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PROCESS FOR THE SYNTHESI S OF AZET1D1NONES BACKGROUND
OF THE INVENTION Field of the Invention The present
WO nveftg9em rel ates to a process for produci ng PCT/US2005/045901
azeti di none or b- |actam conpounds useful for treating
vascul ar and |ipidemc conditions, as well as
internmedi ates for the synthesis of penens.
Azeti di nones are useful as hypochol esterol em ¢ agents,
as disclosed in US RE 37,721 , and al so are useful as

i nt er rediPROCESS FIOR THE BNN'H-IE)S@GFEAZET@DMNES
group of antibacterials. EP Patent No. O

di scl oses processes for preparing azetidi nones by
reacting a sil ylﬁﬁﬁ_’ﬁﬁiﬁﬁmﬁdﬁﬁﬂ\lmon

catal yst cyclizing ag P i.tably protected
b- (subst i t ut ed- am no) l V\e’“ e fnvetitich

b- (THehsrebent indeaiibmMlaeisdo @Spetes®fordrBducing azetidinone or B-
(substii t ut ed- am no)t hi ol ca?g%m c aci 3) est erg US Pat ent g

lactaw, canpomdpeseflbior df@@@ng vpsoesand dpidentic egndliiieons, as well as

nteARRRIot TBEHBUESP: L HHEBS (R ol vhi oyl ch ori de anc

acyl ating the product W|th a chiral auxiliary to
obtain a ketone: wherein Xis -0, -S or -N(GJ -C
al i\gejidingnes areugefut gs hypechalesterolemicagesis as, disclosed in US RE

37, PRERH 2180 BY Db SUARERDUUBEONUY oy B! bE BBl 2 known

gromlbfsamﬁbmmlgn phenyl and naphthyl are 1-3
Et tuen sel ected fromthe group consisting of C

R((/Dﬁterﬁ W 7@habhSissieses ypcessficion @@W'ﬂ&e@?ﬁ*@mq{ws by
readtiMfy RSHASHT aGbnPartd'a TRlbrid84Eh ¥atans? cPBiAG Ah8ht with a suitably

protected B-(substituted-amino)amide, a 8-(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
S
F N
(@)

(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
(8] O
0 HN&X NJLX
H 3

OH, >€Lc1 3 . J

~

F .~ RI

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =0 or =S; and Rlis C1-Cs alkyl,
phenyl, naphthyl, substituted phenyl, substituted naphthyl, C1-Cg alkoxycarbonyl or
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(c) reacting the chiral alcohol of step (b), an imne
and a silyl protecting agent, then condensing the
WEe@hoetoed conpounds to obtain a PCT/US2005/043901
b- (substituted-am no)am de: (d) cyclizing the
b- (substituted-am no)amde with (i) a silylating agent
and a fluoride ion catalyst'é@tlizing agent; (ii) a
silylating agent and a quaternary ammonium salt of a
chiral auxiliary of step (a); or (iii) a strong
N . . ; | N .
b AR S8R ot Sl 2R e R 17 yBMuents selected
fronvideugrioup domgistingrat i 5Cigrelkylephenylgraliesnzgi;nones, there
remains a need for alternative, sinpler and | ess

ex fOn&educing dwekelepetin thepmsencadf azehiiadicatalyst aman alcohol:

oS3 B R LAALERAOAL i o ap e s Sy ibueting agent,

therf esndureiey ihegpree@de tbfpdants 16 obpiaEBESdtiagbtamino)amide:
acceptable salts, solvates, and prodrugs thereof,

conprising the step of reacti 1) a
b- (substit ut ed- am no) ani de,

b- (substi t ut ed- am no) ?fg\]c :

(substi t ut ed- ani no) t K 'oNEagbo acid ester with (2)
at |east one silylati r\@(»@gt 20 o6Ree, at | east one

agster, or a b-

cyclizing agent which is%a)lssel ected fromthe group
consi sting of alkali neYebica yl ates, quaternary
anmoni um car boxyl at es, quat er na¥yFammoni um hydr oxi des,
quat er nary anmmoni um al koxi des, quaternary ammoni um

ar {dogyelEinaihe B-(substituted-amino)amide with

(i) a silylating agent and a fluoride ion catalyst cyclizing agent;

(i) a silylating agent and a quaternary ammonium salt of a chiral auxiliary of step (a);
or

(iii) a strong non-nucleophilic base;

to obtain the compound:

O(Prot) O(Prot)
F N
T Q
3

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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hydrates thereof, or (b) the reaction product of: (i)

at | east one quaternary ammoni um hal i de and at | east
won@eabdoad i netal carboxylate; or (ii) at | easpCDOB2005/045901

quat er nary ammoni um chl ori de, quaternary anmmoni um

brom de, or quaternary ammoni um i odi de and at | east

one alkali netal fluoride, Werein a quaternary

amoni um noi ety of the cyclizing agent is

unsubstituted or substituted by one to four groups

i ndependently selected fromthe group consisting of

al kyl, arylal kyl and aryl al kyl -al kyl. Anot her aspect

of the present i nSEMMARY QFal HiE INVENTIQN preparing a

coEPound represented b For mul a

th

. th : 1V): i Si )

S BESRITERbIThg PHEA SIS LisLPYIEES BaRBH® or Aaearing an
sce S e BRI ackprpfp pand redf 3 pdtiuge thereor,
comalikiogytharstemyf (eamtidgiherein Prot is a silyl protecting

ond 1By crifkispsibant-aRneIde( &) GuDatbt AR #ES oster, or a p-
(sub%ﬁ%{t‘«gd-%ﬂﬂﬁbﬁﬁﬂo%rﬂénielalé sstBE{vth carboxyl ates,

rnary ‘anmoni um car boxyl ates, quaternary ammoni um
hy(@)oxi dekeastoae eilylatiyg agenhanan al koxi des, quat ernary

a niu ryl oxi des.and hydrates .thereof, or (b) the

r gg%t | og} %@é_&%? Cyelizing ?gé?t Wé'&g‘t's one quaternary

amoni ugghal sdRcBffra heafbup 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:
(i) atleast one quaternary ammonium halide and at least
one alkali metal carboxylate; or
(ii) atleast one quaternary 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 to four groups independently selected 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):

comprising the steps of:
cyclizing the B-(substituted-amino)amide of formula XII



one al kali metal carboxylate; or (ii) at |east one
guat ernary ammoni um chl ori de, quaternary ammoni um
Whe@wioas®90 or quat ernary amoni um i odi de and at PCBES1005/045901
one al kali netal fluoride, wherein a quaternary
amoni um noi ety of the cyclizing agent is
unsubstituted or substituted‘by one to four groups
i ndependently selected fromthe group consisting of
al kyl, arylal kyl and aryl al kyl -al kyl, to obtain the
conpound of Forrmula Xl : renmovipQggthe silyl protecting
groups to formthe conpoquﬁﬁiiﬁornula (I'V). O her than
in the operating exanpl es,HNOT ere ot herw se
i ndi cated, all nunb 2ssing quantities of
i ngredi ents, reacti 7 5, and so forth used in
the specification and kai af eOtRwotbe under st ood as
being nodified in all l F by the term "about."
DETAI LED DESCRIPTION I n its many enbodi nents, the
present invention provides a novél pryggess for
preparing azetidi nones or b-lactans which can be
whewsiafls &, FSPocN{DgsCgramtyd)ri ¥ $s 20 as=$natRlisairgl, aRi or
the synthesis of penens, a known group of antibacte
alkoxyearbonyihiancowbersin Rret iagpsilyt adtecting grugpar i ng

azet.i di.nones whi. are optionall no- - or L

o S R e e e el cycfeinetiasn wieh s
substi t (aged abldcha frofothel Qer? ednsibiag of aleAGASTE 8hMbxylates,
of G3, C4-disubstituted azetidi nonesS prepared b

thi s pr Gda¥nay appwnddntcashoxyhries: avatemanranmanoalum hydroxides,

pe- obt aPHEFTRARAAS o A, ek AERRAER §brices and
are usetydiatepdidreclloar, this process is useful for

the stereospecific preparation of
(b the reaction product of:

N7

(i) atleast one quaternary ammonium halide and at least
one alkali metal carboxylate; or
(i) atleast one quaternary 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 to four groups independentily
selected from the group consisting of alkyl, arylalkyl and arylalkyl-alky!,

to obtain the compound of Formula XI:

0 (Prot) QO(P T Ot)
SO
N,

—
O/

F

pd
F XI; and

removing the silyl protecting groups to form the compound of Formula (1V).
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azeti di nones substituted in the C3 and C4 positions,
and optionally substituted at the ring nitrogen. The
wpr@emees of the present invention can be useRCT/0S2005/045901

prepare azetidi nones such as are represented by the
structural formula (1): or pharmaceutically acceptable
salts or solvates of the aze®idinone of Formula (ry,
wherein in Formula (1) above: X, Y and Z can be the
same or different and each is independently sel ected

| e Rrgin R, SaTENRD Blnfles Tamars oAty g, o

numbers e;qm’esismgiquémpﬁﬁwleﬁhgyednehtscirwbtfancnnrtdﬁ&)r@c angd so forth used in

conSI Sél ngang{ﬂé—!h&é@)qq 0 aI k enqeé %em @Odme% O)R6 Xstances by

thetéHﬁgthH?nts |ndependently selected fromthe group
consisting of acyl, alkyl, alkylaryl, alkylheteroaryl,
al kyl sul f onyl alkenyl alkoxy, alkoxycarbonyl

| k [, -(C0-C30 a! -l | kyl -OR

2, y?)C/:O ClE) al kyl e?@%—%é @ES i) i ene)

al ke Ay @b Sdtvnts, (168 Qen?t'lK\Yérﬂfdm) rg%l@)s% Rovel process for
-(C0-C10 al kyl ene)-O( O é’(

prepaCrig GzeG(iDo0Rs @rﬁﬁactam:{)y\mmcan b@ixSett(l e)thy@ocboKtherolemlcs or

as in]fércr%%di% %lb%ﬁ?@%ﬁg (%(pg: Rk kX | en &Eq)tf@q?%nals

_ (G)ﬁ'ﬁﬂé"ﬁorohcuif% %ﬁppllgﬁgk_@oig%rm L O dqo‘r%%@%/igf&@?@ogtlonally

mongt, I@’r ehel)lsl(t(S@jL(’tadyalt pa&h Nilthe C-3and C 4 positions and substituted at the
ring nitrogen. The stereochemistry of C-3, C-4-disubstituted azetidinones prepared by

this process is dependent on the starting material: racemic, stereospecific or
enantiomeric compounds can be obtained when the corresponding 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 to prepare azetidinones
such as are represented by the structural formula (I):

QS
Qo &
I N le'(C)q'Y.n’(C)r'Z A
| LN
/F R2 R3
5
Q 4—N
O RN
| oo
@

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (),
wherein in Formula (I) 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 -C(alkyl)2-;
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-0C(O-(C 1-C10 alkylene)-C(OOR 6, -(C0-C10
al kyl ene)-C(O NR 6R7, -(CO-Cl0 alkylene)-OC(ONR R,

WO Di0g/06890aC0- C10 al kyl ene)-NR R, -0-(C 2-C10 PCT/US2005/045901
al kyl ene) -NR 6R7, -NR6C(O R7, -NR6C(O) OR9,
-NR6C( O) NR7R8, -NR6S(O) 0-2R9, -N(S(O) 0-2R9)2! - CHNORG,
-C(O NR 6R7, -C(O) NR6NR6R7, -85 0) 0- 2NR6R7, - S(0) 0. 2R9,
-0-C(O-(C 1-C10 al kylene)-C(ONR 6R7, -OC(O-(C 1-C10
al kyl ene)-NR 6C(O O (al kylaryl), -P(O (OR 10) 2,

;al( E’g;ﬁ‘? %lxy l@ﬁ’%égh?gfﬁeﬁt andeidh is HiERend8hy selected

frong’ngX%rmé@p@ﬁ@@% Ib%?wgr@ll@mm oc)gom6 -OC(O)OR’;

andauoﬂ; ),marpth}yl ar al koxycar bonyl|
&3@ al kox car bonyl , aryl, aryl al kyl ;ar al kyl ),
d

syl to §ulg$j|tﬂ@mit§||n@@ggrgje|mjy§elgﬁeg/ rorraﬂ'@ygr@up consisting of

acyld %@%{/L%ﬁ&y%ﬁﬁ(yallgﬁﬁ&?ﬁﬁrgf%ﬁ&@ ohy a?é@ﬂy%’koﬁ%aélRoxycarbonyl,

alkypyi; | -9@hknpuligldnd)-Ghet eroaryl , heteroaryl al kenyl,
het er oaryl al kynyl , heteroarylalkyl het er oar yl al koxy,

(Cok@toalmeye)scuﬁ%r(gao-o petloleneyC(OR, di oxol anyl ,
het er ocycl het grocycl yl al kyl , heterqpyclylcarbonyl
(cor@toeal@maeiﬁc&@)caanw(@o o kI SGONF dr oxyal ky!
kyl syl f ts
T S T
| t |.abl
-Cﬁﬁ-g@ﬂ@%ﬁ'ﬂ[@ﬁ 'Q{B)Bfr, gag(ét?é?ﬁgalhy\ﬁag;/gﬁfasygt em as
defi ned bel o % to 5 substituents g ndogr)endent 'y
-O- (QeTfémteé‘@/|$|’r\%)n¢(Cﬂ gr@t(&&mﬁ"é\tle'ﬁ@ GfOXR I, -CiN ky!
kyl sul f ony] |
CEMENT NG BN B P2 G a1 iRy ensh Bk 2ne) -
0-B SIS LIRENTT D) Fﬂe‘?o G 0 alkylene)-QOR,
-0-(C4-C1p alkylene)-C(O)(aryl)-N-N=N",
-OC(0)~(C4-C1o alkylene)-C(O)ORE, -(Co-Cro alkylene)-C(O)NR'R’,
-(Co-C1o alkylene)-OC(O)NR'R’, -NO,, -(Co-C1o alkylene)-NR°R’,
-O-(C2-C1 alkylene)-NR°R’, -NR°C(O)R’, -NR°C(0)OR’,
NR’C(O)NR'R’, -NR’S(0)o2R’, -N(S(0)o2R ")z, -CHNOR®, -C(O)NR'R’,
-C(O)NR’NR'R’, -5(0)02NR’R’, -8(0), ,R’

-0-C(0)~(C1-C1o alkylene)-C(O)NR'R’,

-OC(0)-(C+-Cyo alkylene)-NRC(0)O-(alkylaryl), -P(O)(OR™),

-(C1-C4o alkylene)-OSi(alkyl)s, -CF3, -OCFs3, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,
alkoxycarbonylalkoxy, alkoxyarylalkoxy, alkoxyiminoalkyl, alkyldioyl, allyl, allyloxy,
aryloxycarbonyl, aralkoxycarbonyl (arylalkoxycarbonyl), aryl, arylalkyl (aralkyl),
aryloxy, arylsulfonyl arylalkoxy, aroyl, aroyloxy, aroylaroyloxy, benzoylbenzoyloxy,
carboxy, cyano, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylaikoxy,
heteroarylsulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylalkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsulfonyl,
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-(C0-C 0 alkylene)-CCOOR, -(CO-G O
al kylene)-OC(O R, -(CO0-Cl10 al kylene)-0OC(O OR 9,

WO B98O R 6. -CH=CH C(O) OR 6. -C=C C( O OR BCT/US2005/045901
-CCCC(ORTf -0-(C 1-C10 al kylene)-OR 6, -0-(C
1-ClCGal kyl ene)-C(OR 6. -0-(C 1-C 0 al kylene)-C(O OR
6, -CN, -C(=N-CN)-NH 2 -C(=NHj=NHR 10 , -0-(C 1-Cl0
al kyl ene) -C(O NR 6R7> -0-(C 0-C10 al kyl ene)-C(O NR
6NR7C(OOR 6. -0-(C 1-C10 al kylene)-C(O (aryl)-N-N=N"

and g M e ep RSB e 5D Sons IR ey agerystom on 2

ring.systmR or siftiiriddushkidpiaising Wb Bvailaifle (§drogens on adjacent carbon
2-Cl0a! kyl ene) - NR 6R7, - NR6C(O) R7, -NR6C(O) OR 9,
atomyREE PHRYFRS! as NREREDPGIMRY, * - N(S(O) 0- 2R9) 2, - CHNOR

8 g;% Q)tg%?@stgﬁgéﬁéé%ﬁéx es)'e@e% F\Iréhlg%?grohg(c@nsisting of

acyl DedKyTarit, lladteydaarpie ik Uich () Ak ém i kailkaxy, dikoxycarbonyl,
y_gr(k%p O?We.‘llgﬁ?l@egc 1&38 aﬁyll}yl eng OS?{ al kyI¥ 3, y-Cfr Y
alkygyl,. 30 AHyleN t®&oxyal koxy, al koxyal koxyal koxy,

'(Cog(:;ﬁ’%jgﬁ%{‘%géﬁ?;‘}(f%%gi@ﬁ%ﬁ%@)?é@)%ﬁf,C)X)alll, Iyl oxy,

R ANEREL LR ORE P e IR QAR oy aroyt
-(Co AkfEEOLIONE, RAHZEH LRORTY L CHZ @I, cvane,
-C=¥g-0pOKBRY | @%C-@@m%a%{%&%aﬁkﬂg{,é_gjﬂ@;ny| :

het er oaryl al kynyl, het'eroa . . | al koxy,
O Che THr CRIN: OT C RN CRORITIN . hony!
-o(iﬁ-@p)gﬁfqg%ﬁy(gmwhm,k-@%-byodémgﬂénejlm«mméh?wI ,
-0-(Co-C1o alkylene)-C(O)NR°NR'C(O)OR’,
-0-(C+-Co alkylene)-C(O)(aryl)-N-N=N",
-OC(0)-(C1-C1o alkylene)-C(O)OR®, -(Co-C1o aIkylene)—C(O)NR6R7,
-(Co-C1o alkylene)-OC(O)NRR’, -NOj, ~(Co-C1o alkylene)-NR°R,
-0-(C2-C1o alkylene)-NR°R’, -NR°C(O)R’, -NR°C(O)OR’, -NR°C(O)NR'R’,
NR’S(0)o.2R’, -N(S(0)o2R")z, -CHNOR®, -C(O)NR’R’, -C(O)NR'NR'R’,
-8(0)o2NR R’, -5(0),,R’, -O-C(0)-(C1-C1 alkylene)-C(O)NR°R’,

-OC(0)-(C1-C1o alkylene)-NRC(O)O-(alkylary!), -P(O)(OR™)z,

-(C1-C1o alkylene)-OSi(alkyl)s , “CFs, -OCFs, 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, cycloalkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylalkoxy,
heteroarylsulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylalkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsulfonyl,

and ring substituents comprising a moiety replacing one available hydrogen atom on a
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and ring substituents conprising a noiety replacing
one avai l abl e hydrogen atom on aring system or
wa Rowlossameous| y repl aci ng two avai |l abl e hydr ogeeiEUSI005/045901
adj acent carbon atons on a ring system as defined
below, @ is 1 to 5 substituents independently
sel ected fromthe group consﬁsting of acyl, alkyl,
al kyl aryl, al kyl heteroaryl, alkyl sul fonyl al kenyl,
al koxy, al koxycarbonyl, al kynyl, -(Co-C30 al kyl ene) -G

i SRR e FABAPBRE e oo
atonfs on é@ﬂ’rgﬁé@t@*nkaé @Q@gdﬁé@\m 9, C_g":C'(')" (R:)( g) fR ?O-
1 GLe i gl e ieRiEndEbeNdoIty SgesIa T adhe Creyiegnsisting of

acyl,” %ﬁﬁﬁﬁ&yﬁh& %{l}bﬂe‘?%%%eﬁfl%%uﬁ?wl ker r}yp(éz%ﬁ\haggjgyaarbonyl

alkynyd; {Co @ hkyddneg)jt@ne) - C(O NR 6NR7C(OQ) OR6. -0-(C 1-C10
al kyl ene)-C(O) (aryl)-N-N=NT, -OC(@)-(C 1-C10
(Co@mﬁ"@iw)e)@ GEC@Cm @@1@@}@(@*}1 ene) - (O NR 6R7,
Cl0 al kyl eng) - OC(O NR 6R7, - N2, 5(CO0-Cl0

Co&(m;all@i%)e) GGQ;R @o(@mzalmlena) Qﬁ(@i@) NR 6R

B O R N L S IPD e A
-C—aréff%@?)@ﬁ%%_éé%&)gm@) C@%gatts(bger;&)%%ene) NR

)O( r -(C 1-Gl

O-(@ b RN Ry 1D4C 1oy e) SRR GN,
o=RLERSHRLX -&:Nﬁ&-‘f\ﬁﬂ)ﬁﬁt KBXELE 2Xkylene)-C(OINRSR':
-0-(Co-C1o alkylene)-C(O)NR°NR’C(O)OR"
-O-(C4-C4p alkylene)-C(O)(aryl)-N-N=N",
-OC(0)-(C4-Cyq alkylene)-C(O)OR?,
~(Co-Cio alkylene)-C(O)NR'R’, -(Co-Cio alkylene)-OC(O)NR’R’, -NO,,
~(Co-Cro alkylene)-NR°R’, -O~(Co-C1o alkylene)-NR'R’, -NR°C(O)R’,
‘NR°C(0)OR’, -NR'C(O)NR'R’, -NR’S(0)o2R’; -N(S(O)o2R )2,
_CHNOR®, -C(O)NR’R’, -C(O)NR°NR’R’, -8(0)o2NR'R’, -S(0),,R",
-0-C(0)-(C1-Cyo alkylene)-C(O)NR°R,
-OC(0)-(C4-C1p alkylene)-NREC(0)O-(alkylaryl), -P(O)(OR™)z,
-(C1-C1o alkylene)-OSi(alkyl)s -CF3, -OCF3, 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, cycloalkenylalkyl, 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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al koxycar bonyl al koxy, al koxyaryl al koxy,

al koxyi m noal kyl, al kyldioyl, , allyl, allyloxy,
waeybosspe@r bonyl , aryl, arylal kyl, aryl oxy, arptBRURKINY)45901

aroyl, aroyl oxy, arylsulfonyl, aroyl aroyl oxy, aroyl,

aryl al koxycar bonyl , benzoyl benzoyl oxy, carboxy, cyano,

cycl oal kyl , cycloalkylalkyl:E%ycloalkenyl,

cycl oal kenyl al kyl , heteroaryl, heteroaryl al kenyl,

het eroaryl al kynyl , heteroaryl al kyl, heteroaryl al koxy,

ring STEERDRY ¥ RRSh BPIRIRENG pOARIIEBARG o adjacent carbon
atorip]lsgareoﬂmigsy?tealr tsfigfinla?&bk%qw;hygroxy, et
ydr oxyal ky] , al kyl sul fonyl, and rin ubstituents )
coMPErRINPLANALY BB W@mé&%@%ﬁ@rﬁ%g?mr@m ar JgRne)- radical
tem /n &4 | i y replacing two
of G B B R e BB o RE B L oms on'a ring
—_0O-S) m_a¢y-gefi nOEsl-0 el hN2 e or
© ’rmxf(emdar@?oﬁt’orrs of t’m(%@ O-N d@?i'gpegg[\]q}?hdi cal
of GQs, safpsteddronftheagpupecansistingepfensiegan resideel diseigabyesidue,
-0 -0, -CHECH., -C= C -N(al kyl) - . , .
sy Kpsiqhenpiras i Terige: sugdr AR HP $4aah Ringpggesidue,
oligésaptioet reBkiuef comnsritdag 2re o acigy dmialkyRihmédiumalkyl radical and
trisugar residue, tetrasugar residue, sugar acid,
—S(@hr@bl, sugar, amino acid residue, oligopeptide residue

conprising 2 to. 9 am no acids, trialkyl anmpni | kyl
r 2l il Bagan BB e 3 obdierent nckeadtioHaeRRNdEAN Ssfected
ronfll Go8BoaMTRA A RAEBRAEN ayisel ected Trom the

group consistin ogen, and aryl; 6 7 8 R

. R°apd BRarhcdiens iee samR o diflefdre battezRnds Afdbdrdiently selected
i ndependently selected fromthe group consistin

fromhingr @rgeip, coaisiefing odhyrrogary ladeyk\aryl, epdalsyl, zyq:lpa&sgru%g]d a
protecting group; and

each R’ is independently alkyl, cycloalkyl, aryl or arylalkyl.

each R' is independently H or alkyl;

qis O or1;

risOori,;

m, n and p are independently selected from 0, 1, 2, 3 or 4; provided that at
least one of qand ris 1, and the sumof m,n, p,gandris 1, 2, 3, 4, 5 or 6; and
provided that whenpisOandris 1, the sumofm,gandnis 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 example, Q' and Q? 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 Q? variable occurs more than
once in a molecule, those occurrences are independently selected (e.g., if Q' is —-OR®

wherein R8 is hydrogen, Q? can be —OR® wherein R6 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 present.
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protecting group; and Q each R is independently alkyl,
cycl oal kyl, aryl or arylalkyl. each R1O is
w0 nabefpesygent |y H or alkyl; g is O or 1; r is OPCF/US$2005945901

n and p are independently selected fromO, 1, 2, 3 or
4; provided that at |east one of q and r is 1, and the
sumof m n, p, gandr is 1102, 3, 4, 5 or 6; and
provided that when p is O and r is 1, the sumof m ¢
and nis 1, 2, 3, 4 or 5. As used above, and
th t: ”
SRS ol S5 A ORoqd 5ol e M BEAEA T the speciied

grouipsy mdidels o Inhaieties HMouhUse notesl maaaamm veittouwesatisfied

said to be

wherein, for e e
valeligre FeadATY. FCLETEE: BXETP i BICGIEDIED ety sasiuumadl o have the
dependent|y sel ected, but
hydrgﬁgg%té]ﬂ?\?é)mﬁjsaﬁgg/% cl)(?nd&% vari abl e occurs nore than
onthe ifollcaving ldetioltionstdppheregacdiess ot edethier a term is used by itself or
in oo BORBERa G diedF i kB tinaiis Shelicass T HHEFBIS. 8 definion
& lih e e L fe bz ”
of ‘alffRsinlestbefli T A e M6 KiTepomRaT Aok PRKGH ZRaloatyr,
“alkonyfbeic. of substituents that can be present.Thg term

"oRpt.i onal ubstituted'.,neans optignal b tuti

i Bh BRE efely FRLISH G MARSrE B CRBF #BiiEEis B foation-cor-
group PWhithBe PR ck\dds a8y b AU HEscHBsAITHR HoRd to the parent moiety

val ences in the text, schenes, exanples and table

is thigugle the qasboayh Preferredagidy eonisie aﬁwer@éléyi Hooainaijing éxamples of

ti defl nitions apply
sui PR e rob B b RUERERR. LOSLo R bR L T el T o

As used herein, the term "alkyl" means an ahphatlc hydrocarbon group that can
be straight or branched and comprises 1 to about 20 carbon atoms in the chain.
Preferred alkyl groups comprise 1 to about 12 carbon atoms in the chain. More

preferred alkyl groups comprise 1 to about 6 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 alkyl chain. The alkyl group can be substituted by one or more
substituents independently selected from the group consisting of halo, aryl, cycloalkyl,
cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alky!)» (which
alkyls can be the same or different), carboxy and —C(O)O-alkyl. Non-limiting
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 alkyl and aryl are as
described herein. Preferred alkylaryls comprise a lower alkyl group. Non-limiting
example of a suitable alkylaryl group is tolyl. The bond to the parent moiety is through
the aryl. “Alkylheteroaryl” means an alkylaryl moiety in which the aryl group
comprises a heteroaryl group as defined herein.

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

sulfonyl.



10

15

20

25

30

in conmbination wth other terns, unless otherw se

i ndi cated. Therefore, the definition of "al kyl"
w@pbioes»9a o " al kyI " as well as the "al kyl" porpPCDDS2005/045901

" hydr oxyal kyl " hanaIkyI "al koxy", etc. As used

herein, the term ‘acyl " rreans an HC(O-, alkyl-C(O -

or cycloal kyl-C(O -, group in I Whi ch t he varl ous groups

are as previously described. The bond to the par ent

noi ety is through the carbonyl. Preferred acyls

CoRMRuRRh oo PYIDITEHAR e Pt are tose
whigdv thzeaikyll grods isiosvbrradkyi The boadtetme pardntimoigteisthmugh the

al i phatic hydrocarbon group that can be straight or
sulfgp¥nched and conprises 1 to about 20 carbon atons in

t henR/RAifony PS8 ) g@zﬁr@%@ewwana%g}ham?ﬁ%oiety is

torrslnth preferre
throggbmlpxssukbcnmm se 1 to about 6 carbon atons in the

ranched' one or nore |ower alk
o ohfkeruaieas F aibRatc. bt bosibopdpP (Sur Bhkpr Aached carbon
chafn® cBrprRERS orﬁ’é kY morBaiduble’Pondd Whegih‘éi’rpaﬁgr\)vm&n can be
substirtutéd by one or nore substituents 1 ndependently
conjightast eucanjigaiedg M&qﬁubaﬂ@;égrmgomamaompnaeﬁ to about 15

oot SRR PO R o 500 g i, anc

more ef@#alﬁl?@ BHFORIB HrbbarRns in 6/ bﬁ’aﬁM ?ﬁé alkenyl group can be
O O al k Non-limti %exa npl es of suitabl é al kyl

subgtptg[qggby ﬁ@qa o8 aqfetsupstit indepepdemiy selegtggkf@@wthe group

cons ¥ ne kb arf, BEEky, SR s R oo, viner
subsiilted iaeydiken groupis dééoxibearwmetmn@ hprein foheeivdnience by

al kyl and aryl are as described herein. Preferred

appﬁf‘ﬂ‘?ﬂé?‘? I3§b%"HHﬁN RAME, fRxamleywhen §UBS"“NIE%1 Wlchat heigroaryl
grOLgfﬁ‘gEt ;s ?ies%rlgrlégh%bm%tbk&{@%m?ngf’ S#BU;') S Nd¥-Mhiting¥kamples of
suitable alkenyl groups include ethenyl propenyl, n-butenyl, 3-methylbut-enyl and n-
pentenyl.

Where an alkyl or alkenyl chain joins two other variables and is therefore
bivalent, the terms alkylene and alkenylene, respectively, are used.

"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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the aryl. "Al kyl heteroaryl” nmeans an al kylaryl noiety
in which the aryl group conprises a heteroaryl group
w@sgoodebsoped herein. "Al kylsul fonyl"™ neans an PCT/US2005/045901

al kyl -S(Q2)- group. Preferred groups are those in

whi ch the al kyl group is |ower alkyl. The bond to the
parent noiety is through the 1 fonyl."Al kyl sul fonyl "
nmeans an al kyl -S(Q2)- group. Preferred groups are

those in which the alkyl group is [ower aikyl. The

bor h ' ' t A

e B8y oRA” fi¥arPat bio- L 6y WG S B Kkamples of
suitalble aﬂ@@fnalrbmigegmLipﬁ igbludegigemtmywbb?yl%/dnd éﬁob’(%mbbnyl. The

an aliphatic rocarbon group (strai or

bon@?@%earﬂﬂﬁﬂ%ﬁéﬁ\@pggaﬁﬁpﬁébgw?oﬁe or rm?e doubl e

bor . o : ’ :

ncaf YR Anafs St ED-CRY), o ag ML examples of
suitathle wiryldSyczabboyl groops inaluddphemaiycarioraf endlaphthdxycarbonyl. The

?o t 12 c:i\r ban at ons iﬂhhe chai n, and nore
bond fa a6 RBTET MaigyAB dHOUSN P BBIPMbms i n the chain. The

|k " i _ -

bR bl B Bk OO ) 28up NER Ihiting example of a
suitalya sirglkoxycasbomnggspuplikpenzygexycaregmyl.obhd hbnd dg dimmparent moiety
. . het I d al k . W tifut th | kenyl .
s T O aroB wau Ben SR nas B 140 Bl BafhatiE fp gometimes

use@RRefdtveltfgemubst i tuent nanme, for exanple, when
substituted with a heteroaryl groy& it can b

e
despikpxyearagnyalkeyy emeang ail alisyyP-C(§)oallsylenerO4 gioupiingvhich the

[ [ in I
aky PAATRIGr ook b S KB R Roh R A BERY portatcon
grouffsecan eomplisey B torabaluk @ Rydarstvaatoms) préférably® fteabout 8 carbon
variables and is therefore bivalent, the terns

atorgg . {y RoTElimiingArasnpieaia syitahir atkoneearbopylalkexy@roup is CHsCH,-
O-C(O)-CH»-O-. The alkoxycarbonylalkoxy is linked to an adjacent moiety through the
ether oxygen.

"Alkoxyiminoalkyl" means an alkyl-O-N=CH-alkylene- group in which the alkyl
and alkylene groups are as previously described. Useful alkoxyiminoalkyl groups can
comprise 2 to about 12 carbon atoms, preferably 2 to about 8 carbon atoms. The
alkoxyiminoalkyl is linked to an adjacent moiety through the alkylene group.

“Alkyldioyl” means an ROC(O)-alkylene-C(O)-O- group in which R is alkyl or H
and the alkylene group is as previously described. Useful alkyldioyl groups can
comprise 2 o about 12 carbon atoms, preferably 2 to about 8 carbon atoms. Non-
limiting examples of suitable alkyldioyl groups include 1,3-propanediol. The alkyldioyl
is linked to an adjacent moiety through the ester oxygen.

"Alkynyl" 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 to 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-methylbutynyi, n-
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" Al koxy" nmeans an al kyl-O group in which the alkyl
group is as previously described. Useful alkoxy groups
W@ 20606890 i sSe 1 to about 12 carbon atons, prefRCEDE3003045901

to about 6 carbon atons. Non-limting exanpl es of
sui t abl e al koxy groups include nmethoxy, ethoxy and

i sopropoxy. The al kyl group-dBthe alkoxy is linked to

an adj acent noiety through the ether oxygen. Used

successi vely, for exanple, alkoxyal koxy, neans an

ponhSRSKATRSHYL 46 A S B B v
sub@t{tt@r}ﬂsﬁhmch gna\} k? lilee saPre @rdifiigreint, emtdmiutltsi‘niﬂéeﬂﬂbﬁ!inbg ;

ne and ar 0 are reyj ous escCr | .
indepeBientiapRBcist Jomithe.afou sapsiSti of baler Aliul Anlocyliealkyl, cyano,
e ATREELSIAN (& ANGHGHrl, ERE8BMod sometimo
hereith kangosnvehiincexyy apmensling theesutmstijientndneyfor 8kample, when
e SRR A B S BBeS R Rty oo

al ki OnEshs Qﬁ@%CM—C&WH‘*’)J) gvr@ifém’héﬁgefl%%élr{ Bt same or

__al koxycar bonyl groups include nethoxycarbonyl and
diffegemicngraniensaigtied Thaepantently fomeagineecurrensesirgmithe group

t.he ou t he carbonyl Y Aryl oxycarbonyl" neans an
con%ﬁ;‘wg %I@(c%f)gea’r%lgﬁ%%ﬂ%i mting exanples of suitable

aryl oxycar bonyl groups include phenoxycarbonyl and

napht hoxycar bon The bond to the parent noiety is

.
t hrAdlyemot eeang éeﬁﬁyCH'@Ar Ahr@ly Ay 9 lipked ipanadigeent moiety
-group. Non-limting exanple of a
thro@éﬁ'ﬁ%k@%%&%&ycar bonyl group is benzyl oxycarbonyl.

TheAlgdntetns Bhearpmatioimomicyclic bs miutticyedb ringsyemeoitiprising
For convenjence the term "aryl al koxtycar bonyl " is
abouiciia aheudt 1hearbaniaipis: PlaielAbiheplPW 6 to abolt 10 carbon atoms. The

aryl gﬁ%}f&‘%ﬁ %%t;@;ﬁﬁth mg@ 'ring system substituents” which may
be the same or different, and are as defined herein. Non-limiting examples of suitable
aryl groups include phenyl, naphthyl, indenyl, tetrahydronaphthyl and indanyl.
"Arylene” means a bivalent phenyl group, including ortho, meta and para-substitution.

"Aralkyl" or “arylalkyl” means an aryl-alkylene- group in which the aryl and
alkylene are as previously described. Preferred aralkyls comprise a lower alkyl group.
Non-limiting examples of suitable aralkyl groups include benzyl, phenethyl and
naphthlenylmethyl. The aralkyl is linked to an adjacent moiety through the alkylene
group.

"Aryloxy" means an aryi-O- group in which the aryl 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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al kyl and al kyl ene groups are as previously descri bed.

Usef ul al koxycar bonyl al koxy groups can conprise 3 to
w@bwaegh2 car bon atons, preferably 3 to about BCT/ES1OF045901

atons. A non-limting exanple of a suitable

al koxycar bonyl al koxy group is CH3CH2- 0-C(O-CH 2-C-.

The al koxycar bonyl al koxy is Iﬂnked to an adj acent

noi ety through the ether oxygen. "Al koxyi m noal kyl "

means an al kyl - C)hhc}kalkylene- group in which the

I ky}

o AR AT PO o By PR B AP S stouoy
desdibaxhr Dl bahdris the paf@ﬂabbnpt)asttbrommuhe&arbmwn Ndrelivaiting
ot AT achlo i) ol e,

m@é A/Ikky ene groﬁ?gélggaﬁﬂpgvv%gfb 5(?3/‘?(9?%[{?5 a&rpr@wously

destiteddil Tiad bphditohe gacenisnaiaty is dhmuigheth2 dtheadougenl 2Non-limiting
ora R R Bk SuPRY e R o
' n@CH%xV %ﬁrﬁmh%% wite I#yllscﬁr%i)éoﬁa%c' dr%@ﬁwa‘h@

jacent noi ety through the ester oxygen kynyl '
hydmnhoraracbcbalwvrach cmawdr marrtsvéheg&ubxspudeﬂpru Si ng at

t on arbon-carbon tri bond an
st PCholRtfkf e AaiPRehmai RoBRner B/l fod%hst comprising
abolib3 éaebent B0 eafdmatonss, ?ﬁ@ﬁemblfhbbaf 5ed apblyy 1 lcagicH@®ms.
have about 2 to about 12 carbon atoms in the chai n;

Prefgni@draycioand rieggmoptaipalroup Stie afpbtiy ringeatopisn Bh@mscloalkyl can
be dubRtifREY ﬂntn%r?en@ﬁ‘%);?ﬁﬁ@@ ﬁ\ﬁl@n élfbesn‘i’u A8 ﬁ/hic%"}ﬁgg Z:}Sle same or

groups such as’ ne or propy are at

dnffetrema ahd rmerasacﬂéwm belbwi rNod\Jmftlngr@iamglee@mitableqﬁonocycl|c
suj t abl e al kynyl graoups include ethyn

oyolpRlRSy gl e s MR P B By b SeFIAI, Cie rh%ecuquzloheptyl and
e 8 BRI BRSH LA O, B 0B i BAEcecaiy,
nortsarhgl atlamantydeinagthe like. "Cycloalkylene" refers to a corresponding bivalent
ring, wherein the points of attachment to other groups include all positional isomers.
“Cycloalkylalkyl” means a cycloalkyl moiety as defined above linked via an alkyl
moiety (defined above) to a parent core. Non-limiting examples of suitable
cycloalkylalkyls include cyclohexylmethyl, adamantylmethyl and the like.
"Cycloalkenyl" means a non-aromatic mono or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon
atoms which contains at least one carbon-carbon double bond. Preferred cycloalkenyl
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 norbornylenyi.
“Cycloalkenylalkyl” means a cycloalkenyl moiety as defined above linked via an
alkyl moiety (defined above) to a parent core. Non-limiting examples of suitable
cycloalkenylalkyls include cyclopentenylmethyl, cyclohexenylmethyl and the like.
“Dioxolanyl” means.
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i ndependently selected fromthe group consisting of
hal o, al kyl, aryl, cycloal kyl, cyano, heteroaryl, and
wa@bkdoenygo9dhen substituted the al kynyl group i SPCT/US2005/045901
descri bed sonetine herein for conveni ence by appendi ng
t he substituent nanme, for exanple, when substituted
wWth a heteroaryl group it cd® be described as a
“het eroaryl al kynyl "™ group. "Allyl" means
(R2R3) C=CR2- C(R2R3) -, wherein R2 and R3 can be the
same or different d are sel ected independently for
each occurrence Jromthe group consi sting of hydrogen,
al kyl and aryl; A Vyl oxy" neans H2C=CH O . The
allyloxy is | kedo an adj acent noi ety through the
et her oxygen. "Aryl" neans an aromati c nonocyclic or
mul ticyclic ring systemconprising about 5 to about 14

carbon atons, preferably about 6 to about 10 carbon
at ditalo” efersato fiugiingu shiosinep brasninetqriadiag raricalssnrederred are
e t Sihatd . ' t he same

fluoffp oy o Broito, AR S et Pere MU d R Geit i £ g

ex drigleesargl meamsahlmomqylﬁligébo npﬂt;]oygﬂdlz admgaﬁ@an'yig,slystem of about 5

napht hyl , indenyl, tetr ronapht hyl and | ndanyl .
to abGR 14as altinadgTashbld AU Ba AROUHBURD RiREHS. i Mgich ono or

K i 7 L ' i |~

orBh I PRI AR AUAEL Y St o o, o gl
nitrogien| oxygeradksultine Theehetergatemi(guinteyrupd scearbedyclic ring structure

an R 48 b GER B o b iromatiocrarecer,
provided e tHReAryd doRftRRehitih adfdeRBEXJHEANY/BREONr atbhR. Preferred
aral kyl is ITnked to an adjacent nol ety through the

hetespaylseemntaincaliput Saioyanul 6 lingatoras ahg I'ha@erearyliwainrbe optionally
i Q IS revi.ously descri bed.

subdBHER I Y e B0, PGB, T i me same o

differevet] BA¢ aphaseryinadtherein. The prefix aza, oxa or thia before the heteroaryl

root name means that at least a nitrogen, oxygen or sulfur atom respectively, is

present as a ring atom. A nitrogen atom of a heteroary! can be oxidized to form the

‘corresponding N-oxide. All regioisomers are contemplated, e.g., 2-pyridyl, 3-pyridy!

and 4-pyridyl. Examples of useful 6-membered heteroaryl groups include pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl and the like and the N-oxides thereof. Examples of
useful 5-membered heteroaryl rings include furyl, thienyl, pyrrolyl, thiazolyl,
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 alkyl group. Non-limiting examples of suitable heteroaralkyl groups include
pyridylmethyl, 2-(furan-3-yl)ethyl and quinolin-3-ylmethyl. The bond to the parent
moiety is through the alkylene. In the same manner, “heteroarylatkenyl” and
“heteroarylalkynyl” mean a heteroaryl group, as defined herein, bonded to the parent
moiety through, respectively, an alkenyl and an alkenynyl group. "Heteroarylalkoxy”
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napht hoxy. The bond to the parent noiety is through
the ether oxygen. "Aral koxy" or "aryl al kyl oxy" neans
w@rooanedohy | - O group in which the aral kyl groupCT/BSES5/045901

previously described. Non-limting exanpl es of

sui t abl e aral koxy groups include benzyl oxy and 1- or

2- napht hal enenet hoxy. The bor® to the parent noiety is

t hrough the ether oxygen. "Aral koxycarbonyl" neans an
aral koxy-C(O)- group in which the aral koxy group is as

meeﬂ{se%(/\hgi#ﬁb%ﬂg %gl{y % g?& gﬁ&?ﬁ( In wﬂﬁﬂqﬁe%tﬁfo\é% %@ablkygéﬁé Rre as

I's"as previously descri
previtgsipaledctilbed.he parent noiety is through the carbonyl .

Non- | ti | f bl | ud
perBIATOSHIM FRSHS SOAAORBYE SoCxH] BRpocler ayticycic ring
t
syst%?r%{)rgu SF i3 W(?tﬁ%ﬁ 108y Amd ﬁé%g?@lx%oui 5 to about 10 ring

escrib borfd to t t nolety 1I's
atormsyriaugihich iweerm”eor&)aﬁl@eratOMnn ltherringraystenaipae elerhent other than

Carb%uﬂlq %ﬁ%ﬁ%ﬁ&%ﬁ’oé%%&%ﬁbe&{éo | P or?ﬁnd@)’%écgraﬁ@agpﬂ ghere are no
ad;do‘én?BxﬁéérPBﬁél/o@ sffuPAIRIR pr‘ésBMﬂfn%érrbg]s AEINC Profdted

may or hmay not be substituted Cycl oal Kyl " neans a _
hetefcﬂydylsmntajn byt 530 aeut B ¢ingl atems. nthe peafixaza, oxa or thia before

the BRI ot BifnednodnSRBlte gL AiRRoS Hvenrsuttycgom

respactivesy! |§¥)|re§em% & ﬂﬁ? atdmabinigt hetetstyelv uhin ber dgtibnally substituted
atons. The cycl oal k can be substituted with one or

by afgr @ meye alrggy%ﬁwimlm endst whichinnay bedhe t&@men@r diffgeent, and

are 85 dUhERTR0Li, Yk 8/50BA IISUIIEAIEEP e AN LB be

€s o nocy c I'c cyc
optlonallw@xldmbl to dhe Icokreslyd)ndmg N- oplelet Bloxidy ©k @ﬁéxﬂdmde Non-limiting

el ek s o s B gt
pipé:rg%ih?g?ﬁltl%rpﬁg P@%ﬂgﬁ@ﬁldlh@i %fohdn@f CEN V\é%élglﬁﬁ’ gﬁedloxanyl,
tetramidnoﬁmraxﬁylatettmhlydmlhlopbenylh’&artregiﬂydmihlaplycanﬂearaj the like.

poﬁi—lt l(eorgglyllclylaff&F‘rn%ieans a heterocyclyl-alkylene- group in which the
heterocyclyl and alkylene groups are as previously described. Preferred
heterocyclylalkyls contain a lower alkylene group. The bond to the parent moiety is
through the alkylene. "Heterocyclylcarbonyl" means a heterocyclyl-C(O)- group in
which the heterocyclyl is as previously described.

Preferred heterocyclylcarbonyls contain a lower alkyl group. The bond to the
parent moiety is through the carbonyl. "Heterocyclylcarbonylalkoxy" means a
heterocyclyl-C(O)-alkoxy- 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, alkenyl, alkynyl, aryl,
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"Cycl oal kyl al kyl " nmeans a cycl oal kyl noiety as defined

above linked via an al kyl noiety (defined above) to a
w@a00e/0689%¢®r e. Non-1imting exanpl es of suitabl BCT/US2005/045901

cycl oal kyl al kyl s i ncl ude cycl ohexyl net hyl,

adamantyl net hyl and the |ike. "Cycl oal kenyl" neans a

non-aromatic mono or multicydl/iT ring system

conpri sing about 3 to about 10 carbon atonms,

preferably about 5 to about 10 carbon atons which

[ I boi-
neteR OB PESL AT PEKEA BTSRRI Bl BrRe R o
alkymeléém_gryal I@%&rq?’r’ﬁ&ewl; Ihyatdsgnity dicxyakig!, ;amdxyn ahlloxy, aralkoxy, acyl,
tituted w one or nore "ring system
aroyitjfbajg),i ’ﬂiﬁ@nfﬁan%%%o%@'WYfWQOQXE@V%PXw&rP@F!@nﬁfa"éﬁiﬁ’carbonyl,
bR, ARSIl AR R
hetecgartytsodfintys rglkylthig carghieioe hgleroaytthioh eplkylthio heterayhlkylthio,
cyoliait yepplkeoyb riaRErgy et CRLCRIN ., Cenm)-NH,
-C(=] L" - ' -
CAMFAERKTD) AV, YRR YRR, VS OL g -SONY-Ye,

def’in ve linked via a ety
whegdiova)andYamay kathesamse didiifférent andgre wugpleaslently selected from

the SipSRrRisG) AavETRIe S it e b A HSiciaa vy and AralkyiyRing system
substLEO hidyhisoheas a"diﬁgleiirndsi@fyagﬁichlc»siyfr\wahéfaé\%ly replaces two

chlorine,” bromne or iodine radicals. Preferred are _
avaifghlg hydragensran Byo eiesent catbomsitempr{enett ed each carb@i)on a ring

systGff it of MG A iots PROEP SR TORE Kby EnfliogysGCHo=- and
the like which fetmmoiefiessachbkyfoaleaeiplet 0 about 10 ring
atons, in which one or nore of the atons in the ring

ni trogen,
i ntelrupt 3
suf figi ent Unhunber_Jof del o

provi de-ar ombt e

not contain adjacent oxygen and/or sulfur atomns.
Preferred

“Sugar residue” means a moiety derived from an aldose or ketose that has 3 to
7 carbon atoms and may belong to the D or L series. Non-limiting examples of
sujtable 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 maltose, 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  form. “Trisugar residue” means a moiety derived

from a sugar that can be hydrolyzed to three monosaccharide molecules. “Tetrasugar
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heteroaryls contain about 5 to about 6 ring atons. The
"heteroaryl" can be optionally substituted by one or
WORNe/06899Mg syst em substituents” which nmay be POBUSEN®045901

or different, and are as defined herein. The prefix

aza, oxa or thia before the heteroaryl root name neans
that at |east a nitrogen, oxﬂ@en or sul fur atom
respectively, is present as a ring atom A nitrogen
atom of a heteroaryl can be oxidized to formthe

resuﬁ%n {rﬁé&’ﬁ@? I"ﬁ(’glegylj gér‘n@ %’é\h %)E/ﬁgérgfh%g??é )i})leq{&ﬁi irolyzed to four
mon@sa&chaﬂde mblcoudses of useful 6-nmenbered heteroaryl

groups include pyrid p i ny raz ,
oyl .t&%@pa@; Sesmivstiuors e Shraiionte brdthedy AL Hshycrogen atom of
é{fg%{ pul 5-menbered heteroaryl rings include
an Cﬁﬁ%i F??In enyls pyrrolyl, thiazolyl, isothiazolyl,
i nfSlegar] adid” peang ahydugandesidoa,aamhyds cals bEdbrbéd yrolm glucuronic
amd%&g%ﬁﬁgg{pﬁ 335(5;2 &gf{ﬁ%grg{d;g@%%rg%c%e&nﬁ%r{ﬁ gg?d I(::];ﬁjcaric acid
and mZh&yl . qui nazolinyl, benzofuranyl, benzot hienyl

i ndolyl. "Heteroaryl al kyI " or "heteroaral kyl"
éh@llw siegast owayis-an Rylirmedbgjitoigol $ugamesidueiselch as can be

formeELira At asi BB e G nTe ra f AIe S b S hpr 6 psgpanediol.
I\bsuttatmetpramcw@@ab@ﬁs m‘r thel Ihyahixgl @ﬁw‘sczﬂrtﬁé lsmbaw iAdRRle benzyl,
i ncl ude pyridyl nethy - (furan

acetyliibesreow, Btvythvéttﬁwl temr@twamewlsﬂwe gaz denmy@lqhaxyiene or
In th
'SOPE%Q{F@? %&)?&gﬁt\l%bf aﬁdn he?efgglreylnglnﬂ%yl " mean a

het®mir adid gesidpe” Aameld meibtheledivad flopnaadrmipotdttd. The amino
par ent nnlety t hrough, respectively, an al kenyl and an
amdamm@,tﬁyﬁ@rp grisapare rartha sy phal-kesms akihiesagino acid. Non-limiting

exallﬂﬁ C?%r(ﬁaswljabfél S geids 19 W‘P}ldﬂq’th‘@@rﬁnb %ﬁd PELIBLORENIbe prepared

ene are as previously des
mclddﬂealanmyakghihenaapara@mmraspanrwamd oasteina} egbtine, glutamic acid,

oty Aot Tty RGeS e BRBRPrals e e ugNaD BUee, ysine,
metdi8nlreNBhenylanine, proline, serine, threonine, tryptophane, tyrosine, valine, 2-
aminoadipic acid, 3-aminoadipic acid, beta-alanine, 2-aminobutyric acid, 4-
aminobutyric acid, piperidino carboxylic acid, 6-aminocaproic acid, 2-aminoheptanoic
acid, 2-(2-thienyl)glycine, penicillamine, 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,
norleucine, ornithine and N-methylglycine.

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

“Trialkylammonium alkyl radical” means the group
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atons, in which one or nore of the atons in the ring
systemis an el enent other than carbon, for exanple
WwWoRa6068M) oxygen or sul fur, alone or in conbi PEL/USIVN5/045901
There are no adj acent oxygen and/or sul fur atons
present in the ring system Preferred heterocyclyls
contain about 5 to about 6 rﬂﬁb'atons. The prefix aza,
oxa or thia before the heterocyclyl root nane means
that at |east a nitrogen, oxygen or sulfur atom
respectlvel klS present as a ring atom The
6%QQMCI¥% tan be optionally substituted by one or
system substituents” which nmay be the sane
r differrdat, afeare as defined herein. The ni trogen
or sul fur om of the heterocyclyl can be optionally
oxi di zed t oAlye coRpRsEANKY @ONF%'a‘?\%I Al§1, EdﬁnQWKgcan be the
S, S-dioxide. Non-limting exa es of sui't e
samewrdliffetent ahdteaxchdy el sytalgmtrcgsbranclhedi alkyl eli¢adylaying 1 to 20
rr.ol idinyl, piperazinyl, norpholinyl,
car ﬁ hoI|nyI t hi azolidinyl, 1,3-dioxol anyl,
tleﬁzggaagggiﬁlﬁr (%I%bfa@a@)Sﬂhg{]dﬂxhaﬁ)ﬁre?é@dflﬁ%bﬁﬂdﬁc%%ﬁﬂme methods
of theHet/@mt%;/mybaye at legst one aggmneidcalraathen pioral 1Adcerdingly, the

metlgcgcgsugf h% é@%@tﬂ)&% OLZSget Gi lﬁgﬁg lpé%%ﬂi)@g%h omgrrsoyr%?udmg

enafiraeRs BedrebRblndrs, eeirhaid) tautomss andkrbematdy elibe cBpounds of
bond to the arent noiety is through the al kyl ene.

Formq.q@{(é)( @hﬂslé’ﬁyqnd @@acp@tgmﬁ)@t@d G&yRaingy withiny the scope of
BB LR PP Kt R i o

the ﬂ>r@parat&irkorﬂ d gndwmonTére lb@mh pare feempaxick It adix@ding, ir&:ludmg
t hrough the carbon "Het erocyc| yl car banyl al koxy

raceiig RIKIARY wwwaﬁéqe gthpdaoking IVgRM 159MaFs 6 bRerepared
usmBec}_‘fyt)gvaﬁM&ﬁ tﬁﬁﬂﬂn%g%%@gﬂﬁklgbglrgé?tﬂ{gg?%ﬁ&éﬁl%)ﬁﬁ i Chb?f%ll  enriched
starlirgg emt@riasion byl sepaedtingeidomers of a compound of the Formula (I). As the
term is used herein, isomers may also include geometric isomers, e.g., when a double
bond is present. Preparation of polymorphous forms of the compounds of Formula (1),
whether crystalline or amorphous, also are contemplated as being part of this
invention.

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, suifuric, 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 aqueous 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.



Preferred hydroxyal kyl s contain | ower al kyl.

Non-limting exanpl es of suitable hydroxyal kyl groups
\Nmmm%mdmmhydroxynethyl and 2-hydroxyet hyl . "R PQI/EgE0&0M5901

substituent” neans a substituent attached to an

aromati c or nonaromatic ring system which, for

exanpl e, replaces an avail abl?® hydrogen on the ring

system Ring system substituents may be the sanme or

di fferent, each being independently selected fromthe

0r CHREBP R e B gkt o KBIXLe cRUIBN I gocordanc wit the
methr&l&obl@eahkemnomar(eeam@cxb@ khoge ,commumtwmlcarpmsess a carboxyl

| kenyl, hyd hyd I kyl, alk
gro%’svl b5 Caap %Hggn)ﬁ%f@ﬁé%zﬂgﬁlgl%Ceﬁtaahl%gg@aﬁb inorganic and

°rd a@%ﬁﬁoxycaréﬁﬁy‘%‘%a ylssﬁhjgﬁ%gwgaary gﬂc?t?ssm&n calcium,
5 alunhhntlm gafoyaxsdl :s]tlmnea,ltsaAkg?mwg‘ly e, r?atﬁ_xb\is ¥ therinvention are useful
et er.o sulfin thio i 0, ,
in thAGGYISI P SIS FoLPas AU R eetbbal afdeptable amines such as
amn%iﬂboé‘ll(WémlrfééCh9&t‘d§8ﬁk&/lannﬁé§rl‘?%§ﬂ2¥/| lygamine.and the like.

het er ocycl enyi ,
- CAzefigintng air l@ylla):tarwcwrrmundmwem#edl Ik)dccp rdamfezwm tb)e methods

rein Y-i

of IO V0 2 e s RIS Y PLaERReu e Roosptable

10 estet@ﬁntﬁ ra?u@lc@ﬁasl E*drﬁﬁle@fof RyH&SIBNcoBIS oludd Methai] and ethanol.
cycl oal ﬁ%ﬂ%ﬁ and aral kyl . "R ng system substituent” nma

The@n@boﬁﬁ @rwélm@nawavma wsatul indhe prevision of suc
com@SB gses two avai | abl e hydrogens on two adjacent
arbon atons (one H on each carbon) on a ring system
Exanpl es of such noi ety are net hyl ene di oxy,
et hyl enedi oxy, -C(CHs)2-_ and the |ike which form
m)N@{‘r'EB't'ﬁQ @Pﬁaawl% of agstighpones thgtgan bedyprated weinadhe
s procBEL R peStnl A B RECREa TLREPoldt IR0 B 57,72

5,62M020, 51656 694,656&17“% 5f6(E,l24@,tﬁ 6613,:1dg$5$88 , 788 \516831787
ude

5 GoR A o 4B 2t B8 A0 Bz T Bryf 6. 980RaH0h mosrporated by
refe@ntefaabifehydes. A non-limting exanple

Preferably, the processes of the present invention can be used to prepare the
20  azetidinone (ezetimibe) represented by the structural formula (IV):

OH F

OH l

F (V).
Ezetimibe is commercially available in the US in ZETIA™ formulation and in

Wy,
O

combination with simvastatin in VYTORIN™ formulation from MSP Pharmaceuticals,
25 Inc.
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of a suitable ketose from which the sugar residue can

be fornmed is fructose. "D sugar residue" neans a
worRioengsger i ved from a sugar that can be hydr oPgRES2005045901

two nonosaccharide nol ecul es. Non-limting exanples of

sui tabl e conmpounds from whi ch the di sugar residue can

be formed include mal tose, I-&tovse, cell obi ose and

sucrose. Exanpl es of sugar residues and di sugar

resi dues include those noieties Glisted in detail

<0 SpeBrhod e e RG50S BB i provarin o

azefigiiohe, ¢camprising bedeting: (Ty 4 Sugabstitatiddamindyasaiide,aa B-(substituted-
noiety derived froma su(ggr that can be hydrolyzed to
amipp)-aeidrasters at afa(gubstitniedeming)ihiolnarbenio gaid esferwith (2) at least

a noi et ived froma sugar that ca e .
one ARBNG AR 5 S8F A1 st iR fer ) asiBeytin pitai betow.
SugArudey BeYRR, itheltiths Bngu&m&butaﬁﬂn%?amfde?@e{?%@i?dukd-
at the hydrogen atom of 'an OH group of the sugar.
amih®uagit ester, Enchpdasbsiitutedeaminogthialcarboniccdtid estaamefar to B-
formed from glucuronic acid, gal acturonic _acid,
amigoapisiass Bzaminoagidl estetsiedddt-paninethioksaronie paid esters refer to

seofi ot ef B BRETHER vibiiline (hddh R g B8 B-carbon,

to aftyrsgbri foREICAFRID ARondRdP6Hsrs silbstRuedt, ucam ne or
3-amno-1 , 2-propanediol. Suitable protective groups
A

1
f oStamingy trubsiitutgd-gapsormigdrs, Biguhsiituitad-amineeaaigyesters and B-

_ ’ vl .
(suRE Rl TRER Ao LR pelhs ricinenn oy crps.pigeRLodpy one
skilled o trepaiitivdaeknowt ewdthyds.gFotpsamplyisaialblel rdetresisdoepreparing
neans 3 noi etgl deri vFed froman am no dapi d, Th? am no
B-aminoamide compounds of Formula II are disclosed in WO 93/02048, incorporated
by reference herein.
Those skilled in the art will recognize that for cyclization to proceed as desired,

-NHp2, -SH and -OH substituents present on the B-(substituted-amino)amide, a B-

(substituted-amino)acid ester, or a B-(substituted-amino)thiolcarbonic acid ester
starting material must be converted to groups which will not be silylated, either
preferentially or in addition to silylation of the substituted-amino portion of the
molecule. Suitable protecting groups well known in the art include for -NH2: t-
butyldimethylsilyl, benzyl, benzoyl and t-butoxy-carbonyl; for -SH: triphenylmethyl;
and for -OH: lower alkoxy, e.g., methoxy, benzyloxy and t-butyldimethylsilyl.

In one embodiment, the B-(substituted-amino)amide comprises a carbamoyl
portion B-C(O)-, wherein B is a deprotonated chiral auxiliary selected from the group
consisting of

Y
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acid noiety can be prepared fromthe D or L forns of

the am no acid. Non-limting exanples of suitable
w@rinao6saeé ds from whi ch the am no acid resi duePCHIOSIE5/045901

prepared include al ani ne, arginine, asparagine,

aspartic acid, cysteine, cystlne glutam c acid,

gl utam ne, gl ycine, hlstldlné2 ‘hydr oxyl ysi ne,

hydr oxyprol i ne, isoleucine, |eucine, |ysine,

nmet hi oni ne, phenyl ani ne, proline, serine, threonine,

b BRSOV ATEI s P SR B2 o

indegaenéghﬂ‘y’gélbﬁféocfr&ﬁ'tﬁe g%@ﬁbbﬁélﬁﬁggéf AR g ag;?l el Stkoxycarbonyl, or

am nocaprol ¢ acid am nohept anoi ¢
whereifi DridbeRI2 be RISiises digitieel Adoval 411 the other is hydrogen. Preferably,
N- et hyl aspar agi ne, 2- am noi sobutyric acid, 2-
Xamwmemhtmygenmdd:{ 1sahydmgen%lndCRé%usiphenyl benzyl or isopropyl.
2, 4-di am nobutyric aci ?I desnosi ne, 2, 2-
di Aheraopl greup of &iddor B 8 caindre mdppepdemtiyrmelac@d,from the group

cond A ) AL e B R Rt SEBR T pai anc

substRitel betesy! Wér@l#ﬁﬂh@%ub%hfﬂetrﬁ:k BAR A ﬁhbhﬂehﬁwhﬂﬂyyéf B@nzy! are 1-3
a i gopeptide residue" nmeans the residue o

sub%tﬁugmtﬁlwd@ae@from the gropp eansisdimgral adiel o@kmntngmwband benzyl.
o B BnatoBE et AREE B B Gub ittt ol RakTiess a
can Rl Sy ST TS b SRS o

indepeatiedilnseiected fkbrhané Yrow® wnslsmg of &IRQ aey] Arylalkyl.
accordance with the thods of the invention have at

| east one asynme
nmet hods of the

carbon atom Accordingly, the
on are useful in the preparation

of all isoners, i ng enantioners, stereoisoners,
rotamers, tau S d racemates of the conpounds of
For muQa (I)‘"\(vvhere t hey exi st)aﬁnd are contenpl ated as
bei ng|ilwi thirl the e of

Zp\ ?2 1
(cls>r Yz (c|>>q X l X .

Preferably, the B-(substituted-amino)amide is represented by Formula (II):
wherein B, B>, R> R, R» R> R>R™, Q', Q% Q% Q% Q% X, Y’, Z. m, n, p, g, 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
(Tm):
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products fornmed by the process of this invention.

Accordingly, the invention includes the preparation of
WOl 2@nm64990 somers in both pure formand i n adm RECTIUS2005/045901

including racemic mxtures. Utilizing the nethods of

the invention, isonmers can be prepared using

conventional techniques, eitiRSr by reacting optically

pure or optically enriched starting materials or by

separating isonmers of a conpound of the Fornula (1).

As the termis usgd hgrein, isoners may al so include

geonetric isone 7 g. when a double bond is

present. Prepar of pol ynor phous forms of the
conpeyindsy 0 wa (1), whether crystalline or
anor ghou also0 are contenpl ated as being part of this

I nvert o\ Azet i di none or b-1actam conpounds prepared
i nQiccd¥ dange M\ he met hods of the invention having
an \am_&) orm pharmaceuti cal |y acceptabl e
sal t orgavkeAand i norgani c aci ds. Exanpl es of
sui t abl Qs 6i dp for sekiMméor mati on are hydrochl ori c,

sul furic, acetic, citric, oxalic, nalonlc
sal i cyMes; Ari c, succinic, ascorblc mal ei c,
nethanesulfonlc z her m ner al and carboxylic acids
wel | known to thosSe inFthe art. The salt is prepared (1m).

o ARORE Bt Beb B8 TiBee Y Pl oo tin Mg e
(sub%ﬂﬁﬂeé%hﬁhﬂ?déld)ést@? B8R DAY Qé/ atréﬁé‘lbhﬂ IPtdtara thwigt h

a suitable dilute aqueous base solution such as dilute

(subdtitigedansind)jasin bstepcbeprices aldbbrdr dig esfarpdriod RIHsO-C(O)-,
fromits respective salt formsonmewhat in certain

whepdip i this glkgiperaryles, such as sol ubility in polar
sol vents, but the salt is otherw se equivalent to its

¢ e IpaeeeE efhasliBaskok thpRIOFesS ol iNEJYESeinyefation, a -
(subsﬂﬁﬁ&? ggﬁngﬁﬁfoﬂfa'? d&ﬁgtacm ?%@Fﬁe n%t%s%ysﬁg?‘?%%@%ﬂdﬁreferably, the

I N accor ce w

B- (sutﬂstﬂﬂiedoélmﬁfcgtl'ﬁ@béiﬂb@n(@a@d estdrasimsesaroal islsicelddtic acid ester
possess a car boxyl

portion R14-S-C(0)-, wherein R14 is alkyl or aryl.

As discussed above, the process comprises reacting (1) the pB-(substituted-
amino)amide, a B-(substituted-amino)-acid ester, or a B-(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 agent(s) are: (a)
selected from the group consisting of alkali metal carboxylates, quaternary ammonium
carboxylates, quaternary ammonium hydroxides, quaternary ammonium alkoxides,
quaternary ammonium aryloxides and hydrates thereof, or (b) the reaction product of:

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

metal carboxylate; or
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group). These conpounds form pharmaceutically

acceptable salts with inorganic and organi c bases.
wWE2@o68980 of such salts are the sodi um pot assPCIUS2005/045901

cal cium alumnum gold and silver salts. Accordingly,

the nmethods of the invention are useful in the

provi sion of salts fornmed w4 pharmaceutically

accept abl e am nes such as anmoni a, al kyl am nes,

hydr oxyal kyl am nes, N nethyl gl ucam ne and the I|ike.

neet: L HBCE BeaPoh g6l R ASPRIRERG SO,y oo

cablumilei mrquaﬁe@awuammmﬁmmmmamta@ahé valkali metal fluoride,
accept abI e esters wth an al cqohol . Exanp

su Qfﬂ”@ aHURIREIAY iaRINeaRMEIGiel Gf tl&‘ﬁ@)’@ﬂ%’?ﬁl@Qenmﬁé‘nSUbST'tUted
t hg é&ErrH?? (ﬁ’ﬁrﬁﬁﬁﬂx‘mc) MGt dﬁﬁe%ﬁ cﬁ4est% f%%% gsr]pdependently

V|S|on suc onpounds tng
of seleeteohﬁrmrtbe drbap coasls‘meag pf alkgl, edylekkyhgnd beylalkyl -alkyl.
&@esses of the gs E invention are disclosed iIn US
pé ) gwa

ReliMitigg expm bie guategbary amgmmigpgnoieties include
alkyl%nﬁﬁgnﬂd?ﬁg &Jpﬁ%’orﬁéﬁmialﬁgﬂg éé@ ofﬁ%éﬁ%atgm%_?%, tetra n-

5, 688, 787, 5,688, 990
butylEBnmenaHs. Mmrﬂas bf smmm@andawl dlyleeiraoriuce ghaupsi include

bengyife S Arinahifn PO ERE S uieihgREn S5E: phf saRmetes Faryt-alkyt-
ammi@GRieSiAbluee ﬂhérﬁlhﬁeﬁﬁ[d#ﬁﬁw@hmm Eﬁﬂ'ﬂﬂe@xy(t%etlﬁﬂ%mmbhﬁlm

is comercially available in the US in
f ol haladalionetal @arbow&ﬁte icaatheon Ca.quxy@,’twaﬁt(ﬁtarmlkail metal

selef KM bt EhaH0 oL A SR, RIS B Biscsiam.

pref@ramy)p@l&%sﬁjm preparing an azetidi none, conprising
reacting: (1) a b-(substituted-am no)am de, a
b- b‘gglb%pm HHEM, ﬁl@g alkgliingetat eanboxylate or quaternary ammonium

carbgf&lﬁ(%ag;é%h CUhRsB BRbbRYate AR 'sBIRGEE nord fle Yol c(o%)sstmg of

formate, acetate, propionate, butyrate, valerate, caproate, caprylate, laurate,
myristate, palmitate, stearate, oleate, linoleate, linolenate, cyclohexanecarboxylate,
phenylacetate, benzoate and toluate, preferably acetate.

In another preferred embodiment, the quaternary ammonium carboxylate is
tetra n-butylammonium acetate. In another preferred embodiment, the silylating agent
is bistrimethylsilylacetamide and the cyclizing agent is tetra n-butylammonium acetate.

In yet another preferred embodiment, the quaternary ammonium hydroxide 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, chloride, 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 (ii)
at least one guaternary ammonium chloride, quaternary ammonium bromide, or
quaternary ammonium iodide and at least one alkali metal fluoride in a catalytic to
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one silylating agent and (3) at |east one cyclizing
agent described in detail below As used herein, the
WO 00a®6899¢ subst i t ut ed- am no) am de, b- (substi t uP€riaftNDY45901

acid ester, and b-(substituted-am no)thiol carbonic

acid ester refer to b- am noam des, b-am noacid

esters, and b-aminothiol-carB8mic acid esters refer to

secondary am nes, that is, conmpounds wherein the

nitrogen is joined to the b-carbon, to a hydrogen

. n - .

stmdéﬁ?c%r@%ﬁ‘scf(ﬁcgsg gbgorr@r’%b ;?:g %'HJggef’rge‘ﬂ“eﬁBBaﬁﬁéHt‘? He cyidfidg dknt is the
reactiof pubsictiof tdtexl nebutylajanoniues brmsiderahdopotassium acetate. In

substituted-anjno)thjol carhonic acid esters are kno
anobpt pigfelsd @hbyihe uclalng pEENY 1§ thadeagtion aiadyct of tetra n-
buty RN TER Bgéjrgide':é’ﬁd BESOM fuoriiy. t abl e met hods for

prepari ng m noam de conpounds of Formula p are
di $hé osactionprafueB(3)i) 40 bentoomedriatsidd ibyhe pfesemceef reactants

() g B foi o el aBatafadn) D). Aiubafges o

formirtrtrelRaklion BRAGUR(SRBN I Sif hBRide that the anhydrous reactants are
b-(substituted-am no)am de, a b-

easi¢sithRandlaead-itmay dealese expeosive §¢ psepare the cyclizing agent from the
reacﬁq;{{tsubst i tut ed-am no)thiol carbonic acid ester starting
Brial nmust be converted to groups which will not be

si \WHett & dydeitéd guarirAhl @niailv dYElizing ag@nt isdilsdd) the reagent is
silylation of the substituted-amno portion of th

addembinea grialytis.amaBnte I-pr.caskt itrig apoulige melel pe(ﬁemhtprgfetaw about 5
mol%‘éérderr\f,léh%ﬁvﬁé’@ ap%yctrg O%?ﬂeﬁ%ﬁ)ﬂ_@ﬂb}%um REBANhg agent is used,

nzoyl’ and ut oxy-"car

it cahhoepdiddeyd ined batalytiengb foos sidithiomeis amokiaxyWitsrgan alkali metal

met hoxy, benzyl oxy and t-butyldinmethylsilyl. In one
carbexylgts iseiied. file agded ip satalyiicamauitie) E}M@e@ﬁmqt@%wunt

: = = r

confEIEIPNE A8 el pmplher MR & MoBBLRITANEI aer no
silylaiforhageninthg fiworide-reagdnt isradd¥dadikadtly-to the irsactionomixtie resulting

and R12 and R13 are each
from silylation, and is reacted at about 0°C to 110°C, preferably about 20°C to 60°C,

for about 0.5 io about 6 hours, preferably about 1 hour.

In an alternative embodiment, one or more fluoride ion catalyst cyclizing agents
can be used in combination with the cyclizing agents described above. Non-limiting
examples of suitable fluoride ion catalyst cyclizing agents include quaternary alkyl-,
aryl-alkyl- or arylalkyl-alkylammonium fluoride salt or a hydrate thereof, or a mixture
thereof, wherein alkyl-, aryl-alkyl- or arylalkyl-alkylammonium are as defined above, or
is an alkali metal fluoride salt or a hydrate thereof, such as cesium fluoride 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 a 1:1
molar basis as desired. If added to the reaction mixture 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 20°0C 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
similar conditions.
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i ndependently selected fromthe group consisting of

al kyl, aryl and al koxycarbonyl, or wherein one of R12
WoRrIRIBIWE as defi ned above and the other is hpdr/O§®N5/045901

Preferably, X and Y are each oxygen and R 2 is

hydrogen and R 3 is phenyl, benzyl or isopropyl. The

aryl group of R2 or R 3 can e i ndependent |y sel ect ed

fromthe group consisting of phenyl, naphthyl, benzyl,

substituted phenyl, substitut ed napht hyl and

S U%E'Jr%teg%%’ﬁdlﬁcyﬁ of oﬁg‘r‘ﬁ #?@%éls%t%hﬁcal to the

phenyl ar e -

pre[Rehiich @ﬁltrfer amatiuir&)rw mﬂucn nsolséxerrgpl@t it §talting@ B oulystituted-
phenyl and benzyl. In another enbodi ment, the

aminp)astide: f-(substituadaopiamanid estesr @rs[éés@aiautbdmmo)th|olcarbomc

. [ - C(O) - . i S 4 R.15 ) N d 4,
acicffRibr i fist be renciEidui M Sbtefiedednad Mo BRE G it the
cycli‘Zz a hther e sthitidg cathipbun@bith dlekatddedioed aiiRilke of ﬂ"féesnylatmg

su stltuted am no)am de is represented by Formul a
agelotpand theheycdizing@mgeme, R3. R6, R7. R8. R9. RI10, Qi,

S Bhled gy e g v

silylatimp hgéntgLiobf adbisBirhéthglsilyl, actidmite (BSW N- rr?élﬁ I@-thmethylsuyl
selected fromthe grqup consistin

acetgmlﬂg@,rd,so peapgnyloxy tligethyisifanss pfﬁgfgfqg}l)éas)/\ ip ﬁesmtable inert
oA STl o TR0
prefBfiFat a@@)ﬁe?ﬁiérﬁﬂﬁr@iefe éﬁsﬁbéﬁébﬂéﬁﬁ“ﬁﬁﬁa‘” orfiS bbrerably

carriediUbitih udrgdinar dt R?hdreﬁsé I D EBIVERES cﬁlédaltﬂﬂe%diyl\ﬁlth
acid ester portion 4 -0 O-, wherein Ris alk

molegujar sipyesranchie reasiien mﬂm@d ouf gngebriéegent Wh@n the snlylatlon
and RUEFERon' AR e Y qunBally, i.e., the silylating agent is reacted with the

starting material first, the silylation reaction can be allowed to continue for up to about
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):

3

o <
|\ X'm'(C)q"Y'n'(C)r'Z S

| LN
/ Z R2 R3
5

Q I
o S
| oo
O

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (J),
wherein in Formula (I) above: R, R R, R» R» R R™®, Q', Q% Q% Q% @° X, Y’ Z,
m, n, p, Q, r are as above,

comprising the step of reacting:

(@) acompound of Formula (II):
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15

(substituted-am no)thiol carbonic acid ester can be
used as a reactant. Preferably, the
Wb 2(0s068996 t ut ed- ami no) t hi ol car boni ¢ aci d est erPCT/US2005/045901
conprises a thiolcarbonic acid ester portion
R14-S-C(O -, wherein R14 is alkyl or aryl. As
di scussed above, the process @onprises reacting (1)
the b-(substitutedanm no) am de, a
b- (substituted-am no)-acid ester, or a
b- (substi tut edam no) thiol carbonic acid ester with (2)
one or nore silylating agents and (3) one or nore
cyclizing agents.de€gri bed bel ow. Preferably the
silylating a ¥sya silylenol ether. Non-limting
exanpl es of silylenol ethers include
bi stri met hyl tam de, N-nethyl-Otrinethy
silyl acet r'Sopropenyl oxy trinethylsilane. The
IyIaHﬂNg agent” can be added in up to a
ntoor excess. In the process of the
itabl e cyclizing agent(s) are:
group consisting of alkali netal
ary ammoni um car boxyl at es,
quat rnaryQ ' tydroxi des, quaternary anmmoni um
a|k8¥hQS§‘ guat er nary ammoni um ar yl oxi des and hydrat es
t her eof é’(b) theE go of : (i) at |east
one quate md | east one al kal i
net al carb&xylate 4(||) at | ong Quat er nary
ammoni um clBkori de, gRaternary brom de, or
guat er nary ammoni um i odi de and a

east okie al kali
netal fluoride, wherein a quaternary anmoni um noi ety
of the cyclizing agent is unsubstituted (i.e.,
whefbiAtRY, m1amom3y®4, % XSt 1Hl €% Ry roit8 dsCal Vel and B is a

groups i ndependent sel'ected fromthé group
dep&ifn@atgﬂquagauww selegtod togy theagpLyr gonsisting efl ky! .
Non-1im tingyexanpl es of \;w tabl e quat ernary ammoni um,,
ggo] etl ude

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

Illll

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

(R14)(R15)N-, wherein R14 and R15 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 preparing
an azetidinone represented by the structural Formula (IV):
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al kyl ammoni um gr oups contai ni ng al kyl groups of 1-6
carbon atons, e.g., tetra nbutyl ammoni um Exanpl es of
W@ iobabioeo ar yl al kyl - al kyl anmoni um gr oups i ncl URKET/US2005/045901
benzyl tri et hyl -ammoni um and benzyl -tri met hyl ammoni um
and exanpl es of aryl-al kyl ammoni um i ncl ude
phenyl tri et hyl anmoni um and pi?@n‘yl trimet hyl - anmoni um
The al kali metal carboxylate can be a carboxylate salt
of an alkali netal selected fromthe group consisting
of |ithiumpysodi um potassium ard cesium preferably

pot assium | enbodi e he al kal i netal
¢ pni um car boxyl at e can
el ected fromthe group

carboxyl ate off quater nar
conprise a ca b) ate

consi sting of e, geetate, propi onate, butyrate,
val erate, caprgate, [captylate, laurate, nyristate,
palnltate st ¢arate,| olleate, linoleate, Iinolenate,
cycl ohexs . ooxygate,\phenylacetate, benzoate and

t ol ua eferabt’y acetate. In another preferred

t he quaternary amoni um car boxyl ate is
tetra mpUtyl anmoni um acetate. |n another ferred
enbodi ment, the silylating agent is

compirising ieecting € Bsubsiitaar emianamide ofyarmuladlBghevei s

S N T M ——

abobgdroxi de is tetra n-butyl amoni um hydroxi de. As
di scussed above, the cyclizing agent can be the
reacti on product of (i) at |east one quaternary
amAnothen asplectief thedpresentdiaventinieisa Regdessdorpreparing a compound

o R AR AR b SR, e

dl 5€§)U$§@ﬂm@t};§lﬂaoroﬁmz@yl@tmfrhaidd affFefmur Valitrdgivery! chloride and
nprise hal i de npjety selected fromthe group

acyl@aﬂg ithe pﬁ@ﬂ@ﬁ withi enigal, awdiasy PHEOMHIeNY HE® gbitam @éﬂetﬂme of
Formuf{ ¢fab!y

] \‘

RrR!

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 VIII:

Rl Rl
(c) reacting the chiral alcohol of Formula VIII, an imine of formula IX and a
silyl protecting agent, then condensing the silyl-protected compounds to obtain a 3-
(substituted-amino)amide of Formula XII, wherein Prot is a silyl protecting group:



fluoride. In a preferred enbodi nent, the alkali netal
carboxyl ate is potassiumacetate. |In another

weredvodosyemt , the cyclizing agent can be the reRCI/UBI005/045901
product of (ii) at |east one quaternary ammoni um
chloride, quaternary amoni um brom de, or quaternary
ammoni um i odi de and at | east 28re al kali netal fluoride
in a catalytic tostoichionetric excess anount. In a
preferred enbodi nent, the cyclizing agent is the
reaction product of tetra n-butyl amoni um brom de and

potassi um acetate. In anothegpypreferred enmb nt,
theQ&ycli A ng¥agent is tf eacti on grogugl tetra
') WO HR,pr o de afd-cesium f | dlor lldes The
n progugt (3) (b can -be—tor mid n the
F presence ofR\freact an@( 1) and (2) or fan 1T @ (Prb®
reaMiilon wi'th react s ) and (2). Aﬁi ages of
form ng the reacti®n product (3)(b)Xﬁr9‘8' | ude

that the anhydrous reactants are easier to haAdl® and
it may be | ess expensive to prepare the cyclizing
agéht cycliging the p-{sudisditnted-amien)amispdfdosrdulaustevithar y

o sRTRB B B erh B BB, g2Eent s 2o

to olb®irt &t corRp&liRd 8PFyYrratlUkT:S nol e percent, and when an
anhydrous quaternary ammoni um cycli zing agent is used,

it can be added in a oata)ytic &8 st oi chi ometric

anount . When an al kal ix nmat.al s oxyl ate is used, it
is added in catal @ Samoujnt lup to a stoichiometric
amount conpared ¥0 e st ' b-am no compound. |If

NOQ
added to the reaction m'ﬂurer the silylation
agent, the fluoride reagent is\=slded directly to the
reaction mxture resulting from sflyl atignd and is

o GobenByind e S ol DO TR RE 6 "L cure. i of er ably

about 1 ho_ur. _In an alter native_ e_nbodi ment, one or
DI ahbihef bAhddiRehBtiRG YPdscht fvehitibl REFEES 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 8-
(substituted-amino)amide of Formula XII, wherein X is -O-, -S- or -N(C1-Cg alkyl); Y

is =O or =S; and R1is 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:



can be used in conbination with the cyclizing agents
descri bed above. Non-limting exanples of suitable

WO bawet0s8920 | on cat al yst cycli zi ng agents i ncl udeCT/US2005/045901
quaternary al kyl -, aryl-al kyl- or
aryl al kyl - al kyl anmoni um fl uoride salt or a hydrate
thereof, or a nixture thereoBO wherein al kyl -,
aryl -al kyl - or aryl al kyl -al kyl ammoni um are as defi ned
above, or is an alkali netal fluoride salt or a
hydrate thereof, such as cesiumf|merhde or potassium
fiuoride. Wien a fluofff® i on faffal yst cyclizing agent
is used, the agenm/s'hdﬂ anmount sufficient to
repl ace the cycli age di scussed above on a 1: 1
nol ar basis as desired. Of ato t he reaction

m xture after the silylation 8 t, the fluoride
reagent is added directly to the‘reacti i xture
resulting fromsilylation, and is reacted at about Q0C
t oret&XiQy tipe sfldabtectingguouE0C to 600C for about 0.5
to about 6 hours, preferably about 1 hour. When the
silylation reagent, cyclization agent and the fluoride
reagent are added sinultaneously, the reaction is
5 coAbgthes @spaakef themresentdoyRNtionds A Miesess ferrpreparing a compound
repré‘g&th(Eﬂtﬁ% l—{cﬂﬁ]lﬁgmnent s of this process is not

ritrca e preparation of the azetidi none

product. For exanple, the starting OH

b- (substi t ut edani no) am d&§H b-ut ed- am no) aci d
. S,

ester, or b-(substitut arbonic acid

ester can first be r d vvith_tl\pe silylating agent

and then reacted with the cyefi zi ng~agent, or the
starting conpound can be added to xture of the
silylating agent and the cyclizing adent. $ylylation

is effected b the starting material with a

reactin
oycliging hedholSubs Mgt AMIGEMide aLENUWAEE as

bi strinethylsilyl acetam de (BSA)g
N-nmethyl -O-trinmethylsilyl ace de or i so-propenyl oxy
trinmethylsilane, prefeyrakl ywBS8 in a suitable inert

organi ¢ sol vent at (1)@1th\I I preferably at about
200C to 900C, and more

7R1 O(Prot)
(Prot)O

X1 F

b

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

O(Prot) O(Prot)
F o
X1

. RS,
NQ
F ; and

removing the silyl protecting groups.

15 Preferred reaction conditions are shown in the following scheme:

Step (a):
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preferably at anmbient tenperature (e.g., about 250 C).
The reaction is preferably carried out in a dry, inert
W@riwospier e, e.g., the solvent is dried, typi cBCT/YS208/645901

nol ecul ar sieves, and the reaction is carried out
under nitrogen. Wen the silylation and cyclization
are done sequentially, i.e. S Flhe sil ylating agent is
reacted with the starting material first, the
silylation reaction can be allowed to continue for up
to about two hours, but preferably theqcycli Z@tii

step is c@rried ou i mredi &ER1y after djilyl atf on
oJsi }Fg agejit and cli agen arl‘e_l&dded
mul t aneous otther 2aspgct ofy present

nvention is a process fdiprrOeparl ng an azet none
repré(sent ed by the structk formula MI): o
pharmaceutically accept &b))e Skl ts or sol vates of the
azeti di none of Fornul a einin Formula (1)
above: R2, R3. R6, R7. RE. 18240, A, @ B &,
Steé%}:xﬂ Y, Z, m n, p, g, r are as above, conprising
the step of reacti ng a) a corrpound of For mul a (p)
: Whgr ei n , Q oY Q
N N oabo
xiliary seletted {r; ; VI
wherein XAS$°-0, -3 or -§9 or -N(& |-G 6 alkyldss Y is =0
or ¥, a R1L2 ap ach mé@bend@l y sel ected
fromthe group con§| st?ng %df? al kyl , aryl znd
Ste%k?pxycar bonyl, or wherein one of RI1IZ2 O R' is as
efi ned above and the other is hydrogen, or B is
(R14)(R15)N- vvhereln R14 and R are each i nde o dent | y

sel edt ed the gr ‘$hsi sting aI% id aryl ;
ast ong | ylpadidig aggnt jja (¢) at
ast one ¢ uzr*ng Iagent dmeg,ussed ATOVE
F v TIC|4 O(Prot)
I IX CH2012
F
XII F
Step (d)
F
O O(Prot) O(Prot)
,(l)L HN BSA / t-BuOMe, 25°C ,R s
0\_}:1 TBAOAc (0.5 mole %) F
Aq. Isopropanol/dil acid
3 CHs o rot)q prop
(Prot)O O F
X1I F
Step (e):
O(Prot) O(Prot) OH
'R $ Ag.aloohol / dil. acid Q/sk/’"“ S
F N
o)
F F

In the reaction scheme above, TEA is friethylamine, DMAP is 4-dimethyl-amino
pyridine, DIPEA is diisopropylethylamine, BSA is bistrimethylsilyl acetamide, TBAOAc
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In a preferred enbodi nent, the process descri bed above
is used for preparing an azeti di none represented by
wo b@esssact ural Fornul a (1V):conprising react i PQI/ES2005/045901

b- (substituted-am no)amcle of Forrmula (H') above with
(b) at least one silylating agent and (c) at |east one
cycli zing agent as descri bedvabove. Anot her aspect of

the present invention is a process for preparing a
conmpound represented by the structural Fornmula (1V)

s oA el I B HEHETTRY Bl o
protettingpgmdipcds séfitechalbdve.al auxiliary of Formula VI to

or Staied pretega g mue § sl i BEkAain e atapng fhe
proc@dite Bf st%H‘(%ﬁd?%Q@ﬁWd a (:Q)Pr)epdouﬁﬂuﬁi F&P{aLr@ \)‘3:‘1(? B&dMpound of

Formul a V the priesenc a chi catal yst to an
FormllaoVibis lefowrpinnthbaary/l Prefeably, tkachirabawtiléary lof Falrmula VI is

al coh f Formula VIII, an imne of formula I X and a
exe@?ﬁﬁﬁ&byg’f%gmﬂﬁazagent, t hen condensing the
silyl-protected conpounds to gbtain a b-
(substituted-am no)anm de of Fgrnula Xl I, wherein Prot
is a silyl protecting grougn€dyxcyclizing the
b- (substitut ed-am no)ani de of_flornula Xn with a
silylating agent and a cyclizi ng agent di scussed
above, to obtain the conpolnd of ,Fornmula Xli: (e)
renmovi ng_the silyl protecting groups. |In_another
whegaf odisePs X i$ Ha- gn@&‘ﬁts phervhtieszyheov i des alkypr Bcess
for preparing a conmpound represented by the Formula
(1'V) above, conprising: rgacting a chiral alcohol of
Formula v pi , an in1q$N gormula I X and a silyl

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(CH3)2 in the presence of a chiral
catalyst such as (R)-tetrahydro-1-methyl-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, VIII, 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 t-butyldimethyl-silyl chloride
(TBDMSCI). The alcohol (1 equivalent) and imine (preferaby 1-3 equivalents) are

added to an anhydrous solvent such as CH2Clg, the reaction mixture is cooled to -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 TiClg, in the presence of a tertiary amine base (preferably 1-3 equivalents) such as
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protecting agent, then condensing the silyl-protected

conpounds to obtain a b- (substituted-am no)am de of
WO-o00a0b890KI |, wherein X is -0-, -S- or -N G | -BE8I/US2005/045901

alkyl); Yis =0 or =S; and Ris alkyl, aryl or

al koxycar bonyl, and wherein Prot is a silyl protecting

group: cyclizing the b -(sub§t3i1 ut ed- am no) am de of

Formula Xn with a silylating agent and a cyclizing

agent di scussed above, to obtain the conpound of

DIP%&S{}EQ% ﬁ%urrse'trﬁ‘h‘ééf %c]:‘i Bﬁ gbéfnj\cr@o‘)tf&céxeﬂﬂplgrbg}ﬁ‘?éatlneqswnh an acid

aspec ent 1 nvention
sucH as gummu&rdemg amd:tuhlpweddayr @quetwﬂaetdmb)actdwgol&tbomrutrm resultant

cﬁ&g cI|2|n the b ésubstltuted am no) am de of
pro Hﬁﬁ”ﬁ %/%ﬂi“;@ Shg eRyeientiahal RIEgeYesi ng
agent di scussed above, to obtain the conpound of
Forrmula Xl: renoving the silyl protecting groups.
Pr #herazetldineaetresulting ficint thenpromessed oftha presbet invention can be

purifice) by BbPH Al STATSIRd PHosRLILsS Such #e gofignh Chromaiography or

Crysge{"lizegt,gw am ne, DVAP is 4-dinethyl-am no pyridine,
I's diisopropylethylanm ne, BSA is
b| é’heutm lemhlqineatt@rtgwmcnmlvamas\ajsedtapm/@ means any organic

. | - BuQlve b
sonvBpbeh demAMaRgD o sO6RER fiet s whigeErl i TiaidTibhgapnducted
and fx’é)é\é@lveﬂt forithBGeSBtbALS. a'ryapl@él Juanld s6vahtante Yial egxrated

known in the art, and the procedure of step (a)
compeHBes sych as shghioinmeiharer eterooyclia gompoungs sheh ¢s

tetrahydrofuran (THF); DMSO; dimethyl-formamide (DMF); acetonitrile; and
carbocyclic aromatics such as toluene. Preferred are toluene, THF and
dichloromethane.

The following examples illustrate the process of this invention. Although the
examples are directed to C-3, C-4 disubstituted compounds and the stereochemistry
of the reactants and intermediates are indicated in the various depicted structural
formulas in the following examples, it is to be understood that the process of this
invention is operative for azetidinones regardless of stereochemistry, and involves
merely the selection of reactants having the desired racemic or stereochemical
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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Formula VI is known in the art. Preferably, the chiral

auxiliary of Fornmula VI is exenplified by the fornul a:
wWob@se6899 is =0, X is -O and P is phenyl, berzplUsmns/045901

Ci-C6 alkyl. A preferred chiral auxiliary is See the

exanpl e bel ow for typical reaction conditions.

Simlarly, the procedure of‘§ﬂep (b) for reducing a

ket one to a hydroxy group using a borane reducing

agent such as BH3 S(C%B)Z in the presence of a chiral

v f4-ﬁ-‘ho‘? ben u r| aldh enyl -1 H 3H pyrrol o(1

, 2- c)(l 3,2) oxazafbor ol idine is knovvn See U. S RE
37 721 S 6, 20 22 a@lus 7|, each
i ncor p by+r e +0€)H2)3t—F(E—OH

Chl raP aIQoh I and t he | m n are

o 1564 80,84 U LA BCIO8 Bt L0 B e ot

flasl?f%@'d\é@cé(gd n‘g‘ﬂﬂﬁr%?’ﬁ%‘é”ﬁﬁt gb?’:%gl %TB ()E(%an)j helea tglghng,xture in an

ice kati te 5&6\/ aﬂdﬂuo) a aady suspengipn of éﬂa@glmtahoeanhymuer(o% mole) in
vent

400 USRS onr e e I BUREb gt AR s el HFeR4 pelibg of 45

min.2BhA AR SY He RInpdBihe ibaledl elQ@C( Wh@fréété’tmrt’m%ctére was warmed
equi val ents), and sufficient silylating reagent to

to ambiant temparaiumwgtawaéw end@gitairtl ahet. ifer alkout S0aainedchecked for

compfeaPty NI abp o e epsteh Mpshlelp Blom3ce MaffaBied §igord

aquésus SSIGHvh g’lO@itfnL)QﬂSIlN MO adiatallery th@me(tLth@WoSﬂe%@bS} any
such as_Ti ,. In the presence of a tertiary a

unreggied Alrlar keeping the mr@aarameecﬁttb? naigfiie é)@brvw@ﬁ°@&ur@94he early

s. .The reactio c for

partdf 5% Rl SO R o lOu B G e T HEEETE. Rpyred the entire
mixtUf IRYvBD Y1 : AGMRRIE of Waldr Arfd Re! (U/\PloYsree itaié"'@ut crude products,

resul tant product is extracted and ‘crystallized using
filteredrihe mhitensuspensinsdand washed well with water Added the white residue to
3 L of aqueous saturated solution (~5%) of NaHCOz3, heated the basic mixture on a
steam bath for one hour and filtered the batch while hot through a thin pad of celite.
Cooled the filtrate to r.t., added about 320 mL of concentrated HCI dropwise into the
filtrate to pH 1 to crystallize out products, and agitated 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-fluorobenzoyl)-

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

Preparation of Imine:

OH
/@, NH2 O CHO '/@
|
)
F T HO N

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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The azetidinone resulting fromthe processes of the
present invention can be purified by appropriate
W@ t@atesodo pr ocedur es such as col umm chr omat ogr BEIYSI05/045901
crystallization. The term"suitable inert organic
sol vent" as used above neans any organi c sol vent or
conbi nati on of solvents that”$3~unreactive in the
reacti on being conducted and is a solvent for the
reactants. Typical suitable solvents are hal ogenat ed
rckSYREHPAReEYSD (BRalhe ) SFE LLRBc L AAGEEl neating o o
temgieradu rey OF 5©@1CraAigiteteDNE)mixture tad HOCEi foe 1 5amid (making sure all the

magr{RE i ok taRl theE Boafd dadinh 41 SRl priisgoaiife siowly via
the %\fﬂ?ﬁi@h%nhél‘ (exbittlrfid RAcRBAY CAftePihel %’(@I@i%ﬁ‘\/\%_@}io?ﬁblete, agitated

though the exanples are directed t
the thickibkiriyt for dbr absp el imdt.tanel agitated dora30 stim.y Fiferedhthe

eact an nd inter iates .are indicated . in th .
profii hAShE Ik pekP ST inkrorAihraPaact Hindhe beF saka i a draf
oveRRAMOPESor R4 H 6r LimtillkRy ngiRlcc222¢ dfRk iR @895 SHpoiso-182°C.

this invention is operative for azetidi nones

regardl ess of stereochem stry, and involves nerely the
Proﬁggg(i':t)é?ﬂ %f reactants having the desired racemc or

*al configuration and the sel ection of
Stepéaxtion conditions which result in the desired

configuration in the product. EXAMPLES Starting
materi alg useful in the processe of t nto

i nyentj oli can be nade t HeHaC |l o /H(
@ ocedur eSHpregtati anlof 212 uol.gfenzovDoul yr e
FEci dv: Charged 250 g &hhydr oug

3 ( 1 .87 nolps)
to a 2 L 3-neck round bottom

i 0 0 0
BN N0
-\ I VI Q)l\/\/k N)k o
Ph\\\ F ._‘\_/
DMAP g i PR

Equipped a 3-necked 500 mL round botiom flask with a thermometer, an
addition funnel and a nitrogen inlet. Added p-fluoro-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 (1.6 g, 18 mmol)
and dry DMF (10 mL) and heated the mixture at reflux for about 7 h or until the
reaction was complete (<3% compound Ill) by NMR. Cooled to room temperature,
transferred the batch to a flask containing 2N HoSO4 (80 mL) slowly with agitation

and continued agitation for about 30 min. Separated the layers and washed the
organic layer with 5% NaHCOs3 (80 mL),



flask, added 300 ml _ fluorobenzene (307.5 g; 3.2

nol es) and cooled the mxture in an ice bath to 5C
w@\daedeshazy suspensi on of 100 g gl utaric anhpdr/U8m05/045901

(0.86 nole) in 400 nL fluorobenzene (4.3 noles)

t hrough an addition funnel over a period of 45 mn.

and nai ntai ned the tenperaturd bel ow 12C. The reactlon

m xture was warnmed to anbi ent tamaauﬂegrmmmly

and agitated at r.t. for about 90 mn.; checked for

co
COER b a8, AP eh SRR fenedooy
alcdH6| (10 @iy fileré® ahbedrisox tYiek): 20 gl¢3a% onolar)y unr eact ed
Al C 3, keeping the tenperature of the mxture bel ow
mp: 2224 Wuri ng the early part of the acid addition, and
Stel&ﬁﬁégow 400C for the rest of the time. Poured the entire
ure intoaz2 L 1: 1 mxture of water and ice (v/w)
to precipitate out de pgpducts, filtered the white
Guspension and wasied W|th er, Added the white
reggi due t(b3 L of ad‘beou tura %sglutm Au(-5% of
3, ated the (5: m xtur st eag bat h for
Ph one ™ tered the batchp a
thlnﬂad of E filtrayg to r. added
about™ 320 nL of onc%]‘ﬁtsr(gf'@)d HCl dropwise into thé
filtrate to pH 1l to 25§3§talllze out products, and
agi t
i SaRec 331t S RRNEAR oo SPwhR rcRinoriter, an
addctlohcfumaeleinchamltnbgeedmie‘t Ad@dﬂm(ﬁﬂg@lga(eoaﬁupahdmehﬁ bbrane
to obtain 143. -(4-fl uorobenzoyl) -

dimgikiyhisulfige (2 ﬁzlmtﬁazmmql)s@vcb@@@eg tae mlxtpge 3<°/o5° {6 0°C. Added a
pre%?ﬂ?@%%&%d%luhﬁbns%wtﬁq\uéf Qeflabhyr6e1- h@h ,a-gjdl I{\%—HBH-

chanr cal stirrer errm er an

pyrrblotnghc)( AGHR) treaa- bdroﬁtﬂmei{lbmrmnamm mnict4s mcﬁle%)l& the mixture and
oxybenzalgéglﬂ\é e (endot her mi c)

Stingg el B e e AP ACOR GOTBONN 4?4 0u28. Tommo) in
CHQE%?&SQ%E)?%QQN B%erB BEHEE of 8-PRENHFhaieailbg thEPEA RN

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 H2SO4 (1.5 mL). Agitated the mixture for 15 min.,
separated the organic layer and washed with 2N H2SO4 (20 mL), 5% Na2S03 (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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material was in solution), then added 114 m _ ( 1 .2
mol es) of p-fluoroaniline slowmy via the addition
wo covaebsofexot herm ¢ reaction). After the addi t POTUSESS/045901

conplete, agitated the thick slurry for 1hr at 500C,

cool tor.t. and agitated for 30 mn. Filtered the
product, washed the cake wi t®87150 m _ of i sopropanol,
dried the wet cake in a draft oven at 50C for 24 h or
until dry to yield 222 g of the imne (88%; np: 180-1

Stelﬁ@@'c' Process Exanple: Step (a) : Equi pped a 3-necked
*m _ round bottomflask with a thernoneter, an

addi tion funnel and a nitrogen inlet. Added F
p- f | uor o- benzoyl butyric %%d (20 g, 95 15 @3

CHREH 2 (01000n1 _) and ashl _ [EG T ) ~"and
agilt ated thellmi xt ure roomFtEe\rrp H e 5 mn.
de tr| md{ hl dcet i chl orride, (
? sl owss ove@peri od—of—3% m n
conﬁ ete formatf 0 ' [
t he conmpound of Formula VI ( 10 g, 6IMSE¥ IS :
1.6 9, 13 mmol) and dry DMF (10 ni) gnd hew{ed;t he
m xture at reflux for about 7 h or unt|I the reaction
waEqaippeided 8-rieckéd Gatpalrduhd bpttoyn idR witlhal thdrrhoneteman
erature, transfer

addgR G AFANTESeR 1. AcRes BRI lersolifarset eamaaund VIl (10

t f
o e Ry %&ﬂ%&ﬁ‘éﬁﬁh& AL fythe8R PREGHRAG S < 1205 )
and (a%lﬂxsnéd tHeoirainiol@heasd thé ecautdaniixtlr@er1 58n@L with dry CHoClo.
crystallized the product fromisopropyl alcohol (100

Cootdd the mixtirertod 1a7d andi towlyvadslett DIREA (28.7onmbp1 47 .5; mmel) and
mair?t%ingeAdC%he§teﬁ1%e§ak1}L're at < -5°C. Added TMSCI (13.5 mL, 92.3 mmol) over a

period of 30 min. while maintaining the reaction temperature <-5°C. Agitated the

F

reaction for 1 h or until 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 to gradually rise to room
temperature. Added 20% aqueous NaHSOg3 solution (50 mL) and continued agitation
for another 2 h. Separated the organic layer and wash with water (120 mL).
Concentrated the organic layer to a low volume and added bistrimethylsilyl acetamide
(8.4 mL) and heated the mixture to reflux for 30 min. Concentrated the mixture to
remove CH2Cl2 and crystallized the product from an ethyl acetate and heptane
mixture, filtered, washed and dried to give 13 g (65% molar yield from compound VIII)
of compound IIL. *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), 1.55(3H,m), 1.41(1H,m), 0.28(9H, s),
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Equi pped a 3-necked 250 nL round bottomflask with a

thernmoneter, an addition funnel and a nitrogen inlet.
w@\daedesdpy CH2Cl 2 (20 nli) and neat borane di neP¢yUS2005/045901

sulfide (2.82 nL, 28.2 mmol) and cooled the m xture to

-5 to 0OC. Added a previously prepared tol uene sol ution

of (R)-tetrahydro- 1- net hyl - 338-di phenyl -1 H, 3Hpyrr ol o

1,2-¢)(1,3,2) oxaza-borol|d| ne (1.4 nm, 1.4 mol,

5 nole %9 to the mxture and stirred for 15 min. at <
00% dded a solution of conpound VII (10 g, 28.1

)™ T'n CH2CI 2 (30 nL) slowy over a period of 3-4 h

angtem(d)t ai ned the reaction tenperature between -5 to

00C. Continued stirring for 1 to 2 h or until the
Exapydetlion conpl eted (<0.1% conpound Vn) by NMVR.

QJenched the reaction by sI ow y addi ng CH3C]—| (4 L)

. . I )

Ty 0 viSimvp, ] 3 Z a I
m) . Agltated];he mxture for 15 mn., separated the

organi c__| g | and washed with 2N HZSO4 (20 nm.), 5%
Nag SC8 ) and 10% NaCl (50 ). ConQﬁlfMgat ed OTMS
or ani gs ayer to a | ovBSl ume unti| Contrend
<‘Q£‘5% SI'roduct vvaEBA%AééG'BP‘Pe(‘C)tI Sthe ex
I d 8% p (c)
EquiCIﬁI -nég gd SOOﬂﬁ%/round bottom f | a(fk V\}I\I
t her an addition funnel and a nitrogen in
Added t he 2 solution of conpound VIII (10 g F

eqw ¥aheRtmof conmpound v pi , 28.1 nmol ) EEQMLREEP
(b) and compound I X (12.05 g) and adjusted the total

VOE%[]E)@H 4 Mendckad 5oL Toyhd botiom fiddk \Mth aWn&Pnéf i/ stirrer and a
Cooled the m xture to -10 OC and sl o

dded
stopgep@ndc@*scwmﬁ_ounﬂﬂ @ -Grgol ¥ AR, ﬁl-bisﬁém&ﬂméS"yl) acetamide (1.0

L) FERBLAI N dhuh asgige ﬁg‘% S Kapid fidle Ay {E1e%  HR ety 1

butyl 88l i( 90 niloTBEFratiuhe niixkie afeddratiethpehsture 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 characteristic
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 respectively. HPLC analysis of an acidified
sample of the reaction mixture also gave a peak at 21.2 min (96% area) matching the
retention time of an authentic sample of compound XI.



10

15

20

25

reaction for 1 h or until the silylation was judged
conplete by NVR Lowered the reaction tenperature to
WO 286006899B0C. Added Ti G- 14 (3.4 nL, 30.8 mmol ) PGT/UBR095/045901
and mai ntained the tenperature <-25C. Agitated the
reaction for 3 h at <-25C and checked the reaction
conpl eti on by NVR Added gl aci%t acetic acid (8 niL)
slowy to the reaction nmixture while maintaining the
reaction tenperature between -25 and - 30C. Poured the
t4.0n m xture into 7% aqueous tartaric acid
Exahﬁ@%til on (140 n.) at 00C, agitate for 1-2 h, and
all oned the tenperature to gradually rise to room

t eﬂnﬂaﬁwé@laﬁég@wka%@%cﬂm&ﬁiéurh\éﬂﬂﬁmthsr%ﬂe\tséi% (A%Qtd@é)and
and continued agi tfky, ImrABA o-O€parare

organi c | ayer and )

Concentr at e organic layer to a | ow volunme and

added l}i{\st@mhyl silyl acetam de (8.4

the mioxt 0&F e¥fo refl uX1)REA/3MAG n. Concent

enove CHABDITBABHEMEleY3t al |
fr m acet at e amnpk/mgpt ane rp e, filteled,
was fi NofMo give 13 g (65% nol ar yi ei/d i
con‘pqgﬁg v of conpound in. 1H NMR (CDCl 3, 40@
MHz) @ 7.06(2H, t, J=7.6Hz), 6.98(2H,t,~  p
J=8. 66Hz “THA4H, m), 6.43(2H, dd, J=8. %mﬁp,ogmué)
54§€i” ,J813,221Hz) 447(1H T J=8.

1H 4@@ g¢- ng&’e@qf%ﬁ foundost (byﬁom %ﬂﬁk with a4m@9n(ﬁy¢ iirrer.
Add@d:{%rﬂ uﬁa 5%3 n%lzm S (5B (sgﬁﬂnetﬁg@w] Sc%ﬁjamlde (5.0 mL),

ntra ecu clizatl
potasetmmemtammsmm@nanele @cﬁ‘rpmle%) | Bhd Gotrpioydrdfugan (50 mL).

Stirrgaghétmlét%? Iatt ?g&%g%@%%ra ure Jforlbng hb?)tht c[?ecfi Irggé(tlovr\/l ;grrc])g?ess by
'HNMR which indicated no reaction whatsoever. Added tetrabutylammonium bromide
(0.112 g, 0.35 mmol or 5 mole%). Stirred the mixture 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:

Intramolecular Cyclization of Compound III with Cesium fluoride and
tetrabutylammonium bromide:

OTMS
(1) BSA / CsF(5mole%) OTMS
(2)TBABr (5mole%) /@/;\///,, R S
THF / RT o )
/

Compound XI

Compound 11

Equipped a 3-neéked 250 mL round bottom flask with a thermometer, an
addition funnel and a nitrogen inlet. Added Compound III (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



10

15

20

st opper. Added Conpound TJI ( 1 .0 g, 1.4 mol),
N, O bis(trinmethylsilyl) acetamde ( 1 .0 m ),

w0 edocabsewy | anmoni um acetate (0.020 g, 0.066 m POI/ESOS/B45901
nol e%9) and nethyl tbutyl ether (10 nL). Stirred the
m xture at roomtenperature for about 15 m nutes.
Anal ysis of the reaction nmixtA%=e by 1H NMR (CDCl 3, 400
MHz) indicated the di sappearance of conmpound pi
(specifically the di sappearance of a characteristic

(BSHOBE 26 Py Blifbathe Sofyh ARBYAEnARRERLBY5 A5
minatedoAbitiet Cﬁsuﬁn%dﬂde’i QSFHZSZ 9H1@3£35Wnpﬁ$<mow % Stirred the
characteristic for C3 an

t
mixtyre Ak M tBPBEIKRIOy abﬂpt@ awaﬁ P91 Chardesh tata-Br Buyiammonium

3hys
BroftP B, 12 G2 e TRl b r>e?3ﬁ?¥§n@tnﬁﬁeﬁ“e?‘ o
tempartdhmetﬁoc abaunipl &oof. Mm‘rymsodtﬁé_nt‘eeanph eniture by 'H NMR was
nol ecul ar Cvcli zat ound pi wWith
CONGHRIGATR LR S0 TGN BRI X (SHARS AR L Br on de:
Compound Xl Equi pped a 3-necked 125 ml _ round bottom
flask with a magnetic stirrer. Added Conpound m (5 g,

Examﬂerﬂml) N, O bis(trinethylsilyl) acetam de (5.0 ni),
pot assi um acetate (0.035 g, 0.36mnmole or 5 nol e%

by 1HNVR wh |nd| cat ed no react| on vvhatsoever Added

t et rdablg ni um br om (O 1 12 g, 0. 39Tivsol OTMS

mol g9 .| Skirred the m xt m t '7,3

0. wg%N @]. of the r&?ﬁ%ﬁ”ﬁ{—'% @- 1H NVR was

condsst i B TSRTE as for FExan'pl e 1/ath/e.

Exanpl : Q
TMSO

F

Compound TII Compound XI

Equipped a 1-necked 50 mL round bottom flask with a magnetic stirrer and a
stopper. Added compound II (1.0 g, 1.4 mmol), N,O-bis(trimethylsilyl) acetamide (1.0
mL), and tetrahydrofuran (10 mL). Stirred the mixture at room temperature for about
10 minutes. Added agueous 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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I ntranol ecul ar Cvclization of Conmpound ITJ with Cesium
fluoride and tetrabutvl amoni um brom de: Conpound XI
wEouieppsego a 3- necked 250 nmL round bottom fl askp@i/Uk2085/045901
thernmonmeter, an addition funnel and a nitrogen inlet.
Added Conpound I1l (5 g, 6.97 nmmol), and anhydrous
Tetrahydrofuran (50 nmL). Sti-fdled the nixture at room
tenperature for about 10 minutes, or until all solids
di ssol ved. Added N, O Bistrinethylsilylacetam de(BSA, 5
Exa%ﬂs 0.2 mml). Stirred the solution at room
erature for about 15 m nutes. Added Cesium
Fl ouride (CsF, 52.9 ng, 0.35 mmol, 5 nole %9. Stirred

Intrdri8leBLr @\R1igdtidrPONTH hatungith Potaaqih Aetalenut es.
arge etra- utyl'anmoni um Brom de r, 2 nyg,

0. 35 Bl , 5 nole %9. Stirred the mxture at room
tenﬂ\erre for about 1 hour. Anal ysisN@f t he MIN
0 moxt ey 1H NWR ucted in t anme nmanng
oA Exgp 2@§%§§ fe 4: Aol &

on of ConfpENgeid W th abut y| anto
~Noagts pped a 1-necked 50 ml Wm om

I4h a magnetic stirrer and a stopper. @dded
TJ(1.0g9, 1.4 mol),

F
iFret hyl silyl) acetam de ( 1goRp8ingxs and
grof uran (10 nmL). Stirred the rrixFure at room
tenperature for about 10 m nutes. Added aqueous

solut i on tetra | [ i (0. 05m.;. 4

o kS iR R BAIRBRERRL Rfinia wagetig Stirer and a
stoppler! AgdRd eompoahd TH (I @ g11.3 rmoal,@sbis(thnetiidilyl) acetamide (1.0

showed that the reaction was onl(i/ hal f way to i
mL)cpaiassiuino aceladr € 14wk d -Ammeb) sang fateahwgreiiran §10 mL). Stirred the

. ' [ t 1.; r1 { .

i 58 SRR et or 52 AL Buyrt 80 cg po reacton
Healyd ¢ MiRura® alsoud EOCE€dand stilred 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 isopropyi alcohol and 2N H2S0O4 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 aqueous 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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same manner as for Exanple 1 above. Exanple 5:

I ntranol ecul ar Cvclization of Conpound H wth
w@oiamesonm Acet ate : Conmpound XI Equi pped a 1-PEDKSZNOS015901

nmL round bottomflask with a nagnetic stirrer and a

stopper. Added conmpound m( 1 .0 g, 1.4 mol),

N, O-bis(trinmethylsilyl) acetefdde ( 1 .0 nL),

pot assi um acetate (0.14 g, 1.4 mmol), and

tetrahydrofuran (10 nL). Stirred the m xture at room

tenperature for about 1.5 h. Analysis by 1HNVR showed

[ tted the m xture to about 500C, and

TH@?FF?@%T% re at that tenperature for about 3 h.

Anal ysis by 1HNVR showed that the reaction was only

about 65% conplete. Again, heated the m xture to about .
600C, arfdpEIdeseder prepanng iy azedidinang, cogsising ihesstep of reacting:

abo 1h al.ysis of.the reactdon m.xture by 1H NVR

et ldondue &P RER A einiinlen & LR ieq pfe)got] Sster, or a p-
(sut?éi%‘t@d-afrh%l)lﬁ@lcérbéﬁﬁ%’ci@e@fe@'ﬁ/itﬁ?d sol ution of

i sopropyl al cohol and 2N H2SO4 to the product of step

(dX2hnd addeasitee silykatingagenéand room tenperature for 1

h. stalli C ound V. fr ueous 1 sopropyl

o .a?»‘—%ﬁ%Z’?‘Sﬁﬁ%’%ﬁ&&ﬁ&%"’@%gxﬂashed wth dilute

agueous (hpoprspdiedfrephtie %K@Ju'pmiéliy‘\gvhﬁtakalumblél dafsoxylates,
e

pH of wash was <5. Dried t product at 6Q0C in a, i
draft oviiiginaghaameniemearbexyrirs, auaiesoay anpmanium hydroxides,

will be ' SKi | ' - .
changes oty aepEefhul ARE:3cE el diuibhishEhioxides and
above winydeates diegraof,iorg from t he broad inventive
concept thereof. It is understood, therefore, that

this i ndBht i dReireastion Progekef t o the particul ar
embodi ment s di scl gpegh B4 %l:u% qpagérﬁér?néjrﬁﬁérfﬂ.lrﬁq}é‘ﬁﬁe and at least

nodi fications that 'are wt
one alkali metal carboxylate; or

(i) at least one quaternary 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 to 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):

3

o o <
|\ X'm~(C)g-Y'n-(C)-Z S

| TR
// R2 R3
5

Q J—N
o) N
| e
(X

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (1),
wherein in Formula (I) above:
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spirit and scope of the invention, as defined by the

appended cl ai ns. THEREFORE, WE CLAIM 1. A process for
wWQe@passdny an azeti di none, conprising the stepPOf/US2005/045901

reacting: (1) a b-(substituted-am no)amde, a

b- (substituted-am no)-acid ester, or a b-

(substituted-anino)thiol carbodhic acid ester with (2)

at | east one silylating agent and (3) at |east one

cyclizing agent which is (a) selected fromthe group

COngi ¢i 4097 ar%#fﬂé safhbdr FRERAX%hAESEN id Hﬁ:{g@%ﬁﬁéﬁt&y selected

ammohi um car boxyl ates, quaternary amroni um roxXr de’s;
fronthee grovgr goresistinig afrCid k 0x3H{atkyl)qaatl eCr(l@lkyI%r‘amm ni um

aryl oxi dcéa and hydrates thereof, or (b) the reaction

pr &uaid 6F capihe te sarae or siftergubard pack imindspendently selected
hal i de and at | east one al kal i netal car(%)oxyl at e;

from 16 JERUP GBS e S foap AIKHIARGCURT, PO R, -OC(0)OR™
andq‘ﬁéﬁ@@%q Rfroni um bromi de, or quaternary anmoni um
i

at’ | east one alkali netal fluoride, wherein

a qQRalcet BAHYQBERAPHE e BRIBLOr dfioldh® afd @dcRl I8 Shdiidehly 1 to 5

unsubstituted or substituted by one to four groups
substitvepimindapeyderglysasiecied fmim the gupupugonsistiigsof anyl,aflkyl, alkylaryl,

ey G oEHanRESiboflspl. e satianh oSl “TEoca

alkylerig)agent ed by the structural Fornula (1): or
pharmaceutically acceptable salts or solvates of the

-(Coa2 et dltjlanep O, RAuEHo@IKyIEne)-C(O)R’,

~(Co-Crp alkylene)-C(O)OR’, -(Co-C1o alkylene)-OC(O)R’,

-(Co-C1o alkylene)-OC(0)OR’, -CH=CH-C(O)R"s -CH=CH-C(O)OR"
-C==C-C(O)OR® -C==C-CO)R° _0.(C;-Cyy alkylene)-OR’,

-0~(C1-C1 alkylene)-C(O)R" -O-(C1-C1o alkylene)-C(O)OR’, -CN,
-C(=N-CN)-NHp, -C(=NH)-NHR?, -0-(C1-C1o alkylene)-C(O)NR'R’»
-0-(Cy-C1o alkylene)-C(O)NR’NR'C(0)OR">

~0-(C+-C1o alkylene)-C(O)(aryl)-N-N=N,

-OC(0)-(C1-C1o alkylene)-C(O)OR®, ~(Co-Cro alkylene)-C(O)NR'R’,
-(Co-C1o alkylene)-OC(O)NR°R’, -NOs, ~(Co-Cro alkylene)-NR°R,
-O-(C2-Cyo alkylene)-NR°R’, -NR°C(O)R’, -NR°C(0)OR’, -NR°C(O)NR'R’
-NR’S(0).2R’, -N(S(O)o2R")2, -CHNORS, -C(O)NR'R’, -C(O)NR°NR°R’,
-8(0)o2NR'R’, -8(0), ,R’, -O-C(0)-(C+-C1o alkylene)-C(ONR'R,
-OC(0)-(C1-Cyo alkylene)-NREG(0)O-(alkylaryl), -P(O)(OR™)z,

-(C1-C1 alkylene)-OSi(alkyl)s, CFs, -OCFs, 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, cycloalkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylalkoxy,
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wherein in Formula (1) above: X , Y' and Z can be the
sane or different and each is independently sel ected
WO p@ai068920 gr oup consi sting of -CH2- |, - CH(al kyP¢F/UsI0d5/045901

-C(alkyl) 2- ; QL and @ can be the sane or different

and each is independently selected fromthe group
consisting of H, -(C0-C3Cal kene)-G -0OR6, -0OC(O) RG,
-OC(OOR 9" and -OC(ONR 6R7TM @, 4, and b can be

the sane or different and each is independently 1 to 5

netHIARIbRY e\ OBRARET oo dmusFEES A AnRe R,
het@rb&Vélﬁué I h@té‘r@& ¢l |cakwdnyya|k@ky<%m 8bﬁpwoxyalk l, and

ty , C30 a' yI ene) kyl éne
alkyEUIo c O aI kyl ene)-C(O R 6, (CO C10

le(%f‘rgl%)%ﬂ% @gque&fgr%’g@%l%bon %ﬁgﬁc&l@j R&éo-cgo alkylene)- radical

on1Cd£C@3Q§0aQ?C§5|s1r§Héb&(o@h§ &plabedbzC- C(OQ) R6 -0-(C
C10 al kyl ene)-OR 6, -0-(C 1-CLO al kyl ene)-C(O R .

—O- (Gi} 1LOBECHH kﬁmza@ GCADUIRR)-, -N@ikylat)Fr SNHAH 2,
- NHR i (C 1-C10 ,al kyl en& C(Oe) NR 6RY. )
CQQ ts grleqtgd TCK?I“%@IQ)“QLCE( SIE T sidyig, disuget gesidue,

trls a{ﬂ%ﬁaﬂ% @%@é&’ teki W%gr aﬁ% fs%g%%gw o acid residue,

oligeetideli@salueyt@mplisifg@oNRasiRTo aelltsi@zmall(wmﬂ@mlumalkyl radical and
au:%l ne)-NR 6R7, -0-(C 2-C10 al kyl ene)-NR 6R7,
—S JTEO) R7 - NR6C(O) OR9, - NR6C(O) NR7R8, - NR6S( O) 0- 2R9,

- SE R RRER) be BRSNSy G pao b Eb SR sotected

fronekhey §RUR) codlsidtiNg &RRidrogen, alkyl and aryl;

RS, R and R° can be the same or different and each is independently selected
from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, arylalkyl and a protecting
group; and

each Rg is independently alkyl, cycloalkyl, aryl or arylalkyl.

each R’ is independently H or alkyl;

gisOori;

risOorft;

m, n and p are independently selected from 0, 1, 2, 3 or 4; provided that at
least one of gand ris 1, and the sumof m,n,p,qandris 1, 2, 3, 4, 5 or 6; and

provided thatwhenpis O andris 1,the sumof m,qand nis 1, 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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-OC(O-(C 1-C10 al kylene)-NR 6C(O O (al kylaryl),
-P(O(OR 10)2, -(Ci1-C10 al kylene)-Csi(alkyl) 3, CF3

WO 200006890 hal 0, al koxyal koxy, al koxyal koxyal koRgT/US2005/045901
al koxycar bonyl al koxy, al koxyaryl al koxy,
al koxyi m noal kyl , al kyl di oyl, allyl, allyloxy,
aryl oxycarbonyl, aryl, aryl al4gt, aryl oxy, arylal koxy,
aroyl, aroyl oxy, arylsulfonyl, aroyl aroyl oxy, aroyl,
aryl al koxycar bonyl, benzoyl benzoyl oxy, carboxy, cyano,
cycl oal kyl, cycl oal kyl al kyl, cycl oal kenyl,
cycl oal kenyl al kyl, heteroaryl, heteroaryl al kenyl,
het er oar yl al kynyiH heteroarylalkyl F
het er oar yl al koxy, he ,
di oxol anyl, hetero
het erocycl yl car bon
hydr oxy, hydroxyal kyl,
optionally one or nppe cC atons of the (C0-C30
al kyl ene) - ' LRl @B, 4 and B is
i ndependent Ly plased by -OY,-C(O-, -CHCH, -CC
-N(al kyl) -, H kyl aryl)- or -NH- Gis selected from
the group 8¢ dti ng of a sugar reS|due di sugar
resi due,Ftri sugar residue, tetrasugar residue, s{yar
acid, amno sugar, am no acid residue, oligopeptide
residue conprising 2 to 9 am no acids,
trial kyl ammoni umal kyl radical and -S(O 2-OH 2 3 R
and R can be the sane or different and each is
i ndependdmetprpcessd ectadirfg mnelaine 1 gwberein dims Bs(substitated-

amig iR baribriSee s Caisariaal Rorton iU daneie) B3P aciprotonated
chlréfé’u%ﬁeﬂgsgféé‘t’éd nﬂrfet%rw pQorBisthgesn, al kyl,

cycl oal ary aryl and a protectlng

T

b4

het er oaryl t hi o,
yl al kyl,

gar bonyl al koxy,
yl sul fonyl ; wherein

I“lh

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

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 naphthyl and substituted benzyl, wherein the
substituents on the phenyl or naphthyl are 1-3 substituents selected from the group
consisting of alkyl, alkoxy, phenyl and benzyl.

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

amino)amide comprises a carbamoyl portion B-C(O)-, where B is (R14)(R15)N-, and
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group; and 9 each R is independently alkyl,

cycl oal kyl, aryl or arylalkyl. each R1O is
w0 nabefpesygent |y H or alkyl; g is O or 1; r is OPCF/US$2005945901

n and p are independently selected fromO0O, 1, 2, 3 or

4; provided that at |east one of g and r is 1 and the

sumof m n, p, qandr is 14®: 3, 4, 5 or 6; and

provided that when p is O and r is 1, the sumof m ¢

and nis 1, 2, 3, 4 or 5. 3. The process according to

| ai m wher ei n the i dinone .is represented by the

R“ﬁ@?‘éﬁ rafie ﬂgp@nsiagnt Seiﬁ%tegﬁ%'é SEQRR%‘P%“YQQ of alkyl, aryl,
aw|| | m1, wherein the b-(substitutedanm no) am de

cgﬁprlses a carbanoyl portion B-C(O-, wherein Bis a

deprotonated chiral auxiliary selected fromthe group

consisting of wherein Xis -O, -S or -Nalkyl)-; Y

is =0 or =S; and R12 and R' are each independently

sel-ecte Sléh LSt ign I ;

ar y7;3al k?‘l- e %b§$ Egéycar%%éhﬁﬁ g' r g’\?ﬁ%&?@ tﬁé{ g ngﬁgyltﬁﬁd
aminp)dnide ia représénieeldbyabormulan(@)t he ot her is hydrogen.

5. The process according to claim4, wherein the aryl

group of Ror Ris independently selected fromthe

group consisting of phenyl, naphthyl, benzyl,

substi tuted phenyl, substituted naphthyl and

substituted benzyl, wherein Qzubstituents on the

phenyl or naphthyl are 1-3SubSj)ituents selected from

t he group consisting of alfkyl, §l koxy, phenyl and

benzyl .

dn

i Qz\ /Q

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)2-;

Q' and Q? can be the same or different and each is independently selected
from the group consisting of H, -(Co-Cao alkylene)-G, -OR®, -OC(O)R®, -OC(O)ORQ,
and _OC(O)NR°R’;

Q3 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-Csp
alkylene)-G,

-(Co-C1o alkylene)-ORS®, -(Cq-C1o alkylene)-C(O)R®,

-(Co-C1o alkylene)-C(O)OR?®, -(C¢-C1o alkylene)-OC(O)R®
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6. The process according claimto 4, wherein the
b- (substitutedam no) am de conprises a car banoyl
WQ@oIbi0as¥9B- C(O) -, where B is (R14)(R15)|\|_ J BCTURDAS/045901
and R are each independently selected fromthe group
consi sting of alkyl, aryl, rfYlalkyl 7. The process
according to claim 4 V\herel £ he b- (substitutedan no)
amde is represented by Fornula (p) : wherein B is as
defined in claim4, X, Y and Z can be the sane or

SL‘;{J@ré { a0t g%@gﬁde@ﬁ”gﬁpg %ﬁm BSHICRIOR™
N
Cooo?chéd?g% Qﬁﬂ%%@hﬁawdﬁ&%ﬂ%&yl&e @@ can’ be the

san6(:aN- Qamr NH’QEF@ (=N H)-NEERC, -©- (@d@p@?mm@vh C(O)NFBR’,
bst d t

coror G DR CMBNRIEIGRAS | oy herer onr yI

al k®L@I,Léwlégéhé)eaxd)?((aﬂmﬁmxmzmal koxycar bonyl ,

al k ene) - C0- C10
al kéd@éj(cﬂ%p all(y@'xe:)}g@é) + 1otlRyIRee)-C(OINBIR’,

o, YC g FONE B b s Y%E&e%ﬂé%ww

102?3652@@%!&3?&&527 CINRRR @«@cﬁ(@m% NR5©(<D)<NR7R8
a

R SRR N oy SHNSE s ) GER kTP EBNRERT,
:Cﬁ%@%%ykﬁ ey @%&Dﬁma@%&%@ TR
-OC(0)-(C+-C10 alkylene)- N C(O)O-(alkylaryl), -P(O)(OR'),,

-(C4-C10 alkylene)-OSi(alkyl)s , -CF3, -OCF3, 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, cycloalkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylalkoxy,
heteroaryisulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylalkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl, and

alkylsulfonyls

wherein optionally one or more carbon atoms of the ~(Cy-Cap alkylene)- radical

of Q', @3 Q3 Q* and Q®is independently replaced by
—0-, -C(0)-, -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, trialkylammoniumalkyl radical and

-S(0)2-OH,
R2 and R3 can be the same or different and each is independently selected

from the group consisting of hydrogen, alkyl and aryl;
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-0-(C 1-C10 al kylene)-C(O (aryl)-N-NN=N", -OC(O-(C
1-C10 ai kylene)-C(OOR 6, -(C0-C10 al kyl ene)-C(O NR

W@ BRW6/06508D- C10 al kyl ene) - OC(O NR 6R7, -NO2, - (EBOF/C305/045901
al kyl ene)-NR 6R7, -0-(C 2-C10 al kyl ene)-NR 6R7,
-NR6C(O) R7, -NR6C(O) OR9, -NR6C(O) NR7R8, -NR6S(O) o-2R9,
-N(S(O) 0-2R9) 21 - CHNORG, - C(FAAR 6R7, - C(O NR 6NR6RY,
-S(O 0-2NR6R7, -S(Oo0-2R9, -0-C(O-(C 1-C10
al kyl ene) - C(O) NR 6R7 -0C(O-(C 1-C10 al kyl ene)-NR

6?&9 g]( G * ar p@tb'ne §gn2e_ @r,:@n?foz %A %isc%ndependently selected
fron‘?‘h{?gyc i onyﬁ ﬁl':gkow % @@gl%l%l aryl, arylalkyl and a protecting

grow;lemdyi m noal kyl , al kyl dioyl, allyl, allyloxy,
aryl oxycar bonyl, aryl, aryIaIkyI aryl oxy, aryl al koxy,

ar 67k R isyndagandenly sl angioallef ogivhobanialeyl ar oyl
| | ’ b ’ ’
T gk e

|gaj genyl al kyl , heteroaryl, heteroarylal kenyl,
heteroarylalkynyl het er oaryl al kyl , heteroaryl al koxy,
hetds Bayl;sul fonyl , heteroaryl thio, dioxol anyl,

elon , 4+ het y . yls,

m, th 8PS ddena MGy el s 132 RO IS URRE et foast one
of qadrkyt sul, famaythe stenénn mpt gemal i ig 1912e 304, B 6; aadlppovided that

at omrs_of t he -§C 0- CsQ al ky Ienezs radi cal of er Q,
wheryp is§) a9dd 184 @?W@éﬁéﬂd‘éﬁﬂﬂy‘ eblcaced ¥yp-- o,

-C(O-, -CHCH, -C=0-Nal kyl) - -N(aIkyIaryI)- or

- NH; Gis selected fromthe group consi sting of a

S u@r r Sfiedpieceds agandinget claim 7t whevgarthe gsisdbstituted-

tetrasugar residue, sugar aCIHg{ am no sugar, am no
amigg)amideds serresent sraga (88 due conprising 2 to 9

am no acids, trial kyI ammoni unmal kyl radi cal and

(III).

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
aryl.
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-S(O 2-0H, 2 3 Rand R can be the sane or different

and each is independently selected fromthe group
waeomwsiostopng of hydrogen, al kyl and aryl; 6 7 8 RCT/URas045901

R can be the same or different and each is

i ndependently selected fromthe group consisting of

hydr ogen, al kyl, cycl oal kyl -4ﬂyl aryl al kyl and a

protecting group; and 9 each R is independently alkyl,

cycl oal kyi , aryl or arylalkyl. each R1O is

0 d0a p TR gﬁ%%ﬁ‘&%@'ﬂﬁ@@3cégvé‘?ﬁrf?‘%‘3ﬂ&gc§;(ssf83§ﬁ'teid'o:n
amlﬁow{ofcva!ﬁggﬂ te@?& a&%a 886\ tnng% tg olcga’rgﬁﬁicgadﬁ eét’erg)ﬁgtiérhﬁm-s-
[ h f
Ogﬁm&?@ ﬁmis %P%Pan‘lyFSO g.ndTLel ?Jrclaz:etsseaig(ranrgi ngrgntg
claim?7, wherein the b- (substitut edam no) amde is
3t 1. MEeRs pREo BN B s uhede B e deas @gpet & a siyleno
eth&Onprises a carboxylic acid ester porti on R14 O C(O)-

wherein R14 is alkyl or aryl.10. The process according
claim1, wherein the b-(substitut edam' no)

e SR e R SR SR SRR ey st

fron®theédgbBup consisting of blstrlmethylsnylacetamlde, N-methyl-O-trimethyl
silylacetamide or isopropenyloxy trimethylsilane.

13.  The process according to claim 1, wherein the alkali metal carboxylate is
a carboxylate salt of an alkali metal selected from the group consisting of lithium,

sodium, potassium and cesium.

14.  The process according to 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, phenylacetate, 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.



10

15

20

25

30

11. The process according claim11, wherein the

silylating agent is a silylenol ether. 12. The process
waewenaiony claim 1l, wherein the silylating ageert/us®o05/045901

sel ected fromthe group consisting of

bi strinmethyl silylacetam de, N-nethyl-Otrinethyl

silyl acetani de or isopropenyi®Xy trinethylsilane. 13.

The process according to claim1, wherein the al kali

netal carboxylate is a carboxylate salt of an alkali

odtm 1 BEbeah SRkbd AT SR AR et Bmmoniurm

moiefeof thergyclizinglagjert s tetaai-butyldmemarilal i et al
car boxyl ate or quaternary anmoni um car boxyl at e
conprises a carboxylate noiety selected fromthe group

Con !l B0 B u A 0, 3, WAROR AP

caripatylateds tetrs hdatglmmoniant acetatenol eat e, |inol enate,
cycl ohexanecar boxyl at e, phenyl acetate, benzoate and
toluate. 15. The process according to claim 14,

wh in ' f alikal :
oSy | P RRESERLBRIR) Cighn 3, vhRFeR 8 dualihnaly ammonium
hydedddenisl detravimbuilamtioniainkaldroxideal car boxyl ate i s

pot assi um acetate. 17. The process according to claim

14, wherein the carboxylate noiety of the quaternary

anmeni UNTKApRVEYS AlcBofdin@éCEiRIR 11 §vhel b tRE fR%Sary ammonium
according to claim 1, wherein thé quaternary ammoni um

haligdeiconyprisiestenbalidec moigtyi gelapien from thet graup consisting of fluoride,
= bu i um .19. The process according to claim
Chlé}r&%’%‘é’%ﬁ%&‘ﬁ@%@%t ernary amoni um car boxyl ate is
tetra n-butyl ammoni um acet at e.

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, wherein the reaction product (3)(b) is

formed in situ 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 to claim 1, further comprising adding a second
cyclizing agent which is a fluoride ion catalyst.
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20. The process according to claim1, wherein the

guat ernary ammoni um hydroxide is tetra n-butyl ammoni um
whyaeosdoge. 2 1. The process accordi ng to cl ai PELPS2005/045901

wherein the quaternary anmoni um hal i de conprises a

hal i de noi ety selected fromthe group consisting of

fluoride, chloride, brom de ah#i-i odide. 22. The

process according to claim1l1l, wherein the cyclizing

agent is the reaction product of tetra n-butyl amoni um

accor di nﬂl'?g P&{e C&fm&'ﬁﬁﬁﬁ"{‘he c%lsﬂié%zéeeaﬂmg Jeactant (1)

with I'@Otarac(izbon product of tetra n-butyl amoni um broni de
and cesium fluoride. 24. The process according to
claim1, wherein the reaction product (3)(b) is forned

t t
Thebr oot PIEeRL EREDRTnG o EERA o piehhrifd S Feticme
reptesentectpy e svucturg Rdrmula@dt)i on product (3)(b) prior

to reactiomywi th reactants (1) gnd (2). 26. The
fierein the silylating

di_nhg to claim
agent is bistr Ry | si | am de and the cycli zing
agent is tetr& tyI a pacetate. 27. The
process accordreg=tQ cl ai ' further conprising

addi ng a second LCYC —z+ntg agent which is a fluoride
3. The|l prpcess according to claim1,
conpri Si_Ag pr-react,lng eactant (1) with reactant

(2). 233 NE precess acco?ding to claim1l1, for
prepa
For :

)

gn azetidi none represented by the structural

conprising reacting: ( 1) a IV
b- (substltuted am no) am de of the fornula (QIP)

comprising reacting:

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

with  (2) at least one silylating agent and

(8) at least one cyclizing agent which is

(@)  selected from the group consisting of alkali metal carboxylates,
quaternary ammonium carboxylates, quaternary ammonium hydroxides,
quaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof; or

(b)  the reaction product of:
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with (2) at | east one silylating agent and (3) at
| east one cyclizing agent which is (a) selected from

W0 b@o6s9ap consi sting of al kali metal carboxyl BEBEES2005/045901

quat ernary anmmoni um car boxyl ates, quaternary anmoni um

hydr oxi des, quaternary anmoni um aI koxi des, quaternary

anmoni um aryI oxi des and hydr 2?25 thereof: or (b) the

reacti on product of: (i) at |east one quater nary

amoni um hal i de and at | east one al kali netal

carboxyl ate; or (I q) ) afleasfané qﬁﬁ?erﬁé@i SN uAEEEHAd at least
chl ori de, quaternary anmoni um brom or quaternary

ammoni um i odiale alikdli metbkecarbowylateglokal i net al

fluoride, vvhere'n ternar a ni um noi et
cygl i Izi ng agentI i s\ L%i |°t”8¥%@ W%B&W%@W@CW'E%

to four gr OURﬁJdtQH%WEHﬁﬁéﬂ\MrrﬁﬁrSﬁﬁ@ {)F@E&tbﬂ%}rg a]‘PMPionlum iodide
consi sting of alkyl,” aryl al kyl and ary yl -al kyl .
30. A pr ocessar‘fcba’t lgaetp@me a@ah meetapBumitta, epr esent ed by

the F t h t cl.
the b - Wil el RN A BbriR RORRy R ine cilighorthant is
X. is - Ounsuﬁstli@lted bk &Bﬁﬁ@te@ the ta( fouF é;f@u;% indepeABEntly

is al k){ aryl or al koxycarbonyl, wher ei n” Pr ot
is a sils@ et‘ﬁe@tfr@m Ihﬁgg@t@mwstmga@f albxdsarylﬂilell and arylalkyl-alkyl.
silylating agent and at |east one cyclizing agent
which is (a) selected fromthe group consisting of
al iadl.i nepedcesaifoopigpating.a corapeundryprasenizidusy the Formula (IV):

car boxyl ates, quaternary ammoni um hydr oxi des,
OH

OA/(II, R_S

S

F N
©Q

comprising the step of:
cyclizing the B -(substituted-amino)amide of formula X1

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =O or =S; and R1 is alky!, aryl or

alkoxycarbonyl, and wherein Prot is a silyl protecting group

with at least one silylating agent and at least one cyclizing agent which is
(@)  selected from the group consisting of alkali metal carboxylates,
quaternary ammonium carboxylates, quaternary ammonium hydroxides,
quaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof; or
(b)  the reaction product of:



quat er nary anmmoni um al koxi des, quaternary ammoni um

aryl oxi des and hydrates thereof; or (b) the reaction
wee@doetoof : (i) at | east one quaternary ammoni POT/Osto0s@15901

and at | east one alkali nmetal carboxylate; or (ii) at

| east one quaternary ammoni um chl ori de, quaternary

anmoni um broni de, or quat er nd@3~ anmoni um i odi de and at

| east one al kali netal fluoride, wherein a quaternary

amoni um noi ety of the cycl izing agent is

unsubstituted or bsit

i ndependently sel Zﬁt cfb'tfl éafgé?@ar&%rﬁwgmsl?ﬁ%%‘ﬂa? and at least

al kyl, aryl aldnyelallaaﬂdrr@ltadlcmrh@&ylaﬂek(w to obtain the

conpound of For nul renovi ng.the silyl prot
groups to formt hél! C@Hﬁﬁ?ﬁenﬁfq ﬁ*a%amﬁ;reur@l ée.hﬁ

G aps of - oSREIR 8 By brofhideg o tRElrRy SlBnium fodide

5 an imne of lémdmilleaﬂ dbenaltak metb)lugridet, ect i ng agent,
t hen con in the S|rlé(y ﬁ]Ot ected g npt%unds.t.o .
obt ai n é{" BYRiS RV RTI NS A MRIENP! PEGySlidng agent is

wher ei n u%shﬁs’ﬂt@fed orssutf?s!'tltut%@gr&i@tcﬂﬂd&)/ b}oup\é |h§ep9n@éntly

=S; and s al kyl, ar koxycar bony

wher ei n sefemtecil fom thel QmUpra@tneatmgg)f@Ilqupary\@ﬂkycb and@rylalkyl alkyl,
cyclizing the b -(substituted-am no)am de of Formnul a

XH 32. The process according to claim 30, further

10 to obRIIRthe LoMpbhAd ©f Fomafa X&) reacting
p-fl uorobenzoyl butyric acid of For rrul a V wth pival oyl

chloride and acyl ati rtngTobe pr %h a chiral
auxi liary of For R Q a ketone of Formul a
VII:

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:
15 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 3-
(substituted-amino)amide of Formula XII, wherein X is -O-, -S- or -N(C1-Cg alkyl); Y

is =O or =S; and R1 is alkyl, aryl or alkoxycarbonyl, and wherein Prot is a silyl

protecting group:

VIII

20 :
prior to cyclizing the B -(substituted-amino)amide of Formula XTI.

32. The process according to claim 30, further comprising the steps of:
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wherein Xis -0, -S- or -N(G|-C6 alkyl); Yis =0 or
=S; and Rl is alkyl, aryl or al koxycarbonyl; (b)

WO e@dos8990 t he ketone of Formula Vn in the prespeESwhs/ed5901
chiral catalyst to an al cohol of Fornmula VIII: (c)
reacting the chiral alcohol of Formula VIE, an imne
of formula I X and a silyl proP#cting agent, then
condensing the silyl-protected conpounds to obtain a
b- (substituted-am no)am de of Formrmula Xn, wherein
Prot is a silyl protecting group: prior to cyclizing

theah-katiss piitorSs MU BAMEER o FUAVMth pivaloy! chioride and

acylating the product with a chiral auxiliary of Formula VI to obtain a ketone of
Formula VII:

M ><L W

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =O or =S; and R1is alkyl, aryl or

/[z

-/,

alkoxycarbonyl;
(b) reducing the ketone of Formula VII in the presence of a chiral catalyst to
an alcohol of Formula VIII:

OH 0 jli
S X
WN - ] \Ij\__/
= 1
R! VII R

(c) reacting the chiral alcohol 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 Prot is a silyl protecting group:

OH

C

Vi

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



