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

This invention relates to a novel compound useful as a

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 pgsiﬁve and Gram negat'ﬁve bacteria, |
especially against Cephem«re'sismm bacteria, and their excellent stabiities
in the human bocjlies.w Said 1f-methylcarbapenem derivatives have been
synthesized by various procesées up to now. In these -proéesées, foliowing
three kinds of cempc_unds have been known as the important symh_zetic'

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]:



¥)

(A}

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
e O [B]
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.
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As for a process for preparing these symhetié intermediates,
there have been known a process which comprises the steps of :
1) removing 1*-hydrogen gtdm of the acetic acid moiety located at the 4-

position of the compound of the following fermula :

O%i ~+ |

AL

04

by using a strong base,

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_bcﬁ 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 product to ssterification to obtain the corresponding
compound | C | [Heterocycles Vol. 21 p29 {1984)].

However, the above process is unsatisfactory in that the yield of
the compound having the 1-methyl group with B-configuration which shows

an excellent pharmacotogical acﬁﬁvity is low, because in prepdring the
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compound { A ] by the above process, said prbcess is not the stereoselective

- synthetic process and the mixture of the @cmpéund [ A ] having the 1-methy!

group with e-configuration and B-configuration is obtained. In recent

years, therefore, various processes for sterecselectively preparing the

cempounds [ A ], [ B ] and [ C | have been widely investigated and a typical

. pm@esé includes 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 prepa:raticn. of the compcund {A]lin véhﬁc&; R%ist-
butyﬁdﬁmethyisiﬂy!axyéthyﬁ group, which ccmg“mses reacting a compound of
the formula[D ] :

H

/‘iﬂm _OCOCH3
T (D]

~—=NH
0/ '

with a propionamide compound of the formula :

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

formula :



ﬂ . CHs
gt

oqﬁm'NH

and then hydrolyzing the product.

Further, Japanese Patent Publication (unexamined) No.
284176 of 19686 discloses a process for the preparation of the compounds
[B]and[C], which comprises reacting the compound [ D Jwitha
compound of the formiuta :

. CHoCHs

c&;cnzco—wsj
S

S,
in the presence of tin triflate to give a ccmpcundl of the formula :

CHs

CH2CH3

ﬁﬂ»

. com

, reacting the product with a compound of the formula :

Mé(ozCCHzcozmz NOZ)

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

SN

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

Morsover, Japanese Patent Publication {unexamined) Nos.



77384 of 1987, 169781 of 1987, 246550 of 1987 and 292268 of 1990
disclose the processes usiﬁg the following compound instead of the above

propionamide compsound.

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

CH;CHiC@N‘jCHZOS:i Eﬂp or CH;CH%CH ZO@
AN I

However, although such Aldoltype 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 reaétians.

On the other hand, as for the process utilizing the Reformatsky-
type reaction, for example, Japanese Patent Publication (unexamined} Ne.

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 :



Br
- CHLOTr

cu:‘crﬂzcb

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

compound of the formula { E ] :

oy~ (E]
/V%NH | JO

wherein Tr is the same as defined above, hydrolyzing thébr@duct togivethe -

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

1988 and 188662 of 1988 disclose the processes using the foﬂlewin§

compound instead of the above a-bromopropionamide compound.

E?r _ - Br

| CH;;éHCO« —y,
7 )

’ O O

| 13~
cm;cmcoamh-—ﬁm N\
o

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

sterecselectively or in that it is difficult to synthesize the



a-bromopropionic acid compcund. Moreover, in order to convert the B-

methyl group-introduced product into the compound
[B]or[ C], itis necessary to once eliminate the group of the following

formula

G)\?CHZ | OA?

N—¢F :
O Q . 9
CHOT
5
A |
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 synthetic 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-



carboxymethyl group o 'Nopositicn thereof, and then subjectiﬁg the product
to intramolecular cyclization. Another object is to provide a novel process
~ for preparing the above syhthetic intermediate sterecselectively by making
usé .@ﬂ‘ the Reformatsky reaction.  Still another cbject is to provide a ﬁovez
process for preparing a 1B-methylcarbapenem derivative or an intermediate
thereof using the above synthetic intermediats. Thése 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
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introduced stersoselectively, and the product thus obtained has an excellent
features as the synthetic intermadiate of 1f-methylcarbapenem derivatives.
Thus, this Invention relates to an azetidinone compound of the

formula (1]

(1]

 whereinR'is a hydroxy-substituted lower alkyl grcupi which may bew
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



o1l

supporting group of the present invention, and therefore, when Hing .B
and/or Z has {have) substituents, said substituents may be any cne which
don't disadvaniagsously affect the reaction.

Examples of the sﬁbsﬁtuent on Ring B include a'hanogen atom,
a lower alkyl group, a lower alkoxy group, an aryl group and the like, and
the benzene ring may have one fo four subsﬁmem{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
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* which may have substituent(s), a C,_y cycloalky! group which may have

substituent(s), an aryl group, an aralkyl group, & heterccycﬁ_ﬁé group and the
like, and one to two substituent(s) which are the'same or different may be
substituted on the methylene group.

Among the above substituents on Ring B, Y and/or Z, specific
examples of the acyl group include a lloWér a!kanoyﬁ'fgmjulp;, a lower alkoxy-
carbonyl group, a substituted or unsubstituted ph_eﬂy!carbonyﬂ group or a
substituted or unsubstituted phenyl-lower alkoxycarbonyl group; those of an
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 Encﬂude a
substituted or unsubsﬁ.t‘uﬁé_d 4- to 7-membered hetemcycﬁc group cam@inmg
oxygen afom, nitrogen atom or sulfur atom as a hetero atom {e.g., furyl
group, pyrrolyl group, thienyl group).

| Further, exam-pleé of the substituent on the above alkylene
" moiety, alkyl moiety, cyclcalky! moiety, phenyl moiety and heterocyciic
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 amﬁn@ 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
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halogen atom, & lower alkyl group or a fower alkoxy group, Y is oxygen
atom, sulfur atom, methylene group or an imino group substﬁtuted by a lower
éﬂkyz.gmup, and Z is a methylene group which may be substituted by one to
two group(s) selected from a group consisting of a CS«‘? alkylene group, a
C4.gq alky! group and an aralkyl group.

Among them, more preferred compounds 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 methylene group substituted by a C4_-
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
-0402@ alkyl group, a phenyl-lower alkyi group and the like.

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

According to the present invention, the azetidinone compound
[ | ] can be prepared by reacting an a-halopropionamide compound [l jora
salt thereof with a compound of the formula [111] :
1 :
[IO]
/. —
ol

wherein Llis 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 betwesn'the
compounds { lljand { l}].  Examples of such metal compound includes
zing, magneﬁum, magnesium-magnesium bromide, tin, zinc-copper couple,
zinc chloride-lithium napmhyﬁidé:, 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 -
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alkylsulfonyl group, an arylsulfonyl grdup, an aryithio group and a halogen
atom.  Among them, an acyloxy group is preferred. As the solvent,
any inert sclvent can be used. For example, tetrahydrofuran, toluene,
xylens, dimethoxysthane, dimethylformamide,dimethylsuifoxide and the iike
 are preferably used.

| The a-halopropionamide compound [ M is used 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.9., zine, 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 | "” } which is one of the

starting compounds of the present invention is a novel compound and can
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be prepared by reacting a benzene compound of the formula [V ]:

(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
L9 ‘

: COOH
wherein L@ is the same as defined above, a salt or a reactive 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 reactﬁon of the benzene compound { IV ] with the reactive.

derivative of the Zoha!ogeﬁoprapinnic acid compound | V ] can be carried

out in an appropriate solvent in the preserﬁce of an acid acceptor.
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Examples of the reactive derivative of the 2-halogenapropionic acid
compound [ V | include the corresponding acid halide, acid anhydride and
the like. Examples of the acid acceptor include bases such as an alkali
metal hydride, an alkali metal, a lower alky! lithium, phenyliithium, pyridine
and a di-lower alkyl aniling.  Ether, benzene, dichloromethane, chioroform
and the like aré preferably used as the solvent.  The reaction is preferably
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 ] :

R!
N .

; (VI]
p—N
g |
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wharein symbois are the same as defined above, 'subjectﬁng the compound

| [ Vil ] or a salt thereof to intramolacular cyclization, subjecting the product to

esterification to give a 1B8-methyl-2-oxycarbapenem derivative of the formuia

[VHI]:

(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]

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
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group, or a sait thereof, may be prepared by carrying out the following three

steps in arbitrary orders ; )

{i) a step of reacting the compound [ Viil]ora salt thereof with a thiol

compound of the formula [ IX] :
| H-SR} (IX]

wherein RS s the same as deﬁned abovs, or a salt thereof, |

{ii) when Rlisa pmteciéd hydroxy-substituted lower alkyl 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

VWhen R2 in the acetic acid compound [ Vi, in the N-substittited

azetidinone compound [ Vil ] or in mé 18-methyl-2-oxycarbapenem
‘garivative [ Vil ] and R2 in the 18-methyicarbapenem derivative [ X ) are
ester residues, examples of such ester residues include those which can be
metabolized 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

~ alkenoy! group, a lower alkoxy-lower afkyl group or a lower atkanoyloxy-
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jower alky! group). More specﬁﬁé examples of such estar residus include
a lower alkanoyloxy-lower alkyl group, a cycloalkylcarbonyloxy-lower alkyl
group, a lower alkenoy! oxyaléwar a!kyﬁ' group, & lower alkoxy-lower -

alkanoyloxy-lower alkyl gr roup, a Tower alkanoyloxy-lower alkoxy-lowsr alkyl
group, a lower alkoxy-lower alky! group, a lower alkoxy-lower alkoxy-lowsr
alkyt group, a lower alkoxy-carbonyloxy-lower alkyl group, a lower aﬂkéxys
lower aﬁkoxrcarbonﬂoxy%wer alky! group and the like.

On the other hand, examples of the ester residue which can be
used as a protecting group of carboxyﬂ group include any one which can be
gasil y rem@ved by a conventional method, for example, a-towen’ alkyl group,
a lower alkenyl gmusp, a halogeno-lower aikyﬂ group, mtmbanzy group, a
lower alkoxy-benzyl gmup, benzhydryﬂ group and the fike.

Examp!es of the estenf’ ed hydroxy group of the ﬁormuﬂa .eOA

include those which can be easaﬂy 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., methanesulfonyloxy group,
ethanesulfonyloxy group, triflucromethanesuifonyloxy group), an
unéubsﬁﬁuted or substituted arylsulfonyioxy gmup {e.g.,
benzenesuifonyloxyy group, to!uenesuﬁtonyﬁnxy gmup) a lower alkanoyloxy

group (e.g., acetoxy groupj, an an'yﬂcarbony&oxy gmup (e g., benzoyloxy
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gmum and the like. Among them, the preferred examples include the
esterified hydroxy group such as a di-aryiphosphoryloxy group, a di-lower
alkylphosphoryloxy group, an unsubstituted or substituted ﬂowef |
alkylsulfonyloxy group, an unsubstituted or substituted aryisutionyloxy group

and the like.

The 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
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aryl group, a 4- to 8-membered aliphatic heterocyclic group, a 4- to 8-
membered aromatic heterocydlic group and the like.
The reaction of the azelidinone compound | | ] with the acetic

acid compound [ VI } can be carried out in ah appropriate soﬂvém in the
presence of a base. Examples of the leaving group (-L.z) include a

| halogen atom, an acyloxy group and a #u!fony!exy group {e.g., p-
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, iﬁm?u,ﬁm dilsopropylamide éﬂd sodium
bﬁs(tﬁmethyﬂsifyﬁ)amide, Tetfahydmfura;sei, benzene, dﬁchlommethané 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

<a
LA
ALY °



dimethyl ether, dioxane, toluene, diethyl ether, benzene and the like.  The
reaction is preferably carried out at a temperature of -78 to 50 °C, especially _
at & temperature of -60 to 10 °C.

It is presumed that the compound having a structure dtf the

formula [ X1 ] :

(XI]

wherein symbols are the same as defined above,is pmduoc.ed in this
intramolecular cyciﬁzati;gn. 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
~ alkyl phosphate (e.g., disthyl phosphate), an unsubstituted or substituted
lower alkanesulfonic acid {e.g.. Meﬁhanesul_ionié acid, ethanesulfonic acid,

triflucromethanesulfonic acid}, an unsubstituted or substituted aryisulfonic
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acid {e.g., benzenesuifonic acid, toluenesulfonic acidj, é lower alkancic acid
{e.g., acetic acid) or an arylcarboxylic acid (e.g., benzoic acid).  Among
them, the preferred ssterifying reagents for hydroxy group include the
reactive derivative {e.g., 2 ccnrespondﬁng acid halide, a corresponding acid
anhydride) of a di-aryl phosphate, a di-lower a%ky!ph@sphaﬁe, an
unsubstituted or substituted fower alkanesuffonic acid or an unsubstituted or
substituted arylsulfonic acid.  The esterifying 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;
Zing chioride, zinc iodide, zinc flugride, ferric chioride, stannous chﬂoridé.
stannic chloride and the like, a sifyl compound such as a tri-lower alky!
halogenosilane {e.g.. trimethyichlorosilane, ﬁabmyﬁdﬁmethyich!omsﬁlane),

aetfahaﬁogenosﬁnané {e.g., tetrachﬂomsﬁianej and the like. The Lewis acid
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may be used in an amgum o_ﬁ 0.1 to 2.0 moles, preferably 1.0 to ‘LS moles,
per one mole of ﬁhe compound [ VI . Exgmp!es of the protonic acid
include suﬂfurﬁc acid, peioﬁueﬂesuifonic acid, acetic acid, citric acid,
hydrofch!@ric_acid, phosphoric acid, boric acid and the like.  The protonic
acid may be used In an amount of 0.1 i5 1.0 mole per one moie of the
cornpound [ VI ]. | |

When the esterification is carried out in the presence of the
acid, the esterifying reagént may be preferably uéed in an amount of 1.2 to

1.5 moles per one mole of the é@mpsund fVIE ).

* The reaction of the m«methyﬂe&oxycamapeném derivative

{ Vil ] with the thiol compound [ IX], the optional step for removing the

hydroxy-protecting 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 [ Vil ) in which A2 Is an ester resicue .
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 ] :
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RI

N [XO)

b
0/

~ wherein R'is 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 (unexamined) No. ﬁsmz of 1882.

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
appmprﬁa&é solvent in t{@e presance of hydrégen peroxide and an alkali
metal hydroxide. Examp?es of the soﬁvézat inciudé a mixture of waié};and |
an organic soivent such as dioxans, tetrahydrofuran, dimethytiormanide,
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 the compound [ [ ], and the alkali metal
hydroxide may be used in an aﬁn@un& 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

e e
. .



-27-

compound [ VIil ] or a sait theréof may be carried out according to the
method described in Japanese Patent Publication {unexamined) No.
188562 of 1988, | |

In the above reactions, the compounds [1], (U], [IVL VL VI
{VILL fVIIE [IX], [ X, [ Xt] and { Xl } may be also used in the form of an
appropriale saﬁt thersof which is suitable for each of the above campounés.
Examples of such salt include a metal salt such as sodium sali, potassium
salt and thé like; an amine salt.such as malkyﬁamme salt, pyrﬁcﬁné salt,
ethanolamine 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 comp@und

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

whereln symbols are the same as deﬁﬁed above, with a compound of the
formula [ XIV ] : ’
2=0 IXv]
wherein Z is the same as defined abovs. .
Besides, the compound { Xill }in which X is oxygen atom and Y |

is sulfur atom may be prepared by halogenating a compound of the formula

[xv]:

wherein Ring B is the same as dafined above, to give a compcmd. ofthe

formuta { XVI ] :

{ XVI]

x?oc

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 ] <



by

(XVI]

~CONH; HNOC

wherein Ring B is the same as defined above, and then reducing the
compound [ Xvil 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 ) :

[iVHI],

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

symbols are the same as defined above, with ammonia.

Besides, the compound { Xill ] in which X is sulfuratomand Y is
sutfur atom or an imino group which may have substituent(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) tc

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

group may be prepared by reacting the compound of the formula { XIX ] :
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wherein L31s a halogen atom or hydroxy group, and Ring B is the same as

defined above, with a compound of the formuta [ XX ] :

HZ-NO, XX

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

{XX1]:

[XXI]

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
ﬁntmzﬁo&ec@iar cyclization.

The condensation reaction of the compound [ Xill ] with the

- compound [ XIV | may be carriad out in an appropriate solvent in the

presence of anacid.  Examples of the acid include an organic acid (e.g.,

p-toluenesulfonic acid} and an inorganic acid {e.g., sulfuric acid,
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hydrochioric acid). Examples of the preferred solvent include an organic

- solvent which has a boiling point higher than water (e.g., toluena). | Itis

prefarred 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 oxychloride and the like, and examples of the solvent include
an inert one such as .&oﬁuene. . Rtis preferred fo carny @ut.ﬁjae reaction at a
temperature of 20 to 120 °C, especially at a tempesatum of 70 to 8@ *C.

The amudaﬁon of the c@mpound { XVI ] may be carried out by
treating ﬁhe compound with ammonia in an appmpnate solvent.
Ammonia may be preferably used in the form of aqueous ammonia, and
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 cata!y?s_l.
Exan@pﬁes of preferred. acid cataﬂyst.iﬁciude an inorganic acid such as

hydrochioric acid, and examples of the preferred solvent indude ethers

such as dioxane. it is preferred to carry. out the reaction at a

temperature of 40 to 100 “C, especially at a temperature of 60 to 70 °C. .
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The reaction of the compound [ XVill ] with ammonia may be

- carred out in an appropriate solvent. Ammonia may be used in the form
of aqueous ammoma. and exarhpfes of the preferred sclvent include water,
ethers which can be mixed with water {e.g., dioxans) and- alcohols {e.g.,
gthanol). Itis preferred to carry out the Eeaacﬁon at atemperature of ¢
10 100 °C, espedially at a temperature of 2510 80 °C.

The thiocarbonylation of the compouﬁd { Xiii ] in which X is'
oxygen atom and Y Es sulfur atom or an imino group which may have
substituent(s) may be camed out by treating the compound wnh a -
meocamﬂyﬁanm agent in an appmpﬂate solvent. Exampﬁes of the B
oreferred thsocam@nyla@n agent include 2,4-bis (4-methoxyphenyl)-1,3-
dﬂhiaﬂ;&d&phospheiaéé»2,4e'd§suiﬁde, 2,4-dirmethyl-1 n3«»di12hia~=.2,4e
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
emperamre of 66 to 100 °C. |

The reaction of the compaund [ XIX ] with the compound [XX]
may be carried out in an appropriate soﬂvent in the presence of an acid
acceptor. Examples of the acid accepfor include an alkafi éneta! hydride, _
an alkali metal, arﬁ alkali metél fluoride, a lower alkyl-lithium, phenyllithium |
and the like. Examples of the solvent mctude dimethyﬁ#ormamide.

tetrahydroturan and the like. It is preferred to carry out the reaction
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under cooling or'with heating, for example, at étempéraﬁura of 30 to 120 °C,
especially at a temperature of 30 to 80 °C.

The reduction of the compound [ XXi ]| may be @Med out in an
appropriate solvent either by treating the compound with a reducing agent
or by catalytic hydrogenation. |

In the case of treating it with a ;ed@cing agent, examples of the
reducing agent include a meta! hydride such as lithium aluminum hydride,
sodium bis {methoxyethoxy}aluminum hydride, sodium borohydride and the
like. Examples of the solvent incmde 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!, ethaﬁ@ﬂ and the Eé’ke. itis preferred to carry out the reaction
at aqtemperature of0to 70 ‘;C, especiaily ata Eemperamke 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«iﬁthiumn phenyifﬁwmu pyridine, di-lower

alkylaniline and the like. Examples of the solvent include
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dimethylfermamide, tetéahydmtumn,-ether and the like. It is preferred to
carry out the reaction at a temperature ¢f 0 to 100 °C, especially at a
temperature of 20 to 50 °C. The subsequent intramolecular cyclization of
the pr@duc& may be carried o&t in the presence of a dehydrating agent.
Examples of the dehydrating agent include p@ﬁyphqsphoﬁc acid,
phosphorus oxychioride and the like. Examp!és of the solvent include an
inent one such as toluene, benzene and the like. 1t is preferred to carry out
the reaction at a temperature of 50 to 150 °C, especially at a temperature of
80 to 130 °C. |

Th.mu-ghout the specification and claims, the térm "lower atkyl
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 gmup-_"
and “cycloalkyl group” include a straight-chain or branch-chain alkensy!
gr@up cf 3108, preﬂefabﬁy 3 to 6 carben atoms and a cycloalky! group of 3 to

8, preferably 4 to 7 carbon atoms, respectively.



Exampie 1

_A solution of 89.@ mi of 2-bromopropionyl bromide in'QS mi of |
mathylene chloride and a solution of 61.13 g of pyridine in 95 mi of
methylene chloride are added dropwise 1o a suspension of 140 g of
spiro{2,3-dihydro-4H-1 .Sebenz'@xazineez.‘ﬂ*scycs@hexan}é&eone in 190 mi of
methylene chﬂoﬁde under nﬁtrogen étmosphere at-5°C during about 45 .
minutes.  Then the mixture is stirred 'at & 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 methano! and the cg_a:ystaﬂs are collected by filtration to obtain 187.3 g of
Se(z-abmm@g;mpionyﬂ )espﬁmﬁz.Sedihydm%H«{ ,3?be:nz;o§azinee2,,'1 °
g?sﬂahéxar&]«&cne.

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.
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Table 1
Ex.
Neo.
71 : 72 Y | Ring B | Physxcai iz?mes.
2{ CHy CHy o | D syrup
3| wCHy Gy 1 O | D syrup
4| nCpsHy | aCisHyy | O m syrup
5 a@zQ eCHIQ O D m.p. 114-115 °C
P OCH;

* : NMR date of the compound of Example 6
- NMR (CDClq) 5 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)
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Ex. |

Y " RingB Physical properties, ec.

7 | S . _ D | colorless sgmp""
T Na -

8 o m m.p. 8991 °C

9 o | D - | mp.9s-100°C

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 (SFlfn 4R)-4-acetoxy-3-[{1R)-1-t-butyldimethylsilyloxyethyl]-2-

azstidinone, 1.8 g of 3-(2-bromopropionyl}-spiro[2,3-dihydro-4H-1,3-
benzoxazine-2,1'-cyclohexan}-4-one and 0.68 g of zinc powders are added

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

.‘%
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cooﬂﬁng,' the reactidn mixture is poured into 0.2 M phosphate butfer {pH 7.0)
and the mixture is extracted with:methyieﬂa chioride. The extract is
washed, dried 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 120 20

The corresponding starting compounds and (SR 4R)-4-
‘ acemxyase{ﬁRHeﬁebutyﬂdimethynsﬂyﬁ@xy)ethyﬂezeazeﬁdimne are treated in
the same manner as d;SCribed in Exampﬂe 11 to obtain the compounds.

listed in Tables 3 and 4
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Table 3
TBSO
H
ﬁ. -
Ex. /
Ne. -
O/

. 7l 72 y - RingB Physncai ix:apcmssg
12| CHy CHs o D | mp. 133:134°C
13| aCHyg n-CgHy o |. D | sysup
15 °CH2'© "CHZ‘O o) m syrup

- . 4 OCH;
16, CHy CHj -CHy- U syrup*

TBS represents t-butyldimethylsilyl group (hereinafter the same}

* : NMR date of the compound of Example 16

NMBR (CDClg) 6 : 0.07(6H, s}, 0.89(SH, 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,

mj, 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) |

S
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Ex.
No.
Y Physical pr@pgﬁiés, etc_.__
17 s syrup®
18 0 -* Syrup
19 0 m.p, 173-175°C
- 20 o - m.p. 185-158 °C
OCH,

- . NMR data of the compound of Example 17
NMR {CDCl3) 8 : 0.08(3H, s}, 0.08(3H, s}, 0.86(3H, 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=6.2Hz,10.7Hz), 5.92{1 H, brs}, 7.26(1H, d, J=7.3Hz),
7.47(1H, dt, J=1.5Hz, 7.5Hz), 8.13(1H, dd: Jus1.4Hz,
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}-
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1 stebutyﬂdimethyﬂsiﬂyﬁoxyeﬁhyl]«Zaox@azetidin-»&yl}pmpﬁony#ospim[z3e
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
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: précﬁpﬁtates of 355 mg of spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1"-
c&cﬁ@hexanﬂe@one are removed by fiitration. The fiitrate is condensed to
obtain 1.04 g of (1R, 5R, 6S)-6-[{1R}-1-t-butyidimethyisilyloxyethyl]-1-methyl-
2-diphenylphosphoryloxy-carbapen-2-em-3-carboxylic acid-aliyl ester as
syrup.
Example 22

To a solution of 500 mg of 3-{(2R)-2-[ (3S, 4R)-3-[(1R):1-t-
buty!dﬁmethyﬂsilyﬂox.yethyunez-oxoazetidirjm4-y&]}pmpionyﬂ}«spim[z,sedihydma
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 ml of chloroform. 10 mi
of 10% hydrochloric acid are added therato and ths pH d the mixture 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
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Example 23

A mixture of 10 mi of tetrahydrofuran and a small amount of iodine
is added to 437 mg of magnesium piece at & room 1empekature and 0.756 g
| of 1,2-dibromosthane are added dropwise thereto with stiring.  When the
exothermic reaction starts and the mﬁxtua'e begins to reflux, a solution of 1.51
g of 1,2-dibromoethane in 3 ml of tetrahydrofuran is added dropwise thereto.
Then, the mixture is refiuxed for 30 minutes.  The mixture is cooledto a
temperature of 5 G and to this cooled liquid is added drcpwﬁse a mixture oﬁ‘.
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
b@ﬁzcxazﬁneazg‘ﬁ -cyciohexan]-4-cns 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 silica 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. : 154455 *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



5. Further the compounds listed in Table 5 and (3R, 4R)-4-acetoxy-3-
ﬁ(ﬁ)etebmwdimethyﬂsisy%oxy)ethyﬂezeazetidinone are treated in the same
manner as described in Example 11 to obtain the compounds listed in Table

6.

Table 5

CHs

zZ! 72 X Y
24|  CHy | C‘H3- S S
|25 — (CHY— s s
26| — (CHas— 0 INCE;
71| nCeHg n-C,Hg 0 - NCHy
28 — (CHYs— o — CHy—




Ex.
No.
z! 72 Y
29 CHy ‘ CHq S
3 o (CH— s
31 = (CHa)s— ONCH
32| n-CyHg ‘ n-C4Hg >NCH3 _-
3 — (CHs— — CHa—

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 cogling, 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.
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. Reference examples 210’6
The carreépcnding starting compounds [ Xill ] and the
corresponding starting compounds [ XV | are treated in the same manner as

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

7.
Table 7
Ret.
Ex.
Neo.
2! 22 Ring B Physicaﬂnpmpemes; atc.
2 A ~ yellow oil
3 ]O m.p. 159-161 °C~
a ' _
4 — (CHgs— jO m.p. 168-170 °C
5 = (CHg)s— | ]O m.p. 175-177 °C
CHj
6 - = (CHps— - Q " m.p. 183-185°C
: | OCH; .
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Reference exampie 7

(1}  12.5 miof thionylchloride are added dropwise to a solution of 25.0 g
of 2,2-dithiodibenzoic acid in a mixture of 120 mi of toluene and 0.5 mi of
dfmethyﬂformamide at a room temperature.  The mixture is warmed o a
temperatu.re of 70 to 80 °C and then stirred at the same {emperature
ovemnight. After 20 hoﬁrs, the crystals are collected by filtration to @btaﬁr;a
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-
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@btaﬁned fesidue in toluene and the mixture is refluxed for 40 minutes by
making use of a dehydrator of Dean Stark.  After cooling to & room
température, the reaction mixture is condensed under reduced pressure
and methano is added thereto. The precipitates are collacted by
ﬂﬁtmﬁi@n-m obtain 3.05 g of spﬁrc[z.s-dihydro-4H~1,3-benzothiazine=z.ﬁ°-
cyclohexan}-4-cne as ccﬂoriess'crystaﬁ.

m.p.. 193-185 °C

Reference gxample 8

{1) 10.0gcf Nemethylnsatnc acid are added gradua!ﬁy to 140 mi of water
- at a room temperature and 9.6 g of aqueous ammonia are added dropwiss
thereto. The m!xture is warmed to a temperature of 80 °C during 45
minutes and ethanol is added theretc until me reactu@n mnxture becomes

colorless. Then, the reaction mixture 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-
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1,z.354-teﬁrahydroquinazoline»2,1'&ycﬁohexanloé;one s colorless crystal.

Yield : 83% | |

m.p. : 183-1 éS °‘C
Reference example 8

A mixturé of 11.5 ml of 5-oxononane and 633 mg of p-toluenesulfonic |
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 temperamre, thé mixture is condensed under raduced pressure and
thé 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 ccndensatﬁbn
raaction in the presence of éadﬁum hydiide to obtain 1:benzyi-1-
nitrocyclohexane.  The préduct Is reduced with lithium aluminum hydride
to obﬁaﬁn 1-benzyl-1-aminocyclohexane. The product is reacted with |
| methyl chlorotozmate to obtain 1-benzyl-1- |
meﬁhcxycam@nyﬁamﬁn@cyctohéxane, and the product is subjected to
intramolecular cyclization in the presence of phosphorous oxychloride to

obtain spiro[1,2,3,4-tetrahyd roﬁsoquimﬁﬁné«&ﬁ -gyciohexan}-1-one.
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" Reference example 11
{1} A solution of 9.6 g of sthoxycarbonyi chioride in 25 ml of ether is
added dropwise to a solution of 30 g of ‘ﬂeqzaamﬁmazmethypmgyl)««%«
methoxybenzene in 300 mi of ether un;ief ﬁbe-»cacﬂing. Then, a solution of
9.6 g of ethoxycarbonyi chloride in 25 ml and a solution of 8 g of sodium
hydroxide in 50 mi of water are added dropwise thersto.  After addition,
the mixture is stirred for one hour and water is added therets.  The ether
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.ir; chromatography
to obtain 29.1 9 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 1-oxo-3,3-dimethyl-7-methoxy-1,2,3,4-tetrahydroisoquinoline as
an oil. ' |

NMR (CDClg)  : 1.62(6H, 5), 3.10{2H, 5. 3.72(3H, ), 6.80(1H, ¢, J=9Hz), |
7.45{1H, dd, J=3Hz, 9Hz), 7.85{1H, d, J=3Hz)
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THE_EFFECTS OF THE' INVENTION

According to the present Envéntioﬁ. the azetidinone compound [ 1] or
a salt theraof can be prepared sterecselectively. | Said 'azetﬁdinone
campmjnd [llisa useful synthetic intermadiate of the 18-
methylcarbapenem derivative [ X | having an antibacterial activity because
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 1B-methylcarbapenem derivative by hydrolysis because the

compound [ [ ] has the 1-B-methy! group at the 4-position of the azetidinone

skeleton.

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



-52-

the compound [ Vil ] or a séﬂt thereof, the thus-oblained compeund {Vil}can
be converted into the compounds { X1 ] or a salt thereof and [ VIil ] or a salt
 thereof by intramolecular cyclization without activating the side-chain group
at me 4epositi0ﬁ of the azetidinone skeleton by chemical modification.

Furthermore, the supporting group of the-present invention can be
recovered as the compound [V ] or a salt thereof in the 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 unsubstituted”
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 in
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.
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Azetidinone compound and process for -preparation thereof

What we claim is ;

1. An azetidinone compound of the formula[1]:

[1]

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

hydroxy-substituted lowet alkyl group which may be protected, X is 6xygen
atom or sulfur atom, Y is oxygen atom, sulfur atom, methylene group or an |
-imino group which may have substituent{s), and Z is a methylene group

' which may have substitueni(s), or a salt 'méreot

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, & iower alky! group, a lower
alkoxy group and an aryl group, Y is oxygen atom, sulfur am'm, 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
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- have substituent{s}}, an aryl group, an aralkyl group and a heterocyclic

group.

3.  The compound according to claim 2, wherein Ring B Is
a benzens ring which may be éubstﬁuted by a halogen alom, a lower alky!
group or & lower alkoxy group, Y is oxygen atom, sulfur ézom, methykene
group or an immogmup substituted by a lower alkyl group, and Zis 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,
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wherein the 3-position of the azetidinone skeleton has S configuration.

7. 3-{{2R}-2-[ {3S, 4R)-3-[{1 R)-1-t-Butyidimethylsilyl-
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 [ [} :

RZ
(1}

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

hydroxy-substituted ﬁowef alkyl 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 substituent(s}), and Z is.a methylene group
which may have éubstituent(s). ér a salt ﬁhereof,, wﬁﬁch.compﬁses reacting

an a-halopropionamide compound of the formula [ 1 ] :

(1]
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wherein L%is a haicgen atom, and dther symbols are the same as defined
above, or a salt thereof, with a éompound of the formula [ lii ] :

R L

l . {HOI]

——NH
O4

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
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group or an imino gmup which may be substituted by a lower alkyl group,
an acyl group or an aralkyloxycarbonyl group, and Z is a methylene group
which may be substituted by aﬁe_ to two group(s) selected from é group
‘consisting of a Cq_y alkylene group, a Gy_,q alkyl group, a C,4_» cycloalkyl
group (said alkylene gé@up, a}kyi group and 'cycﬂoaﬁkyﬂ 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 C4_7 alkylene group, a Cq_oq alkyl group 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.
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13. . The compound according to claim 12, wherein Z is
pentamethylene-substituted methylene grﬁup or dibutyl-substituted

methylene group.

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 compound of the formula [ [V ] :

(IV]

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

halogenopropionic acid compound of the formula (V] ¢
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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;
Rl\m‘”’g | |
Jj - / . [VI]
0] .
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 ihereoﬁ: which
comprises the steps of :

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

(13

wherein Ring B is a benzene ring which may‘have subs&imem@s}n Xis
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oxygen atom or sulfur atom, Y is oxygen atom, sulfur atom, mathyaene group

or an imino group which may have substituent(s), Z is a methylene group
which may have substituent(s} and Rlis ﬁhe same as definad above, ora
salt thereof, with an acetic acid compound of the formula [Vi}:

12~ CH,~— COOR? [VI]

wherein L2is a lsaving group and R? is the same as defined above, or a

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

[V}

[VI]

wherein symbois are the same as deﬁned above,

b} subjecting the above compound [ Vil Jora sait 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
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- compound [ VIl ] or a salt thersof and the esterification of the intramolecular
cyclization product or a salt thereof is{are) carried out in the presence of a

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
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have substituent(s), and Z is & methyiéns group which may have

substituent{s), or a salt thereof, with an acstic 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 [ Vil ] or a salt thereof to intramolecular

cyclization,

¢} subjecting the intramolecular cyclization product or a salt thereof to
esterification fo give a 1B-methyl-2-oxycarbapenem derivative of the formula

[Vin):

{ -VIH']




L

wherein a group of the formula : -OA Is an esterified hydroxy group, and &'

and RZ are mé same as defined above, and

d) converting the compound [ VIll ] 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:

R [ XL}

f

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] :
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whereln Ring B 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 ihereaf.

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

L -

- NH

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

an azetidinone compound of the formula [ 1] :

¢
R!
[1]
—NH
O/ 3

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
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derivative of the formula [ Vil ]

(v}

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 niay have substituent(s}, X is
oxXygen at@m or sulfur atom, Y is oxygen atom, sulfur 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
salt thereof, to give an azetﬁcﬂncnepropiqnﬁc acid compbund of the formula

[XH}:
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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] :



= 'a"‘

(1}

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 [ Xil J = -

R XU ]
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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 R is 2-thioxopyrrolidin-d-y! -

group.



