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PROCESS FOR PREPARI NG CEPHALOSPORI N | NTERMVEDI ATES
USI NG a - |1 CODO | - AZETI DI NEACETI C ACI D ESTERS AND

wa R0ALKRILPHOSPHI TES FI ELD OFTHE | NVENTI ON The PCEBE2005/000508

invention relates to the synthesis of cephal osporin
intermedi ates for the prepargtion of cefovecin.
BACKGROUND OF THE | NVENTI ON Cefovecin is a potent
stable antibiotic targeted for conpani on ani mal s.
Cef ovecin features a chiral tetrahydrofuran ring

. . . . .
ac% [ E\;F??qg?]léqis% ag‘?‘mtﬁ%ﬁ'@%ﬁ’ﬁ@@%e éo@gﬁﬁsyé ﬁééi SO SING
Cef oveci ng LMOD@P4PA ZETIDINEACGEEIGC ACKH ESTERS AND
transfornmati ons, naa%uof whi ch are tel escoped steps.

The internedi ates af®IALEFRLPHOSRHEIESxt ures of

di astereoi soners. It is not until cephal osporin
i nternedi ates are reached that single crystalline
di ast er eoi soner s ar”EDDt@F TEE INGENTIOMI t

cephal osporin internedi ates were targeted as a key .
cont r &he gEasent;ipventign delatep djthe Hmthesinokesnhalgsponin gitermediates

i S. i ik to the establishnent of a
oY %J‘@%P%Fﬁ&m of de?dv%?&h.

come process tor the production of cefovecin.
J. H Bateson et BACKGROENID OFEHEJNVENTHONt i cs, 47,

25 2R iSR SN ePLBGERR Qoo Mgpaon animals
Celod6diR RdnReda Sk icrah PABAHALLHS sPShtinktin® AY €5, GHiSK {sd€sponsible
and then reacting the thloro conpound with a

for ithel bydiushastipity ard stabifiyrprofilephosphoni um sal t. However,

this PhEC R iS}r/]ﬁ/tI?elzs\llseSoft IEfaefovecin from penicillin G consists of 15
transformations, many of which are telescoped steps. The intermediates are often
variable mixtures of diastereoisomers. It is not until cephalosporin intermediates are
reached that single crystalline diastereoisomers are obtained.” As a result,
cephalosporin intermediates were targeted as a key control gate in the synthesis of
cefovecin and their synthesis is critical to the establishment of a commercial process
for the production of cefovecin.

J.H. Bateson et al., The Journal of Antibiotics, 47, 253-256 (1994) provided a
process of preparing cephalosporin intermediates by first converting a f-lactam to a
chloro compound using thionyl chloride and then reacting the chloro compound with
a trialkylphosphine to form a phosphonium salt. However, this process involves the
use of standard phosphine reagents, such as triethylphosphite, tributylphosphine and
triphenylphosphines, which gave poor yields of cephalosporin intermediates.

U.S. Patent Nos. 6,077,952 and 6,001,997 as well as U.S. Patent Application
Publication No. 2002/0099205 provided that the use of trimethylphosphine (TMP)
provides better yield and was used successfully on large-scale. There are a number of
disadvantages to the use of TMP in this process, such as high expense, highly variable
yields and relatively unstable intermediates.

U.K. Patent Application No. 2,300,856 provided alternative processes for

synthesizing cephalosporin intermediates. However, these processes have relatively
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use of standard phosphi ne reagents, such as
triethyl phosphite, tributyl phosphi ne and

wa pdopheeyd phosphi nes, whi ch gave poor yi el ds oPCT/IB2005/000508

cephal osporin internediates. U S. Patent Nos.

6,077,952 and 6, 001, 997 as mgz as U. S. Patent

Application Publication No. Z002/0099205 provi ded that

the use of trimethyl phosphine (TMP) provides better

yi el d and was used successfully on | arge- scale There

are . nu er .0 I sadvant ages t t he use

IPHVI %1 ggeforguﬁﬂﬁrealss ahnegﬁq %newl pd'ﬂ eﬁse@ JNP 5{‘& Sé/nthCSIS of
&bﬁmg§xﬁﬁgn@ghahh%ely unstable i nt er nedi at es.

Pat ent Application No. 2,300,856 provided alternatlve
processes for synthesizing cephalosporin

I nt er medi at es. r%yﬁwge?e ﬁ?ﬁ
relativelylow yre erefore, ere |s a need to

devel Die pesentr dvems@s rdlaes then pyoatResios @éparing a compound of
cephal gsporin internedi ates. BRI EF SUMWARY OF THE
formyedar The present invention relates to a processes

of preparing a coI ound of 4ornmula (IVa) wherein Rl is
ar-nitrobenzyl o;c\allyl and sN\benzyl or
substituted benfyl ;"comprising \th¢ step of reacting a

conpound of fornmul a\ wherein RL and R2 are as

defi ned above; with an/i od| de salt to produce the
compound of fornula/kIVh 'Suitabl e i odi de salts

i ncl ude, but are not Ii ted to sodi um i odi de,

pot assi um i odi de, |ithPumidsodi defv»cal ci um i odi de and

anmo P y2 .
o ALAEERSE 5o PAARECRN e LR AACIE 3L of SuaptiggDene
dompaisigrthe stop ehimpattindg® cérmpound of formula W)

\
/—“Ic'
o 1 W)
wherein R! and R? are as defined above; with an iodide salt to produce the
compound of formula (IVa).

Suitable iodide salts include, but are not limited to sodium iodide, potassium
iodide, lithium iodide, calcium iodide and ammonium iodide. Preferably the iodide
salt is sodium iodide.

In preferred embodiments of the invention, R! is para-nitrobenzyl, R? is
benzyl substituted with 1-3 substituents each independently selected from the group
consisting of Cy.salkyl, or halo.

Suitable chlorinating agents for conversion of the compound of formula (VI)
into the compound of formula (V) include thionyl chloride and phosphorus
oxychloride. Preferably, the chlorinating agent is thionyl chloride.

The present invention also relates to processes of preparing a compound of

formula (IIT)
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benzyl substituted with 1-3 substituents each
i ndependently selected fromthe group consisting of
w@1s08mddeyd , or hal o. Suitable chlorinati ng agePtBIE2005/000508
conversion of the conpound of formula (VI) into the
compound of formula (V) |nclgpe t hi onyl chloride and
phosphorus oxychloride. Preferably, the chlorinating
agent is thionyl chloride. The present invention also
relates to processes of preparing a conpound of
formula (lIll1)wherein R 1 i &,r-nltrobenzyl or allyl; R
2 1 s benzyl or sMbstltuted and R3 i1 s C1-6
al kyl ; conprisimag the step r act} ng a conpound o f
formula (IVa) wthlﬁfﬁﬁﬁs in a350lvent; wherein R 1,
ef

R 2 and R 3 are a s @ nedfjabove. Il1nn a
pprreeffeerrrreedd @é’_ immeenntt oof f tthhee

i innvveeni tion, R i ra-ai trobenzyl in the
process o f preparing c ounds of formula (H). Ilnn

aannoot t hheerr eemmbbooddi iFneennt't ooff tthl e
invention, R2 i s benzyl in the process o f preparing

conpo, 1 £ or mul 1

e’ WBRE s Pty ot MR {en @R RLE s bengts anc
R BAy 1KY, fcompﬁsiag ltl&gste‘;asmswmﬂg aQ@onfpound bﬁfo(nlﬂh)a (I‘Va)n

anot her enbodi nent of the invention, R1 i s
ra-nitrobenzyl, R2 i s benzyl, R3 i s nethyl and X i

s chloro in the ppocess o f qreparing conpounds o f
formula (111). In|another pr enbodi nent o f the

i nvention, the @onﬁuund 0 (1) i s heated

in a solvent in the \u_elsésnce of Li and an organic
sol ubl e base to formja iconpound of fornula

(1) :wherein RllsM r robenzyl or allyl; and R2
is benzyl or substltutﬁ/‘@enzyl and t he conpound of
formula (H) further re with R4,OH and PX to
produce the R

with P(OR3)3 in a solvent; wherein Rl, R? and R? are as defined above.

In a preferred embodiment of the invention, R' is para-nitrobenzyl in the
process of preparing compounds of formula (III).

In another embodiment of the invention, R? is benzyl in the process of
preparing compounds of formula (III).

In another embodiment of the invention, R®is methyl and X is chloro in the
process of preparing compounds of formula (III).

In another embodiment of the invention, R!is para-nitrobenzyl, R? is benzyl,
R? is methyl and X is chloro in the process of preparing compounds of formula (TII).

In another preferred embodiment of the invention, the compound of formula
(IIT) is heated in a solvent in the presence of LiCl and an organic soluble base to form

a compound of formula (II):
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conmpounds of fornula (1): wherein Rl is as defined
above and R4 is -ealkyl and X is halo. In another

w@e@besoed enbodi ment, RL is / ra-nitrobenzyl PCI/iB2005/000508

conversion of the conpound of formula (111) to the
conpound of fornmula (1). In gnother preferred

enbodi nent, R2 is benzyl benzyl substituted with 1-3
substituents each i ndependently selected fromthe
group consisting of Qwalkyl, or halo in the conversion
of the conmpound ofo formula (I1E) to the conpound of
formula (1)- In gjLiher preferred enbodinent, R3 is
methyl in the cbnvehglon of the conpound of formul a
(111) to the conpoun _Eﬁ’ mula (1). In another
preferred enbodinent,| Rl is|ara;nitrobenzyl, R2is
benzyl, R3 is nethy%? X ; and R4 is isobutyl
in the conversion of the of formula (I11) to

the compound of formlaf N, In apother preferred

enbodi nent , ihe organi ¢ sol ubl e base,is

d| | soyyhgqg;u B isynaaentiwbangy! on allgpandR7 isi benzyl or substituted benzyl;

S R By G OB A BRI S e

@ﬁﬁ@ﬁmﬁsbﬂﬂ@mhmq@ further relates to a process of
preparing a conpound,of formJIa (I)wherein RL is ar

-ni trobenzyl or allyl; sis hal o; conprising the
steps of: (1) reactlng npoynd of formula (V)
wherein Ris ara-nitrob and R is benzyl
or substituted benzyl;dcwi th salt to produce
a compound of forrmula (IVa)
O

‘ii(

OR' @

wherein R! is as defined above and R* is Cy.alkyl and X is halo.

In another preferred embodiment, R!is para-nitrobenzyl in the conversion of
the compound of formula (III) to the compound of formula (I).

In another preferred embodiment, R? is benzyl benzyl substituted with 1-3
substituents each independently selected from the group consisting of Cjalkyl, or
halo in the conversion of the compound of formula (IIT) to the compound of formula
@.

In another preferred embodiment, R is methyl in the conversion of the
compound of formula (I11) to the compound of formula (I).

In another preferred embodiment, R' is para-nitrobenzyl, R? is benzyl, R? is
methyl, X is chloro; and R* is isobutyl in the conversion of the compound of formula
(I1I) to the compound of formula (I).

In another preferred embodiment, the organic soluble base is
diisopropylethylamine and the solvent is dichloromethane in the conversion of the
compound of formula (IIT) to the compound of formula (IT).

The present invention further relates to a process of preparing a compound of

formula (I)
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(2) reacting the conpound of fornula (IVa) with in a
sol vent to obtain a conpound of fornula (I11) wherein

wWR0080029R2 are as defined above; and R3 is Cl-Bel/kB2095/000508

(3) heating the conpound of fornmula (111) fromstep
(2) in said solvent in the prgsence of LiC and an
organi ¢ sol ubl e base to forma conpound of fornula
(I'1):wherein Ris ? r-nitrobenzyl or allyl; -and Ris
benzyl or substituted benzyl; and (4) reacting the
conmpound ofxgk@rmula (I1) with R4-OH and PX5 to produce
the conpounds & fermyla |; wherein R4 is Cl-6al kyl
and X is halo. {Inja preferred enbodinent, Rl is

ra-nitrobenzx%yFﬁN he “son E sion of the conmpound of

formula (V) td the donpot pf formula (1). In another
preferred enbodi nen s /benzyl substituted with

1-3 substituents €achyindepengently selected fromthe
group consi sting of Cl-6alkyl, or halo in the
converdiesiin 8 it prragiitiohsuad wellyl andiXas hglp; e@npring the steps of:

conpo of, I preferred
errbodiLd%nt ,re@B%c%?hé?déﬁoﬁﬁ@Eggzver sion of the
conmpound of formula (V) to the conmpound of formula
(I). I'n another preferrged enbodingnt, X is chloro in
t he conversion of the donpound of Yor (V) to the
conpound of formula @#J°\J,n anoth pk ef érred

enmbodi nent, Rl is ra-nitrdpe ., R2 i enzyl, R3 is
methyl and X is chloro in fhe conversion of the

conpound of formula (V) tyTHIm
9]
Y 1 )

OR

wherein R' is para-nitrobenzyl or allyl and R? is benzyl or substituted benzyl;

with an iodide salt to produce a compound of formula (IVa)

1
OJ\/OFp va)

(2) reacting the compound of formula (IVa) with P(OR3)3 in a solvent to

obtain a compound of formula (III)

ol
(LI O
7
S
I o
Ll _—-ORd

\
—N
s I Sew
o (1D

OR?

wherein R! and R? are as defined above; and R is Ciealkyl,

3 heating the compound of formula (IIT) from step (2) in said solvent in
the presence of LiCl and an organic soluble base to form a compound of
formula (II):
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compound of formula (l1). Suitable solvents for the
conversion of the conpound of fornmula (VI) to the

w@ooopod of fornmula (El) include, but are notPCT/MB20&d00508

to toluene, xylene, tetrahydrofuran, dichloronethane
or acetonitrile. Preferably thge solvent is

di chl or onet hane. Suitabl e organic sol ubl e bases for

t he conversion of the conpound of fornmula (111) to the
compound of forrmula (I1) include, but are not limted
to diisopropyl ethybam ne ("Dl PEA"),

di - butyl et hyl am nej net hyl pyrrolidi ne,

et hyl pyrrolidiné yl pi peri di ne, ethyl piperidine,

et hyl nor phol i ne, and phol i ne,

di - cycl ohexanenet hyl ami il - cycl ohexaneet hyl am ne,
and N, N -dibutylurea42 egrably the organic
sol ubl e base is present, conversion of the
compound of formula (111 onpound of fornmul a
(Il1), in a range from about %' to ab®ut 2 equival ents
for evfHeYeiff®l'§s fhraliBobRPPOM MR fanfl REMIbéhzi b ubstituted benzyl;
preferably in a range fromabout 1.2 to about 1.5
eadii val ents. The conversion of the conpound of fornula

(rer) gynto the c ound of, roul a1, e

condu é{l)ed PN B Compoypd OE?O Larrgébvghl ﬁa(%)é? fd Bfs i produce
6Q0C; thy @fmepcaty of foamuRIOWherefa R0is @ QukylHEI M &
preferably fromabout 50C to about 3C0C. The aforesaid
convel®iaoprefeased rankadimentt B is grramivobenyy] i ¢ha eprvgrsion of the

about 4 hours
?gﬁg%%glt &%Hﬁlgé ?\sls] %@ Bg eggéngéﬁh}{?@é %?)e rm "hal 0"
i ncl uttesawhhar preferratroembatidesndR? | 1o ibenzyEX suttiggedfwith 1-3

substituted benzyl include, but are not Iimted to
Bl.gﬁgments each indep)éndently selected from the group consisting of Cjgalkyl, or

halo in the conversion of the compound of formula (V) to the compound of formula
. |

In another preferred embodiment, R? is methyl in the conversion of the
compound of formula (V) to the compound of formula (I).

In another preferred embodiment, X is chloro in the conversion of the
compound of formula (V) to the compound of formula (I).

In another preferred embodiment, R!is para-nitrobenzyl, R? is benzyl, R? is
methyl and X is chloro in the conversion of the compound of formula (V) to the
compound of formula (I).

Suitable solvents for the conversion of the compound of formula (VI) to the
compound of formula (HI) include, but are not limited to toluene, Xylene,
tetrahydrofuran, dichloromethane or acetonitrile.  Preferably the solvent is
dichloromethane.

Suitable organic soluble bases for the conversion of the compound of formula
() to the compound of formula (II) include, but are not limited to
diisopropylethylamine (“DIPEA™), di-butylethylamine, methylpyrrolidine,
ethylpyrrolidine,  methylpiperidine,  ethylpiperidine,  ethylmorpholine,  and
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substituted with 1-3 substituents each i ndependently
sel ected fromthe group consisting of Cl-6alkyl, or

wWh2006/093Phe present invention further rel ates tBCHIB2005/000508

conmpound of forrmula (IV) wherein RL is ra-nitrobenzyl;
R2 is benzyl; wherein * represents a chiral center

whi ch represent an absolute configuration of (R) or
(S); wherein said conpound contains (R) and (S)
isomers at a ratio between 0:1 and 1: 0. The present

nvention further Iatesto co ond f. the
s mogp 13}8) i °>(°$Waw Tome, o ¥<3?hee<@aﬁs=éfwﬁmme

R, NS-dhsitgl }ﬂrea("'f@BU?xS patents and publications were
cited throu?hout the present application. The contents

of t h&sefershbe tiesorganic pobible haseon presedt, tduging dhe eonwrsdn of the

RS GBS D o Sl L rEPLIEUD, b isbeERplrbout 1o
BBt A évaléitd féﬂ&@r@ﬁ%@%ﬁﬁé Dpbund-&f foNMENTIIP pldterably in a

process of the present invention and the preparation

e AR 8bI d 7 abput hé egwizaleris. i nvention are
|11 ustpiat ed LRidN e Rl '&%{p@@nc{ 9 Cf%hﬁﬁ‘l f]ﬂﬁ Tho C&%h%ound of

wher e o?hervvl se | ndicate e reac 3¢
ﬁomﬁﬂzas slil)a matyl“iast ccﬁlfdub&‘dl at SURglpetan@dtet fediaradott EEC to about 60°C;

X _are as defined above. Conpounds of
Peeraby ﬁfOIEaﬁbOBte5§§/m ﬁwt 25900 pporenprefesthly Wy zbout 3°C to about

e"!f@fe@%ﬁ cBillvé be Z &'{ggptgg% 12 géﬁ@y#ﬁqﬂ)@bﬁét i Sour to

%enzy or substituted
gl 6 hand, Refersbly Sodmitydut 4Tbars|zm a‘parta()i honrsof

conpo formula (yl),w e din US. Patent
hop + Eueesthostt e et fokes Tl cblowo demiiade hed Hucro
cont epkgmples Wof Ghibftbtell "GHPLRUEE, but are not limited to benzyl

substituted with 1-3 substituents each independently selected from the group

consisting of C;.¢alkyl, or halo.

The present invention further relates to a compound of formula (IV)

wherein R! is para-nitrobenzyl; R? is benzyl; wherein * represents a
chiral center which represent an absolute configuration of (R) or (S); wherein

said compound contains (R) and (S) isomers at a ratio between 0:1 and 1:0.

The present invention further relates to a compound of the formulas (IVa) or
(IVb):
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herein by reference. PREPARATI ON OFTHE CHLORI DE The
conversi on of conpounds of formula (VI) into conpounds

w@booso9aym a (V) is typically conducted by chl opCTER2001000508

t he above conpounds of fornula (VI) using a
chlorination agent, such as tRionyl chloride in an
organi ¢ sol vent, such as toluene, xylene,

t et rahydr of uran, dichl oromethane and acetonitrile with
2-picoline. This conversion gives conpounds of formula
V in near quantitagive yield.q The opti num conditions
for the chlorinatihg agent chirge#iss found to be
about 1.1 equivat€nts, based On t initial charge of
conmpounds of fornula‘LM%y? Lower charges of
chlorinati ng agent gaye |i nconpl ete conversion to
conpounds of formul a A7 T oid the formation of

si de-products, this°reactilon nust, be conducted at | ow
tenperature. However, th oLutﬁo% of the compounds of
formula (VI) and 2- picol enéin dichloron®t hane
produce sone precipitation when it was cool ed from
anbi ent tenperature to - 200C. Addition of thionyl
chloride to this sjpspension - AB0C gave a higher
amount of unreactet\ tartiggf>ﬁf§i§?l, whi ch coul d not
be chlorinated by ad& ti of ex t hi onyl chl ori de.

Therefore, a portion the total thionyl chloride
charge (10% was add fore precipitati on commenced,
at - 15C. The sol ut¥on wag then cool ed - 200C and the
remai ni ng thionyl chlori was &ded slowy at or

bel ow this tenperature. °Theoproduct is significantly

mor e sol ublgcidi, @it Py . AR recipitation
was observe edg?ng té@%qgﬁggggﬁfg.%H%%%gﬁnds of
formula (VI) and formula (V) are diastereoneric

m Xt u of the hydroxy and chloro epine

, h |
res pe&eﬁﬁ%ﬁ yPAGRHp yap qB%&h HP¥ et o é?%ﬁ‘} %hiﬂ@o)“ the present

application. The contents of these patents and publications and the contents of
documents cited in these patents and publications are hereby incorporated herein by

reference to the extent permitted.

DETAILED DESCRIPTION OF THE INVENTION
The process of the present invention and the preparation of the compounds of
the present invention are illustrated in the following reaction scheme. Except where
otherwise indicated, in the reaction scheme and discussion that follow, substituents
wherein Rl, Rz, R3, R4, and X are as defined above.

Compounds of formula I can be synthesized by the following scheme:
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of the chlorination reaction m xture showed cl ean

conversi on of conpounds of formula (VI) to conpounds
w@Rooko9ay a V with a small anount of unreact edPCT/IB2005/000508

conmpounds of fornula (VI) and baseline material. None

of the diastereonmers were resglved. The four possible

di astereoners were resol ved using reversed-phase HPLC.

However, the RP-HPLC result was not consistent with

the TLC. It indicated that the reaction mxture

contai ned approximately 50% of conpounds of fornula
(V) which ig minly o r, andi 50%of c ds
of fornul & (W, a maknl g one ~=&pi I I ase

HPLC was consi B t with the TLC, an wed t he

reaction condifi-ns ysed_gévErtegt er an 90%
conversion ta& conppunds of fornmul a (o’%, gﬁ 3+10% of

compounds of for a@ (VI) remaining. The

observati ons sug st°éd t hat one epi ner 6f tohe product
hydrol yses rapi dIy in the RP-HPLC, whereds the other
is relatively stable. Fortunately, althoyg "The

reacti on was quenche |nt9 saturatoed brine and dried
over nmagnesium sul fat re pro eeding wit
phosphondte for wor k pu/p\p oced di\d

cause any si gr I ca t hydrol ysi s of munds of
formula (V). E ;Bzﬂoa\l.cﬂfﬂEE.PI—mF TEThe
conver si on ounds of formula ¥int Compounds of
formula (111) <nt>§, pi cally conducted by gacting an

al kyl halide with a tiial kyl phosphite (°Arbuzov

reaction) or an alkal i nmetal derivative of» the dialkyl

phosphat e (M chae pwnpegediion) . The Arbuzov reaction

solf le base i a solvent

of fers S|n'p reaction conditions (J. Boutagy & R
Thomas, g%ev 1, 87-99 (1974) and was devel oped

for the prepar l_l_leﬁs f conpounds of )i(
—N O, 4
o F __RlOH&PX; ﬁ\Q
° oR'

wherein R' is para-nitrobenzyl or allyl; R? is benzyl or substituted benzyl; R®

is Cy.galkyl; X is chloro and R* is isobutyl.

The preparation of compounds of formula (VI) was described in U.S. Patent

Application Publication No. 2002/0099205 and the contents of which are incorporated

herein by reference.

PREPARATION OF THE CHLORIDE

The conversion of compounds of formula (VI) into compounds of formula (V)
is typically conducted by chlorinating the above compounds of formula (VI) using a
chlorination agent, such as thionyl chloride in an organic solvent, such as toluene,
xylene, tetrahydrofuran, dichloromethane and acetonitrile with 2-picoline. This
conversion gives compounds of formula V in near quantitative yield. The optimum
conditions for the chlorinating agent charge was found to be about 1.1 equivalents,
based on the initial charge of compounds of formula (VI). Lower charges of

chlorinating agent gave incomplete conversion to compounds of formula V.
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formula (111). Trimethyl phosphite, triethyl phosphite
and tributyl phosphite do not react with the chloro

weorpowds of formula (IVa) and the chl ori de wWesI/IB2005/000508

exchanged for iodide by reaction with an iodide salt,

such as sodi um i odi de (Fi nkel 6e| n reaction). This was

initially perforned by addi ng SOdI um i odi de to the

reacti on solution containing conpounds of formula (V),

after the aqueous wor k-up and drying. Due to the |ow

sol ubi sodi um i di ch).or onet hane, this

proceddr 3%6@\}@6 W‘é’fls&eﬁﬁ‘? E}foélf'lfﬁ %reﬁawr{ st E? conducted at
esteb. Tswaer tht \8)utioRost the cbh@%ﬁn&mpfunnﬁfa (VI) and 2-

water into the reaction m xture increases the

Pisplene | int gichlorepefhamn prdiude somevRreepitatigme whem etd was cooled from
' ff t
B RO RN P2 oARpRty o PP EoBRe b i Sidsiifon ac -

enoug rum i odi
20Yhigh Ve anthighet r ahydit Sofoasteacted. staﬁdtlhgrrﬂét"ehﬁle Wigkl &BURI not be
for the Finkel stein reaction were tried. The use of

shletippied (‘%Yn%ﬂ%fﬂ%Pf REAesH g“%@ﬂt"é‘ﬂ‘?ﬂd?g Elsrglor, ¢, pastien olf the total
TS 200 05 HORISRELE ki b ARARY s

&"tmz kol tionowaso fhen mmphvdnd&?@fanﬁouhwbma(nhﬂg thidio tchlvride iws added

Rl Rt GETopt e SRR clke BARHG Al Sy easghpanore Soruble in
Qi%ﬂl"oﬁﬂﬁéih@ﬂe AEEHE f)ﬁ?@lp‘ltfau&h Rak 89&}{16@'\1 tﬂfs Bcedure.

cont ai ni ng conpounds of fornmula (V) vaporated to
dr ynecomnogndsef fargiutu€Viliagd dburdai (N) aofedrasuetaonieac mixtures, of

al i de exchan acti on be 9 "
(R P i Fer e SHEY LSRG s atpggaphy (“TLC)
o aft tRlbriativh | RictANhRk it Sh6WEP QUREScRfvefspsnmak Ebo(n\%unds of
after work-up and dry and then dilution wt
fosmplani(V) |te, CQI@]P(leﬂédOfgf'OImld&tVowltbf at $1pal cmimqmnt of unreacted

éo%%o%ﬁds of formula (VI) and baseline material. None of the diastereomers were
resolved. |

The four possible diastereomers were resolved using reversed-phase HPLC.
However, the RP-HPLC result was not consistent with the TLC. It indicated that the
reaction mixture contained approximately 50% of compounds of formula (V) which is
mainly one epimer, and 50% of compounds of formula (VI), also mainly one epimer.
Normal-phase HPLC was consistent with the TLC, and showed the reaction
conditions used gave greater than 90% conversion to compounds of formula (V), with
3-10% of compounds of formula (VI) remaining. These observations suggested that
one epimer of the product hydrolyses rapidly in the RP-HPLC, whereas the other is
relatively stable.

Fortunately, although the reaction was quenched into saturated brine and dried
over magnesium sulfate before proceeding with the phosphonate formation, the work-

up procedure did not cause any significant hydrolysis of compounds of formula (V).

PREPARATION OF THE PHOSPHONATE



10

15

20

25

30

The charge of iodide salt is critical to the yield of
conpounds of fornmula (IVa). Insufficient iodide salt

WO e®al92900 N a yi el d reduction through i nconpl eP€I/1B2005/000508

reacti on of conpounds of formula (V). Excess iodide
salt causes deconposition of gonpounds of fornula
(I'va) by reacting with these conpounds. About 1.05
nol eequi val ents of iodide salt, based on the initial
charge of conpounds of forrmula (VI), was used in

con d .
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reaction with conpounds ornula

@k egel B5-99T(19Md) hyd piao develdped(foff METpaatien goagnpounds of
onver on of conpounds of formula (l1Va) to the
HPP@@@M. ng conmpounds of fornula (111). Conpounds of

f or mu@n{etdyidhodBhite, Rfi SR FpRHsfhYie Mg tﬁgutm‘ﬂ?fgsé/fﬁtet Jbenot react with

sol ution contai ning conmpoun of tornmula
the ghlor@ nompomm%mf\ﬁpnhule 0319%9) ulnd she)chlﬁndwlaaexdh‘a‘agedu fgr iodide by

th re. contro .
g ebpapdidrath EPehSbBn o R BBk RnRR D). This was
1ﬂhﬁﬂ9h?é@oﬂ1ﬁ'ﬂdubytéﬁdﬁr$g€@ocﬁhﬂ# i®lidd to TE R¥QHONEEITMNES containing
controlled COOI'Q? the solution containing

wormeynes of fommuss (YD) aftenyhe @q@@u@wogcunen@d@mgqe ﬁl ow
ddi t T T
o0l 8 e TR Tl 0 BRSSP BTt rocedre

daas enboamistdie yields laﬁ?d pﬁﬁﬁésg@f SSmpuTe widsrmafla f(DVd)l Posing trace
(VI). Lower charges of TMPT gave inconpl ete _conversion

a5Rounh B SURTER I theoreagiion TAtRCOINETSARRS (e solgbilty phrgedium jodide.
I(I(l):\)/@\)er a%eﬂ ey %ﬁch‘z&%ﬁg ﬁﬁngiéﬁtafﬂeae&fﬁaeﬁr \ggl!e? % dls8816E enou gh

the synthesis (in
sodlum 1od1de to allow the reaction to proceed, significant hydrolysis occurred.

Alternative solvents for the Finkelstein reaction were tried. The use of
acetone (and other ketone containing solvents, e.g. methyl ethyl ketone) was avoided
due to its potential to compete with the internal ketone during the cyclization of
compounds of formula (III). Acetonitrile was found to be a good solvent for the
halide exchange in terms of both product yield and quality. Some degradation
occurred if the reaction solution containing compounds of formula (V) was
evaporated to dryness and the residue dissolved in acetonitrile. However, the halide
exchange reaction could be performed by drying and then concentration of the
reaction solution containing compounds of formula (V) after work-up and drying, and
then dilution with acetonitrile, followed by addition of the sodium iodide.

The charge of iodide salt is critical to the yield of compounds of formula
(IVa). Insufficient iodide salt results in a yield reduction through incomplete reaction
of compounds of formula (V). Excess iodide salt causes decomposition of

compounds of formula (IVa) by reacting with these compounds. About 1.05 mole
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deprotection) due to the tel escopic design of the
process. Conmpounds of fornmula (H') were fully forned

wa@tdosoovemct i on for one and half hours at roonPCT/IB2005/000508

tenperature. An HPLC sol ution assay for conpounds of
formula (1E) were devel oped, jhich showed a yield of
75% from conpounds of formula (VI). It was inportant
to determ ne the content of conpounds of forrmula (ITl)
in the reaction m xture so that subsequent reagent

SRR R B B AL e aiiah ks of e B0 D dbimae VD,
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chloride, lithiumfluoride and lithium brom de, and an
or gantempernds| ef fermaila £\ Hrasonyerd topcempounsisceli fsmula (IVa)

{ e
SR PRSP0 ABESTRP NGRS Lt O, Byl P e wii
d&pisomggesteah than thentecdf thy dédse e&nbﬁll)e hinabted tiialkgiphesphite for

%1 roduct, co btHnds of fornula whi ch cont ai ns

Rapoy SHisHRBOn I cppiRung S halogai (I?Yah B cse advantageous
Tﬁﬁ%ﬂ)l}/g}%%ﬁﬂ?dee(“m’l‘"? L%%% g é?cli cc!)ﬂvteps'l ces &ﬁ of formula (IVa)

requi success zation
todht céregdpordinig cemponmplsof éhrimds (IIIZ}. nunber of bas es vver e

i nvesti gated a diiso | et h , S )
F ouncC o PmE i fobp Bty Bers, rafatey By odipe TR the sotution
d’cﬁ@eﬁﬁlh? '%omgoﬂﬁdis SOfoRLR ?Vﬁ?SThé Weldti8® of TMPT with compounds of
di butyl'et hyl am ne, net hyl pyrrolidine,

formylap(IMadiis cexnshermiq fapil pleguiresdicarsfuletemypepdtprer colitrd, as higher

Y BASHRE BRIV BEDIR mavy G e . Toe

éxidtheBBW RadnarbHEd B coG1RE: thERWRUEH conthRinSEorRpoudds Sﬁformula v
that are weaker than DEPEA were unsuccessful, probably

Belns &G prfgresthe slest adsiien efgI METri dihderemethsne solution.
phOSpﬂ%n&Btﬁnum TMPT charge was about 1.45 mole equivalents, based on the

initial charge of compounds of formula (VI). Lower charges of TMPT gave

incomplete conversion of compounds of formula (V) to compounds of formula (IVa)
and higher charges gave rises to problems later in the synthesis (in the PX;
deprotection) due to the telescopic design of the process.

Compounds of formula (IIT) were fully formed after reaction for one and half
hours at room temperature. An HPLC solution assay for compounds of formula (IIT)
were developed, which showed a yield of 75% from compounds of formula (VI). It
was important to determine the content of compounds of formula (III) in the reaction

mixture so that subsequent reagent charges could be based on the result.

CYCLIZATION OF THE PHOSPHONATE

The cephem 6-membered ring cyclization is performed by adding a lithium
salt, such as lithium chloride, lithium fluoride and lithium bromide, and an organic
soluble base, such as DIPEA to the reaction solution containing compounds of
formula (III). The reaction proceeds via formation of a (stabilized) phosphonate

anion, which cyclizes internally to give the product, compounds of formula (III),
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Wthout intending to be bound by any particular theory
of operation, it is believed that a major difference

wheidee290d he phosphite and phosphi ne routes i SPETIEB2005/000508

potential for D2-3 double bond isonerisation during
the cyclisation step in the pposphite nethod.

| sonerisation of the doubl e-bond in the cephal osporin
ring is pronoted by the base. In the Wttig synthesis
the ylid is formed by treatnment of the phosphoni um
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our s. aince DI PEA is a stronger base than

16
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react i QRuHBL df HaldsQlert nﬁvegﬁgétb& ghd Qﬁsqp}ﬁﬁilghggﬁj&éj ?{/I@EA, was

is critical. The amount of Tsonerizati o i rect
faindtte be tverytditectdrePBAhe byl imatioAneasibn nflthearsoluble bdses, such as di-

N A A S AR T T —
EMFIHiRFideRNP! et ethiyRAGHhAIMANd M fidn zeSplhg1hefgRiihdn di-

of the doubl ebond i soner. The anount of cﬂhosphonate in
eyrdohex aramesiylaming: idoayslelexiasethiamdne, byndHBIRY acemaglsaris used.

nd.cLithi hloride.ch wer e based
B TR RO ittt Sl R T ER VR RS probabty
bdtlanse tHey aremet st0¢ W depiotv@steshe plickghatat@nbi ent _
tenperature to effect the cyclization, which required
nor e YiHRUL Mtesling ta be hound by apy aertisvlartheorysef gperation, it is
. . Canifi .
LRSS 5300 o RABEE LR BlosDh0 Ll e roves i e
poteatiad t for aAH3 | dowble pomd dsorherisssion f duriiy thatysldaticakep in the

ter.in the cyclizatjon reaction mxture resulted in
phshiss fethogn épmeﬁ&mnt? dhe; daublghend yip dthg cephalosporin ring is

FRBCRLO8 e i ] 0L P ARGRE L RIS B e of
Pphedphimiumiselb inudichloromethane with aqueous sodium bicarbonate. The organic
phase is separated and allowed to cyclize at ambient temperature, which takes up to
16 hours. Since DIPEA is a stronger base than bicarbonate, and it is difficult to
remove from the reaction until after the cyclization, the DIPEA charge is critical. The
amount of isomerization is directly related to the DIPEA charge. An optimal amount
of DIPEA is in the range of 1.20 to 1.50 equivalents, based on the mole amount of the
phosphonate.

This ensures complete reaction and minimizes the formation of the double-
bond isomer. The amount of phosphonate in the reaction solution was determined by
HPLC assay and the DIPEA and lithium chloride charges were based on the result.

After addition of DIPEA and lithium chloride, the solution was stirred at
ambient temperature to effect the cyclization, which required more than 16 hours to
go to completion. The use of a higher reaction temperature and/or significantly longer
reaction times led to an increase in side products and lower yield.

It was found that residual water in the cyclization reaction mixture resulted in

the formation of impurities and lower yields. Therefore, the solution of phosphonate
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chl ori de and DI PEA. DEPROTECTI ON OFTHE COVPOUNDS OF
FORMULA The conversion of the conpounds of fornula

w@ kdop/oeoconpounds of fornmula (1) invol ves thePCT/IB2005/000508

deprotection of the am no groups in conpounds of
formula (I1). The deprotectiqp uses the standard
condi tions in cephal osporin chem stry, phosphorous
pent ahal i de, picoline, then isobutanol. Conpounds of

formulas (VI) and (I11) require the presence of
L on. we

acetonitrile in the r tion sol ver, it _was, .
A8 B4 er il PHIBR LRTR 1 or 167 Spituim i00idlE ithium
plefecsidmipEA h the final deprotection reac_ti on of
conmpounds of fornula (11) because acetonitrile reacts

wi th the phosphorous pentahalide. It increases the

{rrhe} )i N the
PEERRITICYION ORI CERIAERB OB 1 6. Ther o
wer e Thocqnssidi o thé 6BBpduhdsesTeanill %Ilﬁt?cﬁ&(?ili&gddnhﬁ of formula (I)
, or

after formati on of conpounds of formula (I
EWPJSJPS ther deprotgrtics Ofc@ﬁ%%lﬁ@sgl@ﬂpff &t fempoynds) of fomapks (I). The

' 0 ; Yot latio
L e —
paidhahide, pidodinef then isbbutemdli ocGompowakpddodsulas (VI raad(BI) require

B PR R A AT IE D QB BGANES SR TAEYER i was necessary to
feldoRWI tBE acdt6MBYB pridh 18 GR6QUdid k&@thbﬁcf?eeﬁ‘édi %Pf&%btﬁ)fn fe8&ion of
nds of formnula

reacti on m xture contal ni ng conpou i
qampounds eefd$omuilenil)s bevasse | avoteritile macksr edihvehey pudphorous

SRR D RSB B SRl Aol e cion
Alkdire abd festilts neWer yiBRI, acetonitrile was imedi ately
prior_to the deprotecti on of conmpounds of fornula

(11) . There weea twe passible times to remove the acetontrile, after formation of
compounds of formula (IIT), or after formation of compounds of formula (II). There
are two methods to remove acetontrile, distillation and phase-extraction. It was found
that removal of the acetonitrile after formation of compounds of formula (VD) by
distillation affected the product impurity profile and yield of compounds of formula
(ID. Likewise, removal of acetonitrile by extraction of the reaction mixture
containing compounds of formula (IVa), leads to emulsions, low yield and recovery
and issues with the reaction water content when proceeding to the subsequent
cyclisation step. Thus the only step available to remove the acetonitrile was
immediately prior to the deprotection of compounds of formula (II). The reaction
mixture was extracted with acid solution to remove the DIPEA salts, followed by
brine, and this removed some of the acetonitrile. The reaction mixture was then
distilled twice, to ensure complete removal of acetonitrile.

. There are two major issues with this conversion. One is the presence of
residual water and the other is the control of reaction temperature/exotherms. These
issues are common to both the phosphite and phosphine routes. The water content
needs to be low, and this is achieved through the distillation procedure to remove the

acetonitrile. In addition, it has been found that the deprotection reaction works
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m xture was extracted with acid solution to renove the
DI PEA salts, followed by brine, and this renoved sone

wokooshedacet onitril e. The reacti on nm xture wasPChEBR005/000508

distilled twice, to ensure conplete renoval of
acetonitrile. There are two ggjor issues with this
conversion. One is the presence of residual water and

the other is the control of reaction
t enper at ure/ exot herns. These issues are comon to both

he. ph hi d_phosphi r oyt The t er ,cont.ent
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addition, it has been found that the deprotection
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cﬁ{ié“dlh%r Qb@gﬁﬂ%‘t@\ﬂ i RCr R LR %QVQ'% ?&gﬁﬁn%:ﬁfg?%fflegt on the

I's var en usi ng conpounds o _
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d f f I Vl). This suggests that_ sone
ot nor DEBHBERBARPEF (RME s -csrodiet Sares risH-Hivaeaetion. DMP
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eyrived diyi te ag@ects sork-DyRfaruponede xaf efsmildPIIwe Based on this

P 5 AL ST S STl o
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charge used in the preparation of conpounds of fornu
4E) fTheie tospoandaia ob sugeesi| thaf V). malecklaptsieves remove the

B R R YR rdBitit ) eves remove ¢ he
phosphigy ealRvaadBxdRptesf illasttd ehd W&%nﬁgr_‘é&éﬁs@s of ige present
followng Exanples illustrate the preparation

iB¥eItions @&/fodafarﬁfe [rROsed in PaEdeT H@lﬂipﬂl\&md and aggrreferenced to the
%egfét?{%%r? fock i il E3mPRE sH?nHe' s%pve('np Pd&tcg{]o%hﬁ)ﬁ"gfqﬁ%f uH1&s Co“:flqerwise
specified).

Further, any range of numbers recited in the specification or paragraphs
hereinafter describing or claiming various aspects of the invention, such as that
representing a particular set of properties, units of measure, conditions, physical states
or percentages, is intended to literally incorporate expressly herein by reference or
otherwise, any number falling within such range, including any subset of numbers or
ranges subsumed within any range so recited. The term "about" when used as a
modifier for, or in conjunction with, a variable, is intended to convey that the numbers
and ranges disclosed herein are flexible and that practice of the present invention by
those skilled in the art using temperatures, concentrations, amounts, contents, carbon

numbers, and properties that are outside of the range or different from a single value,

will achieve the desired result.

Example 1. Preparation of (3R.4R)-(4-nitrophenzyl)methyl ester-o-iodo-2-oxo0-4-[[2-

acetic acid
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deuterium lock signal fromthe sanple solvent
(deut eri ochl orof orm unl ess ot herw se specified).

wo-005/022900 any range of nunbers recited in the PCT/IB2005/000508

speci fication or paragraphs hereinafter describing or
claimng various aspects of the invention, such as
that representing a particular set of properties,
units of neasure, conditions, physical states or
percentages, is intended to Iiterally i ncor porate

ly. h f
féf’{ Fﬁé fpamemBerel g (aeuad SRR Ay SahsBaD By ester-a-
ArBRy-S- c% A ﬁ{:&% ﬁf{h@y{{a mﬁgf&@ o2 1 IANARNRY-3-

reC|ted The term "abou n used a‘nodifier for,
E(phmylmmlmmlohawmime ageticaadich fid e;mvcmrc of drasemedmenc alcohols

ve .t hat 4,he.n ers and ran di scl.osed, here
g P R S R R i S owat ol the alcohol
caw@mt 5PMoPYf tHeQwepdlind (3896 bbtehd\e 78I4mmdi)Ngas dissolved in 750mL
eratures, concentrations, anounts, contents,

élﬁh ethanser S-Piclige phlofrak} (149.5mimel, 463 mmsalqa) ofas talded and
(L8l Bk BERML o %2, TOREHBLAE o By, O o, 102

@ilx?almt?);vaé 4éisd irncrpiaqmaydrb (ﬁ&f&hyﬂ)prommately 3 minutes). The reaction
ester-a-io0do-2-0x0-4-1T2- 0x0-2-r

was stiged £o5, 4 rhoup brel%n%@ €. efthyps t“f‘FFBPd 3ty 2 5 @80mEc 299 brine
I

LULATD cdefst 0SS OE SIS HOLTTBIRES b v

egiperature. The desiccant was fﬂtered off and Washed with  100mL

DL i HRGIONS) kbt s St

RELiEA 35 Ndeborfrill HHIE) Was A SICORRbIFiOR! ARG onbehirated

the ratio 8:2. The absol ute stereochem stry o
toad00mIsatdess than3fiCat t he al cohol carbon. 51.19g of the

Com o S b Yy TP i 0SS Wl 11500
A163neasl] YAbeghivaleas tadtestadingd compound) was charged to the solution
to form (3R4R)-(4-nitrophenzyl)methyl ester-o-iodo-2-0x0-4-[[2-0x0-2-[(1S)-
(tetrahydro-2-furanyl]-ethyl]thio]-3-[(phenylacetyl)amino]-1-azetidine acetic acid,
which can exist in the form of (S)-THF isomer or the (R)-THF isomer or their
mixture. Moreover, both the (S)-THF isomer and the (R)-THF isomer can exist in the
form of a mixture of iodo stereomers which consist of the (S)-iodo isomer and the
(R)-iodo isomer. The (S)-THF isomer is used for the preparation of the cephalosporin
intermediate and cefovecin. The (R)-THF isomer is present as an impurity in all the
process intermediates along the way of preparing cefovecin and in the final product.
However, the (R)-THF isomer of cefovecin sodium was shown to be a potent anti-
microbial in its own right in the initial screening tests.

NMR data collected on the iodo compound mixture, predominantly the S-
series with traces of the R series present: 8 (400MHz, CDCl;): 8.43 (m, 2H, PNB-
H2,6), 7.54 (m, 2H, PNB-H3,5), 7.20- 7.40 (m, 5H, Bnz-H), 6.5-6.7 (m, 1H, NH),
5.2-5.45 (m, 4H, PNB-CH,,CH-OH & CH-NH), 5.07 (d, 1H, ] = 4.8Hz, CH-S}), 4.2-
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the solution was cooled to - 150C. Thionyl chloride
(7.6nm) (104.19mmvol, 1.42 equivalent) was added in one

wW@eusioeeeq over approximately 3 minutes). The rREDIB2065/000508

was stirred for 1 hour below - 200C. It was washed
with 2 x 2501 20% brine sol yion and dried over 4Qg
of magnesiumsulfate for 10 m nutes at anbi ent
tenperature. The desiccant was filtered off and washed
with 100nL di chl oronet hane. The filtrate was

SRR, R0, O RSl A S E B MR S & Bnz-Crt),
3.01212 (N1 HUTHRED) CONA &5t (ha B THF-BBQ@H4at | ess than
C. The solution was cqoled to I ess than 5C. Sodi um

35
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& 14081 tmﬁ.) B A [the2evaxepiiefs(dfFhloro analogs of the iodo compounds (Rt

iyt 9580 i b BBl selds g (Ui B HPRP AN eser
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[(PhenYHeetyhamino]-¢ sazetidins hceitio atidgRt 0958003 mikdt ur e of

i odo stereonmers which consist of the (S)-iodo isoner
and the (R)-iodo isoner. The (S)-THF i soner is used

E@Jm 189, Pt "u@ﬁ'oPEb hlok i ARIAEGRRO! | N | nter medi ate

cef ovecl n. SO 'S present as an
i rrpurTllley Addigibh tolﬁe spdiomesivdidet dnnedamples Bl (WEQ; tfoHowed by
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P RsTRE (PR BBt e 0B BrmrBolo ek FAiIRT thitive to the
SHRENE compbend RRbRRH lar&whl&oﬁ{eqﬁh@ 161, taademurf)p@me over 10
in the initial screening tests. data col | ected on

mipatdso dohectemperatige mag matrsainpd @t orrbdawt ¥°¢ dunimgsteraddition. No

exotherm was observed on this scale. The solution was allowed to warm to room

4]

temperature over 1.5 hours. The phosphonate content was determined by HPLC assay
(36.49g, 56.2mmol). This corresponds to a yield of 76.5% for the two steps.
Dichloromethane (500ml) was added (total volume approximately 700mL). Activated
carbon (17g) and magnesium sulfate (20.1g) were added and the mixture stirred for 10
minutes. The mixture was clarified by filtration through a bed of celite and the celite
washed with dichloromethane (150mL). The phosphonate content was determined by
HPLC assay (36.5g, 56.1mmol). Lithium chloride (5.11g) (120.5mmol,
2.15equivalents of the phosphonate) and DIPEA (12.6mL) (72.3mmol, 1.29
equivalents of the phosphonate) were added. The solution was stirred at ambient
temperature for 16 hours. The reaction solution was successively washed with
400mL of 1% aqueous hydrochloric acid and 2 x 400mL. of 20% brine solution. The
organic phase was dried with powered 4A molecular sieves (22.3g) and celite (20.3g).
The desiccant was decanted off through a plug of silica G (43g) and washed with
200mL dichloromethane. The solution was concentrated to a thick oil on a rotary
evaporator at less than 35°C and dichloromethane (350mL) added. This solution was

then re-concentrated to a thick oil on a rotary evaporator at less than 35°C and
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with traces of the R series present: d (400MHz, CDO 3)
8.43 (m 2H, PNBH2,6), 7.54 (m 2H, PNB-H3,5), 7.20-

Wdzm)s/ono 5H, Bnz-H), 6.5-6.7 (m |IH NH, 5.2PGI/IHR0{IN00508

4H, PNB-CH2,CH-OH & CH NH), 5.07 (d, IH J = 4. 8Hz,
CHS1), 4.2-4.5 (m |H THF-Hg), 3.83 (m 2H THF-H5),
3.3-3.7 (m 4H, S-CH 2 & Bnz-CH2), 2.1-2.2 (m |IH,
THF-H3), 1.7-1.95 (m 3H, THF-H3 & H4). MS data:

690. 0382 (MtNa) + HPLC data: 42.2% of the two epiners

ﬁfchid?g?@tlﬂﬁ?éee (ﬁﬁﬁiﬁL)CWEQO a. Ch(Iﬁ(% wted céntdft: %/fag" cﬁ:te)rtnlaed to be

4% 0 two epinmers ro anal ogs o
d60groundse (<:5]1teﬂ120f2th&c&¢lhz:htimh piqdudtlwadbadérntihe] byBIP1.C assay, as

BRIl 63 0 biekd i B Al (G AORD. o 1 ur any

'] - et gk Isolitioh- was k&a@&wl%@@ydnha@xoeﬂlorbusaﬁahmﬂaﬁde (30.4g)

acetic acid (Rt .6 & 20.5 mn
%p’émapl oh0 oﬁ‘quwﬂﬂm&i @ﬁﬁbcuqydlmh@n nmddmt)e Weisechadgtid.i oAfter 5

e APBEELEPrL) (PR i B g bragon produc

was: nd@denhise meltahFM@tu&@ walbenaSitantd BObEOWPI0RY) An exotherm was
di ssol ved in dichloronethane (101), added dropw se

@b@?veﬂo Theolugign Wﬁﬁétltféfhﬁ@rldtqylr belars20% ndaitiesage thyy reaction
g‘@ﬁé&ﬁ&‘{f VIB\JaE‘ %o&?ﬂ i bQBw N 494 1 ﬁgﬁ{f? 2§§}P§) Y5 B2mol)

'S sca e CQAFTES BHOMas s
Wasmhar@m €Flag caueedthe fredbtibn kowasn tol136°( P@B@Mﬁtﬁirﬁwas allowed to

cont ent s determ ned by HPLC assay_ (36.49qg,
WG‘.“‘En‘HDF“}A“%Ie’Fhlt%mE‘EPWé% ﬁaﬁd%ﬂqrostaﬁyg eﬁoa bthops, gogepdr crystal of

ek om0 d“a?ﬁmﬁ@a%%a@@%{éﬁq‘éﬂ#gohours ns
Qlﬂzﬁgl) syateth twegoehevapositioh aif ¢he @iohlogymetiane. akttesdlidrdad bellected
B} e el AR TRBU S o s
whe deiedl i tb€constant weight at 40°C under high vacuum to give cephalosporin
intermediate (18.4g) (41.64mmol, 56.7% yield from (3R,4R)-(4-nitrophenzyl)methyl
ester-o-hydroxy-2-oxo-4-[[2-0x0-2-[(1S)~(tetrahydro-2-furanyl]-ethyl]thio]-3-
[(phenylacetyl)amino]-1-azetidine acetic acid , 84.6% yield from the cyclization
product).

Three additional lots of cephalosporin intermediate were prepared in very
similar yields (50-55%) on 50g scale. The overall yield is comparable with the best
achievable with the phosphine method.

Batches of the cephalosporin intermediate prepared using this method were
found to have a similar impurity profile to that produced by the original phosphine
(Wittig) method. They have been used to prepare Cefovecin that met all of the

current test specifications for drug substance release.

Example 3. Preparation and identification of the phosphonate

51.8g (3R4R)-(4-nitrophenzyl)methyl ester-a-hydroxy-2-oxo-4-[[2-0x0-2-
[(1S)~(tetrahydro-2-furanyl]-ethyl]thio]-3-[(phenylacetyl)amino]-1-azetidine  acetic
acid (RD2424, 80%, 73.4mmol) was dissolved in 750mL dichloromethane. 12mlL 2-
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washed wi th di chl oronet hane (1501). The phosphonat e
content was determ ned by HPLC assay (36. 5g,

w®2003/0990) . Lit hi um chl oride (5.11g) (120. 5mMmoPCT/IB2005/000508

2. 15equi val ents of the phosphonate) and DI PEA (12.6nl)
(72.3mmol , 1.29 equival ents g§. the phosphonate) were
added. The solution was stirred at anbient tenperature
for 16 hours. The reaction solution was successively
washed with 400nL of 1% aqueous hydrochloric acid and

. Y1 0 i i r ' ] S
G LAOTDS SEndEL 8 30, 30 SDATTOE 0001 oS ol v
called ® (IZOC3g)ddedeSmk of ddemf] chinsidd €68 Admol,f1.3hequighlent to

i1 3 d washed with 2007 .
B, Dhecbnei win SR8 (1 ORotoa ettt cdpiCar Bwes veashed with
bXNFOMIObE 20% BrideOhd! drikVGRP UL UF rﬁégnleﬁﬁﬁl LR, %&D?R@fri}gnes at

di chl oronet hane (3501L) added.” Thi s solution was
prabigonteonmeraivied be alesibiaok v | filtenedh offosrat washedpwitht ®00mL of

B GBI, PR SLLG RAEFIE B e
esthem 859, 1501 CorGlck@atkiile By a3 a8dCindVas sAIeLiss ﬁ%r{rrh%ﬂ] c?ﬁcentrated

HPLC assay, as 25.76g (49.2mmwl, 67.0%yield
97208mals op atTREATY: granozaien Brgss time35%6). uThosoluken wepkedletido less

PR End, PEGRINgT QeSS S5 Sdlen o CRan-
oty bkt 208, D1 (P8
qghyd]}bl@ﬂ- -Mﬁpng@g@yl)mnpbltahetldlmrpeﬁamuragldf),asof sodium iodide
LA ot GRS TR B3 s o
L g mpnmRAgn e 2SSl 182n0 2.1
((egr_abzcifgf%-fml]gﬁhy]dé@]-%ﬁpl@nyhlu@gﬁamhw]-rl%eﬁdiine] tagetic  acid)
b Y T MR, T
tepetatury wh@nabitained at or below 4°C during the addition and no exotherm was
observed. The solution was stirred for 1.5 hours. Dichloromethane (500ml) was
added such that the total volume was ~700mL. Activated carbon (17g), 13x
molecular sieves (40.00g) and magnesium sulfate (20.1g) were added and the solution
was stirred for 10 minutes. It was filtered through a bed of celite and washed with
dichloromethane (100mL). The filtrate was concentrated on a rotary evaporator at
less than 35°C to a thick oil. This was trituated with diethyl ether (2 x 500mL, the
second wash was stored at 4°C for 16 hours. prior to decantation) and the semi-solid
dried under vacuum to give a yellow solid (51.89g, HPLC 60.9%, 65.4% yield).

IR (KBr disc): 3300sh, 3281s, 2958s, 1779s, 1678s, 1607m, 1524s, 1454m,
1349s, 1261s, 1035s, 850m, 739m, 697m cm™.

NMR (‘H 400MHz, CDCl;): 1.88 (m, 3H), 2.12 (m, 1H), 3.37-3.54 (2 x dd,
2H), 3.64, (s, 2H), 3.75-3.80 (m, 6H), 3.87 (m, 2H), 3.90 (m, 1H), 4.95 (dd, 1H ('xp
= 24.8Hz)), 5.15-5.30 (dd, 0.5H (J = 4.7, 1 Hz)), 5.30 (m, 2.5H), 5.46 (m (2 x ddd)
1H), 6.36 & 6.46 (2 x d, 1H), 7.27-7.28 (m, 5H), 7.55 (d, 2H), 8.21 (m, 2H) ppm
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cephal osporin internedi ate was added. The sol uti on was
stirred for 16 hours in a closed systemto avoid

wer@pos2avd on of the dichl oromet hane. The sol i dP@EEB2005/000508

collected by filtration. The solid was washed with 2 x
100m of dichl oronethane. Thggsolid was dried to

constant wei ght at 400C under high vacuumto give

cephal osporin internediate (18.4g) (41.64mml, 56. 7%

yield from (3/?,4 )-(4-nitrophenzyl) net hyl

?311% {/684 @é]?%%yq{lﬁ’f%%h%s&{o%atgxo 2-[(1'S)-(tetrahydro-2-

[ ( pheny3ag eff yth¢ phbsphbnate dromh iEkanpladewac dgsilded irB4.mi%ture of

o S0 S R BB Y RS PP
Wi&d ¥.36HT] dfasIPHiAC 1@835&59015} 3 meéoggﬁ Galuf &'a& stﬂﬁé%f éﬁlrimblent

yield is conparable with' the best |eva
rapepiinedonts hous. Bae ctretiomfolttien vap bwdcespmty washed with 80mL

B0 & HEC R bl BRA0H by e cfeig Bhaid e g ”wd%red 44
brfoecQla vk (nm%g hi3pe rﬁé«%&ﬁlmg)smm fa@dég)THﬁcv cBReDERD). T

used to prepare fovecin that net all of the current
ti@%ctcagtpwes fl¢<‘@atedmf§ thirepghl p g absilign déog)anéas@hed with 150mL

ton_and identifi catl
Eﬁ rg?]tg £oéf1%t§n,w2sr g«gncglltr:%ﬁ:{ o8 A 10 ){/Fyq,pé)lrzﬁg}xi at less than
esmb @veha/dﬁc&xw 2Thix @il4wds| tAitvaxed with diethyl ether %2 X 100m1) and the

[(IS)- (tetrahydro-2-furanyl] - ethyl]thlo] 3- e ace
apniysQKfsied I‘méﬁre’t’?}cél}lﬁ’etoa&l&? R gokdandy JZ%% Hﬁc 87.9%,

ZA@?%@T@) was dissolved in 7507 di chI or orret hane. 12nlL
2-pircolTne (121.5mol, 1.63 equivalent to ALAT) were
addedIRuGKIBt kiisckol30765r3080, 2O A8T2m; 11836, 1725ded666s, 1630s,

s S S0 L 15 | R, PRI b, o e o 7oom

cm200C. It was washed with

NMR (‘H 400MHz): 1.55 (m, 1H), 1.9 (m, 2H), 2.35 (m, 1H), 3.25 (d, 1H
SCHy), 3.65 (d, 1H SCHy), 3.6 (d, 2H PhCH,CO), 3.8-3.9 (m, 2H), 4.9 (m, 1H), 4.95
(d, 1H), 5.25 (dd, 2H NO,PhCH,0), 5.8 (dd, 1H), 6.1 (d, 1H, NH), 7.23-7.35 (mm, 5H),
7.55 (d, 2H), 8.2 (d, 2H).

Example 5. Preparation of the compound of formula (IVb)

A compound of the formula (Vb):

0,

o)
] l \\\\\\O
i W
Ha/ \NH
\r‘]’s
y

N cl
I -
0 oR!

are converted to a compound of formula (IVb) with the addition of an iodide

salt; wherein R' is para-nitrobenzyl; R? is benzyl.



2x250nmL of 20% brine and dried over 40y of magnesi um

sulfate, for IQOninutes at anbient tenperature. The
waele®soeam was filtered off and washed wi th 10Eri/IB2005/000508

di chl oronet hane. The filtrate was concentrated to

100m. on a rotary evaporatorp,at |ess than 350C. 1501l

of acetonitrile was added and the sol ution further

concentrated to 2001L on a rotary evaporator at |ess

than 350C. The solution was cooled to |l ess-than 4C.

Char gg&% th%gl ZI?tl WA bed Qg 0?1%'& Va%deﬂhs&ﬂed with reference to

(3R 4 4- rop enz If

estan partioylr eng,boamamm ﬁ}efc{oﬂ thase eilléd 5) tHet @t malysgpeedlate that

furanyl]- . I - : .

éjrrﬂwﬁ]yqd]ﬁptaqm@ Fhasenyradidesfionsniubstintions; deletippre ofcadditions of
gbihe s .l s i, L 85 oo o

(hEllf?YGmu))n(I4-1m1rtt¢rmbﬂ,eirhm;elﬁ)mﬁhmyﬂhe invention be defined by the scope of

S roxy- 2- 0xo- 4 xo 2-1(19) - .
R eTaA i BB ARy hGr byt op ey vt dt grapanable.
i no]-1-azetidine acetic acid) dlssolved in

di chl oronet hane (10m.) added dropw se over 15 m nutes.
The tenperature was maintained at or bel ow 40C during
the addition and no exot herm was observed. The
solution was stirred for 1.5 hours. Dichloronethane
(500mM ) was added such that the total vol une was
~700nmL. Activated carbon (17g), 13x nol ecul ar sieves
(40.00Qg) and magnesium sul fate (20.19g) were added and
the solution was stirred for 10 mnutes. It was
filtered through a bed of celite and washed wth

di chl oronmet hane (100m.). The filtrate was concentrated
on a rotary evaporator at less than 35C to a thick
oil. This was trituated with diethyl ether (2 x 500,
t he second wash was stored at 40C for 16 hours, prior
to decantation) and the sem -solid dried under vacuum
to give a yellow solid (51.89g, HPLC 60.9% 65.4%
yield).



IR (KBr disc): 3300sh, 3281s, 2958s, 1779s, 1678s,
1607m 1524s, 1454m 1349s, 1261s, 1035s, 850m 739m
wG00s10229@. NVR (1H 400MHz, CDC 3) : 1.88 (m BEd/B28051D0508
(m IH, 3.37-3.54 (2 x dd, 2H), 3.64, (s, 2H
3.75-3.80 (m 6H), 3.87 (m 2k), 3.90 (m IH), 4.95
(dd, IH (J1 Hp = 24.8Hz)), 5.15-5.30 (dd, 0.5H (J =
4.7, 1 Hz)), 5.30 (m 2.5H), 5.46 (m (2 x ddd) IH),
6.36 & 6.46 (2 x d, IH, 7.27-7.28 (m 5H), 7.55 (d,
2H), 8.21 (m 2H) ppnExanp «cCyclization of the
phosphonate 11.3lg of the onate from Exanple 4
was di ssolved in a m xture of dichloromethane (140n)
and acetonitiile (30m). To this 1.33g of LiC
( 31L- 38 PIocess@f Breperng acompegnd qffsnglgmﬁb\ra;) ver e
added. The solution was stirred at anbient tenperature
for 16 hours. The reaction solution was successively

washed with 80nL §f 1% HO afyg 8 of 20% brine. The
organi ¢ phase wascdried wth wefer eyl 4A ol ecul ar
si eve

si eves (4.20g),*13X"gol ecy (4.26g) and
celite (4.11g). The ir€Ccant was decanted off through
a plug of silica (3 nd washed with 1501L

di chl or onet hane. The”so oh was concentrated on a
rotary evapor at or at |ess |than 35C to give a thick
oil. This oil was tritu Wi th d[“e)thyl ether (2 x

100m ), and the sem-solid dtied under vacuum t o gi ve

a gol den ywhéremv Rloﬂsipatr@-ﬁitﬁ&gnzyﬁlétﬁllﬁhrﬁ%iz # ey yledrdgubstituted
IR (KBr_disc): 3276s, 3029m 2949s, 2872m 1783s,
17253,‘3“%]]663, 1630s, 1610s, 1520m 1454m 1345s,

1219s, 110ssnprisizdfe s8gBfMealitdsa coRfdlind 0F fSrmudQ @ cm

1.
o)
LI (o}
R2/ \NH
‘(S

\
0/_NI04
o OR! )

wherein R! and R? are as defined above;

with an iodide salt to produce the compound of formula (IVa).

2. A process of preparing a compound of formula (III)

—N LI __-OR?
/ I Nepe
o [¢119)
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WELOHAOO)) 3.8-3.9 (m 2H)

NVR (1H 400MHz): 1.55 (m

IH, 1.9 (m 2H), 2.35 (m
IH), 3.25 (d, |H SCH2), 3.65 |

4.

8

d, IHSCH2), 3.6 (d, 2H
, (m |H), 4.95 ¢ci/182p)5/000508
5.25 (dd, 2H NQ2PhCH20, 5. d, 1H), 6.1 (d, 1H,
NH), 7.23-7.35 (rn, 5H), 7.535(d, 2H), 8.2 (d, 2H).
Exanpl e 5. Preparation of the conpound of formula
(1'vVb) A compound of the fornmula (Vb): are converted to
a compound of formula (IVb) with the addition of an
i odi de salt; whergin

benzyl . vt PECRHE R o dh PSR hALA T baks i dinafiqor substiuted

il usbéﬁtygd{n&m?hs cefiegnce to certain particular
enbodi ments thereof, those skilled in the art wll

appr eci at eCORBESIHE the wepa gh Feasting ris compawaésof formula (IVa) as
nodi f NSy t e ns, or additions
of prg%gghr es %ﬁfé‘?gr%’f‘g?@gﬁﬁ‘% 4KS)Z\‘;érIrlade wi t hout
depart| ng fromthe spirit and scope of the invention.
Is intended, therefore, that the invention be
def% ned DrpRessRlsaimyg, Wheseip Rajiqmetrht f ol | ow and
that such clains be interpreted as broadly as is
reasonabl e. CLAIM5S 1. A process of preparing a conmpound
of 4f or milha proodal oflaine? fufericomarisingither odpaaty| or

allyl and zyl . r substlt ted be ;. )
conpri si ngﬁt%he g‘?aglﬁ 83@?‘?‘?"& %ﬁ%gﬁgfmfaolsﬂwpét in the
(V) wherein Rl gReerdd & ¢i@S aﬂ&fdnn%?gaﬁﬁo‘é%luﬁ%tﬁhs@nto form a
iodide salt to produce the co ggound of forrmula (IVa).

2. A process of cqmppadiofiform ound of formul a
(H)wherein Ris ra-nitrobenzyl or allyl; R is benzyl
or substituted benzyl; and R3 is Cl-6al kyl;

Q

N

(d
9
(d

AN
\

OR! an

wherein R' is para-nitrobenzyl or allyl: and R? is benzyl or substituted
benzyl; and

2) reacting the compound of formula (II) with R*-OH and PXs to

produce the compounds of formula (I);
XHHN

\_(S

SN

[¢]

° oR! @

wherein R! is as defined above and R is Cisalkyl and X is halo.

5. The process of claim 4, wherein R! is para-nitrobenzyl, R? is benzyl, R® is

methyl, X is chloro; and R* is isobutyl.
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conprising the step of reacting a conpound of fornula
(I'va) as described in daiml, with P(OR3)3 in a

w@odogeo00 3. The process of claim2, wherein R3CT/BB2005/000508

methyl. 4. The process of claim2, further conprising
the steps of (1) heating said,conpound of formila
(I'TIH) in a solvent in the presence of LiC and an
organi ¢ sol ubl e base to forma conmpound of formula
(I'l') wherein RL is para-nitrobenzyl or allyl; and R2 i

| bstituted b . and (2 ti e .
corboundlr Rl o' (vl ivisa Sl st AR "l cpese s
t he conpdigosiepabthiyRiiike and dald soMreit @¢ dicRbrometdsnedef i ned

above and R4 1s Cl-6alkyl and X is halo. 5. The
process of claim4, wherein RL is ara-nitrobenzyl, R2

i s penzy dg%l [ : R4 is
iso’gutyll%‘g.r Sﬁﬁ?%’%@ﬁ agﬁﬂkﬁ%@n&%&%%@ n said
organi ¢ sol ubl e base is diisopropyl ethylamne and said
sol vent is dichloronethapg,, 7. A process of preparing

a conpound of formula (I) \M\erei S isp
ra-nitrobenzyl or allyl; X i{s ha conprising the
steps of: (1) reacting the ¢ f mula (V)

wherein RL is ?< r -nitrobenzyl “a apd R2 is
benzyl or substituted benzyl;

wherein R! is para-nitrobenzyl or allyl; X is halo;
comprising the steps of:

(1)  reacting the compound of formula (V)

o)
Ll O
R2/ \NH
\ S
—N
g / Im
o 1 W)

OR

wherein R! is para-nitrobenzyl or allyl and R? is benzyl or substituted
benzyl;

with an iodide salt to produce the compound of formula (IVa), as
described in Claim 1;
(2) reacting a compound of formula (IVa) with P(OR®); in a solvent to
obtain a compound of formula (III), as described in Claim 2, wherein R is Cy.
salkyl;
3) heating the compound of formula III from step (2) in said solvent in
the presence of LiCl and an organic soluble base to form a compound of
formula (II), as described in Claim 4; and
4 reacting the compotqmd of formula (Il) with R*OH and PXs to

produce the compounds of formula I; wherein R* is Ci-salkyl and X is halo.
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with an iodide salt to produce the conpound of fornula
(I'va), as described in daim1l; (2) reacting a

w@ooopo of fornmula (1vVa) with P(OR3)3 in a spCTEB0Y®0508

obtain a conmpound of formula (IE), as described in
Caim2 wherein R3 is Cl- ealkyl; (3) heating the
conpound of formula H from§ ‘ep (2) in said solvent
in the presence of LiC and an organic sol uble base to
forma conpound of formula (I1), as described in Caim

4; and ( reacting the conmpound, gf. fornula_(H ) wih,
Bt a T erBREoiD ASCEHIE S PRECECSSHS Lof O 3r Wb K is para-
wher ei n fi¥otiehzf#l- 6al kyl and X is halo.8. The process
according to any one of clainms 1, 2 or 7, wherein Rl

i's paranitrobenzyl. 9. The process according to any

ong, of ains 1. 2 or. 7. wherei .1.S benz . 2
SURsti ¢ B EoHindin AT eFirnd 1 BN athasip R s beny
sel ect equbdtiatted et rio8 BubNitsdntd eath RHdepén&klyYielec®d from the
hal o. 10. The process of claim7, wherein R3"is

met hy| . &19up cppgisingeleSssalifyl.ardprler 7 or cl ai m 10,

wherein X is chloro. 12. The process of claim 10 or
claim1l, wherein RL is ra-nitrobenzyl. 13. A conpound

of 10he fThempudeesy dAlaiwh®vetiereilRR’ $s @etAydi t robenzyl; Ris
benzyl; wherein * represents a chiral center which
represent an absolute configuration of (R) or (S);

whgrei n me{p%&mm ﬁ@%@hﬂ@ﬁﬁkﬁ&% (s Dn1bROMEr S at

a ratio between 0:1 and 1: conpound of the
formulas (1Va) or (1Vb):or

12.  The process of claim 10 or claim 11, wherein R! is para-nitrobenzyl.

13. A compound of the formula (IV)

wherein R! is para-nitrobenzyl; R® is benzyl; wherein * represents a
chiral center which represent an absolute configuration of (R) or (S); wherein

said compound contains (R) and (S) isomers at a ratio between 0:1 and 1:0.

14. A compound of the formulas (IVa) or (IVb):



wherein Rl is ara-nitrobenzyl; R2 is benzyl;

WO 2005/092900 PCT/IB2005/000508
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Iva)
OR! or

Q

o]
u
C

Hz/ \NH s

\
/N

o}

avb)

o oR!

wherein R' is para-nitrobenzyl; R%is benzyl;



