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WD, 2006/ 068990 PCT/ US2005/ 045901 PROCESS FOR THE

SYNTHESI S OF AZETI DI NONES 5 BACKGROUND OF THE | NVENTI ON

Find] Hho@bsshéle | nvention The present invention rel

process tor producing azetidinone or (3 |act aml@%lﬁ%%ztoﬁs&(ﬁssm
useful for treating vascular and |ipidem c conditions,

well as internediates for the synthesis of penens. 10

Azeti di nones are useful as hypochol esterol em c agents, as
disclosed in US RE 37,721, and also are useful as

I nt er medi at B ,

of anti bact 0 . 6
processes for preparlng azetldlnones by 15 reacting a

silylating agent apdCKGRORINDOF THERIRENTIORYC! i Zi ng
agent with a suitably prot ected

a- (substi t ut ed- ami no) am digld of i Invielyient ut ed- ani no) aci d

est er..,. or t.ed: am no)t hiol carbonic

ot or T Rrébalt it vatiohbb6S 58 oisddstyBe 6Rdtimg aghidinpne or p-
St Ao o SO G R i

intarm aiasé@nth@rﬁymh%ﬁes ghpgea@ysat i ng the product with a
chiral auxiliary to obtain a ketone: YOO Yl OOOHN

XX H+ ~R n-FU C , Cl1 FR1
Azetidinones are useful as hypocholesterolemic agents, as disclosed in US RE

37,721, and also are useful as intermediates in the synthesis of penems, a known
group of antibacterials.

EP Patent No. 0 707 567 discloses processes for preparing azetidinones by
reacting a silylating agent and a fluoride ion catalyst cyclizing agent with a suitably
protected B-(substituted-amino)amide, a f3-(substituted-amino)acid ester, or a B-
(substituted-amino)thiolcarbonic acid ester.

US Patent No. 6,207,822 discloses a process for making the compound

OH
I,
o
F
o)

(ezetimibe):

comprising:
(a) reacting p-fluorobenzoylbutyric acid with pivaloyl chloride and acylating the
product with a chiral auxiliary to obtain a ketone:
Y

0 0o Y
0 0
7 Im\_Jl_\fX N JLX
s ><LC1 § F &
F R RI

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =O or =S; and R' is C1-Cg alky/,
phenyl, naphthyl, substituted phenyl, substituted naphthyl, C1-Cg alkoxycarbonyl or
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15

25 wherein Xis -0-, -S or -N(C-C6 alkyl); Yis =0 or
=S; and RL is Cl1-C6 al kyl, phenyl, naphthyl, substituted
p tituted naphthyl, G - 5 alkoxycarbon
28‘6“%%38’3‘3%%%&/ US2005/ 045901 -2 benzyl , Mere|%é¥@é20\‘\g?045901
substituents on phenyl and naphthyl are 1- 3 substituents
selected fromthe group consis@ng of C -C6 al kyl,
phenyl and benzyl; (b) reducing the ketone in the
presence of a chiral catalyst to an alcohol: (c) reacting

an imne and a Si

heSL hSiois i pubstBLeR LSRRI @pﬁ@ammg 260 38 substituents selected

FRPRPYHeub Lonlefhd &t Cr COIRI pRAA A AN 500 e ©
(3-( sgg?stectuﬂm;dtmmh@m > picsBnté bf @ cwaybaialim t@aﬁ@lcohol

and a fluoride ion catal yst cyclizing agent;

si |yl &% i regclgardhe ahwabaia@ml@f gtay (nfoinine 8 a aﬂfﬂ protecting agent
B Shepbsli Pl Blecb ok Bhinad o Bhid B AP Bpporamic:

Q(Prot) ~SnRSFIBN 0 I Ad renoving the
protecting groups. 15 Des |te t ove val uabl e

I mprovenents in preparin t4i fones, there remins a
need for alternative, si N ane ess expensi ve
processes for preparing ‘-g{z =n- and (3-lactam
conpounds. WD 2006/ 068990 By Us2005PX8001

(d) cyclizing the B-(substituted-amino)amide with
(i) a silylating agent and a fluoride ion catalyst cyclizing agent;
(if) a silylating agent and a quaternary ammonium salt of a chiral auxiliary of step (a);
or
(iii) a strong non-nucleophilic base;
o obtain the compound:

O(Prof) O(Prot)
,©/S\//ﬂ. R_S
E N,
©Q
B

and removing the protecting groups.

Despite the above valuable improvements in preparing azetidinones, there
remains a need for alternative, simpler and less expensive processes for preparing

azetidinone and p-lactam compounds.
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-3 SUMVARY OF THE | NVENTI ON I n one enbodi nent, the

present invention provides a process for preparing an

a kA or pharnmaceutically acceptable salt

SO vggggggg%d prodrugs thereof, s conprising the?gpgsngywwmn
reacting: (1) a O-(substituted-am no)amde, a

O- (substituted-am no)-acid estemr,- or a (3-

(substituted-am no)thiolcarbonic acid ester with (2) at

| east one silylating agent and (3) at |east one cyclizing
agent which is io (a) selected fromthe group consisting

of al kali netal carboxylates, quaternary anmoni um

car boxyl at es, quatergeMmﬂr\ Fu[rp’éam(/%)“ﬂ&ﬁ guat er nary

amoni um al koxi des, <gtratermary —amontunrary+toxi des and

hydr alhesnd babeefiment, tiid pradent irneetionprovides etprotesslior prgparing an
at | east one quaternary anmmoni um halide and at | east one

%ﬁ%&ho%%Iph@&m%ﬁy’li%ﬁ”é(;acﬁﬁptﬁbil‘? 5%‘(‘% |S@é\§fe%@ch|anﬂdéw gfathpreof,
& "ﬁgng}ﬁglgﬁ%gﬁeaCﬂH ernary amoni um brom de, or

-

Q.

quatern niumiodide and at |east one alkali netal

fluorite, 20-@uestiutedamind)amiasya pRenpstitdigPamino)cid bster, or a B-
cyclizing agent is unsubstituted _or substituted by one

(subsiBurecyraURR) thinkapeaiie acidesier wiled from the group
COﬂSI@?I ngatolg?g{o&%% ﬁ@%ﬁ@éﬁ%ﬁtm aryl al kyl - al kyl .

Anot h aspec invention is a process for
prepal3) ng at leaspbonm dyclizing agsrsisshitied by the Formula (1V):
&:ﬂ*z isﬁg S og%'get?ﬁﬁf@rbﬁea %g‘i’ln'i%w%;i ! WQ of 3'&35%&%" sarpoxylates,
WO 2006/ 064948 rdr)/ drtBARIA £aRBkylates, quaternary ammonium hydroxides,
guaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof, or
(b) the reaction product of: _
() atleast one quaternary ammonium halide and at least
one alkali metal carboxylate; or
(ii) atleast one quaternary ammonium chloride,
quaiernary ammonium bromide, or quaternary ammonium iodide
and at least one alkali metal fluoride,
wherein a guaternary ammonium moiety of the cyclizing agent is unsubstituted
or substituted by one to four groups independently selecied from the group

consisting of alkyl, arylalkyl and arylalkyl-alkyl.

Another aspect of the present invention is a process for preparing a compound
represented by the Formula (IV):

oH OoH
/@/’\/m R S
5
F N
©Q

F v
comprising the steps of:
cyclizing the B-(substituted-amino)amide of formula XTI
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-4 F YOI3[d\V I -1 "RL Prot) (Prot)O1l \ F XlII
wherein Xis -0-, -S or -N(G -C6 alkyl); Yis =0 or =S

a ' kyl, aryl or al koxycarbonyl, and '
P?&fﬁ%g/bimgdl |yl protecting group with at | east”&ﬁéﬁh@zoesmsgm
silylating agent and at |east one cyclizing agent which

iIs 5 (a) selected fromthe groug consisting of alkali

net al carboxyl ates, quaternary anmoni um car boxyl at es,

guat er nary anmmoni um hydr oxi des, quaternary anmoni um

al koxi des, quaternary anmoni um aryl oxi des and hydrates
thereof, or (b) the reaction pr F of: 10 (i) at |east

one quat ernary anmoni umdhal j at | east one alkali

metal carboxylate; or (if) Rt
amoni um chl ori de, qu& eNhayy
guat ernary ammoni um i odi
fluoride, is wherein a quaRern
cyclizing agent is unsub@aPltgd pr substituted by one
to four groups independently sel€eted fromthe group
consi sting of al kyl, arylalkyl and aryl :X—Ew -alkyl, to

SRS UL ARME UosO 8oy B
e LR T e

exanpvidls at mashbaesilplaling sigeat andiat szt oneldyclizing agent which is
(@)  selected from the group consisting of alkali metal carboxylates,

oni um brom de, or

t one al kali netal
TOLL .
a i um noi ety of the

quaternary ammonium carboxylates, quaternary ammonium hydroxides,
quaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof, or
(b) th_e reaction product of:
(i) atleast one quaternary ammonium halide and at least
one alkali metal carboxylate; or
(ii) at least one quaternary ammonium chloride,
guaternary ammonium bromide, or quaternary ammonium iodide
and at least one alkali metal fluoride,
wherein a quaternary ammonium moiety of the cyclizing agent is
unsubstituted or substituted by one to four groups independently
selected from the group consisting of alkyl, arylalkyl and arylalkyl-alkyl,

o obtain the compound of Formula XI:

O(Prot) OfProt)

Q

F
O

I
X F XT1; and

removing the silyl protecting groups to form the compound of Formula (V).
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nunbers expressing quantities of ingredients, reaction
conditions, and so forth used in the specification and

c 0 be understood as being nodified i Q#P
|nw§gﬁ‘r?g/g€8§%({/ the term "about.” 5 DETAI LED DESC& YO0
its many enbodi nents, the present invention provides a

novel process for preparing azgt-i di nones or O-I| actans

whi ch can be useful as hypochol esterolem cs or as
internediates in the synthesis of penems, a known group

of antjbacterials. 10 This ess i s applicable for
prepzflf)m% thanrin H]W@“%ieégmﬁﬁ  Shyhaiaioatyervigm indicaied, all

ngst 3 rééélﬁ u%htlﬁ€§8f ﬁprérj]@nt@ %ﬁﬂn%oﬁdﬂ ot bﬂ?%oafﬂﬁh used in

trogen stereo ems
ttte Spetﬁh:.taﬁm absltolalmsaafeat-die mndmskmckmsebamgdnbdmed tiri all instances by
,{5 ce5§ IS d,ependent on the starting material: racemc,
f| c or enantioneric conpounds can be obt ai ned
vvhen the corresponding starting materials 15 are used.
In particular, this process is useful for the

ster eospeC| fic prepar RESAIED RESCRIPTIENs substitut ed

in 3 _an t| ons n t onaII substituted

ot ¢ 8 i Tl At BRRS HES Brostlt BBbPR Bro ddive bricess for
OreN&Md Qﬁeﬁtﬂﬁoﬁﬁs Hﬁﬁfiaétﬁrrg WRRh GRS UQéﬂPQ@)ﬁypgéﬁ%?@%éolemics or

are reéepresented he structural formula (I

asrinte@rpdiatas (ICthe Zyrithms RS p@ehhs ] I(D@wrﬂgro(dp) ofcnntlbactenals

phar mgceuti cal I, tabl e salts vat e

Dot i e it aPRirabis forpréftina BzeRnBBrsitich pfE optionally
nAGRYLE di-’or uhisuBBftufed ahedkh biheSePamd Ol HoshiBhk a@i&%&%@‘tﬂted at the

i s i ndependently selected fromthe g group consi sting

ringHutrogeicHTaieksieeochamistey af «y3, )Q-A-—dlmataumd(m@mones prepared by
i arnh kb anent P8 % BB nG EtiE ek friedfie oo dinerifs or
e@hﬂﬂ@nﬁ@ﬁsdc%i&bm&f cdn be 0B&IRSE wHdhthereéeponéing starting materials
are used. In particular, this process is useful for the stereospecific preparation of
azetidinones substituted in the C-3 and C-4 positions, and optionally substituted at the |
ring nitrogen.

The processes of the present invention can be used fo prepare azetidinones
such as are represented by the structural formula (I):

QB
Qe &
= X'm'(c)q"\ﬂn’(c) r'Z A
l | AN
S R2 R3
@ 7—N

‘4
@

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (f),

wherein in Formula ([) above:
X', Y' and Z can be the same or different and each is independently selected

from the group consisting of -CH,-, -CH(alkyl)- and -G(alkyl)z-;
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and OC(ONRGR M @ is 1 to 5 substituents independently
sel ected fromthe group consisting of 5 acyl, alkyl,

al\)&'@&(ﬁ%k/}ék #l Kyl heteroaryl, alkyl sul fonyl al keny
koxy, 89ﬁoxycar bonyl , aI kynyl, -(Co-C30 al kyllé%'lé/}ls%gosmwm

(Co C10 al kyl ene) - OR6, -(Co-Clo al kylene)-C(O R6,

-(Co-Clo al kylene)-C(O OR6, -(CagsL1l0 al kyl ene)-0C(O R6, (
-(Co-C10 al kyl ene)-0OC(O OR9, -CH=CH C(O RE.

-CHECHC(OOR6 10 GCC(OORG -C"CGC(OR6 -O(C1-C1

I kyl -0-( C | kyl O o (Cl-C

Z| k§| &@gndc@op@p@e %gwaln?eag( % ene)q&e&?&améaml raljg/selected
e P e R )%?@O@R&a gy @ibf, Bke, -oc(0)R?, -0c(0)0R",

#aryl)-N-NeN . 15 0 - (Cl- C10
g’:‘%@@“@% WY )(Co C10’ al kyl Sr?é))cEO) NR6RY |,

- (Co- Qs altb\d @Lﬁi@tﬁl@ﬁ@)
al kyl ene’ - NRBRT 0o (G Z}dﬁnﬁ%ﬁg%ﬁ%ﬁ%ﬂhe F%’OU%COHSISTIDQ of

agykedkyh @ikglawmallgmqbpmrﬁgalkytqgﬁg@yb)ajk@m,, alkoxy, alkoxycarbonyl

algkg,ggp) M%g'ky@%m C(2 OO) Ng6(F§(70) (g(l o%: III§6NR6R7
yjﬂgng%ﬂ&{&gé?ﬁ@ Ikyl a yri )@@Sﬁtommz _(Cl- Clo

*%CJHU@@ YIS BINOR 3, fGoCE%alk a? -Ow(mR®al koxyal koxy,

al koxyal koxyal koxy, koxycar bonyl.al koxy,
wmyawlame@@(ow}eommmﬁanpm  dCKyOM @10)0;#51 yl,

al | yl oxy, gloxycarbonyl ara xycarbonyl

((ﬁ@’r&(@)ﬁb‘ar berEFCLHD) )R® at@Lg{ o), diigfighdyvoR’

aryl oxy, aryl sul fonyl_ aryl al kox aroy , arao oxy,

(-85 9 Hlkgihe) TR BN elkyleRYIIBIDR G YEND.
cycl oal kyl , cycl oal kyl al kyl , cycl oal kenyl
@@m@mpwwgam(ﬁwmhﬁtw&a@um Cretatiydema)- QANRIR
het er oaryl al kynyl , hetgergaryl al kyl , heteroaryl al koxy,
He{Erbas 9!@@@@(@)%{\@ é‘ei Hm o, dioxol anyl,

Eﬁ@vg&%%‘@le{@mfﬁﬁ& ydr oxlget erocyclyl carbonyl,
DRI AAABE 4O ORI oNlY 1,

B4y aliGRIRgLOG(GNREYELNER! {Chyel 28/t auROR’

-O-(C2-C1o alkylene)-NR°R’, -NR°C(O)R, -NR C(O)OR’,

NR°C(O)NR'R’, -NR°S(0)o2R’, -N(S(O)o2R )z, -CHNOR®, -C(ONRR’,
-COINR’NR'R’, -5(0)02NR’R’, -5(0),,R"

_O-C(0)~{C+-C1o alkylene)-C{ONR'R’,

_OC(O)-(C+-Cyo alkylene)-NRPC(O)O-(alkylaryl), -P(OXOR™)z,

-(C4-C1o alkylene)-OSi(alkyl)s, -CF3, -OCFs3, halo, alkoxyalkoxy, alkoxyalkoxyaikoxy,
alkoxycarbonylalkoxy, atkoxyarylaikoxy, alkoxyiminoalkyl, alkyldioyl, allyl, allyloxy,
aryloxycarbonyl, aralkoxycarbonyl (arylalkoxycarbonyl), aryl, arylalkyl (arafkyl),
aryloxy, arylsuifonyl arylaikoxy, aroyl, aroyloxy, aroylaroyioxy, benzoylbenzoyloxy,
carboxy, cyano, cycioalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylaikyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylaikoxy,
heteroarylsulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylalkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsuifonyt,
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ring systemor simnultaneously replacing two avail abl e

hydr ogens on adj acent carbon atons on a ring system as

defo nReob@bpw, Q4 is 1 to 5 substituents indepenﬁg’ﬂbk%osmztsgol
sel ected fromthe group consisting of s acyl, alkyl,

al kyl aryl, al kyl heteroaryl, al kyl sul fonyl al kenyl,

al koxy, al koxycarbonyl, alkynyl7 s -(Co-C30 al kyl ene)-G
-(Co-Clo al kyl ene)-0OR6, -(Co-C o al kylene)-C(O R6,

(Co Clo al kyl ene)-C(O OR6, -(Co-Cl0 al kyl ene)-0OC(O) RE,

Clo all% %moqsh‘,? m%mcﬁ';gge%@%m@m@m@@i;en atomona

gi)é# engz @@%@o@%ﬁ @ﬁ%ﬁ%@ﬁ@&@qﬁn@%@ﬁcem carbon

ai@n(sﬁiﬁ@]lm hﬂ@tbﬂﬂ&& d@f:@dﬂBEIﬁw O ( Co Clo
al kyl ge) C( NRENR' C( O) ORE> - g
al kyI 1 &9 © gulsfityeris lpdgpendsn lbge@ptqctﬂoml’@e group consisting of

Q(%;}éoél@g&gﬁ?@ i l%ﬁ@egﬂ'&@@ﬁ)m%@ C'\@ﬁ&y alkoxycarbonyl

aikywl,en(é:)o-@&b SIRVI,ene)-G(CZ Clo al kyl ene) - NR6R 7,

g “NREC(O) NR R8., ¢ -NR ES(O) o- 2R9

é% Opiky e cma@ap Akl E(Q)R - C( O) NRENRER , (.
S( o o 2NRER' sbo%@ o (O - (Cl-

+ Cocalylepe) @)R,

AR 08 o R
S R ienor o .
B ARSI e
FuaSES NS Yo B B Bsis e g
PG YR O R EIORY L o v al kv

AB{C-Cay alkg!étw)qo(hﬁ(asrypaﬂ N:aNj koxy, heteroaryl sul fonyl,

het eroaryl t hi o, di oxol anyl, heterocyclyl,

BT E)e(CreCyyl alkyphe)- Oﬁ@btéﬂﬁps(@bs@@ atliyteng).C(O)NR R,
het er ocycl yl car bon HX hydr oxy,
GsiCon slkvienie) DRGONRIRyRO:, -G eI NEB: s
i si t I | abse h b
Sh{G-0> BBBronds i pHFOSHANS ), ONBOBIIOR - NF CA B For

PR CORR R S S g e 35@%1%6&@56@» ow

-8(0)02NR°R’, -5(0), ,R’, -0-C(O)~(C1-Cyp alkylene)-C(O)NRR’,

-OC(0)~(C+-Cqp alkylene)-NREC(O)O-(alkylaryl), -P(O}OR™),

~(C1-C1p alkylene)-0OSi(alkyl)s, -CFs, -OCFs3, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,
alkoxycarbonylalkoxy, alkoxyarylalkoxy, alkoxyiminoalkyl, alkyldioyl, allyl, allyloxy,
aryloxycarbonyl, aryl, arylalkyl, aryloxy, arylalkoxy, aroyl, aroytoxy, arylsulfonyl,
aroylaroyloxy, aroyl, arylalkoxycarbonyi, benzoylbenzoyloxy, carboxy, cyano,
cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylalkoxy,
heteroarylsulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylatkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsulfonyl,
and ring substituents comprising a moiety replacing one available hydrogen atom on a
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@ is 1to 5 substituents independently selected fromthe
group conS|st|ng of acyl, alkyl, alkylaryl,
ryl, al kyl sul fonyl al kenyl, al koxy,
aI koxycar g%ﬁyl 5 al kynyl, -(Co-C3 al kyl ene)-G 13({%65-76%045901
al kyl ene) - OR6, -(Co-Cl0 al kylene)-C(O R6, -(Co-Cl10
al kyl ene) -C(O) OR6, -(Co-Cl0 al kgl-ene)-0OC(O R6, (Co-Cl10
al kyl ene)-OC(O OR9, -CH=CH C(O R, -CH=CH C(O) OR6'
-CGCCGCCOOR CGCC C(ORE -O(C1l-Clo al kyl ene)-0R6, 10
-O (C1-C10 al kylene)-C(ORE -0 (Cl1l-Clo
r@g@sﬁ@)w@q@J{t%eousdwrepla@pgmwgmuaqmle hyoreg®)s RPRdEcent carbon

LS 2 PR R AT O, o1 o

al kyl@m)‘rfé(@)soaembb i HH der@y $dled
al kyl ene ol bbecn Oeﬁayl%w %ntg)él‘f%}%th%group consisting of

acybgﬂqj,@llgylﬁwl ea[@yihgjg(r@m@kylsm@wl alkeag, elloxy, alkoxycarbonyl,
. Rgl C2-Clo al kyl ene)-NR6R7, -NR 6C(O R7,
a&%@o@a@ @@P&j} 7R8, -NRGS(O)OQZRQ -N(S(O _2R9) 2,
S(O 0 _2NR5RY,
(E’g !gggéllz"hs%j Uﬁcﬁ@ ?g(l%%ﬁaaq @?ﬁ né)(C%O) NR6R7 20

(%9( ogo?%)l@ 2@?4 qu%@lﬁ@ Ogh.( ald@q) 3i CFSEi - OCF3,
-{G-01, akdergpOCIO)ORY, kOMEDHO(@ARKCOH=CH-C(O)OR

al koxy carbon%lalkoxy al koxyaryl al koxy, alkoxy|n1noalkyl
-GESAGICIPIOR”" aCEREC-BIOYROX Y (caty) gpky,@% ijﬂ,, aryl ,
aryl al kyl , aryl oxy, arylalkoxy, aroyl, “aroyl oxy,
-@t(ﬂﬁ@i faﬂ@ﬂéne -B(OYR 2-OV{OXE,, &k@ehe)- @(@b@ﬂﬁamar bonyl ,
benzoyl benzoyl oxy, carboxy, cyano, 25 cycloa kyl

-C M- GNKMHa) KENHYNHERIP k@wC/-Cay elkginedO(OANRYR, »

het er oar yl het er oar yl al. kenyl , s het eroaryl al kynyl,
-(Be(ﬂef@arqlksdelkq] C((BB‘dBrMBrQ(@)CRBxy het er oar yl sul fonyl ,

Gl GTORERUPIAET Pear banyi
-De(O}o1Cly gD @R, hydr oxy,

roxyal kyl , al kyl sy onyl, and ring substituents
-(Gorr atkylgne)-CYONR: Rl Ge Digaltyenay-DC@INE R deven at om
on a WO 2006/ 068990 PCT/ US2005/ 0459015 +9 ring system or
~(Sorotalkdens)-)H Bp) -424Gg-Crualienan«) d‘ﬂiﬂd? hyNRo@g@)ﬂ Qn
adpacent _garbgn atomsgon & ring system as defined bel ow,

'Nﬁéﬁ@}OBpt'mQ(WNBnB oNFSH{©) ezt b oN(SHDoreR 08, the
GHRORE BENBS CBINENRR, -5(0)02NR'R', -S(0) R

-O-C(O)-(C4-C1o aIkylene)-C(O)NR R’ ,

-OC(0)-(C+-C1o alkylene)-NRC(O)O-(alkylaryl), P(OHOR™)z,

-(C1-C1o alkylene)-OSi(alkyl)s, -CF3, -OCFs3, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,
alkoxycarbonylalkoxy, alkoxyarylalkoxy, alkoxyiminoalkyl, alkyldioyl, , allyl, allyloxy,
aryloxycarbonyl, aryl, arylalkyl, aryloxy, arylalkoxy, aroyl, aroyloxy, arylsulfonyl,
aroylaroyloxy, aroyl, arylalkoxycarbonyl, benzoylbenzoyloxy, carboxy, cyano,
cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloatkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylalkoxy,
heteroarylsulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylalkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsuifonyl,
and ring substituents comprising a moiety replacing one available hydrogen atom on a
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30

of Ql, @, B, &4 and @ is independently replaced by 5
-0-, -(O-, -CHCH, -CC, -NCalkyl)-, -NCalkylaryl)-

otydNidoé/odeodes Sel ected fromthe group consisting Qfrfsaensnasent
sugar residue, disugar residue, trisugar residue,

tetrasugar residue, sugar acid, am no sugar, amno acid

resi due, oligopeptide residue~-&oenprising 2 to 9 am no

acids, trial kyl anmoni umal kyl radical and S(O2-CH 10 R2

and R3 can be the sane or different and each is

L ndependentl.y selected fromithe graq consi sting of .

AP BYE OLsiyEnRgUsy eplagbiy W dyaiiale Biiogens pe adiagent carbon
Abrrd dd 881 s@idmeRs fefifed paBRendent |y sel ected fromthe

gr oup con@i@qtﬁg of hydrogen, al kyl, aryl, arylal kyl,

cycl oshéngin optidnally pneveotaragatraupionenadf the -(Eg+CRAikdene)- radical

e e
PP SRR A R

sum of; igselRctdd framping drolp cbnsiting of 4 suaPredidu@ndlsugar residue,
provi ded that when pis O and r is 1, the sumof m g and

trisugarresiglue; teltagiigas regiduasuPakIFeh 2raing SUBRbRMBGLaqitEesidue,
THaPenla = Hhur PR RINEr S B ete FRBy BBl rdical and

+8(@)p-}3, The statenents above, wherein, for exanple, QL

and 2, are gaid to be 25 independently selected froma
gr ouR oéind b tan be: thessamearglifférant gnd @adh @inglependently selected

SRR RS Bl S bRt MR g o0 Q o @
OCcUAE LRI ARG b SYGEHP Sl i socto
fim ahdghoup Shsistirakof hydtogen dtkylaatyl, avldikyl esetiling, Al

the size and nature of the substituent(s) will affect the
HOIRSERg Groud aRfhst i t uents that can be present. WO

2006/ 068999. PCI/ US2005/ 045901 - The term " ional ly
subs STk BaS IHERS GNGARY, CrRE RYARB R AYARThe
speciédcﬁquqgmerf@@iﬂgﬂ 8r Alkykoi eties. It should be
noted that any atomw th unsatisfied valences in the

t ext ,q sdhenis, exanples and tables herein is assuned to
have t.h% .

risQort;

m, n and p are independently selected from 0, 1, 2, 3 or 4; provided that at
jeastone of gandris 1, and the sumofm, n,p,gandris 1,2, 3,4, 5 or 6; and
provided that when pis O and ris 1, the sumofm,qandnis 1, 2, 3,4 or 5.

As used above, and throughout the specification, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:

The statements above, wherein, for exampie, Q' and Q2 are said to be
independently selected from a group of substituents, means that Q' and Q” are

independently selected, but also that where an Q' or Q2 variable occurs more than
once in a molecule, those occurrences are independently selected (e.g., if Q' is —OR®
wherein RS is hydrogen, Q® can be ~ORS wherein RS is alkyl). Those skilled in the art
will recognize that the size and nature of the substituent(s) will affect the number of

substituents that can be preseni.
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hydrogen aton(s) to satisfy the valences. 5 The foll ow ng
definitions apply regardl ess of whether a termis used by
| el jn conbination with other terns, unl

ot hero&?/g%%dndi cated. Therefore, the definition elg(?rluszoosmcts%l
"al kyl" applies to "alkyl" as well as the "al kyl"

portions of "hydroxyal kyl", "halgal kyl", "al koxy", etc.

As used herein, the term"acyl" nmeans an HC(O) -,

al kyl -C(O) - or cycloalkyl-C(O-, 10 group in which the

vari Qus %ou‘ps are as grevi ously described. The bond to »

t he pdiseiarmsipsiopally subsiituiagh mepnscentisgey subsiitatien mith the specified

GV AR B NS et b At R SRR aorc
vakarpasdh ithe Asxtyseitbrnes séxampibe aheartableslHarkbin isRRBan®Y to have the

al i phati c hydrocarbon group that can be straight or
Wﬁé‘?ﬁbﬁt%ﬁé)E%ﬁﬁ%@é@el’a{%'c%out 20 carbon atons in the

hai Ry : ' ;
o e PABLIG e Bk Koo BUBRI SR oA e ddby el o
i'.l.t onmtiiiﬁﬁijqp Wwith aibmrttﬁ&trlsaulhieas atmwis{eﬁndimat@dla}rherefore, the definition
o SRYIE aPflien it "Riihas el ey P moiGis &t s Stk naloatiyr,

«hikBe@" el Kyl chain. The al kyl group can be substituted by
one of nore substituents independently selected fromthe
gr ouscsedd beraig, ik thrnhdacidt yleanseapdi-6XORy lalky2@(Ey-amaycloalkyl-C(O)-,

R T oo b s oFbe iy SSEAGHHb poptia gt iy
iSMgugArthél Lirbef @b eferfRl R9WYcodiath a fowel G831 K¥dn-limiting examples of
Non-I"iTmting ‘exanples of suitable al kyl groups include

swisabis/ acyl grawps ingduder foppyl, apetdmndpyopanaylbut yl, t- butyl,

1 P R R B S bhsar TSR bygnogerpan sroup that oan

peRaRfgifbedriaibhed vnd anpisdst whalsbuitdtecalbon! atents iarhié chain.
as described herein, Preferred al kylaryls COE:E“ se a

Harr@t%éfeotaalkyh grgppeFONRiea 1 i ebelg 1%esarReneatemsdndhe chpine More
' [ T, i eta -
p?té#éijherﬁgﬁu !éw%fr?ﬁés g?&gfp?fské A koy{i\ﬁ%@%rbfﬂpfd@ggﬁé ?Igén cHBin®“Branched

eroary

nedans thay bnewrehyra Iowaliatiyl gheupssuchgasomethyd petbryi seprapyl, are

ol T i o Py TRE IOEE5h B 58 g T B hpor more
sty 48R forh 9 r g 5 B g et
ciparie, Usziosy, ka0 alkylihid, ArkinbsdNH @ligl), -Nelderclealkyl), -N(afkyl). (which
aﬂtly@/ c':éns {)g%P'lé s&nis b dl}?{e?én S,rc%?bg{yogﬁc? —&?5)6[]&8[%%. iNncon~limi’[ing
examples of suitable alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t~
butyl, n-pentyl, heptyl, nonyl, decyl, fluoromethyl, trifluoromethyl and
cyclopropylmethyl.

*Alkylaryl" means an alkyl-aryl- group in which the alkyt and aryl are as
described herein. Preferred alkylaryis comprise a lower alkyl group. Nen-limiting
example of a suitable alkylaryl group is tolyl. The bond to the parent moiety is through
the aryl. “Alkytheteroaryl” means an alkylaryl moiety in which the ary] group
comprises a heteroaryl group as defined herein.

"Alkylsulfony!" means an alkyl-S(O,)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through the

sulfonyl.
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whi ch the al kyl group is |ower alkyl. The bond to the
parent noiety is through the sulfonyl. "Arylsulfonyl™”

B Sodbksadey! - S(02' ) - group. The bond to the par 3
noi ety ?ks? 5 through the sulfonyl. "Al kenyl" neakﬁé)ltfg%mosm”%l

al i phati c hydrocarbon group (straight or branched carbon
chai n) conprising one or nore dgybl e bonds in the chain

and which can be conjugated or unconjugated. Useful

al kenyl groups can conprise 2 to about 15 carbon atons

in the chain, preferably 2 to about 12 carbon atons in i
the cHYksulay!"1Beaps ahrlkyle? Ei)yarupe PEfetredarenps gre those in

R T LR G R T L

y one or re’su
suiengt.oup consisting of halo, alkyl, aryl, cycloal kyl,
cyano heteroarg{ and al koxy. When substituted the

al kenyVigHERY! Beanscan BaA-S(Paidrad-nEMRPANg & the parent moiety is
' appendi ng the substituent name, for
t@xan‘%l ehférgvi\ﬁgﬁygubstitut ed with a heteroaryl 15 group it
Kgn lkj'.é\ﬂ_c?rgnf'r n'nleadsalfn alip‘ﬁfmbdwfmq;lrbd)lklg?up' $sjrabgm.or bran?h%d carbon
-1 mMmtlng exa es o ult abl € eny, roups .| ncl uae
QBTGB G5 ROt e boiisd Ay BRI Walk an bs
RN or YhebBjudBied. Kiiseflll agéiéyngﬂouge ol ddthPdsd £ AbBEL 15

variabl es and is therefore ent, the terns al kylene
canaon akamy irethe chaisppraferadly 2 tarbouts Bl cad®n' sfokusiy theedaimn, and

APbisieibly i8HBolle ¥arich bi¥af oSt PRl FisaReoy gopagan be
subs@tlad® By che eranbes sabstitaeniinligssrtiently belsttéd ¢tdm the group

carbon atonms. Non-limting exanples of sSuitable al kox
cpnsishiegial dalpl @lkylearybgyclaalindxgyanrd Netespayband amﬁéy-amwn

B LAl dadestiier SoMRucBNaRf Yor TR Ehiepra by

OrayR 8)@%'%’ _ﬁﬁﬁ@‘fﬂ@ﬂd ae anelproaniglkemyl agipupa) Nop-difdting examples of
SR AR GRS A g OB BB SRR anc
pemtergdnpri se 7 to about 26 carbon atoms, preferably 7 to
SR 8954 Al S e NS BT o oo
o ol on et fehent AdhacKRl, Bh bt o)

“Alkoxy" means an alkyl-O- group in which the alkyl group is as previously
described. Useful alkoxy groups can comprise 1 to about 12 carbon atoms, preferably
1 to about 6 carbon atoms. Non-limiting examples of suitable alkoxy groups include
methoxy, ethoxy and isopropoxy. The alkyl group of the alkoxy is linked to an
adjacent moiety through the ether oxygen. Used successively, for example,
alkoxyalkoxy, means an alkoxy moiety which is itself substituted with one or more
alkoxy moieties.

"Alkoxyarylalkoxy" means an alkyl-O-aryl-alkylene-O~ group in which the alkyl,
alkylene and aryl groups are as previously described. Useful alkoxyarylalkoxy groups
can comprise 7 to about 26 carbon atoms, preferably 7 to about 12 carbon atoms. A
non-limiting example of a suitable alkoxyarylalkoxy group is methoxybenzyloxy. The

alkoxyarylalkoxy is linked to an adjacent moiety through the ether oxygen.
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" Al koxycar bonyl " means an al kyl -O-CO- group. Non-limting
exanpl es of suitable al koxycarbonyl groups include

onyl and et hoxycarbonyl. The bond t
paren?y%{)@ty i s through the carbonyl "Aryl oxyc}r(glgﬁ 005/045901

means an aryl-O-C(O- group. Non-limting exanples of 5
sui t abl e aryl oxycar bonyl groupsipncl ude phenoxycar bonyl

and napht hoxycarbonyl. The bond to the parent noiety is

t hrough the carbonyl. "Aral koxycarbonyl " neans an

aral kyl -O- (O - group. Non-limting exanple of a

sui ta%’i leoxeyicar cr@eaaﬁyan Jkyep-GQ- gmb,lz:yll\mryhmrtm@{ammas of

L A S T T T

Hondupetioddrennidbiotg iy tHretgh the caibleayy car bonyl al koxy"
means an al k I-OC(O) al kyl ene- O@group in which the

al kyl "Péyi@xma(ppehle g asHan and-Qrl (P egiasips Nerdinstingaxa@mples of

SRS G BEPPecR BARSERIN haghfycarvon. e

iﬁimil knls)thé« pavent mlrﬂketty igthesagiptie %e%yanﬂul tabl e

al ko 0 rou

The 2’ %55 w\%@lﬂw@%@gﬁaﬁ %arafm&cﬁdaar%&ﬂa &Z.cmmmgewmple of a
I

S ROy R BIOURFR borf2 ERIABERPE THE orfEP R ihe Harent moiety

imthrplghéhg cadpsyhr Eonsopvenienesthe idencaniaoxydsebohyl” is sometimes

i m | kyl . ' 2t bout 12

SarReT m*af?ivno Fé@%&?iﬁ?y‘:i”t o about & carbon atoms, The

20 al» %?ﬂa

t hr guéh e al ky e&%*%rdg)%%}j@gn dega)ﬁaﬁ%ans a%’YOUp in which the

aﬂ%@t@@ﬁ aikylgn% PEOGITTRFECRS Prapliqudlyr dam,rdjed? Wsetal Rioxgearbonylalkoxy

d.t al k I d Lhed f ul
oBPit Gt FE A6 B BB BoRs nibsERER L 3 Apsit & chreon

2RGIREB A ﬁ@ﬁﬂlﬂiuﬁrbgl; ¥xamiple 8PQ @Un&bl@@mcatmmm group | is CH3CHa-
limtin exar_rrg]es of suitabl e al ky dytp groups i hcl ude

OGO e alivexsycarkgndalsgky gashnk@ rmaadfa@ea’hmorety through the

' noi ety through the ester oxygen. "A kynyl" means
e@ﬂé‘ #‘S@EQU ¢ hydrocarbon group conprising at |east one

car boatkexypeinobiky P redesdn mlml\ﬁmw@me&tgr@ugm whiich the alkyl
branched and conprising_ about 2 to about 15 carhon atons

and allRden SF@HPW'@‘%‘# peayvieuly depcrifiast pdsefa alkerpimringalkylgroups can
cBRfYoe BB ALEEr A pRIBIBi 20 pBBLEaRebt A, e
aﬂmysnmbaﬂ(yblsehnkedrtor@ adjpeentahkiply througss theialkylme group.

e DA Bl e i R BRSPSk Bkt or
ahB%hs SRy Bidup BraPYidXlousty Sedoribel, (BsatBi ARy Bdupstan
comprise 2 to about 12 carbon aioms, preferably 2 to about 8 carbon atoms. Non-
limiting examples of suitable alkyldioyl groups include 1,3-propanediol. The alkyldioyl
is linked 1o an adjacent moiety through the ester oxygen.

"Aikynyl" means an aliphatic hydrocarbon group comprising at least one
carbon-carbon triple bond and which may be straight or branched and comprising
about 2 to about 15 carbon atoms in the chain. Preferred alkynyl groups have about 2
to about 12 carbon atoms in the chain; and more preferably about 2 1o about 4 carbon
atoms in the chain, Branched means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear alkynyl chain. Non-limiting examples of
suitable alkynyl groups include ethynyl, propynyl, 2-butynyl, 3-methylbutynyl, n-
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WD 2006/ 068990 PCT/ US2005/ 045901 -13 pentynyl, and
decynyl . The al kynyl group may be substituted by one or

200584354 t uents which may be the same or diff
each SubStituent bei ng independently selected fﬁ%ﬁqgmﬁgm

group consisting of halo, alkyl, aryl, cycloal kyl, cyano,
heteroaryl, and al koxy. Wen subgtituted the al kynyl
group is described sonetine 5 herein for conveni ence by
appendi ng the substituent nane, for exanple, when
substituted with a heteroaryl group it can be descri bed

RtV Aeay il el Tagnlkynig deeip may e Gubstietaesby one or more
BT el e tnelShe of oifert o SEPy b Belg™

ind@psd nwml b s‘lmen'te" Ald :fmlrg ittoa proupneo %s%@ffgdw%lﬁgﬁlaslfyl,lr’awclda[kyl, cyano,
and aryl ; oxy" neans = . e allyloxy is _
esogac and lkeya Ahen RbBT pIed IRl Igsoes Repessrpgeheomatime

" Al _ : . . . s

e for Ao O SRS Kk FU ol non
substiertedbiwtheab bateréatyb gedugpuit can bealdsoribat @ssa “fateroargataypyl” group.

Jubst AR A ) R B cwBowi 7o) B pa e came or

ciferdhif hAG Grd 8bRidled MekpbhBbhiy br ¥48ARIcRErRhcs Yidn Bhegroup
aryl groups include phenyl, naphthyl, indenyl,

coosisting df bydppgarylalighandedgnyl . " Aryl ene” neans a
bi val ent phenyl group, including ortho, neta and
par a-substitution. "Aral kyl" or "arylal kyl" neans an

aryl “aAliskENereats HYTHCHWM, Cthd BRyiexyis [kedaA8 a yjhess moiety
are as previously described. Preferred aral kyls conpri se
taroughidhe Sthe OffdRp.  Non-1initing exanpl es of suitable

ar al kyl. .0 ' . , -

napht AR RRER o Sl Rt oyl B ST offng vsiem comprising

aboues Yo tahoat 34 darisomktorhs erefayalblyabolbBytb et rrembtlam atoms. The
as_previous|y

) G1od SEn R siBsiviea wihgna ok miTeorBe SYaTera B BS oSy yihich may
] PSS HIRABHE AR Bt BB b of suri
dhirgroapinatuge pheayis naphthykindgnyDieyaloygronaphiytand elanyl.
Bl anedns b aIsRE PRPEYieBP JPENE Pics SRR PisgHbstiution.
oo S RereARS o Jhgcheo iy ARGy
alferlense are as predeyslydepcribpduPrafarred aralkyls comprise a lower alkyl group.
Non-limiting examples of suitable aralky! groups include benzyi, phenethyl and
naphthlenylmethyl. The aralkyi is linked to an adjacent moiety through the alkylene
group.

"Aryloxy" means an aryl-O- group in which the ary! group is as previously
described. Non-limiting examples of suitable aryloxy groups include phenoxy and
naphthoxy. The bond to the parent moiety is through the ether oxygen.

"Aralkoxy" or “arylalkyloxy” means an aralkyl-O- group in which the aralkyl
group is as previously described. Non-limiting examples of suitable aralkoxy groups
include benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent moiety is
through the ether oxygen. "Aralkoxycarbonyl" means an aralkoxy-C(O)- group in

which the aralkoxy group is as previously described.
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whi ch the aral koxy group is as previously described. WO
2006/ 068990 PCT/ US2005/ 045901 -14 "Aroyl" neans an

70 99¢df OUP in which the aryl group is as
descr%&% The bond to the parent noiety is thrryﬁb%%@‘ﬁsgm

carbonyl. Non-limting exanples of suitable groups

i ncl ude benzoyl and 1- and 2- napht-hoyl. "Aroyl oxy" neans
an aroyl-O group in which the aroyl group is as
previously 5 described. The bond to the parent noiety is

t hrough the et her or%lg&w Non- I|mt| 3 exanpl es  of

swta rgylgmeRaRs ARA %@ww igh qarﬂrgfoup is as previously
h

P P linar o dnd LB pion FEARR ISV IoRb I calHE floRiing

axamplygs wd suliebleudreups inddde bepzdyb anklyl- ark2mmphthoyl.

o ATV axy s s T b Gkt BB B &l §rouB it oS Breviously
d&scabedt TH dP’tRf‘t pfen nﬂag%frﬁeuge{ @@%ﬁ@f'oxgpgﬂwon fimiting

contal n abou at ons he "cycl o
darsplbs of suttailevgrobps mm:lmie henzoylmiynand yisbach 2-naphthoy[oxy

bst, ts" whi " t . i ff t d
e aCaEPAREREr IRt MRFETRG ExaRsTBbad Seareriere:
W@%bh‘iadi@wbvﬁﬂﬂ*h‘ia% drite *Jﬁét 16/ sliggiardd.. cycl obutyl,
cycl opentyl , cyc ohexyl', cycl oheptyl and 1s the |ike.

Non- | "Gyictdatiy = measises nen-arainetis moneularirylicydicojng systayl eomprising

i 3B A ETD S4Mbn e lpphSRTRED el i Farbp fyoms.

er%mcvél@am | Migs ebnwiin asdhurEsHo dsolrtheng m@ﬂgs ﬂh@cdyemfalkyl can
all positional isoners. "Cycloal kyl al kyl "

ke enlepiituter Wilh epg ardmerksr 'irtﬁwyatsm éutvsmeata‘hvghlalﬁ rraam the same or
R0 A RERoLES BRALE beldly oNBR g BEmAN of 4t honooyclic
cfw.tdemt}&s(l I {ictt&idWWcloiadmwaruy:elobet)mdycmmrﬁwecyctkbexyl cycloheptyl and
clo nean n-aromat | no
the e Ser S iling Asam s SRBU OB CY e cvaiballsprlude dhgecalinyl,
t '

con{)al s dé&l’[?%)f‘l)(gt ?E%trt]@a glgér)go -Cca ag A%H%)Oré%@]%ondbﬁgﬁ;pondmg bivalent
ritige fndrareid thy @oiaislkasrattachmiengso otmr groupshimgtude albpagitional 7somers.

QLB&“&WF@MQEW‘; 54 cupal gtes) B ot Besiaticva dikced via an alky
y‘(dﬁihe@eaﬂd% S brkf ﬁbﬁnﬁnmﬁg xanples oﬂ@.tawéi

Non- | |mt ng exanpl es of suit e nonocyclic

Qy;cldadjadladbyig ||rsclude |aydbhewimq5leylt adgmantyyroptng ﬂéd;the like.
cy ! PSR B AR el e AR % sy
Mfaﬁg’hﬁﬁm 3 to ayeupsd l@éfbdrﬁétbms phsianshiR abwat 8ablkeout 10 carbon
noi ety as defined above Iinked via an
atoms which contains at least one carbon-carbon double bond. Preferred cycioalkeny!
rings contain about 5 to about 7 ring atoms. The cycloalkenyl can be optionally
substituted with one or more "ring system substituents” which may be the same or
different, and are as defined above. Non-limiting examples of suitable monocyclic
cycloalkenyls include cyclopentenyl, cyclohexenyl, cyclohepta-1,3-dienyl, and the like.
Non-limiting example of a suitable multicyclic cycloalkenyl is norbornylenyl.
“Cycloalkenylalkyl” means a cycloalkenyl moiety as defined above linked via an
alkyl moiety (defined above) o a parent core. Non-limiting examples of suitable
cycloalkenylalkyls include cyclopentenylimethyl, cyclohexenylmethyl and the like.

“Dioxolanyl” means.
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Non-limting exanpl es of suitable cycloal kenyl al kyl s
iwel IopentenyInEthyI cycl ohexenyl net hyl
|Q9eﬁ%%6%yggxo| anyl " nmeans. V\D2006/068990 R 0ss901
PCT/ US2005/ 045901 -15- lo~ ~, /'noo "Halo" refers to
fluorine, chlorine, bromne or-i®dine radicals. Preferred
are fluoro, chloro or brono, and nore preferred are
fluoro and chloro. 5 "Heteroaryl"™ nmeans a nonocyclic or
mul ticyclic aromatic ring systemof about 5 to about 14
ring atons, prefer about 5 to about 10 ring atons, in
whi ch one or norejof ¥he atonms in the ring systemis/are
atons ot her thaw €arbon, for exanple ( nitrogen, oxygen
or sulfur. The heteroaton(s) interrupt a carbocyclic ring
structure and have a sufficient nunber of delocalized pi
el ectrons to provide aromatic character, 10 provided

t hat "Hak” rétegs 1ol duofihe ceidiig) breingresi |0@m&%1@eﬂ§|/ Pfreferred are
sul fur atons. Preferred heteroaryls cont ai n about

B ChPTPIR PramomandRare preferrerhalg flugrgranskchipra. onal | y
subst
o hHEtgr6ayPn@afs of mERbEIE Iof S Y ARl i Mtery of about 5
tdn abeu1n1 4 fihg abomfs; prdemblyoalaoutrs tohasouteffCori @g hhfmb ah&vﬁlﬂ@h yhe or
ot .nane. neans at at | east a nitro en,

nQeral ﬁh%@m$ &B&E’PQ svstem is/are gloms pothag’ qarh@n,afpe gxample
nﬁfd %éerB]’ fiirgr. MERER A?féréfélttoﬁ'g fr%r?@tdé E&r‘i)o'i:?cl coﬁrﬁ EGcture

ng N-oxi de. are con
aed g'la,veza syfficieyt nustsy df d;alocabmtl ai q;jgcirdlyd; to Evcmrdrb aEDrDé.TIC character,

PSR i TR RELE bR B oups el Uag PYATI L e Preferred

hBked¥h fRscoitartboutB aNBbes Pfind atdr‘ﬁ@f Whe5h@%f’8§fy?dcan be optionally
heteroaryl rings include furyl] thienyl, pyrrolyl

substiluisicdby one or seere; "alnglsylstem suldstﬂuems“ v\pmramwcbe thedsame or

B8 8 are BT 918, T B4 25 5B Tamhais, i teroary

réothamd Hdimisithat apPlelala afvahdn, oftyhaRapbul atom respechvelY is
benzof uranyl, benzothienyl . and i ndol yI . Fbteroa&¥

peasenk as & g atqm A ﬁ@@@gn@tw&c&ada@t?rowk@%h@nx Zﬁﬁatq form the

oBfle&iTondils NAPURED N fedhICoRRIS areXihBRARIEH! 145! Lpyrigh, 3-pyricy!

apdl Hymyrmwuﬁxahtpbé oﬁusefngsemnbb@@ hiétemaryla@ﬂoaps include pyridyl,
het er.oar al k Erou S | n SHVH dE’/ {\%
pyimiding rpy;aéw ity aaw ang fhe thoxides therpghdExamples of

5 588 8Bty ] ot Wi
isothiazolyl, imidazolyl, pyrazolyl and isoxazolyl. Useful bicyclic groups are benzo-
fused ring systems derived from the heteroaryl groups named above, e.g., quinolyl,
phthalazinyl, quinazolinyl, benzofuranyl, benzothienyl and indolyl.

"Heteroarylalkyl" or “heteroaralkyl” means a heteroaryl-alkylene- group in which
the heteroaryl and alkyl are as previously described. Preferred heteroaralkyls contain
a lower alky! group. Non-limiting examples of suitable heteroaralkyl groups include
pyridyimethyl, 2-{furan-3-yl)ethyl and quinolin-3-yimethyl. The bond to the parent
moiety is through the alkylene. In the same manner, “heteroarylalkenyl” and
“heteroarylalkynyl” mean a heteroaryl group, as defined herein, bonded fo the parent

moiety through, respectively, an alkenyl and an alkenynyl group. "Heteroarylatkoxy”
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"heteroaryl al kynyl" nmean a heteroaryl group, as defined
herein, bonded to the parent npiety through,

r y, an al kenyl and an al kenynyl group.
@?g%da?{?:“al koxy” WD 2006/ 068990 PCT/ US2005/ 048§1US200pg45901

means a heteroaryl -al kyl ene-O group in which the

het eroaryl and al kyl ene are as-1previ ously descri bed.
"Het erocyclyl"” means a non-aromatic saturated nonocyclic
or multicyclic ring systemconprising about 3 to about

10 ring atons, preferably about 5 to about 10 ring
ra@@h%agnaﬁemrﬂnalbwgn@pn%ﬁoypdiﬁ wWhigh feohgtereanyhand ap@lene are as

p%\?l 'c?es%ﬁbghe"ent ot her than carbon, for exanple
rog n, oxygen or sulfur, alone or in conbination.

Ther ¢Hateroeyclyidpeaest rmry@mmamwaiur&tedi #mncmyolksopmmmyblic ring
em Pre erred cont ai

HBIST OB Bbont 3 hEPAYGI ing RSTES G IBITERlY SReIG o oyt 10 ring
REMS! 7 white 1Rt BF RFE oY :[hé Sfb‘méﬂﬁ"fﬁe Jrbt Jsaﬂh é@@ﬁeht Bther than

nitrogen, oxygen or sulfur atom C pect ive
carlasrgrior axampie nijrogeonoxyden thremﬂitm,c@dohgloroanotm)lna’uon There are no

L Bl SR Al BRS2E 4T o B Pleo
htérodyoifRf ddEin @it toldol il irRPaidnys, $Héﬁﬂéﬁ)@é@£ﬂ ¥a dMfia before
het erocyclyl can be optionally oxidized to the

the hetarpeydyingohnamel@ecags dhalcd least 8 wirgoeRri ex/gen or sulfur atom

%g& ‘#ﬂ&%} 1ﬁﬁe§$ﬁﬁé@%§®g %kgﬁb @&h% &gc y){lcég]n%qe gptionally substituted

| IR BZ idyd "rnﬁ@ sp!at@lm Bwbsnmémsfrwrmwmhlaywe thtemaaﬁ@ ot diffeyént, and
3-di oxol anyl, 1, 4-d anyl, tetrahydrofuran

ayeesdlefaesharsphehhe nﬂfcegefrwryﬁwfaf ﬁt%;ﬂfél?@hefeéﬂ‘éwﬂ &an be
I
e R P BE o S BUEIR A5 ablite o
exanpley bbsgitabld enonadyetic h@reebwdiyddtnglseneludem@ﬂchji kyyrsolidinyl,
g?é’é}tg%’h gncl)r%\d?ieoﬁtnﬁl lﬂél TR cﬁn?uﬁ&ﬂy hdb mﬂ 1t30d1%p<gla%§a}{ ?n‘i -dioxanyi,
o B ORHEh, RSB PR, S Ot B i
Pr ef éHe@efobmlylaﬂqybmanarauwtgztcmyclghaﬁny!erw |gmom lrathh the
o SRS e e et ot
J%b?éﬂ%ré s E6RirRbHewyr alﬁw@Ha graup«h a8 Bdm foathepeye mbisty is

are as preV|ous describ

thna;aghdlsag aillw;lene né}a@tgr@pyq@l@arlaynyl" gresuns a hveD@YGhél’r%@) iggoup in

RO RO Aol Bl ey vyl e contarr

gygf g:f%iérﬁdhhéfeﬂmlylé@ﬂb@dﬂsmmﬁ)&ﬂbwaey|a[l€ym droup. The bond to the
parent moiety is through the carbonyl. "Heterocyclylcarbonylalkoxy® means a
heterocyclyl-CG(O)-atkoxy- group in which the heterocyclyl and alkoxy are as previously
described.

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously defined.
Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.

“Ring system substituent” means a substituent attached to an aromatic or non-
aromatic ring system-which, for example, replaces an available hydrogen on the ring
system. Ring system substituents may be the same or different, each being

independently selected from the group consisting of alkyl, atkenyl, alkynyl, aryl,
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"Ri ng system substituent” nmeans a substituent attached to
an aromatic or non- 30 aromatic ring system which, for

pl aces an avail abl e hydrogen on the rj
g@@?@%ﬁmﬁbﬁg system substituents nmay be the Sangm%%mmwymwmn
di fferent, each being independently selected fromthe
group consisting of alkyl, alkepylL, alkynyl, aryl, WO
2006/ 068990 PCT/ US2005/ 045901 -17 heteroaryl, aralkyl,
al kyl aryl, aral kenyl, heteroaral kyl, heteroaryl al kynyl,
alkylheteroaryl heteroaralken I hydroxy hydroxyalkyl
hettadoniyl, anejkybxaikyiand) &Y@Idsenyhdfweroamlbwl hetmbarylaikynyd;

AR Bty R OGP A GRATRBRE arviowy, aralkony, acyl

dﬁ@}lehé?léf Mitﬁdﬂ ﬁM' ca@b‘ﬁy | eﬂk%iycamonwfé(ﬂyﬁiﬂyﬁa%nyl %raikoxycarbonyl

het er oar y| sul [thio, ary heteroarylt

aleydgudipnyl; mylsnkf;@@yloae@lrmismfmyl @WMISQHIHWIaryJSU?fmyI

h‘é&%ﬁ&%@PMa&ﬁﬁ ‘é&ﬂﬁm he?eré?bm gﬁy[wp’ hetg{%ﬁlkylthio

G &rhsamyalogwloa;ke\ﬁymm‘eé@cycryilY%Nﬁ@eyclanﬂ, , m@m -NWh eOF:=RH)-NH,,
1 and }Wi} he sane or different_ and

-Clriig N A, 8@ YaNralkytné ek cYn%( labJﬁQng apfl -SONY1Yo,
Nﬁéq%ﬂgﬁnan@l\(k%a\; %Vct\e AR SY&GHOAH Yhg eﬂ%qnﬁéﬁér}ﬂ’é&tgy RDdied from
SV'S Mt uent” TRy al s gl & 1ol

10 su 0O mean a sin
thé gedupscandistintpotisygrogen) alkgs atylvcancawdlbalhyle ahy darralggin $Ripy system
t wo_ adj gcent ar bon atons (ong %& each car bone
SHPﬁE‘}U@é& §E‘%Yna 99('5&@6!‘@53'89 esfﬂe}?w HySIpEtaRePHF Ve ﬁ@’aces two

| "
a%ﬁég?egﬂwjdﬁﬁe ¥ ad‘%%‘?ﬁ%on%%@ms‘ dg)ﬁ]g I’-(Ijgﬁlésﬁdrg%‘agg?ﬁﬁbn a ring
systeimd l&tam]elaas:faunburemptsdm nethylarendiony st ityeaedioxyet@EdHs)- and

t hat arbon ato and ybelongtothe D or
t@e@l&qwﬁgh fl%'ﬁ’ m|° {qsn‘sdJ Qxﬂa«ﬁ’e@‘aﬁ% sui tabl e al doses

fromV\/nlchthe sugar residue cafdbe fg dlnclude

gl ucose, O~ gal act oseg” ri bose Rjr ose and

gl ycer dehys A npn-limtfing exa 2Q of a suitable
ket ose rom e sugar residuejjcan befformed is
fructos “Prsyga esi due” ans Qi 4% derived froma

sugar t h& can b hydr ol %fped tet vvo nonosacchari de

nol ecul es. Non-limting exanpl es of suitable conpounds

fromwhich the disugar residue can be forned include

mal t 6Segai resiched meahs almaisty derivedsfoomaseald2se Bx kepdsesthaf has 3 to
7%%@% a8 Sr'@jgI and %29 bellonggt%rtheeﬁb(rjﬁ%sén'egc gnqlirtnﬁpnsgeexamples of
suitable aldoses from which the sugar residue can be formed include glucose,
mannose, galactose, ribose, erythrose and glyceraldehydes. A non-limiting example
of a suitable ketose from which the sugar residue can be formed is fructose.

“Disugar residue” means a moiety derived from a sugar that can be hydrolyzed
to two monosaccharide molecules. Non-limiting examples of suitable compounds
from which the disugar residue can be formed include maitose, lactose, cellobiose and
sucrose.

Examples of sugar residues and disugar residues include those moieties G

listed in detail above.
Di-, tri- or tetrasaccharides are formed by acetal-like binding of two or more

sugars. The bonds may be in o or B form. “Trisugar residue” means a moiety derived

from a sugar that can be hydrolyzed to three monosaccharide molecules. “Tetrasugar



i0

15

20

25

listed in detail above. D -, tri- or tetrasaccharides are

formed by acetal -like binding of two or nore sugars. The
einaor (3 form "Trisugar residue'

%pgzt%y e?glkaved froma sugar that can be hydroly(’lp{;lj%?305%45%1

t hree nonosacchari de nol ecul es. "Tetrasugar WO

2006/ 068990 PCTI US2005/ 045901 - 448 resi due" neans a

noi ety derived froma sugar that can be hydrolyzed to

four nonosaccharide nolecules. If the sugar is

substituted, the substitution is preferably at the

reSidHe yeeans sninelety gleriged diosup sioar Heatdagdee hydrohizgslrto four
n?rﬁﬁégacgﬁg]ngeﬁgbgwgg resi due, such as can be fornmed from

UEarent e gal acturonic acid, gluconic acid,

gal acf hei sugae iglsulbEHined, mé\sutﬁttxtlﬂidmwpr@feﬁ@bl? atahd hydrogen atom of
galactaric acid. "Am no sugar" neans an am no-substituted

@L@Hrgrpéﬁlfﬁ@%‘? §Ug&-as can be fornmed from gl ucosani ne,
I JaTeR I :
9a aG%ﬁé&g%@? nﬁd\}%aagﬁ gﬁ%eg‘r r]eglrd@lt@hg&’%ﬁ g,g BhRAREHA frc%rﬁl%;[htécuromc

Suita roxXyl~ groups

aslm@amdtmhwjacmegmbmo ant@,tgellactbabzdwdi manmahzoy;ic;d glucaric acid
trit tert utyldlnEthyIS|IyI benzi |l i dene,
%@@Qﬁ"‘a@ﬁ i sopropyl i dene protective groups.

Am “Rtlr_ﬁ% 9%;&? 'rﬁé‘&ns HR HA¥ing- sﬁBbf‘r‘ﬁBﬂedj@ﬁ é(rer‘égfcig R %é“’%é‘r? be

aci d aci d nol ety can be prepare
famad fromnglucdsamnes gatastesandineNgiuchimine on§-anainexh@pprepaoédiol.

i e O
aééi%rﬂér&o?P inflraloWstr In%rt-ﬁb(@tdirﬂ@t g@lfﬁ HBriiRehd, cyclohexidene or
gl ut’am ne; "gl yci ne, histidine, roxyl ysi ne,

laqmmywd@n@lnrﬂ’@ctwecgr@u@ ne, | eu0| ne, lysine, methionine,

Eyr oM NS G teBIo? e Aot ERGET ot AARRRERT. The amino

a8kl Wojdigtan deapriepare@iran helioy Liforras iof théaﬁﬁho acid. Non-limiting
am nobutyric acid, piperidino carboxylic acid
egaER aguigble amnap agidgrfroro mepeta ks amina agig gs:due can be prepared

140 R G g AR e A i aci

gthamﬁnmrglyMe chisiddide, ﬁye&oﬂy[wlnepmmxyproanepﬁsomemmsllenm,me Iysme,
2- |amnoE|maI|c i nc

tBioR{ e PUBPHENTIS, PRolH. SAf o uopHES, IgRPRRepReyTosTie, valine, 2
L B o A TR R, Aot R o
atriholydpee ecide prwnmeamm at¢id, GesninncapioiaapidpLiateinoheptanoic
ac;dnat(r2utﬁlenyl)gTycme pemcﬂlamme N-ethylasparagine, 2-aminoisobutyric acid, 2-
aminoisobutyric acid, 2-aminopimelic acid, 2,4-diaminobutyric acid, desmosine, 2,2-
diaminopimelic acid, 2,3-diaminopropioninc acid, N-ethylglycine, 3-(2-thienyl)alanine,
sarcosine, N-methylisoleucine, 6-N-methyllysine, N-methylvaline, norvaline,
notieucine, ornithine and N-methylglycine.

“Oligopeptide residue” means the residue of a peptide constructed of 2 fo 9 of
the amino acids mentioned above.

“Trialkylammonium alkyl radical” means the group
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the am no acids nentioned above. "Trial kyl anmoni um al kyl

radi cal” nmeans the group WO 2006/ 068990 PCT/ US2005/ 045901
(CH2)n7 / Y2 N\ Al k2 Al k3 wherein is 0 to

%82@!/%%{? Al'k2 and Al'k3 can be the same or %Ff[éﬁz%q'?fo“ssm

and each is a straight or branched al kyl radical having 1

to 20 carbon atons. Azetidi nonggor (3-|actam conpounds

prepared in accordance with the nmethods 5 of the

i nventi on have at | east one asynmetrical carbon atom

Accordingly, the nethods of the invention are useful in

the praparati grmiof all isoners, including C enantioners,

eoi s r¢, rotamers, tautomers and racemates of the

c ounds oNﬁ—Fefmuk (I) (where they exist) and are

cont enpl at ed \as belng within the scope of products

formed by the Egcess of this,invention, Accordin

h
i nvention includes 10vRereippdimPdeilgansd A&Taﬁﬂfzﬁn%s%k@é@ebe the
S 4RO RS I R

cadiorbatopnepar ed usi ng conventional techniques, either by

reactln o |caI ure or ot cally epriched, start
rat oA RNe A B R il e P BSOS AP S Mth e methods

of ﬂfe'mlv@nﬁéﬁ ha@é ak st bﬁé@s@dﬁéﬁ@ah@érﬁ wﬁ ’até)l%og@écar&ﬁ?g/ the

al so include geonetric 1so en a
meshods of meemyﬁntronpa@as@ml mwthefprppamhwnmf@usscbmerm indluding

RGBS TreoHlhe. ey dRubRR SR opm P! g compounds of

Forvgat {Ip(whéreAhey lesusmomm afe &brht@ @mﬁ?%lﬂﬁﬁﬂ% Sébpe of

i n accordance with the nethods elnvenlon havi ng

pEadlugie Fymacoioy theaprocessnop s i nw@upnc d‘lQC?I’(HBQWpT%IIweBMH includes

ik peafraY B e PR R P b &bl oo

ratResiBhniktres adfllizing hetmétodexthe invention) isomead béM'beOprepared
malic, fumaric, succinic, ascorbic, nalelc

uBiBg RS e BR) teCamgues, @W%We"ﬁaﬁ“%apﬁféﬂliydiiwplclf opfiealsenriched
s%ﬂlﬁ%wcﬁgai %éttgﬁ’%tag)ébgtiréd‘%{)ﬁ{érs o}—?ﬁc i su'f @oﬁh%%ﬁ%lﬂl) As the

cont ormw I Cl ent anount
terfn ishesedidsereéy isamnmdra may ralstuinehalesgddmefficdsdmees, g e whanm double

bégql ?sgé[eg%gﬁ repa ah%ggggé(rggaartgbp&% fql}ﬁ\sso thevc\gOWpc?unds of Formuia (I),
whether crystalline or amorphous, also are contemplated as being part of this
tnvention.

Azetidinone or B-lactam compounds prepared in accordance with the methods
of the invention having an amino group can form pharmaceutically acceptable salts
with organic and inorganic acids. Examples of suitable acids for salt formation are
hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, salicylic, malic,
fumaric, succinic, ascorbic, maleic, methanesuifonic and other mineral and carboxylic
acids well known to those in the art. The salt is prepared by contacting the free base
form with a sufficient amount of the desired acid to produce a salt. The free base form
may be regenerated by treating the salt with a suitable dilute aqueous base solution
such as dilute agueous sodium bicarbonate. The free base form differs from its
respective salt form somewhat in certain physical properties, such as solubility in polar

solvents, but the salt is otherwise equivalent to its respective free base forms for

purposes of the invention.
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such as dil ute aqueous sodi um bi carbonate. The free base
formdiffers fromits respective salt formsonewhat in

t sical properties, such as solubility
g‘glbvzg% seﬁ%ut the salt is otherw se equival ent tﬂ(ﬁjwbgﬂmml
respective free base fornms for purposes of the
i nvention. WO 2006/ 068990 PCT/U%2005/ 045901 -20 Certain
azetidinone or (3-lactam conpounds prepared in accordance
with the nethods of the invention are acidic (e.g.,
t hose conpounds whi ch possess a carboxyl group). These
conmp&attRin ﬁ@eﬁﬁmﬁrﬁdglﬂcwalqomm@ﬁt@mp@r@hm a;:omrcﬂaﬂce with the

HAROASET i IEAR0 Bk B, UL b8 ooy

gsoup)e THeet compoandsifored Wharfri@embﬁlmac@épté@l@ samswtn PBrganic and
are usef ul in the provision of salts forned

Of¥Hiehases ExEmpas @éﬁu@bs@ﬁsﬂaﬁf@@ Wmapota@mm eglcium,

S B op P, RIS, 1 B G IREAp vt
lrgmlggm of salts foemeeiwitdd phawhadduticatly aotembtmamﬁr@%uch as

.d f h |
aBEaRaBINY STes Wk R TaR HBRTHSIFaTe and the k.
sui t @&leﬁdiﬁbﬁ%rtﬂ* - lddiemUden \}56?} HﬂbpéFéﬁ B é’t?b'b‘?#lance \'Rfﬁh the methods
invention afe a

met hods of the present SO0 use
obﬂwhyenmmhaym@m carpoxyliciacid grioup lcanifoim g)hemaapeetmauﬁx acceptable

o§ Wah L ERaof oo AelRs & SREDECaI3a0R ihcliae BabbRRS Silethanol,
TRE Mdth6ds of the &ﬁ%ve’iﬁ%ﬁfaré%‘feo 53&%%%@ praviidh &%eh
661, 145, 5,688, 785, 5, 688, /8 990, 5, 744, 4

CGWWBBOd$O 5,767,115, 5, 846, 966 each |ncorporated by
reference herein. Preferably, the processes of the
present invention can be used to prepare the 20

azet N@nnn-nmng@@tmpﬂeb@} arendiasess Btht P@mntbfeep@platp@d usidk the
formul a OHO F\ Ezetimbe

PESRRERE Pgm%/P%ﬁﬁﬂnﬂ ipiestion arm disoloser 12EHs RAteRtsNeR. KB 87,721,
5@29% atﬁ'ﬁo %t S%Z‘Ajjé‘ 68Y 8358 '661 I5VETEHR M8 5 688 787,

Trom darriaceut 1 cal’s
5,688,990, 5,744,467, 5,756,470, 5,767,115, 5, 846‘ ,966, each incorporated by
reference herein.
Preferably, the processes of the present invention can be used to prepare the

azetidinone (ezetimibe) represented by the structural formula (IV):

OH F

OH l

F {1v).
Ezetimibe is commercially available in the US in ZETIA™ formulation and in
combination with simvastatin in VYTORIN™ formulation from MSP Pharmaceuticals,

@

Inc.
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25 I nc. WD 2006/ 068990 PCT/ US2005/ 045901 -21 In one

enbodi ment, the present invention provides a process for
PP azeti di none, conprising reacting:

(3-(s%st?tut ed- am no) am de, a (3-(substituted- JCH)M@OOS/MSWI
am no)-acid ester, or a

(3-(substituted-an1no)thioIcarbgmLc acid ester with (2)

at least one silylating agent and (3) at |east one
cyclizing agent described in detail below. 5 As used

herein, the terms (3-(substituted-am no)am de,
0- ( sUpane embgdirg nd)pragent ventigm grovides a process for preparing an

v %Hh%? Eé%?ohﬂ{g 4 12%{[?%%%3@@&8 a?r%tng arrrﬁe é—f’substltuted-

am noam d noac

drainaaRt @stek "6 quulgstﬁgtéai-@ﬁrr@)madu@é@bntcoama %%Pé}%w g]zg gt least

am nes, that is, conmpounds wherein the nitrogen is jo
ane sibiatig agetand (3) et leasy dnegynlizing elgahbdemnbetcbma:ietall below.

(3 ( S UEHE Beiatnensamrasubstled Suroamived-fonarsper
eﬁ*ﬁ?n%?&lé‘%gt al(wﬁ Bg@hb&hﬁl?éh B HlBl'cg kfcﬁﬁ@g&'dcesﬁ& %fer to B-

esters are can be prepdred

arhmoam:de&‘;lﬁﬂarrkmm eetaredend E@mlﬁnmlc%rba%ibta%m @sters refer to
met hods for preparing (3 am noam de conpounds of Fornul a

secondarydmgiriess tatiis, capRaUiEoHRereimtsr pitiogesds jdiged fo the B-carbon,

DR BFPaEn PRBbe, 229 1 BT oo Be FlbbieRl sesi 1 eq,

- NH2 Staﬁhigaﬁl-fésu@ﬂt@tébsémtndﬁékhﬁjd@f ﬁs(gﬂbsiﬂﬂlté@%mmo)amd esters and B-
(3-(substituted-am no)am d S‘;ijUbSt i tut ed-am no)

(a%b&itt@t@deamlr&)tmplc@Mstﬂ lﬁs&eﬂsm PYHI Qle%ﬂb%ﬁi‘prﬁed &y one
s&ﬂl%ﬁ in tt % ?th% ﬂﬁﬁ\% rﬁé’&h%gﬁt F eXQMAR, L ‘ﬂf{@&sofor preparing

e Si ei'ther "prere

fadahinagamidecahmbyurads m‘chm‘ﬁmlaQ[ stebdistibade th Wﬁ)rmlmmzta dmcorporated
of the 20 nol ecul e. Suitable protecting groups well Known
byrTefarene® Nereiel ude for -NH2: t- butyl di mat hyl silyl,

benzyﬂhose%@q lnatﬂg attf \EH’F @6@9% oAb of Eaﬁgﬁ'to proceed as desired,

tri phenyl net ower a

-Neloh eRM, arttE#ﬁlyllswoytl’aredﬂﬁ plaseyt dn hied By(lsebési}thtedanmmam:de a pB-

enbodi nment, the (3-(substituted-am no)am de conprises a

(smsmuﬂeyll-ammm)amrdresmrcoop - (snbetikited-Briigo)hidsariaeria ackdester
hlral UXI i ary, sel ect fromthe i St

rtl&gpn sls copye q,htq groqgslvyl%cﬁl I%Hé? 9\%% ?Ih?éd, Shher
p?@@%rﬂf&?l??ﬂ i GhaHeA08 YilPAa8A bf the substituted-amino portion of the
molecule. Suitable protecting groups well known in the art include for -NHa: -
butyldimethyisilyl, benzyl, benzoyl and t-butoxy-carbonyl; for -SH: friphenylmethyl;
and for -OH: lower alkoxy, e.g., methoxy, benzyloxy and t-butyldimethylsilyl.
In one embodiment, the B-(substituted-aminojamide comprises a carbamoyl
portion B-C(Q)-, wherein B is a deprotonated chiral auxiliary selected from the group

consisting of

Y

2

”I“h
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-22 wherein Xis -0-, -S or -Nalkyl)-; Yis =0 or =S
and R12 and R13 are each independently selected fromthe
aﬁeﬂﬁ oSting of alkyl, aryl and al koxycarbo

erelﬁaﬁﬂé of R12 or R13 is as defined above aﬁ%hWﬁ%&Em4ﬁml
ot her is hydrogen. Preferably, X and Y are each oxygen
and R12 is hydrogen and R13 is-phenyl, benzyl or
i sopropyl. 5 The aryl group of R12 or R13 can be
i ndependently selected fromthe group consisting of
phenyl, naphthyl, benzyl, substituted phen§ , Substituted
wm*etmm i a0, -Ss s a[klyl)adYbenﬂ/br _sheamj R12ked R13 are each

eSS de R oo e apie g %&u&ﬁ%@ﬁéfim@ywmwi or
et uf TR N5 45 i A%< 8o T Bthein birgfaven. Preferably

R 25 M IS gt A1 ocronn
consifgid é‘r%l Qf‘o% 51%312 %rrﬁw @é#é"ﬁﬁ’éper/dlegz fty %glé'}!%d Elzah") the group

/B B 11
chneisting of phenite néphinyy kimnzyl,; s Usiatutmbpiaenw,&su tsstituted naphthyl and

kg%@& é@ed %wﬁ%e%&e g@ght@ﬁr\{ggn ther p%ez»?? ,ﬁa%%%hgg or@en,zyl are 1-3
sabstigntd Scldelldrasm ah@y;?oudc\)@éﬁs@ﬁrq 8f ARVl alk@ﬁg 6héﬂl %%H%nzyi.

fromthe group consistin [ uoro-

and @B angﬂﬂ‘leafnbcmﬂirrfam,ntherﬁe(sybrsmmted}am;m))amgdefcomprlses a
4-met hyl -, 2-fluoro-, and 4- flﬁ - I\/bst'ngerab%a
Cﬁft@moﬁ(@ﬂfﬁ@n BuCa)-anhets Bris B 11 éwsm 4% lapdrd f Praraeach

n‘?o%;fe'n'd%ﬂy WO P0P r89181.‘?1% rBEfE’ 08%%9% %{llgﬁ(% arylzgrylglkyl. 0 HN

= /I
AN
@] HN an
—\ o
B

QY

D

\(C)r V=X X
| | i R
Rs R, =z

Preferably, the B-(substituted-amino)amide is represented by Formula (IT):

wherein B, R, R> R, R» R% R» R, Q', Q% Q% Q% Q% X, Y', Zm, n, p, q, r are as
defined above.

More preferably, Q* is selected from the group consisting of H, 3-fluoro-, and 4-
fluoro- and Q° is selected from the group consisting of H, 4-methyl-, 2-fluoro-, and 4-
fluoro-.

Most preferably, the B-(substituted-amino)amide is represented by Formula
(I05):
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O-NSs C6H5 S &0~ iMe3 Me3SIOF ( M In another

enbodi nent of the process of the present invention, a (3

( i d-am no)acid ester can be used as a

ﬁ?é?@%ﬁ%ﬁbﬁ the R- (substituted-anm no)acid esterl’ljféé}?[}sg‘l;}’ts"045901
conprises a carboxylic acid ester portion Rl14-O-C(O-, 5
wherein R14 is al kyl or aryl. Jaganot her enbodi nent of

the process of the present invention, a (3-
(substituted-am no)thiol carbonic acid ester can be used

as a reactant. Preferabl%, t he
O- (substituted- am @b+ bl carbonic acid ester conprises a
t hi ol carboni c aci er portion R14-S-C(O -, wherein
R14 is al kyl or 0 As di scussed above, the process
conpri $¢s rig &ty 1) the O-(substituted- am no)am de, a

O-(subgiitufed-gm no)-acid ester, or a (3-(substituted-
amn A AY je~xacid ester with (2) one or nore
silylati (3) one or nore cyclizing agents
descri be erably the silylating agent is a

silyl enol (ngge
silylenol etherssi
N- met hyl {fel9i0 @ | yl acet am de or isopropenyl oxy

trimet hyl si'l ane. |yl ati ng agent can be added in up

to a stoichionmetric~&nopt or excess. In the process of (I).
the present invention, suitable cyclizing agent(s) are:

(a) Iisahethesentbagimehtobiheuprocess bbtherresentinkentiomet B

A A E e e oA

hSPELRE SpERAcd B HERBRSR Stk B s B oc0r,
. i hal i d d at | east | kal i

W Fef R b FEBE: o 2006/ 068990 PCT! US2008/ 045001

- 24 (anéthet epsiodimentiofiher pratysaohibiel prasenl invedson, a B-

quat ernary anmmoni um brom de, or quaternary anmmoni um
(substitdednaaniae)thistearbenie agidkaster pan die ysagbas adeactant. Preferably, the

B-(substituted-amino)thiolcarbonic acid ester comprises a thiolcarbonic acid ester

on- Qg@l ng exanples of is suitable
"Pat ri met hyl si | yl acet am de,

portion R14-8-C(O)-, wherein R14 is alkyi or aryl.

As discussed above, the process comprises reacting (1) the B-(substituted-
amino)amide, a B-(substituted-amino)-acid ester, or a -(substituted-
amino)thiolcarbonic acid ester with (2) one or more silylating agents and (3) one or
more cyclizing agents described below.

Preferably the silylating agent is a silylenol ether. Non-limiting examples of
suitable silylenol ethers include bistrimethylsilylacetamide, N-methyl-O-trimethyl
silylacetamide or isopropenyloxy trimethylsilane, The silylating agent can be added in
up to a stoichiometric amount or excess.

In the process of the present invention, suitable cyclizing agenti(s) are: (a)
selected from the group consisting of alkali metal carboxylates, quaternary ammonium
carboxylates, quaternary ammonium hydroxides, quaternary ammonium atkoxides,
quaternary ammonium aryloxides and hydrates thereof, or (b) the reaction product of:

(i) atleastone quaternary ammonium halide and at least one alkali

metal carboxylate; or



10

15

20

25

30

wherein a quaternary anmoni um moi ety of the cyclizing
agent is unsubstituted (i.e., quaternary anmoniun) or

' by one to four groups |ndependently
xﬁgﬁﬁ}é}ghﬁgomthe group consi sting of al kyl, aryFéﬁl{?yqosmsgm

and aryl al kyl -al kyl. Non-limting exanpl es of suitable
quat ernary ammoni um noi eties i.p ude al kyl ammoni um
groups containing al kyl groups of 1-6 carbon atons, e.g.,
tetra n- butyl anmoni um Exanpl es of suitable

aryl al kyl - alk¥lannon|u roups include
benzyl tri €i}hg m@ﬂewgemammmwmmweammmmmomum

ohonplaitice i diaBhiek AufmBHERRd A5 B foast aprialial meal fuoride,

al kalvhersihal gqeatehexy! #hechiim PeoishCathe Xy LRtiRg %@'eht Rf urdibstituted

al kali netal selected fromthe ggoup consi sting

i t hilm qdigmary emesiinmhopsibstidged by ong @f’@ua@wgups independently
Por beSH R e 8RB LoliBling LRS! ERIIERAH ardalighaton

corrleosnehrantnagreb@xmlas of snitallly meternagtamitonilMemeleies include

@%{m stin formate, acetate, log pi onate, butyrate,
akylegimapaiu Sﬁﬁ“ﬁ%ﬁ eontaixiing alkykgrougscitled carkan aioas,e.g., tetran-

A A A s i
be%wllz@mylmnahﬁnabh ﬁtnddmmbtnmethglamrhemgm ehd relxad\plgsé of aryl-alkyl-
oql nt e anponi u ar I'S
GO B A R OB A1G A ERIt eh dra Beronium,
errboqihg%mah th?al %aﬂ‘b’éiﬂét@%aﬁ&?‘é caltfo xylate salt of an alkali metal
IStrIITethgl yacetam e an th eC IZlng agen I S
§

selecied frerd gamm@nonmshngpéhtélumlsoqywn potassim pinelf casiura,
?bﬁ’g ‘ﬁﬁﬁ the quaternary ammoni um hydroxide is tetra
PRI, b’l% A n hydr oxi de. As di scussed above, the
cycl irzbmd eRERREMBAT thE alil rh@l%%a%x?ll’a@@ éﬁb[uﬁferﬁaby @&hmoARim

| east one quaternary anmoni um hal i de” and | east "one
carbraaylatqm@pom@@@c@mb@xylﬁt%mqﬁy gelacied fr@m the group consisting of

rolfRitioaie blorSRAR; pEPAR, caplib oo BRI, fagre

m?ﬂmam Yalinitais] steaats alpaies inclesi@), linslenais; icyclopekastedtboxylate,
rom the group consisting of fluoride, chloride, bromde

phenylacsipige beprasie ang WU@TIeuBFﬁf%@ I #ciai-ef er r ed
embog &dher %&rgﬁg{a ArhbdH bt GRS Eﬂé}%%'ﬁénsf aHRAiateddtBoxylate is

acetate her™ e clizi'ng agent
tetram-betyidrarmceherhi auetaeo thuanotber preférredenhkm:aﬂmemh,ethe silylaiing agent
yat.er nar%h‘y mmoni ym chl.ori de, uat er ¥%ammn| u

is My Siiviacriamion and the ruciialie paeifids teifa nauty Bsapopiye acetate.

g'&‘_f‘i %%@Ehé;gé%\*ér?g% bRIFRER, Wd GuitermMA, ZRRBI0RARR $Pdroxide is

tetra n-butylammonium hydroxide.
As discussed above, the cyclizing agent can be the reaction product of (i) at
least one quaternary ammonium halide and at least one alkali metal carboxylate in a
catalytic to stoichiometric excess amount. Suitable quaternary ammonium moieties
are discussed above. The quaternary ammonium halide can comprise a halide moiety
selected from the group consisting of fluoride, chlotide, bromide and iodide, preferably
fluoride. In a preferred embodiment, the alkali metal carboxylate is potassium acetate.
In another embodiment, the cyclizing agent can be the reaction product of (i)
at least one guaternary ammonium chioride, quaternary ammonium bromide, or

guaternary ammonium jodide and at least one alkali metal fluoride in a catalytic to
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stoi chionetric excess anmount. In a preferred enbodi nent,
the cyclizing agent is the reaction product of tetra
ni um brom de and potassi um acet at e.

;Wg?r‘%dr’“%?fgf erred enbodi nent, the cyclizing agerl%)t%Tmsz?oﬁmssm
reaction product of tetra n- butyl anmoni um brom de and
cesiumfluoride. 5 The reacti ciefhps oduct (3)(b) can be
formed in situ in the presence of reactants (1) and (2)

or formed prior to reaction with reactants (1) and (2)

Advant ages of formng the reaction product
sQIGHIOMEENG ecassAMPHRL St aredgeed @ oa#m@nartée C¥g "a@ agegnt is the

Cycﬁln‘;prﬁﬂﬂc’ﬂ of i rPSuM:asrﬁ %ré!rﬁlcfeoa Bf’a[s%quH%cetate In

ng agen rom rea ant s. en a
anotites rpmen‘eyrealrﬁmbodlmentpthezmywzmgagenk 55 ’uhtea‘éactldm pr@:hg:é of tetra n-
is added in a céxt al étl C a unt e., about 1 to about
byylampmonigp samide, pRH SeSBI IHBB‘E!E 5 nole percent, and

Wh SnTRE rBa8yeH it 233%6)“@&51'}’ b& TR s"rﬁlﬁh' thb ’Eﬂe@&?&t of ractants

d, it can I'n a catalytic up t
(‘s)tamob(ﬂ) améomied priouin reamluan va’rh sk tants (ﬁa)tasnd (Rjarkdmﬂtag@ of

ferfip ik etotid etioh 1 i Ak e RIPER et BBy reotants are
eéﬁe?‘f& ﬁQn@I@Wﬁ fhayl e @&e&ﬁéhswé%frﬁéﬁéﬂeoﬂher&yﬂlﬂhg a’ﬁéh@from the

t he ilylation agént, the fluoride reagent is add
I’Qﬂqt@(ﬂﬁly to the reaction mxture resulting from

o of S B ilebSuls B R R RA s inbdbtle uged, thg reagentis
ab@ékﬂ # apeedigicahvuabdld., dbdaur to dbbia20ahbly p@xfoleme preferably about 5

nbodi ment, one or nore fluoride ion catal yst cyc¢lizi
n'ﬁ@%ﬁﬁécefﬁ»oa'&lwh@@ ansaghy¢ous Wﬂ?ﬁﬂ@@rﬁ'ﬁmﬁ‘"ﬂ’ﬁé @ﬁémgﬁ@ﬁ&t s used,

lt%ﬁrﬁe;?gﬂ’%{i:fd Q%C g:‘rqﬁp é\'ﬁ%’c&bmom e aRAUR! GFneh an alkali metal

suita uor | al'yst cyc I'zing agents inclu
cﬂttm@b@lalt@rs/uﬁdsyﬂ is ,addedwh@tddyﬂie amount up to a stoichiometric amount

c:@r%w@:a% El %llael nghﬁwmp%%d %V\ﬁg@fiqleﬁ mﬂy reacttlon mixture after the
s@{)é(ﬂlor%gé(ﬁt il’%’fl@ér@i*«%‘é@erﬁ‘hé‘?ﬁﬁm@ﬁég?t@rt e%éa@ﬂ%ri Afbeture resultmg

I's an a net a salt or a hydrate

frbﬁ'? gz@ét!orﬁ Baeh |§$eé‘(ﬁéd Wnaboup0deoq "1 028, Eﬁéféﬁébly' Ahout 20°C to 60°C,
uo Wien a fluoride ion catalyst cyclizing agent is

far byt Olfetosrfeoitt 6 bourad@é%ferabhaﬁba wiolReUUf fi cient to
repl ac t .
ol alt B NGRS EPIGAREY offt BEHREE B for Bathuyst byclizing agents
céh berudedan vomblinatierwitaiehe cyting Eg@mldRCrlbegmnoves Non-limiting
added directly to the reaction mxture resm@%g
examples: ¢fsnitahledlugride isngaialyst cyligng agentsl quaternary alkyk-

L s

tHeseg’e mher@l?\calkwatarydmlagle ot andaiﬁyltaiby[ammldm arnge def;mcéabove, or
added si nul t aneo uslg % hon IS conduct ed u]n

iscamalkall mestal fluenda salt or a ydra e thereot, such as cesium \oride or

potassium fluoride. When a fluoride ion catalyst cyclizing agent is used, the agent is

added in an amount sufficient to replace the cyclizing agent discussed above on & 1:1

molar basis as desired. If added to the reaction mixiure after the silylation agent, the

fluoride reagent is added directly to the reaction mixture resulting from silylation, and

is reacted at about 0°C to 1100C, preferably about 200C to 60°C, for about 0.5 to
about 6 hours, preferably about 1 hour. When the silylation reagent, cyclization agent
and the fluoride reagent are added simultaneously, the reaction is conducted under

aimilar rondiions.
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WO 2006/ 068990 PCTI US2005/ 045901 -26 The order of

addition of the conponents of this process is not

Cid 4 the preparation of the azeti di none

Fgﬁigﬁgﬁ%$§{ the starting (3-(substituted- aning?%ﬁ?%@?wmﬁmn
(3-(substituted-am no)acid ester, or

a- (substituted-am no)thiol carbegge acid ester can first

be reacted with the silylating agent and then reacted

Wth the 5 cyclizing agent, or the starting conpound can

be adﬂ$d to a mxture of the silylating agent and the

cycl i M greRjerfraddgioneiinesiempaensiie ot ks Byogessds neyciilingl to the

A1 GPLE Rl o ol 2 S e b st

'ahinﬁﬁbwmide(?_ﬂl-(siuﬁigfit‘ﬂlyé&hhmg?)a@ﬁﬁéAﬁéT,Q'# Plsubsh é@&%ﬂﬁ{)ﬁ?{%lcarbonic

trimethylsilane, preferably BSA, in a suitable iner
afidg)apier cswl firshbe reaatewilh theciigiatipg eigenhbhg then adacted 20ibGhe

g3 egeiodBererihe Bl ia TR ABPen a8 Rt idhe siviating
Eg;g.tnthﬁdqhg@ycﬁim@@gem,msphere, e.g., the solvent is
ried, typically wth nolecul ar sieves, and the reaction

is cavibatproigtef byireaciienthesiamingaaterial withicosilyl-endl ether

SViGhi-Zat | : hal.l i th iLylatin ,
TYEp6 R sEE S H IR Zpatmits Ry el & Wifavisiyi
soetgrhizia emisogaopomyloxairiniethgldiiane preferabt BSALIH @ sulisblbdnert
about two hours, but preferably the cyclization step is
arganicedhount at OREdioat KISC,giretaraklylat labbubB0°Cdo A0RE, and more
si|ylating agent and the cycli zi n% agent are added
pspietalolid QEDION temRaTaiLIadBdst At 2AEC)r Foermeactiorin pisierably

S B Bol PG e G SR GRS IR
molat(ia) gicYes; &6 thelreddbioRds Barfddl dlit thder nitrogdn. When the silylation

phar maceuti cal |y acceptable salts or solvates of the
anslgyiclizatinteacs derg saawentally, i.owmHesilylatingagent 1§ reagted with the
s@’ﬂﬁ@mﬁ%ﬁaﬁﬁst Rfe sﬁZlatim’regﬁiqgt% & all&fed B cSAtinGE 1ot up to about
, Z, m n, @, 4, are as above,
two hours, but preferably the cyclization step is carried out immediately after silylation,

or the silylating agent and the cyclizing agent are added simultaneously.

Another aspect of the present invention is a process for preparing an
azetidinone represented by the structural formula (I):

QS
Q' e &
@—xm-(cwn-(cn-z X
A2 e e
5
Q ) J—n

s
| Q4

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (1),
wherein in Formula (I} above: 2RSSR RVRYRYR™ Q1 Q2 Q% Q% Q8 X, Y, Z,
m, n, p, g, v are as above,
comprising the step of reacting:

(a) acompound of Formula (II):
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25 conpris g the step of reacting: (a) a conpound of
Formul a (| WO 2006/ 068990 PCT/ US2005/ 045901 -27- /

/ BCA z@ Qi P\O~Yn(l )9 X
%25‘%{621;6)6'?%%3 Wherein R2, R3, Ql, @, @B, Qf, G, xﬁ@@?m
m n, p, q, r are as above, and Bis a 5 deprotonated
chiral auxiliary selected fromahe group consisting of Y
Y X5 ~Y XY XNlan. N Nand I!" V1i >r e wherein X
is -0-, -S- or -N(Cl1-Ce alkyl)-; Yis =0 or =S; and R12
and R13 are each independently selected fromthe group
consisting of alkyl, aryl and al koxycarbonyl, or wherein
one of R12 or R13 js @@adefined above and the other is
hydr ogen, or B._i 4) (R15) N-, wherein R14 and R15
are each i ndepgndentlly sel ected fromthe group

consi sting of d aryl; with (b) at |east one
silylating a c) at least one cyclizing agent

di sgussedyn . In a preferred enbodi nent, the

ess de$cribed above is used for preparing an

i di eg#Ppy the structural Formula (1V):

wherein Rz, Rz, Q1, Qz, Qs, Qs, Q5, X, Y, Z, m, n, p, q, r are as above, and B is a
deprotonated chiral auxiliary selected from the group consisting of

wherein X is -O-, -S- or -N(C1-Cg alkyl)-; Y is =0 or =8; and R12 and R13 are each

”Mn

independently selected from the group consisting of alkyl, aryl and alkoxycarbonyl, or
wherein one of R12 or R13 is as defined above and the other is hydrogen, or B is

(R1H(R15)N-, wherein R14 and R18 are each independently selected from the group
consisting of alkyl and aryl;

with (b) at least one silylating agent and (c) at least one cyclizing agent discussed

above,
In a preferred embodiment, the process described above is used for prepatring

an azetidinone represented by the structural Formula (IV):
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(I'V) conprising reacting a B-(substituted-am no)am de of
04 G%G%L;él) above with (b) at |east one silyl %Jrﬂg 005/045901
agent an c) at least one cyclizing agent as descCri %eal
above. 5 Anot her aspect of the present invention is a
process for preparing a conpowph.represented by the
structural Formula (1V) above, conprising: (a) reacting

p-fl uorobenzoyl butyric acid of Forrmula V with pival oyl

chl oride and _acylating the produg with a chiral

auxiliary of = a VI to obtaiwx a ketone of to Formula
VIl: ' Y OOOO O + xfI~ClL R FI V V
VII R wherein ¥ (C1-Cg alkyl); Yis =0
or =S; and R1 ish\akky og” al koxycar bonyl; (b)
reduci ng the ketone oh—Eqgynula VII in the presence of a

¢ al cohol of Formula VIII: OO
OHOIlYl x & M1l R VII (c) reacting the

chiral @] 811, an imne of fornmula I X

chiral catal yst

and a $ pr ot ect i ng agent, then condensing the
silyl -preteeted conpounds to-obtain a R
(sub§t i tuted-am no)am de of Forrmula X1, vvher@w] Prot is

cBriprisig RIaRHRS b BYs B iMited-amino)amide of Formula (ITI) above
with (b) at least one silylating agent and (c) at least one cyclizing agent as described
above.

Another aspect of the present invention is a process for preparing a compound
represented by the structural Formula (IV) above, comprising:
(a) reacting p-fluorobenzoylbutyric acid of Formula V with pivaloy! chloride and
acylating the product with a chiral auxiliary of Formula VI to obtain a ketone of

Formula VIL
Y
0 0O Y
0 0
0 HNJLX N
OH —1 N° X
+ cl ¥ o~
B Rl VI F }‘
v > VII R

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =0 or =S; and R1is alkyl, aryl or
alkoxycarbonyl;
(b) reducing the ketone of Formula VII in the presence of a chiral catalyst to

an alcohol of Formula VIO:

0 0o Y OH o) J‘i
N S N”™X
WN\_JX - @/‘\/\/u\ &
¥ N F R"l"
R! VI
VIl :
(c) reacting the chiral aicohol of Formula VIII, an imine of formula IX and a
silyl protecting agent, then condensing the silyl-protected compounds to obtain a p-

(substituted-amino)amide of Formula XII, wherein Prot is a silyl protecting group:
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WD 2006/ 068990 PCT/ US2005/ 045901 -29- OHOH O Y I, OHN\
SN X+1 J_CUNVN FVIII R IX'"Rt Prot) F (Prot)O

) cyclizing the (3-(substituted-amn '
15%?%@65)6%(9?? with a silylating agent and a cycl ?%?@8%5/‘3;5991
agent di scussed above, to obtain the conpound of Fornmul a
Xl: CQProt) / QProt) 5 F-M95 xi O0F; and (e)
renmoving the silyl protecting groups. In another
enbodi nent, the present invention provides a process for
preparing a conpound represented by the Fornula (1V)

above, conprising: 10 reacting a chiral al cohg F
Formuloggr VIl lg ag i m ne of Ha | X and a sil
pratedti ng dyendl, then co ing the gil§ Hrofect ed

odnds to dbtgtn & (3-f (substityseg* e of

: la X1, y ein -0-, -S or -

is =0+gf =S; Bnd RL i kyf, aryl or all®

wherein Prot is a si¥ protecting groupmot O YOHY

OHN\W all \ SNX+ XXxXNF R 1 O Prot VI
(d) cyclizing the B-(substituted-aminojamide of formula XII with

a silylating agent and a cyclizing agent discussed above,
to obtain the compound of Formula XI:

OProt) O(Prot)
/@/SK/IJ.R 8
F N,
©Q
A E . and
(e) removing the silyl protecting groups.

In another embodiment, the present invention provides a process for preparing
a compound represented by the Formula (IV) above, comprising:

reacting a chiral alcohol of Formula VIII, an imine of Formula IX and a silyl
protecting agent, then condensing the silyl-protected compounds to obtain a -
(substituted-amino)amide of Formula XII, wherein X is -O-, -8- or -N(C1-Cg alkyl); Y

is =0 or =S; and Rlis alkyl, aryl or alkoxycarbonyl,' and wherein Prot is a silyl
protecting group:

cyclizing the B -(substituted-amino)amide of Formula XTI with a silylating agent
and a cyclizing agent discussed above,
to obtain the compound of Formula XI:
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XIl F 15 cyclizing the (3 -(substituted-am no)am de of
Formula XIl with a silylating agent and a cyclizing

| ssed above, to obtain the conpound of
o %\?)862"3%/ 068990 PCT/ US2005/ 045901 -30 O(Pr ot%(!:@gy%ﬁgm
'"it.RSJIDS FN X F; and renoving the silyl
protecting groups. 5 Another aspgct of the present
invention is a process for preparing a conmpound
represented by the Fornula (IV): OHOH | SF~ioN OF
IV cyclizing the (3 (substituted-anino)amde of formula
XIl F Y OH\\ XAN RlQ()(Pfogt) r‘d?%o XIl F 10 with

a silylating agent a CYLlH %) gent di scussed above,
to obtain the conpouo? Fofrmula XI: Q(Prot) / Q(Prot)

F

F . and

removing the silyl protecting groups.

Another aspect of the present invention is a process for preparing a compound

répresented by the Formula (IV):

with a silylating agent and a cyclizing agent discussed above,

to obtain the compound of Formula XI:

O(Prot) O(Prot)

l R_S,
F ; and
removing the silyl protecting groups.

Preferred reaction conditions are shown in the following scheme:

Step (a):



RSi SFNe X F; and renoving the silyl protecting
groups. 15 Preferred reaction conditions are shown in the

' chene: Step a : WO 2006/ 068990 .
%?@g%%g%%gol 731 001. TEAOO OHF |/ LCHPsYoppgson
F1i Ll O V'\-j VIl VI DVAP, CH2CI2 Step (b) 0 0 O
RPhOHOO NNOKOSNO v.giEO>s M Fi \ V VI /
BHs. SME2/ CH2CI 2 VIII 1/ Stepc : OHOIO OHS N O
Prot-Cl A :LJ + NDIPEAON Al Fc s TiCld H Q(Prot)
VITI F 1/ ix o0z (Prot)Os 5 X1 F Step (d)

0 0] 1. TEA

+ XH‘CI 2 io B 5
HN

) w

DMAP, CHoCly
Step (b):
0 0 0 z Ph OH 0o o
o (G § S
O N_ o S N0
- B ./
F ..}"s MC F ..‘S

. 5
VIl @ BH3.SMes / CHaClp VI O

Step (d)

7. R
5
TBAOAc (0.5 mole %) FDN

Ag. Isopropanoi/dil acid

S O N
CeHs O(Prot) O
(ProhyO @ X1

OH
O(Prot) O(Prot) OH

)ij)s\/’uk s Ag.alcohol / dil. acid D’g\"’"“ 2
~ N,
N,
L0 RS
v
X1
10 F
In the reaction scheme above, TEA is triethylamine, DMAP is 4-dimethyl-amino

pyridine, DIPEA is diisopropylethylamine, BSA is bistrimethylsilyl acetamide, TBAOAC
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F QProt) | QProt) O1 BSA/ t-BuOw, 25y"-C R s XN
TBAOAC (0.5 nole %9 F I N S Ag. Isopropanol/dil acid

GhbBodosgood Prot) (Prot)O Xl F X | F Step e :
Q(Prot) OHOH s n, RS Ag.alcohol / dil. acid EEFuospysoon

ONIVQF 10 In the reaction schene above, TEA is
triethylam ne, DVAP is 4-di netl3@-am no pyridi ne, DI PEA
is diisopropylethylanm ne, BSA is bistrinethylsilyl

acet am de, TBAOAc WD 2006/ 068990 YCT/ US2005/ 045901 -32

SRty T-b B BRI Beetto g e & shund oty ehabanierotis a siy
pﬂﬁéétﬂﬁfig@%v&s{ ﬂgﬁﬁgd bpgydmterials of Formulae V and VI
n

are known i e art, and the procedure of step (a) for
r eacStaring matepalsref Ffrrdaeyl and/Vaade &nownpo dinel adf and the

pictiePHISpy b Taf fibiPatid AeoRiraumg ¢ty ¥ maY pcidiramncyof
Fohhilla Vs RhowtiRr Bk ar Pﬁefé%xlblly,(itﬁe chirapdiskiliZhyic? FRRROM VI is

benz?_/l_ or C1-C6 alkyl. A |
exemplified by the formula:

wherein Y is =0, X is -O- and R1 is phenyl, benzyl or C1-Cg alkyl. A
0

A

HN™ O
preferred chiral auxiliary is Eje‘s

See the example below for typical reaction conditions.

Similarly, the procedure of step (b) for reducing a ketone to a hydroxy group
using a borane reducing agent such as BH3*S{CHgs)2 in the presence of a chiral
catalyst such as (R)-tetrahydro-1-methy!-3,3-diphenyl-1H,3H-pyrrolo(1,2-¢)(1,3,2)
oxaza-borolidine is known: See U.S. RE 37,721, U.S. 6,207,822 and U.S. 6,627,757,
each incorporated by reference herein.,

In step (c), the chiral alcohol, VI, and the imine, IX, are protected with a
suitable hydroxy-protecting group, preferably a silyl protecting group such as that
derived from chlorotrimethylsilane (TMSCI) or i-butyldimethyl-sily! chloride
(TBDMSCI). The alcohol (1 equivalent} and imine (preferaby 1-3 equivalents) are
added to an anhydrous solvent such as CHoClg, the reaciion mixture is cooled io -10°
to 15°C, a tertiary amine base such as DIPEA is added (preferably 2-4 equivalents),
and sufficient silylating reagent to react with both the alcohol and the imine is added
(e.g., 2-4 equivalents). After silylation is complete, the alcohol and imine are
condensed by reacting at -20° to -35°C with at least 1 equivalent of a Lewis acid such
as TiCl4, in the presence of a tertiary amine base (preferably 1-3 equivalents) such as
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HN*O preferred chiral auxiliary is | See the exanple
bel ow for typical reaction conditions. 10 Simlarly, the

RESS6RWsE0pf step (b) for reducing a ketone t%@g%&%@é%ﬁ‘m

group using a borane reduci ng agent such as
in the presence of a chiral catalyst such as
(R -tetrahydro-1 -nethyl -3, 3-dighenyl -
H, 3Hpyrrol o(1,2-c)(1,3,2) oxaza-borolidine is known:
See U.S. RE 37,721, U.S. 6,207,822 and U.S. 6, 627, 757,
each incorﬁorated b reference herein. 15 In step (c),
DIREAJRI 2 hautsshbite raaation iasyenelked, fonexample by treating with an acid

s@é@%@@&%ﬁaﬂ%&&cﬁ%ﬁ gc%) a[ebyh %(r%é%sppai%&ﬁa Ié‘gﬂgl%lghl ihe resyitant
pfadunt hextradted meidhoty stallized l.(sTrimﬁvemlonal procedures.
t-butyl dimethyl-silyl chloride (TBDVMSCI). The al cohol (1

equi val ent) and i m ne (preferaby 1-3 equivalents) are

adde . .
reactl %gaz%ﬂ)c(i ur e |e§ H@lg f’%gfgé? WV%EEFP}VQWOH can be
parifigteb @@PTWGMI@Q%FO%M%@UC:Dfaefcﬁﬂ@hh)ch%lﬁa’fography or

%w val ents), and sufficient silylating reagent to react
cystalliZation-  he al cohol and the imine i s added (e g., 2-4

eqw YALROES ) suifddi& inett @a@'ﬁé S8 %%r[]?ie%t ove Y gb%%w? qrganic

Imne are condense reacting at -
scaluehbtalsmormbmmnajf eotveots mattm/\ulsreactlm :mtﬂe reastidm Gkihg ¢onducted

b5 BsER AP fordhe e b gl s S B el PoRb e Miadibte

cor%%o%ﬁ’@éuél‘? BslidhIBRHiSaRBeNERASRS chiptPRS Redh ds0r

exanp treatlng an acid “such l acial acetic

te&ramdmfurmgdﬂﬁy | ,udimet’rwhfqrmamde E)M ianetonitrile; and
| t.ant duct ct t,al |

cuBROkIR Hrar e ate A% BRG R BRudith G Tene e "7 o

dibhlbr@m@ﬂ&ﬁféis of the present invention can be purlfl ed

by appr opr I ate standard procedures such as colu

chro Ry emamniesl dlugirplesine waceshel this mveamm albitbough the
o SEHATHLE, £ 40 S P R Mo
oft fhe reagiantoand éntegmediateshredinditatedhih ihe \arioab\depictéd strubkiral

react ant s i cal suitable sol vent re hal ogenat ed
rndbeégr\iqwag REMNSS JhistiR Lifeun @P@'c‘% RIeRBeR Ritnis
il A S B A S v
meodly ¢he selecibr of egactartst Vi the dédirexhicemic or stersochemical
configuration and the selection of reaction conditions which result in the desired

configuration in the product.

EXAMPLES
Starting materials useful in the processes of the present invention can be made

by the following procedures:
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di chl oronet hane. 15 The follow ng exanples illustrate the
process of this invention. Al though the exanples are
C-3, G4 disubstituted conpounds angl t@
%?@tg@%e%@stry of the reactants and internedi bt g%lurogmsml
|nd| cated in the various depicted structural fornulas in
the follow ng exanples, it is.tkg be understood that the
process of this invention is operative for azetidi nones
regardl ess of stereochem stry, and involves 20 nerely the
sel ectl on of reactants having the desired racemc or
Prapa dtflucrebenzaybbiiysie aoidh t he sel ection of
reactlon condi ti ons

confi gurat in the rodug&]ngXAI\/PLES 25 ?t artin
material s ful in ¢ pr ses
i nventi gﬁ@@e rad @a the ol l ooceg&&%"s— V\BH

2006/ 068990 PCT/ US2005/ 045901 -34 Preparati on of
4- ( 4ChbrgadodEn gayfl arydyeuscAlids ¢1.8F mpoles) a3t Bmedk round bottom

Charged 250 g of anhydrous AICI3 (1.87 nples) to a
flapkn@BRER GORI bGP ASIe0F Ruaid BD0IS) At SoeiRsheBxure in an

of Hfh I, 820 ARl Rl S GEBIEE of 160 B i arhBfideltg'emole) in
4@ deﬂwcd'ebéﬂzéﬁe (ABepoles) 4Ough ahladditrefunaebo(er. @pembesj 45
i S e Sk BT TS i w o
to A bieh® teif) e H@Qadhﬁll;@ﬁ'ﬁﬁ ‘égﬁtafe%FW tal?d%ra%o@ﬂ 3a4AIN. Yerittted for

agitated a or about checked for
caiopietion |b@'rNW? l\lDRole(ditblBe"eacmm mdute 0 e B Uy thencadiladoa cold

adiqee S 0 vl R AN ET B Dl Gatbir B )S isirbuding

ur¥ebbidd KIERP] IREEFiNG the e ahtlirg d?hhé Rexitr by 99+@Wuaﬁ§the early

during the early ~part of the acid addition, and bel ow
peﬁ@@f fhyad:tu @ddetain a@hdtetowi408C fBpteest béthantmee Patired dheentire
ure,  of wa

R 1 8 Pl 3t MR ORI o8 i) ds et eiftatarauyt orude products,
fllf%%é@ e%g\éﬁﬁ%daﬁ’&%bsﬁ\éd Wenatig! watddetiddeetehitite r931due to

residue to aqueous saturated solution (-5% of
3 NatieoBieohie saturatdtbsnlativn (r5%) of MablC @3, keaiaththabasiconixiie on a

hour and filtered the batch ile hot through,a thin pa ,
stgantaaihiTer oneareandiEered hekaich siie 1oL ikl B b pagay celie
f t e t
BB D FART 4okl AeR9pD T b ot Ol hop it e
fllﬂ'amo{emlﬂ dntoi (rrysdaillzeeout products, and ag:tated the white suspension in an ice
bath for 30 min. Filtered the baich, washed the wet cake with ice cold water and
dried in a vacuum oven at 50°C for 16 h to obtain 143.2 g of 4-(4-flucrobenzoyl)-

butyric acid; m.p. 141 to 142°C, isolated yield: 79.3%.

M ch result in the desired

Preparation of Imine:

o O
R T oo

Equipped a three necked 1L flask with a mechanical stirrer, thermometer and
an addition funnel. Added 480 mL of isopropanol, 144 g (1.18 moles) of p-
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bath for 30 mn. Filtered the batch, washed the wet cake
with ice cold water and 20 dried in a vacuum oven at 50C

f obtain 143.2 g of 4-(4-fluorobenzoyl,)
Gﬁ?i&?@kggﬁd mp. 141 to 142C, isol ated yield: ¥§5ﬂ§%m%nuﬁm1
Preparation of Imne: OH | P, FHO N F 25 Equipped a
three necked 1 L flask with a saBBhkanical stirrer,

thernometer and an addition funnel. Added 480 nL of
isopropanol 144 g (1.18 noles) of p WD 2006/ 068990

BoaerzalltoRg tendsthestish Al 3684 e miatia whie haating to a
t@ﬁ\p’é@ﬁure%f setcd Atd't@téa tHeUhfdte aﬁ%°§0§o ri3 rmnn(anéd;gﬁﬁg $ie all the

sure all the mateéerial was 1 n soluti t he
matefial waadn sgjution),dhenadidedrl 14 mé (41Dmojes)idf p-tikaroaniline slowly via

A LB 0 W ks b, s
1RO thick BRIt for M h at 80C agthd| 36 ?@' afrﬁf %@Qﬂ?lj for &0 kifr ‘iﬁﬂtérES the

product, washed the cake with I sopr opanol
niedeat, washew the grlse withat &t mLtof lwmpanols ddetidne 2eticake in a draft

568 R PR 8l B A6y ey, mo: Jeongezc

CH2C12 J H+ TEA+ ~" > 1~ 0O FI BV O RTFi OOO0O

NMA O Phi VF VIl PhyO
Process Example:

Step (a):

9 7 0 CH,Cl
F \'4 ¢ RT F
0
X i 1R
HN O
e “\_/

F
> VII

DMAP P

Equipped a 3-necked 500 mL round bottom flask with a thermometer, an
addition funnel and a nitrogen inlet. Added p-flucro-benzoylbutyric acid (20 g, 95.15
mmol), CH2Cl2 (100 mL) and TEA (23 mL, 165 mmol) and agitated the mixture at
room temperature for 5 min. Added trimethylacetyl chloride (11.3 mL, 91.75 mmol)
slowly over a period of 30 min. Checked for complete formation of mixed anhydride
by NMR.

Added the compound of Formula VI (10 g, 61.3 mmol), DMAP (1.8 g, 13 mmoi)
and dry DMF (10 mL) and heated the mixture at reflux for about 7 h or until the
reaction was complete (<3% compound liI) by NMR. Cooled to room temperature,
transferred the batch to a flask containing 2N HoS04 (80 mL) slowly with agitation
and continued agitation for about 30 min. Separated the layers and washed the
organic layer with 5% NaHCOg3 (80 mL),
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DVAP Equi pped a 3-necked 500 nmL round bottomflask with a
thernmoneter, an addition funnel and a nitrogen inlet.

WQ&GJ@G@WOW benzoyl butyric acid (20 g, 95.15
o T ) Cand TEA {23 . 165 mml) and EGEatgos0

the mxture at I's roomtenperature for 5 mn. Added
trinmethylacetyl chloride (11.33d8, 91.75 mmol) slowy

over a period of 30 mn. Checked for conplete fornmation

of m xed anhydri de by NVR Added the conmpound of Formula
VI (10 % 61. 3 ') DVAP (1.6 g, 13 nmol) and dry DWF
(10 fMOncgRbatrchineC ERBIcTRYeLARd atystadizagddheqrodyeiirom iscpiepyl
ambl (1o g?me@ea ARl b, gl%l%bqufﬁ/ ound I11) by

toroomtenper ure dthe bat ch
mim G2-84°%k contai ning 2N H2SO4 (80 nl) sl ova y with

agitation and continued agitation for about 30 m n.
%@M ted the |ayers and washed the organic |ayer with

5% NaHCC3 (80 nl). 06/ 068990 PCT/ US2005/ 045901 - 36
centrated the orghni 1,a and crystalllzed t he
/FZW
ar);
Ol

et fromisopropyin”a \?_ flltered and
§ 9aC. Sbep b

d. Oi el 20 g ( 9 Do
. Y , Ph ~
h UH3 VIT | BH3C3(3CH3)2 vnf’/ F. & oka ui pped
a 3-netked 250 F ourBHgR{Ctgim T | ask wi ¥R a ther ter,
an addition funnel arféHz®bnitrogen inlet. Added dry
CHzclE%;u(pped a3 ne%r&%drb% m?.orE)%Hg bottom flask with a thermometer, an
addition funnel and a nitrogen inlet. Added dry CH2Cl2 (20 mL) and neat borane
dimethyi sulfide (2.82 mL, 28.2 mmol) and cooled the mixiure to -5° to 0°C. Added a
previously prepared toluene solution of (R)-tetrahydro-1-methyl-3,3-diphenyl-1H,3H-
pyrrolo(1,2-¢)(1,3,2) oxaza-borolidine (1.4 mL, 1.4 mmol, 5 mole %) to the mixture and
stirred for 15 min. at < 0°C. Added a solution of compound VII (10 g, 28.1 mmol) in
CH2Clo (80 mL) slowly over a period of 3-4 h and maintained the reaction

temperature between -5° to 0°C. Continued stirring for 1 to 2 h or until the reaction
completed (<0.1% compound VII) by NMR. Quenched the reaction by slowly adding
CH30H (4 mL) while maintaining the temperature <0°C. Added 5% hydrogen
peroxide (20 mL) followed by 4N HoSO4 (1.5 mL). Agitated the mixture for 15 min.,
separated the organic layer and washed with 2N H2S04 (20 mL), 5% Na23S03 (50
mL) and 10% NaCl (50 mL). Concentrated the organic layer to a low volume until
water content is <0.05%. The product was used directly in the next step. Solution

yield: >95%; de: 98%.
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di methyl sulfide (2.82 nL, 28.2 nmol) and cool ed the
mxture to -5 to OC. Added a previously prepared tol uene
Spbubdcars®eb (R) -tetrahydro- 1-net hyl - 3, 3-di phenyl,?cqa)ﬁsgdd%%gm
pyrrolo(1,2-c)(1,3,2) oxaza-borolidine (1.4 ni,

5 nole %9 to the mxture and stirred for 15 mn. at <

0C. Added a solution of conmpow8¥Y ¥ | (10 g, 28.1 nmol) in
CH2Cl2 (30 mM-) slowy over a period of 3-4 h and

mai nt ai ned the reaction tenperature between -5 to 0C
%nzlznued stirring for 1 to 2 h or until the reaction

S ted (<0.1% conmpound VI1) by NWR QJenched the
reaction by slowy adding 15 CH3CH (4 m -) whi

mai nt ai ni ng the tenperature <OC Added 5% hyden

peroxggle (29 nh-) follo scm (Q. By Agit at ed

t he xturelfofl 15 mn. sep dt e _lQr gani Iayer and

W\me (160 L), (30 1Y) and 10%
50 rTL)\ nc t ed the—er—gamc er 0 aoTdsy

voI u thtll nb@nt is <0.05% e roduct was
used directly |n he next step. Sol utigg
de: 98% WD 2006/ 068990 PCTI US2005/ 045%_%1
F OHO Ol OHTMSCI 0 O HN NJ LO+ NOr'® N F | v K Ticl4

VI T ERL g%d:ja B-({ddMdad df)OTﬁ'ﬁQouhd'boﬁoﬁ fIESIIVRR @R AORRAKE G

500 nL bottom fl ask a thernoneter, an addition
afiditinn Ifusmel ancha Niteagen nnlﬂtetAdd@ddéd GhieClorentutiors of aompouné VIl (10

oottt et i a8 SRR o 5158 TBE4AS cohipuri X (1205 o
aﬁglam & Eﬁheg@élﬁgum%grfﬁe Qbadtih mBa% BN 30 MHLUNEN gﬂ, é%dg.

ed the mxture to -10C an

Cbfad maﬂd&d&b%&%%ﬁm@:oﬂm édc?ecmeAx.zmdanmsamm) and
the tenperature at < -5C. A TNBCI

nL,
manipineghie IemMpssRiusR abrk - ‘étpmAﬁide\thMSCiﬁ 15Panki %Stmawl) over a
t eaed
o438 83 TREOE ATl E9ehalfchrdfne Sgic Oahtodine
rdz@ivenddr 1 heor unti! the silylation was judged complete by NMR. Lowered the
reaction temperature to -25 to -30°C. Added TiClg (3.4 mL, 30.8 mmol) slowly and

maintained the temperature <-25°C. Agitated the reaction for 3 h at <-25°C and
checked the reaction completion by NMR. Added glacial acetic acid (8 mL} slowly to
the reaction mixture while maintaining the reaction temperature between -25 and -
30°C. Poured the reaction mixture into 7% aqueous tartaric acid solution (140 mL) at
0°C, agitate for 1-2 h, and allowed the temperature o gradually rise to room
temperature. Added 20% agueous NaHSO3 solution (50 mL) and continued agitation
for another 2 h. Separated the organic layer and wash with water (120 mL).
Concenirated the organic layer to a low volume and added bistrimethylsilyl acetamide
(8.4 mL) and heated the mixture to reflux for 30 min. Concenirated the mixture to
remove CHoClo2 and crystallized the product from an ethyl acetate and heptane
mixture, filtered, washed and dried to give 13 g (65% moiar yield from compound VIIT)
of compound III. *H NMR (CDCls, 400 MHz) & 7.18(7Hm), 7.06(2H, t, J=7.6Hz),
6.98(2H,t, J=8.66Hz), 6.77(4H,m), 6.43(2H, dd, J=8.84, 4.4 Hz), 5.43(1H, dd, J=8.13,
2.21Hz), 4.47(1H, t, J=8.57 Hz), 4.46(2H, m), 4.29(1H, d, J=9.51Hz),
4.21(1H,dd,J=8.71, 2.91Hz), 1.565(3H,m), 1.41(1H,m), 0.28(SH, s},
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reaction tenperature to -25 to -30C. Added TiCl4 (3.4 ni,
30.8 mol) slowy and nmaintained the tenperature <-25C.
Agotabdsissdoe reaction for 3 h at <-25C and cheglgd; 539(%045901
reacti on conpletion by NVR Added gl acial acetic aci é
m-) slowy to the reaction m xture while naintaining

the reaction tenperature betwees8-25 and 15 30C. Poured
the reaction mxture into 7% aqueous tartaric acid

solution (140 mM-) at O0C, agitate for 1-2 h, and allowed

hg%éﬁzn‘g rature to gradually rise to room tenperature.
e( oaqueous NaHSO3 sol ution (50 nL) and conti nued

aglt@{é%@) .for another 2 h. Separated the organic |ayer
and wasih with water (120 nL). Concentrated the organic
Exampletts a | ow vol une and added bi strinethyl silyl

acetanm de 20 (8.4 ni-) and heated the mixture to reflux

heptane mxtureF flltered vvashedand drled to give 13 ¢
(65% nol ar from corrpound VIil) of corrpound III 1H

NVR CDCII.‘?.N 408 MHz) 5 7. 18(7Hm) 7.06(2H, & J=7
6. 98{2HJt 5= I = 8. 66Hz), 6.B3A4H M, 6. 43(2H 13‘/“ 38s
4. 40 BsASTY H, dd, JEBAOJ&;(SQEIG% i@

H dd JC#s7], 2. oPTMS) . 1.@%% iﬁ; 1,91 (1 H Y 0Ves(oH
s). WrasgBgE8090 PCTI US2005/ 045901 -38-_-0 07(9H{_sj .

Step d z E 1: 5 Intranol ecul ar Cyclization of F
Corrpou d I | IHE/\\IA th Tetrabutyl anmoni um Acet at e'ComF BSA
S TBAOAC(5 mole % | s %ai S8 TVG

LSS RN RAGl srrn
stoppeetAdded Congroumada(110 gs i opmenol), Ad @edisQoimeihyidilyi) acetamlde (1.0
mq_} tetl%butylammom&m ace% (%((.I)éd S,e 6 B%l 3 |n¥olga o?%ertn% €Y }i ) al(lé methyl -
butyl ether (10 mL). Stirred the mixture at room temperature for about 15 minutes.
Analysis of the reaction mixture by 'H NMR (CDCls, 400 MHz) indicated the
disappearance of compound III (specifically the disappearance of a characieristic
doublet of a doublet at § 6.43 ppm and appearance of a doublet of a triplet at 3.04 ppm
(J=7.51, 2.2Hz) and a doublet at 4.54(J= 2.2 Hz). These two peaks are characteristic
for C-3 and C-4 protons of a trans B-lactam respecitively. HPLC analysis of an acidified
sample of the reaction mixture also gave a peak at 21.2 min (96% area) maiching the

retention time of an authentic sample of compound XI.
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m.), tetrabutylamoni um acetate (0.020 g, 0.066 m nole or
5 nole% and nethyl t- butyl ether (10 nL). Stirred the

W boUsRegdoo r oom tenperature for about 15 mi nut e?CT/Uszoos/045901
Anal ysis of the reaction m xture by 1H NVR (CDCl 3 0
MHz) indicated the disappearance of conpound I
(specifically the di sappearance3®t a characteristic 15
doubl et of a doublet at 8 6.43 ppm and appearance of a
doublet of a triplet at 3.04 ppm (J= 7.51, 2.2Hz) and a
Eg(ﬁubl et,at 4.54(J= 2.2 Hz). These two peaks are

t fristic for CG3 and C 4 protons of a trans

(3-lactam respectively. HPLC anal ysis of an acidified

S _anpl Iﬁ’nﬁfndl bR BGEILRioN S RnaTE 18 IR, @oﬁggﬁﬁAc@aré and
e ryoniLiy Bfomsiccs

aut hent i c sanpl e of I% .% uﬁu /068990
PCT/ US2005/ 0 -39- Exanple 2: |Intranol ecul ar
Cycli zat |H)n mpound 11 wth Potassium Acetate and spus

Tet rgbutoyl I um Br onildEsa A«dac O 0 HEN ( §TMBSA / @
OTMVB A B0l N R s (AEABABmokS)l e PSR N
C6 ™R S5O 1 FT’HF/(HTw"pUU Co

nmp
gelsl25 L round bot ttom fl ask ydthv
Added Conpound IIl (5 g, 7. mml@fﬂ

Equi pp

;2
magnet ' .
NO—bli%Ilsﬁl i I silyl) acetam de (5.0 nL), 10 pota
acetate (0.035 gF 0.36mnole or 5 nole%, a
tetraﬂ‘?ﬂ’PB‘F'l?rIgn (50 m). Stirred the m xtur%g MU m
tenperature for S5 h. Checked reaction progress by

" HNVRAWIRIPER & ﬁm%ﬂﬂegd Jomlaaund betiamilasiewith a magdeatic stirrer.

AHBLA SRR S B, 7R, NO-Plthefysmal reaRfpe .9 mL),

phtassibnabystate ¢0.085 ), 03®himdledrg miokR), ahnt Mﬁﬁﬁﬂofur&n (50 mL).
conducted in the sane manner as for 15 Exanple 1 above.

Stirred the mixture at room temperature for 0.5 h. Checked reaction progress by

'HNMR which indicated no reaction whatsoever. Added tetrabutylammonium bromide

(0.112 g, 0.35 mmol or & mole%). Stirred the mixiure at room temperature for 0.7 h.

Analysis of the reaction mixture by 'H NMR was conducted in the same manner as for

Example 1 above.
Example 3:

Inframolecular Cyclization of Compound II with Cesium fluoride and
tetrabutylammonium bromide:

OTMS
(1) BSA / CsF(5mole%) OTMS <
(2)TBABI (5mole%) /@JS\///,,R

THF/RT

F /——N
RS
F
Compound XI

Compound HI

Equipped a 3-neéked 250 mL round bottom flask with a thermometer, an

addition funnel and a nitrogen inlet. Added Compound Il (5 g, 6.97 mmol), and

anhydrous Tetrahydrofuran (50 mL). Stirred the mixture at room temperature for

about 10 minutes, or until all solids dissolved. Added N,O Bistrimethylsilylacetamide
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Exanpl e 3: Intranol ecul ar Cvclization of Conpound 111

wWith Cesiumfluoride and tetrabutyl ammoni um brom de: 20
Fvo@)ddiedosf 1) BSA / CsF(5mole OIMS / | OTMS g 05/045901
(2) TBABr (5mole% | s as THE/ RT F C6H5 TMS T FIg
Compound 111 Conmpound XI  Equi pped a 3-necked 250 nL

round bottomflask wth a thersdeter, an addition funnel
and a nitrogen inlet. Added Conpound IIl (5 g, 6.97

mmol ), and 25 anhydrous Tetrahydrofuran (50 mL). Stirred

%ﬂ?‘r 51 rﬂ\t-:iué@&fﬂﬁho d ‘térglnp g )!J:Htﬂ’é'oa F&O@%b’fg%pelrgfurpqu} about 15
mhelesl AeHEY cddivhanstadd g\;sﬁﬂ%z?%ﬁé %§§%9mo|| )5 mgle %), Stirred the

PCTI US2005/ 045901 * -40 (BSA,” 5 il
mixters ek tadrodemperaiura ioerqhmaﬂﬁ mainfites. E}bramgedﬁetramhauammmonium

Adde El
BgfTIls, (TERART 12 ey G grandh § Bisle amsarad Re misturer sooms
témﬁ@ﬂ%m f@habe@m h@hr aeuﬁ\alﬁ%{éwf HMETRIHCHEh nikRIFe 5 RARE was

mol , . Stirred the mxture at room
anfﬂl&fﬁdrﬂ’athﬂ %amermanmnaafqﬁmmala;m@ of the reaction
m xture by IH NVR was conducted in the sane manner as
for Exanple 1 above. Exanple 4: to Intranvol ecul ar
Esapipléar:i on of Conpound I'Il wth Tetrabutyl anmoni um
Hydroxide: F\ ' OTMS OTM5 OOBSAgQq RS ONRS

TBAOH(5mole?®y s THE/RT F c6H5 s TMs O
Intramolecular Cyclization of Compound III with Tetrabutylammonium Hydroxide:

oTMS OTMS
BSA/ s
TBAOH(5mole%) Of!\/ ”
THF/RT

F —N,
Re
F
Compound XI

Compound ITT

Equipped a 1-necked 50 mL round bottom flask with a magnetic stirver and a
stopper. Added compound III (1.0 g, 1.4 mmol}, N,O-bis(trimethylsilyl) acetamide (1.0
mLl), and tetrahydrofuran (10 mL). Stitred the mixture at room temperature for about
10 minutes. Added aqueous solution of tetrabutylammonium hydroxide (0.05mL; 40
w/w%; 0.077 mmole or 5.5 mole%). Stirred the mixture at room temperature for 1.3 h.
Analysis by THNMR showed that the reaction was only half way to completion. Added
more N,O-bis(trimethylsilyl) acetamide {1.0 mL). Stirred the mixture at room
temperature for 1 h. Analysis of the reaction mixture by 'H NMR was conducted in the

same manner as for Example 1 above.
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TMSO / F F Conpound 11 Conpound Xl Equi pped a 1-necked
50 nL round bottomflask with a magnetic stirrer and a 15
ded conmpound 111 (1.0 g, 1.4 nmol),
il}p%e@i%?ﬁg??net hylsilyl) acetamide (1.0 mi), an§Cl/US2005/045901

tetrahydrofuran (10 nL). Stirred the m xture at room
tenperature for about 10 m nutges- Added aqueous sol ution
of tetrabutyl anmoni um hydroxi de (0.05nmL; 40 ww¥4g 0.077
nmmole or 5.5 nole% . Stirred the m xture at room
tenperature for 1.3 h. Analysis by 1HNVR showed that the
Exampled was only half way to conpietion. Added 20 nore
N, O-bis(trinethylsilyl) acetamide (1.0 nL). Stirred the

AhOfeRu Rl G RO GTBEEAHR T it PR ecdbte: NC

O I AT Or C Uy NIV VT C —F
manner as fo% Exanpl e 1 above. WD 2006/ 068990
5

PCT/ Ug2 901 -41- Exanple 5: Intranol ecul ar

Ir

r—

of Conpound 11 wth Potas®©Tvs Acet &
OTMS OTMB EBA/ROAcc: F ,,.mvs S
OTNN ‘ 5 Conpot;ijg%—l—l-g—een‘poul Equ] pp
» Sound YE8nT I asEWfh a nphratic stirrer
"““Added compound 111 (1.0 g91.4 ),
et hyl silyl) acetamde (1.0 10 ni), assi um

acetate (&M g, 1.4 nmmol), and tetrahydrofuran (1F ni).
SCompeshdttie ni xt ure at room t enper at ur e “PEPOUNSSHt 1.5 h.
Anal ysi s by 1HNVR showed no reaction. Heated the m xture
to about 50C, and stirred the m xture at that tenperature

f or Equtpeds A-neakeryi) slbpunditpatiosh iasldwith & mageetic stirrer and a

[ I % le I+ .
sHRBEL AT Sailetad T 8 L AR N OG0 BN preiimice (1.0
miLeNpsassivheatatd il gl 104 el YearicstedlhlyBfofaRactCOmL)., Stirred the

m xture by 1H NVR was conduct e ) ’ i
mixture at room temperature for about 1.5 h. Analysis by "HNMR showed no reaction.
Heated the mixture to about 50°C, and stirred the mixture at that temperature for
about 3 h. Analysis by '"HNMR showed that the reaction was only about 65%
complete. Again, heated the mixture to about 60 °C, and stirred the mixture at that
temperature for about 1 h, Analysis of the reaction mixture by 'H NMR was conducted

in the same manner as for Example 1 above.

Step (e):

Added a premixed solution of isopropyl alcohol and 2N H2S04 to the product
of step (d) and agitated the mixture at room temperature for 1 h. Crystallized
compound IV from aqueous isopropyl alcohol. Filtered the product and washed with
dilute agueous isopropyl alcohol followed by water until the pH of wash was <5. Dried
the product at 60°C in a draft oven or under vacuum to give compound IV.

It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications that are within the
spirit and scope of the invention, as defined by the appended claims.
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in the sane manner as for Exanple 1 above. Ste e : 20

Added a prem xed sol ution of isopropyl alcohol and 2N

S Ybefossobre product of step (d) and agitated Eg‘f'mszooymwm

m xture at roomtenperature for 1 h. Crystallize

compound 1V from aqueous isopropyl alcohol. Filtered the
product and washed with dil uteg@aqueous isopropyl al cohol

foll owed by water until the pH of wash was <5. Dried the
product at 60C in a draft oven or under vacuumto give
compound IV. 25 It will be appreciated by those skilled

in the art that changes could be nmade to the enbodi nents
THESEFOWRE W6 eLdMhout departing from the broad

i nventive concept thereof. It is understood, therefore,

that this invention is not limted to the particul ar

embodi, nents pﬂic@%b%ﬁﬁrep@!ﬁhﬁ!dn afZetidN g eBriRishRy fHe steP of reacting:
nodi fications that are within the spirit and scope o

t he i{yentd Prisukstitatetiamimopgmides adpfmmsdititet eimino)-acid ester, or a p-

06/068990. PCTL US2005/ 045901, -42- THEREFORE, WE CLAI M
( %S%‘%?aaaé%‘%}oyﬁ"g’sﬂﬁﬁ Eﬁt%{ﬂﬁ] di none, conprising the
step(®f I eatdast@dne dlylathga Gpgbst i t ut ed- am no) ami de, a

(3-(substituted-am no%_-_am ester, or a (3-
(sub$3) t uteddpastions)ayslisng&deshwhicicisd ester with (2) at

et one ) Y BB MR O oSS B B s,
al kal i metgalateraaboxyinadragm darbOxyaiaise goaleynanyrarnimonium hydroxides,

car boxyl at es ﬂuat ernary ampni um hydroxi des, quaternary
amoni um AUREBNEBsaMRieNAkXiaasialemEry REXNeRIEMARoxides and

hydr at es thgel: 8k th&bof e the reaction product of: (i) at
| east one aternary dmmoni um halide and at |east 15 one

al kali netla) candoesadtiheproduci{efi) at | east one quaternary
ammoni um chl ori de, ternary anmmoni um brom d

u e, or
quat ernary anmoni um(ﬁo@' Igast Qugtermalyargmeniin halidgang at least
fluoride, whergjng AKAVHRANRYoRMERbEM Moi ety of the
cyclizing agent I's 20 unsubstituted or substituted by
one to four groups i(ijdepEaseaneyuaternary ammonium chloride,
quaternary ammonium bromide, or quaternary ammonium iodide
and at least one alkali metal fluoride,
wherein a quaternary ammonium moiety of the cyclizing agent is
unsubstituted or substituted by one 1o four groups independently

selected from the group consisting of alkyl, arylalkyl and arylalkyl-alkyl.

2. The process according to claim 1, wherein the azetidinone is
represented by the structural Formula (I):
QB
Q' @ //|

1 ]
@-wm-(mq-v'm(cn-z X
7 PR

5
Q PN
&Y

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (1),

wherein in Formula (I} above:
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sel ected fromthe group consisting of alkyl, arylalkyl
and aryl al kyl -al kyl. 2. The process according to claiml1,

Wheheisihehddg azetidinone is 25 represented by t
structural Formula (1): 3 A @I Xm(Qq Y nIB?ESUSZ‘?S/MS%l

~Rz R @ N Oj 4 (1) or pharmaceutically acceptable
salts or solvates of the azetichgnone of Fornula (1),
wherein in Formula (1) above: WO 2006/ 068990

PCT/ U82005/ 045901 -43 X, Y and Z can be the sane or

di ff 8% each [ s i ndependent | sel ected fromthe
grouéE ngf’ SR Be theppme arctiffarary ppd esca is aydaneyideptly selected

t h
fﬁ“&%ﬁ%@&%ﬁ o o R T o or 1
Co 2160 I%Q
00O BRI B O R Eemopk A sechC G npe it splocted

fra)mi tresaghoupscomederenofen| {€o-Tah allylerss) G {ORENOT (O)RS, -OCSO)OF{ :
B endent fy, sel ected fromthe group consisting of acy
ag k;ﬁgC(@)N{BII%r@ al kyl het eroaryl al kyI sul f onyl

g: tsl 4al kgﬁs C%a'tﬁo car o "eCHE? e&;%%d qaéh(ﬁ@ﬁpendenﬂy 1105

ngtt;/t}Jgﬂg m@é Ol}?@ently_ éze@c_:tggl%cgrlln Eliél: gl;tg)q &ﬂl@[%n}f Ay, GhiRyl, alkytary,
alikgkrateroars) suﬁpaﬁraﬂswlmsoxy,@i@mamm alkgnyl G Cso

ﬂ@%r@ :(gl al kyl ene)-OR6, -0 (Cl-Clo al kylene)-C(O RE
i 0 al kyl ene) C(O OR6, -CN, |5 - C(=N-CN) - NH2,

(G HReRonT ,‘3} d%%ﬁ% ,O).N o (R G- clo
"3“55 ﬁgieﬁém&? c1 al k%;(e?o @ AR6R7

-(Co-C1p alkylene)-OC(0) OR -CH=CH-C( O)R -CH=CH- C((F;)OF{ ;
-C==C-C(O)OR® | -C==C-C(O)R® .0.(G,-C, alkylene}-OR’,
-0-(C1-C1o aIkerne)-C(O)RBs -0-(C1-Cqp alkylene)-C(O)ORG, -CN,
-C(=N-CN)-NHp, -C(=NH)-NHR', -0-(C4-C1o alkylene)-C(O)NR6R7:
-O~(Gy-Cro alkylene)-C(O)NR°NR ' C(O)OR’
«0-(C1-C1o alkylene)-C(O)(aryl)-N-N=N,
-OC(0)~(C1-C1o alkylene)-C(O)OR®, -(Co-C1o alkylene)—C(O)NR8H7,
-(Co-C1o alkylene)-OC(O)NR'R’, -NO,, -(Co-C1g alkylene)}-NR'R’,
-O-(C2-Cip alkylene)-NR°R’, -NR°C(O)R’, -NR°C(O)OR’, -NR°C(O)NR'R’,
-NR°S(0)02R’, -N(S(0)02R)z, -CHNOR®, -C(O)NRR’, -C(O)NR'NR'R’,
-8(0)ozNR'R’, -8(0), ,R", -0-C(0)-(C1-C1o alkylene)-C(O)NR'R’,
-OC(0)-(C1-Cro alkylene)-NREC(0)O-(alkylaryl), “P(O)OR ™)z,
-(C1-C1p alkylene)-OSi(alkyl)s, “CFa, -OCFs, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,
alkoxycarbonylalkoxy, alkoxyarylalkoxy, alkoxyiminoalkyl, alkyidioyl, allyl, allyloxy,
aryloxycarbonyl, aryl, arylalkyl, aryloxy, arylalkoxy, aroyl, aroyloxy, arylsulfonyl,
aroylaroyloxy, aroyl, arylalkoxycarbonyl, benzoylbenzoyloxy, carboxy, cyano,
cycloalkyl, cycloalkylaikyl, cycloalkenyt, cycloalkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarytalkoxy,
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C -(Co-C1 al kyl ene)-0OC(O) NR6R7, -NO2, -(Co-Cl
al kyl ene) - NR6R7, 20 -O (C2-C o al kyl ene) - NR6R7,

-NR6C(O) OR9, -NR6C(O NR R8, 65O -
-‘ﬁ?%?‘%%%%) 2, -CHNORG, - C(O) NRBR7, - C(O) NR6N E?fms-z?\?ﬁ"’,“ss‘“l
-S(O 0-2NR6R , -S(0O0.2R9, -OC(O-(C-C1
al kyl ene) - C( O) NR6R7, -OC(O) -(Lh4Clo
al kyl ene) -NR6C(O) O (al kylaryl), -P(O(ORt)2, (G-Cl1
al kyl ene) - CSi (al kyl )3, -CF3, -OCF3, hal o, al koxyal koxy,

al koxyal koxyal koxy, 25 aIkOXéFarbonylalkox%,
heteerPdsyifendigieraarnkigxyi dioxelanyly hetesprycly gztemqyalwalkyl

r%&%/ﬁégﬁél\g%t’r@rﬁ}w‘)\(éﬁggdé&g[%gg}bogﬁﬁ@ar %’fgﬁ{;p%y, hy%rrgxya)ﬁ%/yl and

adyosthiRrgy | oxy, aroyl, arylal koxycarbonyl,
benzoylbenzoyloxy carboxy cyano, cycloalkyl
cycl dﬁh@(ﬁiﬂa@ﬂﬂjﬂnal[zyﬁnw mwcarbomatomk@‘rmea(@wcm alkylene)- radical

oﬁ@i EOR & AR G abfe BBl Bhte ossoso

“het é@r yﬁlﬂﬁgpp’é |%§§?§E§Imﬁﬁgp é:r E‘g%’,‘fé}%wl)- or —NH-;

het er(btsysélybi&ldkfyd)m thbefreup cynsigiigpoba Bylgar residue, disugar residue,

het er oc rbon | al kox hydr oxy, dr ox aIkyI and
A oty BRI gHE 35 a3 SSURT PO BB S 6 sbdnaan resie,

0%8% an?%%l 1S ﬁﬂgm In%%edn ?@ﬁ '?%%Facégjiablf)ﬁ C%ET%I radical and

=SBhReAH, -C G, -N(alkyl) -N(al kylaryl)- or-N+; Gis
sel ecteed fr@mthe roup COI’]SI sting of a sugar reS| due,

di sudhranctBi gaa be theisargaor difisrenicand eachisligdeperdentlyeselected

rrgglop tu%uce rigés}lﬁ]é’ &?{g@ﬁ%%wgnﬁ érgﬁg(rjnuﬁo aci ds,
R oE! E‘é%é“sgﬁébéﬁh%%%h@éﬁﬁ%meac 4 el colcted

from theet gbupfeansisting afriodrogemsilist i cyglalkylydndgaplaliat Rt a protecting

and ar l; R5, R7 and R8 can be the sanme or different and
I 8 | ndependent |y selected from the group consisting

of h cl K I and a
or ot Seetag 1+ 1Sl A0A Yol en BBBARM: )l
cycl eabkR'? iindependentty Bl dndikyl; each R10 is independently
H or al kyl; gisOor1,
qisOor1;
risOorft;
m, n and p are independently selected from 0, 1, 2, 3 or 4; provided that at
leastone of gand ris 1, and the sumofm, n,p,qandris 1, 2, 3, 4, 5 or 6; and

provided thatwhenpisOandris 1,thesumofm,qandnis i, 2, 3,4 or 5.

3. The process according to claim 2, wherein the azetidinone is
represented by the structural Formula (IV):
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risOorl; 20 m n and p are independently selected from
0, 1, 2, 3 or 4; provided that at |east one of g and r is
sumof m n, p, gandr is 1, 2, 3, X
éﬁgaﬂgw%gﬁﬁed that when pis O andr is 1, the ?E%ﬁgﬁ&) 15901
gand nis 1, 2, 3, 4 or 5. 3. The process according to
claim2, wherein the azetidi nongsis 25 represented by
the structural Forrmula (I1V): W 2006/ 068990
PCT/ US2005/ 045901 -45 OHF N OHi I 4 o F\ (W 5
4. The process according to claim1, wherein the
(3-(substituted- am no)am de conprises a carbanoyl
portion B-C(O-, wherein Bis a deprotopated chira
auxiliary selected from-the group xf sting of XY X-- Y
X-- Y NVNIu1lN s -0-, -S- or

-N(al kyl)-; Yis =0 and 4 R13 are each 10
i ndependent |y sel ect ed c\\\ t he gredp consisting of

al kyl, aryl arylalkyl , and —a-I- oxycar bonyl, or wherein
one of R12 or 25 def above and the other is
hydr ogen. 5. Ths ess agﬂuor (g to claim4, wherein
the aryl grouyp i w—R13 15% s i ndependently

selected fro proup consisting of phenyl, naphthyl,
benzyl, sus afed phenyl, substituted naphthyl
substltuted benzyl, wherein the substituents on t

phenyl or naphthyl are 1-3 substituents selected fromthe
group consisting of alkyl, alkoxy, phenyl and benzyl. 20
6. The process according claimto 4, wherein the

(3-(substi 8! i a : _

(5 {OSL el OOV AR B GEErgnAE oo
a?ii06)=06186 FDCEESS? 08046 @briiorB-C(0O)-, wherein B is a deprotonated
chiral auxiliary selected from the group consisting of

wherein X is -O-, -S- or -N(alkyl)-; Y is =0 or =S; and R12 and R13 are each
independently selected from the group consisting of alkyl, aryl arylalkyl, and

""lo

alkoxycarbonyl, or wherein one of R12 or R13 is as defined above and the other is
hydrogen.

5.  The process according to claim 4, wherein the aryl group of R12 or R13
is independently selected from the group consisting of phenyl, naphthyl, benzyl,
substituted phenyl, substituted naphthy! and substituted benzyl, wherein the
substituents on the phenyl or naphthyl are 1-3 substituenis selected from the group
consisting of alkyl, alkoxy, phenyl and benzyl.

8. The process according claim to 4, wherein the B-(substituted-

amino)amide comprises a carbamoy| portion B-C(O)-, where B is (R14)(R15)N-, and
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R14 and R15 are each independently selected fromthe
group consisting of alkyl, aryl, arylalkyl. 5 7. The

P BGESSca4w60r ding to claim4, wherein the
(3-(substituted- am no)am de is represented by ST T e /045901
(Ir)y: a i OUNN\N /@B BZP @\ /il ~(i)r Y~ ~i~q Xm|

\' @ R3 R2 10 wherein Bis as-dggfined in claim4, X, Y
and Z can be the sanme or different and each is
independently selected fromthe group consisting of -CH2
, -CH(aIk - and -C(alkyl)2-; 15 QL and @2 can be the

HhandrR afeaem’h iralegepdehtly selieotmpfmdethelgronﬁpb@ﬁgsﬂng of alkyl, aryl,
fro ﬁhe group consisting of H -(Co-C30 al kyl ene)-G
nﬁgﬁly OC(OR6, -OC(OOR and OC(ONR6R7; @& Qa and G
can be the sane or different and each is independently 1
to 5 substituents independently selected fromthe group
consi sting of acyl, aIkyI al kylaryl, 20

e st SP':%8?%:gta?f'gée%e@i%'etﬁé%ubsyme@lo

e IR NG

2006/ 068990 PCT/ US2005/ 045901 -47 -(Co-C10

al kyl ene) -OC(O) OR9, -CH=CH C(O R6, -CH=CH C(O) ORpb,
-CCGCCOORE -CGCC(OR6 -O (G -Clo al kyl ene) - OR6,

-0 (C1-Clo al kylene)-C(O R6, -Q (@L-Clo

al kyl ene) -C(O OR6, -CN, -C(=z=K CM)- NH2, - C(=NH)- NHR1O,
-0 (G -Clo al kyl ene) - C(O) NRS

Q HN an
._____/Qs
B
z) C,32 \ /?1
\(c)r VX
| | | o
Rg Rs s

wherein B is as defined in claim 4,

X', Y’ and Z can be the same or different and each is independently selected
from the group consisting of -CH,-, -CH(alkyl)- and -C{alkyl)z-;

Q' and Q2 can be the same or different and each is independently selecied
from the group consisting of H, -(Co-Cso alkylene)-G, -OR®, -OC(O)R?, —OC(O)OF{Q,
and _OC(O)NRR;

Q®, Q* and Q° can be the same or different and each is independently 1 to 5
substituents independently selected from the group consisting of acyl, alkyl, alkylaryl,
alkylheteroaryl, alkylsulfonyl alkenyl, alkoxy, alkoxycarbonyl, alkynyl,, -(Co-Cao
aikylene)-G,

~(Co-C1o alkylene)-ORE, -(Co-Cyo alkylene)-C(O)R®

-(Co-C1o alkylene)-C(O)OR®, -(Co-C1o alkylene)-OC(O)R®
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5 -0 (Co-Clo al kyl ene)-C(O NRGNR7C(O OR6, -0 (Ci1-C10
al kylene)-C(O (aryl)-N-N=N, -0OC(O-(C1-C10
O OR6, -(Co-C10 al kyl ene) - C( O NR6R7

?\bg?@%éggﬁyl ene) - O0( O NR6R7, -NC2, - (Co-Clo T CT/US2005/045901
al kyl ene) - NR6R7, O (C2-Clo al kyl ene) - NR6R7, -NR6C(O R7,
-NR6C(O) OR9, - NR6C(O NR7R8, 10-4KR6S(O _ZR9,
-N(S(O) 0_2R9)2, -CHNOR6, -C(O NRBR7, -C(O) NR6NR6RY,

-S(O 0_2NR6R7, -S(Oo0_2R9, -OC(O-(C1-Clo

| kyl 0O NRoR7 Cl-C1
Z| k% e ORI G RIS ) CHECHH ) BRL G H=CHCIOIaE",
| OCF3, hal | k | k
iﬁ@@ﬁ( R C R RS - 0O abliotenerore.

ZI I‘IST ild Eéé’f%nsi@% S Catys akuselORS) iy,
0

o0 y| AKAENRARY - ?ﬁ%F‘”*Rbeﬁi‘?ﬁ‘é”gaé’%"{%ex'@%@wwxy

cyanoe0- (fécyehcoalkk he )-SO)NRC klifl "GRI@OR cycl oal kenyl

I | al l al k I
ot erBas TGO BRANNEI: Shet er oar yi a koxy.
het er-@@(b)&(@hf@,raxélkyl@ﬁé)ec mh'ﬁ h(c%oc% AK9le?BYIC(O NR5R7

het ef oc cIyI a onyI

het erocyclyl, heteroc
het er@w@hw&@ﬁbﬁ@hﬂ(‘aﬂ)’m&ﬁ? R’ h;M@ax&Co-ﬁ'ydﬁ eNR°Rind

of ' R ARG ERES . AP PR R R T R

@ 'SNWSWWNMS(O&)@&R%MW@QB -G O()QHGFF - CONANRR,

3e| | SR S (ot SO G o Al e h CIRIASRL,
SbeatBC(HAC iy a’%%‘i‘%m'é‘fné@d’ﬁg‘ﬁy'hﬁ‘ SBUORORER, due

-@1+Qapapylede)-OSifadid)s¢ 6GHE, -© 0N, hate dkayatkoxgcaktexyalkoxyalkoxy,

SR, B 2 Al sl imiRoRlS, e aRub Ayt allvioxy,
a?ﬁd’?’????"“‘@oa%%oe T s e R T

arm/lamylcb@ amyimlalknxyaafhcmydsrherapylbeazhyloxy | cratbpzey;dyanby
FoRBf iyploalR RGN i o B Bl H % Br0: ana
hé%}‘Ba%lkényl NEsteenROREkVR| K¥terogyrllaal I*Fé’cbroa?ryhdlkdkﬁr
heteyroarylsyulfonyl heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylaikyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl, and
alkylsutfony!s

wherein optionally one or more carbon atoms of the ~(Cg-Cap alkylene)- radical
of Q', @ Q% Q* and Q%is independently repiaced by
—0-, -C(O)-, -CH=CH-, -C==C-, -N(alkyl)-, -N{alkylaryl)- or -=NH-;

G is selected from the group consisting of a sugar residue, disugar residue,
trisugar residue, tetrasugar residue, sugar acid, amino sugar, amino acid residue,
oligopeptide residue comprising 2 to 9 amino acids, trialkylammoniumalky! radical and
—-S(0)-OH,

R2 and R’ can be the same or different and each is independently selected
from the group consisting of hydrogen, alkyl and aryl;



5 each R10 is independently H or al kyl; gisOorl,

risOorl; m n and p are independently selected fromO,
dwo2006%0686904; Pprovided that at | east one of q

1, 0andc;'%(% he sumof m n, p, gandr is 1, 2, ?&éﬁ&b&m%gm
and provided that io when pis O andr is 1 the sum of

m qand nis 1, 2, 3, 4 or 5.-88-The process accordi ng

to claim7, wherein the (3-(substituted- am no)anide is
represented by Formula (H'): 15 F OO0 HN kN R S C6H5. S

OSi Me3; Me38iO4l / F (H) 9. The process according claim

1, wiérdt namdhE{ l@a@sh&)ﬁte sarmedr differohband eack ieindepenpdestdsselected

rboxllc aci ortio 4- O
i 3 5 EoBGing Bl RigRshtsRBubsvisail bisobB G a protecting
6@ lé)ndThe process according claim1, wherein the
% (substityted- amino)thiol carbonic acid ester conprises

a t higloreR mmepén@ems,l@lkwp %dxo@mymﬁrt%r de8yl. wherein

R14 is alkyl or aryl. rocess according claim
5 1 wRacH R lﬁé”@@@%ﬂd@ﬂﬂb@ agaﬂwl,u s a silylenol ether.
H;% dLpPgeSs accor ding claim1ll, wherein the
SI I ylating aggent is selected fromthe group consisting
of birds 0 oret;hyl silylacetam de, N-nethyl-Otrimet hyI 10

silyl acetanj 'de or i sopropenyl oxy trinmethylsilane.
r@,rraéégsp aechrgragdenthcselpaiet frathdh di /. BHE 4al rkf@lvld%mt at least one

f@gfy dsa re%ﬁm he? @gﬁgﬁg@ﬂ%@%hsﬁ 21, %ﬂ lSat!n‘G gﬁ?'foa}l)rowded that

ting o
10 vm:&rapss Orarehitiscle she sunidi mTherpr mie$,s2, a&;eﬁbouSng to claim
1, wherein the alkali netal carboxylate

8. The process according to claim 7, wherein the p-(substituted-
amino)amide is represented by Formula (1)

15

(Im).

9, The process according claim 1, wherein the B-(substituted-amino)acid
ester comprises a carboxylic acid ester portion R14-0-C(0)-, wherein R14 is alkyl or

20 aryl
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or quaternary ammoni um car boxyl ate conprises a
carboxyl ate noiety selected from the group consisting of
f etate, propionate, butyrate, val erat
c‘ggﬁgé\ 3,89990 caprylate, laurate, nyristate, pal %CEF&[ES@?OS/MSQOI
Stearate, oleate, linoleate, |inolenate,
cycl ohexanecar boxyl ate, phenyl aggtate, benzoate and
toluate. 15. The process according to claim 14, wherein
the carboxylate noiety of the alkali netal carboxylate
Is acetate. 25 16. The process according to claim 14,
wher €ith t hEhapkeddssraicalding chamy avisereirstheod ygiifated-
acetate. 17. The process according to claim 14, wherein
amisopthicienrpoaiceacioiester compris@stathiolcatbemimagidasiempantion R14-S-
car box%/l ate | S acetate. WD 2006/ 068990 PCT/ US2005/ 045901
CEY-whersie RiPde@lle/l £ 8bfdi ng to claim 1, wherein the
guat ernary ammoni um noi ety of the cyclizing agent is
tetra n-butylammonium 19. The process according to claim
14, wier eiThd procisataeconlitig amimni, whersirciiekandiinbeadent is a sitylenol
tetra n-butyl ammoni um acetate. 20. The proceSs accordi ng
&thet] ai m 1, wherein the quaternary ammoni um hydroxide is
tetra n-butyl ammoni um hydroxi de. 10 21. The process
according to claim 1, wherein the quaternary anmoni um
hal i qeﬁ.poﬁﬂ’le'f pf&:x:eas.mmtt&ngmlaéhw 1saﬁmleiméthérsuma!tihg.?eﬂws selected
consi sting of fluoride, .chloride, braq e an i de.
T30 T Bral e o s sy B B NP Ry - trimethy

b ' | product of tetra
Sﬁylgg?ﬁngamﬁﬁﬁﬁrﬁ%ﬁgwgéymépgt gégig'um acetate. 23. The
process according to claim1, wherein the cyclizing agent

Is the reaction product of tetra n-butylamoni um brom de
and cesium fluoride. 20 24. The process according to

clai mgl, WS pidtebSactefiig ANclalrRdyaherdh(h® diikali hetaredrboxylate is
in situ in the presence of reactants (1) and (2). 25. The

aragbexyatecedt af AQ alkalignaiahselectad frerrthe grpup songisting of tidjum,
. forn . L.on product (3)(b rior to reaction

S&n&{%’r@gg?%%bgg?qgggﬁfhg(2)p. 25 26.( )Tge) p?ocess accordi ng

to claiml1, wherein the silylating agent is

14.  The process according io claim 1, wherein the alkali metal carboxylate
or quaternary ammonium carboxylate comprises a carboxylate moiety selected from
the group consisting of formate, acetate, propionate, butyrate, valerate, caproate,
caprylate, laurate, myristate, palmitate, stearate, oleate, linoleate, linolenate,
cyclohexanecarboxylate, phenylacetaie, benzoate and toluate.

15.  The process according to claim 14, wherein the carboxylate moiety of

the alkali metal carboxylate is acetate.

16.  The process according to claim 14, wherein the alkali metal carboxylate

is potassium acetate.

17.  The process according to claim 14, wherein the carboxylate moiety of

the quaternary ammonium carboxylate is acetate.
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30

bi strimethyl silylacetam de and the cyclizing agent is
tetra n-butyl anmoni um acetate. 27. The process according

tWoSh further conprising adding a second
c‘g(c)l sz’dr%ébggent which is a fluoride ion catal ystl).%‘}g\ﬁm05”0459{'1

2006/ 068990 PCT/ US2005/ 045901 -51 28. The process

according to claim1, conprisingppre-reacting reactant

(1) wth reactant (2). 29. The process according to

claim1l1, for preparing an azetidinone 5 represented by

the structural Formula (IV): OHF ZC OHNO F (IV)

conpr1&i ngThe geecass: agepyding go cimst.iwherein e auptariadg apimonium

B8] B P4 Bt aadn 1 bPuleficallnt, 5 5 o
agent and (3) at |east one cyclizing agent which is (a)

selected fromthe group consisting of alkali netal .
car bobl at Eie prepassacearging desiaimn 4 sairin theaguaternary ammonium

cgd#gé%ﬂ eﬁ&@f}g‘mﬂ) LA SRetatd S Quat ernary ammoni um

s, quaternary anmmoni unraryl oxi des and hydrates
t hereof; or

20.  The process according to claim 1, wherein the quaternary ammonium
hydroxide is tetra n-butylammonium hydroxide.

21.  The process according to claim 1, wherein the quaternary ammonium
halide comprises a halide moiety selected from the group consisting of fluoride,
chloride, bromide and iodide.

22,  The process according to claim 1, wherein the cyclizing agent is the
reaction product of tetra n-butylammonium bromide and potassium acetate.

23. The process according to claim 1, wherein the cyclizing agent is the
reaction product of tetra n-butylammonium bromide and cesium fluoride.

24.  The process according to claim 1, whetein the reaction product (3)(b) is

formed in siiu in the presence of reactants (1) and (2).

25. The process according to claim 1, further comprising the step of forming
the reaction product (3){b} prior to reaction with reactants (1) and (2).

26. The process according to claim 1, wherein the silylating agent is
bistrimethylsilylacetamide and the cyclizing agent is tetra n-butylammonium acetate.

27. The process according io claim 1, further comprising adding a second

cyclizing agent which is a fluoride ion catalyst.
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(b) the reaction product of: WD 2006/ 068990
PCT/ US2005/ 045901 -52 (i) at |east one quaternary
aFRbIEssgl | de and at | east one al kali netal PCT/US2005/045901
carboxylate; or (ii) at |east one quaternary ammon
chloride, quaternary anmoni um brom de, or quaternary
ammonium iodide 5 and at | east.gne al kali netal
fluoride, wherein a quaternary amoni um noi ety of the
cyclizing agent is wunsubstituted or substituted by one
to four grag s_independently selected fromthe group
consi €%i ng RAPRSTS amﬁkﬁlgkt{}’lcl%lﬁm LAYMBANKNY Pagkgactingoreactant (1)

s for preparing a conmpound represented by the
@@Hﬁ?&éﬁf@ Hi HSi xS I~-FN OFIV
conprising the step of: cyclizing the (3
-(sugé |tuiﬁd am no)am de of fornmula XII Y OHN XAN "'Rl1
o( Pr § BiOresgss ageoxdling teiaimet dphprepasingean azgidipene

and R1L is al kyl, aryl or

?Pﬁ%%ﬁ? %gﬁ?é?strugdd r\%ic?renﬁ’%lagﬁgt is a silyl protecting
group with at®heast one silyl ati ngfagent and at | east one
cyclizing agent
consi sting of m

yyl ates, quaternary
2 armoni um hydr oxi des,
20 quaternary ammoni 'e quat ernary anmoni um

al kOxi ,
aryl oxi des and dr at és ‘?hereof; or
§ Y
(Iv)

comprising reacting:

(1)  a B-(substituted-amino)amide of the formula (III)

with  (2) at least one silylating agent and
(3) at least one cyclizing agent which is
(a) selected from the group consisting of alkali metal carboxylates,
quaternary ammonium carboxylates, quaternary ammonium hydroxides,
guaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof; or
(b)  the reaction product of:
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(b) the reaction product of: WD 2006/ 068990

PCT/ US2005/ 045901 -53 (I) at |east one quaternary
aWoR0hdAEesval | de and at |east one alkali metal peyrps200s/045901
carboxylate; or (ii) at |east one quaternary ammoni um
chloride, quaternary anmoni um brom de, or quaternary

amoni um i odide 5 and at |east&@ne al kali netal

fluoride, wherein a quaternary amoni um noi ety of the
cyclizing agent is wunsubstituted or substituted by one

to four groups inde dent | selected fromthge 0
consi st i gg ofp al kyl ?ﬁgrﬁjﬁ%ﬁ‘%ﬁ”%ﬁ%@ﬁm%ﬁmgwﬁF‘?W&lénd at least
to obtain the cgrpauad rﬁéta?@éfﬂﬂ)ﬁla)féf?tol( Prot) / I Q(Prot)

I s Fi ONF Xl; and renoving the si protecting
groups to formthe céiipaivaasivenaquatersarylammodium thworide,

Gl eps of 15 By iy dioffte: 87 ShaRifel monium fodide

an i nmine of Forandat lo4skbfe alidli mbtal PUBKES! | Ng agent,
then condensing the silyl-protected conpounds to obtain a

(3- (substWhatay aHaienasy agpeninsr meiety xf the ayelizinghagentss

iy ary el FSBE1ed oy Bngila K0ty B8 TyBhgrtonty
silyl  prosetetietdranake grédp &Nsistg\g oP&IRYI, aFylalkyRied hRalkyl-alkyl.

X11 F 20 prior to cyclizing the
-(substituted-am no)am de of Fornmula XIlI. 32. The process

90 2008/ 0eb a8 BETPT RSB G TROREY FoPRRRFET e Pomuia vy

oH OH
/@)S\/ﬂr, R_S
E N,
©Q

F v
comprising the step of:
cyclizing the B -(substituted-amino)amide of formula XII

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =0 or =8; and R1 is alkyl, aryl or
atkoxycarbonyl, and wherein Prot is a silyl protecting group
with at least one silylating agent and at least one cyclizing agent which is

(a)  selected from the group consisting of alkali metal carboxylates,
quaternary ammonium carboxylates, guaternary ammonium hydroxides,
guaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof; or
(b)  the reaction product of:
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(a) reacting p-fluorobenzoyl butyric acid of Fornmula V
with pivaloyl chloride and acylating the product with a

r bl iary of Formula VI to obtalnaketo
EoRe g | 51 % fl, 0OY 0 HNX | O Bersapusiqusont
IY~i n R VIF5VVIIRt vvhereinXis-O-, -S- or
-N(C1-C6 alkyl); Yis =0 or =S;5gnd RL is al kyl, aryl or

al koxycar bonyl ; (b) reducing the ketone of Formula VIl in
the presence of a chiral catalyst to an al cohol of
Formula VITl: OO'IYOHO IYl Ilk NxX \xX F R VIII

10 VI1 (c) reacting @héatigast aneguaiemsiansamreemumahalide and at least
an imne of for otecti ng agent,
S A O, B e Rl 9 29

t hen condensi ng™t rotec ‘conmpounds to obtain a

(3- (substituted-am (ﬂp)aﬁneai@t arfe ch‘mt@m Andmowien ehlorideot
is a silyl protectlng roup FOHOIYl / | OHY OHN

17 NIX 4 XN THatemasy BRgnpnili oromige. Fof GusierRRIEgNium iodide
X111 F 15 prigiy BPSe%)éthé'p&]I_JtrHS'tall fluggide,

R- (substi tut ed-am no)am de o ormu
wherein a quaternary ammonium moiety of the cyclizing agent is
unsubstituted or substituted by one to four groups independently

selected from the group consisting of alkyl, arylalkyl and arylalkyl-alkyl,

to obtain the compound of Formula XTI

O(Prot) O(Prot)

IRS

F XI; and
removing the silyl protecting groups to form the compound of Formula (IV).

31. The process according to claim 30, further comprising the steps of:

reacting a chiral alcoho! of Formula VIII, an imine of Formula IX and a silyl
protecting agent, then condensing the silyl-protected compounds to obtain a B~
{(substituted-amino)amide of Formula XII, wherein X is -O-, -8- or -N(C1-Cg alkyl); Y

is =0 or =S; and R1is alky}, aryl or alkoxycarbonyl, and wherein Prot is a silyl
protecting group:

prior to cyclizing the B -(substituted-amino)amide of Formula X1I.

32. The process according to claim 30, further comprising the steps of:
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(a) reacting p-fluorobenzoylbutyric acid of Formula V with pivaloyi chloride and
acylating the product with a chiral auxiliary of Formula VI to obtain a ketone of

Formula VII:
J{ 0 0O Y
0 0]
D HN\_JX NJLX
OH + %\Cl § A
F R1 VI F ¥
V T ———— VH R

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =0 or=S; and R1is alkyl, aryl or
alkoxycarbonyl;
(b) reducing the ketone of Formula VII in the presence of a chiral catalyst to

an alcohol of Formula VIITL

0 o Y OH 0 J&L
J\ S N X
OJ\A)‘\N\__IX . W &
F T F RY
R VI
vII

10 ;
(c) reacting the chiral alcohol of Formula VIII, an imine of formula IX and a

silyf protecting agent, then condensing the silyl-protected compounds to obtain a #-
(substituted-amino)amide of Formula X1, wherein Prot is a silyl protecting group:

OH O :lfL
5 N X
\3_’
F oS
VI

15  prior to cyclizing the B-(substituted-amino)amide of Formula XII.



