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SYI\FI'HESI S OF AZETI DI NONES 10 15 20 25 30 Background This invention rel ates
to an enaMQ¥P¥P¥ctive process for producing hydroxy-al kyl PSEBS#RRI4d
azetidi nones useful as hypochol esterolem c agents) in particular for
preparing

1- (4-fluoropheny!)-3(R)-[3(S)-hydroxy-3(4-fiuorophenyl)propyl)]-4(S)-(4-hyd
roxyphenyl) - 2-azetidi nongewel ained in ' US 5,767, 115. Processes for
preparing the correspondl m@& azeti di none w thout the 3- hydroxy substitutent

are clained in US 5, EIiUS 5, 561, 227. O he for preparing
kM oxy- 3- (41 uoro M\“\Mi\ ﬂmn} 4(S) - (4-hy
an

1-(4-fl uorophenyl)-3 -

dr oxyphenyl ) - 2-azeti di'none..are disclosed in US 5 uS 5, 739, 321
Summary of the invention Thi's invention provides an |ﬁ$¢%ved si mpl e,

hi gh-yi el di ng process using neutral conditions for producing the

hypochol esterol em ¢ azeti di none having the formula |I PCTIUS99I 27914 CH i OH

\'r., SSF~NO-~PRH IFQR MHE THESIS ZEMIDINONESOY! but yri c

acid of formula Il wth pivaloyl chloride and acylating the product with a
chiral auxiliary of formula Ill to obtain a ketone of fornula 1v: Y OOY O
O O VX \ N-XBdck@rbund-Cl R~ III Fv FII " IV 0 p sl4° 2003 V\DOQ’34240

PCT/ US99127914 2 , O or =S;
and R1 |i‘8 -C6 a:&m??{\}%ﬁﬂoa(rélétes% ”??a@fj 33 F g)g'oéégé'*o?r pr tQtu'? red
napht hyl , mmsr@tmbkyb%m@ gd @lzeb@ﬁ,@pﬁs umfeli a,s ﬁypﬁé olgs @bmm on

h I d I . t
of Cl- OB al ko gRaErCA LBt mar fﬁ%’ﬁ’?f’ﬁ’*y‘?ﬁ‘émﬁ%ﬂ‘%ﬁ’?ﬁyﬁﬁi v

in the pr eser%é‘ué’lrg%ﬁ%%il)ipé?p%ﬁﬁ%i//g‘{ hyg Oéﬁpﬁ?%h 132641 fWﬁuF'@We in
US 5,767,115. -

15 Processes for preparing the corresponding azetidinone without the
3-hydroxy substitutent are claimed in US 5,728,827 and US 5,561,227.
Other processes for preparing 1-(4-fluorophenyl)-3(R)-[3(S)-hydroxy-3-(4-
fluorophenyl)-propyl)}-4(S)-(4-hydroxyphenyl)-2-azetidinone are disclosed
in US 5,631,365 and US 5,739,321.
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Summary of the invention
This invention provides an improved simple, high-yielding process
using neutral conditions for producing the hypocholesterolemic azetidinone
having the formula |
25 !

comprising:

(a) reacting p-fluorobenzoylbutyric acid of formula Il with pivaloy!
chloride and acylating the product with a chiral auxiliary of formula Il to
obtain a ketone of formula 1V:
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OO~OHOYIl yl ~SNX-NXI~a>FR FVR IV _ (c) reactdhifAt Hl
chiral alcohol of formula V, an imne of formula VI 10 and@ gédokshors
protecti Wé)%ﬁ , then condensing the silyl-protected conpounds to.obtain a
[err]-(substituted-am no)am de of fornmula VII, wherein Prot is a silyl
protecting group: OHO S NXR- VO+R->VI F~FYO1-L.NI| _~~I s |

Q Prot) Rs (Prot)OVII / F (d) cyclizing the

[err]-(substituted-am no)am de of formula VII with 15 (i) a silylating
agent and ideA.or_Gat. 1 L.z = te. (ddA R iSH.ybati ng agent
and a quat\gp%{ﬁﬁwg dn'| ?m@aﬂ(agpeygﬂ?'rgpgagglsri gf ydr{o Rf 6?'%&8' I1; or

ammo

(iii) a stalBWgP%@W'nﬂéP%NhﬁU@Swﬁﬁ%@ phRenboithsiityted rephaYing1d%s f or nul a
VITI: qprﬁk%)x%ca'rb& ro‘?@eﬂkgﬁ ereiflt e%gbs‘ﬁtkénf:s on gﬂgn and RABMIHY the
silyl protectifnhg grqups. 0. cC éurre are the g_roc s? onprising’steps (c),
(d) and {&re 1~ﬁéh§>§8 gelegieaicomdhe groun epnsishad gf Gadzs abpl'step (c): and
t he prgce . particularly the cyclization described in step
(d)(i).9 S‘%néé{yﬁhi:é%"vxﬁ o]0] 3424? PCT/ U§]9.9I 7914 -3 In_still another
aspect, the int@ niegusingsthgrketensal iormula bnip 1ol pregerce phamkiral The process
descri bed @ézgwgt tosanl sicobboedf fopmiuleVvpr epar ati on of the

1{4-f | uor ophenyl 2)-3( R) - (3(S) - hydr oxy-3-(4-fl uoroq_pheny ) PrROpPYI) 1-4(9)-(4 5
hydr oxyphenyl ) - 2§azeti dj nope enantiomer, but ity wll Jpe ﬂ]gcogni zed that by
substitution ivat e_starting 1sal’s, ~ot eT X¥nanti oners can
be prepared. tail ed Desge¥ption 10 The ess of thi@—-i-/nventi onis a

hi gh t hroudhput process Rﬁni ch provides the desired azerl dinone in high
overall yield inpa short time cycle (i.e., abouf _ two weeks). .

13

(c) reacting the chiral alcohol of formula V, an imine of formula VI -
10  and a silyl protecting agent, then condensing the silyl-protected
compounds to-obtain a B-(substituted-amino)amide of formula VI, wherein
Prot is a silyl protecting g}oup:

(d) cyclizing the B-(substituted-amino)amide of formula VII with
15 (i) a silylating agent and a fluoride ion catalyst cyclizing agent; ]
- (i) a silylating agent and a quaternary ammonium salt of a chiral auxiliary
of formula Ili; or
(iii) a strong non-nucieophlic base;
to obtain the compound of formula Viil:
O(Prot)

72,

O(Prot)

S
F 5 NQ
20 il F ; and
(e) removing the silyl protecting groups.
Also claimed are the process comprising steps (c), (d) and (e); the
process of steps (d) and (e); the process of step (c); and the process of
step (d), particularly the cyclization described in step (d)(i).



Preferred reaction conditions are shown in the foll ow ng schene: Ot WAy 0937 :

1. TEAQQO --~Ww _NOI WOH+ ~Ct 2. F~ HNOF JJ _~pcrrushdidold 1 1~
DvaP, CHYE®BER Hh OO~ R )~-OHONON, ,0Ph ~SNOF s M F~s IV 1
BH3. SMe21 CH2CI2 V ~ ~ Ste COHOO , OHs NnO + 1 ~ 1 Prot-d -.! N DI PEA
F~STiJClaYVa~/ VI CHZC12 F F-8+HN O-Ns' _ Q(Prot) s (Prot)OVII ~ F
0 ~ N~~'~ 2003 WD 00/ 34240 -4 PCTI US99/ 27914 Step d F ~ Q(Prot) 0 I-I~N~
BSA | t-BuOVe O(Prot) ~N's ~ ~ TBAF.3H20 (0 5 nole % ~s F N O 6H5 ~O rot
P (Prot)Os | rhétnlbah/éthbrasfed"ﬂheﬁn@r&e@néﬁe?b@‘fdm@b Vl@a‘n@(?ﬂpéﬁe ~. R\'s
"' R1 Ag.alcohol I dil. acid %s F N FS51In

t he react?‘@ﬂ“%‘éheme TEA i s tr| et hyl am ne DIVAP | s 4 di rret hyI am no
pyridi ne, DI PEmhesprdmsm@eWNDbathVer’rs d&ecﬂéﬁﬁtoltﬁetpre‘pal’éminwmeh)"

methyl et fehoaanery S B B e e R P AT e el ow.
St artlang pdirex iy plhenyd - 2:aze|’mdlrmseldnaamdmelu blarmwﬁdhbwnewgmh@d fdt, byand_thE 10
"t he ar el St SprbBAzk A RRRAICE. et BEDh e i 11 ed

by the foprapased.

Detailed Description
10  The process of this invention is a high throughput process which provides
the desired azetidinone in high overall yield in a short time cycle (i.e., about
two weeks).
Preferred reaction conditions are shown in the following scheme:

I TEA /@M
N
OiA/l >€L<ﬂ -
tep (b)

15 DMAP, CHoCl5

,?L (\l'z Ph OH o 0




SRV
Y HN ~X R~ wherein Yis =O X is -O and R~ is phenyl, benzyl or @15- E‘é‘ 2003
al kyl . NN .~0 preferred chiral auxiliary is !~ 15 See t bel ow
for typf‘ggooyézé\‘ tion conditions. Simlarly, the procedure ﬂgﬁ@gﬁlg) for
reduci ng a ketone to a hydroxy group using a borane reduci ng agent such as
BH3 S(CH3)2 in the presence of a chitéat catal yst such as
(R)-tetrahydro- 1-nethyl -3, 3-di phenyl 1H, 3Hpyrrol o(1, 2-c) (1, 3, 2)
oxaza-borolidine is known: see U S. 20 5,767, 115. 06 ~~N; 2003 WO
001 34240 wmz?gm In step (c), the chiral alcohol, V, and the imne)
VI, are p ected wifhp suitable hydroxy-protecting group, preferably a
silyl protecting g‘ Sh i '
(TMBCl) or ¢- Ormet hyl 8SAifyBu@he ori de ( TBDVBCh) . hol (1

equi val ent ) anll i (pre 32 ¢ ddéd to an

anhydr ous %_gi/e t 9 as 'C12; ToF F cooled to -10 to
15C, a tertis 5@ 1 2P9r§t such as DI PEA is added {poefer 2-4

equi val ent s) iCi e?1t silylating reagent tq/'{ eact both the

s1ple
al cohol and A& nilnelis added (e.g., 2-4 equival efits). Afferr silylation is
conpl ete, the&tal cohof dnd imine are 10 condensed by reacting at -20 to -35C

wth at Ig@é% (éq:equi valent of a Lewis acid such as Tid 4, in the presence

of a terti ine base (preferably 1-3 equivalents) such ag DyREA for 2-4
hours. The reacbims)i s B for exanple by tr ing w n acid such
i ; i Ion; the

as gl acial gegiic_agkd: OVRLHABhoPQHERIS tart fe-
resul t ant puét i S| extract ed—ana—t5—crystal | usi ng clonventi onal
Silyl at |

procedur es: Nin step (d) is effected by react e conpound of
formula VI1 with aSsily ol ether silylating agent such &
bi strinmethyl sil yhaceta (BSA), N-nethyl-0-trinethylsily getam de or
i so- propenyl oxy tri nethyl si’Tane, preferably BSA, in a suitable inert
organig® sol ventn ge redfioaGahenid, TEA jx teietnyddninsatDBGuls L2diméthyR50C. The

ot vent i anyfp SRy %bes’ﬁ“f*g%ﬁa"'ﬁﬁ“’r?&v%é@!%W@?-L%%%f'saﬁ,sﬁﬂff%@%%?i s
carri ed oacelamige, Nﬁ%&@éﬁ.rambuwammwuauﬂmn% tdu@Me isdhpbilent s of this

process i fysth@Pethd} ah8 P8t isCd 5AYI GRbtebngd BRoult 8BYAhEAheMw! he azeti di none
product. For @& anBJ e, tpe,ﬁgg = _Jer -{su ﬁfltu ed- am nﬁ) aaELde Cﬁn first be
reacted with t hia8INGMatsTis abigrmulasd! #rddll @Esdnewnintiedie a8¢dhezi ng
agfanltmo or ptrdst%dmamdwt@b ¢f) fbnregadtiag\dohwpmmdsmfa‘ddadlatlgbaafjrﬁl?ié mwgf the
silylatin ent,. t cyel Lz n . S a

vl i 2at i ni atude LAyl LAY 2 RRER of K F i erenBlelb S cact e

w th the $&ramdlang material first, the silylation reaction can be 30 all owed
to continue for up to about two hoursy but preferably the cyclization step
is carried out inmediately after sil y,lﬂqti on, or the silylating agent and
the cyclizing agent are added si nulHMnedusly. The source of the fluoride
ion used to catalyze the infra-nol ecg cyclization of the conpound of
formula VIl is typically a quaternagty al kyl-, 35 aryl-al kyl- or ;
aryl al kyl -al kyl anmoni um fl uori de salt or 'a hydrate thereof, or a m xture

t her eof ) wavhereiray inFkhIX ismEt-and Rlds plenydabenay o Gryde @iyt Aer eof , such as
cesium fluoride or potassiumfluorideg Exanples of aryl al kyl 0S ~~, ~~
zoo3 WO 001 34240 PCTI US99I1 27914 -6 al/llLyI anmoni um gr oups are

benzyl tri et hyl - anmoni um and benzyl HNi me®hyl ammoni um  exanpl es of

aryl al kyl @Q@p@ ; tri et hyM—ammoni um and

phenyl tri met hyl déml%ff?nmgw& cal&tk¥y| anmoni um groups contain al kyl groups
of 1-6 carbon atons, e.g.) tetra utyl -amoni um 5 When a hydrated

quat ernary ammonium fluoride salt is used, the reagent is added in a

cat al 12 ¢ Seeihe example belewer typical scaabion: cadlitions percent, preferably
about 0.5 10 5 SHiirictrastoceaiiit 4a8, o) RRRKAIAHS AkAbREAGRY ammoni um

fluoride salt is used, .It n be added 1'n a, catal yt a.

St o chi omEbEXLRNIR Usith & POIARS RGN 08t Pt Abd bR b8 ¢ is 10
added in géeéndd 6f aBRIAl catBlyis0sacts boiR ptetratydre- armaiti-3 a1t 0 the
starting @Lh{" am_no ‘ﬁ? gug degendlr’l .on.the sol ubil i of the reagent
in the sol -PYERIof 533 S OKRER V%é’?ﬁjfsr'é'gowas§e?é'é‘ ent). |f added to
t he r2@ct in6mMtbure after the silylation agent, the fluoride reagent is

added directly to the reaction mxture resulting fromsilylation, and is
reacted at



15 about Jerr]Cto 110[err]C) preferably about Jerr]C to 50C, fglﬁ F:étbc;g[p
0.5 to about 6 hours, preferably about 2 hours. When the $i . r eagent
and the MABA? B reagent are added sinul taneously, the rezjc(::'trlmosﬁ&it?w
conducted under simlar conditions. A preferred fluoride ion catalyst
cyclizing agent is tetrabutyl amoniudfluoride trihydrate. 20
Alternatively) the cyclization of step (d) can be effected by the addition
of a nonoval ent quaternary ammonium salt of the chiral auxiliary of fornula

1 di t i 2 ahi - | = + o AN X
HN-Te VR R RLa] (repnify SRBRGLY dhid it i, 3rd plofegiediudir of
quat er nar 2 SHiiabie DwdoxygUpieshing arekr.crefarablyi il poolecting Srawp Aechf
T Xt o 1 ot o moni U ar e
xtu of , S S A - iu

benzyl tri &h %4%2?&4% dhb%ﬁg%"}‘@(@i %P%ﬁﬂﬁaﬁpeéa ey 1
aryl - & kyleamivahents) areeagdexhtd an iaahipgioasramhianhsand gsh@HyCly, ithet hyl - anmoni um
typical 30 tet i kyl [ tain.al kyl . f_1-6 b
o, e. geaSid P TEPRIATIAT RS 185 8B i B8R sk 337 e 2odi um
pot assi umDIPE&S isradded (preferably 2t quivalents), and sufficiertti silglatiagxi | i ari es can

I b LZE: = idut.ed- am ) f la M1,
a0 be usedd) EYEhiey BR i dodmivnid HURER AR Fa oA Y
-7 Y Y +zeguivalentsc dfterpilyletion is cempletecthagisoholzand iminerasien X, Y, Z and R1
Ferr] T suooenaeby rastingal 20R SPT Hin cRledh 1L IGA: DR LERES | Tt ng
agent as @5&%??%85?& ei}‘ o tﬂ{ei? % tﬁu{%}tiar[yh%mm bage %rﬁﬁéraﬁlgﬁ_-ghi ral.)
auxi | i ar K_elqe;iimgrad;ie@btehi P ERN f@u|2t4ahemssI%@i‘emque@hhehbued,rfoadcat alytic
or stoichignetr, ! r t £r - . ound. under -
condi ti on?"?ﬁ}ﬂ% g?’ q&%qlﬁhe"&ﬁgg@ﬁ%&]g%q %gp{%b* iaﬁg{pﬁ; %ﬁ!dcpﬂﬂgmeﬂg)ynet hod for
cycl i zi ng aqueops taftaric atid tsiolutiasy - thairasyltarnt peodictiis extraated andonpri ses usi ng
a strpag r&qyrgtgmgégggmglé@ggggéﬂ?@@&éﬁ}gsnonlo nucl eophilic base is defined

herei n”as a non-agueous se W does not act as a nucleopile by virtue
of its steric milylation g ster i iaeffBried hintagiingthy campeangrof| fpmulam

di i sopr opypwite silliienbiesther snyls@gfglerw' duzhtRebistitné@Nidilypatdtantgpound in
an inert ?%%i&eﬁﬂso{hvg { su&g %ﬁ c% | 2. at_a (t)_en%)erﬁatur e of about -100C to
10[err] C IR E”H% 4 f\gc,au Eﬁo(fﬁﬁ AR %%Xlzatlon is carried
out usi ng tomethedilaneaprefetabd BSA, in asxitaplecdnest arganicrssiventiat R2GPCII | ut e aci d
such syl fauhb j¢d S e i sopropanol .
I nt er?réédi g{)e@bl @ gﬁécigﬁbﬂ/ %ta%%%@sboﬁaﬁf dﬂf}.@rﬁ@é‘f@gﬂ% epé’%{él}gﬁly rocess, or

t he react ic@friechaubinct ded inest alResRNesd. @8- tthe sebepbisdried. typically a 1 20

bef lor e E heyifh ﬁ\@!ét‘)dulérssié\ﬁe@, @hgdheTeactaﬂﬁbitdéir@@uf @rzcﬂlértﬂ\iﬂﬁgéhpm t heh
cyclization can be purified.. ropriate ar rocedyres, such as
c?/yst al lizati onnn'l‘f'ro'g{élr GﬁﬂgaWPérPg?'g%Pgw.“e eoafitlgﬁrﬂrogﬁ?? %ggeq Wir'? or gani ¢
sol vent" amtgsitichldddhe praparatiompf e azajdmanesplodent. Bor exampleatieon of

S0l vens *t &P g i R 4Pyl aR iR PR BTN E AFUBRE BABHE 0 .5
conpounds angctheageastzd with the eyaigipngl agent.oeftbermesnrpstd ekforawutaMldr of ur an
(THF); DVR@n wH BB&EY kd amaRitre f (R EilylatEhgenitdrd e SR drft, aromatics

such as taql Eene; anq t-Bucge. 30 Preferyed are t-,Blr , 2 é t ol uene and
THF. Thos&VERD the gilylatienand cycligation @é@@éﬁﬁf@%ﬁ&#a rl-Cey PR SIXEHBE of step
(d) to gr Cagéendi?ﬁefaée&' fuanl thé lstﬂrﬁ@'ln%!éﬁéliﬂrs@tﬁésimmnteédgiohhﬁn be |
i nter i at,es or nu V S in.s S e prqtected prior
to cyabi 2 aonep eeltbETor vl sl R ol b brkfaraBly e dRei Ao ect Fng
group. A ksigp is carried out immediately after silylation, or the silylating agent and
the cyclizing agent are added simultaneously.
The source of the fluoride ion used to catalyze the intra-moiecular
cyclization of the compound of formula Vil is typically a quaternary alkyi-,
35  aryl-alkyl- or arylalkyl-alkylammonium fluoride salt or a hydrate thereof, or a
mixture thereof, or is an alkali metal fluoride salt or a hydrate thereof, such
as cesium fluoride or potassium fluoride. Examples of arylalkyl-



cs~f ~v2l ~~~ WD 00/ 34240 ,$_ PCTI US99I 27914 feature of this procedkb i {lig
surprisin tahility of the silyl protecting groups on the ! nd
phenol nﬂﬁé@W§§44n both step (c) and step (d). In step (c}?€§®$%??%kﬁ
reaction of internmediates V and VI) the reaction is quenched with acid,
preferably acetic acid and aqueous tabt-aric acid: the 5 resulting solution
has a pH <1. Under these conditions, one would not predict that the

di silylated conpound of fornmula VII (containing a silylated phenollc group)

o 4 e AR il ol SiraHohz| et QUL g\f]a@eﬁzgﬁ%sﬁw d) of the

i sol ated for’ use rocess

process ofammnlumerﬁxamples)ofaaﬁalkweammoaéir@|ar9|M%Wltgeﬁwﬂrs (i.e., the 10
two hydro t n ed in
the first part o PR id y@a}?ﬁ.mam RPlchlura bypics 2'“?‘25?’?’92?’;‘* g Po ed,
al | owi ng t9e8t @'Ht& EH[QV% 1L5y%¢rpﬁﬁtqt%‘ﬁ‘st69p'rt@é’@eﬂ Yr@amaWiym. This was

unpr edgct afhen @ﬁp@r@t@d bMaﬂe’ﬁné’ﬂy%@bnid?ﬁ flnbage et |§fus@dStHe'ie%b%¢1tﬁ§19n0|

group. The OW N le i lustrat t he C this invention. 15
Ste a 0 0 aéd%dd”c%ﬁ MOkl €. 200UF 0.1 1§ abou 20 Fo ?e? S0 O HN-O 111 v

" WTl O Plprefergbiy)\abdvaR. E@Bpnale&meeﬂxtedn&@ﬂwﬂ.ancmr@dbms quatirasty Wi th a

butyric dupaeugidlioga8 sals Besfedn s 488 n S'cBlaviElio o5 0" 08 Tl )
and 20 agisteitbiorhetriciateure. a\rt\/heo@mal&aipmeéalmm@rs@ttsiu*aedmtds
trimeyfyl 'mcéélt?lé/t idg X %prfba%&cﬁ% f&a ﬁ’tlé%ﬁ%%kﬁ_g‘td)g{f od of 30

m n. eck for co rmatlono mxe t he
conpound cﬁ*afﬁlﬂgrﬁrﬁa’"m compougd, qp@,n on,th 'htVGOfd ergagdM N and dry
DVF (10 mt%e%&d/ém@seahﬁ maxbaru@n He'éXeéS)l‘ea?émﬂ? it ddded tdkhenti | the

t | ete b Co t t
[ ansi or YW e%éaﬁﬂﬁa”?@ﬁaﬂm sa5ny DR oo (2R9SRLIS SRy v ih

agi tati on dirdtipdothe veadipntrabdure resulting doim Siylatian, Sep s eaetechat | ayers and

vash §5e auaspiecl @Yoot e RANREERS 640 5kboc. 16 anatTrs 19 aRoYPR0) 34240

PCT/ U I'Zé the
pr oduct fmf&s@r[ﬁif@f}@@ly %lPQi&t?ohO\(@OO’VhED\ thef sqlxlevoramaa@w and ted: 20 g (92%

gDHggE G_ngiug?iae%g eft S Addd Qirrﬂlt@néougily%eVre\acthVis cﬁggﬁ(g%d}lggi% Or (C):I:ﬁd
) RISt e GtioT Ravrarested tredonicatoty sl GaTe - ooam UM
Add dry CtefaBuiyPdmmioniundiuoeide t;mwcﬁate di net hyl sulfide (2.82 nmL, 28.2

ot 28’ of Lo PSPl BeiBelPaldh i ap R Alakd uyifeer od Lol uene
H, 3H pyrradﬁothrzof:a{morm\@jerttm@éer@amamomumsa!t @tthelcmrahaubqhasy mole % to

the m XtUrcﬁfér‘?ﬁul%tl'llruge@rm%%ﬂé) .8l acdipoiifiofiredidiupn of conpound | V(10
g, 28.1 mmol) in CHC12 Iovay over_a_period of 3-4 h and naintain

the reaction tenperature betwee 5to 0oC. fiti nue stirring for 1 to 2 h
or until the reaction conpl et qué(y gqund V) by NVMR Quench the
reaction_by slowy adding CH30H y4/nl Wm‘LeJmal ntai ning the tenperature.
<0C. Add 5% hydrogen peroxide ( m_) foli{,owed by 4N H2S04 (1.5 ).
Agitate the m xture for 15 min.) separate the organic |ayer and wash with

2N H2S04 (v@r‘?e:@'ia X, YénhiaRa% s9Befihdd aBavd 3reAlS a qridtdthliry SRRGSHILRAL & the

or gam C | ac)gtlon selected from the
group consisting of arylalkyl-alkylammonium, aryl-

alkylammonium and tetraalkylammonium, or a mixture thereof, and alkali
metals. Examples of arylatkyi-alkylammonium are benzyltriethylammonium
and benzyl-trimethylammonium; examples of aryl-alkylammonium are
phenyltriethylammonium and phenyltrimethyl-ammonium; typical

30 tetraalkylammonium groups contain alkyl groups of 1-6 carbon atoms, e.g.,
tetra n-butylammonium; and typical alkali metals are sodium, potassium,
cesium and lithium. Other chiral or non-chiral auxiliaries can also be used
to cyclize the B-(substituted-amino)amide of formula VII, for example
compounds of the formulas



20 a low volunme until water content is <0.05% The product is usef 6di}/ebtil y
in the next step. Solution yield: >95% de: 98% Ste c ~FP&/@SH2"7¥4[I ~~~~
OH O O lwooabs#28d5Cl N~-O + | ~' DIPEA O-Nw ,,LJ NTida ~ "'S1 ~ ~ Ph
OIMS Fi VI TMSO~ VI | v F Equip a 3-necked 500 nL round bottom fl ask
with a thernoneter, 25 an addition fupnel and a nitrogen inlet. Add the
CH2C12 solution of conmpound V (10 g equival ent of conpound IV, 28.1 mmol )
fromstep (b) and conpound VI (12.05 g) and adjust the total volune of the
reaction 0 ~ ~;4Y 2003 WO 001 34240 PCT/ US99/27914 -10 m xture to 150 nL
with dry CH2Cl 2. Cool the mixturefto -10C ahd%add slowy DI PEA (25.7 ni,
147.5 mol ) and maintain the tg ature 447~ 5C. Add TMsCl (13.5 i, 92.3
nol ) over a period of 30 mn. il/e i ntgigi ng the reaction tenperature

<-5C. Agitate the reaction for 17h 5 uQiIthhe silylation is judged
conplete by NMR Lower the reaction tenperature to -25 to -30C. Add Tid 4

(3.4 ni, 3thegeim¥l Y, & awl R'ane asulafingdrabave anshBériadefieedagda RAgi tate the
reaction fgh s gy %ﬁ@@% BREGs R A SRR GOBPIAURDV R NV, Add
sloW'y to the reac

gl aci al acetic ac_ldu 8 L [ Ion m xture wr\{lte_rraintaining
the react it@ated iy asilylating agentge Aesgripaghapavey witptg salthef theghingbn ni xt ur e
i nto 780 aqyeRYs-chival Hixiliarg bdingoadddPBithdrimiltinabufi G oraggtiahtatiyor 1-2 h,
and allow.,the tepperature 1o qr.adualulé% rise tcg rﬂ‘(é)ﬁr’r}3 en.Berature. dd 20%
adueous NAMSRRISHNGI! SIPIERBTMAC SRPUTh APIRELERL ThE PAmNGCOmRAUN 2 h
Separ _ateI Uﬂﬂe@lc@adit'mnb&ymhazai:mdhwsbcmmWitw_ﬂUerigiéla@. n). Concentr_aée Ege4
organi c | ayer t > [ et am de :
m_? and he)e/lt tﬁgt@{iﬁ#rtééq goqrcg/ﬁ?ﬂﬁa?%?ggsgh]&hmegégﬁ#@@ﬁl ée?ﬁe m xture to
renove CHI@nauland!l cogrisesiusing astrongdwetnyaiesphihc behgl Aasteargg romnd hept ane
m Xt u i : t Y] . 9 I onpound
T of S bonssldipnifBasgReline frblyuts dhch agbuaupbdie MoqoRbETPOUTE,
~N w ~ iactBam@ Buplgopile\by @irius elitssstepc dudy, eg.prOGiUM TMSO VI | ~ F Equip a

3-necked Hrifeth Uﬂsﬁiamé emithluas iivbpropaties MRt sdse Breagdutwign f unnel
co

d it i { . . VI 0. 69. 7 I
et r abut y AR PRI RESRY g8 mtrl or@Mic o VEndsikat a8k #1211 et nyi
acet am de tédpendfurantl abobit1POREHtOVIO ¥E.her (500 nl). Stir the mxture at
t ¥ i LSy : te by NWVR
Ada o Soral acdrenRyalof g orblicting g afcr iz an ROESieaR 01 7 W N 1
oi | under UitiGanventional methods, forexamglegy iastmemayith asiiyiozdds - 11 Add a

pren xed sRcHtdP8UIRrid SQ8TPBWoNEME 80eh asZrlalBbhiolaedy. 2Nobesittho(.25 L) to the
product of st eqn{edr}neﬂ?geg ' ta‘f?%tde\/ltl rc1:gn rgexltsglra'?eda (tiurrir%)g(;) rt?]e reaction process,
or the reaction can proceed to formation of the compound of formula |
20 before the product is isolated.
The azetidinone resulting from the cyclization can be purified by
_ appropriate standard procedures such as crystallization or column ‘
chromatography.
The term "suitable inert organic solvent" as used above means any
25 organic solvent or combination of solvents that is unreactive in the reaction

being conducted and is a solvent for the reactants. Typical suitable
solvents are halogenated compounds such as CH2Clp; heterocyclic

compounds such as tetrahydrofuran (THF); DMSO; dimethylformamide
(DMF); acetonitrile; carbocyclic aromatics such as toluene; and t-BuOMe.
30 Preferred are t-BuOMe, CH2Cl», toluene and THF.

Those skilied in the art will recognize that for cyclization of step (d)
to proceed as desired, the -OH substituents present in the intermediates of
formulas V and VI used in step (¢) must be protected prior to cyclization,
hence the treatment in step (c) with a hydroxy-protecting group. A key



tenperature for 1 h. Crystallize conpound | from aqueous i sopropyl Gaf&ohd! .
Filter the product and wash with dilute aqueous i sopropyl _alcohol g

f ol | onedwioyoosa24er until the pH of wash is <5. Dry the prod’&J{U%??“@t in a
draft oven or under vacuumto give 2fi.14 g (91.5% nol ar yield) of conpound
. Starting materials for the clainmedgprocess are made by the follow ng
typi cal procedures. 10 Preparation of 4-14-fluorobenzoyl butyric acid: F
AlCl13 y FICO ~' OOO\ ~ --~CH2)3-~-CH Charge 250 g of anhydrous AIC13
(1.87 noles) to a 2 L 3-neck round bottomf.lask, add 300 nl fluorobenzene
(307.5 g: f%afyr%?tﬁf) PERGSSIBIthe ﬁ%’%smgﬁfghi“b aﬁfhec%fiybafqﬁewgsc. Add a hazy
suspensi oRyr&fips BA tide Lafpigblit pherdlivoietids i Bofibstedl (€) ahd s4é}d (dIL

fl uor oben over .a period of 45

4.3 ol hr. . ddi ti f
min., and%’gr%ferﬂ( %)na@éﬁg)é'ﬁ%@‘%af@?%g?a Ittflﬁg(na Meh?erqa&%f‘i'%n mxture to
anbi ent t guepachedwithgacd upeferablydacaictadic aat aqueousdartalioaicidOthei n. ; check

col d aquedteitiad veibhn AR phy € ORERt Bibed diriflod) i Bpdinds e o ©

destroy amyedint that theidisllgatd kempougd ohtortrans i bfamnéainingtaeilytatedur e bel ow

20C dur i : ' dd 4 th t
of the. 1 BEREIEBaut) Ridia Bl aBiel ELESAPASIGR indeimpBLA%ISSaple N2 TP
(viw) to mndceas baiselaigd fer use inpthedqett steg of ther progestniise. Busigernd) on 25 and

wash wel | it d psHERE of AS irfvamitiohi b6t dfaRé el SiyPatbd Yro@s QUSthgat ur at ed
sol ution &55 of NaH ,.M%?ai.tgg l%afl C ﬂg‘xt#re on a ,Béeag,bﬂtéeh for one
hour Hhd fAWPHWAr@NIRRPS IR InSFEP{ Al B He-NRr Aronrisitfatedin the  cool t he
filtrate fipstrpdrt of stég (dPptHe ILGindroap is seleetivelgtardilyiated) ratipwirsethent o the

filtrate t HLt ( 1] [ , i h ite 30
suspensi oﬁ'%fﬁnge?cf’%é%géﬁ#qurtagﬁgfuﬁé%&eﬁ—gﬁ%@g' tﬁﬂgﬁ\%%c%%r%@g?lﬁg wet take
with ice esbdciatly ér viemdofdthe prasenceciasiydated phek@Qroéop. 16 h to obtain
143.2 g of 4-( i [ Gy ) YR C) isolated
vield: 270, 3% | Ao ARE b Iiotates B ProcBs o AAKEES) 1050
PCTI USD9| BteR4ak12 OH NH2 CHO ~ N HO~ F 5 10 Equip a three necked 1 L flask
Wi a mechani sthrrer, ernmonet er and am addi tQon neﬁ.

th hani gal stg th t d ddi t f dd 480 nL

0C.

of isopropanol Jl 144 (1. 18 nol es) $of pCHYO pxy ot hermi c)
and agitateftie m Xt uPE #hiTEé& heat jlog o a T ture of
C for

gitate the
m xture atr 15 min (nekingTsuice B | theFmaterial is in sélution),
then add 114 nL (1.2 noles) of p-fluoroanilifne slowy via the addition
funnel (exother®ic reaction). After the dd‘ii;on is conplete, agitate the

thick slurry f 1 hr at 50C, coo ajjd agitate for 30 mn. Filter
t he product, siy tjhe cake w 4 opanol, dry the wet cake in
a draft oven @& 0C for 24 h dry do yield 222 g of the imne
(88%; np:_180-182C 1 _hvF-"f Qg ~i; mZr=d -13 CLAIMS 1. A process for
preparing a compend represented by the #drrula | conprising:

Equip a 3-necked 500 mL round bottom flask with a thermometer,
" an addition funnel and a nitrogen inlet. Add p-fluoro-benzoylbutyric acid
(20 g, 95.15 mmol), CH2Cl2 (100 mL) and TEA (23 mL, 165 mmol!) and
20  agitate the mixture at room temperature for 5 min. Add trimethylacetyl
chioride (11.3 mL, 81.75 mmol) slowly over a period of 30 min. Check for
complete formation of mixed anhydride by NMR.
Add the compound of formula Ill (10 g, 61.3 mmol), DMAP (1.6 g, 13
mmol) and dry DMF (10 mL) and heat the mixture at reflux for about 7 h or
25  until the reaction is complete (<3% compound lli) by NMR. Cool to room
temperature, transfer the batch to a flask containing 2N H,SO4 (80 mL)

slowly with agitation and continue agitation for about 30 min. Separate the
layers and wash the organic layer with 5% NaHCO3 (80 mL)



(a) / OHOH S ~~.. RS P OF reacting p-fluorobenzoyl butyric aci dl 6447 1003
formula Il with pivaloyl chloride and acyl ating the produ hi r al
auxi | i arVYOM3#Pnula 111 to obtain a ketone of formula IV ?’Egefé)&;kﬁ”gﬂ-l + P
Il YHN~-X OO RYNX'" F~/ ~J R-1V wherein Xis -0, -S- or -NC ~
-C6 alkyl); Yis =Oor =S; and Rl is9 1-C6 al kyl, phenyl, naphthyl,
substituted phenyl, substituted naphthyl, Cl-C6 al koxycarbonyl or benzyl,
wherein the substituents on phenyl and naphthyl are 1-3 substituents

sel ected from 6?)‘?\0%9%&} ﬁ%”&ﬂlgﬁﬁ‘cq Yé’rf?r@c&@ta?lllﬂ@’ he QJ&%@éhﬁ benzyl ; (b)

reduci ng the ketone o catalyst to
an al coholisopromdatanho! 1 0@mi.) vilten apdging. vYigld:-20 g-( 2%>molan/ ~FR R IVV
~ ~'7 s, ~'mp'%@0§4°@4 (c) reacting the chiral alcohol of formula V, an inine
of formula VI and a hydroxy protecting agent, then condensing the

hydr oxy- pﬁéﬁ%&ﬂed conpounds to obtain a (3-(substituted-am no)am de of
formula VI, wherein Prot is a/hy rRoxyprprotecti ng group: Hp YF~/ ., S
N-X + RV @1 NogF VI VI “,

N" “F~pn
O i OH
X—N o B—0 Y P =
v F BHa+S(CHa)2 - F
5 CH2Ch
Equip a 3-necked 250 mL round bottom flask with a thermometer,
an addition funnel and a nitrogen inlet. Add dry CH2Cls (20 mL) and neat .

borane dimethy! sulfide (2.82 mL, 28.2 mmol) and cool the mixture to -5° to -
0°C. Add a previously prepared toluene solution of (R)-tetrahydro-1-
10 methyl-3,3-diphenyl-1H,3H-pyrrolo(1,2-c)(1,3,2) oxaza-borolidine (1.4 mL,
1.4 mmol, 5 mole %) to the mixture and stir for 15 min. at < 0°C. Add a
solution of compound IV(10 g, 28.1 mmol) in CH2Cl2 (30 mL) slowly over a

period of 3-4 h and maintain the reaction temperature between -5° to 0°C.

Continue stirring for 1 to 2 h or until the reaction complete (<0.1%
15 compound V) by NMR. Quench the reaction by slowly adding CH30H

(4 mL) while maintaining the temperature <0°C. Add 5% hydrogen
peroxide (20 mL) followed by 4N H,SO,4 (1.5 mL). Agitate the mixture for

15 min., separate the organic layer and wash with 2N H,SO4 (20 mL), 5%
NazS03 (50 mL) and 10% NaCli (50 mL). Concentrate the organic layer to
20  a low volume until water content is <0.05%. The product is used directly in
“the next step. Solution yield: >95%; de: 98%.

Step (c):
F
OH /Q
O TMSCI JL PR
D)\/\)‘\NJL DIPEA " N
TiCls
g - OTMS
Vi
'rmso ©\
F

Equip a 3-necked 500 mL round bottom flask with a thermometer,
25 an addition funnel and a nitrogen inlet. Add the CH2Cl; solution of

compound V (10 g equivalent of compound 1V, 28.1 mmol ) from step (b)
and compound VI (12.05 g) and adjust the total volume of the reaction



t (d) cyclizing the (3-(substituted-anino)anide of formula Vil wilthMEi ik
silylat] t and a fluoride ion catalyst cyclizing ageetuséddrpiea
Mo

silylati nt and a quaternary ammonium salt of a chiral auxiliary of
formula I'll; or (iii) a strong non-nucl eophlic base; to obtain the conpound
of formula VI11: vill and (e) renovi H-the hydroxy protecting groups. 0
6 ~~ ~"~ 2003 -15 2. The process of claim1l wherein in step (d), the

cyclization is effected with a silylating agent and a fluoride ion

catal yst. mBurt® Pﬁ@ﬁﬂé‘ﬁ'ltﬁfdr?'@-ﬂiﬁlé TR Hemiiktupd &P-10C atdadahi ral
auxiliary is enyl - 2oxazol 1 di none. 4. The Process of claim1l

wher ei n |$i0‘$’i){a@”%5§\( Ad @hi 147 -Tmmalyand mgaintain the temperature at < -
(R) - tetragysr Adanﬁm@dl(% 3- rﬁLPQ?@%er} é’\}érrbyﬁéﬁé@biaa i hde2)

oxaza- borol i di ne. grocess c) the hydroxy

st e
protecti ngraHyaRing @%’Fﬁ%‘#' FF?WPWP@ ‘F%ng] a?ﬂl‘tqtﬁéh%éﬁa gnh P8 ef f ect ed
with g Leuhts tié isilylation Rejudtesaitesplefe By NEIR. @byvearthmea@nonThe process of

| | I 'silyl

ot m TR B L8814 S0 AT R (S 2P 3Dle fritnh Bl BhY! S1 1Y

t et r abut yinaintaini then te mperatdee <25 r Agieate the Teactprofoe3sh caﬁ <92@0n 2 wherein
| sten (ahq chhe Bl LB UEhAbod By R g Sestedbictasy: ' step
(R) - t ot r sguhoiolinecengion mixiarphéigIMGHAIDg thelreadan pteralay

oxazgpbor tS’ét\/ﬂe'e'i‘le 2|5' éhoslaﬁd@c( Cﬁ’o&rhtﬁemé%ét%?y EP%ECPF@E% '7'9’})1%%%% tartaric

chlorotrlrret ane, e tertrary amne is

di i sopr op@/q:'@tsﬁwt@rﬂ 40 ’Hh)ﬂaﬁ O’ Gragitateifort e hsiang allown i antpspperature .

bistri rret)ﬂoygradhally asetcamaia_tznnbtetétﬁre; I A?d 20856 laqueoas eNaHa?Og)s@Iutwmg agent
t et ori Li rat e ss_for aring a

commound BoIrEIBRBsRhuS BotEBon BBt oy s eDaPA8 TRE Gradtic By Y, 1.

reacti ng andivashlwith wakarl (120 rhb). nQbracantraie tmemn@mt Iziymrtulaalo\wl and a

hydr 98y i ghfetddda g %r&mmtefgeyns,g@aeaamag (825l «Lyﬁa a?m# ke cOmounds

a

to obtain Vi
wher ei n )4°|r§ upfor 3&min, CQQ(C@ ekrmx ure org 2%1'?\% R~ is Cl1-C6

al kyl, pr@«wﬂau.zeamatdmhuctsrkmﬁtaﬁ@mw Ca8RYAnd ﬁ@bﬁatdethhmarmnaﬁ hyl, C -Cé
alkoxycarbo yl and naphthyl

are 1-3 s‘ﬁﬁgalla{‘aéjrwgogé’l E%dﬁgﬁm%&“’aaﬁﬁd‘%gﬁ%ﬁ%&cﬂq C~- 06 al kyl,

phenyl anmbrhpoaryd Viland wherein Prot is a hydroxy protecting group:

20 Step (d:
OTMS OTMS
BSA/ t-BuOMe /@)S\/v

TBAF+3H20 4—N

(0.5 mole %) o) @\ .
Vil

Equip a 3-necked 500 mL round bottom flask with a thermometer,
an addition funnel and a nitrogen inlet. Add compound VIl (50 g, 69.7
mmol), tetrabutylammonium fluoride trihydrate (0.1 g, 0.32 mmol),

25  bistrimethyl acetamide (30 mL) and t-butyimethy! ether (500 mL). Stir the
mixture at room temperature for 2 h or until the reaction is judged complete
by NMR. Add glacial acetic acid (2.5 mL) and concentrate the reaction
mixture to an oil under vacuum.

Step (e):




OHOS~~NX+ FRIO VOHNF VI VIl r cyclizing the 0 6 KA/ 2003

(3-(subs&li tﬁkgzq am no)am de of fornmula VIl with a silyl atipagraeeniviand a
fluori dePIR3&d0 o yst cyclizing agent to obtain the conmpound of formula

VIT1: viIl r and renoving the hydroxy protecting groups. 9. A process of
claim 8 wherein the the hydroxy proteécting agent is chlorvtninethylsilane;
the condensation is effected with a Lewis acid in the presence of a
tertiary amne; and the silylating agent is bistrinethylsilyl acetam de and

t hehf Iduori de i giccatprémtedcsoiliicn obisepepyl alcohet (Z8Qutny) amd@N um f 1 uor | ge
tri hydrat ' ey i conmpoun
repr esent g‘&sﬁ’y‘ (?%erﬂi' 2@@%’9@8 r‘“rl%tr?fis? %%@8%‘?‘? ??f}ta{egfﬁe%ﬁ@@{e attodm

( 3- (subst temperhtare for)lami Crystéllite coulpound |, fram agueoeisisopropyl- O, -S- or

-N(C, -Co6_al e IS = =S Iy S [ ht hyl
Subst i 1 ut Robb e 4% TIRE i waKilh afyb S8R rop PGl MER T Y
wher eis t fallowessby waser sntﬂrthp@émf|waﬁu18rré@haﬁyth@paody@agﬁa"sé in @aent s

sel ected Hramia8 o3uAdRr (a8RIMt pgfeoie.%;%@%mmx&w?g ofind benzyl; and

wherein Prot I's a hydroxy protecting gro wth a sillylating agent and a
f1uori de rempeangilyst cyclizing agent to obtain the conpound of fornula

VI vili O Pigaing(mefrials for thé Elafméd Procesd are fRabie\bythafgiidwiRgvi ng t he
hydr oxy pEot.e(itl ng groups.
ypical procedures.

10 Preparation of 4-{4-flugrobenzoyl)butyric acid:

1 0
AlCh i P .
oo * — . F C—(CHp);—C—OH

Charge 250 g of anhydrous AICl3 (1.87 moles) to a 2 L 3-neck

round bottom flask, add 300 mL fluorobenzene (307.5 g; 3.2 moles) and
cool the mixture in an ice bath to 5°C. Add a hazy suspension of 100 g
15  glutaric anhydride (0.86 mole) in 400 mL fluorobenzene (4.3 moles)
through an addition funnel over a period of 45 min., and maintain the
temperature below 12°C. Warm the reaction mixture to ambient
temperature gradually and agitate at r.t. for about 90 min.; check for
completion by NMR. Cool the reaction mixture to O to 5°C, then add a
20  cold aqueous 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. Pour the entire mixture into a 2 L 1:1 mixture of water
“and ice (v/w) to precipitate out crude products, filter the white suspension

25 and wash well with water. Add the white residue to 3 L of aqueous
saturated solution (~5%) of NaHCO3, heat the basic mixture on a steam

bath for one hour and filter the batch while hot through a thin pad of celite.
Cool the filtrate to r.t., add about 320 mL of concentrated HC! dropwise
into the filtrate to pH 1 to crystallize out products, and agitate the white

30 suspension in an ice bath for 30 min. Filter the batch, wash the wet cake
with ice cold water and dry in a vacuum oven at 50°C for 16 h to obtain
143.2 g of 4-(4-fluorobenzoyl)-butyric acid; m.p. 141 to 142°C, isolated
yield: 79.3% .
Preparation of imine:




O6 ~'P,Y Z~03 -18 11. A process of claim 10 wherein the silylati 8§ 'ageht3
is bistrinethylsilyl acetam de and the fluoride ion catal Jo7d NQ
agent iéwpéppé%ﬁtylannoniun1f|uoride trihydrate. 12. A prggggggﬁg?%l
preparing a ~i-(substituted-am no)am de of the fornmula wherein Xis -0,

-S or -N(C,-C6 alkyl); Yis =Oor =82-and Rt is &-C6 al kyl, phenyl,

napht hyl , substituted phenyl, substituted naphthyl, d-C6 all coxycarbonyl

or benzyl, wherein the substituents on phenyl and naphthyl are 1-3
substituents selected fromthe group consisting of C, - kyl, phenyl and
benzyl; and wherein Pggt is a hydr protecting grou onprising reacting

a chiral alcoholﬂorﬁula V, Oy s v s ~XFRfarrimne of fornmula
VI OH\ N F and roxy pro ing agent, then ¥ensi ng t he

hydr oxy- prot ect ed conpounds to obtain the ~i-(su t ut ed- am no) am de. o]
~r ~ ~~~ z003 -19 13. The process of claim1l ei n the hydroxy

protecting agent is chlorotrinet h%I silane and the condensation is effected
with a Lewi s aEiquip @ thiee peaedntellask witha meghgnigal slérena. A process for

prepari ngtr?erﬁefm@w?cénlafarf .Q@difigﬁ mﬂrgel.yﬁgfdtawo FILObS iisépgaﬂbf?ﬂ,ﬂfw rot eft i ng
& PN -nt B 4B anpibst P Rer o[BG eAeRy R s BAGIRITS) 205 agiiste de | N G - b
Dot Ut e e D A e L or benzyl
wher ei n tﬁ@@g%%ﬁmesz@km %@r‘ﬁrgﬁgﬁﬁﬂgkgﬂﬁ:ﬁwls@t@rﬁt ﬁ‘tﬁent s ’
aﬁl ect edeLom.f meoigs pofp-tioosiasilinegsiowlyGria @te a:dkiit!o,n fpheey(exatfcérhé?lzyl ;- Snd
ereln : a p uori_ae
on cat al ACtioR) ASE UG EGUROR EconblclePadlaty 1S 1Alok 3R PR B¢ | 0
si | yl at i n§0HgeeROlite ri @1(? patatrfrs B0 yina dditerthaeraddct mashithecaie i on -
catalyst ampl150 AL 808SEropanbEHRRING WeREARNINIFARIBUEA Rt BOPOYEF 24 €.

It1 - Oj
9T 2008 Until dry to yield 222 g of the imine (88%); mp: 180-182°C



-20 16. A conpound of the formula wherein Prot is a hydroxy protec %QQ?ZM?
group. 17. A conpound of the fornmula Q(Prot) / Q(Prot) s ., RSV P/ NO/
P wherein Prot is a hydroxy protecting group. .Al.A .AskE .AHL. AH A An
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(iii)  a strong non-nucleophlic base;

to obtain the compound of formula VIII:

Vit

O(Prot)
O(Prot)
—N,
P 0/ O
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(e) removing the hydroxy protecting groups.

and
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3. The process of claim 1 wherein in step (a), the chiral auxiliary is (4S)-4-phenyl-2-

oxazolidinone.

4. The process of claim 1 wherein in step (b) the chiral catalyst is (R)-tetrahydro-1-
methyl-3,3-diphenyl-1H,3H-pyrrolo(1,2-c)(1,3,2) oxaza-borolidine.

5. The process of claim 1 wherein in step (c) the hydroxy protecting agent is
chlorotrimethylsilane and the condensation is effected with a Lewis acid in the presence of
a tertiary amine.

6. The process of claim 1 wherein in step (d) the silylating agent is bistrimethylsilyl
acetamide and the fluoride ion catalyst cyclizing agent is tetrabutylammonium fluoride

trihydrate.

7. The process of claim 2 wherein in step (a), the chiral auxiliary is (4S)-4-phenyl-2-
oxazolidinone; in step (b) the chiral catalyst is (R)-tetrahydro-1-methyl-3,3-diphenyl-
1H,3H-pyrrolo(1,2-c)(1,3,2) oxaza-borolidine; in step (c) the hydroxy protecting agent is
chlorotrimethylsilane, the Lewis acid is TiCly and the tertiary amine is
diisopropylethylamine; and in step (d) the silylating agent is bistrimethylsilyl acetamide

and the fluoride ion catalyst cyclizing agent is tetrabutylammonium fluoride trihydrate.

8. A process for preparing a compound represented by the formula

comprising:
reacting a chiral alcohol of formula V, an imine of formula VI and a hydroxy

protecting agent, then condensing the hydroxy-protected compounds to obtain a B-
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cyclizing the B-(substituted-amino)amide of formula VII with a silylating agent

and a fluoride ion catalyst cyclizing agent to obtain the compound of formula VIII:

Vit

O(Prot)
O(Prot)

S e, RS

R 1 S
F

and removing the hydroxy protecting groups.

9. A process of claim 8 wherein the the hydroxy protecting agent is
chlorotrimethylsilane; the condensation is effected with a Lewis acid in the presence of a
tertiary amine; and the silylating agent is bistrimethylsilyl acetamide and the fluoride ion

catalyst cyclizing agent is tetrabutylammonium fluoride trihydrate.
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wherein X is ~O-, —S— or ~N(C,-C; alkyl); Y is =0 or =S; and R! is C;-Cs alkyl,
phenyl, naphthyl, substituted phenyl, substituted naphthyl, C,-C¢ alkoxycarbonyl or
benzyl, wherein the substituents on phenyl and naphthyl are 1-3 substituents selected from
the group consisting of C;-C¢ alkyl, phenyl and benzyl; and wherein Prot is a hydroxy
protecting group, with a silylating agent and a fluoride ion catalyst cyclizing égent to ‘ -

obtain the compound of formula VIIIL:
VI

O(Prot)

and removing the hydroxy protecting groups.
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wherein X is —O—~, —S— or -N(C,-Cs alkyl); Y is =O or =S; and R!is C;-Cq alkyl, phenyl,
naphthyl, substituted phenyl, substituted naphthyl, C;-Cs alkoxycarbonyl or benzyl,
wherein the substituents on phenyl and naphthyl are 1-3 substituents selected from the
group consisting of C,-Cg alkyl, phenyl and benzyl; and wherein Prot is a hydroxy

protecting group, comprising reacting a chiral alcohol of formula V,

an imine of formula VI _ ‘ i

and a hydroxy protecting agent, then condensing the hydroxy-protected compounds to

obtain the f-(substituted-amino)amide.
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wherein Prot is a hydroxy protecting group, comprising cyclizing p-(substituted-

amino)amide of the formula

wherein X is —O—, ~S— or —N(C;-Cs alkyl); Y is =O or =S; and R! is C,-Cs alkyl, phenyl, ]
naphthyl, substituted phenyl, substituted naphthyl, C,-Cs alkoxycarbonyl or benzyl,
wherein the substituents on phenyl and naphthyl are 1-3 substituents selected from the
group consisting of C;-Cg alkyl, phenyl and benzyl; and wherein Prot is as defined above,

with a silylating agent and a fluoride ion catalyst cyclizing agent.

15. A process of claim 14 wherein the silylating agent is bistrimethylsilyl acetamide

and the fluoride ion catalyst cyclizing agent is tetrabutylammonium fluoride trihydrate.
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wherein Prot is a hydroxy protecting group.

< =K
O

17. A compound of the formula

O(Prot)
O(Prot)

wherein Prot is a hydroxy protecting group.



