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HETERQCYCLI C COVPQUNDS Thi s invention relates to heterocyclic derivati (Féé)c-‘/—(j
havi ng ‘anti bacterial agtivity, to processes Tor their preparation, to
conpositions containing them and to their use in nmedici-ne. Thus the

present invention provides conpounds of the general formula (I,')o%ergjp i n
whiche Rl erg] represents a hydrnogen atomor a hydroxyl protecti’ng gr uQ; R2
represents a hydrogen atom a carboxyl_ protectin roup or a catlneaeq\d
from an inorgani c base or an organic @3@%‘,’—‘“‘%&&%@%@3&\/@1 hydrogen atom a
hydr oxyl , hydroxyl methyl or Cerr] alkyl group, or a group XR4 in which X
represents an oxygen r on i | R .Qr the .
intger 1 or 2 and R[e???mrgtg)vr%anggﬁgspgpaﬁ%(gr }'? gﬁ%&éﬁéﬁfeﬁﬁﬁ%ﬁ'ﬁﬁy%vg}g
phenyl group, or ¥WdPagtpsiah agtigéhyortsprphessen dint hbpiRpPrrpprakion, to
represent the grocknpbbid¥oRRGEohbaMihg trndhK dRAPESTRBES Be AL ehisineal ght or
branched al kyl ene chain, and err nd Rlerr] each independently represent
a hydrogen atomor a C}'8¥feaP e’*b&]"ﬁ“ﬁf‘“R[ﬂfP?’}"?%ﬁP@B‘é?ﬂ"s‘ g neral
acetyl or im nonetdwhigr@up and R6 represents a hydrogen atomor R err] and
R6 together with the nitrogen atomto which they are attached form a
pyrrolidino or piperidino ring, or the gﬁ’lOup R3 DK esents the group
(CHerr])m\NRlerr]Rerr] in which mis zeLd g pDAE and R err] and R err]

i ndependent |y .each represent a hydrogem at o ﬁ TeRr] al )yl group or R7
represents a fornyl, acetyl or imnonethyl g o—and R’err] represents a
hydrogen atom or the group R3 and the car®on atom U6%Rech it is- attached
represent's a keto group or a ketal derivative

in which R; represents a hydrogen atom or a hydroxyl protecting
group; ' _

Ry represents a hydrogen atom, a carboxyl protecting group or a
cation derived from an inorganic base or an organic base;

- Ry represents a hydrogen atom, a hydroxyl, hydroxylmethyl or
C1_3alkyl'group, or a group XR, in which X represents an oxygen atom
or the group S(O)n in which n is zero or the int;ger 1 or 2 and Ry

_ represents a C;_galkyl, C3_gcycloalkyl, or phenyl group, or when X
is an oxygen or sulphur étom then Ry may also represent the group
AlkNRsRG in which Alk represents a Cy.¢ straight or branched
alkylene chain, and Rs and Rg each independently represent a
hydrogen afom or a C3_4 alkyl group or Rg re#résents a formyl,
acetyl or iminomethyl group and Rg represents a throgen atom or Rg
and Rg together yith the nitrogen atom to which they are attached
form a pyrrolidino or piperidino ring, or the group Ry represents
the group (CHy),NRgRg in which m is zero or one and R; and Rg
independently each represent a hydrogen atom or a C1-421kyl group ox
R4 represents a formyl, acetyl or iminomethyl group and Rg
represents a hydrogen atom or the group R3 and the carbon atom to

which it is attached represents a keto group or a ketal derivative



-2~ thereof; and netabolically labile esters, salts and sol vates -t hereof.
When fghe group R3 contains a basic centre a%l d addition salts of such
conpounds and internal salts forned with the carboxylic acid grouping
(R[err] - H are also included in the invention. In addition to the fixed

ster eocheni cal ai{QrastenhaAfedghl 1othiy HABTULALL1d.d NG TRlGHbe, Son AL DS

a further asymmetric carbon atom at posi tion, and anot her
4-position, whenthe¥ePE. ot her than a hydrogen atom or when R3 and the car bon

atomto which it | s ®hérR &G dg FRUpNR; &dkBA thal B OB i@ cndeR! BEidlQubYBidn' Salts
thereof. It wll axgprem at ed tc{;g all stereoi soners including mxtures
t hereof arising ?r3?h [FOBRUSi b ARTeTReY MfRET i forPediER thy, GASRPKKtiS apid

scope of the congountey dR;foHNe 6lda ﬂlslnzedrmoundstn@énﬁmnul a (l) are
anti bacterial agent SI@.Q%Q% 18 ¢ Sﬁxea§:. raQﬁt gﬁg%gc mﬁ}ogrétgnge&n P2l %telf%h

ot her active conpounds wthin t e general Tornmu nds Where
Rlerr] represent3® £RPpatdx) photnadecale qootpinmdy rrikry epmmﬁétnisppem S

a carboxyl prot egddmgt OFHUIR-B6 1 tidn Y CAHY ahoéﬂvresmeafqeﬁom&ohh%en R
preparation of ot her c rsgj)ounds of formula I). Sui t abl e hydr ox prot@ctl ng

groups Rlerr] an®f B PYdeaeridgrgPoohen B Pﬁél‘i}'tfe"t‘m%"e & Haichpe
renmoved by hydroitys.BSauﬂadnéd Wathse aeRet0g£hdpl 60 QétadefidaeﬂanHSEBb‘-t It

condi ti ons. We rou r] i.s.a otectedq hydr ox) rqup this is
conveni ently ann'e’flzler orr ﬁme;ca eoxfhﬁf’oﬁp{ Jﬁﬁllégxﬁfs ‘1]1%8&? rpyxtures
sui tabl e ethers tm#m@rﬁ-h{;&efrm whessh a@igrichal sspuigtdiocanbydssi byd witiinp

such a5 Lriat kY1 Sid Yhoos®of-crl! LAlollAS o Woslia d -zput Yl dimethyl silyl. - vhen
the group OR[err] represents an ac
he compounds of formula (I) are antibacterial agents and/or of

use as 1ntermed}ates for the preparation of other active compounds
within the general formula (I). Compounds wherein Ry represents a
hydroxyl protecting group and/or wherein Ry, represents a carboxyl
protecting group are in general intermediates for the preparation of.
other compounds of formula (I). -

Suitable hydroxyl protecting groups R, and carboxyl protecting
groups Ry .include those which may be removed by hydrolysis under

. buffered cenditions or under non-aqueous conditions.

'~ When the group OR; is a protected hydroxyl group this is
coﬁveniently an ether or an acyloky group. Examples of particularly
suitable ethers include those in which R; is a hydrocarbylsilyl
group such as trialkylsilyl, e.g. trimethylsilyl or t-
butyldimethylsilyl. When the groﬁp OR; represents an acyloxy group
then examples of suitable groups R; includes alkanoyl e.g. acetyl,
pivaloyl; alkenoyl e.g. allylcarbonyl; aroyl e.g. p-nitrobenzoyl:
alkoxycarbonyl e.g. t-butoxycarbonyl; halocalkoxycarbonyl e.g. 2,2,2-
trichloroethoxycarbonyl, or 1,1,1-trichloro-2-methyl-2-
propoxycerbonyl: aralkyloxycarbonyl e.g. benzyloxycarbonyl or F-
nitrobenzyloxycafbonyl; or alkenyloxycarbonyl e.g. éllyloxycarbonyl.

A particularly convenient protecting group R; is t-
butyldimethylsilyl.



then exanples of suitable groups Rl err] includes al kanoyl e.g. acetyl,
plvahgyl al kenoyl e.g. allylcarbonyl; arﬁy?'é.g. p- ni t robenzoyl ;
alkoxycarbonyl e.g. t-butoxycarbonyl; hal oal koxycarbonyl e.g. 2,2, 2-
trichl oroet hoxycarbonyl, or 1,1, 1-trichloro-2-nethyl-2- propoxycarbonyl

ar al kyl oxycar bonyl e.g. nzyI X nyl nltrob nz xycar bon
al kenyl oxycar bonyl e.%amﬁqleyl ogy%‘é?rb%gly caﬁgo IY%‘ RIS o vén en’fn‘y ude’

prot ecting groupaf¥imethyilsgrouputsradi pet hyﬂl%ﬂ'ylp-nltr&%ﬂﬂﬂleyrotréwt:atﬂre

car boxyl prot ectaﬂﬂewp%uasclsudﬂ agyLmhyAr ww&&ueb 8819 Z¥lpueyy,
p- ni trobenzyl or trit or al keny grou such as al Lyl or substituted

allyl, t-butyl, ha%a“aka E-g- PFF&H Sroethyr OF tEiZtkyRSiitpialnl & g -
trimethylsilylet hyimetﬁfﬁfﬁmy&dtﬁ?!)t ecﬁﬂngréaupsﬁ&ﬁnﬁj WiRupsyRyEifYlude 0.

benzyl or allyl. egro r wi th the carbon atomto which
anyiaRehyic e 0 Bbavl PO PE

it is attached r& s a7 « en the ketal is conveniently that
derived froma ( errFhen thaodrospgR3 regétheg| with &hd cArbay ateB tal khinh diois

such as glycol oL, @RaNPedrededif a ML Ned'$8EUke GAMROUAN R eRh en ntly

formula (1) for use in nmedicine as antl%acte agents are those In
the group R[err]thdprdesdned & @ Sgesn ﬁ%&ﬁﬂ%nﬂ R2 W&Pésén?% aalhﬁdPE)gb@

atom or a physi ohDgineadial S§<HRS alyBorL Akl Pibpafé 13B-dfhernal salt thereof.
These conpounds exhi bit t| bacterial activity against a w de r%gge of gram

positive and gram nedd#td ulast¥prec b samrerade cohat 1SR ¢ use in
m croor gani sns. MégicdnE] &5 rdntusaatmy;al ayertisCaké ytrvaecpi adliehcelié @roup R,

suitable represents a hydrogen atom and Ry represents a hydrogen atom or a
physioclogically acceptable cation, or an internal salt thereof.
These compounds exhibit antibacterial activity against a wide range
of gram positive and gram negative, aerobic and anaerobic pathogenic
microorganisms.

Where R, is a physiologically acceptable cation, suitable -
cations include those of alkali metals.(e.g; sodium or potassium),
alkaline earth metals (e.g. calcium), amino acids (e.g. lysine and
arginine) and organic bases (e.g. procaine, phenylbenzylamine,

' dibenzylethylenediamine, ethanolamine, diethanolamine, and N-methyl

glucosamine) . ' :' |
Where Ry is a cation that is not physiologically accéptable
then such compounds may be useful as intermediates for the

preparation and/or isolation of other compounds of the invention.

Metabolically labile esters of the compounds of formula -(I)
include alkyl esters for example C;._galkyl esters such as methyl
ethyl or isopropyl eéters or alkenyl esters such as allyl or

substituted allyl esters.

The general formula (I) as drawn includes at least 4
stereoisomers and mixtures thereof and these may be represented by

the formulae (la, 1lb, lc and 1d).



cations include those of alkali netals (e.g, sodiumor potassiunm), alkaline
eartheetals (e.g. calcium, anmno acids (e.g. lysine and argini ne) and
organi c bases (e.g. procai ne, phenyl benzyl am ne, dibenzyl et hyl enedi am ne,

et hanol am ne, di et hanol am ne, and N-nethyl glucosam ne). Were Rerr] is a
cation that is not physioelogi acceptabl e then such gonpounds nmay be

useful as internedi at &40f epar ati on and/ dhoi 'I,_iiEof ot her
conmpounds of the i nver;uzi’ q_[ bl ical |y | abil e,e;tjps; fle conmpounds of
formula (1) include® kyl f'Rs exanpl e Cldrr] | sltleﬁ,ls such as
met hyl ethyl or isopropyd sar. al kenyl esters s~ Lyl or
substituted allyl esterS. The gengpﬁﬁ‘zforrmla (1) as drawn i fBtRides at

| east 4 stereoisoners and mXtures thereof and these md be represented by

the formulae (la, Ib, Ic and Id). -4- [err] The wedge shaped bond _
I ndicates that the bond is above the plane of the paper. The broken bond

[err] indicates that the bondy s bel ow the planegqf the . The
configuration shown f ‘?th,p,_p atomat the 8-pyositHN formul ae Ia
and | b is hereinafter +,eRk@rIs as the [err]yc AipN\ st and in

formulae Ic and I|d ¥ the fa i gltsati on. The tonfi ufatl on Bhown .for the
.carbon at the 4 positiao n lﬁﬁqe b and Id iso{*ﬁre naf ozhezferred to
as the a confirguation and in for Be la and Ic as the [err

confi gurati on. Ie . . 1d

The wedge shaped bond ..ss indicates that the bond is above the
plane of the paper. The broken bond i1t indicates that the bond is
below the plane of the paper. i

The configuration shown for the carbon atom at the 8-position
in formulae la and 1b is hereinafter referred to as the B
configuration and in formulae lc and 1ld as the o configuration.

The configuration shown for the carbon at the 4 position in
formulae 1b and 1d is hereinafter referred to as the a confirguation
and in formulae la and lc as the B configuration.

In general, in the specific compounds named below, the B-
configuration at the 8-position corresponds to the S isomer and the
B-configuration at the 4-position to the R isomer. The «
configuration at the 8-position correspdnds to the R isomer and the
a-configuration at the 4-position corresponds to the § isomer. The
assignment of the R or S configuration at the 4- and 8- positions
have been made according to the rules of Cahn. Ingold and Prelog,
Experientia 1956, 12, 81.

A preferred group of compounds of formula I are those in which
the carbon atom at the 8- position is in the B configuration. Within
this group those compounds in which the carbon atom at the 4-
position is in the « configuration are particularly preferred.

A further preferred group of compounds of the invention are
those in which the group R;j represents a hydrogen atom or more
particularly an amino, aminomethyl, methylamino, hydroxy,

hydroxylmethyl, methyl, cyclopentyloxy, ethoxy, isopropoxy, methoxy,



In general, in the specific conpounds naned . bel ow, the B-[GhaTdIur ottt
the 8-wosition corresponds to the S isomner zgnd t he B—confi@ﬁ$§? OHﬁS BREN
4-position to the Risomer. The a configuration at the 8 si t RERLACED
corresponds to the Risoner and the a-configuration at the 4-position
cgrrespongs to tIaaiSoétsw;@r,.i:ﬂ'ék@l&&&ggnfmiﬂylgfxi&f& Reﬁﬁyﬁsllfiiﬁfih?urg?\id'@‘\o@t
the 4- and 8- positigns have been e_according tqQ the rules Cahn. -
| ngol d and Prel o%?g‘LE“S%peerr f’éth}f i%2°19 ,°n1§,€l°“8f.° ﬁg’p‘flbgér’r%(ftéfﬁﬁ‘?)g&fm&oanﬂ‘@ﬁﬁds
of formula | aregrtwpseriitsibifdthybleetedr bon atom at the 8- position is in
the B configuration. _A%Lf\!i@_uii‘hﬁp BEOHR LEWBu p‘;’g)gmahg ‘yplfiapm%lee(ﬁaralggn

atomat the 4- position is in the a configuration are particular
preferred. A furthefepteEidcddtieotprRA" @SrPoahdsbo 8t mesinbentivrimtae 8

those in which the?]g{@tptf@hn lraaa_rels@rtﬁadaaMr ﬁg&m a@tf)ﬁg Ojl: §g-_5}3%r lg,i, GHea |l Y
an am no, amn nonet nmet am no r-oxy, roxyl net hy nmet , _
cycl opent yl oxy, gﬁﬁ%i?/",‘ritsic%‘r'oﬁéxﬁpﬁ%ﬂ%y? hggfﬁ%%@éﬁ@mkgl—m*y@s.e&;s a
anm noet hoxy, phebyktrhgen aethydt i @hyrsivablykcaulphaoyépnle it ilaganber,
with the carbon g Leh j& 1S h forma keto. gr or it

di et hyl ket al . A_%g?%glécq‘tﬁ\ggr%ﬁyadﬁ)lrngf' efnggﬁ garmgg'ﬁ' o?mcngr'?ﬁg% %i's e%;‘ll’%f‘ of rfﬁtzwf‘?)
are those in whi GROR¥RPOEYY ARH-nQe bR 2yt Phenydthipos imetbnl §isiol nmethy13ulphinyl,
configuration angyanthky Re SAILNRMELEM YrohPe dhia ROSIN12Bak iy NBiTe esters, |

configurationt er r% represents a hydrogen atom R2 represents a hydrogen
atom or a physi oF8Yt AP Soiratsst Shrec€ati on and R3

Specific preferred compounds include (4S,8S,9R,10S,12R}~4~

methoxy-10- (1-hydroxyethyl) -1l-oxo-l-azatricyclo [7.2.0.03'81 undec-
2-ene-2-carboxylic acid and salts thereof e.g. sodium or potassium
salt. |
(48,88,9R,1OS,12R)-4-methy1thio-10-(l—hydroxyethyl)-ll-oxo-l-
-azatricyclo[7.2;0.03'8]undec-é—ene-z—carboxylic acid and salts
thereof e.g. potassium or sodium salt.

(45,85, 9R, 10S,12R) -4-methylsulphinyl-10-(1~hydroxyethyl) -1l-oxo-1-
azatricyclo[?.z.0.63'8]undec-z-ene-z-carboxylic acid and salts
thereof e.g. potassium or sodium salt.
(45,85,9R,108,12R)~-4-amino~10~-(l-hydroxyethyl)-1l-oxo-1-
azatricyclo[7.2.0.03'8]undec-2-ene-2—carboxy1ic acid and salts
thereof. '

Compounds according to the invention not only-exhibit a broad
spectrum of antibacterial activity against a wide range of
pathogenic microorganisms but also have a very high resistance to
all B-lactamasés. Compounds of the invention are also relatively
stable to renal dehydropeptidase.

Compounds of the invention have been found to exhibit useful

levels of activity against strains of Staphvlococcus aureus,

Streptococcus faecalis, Escherichia coli, Pseudomonas aeruginosa,

Clostridium perfringens and Bacteriodes fragilis.

. The compounds of the invention may therefore be used for
treating a variety of diseases caused by pathogenic bacteria in
human beings and animals.

Thus, according to another aspect of the present invention, we

provide a compound of formula (I) for use in the therapy or

This Sheet Has Been Reilaced
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Jeprgsents an am no, nethylam no, am nonethyl, ethoxy, nethoxy, isopropoxy,
aninq§thoxy, phenyl thi o, methylthio, nethylésul phinyl, hydroxy or

hydr oxynet hyl group, .and netabolically labile esters, salts and sol vates
thereof. Specific preferred conpounds include (4S, 8S,9R |0S, 12R) - 4-

met hoxy-1 O (I - hydroxvethyl)-11-0oxqQ-l-azatri lo (7.2.0 LI undec-
2-ene- 2-car boxy?éfg&&%:ilaégén%f EXPYE Nt egPl%a.qggag%d?ﬁ% ’((‘))'Ftoe[ﬁg 3‘15515 iil'}ma gha an

(4S, 8S, 9R, 10S, 12R) anfimgbtswpjedti.o- 10- (| - hydr oxyet hyl)-11-oxo-I -
-azatricyclo[7.2.0. Cﬁc@l&‘iﬂffé% e R L ALPOXY bieCef isdvaiid ofald HhEES Phe

e.g. potassiumor sodiumsalt. _
(4S, 8S, 9R, 10S, 12Re- 2fmdt KPFPEIMER /I £26mplanydl of9&t APR) MapudRGEpre of a

azatricycl o[ 7. 2 tHefpeut{d WBERC £3r QiR PrdBRbX VI Systehit 3Bdtspakbhs vabessah
e.g. potassium qQr_sqdium.sa

It. (4S, 8S
9R 10S, 12R) - 4- at"Ae- 16°% |‘-“h§oﬂ"6“§‘§/e‘iﬁ1§1"}"!ai1*-’%‘%¥o- | -
azatricyclo(7. 2. 0. O[rereidingder 22yemnudttear dspegk | ¢f abe dingnotizal ¥s rirheidzot.
Conpounds accor ePllod 82! fifaa kAN bE e Rlmai1bY. o0hRbdn 3nBi30oaPRE! LH0f

anti bacterial activi tj)f/ﬁ agal nst a wi de range of p ogeni C m Croor gani Sns
but al so have abpet§riflghnfeatisngneliqhymathoi3coperbrss adnititssdnestofthehe

invention are alp3@y lal aitetelve Shatite ok G kemsdundedy ¢oanaRt (fase. Conpounds
of the invention have been found to exhi bit useful |evels of activit

. y
agai nst strains of STAShFPBEEEEES &dr &BS, 13FPaHLEBoREYSs PPadfPPEated for
Escheri chi a col iadmBsigti@ativnasn adyUgonven tentCwag t fdrdhisenNifchinann6£n&tafthary

Bt b REROUR e e S B0, WIERSLOIE, B e
bei ngs and ani nghsrmaceutical compositions comprising a compound of the ;nvention
adapted for use in human or ﬁeterinary medicine. Such compositions
may be presented for use in conventional manner with the aid of one
or more suitablg carriers or excipients. The éoﬁpositions of the
invention include those in a form especially formulated for
§arentera1, oral, buccal, rectal,'tbpical, implant, ophthalmic,
nasal or genito-urinary use.

The compounds according to the invention may be formulated for
. use in human or veterinary medicine by injection (e.g. by
intravenous bolus injection or infusion or via intramuscular,
subcutaneous or intrathecal routes) and may be presented in unit
dose form, in ampoules, or other unit-dose containers, or in multi-
dose containers, if necessary with an added preservative. The
compositions for injection may be in the form of suspensions,
solutions, or emulsions, in oily or aqueous vehicles, and may
contain formulatoiy agents such as suspeﬂding, stabilising,
solubilising and/or dispersing agents. Alternatively the active
ingredient may be in sterile powder form for reconstitution with a

suitable vehicle, e.g. sterile, pyrogen-free water, before use.

_ The compounds of the invention may also be presented for human
or veterinary use in a form suitable for oral or buccal
administration, for example in the form of solutions, gels, syrups,
mouth washes or suspensions, or a dry powder for constitutibn with

water or other suitable vehicle before use, optionally with



Thus, according to another aspect of the present invention, we Provide a
conpglind of forrmula (1) for use in the therapy or -6- prophyl axi s of
system c or topical bacterial infections in a human or ani mal subject.
According to a further aspect of the invention we provide the use of a
conpound of forrmula (I) for the manufacture of a therapeutic agent for the
treat ment of syslaeaﬁﬁnqraﬂd)pbmlrihmGgemﬁsal SoXildecompoisdt iansasimhiras wbletd. nal

body. According. 1Q,3e¥¢ et éH}'] s! Bé&ei%.e nél J“‘S‘SFLEQQ VFw‘&rQV'QQs@es,

nmet hod of treatnent o manh or non- n ani na
bacterial inf ecsqaahhembleﬂeﬁetqroarwmwe@esataenfmayt é%#%@et%ﬁefihesq;ééy"%

effective armuni;fafmacsaappmﬁf £60" 514 2 sle) mayhBe COFEYUIAES aBEoklEng to

i nvention may be fornulated for admnistration in ang conveni ent T\: for
use in human or™SREPER i MRy XA dRnEPAgt t HMCPNORTRISSRIPHE MBY o7 k89 FePtrids
wWthinits scop&qoharmselmiaeahcwmsnyimpeem | c@riide@s cCar @xedp Déntshe

I nventi on adapt eh L uge Ji rg&orq_ e& §r| nary medi ci ne. Such
conposi tions may e p esent use T c8fventi onal manner with the aid

of one or nore suit 3 @Ommunlder# the ghnyept iant say Bieo cerposinispasedorahly
i nvention inclugde Jh@send sy @neti%m@%aeemlwemf emﬂ ﬁtq%qdf Bl SUERT &L 12

oral, buccal, rectal, topical, inplant, ophthalmc, nasal geni to-urinary
use. The conpou?ﬂié‘té?!bofsﬂ?ﬂ?gsﬂf’ PRAISROEHOPAF 1FhBS a(?éi’l'%r‘ﬁﬁF%ﬁlé&tf"fﬂgeEB%r in

human or vet erighya rpadirkideat Doa11 9] KctbibleCedkriby drNbkaipeaMls bol us

InJECtlon or InfUSIOn OLO¥£55AJ§Ig%ngggulégentlon may also, for example, be
formulated as suppositories e.g. containing conventional suppository
bases for use in human or veterinary medicine or as pessaries e.g.
containing conventional pessary bases.

The compounds according to the invention may be formulated for
topical adm;nistration, for use in human and veterinary medicine, in
the form of ointments, creams, gels, lotions, shampoos, powders,
(including spray powders), pessaries, tampons, sprays, dips,
aerosols, drops (e.g. eye ear or nose.drops) or pour-ons.

Aerosol sprays are conveniently delivered from pressurised
packs, with the use.cf a suitable propellant, eg
dichlorodifluoromethane; trichlorofluoxomethane,
dichlorotetréfluoroethane, carbon dioxide or other suitable gas.

For topical administration by inhalation the compounds
according to the invention may be delivered for use in human or
veterinary medicine via a nebuliser.

The pharmacéutical compositions for topical administration may
also contain othér active ingredients such as corticosteroids or
antifungals as appropriate.

The compositions may contain from 0.01-99% of the active
material. For topical administration, for example, the composition
will generally contain from 0.01-10%, more preferably 0.01-1% of the
active material. -

For systemic administration the daily dose as employed for
adult human treatment will range from 5-100mg/kg body weight,
preferably 10-60mg/kg body weight, which may be administered in 1 to
4 daily doses, for example, depending on the route of administration

and the condition of the patient. When the composition comprises



.stubcut aneous or intrathecal routes) and gy _be presented in unit dose form
i n agpoul es, or other unit-dose containers, or in nulti- dose containers,

if necessary with an added preservative. The conpositions for injection may
be in the formof suspensions, solutions, or emulsions, in oily or agueous
vehi cl es, and rR¥ageNtmivs,l Qabl| & WidgeptsreTdbly aSortdtSREBIORG to 1g of
stabilising, solubilising,and/ or dispersing agents. Alternatively the.
active ingrediéﬁfrﬁﬁﬁnﬁﬁgﬁﬁngteriIe powder formfor reconstitution with a
sui tabl e vehicle, eTge dirtibe, opywmegeneht aclllaber dideftede bySehe ake of

conmpounds of t L IVent QN Ny, [ for man or veterinary
use in a form 2%?%%5%e%tglr%rora a{’o’?%ﬁggtcz% szngl%‘lgﬁgsst"?aﬁ}gﬁ, for exanple in
the form of sol uti dthe, cemroynds of Ufpsrmubyp UTh meashe prepazedshetdeofrsligatigndry
powder for congle & WomBBund b @h&1a QErot her suitable vehicle before use,
optionally with flavouring and col ouring agents. Solid conpositions such
as tablets, capsules, |ozenges, pastilles, pildS\ boluses, powder, pastes,
granul es, bullets or prem x preparatiifé may be used. Solid and liquid
a

conpositions for oral use may be prep n 4 0 methods well known
in the art. Such conpositions nmay a s/n §ne or’anore pharnmaceutically
acceptabl e carriers and excipients i ch beCin solid or liquid form
The conpounds of the invention nmay al sg#% ingsttered orally in
veterinary medicine in the formof a liquid dr h such as a sol ution,
suspensi on or dispersion of the active ingredient ?%gb;her'mﬁth a

phar maceutical ly acceptable carrier or exgﬁbient. The conpounds of the
invention may al so, for exanple, be :

in which the group Rj, h;s the meansings defined above for R3 or is

a group convertible thereto, and Y is an oxygen atom or a phosphine

group, and the groups R;, and Ry, are hydroxy and carboxyl

protecting groups as defined for Ry and Ry and if required or

desired subjecting the resulting compound prior to or sqbseQuent to

any separation into its ste;eochemical isomers, to one or more of

the following operations

(a) removal of one or more protecting éroups.

(b) conversion of the group R3, into-the group Rj.

(c) conversion of a cohpound in which R, is a hydrogen atom or a
- carboxyl protecting group into a salt of an inorganic or organic

base. ' ' -

The cyclisation of a compound of formula (II) in which Y is
oxygen is conveniently carried out by heating in the presence of an
organic phosphite. The reaction is preferably carried out in a
solvent or mixture of solvents at a temperature within the range 60-
2009, suitable solvents include hydrocarbons with an appropriate
boiling point, for example aromatic hydrocarbons, such as toluene or

xylene.



fornmul ated as suppositories e.g. containing conventional suppository bases
for uﬁf.in human or veterinary nedicine of'és'pessaries e.g. containing
converti onal pessary bases. The conpounds according to the invention nay be
fornmul ated for topical admnistration, for use in human and veterinary

nedi cine, in- the fOf"kQEtQLE£”§Q$ id ¥ h;ggLsianﬁdé"E% éﬁyynggqscycllc

powder s, (|nclud|ng spra wders essa I es, tanpons, ra S,

aerosol s, drops (t&igtkvdp -"é’ait?ﬂv hf)’saéyw’t?ﬁg’}lw F‘Hﬁ?sa g%ﬂh°§B‘F5é'3¢§
are conveni ent|y pdeﬂmraedyfasarfhmreﬁg&u&emsaam@a a¥b tihe Reiam@1ghosphites
sui t abl e propel | ant g q‘(‘ig 8‘% quoro,rretha]trslzs trlchl or of | uor onet hane,
di chl or ot et r af | uSr SetFAREYIRRPIPAI LY o5y F LY HARMIILE! t abl e gas. For

t opi cal adninistrati ol'hebyyq:mataebn ©if & hwmpouphefidtomwdar timgin ovhtibke Y is a
| nvention may be %%:TEME‘&{ :fo%EnH A%r@é@ﬁ c‘é‘i&‘iéh”‘?&ty sged S&ﬂ%n‘é‘ dca

nebul i ser. The p ical adm nistratio y
al so contain ot héﬁﬂqung?%{Hm s &Rty coﬁﬂ:&%%r%ﬂhﬁews include

antifungals as al@ﬁﬁ?@édﬁoﬁs _ QQ%‘aEi@ﬂ@d?@&a&%BLa'ﬁJ éﬂmﬁeoiyﬂ&é et
the active material. For topical adm nistrafion, for exanp

conposition will tgsreAeal pIin BFﬁcaPﬁd‘chéﬁ?%‘soin‘?LG%W?BFEedpP@?W&B‘P@P”Osﬂ’ 29
of the active nateEichabrok®thamkst elTllSr&EB'lﬂnnla&HI’ gticnnddvectiahby @Sﬂup&&s of

enpl oyed for adult .hu ntreamat Wi | anefro O/ _k
preferably 10- 60/ k§°HORI R t‘hgﬁf g’\:/%“ VBT g]ﬁlgﬂséf emr%edg

daily doses, for wnapiplne, depexaclﬂcm@@nphmsr@m etof-tabwivdpkesphtin®n and t he
condition of the patigl nyd¥iG: A CHRIFL 18P &ATR' §55Ps Ry, and Ry, may be

removed by conventional procedures and in any order. More preferably

dé/labf

however the hydroxyl protecting gioup Ry, is removed prior to the
removal of the carboxyl protecting group. Such removal of the
protecting groups is a further feature of the invention.

The hydroxyl profecting groups may be removed by well known
standard procgdures such as those described in Protective Groups in
Organic Chemistry, pages 46-1183, Edited by J F W McOmie (Plenum
P;esé, 1973). For example when R;, is a t~butyldimethylsilyl group,
this may be removed by treatment with tetrabutylammonium fluoride
and acetic acid. This process is conveniently carried out in a
solvent such as tetrahydrofuran. Similarly when Ry, is a
trichloroethoxycarbonyl group this may be removed by treatment with
zinc and acetic acid. _

The carboxyl protecting group Ry, may also be removed by
standard processes such as those described in Protective Groups in
Organic Chemistry, pages 192-210, Edited by J F W McOmie (Plenum
Press 1973). For example when R,, represents an arylmethy} group
this may be removed by conventional procedures using hydrogen and a
metal catalyst e.g. palladium. When the group Ry, represents an
allyl or substituted allyl group then this is preferably removed by
treatﬁent with an allyl acceptor in the presence of
tetrakis (triphenylphosphine) palladium and optionally in the
presence of triphenylphosphine. Suitable allyl acceptors include
sterically hindered amines such as tertbutylamine, cyclic secondary
amines such as morpholine or thiomorpholine, tertiary amines such as

triethylamine, aliphatic or cycloaliphatic B-dicarbonyl compounds



- 8- dosage units, each unit wll preferablzl contain 200ng to 1g of active
mgrqdl ent. The duration of treatment wiFl1i®e& dictated by the rate of
response rather than by arbitrary nunbers of days. The conpounds of formula
(1) may be prepared by the cyclisation of a conpound of forrrula (1) [err]

i n which the group R3a has .the, meansings defined above for roup
convertibl e theP8td 2R VIR oxTen 2 et°a8Ft%t pﬁosp’ﬁ"edmeg'r 8ﬁpaﬁaar?89fhe
groups R err]a anﬁdd?[oera}lalarmewa}ds@l@ &heirexdr bucly laspacrtdet adif,.gpoepionis

defined. for R enplqagd Rl&hyh ﬁQQ% ad1d GRYLI 60 Ole dfttlals8d i UBE esCJdl'?ﬂl thee

resul ting conpound prior toor subsequent to any separation into it
stereocheni cal tB¥®eEfs, to one or nore of the follow ng operations (a)

rR[emovjaI oftontehor m:nreapfmxﬂet:wg:awfeumlyﬁbéc&éy&\sers& Qneﬂﬁyim\a\géwhﬁa[id |
errja into e rou verS|on or a co I C err

575 hydr ogen. afBBreLeEF iRy Sln S fp Brataten U SNPoET an

i norgani c or organi ahbamct.ﬂ'éreismefemhlgncam‘ned amtrpimrad ixfertosqrmyleat (shkk in
uhich ¥ 1S 0xygeR 4 otREY AgeNiidknGR! dehdd 9ykeP¥ar§§a§ | Nah RSP RNGE Of

an organi ¢ phosphite. lon~is preferab in a solv
or mxture of sere!mb &0 gstenpRinat grbylhi QQﬁtntleherr%tﬁyé-OGGer@ﬂ{m]e g-

Suitabl e sol venigehggbude chideead) bgasautiti-83 ERBLEBEL Al n00LLLEYLERI 15,

for exanple aromatic hydrocarbons, such as toluene or xylene. o g
conveniéntly carried out in the temperature range 0Y-40 more
particularly at room temperature.

Compounds of the invention in which the group R, is.a
physiologically acceptable cation may be prepared from compounds of
the invention in which R, is hydrogen by treatment with a suitable
base. Conveniently the salt is formed in solution and then if

' required precipitated by the addition of a non-solvent e.g. a non
polar aprotic solvent. Alternatively the sodium or potassium salt
may be prepared by treating a solution of a eompound of formula (I}
in which Ry, represents a hydrogen atom with a solution of sodium or
potassium 2-ethylhexancate in a non-polar solvent such as diethyl
ether.

For the preparation of compounds of formula I in which Ry
represents a hydroxyl or hydroxymethyl group the cyclisation
reaction isiconveniently carried out using an intermediate of
formula (II) in which R3, is a protected hydroxyl or protected
hydroxymethyl group. Suitable protected hydroxyl.groups include
trihydrocarbyl silyl ethers such as the trimethylsilyl or t-
butyldimethylsilyl ether. The hydroxyl protecting group may then be
removed at any subsequent stage in the synthesis, for example at the
same time as.the removal of the hydroxyl protecting group Ry,.

For the preparation of compounds of formula (I) in which Rg3
represents a primary or secondary amino grouping or is a substituent
containing such an amino grouping, the cyclisation is conveniently

carried out with an intermediate of formula (II) in which the amino



;{SUI tabl e organi c phosphites include geyclic and cyclic

't ri &l kyl phosphites, triaryl phosphites and m xed al kyl aryl phosphi tes.
Particul arly usef ul organi ¢ phosphites are the trial kyl phosphites e.g.
triethyl phoSphi te or trinethyl phosphite. The cyclisation of a compound of

formula (11) igrelpChrysést aup D 168 (i RHY G 8S £R1za, €leall.y sGBRI k8daguUL
in a solvent at g%}ﬁ’ erat vveen 40-200[err] C. Syitable solvents
i ncl ude hydrocg% EY /T 53“%1 mé?%r?éﬂ’% hIb% FEAPY §te‘?tdf‘ge‘¥8?fﬁl“?yx§‘?"éh8eor

tol.uene, ali phaenavedyby m@avérmisnahdarhaéd)geaat mluknymbrroeﬁzd@aasxsmgg B the
c chl or omet hang 1GNPl 22804 hfif 0;99;51@51 Y 2800k VA AR oz

phosphi ne groups |ar i nes e. g osphi ne,
trialkyl phosphPhb%l%ygarktqqﬂﬁmmwtpnbmpaethepﬁemmmeomvmdcmmxye

protecting gr OHﬁinR[ eidi:lrfbe%'l@x@[ Bk AR AGhe d1 1' §FBUSub¥ng ANEHon@R 8k ons
procedures a ref erabl y however the hydroxyl

Mor e
protecting groﬂﬁs 8¥‘? ]a§°Y§ oz 880 231 @StEeRdREe ”6‘13 ?weea?%w
protecting groeprboaytic mesdyval of the protecting groups is a further

feature of the inv Th dr.ox rotectln u be renoved
wel | known standar g:%é%cng urigsfgé'ﬁ’cai t“ﬁgs%e FoBLT g‘ﬁg Pntﬁ) ?g‘b o EOTRAR™ oups
in Organic Chenfstqtylulopa@és s ISmpbunde df bforduFa WINC @ e it Rihengmeu?r 855,
1973) . For exagpl £ MBEsI FHt]e%th?gD%rBu&“ATxM'zg' %@%@’Jeﬁ’cé yﬂne%% s&i" %.agﬂy

be renoved by treatnent 'w tetr ["ammoni | uori de and acetlc acid
This process i 8ecRifPasee Y pxidatiodod hbe Rorresproding sarpoupg of formula

tetrahydrof uranz)SwlekdihyrYheEp R £EAd & dife GyddurlLIBRyr.0CARX ¥GABRGAYRL FEOUD
this may be reggg?era%yt Lae:xar:.r;%ngut\:lmt}s nélgcpeai:gg gceetgl.caagégoxybenzozc acid
such as m—chloroperoxybenzoic acid in an organic solvent such as a
halogenated hydrocarbon e.g. methylene chloride. Preferably the
reaction is carried out at a low temperature e.g. -78%¢ to -20%.
Compounds of formula (I} wheréin the group R3 and the carbon
atom to which it is attached represents a keto group and the groups
R; and R; represent protecting groups may be prepared by hydrolysis
' of the correésponding ketal of formula {I). For example a compound
of formula (I) wherein Rj and the cérbon atom to which it is
attached represents a dimethyl ketal may be converted iﬁtb the
corresponding ketone by treatment with silica in the presence of an
aqueous acid ‘such as aqueous oxalic acid or aqueous sulphuric acid.
The reaction is conveniently carried out in the presence of a
solvent such as a halohydrocarbon e.g. methylene chloride.
Compounds of formula (I) wherein the group R4 represents an
hydroxyl group may be prepared by the reduction of compounds of
formula (I) wherein the group R3 and the carbon atom to which it is.
attached represent a keto group. The reduction may be carried out
using a borohydride reducing agent} such as sodium borohydride,
sodium cyanoborohydride, or a trialkylborohydride such as lithium
trisamyl borohydride or lithium tri-sec-butylborohydride. The
reaction is carried out in a solvent such as an alkanol e.g.
methanol or an ether e.g. tetrahydrofuran or an Aromatic hydrocarbon
e.g. toluene. Thus for example the reduction may be carried out

using sodium borchydride in aqueous methanol and preferably the pH



The cgrboxyl protecting group R2a may al sob}s)e renoved by standard processes
such As those described in Protective Goups in Organic Chem stry, pages
192-210, Edited by J F WMOrie (Plenum Press 1973). For exanpl e when R2a
represents an arylmethyl group this may be renoved by conventional

procedur es usi ngghydr nglaﬂ%amtlel miAk & Aest b?tvgenpélalnad" Wy t%bea%diﬁebn

group R2a represents an allyl or substituted al group then t
preferably renp®éd® FPLEaRIgt dick evd + Rydgpchionic a%’ébptor in the presence of

tetraki s(triphenyl pfm&pb&m) of)ach:adwmIanﬁx GpiRNE li¥ & MyldRexPl §Y80EE: 1

tri phenyl phosphi ne. I acceptors include ster, cal hi nder e
amI Ir[:es gug h ag Itgé?‘t‘%u%? g?nangarbc‘é‘é'h%’°§§86’rﬂ?aﬂ§°%ﬁnaﬂgsRQ; Lf‘('?haﬁs;/]rﬁ?l"ﬁh%‘fq“ﬁe

or thionorphol i eeg. trethpay ymagnbe gerepaedd &y 0fa Bk Hoh F, tﬁélcpﬂﬂhlsﬁoming
cycl oal i phatic Ig g cardoLy e u uch 23 RS agetone hyI
acet oacetate or 2 g{c‘)ne or a gng?g %%l"g‘]&h X A KAl | ﬁ%? %/x gfm"}phers‘
such as acetic &Gla(ft’-mfbm%}hllle a?;#Jdrmdzc'et-hylsinexamola@m:dri)atehelkyl-

pot assi um or so@kummioﬁeéﬂsaesmpnoeaw%l eid Prb¥ertachila al 'dhf&%%?&. OJuchS
- 2-et hyl hexanoi c _acid and npre esg%c; the sodi um or potassi um sal

t her eof .. The re&ﬁt?‘?}ﬁs?t““be"f df YLemEe:- in an inert sol vent such as
an ether e.g. diethytorpbhsds @t Eei:mﬂhydmm‘ UWnakhieh Vl=kangdy &) prepiiaddlby an
ester e.g. ethyl t r dro ene chl oride, or
m xtures thereof rg%é’%r%a{% %unnr&?s convent (Eg?ﬂ/%@awﬁd%ﬁg‘i‘m"t 2nd'R3,

t enper at ure r angeve[tdrer peargingsr §ivenr ebger wiith| &y lagt dvatredode t bygrdivat of eche

aqid (IV) in which Ry, has the meanings defined above.

Rug, |
H H R : :
: 12 HOOCCO,R,,
CHy ) N & ’
/ H
“an av)

Suitable activated derivatives of the acid (IV) includes the
corresponding acid halides e.g. acid chloride.

When the acid halide is used as the activated deczivative of the
acid (IV) then the réacticn is preferably carried out in the
presence of an acid acceptor such as a tertiary organic base for
example pyridine or a trialkylamine in an aprotic solvent such as
dichloromethane.

The compound of formula (II) in which Y is a phosphine group
may be prepared by treéting the intermediate (V) in which L is. a

leaving group such as a halogen e.g. chlorine

Rla o]
) \;‘ E R3 a
CH3 0
' NCH-L
-
CO;R,



Conpounds of the invention in which the group R2 is a physiologically
acceptfabl e cation may be prepared from conpdunds of the invention in which
R2 i s’ hydrogen by treatnment with a suitable base. Conveniently the salt is
formed in solution and then if required precipitated by the addition of a
non-sol vent e.g. a non polar aprotic solvent. Alternatively the sodium or
pot assi um sal t rEfhbEh reaFaeeBCRingr BHPFRRINE &0 utiIRNSRYIPRAFPHIDRAF DL he
formula (1) in Whesbnd® ok EPNHRASENt Ind byabtagR N converibhit by LakbdidddBuOfin a
sodi um or pot assi ym 21;' et h%r heéanoat e_i na nonﬁ}%l a sgl vent such r'a‘.s di et hyl
ether. For the préfaracish B TR OPTPEFIRT & 12 FR™ W Th P PP eant s
a hydroxyl or hydgexdsfetibidige odpe tdoawaoymsisi sfitfioomulac4Tl) eme i®vedvospewms| vy
carvied out usi aall WOLRIAEH! Alefirled Q1 S0k khd inelfllish Rlerrla is a
protected hydroxyl or protected hydroxynethyl group. Suitable protected
hydr oxyl groups incl @& cerrp8regarbyFfosnpy? EVheray QR PraPagprd from the
trimethyl silyl Qorirespéidindl HPEFYMsS ide¥h vl RR (VI ARt idiaQt REAAS Gor
group may then be renqvqurt %ay subsequent stage in the synthesis, for
exanpl e at the SERESTHIRE WSTPRE PECHRPAFPTY 18R 2HyEROYR$t protecting group

Rlerr]a. For the preparation of conpounds of formya (1) in which Rerr]
represents a primary or secondary am nR groupirlg of is a substituent

cont ai ni ng such an amino grouping, the ®Qclj \S_conveniently carried
out with an internediate of .fornula (11 i clf t heRami no group
present in Rlerrlais in protected fém e.[G.] suoh as an

al I yl oxycar bonyl am no group. The am no prg#edting group nmay then be renoved
by conventional procedures. Thus for exdpl e i?\di{aa-nr]a is the

CO; R
VD) ‘a

Thus for example a compound of formula (V) in which L is a
chlorine atom may be prepared by tfeating a compound of formula (VI)
with thionyl chlbride in an'aprotic solvent such as dioxén or

" tetrahydrofuran and in the presence of a tertiaxry organic base e.g.
2,6-1lutidine. Compounds of formula (VI) may be_prepared from the
reaction of a compound of formula (III) with glyoxylic eéter {(VIii;
CHOCOR,,) preferably in the form of its hydrate or hemiacetal. The
reaction is preferably carried out in an aprotic solvent such as

'~ toluene and in the presence of an activated molecular sieve.'
Compounds of formula (VI) may also be prepared by reduction of a
compounds of formula (II) in which Y=0. Suitable reducing agents

include zinc/acetic acid.



al I yl oxycar bonyl am no, allyl oxycarbonyl am noet hoxy or
allylé&ycarbonylaninonethyl group these may-be converted into the ani no,
am noet hoxy or am nomet hyl group using the conditions described above for
converting an allyl ester into the correspondi ng carboxylic acid. Conpounds
of formula (1) may b 1 i e f ) S
conpounds of fornul aﬁ%f@\\é\/ﬂ%g%}n ctg{gulse)m&trdgu%f %[%gggfﬁﬁgng %:tg?%ggh ?!ngr'o?%%ﬁ’éng
group and R3 repP¥aRafes PHORdaEAOTRY arepmpeunst Qfafeg™pi? obildat Peirdifarhe
correspondi ng cogpapid mhgdisidid«idd. Wherein Rlerr] represents the group
SR[err]. The oxidatign i.s preferably carried out usin% a geracid e,g. a
per oxybenzoi ¢ aci d st¥PERes: 2hi &P okdHEN28Y LA AEPRACAP B IFFEAF 9% diRfent
such as a hal ogeastédidopdr prarporitk. the andlayé civa oflthei kkeon®r @ker ably t he
reaction is carried out at a low tenperature e.g. -78[err]Cto -20[err]C
Compounds of fornula (1) whe&ei n the grEup R3 and t peccarbon atomto which
it is attached represents a u 0 grpup kand the grorr] and R err]
represent protecting groups éﬁa?bd by hydrelySks_of the
correspondi ng ketal of for ffth a (Ip.) For exanple a co ounaof formul a ()
wherein Rerr] and the carbon g#m which it is attgmched represents a

di met hyl ketal may be converted iy the corresponduﬁg ket one by treatnent
with silica in the presence of an aqueous acid such aqueous oxalic acid
or aqueous sul phuric acid. The reaction is conveniently carried out in the
presence of a solvent such as a hal ohydrocarbon e.g. nethylene chloride.
Conmpounds of fornula (I) wherein the group R3 represents an hydroxyl group
may be prepared by the reduction of conpounds of formula (1) wherein the
group Rlerr] and theTBariRAFtaPBis FERALEIPLY CRETiRC: SERAF PeppesafPesakEi®

group. The reduct¢iqn-7gd: be Labivend Sith 4$itROrshylesAlMd! | de reduci ng agent,

such as sodi um boroh¥dri de ) . ,
_ he enolate ion of the ketone (IX) is conveniently generated in

situ by treatment with a suitable base such as lithium bis(trimethyl
" silyl)anide. _
Alternativelj compounds formula (III) in which R3, is a
hyd;ogen'atom may be prepared from the reaction of azetidinone
(VIII). with the enol ether (X) |

OSiR,
(X)Rg=C, qalkyl

The reaction may be carried out in a solvent such as methylene
chloride or acetonitrile in the presence of an aétivated ester of
trifluoromethanesulphonic acid e.g. the trimethylsilyl ester or a
Lewis acid such as stannic chloride. Compounds of formula (III) may

also be prepared by reduction of a compound of formula (XI)

Rh (o]
H H
!\\ RSa
CH, o
H
0



sodi um cyanobor ohydride, or a trialkyl bor o£¥dri de such as lithiumtrisanyl
borolfydride or lithiumtri-sec-butyl borofyttide. The reaction is carried
out in a solvent such as an al kanol e.g. nethanol or an ether e.g.
tetrahydrofuran or an aromati c hydrocarbon e.g. toluene. Thus for exanple
the reduction may be carried out using sodi um borohydri de in aqueous

met hanol and preferably the pH -12- of the reaction nediumis naintained
between 4 and 77Thy xethickden tmaynbefeffested Mging hydyogeny anfydrerbofdtea ek d.

Conpounds of f oyl gpaiihalim WAl §hsllt@blid duppdrdligOXya ridnObediuRgngl Ole R2
is a carboxyl protectin groulg’_ﬁand Rlerr] is an al koxy ro%%(fe.g. met hoxy
may be prepared 8§ aﬂl SRTOIFSPUE S BoPP eSS arSHY "t,sogrﬁo Iof - Forshira
(I') in which R aredates a hydroxyl group. The reaction may be carried out

usi ng an appropri at I - if t e (o] i e f a
sui t abl e base such ?ggpé%/"kggﬁérﬁflb?gh%grgi @h%&%ﬁ%&rg@%nﬁ%ﬁg&g?g
formula (11) inofhtkh agetidinpme LRI epbitedbbyketongt (FHf)aoE dHisoGRAL oFthes
formula (111) i nxwht)CRsiAE £8bOsbnaRt Edrfs] de NtdbEA BbbLE &@We_tplaeiﬁ@%eh@aﬁm

gi ven above with an activated derivatjve of the acid (I in which Rerr]ja -
has the meani ng9fdEaTHLY HBOV Lropette) ketfnea b2 204 thareglodieiaf¥ives of the
acid (1V) includes the corresponding acid halidgs e.g. acid chloride. Wen
the acid halide is used as the vated deri e of the acid (1V) then
the reaction i.s preferably carrw\ed™Qut in thelgrgsence of an acid acceptor

Compounds of formula (III) may also be prepared by oxidation of
the alcohol of formula (XIV)

in ﬁhich the groups Ry, and R3, have the meanings defined above. The
oxidation-may be carried out using conventional oxidising agents
known in the art for converting a secondary alcohol such as a
cfcldhexanol into a ketone such as a cyclohexanocne. Thus for example
the oxidation may be carried out using pyridinium chlorochromate or
oxalyl chloride and dimethylsulphoxide. The reactions are preferably

carried out in a solvent such as methylene chloride.



exanplg pyridine or a trialkylamne in an aprotic solvent such as

di chl pronet hane. The conpound of fornula~<RkE)-in which Y is a phosphine
group may be prepared by treating the internediate (V) in which L is a

| eavi ng group such as a hal ogen e.g. chlorine [err] -13- with the
correspondi ng phosphi ne e.g. triphenyl phosphine in the presence of a base.
The reaction is conthFeﬂ*&‘f%ﬁ%ar‘gF\éH"&}’tanP’ael%Rﬂe@eHV seertdeondPdxEhe %5 he

]pr eselnce( ?T ) at eris'b&ﬁ?ét@&gﬁﬁtioﬁa baﬁea thi. ré’dﬁﬁ;;kw e} ?&veﬁh&xagnaﬁmda aa;:—.
or mul a are, nove conpounds .gn SUg orma ur er senct o e
vt Lon.  The' cdhBohTaE o BIAAN JESAd B APEBat L GitTiaon Of fnd
correspondi ng hyiditony teethe @lcviol Wbindy switabh¢ imenal hyezide fsorh ;ensediunng
hydroxyl groups V&]cg}ggy{ﬁ%\étnﬂ, IrrgyaplsmLeud u Pla emggéﬁ i3 CRIPRURG &

formula (V) in I's a chlorine atom may be prepare y treating a
conpound of for rikfl &h¢ \Repuifedhaiqphahy(XI¥h|usdng dvdrogar apt ¢t PetadoFeiess (Aeh

as di oxan or tetdaabyleaf Micia A the JaBait@sR YL xRedRY tiraf)y £96:) @Rk CapASE
e.g. 2,6-lutidine. Compounds of formula (VI) may be prepared fromthe

reaction of a cdMIBERFEER ¥e5PA%IE X 111) with glyoxylic ester (VII;

CHOCJ err] Rierr]a) pcefsunabyof rEdr@ld o(rnIof i twhik)idryy aepredeisaant alkyiThe

and i n the prescis SeEty, BE Shtbar o PR RaFheel i cSEitamdiitihe St I,

(VM) may al so befgsmalrarl@@Ibyinr duebt Ryn repregents a hydrogen atom with an alkali
metal base e.g. lithium bié(trimethylsilyl)émide and the
corresponding alkylthio methanesulphonate.

In this reaction an alkylthio group is introduced on to the N-
nitrogen atom of the azetidinone group and thus it is necessary to
use two equivalents of the base lithium bis(trimethylsilyl)amide and
the corresponding alkylthio methanesulphonate. If the reaction. is
carried out stepwise, such that the alkylthio group is introduced on
the azetidinone nitrogen before the second equivalent of base and
alkylthio reagent is added, then the reaction gives predominantly
one ste:eoisomer.at the 4-position. 1If however the 2 equivalents of
base and alkylthio ester are added together then the reaction gives
an approximately even mixture of the two stereoisomers at the 4-
position. The alkylthio group on the azetidinone nitrogen atom may
be removed by treatment with a suitable nucleophile e.g. 2-
mercaptopyridiﬁe in the presence of an additional tertiary organic
base such as triethylamine, to give the required compound of formula
(III) in which R3 represents an alkylthio group.

In a modification of this process the compound of formula (III)
in which R3, represents hydrogen may be first converted into an
alternative N-protected derivative e.g. the N-trimethylsilyl
derivative by conventional means and then the alkylthio group R3,
introduced using the conditions described above followed by

subsequent removal of the N-protecting group.



conmpoupds of formula (I1) in which Y=0. Suitable reducing agents include
ziknc/ z‘cet'i c acid. -14- Alternatively cenpbunds of fornmula (I1) in which
Y-0, nmay be prepared by oxidation of a conpound of fornmula (VI), using for
exanpl e manganese di oxi de. Conpounds of formula (I111) may be prepared by
treating the azetidinone (VIIl) with the enolate ion of the ketone (IX).
[err] The reaction i sCoRRFUEAEHPH T2 Milad (HIA) dn ¥bisly RS EPURRa &137 the
[( 78[err](C i)n a Sale¥fidg sulghnaws alled rt&ﬂ’lpééﬂéwdalﬁgoxﬂ_ heceaaéﬁioadiﬂ@h cRnpbiei gln
etone (I1X) 'is conveniently generated in situ by treatnent w suitabl e
base Sush us 11t KPUTH Boa(TRREETR PERTestyar Bt SArEnmerbe S e
formula (111) inThscfriR@aanslen rhgcriogent &t eompayndefpfepmled (¥TI0mio hwhich
reaction of azel i nQGh{dddeh. witi I 1T EBPL 1811 ubH) od sl T ERGHLAN
may be carried out®in a solvent such as nmethylene chloride or acetonitrile
in the presence &fsdfriperhuteilvidt apige ipid | rnftt BaRBsAR phEFATS 20 o

e.g. the trinet hyletichhyarRFuein MoldoksdiLy 2648k TVICRIOS IdARBI &nd RhAT Sium
Compounds of " 3nthL 191 /T3 R 55 DS RLERALS L2 BEFHSH AT G, SRRy
Treatment of the iodide with the thiol R4 SH in aqueous methylene
chloride in the presence of a suitable base such as a phase transfer
catalyst e.g. tetrabutylammonium hydroxide gives the required
compound (III: R3,-SRy).
' The alcohol of formula (XIV) in which R3, is an alkoxy group
may be prepared by reacting the corresponding epoxide (XV) with the
corresponding alcohol R3,0H in the presence of an acid catalyst such

as p-toluene sulphonic acid.

Rho
PR
CH, N o)
H
N o)
xv)

The alcohol of formula (xiV) in wich Ry, is an azido group may
be prepéred by treatiﬁg the expoxide (XV) with an alkali metal
azide. The reaction may be carried out in a solvent such as an
alkanol e.g. methanol.

The compounds of formula (III) in which the group R3, is an
amino group may be prepared by reducing a compound of formula (III)
in which the grbup R3 is azido. The reduction may be carried out
using hydrogen and a metal catalyst in a solvent such as ethyl
acetate.

Combounds of formula (IXIX) in which R3, is or contains a
protected amino group may be prepared from the corresponding primary
amino compound by conventional means for example by reaction with a
suitable acid chloride such as allyloxycarbonyl chloride.

The alcohol of formula (XIV) in which R3a is the group NR7RE



The reduction may be effected using hydrogen and a netal catalyst e.g.

pa1| diumon a suitable support e.g. carbd8 or alunina. The reaction .is
carrled out in a solvent such as an ester e.g. ethyl acetate. The conpound
of formula (XI) nmay be prepared fromthe reaction of the azetidinone (VIII)
wi th the ketone XII or .the enol ether (Xl I1) using the conditions

descri bed above"t&Feifrispdf ih JYIRRFEBATER W of Credtiyy PFPYP PO fie; AEPIESERNHE
(I'X) and the enal cgl fuaky(iXgrode mialy Gerrpeumlﬁed)fbyf @e6ki| €hd |ddactiiay af sghde
prepared by oxidat.l the aI ohol of I Tl N_WHI the
groups. Rerr]a a‘?u:fd'%[e ? a “REY SPPnE°TRSSR % gdg?‘lirheeg{)"aglg!\slei' ’éeaocflciaatlon
may be carried prefeysbiwy cegmeshput)rpanl ao«qldnest nEpchgentan Rikaneli a.9 leghanel f or

converting a segpndaty,ALbanRgh éucbn%eapfesghwgfamlmmlqmasmtone such as
a cycl ohexanone. Thus for exanpl e the oxidation may be carried out usin

pyri di ni um chl orochr%t"é°8?°bx%ﬂ ﬁ"&‘HFBr Eadd uPieR §3sdispRoRrFaEeS

reacti ons are pseésidddy adkbi gdowtmamba @Qbye%dsm a.ﬁ'xefTEbhy'beﬁendxng
chl ori de. - 16- T al cohol q(,t %t%e g epar reducti on, of tE

. unsaturated ket 8?1%"( WOAPHTS F@d8cet Y E8AVEN ‘°r?ta Vatot: e e*‘d’°8utﬁ‘s o

two stage reactesamplhe feastt:siragexts tahewsdabtlleora@idt lech ket bde tea ¢ he

al cohol using a,s h I de such as sodi um bor ohydri de. The
resultant a-B uns IL?‘Z g“;{l%o#%iqlgs t hen reduced

The epox;de of formula (XV) may be prepared by epoxidation of
the cycloalkene of formula (XVI)

in which Rj, has the meanings given above. The epoxidation may '
conveniently be carried out by treating the cycloalkene of formula
(II) with a peracid. Suitable peracid.include optionally
substituted perbenzoic acids such as perbenzoic acid or meta
chloroperbenzoic acid, and ﬁeralkanoic acids such as peracetic acid
and trifludroéeracetic acid. The reaction may be carried out in a
solvent such as a halohydrocarbon e.g. dichloromethane and
conveniently at a temperature within the range -30 to +300c.

The cycloalkene of formula (XVI) may be prepared by treating
the corresponding tosylhydrazone (XVII)

Rll 0

/‘\H 5 \
CHy NN—Iozs_;O—CHs
H

o
(XVID

in which R! is a hydroxyl protecting group with a base, such as



to thegsrequired al cohol (XIV) using hydrogeg;and a netal catal yst as
descr[bed above for the preparation of the Ketone (111) fromthe a-B

unsat urated ketone (Xl). Conmpounds of forrmula (I1l) in which R3a represents
an al kyl thio group may be prepared by treating the correspondi ng conpound
of formula (I11) gfhhbeh, frf,]tﬁlﬁx@meﬁ%ﬂm %lbyayregfﬁnahgmrwgaemﬁ kgl
net al base e.g. ITthiumbisttrineth yl silyl)am de and correspondi ng

al kyl t hi o et han&SBYHERE:Ye Caxrief v %a?et PRAPLAR ALNGPY IFHER (jrsoﬁ‘b gther e.g.

i ntroduced on tOtBbﬁhyurw&aﬂgﬁﬁ aﬁamaipekh&ﬁze&ﬂ&bﬂom%rww@nd thus it
|t

IS necessary to use t nts of base

bi s(trimethylsilyl)a etg X?ﬁ é%@ﬁ Y B ¥a ﬁy?f?ﬁﬁfeﬁePﬁaﬁﬁﬁﬂﬁﬂ&ﬁoﬁgfe
If the reaction icscmexameomrme:pw $ul)smrwhtihlatklgh€s al kydrolyDb pgyoteqring

i ntroduced on th n before the second equival ent of base
and al kylthio regggﬁfgrg éﬁd Q&hﬁen%the reaction gives predom nantly one
stereoi soner at the 4-position. |If however 2 equi val ents of base and

al kyl thio ester are added toget hdsN Vﬁ@msth<:i§hcrgbn gi ves an approxi mately
even m xture of the two stereoisoners at th posi tion. The al kylthio
group on the azetidi none nitrogen aton1na§¥&§ removed by treatnent with a
sui tabl e nucl eophile e.g. 2- nercaptopyri Din the presence of an
additional tertiary organic base such as triethylamne, to give the

requi red conpound of formula (I111) in which Rerr] represents an alkylthio
group. In a nodification of this process the conpound of formula (I11) in
whi ch R3a represents hydrogen nay be first converted into an alternative
N-protected derivative e.g. the N-trinethylsilyl derivative by conventional
means and then th&igh Wlsfa?lﬁirgﬁa%ﬁ) EEAIDndp od fedbalie §E1TeNE Ebthiasi siacial
descri bed above fagbtmvgdidy subsequent renoval of the N-protecting group.

Compounds of formula (III) in which R3, is an hydroxyl group
may be prepared from the silylenol ether (XIX) by reaction with a
peracid such as metachloroperbenzoic acid followed by hydrolysis of

the silylenol ether and the N-silyl protecting group.

The silylenolether (XIX) may be prepared from the corresponding
ketone (XX) by reaction with a halo trialkylsilane in the presence
of a strong base such as potassium or lithuim bis (trimethylsilyl)
amide.

The ketone (XX) may be prepared from the reaction of the N-
protected azetidinone (XXI) with the enol ether (X) in the presence
of an activated ester of trifluoromethyl sulphonic acid e.g. the

trimethylsilyl ester or a Lewis acid such as stannic chloride.



17 €onpounds of fornmula (I11) in which the group R3a has the neani ng SR4
may avso be prepared froma correspondi ng'c ound I n which R3a represents
hydrogen, via a correspondi ng hal o derivative. Thus for exanple reaction of
a conmpound of formula (I11) in which R3a is hydrogen with a suitable base
such as sodiumor lithiumbis(trinmethylsilyl) amde in a solvent such as
hexane and/or tetrahydrofuran followed gy reactiof with iodine and then
sodi um sul phite gives the correspondi ng |%dg feri atlve (I'l; Rerr]a=l).
Treatnent of the iodide with the thiol B &us nethylene chl ori de
in the presence of a suitable base s as dé transfer catal yst e.g.

t et rabut yl anmoni um hydr oxi de gives the r @%hpound (rrr:
Rlerr]a-SRerr]). The al cohol of formula (X in which R3a is an al koxy
group may be prepared by reacting the corré di ng epoxide (XV) with the
correspondi ng al cohol Rlerr]JaOH in the presence of an acid catalyst such as
p-tol uene sul phonic acid. [err] The al cohol of formula (XIV) in wich R3a is
an azido group may be prepared by treating the expoxide (XV) with an al kal
metal azide. The reaction may be carried out in a solvent such as an

al kanol e.g. et hano/TreTHePESRSEAAR=VTidaPARI EXXT)| MRy be itFe@Rzehef Xm0 Ghe

Rlerrla is an aman i atip oy bemrﬁpas d rl)a ¢ €dUai L @n CARPUWE 8 £105 g1l
(I'1'1) in which the e.reduction %gpe carried out

.
usi ng hydrogen aff .g’r Ou?%ﬁbyéﬁ’tlé’ﬁéijtiqen”é B8 | RFEAERRICH hideEtipfy organic base

such as triethylamine and in an aprotic solvent e.g.

dichloromethane.

-In any of the formulae (I) to (XX) shown above when there is an
asymmetric carbon atom and no specific configuration is shown then
the formula includes all possible configurations. _

Specific stereoisomers of the compounds of formula (I) as
defined in formulae la, 1lb, lc and 1d, essentially free of the other
stereoisomers'may be prepared by using the general processes
described above starting with the appropriate stereoisomer of
formula (IXI).

The processes described above for preparing the compounds of
formula (III) will in general give a mixture of stereoisomers.

The individual stereoisomers of the compounds of formula (III)
may be separated from each other by conventional techniques such as

fractional crystallisation or more particularly by column
chromatography, using for example a silica column, as illustrated in
the relevant examples. .

The compounds of formulae (III), (XI) and (XIV) are nqvel
compounds and these compounds and the individual stereoisomers
thereof form a further aspect of the invention;

Alternatlvely the synthesis may be carried out startxng with a
mixture of 2 or more stercoisomers of formula (III) and the required
specific stereoisomer separated at by conventional techniques at
another stage in the synthesis. Thus the compounds may be separated

by fractional crystallisation and or column chromatography.



acetatg. Conpounds of fornula (I1l) in which RlerrJa is or contains a

piot efted am no group nmay be prepared fromthe corresponding prinmary ani no
conpound by conventional means for exanpl® 2y-reaction with a suitable acid
chl oride such as allyl oxycarbonyl chlaoride. The al cohol of formula (XIV) in
which R err]Ja is the group NR7R8 -18- wherein R7 is a hydrogen atomor a

Cerr] alkyl group an re s.a err vl roup y. be pre ared
by fromthe reaction gf‘R?Plg g "(’X{’/g e °f‘|‘?§ c CFL %ot T
R7R8NH. The reacistmrmedipresf Qhwtﬁfy)reaitr |n@d hmtnelcassa:aoltvepntotsuc hfwast §6nal
| k I th e

al kanol .9 €t Nagalufing@aasiis @ﬁv{ad}%h padl | BbNRLESENGE a0k dé‘ébe%gugary

salt. The al coh formula ( ais aprotecte
am no group may ﬁ"eei‘ﬁ’r éﬁ&r%“ﬁ?bkﬁ‘laﬂea%ral‘%mmpngh%é@@ﬂﬁaﬂ%/ thai inyegt e

-NHR8 by Conventr@ﬂaéxdmﬁswhSMCihéi%rfoQb exaaTmze..n{a%cskosleaumr@ aridahd.e
acid chloride e. carbon | ori,de. The e e of fornula

may be prepared g@/ eaﬁ(’il |5 %/'foangﬁf’ Ph eé’y(’:Fo'&?‘k@ﬁedg?“F%ﬁJF& Y‘Sﬁ'f’left[g'i‘?ﬂe in
which Ria has thdurisanthegsynfiheeis a:lsdmga coi[hmtemm dit togen NErptecyivgngmapsy be

carried out by tfeat %eéog.go&y&él (QI?H"J' gJ ) o tg( ae,;@qu

Sui tabl e peracid inc t1ona Tt per ehzoi € suc
perbenzoi c aci d ®¥e gdthex rklnemp@msm| er awiydbe am#ppachlbkamleqa@s wetBersh

as peracetic acigo aRdsd sbl UY-ORRIACEMpBuRdd d- The reaction nmay be carried
out in a _
In order that the invention may be more fully understood the

following examples are given by way of illustration only.

In the Preparations and Eiamples, unless otherwise stated:

Melting points (m.p.) were determined on a Gallenkamp m.p;
apparatus and are uncorrected. All temperatures refer to Oc.

Infrared spectra were measured in chloroform-d; solutions on a
. FT-IR instrument. Proton Magnetic Resonance (1H-NMR) spectra were
recorded at 300 MHz as solutions in chloroform-d;. Chemical shifts
are reported in ppm downfield (§) from Me,Si, used as an internal
.standard, and are assigned as singlets (s), doublets (d), doublet of
doublets (dd) or multiplets (m).

Column chromatography was éarried out over silica gel (Merck AG
Darmstadt, Germany).-

Solutions were dried over anhydrous sodium sulphate.

. "Petrol™ refers to petroleum ether, b.p. 40-60%c.
Methylene chloride was redistilled over calcium hydride:;
"tetrahydrofuran was redistilled over sodium; ethyl ether was

redistilled over sodium; kylene was redistilled over phosphorus
pentoxide and ethyl acetate was dried over activated molecular
sieves.

The following abbreviations are used in the tables and text.
EA = ethyl acetate, CH = cyclohexane, P = petroleum ether 40-60°C,
THF = tetrahydrofuran, MC = methylene chloride, EE = ethyl ether.

Tlc refers to thin layer chromatography on silica plates.



sol vent such as a hal ohydrocarbon e.g. dichloronethane and conveniently at
& tenterature within the range -30 to +30C__The cycl oal kene of formul a

(XVI) may be prepared by treating the corr@'s’pbndl ng tosyl hydrazone (XVII)
[err] in whichifleamedidte B hydroxyl protecti ng group with a base, such as

- 19- nethyl Jgactjon is
conveni ently c&}%&w m[+(h5] (3 :
t et r ahydr of ur any@]lweail)datetrmn-eﬁ-mne @@T)V\AJW(BMMMEL

t osyt hydr azone#fﬂ 'ok%;Jm%lgea-razﬁ.éﬁech‘ﬁxxw@m%mi@ze@yﬂrﬂhewqmm
derivative (I roup R3a is

hydr ogen [err]_ﬂ:ﬂﬂiiosyl hydrazide (XVI11) in a suitable solvent such as
glacial acetic acid-r{RAynsy PéxyE?éIBﬁlaﬁen(é Kiig) uawruleboma is r@thyleAeoXy |

group may be pre ar.ed the silylenol et [ X on th a
peraci d such aSh 1&Eh{‘§938b}al“88?&6’i tregeny f %?P%N'%%zl s \cI)V:‘ t he
silyl enol et he|(tewiylhﬁndﬁhszlémmq»rydben)tll)ng-a;ued:nq!nnober(r9] 28e isténmedhatecAher
(X1X) may be prggegrdedsgdf Hhé Q%lﬁpfo%?sﬁ%nﬂi%rgeét‘égg%é ;%)C%?'V ghgaction with a

hal o trial kyl siTane n presence’o pot assi um or
lithuimbis (t rtrmﬁhylallyyzl yrid‘&udmmemehelma(e(@ 66n) wes pdeedr edhd rom
the reaction of;ififeNvas stirred under nitrogen for 2hr and then poured into an ice

cold 1% solution of sodium hydrogen carbonate (300ml). The'organic
layer was separated, washe& with water (300ml) and brine (300ml). The
oily residue obtained, after evaporating the solvent under reduced
pressure was chromatograbhed (gradient elution with EE/P) to give the
title compound (la; 2.6g) as a white solid m.p. 70-80Y (t.1.c. P/EA
4/6; Rf 0.5) and the title compound (1lb; 2.63g) as a white solid m.p.
100Y (t.l.c. P/EA 4/6; RF 0.45). '

Method B .

A IM solution of lithium bis(trimethylsilyl)amide in hexane
(250ml) was added to tetrahydrofuran (250ml1), the mixture stirred -
under nitrogen, cooled to -78' and cyclohexanone (15.2g) was added
over 20 min. The temperature was allowéd,to rise to -559 for 10 min
and then the mixture cooled to -78Y for 40 min. Intermediate A (34g)
was added and the resulting mixture stirred for 30 min at -78Y. The
reaction mixture was poured into a saturated ammonium chloride
solution (200ml) and the resulting mixture extracted with ethyl
acetate (3 x 200ml). The combined organic layers were washed with
brine, dried and evaporated under reduced pressure. The oily residue
was chromatographed (gradient elution with CH/EA) to give the title '
compound (la; 11.6g) as a white solid m.p. 70-80 and the title
compound (1b; 12g) as a white solid m.p. 100YC.

Using Method A (35,4R)-3-[(R)-1-(t-butyldimethylsilyloxylethyl]-4{(S)~
6'-(1'-oxocyclohex~2 '-enyl)-azetidin-2-one (lc; 12.7g), m.p. 125Y



protected azetidinone (XXI) with the enol ether (X) in the presence of an
activaed ester of trifluoronethyl sul phamzx _acid e.g. the trinethylsilyl
ester or a Lewis acid such as stan

N br ot oGt o a0pi CheRBRRR (R 2-REGMIEY HdBLPREVE IoReT Reo-igte (RO ov 1 1)
by reaction winftemiedapty ap(ifteg) réxeyplr dbat hhestdacthon itdee iwast b Her esence

of a tertiary gan e suc r d rogj c solvent
e.g. dichl oror‘Fe?\e é’%afﬁgm}”“p ?hetsf %&r‘r’g TP(l.Pﬁf %% &%%Q % I)’f)ove when
there is an aswyﬁ’ealrllleat:ambﬁrmaﬁb/ﬂ an@Megﬁe@heu@rmﬁqggapmu pyr iifdcationn
then the formya,includes all possible configurations. Specific

stereoi soners of the conpounds of formula (1) as defined in fornmul ae |a,
b, Ic and | d, essentially free of the other stereoi sonmers nay be prepared
by using the gsyiaga.letﬁa@gesses descri bed above starting with the
appropriate stereoi somer of formula (I'11). The processes described above
for preparing the conpounds of formula (11l) will in general give a mxture
of stereoi sonet3s, am- fRﬁ—\li—Mbtﬁlcameﬂiﬂembngeﬁﬂyé]%rfﬁmﬁ?ds(fﬁ‘)-ﬁbf mul a
(111} oy De SRR ELRILILOMEREN, S8t ik SOMCRLLORAL} GEANT 49 diich as
fractional crys isaf t9°¢ r'T r onat ograph
using for exaanXéuae diinteppedistete; 3391159) Qﬁtf-’&béﬁl -rh“%k-hét-ém&nldl@ké -es.

The conpounds o f gkyNakRpICELE ()-8 (5 )38 dme¥hM)- 1 8L BP¥RIhexyl) Jazetidin-
2-one and (3R,4R)-3-[(R)-1-{t-butyldimethylsilyloxy)ethyl]-4-
((R)-2'-((S) -6'-methyl-l‘-oxocycloﬁexyl))azetidin—Z-one-were prepared
from intermediate A (14.35g) and 2-methyl-l-oxo-cyclchexane 13.2g.

(35,4R)-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethy1l-4-((5)-2'-(6",6 -
dimethoky-l'-cyclohexyl))azetidin-z-one (1f; 0.97g) from intermediate
A (1.8g) and 2,2-dimethoxy-l-oxocyclohexane (2.0g) except that the
chromatography eluants were EE and P.

{3S,4R)-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethyll-4-((R)-6'~{2 -
methoxy-1'-oxocyclohex~2'~enyl))]azetidin-2-one (19) and (35,4R )-3~
[(R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-({5)-6"~ (2'-methoxy-l'
‘oxo-cyclohex~ 2'-enyl))lazetidin-2-one (lh)

2 -Methoxy-2-cyclohexenone (11.9g) was added dropwise to a stirred
mixture of anhydrous tetrahydrofuren (200ml) and a 1M solution of
lithium bis(trimethylsilyl)amide in hexane (200ml) cooled to -78"Y and
under nitrogen. The temperature was maintained at -78Y for a further
30 min, intermediate A (15g) added and the reaction mixture kept at
-78Y for an additional 15 min. The reaction mixture was poured into a
cold saturated solution of ammonium chloride (100ml) and then
extracted with ether. The organic layer was washed with a cold 1%
solution of hydrochloric acid (SOml) and a cold saturated solution of
sodium hydrogen carbonate, dried and then evaporated under reduced

pressure. The residue was dissolved in the minimum amount of ethyl



conpounds and t hese conpounds and the individual stereoisoners thereof form
a fur‘yher aspect of the invention. Alternatively the synthesis may be
carried out starting with a mxture of 2 g, nore stereoi sonmers of formul a
(111) and the required specific stereoisorfer separated at by conventi onal

t echni ques at aaemitlaeandspagmllean tetbes (200l sddethte gilve thetdbis|compaunde

separated by {jacts, 9@)% CL %y 8 |do¥ %'nPP n2@“00; ‘iOEUfﬁ? 6L RBL AN apdy.
-21- In the s 111"he5| of conmpounds of Tornu () t he i'nt er nedi at es
therefore it %ﬁy nother ddguens were sverqrated u'ﬁe'ﬁ Gﬁavceg’r BERANGE ;W hin the

group ﬁ]errlhs&ﬁ&t@ﬂ(ﬁoﬁﬁiééﬁﬂcﬁfﬁ%ad@@f@g% Qmesr:ﬂamauetaﬁmau@m Kpgal and
are within ope o exanpl e when the group Is a
primry or (éoi@agg -1 Qfe(#rggb%é&ﬂ th a group then it may be
desirable to protect these during the synthesis using conventional nitrogen
protecting gr ESBT_% 2__ n ,11C (X.¢a0XI'1) and
(X111) are elQQa)i‘ (E”PQ& ]EXQ(R)K 2 net hods
to those used ethexychbovpxocpednhekeh

= nore

fully underst;gg]) he he )a{ 191.4/@(@)195('.\/@ -Qéhok lysipgal i on
only. In the I ng

poi nts (m p.) Sxeiehexs? tnenyhhles ﬁfﬂmi“f%*q"'ﬂn&]aﬁp mp. apparatus and are
uncorrected. All tneaamabur&szneitﬂ&yizlc&sxdﬂe%nddef r(zwgadlﬁmyaﬁou@ere

o R e 90 5 e mebYALER, By e ©
chl or of or m dl .(16bm1)i aad eshifdcdution of lithium bis{trimethylsilyl)amide in
. hexane {200ml) cooled to -78' and under nitrogen and with the

resultant mixture kept at -78' for lh. A solution of intermediate A
(26.3g) in tetrahydrofuran (80ml) was then added over 10 min. A cold
saturated solution of ammonium chloride (320ml) was added followed by
a 10% solution of hydrochloric acid (70ml). The resultant mixture was
extracted with ether (3 x 150ml) washed with cold 10% hydrochloric

acid (50ml), brine and then dried. Removal of the solvent under

reduced pressure gave an oily residue which was purified by flash
chromatography {eluants CH/EA) to give a l:1 mixture of the title
compounds (20g) and pure title compound (1j; 1.3g) (t.l.c. Rf 0.36;
CH/EA 1/1). The mixture was disSolQed in the minimum amount of ethyl
acetate, diluted with cyclohexane and chilled to give the title
compound (li; 4g) as a white solid (t.l.c. Rf 0.38; CH/EA 1/1).

Intermediate 1 K

{35S,4R )-3- [(R)—1-(t—Butyldlmethy151lyloxy)ethyl]-4 ({R)-2"'-(1"'-0x0-

cyclohexyl)lazetidin-2-one and {3S,4R)-3-[ (R)-1-(t-Butyldimethyl-

silyloxy )ethyl]-4-((5)-2'~(l'-oxocyclohexyl )]azetidin-2-one
1-Trimethylsilyloxycyclohexene {(llg) was dissolved in methylene

chloride (400ml) under nitrogen. {3R,4R)-4-Acetoxy-3((R)-

(t-butyldimethylsilyloxy)ethyl)-2-azetidinone (9.28g; intermediate A)

was added to the solution, the mixture stirred at 23Y and




are reported in ppmdownfield (5) fromMe[err]Si, used as an internal
Standard, and are assigned as singlets (. % doublets (d), doubl et of
doubl éts (dd) or nultiplets (m. Colum ¢ ?omato aphy was carried out over -
silica gel (mmbthDéYMtraﬂlqorwﬁmnﬁulp@m@Bl &1§6ﬂir’@$dﬁd@é oVibe

anhydr ous SO%’I\g&Hﬁg'VBQ% 'rr;EgH:l nitgb f+|]0§§§tefn‘al BN phid iMtdPan ice

40-60[err] C. ene chlori vvas re over,_cal |um hyd | de;
t et r ahydr of ur@@tdna€ sodutian Pfeﬁ?db‘é“ér"ygﬁﬂﬂeﬂn‘i“@? e {39RnL)nasTheeRrasnif| ed

over sodi unm X44leBNRad'asparadis) |vJalsﬁéH QVEH wabes (BOIRLS Bed bexne &300ml et hy|
acetate was d I ed over tivat ecul ar ,sieves. The foll ow,

abbr evi ati ons v(ﬁp@tg’g@@ ?ﬁ ‘ﬁ’!ﬁggé“"a% redyged ppeasure Iﬂﬁvea%&ég’ér, efh =
cycl ohexane, thestptle 0bmumd$msra40}160[err] C, THF = tetrahydrofuran, MC =
nmet hyl ene chloride, EE - ethyl ether. Tlc refers to thin |ayer

chromat ography on silica plates. -22- Internediate |

(35,4R) - 3- [ ( RintiecpediRtey? di met hyl si |l yl oxy)ethyl]-4-((R)-2'-(1"-oxo-

cycl ohexyl )] agey lafhas- (b Bty vy 1T g Biody OERIYL 04T RYLY SR -
silyloxy)eth = ~OXO0CY ' VEThod A

1- Tri met hy| si nethexyrl/coxeeyedabex) digr-2~osiey f28) andr(3 AR S chiori de
(¢ -but y1 di et %‘ﬁ%?”g‘??“t”é?ﬁe@lfb&“. T oINS A vas
((aléldeg %/o t he éﬁﬂlﬁ’i -1 : T] M@&L@and
10% Palladium on charcoal (1.8g) was added to a solution of
intermediate (lg: 2.2g) in ethyl acetate (200ml) and the mixture was
hydrogenated at 1 atmosphere for 2hr. The catalyst was removed by

Valle

_ filtration and the filtrate evaporated under reduced pressure. The
oily residue was chromatographed (eluants EA/CH 9/1) to give the title
compound 2a (0.6g) (t.l.c. Rf 0.8; EA/CH 9/1) as a light yellow oil.
Further elution gave the title compound 2b (1.1g) (t.l.c. Rf 0.4;
EA/CH 9/1) as en oil.

In a similar manner :-

(35,4R)-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-({S)-2'-((S)-6"'-
methoxy-1'-oxocyclohexyl))lazetidin-2-one (2c; 2.1g) was obtained from
intermediate 1h (2.2g);

(35,4R )-3-[(R)-1-(t-Butyldimethyisilyloxy)ethyl)-4((R)-2"'-((S)-6'-
ethoxy-1'-oxocyclohexyl) )]azetidin-2-one (2d; 0.95g) (t.l.c. Rf 0.57;
eluants EA/CH 1/1) and

(35,4R)-3-[ (R )-1-(t-Butyldimethylsilyloxy)ethyl]-4-({R )-2'-({R)-6 '~
ethoxy-1-oxocyclohexyl))lazetidin-2-one (2e; 3g) (t.l.c. Rf 0.35
eluants EA/CH 1/1) from intermediate 1li (4.4g).

Intermediate 3
(35,4R )-3-[ (R)-1-(t-Butylidmethylsilyloxy )ethyl]-4~((R)-2'-(1-
oxocyclohexyl))]-1-methylthicazetidin-2-one




trimethylsilyl trifluoronethanesul phonate (0.66g) was added. The m xture
was st-drred under nitrogen for 2hr and thegepoured into an ice cold 1%
sol uti on of sodi um hydrogen carbonate (300m6 The organic | ayer was
separated, washed ¥ntermediade 188nPGg)anes MSMV(&Eomﬂtptraﬁydrwﬁurynr@@m@lhe

obt ai ned, aft eun&yamr%aémna Néooiel vwﬁtw#tdemh@dmﬁ%Pfﬁéemfl%lwf)amme
chr onmat ographeg}%ﬂﬁradl ent_elutiron wth EE/ P) give the title conmpound

(la; 2.6g) as i M gplytipp pin h?’éﬁ"&é["éﬁsr pddsd jin 8 mip, frama esirOP&“G 5) and
t?g ti%l 8 Cg)rrpmﬂﬁél(érm the Q%G&t.\i’iﬁ ﬁtidﬁbﬂ&ltsoir’la‘ﬂ rarpsu ﬂaﬂo.[ néﬁiyl(thnb methdr{eEA -
4/ 6; .4 SO utl Lthlum 9]

i n hexane (ZSO?H’\%%L &Q dc?% P‘g d&'bef J% r(ezg E niﬁ ?W’é'? s?l'?red
under nit rogenthmshmdt —‘ﬁBfGa-rr}Zttwidet!yﬂﬁ ¢ 20ndd neare a(ldid agd tlmsma(tded over
20 min. The te al rise ] r and then
the m xture con%eg'gto fi?é?%t iwﬁoﬁ)go i P‘R(?emé?%‘? [" tJ% gétqﬁrmv\ghs added
and the resul t folytion wfi em@nm e*almdesémﬂmﬂ at Thas{resm}c lm waa ashed

m xture was pouiﬂﬂa'm%oﬁuﬁ%h%ﬂ%%@d%&ﬂi%f@'a@iact@ §0§drhtlbofhe(12mﬁ) and
the resulting %gnxturgqng ted vvltp ethyl acetate (3

conbi ned organ "cl'\ea)(r Wer eyRidh aptadiner ﬁfrtPﬁee"aHPNE*d"arﬁf ét}%u?d'ﬂ&'ﬂ’é‘d under
reduced pressuséelvehbewas thromasoghaphed {eltdrtagnl PIr 8phadld dhadtftile edmpblom

wi th CH EA) to( |\5§)the title conpound (1a; 11.6g) as a white solid mp.
70-80 and the tl't]1 conpound (Il b; 12g) as a white solid mp. [00[err]C,

USI ng Met hod AIR 38PER)) 3- [ ( Kpmt LY 0768t(p-taotainhy 11509 y{ceRY) @BEY | gndd]30B) -
- (1" - oxocycl hexn2) Tﬁ”ﬂé @861 B387008u) 822 {mY 9. 998 Rt) 1 61 (), 23"
' 2.46 (m), 2.395 (s), 2.407 (m), 2.105 {m), 1.935 (m), 1.70 (m), 1.49
(m), 1.19 (d), 0.86 (s), 0.064 (s), 0.048 (s).

Intermediate &
{35,4R)-3-[ (R)-1-(t-Butyldimethylsilyloxy Jethyl]-4-{(R)-2"'={(S)~6"~
methylthio-1'-oxocyclohexyl))]-1-methylthioazetidin-2-one

A IM solution in hexane of lithium bis(trimethylsilyl)amide
(18m1) was cooled at -78Y and a solution of intermediate 3 (5.15g) in
tetrahydrofuran (20ml) added over 4 min. The resulting mixture was
stirred for 30 min the methylthiomethanesulphonate (2.27g) was added.
The reaction ﬁixture was kept at -78Y for 30 min then at -30°C for 10
min. Diethyl ether (50ml) was added and the mixture was poured into a
saturated solution of ammonium chloride (200ml). The organic layer
was washed with cold 1% hydrochloric acid (2 x 100ml) ‘then with brine
(100ml). The orghnic layer was dried, evaporated under reduced
pressure and purified by flash chromatography (elusnts EE/P) to obtain
the title compound (3.72g) es a yellow oil.
IR (coci,) Vnax {cm~t) 1757 (B-lactam), 1699 (C=0)
Hi-NMR (CDCL,): 4.396 (m), 4.18 (m), 3.5 (m), 3.03 {dd), 2.42 (s), 2.2
{m), 2.068 (s), 2.1-1.6 (m), 1.47 (d), 1.21 (d), 0.86 (s) 0.077 (s),
0. 065 (s). '

Intermediate 5 :
(35,4R)-3-[(R)-1-(t-Butyldimethylsilyloxy )ethyl]-4-{(5)-2'-{(R)-6"-




was prepared from 2-trinmethyl silyl oxycycl ohex-1, 3-di ene (19.2g) and
int.er medi ate A (14.34g) except that the-reac.tlon time was 18 hr and the
crystalline pru E as pbta|nd f g . G a Ilstlon
from EE/ P i n Hade=—8t—+t+ Sele F

- (3S,4R)-3- [gls),m)ﬁ-{bml:&dtmm@hmmmmu}-uﬂ )5)2-2(45(&&1- 6' -
met hyl - 1" - oxogy QRErErh ) ) ' Lb4L efsph and a

t te =OT o R vaaTet hyl -
T oy er bt T 48 PEpobstion) phengnasr b b Sthylasbxbanide 2. one
and (3R 4R) - denﬁb wad bodrddy heisvat hyddst | vitedydrelahd |d s6tutioR) o' - ((S)

-6' - et hyl - -oxocycl ohexyl i) ftzet I di n-2-one were prepared frominternedi ate
A (14.35g) anintermedisfe-1b §28) dpctetrehydrofunan {20ml) was edded.

((jBS 4? 3- [(R) 1- Dﬁrﬁgt }ilhéilaﬂﬁiifi}blnstéﬂaa/ |t6ﬂ([%e)rﬁtthb€ ]sgée (t](coS)JO?'_C (Gl’h,eG'g_eactiorA
I Met hoxy- onex zeti di n< Qne Lom,l nternedl ate
(1.8g) and 2 'ﬂi/’g:lu xégat 89%%3%‘?@98%‘: ('ZB Jf"g?cé‘b? 2t the

chr omat ographyetﬂyﬂ&himethermuﬂiipbmmdt@ (2ml) was carefully added over 5 min.

(35, 4R) - 3- [(ka‘iler(L QHJI:ELP lgE(fi luﬁhé%’ g génﬂéal z\ix%g)\gag ggﬁms)d 0 warm

met hoxy- 1' - oxocycl ohex aze

[ (R) - 1- (t - But ¥ di>9€ rfﬁrswyms! r@nhqlil}xtqd ( (wsyb @nhy rougediedhylather (a0m1).
0X0- cycl ohex- 7Re wﬁnvdx)e) wad %udécn 1gt:9rbes£t]tmatgd Mat.@aw sax&&sh%}emm&%
(11.99) was adﬁle grg& ﬁhoTa stirred mxtureoLﬁF{1w¥ 1d

Lot anydr of ur SHECITDARIORRY A R BRIE, bYes: 3 pRr: co

bi s(tri et hyl solqtll)aamf‘daydnfochbauaimeaoﬁﬂﬂ(ﬂm) 500D) dtiet (mtﬁairelne] (Stﬂmd)wmﬂer
nitrogen. The er t r

i nter ?redi ate gﬁ%@ Z:z ég%mﬁnd[@hg ‘?Aeé;gg ?%Jnm%zg[a% l']? Q%Sﬁltuguﬁigl%ef fy or an
addi ti onal 15fhesh chremategraphynletuking witinpepoekesn wileo/@e(tbyks curtst ed
solution of 2GERAIHE GRAE ddiBobAPSR! PNT (180 SKF 26, 9% iahs 3/RE /750

organi c | ayer “was
Further elution gave the tltle cq;pound Sb (0.84g) as a yellow oil

{t.l.c. Rf 0 0.35 eluants P/E_E 3/7).

Intermediate 5a _

IR (cDC1)) Vi ax (cm=t) 1757 ($-lactam), 1725 (C=0)

HL-NMR (CDC1,): 4.4 (dd), 4.2 (m), 3.6 (m), 2.9 (dd), 2.6 (m), 2.45
(m), 2.4 (s), 2.11 (s), 2.0-1.7(m), 1.9 (m), 1.2 (d), 0.8 (s), 0.04
(s)

Intermediate S5b

IR (COC1,) v (emri) 1755 (p-lactam), 1707 {C=0)

HL-NMR (0001 ) 4.31 (dd), 4.24 (m), 3.52 (m), 3.33 (dd), 2.96 (dd),
2.45 (s8). 2.17 (m), 2.12 (s), 2.1-1.9 {m), 1.75 (m), 1.46 (m), 1.18
(d), 0.86 (s), 0.06 (s).

.Intermediate 6
(35,48 )-3-[ (R)-1-{t-butyldimethylsilyoxy Jethyl]-4-((R }~2'-{(5)-6"'-
methylthio-1'-oxocyclohexyl))azetidin-2-one 6a




sol ut.ion of hydrochloric acid (50m) and a cold saturated sol ution of
sodi urft hydr ogen carbonate, dried and then gyaporat ed under reduced

. Th ' : di ssol i h \i U t hyl - 24
P eeothte and pet riTEEHmRORL iqtoB - Foatidod teprsniRe Wr Fre” Bk SGHeE (|
7.99) as a whiteeassdliuion pf ﬂ%@gédiajgeoa (Bt 66Y)2 B n@&\ﬂknﬁ 6!)101"{5? undeher
[ i t d e essure and.s ;
oo oue e BB, B gk TEHOE e S n SRR Bdidalietle
4/ 6). (3S, 4R) -t ZA)rs| arfd tBen yiod'rqdatihyp sidll myyégwuosw e¢iy -(800%1Y.- The
et hoxy-1' - Oxocqlgaﬂi@&h?éf ! QQ%&@&@d,dk& Hoﬂﬁ;h(?i])ut@nﬁiyc(r%éhﬂ%i):'g&id (2 x

Yy I 4((S)-6"-(2t-eth

t(R)-I-(t-But si |yl oxy)ethyl] - - oxy-.1"-oxo-

I net h

cycl ohex- 2' - er%ﬂoj"]r{geﬁé%i then pitghestes (2 x 29Ppt)-onThs residue obtained after
XL Ur 6 of A o e Sr ooty oy p(edathtd
m xture of an us tetr qf uran | uti ,
bi s(trimet hyl L?’%ﬁ’)%&ngaée %er»@&mﬂgaa&@{&ga?t% §7J8‘ngr’]eq&ﬂ‘ﬂ Pder
ni trogen and w4 WMR HEDERSUppantH ;nRa@8(dd) kept saAb(mY8[ err] Lor I gd A soluti 8n
of internediate A (26.3¢)..in tetrahydr r.a 8 s. t.he over 1
mn. A cold satur ag%(f §g'?"ch*’?o‘h°’15‘1“a¢%%m% ﬂ-%*gﬁﬁ(%a%é-ﬂ?@m&oﬁ?@g@éﬁ-
foll owed by a éﬂﬁﬂs’t)-l(dﬁbm—dtsh-ﬁdFagaﬂmly?tt:)im—&duioﬁygmh}x%mhelz%tﬁ?gi&émbne
m xture was exgf,ache Ty W 0
hydr ochl ori c a%élrbg i’s%%m%'%r ?é\ﬁ\ecrlééuopéﬁheﬁ‘ ?I‘%%%%dg vgﬁ %@t%aes REFRAESH
under reduced fioesinfegmgdiateabb dﬂk%g)esﬁm@w#ﬂdh}vﬁﬁ)plrrj;f-ﬂmet’lclb;'mefthaih |
chr omat ogr aphyg {16h baetnH-EAL (550281 MR )% Linpiirthis 8 1 2hydd}R15dey §) sOMPOUNGS
(205 and por e SO (L ol el e son e 3 nch

was prepared from Intermediate 5a (0.7g).

Intermediate 7 .

{35,4R )-1-(t-butyldimethylsilyl-4~-acetoxy-3[ (R )-{t-
butyldimethylsilyloxy)ethyl]ezetidin-2-one

To a stirred ice-cold solution of the (35,4R)-4- acetoxy-3((R)-t-
butyldimethylsilyloxy)ethyl)-2-azetidinone (112g) in dichloromethane
(800m1), t-butyldimethylchlorosilene (73g) and triethylamine (80ml)
were added. The mixture was stirred at room temperature for 20 hours
then washed with water {1 1) and brine (300ml). The organic layér was
dried and evaporated to give an oil (160g) which was dissolved in a
mixture of cyclohexane/ethyl acetate (95/5) (1600ml) and treated with
silica gel {(480g). The suspension was stirred for 15 min then
filtered. The solid was washed with cyclohexane/ethyl acetate (95/5:
4.81) and the solvent evaporated to give the title compound (110g) as
a pale yellow oil. {(Rf =0.85 Petrol/Diethyl ether =2/1)

IR(COCL DV | (em=t): 1747(C=0)

Hi-NMR a (CDCl,):6.14(d), 4.15(m), 3.07(dd), 2.03(s), 1.2(d), 0.9(s),
0.84(s), 0.22(s), 0.055(s), 0.35(s), 0.005(s)ppm.




CH EA*} 1). The m xture was dissolved in.fe an ni num anount of et hyl

acet at di |l ut ecﬁwohexane and chilled to give the title conpound

(hi; 4g) as a (t.l.c. Rf 0.38; CHEA I/l). Internediate 1 K
' i '(i.4-r((R)-2'-(I'-oxo-

(3S, 4R) - 3- [ ( R €35, 41 Y-Bui - it pBd ek By Ysi L B( _
cycl ohexyl)] azﬁ]e‘} }@gmg }O!Ps%.l2TO%X;!(g§ga*:éﬁl$-$2[' . %X&&'ﬂ‘?&i@ﬁam-z-one

si |yl oxy) et hyl - —2=one
1- Tri met hyl si'|SHaprie ehil otistec (5. Ghl )waa/a%ddedsdmlpvm itn stirngd cavetemitailele

(400m ). under (Jghv
(t-butyl di nmet hg?s;t?gl(%@gezww en a%gwéc}?éngﬁleﬁh F?%Bagrhlltr?t g?]ﬁgdlfgfmeedA)_ was

-2-aze

added to the s hem wi evh#mfwes gthFF'P eﬁratelzsy\%ma by nijrpgen flushing.
tri m%‘t hyl sidl {J | THe' bsteime@ %Eaﬁagﬁl w30 gﬁ%cﬁvea Otcﬁ@%% %S-Meﬂhen-rbescrmwt‘%b/ﬁ e
was stirre 1 ir r an e (o) I | C€,.C %
sol uti on of so‘EifeulmE gg{ﬁ%* E&P‘B’BH% @ef%gﬁ) él"'%ﬁ @agn\aéef%{iﬂé? ?Ng's

separ at ed, vvas('ﬂel@gw irh avettopi t§ B3@0300mA ) dvdar added( BOAO hindEeaporThei yellow t he
sol vent under g adysed BLCSSURSs 2B rL o hn Thoh Nubbd iBes maREdy, 25 an

. Int di
?Ie,s 4R)n grtm(9 R) ice-colBumjsitirgeetypl 9% wiqosglusisry (of - sedimn-tydrox e €1-1),

th [ - t 2 5
[T?R) ?r}/(t b8?3€%#h9b@?ﬁé%?djﬁl? dnfdy f.'c%}? (. ﬂ')e %Q ar(l% 16 das separated,

eth
b ot oy 1+ ERREY AHB YA TR, Racrostdsnk5001) S kben wah dheBhReted coal
(1.8g) was adde@hdt@o@ o?'OhrthnQGn @hlbiide, n@lieat éhd dgaporeled tonghidhyl yeldewat e

(200n1) and the egﬂbf-’g S rné’ (198nw%tseglssol\}eaatagofmegg st(c):;r:ropanol &%Oml)

catal yst was r&
then cooled at room temperature, water (300ml) was added slowly under

stirring to obtain a solid which was stirred at 0YC for 30 min then
filtered, washed with a 1 to.1 mixture of isopropanol/water (100ml)
and dried under vacuum at 40YC for 15 hr. to afford the title compound

(76g) as a mixture of 2'R and 2'S isomers in a ratio of 70% to 30%

(the ratio between the two isomers was determined by HPLC using
hexane/ethanol (99/1) as eluant).

. Intermediate 9
(35,4R )-1- (t-butyldimethylsilyl)-3-[ (R)-1-(t-
-butyldzmethy1311yloxy)ethyl]—a-[6' (l'-trlmetb1151lyloxxcyclohex-
1l'-enyl)lazetidin-2-one A IM solution of lithium
bis(trimethylsilyl)amide in hexane (70ml) was added to tetrahydrofuran
(150m1), the mixture stirred under nitrogen, cooled to -70C and then
a solution of the compound of Intermediate 8 (15.5g) in
tetrahydrofuran (70ml) was added over 20 min. The obtained solution
was stirred for 30 min then chlorotrimethylsilane (10ml) was added

over 10 min. The reaction temperature was allowed to rise to -20YC

then the mixture was poured into a saturated ammonium chloride
solution (500ml) and the resulting mixture extracted with diethyl
ether (300ml). The organic layer was washed with water (200ml), a 2%



filtration and the filtrate evaporated under reduced pressure. The oily
r.esi dud was chromat ographed (eluants EA/ 0/1) to give the title conpound
2a (0.69) (t.l.c. Rf 0.8, EA/CH 9/1) as a1ight 'yellow oil. Further elution

gave the titl acscumewuiuﬂim( bf igydrothlordc didO(300mEYY @quéoub) salutinnaifl . | n
a simlar manner

(35, 4R) - 3- [ ( RFOPLYM PysfRogpayiSASPRIALE: #3185 b"z €t Hﬁl’r‘i" ﬁ“‘i (S¥ppopated ynder

met hoxy- 1" - oxme;iwdadhev@dsmt} doegivd lthQ- dia3 aeéxbreaph&dR1ensin
i nternedi ate | h

(3S,4R) - 3- [(R) %%tyldlnethy|5|lyloxy)ethyl) 4((R) - 2' ((S)-6 -

et hoxy-1I"' -oxocycl ohexyl))Jazetldl n-2-one (2d; 0.95g) (t.l.c. Rf 0.57;
el uants EA CHIMéx)meamdte 10 '
(3S,4R) - 3- [ (Ri5k-, 7 _
et hoxy- | - oxoc .
EA/ CH 1/1) frcsm-hidrekwddr-axm:y]:ilomekyd;bﬂazetﬂdmmte 3

(35, 4R 3" (Rl g U0 e SRR 12400 bl bf R

oxocycl ohexyl) hy %t hi oaze I n-2- 2 nternedi ate la (9. 569).
was di ssol ved dxnhlcmomaﬁwpofmﬂah) (@®dntneatiedi evithisadéye hydnepenoserhenabe

-78[err] C. Litgai USBP' $4 ttheNBS tathed |sYJ.L. HELGR, (338hf&FopéMx§8édEd19nadﬂa (eosane)
was added in 8 min froma dropp |$?8qrhg(ﬂnel and t he re actlo? stirre

-78[err] for 3@epidfed\ernhy PT‘T\HSS &8¢ PhenERastion §dy U%g“%@géﬂre‘{ he
m xture kept ait o0%S[ferr]. Sf frandOgt rrooﬁnténbéﬁdtmrfﬁidlh Cthed Oalrid] €odibthyl|

et her (20m) was ﬁq%eg nd t he bm, xt I ged_at , - 30 ] C for 30
mn and poure(f RhY 5 af"ﬁ?eﬁdgad’ A'ﬂer s 1rr1ng ];'o 36% 1 the s[o? was
filtered and washed with dichloromethane (100ml). The organic layer
was washed with a 3% aqueous sodium sulphite solution (100ml) followed
by an ice-cold 3% aqueous sodium hydrogen carbonate solution (3x150m1)

and water, dried and evaporated to give a yellow o0il which was
dissolved. in methanol (250ml). Potassium fluoride (6g) was added and
the obtained solution stirred ét room temperature for 30min then
poured into a saturated solution of ammonium chloride (500ml) and the
resulting mixture extracted with ethyl acetate (3x200ml). The combined
organic layers were washed with brine, dried and evaporated to give s
white foam (12g). Crystallisation from a mixture of petrol and diethyl
ether (8/2) (25ml) afforded the title compound (4.4g) as a white solid
m.p. 145-147YC. '
IR(CDCL )V {em™*): 3501(0H), 3414(NH), 1763(C=0), 1713(C=0)
HL-NMR a (CDC1,): 6.29{m), 4.20{m),4.02(dd), 3.51(d), 2.93(m),
2.81(m), 2.40(m), 2.0-1.8(m), 1.73-1.6{m), 1.03(d), 0.87(s),
0.0(s)ppm. '

Intermédiate 11

(35,4R )-3-[ (R )-1- (t-butyldimethylsilyloxyJethyl]-

4-[(R)-2'-((S)6 '-trimethylsilyloxy~1'-oxocycxlohexyl)lazetidin-2-one
The compound of Intermediate 10 (4.4g) was dissolved in dry

dichloromethane (100ml) at room temperature. Trimethylsilyl chloride
{7.5ml1) followed




sol.uti.on of anmoni um chl oride (100ml). The organic |ayer was washed with a
1% sol%at i on of col d hydrochloric acid (2 .xﬁom) then with brine (50m).

The oil obtained after evapor,ation of tﬁpﬁ é)[egan c solvent was
chr omat ogr aphe8Y (Highhyleminey(lipl O’S/"E?%I & ec BRPOG RS stiRfed 98 1h,
(CDA [err]) vmaKed @olired liptd vabek [(20041)I. a’ﬂieaﬁ'):gan:hZOEa)(e@—Gés s2pathtad cen300

> do (. b aosspgd wth st (axtbagd, (fida sy eveplard T gik)e eyl il

1.19 (d), O.86cpsbaindnddsat¢es of Otieghylsming.niTbe idi ease dissolved in methanol
(35,4R)-3-[(R) '(!LD(HI)B ﬂlg*a@j ﬁ_(?ye)l E&f@&h&% I%Kélsdéﬁér(ﬁ)on 2wad Qﬁm@d for 1 h

met hyl t hi o-1' - oxocycl o | oazeti - 2-0ne so utron_in

hexane of |ithithen i 15&‘:‘% e 'TFyIBSHO)ﬁ'I Q%meﬂ% Washed )WIM@@asbl%@taEe (28100}

and a4sol uti onaa& tHat t@élﬁlﬁ.ﬂb@t?gani& 1&5&%5 é%ﬁo@f&fe@%ﬁd&f Béé\ibe@2ﬂi§sbu?éi@%d

over m n. in xt ar e was ir or

met hyl t hi orret hgrgie@ I kh% ’(92' 8¥gne Séﬂjc’i’cfg "H%EF'@%TCP?%W%ﬁi (1398 vas
kept at -78[ er whshed wdth Mrmné,hdmeﬂ an&(!{vepdsﬂd‘ieﬂoto i;ﬁ)vamanyenoat fiydm ehhﬁff
50m ) -was added_and th ou t ra tion

Somon um e or 12 ogtRoereatel §p 16T e din e RaRRlAY Af Weelblaigh @
hydrochl oric aciiethyd =th€p0kd fihes edivent KRT h@-23D (el pf fordeth ¢able: cospaundwas

dried, evaporat@dsndgra LWadHE Fda! €SSUre and pur| fied by flash

chromat ogr aphy | Uants EE/ F? t 0, oht ai title con&ound (3.72g) as a

yel | ow oil . IRIE‘ 5 Vpy (o én{%n‘??")‘" 17157?'5% ead 1 0A699 (C=0
Hierr]-NVR (CDE:esnd (Ebc&% (mv(eﬂ) 18.¥6h), 3; El(un)) 334 ddpo(m,42 (s),

0 5™ ?g?&gﬁé‘ﬁévgé(m)(@ sy 158 5,850 0 RS, (or (% 077 (5).

(3S, 4R) - 3- [ (R) 0.88¢2)Pphy| di met hyl si | yl oxy) et hyl ] -4-((S)-21-((R)-6' -

Intermediate 12

(35,8R)-3-[ (R )-1- (t-butyldimethylsilyloxy Jethyl]l-4-[[ (R)-1 "~ (4~
methylphenylsulfono)hydrazonol-cyclohex-2'-yll-azetidin-2-one(12a) and
{35,4R )-3-[R )-1- (t-butyldimethylsilyloxy Jethyl]-4-[[ (S )-1'- (4~
methylphenylsulfono)hydrazonol-cyclohex-2'-yll-azetidin-2-one(12b)

To a solution of intermediate (1K 12.1g) in glacial acetic acid
(120m1) tosylhydrazide {6.9g) was added at room temperature. The
reaction was stirred for 3hrs., then'dilutéd with dichloromethane
{250m1) and washed with brine (2x250ml), then with a 5% solution of
sodium hydrogen carbonatg until pH 7, and with brine again (2x150ml).
The organic layer was dried and the solvent evaporated under reduced
pressure. The obtained Fdam was stirred with diethyl ether (60 ml) for

2 hrs at room temperature to give the title compound 12b as a white

powder, after filtration and drying under vacuum (6 g; m.p.

187-189YC; t.l.c. diethyl ether Rf=0.13). IR (COCl,) V maxeM*)

3416 (N-H), 3304(NNH504), 1753 (lactam), 1599(C=N; C=C) H!-NMR (COCL,):
7.80 (d) 7.38 (bm), 7.34(d), 5.65 (bs), 4.15 (m) 3.58 (dd)



-27- methylthio- 1'-oxocycl ohexyl))-Il-nmethylthioazetidin-2-one (5a) and
('8S, 4@»-3-[ (R -1-(t-Butyl met hyl silyl oxyethyl]-4((S)-2'-((S)-6'-

met hyl t hi o-1' - oxo-cycl ohexyl ) -1 -net hyl t hi oazeti di n-2-one (5b) A I M solution
in hexane of lithiumbis(trinethylsilyl)amde- (18m ) was cooled at -78[err]
under nitroge Ol 41t 1\ON, Qf, L A1t | a b t gt drof, n
(20m) was ad(%'caﬁﬂﬂg’r islﬁéil{ é %%éi(%?b%r't e’t g%de(gz)ﬁ ﬁgzg@s’egt.{)@ [graquh%
The reaction nd:204me, iadBiehs Q9der, HPPtisdg B067¢8Y-err] for 30 min then

met hyl t hi omet haeybgien fhyr( 2 ibhVesnte Biedf thd tidtlsle@meraid D241iiR. pAisente a
further 15 mn undefr stirring fhe njxture was alTowed go war)-mto -30[err]C
for 1 h and theh %FP%&leGmW'ltW%ﬁWd%&é-ﬁfﬂﬂﬁﬁiééEe Y(hoho s 188 nixture
was poured i nt gorcenBiatiedt &l 2R RS0 WaS ipad i Dfedabytiliasm ahirboatiodeagB00m ) .
The organic la s,mashed . with.a 1% cal.d solutjon. d | QL1 C id
(2 x 50m ) ¢ heheHePh #ﬁﬁg e(q’a’ﬁﬁ{")etﬁ?n ug, FgT ?hjg.gé)gqéﬁ%cméa%&vvgéd‘pmﬁg
evapor at ed andl2h@sresirdbe powedén da- ©\;f hash9THA636nttodr aph@ietint ebhervi t h
petroleun1ethe§§QL?Z ylether) to give the title conmpound 5a (1g). (t.Il.c.
P

Rf = 0.7 eluants 3/ 7). Further elution gave the title conmpound 5b
.84g) as a y&RI®@ACDIIV &éﬁ%cm.‘) R410(NGH35 3B06ENHSOP) ER 733 (Mpctamk, el BRI at e

(0
2a | (Rd((j )ch14) 2v§e§-n(;cg+..%9 s  (Ebdiadt aﬁ:?ag&)(?,ﬁ?.idzém% thstal, Mu@a()@,gmgzm(?l‘ g:
2. m . 1. 3(}\@“);12.'%1(@9),,' g,{;‘cz(:é; ,2°64@4>'(§)3<th'§'%&%@’3»5{75"1-4(1"‘]), ’

0-1.7(m),
1.04(d) 0.87(s) 0.06(s), 0.03(s).

Intermediate 13
(35,4R )-3-[ (R)-1-(t-butyldimethylsilyloxy)ethyl]-4-[(S)-3'-cyclohex-
1'-enyllazetidin-2-one '

A solution of the intermediate (12a 1.12g) in anhydrous
tetrahydrofuran (20ml) was slowly added, at -40YC, to a stirred
solution of.diisopropylamide {prepared from anhydrous diisopropylamine
(l.ﬁSml) and a 1.6M solution of n-butyllithium in hexane (5.7ml). The
reaction was slowly warmed to -20Y/0'C and maintained at -20Y/0YC for
lh. The reaction mixture was added to a precdoled 5% solution of
hydrochloric acid (20ml) and extracted with ethyl acetate (2x40ml).
The organic layer was washed with a 5% solution of sodium hydrogen
carbonate (20ml) and brine (20ml), dried and evaporated. The crude
product was purified by flash chromatography (eluant diethyl
ether/petroleum ether 1/1) to give the title compound as a white
powder (0.45g, m.p. 104-06'C; t.l.c. diethyl ether Rf=0.73) IR
(cociy) v max (CM*) 3416{(N-H), 1753 (lactam), 1603(C=C)

H+-NMR (CDC1_ ): 5.82(bs),. 5.81(m), 5.60(dd), 4.14(m), 3.46(dd),
2.85(m), 2.2.4(m), 2.00(m), 1.85-1.70(m), 1.54(m), 1.27(m) 1.23(d),
0.86(s), 0.064(s), 0.054(s).




IR (ChCl[err]) vmax(cnferr]) 1755 (p-lactam, 1707 (C=0) max H err]-NWR
(CDCL%: 4.31 (dd), 4.24 (m, 3.52 (m), 333 {(dd), 2.96 (dd), 2.45 (a).
2

17 (m, 2. 121,(!§gmeﬁejt-1149 (m, .75 (M, 1.46 (m, 1.18 (d), 0.86 (s),
0.06 (s). Inte

(35, 4R) - 3- [ ( R) {39,8R )3 rl\R o Inil t iy ty L Himek by ketifly L dxydethiyd)]-2-L (1 (§)2'6,3 'R)-

met hyl thi o-1" - oxCueLaReXYbnekd? ely1L red 18118 288he - 28- 2- Mercaptopyridi ne
(1.63g) and trmv%hWa solution of internediate
4 (5.60g) in nBtIRHEIRN of Brteghlercaerbenze i geid dAd7¢LoPasrYaP>®) dir]. The

reaction mixt ga&msoﬁmaﬁedsa@rlﬂaagrdddga Q{roggiyé e@?%g;m,t ggwl\?géﬂgrngcglhd
) y Z

il Ute hydr oohFa ECRUIRITE 13200 M RARaS GHHFHi Rotaliar (2 ROLUGRR e The

resi due obt ai nesrmeddt &y revapemperatyre hmdss)tmadli fiu@s3 p'lt@i.f"ﬂ@jrb%cﬂg.?ﬁ&ﬁxture

chr omat ogr aph I E Ie he t.itle.c 0 a : S.
ant yerl ow ot HBA e F 408 bOURLER ar Sodsuh AUBRIFSBnY, s peded e

sim | ar manner (%% epHytigp)of3spdRyn hydrogsutopirtiomadieh(2>50ny) @oy)brine (50ml).

-4- - d It bk Qe k' L0 e B0 (6D
ethyl - 4- ((S) - 2Thé (SLa®onRid ek b qnazgr%gfﬁn(/)%hﬂpg%oi;@égée(egfdnﬂmﬁgQBcfeepared

0.6 Herr]NVR (CDCl[err]), ppm H.

f ro%) I n'E er rrLdi Bf‘%’c% ‘{9@. BH%J‘)fgeﬁrRi’ (QQMWEWE?WPM(QQBMWIEG%%t hyl -

si |yl oxy) et hyl hcélta(téﬁ&ytﬁ'ohﬁ(dﬂ)e‘ ?ﬁ)m fﬁﬂt&%}i Qhé')tiQIQCdlgﬁnb&;hﬁ?(ék)?% white Herr]

etidin-2-one , .Herr : | [err ppm H_€er 2,13
g.ZSQI(d:j) was p?é%geF egl‘?r%m ‘Rt’er%i’ggg%at'(%J“'?gf%"r"ﬁllle?'i#ﬁil- 5&0('%1“
. (cociy) v max (em™*) 3413(N-H), 1757 (Lactam) H*-NMR CDCl,. 5.85(bm),

4.22(m), 3.77(dd), 3.16(t), 3.12(m), 3.01{(m), 2.00-1.7(m), 1.55(m),
1.4(m), 1.24(d), 1.22(m), 0.87(s), 0.67(s).
Intermediate 15 ‘

(35,4R)-3-[(R);l-(t-butyldimethylsilyloxy)ethyl]-&-[(R)-6‘-((5)-
2'-azido-1' (R)-hydroxycyclohex-6'-yl)]azetidin-2-one

To a solution of the intermediate 14 (1.5g) in methanol (150ml) under
nitrogen, magnesium sulpﬁate heptahydrate (1.1359) and sodium azide
(0.9g) were added. The'résulting mixfure was refluxed overnight,
poured into water (150ml) and extracted with dichloromethane (3x150ml)
dried and evaporated to give the title compound (1.49g), m.p. 124~
1259C; t.l.c. cyclohyexane/ethyl acetate 3/7(Rf 0.68); IR:V max
(CDC1,) 3600, 3416, 2101, 1755 cm; 1H-NMR (300 MHZ, CDCl,) 6.02(bs)
4.16(m), 3.78(m), 3.72(m), 3.60(dd), 2.99(m), 2.27(bm), 2.0-1.4{m),
1.24(m), 1.28(d), 0.89(s), 0.098(s), 0.092(s)ppm.

Intermediate 16 |
(BS;AR)—B-[R)-1-(t-butyldimethylsilyloxy)ethyl]-a-[(R)-6'-((S)-
2'-azido-1'-oxocylohex-6'-yl)]azetidin-2-one

To a mixture of pyridinium chlorochromate (6.67g) in dry

dichloromethane (50ml), under nitrogen, a solution of the intermediate




(35,4R)-1-(t-butyl di methyl silyl-4-acetoxy-3[(R)-(t- ‘
but yl &i'nmet hyl sil yl oxy) et hyl | azetidin-2-one To a stirred ice-cold solution
of the (35,4R)-4- acetoxy-3((R)-t-

butyl di met hyl si | yl oxy) et hyl ) - 2-azeti di nones{ 112g) in dichl oronet hane
(800m), t-butyldinet hill chl orosi | ane 39) and triethylamne (80m ) were
added. The ni ¥Puie dighlenomethanea{2008dwasnpddest ufhe moxture wesissirrednatashed

with water (1 rbbmmpefw&e(&mmaht Thﬁtew@runeob@wiom&ldéddeéh@nd
evaporated to I SSOl ve |nanb]tureo

v an oi 09) '
cycl ohexane/ et“%?l‘ ta’é@tﬁ?lé‘té%/eg?"‘("féﬁﬁdi\ﬁ@e’énEFdHF%%tpé'asW”Fh q pely gepidue
(480g). The suwapectsionatsgraphdd bﬁ&ﬁlfiﬁi ge? 0ding Betycdlohd@nedethibecetakteé d was

washed with cy, I exane/ et hyI tate and t he,sol vent
evaporated to 2 PXSUES £F otl.?naf(“f%/og‘)‘e Akaé—i—é&ﬂ%—%c‘glg % SR (Rt

=0. 85 Petrol/ [L}ét-lﬁﬂ”CeGMr t‘-lz,’cl) dieRhgD@ther rif) Vr6&);c iR ef rm]% (CDEILJI}@i@) max
Herr]-NMR a (5%l 15 14(d) 4.15(m, 3.07(dd), 2.03(s) 2(d), 0.9(s),
0.84(s), 0.22(s g 0. 05 (s), 0.35(s), 0.005(s)ppm -29- Internediate 8
(3S, 4R )-1- (tL780cm1;di*HeNMRy (300MUT . TOLL R )s.vv(ca;s), .2(m), 4.04(m), 3.00(m),

but yl di net hyl 1 2- one
S?a%nl l:mc:::hl grfzdlgxkgg%%gy\?vgﬁs\ﬂagd%%d@dfou \?ﬁ)fg?a to ‘st rrédd gégﬁé’ﬂk’ﬂ

(400m ) under nitrogen atnosphere at -40[err]C, a white solid formed

t oget her w t h’ Wtetmediate s mhi ch were elimnated by nitrogen flushing. The

obt ai ned suspe [ F) 1 S . r]C.th z _l(t(é)on of

1-tri met hyl si |3Fdeyeyer-ohesens - ' - -
2'-allx;oxycarbonylamlno-l'-oxocxclohex—é'-yl)]azetxdxn—Z-one
The Intermediate 16 {4g) was dissolved in ethyl acetate (300ml), 10%
palladium on charcoal (3g) added and the mixture hydregenated at 3 atm
for 2 hrs. A further amount of the catalyst (lg) was added and the
hydrogenation was continued for 2hrs. The mixture was filtered through
a pad of celite and the resulting solution treated with allyl
chloroformate (1.7g) and pyridine (1.12g). The reaction mixture was
kept under stirring for 30 min at room temperature, then poured into a
saturated aq. solution of ammonium chloride (350ml). The organic layer
was washed with a 1% solution of hydrochloric acid (2x150ml), then
with a 5% solution of sodium hydrogen carbonate (2x150ml) and brine

(200ml), dried and evaporated in vacuo. The residue was purified by

flash chromatography on a silica coldmn, using a cyclohexane-ethyl
acetate (1/1) mixture to obtain the title compound as an 0il (2g;
t.l.c. cyclohexane/ethyl acetate 3/7 Rf=0.4). IR: V max(CDCl_,) 3414,
1765, 1709 cm*; ‘H-NMR (300 MHZ, CDCl,) 6.05(s), 5.9(m) 5.64(bd),
5.26(m), 4.56(m), 4.4-41(m), 4.05(dd), 2.9(m), 2.75(m), 2.60{m),
2.0-1.2(m), 1.02(d), 0.86(s), 0.06(s).

Intermediate 18
(35,4R)-3-[(R)-1"'-(t-Butyldimethylsilyloxy)ethyl]-4-[ (1"S,2"R,6"R)-
1"-hydroxy-2"-cyano-cyclohex-6"-yl]ezetidin-2-one

Intermediate 14 (2.4g) was dissolved into e mixture of

dimethylformamide (80m1) and water {40ml), potassium cyanide (lg) was




((110g). in acetonitrile (300m) was added in 10 m nutes. The yellow sol ution
was st{tred at O[err]C for 10 min then poured into a stirred, ice-cold,

m xture of a 10% aq sol ution of sodium hydroxide (1 1), diethyl ether (1 1)
and ice (500g). The organic |ayer was separated, washed again with sodi um
hydroxi de (500m ) and then wth a saturated5sel ution of ammoni um chl ori de,
dried and evapor te ve a_ye I Tha i '

di ssol ved at 48 %rrfr&l r’igll"usr()epr?)%e‘f}ﬁ(%'ﬁ&ﬁ( %80%#) é%%% Z&}rﬁ, g h &Maéther
tenperature, whi¥iml)300nwyshedstwigdewith sbry (LHD - sther pm;upolwww a
solid which wagpfld bhELvaborfdtsl Mdrdet qred@@ed“p?eﬁélﬂ@ td |gios af cruds Red wHikh a

1 to 1 mxture of i1sopropanol/water (10OM) and drled ungeer vacuy

40[err] C for 1%8hpuri e&f?br@“?’hé’“ﬁ'?‘f‘q*@%‘?ﬂ%oﬂmél B Pelakelyent & F'é?%’r‘yé R
and 2'S isomer §cétﬂat§ g8 ARRP= @. 47006 OfxtKd et Iaicompdeid i Tg) hes awehiteomer s
was det erm ned PLC usi ng hexane/ et hanol (99/1) as eluant). Internediate
9 (3S,4R ) -1- f? tyldinmethylsilyl)-3-[(R)-I- (t-

but yl di met hyl silR{dmoxy) S6RY| {0H), [ BEL6(NH )t 175Pe(0F);ssi | yI oxycycl ohex- _
| ' -enyl)] azeti Q ol Mt;ig0 it l,get By y!)am de

i n hexane (YOnﬂ#Qvé gdgAé}{YJI St’e raahgdl%éf"kj’r gnk?lg%@ §t0r(dgy r}b? "lré stirred
under nitrogen2.tbisdd 2.8-187(@) s ]1cBank 6(nbn LassGi(mdi dn28fdX;hB-&8mpound of

Internmediate 8 (65(559) in tetrahydrofuran (70n) was added over 20 min. The
obtai ned solution was stirred for 30 mn then chlorotrinethylsilane (10m)

was added over 10 mi.n. The reaction tenperature was allowed to rise to

-20[ err] C t hen Ihberm¥dxéty eowas poured into a sat urat ed ammoni um chl ori de

sol ution (500m _ . X1 . . ' | Y et bher

(300m ). The oig Buthldin e ety BLIW 6 )1
l"—hydroxy-Z“ (allyloxycarbonylamlnomethyl)cyclohex 6"—11]-
azetidin-2-one

Intermediate 18 (1.7g) was dissolved in acetic acid (15ml) and
platinum dioxide (40 mgr.) was added, the mixture was hydrogenated (1
atm) for 3.5 hours then filtered on a celite pad and the solvent was
evaporated under reduced pressure. The residue was redissolved with
dry dichloromethane (80m1) at o'c, N-ethyl-piperdihe (1.8m1) and allyl
chloroformate (0.55ml) were added and the resulting mixture was
stirred for 16 hrs. The solvent Qas evaporated under recued pfessure
to give a crude material which was redissolved with ethyl acetate
-(100m1)-and washed twice with brine (50ml). The organic layer was
dried and evaporated under reduced pressure to give an oil which was
purified by flash chromatography on silica gel (eluants
cyclohexane/ethylacetate 60/40 Rf =0.5) to afford the title compound
{0.7g) as a white solid.

IR(cm+): 3454(NH), 3416{(NH), 1751(CO), 1720(C0);

NMR (ppm) 6.32(s), 5.9{m), 5.06(t), 4.55(m), 4.18(m), 3.78-3.6(m),
3.26(m), 3.07-2.7(m), 1.89)m), 1.83-1.2(m), 1.28(d), 0.88(s), 0.1(s),
0.09(s).

Intermediate 20

(35,4R)-3-[ (R)-1'(t-Butyldimethylsilyloxy)ethyl]-4-[(2"R,6"R)-
1"-oxo-2"-(allyloxycarbonylaminomethyl)cyclohex-6"-yl]-azetidin~2-one
Intermediate 19 (0.7g) was dissolved in methylene chloride (50ml) and

pyridinium chlorochromate (1.1g) was added under vigorous stirring.




-+ 30 + ice-cold solution of hydrochloric acid (300m ), aqueous sol ution of
sodi uth hydr ogen carbonate and brine, dried and evaporated under reduced
pressure to give the title conpound as a mxture of 6'R and 6'S isoners.

I nternedi ate 10

- 36 ~ .
(35,4R)-3-[(R) -1 (t-butyldinmethylsilyloxy)ethylj-4-[(R)-E2"- ) 6, .
- hydroxy-1'-o0 &EI%&%%?‘F‘)"] S'Z%WHF‘{\Q/"ZY‘Q%JA‘F%WE’O%@UH%“EF Péfg grl}r‘éttfpa‘t”e“b
vva; di szohved nﬁ&thylég[ee&ﬁidiigél (diso:hi)oweﬁmah ba%ua w(isﬂgm): s tydroehlericnat i
sodi um hydr oge onat .850). To the.obtained suspensio '
3- chl or oper oxy{?eoﬁ‘;éﬁ &n cﬁ?f(‘( 5 g}%é’sa%pd’éam phdrdf?%er?wggge{m&%/g? rl%8“'1r%'n."‘el'he
reaction m xt vorgands leyer wad ditied) and pGifosatdd Bntermddutedr prassurerior giver e
for I h then soldd:; [ | Qs ) ?qlcgq, tLivsl or 30 min
the solid was %‘? F’tlgﬁ'g{dlug]n m&%lﬁewﬁghfﬁh or o(r;nté? ghg); (c’laogiérlirlc.ggq%e orglani c
| ayer was washtelugnts cychmexap/styk gaetatessP N0 RE <8t iteraffoodihe title
fol l owed by ancgd uﬁ@l(d,ég;aag@uﬁis@dbm hydr ogen car bonate sol ution
vvager, ed a
5

drssolved i 2 PO pBr et o ioHe o ksl by e

di ssol ved in n¥t Hapgk S

obt ai ned sol utiens(stt);red at roomtenperature for 30m n then poured into a
saturated sol uti of | chl gti ( n resplyi I Xt ure
extracted wt hmebfggl ppé@rerg&}ég%%xgoggm(?ﬁ’ ﬁgggnjﬁbshgzéggfggﬁ?gﬂ’aegzrlrsvmé\br e
washed with br#fs(mdy ilSd3Hwd, c2B3ébatsed- 48 mg; \& SB(mhi Rel fla8PAn)12) .
Crystallisatio Qr m xigdl 8y Ofg. olg. i ethyl ether (8/2) (25m)
afforded the t?i%g%@n'igéu%c?ufg?hfg) Qggsr)é l\]/\/nglt]:g'??a}jsol id mp. 145-147[err]C.
IR(CDO [err])V max (cnferr]): 3501(0H), 3414(NH), 1763(C=0), 1713(C=0
Herr]-NVR a ( Gh¥drhedidte: 216. 29(m, 4.20(m, 4.02(dd), 3.51(d), 2.93(m,

(35,4R)-3[(R)-1-(t-Butyldimethx;silz;oxy)etbyl]-&-((ﬂ)-6'-(2'-

isopropoxy-1'-oxocyclohex-2'-enyl))azetidin-2-one {2la) and

(35,4R)-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]l-4-((S)-6'-(2'~

isopropoxy-l1'-oxocyclohex-2'-enyl))azetidin-2-one (21b)

To a mixture of IM solution of Lithium bis(trimethylsilyl)amide in
hexane (486ml) and anhydrous THF (300ml), under inert atmosphere and
cooled to -78C, a solution of 2-isopropoxy-2-cyclohexenone (30g) in
anhydrous THF (100ml), was added.dropwisé. The temperatufe was
maintained at -78YC for furher 30', then a solution of (3R,
4R)-4-Acetoxy-3-((R)-t—Butyldimethylsilyloxy)ethyl—Z-azetidinone
(46.59g) in anhydrous THF (100ml) was added dropwise. The reaction was
kept at -78YC for 10 min then poured in to a cold saturated sclution
of ammonium chloride (300ml), and extracted with diethyl ether. The
organic layer, after washing with a cold 1% solution of hydrochoric
acid (150ml) and with a cold saturated solution of sodium hydrogen
carbonate, dried and evaporated under reduced pressure. The yellow’
oily residue was treated with petroleum ether. After Filtrafion, the
title compound 2la was obtained as a white solid (8.4g); m.p. 130YC
dec.; t.l.c. cyclohexane/ethyl acetate 4/6 Rf 0.21; IR (Nujol), V
(Cm=.): 3233_(NH), 1759(C=0 ﬁ-lactam), 1680{(C=0); H,-MNR, (CDClJ):

5.92(t), 575(bs), 8.29(m), 4.2(m), 2.99(dd), 2.59(m), 2.52(m), 2.09{m)
1.9(m), 1.27(d), 1.25(d), 1.23(d), 0.86(s), 0.06(s) p.p.m.

max



2.81(m, 2.40(m, 2.0-1.8(m, 1.73-1.6(m, 1.03(d), 0.87(s), O Qs)ppm
'lnterqedl ate 11 (3S,4R) -3-[ (R -1-(t-butyldinethylsilyloxy)ethyl]-
4-[(R)-2'-((S)6t-trinmethylsilyloxy-1'-oxocycxl ohexyl)]azetidin-2-one The
conpound of Internediate 10 (4.4g) was disgsolved in dry dichl oronet hane
(100mM ) at roomtenperature. TrinethylsiT 7 ¢hl ori de (7.5m) foll owed

-31- by tri et ik awgther (Likadys were e&dﬂ&dt&ﬂld.lntdbe redgtet @ressuret and ed for | h,

h d hed
W th veter (2RoBBERET i FREEN. ke e asiaRY fy oBYin, tBS AERE BB AR
traces of tri enhgilafPry; Thicoi ty&d@bemreé@thyédawtarketWénM Q-200nmIR, silica

gel (10g) add type su | S . h | ed. The
silica gel mgﬂﬂédVW%hﬁwglﬁgg\gﬁ?{ eizéielzg(:)émcy l;c,{jb"b ?Eggmt)??gd or.gani c

| ayers evapor 36BH(GrRderl R8d=Ed- pressure at 25[err] C. The obtained oil was
di ssol ved witly+etind, egelighe 6(.35(38?)), 598 a0 Lk ,bBi 6id) frd.g8 (@)nd2.5(m),.

Geing & mxd ‘Jrzﬂa%?mpe?edo’(ﬁ S heRis, FSORE, BRERICR N ey

to afford thegpmt|l e conpound (3.5g) as a white foam IR(CDCl[err]) V max
(cnferr]): 3418(NH), 1755(C=0) 1717(C=0) Herr]-NWR a (CDCl[err]):-5.77(s),.
4.16(m, 4.01(m, 3.95(m, 3.20(m, 2.86(dd), 2.1(m, 1.4(m, 1.25(d),
0.86(s), 0.10(lptermediate )22 0. 05(s)ppm ‘Intermediate 12

(35,4R)-3[ (R)-1-{t-Butyldimethylsilyloxy)ethyl]-4-((R)-6'-(2"'-
isopropoxy-l'-hydroxyéyclohex—Z'-enyl))azetidin—Z—one

To an ice-cold solution of intermediate 2la (5.7) in methanol (100ml)
and water (BDml), sodium borohydride (560mg) was added in ten portions

in 1.5 hrs. During the additions the pH was meintained between 5 and
7.5 with a 5% solution of hydrochloric acid. At the end
dichloromethane (200ml) and water (100ml) were added. The organic
layer, after washing with water, was dried and evaporated under
reduced pressure to give the title compound 22 as & white foam
(5.59).

Intermediate 23
(35,4R )-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-{ ((R)-2'-
({S)-6'-isopropoxy-1'-oxocyclohexyl))lazetidin-2-one (23a)
(35,4R)-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-[ ((R)-2'-

" ({R)-6"-isopropoxy-1'-oxocyclohexyl))lazetidin-2-one (23b)
The intermediate 22 (5.5g) was dissolved in ethanol (100ml). Then 10%
palladium on charcoal (O. Sg) was added and the mixture was
hydrogenated at 3 atm for 4 hrs. The catalyst was filtered off and the .
solution was evaporated under reduced pressure. The oily residue {(59)

was dissolved in anhydrous dichloromethane (150ml) and pyridinium
chlorochromate (4.2g) was added. The reaction mixure was stirred at
20YC for 6 hrs, then more pyridinium chlorochromate (2.8g) was added.
The reaction was stirred for further 4 hrs. then diluted with diethyl
ether (100ml) and decanted from black gum, which was washed twice with

diethyl ether. The organic solutions were combined end evaporated



(35, 4R -3-[(R-I-(t-butyldinethylsilyloxy)ethyl)-4-f|(R-I"-(4-

met hyigphenyl sul f ono) hydr azono) - cycl ohex-2'3g/L] - azeti di n-2-one(12a) and
(35,4R)-3-[R) - 1-(t-byt |rrethIS| ) et 4-1t(S)-1' - (4- .

met hyl phenyl sd‘l"fjéﬁ HS}%‘?‘{; 'Eyc%h%?{ﬂfei;lﬁ)‘g Evasihd Jﬂ'—""%’ﬂf%@'ﬁ%ﬁfl% 8
-sol ution of .i mireredthyle a(:ététleZc;a:g))hexangl 2Ll)atko abebire thei titleé2€omppund 23a

tosyl hydr azi deo(-tke Wi RU0CH0 L L ODISLAIP LB Py IRk FRLVORI VLS ),

stirred for 3hrs., the di chl br one washed
with brine (2:3860R81,) s thga, viomh* & S446GH: |Hﬁ56¢'ﬂsédlﬂﬁ‘¢ﬁh§/d#8§%(r¥%ar bonat e
until pH 7, arpgtmg;)h br| ne again (2xlI50m ). The organic |layer was dried and

h I d d d h b d_f
PO IR A Kt P kAL CHE

the title conmeatdd)2b2ads(a) ywai.1@{montis-1. Gﬂ‘nt)ﬁrll.fzal(ﬁ)amR?h(dandomeﬁsh,g under
6 g; I .Cc. diet t her MO. 13 I R
\(/?:([:)gli{negr])g V[Beratr3 ]’ CRA%NZ&""LM&I\I—H;: 336461( N%/\IHSFer(ra]) 1753 (I)act anm ,
1599(C=N, C )FUH'thMVRI('ﬂDm@aMer the t1tBo compung 23b (sny whit8madjd (3.g65m.pbs)
4. 15 3.58 d 3 2
1. 92(%‘) 1. 78(t & t; %tﬁ’él ggns’c‘“'pf/"%%i %’Q"S 151;1?%5%28%(31&3@@%12:867(9’“
The organic Ia(gfe" ) AR NEANtITER ECFDt helactand é&%&ﬂh 12a in presence of a
smal | amount  gf. hﬁ'ﬁ:dciti-escﬁ ungl 113?9)(13Y0§(1J) .?7(%%}?“ §¢ Gwntf ai(ad) and

Gl her | pet ol oo Sir 27 @%% e URBUR P d N LL o o

poveder (7.6 gi.s8gsp, 0967@9[ e0.06Cs) tpph.C. diethyl ether Rf- 0.37) _

Intermediate 24

(35,4R )-3[ (R )-1-(t-Butyldimethylsilyloxy Jethyll-4~{{R)-6'-{2'-
cyclopentyloxy-1'-oxocyclohex-2'-enyl) azetidin-2-one (24a) and
(35,4R)-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-((S)-6'-(2'-
cyclopentyloxy-l'-oxocyclohex-2'-enyl))azetidin-2-one (24b)

To a mixture of a 1M solution of Lithium bis(trimethylsilyl)amide in
hexane (140ml) and anhydrous THF (70m1) under inert atmosphere and
‘cooled to -78Y, 2-cyclophenthyloxy-2-cyclohexenone (8.5g) dissolved in
anhydrous THF (70ml), was added.

The temperature was kept at -78Y for 40 minutes, then a cooled
solution of (3R, 4R )-4-acetoxy-3-( (R)-t-Butyldimethylsilyloxy)ethyl-
2-azetidinone (11.25g) in anhydrous THF (70ml) was added. The reaction
mixture was kept at -78"Y for 5 minutes then it was poured into a
cooled mixture of diethyl ether (225 ml), 10% solution of hydrochloric
acid (63ml), water (180ml) and a saturated solution of ammonium
sulphate (180m1). The organic layer was washed with 10% solution of
hydrochloric acid (2x70ml) and brine (3x70ml), dried and evaporated
under reduced pressure. the residue was chromatographed on silica gel
using a mixture of cyclohexane/ethyl scetate 9/1 to 8/2 to obtain an

equimolar mixture of the two title compounds 24a and 24b (6.82g).




IR (¢DCl[err])V max (cnferr]) 3410(N-H), 3306(NNHSO err]), 1755(! actam,

'1599 MC-N, C=C) Herr]-NWR (CDCl [err]): Z.391(d), 7.40(n), 7.33(d), 5.60(bs)
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stirred solu p$Cais pkssa
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d

{ rjC al ned
at -20[err]/C? O2e? Hme f%‘rm?'h) nk "f)ea%tﬂb‘?h e ? R 56 ’a p‘i’ ol ed

5% sol ution ofrh@m:ashlnau&saaefb eamr)atedl@neéﬁ r@a&@a prédaust ey gaveitat e
(2x40mM ). The organic e{i rh éqfu%on of S@ghy
hydrogen car b&AbEepaeau TurBon teRalii o ael1 Coraun® ot he oBparidhizehe or ude
p{ﬁdulct \tNaslpt(nuis dtbnilctla?#alsthaxeﬁalmwm\étéaé uEDtredpeagW iR (coc1,) v
_ et her/petrol eum et'h i o
(0.45g, mp. has- ]’@5 &‘ﬂ 9811&%@5 g‘?“‘rsp %g‘? @Rm? r]) V
max (CMerr]) HS#MBI\K!I-EDC;Ql?ﬁ%(éaa)Qt ar@7(m1,603(&ﬁ¢r0), #H 15K m) ; I\]VRJ(dH)CI [err] ):
5. 82(bs), 1 (M5
2.00(n), 1. 85§16%() r%éo(}"d’zg% 73, é 23%?%%(@%?6%)064?’%(3)
0. 054(s) . 083054 Isﬁt er rredl at e 14
(35,4R)-3-[(R -I-(t-butyldinethylsilyloxy)ethyl]-4-[(1'R 2'5,3" R)-
Intermediate 25 _
(35,4R)-3[ (R)-1-(t-Butyldimethylsilyloxy ethyl]-4-[({2'R,6,'S)-6"'-(2'-
cyclopentyloxy-1'~oxocyclohex-6'-yl))azetidin-2-one
The intermediate 24b (3.2g) was dissolved in ethyl acetate (290ml) 10%
Palladium on charcoal (1.35g) was added and the mixture was

hydrogenated at 3 atm for 1 hr. The catalyst was filtered off through
a pad of celite, and the solution was evaporated under reduced
pressure. The residue was chromatographed on silica gel, using a
mixture of ethyl ecetate/cyclohexane 9/1 to 7/3 to obtain the title
compound as a white foam (1.2g); t.l.c. cyciohexne/ethyl acetate 1/1
Rf 0.45) IR (CDC1,), V (c ~4): 3418 (NH), 1755 (C=0 p lactam),
1722(C=0).

Hi-NMR (CDC1l,): 6.097(sa), 4.15(m), 4.01(m), 3.905(m), 3.67(dd),
2.69{m), 2.43~ 2.22{m), 2.10(m), 2.00-1.90(m)}, 1.83-1.50{m), 1.33(m),
1.22(d), 0.86(s), 0.075(s), 0.049(s).

Intermediate 26

2-(t-Butyldimethylsilyloxymethyl )~cyclohexanone
2-hydroxymethyl cyclohexanone (8.8g) tert-Butyldimethylsilyl-chloride
(10g) and Imidazole (4.6g) were dissolved in DMF {100ml) at room

temperature.




1' 2' - epoxycycl ohex-3' -yl ] -azeti di n-2-one A sol uti on of metachl oroperbenzm o
atid [3.76g; assay 55% in di chl or onet hane (50n) was added dropw se, at
derr] to a solution of the internediate 13 in nmethylene chloride (50
m). The solution was warnmed to roomtenperature and stirred for 3 hrs. The
reaction m xture was added to a 10% sol ut+ 88 -of sodi um sul phite (50m ), the
washed with a WHEN Y P QOPE: GARBONAT EndrPp8idd) 1apsl brine
(50mM ). The so ué';?géndi&/gs %%gnygn eggo velr‘lt was evar po?at ed. lThe crude
prdocut was pmﬁtﬂp&v“byt*ﬂqla§%0%r)orrﬁleog¥%ﬂh9 Yayepayas weghpd twice with cold
?ietS gt e/ cycl 0231@@&%% d&ge@t@woﬁdte {60n1LS, GHTROY %@aﬁ@ra%e?ffggé@f Fl@d?jeédY

g; mp. [err err
max (cm-[ err])PReARUTaNERg P%‘?Slred( Eéc&i‘ﬁi‘ ‘i‘{l‘@&“?']"SNRPS‘YC%ef‘["é‘FF] 5.85(bn),
411 gigg; i ZZEMﬁnh&a?(@(?t)hyIBad?alé)ﬁi 9|53?0'1‘1f( ag,ntztefl)%mtamrﬁhe £1435( admpolind (1) ,

nt er medi at e

(3S, 4R) - 3- [(R)@’ ?8) 51 81 weLler 125 |yl oxy) et hyl 3-4-[ (R -6 - ((S)- '
2' -azido-I" (FQImwdﬂigﬁfymTﬁhe§6 ap J782#t i di n-2-one To a solution of the

intermediate 1 LN 0 URFIGH , Nd Lo um
sul phat e hept ahydrat 3%?9@1" 3‘*3.9% a22| Jtod JQ%) rrg,gjggg.) The

p
resul ting m xt 4r8% (mds héﬂ'@xe W@Pnl ﬁ?(S)poGrQﬁ@ Pht%?%ﬁ(ér *(150n ) and
extracted wi th dichl oronet hane (3x|50n1) dried and evaporated to give the
title corrpoundI 1. 4992 . 124- 125[err]C, t.l.c. cyclohyexane/ethyl
acetate 3/ 7(Rf max (CDCl[err]) 3600, 3416, 2101, 1755 cnferr];
1H NWVR (300 I\/HZ}S @R)O}i-ér(R )91-@tEB(tyd dimethplaill y 1 dky)8EhL -8~ [A2('R)§ "RI:~60( dd) ,

2.99(m , 2. 27(Bm ey 3u9y1%1ééﬂ?yls}1y?iéﬁyfﬂeth}1ﬁaig)ocy%&?e(xsév—yq]9?&(1%%-

0.092(s) ppm | ntermedrat
(35,4R)-3-[R) - E_“»Jl"i-butyldl rrethylsHonxy)ethyI] 4-[ (R -6"-((S)-
(35,4R )~3-[ (R )-1-{t-Butyldimethylsilyloxy)ethyl]-4-[ (2"5,6"'R )~

2"-(t-Butyldimethylsilyloxymethyl )l "-oxocyclohex-6"-yl]lazetidin-2-one

2,2,6,6-Tetramethyl piperidine (28.3ml) was added dropwise to a
stirred solution of butyl lithium 1.6 M in hexane (125ml) in dry THF
(150m1) under nitrogen and cooled at -50". The resulting mixture was
warmed at 5Y C for 10 min cooled at -78YC, and intermediate 26 (23g)
in dry THF (100ml) was added dropwise at -70YC. After 1 hour,

(3R, 4R )~4-Acetoxy-3-((R)~(tertbutyldimethylsilyloxy)ethyl-2-
azetidinone (27.5g) was added and the resulting mixture was stirred
for 40 min at -78YC. The reaction mixture was ﬁoured.into a saturated
solution of ammonium chloride (300ml), extracted twice with ethyl
‘acetate (250ml), the organic layer was dried and evaporated under
reduced pressure. The oil obtained was purified by flash
chromatography (eluants cyclohexane/ethyl acetate 90/10 Rf =0.3)

to give a mixture of the title compound (17g) as a yellow solid.

IR: (V maxcml) 3582, 1755(C0 p-lactam), 1612

NMR: (d ppm): 6.1-5.7 (bs+bstbs). 4.18(m), 4.06(m), 3.97(m), 3.90(m),
3.51(m), 3.74(m), 2.86(m), 2.7-2.5(m), 2.40(m), 2.14(m), 2.1-1.6(m),
1.32(m), 1.24(d), 1.17{d), 0.87(s+s+s), 0.05(m).

Intermediate 28
(35,4R )-3~[ (R )-1-(t~Butyldimethylsilyloxy)ethyll-4-{(2'S)-((6'R,S )-
6'-iodo-1'-oxocyclohex~2'-yllazetidin-2-one




2' -azi do-1' - oxocyl ohex-6'-yl)]azetidin-2-one To a m xture of pyridinium
chl orqthromate (6.67g) in dry dichloronmethane (50m ), under nitrogen, a
solution of the intermediate - 34 - 15 in dichl oronet hane (200m ) was
added. The m xture was stirred at roonltegﬁerature'overnight filtered
through florisil and the resulting sol ufi “evapor at ed under reduced
pressure. Thaoob|$’tllt€§dl dud ¥¢1ut e @mmmm@d(mmtmymmn) ansdendna

comound (g henbnd GEL arsbpl &l th a3y |OpRL) Boeg e TS | o
max (CDC [ er rqn)daxi]:ﬁ,trﬁgtﬂﬂptﬂﬂdbﬁeramedr{t@on]Of' LeterpedddvR 1B8AANRE). in THF
codferr]) 5. 776 i?g)am%@ 181% g%a} %mQ?éxme W %mredga&f?—z% fL. 5

1.21(d), O. 87 N I'ntermedi ?
(35, 4R) - 3- [(Ft)nﬂ, ¢ealedt {9 d7$l?etan9|%|8| %W)@'E HpHine; 7 (4g). 4n_gnhggrous THF
I-alt Iyl 0>O<|yc?r bczrmw(hﬁmaaosﬂewwxaﬁﬁél al ohgy- &tanxiari aatstsittdbfbng%HGrUEHS%/r lﬂlnlund

nt er nedi at e solved. in e etate o pal | adi um
on char coal éﬁ)" B%QV\?%%‘&?H@SH? egr at h% vg H%t’é’&“g ing ﬂi’fﬁuFBr hrs. A
further armunéxt@factduetaiadeahj/w ethen (156m1Y¢deek aﬂghrhbeldypdmn;ewashedntwm
continued for hrs h vas f|| ered .t u a and
the resulti ngmsol ﬁﬁa-E g?rea?gfdﬁ hora?? ume ‘flSP' ogt‘rq% i) g éi)g'g")l(E §§/r| di ne
(1.12g). The {18801} ofheioxganic vl/asexke:ps dniedy evaporsted dr@prg&.dm:qd at room

tenperature, ;Sz@%@uf@%ﬁdtﬂe“f:ﬂm% matdrial e9. 92) wa8! $4eldOR HouBTEMNFUBheR! Or i de

(350m ). The organic |ayer was washed with 1% sol uti on of hydrochloric
acid (2x|50n1W”1fM§$WWth a 5% sol ution of sodi um hydrogen carbonate
(2x1 50m) and bri ne

Intermediate 29 :
(35,4R)-3-[(R)—l-(t-Butyldimethylsilylbxy)ethyl]-h-((z'S)-((6'S)—6‘-
phenylthio-1'-oxocyclohex~2'-yl)]azetidin-2~one 29a

(35 4R )-3-[ (R)-1- (t-ButyldlmethylSllyloxy)ethyl]—4-((2'5)-2'((6'R)-6'
phenylthio-1'-oxocyclohex=2'-yl)]azetidin-2-one 29b

Thiophenol (7.424g) was dissolved into a solution of potassium
hydroxide (5.33g) in water (740ml) under stirrring. To the resulting
solution tetrabutyl ammonium bromide (1.52g) was added followed by a
solution of intermediate 28 (15.2g) in methylene chloride (500ml). The

resulting mixture was stirred for 16 hrs. The organic layer was

separated and the aqueous phase was extracted with methylene chloride.
The organic layer was dried, and evaporated under reduced pressure.
The residue was chromatgraphed (elutants cyclohexane/ethyl acetate
7/3) to give thiophenol (4.9g) and a mixture (5.34g) of the title
compounds 29a and 29b and intermediate 1A. The mixture was
chromatographed using petroleum ether 40-60/diethyl ether 9/1 as
elutant to give title compound 29a (0.1g) as the first eluted material
" and a mixture of title compounds 29a and 29b (1.1g) as the second
eluted material. The second eluted material was further purified by
HPLC (silica, n-hexane/ethyl acetate 8/2, 10ml/min, uv detection set
at 275) to give the title compound 29a (0.7g) as a white solid (m.p.
116-7 from cyclohexane) and title compound 29b (0.12g) as a light
yellow solid m.p. 65-7V.




((200m ), dried and evaporated in vacuo. The residue was purified by flash
chr on#k.ography on a silica colum, using a cycl ohexane-ethyl acetate (1/1)
m xture to obtain the title corrpound as an oil (2g; t.l.c.

cycl ohexane/ ethyl acetate 3/7 Rf=0.4). IR,V max(CDCl [err]) 3414, 1765,
1709 crferr]; [err] HNVR (300 MHZ, CDCL J %4.05(s), 5.9(m) 5.64(bd),

g (2)65”)2(61 5?“‘3]@ Bonthodad IPPA 4. Oggdd) 2. ?(TT) 2. t75(TT) 2.60(m,
r a
(35, 4R) - 3- [(R)i;’i‘];;Q {PRZ); €1Zd|9r%€"hy| és‘i;fPBEy)e“’éﬁ(jj'l)] S%‘?"ﬁ 53R ’Rﬁ‘é("i)

" - hydr oxy-2"" chﬁarﬂdd)sy@l-bhéx B. 2{mp | 228D} ;diLn8 Grdonk: d(mt)erlré-&(di,eﬂlﬁl(q)ﬁ 4q)
was di ssol vedg 'd(}? ? m xture of dinmethylformam de (80m ) and water (40m),
pot assi um cyani de f g) was - 35 - added the m xture was warned at 60C
for 8 hours, Hitler eempguné 28Bher (150m ) and washed twice with wier (150m).

The organic Iauﬂunnvamr Vﬁdnﬂ(inﬁvapﬂﬂ%%j 4)09EK); " 80URY; (B.956H);e 2i8(d@lye a

crude oil d fla t ogr.a | uent
et her/ et hyl §e§e§€e ;A E?f ?2 BP'%) a&‘"’ﬁ Jg'ryt%ﬂg * F 3@*{% ‘?‘?6%5 as a
white solid. ORie(sDero.pys(s3611 (O—I) , 3416(NH), 1755 (CO; NWR (
6.12(bs), 4.18-4..16(m, 3.60(dd), 3.0(dd), 2.94(m, 2.74(bs), 2 O 1 87(m,
1.85-1.6(m, 1.6-15(m, 1.29(d), 0.89(s), 0.09(s). Internediate 19
(3S, 4R) - 3- [ ( RiatemmedimkeyB@i net hyl si |yl oxy)ethyll-4-[(1"R 2"R 6"R) -
1" - hydroxy- 2" {$&laR¥L (YR IL ARV XY 1 3ORRNY Y 1S 6 PRy I R4~ ¥ 'k, 6 'R )-2 '~
methoxy-1'-hydroxycyclohex-6'-yl)]azetidin-2-one
To a solution of the intermediate 14 (0.lg) in methanol (10ml)
p-toluensesulfonic acid mononhydrate (1Omg) was added at 0Y. The
resulting mixture was stirred at 22Y for 2 hrs, poured into diethyl
ether (30ml), washed with brine (2x50ml), dried end evaporated to give
the crude title compound as a white powder (70 mg; t.l.c. diethyl
ether Rf 0.20); IR (CDCl ) V (c ) 3700 3609, 3418, 1753;
iH-NMR (300 MHZ, coC1,? 5. BS(bs), 4.18(m), 3.88(bm), 3.64(dd),
3.34(s), 3.30(m), 2.95(m), 1.8{(m), 1.8-1.4(m), 1.27(d), 0.88(s),
0.08(s). ' '

Intermediate 31

(35,4R )-3-[(R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-[(2'S,6'R)-2'~
methoxy-1'-oxocyclohex-6'-yl)]azetidin-2-one

To a solution of the intermediate 30 (70mg) in dry dichloromethane
(8ml) a mixture of pyridiniumchlaorochromate (80ml) in dry
dichloromethane was added, under nitrogen. The resulting mixture was '
stirred at 22Y for 4 hrs, then diluted with diethyl ether (30mg),
decanted from black gum and filtered through florisil. The organic
solution was evaporated under reduced pressure to give the title

compound as a pale yellow powder (30mg; t.l.c. cyclohexane/ethyl
acetate 4/6 Rf ‘0.43); IR (CDC1,), V max (cm™+): 3418, 1757, 1718;




ezetidin-2-one Internmediate 18 (1.7g) was dissolved in acetic acid (15m)
and pl%ti num di oxide (40 ngr.) was added, the m xture was hydrogenated (1
atm for 3.5 hours then filtered on a celite pad and the solvent was
evapor at ed under reduced pressure. The reskblu-e was redi ssolved with dry

di chl or onet han?_bﬁgg%iﬁu%zq Eég&]édc’ aswggg pll%?whgeﬁéﬂﬁng)sﬂmg al bg{s

chl or of or mat e wer é

16 hrs. The soi'ro\l@ﬁ!l),vvésféﬁﬂdpbrét é@l('!)nd%foat(@l:uéd9 sslré8{md di-9é "Qscr ude

material whi ch wag(drdoserisyeh.oi7é ()5t Byds3aset ate (100m ) and washed twice
with brine (50m). The organi c |l ayer was dried and evaporated under reduced

pressure to give an oil which was purified by flash chromatography on

silica gel (elmmedi}étbdzexane/ et hyl acetate 60/ 40 Rf =0.5) to afford the
title corrpouncrj R ~
1751(CO), 172

3.78-3.6(m, &ze@mhylamtm—(d) 0. 88(s),
0.1 0. 09

(3S(Z)R) 3- [(I(?)S'}? (P$ deq.trre %qf“tef"‘ﬁd nGe. e p Q,,%hgn%_usom) and
1"- oxo0- 2" - (al | yatery %ﬂmti rmﬂeni%ﬁﬁiwﬂyc pdarend meghylapine| (ilwt®-spdution
I nter nedi ate 19n (At 30RE) Gobé Udded. | Thealeayl 2Rg .mltgfé d@s (ARl kecd:

Py O o oL G k5o AR ot oL S i e

met hyl ene chl o(4abml} 156l dqueaas iaybe dvasi éttraoteti E%H’Mﬁlélﬁ)k&ibﬁétmnam d
(2x120m1) and the organic layer washed with brine (150m1), dried and
evaporated to give the title comgound as a white foam (5.2g; t.l.c.
.CHzCld/MeUH/NHHUH 23/7/0.5 Rf 0.75); IR (coci,) v max (cm—t)3416,
1753; +H-MNR (300 MHZ, CDCl ) 6.26(bs), 4.20(m), 3.80(m), 3.72(dd),
3.13(m), 2.67(m), 2.49(s), 2. UZ(m) 1.7-1.2¢(m), 1.31(d), 0.91(s),
0. 12(s)

’for

Intermediate 33

{35,4R )3~ (R )~1-(t~Butyldimethylsilyloxy)ethyll-4-{(1'5,2'S,6'R)-2"'-
(N-allyloxycarbonyl-N-methxlamino)fl'-hydroxycyclohek—G'-yl]azetidin—
2-one

To a solution of the intermediate 32 (5.2g) in dry dichloromethane
(120ml1), under nitrogen at 0Y, allyl chloroformate (2.2ml) and
2,2,6,6~tetramethylpiperidine (3.5ml) were added. The reaction mixture
was stirred for 10 min st 0V, then diluted with dichloromethane {(60ml)
and washed with a saturated ag. solution of ammonium chloride
(2x100m1), a 5% solution of sodium hydrogen carbonate (100ml), brine
{100ml1), dried, and evaporated in vacuo. The residue was purified by
trituration in diethyl ether (30ml), to obtain the title compound as a

white powder (4.54g; m.p. 159-161Y; t.l.c. dichloromethane/methanol
9/1 Rf=0.64).

IRt v __ (CDCLs) 3414, 1753, 1688 cm~'; ‘H-NMR (300 MHZ COCL.)



(20m ), and then wth aqueous sodi um hydrogen carbonate (20m ). The organic
I'ayer®iwas dried and evaporated under reduced pressure to give an oil which
was purified by flash chronat ography on silica gel (eluants

cycl ohexane/ et hyl acetate 30/70 Rf 0 3) éo afford the title conpound
(0.48g) as a white sold. IRV cm - 456 and 3439 (NH), 1759 (CO),
1720 and 17186(Xek), MA(AR03(L0) amwmm RO, 6. OIEhs)3. 85<&3 (BY8(m3, 23( M) ,

512500 -S43 2 ey AT Koty 35S o (B Bpact®(

(3S, 4R) - 3[ ( R) 0409(s) But yl di met hyl si | yl oxy) ethyl)-4-((R-6"-(2'-

| sopropoxy-1'-oxocycl ohex-2'-enyl))azetidi n-2-one (21a) and

(35,4R)-3[(R)-.I - (t-Butyl di met hyl silyl oxy)ethylJ-4-((S)-6"-(2'"-

i sopropoxy- | ' latermediatecid o' - enyl))azetidin-2-one (21b) To a mixture of 1M
sol ution of Ll(mlanmmsﬂ-m-wm suiméltr-mﬂﬁd@)bmmea-([@ﬁsds)'nw-
anhydrous THF (SQU ugder | nert At mospn ¢r e andlcom ed 1 Q Bkerﬁc a

sol uti on of 2—;%

was added dropveree. The tenper ature was rralnt ai nedat -78[err] C for fur her
30", then a SHLHH fi.0n of (3R

4R) 4- Acet oxy-—§-—-’° -t-Butyl di met hyl sil yl oxy) et hyl -2-azeti di none (46.599)

i n anhydrous Télre Eabatiop efathadudedrardipte SS. (I8g) r badry dtichberdeephanat
-78[err] C for (3@ gyﬁlhenlmgi&%@mm a(f@hsi ! ﬁaqfehe&ho%e' H{éh e The
ammoni um chl or| de , extract e e-organi c

| ayer, after \msqﬁlﬁg %"tthr%r wap| ¢k iroed gtuds 0ﬁ°’€)f5 hyﬁf Gbmrfléterzﬂddt*rlmehr )
and with a colrgomiaky] ala8RimP Wit @@hgﬁacaeﬂémmbom £/ Res@itangdri ed and
evapor at ed unde reduced Fr essur | 1 ?w oi |1¥ resi due was treat ed with

pet rol eum et hé? tipp Bvepprated; v 'P‘Fﬁ?s he oi

chromatographed on 8111ca gel, using a cyclohexane/ethylacetate 1/1
mixture as elutant to, afford the title compound as a white powder
{1.0g; m.p. 140-142Y).

residue was

Method B

To a solution of oxalyl chloride (3.35ml) .in dry dichloromethan
{15m1), under nitrogen at -70Y, a solution of dimethyl sulfoxide
(3.35m1) in dry dichloromethane (40m1) was added dropwise in 15 min.
After 15min, a solution of the intermediate 33 (4.3Ag).in dry
dichloromethane (35ml) was added dropwise in 20 min and the solution
was stirred at -70Y for 2 hr, then triethylamine (l4ml) was added with
warming to -40Y in 10min. The solution was washed with a saturated
solution of ammonium chloride (2x100ml), brine (2x100ml), dried, and
evaporated. The crude product was triturated with a mixture of
petroleum ether (40ml) and diethyl ether (10ml) to give the title
compound as a white powder (3.71 g; m.p. 140-142Y; t.l.c. diethyl
ether Rf 0.3;); IR: V max (CDCIJ) 3414, 1763, 1718, 1691 cm~*; !-H-NMR
(300 MHZ, CDC1,) 6.08(bs), 5.92(m), 5.3-5.1(m), 4.55(m),4.20(m),
4.03(dd), 2.99{m), 2.85(s), 2.66(m), 2.08-1.8(m), 1.06(bd), 0.86(s),
0.06(s) ppm.



t|tIe conpound 2la was obtained as a white solid (8.4g9); mp. 130[err]C
dec.; ‘§.|.c. cyclohexane/ethyl acetate 4/6 Rf 0.21; IR (Nujol), V max
(Cm,): 3233 (NH), 1759(C=0 [err}-lactam), 1680(C=0); H,-MNR, (CDCl):
5.92(t), 575(bs), 4.29(m, 4 2(m, 2.99(dd)gs 2.59(m, 2.52(m, 2.09(m
1.9(m, 1. 27(d) 1.25(d), _1.23(d), 0.86(s), 0 06(5) p. p. m - 37 - The
mot her - | i quor s lakeemesiate 38t ed under reduced pressure and subnitted o
flash chromat ogrsgpip -Bomht-m&-sb b thye0 p1 R3-B(2'Si,6 'K 2229,
t.l.c. cycl ohexane \ cmlerr])
3425(NH), 1755 Wzl B Z S S 528). H - NWR
(CDd[err]): Ga’iighﬁc)alyﬁl%éﬂidmm%(m) 3. 6(dd) 2. 75(rr) 2.5(m,. 2.44(m,

2.07(m, 1.7( a s&%ﬁgidn %fzéﬁgdgnté%m§§4é%£ 34)d97&f8) 19 J¥§7&f9hlgfﬁmethane

I nternmedi ate 2
(3S,4R) - 3[ ( R) 1¢59m1)3u1591xﬂ petdasion |oarbsnatet (-gqlﬁg)], thm) -ed1yloxelylchloride

| sopropoxy- 1 hosq.wm)é%mexa@ 228MnkeRA 7R tkSlen; 2r;qreeh,mm§nel(gmwag then
solution of internediate 2la (5. 7) in_nethanol (100n )" and water (30n})

sodi um bor ohydradded (drepwipe arer SdBky iThe meAcHon: phrtere wes, stifred gh22ndoFhe

ﬁdg' ti ﬁlns the mdw@.it fftﬁﬁﬁltw%'sﬁé’cﬂ wa ek vueaautﬁﬁaaai sB%g%wnt bf aamﬁ%itaﬁ.l uﬁllaggﬁ?f
ydrochl oric ac e en or ofret han wat er
wer e added. The{zd‘Pa‘&H'cb’r‘Wegz" L:‘r drietri A FH"W%Q e regirids "&ﬁd

evapor at ed undethrosétogedphpdess widit® @lyﬁusﬁhg& tal bé&odecpcathelr/&ﬂeusylaewmnt e
foam (5.59). | nfﬁr Hgg:iu?‘g.easzéluant, to afford the title compound as a colourless
0il (4.0g; t.l.c. diethyl ether Rf 0.76)
IR: Vv max (CDCl ) 1809, 1753, 1703, cm~*; *H-NMR (300MHZ, CDC1, )
5.97(m), 5.3(m), 5.25(m), 4.79(m), 4.65(m), 4.55(m), 4.54(m), 4.30(m),
3.24(m), 2.87(m), 2.87(s), 2.2-1.8(m), 1.1(d), 0.84(s), 0.06(s)ppm.

Intermediate 36

2-(Z-benzyloxyethoxy)-cyclohexénone

A mixture of dimeric 2-hydroxycyclohexanone (13.7g), 2
benzyloxyethanol (20g) and p-toluensulphonic acid (2g) were dissolved
in xylene (500ml) in a round bottom flask fitted with a Dean Stark
apparatus and reluxed for 1lOhrs. The resulting solution was cooled,
washed with sodium hydrogen carbonate (3x50ml) dried and concentrated
under reduced pressure. The crude oil was then pruified by flash
chromatography using cyclohexane/ethyl acetate 60/40 as eluant
yielding 20g of the title compound (RF=0.5).

IR, CDC1,, (cm*): 1722 (C=0), 1603{(C=C).

‘H-MNR, 300 MHz, CDCl,, chemical shift (ppm, TMS): 7.32(m), 4.55(dd),
3.92(m), 3.83(m), 3.64(m), 3.60(m), 2.48(m), 2.24(m), 1.93(m),
1.8-1.55(m).

Intermediate 37

(35,4R )3-[ (R)~1- (t—butyldlmeth1151lyloxy)ethyl]-a-[(R)Z'—[(S)6' (2-
benzyloxyethoxy)-1'-oxocyclohexyl]lazetidin-2-one
2,2,6,6-tetramethylp1per1d1ne (12.7g) was dropped to a solution of




(3S,4R) -3[(R)-1-(t-Butyldimethylsilyloxy)ethylj-4-f((R)-2"-

{(S)-% -isopropoxy-1'-oxocycl ohexyl))]azetidin-2-one (23a)

(3S,4R) -3((R)-1-(t-Butyldi methylsilyloxy)ethylJ-4-t((R)-2"-

((R)-6' -isopropoxy- 1t - oxocycl ohexyl))] azeti di n-2-one (23b) The internediate
22 (5.5g) was dissolved in ethanol (100m 46 “Then 10% pal | adi um on char coal

(0.59) was addedtyndthiim 2i5H Uneherahe Wdﬁapnqnateﬂﬁaaydz%faiéﬁ Kosont )has. The
catal yst was f I:terdlegd of f,. and thgwso%ﬁtlo %vaﬁ rated under, reduce
pressure. The 'Q st MIECY95T) S YO8PI s ofRA Bo 05T 18 BERs waF cHieor wirefane
(150m ) and por nm nirecoalledotm e candt éntetnadila tecss a(llﬂléug)Tm sbadlyi addedi xur e
was stirred g&éeﬁggfh}l_r‘lé Qh]:a0§ ug)epgéuret F&%wnni pN{tegl a gljn]',lgfr’loc ronat e

(2.89) was a was s |rred or furt PS" 14Fen dil ut ed
wi th di et hyl campteted;othel polutdoaewagnmaintainnd bt atéletgtnwemm@n fars 1iemined

twice with d'ﬂfdhmer\eﬁnﬁ‘émea-ﬁa;eoﬂg@ﬁ' s8¢0 H'iés@Wed"@ﬁenﬁ'omdﬂﬂg v added

evapor at ed -38-_under reduced pressure; the ol ly residue was

chr omat ogr apH¥&F v ﬂ'@“% "ﬁ'\l?tﬁ’éuﬁ‘? WP %&‘,‘E’F‘éﬁté‘ﬁ’éﬂﬁlé'ﬁeﬂzgﬁe Yyer Fegctigpiwden t he
title Corrpour'tﬁ.ueaaﬁ?etﬁsfverwbl hihvutes ivding 58@1xﬂurle g aﬁrﬁ&ﬁi'umaé}ﬂhﬁidﬂ Qmi Ghllexan_e

Factan . 1rosRuRR Soltkog) %v%%e”}'[léﬁ% 14 @il 108 PIpkombend( oy
3.78(m), 3.53xtractedlith) etidyloecekite. ZIhZBSQr@amQ I1BQEr)waslwdbhid Mith, bﬂma4( d),

compunt 23 ot o oomierey (oS Ao &{*@“ G PR ) 1o

acet at e/ cycl MWQIPEhRPSUTQS)’ClthG Eyyl Wme 85/15 to 30/70 as
eluant, title compound (2.2g., RF=0.65).

IR, CDC1, (car*): 3418(NH), 1757(C=0 lactam), 1718 (C-U) 1603 (C=0).
‘H-NMR 300 MHz CDCl,, chemical shift (ppm, TMS): 7.32(m), 5.71 (s
broad), 4.56 (s+m), 4.18(m), 3.99(m), 3.73(m), 3.6-3.5(m), 3.15(m),
2.87(dd), 2.30(m), 2.10(m), 1.80-1.50(m), 1.19(d), 0.86(s), 0.07(s +
s); '

Intermediéte 38 .

(35 ,4R )-3-[ (R )-1-(t-butyldimethylsilyloxy Jethyll-4~[ (R)2'-[ (5)6'-(2-
azidoethoxy)-1'-oxocyclohexylllazetidin-2-ane

To a stirred solution of the intermediate 37 (3.7g) in anhydrous
dimethylformamide (20ml), triphenylphosphine (2.6g) and sodium azide
(1.8g) were added. Carbon tetrabromide 3.4g) was then added over 10
min. After 2 hr. the resulting mixture was diluted with diethyl ether |
(50ml) and washed three times with water (30ml). The organic layer was
dried and evaporated in vacuo. The residue was chromatographed on
silica gel, using a ethyl acetate/cyclohexane 7/3 mixture as eluant,
to afford the title compound as a colourless oil (2.6g t.l.c. ethyl
acetate/cyclohexane 9/1Rf=0.8).

IR (cDCl, v _ (em*) 3161 (N-H), 1759 (lactam), 1707 (C=0)

H:-NMR (CDC1,): 5.84 (sa), 4.18(m), 4.00(m), 3.71(t), 3.60(m),
3.49(m), 3.35(m), 3.12(m), 2.88(dd), 2.25(m), 2.20-2.00(m), 1l.6(m),
1.22(d), 0.86(s), 0.06(s), 0.05(s)." '




: 3416(NH), 1759(C=D p lactam, 1722(C=0). H NVMR(CDC [err]):
9711(?9;],)4.18(%,%09(%( 3.97(dd), 3.6(m47 2.8(dd) 2.55(m), 2.3(m,

1(m, 1.98(Mintdeadia®( By, 1.22(d), 1.14(d), 0.8(s), 0.07(s), 0.06(s)
(35, 4751 (B - L2 uida2ok () kalisbebalgingtpy Loyl prudetipblob-L (92! -((5)6' -2

cycl opent yl oxyalzidmthoyy:)—dh,é!i()r-l-z;-teylntlbﬂcqmebtincd%iym]]jfaz(eﬂg)ﬁ(rﬂﬁa:)nzeand

35,4R)-3[ (R) - %-.(} - I mpt Sl oxy) et -4-((S)-6.-{2,-
f:ycl op)entg/l(oiy}f'(%o%gégicﬂ) B f%tr%f"i é)ztgt%i(%l‘sﬁ)og'% "("‘326§ algohol(70nbe of
a IMsolution @t t34Chi sedivhfarohydnidg| € .kg) vasi eddednihd2ani.( tAdnl pf taxd 1
anhydrous THF GAOpfe miRERe Li‘ﬁ'ﬁheﬁ&@sﬂt}ﬂrg_s@@gf%&al g&JtQ?SIE)?[ Qfﬁlﬁ#a&m

(s
5
2

2- cycl ophent hyl - 2-cycl ohexenone (8.5q) disso In an ous
(70m ), was ad&gﬁgrlﬁdﬁe Y90 r%’x‘f’u?@ﬁ&a&c"%éb? @x136mdPerTthe pedando aysotwes
then a cool ed sielied isdd @faporated to afford the title compound (2.8g) as a mixture

(11 oo 4 oo wpvet bt ReheBitaneth T V0 Skt B B I e afarlonenae kept

at -78[err] fofd585h nutes then it was poured into a cool ed nixture of

di et hyl ether (82 ),y 10% gol uti of,_hy C [ Ld. (83 water
(180n1y) and a sZIgt g%dzglé.dv ssr@kufc?"on5 o%ﬁgngyoﬂi ﬂgﬁsg*ﬁ]éﬁeﬁ?ig%ﬁfﬂ e organic
| ayer was washdd-Nik KCQ@%)SOQF-L}tzi(@m),oﬁ-W@nbpm.oﬁ(an)acs.aé((aa()zom.l)a(aﬂd brine
3x70m ), drie 1C rat d educed pr re, the res was
((:hromat Lgraphe%'ggckéiﬂpﬁgfa){ gé qgg?hg?r'éﬁ%’)@gﬂ?’eqbfzs(zy(tl%‘ﬁégﬁheﬁé%(ﬂgﬁ 'acetate
9/1 to 8/2 to ®bizix-an equi nolar m xture of the two title conpounds 24a
and 24b (6.829). -39- The title conpound 24a was .obt ai ned by

' ion from
crystallatio In(t)ermediate 40

(35,4R)-3-[(R)-1-(t-butyldimethylsilyloxy)ethyl J-4-[{R)2'-[(5)6 '~ (2

allyloxycarbonlyaminoethoxy)-1'-oxocyclohexyl] Jazetidin- 2-one

To a solution of the intermediate 39 in anhydrous tetrahydrofuran
(100ml), triphenyl bhosphine (1.6g) was added, the mixture stirred at
room temperature for 36 hr. and then water (0.09ml) was added. After
12hr the mixture was cooled at -5CY, and N-ethylpiperidine (0.9ml) and
allylchloroformate (0.8ml) were added. After 3 hr the mixture was
diluted with ethyl acetate {100ml) end washed with e cooled 5%
solution of hydrochloric acid (2x 30ml). The organic layer was dried,’
evaaporated and purified on silica gel using a ethyl
acctate/cyclohexanc 6/4 mixture as eluant. The msterial so oblained’
was dissolved in dichloromethane (30ml), pyridinium chloruchromate
(2.6g) was added over 40 min and the mixture was refluxed. After & hr
the mixture was filtered on celite and washed with o cooled 5%
solution of hydrochloric acid (2x20ml). The organic layer was dried
and chromategrphed on silica gel, using a elhyl acctate/cyclohexane
2/8 as eulant to afford thc.gjiggigﬂmﬁgyyq as o colourless oil (0.75¢}

t.l.c. ethyl scetate/cyclohexanc 9/1 R=0.4)



THF/ Petrol eum 1/5 (2.1g, mp. 111-113; t.l.c. cycl ohexane/ethyl acetate 1/1
-Rf 0.-#9) IR (CDAj), V max (CM1): 3412 (] 1757 (C-o beta |l actamnm); 1688
(C=)); 1626 (C=C). HI-NWR (CDCl.1): 5. 85(IX) 5.67(sa), 4.4(m, 4.3(dd),
4.2(m, 2. 98(mrdocpc2 517{“n% (e SDOAPS dnd13496NH (Y7 (Lhebqm),, 11 8LR¢a),,
0.83(s), ?ﬁ her |iquors were evaporated under reduced pressure
to give the ound 24b containing a small amunt of#"(e conpound

24a (2.45g; HHNMR @® 18hekqReNbt ﬁy25<aeet%tle<qa)1 fr566mpo)h- [err]), V

nax (cnferr])s;o8433 4oz AKa, (ﬁﬂ@(é);rzled(m; aho-1LG8¢n),CEA2(dIG24 (C=0).
Herr]- NWR err 3b(sa , 4.41(m, 4. 17(n') 3.60(dd),
2.75(m, 2.4 s)y -15)6(rr) 1 235(d), 0.86(s), 0.068(s),
0.054(s). Int er rredl at e 25

(3S,4R) - 3[ (R)- k-‘(“}-Bu I inethylsilyloxy)ethylj-4[((2 R 6,'S)-6"-(2"-
cycl opentyl o ohex-6' -yl ))azetidi n 2-one The intermedi ate 24b
(3.2g) was diBsszyly ad[(ﬁ,emh-\}l—[éltbtla(b- P &d char coal

(1.359) was Qd
catal yst was
evapor at ed ufydroxvegetet® pressure. The residue was chromat ogr aphed on

silica gel, 4yl §GAulieH Hf'etlﬁf ictdPnbd ket & 0S4 Qhedﬁnﬁoﬁ/eﬂaet@mib?’ to
obtain the title corrpouri as, a ite z ) Kﬁ%’ue)ﬂie/ et hyl
y rsrlf‘)es 4ome °(‘ ¥55 (C=0

The
S

acetate 1/1 RenpyLglyery &ixﬁ”[ 3%5] pnd \ﬁ‘rr'&?&e(’t’ﬁ‘?
p lactam), 17%3(1EMy. mﬂtuwma(smmxe& f0971 2, withlfi@nise of0a(Ddan StHR5( M),
ST 7, 5k R, iy s s Sk P b
(t-Butyldi n‘etdl)lysndsﬁﬂwmtmyatggrhMQnméma gel, using a
cyclohexane/ethyl acetate 8/2 mixture as eluant, to afford the title
compound as a mixture of two isomers {0.67g; t.l.c. cyclohexane/ethyl
acetate 1/1; Rf= 0.61 and 0.72).
IR (CDQIJ v max {om—*) 3490(0-H), 1753(C;U B lactam), 1713(C=0
ester); ' '
‘H-NMR (300 MHZ,CDCld): 7.4-7.30{(m), 5.54(d), S5.46(d), 5.34(d),
- 5.16(d), 4.80(d), 4,21(m), 4.05(m), 4.05-3.90(m), 3.55(d), 3.53(m),
3.48(m), 3.24(s), 3.23(s), 3.2-3.0({m), 2.94-2.86(dd), 2..15-1.40(m),
1.26¢d).

Intermediate 42

Ethyl | |
2-1(3'5,4"'R)-3'-[ (R )-1"-(t-butyldimethylsilyloxy )ethyl]l-4'-
[(2'"5,6'"R)-2'-methoxy-1'"~oxocyclohex-6"'"-y-]azetidine-
2'on-1'-yl]-2-hydroxyacetate

To a solution of :
(35,4R)-3-[(R)-1'(t-butyldimethylsililoxy)ethyll-4-[ (25",6R")-2~
methoxy~-1"oxocyclohex-6"-yllazetidin-2-one (0.1lg) in dry
tetrahydrofuran (5ml), ethyl glyoxylate (0.5g), N,N,N-triethylamine
{0.02m1) and 3A molecular sieves were added. The resulting mixture was
stirred at 22Y for 17 hrs, then diluted with ethyl acetate (30ml),



2- hydr oxynet hyl cycl ohexanone (8.8g) tert-Butyldinmethylsilyl-chloride.: (109)
and | M dazole (4.6g) were dissolved in QNE (10m) at roomtenperature.

40 - The resulting m xture was stirred for 2 hours, then poured into

petrol eum et h@shegomﬂ\)brfnhe(bﬂgam,cdrmkﬁnmﬂm‘%?@&e@ winder wacuur-oTe 10%

sodi um hydr Og@fhdeaémwﬁ Qva@ﬁm&natéb’rhﬁ%d BN aP1iah &b 1y Neiing! ELELARPD ethessur €
and purified P flash chro og raf (el uants c Ioh fane?eth acetate
95/5 Rf =0.7) i/%‘ oB?fé‘Pﬂae‘f"h 49 & %%‘Y’rpotﬂme 7 8%18 IR (V

(2:m [gr r2 1): 366’%10&51133197681 (Imaxgl\ll(/g/x duptliﬁe48? n?ﬁ(ngt% ?Z‘.B§ E;ﬁg(glzbg(, 1)2,143( m,
.4-2. . , . S), . s),
0. 044( s§ | e efetnl gthesy Wi 0 6% Vs )

(35, 4R) - 3- [(RIRGCD(H.;B}* ﬁm*mmmfﬂ)ﬂ bw)(spw Jactdm)2 " I15{RY0 ester);
2" - (t-Butyl di net hyl si oxynet hyl )| " - oxocycl ohex-61"-yl Jazeti di n- 2-one

(3S,4R) - 3- [(RE-l-gt ButyldlnethylsiLyloxy)ethyl]-4-[(2 "S,6"R) -
2" - (t-Butyl di i |yl oxymet hyl) 1" - oxocycl ohex-6"-yl]azeti di n-2-one
2,2,6,6-Tetramet hyl piperidine (28.3m) was added dropwise to a stirred

solution of buytyl lithium1.6 Min hexane (125m) in dry THF (150mW under
nitrogen and gﬁ%@é&—ﬁ -50[err]. The resulting m xture was warned at 5[err]

C for 10 min AD leda$,185,%[IGSLJLZB)-mthyﬁmm-a(le(%utﬂ@gheth’yldiwﬂikf)-

(100m) was adged fo.gg?gg.a%ﬁ SEOLEE IS T ;_;qg $%-pne-2-garboxylate

(3R 4R) 4- Acetoxy=—5= '
. To an ice-cold solution of intermediate éa (3.85g) in 200ml of

dichloromethane, potassium carbonate (3g) was added. The mixture was
stirred for 10 min, then allyl oxalylchloride (5.57g) followed by
pyridine (3.48g) were added. The reaction mixture was stirred at 25Y
for 1.5 hours then diluted with dichloromethane, filtered, washed with
ice~cold water and dried. Removal of the solvent gave the crude
oxalimido intermediate (5.37g) which was dissolved in dry xylene
(150m1) and treated with triethyl phosphite (9.97g). The obtained
solution was heated and refluxed for 6 hours, the solvent removed
under vacuum and the residue chromatographed on silica gel us1ng
mixture of a EE/F (3/7) as eluant to afford the title compound (1 78g)
as a yellow oil. R:V (CDC1,) 1772 and 1717cm~*; 'H-NMR (300 MHZ,
CDC1,) 6.00(m), 5.43(m), 5.26{(m), 4.75(m), 4.70(m), 4.17(m), 3.41(m),
| 3.20(dd), 2.02(s), 1.9-1.7(m), 1.23(d), 0.88(s) and 0.080(s) ppm.

D

Using the same general procedure the following compounds were

prepared:

Exemple 1b

Allyl (8R,9R,10S lZR)-lD-(l (t-butyldimethylsilyloxy)ethyl)-11-
oxo-l-azatricyclo [7.2.0. 0 ’ ]undec—2-ene—2-carboxy1ate



azetidinone (27.59) was added and the resulting m xture was stirred for 40
nin atw- 78[err]C. The reaction m xture was poured into a saturated sol ution
of amoni um chloride (300m ), extracted twice with ethyl acetate (250m),
the organic | ayer was dried and evaporated_under reduced pressure. The oil
obt ai ned was puri fi ed by flash chromatography (el uants cycl ohexane/ et hyl

acetate 90/ 10 gk 3¢ to give a mxture of the title conpound (17g) as a
yel | ow sol i d. IR ZV maxcnferr]) 3582, 1755(CO p-| actan), 1612 NNR (d
ppn): 6.1-5.7 (bs+bs+bs). 4.18(m, 4. 06(n) 3.97(m, 3.90(m, 1(m
3.74(m), 2.86(m), mmz(tfs(,n;ﬂﬂzlam(lﬂ)‘)-%etmxy)-mi(lrik—ta(t dm@tbﬂ-m)

1.24(d), 1. 17(d + . =1 D menec) -

(35, 4R) - 3-[(R® hy{?"’ézé'f)‘lé Res t°r’1‘g| fs)sﬁ(zg}%&cly ‘]d"‘%((z SHGGE

6' -i odo- 1' - oxcarbpxHEke ' - yI]azet|d|n20ne - - To a stirred 1 M
solution of lithumbis (trinmethylsilyl) amde in hexane (48.7m ), dissolved

in anhydrous THF (70ml) cooled to -78C under nitrogen atnosphere a sol ution
of internedieuﬂﬁﬂﬂiitgLZQ) in THF (70m ) was added. The resulting m xture
was stirred at -70 for 1. 5 hrs, cooled to -78C and a solution of iodine

(7.49) in anhydrou THF L h{red
for further 10 nmin ere‘n r’i‘ng i(tszm@g‘?rf)la&%/ (g&gﬁgld&%ggﬁ%e&%gﬁhﬂf !rll{g

m xture was exéxcattedhtricydon]1.12.8thér Jyridsdn2 Jenet hecapbgepliatet ayer was
washed twice with a saturated solution of sodium sul phite (100m) and with

wat er (100m ). The_ organic |ayer was dried, evaporated under reduced
pressure and tExemplede naterial (9.5g) was used without any further

Allyl (45,8R;9R,lOS,12R)~4;methyl-10:(%-(t—butyldimethylsilyl—
oxy)-ethyl)-1l-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example 1f
Allyl (4R,8R, 9R 105 12R)-a-methy1thm-1o-(1 (t-butyldimethyl-

silyloxy)-ethyl)- -11-oxo-1-azatricyclo [7.2.0.0 % ]undec-2-ene-2-
carboxylate.

Example lg

'Allyl (8R,9R,lOS,lZR)—4,4—dimeth0xy-10-(E-gt-butyldimethyl-
silyloxy)ethyl)-1l1-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example lh

Allyl (4S,8R,9R,105 lZR)—4-methylth10—lD (l (t-butyldimethyl-
silyloxy)ethyl)-ll-oxo-l-azatricyclo[7.2.0.0 g ]undec-Z-ene—Z-
carboxylate.



purification. Internediate 29

(‘3S, 4 - 3- [(FQ 1-(t- ButyldlnethyIS|Ionxy)ethyI) 4-((2'9S)-((6' S) 6
phenyl t hi o-1"' - oxocycl ohex-2' -yl )] azeti di n-2-one 29a

(3S,4R)-3-[(R) -1 -(t-Butyldinethylsilyloxy)sthyl]-4-((2'S)-2' ((6'R)-6"-
phenylthio-l'-oxocgclohex-Z'-yI)]azetidin-2-one 29b Thi ophenol (7.424g) was
di ssol ved int m i on of potassium hydroxide (5.33g) in water (740m)
under stirrring. To the resulting solution tetrabutyl anmoni um brom de

(1.52g) was added I an i
met hyl ene chl ori dei’?ggowaﬁ) Rglﬁg’lé ? mg{h&xﬂurer@ag@tsb&tg &%E‘cﬁ%ﬂygrs
The organic Imﬂem)sﬁp@xa%bdzatﬂcym[aq&ébus phadec+®aenes-r act ed with
met hyl ene chl qidpigxy1bi8€. Or gani ¢ | ayer was dried, and evaporated under
reduced pressure. 'I)he resi due was chromatgraphed (elutants

cycl ohexane/ et hyl acetate 7/3) to give thiophenol (4.9g9) and a m xture

(5.34g) of thq,{ainbiglgorrpounds 29a and 29b and internediate LA. The m xture
was chromat ographed usi ng petrol eum et'her 40-60/di ethyl ether 9/1 as
elutant to give title conpound 29a (0.1g) as the first eluted material and
a mxture of titl eAncyrIp()Qm,aB ﬂaauamnagbm(eﬁnm)oa@-t(hebm¢¢n@taymmd1-

material. The S8 el ut ed terl dp® r| d HPLC (silica,
n- hexane/ et hy!° ?8&3‘[1 hgl?o'%rﬁa}r&ﬁd\aa: defée@tl o Lil‘ _ze gy'/zS) to give the
title conpoundcardaxyl®rteg) as a white solid (mp. 116 7 from cycl ohexane)
and title conpound 29b (0.12g) as a |ight yeIIowsolld mp. 65-7[err]. -

42 - Title ConE)ound 29A
xample lk

Allyl (45,85,9R,105,12R)-4-methyl-10- (1-{t-butyldinethyl-
]
silyloxy)ethyl)-1l-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example il

Allyl {4R,85,9R,10S lZR)-4—methoxy-10 (l (t-butyldimethylsilyl-
oxy)-ethyl)-11-oxo-l-azatricyclo f7 2.0.0 % ]undec-Z-ene—Z-
carboxylate.

Example 1m

Allyl (8S,9R,10S 12R)-4-methoxy-10 (1- (t-butyld1methy1311y10xy)-
ethyl)- ll—oxo-l-azatarlcyclo [7 2.0. 0 ’ ]undec—2 4-diene-2-

carboxylate.

Example ln

Allyl (8R,9R,105,12R)-4-methoxy-12-(l-(t—butyldimethylsilyoxy)-
3
ethyl)-ll-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2,4-diene-2-
carboxylate.



AHs NVR-(ppn) 7.4-7.2(m, 5.8 (bs); 4.13(m); 3.9(m; 3.8(m; 3.46(m; 2.75
(dd); 2%3(m; 2. 2(m; 2.00 (rr) 1.8(m; 1.6(m; 1.18(d); 0.8(s); 0.019(s).
Title conpound 29B ' H-NMR (ppn) 7.4-7.3(m; 5. 77(bs); 4. 17(r’r); 4. 11(n); :
3.95(m; 2.8(dd); 2.6(m; 2.4(m; 2.2(m; 2500(m; 1.7(m; 1.4(m; 1.23(d);
0.86(s); O. 06(31) 0. 055(s). Internediate 30

(35,4R)-3-[ (R h"(P mlmmﬁwrspm%m dheyitRvd - ¢qmpb@rdst tietBer with

met hoxy- 1' - hy dramdi €yed tabes i@ tid I

i ntermedi ate 14 1g) in et hanz)r%a%ﬁgrﬂdéd%dg%o %ean_lgeegu?‘?loglkc&%c? 11dlng
nononhydrate (1 was added at Jerr]. The resulting m xture was stirred
at 22[err] for 2 hrs poured into diethyl ether (30m ), washed with brine
(2x50m ), dried and evaporated to give the crude title conmpound as a white
powder (70 ng; t.l.c. diethyl ether Rf 0.20); IR (CDCl[err]) V

(cmerr] ) 3700, 3609, 3418, 1753; max |1-NWR (300 MHzZ, CDCl.) 5.85(bs),
4.18(m, 3.88(bm, 3.64(dd), 3.34(s), 3.30(m, 2.95(m, 1.8(m, 1.8-1.4(m,
1.27(d), 0.88(s), 0.08(s). Internediate 31

(35,4R)-3-[(R) -1 -(t-Butyldinmethyl silyloxy)ethyl]-4-[(2'S,6'R)-2 t-

met hoxy-1"'-oxocycl ohex-6'-yl)]azetidin-2-one To a solution of the
internmediate 30 (70ng) in dry dichloronethane (8m ) a m xture of :

pyri di ni unthl orochromate (80m ) in dry dichl oronethane was added, under
nitrogen. The resulting mxture was stirred at 22[err] for 4 hrs, then
diluted with diethyl ether (30ng), decanted from black gumand filtered
through florisil. The organic sol ution was evaporated under reduced
pressure to give the title



-

[ 200

+

canpound as a pal g ot —e—eyel-ohexanelethyi—geetatq
46 Rf 0. 43); IR(CDd:{err% Vuax(cn[ern]) &118 B757.5171% | X - 43]-
SH- NVR (300 MHZ, CDECI[err]) 5.84(sa), 4.18(m, 3.99(m, 3.57(n},Z3.28(9),
3.10(m, 2.876(dd)}|_2.24(m. 2.08(m. J__98(n1 1.68(m. 1 55(m 1.248(d),
0.87(s), 0.075(s),}0.863(spg Intgrned@ ateys o Py ol Fl 54
(3S5,4R-3-[ (R -I-(} Butyld|rrethyIS|Ionxy)ethyII-4[(I SZSGR)' g4 -
-2' - et hyl am no- 1' FyOdTrOXyCyCIONEX-6 - yI | - aZerl drn-2Z-one Jo-a utli §rCqf
the intermediate 14 (5Y) i & 96%%t hafdl (£50m £ and cVvat ers (50rh" Em‘rﬁ;ﬁtm
chloride (1.67g) ahd fet hyami nés (40W % sF uti oh i nShaterT 30r%) &idre
added. The resultiphg m xture was refluxed for 15hrs, then poured I1rfte a
m xture of dichlorpmethane (150r]) and bripe (490m ) Th%aquggw54@ was
extracted with dichl oconet bane %xl 26 ) @&d the or @nl c gayerc’\wgeiew th
brine (150m ), driged and evaporated to gi ve the title conpound 4s g‘ﬁhlte
foam (5.29; t.1.c. " , . =757 (CECH[ETTd B ¥ {max
(cn{err]) 3416, 1758; H-M\IR (300 MHz, CCd 3) 6.26(bs), 4.20(m ; 3,@(211‘.)’,
3.72(dd), 3.13(m,|2. €7(m I 2. 4@s) '2.02(1?0', 1‘.’7-1.9(n),9°1.3].:£0 SJf.ea(s),
0.12(s). Internedi ate'33 = o ~ @
(3S,4R)-3-[(R) -1 -({-Butyldi rrethyIS|IyI oxy)ethyl J-4-[(]"S, 2 S,6 R - 2'0—-
(N-al I yl oxycar bonyk- N net hyl ami no)-1' - nydroxyg/cl ohex- 6' -yl j azeti di n= 2-lone
To a solution of the imtergedi a{g 32P5.2 ry gechl geomet@gne $120n1),
under nitrogen at gerr], ?I yl chl oroforr?ate ( .2m¥» and @
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2,72, 6,%; tetramet hyl pi peridine (3.5n

stirred for 10 mn at Jerr], then éillg'ed W't h dCchl gronmetifjang £60m ) |and
washed with a saturated eq. solution of anmmonium chloride (2xIp0gl), a]|5%
sol uti on of sodi um hydrogen carbonatje (10Or ), brine (10OM), ¢@r?ed, and
evaporated in vacuo. The residue was PUETTIed Dy ri Tuealt oa 1 ZTeLigT
ether (30m), to obtain the title cqnpdsund & a White Howde? (1.%49% p.
159-161U; t.l.c. dichl oronet hane/ mettharel—9++—RF-=0—64r—+R—¥— 8 o
(CDC [err]) 3414, 1753, 1688 cmr; I HHVR (800 MHZ CDElj) #ex| = |-a4dl |-
6.2(bs), 5.9(m, 5.2(m, 4.6(m, 4.3(mv 4.04(n),~3.87¢dd),~N3. Bg)l,;“
3.17(dd), 2.86(s), 2.26(m, 1”& 1.20m, 1.30(d), 0.89(s), 0.10 | § 09(s).
| nter nedi ate 34 > _ —O =
(3S,4R)-3-[(R) - 1-(t-Butyl di net Myl sillyl dBy) etdlyl ] -&-[(2BS,6'®) -P'EFE
N-al | yl oxycar bonyl - N- met hyl ar§ &o- 1-'|- oxocycl ohex-6' -yl )] azeti dj ™=~ 2g0n6
Met hod A To a sol ution of thegignt er e i ~chl®r Pnetihane
(50m ) pyridini unchl orochron@@(Z.Zg) was added under nitrogep. B8 &
reaction mixture was stirred @b 22[drrjnfor & hrso then filder a@tgmogjgh
florisil, washing with ethyl ggetate [(208m ),wand ®he r®esul teng solauEi-er
evapor ated under pressure. Thg oily |residue was chromat ographegl o gj | ijca
gel, using a cyclohexane/ ethylacetatje 1/1 m xture as elutant t¢, afford the
title conpound as a white powder pr > = = = o
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) were added. The reaction mxture was




(1.09; mp. 140-142[err]). Method B To a solution of .oxalyl chloride
¢3.35re in dry dichloronethan (15m ), under nitrogen at -70[err], a
solution of dinethyl sulfoxide (3.35m) in dry dichloronmethane (40m ) was
added dropwise in 15 min. After 15mn, a solution of the internedi ate 33
(4.34g) in dry dichloronethane (35m) was added dropwise in 20 min and the
solution was stirred at -70[err] for 2 hr, then triethylamne (14m ) was
added with warmng to -40[err] in 10mn. The solution was washed with a
sat urat ed sol Exemplef2 ammoni um chl oride (2x100mM ), brine (2xI00M), dried,

and evapor at edA11£h6(@r,u§f69Rp,&9§iﬁq9h gm&emdiuxml%d(mexmﬁﬁbm#@mgoxz )-
petrol eum eth €. conpound
as a white povglidyyldallrexerl-gzatrieyelo £3;2.0.9 " Jundec-2xene-aoeachoxylate: "o 3.
); IRV ( CDClatedfhddiate72:3,(0159)8 wad@ﬁ%s@me[ieid }netl-iylldnéll\dmﬁmde( 300 MHz,

o1, .8, Gy, s oo S 60 05 Ay,

- 45 - | nt er mestiatred 3fmder nitrogen at 23Y. Allyl oxalylchloride (O. 2mlg was added

(3S,4R)-3-[(R) Eolo%l&%: ﬁ"ﬁh{e{:ﬂi{m%\mﬁc}ﬁu w Qm/)) et E\i‘é ]reég:t%ﬁ nﬁfﬁu& ‘etirred for

(N-al l yl oxycar | Toxocycl
al | yl oxal yl J- a4®midi end2 there fibteredel Jheofilétatewas maehwbmx&h enakar (GORYY) in

dry di chl or oneg W%ofzftq%)of §9innﬂx H%ﬁééh %S@ﬁa@@n@iﬁvlﬁ OthleﬁgﬂninEhﬁ{h
al Iyl oxal yl chlorjde (3m) were added err]p under nltrog _
Tri ethyleun ne egﬁﬂqr gplytion was concentra ed under reduced pressure, and the

oily residue dissolved in dry Xylene (30ml). Triethyl phosphite (2ml)
was added and the mixture heated with stirring at 140Y for 3hr. The
reaction mixture was_cooled, concentrated under reduced pressure and
the residue chramatographed {eluants CH/EA; 8:2) to give the title
compound (80mg) as a colourless oil.

IR (CDCI,)'v (cm 1): 1772 ( -lactam), 1717 (C=0), 1634 (C=C)

He-NMR & (com )s 6.0(m), 5.45 {m), 4.98 (m), 4.74 (m), 4.22 (m), &4.15
(dd), 3.28 (s), 3.22 {m), 3.21 (m), 2.07 (m), 1.84 {(m), 1.66(m),
1.6-1.2(m), 1.25 {d), 0.9 (s), 0.08 (s) ppm.

Example 3
Allyl (BR,9R, 105112R)-4—oxo-10-(1 (t-butyld1methy151lyloxy)-ethyl)-
ll-oxo-l-azatricyclo [7.2.0.0 i ]undec-Z-ene-Z—carboxylate

An aqueous solution of 10% oxalic acid was added with continuous
magnetic stirring to a suspension of silica gel (10g, silica gel 60,
for column chromatography, 70-230 mesh) in methylene chloride (20ml).
After 2-3 min. Example lg (4.31g) was added and the mixﬁure stirred at
room temperature for 2 hours. The sdlid phase was filtered and the
solid washed with methylene chloride (200ml). The combined methylene
chloride layers were washed with a 1% aqueocus sodium carbonate

solution, dried and evaporated to give the title compound (3.15g) as a
yellow oil. IR:v_ _ (COCI,) 1786, 1736 and 1696 cn-t; *H-NMR (300
MHZ, CDC1,) & 5.94 (m), 5.43-5.27(m), 4.75 (m), 4.20 (m), 3.95(dd),
3.34(m), 3.24 (dd), 2.6(m}, 2.37 (m), 2.25-2.1 {m), 1.8-1.6 {(m), 1.25
(d), 0.89 (s) and 0.08 (s) ppm.




added dropwi se over 5 min. ‘The reaction mxture was stirred at 22[err] for
‘45 mi‘'™ then washed with a saturated solution of ammoni um chloride .
(2x90m ), brine (2x90m ), dried, and evaporated. The residue was

chr omat ogr aphed on silica gel, using a petsfoleum ether/diethyl ether 1/1

m xture as el Eant! 19 afford the title caonpound as a colourless oil (4.0g;
t.l.c. diethy Rf"0.76) IR V (CDC1l) 1809, 1753, 1703, cm[err];
[err] HNMR (38 Mg,(aw;gwmﬁ}lmxaauyg_igm-ma(n((n%butmeﬁimylsaiIJM;

7 g?ggﬂ) 0482*(597@!;;4%%(5 #%1-&@9@10 gﬁéﬁo”cb; 1uRGED2—efe2Leaiboxg1dEel- 8(M
2- (2- benzyl oxyet hdrygn dpetasexepiatéon ofi Sxampte 3 (Yglndpj pethanol (20ml) and
2- hydr oxycycl QRgsanensL) 1§od71§lat b&oh%ﬁ!ho&ﬂﬁﬁteﬁmh ddéed) irdBUportions over

t ol | ph d | d
Bttt ask tPafug byniha e atifiadnss the T he MaIRERinGH BARIEELA Pos The
‘resul ting sol utitlmrﬂﬂ/aeed:hsadlmrbhldmhechd/\A(I%t).somdmhgmhtng&n (i:mnﬂ()natda
3x50m ) dried a t rat d
o Y GO, i M RSB RO LI, 157,
I t wdkimgraker), diviedandievapo tgi RFthe tlel 880 g) as
L R T G S
sSni m
2. a8(m 2 24@@ 211 (e 3941@, 1595( () Pr l(m'é-dl"a D (BaLate), b7
)3-[(R)-1-(t- lttm)ylﬂ'vﬁﬁtdml szlszl axY,) 213 (k) 4%.68)@,) t1.2k6{nX,21.22 (dd),

benzyloxyetho ocC 0, exyl]]azetldln- -one
2,2,6,6- tetra % ﬂsapp%ﬁ ‘F})ePP‘I‘Z 79) was dropped to a solution of

Examgle 5

Example Sa
Allyl (45,85,9R,10S, 12R )-4~methylthio-10- (l-hydroxyethyl }-11l-ox0-1~

azatricyclo [7.2.0.0 B ]undec-2-ene—2-carboxylate

To an ice-cold solution of Example la (1.75g) in dry tetrshydro-
furan (70ml), acetic acid (2.32g) and tetrabutylammonium fluoride
(3.05g) (11.7ml of solution 1.0M in THF) were added. The mixture was

. stirred at 25YC for 20 hours then diluted with diethylether (250ml)

and washed with a 2% aqueous sodium bicarbonate solution, ice water
and brine. The organic iayer was dried and evaporated under vacuum to
give a thick oil which was chromatographed on silice gel using an EE/P
(7/3) mixture as eluant to afford the title compound as a yellow oil
(0.52q). IR:\amax (COC1,) 1772 end 1720 cm~*; *H-NMR (300 MHZ CDCl,) &
5.96 (m), 5.43 (dq), 5.27 (dq), 4.80{(m), 4.67(m), 4.21 (dd), 4.20 (m),
3.48 (m), 3.25 (dd), 2.0l (s), 2.10-1.60 (m), 1.50-1.30 (m) and 1.32
(d) ppm.

The following compounds were prepared'using the same general
procedure.

Example 5b
Allyl (BR,9R,105,12R)-10-(l-hydroxyethyl)-11-oxo-l-azatricyclo




- 46 - n-butyllithium2.5Min hexane (33n1) I n tetrahydrofuran (150m ) at
*-70C:§nder a nitrogen atnmosphere. The reaction nmixture was then warmed to
10C, recooled to -70 and intermediate 36 (18.72g) was slow y added

mai ntai ning the tenperature bel ow -70C._ Affter the addition was conpl et ed,
the solution was naé i ai ned at that tenperature for 15 mn and then

i nt er medi at e[ 2-2-810 A3dyndeg-2=enez2zearponydatesnoni ) was added over 30 mins
mai ntai ning the tenperature bel ow -70C. The reaction was quenched after 5

-m nut es usi ng a T :i ure of ammonium chloride (100 m saturated sol ution)
and hydrochl (200 M 10% solution) and extracted wth ethyl

acet ate. TheAdlyjarks,8s Res tetihowy-+119- Kk thydroxpeithyl )'(lh‘n‘?’*ﬂnl‘r ated under
r educed pres%gé%i%gglﬁgzi.f.ige#;%ﬁuf:h@cs-z-%@;&m%&gﬂ% usi ng
cycl ohexane/ itle conpound (2.2g.,
RF=0.65). IR CDC1, (cn{ err]): 3418(NH),.1757(C=0 |l actanm), 1718 (C=0), 1603
(CG0). [err] i e369 Mz CDCl[err], chemcal shift (ppm TMS): 7.32(m,
5.71 (s broad‘):%@._%‘ ] 4., 18( . SS 3. 6- 3, , 3.15(m,
2.87(dd), 2.43iyd (89,9fy) A 3%8 :
| nter medi at e {382.0.0 ? ]undec—-Z-ene-Z-carboxylate
(3S,4R-3-[ (R -T-(t-butyldinmethylsilyloxy)ethyl]-4-[(R2'-[(S)6"-(2-

azi doet hoxy) -1"' -oxocycl ohexyl]]azetidin-2-one To a stirred solution of the
i nt er nedi at e EX@mg)® 3¢) i n anhydrous di net hyl f or mam de (20m),

triphenyl phogahl Ngus 2s F@,@ﬁéfﬂsdiéﬁmaumg@dﬁa-«lﬁ% 4pdthy2ldadoxdarbon
tetrabromd e resulting
m xture was Wt[ﬂ arMhyl qﬂdﬁﬁz"ﬁqﬁna‘ﬁaﬁbﬂi‘XMQd three tines with
water (30m ). The organic | ayer was

Example 5f :

.Allyl (4R,8R,9R,10S, lZR)—4—methy1th10—lO-(1 hydroxyethyl)—ll-oxo-l-
azatricyclo [7.2.0.0 g ]undec—2-ene—2—carboxylate

Example 5g :
Allyl (45,8R,9R,10S 12R)-4-hydroxy-10 {1- hydroxyethyl)-ll—oxo-l-
azatricyclo[7.2.0.0 T Jundec-2~-ene-2~-carboxylate

Example 5h
Allyl (4S,8R,9R,10S lZR)—&-methylthlo-IO (l-hydroxyethyl) 11-oxo-1-
azatricyclo [7.2.0.0 £ ]undec-2-ene—2-carboxylate

Example 5i . .

Allyl (45,8R,9R,105,12R )-4-methoxy-10-(l-hydroxyethyl)-1l-oxo-1-
- > ©

azatricyclo [7.2.0.0 ’ lundec-2-ene-2-carboxylate

Example 5k
Allyl (45,85,9R,10S 12R)-4-methyl-10-(l hydroxyethyl) 1l-oxo0-1-~
azatricyclo [7.2.0.0 g ]undec—Z-ene—Z-carboxylate

Example 51 :
Allyl (4R,85,9R,10S lZR)-h-methoxy-lO (1- hydroxyethyl)—ll oxo-1-

azatricyclo [7.2.0.0 g ]undec—Z-ene—Z-carboxylate




dried and evaporated in vacuo. Thegresi due was chronat ographed on silica
gel, &sing a ethyl acetate/cycloh&xane 7/3 nmixture as eluant, to afford the
title conpound as a colourless oil (2.6g t.l.c. ethyl acetat el cycl ohexane
9/IRF=0.8). IR (CDCl[err], V max (cnferr]) 3161 (NH), 1759 (lactam, 1707
(C0) H-NWR (CDCl[err]): 5.84 (sa), 4.18(m, 4.00(m, 3.71(t), 3.60(m,
3.49(m, 3.35(m, 3.12(m, 2.88(dd), 2.25(m, 2.20-2.00(m, 1.6(m, -
1.22(d), Q. 86(s) 0 06(s) 0 05(s) =47- lnternediate 39 (35

) -
(R -1- (t-putsyl di 8t hysE yi o¥y ¥t kY1 ] - GR)2'{(5)G;‘ (28 ¥ 2@
azi doet hoky) - (R/'S)-1' - hydroxycycl ol hexyl]]azetidi n-2-one To a sol uki on of
the interpediate 38 (2.6g) in nethyl al cohol (70Ml at -10C, sod{ uM
borohydripe £0. 409 wasraddeg: | n=15=m 1 then, akter I=hr tpe Mx{.uzd wee
quenched W th a gtura'f'ed SOl u{?fon of am‘mﬁ]um c°h| oride ( 0n1) h% eyl
acetate (Ex—]:&&%—)—-ﬂ‘he—m*g-a-ﬁ-rﬁ—ayﬁ—v\m tet—ant—evaporated—toraffiogdrihe
title conpoddd (2&889g) Es @ xtgresof Ywo @ ast éreoi fPrersS(t. I E_.,,F“(‘f 2B 4
et hyl acef at®/ cycgohexé’ne 9% 5)@ IR (DA [&r] B max ‘?cm)°341@ N BH) ,
2108 (N) R753 (lactam) H-NMR (CDC1 [err]): 6.3 sa), 6.08(sa), $.84(§a),
5.96(sa), 24(Mo 4 0% 3. Tl Me 32 I@a), - T0+ U(ra,, T RBZ2( O | 12 ;
0.90(s)., . 18(5) dntebnediaie 40 v » W o e » g ‘&g.
(35, 4R) -3} [ ( )-|-i°t buf¥y! di et h?| sH yrdxyzethyl 124-[ (R 21-P(9) &' {(2-" o
al | yl oxyc pbeni-yar-reet-Rexy——exeeyet-ehexyt—tazet-d-r—2—oehe =
e e v e e 9 e by e = Y &8 F
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,To a solution of the intermediate 39 in anhydrous t et rahydr of ur an (100n1)
Ptri ﬁhenyl phosphirne (1.6g) was added,. the m xture stirred at room
tenperature for 36 hr. and then water (0 09m ) was added. After 12hr the
m xture was cooled at -50[err], and N-ethyl pi peridine (0.9mM) and
allylchloroformate (0.8m ) were added. -Aer 3 hr the m xture was dlluted
with ethyl acetate (100m ) and washed with a cool ed 5% sol uti on of
hydrochloric acid (2x 30nm ). The organic |ayer was dried, evaeporated and
purified on Ekénple §el u3|ng a ethyl acet at e/ cycl ohexane 6/4 mxture as
eluant. The, R eus! 3 ) |)gm I’)DIIFIJ,}@.EF._ (30m),

pyri di ni um crforo 0 e 11 116 YT ure was
refl uxed. Apzgfrigyglo iﬁfz Q’[ ur]ﬂnmzftﬂg‘?rmbﬁﬁ)’lr@l te and Washed with a

gool gd 5;/0 sgl uti ;Eﬂatﬁ]:flehid(f%ﬁbi lealstﬁfsb@védZXRCHﬂy) tttefﬁhﬂy@fcg't%B?ﬁ dzayfi hwas

ri ed and chrongt a ilica S e cet at e/ cyc] ahexane

2/8 as eul anBCeHCa g?ﬁrgg %lﬁmﬂseae%ﬁip&ﬁ@ oﬂgﬁPf o0 9 | y(0 759)

'E Irrtc. ])et gﬁggmaymmmimhex?gade/m ﬁaﬁh&g.l)ofuraﬁ 4@145!19.)( C[Ig)b b&m:)tmr]\ R
cnerr a or

(CDCL,): 5. 9¥PRy® lgr?%(ag\lzﬁ)g‘ El' Z%g‘ g%x(l# &ﬁ%@@ﬁh } (SDH)

3. 80- 3. 20( ) exBra@Bediwith. sg(zn;qmm@nr ao{ingn, hﬁl‘QQQfd)iarb)Jﬂ@?é §2 x05@M)s)

0.06 | nt
2 [(gg)m) Mo R;ul% Aéutyl r

4-[(2'S, 6' R éasfrnshﬁwtfgrﬁ?)aésc
hydr oxyacet alcdmpound 20mg as an oil.

T residue after evaporation was purified by
hy S|Iy oxy) b? h
s, CHAR phkse) hanobtep. the it

IR (cDC1,) Vnax (cm!): 3609 ( 0-H), 1772 ( lactam), 1717 (C=0), 1642
(c=C) g

" H*-NMR s (CDCl,): 5.96 (m), 5.43 (m), 5.27 (m), 4.96 (m), 4.82 (m),
4.68 {m), 4.237 (m), 4.19 (dd), 3.25 (s), 3.28 (m), 3.20 (m), 2.08
{m), 1.9-1.8 {(m), 1.65 {m), 1.45 {m), 1.32 (d) ppm.

Example 7
Example 7a
Allyl (45,85,9R,105, 12R)-4-methylsu1f1nyl—10-(l-hydroxyethyl)—ll-oxo-
" 1-azatricyclo [7.2.0.0 £ ]undec—Z-ene-2-carboxx}ate
To a solution of the Example 5a (0.15g) in dry dichloromethane
(30m1) at -78YC, 3-chloroperoxybenzoic acid (0.77g) in dichloromethane
(10ml1) was added dropwise over 15 minutes. The mixture was stirred at
-78YC for 1 hour then washed with a 3% aqueous sodium sulphite

solution followed by an ice-cold 3% aqueous sodium hydrogen carbonate
solution and water. The organic layer was dried and evaporated to
give the title compound as a clear oil (D0.10g). IR:Vmax(CDCl’) 1778,
1717 and 1040 cm~*. *H-NMR (300 MHZ, CDC1,) & 5.96 (m), 5.35 (m), 4.77
(m), 4.23 (m), 3.29 (m), 3.10 (m), 2.68-2.55 (m), 2.58 (s), 2.2-1.6
(m), 1.5-1.4(m) and 1.30 (d) ppm. .

Using the general method described above but with a reaction

temperature of -40YC



O a. solution of the internediate 2a (0 6g) in dry toluene (5m) benzyl
'glyoﬁylate (0.83g) and 3A nol ecul ar sieves were added. The resulting

m xture was refluxed for 3 hrs with the use of a.-Dean Stark trip to renove
wat er, then concentrated under reduced psessure. The oin resi due was

chr omat ographed on silic d% SS ng a cycl ohexa&g{ eth acet a§e 8/ 2
mxture as ePlkwlt (43:FRa¥R.d08, 3& =4tmethy ks pvdal %?P‘M?'@"Y& -Ha9xPsoner s

S/ 0. 679(Ctn{ er?-aﬁtﬁh 6%@9{3&’" M%&%:E\éh—c@ibo@lﬁﬂeﬁ'@%p 113ng eeraB (CDhC1
[err] H NVR( 3613g Pg‘? r%}‘c(l%mﬂ f“&giﬁrﬁ‘l%wée&?&%e“?%(’&}é 5. 34(d),
5.16(d), 4.8Q96Rg).4, 21(rr) 4.05(n), 4.05-3.90(n), 3.55(d), 3.53(m),

3.48(m, 3.24(s), 3.23(s), 3.2-3.0(m, 2.94-2.86(dd), 2..15-1.40(m,
1.26(d) I nternedi ate 42 Et hyl

2-[(3 S, 4 R)E&Lﬂyﬁﬁ_l" (t- butlyldlnethyIS|Ionxy)ethyI] 4'- [(2" "S, 6
"R)-2'- nethogy ' oncyclohex 6 "'-y-lazetidine-

2'on-i'-yl]- acetate To a solutlon of
(3S, 4R) - [(ﬂvtqssaumh(ﬁsyﬂ 2 methy pdpoxyethy13-11-oxo-

et hoxy-l | oxqcysdtaeyc1®’ fy)2. azmt'IQuﬁue%-@%e(-ﬂ-oﬂaﬂbo*yladéy tetrahydr of uran
ol coul ar o1 eves WP UGN Ohifspla 5 (Z00RIL AlH e ripBebaPPuiiae “F5e)
for 17 hrs, tihea ndxtuteedf'vdxtyhdmﬂiytom{aalm €30R0mhy ethyl acetate (3ml), was
' added a solution of potassium 2-ethylhexanoate (246mg) and
tetrakis(triphenylphosphine) palladium (86mg) in dichloromethane
(Aml). The mixture was stirred for 30 minutes then diethylether
(25ml1) was added and the obtained solid filtered, washed with
diethylether and dried to'give the title compound (400mg) as a yellow
solid IR:vmax {Nujol) 1749, 1701 and 1589 cm—i; ‘H-NMR (300 MHZ,
D,0-Acetone) s. 4.53 (m), 4.06 (m), 4.02 (m), 3.24 (m), 3.18 (m), 1.83
(s), 1.85-1.50 (m), 1.4-1.2(m) and 1.10 (d) ppm.

Using the above general procedure the following'compounds have been
prepared and specific details are given in the table.

Example 8b
-Pot3531um (BR 9R, 10S lZR)-lO-(l-hydroxyethyl)-ll—oxo-l-azatrlcyclo
[7.2.0.0 % ]undec-2-ene-2-carboxylate.

Example 8¢
Potassium (45,85,9R,}0§,12R)-4-ethoxy-10-(l-hydroxyethyl)—ll—oxo-l-
azatricyclo [7.2.0.0 * Jundec-2-ene-2-carboxylate.

Example 8d
Potasslum (85 9R,105,12R )-10-(1-hydroxyethyl)-11-oxo-1-azatricyclo:
[7.2.0.0 % ]undec—Z—ene—Z-carboxylate



;- 49 - washed with brine (3x70m ), dried and concentrated under vacuum The
.crud€ product was chromat ographed on silica gel, using diethyl ether/ |ight
petroleum 3/7 as eluant, to afford the title conpound as a col ourl ess oi
(0.19) (1/1 mxture of isonmers at 2 posifghpon, t.|l.c. diethyl ether; Rf=
0.63 nd 0.51). IR(CDO [err])Vmkcm[err]~ 3524(0-H), 1747(C.0 =0 lactam,
1715(C=J est g_rmlExﬁmple | Exanple la Allyl

(45,8S,9R, 1 t t [

et hyl) -1l - og‘g"'ﬁ" aza"f 7 a5 Jﬁ] o %2%)& t‘ét P]ﬂtﬁngi %Qg’%’?’%tbﬁc};? )'ox ate To an
i ce-col d sol ﬂﬁﬁmcrﬁlfiﬁt%ﬁﬁ@d é‘ued%z('@% ggarbaxyigdat of dichl or orret hane,
pot assi um carbonate (3g) was added. The m xture was stirred for 10 mn,

then allyl oxal yl.ch] oride (5.57g) followed by pyridine (3.48g) were added.
The reaction was stirred at 25[err] for 1.5 hours then diluted with

di chl or onet thEassturi t(GReER,9&@.H1$$M2R/\1—1¢hméht@1tmlodw\e(tlehymdydmyed-ll%mal of
t he sol vent 5 0 iy K 79) which was
di ssol ved i n yt%g g(rileu%%erfﬁq% Pﬂr“g%ter eateg cfﬁéa?’é'?g?%yl phosphite

(9.97g). The obtai ned solution was heated and refluxed for 6 hours, the
sol vent renopg g,, vacuum and the residue chromatographed on si lica gel
usi ng m xtur as eluant to afford the title conpound

(1.78g) as ang/qusew' 5;'5R,|9F§'m5 3128 eAchydnoxyy10t th<hydnexyethybml lea-1-* H NVR

(300 MHZ, naygzé#Ebpérd ) [P, 20@(@)’ Jande2( Pened2 ZGirBbxylatd (M, 4. 70(m),
4.17(m, 3.41(m, 3.20(dd), 2.02(s), 1.9-1.7(m, 1.23(d), 0.88(s) and
0.080(s) ppm . Usi ng the_same general procedure the foll ow ng conpounds were

prepar ed: ExBErmipdel 8h
Potassium (45,8R,9R,%0§,12R)-4-methy1thio—lﬂ-(l-hydroxyethyl)-ll-dxo—
azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Example 8i .
Potassium (AS,BR,9R,%D§,12R)-4-methoxy-10-(l-hydroxyethyl)—ll-oxo—l—
azatricyclo [7.2.0.0 ' Jundec-2-ene-2-carboxylate.

Example 8j
Potassium (4R,8R,9R,%0§,12R)-4-methyl-10-(l-hydroxyethyl)—ll-oxo—l—
azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Example 8k
Potassium (45,85,9R, 105 lZR)—Q-methyl-lﬂ-(l-hydroxyethyl-11-oxo—l—
azatricyclo [7.2.0.0 % ]undec—Z-enevZ-carboxylate.

Example 81
Potassium (AR,BS,9R,%05,12R)-4—methoxy-10-(l-hydrOXyethyl)-ll-oxo—l-
azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Example 8m .
Potassium (45,§R,9R,lOS,125);4—mefhylsulfinyl-lO-(l—hydroxyethyl)-ll—
oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.



_—f -

Al lyl {8R 9R 10S, 12R)- 10- (I - (t-butyl di met hyl si | yl oxy)ethyl)-11-
oxo- | - zatrlcyclo [7.2.0.0[err]] undec-2-ene-2- carboxylate - 50 -
Exanpl e |c All T 7% BS IR 18S, T28) - 4- & NOXE 10 G =t tgbutyigimstfiyt=—
si 1yl oxy)ethyl }-11-6%o-17az&fricy@ o [?.2.0%0[ er P] ] unec- 2Fehe* 2-
carboxylate. Exanple Id Alyl g
(BS, 9R, 10S, 12R WM}&L& tycl o
[7.2.0.0 [err]|)undec- 2- ene-&-carBoxyl ate. Examphe | e |yl s &
(4S, 8R 9R, 10S, }12R) - 4- et hyl - 10- (1- (t - but vl di rrethylsilyl gg
oxy)-ethyl)-Il{oxo-ksazatricyclo [;7.2.0.0 [gy ynhdec{2-eng; P-_ca be>g,' ate.
Example |f Alyl (48R &R 18S, 12R) - 4- @thyghloolo (M= (t- ?J yf:di 're%h:y -
sinony)-ethyI)-II-oxo1azatr|cyclo[72 .0[err]]undec-2- grg-2
car boxyl ate. Efanplelg-Allyl ~
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,51 ; Exanple |i Allyl

(4S 8R1‘9R 10S, 12R) - 4- net hoxy- 10- (1 Et tyI di met hyl si |yl -
oxy) et hyl) -1l -oxo-l-azatricyclo[7.2.0.0 [err]]undec-2-ene-2- carboxylate..
Example I'j Allyl (4R 8R 9R, 10S, 12R) - 4-rte hyle 10- (dd- (T ?utyladl m thyl si Tyl|-
oxy) et hyl -11-oxo-1-azatricyclo [7.2.0. 0[<=rrﬁ undec- 2- ene- 2- béxyl ate.
Exanple Ik Allyl (4S,8S, 9R, 10S, 12R) - 4- nef hyl - 10- (1 (t butyl d| net
silyloxy)ethyl)-11-oxo-1|-azatricyclo [7. ¢:.U\H|_c| T\]..JUIILW{L-T@IU EZrmT =0
carboxyl ate. Exanple 11 Al lyl bl -
(4R, 8S, 9R, 10S, 12R) - 4- net hoxy-10- (1-(t-bu deJ met hyl si Lyl - en
oxy)-ethyl)-11-oxo-Il-azatricyclo [7.2.0. (l)[erqs]und;ec 2-@ne- chrboxylmbe.
Exanple I m Al lyl (8S, 9R, 10S, 12R) - 4- et hoty- - (1-Lt - buByl dlﬁet nyksi | yTExly) -
ethyl)-I1-oxo-l-azataricyclo [7.2.0.0[erq]]undec-2, 4-di ene- 2- :a§bo><y| atle
Exanmple In Allyl (8R 9R, 10S, 12R) - 4- net hoyy—36- Ll—(t BHyH-eh-retpy “‘ o) -
ethyl)-11-oxo-1-azatricyclo [7.2.0.0 [err]unOQec 2._4 digne-2- ch @% Irate.
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- 52.- The physical characteristics for the above conpounds together with
m)dlflt.atlons in the reaction conditions-abé&-given in the follow ng table.
[err] [err] - 55- Exanmple 2 Allyl (4S,8S,9R, 10S, 12R) - 4- net hoxy- 10-
(1-(t-butyldimethylsilyloxy)- ethyl]|)-Il-oxo-I-azatricyclo [7.2.0.0
"[err]lundec- 2Eaampl®- 8ar boxyl ate Intermediate 2a (0.5g) was dissolved in

met hyl ene chl (.24 & r _ | Ui canbpnat, 9yg) added and
the mxture 9 lt(’@bs El%ﬁ .w £ % 1A ., ori de (0.2n)
was added foI dnexp-lyazatirdeynlioh7i%:8.8 ¢ Jnndec-2rene-gd-eanbanylatet ure stirred

for 40 mn and thexghpid 8" €fmg] Nead Hié&ﬂbéd Viﬁ%i‘ﬁ%ﬁ@fkﬁ%%&dﬂ@heﬂm@omd) a

5% sol ution of sodj um hydr.ogen carhonate %ng dried. The
sol ution was d@ntRif ras addg cPeP°}‘étdBEef(?’BP‘ésf§BFea Daﬁd"“tlﬁé ALY due
di ssol ved in goyessiumne-etBPINexanddtecimdthpharpbites (0AWL), palladium

(tetrakis)triphenylphosphine (Smg) and triphenylphosphine (3mg) in
tetrahydrofuran (1.5ml). The reaction was stirred at 23YC for 20' and
then diluted with a 1/1 mixture of ethyl ether and petroleum ether.
The solid obteained was filtered, washed with ethyl ether/petroleum
ether mixtures and dried to give the title compound (5mg) as a white
solid. _
IR (cDC1)) Vinax (em~t): 1751 ( -lactam), 1589 (C=0)

- H4-NMR & (CDCL [): 4.76 (m), 4.07 {(m), 4.03 (m), 3.26 (dd), 3.08 (s),
2.99 (m), 1.84 {m), 1.71 (m), 1.53 (m), 1.41 (m), 1.2{(m), 1.11 (d).
ppm.

Example 10
Potassium (45,85,9R,105,12R )-4-methylsulfinyl-10-{l-hydroxyethyl)-11-
oxo-l-azatricyclo [7.Z.O.ﬂu’ujundec—Z-ene-Z-carboxylate |
To a solution of Example 7a (160mg) and triphenylphosphine {9mg)
in 4ml of a mixture 1/1 of dry dichloromethane and ethyl acetate,
potassium 2-ethylhexanoate (80mg) and tetrakis(triphenylphosphine)
palladium (20mg) were added. The mixture wes stirred for 45 minutes,
then dry diethyl ether (5ml) was added. The obtained solid filtered,
washed with diethfl ether and dried to give the title compound (25mg)
as yellow solid. IR:vmax (Nujol) 1751 car-i; *H-NMR & (D O-Acetone) :
4.6 {m), 4.07 (m), 4.04{(dd), 3.34 (dd); 2.93 (m), 2.50 (s),
2.22-1.6(m), 1.27 (m) and 1.09 {d) ppm.
Example 11
Allyl(45,85,9R,105,12R )~4-trimethylsilyloxy-10-[1-(t-

butyldlmethy131lyloxy)—ethyl]-ll-oxo-l-azatrlcyclo[7 2.0.0 %" Jundec-
2—ene—2—carboxylate

To an ice-cold solution of the compound of Intermediate 1l (2.79) in
dichloromethane (50ml) potassium carbonate (1.8g) was added. The



was added and the m xture heated with stirring at 140[err] for 3hr. The
reacti ®n m xture was cool ed, concentrated under reduced pressure and the
resi due chromat ographed (eluants CH EA; 8:2) to give the title conmpound

(80ny) as a colourless oil. IR(CDCI[err_lx,svgax(cn{err]) 1772( -Iactan),
1717 (C=0, 1634 (C=0) H-- NNRlerr 45 (m

%(_CDCl): 6.)%‘;?1 ; #1)
4.74 (1), 4. 2mixtdre wes stingey for 38 mig)y thenotriethylemipg (2ym b'@?i d- 1. 84
Eg)R 9]|§ ?8(8”)12aﬂ-lﬁ'o;eafy(dﬂlloon%ezglés(&w?da ifl ((J'fh%}uiloﬂ)lnﬁghér@ (PRI) whxadddke 3 Al lyl
0X0 i me s1 | ox
11- oxo-| - azat F’%W&FB ‘I"‘F"Z{%'ié T’ﬁlw’f lfr'i’ﬂ‘étr‘ ‘Qﬁoﬁéﬁhyﬁ%j ef % L Eous
sol ution of 18ReroXalteredsivhshes u&dﬁe&tmt@aewntll)numdmrme@,nﬁbmwaﬂtof rtheg t o
f | hy,
¢ Supensron gk 68,96 (Ll HLin Sl LA T AR 01
(4.31g) was addxedtyénmie t(B8mI) andrtreatéd Neth driethyd phospbita L(|5e7'ﬂc)r ’Q‘iehour s.
The solid pha%t df dd1luei&f walthelallEd SRl FoAIBREP Foli 3.8 ALY, ERE soNet de

(200m ). The co ned net hyl ene chl oride |ayers were washed 'With a 1%

aqueous sodi u omﬁe@ waruyk; ¢d- the iregiduegcraneseeraphed engpiticengel it e

conpound (3. 138ind% J.MQEEQW petroleliR and die(t%dtﬁéf](b/iY&% eldait 8ed 1696
cmilerr]; [err]F % max VHZ, géerr]) 5 (m, 5.43-5.27(m,
475(r‘r) 4. 28 F‘FHi °°"'° -6g4 apa °"‘2°’6‘(n), 2.37 (),

2.25-2.1 (m, IR (COC1G) (v"?nh J(ciaS*Id)ﬁI(C&G),(slySmOO, a®3660=Copm - 56 -

Exanpl e 4 HL-NMR a (COC1,): 5.96(m), S.44(m), S.4(m), 5.25(m), 8.72(m), 4.18(m),
4.08(dd), 3.28(m), 3.145(dd), 2.0-1.75(m), 1.6(m), 1.41(m), 1.32(m),
" 1.23(d), 0.8(s), 0.09-0.06(s)ppm.

Example 12
Ally1{45,85,9R,105 lZR)—A-hydrogy-lG [l (t-butyld1methy1311yloxy)-
ethyl]-11-oxo-l-azatricyeclo[7.2.0. 0 ’” Jundec~ 2-ene-2-carboxylate
The compound of Example 11 (1.4g) was dissolved in tetrahydrofuran

{20m1) and the mixture stirred at 0YC. Acetic acid (05ml) was added
followed by 1.1M solution of tetrabutylemmonium fluoride in

_ tetrahydrofuran (2.8ml). The reaction was stirred at 0YC for 45 min
then some more acetic acid (0.5ml) and tetrabutylammonium fluoride in
tetrahydrofuran (1ml) were added. The reaction was stirred. for 45 min
then poured into a stirred, ice-cold, mixture of diethyl ether (150ml)
and a 2.5% aqueous solution of sodium bicarbonate (100ml). The organic
layer was washed with water (2x200ml), brine dried and evaporated to
give the title compound (1.1g) as a clear oil. IR(CDC1l,) V max
(cm*): 1772(c=0), 1717(C00), 1634(C=C) '
H!-NMR a (CDCl,): 5.94(m}, 5.48(m), S5.43(m), 5.25(m), 4.73(m),
4.20(m), 4.14(dd), 3.36(m), 3.19(dd), 2.3(m), 2.1-1.8(m), .165(m),

- 1.51(m), 1l.4(m), 1.23(d), 0.88(s), 0.07(s)ppm.

Example 13
Allyl(45,85,9R,10S 12R)-4-methoxy-10 [l (t-butyldimethylsilyloxy )-
ethyll-11-oxo-1-azatriecyclo[7.2.0.0 i ]undec— 2-ene-2-carbaxylate




JAly] (4S,8R 9R, 10S, 12R) - 4- hydr oxy-10- (1- (t - butyi di et hyl si | yl oxy) -

ethyl xx11-oxo-1-azatricyclo (7.2..0. 0 [err]undec-2-ene-2-carboxylate To an
ice-cold solution of Exanple 3 (1g) in nmethanol (20m) and water (10m),
sodi um bor ohydride (180ngy) was added in 5 portions over 10mn. During the
additions the pH was nui ntai ned between. geand 7 with diluted hydrochloric
acid (19. chl or onet ha 100 00m ) r hen adgded, .t he
organi c Iayg:I %é‘ﬁﬂ?%ﬂ"@d"P%éé rrb‘} ﬁga/a gl?ﬁ‘ﬁjléad %?d‘\é\e‘vg‘ﬁ&r%thgﬁ a@%ﬁ/e
the title coopdemdi¥i@gengndasodledhatt e7810.. MetHylvtrifl(GsbiethdriEsd] forditd 693
cm'; [err]N X 28 (nj
4.77 (M, 4 55 %“?'599 Wie 9"%”[‘1%‘ ?gta(ség)‘“‘ (t’égé?‘(“#“’( lg’}‘ﬁ’éﬁfﬁ?dé T 05""5’() 1. 42
(m, 1.22 (dﬂ?M splaBionajn t®loghedayappdved-daopiiseSoveraRpioursa aAl Ly end’

(4S, 8S, 9R 10E e Rbrd BEh P e &9m§dhan¥§f19ﬁaﬁtgytd 3hd) U3 bl 11k | O

(7.2.0.0[err ec- 2- ene- To an 1 ce-col d solution of Exanple
la (1.75g). i YR Fr?@’ﬁsahﬁj’rl(ﬁmff @faPPt@?BH“Db siteipethydpilyl) amide) (4wl

tetrabut yl amypsh um £diuehéYie Af Be0200oUr] the HeafiohOhisltu@d wasD dz@dThlﬁ)o wer e
added. The m xture was SEII‘I‘E at 251C for 20 &ours then diluted with

di et hyl et her ¢ 1R85 AE ETRPR M, chlpride giem L) and AepREakasontiee
sol ution, icergaiier 1@& Rég IWQshéEhQJ.t}f gan% Gollatyidn uas;odﬂnmhaadoewmﬁat ed

under vacuu hi c S chronat a hed S|L|ca
Lot aaC Ly oo, Skt Shacbiindl el SYFBRREH. SRS 8100 rRlendd B8
yel l ow oi | (@hsgrptograpRed on siivglyell pEngiadmitade coft pet:[oellem]\ Hmime(mb VHZ

cod,) 6 bR & und? 421 (dd
ol %n) X zgh.?%wm a3 f%d)ﬁéqez) 5&%?1 Mél)tatfe %% d (ﬁlﬁ(ng) 8% r‘r)( aald

1.32 colourless 011
IR(COCL,) v (eur*): 1772(C=0), 1717(C00), 1634(C<C)
‘H-NMR a (com ): 6.0(m), 5.45(m), 4.98(m), 4.74{(m), 4.22(m),
4.15(dd), 3.28(s), 3.22(m), 3.21¢{m), 2.07(m), 1.84(m), 1. 66(m),
1.6-1.2(m), 1. 22(d)9 0.9(s), 0.08(s)ppm.

Examgle 14 .
Ally1(45,85,9R,105,12R )-4-methoxy-—10- (l-hydroxyethyl )~
= : 1l-oxo-l-azatricyclo[7.2.0 0 ! ]undec— 2-ene-2-carboxylate

The compound of Example 13 (370mg) was dissolved in dry
tetrahydrofuran (12ml) acetic acid (D.5ml) was added followéd by a
1.1M solution of tetrabutylammonium fluoride in tetrahydrofuran
(2.85m1). The reaction was stirred at room temperature for 30 hours
then diluted with ethyl acetate {200ml), washed with a 5% solution of
sodium hydrogen carbonate (2x200ml) then with brine, dried and
evaporated to give a yellow 0il which was purified by chromatography
using diethyl ether as eluant (Rf 0.4) to obtain the title compound
(180mg) as e white oil. .

IR(CDCL1,) V max {cm=+): 3609(0H), 1772(C=0), 1717(C00), 1642(C=C)
Hi-NMR S (CDC1,): 5.96(m), 5.43(m), 5.27(m), 4.96(m), 4.82(m),
4.68(m), 4.237(m), 4.19(dd), 3.25(s), 3.28(m), 3.20(m), 2.08({m),
1.9-1.8(m), 1.65(m), 1.45(m), 1.32(d)ppm.

-



(d) ppm The follow ng conpounds were prepared using the sanme general
procedure. Exanple 5b Allyl

(BR, 9R, 10S, 12R) - 10- ( 1- hydroxyet hyl )-11- oxo6 1-Tazatricyclo -57- [7.2.0.0 "
| undec- 2- ene- Exe@ple0ky| ate Exanple 5¢ Allyl (45

' , BS, 9R, 105, 125)0 ass%.n 4, B%%R( Dg' 9—-¥%E¥$Qy H) ﬁXReroxgéWI')QYPloQolf 2.0.0

| undec- 2- ene= re—oa ATyl

(85, 9R 105, 12Rzattiayilo\dr 2581 hy 2-

undga-2yr0e-2-garhoxy k8kE o
Tom ) 8R, 9R, 10S
[12R) 4ot L]y} Egeﬁ‘a tfdgfgﬁ i le’ﬁ‘? DrCEAPLE 13 (410ng) drkh

C
17. 2. 0. O[ er r | |tadeferny3p iné PBBL}Pa?@ Eﬁ&?ﬁbvérqﬁvrﬂgq {3 solution of

(4R 8R 9R, 10S-tel3331's4tfﬂiﬂwlawlﬂhb9pﬂigle()d>a]hhdhﬁxB(Mnfgbl in Jﬂetmdref' st (2rdycl o
[7.2.0.0[err]lunde

8R 9R, 105, 12R2™%-# d%% gl‘fﬂar late EgT‘erﬁ ’E?E‘8A$ %g%‘gf ?ﬁeé"?/c?“&["ﬁl.yz. 0.0

[err]]undec- 2- aetdedQ-Tbantanim mEMmp#@ Shirtledyfox( 38 min then the obtained
, 8R, 9R, 10S, 12R)-:4- |
R 0 Tor ke ¥ el Barkehs Plodil weKRLd LR B afXflire P HALENY Bl

-ene- 2-car QP
and tetrahydrofuran (8/2) (3x10ml) and diethyl ether (2x10ml) then

dried under vacuum to give the title compound (400mg).

‘IR{Nujol) V max {em!): 3609¢0H), 1772(C=0), 1717(C00), 1642(C=C)
HL-NMR S (D 0O~Acetone): 4.6(m), 4.07(m), 4.04(dd), 3.34(dd), 2.93(m),
2.50(s), 2.22-1.6(m), 1.27(m), 1.09(d)ppm.

Example 16
| Ally1(45,85,9R,105,12R )-4-allyloxycarbonylamino-10-~{1-{t- . 5
" butyldimethylsilyloxy )-ethyll-11-oxo-1-azatricyclo[7.2.0.0 ’ Jundec-
2-ene-2~carboxylate '

To an ice cold solution of Intermediate 17 (2g) in anhydrous
dichloromethane (100ml), solid potassium carbonate (0.680g) was added.
The mixture was stirred for 30min., then allyloxalylchloride (0.88g)
followed by triethylamine (0.59g) were added. The reaction mixture was
stirred at room temperature for lhr, then further allyloxalylchloride
{0.88g) and triethylamine (0.599) were added. After 15 min the
reaction mixture was diluted with dichloromethane, filtered, washed
with 5% hydrochloric solution, 5% sodium hydrogen carbonate solution,
and brine. Removal of the solvent gave the crude oxalimido
intermedidate which was dissolved in dry xylene (130ml) and treated
with triethylphosphite (7.4ml). The obtained solution was heated at
reflux for 2z hrs., the solvent removed under vacuum and the residue
chromatographed on silica gel using a mixture of
diethylethér/petroleum (9/1) as eluant to afford the title compound
as a yellow oil (1.7g); IR:V max (cocl,) 3425, 1769, 1742, 1649 cm';




uAIIylg(45 8R, 9R, 10S, 12R) - 4- net hoxy- 10- ( 1- hydr oxyet hyl ) - 11- oxo- | -
'azatrlcyclo [7.2.0. O[err]]undec 2- ene- 2-qﬁ;boxylate Exanpl e 5k Al lyl
(4S, BS, 9R, 10S , 12R) - 4- et hyl - 10- I-hydr? ethyl)-Il-oxo-1- azatricyclo
[7.2.0. O[err]!*tl\‘#‘(ﬂe&}@«1 8H2, EDehshEx§P=r8 ﬁpgl%“%i PPryi18(m), 4.96(d),

E;lRZBg gl[? 108] mm),%mthwwi@(g()l yd(axy,et g (ddil mggd} Exmt(a.lbpygl z” |
.2.0.0[err n - Exanpl e
(4S, 8S, 9R, 10@ ¥2h§?ﬂ;h§f§d§§2Tg q1¥%§gfd%f$g?%yk&01%aéxo | - angricycIo Y

[7.2.0.0[ err]undec- 2- ene-2-carboxyl ate Exanple 2 (80ng) was dissolved in

dry tetrahydgof §2n1) acetic acid (0.09m) was added followed by a IM
sol ution of fte vlannnnlun1fluor|de |n tetrahydrofuran (0 45n1). The
reacti on wasAgiy IR R 2481 lvigKygs @n :

(50m), extr agled Wradhsa éfe[-?OiLﬂ gon mdmLunameam e ponate. (2
50m ) then : ed by

) fi
flash chromat'8g?hpfs qEHuS 'hf’ﬁyttﬁérgﬁ)ﬁrgp“ I ound
20mg as an oi(koml R 6&d¥le] 8¢1d X0 o8y érvm‘serid et sy Xambium 117Jo%1(1el actam,

1717 (G0, % gyé&ate (1.83g) were added. The mixture was stirred at room
temperature for 30 hrs., then poured into water and extracted with
ethyl acetate (3x180ml). The organic layer was washed with 5% sodium
hydrogen carbonate solution and brine, dried and evaporated under
vacuum. The residue was chromatographed on silica gel using & mixture
of methylene chloride/methanol (9/1) as eluant to give the title
compound as a white foam (0.4g); IR:V max (CDC1,)3447, 1772, 1718cm‘;
‘H_NMR (300 MHZ, CDCl,) 6.05-5.8(m), 5.45-5.39(bt), 5.4-5.15(m),
4.94(m), 4.9-4.6(m), 4.54(m), 4.21(m), 4.16(dd}, 3.19(dd), 3.12(m),
2.05-1.5(m), 1l.4(m), 1.31(d).

Example 18

(45,85,9R,105 lZR)-Q—amino—lD-(l hydroxyethyl )11--ox0-1-
azatrlcyclo[7 2.0.0 i Jundec- 2-ene-2-carboxylic acid

A solution of the Example 17 (0.4g) and acetic acid (0.24g) in dry
tetrahydrofuran (10ml) was stirred under nitrogen for 15 min. Tetrakis
(triphenylphosphine) palladium {0.650 g), dissolved in dry
tetrahydrofuran {15ml), was then added and the mixture stirred for
lhr. The obtained solid was filtered off, washed with diethylether and
dried, to give the title compound as a pale yellow solid (0.230g); IR:
Vmax (Nujol) 3364-2669, 1767, 1872, qm*; ‘H-NMR (300 MHZ, D 0-Acetone)
5.0({m), 4.12-4.0(m), 3.32(m), 3.09(m), 2.0-1.5(m), 1l.25(m), 1.12(d).

Example 19
Ally-(45,85,9R,105,12R )~4-(allyloxycarbonylaminomethyl )-10- [1-(t-

Butyldimethylsilyloxy )-ethyl]-11-ox0-1-azatricylco-[7.2.0.0 it ]-
undec-2-ene-2-carboxylate




Herr}aN\VRs (CDCl[err]): 5.96 (m, 5.43 (m, 5.27 (m, 4.96 (m, 4.82-(m,
4.68 (m, 4.237 (m, 4.19 (dd), 3.25 (s), 328 (m, 3.20 (M, 2.08 (M,
9-1.8 (m, 1.65 (m, 1.45 (m, 1.32(d')6ppr'n Exanple 7 Exanple 7a Allyl

1.
(4S, 8S, 9R, 10514€ddnedidtet by | (BULSd Nyhs Missdrvegdimxii¢tigth)dde enkuride (20ml)

1- tri I 7.2.0.0[err undec- 2-ene-2-car b ate T lution of the

Exarpl o Sa (0PLESPR HAPShren SRR RRReaBr (L) epgneii fol1bued By

3- chl or oper oxabkylosaklydchtoride 7(0g)18n1) @nd Hirde thydianinee (01 10m1) . if$enddbd

dr opwi se over tﬂ% mgg&teeaas 9B, UGA WS with rﬁe%ﬂ Pdne’ Zr?l&“&lq b@i),l hour

t hen washed w t@mﬁ% '/%Squgﬁ?lt%sf s%gi;un%;’;sphl ;g l;c;‘ Etlgriuh%lla&?iﬂxqﬁn

I ce-cold 3% a¥8 wkadeu das i gfracaraanage | : e

organic layer (3@l )Jr Tt odféhiBY Bdl@rahdd dkfed)iak@ évhﬁ%fld}ﬁhﬁarﬁ%g%!ﬂde@-s 9H R

(300 M, COCPERIHFS- 08, SRPIEHY  chivang{osa e iR 95y y1ens L90BY) (.

3.10 (m, 2. 63rﬂatﬁ51p§h@sph2té5§0((j&s)],) Rxéﬁgidﬁgaq(m)%nel.(ﬁ:o’bﬁél(wéreaﬂfﬁeﬂ. atd ¢og

ppm Using the.general_ nmethaq SCLi ¢d above ut with a reaction

t ature of"l%ﬁd"as e x-edAﬁIS/P‘ r-

l(zelgpg{r? 9; lPS,Tl!QIQolnethyimbbraﬁpld-UMe@I Pddpdgd))ﬂptsmde) t:de%}hiazz%n 0il which
-azatricyclo : J ~ 2 -2 anh

prépared ?ronréiéﬁ%?ggﬁﬁsifggﬁgﬁﬁgﬁ ggggﬁFQEE g%%xéﬁgﬁ%ogc acid E%%%?#

Exanpl e 8 cyclohexane 80/20 Rf "= 0.7) to afford Ehe ti¥1e compound (0.30g) as a

yellow oil.

IR {cmr4): 3450(NH), 1769(*C0), 1744(C0), 1715(CO);
NMR{ppm)5.92(m), 5.5-5.1(m), 4.9{m), 4.8-4.5(m), 4.18{(m), 4.11(dd),
3.72(m), 3.55(m), 3.3-3.0(m), 2.0-1.2(m), 1.36(t), 1.19(d), 0.86(s),
0.05(s).

Example 20

Allyl(45,85,9R,10S,12R )-4-(allyloxycarbonylaminomethyl }~10- (1~
hydroxyetbyl)-ll-oxo-l-azatricylco[?.2.0.03’6]-undec-2-ene—2—
carboxylate ; ' o
Example 19 (0.30g) was dissolved in dry tetrahydrofuran, acetic acid
(0.3m1) and tetrabutylammonium fluoride (2.5ml of M solution in THF)
were added and the mixture was stirred for 30Ihours. The mixture was
diluted with ethyl acetate (150ml) and washed twice with brine (100m1)
-and with 'a 5% aq. sodium hydrogen carbonate solution (80ml). The
oranic layer was dried and evaporated under reduced pressure to give a
residue which was purified by flash chromatography on silica gel
(eulants cyclohexane and ethyl acetate 50/50 Rf = 0.1) to afford the
title compound (0.06g) as a colourless oil.

IR (v enr+): 3605(0H), 3447(NH), 1771(C0), 1717(C0), 1620 (C=C);
NMR (CDCl-, ppm): 6.0-5.8(m), 5.5-51(m), 4.93(bm), 4.8-4.6(m),
4.48(m), 4.3-4.1(m), 3.73{(m), 3.58(m), 3.3-3,.1{m), 1.75-1.2(m),
1.27(d).




L ngl e 8a Potassium

(4S, 8%, 9R, 10S, 12R) - 4- net hyl t hi 0- 10- ( 1- hy?-;(pxyet hyl )-11-oxo- |-azatricyclo
[7.2.0.0[err] undec-2-ene-2-carboxyl ate a solution of Exanple 5a (500ng)
and triphenyEpémgdehzhe (78nmg) in a mixture of dry dichloronethane (3m) and

et hyl acetat ‘%té?d? 9R, ‘6%51 0 gd( lﬁg,{lé,gh' 9190 (P45 ;g grethyl hexanoat e
(246nmg) and € Ja .l SOTT In, .

di chl or onet hghat-gxXonijazae :-u:' 2 "- iyndee -. (T CHH ic

g' et Ey: et Eer ek )2m/a($; odgbeda@ruiswatelabmld@?dte%@hhyhxforhiaf emmmsllwhw It hOI
ie et her e_conpoun ehlow sol i
Ry ( Nuj 6F} 4§?9“%E)01"q'}§‘nge*1"§gés trF[‘B'f“‘r‘] HF‘é?"f"ﬁPéﬁ?\?gq?é’dﬁ‘ ﬁﬁéj@ b

D. 0- Acet one) aB8ddd.53h¢ nr):.xtdrd)&elém).mdér GRifrdng Sor24 Goor wds MH1pbgd witilBa (s),
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[err]]undec ene- :ﬁSl um
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NMR (D20 ppm): 7.62(m), 4.78(m), 4.07(m), 4.00{dd), 3.9-3.65(m),
3.24{m), 3.3-2.9(m), 2.1-1.95(m), 1.8-1.4(m), 1.3-1.0(m), 1.11(d),
1.02¢(d), Uv (v max nm): 268.5.

Example 22
(a) Allyl-(4S,85," 9Rl;05 12R )-4-isopropoxy-10-[1~(t-

butyldlmethy131lylogy) ethyll-11l-oxo-l-azatricylco-{7.2.0.0 K ]-
undec-2-ene-2-carboxylate

To an ice-cold solution of intermediate 23a (1.139)_in anhydrous
dichloromethane (150ml1), solid K ,CO, was added. The mixture was
stirred for 30' under nitrogen, then allyloxalylchloride (4.43ml) -
followed by triethylamine (5ml) in serveral portions was added during
40 hrs at 25YC until complete conversion of the starting material.
After filtration the organic layer was washed with brine, dried, and
evaporated under reduced pressure. The oily residue (1.05g),
corresponding to the crude oxalimide intermediate, was dissolved in
dry (40ml) xylene and triethylphosphite (1.445ml) was added and the
mixture was heated with stirring at 140YC for 3 hrs. The reaction
mixture was then cooled, evaporated under reduced pressure and
chromatographed, using a mixture cyclohexane/ethyl acetate 1/1 as
eluant, to obtain the title compound as an yellow oil (0.33g; t.l.c.
cyclohexane/ethyl acetate 1/1 Rf 0.68); IR {(CDCL,) V max (cm1):
1772(C=0 B-lactam), 1717(C=0 allyl ester)




'Potassdun1(45 8R, 9R, 10S, 12R) - 4- net hyl - 10- (| - hydr oxyet hyl ) - 11- oxo- | -
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[7.2.0.0 [err t] Fe82 806 ?"g’ér boxyl ate. Exanple Bj Potassium

(4R 8R, 9R 10%@2&2(4?!48&@!!11@5@@30-1441 d ey+101 [ 1(k-Budylidi methol 81 inlokyp)~
[7.2.0.0 [err]] 0 Y 2ot DB T K R Py late

4S, BS, 9R, 10
( A S S TR AR A

(7.2.0 0f err] {0-BAdted.-0: cayelohexaps/

(4R, 8S, 9R, 105.4aR) mm%O§¥raleQaﬁi hym@&ueélhxh)esiderwqaiz@@trl cyclo
[7.2.0.0[err] | undec- 2- ene- 2- car og?ate 8m Pot assi um 348 8R, 9R, 10S

.1 2R) - 4- et hyW 'stMR; (GPCL 35- B 4Py deypdimisl o 'Mm)o)(bll?'(a@at Pt &Aka
[7- 2.0.0[err]3.2308€F, 2.7 2- ZEQE-!PQZM)atFZZ(d), 1.10(m), 0.88(s),
0.018(s)ppm., was obtained from intermediate 23b (1’649) except that
the chromatrography elutant was a 7/3 mixture of" cyclohexane/ethyl
acetate.

Example 23

{a)

Allyl{45,85,9R lDSJIZR)-4—1sqpropoxy-lﬂ—(l-hydroxyethyl)-
1l-oxo-1l-azatricyleo[7.2. 0.0 ]- undec—2-ene—2-carboxylate

The Example 22a (0.330g) was dissolved in tetrahydrofuran (30ml) and
acetic acid (0.325ml) was added followed by tetrabutylemmonium
fluoride trihydrate (Q.67ﬂg). The mixture was stirred at 20YC for
ZOhrs, then diluted with ethyl acetate (50ml) and washed with a 2%
solution of sodium hydrogen carbonate and brine (50ml). After

evaporation, the residue was purified by flash chromatography, using a
mixture, cyclohexane/ethyl acetate 1/1 as eluant, to obtain the title
compound as an oil (0.12g; t.l.c. cyclohexane/ethyl acetate 1/1 Rf |
0.15); IR:V __ Cm~* 3614(0H); 1772(C=Oplactam) 1717(C=Oester)
1632(C=C); H*-NMR(CDC1,) (CDC1,): 5.96(m), 5.45(m), 5.27(m), 5.18(m),
4.82{m), 4.69(m), 4.25(m), 4.18{dd), 3.53(m), 3.3(m), 3.23(dd),
2.0(m), 1.88(m), 1.77¢(m), 1.7-1.2(m), 1.33{(d), 1.13(dd) ppm.

(b).
Allyl(4R,85,9R,105,12R )-4~isopropoxy-10-(l-hydroxyethyl )~

* 9
1l-oxo-1l-azatricyleo[7.2.0.0 ’ ]- undec-2-ene-2-carboxylate
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12R) - 4- et hy‘f séﬁ#%ﬁﬁd ??ﬂﬁ/é?'giﬁéﬁﬁyfhfrlexa%ilg-t Pyt F?tceyg/o 7.2.0.0
[er r]) undec- 2elenst 2-toaoitain| theotitle compound es an oil (0.04g t.I.c.
cyclohexane/ethyl acetate 1/1 Rf 0.13); IR (CDCl,), V ﬁax (cnrt)
1776(C=0 B-lactam); 1720(C=0 allyl ester), 1609(C=C), 3600(0H)
H!-NMR (CDC1,): 5.93(m), 5.40(m), 4.70{m), 4.20(dd), 4.19(m), 4.05(m),
3.66(m), 3.26(dd), 2.81(m), 2.1-1.2{m), 1.29(d), 1.08(m) ppm.

Example 24
(a) *

Potassium{45,85,9R,10S 12R)-4-1soprqpoxy-10 (l-hydroxyethyl)-
ll—oxo-l-azatrlcylco[7 2.0.0 it ]— undec-2-ene-2-carboxylate

The Example 23a (c. 12g) was dissolved in anhydrous dichloromethane
(20ml) and triphenylphosphine (0.09g), followed palladium tetrakis
(triphenylphosphine) (0.13g) and a 0.5M solution of potassium
2-ethylhexanoate (0.568ml) were added. The crude solid (22mg),

obtained by filtration, was purified by reverse phdse chromatography

(Rplﬂ; water as eluant). Fractions containing the product were
combined and freeze dried. The title compound was obtained as a white
solid (10mg); IR Nujol, V _ (om=!): 3375(0H), 1731(C=0 p-lactam),
1593(bb C=C and C = O carboxylate)

H*-NMR (H 0/acetone): 4.99(m), 4.08(m), 4.d(m), 3.49(m), 3.26{m),
3.05(m), 1.8-1.2(m), 1.11(d), 0.98(m), ppm.

(b)

Potassium(4R,85,9R,105,12R )-4-isopropoxy-10-(1-hydroxyethyl )-
ll-oxo-l-azatricylco[7.2.0.05’5] undec-2-ene-2-carboxylate

The Example 23b (0.03g) was dissolved in anhydrous dichloromethane
(loml). Then triphenylphosphine (0.0022g) was added, followed by
palladium tetrakis(triphenylphospine) (0.0033g) and 0.05M solution of




..To asolution of Exanple 7a (160nmg) and triphenyl phosphine (9ng) in 4m of
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added. Allylb¥8wthloé{nde Hileid) vie@{s), di&dw)opawet hane (5m ) was added

dropwi se over 15mn and the reaction mxture was stirred for 1 hour then

filtered, washed with water (3x200m ) and dried, Renoval of the solvent
gave the crEx@mp¥k&25ni do i nternmedi ate which was dissolved in dry xyl ene

(50nt) and tg}giggd; %tg}S It!b$ e.f‘ZthJmQ%HynE?l&&-fdﬂ[l ({I’Jﬁe obt ai ned sol ution
was heat ed _

the—sotvernt—Teno d qu@ vacuum and
t he resi due Butiybdimethy keidxhoxyy-e . : ol eum and

di et hyl et hasnde&?genasz.aﬂa@mymee afford the t|tIe corrpound (1.6g9) as a

yel low ol . To an ice cold solution of the intermediate 25 (1.2g) in anhydrous
dichloromethane (60ml), solid K,CO, (300mg) and 4A molecular sieves
were added. To the stirred solution, allyl oxalylchloride (0.48mg) and

- triethylamine (0.33mg) were added énd the resulting mixture was

stirred at 20Y, under nitrogen for 3 hr. The solid was filtered off
and the solution washed with 10% NaeHCO, solution, brine, dried over
sodium sulfate ahd evaporated under reduced pressure. The crude
oxalimide intermediate was dissolved in dry xylene (50ml) and
triethylphosphite (4.6ml) was added. The resulting solution was heated
under stirring at 80" for 1 hr, then at 140Y for 3 hrs. The reaction
mixture was cooled and evaporated under reduced pressufe. The residue
was chromatographed on silica gel using cyclohexane as eluent to ine
the title compound as a yellows oil (0.75g t.l.c. cyclchexane/ethyl
acetate 1/1 Rf 0.6) IR {cocy,), v max(cm‘*): 1771 (C=0 p lactam), 1738
(C=0), 1601 (C=C). H-‘-NMR (CDCl,): 5.38(m), 5.23(m), 4,70(m),
4.11(m}, 3.99(m), 3.74(dd), 3.09(dd), 2.89{(m), 2.10{m), 1.90(m),
1.80-1.20{m), 1.23(d), 0.86(s), 0.05(s).

Example 26

Allyl(4S,8S,105, 12R)-4-cyclopenty104y—10-(l hydroxyethyl )-
ll-oxo-l-azatricylco[7.2.0. 0’ ]- undec-2-ene-2-carboxylate

To the stirred solution of Example 25 in dry THF (40ml), acetic acid
(0.75mg) and tetrabutylammonium trihydrate (1.80g) were added. The




bR (€DC [err]) Vmax (cnferr]): 1771(C=0), 1751(C00), 1634(C=C) H -NM\R a
(CDCI[®rr]): 5.96(m, 5.44(m, 5.4(m, 5.25(m), 4.72(m, 4.18(m, 4.08(dd),

3.28(m, 3.145(dd), 2.0-1.75(n), 1.6(m 74 41(m, 1.32(n), 1.23(d), 0.8(s),
0.09- 0. 06(s) ppm Exanpl e 12
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(2x|200n1) lbr?-?ﬁataﬂpa ad>4ri§=8 &%ﬁq)to give the title conmpound (1.1g) as
a clear oil. wtR o r 2 . 4
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1.23(d), O. 88153],(d® 07(s) ppm Exanple 13

Al lyl (4S, 8S, 9R, 10S, 12R) - 4- net hoxy- 10-cl - (t - but yl d| met hyl si | yl oxy) -

ethyl | -1l -oxo-l-azatricyclo[7.2.0.0[err]] undec- 2-ene-2-carboxylate -
66 - The conpbxsmplef2Exanple 12 (1lg) was dissolved in diethyl ether (100m)

. Potassium(AS,85,9R,105,12R)zagcyclgpentyloxy-lﬂ-(l-hydroxyethyl)-
11-oxo-1-azabicycle[7.2.0.0 ’ ]- undec-2-ene-2-carboxylate
To the stirred solution of Example 26 (0.17g) ih dry ethyl ethyl
acetate (9ml) and dry methylene chloride (9ml), triphenyl phosphine
(18mg), tetrakis {triphenylphosphine) palladium (23.6mg) and 0.5M
solution of potassium ethyl exanoate (0.85ml) were added. The mixture
was stirred under nitrogen at 20C for & hr. A 1/1 solution of diethyl
ether/petroleum (15ml) was then added, the obtained solid was filtered
of f, washed with. 1/1 diethyl ether/petroleum solution (3x15ml1), and
dried to give the title compound {(0.10g; t.l.c. methylene.
chloride/acetic acid 9/1 Rf 0.2 IR (Nujol), L (c 1)
1772-1680{C=0); 1640, 1585 (C=C).
H{-NMR (DZD): 4.05(m), 3.89(m), 3.62(dd), 3.22(dd), 2.83(m),
1.9-1.0(m), 1l.11(d).

Example 28 :

Allyl-(45,85,9R,105,12R )~4~(t-Butyldimethylsilyloxymethyl )-10{1-{t~
Butyldimethysilyloxy)—ethyl]—ll—oxo—l-azatricyclp[?.2.O.OS’B]-
undec-2-ene-2-carboxylate .

Intermediate 27 (5.2g) were dissolved in anhydrous methylene chloride
(100m1) and anhydrous potassium carbonate {lg) was added.
Allyloxalylchloride {1.9ml) end triethylamine (1.9ml) were added to

the stirred solution at room temperature, and the resulting mixture



under, nitrogen and cooled at 78[err]C. Methyl trifluoromethanesul fonate
¢0. 54rﬁ’) was added then potassium bis(tr Fiﬁét-hyl silyl)amde (7.8m), 0O5M
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anpl e
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of Exanple 13 370ng) was €trahydrofuran (12m) acetic
acid (0.5m) d.d@dc?‘oﬂ &V\é% g“? apd| }j424| ut i on of tet rabut yl anmoni um

fluoride in tmnaalﬂylcbpm‘)usm((n?, SEBMm) Thegz{edgtd.a8{mgs 4528 (md pch.87 (dddom

tenperature f C 20 washed
with a 5% sol 3t?53 gjégﬁéc{} %Eﬁélngefl 9&'?% ﬁé@g nggognf )t’hgn@}\)’hm ’n brine,
dried and evaPo8Zisad 0-67¢sle0a03(edl ow oi | which was purified by :
chromat ography using diethyl ether as eluant (Rf 0.4) to obtain the title
conpound (180ng) as a white oil. IR(CDCl[err]) V max (cmferr]): 3609(CH),
1772( C=0), 17§1£’!E31@)__1642(C—C)

Allyl-{45,85,9R,10S 12R)-4—(§xgroxymethy1)-10-(1-hydroxyethyl)-

11-oxo-1l-azatricylcol7.2.0.0 ’ ] undec-2-ene-2-carboxylate

To a stirred solution of Example 28 (90mg) dissolved in anhydrous THF
(lSmi), acetic acid (0.1ml) and tetrabutylammonium fluoride (0.82ml of
1 M solution 1n_THF) were added. The resulting mixture wes stirred for
30 hours then diluted with ethyl acetate (100ml) and washed with 2%
aq. sodium hydrogen bicarbonate, ice water and brine. The organic

layer was dried and evaporated under reduced pressure to give an o0il
which was chromatographed on silica gel (eluants cyclohexane/ethyl
acetate 50/50 Rf = 0.2) to afford the title compouhd a a colourless
oil (25mg). _

IR: (v max cm*)3605, 3497, 1771, 1713 and 1620;

NMR: (d ppm), 5.98(m), 5.35(m), 4.74(m), 4.23-4.18(m + dd), 3.78(m),
3.24(dd), 3.08(m), 2.1-1.2{m), 1.31(d).

Example 30 :
Potassium(45,85,9R,10S 12R)-a-(hydroxymethyl)-lﬂ (1-hydroxyethyl)-
1l-oxo-1l-azatricyleco[7.2.0.0 i ]- undec-2-ene-2~-carboxylate
Example 29 (25mg) was dissolved in anhydrous THF (1.5ml),
tetrakis(triphenylphosphine)palladium (10mg), triphenylphosphine




Merri-NVR S (CDO [err] ): 5.96(m, 5.43(m), 5.27(m), 4.96(m, 4.82(m,
4.68(ny, 4.237(nm), 4.19(dd), 3. 25(s) 3. 2879~ 3.20(m), 2.08(m,
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but vl di et hyl?‘.‘ yi 03!’@3 Jt‘}ﬂfﬁ g’r??Q@étﬂ@%%o[’ 350m, 2 %P Mindec-

2-ene- 2-car box&-l5§ ®).To an |ce cold solution of Internediate 17 (Zg) I n
anhydr ous di chl oronmet hane (100m ), solid potassium carbonate (0.680g) was

.added. The mi xture stirred for 30mn., then allyloxalylchloride (0.88g)
fol | owed by tﬁﬁﬂ%&l ne (0.59g) were added. The reaction nixture was.

Ally1(45,85,9R,105,12R )-4-(1 )-phenylthio-10-[1~(t~-

3 8
Butyld1methy131lyloxy)ethyl]fll-oxo-l—azatrlgylco[7.2.0.0 ? ]~
undec-2-ene-2-carboxylate

To & solution of intermediate 29a (0.75g) in snhydrous methylene
chloride (25m1), anhydrous potassium carbonate (0.24g) was added and
the mixture was stirred at 23 C for 15min. The mixture was cooled at
0YC and allyl oxalyl chloride (0.385g) was added by a syringe followed
by triethylamine (0.36éml). The reaction was stirred at 23C for 0.5
hrs, the solid was filtered off washing with methylene chloride
(20m1). The solvent was evaporated and to the resulting mixture ethyl
ether (40ml) end brine (20ml) were added. The two layers were
extracted and separated, the organic phase was extracted with brine
(20m1) 5% sodium hydrogen carbonate (6x20ml) water {20ml) a cold 1%
solution of hydrochloric acide {3x20ml) and water (20ml). The organic
layer gave, after evaporation a yellow 0il (0.85g) which was dissolved
in anhydrous xylene, triethyl phosphite (2.87g) was added and the
resulting solution was heated under stirring for 16 hrs. the reaction
was evaporated and the oily residue was submitted to flash
chromagrography (CH/EA 8/2). The title compound (0.29g, 32.6%) was
obtained Rf=0.7, CH/EA 7/3) as a white wax.

IR (cm~*) 1774 (p-lactam); 1717(carboxyl); 1651(double bond);
1626(double bond); 1583(double bond).




stirned at roomtenperature for I'hr, then further aIIyI oxal yl chl ori de
(0.88g} and triethylanine (0.599) vvere adgled. After 15 mn the reaction

m xture was diluted with di¢hloro tered, was 5%

hydr ochl ori ¢ $oNtR i gam) g%"gé&iu% Slog"eﬁ g‘%bar?aﬁ@)so? &??'W, 2tk i ne.

germviatl gf thglsod\)/emque, theg (m)yda. m(aHD{nzdotF]{nn)r,eznﬁd: si(r%]ﬁ)e \r/]\,hl ch(wasm)
I ssol ved in dr Wth triethyl phosphite (7.4 .

The obt ai ned ]s'&rbtégéﬂ‘? ]"'ﬁg"?t &aggj(dlt)éﬁfbggﬁ)dr 2[err]hrs., the sol vent

. renoved under vacuum and the residue chromatographed on silica gel using a

m xt ure of dlfg&%*gtﬁer/petrol eum (9/1) as eluant to afford the title
conpound as 1.79); I R V ] CDCI [err]) 342 1769, 1742,
1649 cnf err] ;ALly1{45%85 ‘ ' je =5.8(n),

5.45(t); 5.5- ﬁ-la%—fﬂ)-»azétx%&éio[7427c%”)]- uﬁgédlk—erée-i%mboxﬁlla]t%(dd)
8 égg g;j) Exa?r%l(m 'qlrred srglutmn oi‘L &%Ie :H oL.ﬁEST’m anhzy‘?i(rd&é TQIF unﬂise)r

A lyl I(48 8? %R&Q%@,Z%eﬁgabéw nyc?ab@ruyl ar&yémng& (a- rwhmmoaubwd ))y|&1|- .
-oxo- | -azatricyclo undec- 2- eng: 2-¢ X ap_ice co
sol ution of EXafpt¥ f% EﬁrggﬁleLﬂth UPﬁ:H{FdItB%Idg E’? Z@n?’ %B)g’ %etrlﬁg acid

(0.93g) and s®4mld.tter acautltiogmuinture Wesieticsed Foh2dr are apd. Sidghedverih
added. The mg}t %e(i’ﬁfi)StéxtEﬁ&e%tSrﬁ%étvﬁ'meé ol %:eftgf:e?(éomiﬁ whéfb% aur ed

into water and extracted )h( acetate(3 e organic aer
was washed wi lavesowasypshachuicesyuitl & Boaetetion af.as'ﬁvahd\ysmm C%préﬂteand

evapor at ed un¢im1Y agndu @i thl Beid e BOKE) Waise ¢BE IR Oélﬂ‘t%ﬁh%p@ﬁaﬁmhl c,aasgel
using a mxture of nmet hHene chl ori de/ et apé) {_ e) etl uan gl e the
title . purified by flash chromatography A gradient lu ion rom 7
1/1) to obtain 5 (0.08g) eluted first and the title compound (0.03 g,
'30%) eluted second as a colourless oil (Rf=)0.3, CH/EA 1/1)
IR{cm~*) 3612(hydroxyl); 1772 {B-lactam); 1717(carboxy); 1649 (doulbe
bond); 1626{double bond); 1583(double bond). '
*H-NMR (ppm) 7.38(m); 7.26{m); 5.83(m); 5.22(sa); 4.58{m); 4.20{m);

4.15(dd); 3.51(m); 3.22(dd); 2.2-1.5¢(m); 1.4(m); 1.3(d).

Example 33 )
. Potassium(45,85,9R,105,12R )-4-(1-phenylthio-10-{{l-hydroxy)ethyl )-
ll-oxo-l-azatricyclo[7.2.O.OJ:B]- undec-2-ene~-2-carboxylate
To a solution of Example 32 (30mg) in a 1/1 mixture of methylene
chloride and ethyl acetate (2ml), under nitrogen a solution of
triphenyl phosphine (2mg) in methylene chloride (0.5ml) was added
followed by a solution of palladium tetrakis{triphenylphosphine) in
methylene chloride (0.5ml) and by a 0.5M solution of potassium
2-ethylhexanoate in ethyl acetate (0.125ml). The solution was stirred
for 1 hr. The precipitate which formed was separated after
centrifugation, washed three times with ethyl ether to yield the title
compound as a white solid (6mg, 20:).

IR(Nujol, cm~*) 3344(hydroxyl); 1765 (p-lactam); 1645(double bond),
1591(double bond).




conpound as a white foam (0.4qg); IRV (CDO ) 3447, 1772, 1718cm
[err] HNPR (300 MHZ, CDCl[err]) 6.05-5.8(m), 5.45-5.39(bt), 5.4-5.15(m),
4.94(n), 4.9-4.6(n), 4.54(nm), 4.21(n), 4-1&dd), 3.19(dd), 3.12(m),

2.05-1.5(m, L : ). 5 I S.88100.1 : + :
, 12R) - 4- gm no- 13'(' %{@d‘?é’:&mt}‘%ﬁ ‘)%W)’ %%ﬁb(f?’ a,gza.g% ?@eygrs%%‘ﬂd%t grgBim + 4
[err]]undec- 2L-&md: ”ﬁarb@%??"?cla@(d’)ﬂ\ solution of the Exanple 17 (0. 49)

and acetic acid (0.24g) in dry tetrahydrofuran (10m) was stirred under
nitrogen for m Q. 'Eet rakis (triphenyl phosphi ne) palladium (0.650 g),

di ssolved in oS ydrofuran (15m ), was then added and the m xture
stirred for | hallyIKas 06490 ,188,19281)+4 (Nasl fyilbkyrertiomf ¥-N- daminiod10-[1-(t~-

di et hyl et her and | £ 010k V& L REWIL . RQ 2 , pw sol i d
(0.230g); IR 64 Lgiday SRy LI g ,Qg“ : =300 MHZ,
D. O Acet one) = -cerbexylete 32(m), 3.09(m), 2.0-1.5(nm), 1.25(mn),

1.12(d). Exanpd &ol8tion of the intermediate 35 in anhydrous x;lene (120ml) was

Al ly-(4S, 8S,9R 10S, 12R) - 4- (al | %foglcar bonyl anm nonmet hy| )-10-[1-(

. yl t-
But yI di net hyl sPHiFFE% i BRGRENgE dotecular, siayeeo-4t722. @¥ndpeMiffogen for
undﬁcl- 2- ene;] I2 D&iébebtaﬂ &k ethylpidsphiesli(25m1 )20ad @d48¢) )andathed bﬁﬁiﬁi\z&ﬁdwda?et)ﬂr y
nmet hyl ene chl orj de {20 t rqomtenperatufe, potassi,um carbonate g) was
added fo||omeda*b§e£1{‘r’§/|r’118§a7|?\’§r3%f’8,r"r es?@.eTgn‘ﬁs LERPVEF A5 Y9RUNR: ('5%18n ) .
After 5 hr theresiduerwasyehromategnagbied onl sitldde pelh wengyé avixtetd of i de
(80mM ), washedgqy 9 ' d rpan t a Le
(30m). The or.‘é%!rﬂ‘glﬁgﬁ‘?gfégpﬂlr“fjgj@négﬁgﬁﬁﬁag gﬁﬁégg"?’e P61 80 l.’&]re.
The resi due whi® waklowi aBboi{ded twlter digthu}l ether(ROGHT$); IR; v (cDC1,)
1767,1744, 1693, 1649 cw~+; *H_MNR (300 MHZ, CDCl,) 5.96{m),
5.5-5.1(m), 5.36(m), 4.8-4.5(m), 4.21(m), 4.16(dd), 3.20{m), 3.0(s),
2.25-2.1(m), 1.92-1.8{m), 1.75-1.4{(m), 1.38(t), 1.23(d), 0.88(s),
0.078(s), 0.075(s).

Example 35 '

Allyl-(45,85,9R,105,12R )~4-{N-allyloxycarbonyl-N-methylamino)~10-(1"'-
hydroxyethyl)-ll-oxo—l-azatricyclo[?.Z.O.OJ;Ui-undec-Z-ene- |
2-carboxylate |

To a solution of Example 34 (3.0g) in dry tetrahydrofuran (50ml),
acetic acid (2.6m1) and a solution of tetrabutylammonium fluoride
trihydrate (5.5g) in dry tetrahydrofuran (30ml) were added. The
mixture was stirred at 22Y for 15 hrs, then poured into water (200 ml)
and extracted with ethyl acetate (2x80ml). The organic layer was
washed with 5% sodium hydrogen carbonate solution (2x80ml) and brine
(100ml1), dried over anhydrous sodium sulfate and evaporated under
vacuum. The residue was chromatographed on silica gei, using & mixture
of methylene chloride/methanol (9/1) as eluant, to give the title
compound as a colourless oil (0.77g); IR: V max (cobci,) 3612, 1776,
1720, 1713 1700 em~*; *H-MNR (300 MHZ, CDCls) 5.94(m), 5.5-5.15(m),
5.35(t), 4.73(m), 4.56(m), 4.23(m), 4.21(dd), 3.24(dd), 3.23(m),
2.99(s), 2.20{m), 1.91(m), 1.8-1.5(m), 1.4(m), 1.32(d).




triethyl phosphite (0.8m ) and hydroqui none {0.05g) were added and the
m xture was refluxed for 3.5 hr. The sol veht -was evaoorated under reduced
pressure to gg R 9! which was purified by flash chronatography on
silica gel (e TS_ether and cycl ohexane 80/20 Rf =0.7) to afford the
title conpoun 43 ($538R3 1035 12R )rf 2R OF inorif-Adphydroxyethy) irh 9 1769(*(:0)1
}17411§31E %O) , 4%%&(—5@&1&%&@9?1}3.@.@ ﬂl,ur@eé:i-e&%ﬂi-cagbgiyr})ig doi® 411- 5% W)S

. , 4.110ddy,_ 3. 5 T 3-3.. ) =T, ) ,
1.19(d), oO. 86(T§) 1 8(9{6%@%1’ &3@(82)550&%935 in ggy tetrahydrrgmran (S?bmgs
Al |yl (4S, 8S, 9Rinedane2().62g] dabyhﬁeycmdmnyi[taﬁgaomt 33/‘1.) ;’ﬂé)-dol&t_:ion was I
hydr oxyet hyl ) -k 1:.0X0z] - i cql Ol er -yndec-2: eng-2- r boxyl at e
Beanpl o 19" (0 SSORPpEet 3R, Sort 3 oS o botpali B PREDTpRasAREh P
(0.3m) and t eelbadiug| dmighiimndfy tetratyde@fBah GIOml) seisuadded droplef) invdBe
added and t he gfj Xnd EndVard xBilie’ §€ﬁr59rfo%01|k&°.ub§e%h CetHet! gmm\t?i%@' hétjerd
with ethyl acetate (150m) and washed twce wth'brine (100m) and wth a
5% aq. sodi umdigewisge#n Cambbnader ssieringnaddhe jresvhiing: aptid wey ditliened
dried and evap®ratwadhedd@th 'dAdURAGLREL SN Snl)Oakh URidd.M Réf 4 he AH1GH WiaS

rified by flash chropmatogra qn silica, gel (eulants cycl ghexane and
ot hlyllacet Zuedga?@deﬁerl&we.al) Q%ﬂdf rashed: with et @selsdan ’18?@@9)6"%3103

col ourl ess oi ldriedR to\Vgtwe thentille J0BHGUN) a pald 7y Wipw s‘bHdl(('EO)Sg);l'/IR?(CC"))a&

2oal o o G EPRRLR0RN D7 Sa8er, B0l B eOaTng 3l one
1.75-1.2(m), %-8¥(w)),. 4.15-4.02(m), 3.36(dd), 3.03(m), 2.47(s), 2.01-1.9¢(m},
1.33(m), 1.10(d).

Example 37

Allyl-(4S,85,9R,10S,12R )-4-(2-allyloxycarbonylaminoethoxy )-10-[1-
(t-butyldimethylsilyloxy)-ethyl-11-oxo- l-azstricyelo[7.2.0.0 ’ 1-
undec-2-ene-2-carboxylate o

To a solution of the intermediate 40 in anhydrous dichloromethane
(40ml1), solid potassium carbonate (0.5g), then allyl oxalyl choride
(0.4m1) and triethylamine (D.4ml) were added at room termperature.
After 3 hr. the mixture was diluted with dichloromethane

(100m1), filtered and washed with cold 5% solution of sodium hydrogen
carbonate (2x 40ml). The orgenic layer was dried and evaporated. The
residue was dissolved in anhydrous xylene (100ml, hydroquinone
(0.02g), triethylphosphite (1.6ml) were added and the mixture was
heated at 110C for 3 hr, then the solvent was removed under vacuum.
The residue was chromatographed on silica gel usng a ethyl
acetate/cyclohexane 3/7 mixture as eluant to afford the title compound
(0.52g t.l.c.; ethyl acetate/cyclohexane.l/1 Rf=0.8).

IR (CDCL; V max (em=1) 3454(N-H), 1774(lactam), 1718(C=0), 1651(C=0),
H*-NMR (CDClS): 6.20-5.85(2m), 5.48-.19(2m), 5.085{(m), 5.04(bs),
4.82-4.64(m), 4.58(d), 4.216(m), 4.15(dd), 3.50-3.30(m), 3.195(dd),




5 .70 Exanmple 21 (4S, 8S, 9R 10S, 12R) - 4- (am nonet hyl ) - 10- ( 1- hydr oxyet hyl )
-1 1-oXxv-|-azatricylcot7.2.0.0[err]]- undec-2-ene-2-carboxylic acid Exanple
20 (0.06g) was dissolved in dry tetrahydrgfuran (1nl), acetic acid

(0.036m ), and tetrakis(triphenyl phospi ne al I adi um (0. OQg&fpwere added. The
m xture kept 3uh8lem),st05(md ngl-88¢1.55Ralir lvxb%*ldﬂﬂim)edlvﬂi‘t(ld)a 281fse, of et her

(8m) and petﬂr@éﬂ%g\me? @95(4)4n1) The obtai ned solid was washed twice with a

m xture of eth and petroleumether (4m ). The solid was dissol ved
in water (5m ) and chromat ographed on reverse phase silica gel C 18(eul ant
wat er) and t lggam@ euBaon was freeze dr| ed to give the title conpound (0.049)

as a white sq ( Nu, ] X .O—| 211l (CO-
1582( c=C, CO) A7 {fsf Kyca U 2t ot}

3.9-3 65(m). daé(ﬂthym-mleo&emazazrﬂcybwﬁx 20 O’B-]-Jund:(em}z-efhes’ll o(m,
1.11(d), MV max nm: 268.5. Exanple 22 (a)

Al lvyl- (4S 88 R) - 4-i sopropoxy-10-[1l.-(t- butyl di net hyl S|Iyl @?

et hyl ) - 11 - oxdol azecdutiaryof otte7 Evenple] Bt (P{52adnife cire- kateabydrafursry (3070 an
i ce-cold sol LEcb?ib Qkik ”((Oefuﬁ?)d'aﬁ&ea dR3sd1lit {0 bk t2BBVAN Obiinonl G | FALEFRIehane

(150m ), solid Klerr]CO was added. The m xture was stirred for, 30[err]
under ni trogéet?; w%Peﬁnaq’qnyskraﬁWPaﬂuaﬁn aere pddsdy \Theopbduee ¢ eYiteeRyiotni ne

(5mM) in servarat. mr bmnaemmaameddﬂmwg:ﬁa é‘lfh?laécea:ﬁi:erﬂ])@ it Bhd
COMp! €12 CO i huFh, 15 b Ao BBl bbbt K 4B 0, L
The oily resisbdéu hydbapen carbroestmrsdlmtg.oho(zméOmt)Jdéhe)mbanmodéayer was
| nterrﬂedliate,dgqgﬁ éva%§§gt€%daﬁdqchromatographed on silica gel using a ethyl
acetate/cyclohexane 6/4 mixture as .eluant to afford the title
compound (0.2g, t.l.c.; ethyl acetate/ cyclohexane 6/4 Rf =0.1).
IR (CDC1l, V (c ~%) 3609 and 3499 (N-H, OH), 1722 ( lactam),
1718(C=0)
H*-NMR (CDC1,): 6.02-5. Ba(m) 5.5-5.18(m), 5.08(t), 5.02(sa),
4.88-4.64{m), 4.57(m), 4.24(m), 4.18(m), 3.44-3.3(m), 3.28-3.14(m),
2.05(m), 1.92-1.25(m), 1.32(d)

Example 39

_ (45,85,9R,105,12R)—4—(2-aminoethoxy)-lU-[l-hydroxyethyl)
-ll—oxo-l—azatricyclo[?.2.0.0°’°]— undec-2-ene-2-carboxylic acid
To the solution of the Example 38 (0.04g) in dry tetrahydrofuran
(2m1), acetic acid (0.05ml) and tetrakis (triphenylphosphine)palladium
(0.0Sg)-in tetrahydrofuran (0.5ml) were added. After 4 hr. diethyl

- ether {10ml) and petroleum ether (5ml) were added and the resulting
solid was centrifuged, washed with diethyl ether (3x 10 ml) and dried.
The solid was purified on C-18 (cartridge SEP-PAK Water Associates)
using water as eluant, then the sample dissolved in water and freeze
dried to afford the title compound (1 mg) as a white solid.
IR (CDC1, V max {em~t) 3358- 3100(NH,), 1763 (lactam), 1595(C=0, c=C).
Hi-NMR (D,0): 4.91(m), 4.08(m), 4.04(dd), 3.58-3.40(m), 3.28(dd),

3.12-2,93(m), 1.9(m), 1.80-1.30(m), 1.25(m), 1.11{(d).




ndrye (40n1) xyl ene and triethyl phosphite (1.445m ) was added and the m xture
was héated with stirring at 140[err]C f£@n 3 hrs. The reaction m xture was

t hen cool ed,_ evaporated under  reduced pressure and chromat ographed, using a
m xture cyclfdﬂéﬂgiléﬂethyl acetate 1/1 as eluant, to obtain the title

conpound as BunzyEl4d-metiedxy=1M- (23aydroxyethyl \id-okexane/ et hyl acetate 1/1 Rf

0.68); IR ((ﬁ&grr! h\{ﬁ a.fg{gfi_rr _ - | tarr) 1717(.C=0 al lyl

3772000

ester) A N sﬂ 5.18(m,
4. 86- 4. 6( ) , Tota2adkt fon of 26l dntemedbite) 41 01 8¢al)in dry2betnehydrafigrans(ny,
1.5-1 2(n‘) a3 (Rder nilt%ggéjr) ’atoﬂ'B%‘@anyloleﬁ)(rﬁle RBML5H10) ahd’ 2a6§.'lﬁhlir%

KF PSFE4R 85, $R270k) rerg -addedoJhereeptiqn pixture prasy phisredngt 22/ yiax3) -
et hyl ] - 11- oxgrgl,; a&ﬂUté&Ydﬁﬂ[et?ryZ &eRhed (bh1) whderasBe@natR-satiubated age (0. 29

t.l.c. | oh / 7/
cm [ grrfglc 27%@?%3@%% %/ a’%ﬁ%}m?cﬁﬂ aF?@“’“e‘%’f%P?e" Lf@f?%'@&) E’i?%’lﬂr)] NVR
(CDA [ er r] ) bﬁr@4(2@25m5) SIcNdd eAd ‘Repdratéd i ddguo.3The (Oilly res2ddeld) ,

From i or ol 2687 20 iieiles dpctyrbioeied HBRn) 48Ny PR 2

7/ 3 m xture sédicmchmindsier(8. 2ldy enddetphenylgbaapbime £8. 34g) were added. The
A4S 85 Rlickioh Taktgd u&t@t@ﬁeayaé%‘ﬂf&ws%get B heated at reflux

11- oxo-1| -azatricy err undec- 2- ene- 2- car OXX ate asrrpl e
22a (0.330) fome br%sah%évep anePpevye rssud Bhvted orith ety ecetate som

and washed with saturated aq. ammonium chloride (2x 50ml) and brine

{2x50m1), dried and concentrated under vacuum. The oily residue was
chromatographed on silica gel, using & mixture of petroleum
ether/diethyl ether 9/1 as eluant, to afford a colourless oil (0.1ég).
This was dissolved in dry tetrahydrofuran (5ml), acetic acid (0.l4ml)
and a 1.1M solution of N,N,N-tetrabutylammonium fluoride in dry
tetrahydrofuran {084m1) were added. The reaction mixture was stirred
at 22Y for 15 hrs. diluted with ethyl acetate (25m1) and washed with
5% aq. sodium hydrogen carbonate (3x25m1) brine (2x25ml), dried and
concentrated under vacuum. The residue was chromatographed on silica
gel, using a mixute of éthyl acetéte/cydlohexane 3/7 as eluant, to
give the title compound as a colourless oil (35mg; t.l.c.
cyclohexane/ethyl acetate 1/1; Rf = 0.3). IR {(CDCl, V max.(cm"‘)
3600(0~-H), 1772{C=0 B lactam), 1718(C=0 ester), 1632(C=C);

Hi-NMR (300MHzCDCl1,): 7.47-7.30(m), 5.29{(dd), 4.94(t), 4.24(m),
4.19(dd), 3.3=3.3.2{m), 3.20(s), 2.05(m), 1.9-1.2(m), 1.61{d),
1.32(d).

Example 41

Potassium (4S,85,9R,105,12R )-4-methoxy-10-(l-hydroxethyl )~
11-0xo—1-azatricyclo[7.2.O.UJ’U]— undec-2-ene-2-carboxylate

To a solution of the Example 40 (30mg) in ethyl acetate (1m1), ethyl
alcohol (1ml) and palladium black (llmg) were added and the mixture




acetic acid (0. 325n1) was added fol | owed by tetrabutyl anmoni um fl uori de
trlhydrate (0.674g). The m xture was stirred at 20[err]C for 20hrs, then
diluted with ethyl acetate (50m ) and washed_with a 2% sol ution of sodium

hydr ogen carbonate and bri nﬁ . Aftere aporat| 3 Jt es,i du Nas
purified by fvasistérreshde oy aémaenu%#mgpfeﬁrm Yetmgd, E?r | é’Pé"t’h

?Cft ate 1/ Il ﬁ@h@lcu/emtystt Qaé)b%.f-it:é}earﬁft whd &nGOSBLRYNGh aBs aékt@hd:te(d?w%%igz(%%
.C. CyCl ohexane/ e acet a

1772(c_q%| act BAjaseiy® rxdepasn par R%iggz%)'@i’C)T“%F&r‘?ﬁ“sMﬁéD%{ err])
(CDCl[err]): boftfEht}aten. dider) vacuudy (tHen muri€ied bydr82cad ,phdsé9(m), 4.25(m),

1 aslah 3, P erdasiolls RZRhtle s%égéi%h ‘J‘Tw"?’s" abidd €8 givk €nd- 2(M |

, 12R) - 4- i sopr $pbbey compqutd haal rowtyidehgelid (20mgle- | - azatricyl co[ 7. 2. 0. Oferr]]-
undec- 2- ene- 2- car boxyl at e - 72 - The Exarrpl e 22b (0.2g) was dissolved in

t et rahydr of uran (50n1£ and acetic acid (0.197m ) was added fol |l owed by
tetrabutyl a oride trihydrate (0.408g). The m xture was stirred at
20[err] C for aénmS4-Maxpr1ione(I-%Qafaxywsyladmoamhztamemomure was
extracted witre T&y etate [Jx20n]) . The organic layer was extracted with
a sol ution of Ldefnlabh by 29azb ), then with brine (brine).
After concent Taté @olution ofdihduintexsediatef4ledlyy il dioh tetwabiydtafgraphy,

usi ng a_m Xt Uligogclg agg&g& e B0 B Bnfoe b URIanl P il 211

title conpound™as ‘an ol g ohexan acetate 1/1 Rf
0.13); IR (CD@fehutijiine/{0.48m1 qqyﬁ[@#dep) The reaction mlxture was stirred at

22Y for 3hrs, diluted with ethyl acetate (50ml) and washed with
saturated aq. ammonium chloride (2x50ml), 5% eﬁ. sodium hydrogen
carbonate {2x50ml), brine (2x50ml), dried and concentrated under
vacuum. The oily residue (1.1g) was dissolved in 1,4-dioxane (20ml)
and 2,6-lutidine (0.33ml), sodium bromide {0.39g), triphenylphosphine
(0.98g) were added. The reaction mixture was stirred at 22!Y for 15
hrs, then poured into saturated ag. ammonium chloride (50m1) and
extracted with ethyl acetate (50ml). The organic layer was washed with
saturated aq. ammonium chloride (50ml) and brine (2x50ml), dried and
concentrated under reduced pressure. The oily residue was
chromatographed on silica gel, using a mixture of ethyl
acetate/cyclohexane 3/7 as eluant, to give an oil (1.0g t.l.c. ethyl
acetate/cyclohexane 1/1 Rf = 0.6). The oil was dissolved in
acetonitrile (15ml), and acetic acid (1.3ml) and conc. hydrocloric
acid (Iml) were added at ice cooling. The reection mixture was stirred
at 0Y for 1 hr, then poured into cold 5% aq. sodium hydrogen carbonate
(50ml) and extracted with ethyl acetate (50ml). The organic layer was
.wgshed with brine, dried, and concentrated under reduced pressure to
give a white foam (0.9g t.l.c. ethyl acetate/cyclchexane; 25/5 Rf=z -
0.36). This was dissolved in 1,4-dioxane (20ml), heated at reflux for
Shrs, and then the solvent was removed under vacuum. The oily residue

was -chromatographed on silica gel, using a mixture of ethyl



1~776(tC—OB-Iactan) 1720(0—;0 allyl ester), 1609(C=C), 3600(OCH) Herr]-NW
(cDA[érr]): 5.93(m, 5.40(m, 4.70(m, 4 89(«dd), 4.19(m, 4.05(m,

3.66(m, 3. 26( 81 29(d I 4
(a) Potassium fglggfﬁcg%xﬂﬁ)]ﬂi izésdr%%étdx% fgff%d %énélteg 3 Wag €
11- oxo- i - azat r¢adpuckss®. @110.(0}26g;] } -1 gnoetby?- meéate/wpbd)efleae d /AhBfDeApl e
23a (0.12g) was dissolved in anhydrous dichl oronet hane (20m ) and

tri phenyl phosphi ne (O 09g), followed palladiumtetrakis

(triphenyl phom&_éo 13g) and a 0.5M sol ution of potassium

2- et hyl hexanoagai({45G8%]9R, mess ﬂzaddadnetH'M—quehgﬂdxdeﬂ@Zr)ghl-oab-t]a-i ned by
filtration, was puritiep )hase chro torhy (Rlerr]l8; water

l _|-~ DO

as eluant). FreEeteR bt e Tt REPRXESERI ned and freeze
dried. The ti tTee acsoipddonl qx:asxmmﬂautﬂedowsa)m ethyblacetate0klpl), | ethydj ol , Vv

(cm1): 3375(

car boxyl at e) °°“f'fm%&6§a%§tqt3§e " bg&g(g%?r?%@o%(}% Q&ﬂadc The reac dz’ n

3.26(m, 3. 05(Mjxture giag, gi(lrg}:ed 11qg(lu)drog)er99@msphpp¢n 1@9;) at 250 f‘or 25m1n R

Pot assi um( 4R, 8&&3!:!1@%&%2 1:%&@?@![9&‘@8%#0&% M%&W@Eﬂmﬂxmoate (87mg)

| | -oxo-1-azatric cg’%{ g gerr% undec- 2: ene- 2- car boxy| ate The Exanpl e

23b (0-03g) wa¥eHiPg b a7 bilionivas eensvatraied yidm ye dupn

tri phenyl phos p;lsum:.sfé) d0d2g) swﬁm\addnd reéidue o dbyuml Wit water and

tetrakis(tri phe 1y1f' Qec? %9' ne\)erg &%%ggghromgtograpqw Il'xéJ talqggou%f SOlUtlZf:I)) vias
ice-dried to give the title compound as a white solid (90mg).
IR(CDCI,)Vmaxcm“: 3375(0-H),.1749(C=0 B lactam), 1595(C=0 & C=C);
*H-MNR (300MHz,CDC1,): 4.77(m), 4.16-4.06(m), 4.08(dd), 3.31(dd),
3.11(s), 3.03(m), 1.89(m), 1.75(m), 1l.6-1.2(m), 1.14(d).

Examgle 44 -
Ethyl(dS,BS,?R;lOSllZR)—4-methoxy-10-(l-(t-butydlmethyISLLyloxy)ethyl-
-11-oxo-l-azaetricyclo[7.2.0.0 i Jundec-2-ene-2-carboxylate

To a solution of the intermediate 42 (0.7g) in dry tetrshydrofuran
(15m1) under nitrogen at-10Y, thionyl chloride (0.24ml) and
2,6-lutidine{o.41ml) were added. The reaction mixture was stirred at
-10Y for 30min, then diluted with ethyl acetate (100ml) and washed
with saturated ag. ammonium chloride (2x80ml) and brine (2x70ml) dried
and eveporated under vacuum. The oily residue (0.72g) was dissolved in
1,4-dioxan (10ml) and 2,6-lutidine (0.28ml), sodium bromide (0.33g)
and triphenylphosphine (0.85g) were added. The reaction mixture was
stirred at 22V for 24hrs, then diluted with ethyl acetate {50ml) and
washed with saturated aq. ammonium chloride (2x50ml) and brine
(2x50m1), dried and concentrated under vacuum. The oily residue was

chromatographed on silica gel, using cyclohexéne/ethyl acetate 8/2 as



Jpot-assi um 2- et hyl hexanoate (0.16m ). The reaction m xture was stirred for
two Ats under nitrogen, then the sol vent 84as evaporated to small vol ume and
the resulting mxture was dil uted th diefhyl ether (5 The solid

obt ai ned was StPftter k@ af\ﬁﬁ%@dcﬂ}‘{“l’iwﬁ?"eﬂ}l Oe b6} (tpbtg- oFéﬁgﬂh@f‘ﬁE}e%ﬂ dried
to give the tacktstecdrporped33.a white solid (0:022g); IR (CDC[err]), V max

4T e o & hybeita B Yheo 11 650} i 1 A 8kl Tl s B
0.9(s), 1.4(mt pgﬁiuxE§qxnﬁlMr325d1luted with ethyl acetate (30ml) and washed with

ATyl (4S, 8S, 3R 9%2} O{]—@;EXJ\%%ZE% Ln:'raéxl P Th 011 ]resmue

But yl di nmet hyl SI yI oxXy) - I cylc
undec- 2- ene- X8 FHERY %qrepfﬁsi an qléecwea,wlumwleme%ane/q ér%?@dwhq 8/25

(1.2g) in anwémtqlmhw&mIaMeuf@(&m dil xolmﬁ KE err. la:lqs[c%ﬁ&xahaﬁ@sm and
4A ol ecul ar si eves reﬁ (3 To the stirred solution, | yl
oxal yl chl ori cfée??)t%é\zg)ﬂfa tP8%ri et hyl ami ne (0.33ng) were added and t he

resul ting m XRYcHCIGS Sleht F£d 7904 (G28[ B dckam}NAQL5(@=br &48R) [ Alg33(drL); The
solid was fil tgr edvygf'i' 8%nd t he s(ol utls{)n \?\g)sjhed V\n@t h 10% I\bHCO (sol)ut i on,

brine, dried over sodiumsul fate and evaporated under reduced pressure. The
crude oxal i miempld ébnedi ate was di ssol ved i n dry xylene (50n) and

Lri ethyl phos il e ad1(e), 1983 RS0 e e (L bl 5OUiYA 0N RS- f1eat ed

under stirrimg—at o01E <
reacti on mi xtazeérigyeleiobled. '--o'x'A-x-. % --' gad xlced pressure The

residue was Ciy 9”?&199£&PB?0E>&Rp§é '4'5‘3@0.9.%') Hﬁ't@&&%ﬁk%&ﬁn Y, Gl o
give the title 00@)?‘ ge)d as a | ows il ohexane/ et hyl

acetate 1/1 récid ("QéC‘l[leW]E)c‘l“P““ °%d¥r[”ear'j‘)te£&@b}"]’:¥¥%“8~‘“l act am ,
1738 (C=0), I1MQdride—€}ihydrdtd\NB.L2Clérer bfided. 5Tt$é3(r6'het15n2|3:(>lf).xre 4a80(m ,

;_1 33'(])'5 1”) ZO?rT)ggs(tn%E?%(#%%dé%f :;1) Rgéydg)g%g)d&gée@ wifh G gmﬂ Stiel Ial’.lml) and
washed with 5% aq. sodium hydrogen carbonate (30ml) and brine (30ml)},
dried and concentrated under vacuum. The residue was chromatographed
on silica gel, using diethyl ether/petroluem ether 1/1 as elutant to
give the tltle compound as a colourless oil (40mg; t. l.c.
diethylether; Rf=0.32).

IR(CDCls)Vmaxcm“: 3607(0-H), 1772(C=) p lactam), 1715(C=0 ester),
1632(C=C); -

'H-MNR (300MHz,CDCY,): 4.96(t), 4.46-4.22(m), 4.19(dd), 3.23(s),
3.35-3.17(m), 3.24(dd), 2.08{(m), 1.92—1.2(m), 1.36(d), 1.33(t).

Pharmacy Exahple

Dry Powder for Injection

Per Vial
Sodium(4S,85,9R,105,12R )~4~-methoxy-
lO-(l-hygrgxyethyl)-ll—oxo—l-azatricyclo 538mg
[7.2.0.0 ’ Jundec-2-ene-2-carboxylate
Fill sterile vials with the sterile sodium selt. Purge the vial head
space with sterile nitrogen; close the vials using rubber plugs and
metal overseals (applied by crimping). The product may be constituted
by dissolving in Water for Injection (10ml) or other suitable sterile
vehicle for injection shortly before administration.



"‘Exarrpl e 26 Allyl (4S,8S, 10S, 12R) - 4-cycl oeentyl oxy-1 O (1- hydr oxyet hyl ) -
|| -ox0-|-azatricylco[7.2.0.0[err]]- undec-2-ene-2-car boxytysdSheef Hast ‘a""d
stirred solution of Exanple 25 in dry THF (40m ), acetic a %
tetrabutylammoniumtrihydrate (1.80g) were added. The
stirred at 20[err] for 24 hrs then poured into water and e acted W|th
ethyl acetate; the organic layer was weh®&$ wi th 10% sol ution of NaHCO err],
brine dried over MgSg err] and evapor at ed under reduced W{If%s HAgeBEEN
resi due was padt662dB2§ flash chronat ography, using a m %éﬁ
cycl ohexane/ ethyl acetate 8/ 2 as eluant, to obtaine thelifitl ﬁ%@md 4
as an oil. (0.19 c. cyclohexane/ et hyl acetate 3/7 Rf 0.3). IR
(cod[err]), %ﬁ&—wmw H/360BEQDK, FR, 68,0950, aut,®8), 1738 (C=0) 1603
(CO. Herr]- NI\/R (CDC1[err]) 5.95(m, 5. 39(rr) 5.26(m, 4.71(m,

le: é?(l-.n)z’(n;l; 0? 31(d5: Oé‘g%‘ﬁ?e %gg %Séi %R%Eg)lés%gaolos 1§R10(m)’ L 90(m.

) - 4-cycl opent yl oxy- 10- ( 1- hydr oxy@tRyy!l ) - 1l~Qxo-I|-azabicyclo[7.2.0.0[err]]-
undec- 2- ene- 2- car boxyl ate To they{stjrred ion of Exanple 26 (0.17g) in
dry ethyl ethyl acetate (9m) and @ e chloride (9m), triphenyl

phosphi ne (18ng), tetrakis %tg( y neJRgal | ad{um (23. 6ng) and 0.5M
sol uti on of potassium et hyl 3 were added. The m xture was

stirred under nitrogen at 20C for
et her/petrol eum (15m ) was then a

: N 1 solution of diethyl
ed, the Ot%l nﬁd solid was filtered

(1]

in which:~-

R, represents a hydrogen atom or a hydroxyl
protecting group:

R, represents a hydrogen atom or a carboxyl
protecting group; and

R; represents a hydrogen atom, a hydroxyl group, a
hydroxymethyl group, a C,j;alkyl group or a group XR, in
which X represents an oxygen atom or the group S(O)n in
which n is zero or the integer 1 or 2 and R, represents a
C;.salkyl, C;,cycloalkyl or phenyl group, or when X is an
oxygen or sulphur atom then R, may also represent the
group AlKNR.R, in which Alk represents a C,, straight or
branched alkylene chain, and R; and R, each 1ndependently
represent a hydrogen atom or a C,., alkyl group or Rg
represents a formyl, acetyl or iminomethyl group and R,
represents a hydrogen atom or R, and R, together with the
nitrogen atom to which they are attached form a
pyrrolidino or piperidino ring, or R; represents a group
(CH,) NR;R; in which m is zero or one and R, and Ry
independently each represent a hydrogen atom or a C,,
alkyl group or R, represents a formyl, acetyl or
iminomethyl group and Ry represents a hydrogen atom, or
R, and the carbon atom to which it is attached represent
a keto group or a ketal derivative thereof;

and salts (including internal salts where

RN AR




«of f}-_washed with '|ethyl'ether/petroleun1so|ution (3xI5m), and dried
to give the title QY | .c. methylene. chloride/acetic acid

. QH@H'BQG" 140¢): t. c
9/1 Rf 0.2 IR (N&S (cmerr]): max 1772-1680( ; -
(C=C). Herr]-NWR \B‘ ] 5(m, 3.89(m), 3.62(dd), [3.22(UHET HASBERY
1.9-1.0(m, 1.11( e 28 Allyl-(4S,8S,9R ,10S , 12R_ REPLACED
)-4-(t-Butyldimethylsilyloxynethyl )-tOBS$-(¢t- Butyldi methysilyl oxy
)-ethyl)-1l-oxo-l-azatrjicyclo[7 .2.0,0[err]]l- undec-2-ene-2-carboxyl ate
InternediateaEBr?EFEEﬁeMBr@@té%@%%?%ﬁl§n{%%L§ﬁr%ﬁ§eﬁ§tﬂ?geﬁgfgﬁ BFi de
(100M ) and eméydsodus potassi um carbonate (1g) was added.

Al l yl oxal yl chloride (1.9mM) and triethylamne (1.9nm) were added to the

stirred solution at roomtenperature, and the resulting mxture - 75-
was stirred 2or 2Cempoundsfasteolaimeddinachaimt ki ¢hevein B, andikyt ed

3 oo , _
s, 7 e g st SR Tty e

dried and the [ C ter evaporat li purified from
pol ar i npuri 8atEsp{ircluding bnkerspripHalte) valetabglicadtndPRiAGl acetate

98/ 2 Rf = 0.&3tefbcafliusplvaresctheppyed by evaporation and the residue

di ssolved in dry xylene (150m ) and triethyl phosphite (8.3m) was added.
The solution was refluxed for 4 hours and the sol vent renoved under reduced
pressure. Tha.oi | gompeudds as chadmetognaphadmoR wheiredn(Buants

| gcggye; gng/ fg%ﬁﬁ%aaﬁ 2Rind8K amifonbth12l hRtHyi BRihbl ! RyaeeRGUNd
' Kydroxymethyl, methyl, methoxy, ethoxy, isopropoxy,
cyclopentoxy, aminoethoxy, methylthio, phenylthio or
methylsulphinyl group or together with the carbon atom
to which it is attached forma a keto or dimethylketal
group. '

4. Compounds'of general formula (Ie)
OH

vl X

(te)

wherein R, represents an amino, aminomethyl, methylamino,
hydroxy, hydroxymethyl, methoxy, ethoxy, isopropoxy,
aminoethoxy, methylthio or phenylthio group,

and physiologically acceptable salts, metabolically
labile esters and solvates thereof. |

5. (4s,88,9R, 108, 12R) ~4-methoxy-10- (1-hydroxyethyl) -
11-oxo-1-azatricyclo[7.2.0.0%*#Jundec-2~ene-2-carboxylic
acid, and physiologically acceptable salts,
metabolically labile esters and solvates thereof.

6. The compounds:-

(4s,88,9R,108,12R) -4-methylthio-10-(1-hydroxyethyl)~-11-

Ay O




AR (Y max cnferr) 1769, 1715 and 1647; NWVR (d ppm 5.96(m, 5.33(mM,
4.72(ny, 4. 18&. eﬂg%émae 14e07(dd), 3.75(n), 3.16(dd), 3.0(m, 1.95(m,
1.9-1.7(m, ! o 87(s), 0.07(s), 0.03(s). BEPTIAS BEEN

Al lyl-(4S, BS 9 hydr oxynet hyl ) -1°0- (I - hydr ox I _
| | -oxo-1-azatr [err]]- undec-2-ene-2-carboxyl ate ERLAGER: ;
sol ution of Exanple 28 (90ng) dlssolved87n'anhydrous THF (15n1) acetic
acid (0.1m) and tetrabutylannonlun1fggor|de 0.82m _of solution in THF)
were added. 9¥e~1zzRrEFREYFIQULUre-Qad™ 1??¢%ﬂ’?o?n§02ﬁ83F O¥WehCdiluted
with ethyl ageiaje (100m ) and washed with 2% aqg. sodium hydrogen

bi b t dried d

ovanorat ad ukbEro¥oR 1880y BRL S cnd R REARBRE b RYER-1RS, U B8 S0 ok o
on silica gehy@ebxnﬁthylyclbhexanéfezhyrlaweﬂaﬁé 80050 ggunds°2¥‘to afford
the titl uid | (25 IR (V 3605,

3457, 1771, SOEa2ocar R A REER O T e & an(m . A 7l
4.23-4.1B(m + dd), 3.78(m), 3.24(dd), 3 08(m), 2.1-1.2(m, 1.31(d). Exanple
30 Potassi un(4§, 88, Qﬁiiesr l§Ri23)-aﬂlﬁB¥db°>(lﬁh§/Wo)xbeh(y|l)W&WN' )-

E I e e

tetraki s(triphenyl phosphi ne)pal | adi um (10ng), triphenyl phosphi ne -76 -
(10my) and pghgsghylte1651¢h 1920808 ptAn1 T salts) hedabididiry

labile esters and solvates thereof.

7. A process for the preparation of compounds as
defined in claim 1 which comprises the cyclisation of a
compound of formula (II)

ORy,
| H
CH; R3a (11)
N
COOR,,

(in which R,, is a hydroxyl protecting group, Rh'is a
carboxyl protecting group and R,;, is as defined for R; or
is a group convertible thereto, and Y is an oxygen atom
or a phosphine group) and thereafter, if necessary or
desired, subjecting the resulting compound, either

~ before or after any separation into its stereochemical

- isomers, to one or more of the following operations: -

a) conversion of a group R;, to the desired R, group,

b) removal of one or more protecting groups, or

c) conversion of a compound in which R, is a hydrogen
atom or a carboxyl protecting group to a corresponding
salt, metabolically labile ester or solvate.

8. A process as claimed in claim 7 wherein the

| ) O N VA




acetate) were dissol ved in 0.5 m of anhydrous THF and added to the
sol ution, the mxturﬁus\m&tmsmeéna&ﬂﬁad an hour then diluted with dry et her

(15m) and petrol eum The solid was washed t |
H The solid was di V\sﬁmsgﬁﬁéﬁ@ BEE'H

ether (15m ) and petr
(0.2m ) and chromatog on reverse phase silica gel G118 (eI

water), the solution was freeze dried t© 8 ve the title cohpound (10ng.) as

a while solid._| Nujol , cnferr 1751 ( ) +
4.06(n, 3.57C% 11?% Cé’faﬂ g@%ﬂ““@ oé(% %%%‘Pégls

Al |yl (4S, 8S, 9Ia,r11@:&ym) ad;o@nl)lspleaiﬁ;ddﬂad)-bm-l'{ebt(mg in the presence of

But yl di net hyl g Edb% ?ﬁ?]s (0- | -azatricylco[7.2.0.0 [err]]-

undec- 2- ene- 2 car 0 ‘ution of internediate 29a (0.75g) in
anhydr ous net hyl ene chI ori de (25rr1 ), anhydrous potassi um carbonate (0.249)
was added and ghe i HricRalas dIEIHbAN R LIG D7 LdLa il rindys i vas

cooled at Jerr]C a gxal hIorrde (0.3 rrnge
foll oved by & A SamReHthe X0 i HAichrty i8aa: Parbady s PrOLErtInd) ey,
hrs, the sol i canBR,f ikt argﬂouf;fs s(wh@ra\nmhmtzﬂwlmm dm dd giz0m)) . The
sol vent was evapaor, t esul t 40m ) and
brine (20m) v&ﬁp ’%ﬁﬁ‘%&adq%r t]\ﬁgeq éléné/%rlﬁ"ednﬁ w E%epara ed, the
organi ¢ phase grepe0Reted with br| ne (20m) 5% SOdI um hydr ogen car bonat e

(6x20m ) water (20m) a cold 1% sol ution of hydrochloric acide (3x20m ) and
water (20m ). The organic |ayer gave, after evaporation yel | ow oi |

(0.85g) which Mas dt RFASKSS a6 ByGlanan 7 r?’ét%’;ﬁ’-’bl‘ﬁ)s"{)‘h%’f%l?z 879)
was -added and & heonmaind i (1) S Wrish -y iseal edripagl Priovectdricoigriuphrs.

the reaction was %arggagttgcejraagthh% 'L:%rﬁo%%'% e S, Skt mtth__d to flash
attached represents a ketal group is hydrolysed to yield
a compound (I) in which R, together with the carbon atom
to which it is attached represents a keto group.

11. A process as claimed in claim 7 or claim 8 wherein
a compound (I) in which R, is a carboxyl protecting groﬁp
and R; together with the carbon atom to which it is
attached represents a keto group is reduced to yield a
compound (I) in which R; is a hydroxyl group.

12. A process as elaimed in claim 7 or claim 8 wherein
a compound (I) in which R, is a hydroxyl protecting
group, R, is a carboxyl protecting group and R, is a
hydroxyl group is O-alkylated to yield a compound (I) in
which R; is an alkoxy group.

13. Compounds as claimed in any of claims 2 to 6 for
use in the therapy or prophylaxis of systemic or topical -
bacterial infections in a human or animal subject.

14. The use of a compound as claimed in any of claims 2
to 6 in the manufacture of a therapeutie agent for the
treatment of prophylaxis of systemic or topical
bacterial infections in a human or animal body.

| \ ) A




c‘hr'ofmgr_ogr aphy- (CH EA 8/2). .The title conpound (0.29g, 32.6% was obtained
Rf=0.7, CHEA 7/3) as a white wax. IR (cmJ[err]) 17?14ans(SBeekH£stBa€@Re laced
1717(carboxyl); 1651(doubl e bond); 1626(doubl e bond); nd)
[err]H-NMR (ppm) 7.37(m); 7.20(m, 5.81(m); 5.25(m;

4.13(m, 4.06(dd); 3.39(m; 3.14(dd); 2.Q04(m; 2.0-1.

1.37(m; 1.19(d); 0.85(s). Exanple 32 All

(4S, 8S, 9R 10S4 42R) 1 e

11- oxo- azatr%cyc?ﬁfgﬂgeéh%l?bgl ]gcﬁlh %W_Egﬁénég %%rs g Fa o a stl rred
sol uti on of ER&nfleimed(dniagy pﬁ ahajasodstoHp mndedmnxttpggewltac@nec acid
was added by arsibradphysfoid§italip! hevegtAvia sakviees of ,
tetrabutyl ammnium.fl yoride trihydrate (0.239g) in THF (6m ). The resulting
m xture was s?f‘??‘gaef'g? *20 hrs and diluted with brine (10m ), extracted 3
times with ethyl acetate (30m ). The organic |ayer was washed twce with a
5% SoLuti on OhesodhUERKABRN£ALRARAL oL A hlndRT ol HENOLLAR( TR The
resi due, after evaporation rorra {o grapny

gradi ent el ut F@nCPF‘bf’*WPBCFQr?:#l) mﬁegsnanﬁ somprésg)mgeadmwlfsutnrgttmm t he
title conpoungdo(8add Bodgo%:' shu&eéeéewadaﬁuauﬁtcBleour l:%rﬁr?oﬁ'nh g3 =) 0. 3,

CH EA 1/1) lRf(i rrgerr % 12( hydr oxy [err]-lacta 1717(carboxy);
1649 (doul be gﬂ dy EG?BXUB eCBBﬁﬂf 21!-';83§cloubl e bond). [err]H NVR (ppm
7.38(m); 7.26(nm); 5.83(n); 5.22(sa); 4.58(n); 4.20(n); 4.15(dd); 3.51(m;
3.22(dd); 2.2-1.5(m); 1.4(m; 1.3(d). Exanple 33 Potassiun4S, 8S, 9R, 10S

, 12R) - 4- (| - phenyl t hi o-10-( (-hydroxy)ethyl) -

THIS SHEET HAS BEEN
REPLACED

-

[



I'™NOXo-1-azatricyclo[7.2.0.0[err]]- undec-2-ene-2-carboxylate To a solution
of Exanple 32 (30ng) in a 1/1 m xture-of: methyl ene chloride and et hyl
acetate (2m ), under nitrogen a solution of triphenyl phosphine (2ng) in
met hyl ene chloride (0.5m) was added fol Igvved by a solThisiSpsat ius BpsalRepiahiedim
tetraki s(triphenyl phosphine) in net hyl'én% chloride (0.5 . 5M
sol ution of potassium 2-ethyl hexanoate in ethyl acetate [E e
solution was stirred for 1 hr. The precipitate which fo at ed
after centri 18¢a663¢-5R9shed three tinmes with ethyl ether to yield the
title conpound as a white solid (6nmg, 20). IR(Nujol,
3344(hydroxyl); 1765 (p-lactam; 1645(doubl e bond);
78 - HNWR (Dlerr]O ppm) 7.20(m, 5.17(bs); 4.01(m;
dd); 1.9-1.5@BsTRACAS(mM); 1.08(d). Exanple 34 Allyl (4
, 12R) - 4- (N-al | yl oxycar bonyl - N- et hyl am no) - 10-[ | - (t -
butyl di net hyl silyl oxy)-ethyl]-11-oxo-|-azatricyclo[7.2.0.0[er rl

undec- 2- ene- Fhearinweritiian consterns rcompoweds e rgeeerdt 8ormulankddr ous
xyl ene (120m ) was stirred in presence of 4A nol ecul ar sieves, at 22[err]
under nitrogen for |lhr, then triethyl phosphite (25m ) was added and the
solution heated at reflux for 7hrs, then the solvent was renoved under
vacuum The residue was chromat ogRgphed o ilica gel, using a m xture of

di et hyl et her/ petrol eum (7/3) as Bl uant, ford the title conpound as a
yellow oil (3g, t.l.c. diethyl e}fh A d);, IR V (CDhCi[err])
CHS ) Rs (I’
N
U COOR,

in which:-
' R, represents a hydrogen atom or a hydroxyl
'proteclt-ing group:;
R, represents a hydrogen atom or a carboxyl

protecting group; and '

_ R; represents a hydrogen atom, a hydroxyl group, a
hydroxymethyl group, a C,.;alkyl group or a group XR, in
which X repfesents an oxygen atom or the group S(O)n in |
which n is zero or the integer 1 or 2 and R, represents a
C,.salkyl, C;.,cycloalkyl ox phenyl group, or when X is an
oxygen or sulphur atom then R, may also represent the
group AlKNRR, in which Alk represents a C,, straight or
branched alkylene chain, and Ry and R, each independently
represent a hydrogen atom or a C,, alkyl group or R

represents a formyl), acetyl or iminomethyl group and R,




SRR ———

max 1767, 1744, 1693, 1649 cm[err]; [err]H MNR (300 MHZ, CDO [err])
BNGBTM, 5. 5- 5. 1(m,; 5.36(m, 4.8- 4. 5(m, 4.21(m, 4.16(dd), 3.20(m,
3.0(s), 2.25-2.1(m, 1 92-1.8(m, 1.75-1.4(m, 1.38(t), 1.23(d), 0.88(s),
0.078(s), 0.075(s). Example 35

Al lyl - (4S, 8S, 9R, 10S, 12R) - 4- (N-al | yl oxysagpoagl - N- net hyl ani no) - 10- (1

hydr oxyet hyl ) - 1l - oxo-| -azatricyclo[7.2.0.0 [err]]-undec- 2-ene-

2- car boxy! at eepresentsuti hydrogen miicn I (R, amd Ry ﬁbyetnéfahﬂdhof:ﬂéan

(50mM ), acet ( t ni um fl uori de
trihydrate (bigi‘}&bgn é gmt )gorg'% S.hg]a{t}#g O‘{%%rﬁl‘;@év\%‘?%&agé@'g]@me m xture was
stirred at ZEFEFP]ufiélethPéPecrh MVFEEE 15 Bat@Prents @ sreup
extracted w t(ba cﬁia&méﬁxﬁoiﬂ;) zefbeoQ-r @ﬁ&l anlda amsxqvashed with 5%
sodi um hydr o caraF e solution x80rr1 br| ne_ 10 gl‘l ed over
anhydr ous sogf‘aﬁpﬂf 9?‘ yaﬁtfcz\/m’(ﬁ%"tf‘% %%ﬁ?n ?’e's?d B4VaAS

chr omat ogr aphd¥ydngsoupc @y ®,, repregeats lﬁcsrmyfl,rradqtt)ehs:r

chl ori de/ et 0

col ourl ess o?’?l ?%m%%)l @I%O(ﬂyja‘md ﬁ’ err % %g% Q;g%%oami?lB
1700 cm[errRs ?@@r?hPNGFFPQDOaNHE teDwhich dif s attached (ygpreseostt),
4.73(m, 4.5 m&m 2kt derita€lve3tRatabe;2. 99(5), 2.20(M,

(1o 5 bR 105, 15} itictiddng inteeael, ARLES SBers.

(4S, 8S, 9R, 10S, 12RPAM |
| -azatri cycl eppropriate)r,r Metabulkicd)lPyclabibebesters anddsolvates

thereof and a process for their production.

et S X




TD’ a solution of Exanple 35 (1.2g) in dry tetrahydrofural RES’(MCEMENTnﬁEIE)EiE
was added under nitrogen at 22[er®]T The sol utioh a3 3TTTTedf

hen a solution of tetrakis(triphenylphosphi.ne) pgl )
ahydrofuran (70mM ) was added dropise in 10 mn d thf%&@g

Bl for | hr, i e 11! W
and t R&*Fesu hlu& £m1’y1§%99 '% ﬁw@ZFgg&i% Ql%\%ggih Wi ethyleth
’ and dltpe%Fhe’Fhéh“T [¥be seR TRennALOTIES S B AR F ni Snektt

- hyl acetqgg & 62XithS8inetBptkdeae. dried to give the title compound a

[ "I d R: N I 3370 1700, 1767, 1597
B 1 er ] 1 NP LYp BT PSR bR B BB 9 FesioalT are
Rit) , 3. 03¢Rpse 22 AE)ch 2n91eaxx9a(m)atom 38(the 6 DOEA} iokxanpine t83 8
45, 85, 9R, I ' t hoxy):--10: [ 1+
" ot ISR ST A Frs e PRRCL RN TRETE! RO 41 e
ene- 2- eanbwly#aaﬂt@nToRa sepxpiemtsoR hhdregrreratoni aRg WPieseanhydr ous
met hane (400L), aS@h i gk RO 1'6%?’&‘[:99{@&4%1.5991, e 32363l bk Qxal yl

(0.4m andtrlethylamne 0.4 wer e” ad room t er nper at
hr. theeprs@afté AAS2REut BELRY P iaP c EmeRet ke otPoBW )metF‘PF‘Yer ed

ed w thscoldbor¥hy Sé?tllﬂbéﬂfb:@f §miymhba,drx@gsplmroboxa@&rgleaxpﬂggh)

nic | ayer was drg and evaporated. The resi wa ﬁ solved in

0 Syl chEATORE MRS AEr NN TE0e 0GP BeTARRIAGT BHOSARE RE S8 )

ed and skhes ahdtsuaeamstmmbed at 110C for 3 hr, then the sol vent

ved under. vaguym . The, Jeesi dus, yas..clr ormtaar aphed an sid fica)asl
cl'o ‘atffo

t hyl acetaté’/ecy exane mMXture as efua (Z he title
(0. 52gethdxyelq- (étlhmroamhaueﬂdye#mﬂexmmydlomm 8)0 +°] undec-

2-ene—-2-carboxylic acid and salts thereof e.g. sodium or potassium

i

salt.

(4S,8S,9R,10S,12R) ~4-methylthio-10-(l-hydroxyethyl)-1l-oxo-1-
-azatricyclo[7.2.0.03'8]undec-z-ene—z—carboxylic acid and salts
thereof e.g. potassium or sodium salt.

(45,85,9R,10S5,12R) -4-methylsulphinyl-10-(l-hydroxyethyl)-ll-oxo-1~
azatricyclo[?.z.o.03'8]undec-2-ene-2—carboxylic acid and salts
thereof e.g. potassium or sodium salt.
{4s,8S5,9R,10S,12R)~4~amino-10-{1-hydroxyethyl)-1l-oxo-1-
azatricyclo[7.2.0.03'8]undec-z-ene-z-carboxylic acid and salts
thereof.

Compounds according to the invention not only exhibit a broad
spéct;um of antibacterial activity against a wide range of
pathogenic microorganisms but also have a very high resistance to
all p-lactamases. Compounds of the invention are also relatively
stable to renal dehydropeptidase.

Compounds of the invention have been found to exhibit useful

levels of activity against strains of Staphylococcus aureus,

: Streptococcus faecalis, Escherichia coli, Pseudomonas aeruginosa,

Clostridium perfringens and Bacteriodes fragilis.

The compounds of the invention may therefore be used for
treating a variety of diseases caused by pathogenic bacteria in
human beings and animals.

Thus, accordiné to another aspect of the present invention, we

®rovide a compound of formula (I) for use in the therapy or

P



CDCI[err] Vm[err]) 3454(N-H) 1774(Iactan') 1718(C=0), y
(C=0), H er rrhis SR H:EBGh aﬁic}q '6.20-5. 85(2m), 5.48-.19(2m), 5.085(m)

5 0974( bs), 4.82- 4 , 4.216(m, 4.15(dd), 3.50-3.30(m,
3. 195(dd) 1.88-1.55(m), 1.52-1.20(m, 1.22(d),
0.0887(s), O. 082( Exanpl e 38

Al |yl -(4S, 8S, 9R, 108 12R) 4- (2 al I yl oxycar bonx| ani roﬂEﬁbAﬁEMEm SHEET
hydr oxyet hyl )-11-oxo-1-azatricyclo[7.2.D.9[ err]] - yngec—2-eme=—2—cqr
To a solution of the Exanple 37 (0.52g) in dry tet
acetic aci P{®M-523nd a | M sol ution of tetrabuty
(5.5m) in dry tetrahydrofur‘z;?)m'e added. The m
hr. at roogphemser a{BEe, ceijle#ted with ethyl acetatje (100 m) and waghed
with a saturated ammoni um chloride solution (Ix 40my—amd—a—5%—seei um
hydr ogen carbonate sol utlon (2x 40m ). The orgam c layer was dried

evapor at ed .and cz‘\hr mat Q q_gxn silica ing a et hél

acet at e/ cycl'ohetaRs o5~ QPEFRARE f‘8naf’ffo gmpRENESt PE conpound
(0.2g, t.l gﬁr;er@tlhﬁommﬁ.taat(éﬁ/) cycl ohexane 6/4 Rf =0.1). IR (CDO[err] V max
(cm[err]) 3609 and 3499 (N-Hggt), 1722 ( lactam, 1718(C=0) Herr]-NWR
(CDCl): 6.02-5.84(m), 5.5-5.1% nf, 5.08 5.02(sa), 4.88-4.64(m,
4.57(m, 4.24(m, 4.18(m, 3.44-3 3HM 48- 3. 14(m, 2.05(m,
1.92-1.25(m, 1.32(d) Exanpl Yy

(4S, 8S, 9R, 10S, 12R) - 4- ( 2- dhHygoet hg~ I-hy%50xyet(HyI)
-11-oxo-l-azatricyclo[7.2.0.0 [er -2-ene- 2- carboxyllc aci d

Q
COOR, THIS SHEET HAs BEEN

REPLACED :

in which:-
' R, represents a hydrogen atom or a hydroxyi
protecting group;

R, represents a hydrégen atom or a carboxyl
protecting group; and _

R; represents a hydrogen atom, a hydroxyl Qroup, a
hydroxymethyl group, a C,j;alkyl group or a group XR, in
which X represents an oxygen atom or the group S(O)n in
which n is zero or the integer 1 or 2 and R, represents a
C,.salkyl, C;,cycloalkyl or phenyl group, or when X is an
oxygen or sulphur atom then R',. may also represent the
group AlKNRR, in which Alk represents a C,, straight or
branched alkylene chain, and R; and R, each independently
represent a hydrogen atom or a Cy.q alkyl group or R,
represents a formyl, acetyl or iminomethyl group and R,
represents a hydrogen atom or R; and R, together with the
nitrogen atom to which they are attached form a
pyrrolidino or piperidino ring, or R, represents a group
(CH,) NR;Rg in which m is zero or one and R, and R,
independently each represent a hydrogen atom or a C,,
alkyl group or R, represents ga formyl, acetyl or
iminomethyl group and R; represents a hydrogen atom, or
R; and the carbon atom to which it is attached represent
a keto group or a ketal derivative thereof:

. * [+ L M H *




To’rthe sol ution of the Exanpl e 38 (0.04g) in dry:tetrahydrofuran—{(2nt)—

acetic acid (0.05m) and tetrakis (triphenyl phosphi n l.ém (0. 05 i n
tetrahydrofuran (0.5m ) were added. After 4 hr. dieth

petrol eum ether (5m ) were added and the resulting sol m‘@ﬁ uged
washed with diethyl ether (3x 10 m) and dried. The so ed on
C-18 (cartridge SEP-PAK WAater Associ at @s) using water as el uant then the

sanpl e dissolved in water and freeze dried to afford the title corrpound (1
ng) as a white apali dalkR (CBSlhding Ymerhal evallts 388-e3100( NH2), 1763

| act 1595( C=0, C 4(dd
5. 56- 3, 40( ApPYIPESRNs) . BeEBhIgERnly Tapine ettls P Sdbupcks’ 10
1.11(d). the&eof,Ewhiphe coopBdsed anymetthdhe EFeRs - hydr oxyet hyl )-I | - oxo-
| -azatricyclo[7.2.0.0[err]]- undec-2-ene-2-carboxylate To g-salution of the

intermediate 41 (0.54Qg), in dry tetrahydrofuran 5m ) under FTHISQEET
Jerr] thi dAyl cyRilds °m°f5ﬁ1 FompeuRd §f, g LB ) [were RM‘%AS BEEN

reaction mxture was stirred @R,;22[ er for 3 hrs., dllute

acetate (2m ) and washed w t hysgtuya
aq. sodi um hydrogen car bonat g
in vacuo. The oily residusy£0. 56edasildi s8ekved (1), 4-Hi oxane (10m nd
2,6-1utidine (0.18m), sodium bjonide $0.21g) and tri phehyighdANT99Z,
(0.54g) were added. The reactigrﬁf“\t%g was stirred af p2[err] for 19 Hrs.

then heated at reflux for 2 h0s. The action mxture ma
ethyl acetate (50m ) and washed V\Athc%a&éjrat ed agq. ammpnium chl oride (2

. 2a ,
50m ) and brine

(in which R,, is a hydroxyl protecting group, R, is a
carboxyl protecting group and R,, is as defined for R; or
is a group convertible thereto, and Y is an oxygen atom
or a phosphine group),

(ii) oxidation of a compound (I) in which R, is a
carboxyl protecting group and R; is a group SR, to yield
a compound (I) in which R, is a group SOR,,

(iii) hydrolysis of a compound (I) in which R, is a
carboxyl protecting group énd R, together v)’ith the carbon
atom to which it is attached represents a ketal group to
yield a compound (I) in which R; together with the carbon
atom to which it is attached represents a keto group,

(iv) reduction of a compound (I) in which R, is a
carboxyl protecting group and R, together with the carbon
atom to which it is attached represents a keto group to
yield a compound (I) in which R, is a hydroxyl group,

(v) oO-alkylation of a compound (I) in which R, is a
hydroxyl protecting group, R, is a carboxyl protecting
group and R; is a hydroxyl group is to yleld a compound
(I) in Wthh R3 is an alkoxy group,

. * [ L M S *
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2x5€)rrfl) dried and concentrat ed under vacuum The oily r sﬁ%Fdé\GaMENT SHEET

chromat ographe’&‘" aced;5ing a nixture of petrol epn] et her/di etnyt
ether 9/1 as el u F a colourless oil (0.16g). [Th SLWSAN o7 ! vied
in dry tetrahyd acetic acid (0.14m) and a {.] M solution of
N, N, N-t et rabut yl ammoni um fluoride in dry tetrahydrofuran (0

added. The reaction m xture was stirred gt _22[err] for 1 rs. diluted vm'tr
ethyl acetate (25m ) and washed with 5% aq. sodi um hydrogen carbonate

(3x25m ) br |m(ﬂxé’5@éifteﬁlrl ed aedecelEYNOraldRE iHREEr é(ﬁ&jé&’ﬂln@ﬂ:r{ees' due
was chrorratolg% % &In|68a gel t?ns ng’\?g m xute o eth

acet at e/ cyclonexane 3/ 7 SpganelthsryPesans. 95 A und as a

col ourl ess o$¢pgBBhigontinte. 1tycb&l&mmb/eeuh>pll eic&maires A/t dife ©1©.3). IR

CDCl Ve 0 B | act
(1632([0523;]; H[err](<-§?}N£|\/1%éE%%lli\%ﬂ-lzw%{6% @l)efa};%%x 30(m) ag gg)(d THiS. SHEET) HAS BEEN

4.24(m, 4.19(dd), 3.3=3.3.2(m, 3. 20(S) 2.05(m, 1.9-1.2 REPLACED
1.32(d). Exaapl e 4dnPet8$6hUBE a o the desired

(4S, 8S, 9R 108, 12R hoxy- 10- ( - hy é’roﬁaet

11- oxo- 1- azg?%ri cy%‘l“%?‘fa% i‘:{O°f‘§r Hr] MOE 7 BE ’12-‘» CHPBE &% To a

sol uti on of ¢he Exampéesilon(8fng) competlnd m:a&ﬁtcm ®ntis, aehbukogbﬁohol
(1Im) and p [ I nd the m xture

stirred in gé%&gr%%]e% g%irﬁr%é%% é }Q‘E r??‘g%t %[ué’r P PorCFE SHRPT ‘#‘ﬁ% the
catal yst wasS# ttem%*élalaﬂlféﬂawhéaboll@t esteraoraalasted with 0. 4%

pot assi um hydrogen carbonate (2.5n1). The aqueous |ayer was concentrated

under vacuun} t hen 1[))urlfled by reverse phase
rocess as’ claimed in claim 1 wherein the

cyclisation of a compound of formula (II) in which Y is

an oxygen atom is effected by heatlng in the presence of
an organic phosphite.

3. A process as claimed in claim 1 or claim 2 wherein
a compound (I) in which R, and R, represent hydrogen
atoms or a physiologically acceptable salt (including

internal salt), metabolically labile ester or solvate
thereof is prepared.

4. A process as claimed in any of claims 1 to 3
wherein a compound (I) in which R; represents a hydrogen
atom or an amino, aminomethyl, methylamino, hydroxy,
hydroxymethyl, methyl, ﬁethoxy, ethoxy, isopropoxy,
cyclopentoxy, aminoethoxy, methylthio, phenylthio or
methylsulphinyl group or together with the carbon atom

- to which it is attached forms a keto or dimethylketal
group is prepared.

5. A process as claimed in any of claims 1-4 in which
a compound (I) is prepared in which the carbon atom in
the 8-position is in the B-configuration.

B * ¢ L M s %



chromat' ot aphy. The aqueous sol ution was freeze dried to give the title

conpound @s a white solid (20ng). Exanple 42 Benzyl This Sheet Has Been Replaced -

4-nethoxﬁ;10-[(I-hydroxyethy|-|I-oxo-I-azatricycIo- [7 )
undec- 2- egpe- 2- car boxyl ate To a solution of the interne in dry
tetrahydrofuran (1 Or) under nitrogen at err], thionyl chloride .27m)

and 2,6-ldtidine (0.48m ) were added. FThet reaction nmixture was stirred at
22[err] for 3hrs, diluted with ethyl acetate (50m) and washed with
sat ur at ed. aq® -ammBnPERCESSofSu S et in Sl 1 i ek HYy i JPRerRER bonat e
(2x50m ), braneompobifid b f dienetaanEsraigent (gs)ed under vacuum The oily
residue (1.1g) was dissolved in 1,4-di%xane (20m ) and 2, 6-1utidine
(0.33m ), sodium brom de (0.399‘?Htrip‘= yhphosphi ne (0. 98g) were added.
for 15 ers& t hen poured into
saturated aq. anmmoni um chl q¥{ xtracte mﬁ%h et hyl acetate
(50m ). The organic |ayer was*washe i saturated ag. ammoni um chl ori de
(50m ) and brine (2x50m), dH(ﬂjfgﬁFﬁi gentRat ed under reduced pressure.
The oily residue was chromat ograghed on sCIO@H gel, using a m xture of
et hyl acetate/cycl ohexane 3/7 as eluant, to give an oil (1.Og t.l.c. ethyl
acetate/ cycl ohexane 1/1 Rf = 0.6). The oil was dissolved in acetonitrile
(15m ), and acetic acid (1.3m) and conc. hydrocloric acid (Im) were added
at ice cooling. The reaction m xture was stirred at O[ ¢rgl—fo '
poured into cold 5% aqg. sodi'um hydrogen carbonate (50
ethyl acetate (50m ). The organic |ayer was washed-wt
concentrated under reduced pressure to give a white fga
acet at e/ cycl ohexane; 25/5 Rf= 0.36). This was dissol ve
(20m ), heated at reflux for 5hrs, and then the sol vent
vacuum The oily residue

(wherein R; represents an amino, aminomethyl,
methylamino, hydroxy, hydroxymethyl, methoxy, ethoxy,
isopropoxy, aminoethoxy, methylthio, methylsulphinyl, or
phenylthio group)

or a physiologically acceptable salt, metabolically
labile ester or solvate thereof is prepared.

7. A process as claimed in any of claims 1-3 in which
the compound prepared is selected from the group
consisting of(4S,8S,9R,10S,12R)-4-methoxy-10 (1~
hydroxyethyl)-1l-oxo-l-azatricyclo[7.2.0.0°%]Jundec-2-
ene-2-carboxylic acid, and physiologically acceptable
salts, metabolically labile esters and solvates
therefof.

THIS SHEET HAS BEEN
REPLACED .
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was ‘chrofat ogr aphed on silica gel, using a mxture or et hyl -83 -
acet ate/

cl ohexane 1/1 as eluant, to afford thEhis§ das a
colourlegs oil (0.26g; t.l.c. ethyl acet at e/ cycl 0. 3).
Exanpl e 43 Sodi um(45, S, 9R, 10S, 12R) - 4- net hoxy- 10- )-11- oxo-1-
azatrlcyqlo[Y 2.0.0 [err]]-undec-2-ene-2-carboxylate To a sol ution of

Exanpl e 42 (0.195g) in ethyl acetate (8nP)7 ethyl. al cohol (8m) and

pal | adi um bl ck 75. 3 The reactlon m xture was stirred in a
hydr ogen at %r?Eg%fmg ngfg?g]lpoPnYSHFnc BlfiSh I He IR was

filtered offtbmdcswpmundanepgrEGXasoséeeeﬁéagtrwastmddq&nuﬁhe or gani c
sol ution wasg gﬁ ggiﬁﬁ ﬁg Eﬂgeéoﬁggﬂﬁﬁg .pressure and the sodi um salt
d t

resi due was wat er purified by reverse phase
chr omat ogr aphy. The aqueous sol ution was |ce dried to give the title

conpound as ps8hgs CoR 0L bE, i@ﬁ{fg -mégﬁ %l)v Q%?Iorx]yethyl) -11-

3375(0-H), .1 49(C—0{%tir ?

[err] KH MNR(QEOTAE 1§ych °W( euadeetarrena @scayboxylig(dd),
3.11(s), 3.0a¢ita,- 1.89(m, 1. 75(n) 1 6- 1. 2(n) 1.14(d). Exanple 44

Et hyl (4S, 8S, 0 t si |l yl oxy) et hyl -

-11- oxo- 1- azgﬁ%icytégrioé gE%F ?X gﬂ&éﬁgiﬁg n@ Qﬁoxylate To a solution
of the |nterh&@#@%!eﬂ@Y%D-Ig?xonldayateucghydmafananoff5uh¢eaﬁdeenehtrogen
at-10[err], 3bioPybyxgDiOradeq(0. 24nt) and 2, 6-1utidine(o.41m) were added.

The reaction mxture was stirred at -10[err] for 30mn, then diluted with
ethyl acetate (100m ) and washed with saturated aq. annnnlun1chlor|de

(2x80n ) and(4g | 8, 4RX¥65] 12Ky + £damino-10- (1-hydroxyethyl) -11-oxo—1-
azatrlcyclo[7.2.0.03a]undec— 2-ene-2-carboxylic acid,

and physiologically acceptable salts, metabolically
labile esters and solvates thereof.

REPLACEMENT SHEET

14 JAN 1997,

THIS SHEET HAS BEEN
REPLACED
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and evaporated under vacuum The oily residue (0.72g) was dissolved in

1, 4-droxan (10m ) and 2,6-lutidine (0.28m ), sodium brom '
t i phényl phosphi ne (0. 859) wer e added. The reaction m xt u{rlﬂgsﬁg&g% BEFN
nd._w A

22[err] for 24hrs, then diluted with ethyl acetate (50m)
saturated sg. amoni um chloride (2x50m ) and brine (2x50nl), dried and

concentrated under vacuum The oily respdue was chrormrtﬁl—ax-hed-a%a
gel, using cycl ohexane/ ethyl acetate 8/ 2 as - 84 - |eINE8k GEMEﬁTaSlf{EETd a

e

colourless oil (0.66g)(t.i.c. cyclohexaneBethyI acet atle {1/ 1, RF=0-3~
solution of the crude oil (0.66 |n 1, 4- di oxan (10nif) jweg E ﬂﬂﬁt
reflux for 4 hrs, diluted wiSF LICc COMBOUNDS| ) anfd |wa gI&A i he
(2x50m ), ‘dried and concentrted under vacuum The oily restede-was

chromat ographed on silica gel, using cycl ohexane/ ethyl acetate 9/1 as

el uant, to af colourless oil (0.13g; t.l.c. cyclohexanerethytr—aeetl at e
1/1 Rf:CIGG?@E$E%§§b [err])V [err]cnferr]: 1774(C=0 B-lactam, 1715(C=0

ester), 1632(C=C); Exanple 45

Et hyl (4S, 8SaHe idwehtRord-dBrideras laoﬁbohudéoafe?ané):allfamula (1)
azatricyclo[7.2.0.0[err]]- undec-2-ene-2-carboxylate To a solution of
Exanple 4k (0.1g) in tetrahydrofuran (4nl), acetic acid (0.Im) and a |l.IM
solution of N, N, N, N-tetrabutylamoni um fluoride trihydrate (0.22g) were
added. The reaction mxture wasggtirred at 22[err] for 17hrs, then diluted

with diethyl ether (20m) and sed wi aq. sodium hydrogen car bonat e
(30m) and brine (30nl), dried pnd canc ted under vacuum The residue
was chromat ogr aphed Yy £ Ry (0

CHJ

in wh:.ch

R, represents a hydrogen atom or a hydroxyl
prote_c_t:.nq group:

R, represents a hydrogen atom or a carboxyl.
protecting group; and ' '
) Ry represents a hydrogen atom, a hydroxyl group, a
'hydroxymethyl group, a C,_,alkyl group or a group XR, in
which X represents an oxygen atom or the group S(O)n - in
which n is zero or the’ integer 1 or 2 and .R, represents a-

_,alkyl C;,cycloalkyl or phenyl group, or when X is an

oxygen or sulphur atom then R, may also represent the
group AlkNR¢R, in which Alk represents a C, , straight or
_branched alkylene chain, and R; and R, each independently
represent a hydrogen atom or a C,, aikyl group or Ry
represents a formyl, acetyl or iminomethyl group and R;
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.on-silica gel, using diethyl ether/petroluemether 1/1 as elutant to give
the title corrpound as a colour|ess.oil (40ng; t.l.c. diethylether;

Rf=0.32). IR(CDA d)Vmax cnjerr]: 3607(0-H), 1772(C=) B lactan), 1715(C=0
ester), 1632(C=C); [err]H MNR(30MdHz, CDCl [err]): 4.96(t), 4.46-4.22(m,
4.19(dd), 3.23(s), 3.35-3.17(m, 3.24(dg), 2.08(m, 1.92-1.2(m, 1.36(d),
1.33(t). Pharmacy Exanple Dry Powder for Injection Per Vial Sodiun(4SS, 9R

, 10S, 12R) - 4- met hoxy- 10- ( 1- hydr oxyet hyl )-11-oxo-1|-azatricycl o

538ng [7.2.0.0[err]]-undec-2-ene-2-carboxylate Fill sterile vials with the
sterile sodiumsalt. Purge the vial head-space with sterile nitrogen; close
the vials using rubber plugs and netal vBEngng 2pPETeey by crinping). The
product may be constituted by dissolving i :
other suitable sterile vehicle for injet'o
85 1. Conp@mads of general fornmula (I)
hydr ogen atom or a hydroxyl protecting
atom or a carboxyl protecting group; ard R[err]
a hydroxyl group, a hydroxynethyl group,
XRlerr] iq b@ﬁ&&d&ﬁgﬁwﬁﬁ,ﬁmﬁﬁnan oxygen-atom or the grou
Is zero or the integer 1 or and Al err]

OR,

S(OnN in which n

Ry (1)

0 COOR,

in which:-

A4 represents a hydrogen atom or a hydraxyl protecting group;

R, represents a hydrogen atom or a carboxyl protecting group; and

R represents a hydrogen atom, a hydroxyl group, a hydroxymethy! group, a Cy.qalkyl group or a group XR,
in which X represents an oxygen-atom or the group S(O)n in which n is zero or the integer 1 or 2 and R,
represents a Cy galkyl, Ca.7cycloalkyl or phenyl group, or when X is an axygen or sulphur atom then Ry may
also represent the group AlkNRgFg in which Alk represents a C,.g straight or branched alkylene chaln, and
Rg and Rg each independently reprasent a hydrogen atom or a Cy.4 alkyl group or Rg represents a formyl,
acetyl or iminomethy! group and Rg represents a hydrogen atom or Rg and Rg together with the nitrogen atom
tc which they are attached form a pyrrolidino or piperidino ring, or Ry represents a group (CH,),,NR;Rg in
which m Is zero or one and Ry and Ry independently each reprasent a hydrogen atom or a C,_ alkyl group
or Ry represents a formyl, acety! or iminomethyl group and Rg represents a hydrogen atom, or Ry and the
carbon atom to which it is attached represent a keto group or a ketal derivative thereof;

and salts (including intemal salis where
appropriate), metabolically labile esters and soivates thereof.

2. Compounds as claimed in claim 1 wherein Ry and R, represant hydrogen atoms and physiclogically acceptable .
salts (including internal salts), metabolically {abile esters and soivates thereot.

3. Compounds as claimed in claim 2 wherein Ry reprasents an amino, aminomethyl, methylaming, hydroxy, hy-

droxymethyl, methyl, methoxy, athoxy, Isopropoxy, cyclapentaxy, aminoethoxy, methyithio, phenyithio or methyi-
sulphinyl group ar together with the carbon atom to which it is attached forma a keto or dimethylkatal groug.

I
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représents a CJerr] alkyl, Cferr] cycloal kyl or phenyl group, or when X is
an oxygen or sul phur atomthen R err] nmay al so
Al kNR[err] Rlerr] in which Alk represents a ([ ert]REFLUAGEMBNT SHERT
al kyl ene chain, and R err] and R err] each i ndepepee

hydrogen atomor a Cerr] alkyl group ogeR err]|repr fo .

or imnonethyl group and R err] represe%tss a hydgr )gﬁm err] and
Rlerr] toggt wi.th the nitrogen atomto whichjthey are attachedi forma
pyrrolidino g&°§?"5’e$i“’ﬂ?°ﬁ8°’?‘l"ﬂ6, or Rlerr] reprefents a group
(CHerr])m\Rerr]Rerr]. in which mis zero or R err]

| ndependently each represent a hy e or a Clerr] alkyl group or
Rlerr] represents a fornyl, acetyl H t hyl grqui) and R err]
0 e carbo a?)mtowhichitis

attached represent a keto group” or q d‘e'{i vative thereof, and salts
(including internal salts where app p|N| ab\e) ,"“fretabolically labile esters
and sol vates thereof. 2. Conpounds@as clai fPY¥n claim1 wherein Rlerr] and
Rl err] represent hydrogen atons and physiol ogically acceptable salts

(i ncludi ng iwhesinifgrep@adnisah amifd briisH ethpirhditlyiahninblingdPoxf i cdRixsime®AChmeiRly fhdas isopro-

t hereof . 3. REYMmineatiexy.amthgtinmiormbehyithiv gedugi m 2 wherein Rl err] represents an
am no, am nomet37§ Physiplegically|acaepiatie satsymitabsiigally labile esleroandiveitatey theregtet hy| , et hoxy,

et hoxy, i gORLY 086 l.opent oxy, am noet hox__, net h Ithi.o, phenyl t hi o or
net hyl - sul &%iw pﬁfgitﬁgiﬁn’%%%%%jgﬂ%%%}ﬁimggéﬁfg’t Bt R-ee-2rcprqmgic

i~

attached forma a kéto or SHEET 86 4.
Conpounds sofThgesmpeuabis:f ormul a (1e) [err] wherein Rlerr]represents an

am no, am nonet hyl , met hyl am no, hydr oxy, hydr oxynet hyl , net hoxy, i sopro poxy,

am noet hoxy, PR/ 1953 2R)re-mstingtthipt1 ©-Hi-hycrgpyany})-11-axard -apdtrierioo | (D009 juhdéc-26eian bl e
salts, netabol abile esters and solvates thereof. S

* | abj | .
(4S, 8S, 9R, 10S, 3%2_0 ) ?ﬂéﬁ!ﬂ'ﬂ@(ﬁiﬂ'ﬁ?@mw1)QX&j_-azatricyc!o[?.2.0.03-3]undec-2-ena-
, YOS

oxo0- 1-azatri cygs, Qo3 Rthe- Y S Rircar B0 125 S AL ' s d, and
physi ol ogi cal lagdaccept a%FIge a@‘éﬂ“ﬁ%ﬁ%ﬁﬁ FVQ%XQ%+¢%'o'gﬁugdreggﬁ?fda'?ﬁ’f”ﬁy&‘t es
thereof. 6. Theed grgsmatanacceptdbbSail médBoicaip Buile 224R ard ssilsbinbrbdii 0- 10- (1
- hydroxyethyl )-11 -oxo-1 -azatricyclo [7.2.0.0[err]]undec-2-ene-2-car-
7. :f :f:rccasls 1;:[; the preparation of compounds as defined In claim 1 which comprises the cyclisation of a compound
omuia :

OR,,

R!n' ('l)

COOR,,

(in which R, , is a hydroxyl protscting group, R, is a carboxyl protecting group and Ry, is as defined for Ry or is
a group convertible thereto, and Y is an oxygen atom or a phosphine group) and thereafter, if necessary or desired,
subjecting the resulting compound, either before or after any separation into its stereochemical isomaers, to one or
more of the following operations:-

a) convarsion of a group Rg, to the desired R, group,
b) removal of one or more protecting groups, or

¢) conversion of a compound in which R, is a hydrogen atom or a carboxyl protecting group lo a corresponding
salt, metabolically labile ester or solvate. .

8. A pracass as claimed in claim 7 wheraein the cyclisation of a combound of formula (ll) in which Y is an oxygen atom
is sffected by heating in tha presence of an organic phosphite. =

A pfccess as claimed in claim 7 or claim 8 wharein a compound (1) in which R, is a carboxyl protecting group and
Ry isa group SR, (where R, is as dafined in claim 1) is oxidised to yield a compound (1) in which R, ia a group SOR,.

—_—
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boxyl'i c acid, (4S, 8S, 9R, 10S, 12R) - 4- net hyi sul phi nyl -10- (1 - hydroxyethyl)-11
-0x0-1 -azatricyclo[7.2.0.0[err]]undec-2. ene- 2-carboxylic acid,

(4S, 8S, 9R, 10S, 12R) - 4am no- 10- (1 - hydroxyethyl)-11
-0xo0-1l-azatricyclo(7.2.0.0[err]]undec-2-ene-2-carboxyfc acid, and

physi ol ogi cal |y acceptable salts, netabghically |abile esters and solvates
thereof. 7.- A process for the preparation of conpounds as defined in claim
1 which conprises the cyclisation of a conpound of formula (I'l) [err] (in
whi ch R[err] is a hydroxyl protecting group. Rlerr] is a carboxyl

prot ecti nd s Antpirddn qlgm 7 o claien 8cbérpime chmpend [Rirewhich Reis 2 pasboay! prplealing group and
convertibley 108 "" H“Fﬁ%“‘d’ﬁ“"b%? W‘&'@Uﬁﬂ‘@‘f’a"q%ﬂﬁ S"gl'ﬁ")‘ﬂé"' ‘F"d‘tl d agagpound

t hereafter, n"éce"s Vwa?m%l‘éaéq°f’é' 165 EE et {REse §J?'?F I8 corrpound

ei t her beiﬂﬁ’@rc@&ss &f dfrheaM Vairs FRARR WAL et Diche @iu‘né(lﬁrx WeHich B &:Q*Jl prlat§&gga%flp al

one or nor e AYfogdittPwihQhd cAMbA\onVtB Rhigh it iP4kEchad @gredeRts Y Ritdn Q duéhd & vidhia
to the desi fipio whithedylid a lgadkygrop) renoval of one or nore prot ecting groups

or c) conversion of a conpound in which Rlerr] is a hydrogen atomor a
car boxyl Hr QPEEssE prFiaimeginsiaing? ¢ clgigvErberpion cimagund 8 in whighe isladydrasy plolpcthgirpupeR,
ester or so I'Yaff‘@f"y'gm 9RlINg 19EgRANd Py 2 Rydeoroyhgreppiia - KR o Rt RS PraROHNC (i which Ry is an
cyclisation o?xyﬁmff’mrpound of formula (11) in which Y is an oxygen atomis
25 Clai o0 Checkben Shi ol S e R AR sRHRRR bR ERRAT
n
a carboxyl protecting groroup ano, Rlerr] is a group SR err] (where Rerr] is
as defi netf Tir'Plé#qlamyunusscaicuedhamdtcmsyiofslimheanaammmmdh(rép)sutkauewtﬁrmhtra[n&hzr]
is a group YEreghylaxis °'8Y319:@°°rmppaib@@%mw°m§|mmn prnicildpdn 7 or claim 8
wherein a1 oun vvh| ch err] is a carboxyl protecting group and
Rlerr] togse , ) 83“ e W“‘&\i’fﬁ@ﬂ“ﬁ’f‘a’i“’s"'ﬁf TSR i afRg e Wit fing ory
ketal group s’ Vs ea efﬂmefs@'%c'%??ﬁpound (I') in which R err] together
with the maskmm QEOEB toR, meﬁnm Ab I ESGerty B RT HSA BlSrichid @28 oM AR 2.chd A
process as etabavede.i N clai m 7)or eg‘&él m S wher evlsn a corrprggcn ? (1) |]n thl c%
Rlerr] is a carboxyl protecting group and
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err] together with the carbon atomto which it is attache

Eito group is reduced to yield a conpound (1) in which R[ergFﬁﬁgé§w§Nt§H§§l
group. 12.. A process as clained in claim7 or claimB wherein a conpound
(1) in which Rlerr] is a hydroxyl protecting group. Rlerr] is a carboxyl
protecting group and Alerr] is a hydroxyl group is O-alkylated to yield a
compound (1) in which Rlerr] is an al kogg group. 13. Conpounds as clained
in any of claims 2 to 6 for use in th rapy or prophylaxis of systemic
or topical bacterial infections in a human or ani nal ect 14. The use of
a conmpound as clainmed in any of clains 2 to 6 in the

bacterial infections in a human or ani mal body. 18.

conpositions conprising a conpound as clainmed in any
adm xture with one or nore physiol ogically acceptabl rriers or
exci pients. 16. Sodium (4S, 8S, 9R, 10S,

12R) 4- net hogqg,f%é&r hydr oxyet hyl ) - 11-oxo-1 -azatricy

[7.2.0.0[er = 2-ene- 2-carboxyl ate.

The invention concerns compounds of general formula (I)

q COOR,

in which:-

R, represents a hydrcgen atom or a hydroxyl -
protecting group;

R, represents a hydrogen atom or a carboxyl
protecting group; and

- Ry represents a hydrogen atom, a hydroxyl group, a.

hydroxymethyl group}'a ctgalkyl'group or a group XR, in
which X represents an oxygen atom or the group S(O)n in
which n is zero or the integer 1 or 2 and R, represents a
C,.salkyl, G, ,cycloalkyl or phenyl group, or when X is an
oxygen or sulphur atom then R, may alsc represent the
group AlkNRGR, in which Alk represents a C, , straight or
branched alkylene chain, and R; and R, each independently
represent a hydrogen atom or a C,, alkyl group or Rg
represents a formyl, acetyl or'iminomethyl group and R,
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represents a hydrogen atom or'Rs and R, together with the
nitrogen atom to which they are attached form a
pyrrolidinoe or piperidino ring, or R; represents a group
(CH,) NR,R, in which m is zero or one and R, and R,
independently each represent a hydrogen atom or a Ci.e
alkyl group or R, represents a formyl, acetyl or
iminomethyl group and R, represents a hydrogen atom, or
Ry and the carbon atom to which it is attached represent
a keto group or a ketal derivative thereof;

and salts (including internal salts where
appropriaﬁe), metabolically labile esters and solvates
thereof and a process for their production.
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