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This invention relates to a novel process for preparing a
B-lactam derivative useful as a synthetic intermediate of a
B-lactam type antibacterial agent having an antibacterial
activity, and relates to a synthetic intermediate of said

B-lactam derivative.

As a B-lactam type antibacterial agent, there have been
known various compounds including a penem or carbapenem
series compound such as thienamycin and imipenem, and a
cephem, carbacephem or oxacephem series compound such as

cephalexin.

As to processes for synthesizing these compounds, there
have been known, for example, a process which proceeds
through an intermediate having diphenylphosphoryloxy group
at 2-position of a carbapenem skeleton described in Japan-
ese Provisional Patent Publication No. 123182/1982 as a
process for synthesizing a carbapenem (or penem) series
compound, a process which proceeds through an intermediate

having methanesulfonyloxy group at 3-position of a cephem
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skeleton describgd in Japanese Provisional Patent Publica-
tion No. 21685/1992 as a process for synthesizing a cephem
series compound, and others. However, the conventional
processes have problems to be cancelled such as many opera-
tion steps and complicated reaction operations. Thus, it
has been demanded to develop a process which can prepare a

desired antibacterial agent more efficiently.

RY OF THE INV

An.object of the present invention is to provide a novel
process for preparing a P-lactam derivative useful as a
synthetic intermediate of a B-lactam type antibacterial
agent and a novel process for preparing a B-lactam type

antibacterial agent using said derivative.

That is, the present invention relates to a novel process
for preparing a B-lactam derivative represented by the

following formula (I):
1
| // oW (I)

7N
o

co,R?

wherein Rl represents a hydroxy-substituted lower
alkyl group which may be protected or an amino group
which may be protected; R2 represents hydrogen atom or
an ester residue; X represents methylene group, a
methylene group substituted by a lower alkyl group,
sulfur atom or a group represented by the formula: -A-
CH2- where A represents sulfur atom, oxygen atom or
methylene group; and W represents an active ester
residue of hydroxyl group,

which comprises treating a l-aza-3-thia-bicycloalkane

compound represented by the formula (II):
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wherein the symbols have the same meanings as defined
above,
or a salt thereof with a base in the presence of a desul-
furizing égent and then reacting the resulting compound

with an active esterifying agent of hydroxyl group.

OF B T

In the following, the present invention is explained in
detail.

In the above compound (I), as a spegific example of the
group Rl, there may be mentioned a hydroxy-substituted
alkyl group having 1 to 6 carbon atoms which may be

protected or an amino group which may be protected.

The group X is methylene group, a ﬁethylene group substi-
tuted by a lower alkyl group such as methyl group and ethyl
group, sulfur atom or a group representéd by the formula:
~A-CHp- where A repfesents sulfur atom, oxygen atom or
methylene group. When the group R! is a hydroxy-substi-
tuted lower alkyl group which may be protected, X is par-
ticularly preferably a methylene group which may be substi-
tuted by a lower alkyl group or sulfur atom. When the
group R! is an amino group which may be protected, the
group X 1is particularly preferably a group repreéented by
the formula: -S-CHyz-, —-0O-CHz- or -CHyCHz-.

In the above compound (I), the active ester residue of
hydroxyl group represented by W may include, for example, a

di-lower alkylphosphoryl group or diarylphosphoryl group
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represented by the formula: -P (0) (OR%) 2 (wherein RO repre-
sents a lower alkyl group or an aryl group); a‘substituted
or unsubstituted lower alkylsulfonyl group such as methane-
sulfonyl group and trifluoromethanesulfonyl group; and a
substituted or unsubstituted phenylsulfonyl group such as

benzenesulfonyl group and p-methoxybenzenesulfonyl group.

When the group Rl of the above compound (I) is a protected
hydroxy—substitufed lower alkyl group or a protected amino
group, as a protective group for hydroxy group and amino
group, there may be used any group which can be removed .
easily by a conventional method such as hydrolysis, acidic
treétment and reduction. As such a protective group for
hydroxy group, there may be mehtioned, for example, a lower
alkokycarbonyl group, a halogeno lower alkoxycarbonyl
group, a substituted or unsubstituted phenyl lower alkyl
group (e.g. a benzyl group which may be substituted by
nitro group or a lower alkoxy group), a tri-lower alkyl-
silyl group, and a substituted or unsubstituted phenyl
lower alkoxycarbonyl group (e.g. a benzyloxycarbonyl group
which may be substituted by nitro group or a lower alkoxy

group) .

On the other hand, as a protective group for amino group,
there may be mentioned a lower alkanoyl group, a lower
alkoxycarbonyl group, benzoyl group, benzenesulfonyl group,
a phenyl lower alkoxycarbonyl group, a tri-lower alkylsilyl

group and trityl group.

As an example of the ester residue represented by R2, there
may be mentioned an ester residue which is metabolized and
hydrolyzed in a living body or an ester residue which can

be a protective group for carboxyl group.

The ester residue metabolized and hydrolyzed in a living

body may include, for example, a group represented by the
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formula: -Q-OCOR, -Q-OCO2R or -Q-O0-R (wherein Q represents
a lower alkylene group, and R represents a lower alkyl
group, a cycloalkyl group, a lower alkenoyl group, a lower

alkoxy lower alkyl group or a lower alkanoyloxy lower alkyl

group) .

On the other hand, the ester residue which can be a pro-
tective group for carboxyl group may include, for example,
a lower alkyl group, a lower alkenyl group, a halogeno
lower alkyl group, a nitrobenzyl group and a lower alkoxy-

benzhydryl group.

In the above reaction, the compound (II) may be used in the
form of a salt, and as a specific example of such a salt,
there may be ‘mentioned an alkali metal salt such as a

sodium salt or a quaternary ammonium salt.

According to the present invention, the 1l-aza-3-thia-bi-
cycloalkane compound (II) can be treated with a base in the
presence of a desulfurizing agent in a suitable solvent.
The base may include, for example, an alkali metal alkoxide
such as potassium tert-butoxide, an alkali metal amide such
as lithium diisopropylamide, tri-lower alkylamine such as
triethylamine, and an aromatic amine such as pyridine. as
the desulfurizing agent, there may be mentioned, for exam-
ple, a triarylphosphine such as triphenylphosphine, a tri-
(lower alkyl)phosphite such as triethyl phosphite, a tri-
lower alkylphosphine such as triethylphosphine, tris(di-
lower alkylamino)phosphite and bis(di-lower alkylamino-
lower alkyl)phosphite. As the solvent, there may be men-—
tioned, for example, toluene, benzene, tetrahydrofuran,
diethyl ether, acetonitrile, methylene chloride, chloro-
form, dimethylformamide and dimethylsulfoxide. The present
reaction is preferably carried under cooling to at room

temperature, particularly preferably -40 ‘'C to 0 °C.
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If necessary, in order to make the present reaction as
mentioned above proceed more efficiently, a lithium salt
such as lithium bromide and lithium perchlorate may be

added to the reaction mixture.

The compound obtained by the treatment with a base in the
presence of a desulfurizing agent as mentioned above is

considered to have the following structure.

o

CO,R?

wherein the symbols have the same meanings as defined

above.

The above resulting compound and an active esterifying
agent of hydroxyl group may be reacted in a suitable sol-
vent. As the active esterifying agent of hydroxyl group,
there may be mentioned, for example, a reactive derivative
(e.g. a corresponding acid halide and a corresponding acid
anhydride) of a phosphoric acid or sulfonic acid compound
including a diaryl phosphate such as diphenyl bhosﬁhate; a
di-lower alkyl phosphate such as diethyl phosphate; a sub-
stituted or unsubstituted lower alkanesulfonic acid such as
methanesulfonic acid and trifluoromethanesulfonic acid; and
a substituted or unsubstituted benzenesulfonic acid such as
benzenesulfonic acid and p-methoxybenzenesulfonic acid. As
the.solvent, there may be used, for example, ethyl acetate
and dioxane in addition to the exemplary solvents to be
used for the base treatment of the compound (II). The pre-
sent reaction is preferably carried out under codling to at

room temperature, particularly preferably -40 “C to 0 'C.

The P-lactam compound {(I) thus obtained can be suitably

converted into a desired carbapenem (or penem) type



g

10

15

20

25

30

antibacterial agent or cephem type antibacterial agent.

For example, the B-lactam compound (I) can be converted

into a B-lactam derivative represented by the formula (IV):

1

R\\—‘T”x
s-r® (IV)
4&——N /

CO,R?

wherein R? represents an organic group; and R, R2 and
X have the same meanings as defined above,
by subjecting the compound (I) and a mercaptan compound
represented by the formula (III):

R4-SH (I1I)

wherein RY has the same meaning as defined above,

or a salt thereof to condensation reaction.

In the mercaptan compound (III) to be used in the above
reaction, as an example of the organic group represented by

R4, there may be used any group used-in a conventionally

‘known carbapenem (or penem) type antibacterial agent or

cephem type antibacterial agent. As a specific example of
such an organic group, there may be mentioned, for example,
a lower alkyl group such as methyl and ethyl; a cycloalkyl
group such as cyclohexyl group; a 6- to 8-membered aryl
group such as phenyl group; a 4~ to 8-membered aliphatic
heterocyclic group such as pyrrolidinyl group; and a 4- to
8-membered aromatic heterocyclic group such as pyridyl
group and thiazolyl group. Further, these groups may have
one or more substituent(s), and as such a substituent,
there may be mentioned, for example, a lower alkyl group;
hydroxyl group; a lower alkoxy group; a mono- or di-lower
alkylamino group; mercapto group; a lower alkylthio group;

amidino group, guanidino group; carbamoyl group; thio-
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carbamoyl group; sulfamoyl group; cyano group; carboxyl
group; a lower aikoxycarbonyl group; an aralkyloxycarbonyl
group; oxo group; a halogeno group; a cycloalkyl group
having 3 to 8 carbon atoms such as cyclohexyl group; a 6-
to 8-membered aryl group such as phenyl group; a 4- to 8-
membered aliphatic heterocyclic group such as pyrrolidinyl
group; and a 4- to 8-membered aromatic heterocyclic group

such as pyridyl group and thiazolyl group.

Further, as the mercaptan compound (III), there may be
suitably used, in addition to the compound as described
above, a compound represented by the formula (III-a)
described in Japanese Provisional Patent Publication No.
279588/1992 filed by the present applicant:

HS —/_ E
(\ S {III-a)

N

S
wherein RS represents hydrogen atom, a lower alkyl
group, a lower alkoxy-lower alkyl . group or a di-lower

alkylamino lower alkyl group.

The above mercaptan compound (III) may be also used in the
form of a salt, and as a specific example of such a salt,
there may be mentioned an alkali metal salt and a tri-lower

alkyl ammonium salt.

The condensation reaction of the compound (I} and the com-
pound (III) may be carried out in a suitable solvent (e.q.
toluene, benzene, acetonitrile, tetrahydrofuran, diethyl
ether and ethyl acetate) in the presence or absence of a
base (e.g. a tri-lower alkylamine and a 4-di-lower alkyl-

aminopyridine) .

In the compound (IV} thus obtained, when the group R! is a
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protected hydroxy-substituted lower alkyl group or a pro-
tected amino group, and/or when the group R2 is an ester

residue, the protective group and/or ester residue may be
removed, if desired, to obtain a compound represented by

the formula (IV-a):

1

—

RN X
) l / s-r’ (IV-a)
—N
O/
CO,H

wherein R1l represents a hydroxy-substituted lower
alkyl group or amino group; and other symbols have the
same meanings as defined above,

or a salt thereof. The protective group or ester residue

may be removed according to a conventional method.

Further, the above compound (IV) "in which R2 is hydrogen
atom or a salt thereof may be esterified by a conventional
method to form a compound represented by the formula (IV-
b):

[
[

X
] YV s-Rr° (IV-b)

~——N

N7

o
co,r*?

wherein R2l represents an ester residue; and other

symbols have the same meanings as defined above.

Among the compounds (IV) described above, a compound in
which. the group Rl is a hydroxy-substituted lower alkyl
group which may be protected, and X is a methylene group
which may be substituted by methyl group, or sulfur atom is

a compound useful as a carbapenem (or penem) type anti-
bacterial agent.



10

15

20

25

30

- 10 -

On the other hand, a compound in which the group R! is an
amino group which may be protected, and X is a group repre-
sented by the formula: -A-CHz- where A represents sulfur
atom, oxygen atom or methylene group is a compound useful
as a synthetic intermediate of a cephem, oxacephem or
carbacephem type antibacterial agent, and said compound can
be converted into a desired cephem type antibacterial agent
according to, for example, the method described in Japanese
Provisional Patent Publication No. 21685/1992.

Among the compounds (IV) described above, a l-methylcarba-

penem derivative represented by the .formula (IV-c):

ORr®
| CH,
CH3CE~ o Tvcy
S.__-
N/ L
d¢ k\Ns >
CO,R? R

wherein RS fepresents hydrogen atom or a protective

group for hydroxyl group; and other symbols have the

same meanings as defined above,
which can be obtained by subjecting the compound (I) in
which R! is a l1-hydroxyethyl group which may be protected
and X is ethylidene group and the above mercaptan compound
(III-a) to condensation reaction is a compound exhibiting
various excellent characteristics such as excellent anti-
bacterial activities to various microorganisms including
gram-negative bacteria and gram-positive bacteria and high

stability to dehydropeptidaée I.

In the above process of the present invention, in the
starting compound (II), an optical isomer based on an
asymmetric carbon atom thereof may exist. And, when an
optically active compound (II) is used as a starting mate-

rial, a reaction can proceed while maintaining a stereo-
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structure to convert the compound (II) into the compound

(I) and the compound (IV) without epimerization.

Further, in the reaction of converting the starting
compound (II) into the compound (I) and in the subsequent
reaction of converting the compound (I) into the compound
(IV), the compound (I) can be isolated easily by a conven-
tional method, but it is also possible to convert the
compound (II) into_the compound (IV) in the same reactor

without isolation.

The starting compound (II) in the present invention is a
novél compound, and said comﬁound (II) can be prepared by,
for example,

(A) reacting an azetidinone compound represented by the
formula (V):

(V)

R
- X
\—]/ ~~cosz
——NH

wherein Z represents a protective group for thiol
. group; and other symbols have the same meanings as
defined above,

with a glyoxylate represented by the formula (VI):

HOCCO2R? (VI)

wherein R? has the same meaning as defined above,
in a suitable solvent (e.g.. benzene, chloroform and aceto-
nitrile) under heating, or
(B) reacting the compound (V) with a halogenoglyoxylate

represented by the formula (VII):

Y20CCOoR2 (VIT)

wherein Y2 represents a halogen atom; and R? has the

same meaning as defined above,
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in a suitable solvent (e.g. dichloromethane, tetrahydro-
furan, acetonitrile and chloroform) in the presence of a
base (e.g. 2,6-lutidine and pyridine), then reducing the
resulting compound to obtain a compound represented by the
formula (VIII):

X
\-—r ~~cosz

/"——N
O/ \I—OH

CO,R?

(VIII)

wherein the symbols have the same meanings as defined

above, - '
treating saidlcompound (VIII) with a halogenating agent
(e.g. thionyl chloride, thionyl bromide, phosphorus tri-
bromide, phosphorus trichloride and methanesulfonyl
chloride) in a suitable solvent (e.g. tetrahydrofuran,
chloroﬁorm, benzene, acetonitrile and dichloromethane) in
the presence or absence of a base (e.g. pyridine, triethyl-
anine and dimethylaniline) to obtain a éompound represented

by the formula (IX):

1

: \j/x\cosz
/-—N 3 (IX)
7 ¥

CO,R?

wherein Y3 represents a halogen atom; and other
symbols have the same meanings as defined above,
and further treating said compound (IX) with a base (e.g. a
tri-lower alkylamine such aé triethylamine, an alkali metal
alkoxide such as sodium methoxide and an alkali metal
amide) in a suitable solvent (e.g. dimethylformamide,
dimethylsulfoxide, acetonitrile, tetrahydrofuran, ethyl

ether and ethyl acetate) to effect cyclization.

The protective group (Z2) for thiol group can be removed in
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the cyclization ;eaction by treating the compound (IX) with
a base, and as a specific example of such a protective
group 2, there may be mentioned, for example, a 2,2-bis-
(lower alkoxycarbonyl)ethyl group, 2,2-dicyanocethyl group,
a 2-lower alkoxycarbonylethyl group and 2-cyanoethyl group.

Further, the above starting compound (V) can be prepared
according to a conventional method, for example, by react-
ing an ézetidinoncarboxylic acid compound represented by
the formula (X):

1

X
‘\———rfi ~~CO0;H

4—NH (X)
'O/

R

wherein the symbols have the same meanings as defined
above,

with a compound represented by the formula (XI):

HS-2 (XI)

wherein Z has the same meaning as defined above,
in a suitable solvent (e.g. acetonitrile) in the presence
of a-condensing agent (e.g. carbonyldiimidazole and
dicyclohexylcarbodiimide), or reacting an acetoxyazetidine
compound represented by the formula (XII):

\ OAc
I (XIT)

//F—-NH
o/

R1

wherein Ac represents acetyl group; and R! has the
same meaning as defined above,

with a compound represented by the formula (XIII):

M-X1-Ccosz (XIII)

wherein M represents hydrogen atom, sodium atom or
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lithium atom; X! represents a formula: -S-CHz-,
-0-CHz- or -CHzCHz-; and 2 has the same meaning as

defined above.

In the present specification and claims, the lower alkyl
group, lower alkylene group and lower alkoxy group pre-
ferably have 1 to 6 carbon atoms, the lower alkanoyl group
and lower alkenyl group preferably have 2 to 8 carbon
atoms, and further the lower alkenoyl group and cycloalkyl

group preferably have 3 to 8 carbon étoms, respectively.
EXAMPLES

The present invention is described in detail by referring
to Examples, but the scope of the invention is not limited

by these Examples.
Example 1

(1) in 500 ml of aéetonitrile was.suspendéd 26.7 g of
(35,4S8)-3-[(R)-1-tert-butyldimethylsilyloxyethyl]-4-[ (1R) -
l-carboxyethyl]-2-azetidinone, 14.6 g of carbonyldiimida-
zole was added thereto, and the mixture was stirred at room
temperature for 30 minutes. To the reaction mixture was
added 20.3 g of diethyl mercaptomethylmalonate, and the
mixture was stirred at room temperature for 20 minutes.
The solvent was removed from the reaction mixture under
reduced pressure. After 500 ml of diethyl ether was added
to the residue and the mixture was washed and dried, the
solvent was removed under reduced pressure. The residue
was purified by silica gel column chromatography (solvent;
ethyl acetate:n-hexane = 1:3) to obtain 33 g of (3S,4S)-3-
[(R)-1-tert-butyldimethylsilyloxyethyl]-4-[(1R)-1-(2,2-
bis (ethoxycarbonyl)ethylthiocarbonyllethyl])~-2-azetidinone.

IR (KBr) cm~1l: 3080, 1765, 1735, 1690.
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Mass (m/z): 432 (M*-57).

NMR (CDCl3) &: 0.07 (s, 6H), 1.15 (d, 3E, J=6.2Hz), 1.24
(d, 3H, J=6.8Hz), 1.28 (t, 3H, J=7.0Hz), 2.8 to 3.0 (m,
1H), 3.34 (d, 1H, J=2.4Hz), 3.38 (d, 1H, J=2.4Hz), 3.8 to

"3.9 (m, 1H), 4.2 to 4.3 (m, S5H), 5.62 (br s, 1H).

(2) In 10 ml of benzene were dissolved 1 g of the product
obtained above and 0.76 g of ethyl glyoxylate, and the
mixture was refluxed by heating for 2 hours in a reactor
equipped with a cooling tube charged with 10 g of Molecular
Sieve 4A (trade name, produced by Nacalai tesque INC.).
After the reaction mixture was diluted with ethyl acetate,
washed and dried, the solvent was removed. The residue was
purified by silica gel column chromatography (solvent;
ethyl acetate:n-hexane = 1:3) to obtain 1.0 g of (3S,4S)-3-
[(R)-1-tert-butyldimethylsilyloxyethyl]-4-{(1R)-1-{2,2-bis-
(ethoxycarbonyl)ethylthiocarbonyl}ethyl)-1-(i-hydroxy-1-

ethoxyqarbbnylmethyl)42—azetid;none.

IR (film) cm-l: 3450, 1770, 1748, 1690.

Mass (m/z): 534 (M*-57). C

NMR (CDCl3) &: 0.60+0.08 (s+s, 6H), 0.87+0.88 (s+s, 9H),
1.2 to 1.4 {(m, 15H), 2.9 to 3.1 (m, 2H), 3.3 to 3.4 (m,
2H), 3.62 (t, 1H, J=7.8Hz), 4.0 to 4.4 (m, 9H), 5.30+5.46
(d+d, 1H, J=8.4Hz).

(3) To 10 ml of tetrahydrofuran solution containing 0.78 g
of the product obtained above were added dropwise (.21 ml
of pyridine and 0.17 ml of thionyl chloride at -50 °"C, and
the mixture was stirred at -50 to -40 'C for 30 minutes.
After the reaction mixture was diluted with ethyl acetate
and washed, an organic layer was collected by separation.
The organic layer was dried, and then the solvent was
removed. The residue {(3S,4S)-3-[(R)-1l-tert-butyldimethyl-
silyloxyethyl]—-4—{(1R)-1-{2,2-bis (ethoxycarbonyl)ethylthio-

carbonyl}ethyl]-1-(i-chloro-l-ethoxycarbonylmethyl) -2~



10

15

20

25

30

_16...

azetidinone) (0.8 g) was dissolved in dimethylformamide.
To the solution was added 0.21 ml of triethylamine at -20
*C, and the mixture was stirred at -20 to 0 "C for 1 hour.
After 10 ml of ethyl acetate was added to the reaction
mixture, the mixture was washed and an organic layer was

collected by separation. After the organic layer was

‘dried, the solvent was removed. The residue was purified

by silica gel column_chromatography (solvent; ethyl acet-
ate:n-hexane = 1:5) to obtain 0.20 g of ethyl (5R,6S,7S)-7-
[(R)-1-tert~butyldimethylsilyloxyethyl)-5-methyl-4,8-dioxo-
l-aza-3-thia-bicyclo[4.2.0)octan-2-carboxylate.

IR (film) cm™1: 1779, 1745, 1690.

Mass (m/z): 486 (M'-15), 344 (M*-57).

NMR (CDCl3) &: '0.08 (s, 3H), 0.10 (s, 3H), 0.87 (s, 9H),
1.20 (d, 3H, J=6.4Hz), 1.23 (d, 3H, J=6.8Hz), 2.92 (dd, 1H,
J=4.6Hz, 3.0Hz), 3.56 (quintet, 1H, J=6.8Hz), 4.1 to 4.3
(m, 1H), 4.29 (q, 2H, J=7.2Hz), 4.54 (dd, 1H, J=3.0 Hz),
5.79 (s, 1H).

(4) In 1 ml of toluene were dissolved 20 mg of the product
obtained above and 16 mg of triphenylphosphine, to the
solution was added 7 mg of potassium tert-butoxide at -40
'C, and the mixture was stirred at -40 to -20 "C for 30
minutes. To the reaction mixture was added a solution of
15 mg of diphenyl chlorophosphate dissolved in 0.5 ml of
acetonitrile at the same temperature, and a temperature-of
the mixture was elevated gradually up to 0 "C. The react-
ion mixture was condensea, and the residve was purified by
thin layer chromatography (solvent; ethyl acetate:n-hexane
= 1:4) to obtain 20 mg of ethyl (1R,5S,6S)-6-[(R)-1-tert-
butyldimethylsilyloxyethyl)-2~diphenylphosphoryloxy-1-

methylcarbapen-2-em-3-carboxylate (an oily product).

Mass (m/z): 601 (M%), 544 (M*-57).
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NMR (CDCl3) &: 0.06 (s, 6H), 0.87 (s, 9H), 1.1 to 1.3 (m,
9H), 3.23 (dd, 1H, J=6.2Hz, 3.0Hz), 3.3 to 3.5 (m, 1H), 4.0
to 4.4 (m, 1H), 7.1 to 7.4 (m, 10H).

Example 2

(1) The corresponding compound was treated in the same
manner as in Example 1 (2) to obtain (3S5,4S)-3-[(R)-l1-tert-
butyldimethylsilyloxyethyl]-4-[ (1R)-1-(2,2-bis(ethoxy-
carbonyl)ethylthiocarbonyl}ethyl}-1-(l-hydroxy-l-p-nitro-

benzyloxycarbonylmethyl)-2-azetidinone.

NMR (CDCl3) &: 0.0 to 0.10 (m, 6H), 0.86 (s, 9H), 1.1 to
1.3 (m, 12H), 2.9 to 3.1 (m, 2H), 3.3 to 3.5 (m, 2H), 3.5
to 3.7 (m, 1H), 4.0 to 4.5 (m, 7H), 5.3 to 5.6 (m, 3H), 7.5
to 7.6 (m, 2H), 8.2 to 8.3 (m, 2H).

{(2) The product obtained above was treated in the same
manner as in Example 1 (3) to obtain_p—nitrpbenzyl

(5R, 6S,7S) -7— [ (R) ~1-tert-butyldimethylsilyloxyethyl]-5-
methyl—4,8-dioxo—1—aza—3—thia—bicyclo[4.2.0]octan—2—
carboxylate.

IR (film) cm™l: 1786, 1742, 1682.

Mass (m/z): 451 (M*-57).

NMR (CDCl3) &: 0.05 (s, 3H), 0.07 (s, 3H), 0.86 (s, 9H),
1.20 (d, 3H, J=6.2Hz), 1.22 (d, 3H, J=6.7Hz), 2.95 (dd, 1H,
J=4.6Hz, 3.0Hz), 3.49 (quintet, 3H, J=6.7Hz), 4.0 to 4.3
(m, 2H), 4.55 (dd, 18, J=7.1Hz, 3.0Hz), 5.31 and 5.37 (ABg,
2H, J=13.1Ez), 5.90 (s, 1H), 7.53 {(d, 2H, J=8.8Hz), 8.26
(d, 2H, J=B8.8Hz).

(3) The product obtained above was treated in the same
manner as in Example 1 (4) to obtain p-nitrobenzyl (1R, 5S,
65)-6—[(R)-1-tert-butyldimethylsilyloxyethyl]-2-diphenyl-
phosphoryloxy-1l-methylcarbapen-2-em-3-carboxylate.
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NMR (CDCls) &: 0.06 to 0.07 (m, 6H), 0.87 (s, 9H), 1.2 to
1.3 (m, 6H), 3.27 (dd, 1H, J=5.6Hz, 3.0Hz), 3.3 to 3.6 (m,
1H), 4.1 to 4.3 (m, 2H), 5.23 and 5.34 (ABq, 2H, J=13.8Hz),
7.0 to 7.6 (m, 10H), 7.55 (d, 2H, J=8.8Hz), 8.13 (d, 2H,
J=8.8Hz) .

Example 3

(1) In dichloromethane were dissolved 1.4 g of (3S,4S8)-3-
[(R)-1-tert-butyldimethylsilyloxyethyl]-4-{(1R)~-1-{2,2~-
bis (ethoxycarbonyl) ethylthiocarbonyl}ethyl]l-2-azetidinone
and:..0.64 g of pivaloyloxymethyloxalyl chloiide, to the
splution were added 0.34 ml of 2,6-lutidine and 10 mg of
N,N-dimethylaminopyridine under ice cooling, and the mix-
ture was stirred at the same temperature for 30 minutes.
To the reaction mixture were further added 0.64 g of
{(35,4S)-3-[(R)=1-tert-butyldimethylsilyloxyethyl]-4-[ (iR) -
1-{2,2-bis (ethoxycarbonyl)ethylthiocarbonyl}ethyl]-2-
azetidinone and 0.34 ml of 2,6flntidiné, and the mixture
was stirred for 30 minutes. The reaction mixture was
poured intc 100 ml of a 0.1M phosphate buffer (pH 7) and
extracted with dichloromethane. After the extract was
washed and dried, the solvent was removed under reduced
pressure. The residue was purified by silica gel column
chromatography (solvent; ethyl acetate:n-hexane = 1:4) to
obtain 1.72 g of (35,4S)-3-[(R)-1l-tert-butyldimethyl-
silyloxyethyl]—4—[(1R)—1—{2,2-bis(ethoxycarbonyl)ethyl—
thiocarbonyl}ethyl]-1-pivaloyloxymethyloxyoxalyl-2-

azetidinone.

IR (KBr) cm!: 1809, 1752, 1732, 1701.

Mass (m/z): 618 (M*-57).

NMR (CDCl3) &: 0.00 (s, 3H), 0.06 (s, 3H), 0.83 (s, 9H),
1.17 (d, 3H, J=6.4Hz), 1.23 (s, 9H), 1.28 (t, 6H, J=7.0Hz),
1.29 (d, 34, J=7.0Hz), 3.2 to 3.6 (m, 5H), 4.2 to 4.4 (m,

1H), 4.25 (q, 4H, J=7.0Hz), 4.4 to 4.5 (m 1H), 5.90 (s, 2H).
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(2) In a mixed solution of 10 ml of acetic acid and 10 ml
of dichloromethane was dissolved 1.7 g of the product
obtained above, to the solution was added 5 g of zinc under
ice cooling, and the mixture was stirred for 30 minutes.
Insolubles were removed by filtration using celite, and the
filtrate was removed under reduced pressure. The residue
was extracted with dichloromethane. After the extract was
washed and dried, the solvént was removed under reduced
pressure. The residue was purified by silica gel column
chromatography (solvent; ethyl acetate:n-hexane = 1:3) to
obtain 1.52 g of (3S,4S)-3-[(R)-1-tert-butyldimethylsilyl-
dxyethyl]—4—[(1R)—1—{2,2—bis(ethoxycarbonyl)ethylthio—
carbonyllethyl]-1-{l-hydroxy-1-(pivaloyloxymethyloxy-

carbonyl)methyl]-2-azetidinone. -

TR (KBr) cm-l: 3460, 1754, 1692.

Mass (m/z): 620 (M*t-57).

NMR (CDCl3) 8: 0.08 (s, 6H), 0.88 (s, 9H), 1.22 (s, OH),
1.1 to 1.4 (m, 18H), 2.9 to 3.1 (m, 2H), 3.38 (dd, 14,
J=2.4Hz, 7.4Hz), 3.61 (t, 1H, J=7.1Hz), 4.0 to 4.3 (m, 7H),
4.43°(d, 1H, J=8.8Hz), 5.30+5.52 (d+d, 1H, J=8.8Hz), 5.7 to
5.9 (m, 2H). ' |

(3) The product obtained above was treated in the same
manner as in Example 1 (3) to obtain pivaloyloxymethyl
(5R, 6S,7R) ~[(R) ~1-tert-butyldimethylsilyloxyethyl]-5-
methyl-4, 8-dioxo-1-aza~3-thia-bicyclo[4.2.0}octan~2-
carboxylate.

IR (KBx) cm™l: 1765, 1691.

Mass (m/z): 472 (M*-15), 430 (M*-57).

NMR (CDCl3) &: 0.06 (s, 3H), 0.88 (s, 3H), 0.87 (s, 9H),
1.21 (s, 9H), 1.1 to 1.3 (m, 64), 2.9 to 3.0 (m, 1H), 3.4
to 3.6 (m, 1H), 4.1 to 4.3 (m, 1H), 4.5 to 4.6 (m, 1H),
5.81 (d, 1H, J=5.2Hz), 5.83 (s, 1H), 5.91 (d, 1H, J=5.2Hz).
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(4) The product‘obtained above was treated in the same
manner as in Example 1 (4) to obtain pivaloyloxymethyl
(1R, 58, 6S) -6-[ (R)~-1-tert-butyldimethylsilyloxyethyl]}-2-
diphenylphosphoryloxy-l-methylcarbapen-2-em-3-carboxylate.

Mass (m/z): 687 (M*), 630 (M¥-57).

NMR (CDCl3) &: 0.06 (s, 6H), 0.86 (s, 9H), 1.1 to 1.3 (m,
15H), 3.2 to 3.3 (m, 1H), 3.3 to 3.6 (m, 1H), 4.1 to 4.3
{(m, 2H), 5.79 (d, 2H, J=1.4Hz), 7.2 to 7.4 (m, 10H).

Example 4

(1) The corresponding compound was treated in the same
manner as in Example 3 (1) to obtain (35,4S)-3-[(R)-l-tert-
butyldimethylsilyloxyeﬁhyl]—4-[(1R)—1-{2,2-bis(ethoxy—
carbonyl) ethylthiocarbonyl}ethyl]-l-isobutyryloxymethvloxy-

oxalyl-2-azetidinone.

IR (£ilm) cm-l: 1810, 1753, 1737, 1705.

Mass (m/z): 604 (M+—57).

NMR (CDCl3) &: 0.07 (s, 3H), 0.58 (s, 3H), 0.83 (s, 9H),
1.1 to 1.4 (m, 18H), 2.5 to 2.8 (m, 1H), 3.2 to 3.7 (m,
5H), 4.1 to 4.5 (m, 6H), 5.90 (s, 2H).

(2} The product obtained above was treated in the same

‘manner as in Example 3 (2) to obtain (3S,4S)-3-{(R)-1l-tert-

butyldimethylsilyloxyethyl}-4-{(1R)-1-{2,2-bis (ethoxy-
carbonyl)ethylthiocarbonyl}ethyl]-1-{1-hydroxy-1-(iso-

butyryloxymethyloxycarbonyl)methyl]—-2-azetidinone.

IR (KBr) cm~l: 3437, 1754, 1685.

Mass (m/z): 606 (M*-57).

NMR (CDCl3) 8: 0.08 (s, 6H), 0.88 (s, 9H), 1.1 to 1.4 (m,
18H), 2.5 to 2.7 (m, 1H), 2.%2 to 3.2 (m, 2H), 3.3 to 3.5
(m, 2H), 3.5 to 3.7 (m, 1H), 4.0 to 4.5 (m, 7H), 5.3 to 5.6
{m, 1H), 5.7 to 6.0 (m, 2H).
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(3) The product obtained above was treated in the same

manner as in Example 1 (3) to obtain isobutyryloxymethyl
(5R,6S,7S)-7-[(R)-1-tert-butyldimethylsilyloxyethyl]}-5-

methyl-4,8-dioxo~1-aza-3-thia-bicyclo[4.2.0)octan-2—-

_carboxylate.

IR (KBr) cm™1l: 1766, 1691, 1471.

Mass (m/z): 416 (M*-57).

NMR (CDCl3) &: 0.06 (s, 3H), 0.08 (s, 3B), 0.87 (s, 9H),
1.1 to 1.3 (m, 12H), 2.61 (m, 1H), 2.93 (dd, 1H, J=3.0Hz,
4.8Hz), 4.23 (m, 1H), 4.55 (dd, 1H, J=2.9Hz, 7.2Hz), 5.82
(d, ‘IH, J=5.5Hz), 5.83 (s, 1H), 5:90 (d, 1H, J=5.5Hz).

(4) The product obtained above was treated in the same
manner as in Examéle 1°(4) to obtain isobutyryloxymethyl
(1R, 55,6S) -6-[ (R) ~1-tert-butyldimethylsilyloxyethyl]-2—-
diphenylphosphoryloxy—l—methylca;bapen—z-em—3—carpoxylate.

IR (film) em~1: 1780, 1762, 1490. .

Mass (m/z): 658 (M*-15), 616 (Mt-57).

NMR (CDC1l3) &: 0.06 (s, 6H), 0.87 (s, 9H), 1.1 to 1.3 (m,
12H), 2.55 (m, 1H), 3.23 (dd, 1H, J=2.9Hz, 6.2Hz), 3.44 (m,
1H), 4.0 to 4.6 (m, 1H), 7.2 to 7i5 {m, 10H).

Example §

(1) The corresponding compound was treated in the same
manner as in Example 1 (2) to obtain (35,4S)-3-[(R)-1l-tert-
butyldimethylsilyloxyethyl]—4—[(lR)—Z—(Z,Z—bis(ethoxy—
carbonyl)ethylthiocarbonyl}éthyl]—1—(l—hydroxy—l—allyloxy—

carbonylmethyl)-2-azetidinone.

NMR (CDCl3) &: 0.0 to 0.10 (m, 6H), 0.86 (s, 9H), 1.1 to
1.3 (m, 12H), 2.9 to 3.1 (m, 2H), 3.3 to 3.4 (m, 2H), 3.5
to 3.7 (m, 1H), 4.0 to 4.5 (m, 7H), 4.6 to 4.8 (m, 2H), 5.2
to 5.6 (m, 3H), 5.9 to 6.1 (m, 1H).
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(2) The product obtained above waé treated in the same
manner as in Example 1 (3) to obtain allyl (5R,6S,7S)-7-
[(R)-1-tert-butyldimethylsilyloxyethyl}-5-methyl-4, 8-dioxo-
l-aza-3-thia-bicyclo{4.2.0]octan~-2-carboxylate.

IR (£ilm) cm-1: 1779, 1745, 1690.

Mass (m/z): 356 (MT-57).

NMR (CDCl3) &: 0.63 (s, 3H), 0.78 (s, 3H), 0.87 (s, O9H),
1.21 (d, 3H, J=6.2Hz), 1.23 (d, 3H, J=6.7Hz), 2.93 (dd, 1H,
J=4.7, 2.9Hz), 3.55 (quintet, 1H, J=6.7Hz), 4.1 to 4.3 (m,
1H), 4.55 (dd, 1H, J=7.2, 2.9Hz), 4.6 to 4.8 (m, 2H), 5.3
to 5.5 (m, 2H), 5.84 (s, 1H), 5.8 to 6.0 (m, 1E).

Example 6

(1) In 300 ml of tetrahydrofuran was suspended 4.5 g of
(4R)-4;hydroxy—2-pyrrolidone, 23.4 g of triphenylphosphine
was added thereto, and the mixture was stirred for 10
minutes. Subsequently, 14 ml of diethyl azodicarboxylate
was added dropwise to the reaction mixture at -10 °C, and

the mixture was stirred at the same temperature for 10

‘minutes. After 6.3 ml of thiocacetic acid was added drop-

wise to the feaction mixture at -10 °‘C or lower, the mix-
ture was stirred at the same temperature for 2 hours and
the solvent was removed. The residue was crystallized from
diisopropyl ether. After the crystals were removed by
filtration, the filtrate was condensed under reduced pres-—
sure. The residue was purified by silica gel column
chromatography (solvent; chloroform:ethanol = 98:2) to
obtain 3.8 g of (4S)-4-acetylthio-2-pyrrolidone as an oily
product.

NMR (CDCl3) &: 2.29 (dd, 1H), 2.35 (s, 3H), 2.81 (dd, 1H),
3.31 (dd, 1H), 3.88 (dd, 1H), 4.10 to 4.23 (m, 1H), 7.02 to
7.17 (b, 1H).
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(2) After a mixture of 4.8 g of the product obtained
above, 100 ml of toluene and 6.1 g of Lawesson's reagent
(i.e. 2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetan-
2,4~disulfide) was refluxed under heating for 15 minutes,
the solvent was removed. The residue was purified by
silica gel column chromatography (solvent; chloroform:ethyl
acetate = 5:5) to obtain 3.6 g of (4S)-acetylthiopyrroli-

din-2-thione as colorless needle crystal.

m.p.: 91 to 92 °C.

20
[a]D 757.5‘ {c = 1, methanol)}.

(3) A mixture of 3.6 g of the product obtained above and
36. m1 of a 16 % ammonia-methanol solution was stirred under
ice cooling for 30 minutes. After the solvent was removed
from the reaction mixture, 36 ml of toluene was added to
the residue and the mixtﬁre was.cohdensed to obtain 2.7 g
of (4S)-4-mercaptopyrrolidin-2-thione as a crude product.
This product was used without purification in the next

.step.

(4) In 1 ml of acetonitrile was dissolved 20 mg of
pivaloyloxymethyl (1R,5S,6S)-6-{(R)-1-tert-butyldimethyl-
silyloxyethyl]-2-diphenylphosphoryloxy—-l1-methylcarbapen-2-
em-3-carboxylate, 4.3 mg of (4S)-4-mercaptopyrrolidin-2-
thione obtained in the above (3) and 4.1 mg of N,N-diiso-
propylethylamine were added thereto under nitrogen gas at
-20 °C, and the mixture was stirred for 2 hours while
gradually elevating a tempeiature thereof to 0 "C. The
reaction mixture was poured into a 0.1M phosphate buffer
(pH 7) and extracted with ethyl acetate. After the extract
was washed and dried, the solvent was removed under reduced
pressure. The residue was purified by thin layer chromato-
graphy (solvent; ethyl acetate:n-hexane = 5:5) to obtain 7
mg of pivaloyloxymethyl (1R,5S,6S)-6-[(R}—-1l-tert-butyldi-
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methylsilyloxyethyl]-2-[ (4R)-pyrrolidin-2-thion-4-ylthio]-
l—methylcarbapenLZ—em—3—carboxylate as colorless crystal.

m.p.: 143 °C.
Mass (m/z): 536 (Mt-34).

Example 7

(1) In 10 ml of toluene were dissoclved 500 mg of iso-
butyryloxymethyl (5R,6S,7S)~-7-[(R)-1l-tert-butyldimethyl-
silyloxymethyl]-5-methyl-4,8-dioxo-1-aza-3-thia-bicyclo-
(4.2.0)octan-2-carboxylate and 277 mg of triphen&lphos—
phine, 130 mg of potassium tert-butoxide was added thereto
under nitrogen gas at -40 °'C while stirring, and the mix-
ture was stirred at the same temperature for 50 minutes.
To the reaction mixture was added dropwise 10 ml of aceto-
nitrile solution containing 312 mg of diphenyl qug;ophos—
phafe at -40 °'C, and the mixture was stirred for 40 min-
utes. To the reaction mixture were added 155 mg of (4S)-4-
mercaptopyrrolidin-2-thione and 148 mg of diisopropyl-
ethylamine, and the mixture was stirred at -20 "C for 80
minutes, and then at -5 "C for 1.5 hours. The reaction
mixture was poured into a 0.1M phosphate buffer (pH 7.0)
and extracted with ethyl acetate. After the extract was
washed and dried, the solvent was removed under reduced
pressure. The residue was purified by silica gel column
chromatography (solvent; n-hexane:ethyl acetate:chloroform
= 5:5:1) to obtain 248 mg of isobutyryloxymethyl (1R,5S,
6S) —6-[ (R)-1-tert-butyldimethylsilyloxyethyl]-2-[ (4R) -
pyrrolidin—Z—thion—4—ylthioj—l—methylcarbapen—Z—em—B—

carboxylate.

m.p.: 142 °"C (decomposed).

By

IR (KBr) cm~1: 3347, 1771, 1590, 1537.

(2) In 0.2 ml of tetrahydrofuran was dissolved 10 mg of
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the product obtained above, 0.006 ml of acetic acid and
0.072 ml of tetréhydrofuran solution containing 1M of
tetrabutylammonium fluoride were added thereto, and the
mixture was stirred at room temperature for 3 days. After
the reaction mixture was diluted with ethyl acetate and
then washed, an organic layer was collected by separation.
After the organic layer was dried, the solvent was con-
densed under reduced pressure. The residue was purified by
silica gel column chromatography (solvent; ethyl acetate)
to obtain 5 mg of isobutyryloxymethyl (1R,5S,6S)-2-[(4R)-
pyrrolidine-2-thion-4-ylthio]-6- [ (1R)~1l-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate as colorlesé needle

crystal.

m.p.: 158 to 15% °C.

(1) A mixture of 80 g of diethyl malonate, 30 g of para- -
formaldehyde, 5 g of potassium acetate, 5 g of copper (II)
acetate monohydrate and 200 ml of acetic acid was heated at
90 to 100 °C for 2 hours. Acetic acid was removed from the
reaction mixture under reduced pressure, and the residue
was evaporated under reduced pressure to obtain 44 g of

bis (ethoxycarbonyl)ethylene.
b.p.: 90 to 83 °"C (1.3 mmHg).

(2) The product obtained above was added dropwise to 500
ml of tetrahydrofuran solution containing 22 g of thiocace-
tic acid and 500 mg of potassium thiocacetate under ice
cooling and stirring. The solvent was removed from the
reaction mixture. After diethyl ether was added to the
residue, the mixture was washed and dried and the solvent
was removed. To the residue was added 2N hydrochloric

acid-ethanol, and the mixture was stirred at room tempera-
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ture for 14 hours. The solvent was removed from the reac-
tion mixture, and the residue was evaporated under reduced
pressure to obtain 18.3 g of diethyl mercaptomethylmalon-

ate.

b.p.: 78 to B2 'C (1 mmHg).

1g-NMR (CDCl3) &: 1.29 (t, 6H, J=7.1Hz), 1.73 (t, 1H,
J=8.9Hz), 3.00 (dd, 2H, J=8.9Hz, 7.3Hz), 3.57 (t, 1H,
J=7.3Hz2), 4.23 (q, 4H, J=7.1Hz).

Reference example 2

(1) To 425 g of isobutyryl chloride were added 850 mg of

zinc chloride and 119 g of paraformaldehyde, and the mix-

ture was heated at 90 to 100 °C for 8 hours. The reaction
mixture was evaporated (three times), and the fractions

having a boiling point of 120 to 130 "C were collected to
obtain 311 g of chloromethyl isobutyrate.

(2) In 4 7/ of acetone were dissolved 3.53 kg of monobenzyl
oxalate-tetra n-butyl ammonium salt and 1.13 kg of chloro-

methyl isobutyrate prepared in the above (1), and the solu-

. tion was stirred overnight. Acetone was removed from the

reaction mixture under reduced pressure, and the residue
was dissolved in ethyl acetate. After the solution was
washed and dried, the solvent was removed to obtain 2.22 kg
of benzylisobutyloxymethyl oxalate (a pale yellowish oily
product) .

IR (film) cm™1: 1754.
Mass (m/z): 290 (M%).

(3) In 200 ml of ethyl acetate was dissolved 28 g of the
product obtained above, 5 g of 10 % palladium-carbon was
added thereto, and the mixture was subjected to catalytic

reduction under pressure for 8 hours. The catalyst was
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removed by filtration from the reaction mixture, and the
filtrate was condensed to obtain 18 g of monoisobutyryloxy-

methyl oxalate (a colorless oily product).

IR (film) cm~1l: 1756.

-Mass (m/z): 190 (M%).

(4) In 200 ml of methylene chloride was dissolved 26 g of
the product obtained above, to the solution was added 17 g
of oxalyl chloride, and the mixture was stirred at room
temperature for 3 hours. The reaction mixture was con-
densed, and 50 ml of benzene was added to the residue and
reméved under reduced pressure (three times). Then, the
residue was evaporated to obtain 15 g of oxalic acid chlor-

ide isobutyryloxymethyl ester (a colorless oily product).

b.p.: 78 to 80 °C (1 mmHg).
IR {(film) cm-1l: 1768.
Mass {(m/z): 208 (M%).

According to the process of the present invention, by using
the novel compound 1~aza—3—thia—biéycloalkane compound (II)
as a starting compound, the B-lactam derivative (I) useful
as a synthetic intermediate of carbapenem (or penem) type
and cephem type antibacterial agents and the compound (IV)
useful as an antibacterial agent can be prepared by simple

and easy operations with good efficiency.

For example, the process of the present invention has a
characteristic that base treatment in the presence of the
above desulfurizing agent and active esterification of the
compound (II), and subsequent condensation reaction with
the mercaptan compound (III) can be carried out in the samé

reactor.

In a conventional process described in Japanese Provisional
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Patent Publication No. 123182/1982, when the compound (IV)
in which the gréup represented by R? is an easily elimi-
natable ester residue such as isobutyryloxymethyl group is

prepared, if a corresponding starting compound in which R2

"is such an ester residue is used, there is a problem that

said ester residue is eliminated during reaction operation.
However, in the process of the present invention, the ester
residue is not eliminated during reaction operation, so
that the desired compound (IV) can be obtained with good

efficiency.

Further, the process.of the present invent;on also has a.
characteristic that the process proceeds not through a
diazo compound type intermediate used in the process
described in Japanese Provisional Patent Publication No.
123182/1982, so that the process can be carried out without
using an azide compound such as sulfonylazide which should
be handled carefully.

Furthermore, the carbapenem compound (IV-c) derived from
the B-lactam derivative (I) of the present invention or a
pharmacologically or pharmaceutically acceptable salt
thereof is a novel compound having various extremely

excellent characteristics as an antibacterial agent.

For example, the compound (IV-c) or a pharmacologically
acceptable salt thereof has an excellent antibacterial
activity to various microorganisms including gram-positive
bacteria and gram-negative bacteria such as Escherichia,
Staphylococcus and Pseudomonas, and also has a high anti-
bacterial activity to pathogenic clinically separated
strains. Thus, the compound (IV-c) or a pharmacologically
acceptable salt thereof exhibits an excellent therapeutic

effect on infectious diseases.

The compound (IV-c) has stronger antibacterial activities
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to Staphylococcus aureus, Staphylococcus epidermidis,
Escherichia coli, Proteus vulgaris and Pseudomonas aerugi-
nosa, 2-fold to 4-fold or more than those of the compound
in which a substituent at 2-position is 2-oxopyrrolidin-4-
ylthio group described in Japanese Provisional Patent
Publication ﬁo. 49783/1990.

Further, the compound (IV-c) or a pharmacologically accept-
able salt thereof has an excellent characteristic of exhib-
iting higher stability to dehydropeptidase I by using 2-
thioxopyrrolidin-4~ylthio group at 2-position of a 1-

methylcarbapenem skeleton.

FPor example, the compouhd {IV-c) exhibits more excellent
stébility to dehydropeptidase I, by 2-fold or more as
compared with the compoﬁnd described in the above Japanese
Provisional Patent Publication No. 49783/1990.

Also, the compound (IV-c) or a pharmacologically acceptable
salt thereof has characteristics of having high oral ab-

sorption property and exhibiting a high therapeutic effect..

For example, when the compound (IV-c) is orally adminis-
tered to a mouse infected with Staphylococcus aureus, a
higher therapeutic effect by 2-fold to 8-fold is exhibited
as compared with the case when the compound described in
the above Japanese Provisional Patent Publication No.
49783/1990 is orally administered.

Further, the compound (IV-c) or a pharmacologically accept-
able salt thereof has high transition property to bile, and

therefore is particularly available for biliary infections.

Also, the compound (IV-c) or a pharmacologically acceptable
salt thereof has low toxicity and has high safety as a

medicine,
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CLAIMS

1. A l-aza-3-thia-bicycloalkane compound

represented by the formula:

R X o
\f (1I)
];N
A
CO.R

wherein R' represents a hydroxy-substituted lower
alkyl group'ﬁhich may be protected or an amino group
which may be protected; R? represents a hydrogen atom
or an ester residue; X represents a methylene group, a
methylene groﬁp substituted by a lower alkyl group, a
sulfur atom or a group represented by the formula:
-A-CH,~ in which A represents a sulfur atom, an oxygen
atom or a methylene group,
or a salt thereof.

2. The compound accordiﬁg to claim 1, wherein
R! is a.l-hydrOXyethyl group which may be protected,
and X is an ethylidene group.

3. The compound according to claim 1, wherein
R' is an amino group which may be protected, and X is
a group represented by the formula: -S-CH,-, -0-CH,-
or —CH,CH,-. '

4. The use of the 1l-aza-3-thia-bicycloalkane
compound of any of claims 1 to 3 in a process for
preparing a p-lactam compound represénted by the

formula:

R X
Y (1)
N/
o Co,R’

AR
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wherein R', R? and X have the same meanings as defined
in any of claims 1 to 3, and in which Y represents
either -OW with W representing an active ester.residue
of hydréxyl group, Or -SR* whergin R* represents an
organic group,
or a salt thereof. )

5. The use according to claim 4 for the
production of a pg-lactam compound represented by the

formula:
1
R \—l/x
oW (I)
/N~
© CO,R?

wherein the Y group of said l1-aza-3-thia-bicycloalkane
compound is a W group and wherein R', R?, X and W have
the same meanings as defined in claim 4, wherein said
process comprises the steps of treating said 1-aza-3-
thia-bicycloalkane compound of formula II in which R?,
R? and X have the above said meanings and Y represents
OW, or a salt thereof, with a base in the presence of
a desulfurizing agent and then reacting the resulting
compound with an active esterifying agent of hydroxyl
group.

6. The use according to claim 5, wherein R' is
a l-hydroxyethyl group which ‘may be protected, and X
is an ethylidene group.

7. The use according to claim 5 or 6, wherein
the treatment with a base is carried out by a base
selected from the group consisting of an alkali metal
alkoxide, an alkali metal amide, a tri-lower
alkylamine and an aromatic amine in the presence of a
desulfurizing agent selected from the group consisting
of a triarylphosphine, a tri(lower alkyl)-~-phosphite, a
tri-lower alkylphosphine, a tris(di-lower alkyl-
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amino)-phosphite and a bis(di-lower alkylamino-lower
alkyl)-phosphite under cooling to at room temperature.

8. The use according to claim 4 in combination
with any of claims 5 to 7 for preparing a B-lactam
compound represented by the formula:

RI

\ X
l s-r* (IV)
47——N //
© Co,R’

wherein R* represents an organic group; and R', R? and
X have the same meanings as defined in claim 1, or a
salt thereof, which further comprises subjecting the
compound of formula:

N\ X
I // ow (I)

—N

CO,R?

wherein R', R?, X and W have the same meanings as
defined in any of claims 5 to 7, to a‘condensation
reaction with a mercaptan compound represented by the
formula:

R4~SH _ (III)

wherein R* has the same meaning as defined above, or a
salt thereof.

9. The process according to claim 8, wherein
the g-lactam compound represented by the formula (IV),
when R! is a protected hydroxy-substituted lower alkyl
group or a protected amino group and/or when R? is an
ester residue, said protective group and/or ester
residue is/are removed.
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10. The process according to claim 8, wherein R
is a 1l-hydroxyethyl group which may be protected, X is
an ethylidene group, and the compound (III) is a
compound reéresented by the formula:

HS ~/_ \
N s (III-a)

N
RS

wherein R’ represents a hydrogen atom, a lower alkyl
group, a lower alkoxy-lower alkyl group or a di-lower
alkylamino lower alkyl group. '

11. The process according to claim 8, wherein
the treatment with a base is carried out by a base
selected from the group consisting of an alkali metal
alkoxide, an alkali metal amide, a tri-lower
alkylamine and an aromatic amine in the presence of a
desulfurizing agent selected from the group consisting
of a triarylphosphine, a tri(lower alkyl)-phosphite, a
tri-lower alkylphosphine, a tris(di-lower alkyl-
amino)phosphite and a bis(di~lower alkylamino-lower
alkyl) -phosphite under cooling to at room temperature.
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