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... .. This invention relates to a nove~ compound useful as a. 

synthetic intermediate of a 1 p.:methylearbapenem derivative having an 
. . . 

·antibacterial activity, a process for preparatiQn thereof and a use thererof. 

•., 
•., 

BACKGROUND. OF THe l~VJ:NT!ON 

1 p~Methyicarbapenem derivatives have been of: great interests 

for theijr excellent antibaci.erial activities against a widle range of 
. 

mncmoirganisms inclrJding Gram p~sitive and Gram negatnve bacierna, 

especialily against Cephem-resistant bacteria, and their exceihmt stabiitties 

in the hmnan bodies. Said 1 ~~methyk:arbapenem derivatives have been 
. 

synthesized by various processes up to now. In these processes. followjn.g 

three kinds of compounds have been known as the important synthetic 

intermediates : 

the azetidinone skeleton. i.e~. a compound of the formQJ!a I A ] : · 

..• 
...... ·-...::~ 

=· ... 



COOH 
[AJ 

NH 

wherein Ra is a hydroxyesubstituted lower aiky~ group which may be· 

CH:s 

[B] 

· .. 
COORb 

wh~r~lrn Rb is hydrogen atom or an ester residue, and Ra is tlhe same as 

c) a reactive derivative of the compound [ B ], i.e., a compournd of the formula 

[ C ~. 
~ 0 

CH3 

[ c] 

COORb 

wlherekn a group of the formula : eQA a is an esterified hydroxy group, and Ra 



As for a process for preparing these synthetic intermediates. 

there have been known a process which comprises the steps of : 

1) removing 1 'ahydrogen atom of the acetic acid moiety located at the 4e 

poslltion of the compound of.the fol~owing fcrmuta: 

COOCH3 

NH 

by using a strong ba5e. 

2) fntmducing methyl group to the produdm 

3) hydrolyzing the product to give the compound [ A ] in which R8 is 1 ate 

butyfd[methy[sQ!yloxyethyl group. 

4) sub]eding the product to c~rbon atom ancreasing reaction. 

5) srubjeding the product to diazoti:zation, 

6) subjecting the product to intramo[ecular cyc!izatiouu to give the compotmd 

7) subjednng the product to esterificatiori to obtain the correspondi111g 

compound [ C] [Heterocycles Vol. 21 p29 (1984)1. 

However, the above process ~s unsatisfactory in that the yneld of 

the compou.md havi_ng the 1 •amethyl group with ~-configuratkm which shows 

an exce~lerot pharmaicologica.I aci1vity is low. because in prepanng the 
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compound [ A ] by .the above process, said process is mot the stereoseledive 

synthetic process and the mixture of the oompcnmd [ A ) having the 1 '~methyl 

In recernt 

compol3nds [ A ]. [ B ] and [ C I have been widely investigated and a typica~ 

process includes those utmzing the A!do!atype reaction or the Reformatskya 

type reaction. 

As for the process utilizing the AJdoi 0 type reaction, for example, 

Japanese Patent Publication (mlexamined) No. 252766 of 1987 discloses a. 

pmc~ss for the preparation of the compound [ A J in which R8 is ta 

bL.ntyid~methyisi!yloxyethy~ group~ wh~ch comprises reacting a oompound of 

the formuha [ D ] : 

.OCOCH1 

)~NH 
0 . 

[ D] 

with a pr~pionamide compound of_ the formula : 

!~ th~ presence of dibuttyiboron trffflate to give a compound off the 

... 



!' ;,; 

-==NH 
0 

a.nd then hydrolyzing the product 

Further, Japanese Patent PubUcation (unexamined) No. 

284176 of 1988 discloses a process for the preparation of the compounds 

[ B land [ C ], wh~ch comprises reacting the compound [ D ] wfth a 

compound of the formula : 

i~ tlhe presence off tin trifla.te to g~ve a compound of the formula : 

, mactiirug the pmduct with a compound of the formu~a : 

in the presence off imidazole, subjecting the product to diazotnzation. andl 

thewn converting the product into the compound [ BJ or [ C ]. 

Moreover, Japanese Pat.ent Pub!ucatkm (unexamfned) Nos. 

:.,, 
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71384 of 1987, 169781 of 1987, 246550 of 1987 and 292269 of 1990 

disclose the processes using the following compound Instead of the above 
. . 

proplcmam!de compound. 

or 

•., 

~=methy~ group stereose!eciive!y, the processes aire stm unsatisfacimy for 

the iindllstria~ scale production because expensive tin trif[ate or boron trma.te 

must !be used as a magen~ in those reactions. 

On the other hand. as for the process utmzing the Reformatsky-

type readkm. for example, Japanese Patent Pub~ication (unexamined) No. 

178262 off 1990 discloses a process for the preparation of the co~powid 

[ B ] or [ C ], whnch comprises reading the compound [ D I with an a.G 

bmmopmpionamnde compound of the formula : 

·. 
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Br 
I CHaO'fr 

Qi~)) 
whererrn Tr is trnpheny[methyi group, in the presence of zinc to g"iva a 

compound off the iormu~a ( E ] : 

[El 

wher~in Tr is the same as defined above. hydrolyzing the product to give the 

oompmmd [ A ] and then converting the product into the compoa.md [ IB ] or 

[ C ]. Further§ Japanese Patent Pubiication (unexamined) Nos. 10765 of 
. 

1988 and 188662 Of 1988 disclose the pmcesses i;BSUng the following 

compound instead of the above a=bromopmpnom:nmide compound!. 

However, the process utilizing the Reformatsky=type reaction 

has some detects in that ~-metthyi group can not be introduced 

sterecse~~ctive!y or in that it is d1fficu!t to sy~thesjze the 
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~abromopropionic acid compound. Moreover, in order to convert the P-

methyl groupsfntmduced product ~nto the compound 

[ B ] or [ C ], It is necessaay to once e!iminate the group cf the following 

formula: 

or 

ffmm said product and then activate the resu.1nting compound by chem!ea~ 

modification, far example, by introduc~irng a group whijch is suitable for the 

untm.moiecuiar cyc~ization. 

SUMMARY OF THE ~NVENTION 
- ' 

An object of the present anveirntion is to provide a roovel 

az~tudinone compound usetui as a synthetic Intermediate of a 1 ~o 

methy~carbapenem derivative havnng an antibacterial activity. Another 

ob]ect is to provide a novel synthetic irntermediate which can be converted 

uirnto not on~y the compound [ A J lby hydrolysis bu~ a~so the 1 ~~ 

methyicarbapenem compound by introd~dng a protected or unprotteded · 



carboxymethy[ group to Naposition thereof, and then subjecting the product 

to intramo~ecular cydization. Another objed is to provide a novel process 

for preparing the above synthetic antennedDate stereose!ectively by making 

QJJSG of the Reformatsky reaction. Still another object is to provide a novel 

process for pmparirng a 1 ~-methylcarlbapenem derivative or an intermediate 

thereof using the above synthetic intermed~ate. These and other objects 

all'td advarnttages of the invention woil be apparent to those skmed in tbe art 

from the fo!~owing description. 

As a result of various anvestigations, the inventors of the 
· .. 

of the formula [ Ii ] : 

[ Il] 

wherein Ring B is a ~enzene. ring which may have substituent(s), X is 

oxygen atom or sulfur atom, Y is oxygen atom, sum.ar atom, methylene group 

or aru imino gm~p which may have substituent(s), Z us a meU1y~eine group 

: .. 
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Introduced stereoseleciively, and the productthus obtained has an excellent 

features as the synthetic intermediate of 1 ~emethylcarbapenem derivatives. 

ThU!S, this invention relates to an azetidincne compound of the 

fomau[a [ ~ ] : 

CH:s 
x 

[I] 

wherein R 1 ms a hydroxy-substitutedJower alkyi group .which may be . . . 

proteded, and other symbols are the same as defined aboves or a salt 
@ . 

thereof, a process fot:preparation thereof and an use thereof. The 

compound [I l of the present invention is struduraliy quite different from the 

aoove~mentioned known compound in that the amido moiety {hereinafter 
. . 

referred to as "supporting gro~p"') of the compound [ I ] of the present 

ill'lvention is the benzene rirngaoondensed 6~membered heterocyc~ic gmUp~ 

. whf~e ttue known supporting group is the 5amembered heterocyc!ic groups 

such as thiazoridine or oxazolidine. In the present invention, any group 

having partia1 structure of the formula : 

wherein symbo!s are the same as de~ned above, can be used as the 

. .,. ... 
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supporting group of the present invention, and therefore, when-Ring B 

and/or Z has.(have} substituents. said substituents ·may be any one which 

don•t disadvantageously affect th~ reaction. 

Examples of the substitOJent on Ring B indude. a halogen atom, 

a iower a!ky~ giro~p. a lower a~koxy groupu a.i ary! group and the like, and 

the benzene ring may have one to four substituent{s) which is (are) the 

same or different. 

Examples of R1 includea1 .. hydroxyethyi group.which may be 

protected, and the protecting group of hydroxy group ind~de any group 

wtdch us used conventionally as a protecting group of hydroxy group. . 

Spec~fic examp~es of. t"e pmteding group of hydroxy group include a iower 

a!koxyacamony~ gmup~ a halogenoQ!ower aikoxyec~ubony! group, an ~?wer . 

a~kyi group substntuted by a pheny group which may have substitue~t{s) 

(e~g.s a benzy! group which may be substitnJted by nitro gmup or a lower 

a!koxy group), a triaiower a!ky!siiy! group, a lower a.ikoxy-carbonyi group.. 

substituted by a pheny group which may have substituent(s) (e.g., a 

benzyfoxycarbony~ group whoch may be substituted by natro group or a lower 

~koxy gmup). 

Examples of the substitµent on the im»no group (Y) iriciude a 

lower a~ky~ group, an acyl group, an ara!kyioxycarbonyl group and Um like. 

Examples of the substituent on the methylene group {Z) indude 

a c3 Q 7 a~ky!ene group which may have subsantuent{s), a c1 _20 a~ky! group 

. ·. 
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which may have substi~uent(s}, a c4e 7 cydoalky! group which may have 

substit1Jent(s), an ary~ group, an aralkyl group, a heterocydic group and the 

like, and one to two substituernt(s) which are the same or different may be 

substituted on the methylene gmup. 

Am~ng the above sulbstituents on Ring B. V and/or z. specifllc 

examp~es o~ the acyl group i~c!ude a lower alkanoyrgroup, a lower mkoxyQ 

carbo11yl group~ a substituted or unsubstituted phenyicarbcmyl group or a 

substituted or unsubstituted pheny~alower alkoxycarbony~ group; those of an 

a~ group inc~ude a substituted or unsubstituted phenyl group; those of an 

ara!ky~ group Include a lower alky! group substituted by a· substituted or 

unsubst[tuted phenyl gmup; and those of a heterocyciie gmup 9nclude ~l 
··. 

oxygen a!om. n«trog~n attom or sum;r attom as a hetem atom {e.g., fmyi 

Flu1her, examples of the sulbstituent on the above a~kylene 

mouety, a.ikyl moiety, cycloalky~ mooety, phenyl moiety and hetemcyclic 

moi~ty inciude a ~ower alkyl gro~p. a !ewer alkoxy group, a halogen atom 

anid a.fl amino group whnch may be pmtecied. As a prottectnng group of 

an amijno group, any group wh~ch is conventionally used as a protecting 

gmLHp of tlhe amino group iirn the fie~d of Peptide Chemistry may be used. 

Amorng these compound [I], preferred compounds are those of 

. Um formru!a [ I ] wherein the 3-posoaioa'll of tthe azetidlm:me skeietton has S 

conf~gmattioro, Ring B is a benze~e ring which may Iba subsmutted by a 

·. ·._ 
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ha~ogen atom. a ~ower alkyl group or a lower alkoxy group~ Y is oxygen 

a.tom
1 
~mlflRr atom, methylene group or an imino group substituted by a lower · 

a~ky! group, and z i~ a methylene group which may be substituted by one to 

two gmup(s) selected from a group consosting of a 939 7 alkyiene group. a 

Among them, more preferred compounds are those of the 

formuh1 [!]wherein Rong Bis an·unsubstituted benzene ring.Xis oxygen 

atom. Y is oxygen ato~. and Z is a methylene group substituted by a c 3e 7 

· a methylene group substituted by a dHphenyfs!ower alkyl)gmup. . . . 

Another more preferred comp~unds are those of the form~!~ [ r ] 

whereon a substituentt of Z is a buiky group such as a c4 =7 alkyiene group, a 

Among them, most ·preferred compounds are those of tthe 

cydotnexyladem~ gmup} or dibutyl@substntuted methylene group. 

When Z.has one substituent or dlifferen~ two substituems, the 

oompound [ l_~ may exist in the form of two opt!ca~ isom€U'S and this invention 

anciudes these op~ica~ isomers and a mhcture thereof. 

Examp!es of a sait of the. azetidinone oompou11d [ l ] include an 

inorgainilc acid addition sa!tt such as hydrochloride. hydrolbromide, sulfate 



tartrate, fmnarate. maleate, benzenesulfonate and the like .. 

According to the present invention. the azetidinone compound 

[~I can_be prepared by reacUng an aeha!opmpfonamide compound [Ii] or a 

sa!t t~ereot with a compound of the fonnu~a I m J : 

. R'tr:t 
0 

[ID] 

wherein t 1 is a leaving group, and R 1 is the same as defined above. 

The react~on of the aeha~oproplonamide compound [ II J wnth the 

· compound [ m J can be preferably earned ou_t in an appropriate ~oivant in the~ 

presence of a metal· ccmpoamd which is used in the Grignard-type reaction, 

especially a meta~ compound which suitably forms a clha~a~e betwemnhe 

compounds [ If ] and [ m ]. Examples off such meta~ compound inc~udes 

zn~c chlmide-!ithlum naphthyuide_. lithium aind al~minuim. . Among themo 

preferred exampJes are zinc and magnesfa.am. As the leaving gmup (l 1 ). 

any leaving group wh_ich can be easi~y rep~aced by a nuc~eophmc agent can 

be used!. Particularly, any leaving group, which can- easi~y separates 

halopropionamide compon.md [ II ] and then a carborM:arbon bond can be 

formed, may be used.· Examples or such gmups inc~ude am acyloxy 

gmQ.lp, a lower alkyisu!ffony~oxy group, an arylsa.»ifonyloxy group, a ~ower 

. -:;, 

·. <:·._:;. ·.·.: 
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aiky!su[ffonyl group, a.n arylsuifonyi group. an arylthio group and a halogen 

atom. Among them, an acyloxy group is preferred. As the soivent, 

any um~rt so~vent can be used. For example~ tetrahydrofuran. to~uene, 

xyie1t1~. dumethoiyethane. dimethy!formamide,damethynsulfoxide and the ifke 

are preferably used. 

lne aah~opropionamide compomid [ U] is used in an amount 

of 1 to 3 moles, preferab!y 1.3 to 1. 7 moles, per one mol~ of the compound 

[ m ]. And the meta~ ~mpound (e.g., zinc, magnesium) is used in a11 

amotmt ot 1 to 6 moles, preferably 2 to 4 moles. per one mo~e of the 

compound [ m ]. 
When magnesium is used in the above reaction, the reaction is 

· .. 
pmferab~y canied out in the presence of a halogenated compound sue~ _as 

mgtlhy[ iodide or 1 ,2°dibr-omoethane or a mixture of suclh halogenated 

compoaJnd and iodOne. This reaction is preierab~y carried out at a 

tthe cas~ of using zlU"Dc and at a temperature off =20 to 30 "C in the case cf 

When an amount of 0.01 to 2 mo!es of a Lewis acid (e.g •• zunc 

bmmkfe, trnethy~boran. trimethy[siiy!ch(mide, magnesium bromide) is used 

as a cata~yst, the reactioWl is accelerated and the reaction time can be 

The a-ha~opropionamide compm.md [ !~ 1 which is one of the 

s1~rt1ng compounds off the present invention is a nove~ compm.md afld can 



..... 

be prepared by reacting a benzene compound of the formula [.IV ] : 

x 
HN 

I 
~· 

. [IV] 

-----·-----··· 

whereu01 symbols are the same-as defined above or a salt thereof, with a 2a 

halogenopropior1ic acid compound of the formu~a [ V J : 

Lo~ 
. OOOH 

[VJ 

wherein LO is the same as defined abovem a swt or a reactive derivative 

. thernqf. 
"' ... _ .. 

The reaction of the benzene cc;>mp0amd [ IV] with the 2° 

ha~ogenopmpionuc acid compound [ V J can be preierably carr!ed out fo an 

appropriate solvent in the presence of a dehydrating agent. 

of the dehydrating agent indud~ carbonyldinmijdazo[a. 

Examples 

decyc!ohexyicarbodiimide1 N~hydroxysucclnimode, 1ahydmxybenzotr[azo[e 

Ether. methylene chloride, tetralhydm1uran. acetonitrHe and 

the like are preferably. used as the solvent. The readion is preferably 

carried out at a temperature oi ~30 to 70 "C, especia~~y at a temperature of O 

to 30"C, 
. 

The reaction of the benzene compound [ IV ] with the readive 

derivative of the 2=halogenopropionic acid oompoondl [ V ] can be earned 

mntt an a~ appropriate solvent in the presernce off an acid acceptor. 

·. ;,.._ 

; .... 
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Examp!es of the reactive derivative of the 2ehalogenopropionic acid 

compolmd [VJ include the corresponding acid haHde. acid anhydride and 

Examples of the acid acceptor include bases such as a11 aikali 

meta~ hydride, an a!kali meta~, a ~ower a!kyi iothium, phenymthium, pyridine 

and a d!a~owiu· a~kyi anmne. Ether. benzene, dichloromethane, ch~oroform 

and the !ike are preferably used as the solve~t The readuon is preferably 

carried out at a temperature of s80 to 50 "C. 

The azetidinone compound [ i J of the presen! invention can be 

.. 
agent In such a manner as described in the foHowang lines. That is. a 

d~sired 1 ~qmethylcarbapenem type antibacterial agent can be prepared, 
.. 

for ~xample. by reacthlg the azetidinone compound [ ! ] or a sa!t thereof wnth 

am acetlc acnd compound of the formu~a [ Vi ] : 

[VI] 

wherein R2 is hydrogen atom or an ester residue, and l 2 is a neaving group, 

[VII] 



. -

wherein symbols are the same as defined above. subjectJng the compom1d 

[ VII j or a salt thereof to intramo~ec1.dar cydization, sub]eding the product to 

[Vi!r]: 

[ VIlI l 

CDOR2 

wherein a group of the formu~a : *OA is an esterifDed hyd~~Y group, and 

other symbols are the same as defined above~ and then conver1ing said 

. . . 
1 ~~metlh~carbapenem type antibaderial agent by a known methodle for 

exampfe, by the method described in Japanese Paternt Pu;b!icattkm 

(unexamirned} No. 279588 of ~ 9~2. 

meahyfcarbapeirnem derivative of the formu[a [ X J : 

[ x] 

COOR2i. 

whereirJ A 11 is a hydroxyGsubstituted ~ower a~ky~ group wh!ch may be 

pmtecaecj, R21 is a.hydrogen atom or an ester resrrdue and R3 as aJU organic 

·.·. 
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gmup~ or a ~t thereof, may be prepared by carrying out the follow&ng 1hree 

steps mn mbltnuy orders : 

{!)a ste.p of rea.cting the compound [ vm I or a salt thereof.w!th a th!ol 

compound of the formula [ IX J : 

H~SR3 [IX] 

wherein R3 is the ·same as defined above, or a salt thereof@ 

(H) when R 1 is a protected hydroxyssubstituted lower alkyl groa.Rp, an 

optionaJ step for removing the protecting group and 

{fin} when R2 is an ester residue. an optionm step for remo\li~g the ester 

residue. .. . ..... . ... 
When R2 in the acetic ~ad compound [ V~ ]. in the Nssubstittl1ed 

azetedinone compound [VU] or in 1he 1p .. methyla2e0xycarbapenem 
. . . 

est<u reskiues, examples o1 such ester residues include those which am be 

~etabolized or hydrolyzed in the human body or those which can be used 

as a protecting group. of carboxyl group. Examples of tt~e ester residue 

which can be metabolized or hydrolyzed in the human body include a group 

wky~ene group. and R4 is a, lower alkyl group, a cydoalkyl group, a lower 

................. · 
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lower ~kyn group). More specific examples of such ester residue indude 

gro11Jp@ a lower anumoy!cxy~lower alkyl group, a lower alkmcyGlower 

a~ka111oy~oxyslower a!kyi group, a lower a[kanoy!oxy-iower alkoxy~lower ·aiky! 

gmup. a lower alkoxyalower a~kyl group, a lower alkoxy0 lower alkoxy~loweo­

a!k~ gmup. a lower alkoxyacarbon~oxy~lower mky~ group, a lower a!koxya 

lower a!koxyacarbonyloxyalower a~kyl group and the rike. 

On the other hand. e_xamples of the ester residue which can be 

used as a protecting group o.f carboxyl group indude any one which can be 
. 

easily removed by a conventional method, for example. a -tower alkyl group, 
·~ . 

a ~ower· a~kenyl group, a halogeno~rower alkyl group, nntrobenzyl group, a 

iower alkoxyebenzyl group, benzhydryl group and the !Ike. 

Examples of the esterifJ~dl hydroxy group of the formula.: aQA 

h~cludl~ those which can be easily replaced by the group : 

~SR3 0 ff or example. a di-arylphosphol)1oxy (e.g., dopheny~phosphorylox~) or 

(wherei~ Ro is an aayi group or a !ower mkyl group). an unsubstituted or 

substituted lower alkylsulfonyloxy group (e.g •• metllumesuifonyloxy group, 

ethanesulfony!oxy group. trifh.mromethanesu~fonyloxy group), an 

u.ms~lbstittuted or substit~ted aryisu.nlfonyloxy group (e.g .• 

benzernesuHonyloxyy ·group, toluenesufifc:myloxy gmup), a lower a!kanoy«oxy 
. 

group {e.g .• acetoxy group), an arylcarbony!oxy group (e.g., benzoyioxy 

-: ' . 
-. .;., 
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gm~p) and the Hke. Among them. the preferred examples indude the 

esteriffed hydroxy gmup such as a di-arylphosphory~oxy group. a dHower 

afky!phosphory[oxy group, an unsubstatlsted or substituted lower 

~.dkyi~m~fony~oxy gmr..ap, an urnsubstrrtuted or substituted aayisuifony~9xy group 

a~d the like. 

The organic group shown by R3 in the thiol compound [ IX] and 

the 1 ~smethy~camapenem derivative [ X J include any a.roup which shows 
. 

antibacterial activity when used as a substituent of a carbapenem type 

compound, especiariy any group used as a substituent ii! ~he known 

camapenem type antibacterial agents,.for el(ample, those·dlescribed In 

Japanese Patent Pubication (unexamined) Nos. 18719 of 1986, 202886 of 

1985, 5081 ot 1986, 49783of1990 and 279588of1992 and us Pa.tent No. 

4194047. Examples of such group im::h1de a lower alky! group, a 

gmup and the like. Besides, those groups may have one or more 

S1Jbstiltuent(s), and examples of such substituents include a lower alkyl 
. 

group, hydroxy group, a lower alkoxy group. a ~ower a!kylamino group, 

mercapto group. a low~r alky(thio group, amkiino group. guanidlno group. 

camamo)1 group. thiocamamoyi group. sulfamoyr group, cy~no giroup, . 

camoxy! groupo a lower alkoxy~carbonyl group. a.~ aralkyloxycarbonyl 

group, oxo group, a haioge11 atom, a cyc~oa!kyl group, a 6° to 8emembered 
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aryl group, a 4 .. to 8smembered aliphatic heterocydic group, a 4e to Os 

membered aromatic heterocyclic group and the lake. 

ThG reaction of the azetidinone compound ( i ] with the acetic 

acid oompound [ V~ J can be carried om i~ an appropriate so!vent iO'U the 

ha~ogen atomr an acyloxy group and a Sldfony(oxy group (e.g •• pe 

toll~enesuifonyioxy group or methanest.dfon~oxy group). Examples of 

the base fncfude an organic base such as 1 .&adiazabicydo[5.4.0.]undec .. 7e 

enw M. alkali metal compound such as an alkali metal hydf!dJ, an alkali 

met~ hydroxide or an a!ka(i meta~ camonate and a meta~ salt of amine such 

. as sodium amadew iithiu~ diisoprop~amide and sodium 

bis(trimeth)isHyi)amide. Tetrahydrofuran·. benzene. duchloromethan~ and 

at a temperature of e50 to ~20 ·c. 

compc~md [ Vii ] can be carried out i~ the presence of a base. 

of the base mndude those which are used in the Dieckmannatype reaction, 

for example. an alka[i'meta! salt of amine (e.g .• sodium 

bis(trimethyisilyl)amide. lithium bis{trimethylsilyl)amide). an alkali metal saltt 

of aloohoi (e.g .• potassfum tertabu~oxide), an alkali meta! hydride (e.g., 

sod!um hydride) and the lake. The base may be used in an amount of 

1 J) to 3.0 moies. preferably 2.0 to 2.5 moie~m-per one mo[e of the compound 

[ VII ]. E~amples oi the so~vent include tetrahydrofuran, ethylene glycol 

·. 
"o • ·:~ ·. : I\·; ~o • 
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dimethyl e.thelt', dioxane. toluene, diethyl ether. benzene and the like. lne 

reaction h; preferab~y earned out at a temperature of e78 to 50 "C, especiai~y 

at a t~mperatu.re of -so ~o 1 o ·c. 

It is presumed that the compound ~a:vi ng a struciure o1 the 

formula ["XI J : 

[XI] 

OOOR2 

wheref n symbols are the same as defined above.ls produced in this 

intramolecuiar cyctnzatipn. The intramolecular cyclization product thus 
..... : 

obtained may be ~solated from the readion mbcture or subjected to the .. · 

subsequent esterification without isoh1tion. Howevers the ~ntramolecular 

cyciization and the esterificatlon may be preffembuy carried out subsequently 

in th~ same sc~vent without iso!atnng the cyc~ization product. 

The estenification of the inaramoiecijj!ar cyc!~zation product can 

lb~ carried out by reacting it wit~ an esterifying reagent for hydroxy group. 

Examp~es of the estenfying reagent for hydroxy group inciudle a reactive 

derivative (e.g., a corresponding acid halade; a corresponding acid 

anhydride) of a diearyl phosphate (e.g .• diphenyl phosphate), a dialower 

aijkyf phosphate (e.g •• diethyl phosphate). an unsa.n~stituted or substituted 

lower aikanesulfcmic acid. (e.g., methanesulfonic acidm eUaainesuifonic acid. 

tritlo.nommethanesulfonk: aci~). an unsubstituted or substituted arylsulionic 

·. 
. -:~'. 



acid (e.g., benzenesuffonic acid. toluenesuifo_nac acid), a tower a~kanoic acid 

(e.g .• acetic acid) or an arylcarooxync acid (e.g., benzoie acid). Among 

themo the preferred emerifying reagents for hydroxy group it'ldude the 

rnactuvG derivatnva (e.g., a corresponding acid halide, a correspondnng acid 

~ms~bstftuted or substituted lower afkanesurfonic acid or an unsubst~tuted or 

The esterifyf ng reagent for hydroxy group 

may be used in an a~mmt of 1.0 to 4.0 mo~es. praferab~y 2.0 to 3.0 moies. 
. . 

per one mo~e of the compound [ VU J. The reaction fs preffrab~y carried out 

at a temperature of & 75 to 40 "C, espeaa!~y at a temperature of ~so to 1 o '"C. 

When t~e esterification is cameclout without iso~ating the 

. antramo!ecu~ar cyclizat!on product from the ·reaction mixture. the 

. inuamo!eooiar cyciization and/or the esterifica~oon can be ca.med out 1111. the 

presence or absence· of an acid. but It is preferred to ca.ny oU1 the readion In 

Both a Lewis acid and a protonic acid cao..be 

used a~ the add, but the Lewis acid may be preferab~y used. 

pmtordc acid is used as the acid in the intramo!ecuiar cyc~izataoin, it must be 

added into a reaction· vessel after addition of the base. Examples pf the . 

Lewis acid indude a meta! ha~ide such as cupric chloride. cuprous iodide, 

zh'ne ch~oride. zinc iodide. zinc fluoride. ferric chloride. stannous ch~oride. 

sltannuc chloride and the like, a silyl compound such as a trHower aiky~ 

haicg.enosilane (e.g .• trimethyich!orosi!ane, tabutykUmethylchloirosifane ) • 
. 

tettrahaiogernos!~ane {e.g., tetrachlomscriane) and the like. The lewis acid 



.- = 

...... 

may be used in an amounlt of 0.1 to 2.0 mo~es, preferably 1.0 to 1.5 moles, 

per one mole of the compound [ VII }. Examples of the protonic acid 

unclude sumuic acid, petok:enesldfon[c acid, acetic acid, citric acid. 

hydm.chioric acid, phosphoric acid, boric acid and the Hike. The protonic 

acid may be used in an amount off 0.1 to 1.0 mo~e 'per one mole of the 

compound [ VU J. 

When the esterification is camed out in the presence of the 

acidQ the esterifying reagent may be preferab~y used in an amount of· 1.2 to 

1.5 moles per one mole of the compound [ VH J. 

[ vm J with the thiol cmppound [ iX ], the optiona~ step for removing the ...... 

hydmxyapmtednng g.ro11Jp oi the co~pound [ Vm ] in which R 1 is a proteGted 

hydmxy=substituted lower alkyl group and the optional step for removing the 

ester residue of A2 of the oompmmd [ vm ] in which R2 us an estetr residue . 

may be cairried out in a conventuonaf method. For example, the removal 

performed by hydro!ysis. reduction and the Uke. · 
. 

The azetidinone compound [ I J or a salt thereof can be 

converted by hydro~ysis thereof in~o an azetidinonepmpionic acid 

compound (an excellentt synthetic intermediate of. the carbepenem=type 

compound) oj the formula l XII J : 

·. . ·:.a., 
. -:..-. . 



... ... 

.~.;, . 

COOH [XII] 

~NH 

0 

• . wheirein R 1 is the same as defined above, att"Ud further the compound [ XU ] or : · 

a sa~t thereof can be converted into the compound r vm J or a salt thereof in 

a conventional method, for examp~e. according to the method described in 

Japanese Patent Publication (unexamined) No. 123182 of 1982 • 

The hydrolysis of t!le compound [ I J or a salt tilereof can be .. 
carried out Jn a conventional method. bUt It is preferably carried out in an 

. 
appropriate ·solvent _in t~e presence of hydrogen peroxide and· an eJkati 

Examples of the so[vent include a miXture of water and 
. . 

ani organic soivent such as. dioxane1 tetrahydrofuran. dnmethylformamide, 

methanol andl the like, preferably a mixture of wateir and tetrahydmfuran. 

Examples of the a!ka!i meta! hydroxide incf~de ~ithaum hydroxide, sodh.i?n 

!hydmxode. poaassh.tm hydroxide and the [ike. preferab~y lithuum hydroxide. 

Hydrogen permdde may be used in an amount of 1 to 1 o molest preferab~y 

6 to 8 molesl pelf' one· mo~e of the compound ( ! J, and the alkali metal 

hydroxide may.be used in an amount of 1 to 5 moles. preferably 2 to 3 

mo~es. per one mo!e of the compound [ ~ ]. It is preferred to cany out the 

teadaoni at a temperature of ~10 to 30 ·c. especially at a temperature of ~5 to 

5 "C. 

The conversion of the-compound [ XU ] or a salt thereof into the 

""o . ..:-
··.:~ . 



compound [ vm I or a salt thereof may be carried out according to the 

method described Ira Japanese Patent Publication (unexamined) No. 

188562 of 1988. 

~n the above reactions, the compounds [ i ], [ U ], [ IV], [ V ]1 [ VI ], 

[ Vi~ ]a [ vm ], [ IX )0 [ X ]f [XI J and [ XU J may be also used in the form of an 

appropriate salt thereof which is suitabre for each of the above compounds. 

Examp~es of such salt indude a me~ sa~t such as sodium salt, potassium 

salt ~md the i&ke; an amine salt.such as tria!kyiamine salt, pyridine salt1 

ethano!amine salt~ tfiethanoramine salt, dicydohexylamine saltr ancUhe like; 

an inorganic acid addition salt such as hydroch~oride, hydmbromide, sulfate 

and the like; and an orga~ic acid addition salt such as acetate, oxa~ates ., . ... 
t~utrate. fumarate. ma!eate. benzenesulfonate and the like. 

According to the present invention1 the azetidinone compound 

derivative [ vm ] or a s~t tereof and the 1 ~~methy!carbapenem derivatiw 

[ X I or a sa.~t tereoff with retaining the stereo~structure. 

Besides, the benzene compound [ IV J in which Y is oxygen 

atom, sulfur atom or an imino group which may have substituent(s) may be 

prepared accordilng to the method described in Journal of the American 

· Chemaca! Society Vol.72. p721 (1950). To say par1icu!arly. said compound 

[ IV I may be prepared by condensing a compoun~ of the formula [ xm ] : 

· .... 
·... . -:" 

·~ 
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[Xffi] 

HY 
wheire'n symbols are the same as defined above, mth a compound of the 

formu!a [ XIV ] : 

[XIV] 

wherein Z is the same as defined above. 

· Besides, _the eompou~ ( Xm J in which X is oxygen atom and Y 

fis sulfur atom may be prepared by ha!ogenating a compoun~ of the· formula 

[XV]: 

· ~s~s 0:. ·1 
COOH HOOC 

[xv 1·· 

wherein Ring B fs the same as defined above, to give a compournd of the 

s~s . 

[XVI] 

wherein x2 is a halogen atom, and Ring 8 is the same as defined above. 

subjecting the compound [ XVI J to amidation to give a eompound of the 

formula [. XVU 1 : 

··• 



... .... 

[XVII] 

· CONHa 

wherea~ Ring B is the same as defined above, and the~ reduc.ing the 

oompound { XVU ]. 

Besides, the compound [ xm ] In which X is oxygen atom and Y 

is an imino group which may have substituent(s} may be prepared by 

reading a compound of the formu!a [ xvm J : 

x 

[ XVllI]. 

wherein v 1 is an imino group which may have substituent(s). and other 

symbo~s are the same as defined above. with ammonia. 

Besides, the compound [ Xm ] in which X is sulfur atom and Y is 

~milfu.r atom or an imano group which may have SL1bstituent{s) may be 

prepared by subjecting the compound [ xm J i~ whi~h X is oxygen atom and 

Y is s~ifur atom or a.n imino group which may have substitue~t(s) to 

thiocamonyiation. 

Besides, the benzene compound [ fV J in which Y is methylene 

giro~p may be pmpared by reacting the compound of the formula ( XIX ] : 

[XIX] 



wherein l 3 is a halogen atom or hydroxy group, and Rong B Is the same as 

defined above I with a oompound of the formura [XX] : 

[XX] 

wherein Z is the same as defined above, to give a compound of the formula 

[ XXIJ: 

[XX!] 

wherei~ symbols are the same as defined above. reducing.the oompou.ma 

[ XXI ] to give a oompound of the formula ( x~m ] : 

·N~~B-! ~ 
I . I B 
z...C.H .# 

2 

[XXIl] 

wherenn symbols are the same as defined abovo~ reacting the product with a 

compom11d of Um formula [ XXlll J : 

[ XXIII] 

wherein X is the same as defined aoover and then subjedin.g the product to 

nntramoiecular cyclization. 

The· oondensation· readion of the compound [ xm ] with the 

compound [ XIV j may be ~rried out in an appropriate so~vent in the 

presence of an acid. . Examp~es of the acid inciude an organic acid (e.g., 
. 

p~tolUJenesu!fonic acid) and an inorganic acid (e.g .• sulfuric acid. 

·. 



... ..... 

hydrochloric acid). Examples of the preferred solvent lnclude M organic 

so~ent whach has a bomng point higher than water (e.g.~ toh.ume). It Js 

preferred to carry om the readion at a ~empera~UJJre of 50 to 180 

·c.especaai!y at a temperature of so to 130 ·c. 

The ha!ogenation of the compoamd ( XV ] may be earned! out by 
. 

treatrr.ng the compound with a ha!ogenating agent In an appropriate solvent 

ExampBes of the halogenatang agent include thlonyl ch[oridem 

phosphorus oxychforide and the Dke'" aoo examples of the solvent include . 

an Mnertone such as toh.wene. . rt is preferred to earl)' out the reacfion at a . . 
temperature of 20 to 120 ·c. especlal~y 8:f a temperature of 70 to 80 ·c. · 

. 
The amid@!on of the compound·[ XV~ j may be carried out by . 

. "':-..• 
treating the compound·wtth ammonia mn an apr:>mpriate s~~venl .. 
Ammonia may be preferably used in the fonn of aqueou~ ammonaa~ and 

examples of the preferred solvent indude a solvent which can be mixed with 

. . 
U is preferred to carry out the reaction at a temperature of 30 to 120 "C, 

especiiall~y at a temperature of 80 to 90 "C. 

The redl)ction of the compound ( XV~I ] may be earned out in an 

appropriate solvent fn the presence of zinc and an acid catalyst. 

Examples of preferred. acid catalyst include an mnotganic acid such as 

hydrocM<?ric acid~ and examples of the preferred solvent include ethers 
. 

It is preferred to carry. outt tho madion at a 

~emperature of 40 to 1 00 sc, especially af a temperature of 60 to 70 ·c. . 
·. 

"o • •:.;. 

.·:ii:i, • . , . 
·. 
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lne reaction of the compound [ xvm I with ammonaa may be 

carried out in an appropriate sorvent Ammonia may be used In the form 

ot aqueol!ls ammonfa, and exampfes ot the preferred solvent include water, 

It is preferred to carr)' mrt the reaction at a temperature of o 

to 100 °C, especialty at a temperature of 25 to 80 "C. 

The thoocamonyfation of the oompo~nd [ xm ] in ~hich X is 

oxygen atom and Y is sulfur atom or an Imino group wh!ch may have 

substitu~nt(s) may be carried out by treating the compound with a · 

thlocarbonylation agent In an appropriate solvent. 
. 

Examples of the 

.rd~phosphetaneG2,4adesulfide~ phosphorus pentasu!fide and the iike. 

Examp~es of the solvent inc~ude any inert one such as dimethoxyethane, 

it is preferred to carry 

out the reaction at a room temperature or under heating. especiai~y at a 

temperature ~ff 60 to 1 oo ·c. 

The reaction of the compound [ XIX J wi_th tile compound [ XX I 

may be carried cut in ·~m appropriate so!vent fn the presence of an acid 

acceptor. Examples of the acid acceptor hud~de an alkali metal hydride, 

an ~kruo meta!. an alkali metal fluoride. a lower alkyHitthium. phenyllithium 
. 

and the like. Examples of the so~vent include damethy!formamide, 

tetrahydrofuran and the like. It is preferred to carry outt the. reaction 

· .. 
"o • o • ... ~ . 
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under coornng oir with heating, for example, at a temperature of 30 to 120 ·c, 

Gsp~cnaliy at a temperature of 30 to 80 ·c. 
The reduction of the compound [ XXI ] may be earned out nn an 

apptropriate so!vernt either by trea~nng the compound with a reducing agent 

or by catalyt~c hydrogernaticm. 

~rn the case of treating ~t with a reducing agent, examples oi the 

redudnig agent uru:[ude a metal hydride !mch as lijthoum ak~munum hydnde, 

sodh.un bis (methoxyethoxy}aluminum hydridee sodium borohydride and the 

m<e. Examples of the solvent include ethers such as tetrahydrofuran. 

diethyl ethetr, dioxane and the like. ~t ~s preferred to carry out the reaction 

at a temperaturn of o to 1 oo. ·c, especia~~Y at a temperature of 30 to so ·c. 
On the other hand, in the case of cata!yt[c hydrogenat!oAt 

black and the !ii<e. Examples of the so~verut ir.c~ljde alcohols such as 

m~th~1rml, ethano~ and the like. It is preferred to carry cmt the reaciion 

at a t~mp~rature of O to 70 ·c. espec!aJ!y at a temperature of 20 to 30 ·c. 

The reaction of the compound [ XXil ] with the compom1d 

hydrmdde, an alkaii metal alkoxide, am alkali earth metai hydrmdde,an aika~ij 
. . 

earth m®ta! a~koxade, a iow~r a~ky~~lithium, ph~mymthoum, pyriolfne, di-~ower 
. 

alky~ariiline and the !ik~. 



-------------===-------------------···-·········---··----· ---

d!methyiformamide, tetrahydrofuran, ·ether and the like. lt is preferred to 
carry out tthe reaction at a temperature of O to 1 CO "C, especial~y at a 

temperature of 20 to 50 ·c. The subsequent intramo~ewlar cyclizatkm of 

the produd may be carried out in the presence of a dehydratifflg agent 

Examples of the dehydrating agent inc!LUde po!yphosphoric acid, 

pihosphoms oxychloride and the like. Examples of the solvent irndude an 

~nert one such as toluene, lbernzene and the like. ~t is preferred to carry out 

the reaction at a ttemp~rature of 50 to 150 "C, especially at a temperature of 

so to 130 ·c. 

Throughout the specificatio~ and claims, the term ·~ewer alkyl 

gm1Jp'", "lower a~kylene group" and "~ower a~koxy g~oup•- include a straight~ 

chain or branch=chain a!kyl group of 1 to s. preferably 1 to 4 camon atoms. a 

straight~ctnain or brarncrM;hafn a~ky!en.e gro~p of 1 to 6, preferably 1 to 4 

carbcm atoms and a straight~chah'n or brawncr·N::hain alkoxy grcmp of 1 to 6, 

pre~erabiy 1 to 4 carbon atoms. respeciive~yo Arnd the term .. !ower 

alkanoyl gmup" and "~ower alkeny! group" include a straJght-chaoT] or 

br~:mch0cha!n alkanoy~ group of 2 10 8, preferably 2 to 6 carbon atoms and a 

§Uaight-chain or branch-cha1n a~kenyl group of 2 to S, prnferabiy 2 to 6 

Further, the t~rm "~ower alkenoyl group" 

and "cydoalkyl group" include· a straighH:hain or branch-chain aJkenoy~ 

gmup of 3 to Ba preferab1y 3 to 6 carbcn atoms and a cycioalkyl group of 3 to 

8, preferably 4 to 7 carbon atoms, mspectlvelyo 
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A solution of 89.1 ml Qf 2·bromopropionyi bromide in 95 ml of 

methylene chloride and a soiutnon of 61.13 g of pyridine in 95 ml of 

meth~ene chloride are added dropwise to a suspension of 140 g of 

spiro[2m3~dihydros4He 1,3ebenzoxaznnee2, 1 ~eCydohexan]~4-one in 190 ml of 
. 

meth)iene chloride under nitrogen atmosphere at .. s "C during about 45 

minutes. Then the mixture is stirred ~t a room temperature for~ hours. 

The reaction mixture ms. poured Into 500 mi ·of water and the mixture is 

extracted with methylene chionde • The extra.et Is washe~, dried and 

evaporated to remove the solvent and the residue obtained is crystamzed 

from methanol and the C?rystais are co!~ected by filtration to obtaun 197.3 g of .. 
.• 

m.p.: 74=76 ·c 

Exama;"e~~_g_ to 1Q 

The corresponding starting compounds and 2°bmmopropiony~ 

bromnde are tmated in the same manner as described in Example 1 to 

obtain the oompoun~s listed in Tables 1 and 2 •. 

· .... 



Table 1 

0 

'Ex. 
No. 

z2 y RingB 

0 

0 . 0 · .. 

·o 
·- =-~ .. - .. ~- .. --===.- ·- ~~ 

0 

~-=·· --- .. -~. .:-=·-- -··---~~~~----- =-~~~-·='-= 

.. : NMR date off the compound of Examp~e 6 

NMR (CDCJ3) ~: 1.68{3H1 d ), 1.82(3H. s), 2.05(3H, d, J1:17.5Hz). 3.10(2H. s), 

3.72(3H, s), 5.22(1 H. q. J:1a7.5H~). 6.90(1 H. d, Jm;9Hz), 

7.55(1 H, d, J~3Hz. 9Hz), 7.88(1 H, d. J=3Hz) 

..... 

::· .......... . 



-·····---------=====-------------
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m.p. 111-112 ·c 

NMR {CDC.~3) Ii : 1.1 =2.6(1 OH. m), 1.94(3H, d, J~~.SHz). 4.67(1 H. q. 

g<~~mole.JJ 

J=6.6Hz)1 7.2e7.4{2H. m), 7.48(1H, t. J=7.5Hz). 

8.11 {1 H, d, J=7.7Hz) 

... '-·.· 

1.0 g of (3R, 4R)a4aacetoxys3~[(1R)s1 et~butyldimethylsi~yloxyethyi]-2-

azetidfilnone, 1.8 g of 3a{2°bromopropionylH;piro[?. 3~dihydro04H= 1,3-

benzoxazine-2, 1 'scyclohexan]~4sone and o .. 68 g of znnc powders are added 

to 15 mi of tetrahydrofuran and the mixture is refluxed for 30 minutes. After 

..... 



... 

·.·. . .. ;.··:·:-·::: ··' 
.. · ...... .. 

cooling, the reaction mixture is poured into 0.2 M phosphate buffer (pH 7.0) 

and tho mixture fs extracted with methylene chloride. The extract is 

washed,_ dried and evaporated to remove the solvent. The residue is 

purified by smca gel column chromatography (solvent ; hexane:ethyJ acetate 

~ 3:1) to obtai~ 1.3 g of 3a{(2R}-2s[ (3S, 4R)e3a[(1R)~1 st® 

butyldimethylsi~y~oxyethyQ .. 2@oxoazet!dins4ayf]propionyi}espiro[2,3adihydroa 

4H.., 193·benzoxazines2, 1 'acyciohexan]e4aone. 

m.p. : 154~155 "C 

Examples 12 to 20 
= -= -- ~- ·-==-~ 

. 
The corresponding starting compounds and (3R, 4R)a4e 

acetoxy-3a[(1R)e1 at-butyldimethylsilyloxy}ethyl] .. 2 .. azetldinone are treated in 
... 

the same manner as described in Emmpre .11 to obtain the compound~. 

Hsted fin Tables 3 and 4. 

·· . 
.. -:(lo 
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Ex. 
'No. 

12 

,' 13 

14 

15 

16 

zl 

CH3 

naC4H9 

neC15H31 

~CH20 
==-----~ 

CH3 

·-·- -· 

z2 

CH3 

neC4H9. 
. .. 

- --=- ~·-11 =-· ~= 

nGC15H31 

--· iso;;c· .. --

aCH-0 

CH3 

Table 3 

y RingB 
Physical pmpeniesj 

etc. 

0 () ~·P· 133.:134 °C 

-·-·-- -· - --

0 :0 syrup 

=~~-. ·- --:---=----~--

- . 

0 0 . syrup 

·- . ·- ~--=-.--:· 

0 :0 syrup 

-=-- -- ~ 

~CHr OOCH:s 
syirup* 

TBS represents tsbutyidimethylsHyl group (hereinafter the same) 

"' : NMR date of the compound of Example 16 . 

NMA (CDCl3) 5: 0.07(6H. s). 0.89(9H. s). 1.22{3H, d, J~SHz). 1.28(3H. d. 

Jg7.5Hz). 1.72(3H. s). 1.80(3H, s). 3: 10(2H. s), 3.20(1H, 

m). 3.50a3.60(1H, m), 3.72(3H, s), 4.02=4.08(1H. m), 4.10-

4.25(1 H, m), 5.95(1 H, s), ft93(1 H, d, J~9Hz), 7.53(1 H, dd. 

J:g3Hz. 9Hz), 7 .92{1 H. d, Jg3Hz) 

·-. 
.... 
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·-. 
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Ex. 
No. 

17 

18 

19 

--

y 

s 

0 

0 

Table 4 

Ring B Physica; properties. etc. 

syrup"' 

··syrup 

-.. 

" : NMR ~ata of the compouiryd of Examp~e 17 

NMR (CDCl3) S : 0.08{3H, s), 0.09(3H, s). 0.86(9H, s), 1.22(3H, d. J ... 6.3). 

Examo~e 21 cc== . -

1.26(3H, d, Js 7.2Hz), 1.5a2.5(1 OH, m). 3.1 a3.2{1 H, m), 3.2° 

3.4(1 H, m), 4.11 (1 H, dd, Js2.3Hz, 4.0Hz), 4.22(1 H. dt, 

J=S.2Hz, 10.7H:z), 5.92(1H, brs}, 7.26(1H. d, J=7.3Hz) • . 
7.47(1H, dt, J~t.5Hz, 7.5Hz), 8.13{1H, dd, J~1.4Hz. 

8.4Hz) 

(1} t6.2 ml of 1M sodium bus(trimethy~siiyl)amfde solution {solvent: 

tetrahydrokmm} are added to a mixture off 1 g off 3a{(2R)-2°({3R, 4R)-3-[(1 R)- . 

.... 

.. :~~ 



1 stebuty~dimethylsilyloxyethyl] .. 2 .. oxoazetidine4ayl!prop~ony~dspiro[2,3s 

dnhydro .. 4Ha 1 z3abenzmc:azines2, 1 'eeydohexan]e4 .. one and 2.89 g of ~iyl 

bromoacetate in 35 ml o1 ttetrahydro1uran at 0 60 ·c. and the m~xture is 

warmed to a temperatu.ue of ·30 ·c during one hour. The reaction mixture 

Is poured into a mhrture of water and ethy~ acetate aind the ethyl acetate 

!ayer is washed1 dried and evaporated to remove the so~~ent. The residue 

!s purified by smca gel column chromatography {solvent; hexane:ethyi 

acetate m 20:1 ~ 5:1) to obtain 8:03 g of" 3e{(2R)a2®[ (3S. 4R)a 1 e 

allyloxycarbonyf meU1y~-3e[(1 R)8 1 etebutyfdimethy!si!yipxyethyJ] .. 2 .. oxoazetidine 
. 

4ay~]propionyi}aspim[2,3-dihydroe4He 1 ,3abenzoxazine~2.1 'acyciohexan]a4e 

one as syrup. 
•., 

(2) A solution of 1.2 g of 3s{(2R)-2=[ (3S. 4f°U= 1 aaHyloxycarbonylme_thyl0 3· 

[ (1 R)<> 1°H>utyknmethy~sUyioxyethyl]~2aoxoazetidanc4:..y!]propaonyK}=spnro[2.3-

dihydro=4H= 1.3-lberazoxazine=2, 1 '-cydohexan]elfaone iru 6 mi cf 

tetmhydmfuran is addsd dropwise to 4.4 m[ of 1 M sodium 

bas(trimethy~sily!)amrde solution {solvent : tetrahydrofuraro) at a temperatuuo 

are added thereto at a50 ·c and the mixture is starred for 2 minutes. Then, 

645 mg of diphernyiphosphonyi chloride are added thereto at ~so ·c and the 

mixtaJre is stirred for 2 ftmurs at o '"C. "'fhe reaction mixture is poured into 

50 mi of 0.2 M phosphate b~fffer (pH 7.0) and the mixture ns extracted with 

The extract is washed. dried ana evaporated to remove 

~sopropy~ ether is added to the re~idue and the ·rnsuHing 

·.'° 



The filtrate is condensed to 

syrup. 

To a solut~on of 500 mg of 3-{(2R)e2a[ (3S, 4R)s3-[(1 R).:.1Qta 

butyldlimethylsily!oxyethy~]a2scxoazetidine4eyl]pmp!ony~}aspiro[2,3adihydro~ 

4lHa~ 13sben:zoxazines2, 11acyclohexan}s4sone in 20 ml of a mixture of. 
. . 
tetrahydrofuran and water are added 0.9 ml of 30% aqueo1Us hydrogen . 

peroxide and 64 mg of lithium hydroxide in this order. and the mixta;re fs 
··. 

stirred at the same temperature for one hour. The pH of the mbcturEl> as 

adjijsted to about 1 O by adding· dropwuse 5 m! of 1.SN aqueous sodhJm 

snJ!fite at the same temperature and tetra~ydmturan is removed under 

reduced pressum. . The precipitated crysta~s are re·moved by f~~tmtion and 

Un~ aqueous ~ayer of the fHtrate is washed w[th 20 m~ of chloroform. 10 ml 

ct 10% hydmch~oric acid are added tlhernto and the pH of the mixture is 

The aqueous layer is extracted with 30 ml of ethyl 

acetate. The ethyl acetate fayer is dried and then evaporated under 

red~ced pressure to give the crude product The product is recrystamzed 

fmm a mixture of ethyl acetate and hexane to obtain 216 mg of (2R)=2=({3S·. 

4R)~3=[ p R)= 1 =H)lntyldimethylsi~yimcyethyl]A2=oxoazetidlns4•yl}pmpconijc acid~ 

· m.p.: 146=147 ·c 

·, 



Ji!@mact2;! 

. A mixture of 1 O m! of tetrahydrofuran and a smaU amount of iodine 

is added to 437 mg of magnesium piece at a room temperature and 0.75 g 

of 1,2adibromoathane are added dropwise thereto w~th stirring. When the 

exot~ermic reaction starts arnd the maxtum begU1s to reflux. a sohrtnon of 1.5~ 

g of 1,2sdibromoethane in 3 m~ of tetrahydrofuran is added dmpwise thereto. 

Then 0 the mixture is refiuxed for 30 minutes. The mixture is cooled to a 

temperature of 5 °C and to th!s ooo~ed liquid is added dropwlse a mixture of 

. 
azetidinone and 2.11 g of 3·(2abromopropionyi)~spiro[2,3-=dihydroe4H~·1,3~ 

··. 
mbrtlBre is stirred at 1 O "C for one hour. . 60 mi of aqueous saturated. 

ammoronum hydroch!oride are added thereto an~ the mixture is extracted 

with ethyl acetate. The extract is washed. dried and evaporated to 

remove the solvent The residue is purified by smca gei coknmn 

chmmatography (soivent ; hexane:ethyi acetate ~ 6:1 Q 3:1) to obtain 1.61 g 

m.p.: 154°155 ·c 

~xamwe$J~~ to 33 

The corresponding starting compotmds are treated in the same 

man~er as described in Example 1 to obtann the compounds listed in Table 

·. 
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5. Further the compounds listed in Table 5 and (3A, 4R)a4aacetoxya3~ 

((R)aH:>uty!dimethylsilyloxy)ethyi]e2eazetidinone are treated in the same 

manner as described an Examp!e n to obtain the compounds listed in l'abie 

6. 

lab~e 5 

.cH:s A x 

Br :+ 
z2 .. 

-.. zl z2 x y 

2.S s s 



-----------~-=====~-....;.._------·-- ..... -·- ·------

Ex. 
No. 

29 

30 

31 

zl 

Tab~e 6 

TJBSO 

z2 

32 lll~C4H9 rn°C4H9 

x 

y 

s s 

s s 

0 

0 
--- ---- --G-· - ------ .. --- -

--------·-·- . ---·--· .. ·-- ---~~==~~"""'=!I~~=~~='! 

33 ~(CHvS""" 0 

A mixture of 20 g of dibruty!ketone, 19.3 g of sa~icy~amidle and 2. 7 g of 

p-stofmmesulfonic aci~ monohydratte is added to 300 ml of ttoluene and the 

mtxtture is ref~uxed overnight by maki~g use of a dehydrator of Dean Stark. 

After ooo~[ng, the readion mixture is washed, dried and evaporated tto 

remove the·so[vent. The residue is purified by silica gel column 

chromatography (solvent ; hexane:eU'nyl acetate "" 95:5) to obtain 34 g of 2,2· 

·. 



.. 
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The corresponding starting compounds [ xm ] and the 

oorresponding starting compounds [ x·1v 1 are treated in the same manner as 

described in Refere~ce exampfe 1 to obtah~ the compounds ~isted in Tab[e 

1. 

Table 1 
-----.--: - -- -= ·-· - -- --- - - --· 

0 

Ref. 
HN 

! ~, ·z,+ . . 
Ex. ~ 
No. z2 . 

··, 
- __ :cs;_ -----= . __ ji! •• s:<.=:>.:>._ - -- -- - - - - ---

z1 l z2 RingB Physoca.~ pmperties~ etc. 
- -- - -- - - - --·- - -- __ .. -

2 n~c15H3 ~ n9C15H31 :0 yellow oi~ 

... - --- z 

3 QC.1--120 -cH:rQ JO m.p. 159~Hi1 "C--· 

--

4 ~(CH,)r )()a m.p. 168° ~ 70 "C 

I=--·- . -- - .. - -~~~--

~o 
. 

s ~ (CH2)r- m.p. 175a 177 ·c 
CH:s 

-··- -- - .• C:SS.:;:;oo;i --;;;;::i --- - -- - -~ - -

6 0~ (CHvr= JO m.p. 193°195 "C 
OCH:s 

-

· ... 

··:--



Reference exam,We 7 
=:z:e:i------·-- -·--:::::=-- ~ . 

(1) 12.5 ml of thionyfchloride are added dropwise to a solution of 25~0 g 

of 2,2f0 dithiodibenzoic acid in a mixture of 120 ml of toluene and 0.5 m~ of 

dimethy~formamide at a room temperature. The mixture is warmed to a 

temperatw·e of 70 to 80 "C and then stirred at the same temperature 

overnight After 20 hours, the crystals are conected by fntration to obtain 

14.9 g ot 2,2"adithiodibenzoyl ch[oride as coloriess crystal. 

m.p. : 140e141 "C 

(2) 20 ml of aqueous ammonia are addled to a suspension of 7.03 g of 
. . 

2,2°sdith!odibenzoyl chloride in· 20 ml of dioxane at a roo~ temperature. 

The mixture is warmed to a temperature of 80 to 90 "C and stirred for 5 
-.. 

houim at the same temperature. The mixture !s cooied to a mom 

temperat~re to give 4.8 g of 2,2'adlithiodibtmzoylamide as coioness crystal. 

Yieid: n% 

m.p.: 249=250 "C 

{3) 41 ml of 2Nl hydmchiolic acod are added! drop\l./ise tto a suspens~on of 

4.14 g off 2,2'-dithiodibenzoylamide and 2.5 g of zinc powders in 70 m! of 

dioxane. The mix~rure is warmed to a temperature of 60=70 "C and stirred 

for 4 houm at the same temperature. The readion mixture is poured ilflto 

50 m! off water and the mixture is extracted vlith ethyl acetate. The ethyi 

aceta~e layer is washed. dried and evaporated under reduced pressure to 

remove the so~vent. A mixture of 5~64 m~ of cyclohexanone and 1.03 g of 

p~to~uenesu~fonuc acid monohydrate is added to a solution of the above~ 

·. 



obtwm~d residue in toluene and the mixture is refluxed for 40 minutes by 

making use of a dehydrator of Dean Stark. After cooling to a room 

temperature, the reaction mixture is condensed under. reduced pressure 

and methanoi is added thereto. The precipitates are coi~eded by 

fl~traticm to obtain 3.05 g of spiro[2,3adnhydroe4He1,3eberozoth!azanea2.1'a 

cyc~o~exan]-4®one as colorless crystal. 

m.p.: 193~ 195 ·c 

B~feren~e exa,mp!e a 

(1) 10.0 g ·of Nemethylisatic acid are added gradually to 140 ml of water 

. at a room temperature and 9 .• 6 g of aqueous ammonia am· added dropwise 

thereto. The mixture os warmed to a temperature of 80 ·c during 45 
-., 

minutes and ethano~ is added thereto until the reaciion mixture becomes 

Then. the readion mi>rtum is coo~edl to a. mom temperature 

and the ptrecipitated cnysta~s are col~eded by fiftration to obtain 7. 11 g off 2-

airbamoy!~N-methylani!ine as co!olliess crystat 

Yie~d: 84% 

m.p.: 155a156 "C 

(2} A mixture of 6_.9 ml of cyc!ohexanone and 633 mg of p~ 

tolm~rnem.dfonic acld•monohydra~e is added to a solution of 5.00 g of the 

abovEMlbtained pmduci in toluene and the mixture is _refluxed wnth 

dehydtration by making use of a dehydrator of Dean Stark for cme hour. 

After coo~!ng tto a mom temperature. the precipitated crystals are co~!ecied 

by ff~[fratnon and waslhedl with methane[ to obtain 6.32 g or spim[~ -methy~~ 

·. 
: .. 



1321314stetrahydroquinazolinea21 1 ':.cycio~exan]s4eone as ooloriess crystal. 

Yh~id: 83% 

m.p. : 183°185 ·c 

8-!f~relSL!~ 

A mixture ot 11.5 ml of 5aoxononane and 633 mg of patol~enesuifonic 

acid monohydrate is added to a solution of 5.00 g of the product obtained in 

Reference· example 8s{1) in toluene. and the mixture is refluxed for 30 

munmes by makang use of a dehydrator of Dean Stark. After cooling to a 

room temperature. the mixture is condensed under reduced pressure and 

the residue obtained is purified. by silica gel column chromatography 

{solventt ; chloroform : methanol ~ 100 :1 } to obtain 9. 16 g of 1 amethyie2,2~ 
...... 

Yield: 100% 

Reference exam~!! 1 O 

Nitrocyclohexane and benzylbmm~de am subJected to condensation 

reaction in the presence of sodnum hydride tto obtain 1.;benizyie1 ~ 

nntrocydohexane. The product as reduced with Hthium aijuminum hydride 

to obtain 1=benzy~0 1 ~aminocyc~ohexane. The product is reacted with 

methyl chloroformate to obtain 1 °benzy~a 1 e 

methmcycamonyla.minocyclohexane, and the product ns subjected to 

finttramofecular cycliza~«on in the presence off phosphorous oxyctdorade to 

obtain spiro[1a2.3.4etetrahydroisoquinoline 0 2o1 ·=cyc!ohexanJ-1 =one. 

'·. 



(1) A solution off 9.6 g of ethoxycaroonyi ch!oride in 25 ml of ether is 

added dropwise to a solution of 30 g of ~ a(2eaman0®2emethylpropyl)0 4° 

methoxybenzene irn 300 mi of ether under ice<>Cooling. Then, a solution of 

9.6 g of ethoxycarbornyl chloride in 25 m[ and a so~ution of 8 g of sodium 

hydroxide in 50 ml of water are added dropwnse thereto. After additionm 

the mixture is stirred for one hour and water is added thereto. The ether 
. . 

layer is removed therefrom and the aqueous !ayer is extraded wath ether 

twlce. A mixture of the ether layer and the extract is dried and evaporated 
. 

to remove the so~vent. The residue is purified by column chromatography 

·to obtain 29.1 g_ ?f 1 ~[2~{N-ethoxycaroonyl)aminoa2amethy~propyl}e4e 

meUmxybenzene as an cit 

NMR {CDC~3) 8 : 1.63{6H, s), 3.12(2H, s), 3.72(3H, s), 6.70Q7.10(4H, m), 

6.7s7.1 (4H, m) 

(2) 1 o g of the above~obtaim~d prodaJJci are added to 1 oo m off 

po~yphosphoroc a.cod and the mixture is stirred at a mom temperature foi'30 

mirmtes. Then, the mixture is grad~a~[y warmed to a temperature of 100 

• C and stirred at the same temperature. . After coo~itrng to a mom 

temperature, 300 ml of water are added thereto and the mixture is extll'acied 

wijth cMomform. . The extrad is dried and evaporated to remove the 

so!vent The residue is pur!iied by column chromatography to obtann 

5.43 g of ~ 00XOa3,3~dimethyl07°methoxy01,2,3,4~teUahydroisoq&JinoHne as 

a~ oit 

NMR (CDC~3) a : 1.62(6H, s), 3.10(2H, s}, 3.72{3H, s}, 6.90(1H, d, J,.,.9Hz}, 

7.45{1 H, dd, J,,,.3Hz, 9Hz}, 7.85(1 H, d, J ... 3Hz) 



TiiE EFFECTS OF THE· lNVENTION 
- -~~----- = - -- . ~=a™ 

According to the present invention, the azetidinone compound [I] or 

a sait Uuereo1 can be prepared stereoseleciively. Said azetodinone 

compound [ I ] gs a useful synthetic intermediate of the 1 pa 

methylcarbapenem derivative [ X ] · havf ng an antnbacterial adivilty because 

the-_compound [ ! ] has the partia~ skeleton (i.e .• supporting g.mup) of the 

formula: 

whererrn symbols are th~ same as defined above. which is suftab~e ior 

preparing the 1 ~=methy!carbapenem skeleton. To say more partficu~arly, 

the compound [ H J or a salt thereof can be converted into the compound [ i ] 

or a salt thereof with hrgh stereoseJectivity by reading it with the compound 

[ m ]. an'ld hence an optical reso!i.rtimi must not be required and the 

_exp~rasilve compound [ Ill 1 can be used effic!ently. 

Moreover, the compound [ I ] or a sa~t thereof can be easi~y converted 

h1to the compolmd [ XII ] or a saa thereof which is an important nnterme~iate 

Further, after the conversion of tt~e oompourid [ i J or a salt thereoff into 

-. 



the.compound [Vii] or a sa~t thereof, the thuseobtained compound [VU J can 

Ibo converted into the compounds [XI] or a salt thereof and [ vm] or a salt 

thereof by intramolecular cyclizat!on without adivat~ng the sidleechain group 

at the tH>osition of the azetidinone skefeto11 by chemaca[ modification. 

Furthermore, the supporting group of the-present inventfon can be 

n~coverad as the compound [°IV ] or a s~t thereof in the intramoiecular 

cydization~ and ·therefore, the ccmpo~nd [ I ] or a salt therec1 is useful as a 

synthetic intermediate of the 1 f}amethylcaroapenem derivative [ X ] or a salt 

thereof from either an operational or economnca! point of view. 

. On the other hand, th~ aehalopropionamide compound [ II ] o·r a salt 

. . 
themof can be readiiy·prepared. For example. the compm.md [ II J in 

. . 
which beth X and Y are oxygen atoms and the Ring B as 1..msubstututeel · 

bernzerne ring can be prepared from commercially avai~ab!e sa~icyiamk!e by . . 

two steps. 

methylcarbapenem derivative [ X ] or a sa[t thereof can be easily prepared in 

an industria' scale because [t is not necessary to perform the optica( 

resolution, to use the expensive lewis acad such as tin trifla~e or boron 

triflate and to activate the side=chain grotJp at the 4~pos!tion off the 

azetidinone skeleton by chemical modii!eation. 



-. 
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What we ~aim is ; 

1. An azetidinone compound cf the formula [ I ] : 

[I] 

wherein Ring B is a benzene ring which may have substituerrt(s). R 1 fs a· 

hydroxyesubstituted lowet alkyl group which f!1ay be prote91ed, X is oxygen 

atom or sulfur atom, Y is oxygen atom, surfur atom, methylene group or an 

·imino group which may have substituent{s). and z is. a methylene group 

which may have substituent(s). or a sa~t ·thereof. 

2. The compound according to claim 1, wherein Ring B is 

a benzene rhig which may be substituted by oiTu~ to four group(s) selecred 

from a group consisting of a ha[ogen atom. a lower atky! group~ a lower 

a~lkoxy group and an aryl group. Y is oxygen atom. sulfur atom. methy~ene 

group or an imino group which may be substituted by a lower a.lky~ group. 

aWll acy! group or an ara~kyloxy~monyl group, and Z is a methy~ene group 

which may be substatuted by one to two group(s) selected from a group 

consist~ng of a C3_7 alkylene group. a c1620 alky~ group, a c4~7 cyc~oalkyl 

group (sard afk)1ene group, alky~ group and cycioa!kyl group further may 

..... 
. :,c;. 



------------

· !have substituent{s)), an aryl group. an ara!kyl group and a heterocyclic 

group. 

. -

3. The compound according to claim 2, wherein Ring B is 

a benzene ring which may be substituted by a halogen atom, a lower ankyl 

group or a lower alkoxy group, Y is oxygen atom, sulfur atom, methylene 

group or an imino group substituted by a fower a~kyl group, and Z ·is a 

methylene group which may be substituted by one to two group(s) selected 

from a group consisting of a C3& 1 a.~kyiene groupw a c1 @ 20 alkyl group and 

4. The compound according to claim 3, wherein Rinq e is 

rui ~ms~bstituted benzene ring, X is oxygen atom, Y is oxygen atom. and Z is 

a mettn~cu11e group substituted by a c 3e 7 afkyh~ne group, a methy!ene gmup 

5. The compound according to daim 4. wherein Z is 

pentamethylemN.mbstituted methylene group or ~ibuty~asubstituted 

methyf ene g mup. 

6. The compound acoor(iing to any of daims 1 to 5, 
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whemin the 3-position of the azetidinone skeleton has S configuration. 

oxyethyiN?aoxoazetidin-4ayl]propionyf}aspiro[2,3ed4hydroa4He 113e 

benzoxaznnea2, 1 'scyclohexan]a4aone. 

8. A process for preparing an azetidnnone compound of 

the formula [ I J : 

--~NH 

0 

. 
i .CO~N 
H I 

~ 

x 

[I] 

w~erein Ring !Bis a· benzene ring whic~ may have Sl!Jbstituern{s), R 1 is a 

hydmxyQsubstituted lower alkyl group which may be protected, X is oxygen 
-· 

atom or s~!fur a.tom, Y is oxygen atom, sulfur atom, methyh:HTJ~ gmup or an 

imirm group which may ~ave substituent{s), and ·Z is .a mettny~ene group 

whijc~ may have substituent{s), or a sa~t thereof, which .comprises reading 

an aehaiopropionamide compound off Une fofmula [ II ] : 

[II] 

·. 



.. 
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wherein l 0 is a halogen atom. and other symbo~s are the same as defined 

aboves or a salt thereof' with a compound of the formu~a [ m J : 

R!n:I 
0 

[ID] 

wherein t 1 is a leaving group. and R 1 is the same as defined above, and if 

required, furt'1er oonveting the product !nto a sa~t thereof. 

9. An «-ha!opropionamide compound of the formu~a [ U J : 

[ Il] 

oxygen atom or sulfur atom, Y is oxygen atom, sum..1ir atom, methy!ene _group 

or an imono group which may have substi~uent(s}s Z is a methylene group 

wMch may have substituernt(s) and l 0 is a hmogen atom. or a sailt thereof. 

10. The compound according to c!af"! 9, wherean Ring B.is 

a benzene ring which may be substituted by one to four group(s) seJecied 

ffmm a grolnp coirnsisting of a halogen atom, a lower a~kyl groOJp, a lower 

aJkoxy group and an ary~ group0 Y is oxygen atom, Stiifur atom, methy~ene 



group or an amino group which may·be substituted by a ~ower alkyl group. 

an acyl group or an ara!kyloxycarbon~ group, and Z is a methylene group 

wh~ch may be substituted by one to two gmup(s) seleded from a group 

consisting of a C3e7 alkylene group, a c1 & 20 alkyl group, a c4a7 cyc!oa!kyl 

. . 

gmtBp (said aH<yiene group, aJky~ group and cycioalkyl group further may .. 

have siubstltuent(s}). an aryJ group, an .ara~k)1 group and a heterocyc~ic 

group, 

.11. The compound according to daim.10m wherein ·Ring B · 
. 

us a benzene ring which may be substituted by a halogen atom, a lower alkyl 

group or a ~ower a!koxy group. Y fs oxyg~n atom-. sulfur atom. methylene 
. ...'II 

gmGJp or an imino group substituted by a lower alkyl group, and Z is a .. 

m~thyien·e group which may be substituted by one to· two group(s} se~ecied 

12. The compound accordf ng to claim 11, wherein Ring 8 

8s am. amsubstit11.Dted benzene ring. X is oxygen atomm Y is oxygen atom •. and Z 

us a metfhyijene group substituted by a c3Q 7 a~kylerie group. a methylene 
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13. The compound according to claim 12, wherein Z is 

pentamethylene .. substitutE:'d methylene group or dibutyl8 substituted 

methylene group.· 

15. A process for preparing an a~halopropanamide 

compound of the formula [ II J : 

CH:s 

~ x 
Le 00::-....N 

·1 [II] 

~ 

wherein Ring B as a benzene ring which may have subst!tuent(s), X is 

oxygen atom or sulfur a.tom. '! is oxygen atom, sulfur atom, methylene group 

or imam> group which ~ay have substituent(s), Z is a meUny(eme group 

which may have substituent(s), and l 0 is a halogen atom, or a salt thereof~ 

which comprises reacting a benzene compound of the formula [ IV ] : 

x 

[IV] 

wherei~1 symbols are the same as defined above, or a salt thereof, wnth a 2-

ha~ogf.mopropionic acid compound of the formu~a [ V ] : 

· .. 
., .. 



,_ 

[V] 

thereote and if required. further converting the product onto a salt thereof. 

16. A process for preparing a 1 p~methyia2 .. oxycarbapenem 

derivathte of tha formula [ vm J : 

\-i J==~ 
0 

-Q\ [VIIl] 

COOR2 

wh~reoin R 1 is a hydroxy=substftuted fewer a~ky! group which may be . . : 

- . 
ffoll'muia : =OA is am esterified hydroxy group, or a salt thereof. which 

comprises the steps of : 

2) reading an azetidij~one compound-of the forrrm~a r ~ ] : 

CH3 

Ru 

tNHH 
0 

CO=N 
! 
~ 

x 

[I] 

wher~on Ring B is a benzene ring whfch may have substituent{s), X is 

. :,,. 
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oxygen. atom oir sulfur atomt Y is oxygen moms suUur atom, methylene group 

or an imino group which may have substituent(s), Z is ~ metthylene group 

whnch may have substituent(s) and R 1 is the same as defined above. or a 

s~t thereof, with an acetic acid compound of the formula [ V~ ] : 

[VI] 

wherein L 2 is a leaving group and R2 is the same as defined above, or a 

tN 
0 ~ 

[VII] 

CH1 
~ 
COOR2 

whemill'l symbols are the same as defined aboves 

b) Sl~bjeding the above compound [ VU J or a salt thereof to nintramoiea.niar 

c) Sa,Dbjeding the intr~moiecular cyciDzatkm pmdlud or a. salt thereof to 

estterificatrron, and 

d) if required~ fiurther convert.Ing the product into a salt thereof. 

17. The pmcess according to cijaim 16. wherein either or 

both of the intramo~ecuia~ cyc!ization of the· N°substnauted azetidimme 
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compound.[ VU J or a salt thereof and the esterification off the intramolecular 

cycnzation produd or a salt thereof is(am) carried out in the presence of a 

lewis acid. 

derivative of the formula [ X ] : 

[X] 

<DORU 

wherein R 11 as a hydroxyasubstituted lower. alkyl group which may be 

. 
protected. R21 is hydrogen atom or an ester residue~ and R3 as an organic 

group~ or a sait thereof, which comprises the steps of : 

a) reacting an azetidinone compound of the fformu~a [ ~ ] : · 

CH;s 
x 

[I] 
~-- -NH 

0 

wherein A 1 is a hydroxy .. !$ubstituted lower rukyl group, Rf ng B is a benzene 

ring whilch may have substituent(s), X is oxygen atom or sulfur atom. Y is 

oxygen atom, sulfur atom, metthy~ene gr~up or an imino group which may 

-.... 



·-~ 

I 11111111111111111111111111111 
* c ~ 00 $ * 

have substituent(s), and Z is a methylene group which may ·have 

substitazem(s), or a salt thereof. with an acetic acid compound of the formula 

[VI]: 

L2 ~ Cli:t···-=- COOR 2 [VI] 

wherein l 2 is a leaving group and R2 is hydrogen atom or an ester resgdue, 

forrm.~ra [ vu I : 

CH:s 
x 

J=N o I · .. 
CH2 
) 
COOR2 

whelf'ein symbols are the same as d!efi11ed above, 

b) subjecting the oompound [VII] or a salt thereoff to intramo~ec~!ar 

cyclilation, 

c) m.objectJng the nntramo~ecular cyc!izatuon pmduci or a salt thereof to 

CH3 

--=N 
[ VIH] 

0 

OOOR2 

.: ~. 



whflrein a group of the formula : aQA is an esterified hydroxy gmup~ and R 1 

and R2 are the same as defined above. and 

di) converting the compound [ vm ] or a sa!t thereof to the correspondilng 1 ~e 

known method. 

19. Th~ .process acc~rd!ng to claim 1"81 wherein R 1 is a 1 e 

hydroxyethyl group which may be protected and R3 is 2sthtoxopyrrolidbi~4-yl 

group. 
-.. 

20. A process for prepar]ng an azetidinonepropilcmlc acid 

compound of the forma.n~a [ XII ] : 

COOH [Xll] 

--==NH 
0 

wh~r~un R 1 is a hydroxyesubstituted lower aikyl group which may be 

protected!, or a salt thereof. which comprises hydml~ng an azetidinone 

compo1t..mdl ot the. formula [ I ] : 



.. 
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[I] 

whereirn Rijng B is a benzene ring which may have substituent(s), X gs 
. . 

oxygen atom or sulfur atom, Y is oxygen atom~ sulfur atom, mett1y~ene group 

or an imh~o group which may have substituent(s), Z is a meth)ieina group 

whnch may have substituent(s), and R 1 is the same as defined above, or a 

sa~t thereof s and If required, further converting the product into a salt thereof. 

21. A process for preparing ·~m azetidinonepropno111ic acid 
' . 

compound of the formula [ XII ] : 

H COOH 
[ XIl] 

--NH 
0 

protected, or a sa!t thereo~, which comprises the steps of : 

a) reading an a~hmopropilcmam.ide oompc.nmd off the fformuia [ H ] : 

·. 



·-­• 

[II] 

wherein Ring B is a benzene ring which may have sulbstitmmt(s). X is 

oxygen atom or su~fur atom. Y is oxygen atomo sulfur atom, .methylene group 

or an imlno group which may have substituent{s). Z is a. methylene group 

which may ~ave substituent(s), and L 0 is a halogen atom, or a sajt thereof, 

with a compound of the formula ( m ] : 

Rl Lt 

trH 
0 

[ID] 

wherein L 1 is a leaving group, and R 1 is the same as defined above, to give-

ara m:et~dnone compound of the formu~a [ I ] : 

-----NH 
0 

OO=N 
I 
~ 

x 

wherein symbo~s are the same as defined above. 

[I] 

_ b) s~b]ectirog the a~ove compound ( 1 J or a salt thereono hydrolysis, and 

c) if required, further co~verting the product into a salt thereot 

22. A process for preparing a 1 ~-methyl-2~oxyearbapenem 

·. 
:,._ 



····-···-·­-----··-···-

deoiv_ative of the formula l vm ] : 

CH:s 

OA. . [Vill] 

COOR2 

wherein. R 1 is a hydroxyasubstituted lower alkyl group whfch may be 

protected. R2 is hydrogen atom or an ester residue, and a group of the 

formu~a : eQA is an esterified hydroxy group. or a sait thereof I whach· 

oomprnses the steps' of : 

a) hydro~yzing an azetidinone compound of the formuf a [ I J : 

whernki Rfr1g B is a benzene ring which may have substituent(s), X as 

oxyge~ atom or sulfur atom, Y is oxygen atom. sulfur atom. methylene group 

or an imino group w:iich may have substituent(s), Z is a methylene group 

which may have substituent(s), and R 1 is the same as defined above, or a 

. . . 
saut thereof. to gave an azetadinonepropionac acid compound of the formula 

[XUJ: 



··-

~ 
I lllf 111111111 lllif Hf I fl Jiii 

* ~ L ~ $ * 

1 : Rt=_ ~ COOH - H 

NH 
0 

(XII] 

wherein R1 is the same as defined abovet and 

b) com1ertilrog the compound 1. XH ] or a salt thereof to the corresponding 1 j.\~ 

methyM?a0xycarbapenem derivative [ vm ] or a sa~t thereof in a known 

method. 

23. A process for preparing ~ 1 j:l .. m_ethy~ecarbapenem 

derivathfe of the formofa [ X ] : 

~I 
-~~N 
a 

COOR2n 

[X] 

wtaereini R~ 1 is a hydroxyasubstftuted Rower a~ky[ gmup which may be -

protected, R21 is hydrogen atom or an ester residue, and R3 is an organic 

group~ oil' a salt thereof, which comprises the steps of : _ 

a) hydrolyzing an azetidinone compound of the formula [ I ] : 

··• 



[I] 

wherein R1 is a hydroxy0 substituted lower alkyl group which may be. 

protected. Ring B ms a benzene ring which may have substituent(s)~ X fs 
I . 

oxygen atom or su~fur atom, Y Is oxygen atom, sulfur atom. methylene gmup 

or an fmino group which may have substituent(s). and ZJs a methylene 

group which may ha~e substltuent(s), or a salt thereof. to qlv.e an 

azetidfnoneprop!oUJfc acid compound of the formu~a [ xm~ J :. -·· · 

·., CH:s · 

L-NH H 
0 

COOH 
. (XII] 

whereon R 1 is the same as detined above. and 

b) oonveu-1ing the ·compound [Xii] or a salt thereof to the cormspondong 1pa 

methyr--carbapenem derivative ( X ] or_ a salt thereot in a known method~ 

24. . The process aooording to claim 230 wherein R 1 is a 1 * 

hydroxyethyB group which may be protected and R3 is 2ethioxopyrroUd[n®4~yll 
. . 


