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EP 0 460 881 Bl Description This i nvention relates to bicyclic [err]-lactam
compounds. In particular it relates to a process for preparing fused
bicyclic [err]-lactam 1-car bapenans g 4bo 887 Bacephens and to intermedi ates
useful therein. 5 Many synthetic approaches for the preparation of
bicyclic [err]-lactans have been described. Generally these nethods involve
the formati cﬂesmptlan_bl cyclic ring systemfroman appropriately substituted
azetidinone ring. One such nethod involves the treatnent of an

[err]-di azo [e'Fh'S] inyeatjop sefates to Sigirle Baglamdtompanndsd inrraieulaniittr¢latestie d ip(pesa fas prepasing
cat al yst . eekfemﬂ fslactgn 1:orbanepmsan 1-subrsenhens and t9 interrpagiaies presd herein. by a

[ er] - di a%o I%i%ﬂy _SYOteptip @pepaches, pigihe: Praearalion et igiclicolslegamsyhaye peen clepgibagh Generally

wher®f n t he ¢ g‘P@?%’H@'V? R f%'orhrftar%g] 5 ring syslegyfreen aneppreRYi @éensr'tgte? feeticinone
car bapenam r’ he Jlreg eFteEf Fhe PW'%&E"ét Bt ??m”é‘ttegl a‘:;_ﬁ";%go |

i nsertion. g

i t
Ior et F gfp E ?i-ri zetrdlnone ring
car bf‘pfpam rﬁ;t:ﬁ § %ﬁ@tl ute resi% carl nam nn f rm |on yt so- ﬂ\o i ra acétat;gielyzed
iaz0 i Rethod: ha een e pr arati d h’e car, ] %Q uch as

1980 21, 31hat @fntﬁe Bng’%r tthrr tc iste etr edron Lett.
Sjogren, E. 15, o1& ! 23ed rtnnprép%rar.on E%&Efbage Bhe @v%ns J. 'Aors Bn{E'BS TellSlbA PLk.
al | such di rery '2639fab' Phor’ Bafhis! HJ};ﬁtno\Neilles&ﬂr&a{z@qnééHBn Qélc @v)en% LHARH Bsth 1ch Ukhed
-ring nit I 90 @RbuB4RABd i hhrodef Stdint(NMPrebuiting YiCdybiZaioh Malyilg Vigliy/! Ng yields. In
EP- A- 195 963 4n [e3-Ac05 y¢-[3&rbm&zmgdosrawkéﬁaﬁ-bloﬂbsnm%remnrﬂe rikd) Gikr6deR i§ BR-
ri ng Ni t r 0g@datel SrefisBlosddect ed are di scl osed. have di scovered that
~azetidi nones swidsbvet ur*scederenthtahezefdmagesnmﬁtmnorbmearmg alitlogeny byl B RoX@T gréup or a

st t ut ed setiskioy alkpxp gioug epreeseabetle bynetahermgener al formula 20 [err] 25
[er¥f whevein nis 1 or 2, undergo facile cyclization with catalytic

anmount s of rhodi um C2- C10 car boxyl at rh tetraacetate. The
process of this invention thu @égﬂe %LEM%@@ bi cyclic

1- car bapenans and 1-carbacephe¢ns ffom N-substituted azetidi nones obtained
fromthe hydroxanmate nedi at ed for tion of [err]lactams, Mller, M J.,
Accts. Cifém Res. 1986, 19, NeDW,2, G, Mller, M J., Tetrahedron
Left.; 1987, 28, 6257. 1- ca@ apenams and 1-car bacephem; represent ed by the

fornula135 40 (Y) [err]

45: wh ) tect th
fofr] 1 §'2 : %59( Pl Qé’r&ﬁ%%aﬁﬁw' SR ey &l iy P SFEBP B2 e
ey

by the forrru

C]-I 3 thrs mventron thus rdes a route to the blcych enams and 1- c rbacephems
280 gt anQheah foSrtarS é’éﬁlleﬁ @) E f ﬁlélt Plg
an. N-al konyO}’\c SRbd. %é@ 924d< AXdndAZ 8L MHLANE, feﬁ%&ér?ibhe §7 or nu
A [ err -carbapenams and 1-c carbacephems represented by the formula 1
35
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wherein R is hydrogen amino, protected amino, ethyl or hydroxyethyl; R: is a carboxy protectmg group
andYisa dwalent radical represented by the formula .
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SA 10 ) [err] 15 in an inert _solvent with a catalytic
Janount of a rhodium[err] carboxyl at r n theforrruIaA R and [err]
ghave the same neani ngs as defined abgegh“%ﬂ%%bl or 2; and R2 is an al kyl
@ogroup such as nethyl or a substituted al kyl group such ‘as benzyl. According
it 0 the procegs pQ)frldéd‘“nsa'pﬂ:}é&Qt WA EdABrideS tfehsnd! AZQalk&S, Tdr l\k&tb F&ﬁéoeglkoxy azetrdmone
represent ed rBytedeit8d byothédliuifai s converted to the bicyclic [err] tam
represented by the fornula 1 by catalysis with a rhodium/[err] 20

Scar boxyl ate. The bicyclic [err]-lactam provided in the process, when Y of
Mthe formuba 1 is >=0, is a 1l-carbapenamrepresented by the fornula 25 0 30
B[ ert] or when Y of the for Ia 1 i s(CH,)RM(8)-GCOQRY ba- 3- hydr oxy- 3- cephem
repr\eSent ed by the formula The procass is carried out in an inert
solvent at a tenperature between bout [err] Nand about- [err] and preferably-
flat about 45[err] to about 65f[err]l in the presence of aAcatal ytic anount of
t he rhodidm cat al yst 4 po—460-@8% Bl I nert sol vents which may be used

dare organi c solvents or m d organi ¢ sol vents which are unreactive towards

@the [err\-diazo-[err]-ketoester, the product and the rhodi um catal yst.
Typi cal solvents are the hal ogenat ed hydr ocar bons such as net hyl ene
chl orrde trichlo B oroet ane, rof rmand the

g efrg%%ﬁ cag'vtrs g o Bt a7 s
jaromatic y(gr (gcve the s)a;I suc e ine gﬁédva,i 01;? %{ﬁcgiz ggnéﬁ]vg?grouprwéh 5§ 6‘8@%’5‘” Bs

gcarried out b%{]tt'ﬁ 90 esg of th§ ﬁrt/éaﬁk ATN S0 1stol ere ?e% byni'h formula Ais
car boxyl at eco,@e&g t@ ty bféyc‘génbl&%mr F&%{e f‘eﬁ H}rg{g% Z J\f
abqut 1 gl RarBSyie@Nt t 0 about

gla- d-ezo- [ er g berccne%tuecra ngrab.@aaeq thenprw@s PR §5&- thﬁam@h'.y Sthe 95 ARb3penam
proceeds besdprasbridd HIRErmalanol € percent of the catal yst. Amount's of

catal yst lower than 1 nole percent can be used however, 10 the reaction
proceeds best w th anounts above about 3 nole percent. |If the original
anount of:sthe catalyst is insufficient an ditional anount may be added
during the process. Rhodium[err] xyTat &8s whi ch are used in the
Bprocess are for exanple rhodiumtetrjaac (OAc)[err], rhodium

t et rapropi onate, rhodi um oct anoat
catal ysts are rhodium acetate and hodi um o0¥tanoate. Rhodium t et raacet at e.
is an especially preferred catal yst of the GRwention. The process is
#carried out by dissolving the [err]-diazo-[err]-ketoester in the sol vent,
gaddi ng the catal yst .and then heating the m xture. The m xture is stirred
fvel | or ot h8'W33é°5[5Ff°é{P%1§ g. by shaking or sonication. For exanple, the
[err]-diazo-[err]-ketoester, t-butyl 4-(1-benzyl oxy-2-oxo-3-protected
_anlno 4- g%etrdrnyl) [err] drazo [err] _

40 .

a 1-carba-3-hydroxy-3-cephem represented by the formula
45 :

50

55

The process is carried out in an inert solvent at a temperature between about 15°C and about 85°C
and preferably at about 45°C to about 65°C in the presence of a catalytic amount of the rhodium catalyst.
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ket obutyrate is dissolved in nethylene chloride and the solution is treated
with about 5 nole percent of * 20 rhodiumtetraacetate. The m xture is
stirred and heated to the refl ux tergg,e&gédjé |_;Aor about 5 to about 6 hours.
The catalyst is filtered. and the filtrate I's evaporated to dryness. The
product can be recovered fromthe residue and purified by chromatography on
a suitabl e et esivenls vehich ImaySbeSiidell @R. orfAdlci BPert&r Midd &§anRf solvéHes PRIGHCHS Snrbdtve
process m xbowards tay-dlago-sreatiesier, ¢d pdudt Bidihé My@im cAMBIEYRGI DREYs HEths hildgemated
pl at es of shygdcarbdns quabtas mathylankr clerid, triohtorbatiape, idiahlbrbéiiane, 2Bioroform akiehe like; aromatic
[ err] - di azobydercerbonk sudest benzenab lusteusreioxyienest ietierm Gneh assetbhgsofirive disthar ethengor
materi al 5 ndiegee, prijeelds. i s represented by the fornula A wherein Ris
hydrogen, et hyl® BPceRs/i§ ceyigroaun ip the prpsenasroh b catalvttic lamakmbsiytiest rhadium carboxyisteo A catalytic
protected affffydt '@q“’ﬂ prefera 'YFmP@fsané%tW?ﬁfjWO%ﬂmo@erroﬁ@ tqyaboul?0 nRSe dersent melativi tpl
group or a S}%Bg‘f"f"{ fé&'aéﬂ‘&;;:%&b pfpPlovaddn HhejpsocgssoBenprallyT e prases Proseests destewith
ami no group °Pe5r I Pgrepn tsgm%%'x# Bvesdhab molecRgiPoE 198N RAriEPd haveYRd

30 prot ecttp?‘lge en n ts 6?°"'EIF‘??E B I'—fd'i'e %‘R‘&#‘rﬁ'l"%""wfé'}?ﬁaﬁh!“an
am no group s lhos ar ate add& I ken | ox al k ox or
aral koxy gr ' ctano S cano gﬂw nérF BAL sts
al-kyl, [er r?@ﬁk@ﬁm a et rhd% oat %EJ um t es e ally ra@{ed cataly tofyt

di: aryI MetshYihventer @NP es suc groups are ox c 8P xyca ony

t-butyl oxycar b@W&ws@%&rﬁé@’&@BP&E@é'vmg CYNAY an—)é G&@tEQQPM'the solvent, adding the catalyst and
- 2- but enyl oxienaeAE Ye: mixtuB! FHRFENE RXNTEH A Y btherwide vtated e.g. by shaking or sonication. For

- d' met hyl preaayisny | the Gz @-Rdtbester, YiuP &P en S ok % btocted amino- 4-azet||dmyl)-a-d|azo—,3
cyc¢l opent yletsy@aitd miibsoived @l MéBXAb QPﬂUrﬁ:l@rah@mé soluftfANg YoAMAAR B Y mole percent of
4= ntt r oben- -rhatliuimOtéy eastiie M , mirttve i€l ktpbe BU& Raatel QX YHe 350 B¥rperatti@ for aboul 380 about 6
protect ed dwurnoThgcatalpst Eiftedoe and b MEHtb BrovibOra@t AIfrymes: Mhalprbdib i tah béTiedével from
succi nam ddhe mesidurand eyrifiadrby chrgmaetpaphi e & istitaiié) @a@hay buchl O silta CRMAndBe EdFss]of the
al-kanoyl , swrshssatie amedsy | migure pnaypheomyritpredi by atily lageredhomatograghe to rsiicy piktb afcertayl
group such aligpois vithnydvadesmtime tplimeioxyacet yl , 2-t hi enyl acetyl or 2-furyl acetyl
and t he #i ke. TMehe-diagd-4-(stoegiero gybstitited ph%ldmﬂeemdayla)s theGitattihg material in the process is
4, 5- di pheny?rreredh by tenformuisnd whereig rFb isphy(roge. pihgtae drdrevgety, camidrabiyr Ehidrdezatlivs e
sui t abl e arf™y8 %A Bradaster g "grafypish 188 carboxy Pratectingraqupicerib ik §lkyheronreds i spigptituted
group” ref éfk%' FYPaH B 11¢i%et i es com‘mnlé used in organic chemistry for the
t énpor ar g CtFrI"b W’%‘?Ctﬁ%@“'ﬂ%tgt?&&}/'lefets CIRPIh §PY PHDstitutadnkby @ sorypntignag gmino
groups r8pPRiEfie ;l?og’ géraf‘yk P digey! m“%IFR)kﬁxam@?JEWa’ége AePi0A group ypAfituied By an
tibutyl; ar y?xﬁﬁa?yﬁ VAR ¥y RSy o aralkoxy gigHp (ppreseitedt By the, zyl, 4-

ni: trobenzyl Hgfhenyl met hyl , 4- et hoxydi phenyl net hyl and .

4,4 dlnethoxy phenylnethyl haloalkyl groups such as trichl oronethyl, and

d' chlor Oa'a'emé(rlam thgr@- ,ld‘y Il$ af (¥s §I nyl EO% c?oalﬁqc r lr% hyl or d t L
tri met hyl sighyphoiedngt § ch fbu é‘ Y fﬁﬁ‘ugbé( h!}()xitzﬁcﬁ) %‘ fk \{ éyg #
and li ke CQfW&Wal'bgm Cah WxyRdrdn rgp § PRroon| € L qr i onyl

% mul a A icfciopfbppbig¥arodayl, & htl1bbly boﬂ k)é cIdEEQHQjcarE%n?I i&c r@Jn(}l 4 nitroBen-

I al kyl zgé:@tdmoay!, a%dalph&&jln{euk@dar Al kyI group V\/nerel n ‘'t he carbon
bonded t40 t heThe pyaeredadniit GbFOmBEBs 8 diciIsiidgolp AP Bph&kiRoVWr Seucinkio; ak ki |
chain may beyldoirargréupdvharet/ o acyUdrsipi dabibe @, -CEXRAPY ehictDis ettt plokiongy af) Brgkigtyl
[eérr] of ther fhaeroaytimacktyh geupredch Gis \ohenglatedyl,yphedaR sty PR KinylddetlLdr @4itylacetyl and the
sec- but oxy ikenThertitylcqup (ziphényimethyl) dne the 35-dich&yb4dratalit-2-oheadl frydp' ("Oredr@scsing group)
[er r] al kykpredikeyins ssitable taining tpestbeting godwenay| , car boxy whi ch nmay be a protected
car boxy “gr ouprhaderd drbreyl peetasting, grdvpdl re@xg/to ebtempisties comhraanty used ib oani; chemismpfor or
[err] al ko¥y. te@@mppretgct@ﬂ oRe Gargelpasiovibnstien. FxeRpIes of sybepins mpeaterfast iy] Riadricy |
are benzyl Gk byl I'@ﬁ‘WbﬁS’ﬂV' aqd FTE‘#%@R&W@’M% Imeghyl ¢y &P@X‘yﬁt"ﬁb@t‘ enzyl, 4-
3- hydr Oxyp[nlg l d h fhenmﬁﬂﬁ?ﬁéﬁ i ethozy Wé'i Pripe yl groups
et hoxyn‘et h 'das lchlo:o | | ¥I0t yls»iyl E'HT"EISH@taﬁ(? thy sulyl and t-
3-br ormef hOt)J( Imftﬂ%?éljyo { e orm Y g ntl \gr % g %I
t2 2 Uta%l)gi%g% QR@(}( gf X kyl rou w?e(rgel ég fc.':ar n’ bond g'zn6 om -also arsﬁa h%dﬁ:@te&%y

y QN ofh |s aIkyI chain may be branched and/or substltuted Examples of such alkoxy groups
, " R20- of the formula 1 are methoxy, ethoxy, isopropoxy, n-butoxy, sec-butoxy, n-amyloxy, and the like.
55 "Substituted alkyl" refers to a C1-Cs alkyl group substituted by phenyl, carboxy which may be a protected
carboxy group as defined above, hydroxy, fluoro, chloro or bromo, cyano, or Ci-Cs alkoxy. Examples of
R20 groups whersin R is substituted C,-Cs alkyl are benzyloxy, 2-phenylethoxy, 4-methoxybenzyloxy, 2-
hydroxyethoxy, 3-hydroxypropoxy, 5-hydroxyhexyloxy, methoxymethyl, 2-methoxyethoxy, ethoxymethoxy,
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bstituted groups. Preferred R2 groups are benzyl, met hyl and
ar boxymet hyl especial ly protected carboxynethrl such as
but yi oxycar bonyl met hyl , - met hoxycar boRy P01 Bdr benzyl oxycar bonyl met hyl .

The pr edorri nant si de pr oduct of the process is the al dehyde forned

om the R20 L{Po an cﬁ%roet di rh%gmoe{ho moFoHaﬂ caF(3§ m%%fn Ltﬁox %n)[lr%tﬁc]xy
5 benzyl oxy, %?1 car " J}}, ﬁg #bﬁ gg ynk@gg}p g} U and like
sh to be bo d %eﬁéﬂ j] 1}1 6 QV\AnQ afb %ﬂblsggp@c@arﬂ?%oﬁected
"be consi st G my. ;ﬁ TS A P e g A

5 formed. Lnitiglg k(red HantC &4 Q&hgofgﬁ@ﬁfo@ésgds RY ddasyab @medfromitle’ REAE Broly BiNthe
e<di azo gr oupetR¥ne rmgaft\%ﬁén ebeSamd® whér AfIs| deRRloky brzhiBlentydeis formed in the process.
a|\k‘b><y| act aniheige wal RCiok Gidh Retbs bbudd By \eay fplrBeuleh thdgty itrat iBtloiagl intetianist Gippears to be

| ow. Next, alsdisteAC#ithQRe SMserdediprdali@sioffifeqidceétavheminlagianant ioFrrdddpha t o t he

ik ygen at om of RARagf thb h@rbghdid Genb@teli aly| thavieds oy nitbged fiomribe Histoegrodpy s intetdst elec-
err] 20 [ edor |rogiBlicelyl witiethe BihikBylactam tigne tekeictsoni peirém bive the tylide iktaimerliate shown below. Next,
i azo- i nsert iabstiactioe at4 protan g thie catloncatormuzighalies the bxyberckiam ¢f diz Aot the gfide isdéllowerby N-

SR ] -1 act am rd bad hbtaroysie of

ternmedi ates (formula A) useful

a-di azo-[err]-ketoesters (formula A) whic

ovi de the’sl- 35 carbapenans and 1Rq
e followng Table 1 wherein the terrn

its aspects,
in the process of the invention.

this invention provides the
‘Exanpl es
are used in the process to
ephyms (formula 1) are shown in
®2, and n refer to fornula

above. 40 45 50 55 6 EP 0 460

1 [err]-Di azo- -Ketoes te

b R [err] amfno | -~ met hyl

bnzyl 1 am no '®) CQEm

N2 | 2 2 1- hydr oxyet hyl t - butyl

et hyl -1 ethyl I‘\ -bytyl _ '
enzyl 1 15 phenyl ace€y1—a'ano _ benzyl
hyl 2 phenyl acetyl am no J benzyl

nzyl 1 phenyl acetyl am no Rz benzyl - _
rboxyrret hyI 2 20 phenyl acet yl am no benzyl
hoxycar bonyl net hyl 2 benzyl oxycar ﬁg{aa/ér%am no nmet hyl
anonet hyl 1 benzyl oxycar bo dlphenylnethyl

but yl oxycar bonyl -
30

2.

Prior to this invention the known ”dlazo-lnsertuon reaction required an unsubstituted ring nltrogen of the

B-lactam ring.

In one of its aspects, thIS invention provides the mtermedlates (formula A) useful in the process of the
invention. Examples of a-diazo-g8-ketoesters (formula A) which are used in the process to provide the 1-

35

Rz, and n refer to formula A above.

carbapenams and 1-carbacephams (formu

la 1) are shown in the following Table 1 wherein the terms R, R,
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methyl 25 trityl amino 4- met hoxybenzyl _ benzyl

1 tritytamno 4- met hoxybenzyl benzyl

1 tritylamno - 4- et hoxybenzyl _ n- propyl

1 30 t-butyl oxycarbonyl amino  trFREt4§91881 Byl

4-ni trobenzyl 1 phenoxyacetylam no . 4- met hoxybenzyl
benzyl 2 35 The a-diazo-[err]-ketoesters are prepared by known

- met hods. For exanple, conpound A V\hereimﬁ-[ils an amno group or a protected
amno group and n = 1 is obtained froman [err]-amino-or([err]- prot ect ed
am no)-[err]- hydroxy glutaric a®8itgaré-Eefoestershe nono ester is converted
to,an O akkyl or O substituted al kyl amide.by reaction with an Oal kyl or
Os&b’stltut ed hydroxyl m ne, €.Qg. nethoxyam ne or benzyl Qxyam ne, and t he
40’ derivative is cyclized under the condttions described Mller, M J.,
etial., J. Am_Chem Soc. 1980, 102, 7026 to provide the [err]-lactam a
1- pl koxy or substitutgd, $I koxy- 3- am nQ . substituted. am ni)) 4-car box-
ynet hyl azet i di ne- 2- one.” The 4-car boxyrretﬁ’glll group of the "8Y&ti di none’is
hohol ogated to the [emipoket o ester vimgthle Masanune prieadlre, BrooRs, D.
Wi et al., Angew-p{QXyeryll. Ed. Engly, 1879, 18, 72. Jhgeferr]- ketloester
isithen converted to theé [err] di azo derivative with tosyl azrde or

. p- tar boxyphenyl sul f orfftvhzi de. 45 tThet¥donpound A wRs™@Vh n = 2 i %
obt ai ned Pn | i keheayreetyiddinan [err] aehag [ err] - hydr oxyadiypi ¢ acid pono

ester. A preferred g{_oug Pf Berr]dr az??ﬁ{’ rr]-keto esters Agre represent ed

when[err] is [erp%]e Rgryilamdgecially or a substi$a¥ed [err] &l kyl
gra\ll:qg substi t ut exhebylartheml,dm,lnespem al Ibynb_elnzyl and subﬂtdxmmlbenzyz eg.

4- tho benzyl ﬁgﬁtc erred g IS reprgss IS an

esterifi ed car bo>t<m 3| lg"?%ﬁi’ such 58%%]1 buty I%x%ggf’e %5%]1 z

rref hoxycar boxyeaay H’W“éﬁh@PYdéHt‘}q oxycamebrd met hyI Fuﬁxmmeﬁwéferredlcom :

pounds are repsRgeskRd rvbieaheid | aﬁpr{eggrdetﬁykyl %ﬁE%tol}&@ﬂblaﬁyi-e”i

al koxy, for exanpl e conpounds wherein hoxynet et hoxynet hyl ,

2- fret hoxyet hyl , 1-nethoxyethyl, and the like: Al so pr efé’re te¥ are corrpounds

represent ed by theti-mymhd\aoA \/\herehmd%hb:sybaﬁkﬂo _pr ot ede@dyrmi no, and n is

2 or Ris ethyl or, Xdrﬁ%yet hyl gndtg sD 2}

1- tar bapenam 2- one- ﬁlg PH0Xy1i ¢ aci (¢4 55‘%&5 provi d&d? ¥) the protess

are useful inter- heidivhemisof or t hetmregpaxybensyl of antrinpmbpscl conmpountls such

as; thi enaWC'&b%’ﬂgrﬁﬁc?rbo §a n%arpﬁm§thgﬂrs‘1& y- 3- cepbrp %&Qg?oxy"P aci ds
ang esters are us Inte ates 1nt paratlono ba- 3- -

chf or o- 3- cepherﬁhsnewarsekxfllaeenecr d ’amertbmtbreeevlsuch as |hseaehr bef, 2

[etr](phenyl gl ycyl am.no) - 3-chl oro- 1-carba- 7 EP0460881 Bl
3- tephem 4-carboxylTC acld, U S. Patent No. 4, 708, 956. The TolTOoW ng
PrEparat Pons-and Exanpl es further describe the invention but are not
i ntended to_bd? FIiREYHPIReRIEss T pregaad iy kRpym regshads. Far ramele. GRTRAUALA WERreiB Ads AHz
and 75 MHz 5 %’8‘!."3 ?fé\ °t6ﬁ°daa"ﬂ%°n%?‘5'l ang n 1dg pigined (R 30 o-289e Ol RBTI amipp)-5- -
chbef of orm C?S(EGé 3¢ 5‘?%? A e‘%‘?f’éffn?%wr 31 QEyhpr O-substituted alkyl am'de

t et r anEt D&Il ginvgi h lane -:n Y §'-Hll§ esc H Of(grnf m. %Ya e
}:he chl orof g.p, l@% gﬁﬂét; Ja &fi st iuteﬁgf# mryﬁrﬁ‘% egteda
i hnagan § 35U, RRS cg}g&f% gg{ § f&g { IKH3% Io afd a(;?gr

]
—

a

-'dgm% -

eV) or if i Lltd 57, o 1§p?£t‘rﬁ -
were taken %eeeP@rhkr Ebn rBBto P20 LA t.v%mmo@awee& pe @ﬁ ﬁﬂme 2it8)
p0| ystyraene atrnd &oobail kHelein i |=aéslg o&gﬁ&nﬁﬁ@gﬁaﬂmﬂ With anfllaindt 4-R/aroxyaEibie acrd mono
ester.
A preferred group of a-drazo-ﬁ -keto esters A are represented when Rz is C: alkyl, espscially methyl, or
a substituted C;-Cg alkyl group substituted by phenyl, especially benzyl and substituted benzyl eg. 4-
methoxybenzyl. Another preferred group is represented when Ry is an esterified carboxymethy! group such

50 a t-butyloxycarbonyimethyl, methoxycarboxylmethyl and benzyloxycarbonylmethyl. Further preferred com-
pounds are represented when R is C1-C¢ alkyl substituted by C,-Cs alkoxy, for example compounds
wherein R is methoxymethyl, ethoxymethyi, 2-methoxyethyl, 1-methoxyethyl, and the like. Also preferred
‘are compounds represented by the formula A wherein R is amino, protected amino, and n is 2 or R is ethyl
or 1-hydroxyethyl and n is 1.

55 The 1-carbapenam-2-one-3-carboxylic acrds and esters provided by the process are useful inter-
mediates for the preparation of antibiotic compounds such as thienamycin and PS-5. The 1-carba-3-
hydroxy-3-cephem-4-carboxylic acids and esters are useful intermediates in the preparation of 1-carba-3-
chloro-3-cephem-4-carboxylic acid antibiotics such as loracarbef, 78-(phenylglycylamino)-3-chioro-1-carba-
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410 perfornmed with silica gel 60, 230-400 nesh (EM Science). TLC anal ysis
Mwas perfornmed on al um num backed silica gel 60 [err], .2 nmmplates (MCB
#Reagents) and visualized with W |igkP (460d88hd&10l i c phosphonol ybdi c aci d

@f ol | owed by heating. Anhydrous [err] pyrr di ne, and acetonitrile were
aprepared by distill ation fromcal ci um hydri de. [err] was vacuum desi ccat ed
Sover [err] f%‘?egﬁeﬁ" caRoxgiccifdts- Paignt Nor 48938 on 1 Met %‘f

§4- (1-benzyl qxy- '? 8 6"'"& e{i@fﬁ“msn@?l’)&fweﬁ] f”'a]eéf‘??‘:f%rtf‘ﬁ Iyt RH! \Peatob infended to be

Preparation

[ er r] (t IQ Utéfec 'c ctr 8%9& E:‘%rwf bt med M§l § a(g:fe&% tor erna ﬁg methy% %rfl
ySt al'l "Ebe gj ore % al ri ass
¥ 5 nfijlf kO srjtJ % r&i{et l.rs ? 45'37 gfzéc% yg

g| utafic aC'lﬂlS 9&@ 59
49, 3657, ( ncﬁ;:ate f affontthroI'?EMWrtﬁ& IRV\ép Fﬁ Qér Zé?rﬁ& Model
(5.53 g, 34 ﬂﬁmgae t?H?r@te?—a OWRFENES 15 tobifstyperdalat 160 cﬁporﬁagrem?ﬁﬁa@gréﬁﬁc sdprafons were

separate fol %%korma@mlb@m@aY%Jr%b OFLag0 shI&Wsc.&Ze)rrmm hnaWS8 wié pefN@dod Runtikilim-
(60 m) and el adlicd Qe BIFRLS B, mANnglats putey IRBRGE)Snd Miduglitoditt0 Uv AightSorMtrdaolic
sol ution i n ghegphehnBbdid eib fomwd )by Waingl hdrydirods BHSOL!, pyiidiRe, QW@ EconiBild Wdhe BrEparedthy
JA White predispiaiat feonf @iciidthydridel GrOgvad vatim/\RSicitel lovie @,0sG6r 24 bBford usé. - 78 [er]
and then for 1.5 hr. at roomterrperature. The sol vent was renoved in vacuo
Sand t he sol Arépentionf1 t he acyl im dazol e was added via cannula to -the residue
of the magnesr um salt Th| S nonhormgeneous m xture was stirred for 42 hr.
at room t enpdatix Pyl oe-4agetidpgl)-drfiazost-keRButTate The THF was removed in
vacuo and the resi due t aken up éerr (300 mM) and washed with 30 10%
citric acid* Pregaratigp off-ketoestay; ﬁt‘t&%‘ '"WH@@XX()‘Z'WPPTG@ 3¢id)meiiytoenev diestgrerr) .
Rerreval o sol yent in vacuo gave 9 crude product which was fl ash
chr omat ogr ap.he(c\fy ""§|"P°f‘%§‘ °ft° )@dﬁ‘é’%’?‘é‘f‘ﬂ fisilylox} %l‘f%? apigh RyPaTed) 2qegrding ‘qmse"-
(86% of the 3 57 m TH Er;v]aated w@g:grgoryldlmrdazoe (5.53
hexanes/ et h)g '5? ?"ﬁd 5’853"” ﬁs pff? laskq FORISK e"f’?gg '¢ F?ﬁn

|ssol 0 mI (o d & sium

[err] 3H) he.} ngl ?%:ded #Eﬁ%ras perli;-I whrt%%r’eg&rta eég' gd This

|xt (eT) was
41 84 49 7 gﬁva %f utzﬁ of @\ b m@ 1 \ias Jt%gd \jg;banrptgg %e rg;g%e ,ﬂo?the
: 166. 39, 17011% nesi%ﬂ(&a ’ms on ?éﬁ%ﬂiﬁ Hjm.ré&ras stirred for 42 hr. at roo tempe ature nd then for 24
Bl err]-(t- butylelssme B ot Y 184B B Lok w4 Jrr% gy
§diester T tbe died 5(]16 @@Sﬁn?rsa frated NAHCBL 2% 1600 add bt 69 Ré ar"ﬁr Loiddht -
§ C was added vhbaBligdve(183% dT@rude groSuciWRién wé%Qfééhl PRYHaREraghHé€ bn 9 @1 RexRRubR acetate)
gAfter 15 ni o §i6le 10.60¢ (86BNofRSs-Kbtdebtbrad a\bbibibssil. RE= (3BRA HakahestY R¥LEARLAH film)
Qwith ethyl aoss 2d46, 280, x7460{r20th=1. The organic | ayers were conbined, dried
8 (MgSO4), the sl NemCOORNDEEBH).N08/@BHY 83 29ah),t3te (¢, @H), d6R (spaH)i 45764, ’u-}y gi7as.l2H), -
@l chr omat ogw agl3g (0,6HL hexane/ acetone). After rech- 45 romatography of m xed
#fractions to r'éemQRCla -5ast €Y61mes460 G BHTAN7B. §0.07d 8Ntd, 165.26] 6837, bA2Y| 12815 012882,
R7.27 g (84%130fS, 166891768 EP0.3%er e obtained as a 2:1 m xture of '
Bdi astereoners. Rf = .29(3:1 hexanes/acetone) were obtained. IR (thin f| | m)
#3520 (br oadp Brogation of £aKt- b%%methﬂ%ﬂ@y&ﬁflv@mxvpﬂ‘%c acid|gghy! D.@gﬂd'eﬁfrerr] [err]

40.069, 0.9978, 0.089, and 0.133 (s, total 6H, dlastereotoplc 83_Lof si |
§cther), o. 870 he ér’f °?§"°8?‘§4 22%6?‘8‘? in haﬂ°'6@) rpl) 80 GyivaD g (

#3.25 and 3. % a%af ’ea%“°'1@las4d'ﬂl!t§d Erbf'@s "t‘?]a”d
total 2H, ple)&a wgh? yI t t d (&,rln f FLgF nrc )gh %w rg con_lt_br drggl g , 1 ve:t
; [err] 4. S;Z ue ngg ro ;g;-

§42.01, 43 4%4:"?!," ée di? Ster 'm%szg g{ % -
3128 29, 1350§i,,ed1 b "° 6 T‘? "r(?é Mt Z "Q” 7B
4 (ammoni a) M Z 1A4n G.M) 35éH|'(Hron) 262, 2%40 2900, 2860, 1740, 1255, 1165, 1080 cm~". |
i 'H NMR (CDCls) 5 0.069, 0.078, 0.089, and 0.133 (s, total 6H, diastereotopic CH, of silyl ether), 0.870
s0 and 0.875 (s, total 9H) 1.65-1.83 (m, 2H), 2.54 {m, 4H), 3.25 and 3.35 (d, total 1H), diastereomeric OH),
3.19-4.48 (series of m, total 2H, protons « to OH and silyl ether), 5.15 (s, 1H), 7.35 {(m, 5H).

13C (CDCl3) 5 -4.87, -5.03, -5.09, 17.60, 17.65, 25.49, 41.71, 41.96 41.98, 42.20, 42.91, 43.43, 51.18,
64.56, 65.22, 66.09, 66.93, 67.32, 127.92, 128.00, 128.29, 135.51, 171.32, 171.60, 171.69, 171.76 :

- MS M/Z 353 (M-t butyl), IMS (ammonia) M/Z 428 (M = NH.*).
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EP 0460881 Bl C. Preparation of
[grr]-(t-butyidinethylsilyloxy)[err]-hydroxypinelic acid '

N-|( benzyl oxy) am de, nononet hyl estegplhgsdgd@o! -di ester (7.27 g, 17.7
mol ) was di ssolved in MeOH (50 m) and to this added 10% Pd-C (20 ng). The
rgaction was placed under an atnosphere of H2 (electrolytically generated),
arjd sti rr edCfRsgparkfonof Bi(t-butiidenedabiyloxn -hydrexy pisaizvagid NaferizylbxlyJamide. Ofonbrhistio edter
cglite and the solvent renoved in vacuo. The resulting crude oil was

d| ssol ved i n TrFalcong-digster €24 ot 7.7 Mimgh wess dissdliectin MOy UEO XY Sorctoithis addde 142 PAS

. 19. 4 mmol® mgirﬂh%fegqypruwwcesh@dermﬂlaéepspweoof@z datattrelticsliy loereeeg). et Yioel fomi2de
(4 g, 1@ Antis) %taaard@a remqvecby fitrgiipn througs elitpl 40¢ éheaselyenh Fmered( ip vaugo.ghe Pesulthng
nTol tﬁ“é dF??éfe? @aTdiF <691ma|ar%tfaéas tNeﬁ P NBdrpyRHeTiRiBIp 6428t 1 @4 Ame)-

t Hen st i r r e B} Coolpg do °|) ‘E'%J’G’“ﬂﬁaﬁ’s?ﬁﬂ"bdr‘?e(ﬁ 9. JPénraadped dderr e d

by. filtrat Zﬁﬁz ﬁﬁ)’( % Sr?&e " aé&;w%‘%c :%dylhe\/& a"ﬁ"f?@ t°r ’Pd‘h?@lm%ﬁger%"pﬁr Alen

| t byl ( RV .
Gl i e T t:eéw ey
ard the cr u&r ra h ? ﬁﬁr‘}:‘; EﬁE e fr

7:110, 1:10 &Eﬁécﬁ QLT PLC ﬁ’tecthr @Cb. E CQ 2\2 2 2IpExr filﬁﬁ T%Fwﬁj: |

sijl i ca, 20:pyab@iald (SOR AP bined foma tIC hown to
- hyldr oxamat ecohthih asmdi Shdlht & HERLRA&HordRE Ia@ﬂn@&q ok yHr% ma%a(m)-J @mm ‘Bl

2.149 g of afle fdxt stbh @MUt By Ibiné QkirRhtidn 3R, S| (1.8 TRHEH, & IR iin GitA) 12255 @51¢ 'éyao
| 4ct one of 2ok 28Bprirragasmtan{.rt = 6 min). This oil was used in the next step
t hout any f W NMBRCOGY alf sighaté iverd brobe Brid integrald re (apprSkinfadybT2e083] (GvelidBping ElieR), .86

| m. 3425,(s,3Pi10,67 29601, 22840, 23368, (h7/ A, €56, THy[3m2r J.96 (bosd 4, 18), hosisgpahsiH),
% br o@d M d 4HAtegTH $9Gi(se 2P PBDXNNSH)EY.0D 21 HD B (H/BV4e5) 368MABu)S20368Y; ,high86

, 9H), 1.resplufiom MPedicd i@ C23Ha( NG SUA5.2232. 1BBd(40§.2228d) , 3. 65 (s, 3H), 3.82, 3.96
road s, 1H), 4.07, 4.19 (m 1H), 20 4.31, 4.42 (M 1H), 4.90 (s, 2H), -
{37 (m 5Hp: Pregargipn (stmeﬂlyll-l)"(1 WEKWYZ? 0@245612618188!) SrbuBldimeth2ISiBloxyddutyrdtd gh
gsol ution MS_cal cd for ierr ] 425. 2234, found 425.2233. D. Preparation of

t hyl 25 - The hydroxamate (536 mg, 1.26 mmol) was dissolved in THF (5 ml) and solid PhsP (500 mg, 1.9 mmol)
(1- benzyl heo??&'t'%‘ waseopled F?gfl") géﬁ‘f* piethy!-agedispioepviaie (RGAQ (899 Bk J-P rreafirves e
23 The et 'ge (B Bnﬁgs tirodigr 1" at vvaS Cnd e 9efo heprematromzemgeTatusm d
sdlid Ph3p ma‘m Was 'e@ g pEb g de 1o ﬁf rhmgmag'us;abﬂ"@a %mt@@ é‘P‘F he

and di etJ3y| BhS: w% urifi ial chr 9' aC "es ’?g? éam oge
The reacti cl?fl:hm toar%llg e Q‘rﬁ\die}l% " ave a c ss ox a@i %‘Eﬁ ar tl
ro

at
ons Vi
rqom tenpergliibgy m § Y, &% ispRBanb tlca a dﬁw t ?ed
trough a pRieereBthers! llllét&'ab fof G{&g%l Hg' tgﬁec{ Y r? a |
ugi ng et hylguasetated! BEXAG e A ﬁé% Iraégtétgr(v@n @E\ﬁ rac‘ﬁ '@

oifl 30 afat WoRBIHaidRS: fRstiohd drBiche@ Jaéhddh& eréan\'épﬂﬁ B e

3:11 hexanes/ efijyrldiase@bradraR (tah rird) 2650t Blo, 286N BEBEADE/PNY of th e m xe

fjact i ons - gave: MR @oot) 95§(an1|-|) oBaR 18, 4 560043, PJ@W&%GIMBJHEL%GB%H &chn,
10 rr] si [3i6e g, 2H04. 1OMX 1H)04.96G, 1850108 B RO m,ism).hexane, 2 nml/mn) provi ded
anaryti cal safpNeR ©@Dckhe.es\we.c6li 1a54,ea5@0N 825, 39\l €2.400k1.63065.00 16704, MOBY, 12853, -
anal ysi s0wdes.ash128i30.a185.k8y 18400i . 1€ hr onat ography using gradient elutions of -
8:i1, 6:1 and MihesdiasterborhraxiB ithis filg) RSO0, 29¢® 1288021780.. 1730 enchecki ng t he fracti ons

%1“-5-“\

=N
fanulli 5]

nE3

afif or ded mslt'§121 &”gg\ar(ﬁ;d » 8504 T 45Dy 2.8§(dg; 1'1\/8! Fés. ‘(ﬁ%s?ﬂér(@@ﬂr*én} 50R13.8)h3-61 (m,
fitl M 2960,'MR880(: I3 (mry 4.94 fthh) ¢ @r 7.39dmr §H). 52 1H), 1.91 (dt,
_1H J=4.9, Ny 55 ‘5 C'“’Z“‘?’% &84 111275 2§ 331 87) 2‘54 6‘44(5‘1641%'56 33697 1@%51
Nt mﬁ nf@@s%%i N hngh &3 o) 67 238 o
zi 86, 17.74,M %’2‘“ d foy 3‘93"'9@ @amwesef,d'agsr s 6724 f°‘?'z>d4£’72127

128.53, 40 9 or._di astereomer: IR
(Ghin fi %mEliﬁ%Vga%"'béiP ‘glﬁé’é{géef’/@‘b‘yl'fﬂ%e‘%}'ﬂl@ﬁﬁ] Vd"”H ‘Rmi (CDCI 3) 1. 49 (ddd,
1H J=4. 4e tl(;lh' % rq ije itgr 39 i% sé e
J%6. 2, '15. lt)etuc gcj 1) f l‘ E\ié: $m o‘:@[(} de ( }E21l\ﬂ’ ) d22d74
(dd 1H, Jmﬁm@ Thé s@} o?‘angé—s stlrr trat t&g Jime an% §t|0(1§d
1H) 4.95 ( getwdehethyl -a g and %é alaled Qayer .
17. 23, 2b. 8ractaBwils ethd 9ac de (42 i]54m|)5 wétB -cofbined8 dr‘ié% ahd the
128. 88, 12%oh2dts wkdSreddved LAddr Qduced plosdits ti&n@mnrcﬁ&micﬁtwagmsh@ tﬁ:@bgh ;BIGU of silica
[ er r] Si . ( asiutig itk tethiyleacothte AC@BrBEtRA ARA Agsh 4hrématdgtdphy f@LMBtadOdthyd bdsfate) of the oily
residue, provided the alcohol (202 mg., 86%), as a pale yellow oil. Analytical samples of the diastereomeric

E; - | 9

by HPLC anal y'&i NMR 36PGh) A9 r(edd: OH. & 4.6.r%¢% tiitOnd .88 ridddc b d) 539, 8ACHH Qi 230t @d.ebher



E De5|IyI ation of D, nethyl-

4- (1- benzyl oxy- 2- oxo-4-azetidinyl) - [err] hydr oxybutyrate 50 To a stirred
solution of D as a mxture of diasteER®MS088§839 ny, .80 mmol) in THF (2
m ) was added acetic acid (46 [err], .80 nmol) foIIovved by
tetrabutylarrrmnlumfluorlde 2.4 of a 1M solution in THF, ?w The
resul ting ©p| uf"f"@nw?/(&é’b@'t"?dr P’é&eﬁ"ﬂ?t'c”le K PurecHp cahesr Ma@ﬂa' tf% '%fhé' Ratas
vol une and r?ﬁ?a pq i @Eftuffét eréF ?S!P%’ggi"ﬁym and bri ne (15 nm). The
| ayers were se n Eg;%‘% q §° ef'gqpi; ¢ ’\}ag %ﬁax‘tﬁ cetage
(2 x 15 ) 0

sol \g/:,'gts wer13-5£)386) ndtlg?l (r%e uce E)Eessu & 3!")\/g g appare"t
flu dthroug AafloUk4 420 t t t cent

and flash chgpﬁéﬁ%ggcgﬁwgi ¥ %ei@r?e?/%t ?11\,41 gabcgt %;%’ée)ﬁfa? é&gs (;Ig?{/} féeé’é?g‘t&é%
provi ded t he alenilseleda: ﬁQCHCIﬁ@%Oﬁ(PﬁSSoﬁ B & 7¥ehrw oi | . Anal yti cal

sanpl es of thewmmkcﬁmvmeded H, = d@lﬂ-ﬂﬁ@@%'ssmfspbsﬂé NYB.

obt ai ned by 16g2isb Yddarit, QR 2af 1:H7ezz©qa&1ﬁll=ydz eﬁheséa(aw ££3.8) 37205, 3HEBEE (N

was obt ai nech.obrma MY« @, 9, M8 @ mHYe3e (heH.] 85% diastereoneric purity.

Maj or di ast er e8OBNMR (dRC:¢ 137.¥3, 38340, 413ﬁ2@1 60136@9 64.86,577.98,7 ¥48.42,{22178,] 120 h €1 135.08,
1.6 (m 1H) 641857238 1H), 2. 37 (overl appl ng pairs of dd, 2H), 2.42 (dd,

1H, J=2.35 5 .13.8), 2.80 (dd, 1H, J 5. 2, 138)300(d 1H J=23.6),
3.72 (s, 3HF P@pdbatiérsqf n@itly| 4-¢-b@Gzyoxm-2- @b&%azﬁiﬂ@ﬂ)—(-&q&{b&ﬂyl@t@t d, 2H), 7.93 (m -
5H). [err] TMS) 38.42, 39.19, 41.34, 51.51, 56.15, 65.36, 77.82, 126. 35,
128.72, 129. 19A sogign gg’\/“f-l&(ﬁ?]@ mi, BZOom®E) in\GHaBle (19 rallswasraooiedto:0° IQ(GK@FI@[@FFF)]E)M
3520 (br) e PoiEy, @@70(42317’% 4.28 ommol) 'was NNFRd( EREPteR Apyitive . flog ¢fdigett gas, The
J= 3\_4 7. a? ng@oqygenqpuggfar %@ndnpplutlgn-z;a%allowdgo IlqrmSty room tgn]p ajure @ﬁ) C), stirpd f‘{rgs
1H), 2.43 (mfp cciqled tg OQC@ wlj_g'lt et © algafol %@05 TQ-I7W'QCH )nl) was @;Hec(uacailpyla

(
wi rgs ion was gtir i
\}_ El) 0. 7. 397 ??g(; r. T rr on hgetraAe‘sl to prism(:att?% ’haggthegg&lu% Sri[%ﬂfeéngnﬁda%hggt
128. 42, 127 Z;;% g zf}" E% i ITTPCar e
4-(1-b enzyl o% gjbng o ether Ef;‘dva {ed {s] j:ent_l ;IZVEI L o|| wmc nger Ae% red s yre 6 removal
di :
FXH) I) n:nd : r(]nt'h e%%der e Iu V@uo %vg Ieg%gwc?ul?:g%ni%ia

positive flow'g (C,J,(ﬂa%émg@ga 1}'ﬂ,e(b,%9d)n,9§ﬂ1¢9,qmgeneous dark bur gundy soI ution
was all owed t ORvViNiHdoRI5 988N\, edme;rgat(urm (:230§)4358<BI1M 8d1d%.08 ”ih?eeﬁ?@bﬁ}j
to 0 C at whi @iy s ¢, )@'8@?&&0% B=620fs 9fR.81 (TR ) 6 Mslof b6s (dal1HID L 6 HAE.0),
added vi a cajsslwdam akougswith. a .5 n rinse of the flask. The resul ting

dark sol uti on weso@iTms)esk Al 4@05(; 406, §587T6n49, e, t 2881, alos BT 10041, hadie, 16067,

reacti on wassowneeessrated to approximately half the vol une under reduced
pressure,ssdi | Utigitresuiution M®caidd 76rA8)s vk JOsazedl. 1107] foeidepdt.tiho.ough celite. The
remai ning precipitate was rinsed with several 25 portions of ether and
filtered thGoBrgparatied efttide cdR@pwdal of the sol vent under reduced pressure and
removal of pyridine under high vacuum (.5 torr, 1 hr.) gave a brown oil
whieh was fil tTeg dcketolesiguf H5angs (01§ mfoley iwhs d,iesobeclm|ongrmmh16hofep¢mtnlaem the eolution
Concent r & i S?P'%fm FH?@G?M%P?twnlon Garut Galaethe cplg pelution wasigderd FCT'TAYPehﬁ"eS“"
72% of the ‘1" rﬁz'f‘e @50@31 é?s \"—""‘°PR1'I éﬂ’r dgmpw%@wmeﬁ‘i@ QHP Prom) was
nerr] ﬁ; Iﬁ forrna_% dg)e realf '(‘tl‘fe Wff_lplaced in
J 10 9 4 0 e freoze g rowg rezﬁt Ixtl{ as telﬁ CL l_ﬁe pr the
1H, J=5. 3 t@ was aQTa ﬁwn fl., Th? b(iv§1 gé was 6351 ioq:qph trou nc;l_ Q
of s ica and he column "eluted wuth 2:1, vV, hexhnes:ace! & browr co or remaine at'the top
of the column and the yellow eluate was collected -and concentrated by evaporation. The concentrate was
rechromatographed over silica and the product eluted with 3:1, viv, hexanes:acetone. The eluate was
evaporated under vacuum to give 41 mg of the diazo ester as an oil (86% yield) having the following
spectral properties. .
50 IR (thin film): 2960, 2140, 1775, 1720, 1650, 1435, 1315 and 1210 cm™. '
3C(CDCls/TMS): 38.16, 42.87, 52.37, 53.03, 76.25, 77.99, 128.55, 128.89, 129.31, 13512 161.35,
163.98 and 189.02.
300 MHz NMR (CDCls): 2.42 (dd, 1H, 4= 2.4, 13.9), 2.87 (dd, 1H, J=5.2, 1.39), 300 (dd, 1H, J=86.7,
17.5), 3.29 (dd, 1H, J=6.3, 175)384(3 3H), 4.13 (m, 1H), 4.91 (d, tH, J=10.8), 4.96 (d, 1H, J=10.8) and
55 7.37 (m, SH).
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2.B3 (dd, 1 H J = 2.4 13.9). [err] 38.11, 45.05, 49.06, 52.37, 52.49,

77, 86, 128.61, 128.97, 129.41, 135.16, 164.07, 167.07, 199.86. 35 . High
resol uti on Ms cal cd- for [err]291. 11Gp 0 depuged @2P1. 1110. G Preparation of

ikl e conpound. The [err]-keto ester F (45 ng, 0.15 mmle) was dissolved in
mlliliter of acetonitrile and the solution 40 cooled to a tenperature
bet ween O [ Bepgatighd 5 C. To the cold sol ution was added

4-car boxybenzenesul - fonyl azide (37.5 ng, .165 mmole, 1.1 eq) and

di j sopr opyl Méhﬁﬂé"qx? -opoxf-azptidiny)-a giagmrkeiovaloral® eq) was added dr opwi se via
Syy 1 nge. %g 15 mn prechtate had fornmed and the reaction m xture was
pliaced i t uF?'Zé%?’@rm‘("ﬁ(H@Te %?'V')fﬂ‘y'kﬁﬁﬁfs The brown reaction mixture was
fil t‘e’r ed to r%

mc anpydn e f I | l% hst S W gf)fl{e[%la X eddtgtﬂg < jo
brjown oil. S : A3
COL| um of s b?igﬂarﬁﬁi) ;l' £ sf%% Vikis ( ﬁg} %q thﬂ?hqu ﬁ% % t"B?PQ a%%ﬁ-e

briown col,pr rae R @ e

ereatlnwasstl j of 2 at room temper
gr m3 o & eg;a#\ésswas

col l ected angh&omentma o@)‘nl) B Q%roéHl)%ﬂd th F"é %%0
r eichr omat 0géPdrp e fﬂ?r\éﬁrco&'ehda%@ (r@l’a@ etvgb%ra%no F’ib'l?g}a qg&”b{h toYivi Iﬂg a ent(gsa‘;)ﬁgfe :ﬁg

heixanes: acefdingter BhQ &liddadsCoil\arfis SHGHIAT ids o B Uy &r& Ve
the di azo epgdifidaticas an oi | (%G%I)sll el d) having tﬁurlw | om ng esllyec!t ral EW f"%]e,r

prjoperti @s. SR (thin filth)R3500-2700 (Brbddih 7452280 72020k+H0, 1775, 1720, 1650 1435, 1315
: arﬁd 1210 cnf erxc](cDGiesir77.00/60 74,3804, @s-8%4 2837,,62.98, 1324, 53503, 76.25, 77.99,
128. 55, 128. 89 NMBICOs): .ABHs, D2H, oG, 25, 2.6068, &8, @adm]1B9. 02. 300 Mz NMWVR
(ADCI [err]): 2.42 (dd, 1H, J=2.4, 13.9), 2:87 (dd, 1H, J=5.2, 1.39), 3.00
(d 1H, J=8 fiKetordipigycid B2 2((daisthilsilietnyl digted, 17.5) 3.84 (s, 3H), 4.13 (m
4.9 (d, 1 H J =10.8), 4.96 (d, 1 H J =10.8) and 55 7.37 (m 5H).
10 EP O 46@h685q_d e3ier By rg_tao(jnm@olp}bwapjhlssolved in 50 ml of tetrahydrofuran and carbonyl-
5-1( 1- benzyl%'sa'gﬁazzbd?(ﬂﬁ g- HAenmdeniP9) eqlewas] addedh ang- the reaptio enixdwre |strredtfer B5 halrs to
Syccini ¢ acﬁf?j"dﬁﬁ'??om(dzzqer gkt a5ier-dn B peppmishilask thg mopobepryLester of maldnjaaciddé3§ 6.43.4g,
6q nmol e%f '§°%n%§%? Véﬂdisﬁ’"’aﬁ‘ Rt yeirydiefean @ thel solutiond caolsdtthi-38°s 6t @i-t-on
wgs adde d| ?SWI(ZL’S‘V t2 éIWZS’fe P@e%Bwﬁﬂaddeggnﬁ’ﬁ‘?ﬁF’}XtW%‘ﬁs@Rﬁﬂ’ fgyy15 min at -78°
trli et hyl ami r%a%ongt ¥ e "?T ‘I"%lﬁf o B9ty S % 81 PRjobenzry
ol ). The JRACEI"GE GBAB“ °f' Yoot £ et vﬁéanma

n rs when a thln g er m te |

TWF Was th He ﬁeg Lbey e e ioé 3 8 %? ours. a(EFr ogra II';y rrg ?§ aé/ﬁra
mf of et QJersma ny\@ﬁml Fn ni reagtg rew va ated |n v ezrlg%?ug
thHen dried f¥&fedlif5dolmt of &h Et}{érnﬂxe% v)ﬁ@%a 311;& ggo lutlon .
.cc?gg% ra}g eﬁ%bﬁga&wﬂ@f@@%@ 'tf?cggado eg Y L i e a0 l f P atr
g 0 raftd i yifl§ 68T g 3Bid plo@lcP BB sdide Lei b i

pyrity and yefoacbidi r‘{act |y \?\n t hoﬂt anf furt‘sr?lercdpur|‘§‘$|2£;:kgtt|{g¥1l "y | st I—jég% "ﬁht
fill m: 3500 2THOAMR QCTEYY:) 0.341&A8H), 8N T, 1913 02 S fagdareht +, LAY ¥4 63, %fn ns%pr%an 2H,
-1.74, 17. 05,6.4282)8354 (Q&HYEJSW285511(%22!—34735](3%H50 TH NMR [err]: . 036 (s
'94H, .99 (m 26)CDC /P=1n00) 4id), 1644,202.76.037.08 Hjs.82P62.54 £s6l6h - 16209 204 4B, 0;28@6!12&5.09,
benzyl 2- (168-4are1206) 200.6%| ) et hyl di ester 20 The acid-ester A (4.46 g, 20.4
MoFe) was di Edtinvil: 2960k5@25broad), 1260, nt20\eerbf ur an and car bonyl - di ni dazol e

(3.48 g,%21.4 nmmole, 1.05 eq.) was added and the reaction m xture stirred
for 1.5 hodré- I-ty@'oxyadlplc acid benzyl, 2-{trimethylsilyl)ethyl dlester

The B-keto ester B (15 g, 42.8 mmol) was dissolved in dry ethanol (50 ml) and cooled to -30°C (bath
temperature). To this solution was added powdered sodium borohydride (486 mg, 12.84 mmol). This
45 . solution was stirred for 30 min at -30°C and then allowed to warm to -20°C over a 15 min period. Thin
layer chromatography indicated consumption of starting material. The reaction was quenched at -20° C with
300 mi of saturated sodium chloride solution which had been pre-cooled to 0°C. The resulting mixture was
then extracted while cold with ether (3 x 250 ml). The ether layers were combined and washed with water (2 '
x 100 ml), brine (100 ml) and then dried over MgSOs. The drying agent was removed by filtration and the
s0 solvent removed by rotary evaporation to give the crude 8-hydroxy diester as a light yellow oil. The crude
product was used directly in the next step without any further purification. An analytical sample was
prepared by flash chromatography on silica gel (3:1 hexanes:ethy| acetate; v:v).
'H (CDCls) .038 (s, 9H), .98 (m, 2H), 1.79 (m, 2H), 2.80-2.52 (M, 4H), 3.55 (d, 1H), 4.05 (m, 1H), 4.17
(M, 2H), 5.15 (s, 2H), 7.35 (s, 5H).
55 13C (CDCla/ref =77.00) -1.67, 17.12, 30.38, 31.23, 41.36, 62 47, 66.28, 67.04, 128.03, 128.13, 128.39,
© 135.45, 173.57, 172.09.
IR (thin film) 3460 (broad), 2960, 1730, 1250, 1170 cm™!, .
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provi de the im dazole active ester. In a separate flask the nonobenzyl

ester of malonic acid (4.36 g, 22.4 mole, "1 eq.) was dissolved in 60 m of
tetrahydrofuran and the sol uti on cooEed 460 887&Hlerr] Di -n- 25 butyl magnesi um
(22.44 m, 11.22 mmle 55 eq.) was added and the m xture was stirred for
15 mn at -78% r roomtenperature for 1.5 hours. The reaction

m xture of thé& Ei'yl}ﬁtp%é’ﬂ“( begryigp@-oxtienstidiy) proeipaitenat e was evapor at ed
and.t he sol utlfl) £ actlve ester was added to the salt via
cannul a. Af tne{' 4 Jbé cag ‘?)agé r9is5qhyed i ¢ ol A ittt peetate and a few

i ndi cat ed, SQIR g ‘f’eée ho '§ on 'f"ﬁt ey cpfaF‘??n“"H?' fiogen, yinder
heatedtoa er ut )¢ ur

R i B
very 30 sma ntfi\mb\‘ onQ hodrm' wh %I' G'trﬂ Qg}ﬁ rai an the traec tra

so
evapor at ed idet FeddGm e leﬁéd %cn ' s ditdd- fﬂ-fF d%e utlo coc%ed to .
The sol uti op-vwastoras hed SBWIJBQNAQ" ool QQymnyJECIHh 5 do, tﬁﬁwio a
with 100 &1 dRfcishakyidamb@ihidqeisung, HocahBONatdR) arfarlﬁees Wh Q p?%or% u%}id Hﬁ Ns\é\é
dried over [vefizylbxyahinbi@rms safkdoleaRay soddddQny | ih@ 1 s st 16138 &
[ err] - ket oadi @idovita diathifgeoz sl hourd-af fobin M@Hhdayskurd. Tid d@;&:ﬁ?ﬁxyl@b@&&eeﬁrodu@lstﬂa@ filtdr&Hthe
yel | ow oi | . fi@Bte concefiteted|t).e3abotason Dilthe reSdue(cditomatohraphdd o sikca BB heBhestacetens: v: v)
J=6.5, 6.7) o Pel83n Oipamalt poriicn of 2d, cildws .chystalized from BthyHlackite-hdlhes 24 -aMditd PAwderdx
5.17 (s, 12H):refeTab95frc(n5met5}I§ne chleridethetanes witch7pfovdB) smdil @rlte plhfes Abiting #t. abdut 687 (ﬂ5
48. 82, 62 54bous 8869, T@Zﬁm@@g d@roRiciObi)) sdiRBie@ Gnded BGh @Byuml BEdin3143 1:792(70:5 yield) of 2-
200.57. IR ((ttmethvl#ﬂw) | B-p0RYediD? 26 Nesad)amice200, 1120 cml . 40
[err]-Hydr ox ad'l loH(al signgls wers -vetyr tireadt intebrals [wete) apbloxiinatel e@t(erQHThw (m, 2H),
[err]-keto Fé’? qy) @fﬁ 246 (ra BHR 37Agm.) 1 HNABD N Sid 141 & €. 1), 199 (se2HAABI(m( B, A7),
an cool e t'd err bath te erature). To this solution was added powdered
o (g ’hx

sodi um boroq%(ﬁd‘{ 'Bﬁ'pf?ﬁDFW TR9.53046, 315|062 A2.632. 8748 i77 PBII28.8%
f

30 mn at e rmto_-20 C over a 15 nmin period. Thin

| ayer chromat : qap of startln mat erial. The
reaction gvaﬁ1 Oﬁl, 1A mgeial v} lp ﬁ:‘]’g % a§ ?fF’gﬁ?' %‘fgﬂ"g‘gfg"(ﬂ@ 26
sol ut OndV\’h'T %edaol J B gd 5!8 rbo T;g K ]B ; was added I
extracte WfHec@ld GH ﬂ)nWh z ﬁ )3‘ n %t e terH ra{a?edo lﬁ1ap )
combi ned angicvighhed i bi om"‘fﬂ %E{dr méte '%qunp was e rg't anj téed
over MySJ efdshue yﬂﬁmﬂb YAeB12A8HR Phod¥i@ Sval Wﬁ:ﬁg

ate viv)

]
d diidh [y @
sol vent renpadindsh h@lsdd Yickly sidkY Bdu@tr'astaQallg'yglﬁwtoT]e cru e( e” geh
diester as a |thgtaryeddigwoss ks, offleor (Hday)py ediisd (ﬁ{\’aﬁi)uﬁéedzdb' (n?CFHB yzée”(r# ey
next step Woishapging aity 2Burddien, 3, iis.pabrdRa, M) saBal Wi s HaB! £15@S 2H), 4.96
prepared by (dbt) 2, t7.40lmoBMRt ogr aphy on silica gel (3:1 hexanes:ethyl acetate;
viv). [err] .O0%B(00Sk QH)77.00,28ntérnat CRI), triglsty’9.6¢,M7.13H7.48 23030 £.43 254 Y] 62d7) ; 77.94,
3.55 (d, s H)28.48, 28.79,1100.1H)35.04, 1BF67, Mr2.2H) , 5. 15 (s, 2H), 7.35 (s, 5H).
[err]/ref=77. @'@}thmlemB'2$6011777§,2173<I3®2538117(36m‘23 41.36, 62.47, 66.28, 67.04,
128.03, 128.13, 128.39, 135.45, 173.57, 172.09. IR (thin f| |l m 3460
(bgoad), 2966“61%@( -bfw@xv-&qxpdwmt[devlv-} ketovalel@® 0 460 881 Bl D. - -
2- rlmethyIsHy eth 3- (1- benzyl oxy- 2- oxo- 4-aceti di nyl) proprionate The
[‘err] - hydt ox TB? ‘E°§FV°@’ &teef’ 2<tr"5§hwmeey' aRer R @%smloved] inmola) whs brbatest b
acetate and°Ho (Eﬁfm' Bomnmalec® wRtmep st of i Gaveraltionprgan iragediatshon
mi xture wasS )‘?ﬁ q'% %15 tﬂﬁd@f“"%eﬁ%ﬂ rP’B%’P?d Fheceidirg was, gousrd; iptp 28 il ot
about one h " s '?fﬁex ?Fégm??fw' h ﬂ‘éPﬂ"i'T of qpethyleng ¢hjorige. The
cts we combme npr Vdijec?segﬁ qfﬁiée crude

e éaﬂﬁeﬁtfcﬂfﬁ“ %s%f”t“%w il TRk e

m xture WaSka{' fttﬁ‘d' &gduk 3.0, i ,LE (imstali amo
under VaCUUerm QZrV sta@cfb gtION\@ISth re$r§a91‘n¥eo fnJoM nes ﬁ_":
and the sol gﬁddalanéé@iaiat% n{stz 64 c

50 'H NMR (CDCl;): 1.72-1.84 (m, 1H), 1.87-1.99 (m, 1H), 2.32 (dd, 1H, J=2.4, 13.8), 2.36 (m, 2H), 2.75

(dd, 1H, J=5.2, 13.8), 3.55 (m, 1H), 4.96 (dd, 2H), 7.39 (m, 5H).
13C (CDCl3/TMS Ret.) 27.37, 29.94, 37.55, 57.01, 78.27, 128.69, 129.12, 129.37, 135.03, 164.13, 177.53.
IR (thin film): ca 3700-2500 (broad), 2940, 1750 (broad) cm™"; IR (CCls): 1775.-1710 cm™".
The B-lactam acid prepared as described above (253 mg, 1.02 mmole) was dissolved in THF and the
55 solution cooled to 0° C. Carbonyldiimidazole (CDI) (187 mg, 1.16 mmole, 1.1 eq.) was added and the
solution was stirred for 15 'min at 0°C and at room temperature for 2 hours to form the imidazole active
ester. To the solution was added 145 mg of the magnesium salt of monomethylmalonate. The reaction
mixture was stirred for 15 hours and evaporated. The residue containing the product was treated with 30 ml
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C. To the cold solution was added N-hydroxysuccininde (69 ng, .60

ple, 1.1 eq.) followed by 10 di cycl ohexyl carbodiimde (124 ng, .60 mol e,
/L eq) and the solution was stirre&Pfo4codsad1 30 m n. Next, benzyl oxyam ne
4 my, .6 mMmole, 1.1 eq) was added and the reaction mxture was stirred

fole 30 min at [err] Cand with warming for 16 hours at roomtenperature.
Th

di cycl obfedigiviipteer aa¢ 8¢ mbpioWifceitripadd soltiop inevaters The rganie iayprewas sAREARY yesberd
evapor at M8n2hmok 18 Fitsis jaeid soletion ofamb g & stiereted solution ot spdjur. bicarbonate, dried over
xanes: aceMgpf. aif qyprorpdyio wipld aggligyprpsidun. Hiegpgidup uat Pusiiechipy qhrpEagaPhypyer silica
ystal | i zeﬂ 1f5|' B?ﬁa%pfﬁ Y a&%’ '3 é%&‘)‘("aﬁgsmﬁ 76a( Wi l%f BORAEP o5 'i’%d“c‘pr“l?fhé'raolﬁl y

- £9° ite
Zﬁj ?@ﬁ @{g‘?? (E)I @ o R T
ehz xam de 12 égr '15%’9%“&5%'1)5% }FHEE%’dz

d, 5 2H), 1.75 2H),
Zg 5 '42& ??nr B%M%?@E?B&X %@19%0 ggr%@erﬁ ﬁﬂs H)so 13%1%mcmH)l_D 400 (gm 2H)H? .

38 (m SHE ,o-la26-3-1b88- ,gc%m](t-{)e co E&Hg ref. —77 00 [err] triplet) -1.67,
09, 30.45, 31.51, 40.02, 62.6 7.48, 77.97, 128,32, 128.46, 128.99,
5. 11, 169. 5Fhe h4stodd®r El (85 MEBH) mmdiby Gas didddlled A0 milllifet of acklfirile dfd3kb solution

cmerr] as ThRled® @ € ilNnlarsal bax yra e @6id Bailifon Arad hddedrplitydxgbenyengsatidnyl azias (22 ing,

pr
of
‘SO

ppar ed as.iglemiel hedq. abibwed KydifisdptppyletByfanide (2501 € nmast.2les)s tewexdtidnrmigdurd wad
THF and stirregd foe nndl plros phiCread (0B 12 hayrs at Sdbmnemppeeaturd.. The @rbjis) praviniiatadtilehdhad Tdmmed
uti on wasasditteree endt the fil@{ easrejararatbd dihetrésjdue rachrarsiogeried @b eiliqad 9 1. hexangs:etiFyl -

mpl e, 1.2 ewgtale, waso gigelddimy (B2tchdeldyaf the it campovndwingthn Swiakenstigxy 2orb-aezetidinyl)-a- -
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Df-er r] 24 ofiaz3B-heforelenatel as aeany edle, cloasmetianngller at ure for about 15 hours. Tlc
di cat ed t hat'H &IMR EPChhB2nipd i idx ARt WS-8 dets l]H'E'b'=2 TAR7) 88t {doH. n'r>'ét2u‘r3e7°
5 evapor af 8l ZHa) TR J984mditie 386 é“)nﬁ‘%(dﬁ 78). 7 88 f1-SHhct am product:
F omat ogr a he(ﬁ; WEF”E‘?I'?%%P?@G"’:L” REXn <7 X Al 7580 teH s 128\?9v')28§%)16??ﬁn1§ﬁ%?g
ng (88% WePdP+t 198 pr oduct _as 3 %I nt yellowoil. [err]: .046 (s,
720, 88900 (m 1H), 2.28 (m 2H)

or | appi ng_with 2. 31 (dd 1H, J=2.3, 13.7), 2.73 (dd, 1H J=5.2, 13.7), -
56 (m I—E—Rﬂlé 4.96 (dd, 2H), 7.40 (m 5H). [err]/ref.=77.00,
ht er of 37.43, 56.71,

67 73 Cﬁ&["g %’Bgéﬂ’gé’p%i% %’&6;?%;"%1913)%?"6%&“’1%@"% ®2172.27. IR (thin

m: 60 %%@l 4- (jr Zgrgyloxy -4-%2"3?9#5[3[-@&5]& ketgbut\M% tﬁyelpared as described above in Prep-

(1- benzyl er%n - @ Rig 419 Flol) a@ﬂlgs)owg@ i dry 1661 Qr\éa(h(?ﬁlﬁ A tﬂé)benzene-mﬂy evaporated to
penzy| oxyR#gld £hy Rademus 5flwaet Fyd il s jeamael in 8§ likdthylend SifloriB®) (4- mi2 647 TMPAnE ko
5t r eat edinidishibtioh ag adued Rh, 2R NIst Mgl 1 Wefkd)denidh-wad thdh reflw@d f0AMRS Br. THe DRfent whd)
e M obs Diémovedatsy RME! stlabopdlio @fGWed I BYRGH adelry (anéh.af heto alddud bénzaldehydel The
pwed t hat resulting theswh ol fafiesie Ehrdnedtagiapad. on lhiea g8l 15U Ecrinasluny) @ enzemttethyP&hotate;
10% cCi t r:q t@givecth 330] (31%)aun thapehatn s agantyblicenilext racted four times with 15
portions ofionsthiH M8 (Chtkor2.4edd, TTHel ©1@.8. ASL 8.99%dd, 1todbi gk E.8. &N 2% ([duaH,
rr], fd¥teer ad), abdideviEpbT Bi2e8i0)t 4181mo Vif)d®808S 3y 431 (st Hd. cr ude 45
pst eri 4 cat ifHICGEEAdSCT775.37901- benzyl oxy- 2 0Xx0- 4-azetidi nyl ) propionic acid,
an oi | . Thdass Soegieus: {G! pithipabytanayrrefe, "4g of silica and eluted with
hyl acet at e.*CTiiéR gcacb)aﬂts%ﬁ@d@égy éd3 PP V12PE A%%y (63% yield of
e product [ &IRMS: palegrfbiiQy 183093 5%&1"%1%5%W oil. A snmall anount of this

solidified upon standi ng at roomtenperature, serving as seed crystals

for crystl BRI of the remai ning oil from ether:hexanes to give

.CO‘ Orl o p@},ﬁé&y% q’%“’cth'a]r’fg*%’}‘em °i’él’%"a‘el iy 1281715(2n dle)lH 1382 % 9_9

13 8) 3 55 ( - inyf):a3daz \H)erai fohdrb T&@ea‘ﬁaed) ablve iRt Pre
5%1(1150%%9'2 meti%é d ) mkl‘g t ‘B y ﬁ:ﬁ

29} 94, 37,55,

(
ab

to

(thin fi f&;&aweﬁ@de ond, 2940 1758%301? oad)pgggr?f tgqg‘rﬂtrlelﬁ%mlpal;'Z ®

err]):- 1775. 1710 crr[ err] The [err]-lactam acid prepared as descri bed
ve (253 BRmpib302 Mol e) was dissolved in THF and the 55 solution cool ed
0 C. Carpbonyl diim dazole (CDI) (187 ng, 1.16 mvle, 1.1 eq.) was added

_and the ss Methy! 1-Carba(dethia)penam-2-oxo-3-carboxylate via 1-methoxyazetidinone-2

The silyl protected N-benzyloxy-g-lactam prepared as described above in Preparation 1 D (600 mg,
1.47 mmol) was dissolved in 5 ml of ethyl acetate and 50 mg of 10% Pd-on-carbon catalyst were added to
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solution was stirred for 15 nin at [err] and at roomtenperature for 2
hours to formthe i mdazole active ester. To the solution was added 145 ny
of the magnesium salt of- nononet hyl gl @aetisst Bhe reacti on m xture was
stirred for 15 hours and evaporated. The residue containing the product was
treated with 30 m 12 EP 0 460 881 -B1 of diethyl ether and 20 m of 10%
citric aci diheeiyies ghe mixtufgwes placgth ender gegtineschery ef hydmgersusiva rabaiindn. Aflersthisairsvihe h
20 m of 10WEerPYEs eidieibessil groppwas ipgmaletecind 50 gwatofi pdsitions! catdiyst susendsid is ail @in
bi car bonat e3Y}pGeitp WA @pdedy Eféﬁé}crm veﬁeorm}%ﬁaeffeaﬁéeplttooal Phuss- dhepcajabist wagarereaypdine.
The resi du i %fem?é% %r eva%%ﬂ% 19 previde(2 pale llow oil. The oil was

glite) %H’e
hexanes 3) dtyi?:dﬁ? §’% g?'t" 3 meﬁgf &hlc i garBanate (748 mgr 3.3 mpgh yas
n for

est e pr odu Cg g |o flltere through activated alumina before

benzyl oxy- 2 er St" - r}‘3] © ég':p\'?gf”éer %Ts d"”té’i% W5h

| 9 gt ey gnd e
[er]: 1.72- %‘% %g‘i d X °°
(dd 1H, 10J et goxy}1

aél was efl3o er

atg%'o%s‘oll\:e ?g/ 'P th crub -met Aﬂag?g pq_ ﬁ?e o

2H), 7.40 \&Hso@@lved i€h awy@? uan 4 it %t . 1.42
ut%

77.96, 128. n5r%I) & follb gystetr fhonidrf? u |ae (3: " ol)
(thin fil n)ThS%thg?o%Qe s&&»Zquasla? d (S SPr 48ral 0- chnlrr?henJalf1 Qnt tureﬂj( 23°C)
cnferr]. F.fol K] hbisaigon [WE le)apkitle®1d Rfrole ITAE bRiMné toldwh GefBRRHHd deMeen ethyl
[ err] - ketsoeméiae (I riBmdn@ter 24 Al 1TH | aBleou@By i e S Sdpiradd bl &B@ctéﬁ‘duth iob i B¢ adBifional

- acet oni t r i | ethybadtateh BheSehitiinbd Bthyll acetst @ktfbhs twreDwashed Wihad rhiGE b&R| &rieB 1§50, Y ehd
the col d scivarbrated wagovdddemd mgCdrthe pipaRe Nesiuttf @Rl aZikhkdhdkRZ-oXtt-azetitiByl)-5-
mol e, 1. 1 hedrodybdtyrate Olve dbdyy exliattion procgsy otthé yduasds Mgers Xas fepdatel to yiddlaatakienal &b. 3
eq. ) . - The rrenefttheotesiviaed praiuciathe shueopeidydrowers tren lagtacted ittOseva@ i roprtierzcbf fnethyldria
hotr$ at 2or cbridecanp ell axtiaete coiined whd p@p@ated lopyi¢ii 229 mé dichlighetdlovirosiinBashwh®matog-
filtered arieph e sfieq @i deenepaseionhgeye 4@ ha (The far dupersiepsinefShecdmsiyiatec audagive @
on silica (PEeysloydtanes: et héﬁ acetate, v:v) to give 35 ng (92%yield) of
the title conﬁdﬁﬁd"m)ﬁéﬂ{?ﬂ) 0(177Bvéﬁ EhoigercmXo- 4- azet i dinyl )-[err] 20

di azo-[err] 6‘5%’%1‘”7@? 9 redptel 2He pratgps « 1 QH aggiagiprh ring):58)(m13H3. 2.

00 mI

1H), 1. 98 ( 2 (dd HE S 1R eo&neng_gls7 -3 r2197p30t ngh 3-321gnd B33 (Proad 3, 7 _
2.85 (t 2|—‘1""s‘3re) éi'° ’°’t¥ 8*°’(sr’n3 7? (qPH). 388204 382 gptal I o4 aae 428 3. toral TBig iy
5 / i 7, 57.1 5 80, 78 .21

128 59, 12 sig“& © '3> m%éggs (B85 25 Hso K530, oS0 hhem o
it 3040 Sy rcs 50%&529% (1] . Exanple 1 Methyl

MEt hyl 4- ( 1-1? &XIY'thnQrXtQ uéje lﬁ%% |1 11;19 1q’1
prepared as dl%%@'?’d alewa1d Ry B ek wéraaaéoo&w r rom?aaa resultm
di ssol ved. iprgeHay sQ@tIM RS thof albwbd RNebrrh NG rRANG ARl LBl fGN%er;E %@ eh
any trac® @ROUTHeSalddhol Wa Bdided Vaetaktula a8 StifHaSSO3VAR hd trih Yvaffib *icvlo%mqerﬁ é?Jré e |
(4 m, . 04Aud)soashdl hows (TLCSm&MbrLihb Géhctivasvas Al Witk ctml) «RP idRbd troddR!cXte.
Whl ch was tCoemntraéidr anxediitfatr gale 2brofd oil WHIEH v p16B3H undét Bight Dacudin® BRYHRSTe layndl’n@t'ﬂnéy
a&gr at i omesfdod wasviash plaged dni dilicy gt bl (15 x 2@ and tde ddlupnn lgOickEMIEwith ethyl acetate
benzal dehy d@0%)faking €2uhtt fraaitpnd rRemnvad bl sotwarg fbinasehfraztiong eetariigapdvec gave BB Imgca
gel (154 thechrreiesstarmmetnt 4-(TreeianeoethasetidinydBabtebutyrate; ) (61%) @i ¥ @ald Felivy I3 TR
of the penditherpurification wes ajiemnptedy This mate@0 & df/Bufficest pulitd tNMR N 1IBDRKf stex | ) : 2. 41
(dd, lH J= 18"*8“"" ?'"’8 9602 789 1§ " 1H, J=18.8, 6.8, 6.7), 2.97 (dd, 1H

1-car ba( et h"ﬁ’l)an@ I@% 1%910 aféﬁﬁn saét eéf ﬁh%lf%?%yae%)%yﬁ Ire % eéél% 3pof

1 J=16.1, 2. @) >5 ?LH (d9:1rBJ224514® 2.914dd, §H( 47 6.4 1), 284 0. (5 J=5R)14). 8,131
(s, 1H). ae 1H, J 6f oz 788y 3H), $: (sl?@0431l\ﬂﬁ‘s§"')8£)ectrum (A with
) 6, 48.65, 51.24, 52.18, 63.27, 163.19, 166.92, 199.67

c
i sobut arf®) rﬁ(:tf\nsﬁ?cau:d & 0794 Diound 215.0762

The g-ketoester (149 mg, .69 mmol) was dissolved in CHzCN (2 ml) and cooled to -10°C and to this
added p-carboxybenzenesulfonyl azide (174 mg, .77 mmol) followed by the dropwise addition of
diisopropylethylamine (145 wl, .84 mmol) over a 10 min period. The reaction was stirred for 2 h, not

50 allowing the temperature to exceed -5°C. The reaction was then allowed to stand in a freezer at -10°C for
12 h. The precipitate was removed by filtration (celite) and the filtrate concentrated to give a dark brown oil.
The crude oil was eluted through a short column of silica (1:1 hexanes/acetone) to give a yellow oil after
concentration. Flash chromatography on silica gel (2:1 hexanes-acetone) gave 139 mg (83%) of the diazo
compound methyl 4-(1-methoxy-2-oxo-4-azetidinyl)- 8-keto-a-diazobutyrate as a light yellow oil which solidi-

s5 fied upon standing at 0°C overnight. An analytical sample was obtained by recrystallization from ether-
hexanes: mp 55-57°C.

IR (KBr) 2980, 2950, 2150, 2150, 1790, 1770, 1715, 1650 cm™",

'H NMR (CDCl3) 5 2.47 (dd, 1H, J=2.4, 13.9), 2.93 (dd, 1H, J=5.2, 13.9), 3.13 (dd, 1H, J=6.6, 17.5),
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and

r] NVR (CDJ err]) 41.80, 46.61, 48.44, 53.17, 64.35,165.58, 172. 36,

08. HRMS: calcd. for [err] 183.0532, found 183.0534. 45 Exanple 2

hyl 3-Hydroxy-1-carba- (dethi a) - 3- cephen}4 car boxyl at e Met hyl

1- benzyl oxy- 2- oxo- 4- azet i di nyl ) - [ EP P|46Q8&LBI[ err] - ket oval erate, prepared
descri bed above in Prep- 50 aration 2, is.dissolved in nethylene

oride an d 1.t Q..\PL Qv title corrpound and
o dehydcejﬂg( tlﬁdve‘hlﬁ )e3r;8 gH)ng%:ug tne 6‘13121%16%524%5'

1 ne hoxyazetldl none-2 The

far ba( det hi a EL $
yl protect e RERZY e{%xééteto%sr |ss @é&t .ﬁ Fn@tl? n@cthﬁ%eda‘ﬁé%réagﬁﬁl: SN Eot rhddium

paratign i ra@ceﬁ $00as Wded] THE/milk08 wh ?h%q N8 rpBratreh pRlidEihE e RRShH 84t&
50 ny Of and @¥ndrébngia: car bon cat al yst Were added to 13 EP 0 460 881 B1

} solution. The m xture was placed under an atnosphere of hydrogen using
al | oon. Abkm@ple ® hours the hydrogenol ysis of the benzyl group was
onpl ete and 50 ng of additional catal yst suspended in-1 nl of ethyl
tate was Mt tCarBdidethia-aotdpanamvixarbooiasd wd emahdxgmetdoxgatdidinos@al hours. The
alyst was renoved by filtration (celite) and the solvent renoved by -
ary. evapor aTheosilyl tpeotgsted Wigazylmxpélagiany &, Peparaioh 1 (JBBeng0R-B7 mwasl) as disssiseal iv ettly!
8 m of ecetatei0tmi hngl to tthigesoltidnuadiderh 10% BH-€d1900m@. Altep pldcingeundermncimdsorees of He
8 ng, 2. 2signs|dpllopm sheadation was|stitpdder AFyhawestab yhich tag te Cﬁta'mwaaﬁem@d;bvﬁfﬁmfg
ch was’sf i theghaalite pddigyseivert remexgdey ralpiyraveparaien dhecoll phiainedhwascissalyadyip CH

h at 0 '} A ?@QEtt? INCnsHOur{b 18,832 _Mmek dvagiepdpddefionpd By thei denwise add

the di | e aihyimetp %%ﬁ%“'mi” ?1hmT8'%T@? f“faFtE’" AE gemoisip %Hﬁ?ﬁ‘i"bﬁ%{?ﬁ&‘ﬁ‘a
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por ati on GF& l ayer (yere was

1- met hx %tzl:é"oi’i”x %I jzf ve'n}, VT,‘?SZLOA(Q@ §§F§ '3)}? giﬂ@gg% 235

e obtain

9a1
F) and t hg 04#} o - ret %set. 5 rLt b s
ed fol Ovaadi Htcx. rﬁm@ﬁ balin! W AV re@ov rﬁﬂ yot.\ &ﬁa.aee
, 3. 55,mpls )purlf-g eoyr i chloR Bt SR 3R s?ﬁé LHei B3 VR é t tQ- W8GndsP gRthd 'mdsOFrackior?
O[err] andnthifd prdduct QRBINhASPRINS b8 pbigRsbrial RedmomaRbragiy of the Mbed H@ttdkd @A
evapor ategfi bebtdichsangs) Tddre 306! rgh@59Rr RWhrécL Stbsky & Ridiryl Ui PMARbxAREMEF-D-0x0-4-
yl 15 acekabmyil-2Rvdroxbuiith adahel. 20 nml ). The aqueous | ayer was separ at ed
extract ed W dnln fitké) 3ado o, 206ddiA7s,anss cnet.hyl -acetate. The conbi ned et hyl
t at e et r actrsNMRB {EDONAS hogl2. 12 fséried Of ] totalfl 2H) protoss o BrthecOH add)&iad) rirgh @35 (m, 3H),
lpor at ed t280pENGROS @d10@I 1H) Jeb, tdhdastkeimenid ¢l 66 ripp Pabtons), 3.28dnki\BI29 (apparent t, total
1- met hox yrH2digstapeoterdez nydiogil prptods).-53 lapdis.B5¢(p Dotaly8HRA BE3 (STHHY. At2one 48X trm. datd! i1 drC-
cess of t4motengh é.8%and| 48y dddsanficgespeqtivain. tothl &b msthyleck eipthaidi t i onal 80 ng of
» desi | yl at etiC i¢RHé 137- SGL'H@;-G%G%QDQ%‘*& &Y% $1.9%565% e f?. 8559 46-4& F6.G4. 095, 65.48,
eral pHr 1000 18F21SEAL1ERS. 8-S hl ori de and all extracts conbi ned and

evgporated to '@$€F'°2’7‘9’ H@N%2‘1I71 fiSt fordAMA1BY1 . Fl ash chromat og- r gh%e

ica (2:1 he naéfs?h% 70 a\ms') 4 ° jzec 743t GBy/PHiFiPS: EorasH 7S ) degibgchar

de$i yl at ed “ﬁﬁﬂw Rigleg togive g}m% §0[( st°'|aRa(’i'?1Y%‘l°“rP'| n 3440 (br) 2960,

17%0. 1740 (sh ’ o y25scld
pr )tons [ " ‘Ld t@"‘ﬁ%@%f%l A Rre ?F'grr' cw'ﬂ?agéfg gn;s léﬁ 7 ﬁl gﬁ;mf

oad S ‘3 ' ?Wﬁdéf’: I&)égfs%{' 95%%9@%% 3 79% {63, SEB Jagbb_and
|'iﬁ;tiez’er 9%&11 8 frithol) IW'asszl ied ]as ﬁzgcﬁ?:ﬁ 6 RS 4&}%}&2! Jn@IB%]Pu%Z:am

31, 38,478y RS Qb QeavedP2189Mlg (§53) 0 thebBaze 3 d
97, 654543neth1'63(1 @M@&y Z%ZZA Zzg;}d:rﬂyﬁ-g d%Qo -B- ketobutyrate gs a yellow oule ompos

IR (thin film) 2960, 2115, 1775, 1715, 1650 cm™!.
'H NMR (CDCls) § 2.51 (dd, 1H), J=2.5, 14), 2.99 (dd, 1H, J=5.4, 14), 3.10 (dd, 1H, J=7.4, 17.7), 3.54
(s, 3H), 3.57 (dd, 1H, J=5.7) 3.86 (s, 3H), 4.32 (m, 1H), 4.80 (d, 1H, J=7), 4.89 (d, 1H, J=7).
50 13C (CDCl,) & 38.06, 42.76, 52.07, 53.11, 56.41, 75.85, 99.79, 161,08, 164.31, 188.82.
The title compound was obtained by heating a solution of the a-diazo-g-keto ester in dry methylene
- chloride in the presence of a catalytic amount of rhodium tetraacetate at the reflux temperature. Methyl
- formate, the expected side product, was detected by NMR and confirmed by spiking with methyl formate.
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30 ° HRVS cal cd. for [err]: 217.0950, found 217.0951. .

1- met hoxyazeti di none was stirred with 2 g of activated 3 A. a@ﬂigm?'! “i H I|
inlm of dry [err] for 12 h prior €8 QM489 88mBIrder to reno usit s+
of water. To a solution of pyridine (1.11 m, 13.68 mmwol) in [err] (15 rr1)
at [err] was_added powdered [err] (683 ng, 6.84 mml). The resulting

bur gundy sol 8™ was then all owed to warmto roomtenperature, stirred for
15 min, and PHRER TR tB?é‘ﬁ'°‘f’5‘g§5’"t'?°é'f‘9]StatePheATaF%&'i'oPE\ﬁ%\%ngdi?eﬁﬂ\)T dhMmdkil a and
stirred for j’:’OTﬁ1 f %tho [ 00 fi’}nﬁ ature. After several hours
(TLC noni tor ) t eeprf”ceﬁs F‘%?Pa" 2 APTET SA"RAMTHC Y860 n) and filtered

t hr ough célite. Concentration of this filtrate gave a brown oil which was
pl aced under high vacuumto renpve pyri di pﬁ@ The resi due was then placed an
a silica gel colum (15 x 2 cm «nd_the quickly eluted with ethyl
acetate (100% taking -20 m fraqgtionsj Renoval \of solvent fromthe
fractions,gcontaining product gavg 149 of 40 éyl)e [err]-ketoester, methyl
4- (1- met hoxy- 2- oxo- 4-azetidi nyl)-j err] iket obutyijate, (61% as a paI e yell ow
oil. No further purification attenPed. Thid naterial is of sufficient
purity to use in the next step.” IR (thin TCH 2960, 1775, 1715 cm'. [err]
NWVR 2.41 (dd, 1H, J=2.4, 14), 2.91 (dd, 1H J=6.4, 18), 2.94 (dd, 1H
J=5.2, 14) 3.13 (dd, 1H, J=6;6, 18), 3.5%¢dR,2H), 3.75 (s, 3H), 3.76 (s,
3H), 4.31 (m 1H). 45 13C (CDC[ err] 37.78, 45.006, 48.85, 51.24, 52.18,
63. 27, 163.19,166.92, 199.67. HRVS cal cd. 215.0794, found 215.0792 The :
[err] - ket oest ervhlechy\pnges mig® imen linert\gelvent] atsas tgmperafurie rbe@PBGNOQtZ' Sne pnchakpuicESo L ed
to [err] and t&ezafiskr ddedrmy@car boxybenzenesul fonyl azide (174 ny, .77
mTﬁH f ol fowed by the dropw se addition of diisopropylethylam ne (145 [err]
.84 mmol) over a 10 mn period. The reaction was stirred for 2 h, not 50
allowing the tenperature to eﬁgeed [er(QHz)}E@(o)e@gUm was t hen aI | owed to
stand in. a freezer at [err] for The preci gltate was renbved by.
flltrat|02n5 (celite) and the fil ratelconcentrat d to give a dark brown oil.
The crude™oil was eluted through a short colum of silica f41:1
hexanes/acetone) to give a ye wow-oi-N-GQfRer concentration. Fl ash

chromat ography on silica gel {2:1 hexanes-acetone) gave 139 ng (83% of the
di azo conpound net hyl

4- (1- met hgxy- 2- oxo- 4-azetidinyl)-[err]- ket o- a- di azobutyrate as a l'i ght

yel low oi | whi Gl &eddifit am&umt bt LfodiliRPE,-61, 20BbHBteddheteCinltle BYRI UL, -R ERydrogen,
anal ytical sanghio, WsecBhmingCshyPdr HyBokilRR| isZodatdaRy Hroldih@ bB6S: R, REX eyl &P
55-57[err]. |RC(@ﬁubstﬁ%&lkyQQEQ,orzﬂéaQ,Y|s?i5i%lenﬂ-&%,of&137c9muli7l5 1650
icmferr]. HNWR (CDClerr]) 2.47 (dd, 1H J=2.4, 13.9), 2.93 (dd, 1H J=5.2,
:13..9), 3.43 (dd, 1H J=6.6, 17.5) 14 EP O 460 881 Bl 3.49. (dd, 1H,

J=6.4, 17.5), 3.79 (s, 3H), 3.86\(s, 3H), 4.35 ( 1H). [err]37.91, 42.86,
51.88, 52.19, 63.49, 75.99, 161,24 _1$3. 24 r 188.79.3 HRVS cal cd. 241. 0899,
found 241.0700. The a-di azo-[err]/keto ester was difpsolved in dry nethylene
chli‘efide and a cat al ytic amount df rhodium5 tetr Hte was added. The
m xture wds heated at the reflux tenperature to ovide the title penam
ester and formal dehyde. Exanple 4 10 Methyl

1- Car ba( det hi a) - 2- oxopenam3 car boxyl ate via 1-net hoxyrret hoxyazet| di none- 2

The silyl prots?ct ed N act amtD PrerR %t (t % %
| oSSy ) o o Shor R b Aot
gTJDC) (Ygg 0. rﬁ%fi éc}ﬁ?abﬁéﬂl TOISR at"tmﬁﬁs@?': 9 h? §&hg a bal l oon, the

L;a]?lt : ?pa}[’\?g&hsﬂ d?&gss o?EIant%'ﬁNhQ%Hrﬂ?é c%taly%é Fﬁgdugrﬁ {Eﬁaatcgigte %ﬂ&?&:u\‘?&cta“@a?e, re erved

4. The process of claim-3 wherein R is amino or protected amino.

50
' 5. The process of claim 4 wherein R is phenylacetylamino or phenoxyacetylamino.

6. The process of claim 1 wherein Rz is methoxy or benzyl.
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1! "through celite and the solvent renoved by rotary evapor atj.qp. i
olgt ai ned was dissolved in [err] (4 mM) and cooled to [err]. g'maﬁ"ﬂﬂ]aﬁ“'”“l
mmol ) was added foll owed by the drogwosg\e adqig4 on of chloro s " e
etther (260 [err], 3.31 nmol). The reactlon was conplete after 45 min. The
rgacti on was concentrated to near dryness and then partitioned between
etiher (50 nk) ABdoMRLSRS of tdGortlid - The layers were separated and the aqueous
| gyer extracted with ether (25 ml). The conbi ned organic l-ayers were washed
20 with brine, dried (MgSOerr]), and the solvent evaporated to give a
l'itght yellow oil. The crude gethoxyne roduct was dissol ved
in THF (3 mM), cooled to 0 C° %n@(é k,:gﬁgt@lﬁg acid (135 [err], 2.35
rmDI\)’foIIowed by tetrabutyla , fluoride §4.74 m of. a 1 Msolution in
THF, 4.74 mmol ). After stirrin inat 0 Cand 8 h at goomtenperature

t He reaction was then concentr Q@RL,he crude residue was el uted through
a |short colum of silica wit@ ethyl acetate. The solvent was renoved and
the oil dbtained 25 was purified by flash chromatography on silica gel

cargoxy ro ecting -

(31 ethyl acetf{‘ﬂaten Qﬁ%%&re% If"\'i‘l n %tg??star;lra o%‘zy nt | Digh
cont ani nat ed vheR! % )
fracti ons (2: 19Th agll%‘ Z e'“’? )fyyeQ ree 9r°)8'f

net hyl . %1 melUA8 t?fa'ﬂgz"?"%&%’& 4 g % iyl $-Terr] - hydroxybutyrate as an’
oil. IR ( h' n 1f'he Ccol ounu6 c9 clg?\ QW?E%% is 67&5& yilgrﬁ (ﬁgﬁ(?%msutug@ by Phen}[ler r]

1. 58 2.12 (serles tons OH and' 'actamring),

2.35 (m  3H), %e%Qm@o(]ﬁu &cgﬁ\é%reﬂ@t@}netﬂtylﬁbe%zyr 5, 14, diastereoneric cis

C-3 ring protons) 28 an 29 (apparent t, total 1 H, diastereoneric
hydroxyl ,pr Qb Oftg eompoumBor @i Bwirsin 1S is hrdstificdidurbogméByl gRup.3H) , 4. 12 and 4. 25
(m total 1 H C 4 protons), 4.85 and 4.87 (dd, and s respectively, total
2H et hyl e 1op tleablowidgeContddtingGtat8BES3, 38. 72, 39.45, 41.30, 41. 39,

51} 69, 55.42, 55.58, 56.49, 56.65, 64.95, 65.48, 35 100.06, 100.21, 164.91,
17R. 55, 172 .158nlightess adr pdparingt sfieetam]co@ddond 683K, fofrmland 247. 1057. The al cohol
(4P8 ny, 22.01 mmol ) was oxidized with CrQ3/pyridine conplex as descri bed
for the O- nethyl analog to give 371 ng (75% of the ketoester as a pale
yellowoil. IR (thin film 2968, 1775, 17501-{2 ul der), 1720 cne][err]. 40
[efr] 2.45 (dd, 1H, J=2.6, .14. 1)~, (dd, J=6.9, 18.1), 3.01 (dd, 1H
J=p.5, 14.1), 3.20 (dd, 1H, J5. é, 18 1) 3. 51 i 3H) overlaps with 3.51
(df 2H), .76 (s, 3H), 4.29 (m |1H), 4.76 (d, Y—) J=7), 4.86 (d, 1H, J=7).
[err] 38.09, 45.25, 48.90, 52.14,__52. 0 56. 46,/ 99. 95, 164.95, 164. 46,

166. 92, 199.66 The ketoester (339 ny, 1\3%, ) was di azotized as

depcribed for the O nethyl analog. Purifiygdtion 45 by flash chromatography-
isilica (2:1 (hexanes- acetone) gave 3 (859% of the diazo conpound,
hyl 4-%1- met hoxynet hyoxy- 2- oxo- 4- azet i@PR-) - a- di azo-[err] - ket obut yrat e,

asf{a yel |l ow 0|I IR (thin film 2960, 2115, 1775, 1715, 1650 cm|[err].
[e_-r],2 51 (dd, .é; % §r) gn i%er?%lv(ancht aléﬂapergm'\’:b &twe@ﬂf)abou&ﬁ@ dridGpoutlds - C a
P4, 17.7), %stE i 7) 3.86 (s, 3H, 4.32 (m
1 39 (d, 1H = 489(d 1 H, J=7) 50 [err] 38.06, '
42 76 52 07, 53.11, 56 41 75.85, 99.79, 161,08, 164.31, 188.82. The title

ound was obt ai ned by heat| ng a solution of the a-diazo-[err]-keto ester
in dry nethylene chloride in ®he pr eseg@.'q\s;g@.fcg)@c@@m c anount of rhodium
tefraacetate at the reflux ten t hyl fiormate, the expected side

prijoduct, 4as detected by NWR an conrl rmed by spiking with nethyl fornate.

55 15 EP 0 460 881 B1 - ' A '

!
O/-.—'——N-O'Rz

50
with a catalytic amount of a rhodium C2-Cio carboxylate where, in the above formulae, R is hydrogen,
" amino, protected amino, ethyl or hydroxyethyl; R: is a carboxy protecting group; Rz is Ci-Cs alkyl or
C1-Cs substituted alkyl; nis 1 or 2; and Y is a divalent group of the formula
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Clains Clains for the following Contracting States: AT, BE, , E
@B, &R IT, LI, NL, SE 1. The process for preparing a [err]Hﬁﬁlelmuy&ll
of the fornula 5 10 EP 0 460 881 B1 ¢ oL w SO

0 [err] 15 which conprises mxing in an inert solvent at a . :
t enperature between about 15 C and about 85 C a diazo ester of the fornula |
20 [err] 25 30 with a catalytic amount of a rhodium[err] carboxylate :
where, in the above formulae, R i% hydrogen, am nOx,protected am no, ethyl
or hydroxyethyl; [err] is a carboxy=fotecorng group; [err] is [err] alkyl
or [err] éubstituted alkyl; nis A or 2; and Y is ajdiyg,ent group of the
formula 35 [err] 40 2. The process of claim1l whergfn the catal ytic anount
of ™odium[err] car boxyl ate is between about 45 one nol e percent -and _
about ten nole percent with respect to the diazo ester. 3. The process of -
claim1l wherein the catalyst is rhodiumtetraacetate of rhodi um octanoate. !
4. The progess 1aé plobddh 87 chiill Qihle tH3 daflyBETbMEUNOSt rRIdRMESLE Y caBA@te isbbtwoen AR
process of cl aiohs olpaEddt shdRodutel HBRBHLRER W R0 Bk dRbeARKyacet yl ami no. 6. :
The process of claim1l wherein [err] is nmethoxy or benzyl. 55 16 I 11111
EP O 460 8813.BIrhe process of claim 1 wherein the catalyst is rodium ltetraad¥tate oBrhédiurt B&adaepound of

the formula [ERR] A 10 wherein R is hydrogen, am no, protected am no, ethyl

or hydr oxyet ylThe pregasd ofickima3 elzrdiyoR is apirotoe plotertgd gmiaaip; [err] al kyl or [err]

al kyl substituted by phenyl, carboxy, esterified carboxy, hydroxy, fluoro,

chl oro, bron®, Thgeamessdef claimr 4 Vhedirkid js\pherylagetylaniing o phenogvacetiangno. The conpound

of claim7 wherein [err] is [err]alkyl or [err] alkyl substituted by

phenyl . 9. The TeorpesshHef cBim tyvherein B imetheverpeey] is nethyl or benzyl. 20
10.MThe céhmpound of claim 7 wherein [err] is an esterified carboxynethyl

group. d ai nﬁat‘?’!ﬁ?"s?ﬁféh‘? ol lowing Contracting State: ES .
atentanspriiche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, GR, IT, L], NL, SE

1. Verfahren zur Herstellung seiner B-Lactémverbindurig der Formel
25 |

: 30 - (Y)
:- - o7 N\CH /

.35 : _ _ COOR,

umfassend, daB man in einem inerten L&sungsmittel bei einer Temperatur zwischen etwa 15 und etwa

_ \=~/ : 85 ° C einen Diazoester der Formel

40 :

R __{CH»)n-C(0)-C-COOR,

h ]
N2
45 A
N-O-R,

O’

50 mit einer katalytischen Menge eines Rhodium-Cz-Cio-carboxylats vermischt, wobei in den obigen

Formeln R Wasserstoff, ein Aminorest, ein geschitzter Aminorest, ein Ethyl- oder Hydroxyethylirest ist;
R1 eine Carboxyschutzgruppe ist; Rz ein C:-Cs-Alkylrest oder ein substituierter Ci-Cs-Alkylrest ist; n 1
oder 2 ist und Y eine divalente Gruppe der Formel
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1. |The process for preparing a [err]-lactam conpound of the formula 25 30 _
[efr] which conprises nmixing in an inert solvent at a tenpe “mm““)mmﬂum
about 15[err] and about 85 C a di azqepeglgd seifgf he fornul a .4& l W ARSOE
with a catalytic anount of a rhodium[err] carboxylate where,* ifi the above
foftnmul ae, R is hydrogen, am no, protected am no, ethyl or hydroxyethyl;
[eFr] is a carboxy protecting group; [err] al kyl or~kerr] substituted
alkyl; nis 1 or 2; and Y i3 a divalent group of the fdgrnula 55 17 EP O
460 881 B1 >=0C Lo¢8Q s |10 2. The process of claim
1 wherein the catal ytic amoyht of rhodium{[err] carbo a i s between
about one®’ nol e percent and about ten nole percent w: respect to the diazo
ester. 3. The process of claim1 wherein the catalyst is rhodium
tetraacetate of rhodi um octanoate. 15 4. The process of claim3 wherein R
is!bam' no or prdtected amino. 5. The process of claim4 wherein Ris

phenyl acet yl,an or noxyacetvlamno. 6. The process of claim1l erein
Reiis methosy ﬁﬁghrenglg 7 :A:@%%gﬁ%g%pg% mﬁcﬁgﬂﬁﬁts A sﬁé'ﬂrﬂ'ﬁé&f“[ﬁ?mﬁwa&gw&g’e"
Vertragsst aat en A@, , , . DK, Eﬂ, ) , I%J,?' LI, NL, SE 1. _
Vg_rzi'hgg n zyr wfglﬁ'grﬁ‘al:NMpr%m@ («voén‘ d'el'ﬁﬁgly@%led’ap h%ﬂn':getrgﬁgtat': vah Hﬁ&diu{r@ctﬁoat ist.

t CH 35_15 4. Verfahren nach Anspruch 3, worin R ein Aminorest oder geschiitzter Amirfofestst. _U”f assend,
daB man in eineminerten Losungsmttel bei einer Tenperatur zw schen etwa
15 und et wa 585vetialrertiaBieAnsphuéhZd) @6AneH cifl Bfion{itadetyRinindQodB Phenoxyacetylaminorest ist. :
ACH I n-C(O-C COOR, N2 N2 45 :
A Q 50 6.7 Yerfereratactk tsprugh 1, aineR) evivigrexeiote Behdyioadt istimt C2- Ci 0- car boxyl at's
verm schtzg wobei in den obigen Forneln R Wasserstoff, ein Am norest, ein
geschut zt er 7AnVYertindesy der EarmelEt hyl - oder Hydroxyethylrest ist; R eine

Car boxyschut zgruppe ist; R2 ein C COs-Al kylrest oder ein substituierter C,
-Cs-Alkylrest ist; n1l :

R . _{CH,)n-C(O)-C-COOR,
1

25 ) N
N2

;\"O' Rz

i O’

30
worin R Wasserstoff, ein Aminorest, ein geschitzter Aminorest, ein Ethyl- oder Hydroxyethylrest ist; Ry
eine Carboxyschutzgruppe ist; Rz ein C;-Cg-Alkylrest oder ein mit Phenyl-, Carboxy-, veresterten
Carboxy-, Hydroxy-, Fluor-," Chlor-, Brom-, Cyano- oder Ci-Cs;-Alkoxyresten substituierter Ci-Cs-

35 Alkylrest ist und n 1 oder 2 ist. '

8. Verbindung nach Anspruch 7, worin Rz ein C;-Cg-Alkylrest oder ein mit einem Phenylrest substituierter
Ci-Cs-Alkylrest ist. '

40 9. Verbindung nach Anspruch 8, worin Rz ein Methyl- oder Benzylrest ist.
10. Verbindung nach Anspruch 7, worin Rz eine veresterte Carboxymethylgruppe ist.
Patentanspriiche fiir folgenden Vertragsstaat : ES

45 :
1. Verfahren zur Herstellung einer g-Lactamverbindung der Formel

50 : N
) T )
L""'”\?H/

COOR,

L - | '. | 19

[

\
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oder 2 i'st und Y eine divalente G uppe der Fornel ss 18 EP
el IMIIslII! 1 \>=0 oder >0 ”"lm ,!’Tmm””m
~~~~~OH ist. 10 2. Verfahren nach ARPAERBSNBIworin die kat al ytisc

an Rhodi um C2- G o- car boxyl at zvm schen etwa 1 Mol % und etwa 10 I\/bI %bezogen

auf den D|azoester i‘n nach Anspruch 1, worin

Kat al ysat or e‘f#gg e 2&}%&,& '8?”9{} ReURFRGUel PR P I pSrpuy z""'si@“ eﬂ”a 15 und etwa

Ver f ahren nach Ans i ei n Ami norest oder geschut zter Am norest
ist. 5. Verfahren nach Anspr uch 4, wor.in R ein Phenyl acetyl am no- oder

Phenoxyacgt yl am norest ist. Q Verfahren nach A&é%ééh 1, vvorl n R2 ein

Met hoxy- oder Benzylrest ist.'\20 7. V &ride) ﬁo@@ lmel -

-C(O-C COORI 25 % N2 ~~~~~~ ~ANO-R2O0
30 worin R Wasserstoff, ein Am nore t, ein geschU zter Am porest, ein
Et hyl - oder Hydroxyet hyI rest |* 8(%? Car boxyschut zgr ppe ist; R2 ein
C -0s-Al kyl rest oder ein mto%enyl boxy-, veresterten Carboxy-,

Hydr oxy-, Fluor-, Chlor-, Brom, Q/ano- oder Ci - C3- Al koxyresten
substituierter O’-CG- 35 AIkyIrest ist und n 1 oder 2 ist. 8 °

Ver bi ndung nacthit Aingpkatettischen Wengeneitd2 RfiodiurGiC. Cso-dakdoyliate sdrmizcher wabeninnddn @bigaem
Phenyl rest sub®rmeiniR&Yassarstadli ein Binorpdtkejrl gessiitzies Amind@st, €n Ethigy dolemidydrogyetiaést ist;
Anspruch 8, wofti ginerGarkekyschivizglupde-istotbesin BePeziikyirest toder iemtsubstiQierteyr 16% Athviregt istaw h
Anspruch 7, woldeqg ifung Y gise giuglenta Grppre deifrasosty met hyl gr uppe i st.

Pat ent ansprUche fU fol genden Vertragsstaat: ES 45 1. Verfahren zur

i Herstel l ung ei nerB- Lact am/erbl ndung der Fornmel R ~ C.'t2 so 50
' R~~~ 55 C~~~~~ H COOP} 19 '
\_ 20 : =0 oder : ;
: . _ : . : OH
25 ist.

2, Verfahren nach Anspruch 1, worin die katalytische Menge an RHodium-Ce-Cm-carboxylat zwischen
etwa 1 Mol% und etwa 10 Mol% bezogen auf den Diazoester liegt.

30 3. \Verfahren nach Anspruch 1, worin der Katalysator das Rhodiumtetraacetat von Rhodiumoctanoat ist.
4. Verfahren nach Anspruch 3, worin R ein Aminorest oder geschitzter Aminorest ist.
5. Verfahren nach Anspruch 4, worin R ein Phenylaéetylamino- oder Phenoxyacetylaminorest ist. '

35

6. Verfahren nach Anspruch 1, worin Rz ein Methoxy- oder Benzylrest ist.

_ . Revendications '
Nt Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, GR, IT, LI, NL, SE

1. Procédé pour préparer un composé g-lactame répondant 3 la formule

R CH;
® | } Y
./
0 CH
50 . , - COOR, 1

qui comprend le mélange ‘dans un solvant inerte 3 une temperature entre environ 15 °C et environ 85 -
*C, d'un ester diazo repondant a la formule
§5
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%O 460 881 BEI c L~ M S unf assend. dal

nin eineminerten Losungsmttel bei einer Tenperatur zw scn m [l“l“‘
und etwa 85 C einen Di azoester der Ep %’08@331 . (CH2) nHiE *
N2 A 10 t ei ner katal yti schen I\/Enge ei nes
Rhodi um C2- Gi o- car boxyl ats ver m scht wobei in den obi gen Formeln R
Wasserstoff, ein Am norest, ein geschUt Zter Am norest ei n. Et hyl - oder

Hydr oxyet hyI rest ist; 15 R R eing b;g ruppe ist; R ein Cl
. -Cs-Al kyl rest oder ein substj t/er B <Al kyI rest ist; n 1 oder 2 ist
und Y eine dival ente G uppe | Formel 20 N ' >0
-oder OH 285 ist. 2. Verfahren ‘nach Anspruch 1, worin die katal ytische

Mende an Rhodi um C2- Clo- car bb.x;d_fﬁ &pi.schen etwa 1 Mol % und etwa 10 Mol %
bezogen auf den Di azoest er, fTiegt. 30 23, Verfahren. nach Anspruch 1, worin
dér Katal ysator das Rhodu%tetraacet at von Rhodi unoct anoat ist. 4.
Vérfahren nach Anspruch 3, worin R ein Am norest oder geschlitzter

Ami nor est® i st aves, ““WH%P%Y“HW"M?&W&&P"@Z‘%F? Frogiure péy dpnedes fPrawie ¢rdgpiupo-
oder Phenoxyafe® F%PFPHBF @p d'“&‘i’°9é%”'69’°‘<7’€raf'éﬂ?r‘é‘rﬁ'?i‘&&ﬁm'ﬂ?@rﬁ? gt HN grouRggithyle a0
ein Met hoxy ojs| P“FBéWQ‘ W@%‘? P dgprés %WP‘F’E&FP%‘M?’% R“i‘gg&'l Eﬁfﬁeﬁtﬁé‘" rE'E?H'?e e

Et at s contracf?i EI Q‘r‘?;&ea"‘,& enr-Ce SHpstijupi n Y5t 1 feRFgEeNty 4 grpfpe iyplentge

40 1. Procederer% un conpose 6-1actane repondant a la formile R

CH2 45 _ y (Y) o CH
50 - _ COOR1 qui conprend | e nel ange dans

un solvant inerte a une tenperature entre environ 15 C et environ 85 C,

d' un ester diazo r6pondant a. borrml e 5 20 R | 7

(CM nC(£) -C COORI s ~~~u. | - — OH N, 5 |
N N-O0-R O ' A 10 avec

une quantit6 catal ytique .d" un carboxylate en C2- Cl)l de rhodi um ou, dans
| es fornmul es ci-dessus, R repr6sente un atone d' hydrogene, un groupe am no,
un groupe am no prot6g6, un groupe ethyle ou un groupe hydroxyethyle; R
r epr 6sentse 2inPgrédpeios da eeendicaiont £ddne Uaguel B2 quadfité Gsielpiaee da cgboyipe el Gythie den
Ci -CG ou un gwodiupee situk ghte epyirolil % :@Jla@wbsnwrd!rul@ % molgiged tparkrappurt 2 J'esgr diyzo.
repr6sente un groupe dival ent

_ 3. Procédé selon la revendication 1, dans quuel le catalyseur est le tétraacétate de rhodium ou
. I'octanoate de rhodium.

30 _

i 4. Procédé selon la revendlcatlon 3, dans lequel R represente un groupe ammo ou un groupe amino

protégé. :

5. Procédé selon la revendication 4, dans lequel R représente un groupe phénylacétylamino ou un groupe
35 phénoxyacétylamino.

6. Procédé selon la revendication 1, dans lequel Rz représente un groupe méthoxy ou un groupe benzyle.

7. Composé répondant a la formule

40

R ,(CH2),C(0)-C-COOR,

N,
45
/——N-O-R,

0 : A

50 . dans laquelle R représente uh atome d'hydrogéne, un groupe amino, un groupe amino protégé, un

groupe éthyle ou un groupe hydroxyéthyle; R; représente un groupe carboxy-protecteur; Rz représente
un groupe alkyle en C,-Cs ou un groupe alkyle en Ci-Cs substitué par un groupe phényle, un groupe
carboxyle, un groupe carboxyle estérifié, un groupe hydroxyle, un atome de fluor, un atome de chiore,
un atome de brome, un groupe cyano ou un groupe alcoxy en Ci-C3; et n vaut 1 ou 2.
55 :
8. Composé selon la revendication 7, dans lequel Rz représente un groupe alkyle en Cy-Cs ou un groupe
alkyle en Cy-Cs substitué par un groupe phényle.
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répondant a la fornule 75 0 ou 20

-OH 25 2. Proced6 selon la revendication 1, dans |equel II"’HJMI'!I”!}I'
catal yti que de carboxylate en C2- "CIEP 91460 BB UM se sit ue en envy

nolaire et environ 10 % nolaires par rapport a |I'ester diazo. 3 Proc6d6
selon | a revepdi cafi dans uel le catal yseur est |le t6traac6tate de
r hodi um ou%r ?f?pzﬁﬁ ‘fcf%(‘ é‘ reYeﬁ?f‘éalt'mrg gﬁﬁ S Jeaugd fse g@seé‘f-?l Yh9touper BGBHRICH i BPHPS,
dans | equel Y &% esent e un groupe anino ou un groupe am no prot 6g6 5.

Procéde sel BnC(l ogeeé{a%n%' rg\%uh(%llqon% daglg‘ﬂaau - Ha resen u%%FoeseecI:’]a?b% yl“rl'nn' i6,
% gt A no. 6. %f Sel on

phényl ac ty| am ou un

la fevend' %@én%aﬂons%ﬂﬁl'dtﬁ%!%aca%t £Lﬁ\f&§15§§nte un groupe nﬁt hOXy OU un
grotrp‘e benzyle. 7. Conpose répondant a la fornule 40 R

( CHZ) nC( 0)1 @r@.@@bouNgreﬂa%r/un c&hpgsﬁlaépame répondant & la formule ]
A 50 cdans laquelle R represente un atone d' hydrogene, un groupe am no,
un groupe am no proteg6, pn -groupechihyl e ou un groupe hydroxy6thyle; R

represente un groupe carboxy-protectéurN R2 repr6sente un groupe al kyle en
C,-Cs ou un groupe alkyle en G - subst '
c

ué par un groupe phényle, un

groupe carboxyl e, un groupe} carbpxyle e rifi6, un groupe hydroxyle, un
atone de fluor, un atone deg e, un one de bronme, un groupe cyano ou
un groupe alcoxy en C, -C3¥ et n Vgl ou 2. 55 8. Conpose selon la
revendi cation 7, dans |lequel R2 represente un groupe alkyle en C, -Cs ou un
groupe alkyle en G -Cg substitue 680Rn groupe phenyle.. 21 EP 0 460 881

Bl c L1 1121121 12111 1121121 1 }!II 9. Comnpos6
seggn | a revendi cation 8, dans | equel R2 represente un groupe nbt hyl e ou un
gr 0dpe BBnzy| ¥ comprenghis msiange dans yp, soivant inarte 34ing Iamperature, enpie yirgnelpy ' etigpviron 85
represente un HFE0 R CRrhBERARY AAT™UE 6rifi 6. 5 Revendi cations pour |'Etat

contractant sulvant: ES 1. Proc6d6 pour pr6parer un conposé6 , 8-l actane
répondant A la.fornule 1R (CH?) C(0)-C-COOR; CH2 N CH

COOR K...,, = 20 qui conp ange @s un solvant inerte a une
terrperature entre environ [L5 I Cjet environ | C, d un ester diazo
repondant | la formule :
' ——N-0-R, _
0 A

30

avec une quantité catalytique d'un carboxylate en C2-Cio de rhodium oll, dans les formules ci-dessus, .
R représents un atome d'hydrogéne, un groupe amino, un groupe amino protégé, un groupe éthyle ou
un groupe hydroxyéthyle; Ry représente un groupe carboxy-protecteur; Rz représente un groupe alkyle

35 "~ en C1-Cs ou un groupe alkyle en Ci-Cs substitus; nvaut 1 ou2 ety représente un groupe divalent
répondant & la formule

40 \ .
. . ): 0 ou . .
' : CH
45

2. Procédé selon la revendication 1, dans lequel la quantité catalytique de carboxylate en Cz-Cio de
_rhodium se situe entre environ 1 % molaire et environ 10 % molaires par rapport 2 I'ester diazo.

50 . ) i

3. Procédé selon la revendication 1, dans lequel le catalyseur est le tétraacétate de rhodium ou
I'octanoate de rhodium. '

4, Procédé selon la.revendication 3, dans lequel R représente un groupe amino ou un groupe amino
55 protégé.

5. Procédé selon la revendication 4, dans lequel R représente un groupe phénylacétylamino ou un groupe
phénoxyacétylamino.
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R ) NOR, 0TI | IILIII!JIIIIIlIIIHdiIIIlIIIIl
Clo de r

avec une quantit6 catal ytique d'un czfr‘:b%ﬁ?‘f 81Btn co- ium o
dans les fornul es ci-dessus, R repr6sente un atone d' hydrogbne, un groupe

am:no, un gr QUplﬁoc%Hé Qa?on F?J gsquigatloypdaﬂg %HPe‘? eFeméLe%teQH QH)UP&FIQ ou un roupe benzyle.

hydr oxyet hyl €; represente un groupe carboxy-protecteur; bsente un
graupe al kyle 35 en G -C6 ou un groupe aIker en G - C06 substltue n
vaut 1 ou 2; et Y repr6sente un groupe dival ent repondant a la fornule 40
/>= 0 5 QU OCH-45 2. Procede selon |la revendication 1, dans

quqél | a quantit6 catal ytique de carboxylate en C2-Cl O de rhodi um se situe
entr&‘environ-1 % nolaire et environ 10 % nol aires par rapport a |'ester '
di gzo. so 3. Proc6de selon |a revendication 1, dans |equel |e catalyseur

est{ | e tetraacetate de rhodium ou |'octanoate de rhodium 4. Procede selon
i a|revendircati on 3, dans | equel R repr6sente un groupe am no ou un groupe

amino ss - prot6ége.. 5. Proced6 selon |la revendication 4, dans |equel R
regresente un groupe phenylacetylanlno ou un groupe phenoxyac6tyl am no. 22
EP {0 460 881 B1 111 6. Proc6d6 selon |la revendication

1 dans | equel R2 repr6sente un groupe nethoxy ou un groupe benzyle. 10 15
20|25 30 3% 40 45 50 55 23
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