Azet4d|none conpound and process for preparatlon thereof = JlooBv mes
This invention-relates to a novel conpound useful as a synthetic
intermedi ate of a 1[err]-methyl carbapenem derivative having an
'anLLbacteraI activity, a process for preparation thereof-and a.use

t her er of . ' BACKGROUND OF THE | NVENTI ON '

lerr] - N@thylcarbapenen1der|vat|ves have been of great interests for ther
excell ent antibacterial activities against a wide range of m croorgani snms
including G am positive and Gram negative bacteria, especially against

- Cephemresistant bacteria, and their excellent stabilities in the human
bodi es. Said 1[err]-nethyl carbapenem-derivatives have been . synt hesi zed by
various processes up to now. In these processes, following three kinds of
conpounds have been known as the inportant synthetic internediates: -a) an
azetidinone conpound having 1'-[err]-nethyl group at the 4-position of the
azetidi nome skeleton, i.e., a conpound of the formula [A]:

Azetidinone compound and ﬂaces;;s__}qup@pgraﬁiqn thereof

This invention relates to a novel compound useful as a

1

symheﬁcmteme@i&te of a 1B-methylcarbapenem derivative having an

‘antibacterial activity, a process for preparation thereof and a use thererof.

BACKGROUND OF THE INVENTION

1B-Methylcarbapenem derivatives have been of great interests

i@r_theﬁr excellent 'ami_bacﬂeriai activities against a wide range of
microorganisms including Gram pcsmve and Gram negaﬁcve bacteria,

especially against Cephem«resistam bacteria, and their excellent stabiities
in the human bodies. Said 1f-methylcarbapenem derivatives have been

synthesized by various processes up to now. In these -proéesées, foliowing
three kinds of cempc_unds have been known as the important synthetic

intermediates :
a) an azetidinone compound having 1'-B-methyl group at the 4-position of

the azeiﬁdinone skeleton, i.e., a compound of the formula [A]:



<

[err] wherein R err] is a hydroxy-substituted | ower al kyl group which
may be protected. b) a 1[err]-nethyl-2-oxocarbapenem conpound of the K
formula [B]: [err] wherein R err] is hydrogen atomor an ester
residue, and Rlerr] is the sane as -defimed above and c) a reactive
dérivative of the conmpound [B], i.e., a conpound of the forrmula [err]
wherein a group of the fornula: -OAlerr] is an esterified hydroxy group,
and Rlerr] and R err] are the sane as defined above. -

CHs
R®
?:E COOH
{A]
4——NH
d

wherein B2 is a hydroxy-substituted lower afkyl group which may be-
protected,

b} a 1B-methyl-2-oxocarbapenem compound of the formula [B ] :

CHs
=0 [B]
}—x
d ;
COOR®

wherain RDis hydrogen atom or an ester residue, and R? is the same as

defined abovs and
¢} a reactive derivative of the compound [ B ], i.e., a compound of the formula

[Cl:.

(Cl

COOR®

wherein a group of the formula : -OA2 is an esterified hydroxy group, and R®

and Rb are the same as defined ahove.



N~

- . As for a process for preparing these synthetic

ternedlates t here have been known a process which conprises the steps
1) renoving 1'-hydrogen atom of the acetic acid noiety |located at the

.¢p03|t|on of the conpound of the folddw ng formul a:

[err] by using a strong base, 2) introducing nethyl group to the product,

3) hydrolyzing the product to give the conpound [A] in which Rlerr] is 1-t-

but yl di met hyl si | yl oxyet hyl group. 4) subjecting the product to carbon atom

Subj eeti ng ﬁZCHSﬁactg%égf%?@?ﬁa%%ﬁ#}§PBﬁ@€We§ e %qé.&%’@*% o5 npound

[B] in mhlch R[err] I s 1-hydroxyeth p and, n|trobenzyl
group, and thesa hayp bees kawn g Qfﬁﬁé/ﬁﬁgéﬁﬁ W@gﬁ[ﬁ?%‘ 0'n to obtain the
correspondi ng conmpound [C] [ Heterocycles Vol. 21 p29 g1984 ].

However, t he1pbemevingdéaysrogenuateat okthaxtostio acidl moigty onated &t theé- the
conpound having the 1'-methyl gfoup with [err]-configuration which shows

an excel | ent ;pEREARAG %S BbRPoLAB!JI RS Yollowid@lymaReause in preparing the

) ,,-,OO

I
O

-~ by using a strong @aSe,
2) é’mroduciﬂg'methyl group ﬁoﬁthe product,
3) hydrolyzing the product to give the compound { A]in which R%is 1-t-
butyldimsthylsilyloxyethyl group, |
4) subjecting the product to.c;ar_bcn amw_i increasing reaction,
5) subjecting ﬂhe product to diazotization,
8) subjecting the prcduct to intramolecular cyciization to give the compound
'[ 8 ] in which R2 is 1-hydroxyethyl group and R is p-nitrobenzy! group, and
~ then _
7) subjecting the prcéucﬁ to ésteﬁﬁcaﬁon to obtain the corresponding
compound [ C | [Hetemcycles"\foi, 21 p29 {1884)].
However, the above process is unsatisfactory in that the vield of
the compound having the 1-methyl group with B-configuration which shows

an excellent pharmacotogical acﬁﬁvity is low, because in prepdring the



~

compound [ A ] by the above process, said process is not the

- stereosel ective synthetic process and.the mixture of the conpound [ A ]
having the 1'-methyl group with [err]-configuration and
[err]-configuration is obtained. In regcent years, therefore, various ..
- processes for stereoselectively preparing the -conpounds [ A], [B] and
[C] have been widely investigated and a typi'cal process includes those -
utilizing the Aidol-type reaction or the Reformatsky- type reaction.

As for- the process utilizing the Al dol-type reaction, for exanple,
Japanese Pat epinpBuhdi{ #a} bpthd abevenpioness, Said prEEEsds oot thessteciaselasiive a
process for the preparation of the conpound [A] in which Rerr] is t-

butyl di met hy%%?théh@@’&é%&' arff Bieimixure & tied boMripaead [ #elchaviag the dmeting of
the formla : [err] with a propionanide conpound of the fornula:
Eﬁ;r] f or mul li%?éu%ewﬁﬁ gggﬁﬁguorgﬁgﬁ %%tdyﬂ@ggﬁ ug%rétﬁéa’{ #saéb%aﬁhgdg' Veis réc%%?ound of _
years, therefore, various processes for sterscselectively preparing the
cempounds [ A ], [ B ] and [ C | have been widely investigated and a typical

pm@esé ﬁnc!udes those utilizing the Aldol-type reaction or the Reformatsky-

type rasaction.

As for the process utilizing the Aldol-type reaction, for example,

Japanese Patent Publication (unexamined) No. 252786 of 1987 discloses a
process for the preparation of the compcund { A} in which R%ist-

butyﬁdﬁmethyﬁsiﬂymxyethyﬂ group, which comprises reacting a compound of

the formula[D ] :

(D]

/WNH

in the presence of dibutylboron triflate to give a compound of the

formula :



[err] and then hydrol yzing the product. Further, Japanese
Patent Publ i cati on (unexam ned) No. 284176 of 1988 di scloses a process for
the prepatation of the compounds [ B ] and [ C], which conprises reacting
the .compound [ D] with a conpound of the formula: [err] in the
presence of tin triflate to give a conmpound of the fornmula:

[err] reacting the product with.a conpound of the fornula:

[err] -in the presence of imdazole, subjecting the product to

di azoti zation, and then convertlng the product into the conpound [ B] or
[ C]. - - CHs

0ii~=|‘=
|

oqﬁ*—"E'NH

and then hydrolyzing the product.

Further, Japanese Patent Publication (unexamined) No.
284176 of 19686 discloses a process for the preparation of the compounds
|

= compound of the formiuta :

G0

Jand [ C ], which comprises reacting the compound [ D Jwitha

. CHoCHs
CH3CH200~N-

S
S '
in the presence of tin trifiate o give a compound of the formula

CHj

oli+'

AN
nlves

, reacting the product with a compound of the formula :

Mé(ozCCHzcozmz NOZ)

in the presence of imidazole, subjecting the product to diazotization, and

CH2CH3

SN

- then converting the product into the compound [Blor [C].

Morsover, Japanese Patent Publication {unexamined) Nos.



Mor eover, Japanese Patent Publication (unexam ned) Nos. - 77384 of
1987, 169781 of 1987, 246550 of 1987 and 292269 of 1990 disclose the
processes using the follow ng conpound i nstead of the above propionam de
conpound. [err] However, al though such '
Al dol -type reactions can introduce the [err] met hyl group -
stereosel ectively, the processes are still unsatisfactory for the
industrial scale production because expensive tin triflate or boron :
triflate nust be used as a reagent .in those reactions. On the
ot her hand77384 obiS8he! §8783cek1987,1 246559 ofiB8dansd 282265 of 1880e reacti on,
for exanple, Japanese Patent Pubication (unexam ned) No. 178262 of 1990

di scl oses gisploss the processes usimpthiaidlioning compound irsteat! of el aisdvel C ]

whi ch conprises reacting the conpound [ ‘D ] mnth an [err]-

bromproplmﬁmﬁma@%&hﬁ' the formul a:

' . CH(CEg)2
CHACHCO-N—— CTCHRY2 CH3CHA 00
s7Ns » .8 o '
CHCHLCO- . CH(CH) | cxi;c&izcoew-j_
S ’ S8 9

- . E

CH3CH{CO-N CHZOSH”. CH3CHAO0-N- Cﬁﬁ@
yS LIS S

S

However, although such Aldol-type reactions can introduce the
B-methyl group stersoselectively, the processes are still unsaﬁsfactbry tor
the industrial scale production because ekpenséve tin triflate or bp?ron tﬁ'iﬂaﬁe
must be used as a reagent in those reacﬁians

On the other hand, as for the process utilizing the Reformatsky-
type reaction, for example, Japanese Patent Publication (unexamined} No.

178262 of 1990 discloses a process for the preparation of the compound
[B]or[C), which comprises reacting the compound [ D ] with an a-

- bromopropionamide compound of the formula :



[err] wherein Tr is triphenyl nethyl group, in the presence of zinc to
give a conpound of the fornmula [ E]: [err] wherein Tr is the sane
as defined above, hydrolyzing the product to give the conmpound [ A] and

t hen converting the product into the coffpound [ B] or [ C]. Further,
Japanese Patent Pubication (unexam ned) Nos. 10765 of 1988.and 188662 of
1988 di scl ose the processes using the followi ng conpound instead of the -

above [err]-bronopropi onani de conpound. Br o

Br [err] However, the process utilizing the

Ref or mat sky-type reaction has son®fdefects in that [err]-methyl group can
not be introduced CHOTr '

CHM%

whereln Tr is triphenylmethyl group, in the presence of zinc to give a

compound of the formula { E ] :

0 %Cﬁz@r T [ E ]

wherein Tr is the same as dsfined above, hydrolyzing the bmduct togivethe -

compound | A ] and then converting the product into the compound {B ] or
[C] Further, Japa}iese Patent Publication {unexamined) Nos. 10765 of

1888 and 188662 of 1988 disclose the processes using the following
compound instead of the above a-bromopropionamide compound.
Br- . Br

: f
CH}CHC@-N=-3 :
A

(0]

However, the process utilizing the Reformatsky-type reaction
has some defects in that B-methy! group can not be introduced

steregselectively or in that it is difficult to synthesize the



stereosel ectively or in that it is difficult to synthesize the
[err]-bronopropionic acid conpound. Moreover, in order to convert the
[err]- methyl group-introduced product into the conpound [ B] or [ C],
it i,s necessary to once elimnate the grogip of the following fornula:

[err] fromsaid product and then activate the resulting
conpound by chemi cal nodification, for exanple, by introducing a group
which is suitable for the intranolecular cyclization.

SUWARY OF THE | NVENTI ON - -~ An object of the present invention is
to provide a pebremoprapioniti ack eoopgumndnd u&J@V@V%SWQ@%WWV@mm@@FWEdi ate
of a 1[err]- nethyl carbapenem derivative having an anti bacterial activity.

Another  obj eglohy drdupiftiddlioed HroYEke IS IiPEShpbdiie medi ate whi ch can be

converted _
[B]or[ C], itis necessary to once eliminate the group of the following

Y

formula

‘3 e

from said product and then activate the reéuﬁting compound by chemieal
modification, for example, by intrcducing a group which is suitable for the

intramolecular cyclization.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a novel
azetidinone compound useful as a synthetic intermediate of & 18-

methylcarbapenem derivative having an antibacterial activity.  Another

object is to provide a novel sVnthetﬁc intermediate which can be converted
ints not only the compound [ A | by hydrolysis but also the 18-

methylcarbapenem cﬁmpouhd by introducing a protected or unprotected-



into not only the conpound [ A ] by hydrolysis but. also the 1[err]-

nmet hyl car bapenem conpound by introducing a protected or unprotected

car boxynet hyl .group to N-position thereof, and then subjecting the product

. to_intranol ecul ar cyclization. Another gopject is to provide a novel process
- for preparing the above synthetic internedi ate stereosel ectively by making
use of the Refornmatsky reaction. Still another object is to provide a novel
process for preparing a 1[err]-nethyl carbapenem derivative or an

i nternmedi ate thereof using the above synthetic internediate. These and

ot her obj ect Garbgxymetid sret to H-pesition thaseel, andihen subjedtipg thepraduct hose
skilled in the art fromthe foll ow ng description.

DETAI LED DESteRnRan@isciiareyelizbiémTI OMnothsr object is to provide armsel progksyar i ous
i nvestigations, the inventors of the present invention have found t hat

when an [er r]m@é@@ﬁ@twéﬁw@ syfRgY Wﬂerxﬁéduéﬂéesﬂé%&éﬂ @'%yuggqn&en ((s).

[err] - wherein Is a”benzene ring wh

g(r 'Oﬁp oxygen,&} 8&'&@3&&6%%{3@‘ A%ktidn. S é}fﬁya%ﬁzeartc%ctsg to Ebv?éeog]no%f hyl ene

process for preparing a 1B-methylcarbapenem derivative or an intermediate

thereof using the above synthetic intermediats. These and other objects
and advantages of the invention will be apparent to those skilled in the am'

from the following description.

DETAILED DESCRIPTION OF THE HNVE!\:UTEON

Asa 'resuﬂ‘ﬁ of various investigations, the inventors of the
present invention have found that when an a-halopropionamide compound

of the formula [ i ] :

(I}

wherein Ring B is a benzeng ring which may have substituent(s), X is
oxygen atom or sulfur atom, Y is oxygen atom, sulfur atom, meihyﬂene group

or an imino group which may have substituent(s), Z is a methylene group

~ which may' have substituent(s), and %isa halogen atom, is used as one of

starting compounds of the Reformatsky-type reaction, B-methy! group can be



or an i mino group which may have substituent(s), Z is a nethylene group
whi ch may have substituent(s), and L[err] is a hal ogen atom is used as one
of starting conpounds of the Reformatsky-type reaction, [err]-nmethyl group
can _be i nt roduced stereoselech@vely, and the product thus
obt ai ned has an excellent features as ttH& synthetic internediate of

1[ err] - nmet hyl car bapenem deri vati ves. Thus, this invention
relates to an azetidi none conpound of the fornula

[err] wherein R err] is a hydroxy-substituted, |ower akyl group

which may be jpvoeli0ed etereasslactively, anmlmwmmm@bm@hwaﬁlméneﬁpve

or a salt thereof, a process for preparation thereof and an use thereof.

Tre o ComPoun ot 3 e BB T4 B fhafhiirthBha Bt o

(hereinafter referred to as "supporting group") of the conpound [ | ] of
the present invention Thas} this rventior refates-to andazetigihadeneompound! of the
heterocycllc group, while the known supporting group is the 5-nenbered
heterocyclic grou ngch as thiazolidine or oxazolidine. In the present
invention, any gro havi ng partial structure of the fornula:

(1]

wherein Rl is a hydroxy-substituted lower alkyl grcupi Jwhich may be

protected, and other symbols are the same as Qeﬁned at.Jov_eu or a salt
thereo?, a process for‘preparation thereof and an use thereof. The
compound [ ﬂ. Jofthe presént invention is sﬁuctura&ﬁy quite different fro}ﬁ the
éb@veementﬁ@ned known compound in' that the amido moiety (hersinafter
referred to as "suppoiting Qmup“) of the comg@und [l]of the present
invention is the benzené ring-condensed 6-membered heterocyclic grolp,
- while the known supporting group is the 5-membered heterocyc@ic groups
such as thiazolidine or oxazolidine.  In the present invention, any group

having partial structure of the formula :

wherein symbols are the same as defined above, can be used as the



[err] wherein synbols are the sane as defined above, can be used as
t’he 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 the reaction.

Exanpl es of the substituent on Ring B iticlude a hal ogen atom a | ower

al kyl group, a |ower al koxy group; an aryl group and the |ike, and the -
benzene ring may have one to four substituent(s) which is (are) the sane
or different. ' Exanpl es of Rlerr] include a 1-hydroxyet hyl

group whi chgiipyokiag gpogp ef trdpredeet inkentum andithateiere) whesf Ry ® oxy group
I ncl ude any group which is used conventionally as a protecting group of

hydr oxy gro | el Xy group
A e R A e AT Sl
group, an lower .. alkyl. group subsij.tuted.by a pheny group which may have
substi t uent @?5‘% d@@%gmageﬁgﬁ¥ﬁ%e§$ @'Wpfe\ﬁm‘%’% may be substituted by nitro
group or a |lower al koxy rou?), atri-lower_alkylsilyl %héup, a | owner

al koxy- car bonyl gr oufEXamgigs of tha e@aw@t@ﬁﬁmgﬁ ehsdme drlogen atame
substituent(s) (é.g., a benzyloxycarbonyl group which may be substituted
by nitro graupwer alkyl groep, a lower alkoxy group, an aryl group and the like, and

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

same or different.
Examples of A include a {-hydroxyethyl gromp.which may be

protected, and .the protecting group of hydroxy group include any gﬂ:eup
which is used conventionally as a protecting group of hydroxy group.
Specific examples of the pmtectiﬁg group oé hydroxy group include a ioweﬁ*
aﬁko'xyscarbonyﬁ group, a ha!egehoouower af!koxyecarbeﬁyﬂ group, an Upiéer .
alkyl group substituted by a pheny group which may have substituent{s}

- {e.g., a benzyl group which may be substituted by nitro group or a lower
alkoxy group), a tri-lower alkylsilyl group, a lower aﬁkoxy«ciaﬁ’@cﬂyu group.
substituted by a pheny group which may have substituent(s} (e.g., a
benzyloxycarbonyl ga;qup which may be substituted by nitro group or a lower
alkoxy group). | |

Exampﬁés of the substituent on the imino group (Y} include a
lower alkyl group, an acyl group, an aralkyloxycarbonyl group and me like. |
Exaﬁxp&es of the substituent on the methylene group (Z} include

a Cq.5 alkylene group which may have substitueni(s), a Cy.20 alky! group



‘al koxy group) . : Exanpl es of the substituent on the imino group
(Y) include a |ower alkyl group, an acyl group, an aral kyl oxycar bonyl
group and the |ike. - Exanpl es of the substituent on the

methyl ene group (Z) include a derr] alRyl ene group which may have’
substituent(s), a (Jerr] alkyl group .
-12- whi ch may have substituent(s), a CJerr] cycloal kyl group which may
have substituent(s), an aryl group, an aral kyl group, a heterocyclic group

and the |Ilike, and LNt Sloaiih SPods WHIGH N Ravd
different ne¥fif m@gﬁ%{% %H%%\@U%ﬂﬂﬁlg Gr:%‘?h eny}ggou%é & Anong
" the above substituents on Rng B, Y and/or Z, specific 'exanples of the

acy! group i giplstidens).carand giaumdn apalybgrawp, evivternayeliy groumendtye group,

a substituted or unsubstituted phenyl carbonyl group or a substituted or

-~ unsubstit ut g DBRRY 18Rl SltsROMASPAAich duale salfpoeditfera mayWe 0r oup

include a s uted or unsubstituted phenyl group; those of an aralkyl
oD e e b AyF bp ol BB et Ut g By 2 substituted or
oxygen atom i tr ogen ARG Bi6 VR RUCHTGANECOHE B & Sy e SRy "
group, pyrrolyl group, thienyl group). e - Further, exanples of
the substit upEimplies ohtheBoylgraupincude arlewet glkaaprlygronni atlgwer amoxst ky |
noi ety, phenyl noiety and heterocyclic noiety include a | ower al kyl group,
- a lower al kqxyhgHhylghous, &3ubstiated enunsubstituted phenylcarbony! group or a
substituted or unsubstituted phenyl-lower afkoxycarbonyl group; those of an
N aryt group include a sﬁbstﬁtute;d or unsubstituted phenyl group; those of an
aralkyl gréup incluée a lower atkyl group substituted by & substituted or
unsubstituted phenyl group; aﬂ_d those of a heterocydic group include a
substituted or unsubsﬁ.t‘uﬁé_d 4- to 7-membered heterocyclic group canit@mmg
oxygen afom, nitrogen atom or sulfur atom as a hetero atom {e.g., furyl
group, pyrrolyl group, thienyl group).
| Further, examples of the substituent on the above alkylene
" moiety, alkyl moiety, cyclcalky! moiety, phenyl moiety and heterocycdlic
moiety include a lower alky! group, a lower alkoxy group, a haiogen atom
and an amine group which may be protacted. As a érotectﬁng group of
an amino group, any group which is conventionally used as a protecting
group of the aminc group in the field of Peptide Chemistry may be used.
Among these compound { | ], prefarred compounds are those of
the formula ([ ] whéreﬁh the 3=posﬁtﬁ-on of the azeiﬁéﬁnoﬁe skeleton has S

. configuration, Ring B is a benzene ring which may be substituted by a



and an am no group which nmay be protected. As a protecting group of an
am no group, any group which is conventionally used as a protecting group
of the amno group in the field of Peptide Chem stry may be used.

Anong these conpound [ | ], preferred conpounds are those of the fornmula |
| ] wherein the 3-position of the azetil@8iknone skel eton has S

configuration, Ring Bis a benzene ring which may be substituted by a

hal ogen atom a l.ower al kyl group or a |ower al koxy group, Y is oxygen
atom sul fur atom nethylene group or an imno group substituted by a | ower

al kyl group, and Z is a | ' stituted by one to
t wo group(sf’ﬁ@@?%@{%-?Fﬁérgé‘@gﬁggé%%‘i@@ieﬁgl@yﬁiﬁis ¥R ene” group, a
Cerr] alkyl group and an aral kyl group. . . : qu)élzB them nore
preferred catgmusuifyr alogt eyl grRup of nmine grqupsbstiutedy g lswes an
unsubstituted benzene ring, X is oxygen atom Y is oxygen atom and Zis a

met hyl ene gpmygreupsand Zied rhethyietBegrolip whitly maysbeysubsiifuted ingtomel tene gr oup
substituted by a di-Cerr] alkyl group or a nethylene group substituted by

a di - (pheny|, I 99 3 arou nsistin - I 8l & ed
conpounds a{r%é6 @%E&ﬁg‘%wﬁ\?fg@rﬁj aa[pi?@ s\/\%{erge?yr?g% %@ieﬁﬁﬁﬁu%’féz'i s a-
- bul ky group such as . a (Jerr] al k¥l ene group, a (err] alkyl group; a
phenyl - | omeﬁigéd@ikyigm@@&ﬁﬁ@ﬂ%@kﬁ BESUD. Anong them nost
preferred conmpounds are those of the forrmula [ | ] wherein Zis

pent amet hyl ene- subst i&ﬁéﬁﬁtﬁ%,%hfé‘&e@éﬁé‘& cbimpBunds are thoss of the

formuta [ | ] whersin Ring B is an unsubstituted benzene ring, X is exygen

< atom, Y is oxygen atom, and Z is a mathylene group substituted by a CSﬁ
alkylene group, a méthyﬁéne group substituted by a di- C4.5q alkyl gmisp or

a meﬁhyﬁene group substituted by a di-{phenyl-lower alkyl)group.
Another f;‘ném preferred eompqunds ars those of the #m’mm{ﬂag; [t]
wherein a substituent of Z is a buiky gmdp such as a C,_5 alkylene group, a
C4.50 @lkyl group, a phenyl-lower alkyi group and the lixe.
Among them, most preferred compounds are those of the _
formula { [ } wherein Z is pentamethylene-substituted methyﬂehe group {i.e.,
cyclohexylidene group} or dibutyl-substituted methylene group.

‘When Z has one substituent or different two substituents, the
compound [ | | may exist in the form of two optﬁc_aﬂ isomers and this invention
includes these optical isomers and a mixture thereof.

Examples of a saﬁt ot the azetidinone compound | { ] include an
inorganic acid addition salt such as hydrqchﬂaride: hydfcbmmﬁde, sulfate

and the like, and an organic acid addition salt such as acetate, oxalate,



‘cycl.ohexyl i dene group) or dibutyl-substituted nethylene group. - -
When Z has one substituent or different two substituents, the conpound [I]
may exist in the formof two optcal isomers and this invention includes
these optical isoners and a m xture theridef. Exanpl es of .a
salt of the azetidinone conpound [ | ] include an inorganic acid addition
salt such as hydrochl ori de hydrobrom de, sulfate- and the |like, and an
organic acid addition salt such as acetate, oxal ate.

-14 - tartrate, fu a1 ; and the Iike.
Accor di ng t otaﬁwepfl@@%'%?é“%ggﬁﬁoﬁ%ﬁnggﬁg’@gﬁ%%@h@g@%ﬁ‘pound [I ] can be
prepared by reacting an-[err]-hal opropi opam gde conpound. [Il] or a sal t
thereof with a conpouﬁ!:c%lé‘?éléof}@ﬁ E(ﬁsgﬂf {nvention, he azeticinone compound [err]
wherein L[err] is a leaving group, and Rlerr] is the same as defined above.
The reacti Oggeﬂfcafn*& g@rﬁake@@yqaaammmmommﬂﬂdé Il M‘Eor gonpound
[I1] ] can preferably carried out in an appropriate solvent inh the
presence of a netal .cqnpound which.js Sevgﬂ ip the Gignard-type reaction,
especial | y £3W3T@Q§W@Wp@a°§{ﬂetféw anWs a chel ate between the
conpounds [ 11 ] and [ Il ]. Exanpl es of such nmetal conpound i ncl] udes
zi nc, nmagnesi um magnesi.ugnmagnesi ym bromi de, tin, zinc-copper couple,
zinc chloride-lithiumnap T\AAJT l'ithium and al um num . Anong t hem

| puy

J—NH
O/

wherein L' is a leaving group, and R' is the same as defined above.

The reaction of the a-halopropionamide compound [ if ] with the

- compound { Il | can be preferably caried out in an appropﬁate ;nivenz in the .
presence of a metal compound which is wsgd in the Grignard-type reaction,

_ especially a me&aﬂ.compcum which suitably forms a chelate between the
compounds { lljand { l}].  Examples of such metal compound includes
zing, magneﬁum, magnesium-magnesium bromide, tin, zinc-copper couple,

zinc chioride-lithium naphthylice, lithium and aluminum. . Among them,
preferred examples are zinc and magnesium.  As the leaving group {ﬁ %

any leaving group which can be easily replaced by a nucleophilic agent can

be used. Particularly, any leaving group, which can easily separates
from the cémp@und [ 1l ] together with the halogen atom (LO) of the o~

halepropionamide compound [ !l ] and then a carbon-carbon bond can be
formed, may be used..  Examples of such groups include an acyloxy

group, & lower aﬂkyﬂsuﬂ_ﬁonyﬂoxy group, aﬂ'awﬂsuﬂﬁonyioxy group, a lower -



preferred exanpl es are zinc and magnesium  As the |eaving group (L[err]),
any | eaving group which can be easily replaced by a nucl eophilic agent can

be used. - Particularly, any |leaving group, which can easily separates
fromthe conmpound [I1]l ] together wth-1the hal ogen atom (L[err]) of the,
[err]- hal opropi onam de conpound [ Il ] and then a carbon-carbon bond can

be forned, may be used. Exanples of such groups include an acyl oxy
group, a |lower alkyl sul fonyl oxy group, an aryl sul fonyl oxy group, a | ower

Bt cgen™ oo PRuA BRI ] oEAE il B B oup o

sol vent any inert solventdgﬁgﬁée used. For e t r ahydr of ur an,

. ampl e, t
tol uene, efdrdne, AMARE BT 9XHQWH§IW@?W§§1 gg, diAEtegoNatoxi de and

the |ike are preferably used. The [err]-hal opropi onam de
conmpound [ lahy inert sslwdnt carbe swsednt  fodr exarapls, ydraiurenetoibéne,1. 3 to 1.7
nol es, per one nole of the conmpound [ II1 ]. And the netal conpound

(e.g., zinc, AagnarhefbxysthdfsddinistiayiioraRmite, dihefhyisuifoxi 8ad ths gker ably 2
to 4 nol es, ger one nole of the conpound [I11]. When _

magnesiumi s u LJ3.¢ bove reaction, the reaction is. preferably
carried outaﬁ%%&ﬂghﬁﬁiggﬁ@e of a hal ogenat ed conpound such as nethyl

i odi de or. 1, 2-di bronoethane or a m xture of such hal ogenated conpound and
i odine. This reactiofhé e-halegroplosamide compeusdt th] isaused in an amount

of 1 to 3 moles, preferably 1.3 to 1.7 moles, per one mole of the compound

(U] | And the metal compound (e.g., zinc, magnesium) is used in an
amountof 110 6 moleé, preferably 2 to 4 moles, per one mole of the
compound { Iil ].

‘When magnesium is usad in the above reaction, thé raaction is
preferably carried out in ;he preéence of a halogenated compound such as
methyl iodide or "lszedﬁbmmoethane or a mixture of such halogenated
compound and iodine.  This reaction is prefarably carried out at a
temperature of -20 to 100 °C, especially at a temperaturs of 50 to 80 °C in
the case of using zinc and at a temperature of -20 to 30 °C in the case of
using magnesﬁum,

When an amount of 0.01 to 2 moles of a Lewis acid {e.g., zinc
bromide, trﬁethyﬂbomn, trimethylsilylchforide, magnesium bromide) is used
as a catalyst, the reaction is accelerated and the reaction lime can be
shortenad.

The a-halopropionamide compound [ 1l } which is one of the

starting compounds of the present invention is a novel compound and can



tenmperature of -20 to 100[err]C, especially at a tenperature of 50 to 80
[err]Cin the case of using zinc and at a tenperature of -20 to 30 [err]C
in the case of using nagnesium - When an anount of 0.01 to 2
nol.es of a Lewis acid (e.g., zinc bromde, triethylboran,
trimethylsiiylchforide, magnesiumbrom¥e) is used as a catalyst, the
reaction is accelerated and the reaction tinme can be shortened.
“The [err]-hal opropi onam de conpound [Il ] which is one of the starting
conpounds of the present invention is a novel conpound and can
be prepared by r ' i 11V]
[err] mh@@&?ﬁsg%ﬁggﬁgﬁggga sane as é@@gggmagove oﬂﬁgﬂsalt t her eof ,
with a 2- hal ogenopropi oni aC|d conmpound of the formula [V ]:
[err] wherein L[err] isfthe sane as defined above, a salt or a reactive
derivative thereof. A ~he reaction of the benzene conpound [1V]
with the 2- - HN .

(IV]

wherein symbols ars the same as defined above or a salt thereof, with a 2- |
halogencpropionic acid compound of the formula [V ] :

CHs -

| /K (vl
Lo R ‘

= . - COOH
| wherein LO is the same as defined above, a salt or macgi\ie derivative
thersof. .

The react%n of the benzene compound [ IV ] with the 2-
halogenopropicnic acid compbund [ V ] can be preferably carried out in an
appropriate solvent in the presence of a déhydrating agent. Examples
of the dehydraﬁﬁﬁg age.nt include carbonyldiimidazole,
dicyclohexyicarbodiimide, Nohydroxysuccﬁnimiden 1-hydroxybenzotriazole
andthe like.  Ether, methylene chloride, tetrahydrofuran, acetonitrile and

 the like are pre;ferabﬁy. used as the solvent.  The reaction is preferably
carried out at a temperature of -30 to 70 °C, especially at a temperature of 0
t030°C. |

The reactﬂon of the benzene compound { IV ] with the reactwe
derivative of the 2- ha!ogenoprapmmc acid compouncﬂ { V ] can be carried

out in an appropriate solvent in the presence of an acid acceptor.



hal ogenopr opi oni ¢ acid compound [ V] can be preferably carried out in an
appropriate solvent in the presence of a dehydrating agent. = Exanples of
t he dehydrating agent include carbonyl diimnm dazol e. : :

di_cycl ohexyl car bodi i m de,. N-hydroxysucgi ni m de, 1-hydroxybenzotriazole and
the like. Ether, nethylene chloride, tetrahydrofuran, acetonitrile and -the
| i ke are preferably used as the solvent. The reaction is preferably

carried out at a tenperature of -30 to 70 [err]C, especially at a
tenperature of 0 to 30[err]C The reaction of the benzene
conmpound [ Examplasholithe reeative derivative ofdhe\B=halbgenepmploxiiogeidopr opi oni ¢ aci d
conpound [ V] can be carried out in an appropriate solvent in the
presence oggrApo@ad  Veinehide the correspondingadidphlide Cdcid RAhYEASS ang
derivative of the 2-hal ogenopropionic acid conpound [ V] include the
correspondjng:aci d hal ' ; | | s of the
acid acceﬁhggﬁ@hcl udgk‘%@?seessagutﬁﬁaé%ag%é%?iﬂﬁ@ud%@t% g%é ﬁ%ﬁj iage%;&%ggl kal i
metal, a lower .alkyl |ithi enyl i thi pyridine . and a di-|ower alkyl
‘aniline. Mg %M“rﬁ';dﬂﬁsn%@@fﬂﬂﬁ%éfﬁt%?ﬁ%%@kﬂ%@ﬁ*bPg‘ﬁﬁﬂﬁﬁm%’d PYRE8 ke are
preferably used as the solvent. The reaction is preferably carried out at
a t enper atandasi-lower algylsnifag., | CEther, benzene, dichipremethaneliohiorefararpound |

| ] of the present invention can be suitably converted into a desired
1[err] - metdnd thay leepamnmogreterablyardddoas tHecsolednt. adbing réactishds preferablgr as
described in the follow ng |ines. That is, a :

carred out at a temperature of -80 to 50 °C.

The azstidinone compound { | ] of the present invention can be |
suitably converted inte a desired 1B-methylcarbapenem type antibacterial
agent in such a manner as described in the fo!!oMng lines.  Thatis, a
dasired 1B-methylcarbapenem type anﬁibaé!eﬁaﬁ agent can be px‘epared,
for example, by reacting the azetidinone cdmpound [t]orasalt therreof'\;gvi&h.
an acetic acid compound of the formula{ Vi]:

12— CH,— COOR? o [VI]
wherein A2 is hydrogen atom or an est'er residue, and t2isa leaving group,
or a salt thereof to givé a N-substituted azetidinone compound of the

formuia [VH ] :




desi-red 1[err]-nethyl carbapenem type anti bacterial agent can be prepared,
for exanple, by reacting the azetidinone compound [I] or a salt thereof
with an acetic acid conmpound of the formula [ VI]: [err]
wherein Rlerr] is hydrogen atomor an esfger residue, and L[err] is a

| eaving group, or a salt thereof to give a N-substituted azetidi none ".
conpound of the formula [VI'I]: [err] wherei n synbols are the
sane as defined above, subjecting the compound [ VII ] or a salt thereof
to intranol ecul ar cyclization, subjecting the product to esterification to
gi ve a 1[ er r whaseingymbaix prathesame asiefined mboveosubjacting thatampound

[err] . wherein a group of the forfrula : -OAis an esterified hydroxy
group, and [atihlesr #paibifiesectite inthenciscslansydization, duteoting the dridueto
converting said 1[ err]-2-net hyl - 2- oxycar bapenem derivative [VIII] or a

Sgent by o kESHTRAVIEE 676 2 19-uRL SR REE RV P B O Mg apanese
Pat ent Publ i ﬁ[;%iﬂi]o.n g

(VIO )

whersin a group of the formula : -OA is an esterified hydroxy group, aﬂd

other symbols are the same as defined above, and then écnveﬂﬁng said
18-mathyl-2-oxycarbapenem derivative [ Viil Jor a sa!t. thereof into a'desi:red
1B-methylcarbapenem type antibacterial agent by a known methed, -fo;’h
example, by t?ae method described in Japanese Patent Publication
(unexamined) No. 273588 of 1592. | For example, a 18-

methyicarbapenem derivative of the formula [ X ] :

[X]

QOOR**

wherein R11is a hydroxy-substituted lower alkyl group which may be

protected, R?1is a'hydrogaen atom or an ester residue and R is an grganic



(unexan1ned) No. 279588 of 1992. - . For exanple a 1[err]— Cn
| met hyl car bapenem deri vati ve of the formula [ X ]: P
c[err] wherein Rlerr] is a hydroxy-substituted | ower aIkyI group -

t whi.ch may be protected, Rerr] is a h{drogen atom or an ester residue and
Rlerr] is an organic : =iy~ 19 ..
group, or a salt thereof, may be prepared by carrying out the follow ng
three steps in arbitrary orders; (i) a step of reacting the conpound
[VITI] or a salt thereof with a thiol conpound of the fornula [ IX]:

[err] wherein ‘F[ | é@&ﬁyﬁ . %é @m@ of ,
(i1) when R[ggpﬁru ‘lﬁgélga%&ot ecte g%@g rgg% titated iﬂkgi\xh%rﬁéﬂng@ ﬁWe up, an
optional step for r Vi e protecting group and (iii) mhen R[err] IS
an ester reﬁ%{ gﬁﬂo B 'step for rermvi ng the ester residue.

Wien Rlerr] in the acetlc aci d conpoun {1 i.n.the N substituted

azeti di none (angieped neecting ¥ie compand| ¥ ]@f@e?@@/ﬁm@‘wﬁ“ # @enem

compound of the formula [ IX] :

H—SR3

wherein F%S is the same as defined above, or a salt thereof,

(IX]

{ii) when Rlisa pmteciéd hydmxyasubsﬁtuted lower aiky! group, an

= _optional step for removing the protacting group and
(i} wﬁen R2is an észer. .residue. an optional step for mmoy‘i;ng the ester
residue. ) - . |

S

vihen A? in the acetic acid compound [ V1], in the N-substitited
azetidinone pompound [vi ] or in mé 1&5_—me_thyi-2;oxycar5gpenem
derivative | VIll | and Rp2't in the 1_[5-methylcarbapénem dérivg.ﬁvé i X ] are
ester residues, exampﬁés of such ester resﬁdues include those which can be
n%etaibaized or hydrolyzed in the human body or those which can be used

as a protecting group, of carboxyl group. Examples of the ester residue

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

of the formula : -Q-OCOR?, te?O;COZW’ or -Q-O-R4 {wherein Q is a lower

alkylene group, and R4 is a lower alky! group, a cycloalkyl group, a lower

alkendy! group, a lower alkoxy-lower afkyl group or a lower atkanoyloxy-



deri,vative[ VItI] and Rerr] and Rlerr] in the 1[err]-nethyl'carbapenem
derivative [ X ] are ester resi.dues, exanples of such ester residues

i ncl ude those which can be netabolized or hydrolyzed in the hunman body or
t hose which can be used as a protecti group, of carboxyl group.
Exanpl es of the ester residue which cdif be netabolized or hydrolyzed in

t he human body include a group of the formula: -Q OCOR[err],
-QOoCcgerr]Rerr] or -QORerr] (wherein Qis a |ower al kyl ene group,
and Rlerr] is a |ower alkyl group, a cycloal kyl group, a | ower al kenoyl
group, a | oprieradliggrobpiver Morgspecific pxamplesl af @ichastantesidueinciude

- 20- | oner al kyl group). More specific exanples of such ester residue

include a %ﬂ%@f %t-m@?mgﬁww]épgi&yl §loep| adyelsalkyécarbonyloxy-lower alkyl

cycl oal kyl ¢ nyl oxy- r al kyl.® group, a | ower al kenoyl oxy-| awer al kyl

group, a |lower al koxy-| o2l K XV 5 y | ower

al kanoyl oxygi’q.*ﬁ%ra @%5?@%%@:3?@%{&%%/%}3%% i%ﬂ?’%@%ﬁ@’?fomr al kyl
group, a |lower al koxy-1ower al koxy-tower . alkyl grou a |loyer

al koxy- car balikaneylpxydawer alkil groyPe 8Jowar @WP%QF%M& aﬁ‘m‘%& alkyl

al koxy-car bonyl oxy-1 ower al kyl group and the Iike. On the
ot her  hand, geyl lesveofalikaxy-lowee eliyegraipe adpwenalkaxy iawe akaxyrlpwer
protecting group of carboxyl group include any one which can be easily

removed by gnepaneRl adower Bkokptarbanylsxydowee alky! Group, sloer aljcayp, a

| ower al kenyl "gfoup, a hal ogeno-1 ower al kyl group, nitrobenzyl group, a
| ower al koxy- ) § hﬂgp' the e | | ke. -
Exanpl es of h@%@éxﬁﬁgﬁy@%@%’ %*%%p fat e formuta: -OA

On the other hand, examples of the ester residue which can be

4

Qsed as a protecting group of carboxy! group include any one which can be
gasily rém@ved by a conventional aﬁethad, for example, a{éwgr alkyl groﬂp,.
a Hﬁwér'aﬂkenyi group, a halogeno-lower éikyﬂ group, nitrobenzyl group, a
lower alkoxy-benzyl gr;up: benzhydryl group and the like.

Examp!_es of the ésteriﬁgd hydroxy group of ;the .ﬁérmuﬂa.: -OA

include those which can be easﬁﬂy replaced by the group :

QSRS, for example, a di-arylphosphoryloxy (e.g., diphenylphosphoryloxy) or

di-lower alkylphosphoryloxy group shown by a formula : =OP{OE(OHO)2

{wherein RO is an aryl group or a lower alkyl group), an unsubstituted or

substituted -&ower aikyﬂsuﬂfony&oxy group (e.g., me‘ihaﬂesuaﬁ@nyﬂoxy group,
ethanesulfonyloxy group, triflucromethanesuifonyloxy group), an
unéubsﬁﬁuted or substituted arylsulfonyloxy group (e.g..
benzenesuifonyloxyy group, to!uengsuﬁtonyﬁnxy gmum, a lower alkanoyloxy

group (e.g., acetexy group), an aryicarbonyloxy gmub {e.g., benzoyloxy



i ncl ude those whach can be easily replaced by the group: -SRerr], for
exanpl e, a di-aryl phosphoryloxy (e.g., diphenyl phosphoryloxy) or di-Iower
~al kyl phosphoryl oxy group shown by a fornula: -OP(O (OR[err])[err]

(wherein Rlerr] is an aryl group or a |lgower alkyl group), -an unsubstituted
or substituted | ower alkyl sul fonyl oxy"@roup (e.g., nethanesul f onyl oxy
group, ethanesul fonyoxy group, trifluoronethanesul fonyl oxy group), an
unsubstituted or substituted arylsul fonyl oxy group (e.g.,
_benzenesul f onyl oxyy group, toluenesul fonyl oxy group), a | ower al kanoyl oxy

group (e.g. groop)and tigs tiken) .  aAmany kiven theyrefeyredrexampgies gaclude oy | oxy
group) and the liKke. Anmong them the preferred exanpl es include the

esterfied hyé&%éﬁgg x§¥@?&g@§uﬂ)§é a%?ﬁrﬁbﬁéﬁlﬁrﬂb&?ﬁr&u&ﬁ*‘%%&%rl ower

al kyl phosphoryl o oup; "an ‘unsubstituted or subStitute

al kyl sul f ony] , titu | | sul f onyl oxy
group and tqﬁ@ﬁ%ﬁ}%}%&%ﬂ@@ g'ﬁ&?ptf %% U“ﬁ‘fé£@?@%§@g@§3@‘§‘%§ﬂ8§v}%¥ by Rlerr] in the
thiol conpound [IX] and the 1[err]-qpthy|carbﬁﬁenen1d rivative [ X ]

i ncl ude any ayRdeiiCRYIGY SRRs an yRsyaitited of subskied arwdtenylary dreup
substituent of a carbapenemtype conpound, especially any group used as a

substi t uent and ffiedikenown carbapenem type antibacterial agents, for
exanpl e, those described in Japanese Patent Publication (unexam ned) Nos.

18779 of 1986, 202886Tﬁé organic group shown by R® in the thio! compound [ IX ] and

the 1B-methylcarbapenem derivative [ X }include any group which shows
antibacterial actﬁvﬁty' wﬁen used as a substituent of a %rbapeneén type
compound, espacially any group used as a éubstituént in the known
carbapenem iyp@ antibacterial agents, for egampﬂe; those described in
Japanese Patent Pubiitation (unexamined) Nos. 18779 of 1986, 202886 of
1985, 5081 of 1986, 49763 of 1330 and 279568 of 1992 and US Patait No.
4194047. Examples of such group include a lower alikyl group, a

- cycloalky! group, a 6- to 8-membered aryl g%@upa a 4- to 8-membered
aliphatic heterocycdlic group, a 4- 1o 8-membered ammétﬁc heterocyclic™
group and the like. Besides, those groups may have one or more
substituent(s), and examples of such subs@iﬁuenﬁs include a lower alkyi
group, hyd@xy grdu@. a lower alkoxy group, a lower alkylamino group,
mercapto group, a lower alkylthio group, amidino group, guaniding group,
carbamoy! group, thiecérrbamoyi group. sulfamoyl group, cyano group, .
carboxyl group, a lower alkoxy-carbonyl group, an aralkyloxycarbonyl

group, oxo group, a halogen atom, a cycloalkyl group, a 6- to 8-membered



1985, 5081 of 1986, 49783 of 1990 and 279588 of 1992 and US Patent No.
4194047. Exanpl es of such group include a | awer al kyl group, a

cycl oal kyl group, a 6- to 8-nenbered aryl group, a 4- to 8-nenbered

al j phatic heterocyclic group, a 4- to 8-membered aronatic heterocyclic
group and the like. Besi des, those gmaups may have one or nore
substituent(s), and exanpl es of such substituents include a | ower alkyl
graoup, hydroxy group, a |lower al koxy group, a |lower al kylam no group,
mercapto group, a lower al kylthio group, am di no group, guanidino group,

car banoyl gr b Su roup,

car boxyl ﬁ% %madé] c%\g @‘ﬁ%bgfsﬁj’@ﬁwﬂﬂ?%@é’ﬁﬁé %@Q{ﬂy %rk?cér bonyl
group, oxo gro hal o en atom a cycloalkﬁ roup, a 6- to 8-nenbered
- 22 - Qjﬁg Mat%'egy@i@@’@u@aﬂ@m %Ng$~| c heterocyclic group, a
4- to 8- rrenbered aromatlc het erocyclic group and the |iKke.

The reaction of the ddwtiedictione! thenguetididope coinpaiurid {tijawiticthel aceticaci d
conmpound [ VI ] can be carried out in an appropriate solvent in the
presence of a@dkawpoundDATEasbObakie duem@apgfmmé %bﬁr@hlﬁmhéc' ude a

hal ogen atom an acyl oxy group and a sul fonyl oxy ‘group (e.g., p-

t ol uenesul f onyl'oxy group or net hanesul f onyl oxy group Exanples of t he
base i ncl udgreg§ANGH Qgﬁlﬁﬁsﬁase Bxamplas of the ﬁ‘é!@@lﬁf@\}ﬁ&%%) inclodetlec-7-  en,
an al kali nmetal conpound such as an al kali netal hydride, an al kali met al

 hydroxide ofa8heR akith! afiBkloxy YR 3ME a MflofyiBE) Bhodiftd.gOf-am ne such

toluenesuifonyloxy group or methanesuﬁf@nyﬂoxy group). Examples of

the base include an organic base such as 1 8-diazabicyclof5.4.0.Jundec-7-
en, an-alkali metal compound such as an alkali metal hydridg. an éﬂ!;aﬁi
metal hﬁdmxfde or an alkali metal cawbonate.and a metal salt of amine stich
.as sodium amide, mhsum dusopropyﬁamﬁde aﬂd sodium
bﬂs(mmethyﬂsxfyﬁ)amnde, Tetfahydmfuran, benzene, dnchlommethane and
. the like may be used as the solvent.  The reaction is preterably carried out
at a temperature of -50 to -20 °C. |
The imrafmoﬂecu!ar Cycﬂizamﬁcn- of the N-substituted azefidinene
compound | Vil ] can be carred out in the présence of a base. Examples
of the base ﬁﬁcﬂ@de those which are usecﬁ in the Dieckmann-type reaction,
for example, an alkali metal salt of amine (e.g.. sodium
bis{trimethylsilyl)amide, lithium bis(ménethyﬁsﬂyl)am&de),, aﬁ atkali metal salt
of alcohol {e.g., p@tassiujm tert-butoxide), an alkali metal hﬁ(dﬁd@ {e.g.,
sodium hydride) and the like. | The base may bg used in an amount of
1.0to 3.6 moles, preferably 2.0 to 2.5 moles,.per one mole of the compouﬁd

{vii}. Examples of the solvent include tetrahydrofuran, ethylene glycol



as .sodi um am de, lithiumdiisopropylam de and sodi um _

bi s(trinmethylsilyl)am de. Tet rahydr of uran, benzene, dichl oronethane and
the like may be used as the solvent. The reaction is preferably carried
out=. at a tenperature of -50 to -20[errkC. The .
i ntranol ecul ar cyclization of the N-subsfituted azetidinone conpound [VII
] can be carried out in the presence of a base. Exanpl es of the base

i ncl ude those which are used in the D eckmann-type reaction, for exanple,
an alkali netal salt of amne (e.g., sodium bis(trinethyl S|Iyl)am de,

i t hi um bi s(dimatkyltather, idjeyane, teiyene diethylaetherbeazenmand tius lild.condhe(e. g. ,
potassiumtert-butoxide), an alkali netal hydride (e.g. sodi um hydri de)
and the |i kegeactiofl iepledsmabliyyartied vatdt & ternpertoredf -78 to 5000,,@ e@iampl es,
preferably 2.0 to 2.5 noles, per one nole of the conpound [VII].

Exanpl es of »@W{umwcggg@me@rahydrofuran et hyl ene gl ycol

- 23 - di et thyl ether, di oxane, toluene, diethyl ether, benzene and the

K, ) St i BT By BB ApbspE e 7 10

It is presuned th?t the conpound having a structure of the formula [XI]:
[err] formula [ X ) _

(XI]

wherein symbols are the same as defined above,is pmdub;d in this
intramolecular cyciﬁzati;?n. The in{tramoleéuﬂaf cyclization prodﬁct thus
obtained may be isolated from the reaction mixture of subjécted to the .
subsgquent esterification without isolation. | Héwever, the intramolgcular
cyclization and the esteriﬁcaﬁm may be preferably carried out subsequently
in the Same solvent without isoﬂatmg the cyclization product. |
The esterification of the intramolecular cyclization product can

be carﬁed out by reacting it with an esterifying reagent for hydroxy group.
Examples of the estetifying reagent for hydroxy group include a reactive
derivative (e.g., a corresponding acid halide, a correspending acid

~ anhydride) of a di-aryl phosphate (e.g., diphenyl phosphate), a di-lower
alky! phosphate (e.g., diethyl phosphate}, an unsubstituted or substituted
lower alkanesulfonic acid {e.g.. Meﬁhanesul_ionié acid, ethanesulfonic acid,

triflucromethanesulfonic acid}, an unsubstituted or substituted aryisulfonic



wherein synmbols are the sane as defined above, is produced in this

I ntranol ecul ar cyclization. The intranol ecular cyclization product thus
obtained may be isolated fromthe reaction m xture or subjected to the
subsequent esterification w thout isolation. However, the intranol ecul ar
cyclization and the esterification may be preferably carried out
‘subsequently in the sanme solvent wthout isolating the cyclization . .
product . The esterification of the intranol eecular cyclization
product can be carried out by reacting it with an esterifying reagent for
hydr oxy gr 8dg.{e.=xhantanesuifon @JWUWS&@P@@&Q’@W%@%W@W? agicbup

I ncl ude a reactive derivative (e.g., a corresponding acid halide, a

cor r espond{eng., aceilt acidhprian @Mcafbazﬁ& acid\(b.gnlvenpbietatid)e. 9. Ambngheny|
phosphate), a di-lower alkyl phosphate (e.g., diethyl phosphate), an

unsubstit ' : r%ﬁé ' i ' e .
nmet hanesul onl”?h%ﬁﬂd, wée{dhgasﬁggm n?@?ﬁ@?%’?’?ﬁ%@%@@n@?m fonic acid),
~an unsubstitu.eddOL subs&%tuted arylsul foni, . . . '
Coan D okePgUY SBVANNE (8.0 & FTRTROMMINGACH SRR BPFERRRAGNG AP 4 | over

al kanoic acid _ %e. ., acetic acid) or_an arylcarboxylic acid (e.qg.,

benzoi ¢ acawyydrid kﬁgﬂﬁi"aﬂ'mﬂsﬁh@spﬁ SFW@%{W@@SWﬂ%@ﬂr eagents for

hydr oxy group include the reactive derivative (e.g., a corresponding acid

hal i de, a wmsubstifuded ongubstitdted fowerdilkaiesulidnia adid- o g upsctsgiikated, ora

di - | ower al kyl phosphate, an unsubstituted or substituted | ower

al kanesul f@HefitAsd drbulfihic/ B8PSt | THE ¥Steiftying reagent for hydroxy group
may be used in an amount of 1.0 to 4.0 moles, preferably 2.0 to 3.0 moles,
per one mole of the compound { Wf ]. The réaction is preferably carried out
at a temperature of 975 10 40 "C, espacially at & temperatute of -60 to 10 ;C,

When the esterification Is carried out without isolating the

_ Emram@_ﬂe;cwﬁar cyc&izatﬁ;n product from the reaction mixture, the

. intramolecular cyclization and/or the ssterification can be carried out in the
pfeseﬂm or absence of an acid, but it is preferred 1o carry out the feactﬁﬁn in
the presence of an acid. Both a Lewis acid and a protonic acid canbe
used as the acid, but the Lewis acid may be preferably used. When the
protonic acid is used as the acid in the intramolecular cycﬂizatﬁen, it must be
added into a reaction vessel after addition of the base. Examples of the .
Lewis acid include & metal halide such as cupric chioride, cuprous i@dide;
zinc chioride, zinc lodide, zinc fluoride, ferrdc chloride, stannous chloride,
stannic chloride and the like, a sifyl compound such as a tri-lower alky!

halogenosilane {e.g., trimethyichlorosilane, t-butyldimethyichlorositane),

aetfahaﬁogenosﬁnané {e.g., tetrachﬂomsﬁianej and the like. The Lewis acid



subsi?tuted'arylsuffonic acid. The esterifying reagent for hydroxy.-group- -
may be used in an anmount of 1.0 to 4 0 nol es, preferably 2.0 to 3.0 nol es,

per one nole of the conpound [ VII ]. The reaction is preferably carried
out<. at a temperature of -75 to 40[err C especially at a tenperature of
-60 to 10[err]C When t hi esterlflcatlon I's carried out

w thout isolating the intranolecular cyclizati.on product fromthe reaction
m xture, the intranolecular cyclization and/or the esterification can be
carried out in the presence or absence of an acid, but it is preferred to

carry out thaysacsedin anamduntpf Osicinc®0 otoles) mefaiabiymﬂmea S muigs,aci d and
a protonic acid can be used-as the acid, but the Lewis acid may be

preferably ygegne mdmmﬁé@mﬁé@ﬁ@pgmaC'E&aﬂﬁpﬂéﬁ%@tﬁég&&en dcgin the

i ntranol ecul ar cyci zation, 1t nust added 'into a réaction, vessel after

Sheh necugrtts B firie s G BRY G Rl e ReBRldl BB HRS TouT e i e
f!uorlde ferrlc chl ori de, stannous, chl Eannlc chlorlde and the .
like, a sil&rdreshioscasid rhespsodc esid, p@%ﬁ‘”él@@@l thefliee genthig petanice. g.

trinmethyl chl orosil ane, t-butyldinmethylchlorosilane), tetrahal ogenosilane

(e.g., tetragtlmepbelused)inandembent ofidel to‘éﬂh‘ﬁoﬂ@q&@x‘s@m&:mﬁe of the may be
used in an amount of 0.1 to 2.0 nol es, preferably 1.0 to 1.5 noles, per
one nol e ofcdrhgo ppd [VII]. Exanples of the protonic acid include

sul furic acid,- p-toluenesul fonic acid, acetic acid, citric acid,

hydrochl ori c aci d,  PRQABRRA SsfArinbaidA okl Sliddns Reddrts ot thge Protoni c
acid, the esterifying reagént may be preferably uéed in an amount of 1.2 to
1.5 ﬁmﬂes per ong moﬂé of the é@mpsund fVIE ).

* The reaction of the m«methyﬂe&oxycamapenézﬁ derivative
{ Vil ] with the thié! compound | IX , the optional step for removing the
-hydroxyoprotectﬁﬁg group 6& the corhp@und [ Viit ] in which Rlisa protected
hydr@xy=$ubst§tuted lower. alky! group and the c_pﬁoﬁaﬁ étep for removing the
ester residue of Rz of the coin’pound [ viis }in which A2 is an ester residue .
may be carried -outlm a c‘onvenﬁonat method.  For example; the removal

of the hydmxypm@cﬁng group of N or the ester residue of R may be

performed by -hydmﬁysﬁs, reduction and the like.

The azeti&inone compound [ 1] or ga salt thereof can be
converted by hydrolysis thereof into an azetidinonepropionic acid
compound (an excellent synthelic intermediate of the cémepenem«type '

compound) of the formuta [ XIi ] :



acid may be used in an anobunt of 0.1 to 1.0 nole per one nole* of the
compound [ VI]. Wien the esterification is carried out in
the presence of the acid, the esterifying reagent may be preferably used
in_an-anount of 1.2 to 1.5 noles per one nole of the conpound [ VII

The" reaction of the 1[err]-nethyl-2- oxy@gr-bapenem derivative [VII] with
the thiol. compound [ I X ], the optional step for renoving the

- hydr oxy-protéecting group of the conpound [VIII] in which Rerr] is a
protected hydroxy-substituted | ower alkyl group and the optional step for
renoving the ester residue of Rlerr] of. the conpound [ VIII ] in which
Rlerr] is an ester residue my tarried out in a conventional method.
For exanple, the removal of the hydroxy-protecting group of Rlerr] or the
ester residue of R[err]Rnay be formed by hydroly Eg; eduction and the
li ke. The agetigrndhecgomound [ | ] or 13

converted by hydrolysis t _ it 0 an azeti di nonepropionic acid conpound
(an excellent synthetic i edi ate of the carbepenemtype conpound) of
the fornula [ X1 ]: #—=NH - 26-

[err] O -

. wherein Rlis the same as defined above, and further the compound [ Xl Jor .-

a salt thereot can be converted into the compound [ VIl } or & salt thereof in
a bonvéntﬁonaﬂ method, for example, atcording to the method described in

Japanese Patent Publication (unexamimed} No. 123182 of 1982,

1]

The hydrolysis of the comp@und [i]ora salt g&}ereat caz;n be
carried out In a conventional method, but it is preferably camed out in an
appmpma&e solvent in the presance of hydmgen pemxnde and-an alkali
metal hydroxide. Examp#es of the solvent include a mixture of wate? and
an @rganic solvent such as.dioxane, tetmhydmmran, dﬁmgihyiiormamide-,
memamf and the fike, pre#erabiy a mixture of water and tetrahydrofuran.
Exampﬂes of the alkali metal ﬁydmxwe include lithium hydroxide, sodiut
hydroxide, potassium hydréxide and the like, preferably !ithium hydroxide.
Hydrogen peroxide may be used in an amount of 1 to 10 moles, preferably
6 to 8 moles, per one mole of me compound [ [ ], and the alkali metal
hydroxide may be used in an amount of 1 to 5 moles, preferably 2to 3
moles, per one mole of the c@m@oumd [l It is preferred to carry out the
reaction at a temperature of 10 té 30 °C, especially at a temperature of -5 to
5°C. |

The conversion of the-compound { XIi ] or a salt thereof into the

It thereof can be -



wherein Rerr] is the sane as defined above, -and further the conpound [ Xl 1]
or a salt thereof can be converted into the conmpound [ VIII] or a salt.
thereof in a conventional nethod, for exanple, according to the nethod
des¢ribed in Japanese Patent Publication (unexam ned) No. 123182 of 1982.
The hydrolysis of the conpound [ | ] -@ -a salt thereof can be carried out
in a conventional nethod, but it is preferably carried out in an
appropriate solvent in t he presence of hydrogen peroxi de and an al kal i

met al hydr oxi de. ‘Exanpl es of the solvent include a m xture of water and

. : ¢ i de.

mot hanol | SETRRER) | FHFbE o Qiﬁ?é%fn%??%ﬁé%ﬁé‘?"“f ool B oy r of ur an.

Ex I f t.h | kal i et Li thi h i de, di

ydr oxi de, MaBRd SpaiitngdR dapageen Haterd Aibiicaish Coinaipol NA: um hydr oxi de.

Hydr ogen perOX| dgu ggggfﬁ)be used in an anount of 1 to 10 noles, preferably 6
in

to 8 nol esi88§§&2 le of the conpound [ | ], and the al kali metal
hydr oxi de may be used in an anount of 1 to 5 noles, preferably 2 to 3

nmol es, per one nol elwfhetdvoveconstions, fhelcomgdunds [ p1, %fﬁﬂeﬁcgm fv]qariny out the
reaction at a tenperature of -10 to 30[err]C, especially at a tenperature

of -5 to [Sipswhif, (X 0X ] [X1] ] and {TRR | G 858064 i A8 16atpaund [ XI1] or

?i‘;f”ﬁsz"ze[re?%é%ig}sam%ﬁggm@a&%mb@g;%p@wéwﬁa@%ou@at° the

Examples of such salt include a metal salt such as sodium salt, potassium

salt and the like; an amine salt.such as malkyﬁamme salt, pyrﬁcﬁné salt,
sthanolamine salt, &rietﬁanolamine salt, dicyclohexylamine -saﬂtg and the like;

an inorganic acid addition salt such as hydmchﬁoﬁde, hydmb&émide, suﬂﬁatég .-
and the like; and an o?:ga;qic acid addition salt such as acetale, o;caﬁate.
tartrate, fumarate, .maﬁe;at_e‘.‘ benzenesulfonate and the like.

Accarding to the present Envénﬁon, thé éieiidinone compound
. T1] or a salt tereof can be converted into the 1 ﬁamethyﬁe&oxycar;bapenem
derivative { V(ll ] or a salt tereof and the 18-methyicarbapenem derivative |
- [ X] or a salt tereof with retaining the slereo-structure. | |
Besides; the benzene compound [ IV ] in which Y is oxygen
atom, sulfur atom or an imino group which may have substituent(s) may be
prepared according to thé method cﬂgscﬁbed in Journal of the American
" Chemical Sdcﬁety Vol.72, p721 (1850). To say paﬂic@llaﬂy, said compound

[ IV ] may be prepared by condensing a compound of the formula { Xill ] :



‘_,..-aa

188662 of 1988.- o I'n the above reactions, the. corrpounds [I]

[F1], [IV], [M, [VI], (MY, [MITT, [ X,[X],[XI] and [ XIT] may be also
used in the formof an appropriate salt thereof which is suitable for

each of the above conpounds. Exanpl es of such salt include a netal salt
such as sodium salt, potassium salt28nd the like; an amine salt such -as
trial kylamne salt, pyridine salt, et hanol am ne salt triethanol am ne -
salt, dicyclohexylanine salt, and the like; - ~an inorganic acid addition.
salt such as hydrochl oride, hydrobrom de, sulfate and the'like; and an
organic acid addition. salt sygch as acetate, oxal ate, tartrate, fumarate,
mal eat e, benzenesul fonate aiﬁ the li ke. According to the

present invention, the - NQ npound [I] or a salt thereof can be
converted into the 1l erfy- neth

| charbapeneq;xgivlvative [MITI] or a
salt tereof and the 1[err]-mnet ﬁ /}apenen1der| [X] or. a salt

tereof with retaining the sipreoxssFucture. Besi des, the
benzene conpound [ I1V] in %hich Y is oxygen atom sulfur atomor an inino-

group Wwhi ophemin Spvibols s ths sanie(s deffedbove] mr@@omgwnéimmé o the
met hod described in Journal of the American Cheni cal ociety Vol .72, p721

(1950). Tq cularly, said compound [IV ] may be prepared by
condensing a ﬁﬁﬁaﬁ%ﬂ@ d of the fornula [XII1]:

8 ol [XIV]

wherein Z is the same as definsed above.

Besides, the bdmp@und [ Xili }in which X is @xygenlat@m and Y
is sulfur atom may be prepared by halogenating a compound of the formula

[XV]:

[XV]

wherein ng B is the same as dsfi ned above, 10 give a compcund of the

f@rmu&a [XVi}:

{ XVI]

cox?

wherein X2 is a halogen atom, and Ring B is the same as defined above,

subjecting the compound [ XV | to amidation {o give a compound of the

formula [ XV ] <



wherein synbols are the sane as defined above, with a conpound -of t he

formula [ XIV]: [err] wherein Z is the sane as
defi ned above. - Besides, the compound [ XIII] in which Xis
oxygen atomand Y "is sul fur atom may bgzggepar ed by hal ogenating a
conpound of the formula [XV]: ' [err] wherein
Ring Bis the-sane as defined above, to give a conpound of the fornmula [ = .
XVI ]: _ [err] wherein X err] is a hal ogen atom °
and Ring 8 is the same as defined above, subjecting the conpound [XVI] to

am dation to give a conmpound &8—=te_ forrmula [ XVII]:
- 29_ . ) 2 2, -
{XVI]

~CONH; HNOC

wherein Ring B is the same as defined above, and then reducing the
compound [ Xvii I |

Besides, the cnmp@m;nd { Xili ] in which Xis oxygén atomand Y
is an imino group which may have substituent(s} may be prepared by

reacting a compound of the formula [ XVIll ) :

by

[iVHI],

whereln Y is an imino g%@up which may have substituent(s), end othér

symbols are the same as deﬁnéd above, with amzﬁonia,

Bésides, thé compound { Xili ] in which X is sulfuratomand Yis
suﬁfm atom or an imine group which may have subsﬁtuent{s) may be
prepared by subjecting the compound { Xiil } in which X is oxygen atom and
Y is sulfur atom or an imino group which may have substituent(s) to
thiocarboaylation. |

Besides, the benzene compound { IV } in which Y is methylene

group may be prepared by reacting the compound of the formula { XIX ] :




‘wherein Ring Bis the sane as defined-above, and then reducing the.
conpound [ XVII]. Besi des, the conpound [ XI-II ] in which Xis
oxygen atomand Y is an imno group which nmay have substituent(s) nay be
prepared by reacting a conpound of the formula [ XVIII ]:

[err] wherein Y[err] is an imno gr whi ch may have substltuent(s)
and ot her -synbols are the sane as defined above, w th anmoni a. ’

Besi des, the conpound [ XII1I] in which X is sulfur atomand Y is sulfur
atomor an imno group which may have substituent(s) may be prepared by

atomor an i AeRaiCR% e %Eh&éofﬁ%fﬁ‘@ﬁ%ﬁ#@%enﬁ@%“@ FhisEam a1 ot | on.

Besi des, the benzene conmpound [ IV ] i-n which Y is nethylene group may be

pr epar ed by defimed aigpvd) evithompompadunl df tte forrmmyd PXiﬂX' X1:

[err] mherein'L[efr] IS

a hal ogen atom or hydroxy groHE%h§2§ Ring Bis [gekfanﬁ as defi ned above,
a : . o :

wi th a conpound of the fornul
wherein Z is the same as defined above, 1o give a compound of the formula

{XXI]:

[XXI]

14

wherein symbols are the same as defined above, reducing the compound

[ XX!] o give a compound of the formula | XXi):

[XXII]

wherein symbols are the same as defined above, readting the product with a
compound of the mrmuifa [ XXHi]: |
X
CHBOJECI O [xxu)
wherein X is the same as defined above, and thén subjecting the product to
intramolecilar cyclization.
The condensation reaction of the compound [ Xill ] with the
- compound [ XIV | may be carriad out in an appropriate solvent in the
presence of an acid. _ Exémpﬂes of the acid inéﬂude an orgéﬂﬁc acid {e.g.,

p-toluenesulfonic acid} and an inorganic acid {e.g., sulfuric acﬁd.

Lo



[err] wherein Z is the sane’-as defined above, to give a conmpound of the

formula’ [XX]: : ' [err] wherein synbols are the
sanme as defined above, reducing the conpound [ XXI] to give a conpound of
the,formula [ XXII ]: [err] wherein synbols are the
sane as defined above, reacting the product with a conpound of the fornula
[ XXI11]: -31- [err] wherein X
is the same as defined above, and then subjecting the product to

i ntranol ecol ar cyclization. The condensation reaction’of the
conpound [ XIlI] with the conmpound [ XIV] may be carried out in an
appropri at ehgdrbofeiotic eeidje  |HxaagileSolthe prefafed solventinokitb & Gtgahise aci d
include an organic acid (e.g., pstoluenesulfonic acid) and an™I ndrganic

e’ of o 1 ESPTGHIE: AEL B hefina ol ghp e SRR Bl SRty g™ ©
preferred to carry out the reaction at a temperature of 50 to 180
*C.especially at a temperature of 80 to 130 °C.
- The halogenation dt’ the compound [ XV ] 'may be carried out by
treating the compound with a halogenating agent in an appropriate so!vént

Examples of the haﬂogénaﬁing agent include thionyl chlorids,

pmsphomé oxychioride and the like, and examples of the solvent include

§
bp

an inert one such as '&omene. . m_ is preferred fo cany @ut.me reaction at a
temperature of 20 to 120 °C, especially at a températwe of 70 to 8@ °C. -
The amidgﬁoﬁ of the contpound { XVI .mcay be cared outby
treating mé compounéf‘with ammonia in an appropriate solvent. ..
Ammonia may be preferably used in the form ét aqueous ammonia, ar.md
exaimples of the preferred solvent include a solvent which can be mixed with
water, for example, ethers such as dioxané and alcohols such as'ethangl. ,
it is preferred to carry out the feactioﬁ at a temperature of 30 to 120 °C,
especially at a temperature 6f 80 to 90 °C.
The reduction of the compound { XVIl | may be canied out in an’
appropriate soivem in the presence of zﬁm; and an acid catalyst.
Exan@pﬁes of prefenjed. acid cataﬂyst.iﬁciude an inorganic acid such as
hydrochioric acid, and examples of the preferred soivent indude ethers
~ such as dioxane. it is preferred to camry. out the reaction at a

temperature of 40 to 100 “C, especially at a temperature of 60 to 70 °C. .

s
et
e °



sol vent whi ch has a boi l i ng point higher than.water (e.g., toluene). It is |
preferred to carry out the reaction at a tenperature of 50 to 180 [err]C,

especially at a tenperature of 80 to 130 [err]C. The
hal.ogenati on of the conpound [ XV] may be carried out by treating the
compound with a hal ogenating agent in <3 -appropriate sol vent : Exanpl es

of the hal ogenating agent include thionyl chloride, phosphorus oxychloride
and the |ike, and exanples of the solvent include an inert one such as
t ol uene. It is preferred to carry out the reaction at a tenperature of

20 to 120[err] C, espegy s r -

The am dati on of theiﬁ%ﬁt%%@% ;\}t:&?&ﬁg@ﬁ%ﬁéfglﬂggﬁ%ﬁ%@%r@%@?i ng the
conpound with a i,a i n an appropriate solvent . ni a_may.. b referably
used in the C?Fﬂ%%‘# 'Qﬁfpﬁﬁ?g@@’ﬁ#@rﬁ%&eﬂgnd ém‘%@%? ng%préh@retpg'a sol vent
i ncl ude a sol vent which can be mxed with water, for exanple, ethers such
as di oxane &haqueumarunenianand exampies of the prelerge scltantindiude weter, out t he
reaction at a tenperature of 30 to 120[err]C, especially at a tenperature

of 80 to 90[etivers @&hich can be mixed willhwater deugt, dioxarfe)tdne alcoipsisifelgl, XVII ] may
be carried out in an appropriate solvent in the presence of zinc and an

aci @ cat al ysihanofXaD! R I9hrlbetd Gtpbiing abativiatl Atdiideraneldter gani c

acid such as ochloric acid, e€xanpl es of the preferred solvent
0ol ude et e foq X ARe g MM Bypnapetp 2B IFREES L0 00T Y OV the
of 60 to 70[errlC o thiocarbonytation of the compound [ Xil ] In which X isf'32-
oxygen atom and Y is sulfur atom or an imino group which may have
= substituent(s) may bé carried out by treating the compdund with a
iﬁiocaanyﬁatﬁéﬂ agent inan appropriate solvent. | Examples of the .
preferred thiocam@nylatjgn agent include 2,4-bis (4-methoxyphenyl)-1,3-
dﬂhiaﬂ;&d&phospheiaéé»2,4e'd§suiﬁde, 2,4%edimethyﬁeﬁn3«»dithia~=2,49 '
diphosphetane-2,4-disuifide, phosphorus pentasulfide and the like.
Examples of the soivent incﬂude any inart one such as dimetho#yethane,
pyridine, xylene, {oluene, benzene and the like. it is preferred to carry
out the reaction at a room temperature or under heating, especially at a
temperature of 60 to 100 *C. |
| The reaction of the compound [ XIX | with the compound [ XX |
may be carried out in an appropriate soﬂvént in the presence of an acid
acceplor. Examples of the acid accepfor include an alkali éneta! hydtide,
an alkali metal, arﬁ alkali metél fluoride, a lower alkyl-lithium, phenyllithium |

and the like. Examples of the solvent inctude dimethyﬁ#ormamide.

tetrahydroturan and the like. It is preferred to carry out the reaction



The .reaction of the conpound [XVIII] wth amonia may be * carried out in:
an appropriate sol vent. Ammoni a may be used in the form of aqueous
ammoni a, and exanpl es of the preferred solvent include water, et hers

whi ch can be m xed with water (e.g., dioxane) and al cohols (e.g.,

et hanol ). It is preferred to carry out 3¢he reaction at a tenperature of O
to 100[err]C, especially at a tenperature of 25 to 80[err]C.

The thiocarbonylation of the conpound [ XIII] in which X is oxygen atom
and Y is sulfur atomor an imno group which may have substituent(s) may

be carri ed o%ﬂdéycbbm@bﬂ@uth%aﬁﬂ of thédﬂé' éafé?ﬁﬁ%@fuﬁ Yb@’té‘ﬁpa@em in

an appropriate solvent ‘preferre ocar bonyl atT on

oeh o 30'4”3.%‘%@é@ﬁ@&%@e@%ﬁ%ﬁfﬁm5 8§’°§ di met hyl - 1, 3-di t hi a- 2, 4-

di phosphet ane- 2, 4-di sul fi de, phosphorus pentasul fide and the |iKke.
Exanpl es of the sol venin® fedusdionsihe esmpcyng [XH may @ﬁ@mﬁﬁ(?@tﬂﬁm

pyridi ne, xylene, toluene, benzene and the |iKke. It is preferred to
carry out tr@m@@ﬁaﬁemimt aitheoby treatiag dhe cempounddeth heatucingg agepkci al |y
at a _terrperature of 60 to 100 [err]C' The reaction of the -
compound [ Xlgt Hy thipeid h@f@géﬁw may be carried out in an
appropriate sol vent int presence of an acid acceptor. Exanpl es of the

oo 1o e, ' one e.f#ﬁéa@wsﬂg%gﬂa% e e !
ker Tt 1 s (BAERBE RGNt Chila 5 ORI PHEIqE 8UeY 8R Rhium alumidum hydride, "7 1 "°
sodium bis {methoxyethoxy}aluminum hydride, sodium borohydride and the
like. Examples of the solvent incfnde ethers such as tetrahydrofuran,
diethy! ether, dioxane and the like. It Is prefarred o ca;rry out the ;'eaction
at a temperature of 0 to 100 °C, especially at a temperatu?e of 30 to 60 °C.
Cn the other hand, in the case of catalytic hydrogenatios,
preferred examples ¢f the catalyst include paﬂﬂ'adﬁum;carbon, palladium-
black and the like. Examgies of the solvent include alcohals such as
methanc!, ethan@ﬂ and the Eé’ke. itis preferred to carry out the reaction
at aqtemperature of0to 70 ‘;C, especiaily ata Eemperamre of 20 to 30 °C.
The reaction of the compound [ XXI! ] with the compound
[ XXIll ) may be carried out in an appropriate scivent in the presence or
absence of an acid accéptor. Examples of the acid acceptor include a
base such as an atkali metal, an alkali metal hydride, an alkall metal
hydroxide, an alkali metal alkoxide, an alkali earth metal hydroxide,an alkali
earth metal alkoxide, a lower aﬁkyﬂ«iﬁtniumn phenyifﬁwmu pyridine, di-lower

alkylaniline and the like. Examples of the solvent include



- 33 - under cooling or with heating, for exanple, at a tenperature of.
30 to 120[err]C, especially at a tenperature of 30 to 80 [err]C.

The reduction of the conpound [ XXI ] may be carried out in an appropriate
sol went either by treating the conpound ¥$#I1 a reduci ng agent or by

catal yti c hydrogenati on. I he case of treating it with a
reduci ng agent, exanples of the redUC|ng agent include a netal hydride
such as lithium al um num hydride, sodium bis (methoxyethoxy)al um num
hydride, sodium borohydride and the Iike. Exanpl es of the sol vent

i ncl ude et her giigtyifesnasiden teteigtivataran, etfierdrglthetiRer .  di Pigpretanddibe

like. It is preferred to carry out the reaction at a tenperature of 0Ot

.100[err]C, es f kar ~ Ch
t he ot her han%ﬁﬁ??@ﬁéﬁ%@b@@%?@ %tﬁait@; %%é@gt?oéé&; o aétrafed exanpl es
of the catal yst _include car | | adi, u the |ike.

Exanpl es of t ng%%%t‘)%{@ |Cohiﬁ§SE§€§ﬂ%§’t "?Tﬁ’ﬁgi? raﬁ’gy izaiPn 4 t he
like. It is gj@eferredto carry out the reaction at a tenperature of 0 to
70[err] C, esprs praduchinay be ppliegiaitdn the prgseaceof ardghydrating agent. The

reaction of the conpound [ XXIl ] with the conpound [XXIII] may be carried
out in an appExgripies oftitedebydratinghagentdscinde mﬁypimmmie adid,an acid

acceptor. Exanpl es of the acid acceptor include a base such as an al kal
metal , an al k hbsﬂ?é@% éﬁ!bﬁée afd the iRd.| MBkampldy 8f g vemn@h&g@n et al
al koxi de, IkaI| earth netal hydroxide, an aIkaI| eart kKoxi de,

: Lover o ky o g Bl UE ettt PonfAthe e M BroteRedo By diff °1¢

the reaction at a temperature of 50 to 150 °C, especially at a temperature of
80 10 130 °C. |

Th.mu-ghout the specification and claims, ﬁhe térm "lower alkyl
gr@u.p”, "lower alkylene group" and "lower alkoxy g;r_oup"- iﬂcﬁude a straight-
_chain or branch-chain alkyi group of 1 to 6, preferably 1 to 4 carbon atoms, a
straight-chain or branch-chain alkylene group of 1 to 6, preferably 1 to 4
carbon atoms and a straight-chain or branch-chain alkoxy group of 1 to 6,
preferably 1 10 4 carbon atoms, respectively. And the term “lower
alkanoyl group” and “lower alkenyl group” include a straight-chain or
branch-chain alkanoyl group of 2 1o 8, preferably 2 to 6 carbon atoms and &
straight-chain or branch-chain atkenyl group of 2 to 8, preferably 2to 6
carbon atoms, respecnﬁvéﬁy. Further, the term "lower alkenoyi gruup
and ’"f‘ycﬂoaﬂkvﬂ group” include a straight-chain or branch-chain alkencyl
group cf 3 to 8, p*eﬂerablv 3 to 6 carben atoms and a cycloalky! group of 3 to

8, preferably 4 to 7 carbon atoms, respectively. . °



r—_

- 150[err] C,

- 34 - di net hyl f or mam de, tetrahydrofuran, et her and the Ii.ke'."”'.'_._ .It "i'iS"_

preferred to carry out the reaction at a tenperature of Q.to 100[err]C,
especially at a tenperature of720 to 50[err]C. The sSubsequent

i ntranol ecul ar cyclization of the product nmay be carried out in the

presence of a dehydrating agent. Exang8Ses of the dehydrating agent include

pol yphosphoric acid, phosphorus oxychioride and the |iKke. Exanpl es of

the solvent include an inert one such as toluene, benzene and the I|ike.

It is preferred to carry out the reaction at a tenperature of 50 to
gspecially at a tenperature of 80 to 130[err]C :

Throughout *%?é**“*lflcat1on and clains, the termlower alkyl group",

"l ower al kyl ene group and "I qower al kox ro | nclude a straight- chain
or branch-chain al kyl &P nat 88.1 migt b&n@q&gp@ﬂy | promide in B Mens, a
strai ght-chain or branch-chain al kylene group of 1 to 6, preferably 1 to 4
car bon at onmethylene shiodde landehsoiution dﬁﬁdzﬂ&g@lﬁ@‘yﬁd@meﬁn% ml‘oﬁp of 1 to 6,

preferably 1 to 4 carbon atons, respectively. And the term "l ower
al kanoyl gfa@a@ﬁi}'&@@cfﬂbﬁ@é@f@aﬁﬁéwwﬁ 148 o Sk storPbf P4® t Cha' n or
br anch- chai n al’kanoyl group of preferably 2 to 6 ¢ on atons and a

itafjﬁi)ﬁhtali 8%@‘? S0, %Hhﬁa? "bw : ?%bﬁ%' fk%ﬁae%ahﬂé‘ﬁw:@ %@%& ?’fgfobﬁl i
aroup of 3 wetyesileasn FipsRhar Ak it WHGAORAT o oup of

3to .
minutes.  Then the mixture is stirred at a room temperature for 6 hours.

The reaction mixture is poursd into Soo mi 'of water and the mixture is
- extracted with methylene chioride.  The extract is washed, dried and
, evaporated to remove the solvent and the residue obtained is crystallized
from methanol and the crystals are collected by fiitration to obtain 197.3 g of
Se(z-abmmoompionyﬂ )espﬁroﬁz.Sedihydro%H«{ ,3?be:nz;o§azinee2,,'1 °
oycﬂohexaﬂ]=4=oﬁe.
m.p. : 74-76 °C

~Examples 2 to 10

The corresponding starting compounds and 2-bromopropionyl
bromide are treated in the same manner as described in Exampﬁe 1o

obtain the compounds listed in Tables 1 and 2.



- 8, preferably 4 to 7 carbon,  at 6is, respecti vel'y. - ST S
_ 35- A solution of 89.1 m of 2- br onopr opi onyl bronide in
.95 mM of nethylene chloride and a solution of 61.13 g of pyridine in 95 n
of . nmethyl ene chloride are added dropmﬁ%ﬁ to a suspension of 140 g of
spi‘ro[ 2, 3-di hydr o- 44 1, 3- benzoxazi ne- 2, cycl ohexan] -4-one in 190 m of
nmet hyl ene chl ori de under nitrogen atnosphere at -5[err] C during about 45

m nut es. Then the mixture is stirred at a roomtenperature for 6 hours.
The reaction mxture is poured into 500 m of water and the mixture is
extracted with nethyl ene chloride. The extract is washed, dried and
evaporated to renove the solvent and the residue obtained is crystallized
from net hanol and the crystals are colfsgg ¢d by filtration to obtain 197.3
g of 3-(2-bromppropionyl)-spiro[2, 3-dihydro-4H 1, 3-benzoxazine-2,1' -
cycl ohexan] -4- orje. m 74-76 [err]C Exanples 2 to 10
The correspopdigg starting conpou and 2-bponopropi onyl brom de aje
treated in the dame manner as desgribed in EP obt ai-n the
conpounds ligted in Tables 1 agd

Ex. -
Ne. ' Z

/1 . 2 ¥ RingB Physxcale immes.

Syrup

o : D T syrup
4| oCigHy | aCisHyy | O m syrup

m.p. 114-115 °C

* : NMR date of the compound of Example 6
NMR (CDCl,) 8: 1.68{3H, d ), 1.82(3H, s}, 2.05(3H, d, J=7.5Hz), 3.10{2H, s),

3.72(3H, s), 5.22(1H, g, Jg7.SH;), 6.90{1H, d, J=8Hz),
7.55(1H, d, Ju3Hz, SHz), 7.88(1H, &, J=3Hz)



‘Table 1 [err] CoE - . NVR date of -the conpound of
Exanple 6 NVR (CDCl [err]) [err]: 1.68(3H, d), 1.82(3H s), 2.05(3H d,
J-7.5Hz), 3.10(2H, .5s), ' 3.72(3H, s), 5.22(1H, q, J=7.5Hz),
6.90(1H. d, J=9Hz), 7. 55( 1H4370d, J=3Hz, 9Hz), 7.88(1H, d, J=3Hz)

Ex. |
No.

Y " RingB Physical propertics, etc.

7 | S . _ D | colorless sgmp""
8 O m m.p. 89-91 °C
9 o | D - | mpos00C

10 O ' O : m.p. 111-112 *C

OCH;s

* - NMR date of the compound of Examp%é 7
NMR (CDCla) & : 1.1-2.6(10H, m), 1.94(3H, d, Jg&ﬁﬁiﬁ, 4.87(1H, q,

=6.6Hz), 7.2-7.4(2H, m), 7.48(1H, 1, J=7.5Hz),
8.11(1H, d, J=7.7Hz)

Example 11 |

1.0 g of '(éFx; 4R)e4eacetoxy63«u1iRHet=butyﬂdimethyﬂsiﬂyloxye‘lhyﬂ}=2=
azstidinone, 1.8 g of 3-(2-bromopropionyl}-spiro[2,3-dihydro-4H-1,3-
benﬁé@xazineoz,ﬂ’»cycﬂohéxan]w&ane and 0.68 g of zinc powders are added

to 15 mi of tetrahydrofuran and the mixture is refluxed for 3C minutes. After

.‘%



CNWR date of the corrpound of Exarrpl e _7_

.pc_.c_.zv—-

err] - ) -

I\/R(CDCI[err]) [err] 1126(10H m, 1.94(3H, d J=6.6Hz), 4.87(1H, q,
=6.6Hz), . 7.2-7.4(2H, m, 7.48(1H, t, J=7.5Hz), 8. 11(1H, d,
=7. THz) Exarrpl e 11 1.0 g of (3R

R)- 4- acet oxy- 3-[ (1R) - 1- t - but yi di.net hyl Slq yl oxyet hyl]-2- azetidinone, 1.8

g of 3-(2-bronopropionyl)-spiro[2, 3-di hydro-4H-1, 3-
benzoxazi ne-2, 1' -cycl ohexan] - 4-one and 0.68 g of zinc pomders are added to
15 m of tetrahydrofuran and the mixture is refluxed for 30 minutes. After

cooling, the reaction mixture is poured into 0.2 M phosphate bufier {pH 7.0)
and me mixture is extracted with:methyieﬂa chioride. The extract is
washed, dred and evapérated to remove the sclvent.  The residue is
purified by silica gel column chromatography (solvent ; hexane:ethy! acetate |
«= 3:1) to obtain 1.3 g of 3-{{2R})-2-[ (3, 4R}-3-[{1R)-1-t- |
buﬁyd§methyisiﬁyﬁ@xyemyqszeoxoazetﬁdineéeympmfpﬁonyﬂ}espifo[z,sedihydme
4H-1 ,SebenZO'xazineezmi"scyeﬁchexaﬁ}a4e_gne, | |
m.p. : 154-155 °C
- - Examples 1210 20

| The corresponding starting c@mpgunds and (SR 4R}«4=»
acemxyase{(m)a eﬁebmyﬂdamethynsu @xy)ethyﬂezeazetudmcne are treated in
the same manner as descnbed in Exampﬂe 11 to obtain the compounds.

listed in Tables 3 and 4



- 38- cooling, the reaction mixture is poured into 0.2 M phosphate buffer
(pH 7.0) and the mxture is extracted with nethylene chloride. The- - '
extract is washed, dried and evaporated to renove the solvent. The
resjdue is purified by silica gel colum chromatography (solvent;
hexane: et hyl acetate = 3:1) to obtain-3%3 g of 3-((2R)2-[(3S,

4R -3-[(1R)-1-t- : -
but yl di net hyi si | yl oxyet-hyl]-2-oxoazeti di n-4-yl]propionyl)-spiro[2, 3-di hydro
- 4H 1, 3-benzoxazi ne-2,1' - cycl ohexan] - 4--one. m p.: 154-155
[err]C Exanples 12 to 20 The correspondi ng starting conpounds
and (3R, 4R)-4-

acet oxy-3-[ (1R)- 1-t - butyl di net hyl si | y;lam@/?et hyl ] - 2- azeti di none are treated

in the sane nner _as descrlbed in Example 11 to obtaln the conpounds.
listed in Thbl gs 3 and 4. CHs _ -39
[err] - TBSO :
H
W.
Ex.
Ne.

O\\.

Physical properties,
etc.

12] ¢y | oy 0 | mp. 133134 °C

L3

Ring B
13] n-CgHg - n-CgHy o . D b symp

14] n-Cystlyy | aCyslyy | 0O syxup

sl Y] e )| o

T o |
16| CHy CHy | -CHy U syrup*

syrup

TBS represents t-butyldimethylsilyl group (hereinafter the same}

* : NMR date of the compound of Example 16 |

NMR (CDCly) § : 0.07(6H, s), 0.89(9H, s}, 1.22(3H, d, J=6Hz), 1.28(3H, d,
J=7.8Hz), 1.72(3H, s}, 1.80(3H, s), 3.10(2H, s), 3.20(1H,
m}, 3.50-3.60({1H, m), 3.72(3H, s), 4.02-4.08{1H, m}, 4.10-
4.25(1H, m), 5.95({1H, s}, 6.83(1H, d, J=OHz), 7.53(1H, dd,
Js=3Hz, SHz), 7.92(1H, d, J=3Hz) |



TBS‘repreéents t-butyl di methyl silyl group (hereinafter the sane) | [er'r."']':

NVR date of the conpound of Exanple 16 NWR (CDCl[err]) [err]: 0.07(6H, s),
0.89(9H, s), 1.22(3H, d, J=6Hz), 1.28(3H d, _ J=7.5Hz),
1.7263H, s), 1.80(3H, s), 3.10(2H, s), 3400(1H, m,
3.50-3.60(1H, m, 3.72(3H, s) 4.02-4.08(1H, m, 4.10-

4.25(1H, m, 5.95(1H, s), 6.93(1H d, J=9Hz), 7.53(1H, dd,

J=3Hz, 9Hz), 7.92(1H, d, J=3Hz) _ - 40-

Table 4

Ex.
No.

Y Ring - | Physical pr@pgﬁiés, etc_.__

17 s m syrup®

ci =
18 0 Ij -* Syrup
18 0 U | m.p. 173-175 °C

CHs

20 o} O 1 m.p.155-158°C

OCH,

- . NMR data of the compound of Example 17
NMR (CDCl3} 8 : 0.08(3H, s}, 0.09(3H, s}, 0.86(3H, s), 1.22(3H, d, J=6.3),
1.28(3H, d, J=7.2Hz), 1.5-2.5{10H, m), 3.1-3.2(1H, m), 3.2-
3.4(1H, m), 4.11(1H, dd, J=2.3Hz, 4.0Hz), 4.22(1H, dt,
J=6.2Hz,10.7Hz), 5.92(1H, brs}, 7.26({1H, d, J=7.3Hz),
7.47(1H, dt, J=1.5Hz, 7.5Hz), 8.13(1H, dd, J=1.4Hz,
8.4Hz) '

Example 21
{1} 16.2 m! of 1M sodium bis{trimethylsilyljamide solution {solvent :

tetrahydrofuran} are added to a mixture of 7 ¢ of 3»{(2R§~2«{(3R, 4R)-3-{{1R}-



[err] Ex. No. : [err]:NVR data of . the conpound of
Exanple 17 NWR (CDCl[err]) [err] 0.08(3H, s), 0.09(3H, s), 0.86(9H,s),
1.22(3H, d, J=6.3), 1.26(3H, d, J=7.2Hz), 1.5-2.5(10H, m,
3.1-3.2(1H, m, 3.2- 3.4(1H,-m, 4.11(1H, dd, J=2.3Hz,
4.0Hz), 4.22(1H, dt, J=6.ZHz. 10. 7Hz), 5. 92(1H, brs),
7.26(1H,. d, J=7.3Hz), 7.47(1H, dt, J=1.5Hz, 7.5Hz), 8, 13(1H,
dd, J=1.4Hz, 8.4Hz) Exanple 21 (1) '16.2 nl of 1M sodium

bis(trinethylsilyl)am de solution (solvent: tetrahydrofuran) are added to
a mxture of T-tehutildhefipisiidxyafhylj4RbxSaldtitiy-4-yi]propionyi-spira(2,3-

dihydro-4H-1 ,Ssbenzoxazineez,ﬁ’fyciahexanieeﬂ,e@ne and 2.89 g of ajﬂyﬂ
bromoacstate in 35 ml of ﬁetraﬁydmﬁuran at -60 °C and the mixture is
warmed to & temperature of -30 °C during one hour. The reaction mixture
is poured into a mixture of water and ethyl acetate and the ethyl acetale
jayer is washed, dried and evaporated o remove the saﬂyeﬁt. The residue
s purified by silica gel column chromatography {solvent ; hexans:athyi
acstate aa 20:1 - 5:1) to obtain 8.03 g of 3-{{2R}-2-{ (35, 4R)-1-

- aﬂlyﬂaxycarbcny(methﬂesem R)-1-t-butyldimethylsilyloxyethyl]-2-oxoazstidin-
4eyﬁ]prcpiony¥}espim[z,SedEhydroét.&Heﬂ 3-benzoxazi nesz;ﬁ.'ecyciohe_xanj%e
one as syrup. . | .

{2) A solution of 12 g of 3-{{2R}-2- {38, 4R)-1-allyloxycarbonyimethyi-3-
[(1R}-1-t-butyldimeathylsilyioxyethyl]-2-oxoazstidin-4-yi]propionyl}-spire{2,3-
déhydro=4ﬁa“ﬂ,sebenzakazmeez,ﬁ'—cycﬁohéxanneé-one in & mi bt
tetrahydrofuran is added dmpwise 10 4.4 mi of 1M sodium |
bis{trimethylsiiyl)amide sciutfoh- {solvent : tetrahydrofuran) at a temperature
from -20 °C to -30 °C during one minute. 261 mg of irimethyisilyi chioride
are added thereto at -50 *C and the mixture is stirred f@ré minutes.  Then,
645 mg of dﬁphenyﬂphbsphafyﬁ chioride are adﬁed thersto at -50 *C and ths
mixture .is stirred for 2 hours at 0 °C. The reaction mixture is poured into
50 mi of 0.2 M phosphate buifer {pH 7.0) and the mixture is extracted with
ethyl acetate. The extract is washed, dried and evapbrate;d to remove

the soivent. Isopropyl ether is added o the residue and the resuiting



1-t- butyl di met hyl si yl oxyet hyl ] - 2- oxoazet.i di n-4-yl ] propi onyl -spiro[ 2, 3-

di hydr o-4H 1, 3- benzoxazi ne- 2, 1' - cyohexan] - 4-one and 2.89 g of allyl
bronpacetate in 35 mM of tetrahydrofuran at -60[err]C and the m xture is
warfred to a tenperature of -30[err]C durifg one hour. The reaction m xture
is poured into a mxture of water and eth¥l acetate and the ethyl acetate

| ayer i s washed, dried and evaporated to renove the solvent. The residue

is purified by silica gel colum chronat ography (sol vent; hexane: et hyl
.acetate = 20:1-5:1) to obtain 8:03 g of 3-[(2R) -2[(3S, 4R -1-

_ aI | yl oxycar boprgtipitetesl of343 &ig eﬂs;bw@[lt&dﬂ*&y@%ﬁ% BHydnzexetihgdd, 1°2- oxoazet i di

4yl ] prop OHYéyMkéﬁj{e&o"ﬁecﬁr@%W% eafBg 07 YR el I ASIBGIAR - 4

one as syrup A sol ution [(2R) 4-]

e lyLﬁtQh?%pﬁg@%ﬁt«tﬂﬁ mm ORI PR BE TP o 2

, 3- dihydro-4H1, 3- benzoxazi ne- 2, -cycl ohexan] - 4- one ?
t et r ahydr of urdsdiphgny @apgw ¥s@2R0gPanz2@m éfcafbmﬁwsowéna ester as

bi s(trimethylsilyl)amde solution (solvent : tetrahydrofuran) at a
tenperature &yrgpn =20 [err]C to -30[err]C during one m nute. 261 ng of
trimethylsilyl chloride are added thereto at -50[err]C and the mixture is
stirred for ZEgEmmiteD. Then, 645 ng of di phenyl phosphoryl chloride are
added theretd at -50[err]C and the mixture is stirred for 2 hours at 0

O ettt i
SRR, -1 AT T e SR

@

4H-1,3-benzoxazine-2,1'-cyclohexan]-4-one in 20 ml of a mixture of
i@trahydmfuraﬂ and water are added 0.9 ml of 3@% aqueﬁus hydroger:
peroxide and 84 mg of lithium hydroxide in this order, and ﬁhe.mixture is |
stirred at the same temupe,fatwe for éné hour. The pH of the mixture is
adjusted to about 10 by adding dropwise 5 m! off 1.5N aqueous sodium
sulfite at the same temperature and tetrahydrofuran is removed under
reduced pressure. . The_ precipitated crystals are removed by filtration and
the aqueous layer of the filirate is washed wﬁtﬁ 20 m] of chlomf@rm,, 10 mi
of 10% hydrochloric acid are added therato and the pH of the mcxmn’e is
adjusted to about one. The aqueous layer is extracted with 30 mi of ethyl
acetate. Thé ethyl acetate layer is dried and then evépcrated under
reduced pressure to give the crude product. The product is recrystallized
from a mixture of ethyl acetate and hexane to obtain 216 mg of (2R}-2-{(3S,
4R}-3-[{1R)-1 =t=hu‘ayidimethyisiﬂyﬂoxyethyﬂl-=25-=oxoaz?etidm#yﬂ}pmpﬁonﬁc acid.

- m.p. : 146-147 °C



-42- preci pitates of 355 ng of

spi ro[ 2, 3-di hydro-4H 1, 3- benzoxazi ne-2, 1' - cycl ohexan] - 4-one are renoved
by filtration. The filtrate is condensed to obtain 1.04 g of (1R 5R
6S)-6-[(1R) - 1-t- butyldlnethyIS|IonxyeL£yl] 1- net hyl -

2- di phenyphosphoryl oxy- car bapen- 2- em 3- Car boxylic acid-allyl ester as
syrup Exanpl e 22 To a solution of 500 ng of 3-[(2R)-2-[(3S,
4R)-3-[(1R) - 1- +

butyldlnethyIS|IonxyethyI] 2- oxoazetidi n-4-yl]propionyl)-spiro[ 2, 3-di hydro
- 4H 1, 3- bdaxampleia®- 2, 1' - cycl ohexan] -4-one in 20 mM of a mixture of
tetrahydrofuran and mater are added 0.9 ml of 30% aqueous hydrogen

peroxi de and 84 ny Hfniktutd b (D m{@!@tté@dw&ﬂﬁﬂl@@é@ﬁaﬂ éﬁ@uht‘@ﬁw reis

stirred at the sanme tenperature for oné hour. of the mxture is

Ul ite at IREOG 0631 AL iboPaRiM 8foaall, %’uran 3l ?*%f%@ﬁﬁﬁﬁéﬂl

[ﬁﬁ”ééﬂeﬁfj??i&mbﬁ?ﬁﬁrec'ﬂ%aan@ SRR e AT Tl o o

m  of 10% hydrochloric acid are added: thereto and the pH of the m xture |s
adj ust ed t o expihermitheactioniséarisgnsbine mbxure egsmlof@@uadamﬂwmtrﬂ Sbf ethyl

acet at e. The ethyl acetate layer is dried and then evaporated under
reduced pregwfrig24dibroivsathinee i Bed af tetcahytirofuraihis qxidetidtopveiss tisarg. ai | i zed

froma mxture of ethyl acetate and hexane to obtain 216 ng of (2R)-2= [ (3S,

j?i) e L(IR) Tﬁ%ﬁ,pﬁ%&%%@ﬂr%‘jf M%&%m REdUtbS.” 2- PHRARBRLA 8 cboldd & é’p'. oni ¢
temperature of § G and to this cooled liquid is added dropwise a mixiure of

- 1.15 g of (3R, 4R)-4-acetoxy-3-{(1 R}-1-+butyidimethylsilyloxyethyl}-2-

azetidinone and 2.11\ g of 3-»(Zebromspropinnyi)sspiro[z,sid%hydrés4He'1 3
beﬁzcxazﬁneazg‘ﬁ’«cycﬁohexaancne in 5 mi of tetrahydrofuran. ~ Then, the
mixture is stirred at 10 C forone hour. - 60 mi of aqueous saturated.
ammonium hydrochicride are added thereto and the mixture is extracted
with gthyl acstate. | The exiract is washed, dried and avaporated to
remove the solvent. The residue is purified by sifica gel column
chromatography (solvent ; hexéne:ethyﬂ acstate = 6:1 - 3:1} to obﬁaih 161g
of 3-{(2R)-2 (3S, 4R})-3-{{1R}-1-t-butyldimethylsilyloxysthyl)-2-oxoazetidin-
4-yllpropionyl}-spiro[2,3-dihydro-4H-1,3-benzoxazine-2, 1 ‘-cyclohexan}-4-
one.

m.p. : 154-155°C

Examples 24 to 33
The corresponding starting ccmpoun?d;s are treated in the same

manner as described in Example 1 to obtain the compounds listed in Table



-43- Exanpl e 23 A mxture of .10 m of tetrahydrofuran and a
smal | anmount of iodine is added to 437 ng of magnesi um piece at a room
tenperature and 0.75 g of 1,2-dibronoethane are added dropw se thereto

w th stirring. Wen the exothernic reaction starts and the nmixture begins
to reflux, a solution of 1.51- g of 1,2-4#bronoethane in 3 m of
tetrahydrofuran i s added dropw se thereto Then, the mixture is refluxed =
for 30 minutes. The mxture is cooled to a tenperature of 5 [err]C and to
this cool ed quuid i s added dropwi se a m xture of 1.15 g of (3R

4R) - 4- acet oxy -1 ( %ﬁhp%pl OW&&,{&Q%@%I%&%%%M* %ﬁysﬁééétlbgi;%?”e and

2.11 g of 3- ( - br onop Spiro

benzoxazi ne- 2 of tetr r Qf, ur.an. Then, the
mxture is sth (é) é@éﬁxk ﬁf%‘ﬁy@’ﬁﬁ e‘@ﬁi"zﬁﬁ@m“e@r sg d ﬁ%%@m?at ur at ed,
annDnlun1hydrochIor|de are added thereto and the mxture is extracted with
et hyl acet at emannerpsdesaritast inj Examplect!, tocpbtain thecompamdsdisted is Takdgove

t he sol vent. The residue is purified by silica gel colum
chromat ogr aphg, (sol vent ; hexane:ethyl acetate = 6:1 - 3:1) to obtain 1.61
g of 3-[(2R)-2-[(3S,

4R) - 3-[(1R) - 1-t - but yl di et hyl si | yl oxyet hyl ] - 2- oxoazet i di n-

4-yl ] propionyl }spiro[ 2, 3-di hydro-4H 1, 3- benzoxazi ne-2, 1' - cycl ohexan] - 4-

one. mp. : 154- 155[err]? Eﬁﬁnﬁles 24 to 33 The
correspondi ng starting conpquds_are t @% in the sanme
N
- Br O—N
Ex.
No.
z! 72 X Y

25 — (CHds— S S
2% — (CHp)s— 0 INCE;
71| nCeHg n-C,Hg 0 © ONCH
28 - (CHps— o — CHy—




manner as described in Exanple 1 to obtain the conpounds listed in Table
- 44- 5. Further the conmpounds listed in Table 5 and (3R,

4R) - 4- acet oxy-3- [(R)-t-butyl di nethyl silyloxy)ethyl]-2-azetidinone are
treated in the sane nmanner as descri bediSen Exanple 11 to obtain the
conpounds listed in Table 6. [err]

- 45- [err]

TBSOQ
Ex.
No.
z! 22 X Y
29 CHy | CH; s S
30 = (CH)e— s | s
31 = (CHys~ o INCH
32| nCHg | nCHy | - O INCHs
33 — (CHgs— o - == CHp—

Reference example 1

A mixture of 20 g of dibutylketone, 19.3 g of salicylamide and 2.7 g of
p-toluenesuifonic acid monohydrate is added to 300 m! of toluene and the
mixture is refluxed overnight by making use of a dehydrator of Dean Stark.
After cooﬂﬁng,- the reaction mixture is washed, dried and evaporated {o
remove the-solvent, The residue is purified by silica gel column
chmmamgraphy (solvent ; hexane:ethyl acetate = 85:5) to obtain 34 g of 2,2-

dibutyl-4-ox0-2,3-dihydro-4H-1,3-benzoxazine as a yeliow oil.



Ref.erence exanple 1 | A m xture of 20 g of dibutyl ketone, 19.3 g of
salicylam de and 2.7 g of p-toluenesulfonic acid nonohydrate is added to
300 M of toluene and the mxture i's refluxed overnight by nmaking use of a
dehydrator of Dean Stark. After cooling,e the reaction mxture i s washed,
dried and evaporated to renove the solvent, The residue is purified by
silica gel colum chromatography (solvent ; hexane:ethyl acetate = 95:5)
to obtain 34 g of 2,2- dibutyl-4-o0xo-2,3-di hydro-4H1, 3-benzoxazi ne as a
yel l ow oil. Ref erence exanples 2 to 6 The

cor r espondi-nReferantce egampigzo2te8 [XI 11 ] and the corresponding starting

compounds [ XTIV ] are treated in the same manner as described in Reference

mple 1t btain t il ' 7
_er);glme) $ [er?]o ai n t hehe- eopspdRing SihRfhg conmgdlmis [7XIll ] and the

corresponding starting compounds [ X1V | are treated in the same manner as

described in Reference example 1 to cbtain the compounds listed in Table

7.
Table 7
Ref.
Ex.
Ne.
Z! - 22 “ “ﬂing B Physicaﬂnpmpemes; etc.
2 ~ yellow oil
3 ]O m.p. 159-161 “C~
6] ' _
4 — (CHgs— jO m.p. 168-170 °C
5 = (CHa)s— | D m.p. 175-177 °C
CHj
6 | - (CHds— - Q " m.p. 193-195°C
: | OCHs .




Reference exanple 7 (1) 12.5 m of thionylchloride are-added dropwse to
a solution of 25.0 g of 2,2'-dithiodibenzoic acid in a m xture of 120 ni
of toluene and 0.5 m of dinethylformam de at a roomtenperature. The
mxture is warmed to a - tenperature of 7@ to 80[err]C and then stirred at
the sane tenperature overnight. After 20 hours, t.he crystals are
collected by filtration to obtain 14.9 g of 2,2'-dithiodibenzoyl chloride
as colorless crystal. mp.: 140-141 [err]C (2) 20 m of aqueous
ammoni a are added to a suspension of 7.03 g of 2,2'-dithiodibenzoyl
chloride i n Beferencs eyampiné at a roomtenperature. The mixture is warned
to a tenperature of 80 to 90 [err]C and stirred for 5 hours at the sane

t enper at ur e. (1) Thei 2Exhlokthichylahtbids bfe addabdropivis® 6 atstitidnuigs/g gt 8 g of
2, 2" -di t'hi odi benzoyl am de as col oress crystal. Yield : 77%

d

m p.: 249-25 ke s~ Lo : [ | ropw se
to a suspens%%éo#ﬁlﬁé%néé%fé%qg‘fgﬁﬁl ?ﬂ#%%?gg%g@y at%ge%“? @ggﬁgmgf zinc
powders in 7Q m di gxane. The m xture is rmed tq a tenperature of
60-70[err] C %Wt@ﬁfqm@mséggfapg%;s@gﬁm- i sarﬁ‘%@%@@d?%me 8@ reaction
mxture is poured into 50 ml of water and the m xture is extracted wth
et hyl acet at'emperatuge By 70 ta 86:"&t and thes stireedialdhe sarm tarapemttrevapor at ed
under reduced pressure to _

' ovemnight. After 20 hours, the crystals are collected by filtration to obtain

M;,Q g of 2,2'-dithiodibenzoy! chloride as colorless crystal.

m.p. : 140-141 °C
{2) 20 miot aquecﬁs ammonia are added to a suspension of 7.03 g of
2,2-dithiodibenzoy! chioride in'20 mi of dioxane at a moﬁtemperature. '
The mixture is warmedto a temperaﬁure of 80t0.80 °C énd stirred for 5
hours &t the same temp"erat_u;re. The mixture is cooled to a room
temperature to give 4.8 g of 2.2'edithﬁoc§ibenzaylém§de as colorless crystal.

Yield : 77% |

m.p.: 249-250 °C
{3) 41 miof2N hydmchﬂoric'acﬁd are added dropwise to a suspension of
4.14 g of 2,2"-dithiodibenzoylamide and 2.5 g of zinc powders in 70 mi of
dioxane.  The mixture is warmed to a temperature of 60-70 °C and stirred
for 4 hiours at thé same temperature.  The reaction mixture is poured into |
50 ml of water and the mixiure is exiracted with ethyi acetate.  The ethyﬂ
acetaﬁe. fayer is washed, dried and evaporated under reduced pressure {o

‘remove the solvent. A mixture of 5.64 ml of cyclohexanone and 1.03 g of

gpetoﬂuenesuﬂfonﬁc acid monchydrate is added to a solution of the above-



remsve the sol vent. A mxture of 5.64 m of cycl ohexanone and 1.03 g of
p-tol uenesul fonic acid nonohydrate is added to a solution of the above-
-48-  obtained residue in toluene and the m xture is refluxed for 40

m nut es by maki ng use of a -dehydrator g Dean Stark. After cooling to a
room tenperature, the reaction mxture ts condensed under reduced
pressure and net hanol is added thereto. ° The precipitates are collected
by filtration to obtain 3.05 g of ,

spiro[ 2, 3-di hydro-4H 1, 3- benzot hi azine-2,1' - ~ cycl ohexan] - 4-one as

col orl ess chéi@m@.d residue in teiygne amt@wz@wr@]@mﬁéx@ dacél siawiesdy (1)
10.0 g of Nnethylisatic acid are added gradually to 140 ml of water at a
room t enper amakinguse 8f & dghpdratonsiDeam8tarki a Altsraddting do egwbse thereto.
The m xture is warnmed to a tenperature of 80[err]C during 45 mnutes and

sthanol |s aflifferahtbCifd MACton TRIUFEIS bbATerBiod! iHicr1BEOLRS presdlufy | ess-

Then, the reaction mxture IS coo to a roomtenperature ] _
c ;?EL%WF Eﬁ’ﬁé@ ﬁ%ﬁ%ﬁ?ﬂiﬁéﬁ%@ et -eEfZ ’gﬁ%&ﬁ%ﬁ%ﬂ%@é gfé)f@fés?%i b%i_%: ‘;32‘
E‘fh :'p: Col uchuatoe o obidie et srrele - wvdfane b baraSian2or 5 00 o
cyclohexan}-4-cne as colorless crystal.

m.p.. 193-185 °C

Reference example 8

(1) 10.0got Nemeﬁhylisatic acid are added gradually to 140 mi of water
- at a room temperature and 9.6 g of aqueous ammonia are added dropwiss
therete.  The mixture is warmed to a temperature of 80 °C during 45
minutes and ethanol iswadded thersto until the reaction miktur’e becomes
colorless. Then, the reaction mixtﬁre is cooled to a room temperature
_and the precipitated crystals are collected by fiitraﬁfan to obtain 7,11 g of 2-
carbamoyi-N-methylaniline as colorless crystaﬂ.

| Yield : 84%
m.p. : 155-156 °C

{2) | A mixture of 6.9 mi of cyclohexanone and 633 mg of p-
toluenasulfonic acid-monohydrate is added to a sclution of 5.00 g of the
above-obtained product in toluene and the mixture is _reﬁuxed with
dehydration by making use of a dehydramr of Dean Stark fon'_ane hour.
After cooling to a room temperature, the pfecipﬁﬁaﬁed crystais are collecied

by filtration and washed with methanol to 6btafn 6.32 g of spiro[1-methyl-



above- obt ai ned product in toluene and the mxture is refluxed with .
dehydration by nmaking use of a dehydrator of Dean Stark for one hour.
After cooling to a roomtenperature, the precipitated crystals are

collFected by filtration and washed w t hggret hanol to obtain 6.32 g of:

spi ro[ 1- net hyl - -49-
1, 2, 3, 4-tetrahydroqui nazol ine-2,1"-cycl ohexan] 4-one as colorless crystal.
Yield: 83% mp.: 183- 185[err]C A mxture of 11.5 m of

5- oxononane and 633 ny of p-tol uenesulfonic acid nonohydrate is added to a
sol ution of 5.,8@, &t@mhmwmmeo%ﬂacwexamﬁe%amﬂm rgstal.(1) in
toluene, and the mxture is refluxed for 30 mnutes by naking use of a
dehydrator of DearYigidardd% After cooling to a roomtenperature, the

m xture is condensed under .reduced pressure and the residue obtained is
purified by silic el 4 hr omat ogr aphy (solvent ; chloroform:

nmet hanol = 100: 1)% b %h%ﬁgCﬁG g of 1 -nethyl-2, 2- '

di but yl - 4- ox 2, 3. 4-1 et rakydroqui nazoline as yellow crystal.

Yield: 100% <= e C Reference exanple 10

Ni trocycl ohexane and b enz rom de are subjecte condens tlon reaction
in the presence ofA f eg ISOOW?F?@@“K&@’% tng_of p-to ohuenasuifonic

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

Reference example 8-(1) in toluene, and the mixture is refluxed for 30
minutes by making use of a dehydrator of Dean Stark.  After coofing to a
room témperature, the mixture is condensed under raduced pressure and
the residue obtained is purified by silica ge! column chroriatography
{sclvent ; chloroform : methano! = 100:;5) to obtain 9.16 g of 1-methyl-2,2-
dibutyl-4-oxo-1 ,Zﬂs,éct;trahyquuinafzoline as yellow crystal.

Yisld : 100% |

m.p. : 77-78 °C

Reference example 10

Nitrocyclohexane and beniyﬂbromide are subjected to ccndensatﬁen
raaction in the presence of eadﬁum hydiide to obtain 1:benzyi-1-
nitrocyclohexane.  The preduct Is reduced with lithium aluminum hydride
to obﬁeﬁn 1-benzyl-1-aminocyclohexane. The product is reacted with |

| methyl chlorotozmate to obtain 1-benzyl-1- |
meﬁhcxycam@nyﬁamﬁn@cyctohexane, and the product is subjected to
intramolecular cyclization in the presence of phosphorous oxychloride to

obtain spiro[1,2,3,4-tetrahyd mﬁsoquimﬁﬁne«zﬂ -gyciohexan}-1-one.



ni tr.ocycl ohexane. The product is reduced with |ithium.alum num hydride
to obtain 1-benzyl-1-am nocycl ohexane. The-product is reacted with

nmet hyl chloroformate to obtain 1-benzyl-1- . o

met hoxycar bonyl am nocycl ohexane, and the product is subjected to

i ntranol ecul ar cyclization in the presefite of phosphorous oxychloride to-
obtain spiro[1l,2, 3, 4-tetrahydroi soqui noline-2,1"-cycl ohexan] - 1-one. :
Ref erence exanple 11 (1) A solution of 9.6 g of ethoxycarbonyl chlori de-
in 25 mM of ether is added dropwise to a solution of 30 g of
1-(2-an1no-%§qu_* LoDV, -G met hoxybenzene in 300.- ml of ether under

| ce-cool i ng. fieTefRriLe exam '~:\n of 9. 6'g of ethoxycarbonyl chloride in 25 -
‘m and a sol ution of f sodiu dr.oxi n,50 f er, are added
dropwi se t hdilbt oﬁsﬂmﬂ@% 03@&3 gi gt n}‘O’E E&F @% ”@%ﬂ%&f ne hour and
wat er is added thereto. The ether Iayer I's renmoved therefromand the .
aqueous | ayexddes drepwiset teca siofutiont 680 gtokilei2-aminm2-wethylpsIpihé- et her | ayer
and the extract is dried and evaporated to renove the solvent.  The-

resi due is QHathk @en@thaw AT oP ERie? Uhaehice-doaling! ai ThaA, 4 solutfon of
1- (2- (N- et hoxycarbonyl ) am no- 2- net hyl propyl ] -4- net hoxybenzene as an oil.

NVR ( CDCl 7. 10( 4H,
m, s éﬁtﬁéxfcg%@“ff@%wé%% éﬁ?&ﬂﬁ%%&uﬂ@é R Y i ned
duct dded .t 0 f I dth
D Prren ot dvroonks Brod matdi Nl R IR Bristns WheBR | IAndpelldtich. <
gradually warnmed to a tenperature of 100
the mixture is stirred for one hour and water is added thereto. The emer

layer is removed therefrom and the aqueous layer is extracted with ether
twice. A mixture of the ether layer and the extract is dried and evaporated
to remove the solvent. The residue is purified by cc!ag;ﬁ.m chromatography
.'m obtain 29.1 g pf 1-{ag(Naemoxycarbcnyl)aminoe&meghyﬂpmpyi}eéls
methoxybenzene as éﬂ oil.

NMR (CDCl,) § : 1.83(6H, s}, 3.12(2H, s}, 3.72{3H, 5), 6.70-7.10{4H, m),

. 6.7-7.1{4H, m} , .
{(2) 10 g of the above-obtained product are added to 100 m of
polyphosphoric acid and the mixture is stirred at a room temperature for 30
minutes. Then, the mixﬁure is gradually warmed to a temperature of 100

*C and stirred at the same temperature. - After cooling to a room
temperature, 300 mi of water are added therete and the mixture is extracted

with chloroform. . The extract is dried and evaporated to remove the

soivent. The residue is purified by column chromatography to obtain

5.43 g of ‘ﬂ=oxo-383«dimethy!«?=methoxy=‘ﬁ,2,3,.4«teﬁrahydmﬁsoquﬁmlﬁne as

an ol. N -

NMA (CDCly) § : 1.62(6H, s), 3.10{2H, s}, 3.72(3H, s), 8.80(1H, ¢, J=8Hz),
| 7.45{1H, dd, J=3Hz, OHz), 7.85({1H, d, J=3Hz)



" [err]C and stirred at the ‘sane tenperature.” After cooling to a room
tenperature, 300 mMl of water are added thereto and the mxture is extracted -
wi th chl orof orm The extract is dried and evaporated to renove the
sol-yvent . The residue is purified by coéumm chromat ography to obtain 5.43
g of 1-oxo-3, 3-dinethyl -7-net hoxy-1, 2, 3,%4- tetrahydr0| soqui noline as an oil.
NVR (CDCl[err]) [err]:1.62(6H, s), 3 10(2H s), 3.72(3H, s), 6.90(1H, d,
J=9Hz), 7.45(1H, dd, J=3Hz, 9Hz), 7.85(1H, d, J=3Hz)
THE EFFECTS OF THE | NVENTI-ON Accordln to the present invention,
the azetidi none conpound [ THBRYEFFECES) OF RHE-BNVENRIGN pr epar ed

st ereosel ectively. Sai d azetidi none . corrpound [ I ] is a useful

synt heti c inter nedcabeding td the griesent inventicet, iys aaewﬁom&bmuﬁét[lw%r[ X]
having an antibacterial activity because t he conpound | ] has’the

tial sk t
I[C)S;ri oo ev\ﬁes%gl weéé;oﬁ W?Hﬂ%e gg%B%%iggx%ed fﬁ‘%d{/%é& no P IS sui tabl e

for preparing the l[err]- rretIHI car bapenem skel et on. To say nor e
parti cul ar | ycampeengdrlétiawset S}'ﬂﬁﬁﬁtl%ﬂfgﬁmeﬁﬂﬁ@r@‘dhﬁdﬁn be converted into
the conpound [I] or a salt thereof with high stereoselectivity by reacting

it wth the ﬁﬁéﬁﬂé@@ap@néhﬂ detﬂ%‘ﬁvéﬁ@ﬁm%ﬁn?@ﬁ &tibdctasi ‘é&:?a?ﬁlfyc %%nﬂs%?t be

required and t expensi ve conpou " can be used e
the compound [ | ] has the partial skeleton {i.e., supporting group) of the

formula

-wherein symbols are the sams as defined above. which is suitable for

prépaﬁng the 1B-methylcarbapenem _ske!et-én. To say more particularly,
the compound [ il } or a salt thereef can be ccnvened:irﬁc thécompound [
of a sait thereof with high' sterecselectivity by reacting it wc’-th the campound
{ 11}, and hence an optical resolution must not be required and the
expensive compound { 1il } can be used efficiently.

Moreover, the compound [ i ] or a salt thereof can be easily converted
into the compound | Xil ] or a salt thereof which is an important intermediate
of the ﬂ@»methyﬂcarbapénem derivative by hydrolysis because the
compound [ [ ] has the 1-B-methy! group at the 4epesiﬁ0n of the ézatid'mone

skeleton.

Further, after the conversion of the compound [ | | or a sait thereof into



Mor eover, the conmpound [I] or a salt thereof can be easily converted into
the conmpound [ XII] or a salt thereof which is an inportant internediate

of 'the 1[err]-nethyl carbapenem derivative by hydrol ysis because the
conpeund [I] has the 1'-[err]-nethyl grousgat the 4-position of the

azetidinone skeleton. Further, after the conversion of the
conpound [I] or a salt thereof into i the conmpound [VII] or a
salt thereof, the thus-obtained conpound [VII] can "be converted into the
conpounds [ XI ] or a salt thereof and [VIII] or a salt thereof by

i ntranol ecul athe gepdahd OVIM droeklt tiedrenf; the thushebtaindd colpoond { M) cart t he
4-position of the azetidinone skeleton by chem cal nodification.

Furt her nore, | j j

ecoverod as CROENBRES M IEFSIDRaIXITo Aok abETana VI ToEsat
cyclization, and r t he compound [ r th is useful as
a synthetic i *’@M}@ﬁ?@%ﬁ%‘?c{fﬁé %?@%#ﬁ%&t‘#ﬁ?@&?%ﬁ@ﬁ% %@%%bﬁm grgu[p X Jor
a salt thereof fromeither an operational or econom cal point_ of view

On the ot her BhHe 4pPesiticarof|thaazeldianenshalelon hyghemigal medificatian. sal t

t hereof can be readily-prepared. For exanple, the compound [I1] in which
both X and Y are ofygbarmereythasdppddingi group of $haiprasist inventiah carebeene ri ng
can be prepared fromconmercially available salicylamde by two steps.
Therefore, ac %E@'e?ﬁ a9tid 8oMpRERAT vy s&fthobdst id ey intramolecular

cyclization, and therefore, ;the campound { 1] or a salt thereof is useful as- a
synthetic ihten'mediate of the 1 ﬁsmethyﬁcamapenem dervative [ X 3'93' a salt
thereof from either aﬁ operational or economical point of view.

- On the other hand, ihéwhalopmpi@namﬁde ccmpséund [H]ora saﬁ? ..
thereof can? be readily prepared.  For ex'an‘*ugie, the ccmpaunéi [H}in
which both Xand Y are obzygén atoms and 'the Ring B is unsu;)siﬁtmed;
benzene ring can be pn’e'pared from commercially avaﬁﬂ_able saﬂicyﬁgmide by
two steps. |

Therefore, according to the present invention, the ig- .
'methyscarbapehem derivative [ X ] or a salt thereof can be easily prepared ﬁn
an industiial scale because it is not necessary to perform the optical
resolution, to use thé expensive l.ewis acid such as tin mﬂaﬁe_ or boron
triflate and to aclivate the side-chain group at the 4-position of the

azetidinone skeleton by chemical modification.



thyI car bapenem derivative X ] or a salt ‘thereof can be easily prepared
in an indus “ﬂ _H‘?\‘ i !ése it is not necessary to performthe optical
resol ution, tHee LG O ive Lewis acid such as tin triflate-or boron
tri-fl ate and to actlvate the side-chain_gyoup at the 4-position of the
azeti di none skel eton by chenical nodification.

- 53- Azet i diiQNe HIHBHY bripthnll- @885 prbeéssPEOpapseparathen cofieredhat we
claimis: T An azet1 di none conpound of the 1]
[err] wherein Ring Bis a benzene ring which nmay have

substituent (4 Yectdimiis :a hydroxy-substituted | ower akyl group which may
be protected, X is oxygen atomor sulfur atom Y is oxygen atom sulfur
atom nethylene group or an imno group which nmay have substituent(s), and
Z is a nethylene group which nmay have substituent(s), or a salt thereof.

2. The conpound accprdi ng ' : ' ' .benzene ring
whi ch may  be substltﬁged byA@ﬁ%&%ghﬁ%éfm@?g@@PQ¥E@§%% aﬁ%[ﬁ roma group

consi sting of a halogen-atom a_ |ower alkyl group, a |ower al koxy group
and an aryl group, Y is oxyge om sul fur atom nethyl ene .
X

[1]

wherein Ring B is a benzene ring which may have substituent(s), Rlisa

hydr@xyesubstitmied tower alkyl group whieh may be protecied, X is 6xygen
atom or sulfur atom Y is oxygen atom, sulfur atom, methyﬂene group oran
-imino group which may have substituent(s), and Z is a methylene group

' which may have substitueni(s), or a saﬂ! 'thereot

2. The compound according to claim 1, whersin Ring is
a benzena ring which may be substituted by one to four group(s} selected
from a group consisting of a halogen atom, a lower alky! gmup, a lower
alkoxy group and an aryl group, Y is oxygen atom, sulfur amm, mathylene
group or an imino group which may be substituted by a lower alkyl group,
an acyl ésoup or an aralkyloxycarbonyl group, and Z is a methylene group
which may be substituted by one to two group(s) selected from a group

consisting Q# a Cq_- alkylene group, a Cy_oq alkyl group, a Cy_5 cycloalkyl

group (said alkylene group, alky! ‘grcup and cycloalky! grdup iumhér may



group or arn*rm—rro—grotrpﬂaﬁ:—h may be substituted by a | ower al kyl group, -
an acyl grqun A 0.3 | oxycar bonyl group, and Z is a nethylene group’

whi ch may ] ;Q one to two group(s) selected froma group
consi sting Gf Heir KY1 ene group, C[err] al kyl group a (err]
cycl oal kyl group (said al kyl ene group, ﬁ Tkyl group and cycl oal kyl group

further may -54- have substituent(s)), an aryl group, an aralkyl.
group and a heterocyclic group. 3. The conpound accordi'ng
to claim2, wherein Ring Bis a benzene ring which may be substituted by

a hal ogen atbawe substitwentis)l gin arybgmm an axalkyhgroup edya hgterayclicy i s oxygen
atom sul fur atom methylene group or an imno group substituted by a

| ower al kyl growgp, and Z is a met hyl ene group which nay be substituted by
one to two group(s) selected froma group consisting of a (Jerr] al kyl ene
group, a (err]al ky group and an aral kyl group. 4. The
conpound according to clain13 wherein Rng Bis an unsubstituted benzene

ring, X is oxygen ato d.Z 0
‘substitut ed by a er Q}S‘Yee?%’ﬂ %&3{’7@%@9@@ B WHE"@“ s@ﬂsﬁggﬁxed by a
di-Clerr] al group or a met hyl ene %roup substituted by a

- (pheny- | ﬁéen@n@mg@m may be substituted by a halogen atom, a lower alky!
group or & lower alkoxy group, Y is oxygen atom, sulfur azom, methylene
group or an imino group substituted by a lower alky! group, and Z is a
methylene group which may be substituted by ons {o two gfoup(s) selected

=

from & group c@nsistﬁng of & Cq_ alkylene group, é C4 .90 alkyl group and

an aralkyl group.

4, The compound accon'dmg to claim 3, wherein ng Bis
an unsubstituted banzene ring, X is oxygen atom, Y is oxygen atom, and Z is

a methylene group substituted by a Cq_7 alkylens group, a methylene group
substituted by a di- Cy_,p alkyl group or a methylene group substituted by a

di-{pheayl-lower alkyl}group.
- 8, The compound according to claim 4, wherein Z is
pentamethylens-substituted methylene group or dibutyl-substituted

methylene group.

6.  The compound according to any of claims 1 to 5,



5. .. The conpound according to claim4, wherein Zis

pent anet hyl ene-substituted nethyl ene group or dibutyl
nmet hyl ene group. 6. The conpound accorq I@“ ﬂ ﬂ““
clatnms 1 to 5, vvherelnthe3§)§3|t|on of the azeld

skel eton has S configuration. 7. 3-{(2R) - 2- [(38
4R)-3-[(1R)-1-t-Butyl di net hyl silyl -
oxyet hyl ] - 2- oxoazet i di n-4-yl ] propi onyl ]-spiro[ 2, 3-d|hydro 4H 1, 3-

benzoxazi ne-2, 1' - cycl ohexan] - 4- one. 8. A pracess for
preparing an Mmemdha@qmsnmmmhe aketidihend sketetom fidg S configuration.
[err] wheren Ring Bis a benzene ring which may have substituent),

Rlerr] is a hydroxy- substltut ed | ower al kyl group which nmay be protected,
X is oxygen ) :

7. 3-{{2R}-2-f {3S, 4R)-3-[{1R})-1-t-Butyldimethylsilyl-
oxyethyl]-2-oxoazatidin-4-yf] propicmyt}esproﬁz,s-sdﬁhyd ro-4H-1,3-

benzoxazine-2,1'-cyclchexan]-4-one.

8. A process for preparing an azetidinone compound of

the formula [ [} :

(1}

wherein Ring B is a benzena ring which may have substituent(s), Rlisa

hydroxy-substituted lower alky! group which may be protectad, X is oxygen
atom or sulfur atom, Y is oxygen atom, sulfur atom, methylene group or an
imino group which may have subsu uent{s}, and Z is-a methylene group

which may have substatuent(s) or a salt thereot wmch .comprises reacting

an a-halopropionamide compound of the formula [ ih]:

(1]




at om or sul fur atom Y is oxygen atom sulfur atom net hyI ene group or an

IW ;)

i M no group which may havé substituent(s), and Z isa metimmlmnmm
may . have substituent(s), or a salt thereof, which conpri

[err]-hal opropi onam de conmpound of the_dg rrrula [r]: % [%err]
- 56- wherein L[err] is a halogen atom and other synbols are the sane as
defined above, or a salt thereof, with a conpound of the formula [II1]:
[err] wherein L[err] is a | eavi ng group;, and Rlerr] is the sanme as

defined above, and if required, further conveting the product into a salt
thereof.  wherein L%isa %aicgeﬁratémr éhd %Mﬁi@tﬂ@ e dve 6aMeCaY defitied he
fornula [I1]: wherein Ring B is a benzene ring
whi ch may have substituent(s), X |s oxygen atom or sulfur atom Y is
oxygen at onf QﬁeszfraWbm@thWh@r@@WOfdheéWm%rHf@ﬁoup whi ch nay have
substituent(s), Zis a nethylene group which may have substltuent(s) and
L[err] I s a hal ogen atomer a sah} t her eof .

| | | (m)
O4fﬁmNH

wherein L1 is a lsaving group, and R! is the same as defined above, and if

required, further conveting the product into a sait thereot.

8. An a-halopropionamide compound of the formwla { {1 ] :

(I}

wherein Ring B is a benzene ririg which may have substituent{s}, X is
oxygen atom or sulfur atom, Y is oxygen'atom, sulfur atom, methylene group

or an imino group which may have substituent(s}, Z is a methyiene gmup

which may have substituent(s) and L° is a halogen atom, or a salt thereot.

10.  The compound according to claim 9, whersin Ring B.is
a benzene ring which may be substituted by one to four group(s) selected
from a group consis&ﬁnj of a halogen atom, a lower alkyt group, a lower

aﬁkmy group and an aryl group, Y is oxygen atom, sulfur atom, meﬁhyﬂen‘e



10. The comaour‘rd*accormmg—ro claim9, wherein Ring Bis a benzene ring
whi ch may b ok iPwone to four group(s) selected froma group
consi sting ‘_ .‘Js‘ ;a |l ower al kyl group, a | ower al koxy group .
ard an aryl noxygen atom sf¢fur atom nethylene -57-
group or an im no group whi ch may be substituted by a | ower alkyl group,

an acyl group or an aral kyl oxycarbonyl group, and Z is a nethyl ene group

whi ch may be substitut ed by one to two group(s) selected froma group

consi sting of rou | kK ro err]

cycl oal kyl § V@@%{’ '@gg W@EPG%%M%‘;gX@I%"%ﬁ%‘P% gr oup
further may have substituent( s an aryl group, an aral kyl group and a
het er ocycl & ag @é@Hp oF an araiky!exycafbamﬁ gmu@héﬂ@mcﬁjm mdens group to claim
10, wherein Ring B is a benzene ring which nmay be substituted by a hal ogen

atom a | owdticlaintay be substituted by boevts twd groupspselectédifromaygeapat om  sul fur
atom nmethylene group or an imno group substituted by a | ower alky group,

and Z is a NEe }k@c group(s)
sel ected cr@ %@g%g;ﬁg&@é%kﬁ@h@ r@@ Q%[‘égg !’ﬁi&@eﬁgcgﬂ ém%[ err]
al kyl group an aral kyl group

group (said aﬁky&ene gr@up, aﬂky group and cycﬂoa ky! group further may

have substituent(s}}, an aryl group, an aralkyl group and a hetsrocyclic

group.

- | 1. ‘Tﬁe compound according to ciaim-'m, wherein Ring B
is a benzene ring which may be substituted by a halogen é&cm; a lower alkyl
group or a lower alkoxy group, Y Is oxygen a?t@m;, suffur atom, methylene
group or an iming gmu#v substituted by a lower alkyl group, and Zis a . .
methylene group which may be substituted by one to two group(s) selected

from a group consisting of a C3e7 alkylene group, a Cq g @ kyﬁ gmup ‘and

an arafkyl group.

12.  The compound according to claim 11, wherein Ring B
is an unsubstituted benzene nTng; X is oxygen atom, Y is oxygen atom, and Z

is a methylens group substituted by a C4_7 alkylene group, a methyleng
group substituted by a di- Cq.2q aikyl group or a methyiene group .

substituted by a di-{phenyl-lower alkyljgroup.



" 12... The conpound according to claim11, wherein R ng B—is—an
unsubstituted benzene ring, X is oxygen atom Y is oxyge 21|
met’hyl ene group substituted by a Jerr] al kyl ene group, E“ﬂ”ﬁﬂ&is'
substituted by a di-Clerr] alkyl .group %ge a met hyl ene gr c
a di - (phenyl -1ower al kyl)group. - 58- - 13. The conpound
according to claim 12, wherein Z is pentanethyl ene-substituted nethyl ene
group or dibutyl-substituted nethylene group. 14. -
3- (2-Bronopropi onyl ) -spi ro[ 2, 3-di hydro-4H- 1, 3- . Lo :
benzoxazi ne- 2, 1' - cycl dBexarTheicompound according to clains 12, whepgindelss f or
preparing an [err]-hal oprropanam de conpound of the fornmula [I1]:

[err] pditamiethyfbnesibstitutedoaptiyiens graup/\br dbutyhsubstitetedibst i t uent (s),
X is oxygen atomor sulfur atom Y is oxygen atom sulfur atom nethylene

group or i m@g'.ch may have substituent(s), Z is a nmethylene group
whi ch may hﬁgmgﬁ@tjgtu nt(s), and L[err] is a halogen atom or a salt

t her eof ,

14, 3-{2-Bromopropionyl)-spirc(2,3-dihydro-4H-1,3-

benzoxazine-2,1°-cyclotiexan]-4-one.

15. A process for preparing an a-halopropanamide

compound of the formula [l ] :

[I]

wherein Ring B is a benzene ring which f%nay have substituent(s}, X is
oxygen atom or sulfur atom, Y is oxygen atom, sulfur atom, methylene group

or imino group which may have substituent(s), Z is a methylens group
which may have substituent(s), and L9 is a halogen atom, or a salt thereof,

which comprises reacting a benzene eomp@und of the formula [ IV ] :

(IV]

whersin symbols are the same as defined above, or a salt therecf, with & 2-

halogenopropionic acid compound of the formula (V] ¢



T E T

whi ch conprises reacting a benzene conpound of the fornula [IV]:

[err]

t her eof ,_

[err]

reactive derivative thereof, and if

pr oduct

wherei n synbols are the sane as defined above

with a 2- hal ogenopropi onic acid conmpound of t "'mmlﬁm” mu

wherein L[err] is the sane aédefi ned above, a*satt or s
quired, further converting the

into a salt thereof. 16. A process for preparing

a 1[err]-net hyl - 2-oxycar bapenem derivative of the formula [ VIII]:

[err]

a group of the
t her eof

-whi ch

wherein R err] is a hydroxy-substituted | ower alkyl group

whi ch may be protected, RQHy] is hydrogen atomor an ester residue,
formula : - is an esterfied hydroxy[gyPup, or a salt

L@
COOH

wherein L9 Is the same as defined above, a salt or a reactive derivative

thereot, and if required, further converting the product into a salt thereof.

16. A process for preparing a 18-methyl-2-oxycarbapenem

derivative of the formula [ VIl ]

CHj;
RI\’”’?TT | |
.OA | :
. SN / : [ VII]
COOR?

wherein Rl is a hydroxy-substituted ﬁo@er alky! group which may be

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

formula : -OA is an esterified hydrexy group, or a salt therreoa‘ which
comprises the steps of :

a) reacting an azetidinone compound of the formuta (1} :

(13

d _
wherein Ring B is a benzene ring which may have subs&imem@s}n Xis

and



‘conprises the steps of: a) reacting an azeti di none conpound of the formula

H Lg: whi ch may have substi t'uentggr] Xis where no?yggmmmmrm]fml

atem Y is oxygen atom sulfur atom nefghyl ene group or &n Fmitho "gréup+
whi ch may have substituent(s), Z is a nethylene group which may have

subst huent (s) and Rferr] is the same as defined above, or a- salt thereof,
with an acetic acid conpound of the formula [VI]: [err] wherein
L[err] is a leaving group ,and Rlerr] is the same _as defined above, or a
sal t ther eofOXyg8nganE of suifur Biam;: Yiie exygen alenh sHlucaiepsunathyiener®ousr ml a

[err] wherein synbols are the sane as defined above, b)
subj ecti ng tdrearpimine geaupehich fridy fave substitlent(s)) & iscd methylene group ecul ar

which may have substituent(s} and Rlis ﬁhe same as definad above, ora
salt thereof, with an acetic acid carﬁpcund of the fermula [Vi}:

—— CH;~— COOR? [VI]
wherein L2is a leaving group and R? is the same as dafined above, or a

salt thereof, to give a N-substituted azetidinone compound of the formula

[VI]

wherein symbois are the same as deﬁned above,

b} subjecting the above compound [ Vil Jora saﬁt thereof to _ﬁmramoiecuiar
cyclization, '

¢) subjecting the intramolecular cyclization product or a salt theréaf to
esterification, and

d) if required, further conventing the product into a salt thereof.

17.  The process according to claim 18, wherein either or

both of the's’mramoﬂecuﬂar cyclization of the N-substituted azetidinone



cychki zation. c¢) subj ect| ng the intranol ecul ar cycl

sal{ thereof to esterification, and d) if reqw re 'Mmﬂmnﬂw“ﬂ“ ng
the product into a salt thereof. ' e ipr acess cordi ng
to ¢laim 16, wherein either or both of tge int rarml ecul ar cyclization of -
the N-substituted azeti di none

-61- compound [VII] or a salt thereof and the esterl fication of the

i nt ranol ecul ar cyclization product or a sal t thereof [ s(ar e) carried out
in the presence of a Lews rocess, for
preparing a 1?@tm@ﬁﬁ@%@§§ﬁ§@?ﬁﬁm€@mﬁaﬁt§ﬁﬂﬁuw tf‘@r“ pmolecylar .
[err] wherein R err] is a hydroxy-substituted | ower al kyl group
whi ch may be cyglizatiectprodudiormer $ali theraafis{ges) carded out imthespresenessotiae, and
Rlerr] is an organic group, or a salt thereof, which conprises the steps

Lewis acid.

18. A process for preparing a 1B-methyl-carbapensm

detivative of the formula [ X ] :

(X1

wherein 11 is a hydmxyasubstimted lower alkyl group which may be

protected, A2l hydrogen atom or an ester residue, and R%is an organic

group, or a salt thereof, which comprisas the steps of :

a) reacting an azetidinone compound of the formula [ 1] ¢

(1}

- wherein Rlisa hydroxy-substituted lower alkyl group, Ring B is a benzene

ring which may have substituent(s}, X is oxygen atom or sulfur atom, Y is

oxygen atom, sullur atom, methylene group or an imino group which may



a) reacting an azetidi none conmpound of the forrmula [T]:
[err] wherein Rlerr] is a hydroxy-substitute :
Ring Bis a benzene ring which may have substltuenﬂm ‘;‘L‘;f mnmmﬂﬁ at om
or.sulfur atom Y is oxygen atom sul fgz at om rret hyl ehe gr cup sor *an i mi no
group whi ch may -62- have
substituent(s), and Z is a nethyl ene group which nmay have substituent(s), -
or a salt thereof, with an acetic acid conpound of. the fornula [VIT]:
[err] wherein L[err] is a leaving group and R err] is hydrogen atom or an
ester resi duhave sebstitcent(s)! aad @k, a hethyigre groupswhishimay ddvazet i di none
conpound of the [err] wherein synbols are

the same as geidiMAMENHCa sait tharsot, with an acetic acid compound of the formula

[wil:
L2 —-CH,— COOR? [VI]
wherein L2 is a leaving group and R2is hydrogen atom or an ester residue,

or a salt thereof, {0 giye' a N-substituted azetidinone @mpound of the

formula (VI ] :

v

wherein symbols are the same as dsfined above,

b} subjecting the compound [ Vii ] ér a salt thereof to intramclecutar
cyclization,

¢) subjecting the intramolecuiar cy'c!'ﬁzation product or a salt thereofto
esterification fo give a 18-methyl-2-oxycarbapenem derivative of the ﬂéi’muﬁa

[Vin):

{ -VIH']




! b) . subjecting the conpound [VII] or a salt thereof to intranolecular

cyclization, c¢) subjecting the intranolecular cyclization product or a

sakt thereof to esterlflcatlon to give a 1ferr]- nethyl
derq vative of the formul a J ﬂﬂ ﬁﬂ ﬂm"ﬂgl

wherein a group of the fornula :-OA is ags-esteri fled hyar oxy growp, sand
Rlerr] and Rerr] are the same as defi ned above; and d) converting .the
conmpound [VII1] or a salt thereof to the corresponding 1[err]-

met hyl - car bapenem derivative of the formula [X] or a salt thereof in a

known met hod. 19. The process according to claim1
wher ei n R[ er mheraina group ditile dorymslay FO4ris ap astériflechiaydrbry .mlmaﬂéd? nd’
Rlerr] is 2-thioxopyrrolidin-4-yl group. A process

for preparing an 2azet i di nonepropionic acid conpound of the for mula [ XI1]:
[err] and R* are the same as defined above, and

d} converting the compound [ VIl ] or & salt thereof to the corresponding 18-

methyi-carbapenem derivative of the formula [ X ] or a salt thereof in a

known method.

18. The process accérding to claim 18, wherein Rl is a 1-
hydroxyethyl group which may be protected and R°is 2-thioxopyrrolidin-4-yt

group.

20. A process for preparing an azetidinonspropionic acid

compeound of the formula [XiT:

[ XL}

wherein Rl is a hydroxy-substituted lower alkyl group which may be

- protected, or a salt thereof, which comprises hydrolyzing an azetidinone

compeound of the formula [1] :



wherein Rerr] is a hydroxy-substituted |ower alkyl g_aﬁﬁ_ﬁﬁ‘Cﬁﬁﬂﬂf*ﬁ%~—
protected, or a salt thereof, which conprises hydrol yzi; g
cofrpound of -the fornmula [I]: [err] wh ,ﬁ
benzene ring which may have substituenifds), X is oxygen‘a om 4
atom 'Y is oxygen atom sulfur atom nethylene group or an |n1no gr oup
whi ch ‘may have substituent(s), Z is a methylene group which may have
substituent(s), and R err] is the sane as defined above, or a salt
thereof, and if required, funther convertlng the product into a salt

t her eof . 21. A2

azeti di nonepropionic acid
[err] - R}

(1]

wherein Ring 8 is a benzene ring which may have substituent(s), X is
oxygen atom or sulfur atom, Y is oxygen atom, sulfur atom, methylene group-

or an imino group which may' have substituent(s), Z is a methylene group
which may have substituent(s), and R1 is the same as defined above, or a

salt thereof, and if required, further converting the product into a salt thereof.

21. A process for preparinge'an azetidinonepropionic acid

compound of the formula [ XI1] :

Xm)

wherein R is a hydroxy-substituted lower alkyl group which may be
protected, or a salt thersof, which comprises the steps of :

a) reacting an a-halopropionamide compound of the formula [ Ul ] :



wherein Rerr] is a hydroxy-substituted | ower alkyl gromy be——
prSTected or a salt thereof, which conprises the steps

[ ert] - hal opr opi onani de corrpound of the fornula [II] "{1 qnm"mlﬂ
- 65+ CH3

wherein Ring B is a benzene ring which n@/ have substltuent(s) Xis

oxygen atomor sulfur atom Y is oxygen atom sulfur atom nethylene group
or an imno group which may have substituent(s), Z is a methylene group

whi ch may have substituent(s), and L[err] is a halogen atom or a salt
thereof,. with a conpoundegt the fornmula [I111] =

[err] wherein L[err] ik a |eavingxgroup, and Rlerr] - is the sane as’
defi ned above, to give azeti di ndhe conpound of the forrmula [1]:
[err] LY =N N

[I]

whersin Ring B is & benzene ring which may have substituent(s), X is
oxygen atom or sulfur atom, Y is oxygen atom, suliur atom, methylene group

or an imino group which may have substituent(s), Z is a methylens group
which may have substituerit(s), and L9 is a halogen atom, or a salt thereof,
- with & compound of the formula { Il1 ] :

T -

- NH

wherein L is a leaving group, and R is the same as defined abovs, to give

an azetidinone compound of the formula [ 1] :

(1]

wherein symbols are the same as defined above,
b} subjecting the above compound { | | or a salt thereof to hydrolysis, and

e) it required, further converting the product into a salt thereof.

22. A process for preparing a 1B-methyl-2-oxycarbapenem



\/\herel n synbol s are the same as defi ned above, b) subjecting the abbve

c‘Orrpound [1] or a(ﬂm ydrolysis, and c) if required, further
converting the pr W fmmmum thereof. - 22. A process
fgr preparing a 1[érrf-nbt hYl -2- dxycar baggnem : derivative of the

formula [MII1]: [err] - - wherein Rerr] is
a hydroxy-substituted | ower al kyl group which may be . protected, Rerr] is
hydrogen atom or an ester residue, and a group of the formula:-QA is an
esterified hydroxy group, or a salt thereof, which conprises the steps

of : a) hydrdarivative obthecioemiitd [iviti¢ : corrpound of the fornula [1]:

[err] wherein Ring Bis a benzene ring which may have substituent(s),
X is oxygen atom or sulfur ator@HY i s oxygen atom sul fur atom nethylene
group or an imno grmﬂp whi ch 1§ y‘3 have substltuent(s) Z is a nethyl ene

group \

wherein B is a hydroxy-substituted lower afkyl group which may be

protacied, R2is hydrogen atom or an ester residue, and a group of the
- formula : -OA is an esterified hydroxy group, or a salt tharsof, which-
‘comprises the steps of :

a} hydrolyzing an azetidinone compound of the formufa [ 1] :

wherein Ring B is a benzene ting which may have substituent(s}, X is
oxygen atom or sulfur atom, Y is oxygen atom, suifur atom, methylene gmup

or an imino group which may have substituent(s), Z is a methylene group
which may have subsﬁment(s), and R! is the same as defined aboveg ora

sait thereof, to give an azetidinonepropionic acid compbund of the formula

[XH}:



-—
which may have substituent(s), and Rlerr] is the same as‘deflned above, or
a.salt thereof, to give an azetidi nonepropionic acid cof ‘;,;;5““‘7 mm ,I
formula [XII]: - G7LBN ﬂ

wherein Rlerr] is the same as deflned appve, and b) converting thfe 3
compound [XII] or a salt thereof to the corresponding 1[err]-

nmet hyl - 2- oxycabapenem derivative [VIII] or a salt thereof 'in a known

met hod. 23. A process for preparing a 1[err]-nethyl-carbapenem
~ derivative of the fornmula [X]: . [err] wher ei n
Rlerr] is a hydroxy-substituted CByer al kyl group which nmay be pr ot ect ed,
Rlerr] is hydrogen atomor an esger residue, and R err] 15 an organic

(X1}

——r 2 COCH

wherein B! is the same as defined above, and

b) converting the compound [ XIl ] or a salt thereof to the corresponding 18-

methyl-2-oxycarbapenem derivative { Vil ] or a salt thereof in a known

metheod.

23. A process for preparing a 1p-methyl-carbapenem

derivative of the formafa [ X :

[X]

COOR?!

whersin R11 Is a hydroxy-substituted tower alkyl group which may be

protected, R?1is hyd%@gen atom or an ester residue, and R3is an organic

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

a) hydrolyzing an azetidinone compound of the formula 1] :



g;oup, or. a~salt fhereoT mhlch conprises the steps of: a) hydroLyzing;an

eti di none rmula [1]:
. -$8- [er E[erﬂ is a hydroxy-substituted | ower alky
Ring Bis a benzene ring which may have

gr.oup whi ch n&yhge Lprmtett
substituent(s), X is oxygen aton1or &h8-fur atom Y is axygen atom sul fur
atom nethylene group or an imno group which may have substituent(s), :and
Zis a nmethylene group which may have substituent(s), or a salt thereof,
to give an azetidinonepropionic acid conpound of ‘the formula [XII]:

[err] wherein R err] L5 the sane as defined above, and D)
converting the conpound [XIHﬁ“ ra sal& thereof to the corresponding
1[err]- nethyl-carbapenem dgerivative | [X] or a salt thereof in a known

met hod. RL 24 AR processQeoormiqg to claim 23, wherein
Rerr] is a 1- et 2 CO—N ; ) . el
i (1}
. 4—NH .
Q/

wherein R! is a hydroxy-substituted &ow;awer alkyl group which may be.

protected, Ring B is a benzene ring which may have substﬁmem(s)p Xis
‘ oxygen atom éf sulfur atom, Y Is oxygen atom, sulfur atom, methylene group
or an ﬁminé group which may have substituent(s), add Z is a methylene
group which may have substituent(s), or a salt thereof, to give an
azeﬁdﬁncnépr@pi@@ic acid compound of the formula [ Xt J: -
~ CHs '

R

N & 1§

L

4
N\
-
O’
whe_a'eﬁﬁ R1 is the same as definad above, and

| b) converting the compound [ Xil ] or a salt thereof to the corresponding 18-

methyl-carbapenem derivative [ X ] or a salt thereof in a known method,

24. . The process according to claim 23, whersin Rlisat-

hydroxyethyl group which may be protected and 33 is 2-thioxopyrrolidin-4-yl

group.



khydr oxyet hyl group which nay be protected and Rlerr] is
% t hi oxopyrrol di n-4-yl group. , _

kS -69-
Azetidinone compound and process for preparation thereof

ABSTRACT OF THE DISCLOSURE

There is disclosed an azetidinone compound of the formula [ { J:

(1]

- wherein Ring B Is a benzene ring which may have substituent(s), Riisa

hydroxy-substituted lower alkyl group which may have substituent(s), X is
oxygen atom and the like, Y is oxygen ét@m and the like, andZis a

methylene group which may have substitugnt(s). which is usetul asa

synthetic intsrmediate of the iB-methylcarbapenem-type antibacterial agent.



