 8, Tt'ﬁ?&one‘éﬁsrdﬁﬁ%@tbﬁﬁﬂhdk &%C% pedelvih (BF¥lon
overall yield), and the purity was inproved to 98.4% by HPLC

anal yS| sdiatiregm aumadiamshaogedenith water 10.4ppra0 vol) and manmled 8] 3 @r@[ﬁaalatdeon of

(R-3-(4-(2- tetr zoI ridin-5- - fluor hen -5-h dro

ot b d bl SR Dod pharista rerdufs,h B Punel i B dlgnith Mler SiperBitarer T

[ 0055] A 5-1L, jacketed round- bottom fl ask was eqU|pped wi th an over head,
mechani cal stirrer, addition funnel, thernocouple, nitrogen inlet, and a
circulating chiller unit. The flask was, charged with TR-700 (70.0 g, 0.189
nmol), THE (1.4 L, 20 vol), and trlethy18n1ne (58.2 g, 0.575 nmol, 3 eq). The
slurry was stirred and the jacket tenperature was set to OC. The addition
funnel was charged with phosphorus oxychloride (87.0 g, 0.567 nol, 3 eq) in
THE (70 nL, 1 vol). Once the internal tenperature reached 1C, the POCL3
solutlon was added dropmnse over 44 nlnutes The nBX|nun1|nternaI
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WO 2010/ 042887PCT/ US2009/ 060267 HPLC purity (Method B) was 99.6% (AUC). The
ot her anal yses conducted on this lot of 1 (R = PO2Na) are shown in Table 1.
Exanpl e 9WORneyeessri on of Purified PCT/US2009/060267
R)-3-(4-(2-(2-nmethyltetrazol -5-yl)pyridin-5-y1)-3- uoro hen 1 -5-h drox
meth 1 oxazolidin-2-one dih droen ihosihate 1 R = PO CH [0057] A 3-L,

t hr ee- neck, round-bottom fl ask vvas charged with crude 1 (R = PQ(OH)2) (99.8

g, 0.222 mol .. AM R ot # 8AK0242C Hof this
sl urry v ThEmax iy, mReE e S la e ares d]jfr?ygrig? tecbprld pefibuides _
prepar edw@ﬁé Hhs%&%‘{ﬂ %té ~%‘Y® itﬁ@qhw&ho’e%e@x’fﬁ’@ 3Gy RaoQidfd ) I n
a total volune of O. wat er M sodi um hydr X1 de soI ution (444
m, 0. 44dvemnpht. Iheql)lrm/amsa'ﬂidmd throopiMVéleattan péper fandehafiita cakeimvay ringsd V[Zth 5.7,

the solids d| ssol ved, even thougad‘ ?nl ali ttlcg)f over half the sodium
O

hydr oxi d¥a$bI({Qq 8- HAdveleend Aped 00 o dficy khgerradient ¥ ndiedetpiaofihs

8. 57 I t he
m xturga1'r Wa els%%l?rrgrugg ‘?or “i%ﬁ%lu?mg?d (g)glger%l% er%%gtr%tg%?gt.aﬁgﬁeﬂzﬁ ﬁrglfi ;{}fl was filtered
t hr ough WiatAnaas #116 fei (D6%)), gpdpkd purty be MPIE ddag shuyMetiaalrbonas S3bot(A&IC)t hr ough
a 0.45-p. filter to remove the fines. The strawcol ored filtrate was added
dropw seto aE 1 P R _"aﬂ A g 9’" ; M ipchyhelyal- ‘A.,.Al_l -y- The

;ﬁ;”\',\;;ﬂ@u Y1) 52 d?&! ok dfﬁ- 15n&hnd PRTE! §TBALAL AliSr (¥aSp #ONS);I

r ound- bojlk®rerdrlaisl agntdRvEs”al | owed to dry under a nitrogen purge overni ght
[ 0058] The di sodi um sal t! SR = P02 2Na) was re-dissolved in water (1 L, 10
vol) and thenl08&6l fi IGrade (thBQ@thWuéﬁ%g, @133 moDewaspdpeged dpeR-biresstor.

fl ecks S e sol heflltrate luted with

L O06° oftaRREal R [ LOE iRt RS & Pop et T o4
M hydr ochdegrio@iuaf hdthoRiddtih dethaddR(88L, 500494 nttd] 3 ed) Rbls AdBIrafidIRE odéop se
to pH 1.34. The product did not precipitate unti| approximately 170 nL of

the 2 M H@LtesolThe |rm¢t1m$era1amadre mh@ayeeil frow 241G to 3a8°F iduting ¢t aditition nEed
wi th water,. (500 and neth 500 niL fi ke

r acked S Mgpieslie” LB phres Aes SHEOEHEh bR A e b PER g e e Slrered

sol vent stpd hﬁcﬂ%f ‘aﬂdllﬁfteﬂ/\@a%e Qz&e‘r@ﬁnéeﬂ xﬁtﬁ’ﬁa@ﬂh‘dﬂ&lg‘s’@(ﬁ‘nﬁ} 5605 drracd@ne (i’U@)%E

give 79.3 g of 1 (R=P(OH2) (80%yield). HPLC analysi's (Method B): 99. 5%
(AUC) t RS =ob. ?maplrodudilwas dmadl 18 BB chivR oafnlalatyé(eéo Uetegizonsi3sg ehtrude fIIR-7hle

assi gned The | ev Si THE by NVR anal ysis was 1600 ppm
and the @f’? st he vBIde hig ucilw"bgp%f 0%1 ﬂcle %%Fre{ﬁég/ﬂ%dr 95 rYé’?)d'iOdglﬁ‘E)ta Y&Hbve
the m;:*g G5B uBBh RS ISR, WRAGirvit ek Rr &f GEIERN @53 ENEod ) SOlobaNt

[ (5R) - 3- fethpktanore cfeﬂ%n@ﬁutaetmlpﬂ Hdf ttled slaizrgalwea 7 2,ysto) ﬁ)yllol Idme& N NaOH was
phenyl}-2-o0x0-1,3 -oxazolidin-5

cy_ ., fidddsdiouihs sabistiqgrtoppise [[W@]@ dehelshﬂrmmaéﬁa?ﬁsﬂ éhTQU%Qe]dﬁéé‘él(@%a in

h h
phosPa! el L8k B0l CUFATHANARASALN (hFbhSPR: HAARRLAL WAL AL ET
100 5 H2@4amdﬁrfer2®uvva5mé(lﬁ%o@cpas@w through. adaidCTheofiBraveias adddd deshwisd g
anal ytical RPLC. Those fractions found to be enriched in the Dinmer were
pool ed prEiangi RS b oMvabi ol deresiltinenguisy aves soroneRishtiir warenences Teat i on
of the %1’&, P J{eg'ﬁt‘éredr §8§ed Wth X&?on%%%?d%ifa?ﬁ%@@é@a VEJ“uIrP&ee@aa'i VR

RPLC. Thi accur ate” mas

C34H31F2pi:208 DP2 oF 18(&3f137291,a ﬂ%@ll@%&h%& gRyn 2otér PPKB APECHRRitE of e f or
C34H30F2N1011P2 = 905. 1498; found 905.1484, A = 1.6 ppm confirm n% t he
formul a materialhivas LoMEdUGEC), Pabiircelt Wangtaysit svasfre-tiRsatgediin (WRyergHy0 L) 2Tie

5-hydr OXerL%E)QQI soh%(o%zxgellsl ﬁ% 6-62, S8 diiur%l h(ygroiichs') solu-gﬁ!)%twa@ea%gled to raise the pH to 10.

The solution was then filtered through a 0.45-p filter to remove color. The filtrate was added
dropwise to acetone (1.88 L). The white slurry was filtered and was washed with acetone

(470 mL). After drying the product, the TR-701 weighed 43.2 g (66% overall yield). The
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Appear ance Wiite to Of-white 1EL NVR Confornms 31P NVR Conforns Retention
Time 5.18 mn M5 nfz 371 HPLC Purity 99.6* HPLC Inpurities Diner, 0.09%
Copper Combento/oaissppm Pal | adi um Cont ent PCT/US2009/060267

HPLC purity (Method B) was 99.6% (AUC). The other analyses conducted on this lot of 1 (R
= PO,Na) are shown in Table 1.
Example 9: Preparation of Purified R)-3-(4-(2-(2-methyltetrazol-5-yl)pyridin-5-yl)-3-
fluorophenyl)-5-hydroxymethyl oxazolidin-2-one dihydrogen phosphate, 1 (R = PO(OH),)
[0057] A 3-L, three-neck, round-bottom flask was charged with crude 1 (R =
PO(OH),) (99.8 g, 0.222 mol, AMRI lot # 8AK0242C) and water (1 L, 10 vol). The pH of

this slurry was 2.05. A fresh solution of 1 M sodium hydroxide solution was prepared by
dissolving 50.9% aqueous sodium hydroxide (39.3 g, 0.50 mol) in a total volume of 0.5 L of
water. The 1 M sodium hydroxide solution (444 mL, 0.444 mol, 2 eq) was added dropwise to
the free acid slurry. At pH 5.7, the solids dissolved, even though only a little over half the
sodium hydroxide solution had been added. At the end of the addition the pH was 8.57. Darco
G-60 carbon (5.1 g, 0.05 wt) was added to the solution and the mixture was stirred for 1 hour
at room temperature. The slurry was filtered through Whatman #1 filter paper to remove the
bulk carbon, and then through a 0.45-p filter to remove the fines. The straw-colored filtrate
was added dropwise to a 12-L round-bottom flask containing acetone (4 L, 40 vol). The
resulting slurry was stirred for 1 hour at room temperature, was filtered and washed with
acetone (500 mL, 5 vol). The wet cake was loaded into a 3-L round-bottom flask and was
allowed to dry under a nitrogen purge overnight.

[0058] The disodium salt 1 (R = PO, 2Na) was re-dissolved in water (1 L, 10 vol)
and then was filtered through Whatman #1 filter paper when black flecks were observed in the
solution. The filtrate was diluted with THF (1 L, 10 vol). The pH of the aqueous THF
solution was 9.57. Freshly prepared 2 M hydrochloric acid solution (222 mL, 0.444 mol, 2
eq.) was added dropwise to pH 1.34. The product did not precipitate until approximately 170
mL of the 2 M HCI solution was added. The yellow slurry was filtered and rinsed with water
(500 mL, 5 vol) and methanol (500 mL, 5 vol). The filter cake cracked as it dried, so it was
smoothed out before adding the rinse solvents. The product was dried in a vacuum oven at
60°C for 19.5 hours to give 79.3 g of 1 (R = P(OH),) (80% yield). HPLC analysis (Method
B): 99.5% (AUC) fx = 5.6 min. 'H and *'"P NMR analyses were consistent with the assigned
structure. The level of residual THF by NMR analysis was 1600 ppm, and the palladium level
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1 ppm Sodi um Content 8. 34% Water Content 5.5% Specific Rotation -34.9

WHAT IS CLAIMED I'S: 1. A nethod of synthesizing a conpound of the structure
wher ei n RV0=014/042887 Ria and Ri b are independently sel ecras2dmonby and F,
provided that at |east one of Rla and Rib is F, Het is an
optionally-substituted five- or six-nenbered heterocycle conprising at

| east one N, 0O, or S atom conprising treating a conpound having the
structure

was 11 ppm. Since extended drying did not remove the THF, future batches were made with
use of ethanol as the antisolvent.

Example 10: Isolation of bis{[(5R)-3-{3-fluoro-4-[6-(2-methyl-2H-tetrazol-5-

yvDpyridin-3-yl]phenyl }-2-0x0-1.3-0xazolidin-5-yl]Jmethyl} dihydrogen diphosphate (the dimer

of 1)
[0059] Crude 1 from example 8 was dissolved in phosphate buffer and

chromatographed on a Gilson preparative HPLC system The mobile phase was a linear
gradient of water and acetonitrile t+0 was 100 5 H20 and T=20 was 100% acetonitrile.
Fractions were analyzed using analytical HPLC. Those fractions found to be enriched in the
Dimer were pooled providing a solution containing over 60% Dimer. Further purification of
the Dimer enriched fractions was accomplished on a semi preparative HPLC. This yielded
pure dimer: accurate mass (m/z 883; calcd. For C34H31F2N12011P2 = 883.1679, found
883.1658, A = 2.4 ppm m/z 905 caled. for C34H30F2N1011P2Na = 905.1498; found
905.1484, A = 1.6 ppm) confirming the formula for this compound.

Table 1. Analysis of TR-701 (R)-3-(4-(2-(2-methyltetrazol-5-yl)pyridin-5-yl)-3-fluorophenyl)-

5-hydroxymethyl oxazolidin-2-one, 1 (R = H)

Test Result
Appearance White to Oft-white
'H NMR Conforms

*'P NMR Conforms
Retention Time 5.18 min

MS m/z 371

HPLC Purity 99.6*

HPLC Impurities Dimer, 0.09%*
Copper Content <1 ppm
Palladium Content 1 ppm

Sodium Content 8.34%

Water Content 5.5%

Specific Rotation -34.9°

-23-



RL b wherein R2 is selected fromthe group consisting of optionally
substituted benzyl and optionally substituted C1-C6 al kyl, with a strong
base or amoanganmeds7ti hi um salt and then addition of gl yecagS2mawgrate to
the resulting anion under conditions to make 2. The nmethod of claiml
further conprising reacting wherein R is PO OH 2. 3. The nethod of claim
2 further conprising treating the conpound of the structure where R
is POQOOH) 2 with a base—unrder—conditions—tofoermthe—econpound of the
structure R a Het OR' Rl erein R' ifs aph‘é’in H%rcally acceptabl e salt
of PQQOH) 2. 4. The |
treating step: coupli

|enterrredi ate of the structure
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Het wherein X is a leaving group, with a second internedi ate of the
structure Rb wherein Y is selected fromthe group consisting of

ZnCl , BF3voant)/BRBR4, wherein R3 and R4 are i ndependent lPgTasb@oneatéf rom t he
group consisting of OH and optionally-substituted Cl-C6 nono and di hydric
al cohol s, and wherein R3 and R4 together may forma ring, under conditions
to produce the conmpound of the structure 5. The nethod of claim4 further

conprlS|§&§§fé§éiﬁ&gggl§§gpl|ng step: a) treating an aryl halide of
structur wherein Xl is leaving group, with a
strong base apd thgr}nétﬁ@c%fsgzﬁth%s&lﬁ%'é'chnBSu hQRe Widdu@ trial kylboric acid
ester under conditions to treating the aryl halide of

structure 5a with a pall adi unrtat al yst amd a di pi nacol ate ester of
di boroni c acid under conditions\o form \\6 The nethod of claimb5,

/0

wherein

Ris H,

R'a and R'b are independently selected from H and F, provided that at least
one of R'aand R'b is F,

Het is an optionally-substituted five- or six-membered heterocycle comprising
at least one N, O, or S atom,

comprising treating a compound having the structure

R,a O
>\70
Het—</ N\ NH R
N—
R, b

wherein R” is selected from the group consisting of optionally substituted
benzyl and optionally substituted C;-Cs alkyl, with a strong base or an organolitihium

salt and then addition of glycidyl butyrate to the resulting anion under conditions to

make
R'a o
Het o N>\\O
) \N Y \A\/OR
R'b
2. The method of claim 1 further comprising
reacting
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wherein the strong base is n-butyl lithium or wherein the palladium
catalyst is PdCl2(dppf)2. 7. A nethod of synthesizing a conpound of the

struct ur ewB.2010R42880 NH Het OR2 wherein: R2 i s Pseluseaogdei26Dm t he
group consisting of optionally substituted benzyl and optionally
substituted Cl1-C6 al kyl, Ria and Rib are independently selected from
H and F, provided that at | east one of Rra and Rb is F, and Het is

an optionally-substituted five; or six-nenbered heterocycle conprising at

| east one N, O, or S atom R'a <<\
— P ~o
Het N
\N / \A\/OR

R'b

with POCls;, POCI(OBn),, or P(N-iPr;)(O-tBu), under conditions form

R'a (i\
Het N
\N / \A\/OR'
R'b
wherein R’ is PO(OH),.
3. The method of claim 2 further comprising

treating the compound of the structure

R a 0
Het o N>\\O
e
'N / \V/J\\//ow
R'b

where R’ is PO(OH), with a base under conditions to form the compound of
the structure
R'a o)
Het o N>\\O
) \N Y% \V/J\\//OR"
R'b
wherein R’ is a pharmaceutically acceptable salt of PO(OH),.
4. The method of claim 1 further comprising before said treating step:

coupling a first intermediate of the structure

Het X
\_/
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conprising: coupling a first internediate of the structure Het wherein X is
a leaving group, with a second internedi ate of the structure R a0 wher ei n
Y i s sel exDedioicuessrt he group consisting of ZnC, BF3, amdTRR3MRI/06026Erei n R3
and R4 are independently selected fromthe group consisting of OH and
optionally-substituted Cl1-C6 nono and di hydric al cohols, and wherein R3 and
R4 together may forma ring under conditions to produce the conpound of the
structure 8. A nmet hod of king .t he second internedi ate of %he structure R b
wher ei n Re. | PhSTEGE (et CR ABAETONE: BHBASOBAST ST HE P! BB ETaue) y
substituted benzyl ﬁqg optionally substituted Cl1-C6 al kyl, Ri a and
Ri b are i ndependently’sel ecte \fron1H and F, provided that at |east one of
Rla and Rb is F, and Y ’s—©el ected fromthe group consisting of

ZnCl, BF3, and BR3{R4 el N3 ahé R4 are independently selected fromthe
group consisting of O o optionally-substituted C1-C6 nono and di hydric
al cohol s, and wherei and R4 together may forma ring; conprising: a)
treating an aryl haRide of structure 5a and

wherein Y is selected from the group consisting of ZnCl, BF;, and BR’R,
wherein R* and R* are independently selected from the group consisting of OH and
optionally-substituted C;-Cs mono and dihydric alcohols, and wherein R* and R*
together may form a ring,

under conditions to produce the compound of the structure

R a ©)
— \or?
Het NH
\_7
R'b
5. The method of claim 4 further comprising before said coupling step:

a) treating an aryl halide of structure Sa
OsOn_p
R1 Y R
NH

X'
R'a 5a

wherein X' is leaving group, with a strong base and then reacting a resulting

anion with a trialkylboric acid ester under conditions to form

o
>7\ o
\
NH R
1

R'b 6; or

2

R1a

b) treating the aryl halide of structure 5a with a palladium catalyst and a

dipinacolate ester of diboronic acid under conditions to form
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NH Rl a5a wherein Xl is |leaving group, with a strong base and then
reacting a resulting anion with ZnCl2 or a trial kylboric acid ester under

condi t i ornsOt2010/0a328876; oOr b) treating the aryl hal ipd&/uskomotsazet ure 5a
with a palladiumcatal yst and a diester of diboronic acid. 9. The
met hod of claim8, wherein the strong base is n-butyl lithium or wherein

the palladiumcatalyst is PdCLl2(dppf)2. 10. The nethod of claim1l

wherein the treating,step is perforned in the presence of a facilitating
conpound. 11. The nBthod of cPaim 10 wherein the facilitating
conmpound is 1, 3-dineth ,4,5} -pet rahydro-2(111)- pyri m di none.

12. The nmethod of gl ai whefein\ X is selected fromthe group consisting
of d, Br, I, and tri ormet hanesul f onat e. 13. The met hod of claim
7, wherein the coupling carried out in the presence of a palladi um

conpl ex. 14. gMe met hod of claim 13, wherein the palladi um conpl ex

i ncl udes a phosphine Iigand bound to pall adium WO

2010/ 042887PCT/ US2009/ 060267

6. The method of claim 5,
wherein the strong base is n-butyl lithium; or

wherein the palladium catalyst is PdCl(dppf)..

7. A method of synthesizing a compound of the structure
R'a o)
— \or?
Het NH
\
\_/
R'b
wherein:

R? is selected from the group consisting of optionally substituted benzyl and
optionally substituted C;-Cs alkyl,

R'a and R'b are independently selected from H and F, provided that at least
one of R'a and R'b is F, and

Het is an optionally-substituted five- or six-membered heterocycle comprising
at least one N, O, or S atom,

comprising:

coupling a first intermediate of the structure

Het \ / X

N

wherein X is a leaving group, with a second intermediate of the structure

o

>7\ o
\

NH R

R1a

R'b

-28-



15. The nmethod of claim 14, wherein the palladiumconplex is selected from
the group consisting of dichlorobis(triphenyl phosphine)palladiun(lil),

t et r aki s(woizptoemgssphosphi ne) pal | adi um(0), and Pd2(dba) 3PCT/US200906026The

met hod of claim 15, wherein the palladi umconplex is Pd2(dba)3. 17.
The met hod of claim5, wherein Y is selected fromthe group consisting of
B(OH) 2, BF3, and B- 18. The nmethod of claim 17, wherein Y is
B(01-1) 2. 19, The method of claim1l, wherein Het is selected from

t he group COﬂSiStIWBmBP’OptIOHa||y substituted pyrrole, furan, piperazine,
pi per i di ne, i m dazeligcidetéd froht ﬂh@?ﬁ’ , doristlng b YAEOIBF. L S BRAL'CwhB[ARO €,
pyrrolidine, oxazole I soxazol e xa azo e, pyrldln pyrimdihne, thiazole
or pyrazine. and R' ar2iddefkindentist sfetudtedffrmhahengﬂ(mp mmrs'eng-lef O aadh optionally-

optional l y-substituted tetrazolyl gro 21. The;nmethqd of claim 20
wher ei n Het |§1%2tltﬁﬁdh91' Ct grong 28 - dz,h>g¢|rlc Rilcohols, and) whetes B‘eta%al dpeetheri M1
wherein Het ig . 2-) yl -tetrazol -5-y1 and X is Br. 23. The net hod of
claim3, wherein't base is a sodi umcontai ni ng base and wherein R' is
PCBNa2. 24. urldee comditivad tobrazduat the confponiidhef the stpdtingi Nng treating the
compound of the structure Wth a egC|dyI ester.
R a
— \ OR?
Het NH
\_7
R'b
8. A method of making the second intermediate of the structure
R'a 0
Y—o
\_2
Y NH R
R'b
wherein

R? is selected from the group consisting of optionally substituted benzyl and
optionally substituted C;-Cs alkyl,

R'a and R'b are independently selected from H and F, provided that at least
one of R'a and R'b is F, and

Y is selected from the group consisting of ZnCl, BFs, and BR’R*, wherein R’
and R* are independently selected from the group consisting of OH and optionally-
substituted C;-C¢ mono and dihydric alcohols, and wherein R* and R* together may
form a ring;

comprising:

a) treating an aryl halide of structure 5a and
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25. The net ho
butyrate. 26.
st er eochewD=0
R-(-)-glycidy
of claim 24,
with a glycid
hexanet hyl di s
the structure
structure

d of claim 24, wherein the glycidyl ester is glycidyl
The nmethod of claim24, wherein the glycidyl ester has R
1y042887. The net hod of cl ai m 24, wherei n t heCglusedodpbo2est er i s
| butyrate. WD 2010/042887PCT/ US2009/ 060267 28. The net hod
wherein the treating of the conpound of the structure
yl ester is carried out in the presence of lithium
il azide. 29, Thg nethod of claim1, wherein the conpound of
I s, 30.Tﬁ¢/hﬁ?hod of claim2, wherein the conpound of the
R NH

X'
R'a 5a

wherein X' is leaving group, with a strong base and then reacting a resulting

anion with ZnCl, or a trialkylboric acid ester under conditions to form

o
>7\ o
\
NH R
1

R'b 6; or

R1a

b) treating the aryl halide of structure 5a with a palladium catalyst and a diester

of diboronic acid.

9. The method of claim 8,

wherein the strong base is n-butyl lithium; or

wherein the palladium catalyst is PdCI12(dppf)..
10. The method of claim 1

wherein the treating step is performed in the presence of a facilitating
compound.
1. The method of claim 10

wherein the facilitating compound is 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone.

12. The method of claim 4, wherein X is selected from the group consisting of Cl,

Br, I, and trifluoromethanesulfonate.

13. The method of claim 7, wherein the coupling is carried out in the presence of a

palladium complex.

14. The method of claim 13, wherein the palladium complex includes a phosphine

ligand bound to palladium.
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is 0 /OH HO \ 31. The method of claim21, wherein the conpound of the
structure is b wherein; Ria and R b are independently selected from
H and F, woaviodaesthat at | east one of Ria and Rib is FPCT/US2009/88026%
selected fromthe group consisting of optionally substituted benzyl and
optionally substituted C1-C6 al kyl, and Het is an
optional |l y-substituted five- or six-nmenbered heterocycle conprising at
| east one N, ?5. or Tl?e r%%&lg]d of claim 14, wherein the palladium complex is selected from the
group consisting of dichlorobis(triphenylphosphine)palladium(II),
tetrakis(triphenylphosphine)palladium(0), and Pd,(dba);.

16. The method of claim 15, wherein the palladium complex is Pd,(dba)s.

17. The method of claim 5, wherein Y is selected from the group consisting of

B(OH)2, BF3, and

18. The method of claim 17, wherein Y is B(OH)s.

19. The method of claim 1, wherein Het is selected from the group consisting of
optionally-substituted pyrrole, furan, piperazine, piperidine, imidazole, 1,2,4-triazol, 1,2,3-
triazol, tetrazole, pyrazole, pyrrolidine, oxazole, isoxazole, oxadiazole, pyridin, pyrimidine,
thiazole or pyrazine.

20. The method of claim 19, where Het is an optionally-substituted tetrazolyl
group.

21. The method of claim 20 wherein Het is 2-methyl-tetrazol-5-yl.

22. The method of claim 21 wherein Het is 2-methyl-tetrazol-5-yl and X is Br.

23. The method of claim 3,

wherein the base is a sodium-containing base and wherein R” is PO;Na,,

24, The method of claim 7, further comprising treating the compound of the

structure
R,a O
>\70
Het—</ N\ NH R
N—
R, b

with a glycidyl ester.
25. The method of claim 24, wherein the glycidyl ester is glycidyl butyrate.

26. The method of claim 24, wherein the glycidyl ester has R stereochemistry.
27. The method of claim 24, wherein the glycidyl ester is R-(-)-glycidyl butyrate.

31-



33. A conpound of the fornula: R a0 wherein Ria and Rib are

i ndependently selected fromH and F, provided that at | east one of Ria and
Ribis F,w02010/042482 i s sel ected fromthe group consisti rgTafS2apws@aal |y
substituted benzyl and optionally substituted Cl-C6 al kyl, and Yis
selected fromthe group consisting of ZnC, BF3, and BR3R4, wherein R3 and
R4 are independently selected fromt he group consisting of OH and

optional | y-supsti t ed CI1- nongQ a dric al ¢cohol s er ei and

R4 toget her n§§ fﬁ.oﬂ@ B o et e s F%"H’@W‘ng %ﬁﬁ%ﬂﬂre

prepared in accor dance with tRes processoof Caim2; and a diner having the

follow ng structure or a pharma eut i cal | é;:]eptable salt RRa0 R b Het Het
d

ORI a wherein R a g ndep |y selected fromH and F,
provi ded that at |det Het is an
optional l y-substituted fjx X rrenber ed het erocycl e conpri sing at

| east one N, 0, or S atom

with a glycidyl ester is carried out in the presence of lithium

hexamethyldisilazide.
29. The method of claim 1, wherein the compound of the structure
R,a
— \
Het
\
N / OR
R,b
is
O
N >k
N
/N\N/ \N / \J\/OH
F .
30. The method of claim 2, wherein the compound of the structure
Fya o
U
N 4N, S0
Het —(y J—/:‘j N,
\ '
b R OF
4
R, b
is
@]
= >\\
N
N N
AN /
i 7 \
31 The method of claim 21, wherein the compound of the structure
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35. The conposition of claim34 wherein RRais Fand Rbis Hand Het is

2-nmet hyl -tetrazol -5-yl. 36. A conposition conprising t he conpound
pr epar ed wo 2amogessance with the process of Caiml, whePerstéve/oeaposition
| acks tin inpurities. 37. A conposition conprising t he conpound

prepared in accordance with the process of Caim2, wherein the conposition
| acks tin inpurities.

Fqa 0
%, I\
NN
Het — f{jm\ )
\N R OR
.
R, b

is

o
i NaO \O
32. A compound of the formula:
R,a O
Yo
\
et N\ NH R
—
R,b
wherein;
R'a and R'b are independently selected from H and F, provided that at least
one of R'aand R'b is F,

R? is selected from the group consisting of optionally substituted benzyl and
optionally substituted C;-Cs alkyl, and

Het is an optionally-substituted five- or six-membered heterocycle comprising
at least one N, O, or S atom.
33. A compound of the formula:

o
>7\ o
\

NH R

R1a

R'b
wherein
R'a and R'b are independently selected from H and F, provided that at least

one of R'aand R'b is F,
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R? is selected from the group consisting of optionally substituted benzyl and
optionally substituted C;-Cs alkyl, and

Y is selected from the group consisting of ZnCl, BFs, and BR*R", wherein R’
and R* are independently selected from the group consisting of OH and optionally-
substituted C;-C¢ mono and dihydric alcohols, and wherein R* and R* together may
form a ring.
34. A composition comprising

the compound prepared in accordance with the process of Claim 2; and

a dimer having the following structure or a pharmaceutically acceptable salt

R'a o)

Het—¢ N»\O Rib
N= \/K/O\P’ (')"i /o/\/\N =N .
R'H R TR o \ /et
OoH © ~
o) R'a

wherein R'a and R'b are independently selected from H and F, provided that at
least one of R'a and R'b is F,

Het is an optionally-substituted five- or six-membered heterocycle comprising
at least one N, O, or S atom.
35. The composition of claim 34

wherein R'a is F and R'b is H and Het is 2-methyl-tetrazol-5-yl.
36. A composition comprising

the compound prepared in accordance with the process of Claim 1, wherein the
composition lacks tin impurities.
37. A composition comprising

the compound prepared in accordance with the process of Claim 2, wherein the

composition lacks tin impurities.
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