PROCESSES FOR PRODUCTI ON COF

4- (Bl PHENYLYL) AZETI DI N- 2- ONE PHOSPHONI C ACI DS FI ELD OF
wOokR6IINEBITI ON [ 0001] The present invention relP@ras2106/020226

processes for the production of 4-

(bi phenyl yl')azeti di n-2- one phosphoni c acid

derivatives. BACKGROUND OF THE | NVENTI ON [ 0002]

(4" -{(2 ,3i?)-3-[(3

S) - 3- (4- Fl uor ophenyl ) - 3- hydr oxypr opyl ] - 4- oxo- | phenyl az
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(4- BPA) 4-BPA and it PHGSPHONIC ACIDS

(4'-{(2<S ,3i<:)-3-[(31S)-3-(4-fl uorophenyl) - 3- hydr oxy

propyl ] - 4- oxo- | phenyl azet i di n-

2-yl }-3" - hydr oxybi acid (3-BPA)

3- BPAhave been shoﬁ?ﬂ‘ﬁtlﬁ ﬁﬁ]ﬁﬁ;ﬁg‘ﬂgggf chol est erol

absorption. (See copendi ng US application 10/ 986, 570,

which is incorporated herein by reference inits

1 5 b Gicoge i T G P B momA OB
mﬁ@ﬁyl?l)@zeﬁ&iﬁoﬁbﬁe Phosph&nit adtl la¥riedtivaget i di none

chol est er ol
BACKGROUND OF THE INVENTION

[0002] (4'-{(2S,3R)-3-[(35)-3-(4-Fluorophenyl)-3-hydroxypropyl]-4-oxo-1-
phenylazetidin-2-y1}-3'-hydroxybiphenyl-4-yl)phosphonic acid (4-BPA)

4-BPA
and its isomer, (4'-{(2S,3R)-3-[(35)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-oxo-1-

phenylazetidin-2-yl}-3'-hydroxybiphenyl-3-yl)phosphonic acid (3-BPA)

3-BPA



absorption inhibitors. 1,4-Di phenyl azeti di n-2-ones and

their utility for treating disorders of lipid
wori@hetg9sm are described in US patent 6,498, 1B6TA82006/020226

PCT applicati on W02/ 50027, the disclosures of which

are incorporated herein by reference. Perhaps the nost

wel | - known nenber of the class of

1, 4-di phenyl azetidin- 2-one hypochol esterolemcs is

I ZETI A(t 0004] U. S,
BEEE e 16 B gblsggor aiﬂg@r@ hsorgtios € erepakading US
?pﬁc%ﬁoﬂ 3649863170 SYRIER Hsemc&ijg QSferdh gg %f@lleﬁb@fanse&l%??ﬁg
or the prep aration of none rivatives re d
Attengiowis dtrdgwd th 6008pHleTHE eraeaddﬂﬁ onpagest90098 arsl Hi%x)ect ed

toward a process for preparation of 4-
(bi phenyl yl )azeti di n-2-one phosphoni ¢ aci ds. SUMVARY

[6803T HE 4L BWENRH GNP A Q5 ediBEs BE ﬁ&elﬁhﬂ'yr&)‘f%‘éﬂd%bn'é %h@fe%rol

to processes for %rieparl ng conpounds of the formula
abggptien whikitgr 1R lehe@ahbs@tdlmﬁdm@e potbtelryntifityofor Heatmg

e e B R LR R LA i e A
application WO02/50027, the disclosures of which are incorporated herein by

reference. Perhaps the most well-known member of the class of 1,4-diphenylazetidin-

2-one hypocholesterolemics is ezetimibe, which is sold as ZETIA™ .

[0004] U.S. Patents Nos. 5,631,365; 6,093,812; 5,306,817 and 6,627,757, for
example, disclose and claim processes for the preparation of azetidinone derivatives

related to ezetimibe.

[0005]  The present invention is directed toward a process for preparation of 4-

(biphenylyl)azetidin-2-one phosphonic acids.

SUMMARY OF THE INVENTION

[0006] The present invention relates to processes for preparing compounds of the

formula I;
R']
O
N
HO
> < >_R2
S HO
H? /\\
HO/Q\ /
o I



wherein ProtA -O is a protecting group for a phenol

chosen from an oxynethyl ether, a tertiary alkyl
webtbheri27e@3benzyl ether and a silyl ether; Prot BeOUS2®6/020226

HO or a protecting group for a benzylic al cohol

chosen from an oxynethyl ether, a tetrahydropyranyl or

tetrahydr of uranyl ether, nethoxycycl ohexyl ether, a

nmet hoxybenzyl ether, a silyl ether and an ester and

et iR fesnbien fegndsedy Sin i blerg, -Bul and s

benzyl ester. The process conprises reacti ng a
conpound of forrmula Ilawherein X is chosen from

[008@] neln dfissivspsct, Hielivydntien relates tnepiokéss gt preparing la

met hanesul fonyl and rifl uoronet hanesul fonyl, with a
conpound of fornmul aﬁ wherein R10 and R 11 are
i ndependent |y sel ect ed H ancb(Cl C6) al kyl, or
R10 and R 11 together Yormga_5/ nmenbered ring.

[ 0008] Inversely, ofreotive ct|a conpound of fornula
liblib wth a conpound oryl a Ilia

R2

ProtD-O ProtB-O

ProtD- o/P\\

Ia
wherein ProtA’-O- is a protecting group for a phenol chosen from an oxymethyl ether,
a tertiary alkyl ether, a benzyl ether and a silyl ether; ProtB-O- is HO- or a protecting
group for a benzylic alcohol chosen from an oxymethyl ether, a tetrahydropyranyl or
tetrahydrofuranyl ether, methoxycyclohexyl ether, a methoxybenzyl ether, a silyl
ether and an ester; and ProtD-O- is HO- or a protecting group for a phosphonic acid
chosen from an alkyl ester, a phenyl ester and a benzyl ester. The process comprises

reacting a compound of formula ITa

R1
O
\©\N_//

X ProtB-O

R2

IIa



[0009] In a second aspect, the invention relates to a

process for preparing a conmpound of structure II1Il in
wohiwh2R9et A-O is a protecting group for a pheaoius2006/020226

chosen from an oxynethyl ether, an allyl ether, a

tertiary alkyl ether, a benzyl ether and a silyl

et her. The process conprises cyclizing a conpound of

formula |IVa wherein R6 is phenyl or benzyl and

Pr ot B. - prptecting_groug_for a benzylic al cohol

O is

WhRERdR X i Pla?ﬁea%roawﬁmehbqom% hlorige ttaluengsp oy matrgnesytonyl
t Wi | ether, a

il e AR Lt ey
[0010] In a third process aspect, the invention
relates to a process for preparin W compound of
structure I'Vwherein Qis a chi raR auxi | iary. The
chiral auxiliary is chosen from g-ngke enantioners of

tri phenyl glycol andP&R{q c br anched
ni trogen-cont ai ni ng noi et L e -pogsessi ng at | east one
chiral center. Thepptmoes ises reacting a

compound of forrmula V V wi }{h a conmpound of formula VI

I
wherein R* and R!! are independently selected from H and (C1-Cs) alkyl, or R'® and

R together form a 5-6 membered ring.

[0008] Inversely, one may react a compound of formula IIb

R'l
O
O

ProtA’-O
R2
R"0—g ProtB-O :

}) R10

Ib
with a compound of formula IIla

X
ProtD-O\ G
e

ProtD-0~— \\

0]

IITa

[0009] In asecond aspect, the invention relates to a process for preparing a

compound of structure IT



VI [0011] In a fourth process aspect, the invention
relates to a process for preparing an imne of formula
wR004112§9812] The process conprises (1) reacti RgTAIS2006/020226
phenol of forrmula with asource of fornmal dehyde,
foll owed by (2) Schiff base formation by reacting with
an aniline of formula , followed by (3) protecting
with ProtA [0013] In conbination, the processes of
the invention provide an overall process for preparing
4- BPA: and rel pinphenyl phosphoni ¢ acids. [0014]
I n a product aspeg he inyention relates to
compounds useful “&s§ ern¥di ates in the
process. DETAI LER#AESCRI PTI|ON OF THE | NVENTI ON [ 0015]

Thr oughout this application, various references are
cited. The disclo of of se publications
intheir entiretids arje herebyingorp 2d by
reference as if en hgrg : i Ations
X rots-
II

in which ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether,
an allyl ether, a tertiary alkyl ether, a benzyl ether and a silyl ether. The process

comprises cyclizing a compound of formula IVa

wherein R° is phenyl or benzyl and ProtB’-O- is a protecting group for a benzylic
alcohol chosen from an oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl

ether, methoxycyclohexyl ether, a methoxybenzyl ether, a silyl ether and an ester.

[0010] In athird process aspect, the invention relates to a process for preparing a

compound of structure IV




[0016] In this specification the terns and

substituents are defined when introduced and retain
woheosr12ee@B8i ni ti ons t hroughout. [0017] Al kyl i spCwmuspabed20226

to include linear, branched, or cyclic hydrocarbon

structures and conbi nati ons thereof. Wen not

otherwi se restricted, the termrefers to al kyl of 20

or fewer carbons. Lower alkyl refers to al kyl groups

10 3 _and . _ les of |
Wi Bt rodi@lle Re EROH O™ cnmif oot Fedl opy

enbtufigthers 8f aifpheiyllpiyal amdelcliband blachddifégdncsbnddiiiik ndisties
al kyl ene groups are those OFC20 or below (e.g. Cl, C2,
POSEPSENE a@gst ene c]@y@l cemfer. @gg Proress c@mpgsesg:pggtinglag,gor@wpd of
fofmk@la V€1 , Cl7, C18, C1 , C2 ). Cycloalkyl is a subset
of al kyl and includes cyclic hydrocarbon groups of 3,
4, 5, 6, 7, and 8 %\p«n atons. Exanpl es of cycl oal kyl
groups include c-propyl, c-butyl, c-pentyl, norbornyl,
adamantyl and the likie. [0018] C1 to C20 Hydrocarbon

G2 C3, Cl4, C5 GC¥;
al kyl, cycloal kyl, al kenyls Ww-Rr2 aryl and
conbi nati ons t her eof .p/faxghpl €% cl ude benzyl,
phenet hyl , cycl ohexyhnet hyl, canphoryl and

napht hyl ethyl . The term "ph¥nyl ene" refers to

with a compound of formula VI
R1
:: "N
ProtA-Q “
X :
VI
[0011] In a fourth process aspect, the invention relates to a process for preparing
L

o

ro
X

C 9, C20) includes

an imine of formula VI

2

-0
VI
HO

[0012]  The process comprises (1) reacting a phenol of formula X with a
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ortho, neta or para residues of the fornul ae:[0019]
Al koxy or al koxyl refers to groups of 1, 2, 3, 4, 5,
w6,2006/1ar898 car bon atons of a straight, branchegcTagedonsn20226
configuration and conbi nati ons thereof attached to the
parent structure through an oxygen. Exanples include
nmet hoxy, ethoxy, propoxy, isopropoxy, cyclopropyl oxy,
cycl ohexyl oxy and the Iike. Lower-al koxy refers to
a0 fQl - . I
soufleifSnEARSHE, B8RS} (SR RE PaRBrioh B S Hell Bt
(and their rissagliat ed hydrogens) have been repl aced by
oxygen. Exanp ncl ude net hoxypr opoxy,
3,6,9-trioxadegyl fland the |ike. The term oxaal kyl is
anilif¥ SMdEHuAS it Dr MIRKMEAIY (BIFrofcting §4@ MBMN.Ng
and I ndexi ng of Chem cal Substances for em ca
Abstracts , published by the Anerican Chenica
ie fl. 96 ut without.the restriction of
100FF " Fedoptbinatin, (¥ poenséS OF i BT Bl gt prgeess
for prepanhg dpmpended via a single bond to its adjacent
atons (formng ether bonds). Simlarly, thiaalkyl and
azaal kyl~=refer to al kyl residues in which one or nore
car bons e ben repl aced by sulfur or nitrogen,
respecti ve EXanpl es i ncl ude et hyl am noet hyl and
met hyl HD oprioply! .

/
HO  OH and related biphenyl phosphonic acids.
HO X
ProtD-O S S
R* L
/
\Q\ ProtD-O/P\\ L/
from X , NH; | O and

R2
ProtB-O

[0014]  In aproduct aspect, the invention relates to compounds useful as

intermediates in the process.



[0021] Acyl refers to groups of 1, 2, 3, 4, 5, 6, 7

and 8 carbon atons of a straight, branched, cyclic
woande1iguavat i on, saturated, unsaturated and ar oraTiUS2@6/M20226

conbi nations thereof, attached to the parent structure

t hrough a carbonyl functionality. One or nore carbons

in the acyl residue may be replaced by nitrogen,

oxygen or sulfur as long as the point of attachnent to

{ b D" PRt SIS DRI MR e RO no! ude

-butoxycarbonyl benzoyl, benzyl oxycarbonyl and the
ke. Lower - acyl refers to roug; cont ai ni ng_one

l00ﬂ6hr Ehyogghut this apmiicalion; vagpws 18 @we%larywl%f Ehe fhéclosures
of @a% g?lﬁ%egee blﬁ%sg?gﬁar@ny 'tlge(;c%tls g%shhser%bﬁﬁiﬁ%fé%dyby @geéence as
ifWrﬁteaarIm:aﬂmrrs selected fromQO, N, or S. Both refer to
nmonocyclic 5- or 6-nenbered aromatic or heteroaromatic
rings, bicyclic 9- or 10-nenbered aromatic or
het eroaromatic rings angehipiteys! i ¢ 13- or 14-nmembered
aromatic or heteroaromatic rings. Aromatic 6, 7, 8, 9,

[OO} gl:l u%i th}SZSpeéii;@%ijon]tﬁe F‘?Hp gﬁ(ﬁ gﬁﬁﬁﬁ%@&%ﬁn& 1neH SR mtitoduced

enzene, tet
ancamhlﬁ thmr&eﬂmtmsi tHrbeptont.6, 7, 8, 9 and 10- merrber ed
aromatic heterocyclic rings include, e.g., imdazole,

pyri di ne, indole, thiophene, benzopyranone, thiazole,
[0017]  Alkylis intended to include linear, branched, or cyclic hydrocarbon

structures and combinations thereof. When not otherwise restricted, the term refers to
alkyl of 20 or fewer carbons. Lower alkyl refers to alkyl groups of 1, 2,3, 4,5 and 6
carbon atoms. Examples of lower alkyl groups include methyl, ethyl, propyl,
isopropyl, butyl, s-and t-butyl and the like. Preferred alkyl and alkylene groups are
those of Cy or below (e.g. C1, Ca, C3, C4, Cs, Cs, C7, Cs, Co, Ci0, C11, Ci2, C13, Ci14,
Cis, Ci6, Ci7, C1s, C1o, Cag). Cycloalkyl is a subset of alkyl and includes cyclic
hydrocarbon groups of 3, 4, 5, 6, 7, and 8 carbon atoms. Examples of cycloalkyl
groups include c-propyl, c-butyl, c-pentyl, norbornyl, adamantyl and the like.

[0018] C;to Cy Hydrocarbon (e.g. C1, Ca, C3, C4, Cs, Ce, C,, Cg, Co, Cro, C11,
Cia, Ci3, Ci4, Cis, Cis, C17, Cis, Cio, Cao) includes alkyl, cycloalkyl, alkenyl, alkynyl,
aryl and combinations thereof. Examples include benzyl, phenethyl,
cyclohexylmethyl, camphoryl and naphthylethyl. The term “phenylene” refers to

ortho, meta or para residues of the formulae:

VANV

;f ;; kL717and é %



furan, benzi m dazol e, quinoline, isoquinoline,

gui noxal i ne, pyrimdine, pyrazine, tetrazole and
woyvo@zalsss [ 0023] Aryl al kyl neans an al kyl resPduais2006/020226

attached to an aryl ring. Exanples are benzyl,

phenet hyl and the |ike. [0024] Substituted al kyl,

aryl, cycloal kyl, heterocyclyl etc. refer to al kyl,

aryl , cycloalkyl or heterocyclyl wherein up to three

| 3c

OoR oy A ERAE ARl 801 350857 B8 BB aoyps of
a straighy brafched, egcltmoaﬁgmiat{mx mﬁhdsdmﬁy:htiqns tlarbaDanaticd to the

vzl Sipe Hhpishoin v, ELTRY PR g TRl AR Fropoxy,
1soBde%§?t®010?Hi)XrllJ)®' chlc?dékillﬁi%r ded th%lﬂkgoﬁ%wef"ﬁﬂ&i‘mé}@rs to

phenyl , “benzyl eroary phenoxy,

graypm zettaining are thévwrcodoys.oxy. [ 0025] The term "hal ogen”
means fluorine, chlorine, bromne or iodine. [0026]
Terninology related to "protecting”, "deprotecting”

0020y " WxAhRGT REers foMIRTIreAdkds ih RHiBHE0P nid?E eM8bRUfand Hefr
application. Such term nology is well understood by

asspaiptediydergenyihaye beenirpplagadtbyamdges, Bxampleninchdecont ext

meﬂ{ox@fn%fﬁ}?ﬁe}?@%gﬂdecyl and the like. The term oxaalkyl is intended as it is

understood in the art [see Naming and Indexing of Chemical Substances for Chemical

Abstracts, published by the American Chemical Society, 4196, but without the

restriction of §127(a)), i.e. it refers to compounds in which the oxygen is bonded via a
single bond to its adjacent atoms (forming ether bonds). Similarly, thiaalkyl and
azaalkyl refer to alkyl residues in which one or more carbons have been replaced by
sulfur or nitrogen, respectively. Examples include ethylaminoethyl and

methylthiopropyl.

[0021]  Acyl refers to groups of 1, 2, 3, 4, 5, 6, 7 and 8 carbon atoms of a straight,
branched, cyclic configuration, saturated, unsaturated and aromatic and combinations
thereof, attached to the parent structure through a carbonyl functionality. One or
more carbons in the acyl residue may be replaced by nitrogen, oxygen or sulfur as
long as the point of attachment to the parent remains at the carbonyl. Examples
include formyl, acetyl, propionyl, isobutyryl, #~butoxycarbonyl, benzoyl,
benzyloxycarbonyl and the like. Lower-acyl refers to groups containing one to four

carbons.

[0022]  Aryl and heteroaryl refer to aromatic or heteroaromatic rings, respectively,
as substituents. Heteroaryl contains one, two or three heteroatoms selected from O,
N, or S. Both refer to monocyclic 5- or 6-membered aromatic or heteroaromatic
rings, bicyclic 9- or 10-membered aromatic or heteroaromatic rings and tricyclic 13-

or 14-membered aromatic or heteroaromatic rings. Aromatic 6, 7, 8, 9, 10, 11, 12, 13

-9.



i nvol ve sequential treatnment wth a series of

reagents, hi that context, a protecting group refers
wOQo@/1grsesip that is used to mask a functi onal i PETAISR006H20226

a process step in which it would otherw se react, but

in which reaction is undesirable. The protecting group

prevents reaction at that step, but nmay be

subsequently renoved to expose the original

\1Ct ' : g cI=To] oY MCTol o Xa Ty N B oo
amg? !tﬂ g&@%gédc%%% cg?]:j‘co%ﬁ%g? M? %éz FEACt] oér}]ltei)frﬁwrh g%éetn%bﬁlg EH?eh
tetsahincdndt fherénerantithaf 6, 7y 8, \Woarddl O-membéred eronddticshetavbeyelia

. seguence of reagents .is specified, as it is in the
rngs e%g-o¥m’§ﬁ%ﬁ?’mﬁ{n?dﬁ, olerbigpbpng, hepgopyragpng thiazole,

iﬂe . i . i i . ) . . he

B B o By Byt

tettapele apd ppogelear e di scussed i n standar dt ext books in the
field of chem stry [See e.g. Protective G-oups in
Ofianic Synthesis by TTW Geene and P.G MWts, 2nd

[00231 t | Qiylafkehheiid BYallky136di8ue ARBheib an (abd el -ExAples are

under stood by one skilled in the art, the terns

bergyd ppenpiaricnd the ikopr opyl al cohol * and " 2- pr opanol *
are equival ent and are represented by CAS Registry No:
67-63-0. [0027] The abbreviations Me, Et, Ph, Tf, Ts

[Oﬂiﬂﬂillc\/fi Subﬂft&l&ﬁ ﬁﬂcyl‘[alt}klyctyclcﬁllfw,l hetgpbaieisll etc. refer to alkyl, aryl,
trifluoronethanesul fonyl, toluensulfonyl an
cy¢lealkyln @g@ﬁt;f@ﬁxﬂlylrv@?é@ig%ﬁp\;% Fhsy_ee H atoms in e%ch res(ljdue are replaced

with halogen, haloalkyl, hydroxy, loweralkoxy, carboxy, carboalkoxy (also referred to
as alkoxycarbonyl), carboxamido (also referred to as alkylaminocarbonyl), cyano,
carbonyl, nitro, amino, alkylamino, dialkylamino, mercapto, alkylthio, sulfoxide,
sulfone, acylamino, amidino, phenyl, benzyl, heteroaryl, phenoxy, benzyloxy, or

heteroaryloxy.
[0025] The term "halogen" means fluorine, chlorine, bromine or iodine.

[0026] Terminology related to "protecting”, "deprotecting” and "protected”
functionalities occurs throughout this application. Such terminology is well
understood by persons of skill in the art and is used in the context of processes which
involve sequential treatment with a series of reagents. In that context, a protecting
group refers to a group that is used to mask a functionality during a process step in
which it would otherwise react, but in which reaction is undesirable. The protecting
group prevents reaction at that step, but may be subsequently removed to expose the
original functionality. The removal or "deprotection” occurs after the completion of
the reaction or reactions in which the functionality would interfere. Thus, when a
sequence of reagents is specified, as it is in the processes of the invention, the person
of ordinary skill can readily envision those groups that would be suitable as

"protecting groups". Suitable groups for that purpose are discussed in standard

-10 -



A conprehensive |ist of abbreviations utilized by
organic chemsts (i.e. persons of ordinary skill in
woOheocantgezappears in the first issue of each vetwmws26/020226
the Journal of Organic Chem stry . The list, which is
typically presented in a table entitled "Standard Li st
of Abbreviations" is incorporated herein by reference.
As understood by one skilled in the art, the terns
textbORP PR of ch%%%@ré@@é‘é %l %{%Hﬂ% ive %g&g % @E%&ﬂg@"‘chesis
are equi val ent an rese
by 87 V6 IL38end AEIBL. M uigy Zm}ﬂEthlomgdbhn; ilegt & Goss,dfew York

nmbi | |
(1953516 "M S raet R P Al in St g ohs PRS- ChoRioPy1
alcBbRbl” @d “dpfopha” GlI&Rlval @ hhdarBPehrBiaian ey Q&g%ﬁ% No:

used to denote the absol ute configuration of a chiral
676Berent ; wavy |ines and single thin lines indicate

di savowal of any stereochem cal inplication which the

bond it represents could generate; solid and broken

[odzq' d IMheesbraviatia@ane) Et, Ph,ABSTE bt MsSeprosing alethig, ding,
ative configuration shown but denot i ng racemc

ph@wértaﬂﬂ@ﬁome&rwe%@g@l mlwmsm%ﬁ@d methagesuffenylrsspsstively.

t
LSS S SFERL GO P SR OTAYIET o g
ordimdringkidl iXlthe at)l app edrslarthe dirse maerpﬁ@a&h lvotumeodf thé Soypoaief
Organic Chemistry. The list, which is typically presented in a table entitled “Standard

List of Abbreviations” is incorporated herein by reference. As understood by one
skilled in the art, the terms “isopropanol”, “isopropyl alcohol” and “2-propanol” are

equivalent and represented by CAS Registry No: 67-63-0.

[0028]  The graphic representations of racemic, ambiscalemic and scalemic or
enantiomerically pure compounds used herein are taken from Maehr J. Chem. Ed. 62,
114-120 (1985): solid and broken wedges are used to denote the absolute
configuration of a chiral element; wavy lines and single thin lines indicate disavowal
of any stereochemical implication which the bond it represents could generate; solid
and broken bold lines are geometric descriptors indicating the relative configuration
shown but denoting racemic character; and wedge outlines and dotted or broken lines

denote enantiomerically pure compounds of indeterminate absolute configuration.

[0029]  Thus, the formula XI is intended to encompass both of the pure

enantiomers of that pair:

211 -



enanti omers of that pair: Xl Means either pure 3R 4S:
or pure 35S 4R refers to a racemc mxture of R5S and S
we2006/12789Bavi ng a trans rel ative confi gurati onPomusSh®e/020226
beta |lactamring. [0030] The term "enantioneric
excess" is well known in the art and is defined for a
resolution of ab into a + b as [0031] The term
"“enantionmeric excess" is related to the older term
ical purity" in that both are neasures of the sane
M. The value of ee will be a number fromO to
i g racem ¢ and 100 being pure, single
conmpoupd which in the past m ght have
been cal |l ed 98/Nop/(cal ly pure is now nore precisely
descri bed as 96% ep; in other words, a 90% ee reflects
the pres %of one enantioner and 5% of the
ot her i ni teri‘al_in question.,R{ 0032]
- r efjat ed \conpounds\ of rmula lala are
acting a c formula Ho with a
ormula |11

XI
/O
T * =
N\
= X7

or pure 3S,4R:

whereas

-12 -



pi wherein R10 and R1L 1 are independently sel ected
fromH and (Cl1-C6) alkyl, or RLO and R11l together form

we 280662mm8bhered ring. Alternatively, one may reaTiusa006/020226

conmpound of forrmula Ii1bR1L Iib with a conpound of
formula Ilia pia [0033] In these processes and
conpounds, Rland R2 are chosen from H, hal ogen, -OH,
and met hoxy. R10 and R11 together may forma 5-6
menbeped rj for exanple:[0034] In certain

embo s, is hydrogen and R2 is fluorine and R10
and R11 ¢oget/her form a di oxaborole. The process for
4-BPA i s anmpl e ®f such an enbodi nent. [0035]

ProtA- is a pnnégfﬁng group for a phenol, and
Prot AO indicdteqd the protecting group together with

t he oxygeh phenol to which it is attached. It
i's choseP\ proteect | s RA G eene and Wit s,
er {8, that do not

RS//

refers to a racemic mixture of R,S and S,R, i.e. having a trans relative configuration

on the beta lactam ring.

[0030] The term "enantiomeric excess" is well known in the art and is defined for a

resolution of ab into a+ b as

conc. of a - comc. of b < 100
conc. of a + conc. of

€€q

[0031] The term "enantiomeric excess" is related to the older term "optical purity"
in that both are measures of the same phenomenon. The value of ee will be a number
from 0 to 100, zero being racemic and 100 being pure, single enantiomer. A
compound which in the past might have been called 98% optically pure is now more
precisely described as 96% ee; in other words, a 90% ee reflects the presence of 95%

of one enantiomer and 5% of the other in the material in question.

[0032] 4-BPA-related compounds of the formula Ia

-13-



r enoval

with strong acid or base. Exanples of such

groups include oxynethyl ethers [e.g. MOM and
wa-20dovizrms hyl si |l yl ) et hoxynet hyl (SEM ], allyl eCna1s2006/020226

[e.g. allyl ether and 2-nmethylallyl ether], tertiary

al kyl ethers [e.g. t-butyl ether], benzyl ethers [e.g.

benzyl

et her and vari ous benzyl ether derivatives

havi ng substitution on the phenyl ring] and silyl
ethers [e.g. trinetlylsilyl, t-butyldinethylsilyl, and

t but yl di phenyl si |yl
protecting group for &
Pr ot B- O ndi cat es hydr o

0936] ProtB- is hydrogen or a
zylic @l cohol

ofy-L & protecting group

together with the oxgtged of the benzylic al cohol to

which it is attached. Fd reactions, including
sone illustrated bel ow, I S ulNRecessasEyt 0 protect
the hydroxyl and in thg gases, 0. When

a protectiggHpoup
protecting grogp

t he I enmoya
aci d or RetPedg Rase:
a tetrahyoropyranyl or tetrahydrofuranyl ether,

17- 86,

et her,

S .
red,
'Proth-d
i n (G eene and Wit s, Chapter 1, pages
g/fmhlch does not require strong
Exanpl es i nclude an oxynet hyl

nethoxycyclohexyl et her, a_met hoxybenzyl ether, a
silyl ether and an ester [3?9. acetyl or benzoyl].

are prepared by reacting a compound of formula ITa

R1\©\N /

ProtA'-O |

>__ < >—R2
ProtB-O

IIa

with a compound of formula III

OR10

ProtD-O\ @B\ORM
{
ProtD-O/P\\( /
O

il

wherein R'® and R are independently selected from H and (C1-Cs) alkyl, or R and

R together form a 5-6 membered ring. Alternatively, one may react a compound of

formula ITb

-14 -



[0037] ProtD is hydrogen or a protecting group for a

phosphoni ¢ aci d; ProtD O ndicates hydrogen or the
wonoedsaetdong group together with the oxygen of PO®US2006/020226

phosphonic acid to which it is attached. The

protecting group may be chosen from any of those well

known in the art. Exanples include al kyl esters,

phenyl esters and benzyl esters. [0038] X is chosen

from i odi ne, br£n1ne chl ori ne,

t ol uenesul f onyl’, aresul f onyl and

trlfluoronethanes yl. [0839] In certain

enbodi ment's, Prot AAQs, chdSen from net hoxynet hyl

et her, tbutyl ephgr-oand zyl ether; ProtB-O is

chosen from HO, t-butylAdi [ et her and

t et rahydr opyr anyl (s ' '040] The

reaction is brought 9 [ :

phosphi ne, agpgl | adr¥ sal ' a Dase, for exanple

bls(trlphenylpho nne)pallaalun1d|chlor|de and an

aqueous sol ution oR'an al kali netal hydroxide or

carbonate. In one enbodinment, Ris hydrogen; R2 is

fluorine; X is bromine; PréPA-O is benzyl ether; and

wiffr PBafduntl 9f Fny1d 83411 After the conpound of formul a
I I's synthesized, the protecting groups are
X

ProtD-Q ~
&
I%MDO’/K

IITa

[0033] In these processes and compounds, R'and R? are chosen from H, halogen,

-OH, and methoxy. R'* and R together may form a 5-6 membered ring, for

example:
? ]
ProtD-O\ ProtD-O\
B R
ProtD-O/ \O ProtD-O/ \O
®)
5
e)
ProtD-O\

P
ProtD-O/ \O
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cl eaved under appropriate conditions to produce the

correspondi ng conpounds having a free phenol, free
walewhiatssand/ or free phosphoni c acid. Wien t hePCT/US2006/020226

protecting group is, for exanple, benzyl,

hydr ogenol ysis may be enpl oyed for deprotection; when

the protecting group is, for exanple,

t-butyldinmethylsilyl, tetrabutylammonium fluoride nay

e t.ect i OR; b ; | 11

00 OB B cBhodlFRER R (9Bl G R"R RIPE B RY ana R
togetheaforeind divkdborslel Th&ptosedsybr HBPAIR afryatapleasTzhey ad

Eor, degrot ection.[0042] Thus, for exanple, one may
emgpdi by reacting an azetidinone of formula with a

di oxaborol e of fornula and deprotecting. In this

exanple, ProtD-O is -OH or nethoxy. In a particul ar
[0036bodPrAt is apretectiyg pwap tforanplenel, nod Ard-©f infleates ks n

BRI A TR MY e
S ESIStnd apEarglRd g el ot e
reneyvahyttbspbng haid obhaser Examples ofiuch groupsrineede 0023yl Biters
[e.£ VIPRY RS ettt Rl y TR PR EMIY! AR AR . aliyt ether
and 2-methylallyl ether], tertiary alkyl ethers [e.g. t-butyl ether], benzyl ethers [e.g.
benzyl ether and various benzyl ether derivatives having substitution on the phenyl
ring] and silyl ethers [e.g. trimethylsilyl, t-butyldimethylsilyl, and t-

butyldiphenylsilyl].

[0036] ProtB- is hydrogen or a protecting group for a benzylic alcohol; ProtB-O-
indicates hydrogen or the protecting group together with the oxygen of the benzylic
alcohol to which it is attached. For many reactions, including some illustrated below,
it is unnecessary to protect the hydroxyl and in these cases, ProtB-O- is HO-. When a
protecting group is desired, it is chosen from protecting groups in Greene and Wuts,
Chapter 1, pages 17-86, the removal of which does not require strong acid or strong
base. Examples include an oxymethyl ether, a tetrahydropyrany! or tetrahydrofuranyl
ether, methoxycyclohexyl ether, a methoxybenzyl ether, a silyl ether and an ester [e.g.

acetyl or benzoyl].

[0037] ProtD- is hydrogen or a protecting group for a phosphonic acid; ProtD-O-
indicates hydrogen or the protecting group together with the oxygen of the
phosphonic acid to which it is attached. The protecting group may be chosen from any
of those well known in the art. Examples include alkyl esters, phenyl esters and

benzyl esters.

[0038] X is chosen from iodine, bromine, chlorine, toluenesulfonyl,

-16 -



cyclizing a conpound of fornmula IVWherein Qis a
chiral auxiliary attached at nitrogen. The chira
waunidizavy may be chosen from singl e enanti onePeTAS2006/020226
tri phenyl glycol and cyclic and branched
ni trogencont ai ni ng noi eti es possessing at |east one
chiral center. In one enbodinent, the chiral auxiliary
may be chosen from single enantioners of cyclic and
ieties attached at
n??@%gg%ypéi QﬂﬁﬁnﬁﬁﬁﬁQ%Q%E% gBX|I|ar|es i ncl ude
trlphenyl egcoI [ see Braun and GaUe, Synthe3|s 1996
| ass of chiral nitrog

W‘ﬁ’ﬁ : ];96”% e la?eitstp gfcéi[%” fosen fiopegstt @ém@aagthen t-
QtHe§ arﬂf‘l%fﬁﬂ etﬂ@rnPﬂUtB-(?-QQ Qﬁc%@% horﬂ ﬁ@b ylﬁ%n%ﬁ%ﬁ% lether

hydr ogen, " net h or et

andtﬁﬁ@hh@bpmnylfemhﬂnmdd?hbe R12 is hydrogen, met hyl or
ethyl; R13 is hydrogen or methyl; 4 is methyl,

benzyl i sopr i sobut yl ; ProtCis
nmet hoxyoxy , 2-

(trlrrethyl s\ly et hoxynet hyl [Tyl or silyl
[gog F}ﬂSI|y| midut y 1 silyl,

d| thylsilyl]; and avy |ine indicates the
ch the aUXI|Im ‘ attached to the
H@ ny of the par . \n orie enbodi nent, FVa,the
chlr@I auxiliary is and R is phenyl obrbenzylz

0
\
B—d

AN
HO/\\

[0040] The reaction is brought about in the presence of a phosphine, a palladium
salt and a base, for example bis(triphenylphosphine)palladium dichloride and an
aqueous solution of an alkali metal hydroxide or carbonate. In one embodiment, R'is
hydrogen; R? is fluorine; X is bromine; ProtA-O- is benzyl ether; and ProtB-O- is
HO-.

[0041]  After the compound of formula I is synthesized, the protecting groups are
cleaved under appropriate conditions to produce the corresponding compounds having
a free phenol, free alcohol and/or free phosphonic acid. When the protecting group is,
for example, benzyl, hydrogenolysis may be employed for deprotection; when the
protecting group is, for example, t-butyldimethylsilyl, tetrabutylammonium fluoride
may be employed for deprotection; when the protecting group on phosphorus is, for
example, methyl ester, treatment with trialkylsilyl halide may be employed for

deprotection.
-17-



[0045] In one enbodinent, in which ProtA-O is

wo 2ikyhoynet hyl ether, allyl ether, t-butyl eplgjysiislo¥dzze
ether or benzyl ether and ProtB-O is a silyl ether or
t et rahydropyranyl ether, the cyclization is
acconpl i shed with N5Cbi strinethylsilylacetam de and a
source of fluoride ion, such as tetrabutyl ammoni um
fluoride. The cyclization may al so be carried out
using a strong base, such as a netal hydride (e.g.
sodi um hydri de, potassium hydride, |ithium hydride).
[0042]04 6Dhushfor epapelansheafiay mepatta | Vmay be obt ai ned by
reacti ng a compound of forrmula V V with a conpound of

formul BV VI. [0047] In one enbodi nent, conpound of
structuré¢ 8 is produced by the sequential steps ofa
. reactié conpound of fornmula Va a with a

trial kyl h&tos| | ai n the presence of a base, such as
an_organi Tgdry amne, followed by b. a Lew s
acid, pari arly a halide of a Goup 3, 4, 13 or 14
metal , syeh<#s =

>___< >___R2
HO

R1
0]
SNy

X HO

R2

with a dioxaborole of formula

ProtD-Q,

AN

P
ProtD-O/ \o

and deprotecting. In this example, ProtD-O- is -OH or methoxy. In a particular

embodiment, one may react an azetidinone of formula
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titaniumtetrachl oride; followed by c. a conpound of
wo 260r1imgod VI . I f the b-am noacyl oxazol i none pOMESEREH20226
is protected (i.e. a conpound of formula V in which
ProtB-0 is other than OH), "step a" can be omtted.
[0048] hi anot her enbodi ment, a conpound of fornmula is
reacted with trinethylchlorosilane in the presence of
atertiary amne to provide a silyl-protected benzyl
csohol, and the silyl-protected benzyl alcohol is
jed withtitaniumtetrachl oride and an i m ne of
. Il a tgﬂprovide a conpound of fornula Br After the
IO 6? the silyl-protected benzyl alcohol with
iy etrachl oride and an imne, the product is
as a mxture in which the benzyl al coho
as the trinethylsilyl ether
c o hydroxyl. The m xture can be
0 the benzyl al cohol shown in the
_ structure above by acid hydrolysis of the
in whiphrBrohd] §th¥yIW§®PMﬁW1ﬁ§%@OK@$W§ R &R ep or
alternatively the m xture can be taken forward to the
cyclization ause the first part of the next
o)

\
HO S
S
HO \
O

B—o
and deprotect. When ProtA’ = benzyl the deprotection is accomplished by catalytic
hydrogenolysis. When ProtA’ = TBDMS the deprotection is accomplished by

treatment with fluoride.

[0043]  The compound of structure Il may be synthesized by
R

O
s

3

ProtA-O

R2

!

ProtB-O

II

cyclizing a compound of formula IV




step involves silylating the benzyl alcohol with
N, O bistrinmethylsilylamde. Acid hydrolysis is
wonedsersad when t he b-am noacyl oxazol i none w | PCiDAIS2006/020226
purified by chromatography. [0049] The compounds of
formula V may be prepared by the process described in
US patent 6,627,757, in which Qis wherein R*iluo i s
phenyl and R11 is hydrogen. Ot her chiral auxiliaries
| 9he B A6
v Q5 BRIy A SO RE, 20 AL B ER Dl e
chogenfipm sﬁh@e Bmelmdnahxnfempl[l@(yﬁ@l]ycdlrmd «:wimmnddxalmhed nitrogen-
farmul a VI may be obtai ned r
COHRE BRIFHIS ROSTFSHAR Rokesh oo et 1ot Srhaman, e
clnjf{a‘? Lcdnﬂ Ry §e°$1id‘s£n ﬁ@ﬁ*xeslﬂg% SBhlieReM dfiRy@ Al drhite@f
ormula“to “"produce a phenolic imne préecursor to V.
mtr'ﬁgm—ptbtﬁming soietieratiacitdent nigthgand Examplen dbeldrat ewiliatiesns
pro r the chosen ProtA For exanple, in the
ngg@é“ﬁﬁmxtggﬁqProtA is benzyl, the conditions are
benzg} brom de and base. Sources of formal dehyde

(Jl)n(:l de paraf or mal dehyde, formal dehyde, trioxane and
H all well known in the art. Li the first

|§ﬁ €Fph h [see Braun and Galle, Synthesis 1996, 819-820], as well as the class

of chiral nitrogen heterocycles:
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phenol reacts with fornal dehyde in the presence of a

“K){ﬁ@ jsum sal t, such as nagnesi um chl ori de, JrBARSFIHIY226
rom e or nagne5|un1|od|de and a base. In the secon

step, the fornylated phenol reacts with the aniline to

provide the Schiff base VI. [0051] O her routes to

sal i cal dehydes may al so be enpl oyed. Reaction of an

appropriately substituted phenol in basic nmediumwth

f or el dehyde (er chem cal eqU|v lert) W Il yield the

cor flespondi ng alic IaI ehyde.™ g Z

~an; dr ey wi |1 be Jpxi di zed tdfthe

salicyl al deh de |n si tyu he re
gkyvznﬁgnes u é%“#{ [
GQUIWaBent)WQSFT%% ba@elvt%luene a
par af or mal dehyde (two or nore qukv
source of formal dehyde, and enpl oy
hexamnet hyl phor am de (HWPA) or

N, N, N , N -tetranethylethylenedlan1ne ( TMEDA) . [See
CaS|rag@h et ah, J.C.S. Perkin I, 1978, 3188321.]

ents) as the
0

Al Hex 'i‘/el y t ke apfhopri atel y subst i t ut ed AHhenk] may
r eact th f or mal deéhyde under 40)etfs basi ¢ condi t® ons
to fo hesubsti t ¥ t ho- axybery| al cgholi—H

[ See Ler oy d/"C. Waksetm FI uarifeé

Chem , 3- 32y, ); b) A A %ﬁf egh al , / \O

LT & s//
\ ’F((\‘N/ N S
R4 R13 N;fj
HaC
10 11 R ’
R™ R HsC©  O—ProtC

[0044] In these compounds, R g phenyl, benzyl, isopropyl, isobutyl or t-butyl;
R is hydrogen, methyl or ethyl; or R'® and R'! together can form a cycle; R”is
hydrogen, methyl or ethyl; R'* is hydrogen or methyl; R s methyl, benzyl,
isopropyl, isobutyl or t-butyl; ProtC is methoxyoxymethyl (MOM), 2-
(trimethylsilyl)ethoxymethyl (SEM), allyl or silyl [e.g. trimethylsilyl, t-
butyldimethylsilyl, phenyldimethylsilyl]; and the wavy line indicates the bond by
which the auxiliary is attached to the carbonyl of the parent. In one embodiment, IVa,
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1229- 1232 (1982)], and the resulting

wo Bbdesd3ydr oxybenzyl al cohol can be convert egdadio20226
sal i cyl al dehyde by an oxi di zi ng agent such as
manganese (1V) dioxide in a solvent such as nethyl ene
chloride or chloroform[See RRG Xi e, et al, Synthetic
Commun. 24, 53-58 (1994)]. [0052] An appropriately
substituted phenol can be treated under acidic
condi tions wth hexanet hyl enetetram ne (HMIA) to
prepare the sali dehyde. This is well known as the
Duff Reaction. [JSee Y. Suzuki, and H Takahashi,
Chem Pharm ﬁ%rm., 31, 1751-1753 (1983)]. The Duff

Iy

reaction.coomo | oyss aci ds such as acetic acid,
thet?%‘?riaf:a”é‘gli'@’ Sret hanes u?rf%% | 1§ PAgid or Benzyl:

trifluoronethanesul fonic id. The source of

f or mal dehyde ¢&onues used exanet hyl enet et r am ne.
[ 0053] One nmay a bl oy i he Reiner-Ti emann
reaction, in whibsQ af tat el y substituted phenol
wi Il react undgg,iasi cNonditilans with chloroformto
yield a substituteyl salicyl al dehyde. [ See Cragoe, E.
J., Schultz, EM, 94, 734 (1974)].
[0054] The fornyl¥ ungaI t of a

phenol with a for an/de [

[0045]  In one embodiment, in which ProtA-O- is methoxymethyl ether, allyl ether,
t-butyl ether, silyl ether or benzyl ether and ProtB~O- is a silyl ether or
tetrahydropyranyl ether, the cyclization is accomplished with N,O-
bistrimethylsilylacetamide and a source of fluoride ion, such as tetrabutylammonium
fluoride. The cyclization may also be carried out using a strong base, such as a metal

hydride (e.g. sodium hydride, potassium hydride, lithium hydride).

[0046] The compound of formula IV

22



Tal l ey and Evans, J.Org.Chem 49, 5267-5269 (1984)]

al so provi des salical dehydes. The di scl osures of all
woheosf1arsegoi ng sal i cal dehyde synt heses are i ncecpasaioed20226

herein by reference. [0055] The conpounds of fornula

H maybe prepared according to the nethods descri bed

bel ow. [ 0056] Also within the scope of the invention

are conpounds useful as internediates in the processes

ey R Sl e e SRR SBEB AT ¥ erpoat ment s of

such internedi at esoincude: and the correspondi ng
compounds in the 3-BPA series. As used herein, and as

woul d be understood by the person of skill in the art,
the recitation of "a\conmpound"” is intended to include
salts, solvates and i Jsi op=eqnpl exes of that

conpound. Thus, for exanp Rhto a phosphonic
acid such as the firptgaxanp above woul d include the
free acid and salts of the acid. Base addition salts
for the acids of the preseM invention include

witﬁ%tc%ﬂsﬂoﬁnégffo ded\@l fromalum num calcium [|ithium
nmagne

I'um potassium sodium and zinc or organic salts

made from di cycl ohexyl | ysi ne,
N, N - di benzyl et hyl enedi a @] chl or opr ocai ne, chol i ne,
N

ProtA-Q l

VL

[0047] In one embodiment, compound of structure IVa

is produced by the sequential steps of
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di et hanol am ne, ethyl enedi am ne, mnegl um ne
(N- et hyl gl ucam ne) and procai ne. [ 0058] A second novel
wolemg2o893 conpounds useful as internedi at es i NnPCINAIS2006/020226
processes described herein is the imnes of fornula Vi
[ 0059] When ProtA- is benzyl, X is bromne and Rl is
H, the conpound is solid and greater than 95% pure.
[0060] A third novel class of conmpounds useful as
intermedi ates in the processes gescribed herein are
t he Suzuki precursors of fornula ] Exanpl es of
such include : [0062] A fourth noyel xlass of
conpounds useful as internedi angs ™ the processes
descri bed herein are the precur ors : O the b-lactam of
formula , for exanple [0063] Exenpl ary processes that
fall within the scope of the inwention are illustrated

i nternmedi ates. Schenmes 5, 6 and 7H&how afternate

rout e8ctiflg rimethylwegetyl chloride
*(1.33%4 g 45 Biontd g%%%l)vabrom de (1 .10 eq)

w1th a trialkylhalosilane in the presence of a base, such as an organic tertiary amine,
followed by
b. a Lewis acid, particularly a halide of a Group 3, 4, 13 or 14 metal, such as

j

ProtA-Q

titanium tetrachloride;

followed by

X
C. a compound of formula VI vi . If the B-aminoacyloxazolinone

component is protected (i.e. a compound of formula V in which ProtB-O is other than

OH), “step a” can be omitted.

[0048] In another embodiment, a compound of formula HO
is reacted with trimethylchlorosilane in the presence of a tertiary amine to provide a

silyl-protected benzyl alcohol, and the silyl-protected benzyl alcohol is reacted with
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pot assi um carbonate ( 1 .20 eq)

L/,L/-dinmethyl formamde ( 1 .0 M B3Schene 3a &
weehene7$9b GO GlSchene 4 B3 1) A2, PCT/US2006/020226

trimethyl chlorosilane (1.05 eq) diisopropylethylam ne

(2.10 eq) CH2CI2 (LOM1 I h @15 C 2) titanium

tetrachloride ( 1.05 eq) 1.25 h @20 0C 3) B3 (wherein

R6i s benzyl) CH2CI2 (2.0 M, 2.5 h @40 0C 4) 3.5 h

@40 C, then AcOH quench D1 :
N
l

to provide a compound of formula
After the reaction of the silyl-protected benzyl alcohol with titanium tetrachloride and
an imine, the product is isolated as a mixture in which the benzyl alcohol remains
partly protected as the trimethylsilyl ether and partly deprotected to hydroxyl. The
mixture can be converted entirely to the benzyl alcohol shown in the structure above
by acid hydrolysis of the trimethylsilyl group and used in the next step or alternatively
the mixture can be taken forward to the cyclization because the first part of the next
step involves silylating the benzyl alcohol with N,O-bistrimethylsilylamide. Acid
hydrolysis is preferred when the f-aminoacyloxazolinone will be purified by

chromatography.

[0049] The compounds of formula V may be prepared by the process described in
O

I

N (@]
11
US patent 6,627,757, in which Q is RO R R wherein R is phenyl and R"!

is hydrogen. Other chiral auxiliaries may be employed in the same fashion by
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(0.50 M eq) Schene 5 4-BPASchene 6Schene 7 4-BPA[ 0064]
Step 1. Preparation of

w028)er14798nzyl - 3-[ 5- (4-f | uor ophenyl ) - 5- PCT/US2006/020226
oxopent anoyl ] -1, 3- oxazol i di n-2-one (Al)
5- (4- Fl uor ophenyl ) - 5- oxopentanoic acid (372.0 g, 1.77
nol ) and 4-di net hyl am nopyri dine (286.9 g, 2.35 nol)
were dissolved in L -dinmethylformam de (1770 niL, 1.0
M to afford a copious yhite precipitate suspended in
sol ution. The reaction s cooled to 6 OC (ice/water
bat h), trinethyl acetyklgl oride (290 niL, 2.35 nol)
was added quickly dHep-wee over 17 min to afford a
pal e yell ow m xture. Vhe rate of addition was
controlled in order t p the tenperature below 8.5

C. T i xt i &%or, 1 h 9 0C (icel.wat
g BEA st st 2° LS o SR S
gréipRidestsivelbb&et hi ck precipitate). The m xture was

charged with (S)-benzyl-2- oxazolidinone (313.5 g,
1.77 nol) and 4-di net hyl am nopyridine (216.4 g, 1.77

) | Helyl colored
[Oigl?i pe ﬁgﬁte % ﬂ&l?’?ﬁlgdsrogg% | A% %ngag’g@t%i 0??2% by r%Llét&\g aBefd
substituted phenol with a source of formaldehyde followed by Schiff base formation

R‘l

with an aniline of formula NH2 {6 produce a phenolic imine precursor to
VI. The phenol is then protected under standard conditions appropriate for the chosen
ProtA. For example, in the case in which ProtA is benzyl, the conditions are benzyl
bromide and base. Sources of formaldehyde include paraformaldehyde,
formaldehyde, trioxane and the like, all well known in the art. In the first step, the
phenol reacts with formaldehyde in the presence of a magnesium salt, such as
magnesium chloride, magnesium bromide or magnesium iodide, and a base. In the
second step, the formylated phenol reacts with the aniline to provide the Schiff base
VL

[0051]  Other routes to salicaldehydes may also be employed. Reaction of an
appropriately substituted phenol in basic medium with formaldehyde (or chemical
equivalent) will yield the corresponding salicylaldehyde. The intermediate, ortho-
hydroxymethylphenol will be oxidized to the salicylaldehyde in situ. The reaction
commonly employs ethyl magnesium bromide or magnesium methoxide (one
equivalent) as the base, toluene as the solvent, paraformaldehyde (two or more
equivalents) as the source of formaldehyde, and employs hexamethylphoramide
(HMPA) or N,N,N',N'-tetramethylethylenediamine (TMEDA). [See Casiraghi, G., et
al., J.C.S. Perkin I, 1978, 318-321.] Alternatively the appropriately substituted

phenol may react with formaldehyde under aqueous basic conditions to form the
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at 27 Cfor 3.3 h. The pale olive colored sol ution was

poured into water (4300 nL) while stirring vigorously
woOameenzoBer m was detected to 39 0C), transfer pet/usedok/ 020226

wat er (1000 nL) and stirred at roomtenperature for 2

h to afford a pal e orange-brown solution wth an

off-white precipitate. The conpound was filtered,

transferred with water (2 x 300 nL), washed with water

i | . ff
RO PRS0 ) LB O Pl
Fluoriys Cliehi., 60 2330161 93801)0b ah Most2660et o, HélvOChinh QActa., 65,

123 Ll 5EDu et feoniVieg paned digmubemai. alaahe! Amkbseavaed
to SR RhRA/ 11 QWY bg%g@kﬁliﬁngaéﬁt l&fch%@rﬁdﬁg%@es%fg@icﬁo)ﬁ&?gl a

crystal was added and crystals beganto p pitate.
solverd suglxasumethydkene clolotidel ost¢hevosortno] See @nbt Kiaperradt Byethetier

H h 0 Cin an ice/water bath and stirred
COFB’P“%Q%’.%J’?E%E@P@ als were filtered, transferred with
cold nother liquor (350 nL), washed with cold

i sopropanol (2 x 350 nmL), air dried and vacuumdri ed
[0053] ¢ oAt apptopRiatelhsubsbtusgdimbedol can be treated under acidic conditions

. -4- |- 3- [ 5- {4 i vaorophenyl ) - 5- axopent apoyl ] - |
it e @AKo g (ol A HRBRTE e To R, "l weu
knovh bethe THET Rbadtiot. [SSdel 1 :Susakp) . and 1B . PhkaBashi, Chelr. PAardy, Bull.,

et hyl acet at e- hexane); HPLC 1g,uri ty 99.7 A% (96.4

1:2
3 1%]@9-%@&)@98@1- NI Ruferaiipn capmpsly enpopacrdsggcl A acetic
aci&'"goric7ac?ﬁ7, h?etﬂa%e&dﬁonﬁ:"gcid, br tefiddromethanesulfonic acid. The source

of formaldehyde commonly used is hexamethylenetetramine.

[0053] One may also employ the Reimer-Tiemann reaction, in which an
appropriately substituted phenol will react under basic conditions with chloroform to
yield a substituted salicylaldehyde. [See Cragoe, E. J., Schultz, E.M., U.S. Pat. No.
3,794,734 (1974)].

[0054] The formylation of the dilithium salt of a phenol with a formamide [see
Talley and Evans, J.Org.Chem. 49, 5267-5269 (1984)] also provides salicaldehydes.
The disclosures of all the foregoing salicaldehyde syntheses are incorporated herein

by reference.

OR'IO
\

ProtD-O\ @B\OR“
\
ProtD-O/Fi\( /

[0055] The compounds of formula III O may be

prepared according to the methods described below.
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J =8.7 Hz, 2H), 4.72-4.64 (m |H), 4.25-4.15 (m 2H),

3.32 (dd, J = 13.3, 3.4 Hz, IH, 3.12-3.01 (m 4H),
w2013 J = 13.3, 9.6 Hz, IH), 2.15 (quint, PATAISZ008/020226

Hz, 2H) ppm [0065] In the synthesis of

(4<S) - 4- benzyl - 3-[ 5- (4-fl uorophenyl ) - 5- oxopent anoyl | -

1, 3-oxazolidin-2-one (Al), two side products are
formed: [0066] The first of these can be reduced

-4 h ' st to
[Oogkt)duggsgﬁfl gﬁ %‘g]lf.e';kﬁgﬁa% %S’thﬁ 12€4d ?ngéﬁlgdsg%ﬁlé%l s of
intdia&edlmtes @n tHeerpreose degceibeé Rereinb €bhel fivstRIETHAAERZOMES cBROIB2.
. At gh Al'l and Al2 were isolated by chromatography
Intqrng aﬁ%é’ f@5814 on described above, if one wishes to

make Al directly, one can react 5-(4-

f1 uorophenyl ) -5-oxopentanoic acid with oxalyl
chloride. The sergnd _hy-product, A2, if not renoved,
IS subsequently red to Al3in the follow ng step.
It then co-crystall i A2 fromtol uene/ al kane
sol vents and ren%irlg ity in A2. It can be
removed from A2 BY°CT i

i sopr opanol / al kane.
products is by TLC o

oW results:
Rgg

ProtD-O

ProtD-O— Fi\
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AO R 0.08 (1:2 ethyl acetate-hexane); HPLC R 3.7
mn; Al - R 0.37 ( 1:2 ethyl acetate-hexane); HPLC Rt
W@ .2doonm2mg93 A2 - R/ 0.14 (1:2 ethyl acetate-hexanerT/udRio&020226
R 6.5 min; Al - R 0.50 ( 1:2 ethyl acetate-hexane);
HPLC Rr 5.5 min; Al2 - R 0.38 (1:2 ethyl
acetate-hexane); HPLC Rr 7.6 mn; AD - R 0.43 (2:1
et hyl acet at e-hexane); HPLC Rt 5 4 rri n. HPLC on Waters
[0097§" T & @EﬁiMém@%&n(éltsooP‘suéi?Ql .35 C Mbile
Phase FA)

1% Form c ACI LC grade)

Mobi | e e (B). Acetonltrlle (HP ade) G adient
Progra %B - initial condition /otoOO%B- 11
m'n 100 NZSB- 0.4 min 25% - iAr (flow

w

O }-——< >——F O >—< >—F
tBDMS-O tBDMS-O

MeO\ MeO
P
AN N\
Meo” O Meo” O

and the corresponding compounds in the 3-BPA series. As used herein, and as would
be understood by the person of skill in the art, the recitation of “a compound” is
intended to include salts, solvates and inclusion complexes of that compound. Thus,
for example, a claim to a phosphonic acid such as the first example above would
include the free acid and salts of the acid. Base addition salts for the acids of the
present invention include metallic salts made from aluminum, calcium, lithium,
magnesium, potassium, sodium and zinc or organic salts made from
dicyclohexylamine,lysine, N,N'-dibenzylethylenediamine, chloroprocaine, choline,

diethanolamine, ethylenediamine, meglumine (N-methylglucamine) and procaine.
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Run Tinme: 15 mn [0067] All

6- (4-fl uorophenyl) - 3, 4-di hydr o- 2H pyr an- 2- one. 1HNWVR
wWOCHKeI1239300MHz) 7.54(dd, 2H, J = 5.1, 9.0Hz), pCTAkEwd/020226

2H, J = 9.0, 9.0Hz), 5. 72(t, IH J = 4.8Hz),

2.68-2.63(m 2H), 2.51-2.47(m 2H). Mass spectrum M+H

= 193. [0068] AlI2

I, 9-bi s(4-fl uorophenyl )nonane-1,5,9-trione, np 97.1

0.7 0C. 1H NWR (CDClI 3/300vHz) 7.92(dd, 4H, J = 5.4,

9.0Hz), 7.06(dd, 4H, J 9.0, 9.0Hz), 2.92(t, 4H, J =
[058PHz )A se2oddfivvel dkdss df contpofhbils) ysefill 86 {ms@ptediatdd,in dheprocesses

6. . Mass spectr MtH = 359. AB
deicf%g%}‘?rlel,ng‘-s & B?SI%%HQX | Ynonane-1,5,9-triol. 1H

NVR (CDC 3/ 300MHz) 7.24¢dd, . 4H, J = 5.4, 8.4Hz),
6.98(dd, 4H, J = 8.4, 8. 4.60(m 2H), 3.52(m

IH), 3.20-2.60(m 2H), 1.§! 20(m 10H). Mass
spectrum M-H = 365. [0069] p 2. Preparation of
(4S) - 4- benzyl - 3- [ (59) - 520G | uoflophenyl ) - 5-

hydr oxypent anoyl ] - 1, 3-oxazali ¢ n-2-one (A2) (4

S) - 4-Benzyl - 3-[ 5- (4-fl uor of vl ) -5-oxopent anoyl ] -1, 3-
oxazolidin-2-oiie (A) (500 g, 1.35 nmol) was

di ssol ved i n dichl oronet hane™( 2700 niL, 0.5 M. The

m xture was cooled to - 4 OCv(ice/brine bath), stirred

for 40 mn_and charged with 1.0 1. . )
[0059]  When ProtA- is benzyl, X is bromine and R" is H, the compound is solid

and greater than 95% pure.

[0060] A third novel class of compounds useful as intermediates in the processes

described herein are the Suzuki precursors of formula

R1
O
O

ProtA-O
>——< >—R2
ProtB-O




M (R)-1-nethyl -3 , 3-di phenyl t et rahydro- SH pyrrol o
Woiﬂgﬁ@n% [1,3,2] oxazaborol e i n tol uene (68 MpeTAsB6%/020226
mol ). After 10 min, borane-nethyl sulfide conplex (132
m., 1.39 nol) was added drop-w se via addition funnel
over 25 min (an exothermwas detected to -2.7 C). The
reacti on was mai ntai ned between 0 and - 6 OC with
stirring for 3.0 h. The reaction was quenched by sl ow

[0@1@tlagwgfesgeng%mégﬁ m., 6.79 nol) over 15 mn

an exothermwas detected to 10 C), 6% aqueous
hydrogen peroxi de (1150 nL, 2.02 over 5 mn and
1.0 M aqueous sul furic acid (810 0.81 nol) over 15

mn (a8 exothermwas detected to
vi a i on funnel. The reastionQwas}|stirred at
terrp re Por 60 m n, poin S 9
f unn [ 5 @
M. c | ayer washed W|th wat er
and [gT | 500 rrL) fhese aqueous | ayers

backed é¥dracted widit econd organi c | ayer.
The conbi ned organic | ayers were partially

concentrat ed dried over sodiumsulfate, filtered

[Od& ou%hfo %lrc)lass 6 @t & rbg 11%%@&%&3 etﬂe fo%@gses
e Pl R i

pr opano I ' SOpropano
degbriBedrhérgin are the precursors to the B-lactam of fonnula

R?
‘ I O, Q
NH

ProtA-O

H
o

, for example

[0063] Exemplary processes that fall within the scope of the invention are
illustrated in the schemes below. These schemes also illustrate the interrelatedness of

the processes and intermediates. Schemes 5, 6 and 7 show alternate routes to 4-BPA.
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theoretical yield). The clear viscous residue was

warnmed to 42 C (to nmake a honpbgeneous sol ution),
woaalsad7®BowWl y to 35 C, held at this tenperatupreTfuseoodd20226

h, cooled slowy to roomtenperature over 3 h, cool ed

to 0 to -5 0C (ice/brine bath) andstirred for 2 h. The

crystals were filtered, transferred with cold nother

l'iquor (250 nm.), washed with cold 1:2

I sopropanol - heptane (2 x 400 nL), air dried and vacuum

dried to constant weight to afford

(45)-4-benzy|-3-[(55) 5-5cHethé lior ophenyl ) - 5-

hydr oxypent anoy!| (A2) (445.8 g,
89% yield) as a e%'%@(% 5o ,Fée ‘e“%%% )ecb rmp 75)4

6 0CQ R/ 012(;N g@baﬁo

HO % 1HNI\/R(300 ,CDCIS)\/A 3772
5H) , 2 (t, JRE 8.9 Hz,
2H) . 472481( @2421413(m2H) 327(de
= 140, 30Hz N9|9294(m2H) 2.74 A, 3 =
13.2, 9.6 Hz, , br s, IH), 1.88-1.66 (m 4H)
P
P

3

pm [a] 23 +72 9 (c 7 ) nethanol) [0Q70] Step 3.
reparation of 5-br %%g

) - (phenyl i mi no) met'n @’P?‘Bﬁ PPy s (19980
g, 2.88 nol) was dissolved in a m xt

t ol ueneacetonitrile (3000 nL, 0.96
solution was added triethylam ne (
via funnel. Mgnesium chloride (4
added i n one

(0.05 eq)
borane methyl sulfide complex
(1.03 eq)

Q O HO H
)\\N)]\/\/'Q©\dichloromethane (0.5 M)
O
x/LRS R2

A2
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portion as a solid (an exothermwas detected to 55 0C)
to afford a bright yellow solution with copious white
wonrewipiwat e. Par af or mal dehyde (345 g, 11.5 noPLTMWE2006/020226
added as a suspension in acetonitrile (300 nL) while
the tenperature of the solution was 45 0OC (an exotherm
was detected to 78.6 0C). The tenperature of the
yel | oworange slurry was maintained at 80 + 3 C for 1.5
h while the by-product (nmethanol) was distilled off
(white precipitate was observed depositing in the
distillation apparatus agehdngf2 ux condensers). A
second portion of paraformal dehyde (100 g, 3.33 nol)
was added Rdnagresiyegblosidei(h.5S8@®onitril o (RO nl).
.xtur@em?ngéﬁt(%ggféﬁlgfsz 51 and anot‘porti on of
for mal ‘bf?ﬁgﬁ’@@ EE_ ;Y %'tril .(z'ig)dgg)l) Mds\Nadtded as a

RNSi g M xture was
' ed f : 4 C. Aft total of 6 h and
B6.4 equi Vﬁ)é}%ggaer;tdg%g@f par af dBfral dehyde had been
addgd, the m xture was quenched witiBZold 2.5 N

aqueous hydrochloric acid (6000 n., 15 nol) added over
5 mn. The mxture was stirred t/0 roomtenperature for

60 min to afford abi phasic sol yti g i fdtommidi! 1I_1(y@1gj ow
top layer and dark orange bott/om Iﬁé}lsiu,ﬁﬁg%r i (090 eq)
was diluted with 4:1 heptane,/et hylyacghddtgylioh®8fhide (1.0 M)
agitated and the | ayerg separated. The aqueous | ayer

was extracted with 4: ept ane-Ret hyl acetate (2 x 1500

7 )
@H
Br

B3
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niL). Each organic | ayer was washed with the sane

portion of water ( 1800 nL) and brine (1800 ni). All
woOheosogpaBi ¢ | ayers were conbi ned, partially PCT/US2006/020226

concentrated, dried over sodiumsulfate, filtered

t hrough Celite(r) and concentrated to afford

2- hydroxy-4- bronpbbenzal dehyde as a dark gol den-orange

viscous oil; R 0.54 (1:4 ethyl acetatehexane); HPLC

purity 60 A% [0071] Cru

2- hydr oxy- 4- br onbbenzal dgﬁ%}"&é‘? as dissol ved in

i sopropanol (100@y i, 1426 /g theoretipgal yield, 2.5
M and the ni reﬂm@%teﬁﬁ QC__Aniline (157
m., 1.72 g s added to af d a bright orange
solution and the m xture was left to cool slowy to
roomtenperature (an exothermwas detected to 83 C as
imne crystallized fromsolution.) The m xture was
stirred at roomtenperature for 12 h. The crystals
were filtered, tra érrethwBth isopropan'gl—ﬁgoo m),

washed with i?\onoi—(-See—m:)—, ai r'la der a

heavy streammf dry nitrogen gas Nd lvaguum dried to
constant wei ghtPM& afford 5-br ) -

(phenyl i m no) net hyl | phenol (B2) E?Mﬁ?Mé, g, 44%yield
over two steps) as a bright yellow crygpalline solid;
mp. 129.1 0.1 C R 0.65 (1:4 ethyl acetate-hexane);

Scheme 3b
OH QJQ
inaco P(OMe)s, toluen
OB.OH p /©/B‘O (OMe)s, toluene R
—_— -
Br Br AIBN (Me;Si)3SiH
GO0 G1
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NVR purity >99 A% 1H NMR (300 MHz, CDC 3) d 8.59 (s,
IH, 7.47-7.40 (m 2H), 7.33-7.22 (m 5H), 7.08(dd, J
wWo 2806227¢038 Hz, IH), 1.57 (br s, IH ppm [007BLTSISe®6/020226

4. Preparation of JV- {(I )-[2-(benzyl oxy)-4-

br omophenyl j met hyl ene} -JV-phenyl am ne (B3)

5-Brono-2-[( )-(phenylim no)nethyl]phenol (B2) (310.9

g, 1.13 nol) was dissolved in anhydrous JV,

-di net hyl f or mam de ( 110%8%“31?/\% O M. Solid potassium
carbonate(186.7 g, 1.35 s added fol |l owed benzyl

e (147.1 m, 2 11.5 g, 1.24 nol) via syringe.

The kedctign wes stirred umsler mltrH@emfor 4 h at
roomie o@ ure and quenchkd t h.wat: 000 nmL) (an
exol-perpwas’ det ected to 4@&&). A yeII ecipitate
forn pnd the m xture was ‘sthrged for I a2’ oom
t eppe e. The sol ution was ltered and transferred

ter (500 m:') and air dried %ger a heavy stream
adry nitrogen gas for 15 mn. solid was

di ssol ved in isopropanol (1250 m., 3.0 nL/g

t heggsetical yiel d, | Ol)@2Mimeimithioteeilant (Kt08e@) was heat ed
to 83 0OC to aff ord|aisdresayletbidankine @19 eay sol uti on whi ch
was cool ed sl owy {cChbbii-2Bhpa@tiare. The mi xture was
stirred at room tenpdiigeiyp etrpgporide195 ePhe crystal s
were filtered, transt&h@d2GuCt h colg i sopropanol (250
nL), washed with coldBRSYEIYPARR" 50, i),

CH,Cl, (2.0'M), 2.5 h 0°C
4) 3.5h @ -40 °C; then AcOH quench

D1

1) N,O-bistrimsthylsilyl-
acetamide (1.9 eq)

methyl tert-butyl ether (0.50 M)
15h @ 55 °C

2) N,O-bistrimethylsilyl-
acetamide (2.37 eq)
tetrabutylammonium
fluoride hydrate (0.03 eq)
Y 6h@ room temperature

D2
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air dried under a heavy stream of dry nitrogen gas and
vacuumdried to constant weight to afford -{(I
w2010 mzy| oxy) - 4- br onophenyl | net hyl ene} - PCT/US2006/020226
-rhenyl am ne (B3) (375.2g9 , 91%yield) as a |ight
yellow crystalline solid; mp. 100.2 0.2 C R 0.59 (
1:4 ethyl acetate-hexane); NVR purity >99 A% 1H NMR
(300 MHz, CDC13) d 8.87 (s, IH, 8.06 (d, J 8.2 Hz,
IH, 7.43-7.33 (m 7H), 7,28-7.17 (m 5H), 5.14 (s,
2H) ppm [0073] Step 5. ﬁkéﬁﬁthion of

(4S) - 3- , 5S5)-2- {(S)-anilino[2-( yl oxy) - 4-
bronnphgﬁzﬁ]nethyl}-5-(4-f|uorophenﬁfE?S-hydroxypentan
oyl ] -4-benzyl -1, 3- oxazolidip-one (D). A5-L
thieé-fec Ol aBhMSE, Fhar ( 0 G2, (Ph3P)4Pd

- e =F-[ (5 )—=5=(4=ft uorop > .
5-g¥ VP& tanoyl]-l,3-oxazo|%r' -offke (203.2 g,

0.547 nol) fpllowed by addition of anhydroys

di chl or ometo¥ane 550 nL, 1.0 M and ©

JV-et hyl di i soprepyd ani ne (200 ni, [{L48-%\g,~4 48 nol)

via fu | . The reaction was cool ed teg|>15 C and
trimethylchlorosilane (73.0 nL, 62.5 g, 0.575 nol) was
added via cannula over 10 mn (an exotherm was
detected to - 8 C). The reaction was stirred for 1 h
bet ween -ZSQand -15 C. Titani umte‘

hl ori de (63.0

niL, 109.0

0.575 nol) was added
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drop-w se via addition funnel over 35 mn to afford a
deep reddi sh purple solution (an exotherm was detected
wO0Qoochd7909€) . The m xture was stirred at -20 + 2COUS2006/020226
40 mn, cooled to -40 C and -{(!
)-[ 2- (benzyl oxy) - 4- br ono
rhenyl ] net hyl ene}-i Vphenyl am ne (375.2 g, 1.024 nol)
was added in dichloronethane (510 nL, 2.0 M drop-w se
slowy via addition funn%hover 2.5 h. The reaction
tenperature was maintai nef*68F%een - 45 0C and -31 OC.
The m xture was stirred for an additional 3.5 h,
guenched by sl ow addition of glacial acetic acid (125
m, 2.19 nol) over 15 1§ the reaction tenperature
was mai nt ai ned bet waeng- 0C and -31 0C) and diluted
W th coId(lO(()ﬂ%)b h afleous M/ -tartaric acid

sol utg (22%)e n exot herm detected to 0 C).
~JIhj s ur e “Wa's st ¥ ed to £%1Clavgr 2 h, diluted
wtdih di ghl or omet hane (1000 m_’),'\ooou ed into a

7% unnel pand t he | ayers wer & separated. The
ayer was wastred with fsai ur at ed—br+nre—
(2000 nl) and bri pe ™. The aqueous
ayers weje i 1:1 ethyl
acet at e-%e i ned organic

| ayer sﬁ R
resi due“land copi ous yel |l ow precipitate. The
"D2 - OTBS" J1
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m xture was diluted with 1:4 dichl or onet hane- hept ane

(1000 nL), filtered and the solid was washed with 1:4
wdiedslieroset hane- hept ane (3 x 500 nl). The fil PCaUS2006/920226

concentrated and the residue was diluted with

di chl oronet hane (600 nlL) and | oaded onto silica gel

(700 nmL). The m xture was purified by pad filtration

(300 nL silica gel, dichloromethane (300 nL) and 15%

et hyl acetate-di chl oronetshialne (74000 m)) to afford

(4S)-3-[(2R 595)-2-

{(S)-anilino[2-(benzyl oxy)-4-bronorhenyl ] net hyl }

-5-(4-

fl uor ophenyl) - 5- hydr oxyperg yl]-4-benzyl -1, 3- oxazol i

d|n20e(DI)asaV| rk yell ow, oi whi ch
s-is |n te/@;@i% NVR (300 MHz, ) d

739- 30 (M—GH)
6. 82 {d, J
,652(L —86Hz g, 2H),

d 6.5 Hz, o 4.73 (dd, J = 1B
, 64 .57 (m IH), 4.49 (dd, o

IH), 4.12-4 04 (m 2H), 3.01 (dd, &P 3

IH), 2.39°(d = 13. 4, 95H25“KPT—gH184151(

6H) D@2om [00 Btep 6. Preparation of (3if1

45) - 4- [ 2- (benzyl oxy) - 4- br omophenyl ] - 3-[ (3, S)-3-(4-fl uo
rophenyl ) -3-11iydroxypropyl]-I- phen@eti di n- 2- one

(D2). A 3-L three-necked flask was rged with
sem -pure (45)-3- [ISlZPR:j/SS) 2-{(9)

21 O

4-BPA
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ani |l i no[ 2- (benzyl oxy) - 4- br onophenyl ] net hyl } - 5- (4-f | uor
ophenyl ) - 5-

woydrenzygeent anoyi | - 4- benzyl -1, 3- oxazol i di n- 2- oRET(U82(4/620226
nmol) in anliydrous tertbutyl nethyl ether (1100 i,
0.5 M and ,Obistrinethylsilylacetam de (250 ni,
1.012 nol, free of chlorotrinethylsilane) was added.
The m xture was stirred at 55 0C for 15 h and
theni V, O-bistrinethylsilylacetam de (320 nL, 1.294
nol ) was added followed by a catal ytic anount of

[0064) abstep!12 hati6h b L) i4dgent g1 Yﬂ(ﬁﬁﬂﬁo&?hé}?yl)gs- 0.0177
nol) to afford a col or change from brigh low to

oxppeaiapeylbA-qrarolidin-27one (Adhct i on was sti rred at room
tenperature for 6 h and oquenc sed with glacial acetic
acid (1.0 ni, OOlSﬁQN. is of the silyl
protecting groups i ith 1.0 N aqueous
hydrochloric acid ( as added drop-w se
to avoi d an exot herm (gdaconpostion of the L
O bistrinethylsilylacetai de with aqueous acid can be
reactive). The bright yellow bi phasic m xture was

5-4- Fhrombhfeﬁyl)-$ cﬁcobentﬁmjidi 8€ld (311200 8, BEPRlodBHW- (ﬂlﬁféﬂ@lammo-
X}Véilé 1:1 acet at.e- hep tanewglooo and

p lé%r(2§§@(ﬁa2éé)molége¥%élwlveflh@1\4 Nylispeth @@@@éaflamcm
1.9 dohierodd gg.@g;&dsunﬁmr%eg@ig}%gg&@@ 1%\4;1;19 SBR8h. TROfeallidn was

codlddeto 1610 (i€ watbebath)s bextleti/abetHlchloride (290 mL, 2.35 mol) was

added quickly drop-wise over 17 min to afford a pale yellow mixture. The rate of

addition was controlled in order to keep the temperature below 8.5 °C. The mixture
was stirred for 1 h at 9 °C (ice/water bath) then for 2 h at 20 °C (colorless solution
with copious white thick precipitate). The mixture was charged with (S)-benzyl-2-
oxazolidinone (313.5 g, 1.77 mol) and 4-dimethylaminopyridine (216.4 g, 1.77 mol)
both as solids to afford a bright yellow colored suspension. The reaction was stirred
at 27 °C for 3.3 h. The pale olive colored solution was poured into water (4300 mL)
while stirring vigorously (an exotherm was detected to 39 °C), transferred with water
(1000 mL) and stirred at room temperature for 2 h to afford a pale orange-brown
solution with an off-white precipitate. The compound was filtered, transferred with
water (2 x 300 mL), washed with water (400 mL) and air dried for 1.5 h to afford an
off-white moist clumpy powder. The material was crystallized from isopropanol
(2600 mL, 4.0 mL/g theoretical yield) by heating to near reflux to afford a dark
golden yellow colored solution. The mixture was cooled slowly from 81 °C to 74 °C
in 20 min, a seed crystal was added and crystals began to precipitate. The mixture
was cooled slowly to room temperature over 11 h, cooled to 2 °C in an ice/water bath
and stirred for 3 h. The crystals were filtered, transferred with cold mother liquor
(350 mL), washed with cold isopropanol (2 x 350 mL), air dried and vacuum dried to
constant weight to afford (45)-4-benzyl-3-[5-(4-fluorophenyl)-5-oxopentanoyl]-1,3-
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25% sodi um bisulfite, water (500 nL) and brine (500

m.). The two aqueous | ayers were back-extracted
woeemsantddal |y with one portion of 1:1 ethyl PCT/US2006/020226

acet at e- heptane (1000 nL) and the conbi ned organic

| ayers were concentrated. The residue was diluted wth

1: 1 hept ane-di chl or onet hane (1000 nlL), nade into a

slurry with silica gel (1000 nL) and purified by pad

il fEatd on sidica gel, 10% (8000. n) ... 20%
oPEBERA TR G0 b8 I Al an bbb SRl Cabligime. 1134 2
1.acet & 6:31§x ansilyl taBetde iRk she; HHPBC hufity 99.7 A% (96.4 A% by
!2-(?enzy|oxy)-4-bronnpheny|]
) (B3YMB-(3a0 M@ﬁ%@}?B?%&Q&/@m,ﬁ@pV/?Eyﬂ.lp (m,-slH), 7.14 (t,
p I ti,di,n-2-one 2 29 s_a_pal e
TR TR okt BRete: fustd 15 0 20, SRk Bai 133654
1), B0t 3,00 (af 4t e. 7se@idre 1§ 324 . hnftl o 7
b)ycr yst al I(i zat)lﬁon @omﬁg%g&a{v\%ge - n%s? uhlgl’gt(j—S%%ani’_,ZH)
PO ni/g, theoretical yield). The crystals were
filtered, washed with cold 10% wat er - et hanol (200
m.), air dried and vacuumdried to constant weight to
[0a6S5or dIn(tB B9sisdof] (259 BBEM-98)(#4tuorophenyl)-5- tanoyl]-
br om)p,hene IB]/I#S-SE( 35 Sé ( 4-2% u)g?o(ggl%r?gcl)p) -e%}-’ %yd?xgg%?%ogy]
1,yoxpzq) toag &0l Hitwo sidg peodupis)arg BBmedy, 77% recovery
based theagnmount of desired conpound in the crude
starting terial) as white ayystallige needl @s; mp.
R 0.32 ( 1:2 eth d); HPLC

[0066]  The first of these, AIl, can be reduced with hydrogen in the presence of a
chiral catalyst to produce Al4

E Al4

which can be utilized in the synthesis of D2 using the procedure described in PCT
WO2004 099132. Although AIl and AI2 were isolated by chromatography from the
reaction described above, if one wishes to make AIl directly, one can react 5-(4-
fluorophenyl)-5-oxopentanoic acid with oxalyl chloride. The second by-product, A2,

if not removed, is subsequently reduced to AI3
OH OH OH

e L

Al3
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CDA3) d 7.41 (br s, 5H), 7.28-7.22 (m 4H), 7.19-7.15
(m 3H), 7.08-7.02 (m 3H), 6.96 (t, J = 8.7 Hz, 2H),

wo 20103 J = 15.2, 11.2 Hz, 2H), 5.01 (d, J BC#/US2006/020226
IH, 4.57-4.52 (m IH, 3.06-3.00 (m IH, 2.25 (d, J

= 3.8, IH, 1.97-1.74 (m 4H) ppm [a] 23 -12.3 (c
6.5, ethyl acetate). [0075] Alternate Route to
(3i ?,45)-4-[ 2- (benzyl oxy) - 4- bronophenyl ] - 3-[ (35) - 3- (4-

in IJE%' 9%12 H@ﬁg%&% ﬁ tlﬂg éjor-o tg 'o%/ \lzv tl[l @@ﬁﬁm é?lgﬁle{g&kane solvents and
reﬁie&Mﬂiﬂpﬁﬁt}Ofn A%, ﬁ)caﬁb@fb@ﬁtwled $rohPAL % fc'r%@ilﬁ@ﬁﬁﬂ)ﬂ&n 5-

oxopent anoyl ] -1, 3-oxazol i di n-2-one (the anal og
isepropapvalkape. ﬁhwaéﬁlqah@sessmgmwttm prodtcts & tph’éh(} lor HPLC

.e. a precursor to Va in which R6
Wf‘tg%}fb @ﬁ??’;‘ﬁ%ﬁér uorophenyl ) - 5- oxopent anoi ¢ acid
AQ2IROR0Y(1: lethyDacmmél -hexane); Q%de(}mfhygmm nopyri di ne
16, 25 133.0 nmp were_di ssolved in |
Agd%%%(#‘%P&lﬂH@@tiﬁ@?@n?ﬁ_mﬁon ABnafford a copi ous

AL €5 PSP USSRt L g e 7 enct o

ATY + e O (Aedtiryl acbﬂampheetene(),ﬂﬁPEO Ril5.5 #in04 g, 133.0

A Ri0 PSR e il BRECAS Bofifol Lot i n or der

AID-_keepsthe dpnRgt@iiai), BPLOR 2M mife A heavy white

precipitate was formsd and the mxture was allowed to
HRBLmn WatepoKterra® MS Cpg (3.0 x 150 mm), 5 pm at 35 °C
Mobile Phase (A): 0.1% Formic Acid in Water (HPLC grade)
Mobile Phase (B): Acetonitrile (HPLC grade)
Gradient Program: 25% B — initial conditions
25% to 100% B — 11 min
100% to 25% B — 0.4 min
25% B — 3.6 min (flow increase to 1.75 mL/min)

Detection: 254 nm
Flow Rate: 1.0 mL/min
Run Time: 15 min

[0067]  AIl 6-(4-fluorophenyl)-3,4-dihydro-2H-pyran-2-one. "H NMR
(CDCl3/300MHz) 7.54(dd, 2H, J=5.1, 9.0Hz), 7.01(dd, 2H, J= 9.0, 9.0Hz), 5.72(t,
1H, J=4.8Hz), 2.68-2.63(m, 2H), 2.51-2.47(m, 2H). Mass spectrum, M+H = 193.

[0068]  AI2 1,9-bis(4-fluorophenyl)nonane-1,5,9-trione, mp 97.1 & 0.7 °C. 'H
NMR (CDCl3/300MHz) 7.92(dd, 4H, J= 5.4, 9.0Hz), 7.06(dd, 4H, J= 9.0, 9.0Hz),
2.92(t, 4H, J= 6.9Hz), 2.49(t, 4H, J= 6.9Hz), 1.95(sept, 4H, J = 6.9Hz). Mass
spectrum, M+H = 359.
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tenperature and stirred for 1.5 h. The m xture was
charged with (S)-(+)-4-phenyl-2- oxazolidinone (16.32

w@ 2006007993 ol ) and 4- di et hyl am nopyri di ne ( 1RCRAISZ06/020226
100.0 mmol ) both as solids to afford a yell ow col ored
suspensi on. The reaction was stirred at 30 C- 35 C
for 2 h. An aliquot was renoved for analysis by TLC
and HPLC. The pale olive col ored suspensi on was poured

A e fuaipb b atraned 6 il BERAR T e Shonaeo
7. M il mtﬁé 5(41§QLHE‘})6 @g(ed it regl 4V\3 hﬁzj Q%o%ﬂ%ﬂ?% §20%, 15D,

ht ford a’sol uti'on with
3. %Q-éeﬁ%ﬁﬂt %\H)a 1. %EZQ(M@deSSHthK M:IFH i=r3éﬁsf erred
with water (2 x 25 nL), washed with water (50 nmL) and
air dried for 15 min to afford an off-white noi st

[0059JWDYS@9\WPfegafEH6n @(@)deenﬂﬁ ﬁrﬁxﬁss@hlﬂué hfeﬁ}fld) by

I sopr opanol i niL/g eoretical yie
hydeertvipgptaneylh éroxﬁé@hdmat%lea(ﬁfzbr d a gol den yel | ow
col ored solution. The sal utngn mas cooled slowy to
roomtenperature oveB\ ) ceed crystal was added
and crystal s began reci p| t af The m xture was
cooled in an ice/water irred for 1 h. The
crystals were filtere transferred with cold
i sopropanol (2 x 10 washed with col d isopropanol
(25 nL), air dried and~acuumdried to
(45)-4-Benzyl-3-[ 5-(4-fluorophenyl)-5-oxopentanoyl]-1,3-oxazolidin-2-one (Al)

(500.0 g, 1.35 mol) was dissolved in dichloromethane (2700 mL, 0.5 M). The
mixture was cooled to —4 °C (ice/brine bath), stirred for 40 min and charged with 1.0
M (R)-1-methyl-3,3-diphenyltetrahydro-3 H-pyrrolo[1,2-c][1,3,2]oxazaborole in
toluene (68 mL, 0.068 mol). After 10 min, borane-methyl sulfide complex (132 mL,

1.39 mol) was added drop-wise via addition funnel over 25 min (an exotherm was
detected to —2.7 °C). The reaction was maintained between 0 and —6 °C with stirring
for 3.0 h. The reaction was quenched by slow addition of methanol (275 mL, 6.79
mol) over 15 min (an exotherm was detected to 10 °C), 6% aqueous hydrogen
peroxide (1150 mL, 2.02 mol) over 5 min and 1.0 M aqueous sulfuric acid (810 mL,
0.81 mol) over 15 min (an exotherm was detected to 17 °C) respectively via addition
funnel. The reaction was stirred at room temperature for 60 min, poured into a
separatory funnel, the organic layer was separated and the aqueous layer was
extracted with dichloromethane (2000 mL). The first organic layer was washed with
water (1500 mL) and brine (1500 mL). These aqueous layers were backed extracted
with the second organic layer. The combined organic layers were partially
concentrated, dried over sodium sulfate, filtered through Celite®, concentrated and
crystallized from isopropanol-heptane (2000 mL, 1:1 isopropanol-heptane; 4.0 mL/g
theoretical yield). The clear viscous residue was warmed to 42 °C (to make a
homogeneous solution), cooled slowly to 35 °C, held at this temperature for 12 h,

cooled slowly to room temperature over 3 h, cooled to 0 to —5 °C (ice/brine bath) and
-42 -



constant weight to afford
(45) - 4- phenyl - 3-[ 5- (4-fl uor ophenyl ) - 5- oxopent anoyl ] -1,
wO-20@x@zoBi di n- 2-one (30.46 g, 85.7 %yield) aBCaushis®20226
crystalline solid; mp. 91.0 C R 0.40 (1:2 ethyl
acet ate-hexane); HPLC Rr 7.02 min; HPLC purity 94 %
1HNI\/R(300M—|z CDA3) d 7.93 (dd, J = 5.4, 9.0 Hz,
7.28-7.42 (m 5H), 7.10 (dd, J = 8.5, 9.0 FE

ﬁg@d fq_l)zﬁ? fl'%SCr(%%ls “g’arg ﬁgé;g rgaéyeﬁ?i ’Wltibco?chgq@ghe( gguor J(250
niL)Zwaé’hea vith coldt) ;2 120196’pa(ri)l—hépta:nzeZ\(Z&Pé;r(gH;l%;ﬁngﬁlegi&ndifacuum

% He1 g OO?Q‘S? ep

drigdjo censfahypisht o(abigrd 69 4-Hanadr HE@Shy1(F-faorpbensd Sent
MR e S AP0 69 chogpmpuat.
ctys‘milyﬂe, solidem.pa 7p e 6 0% Ri 0.1941 thhMI! laé:ehat%ekﬁneMHPNC)punty

g Phenyl - 3-[ 5- (4-1| uorogahenyl) 5- oxopent ano %}@
9&@@%{%@%@( 6B 57 78028 (B, b (de ST Vge2ED,
TR SR (3 e Aol 2P P AT S 0

e UHY, 1229 B2 94 \(inf BH% 207MdaKy Arethhgle-Hz, 1H), 2.27 (br s, 1H), 188 1.66
3, 3-di phenyl tet rahydro-3H pyrrolo[l,2-c][I, 3, 2] oxazabo
(motd) pmnt Eﬂ] ﬁ€2(921 (07#Lmeﬂ1a@olbmn|) fol | owed by

dropwi se addi ti on of borane-nethyl sulfide conplex
(7.80 nL, 6.26 g, 82.4 mmol ). The addition rate was

[@(WOTSt eS‘ije[i ) . I%E:ga%ugnootkﬁgl%n}ohf-[(E)-(phenylimino)methyl]phenol (B2)

OH N :

H

Br

3-Bromophenol (498.5 g, 2.88 mol) was dissolved in a mixture of 2:1 toluene-
acetonitrile (3000 mL, 0.96 M). To this solution was added triethylamine (1200 mL,
8.61 mol) via funnel. Magnesium chloride (412.7 g, 4.33 mol) was added in one
portion as a solid (an exotherm was detected to 55 °C) to afford a bright yellow
solution with copious white precipitate. Paraformaldehyde (345 g, 11.5 mol) was
added as a suspension in acetonitrile (300 mL) while the temperature of the solution
was 45 °C (an exotherm was detected to 78.6 °C). The temperature of the yellow-
orange slurry was maintained at 80 + 3 °C for 1.5 h while the by-product (methanol)
was distilled off (white precipitate was observed depositing in the distillation
apparatus and reflux condensers). A second portion of paraformaldehyde (100 g, 3.33
mol) was added as a suspension in acetonitrile (200 mL). The mixture was heated for
2 h and another portion of paraformaldehyde (107 g, 3.56 mol) was added as a
suspension in acetonitrile (200 mL). The mixture was stirred for 2.5 h at 80 + 4 °C.
After a total of 6 h and 6.4 equivalents total of paraformaldehyde had been added, the
mixture was quenched with cold 2.5 N aqueous hydrochloric acid (6000 mL, 15 mol)
added over 5 min. The mixture was stirred to room temperature for 60 min to afford a
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tenperature at -8 C. The reaction tenperature was

mai nt ai ned between -5 and -8 Cwth stirring for 3.0
wb.2006he7g9eact i on was quenched by sl ow addi ti onrPaf/US2006/020226

met hanol (16.3 nL, 402.4 mmol), 6% aqueous hydrogen

peroxide (68.2 nL, 120.0 mmol) and 1.0 M aqueous

sulfuric acid (48.0 nL, 48 mmol) respectively, with

i ce-bath cooli ng The cooling bath was then renoved

and .th eact sstlr d at omte
oo Salpfin fody bl NURT i FepSingd O retge bogm lae, The
sEuKbi vas WaSted Wiﬂheﬂl héﬁt&eaetﬁﬁ%étﬁie‘{'l aod pioul)!l e,iguafeti%nd the layers

organi c | ayer was separ at ed he aqueous | ayer was
separatet t Blep a/qmeausdnamvmsmﬁa&mltbmbhmane -etind acetatet(2 x 1500

S BARE of AR 10V SRR WA BBk S ol e A B

biihé (1800 ens)e AN ther @i Ryt Yddie cHhBind) @ft{m@ conh@afiated, dried
| ayers were dried over sodi um sul fate filtered

Omseélglm elfate, Slteyed thiguch Grbien erd cersenatad foildord 2 fgvdgoxy-4-
f
prm@D Iﬁ%a?@th\yééﬁ?%ﬁ%& %'r:l d'ébaq?ar‘g]ee %to ago_gqlg t%%—g e%;l e{ %@ggartﬁ i

he;emp)aﬁﬁtmlaun@lﬁﬂ)m%yst allized over 12 h at -15 C. The

white crystalline solid was filtered, transferred and
vvashed with cold toluene (100 nL), air dried and

B
(1000 mL, 1.26 mL/g theoretical yield, 2.5 M) and the mixture was heated to 75 °C.
Aniline (157 mL, 1.72 mol) was added to afford a bright orange solution and the
mixture was left to cool slowly to room temperature (an exotherm was detected to 83
°C as imine crystallized from solution.) The mixture was stirred at room temperature
for 12 h. The crystals were filtered, transferred with isopropanol (500 mL), washed
with isopropanol (500 mL), air dried under a heavy stream of dry nitrogen gas and
vacuum dried to constant weight to afford 5-bromo-2-[(E)-
(phenylimino)methyl]phenol (B2) (347.4 g, 44% yield over two steps) as a bright
yellow crystalline solid; m.p. 129.1 + 0.1 °C; Ry 0.65 (1:4 ethyl acetate-hexane);
NMR purity >99 A%; "H NMR (300 MHz, CDCl3) § 8.59 (s, 1H), 7.47-7.40 (m, 2H),
7.33-7.22 (m, 5H), 7.08(dd, J= 8.2, 1.8 Hz, 1H), 1.57 (br s, 1H) ppm.

[0072]  Step 4. Preparation of N-{(1E)-[2-(benzyloxy)-4-
bromophenylJmethylene}-N-phenylamine (B3)

e
Ben

5-Bromo-2-[(E)-(phenylimino)methyl]phenol (B2) (310.9 g, 1.13 mol) was dissolved
in anhydrous N,N-dimethylformamide (1100 mL, 1.0 M). Solid potassium carbonate
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to contain 6%toluene. The solid was again dissol ved

in toluene (50 nL) at 50 C and hexane (50 nL) was
weadama278bBe sol uti on was cool ed to room t enper aCWUS2006/020226

with stirring and then stirred in an ice bath for 1 h.

The white solid was filtered,transferred and washed

with hexane (200 nL), air dried and vacuumdried to

constant weight to afford

(1%350%11]35'0 IS e a0 Bl es batu DoBRaSOY BL o LR EY
e L

arphquehyh@lﬁzvﬁh Hntet ZOWRNIB@0 ehbthernCBES Bdtected fol4d °iC)424\ yetlow

pqé@pitpt?gjfgglaca(dt@’gldg’cye: mgxtlslreg%@ s,%gpeﬂ |f$1i) 1419 ﬁt(r%ghht%@gex%aﬂ,}?r’e &617
scﬁut?&i \l(_lbgéjﬁlte]fefaﬁd tzans?erﬂed"x'@lth Whber (5@091%1 aq{élt aérgdrred]urih:er Shéavy

ppm
tﬁaep@ﬁm ngrogeh gas fcfz-lp (rmnBé]mzc;ﬁl s@kl;l Mas agniye@; mgxsyplppanol

3G, 3 D03 G- WP SRR R ML 859 o

aiff&%)a é}eaq *&%ﬂé’ﬂfeil%w{ doPRIon3wkiéa %M&F&&Pﬁw 8}> tbf}oé%%lﬁﬁéfr@ﬁ%

anoyl | -1, 3-oxazol i di n- 2-one g, nmol ) was
Thlq: Hmctumewjas tird mymommnmemlro fmﬂtha’ﬁl@e ¢rysfols m'_ere Gilterey

rm_s’ erxiegi_o 1%34 ’col% 2»‘&53415%01),%}}8 (¥5 )Sl vcxlr!aslheg R &p%ll(? @ogr%pgnojl (?50 mlL),
air dried under a heavy stream of dry nitrogen gas and vacuum dried to constant
weight to afford N-{(1E)-[2-(benzyloxy)-4-bromophenylJmethylene}-N-phenylamine
(B3) (375.2g , 91% yield) as a light yellow crystalline solid; m.p. 100.2 + 0.2 °C; Ry
0.59 (1:4 ethyl acetate-hexane); NMR purity >99 A%; '"H NMR (300 MHz, CDCl3) &
8.87 (s, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.43-7.33 (m, 7H), 7.28-7.17 (m, SH), 5.14 (s,
2H) ppm.

[0073]  Step 5. Preparation of (45)-3-[(2R,5S)-2-{(S)-anilino[2-(benzyloxy)-4-
bromophenyl]Jmethyl} -5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-benzyl-1,3-

oxazolidin-2-one (D1).

A 5-L three-necked flask was charged with (45)-4-benzyl-3-[(55)-5-(4-fluorophenyl)-
5-hydroxypentanoyl]-1,3-oxazolidin-2-one (203.2 g, 0.547 mol) followed by addition
of anhydrous dichloromethane (550 mL, 1.0 M) and N-ethyldiisopropylamine (200
mL, 148.4 g, 1.148 mol) via funnel. The reaction was cooled to —15 °C and
trimethylchlorosilane (73.0 mL, 62.5 g, 0.575 mol) was added via cannula over 10

min (an exotherm was detected to —8 °C). The reaction was stirred for 1 h between —
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added slowy, followed by chlorotrinethylsilane (8.0
m., 6.83 g, 62.9 mmvl). The reaction was stirred for 1

wo 2e0ci2t98 t enper at ure was mai nt ai ned bet ween P20/UaRM6/020226
-30 C Titaniumtetrachloride (6.90 nL, 11.9 g, 62.9
nmol ) was added drop-w se over 20 min to afford a deep
reddi sh purple solution. The tenperature was kept
between -30 and -35 C and stirring was continued for

A5 mn. T I xture was then cooled to -45 0C and a
249 gy 5He Hyamip tetrachionide (63.0 mL, 1090 g, 0575 mol) was added
drbplwisd P18 RAYH gagm% t % Y i
ket Benath o TR SR TSNt oo o
extiteihorasnietdetdao (10 0C) M ThelmB vy was stigettigd-20r04°@if&e10 min,
over 30 m.n. The reaction tenperature was naintai ned

cogiadieeft0 *Gand - é(ﬂE)-I?zr@emﬂgxy)r@bmmrﬂmmﬂ]mmhﬁlemkfvu re
i f . t -4 -45C. A [
PR GOG 200 B Tedhu B 5ROl e e o510 rl Y B

dropsvispitonhieda bydisbe wnaetbver 015 10f TiR @edtRIn taGBtiafir@ s

(13.7 rnL, 14.4 g 240.0 mmol) over 10 mn, followed
mgiptaingd; hebweenof4T & and 131 € Tisomisdureseas stifred farani addisional

| ut i 4 e . 1240.0 . . The reactio
5 3 bR ol Br ofhel 550 AT b 2o PERE V2
misB(tHe défction tE@pEatREWas AlaittEndd BdWedrALERAPCGRACB Hl°C) and
addi ti on was conpleted. The m xture was stirred at

dihgeshivitle npldr(30 0C k1 6 ernuddue dhtaxtarig agidisplutioh (2209 mL) (an
ex%%:h%%%a% r(rl%%elg% %o %%89 ’H'ﬁ)s mi t%ger v%gs étﬂ%e% tg 1%%8%\/%1! Z(Z) El,ydiluted
with dichloromethane (1000 mL), poured into a separatory funnel and the layers were
separated. The organic layer was washed with 10% saturated brine solution (2000
mL) and brine (1000 mL). The aqueous layers were re-extracted sequentially with 1:1
ethyl acetate-heptane (2 x 1500 mL) and the combined organic layers were
concentrated to afford a viscous reddish residue and copious yellow precipitate. The
mixture was diluted with 1:4 dichloromethane-heptane (1000 mL), filtered and the
solid was washed with 1:4 dichloromethane-heptane (3 x 500 mL). The filtrate was
concentrated and the residue was diluted with dichloromethane (600 mL) and loaded
onto silica gel (700 mL). The mixture was purified by pad filtration (300 mL silica
gel, dichloromethane (300 mL) and 15% ethyl acetate-dichloromethane (4000 mL)) to
afford (45)-3-[(2R,55)-2- {(S)-anilino[2-(benzyloxy)-4-bromophenyl jmethyl}-5-(4-
fluorophenyl)-5-hydroxypentanoyl]-4-benzyl-1,3-oxazolidin-2-one (D1) as a viscous,
dark yellow, oil, which was used as-is in Step 4. "H NMR (300 MHz, CDCl3) & 7.50
(dd, J=8.2, 1.5 Hz, 2H), 7.39-7.30 (m, 3H), 7.26-6.98 (m, 12H), 6.94 (t, J= 8.6 Hz,
2H), 6.62 (t, J=7.3 Hz, 1H), 6.52 (d, J= 8.6 Hz, 2H), 5.13 (s, 2H), 5.06 (d, J=6.5
Hz, 1H), 4.73 (dd, J=13.8, 6.7 Hz, 1H), 4.64-4.57 (m, 1H), 4.49 (dd, /= 7.3, 5.2 Hz,
1H), 4.12-4.04 (m, 2H), 3.01 (dd, J=13.4, 3.0 Hz, 1H), 2.39 (dd, J=13.4, 9.5 Hz,
1H), 1.84-1.51 (m, 6H) ppm.

[0074]  Step 6. Preparation of (3R,4S5)-4-[2-(benzyloxy)-4-bromophenyl]-3-[(3S)-
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funnel and the | ayers were separated. The organic

| ayer was washed with dilute brine solution (9:1
woaimri2tmsne, 250 nli), then brine (100 ni). TheCcagsemas20226

| ayer was reextracted sequentially with 1:1 ethyl

acet at e- hexane (200 nL, 150 nL). The conbi ned organic

| ayers were dried over Na2SO4 and concentrated to

afford 59.4 g of an orange-red viscous oil. The crude
product  was ssol ved in nethanol (250 nL and stored
375‘& ﬂu@@p@emd}i‘iilzdwxymey}]ésmhwh@etsd(l@ﬂrwl )filtered

to afford a white sol| 27.79), suspended in nethanol
(150 nm.) at 55 C con an ice-bath with stirring
for 30 min to afford Mjte golid, filtered,
transferred and was d vv|t ol d met hanol (150 ni),

air-dried and Facvacuum del ed to afford

phenyl am nonet h -hydr oxy- pent a

noyl ] - 4- phenyl oxazol it~ 2- ong (22} , 51 %yield)

as a white powder; ® 0.32 (1:1 ethyl acetate-
A*#Kflmeénneé'ﬂféﬂ@la& s Eﬂargécﬂwﬂﬂﬁ’élﬁi WE'(JLM ?[(92 5%)-21{ (MR

algshmﬁ Abaryiany)- fmmoaheslgf] hylb5—i4d1u0170pluewl) STH) H, 6.39
gty tndyg g B el Inffo S e it 47
bityPmethy] &héiz(11004nL, 9.564) Gihd N,D-bisGirfethiylsilyladetartidéF230 o,
1%% nloll_? free of chlorotrimethylsilane) was added. The mixture was stirred at 55 °C
for 15 h and then N,O-bistrimethylsilylacetamide (320 mL, 1.294 mol) was added
followed by a catalytic amount of tetrabutylammonium fluoride trihydrate (4.62 g,
0.0177 mol) to afford a color change from bright yellow to pale golden yellow. The
reaction was stirred at room temperature for 6 h and quenched with glacial acetic acid
(1.0 mL, 0.018 mol). Hydrolysis of the silyl protecting groups is accomplished with
1.0 N aqueous hydrochloric acid (1100 mL) which was added drop-wise to avoid an
exotherm (decompostion of the N,O-bistrimethylsilylacetamide with aqueous acid can
be reactive). The bright yellow biphasic mixture was stirred for 1.5 h, poured into a
separatory funnel, diluted with 1:1 ethyl acetate-heptane (1000 mL) and water (1000
mL), agitated, the layers were separated and the organic layer was washed with water
(500 mL) and brine (500 mL). The organic layer can alternatively be washed with 5-
25% sodium bisulfite, water (500 mL) and brine (500 mL). The two aqueous layers
were back-extracted sequentially with one portion of 1:1 ethyl acetate-heptane (1000
mL) and the combined organic layers were concentrated. The residue was diluted
with 1:1 heptane-dichloromethane (1000 mL), made into a slurry with silica gel (1000
mL) and purified by pad filtration (2000 mL silica gel, 10% (8000 mL), 20% (8000
mL), 30% (6000 mL) and 40% (4000 mL) ethyl acetate-hexane) to afford (3R,45)-4-
[2-(benzyloxy)-4-bromophenyl]-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-1-
phenylazetidin-2-one (D2) (251.2 g, 82%) as a pale dull yellow foam; HPLC purity

89 A%; NMR purity 85 A%. A portion of the residue (124.2 g) was purified by
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4.13 (dd, J = 3.5, 8.8 Hz, IH, 1.89 (d, J 3.4 Hz,

2H), 1.58-1.84 (m 3H) ppm[0079] Step 6A. Preparation
woh0(6Bi27%894S) - 4- [ 2- (ber Ayl oxy) - 4- br onophenyl | - 3PETRISB)06/020226

3- (4-fluorophenyl) - 3-hydroxypropyl]-I-phenyl azetidin-2

-one (D2). A 100 niL flask was charged wth

3-[2-[(2-Benzyl oxy- 4- br ono- phenyl ) -

phenyl am no- et hyl ] - 5- (4-fl uor o- phenyl ) - 5- hydr oxy- pent

anoyl ] - 4- phenyl oxazol i din- 2-one (1.45 g, 2.00 mol)

ciystadlivajidn dom wermt S%waler-mthaml (60herl, A0mhig, thedr&ich) yield).

RS f R e et v e Pnbcine o Gob i s
aRd Radtfubdrsdd to rcbﬁgantwgm@&ff&a (BRMR)-ES-(h&RURG)-and a

catal ytic anmount of tetrabutyl amoni um fluoridé

brpaprhieayl{-3a635) - (Aeﬂwoprlmw a@m@lpxlblaaﬂmylaze@dm-z -one

0?”&%8.92%. iRl BT a e oF B om0ty Wi 00

aeﬁalgrasemnb uiytstanmba@e@bs inf.£d 13+ 0 GOD; RS OIB2r (@ItRy1
for 16 h he reaction was then cool ed on i ce and

agtateiharansidd PeCaurity 39 %1 NMR porint-99! 'H MR 6@9edHz,

GRS Tt Wt B3GR LR O o Ta R BB iy 22 Tl 3w

6(96 COMPRTiH, QFI)05 10 ttﬁi JO, @tllllznﬁi fDH_I)SS bY'(@Q}&E age 1H),
aqueous acid can be react | ve) yel | ow

4kﬁ7p‘hé%(m, Hilx 811663 Opemstil), 2@d (f.0F=8.8 1H), b%b?é"& (o ¢HH0) ppm;
[o ]D23 —12.3° (c 6.5, ethyl acetate).

[0075]  Alternate Route to (3R,45)-4-[2-(benzyloxy)-4-bromophenyl]-3-[(3S5)-3-(4-
fluorophenyl)-3-hydroxypropyl]-1-phenylazetidin-2-one (D2).

[0076]  Step 1A. Preparation of (4S)-4-phenyl-3-[5-(4-fluorophenyl)-5-
oxopentanoyl]-1,3-oxazolidin-2-one (the analog of compound Al in which the 4-

substituent is phenyl instead of benzyl, i.e. a precursor to Va in which R® is phenyl)

0O 0O
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a separatory funnel, diluted with 1:1 ethyl

acet at e- hexane (50 nL) and water (50 nlL), agitated,
woOhersl1ayBs were separated and the organi c | ayeCTWE2006/020226

washed with water (50 nL) and brine (50 nL). The two

aqueous | ayers were back-extracted sequentially with

two portions of 1:1 ethyl acetate-hexane (2 x 30 nlL)

and the conbi ned organic |ayers were dried over sodium

sul fate and concentrated to afford 1.60 yel |l ow oi | .
S-HirB i oY) Rk PEF PROIB B2 b OF Bt 00wl digh ddimethylamino-

P2, 3D OREER0S 4% S g a8 bl ldeRi6b mr,

1.8)MBto(afford a cop1ous white precipitate suspended in solution. The reaction was

fl h hydr 11-1-ph -
cquieilo 207 e eicopi a8 M&éy%m@hf%e%%b%%%w 3

L Mot oo TR 1 b0 AT Y Ay P B e ezl

adﬂlﬁ.’cﬂr wWasZebnirdlledHd) ordér td kedp tho témperaiohe at br B8low: D2C.( M heavy
6.96 (t, J =8.7 Hz, 2H), 5.10 (dd, J = 15. 2,
whlie Qrepﬁutat@pyasg‘omed( and the mixture g8 allopped tQ Wgnm 40 BPnf m

te@f%r/ah% 9&& %nrrl?gd 4‘%1]]1 Bt h[e%?&g‘éé Qiiéh?r%e%i \grﬂ% 55')({#?1 4-phenyl-2-
omeh@hex)e (15@0@]1 0A\0 nahd B hmmdmﬁethykanﬁmhpyﬁdume(diz 12@ g,

St a i {a(pt{emlaﬁ éo %tt% @ffg]{ v \g%g; hgd gllls%gltls%r? ° he re;gt%nowas
stlraefdaa@éér?; o5 8600 o ey B oot
HPLT. The pale olive colored suspension was poured into water (400 mL) while
stirring vigorously and cooling the mixture in an ice-brine bath, transferred with water
(150 mL) and stirred with ice-cooling for 1.5 h to afford a solution with an off-white
precipitate. The compound was filtered, transferred with water (2 x 25 mL), washed
with water (50 mL) and air dried for 15 min to afford an off-white moist clumpy
powder. The material was crystallized from isopropanol (58.0 mL; 1.6 mL/g
theoretical yield) by heating to near reflux to afford a golden yellow colored solution.
The solution was cooled slowly to room temperature over 12 h, a seed crystal was
added and crystals began to precipitate. The mixture was cooled in an ice/water bath
and stirred for 1 h. The crystals were filtered, transferred with cold isopropanol (2 x
10 mL), washed with cold isopropanol (25 mL), air dried and vacuum dried to
constant weight to afford (4S)-4-phenyl-3-[5-(4-fluorophenyl)-5-oxopentanoyl]-1,3-
oxazolidin-2-one (30.46 g, 85.7 % yield) as a white crystalline solid; m.p. 91.0 °C;
R;0.40 (1:2 ethyl acetate-hexane); HPLC Ry 7.02 min; HPLC purity 94 %. "H NMR
(300 MHz, CDCI3) 6 7.93 (dd, J= 5.4, 9.0 Hz, 2H), 7.28-7.42 (m, 5H), 7.10 (dd, J =
8.5,9.0 Hz, 2H), 5.43 (dd, /= 3.7, 8.7 Hz, 1H), 4.70 (t, /= 8.9 Hz, 1H), 4.28 (dd, /=
3.7, 8.7 Hz, 1H), 3.05 (dt, J= 1.2, 7.3 Hz, 2H), 2.97 (t, J=7.3, 2H), 2.05 (p, J=7.3
Hz, 2H), ppm.

[0077]  Step 2A. Preparation of (45)-4-phenyl-3-[(55)-5-(4-fluorophenyl)-5-
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g of D2 diastereoners plus up to 37 g of cleaved

benzyl oxazol i di none) was heated in nmethanol (700 ni)
woao@ha2@93 VWAt er (90 nlL) was added dropw se to POE/US2006/020226

stirred solution over 10 m nutes. Seeds of

di astereonerically pure D2 occasionally were added to

the solution as it was cooled slowly to 47C, held at

47C overnight, then finally cooled to roomtenperature

over 5 hr. The solid was collected by filtration, then
hy@r@hmnmnl]ﬂe%omoadme% h@m@he/ amalagrof(cgmpouyd ARdn avhichdthe 4-

oo BB A Ba0h N S e

solid was heated toGSOCQ n eH(m ¥t ure of methanol and

I sopropyl al cohol adﬂ ar QAvassadded. The sol ution
was filtered and c@wctrate to ness to give 43.9
g of white solid. TS [ 8%  hgated to 73C in

i sopropyl al cohol (228 and a m xture of isopropyl

al cohol /water (27:73, 104 ) was added over 45 mn.
The sol ution was cooled to 650C, seed crystals of
di astereonerically pure D2 were added and the sol ution

(48st- Bden@M{{SI(@-fE@ﬁiphshﬁ%wxbpentamxyl]tEBmgazaﬂi!dimz -ohb€28.43 g,
solid was col lected by filtrati

5§ Sapmepyresaisenon e deromestans (b0 iy Oarcthe misheres
SRS UERBR, g e T 1D
methyl-3,3-diphenyltetrahydro-3H-pyrrolo[1,2-¢][1,3,2]oxazaborole in toluene (4.0
mL, 4.0 mmol), followed by dropwise addition of borane-methyl sulfide complex
(7.80 mL, 6.26 g, 82.4 mmol). The addition rate was adjusted in order to keep the
temperature at -8 °C. The reaction temperature was maintained between -5 and -8 °C
with stirring for 3.0 h. The reaction was quenched by slow addition of methanol (16.3
mL, 402.4 mmol), 6% aqueous hydrogen peroxide (68.2 mL, 120.0 mmol) and 1.0 M
aqueous sulfuric acid (48.0 mL, 48 mmol) respectively, with ice-bath cooling. The
cooling bath was then removed and the reaction was stirred at room temperature.
After stirring at room temperature for 45 min, the mixture was poured into a
separatory funnel, the organic layer was separated and the aqueous layer was
extracted with dichloromethane (200 mL). The first organic layer was washed with
water (125 mL) and brine (125 mL). The aqueous layers were backed extracted with
the second organic layer. The combined organic layers were dried over sodium
sulfate, filtered through Celite®, and concentrated to afford 31.9 g of a clear viscous
film as crude product. This film was dissolved in 60 ml toluene at 50 °C, cooled to
room temperature, and crystallized over 12 h at -15 °C. The white crystalline solid
was filtered, transferred and washed with cold toluene (100 mL), air dried and
vacuum dried to afford 24.45 g of a white solid. NMR analysis indicated the product
to contain 6% toluene. The solid was again dissolved in toluene (50 mL) at 50 °C and
hexane (50 mL) was added. The solution was cooled to room temperature with

stirring and then stirred in an ice bath for 1 h. The white solid was filtered,
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fl uor ophenyl ) - 3- hydroxypropyl ] -1 - phenyl azeti di n- 2- one

(D2, 40.7 g, 44%yield fromD) as white needles, np
wa2868€7893he di astereoneric purity was deter n ReT/US2006020226

99.9% by chiral hplc analysis. [0081] Steps 7-9 for

3-BPA. Preparation of (4'- {(25,3i7?)-3-[(31S)-3-(4-

f1 uorophenyl) - 3- hydr oxypropyl ] - 4- oxo- 1 - phenyl azeti di n-

2-yl }-3" - hydroxybi phenyl - 3- yl) phosphoni ¢ aci d

ezl gl s dapossn o v
T i T
oxtiznBdinyl-ofi20 4564, 51t yeeld paret Wisite d:ry&aﬂrné |s@1xcab@ pOBBN-C; R,
AR GRS P e #35621(2%%@&3 t aiucmptpw 26 %in'H NMR
(3?? 1\8993?190% 6]72 sfuT’séﬁ% %Fgé‘%mo)(t, L8 s %?@13 5‘.48&&&99@3 7,87

Hd,elHy g@ﬁzﬁ i iw H 0 Bl | 160-Ri66 (g €H) 1L D@ 867,191 XETR[ E),
e st
z?gt(‘iita [ sl(]c \rgq?p )pﬁé§pﬁ§91(§§"pﬁplpéﬁql-un( 0) (0.05 g) was

added and the reaction was heated for 3 h at 70 C
under an atnosphere of nitrogen. The reaction was

[0838) edStep T PrrepaeatiparefBHRd(2-Behzyled/- Wbtdmelphytiyl)

Dl BT Rt £ 4Bty Dar By -p b ey -4 Pyl

oxazolidin-2-one.

O N
eoa
H
Wai
Br HO

(4S)-4-phenyl-3-[(55)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-1,3-oxazolidin-2-one
(21.4 g, 58.6 mmol) was dissolved in anhydrous dichloromethane (100 mL, 0.6 M)
and cooled to -45 °C. N-ethyldiisopropylamine (21.9 mL, 16.3 g, 125.8 mmol) was
added slowly, followed by chlorotrimethylsilane (8.0 mL, 6.83 g, 62.9 mmol). The
reaction was stirred for 1 h and the temperature was maintained between -20 and -30
°C. Titanium tetrachloride (6.90 mL, 11.9 g, 62.9 mmol) was added drop-wise over
20 min to afford a deep reddish purple solution. The temperature was kept between
-30 and -35 °C and stirring was continued for 45 min. The mixture was then cooled to
-45 °C and a solution of N-{(1E)-[2-(benzyloxy)-4-bromophenyl|methylene}-N-
phenylamine (B3) (37.3 g, 101.8 mmol) in dichloromethane (100 mL, 1.0 M) was
added drop-wise over 30 min. The reaction temperature was maintained between -40

°C and -45 °C during addition. The mixture was stirred for 1.5 h between
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evaporation under reduced pressure. The product was

purified by chromat ography over silica gel using ethyl
wacelcatekhexane (gradient: 10% et hyl acetate teCc8@%006020226

afford di nethyl (31-

{[tert-butyl (di nethyl)silyl]oxy}-4"-

{(2S,3i?)-3-[(3,9)-3- {[tertbutyl( dinmethyl)silyl]

oxy}- 3- (4-fl uorophenyl) propyl] -4 0X0-

henylazetldln 2- yl } bi phenyl - 3-yl ) phosphonate as a
4@08 pliquet W@Sr@w@dfﬁer an@brsmrh;z Lﬁenci/ﬁ?,m The

re%ﬁ%résdq%ngh%i b%r 3‘_@« ﬁ&@)n g? glg%ef Qc‘e\tjlg a01g%h327 |_11|12E 31:&)@ g,

2?) a ﬁm{t(ﬁ) oder=l 03’11141 fdﬂow%ﬂ%y aﬂdi@ﬁn 3f é@ld((m °¢H 5% Jagﬁeo%s v/
S

tagiang af(lé SOI@F‘I?H (%OOQ)m@s 36. Q I9) 2 240 @ H% sTh@ﬁ)ac [mszyas

wRS R B ke i v oyt wappp tgyragmiempeapuraatyy o

tai'tanc Bt v didlon®iab ¥bpictadl ITH fvikture was stlrred at room temperature
(4-fl uorophenyl)propyl] -4-oxo- fbeny azeti di n-2-

OXﬂr}ﬂEﬂ Bstrb byl b, shlyte}l pris@pdazemestitane (021@0 @ L),o0sg interd geparatory
flﬁ]h%l QQhér"fa?/érg QB g{%ﬂﬁﬁ&&i Hhe ol‘g%mt "yel as %Leé émf%uﬁ?nne

rogen a ere amor1uort d
sodutbrd®: lrm@ﬂei/bhméi Zaddﬁc) ﬁn@ﬁl btihe( 1r0®aﬁL) Qe AUt EayeBdias re-
stirred for mn at roomtenperature. The sol ution

emteséawaﬂal&x witbilpl ethykaceigiechaxane (R99mek DOcebssThe! y

e e BRSBILIE NT5D, SR PRV B 1 o
anmng@rmi\mstoby oil.oThe yrudw apaluett waondissodiexd in adticad] (250 mL)
arPc{ s%c?r% at -15 °C for 12 h. The resulting slurry was filtered to afford a white solid
(27.7g), suspended in methanol (150 mL) at 55 °C, cooled in an ice-bath with stirring
for 30 min to afford a white solid, filtered, transferred and washed with cold methanol
(150 mL), air-dried and high-vacuum dried to afford 3-[2-[(2-Benzyloxy-4-bromo-
phenyl)-phenylaminomethyl]-5-(4-fluoro-phenyl)-5-hydroxy-pentanoyl]-4-phenyl-
oxazolidin-2-one (22.1 g, 51 % yield) as a white powder; R; 0.32 (1:1 ethyl acetate-
Hexane); HPLC Rz 10.24 min; HPLC purity > 99 %; '"H NMR (300 MHz, CDCl3) §
7.51 (dd, /=1.6, 8.3 Hz, 2H), 6.67-7.40 (m, 17H), 6.59 (tt, /= 1.0, 7.4 Hz, 1H), 6.39
(dd, J=1.1, 8.6 Hz, 2H), 5.31-5.42 (m. 2H), 5.04-5.25 (m, 2H), 4.92 (dd, J=6.0, 9.5
Hz, 1H), 4.80 (dd, /= 6.9, 13.3 Hz, 1H), 4.66 (t, /= 8.6 Hz, 1H), 4.45-4.54 (m, 1H),
4.13 (dd, J=3.5, 8.8 Hz, 1H), 1.89 (d, J= 3.4 Hz, 2H), 1.58-1.84 (m, 3H) ppm.
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Dimethyl (4'-{(2,Sr,3i?)-3-[(36)-3-{[ter

-butyl (di met hyl )silyl]oxy}-3-(4- fluorophenyl)propyl]
wWO20mx07891- phenyl azeti di n-2-yl} -3'-hydroxybi phenyis2@6/420226

yl ) phosphonat e was obtai ned as a col orl ess gl ass

(0.041 g, 100% was used directly in the next reaction

wi thout further purification; MS [MH + 688. [0083] A

solution of dinmethyl (4'- {(2S,3R)-3-[(3S)-3-

[Ogﬁé]fr ; gtétj_)y(# l}’g%:ﬁ%%f)s(’yﬁ %’.lgi;ﬂ-][}_(bpnéy]@xy)-4-bromopheny1]-3-[(3S)—
3-%4-@1'&6fbbhéi¥ﬁ} B-@iyﬁro%y?fobz]’]—q %henglazettdm-Z one éDZE) 059 mmol )

hydr oxybi phenyl - 3-y1) phasphon

in dry dichloronethan nm.) under nitrogen was
cooled in ice and bro |net5yIS|Iane (0.030 n_, 0.30
mol ) was dripped in_over Np—#Mn. The reaction n1xture

was stirred at r t eratjure for 3 h, then nethanol

( 1 nm) was add d r=of rfact | as partitioned

bet ween wat er an th ani ¢ sol ution

was washed successi vg : ) and brine. The
ani c solution was dried over sodi um sul fate,

Af1|08tn@31|° Gl linegedo e HasBrenionyd-trpmocp )

R BB B S et arcadh Rbntim 250
o%z@lldlﬂ-QHdSﬁd?(QMli@ 2. @Q%bg iR al%ﬁﬁﬁis%}‘t%ﬁt}h @rdbhyl Yher (10 mL,
0. %tﬁ[f%nﬁor @&S&L&ﬂ?ﬁéﬂyﬁc&amﬁg E 1) 0 in% ?1 00 mmol) was added. The
clear solution was heated at reflux for 2 h with stirring. The heating bath was
removed and a catalytic amount of tetrabutylammonium fluoride hydrate (.050 g,
0.20 mmol) was added to afford a color change from colorless to pale yellow.
Additional N,O-bistrimethylsilylacetamide (0.5 mL, 2.00 mmol) was added and the
solution was stirred at room temperature for 16 h. The reaction was then cooled on
ice and glacial acetic acid (0.01 mL, 0.20 mmol) was added, followed by 1.0 N
aqueous hydrochloric acid (3.5 mL), which was added drop-wise to avoid an
exotherm (decomposition of the N,0-bistrimethylsilylacetamide with aqueous acid
can be reactive). The bright yellow biphasic mixture was stirred for 0.5 h, poured into
a separatory funnel, diluted with 1:1 ethyl acetate-hexane (50 mL) and water (50 mL),
agitated, the layers were separated and the organic layer was washed with water (50
mL) and brine (50 mL). The two aqueous layers were back-extracted sequentially
with two portions of 1:1 ethyl acetate-hexane (2 x 30 mL) and the combined organic
layers were dried over sodium sulfate and concentrated to afford 1.60 g yellow oil.
The product was purified by column chromatography (ethyl acetate/hexane gradient
1:9 to 1:1) to afford (3R,4S)-4-[2-(benzyloxy)-4-bromophenyl]-3-[(35)-3-(4-
fluorophenyl)-3-hydroxypropyl]-1-phenylazetidin-2-one D2 (0.687 g, 61%) as a white
solid (purity = 99% by LC-MS, R¢= 0.30 [2:1 hexane/ethyl acetate], M(-OH): 542.4
m/z); "H NMR (300 MHz, CDCl;) § 7.41 (br s, 5H), 7.28-7.22 (m, 4H), 7.19-7.15 (m,
3H), 7.08-7.02 (m, 3H), 6.96 (t, /= 8.7 Hz, 2H), 5.10 (dd, /= 15.2, 11.2 Hz, 2H),
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[ (35)-3-(4-fiuorophenyl)-3-hydroxypi Opyl ] - 4- oxo-1|-phen

ylazetidin-2-yl}-3"- hydroxybi phenyl - 3-yl ) phosphoni c
weaceim/1am9a white powder (0.014 g, 44%; 1H NVRr(B@82006/020226

MHz, CD30D) d 8.0 (d, J = 13.6 Hz, IH), 6.9-7.8 (m

15H), 5.17 (d, J = 2.1 Hz, IH), 4.63 (d, J = 5.2 Hz,

IH), 3.15-3.25 (m IH), 1.8-2.1 (m 4H) ppm M5 [MH +

546 [2|\/H—|]+ 1093 [0084] Step 7. Preparation of

- 7t -butyl (di neth 0)S|Iy oxg
5\{)& ﬁ@rJ‘—gi’lé) 7_3,1 345557-;4 qz[(%/lbr H), 3. 06% 0 ng X (@, J=3, 8, 1H),
1.;97%8{%@,%_1—@}%5{'[&?};ﬁ¥ 2].99((%}6'.53,'e£hy1 aceltlé%e)(.)phenyl )

1- phenyl azeti di n- 2-yl } bi phenyl - 4-yl ) phosphonat e
(J1) (3i?, 45) - 4- (4- Bromp-2-{[tert-butyl (di methyl)silyl]
[O@RU]} PhaR¥ltdmatitd ﬁ%ied?uré lise@td BHstlifze D2 was as follows:

di met hyl ) silyl]oxy}-3-(4-fluorophenyl)propyl]-I- phenyl
Thfzénastglrenmzr mtie of Elmalyng TaB@iahwes ¥9:2d [ trensiptal):cis(total)]. The

5..5-t et d
cryfts Bkt Bt Bp bR caistion getor sARH BIFRL LT micthesne 117
g 3f NQQMsﬁ&édrh!éfh 9Rfs b@rtase g(df cleatidd belﬁyle)hdwle) Whieshted in
i n et hanol and toluene (90 nL). The sol ution

mgRanelddy é‘@ 68’ éy Vﬁ%tbttﬂ% mefrivasragigedh dxoppategh thenstirred
sdfisflttiey 1 Olmifiell STl GaGblobilly pure D2 ogeagionlly grege

adiedltg theasluaidd el itard cbbEdrsRﬁﬂy kM7 %heldeﬁﬂ@‘t(? bosrnight) tdn
ﬁrZaSllyOc%o erclldtg r1‘ooamn tgntlprggtgpeeorveer gfhr n"ll“ﬁfg goqld Was co lecr:tgc{il %y fi ?tratlon
then washed with ice-cold methanol/water (89:11) and dried under vacuum to give an
off-white solid (D2, 54.0 g). No cis diastereomer could be detected by "H-NMR. The
solid was heated to 50°C in a mixture of methanol and isopropyl alcohol and charcoal
was added. The solution was filtered and concentrated to dryness to give 43.9 g of
white solid. This material was heated to 73°C in isopropyl alcohol (228 mL) and a
mixture of isopropyl alcohol/water (27:73, 104 mL) was added over 45 min. The
solution was cooled to 65°C, seed crystals of diastereomerically pure D2 were added
and the solution was allowed to cool slowly to room temperature. The solid was
collected by filtration, washed with isopropyl alcohol/water (75:25, 80 mL) and dried
under vacuum to give pure (3R,4S)-4-[2-(benzyloxy)-4-bromophenyl]-3-[(3S)-3-(4-
fluorophenyl)-3-hydroxypropyl]-1-phenylazetidin-2-one (D2, 40.7 g, 44% yield from
D1) as white needles, mp 113.9°C. The diastereomeric purity was determined to be

99.9% by chiral hplc analysis.
[0081]  Steps 7-9 for 3-BPA. Preparation of (4'-{(25,3R)-3-[(3S)-3-(4-

fluorophenyl)-3-hydroxypropyl]-4-oxo-1-phenylazetidin-2-yl}-3'-hydroxybiphenyl-3-
yl)phosphonic acid (3-BPA)
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was cooled to roomtenperature, diluted with ethyl

acetate, washed with water and brine, dried over
weadicuntsssl f at e and concentrated by rotary evaporasRme020226

under reduced pressure to afford crude dinmethyl (3 -{[

r -butyl (dimethyl)silyl]oxy}-4"-{(2"S ,3i?)-3- [(3

S)-3-{I

ert-butyl (di methyl)silyl]oxy}-3-(4-fluorophenyl) propyl

] - 4- oxo- | phenyl azeti di n-

2-yl } bi phenyl - 4-yl) ph onate. [0085] Step 8.

Preparation of dinet 41-(;(28,3R)-3-[(38)-3-

{[tertbutyl(

di met hyl ) si |l yl ] oxy}- B 4-

phenyl azeti di n-2-yl }-

hydr oxybi phenyl - 4-yl)

di methyl (3" -{[t

1-{(2, S, 3i7?)-3-

butyl (di met hyl ) si oxy}-3-(4-fluorophenyl) propyl]-4-

oxo-1| - phenylazet|o|8-2 yl } bi phenyl - 4-yl) phosphonat e

was stirred at rleon‘i’ferrperature in dry nethanol (20

m.) under a nitroge@Hat nosphere. Potassium fl uoride

ApsIa e pating or erdouiptbintenn et Brers Do e
bM@ﬁdE&%&ﬁ%ﬂ?@BQyﬁﬁ%&Em@ﬁ?h&b$pﬂﬁg{M@%H&Qﬂé&ﬁ&§§§bﬁ@UMO&)g
) rine he "organi ¢ "sol uti on was

Odrl|Imn01)\ﬂe*ud@@1medml£M4,615e5-tetrmmpélwb 3@ndioxahoralenZent
y@?l g ospgﬂréex% 0o (ﬁiﬁcg to a&&@ g ca Suld 6866 06& m%o%jand aqueous 2

M potassium carbonate (0.12 mL, 0. 24 mmol) were mixed in ethanol (1.0 mL) and

OP86] The crude

A (d | -4
_3_{% Lnﬁb y yl'] oxy}

toluene (3.0 mL). The solution was deoxygenated by bubbling nitrogen through the
mixture for 5 min while stirring. Tetrakis(triphenylphosphine)palladium(0) (0.05 g)
was added and the reaction was heated for 3 h at 70 °C under an atmosphere of
nitrogen. The reaction was cooled to room temperature, diluted with ethyl acetate,
washed with water and brine, dried over sodium sulfate and concentrated by rotary
evaporation under reduced pressure. The product was purified by chromatography
over silica gel using ethyl acetate-hexane (gradient: 10% ethyl acetate to 80%) to
afford dimethyl (3'-{[zert-butyl(dimethyl)silyl]oxy}-4'-{(2S5,3R)-3-[(35)-3-{[tert-
butyl(dimethyl)silyljoxy}-3-(4-fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-
yl}biphenyl-3-yl)phosphonate as a colorless syrup (0.065 g, 84%). "H NMR (300
MHz, CDCL) § 6.9-8.0 (m, 16H), 5.09 (d, J=2.2 Hz, 1H), 4.64 (d, /= 6.1 Hz, 1H),
3.79 (d, J=2.4 Hz, 3H), 3.76 (d, J= 2.4 Hz, 3H), 3.05-3.15 (m, 1H), 1.8-2.0 (m, 4H),
1.06 (s, 9H), 0.85 (s, 9H), 0.36 (s, 3H), 0.33 (s, 3H), 0.00 (s, 3H), -0.20 (s, 3H) ppm

[0082] Dimethyl (3'-{[tert-butyl(dimethyl)silyl]oxy}-4'-{(2S,3R)-3-[(3S)-3-{[tert-
butyl(dimethyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-
yl}biphenyl-3-yl)phosphonate (0.047 g, 0.058 mmol) was stirred at room temperature
in dry methanol (2 mL) under a nitrogen atmosphere. Potassium fluoride (0.02 g,
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purified by chromatography over silica gel using ethyl

acet at e- hexane (gradient: 40% ethyl acetate to 100%
woaowfikmavsl di met hyl PCT/US2006/020226

(4'-{(2"S,3i?)-3-[(35)-3-{[tertbutyl (

di met hyl )silyl ] oxy}-3-(4-fluorophenyl)propyl]-4-oxo-1I-

phenyl azeti di n-2-yl}-3'-

hydr oxybi phenyl - 4-yl ) phosphonate (3.10 g, 62%yield

overal|l for two steps) as a white foa 1H NMR (300

Ogfmebopdipbrdal o miureag glipedifor S0amigg 100m8, 6

t%era%lgpeg EE.? gg]él p@n@% n_fl{% ét ac\fﬁfg %nd7wéillxez Féﬁegﬂ%\é
wgtﬁ%ate(} (2xp a?d bﬂn& s orkgidic scgugé?h fvds dﬂed=0\fei del’cﬂ? suBhie,
ﬁttﬁqed AWE ’che@*og@nk was @pﬂovegqojg gotpry. evg]p_ﬁratloro H%gducgcﬁgre%
D[ngl,@tﬁ?i @?F?@g@y _35[(?@33 a z%;? Em i(d rﬁeth%l@ﬁlyl]oxy} -3-(4-

ﬂhwpbwﬂ))pumyﬂm«ixmlqshemzihmmsﬂimzexu al'rhydzo)gylb}p}@nylhgfdr oxy
yﬁﬁlﬁpggﬂ%}aie? ng %‘t{%%%?&) gsoa? }:o or. gsls %la(s ((F &ﬁ 1%)81’/lﬂtvlia% use(I directly in

t}B)rre?et teb R vaithdut @ﬁﬂhebgﬁﬁﬁ&zﬁhbﬁ* SIS l6gB] oxy} - 3- (4-
| uor ophenyl ) pr opyl ] 0XO0- I-phenylazetldln 2-yl}-3"-h
ydroxyblphenyl 4- vyl ) phosphonate (0.26 g, 0.38 mmol)

e
bR HIm A ) sill D Bx yYi-S€4- ﬂuorophenyl)propyl] -4-0x0-1-phenylazetidin-2-yl}-3'-
hydroxybiphenyl-3-yl)phosphonate (0.041 g, 0.059 mmol) in dry dichloromethane (5
mL) under nitrogen was cooled in ice and bromotrimethylsilane (0.030 mL, 0.30
mmol) was dripped in over 5 min. The reaction mixture was stirred at room
temperature for 3 h, then methanol (1 mL) was added and the reaction was partitioned
between water and ethyl acetate. The organic solution was washed successively with
water (2x) and brine. The organic solution was dried over sodium sulfate, filtered and
the solvent was removed by rotary evaporation under reduced pressure. The residue
was purified by reverse-phase HPLC (Polaris C18-A 10 250 x 21.2 mm column,
30% to 59% acetonitrile-0.1% trifluoroacetic acid in water) to afford (4'-{(2S,3R)-3-
[(35)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-oxo-1-phenylazetidin-2-y1}-3'-
hydroxybiphenyl-3-yl)phosphonic acid as a white powder (0.014 g, 44%); 'H NMR
(300 MHz, CD;0D) § 8.0 (d, J = 13.6 Hz, 1H), 6.9-7.8 (m, 15H), 5.17 (d, J=2.1 Hz,
1H), 4.63 (d, J= 5.2 Hz, 1H), 3.15-3.25 (m, 1H), 1.8-2.1 (m, 4H) ppm; MS [M-H]"
546, [2M-H]" 1093.

[0084]  Step 7. Preparation of dimethyl (3'-{[tert-butyl(dimethyl)silylJoxy}-4'-

{(25,3R)-3-[(35)-3-{[tert-butyl(dimethyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-4-oxo-
1-phenylazetidin-2-yl}biphenyl-4-yl)phosphonate (J1)
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over 3 mn. The reaction m xture was stirred at room
tenperature for 1 h, then nethanol (1 nL) was added
wandetiheIseact i on was partitioned bet ween wat ePCaNE2006/020226
et hyl acetate. The organic sol ution was washed
successively with water (3x) and brine. The organic
solution was dried over sodiumsulfate, filtered and
the sol vent was renoved by rotary evaporati on under
reduced pressure. The residue_was purified by
rever se- phase HPLC (Po is (£ Al On 250 x 21.2 mMm
colum, 30%to 5996ace£§£itr 0.1% trifluoroacetic
acujlnvmta) to afford4' -{1\2 ,3i?)-3-[(3,9)-3-(4-
fl uor ophenyl) - 3- hydroxypromyl]
2-yl }-3" - hydr oxybi phenyl -
g, 56%yield) as a mhlte

-M<0x0- | - phenyl azeti di n-

fer;: 1H NVR (300 Mz,

CD3OD) d 7.8 (dd, J S0P, IH), 7.68 (dd, J =
3.2, 8.0 H, 1H) Q6. B-7J4 (m 14H 517 (d, 3 = 2.1
Hz, |H), 4.60-4, 68 H, 3.139332 IH, 1.8-2.1

PA. (Shown in

(m 4H) ppm erhate Steps 7- %.for E
Schene 5) [0088/] $Pep Alt-7. Prebaration fof
(3R, 45) - 4- (4-Brono- 2- [ benzyl ox enyl)-3- [(3S) -3-{]
-butyl (di met hyl ) silyl]oxy}-3-(4-fluorophenyl)propyl]-I
(GRS ABESthE20 tert-butyl(dimethyl)silyl]oxy} phenyl)-3-[(3S)-3-{[ tert-

butyl(dimethyl)silylJoxy}-3-(4-fluorophenyl)propyl]-1-phenylazetidin-2-one (5.10 g,
7.30 mmol), dimethyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl]phosphonate (2.40 g, 7.70 mmol) and aqueous 2 M potassium carbonate
(6.5 mL, 13 mmol) were mixed in ethanol (30 mL) and toluene (90 mL). The solution
was deoxygenated by bubbling nitrogen through the mixture for 45 min while stirring.
Tetrakis(triphenylphosphine)palladium(0) (0.38 g, 0.33 mmol) was added and the
reaction was heated for 6 h at 75 °C under an atmosphere of nitrogen. The reaction
was cooled to room temperature, diluted with ethyl acetate, washed with water and
brine, dried over sodium sulfate and concentrated by rotary evaporation under reduced
pressure to afford crude dimethyl (3'-{[zert-butyl(dimethyl)silyl]oxy}-4'-{(25,3R)-3-
[(3S)-3-{[tert-butyl(dimethyl)silyl]Joxy}-3-(4-fluorophenyl)propyl]-4-oxo-1-
phenylazetidin-2-yl1}biphenyl-4-yl)phosphonate.

[0085]  Step 8. Preparation of dimethyl (4'-{(2S,3R)-3-[(35)-3-{[tert-

butyl(dimethyl)silylJoxy}-3-(4-fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-y1}-3'-
hydroxybiphenyl-4-yl)phosphonate (J2)
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2-one
(I1)(3i?,45)-4-(4-Brono- 2-[ benzyl oxy] phenyl )-3-[(3,S) -
wG-2pdeigthIdXy] - 3- (4- PCT/US2006/020226
fl uor ophenyl ) propyl ]-1-phenyl azeti di n-2-one (70.0 g,
124.9 mol ) was dissolved in dinethyl formam de (90
m.) and fert-butyl (dinethyl)silyl chloride (22.2 g,
147.4 mmol ) and imdazole (10.6 g, 156.1 mmol) were
added in succession at roomtegnperature under a
ni trogen at nosphere. The sol on was heated at 50 C
for 19 h, then cooled to roo gnperature and dil uted
with ethyl acetate-hexane and nj xed with water. The
| ayers were separated, the Qtgatic_bayer was washed
with water, brine and dried sodi um sul fate. The
solution was filtered and sol vent was renoved by
rotary evaporatigon updes-Ted

pressure to afford a
white foam The &\ud
filtration througtR’Si

ca gel a

acet at e- hexane ﬂo fford /S'i\
(3i ?,45)-4-(4-Dbrono- 2-[ benzyl ox/v,f\r henyl )F- 3-[(35)-3-{[
er -

butyl (di met hyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-I-
phenyl azeti di n-2-one (83.4 g, 99%yield) as a white
foam 1H NWR (300 MHz, CDCI3) d 7.00-7.50 (m 16H),

949 (oo BT o SR 2 101 2
[(aSB}{Etafct:buyyledil@sef&lyl)sim]om} -3t(yfluopoggnylopropyli-410x0p1-3
plll_&ylalzggdin-%-ﬁ}ﬂ‘ipﬁer‘ﬁ%—yl)phosphonate was stirred at room temperature in
dry methanol (20 mL) under a nitrogen atmosphere. Potassium fluoride (0.84 g, 14.4
mmol) was added and the reaction mixture was stirred for 1 h at room temperature.
The solution was poured into ethyl acetate and washed successively with water (3x),
and brine. The organic solution was dried over sodium sulfate, filtered and the
solvent was removed by rotary evaporation under reduced pressure. The product was
purified by chromatography over silica gel using ethyl acetate-hexane (gradient: 40%
ethyl acetate to 100%) to afford dimethyl (4'-{(2S,3R)-3-[(3S5)-3-{[tert-
butyl(dimethyl)silylJoxy}-3-(4-fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-yl}-3'-
hydroxybiphenyl-4-yl)phosphonate (3.10 g, 62% yield overall for two steps) as a
white foam; "H NMR (300 MHz, CDCls) & 9.36 (br s, 1H), 7.86 (dd, J=13.1, 8.6 Hz,
2H), 7.60 (dd, J = 8.6, 4.1 Hz, 2H), 7.20-7.40 (m, 7H), 6.92-7.06 (m, 5H), 5.12 (d, J=
2.4 Hz, 1H), 4.68 (dd, J=5.9, 4.2 Hz, 1H), 3.83 (d, /J=11.4 Hz, 3H), 3.73 (d, J =
11.3 Hz, 3H), 3.07-3.15 (m, 1H), 1.8-2.0 (m, 4H), 0.88 (s, 9H), 0.28 (s, 3H), -0.15 (s,
3H) ppm

[0087]  Step 9. Preparation of (4'-{(2S,3R)-3-[(3S5)-3-(4-fluorophenyl)-3-
hydroxypropyl]-4-oxo-1-phenylazetidin-2-yl}-3'-hydroxybiphenyl-4-yl)phosphonic
acid (4-BPA)
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4H), 0.82 (s, 9H), 0.00 (s, 3H), -0.04 (s, 3H ppm

[0089] Step Alt-8. Preparation of dinethyl
wO20os[iberezyl oxy] -4' - {(25,3i?)-3-[(31S)-3- {[ PCT/US2006/020226

ert-butyl (di methyl)silyl]oxy}-3-(4-fluorophenyl) propyl

] - 4- oxo- | - phenyl azeti di n- 2-

yl } bi phenyl - 4-yl ) phosphonat e

g;z%(?}?,45)-4-(4-Bronn-2-[benzy|oxy]phenyl)-3-[(3

- - r -

butyl (di met hyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-I-

phenyl azeti dm 2-one (60 y, 88.9 mmol ), dinethyl

[4-(4,4,5,5-tetranet hyl 8, 2- ¢ oxabor ol an- 2-

yl ) phenyl ] phosphonat e 108.9 mmol ) and aqueous

2 M pot assi um car bonat 184 mmol) were m xed

in ethanol (150 nlL) and aik The sol ution

was deoxygenated by bub Yol pugh t he

mxture for 1 h while_ g ring. HO

Tetr aki s(tri phepy! .@. ne) pal | adi um(0) (5.0 g, 4.3

mol ) was added udgt4e reaction was heated for 4.5 h

at 75 0C under anPat nosphere of nitrogen. The reaction

was cooled to Rgbﬂnperature and the |ayers were

separated. The organi c phase was washed with water and

t he conbi ned_aqueq

Aot e bnt o or phase g punfaeee b e
SRR S e T e e L

yBphlosphonate (0.26 g, 0.38 mmol) in dry dichloromethane (5 mL) under nitrogen

was cooled in ice and bromotrimethylsilane (0.30 mL, 2.27 mmol) was drop-wise
over 3 min. The reaction mixture was stirred at room temperature for 1 h, then
methanol (1 mL) was added and the reaction was partitioned between water and ethyl
acetate. The organic solution was washed successively with water (3x) and brine.
The organic solution was dried over sodium sulfate, filtered and the solvent was
removed by rotary evaporation under reduced pressure. The residue was purified by
reverse-phase HPLC (Polaris C18-A 10 250 x 21.2 mm column, 30% to 59%
acetonitrile-0.1% trifluoroacetic acid in water) to afford (4'-{(2S,3R)-3-[(35)-3-(4-
fluorophenyl)-3-hydroxypropyl]-4-oxo-1-phenylazetidin-2-yl}-3 '-hydroxybiphenyl-4-
yl)phosphonic acid (0.117 g, 56% yield) as a white powder; 'H NMR (300 MHz,
CD;0D) 8 7.8 (dd, J=8.0, 13.0 Hz, 1H), 7.68 (dd, J=3.2, 8.0 Hz, 1H), 6.9-7.4 (m,
14H), 5.17 (d, J=2.1 Hz, 1H), 4.60-4.66 (m, 1H), 3.13-3.22 (m, 1H), 1.8-2.1 (m, 4H)
ppm.

Alternate Steps 7-9 for 4-BPA. (Shown in Scheme 5)

[0088]  Step Alt-7. Preparation of (3R,4S)-4-(4-Bromo-2-[benzyloxy]phenyl)-3-
[(35)-3-{[tert-butyl(dimethyl)silyl]oxy} -3-(4-fluorophenyl)propyl]-1 -phenylazetidin-
2-one (I1)
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t he product was eluted off using a gradient of ethyl
acetate/ hexane (1:9, 1:3, 1:1, 3:1) to give dinethyl

wQ2006f1hesezyl oxy] -4' -{(25',3i?)-3-[(35)-3-{[ r PCT/US2006/020226
butyl (di met hyl )silyl]oxy}-3-(4-fluorophenyl)propyl]-4-
oxo- | - phenyl azeti di n-2- vyl }bi phenyl -4-yl)phos rhonate
(61.8 g, 89%yield) as a tan foam 1H NVR (300 MHz,

cbA3) d 7.85 (dd, J = 13.1, 8.5 Hz, 2H), 7.60 (dd, J
8.6, 3.9 Hz, 2H), 7.00-7,45 (m 16FD, 6.90 1, J 8.8
Hz, IH), 5. 24 (d, J = Hz, 2H), 5.17 (d, J = 11.2
Hz, IH), 5.10 (d, J =23 , Id), 4.55 (dd, J = 5.6,
5.1 Hz, IH), 3.80s~3H,n3477 (s, 3H), 3.07 (dt, J =
7.0, 2.4 Hz, |H) 7531. 'm 4H), 0.83 (s, 9H),
-0.03 (s, 3H), - ( H 7 [ 0] Step Alt-09.
Preparati on of dinethy '-[Wp {(25, 3
)-3-[(3.9)-3-{[ er

t- butyl(dlnetllyI)S|IyI]oxy} 3- (g.fluorophenyl)propyl]
- 4- ox0- | - phenyl azeti di n- 2-
yl } bi phenyl - 4-yl ) phosphonat e (I34>E;nethyl

R a5t PR enr PaRy PR D B i drdihs-(a-
ﬂﬁlbfﬂf)h@t%h;?)g UK ﬁﬂlaﬁeﬁ@fﬁoz 'onepgfﬁrlyé "Jléﬂtg Igiﬂ&l)zwé’é &15%‘0%@ in

| -4-yl)yphdsphonat'e was di ssol ved
dimetRgidfopnanided®®anig Ianq mt}buﬂyL(yhnnemh}d)sFiybdéQm@ (2egsyl14ae

n{rgfglwa}lilr}g@é?og? ]lf:[)oq1 g eﬁéulr m&o%fwelrg %{%&a& 1|n%gcc%g§18nn atcrggr?lo n,
temperature under a nitrogen atmosphere. The solution was heated at 50° C for 19 h,
then cooled to room temperature and diluted with ethyl acetate-hexane and mixed
with water. The layers were separated, the organic layer was washed with water,
brine and dried over sodium sulfate. The solution was filtered and the solvent was
removed by rotary evaporation under reduced pressure to afford a white foam. The
crude product was purified via pad filtration through silica gel and eluted with ethyl
acetate-hexane to afford (3R,4S5)-4-(4-bromo-2-[benzyloxy|phenyl)-3-[(35)-3-{[tert-
butyl(dimethyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-1-phenylazetidin-2-one (83.4 g,
99% vyield) as a white foam; "H NMR (300 MHz, CDCl3) & 7.00-7.50 (m, 16H), 6.90
(t, /= 8.7 Hz, 1H), 5.13 (d, /= 11.6 Hz, 2H), 5.06 (d, /= 11.6 Hz, 1H), 4.98 (d, /=
2.4 Hz, 1H), 4.52 (dd, J=5.4, 5.1 Hz, 1H), 2.99 (dt J=7.1, 2.3 Hz, 1H), 1.7-1.9 (m,
4H), 0.82 (s, 9H), 0.00 (s, 3H), -0.04 (s, 3H) ppm.

[0089] Step Alt-8. Preparation of dimethyl (3'-[benzyloxy]-4'-{(2S,3R)-3-[(35)-3-

{[tert-butyl(dimethyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-
yl}biphenyl-4-yl)phosphonate (12)
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52.76% was added and hydrogen was bubbl ed through the
solution for 5 mn. The vessel was seal ed and

weaho@rinawel y pressurized with hydrogen gas (12prgsius2@6d20226
evacuated (3x). A pressure of 12 psi hydrogen gas was
mai nt ai ned overni ght while the reaction m xture was
rapidly stirred. The m xture was filtered through
Celite(r) and the solvent was renoved by rotary
evaporation under reduced pressure to |eave di nethyl
(32-[hydroxy]-4 I-{(2, s,@(-s-[(ss)-s-{[
ert-butyl (di nmethyl)silyl }-34-
f 1 uor ophenyl ) propy 60 | Npifenyl azet i di
nyl - 4-yl ) phosphon @ 4718 g+—99% y| el d) a
foam 1H NMR (300 ™o

U)S

(dd, J = 13.1, 8.6 He,

2H), 7.20-7.40 (m

2.4 Hz, IH), 4.68 (§ = 5.9, 48 Hz,, IH, 3.83 (d,
J = 11.4 Hz, 3H N3 (d, :M/MIZ’ 3H), 3.07-3.15
(m IH, 1.8-2.0/(/'?n\4l—|) 0.88 (s , 0.28 (s, 3H),
-0.15 (s, 3H) ppth [©®Q91] Step Alt-10. Preparation of
(41- {(25,3i7?)-3-[(35)-3-(4-Fl uorophenyl) - 3-

hydr oxypr opyl ] - 4- oxo- 1-phenyl azetidi n-2-yl}

R R e e R T TR
b@)’l(él-n{le{thylbsﬂylj uxy}l 3-d#-Hptophryl)pydr v y})haq(lalz,etldlnd one (60.0 g,
88.9 mmol), dimethyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)phenyl]phosphonate (34.0 g, 108.9 mmol) and aqueous 2 M potassium carbonate
(92 mL, 184 mmol) were mixed in ethanol (150 mL) and toluene (450 mL). The
solution was deoxygenated by bubbling nitrogen through the mixture for 1 h while
stirring. Tetrakis(triphenylphosphine)palladium(0) (5.0 g, 4.3 mmol) was added and
the reaction was heated for 4.5 h at 75 °C under an atmosphere of nitrogen. The
reaction was cooled to room temperature and the layers were separated. The organic
phase was washed with water and the combined aqueous phases were extracted with
ethyl acetate. The combined organic phases were concentrated by rotary evaporation
under reduced pressure. The residue was adsorbed onto a thick pad of silica gel and
the product was eluted off using a gradient of ethyl acetate/hexane (1:9, 1:3, 1:1, 3:1)
to give dimethyl (3'-[benzyloxy]-4'-{(2S,3R)-3-[(3S5)-3- {[tert-
butyl(dimethyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-
yl}biphenyl-4-yl)phosphonate (61.8 g, 89% yield) as a tan foam; '"H NMR (300 MHz,
CDCI3) § 7.85 (dd, J = 13.1, 8.5 Hz, 2H), 7.60 (dd, J= 8.6, 3.9 Hz, 2H), 7.00-7.45 (m,
16H), 6.90 t, J= 8.8 Hz, 1H), 5.24 (d, /= 11.2 Hz, 2H), 5.17 (d, J=11.2 Hz, 1H),
5.10 (d, J=2.3 Hz, 1H), 4.55 (dd, J= 5.6, 5.1 Hz, 1H), 3.80 (s, 3H), 3.77 (s, 3H),
3.07 (dt, J=17.0, 2.4 Hz, 1H), 1.75-1.92 (m, 4H), 0.83 (s, 9H), -0.03 (s, 3H), -0.19 (s,
3H) ppm.

[0090]  Step Alt-9. Preparation of dimethyl (3'-[hydroxy]-4'-{(2S,3R)-3-[(35)-3-
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fl uorophenyl ) propyl ] -4-oxo-1-phenyl azeti di n- 2-yl } bi phe

nyl - 4-yl ) phosphonate (8.95 g, 13.0 mmol) in dry
waoizedsliarsoset hane (60 nl) under nitrogen was coBLEMSRV6/020226

ice and bronotrinethylsilane (10.0 nL, 75.8 nmol) was

added drop-wi se over 3 mn. The reaction m xture was

stirred at roomtenperature for 1 h, and concentrated

to dryness by rotary evaporation under reduced

pressure to |l eave a white foam ( 11.8 %@ Thi s residue

®

{Merg-butypidithgthyDsilyl jodly } -8~ (étmxpropéaeexlmrepxl xatl-phenylazetidin-2-
2 d the |
By s Bl Dhace was wached wi th vt er

(4x) and concentrated t ryness by rotary evaporation
to give a white foam ( ). A2.5 g portion of this
foamwas purified by re Hase HPLC (Dynamax
conpressi on nodul e, PoHar Cl8-A 1 Om 250 x 41.4
nm col unmm, gradi ent runping ffom 35%to 60%

met hanol -water) to aff
(4'-{(26",3i?)-3-[(36)
hydroxypropyl] 4- o -phenylaze ldln 2- yI} 3' - hydr oxy

bi phenyl - 4- yI)pCPRs ofi ¢ acid (¥¥5 g, which would
represent 504gm‘ the entire ial was purified,
71%vyield) as a \i\c;e powder; 1H NMR (300 MHz, CD3QD)

d 7.8 (dd, J = T3.0 Hz, IH 5 7.68 (dd, J = 3.2,
8.0 Hz, IH), 6.9- 7 4 (m 14H), 5.17 (d, J 2.1 Hz, | H),
Dambfdyl (3'-[benzyloxy]-4'-{(2S,3R)-3-[(35)-3- {[tert-butyl(dimethyl)silylJoxy}-3-(4-

fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-yl} biphenyl-4-yl)phosphonate (55.4

g, 70.1 mmol) was dissolved in 200-proof ethanol (100 mL) in a pressure vessel at
room temperature. A slurry of 10% palladium on carbon, (12.0 g, water content:
52.76%) was added and hydrogen was bubbled through the solution for 5 min. The
vessel was sealed and alternately pressurized with hydrogen gas (12 psi) and
evacuated (3x). A pressure of 12 psi hydrogen gas was maintained overnight while the
reaction mixture was rapidly stirred. The mixture was filtered through Celite® and the
solvent was removed by rotary evaporation under reduced pressure to leave dimethyl
(3'-[hydroxy]-4'-{(2S,3R)-3-[(3S)-3- {[tert-butyl(dimethyl)silylJoxy}-3-(4-
fluorophenyl)propyl]-4-oxo-1-phenylazetidin-2-yl } biphenyl-4-yl)phosphonate (47.8
g, 99% vyield) as a white foam; 'H NMR (300 MHz, CDCl;3) & 9.36 (br s, 1H), 7.86
(dd, J=13.1, 8.6 Hz, 2H), 7.60 (dd, /= 8.6, 4.1 Hz, 2H), 7.20-7.40 (m, 7H), 6.92-
7.06 (m, 5H), 5.12 (d, J= 2.4 Hz, 1H), 4.68 (dd, /=15.9, 4.2 Hz, 1H), 3.83 (d, /=
11.4 Hz, 3H), 3.73 (d, J = 11.3 Hz, 3H), 3.07-3.15 (m, 1H), 1.8-2.0 (m, 4H), 0.88 (s,
9H), 0.28 (s, 3H), -0.15 (s, 3H) ppm.

[0091]  Step Alt-10. Preparation of (4'-{(2S,3R)-3-[(35)-3-(4-Fluorophenyl)-3-
hydroxypropyl]-4-oxo-1-phenylazetidin-2-yl}-3'-hydroxybiphenyl-4-yl)phosphonic

acid (4-BPA)

-62 -



4.66 (m IH), 3.13-3.22 (m IH, 1.8-2.1 (m 4H) ppm

Alternative synthetic route to 4-BPA (Shown in Schene
wWo2006f1ad2] Step 7-1 . Preparation of PCT/US2006/020226

(3'-(benzyloxy)-4"- {(25,3i7?)-3-[(36)-3-(4-

fl uorophenyl) - 3- hydr oxypr opyl ] - 4- oxo-| - phenyl azeti di n-

2-yl } bi phenyl -4- vyl ) phosphonic acid (H).A 500-nL

t hree- necked flask was charged with

(3i?,45)-4-[2-(benzyl oxy) - 4-

br omophenyl ]-3-[(3>S5)-3 f | uor ophenyl ) - 3- hydr oxypr op

yl]-1-phenyl azeti di n-2-38 (30.(9 g, 53.5 mmol),

[4-(4, 4, 555- tetrarrethyl-l di oxabor ol an- 2-

yl ) phenyl ] phosphoni ¢ adl® (16J0 g, 56.3 nmol) and

degassed 200- proof et hapC 8 The m xture

was warnmed to 45 Cto ¢ e a frye W-gg slurry.

Pot assi um phosphat e - T7g, 169006 s was di ssol ved

i n degassed wat , 45 M with heating and

added to the reacti flask, trans-

Bi s(tri phenyl phosphi ne) pal | adi um(ll) dichloride (1.88

g, 2.68 mmuol) adged as a slurry in 200- proof

PRy B T Bt -5

ﬂhﬂfo@héﬂp@)pﬁ@dyll[[—ll-@ﬂo-fl%hei@laﬂﬂtﬂlﬁ 0. ﬂ}bﬁﬂi@%zt%}pﬁ@gphoﬂts (8.95

solution turned a rusty col or after 10 m n ‘upon
gr Ene iie)) Fpdny digidoropsthane (60 mL) under nitrogen was cooled in ice and

bromotrimethylsilane (10.0 mL, 75.8 mmol) was added drop-wise over 3 min. The

reaction mixture was stirred at room temperature for 1 h, and concentrated to dryness
by rotary evaporation under reduced pressure to leave a white foam (11.8 g). This
residue was rapidly stirred in ethyl acetate (100 mL) and water (20 mL) for 20 min,
and the layers were separated. The organic phase was washed with water (4x) and
concentrated to dryness by rotary evaporation to give a white foam (8.7 g). A25g
portion of this foam was purified by reverse-phase HPLC (Dynamax compression
module, Polaris 10 C18-A 10 250 x 41.4 mm column, gradient running from 35% to
60% methanol-water) to afford (4'-{(2S,3R)-3-[(35)-3-(4-fluorophenyl)-3-
hydroxypropyl]-4-oxo-1-phenylazetidin-2-y1}-3'-hydroxybiphenyl-4-yl)phosphonic
acid (1.45 g, which would represent 5.04 g if the entire material was purified, 71%
yield) as a white powder; "H NMR (300 MHz, CD;0D) & 7.8 (dd, J= 8.0, 13.0 Hz,
1H), 7.68 (dd, J=3.2, 8.0 Hz, 1H), 6.9-7.4 (m, 14H), 5.17 (d, J=2.1 Hz, 1H), 4.60-
4.66 (m, 1H), 3.13-3.22 (m, 1H), 1.8-2.1 (m, 4H) ppm.

Alternative synthetic route to 4-BPA (Shown in Scheme 7).

[0092]  Step 7-1. Preparation of (3'-(benzyloxy)-4'-{(2S,3R)-3-[(35)-3-(4-
fluorophenyl)-3-hydroxypropyl]-4-oxo-1-phenylazetidin-2-y1} biphenyl-4-
yl)phosphonic acid (H1).
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m xture was heated to 80 OC which turns the sol ution
honogeneous and dark brown. The reaction was stirred

woaooc22fs9at 80 C, cooled to 35 0C, quenched w POTAIS2008020226
aqueous hydrochloric acid (300 nL) and ethyl acetate
(150 nm.), filtered through Celite(r), and washed with
ethyl acetate (150 nL). The m xture was agitated, the
| ayers were separated and the organic | ayer was washed
with 0.05 N aqueous hydrochloric acid (300 nmL). The
aqueous | ayers were bac tracted sequentially with
ethyl acetate (300 nlL) the gl ear dark brown
organi c |layers were caonbi neg—anhd partially
concentrated to 3 >
but also to reno
Di cycl ohexyl am ne
the ethyl acetate sol U %
phosphonate salt. m xture mas stirred vigorously
whil e warm ng {Q 60 for 30 mn, filtered warm and
the filter cake‘mﬁs\mashed W th marn1ethy| acetate (2
X 100 nL). Air apd ¥dtuum dried toafford
(31- (benzyloxy)-4 -{(2 1

Asﬁw)mBi@t(eaﬁl)eclead(ﬂBSK was chpbehyith (3R, H&)ﬂ%ﬁ&*ﬂpﬁn@wpk}'}@

iR SRS PR PABRIEARR e

(330 (eg B3. Pl [£Y4,8]3; i@&aﬁl@i ?I -eg, zl HioRAboy6llah-B- HPLC Rr
m n;, HPLC purlt 235 0C gdec

ylmpqnyljgl@psphqmc agid .0 g, 56 3 m:mol) anci degassed 200-prodf ethanol (54

mL, 1.0 M). The mixture was warmed to 45 °C to create a free-flowing slurry.

Potassium phosphate (34.1 g, 160.6 mmol) was dissolved in degassed water (36 mL,
4.5 M) with heating and added to the reaction flask. #rans-
Bis(triphenylphosphine)palladium(Il) dichloride (1.88 g, 2.68 mmol) was added as a
slurry in 200-proof ethanol (2 x 9 mL) and the mixture was stirred at 45 °C while
degassing with nitrogen gas bubbled directly into the solution for 10 min to displace
oxygen. The solution turned a rusty color after 10 min upon reaching 72 °C and the
mixture was heated to 80 °C which turns the solution homogeneous and dark brown.
The reaction was stirred for 2 h at 80 °C, cooled to 35 °C, quenched with 2.5 N
aqueous hydrochloric acid (300 mL) and ethyl acetate (150 mL), filtered through
Celite®, and washed with ethyl acetate (150 mL). The mixture was agitated, the
layers were separated and the organic layer was washed with 0.05 N aqueous
hydrochloric acid (300 mL). The aqueous layers were back-extracted sequentially
with ethyl acetate (300 mL) and the clear dark brown organic layers were combined
and partially concentrated to 300 mL to reduce the volume of solvent but also to
remove residual hydrochloric acid. Dicyclohexylamine (11.4 mL, 57.2 mmol) was
added to the ethyl acetate solution to precipitate the phosphonate salt. The mixture
was stirred vigorously while warming to 60 °C for 30 min, filtered warm and the filter

cake was washed with warm ethyl acetate (2 x 100 mL). Air and vacuum dried to
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7.86 (dd, J = 12.2, 8.1 Hz, 2H), 7.59 (dd, J = 8.3,
2.8 Hz5 2H), 7.45-7.32 (m 5H), 7.28-7.18 (m 8H)5
W6.20812792 (m IH), 6.98 (t, J = 8.7 Hz, 2H), BCRASE@E/020226
J 11.9 Hz, IH), 5.22 (d, J = 11.9 Hz, IH, 5.16 (d,
J =23 Hz, IH, 4.55-4.51 (m |H, 3.22-3.13 (m 3H)
208203(m 4H), 1.91-1.82 (m 8H), 1.75-1.69 (M
1. 45 .15 (m 10H) ppm LRVS [ M OH + = 620. 6.

0093] (Benzylox ) - é¥2 1S, 3i ?)-3-[ (3
&9@(3 6@&3@@?}6%&(‘%& )S‘i -Hy bk%fﬂnombh?nyl) 3-hydroxypropyl]-4-

R s L R R L S
g oo k% “?:ysé;f%“ﬁlz%?%?iﬁ?% R

6\Benim; HiPE€purith €019 X¥otimep.\R8S °€t(desd)e \NJMRr(GOG M, <ITD3I)D) 3
h Celi d washed with eth

7868l ?2@88‘1 nife SHRY 150 £, e e S S5t (Rt

7RBIRM (i, YET R0V GRNEG, Wb [, TP M SHE AU (4 J= 1191

THBr5e2 Dol@c ¥ =elt @ EZI Hﬂ), 's'el@(é,nf* al3l §z, WIH)h4 éﬁhl_yﬁl (am:,elﬂrﬁt 222-3.13
r n

Oﬁéﬁ% Wa’? Qﬁ(t RS R iV s oL SERS

)”1%;‘1@ MiOHT' = @ted with decol orizing charcoal
g) and Celite(r)(4.0 g), warned to 50 C for 30

\U

m n, cool ed
[0093] (3'-(Benzyloxy)-4"-{(2S,3R)-3-[(35)-3-(4-fluorophenyl)-3-hydroxypropyl]-
4-ox0-1-phenylazetidin-2-yl} biphenyl-4-yl)phosphonic acid dicyclohexylammonium
salt (39.5 g, 48.2 mmol) was suspended in methanol (30 mL), 1.0 N aqueous
hydrochloric acid (300 mL) and ethyl acetate (200 mL) were added. The mixture was
stirred vigorously for 10 min, filtered through Celite®, and washed with ethyl acetate
(100 mL). The layers were separated and the organic layer was washed with 0.05 N
aqueous hydrochloric acid (2 x 200 mL). The aqueous layers were back-extracted
sequentially with ethyl acetate (150 mL) and the organic layers were combined and
concentrated. The material was dissolved in 200-proof ethanol (120 mL), treated with
decolorizing charcoal (4.0 g) and Celite® (4.0 g), warmed to 50 °C for 30 min, cooled
to room temperature, filtered through Celite®, washed with 200-proof ethanol (120
ml), and concentrated to afford (3'-(benzyloxy)-4'-{(2S,3R)-3-[(3S5)-3-(4-
fluorophenyl)-3-hydroxypropyl]-4-oxo-1-phenylazetidin-2-yl } biphenyl-4-
yl)phosphonic acid (H1) (~35.0 g, >100% yield due to trapped solvent) as a pale dark
yellow-green foam which is used directly without further purification into the
hydrogenolysis; HPLC Ry 6.7 min; "H NMR (300 MHz, CD3;0D) & 7.85 (dd, J =
12.7, 7.9 Hz, 2H), 7.68 (d, /= 7.1 Hz, 2H), 7.45-7.33 (m, 5H), 7.26-7.16 (m, 9H),
7.06-7.00 (m, 1H), 6.97 (t, J= 8.7 Hz, 2H), 5.28 (d, /= 12.2 Hz, 1H), 5.21 (d, J=
12.2 Hz, 1H), 5.15 (d, J=2.0 Hz, 1H), 4.54-4.51 (m, 1H), 3.18-3.12 (m, 1H), 1.96-~
1.80 (m, 4H) ppm.
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to roomtenperature, filtered through Celite(r),
washed with 200-proof ethanol (120 nlL), and
woanmentgat ed to afford (3'-(benzyl oxy)-4'-{(2BCT/US2006/020226

r,3i?)-3-[(35)-3-(4-
fl uorophenyl) - 3- hydr oxypr opyl ] - 4- oxo-| - phenyl azeti di n-
2-yl } bi phenyl -4- vyl ) phosphonic acid (H) (-35.0 g,

>100% yi el d due to trapped solvent) as a pale dark

el | ow-green foamwhich is used directly w thout

(90941 he StenuT-2f Prspatation pHifdd {&Mémwﬁébgehg-ﬁﬁgmphmﬂ)gﬁg
7.0n; N 00 : . = 12. 7 .
g RO R 8 kil et

abid)(4-BRAH-7.16 (m 9H), 7.06-7.00 (m IH, 6.97 (t, J
=8.7 H, 2H), 5.28 (d, J.=12.2 Hz, IH), 5.21 (d, J =
12.2 Hz, IH), 5.15 (d, 2.0 Hz, IH), 4.54-4.51 (m
IH, 3.18-3.12 (m IH, 06- H 80 (m 4H) ppm [ 0094]
Step 7-2. Preparation (4%
{(25,3i?)-3-[(35)-3-(4-1 uo

henyl ) - 3-

hydr oxypr opyl ] - 4- oxo- nylazeti dj=a.2-yl }
- 3' - hydr oxybi phenyl - 4-y osphonj g—£4- BPA) A
400- mL hydrogenatio essure fHask charged with

(3" - (benzyl oxy) - 4'
{(25',31?)-3-[ ([B5 4-f 1 uor ophenyl) - 3- hydr oxypr opyl ]
-4-0xo-|-rheny|é§%$i m 2- yl } bi phenyl - 4-yl ) phosphoni c
acid (H) (9.2 ggo 14.4 mmol) in 200-proof ethanol (72
A 400-mL hydrogenation pressure flask was charged with (3'-(benzyloxy)-4'-
{(28,3R)-3-[(35)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-oxo-1-phenylazetidin-2-
yl}biphenyl-4-yl)phosphonic acid (H1) (9.2 g, 14.4 mmol) in 200-proof ethanol (72
mL; 0.2 M). Wet 10% palladium on carbon (57.76 % water by weight, 3.63 g, 1.44
mmol Pd) was added as a solid, the flask was pressurized to 14 psi with hydrogen gas
and purged (10 cycles) and the black solution was stirred vigorously at 14 psi. The
reaction was complete after 30 h, the pressure was released and the solution was
purged with nitrogen gas for 15 min. The mixture was filtered through Celite® under
a blanket of nitrogen gas, washed with warm (60 °C) 200-proof ethanol (100 mL}), and
concentrated in vacuo to afford (4'-{(2S5,3R)-3-[(3S5)-3-(4-fluorophenyl)-3-
hydroxypropyl]-4-oxo-1-phenylazetidin-2-y1}-3'-hydroxybiphenyl-4-yl)phosphonic
acid (4-BPA) (7.1 g, 90%yield) as an off white hard foam; HPLC Ry 5.0 min; HPLC
purity 94.3 A%.

Synthesis of other Intermediates

[0095]  Preparation of (3R,4S)-3-[(35)-3-{[tert-butyl(dimethyDsilyl]oxy}-3-(4-
fluorophenyl)propyl]-4-[2-{[tert-butyl(dimethyl)silyljoxy}-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl]-1-phenylazetidin-2-one
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m; 0.2 M. Wet 10% pal | adi um on carbon (57.76 % wat er
by weight, 3.63 g, 1.44 mmol Pd) was added as a solid,
woOheosfikz®B was pressurized to 14 psi w th hydr egemnsg®s/020226
and purged (10 cycles) and the bl ack sol uti on was
stirred vigorously at 14 psi. The reaction was
conplete after 30 h, the pressure was rel eased and the
solution was purged with nitrogen gas for 15 mn. The
m xture was filtered through Celite(r) under a bl anket
of nitrogen gas, mashesfﬁ»th warm (60 0C) 200- proof
et hanol (100 nli), *entrat ed in vacuo to afford
(4 -{(2,3i?)- 3[( n
hydr oxypr opyl ] -4-
-3'-hydroxybipheny| 4- p
g, 90%ield) as an off td hard f
mn; HPLC purity 94, 3 A%  Synthghi
I nt ermedi ates [ 009 BPreparatlon of
(3i7?,45)-3-[ (3, AQtert- butyV? nEthyI)S|IyI]oxy} 3
-(4- fluorophenyl)propyl]-4-[2-{
-butyl(dinEthyI)siIyI]oxy}-4-(4,4,5,5-tetranethy|I,
3, 2- di oxabor ol an- 2-yl ) phenyl ] -| - phenyl azeti di n-2- one(3
| 2,45)-4- (4-Brono-2-{[/e; X
GE, 63} én(‘& -Hrerpedy tyer-pyiyl(matbdsHyllox i rhemd) 3 4CS) ettt
bﬁ{ﬂn%i%mhethafl)sﬂyl]oxy} -3 (4 ﬂug pfhe%?%‘%q%}elkl p)hglg}g%z;:t 111 2 oPle ﬁO 42 g,
Oatingl)rvd-dosselvied lmdloga.ne (15 mL) in a sealed tube.

Bis(pinacolato)diboron (0.17 g, 0.66 mmol), potassium acetate (0.18g, 1.83 mmol),

adphoni ¢ aC|d (4- BPA) (7 1

and dichloro[1 ,I’-bis(diphenylphosphino)ferrocene] palladium(II) dichloromethane
adduct (14.6 mg, 0.018 mmol) were added and the reaction was degassed with argon
and heated to 85 °C for 24 h. The mixture was cooled to room temperature diluted
with 50 mL of 1:1 ethyl acetate-hexane, washed with 100 mL of 0.1 N hydrochloric
acid and 2 x 100 mL of brine. The organic layers were collected, partially
concentrated to half the volume, filtered through 10 g of silica gel, washed with 50
mL of ethyl acetate and concentrated in vacuo to afford (3R,4S)-3-[(35)-3-{[tert-
butyl(dimethyl)silyl]oxy}-3-(4-fluorophenyl)propyl]-4-[2-{[ ter?-
butyl(dimethyl)silylJoxy}-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-
phenylazetidin-2-one; 'H NMR (300 MHz, CDCls) & 7.35-7.18 (m, 9H), 7.02-6.96
(m, 1H), 6.95 (t, J= 8.7 Hz, 2H), 5.11 (d, /= 2.3 Hz, 1H), 4.63 (t, J= 5.6 Hz, 1H),
3.06 (dt, J=17.4,2.3 Hz, 1H), 1.96-1.79 (m, 4H), 1.31 (br s, 12H), 1.05 (s, 9H), 0.86
(s, 9H), 0.35 (s, 3H), 0.32 (s, 3H), 0.00 (s, 3H), -0.20 (s, 3H) ppm.

[0096]  Preparation of diethyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl] phosphonate.
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0.60 mmol ) was dissolved in dioxane (15 niL) in a

seal ed tube. Bi s(pinacol ato)di boron (0.17 g, 0.66
wonme) 127998t assi um acetate (0.18g, 1.83 mmol), &0WUS2006/020226

di chloro[l,| -bis(diphenyl phosphino)ferrocene]

pal I adi um(11) dichl oromet hane adduct (14.6 ng, 0.018

mol ) were added and the reaction was degassed with

argon and heated to 85 OC for 24 h. The m xture was

cooled to roomtenperature diluted with 50 nL of 1:1

et hyl acet at e- hexang, washed with 100 nL of 0.1 N

hydrochl oric acid/a x 100 nmL of brine. The organic

| ayers were collepﬁgd partially concentrated to half

the volume, filter&d through 10 g of silica ge

washed with 50 nL af ethyl acetate and concentrated in

vacuo to afford 1S)-3-[(39)-3-{[tertbutyl(

dimethyl)silyl] a -3-(4-fluorophenyl)propyl] -4-[2-

{[ erl-

but yl (di met hyl 0+ L]oxy} 4-(4,4,5,5-tetramethyl -1, 3, 2
- di oxabor ol an- 2g )pﬁbnyl]-lphenylazet|d|n- 2-one;
1IHNVR (300 MHz, CDCI3) d 7.35-7.18 (m 9H), 7.02-6.96
Ther{Grigpprd reagsst @qnveg ﬁaengthxa r¢getion pf magnesium g@d pFa2, 3 Hz,

d,lqggm?l?%nzerf i§ %eafteg 1%% ch}_%r'og%)sgg?tg g&toi%lpé td ﬁl%ﬁg?egme
oBElder @t 86[ /% L) 2063 35] 4791830 to @vddieths] 43H), 0. 00

(s, 3H), -0.20 gs BFD ppm
bromophenylphosphonate. Conversion of diethyl 4-bromophenylphosphonate to the

corresponding pinacol boronate ester is accomplished by reaction with
bis(pinicolato)diboron under the influence of palladium catalysis, essentially
according to the procedure of Ishiyama et al. [J. Org. Chem. 1995, 60, 7508-7510].
(For additional references on the palladium catalyzed cross coupling see: A. Furstner,
G. Seidel Org. Lett. 2002, 4, 541-543 and T. Ishiyama, M. Murata, T. Ahiko, N.
Miyaura Org. Synth. 2000, 77, 176-185).

[0097]  Synthesis of dimethyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl]phosphonate (shown in Scheme 3b).

e OMe
NpLOMe

[0098]  Step 3b-1. Preparation of 4-Bromo-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzene (G1)
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[ 0096] Preparation of diethyl
[4-(4,4,5 5-tetranethyl -1 , 3, 2-di oxabor ol an- 2-
wol2y@herms] phosphonate. The Grignard reagent decrase06/020226
fromthe reaction of magnesi um and par adi br onobenzene
is reacted with diethyl chlorophosphate according to
the procedure of Edder et al. [Org. Lett. 2003, 5,
1879-1882] to give diethyl 4- bronophenyl phosphonat e.
Conversion of diethyl 4-bronophenyl phosphonate to the
correspondi ng pi nacol boronate er i s acconplished
by reaction with w(pinicol ato)di on under the
i nfluence of palladium cagalyBig, Nessentially
according to the proceduf Ishiyama et al. [J. Og.
Chem 1995, 60, 7508- BpI0R (For additional references

Rl FupH! b TR o RS 8 35 e oo
rﬂzlg hat Wten%ra%ﬂl&é.a‘i’ﬁlaca_l- (29831 950 Mmd¥) wasadie@agd tiRyddldtion

00, 77, 6-185). [0097] Synthesis of dinethyl
weg stiaedsfos 3 g at spqra tesapyature, Fhpsalveraneismaredby rotary

e‘é{pze)giﬂ@g%h g&lpégﬁ §?Fl,tsg%r(e %?&) Mniuﬂdéclﬁmac%% to [a(Pl%(lacg ]l-bromo-

repar

(434,8[50tlgﬁa1€1|éth§'1-B,BQrtgigkﬂﬁiﬁ@lmlﬂ-yl-yDb,eﬁzei’le (74.3 g, 105% yield) as an off-
| oxabor. ol an- 2- enzene (A )4-Bro enyl _bo [

WhHP aﬁe%tél%wgﬁ g SirRehy i thered a%%@%gpﬁ Wéé&bm% net)

5G¥%¥d, 7= 8.3 Hz, 2H), 7.50 (d, J= 8.3 Hz, 2H), 1.34 (5, 12H) ppm.

[0099]  Step 3b-2. Preparation of dimethyl[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]phosphonate (G2)

Crude 4-bromo-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene (74.3 g crude,
0.25 mol theory) was dissolved in toluene (300 mL, 0.82 M). To the solution was
added trimethyl phosphite (94.0 mL, 0.797 mol) via funnel and the reaction was
heated to 105 °C. A solution of 1,1'-azobis(cyclohexanecarbonitrile) (9.8 g, 0.04 mol)
and tris(trimethylsilyl) silane (97.2 mL, 0.315 mol) in toluene (200 mL) was added to
the flask drop-wise over 4.5 hours at a rate of 1 mL/minute. Toluene was removed by
distillation under vacuum, hexane (200 ml) was added and the reaction mixture was
stirred at ambient temperature for 12 hours, then in an ice-water bath for 2 hours. The
solid was filtered and washed with cold hexane (150 mL), air dried, then vacuum
dried to constant weight to afford dimethyl[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yhphenyl]phosphonate (46.0 g, 56% yield) as a light cream-colored crystalline
solid; mp 84.2 + 0.8 °C; Ry 0.29 (2:1 ethyl acetate-hexane); NMR purity >99 A%; 'H
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H L) at roomtenperature. Pinacol (29.5 g, 250 mmol)

was added and the solution was stirred for 3 h at room
woenpanasr e. The sol vent was renoved by rot ar PCT/US2006/020226

evapor ation under reduced pressure and then under high

vacuumto afford 4-brono-

(4,4,5,5-tetranmet hyl -1, 3, 2- di oxabor ol an- 2-yl ) benzene

(74.3 g, 105%vyield) as an offwhite solid that was

used directly in the next reaction; 1H NVR (300 MHz,
NSOA(3)0 MHz, 6919,5 D8%(R, =2, 494z, 22166.81ddd.)/ =18.238.2 Hz,

28 2 et 70 07 G e Ry R8T e S U a0 25

, 3, 2- di oxaborol an- 2-yl ) phenyl ] phosphonate (&) Crude
4-bronD-(4,4,5,5-;etranethy|-I,3,2-dioxaborp|an-2-yg2b
[0 8@In e Prepatagon of dinarshyl §3-£46450i- tetrhmsthy)- 1 dad digkalaaplpad-
A0t ol.uen 300 mL, 0.82 M. To the solution was added
Yf?élu‘e%bﬁ};‘ﬂsg%%gephite (94.0 ni, 0.797 mol) via funnel
and the reaction was heated to 5 0C. A solution of
|, r-azobi s(cycl ohexanecar boni 0}% (9.8 g, 0.04 nol)
and tris(trinmethylsilyl) silage 7.2 L, 0.315 nol)
in toluene (200 nmL.) was @ t% the flask dr op-w se
over 4.5 hours at a rate -1 nL/mnute. Tol uene was

renmoved by distillation unge® vacuum hexane (200 ml)
was added and the read‘tlé@ﬁ\lgiM)éture was

3-Chlorophenol (0.50 g, 3.89 mmol) was stirred at room temperature in dry
dichloromethane (20 mL) under a nitrogen atmosphere.
Phenylirifluoromethanesulfonimide (1.80 g, 5.0 mmol), triethylamine (0.90 mL, 6.4
mmol) and 4-dimethylaminopyridine (0.10 g, 0.8 mmol) were added in succession
and the reaction mixture was stirred 2 h at room temperature. The solution was
poured into 0.5 N hydrochloric acid (20 mL) and extracted with ethyl acetate. The
organic phase was washed successively with water, 10% aqueous sodium bicarbonate
and brine. The organic solution was dried over sodium sulfate, filtered and the
solvent was removed by rotary evaporation under reduced pressure. Pure 3-
chloropheny! trifluoromethanesulfonate was obtained as a colorless oil (0.92 g, 91%)
by chromatography over silica gel using ethyl acetate-hexane (gradient: 5% to 50%
ethyl acetate-hexane); 'H NMR (300 MHz, CDCl3) & 7.16-7.50 (m) ppm.

[00101] This reaction was performed using a PersonalChemistry™ microwave
instrument set at normal absorbance, fixed hold time and 30 sec pre-stirring. A 10-
mL reaction vial was charged with 3-chlorophenyl trifluoromethanesulfonate (0.60 g,
2.30 mmol), dimethyl phosphite (0.42 mL, 4.58 mmol) and triethylamine (0.64 mL,
4.59 mmol) in toluene (4 mL). Nitrogen was bubbled through the stirred solution for
5 min, the tetrakis(triphenylphosphine)palladium(0) (0.1 g) was added, the solution
was covered with a blanket of nitrogen and sealed. The reaction mixture was heated
11 min at 160 °C, then cooled to room temperature and diluted with ethyl acetate.
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stirred at anbient tenperature for 12 hours, then in

an ice-water bath for 2 hours. The solid was filtered
wandovazed with cold hexane (150 nl), air dri edT/ushe6/020226

vacuum dried to constant weight to afford

di methyl [ 4-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an-

2-yl ) phenyl ] phosphonate (46.0 g, 56%yield) as a |ight

cream col ored crystalline solid rrp 84.2 0.8 C KR

2; | ;acetate-h x an ur
The SR iy Rk S i Spthe, T gienic
saltion Wasdriddisher dodiuﬁa%uﬁ‘ate Sﬁ%rk& andzﬂﬂ}: soﬁeﬂt&vés&em%"?&d by rotary

3.72 (s, 3H), 1.34 (s, 12 H [MtH] 312, [ 2MHH]
e¥pparatiogyrde] re@@é@r%ﬁmgﬂ Pgre cbmﬁ@swhga chlorop enyl)phosphonate was

I
oﬁtﬁ n%ée% %Ié?l%ﬁ%%p P@E%ﬂ;g é’7 éR%g hqu g@%@% §ﬂ10§ gglgusmg
eﬂhpbdc)atmhe)&hb (gradicat: sv/mmltaeamrtan 00%).i H NMR (300 MHz,
di chl oronmet hane (20 nmlL) under a nitrogen atnosphere,

Chitdmd 177 {bf@@rf&n(@t hEaeE), 3 (Aeted =(18.80 5g1-4417 1Rl - §3
0
(ol L STLAE Hed 1D T 85 Gy T, 5 S b0, 2,75 (5, 1) pomy S

[MrHSUZZIe $2VioH | 2udll . t he reaction nmixture was stirred 2 h

at room tenperature. The solution was poured into 0.5
N hydrochloric acid (20 rrL) and extract ed wth ethyl

(SEP By AR SRR ROt oo el
tricyclohexylphosphine (0.12 g, 0.43 mmol) were stlrred 30 min in dry dioxane (1.0
mL) under an atmosphere of nitrogen at room temperature. Dimethyl (3-
chlorophenyl)phosphonate (0.50 g, 2.26 mmol), bis(pinacolato)diboron (0.70 g, 0.27
mmol) and potassium acetate (0.30 g, 0.30 mmol) were mixed in dry dioxane (3.0
mL) at room temperature under a nitrogen atmosphere in a separate flask. A portion
of the palladium catalyst solution (0.20 mL) was syringed into the flask containing the
chlorophosphonate and this mixture was heated at 80 °C. Additional 0.2 mL portions
of the catalyst solution were syringed into the reaction mixture after 4 h and 8 h of
heating at 80 °C, then heating was continued overnight at 80 °C. The reaction
mixture was filtered through Celite® and the solvent was removed by rotary
evaporation under reduced pressure. Chromatography over silica gel using ethyl
acetate-hexane (gradient: 0% ethyl acetate to 80%) dimethyl [3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl]phosphonate as a colorless oil (0.41 g). "H NMR
showed a 60:40 mixture of product plus recovered starting material. This mixture was
used as is in the next reaction without further purification. 'H NMR (300 MHz,
CDCl;) 6 8.22 (d, J=13.2 Hz, 1H), 7.95-8.00 (m, 1H), 7.88 (ddt, /= 13.0,7.5, 1.4 Hz,
1H), 7.43-7.50 (m, 1H), 3.76 (s, 3H), 3.73 (s, 3H) ppm; MS [M+H]" 312, [2M+H]"
625.

[00103] Synthesis of dimethyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]phosphonate (G2) (Shown in Scheme 3a)
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and brine. The organic solution was dried over sodium
sulfate, filtered and the solvent was renoved by
woao@rig7syapor ati on under reduced pressure. PuPeT®52006/020226
chl orophenyl trifluoronethanesul fonate was obtai ned as
a colorless oil (0.92 g, 91% by chromatography over
silica gel using ethyl acetate-hexane (gradient: 5%to
50% et hyl acet ate-hexane); 1H NWMR (300 MHz, CDO 3) d
7.16-7.50 (m ppm [00101] This reaction was perforned
using a Personal Chem stry(tm m wave i nstrunent set
at normal absorbance, fixed holg and 30 sec
pre-stirring. A lOr react Bmywrab s charged with
3-chl orophenyl trifl uoersesquonate (0.60 g, 2.30
nmol ), di nmet hyl phosphi LB\( 742 L, 4.58 mmol) and
triethylamne (0.64 MeO" 4088 mmol) in toluene (4 nl).
Ni t rogen was bubbl ed through the stirred solution for

[60104D, Stbe3a-at PRbhslibh bphenydropiesphiirpRahdtadiesiitiate (K1)
(0.1 g) was added, the sol utlon wa% covered with a

bl anket of nitrogen and seal e reacti on m xture
was heated 11lmn at 160 0C, tlQ cool ed to room
tenperature and dil uted %}CPI acetate. The yel |l ow
sol uti on washed successhw&ly W|th wat er (3x) and

bri ne The organic solfut o was dried over sodium
ate, filtered and the solvent was renoved by

41’9][*181“3?}1@%;(%109& oh3 BHBeY Was diizediatdpegderpperatiy & ary
B LI b S (AL E) SRRE At RRASRAGMAER. WRBhenyl-

bis(trifluoromethanesulfonimide) (10.00 g, 28.0 mmol), triethylamine (5.1 mL, 36.5
mmol) and 4-dimethylaminopyridine (0.10 g, 0.8 mmol) were added in succession
and the reaction mixture was stirred 3 h at room temperature. The solution was
poured into 0.5 N aqueous hydrochloric acid (100 mL) and extracted with ethyl
acetate. The organic phase was washed successively with water, 10% aqueous
sodium bicarbonate and brine. The organic solution was dried over sodium sulfate,
filtered and the solvent was removed by rotary evaporation under reduced pressure.
Pure 4-chlorophenyl trifluoromethanesulfonate (5.65 g, 93% yield) was obtained as a
colorless oil by chromatography over silica gel using ethyl acetate-hexane (gradient:
5% to 50% ethyl acetate-hexane); 'H NMR (300 MHz, CDCl3) 6 7.43 (d, /J=9.1 Hz,
2H), 7.23 (d, J=9.1 Hz, 2H), ppm.

[00105] Step 3a-2. Preparation of dimethyl (4-chlorophenyl)phosphonate (K2)

A reaction flask containing 4-chlorophenyl trifluoromethanesulfonate (1.50 g, 5.76

mmol), dimethyl phosphite (0.90 mL, 9.81 mmol) and triethylamine (1.60 mL, 11.4

mmol) in toluene (25 mL) was degassed by bubbling nitrogen through the stirred
-7 -



obtained as a colorless oil (0.27 g, 57% by

chromat ography over silica gel using ethyl
wacelcatehexane (gradient: 5% et hyl acetate tord0@%006/020226

1H NVR (300 MHz, CDA 3) d 7.77 (br d, J = 13.7 Hz,

IH, 7.68 (ddt, J = 13.0,7.5, 1.4 Hz, IH), 7.53

(dquint, J =8.0, 1.1 Hz, IH), 7.38-7.45 (m IH, 3.79

(s, 3H), 3.75 (s, 3H ppm M [MH + 221, [2M+H + 441.

spfivgR £ (Bl R SRR R R R PBIGD el Wanidipd and

tieRbotioMEh Btk wFals %@atg@atmeﬂuk for@ 1, cebled dotmltethpataiire and
under an at nosphere of nitrogen at room tenperature.

d@métmm ethgl-acetateo rdystyeHg W )sphidiep A ateshqdsuseesgively, vigh water
aé;'?ﬁ"gllms g‘gé n%%ﬂc%%%h Q‘?as égvgr ﬁo?mrrp sﬁ&t%g}edaaﬂg the
m’xe

slentdW@ﬁ‘aﬂﬁvé(Bbj{Drdﬁr)/ eaapdramn irglepedatdd pessacte rPuge dimethyl
rogen atnosphere in a separate flask. A portjiagn of

(ilﬁblogacaqheaﬂmhmfmnat%to%ﬁ% o Beid) waseptainpd Waé cQlotlpsspalby

|
ol gk S5 50005 BRI 94 01 ot
t@(bm%pnlﬂ DIMR lE00CHEE), ;ZSICIQ@I ’1J175 Cdal We:rla &\8r6 iye dH), r17t436 (dd,J
ereactlon mxture after 4 h of heatln
e &,8. Her2 Ak 21788 %)3386r€%=|3ﬁ1)@@nb%$ MRt 21,4 Ry a41.

The reacti on

[00106] Step 3a-3. Preparation of dimethyl [4-(4,4,5,5-tetramethyl-1,3,2-

)%
B \O
A\

B
~NA7 N\
(@) 0—

This reaction was performed using a PersonalChemistry™ microwave instrument set

dioxaborolan-2-yl)phenyl]phosphonate (G2)

at normal absorbance, fixed hold time and 30 sec pre-stirring. A reaction vial was
charged with bis(dibenzylidineacetone)palladium(0) (0.13 g, 0.23 mmol) and
tricyclohexylphosphine (0.16 g, 0.57 mmol) in dry dioxane (1.0 mL) and the mixture
was stirred 30 min under an atmosphere of nitrogen at room temperature. Dimethyl
(4-chlorophenyl)phosphonate (0.50 g, 2.26 mmol), bis(pinacolato)diboron (0.60 g,
2.36 mmol) and potassium acetate (0.25 g, 2.54 mmol) were mixed in dry dioxane
(5.0 mL) at room temperature under a nitrogen atmosphere in a 10 mL microwave
reaction vial and nitrogen was bubbled through the stirred solution for 10 min . The
palladium catalyst solution was added and the vial was sealed. The vial was heated at
160 °C for 20 min in the microwave instrument using the conditions listed above.
The reaction mixture was filtered through Celite® and the solvent was removed by
rotary evaporation under reduced pressure. Chromatography over silica gel using
ethyl acetate-hexane (gradient: 0% ethyl acetate to 80%) gave dimethyl [4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]phosphonate (0.34 g, 48% yield) as a
=73 -



m xture was filtered through Celite(r) and the sol vent

was renoved by rotary evaporation under reduced
wonrewsars3 Chr omat ogr aphy over silica gel usi ngCeuisyd06/020226

acet at e- hexane (gradient: 0% ethyl acetate to 80%

di methyl [3-(4,4,5,5-tetranmethyll,

3, 2-di oxabor ol an- 2-yl ) phenyl ] phosphonate as a

colorless oil (0.41 g). 1H NWR showed a 60:40 m xture

o et SRV SOHE RS T KT el 9T g 20,
431 Lo s o 1o 343 DBk 0, N O] Bhe e 23,

13075 14Hz IH) 743750(mIH) 376(s

[?E%(Pdg]gtg/) %ﬁﬁe?_%) afal mai :}@%— % I_l]Stteg%%’ethglﬁllv,lgﬂ—c-{ioggbsdrolan—}

ARG R ol 2-
yﬁ?%ﬁgﬁﬁgfgﬁggfionatQMFggyﬁ?éﬁghn in gghgﬂe 3a) [ 00104]

Step 3a-1. Preparation of 4-Chlargphenyl
trifluoromnethanesul fonate (Kl) Q- rophenol (3.00 g,

23.3 nmol) was stirred at poom® ature in dry
di chl or oret hane (40 nL)o\una nitrogen atnosphere.
i V-Phenyl bi s( trifluoropetfariesul foni m de) (10.00 g,

28.0 mmol), trlethylalri‘i)neo|(|51rr1_ 36.5 mmol ) and

4- di met hyl am nopyridine (0.10 g, 0.8 mml) were added
I n succession

A solution of dimethyl[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl]phosphonate (6.0 g, 19.2 mmol) in dichloromethane (40 mL) was cooled in
ice. Bromotrimethylsilane (6.3 mL, 47.8 mmol) was added drop-wise over 2 min and
stirred for 2 h at 0 °C. Water (1.0 mL, 55.6 mmol) was added and the solution was
stirred for 1 h at room temperature. The organic layer was decanted off and the
solvent was removed by rotary evaporation under reduced pressure. The crude
product was crystallized from 1:3 ethyl acetate-hexane to afford [4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl|phosphonic acid (4.93 g, 90% yield) as a
white solid; 'H NMR (300 MHz, CD50D) 6 7.75-7.86 (m, 4H), 1.34 (s, 12H) ppm.

Alternate synthesis of G3:

[00108] Pinacol ester G1 (210.0g, 0.742 mol) was dissolved in chlorobenzene (500
mL, 1.48 M) trimethyl phosphite (270.7 mL, 2.23 mol) was added via funnel and the
reaction was heated to 110 °C. A solution of 1,1'-azobis-cyclohexane carbonitrile
(19.9 g, 0.082 mol) and tri-n-butyltin hydride (235.7 mL, 0.85 mol) in chlorobenzene
(250 mL) was added to the flask drop-wise over 4.5 hours. The mixture was stirred
for 1.5 hours at 110 °C then cooled to room temperature. Potassium fluoride (172.4g,
2.97 mol) and water (53.42 ml, 2.97 mol) were added and reaction was for 18 hours at
ambient temperature. Sodium sulfate (50 g) was added, and the mixture was filtered

through a pad of Celite® and sodium sulfate, washed with dichloromethane (2x 750
- 74 -



and the reaction mxture was stirred 3 h at room

tenperature. The solution was poured into 0.5 N
weaqusaamsIBydr ochl oric acid (100 nlL) and ext r acPred/uskdok/ 020226

et hyl acetate. The organi c phase was washed

successively with water, 10% aqueous sodi um

bi carbonate and brine. The organic solution was dried

over sodium sul fate, fi I tered and the sol vent was

BB Fonmsh Ry o ab%&%p%gﬂ@%&dﬁwﬁ&o@r fes st

Pifewyidqd) was obtained as a colorless oil
chr omat ogr aphy over silica gel using ethyl
acet at e- hexane (gradient: 5%to 50% et hyl

BOTh, “ADER MR a3 DG it G eop et iy e

&ahl&oﬂ?é’tﬁﬁl%r(aﬂ(l) ﬁﬂ b M AEtEHNdwed by addition of bromotrimethylsilane
phosphonate (K2) A reaction flask

&g chl or ophen
ALdnhil ,75 130 maoqddﬁmﬁlﬁunmh flhe arsives Waneitadias aeibient

Gl 5ROy SO 5 e
wod stizred fbﬁEddiﬂu)na\!\thmd Fmasméd?lbwélsgbﬂc@dnngtediw givgebe crude
solurion t1.0or m.n

hr ough
RSB %qq&. ‘é ; %f}%ﬁﬁmg ?dn?é’)hﬂaﬁf’a%ﬁl@l‘ﬁ?@ﬂu%t()”af rg§rygigUized in

?ﬁﬂ‘ag ﬁz’é Jﬂﬁ ﬂé&ﬂgﬂéﬂ?& bk bEbfd a%ﬁg 1?& 5&&%&&‘
) roon1 enperatu e an % %
&telmyikhta Cléiea;hﬁpen'sﬁbﬁ vgae Is’uﬁwl Bodnlité-ontendathwesd (hdur and filtered to

successively with wa
give pure [4-(4,4,5 5—tetramethy1—1 3,2-dioxaborolan-2-yl)phenyl] phosphonic acid

(132.5 g, 63.1 % yield). The mother liquor was concentrated then recrystallized in

acetonitrile (750 ml) at 60 °C and cooled to ambient temperature and filtered to give
39.7 g of pure [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl] phosphonic
acid, G3 (18.9 % yield, total yield 172.2g 82 %).
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(2x) and brine. The organic solution was dried over

sodium sul fate, filtered and the solvent was renoved
wOyotona89y evapor ati on under reduced pressure. PEUUS2006/020226

di met hyl (4-chl orophenyl ) phosphonate (1.01 g, 79%

yi el d) was obtained as a colorless oil by

chromat ography over silica gel using ethyl

acet at e- hexane (gradient: 5% ethyl acetate to 100%;

1H NMR (300 MHz, CDO 3) dé%%lﬁgédd, J = 13.0, 8.6 Hz,

2H), 7.46 (dd, J = 13.0, & , , 3.78 (s, 3H)

Rrelcdaifss, 3H) ppm M [ M+H + 221, [2M+H + 441. [00106]

Step 3a-3. Preparation of dinethyl

[4-(4,4,5,5-tetranmethyl -1, 3, 2-

o B0 Y BB T

m cr onwawre trurrent set at normal absorbance, fixed
hold tine O sec pre-stirring. A reaction vial was
char ged mﬁ, s(‘Hpe@zyl i di neacet one) pal | adi un( 0)
(0.13 g, IH) and tricycl ohexyl phosphine (0. 16

di oxane (1.0 roL) and the m xture
nder an at nosphere of nitrogen at

i hl or ophenyl ) phosphonat e
yaRd) di boron (0.60 g,

e (0.25 g, 2.54 nmol)

g, 0.57 ?fﬁtm i

2.36 mmol pot as&B-om ace
were mxed in dry dioxane
wherein

R! and R? are chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl;

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, an allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester; and

Q is a chiral auxiliary chosen from single enantiomers of triphenyl glycol and cyclic

and branched nitrogen-containing moieties possessing at least one chiral center

-76 -



(5.0 nL) at roomtenperature under a nitrogen

at nosphere in a 10 nL m crowave reaction vial and
waoizboengesswas bubbl ed t hrough the stirred sol upComstms/020226

10 min . The pall adium catal yst sol ution was added and

the vial was sealed. The vial was heated at 160 OC for

20 mn in the mcrowave instrunment using the

conditions |isted above. The reaction m xture was

filtered through Celite(r) and the solvgnt was renoved

by rotary evaporation under reduced pressy

Chr omat ogr aphy over silica gel using ethy

acet at e- hexane (gradient: 0% ethyl acetatge to 80%

gave di nethyl [4-(4,4,5,5-

tetranethyl -1, 3, 2-di oxabor ol an- 2-yI ) phenyl ] phys; e

(0.34 g, 4896y|eld) as acolorless oil; 1H NVR/( 309

mprogwcgmp@smggeacﬁnss compoid) of forrgdla 7. 7509 2H),

3.77 (s, 3H), 3.73 3H), 1.35 (s, 12 H ppm M5

[ MPFH + 312, [2M+H] +'6 00107] Step 3b-3

Preparati on of

[4-(4, 4,5, 5-tetranet hy 2- di oxabor ol an- 2-

yl ) phenyl ] phosphoni cramia (G}) (Shown in Schene 3b) A
' g , 5-tetranet hyl -

1, 3, 2-di oxaborol an-2- vy enyl ] phosphonate (6.0 g,

19.2 rnnol) in dichlorofethane (40 nil) was cooled in

ice. Bromotrimnethylsil afre 6. 3 m., 47.8 rnnol) was

wﬂbe@ommowmhp%®nn¢@r X nmn and stirred for 2 h at 0 C

Water (1.0 nL, 55.6 nmmol) was added and the sol ution

was

2. A process according to claim 1 for preparing a compound of structure

wherein

R! and R? are chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl;

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester; and

R’ is phenyl or benzyl;
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stirred for 1 h at roomtenperature. The organic |ayer
was decanted off and the solvent was renoved by rotary
wevaparza®s on under reduced pressure. The crudePoT@SHD5/020226
was crystallized from1:3 ethyl acetate-hexane to
afford [4-(4,4,5, 5-
tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) phenyl ] phosphoni c
acid (4.93 g, 90%yield) as a white solid; 1H NWR (300
MHz, CD30OD) d 7.75-7.86 (m 4H), 1.34 (s, 0l2H) ppm
Al ternate synthesis of G3: [00108] Pinacol r G
(210.CQg, 0.742 nol) was dissolved in chjorobenzene
(500 m., 1.48 M trinethyl phosphite (27% , 2.23
nmol ) was added via funnel and the reaction wasgsheat ed
to 110 C. A solution of |,|"-azobis-cycl ohexane

hydride (235.7 nL, 0.85 nol) in chlorobenzene
was added to the flask drop-w se over 4. 5 .
G PIPress RaBIPEsnE reasting p compowy piforpula o ¢ ?#e

to room tenperat ur e Pot
nol ) and water (53.42
reaction was for 18 ho
Sodi um sul fate (50 @)

filtered through a pBadtA

n cool ed
ssium fluoride (172.4g, 2.97
2. 97 nol) were added and

ht anbi ent tenperature.

¥~ atged, and the m xture was
Cellite(r) and sodi um

sul fate, washed with di cll oronmethane (2 x 750nm ) and

concentrate under vacu
phosphonate, &, as a

obt ai n the di net hyl

with a compound of formula X

3. A process according to claim 2 comprising reacting a compound of formula

wherein
ProtB’-O- is a protecting group for a benzylic alcohol chosen from an oxymethyl
ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl ether, a

methoxybenzyl ether, a silyl ether and an ester,

R ::
|

ProtA-O

with a Lewis acid and a compound of formula X
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yell ow solid. [00109] A 3-L flask was charged with &
(theory 0.742 nol) and anhydrous di chl or onet hane (740
wol2006k12@898) and fol | owed by addition of PCT/US2006/020226
bromotrinmethylsilane (225.2 m, 1.71 nol) via
addi tional funnel. The m xture was stirred at anbient
tenperature for 2 hours then water (53.2 nm, 3.34 nol)
was added and the m xture was stirred for additiona
hour. The m xture was concentrated to give the crude
phosphoni ¢ acid, G3, as yellow colored solid. The
4crude Pk pobaeds avasrdingas yhim 2l dorplising tHib&quenttd steps of
rt-butyl nethyl ether at 60 08 and cool ed to ambi ent
tenperature overni ght. The sus jon was stirred in
an ice-water bath for 2 hour an% fiNtered to give pure
[4-(4,4,5,5-tetranethy|-I,é?\ ' bor ol an- 2-yl ) phenyl
] phosphonic acid (132.5 g, 6B8.1 % yield). The nother
| i quor was concentrated then fecry®tallized in

tenperature and filtered to give .
[4-(4,4,5, 5-tetrarrethy| -1, 3, 2-d! oyab§
a] DhQédéHﬁg'h@o%Eb@d $Fofrd@ad % yhel d,

172.2g9 82 9% .CLAIMS W cl aim
with a trialkylhalosilane in the presence of a base, followed by

|

=22yl ) phenyl
yield

b. a Lewis acid, followed by

ProtA-O
C. a compound of formula X
5. A process according to claim 3 or 4 wherein

R!and R? are chosen from H and halogen; and
ProtA-O- is chosen from methoxymethyl ether, allyl ether, z-butyl ether, benzyl ether,
trimethylsilyl ether, z-butyldimethylsilyl ether and #-butyldiphenylsilyl ether.

6. A process according to claim 4 wherein said Lewis acid is a halide of a

Group 3, 4, 13 or 14 metal.

7. A process according to claim 6 wherein said Lewis acid is titanium

tetrachloride.

8. A process according to claim 4 wherein
R'is hydrogen;
R? s fluorine;
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1. A process for preparing a conmpound of structure
wherein Rland R2 are chosen fromH, hal ogen, -CH, and
worbttenzyg3 X i s chosen fromiodi ne, brom ne, chlPamiuse)06/020226
t ol uenesul fonyl, net hanesul fonyl and
trifluoronmethanesul fonyl; ProtA-O is a protecting
group for a phenol chosen froman oxynethyl ether, an
allyl ether, a tertiary al kyl ether, a benzyl ether
»2ad, id-yhgether; ProtB-O is HO or a protecting
group torf a benzylic al cohol chosen from an oxymnet hyl
Rrot?eO- isbdneyrahardr opyr anyl or tetrahydrofuranyl ether,
nmet hoxycycl ohexyl ether, a nethoxybenzyl ether, a
silyl ether and an ester; and Qis a chiral auxiliary

ghosen £ bamesd 2ehRiR 18 M omBside | Phenyl glycol and
cyclic and branched nitrogen-containing noieties

possessing at | east one chiral tersaid process
conprising reacting a conmpound of Jfo la with a
conmpound of formula 2. A process cording to claim1
for preparing a conpound of str cture wherein

R6

F
with

a. reacting a compound of formula HO

trimethylchlorosilane in the presence of a tertiary amine to provide a silyl-protected
benzyl alcohol; and

b. reacting said silyl-protected benzyl alcohol with titanium tetrachloride and

QT‘

Bn-O

an imine of formulaBr

to provide a compound of formula
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1 Rand R are chosen fromH, hal ogen, -CH, and
nmet hoxy; X is chosen fromiodine, bromne, chlorine,
woabesemnesasl f onyl , net hanesul f onyl and PCT/US2006/020226
trifluoronethanesul fonyl; ProtA-O is a protecting
group for a phenol chosen from an oxynethyl ether,
allyl ether, a tertiary al kyl ether, a benzyl ether
and a silyl ether; ProtB O is HO or a protecting
roup fo m an oxymet hyl
1gther fxﬁ¥€?$3ﬂ§§5% any 5?ﬁ?§?§ﬂﬁhg?ofuranyl et her,
net hox R et her a met hoxybenzyl ether, a
silyl eth d an ester and R6 is phenyl or benzyl;

said proce 2; ng reacting a compound of formula
with a % " formula 3. A process according to
claim2 ing(reacting a conpound of fornula
wherein Pro i a protecting group for a benzylic
al cohol fronran OXYy | ether, a

t et rahydr op or tetTayydrpturanyl ether,

nmet hoxyc Bptpe? , a met hoxybenzyl ether, a
silyl ether and an ester,

whereim

R! and R? are chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl;

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester;

said process comprising cyclizing a compound of formula

X ProtB'-O
and when ProtB-O is OH, cleaving ProtB’-O-,
wherein
R® is phenyl or benzyl; and
ProtB’-O- is a profecting group for a benzylic alcohol chosen from an oxymethyl
ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl ether, a

methoxybenzyl ether, a silyl ether and an ester.
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with a Lewis acid and a conpound of fornula4. A

process according to claim2 conprising the sequenti al
webkepsi2ov3a. reacting a conpound of fornmula w POTAS2006/020226

trial kyl hal osilane in the presence of a base, followed

by b. a Lewis acid, followed by ¢ . a conpound of

formula 5. A process according to claim3 or 4 wherein

R1 and R2 are chosen from H and hal ogen; and Prot A-O

15 SNBSS TR SR Ly S o

ther, tri r,
- butyIqui nmet hyl si | et(g]er and -butyl di phenyl silyl
et her. pr ocess Tac ording to claim4 wherein said
Lewi s ac : @f a Goup 3, 4, 13 or 14
metal . 7.A-PrQgEPS according to claim6 wherein said

Lewi s meiabis t)itani unktetrachloride. 8. A process
accordi ng o cyaipm 4 wherein Rlis hydrogen;

R2

ProtB'-O

formula X

with N,O-bistrimethylsilylacetamide and a source of fluoride ion.

12. A process according to claim 11 wherein said source of fluoride ion is

tetrabutylammonium fluoride.

13. A process according to claim 12 wherein
R'is hydrogen;

R? is fluorine;

X is bromine;

ProtA is benzyl; and

ProtB’ is silyl.

14. A process according to claim 13 wherein

ProtB’ is chosen from t-butyldimethylsilyl and trimethylsilyl.
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R2 is fluorine; X is bromne; and ProtA-O is benzyl

ether. 9. A process according to claim2 conprising a.
woeamiizrey3a conpound of fornula with PCT/US2006/020226

trimethyl chlorosilane in the presence of a tertiary

amne to provide a silyl-protected benzyl al cohol; and

b. reacting said silyl-protected benzyl al cohol wth

titaniumtetrachl oride and an imne of forrmula to

N L

are chosen fromH, hg -OH, and nethoxy; X is
chosen fromi odi ne, br c chl ori ne,

t ol uenesul fonyl, netha onyl/and
trifluoronethanesul fonyl b is a protecting
group for a phenol c‘?f@ée iIn oxynet hyl et her,
allyl ether, a tertiary etYer, a benzyl ether
and a silyl ether;

RZ
ProtD-Q

ProtD- o/P\\"/

wherein

R' and R? are chosen from H, halogen, -OH, and methoxy;

ProtA’-O- is a protecting group for a phenol chosen from an oxymethyl ether, a
tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester; and

ProtD-O- is HO- or a protecting group for a phosphonic acid chosen from an alkyl
ester, a phenyl ester and a benzyl ester;

said process comprising reacting a 4-phenylazetidin-2-one of formula

R1
\©\N_/°
0

X ProtB-O

R2

wherein
X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl;

with a phenyl component of formula
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ProtB-O is HO or a protecting group for a benzylic
al cohol chosen from an oxynethyl ether, a

woeabteahysds opyr anyl or tetrahydrofuranyl ether, PCT/US2006/020226
nmet hoxycycl ohexyl ether, a nethoxybenzyl ether, a
silyl ether and an ester; said process conprising
cyclizing a conpound of formula and when ProtB-0 is
OH, cleaving ProtB -O, wherein R6 is phenyl or
benzyl; and ProtB -O ig a protecting group for a
benzyl i c al cohol chos Rfrom an oxynet hyl ether, a
tetrahydroR§%anyl or ttgahydrofuranyl ether,
nethoxycyg (=74 er, a methoxybenzyl ether, a
silyl ether an egter.11. A process according to
CI&iﬁ]lQDQDGﬁFP ﬂ reacting a conpound of fornula
wth N Obistrigethylsilylacetam de and a source of
fluoride ion. 12. A process according to claim 11
wiegeisi n said source of fluoride ion is

040 AR L SIROL I LIQGLI Bom FP an A\ PLEG $RE125500 haR

together form a 5-6 membered ring.

16. A process for preparing a 4-(biphenylyl)azetidinone of formula

ProtD-Q ==
ProtD-O— P\\\/‘
8]

wherein
R' and R? are chosen from H, halogen, -OH, and methoxy;
ProtA’-O- is a protecting group for a phenol chosen from an oxymethyl ether, a
tertiary alkyl ether, a benzyl ether and a silyl ether;
ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester; and
ProtD-O- is HO- or a protecting group for a phosphonic acid chosen from an alkyl
ester, a phenyl ester and a benzyl ester;

said process comprising reacting a 4-phenylazetidin-2-one of formula
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Rlis hydrogen; R2 is fluorine; X is bromne; ProtAis

benzyl; and ProtB" is silyl. 14. A process according
woaowliargys 13 wherein ProtB is chosen from PCT/US2006/020226

t-butyldinmethylsilyl and trinmethylsilyl.15. A process

for preparing a 4-(biphenylyl)ylazetidinone of formnula

wherein R and R are chosen fromH, hal ogen, -OH and

nmet hoxy; ProtA -O is a protecting group for a phenol

chosen from an oxynethyl ether, a tertiary alkyl

ether, a Dergyf~~ther and a silyl ether; ProtB-O is

HO or a prot ng groyp for a benzylic al coho
chosen from an oXy et her, a tetrahydropyranyl or
t et rahydr qf.gtnedmy! er, methoxycycl ohexyl ether, a
nmet hoxybenzyl & a4 silyl ether and an ester; and

ProtD-O is
acid chosen f

) ecti ng=group for a phosphonic
Do
RY0—g ProtB-O

})Rﬁ) .

wherein
R and R! are independently selected from H and (C;-Cs) alkyl, or R' and R
together form a 5-6 membered ring;

with a phenyl component of formula
X

ProtD-Q =
\ (S
ProtD-o/P\\
o}

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and

wherein
trifluoromethanesulfonyl.
17. A process according to claim 15 or 16 wherein said reacting a 4-

phenylazetidin-2-one with a phenyl component is carried out with a phosphine, a

palladium salt and a base.

18. A process according to claim 15 comprising reacting a 4-phenylazetidin-2-
R1
O
\©\N_/’
ProtA'-O
H
R2

tB-O
one of formula X Pro

wherein
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ester, a phenyl ester and a benzyl ester; said process

conprising reacting a 4-phenyl azeti di n-2-one of
woaomwukzassherein X is chosen fromiodi ne, bronPa®Us2006/020226

chl orine, toluenesul fonyl, nethanesul fonyl and

trifluoronethanesul fonyl; with a phenyl conponent of

formulaOR10 \ ProtDC OR1L 1 ProtD-Co-- ¢ y O wherein

R10 and R>pu are independently selected fromH and

Pgrré#;@)ia @i}léf@ré]{gl ﬁo pl%%%ﬂg?@?%ﬁ?%}t—%@g%tﬁg sﬁﬁ e a%d%enzyl

ere
ethet;aindhenyl yl ) azeti di none of fornula

ProtB-O- is chosen from HO- and silyl ether;

with
(@]
gj% J%
foaliston
\
/
Eto/P\\ / MeO/
O

in the presence of a phosphine, a palladium salt and a base.

19. A process according to claim 16 comprising reacting a 4-phenylazetidin-2-

one of formula

ProtB-O

wherein
ProtA’-O- is chosen from methoxymethyl ether, #-butyl ether, silyl ether, and benzyl
ether; and

ProtB-O- is chosen from HO- and silyl ether;
-86 -



wherein 1 R and R are chosen fromH, hal ogen, -CH, and

nmet hoxy; ProtA'-O is a protecting group for a phenol
wohomen7fsom an oxynet hyl ether, a tertiary al Rgir/US2006/020226

et her, a benzyl ether and a silyl ether; ProtB-O is

HO or a protecting group for a benzylic al coho

chosen from an oxynet hyl ether, a tetrahydropyranyl or

t et rahydr of uranyl ether, methoxycycl ohexyl ether, a

met hoxybenzyl ether, a silyl ether and an ester; and

ProtDMaQ i s or a protecting group for a phosphonlc

acid cho‘§e m an al kyl ester, a phenyl ester and a

benﬁ‘éh . gai d process conprising reacting a

yl a et di n- 2- one of formul awherein RL0 and RL 1

vathe i ndep€ndent | y is éhegueseticd oomplosphide (apall@diunnsaliand a base.
or R10 and Rl11l together forma 5-6 nenbered ring; with

a phenyl conponent of fornula wherein X is chosen from
200di ne A BoRBdsBeor@itleds cRfm 1701 BenBskhdreimshid phosphine and

met hanesul f onyl and
palladium salt is bis(triphenylphosphine)palladium dichloride and said base is an

aqueous solution of an alkali metal hydroxide or carbonate.

21. A process according to any of claims 15-20 wherein R!is hydrogen and R?
is fluorine.
22, A process for preparing a compound of formula

comprising reacting an azetidinone of formula

R1

Y

H
>——< >—R2
ProtB-O

with a dioxaborole of formula

ProtA'-O
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trifluoronethanesul fonyl. 17. A process according to
claim15 or 16 wherein said reacting a 4-
wohersybzet i di n-2-one with a phenyl conponent PET/US2006/020226
carried out with a phosphine, a palladiumsalt and a
base. 18. A process according to claim215 conprising
reacting a 4-phenyl azetidin-2- one of fornula
whereinProt A'-O is chosen from net hoxynet hyl et her,
-butyl ether, silyl ethe and benzyl ether; and
ProtB-O is chosen from and silyl ether; wth in
the presence of a phogph\ne, a palladiumsalt and a
base. 19. A process agcor/f{ng to claim 16 conprising
reacting a 4-phenyl azefi@i n-2- one of fornula wherein

ProtA -O is chg rom met hoxynet hyl ether, -butyl
et her, sﬁ’rbigﬂ-Ost : and benzyl

P
ProtD-O/ \O

and deprotecting,

wherein

R'and R? are chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl,

ProtA’-O- is a protecting group for a phenol chosen from an oxymethyl ether, a
tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is -OH or silyl ether; and

ProtD-O- is -OH, -OCHj; or -OCH,CHs.

23. A process according to claim 22 for preparing
Q :
S
HO

i : C i
Q HO
OH__

/P\

OH ©O

comprising reacting an azetidinone of formula
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ether; and ProtB-O is chosen fromHO and silyl
ether;wth in the presence of a phosphine, a palladium
weabds/1amdza base. 20. A process accordi ng to clairmsiones020226
18 or 19 wherein said phosphine and palladiumsalt is
bi s(tri phenyl phospliine)palladiumdichloride and said
base is an aqueous solution of an al kali netal
hydr oxi de or carbonate. 2 1. A process according to
any of clapgs 15-20 wherein RL is hydrogen and R2 is
fluorine. A process for preparing a conpound of
formul a qg Si ng/Deacti ng an azetidi none of fornula
with a di oxdborgt€« of fornul aand deprotecting, wherein
n fromH, halogen, -OH and nethoxy;
t#m iedi ne, bromne, chlorine,

met hapesyfToayl and
esul f onyts yAEO is a protecting
gm an oxynet hyl ether, a

(0)
\
B—¢
ProtD-O\
P
ProtD-O/ \O
and deprotecting.
24, A process according to claim 22 wherein said azetidinone is reacted with

said dioxaborole in the presence of a phosphine, a palladium salt and an alkali metal
carbonate;

ProtA’ is benzyl and said deprotection is accomplished by hydrogenolysis with
hydrogen gas and palladium on carbon; and

ProtDisH. .

25. A process according to claim 22 wherein said azetidinone is obtained by

cyclizing a B-aminoacyloxazolinone of formula

wherein
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tertiary al kyl ether, a benzyl ether and a silyl
ether; ProtB-O is -OHor silyl ether; and ProtD-O is
WOCh6/1230813 or - OCH2CH3. 23. A process accor di RgTHUS2006/020226
claim?22 for preparing conprising reacting an
azeti di none of fornul awherein ProtA" is benzyl or
t-butyldinethylsilyl, with a dioxaborole of fornula
and deprotecting. 24. A process according to claim22
erein. said etidinone is reacted with said
%ﬂ}%ggm}gﬁéeqzﬁft he presence of a phosphine, a
pal | adium salt and an al kali netal carbonate; ProtA
i s benzyl and said deprotection iis acconplished by, )
28y dr ogehBlogessacereingiiy alabgen viweein ayd BAmingaqyiex@Eolinone is
d ~~and ProtDis H 25. A process according to
O@Fagl%%rbﬁ wherein said azetidinone is obtained by
cyclizing a b-am noacyl o% zold none of fornula
wherei nR6 i s phenyl or be%?!

O N
RG
R2
reacting a compound of formula  ProtB-O with a compound of
R1
: N
ProtA~Q l
formula X
R1
: "N
ProtA-O l
217. A process for preparing an imine of formula X

wherein

R'is chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl; and

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether,
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26. A process according to claim?25 wherein said
b- am noacyl oxazol i none i s obtained by reacting a
woaenpaard3of fornmula with a conpound of fornmul aC2TS2086/020226
process for preparing an imne of formula wherein Rlis
chosen from H, hal ogen, -OH and nethoxy; X is chosen
fromiodi ne, brom ne, chlorine, toluenesulfonyl,
nmet hanesul fonyl and trifl uoronet hanesul fonyl; and
ProtA-0- is a protecting group for a pgenol chosen
froman oxynethyl ether, allyl ether, g tertiary alkyl
et her, a benzyl ether and a silyl etherissqid process
conprising reacting a phenol of formu th a source
of formal dehyde foll owed by Schiff bage #Ormtion by
saidgeddesgcorhprisiggreactig znlﬁheﬁﬁl sfformitila X f ol | owel aldyurce of
prot t|n wWth ProtA 28. process according to
ﬁfﬁ yee o bymchitabass fa@?ﬁzvp byxeacsing path aveanaling of1
i's hygogen.

formula NH2 | followed by protecting with ProtA.

28. A process according to claim 27 wherein ProtA is benzyl, X is bromine and

R! is hydrogen.

29. A compound of formula:
R1
: "N
ProtA-Q ]
X
wherein

R! is chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl; and

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether, with the proviso that when
ProtA- is benzyl, R' is H and X is Br, the compound is solid and greater than 95%

pure.

30. A compound according to claim 29 wherein R! is H or fluoro; X is
bromine; and

ProtA-O- is a benzyl ether or silyl ether.
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29. A conpound of fornmula: wherein RL is chosen from
H, hal ogen, -OH, and nethoxy; X is chosen from i odi ne,
wonewimesschl ori ne, tol uenesul fonyl, nethanesubPtomgko06/020226
and trifluoromethanesul fonyl; and ProtA-O is a
protecting group for a phenol chosen from an oxynet hyl
ether, allyl ether, a tertiary alkyl ether, a benzyl
ether and a silyl ether, with the proviso that when
ProtA- is benzyl, Rl is HandX is Br, the conmpound is
solid and greater than 95% pure. 30. A conpound
3dccor diAgohpotidauffordthisherein Rl is Hor fluoro;, Xis
brom ne; and ProtA-O is a benzyl ether or silyl
et her . A L#eqnpound of fornula wherein RL and R2 are
chosen f@l ogcan -OH, and nethoxy; X is chosen
fromi odi ng§_bBrQomye,~ chl ori ne, toluenesul fonyl,
met hanegyf.enyl

wherein

R' and R? are chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl,

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, an allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester; and

Q is a chiral auxiliary attached at nitrogen, said chiral auxiliary chosen from single
enantiomers of cyclic and branched nitrogen-containing moieties possessing at least

one chiral center.

32. A compound according to claim 31 of formula
o}

}/O
O\ ° N\)
NH \
(e} RS

wherein R® is phenyl or benzyl.
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trifluoronmethanesul fonyl ; ProtA-O is a protecting

group for a phenol chosen froman oxynethyl ether, an
walbosl12eober, a tertiary al kyl ether, a benzyl perhse006/020226

and a silyl ether; ProtB-O is HO or a protecting

group for a benzylic al cohol chosen from an oxynet hyl

et her, a tetrahydropyranyl or tetrahydrofuranyl ether,

nmet hoxycycl ohexyl ether, a nethoxybenzyl ether, a

3§i |yl %Qogﬁpoﬁnlﬁktﬂo??orﬁﬁﬁaer; and Qis a chiral auxiliary

att achéd rogen, said chiral auxiliary chosen

from sirigl e~gnanti oners of cyclic and branched
nitrogen- di ni ng noi eti es possessing at | east one
chiral cenge 32.‘£fconpound according to claim3 1
of fornul a Wherd I's phenyl or benzyl.33. A
conpoun&“g¥ofor a4 wherein Rland R2 are chosen from
H, hal ogen,

brom ne, ¢

wherein

R'and R? are chosen from H, halogen, -OH, and methoxy;

X is chosen from iodine, bromine, chlorine, toluenesulfonyl, methanesulfonyl and
trifluoromethanesulfonyl;

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl

ether, a methoxybenzyl ether, a silyl ether and an ester.

34. A compound according to claim 33 of formula
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ProtA-O is a protecting group for a phenol chosen

froman oxynethyl ether, allyl ether, a tertiary alkyl
webtbheri27e@3benzyl ether and a silyl ether; Prot BeOUS2®6/020226

HO or a protecting group for a benzylic al cohol

chosen from an oxynethyl ether, a tetrahydropyranyl or

tetrahydr of uranyl ether, nethoxycycl ohexyl ether, a

net hoxybenzyl ether, a silyl ether and an ester. 34. A

onpou accor claim 33 of formula35. A

on'poudg 'H?irﬂl}%gnwgrei n Rland R2 are chosen from

H, hal ogermgt - Q{_ and nethoxy; ProtA -O is a

protecting g for a phenol chosen from an oxynet hyl

ether, a terf M_al kyloet her, a benzyl ether and a

silyl ether; P tr\G—//l/s HO- or a protecting group for

a benzyl i Prothcq hosen from an oxynethyl ether, a
trahydrofuranyl et her,

t et rahydr opyr a
nmet hoxycycl ohg benzyl ether, a
RF R11 are

silyl ether an 3y
sel ect ggotbredm HYanrd (Cl-C6) al kyl, or
o%et her forma 5-6 nmenbered ring;
R

i ndepenrEotly
R10 and R11
(0]

wherein
R! and R? are chosen from H, halogen, -OH, and methoxy;
ProtA’-O- is a protecting group for a phenol chosen from an oxymethyl ether, a
tertiary alkyl ether, a benzyl ether and a silyl ether;
ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester; and
R' and R!! are independently selected from H and (C,-Cs) alkyl, or R and RM

together form a 5-6 membered ring;

36. A compound according to claim 35 of formula
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36. A conpound according to claim35 of fornula37. A

conpound of formula wherein R and R are chosen from H,
wobab@geres- OH, and net hoxy; ProtA-O is a prot ecriusgo06/020226

group for a phenol chosen from an oxynet hyl ether,

allyl ether, a tertiary alkyl ether, a benzyl ether

and a silyl ether; ProtB-O is HO or a protecting

group for a benzylic al cohol chosen from an oxynet hyl

ther, a tetr Lopykanyl or tetrahydrofuranyl ether,
3§Ethoxf%?%ﬁ%ﬂ@gé?ﬁgﬁﬁ%%, a met hoxybenzyl ether, a

silyl ether and amglestgr; and ProtD-O is HO or a

protecting group forya phosphonic acid chosen from an

al kyl ester, a pheny esder angoa benzyl ester.38. A

compound accordingjto e al -3¢ chosen fromand salts

and sol vates ther dgptA-@9.

(3l - (Benzyl oxy) - 4l - { ( 223

- 3- hydr oxypr opyl ] -

4- oxo0- 1- phenyl azet i di

aci d di cygbohexyl &

40. A process \f q

[4-(4, 4:33@%%

0

pari ng
A hyl -1, 3, 2-di oxabor ol an- 2-

wherein

R!and R? are chosen from H, halogen, -OH, and methoxy;

ProtA-O- is a protecting group for a phenol chosen from an oxymethyl ether, allyl
ether, a tertiary alkyl ether, a benzyl ether and a silyl ether;

ProtB-O- is HO- or a protecting group for a benzylic alcohol chosen from an
oxymethyl ether, a tetrahydropyranyl or tetrahydrofuranyl ether, methoxycyclohexyl
ether, a methoxybenzyl ether, a silyl ether and an ester; and

ProtD-O- is HO- or a protecting group for a phosphonic acid chosen from an alkyl

ester, a phenyl ester and a benzyl ester.
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yl) phenyl ] phosphoni ¢ aci dconprising (1) reacting

4-brono-(4,4,5,5-tetranet hyl -1, 3, 2~di oxaborol an-2-yl )b
wenimwanesdsd t h trimet hyl phosphi ne i n the preseneeTal2@6/020226

catal ytic amount of a radical initiator followed by

reduction to provide

di nethyl [4-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an-

2-yl) phenyl ] phosphonat e; (2) hydrolyzing

T R R

bronotri nmet hyl sil ane fol | owed by vvater and (3)
i sol ati ng

[4- (4,4, FD<tetranmet hyl -1, 3, 2- di oxah b an- 2-yl ) phenyl
] phospho aC| d. 4 1. A pr ocess ac dl ng {p claim40
@q; A

vvherein saihradical initiator is

st al

icp Plty,

F
tBDMS-O :

MeO.
N\
P =

N\
Mea” O Me0” O

MeO

and salts and solvates thereof.

39. (3'-(Benzyloxy)-4'-{(2S,3R)-3-[(35)-3-(4-fluorophenyl)-3-hydroxypropyl]-
4-o0x0-1-phenylazetidin-2-yl} biphenyl-4-yl)phosphonic acid dicyclohexylammonium

salt according to claim 38.

40. A process for preparing [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]phosphonic acid
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a process of crystallization fromi sopropyl
al cohol / wat er.
WO 2006/127893 PCT/US2006/020226

O /©/
\
R

HO™
comprising
(1) reacting 4-bromo-(4,4,5,5-tetramethyl-1,3,2~-dioxaborolan-2-yl)benzene with
trimethylphosphine in the presence of a catalytic amount of a radical initiator
followed by reduction to provide dimethyl[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl]phosphonate;
(2) hydrolyzing dimethyl[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl]phosphonate by treatment with bromotrimethylsilane followed by water;
and

(3) isolating [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]phosphonic acid.

41. A process according to claim 40 wherein said radical initiator is 1,1'-
azobis(cyclohexanecarbonitrile) and said reduction is accomplished by treatment with

tributyltin hydride or tris(trimethylsilyl) silane.

42.  The compound of claim 34, as a crystalline solid of greater than 99%

diastereomeric purity, melting above 113°C.

43.  The compound of claim 34 characterized in that the compound is obtained by

a process of crystallization from isopropyl alcohol/water.
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