W). 20061068990PCT/ US2005/ 045901 PROCESS FOR THE SYNTHESI S OF
AZET! DI NONES 5BACKGROUND OF THE I NVENTION Field of the Invention

The present invention relates to a process for produci ng azeti di none
or - |lactaM@HPEERIYE useful for treating vascul ar and | i PETERI005/045901
conditions, as well as intermediates for the synthesis of penens. 10
Azet i di nones are useful as hypochol esterol em c agents, as disclosed
in US RE 37,721, and also are useful ad intermediates in the

synt hesi s of penens, a known group of antibacterials. EP Patent No. O
707 567 discloses processes for preparing azetidi nones by 15reacting
a silylating agent a@@%ﬁ&EﬁTﬁ%syﬁmw OFCAZETIINGMEES with a
suitably protected | 3-(substituted-am no)am de,

al3- (substituted-am no)acid é ra 13-

(subsfi t ut ed- ami no) t hi ol car M_M%THE INVE tent No.

6, 207, 822 di scl oses a process for F@llﬁliqﬂhé gﬁ;eﬁ%nound (ezetimbe): 20
OH conpri sing: (a) reactin - | butyric acid with

pi val oyl chl or THe preskrtdmientiongreldtes s agrotesy fok prodiin@ hzaticthbha by p-
to obtain a ketone:

10
(
15
( 20
25

lactam compounds useful for treating vascular and lipidemic conditions, as well as
intermediates for the synthesis of penems.

Azetidinones are useful as hypocholesterolemic agents, as disclosed in US RE
37,721, and also are useful as Entermediates in the synthesis of penems, a known
group of antibacterials.

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

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

GH OH
s,
o+
F N,
QO

F

(ezetimibe):

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

v
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wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =0 or =8; and R1 is C1-Cg alkyl,
phenyl, naphthyl, substituted phenyl, substituted naphthyl, C1-Cg alkoxycarbony] or



WD 2006/ 068990PCT/ US2005/ 045901 - 2 - benzyl, wherein the
substituents on phenyl and naphthyl are 1-3 substituents sel ected
fromthe group consisting of C-C6 al kyl, phenyl and benzyl; (b)
reduci ng t AEORRMSEAE%9 n t he presence of a chiral catal yst POT/IE2005/045901

al cohol : (0) reacting the chiral alcohol of step (b), an
Imne and a silyl protecting agent, 5then, condensing the protected
conmpounds to obtain a 13-(substituted-am™mb)ani de: (d) cyclizing
the [3-(substituted-an no)am de with (i) a silylating agent and
a fluoride ion catalyst cyclizing agent; (ii) a silylating

agent. andpengyiakberd thé SIBSUEN S pRinyt S‘ﬁp: dehtRyPere 126 ¥, 886866R selected

(a); u)or (ii1) a strong non-n to obfain the

conpound: fromy edrpup setsiatimg\af e -Cealiyloplenyl mmodrenays. 15
Despite the abgjveé%ﬁ‘! yabl e i nprovenents in preparing azetidinones,
there remains &@InEsoRg thg kelppatn ke puisepre of arrhited satadysh émamadcohol:

processes for plepalhing 1A4 Thisel A88Ro$td 1) 2R ML IR Y1 protecting agent,

5 then condensing the protected compounds to obtain a B-(substituted-amino)amide:

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

and removing the protecting groups.
15
Despite the above valuable improvements in preparing azetidinones, there
remains a need for alternative, simpler and less expensive processes for preparing

azetidinone and B-lactam compounds.



WO 2006/ 068990PCTM52005/ 045901 3 - SUMVARY OF THE I NVENTION [In one
enbodi nent, the present invention provides a process for preparing an
azetidi none, or pharnmaceutically acceptable salts, solvates, and
prodr ugs t M& &96/06838bnpri sing the step of reacting: (1)a PCI/US2005/045901
13- (substituted-am no)am de, a |I3-(substituted-am no)-acid ester, or
a 0- (substituted-am no)thiolcarbonic acid ester with at |east one
silylating agent and at |east one cycliiﬁﬁg agent which is (a)
selected fromthe group consisting of alkali netal carboxyl ates,
guat er nary anmoni um car boxyl at es, quaternary ammoni um hydr oxi des,
guat er nary anmmoni um al-koxi des, quaternary anmmoni um aryl oxi des and
hydrates thereof, or (b) the reaction product of: 15(i) at |east one
quat ernary ammoni um hal i de arBUNMABY D it #NWENTIOR al car boxyl at e;

brom fe- or - qu S e osinaRt Yo PERRaLyRANSh b Guess B oaetaiof Prealng an
fluori de, a2HeieiR, @r@h@%ﬁa@éﬁ@é@{@&@ﬁim s obl\Rited, LY Brereof,

agent is unsubstituted or substituted by one to four groups
i ndepé&ndesurhyrisiogjdioe eteff coigackadgr oup consi sting of al kyl, aryl al kyl

d | al kyl -al kyl . \ Anot.her, t of t t,
ventlon 14 alBt oceEoHbrtiplesamaaidorb Buato okt Eer Bokmdrb R a b-
Formul a (k\hstituted-amino)thiolcarbonic acid ester with

(2) atleast one silylating agent and

(8)  atleast one cyclizing agent which is
( 10 (8) 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:
15 (i) atleastone qﬁaternary ammonium halide and at least
one alkali metal carboxylate; or
(ii) atleast one quaternary ammonium chloride,
quaternary ammonium bromide, or quaternary ammonium jodide
and at least one alkali metal fluoride,
.20 wherein a quaternary ammonium moiety of the cyclizing agent is unsubstituted
(— or substituted by one to four groups independently selected from the group
consisiing of alkyl, arylalkyl and arylalkyl-alkyl.

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

Ol OH
RS
D/;\/
I3 N
R

F v

comptising the steps of:
cyclizing the B-(substituted-amino)amide of formula XI{



OH IV conprising the steps of: cyclizing the
f3-(substituted-am no)am de of formula XlI WO

2006/ 068990PCT/ US2005/ 045901 XII wherein X is -0-, -S or -N(Cl-C6

al kyl); Y MO 296663995, and RL is al kyl, aryl or al koxycarbonyboamndoon
wherein Prot is a silyi protecting group with at |east one silylating
agent and at |east one cyclizing agent whjch is 5(a)selected fromthe
group consisting of alkali netal carboxyF%Ies quat ernary anmmoni um
car boxyl at es, quaternary amoni um hydroxi des, quaternary anmoni um

al koxi des, quaternary anmoni um aryl oxi des and hydrates thereof, or
(b)the reaction product of: 10(i) at |easi._oge quaternary anmmoni um

hal i de and at | east one alkali netal carpoxylate; or (H at
| east one quaternary anmoni um chl'priclenNgs ter nary anmmoni um br om de,
or quaternary amoni um i odi de a R one al kali metal fluoride,

e cyclizing agent is

O®oufps i ndependent |y
aryl al kyl and

15wherein a quaternary anmoni um et §
unsubstituted or substituted by one’Rto
sel ected fromthe group consistingpQfs @
aryl al kyl -al kyl, to obtain the con%J LPI’ld

wherein X is -O-, -S- or -N(G1-Cg alkyl); Y is =0 or =5; and R is alkyl, 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
(f 5 (@)  selected from the group consisting of alkali metal carboxylates,
quaternary ammonium carboxylates, quaternary ammonium hydroxides,
quaternary ammonium alkoxides, guaternary ammonium aryloxides and
hydrates thereof, or
(b)  the reaction product of:
10 (i} atleastone quaternary ammonium halide and at least
one alkali metal carboxylate; or
(iiy at least one quaternary ammonium chloride,
guaternary ammonium bromide, or quaternary ammonium iodide
and at least one alkali metal fluoride,
’ 15 wherein a guaternary ammonium moiety of the cyclizing agent is
(.. unsubstituied or substituted by one fo four groups independenily
selected from the group consisting of alkyl, arylalkyl and arylalkyl-alkyl,

1o obtain the compound of Formula XI:

O(Prot) O(Frot)

D/S'\/a. R_S
F

O

Xl
20 F XI; and

removing the silyl protecting groups to form the compound of Formuia (1V).



- 5 - DETAI LED DESCRI PTI ON In its many enbodi ments, the present
i nvention provides a novel process for preparing azetidi nones or
13-factanms which can be useful as hypochol esterol em cs or as
internediates in the synthesis of penens, a known group of

anti bacterial s. This process is applicable for preparing
azet bdi nones whi ch are optionally nono-, gdi - or unsubstituted at each
of the 0-3 and 0-4 positions and substituted at the ring nitrogen.
The stereochem stry of 0-3, C-4-disubstituted azetidi nones prepared
by this process is dependent on the starting material: racemc,
stereospecific or enantioneric conpounds can be obtai ned when the
corresponding starting materials are used. In particular, this
process is useful for the stereospecific preparation of azetidi nones
substituted in the 0-3 and 0-4 positions, and optionally substituted
at the ring nitrogen. The processes of the present invention can
be used to prepare azetidi nones such as are represented by the
structural fornmula (1): 9192 X ,,-(Oqg-Ytn-(OQr-Z 42R3 &4 (1) or
pharmaceutical ly acceptable salts or solvates of the azeti di none of
Formula (1), wherein in FornuIaDgﬁ1UL =gCRIPTION Y and Z can be
the sane or different and each TS ected fromthe
group consi st |lngiManm@nbodthnH,ah&presemmerm()alp{wm@sandA@ I process for
2006/068990PCT/U820 §U0459 1 3 %%EQ c n be the sane or

di f f er ent®"SRAA ERCTORER SEAdBRAMS WhI e PaRi A8 hypagiolesterolemics or

consi sti ng 'ﬁ/ferh‘\ed’léi@% i3 &HHEERD anen kidih SIS of ek, and

- 0C( 0) NRER?
This process is applicable for preparing azetidinones which are optionally

mono-, di- or unsubstituted at each of the C-3 and 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 optienally 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 (3):

QB
Qe &
l\ X'm"(C)q"Yln"(C)r“z& R
> ! '
5/ R2 RS
Q

NS
| Ppley
@

or pharmaceutically acceptable salts or solvaies of the azetidinone of Formula (1),
wherein in Formula () above:

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



@ is 1to 5 substituents independently selected fromthe group

consi sting of 5acyl, alkyl, alkylaryl, alkylheteroaryl, alkylsulfonyl
al kenyl , al koxy, al koxycarbonyl, al kynyl, -(Co-C30 al kyl ene)-G

- (Co- C10 al¥k§Predsdye99Re, - (CO- C10 al kyl ene) - C(0) F16, - ( CO- BLDUS2005/045901
al kyl ene) - C(0) OR6, -(C0-C10 al kyl ene)-0C(0)R6, -(C0-010

al kyl ene) - 0C(0) OR9, -CH=CH C(0)R6, -CH=CH C(0)0R61 10-CC- C(0)R6,
-0-(C1-C10 al kyl ene)-0R6, -0-(01-Cl10 al Kyt éne)-C(0)R6, -0-(Cl-C10

al kyl ene) - C(0) OR6, -ON, -C(=N-CN)-NH2, -C(=NH)-NHR10, -0-(C1-C10

al kyl ene) - C(0) NR6R7, -0-(C0-010 al kyl ene) - C(0) NR6NR70( 0) ORS6,

-0-(C1-C10 al ky}? i 3
al k§/| ene) - C?O) gile%}g} Qggdg%)q(%g@a?&kbl ene’“rﬁfe;lf %?%R%}I-%éms( @?iegendenﬂy selected

| kyl £ HNRORD, j - RERE, - s °,
ZI k§| gﬂgg-lﬁfem, -N Coﬁyﬂfﬁ%‘g%%%w%%{c%) N137?%f0§ﬁ BE(0)0R
)

- NR6S( 0) 022%9,0C(0)S(FR)R. 2, - CHNOR6, -C(0)NR6137, -C(0)NR6NRGR?,
-S(0) 0. 2NR6R7, _-,5(0) 0. 2R9, 20- 0- -(01-010 al kyl - C( 0) NR6RY?,
- O(C( 2)) (G -cLo® féﬁ?@ré?”&ﬁé@@?%&%ﬂéﬁdwly f)?iae&t%/fé %%ﬁ%@%ﬁgp consisting of

al Koxal KahAr R SR G AR Goroa it RetE JEa, SR Ak SGBErmony,

al koxyi r nalkgaylk (Co-alsk plldiansg);Gal | y' , al | yl oxy, aryl oxycarbonyi,
ar al koxycar bonyl (aryl al k%xycar bonyl), aryl, grylalkyl (aralkyl),

25ar yl oxy;{CarGroslikleng)-Oft’y HaloKox wlkwems)G(@Foy| oxy, ar oyEar oyl oxy,

benzoyl benzoyl oxy, carbox cyano, cycl oal kyl, cyclgoal kyl al kyl ,
cycl oal keR%thﬂkﬁﬁm%ﬁﬁKpﬁyA',(Cm&lwﬁﬁﬂ‘e}"ley Q@@Fbaryl al kenyl ,

ot o oar y1(CaT 6 SRr ERSRIOR e =aRLE PRy 1tk rseyor)
s R R i e o
-O-(C+4-Ci alkylene)-C(O)R" -O-(C+-C1o alkylene)-C(0)OR’, -CN,
-C(=N-CN)-NHz, -C(=NH)-NHR®, -0-(C1-C1o alkylene)-C(O)NR'R’»
-0-(Cy-Cro alkylene)-C(O)NR’NR C(O)OR s
-0-{C4-Cy alkylene)-C(O)(aryl)-N-N=N",
15 -OC(O)-{(C+-Cyo alkylene)-C(O)ORE, -(Cy-Cio alkylene)-C(O)NR'R’,
-(Co-Cr1p alkylene)-OC(O)NR R, -NOg, -(Co-C1o alkylene)-NR'R’,
-0-(C2-Cro alkylene)-NR°R’, -NR°C(O)R, -NR°C(O)OR’,
| NR’CIO)NR'R®, -NRS(0)02R’, -N(S(O)o.2R )z, -CHNOR®, -C(ONR'R’,
C -COINR°NRR’, -5(0)02NR°R’, -8(0),,R",
20 -0-C(O)-{Ci-Cyo alkylene)-CONR'R,
_OC(O)-(C+-Cro alkylene)-NRG(O)O-(alkylaryl), -POXOR )z,
-(C4-C1o alkylene)-OSi(alky)s, -CFs, -OCF3, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,

alkoxycarbonylalkoxy, atkoxyarylalkoxy, alkoxyiminoalkyl, alkyldioyl, allyl, allyloxy,
aryloxycarbonyl, aralkoxycarbonyl (arylalkoxycarbonyl), aryl, arylalkyl (arafkyl),

o5 aryloxy, arylsulfonyl arylalkoxy, aroyl, aroyloxy, aroylaroyloxy, benzoylbenzoyloxy,
carboxy, cyano, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenyiaikyl, heteroaryl,
heteroarylatkenyl, heteroarylalkynyi, heteroarylalkyl, heteroarylaikoxy,
heteroaryisulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyclylalkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsulfonyi,



WO 2006/ 068990PCT/ US2005/ 045901 - 7 - and ring substituents
conprising a noiety replacing one avail abl e hydrogen atomon a ring
system or sinhul t aneously replacing two avail able hydrogens on

adj acent cAYPWREHHE on a ring system as defined bel ow, PCT/US2005/0456
is 1 to 5 substituents independently selected fromthe group

consi sting of 5acyl, alkyl, alkylaryl, %<yl het eroaryl, al kyl sul fonyl
al kenyl , ai koxy, al koxycarbonyl, al kynyl (00-030 al kyI ene) - G
-(C0-010 al kyl ene)-0136, -(00-010 al kyl ene)-C(0)R6, -(C0-010

al kyl ene) - C(0) OR6, -(Co-Ci o al kyl ene) - 00(0)R6 -(00-010

(ors. (c1 810 arky et GRS EOR s ofee )epom on o

al kyl ene) (iDg GYSRE) OF uftect(aousiyoepmﬁzg two gvaidily hidiRidns-dh 8fkedicarbon
e S ooy 42 6 3y R 12(8&N§?NFS?8)18R6
ol iy ene)_ oo OXPRATY “RE NATHE PR SEBa O B spgistng o
al kyl éne) atyoHRY!, aNiPymyDWlhetﬁmybhﬁd?&ulfem&GK@jW%%xy, alkoxycarbonyl,
-3 0) 0. 2N LGB RABETT0( ) (L. CLo' al kyl one) - 0( 0) NRGRT:
“Cc1-o0x dPRFTRAb OGRS COABERTIIN i o "o kouyal koky,
al koxyal kqeyat K Q¥lene)-C(O)OR', (Co-Cro alkylene)-OC(O)R
( ~(Co-C1o alkylene)-OC(OYOR’, -CH=CH-C(O)R® -CH:CH—C(O)ORB,
o ~C=C-COOR® -C==C-CO)R® .0.(G,-Cyp alkylene)-OR’,
-0~(C1-C1o alkylene)-C{O)R" -O-(C1-Cio alkylene)-C{O)OR’, -CN,
-C(=N-CN)-NHz, -C(=NH)-NHR, -O-(C1-C1o alkylene)-C(O)NR'R»
-0-(Co-C1o alkylene)-C(O)NR'NR' C(O)OR®
-O-(C1-Cyp alkylene)-C(O)(aryl)-N-N=N, -
15 -OC{0)-(Cs-Cyo alkylene)-C(O)ORS, -(Co-Cro alkylene)-COINRR’,
~(Co-C1o alkylene)-OC{OINR®R’, -NOg, -(Co-C1o alkylene)-NR°R,
-0~(C2-C1o alkylene)-NR°R’, -NR°C(O)R’, -NR'G(O)OR’, -NR°C(O)NR'R’,
NR°S(0)o.2R’, “N(S(O)o2R )2, -CHNOR®, -COINR'R’, -C(O)NR'NR'R’,
( -S{0)p2NR'R, -8(0) 4R’ -0-C(O)-(C1-Cyo aliylene)-C(O)NR'R,
20  -OC(O}(Ci-Cyo alkylene)-NREC(O)O-(alkylaryl), -P(O)OR™ )z,
~(C1+-C1o alkylene)-OSi(alkyl)s , “CFa, -OCFs, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,
alkoxycarbonylalkoxy, alkoxyarylalkoxy, alkoxyiminoalkyl, alkyldioyl, aliyl, allyloxy,
aryloxycarbonyl, aryl, arylalkyl, aryloxy, arylalkoxy, aroyl, aroyloxy, arylsulfonyl,
aroylaroyloxy, aroyl, arylalkoxycarbonyl, benzoylbenzoyloxy, carboxy, cyano,
25 cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, heteroaryl,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylatkoxy,
heteroarylsulfonyl, heteroarylthio, dioxofanyl, heterocyclyl, heterocyclylalkyl,

heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsulfonyl,
and ring substituents comprising a moiety replacing one available hydrogen atom on a



al koxycar bonyl al koxy, al koxyaryl al koxy, al koxyi m noal kyl, al kyl di oyl
allyl, allyloxy, aryloxycarbonyl, aryl, arylalkyl, aryloxy,
aryl al koxy, aroyl, aroyloxy, arylsulfonyl, aroyl aroyl oxy, aroyi,

aryl al koxy & B@n(#899enzoyl benzoyl oxy, carboxy, cyano, 2SuyrtUsmbiwsses:
cycl oal kyl al kyl, cycl oal kenyl, cycl oal kenyl al kyl, heteroaryl,

het er oaryl al kenyl , heteroaryl al kynyl, heferoaryl al kyl,

het er oaryl al koxy, heteroaryisul fonyl, hePéroarylthio, dioxolanyl,

het er ocycl yl, heterocyclyial kyl, heterocyclyl carbonyl,

het erocycl yl car bonyl al koxy, hydroxy, hydroxyal kyl, al kyl sul fonyl, and

119, S0l A, SR 0 KBS SRR BN B Biscmnt cargon
or simul tai@mstm”larmmyawmgastdmf}r@ddmélam e hydrogens on adj acent

carbon atons stem as gefl n bel qw, gs to 5
subistltuents |£d\§p{e gﬁ@%?’f”é'@n’@c‘(‘ gphen "‘Wn@@?t@ 6"%#@3 gtauRycesisting of
oy SEV AR, BIHCRELERRAI s BY LB A, Efhpcggbonyt

al kylenekx!iin,6{ Cg-()g)al@gzﬁen@)-lﬁ/l ene) - C(0) R6, -(C0-C10
al kyl ene) - C(0) OR6, -(C0-010 al kyl ene)-0C(0)R6, - (CO-C10

al kyl ene)((hfm) AIRYleneFARHGET RealkyleHeR(O)BS,0R6, CC O( 0) ORS,
-CC-C(0)Re, -0-(C ClOakI@ne) OR6, |0-0-(01-GCi o; al kyl ene) - C(0) R6,
_0- (01- cx@icaCkwaI&;MI@)ﬁebm , w@(llqﬂerwyoﬁm YR C( =NH) - NHR16,

é?kg?éng%&@(% )Ql%@%%(%%% 0- ?&—@@%&W GHECRHQRATL) - N N- N,
G TR AR BRIt (5,00 i e

-0- (C2- ClO al k Iene) NR6137 s NR6C( 0) R7, - NR6 R9s - NR6C(0) NR7R8,
- NR6¥( 0) 3C2&a-Cronilis(iens)-&£0 l% - alk !i(eoyé}%&@%}ﬁ CLOYNRGNRGR?,

20+ 00( 0) ~ECHSI- Py é@i\aﬂ)\&b@ ) B0 L SR
-0~(Co-C1o alkylene)-C(O)NR°NR'C(O)OR™
-O~(C4-Cyg alkylene)-C(O)(aryl)-N-N=N",
-OC(0)-(C+-Cyo alkylene)-C(O)OR?,

15 ~(Co-Cp alkylene)-C(O)NR'R’, «(Co-C1o alkylene)-OC(OINR'R’, -NO,
(Co-C1o alkylene)}-NR'R’, -O-(C2-Cio alkylene)-NRR, -NR'C(O)R
NR°C(0)OR’, -NR°C(OINR'R?, -NR°S(0)02R’, -N(S(O)e2R )z,
-CHNOR®, -C(O)NR'R’, -C(O)NR’NR’R’, -8(0)o.NR°R’, -8(0), ,R’

C -0-C{O)-(C1-Cyo alkylene)-COINR'R’,

20  -OC(O)-(C+-Cyp alkylene)-NREC(O)O-(alkylaryl), -P(ONOR™®)z,

-(C1-C1o alkylene)-OSi(alkyl)s , “CFs, -OCFs, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,
atkoxycarbonylalkoxy, alkoxyarylalkoxy, alkoxyiminoalkyl, alkyldioyl, , allyl, ailyloxy,
aryloxycarbonyl, aryl, arylalkyl, aryloxy, arylalkoxy, aroyl, aroyloxy, arylsulfonyl,
aroylaroyloxy, aroyl, arylalkoxycarbonyl, benzoylbenzoyloxy, carboxy, cyano,

95 cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, heteroaryi,
heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylalkoxy,
heteroaryisulfonyl, heteroarylthio, dioxolanyi, heterocyclyl, heterocyclylalkyl,
heterocyclylcarbonyl, heterocyclylcarbonylalkoxy, hydroxy, hydroxyalkyl,alkylsulfonyl,

and ring substituents comprising a moiety replacing one available hydrogen atom on a



-(Cram al kyl ene) -0Si (al kyl)3 , -CFs, -0CF3, hal o, al konral koxy,

al koxyal koxyal koxy, al koxycar bonyl al koxy, al koxyaryl al koxy,

al koxyi m noal kyl , al kyl dioyl™ allyl, allyloxy, aryloxycarbonyl, aryl,
aryIaIkyI,“5?9%8@??mhrylalkoxy, aroyl, aroyloxy, aryl sul fREFE/IS2005/045901
aroyl aroyl oxy, aroyl, aryl al koxycarbonyl, benzoyl benzoyl oxy, carboxy,
cyano, 25cycloal kyl, cycloal kyl ai kyl, cygl oal kenyl,

cycl oal kenyfal kyl, heteroaryl, heteroarylal kenyl, heteroaryl al kynyl,
het er oaryl al kyl , het eroaryl al koxy, heteroaryl sul fonyl,

het eroaryl t hi o, dioxol anyl, heterocyclyl, heterocyclylalkyl,

het er ocyciityy epsteanyt siretgicoogly replairpingg aldizkie hhwdgeny on adjacent carbon
hydr oxyal kyl , al kyl sul fonyl, and rlng substituents conprising a noiety

repl aci nc2ioMS av & Nnpeystapyregetined balovh a WO

O s R
syst em asofdatiqdihehomd Q°is indepeneémiyoriplaueal by one or nore car bon
atons of the -(C0-C30 al kyiene)- radical of QL, '@, 03, Q4 and b is

i ndepsndedDt,yO(OP, aCEE-GN-, 5C6==C-0 (10atkyl)- ChiEylar@F, or-NBLKY! ) -,
-N(al kyl aryl)-_aor -NH-; EGr I s selected fromthe group consisting of a
sugar resi due, Gdf Sepsted smytlie goupSagaisting Of @igar sesiddag@ipugarsiogissie,

sugar aci b R ' el | i i des s :
conpri si ntgsaﬁﬁo%[cg}nég%tr%m%s?eﬁﬁp%i é%m@ﬁiéjﬁrrlgﬁkyiﬁ ?’a%ﬁ@ﬁédéﬁg&'due’
- S( 0) 2- OHpligopeptidR2esidde Romyaisiige? tth & araime anidg)itfiflkylemmanidmedicf radical and

independerged SC?' ected fromthe group consisting of hydrogen, alkyl
nd aryl ;™ ) R7 and Rs can be the sanme or different and each

1P PEEBeTIent SRS LIRS O BSRRU T, PEAE B soecioc
15each RSrérp tha@e@@@d@néibnn%wwrggml arl/kard aﬁn;yl or arylalkyl. each

R15isindepend€nt4y Haqr a is 0 or 1; is Oor 1; m n and p
are i ndependeng

MR sehe & adinfb@thddsarhe o different dnd paokigindepbatiedty selected
from the group consisting of hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, and a
protecting group; and

15 each R’ is independently altkyl, cycloalkyl, aryl or arylalkyl.
each R is independently H or alkyl;
qis0or1;
risQorl;
m, n and p are independently selected from 0, 1, 2, 3 or 4; provided that at

( 20 leastoneofgandris1,andthesumofm, n,p,qandris 1,2, 3, 4,5 or6; and

provided that whenpis Oandris 1, thesumofm,qandnis 1,2, 3,4 or 5.
As used above, and throughout the specification, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:
The statements above, wherein, for example, Q' and Q? are said to be
25 independently selected from a group of substituents, means that Q' and Q% are
independently selected, but also that where an Q! or Q2 variahle occurs more than

once in a molecule, those occurrences are independently selected (e.g., if Q' is -ORB

wherein R6 is hydrogen, Q? can be ~ORS wherein RS is alkyl). Those skilled in the art
will recognize that the size and nature of the substituent(s) will affect the number of

30  substituents that can be present.



20l east one of g and r is 1, and the sumof m n, p, qand r is 1, 2,
3, 4,5 or 6; and provided that when pis O and r is 1, the sumof m
gand nis 1, 2, 3, 4 or 5. As used above, and throughout the
speci fi cat Mdh2006/pe82%0] | owi ng terns, unl ess ot herw se i ndipe/askoosmadi
be understood to have the follow ng neani ngs: The statenents above,
wherein, for exanple, QL and 2 are said_{o be 25i ndependently

sel ected froma group of substituents, medis t hat QL and Q2 are

i ndependent|ly sel ected, but also that where an 01 or @ variable
occurs nore than once in a nol ecule, those occurrences are
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I ndi cat ed. Tr‘rée]r r@(‘)jr“e them%lefr ni tion of "a¥ %ﬁ a%% S to ¥I ha oa[kyl
el | as t"akoxyl, l8§¢." portions of "hydroxyal kyl", "hal oal kyl"

LK B insgg TSI ARy B G B D e
rOURS arLo@SinPyIEvh eHesStariods seduphath as 1&@[3%65@1115&19Tﬁ8'b8ﬂ& tdmabehaém! Roiety
through the carbonyl . Preferred acyls contain a | ower al

Non- | i i tif Hgousbdhpcabonyl. Breiferses acy; taggy dlgyer ghelJeen- hmﬂrr;a oxagplasyaf

and prop means an aliphatic

hydr ocar %gﬁﬁ’%l?%@ g?ﬁ%%z%@%@ e S ?Z‘F%tﬁ{mgrp?@%n%ed and conprises 1 to
about 20 car boks asedrbetain the tehal "alkyIL‘Ed?e@i@am etiplhiie/ hy@oed Asorc@enpitigt can

1 to about 12 carbon atons in the chain.
be straight or branched and comprises 1 to about 20 carbon atoms in the chain.

15 Preferred alkyl groups comprise 1 fo 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, ethyi 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,

20 cyano, hydroxy, alkoxy, alkylithio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl)a (which

( alkyls can be the same or different), carboxy and —C(OYO-alkyl. Non-limiting
examples of suitable alkyl groups include methyl, ethyl, n-propy!, isopropyl, n-buiyl, -
butyl, n-pentyl, heptyl, nonyl, decyl, fluoromethyl, triflucromethyl and
cyclopropylmethyl.

25 "Alkylaryl® means an alkyl-aryl- group in which the alkyl and aryl are as
described herein. Preferred alkylaryis comprise a lower alkyl group. Non-limiting
example of a suiiable alkylaryl group is folyl. 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.

30 "Alkylsutfonyl" means an alkyl-S{O;)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety s through the

sulfonyl.



preferred al kyl groups conprise 1 to about 6 carbon atons in the
chain. "Branched" 'neans that one or nore | ower alkyl groups such as
met hyl, ethyl or propyl, are attached to a linear alkyl chain. The

al kyl groupV@ReBe?%ubstituted by one or nore substituentBCT/US2005/045901
i ndependently selected fromthe group consisting of halo, aryl,
cycl oal kyl, 20cyano, hydroxy, al koxy, alkylthio, am no, -NH(alkyl),
-NH(cycl oal kyl ), -N(al kyl)2 (which alkyr§1can be the sane or
different), carboxy and -C(0)0-al kyl. Non-limting exanpl es of

sui tabl e al kyl groups include nethyl, ethyl, n-propyl, isopropyl,

n-butyl, t-but VAikﬂ@u E'yhyeéf'\%pér}’ EWPQ% %ﬁﬁxﬁyﬁeﬁe‘n‘é%@%‘ﬁbgﬁre those in
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conprising one or nore double bonds in the chain and whi ch” can g
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substituents inde endent y selected fromthe group consisting

hal o, al K3RPENGRG e SHNsHiNangeies exaBP: sdiep subsitutad wﬂya hﬂt@ﬁawl

b t t p
e e
subst i t utsadtaita Alkenylgreupaindludé gifmnyl,ipropemyl be-bdésod,i Dedsthgibat-enyl and n-

"het eroa%lﬁl keinyl il group. Non-limting exanpl es of suitable al kenyl
groups i ethenyl propenyl, n-butenyl, 3-nethylbut-enyl and

e OnY g WISHIENEIRN oF iyt s et e éiﬁ%% efoore
at keny| eriyalent pee tarvel gikylene argeal keaﬁbnekt@syécnmaramsetikyl
gr OUE N whi Ch‘Aﬁko%yaH%/ansgér? léﬁ(y %) gro 15?3/ wﬂlc% the alkyl group is as previously
(‘. described. Useful alkoxy groups can comprise 1 fo 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 1o an
adjacent moiety through the ether oxygen. Used successively, for example,
25 alkoxyatkoxy, means an alkoxy moisety which is itself substituted with one or more
alkoxy moieties.
"Alkoxyarylatkoxy" means an ailkyl-O-aryl-alkylene-O-~ group in which the alkyl,
alkylene and aryl groups are as previously described. Useful alkoxyarylalkoxy groups
can comptise 7 to about 26 carbon atoms, preferably 7 to about 12 carbon atoms. A
30 non-limiting example of a suitable alkoxyarylalkoxy group is methoxybenzyloxy. The

alkoxyarylalkoxy is linked to an adjacent moiety through the ether oxygen.



descri bed. Useful al koxy groups can conprise 1 to about 12 carbon
atons, preferably | to about 8 carbon atons. Non-limting exanples of
sui tabl e al koxy groups include nethoxy, ethoxy and isopropoxy. The

al kyl gr oup/o2006/H@9% koxy is |linked to an adjacent noi et yPQIOSRIgR4E50e
et her oxygen. Used successively, for exanple, 25al koxyal koxy, mneans
an al koxy nmoiety which is itself substityted with one or nore al koxy
noi eti es. "Al koxyaryl al koxy" means & al kyl - 0-aryl - al kyl ene- 0-
group in which the al kyl, alkylene and aryl groups are as previously
descri bed. Useful al koxyaryl al koxy groups can conprise 7 to about 26
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car bonyl nce .t termar kox peti nes
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él kyhoOqS@)j-@{éméwgyﬂeregﬁoup in which the aI kyI and al kyl ene groups
are as previ ouslé descri bed. Useful al koxycar bon? al koxy groups can

conprise 3 to" catbaaialisexdtroagns pneflaf-Eb{Op-atlylam (- @oemirbwhich the
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to an adjgroeps canloeh}prtsler@ttgbbbb’m2bbﬁfoncaw@1%npreferaby8to about 8 carbon
"Al koxyi m noal kyl " neans an al kyl - O N=CH- al kyl ene- group in which the

al kyl andtamgy | ARenyiting eaampé% opAskitabis) eglk@%@rbwéalkwegmup is CHsCH,-
al koxyi MALYINEHLRUPEE Bfoxycarbonylalkoxy 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 o about 12 carbon atoms, preferably 2 to about 8 carbon atoms. The

20 alkoxyiminoalkyl is linked to an adjacént moiety through the alkylene group.

C “Alkyldioy!” 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
compyrise 2 to about 12 carbon atoms, preferably 2 to about 8 carbon atoms. Non-
limiting examples of suitable alkyldioyl groups include 1,3-propanediol. The alkyldioy!

25  is linked to an adjacent moiety through the esier oxygen.

"Alkynyl" means an aliphatic hydrocarbon group comprising at least one
carben-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
o about 12 carbon atoms in the chain; and more preferably about 2 io about 4 carbon

30  atoms in the chain. Branched means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear alkynyl chain. Non-limiting examples of
suitable alkynyl groups include ethynyl, propynyl, 2-butynyl, 3-methylbutynyl, n-



conprise 2 to about 12 carbon atons, preferably 2 to about 8 carbon
atons. The 20al koxyl m noal kyl is linked to an adjacent noiety through
the al kyl ene group. "Alkyldioyl" means an ROC(0)-al kyl ene- C(0) - 0-
group in wHQH0E04E%G| kyl or H and the al kyl ene group is B{E/US2005045901
previ ously described. Useful alkyldloyl groups can conprise 2 to
about 12 carbon atoms, preferably 2 to a ut 8 carbon atons.
Non-limting exanpl es of suitable alkyl d groups incl ude

1, 3- propanedi ol . The aIkyIdloyI 25i s I|nked to an adjacent nvoiety

t hrough the ester oxygen. "Al kynyl"™ means an aliphatic hydrocarbon
group co o may
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group co al kyl and aryl; 10 "Al | yf oxy"
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"Aralkyl" or “arylalkyl” means ah aryl-alkylene- group in which the aryl and

_ 20  alkylene are as previously described. Preferred aralkyls comprise a lower alkyl group.
(_. Non-limiting examples of suitable aralkyl groups include henzyl, phenethyl and
naphthlenylmethyl. The aralkyl is linked to an adjacent moiely through the alkylene
group.

"Aryloxy" means an aryl-O- group in which the aryl group is as previously

25  described. Non-limiting examples of suitable aryloxy groups inciude 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 henzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent moiety is

30  through the ether oxygen. "Aralkoxycarbony!" means an aralkoxy-C(O)- group in
which the aralkoxy group is as previously described.



20al kyl ene are as previously described. Preferred aral kyls conprise a
| ower al kyl group. Non-limting exanples of suitable aral kyl groups

I ncl ude benzyl henet hyl and napht hl enyl nethyl . The aral kyl is
linked to 8?8‘@8?& moi ety through the allw ene group. PCI/US2005/045901
"Aryl oxy" nmeans an aryl-0- group in which the aryl group is as

previ ously 25descri bed. Non-limting exagBIes of suitable aryl oxy
groups include phenoxy and napht hoxy. The “bond to the parent noiety
is through the ether oxygen. "Aral koxy" or "aryl al kyl oxy" means
an aral kyl-0- group in which the aralkyl group is as previously

descri bed. Non:Arofitrhéan€¥aEES(Of- t@@\m Mﬁmﬂﬁﬁé?f?%ﬂbr@ﬁ@@ﬁs o iy

benzyl oxy and 1- or 2-naphthal enene The bon o the parent
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The bond to the parent noiety is through the carbon
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bel ow. Non-Iimting exanpl eso |'e monocyclic cyc
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23& g;f Esqylgcllqkaﬁléyl itié%g%rggﬁ rarc%%u?yi cy%'lgp%tl)'nltﬁ cyclofwe%y(i ¢ycloheptyl and
15 the like. Non-limiting examples of suitable multicyclic cycloalkyls include 1-decalinyl,
norbornyl, adamantyl and the like. "Cycloalkylene" refers to a corresponding bivalent
ring, wherein the points of attachment to other groups include all positional isomers.
“Cycloalkylalkyl” means a cycloalkyl moiely as defined above linked via an aikyl
moiety (defined above) to a parent core. Non-limiting examples of suitable

) 20 cycloalkylalkyls include cyclohexylmethyl, adamantylmethyl and the like.

(.m "Cycloalkenyl" means a non-aromaitic mono or multicyclic ring system
comprising about 3 {o about 10 carbon atoms, preferably about & 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

25  substituted with one or more "ring sysiem substituents” which may be the same or
different, and are as defined above. Non-limiting examples of suitable monocyclic
cycloalkenyis inciude cyclopentenyl, cyclohexenyl, cyclohepta-1,3-dienyl, and the like.
Non-limiting example of a suitable multicyclic cycloalkenyl is notbornylenyl.

“Cycloalkenylalkyl” means a cycloalkenyl moiety as defined above linked via an

30 alkyl moiety (defined above) o a parent core. Non-limiting examples of suitable

cycloalkenylalkyls include cyclopentenylmethyl, cyclohexenylmethyl and the like.
“Dioxolanyl” means.



nor bornyl, adamantyl and the like. "Cycloal kyl ene” refers to a
correspondi ng bivalent ring, wherein the points of attachnent to

ot her groups include all positional isoners. "Cycl oal kyl al kyl "
means a cy¥PI4PUSEMpi ety as defined above |inked via anPETRER00561#590%
(defined above) to a parent core. Non-limting exanples of suitable
ZOCycIoaIkyIaIkyIs i ncl ude cycl ohexyl methyl, adamantylrnethyl and the
like. "Cycl oal kenyl " neans a non-a natic nmono or nulticyclic
ring system conprising about 3 to about 10 carbon atons, preferably
about 5 to about 10 carbon atons which contains at |east one

car bon-car bon doubl e bond. erred cycl oal kenyi rings contain about
5 to about 7 ring atons. Th Lg;Ploalkenyi can be optionally
25substituted with one o ring system substituents” which may
be the sane or different,7and Are as defined above. Non-limting
exanpl es of suitable nDnocycllc cycl oal kenyl s include cycl opent enyl,
cycl ohexenyl, cycl ohepta-1,3-dienyl, and the like. Non-limting
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different, and are as defined herein. The prefix aza,, oxa or thia
before t Feolparae &gans that at least a nitrogen, oxygen or suliur atom respectively, is

15  present as a ring atom. A nitrogen atom of a heteroaryl can be oxidized to form the
‘corresponding N-oxide. All regioisomers are contemplated, e.g., 2-pyridyl, 3-pyridyl
and 4-pyridyl. Examples of useful 8-membered heteroaryl groups include pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl and the like and the N-oxides thereof, Examples of

( useful 5-membered heteroary! rings include furyl, thienyl, pyrrolyl, thiazolyl,

20  isothiazolyl, imidazolyl, pyrazolyl and isoxazolyl., Useful bicyclic groups are benzo-
fused ring systems derived from the heteroaryl groups named above, e.g., quinolyl,
phthalazinyl, guinazolinyl, 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

25 alower 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
molety is through the alkylene. In the same manner, “heteroarylalkenyl” and
“heteroarylalkynyl” mean a heteroary! group, as defined herein, bonded fo the parent

moiety through, respectively, an alkenyl and an alkenynyl group. "Heteroarylalicoxy”



root nane neans that at |east a nitrogen, oxygen or sulfur atom
respectively, is 15present as a ring atom A nitrogen atom of a

het eroaryl can be oxidized to formthe 'correspondi ng N-oxide. Al

regi oi somews @mocoamt enpl ated, e.g., 2-pyridyl, 3-pyridylpcangoos/045901
4-pyridyl. Exanpl es of useful 8-nenbered heteroaryl groups include
pyridyl, pyrimdinyl, pyrazinyl, pyridazinyl and the |like and the

N- oxi des thereof. Exanples of useful 5- méfber ed het eroaryl rings

i nclude fury!, thienyl, pyrrolyl, thiazolyl, 20 isothiazolyl,

i m dazol yl, pyrazolyl and isoxazolyl. Useful bicyclic groups are

above, o neahth (RiBLEARUENE0! GRb RIS Mo ORR AT are as

benzot hi emglioasl dewteioed. "Het eroaryl al kyl" or "heteroaral kyl"
nmeans a heteroaryl -al kklljliuene- group in which the heteroaryl and al k?{l .
are as previ ou%‘f%ﬁem&‘é@ U@G?”@ﬁ&%@@nﬁ&%&tﬁéﬁfﬁﬂm@ct% ar muliyclic ring

o upe 1 1SPIAE e e %8B0 Pl Tl bl SO & 6ut 10
qui noj i n-adeplsyet Wich dme obemdetad thdaigres Bnthemincesystem isinoslgmenbether than

al kyl ene. In the sanme nmanper, "heteroaryl al kenyl" and L
" het er oarGArBPRyIRY PXaTRi NEragee PE¥IS CLF i, algbeferin gemiieatians, There are no

bonded t A ' . =1 : k d an

o RonynyrediREe S Rn FHALY Uil s EBES) ItEtilg SRt BRRterBac O

- 36 I knﬁraeil ercmybl@'lsemcmtam aEacb!fdyﬁ ’S:n@b@.ﬂ begrﬂrtngptdnB.V\ﬁ Egmremeahﬁ%,tmmia before
an a Yy n are as revi ous esclr 1 pbed. Lo terocyc r ans a
pon-ar Y 1P bedibay sy Disot sads Feme s hab Al loast L nitousn s etaulflF Blom
cConpk4 Si ial o Bgnat i :
Shontd 30 esREGHel i SreB8AbAs Aird SRR P heRiTBLAINAN BOBtiollBubsiituted
syst em i dyaonebemore "dngeystemsubsiiibents" fubichesaydiaethes sarogen diftsrggie and

or sulfur, alone or,in conpjnation Ther en l.acen

and o sdies SRR telEnt e RN pg Gy RS A hEF R AR be

het er ocy dptionaflp BkRiiZERROe Sortdspabaitg 9-0ddy) bk or B S-Gbridex N&simiting
oxa or thia before the heterocyclyi root nane means that at |east a

ni t r ogen,exexypjen o suableunoaeeyelic hetypeyelyivigp inslugedpeiiddspigralidiny,

O TSSO RSO B o R
are as dabtrahgdidanengl, idhshyiroiegsiengl, isivhhydromiomrahyll Brd the like.

het erocycl yl can be optionally oxidized to the correspondi % N oxi de,
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1, 4- di oxamsterocyclylalkyls contain a lower alkylene group. The bond to the parent moiety is
_ 20 through the alkylene. "Heterocyclylcarbonyl® means a heterocyclyl-C(O)- group in
(_ which the heterocyclyl is as previously described.
Preferred heterocyclylcarbonyls contain a lower alky! 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
25 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-
30 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,



t etrahydrof uranyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and
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15
“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
(’ suitable aldoses from which the sugar residue can be formed include giucose,
mannose, galactose, ribose, erythrose and glyceraldehydes. A non-limiting example
20  of a suitable ketose from which the sugar residue can be formed is fructose,

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

25 Examples of sugar residues and disugar residues include those moieties G
listed in detall above.

Di-, tri- or tetrasaccharides are formed by acetal-like binding of two or more
sugars. The bonds may be in o or B form. “Trisugar residue” means a moiety derived

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



"Sugar residue"” nmeans a noiety derived froman al dose or ketose that
has 3 to 7 carbon atons and nmay belong to the D or L series.
Non-limting exanpl es of suitable al doses fromwhich the sugar

resi due cawomsod/aseadd i ncl ude gl ucose, nmannose, gal act oseCTVuAEDL5901
erythrose and glyceral dehydes. A non-limting exanple 20of a suitable
ket ose fromwhich the sugar residue can be formed is fructose.

"Di sugar residue" neans a noiety derived 1% roma sugar that can be
hydrol yzed to two nonosacchari de nol ecul es. Non-limting exanples of
sui tabl e conpounds from which the di sugar residue can be forned
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can be h nosacchari de nol ecul es. "Tetrasugar WO
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If the sugar is substitufed, the suybstitution is preferably at t

hydr ogen aé’!d) gadact HWW@E%QB‘C@F’Q% <ifjagtonis: @jgamaaepaw %r@u%ﬂc acid
sugar resgj 5% q‘%ﬁjcan be formed from gl ucuronic acid,

galacturonlc acl gl uconi c acid, galactonic acid, nannonic aci d,

glucaric acid “Arrdnngahget”amieanaahcammo -substi ’Mﬂadleugaagwsmm amcan be
an no-substi t resi du uch as ¢
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i ncl ude benzyl’, acet

t ert - but ycatykeendayi, wvalowe brityl, tefehelyldmnetioteiyi, dmrmlmienes oypclopgikiderrmor
protective Am no _aci d residue" nmeans a noiety derived

from an é%ﬁpﬁ gﬂ&sea'le H*ﬁgecg%er%f’ﬁe?d noi ety can be prepared fromthe D
or L forms of “ARGnGBICRCreRfAE” MBand améaewérﬁ@@mh%m @mma@abwe amino

am no acids fromwhich the am no acid_resi due can be prepared
acid moiety can be prepared from the D or L forms of the amino acid. Non-limiting
15 examples of suitable amino acids from which the amino acid residue can be prepared
include alanine, arginine, asparagine, aspartic acid, cysteine, cystine, glutamic acid,
glutamine, glycine, histidine, hydroxylysine, hydroxyproling, isoleucine, leucine, lysine,
methionine, phenylanine, proline, serine, threonine, tryptophane, tyrosine, valine, 2-
aminoadipic acid, 3-aminoadipic acid, beta-alanine, 2-aminobutyric acid, 4-
20  aminobutyric acid, piperidino carboxylic acid, 6-aminccaproic 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,
25 norleucine, ornithine and N-methylglycine.
“Qligopeptide residue” means the residue of a peptide constructed of 2 to 9 of
the amino acids mentioned above.
“Trialkylarnmonium alkyl radical” means the group



i ncl ude al ani ne, arginine, asparagine, aspartic acid, cysteine,
cystine, glutam c acid, glutam ne, glycine, histidine, hydroxylysine,
hydr oxyprol i ne, isoleucine, |eucine, |lysine, nethionine, phenylanine,
prol i ne, s&pixesoasbaoeoni ne, tryptophane, tyrosine, valinecrass2005/045901
am noadi pi ¢ acid, 3-am noadi pi c acid, beta-al anine, 2-arninobutyric
acid, 4- 20 am nobutyric acid, piperidino carboxylic acid,

6- ani nocaproi ¢ acid, 2-am noheptanoic acti®¥:- 2-(2-thienyl)glycine,
peni cill am ne, N-ethyl asparagi ne, 2-am noi sobutyric acid, 2-

am noi sobutyric acid, 2-am nopinelic acid, 2,4-diamnobutyric acid,
desnosine, 2,2- diam ng@g.nelic acid, 2,3-diam nopropioninc acid,

N- et hyl gl yci CHo)o2- t ényl ) al ani ne, sarcosine, N-nethylisol eucine,
6- N- met hyl“%y'si ne, “Nepgt hyl val i ne, norvaline, 25norleucine, ornithine
and N-net hytgl ycine. Ny Alkpi gopeptide residue" neans the residue

of a peptide construct\ﬁatilﬂ of 2 to 9 of the am no acids nentioned

above. "Tri al kyl ammoni gl kyl o]
2006/ 068990PCT/ US2005/ 045901 -qu@'midﬁﬁﬁg) D At AR OHRe af Al 0an be the
11( 3wher samentr diffeleticariDeacttisA kiraight krbmmthatkdkyd aadibet hdéng arte 20r

di fferent and egﬁg Is a straight or branched al kyl radical having 1
to 20 ca Azeti di none or 13-l actam conpounds prepared in

accordance wt

Beymmet 1 cal Gu koA O el S bR Eaort S wiflThe methods
are usef wif thmrmﬂeet:pnémee&tulmtmineaisymmemtcalﬁomal ajdrmgA@mrdingQﬁﬁlﬂ@,

st ereoi sQ ner s, ..tautoner racemates qf ,the c s of

For mil o (TSOHRGT &4 RuEhtR 85 TEre B GelBRbaRa dreSnerng ionen

t he SC0p%n@f\u@r‘r@é’Cétéréd?édmérstOtbh%r§rt@ﬁ@ﬁﬁe@faﬂd‘ta%ehﬁéﬁéé‘b\‘ He > compounds of
Accordingly, the invention includes iothe pre aration of an
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i somers of a conpound the Formula (1). the termis used herern,

i soners meram@xtwswétalmm@th%@ﬁae vagtionyisemass gantieeprepared
o a5 BB P B R BB B4 BplBAIT e 4 I e
cont enpl gt@tingsnitevials maisy s@gﬁal'ahng idomemntofencompound of the Formula (). As the
term is used herein, isomers may also include geomettic isomers, e.g., when a double
15  bond is present. Preparation of polymaorphous 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
20  with organic and inorganic acids. Examples of suitable acids for salt formation are
hydrochloric, sulfuric, phosphoric, acetic, cifric, oxalic, malonic, salicylic, malic,
fumaric, succinic, ascorbic, maleic, methanesulfonic 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
25 may be regenerated by treating the sali with a suitable dilute aqueous base solution
such as dilute agueous sodium bicarbonate. The free base form differs from its
respective salt form somewhat in certain physical properties, such as solubility in polar
solvents, but the salt is otherwise equivalent 1o its respective free base forms for

purposes of the invention.
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met hods of the invention having an am no group can form

phar maceutically acceptable salts 20with organi c and inorganic acids.
Exanpl es of suitable acids for salt formation are hydrochloric,

sul furic, phosphoric, acetic, citric, oxalic, malonic, salicylic,
malic, fumaric, succinic, ascorbic, maleic, nmethanesul fonic and ot her
m neral and carboxylic acids well known-£8-those in the art. The salt
is prepared by contacting the free base formwi th a sufficient anount
of the desired acid to produce a salt. The free base form 25may be

orutton such G A ALb i PR E BeBaren b A Taaes R e

form di f fretiotis efihé hvaspecievridslé.of ahms eaﬁlgaﬁhijé Wifigh bgéébss a carboxy!
physi cal properties, such as solubility in polar solvents, "but the

salt is @i Bressoomposndsior pharmeapmdicaliy abceptablssaltsowits ifoganic and
pur poses . i_nyent.i -20 - rtain azetidi none or,
;S-Iacpafﬁé%ﬁﬁg%ﬁgés%%ﬁgﬁgﬁgé%ﬁHCQ@@8§é%éﬁh?§W@H”¥ﬁ@mﬁ¥¥%3d§méwnthe

i nvent i omigrhmuas) gblg et ﬁiver%ﬁ%%@éﬁ?&i%@é%é"ﬁie@ﬁbcﬁ?éﬁﬁe%sigg?@r&é’@éﬁdsefu;

group). These conpounds form pharmaceuti"cally accepta
i nor gani & Hivdpiswisien of pale sormmdwihehaohasecicalilacseptable bmisedturh as

et hods armFREE AR BrgHbS eyl tRmidss. Ersifusbierie anedhs Sioed
wi th phar macezetidionerecppactahPe@NhoedS HithaRed ﬁﬂﬁ@éﬂrﬁaﬁéé ith the methods
am nes, g%droxyalkylanlnes, N- et hyl gl ucam ne and the |1 ke.

Azet i di nGh&iventipR ey 8 saerivlis agicgaupdaniosuqdadarceutitally adveptable

O e i ST T B SESORE hfcBplih OB SRE0LY sthancl,
sui t abl e Teanbivicslsi afchudgesettiavehicanseaiibanabiul FreaBRds, of side

present invention are also useful in the provision of such conmpounds.
Non- | i mi EPRPRRERDI es of azeti di nones that can be prepared using the
15processes of the present invention are disclosed in US Patents Nos.
RE 37,721, 5,624,920, 5,656,624, 5,627,176, 5,633,246, 5, 661, 145,
5, 688, 785, 5, RS- MBEINHeERApRA0LT dzeTdhoAbs th&t cebfod Bispdred 8i8inklihe

5, 846, 966. Preferably, the_processes of the present
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Preferably, the processes of the present invention can be used to prepare the
20  azetidinone (ezetimibe) represented by the structural formula (IV):

OH F
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F AR
Ezetimibe is commeroially available in the US in ZETIA™ formulation and in

g,
o

combination with simvastatin in VYTORIN™ formulation from MSP Pharmaceuticals,

25 Inec.



25Inc. - 21 - I n one enbodi nent, the present invention

provi des a process for preparing an azetidi none, conprising reacting:
(1) a p-(substituted-am no)am de, a p-(substitutedam no)-acid ester
or a P-(substituted- anlno)thlolcarbonug acid ester with (2) at |east
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in detail below 5As used herein, the terns
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or whet¥ilp, Sieapfl -Ribsupstitugnissprgsedeon ﬁ@dﬁé@m@tla’rﬁdﬂmmo@amie asp-
hydr ogen, Pref
(substituted- mmg acid ester, or a B-(substituted-amino)thiolcarbonic acid ester
starting materiat must be converted o groups which will not be silylated, either
preferentially or in addition to silylation of the substituted-amino portion of the
20  molecule. Suitable protecting groups well known in the art include for -NH2: -
butyldimethylsilyl, benzyl, benzoyl and t-butoxy-carbonyl; for -SH: triphenyimethyl;
and for -OH: lower alkoxy, e.g., methoxy, benzyloxy and t-butyldimethylsilyl.
In one embodiment, the B-(substituted-amino)amide comprises a carbamoy!
portion B-C{O)-, wherein B is a deprotonated chiral auxiliary selected from the group
25  consisting of

R? 3 Ri

‘s,

L



X and Y are each oxygen and R12 is hydrogen and R13 is phenyl, benzyl
or isopropyl. 5The aryl group of R12 or R13 can be independently

sel ected fromthe group consisting of phenyl, naphthyl, benzyl,

substi t ut eWpMeaYEsessubsti t ut ed napht hyl and substit ut ed daamgsdhes/ 45901
wherein the substituents on the phenyl, naphthyl or benzyl are 1-3
substituents selected fromthe group consisting of alkyl, alkoxy,
phenyl and benzyl. In another enbodi ment 22the

f 3- (substitut ed-am no)am de conprises a 10carbanmoyl portion B-C(0)-,
where B is (R14) (R15) N, and R14 and R15 are each independently
selected f

om.t oup, consj, st i f kyl ., aryl rylal kyl .
Pr ef er abl ‘Vf?eﬁ%%is,g §u‘&‘tqrt“®(@gylg%ﬁ’§)%@é 5 sa‘%‘libBr‘] g@é\ﬁ Big 18ye echul a
[t): wh i ' ) , .
w'z ﬁ%?%@%@fﬂ?%@?ﬁf{@éﬁ?%@f g of iyl Bt afiBappony, o
Q4 is selwigéresh brhewr Hi& ' efihd & -
fluoro- and B is sel ectgr{jﬂf?é%@?ﬁi’gﬁé?%%}g@{é%ﬁgidg?lé hﬁ'ﬁs ﬂy@% h@ll‘eﬁ?rab]y’

2- f1 uor 0-X anddf 4re bhoiobrygeant Wrekanabbysn bhe R13 is phenvl. b '
f 3- (substi t ut ed- ani no) a&y%e is repr eseﬁﬁ{pdégd by For rruIISa'lD e\r/'%, enzyl or isopropy.

2006/ D68990PCTTHe 82005UDEERIZ or R ean be indépermitipesiambd fofetie Gbup
ion, a 13- (substituted-am no)acid

t he process of.th% resent inv rg 3 ;
ester. carReRyLEP AneRvE daphil, banzdh slksiiyited Besmy, substitited naphinyl and
bstit e i . : :

bor 1 on e i g PeRELL el ih 158 SHGSRERRE, SEHRaE RN Horpyiare 1
enbodi mersubstiletds pelecteskiram thegrpue sensisiimy ehalikpin alkoxy, phenyl and benzyl,

p(substitut eq-am' nﬁ) t hi ol car bqnj,c id ester can be used as a
aeact ant. PrefBrERt ,rqrﬁgoé@]ﬁ u%@tf?{‘iﬂ LHGEHRG) D RIasNIEE GRsARIISasAR d

t ' i.ql oni id. est [ S- :
wher 8 o’ RELFESYRYROB RGP P& i EH b e et 12 age eao
conpr i sesnd@@aidertly sbledibe fod fidwiit brafkting B RAAATEYE arylalkyl.
al 3- (substituted-am no)-acid est %24 or a
a

f3- (substitutedam no)thiolc cid ester with (2) one or nore
silylating agents and (3) e r[nnre cyclizing agents descri bed

bel ow.
A

0 HN

B M/Qa
Zp\ (il’z \ /f|31

Cf—Y'5—(C)—X ] I

1y

(_ [‘lis "J{a P

Preferably, the B~(substituted-amino)amide is represented by Formula (TI):
wherein B, R, R> R, R» RO RO R, @', Q2 Q% Q% Q% X, Y, Zm, n, p, g, r are as
15 defined above.
More preferably, Q* is selected from the group cansisting 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
20  (IO)



Preferably the silylating agent is a silylenol ether. Non-limting
exanpl es of 15suitable silylenol ethers include

bi strimethylsilylacetam de, N-nethyl-Otrinmethyl silylacetam de or

i sopr openyWoxpoaitsBipet hyl si |l ane. The silyl ating agent canpog adehassdon
up to a stoichionetric amount or excess. In the process of the
present invention, suitable cyclizing agent(s) are: (a) selected from
the group consisting of alkali metal car®bxylates, quaternary

anmoni um 20car boxyl at es, quat ernary amoni um hydr oxi des, quaternary
ammoni um al koxi des, quaternary amoni um aryl oxi des and hydr at es
thereof, or (b) the reaction_prodpct of: (i) at |least one quaternary
ammoni um hal i de and at | ea$ s al kali nmetal carboxylate; or WO
2006/ 068990PCT/ US2005/ 04590 P4 - (ii) at | east one quaternary
ammoni um chl ori ~amoni um brom de, or quaternary

amoni um i odi de at Ieast one al kali netal fluoride, wherein a
quat er nary amophumpi,ehy of the cyclizing agent is unsubstituted
(i.e., quaterfary dmojii un substituted by one to four groups

i ndependent |y ctedgfrg group consisting of al kyl, aryl al kyl
and aryl al kyl -al k e | i mting exanples of suitable

quat ernary annnnluﬁkﬁbleu'es i ngjgigh.al kyl ammoni um gr oups cont ai ni ng
al kyl groups of 1-6 carloR

Exanpl es of suit atillezSity! al

3B, €.(§., tetra nbutyl anmoni um
al kyl amoni um groups i ncl ude
benzyl tri et hyl - anmoni um ano py| -t ri met hyl anmoni um and exanpl es of
aryl -al kyl - toammoni um i ncl udé phéhyltriethylannnniun1and (1H).
henyl trimeth al kal i car Iate can be a
Qar boxyl ate o3 aoBekethadmentef die Sibcs sleissenbrybbig b
consi st i 00, inktblilrHfo) SAH 4By BB BbeTa8 AtkeSBRIH, mprgfe?étﬂpambva

pot assi u

(substituted-amino)acid ester comprises a carboxylic acid ester portion R14-0-C(0)-,
5  wherein R14 is alkyl or aryl,

In another embodiment of the process of the present invention, a -
(substituted-amino)thiolcarbonic acid ester can be used as a reactant. Preferably, the
B-(substituted-amino)thiolcarbonic acid ester comprises a thiolcarbonic acid ester
portion R14-8-C(O)-, wherein R14 is alkyl or aryl,

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

Preferably the silylating agent is a silylenol ether. Non-limiting examples of

15 suitable silylenol ethers include bistrimethylsilylacetamide, N-methyl-O-trimethyl
silylacetamide or isopropenyloxy trimethylsilane. The silylating agent can be added in
up fo 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

20  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



In one enbodi nent, the al kali netal carboxylate or quaternary

ammoni um 15car boxyl ate can conpri se a carboxyl ate noi ety sel ected
fromthe group consisting of fornate, acetate, propionate, butyrate,
val er at e, wapi@awcessdcapryl ate, laurate, nyristate, pal m PEraS2005/045901
stearate, oleate, linoleate, linolenate, cyclohexanecarboxyl ate,
phenyl acetate, benzoate and toluate, preferably acetate. |In another
preferred embodi ment, the quaternary am®hi um carboxylate is 20tetra
n- but yl ammoni um acetate. In another preferred enbodi nent, the
silylating agent is bistrinethylsilylacetam de and the cyclizing

agent is tetra n-bug ' — anot.her .
preferred enbodi rrexéti)y E? L%[gg%g# eﬁ%g‘?@‘gyn%%‘m%%‘gﬂ%@%eqﬁ%m gminonium
n- but yl anmoni bremidd, oot geatehtaitistmdareh RIRYEand B 16akt longl AkalRget! fluoride,
can be the reaction product of (i) at 25l east one quaternary ammoni um

hal i de and at Whesgl »ABataIRaN ameteiuradpeiekyoidhe ayelizing ageny is uhaubstituted

ore. i soussed stoaatrRa martin? Bt SusBER IS do@ IRl WIhIR BsFendenty
hal i de noi et y sellckat fdnf ttengitcp @T@Wn??ﬁ&ll@ﬂ,im[aﬂ{yi Bhaaryegyl-alkyl.

chloride, bronjde and iodide, preferably fluoride. in a preférred
enbodi ment, t NOHIREING Saraples A sighlartialenast armeniaceiates intude

h : . ° .

o ity SPSREhRRium housy Eontthiido BGTGAAR IR & REGREIIS £50 Bifd

ammoni unbbtytarhdeniun. dhareplesrof saiteblel amleligiiaikglaamthoaturh epstponelude

al kal i rrgtal Juyoride in,a catal tlito .

(zoofe/ 068886 UG LT _HZHW@'IHW@W Pire R aamRIan of awﬂrfﬁsyk
refgrre 0

PetrD BT Pelude Do Tt AR dotl Sy HERRh A ATREHG.

tetra n-butyl ammoni um brom™de a n’ ano
preferred enbdtieredikal] meliel cayboxylaterangema dasbhyiateamtt dfan aikali owttalof

t et but vl ' b 1.d Lum f | Jde. 5Th | or
product  Farer o Be 4raMhearRRtub BR i S5 ol Ak, (1
and (2) preféRiEPoRissRimi 0 reaction with reactants (1) and (2).
Advant ages of formng the reaction product (3)(b) in situ include

that the anhylrooe iens, ealicalonetal carbexyiite cangaiarnanyamsdniys
thorisa noavaE BaR P RSB R AR Bloroh A8 ePE g bibun psisting of
reagent f&w@d@,@@b@t@ta@g@@gbi@hm, SUBTBI Valchal®; capoews, chprfatd) Mtiral)
nol e percent, preferably about 5 nole percent, and when an anhydrous
quat er naﬂwrlﬁfﬁiﬁmﬂm'@@ steRrRieaglente. 1igolgats linplenalm ayelohexanesarbaxylate,
2 oyl EPEY SRS B A el By 2 e
st oi chi onet ri in anwiiet preferred embodiment, the quaternary ammonium carboxylate is
20  tetra n-butylammonium acetate. In ancther preferred embodiment, the silylating agent
Q is bistrimethylsilylacetamide and the cyclizing agent is tetra n-butylammonium acetate.
in yet ancther 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
25  least ene 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, chioride, bromide and iodide, preferably
fluoride. in a preferred embodiment, the alkali metal carboxylate is potassium acetate.
30 in another embodiment, the cyclizing agent can be the reaction product of (ii)
at least one gquaternary ammonium chloride, quaternary ammonium bromide, or

guaternary ammonium jodide and af least one alkali metaf fluoride in a catalytic to



15conpared to the starting 13-am no conpound. If added to the
reaction mxture after the silylation agent, the fluoride reagent is
added directly to the reaction mxture resulting fromsilylation, and
i s react edW&20ei$8%9000C t 0o 11000, preferably about 200C tPETEGR®S/0fZ01
about 0.5 to about 6 hours, preferably about 1 hour. In an
al ternative enbodi nent, one or nore fl u_géé de ion catal yst cyclizing
agents 20can be used in conbination wt he cyclizing agents

descri bed above. Non-limting K exanples of suitable fluoride ion
catal yst cyclizing agents include quaternary al kyl-, aryl-al kyl- or

aryl al kylg,}%ﬂgf'ﬁ%&b@%@ké@@g ér}x‘l%!i'lﬂ?irﬁé‘lpfefgrrﬁgIe'_?ﬁ’l%’:{cﬁﬁq%n’t,r}ﬁé%ﬁziﬁé afent is the

m xture t ereln a aryl -
aryl al kylreadtion prodooi oitetraen-bhydehimoeduralioomjdenand potassidrkalcetatet &b

fluoride _salt or hydrate theregf, such as cesiumfluaride or
pot ass! uATPIASTTBBITRRDRCidh HirbcT AN Aany B 18 teehph pratdisi of fara -
used, thguggﬁﬁﬂdgﬁu@%ﬁgggaﬁa vt erEsl cient to replace the

cyclizing scussed above on a 1:1 nolar basis as desired. If
added to the rldscienotiompreduck (Af(bkcan be feinhgd b sininahenresenee of reactants

fl id ' dded .di tly to t.h ti ' | ti
from si | §1AMOR STaMnes PuRk i Pantiondyin b ts (IuBe DAt itss o
about 20@Q4ifg 699 Feadtioh mBaub: &) )t sE0aRMNe Hiab M BnhiRlG8RbtNts are
about 1 hour. Wen the silylation'reagent, cyclization agent and the

f1 uori de epsiggdahandle aniidanay halleshexnsispe ohwepartheoeyalizingorgtn fred the

under ei rrn%%r {énnditi nns WO 2006/ 068990PCT/ US2005/ 045901 - 26 - The
é)rder of M%n of the conponents of this process is not critical

0 tfae prepar ayhem atydriedageitb g renRoeidHCEyciRg %z@mé @sel®e reagent is
starting 13-(substitutedam no)am de, f3-(substituted-am no)acid
ester, oRdfgd(ramaialyiic amamitniss+ BbevChibahry 2icmgleperentpicfarably abeut 5

reacted w [ ' ' Vil V4

gt - odiR geRert, aid A AARLARAK el RAG RN e Bt I e,

silyl ati it@anges bddad in heatalptic nprig sageichiometric amd@irity Vdhenmni sdkali metal

effected by reacting the st%(g ng material with a silyl-enol ether

si |yl at i RBTRRYYMHLe & Bseddt i5i chitk (Rl HE amekiat HRita & %‘B@J&'j?mﬂﬁc amount

N hyl - . . )i . S ] .

N Ty B T A B b PBOBEENS 9 oot mistur afer he
silylation agent, the fluoride reagent is added directly to the reaction mixture resulting

from silylation, and is reacted at about 0°C to 1109C, preferably about 200C to 60°C,
for about 0.5 o about 6 hours, preferably about 1 hour.
In an alternative embodiment, one or more fluoride ion catalyst cyclizing agents
20  can be used in combination with the cyclizing agentis described above. Non-limiting
(- examples of suitable fluoride ion catalyst cyclizing agents include quaternary alkyl-,

aryl-alkyl- or arytalkyi-alkytammonium 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

25  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. f added fo the reaction mixiure after the silylation agent, the
fluoride reagent is added directly to the reaction mixture resulting from silylation, and
is reacted at about 00C to 110°C, preferably about 200C to 60°C, for about 0.5 to

30 about 6 hours, preferably about 1 hour. When the silylation reagent, cyclization agent
and the fluoride reagent are added simultaneously, the reaction is conducted under

aimilar rondifions.



10organi c solvent at 00C to 1100C, preferably at about 2000 to 9000,
and nore preferably at anbient tenperature (e.g., about 250C). The
reaction is preferably carried out in a dry, inert atnosphere, e.g.,

t he sol ventWQ 2006/0¢8880 typically with nol ecul ar sieves, aneCI/82005/045901
reaction is carried out under nitrogen. Wen the silylation and
cyclization are done sequentially, i.e., the silylating agent is
reacted wwth the 15 starting materi al fF?@r, the silylation reaction
can be allowed to continue for up to about two hours, but preferably
the cyclization step is carried out imediately after silylation, or

the silylati ”Wﬁ@%@le%dd?ﬁoﬁ%ﬂﬂezéd?ﬁp&%ﬁé ]pf‘E S ﬁ?&?e%gni§ not crifical fo the

si nul t aneousl y. er aspect o e"pres "NV

i's a proceepafaiiorokiberazegdinon2qapdutdi Forexangse ebendadindyp{aibstituted-
structural fornmula (I %ﬁ (I%} or pharmaceutically acceptable salts or
sol vat es dnngamigeti-taubsHated-apynaiacid ester, Qﬂ%ﬁ%ﬁh&t;tmetﬁ:@m&nbhhi@m)arbonic

o one g ol arlflst B e B 1 s Bohes oo dben fegoigapuff S
conposind afclifiagragent (s the stading-compound cahBE @idleB2o HRixt oftRe Siphting

M4, B, X, Y, Z mn, P g, r are as above, and Bis a
5deprotor%%’&%’lﬁ“h&lcyﬁlﬁdﬂﬁiaﬂeﬁtsel ected fromthe group consisting of

R13RI3R13R13 Silylation is effected by reacting the starting material with a silyl-enol ether
silylating agent such as bistrimethylsilyl acetamide (BSA}, N-methyl-O-trimethylsily!
acetamide or iso-propenyloxy trimethylsilane, preferably BSA, in a suitable inert

10 organic solvent at 00C to 110°C, preferably at about 200C to 90°C, and more

preferably at ambient temperature (e.g., about 25°C). The reaction is preferably
carried out in a dry, inert atmosphere, e.g., the solvent is dried, typically with
molecular sieves, and the reaction is carried out under nitrogen. When the silyiation'
and cyclization are done sequentially, i.e., the silylating agent is reacted with the

15 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 & process for preparing an
( 20  azetidinone represented by the structural formula (¥):

3
Q' Q2 //,Q
(j—xun-(C)qf»f'n-(cn-zK N
SF f2 e
Q? S
o] S
[ o
u

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (1),
wherein in Formula (1) above: R R R, R+ R> RS R, Q1,02 @3 Q% Q8. X, V', 2,
m, n, p, g, r are as above,

25  comprising the step of reacting:
(@)  acompound of Formula (I):



wherein Xis -0-, -S- or -N(G-Cc alkyl)-; Yis =0 or =S; and R12 and
R13 are each independently selected fromthe group consisting of

al kyl, aryl and al koxycarbonyl, or wherein one of R12 or RL3 is as
defi ned above and the other is hydrogen,. or Bis 10(R14)(F/ 15%)N-
wherein R14 and R15 are each independently selected fromthe group
consisting of alkyl and aryl; with (b) at |east one sifylating agent
and (c) at |east one cyclizing agent di scussed above. 15In a
preferred enbodi nent, the process descri bed above is used for
prepari-ng an azetidi none repryesented by the structural Formula (I1V):
WO 2006/ 068990PCTMB200 A - 28 - (TV) conprising reacting a

B- (substi t ut ed- am no)fam d Formula (ui) above with (b) at |east
one silylating agent jand (c)ij at | east one cyclizing agent as

descri bed above. S her aspect of the present inventionis a
process f pre } ound represented by the structura

Formul a (I conpri si ng: (a) reacting

p- fl uor ob ofQsFormula V with pival oyl chloride and
acylatin chiral auxiliary of Formula Vito obtain
a ketopg erein Xis -0-, -S or -N(C -C6
al kyl ) ; is al kyl, aryl or al koxycarbonyl;
(b) reducing ghe ketlon dﬁmula VI1 in the presence of a chiral
catalyst to i al gohol of Fornula VIII:

N O X D

| | o

Hs Ro / I

wherein Re, Rs, Q1, Qg, Qs, Qu4, Qs, X, Y, Z, m, n, p, q, r are as above, and B is a
5  deprotonated chiral auxi!iaw selected from the group consisting of

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

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

10 (R1(RI5N-, wherein R14 and R15 are each independently selected from the group
consisting of alkyl and anyl;

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

15 In a preferred embodiment, the process described above is used for preparing
an azetidinone represented by the structural Formula (IV):



VI

(c) reacting the chiral alcohol of Fornmula VIII, an imne

of formula a and a silyl protecting agent, then condensing the
silyl-protected conpounds to obtain a 43- (substituted-am no)am de of
For mul a XIWO 20#6168%°R Prot is a silyl protecting group: WCE/US2005/045901
2006/ 068990PCT/ US2005/ 045901 - 29 - (d) cyclizing the

3- (substituted-am no)am de of fornula Xl with a silylating agent
and a cyclizing agent discussed above, td’0obtain the conmpound of
Formula XI: S O(Prot) ; and (e) renoving the silyl protecting

groups. (f) (d) I n anot her enbodi nent, the present
I nvention provides a cess for preparingFa conpound represented by
the Formula (1V) above, | Si ng: :
OH 0
F ' (IV)

10

15

comprising reacting a B-(substituted-amino)amide of Formula (III) above
with (b) at least one silylating agent and (¢) at least one cyclizing agent as desciibed
above.

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

(a) reacting p-fluorobenzoylbutyric acid of Formula V with pivaloyi chlotide and
acylating the product with a chiral auxiliary of Formula VI to obtain a ketone of

Formula VII:
i o o ¥
0 0
0  HEN X L
OH p- N™X
+ cl < R
- Rl VI F N
v > VII R

wherein X is -O-, -S- or -N(C1-Cg alkyl); Y is =0 or=S; and RTis alkyl, aryl or
alkoxycarbonyl;

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

0] O Y (9) 51 8] /’lYL
J]\ 5 N X
@/“\/\AN\_JX — W \u
R 3 F R\f
R! VI
VI

(¢) reacting the chiral alcohol of Formula VIII, an imine of formulaIX and a
silyl protecting agent, then condensing the silyl-protected compounds to obtain a f-
(substituted-amino)amide of Formula XII, whetein Prot is a silyl protecting group:



10reacting a chiral alcohol of Forrmula VIII, an "m ne of Fornula IX
and a silyl protecting agent, then condensing the silyl-protected
conpounds to obtain al 3- (substituted-am no)am de of Fornmula )01
wher ei n XW@Q 20094068996- or -N(C -Cs alkyl); Y is =0 or =S; ranaiSRDs/D45901
al kyl, aryl or al koxycarbonyl, and wherein Prot is a silyl protecting
group: cyclizing the 13 -(substituted-am no)anm de of Fornula
XIl with a silylating agent and a cyclrfﬁhg agent di scussed above, to
obtain the conmpound of Forrmula XI: WD 2006/ 063990PC11(1E2005/ 045901
- 30 - O(Prot) ; and renoving the silyl protecting groups. 5Anot her
aspect of the present invention is a process for preparing @ conpound

represented by the Formula (IV): Iv%ylclizingthef
- (substi t ut ed- no) ari di of formul Y 0 HN
) 8 NTX o+ f X’H‘N 23
o 0D
F R} ’/RI OPrab)
VI : X _

(d) cyclizing the B-(substituted-aminoyamide of formula XIT with
a silylating agent and a cyclizing agent discussed above,
to obtain the compound of Formula XI:

( - O(Prot) OfFrot)
@)S\//IJ_R 8
F N,
T Q
5 X E - and

(e) removing the silyl protecting groups.

In another embodiment, the present invention provides a process for preparing
a compound represented by the Formula (IV) above, comprising:
10 reacting a chiral alcohol of Formula VIII, an imine of Formula IX and a silyl
protecting agent, then condensing the silyl-protected compounds io obtain a 8-
(substiuted-amino)amide of Formula X, wherein X is -O-, -5~ or -N(C1-Cp alkyl); Y

is =0 or =S; and R1 is alkyl, aryl or alkoxycarbonyl,' and wherein Prot is a silyl

protecting group:

15 ;
cyelizing the B -(substituted-amino)amide of Formula X1T with a silylating agent
and a cyclizing agent discussed above,
to obtain the compound of Formula X



iowith a silylating agent and a cyclizing agent discussed above, to
obtain the conpound of Forrmula XI: O O(Prot)(Prot) ; and renoving the
silyl protecting groups. Preferred reaction conditions are

shown in t W® 3086/0@SMIng schenme: Step (a): Step (d) 0 \PCIBHER005/045901
(Prot)0 XIl Step (e):

~30 -

O(Prot)

B
O Q
X1
F ; and
removing the silyl protecting groups.
5 Another aspect of the present invention is a process for preparing a compound

represented by the Formula (IV):

cyclizing the § -(substituted-amino)amide of formula XO

1Y
e

10 with a silylating agent and a cyclizing agent discussed above,

to obtain the compound of Formula XTI

O(Prot) O(Prot)

@/s\/fﬁ.k 3
¥ N,
T Q
X1

B ; and

removing the silyl protecting groups.

15 Preferred reaction conditions are shown in the following scheme:

Step (a);



BSA / t-BuOwe, 25,.:C TBAOAo (0.5 nole % Ag. Isopropanol/dil acid 0O
rot) -32 - is tetra n-butyl-amonium acetate, t-BuOwe is t-butyl

nmet hyl ether and Prot is a silyl protecting group as defined above.
Starting rPEpIeAIs898f Fornul ae V and VI are known in t herarwszmadssdine
procedure of step (a) for reacting a conpound of Forrmula V and a
compound of 5Formula VI is known in the art. Preferably, the chiral
auxiliary of Fornmula VI is exenplified?- I the formula:  HNX Ft wherein
Yis=0, Xis -0- and Rl is phenyl, benzyl or C1-C6 alkyl. A HN AO
preferred chiral auxiliary is See the exanple below for typical

reacti on conditions. Simlarly, the procedure of syepy(b) for
reduci ng a ket hydrox% grou -4 ng a bora redu in agent
such as B ( i e pre ence ra ta

(R -tetrahfdgo- 1- net hy1”s, engl- 13- 1, 3Hpyrt ol 0(1 2. c}\é(—{ 3, 2)

oxaza- borrol Tdi n% IS known: See u. S , 721, U.S. 6, 20973822 and
U S 6,627,757.," isln step (c), the fal al cohoIVII VI | and t he
imne, DC, are prot ected with a suift gbl € hydr oxy- protecting group,
preferably a silyi protecting grou C that derived from
chlorotrinethyl silane (TMSCl) or t-BM%Fy@&%?rfet hyl -silyl chloride

( TBDMSC Bied (18): al cohol (1 equivalent) and imne (preferaby 1-3
equi val ents) are add dNE an anhydrous sol vent such as CH2012, the

dto 10 OH 0O 0
"'f Ph
./

F &
BHg SMeg/ CH,Cly VI @

N
5 @ TlCiq_ \_54 O(Pmt)
[. CHoClo
F
5
Step (d)
F
( ,@’ O(Prot) O(Prot)
O HN BSA / +:BuOMe, 25°C , R S
C{_f 1 TBAOAE (0.5 mole %)
Aq. Isopropanol/dil acid

SCetls O(p: rot)q P

(Prot)0 C F
pail F

Step (e):
"R 3 Ag.alcohol / dil. acnd m -
F N
o
F
10 F

In the reaction scheme above, TEA is triethylamine, DMAP is 4-dimethyl-amino
pyridine, DIPEA is diisopropylethylamine, BSA is bistrimethylsilyl acetamide, TBAOAc



(.

9()to 15C, a tertiary am ne base such as DI PEA is added (preferably
2-4 equivalents), and sufficient silylating reagent to react with
both the al cohol and the imne is added (e.g., 2-4 equivalents).

After silylation is conplete, the alcohol and imne are condensed by
reacting at -20 to -35C with at least 1 equivalent of a Lewis acid
such as TiCl4, in the presence of a tertiary am ne base (preferably
1- 3 equival ents) such as WD 2006/ 06899@LCT/ US2005/ 045901 -33 - DI PEA
for 2-4 hours. The reaction is quenched, for exanple by treating with
an acid such as glacial acetic acid followed by aqueous tartaric acid

sol ution; .t r tant product. is tracted, and crys | ized usji.ng
convent 1 Bl s SRR LeoRLFhESaAS rUOME ¥ ELBM rimslvt Shet Agd Protis % siy
processagmﬁémﬁ LB defiriteabdw) can be purified by appropriate
standard procedures such as col umm chromat ography or crystallization.

The term "sui Biiieg magetdabrajdrirndes Veand Vasraikeovaboves aramsd dwy
organi ¢ sol vent conj nation.of solvents that i reactive in the
eact| orP PTG ShelEB AN RARL 2 ZOTRpBR T g ¥ &AL R amiEhound o
Typi cal  satinh@Ber 8 v ik tﬁ_é%rbaw&ér%]sﬁ%&empé}%afaﬁﬁ% F%@nufa VIis

di chl or onet hane; heterocyclic conmpounds such as tetrahydrofuran
(THF) ; Dive@plifiatelhiie foormiati de (DVF); acetonitrile; and carbocyclic
aromatics such as toluene. Preferred are toluene, THF and

di chl oronet hane. 15The fol | owi ng exanplSi\illustrate t he process of
this invention. Although the exanples Qirected to G3, G4

di substituted conpounds and the st er edhe stry of the reactants and
internediates are indicated in the varibus depicted structural
fornmulas in the following exanples, iR'is to be understood that the
process of this invention is operative for &azetidinones regardl ess of
st er eochghérein Y, is a0 X vadvgsd R 128 piengl, behid sret£04 ayRfAT eact ant s
havi ng the desired racem c or stereochem cal configuration and the
sel ection of reaction conditions whicch result in the desired
configuration in the product. EXANRUES 25Starting material s useful
in the processes of the present iHNenfd on can be made by the

fol | oW NeRirREEEFASLXIME) 2006/ 0%8\ 96PC T/ US 2005/ 045901 -34 -

See the example below for typical reaction conditions.

10 Similarly, the procedure of step (b) for reducing a ketone fo a hydroxy group
using a borane reducing agent such as BH3*S{CHg3)2 in the presence of a chiral
catalyst such as (R)-tetrahydro-1-methyl-3,3-diphenyl-1H,3H-pyrrolo(1,2-6)(1,3,2)
oxaza-borolidine is known: See U.S, RE 37,721, U.S. 6,207,822 and U.S. 6,627,757,

15 [n step (c), the chiral alcohol, VI, and the imine, IX, are protectad with a
suitable hydroxy-protecting group, preferably a silyl proteciing group such as that
derived from chlorotrimethylsilane (TMSCI) or -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 1o -10°

20 1o 15°C, a teriiary 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.q., 2-4 equivalents). Afier silylation is complete, the aicohol and imine are
condensed by reacting at -20° to -35°C with at least 1 equivalent of a Lewis acid such
as TiCl4, in the presence of a tertiary amine base (preferably 1-3 equivalents) such as



Preparati on of 4-(4-fluorobenzovnbutyric acid: Alas C COH Charged 250
g of anhydrous Alas (1.87 noles) to a 2 L 3-neck round bottom fl ask,
added 300 nL fl uorobenzene (307.5 g; 3.2 noles) and cool ed the

m xture i WaRIBY6E%Bath to 5C. Added a hazy suspensi on ofPCIOG2ap5/045901
glutaric anhydride (0.86 nole) in 400 nL fl uorobenzene (4.3 nol es)

t hrough an addition funnel over a period of 45 mn., and maintai ned
the tenperature below 12C. The reacti o ¥ xture was warmed to anbi ent
tenperature gradually and agitated at r.t. for about 90 mn.; checked
for conpletion by NVR Cool ed the reaction m xture to 0 to 5C, then
added a i [ f . ;
it uro o GAAPRaF A TS ool iR pfohpfd o Biorb Gy Healng Byt acid
t he mi xt aush belglacialatatior agid follavexhby popaots tHrtdriveacid kdiwdidd] tthe resudiagt
bel ow 40C for ,the rest .of the tinme. Poured the entire mxture into a
2°L71 1 Rradits Sxiragiarand avslell o) 4ad OnvaItiondl RiaseBu s ude
products, filtered the white suspension and washed well with water.
Added the white residue to 15 3 L of agqueous saturated solution (-5%
of N&HCCB, hedhedzdidinms esnitingurende arotesses lnditie brseabimvieation ead be
filtered th]g ggtch whi I.et %gt éhroug{E t hi n gad of celite. Cooled the
filtrat ePHETRd LY APRHINIAIGIGRCAISPIRECYITCE SHER RS R waNIRbr MG ERGraRNY RE o
the filteakealfimatefl.l to crystallize out products, and agitated the
white suspension in an ice bath for 30 min. Filtered the batch,

washed t he weilhedeemibuiable dnerdbiganit eolvent] s20gsaccebdve means @mmy ayyanic

aci ;. m govoids Oy bSrubaon oot et biiastfe P RiRhehion BEnd drnsucted
VO 2Q06/ Qﬁ&9@aw&m&&ht&3$¥picéwﬂﬂ@b¥@§ﬂ%@hféﬁ%%logenated

(endot herm c), and agitat.ed the mxture while heating to a
t enper at Gp@PeLNGd sUCAGIStdicllaramethaingt beleregycio compoursisgush(@ski ng

sure all ' ' | ugi y 14 dn2. es)
o b1 uStERYERATITIES OMSO: thieRh B RRIE S it B
react i ongarbiiciyelic sfvenatitdl udhnagtsussPPesferrcdgir adlagns! MAFtENLk
slurry for |hr at 50C, cool tor.t and agitated for 30 mn. Filtered
t he dichicromethane.

15 The following examples illustrate the process of this invention. Aithough 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

20 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
25 Starting materials useful in the processes of the present invention can be made
by the following procedures:



product, washed the cake with 150 nlL of isopropanol, 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: 180-182C. Equi pped a 3-necked 500 niL
round bot tWon2fteasseoi t h a t hernoneter, an addition funnepcamd2®s045001
nitrogen inlet. Added p-fluoro-benzoyl butyric acid (20 g, 95.15
mmol ), CH2A 2 (100 nL) and TEA (23 nlL, 165 mmol) and agitated the
mxture at 15 room tenperature for 5 ni-B4 -Added trimethyl acetyl
chloride (11.3 L, 91.75 nmol) slowy over a period of 30 mn.
Checked for conplete formati on of m xed anhydride by NVR Added the

conpound : M, | ) inDMAP (1.6 g, 13 nmol) and
dry DWVF Pfepar lgHbﬁzt = S .E%u ?}a:—agtg'reflux for about 7 h or

until the 20reaction was conplde (<3% conpound II1) by NVR Cool ed

to room tenperature’ {ransferred the,patch to as|?< cont ai i ng 2N
H2SO4 (80 nl) slo L.t h agi on_a.nﬁ;;on' agl-t-atiep-C-eoHabout
30 nmin. Separate®'tHé& Iders are” washed t he or c layer with 5%

Concent rated PHBSRLAR0E P DN AAtlr AIJaR LRI DBIPS o2 bdacls Rype bettom
500 90Yhed 5Bl oK o R oL ol ook o i
5 ice bathto 5°C. Added a hazy suspension of 100 g glutaric anhydride (0.86 mole) in
400 ml. flucrobenzene (4.3 moles) through an addition funnel over a period of 45
min., and maintained the temperature below 12°C. The reaction mixture was warmed
(- to ambient temperature gradually and agitated at r.t. for about 80 min.; checked for
completion by NMR. Cooled the reaction mixture to 0 to 5°C, then added a cold
10 agueous solution {700 mL) of 1N HCI carefully to the mixture to destroy any
unreacted AlCl3, keeping the temperature of the mixture below 20°C during the early
part of the acid addition, and below 40°C for the rest of the time. Poured the entire
mixture into a 2 L 1:1 mixture of water and ice (v/w} o precipitate out crude products,
filtered the white suspension and washed well with water. Added the white residue to
15 3L of aqueous saturated solution (~5%) of NaHCO3, heated the basic mixture on a
steam bath for one hour and filtered the baich while hot through a thin pad of celite.
Cooled the filtrate 1o 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 batch, washed the wet cake with ice cold water and
20 dried in a vacuum oven at 50°C for 16 h to obtain 143.2 g of 4-(4-fluorcbenzoyl)-
butyric acid; m.p. 141 to 142°C, isolated vield: 79.3%.

Preparation of Imine:

o o
R T po

25
Equipped a three necked 1L flask with a mechanical stirrer, thermometer and

an addition funnel. Added 480 mL of isopropancl, 144 g (1.18 moles) of p-



Phl Ph CH3 " BH3S(0n3) 2

To- 5CH2C12 Equi pped a 3-necked 250 ni round bottomflask with a
thernmoneter, an addition funnel and a nitrogen inlet Added dry CH2d 2
(20 ni) aniOR8YOBWPane di met hyl sulfide (2.82 nL, 28.2 mestyszensd45901
cooled the mxture to -5 to OC. Added a previ-ously prepared tol uene
solution of (R)-tetrahydro-1-nethyl-3, 3- g phenyl 1H, 3H

10pyrrol o(1,2-c)(1,3,2) oxaza-borolidine % 1.4 mol, 5 nole %
to the mxture and stirred for 15 mn. at < OC Added a sol ution of
conmpound VIE (10 g, 28.1 nmml) in CH2A 2 (30 nL) slowy over a period

of 3-4 h muftoms tha@(@na@mm amm?faaémr@e Hﬁ&&%&ﬂ;h:l? hb%gﬂ&fca

Continued stirring for or un he reaction conple

(<0. 1% coRPHRERILYEPCHHO R@RAg@@mmm@rer@‘eﬁﬁToimmgs ralrofmhgking durgall the

nydr ogen Harae! 126 8 sBR T Pebind®h RN itoies G icigenine slow va

m xt ure fie abolitmiunnek @ﬁnéh@a&m \NiAGiel B¥Eh
H2SO4 (20 5% Na2S0 ot e 5%@718_ COncewew %}ated

the of garﬁ"@ th)ﬂay Sturebiox 1|f‘6vf@% 5@[’@:@0@1 A irtt. ard égl’faiedtfenﬁo nin<Filesed tde

Ge: 9% TTaRTodErBRaSa0 bek? D B8 §bropgng! RRadl Wariaks 1 'crart

3-necked @h atl50°Quind 24dt bounill dig ko widld 222 (g6 tRBNRERS (8888): mp: 180-182°C.

Process Example:

(l 10 Step (a):

O CHuCl )’\K
F v ¢ RT F
X
HN O
./ VI Q)\/\)l\ )j\
PK
\\\

DMAP
Equipped a 3-necked 500 mL round bottom 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

15 room temperaiure 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, 13 mmol)

and dry DMF (10 mL) and heated the mixture at reflux for about 7 h or until the

20  reaction was complete (<3% compound lIl) by NMR. Cooled fo room temperature,
transferred the batch to a flask containing 2N HoSO4 (80 mlL.) slowly with agitation

and continued agitation for about 30 min. Separated the layers and washed the
organic layer with 5% NaHCOz3 (80 mL),



addition funnel and a nitrogen inlet. Added the CH2C 2 sol uti on of
conmpound VI1I (10 5g equival ent of conpound vna, 28.1 mmol ) from
step (b) and conpound D( (12.05 g) and adjusted the total vol une of

t he react i8R 2A606%%@ to 150 nL with dry CH2A 2. Cool ed t RET/HSR0EHE9810
-10C and slowWy added DI PEA (25.7 nlL, 147.5 mol) and nai nt ai ned the
tenperature at < -5C. Added TMsSCl (13. 5015%_ 92.3 mmol ) over a period
of 30 mn. while maintaining the reacti fenperature <-5C. Agitated
the ioreaction for 1 h or until the silylation was judged conpl ete by
NVR. Lowered the reaction tenperature to -25 to -30C. Added Ti Cl14
(3.4 n, 30.8 Gdnaéwra%@mdo@aﬂlﬂyaﬁ %rgﬁﬁrsﬁél&éc?ﬂ%eéﬁh%ﬁr&ﬂ%?ébropyl

Agi t at ed the reaction for checked e reaction

conpl et i efcctiy! WNVR middétergt aidalriank eYietd: £0i gl (IBomhdlasfowl y to the
reaction m ;i%%gcﬁhl | e mai ntaining the reaction tenperature between
-25 and - oured the reaction mxture into 7% aqueous tartaric
aci d sol gfé Q@)(MO m.) at OC, agitate for 1-2 h, and all owed the
tenperatiire to gradually rise to roomtenperature. Added 20% agueous
NaHS03 solution (50 nL) and cgnt |znuedp@gi tati on for another 2 h.

Separ at ed tdhe grganic |ayer akd %3, wi th waige élzo m_)
Concentra ed h%f organ c layer to a addg

vol
blstrlmetgyi am de 20( al) andgm he mxtureto
reflux feh 30 mi, n rat edl.the m xturehto reVe~TN and
crystal lized thggprodu m tate ang heptaﬁ]xtur e,

filtered, washed and dried to 3)@(65%m)lar yield fro
( conpdund VDT) of compound 1U. 1 (CDbCl 3, 400 MHz) 8 7.18(7Hm,
7.

7 363(3 iH 4t1 JE Euﬁc?éd?) %Hﬁé’tfjl%d% 0 %ﬁﬁro@@n%oﬁo@ﬁ ﬁé!@hhtma( th@rﬂ%ﬁ?é’ﬂglé%g)

Hz), A4. 4adg|t|onrfynnai am:( amntrqgemtagetsﬂ@)ed dxyﬂf(la OJab) z2ng r@agmanane
1 550" Dol sl B.s2tnf 82 midol) and o50ied the ribiure 1 510 GC, Added a

previously prepared toluene solution of (R)-tetrahydro-1-methyl-3,3-diphenyl-1H,3H-

10 pyrrolo{1,2-c)(1,3,2) oxaza-borolidine (1.4 mL, 1.4 mmol, 5 mole %) to the mixture and
stirred for 15 min. at < 0°C. -Added a solution of compound VII (10 g, 28.1 mmol} in
CHoClo (30 mL) slowly over a period of 3-4 h and maintained the reaction
temperature between -5° to 0°C, Continued stirring for 1 to 2 h or uniil the reaction
completed (<0.1% compound VII) by NMR. Quenched the reaction by slowly adding

15 CHzOH (4 mL) while maintaining the temperature <0°C. Added 5% hydrogen

(' peroxide (20 mL.} followed by 4N HoSO4 (1.5 mL). Agitated the mixture for 15 min.,
separated the organic layer and washed with 2N HoS04 (20 mL), 5% Na2S03 (50
mL) and 10% NaCl (50 mL). Concenirated the organic layer to a low volume until
water content is <0.05%. The product was used directly in the next step. Solution

20  vyield: »95%; de: 98%.



Step (d): Exanmple 1: 5Intranol ecular Cyclization of Conpound Il with
Tetrabutyl arnnoni um Acetate: BSA / TBAOAc(5 nole % TMSMIBE / RT
Equi pped a 1-necked 50 nL round bottomflask with a magnetic stirrer
and a t ost®PPEs06 ¥ 8ed Conpound 111 (1.0 g, 1.4 mol), PCT/US2005/045901
N, O-bis(trinethylsilyl) acetamde (1,0 nL), tetrabutyl anmoni um
acetate (0.020 g, 0.066 mnole or 5 nole% and nethyl t-butyl ether
(10 m.). Stirred the mxture at roomtenperature for about 15

m nutes. Analysis of the reaction mxture by 1H NVR (CDC's, 400 MHz)
i ndi cat ed the di sappearance of conpound DI (specifically the

di sappeagagis ec)of a characteristic 15 doublet of a doublet at 8 6.43
ppm and appearance of a doublet of a triplet at 3.04 ppm (J= 7.51,
2.2Hz) and a doublet at 4.54(J= 2.2 Hz). These two pea Fe
characteristic for CG3 and C4 proto, of a trans_ 13-]| m

respectively. YWPLC adal Psis of af ¥ti dirfised sa I :
m xture al 3 3 O’i'[+21. n ( 9PkAar
retention Ayt enti c yanpl e dfSiconpeund )

YQJBL%{’M pl ecuPTMS

2006/ 068FI0PCTAAIB2005D%590 39 - Exanpl € 2: |
Cyclization of Conmpound DT Pot assi um Acet at e ang
Tet rabut yl anmoni um Br om de: TMSOY

j13i
Equipped a 3-necked 500 mL round bottom flask with a thermometer, an
addition funnel and a nitrogen inlet. Added the CH2Cl2 solution of compound VI (10
5 g equivalent of compound VIII, 28.1 mmol ) from step (b) and compound IX (12.05 g)
and adjusted the total volume of the reaction mixture to 150 mL with dry CH2Clo.
Cooled the mixture to -10°C and slowly added DIPEA (25.7 mL, 147.5 mmol) and
maintained the temperature 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

10 reaction for 1 h or until the silylation was judged completé 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 mixiure while maintaining the reaction temperature between -25 and -

15 30°C. Poured the reaction mixture into 7% aqueous tartaric acid solution (140 mL)} at
0°C, agitate for 1-2 h, and allowed the temperature o gradually rise to room
temperature. Added 20% aqueous NaHSO03 sojution (50 mL) and continued agitation
for another 2 h. Separated the organic layer and wash with water (120 mL).
Concentrated the organic Jayer to a low volume and added bistrimethylsilyl acetamide

20 (8.4 mL) and heated the mixture fo reflux for 30 min. Concentrated the mixture to
remove CHoClz and crystallized the product from an ethyl acetate and heptane
mixture, filtered, washed and dried to give 13 g {(65% molar yield from compound V)
of compound IL. "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,

95  2.21Hz), 4.47(1H, 1, J=8.57 Hz), 4.46(2H, m), 4.29(1H, d, J=0.51Hz),
4.21(1H,dd,J=8.71, 2.91Hz}, 1.55(3H,m), 1.41(1H,m), 0.28(9H, s),



Equi pped a 3-necked 125 nL round bottomflask with a magnetic
stirrer. Added Conpound DI (5 g, 7.0 mmol), N, O0-bis(trimethylsilyl)
acetamde (5.0 % 10pot assi um acetate (0.035 g, 0.36mnole or 5

mol e%), antiORPYURYNr of uran (50 nl). Stirred the m xt ur e PE/FE60H045901
tenmperature for 0.5 h. Checked reaction progress by 1HNVR which

I ndi cat ed no reacti on what soever. Added_dégt rabut yl ammoni um br om de
(0.112 g, 0.35 mol or 5 nole%. Stirre he mi xture at room
tenperature for 0.7 h. Analysis of the reaction m xture by 1H NVR was
conducted in the sanme manner as for 15Exanple 1 above. Exanple 3:

I nt ranol eQudBEBH ey i zati on of Conpound DI with Cesiumfluoride and

t et rabut yl anmoni um br om de: Equi pped a 3-necked 250 ni round
bottom fl ask &@eR(d:t her noneter, an addition funnel and a ni t rogen
inlet. A@@%&g ound Il (5 g, 6.97 mmol ), and 25anhydr ous
Tetrahydroruran (50 nL). Stirred the mixture at roomtenperature for
about 10 mnutes, or until all solids dissolved. Added N, O

Bi strsi met hy|&idMbrealRT S zale) 3PBSLIRRPRANGHIVFRE8B(RARAHoriufiRcetate:

OTMS OTMS
BSA/ RS
TBAOAG(5 mole % ) J::jfé\f’h

MTBE/RT E

SN
!

Compound I Compound XI

Equipped a 1-necked 50 mL. round bottom flask with a magnetic stirrer and a
10 stopper. Added Compound I (1.0 g, 1.4 mmol), N,O-bis(trimethylsilyl) acetamide (1.0
mL}, tetrabutylammonium acetate (0.020 g, 0.086 m mole or 5 mole%) and methyl t-
butyl ether (10 mL). Stirred the mixture at room temperature for about 15 minutes.
Analysis of the reaction mixture by 'H NMR (CDCls, 400 MHz) indicated the
disappearance of compound III (specifically the disappearance of a characieristic
15 doublet of a doublet at 6 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 irans B-lactam respectively. HPLC analysis of an acidified
sample of the reaction mixiure also gave a peak at 21.2 min {96% area) matching the
retention time of an authentic sample of compound X1,
20



(BSA, 5 nL., 20.2 mmol). Stirred the solution at roomtenperature for
about 15 m nutes. Added Cesium Flouride (CsF, 52.9 ng, 0.35 nmmol, 5
mole 9% . Stirred the mxture at roomtenperature for about 45

m nutes. CHAr¥PB%E0r a- N- But yl anmoni um Broni de ( TBABr, 1PEST(H$2005/083901
mmol, 5 nmole %. Stirred the m xture at room 5tenperature for about 1
hour. Analysis of the reaction m xture 1H NVR was conducted in the
sanme manner as for Exanple 1 above. rr%?e 4. iolntranol ecul ar
Cyclization of Conmpound DI with Tet rabutyl anmoni um Hydr oxi de:

Equi pped a 1-necked 50 niL round bottomflask with a nmagnetic stirrer
and a 15¢@mple 2:Added conpound Bl (1.0 g, 1.4 mmol),

N, O-bi s(trinmethylsilyl) acetamde (1.0 nL), and tetrahydrofuran (10
m.). Stirred the mxture at roomtenperature for about 10 m nutes.
Added aqueous kilameleaular Gye i3

wiwh 0.077 mmole or 5.5 mol eReiraButyiarachonen Brafide at room
tenpérature for 1.3 h. Analysis by 1HNVR showed that the reaction was

only half way to conp -on. Added 20nore N, O-bis(trinmethylsilyl)
acetamide (1.0 nmi)E ed the mxture at roomte ure f OTMS
Anal ysi s of t@gq aé‘fl on mi xturel] HRMB was Giq sane
manner as fom N’ above. @Fﬁ 90P % 41
- Exanple 5: \-@{ ecguflar DictatThity ®F Conp n wth Patassium
Acet at e: Cells OTMS g

TMSO O Q

F F
Compound I Compound XTI

Equipped a 3-necked 125 mlL round bottom flask with a magnetic stirrer.
Added Compound III (5 g, 7.0 mmol), N,O-bis(trimethylsilyl) acetamide (5.0 mL),

10 potassium acetate (0.035 g, 0.36m mole or 5 mole%), and tetrahydrofuran (50 mL).
Stirred the mixture at room temperature for 0.5 h. Checked reaction progress by
"HNMR which indicated no reaction whatscever. Added tetrabutylammonium bromide
(0.112 g, 0.35 mmol or 5 mole%). Stirred the mixiure at room temperature for 0.7 h.
Analysis of the reaction mixture by 'H NMR was conducted in the same manner as for

15  Example 1 above,

Example 3:

Inframoiecular Cyclization of Compound IT with Cesium fiuoride and
tetrabutylammonium bromide:

20
OTMS
(1) BSA/ CsF{5mole%) goe
(2)TBABF (5mole%%) NG
THF/RT g X
T Q
F
Compound X1

Compound TIL

Equipped a 3-neéked 250 mL round bottom flask with a thermometer, an
addition funnel and a nitrogen inlet. Added Compound I (5 g, 6.97 mmol), and
25  anhydrous Tetrahydrofuran (50 mL). Stirred the mixiure at room temperature for
about 10 minutes, or until all solids dissolved. Added N,O Bistrimethylsilylacetamide
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(BSA, 5 mL, 20.2 mmol). Stirred the solution at room temperature for about 15
minutes. Added Cesium Flouride (CsF, 52.9 mg, 0.35 mmol, 5 mole %). Stirred the
mixture at room temperature for about 456 minutes. Charged tetra-N-Butylarnmonium
Bromide (TBABY, 112 mg, 0.85 mmol, 5 mole %). Stirred the mixture at room

5  temperature for about 1 hour. Analysis of the reaction mixture by 'H NMR was
conducted in the same manner as for Example 1 above,

Example 4:
(10 Intramolecular Cvclizaix_ﬁon of Compound ITT with Tetrabutylammonium Hydroxide:
@ oTMS

o oy BSA/ OTM% A s
M TBAOH(5mole%) /©/!\/ "-

THF/RT B S

R
F
Compound X1

Compound I

Equipped a 1-necked 50 mL round bottom flask with & magnetic stitrer and a
15 stopper. Added compound IT (1.0 g, 1.4 mmol), N,O-bis(trimethylsilyl) acetamide (1.0
mL), and tetrahydrofuran (10 mL). Siirred the mixture at room temperature for about
10 minutes. Added aqueous solution of tetrabutylammonium hydroxide (0.05mL; 40
w/w%; 0,077 mmole or 5.5 mole%). Stirred the mixture at room temperature for 1.3 h.
Analysis by "THNMR showed that the reaction was only half way to completion. Added
20  mote 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,



Equi pped a 1-necked 50 niL round bottomflask with a nmagnetic stirrer
and a stopper. Added compound la (1.0 g, 1.4 mmol),

N, O-bi s(trinmethylsilyl) acetamde (1.0 nL), potassium acetate (0.14
g, 1.4 mm‘lv?,m%fsspétrahydrofuran (10 mL). Stirred the mPCEIISB00§L045901
roomtenperature for about 1.5 h. Analysis by 11-1NVR showed no
reaction. Heated the m xture to about 50‘? and stirred the mxture at
that tenperature for about 3 h. Analysis 1337 1111\ I MR showed that the
reaction was only about 65% conplete. Again, heated the m xture to
about 60C, and stirred the m xture at that 15tenperature for about 1
h. Anal ygheRpld e reaction mxture by 1H NMR was conducted in the
sanme manner as for Exanple 1 above. Step (0): 20Added a prem xed

sol ution of isopropyl alcohol and 2N H2SO4 to the product of step (d)
and agi t atteginblesuhn@yelzatitn 0d Quntoyer BT with Fodasstu. ASstusg:al | i zed
conpound nr from aqueous isopropyl alcohol. Filtered the product and
washed with dil ut gzagureous i sopropyl al cohol foll owed by water until
t he pH of vvasthva. Dried the product at 60C :

under vacuuma ogi V& conpound L.t wll
skilled i Herart ~t.hat changesbg%ﬁ%?é\gb‘e mag
descri be ov¢ ¥ad i nvent]ve concept
t hereof . | £'tas 0 TT0n—4S not
limted to g,pg xgul ar enbodi nents di scl osed, but it nt ended
to cover noditicat sfbthat are wthin the spirit and scopée™pf the
i nvention, .as defined*y the appended clains. - c%&nou ins 1. A
rocé@ss forcaﬁ]rpé’%%drl?{ﬁg an azetidi none, conprising thgosrtgejg| of
eacting: (1) a p-(substituted-am no)an de, a

13- bstit ut eqds;am -3aG] : e okl

( suE):'tJ i tS u!t eg- %%%%Jﬁﬁ%%ﬁ%@ha%ﬁ%} ngls erOn\”f\Aﬂfl ﬁk wét?)a g}aqngzggtstagﬁgand a
silyl ati spppgenbdded cofripouat! TeEsd gpne myrdl), N,Qgbia@entatflsinh) acetabhide (1.0
sel ected fromthe, group, consisting of alkali netal carboxylates, .

quat¥r namj-)aﬁﬁm_ﬁlj%‘ EaFIER Bt 14 aneb nend telipRyAreirary H_thmLae‘st,irred the
quat er ”ah?fﬁtﬁ?@‘é? ‘rdts.ﬁru%r?@ié‘r%ﬁﬁe fH ARt A I, W&g;ﬂﬁ? ’g{i\YI}Aﬁ‘éﬁ’&ﬁe@HS reaction.

hydr at es t hereof, e reactiron pro east one
quat er naHgagedtite mixthed todebodtiSNC, snd siinatdhe aniytuaensd thatrelnpendides for

ehtortde, 8l 5 A% ey b HRAR snoReadhifine rBa6itn S5 SR aBott 65%

complete. Again, heated the mixture to about 60 °C, and stitred the mixture at that

15  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):
20 Added a premixed solution of isopropyl alcohol and 2N H2S04 to the product

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

25 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. Itis understood, therefore, that this invention is not limited to the particular
embodimenis disclosed, but it is intended o cover modifications that are within the
spirit and scope of the invention, as defined by the appended claims.



wherein a quaternary amoni um noi ety of the cyclizing agent is
unsubstituted or substituted by one to four groups independently
selected fromthe group consisting of alkyl, arylalkyl and

aryl al'kyl -al kyl ; 25wherein the azetidinone is represented by the
structural Formula (1): Q (1) or pharn% eutically acceptable salts or
sol vates of the azetidi none of Fornmula % wherein in Formula (1)

above: X, Y and Z can be the sarre or different and each
i s independently selected 30fromthe group consisting of -CH2-,

- CH( al kyI& and -C(al kyl)2-; -43- 1 and @ can be the same or

di f f er ent="8HeE each i s independently selected fromthe group

consisting of H -(Co-C30 alkylene)-G -0R6, -0C(0)R6, -0C(0)OR9, and
_0Cc(0)NR6R7; B, 4, and B can be the sanme or different and each is
i ndependent I y 11 tOABDFBSQEkISfDI' prepating iandeptdident | opngelsét thd staposh rtheting:

t J t
ol kol sui fonyl (B ke Ebridier eniRiarieR foHsnbtggTinor s ceise or a b
al kyl ene)(s@stltdtg&*aﬁirﬁo)%ﬁIBMb%)G&F@este(@ﬂ C10 al kyl ene) - C(0) R6,
(C0-C10 al kyl ene)- 0)0 Cto al kyl ene)-0C(0) R6, to-(Co-Cl10

al kyl ene) - 0C( ¢4bRo2 leesiz@w ’fﬂs agegHaTH C( 0) ORs,
0-( é%f’foioaa&ﬁ)ﬁﬁﬁ '&%%ecﬁé%@a'ﬁé% 3% ene) - & 0) RS, - N,
C(=N-CN) - NH2, - - Ns#eOted fing tDBgBmOp abksyism@f 4K D) MBBRZarboxylates,
-0-(Co-Go aI kyI enS?Jatg'na?ry ammomum)caﬁ?dxylates quaternary ammonium hydroxides,
quaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof, or
15 (b}  thereaction product of:
at least one quaternary ammonium halide which is a quaternary
ammonium bromide, chloride, or iodide and at least one alkali
metal carboxylate;

20 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 arylatkyl-alky!;

25 wherein the azetidinone is represented by the structural Formula (1):
QB
Qe &
R N
// R2 R3
QE
&N
O N,
| a
)

or pharmaceutically acceptable salts or solvates of the azetidinone of Formula (1),
wherein in Formula (1) above:
X', Y* and Z can be the same or different and each is independently selected
30 from the group consisting of -CH,-, -CH({alkyl)- and -C(alkyl)z-;



15-0-(C -C o al kylene)-C(0)(aryl)-N=N1=N1, -0C(0)-(G -C10

al kyl ene) - C(0) OR6, -(Co-Cl0 al kyl ene)-C(0)NR6R7, (Co-Cto

al kyl ene) -0C(0) NR6R7, -NO2, -(C0-Cl0 al kyl ene) - NR6R7, 0-(C2-Co
al kyl ene) - NR6R7, -NR6C(0) R7, -NR6C(0)0R9, -NR6C(0)NR7R8,

-NR6S(0) 0. 2R9, -N(S(0)0_2R9)2, -CHNORG,, -C(0)NR6R7, -C(0)NR6NR6R?,
20- S(0) 0. 2NR6R7, -S(0)0.2R9, -0-C(0)- ("df'—"ClO al kyl ene) - C(0) NR6R7,
0C(0)-(C1-C10 al kyl ene)-NR6C(0) O- (al kyl ary1), -P(0)(OR13) 2,
(C1-C10 al kylene)-0Si (al kyl)3 , - CF3, -0CF3, hal o, al koxyal koxy,

al koxyal koxyal@oayd QAkknygchs bamgl criditenynt aldeacnas Habkedantly selected
al koxyl m noal kyl, alkyldioyl, ally!, allyloxy, aryloxycarbonyl, aryl,

aryl al kylfromthyé gsopp congistingc ok, -(&ndeb alksieog)-Ex yYORE A MRYRGIG(O)OR
25ar oyl ar%}ﬁl ox&, aroyly, aryl al koxycarbonyl, benzoyl benzoyl oxy,
car boxy, yaﬁg %N:R I kyl, cycloal kyl al kyl, cycl oal kenyl,

cycl oal kenyl aldgy %Qﬁa empqe, thQ%%ﬁ‘LeQﬂfdﬁfé]’leKﬁ]tq ?%érg@%%&%rexhaﬁdeé 5

het er oaryl al kyl et eroaryl al koxy, heteroaryls
het er 6ar ysubstipients iosiepensigntly Releeteddyarh yhe gioep enosigting blddyy lalkyl,-allddaryl,

het er ocyc I t L.yl .C | ko dr,oxy,

nycr oxy a1 WS1FESRER alyPEGRIBR el SR AR amy BV Gecon
nor e car balkylat®rs, of the -(Co-C39 al kyl ene)- radical of QI, @@, @B,
& and @ is independently replaced by 5- -, -CH=CH, -N(al kyly,

- N( al kyl af§é-$10 @Kﬁel\ﬂ-@R&yi(@o-Eéd @&Y'@Gg}@ﬁg:)(ﬁ%e group consi gti né gf a

T e Ll STl M B o e
B T e L

[ ndepende@&g@(@@ﬁﬂ’ f@m@@@p;@,u_%_?&r_laiusas[i(yrllgne%fogg:dr ogen, al kyl

and aryl;
-0-(C+-C1o alkylene)-CO)R" -O-(C+-Cio alkylene)-C(O)OR”, -CN,

-C(=N-CN)-NHz, -C(=NH)-NHR®, -0-(C-C1o alkylene)-C(O)NR'R’;
-0~(Co-C1o alkylene)-C(ONR'NR'C(O)OR™

15 -0-(Cy-Cyo alkylene)-C{O)aryl)-N=N"=N,
~OC(O}-(C1-Cro alkylene)-C(O)OR®, -(Co-C1o alkylene)-C(O)NRR’,
-(Co-Crp alkylene)-OG(OINR'R’, -NOy, -(Co-C1o alkylene)-NR°R’,
-0-(C2-Cio alkylene)-NR'R, -NR'C(O)R, -NR°C(0)OR’, -NR*C(OINR'R?,
NR’S(0)02R’, -N(S(O)o.2R )2, -CHNOR?, -C(OINRR’, -C(OINRNRR,

20 -S(0)02NRR’, -8(0),R’, -0-C(O)-(C1-C1p alkylene)-C(OINR'R,
-OC{0)-(C1-C1o alkylene)-NREC(O)O-(alkylaryl), -P(OXOR ™),
-(C4-Cyp alkylene)-OSi(alkyl)s , -CFa, ~OCF3, halo, alkoxyalkoxy, alkoxyalkoxyalkoxy,
alkoxycarbonylalkoxy, alkoxyarylalkoxy, alkoxyiminoalkyl, alkyldioyl, allyl, allyloxy,
aryloxycarbonyl, aryl, arylatkyl, aryloxy, arylalkoxy, aroyl, aroyloxy, arylsulfonyl,

25 aroylaroyloxy, aroyl, arylalkoxycarbonyl, benzoylbenzoyloxy, carboxy, cyano,
cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, heteroaryl,

heteroarylalkenyl, heteroarylalkynyl, heteroarylalkyl, heteroarylalkoxy,
heteroarylsulfonyl, heteroarylthio, dioxolanyl, heterocyclyl, heterocyciylalkyl,



R6, R7 and R8 can be the sane or different and each is independently
selected fromthe group consisting of hydrogen, alkyl, cycloal kyl,
aryl, arylalkyl and a protecting group; and 9 15each Ris

i ndependent |y al kyl, cycl oal kyl, aryI or aryIaIkyI. each R13 is

i ndependently H or alkyl; gis O or '4r|s or 1; m n and p are

I ndependently selected fromO, 1, 2, éT 4; prOV|ded t hat at 20l east
one of gand r is 1, and the sumof m n, p, gandr is 1, 2, 3, 4, 5
or 6; and provided that when p is O and r is 1, the sumof m g and n

is 1, 2, i‘&ten:bcmlylﬁarbonyl,heteﬂac‘ljbl@r!qarmn@mkca@pwaibﬁm hiydrosdyalkin, and
V\,herel n the %re di none is represented by the structural Fornula
(rv): leylsu . The process according to claim1l or 2, wherein the

p- (Subst | t ut edvheaérhwiéﬁéﬂ%ﬂesorrrﬁefee&@%ﬁgto% 5AhBW@,-6Ld dikylene)- radical
of Q', Q% Q% Q@ and Q°is independently replaced by
5 =0, -C{O)-, -CH=CH-, -C==C- _N(alkyl)-, -N(alkylaryl)- or —=NH-;

G is selected from the group consisting of a sugar residue, disugar residue,
trisugar residue, tetrasugar residue, sugar acid, amino sugar, amino acid residue,
oligopeptide residue comprising 2 to 9 amino acids, trialkylammoniumalkyt radical and
—5{0)2-OH,

10 R? and R can be the same or different and each is independently selected
from the group consisting of hydrogen, 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

15 each R’ is independently alkyl, cycloalkyl, aryl or arylaikyl.
each R is independently H or alkyl:
qisQort;
risOori;
m, n and p are independently selected from 0, 1, 2, 3 or 4; provided that at
20 least one ofgandris 1, and the sumofm,n,p,qandris 1,2, 3,4, 5or 6; and
provided thatwhen pisOandris 1, thesumofm,gandnis 1,2, 3, 4 or 5.

2, The process according to claim 1, wherein the azetidinone is
represented by the structural Formula (IV):



wherein X, Y, Z Q, @, &8, A, & R, R3 g, r, m nand p are
defined as in claiml1l, and Bis a deprotonated chiral auxiliary
sel ected fromthe group consisting of - 46 - R13Ri sR13 wherein
Xis -0-, -S- or -N(alkyl)-; Yis =0 or =S; and R12 and R13 are each
i ndependently sel ected fromthe group ‘&QS|st|ng of alkyl, aryl, and
al koxycar bonyl, or wherein one of R12 of" R13 is as defined above and
the other is hydrogen. 5 4. The process according to claim 3,
wherein the aryl group of R12 or R13 is independently selected from
the group consisting of phenyl, naphthyl, benzyl, substituted phenyl,
substituted naphthyl and sgpstituted benzyl, m@ereln t he substltuents
on the phenyl, naphthyl or benzy Ibstituents selected from
the 10group consisting of alky yl and benzyl . 5.
[ pn t he
x a carbaffoyl portion B-C(O0)-

\Iﬁ- nd R15 are each |ndependently
E kyl, aryl, 15arylalkyl.
d(geln t he
p (substit ut edam no) am de résent e by Formula (H'): - 47 -
J aim1, wherein the

13- (substituted-am o)a 7'd ester conprises a carboxylic agvyl ester
portion R14-0-C(0)-, wherein R14 is alkyl or aryl. S

mhere Bis (R14)(R15) N, and .,
sel ected fromthe group consifting o

5 3. The process according to claim 1 or 2, wherein the B-(substituted-
amino)amide is represented by Formula (II):

Q
= /| *
O HN ~ -
_'/QS
B
z) (llz \ /?1
\(C» VO
| | ’ %
R3 Ra P

10
wherein X, Y, Z, @', @% @3 Q% Q% R% R®, q,r, m, n and p are defined as in
claim 1, and

B is a deprotonated chiral auxiliary selected from the group consisting of



8. The process according claim1, wherein the

13- (substitutedam no)thi ol carbonic acid ester conprises a

t hi ol carbonic acid ester portion R161-SC(0)-, wherein Rl4 is al kyl or
aryl. 109. The process according claim1l, wherein the silylating agent
is a silylenol ether. 10. Thezggocess according claim9,
wherein the silylating agent is selectetf Tromthe group consisting of
bi strimethylsilylacetam de, N-nethyl-Otrinmethyl 15silylacetam de or

i sopropenyl oxy trinethylsilane. 11. The process according to

claiml1, wherein the‘eﬁ{m i met aI cay boxylate is car boxyl ate sal t
claim1l, wherein
caproate, 25caprylRfe, laurateR nyristate, B8 m tate st erifat e,

of an alkali netal cted fr grﬁfqap ‘rmﬁ ing of
jAm an esi? The Cess,1 ordi pg,.to
he aI oxyI te or at gr?% ium
carboxyl ate conpri ;box ety s gnrdo rogp
ol eate, linole y ane arb te, enyl acet at e,
benzoat e Yhe® f“g*ﬁté' 8§ %f(aelkgf ?H% et H ﬁ]a@%ﬁ

20sodi um pot &%
consi sting of forndée, acet ate, -ipr opl onat e, utyr ate, valegate,
wher ei n tlheeﬁe’ﬂdéﬂﬁybé{b@témr&hYhé’brdub%oﬁb%ﬁrhg of@kﬂl a@ﬂralﬂe@nkcﬁg@arbényl or

acetate. - . The process according to claiml1

wher ei n t\nleeraimma oﬂﬁi%br E{é?’hmasl Hefired sbqetsasishe mtfesrds Bydrogen. 15.
The process according to claim 12, wherein the carboxylate noiety of
t he qﬁat ernary anmmoni um car boxyl ate is acetate. 16. The

process accorgj ng g Cdr&bégsjacc\ﬁ’ﬂﬁﬁ@dqcl%lﬁ?3%ﬁér% H@%W%&%goces FRA3

of the cyclizing agent Is tetra n- ambni Um
accor di ngstrulepeadentiyeseledted éom ’Megquabmsﬁmg cimenylunagiahyipkenzgt e s

tetra n-by uma 18.Th [,0C ccording,to.claiml,

wher ei n t%%hﬁ'ﬁ? S@'ﬁﬁ@ff‘%ﬂﬁ ﬁﬁ%ﬂéuséﬁt@&f“ﬁwb%{]ﬁ%&%. um

hydr oxi desubtfiuents on the phenyl, naphthyl or benzyl are 1-3 substituents selected from the
10 group consisting of alkyl, alkoxy, phenyl and benzyl.

5. The process according claim to 1 or 2, wherein the B-(substituted-
amino)amide comprises a carbamoyl portion B-C(Q)-, where B is (R14)}(R15)N-, and

R14 and R15 are each independently selected from the group consisting of alkyl, aryl,
15 arylalkyl.

6. The process according to claim 3, wherein the B-{substituted-
aminojamide is represented by Formula (111):

20 (111).



19. The process according to claim1, wherein the cyclizing agent is
the reaction product of tetra n-butyl amoni um brom de and potassi um
acet ate. 20. The process according to claim1, wherein the
reaction product (3)(b) is 20formed in situ in the presence of
reactants (1) and (2). 21. The pjfﬁgss according to claim1,
further conprising the step of formng the reaction product (3)(b)
prior to reaction with reactants (1) and (2). 2522. The process
according to claim1l, wherein the silylating agent is

bi strinmethylsilylacetam de and the cyclizing agent is tetra

- but vl ' _ di | ai o ,
Conpr 1 sing preb 22??*%#3%%%5%%@%@2%e\'soﬁaﬁ%ﬁéé?er'e&%té-?sz%sﬁt'ygédl-a?mac@
Y Nt . ! e  deaf ‘

(T 5 ey ERahhs o Bty ctiRuLL Hndth AR Futhah P8R &

cyclizingarggent which is (a) selected fromthe group consisting of

al kal i, metal carboxyl ates, quaternary amoni um car boxyl at es,
guat e|5nary anmoni um hydr oxi des, 10quaternary amoni um al koxi des,

quat ernary anmgni umharrbeedstzorlifg claim 1, wherein the B-(substituted-
amino)thiolcarbonic acid ester comprises a thiolcarbonic acid ester portion R14-S-

C(0)-, wherein R4 is alky! or aryl.

10 9. The process according claim 1, wherein the silylating agent is a silylenol
ether.

10.  The process according claim 9, wherein the silylating agent is selected
from the group consisting of bistrimethylsilylacetamide, N-methyl-O-trimethyl
15 silylacetamide or isopropenyloxy trimethylsilane.

1. 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,
20  sodium, potassium and cesium.

12.  The process according to claim 1, wherein the alkali metal carboxylate
or guaternary ammonium carboxylate comprises a carboxylate moiety selected from
the group consisting of formate, acetate, propionate, butyrate, valerate, caproate,

25 caprylate, laurate, myristate, palmitate, stearate, oleate, linoleate, linclenate,
cyclohexanecarboxyiate, phenylacetate, benzoate and toluate.

13.  The process according to claim 12, wherein the carboxylate moiety of
the alkali metal carboxylate is acetate.
30



hydrates thereof; or (b) the reaction product of: at

| east one quaternary amoni um halide which is a quaternary anmmoni um
brom de, chloride, or iodide and at |east one al kali 15netal
carboxylate; - 50 - wherein a quaternary anmoni um noi ety of the
cyclizing agent is unsubstituted or suﬁbéé_itut ed by one to four groups
I ndependent|ly selected fromthe group consisting of alkyl, arylalkyl
and aryl al kyl -al kyl . 525. A process for preparing a conpound
represented by the Fornula (1V): OH conprising the step of:
cyclizing the 13 - (l$elhwoceas aatordingts) dairdé2oﬁlhérem¢hba||¢élilsrne¢hl caartéixylate
10wher ei bSan Qs nzior, OF -N(CL1-C6 alkyl); Y is =0 or =S; an IS
al kyl , aﬁ;fﬁo&a}smg%} 1Z:i("'r‘bonyl , and wherein Prot is a silyl protecting
group with at |east one silylating agent and at | east one cycli zing

agent which is,_(a).,selected fromthe gro consisting of alkali
nmetal car boxyl _'es}rh&ﬁ?%‘?%%‘?oﬁﬁ%’%m ‘Elgr‘ﬂbig %Wﬁ&@@,eaaﬁ%l@mmﬁw of
ammonis UM K GLAKEASS ardPEHRhEEABEY N REAml koxi des, quaternary
anmoni um aryl oxi deS§ and hydrates thereof; or
16.  The process according to claim 1, wherein the quaternary ammonium
moiety of the cyclizing agent is tetra n-butylarmmonium.

10 17.  The process according to claim 16, wherein the quaternary ammonium
carboxylate is tetra n-butylammonium acetate.

18.  The process according to claim 1, wherein the quaternary ammonium
hydroxide is tetra n-butylammonium hydroxide.
15
19.  The process according to claim 1, wherein the cyclizing agent is the
reaction product of tetra n-butylammonium bromide and potassium acetate.

20.  The process according to claim 1, wherein the reaction product (3)(b) is
20 formed in situ in the presence of reactants (1) and (2).

21.  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).

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

23.  The process according to claim 1, comprising pre-reacting reactant (1)
with reactant (2).

24.  The process according to claim 1, for preparing an azetidinone
represented by the structural Formula (IV):



(b) the reaction product of: at | east one quaternary
amoni um hal i de which is a quaternary anmoni um brom de, chloride, or

i odide and at |east one al kali 20nmetal carboxylate; - 51 - wherein a
guat ernary anmoni um noi ety of the cyclizing agent is unsubstituted or
substituted by one to four groups indepgndently selected fromthe
group consisting of alkyl, arylalkyl and aryl al kyl -al kyl, 5to obtain
the conmpound of Formula Xl: O(Prot) Xl; and renoving the silyl
protecting groups to formthe conpound of Formula (I1V). 26.The
process according to ®'ai m 25, further cofiprising the steps of:
toreacting a chiral alcof 11, an imne of Forrmula IX
and a silyl protecting 4 12 sing the silyl-protected
conmpounds to obtain a 6- (s#&Rstit uped<#Am no) am de of Formula X1,
wherein X is -0-, -S- or -N(Ch€Caalkyl); Yis =0 or =S; and Rl is

al kyl, aryl or al koxycar§8nyl,| and wherein Prot is a silyl protecting
group: OH 0 5, '

F (Iv)
comprising reacting:

(1)  aB-(substituted-amino)amide of the formula (I11)

with  (2) at least one silylating agent and
(3) at least one cyclizing agent which is
(a)  selected from the group consisting of alkali metal carboxylates,
quaternary ammonium carboxylates, quaternary ammonium hydroxides,
10 quaternary ammonium alkoxides, quaternary ammonium aryloxides and
hydrates thereof; or
(b)  the reaction product of:
at least one quaternary ammonium halide which is a quaternary
ammonium bromide, chloride, or iodide and at least one alkali

15 metal carboxylate;



prior to cyclizing the 13 -(substituted-am no)am de of Fornula Xl I.
27. The process according to claim?25, further conprising the steps
of : 20(a) reacting p-fluorobenzoyl butyric acid of Fornula V with

pi val oyl chloride and acylating the product with a chiral auxiliary
of Formula VI to obtain a ketone of Farggla VII: - 52 - wher ei n
Xis -0-, -S- or -N(G-C6 alkyl); Yis =0 or =S; and Rl is al kyl, aryl
or al koxycar bonyl ; (b) reducing the ketone of Formula VI
in the presence of a chiral catal yst to 5an al cohol of Formula VIII:
VI | (c) reactegeinReduemary anowhbim sioigtyoftheacydiring agani isi ne

G111~ protect ea conpainie B SRt ReBRY e BIET GEPEERERPR A ce o

Formul a Xl I, wher eisaleRtant from the grdupl copsistieg bf aiftylgaodeikyl and arylalkyl- -alkyl.

5 25.  Aprocess for preparing a compound represented by the Formula (IV):
OH
D)S\/n,lz
F
o

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

XII
10 wherein X is -O-, -S- or -N{C1-Cg alkyl); Y is=Oor =S; and R1is alkyl, aryt or
alkoxycarbonyl, and wherein Protis 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,
15 quaternary ammenium alkoxides, quaternary ammonium aryloxides and
hydrates thereof; or
(b)  the reaction product of:
at least one gquaternary ammonium halide which is a quaternary
ammonium bromide, chloride, or iodide and at least one alkali
20 metal carboxylate;



prior to cyclizing the 13-(substituted-am no)am de of Formula XlI.

-51 -

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,

5  to obtain the compound of Formula XI:

O(Prot) Q(Prot)
F N
O
F XI; and

removing the silyl protecting groups to form the compound of Formula (IV).

26.  The process according to claim 25, further comprising the steps of:
10 reacting a chiral alcohol of Formula VHI, an imine of Formula IX and a silyl
protecting agent, then condensing the silyl-protected compounds to obtain a -
(substituted-amino)amide of Formula XII, wherein X is -O-, -S- or -N(C1-Cg alkyl); Y

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

15 ;
prior to cyclizing the B -(substituted-amino)amide of Formula XI1L.
27.  The process according to claim 25, further comprising the steps of:
20 (a) reacting p-fluorobenzoylbutyric acid of Formula V with pivaloyl chloride and

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



-52-

0 0 Y
0 0
0 HNJLX M
OH A NX
+ o9 J
F r! VI F N
v —_— VI R

wherein X is -O-, -S- or -N{C4-Cg alkyl); Y is =O or =S; and R1 is alkyl, aryl or
altkoxycarbonyl;

(D) reducing the ketone of Formula VIL in the presence of a chiral catalyst to
5 an alcohol of Formula VI

0 QO Y QOH O IL
N S Nx
F T F R!
R VIII
Vi

(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 B3-
{substituted-amino)amide of Formula X1I, wherein Prot is a silyl protecting group:

S N X + i
- N
w

)
VI R X

10

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

15



