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Description

This invention relates to novel g-lactam compounds and a process for producing the same. More
particularly, this invention relates to novel g-lactam compounds which are carbapenem or penem derivatives
and useful as antimicrobial agents or intermediates therefor and a process for producing the same.

Since the discovery of thienamycin having a potential antimicrobial activity against Gram negative and
Gram positive bacteria, studies on synthesis of carbapenem or penem derivatives which are analogous to
thienamycin have been widely developed.

JP-A-57,176,988 (C.A. 1983, 143190 w) relates to penem-3-carboxylic acid derivatives of the general
formula -

R S

sr”?
/

) co,R*

useful a bactericides and methods for preparing them.
In EP-A-0 002 210 6-and 6,6-disubstituted-2-substituted pen-2-em-3-carboxylic acids of the general
formula

2 (O)H
R4 f $f 3
\-»
0 \Z

Co

and their preparation are disclosed. Such compounds are useful as antibiotics.
EP-A-0 017 992 relates to the total synthesis of 1-carbapenem antibiotics of the general formula

T

b sef
N

v O

Therefore, an object of the present invention is to find new carbapenem or penem derivatives which
exhibit potential antimicrobial activity.

This object has been solved by carbapenem or penem derivatives having, as their 3-side chain, a
substituent easily derived from 4-hydroxy-proline, i.e., a substituted pyrrolidinyl group carrying a carbony!
group substituted with various substituents on its'2-position, which exhibit potential antimicrobial activity and
are useful as medicines or are important intermediates for compounds possessing antimicrobial activity.
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The present invention relates to novel carboxylic 8-lactam compounds represented by the formula (l):
16 5% 0 -y
\8 5. X '
| s’ (1)
. //;___. h N

wherein Ry represents a 1-hydroxyethyl group or a 1-hydroxyethyl group in which the hydroxy group is
protected with a protecting group; Rz represents a hydrogen atom or a protecting group for an amino group;
Rs represents a hydrogen atom or a protecting group for a carboxyl group; X represents a substituted or
unsubstituted methylene group of the formula (1):

(1)

1
I—n—2x
'

wherein Rs represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms,
or X represents a sulfur atom; and Y represents a group of the formula (2):

Rg
-n~ (2)

wherein Rs and Rs, which may be the same or different, each represents a hydrogen atom, an alkyl group
having 1 to 5 carbon atoms, an alkeny! group having 3 to 4 carbon atoms, a benzyl group, a phenethyl
group, a 2-pyridylmethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a substituted alky!
group having 1 to § carbon atoms wherein the substituent is selected from a hydroxy group, a di(Ci-3)-
alkylamino group, a carbamoyl group, a mono- or di(Cy-a)alkylaminocarbonyl group and a protected or
unprotected carboxyl group or a pyridyl group, or Rs and Rs taken together represent an alkylene chain or
an alkylene chain containing an oxygen atom, a sulfur atom or a (C:-Cs)alkyl-substituted nitrogen atom to
form, together with the adjacent nitrogen atom, a substituted or unsubstituted 3- to 7-membered cyclic
amino group which may contain double bond(s) in its ring, wherein the substituent is selected from a
(C1-3)alkyl group, a carbamoyl group, a mono- or di(Cy-s)alkylaminocarbonyl group and a hydroxy group;
or a group of the formula (4): '

-NHORs  (4)

wherein Rs represents a hydrogen atom, a protecting group for a hydroxyl group or an alkyl group having 1
to 3 carbon atoms,
and pharmacologically acceptable salts thereof; and a process for producing the same.

In the above-described formula (), the protecting group for a hydroxyl group as represented by R; and
the protecting group for an amino group as represented by R: may be any of those commonly employed.
Preferred examples of these protecting groups include a lower alkoxycarbonyl group, e.g., t-butyloxycar-
bonyl; a halogenoalkoxycarbonyl group, e.g., 2-iodoethyloxycarbonyl or 2,2, 2-trichloroethyloxycarbonyl; an
aralkyloxycarbonyl group, e.g., benzyloxycarbonyl, p-methoxybenzyloxycarbonyl, o-nitrobenzyloxycarbonyl
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or p-nitrobenzyloxycarbonyl; and a trialkylsilyl group, e.g., trimethylsilyl or t-butyldimethyisilyl.

The protecting group for a carboxyl group as represented by Rs may be any of those commonly
employed and preferred; examples are straight or branched chain lower alkyl groups, e.g., methyl, ethyl,
isopropyl, or t-butyl; halogeno lower alkyl groups, e.g., 2-iodoethyl or 2,2,2-trichloroethyl; lower alkox-
ymethyl groups, e.g., methoxymethyl, ethoxymethyl or isobutoxymethyl; lower aliphatic acyloxymethyl
groups, e.g., acetoxymethyl, propionyloxymethyl, butyryloxymethyl, or pivaloyloxymethyl; 1-lower alkoxycar-
bonyloxyethyl groups, e.g., 1-methoxycarbonyloxyethyl or 1-ethoxycarbonyloxyethyl; aralkyl groups, e.g., p-
methoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, a benzhydryl group and a phthalidyl group.

When X is a (C1-Cs)alkyl-substituted or unsubstituted methylene group as represented by the formula
(1), the (C1-Ca) alkyl group includes, for example, methyl, ethy! or n-propyl.

When Y is an amino group represented by the formula (2), Rs and Rs may be the same or different
from each other. In the definition of Rs and Rs, the alkyl group having 1 to 5 carbon atoms includes e.g.,
methyl, ethyl, n-propyl, isopropyl, n-butyl or t-butyl, the alkenyl group having 3 to 4 carbon atoms includes,
for example, propenyl or butenyl. Rs and Rs further include a benzyl group, a phenethyl group, a 2-
pyridyimethyl group, a 3-pyridylimethyl group or a 4-pyridylimethyl group; in the definition of Rs and Re, the
substituted alky!l group having 1 to 5 carbon atoms includes, for example, straight chain or branched chain
alkyl groups, e.g., methyl, ethyl, n-propyl, isopropyl or n-butyl, which are substituted with a hydroxyl group,
a di-(C1-Ca) alkylamino group, a carbamoy! group, a mono- or di-(C1-Cs) alkyl-substituted aminocarbony!
group, a protected or unprotected carboxyl group or a like substituent; and the pyridyl group includes 2-
pyridyl, 3-pyridyl and 4-pyridyl groups.

In cases where Rs and R; jointly represent an alkylene chain or an alkylene chain containing an oxygen
atom, a sulfur atom or a (C1-Cs) alkyl-substituted nitrogen atom to form, together with the adjacent nitrogen
atom, a substituted or unsubstituted 3- to 7-membered cyclic amino group which may contain double bond-
(s) in its ring, the cyclic amino group includes, for example, a saturated cyclic amino group, e.g. an
azirodino group, an azetidino group, a pyrrolidino group or a piperidino group; an unsaturated cyclic amino
group, e.g., a pyrrolyl group or a 3-pyrrolinyl group; and a cyclic amino group having an oxygen atom, a
sulfur atom or an alkyl-substituted nitrogen atom in its ring, e.g., a morpholino group, a thiomorpholino
group or an N-methyipiperazino group. The substituents for these cyclic amino groups include, for example,
an alkyl group having 1 to 3 carbon atoms, a carbamoyl group, a mono- or di-(C-Ca)alkyl-substituted
aminocarbonyl group or a hydroxyl group.

In cases where Y is represented by the formula (4), Rs is a hydrogen atom, a protecting group
commonly employed for protection of a hydroxyl group or a lower alkyl group, e.g., methyl, ethyl or n-
propyl.

Of the compounds of the above-described formula (I), the carboxylic acid compounds wherein the
group as represented by -COOR; or -COY is a carboxyl group can be converted into their pharmacologi-
cally acceptable salts, if desired. Such salts include those formed with inorganic metals, such as lithium,
sodium, potassium, calcium or magnesium and those formed with ammonium, such as ammonium,
cyclohexylammonium, diisopropylammonium or triethylammonium, with a sodium salt and a potassium salt
being preferred.

The preferred compounds of the formula (l) are those wherein R; is a 1-hydroxyethyl group; R2 and Rs
are both hydrogen atoms; and Y is a group represented by the formula (2-a):

R

/ S'a

- N (2-a)
“Rg-a

wherein Rs-, and Rg-, each represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, an
alkenyl group having 3 to 4 carbon atoms, a benzyl group, a phenethyl group, a 2-pyridylmethyl group, a 3-
pyridyimethyl group or a 4-pyridyimethyl group, an alkyl group having 1 to 5 carbon atoms which is
substituted with a hydroxy! group, a di-(C1-Cs)alkylamino group, a carbamoyl group, & mono- or di-(C1-Cs)-
alkyl-substituted aminocarbonyl group or a carboxy! group, or a pyridy! group, or Rs-, and Rg-a jointly
represent an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom or a (C1-Cs)-
alkyl-substituted nitrogen atom to form, together with the adjacent nitrogen atom, a substituted or unsub-
stituted 3- to 7-membered cyclic amino group which may contain double bond(s) in the ring thereof,
wherein the substituent for the cyclic amino group includes a (C1-Cs)alkyl group, a carbamoyl group, a
carboxyl group, a mono- or di-(Ci-Ca) alkyl-substituted aminocarbonyl group or a hydroxyl group; or a
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group represented by the formula (4-a):
= NHOR;-, (4-a)

wherein Rg-, represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.
The more preferred compounds of the formula (I) are those wherein Rs is a 1-hydroxylethyl group; Rz
and Ra are both hydrogen atoms, and Y is a group represented by the formula (2-b):

Re.
T (2-b)

“Rg-p

wherein Rs-, and Rg-y, each represents a hydrogen atom, an alkyl group having 1 o 5 carbon atoms, an
alkenyl group having 3 to 4 carbon atoms, a benzyl group, a phenethyl group, a 2-pyridyimethyl group, a 3-
pyridyimethyl group or a 4-pyridyimethyl group; an alkyl group having 1 to 5 carbon atoms which is
substituted with a hydroxyl group, a di-(C-Cs)alkylamino group, a carbamoyl group, a mono- or di-(C1-Cs)-
alkyl-substituted aminocarbonyl group or a carboxyl group, or a pyridyl group, or Rs-p and Rg-p, jointly
represent an alkylene chain or alkylene chain containing an oxygen atom, a sulfur atom or a (C41-Ca) alkyl-
substituted nitrogen atom to form, together with the adjacent nitrogen atom, a substituted or unsubstituted
3-to 7-membered cyclic amino group which may contain double bond(s) in its ring, wherein the substituent
for the cyclic amino group includes an alkyl group having 1 to 3 carbon atoms, a carbamoyl group or a
hydroxyl group; or a group represented by the formula (4-a):

-NHORy-, (4-a)

wherein Rg-, has the same meaning as defined above.
Preferred examples of Y include a group represented by the formula:

Rs-q
- N<
Rg-4

wherein Rs-4 represents a hydrogen atom or a methyl group, and Rg-4 represents a group of the formula:

wherein Ry, Ry and R, each represents a hydrogen atom or a methyl group.
Other preferred examples of Y comprise a group of the formula:

_cu, /S
-N\ ’ =N or -N\J
CH3 \

The most preferred compounds of the formula () are those wherein Ry is a 1-hydroxyethyl group; Rz
and Ry are both hydrogen atoms; and Y is a group represented by the formula (2-c):
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R5_¢
- N/ (2-¢)
N Rg_c

wherein Rs-. and Rg-. have one of the following meanings:

(1) Rs- represents an alkyl group having 1 to 5 carbon atoms which may be substituted with a
carbamoyl group, a mono- or di-(C1-Cs)alkylaminocarbonyl group or a hydroxyl group, or a pyridyl
group, and Rg-. represents a hydrogen atom or has the same meaning as described for Rs-;
(2) Rs-c and Rg-. are directly taken together to represent an alkylene chain to form, together with the
adjacent nitrogen atom, a 4- to 6-membered saturated cyclic amino group or a 5 to 6-membered
unsaturated cyclic amino group having double bond(s) in its ring, such as a pyrrolinyl group, or the same
saturated or unsaturated cyclic amino group as described above but having a substituent on its ring,
such as a carbamoyl group or a hydroxyl group, and
(3) Rs-c and Rg-. jointly represent an alkylene chain containing an oxygen atom or a (Ci-Cs)alkyl-
substituted nitrogen atom to form, together with the adjacent nitrogen atom, a 6-membered cyclic amino
group.

Preferred examples of X, if positively enumerated, can include a sulfur atom, a methyl-substituted or

unsubstituted methylene group as claimed in claims 7, more preferred as represented by the formula (1-a):

4-a

'
n—Q—x
'

(1-a)

wherein Rs-, represents a hydrogen atom or a methyl group, with a group

I—n0N

being particularly preferred.

Proferred compounds are (5R)-compounds, more preferred are (5R,6S,8R)-compounds and most

preferred are (5R,6S,8R,2'S,4'S)-compounds of the formula

/?H\
\>— ‘C‘/\
Y e
° ooxz3

and preferred compounds are (5R)-compounds, more preferred are (5R,6S,8R)-compounds and most
preferred are (5R,6S,8R,2'S,4'S)-compounds of the formula
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OH

COOR3

wherein Y, Rz and Rs are as defined above.
Preferred compounds are also (5S)-compounds, more preferred are (5S,6S,8R)-compounds and most

preferred are (6S,6S,8R,2'S,4'S)-compounds of the formula

OH .R4

wherein Y, Rz and R; are as defined above and R is an alkyl group having one to three carbon atoms.

Especially preferred compounds are:
1.) (6R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio-6-(1-hydroxyethyl)-1 -azabicyclo[3.2.0lhept-2-ene-
7-one-4-thia-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
27%) (5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-yithio-6-(1-hydroxyethyl)-1 -azabicyclo[3.2.0]hept-2-ene-
7-one-4-thia-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
3’) (5R)-3-[2-Carbamoylpyrrolidin-4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}hept-2-ene-7-one-4-thia-
2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
47 (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2—
ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
5.") (6R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-yithio}-6-(1-hydroxysthyl)-1 -azabicyclo[3.2.0]hept-2-ene-
7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
6)  (5R)-3-[2-((1-Pyrrolin-3-yl)carbonylpyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1 -azabicyclo[3.2.0]hept-2-
ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
77) (5R)-3-{2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1 -azabicyclo[3.2.0Jhept-2-ene-
7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
8.") (5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-4-yithio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}
hept-2-ene-7-one-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
9. (5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrroldin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0Jhept-3-ene-7-one-2-carboxylic acid, or a non-toxic pnarmaceutically acceptable salt thereof;
10.%) (5R)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-yithio}-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-
ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
117)  (S8R)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1 -azabicyclo[3.2.0]-
hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
12.) (5R)-3-[2-Carbamoylpyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
13.)  (5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethy!)-1 -azabicyclo[3.2.0]hept-2-
ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
14.%) (58)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
15.%) (88)-3-[2-((1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio}-4-methyi-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}-
hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;
16.) (6S)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1 ~azabicyclo-
[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmacsutically acceptable salt thereof;

8



EP 0 126 587 B1

17.")  (6S)-3-[2-((1-Azatidino)carbonyl)pyrrolidin-4-ylthio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}-
hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;

189 (58)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt
thereof,

19.9)  (5S)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrrolidin-4-ylthio]-4-methyI-6-(1-hydroxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt
thereof;

20.") (5S)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-yithio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]-
hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof;

21" (5S)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio]-4-methyl-8-(1-hydroxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt
thereof;

22.") (55)-3-[2-Carbamoylpyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-
one-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

The compounds 1* to 13" with (5R,6S,8R)-configuration are more and with (5R,6S,8R,2'S,4'S)-configura-
tion are most preferred. Also the compounds 14" to 22" with (5S,6S,8R)-configuration are more and with
(58,6S,8R,2'S,4'S)-configuration are most preferred. Furthermore, subject matter of the present application
are the following g-lactam compounds:
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ooy, - (] = O ‘“g

cE
3
-8 p., TN N-cH,, -g/z// , -3:/1,N(ca3:).2

CE,

.gcnzcom-zcag. = NCH,CONECH;, - w: >CONHZ ‘
|

CH3

and the pharmaceutically acceptable salts thereof.
. A g-lactam compound of the formula:

OH

< ~4CONMe
“ | NH

ank COOH.

and the pharmaceutically acceptable salts thereof.
. A g-lactam compound of the formula:

oH
. : con/\‘

o] COOH

and the pharmaceutically acceptable salts thersof.
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. A g-lactam compound of the formula:

OH
- N I  ana N ,
and the pharmaceutically acceptable salts thereof.
A g-lactam compound of the formula:
OB
H I,I _ ~=COY
. ' s
S n
&N Tcoor

wherein Y is chosen from the group consisting of

- O and _NQo?

and the pharmaceutically acceptable salts thereof.

. A g-lactam compound of the formula:

Jc0Y

S ,
NH

wherein Y is selected from the group consisting of

11
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- O . _O Q oH CH4
’ N ' _NQ' and | /l/OH
5 .

10

15

25

30

35

45

50

55

and the pharmaceutically acceptable salts thereof.
A g-lactam compound represented by the formula:

1 X coy
-——Ir' s .
J;—N' \?‘ ‘q\

0
R,

R

COORj

wherein R¢ represents a 1-hydroxyethyl group or a 1-hydroxyethyl group in which the hydroxy group
is protected with a protecting group for a hydroxy group; R: represents a hydrogen atom or a
protecting group for an amino group; Rs represents a hydrogen atom or a protecting group for a
carboxyl group; X represents a sulfur atom; and Y represents a group of the formula (2):

— N (2)

wherein Rs and Rs, which may be the same or different, each represents a hydrogen atom, an alkyl
group having 1 to & carbon atoms, an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a
phenethyl group, a 2-pyridylmethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a
substituted alkyl group having 1 to 5 carbon atoms wherein said substituent is selected from the
group consisting of hydroxyl, di-(Ci-Cs)-alkylamino, carbamoyl, mono- or di-(Ci-Cs)alkyl-substituted
aminocarbonyl and protected or unprotected carboxyl or a pyridyl group, or Rs and Rs taken together
represent an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom or a (C-
Cs)alkyl-substituted nitrogen atom to form, together with the adjacent nitrogen atom, a substituted or

- unsubstituted 3- to 7-membered cyclic amino group which may contain double bond(s) in the ring

thereof, wherein said substituent is selected from the group consisting of Ci-Cs alkyl, carbamoyl,
mono- or di-(C1-Cs)alkyl-substituted aminocarbonyl and hydroxyl, or a group of the formula (4):

-NHORs (4)

wherein Rg represents a hydrogen atom, a protecting group for a hydroxyl group or an alkyl group
having 1 to 3 carbon atoms, and a pharmaceuticaily acceptable salt thereof.

The g-lactam compounds represented by the formula () according to the present invention are novel
compounds which are carbapenem (j.e., 1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid) derivatives
or penem (i.e., 1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylic acid derivatives.

A process for producing the compounds of the formula (l) according to the present invention will be
described below.

12
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Of the 8-lactam compounds of the formula (l), compounds represented by the formula (IV):

NG X | N0 - ¥’
' s
| N\/ (IV)
10 04 N\
Ry
COORg

15
wherein Ry, Rz and X are as defined above; Rs represents a protecting group for a carboxyl group; and Y*
represents the group as represented by the aforesaid formula (2), or a group represented by the formula

@)
20 -~ NHORg' (4

wherein Rg' represents a protecting group for a hydroxyl group or an alkyl group having 1 to 3 carbon
atoms, _ o
can be prepared by reacting a g-Jactam derivative represented by the formula (lI):

25

? l l x\\\-'z | (1)

O/ ¥

C00R9

36

wherein R;, X and Rs are as defined above, and Z represents a reactive ester group of an alcohol or a
substituted or unsubstituted lower alkylsulfinyl group, with a mercaptan derivative represented by the

formula (lll):
40
CcoyY?
HS
® (III)
N.
~
R,
50

wherein Rz and Y’ are as defined above,
in an inert solvent in the presence of a base.
The term "reactive ester group of an alcohol” herein used means a group derived from a substituted or

unsubstituted arylsulfonate, lower alkanesulfonate, halogeno-lower alkanesulfonate or diarylphosphoric acid
65 ester or a halide, i.e., an ester with a hydrogen halide, of the alcohol represented by the formula (ll). The

substituted or unsubstituted arylsulfonate includes, for example, a benzenesulfonate, a p-toluenesulfonate, a

p-nitrobenzenesulfonate or a p-bromobenzenesulfonate. The lower alkanesulfonate includes, for example, a

methanesuifonate or an ethanesulfonate. The halogeno-lower alkanesulfonate includes, for example, a

13
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trifluouromethanesulfonate. The diarylphosphoric acid ester includes, for example, a diphenylphosphoric
acid ester. The halide includes, for example, a chioride, a bromide or an iodide. Of these reactive esters of
an alcohol, preferred examples are a p-toluenesulfonate, a methanesulfonate and a diphenylphosphoric acid
ostor.

Further, in the substituted or unsubstituted lower alkylsulfinyl group, the lower alkyl group preferably
includes a straight chain or branched chain alkyl group having 1 to 4 carbon atoms. The substituent for the
substituted lower alkyl group can include a hydroxyl group, a lower alkoxy group having 1 to 4 carbon
atoms, a lower alkoxycarbonyloxy group having 2 to 5 carbon atoms, a lower alkanoyloxy group having 2 to
5 carbon atoms, an amino group, 8 mono- or di-lower alkylamino group, a lower alkanoylamino group
having 2 to 5 carbon atoms, a lower alkoxycarbonylamino group having 2 to 5 carbon atoms, an
aralkyloxycarbonyloxy group or an aralkyloxycarbonylamino group.

The protecting group for a carboxyl group as represented by Rs corresponds to the protecting group as
represented by Rs, and the same preferred groups as enumerated for Rs can also be applied to Rs.

Examples of the inert solvent which can be used in the above-described reaction are dioxane,
tetrahydrofuran, dimethylformamide, dimethyl sulfoxide, acetonitrile, hexamethylphosphoramide and mix-
tures thereof, with acetonitrile and dimethylformamide being preferred.

The base also used in the reaction includes various organic or inorganic bases, such as sodium
carbonate, potassium carbonate, sodium hydride, potassium hydride, potassium t-butoxide, pyridine, various
lutidines, 4-dimethylaminopyridine, triethylamine, diisopropylethylamine and the like, with the organic bases,
e.9., diisopropylsthylamine being preferred. .

The amount of the base to be used should be enough for the reaction to sufficiently proceed and
usually ranges from 1 to 2 equivalents per mole of the mercaptan derivative of the formula (lil).

The mercaptan derivative (lll) is used in an amount enough for the reaction to sufficiently proceed. It
may be used in a large excess but usually in an amount of from 1 to 2 equivalents based on the compound
of the formula (II).

The reaction can be carried out at a temperature ranging from about -78°C to 60° C, preferably from
-40°C to 40°C.

After completion of the reaction, the reaction product can be isolated by usual organochemical means.

Then, the thus obtained compound represented by the formula (IV) can be subjected, if necessary, to a
reaction for removal of the hydroxyl-protecting group when R; contains a protected hydroxyl group, a
reaction for romoval of the amino-protecting group, a reaction for removal of the carboxyl-protecting group
Rs, a reaction for removal of the protecting group on Y’, or an appropriate combination thereof, thereby fo
obtain the g-lactam compound represented by the formula (I).

The reactions for removal of the protecting groups can be carried out by generally known methods
selected depending on the type of the protecting groups. For example, those compounds of the formula
{IV) wherein the hydroxyl-protecting group and/or the amino-protecting group in Rz is/are a halogenoalkox-
ycarbonyl group(s) or an aralkyloxycarbonyl group(s), and those compounds wherein the carboxyl-protect-
ing group is a halogenoalkyl group, an aralkyl group or a benzhydryl group can be subjected to an
appropriate reduction reaction to remove these protecting groups. Such reduction is preferably carried out
by using an organic solvent, such as acetic acid, tetrahydrofuran or methanol and zinc in case when the
protecting group to be removed is a halogenoalkoxycarbonyl group or a halogenoalkyl group, or by catalytic
reduction using a catalyst, such as platinum or palladium-on-carbon, in case when the protecting group to
be removed is an aralkyloxycarbonyl group, an aralkyl group or a benzhydry! group. Solvents to be used in
the catalytic reduction suitably include organic solvents, such as lower alcohols, e.g., methanol or ethanol;
ethers, e.g., tetrahydrofuran or dioxane; and acetic acid, or mixed solvents of these organic solvents and
water or buffer solutions, such as phosphoric acid, morpholinopropanesulfonic acid. The reaction ¢an be
conducted at a temperature of from about 0°C to 100°C, preferably 0°C to 40°C, in a hydrogen
atmosphere under atmospheric pressure or under pressurized conditions.

In particular, when the protecting group to be removed is an o-nitrobenzyl group or an o-nitrobenzylox-
ycarbonyl group, these groups can also be removed by photo reaction.

in the compounds according to the present invention, the 5- and 6-positions of the compounds of the
above-described formula (1), the 8-position of the compounds represented by the formula (V):

14
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OR

' 10
5 SNE__5 X 2’ co - ¥
' 3S 4) l
: (v)
. 0 1 \RZ
10
COOR3

wherein Rz, Rs, X and Y are as defined above, and Rio represents a hydrogen atom or a protecting group
15 for a hydroxyl group,
the 4-position of the compounds represented by the formula (VI):

: r (vI)

20

25

COOR

3

30 wherein R1, Rz, Ra, Rs and Y are as defined above, and Rs is an alkyl group,
and the 2'- and 4'-positions in the 3-side chain of the compounds of the formula (1), (V) and (VI) are all
asymmetric carbons to form isomers. Therefore, the compounds represented by these formulae include
optical isomers and steric isomers ascribed to these asymmetric carbon atoms. Although all of these
isomers are represented by a respective single formula for the sake of convenience, the scope of the
3 present invention is not limited by such a single formula.

However, preferred isomers can include those having the same relative-configuration as thisnamycin at
the 5-positioned carbon atom. With respect to the 8-positioned carbon atom of the formula (V), those having
an R-configuration are preferred. Further, with respect to the 4-position of the formula (VI), those wherein
the lower alkyl group as represented by Rs is in an R-configuration (i.e., (4R)-compounds) are preferred.

40 In addition, the 2'-substituted pyrrolidin-4'-ylthio group forms four isomers, of which the (2'S,4'S)- and
(2'R,4'R)-compounds are preferred.

Particularly preferred compounds include those compounds of the formula (V), wherein X is a sulfur
atom or a methylene group, having a (5R,6S,8R,2'S,4'S)-configuration, those compounds of the formula (V),
wherein X is an alkylated methylene group having a (55,6S,8R, 2'S,4'S)-configuration, and those com-

45 pounds of the formula (VI) whersin R is a 1-hydroxyethy! type substituent and Rs is a lower alkyl group,
having a (4R,5S,6S,8R,2'S,4'S)-configuration.

The isomers having the above-described steric configurations can be obtained by using the starting
compounds of the formula (l) and/or (lli) having the corresponding configurations.

The starting compounds (Il) can be prepared according to various known methods. For example, the

50 compounds represented by the formula (VIi):
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(VII)

COOR

3

wherein R, Re and Rio are as defined above, and Zo represents a reactive ester group of an alcohol, and
also wherein R¢ is a hydrogen atom are known per se in (1) Japanese Patent Application OPI (Open to
Public Inspection) No. 27169/80, (2) J. Am. Chem. Soc., Vol. 103, 6765-6767 (1981) and (3) J. Chem. Soc.,
Perkin |, 964-968 (1981) and the compounds (Vil) can be obtained according to the methods described in
the above-described literatures (1) to (3).

Further, the compounds (VII) can also be synthesized in accordance with the methods described in the
above-described literatures (1) to (3) starting with compounds represented by the formula (a):

ORqp

OAc

(a)

O/_N\H

wherein R0 is as defined above, and Ac represents an acetyl group,
which can be obtained by the method described in Tetrahedron Letters, 2293-2296 (1982) or the method
described in EPC Publication No. 70204.

Furthermore, the compounds (Vli) can also be obtained by subjecting a compound represented by the
formula (b):

P COCH

(b)

/—N
o pan

wherein DAM represents a di-p-anisylmethy! group,

which is obtained by the method disclosed in EPC Publication No. 70204 to a carbon-increasing reaction
such as Arndt-Eistert reaction or the like and then to an oxymercuration reaction or the like according to the
method of EPC Publication No. 70204, thereby converting the ethenyl group into a 1-hydroxyethyl group,
subjecting the resulting product, if necessary, to an appropriate combination of a reaction for protecting or
deprotecting the carboxyl group and a reaction for protecting the hydroxyl group to obtain a compound
represented by the formula (c):
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i OoH " (e)

7N
0 \DAM

wherein R1o and DAM are as defined above,
and then obtaining the compound (VIl) from the compound (c) in accordance with the method described in
Japanese Patent Application OPl No. 167964/82.

The DAM group on the nitrogen atom in the compound (c) can be removed by reacting with ceric
ammonium nitrate in an inert solvent such as acetonitrile-water at 10 to 30*C. In this case, this reaction
may be combined with a reaction for protecting or deprotecting the carboxyl group and/or a reaction for
protecting the hydroxyl group, if necessary.

Further, the compound of the formula (VIl) wherein R is an alkyl group can be prepared by, for
example, the known method as disclosed in Japanese Patent Application OPl No. 26887/83 or analogous
methods thereof.

Compounds of the formula (VIil):

0
COOH
(VIII)
o? AN -

wherein Ri0 is as defined above and R:° represents an alkyl group having 1 to 3 carbon atoms,
which can be used as a starting material for preparing the compound (VIl) wherein R is an alkyl group, can
be produced, for example, according to the following reaction scheme:
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OTBDMS

/,1u~ OAc

OTBDMS R

0
/’ /OfBDMS Ry
OOR 11 . _—I’ c‘ 00R1 1

7 — N
o N g o/ Ng

(e) | | (£)

wherein R:° is as defined above; Ri1 represenis a protecting group for a carboxyl group; and TBDMS
represents a t-butyldimethylsilyl group.

The compounds of the formulae (e) and (f) can be obtained as an isomeric mixture by a method
described in Japanese Patent Application OPI No. 73656/80 which comprises reacting (3R,4R)-4-acetoxy-3-
[(R)-1-(-butyldimethyisilyloxy)ethyl}-2-azetidinone of the formula (d) disclosed in Chem. Pharm. Bull., Vol.
20, 2899-2909 (1981) with a halogenofatty acid ester represented by the formula:

R+°CHX'-COOR; 1

wherein R¢? and Ry, are as defined above, and X' represents a halogen atom,
in a solvent, such as an ether (e.g., tetrahydrofuran, dioxane or diethyl ether), an aromatic hydrocarbon
(e.g., benzene or toluene), and the like, or a mixed solvent of these solvents and hexane in the presence of
diethylaluminium chloride and zinc. '

Separation and purification of the isomers (¢) and (f} can be carried out by silica gel column
chromatography.

The compounds (e) and {f) can be led to the compound (VIIl) by appropriately combining reactions for
protecting or deprotecting the hydroxy! group, the carboxyl group or the nitrogen atom.

One example for the production of the starting compound (VII) will be illustrated in the following reaction
scheme:

0 0
?R1 0 R, OR4p Ry
N COOH e COOR
— o 9
7N N
o g o’ Ng
(g) (h)
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ORv
)\10 R4 Nz
—_— ‘ OORg___._a.
o]
0o? ?
OR1 0 R4 OR.] 0 R4
0
/K ZN— I -OPh
0 —_— _ —P
\oPh
e N N
V4 N o
COOR9
COOR9
(3) (VII-a)

wherein R, Rs and Rio are as defined above; R1q° represents a protecting group for a hydroxyl group; and
Ph represents a phenyl group.

More specifically, the compound {(g) obtainable by the aforesaid methods can be led to the compound
(h) through the reaction described in Japanese Patent Application OPlI No. 167964/82 or Heterocycles, Vol.
14, 1305-1306 (1980).

The compound (h) is then reacted with a diazonizing agent, e.g., carboxybenzenesulfonazide, in the
presence of a base to obtain the compound (i) as disclosed in Tetrahedron Letters, 31-34 (1980).

The compound (i) is then subjected to cyclization in the presence of a metal salt catalyst, e.g.,
dirhodium tetrakisacetate, or to photo reaction fo obfain the compound (j).

Finally, the compound (j) is reacted with diphenyl-phosphoryl chloride in an inert solvent in the
presence of a base such as diisopropyl ethyl amine or 4-dimethylaminopyridine to obtain the compound of
the formula (Vil-a).

In general, the starting compound (Vii~a) as prepared from the compound () is subsequently subjected
to the reaction with various mercaptans without being isolated to produce carbapenem derivatives, but the
starting compound (Vil-a) may aiso be once isolated from the reaction mixiure and then reacted with the
mercaptan derivative (lll) to obtain the desired compound of the formula (IV).

Optically active reactive esters, for example, the compound (Vli-a), can be obtained in the same manner
as described above but starting with the g-lactam derivative (g) having the corresponding steric configura-
tion.

Further, of the above-described compounds of the formula (ll), the compounds, for example, of the

compound (IX):
® \
7 N \%
0

COOR

m->o

(IX)

19
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wherein R: and Ry are as defined above, and Ri2 represents a substituted or unsubstituted lower alkyl

group,
can be prepared by subjecting a compound of the formula ({):

\_‘/S
o / § — Ry, (X)

15

wherein Ry, Rs and Rz are as defined above,

to S-oxidation using a mild oxidizing agent. The mild oxidizing agent includes perbenzoic acid, m-

chloroperbenzoic acid, hydrogen peroxide, selenium dioxide, sodium m-periodate and the like, with
20 substituted perbenzoic acids, e.g., m-chloroperbenzoic acid being preferred.

The starting compound represented by the formula (X) can be prepared by various methods already
reported, for example, the methods as disclosed in Japanese Patent Applications OPI Nos. 9034/80,
105686/80 and 81591/81. _

On the other hand, the starting mercaptan derivative of the formula (lli) can be prepared by various

25 methods. For example, mercaptan derivatives (llla), (llib) and (llic) having a 2'S-configuration can be
obtained from trans-4-hydroxy-L-proline (i) in accordance with the reaction scheme shown below:

30
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HO
(1) %,

HO
&"
— > , —
<-N—>-coont Step A <N COOH o0 g
[

| (1)

(ii)
H
Rq3
. R14°
<——>—coon11 —_— OOR,, — >
T Step C N Step D
Ri3  (iii) Rz w)
R, .S
Ry ,S 14
~Rg
COOH —> /‘con —_—
Step E ? R. Step F
i
‘Rys (v) Ri3  (vi)
HS
2 \ s
CON
N \R6
|
Riz  (1110)
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HO HO
(” y R
V- T
(2) <—><coon — CON__
N Step E | R6 Step C
|
Ry, (ii) Ri3  (vi1)
R, ,S HS
~Re R
CON _— con” >
?1 \R6 Step F R
R . '
13 (vi) R (ITIa)
13
HO'" O
(3) _— —_
/- COOR COOR, 4 i’
11 Step G I}I Step H
13 (lil) R13 (Vill)
HO
z-_>-<cooxz11 + (iii)
N
R14S,
(1x) ——> x /—><c
Step C N/--coo 11 Step D
|
Ryg (%) 13 (xi)
- RigS.. us..
R R
_— con” 3 —> con” 3
Step E ?1 N, Step F lil R,
R13 (xii) R13 (IIIb)
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HO, OHCO
(4) (>.(QQR1 ] —, OOR1 1 —
N Step I ' Step J
| .
Ry (1id) R, (xiii)
HO R1 S
COOR. . ————> < /= COOR >
11 Step D
? Step C P
R,y (ix) .R13 (x)
R4S, R,,S .
" 147 ~-., " R
<—>-coon _— con” °
N Step E N \R
| ) N 6
R (xl) , | .
13 Rqq (xii)
<-_>< CON/ Ry
Step F
R13 (IIIb)

R14s 2-_>4 /R
5 R
5 T N con ™
N

\RG Step K

I
(vi) (xiv)
Rq3
HS
. r
Step F N SR
H 6
(IIIc)

In the above formulae, Rs, Rs and Ri1 are as defined above; Ris represents a protecting group for an
amino group; and Ri4 represents a protecting group for a thiol group.

Step A:

The reaction can easily be accomplished by various known methods generally employed for protecting
an amino group of amino acids, for example, a method comprising reacting with an arylmethyloxycarbonyl
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chloride in the presence of a base, a method comprising using an S-acyl-4,6-dimethyl-2-mercap-
topyrimidine and the like.

Step B:

The reaction can be carried out by various methods for obtaining esters from carboxylic acids, for
example, by reacting the carboxylic acid (ji) with various alkyl halides or aralkyl halides in the presence of a
base.

Step C:

The reaction can be accomplished by various known methods for converting a hydroxyl group into a
protected thiol group, for example, by a method comprising converting the carboxylic acid ester (jii) into an
active ester of a hydroxyl group and then reacting with various thionizing reagents, e.g., thioacetic acid,
thiobenzoic acid or tritylmercaptan in the presence of a base. _

This step may also be conducted by reacting the alcohol derivative with a thionizing reagent, e.g.,
thioacetic acid in an inert solvent, e.g., tetrahydrofuran in the presence of triphenylphosphine and disthyl
azodicarboxylate.

Step D:

This step can be carried out by various known methods for converting an ester group into a carboxyl
group, for example, alkali-hydrolysis, a method of using trifluoroacetic acid or hydrobromic acid or a
reductive method of using zinc.

Step E:

The reaction can be achieved by various known methods for converting a carboxyl group to an amido
group, for example, by a method comprising reaction with a halogenating agent, an acylating agent to form
an active ester derivative and then treating the resulting ester with an amine represented by the formula:

Rg
SNH
Rs/

wherein Rs and Rs are as defined above.

Step F:

The thiol-protecting group can be removed by various known methods for deprotection. For example,
an acyl group as the thiol-protecting group can be removed by alkali-hydrolysis or the like.

Step G:

The reaction can be accomplished by various known oxidation methods for converting a hydroxyl group
into a carbonyl group, for example, an oxidation reaction using chromic acid-sulfuric acid in acetone.

Step H:

The step can be conducted by various known reduction reactions for converting a carbonyl group to a
hydroxyl group. For example, treatment with sodium borohydride gives a mixture of the compound (iii) and
the compound (ix) having different steric configurations at the hydroxyl group. The production proportion of
(i) and (ix) varies depending on reaction conditions, but each compound can be isolated as a single
compound by purification procedures, such as recrystaliization, chromatography or the like.

Isomerization of the 4-hydroxyl group can be accomplished through the above-described steps G and
H, and may also be achieved through hereinafter described steps | and J.
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Steps | & J:

The alcohol derivative is reacted with formic acid in an inert solvent, e.g., tetrahydrofuran in the
presence of triphenylphosphine and diethyl azodicarboxylate to form a formyloxy derivative (xiii), which is
then subjected to alkali-hydrolysis to remove the formyl group.

Step K:

This step can be conducted by commonly employed various known methods for deprotecting amino
groups, for example, a method of using an acid, e.g., trifluoroacetic acid or hydrobromic acid, a reducing
method of using zinc or lithium-liquid ammonia or a catalytically reducing method.

The starting mercaptan derivatives (lil} to be used for the production of the g-lactam compounds (l)
wherein Y is a protected or unprotected hydroxyl group or an alkoxy group having 1 to 3 carbon atoms can
be obtained by subjecting the compound (iv) or (x) to Step F.

The 2'R-mercaptan (lli) can be prepared by using cis-4-hydroxy-D-proline as a starting compound in
accordance with the above-described method for producing 2'S-compounds, i.e., by combining various
reactions described in the production of the 2'S-compounds.

Of the novel g-lactam compounds represented by the formula (l) according to the present invention,
those compounds in which Rz and R; are hydrogen atoms exhibit excellent antimicrobial activity against a
wide variety of disease-causing bacteria including Gram positive bacteria, such as Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus pyogenes or Streptococcus faecalis and Gram negative bac-
teria, such as Escherichia coli, Proteus mirabilis, Serratia marcescens or Pseudomonas aeruginosa and are
useful, therefore, as antimicrobial agents. Further, these compounds have a characteristic of exhibiting
excellent antimicrobial activity against g-lactamase-producing strains. Other compounds according to the
present invention are important intermediates for synthesizing the above-mentioned compounds having
antimicrobial activity. o .

In addition, the compounds according to the present invention are also characterized in general by their
high physiochemical stability and excellent water solubility, although varying depending on the respective
compound.

The compounds of the present invention can be used as antimicrobial agents for treating bacteria-
caused infectious diseases in the form of oral preparations, such as tablets, capsules, powders or syrups or
non-oral preparations, such as intravenous injections, intramuscular injections or rectal preparations.

The dosage of the antimicrobial agent varies depending upon the symptoms, ages, body weights,
dosage forms, times of doses and the like, but usually ranges from about 100 mg to 3,000 mg per day in a
single dose or several divided doses for adults. The above dose level can be increased or decreased
according to necessity.

Besides, the antimicrobial agent of the present invention can be administered, if necessary, in
combination with dehydrodipeptidase-inhibitors, e.g., sodium Z-7-(L-amino-2-carboxyethylithio)-2-(2,2-
dimethyicyclopropanecarboxyamido)-2-heptenoate (a series of compounds disclosed in Japanese Patent
Application OPI No. 81518/81). '

The present invention will now be illustrated in greater detail with reference to the following Reference
Examples and Examples, which are given only for illustration.

"Nujol” is a paraffinic solvent. }

in Reference Examples and Examples, the following abbreviations are used:

DAM: Di-(p-anisyl)methyl group
TBDMS:  t-Butyldimethyisilyl group

PNZ: p-Nitrobenzyloxycarbonyl group
PMZ: p-Methoxybenzyloxycarbonyl group
PMB: p-Methoxybenzyl group

PNB: p-Nitrobenzyl group

Ph: Phenyl group

Ac: Acetyl group

Ms : Methanesulfonyl group

tBu: t-Butyl group

Me : Methyl group

Et: Ethyl group
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Reference Example 1-1

HO, HO .,
5 / y
<_>‘ COOH ——> (>< COOH
. N N
H |

PNZ
10

6.55 g of trans-4-hydroxy-L-proline and 7.5 ml of triethylamine were dissolved in 15 ml of water, and a
solution of 15.95 g of S-p-nitrobenzyloxycarbonyl-4,6-dimethyl-2-mercaptopyrimidine in 35 ml of dioxane
15 was added thereto dropwise. The resulting mixture was stirred at room temperature for 1.5 hours and
allowed to stand overnight. To the reaction mixture was added 30 ml of a 2N sodium hydroxide aqueous
solution under ice-cooling, and the resulting mixture was extracted with diethyl ether. The ethereal layer was
washed with 20 ml of a 1N sodium hydroxide aqueous solution and combined with the alkaline aqueous
layer. The combined mixture was made acidic with 100 ml of a 2N hydrochloric acid aqueous solution and
20 extracted with ethy) acetate. The ethyl acetate layer was washed with a 2N aqueous solution of hydrochloric
acid, dried over sodium sulfate and distilled off o remove the solvent. The resulting crude crystals were
washed with warm ethyl acetate to obtain trans-1-(p-nitrobenzyloxycarbonyl)-4-hydroxy-L-proline.
Melting Point: 134.3-135.5°C

Nujol -1
]:R"max (em ')

3300 (br.), 1738, 1660, 1605, 1520, 1340, 1205, 1172, 1070, 965
30
Reference Example 1-2

-,

<:—i>>-cooa —_— <<?_:>"CQQPMB
N N
}

I
40 PNZ PNZ

3 HO, HO.,,

15.0 g of trans-1-(p-nitrobenzyloxycarbonyl)-4-hydroxy-L-proline and 13.5 ml of triethylamine were
45 dissolved in 150 ml of dried dimethylformamide, and 12.66 ml of p-methoxybenzyl chloride was added
dropwise to the solution under a nitrogen stream, followed by stirring at 70°C for 10 hours. The reaction
mixture was diluted with 500 mi of ethyl acetate, washed with water, dried over sodium sulfate and distilled
off to remove the solvent. Recrystallization of the residue from diethyl ether gave trans-1-(p-nitrobenzylox-
ycarbonyl)-4-hydroxy-L-proline-p-methoxybenzy! ester.
50 Melting Point: 83-85°C

neat -1

IR - (cm

max ):

55
3430, 1735, 1705, 1510, 1340, 1245, 1160
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Reference Example 1-3

5 Ho/,_ AcS
<_>—coopma —_— Z_>-<:oopz-m
rlz N
10 PNZ LNZ

8.6 g of trans-1-(p-nitrobenzyloxycarbonyl)-4-hydroxy-L-proline-p-methoxybenzy! ester and 7.86 g of
15 triphenylphosphine were dissolved in 20 ml of dried tetrahydrofuran. To the resulting solution was added
dropwise a solution of 5.22 g of diethyl azodicarboxylate in 5 ml of dried tetrahydrofuran under ice-cooling
in a nitrogen stream, followed by stirring for 30 minutes at that temperature. Thereafter, 2.28 g of thioacetic
acid was added thereto dropwise, and the mixture was stirred for 1 hour under ice-cooling and then at room
temperature for 3 hours, followed by concentration. The residue was purified by silica gel column

20 chromatography to obtain cis-1-(p-nitrobenzyloxycarbonyl)-4-acetylthio-L-proline-p-methoxybenzyl ester.

neat -1
IRmax (cm ')
25
1740 (sh.), 1715, 1520, 1405, 1348, 1120
NMR s (CDCl3): 2.31 (3H, s), 3.79 (3H, s), 5.10 (2H, s), 5.24 (2H, s), 7.49 (2H, d, J=9.0Hz), 8.18 (2H, d,
J =9.0Hz)ppm

30 Reference Example 1-4

aAcS
AcS

35 COOPMB -
g /- —— COOH
I

PNZ PNZ

9.76 g of cis-1-(p-nitrobenzyloxycarbonyl)-4-acetylthio-L-proline-p-methoxybenzy! ester and 4.32 g of
anisole were stirred together with 35 ml of trifluoroacetic acid at room temperature for 30 minutes. The
reaction mixture was concentrated under reduced pressure, and the residue was purified by silica gel

45 column chromatography to obtain cis-1-(p-nitrobenzyloxycarbonyl)-4-acetylthio-L-proline.
Melting Point : 107-109°C
IRI\Iujol 1

max e

{cm™
50

1725, 1685, 1660 (sh.), 1340, 1180, 1110

55
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Reference Example 1-56

AcS

AcS
= COOH  ————a : 2 CONMe
N VN 2
l .
PNZ _ &NZ

180 mg of cis-1-(p-nitrobenzyloxycarbonyl)-4-acetyithio-L-proline was dissolved in 2 mi of dried
tetrahydrofuran, and 48 mg of dimethylamine hydrochloride, 78 mg of N,N-dimethylaminopyridine and 152
mg of dicyclohexylcarbodiimide were successively added thereto, followed by stirring overnight. After any
insoluble matter was removed by filtration, the filtrate was diluted with ethyl acetate, washed successively
with dilute hydrochloric acid and water, dried over sodium sulfate and distilled off to remove the solvent.
The residue was purified by silica gel chromatography to obtain (28,48)-cis-1-(p-nitrobenzyloxycarbonyl)-2-
dimethylcarbamoyl-4-acetylthiopyrrolidine.

The above prepared compound could also be obtained by the following method:

200 mg of the same starting carboxylic acid was dissolved in 1.8 ml of dried methylene chloride, and
one drop of dimethylformamide was added thereto. 0.12 ml of oxalyl chloride was then added dropwise
thereto under ice-cooling, followed by stirring at room temperature for 1 hour. The solvent was removed by
distillation, and the residue was thoroughly dried in vacuo and dissolved in 1 ml of dried tetrahydrofuran.
Under ice-cooling, 1.2 ml of a 1M solution of dimethylamine in tetrahydrofuran was added to the reaction
mixture, followed by stirring at that temperature for 15 minutes. To the reaction mixture was added ice-
water, and the mixture was extracted with ethyl acetate. The organic layer was washed successively with
dilute hydrochloric acid and water, dried over sodium sulfate and distilled off to remove the solvent.

neat -1
IRmax {em ')

1705, 1650, 1515, 1400, 1340, 1105
NMR & (CDCls): 2.32 (3H, s), 2.97 (3H, s), 3.11 (3H, s), 5.21 (2H, ), 8.18 (2H, d, J=8.5Hz) ppm
[«]° +5.21° (¢=0.379, acetone)

Reference Example 1-6

AcS

. AcS A
N
COOH — con
e Pt ®
!

|
PNZ
PNZ

277 mg of (28,4S)-1-p-nitrobenzyloxycarbonyl-2-hydroxycarbonyl-4-acetylthiopyridine was dissolved in
1.5 ml of dried methylene chloride, and 0.15 ml of oxalyl chloride and a catalytic amount of dimsthylfor-
mamide were added thereto, followed by stirring at room temperature for 1.5 hours. The reaction mixture
was distilled off to remove the solvent, and dried benzene was added to the residue. The benzene was then
distilled off to remove any remaining oxalyl chloride. Separately, 51 mg of pyrrole was dissolved in 2 ml of
dried tetrahydrofuran, and 0.47 ml of a 1.60 mmol/ml solution of n-butyl lithium in hexane was added
thereto in a nitrogen stream under ice-cooling, followed by stirring at that temperature for 40 minutes. The
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resulting mixture was then added in a nitrogen stream under ice-cooling to a solution of the above-
described reaction residue dissolved in 2 mi of dried tetrahydrofuran, followed by stirring for 10 minutes.
The resulting reaction mixture was diluted with methylene chloride, washed with water, dried over sodium
sulfate and distilled off to remove the solvent. The residue was purified by silica gel thin layer chromatog-
raphy to obtain (28, 4S)-1-p-nitrobenzyloxycarbonyl-2-(1-pyrrolyl)carbonyl-4-acetyithiopyrrolidine.

RV CHCl 1

max 3 (cm

I ):

1710, 1525, 1345, 1278, 1120
NMR & (CDCls): 2.33 (3H, s), 5.23 (2H, s), 6.35 (2H, d, J=2Hz), 7.51 (2H, d, J=9Hz) ppm

Reference Example 1-7

AcS
bﬂoon —_— z}COND— CONH,,
N
i

N
gNZ PNZ

AcS

368 mg of (28.48)-'1-g-nitrobenzyloxycarbonyl-z-hydroxycarbonyl-4—acetylthiopyrrolidine was dissolved
in 3 ml of dried methylene chioride, and 0.3 mi of oxalyl chloride and a catalytic amount of dimethylfor-
mamide were added thereto, followed by stirring at room temperature for 1.5 hours. The reaction mixture
was distilled off to remove the solvent, and to the residue was added dried benzene. The benzene was then
distilled off to remove any remaining oxalyl chioride. Separately, 128 mg of 4-carbamoylpiperidine was
dissolved in 3 mi of dried tetrahydrofuran, and 0.25 ml of bistrimethylisilylacetamide was added to the
solution, followed by stirring for 3 hours in a nitrogen stream. Then, 101 mg of tristhylamine was added
thereto, and to the resulting mixture was added in a nitrogen stream under ice-cooling a solution of the
above-obtained reaction residue dissolved in 3 mi of dried tetrahydrofuran, followed by stirring for 15
minutes under ice-cooling. Methylene chloride was added to the resulting reaction mixture. The mixture was
washed successively with a sodium chloride aqueous solution, dilute hydrochloric acid, a sodium chloride
aqueous solution, a sodium bicarbonate aqueous solution and a sodium chloride aqueous solution, dried
over sodium suifate and distilled off to remove the solvent. The residue was purified by silica gel thin layer
chromatography to obtain (28,4S)-1-p-nitrobenzyloxycarbonyl-2-(4-carbamoylpiperidinyl)carbonyl-4-acetyl-
thiopyrrolidine.

y CHC1
max

1

IR 3 (em™ )

3440, 1695, 1655, 1525, 1350, 1120
NMR & (CDCls) : 2.35 (3H, s), 5.21 (2H, s), 5.93 (2H, s), 7.52 (2H, d, J= 9Hz), 8.22 (2H, d, J =9Hz) ppm
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Reference Example 1-8

CONMe 2

\ \y

l
PNZ PNZ

N/. CONMe,, —_—
|

40 mg of (28,48)-1-(p-nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-acetyithiopyrrolidine was dis-
solved in 4 ml of methanol, and 0.1 ml of a 1N sodium hydroxide aqueous solution was added thereto,
followed by stirring at room temperature for 15 minutes. 0.11 ml of a 1N hydrochloric acid aqueous solution
was then added thereto, followed by concentration under reduced pressure. The concentrate was diluted
with ethyl acetate, washed with water, dried over sodium sulfate and distilled off to remove the solvent to
obtain (28,48)-1-(p-nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-mercaptopyrrolidine.

neat -1
IRmax (cm ')

1705, 1650, 1515, 1400, 1340, 1165, 1105

NMR & (CDCl3): 1.90 (1H, d, J=8Hz), 2.97 (3H, s), 3.08 (3H, s), 5.19 (2H, s), 7.48 (2H, d, J=9Hz), 8.15
(2H, d, J=9Hz) ppm

In the same manner as described in Reference Example 1-5 but using the corresponding amines, the
following thioacetate derivatives shown in Table 1 were obtained.
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Table 1
AcS
coy
|
PNZ
Reference
Example No. b 4 Spectral Data
—Callg neat , -1

1-9 -N_ IRV (em~*): 1700, 1660(sh), 1520, 1405, 1345, 1115

C.H max :

2°'5

CK./"cﬂ3
1-10 -N::: “‘-cu3 1rv®eat (on~1). 3300, 1695, 1655, 1525, 1415, 1348, 1265, 1105

H max

NMRS (CDCR4):  1.13(3H, 4, J=6Hz), 1.15(3H, 4, J=6Hz), 2.34(3H,
s), 5.26(20, s), 7.53(2H, d, J=9Hz), 8.21(2H, 4,
J=9Hz)

CH_,CH=CH

1-11 -~ 2 o2t (only: 1700, 1652, 1518, 1400, 1342, 1110

16 285 921 0 d3
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Reference
Example No. b4 Spectral Data
CH.,CONH
1-12 —N<H 272 IRVAea® (em™l): 3320, 1680, 1520, 1430, 1405, 1345, 1120
NMRS (CDCf,):  2.32(3H, s), 5.17(2H, br, s), 7.43(2H, &, J=9Hz)
8.10(2H, 4, J=9Hz)
m.p. 163-167°C
CH,,CH,,OH
2 neat -
1-13 -N< 2 IRy (cm 1): 3400 (br), 1685, 1640(sh), 1517, 1403, 1342, 1212
CH, 1115
NMRS (CDCR4):  2.33(3H, s), 2.97(3H, s), 5.20(2H, s), 7.49(2H,
a, J=9Hz), 8.19(2H, d, J=9Hz)
neat -1
1-14 oy Cf3  TRVpay  fem™o): 1710, 1660, 1525, 1400, 1345, 1255, 1110
_N/crlz uzn\cﬂ
~ 3
CH
3

2.28(3H, s), 2.30(6H, s), 2.50(3H, s8), 5.17 (28,
s), 7.42(24, 4, J=8.5Hz), 8.13(2H, 4, J=8.5Hz)

1g 285 921 0 d3
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Reference
Example No. Y Spectral Data
’,,CﬂzPh neat -1
1-15 -N\\\ IRVmax (em ~): 3320, 1700, 1650, 1520, 1405, 1345, 1220, 1110
CH3
NMRS (CDC23)= 2.33(3H, s8), 2.93(3H, s), 5.23(2H, 8), 7.27(5H,
br, s) .
neat -1
1-16 -N > IRVmax (cm “): 1710, 1650, 1525, 1425, 1345, 1245, 1025, 962
NMR$ (CDCla)a 1.58(6H, m), 2.32(3H, s8), 5.22(2H, 8)
VAR - -
1-17 -N o Invgiit (em~Y): 1710, 1655, 1520, 1430, 1400, 1345, 1115

NMRS (CDCL,):

2,.31(3H, s), 5.20(2H, s), 7.47(2H, 4, J=9%Hz},
8.18(2H, 4, J=9Hz)

19 285 921 0 d3
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Reference
Example No, Y . Spectral Data
! \ neat -1
1-18 -N  N—CHy IRV ax (€M ")z 1700, 1650(sh), 1520, 1435, 1340, 1290, 1235,
\— 1110, 1000
/CH3 neat -1
1-19 -N\n . IRV .y f(cm 7): 1710, 1650, 1520, 1350, 1110
. 49
NMRS (CDCf,): - 2.33(3H, s), 4.68(1H, t, J=8Hz), 5.19(2H, s),
, 8.18(2H, 4, J=8Hz)
i)
N -
1-20 -N< 2 10ed0l (onm1), 3320, 1700, 1660, 1170, 1110
"H m.p. 147-149°C
CH,,CH.,,CH,COOPNB
1-21 -N< 272 IRvpoa® (eml): 1705, 1690, 1520, 1345, 1160, 1110

H

8.19(2H, 4, J=8.5Rz)

1a 285 921 0 d3
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Reference
Example No. b4 Spectral Data
CH_ CONHCH .
~ 2 3 Nujol -
1-22 N IRvpax  (om~l): 3310, 1710, 1635, 1520, 1170, 1120
H m.p. 200-206°C
CH.,CON(CH.,)
02 3’2 neat -
1-23 -N\\\H IRv 2% (ecml): 3400, 1700, 1665, 1525, 1345, 1120
NMRS (CDC24): 2.33(38, s), 7.50(2H, 4, J=9Hz), 8.20(2H, 4d,
J=9Hz) )
o,
CHCONH .
1-24 -N::: 2 Iszgiol (em~1): 3400, 3300, 3220, 1700, 1655, 1180, 1110
H m.p. 203-209°C
P
CHCONHCH .
1-25 -N~ 3 1rvhedol (only. 3300, 1740, 1700, 1650, 1520, 1180
- m.p. 185-188°C
CH_CONH .
1-26 -N::: 272 1Rlo2t (em™l): 3350, 3230, 1695, 1525, 1410, 1350
cH,

NMRS (CDC£3)=
4, J=9Hz), 8.27(2H, 4, J=9Hz)

2.37(34, s), 3.23(3H, s), 5.20(2H, s8), 7.50(2H,

18 185 9¢1 0 43
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Reference

Example No.

1-27

Y

N

oe
se
(4
SL
oL
(]

Spectral Data

CH_CONHCH

e H2 3
0“3
o CpcoNteHy)
~
CH 3
~-N S
—/

C!lC!l.3 1
IRV .x ~ f(em ~): 3350, 1690, 1660, 1520, 1340, 1120
NMRS (Cpct,); 2.36(3u, s), 3.21(2H, s), 5.23(2H, s), 6.93(1H
br.s), 7.50(2H, d, J=9Hz), B.25(2H, 4, J=9Hz)
CHC!.3

IRV, (em™ ) 1700, 1650, 1520, 1340, 1110

NMRS (cnc£3)= 2.33(34, s), 7.43(2H, 4, J=8Hz), B8.20(2H, 4,

J=8Hz)
neat -
IRvmax {(cm 1): ;ggs, 1655, 1525, 1427, 1342, 1250, 1110, 1065,

NMRS (CDCL,):  2.32(3H, s), 5.21(2H, s), 7.48(2H, d, J=B.SHz
3 8.18(2H, 4, J=8.5Hz) ' (28, 4, e

18 /85921 0d3
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Reference
Example No. Y Spectral Data
_[jﬁjj cHCL,
1-30 -NH-L IRV, .y (em~1): 3400, 1700, 1520, 1440, 1345, 1115
NMRS (CDCL.): 2.33(3H, s), 8.20(2H, d, J=9Hz)
#.p. 150-151°C
CHC, -1
1-31 -Nﬂ-j:njj IRv . ° (cm ") 3300, 1700, 1525, 1345, 1120
N -
NMRS (CDC2): 2.33(34, s), 5.25(2H, s), 7.47(2H, 4, J=9Hz),
. , 8.58(1H, d, J=3Hz), 9.50(1H,br.s)
1-32 -u::::> Inmgzit {em~1l): 1705, 1655, 1520, 1430, 1400, 1342, 1112
NMRS (CDCL;):  2.33(3H, s), 5.20(28, s), 7.47(2H, 4, J=8.5Hz}
8.17(2H, 4, J=8.5Hz)
cHCE -1
1-33 -N | IRv . ° (em 7): 1705, 1660, 1525, 1345, 1120

NMR$ (CDC24) 3 2.35(3H, 8), 5.23(2H, s8), 7.55(2H, 4, J=9Hz)

18 185 921 0 d3
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Reference
Example No. Y Spectral Data
1-34 —ﬁ: ) IRN::;t (cm™1): 1705, 1640, 1516, 1430, 1400, 1342, 1110
NMRS (CDC24):  2.31(3H, s), 4.03(2H, dd, J=6 and 8Hz), 4.53(1H,
t, J=8Hz), 5.19(2H, s), 7.48(2H, 4, J=9Hz),
8.18(2H, @, JI=9Hz)
CONH,,
1-35 -N xn»“:5°1 (em™1); 3430, 1700, 1640, 1345, 1245, 1120
max m.p. 173-175°C
OH
1-36 -N<:::I’ IRN:g§z3 tem™1): 3400, 1700, 1650, 1525, 1345, 1120
NMRS (cocﬂ.3)s 2.33(34H, 8), 5.17(28, s), 7.47(28B, 4, J=9Hz),
: 8.18(2H, 4, J=9Hz)
1-37 -N SI pvteat (=1, 1700, 1640, 1520, 1400, 1335, 1100

max

NMRS (CDCL4): 33(3H, s), 5,22(24, s), 7.50(2H, 4, JI=9Hz),

2.
8.20(20, 4, J=9Hz)

1a 285 921 0 d3
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Reference
Example No. Y Spectral Data
CH
1-38 -N IRDo2E (em™ly, 1710, 1640, 1525, 1345, 1120
CH3
NMRS (epct,):  2.35(3H, s), 5.25(2m, s), 7.53(2H, 4, J=9Hz),
8.23(28, d, J=9Hz)
_~NMe, cuce., -1
1-39 -N=~\\NMe2 IRV .x  (cm 7): 1700, 1610, 1520, 1400, 1350, 1110
NMRE (CDC23)= : 2,33(3H1, s), 2.87(6H, 8), 2.95(64, s), 5.25(28,
s), 7.56(2H, 4, J=9Hz), 8.22(2H4, 4, JI=9%z)
NH CHC?
-N= 2 3 S
1-40 N <::NH2 IRV . ~ (em 7): 3350, 1705, 1610, 1525, 1345, 1120
NMRS (CDC): 2.33(3u, s), 5.23(2H, =), B8.15(2H, 4, J=BHz)
Nujol -1
1-41 ~OCH, IRV (cm 7): 1750, 1705, 1690, 1523, 1441, 1352, 1226, 117¢,
max 1114

m.p. 92-93,5°C

19 285 921 0 d3



(1}
0s

& 3 & 8 b3 8 & 3 L]
Reference
Example No. Y Spectral Data
1-42 -0C, 8, IRV§:;°1 (em™Y): 1748, 1712, 1692, 1524, 1440, 1348, 1223, 1200

M. p. 80_81. 5°c

1-43 -NHNH, IRN::1°1 tem1y: 3200, 1720, 1615, 1520, 1350, 1125
m.p. 208-213°C

. 1-44 -NHN(CH, ), troNU30l (onmly. 3200, 1710, 1660, 1520, 1340, 1175
max m.p. 158-~159°C

1-45 . IRVPSE (cm™ly: 1715, 1670, 1520, 1340, 1110
~ 03

-N
\\\N(cu3)2
NMRS (CDCf,):  2.32(3H, s), 5.18(2H, s)

1-46 ~NHOPNB In»::;°1 (em1): 3200, 1730, 1700, 1680, 1520, 1340, 1120
m.p. 166-167°C

1-47 ~NHOCH, trotuiol (om~l): 3240, 1705, 1690, 1520, 1340, 1175
max  ‘m,p. 178-179°C

19 285 9¢1 0 d3
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Reference
Example No.

0¢
[+
0z
[/}
[/]3
g

Spectral Data

1-48

IR”;::t (emY): 1695, 1595, 1520, 1340, 1180, 1110

NMRS (cncz3): 2.34(34, s), 5.31(2H, s), 7.42(2d, 4, J=6Hz),
8.48(28, 4, J=6Hz)

IR”::;t (em1): 1695, 1600, 1520, 1340, 1110

NMRS (CDCL3): 2.34(4H, s), 2.39(38H, s), 5.18(2H, s), 7.48(2H,
d, J=8.5Hz), 8.21(2H, 4, J=8,5H2)

1a 285 921 0 d3
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Reference Example 2-1

RO HO.,
5
<—>" CooR 7 (>‘ CONH,
_ N lil
|
PNZ PNZ

70

3.10 g of tfrans-1-(p-nitrobenzyloxycarbonyf)-4-hydroxy-L-proline and 1.10 g of triethylamine were
dissolved in 40 ml of dried tetrahydrofuran, and a solution of 1.20 g of ethyl chloroformate in 10 ml of dried
15 tetrahydrofuran was added dropwise thereto at -25°C to -35°C. After stirring at the same temperature for
50 minutes, 10 ml of concenirated aqueous ammonia was added dropwise to the mixture at -25° to -40°C.
The temperature was then gradually elevated to room temperature, and the reaction mixture was stirred for
1 hour, followed by concentration under reduced pressure. To the residue were added 20 ml of water and
50 ml of diethyl ether. After ice-cooling, the thus formed white crystals were separated by filtration, washed
20 successively with cool water and cool diethyl ether, and dried under reduced pressure to yield trans-1-(p-
nitrobenzyloxycarbonyl)-4-hydroxy-L-prolineamide.
Melting Point : 163.3-164.0°C

2 IRﬂgiOI (em™ 1)
3460, 3370, 3200, 1687, 1640,1621, 1539, 1341, 1180, 1078
30 Reference Example 2-2
HO ., MsO 4,
35 , <_—>_ CONHZ > <_>—l CONH2
. N N
]_lanz J!’NZ

A solution of 1.89 g of methanesulfonyl chioride in 10 ml of dried tetrahydrofuran was added dropwise
to a suspension of 2.32 g of irans-1-(p-nitrobenzyloxycarbonyl)-4-hydroxy-L-prolineamide and 1.67 g of
45 ftriethylamine in 40 ml of dried tetrahydrofuran at room temperature. After stirring for 1 hour, the reaction
mixture was concentrated under reduced pressure, and to the residue were added 30 mi| of water and 30 ml
of diethyl ether. After cooling, the resulting white crystals were separated by filtration, washed successively
with cool water and cool diethyl ether and dried under reduced pressure to obtain trans-1-(p-nitrobenzylox-
ycarbonyl)-4-methanesulfonyloxy-L-prolineamide.
50 Melting Point : 149.5-161°C

IRNujol 1

max  (C®

)

66
3400, 3225, 1715, 1675, 1520, 1340, 1170, 1135
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Reference Example 2-3

MsQ AcS
CONH
Doy — Lo
N N
| I
PNZ PNz

A solution of 842 mg of thioacetic acid in 14 ml of dried dimethylformamide was added to a suspension
of 374 mg of 50% sodium hydride in 13 ml of dried dimethylformamide in a nitrogen stream, followed by
stirring at room temperature for 25 minutes. To the mixture were added 975 mg of sodium iodide and then
a solution of 252 g of 1@-1-(g-nitrobenzyloxycarbonyl)-4-methanesuIfonyloxy-L-proIineamidein 12 ml of
dried dimethylformamide, and the resulting mixture was heated at 70°C for 6 hours while stirring. The
reaction mixture was poured into a cool aqueous solution of sodium chloride and extracted with benzene.
The extract was washed successively with a 10% aqueous solution of sodium sulfite and a sodium chloride
aqueous solution, dried over sodium sulfate and distilled off to remove the solvent. The resulting crude
crystals were washed with a warm mixed solvent of tetrahydrofuran and benzene to obtain cis-1-(p-
nitrobenzyloxycarbonyl)-4-acetylthio-L-prolineamide.

Melting Point : 168.5-169.5°C

R ol (o7l
max
3350, 3180, 1715, 1690, 1638, 1510, 1330, 1100
[« -23° (c=0.334, DMF)
Reference Example 2-4
AcS HS
CONH —_— CONH,,
N 2 N .
| |
PN2 PNZ

950 mg of (2S,4S)-1-(p-nitrobenzyloxycarbonyl)-2-carbamoyl-4-acetylthiopyrrolidine was dissolved in 95
mi of methanol, and 2.59 ml of a 1N aqueous solution of sodium hydroxide was added thereto at room
temperature in an argon stream, followed by stirring at that temperature for 15 minutes. The reaction
mixture was neutralized with 2.69 mi of a 1N aqueous solution of hydrochloric acid and distilled off under
reduced pressure to remove the methanol. The thus precipitated crystals were filtered and washed with
water to obtain (28,4S)-1-(p-nitrobenzyloxycarbonyl)-2-carbamoyl-4-mercaptopyrrolidine.

Melting Point: 158-162°C
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Reference Example 3-1

%, o
oo —s e coomn
N N

PNZ PN2Z

A solution of 0.35 ml of dimethy! sulfoxide in 1 ml of dried methylene chloride was added dropwise to a
solution of 0.2 ml of oxalyl chioride in 5 ml of dried methylene chioride at -80° to -70* C. Ten minutes later,
10 ml of a dried methylene chloride solution of 860 mg of trans-1-(p-nitrobenzyloxycarbonyl)-4-hydroxy-L-
proline p-methoxybenzyl ester was added dropwise to the above mixture at a temperature of -50°C or less,
followed by stirring for 15 minutes. 1.01 g of triethylamine was then added dropwise thereto, and the
resulting mixture was warmed to room temperature. The mixture was diluted with methylene chloride,
washed with dilute hydrochloric acid aqueous solution and dried over sodium sulfate. The solvent was
removed by distillation, and the residue was purified by silica gel column chromatography to yield 1-(p-
nitrobenzyloxycarbonyl)-4-oxo-L-proline-p-methoxybsenzy! ester.

neat -1
IRmax (cm

)

1762, 1740, 1710, 1512, 1345, 1245, 1155
NMR 5 (CDCls): 3.78 (3H, s), 3.95 (2H, s), 5.08 (2H, s), 6.85 (2H, d, J=9Hz), 8.12 (2H, d, J=9Hz) ppm

Reference Example 3-2

o Ho 'o,‘
= coopE —> 2:>~ CooPMB  + <N—>< COOPMB
N
| l |

PNZ PNZ PNZ

0.

650 mg of 1-(p-nitrobenzyloxycarbonyl)-4-oxo-L-proline-p-methoxybenzy! ester was dissolved in 45 ml
of ethanol, and 86 mg of sodium borohydride was added thereto in two divided portions at room
temperature. After 30 minutes, the reaction mixture was concentrated under reduced pressure at 30°C or
below, and the concentrate was diluted with ethyl acetate, washed with water, dried over sodium sulfate and
distilled off to remove the solvent. The residue was purified by silica gel column chromatography to obtain
cis-1-(p-nitrobenzyloxycarbonyi)-4-hydroxy-L-proline-p-methoxybenzyl ester (450 mg) and trans-1-{p-
nitrobenzyloxycarbonyl)-4-hydroxy-L-proline-p-methoxybenzyl ester (190 mg).

Trans-compound: The IR and NMR data were consistent with those obtained for the compound of
Reference Example 1-2.
Cis-compound:

,neat ( -1

IR cm )

max
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3400 (br.), 1725, 1515, 1405, 1350, 1250, 1170, 1120
NMR & (CDCI3): 3.78 (3H, s), 5.08 (2H, s), 6.82 (2H, d, J=9Hz), 8.12 (2H, d,
J=9Hz) ppm

Reference Example 3-3

HO AcS _

COOPMB ~ ———>  { /-‘ COOH
N

PNZ

=2

g
Z
N

in the same manner as described in Reference Examples 1-3 and 1-4 but using 610 mg of cis-1-(p-

nitrobenzyloxycarbonyl)-4-hydroxy-L-proline-p-methoxybenzyl ester, trans-1-(p- mtrobenzyloxycarbonyl)—4-
acetylthio-L-proline was obtained.

Reference Example 3-4

Aes HS ,

Q‘COOH —> <__>"com4e @ CONMe,,
N

P!NZ PNZ £NZ

a) In the same manner as described in Reference Example 1-5 but using 180 mg of trans-1-(p-
nitrobenzyloxycarbonyl)-4-acetylthio-L-proline, 100 mg of (2S,4R)-1 -(p-mtrobenzyloxycarbonyl)-z-
dimethylcarbamoyl-4-acetylthiopyrrolidine was obtained.

neat -1

IRm (cm

):
1700, 1655, 1515, 1400, 1340, 1115

[«1B° +32.8° (c=0.375, acetone)
b) In the same manner as described in Reference Example 1-8 but using 80 mg of the thioacetate
derivative prepared as in a) above, (28,4R)-1 -(p-nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-mercap-
topyrrolidine was obtained.

eat 1,.
Ri‘uax (em™ ):

1700, 1650, 1510, 1420, 1400, 1340, 1120
NMR 5 (CDChs): 1.77 (1H, d, J=7Hz), 2.97 (3H, s), 3.18 (3H, s), 5.22 (2H, s), 8.16 (2H, d, J=8.5Hz)

ppm
In the same manner as described in Reference Example 3-4 but using the corresponding amines, the

following thioacetates and mercaptans as shown in Table 2 were obtained.



g & 3 2 8 b 8 a a L]
Table 2
BSIODZ—T coy
PN2
Reference
Example No,. B b4 Spectral Data
IRDS2E (en™dy; 3300(br), 1700(sh), 1685, 1512, 1430, 1400, 1345,
1175, 1115
Ac -Nﬂz
[a]go + 7.36° (c=0.625, acetone)
3-5
IRv;::t (em~1): 1700, 1685, 1515, 1435, 1400, 1342, 1118
H -NH,
NMRS (CDCL,):  2.26(1H, d, J=7Hz), 5.22(2H, s), 8.11(2H, 4,
J=8.5Hz)
IR»::; (em™ly; 1705, 1645, 1517, 1435, 1400, 1340, 1115
e
3-6 -NMRS (CDC%,): 2.33(3d, s), 5.22(2H, s), B.16(2H, 4, J=9Hz)
H -<::] xn»;::t (em™Y): 1705, 1640, 1515, 1430, 1110

19 285 921 0 d3
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Reference Example 4-1

HO . HO,
< >""COOH - < /""COOPMB ———>
' N
H | I
- PNZ
OHCO
"' COOPMB
I
PNZ

166 mg of c_i§-1-E-nitrobenzyonycarbonyl-4~hydroxy-D-proline-g-methoxybenzyl ester, which was ob-
tained from cis-4-hydroxy-D-proline in the same manner as in Reference Examples 1-1 and 1-2, and 202
mg of triphenylphosphine were dissolved in 1.5 ml of dried tetrahydrofuran, and 27 mg of formic acid was
added to the solution. 134 mg of diethyl azodicarboxylate further added thereto at room temperature in a
nitrogen stream. After stirring for 30 minutes, the solvent was removed by distillation. The residue was
purified by silica gel chromatography to obtain' trans-1-p-nitrobenzyloxycarbonyl-4-formyloxy-D-proline-p-
methoxybenzyl ester.

IRneat

=1
max )

(cm

1720, 1515, 1402, 1342, 1245, 1165, 1120
NMR 3 (CDCls): 3.76 (3H, s), 4.50 (2H, t, J= 8Hz), 5.08 (2H, s), 5.15 (2H, ABq., J=16Hz), 5.41 (1H, m),

7.97 (1H, s) ppm
HO
e COOPMB B e < >'“" COOPMB
N ' N
|

I
PNZ PNZ

Reference Example 4-2

OHCO

215 mg of trans-1 -g-nitrobenzyloxycarbonyl-4-formyloxy-D-proIine-_p_-methoxybenzyl ester was dissolved
in 1.1 ml of tetrahydrofuran, and 0.93 ml of a 1N aqueous solution of sodium hydroxide was added to the
resulting solution. After stirring for 10 minutes, the reaction mixture was diluted with ethyl acetate, washed
with a saturated aqueous solution of sodium chloride, dried over sodium sulfate and distilled off to remove
the solvent. The resulting residue was purified by silica gel thin layer chromatography to obtain trans-1-p-
nitrobenzyloxycarbonyl-4-hydroxy-D-proline-p-methoxybenzyl ester.
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neat
IRma x

(em™ 1)

3425 (pr.), 1735, 1705, 1510, 1400, 1340, 1240, 1162

NMR & (CDCls): 2.33 (2H, m), 3.58 (2H, d, J=3.5Hz), 3.73 (3H, s), 5.03 (2H, s), 5.07 (2H, ABq.,

J=18Hz), 6.73 (2H, d, J=9Hz), 6.77 (2H, d, J=9Hz), 8.00 (2H, d, J=8.5Hz), 8.07 (2H, d, J =8.5Hz)ppm

Reference Example 4-3

HO
AcS *, HS
/™" COOPMB —> < >’"C°m‘ez — { /\---"CONMez
| v N
| L
PNZ PNZ NZ

a) In the same manner as described in Reference Examples 1-3, 1-4 and 1-5 but using 110 mg of trans-
1-p-nitrobenzyloxycarbonyl-4-hydroxy-D-proline-p-methoxybenzyl ester, (2R,4R)-1-p-nitrobenzyloxycar-
bonyl-2-dimethylcarbamoyl-4-acetylthiopyrrolidine was obtained.

neat -1
IRmax (cm

)
1705, 1650, 1515, 1435, 1340, 1115

[«] 3°-7.38° (c=0.210, acetone)
b) In the same manner as described in Reference Example 1-8 but using 42 mg of the thioacetate
derivatve as obtained in a) above, (2R,4R)-1-p-nitrobenzyloxycarbonyl-2-dimethylcarbamoyl-4-mercap-
topyrrolidine was obtained.

neat -1,.
IRmax (cm "):

1710, 1660, 1525, 1440, 1347, 1180, 1122

Reference Example 4-4

HO

AC s’:,' HS 4,
: >m"COOPMB ——— < >""'CONH —— < «-CONH
N N 2 N / 2
|

| |
PNZ PNZ PNZ

a) In the same manner as described in Reference Examples 1-3, 1-4 and 2-1 but using 110 mg of trans-
1-p-nitrobenzyloxycarbony-4-hydroxy-D-proline-p-methoxybenzyl ester, 40 mg of (2R,4R)-1-p-nitroben-
zyloxycarbonyl-2-carbamoyl-4-acetylthiopyrrolidine was obtained.
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neat -1
IR (ecm ')

5 1685, 1515, 1400, 1340, 1110
[«}° +39.6* (c=0.293, DMF)
b) In the same manner as described in Reference Example 1-8 but using 40 mg of the thioacetate
derivative as obtained in a) above, (2R4R)-1-p-nitrobenzyloxycarbonyl-2-carbamoyl-4-mercaptopyr-
rolidine was obtained.
10

Nujol -1y.
IRmax (em '):

15 3200, 1710, 1655, 1512, 1340, 1115

Reference Example 5-1

. AcS HS
/N\COOH —ﬁ : >IIIOCONMe2 -'—ﬁ : >Ol|l| CONMéz
; N N
I I

H
25 - PNZ ' PN2Z

0 HO

a) In the same manner as described in Reference Examples 1-1, 1-2, 1-3, 1-4 and 1-5 but using 300 mg
30 of cis-4-hydroxy-D-proline, 45 mg of (2R,4S)-1-(p-nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-acetyl-
thiopyrrolidine was obtained.

neat -1

. IRm ax {(cm

):
1700, 1650, 1520, 1400, 1345, 1120
[«] 3° -29.6 (c=0.2185, acetone)
b) In the same manner as described in Reference Example 1-8 but using 30 mg of the thioacetate
40 derivative as obtained in a) above, (2R,4S)-1-(p-nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-mercap-
topyrrolidine was obtained.

neat -1
IR max (cm '):
45
1710, 1655, 1520, 1430, 1405, 1347, 1122
In the same manner as described in Reference Example 5-1 but using the corresponding amines, the
following thioacetate derivatives and mercaptan derivatives as shown in Table 3 were obtained.
50
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g9

8 &
Reference .
Example No. B Y
Ac -NH2
5-2
H -Nﬂz
Ac —q::]
5-3

oe
2
o2
Si
411
g

Table 3

B-8
2 Sull“ (60)'4
N
|

PNZ

Spectral Data

Iryheat (em™1); 1705(sh), 1685, 1520, 1425, 1402, 1342, 1122

[a]go - 6.92° (c=0-665, acetone)

CHC:, ' _;
L — 3 (em *): 1695(sh), 1682, 1515, 1395, 1340, 1115
IRm:::t (em1): 1695, 1635, 1515, 1430, 1395, 1340, 1115
1“”&2223 tem Y): 1700, 1640, 1520, 1422, 1345, 1120

19 185 921 0 d3




1S

0s

9

TN

oe
s
(74
Sl
0L
]

Reference
Example No. B Y Spectral Data
IR\);:::':' tem~1y; 1700, 1655, 1620, 1605, 1520, 1340, 1115
Ac —@ NMRS' (CDCR4): - 2.33(3H, s), 5.22(2H, s), 7.49(2H, 4, J=8.5Hz),
8.21(2H, 4, J=8.5Hz)
S-4
[alg3 -21° (c=0,25, acetone)
CHCL,  _,
H IRV {cm “): 1705, 1660, 1525, 1340, 1120

19 285 9¢1 0 d3
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Reference Example 6-1

HO ..

?NZ

. HO 'o,'
< /-" CooH —— (><COOPNB
N N
B
' |

PNZ

In the same manner as described in Reference Example 1-2 but using 500 mg of trans-1-p-
nitrobenzyloxycarbonyl-4-hydroxy-L-proline and 383 mg or p-nitrobenzy! bromide, trans-1-p-nitrobenzylox-
ycarbonyl-4-hydroxy-L-proline-p-nitrobenzyl ester was obtained.

I Rmax

CHCl

3380 (br.), 1750, 1705, 1520, 1425, 1400, 1342, 1160
NMR 5 (CDCl3) : 2.20 (3H, m), 3.67 (2H, d, J=3Hz), 4.60 (2H, t, J=8Hz), 5.15 (2H, s), 5.23 (2H, ABq.),
7.47 (4H, d, J= 8.5Hz), 8.15 (4H, d, J=8.5Hz) ppm

Reference Example 8-2

HO

;
PNZ

3 (em”

1):

: S oo
<_—>"COOPNB _ <v_>"coopma
N .
|

PNZ

In the same manner as described in Reference Examples 1-3 and 1-8 but using irans-1-p-nitroben-

zyloxycarbonyl-4-hydroxy-L-proline-p-nitrobenzyl
line-p~nitrobenzyl ester was obtained.

ester,

cis-1-p-nitrobenzyloxycarbonyl-4-mercapto-L-pro-

IR:;::t (em™ 1y

1700, 1685, 1600, 1510, 1430, 1400, 1340, 1105
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Reference Example 6-3

o
H I
EtOCS
OOP}
<L?,/ COOPNB —> N NB
PNZ éNz
o)
i
EtOCS
—_— COOH
|
ENZ

a) 115 mg of cis-1 -g-nitrobenzyonycarbonyl-4-mercapto-L-proline-g-nitrobenzyl ester was dissolved in 3
ml of dried tetrahydrofuran, and 30 mg of triethylamine was added thereto. Then, 28.5 mg of ethyl
chloroformate was added dropwise thereto under ice-cooling, followed by stirring for 10 minutes. The
reaction mixture was diluted with ethyl acetate, washed successively with dilute hydrochloric acid and
water, and dried over sodium sulfate. The solvent was removed by distillation to give 133 mg of cis-1-p-
nitrobenzyloxycarbonyl-4-ethoxycarbonylthio-L-proline-g-nitrobenzyl ester.

neat -1
IRmax (cm '):

1755, 1710, 1610, 1525, 1405, 1350, 1160, 1015, 850

b) 133 mg of the thus obtained ester derivative was dissolved in 5 ml of a mixture of tetrahydrofuran and
water (1:1 by volume), and 0.26 ml of a 1N aqueous solution of sodium hydroxide was added thereto.
After stirring at room temperature for 2.5 hours, 0.3 ml of a 1N hydrochloric acid aqueous solution was
added to the reaction mixture, and the mixture was extracted with ethyl acetate. The extract was washed
with water, dried over sodium sulfate and distilled off to remove the solvent. The residue was subjected
to silica gel thin layer chromatography to obtain cis-1-p-nitrobenzyloxycarbonyl-4-ethoxycarbonylthio-L-
proline.

neat -1,
I-Rmax (cm '):

1700, 1520, 1400, 1340, 1165, 1145

NMR & (CDCls): 1.30 (3H, t, J=7Hz), 4.28 (2H, q, J=7Hz), 5.24 (2H, s), 7.50 (2H, d, J=9Hz), 8.17
(2H, d, J=9Hz) ppm :
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Reference Example 6-4

(0] o}
| I
EtOCS EtOCS
COOH — b— CONHCH 3
N |
PNZ PNZ

HS
—_— Z_>— comncn3
N

LNZ |

a) 72 mg of cis-1-p-nitrobenzyloxycarbonyl-4-ethoxycarbonylthio-L-proline was dissolved in 3 ml of dried
tetrahydrofuran, and 40 mg of triethylamine was added thereto. Under ice-cooling, 41 mg of ethyl
chloroformate was added dropwise thereto, followed by stirring for 15 minutes. 1.5 ml of a 40% aqueous
solution of methylamine was added dropwise to the mixture, followed by stirring for 15 minutes. The
reaction mixture was diluted with ethyl acetate, washed successively with dilute hydrochloric acid and
water, dried over sodium sulfate and distilled off to remove the solvent, thereby to obtain (25,4S)-1-p-
nitrobenzyloxycarbonyl-2-methylcarbamoyl-4-ethoxycarbonyithiopyrrolidine.

IRyujol

1
max )

{cm~

3290, 1705, 1660, 1520, 1425, 1405, 1345, 1180, 1160

NMR & (CDCls) : 1.30 (3H, t, J=8Hz2), 2.80 (3H, d, J=5Hz), 4.27 (2H, q, J=8Hz), 5.22 (2H, s), 7.48
(2H, d, J=9Hz), 8.18 (2H, d, J=9Hz) ppm
b) 82 mg of the methylcarbamoyl derivative as prepared in a) above was dissolved in 4 ml of a mixture
of methanol and water (1:1 by volume), and 0.25 ml of a 1N aqueous solution of sodium hydroxide was
added thereto. After stirring at room temperature for 30 minutes, 0.27 ml of a 1N hydrochloric acid
aqueous solution was added thereto. The resulting mixture was extracted with ethyl acetate, and the
extract was washed with water, dried over sodium sulfate and distilled off to remove the solvent, thereby
to obtain (2S,4S)-1-p-nitrobenzyloxycarbonyl-2-methylcarbamoyl-4-mercaptopyrrolidine.

IRNujol

1
max )

{cm™

3280, 1710, 1650, 1510, 1340, 1165
NMR & (CDCls) : 2.79 (3H, d, J=5Hz), 427 (2H, t, J=8Hz), 5.23 (2H, s), 7.50 (2H, d, J=9Hz), 8.20
(2H, d, J=9Hz2) ppm
In the same manner as described in Reference Example 6-4(a) but using the corresponding amines, the

following thiocarbonates as shown in Table 4 were obtained.
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o Table 4
i
EtOCSZ_)-‘
N coy
|
PNZ
Reference
Example No. Y Spectral Data
6-5 /CHZCHZOH IRv;::t (em 1); 3350, 1705, 1520, 1405, 1345, 1170, 1150
-N\
H NMRS (CDCL5):  1,27(3H, t, J=7Hz), 4.23(2H, q, J=THz), 5.18(2H,
. s), 7.44(2H, 4, J=9Hz), 8.13(2H, 4, J=9Hz)
6-6 _~CH Irveat (-1, 1710, 1520, 1400, 1345, 1170, 1148
cH,CH,N 3 max '
N/ cH,
\a NMRS (CDC2,):  1.28(3H, t, J=7Hz), 2.19(6H, s), 4.24(2H, q,

J=7Hz), 5.20(2H, s8), 7.47(2#, 4, JI=9Hz),
8.13(280, 4, J=9Hz)

ia 285921 043
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Table 5
HS
.z:_:s-coy
N
|
PN2Z
Reference
Example No. Y Spectral Data
CZHS neat -] f
7-1 -N<: IRV (cm"): 1705, 1640, 1520, 1430, 1400, 1345, 1105
C,Hg
CH
3
CH
7-2 -N<: <: IRN:::t (em~1): 3290, 1710, 1650, 1520, 1403, 1340
CH,CH=CH o
7-3 -u<: 2 2 IBM;::t (em~1y: 3290, 1717, 1660, 1520, 1410, 1350
CH.,CONH X
7-4 -u<: 272 1vhudol (on7ly. 3420, 3300, 1700(sh), 1675, 1640, 1510, 130

19 285 9¢1 0 d3
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18

0s
Sr
(14
ge
0¢
gc
oe
1]
0l
g

Reference
Example No. Y Spectral Data
7-5 . In»::1°1 (em™l): 3270, 1710, 1650, 1505, 1340
H.,,CH.,OH ,
(22
H
NMR§ (CDCL,): 5.20(2H, s), 7.49(2H, q, J=8.5Hz), 8.16(2H, 4,
J=8_5Hz)

CH,CH, 08 . -1
7-6 -N<: IRv::: (cm ~): 3400, 1690, 1640, 1515, 1405, 1345

CH

3

CH.,PH
7-7 —N(: 2 IRv:::t (em1): 1705, 1650, 1515, 1400, 1340

CH

3

7-8 -~ ) IRvpSSE (em 1): 1710, 1645, 1520, 1440, 1345, 1245, 1025
7-9 - 0 zavgiit (em1): 1710. 1655, 1520, 1430, 1405, 1342, 1112

CH3 neat -1
7-10 -n<: IRDS2E (em™'): 1710, 1650, 1520, 1405, 1345, 1205

n-C

4Hg

19 285 921 0 43
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Reference
Example Na. Y _ Spectral Data
c“z—(} Nujol ..l
7-11 -n< N = mvm‘;';“o (ecm ~): 3300, 1725, 1660, 1520, 1345, 1110
CH ,CH,,CH,,COOPNB . -1
7-12 —u< mv:‘:: (cm ~): 3280, 1730(sh), 1710, 1645, 1510, 1340
CH,CONHCH, Ruiol
7-13 -u< IRvm:i" (emYy: 3320, 1725, 1640, 1520, 1405, 1345
7-14 CH,CON(CH, ), NMR § (CDCt,): 1.87(1H, d, J=7Hz), 2.96(3H, s), 2.98(3H, s),
-u< 4.33(1H, t, J=7.5Hz), 5.24(2H, s), 7. 48(2H, d,
J=9Hz), 8.18(2H, d, J=9Hz)
CH,
CHCONH
7-15 -n< 2 1eNudol (cn™ly; 3300, 1700, 1680, 1655, 1520, 1345
H
CH,
CHCONHCH, Nudol -1
7-16 -u< 1rfudol (em™d); 3310, 1722, 1650, 1525, 1350

19 285 921 0 d3
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Reference
Example No. Y Spectral Data
CH3
CHCON(CH.,, ) _
7-17 -u<: 372 iroiuiol (op 1): 3325, 1710, 1640, 1520, 1345
H max
CH,CONH, N -1 .
7-18 -u<: IRv;:: (em ~): 3350(br), 1690, 1660(sh), 1520, 1405, 1345
CH
3
CH.,CONHCH
7-19 -N<: 2 3 1rvieat (o1, 3370, 1700, 1665, 1525, 1410, 1350
CH max )
3
CH,,CON(CH.,) -
7-20 -u<: 2 3°2 IrvPeat (on~ly. 3500, 1710, 1660, 1520, 1405, 1345
CH max
3
7\ -
7-21 -N g 1Rvpe2® (em™l): 3245, 1700, 1645, 1520, 1340, 1190, 1165, 1137,
\_ 1065, 950, 850
_[j§j CHCR,
7-22 -NH- 2 IRy .. - (cW ~): 3410, 1710, 1525, 1440, 1345, 1305

19 285 9¢) 0 43
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Reference
Example No.

7-25

7-26

e

0z
Si
ot

Spectral Data

m",’:’;ﬂ“ (em~1y; 3250, 1710, 1670, 1525, 1345, 1175

IR\)::;‘: (cm™?

CHCR

IRV 3
max

CHCR
max

CHC23
max

IRV

CHCR

IRV 3
max

CHCL 3
IRv
max

(cm

(cm

(em

(em

(cm™

1

)

)

)

)

)

1710, 1650, 1518, 1435, 1400, 1345, 1170, 1110

1710, 1660, 1520, 1345, 1170, 1110
1720, 1525, 1470, 1340, 11'.70, 1110
3470(br), 1700, 1640, 1520, 1340, 1120
3420(br), 1700, 1645, 1520, 1340, 1165

1710, 1640, 1525, 1345, 1170, 1015

1a 185 921 0 d3
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0s

Reference
Example No.

96

Spectral Data

]

oL

7-30

7-31

=<N(CH2)2
-N
N(Cna)2

-NHNH2

NMRS (CDC2,): 1.95(1H, 4, J=8Hz), 5.25(2H, s), 7.52(2H, 4,

J=98z), 8.21(2H, 4, J=9Hz)

1RvPS2E (cm™l): 1705, 1600, 1520, 1400, 1340, 1160
cuce, .

IRV .x = (cm 7): 3420, 1695, 1610, 1522, 1350, 1110

1RVES2E (cm™l): 1745, 1710, 1605, 1520, 1430, 1400,
1167, 1110

RS2t (em™}): 1740, 1710, 1522, 1430, 1402, 1342,
1110

trve3°l (onmly. 3180, 3050, 1720, 1615, 1520, 1350

max

189 285 921 0 d3

1345, 1205,

1200, 1170,
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99

8 3
Reference
Example No. Y
7-36 -NHN(CH,),
CH
7-37 -~ 3
N(CH,),
7-38 =NHOPNB
7-39 -NHOCH3
7~40 —NO— C()NH2
7-41 -q:]
7-42 -(j
7~-43 -NH N

se

oe
Se
oe
[-]]
ot

Spectral Data

IRv::i°1 (em1); 3205, 1720, 1660, 1520, 1345, 1180
IR“:::t (emt): 1706, 1662, 1520, 1340, 1165, 1105
IRv::1°1 (em~1): 3200, 1715, 1665, 1515, 1345, 1170

rvudod (cp™ly; 3200, 1715, 1670, 1520, 1340, 1170

CHCR 1

3 -
IRvmax {cm

1

1rvReat (em™7): 1700, 1520, 1400, 1340, 1200, 1160, 1105

max

max

1Rv%8Y (on~ly; 1708, 1645, 1520, 1440, 1405, 1350, 1170, 1115

Ia”;::t (em 1): 1700, 1600, 1515, 1105

}: 1690, 1650, 1525, 1405, 1345, 1170, 1110

19 285 9¢1 0 43
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Reference Example 8-1

HO

. | HO.._

@—coox —_— <_>-cooa S
N
I

H
PMZ
HQ% AcS
QCONHCHzPh —_— z_>- CONHCH, Ph
N
i I
PMZ PMZ

a) In the same manner as described in Reference Example 1-1 but using 10 g of trans-4-hydroxy-L-
proline and 23.2 g of S-p-methoxybenzyloxycarbonyl-4,6-dimethyi-2-mercaptopyrimidine,trans-1-(p-
methoxybenzyloxycarbonyl)-4-hydroxy-L-proline was obtained.

Ikggit (cm'-1 ):

3400 (br.), 1692, 1430, 1355, 1245, 1170, 1122

NMR & (CDCls): 2.23 (2H, m), 3.73 (3H, s), 5.00 (2H, s), 6.78 (2H, d, J=9Hz), 7.20 (2H, d, J=9Hz)
Ppm
b) In the same manner as described in Reference Example 2-1 but using 0.57 g of the proline derivative
as prepared in a) above and 0.215 g of benzylamine, trans-1-p-methoxybenzyloxycarbonyl-4-hydroxy-L-
benzylprolineamide was obtained.

IR_Nujol 1

max (Cm ):

3375, 3300, 1665, 1248, 1165, 1120, 1025

NMR & (CDCls) : 3.76 (3H, s), 4.35 (4H, m), 4.96 (2H, s), 8.79 (2H, d, J= 9Hz), 7.20 (5H, s) ppm
c) In the same manner as described in Reference Example 1-3 but using 0.5 g of the benzylprolineamide
as prepared in b) above, (28,48)-1-p-methoxybenzyloxycarbonyl-2-benzylcarbamoyl-4-
acetyithiopyrrolidine was obtained.

Nujol -1
IRmax (em '):

3280, 1690, 1675, 1240
NMR 3 (CDCl;) : 2.27 (3H, s), 3.82 (3H, s), 442 (2H, d, J=6Hz), 5.05 (2H, s), 6.87 (2H, d, J=8Hz2),
7.23 (2H, d, J=8Hz2), 7.28 (5H, s) ppm
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Reference Example 8-2

AcS AcS
5
CONHCH,Ph ——> CONHCH,Ph ——>
.. N7 N 2
| H
PMZ
2—>.<com{cnzph

15 N
H

10
HS

20 177 mg of (28,48)-1-p-methoxybenzyloxycarbonyl-2-benzylcarbamoyl-4-acetylthiopyrrolidine and 86 mg
of anisole were dissolved in 0.5 ml of trifluoroacetic acid, followed by stirring at room temperature for 30
minutes. The reaction mixture was concentrated under reduced pressure, diluted with ethyl acetats, washed
successively with an aqueous solution of sodium bicarbonate and water and dried over sodium sulfate. The
solvent was removed by distillation, and the residue was subjected to silica gel thin layer chromatography

25 to obtain (25,4S8)-2-benzylcarbamoyl-4-acetylthiopyrrolidine.

rieat -1

30
3325, 1690, 1510, 1400, 1350, 1120, 950
NMR & (CDCls): 2.28 (3H, s), 3.83 (2H, m), 4.42 (2H, d, J=6Hz), 7.32 (5H, s) ppm
Refersnce Example 9-1
35
COOHR
/’\—( A~ o,
40 —
7N —N
0 LN
DAM o oax
45

7 g of 1-(di-p-anisylmethyl)-3-ethenyl-4-carboxy-2-azetidinone was dissolved in 50 ml of dried
methylene chloride, and 0.8 mi of dimethylformamide was added to the resulting solution. 2 mi of oxalyl
chioride was added dropwise thereto under ice-cooling, followed by stirring at room temperature for 2

s¢ hours. The reaction mixture was concentrated under reduced pressure, and to the concentrate was added
S0 ml of dried methylene chioride, followed by concentration again under reduced pressure. The resulting
residue was dried in vacuo and then dissolved in 100 ml of dried diethyl ether. The resulting solution was
added dropwise under ice-cooling to 120 ml of a 0.17M solution of diazomethane in diethyl ether to which 4
ml of triethylamine had been added, followed by stirring at the same temperature for 1.5 hours. The

55 reaction mixture was diluted with ethyl acetate, washed successively with a 1N aqueous solution of
hydrochloric acid and water, dried over sodium sulfate and distilled off to remove the solvent. The resulting
oily residue was purified by silica gel chromatography to obtain 1-(di-p-anisyimethyl)-3-ethenyl-4-dia-
2oacetyl-2-azetidinone.
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IR P2t (cm™Y)

5§ 2110, 1755, 1640, 1612, 1505, 1240, 1177, 1030, 828
NMR s (CDCls): 3.78 (6H, s), 5.00 (1H, s), 5.80 (1H, s), 6.84 (4H, d, J=8.5Hz) ppm

Reference Example 9-2

10
COCHN

2 //\__(\cooa
—_—

15 2 Jannn
7 Ny 0?

DAM

20
0.7 g of 1-(di-p-anisylmethyl)-3-ethenyl-4-diazoacetyl-2-azetidinone was dissolved in 300 ml of
methylene chloride, and 1 ml of water was added thereto. The mixture was irradiated with light for 1 hour
using a high pressure mercury lamp while removing oxygen from the system under ice-cooling. Then, the
mixture was exiracted with a 1N aqueous solution of sodium hydroxide. The aqueous layer was rendered
25 acidic with hydrochloric acid and exiracted with ethyl acetate. The extract was washed with water, dried
over sodium sulfate and distilled off to remove the solvent thereby obtaining 1-(di-p-anisylmethyl)-3-ethenyl-
4-carboxymethyl-2-azetidinone.

neat -1,.
30 IRmax {cm '):

~3000, 1700, 1612, 1510, 1300, 1180, 1030, 820
NMR & (CDCls): 2.36 (2H, d, J=6Hz), 3.73 (6H, s), 5.80 (1H, s), 6.78 (4H, d, J=9.0Hz), 7.08 (4H, d,
35 J=9.0Hz) ppm

Reference Example 9-3

40 '~ CH,COOH
N 2 PN KCH.,COOPMB
B
= s
DAM N
4 ° ° DAM

2.3 g of 1-(di-p-anisylmethyl)-3-ethenyl-4-carboxymethyl-2-azetidinone was dissolved in 50 ml of dried
50 dimethylformamide, and 1.5 ml of triethylamine was added thereto. 1.3 g of p-methoxybenzyl chioride was
then added dropwise to the mixture, followed by stirring at 70°C for 3 hours. The reaction mixture was
diluted with ethyl acetate and diethyl ether, washed successively with dilute hydrochloric acid and water,
dried over sodium sulfate and distilled off to remove the solvent thereby obtaining 1-(di-p-anisylmethyl)-3-
ethenyl-4-p-methoxybenzyloxycarbonyimethyl-2-azetidinonse.
55

neat
max

IR -1

(ecm "):
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1750, 1612, 1510, 1250, 1175, 1033
NMR s (CDCl3): 2.36 (2H, d, J=6.5Hz), 3.72 (6H, s), 3.75 (3H, s), 4.83 (2H, s), 5.78 (1H, s) ppm

Reference Example 9-4

CH.,COOPMB OH CH.,COOPMB
2
7 N\ ) amm |
o) 7
DAM o N pan

2.85 g of 1-(di-p-anisylmethyl)-3-ethenyl-4-p-methoxybenzyloxycarbonylmethyl-2-azetidinone was dis-
solved in 14 ml of tetrahydrofuran, and 7 ml of water and 2.0 g of mercury (ll) acetate were added thersto,
followed by stirring at 35°C for 5 hours. 12 ml of a 1N aqueous solution of sodium hydroxide was added
thereto at 0°C, and to the resulting mixture was then added dropwise a solution of 0.25 g of sodium
borohydride in 1 ml of a 1N aqueous solution of sodium hydroxide. After stirring at the same temperature
for 15 minutes, the reaction mixture was neutralized with a 2N hydrochloric acid aqueous solution. Diethyl
ether was added thereto, followed by filtration using Celite. The filtrate was extracted with diethyl ether, and
the exiract was washed with a saturated aqueous solution of sodium chlorids, dried over sodium sulfate and
distilled off to remove the solvent, thereby to obtain 2.6 g of 1-(di-p-anisylmethyl)-3-(1-hydroxysthyl)-4-p-
methoxybenzyloxycarbonylmethyl-2-azetidinone.

3430, 1730, 1615, 1510, 1247, 1178, 1030, 820
NMR & (CDCl): 1.23 (3H, d, J=6.5Hz2), 242 (2H, d, J=7Hz), 3.77 (9H, s), 4.95 (2H, s), 5.78 (1H, s)

ppm

Reference Example 9-56

ﬁ\ CH,COOPMSB PNZ-0 CH,COOPMB
s
7 N | N
o DAM o “banm

26 g of 1-(di-p-anisylmethyl)-3-(1-hydroxyethyl)-4-p-methoxybenzyloxycarbonylmethyl-2-azetidinone
was dissolved in 15 ml of dried methylene chloride, and 1.22 g of 4-dimethylaminopyridine was added
thereto. Under ice-cooling, a solution of 1.3 g of p-nitrobenzy! chloroformate in 7 ml of dried methylene
chloride was added dropwise to the mixture, followed by stirring at room temperature for 1 hour. To the
reaction mixture were added methylene chloride and water, and the methylens chloride layer was washed
successively with a 1N hydrochloric acid aqueous solution, water, a 5% aqueous solution of sodium
bicarbonate and water, and dried over sodium sulfate. The solvent was removed by distillation, and the
residue was purified by silica gel chromatography to obtain 2.2 g of 1-(di-p-anisylmethyl)-3-(1-p-nitroben-
zyloxycarbonyloxyethyl)-4-p-methoxybenzyloxycarbonylmethyl-2-azetidinone.
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neat -1

IR.max {em

):

1755, 1610, 15610, 1350, 1245, 1175, 1030
NMR 5 (CDCls): 1.35 (3H, d, J=6.5Hz), 2.40 (2H, d, J=6.5Hz), 3.09 (1H, dd, J=2.5 and 6Hz), 3.73 (6H,
s), 3.77 (3H, s), 4.91 (2H, s), 5.18 (2H, s), 5.71 (1H, s) ppm

Reference Example 9-6

OPNZ

X G
—r\ COOPMB r——‘/\COOH
! —_— .
e Z N
o) \DAM 0 N DAM

22 g of 1-(di-p-anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-p-methoxybenzyloxycarbonyl-
methyl-2-azetidinone was dissolved in 20 ml of dried methylene chloride, and 0.88 g of m-dimethoxyben-
2ene and 2.5 mi of trifluoroacetic acid were added to the solution, followed by stirring at room temperature
for 4 hours. The solvent was removed by distillation, and the resulting oily residue was subjected to silica
gel chromatography to obtain 1.76 g of 1-(di-p-anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-
carboxymethyl-2-azetidinone.

IR;:zt (em™ 1y

~3000, 1745, 1615, 1510, 1250, 1180, 1035
NMR & (CDCls): 1.35 (3H, d, J=6.5Hz), 2.356 (2H, d, J=6.5Hz2), 3.10 (1H, m), 3.73 (6H, s), 5.16 (2H, s),
5.75 (1H, s), 6.73 (4H, d, J=9Hz2), 746 (2H, d, J=9Hz), 8.10 (2H, d, J=9HZ) ppm

Reference Example 9-7

OPNZ

/k OPNZ COOtBu
——'l‘ " COOH OOPNB
J— ' °
0 N\

e .

0.8 g of 1-(di-p-anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-carboxymethyl-2-azetidinone
was dissolved in 20 ml of dried methylene chloride, and 0.17 m! of N-methylmorpholine was added thersto.
After cooling to ~10°C or less, 0.15 ml of ethyl chloroformate was added dropwise thereto, followed by
stirring for 30 minutes. Separately, 0.81 g of t-butyl-(p-nitrobenzyl)-malonate was dissolved in 15 ml of dried
tetrahydrofuran, and 0.14 g of sodium hydride (5§0% purity) was added to the resulting solution in a nitrogen
stream under ice-cooling, followed by stirring at that temperature for 30 minutes. The resulting solution was
added dropwise to the above prepared solution of a mixed anhydride at a temperature of -10°C or less,
followed by stirring for 1 hour. The reaction mixture was warmed to room temperature and concentrated
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under reduced pressure. The concentrate was diluted with cool water and ethyl acetate, washed succes-

sively with a 1N aqueous solution of hydrochloric acid and water, dried over sodium sulfate and distilled off

to remove the solvent. The resulting residue was purified by silica gel chromatography to obtain 1-(di-p-

anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-[3-t-butoxycarbonyl-3-(p-nitrobenzyloxycarbonyl)-2-
§ oxopropyl]-2-azetidinone.

neat -1

IRmax (cm '):

10
1750, 1610, 1510, 1345, 1250 _
NMR 5 (CDCl3): 1.38 (9H, s), 3.75 (6H, s), 5.17 (4H, s), 5.77 (1H, br. s), 6.77 (4H, d, J=8.5Hz), 7.45 (4H,
d, J= 9Hz), 8.15 (4H, d, J=9Hz) ppm

15 Reference Example 9-8

OPNZ OPN2Z

)\ 00tBu )\
20 I cooPNB o '_']/Y\COOPNB
—_— o]

0
Vo 2N
0 N DAM ) \paM

25

23 g of 1-(di-g-anisylmethyl)-3-(1-p-nitrobenzyIoxycarbonyonyethyl)-4-[3-3-butoxycarbonyI-3-(p-
nitrobenzyloxycarbonyl)-2-oxopropyl}-2-azetidinone was dissolved in 120 mi of dried methylene chioride,
and 10 mi of trifluoroacstic acid was added to the solution, followed by stirring at room temperature for 1

30 hour. The reaction mixture was washed with an aqueous solution of sodium bicarbonate and then with
water, dried over sodium sulfate and distilled off to remove the solvent. The residue was purified by silica
gel chromatography to obtain 1-(di-p-anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-[3-(p-nitroben-
2yloxycarbonyl)-2-oxopronyl]-2-azetidinone.

3% neat -1
IR (cm '):

1748, 1720 (sh.), 1610, 1510, 1345, 1250
P NMR & (CDCls): 1.41 (3H, d, J=6.5Hz), 2.61 (2H, d, J=6.5Hz), 3.27 (2H, s), 3.76 (6H, ), 5.77 (1H, s),
6.82 (4H, d, J=9Hz), 7.47 (2H, d, J=98Hz), 7.53 (2H, d, J=9Hz), 8.20 (4H, d, J =9Hz) ppm

Reference Example 9-9

® OPNZ OPNZ N
COOPNB _ ' OOPNB
50 N\D / N N
o] A2l 0 DAM
85 1.9 g of 1-(di-p-anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-[3-(p-nitrobenzyloxycarbonyl)-2-

oxopropyl}-2-azetidinone and 660 mg of p-carboxybenzenesulfonyl azide were dissolved in 50 ml of dried
acstonitrile, and 1.4 mi of triethylamine was added thereto dropwise in a nitrogen stream under ice-cooling.
After stirring at that temperature for 15 minutes, the reaction mixture was diluted with ethyl acetate, and the
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thus formed precipitate was filtered. The filtrate was concentrated under reduced pressure, and the resulting
oily residue was subjected to silica gel chromatography to obtain 1-(di-p-anisylmethyl)-3-(1-p-
nitrobenzyloxycarbonyloxyethyl)-4-[3-(p-nitrobenzyloxycarbonyl)-2-oxo-8-diazopropyl]-2-azetidinone.

neat -1
IBmax (cm '):

2150, 1750, 1720 (sh.), 1650, 1510, 1250, 1350

NMR & (CDCls): 1.38 (3H, d, J =6.5Hz), 2.95 (2H, d, J=6.5Hz), 3.73 (BH, s), 5.17 (2H, ), 5.24 (2H, s),
5.74 (1H, s), 6.71 (2H, d, J=9H2), 6.76 (2H, d, J=9Hz), 7.08 (2H, d, J=9Hz), 7.14 (2H, d, J=9Hz), 7.42
(4H, d, J=9Hz), 8.1 (2H, d, J=9Hz), 8.16 (2H, d, J=9Hz) ppm

Reference Example 9-10

PNZO N2 PNZ‘,’ le
P
i COOPNB N h/\ COOPNE
0 |
Z—N > . 0
,7 &
0 N\ DAM 0 \ -

127 g 1-(di-E-anisyImethyl)-3-(1-E-nitrobenzyloxycarbonyonyethyl)-4-[3-(g—nitrobenzyloxycarbonyl)-z-
oxo-3-diazopropyl}-2-azetidinone was dissolved in 50 ml of acetonitrile-water (9 : 1 by volume), and 2.7 g of
ceric ammonium nitrate was added thereto all at once under ice-cooling. After vigorously stirring, the
mixture was further stirred at room temperature for 30 minutes. Cool water was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The extract was washed with water and dried
over sodium sulfate. The solvent was distilled off, and the resulting residue was purified by silica gel
chromatography to obtain 3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-[3-(p-nitrobenzyloxycarbonyl)-2-oxo-3-
diazopropyl]-2-azetidinone.

neat
max

-1

IR (ecm ')

2145, 1750, 1720, 1650, 1520, 1345, 1260

NMR 5 (CDCls): 1.45 (3H, d, J=6.5Hz), 3.01 (1H, dd, J=9 and 18Hz), 3.29 (1H, dd, J= 4.5 and 18Hz),
4.00 (1H, m), 5.24 (2H, s), 5.36 (2H, s), 6.12 (1H, s), 7.55 (4H, d, J=8.5Hz), 8.21 (2H, d, J=8.5Hz), 8.25
(2H, d, J=8.5Hz) ppm
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Reference Example 9-11

PNZO NZ

)
N — ey
0 COOPNB
PNZ0 ?
| OPh
> o
“oph
o COOPNB

a) 0.55 g of 3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-[3-(p-nitrobenzyloxycarbonyl)-2-oxo-3-diazopropyl}-
2-azetidinone was dissolved in 25 ml of degassed dried benzene, and a catalytic amount of rhodium (Ii)
acetate was added thereto. After blowing nitrogen gas into the mixture for about 3 minutes, the mixture
was refluxed for 20 minutes, followed by cooling. The catalyst was separated by filtration and washed
with benzene. The filtrate and the washing were combined and concentrated under reduced pressure to
yield p-nitrobenzyl-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]heptan-3,7-dione-2-carbox-
ylate.

at
X

1

Ingg (em ') :

1770, 1745, 1520, 1350, 1260

NMR & (CDCls): 1.50 (3H, d, J=6.5Hz), 2.50 (1H, dd, J=8.0 and 18Hz), 2.89 (1H, dd, J=7.0 and
18Hz), 3.39 (1H, dd, J=2.0 and 8.0Hz), 4.14 (1H, dt, J=2.0 and 7.0Hz), 4.77 (1H, s), 5.26 (4H, s), 7.52
(4H, d, J=8.5Hz), 8.21 (4H, d, J=8.5H2) ppm
b) The keto ester derivative as obtained in a) above was dissolved in 25 ml of dried acetonitrile, and 195
mg of diisopronylethylamine was added thereto under ice-cooling. To the resulting mixture was added
dropwise a solution of 300 mg of diphenyl chiorophosphate in 2 ml of dried acetonitrile, followed by
stirring for 1 hour. The reaction mixture was diluted with ethyl acetate, washed with water, and dried over
magnesium sulfate. The solvent was removed by distillation under reduced pressure to obtain p-
nitrobenzyl-5,8-trans-3-(diphenylphosphoryloxy)-6-(1 -p-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo-
[3.2.0]hept-2-ene-7-one-2-carboxylate.

ISRt (T,

1780, 1745, 1585, 1517, 1480, 1345, 1295, 1255, 1180, 1158, 965
NMR & (CDCls): 1.46 (3H, d, J=6.5Hz), 3.24 (2H, br. d, J=8.5Hz), 3.40 (1H, dd, J=3.0 and 8.5Hz2),
5.24 (2H, s), 5.32 (2H, ABq, J=13Hz), 7.28 (10H, s), 7.53 (4H, d, J=8.5Hz), 8.14 (2H, d, J=8.5Hz), 8.23
(2H, d, J=8.5Hz) ppm
Further, by using (3R,4S)-1-(di-p-anisylmethyl)-3-ethenyl-4-carboxy-2-azetidinone [optical rotation [a] 2

= +63.3* (c=0.12, CHCl,)], (5R,GS,BR)-g-nitrobenzyl-3-(diphenylphosphoryloxy)-s-(1-E-nitrobenzyloxycar-
bonyloxyethyl)-1-azabicyclo[3.2.0}hept-2-ene-7-one-2-carboxylate was obtained.
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Reference Example 10-1

(TBDMS) 0 (TBDMS) O
_——" /' COOCH,Ph
! —_— +
4 N
o” 0 g
(1) (2a)
(TBDMS) 0

I I COOCHZPh

BN

(2b)

To 1.33 g (20 mM) of activated zinc was added 20 ml of dried tetrahydrofuran, and 8.8 ml of a 15% n-
hexane solution of disthylaluminium chloride was added thereto in a nitrogen stream under ice-cooling. A
solution prepared by dissolving 1.49 g (5.2 mmol) of (3R,4R)-4-acetoxy-3-[(R)-1 ={t-butyldimethylsilyloxy)-
ethyl]-2-azetidinone (1) and 3.73 g (15.3 mmol) of benzyl a-bromopropionate in 13.3 ml of dried
tetrahydrofuran was added dropwise to the mixture over a period of 30 to 40 minutes, followed by stirring
for 1 hours. Under ice-cooling, 2.8 ml of pyridine, 13.2 mi of water, 26.5 ml of ethyl acetate and 13.2 ml of a
1N hydrochloric acid aqueous solution were successively added thereto, and the resulting mixture was
filtered using Celite. The filtrate was washed with water, and the organic layer was dried over sodium sulfate
and distilled off to remove the solvent. The resulting oily residue was subjected to silica gel column
chromatography to obtain an isomeric mixture of 4-(1-benzyloxycarbonyl)-ethyl-3-[(R)-1 ~(t-butyldimethyi-
silyloxy)ethyl}-2-azetidinone.

The isomeric mixture was separated into each compound by Lober column chromatography using silica
gel and 1.5% isopropanol/n-hexane as an eluent to obtain the compound (2a) and the compound (2b) as
oily substances.

Isomer (2b)
IRneat -1

max )

(cm

1755, 1460, 1377, 1252, 1100, 835 .

NMR 5 (CDCl3): 0.06 (6H, s), 0.87 (9H, s), 1.16 (3H d, J=6.5Hz), 1.19 (3H, d, J=7.0Hz), 3.71 (1H, dd,
J=2 and 10Hz), 5.14 (2H, s), 7.35 (5H, s) ppm
Isomer (2a)

NMR & (CDCls): 0.08 (6H, s), 0.87 (9H, s), 1.08 (3H, d, J=6.5Hz), 1.18 ( 3H, d, J=7.0Hz), 3.91 (1H, dd,
J=22 and 5.5Hz), 4.17 (2H, q, J=6Hz), 5.12 (2H, s}, 7.35 (5H, s) ppm
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Reference Example 10-2

(TBDMS) O (TBDMS)
5 Bl J 1

COOCH.,Ph l CoocH

2 Ph

———

I'd

V/amm.) L— )
10 0/ \H O/ \l\ (TBDMS)

2

(2a) (3a)

15 200 mg of 4-(1-benzyloxycarbonyl)-ethyl-3-[(R)-1-(t-butyl-dimethylsilyloxy)-ethyl}-2-azetidinone (2a) was
dissolved in 2 ml or dried dimethylformamide. 126 mg of triethylamine was added to the resulting solution,
and then 151 mg of t-butyldimethylsilyl chloride was added thereto, followed by stirring at room tempera-
ture overnight. The reaction mixture was diluted with ethyl acetate, washed with water, dried over sodium
sulfate and purified by silica gel chromatography to obtain 4-(1 -benzyloxycarbonyl)-ethyl-3-[(R)-1-(-butyl-

20 dimethyisilyloxy)-ethyl]-1-(t-butyldimethylsilyl)-2-azetidinone (3a).

neat =1,.
IRmax fcm ")

25
1750, 1465, 1325, 1255, 835
Reference Example 10-3
30
(TBDMS) O (TBDMS) O
"—‘J\coocrizph /’ l’l\ COOH
35 :
e
7—\ LN
0 (TBDMS) 0 {TBDMS)
(3a) (d4a)

40

184 mg of +(1-benzyloxycarbonyl)-ethyl-s-[(R)-1-(g-butyldimethylsilyloxy)-ethyl]-1-(t-butyldimethylsilyl)-

2-azetidinone (3a) was dissolved in 4 ml of methanol, and the resulting solution was stirred together with 20

45 mg of 10% palladium-on-carbon at an atmospheric pressure of hydrogen for 2 hours. The catalyst was

removed by filtration, and the filtrate was concentrated under reduced pressure to obtain 4-(1-carboxy)-
ethyl-3-[(R)-1-(t-butyldimethylsilyloxy)-ethyl}-1-(t-butyldimethylsilyl)-2-azetidinone (4a).

) neat -1,.
50 IRmax (cm '):

1740, 1485, 1330, 1255, 1043, 837

56
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Reference Example 10-4

(TBDMSl(i HO
"‘—-iJ\CQOH /’__)\
R N
0 ° N (TBDMS) e COOPNB
{4a)

15
(4R,5R,6S,8R)-p-Nitrobenzyl-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-3,7-dione-2-

carboxylate was obtained from 170 mg of 4-(1-carboxy)-sthyl-3-[(R)-1-(t-butyldimethylsilyloxy)-ethyl]-1-(t-
butyldimethylsilyl)-2-azetidinone (4a) according to the method described in Japanese Patent Application OPI
No. 26887/83, pages 64-65.

20

neat -1
IRmax (cm ") -

25 3450 (br.), 1770 (sh.), 1750, 1605, 1520, 1350, 1217, 1180

Reference Example 11

OH -
30 H OH
. /l H Q
.-—_T/s v gy 1
B ! A

7 jp m—

35 o COOPNB. o”
COOPNB

40 To a solution of 261 mg of (5R,6S,8R)-p-nitrobenzyl-3-ethylthio-8-(1-hydroxyethyl)-1-aza bicyclo[3.2.0]-

hept-2-ene-7-one-4-thia-2-carboxylate in 28 ml of dried methylene chloride, 144 mg of m-chloroperbenzoic
acid was added at -45°C in a nitrogen stream, followed by stirring at -20° to -40°C for 2 hours. The
reaction mixture was washed with a saturated aqueos solution of sodium bicarbonate and then with water,
dried over sodium sulfate and distilled off to remove the solvent. The resulting residue was purified by silica

45  gel chromatography to obtain (5R,6S,8R)-p-nitrobenzyl-3-ethylsulfinyl-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0}-
hept-2-ene-7-one-4-thia-2-carboxylate.

CHC1

o=
IRV =3 (cm™ ')

50

1793, 17083, 1605, 1517, 1447, 1377, 1344, 1315, 1172, 1112, 1043, 965, 824
NMR 5 (CDCls): 6.74 (3/5H, d, J=1.5Hz), 5.87 (2/5H, d, J=1.5Hz) ppm
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Example 1-1
OPNZ
o
P 0_OPh N conMe,
J—s B )
-
o \ CooPNB et \coopyE Nz
fi\ CONMe2
— <Y
/N q
0 COOH

a) 122 mg of (5R,8S,8R)-p-nitrobenzyl-3-(diphenylphosphoryloxy-6-(1 -p-nitrobenzyloxycarbonyloxyethyl)-
1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylate was dissolved in 3 ml of dry acetonitrile, and 31 mg
of diisopropylethylamine was added thereto in a nitrogen stream under ice-cooling. Then, 60 mg of
[28,48]-1-p-nitrobenzyloxycarbonyl-2-dimethylaminecarbonyl-4-mercaptopyrrolidine was added to the
mixture, followed by stirring for 1 hour. The reaction solution was diluted with ethyl acetate, washed with
water, dried over magnesium sulfate and the solvent was distilled off. The residue was purified by silica
gel thin layer chromatography to obtain 95 mg of (5R.68,8R,2'S,4'S)-p-nitrobenzyl-3-[4-(1-p-nitroben-
zyloxycarbonyl-2-dimethylaminecarbonyl)-pyrrolidinylthio}-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1-
azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylate.

neat -1,
IRmax (em “):

1780, 1745, 1705, 1650, 1605, 1515, 1342, 1257

NMR 5 (CDCls): 1.49 (3H, d, J=6Hz), 2.99 (3H, s), 3.11 (3H, s), 5.25 (4H, s), 5.23 and 5.46 (2H, ABq,
J=14Hz), 7.53 (4H, d, J=8.5Hz), 7.62 (2H, d, J=8.5Hz), 8.18 (6H, d, J=8.5Hz)

[«13® +7.7° (c=0.303, acetone)
b) 85 mg of (5R,6$,8R,2's,4'S)-p-nitrobenzyl-s-[4-(1-E-hitrobenzyloxycarbonyl-z-dimethylaminocarbonyl)-
pyrrolidinylthio}-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylate was dissolved in 20 ml of dioxane, and a morpholinopropanesulfonic acid buffer solution (pH
= 7.0, 10 mi) and platinum oxide (35 mg) were added thereto. The mixture was then hydrogenated
under a hydrogen pressure of 3.5 atm. for 8.5 hours. The catalyst was filtered off and dioxane was
distilled off under reduced pressure. The residual solution was washed with ethyl acetate, and the
aqueous layer was again distilled under reduced pressure to remove the organic solvent. The residual
solution was subjected to polymer chromatography (CHP-20P) to obtain (5R,6S, 8R,2'S,4'S)-3-[4-(2-
dimethylaminecarbonyl)pyrrolidinyithio]-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-2-
carboxylic acid from the fraction eluted with water.

UVﬁignms

297
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1755, 1627, 1393, 1252, 1130
NMR & (D20): 1.25 (3H, d, J=6.4Hz), 1.81-1.96 (1H, m), 2.96 (3H, s), 3.03 (3H, s), 3.14-3.20 (3H, m),
3.31-3.41 (2H, m), 3.62-3.72 (1H, m), 3.90-4.00 (1H, m), 4.14-4.26 (2H, m), 4.63 (1H, t, J=8.5Hz)

Example 1-2
OH
:: ;CONMe
/ k ‘ / s o 2
o N
(o) COOH

a) In the same manner as described in Example 1-1(a) but using 129 mg of (5R,6S,8R)-p-nitrobenzyl-3-
(diphenylphosphoryloxy)-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylate and 67 mg of [2S,4R]-1-p-nitrobenzyloxycarbonyl-2-dimethylaminecarbonyl-4-
mercaptopyrrolidine, there was obtained 40 mg of (5R,6S,8R,2'S,4'R)-p-nitrobenzyl-3-[4-(1-p-nitroben-
zyloxycarbonyl-2-dimethylaminecarbonyf)-pyrrolidinyithio]-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-carboxylate.

neat -1

IR (cm

max ):

1775, 1745, 1705, 1650, 1520, 1400, 1345, 1260, 1130

NMR 5 (CDCls): 1.48 (3H, d, J=6Hz), 2.96 (3H, s), 3.12 (3H, s), 5.22 (4H, s), 7.44, 7.50 and 7.58
(each 2H, d, J=8.5Hz), 8.17 (6H, d, J=8.5Hz2)

[«)37 +31.1° (c=0.193, acetone)
b) In the same manner as described in Example 1-1(b) but using 40 mg of (5R,6S,8R,2'S,4'R)-p-
nitrobenzyl-3-[4-(1-p-nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio]-6-(1-p-
nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate, there was obtained
(5R,6S,8R,2'S,4'R)-3-[4-(2-dimethylaminocarbonyl)-pyrrolidinyithio]-6-(1-hydroxyethyi)-1-azabicyclo-
[3.2.0]hept-2-ene-7-one-2-carboxylic acid.

Uvﬁignm:

297
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Example 1-3

a) In the same manner as described in Example 1-1(a) but using 61 mg of (5R,8S,8R)~p-nitrobenzyl-3-
(diphenylphosphoryloxy)-6-(1-p-nitrobenzyloxycarbonyloxyethyi)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylate and 31 mg of [2R4S)] -p-nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl-4-
mercaptopyrrolidine, there was obtained 37 mg of (5R,6S,8R,2'R,4'S)-p-nitrobenzyl-3-[4-(1-p-nitroben-
2yloxycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio]-6-(1 -p-nitrobenzyloxycarbonyloxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate.

IRRSAE (em7ly,

1775, 1745, 1705,1650, 1520, 1400, 1345, 1260, 1130

NMR 5 (CDCls): 1.49 (3H, d, J=6.5Hz), 2.98 (3H, s), 3.16 (3H, s), 5.27 (4H, s), 5.19 and 5.47 (2H,
ABq, J=14Hz), 7.50, 7.55 and 7.64 (each 2H, d, J=8.5Hz), 8.20 (4H, d, J=8.5Hz), 8.22 (2H, d,
J=8.5Hz2)

[«)3° +26.8° (c=0.243, acetone)
b) In the same manner as described in Example 1-1(b) but using 37 mg of (5R,6S,8R,2'R,4'S)-p-
nitrobenzyl-s-[4—(1-E-nitrobenzyloxycarbonyl-z-dimethylaminocarbonyl)-pyrrolidinylthio]-6-(1-B-
nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-2-carboxylate, there was obtained
(5R,68,8R,2'R,4'S)-3-[4-(2-dimethylaminocarbonyl)-pyrrolidinylthio]-6-(1 -hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-ene-7-one-2-carboxylic acid.

gvE20 .
max nms
297
Example 1-4
/oi
o H—x

a) In the same manner as described in Example 1-1(a) but using 76 mg of {5R,6S,8R)-p-nitrobenzyl-3-
(diphenylphosphoryloxy)-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1 -azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylate and 39 mg of [2R,4R]-1-p-nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl-4-
mercaptopyrrolidine, there was obtained 35 mg of (5R,88,8R,2'R,4'R)-p-nitrobenzyl-3-{4-(1-p-nitroben-
zyloxycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio]-6-(1 ~-p-nitrobenzyloxycarbonyloxysthyi)-1-
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azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate.

neat -1
Iam (em =)
1775, 1745, 1705, 1650, 1520, 1440, 1342, 1260, 1120

NMR 5 (CDCls): 1.49 (3H, d, J=6.5Hz), 2.98 (3H, s), 3.09 (3H, s), 5.25 (4H, s), 5.26 and 5.44 (2H,
ABq, J=14Hz), 8.20 (6H, d, J=8.5Hz)

[«3° +23.3° (c=0.329, acetone) .
b) In the same manner as described in Example 1-1(b) but using 35 mg of (5R,6S,8R.2'R,4'R)-p-
nitrobenzyl-3-{4-(1 -p_-nitrobenzyloxycarbonyl-z-dimethyIaminocarbonyl)-pyrrolidinylthio]-6-(1 -p-
nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxyIate, there was obtained
(5R,6S,8R,2'R,4' R)-3-[4-(2-dimethylaminocarbonyl)-pyrrolidinylthio]-6-(1-hydroxyethyl)-1 -azabicyclo-
[3.2.0]hept-2-ene-7-one-2-carboxylic acid.

0VE20 g,

297

Example 2

HO

a) 53 mg of (4R,5R,68,8R)-p-nitrobenzyl-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0] hept-3,7-dione-
2-carboxylate was dissolved in 5 ml of dry acetonitrile, and 57 mg of diisopropylethylamine and then 43
mg of diphenyl chlorophosphate were added thereto. After stirring for 2.5 hours, 57 mg of [28,4S}-1-p-
nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl-4-mercaptopyrrolidine was added to the mixture, fol-
lowed by stirring for 1 hour. The reaction solution was diluted with ethyl acetate, washed with water,
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dried over magnesium sulfate and the solvent was distilled off. The residue was purified by silica gel thin
layer chromatography to obtain 35 mg of (4R,5S,6S, 8R,2'S,4'S)-p-nitrobenzyl-3-{4-(1-p-nitrobenzylox-
ycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]
hept-2-ene-7-one-2-carboxylate.

-1

nest
Io o x ( [ g J H

aa

1760, 1705, 1645, 1520, 1402, 1342, 1135, 1110

NMR & (CDCls): 1.30 (38H, d, J=7.0Hz), 1.35 (3H, d, J=6.5Hz), 2.99 (3H, s), 3.02 (3H, d, J=15Hz),
5.21 (2H, s), 5.20 and 5.43 (2H, ABq, J=14Hz), 7.51 (2H, d, J=8.5Hz), 7.64 (2H, d, J=8.5Hz), 8.20 (4H,
d, J=8.5Hz]
b) 26 mg of (4R,5S,6S,8R,2'S,4'S)-p-nitrobenzyl-3-[4-(1-p-nitrobenzyloxycarbonyl-2-dimethylaminocar-
bonyl)-pyrrolidinylthio]l-4-methyl-6-(1-hydroxysthyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate
was dissolved in a mixture of 1.9 ml of tetrahydrofuran and 0.3 mi of ethanol, and the mixture was
hydrogenated in a morpholinopropanesulfonic acid buffer solution (pH = 7.0, 1.9 ml) under atmospheric
pressure of hydrogen for 3 hours at room temperature in the presence of 30 mg of 10% palladium-
carbon, which had been activated in hydrogen atmosphere for 1 hour followed by washing with water.
After filtering off the catalyst, tetrahydrofuran and ethanol were distilled off under reduced pressure, and
the residual solution was washed with ethyl acetate. The aqueous layer was again distilled under reduced
pressure to remove organic solvents, and the residual solution was subjected to polymer chromatog-
raphy (CHP-20P) to obtain (4R,55,6S,8R,2'S,4'S)-3-[4-(2-dimethylaminocarbonyl)-pyrrolidinylthiol-4-meth-
yl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]Jhept-2-ene-7-one-2-carboxylic acid from the fraction eluted with
water.

296
NMR $ (D20): 1.21 (3H, d, J=7.0Hz), 1.29 (3H, d, J=86.5Hz2), 1.92 (1H, m), 2.99 (3H, s), 3.06 (3H, s)

Example 3

;i | /™~
}\ Y /Y CON\/"

a) 61 mg of (4R,5R,6S,8R)-p-nitrobenzyl-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0] hept-3,7-dione-
2-carboxylate was dissolved in 8 mi of dry acetonitrile, and 72 mg of diisopropylethylamine and then 55
mg of diphenyl chlorophosphate were added thereto in a nitrogen stream under ice-cooling, followed by
stirring for 2.5 hours. 77 mg of [2S,4S]-1-p-nitrobenzyloxycarbonyl-2-(1-pyrrolidinocarbonyl)-4-mercap-
topyrrolidine was added to the mixture, followed by stirring for 1 hour. The reaction solution was diluted
with ethyl acetate, washed with water, dried over magnesium sulfate, and the solvent was distilled off.
The residue was purified by silica gel thin layer chromatography to obtain 51 mg of (4R,5S,
6S,6R,2'S,4'S)-p-nitrobenzyl-3-[(1-p-nitrobenzyloxycarbonyl-2-(1-pyrrolidinocarbonyl)-pyrrolidin-4-ylthio}-
4-methyl-6-(1-hydroxyethyl)-1-azabicyclo]3.2.0] hept-2-ene-7-one-2-carboxylate.
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role2T -1, .
'Rma.x (e ')

1760, 1710, 1640, 1525, 1440, 1350, 1210, 1110

NMR & (CDCls) : 1.30 (3H, d, J=7.0Hz), 1.34 (3H, d, J=6.5Hz), 5.21 (2H, s), 5.20 and 5.44 (2H, ABq,
J=14Hz), 7.50 (2H, d, J=8.5Hz), 7.64 (2H, d, J=8.5Hz), 8.20 (4H, d, J=8.5Hz)
b) 50 mg of (4R,5S,6S,8R,2'S,4'S)-p-nitrobenzyl-3-[1-p-nitrobenzyloxycarbonyl-2-(1-pyrrolidinocarbonyl)-
pyrrolidin-4-yithio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]Jhept-2-ene-7-one-2-carboxylate was
dissolved in a mixture of 3.9 ml of tetrahydrofuran and 0.6 ml of ethanol, and the mixture was
hydrogenated in a morpholinopropanesulfonic acid buffer solution (pH = 7.0, 3.9 ml) under atmospheric
pressure of hydrogen for 4.5 hours at room temperature in the presence of 60 mg of 10% palladium-
carbon, which had been activated in hydrogen atmosphere for 1 hour followed by washing with water.
After filtering off the catalyst, tetrahydrofuran and ethanol were distilled off under reduced pressure, and
the residual solution was washed with ethyl acetate. The aqueous layer was again distilled under reduced
pressure to remove organic solvents, and the residual solution was subjected to polymer chromatog-
raphy (CHP-20P) to obtain (4R,5S,6S,8R,2'S,4'S)-3-[2-(1-pyrrolidinocarbonyl)-pyrrolidin-4-ylthio] 4-meth-
yl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylic acid from the fraction eluted with
a 2% aqueous tetrahydrofuran solution.

U'\T_:';Zo' nm

&

297
NMR & (D20); 1.20 (3H, d, J=7.0Hz), 1.29 (3H, d, J=6.5Hz), 1.95 (6H, m), 3.46 (6H, m), 3.72 (1H,
dd, J=6.5 and 12Hz), 4.02 (1H, quintet, J =6.5Hz)

Example 4

a) 172 mg of (5R,68,8R)-p-nitrobenzyl-3-(diphenylphosphoryloxy)-6-(1 -p-nitrobenzyloxycarbonyloxyethyl)-
1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylate was dissolved in 2.3 ml of dry acetonitrile, and to the
solution were added a solution of 59 mg of diisopropylethylamine in 0.7 mi of dry acetonitrile and then a
solution of 94 mg of [2S,4S]-1-p-nitrobenzyloxycarbonyl-2-(3-pyrroline-1 -carbonyl)-4-mercaptopyrrolidine
in 1 ml of dry acetonitrile, in a nitrogen stream and under ice-cooling, followed by stirring for 15 minutes.
The reaction solution was diluted with diethyl ether, washed with water, and the insoluble material in the
ether layer was dissolved with addition of methylene chloride. The methylene chioride and ether layer
was dried over magnesium sulfate and the solvent was distilled off. The residue was purified by silica gel
thin layer chromatography to obtain 182 mg of (5R,88,8R,2'S,4'S)-p-nitrobenzyl-3-{4-[1-p-nitrobenzylox-
ycarbonyl-2-(3-pyrroline-1-carbonyl)}-pyrrolidinylthio}-6-(1 -p-nitrobenzyloxycarbonyloxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate.

CHCL, , -1
IR =3 (em™ly:
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1780, 1745, 1708, 1660, 1623, 1606, 1520, 1342

NMR & (CDCls): 1.49 (3H, d, J=6.2Hz), 5.26 (4H, s), 8.18 (6H, d, J=8.8Hz)
b) 182 mg of (5R,6S,8R,2'S,4'S)-p-nitrobenzyl-3-{4-[1-p-nitrobenzyloxycarbonyl-2-(3-pyrroline-1-car-
bonyl)]-pyrrolidinylthio}-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylate was dissolved in a mixture of 12.6 ml of tetrahydrofuran and 2 ml of ethanol, and the solution
was hydrogenated in a morpholinopropanesulfonic acid buffer solution (pH = 7.0, 12.6 ml) at room
temperature under atmospheric pressure of hydrogen for 7 hours in the presence of 219 mg of 10%
palladium-carbon, which had been activated in hydrogen atmosphere for 1 hour, followed by washing
with water. After filtering off the catalyst, tetrahydrofuran and ethanol were distilled off under reduced
pressure, and the residual solution was washed with ethyl acetate. The aqueous layer was again distilled
under reduced pressure to remove organic solvents, and the residual solution was subjected to polymer
chromatography (CHP-20P) to obtain (5R,6S,8R,2'S,4'S)-3-{4-[2-(3-pyrroline-1-carbonyl)-pyrrolidinylthio}-
6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-2-carboxylic acid from the fraction eluted with a
2% aqueous tetrahydrofuran solution.

H0 _ .
W'xm nm:

208

1755, 1640, 1505, 1450, 1380, 1245
NMR & (D20): 1.26 (3H, d, J=6.4Hz), 3.18 (1H, dd, J=2.1 and 9.0Hz), 377 (1H, dd, J=7.0 and
12.0Hz), 5.89 (2H, br. s)

Example 5

J /\,/conncazconnz

)_N ).

a) Following the procedures as described in Example 1-1(a) using 68 mg of (5R,6S,8R)-p-nitrobenzyl-3-
(diphenylphosphoryloxy)-8-(1 -p-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]Jhept-2-ene-7-one-2-
carboxylate and 33 mg of [25,4S}-1 -p-nitrobenzyloxycarbonyl-2-carbamoylimethylaminocarbonyl-4-mercap-
topyrrolidine, there was obtained 61 mg of crystalline (5R,6S,8R,2'S, 4'S)-p-nitrobenzyl-3-[4-(1-p-
nitrobenzyonycarbony|-2-carbamoylmethylaminocarbonyl)-pyrrolidinyIthio]-6-(1 -p-
nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate by filtration.

i

Nujol -1
IRm (em ™).

3445, 3300, 1790, 1745, 1710, 1670, 1835, 1510, 1345, 1270
NMR & (CDCls): 1.50 (3H, d, J=6.5Hz), 5.23 (4H, s), 7.50 (4H, d, J=8.5Hz), 8.21 (6H, d, J=8.5Hz2)
m.p.: 184-189°C (dec.)
b) 30 mg of (5R8S,8R,2'S4'S)p-nitrobenzyl-3-[4-(1 -p-nitrobenzyloxycarbonyl-2-carbamoyl-
methylaminocarbony!)-pyrrolidinylthio}-6-(1 -p-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-
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ene-7-one-2-carboxylate was dissolved in a mixture of 3.1 mi of tetrahydrofuran and 1 ml of dimethylfor-
mamide, and the solution was hydrogenated in the presence of a morpholinopropanesulfonic acid buffer
solution (pH = 7.0, 3.1 ml) at room temperature under atmospheric pressure of hydrogen for 5 hours in
the presence of 37 mg of 10% palladium-carbon which had been activated in hydrogen atmosphere for 1
hour followed by washing with water. After filtering off the catalyst, tetrahydrofuran was distilled off under
reduced pressure, and the residual solution was washed with methylene chloride. The aqueous layer was
distilled to remove the organic solvents, and the residual solution was subjected to polymer chromatog-
raphy (CHP-20P) to obtain (5R,6S,8R,2'S,4'S)-3-[4-(2-carbamoyimethylaminocarbonyl)-pyrrolidinylthio}-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid from the fraction eluted with wa-
ter.

H20 .
uv Ama.x nm:

300

KBr -1

I L ]

Rmax (em '):

1745, 1665, 1590, 1390, 1220, 1180, 1040 _

NMR & (D20): 1.26 (3H, d, J=6.6Hz), 1.86 (1H, m), 3.20 (2H, dd, J=7.5 and 14.7Hz), 3.38 (1H, dd,
J=3.0 and 6.7Hz), 4.02 (1H, t, J=9.0Hz)

Example 6

COOH

a) To a solution of 46 mg of (5R,6S,8R)-p-nitrobenzyl-3-ethylsulfinyl-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylate in 0.8 mi of dry acetonitrile were added a solution of 30 mg
of diisopropylethylamine in 0.3 m! of dry acetonitrile and then a solution of 81 mg of (2'S,4'S)-1"-p-
nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl-4'-mercaptopyrrolidine in 0.6 m! of dry acetonitrile un-
der nitrogen stream at -40°C, followed by stirring the mixture at -40°C to -45°C for 10 minutes. The
reaction solution was diluted with ethyl acetate, washed with a saturated aqueous solution of sodium
chloride, dried over sodium sulfate, and the solvent was distilled off. The resulting residue was purified
by silica gel chromatography to obtain (5R,8S, 8R,2'S,4'S)-p-nitrobenzyl-3-[(1-p-nitrobenzyloxycarbonyl-
2-dimethylaminocarbonyl)-pyrrolidin-4-ylthio}-6-(1-hydroxy ethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-
thia-2-carboxylate.
[«2® +52° (c=0.43, CHCl5)

r ,CHC1

-1
max3 (em *):

1788, 1700, 1660, 1607, 1400, 1325, 1114, 1013
NMR & (CDCls): 1.32 (3H, d, J=6Hz), 2.96 (3H, s), 3.08 (3H, s), 3.72 (1H, dd, J=1.5Hz and J =6Hz2),
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5.20 (2H, s), 5.70 (1H, d, J=1.5Hz2)

b) 204 mg of 5% palladium-carbon was suspended in a mixture of ethanol (3.8 ml) and water (3.8 ml)
and hydrogenated at room temperature under atmospheric pressure for 1 hour. The catalyst was filtered,
washed with water, suspended in a phosphate buffer (pH = 6.86, 5.1 ml), and added to a solution of 68
mg of (5R,6S,8R, 2'S,4'S)-p-nitrobenzyl-3-[(1-p-nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl)-pyr-
rolidin-4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylate in 7.7 ml of
tetrahydrofuran. The mixture was hydrogenated at room temperature and under atmospheric pressure for
3 hours. After filtering off the catalyst, tetrahydrofuran was distilled off under reduced pressure. The
residual solution was washed with ethyl acetate, and the aqueous layer was again distilled under reduced
pressure to remove the organic solvents. The resulting residual solution was purified by CHP-20P
column chromatography to obtain (6R,6S,8R,2'S,4'S)-2-[(2-dimethylaminocarbonyl)-pyrrolidin-4-ylthio}-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylic acid.

H20 _ .
ov Amal.x nms

322, 255

KBr -1

1765, 1645, 1580, 1508, 1367

NMR § (D-0): 1.29 (3H, d, J=6.4Hz), 1.94 - 2.08 (1H, m), 2.93 - 3.15 (1H, m), 2.98 (3H, 5), 3.05 (3H,
s), 3.53-3.62 (1H, m), 3.83 - 3.93 (1H, m), 3.94 (1H, dd, J=1.4Hz and J=6Hz), 4.06 - 4.30 (3H, m), 5.71
(1H, d, J=1.4Hz)

Examples 7 to 67

The compounds shown in Table 6 below were prepared from the corresponding mercaptan derivatives.

In Table 8, "HE" represents (R)-1-hydroxyethyl group, and "PNZE" represents (R)-1-p-nitrobenzyloxycar-
bonyloxyethyl group.
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ZTable 6
coy
SU
N
N
COOR Ry
3
Example
No. Rl R2 R3 Y Spectral Data
1ro30l (ondy; 3420, 1785, 1742, 1710, 1677, 1510,
’/,u max 1342, 1255
PNZE PNZ PNB -N\H m.p. 138~142°C
(alg° +44.4° (c=0.105, DMF)
H,0
UvaA nm: 297
max
7 KBr -1
IRV - (em 7): 1752, 1687, 1595, 1385
H
HE H H -N::j
H NMR§ (D,0)3 1.24(3H, 4, J=6,5Hz), 2.0-2.15(1H,

m), 2.83-2.98(1H, m), 3.17(2H, d,
J=9Hz), 3.32-3.42(2H, m), 3.71-
3.80(14, m), 3.98(1H, guintet;
J=7Hz), 4.13-4.32(1H, m), 4.41(1H, t,
J=8,5Hz)

30
o

~25° (c=0.05, H,0)

19 285 921 0 43
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Example
No. R1 R2 R3 b4 Spectral Data
IRv;::t (cm1): 1775, 1745, 1700, 1665(sh), 1515,
1345, 1257
CH
pNge PNz PN N O
H NMR § (CDC%):  1.48(3H, d, J=6.5Hz), 2.73(3H, s),
8 3.21(2H, 4, J=9Hz), 5.25(4H, s),
5.25 and 5.43(2H, ABq, J=14Hz),
7.50, 7.54 and 7.62(each 2H, 4,
J=8.5Hz), 8.20(6H, 4, J=8.5Hz)
CH
_ —Cl, H,0
HE H® H u~\‘ﬂ UVA 2. nm: 297
IRM::i°1 (em™1): 1770, 1740, 1700, 1510, 1340, 1255
—~CHy
PNZE PNZ BNB N[ CHy NMR §(CDCR,)¢ 1.08(3H, 4, J=6.5Hz), 1.11(3H, 4,
H J=6.5Hz), 1.48(3H, 4, J=6Hz),
9 3.18(2H, br.d, J=9Hz), 5.25(4H, s),
$.26 and 5.‘4(2“, ABq. J‘l‘“z’;
7.50, 7.54 and 7.62(each 2,
J=9Hz), 8.20(6H, d, J=8.5Hz)
HE H B -7 ~ca vagsg nms 296

19 485 9¢1 0 43



[+

8 & 3 & 8 ] 8 > 3 o
Example
No. Rl Rz R3 Y Spectral Data
roiuiol (..=1y. 3295, 1782, 1740, 1700, 1650, 1515,
max 1340, 1260
CH.,CH=CH
nze PNz e N 2 2
H NMRS (CDCR,): 1.48(3H, 4, J=6.5Hz), 3.18(2H, br,
d, J=9Hz), 5.24(4H, 8), 5.25 and
5.45(2H, ABg, J=14Hz), 7.50, 7.53
and 7.62(each 2H, 4, J=8.5Hz),
8.19(6H, d, J=8,5Hz)
10 .
NMRS (D,0): 1.0(38, t, J=7.5Hz), 1.23(3H, 4,
CH,CH, CH J=THz)
HE H H =~ 27273 .
H
uvAH20 np: 298
max
NMRS (D,0): 1.27(34, 4, J=7Hz), 5.68(3H, m;}
CH,CH=CH
- — 2 2
HE H H N\\\H

uvkg g nm: 298

19 285921 0d3



(1}

8 & 3 & 8 b4 3 @ 3 o
Example
No. R1 R, n3 Y Spectral Data
IrvPeat (cm~l): 1780, 1750, 1710, 1650, 1525, 1440,
max 1350, 1262
—Call5
PNZE PNZ PNB N NMRS (CDCRy):  1.06(3H, t, J=78z), 1.27(3H, t,
CoH, J=THz), 1.49(3H, A, J=6Bz), 5.24(4H,
8), 5.25 and 5.46(2H, ABq, J=l4Hz},
11 7.46, 7.50 and 7.63(each 2H, 4,
J=8,5Hz), 8.20(6H, 4, J=8.5Hz)
C,H
HE H H N::: 2" uvx“gO nms 297
C,H max
2%s
IRVCHC:s (cm~1l): 1780, 1746, 1708, 1656, 1610, 1525,
max 1350, 1260 -
/CH3
PNZE PNZ PNB N
n—C,Hy NMRS (CDCL,): 1.48(38, 4, J=6Hz), 5.27(4H, s),
8.20(6H, d, J=9Hz)
12 oval22 nm: 297
max
e . : _N’,,cu3 IRv:g; (em1): 1755, 1635, 1590, 1370, 1240
~

NMRS (Dzo)z 0.88(38H, t, J=7.1Hz), 1.26(3H, 4,
J=6.4Hz), 1.91(1H, m), 2.94 and

3.02(3H, s)

19 285 921 0 d3



18

1)

g 5 3 8 8 5 8 3 3 -
Example
No. R R R Y Spectral Data
1 R Ry
Invﬁ:1°1 tem™Y): 1770, 1735, 1640, 1510, 1340, 1250
PNz B e v J=7.0Hz), 5.25(4H, s), 5.27 and
13 H 5.43(2H, ABg, J=14Hz), 7.27(5H, s),
7.54, 7.62, 8.21 and 8.22(each 2H,
d, J=8.5Hz)
CH.,Ph
2 H,O0
HE )| H -N\H UVAmgx nms 297
IRVES2E (cwl); 1780, 1750, 1715, 1660, 1525, 1442,
1350, 1265, 1122
CcH,ph
PNZE PNz PNB N 2
CH, NMRS (CDC%y):  1.48(3H, 4, J=6.5Hz), 2.92(3H, s,
14 4.56(2H, d, J=5Hz), 5.25(4H, s),
8.19(6H, d, J=9Hz)
CH,ph
_—CH, HO
HE H H N\CH uvA22 nm: 297

19 285 921 0 d3




s9

C
8 & 3 ] 8 b3 3 & 3 @
Example
No. R1 Rz 33 Y Spectral Data
N
Nujol -1
cH —O IRV (em™1): 1790, 1745, 1714, 1652, 1605, 1520
PNZE PNz PNB N 2 max SRt Y ' ' ) ) '
i
m.p. 179-182°C (dec.)
uvx:‘gl: nm: 299, 266, 260
15
S 1RVESY (em™1): 1745, 1590, 1490, 1210, 1090, 910
|
CH,N 2
%2 N
HE H H v

NMR 6 (D20)= 1.26(3H, 4, J=6.3Hz), 1.99(1H, m),
2.80(1H, m), 3.36(1H, dd, J=2.7 and
6.0Hz), 3.58(1H, 44, J=7.0 and
12.0Hz), 3.86(1H, m), 4.51(2H, 4,
J=4_4Hz), 7.82(1H, 4t, J=1.8 and
7.74z), 8.42(1H, m)

19 285 921 0 d3



g & 3 & 8 b 8 a 3 L
Example
No. R1 Rz R3 Y Spectral Data
neat -
IRvpax  (cm1): 1775, 1745, 1700, 1660(sh), 1515,
1345, 1260
CH.,CH.,N(CH., )
PNZE PNz PnB N[ 2 2 372
H NMR6 (CDcz3)= 1.47(34, 4, J=6.5Hz), 2,24(3H, =),
16 2.27(3H, s), 5.25(4H, s), 7.49, 7.53
and 7.62(each 2H, 4, J=8,5Hz),
8.20(6H, 4, J=8.5Hz)
CH_,CH_N(CH,)
HE H @ w2722 aH0 297
rrvPeat .-l 1770, 1745, 1700, 1650, 1512, 1342,
max 1257
CH,,CH, N (CH, )
PNZE PNZ PNB  -NZ 2 2 32
CH, NMRS (CDC2,):  1.49(3H, 4, J=6.0Hz), 2,24(3H, s),
2.30(6H, s), 5.25(4H, s8), 5.27 and
17 5.45(2H, ABq, J=13.5Hz), 7.54(4H, 4,
J=8.5Hz), 7.63(2H, d, J=8,5Hz),
8.20(6H, 4, J=8.5Hz)
CH,,CH,N(CH., )
HE H H w222 gm0 298
\CH max

3

19 285 921 0 d3



06

0s
Sy
oy

Example
No. R Rz R

TN

se
0¢

s2

0z

Si
oL
]

Spectral Data

PNZE PNZ PNB
18

PNZE PNZI PNB

19

_—~CH,CH,OH

_Na”CHZCH2°H

IRRE2t (op)

NMR 6 (cocz3)=

H_ O
UVAmgx nm:

IRyﬁgzt (cm~!

NMR 6 (CDCLy):

H.O
uv Amgx nm:

3350, 1770, 1740, 1695, 1510, 1340,
1250

1.48(3H, 4, J=6Hz), 5.25(4H, 8),
5.18 and 5.43(2H4, ABq, J=14Hz),

. 7.49, 7.53 and 7.61(each 2H, 4,

J=8.5Hz), B8.18(6H, 4, J=8.5Hz)

298

3400, 1778, 1745, 1700, 1650, 1520,
1345, 1260, 1120

1.48(38, 4, J=6.5Hz), 3.00(3H, s},
5.20(28H, s), 5.25(2H, 8), 5.25 ard
5.45(2H, ABq, J=13,5Hz), 7.49, 7.51
and 7.63(each 2H, 4, J=8.5Hz),
8.19(48, 4, J=8.5Hz), 8.21(2H, 4,
J=8,5Hz)

297

19 285 921 0 43



16

g8

8 & 3 & 8 b 8 o 3 o
Example
No. Rl R2 R, Y Spectral Data
: IRVpoa" (em™l): 1770, 1730, 1695, 1650, 1600, 1505,
1340
CH,,CH.,CH. COOPNB
PNZE PNZ PNB N2 2 2 2
\H

20

HE B H

PNZE PNZ PNB

21

HE H H

N’,,CH2C32CH2COOH
\\\H

_~CH,CONHCH

3
-N
\\\H
_“’,,032C0NHCH3
\\\H

1.48(314, 4, J=6.5Hz), 5.25(4H, s8),
7.62(2#, 4, J=8,.6Hz), 8,20(6H, 4,
J=8,6Hz)

NMR$S (CDCl3)=

H,0
UVAm;x nm: 297

rroNuiol (-1, 1995, 1747, 1712, 1640, 1608, 1517,
max 1350, 1275

m.p. 167-169°C (dec.)
ovaH29 nm: 300
max

1RVEEE (eml): 1752, 1650, 1590, 1388, 1255, 1150

1.26(3d, 4, J=6.3Hz), 2.71(3H, s),

NMRS (Dzo)z
2.93(14, g, J=7.4Hz), 3.88(2H, s)

19 285 8¢1 0 43



c6

99

P

8 & 8 & 8 b 8 & 3 o
Example
No. R1 R2 R3 Y Spectral Data
_CH,CON(CHy),  IRvRulol (cn~1): 1800, 1750, 1707, 1675, 1650, 1610,
PNZE PNZ PNB -u\\\ﬂ max 1520, 1350, 1280
m.p. 196-199°C (dec.)
uval : nms 299
22
KBr -1,
e 5w _“/,,CHzcou(cu3)2 IRVIR® (cm ')s 1750, 1640, 1590, 1380, 1250, 1145
\H
NMRS (D,0): 1.26(3H, d, J=6.3Hz), 2.92(3H, s),
3.03(3H, s), 3.19(2H, dd, J=6.3 and
9.2Hz), 3.51(1H, 44, J=7.4 and 12uz),
4.12(2H, s)
o,
_ CHCONH, rviudol (op=1y, 1795, 1750, 1700, 1680, 1655, 1610,
PNZE PNZ PNB N max 1525, 1350
H
m.p. 168-170°C (dec.)
23 :
CH3 KB -1
IRVEEY (ecm t): 1745, 1665, 1590, 1390, 1180, 1037
CHCONH; max
H H -~ 2 '
HE “*u

uvx“§° nm: 300
max

19 285 9¢1 0 43



€6

§9

08
Sy
or

Example
No. R

g6
og

Y

sz
oz

St
0L
S

Spectral Data

PNZE PNZ PNB

24

>
_N‘,,CH‘CONHCH
\H

o,
_,,CH‘CONHCH

- 3
N\\\H

3

1rviujol (cm-l)z
max

m.p.
ovala0 npe
méx
IRVEBY " =1y,

max iy

NMR (D,0):

1350
98-101°C

301

1750, 1650, 1590, 1385, 1170, 1040

1.26(3H, d, J=6.6Hz), 1.36(3H, 4,
J=8.1Hz), 2.71(3H, s), 3.19(1B, ad,
J=6.6 and 9.0Hz), 3.98(1H, t,
J=8,0H2)

1790, 1752, 1710, 1650, 1610, 1525,

19 28S 921 0 43




99

0§
Sy
oy

Example
No. R

oe

§2
(74
Si
0l
s

Spectral Data

PNZE PNZ PNB

- 25

HE H B

CH-CON (CH

_—CH-CON(CH, ),

neat

IR"max {cm

1 : 1780, 1745, 1705, 1640, 1605, 1520,
1346

m.p. 172-175°C

NMR6 (Dg-DMCO): 1.12(3H, 4, J=7Hz), 1.34(3H, 4,
J=6.4Hz), 2.79(3H, s), 2.94(3H, s8),
5.30(2H, s), 8.20(6H, 4, J=8.8Hz)

H, O
lemgx nm: 300

KBr

IRV Y (em™l): 1755, 1630, 1590, 1390, 1250, 1120

NMRS (Dzo)z 1.26(34, 4, J=6,3Hz), 1.31(34, 4,
J=5.9Hz), 2.92(38' s)' 3.13(3“, 8)

19 285 9¢1 0 d3



§s

N

8 & & & 8 8 8 a 3 @
Example
No. R1 R2 R3 Y Spectral Data
IRvﬁggz3 (em 1y, i;gg, 1746, 1705, 1680, 1608, 1524,
CH.,CONH
PNZE PNZ PNB -~ 2 2
\\*cu3
NMRS (CDCL;): 1.48(3H, d, J=6.4Hz), 3.19(3H, s),
5.17(2H, s), 5.24(2H, s), 8.19(6H,
d, J=8.6Hz)
26
H,0
thmgx nms 300
__-CH,CONH IRvEPE (em~l): 1750, 1654, 1590, 1395, 1250, 1060
2 2 max
HE H H N
cH,

NMRS (020)3 l.26(34, 4, J=6.3Hz), 2.95(3H, 8),
3.21(2H, dd, J=2.2 and 9.0Hz),
3.38(1H, dd, J=2.2 and 5.5Hz)

18 285 921 0 d3




96

ss

8 & 3 & 8 5 8 > 3 U]
Example
No. Rl Rz R3 Y Spectral Data
1RvERCt3 (em™ly; 1778, 1743, 1685, 1660, 1605, 1520,
max 1340
CH.,CONHCH
PNZE PNZ2 PNB -NT 2 3
\\‘cn3
NMRS (CDC2,): 1.48(3H, 4, J=6.2Hz), 2.72(3H, 4,
J=5Hz), 3.19(3H, s), S5.22(2H, s),
5.25(2H, s), 8.22(6H, d, J=8.8Hz)
27
H.0
U_V)‘m x nms 300
CH.,CONHCH
n 2 3 KBy -1,
HE H B N\\\CH3 IRV 2C (cm '): 1750, 1640, 1585, 1382, 1250, 1125

1.26(3H, 4, J=6,3Hz), 2.73(3H, s8),

NMRS (Dzo)z
3,.09(3H, s), 3.39(1H, q, J=2.6H2)

19 285 921 0 d3




6

g & 8 & 8 & 8 o 3 o
Example
No. Rl R2 R3 Y Spectral Data
1Ryeat (cm‘1)= 1778, 1745, 1705, 1650, 1605, 1520,
max 1345
CH,CON(CH, )
PNZE PNz PNB = -NZ 2 372
\CH3
NMRS (CDCL,):  1.49(3H, 4, J=6.2Hz), 2.93(3H, s),
2.99(3H, s), 3.10 and 3.15(3H, s),
28 5.25(4H, s), 8.21(6H, d, J=8.4HzZ)
ovaH,0 nm: 297
_~CH,CON(CH,), max
HE H H N
CH,

IRVFBT (cn~ly: 1760, 1650, 1500, 1380, 1240, 1130
max

19 289921 0 d3



§9

.’.t ~

8 5 3 8 g X S & 3 o
Example
No. R R R Y Spectral Data
1 2 3
1Rypoat (cm”l): 1778, 1750, 1705, 1650, 1518, 1430,
1345, 1258
PNzE PNz P -N  N-cH,
\— NMRS (CDC2,):  1.49(3H, 4, J=6.5Hz), 2.25(3H, s),
29 2.31(4H, s), 5.25(4H, s8), 5.2l and
5.46(2H, ABq, J=13.5Hz), 7.53(4H, d,
J=8,5Hz), 7.62(28, 4, J=8.SHz),
8.20(6H, d, J=8.5Hz)
HE H H -  N-CH oAl . 298
3 mgx *
IRV?®2t (cq”l); 1780, 1750, 1710, 1655, 1520, 1350,
max 1255, 1115
PNZE PNZ PNB -N O
3.67(each 44, 8), 5.25(4H, 8), 5.26
30

HE H i

H,O .
lemgx nms:

and 5.45(2H, ABqg, J=14Hz), 7.53(4H,
4, J=98z), 7.62(2H, 4, J=9Hz),
8.19(6H, 4, J=9Hz)

298

18 285921 0 d3

%



66

g & 8 & 8 b 8 > 3 o
Exﬁmple R
O. 1 R2 RS Y Spectral Data
rnv§g§”3 (em™!): 1780, 1740, 1705, 1655, 1610, 1520,
1345
PNZE PNZ PNB -N S
NMRS (CDC 3)3 1.47(3", d' J=5Hz), 5.22(4“, S),
8.13(6H, 4, J=8Hz)
31
H.O
kam%x nm: 298
HE H H -N S
KBr -1
IRV -x {em T): 1750, 1625, 1595, 1396, 1248, 1090
rrvReat (omly. 1980, 1740, 1700, 1590, 1520, 1340,
max 1255
PNZE PNZ PNB ~Nu4& N
NMRG (CDCR3):  1.49(3H, 4, J=6.6Hz), 5.26(4H, s,
5.35(2H, ABq, J=14.5Hz), 7.46(2H, 4,
32

J=5,.5Hz), B8.48(2H, 4, JIJ=5.5Hz)

H, O
Amgx nme 245, 300

uv

IRV (cm-l): 1745, 1690, 1590, 1507, 1383, 1285

19 185 921 0 d3




00}

s
(14
or

Example
No. R1 R2 R3

5¢

oe

Spectral Data

PNZE PNZ PNB

33 HE H H

trvNuiol (em~1y. 1785, 1745, 1705, 1605, 1520, 1350
max

uvaH,0 nme 296, 276, 231
max

IRVKBr (cm_l): 1750, 1690, 1595, 1435, 1385, 1240,
max 1090

NMRS (D20)= 1.26(34, 4, J=6.38z), 1.95(1H, m),
3.20(14, 4d, J=4.0 and 9.0Hz),
.3.37(14, d4d, J=2.6 and 6.18Hz),
8.32(1H, 4d, Jd=1.3 and S5.0Hz),
8.60(1H, 4, J=2,2Hz)

g 285 921 0 d3



S5

101

.'/ o~ .

09
14
or
se
oe
gc
oz
(]}
oL
g

Example
No. Rl RZ R3 Y Spectral Data
1nv“§3°1 (em }): 1790, 1745, 1705, 1670, 1605, 1515,
PNZE PNZ PNB -un-ﬂjﬁj max 1345
N? m.p. 189-191°C (dec.)

H.O

vamax nm: 298, 286, 237

34

IRVEEE (em~ly: 1750, 1680, 1590, 1480, 1390, 1245,

max 1090

HE H B -Nn—Erfj
>

N NMRS (D,0): 1.26(3H, d, J=6.3Hz), 1.95(1H, m),
3.20(1H, 44, J=4.0 and 9.0Hz),
3.37(1H, dd, J=2.6 and 6.1Hz),
8.32(1H, dd, J=1.3 and 4.9Hz),
8.60(1H, d, J=2.2Hz)

IR":.:“ tem™1y: 1775, 1750, 1705, 1640, 1520, 1345,
x 1255, 1110

PNZE PNZ PNB - )

35 NMRS (cnc£3)= 1.48(3H, 4, J=6.5Hz), 5.24(4H, s),
5.23 and 5.44(2H, ABgq, J=1l4Hz),
8.19(6%, 4, J=8.5H%)

B0
HE f H - ) kamgx nms 297

18 285 921 043



c0l

0s
S
or

Example

No. Rl R2 3

oe

92

0z

Si
ol
S

Spectral Data

PNZE PNZ PNB

36

O

O

vneat

IR
max

NMR § (CDC 3

uva ::g: nms

KBr -
IRumax(cm

NMR§ (Dzo):

(cm_1

)

1

)

)z

1782, 1750, 1710, 1660, 1522, 1445,
1355, 1270, 1140

1.48(3H, 4, J=6Hz), 5.26(4H, s),
5.18 and 5.42(2H, ABq, J=1l4Hz),
7.50(24, 4, J=8.5Hz), 7.53(2H, 4,
J=8,5Hz), 7.62(28, 4, J=8.5Hz),
8.19(6H, 4, J=8,5Hz)

298
1755, 1630, 1600, 1440, 1382, 1240

1.26(3H, 4, J=6.3Hz), 2.34(2H, m),
3.36(1H, dd, J=3.4 and 5.5Hz),
3.84(1H, m)

19 285 921 0 d3




€01

g9

N

3 & 3 b S & 3 o
Example
No. R1 R2 R3 Y Spectral Data
CHC2 - :
TRvgax 3 (cm™1): 1780, 1740(sh), 1710, 1605, 1520,
1340
=
PNZE PNZ PNB -N
/
NMRS (CDC2,): 1.48(3H, d, J=6.4Hz), 5.25(4H, s),
6.32(24, d, J=2Hz), B.16(6H, 4,
J=8,.8Hz)
37
uvalo0 np, 297, 241
max
= 1rRvKBT (cmly: 1750, 1720, 1590, 1470, 1390, 1280
HE H H -N max
—

NMRS (D20)= 1.26(34, 4, J=6,2Hz), 2.12(2H, m),
6.44(2H, t, J=2.2Hz), 7.39(2H, ¢,
J=2,2Hz)

19 285 9¢1 0 d3



ol

1

N

8 & 3 8 b 8 a 3 a
Example
No. 1 R2 R3 Y Spectral Data
CHCL -1
IR 3 (cm “): 1780, 1750, 1700, 1650(sh), 1610,
CONH,, “ax 1525, 1350
PNZE PNZ PNB ~N
8.12(6H, 4, J=8.5Hz)
38
conH, uvAfa® nm: 298
; max
HE B B =N

IRvﬁgi (cm‘1)= 1750, 1650, 1600, 1440, 1395

19 285 921 0 43



S0L

[+1]

0s
Sy

Example
No. Rl R R

or

ge

Spectral Data

PNZE PNZ PNB

39

HE H )

_@"’“

IRVCHCE, (cm™l), 1783, 1750, 1715, 1660, 1615, 1530,
max 1350

NMRS (CDC£3)= 1.48(3H, 4, J=5.9Hz), 5.25(4n, s),
8.15(6H, d, J=8.6Hz)

H,O

UVAmgx nme 298

IRVpax (cml)s 1750, 1630, 1590, 1460, 1380, 1240,
max 1090

NMRS (Dzo): 1.27(3H, 4, J=6.3Hz), 3.19(1H, daad,
J=2,9 and 9.2Hz), 3.,39(14, 44, J=2.6
and 6.0Hz)

18 485 921 0 43




901

05
(4
oy

Example
Now

s

0z

/]

ol
g

Spectral Data

PNZE PNZ PNB

40

HE H H

CHCS
IRvmax

3 (c:n-1

NMR § (CDC!.3)=

H,0O
vamgx nm:

vKBr (cm-l

IRV nax )

): 1780, 1740, 1708, 1640, 1605, 1520,
1345

1.50(3H, 4, J=6.2Hz), 5.28(4H, s),
8.19(6H, 4, J=8.1Hz)

297
1760, 1635, 1600, 145G, 1380

1,27(3”, 4, J=6.3Hz), 3.19(18, d4d,
J=2.9 and 9.1Hz), 3.39(1H, 44, J=2.7
and 6.0Hz), 3.55(2H, 4, J=4,0Hz),
3.69(1H, 4ad, J=2,0 and 4.3Hz)

19 285921 0d3




20}

9s

0s
St
or

Example

No. Rl R2 R3

g8

(14

[*r4
0z
S
ot

§

Spectral Data

PNZE PNZ PNB

41

CH

CH

CH

CH

CHCZL

-1
IRV 3 (cm

): 1780, 1750, 1705, 1635, 1605, 1520,
1345

NMRA (cncza): 1.49(34, 4, J=6.4H2), 5.26(4H, s),
8.20(6H, 4, J=8.8Hz)

H.O
UV 2, nm: 298

KBr -1
IR“max {cm “): 1755, 1625, 1440, 1380, 1240

NMRé (D,0): 1.23(38, &, J=6.5Hz), 1.25(3H, 4,
J=6Hz), 1.31(3H, 4, JI=THZ)

1d 285 921 0 43



804

0s
Sy
ar

Example
No. . R

g€
oe

o

e
0z
13
113
]

Spectral Data

PNZE PNZ PNB

42

HE H H

-ﬁc::>—CONH2

Invgg:”3 (em™Y): 1785, 1746, 1705, 1657, 1610, 1525,
1345

NMRS§ (CDCl3)= 1.47(34, 4, J=6.2Hz), 5.25(4H, s8),
8.16(6H, 4, J=8.6Hz)

H. O
.vamgx nm: 298

KB -
IRV, > (cm)), %;gg, 1655(sh), 1635, 1610(sh), 1380,

NMR 6 (D50): 1.26(3H, 4, J=6.3Hz)

18289 921 0 d3



601

0s
14
or

Example
No. R1 R R

PNZE PNZ PNB

43

PNZE PNZ PNB

44

se

oe

Spectral Data

~NHOPNB

=NHOH

~NHOCH

=NHOCH

IRv::i°1 (em™): 1790, 1750, 1715, 1670, 1602, 1515,
1340

m.p. 149-152°C (dec.)

H,0
ov xmgx nms 300

KBr -
IRV, (cm™}): 1750, 1680, 1600, 1400, 1120

1rvhad®t (cnl): 1787, 1745, 1710, 1665, 1605, 1520,
1345

m.p. 188-189.5°C (dec.)

H,.O
UV A gy nm: 299

IRvpas (cm™d): 1745, 1680, 1600, 1440, 1390, 1245,

1050

1g 285 921 0 43



oLt

S8

3 & 8 & 8 3 & 3 o
Example
No. Rl Rz R3 Spectral Data

PNZE PNZ PNB

45

neat -
IRV, (cm 1y, 1760, 1750, 1710, 1605, 1525, 1350,

NMRS (CDC£3): 1.49(3H, d, J=6.4Hz), 5.25(4H, s),

5.36(2n, ABq, J=13,.6Hz), 7.53(48, 4,
J=8.8Hz), 7.62(28B, 4, J=8.8Hz),
8.21(6H, 4, J=8,8Hz)

uvxggg nm: 300

1

Invﬁﬁi (cm "): 1735, 1595, 1396, 1255, 1215, 1043

19 285 9¢1 043



(341

8 & & & ] 3 & 3 @
Example
No. Rl R2 R3 Spectral Data

PNZE PNZ PNB

46

IRvneat: (cm'l

max

NMRS (CDC2,):

H,O
UVAmgx nm:

NMR § (Dzo)=

): 1780, 1745, 1705, 1645, 1520, 1440,
1350, 1262

1.49¢34, 4, I=6.5Hz), 5.26(4H, s),
$.24 and 5.43(24, ABq, J=l4dz),
7.44(2H, 4, J=9Hz), 7.48(2H, 4,
J=94z), 7.68(2H, 4, IJ=9%Hz), 8.19(6H,
4, J=9%Hz)

298

1.27(3H, 4, J=6Hz), 1.83(44, t, I=THz),
1.94-2,09(1H, m), 2,42(44, t, J=7Hz),
2.77‘2.92(1“' lll), 3.11-3.‘2(5H' Il\).
3-81"3.99(1“' lll), ‘.14-4.29(2"' ll)

18 285 921 0 43



chi

g2
0z
91
(1]}
]

Spectral Data

8 &
Example
No. Rl Ry
PNZE PN2
47
HE B

"""‘"G(\

IRVI®SE (em™ly: 1775, 1745, 1700, 1520, 1345, 1260,
na 1130

NMRS (CDC2,): 1.48(38, 4, J=6.5Hz), 3.22(2H, br,
4, J=9,0Hz), 5.26(4H, s), 5.25 and
5.46(2H, ABg, J=148z), 7.50, 7.54
and 7.60(each 2", d' J=9.0Hz),
8.18(48, 4, J=9,0Hz), 8.21(2H, 4, -~
J=9,0Hz) .

lulgg +37.3° {c=0,244, acetone)

H O

vamgx

nm: 298

1a 285 9¢1 0 43



€Ll

59

& & 8 ] 8 & 3 o
Example
No. Rl R3 A Spectral Data
IRVpo (em-1):1780, 1745, 1700, 1610, 1520, 1400,
1350, 1260, 1120
#»CONHZ NMRS (CPC23): 1.48(3H, d, J=6Hz), 3.19(2H, 4,
- J=9Hz), 3.44(1H, 4d, J=2.5 and
PNZE PN2 ~Smn 7.5Hz), 5.25(4H, s), 5.23 and
28 LN 5.42(2R, ‘ABg, J=14Hz), 7.47, 7.52 and
d, J=8.5Hz), 8.19(2H, d, J=8.5Hz)
[a]%2 +57.6° (c=0.279, acetone)
.J,\couﬂz oo
HE H =S mu N uv Amgx nms 297

19 285 921 0 d3



141}

a ] & 8 ] g 3 3 > 3 o
Exﬁmple R
o. Ry . A Spectral Data
IRVISaE (em!): 1775, 1750, 1700, 1520, 1345, 1260,
1180
“\\CONH
g 2 NMRS (CDCf5)s  1.48(3H, 4, J=6.5Hz), 3.26(2H, br,
NG 5.46(2H, ABqg, J=14Hz), 7.49, 7.53
49 : : PNZ and 7.62(each 2H, 4, J=8.5Hz),
8.17(4H, 4, J=8.5Hz), 8.19(2H, 4,
J=8,5HZ)

(13> +43.7° (c=0.353, acetone)

_ CONH,,
d H,0
HE H -s UVA 2, nm: 2917
LA
H
" Cox cuee 26
PNZE PNB -s-<<:?‘ IRV o 3 (cm '): 1750, 1705, 1645, 1610, 1525, 1440,
NG 1350, 1265
PNZ
HE B -s-—C‘ UV, 3y DM 287
LN

19 285921 0d3



$9

St

SN
TN

0s
(14
or
g6
oge
[+
oe
Si
oL
[

~—N R
o OOR, 2
Example
No. Rl Rz R3 Y . Spectral Data
IR€§25t3 (cm-l): 1775, 1700, 1607, 1520, 1395, 1345,
1105
HE PNZ PNB - -NHz
NMR§ (CDC&a): 1.36(34, 4, J=6.08z), 1.37(38, 4,
J=7.0Hz), 5.24(2H, s), 5.35(2H,
ABgq, J=13,.582), 7.50(2H, 4,
31 J=8.8Hz), 7.64(2H, d, J=8.8Hz),
8.22(41, 4, J=8.8Hz)
H,0
lemgx nm: 295
HE H H —NH2

IR\Q:; (cm-l): 1750, 1660(sh), 1600, 1380, 1240"

18 185 921 0 d3




9kl

3 & 8 & 8 ] b] a 3 @
Bxﬁmple R
O. 1 Rz R3 Y Spectral Data
mvsgg"a (em™1): 1770, 1695, 1650, 1520, 1340
HE PNZ PNB N\ _—-0H
| NMRS (CDC2,): 1.34(34, 4, J=6.158z), 1.36(3H, 4,
Me J-B.Ollz), 3.00(3“, 9), 5.20(2“. !)'
5.36(2H, ABq, J=14.0Hz), 7.47(2H,
d' J'B.Bﬂz), 7.64(2“' d' J-ﬂ.ﬂﬂz),
52 8.20(2H, 4, J=8.8Hz)
H.O
lemgx t.ma 289
HE H H T/\/oa
Me TRV BY (em }): 1750, 1630, 1605, 1375, 1240

max

1a 285 921 0 d3




LL}

(-1

& 3 & 8 & 8 a 3 E]
Example
No. R R R b 4 Spectral Data
1 R Ry
mvgg:"s (em™l): 3380, 1770, 1725(sh), 1700, 1680,
- 1605, 1520, 1342, 1250, 1102
HE PNZ PNB NHCHZCONHz
NMRS (CDC%,)s  5.30(2H, s), 5.31(2H, ABg,
J=13.8Hz), 7.48(2H, 4, J=8.8Hz),
7.64(28, d, J=8.8Hz), 8.21(4H, d,
J=8,8Hz)
H,.O
vamgx nm: 295
53 _
HE H H NHCH,,CONH,, mvf‘g; (eml): 1750, 1670, 1600, 1390, 1245

“MRG (Dzo): 1.25(3“' d, J-G.SHZ), 1-28(3“, d'
J=8Hz), 3.92(2H#, 8)

18 285921 0d3



12133

99

] & 3 & 8 8 8 a 3 L)
Example
No. R1 R2 83 Y Spectral Data
IRvEICYy (om™Y): 3480, 3350, 1773, 1678, 1604, 1525,
max 1345, 1310
HE PNZ PNB NCH,CONH, NMRS (CDCL,):  1.34(3H, 4, J=6.2Hz), 1.37(3H, 4,
J=7.08z), 3.20(3H, s), 5.18(2H, 8),
Me 5.36(2H, ABq, J=13.4Hz), 7.46(2H,
, a, J=8.8Hz), 7.63(2H, 4, J=8.8Hz),
54 8.20(2H, d, J=8.8Hz), 8.21(2H, 4,
J=8.8Hz)
H.0
UVAmgx nm: 292
HE H H NCH,,CONH,
IRuﬁg; (emY): 1752, 1645, 1600, 1385, 1245

Me

19 285 9¢1 0 d3



611

oo g ] 8 b bS] a 3 o
Example
No. Ry R, Ry Y Spectral Data
IRvCHCY3 (eml): 3420, 1772, 1705, 1660, 1623, 1606,
max 1526, 1440, 1345
lalgs -45° (c=0.11, CHCt,)
HE PNZ PNB ~-N
NMRS (CDCfj): 1.33(3H, d, J=6.15Hz), 1,37(3R, 4,
J=6.8Hz), 4.19(4H, br, 8), 5.21(2H,
s), 5.36(2H, ABq, J=13.9uz),
5.84(2H, s), 7.40(2H, 4, J=8.6Hz),
7.64{28, 4, J=8.6Hz), 8.14(2H, 4,
55 J=8.6Hz), 8.19(28, d, JI=8.6Hz)
H.O
UVA_2- nm: 293
KBr -1
HE B H -N IRV _x (c® 7): 1750, 1640, 1610, 1460, 1380

NMR4 (020)= 1.25(34, 4, J=6Hz), 1.27(3H, 4,
. J=7.58z), 5.85(2H, br. s)

19 285 921 0 d3




1748

g9

g &
Example
No. Rl
HE
56
HE

8
2 8
PNZ PNB
H H

3 8 & 3 o
Y Spectral Data
IRVCICY3 (emYy:1770, 1702, 1650, 1520, 1343, 1102

NMRS (CDC£3): 1.33(38, 4, J=6.154z), 1.37(3H, d,

H,0
UVlhax

‘ﬁBr

NMRS (D

J=7.0Hz), 5.21(28, s), S.36(2H, ABg,
J=13.94z), 7.50(24, d, J=8.6Hz),
7.64(2H, 4, J=8,6Hz), 8.20(4H, 4,
J=8.6Hz)

am: 293

(em~1): 1755, 1630(sh), 1610, 1442, 1383,
1240, 1110

0):  1.25(3H, @, J=6.58z), 1.28(3H, d,
J=THz) :

18 285921 0d3



et

(1]

Example
No-

w7

HE PNZ PNB

se

oge
se
oe
Si
(1]]
9

Spectral Data

1RvCHCts (emly: 3400, 1770, 1705, 1650, 1520, 1432,

max 1345, 1107

NMR§ (CDCla)z 1.35(34, 4, J=6.0Hz), 1.36(3H, 4,
J=7.08z), 5.20(2H, s), 5.36({2H,
ABq, J=13.5Hz), 7.46(2H, 4,
J'ﬂ.aﬂz), 7.64(2“. dl J'a.ﬁﬂz),
8.21(24, d, J=8.8Hz)

ovaf2° o 293
max

vKBr

oy (em1): 1760, 1615, 1390, 1245, 1100

IR

19 285921 043




ccl

3 & 8
Example R
No. Rl 2 ..R:l
HE PNZ PNB
58
HE H B

g€

oe

14
(4
St
oL
g

Y Spectral Data
IRvoag'3 (em™l): 1770, 1705, 1656, 1525, 1345, 1112
-N o
NMRS (CDCS,):  1.35(3H, d, J=6.158z), 1.36(3H, 4,
J=7.08z), 5.22(2H, s), 5.36(2H,
ABq, J=13.9Hz), 7.50(2H, 4,
J=8.0Hz), 7.64(2H, d, J=8.0Hz),
8.20(4H, 4, J=8,0Hz)
ovAL2 nm: 292
//
=N (o]
(-

IRVASE (om~l): 1760, 1630(sh), 1605, 1448, 1380,

max 1245, 1110

19 285 921 0 d3




174 3

08
14
14

t
Example
No. R1 R

HE PNZ PNB

59

]

o0g

14

Spectral Data

~N

N-Cll

N-CH

yCHC2

max 3 (cm

IR

NMRS (CDC%;):

ov AH0 hn.
max

1

trVKBT (1)

max

1,: 1772, 1710, 1650, 1520, 1435, 1400,

1340

1.34(34j 4, J=6.0Hz), 1.35(34, 4,
J=7.542z), 2.25(38, s), 2.31(4H, s),
5.22(2H, s), 5.36(2H, ABq,
J=14.,1Hz), 7.49(2H, 4, J=8,6Hz),
7.63(2H, 4, J=8.6Hz), B8.20(4H, 4,
J=8,6Hz)

291

+ 1755, 1620, 1442, 1380, 1250

189 285 921 0 43



gs

el

H = CoY
R B S e
1Ny M
N

N R }
o Y 4 oona 2 L-trans

Example

No. Rr RZ R3 Y Spectral Data

IRVCLC'3 (em™)): 3400, 1770, 1708, 1652, 1604, 1523,
1397, 1342
HE PNZ PNB “N(CH,), [«)2® -33° (c=0.10, cHCt,)
0 NMRS (CDCR,)s  1.34(3u, 4, J=6.15Hz), 1.39(38, 4,

J=7.0Hz), 2.97(3H4, s8), 2.91 and
3.12(3H, s), 5.21(2H, s), 5.35(2H,
ABq, J=13.2Hz), 8.20(4H, d,
J=8,6Hz)

H,0
uvA 2. nm: 286
HE H H -N(CH,),

Iavzg; (em1): 1750, 1630(sh), 1610, 1395, 1250

18 285 921 0 d3



Scl

0s

& & & 8 b 8 a 3 o
Example .
No. Rl R2 R3 Y Spectral Data
‘ .
C -
IRvoa="3 (em™l): 3400, 1775, 1707, 1642, 1608, 1526,
1445, 1345
iRS
alp -33° (c=0.11, CHCR.)
3
HE PNZ PNB -n<::]
1
NMRS (CDCf,): 1.33(3H, d, J=6.15Hz), 1.40(3H, 4,
61 J=6.8Hz), 5.20(2H, s), 5.35(2H, ABq,
J=13.8Hz), 7.47(2H, d, J=8.8Hz),
7.64(2H, d, J=8.8Hz), 8.20(2H, 4,
J=8,8Hz)
HOo °
UVAL gy nm: 288
HE H N -ﬁ(::]
KBr -1 !
IRV > (cm ~): 1760, 1635(sh), 1610, 1450, 1380,
1240 :

19 285921 043




9cl

C

] 8 & 8 & 8 & 8 > 3 L
D-trans
Example
No. Rl R2 R3 Y Spectral Data
1rvCECYs (cm~ly: 3400, 1770, 1700, 1650, 1605, 1520,
max 1400, 1120
HE PNZ PNB ~N(CH;), NMRS (CDC2,): 1.33(34, 4, J=6.15Hz), 1.39(3H, 4,
J=6,8Hz), 2.98(3H, 8), 2.92 and
3.12{(3H, each s), 5.22(28, 8),
5.36(2H, ABq, J=13.5Hz), 7.50(2H,
62 d, J=8.6Hz), 7.64(2H, 4, J=8.64z),
8.21(4H, 4, J=8.6Hz) :
H.O
UVJ\m;x nm: 291
HE B H -N(CH;),
KBr

IRV, (o 1): 1755, 1630(sh), 1610, 1390, 1250

19 285 921 0 d3



el

-]

0S
14
or

E 1
xNg? e

se

0¢

~

114
0z
Si
0l

(]

Spectral Data

HE PNZ PNB

63

cuce, -
IRVCAC'3 (em™l): 3420, 1775, 1710, 1660, 1621, 1528,

1420, 1405, 1120

NMRS (CnC2,): 1.33(34, 4, J=6,15Hz), 1.40(3H, 4,
J=6,6Hz), 4.20(2H, br, s), 5.23(24,
s), 5.84(2d4, s), 7.50(2H, 4,
J=8.6Hz), 7.65(2H, 4, JI=B.6Hz),
8.15(24, 4, J=8.6Hz), 8.21(2H, 4,
J=8.6Hz)

H,0

'uvxmg nm: 283

KBr

IRV, ¢ (cn™Y): 1750, 1640, 1610, 1455, 1400, 1250

19 28S 921 0 d3



8ci

3 & 3 & 3
H »
? t s {10
qu_q ! I
—N
COOR
Example
No. Rl Rz R3 b'4
HE PNZ PNB -N(CH3)2
64
HE H H -N(CH3)2

N

D-cis

Spectral Data

Invggg‘a (em™1): 3430, 1775, 1710, 1655, 1525, 1350,
1012

NMR & (CpCL,): 1.34(3H, A4, JI=6. 4Hz), 1.38(3H, 4,
J=6, auz), 2.92, 2,94, 2,98 and
3.08(6H, each S), 5. 21(2!!, 8),
5.36(2H, ABq, J=13,9Hz), 7.50(2H,
d, J=8.6Hz), 7. 65(2n, 4, J=8.6Hz),
8.21(2H, 4, J=8.6Hz)

uya“go nm: 297

KBr

max (€M 1) 1755, 1630(sh), 1600, 1380, 1240

IRV

19 285 921 0 d3




6ci

a 8 &
Example
No. Rl
HE
65
HE

PNZ PNB

se

oe

Spectral Data

(@133 +32° (c=0.22, THE)

IRvm:§°1 (em™1): 1780, 1680, 1608, 1517, 1381, 1350

NMR$S (CDC2y) : 1.18{3H, 4, J=6Hz), 5.22(2H, s),
5.79(1H, s)

kamg nm: 322, 255

KBr -1

IRV (em™%): 1762, 1655, 1577, 1376

NMRS (D,0): 1.29(3H4, d, J=6.5Hz), 1 .75-1. 89(1K, "

m), 2.62-2.87(1H, m), 3.00-3.09(1H,
m), 3.38-3.48(1H, m), 3.65-3.92(2H,.
m), 3.90(14, 44, J=1.4Hz and J-Gﬂzg),
4,17-4.30(1H, m), 5.68(1H, 4,
J=].4Hz)

19 285 921 0 d3



SS

ocl

N,
TN

8 & 3 & 8 ] 8 & 3 @
Example
No. R1 R2 R3 Y Spectral Data

[a)%’ +48° (c=0.31, CHCE,)

CHCYL - '
HE PNZ DNB -N<::] IRy HC% 3 (emly: 1790, 1706, 1653, 1612, 1420, 1356,
max 1115

NMRS (CDC£3): 1.36(38, 4, J=6Hz), 5.22(28H, s),
5.75(18, 4, J=1.5Hz)
66

KB |- :
r 1. 1765, 1636, 1582, 1365

IR"max (cm “):

' i
1 |
- NMRS (D,0): 1.29(34, 4, J=6.44z), 1.860~2.08(5H,
B H B N<::] ' 2 m), 2.88-3.05(1H, m), 3.34-3.61(5H]
m), 3.64-3.74(1H, m), 3i93(1R, 44,
J=1,4Hz and J=6Hz), 4.04(1H, quin,
J=6.6Hz), :4.24(1H, quin, J=6.3Hz},
4.40(1H, t, J=8.2Hz), 5.70(1H, 4,
J=1.4Hz)

19 285 921 0 d3



el

‘dnoib jAusyd sueews ,yd, ‘soiqel Bumoljo} ey uj "pesedesd sg

oq osfe ued spunodwod Bumojjo} oy ‘sejdwexy Buipeserd u) pequosep sempesosd ey) o Buiplooay

(
3 & 8 & 3 & 3 & 3 o
coy
R < 5 S‘Cl/
_NI NR,
0 COOR,
Example
No. Rl R2 R3 Y Spectral Data
N - _
TRvpaa®? (ew™): 1780, 1700, 1675, 1600, 1505
67 H PNZ PNB -NH,

NMR$S (CDC23)=

4.40(18, t, J=7Hz), 5.25(2H4, s),
5.37(14, 4, J=13.6Hz), 5.75(1H, 4d,
J=1,5Hz and J=3,5Hz), 7.47(28, a4,
J=9Hz), 7.57(2H, d, J=9%Hz),
8.16(48, 4, J=9Hz)

1a 285 921 0 d3



10

15

25

30

50

EP 0 126 587 B1

oﬁ’——n H
COOH
Compound
No. X Y
2 -CH,- ~NH-nC Hg
3 -CH,~ -NH-ic439
4 ~CH,- -N(n0337)2
6 -CH,-  -N(nC,Hq),
8 -CH., - _N’/,,ca3
2 ~~c.8
2%s
9 - N 2
2 ~~nc,H
459
10 ~CH,~ -N " \_-Ph
H

132



10

16

20

25

30

50

56

EP 0 126 587 B1

Compound
No. X Y

11 -CH,- -T—"\\,,ph
CHy

12 -CH,-  -NCH,-Ph
€8s

13 -CH,~  =N(CH,-Ph),

14 -CH,- -g*’”‘\~,—N(c285)2

15 -CH,- -T"A\\~,—N(CZHS)2
CHy

16 ~CH, - -?—"\\\,,N(ca3)2
C,Hs

17 ~CH,- -?"‘\\\,—N(czns)z
Cofs

- - - /\/\

18 cH, g N(CHj),

19 ~CH,- -g—”‘\w/"‘~u(c235)2

20 ~CH,- -?—”\\\,/"‘~u(ca3)2
CHy

21 -ca,- —T/\/\N(ca3)2
C,H

22 -CH,- -?”A\\\,//\‘~N(czns)2
C,Hg

23 ~CH,~ NN o
I
CH,

133



10

16

30

35

50

55

Compound

EP 0 126 587 B1

No. ¥
24 ~CH,- -T—’A\\\,.oa
CHy
25 -CH,- =
. l/\|/
CH, OH
26 -CH,- -N—’J\\,,,oa
!
27 ‘Cﬁz- - k/Oﬁ
H
28 -CH,- -T"”\\y,,oa
CaHg
29 ~CH,-  -N(—\_~0H),
30 -CHZ- -N (/Y) 2
OH
ONHCH
3
31 ~CH,- -ﬁz::]
cou(cx3)2
33 ~CH,~ -ﬁi::>———-oa
34 ~CH,- -ﬁ 2
OH

134



10

15

20

25

30

50

65

EP 0 126 587 B1

Compound
No. Y
35 ~CH,,- O— CONH
36 ~CH,- D—— CON(CH,),
37 CH N N-C.H
2 K N-CHg
38 ~CHy-  -N-" \_-CONH,
H
39 ~CH,- -N/\/couacn3
H
40 "CHz- “’N’/\/CON(CH3 )2
H .
41 -CH,- =N\ /"cong,
H
42 -CH,- -N—"\_~—CONH
2
H |
CH,
43 ~CH,- —g/\/\ CON(CH, ),
P
44 -CH- N7 N
B
CH,
45  -CH- -til/\/u (CH3),

CH3

135



10

15

25

30

EP 0 126 587 B1

Compound
No. X Y
CH,
46 -CH- ~NCH, CONHCH4
H
cH, |
47 -CH- -?cnzconnca3
CH,
7
48 -CH- 4ﬁc:j>——-couaz
49 -s- T~
50 -5~ -T—"‘\xf—N(CH3)2
CH,
51 -S- -T—"\\,,,oa
CH,
.52 -5~ -Ecazcouaz
53 -5~- -gcnzcoun
CH,
54 -5- -Tcazcounca3
9:
55 - =8- -N O
\—/
56 S N
| N-CH,

136
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10

15

25

30

50

55

EP 0 126 587 B1

Compound
No. X Y
57 -5~ ‘O
s8  -s- -z<>
CH
60 -~ -ND—{ONHZ
OH

S=a Sy

—N
o} s COOH
Compound
No. Y

i

61 -CH- -O
C'!B3 OH

62 -CH- -EG/
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Compound
No. X Y
o e
OH
64 -CHZ- -N(j/
66 -5- -NO
OH
68 S~ -N(CH3)2
HO COoY
H H a“‘
)\ i xS
—( NH
N
OOH
Compound
NoO. X Y
g
69 ~CH,- -O
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Compound
No. Y
(':8 3 OH
70 -CH- -NO/
71 -CBZ - -NO
-, OH
72 -CH,~ -NQ/
73 -5~ -O
OH
5 s -N<>
76 -S- -N (CH3 ) 2
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Ve »
/kl 1 x 8-
i G
0/ COOH
Compound
No. X : Y
CH3
77 -CH- —NG
i
s
79 -CH- -NQ
(':1-13 OH
80 -CH- -N/\:r
(':H3 (I:H3

81 -CH- -N—""\_~OH

OH
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Compound
No. Y
H N O
84 -CH,-
s
85 ~CH,- -N"" N\ _-OH
S
OH
89 -S=- -N(CH3)2
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Claims
Claims for the following Contracting States : BE, CH, DE, FR, GB, IT, LI, NL, SE

1.

A g-lactam compound represented by the formula (1)

Ry

l (1)

o) N \(- \
C°°R3

wherein Ry represents a 1-hydroxyethyl group or a 1-hydroxyethyl group in which the hydroxy group is
protected with a protecting group; Rz represents a hydrogen atom or a protecting group for an amino
group; Rs represents a hydrogen atom or a protecting group for a carboxyl group; X represents a
substituted or unsubstituted methylene group of the formula (1):

-C - (1)

wherein Ry represents a hydrogen atom or an alky! group having 1 to 3 carbon atoms, or X represents
a sulfur atom; and Y represents (i} a group of the formula (2):

R

]
N/
N

Re

(2)

wherein Rs and Rs, which may be the same or different, each represents a hydrogen atom, an alkyl
group having 1 to 5 carbon atoms, an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a
phenethyl group, a 2-pyridyimethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a
substituted alkyl group having 1 to 5 carbon atoms wherein the substituent is selected from a hydroxy
group, a di(Cs-3)alkylamino group, a carbamoyl group, a mono- or di(C, —3)alkylaminocarbony! group
and a protected or unprotected carboxyl group whersin the protecting group is a protecting group for a
carboxyl group; or a pyridyl group; or Rs and Rs taken together represent an alkylene chain or an
alkylene chain containing an oxygen atom, a sulfur atom or a (Ci-3)alkyl-subtituted nitrogen atom to
form, together with the adjacent nitrogen atom, a substituted or unsubstituted 3- to 7-membered cyclic
amino group which may contain double bond(s) in the ring thereof wherein the substituent is selected
from a (C1-s)alkyl group, a carbamoyl group, a carboxyl group, a mono- or di(C1 -3)alkylaminocarbonyl
group and a hydroxy group; or (ji) a group of the formula (4):

-NHOR:; (4)
wherein Rs represents a hydrogen atom, a protecting group for a hydroxyl group or an alkyl group

having 1 to 3 carbon atoms;
and a pharmaceutically acceptable salt thereof.
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A compound as claimed in Claim 1, wherein R represents a 1-hydroxyethyl group, Rz and Rs each
represents a hydrogen atom, and Y is a group represented by the formula (2-a):

Rs-a
_ N/
\R6_a (2-8)

wherein Rs-, and Rs-, each represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms,
an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a phenethyl group, a 2-pyridylmethyl
group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, an alkyl group having 1 to 5§ carbon atoms
which is substituted with a hydroxyl group, a di-(C1-Cs)alkylamino group, a carbamoyl group, &8 mono-
or di-(C1-Cs)alkyl-substituted aminocarbony! group or a carboxyl group, or a pyridyl group; or Rs-, and
Rs-4 jointly represent an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom
or a (C1-Csz) alkyl-substituted nitrogen atom to form, together with the adjacent nitrogen atom, an
unsubstituted or substituted 3-to 7-membered cyclic amino group which may contain double bond(g) in
the ring thereof wherein the substituent is an alkyl group having 1 to 3 carbon atoms, a carbamoyli
group, a carboxyl group, a mono- or di-(Ci-Cs)alkyl-substituted aminocarbonyl group or a hydroxyl
group; or a group represented by the formula (4-a):

-NHORs-,  (4-a)
wherein Rg-, represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.

A compound as claimed in Claim 1, wherein R represents a 1-hydroxyethyl group, Rz and Rs each
represents a hydrogen atom, and Y is a group represented by the formula (2-b):

R5.p
-n7

wherein Rs-, and Rg-p, @ach represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms,
an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a phenethyl group, a 2-pyridylmethyl
group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a substituted alkyl group having 1 to &
carbon atoms

wherein the substituent is a hydroxy! group, a di-(C1-Cs)alkylamino group, a carbamoyl group, a mono-
or di-(C1-Cs)alkyl-substituted aminocarbamoyl group or a carboxyl group, or a pyridyl group, or Rs_p
and Rg-p jointly represents an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur
atom or a (C1-Ca)alkyl-substituted nitrogen atom to form, togsther with the adjacent nitrogen atom, an.
unsubstituted or substituted 3- to 7-membered cyclic aminc group which may contain double bond(s) in
the ring thereof wherein the substituent is an alkyl group having 1 to 3 carbon atoms, a carbamoyl
group or a hydroxyl group;

or a group represented by the formula (4-a):

-NHOR;s-, (4-a)
wherein Rg-, represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.

A compound as claimed in Claim 1, wherein Ry represents a 1-hydroxysthyl group, Rz and R; each
represents a hydrogen atom, and Y is a group represented by the formula (2-c):
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(2~¢)

wherein Rs-¢ and Rs-¢ have one of the following meanings:
(1) Rs-o represents an alkyl group having 1 to 5 carbon atoms which may be substituted with a
carbamoyl group, a mono- or di-(Cy-Cs)alkylaminocarbonyl group or a hydroxyl group, or a pyridyl
group, and Rg-, represents a hydrogen atom or has the same meaning as defined for Rs-;
(2) Rs-¢ and Rg-, jointly represent an alkylene chain to form, together with the adjacent nitrogen
atom, an unsubstituted or substituted 4- to 6-membered saturated cyclic amino group or an
unsubstituted or substituted 5- to 6-membered cyclic amino group having double bond(s) in the ring
thereof wherein the substituent on the cyclic amino ring is a carbamoyl group or a hydroxyl group;
and
(3) Rs-¢ and Rs-, jointly represent an alkylene chain containing an oxygen atom or a (C1-Cs)alkyl-
substituted nitrogen atom to form, together with the adjacent nitrogen atom, a 8-membered cyclic
amino group.

5. A compound as claimed in Claim 3, wherein Y is a group represented by the formula:

~Rs_g
~
Rg

-N
-d

wherein Rs-4 represents a hydrogen atom or a methyl group, and Rg-4 represents a group of the
formula:

R o

l
-ca-g-n’ga

TRy,
wherein R,, Ry, and R, each represents a hydrogen atom or a methyl group.

6. A compound as claimed in Claim 3, wherein Y is represented by the formula:

-N ’ -N or -N ,
. L
CH3 \ \)

7. A compound as claimed in any one of Claims 1 to 6, wherein X represents

Ry
-CH-—

wherein Rs is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.
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-CH- L]

9. A compound as claimed in Claim 7, wherein R; is a hydrogen atom.
10. A compound as claimed in any one of Claims 1 to 6, wherein X is a sulfur atom.

11. A (5R)-compound of the compound as claimed in any one of Claims 1 to 6 and 10, which is
represented by the formula:

OB
s coy
S
.)I:({ SN
0 83

12. A (5R)-compound of the compound as claimed in any one of Claims 1 to 7 and 9, which is represented

by the formula:
- OB
coy
Vah —G/\
o7 ¥ Ry

COOR4

13. A (5 )-compound of the compound as claimed in any one of the Claims 1 to 8, which is represented by
the formula:

//L\ coy
s
/ N
COOR3

wherein R is an alkyl group having 1 to 3 carbon atoms.

14. (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-
one-4-thia-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.
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16.

16.

17.

18.

19.

20.

21.

23

24,

27.

28.

31.

33.

EP 0 126 587 B1
(5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-
one-4-thia-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-
carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof. _

(5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-
7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-
one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-
7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-
one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]-
hept-2-ene-7-one-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-3-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-
one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-
2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-Carbamoylpyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio}-6~(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-
7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(55)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-yithio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]}-
hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(58)-3-[2-((1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-4-methyl-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0]-
hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically accéptable salt thereof.

. (68)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}-

hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

. (58)-3-[2-((1-Azatidino)carbonyl)pyrrolidin-4-yithio]-4-methyl-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0}hept-

2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(58)-3-[2-((3-Hydrqu-1 -pyrrolidino)carbonyl)pyrrolidin-4-yithio]-4-methyl-8-(1-hydroxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt
thereof.

. (58)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrrolidin-4-ylthio}-4-methyl-6-(1-hydroxyethyi)-1-

azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt
thereof.

(56S)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-yithio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]Jhept-
2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.
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34.

35.

37.

39.

40.

1.

42.

43.

44.

45.

46.

47.

48.

49.

EP 0 126 587 B1 I I"I"CI ”l’!’ ,_'!” ”’!””"I

(58)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio]-4-methyl-8-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

(58)-3-[2-Carbamoylpyrrolidin-4-yithio]-4-methyl-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-
carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof.

A (5R,6S,8R)-compound of the compound as claimed in Claim 11.

A (5R,8S,8R)-compound of the compound as claimed in Claim 12.

A (58,68,8R)-compound of the compound as claimed in Claim 13.

A (5R,6S,8R)-compound of the compound as claimed in any one of Claims 14 to 26.

A (55,6S,8R)-compound of the compound as claimed in anyone of Claims 27 to 35.

A (5R,68,8R,2'S,4'S)-compound of the compound as claimed in Claim 11.

A (5R,6S,8R,2'S,4'S)-compound of the compound as claimed in Claim 12.

A (55,88,8R,2'S,4'S)-compound of the compound as claimed in Claim 13.

A (5R,68,8R,2'S,4'S)-compound of the compound as claimed in any one of Claims 14 to 26.
A (55,6S,8R,2'S,4'S)-compound of the compound as claimed in any one of Claims 27 to 35.

A (4R,58,68,8R,2'S,4'S)-compound of the compound as claimed in any one of Claims 3 to 8 and 27 to
35.

A pharmaceutical composition which comprises as an active ingredient a pharmaceutically effective
amount of at least one of the compounds as claimed in Claim 1 and at least one pharmaceutically
acceptable inert carrier or diluent.

Use of the compound according to Claim 1 as an antimicrobial agent.

A process for preparing a compound as claimed in Claim 1, which comprises reacting a compound of
the formula (ll):

e —

_!!\/4"‘ : (II)
o7

C.'!OCJIP.9

wherein Ry and X are as defined in Claim 1, Re represents. a protecting group for a carboxyl group, Z
represents a reactive ester of an alcohol, or a substituted or unsubstituted lower-alkyl sulfinyl group,
with a mercaptan derivative of the formula:

coy’
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wherein R: is as defined in Claim 1, and Y' is a group represented by the formula (2):
s

-N (2)
\
RG

wherein Rs and Rs are as defined in Claim 1,

or a group represented by the formula (4'):

-NHORs' (4

wherein Rs’ represents a protecting group for a hydroxyl group or an alkyl group having 1 to 3 carbon

atoms, in the presence of a base in an inert solvent to produce a g-lactam compound represented by
the formula (IV):

By ~ X Co~Y*
/__NI \/?— s -O\i (xv)

° R
CooR,

wherein Ri, Rz, Rs, X and Y' are as defined above, and, if desired, subjecting the resulting compound
to an appropriate combination of removal of the protecting group for the carboxyl group, the protecting
group for the hydroxyl group and/or the protecting group for the amino group, sequentially or
simultaneously, to produce the compound of the formula (IV) wherein Ry is a 1-hydroxyethyl group, Rz
is a hydrogen atom and/or Rz is a hydrogen atom, or the compound of the formula (IV) wherein the
protecting group on the group Y' is removed.

50. A g-lactam compound of the formula:

oH
AN coy

T
o//j,__ N / -H
COooH

wherein Y is chosen from the group consisting of -NHz,

-N-.0H,

CH,

-NHCH.CONH_z,
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Q- - T

-?I-CH CONH

CH,

0. -O-

-MCH,CONECH3,
H

Nz,
H

- l‘vcxzconxcx3 '

CH 3

and the pharmaceutically acceptable salts thereof.

51. A g-lactam compound of the formula:

OH

N

< |

and the pharmaceutically acceptable salts thereof.

52. A g-lactam compound of the formula:

OH

o

COOH

and the pharmacsutically acceptable salts thereof.
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53. A g-lactam compound of the formula:

64.

OH

wherein Y is chosen from the group consisting of

- N i and N ’
and the pharmaceutically acceptable salts thereof.
A g-lactam compound of the formula:
OH
/'\H : 4 L= COY
B
NH
OJ’ N COOH

wherein Y is chosen from the group consisting of

OH
- N and _NO/ _

and the pharmaceutically acceptable salts thereof.

A g-lactam compound of the formula:

wherein Y is selected from the group consisting of
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I [T

- N ’ OH
Q -O ’ O, - O— and ::H3/‘/OH

and the pharmaceutically acceptable salts thereof.

66. A g-lactam compound represented by the formula:

Ry

\ S

X
N
T s _CFCOY
N Y, N\

COOR; Ry

o)

wherein Ry represents a 1-hydroxyethyl group or a 1-hydroxyethyl group in which the hydroxy group is
protected with a protecting group for a hydroxy group; Rz represents a hydrogen atom or a protecting
group for an amino group; Rs represents a hydrogen atom or a protecting group for a carboxyl group;
X represents a sulfur atom; and Y represents a group of the formula (2):

— N (2)

wherein Rs and Rs, which may be the same or different, each represents a hydrogen atom, an alkyi
group having 1 to 5 carbon atoms, an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a
phenethyl group, a 2-pyridylmethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a
substituted alkyl group having 1 to 5 carbon atoms wherein said substituent is selected from the group
consisting of hydroxyl, di-(C1-Cs)-alkylamino, carbamoyl, mono- or di-(C1-Cs)alkyl-substituted aminocar-
bonyl and protected or unprotected carboxyl or a pyridy! group, or Rs and Rs taken together represent
an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom or a (Cy-Cs)alkyl-
substituted nitrogen atom to form, together with the adjacent nitrogen atom, a substituted or unsub-
stituted 3- to 7-membered cyclic amino group which may contain double bond(s) in the ring thereof,
wherein said substituent is selected from the group consisting of C1-Cs alkyl, carbamoyl, mono- or di-
(C1-Ca)alkyl-substituted aminocarbony! and hydroxyl, or a group of the formula (4):

-NHORs (4)

wherein Rg represents a hydrogen atom, a protecting group for a hydroxyl group or an alkyl group
having 1 to 3 carbon atoms, and a pharmaceutically acceptable salt thereof.
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Claims for the following Contracting State : AT

1.

A process for preparing a g-lactam compound represented by the formula (I)

p=ose e

COOR

R

o
\

3

wherein Ry represents a 1-hydroxyethyl group or a 1-hydroxysthy! group in which the hydroxy group is
protected with a protecting group; R represents a hydrogen atom or a protecting group for an amino
group; Rs represents a hydrogen atom or a protecting 'group for a carboxyl group; X represents a
substituted or unsubstituted methylene group of the formula (1):

-C - (1)

wherein Ry represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, or X represents
a sulfur atom; and Y represents (i) a group or the formula (2):

R
S
"'N/
N

R

(2)
6

wherein Rs and Rs, which may be the same or ditferent, each represents a hydrogen atom, an alkyl
group having 1 to 5 carbon atoms, an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a
phenethyl group, a 2-pyridylmethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a
substituted alkyl group having 1 to 5 carbon atoms wherein the substituent is selected from a hydroxy
group, a di(C1-s)alkylamino group, a carbamoyl group, a mono- or di(Ci-3)alkylaminocarbonyl group
and a protected or unprotected carboxyl group wherein the protecting group is a protecting group for a
carboxyl group; or a pyridyl group; or Rs and Rs taken together represent an alkylene chain or an
alkylene chain containing an oxygen atom, a sulfur atom or a (C1 -s)alkyl-substituted nitrogen atom to
form, together with the adjacent nitrogen atom, a substituted or unsubstituted 3- to 7-membered cyclic
amino group which may contain double bond(s) in the ring thereof wherein the substituent is selected
from a (C4-3)alkyl group, a carbamoyl group, a carboxyl group, a mono- or di(C; ~3)alkylaminocarbonyl
group and a hydroxy group;

or (i) a group of the formula (4):

-NHOR:; (4)
wherein Rs represents a hydrogen atom, a protecting group for a hydroxyl group or an alkyl group

having 1 to 3 carbon atoms;
or a pharmaceutically acceptable salt thereof, which comprises reacting a compound of the formula (1n:
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N g

R X
1~

N
| -z (II)
HL

C!OC)R9

wherein Ry and X are as defined above, Rs represents a protecting group for a carboxy! group, Z
represents a reactive ester of an alcohol, or a substituted or unsubstituted lower-alkyl sulfinyl group,
with a mercaptan derivative of the formula: '

cox*

N
N

Ry

wherein R: is as defined above, and Y' 'is a group represented by the formula (2):

R
/5

5 (2)
Rg

wherein Rs and Rs are as defined above,
or a group represented by the formula (4'):

-NHORs' (4"

wherein Rs' represents a protecting group for a hydroxyl group or an alkyl group having 1 to 3 carbon
atoms, in the presence of a base in an inert solvent to produce a g-lactam compound represented by
the formula (IV):

n1\._... I/x _-C‘/CO-Y' N
o] 4—'“\/?_ ° N\Rz
COORS

wherein R1, Rz, Rs, X and Y' are as defined above, and, if desired, subjecting the resulting compound
to an appropriate combination of removal of the protecting group for the carboxyl group, the protecting
group for the hydroxyl group and/or the protecting group for the amino group, sequentially or
simultaneously, to produce the compound of the formula (IV) wherein R is a 1-hydroxyethyl group, Rz
is a hydrogen atom and/or Rs is a hydrogen atom, or the compound of the formula (IV) wherein the
protecting group on the group Y' is removed, and optionally converting the obtained compound into a
pharmaceutically acceptable salt.
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The process as claimed in Claim 1 for producing a compound of formula (I), wherein R, represents a 1-
hydroxyethyl group, R> and Rs; each represents a hydrogen atom, and Y is a group represented by the
formula (2-a):

- N /Rs-a
SRg-a (2-a)

wherein Rs-4 and Rg-, ©ach represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms,
an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a phenethyl group, a 2-pyridylmethyl
group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, an alkyl group having 1 to 5 carbon atoms
which is substituted with a hydroxyl group, a di-(Ci-Cs)alkylamino group, a carbamoyl group, a mono-
or di-(Cy-Cs)alkyl-substituted aminocarbonyl group or a carboxyl group, or a pyridy! group; or Rs-, and
Rs-4 jointly represent an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom
or a (C1~Cs) alkyl-substituted nitrogen atom to form, together with the adjacent nitrogen atom, an
unsubstituted or substituted 3- to 7-membered cyclic amino group which may contain double bond(s) in
the ring thereof wherein the substituent is an alkyl group having 1 to 3 carbon atoms, a carbamoyl
group, a carboxyl group, a mono- or di-(Ci-Cs)alkyl-substituted aminocarbonyl group or a hydroxyl
group; or a group represented by the formula (4-a):

- NHORg-, (4-a)
wherein Rg-, represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.

The process as claimed in Claim 1 for producing a compound of formula (I), wherein Ry represents a 1-
hydroxyethyl group, R2 and Rs each represents a hydrogen atom, and Y is a group represented by the
formula (2-b):

- x’ R5-b
MRg_p (2-b)

wherein Rs-, and Rg-, @ach represents a hydrogen atom, an alkyl group having 1 to 5§ carbon atoms,
an alkenyl group having 3 to 4 carbon atoms, a benzyl group, a phenethyl group, a 2-pyridylmethyl
group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a substituted alkyl group having 1 to 5
carbon atoms wherein the substituent is a hydroxyl group, a di~(C1-Cs)alkylamino group, a carbamoyl
group, a mono- or di-(C1-Cs)alkyl-substituted aminocarbamoyl group or a carboxyl group, or a pyridyl
group, or Rs—p and Rg-p, jointly represents an alkylene chain or an alkylene chain containing an oxygen
atom, a sulfur atom or a (Ci-Cs)alkyl-substituted nitrogen atom to form, together with the adjacent
nitrogen atom, an unsubstituted or substituted 3- to 7-membered cyclic amino group which may contain
double bond(s) in the ring thereof wherein the substituent is an alkyl group having 1 to 3 carbon atoms,
a carbamoy! group or a hydroxyl group;

or a group represented by the formula (4-a):

-NHORg-, (4-3)
wherein Rg-, represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.
The process as claimed in Claim 1 for producing a compound of formula (f), wherein Ry represents a 1-

hydroxyethyl group, Rz and Rs each represents a hydrogen atom, and Y is a group represented by the
formula (2-c):
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R
~ "S=¢
.-N -
~ {2=¢)

Rs-c

wherein Rs-. and Rg-¢ have one of the following meanings:

(1) Rs-¢ represents an alkyl group having 1 to 5 carbon atoms which may be substituted with a

carbamoyl group, a mono- or di-(C1-Cs)alkylaminocarbonyl group or a hydroxyl group, or a pyridyl
10 group, and Rg-, represents a hydrogen atom or has the same meaning as defined for Rs-.;

(2) Rs-¢ and Rg-. jointly represent an alkylene chain to form, together with the adjacent nitrogen

atom, an unsubstituted or substituted 4- to 8-membered saturated cyclic amino group or an

unsubstituted or substituted 5- to 6-membered cyclic amino group having double bond(s) in the ring

thereof wherein the substituent on the cyclic amino ring is a carbamoyl group or a hydroxyl group;
15 and

(3) Rs-c and Re-¢ jointly represent an alkylene chain containing an oxygen atom or a (C1-Cs)alkyl-

substituted nitrogen atom to form, together with the adjacent nitrogen atom, a 6-membered cyclic

amino group.

20 5. The process as claimed in Claim 3 for producing a compound of formula (I). wherein Y is a group
represented by the formula:

R
25 . PP
~
Rg-a
30 wherein Rs—4 represents a hydrogen atom or a methyl group, and Rg-4 represents a group of the
formula:
R o
® N I R
~”7a

-CH~-C-N
Ry
wherein Ry, Ry, and R each represents a hydrogen atom or a methyl group.

6. The process as claimed in Claim 3 for producing a compound of formula (I), wherein Y is represented
by the formula:

-N 3 . - or -@

50

7. The process as claimed in any one of Claims 1 to 6 for producing a compound of formula (I), wherein

65 ?4
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10.

11.

- A O

X represents wherein Ry is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.

The process as claimed in Claim 7 for producing a compound of formula (1), wherein X represents

The process as claimed in Claim 7 for producing a compound of formula (f), wherein R4 is a hydrogen
atom.

The process as claimed in any one of Claims 1 to 6 for producing a compound of formula (1), wherein X
is a sulfur atom.

The process as claimed in Claim 1 for producing a (5R)-compound of the compound as claimed in any
one of Claims 1 to 8 and 10, which is represented by the formula:

OH
/’\ 5 coy
PEUan S,

COORS

12. The process as claimed in Claim 1 for producing a (5R)-compound of the compound as claimed in any

one of Claims 1 to 7 and 9, which is represented by the formula:

)4

)\ coy
s g

N a Z e

COORj

13. The process as claimed in Claim 1 for producing a (5S)-compound of the compound as claimed in any

one of the Claims 1 to 8 which is represented by the formula:

OH .34
)\ ,

0?

coY

wherein R¢ is an alkyl group having 1 to 3 carbon atoms.
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14.

16.

16.

17.

18.

19.

20.

21,

23.

27.
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The process as claimed in Claim 1 for producing (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-yithio-
6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-4-thia-2-carboxylic acid or a non-toxic pharma-
ceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylic acid or a non-toxic pharmaceu-
tically acceptable salt thereof.

The process as claimed in Claim 1 for producing (S5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-6-(1-hydrox-
yethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylic acid or a non-toxic pharmaceutlcally ac-
ceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio}-
6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-2-carboxylic acid or a non-toxic pharmacsuti-
cally acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio}-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic pharmaceutically
acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-yithio}-
6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-2-carboxylic acid or a non-toxic pharmaceuti-
cally acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-yithio}-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic pharmaceutically
acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)-
pyrrolidin-4-yithio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-carboxylic acid or a non-toxic
pharmaceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)-
pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-3-ene-7-one-2-carboxylic acid or a non-
toxic pharmaceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxysethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic pharmaceutically
acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-
ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-ene-7-one-2-carboxylic acid or a non-toxic pharma-
ceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-Carbamoylpyrrolidin-4-yithio]-6-(1-hydrox-
yethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic pharmaceutically accept-
able salt thereof.

The process as claimed in Claim 1 for producing (5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio]-
6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic pharmaceuti-
cally acceptable salt thereof.

The process as claimed in Claim 1 for producing (5S)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio}-
4—methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic phar-
maceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (5S)-3-[2-((1 -pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-4~
methyl-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic phar-
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maceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (6S)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio]-
4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic phar-
maceutically acceptable salt thereof.

. The process as claimed in Claim 1 for producing (5S)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio}-4-

methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]Jhept-2-ene-7-one-2-carboxylic acid or a non-toxic phar-
maceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (5S8)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)-pyr-
rolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylic acid or a
non-toxic pharmaceutically acceptable salt thereof.

. The process as claimed in Claim 1 for producing (5S)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)-

pyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylic acid
or a non-toxic pharmaceutically acceptable sait thereof.

The process as claimed in Claim 1 for producing (5S)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio}-4~
methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid or a non-toxic phar-
maceutically acceptable sait thereof.

. The process as claimed in Claim 1 for producing (5S)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-

yithio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylic acid or a non-toxic
pharmaceutically acceptable salt thereof.

The process as claimed in Claim 1 for producing (5S)-3-[2-Carbamoylpyrrolidin-4-ylthio]-4-methyl-6-(1-
hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-carboxylic acid or a non-toxic pharmaceutically ac-
ceptable salt thereof.

The process as claimed in Claim 1 for producing a (5R,6S,8R)-compound of the compound as claimed
in Claim 11.

The process as claimed in Claim 1 for producing a (5R,68,8R)-compound of the compound as claimed
in Claim 12.

The process as claimed in Claim 1 for producing a (58,6S,8R)-compound of the compound as claimed
in Claim 13.

. The process as claimed in Claim 1 for producing a (5R,6S,8R)-compound of the compound as claimed

in any one of Claims 14 to 26.

The process as claimed in Claim 1 for producing a (5S,6S,8R)-compound of the compound as claimed
in anyone of Claims 27 to 35.

The process as claimed in Claim 1 for producing a (5R,6S,8R,2'S,4'S)-compound of the compound as
claimed in Claim 11.

The process as claimed in Claim 1 for producing a (5R,6S,8R,2'S,4'S)-compound of the compound as
claimed in Claim 12.

The process as claimed in Claim 1 for producing a (5S,6S,8R,2'S,4'S)-compound of the compound as
claimed in Claim 13.

The process as claimed in Claim 1 for producing a (5R,6S,8R,2'S,4'S)-compound of the compound as
claimed in any one of Claims 14 to 26.
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45. The process as claimed in Claim 1 for producing a (5S,6S,8R,2'S,4'S)-compound of the compound as
claimed in any one of Claims 27 to 35.

46. The process as claimed in Claim 1 for producing a (4R,58,6S,8R,2'S,4'S)-compound of the compound
5 as claimed in any one of Claims 3 to 8 and 27 to 35.

47. A process for producing a pharmaceutical composition which comprises combining as an active

ingredient a pharmaceutically effective amount of at least one of the compounds as claimed in Claim 1
and at least one pharmaceutically acceptable inert carrier or diluent.
10
48. Use of the compound according to Claim 1 as an antimicrobial agent.
49. The process as claimed in claim 1 for producing a g-lactam compound of the formula:
15
CH
PR coy
s -q_g
20 / as
o7 ¥ coor
wherein Y is chosen from the group consisting of NHz,
25
-TA/OHI
Chj
30

«NHCH2CONHz,

35 .
. - N — -N ’
-?-cazcomz ’ j d O ! : ]

40 3
=
-N P ;&1--4:::--:3 / N7, -N¢N(C“3)2 ‘
H !
i CZ,y
-MCE,CONECH3, = NCH,CONHCE;, = N CoNRy. |
50 q | |
CH,
and the pharmaceutically acceptable salts thereof.
55
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50. The process as claimed in claim 1 for producing a g-lactam compound of the formula:

' COoNMes
s

EP 0 126 587 B1

s 2

Y

10
and the pharmaceutically acceptable salts thereof.

51. The process as claimed in Claim 1 for producing a g-lactam compound of the formula:

15 (0}:1

20 0 COOH

and the pharmaceutically acceptable salts thereof.

25 52. The process as claimed in Claim 1 for producing a g-lactam compound of the formula:

Gg coy

30
35 wherein Y is chosen from the group consisting of
OH
“© - N | and N\/ l
and the pharmaceutically acceptable salts thereof.
45
53. The process as claimed in Claim 1 for producing a g-lactam compound of the formula:
0} -4
H H -+ COY
50 )\L—:/’\l- S .
i l\ \—NH
¥ Tcoox

56
wherein Y is chosen from the group consisting of
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| OH
- N Q and _Nf\/:r .

and the pharmaceutically acceptable salts thereof.

T

10 54. The process as claimed in Claim 1 for producing a g-lactam compound of the formula:

15

[0):1

JC0¥

g’ |
NH

COOH _

wherein Y is selected from the group consisting of

OH CH,

30

50

55

and the pharmaceutically acceptable salts thereof.

§5. The process as claimed in Claim 1 for producing a g-lactam compound represented by the formula:

o b

R X
1 r s _C',coy
N 4 N\
R
_ COOR3 2
whersin R represents a 1-hydroxyethyl group or a 1-hydroxyethyl group in which the hydroxy group is
protected with a protecting group for a hydroxy group; Rz represents a hydrogen atom or a protecting

group for an amino group; Rs represents a hydrogen atom or a protecting group for a carboxyl group;
X represents a sulfur atom; and Y represents a group of the formula (2):

— N (2)

wherein Rs and Rs, which may be the same or different, each represents a hydrogen atom, an alkyl
group having 1 to 5 carbon atoms, an alkeny! group having 3 to 4 carbon atoms, a benzyl group, a
phenethyl group, a 2-pyridylmethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a
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substituted alkyl group having 1 to 5 carbon atoms wherein said substituent is selected from the group
consisting of hydroxyl, di-(C1-Cs)-alkylamino, carbamoyl, mono- or di-(C1-Cs)alkyl-substituted aminocar-
bonyl and protected or unprotected carboxyl or a pyridyl group, or Rs and Rs taken together represent
an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom or a (Ci-Cs)alkyl-
substituted nitrogen atom to form, together with the adjacent nitrogen atom, a substituted or unsub-
stituted 3- to 7-membered cyclic amino group which may contain double bond(s) in the ring thereof,
wherein said substituent is selected from the group consisting of C1-Cs alkyl, carbamoyl, mono- or di-
(C1-Cz)alkyl-substituted aminocarbonyl and hydroxyl, or a group of the formula (4):

EP 0 126 587 B1

-NHORs  (4)

wherein Rg represents a hydrogen atom, a protecting group for a hydroxyl group or an alkyl group
having 1 to 3 carbon atoms, and a pharmaceutically acceptable salt thereof. _

Patentanspriiche
Patentanspriiche fiir folgende Vertragsstaaten : BE, CH, DE, FR, GB, IT, L, NL, SE

B-Lactamverbindung wiedergegeben durch die Formel ()

Rl\ | ,x\ coy

| s i (1)
o”—N\(_ - N~z

(:C)C)'R3

in der Ry eine 1-Hydroxyethylgruppe oder eine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit
einer Schutzgruppe geschiitzt ist, bedeutet; R ein Wasserstoffatom oder eine Schutzgruppe flir eine
Aminogruppe bedeutet; Rs ein Wasserstoffatom oder eine Schutzgruppe flir eine Carboxygruppe
bedeutet; X eine substituierte oder unsubstituierte Methylengruppe der Formel (1) bedeutet:

-C- (1)

wobei Rs ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet, oder X ein
Schwefelatom bedeutet; und Y (i) einen Rest der Formel (2) bedeutet:

P '
= N\ - (2)
Rg

wobei Rs und Rg, die gleich oder verschieden sein k&nnen, jeweils ein Wasserstoffatom, einen
Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-,
Phenethyl-, 2-Pyridylmethyl-, 3-Pyridylmethyl- oder 4-Pyridylmethyigruppe, einen substituierten Alkyl-
rest mit 1 bis 6 Kohlenstoffatomen, wobei der Substituent aus einer Hydroxygruppe, sinem Di-{(C1-Cs)-
alkylamino-, Carbamoyl-, einem Mono- oder Di-(C1-Cs)-alkylaminocarbonylrest und seiner geschiitzten
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oder ungeschiitzten Carboxygruppe ausgewihit ist, wobei die Schuizgruppe eine Schutzgruppe fiir
eine Carboxygruppe ist; oder einen Pyridylrest bedeutet; oder Rs und Rs zusammen eine Alkylenkette
oder eine Alkylenkette, die ein Sauerstoffatom, ein Schwefelatom oder sin (Ci-Cs)-alkylsubstituiertes
Stickstoffatom enthilt, bedeuten, wobei zusammen mit dem benachbarten Stickstoffatom ein substitu-
ierter oder unsubstituierter 3- bis 7-gliedriger cyclischer Aminorest erzeugt wird, der in dem Ring eine
Doppelbindung (Doppelbindungen) enthalten kann, wobei der Substituent aus einem (Ci-Ca)-Alkyl-,
einem Carbamoyl-, sinem Carboxy-, einem Mono- oder Di-(C:-Cs)alkylaminocarbonylrest und einer

Hydroxygruppe ausgewéhlt ist;
oder (ii) einen Rest der Formel (4) bedeutet:

-NHORs  (4)

wobei Rs ein Wasserstoffatom, eine Schutzgruppe filir die Hydroxygruppe oder einen Alkylrest mit 1 bis
3 Kohlenstoffatomen bedeutet; und ein pharmazeutisch vertréigliches Salz davon.

Verbindung nach Anspruch 1, wobei R; eine 1-Hydroxyethylgruppe bedeutet, R und Rs jewails ein
Wasserstoffatom bedeutet, und Y sinen Rest, wiedergegeben durch die Formel (2-a), bedeutet:

R5_a
- N/

N\Rg_a ' (2-a)

wobei Rs-, und Rs-, jewsils ein Wasserstoffatom, einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen
Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-, eine Phenethyl-, eine 2-Pyridylmethyl-, eine 3-
Pyridylmethyl- oder eine 4-Pyridylmethylgruppe, einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit
einer Hydroxygruppe, einem Di-(C;-Cs)alkylamino-, einem Carbamoyl-, einem mono- oder di-(C1-Cs)-
alkylsubstituierten Aminocarbonylrest oder einer Carboxygruppe substituiert ist; oder einen Pyridylrest
bedeutet; oder Rs-a und Rs-, zusammen eine Alkylenkette oder eine Alkylenkette, die ein Sauerstoff-
atom, ein Schwefelatom oder ein (Ci-Cs)alkylsubstituiertes Stickstoffatom enthilt, bedeuten, wobei
zusammen mit dem benachbarten Stickstoffatom ein unsubstituierter oder substituierter 3- bis 7-
gliedriger cyclischer Aminorest erzeugt wird, der in seinem Ring eine Doppelbindung (Doppelbindun-
gen) enthalten kann, wobei der Substituent einen Alkylrest mit 1 bis 3 Kohlenstoffatomen, einen
Carbamoyl-, einen Carboxy-, einen mono- oder di-(C1-Cs)alkylsubstituierten Aminocarbonylrest oder
eine Hydroxygruppe bedeutet; oder einen Rest, wiedergegeben durch die Formel (4-a), bedeutet:

-NHORy.., (4-3)
wobei Rg-, 6in Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet.

Verbindung nach Anspruch 1, wobei R; eine 1-Hydroxyethylgruppe bedeutet, Rz und Rs jeweils ein
Wasserstoffatom bedeutet, und Y einen Rest, wiedergegeben durch die Forme! (2-b), bedeutet:

Re.
_ N/ 5-b
\Rg_p (2-b)

wobei Rs-, und Rs-p, joweils ein Wasserstoffatom, einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, sinen
Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-, sine Phenethyl-, eine 2-Pyridyimethyl-, eine 3-
Pyridylmethyl- oder eine 4-Pyridyimethylgruppe, einen substituierten Alkylrest mit 1 bis 5 Kohlenstoff-
atomen, wobei der Substituent eine Hydroxygruppe, eine Di-(C1-Cs)alkylamino-, eine Carbamoyl-, eine
mono- oder di-(C1-Cs)alkylsubstituierte Aminocarbamoyl- oder eine Carboxygruppe ist, oder einen
Pyridylrest bedeutet, oder Rs-p, und Rs-, zusammen eine Alkylenkette oder eine Alkylenkette, die ein
Sauerstoffatom, ein Schwefelatom oder ein (Ci-Ca)alkylsubstituiertes Stickstoffatom enthiit, darstelit,
wobei zusammen mit dem benachbarten Stickstoffatom ein unsubstituierter oder substituierter 3- bis 7-
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gliedriger cyclischer Aminorest erzeugt wird, der in dem Ring eine Doppelbindung (oder Doppelbindun-
gen) enthaiten kann, wobei der Substituent einen Alkylrest mit 1 bis 3 Kohlenstoffatomen, eine
Carbamoyl- oder eine Hydroxygruppe ist; oder einen Rest, wiedergegeben durch die Formel (4-a),
bedeutet:

-NHORs-, (4-a)
wobei Rg-, 6in Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet.

10 4. Verbindung nach Anspruch 1, wobei R; eine 1-Hydroxyethylgruppe bedeutet, Rz und Rs jeweils ein
Wasserstoffatom bedeutet und Y einen Rest, wiedergegeben durch die Formel (2-c), darstelit:

R
- / s—c
15 .~-N (2-¢)

Rs-c

20 wobei Rs-¢ und Rg-. oine der nachstehenden Bedeutungen besitzen:

(1) Rs-¢ bedeutet einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit einer Carbamoyl-, einer
Mono- oder Di-(Ci-Cs)alkylaminocarbonyl- oder einer Hydroxygruppe substituiert ist, oder einen
Pyridylrest, und Rg-. bedeutet ein Wasserstoffatom oder besitzt die flir Rs- angegebenen Bedeu-
tungen;

25 (2) Rs-c und Rg- bedeuten zusammen eine Alkylenkette, wobei zusammen mit dem benachbarten
Stickstoffatom ein unsubstituierter oder substituierter 4- bis 6-gliedriger ges#ttigter cyclischer Amino-
rest oder ein unsubstituierter oder substituierter 5- bis 6-gliedriger cyclischer Aminorest mit einer
Doppelbindung (oder Doppelbindungen) im Ring erzeugt wird, wobei der Substituent an dem

e cyclischen Aminoring eine Carbamoyl- oder eine Hydroxygruppe ist; und

30 (3) Rs-c und Rg-, bedeuten zusammen eine Alkylenkette, die ein Sauerstoffatom oder ein (C1-Cz)-
alkylsubstituiertes Stickstoffatom enth&lt, wobei zusammen mit dem benachbarten Stickstoffatom ein
6-gliedriger cyclischer Aminorest erzeugt wird.

5. Verbindung nach Anspruch 3, wobei Y einen Rest, wiedergegeben durch die Formel:

35
_y~ F5-d
R
o 6-d
bedeutet, wobei Rs-4 6in Wasserstoffatom oder eine Methylgruppe bedeutet, und Rg-4 einen Rest der
Formel:
45
R
50 -CH-C=-N < a
TR,
bedsutet, wobei R,, Ry, und R, jeweils ein Wasserstoffatom oder eine Methylgruppe bedeutet.
85
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Verbindung nach Anspruch 3, wobei Y durch die Formeln:

_ CH

3 /™
~N , -
S CH N oder

wiedergegeben Ist.

Verbindung nach einem der Anspriiche 1 bis 6, wobei X

T4

~-CH-

Ay

bedeutet, wobei Rs ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen darstelit.

Verbindung nach Anspruch 7, wobei X

CH,

=CH-

bedeutet.

Verbindung nach Anspruch 7, wobei Rs ein Wasserstoffatom ist.

Verbindung nach einem der Ansprliche 1 bis 6, wobei X ein Schwefelatom ist.

(5R)-Verbindung der Verbindung nach einem der Ansprliche 1 bis 6 und 10, die durch die Formel:

(0): 3

: |
Y/ s—G(\az

0
Ry

wiedergegeben ist.
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12,

13.

14.

15.

16.

17.

18.

19.

21.

23.

(5R)-Verbindung der Verbindung nach einem der Anspriiche 1 bis 7 und 9, die durch die Formel:

OH
coy
Y s—c:
/oﬁ’:'Q- >

COOR3

wiedergegeben ist.

(5S)-Verbindung der Verbindung nach einem der Ansprliche 1 bis 8, wiedergegeben durch die Formel:
OB Ry
/,\ coy
Ve /\‘;
o J_N Ng
COOR3

wobei Rs einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutst.

(5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4—ylthio]-6-(1 -hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-4-thia-2-carbons8ure oder ein nicht toxisches pharmazeutisch vertréigliches Salz davon.

(5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-4-thia-2-carbons¥ure oder ein nicht toxisches pharmazeutisch vertragliches Salz davon.

(5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-6-(1-hydroxysthyl)-1 -azabicyclo[3.2.0]hept-2-en-7-on-4—thia-2-car
bons&ure oder ein nicht toxisches pharmazeutisch vertréigliches Salz davon.

(5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-on-7-
on-2-carbonsdure oder ein nicht toxisches pharmazeutisch vertrégliches Salz davon.

(5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-yithio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-2-carbons#ure oder ein nicht toxisches pharmazeutisch vertrigliches Salz davon.

(5R)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-2-carbons#ure oder ein nicht toxisches pharmazeutisch vertrigliches Salz davon.

{5R)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}hept-2-en-7-on-
2-carbons8ure oder ein nicht toxisches pharmazeutisch veriréigliches Salz davon.

(5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo-[3.2.0}-
hept-2-en-7-on-carbonsiiure oder ein nicht toxisches pharmazeutisch vertrigliches Salz davon.

(5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrrolidin-4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0Jhept-3-en-7-on-2-carbonsiure oder ein nicht toxisches pharmazeutisch vertriigliches Salz davon.

(5R)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-2-carbonsdure oder ein nicht toxisches pharmazeutisch vertrigliches Salz davon.
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24.

26.

27.

31.

40.

1.

42

43.

44,

45,

(5R)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-
2-en-7-on-2-carbonsdure oder ein nicht toxisches pharmazeutisch vertréigliches Salz davon.

(5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}hept-2-en-7-on-2-
carbonsiure oder ein nicht toxisches pharmazeutisch vertréigliches Salz davon.

(5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}hept-2-en-7-
on-2-carbons#ure oder ein nicht toxisches pharmazeutisch vertriigliches Salz davon.

(5S)-3-[2-Dimethylaminocarbonyl)pyrrolidin-4-yithio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}-
hept-2-en-7-on-2-carbons¥ure oder ein nicht toxisches pharmazeutisch vertrégliches Salz davon.

(5S)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]-
hept-2-en-7-on-2-carbons#ure oder ein nicht toxisches pharmazeutisch vertrégliches Salz davon.

(5S)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio}-4-methyl-8-(1-hydroxysthyl)-1-azabicyclo[3.2.0]-
hept-2-en-7-on-2-carbons#ure oder ein nicht toxisches pharmazeutisch verirdgliches Salz davon.

. (5S)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]Jhept-

2-en-7-on-2-carbons#ure oder ein nicht foxisches pharmazeutisch vertrégliches Salz davon.

(58)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)-pyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxysethyl)-1-azabicy
clo[3.2.0]Jhept-2-en-7-on-2-carbonséiure oder ein nicht toxisches pharmazeutisch vertrégliches Salz
davon.

(55)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrrolidin-4-ylthiol-4-methyl-6-(1-hydroxyethyl)-1-
azabicyclo[3.2.0lhept-2-en-7-on-2-carbonsdure oder ein nicht toxisches pharmazeutisch vertrégliches
Salz davon.

(5S)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}hept-
2-en-7-on-2-carbonséure oder ein nicht toxisches pharmazeutisch vertrégliches Salz davon.

. (5S)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo-

[3.2.0Jhept-2-en-7-on-2-carbonséure oder ein nicht toxisches pharmazeutisch vertréigliches Salz davon.

(6S)-3-[2-Carbamoylpyrrolidin-4-ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-
carbons#ure oder ein nicht toxisches pharmazeutisch vertréigliches Salz davon.

. (5R,6S,8R)-Verbindung der Verbindung nach Anspruch 11.

. (5R,6S,8R)-Verbindung der Verbindung nach Anspruch 12.

(5S,68,8R)-Verbindung der Verbindung nach Anspruch 13.

. (5R,6S,8R)-Verbindung der Verbindung nach esinem der Ansprliche 14 bis 26.

(55,6S,8R)-Verbindung der Verbindung nach einem der Ansprliche 27 bis 35.
(5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach Anspruch 11.
(5R.68,8R,2'S,4'S)-Verbindung der Verbindung nach Anspruch 12.
(5S,68,8R,2'S,4'S)-Verbindung der Verbindung nach Anspruch 13.
(5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach einem der Ansprliche 14 bis 26.

(5S.65,8R,2'S,4'S)-Verbindung der Verbindung nach einem der Ansprliche 27 bis 35.
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46.

47.

48.

49.

g

(4R,55,65,8R,2'S,4'S)-Verbindung der Verbindung nach einem der Ansprliche 3 bis 8 und 27 bis 35.

EP 0 126 587 Bt

Pharmazeutische Zusammensstzung, umfassend eine pharmazeutisch wirksame Menge mindestens
einer der Verbindungen nach Anspruch 1 als Wirkstoff und mindestens ein pharmazeutisch vertrégli-
ches inertes Triger- oder VerdUinnungsmittel.

Verwendung der Verbindung nach Anspruch 1 als ein antimikrobielles Mittel.

Verfahren zur Herstellung einer Verbindung nach Anspruch 1 umfassend das Umsetzen einer Verbin-
dung der Formel (ll):

R
1 /X\
| Y/ ~Z (II)
of
CooR,

wobei Ry und X die im Anspruch 1 angegebenen Bedeutungen besitzen, Rs eine Schutzgruppe flr
eine Carboxygruppe bedeutet, Z einen reaktiven Ester eines Alkohols, oder einen substituierten oder
unsubstituierten niederen Alkylsulfinylrest bedeutet,

mit einem Mercaptanderivat der Formel:

wobei Rz die im Anspruch 1 angegebene Bedeutung besitzt und Y' einen Rest, wiedergegeben durch
die Formel (2), bedeutet:

R-
7 3

N (2)
\ .
Rg

wobei Rs und Rg die in Anspruch 1 angegebenen Bedeutungen besitzen, oder einen Rest, wiedergege-
ben durch die Formel (4'), bedeutet:

-NHORs' (4')
wobei Rg' eine Schutzgruppe flir die Hydroxygruppe oder einen Alkylresi mit 1 bis 3 Kohlenstoffatomen

bedeutet, in Gegenwart einer Base in einem inerten L&sungsmittel, wobei eine g-Lactamverbindung,
wiedergegeben durch die Formel (IV), hergestellt wird:
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N I

Ry X | co-y*
™ T s._J/h\T// (IV)
- \/ N ~
Ry

Sad

COOR9

wobei Ri, Rz, Ra, X und Y' die vorstehend angegebenen Bedeutungen besitzen, und, falls gewlinscht,
Unterwerfen der erhaltenen Verbindung einer geeigneten Kombination zum aufeinanderfolgenden oder
gleichzeitigen Entfernen der Schutzgruppe flir die Carboxygruppe, der Schutzgruppe flir die Hydroxy-
gruppe und/oder der Schutzgruppe flr die Aminogruppe, wobei die Verbindung der Formel (IV), in der
R;: eine 1-Hydroxyethylgruppe bedeutet, R2 ein Wasserstoffatom bedeutet und/oder Rs ein Wasser-
stoffatom bedeutet, oder die Verbindung der Formel (IV) hergestelit wird, wobei die Schutzgruppe an
dom Rest Y' entfernt wird.

50. g-Lactamverbindung der Formel:

. OE
AE 3 coy
/ S—Gt:-z
o7 ¥ coor

wobei Y aus der Gruppe bestehend aus NHz,

-N ‘1~ oH

I
CH,

-NHCH2CONH:,

: __OH
-?-cgzcomz.—@' -—0' N ’ '

cH,

- , N N--C:-E3 ’ -N:/I//J -T¢N{CH3: 9
cz,
-NCH,CONHCH3, = NCH,CONHCE;, = N coNEy |
: | : >
CH,
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' * € L M 5 %
ausgewdhlt ist und die pharmazeutisch vertriglichen Salze davon.

51. g-Lactamverbindung der Formel:

OH
A , CONMe,
NH
07 COOH.

und die pharmazeutisch vertriglichen Salze davon.
52. g-Lactamverbindung der Formel:

o=

7 N
)\ I / - 8 —C’ CON\/!
A _< NE

COQE

und die pharmazeutisch vertréglichen Salze davon.

53. g-Lactamverbindung der Formel:

OH
AH y i | coy
B
Jz |
Vo -
o7 0o

- N | und /\l—

@

ausgewdhlt ist und die pharmazeutisch vertréglichen Salze davon.
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54. p-Lactamverbindung der Formel:

o=
° PRXEFSN 'C‘ . COY
/;—
K COOE

10

wobei Y aus der Gruppe bestehend aus

15

o=
-N’ .

20
ausgewihlt ist und die pharmazeutisch vertréiglichen Salze davon.
§5. g-Lactamverbindung der Formet:
25
OE ‘\\COY
Y
; /\Hy Ii St C
30 , , NE
7 NTTT\
© COOH
35 wobei Y aus der Gruppe bestshend aus
0 - ¢ =N ’ N ’ -
\ \J und - ’ /‘/ OH
45 ausgewdhlt ist und die pharmazeutisch vertriiglichen Salze davon.
56. g-Lactamverbindung wiedergegeben durch die Formel:
R
) T <jr
55 CQOR3

in der Ry eine 1-Hydroxyethylgruppe oder eine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit
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einer Schutzgruppe flir eine Hydroxygruppe geschlitzt ist, bedeutet; Rz ein Wasserstoffatom oder eine
Schutzgruppe flir eine Aminogruppe bedeutet; Rs ein Wasserstoffatom oder eine Schutzgruppe flr eine
Carboxygruppe bedeutet; X ein Schwefelatom darstelit; und Y einen Rest der Formel (2) bedeutet:

= N | (2)

wobei Rs und Rs, die gleich oder verschieden sein k&nnen, jeweils ein Wasserstoffatom, einen
Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-,
eine Phenethyl-, eine 2-Pyridylmethyl-, eine 3-Pyridylmethyl- oder eine 4-Pyridylmethylgruppe, einen
substituierten Alkylrest mit 1 bis 5 Kohlenstoffatomen, wobei der Substituent aus der Gruppe bestehend
aus dem Hydroxy-, dem Di~(Ci-Cs)alkylamino-, Carbamoyl-, einem mono- oder di-(Ci-Cs)-
alkylsubstituierten Aminocarbonylrest und einer geschiitzten oder ungeschiitzten Carboxygruppe aus-
gewdhit ist, oder einen Pyridylrest bedeutet, oder Rs und Rs zusammen eine Alkylenkette oder eine
Alkylenketie, die ein Sauerstoffatom, ein Schwefelatom oder ein (Ci-Cs)alkylsubstituiertes Stickstoff-
atom enthilt, bedeutet, wobei zusammen mit dem benachbarten Stickstoffatom ein substituierter oder
unsubstituierter 3- bis 7-gliedriger cyclischer Aminorest erzeugt wird, der in dem Ring eine Doppelbin-
dung (Doppelbindungen) enthalten kann, wobei der Substituent aus der Gruppe bestehend aus einer
Ci-Cs-Alkyl-, der Carbamoyl-, einer mono- oder di-(C1-Cs)alkylsubstituierten Aminocarbonyl- und
Hydroxygruppe ausgew&hit ist, oder einen Rest der Formel (4) bedeutet:

-NHORs; (4)

wobei Rs ein Wasserstoffatom, eine Schutzgruppe flr eine Hydroxygruppe oder einen Alkylrest mit 1
bis 3 Kohlenstoffatomen bedeutet, und ein pharmazeutisch vertréigliches Salz davon.

Patentanspriiche fiir folgenden Vertragsstaat : AT

Verfahren zur Herstellung einer 8-Lactamverbindung wiedergegeben durch die Formel (1)

R

N

°"“‘\(_ S

COOR

in der Ry eine 1-Hydroxyethylgruppe oder eine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit
einer Schutzgruppe geschiitzt ist, bedeutet; Rz ein Wasserstoffatom oder eine Schutzgruppe flr eine
Aminogruppe bedeutet; Rs ein Wasserstoffatom oder eine Schutzgruppe flir eine Carboxygruppe
bedeutet; X eine substituierte oder unsubstituierte Methylengruppe der Formel (1) bedeutet:

-C - (1)
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wobei R« ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet, oder X ein
Schwefelatom bedeutet; und Y (i) einen Rest der Formel (2) bedeutet:

R
S
-N/
N

R

(2)

wobei Rs und Rs, die gleich oder verschieden sein k&nnen, jeweils ein Wasserstoffatom, einen
Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-,
Phenethyl-, 2-Pyridylmethyi-, 3-Pyridylmethyl- oder 4-Pyridylmethylgruppe, einen substituierten Alkyl-
rest mit 1 bis 5 Kohlenstoffatomen, wobei der Substituent aus einer Hydroxygruppe, einem Di-(C1-Cs)-
alkylamino-, Carbamoyl-, einem Mono- oder Di-(C1-Cs)-alkylaminocarbonylrest und einer geschltzten
oder ungeschiitzten Carboxygruppe ausgew#hit ist, wobei die Schutzgruppe eine Schutzgruppe flr
eine Carboxygruppe ist; oder einen Pyridylrest bedeutet; oder Rs und Rs zusammen eine Alkylenkette
oder eine Alkylenketts, die ein Sauerstoffatom, ein Schwefelatom oder ein (Ci-Cs)-alkylsubstituiertes
Stickstoffatom enthiit, bedeuten, wobei zusammen mit dem benachbarten Stickstoffatom ein substitu-
ierter oder unsubstituierter 3- bis 7-gliedriger cyclischer Aminorest erzeugt wird, der in dem Ring eine
Doppelbindung (Doppelbindungen) enthalten kann, wobei der Substituent aus einem (C;-Ca)-Alkyl-,
einem Carbamoyl-, einem Carboxy-, einem Mono- oder Di-(C1-Cs)alkylaminocarbonylrest und einer
Hydroxygruppe ausgew#hit ist;

oder (ji) einen Rest der Formel (4) bedeutet:

-NHORs  (4)

wobei Rg ein Wasserstoffatom, eine Schutzgruppe fiir die Hydroxygruppe oder einen Alkylrest mit 1 bis
3 Kohlenstoffatomen bedeutet; oder ein pharmazeutisch vertrégliches Salz davon,
umfassend das Umsetzen einer Verbindung der Formel (lI):

p \_/x

—zlq /\-z (II)
o’ \<

COOR.9

wobei R; und X die vorstehenden Bedeutungen besitzen, Ry eine Schutzgruppe fUr eine Carboxygrup-
pe bedeutet, Z einen reaktiven Ester eines Alkohols, oder einen substituierten oder unsubstituierten
niederen Alkylsulfinylrest bedeutet,

mit einem Mercaptanderivat der Formel:

coy’

wobei R: die vorstehend angegebene Bedeutung besitzt und Y' einen Rest, wiedergegeben durch die
Formel (2), bedeutet:
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- (2)
~ .
Re

wobei Rs und Rs die vorstehend angegebsenen Bedeutungen besitzen, oder einen Rest, wiedergegeben
durch die Formel (4'), bedeutet:

-NHOR;*  (4)

wobei Rs' eine Schutzgruppe fiir die Hydroxygruppe oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen
bedeutet, in Gegenwart einer Base in einem inerten L&sungsmittel, wobei eine g-Lactamverbindung,
wiedergegeben durch die Formel (IV), hergestellt wird: '

i RN x o~y
o I é\/?-s—cl(% .(‘m

l'.:(JC)R9

wobei Ri, Rz, Rg, X und Y’ die vorstehend angegebenen Bedeutungen besitzen, und, falls gewlinscht,
Unterwerfen der erhaltenen Verbindung einer geeigneten Kombination zum aufeinanderfolgenden oder
gleichzeitigen Entfernen der Schutzgruppe flir die Carboxygruppe, der Schutzgruppe fUr die Hydroxy-
gruppe und/oder der Schutzgruppe flir die Aminogruppe, wobei die Verbindung der Formel (IV), in der
R: eine 1-Hydroxyethylgruppe bedeutet, Rz ein Wasserstoffatom bedeutet und/oder Rs ein Wasser-
stoffatom bedeutet, oder die Verbindung der Formel (IV) hergestelit wird, wobsei die Schutzgruppe an
dem Rest Y" entfernt wird,

und gegebenenfalls Umwandlung der erhaltenen Verbindung in ein pharmazeutisch veriréigliches Salz.

Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel (I), wobei Ri eine 1-
Hydroxyethylgruppe bedeutet, Rz und Rs jeweils ein Wasserstoffatom bedeutet, und Y einen Rest,
wiedergegeben durch die Formel (2-a), bedeutet:

Rs.a
- N7

“Rg-a (2-a)

wobei Rs-, und Rg-, jowsils ein Wasserstoffatom, einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen
Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-, sine Phenethyl-, eine 2-Pyridylmethyl-, eine 3-
Pyridylmethyl- oder eine 4-Pyridylmethylgruppe, einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit
einer Hydroxygruppe, einem Di-(C1-Cs)alkylamino-, einem Carbamoyl-, einem mono- oder di-(C:-Cs)-
alkylsubstituierten Aminocarbonylrest oder einer Carboxygruppe substituiert ist; oder einen Pyridylrest
bedeutet; oder Rs-o und Rg-, zusammen eine Alkylenkette oder eine Alkylenkette, die ein Sauerstoff-
atom, ein Schwefelatom oder ein (C1-Cs)alkylsubstituiertes Stickstoffatom enthélt, bedeuten, wobei
zusammen mit dem benachbarten Stickstoffatom ein unsubstituierter oder substituierter 3- bis 7-
gliedriger cyclischer Aminorest erzeugt wird, der in seinem Ring eine Doppelbindung (Doppelbindun-
gen) enthalten kann, wobei der Substituent sinen Alkylrest mit 1 bis 3 Kohlenstoffatomen, einen
Carbamoyl-, einen Carboxy-, einen mono- oder di-(C1-Cs)alkylsubstituierten Aminocarbonylrest oder
eine Hydroxygruppe bedsutet; oder einen Rest, wiedergegeben durch die Formel (4-a), bedeutet:
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-NHOR3-, (4-a)
wobei Rg-, 6in Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet.

Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel (l), wobei Ri eine 1-
Hydroxyethylgruppe bedeutet, Rz und Rs jewsils ein Wasserstoffatom bedeutet, und Y einen Rest,
wiedergegeben durch die Formel (2-b), bedeutet:

N Rs-p
\Rs-b : (2-b)

wobei Rs-p und Rg-, jeweils ein Wasserstoffatom, einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen
Alkenyirest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-, eine Phenethyl-, eine 2-Pyridylmethyl-, sine 3-
Pyridylmethyl- oder eine 4-Pyridylmethylgruppe, einen substituierten Alkylrest mit 1 bis 5 Kohlenstoff-
atomen, wobei der Substituent eine Hydroxygruppe, eine Di-(Cy-Cs)alkylamino-, eine Carbamoyl-, eine
mono- oder di-(C1-Ca)alkylsubstituierte Aminocarbamoyl- oder eine Carboxygruppe ist, oder einen
Pyridylrest bedeutet, oder Rs-p und Rg-p, zusammen eine Alkylenkette oder eine Alkylenkette, die ein
Sauerstoffatom, ein Schwefelatom oder ein (Ci1-Cs)alkylsubstituiertes Stickstoffatom enth#lt, darstellt,
wobei zusammen mit dem benachbarten Stickstoffatom ein unsubstituierter oder substituierter 3- bis 7-
gliedriger cyclischer Aminorest erzeugt wird, der in dem Ring eine Doppelbindung (oder Doppelbindun-
gen) enthalten kann, wobei der Substituent einen Alkylrest mit 1 bis 3 Kohlenstoffatomen, eine
Carbamoyl- oder eine Hydroxygruppe ist; oder einen Rest, wiedergegeben durch die Formel (4-a),
bedeutet:

-NHOR;-, (4-a)
wobei Rg-, 6in Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutst.

Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel (I), wobei R; eine 1-
Hydroxyethylgruppe bedeutet, Rz und Rs jowsils ein Wasserstoffatom bedsutet und Y einen Rest,
wiedergegeben durch die Formel (2-c), darstellt:

(2-c)

wobei Rs- ¢ und Rg-¢ eine der nachstehenden Bedeutungen besitzen:
(1) Rs-. bedeutet einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit einer Carbamoyl-, einer
Mono- oder Di~(C1-Cs)alkylaminocarbonyl- oder einer Hydroxygruppe substituiert ist, oder einen
Pyridylrest, und Rg-. bedeutet ein Wasserstoffatom oder besitzt die flir Rs-, angegebenen Bedeu-
tungen;
(2) Rs-¢ und Rg- bedeuten zusammen eine Alkylenketts, wobei zusammen mit dem benachbarten
Stickstoffatom ein unsubstituierter oder substituierter 4- bis 6-gliedriger geséttigter cyclischer Amino-
rest oder ein unsubstituierter oder substituierter 5- bis 6-gliedriger cyclischer Aminorest mit einer
Doppelbindung (oder Doppelbindungen) im Ring erzeugt wird, wobei der Substituent an dem
cyclischen Aminoring eine Carbamoyl- oder eine Hydroxygruppe ist; und
(3) Rs-¢ und Rg-; bedeuten zusammen eine Alkylenkette, die ein Sauerstoffatom oder ein (C1-Cs)-
alkylsubstituiertes Stickstoffatom enthélt, wobei zusammen mit dem benachbarten Stickstoffatom ein
6-gliedriger cyclischer Aminorest erzeugt wird.
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Verfahren nach Anspruch 3 zur Herstellung einer Verbindung der Formel (I), wobei Y einen Rest,
wiedergegeben durch die Formel:

~N /Rs-d
~
'Reea

bedeutet, wobei Rs-4 6in Wasserstoffatom oder eine Methylgruppe bedeutet, und Rg-4 einen Rest der
Formel:

R
c
l

-c:zz--tlzl-zar’!la

R,
bedeutet, wobei R,, Ry und R, jeweils ein Wasserstoffatom oder eine Methylgruppe bedeutet.

Verfahren nach Anspruch 3 zur Herstellung einer Verbindung der Formel (I), wobei Y durch die
Formein:

oder -N\) :

wiedergegeben ist.

Verfahren nach einem der Anspriiche 1 bis 6 zur Herstellung einer Verbindung der Formel (1), in der X

Ry
l

-CH-
bedeutet, wobei Ry ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen darstelit.
Verfahren nach Anspruch 7 zur Herstellung einer Verbindung der Formel (1), in der X
7
-CH-
bedeutet.

Verfahren nach Anspruch 7 zur Herstellung einer Verbindung der Formel (1), in der Rs ein Wasserstoff-
atom ist.

Verfahren nach einem der Anspriiche 1 bis 6 zur Herstellung einer Verbindung der Formel (I}, in der X
oin Schwefelatom ist. '
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Verfahren nach Anspruch 1 zur Herstellung einer (SR)-Verbindung der Verbindung nach einem der
Anspriiche 1 bis 6 und 10, die durch die Formel:

OB
s coy
[
N
o OOR,

wiedergegeben ist.

Verfahren nach Anspruch 1 zur Herstellung einer (5R)-Verbindung der Verbindung nach einem der
Ansprliche 1 bis 7 und 9, die durch die Formel:

OB
/k coy
Vg1
o 4’:‘?. \Rz

COOR3

wiedergegeben ist.

13. Verfahren nach Anspruch 1 zur Herstellung einer (6S)-Verbindung der Verbindung nach einem der

14.

16.

16.

Ansprlche 1 bis 8, wiedergegeben durch die Formel:

i m coy
e
1; / N\ N\ R
o? 2
COOR3

wobei Rs einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio}-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]Jhept-2-en-7-on-4-thia-2-carbons8ure oder eines nicht toxischen
pharmazeutisch vertréiglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-yithio}-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-4-thia-2-carbonséiure oder eines nicht toxischen
pharmazeutisch veriréglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-6-(1-hydroxyeth-

yl)-1-azabicyclo[3.2.0]Jhept-2-en-7-on-4-thia-2-carbonsdure oder eines nicht toxischen pharmazeutisch
vertriglichen Salzes davon.
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18.

19.

21.

23.

24,

27.

28.

31.

£ 0 128 507 81 A A

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxyethyl)-1 -azablcyclo[320]hept-2-en-7-on-2-carbons§ure oder eines nicht toxischen pharma-
zeutisch vertriglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonséure oder eines nicht toxischen pharma-
zeutisch vertriglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonséure oder eines nicht toxischen pharma-
zeutisch vertriglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (6R)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-yithio]-6-(1-
hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure oder eines nicht toxischen pharmazeu-
tisch vertréglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-
4-ylthio}-6-(1-hydroxyethyl)-1-azabicyclo-[3.2.0]hept-2-en-7-on-carbonsfure oder eines nicht toxischen
pharmazeutisch veririglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyf)-
pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-3-en-7-on-2-carbonséure oder eines nicht
toxischen pharmazeutisch vertriglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonséiure oder eines nicht toxischen pharma-
zeutisch vertriglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-
ylthio]-6-(1-hydroxyethyl)-1 -azablcyclo[320]hept-2-en-7-on-2-carbons§ure oder eines nicht toxischen
pharmazeutisch vertréglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-6-(1-hydroxyeth-
yl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure oder eines nicht toxischen pharmazeutisch vertrig-
lichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonséure oder eines nicht toxischen pharma-
zeutisch vertrglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (58)-3-[2-Dimethylaminocarbonyl)pyrrolidin-4-ylthio}-4-
methyl-6-(1-hydroxysthyl)-1-azabicyclo[3.2.0lhept-2-en-7-on-2-carbonsdure oder eines nicht toxischen
pharmazeutisch vertréglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio]-4-
methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsdure oder eines nicht toxischen
pharmazeutisch vertréiglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5§S)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-yithio}-4-
methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsdure oder eines nicht toxischen
pharmazeutisch vertrglichen Salzes davon.

. Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-yithio}-4-

methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure oder eines nicht toxischen
pharmazeutisch vertraglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)-pyrrolidin-
4-yithio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure oder eines nicht
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37.

40.

41.

42,

44.

45.

46.

47.

48.

toxischen pharmazeutisch veriréiglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)-
pyrrolidin-4-yithio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure  oder
eines nicht toxischen pharmazeutisch vertriglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-yithio]-4-
methyl-8-(1-hydroxysthyl)-1-azabicyclo[3.2.0lhept-2-en-7-on-2-carbonsiure oder eines nicht toxischen
pharmazeutisch vertréiglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (5S8)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-
ylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbons3ure oder eines nicht to-
xischen pharmazeutisch vertréiglichen Salzes davon.

Verfahren nach Anspruch 1 zur Herstellung von (58)-3-[2-CarbamoyIpyrrolidin-4—ylthio]-4-methyl-6?(1 -
hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-en-7-on-carbonsiure oder eines nicht toxischen pharmazeu-
tisch vertriglichen Salzes davon.

. Verfahren nach Anspruch 1 zur Herstellung einer (5R,8S,8R)-Verbindung der Verbindung nach An-

spruch 11.

Verfahren nach Anspruch 1 zur Herstellung einer (5R,6S,8R)-Verbindung der Verbindung nach An-
spruch 12.

Verfahren nach Anspruch 1 zur Herstellung einer (5S,6S,8R)-Verbindung der Verbindung nach An-
spruch 13. _ .

. Verfahren nach Anspruch 1 zur Herstellung einer (5R,6S,8R)-Verbindung der Verbindung nach einem

der Ansprliche 14 bis 26.

Verfahren nach Anspruch 1 zur Herstellung einer (5S,6S,8R)-Verbindung der Verbindung nach einem
der Ansprliche 27 bis 35.

Verfahren nach Anspruch 1 zur Herstellung einer (5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach
Anspruch 11.

Verfahren nach Anspruch 1 zur Herstellung einer (5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach
Anspruch 12.

Verfahren nach Anspruch 1 zur Herstellung einer (5S,6S,8R,2'S,4'S)-Verbindung der Verbindung nach
Anspruch 13.

Verfahren nach Anspruch 1 zur Herstellung einer (5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach
einem der Anspriiche 14 bis 28.

Verfahren nach Anspruch 1 zur Herstellung einer (5S,6S,8R,2'S,4'S)-Verbindung der Verbindung nach
einem der Ansprliche 27 bis 35.

Verfahren nach Anspruch 1 zur Herstellung einer (4R,5S,6S,8R,2'S,4'S)-Verbindung der Verbindung '

nach einem der Ansprliche 3 bis 8 und 27 bis 35.

Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, umfassend das Vermischen
einer pharmazeutisch wirksamen Menge mindestens einer der Verbindungen nach Anspruch 1 als
Wirkstoff und mindestens eines pharmazeutisch vertréglichen inerten Triger- oder Verdlinnungsmittels.

Verwendung der Verbindung gem#8 Anspruch 1 als ein antimikrobielles Mittel.
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49, Verfahren nach Anspruch 1 zur Herstellung einer g-Lactamverbindung der Formel:

QR

A8

o7 ¥ coor

wobei Y aus der Gruppe bestehend aus NHa,
-Nl A -0oH,
CH,

-NHCH2CONHz,

c

CoY
/ sqﬂ

=3

* [ L M s *

Nrpr, -N—L-NI(CE,),
H !

-gcazcongc:-u. = NCH,CONECE;, - n: >,com-12 ,
l .

CHq

ausgewihlt ist und der pharmazeutisch veririglichen Salze davon.

50. Verfahren nach Anspruch 1 zur Herstellung einer g-Lactamverbindung der Formel:

. i
s ] CONdeo
N

OB

AN

//u

o COOX.

und der pharmazeutisch verirdglichen Salze davon.
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51. Verfahren nach Anspruch 1 zur Herstellung einer g-Lactamverbindung der Formel:

Tpy G

COOR

0

und der pharmazeutisch vertréiglichen Salze davon.

52. Verfahren nach Anspruch 1 zur Herstellung einer g-Lactamverbindung der Formel:

- N , und /\'-

N

ausgewihlt ist und der pharmazeutisch vertriglichen Salze davon.

63. Verfahren nach Anspruch 1 zur Herstellung einer g-Lactamverbindung der Formel:

o |
)\:5 -4 L4 COY
| 0
7N '“‘cooa e

wobei Y aus der Gruppe bestehend aus

(®)
- NQ und -NOH

ausgewdhlt ist und der pharmazeutisch vertréiglichen Salze davon.
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54. Verfahren nach Anspruch 1 zur Herstellung einer g-Lactamverbindung der Formel:

OE COY
Y g = ' 4
A ‘4 s fases * '
I NH

7 NTT\
° COOR

wobei Y aus der Gruppe bestehend aus

) s
- - il . N v -N und | QB
...N/l/

ausgewdhlt ist und der pharmazeutisch vertriglichen Salze davon.

55. Verfahren nach Anspruch 1 zur Herstellung einer g-Lactamverbindung wiedergegeben durch die

Formel:
"R
1 X < _Crcoy
N 4 N\
R

e
COOR3 2

in der Ry eine 1-Hydroxyethylgruppe oder sine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit
einer Schutzgruppe flir eine Hydroxygruppe geschiitzt ist, bedeutet; R» ein Wasserstoffatom oder eine
Schutzgruppe flr eine Aminogruppe bedeutet; R ein Wasserstoffatom oder eine Schutzgruppe fiir eine
Carboxygruppe bedeutet; X ein Schwefelatom darstellt; und Y einen Rest der Formel (2) bedeutet:

— N (2)

wobei Rs und Rg, die gleich oder verschieden sein k&nnen, jeweils ein Wasserstoffatom, einen
Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-,
eine Phenethyl-, eine 2-Pyridylmethyl-, eine 3-Pyridylmethyl- oder eine 4-Pyridyimethylgruppe, einen
substituierten Alkylrest mit 1 bis 5 Kohlenstoffatomen, wobei der Substituent aus der Gruppe bestehend
aus dem Hydroxy-, dem Di-(Ci-Ca)alkylamino-, Carbamoyl-, esinem mono- oder di-{(C;1-Cs)-
alkylsubstituierten Aminocarbonyirest und einer geschiitzten oder ungeschiitzten Carboxygruppe aus-
gewdhlt ist, oder einen Pyridylrest bedeutet, oder Rs und Rs zusammen eine Alkylenkette oder eine
Alkylenkette, die ein Sauerstoffatom, ein Schwefelatom oder ein (Ci-Cs)alkylsubstituiertes Stickstofi-
atom enthilt, bedeutet, wobei zusammen mit dem benachbarten Stickstoffatom ein substituierter oder
unsubstituierter 3- bis 7-gliedriger cyclischer Aminorest erzeugt wird, der in dem Ring eine Doppelbin-
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dung (Doppelbindungen) enthalten kann, wobei der Substituent aus der Gruppe bestehend aus einer
C1-Cs-Alkyl-, der Carbamoyl-, einer mono- oder di-(Ci -Cs)alkylsubstituierten Aminocarbonyl- und
Hydroxygruppe ausgewihit ist, oder einen Rest der Formel (4) bedeutet:

-NHORs (4

wobei Rs ein Wasserstoffatom, eine Schutzgruppe flir eine Hydroxygruppe oder einen Alkylrest mit 1
bis 3 Kohlenstoffatomen bedeutet, und ein pharmazeutisch vertrégliches Salz davon.

Revendications
Revendications pour les Etats contractants sulvants : BE, CH, DE, FR, GB, IT, L|, NL, SE

1.

Composé g-lactame représenté par la formule (I):

R X CO-Y
m_’ S ®
0] N\R
COOR3 2 _

dans laquelle Ry représente un groupe 1-hydroxyéthyle ou un groupe 1-hydroxyéthyle dans lequel
le groupe hydroxy est protégé par un groupement protecteur ; Rz représente un atome d'hydrogéne ou
un groupement protecteur pour un groupe amino ; Ra représents un atome d‘hydrogéne ou un
groupement protecteur pour un groupe carboxyle ; X représente un groupe méthyléne substitué ou non
substitué de formule (1) :

—C- 4))

dans laquelle Rs représente un atome d'hydrog&ne ou un groupe alkyle ayant 1 3 3 atomes de
carbone, ou X représents un atome de soufre ; et Y représente (i) un groupe de formule (2) :

R
N @

NR

6

dans laquelle Rs et Rs, qui peuvent 8tre identiques ou différents, représentent chacun un atome
d'hydrogéne, un groupe alkyle ayant 1 & 5 atomes de carbone, un groupe alcényle ayant 3 ou 4
atomes de carbone, un groupe benzyle, un groupe phénéthyle, un groupe 2-pyridylméthyle, un groupe
3-pyridylméthyle ou un groupe 4-pyridylméthyle, un groupe alkyle substitué ayant 1 & 5 atomes de
carbone dans lequel le substituant est choisi parmi un groupe hydroxyle, un groupe di(C+-Cs)-
alkylamino, un groupe carbamoyle, un groupe mono- ou di(C -Cs)-alkylaminocarbonyle et un groupe
carboxyle protégé ou non protégé dans lequel le groupe protecteur est un groupe protecteur pour un
groupe carboxyle : ou un groupe pyridyle ; ou Rs et Rs forment ensemble une chaine alkyléne ou une
chaine alkyldne contenant un atome d'oxygéne, un atome de soufre ou un atome d'azote substitué par
un alkyle ayant 1 2 3 atomes de carbone, de fagon & former, avec I'atome d'azote adjacent, un groupe
amino cyclique tri- 3 heptagonal non substitué ou substitué, dont le cycle peut contenir une ou des
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doubles liaisons, le substituant étant choisi parmi un groupe alkyle ayant 1 & 3 atomes de carbone, un
groupe carbamoyle, un groupe carboxyle, un groupe mono- ou di(C1-Cs)-alkylaminocarbonyle et un
groupe hydroxyle ;

ou (ii) un groupe de formule (4) :

EP 0 126 587 B1

-NHORzs  (4)

dans laquelle Rs représente un atome d'hydrogéne, un groupement protecteur pour un groupe
hydroxyle ou un groupe alkyle ayant 1 & 3 atomes de carbone,
ot ses sels pharmaceutiquement acceptables.

Composé selon la revendication 1, dans lequel R: représente un groupe 1-hydroxyéthyle, R et Rs
représentent tous deux des atomes d'hydrogéne, et Y est un groupe représenté par la formule (2-a) :

N /Rs-a
\ R6-a

————

(2-a)

dans laquelle Rs-, ot Re-, représentent chacun un atome d'hydrogéne, un groupe alkyle ayant 1 &
5 atomes de carbone, un groupe alcényle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un
groupe phénéthyle, un groupe 2-pyridylméthyle, un groupe 3-pyridylméthyle ou un groupe 4-pyridyl-
méthyle, un groupe alkyle ayant 1 & 5 atomes de carbone substitué par un groupe hydroxyle, un
groupe di(C1-Cs)-alkylamino, un groupe carbamoyle, un groupe aminocarbonyle mono- ou di(C1-Cs)-
alkyl-substitué ou un groupe carboxyle, ou un groupe pyridyle, ou Rs-, et Rg-, forment ensemble une
chaine alkyléne ou une chafine alkyléne contenant un atome d'oxygéne, un atome de soufre ou un
atome d'azote substitué par un alkyle ayant 1 & 3 atomes de carbone, de fagon & former, avec I'atome
d'azote adjacent, un groupe amino cyclique tri- & heptagonal non substitué ou substitué, dont le cycle
peut contenir une ou des doubles liaisons, le substituant étant un groupe alkyle ayant 1 & 3 atomes de
carbone, un groupe carbamoyle, un groupe carboxylique, a groupe aminocarbonyle mono- ou di(Ci-
Ca)-alkyl-substitué ou un groupe hydroxyle ; ou un groupe représenté par la formule (4-a) :

-NHORg-,  (4-2)

dans laquelle Rs-, représente un atome d'hydrogéne ou un groupe alkyle ayant 1 & 3 atomes de
carbone.

Composé selon la revendication 1, dans lequel R représente un groupe 1-hydroxyéthyle ; R> et Rs
représentent tous deux des atomes d’hydrogéne et Y est un groupe représenté par la formule (2-b) :

R
N7 (2-b)
R,

dans laquelle Rs-p, et Rs-1, représentent chacun un atome d'hydrogéne, un groupe alkyle ayant 1 &
5 atomes de carbone, un groupe alcényle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un
groupe phénéthyle, un groupe 2-pyridylméthyle, un groupe 3-pyridylméthyle ou un groupe 4-pyridyl-
méthyle, un groupe alkyle substitué ayant 1 3 5 atomes de carbone, le substituant étant un groupe
hydroxyle, un groupe di(C1-Ca)-alkylamino, un groupe carbamoyle, un groupe aminocarbamoyle mono-
ou di(C1-Cs)-alkyl-substitué ou un groupe carboxyle, ou un groupe pyridyle, ou Rs-p, 6t Rg-p, forment
ensemble une chafe alkyléne ou une chaine alkyléne contenant un atome d'oxygéne, un atome de
soufre ou un atome d'azote substitué par un alkyle ayant 1 & 3 atomes de carbone, de fagon & former,
avec l'atome d'azote adjacent, un groupe amino cyclique tri- 3 heptagonal non substitué ou substitus,
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dont le cycle peut contenir une ou des doubles liaisons, le substituant étant un groupe alkyle ayant 1 &
3 atomes de carbone, un groupe carbamoyle, ou un groupe hydroxyle : ou un groupe représenté par la
formule (4-a) :

-NHORg-, (4-a)

dans laquelle Rg-, représente un atome d'hydrogéne ou un groups alkyle ayant 1 3 3 atomes de
carbone.

4. Composé selon la revendication 1, dans lequel R: représente un groupe 1-hydroxyéthyle ; Rz et Rs
représentent tous deux des atomes d'hydrogéne ; et Y est un groupe représenté la formule (2-c) :

RS-c
N~
R,

t—

(2-¢c)

dans laquelle Rs- et Rg-¢ ont une des significations suivantes :
(1) Rs- représente un groupe alkyle ayant 1 & 5 atomes de carbone qui peut 8tre substitué par un
groupe carbamoyle, un groupe mono- ou di-(Ci-Ca)-alkylaminocarbonyle ou un groupe hydroxy, ou
un groupe pyridyle, et Re- représente un atome d'hydrogéne ou a la méme définition que celle
donnée pour Rg—. ;
(2) Rs-. ot Rs- forment ensemble une chaine alkyléne de fagon & constituer, avec I'atome d'azote
adjacent, un groupe amino cyclique saturé 2 4 4 6 cOtés, non substitué ou substitué, ou un groupe
amino cyclique & 5 ou 6 cBtés. non substitué ou substitué, dont le cycle contient une ou des
doubles liaisons, le substituant du cycle amino cyclique étant un groupe carbamoyle ou un groupe
hydroxyle, et
(3) Rs- ot Rg— forment ensemble une chatne alkyléne contenant un atome d'oxygéne ou un atome
d'azote substitué par un alkyle ayant 1 & 3 atomes de carbone de fagon 3 constituer, avec I'atome
d'azote adjacent, un groupe amino cyclique & 6 cOtés.

5. Composé selon la revendication 3, dans lequel Y est un groupe représenté par la formule :

RS-d
N <
R6-d

dans laquelle Rs.4 représente un atome d'hydrogéne ou un groupe méthyle et Rg-4 représente un
groupe de formule :

R, O
|l

- CH -

dans laquelle R,, Ry 6t R, représentent chacun un atome d'hydrogéne ou un groupe méthyle.
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6. Composé selon la revendication 3, dans lequel Y est représenté par la formule :

ou

— N
2

7. Composé selon une quelconque des revendications 1 & 6, dans lesquelles X représente

&

Rs étant un atome d’hydrogéne ou un groupe alkyle ayant 1 & 3 atomes de carbone.

8. Composé selon la revendication 7, dans lequel X représente

&
-CH-

9. Composé selon la revendication 7, dans lequel Rs est un atome d'hydrogéne.

10. Composé selon une quelconque des revendications 1 & 8, dans lequel X est un atome de soufre.

11. Composé (5R) du composé selon une quelconque des revendications 1 & 6 et 10, représenté par la
o) ¢
S coy
e {{
N
0 R,
R

12. Composé (5R) du composé selon une quelconque des revendications 1 & 7 et 9, représenté par la

OB
coy
Y s‘wa(
o7 ¥ he P

formule :

formule :

COOR3
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13. Composé (5S) du composé selon une quelconque des revendications 1 A 8, représenté par la formule :

(0):4 Ry

/k c
Js o S“C;\a

C0083

oY

o) 2

dans laquelle Rs est un groupe alkyle ayant 1 & 3 atomes de carbone.

14. Acide (5R)-3-[2-(diméthylaminocarbonyl)pyrrolidin-4-yithio}-6-(1-hydroxyéthyl)-1-azabicycio[3.2.0]hept-2-
&ne-7-one-4-thia-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.

16. Acide (5R)-3-[2-((1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio}-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-
&ne-7-one-4-thia-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.

16. Acide (5R)-3-[2-carbamoylpyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-2ne-7-one-4-
thia-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.

17. Acide (5R)-3-[2-(diméthylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-
&ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.

18. Acide (5R)-3-[2-((1-pyrrolidino)carbonyI)pyrrolidin-4-ylthio]-6-(1-hydrokyéthyl)-1-azabicyclo[3.2.0]hept-2-
&ne-7-one-2-carboxylique, ou un de ses sels pharmacsutiquement acceptables non toxiques.

19. Acide (5R)-3-{2-((1-pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicycio[3.2.0]hept-
2-@ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.

20. Acide (5R)-3-[2-((1-azétidino)carbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-

&ne-7-one-2-carboxylique, ou un de ses sels pharmacsutiquement acceptables non toxiques.

21. Acide (5R)-3-[2-((3-hydroxy-1-pyrrolidino)carbonyl) pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo-
[3.2.0]hept-2-2ne-7-one-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-
ques.

22. Acide (5R)-3-[2-((2-hydroxyéthyl)méthylaminocarbonyl) pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-
azabicyclo[3.2.0lhept-3-&ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables
non toxiques.

23. Acide (5R)-3-[2-(1-morpholinocarbonyl)pyrrolidin-4-yithio}-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-
&ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.

24. Acide (5R)-3-[2-(1-N-méthyipipérazinocarbonyl)pyrrolidin-4-ylthio}-6-(1-hydroxyéthyl)-1-azabicyclo-
[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-
ques.

25. Acide (5R)-3-[2-carbamoylpyrrolidin-4-yithio]-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-2ne-7-one-2-
carboxylique, ou un de ses sels pharmacesutiquement acceptables non toxiques.

26. Acide (SR)-3-[2-(4-pyridylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0}hept-
2-8ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.
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27.

28.

31.

36.

37.

40.

1.

42,

43.

44.

45.

46.

o

Acide  (5S)-3-2-(diméthylaminocarbonyl)pyrrolidin-4-yithio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo-
[3.2.0Jhept-2-8ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-
ques.

EP 0 126 587 B1

Acide (5S)-3-[2-((1-pyrrolidino)carbonyl)pyrrolidin-4-ylithio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo-
[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-
ques.

Acide  (58)-3-[2-((1-pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio}-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo-
[3.2.0)hept-2-&ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-
ques.

Acide (58)-3-[2-((1-azétidino)carbonyl)pyrrolidin-4-ylthio]-4-méthyl-8-(1-hydroxyéthyl)-1-azabicyclo-
[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-
ques.

Acide (5S)-3-[2-((3-hydroxy-1-pyrrolidino)carbonyl) pyrrolidin-4-yithio}-4-méthyl-6-(1-hydroxyéthyl)-1-
azabicyclo[3.2.0]hept-2-&ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables
non toxiques.

. Acide (5S)-3-[2-((2-hydroxyéthyl)méthylaminocarbonyl) pyrrolidin-4-yithio]-4-méthyl-6-(1-hydroxyéthyl)-

1-azabicyclo[3.2.0]hept-2-&ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement accepta-
bles non toxiques.

Acide (5S)-3-[2-(1-morpholinocarbonyl)pyrrolidin-4-ylthio]-4-méthy|-6-(1-hydroxyéthyl)-1-azabicyclo-
[3.2.0]hept-2-2ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-
ques.

. Acide (6S)-3-[2-(1-N-méthylipipérazinocarbonyl)pyrrolidin-4-ylthio}-4-méthyl-8-(1-hydroxyéthyl)-1-

azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique ou un de ses sels pharmaceutiquement acceptables
non toxiques.

. Acide (5S)-3-[2-carbamoylpyrrolidin-4-ylthio}-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-2ne-

7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques.
Composé (5R, 6S, 8R) du composé selon la revendication 11.

Composé (5R, 6S, 8R) du composé selon la revendication 12.

Composé (58, 6S, 8R) du composé selon la revendication 13.

Composé (5R, 68, 8R) d'un composé seloh une. quelconque des revendications 14 3 26.
Composé (5S, 88, 8R) d'un composé selon une quelconque des revendications 27 & 35.
Composé (SR, 6S, 8R, 2'S, 4'S) du composé selon la revendication 11

Composé (5R, 68, 8R, 2'S, 4'S) du composé selon la revendication 12

Composé (5S, 68, 8R, 2'S, 4'S) du composé selon la revendication 13.

Composé (5R, 6S, 8R, 2'S, 4'S) d'un composé selon une quelconque des revendications 14 3 26.
Composé (5S, 6S, 8R, 2'S, 4'S) d'un composé selon une quelconque des revendications 27 & 35.

Composé (4R, 5S, 6S, 8R, 2'S, 4'S) du composé selon une quslconque des revendications 3 A 8 et 27
a 35.
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47. Composition pharmaceutique qui comprend en tant que principe actif une quantité pharmaceutique-
ment efficace d'au moins un des composés selon la revendication 1 et au moins un support inerte ou

un diluant pharmaceutiquement acceptable.

5 48. Utilisation du composé selon la revendication 1 en tant qu'agent antimicrobien.

“~ 49, Procédé pour la préparation d'un composé selon la revendication 1, qui comprend la réaction d'un

composé de formule (ll) :

10

Rl X
’ -2 (11)
: L
' 0
CCJOR9
20 dans laquelle R: et X sont tels que définis dans la revendication 1, Re représente un groupe

protecteur pour un groupe carboxyle, Z représente un ester réactif d'un alcool, ou un groupe alkyle-

inférieur sulfinyle substitué ou non substitué,
avec un dérivé de mercaptan de formule :

25
=S
N\
30 : R
dans laquelle R: est tel que défini dans la revendication 1, et Y* est un groupe représenté par la
35 formule (2) :
R;
— N ~ )
40
\ R
6
dans laquelle Rs et Rs sont tels que définis dans la revendication 1, ou un groupe représenté par la
45 formule (4') :
-NHORg (4
dans laquelle Rg représente un groupe protecteur pour un groupe hydroxyle ou un groupe alkyle
80 ayant 1 & 3 atomes de carbone, en présence d'une base dans un solvant inerte pour produire un
composé g-lactame représenté par la formule (IV) :
56
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dans laquelle Ry, Rz, Re, X et Y* sont tels que définis ci-dessus, et, si on le souhaite, le traitement
du composé résultat par une combinaison appropriée d'élimination du groupe protecteur du groupe
carboxyle, du groupe protecteur du groupe hydroxyle et/ou du groupe protecteur du groupe amino, de
fagon séquentielle ou simultanée, pour produire le composé de formule (IV) dans laquelle Ry est un
groupe 1-hydroxyéthyle, R est un atome d'hydrogéne et/ou Rz est un atome d'hydrogéne ou le
composé de formule (IV) dans lequel le groupe protecteur sur le groupe Y" est éliminé.

50. Composé g-lactame de formule :

- QH

A8

dans laquelle Y est choisi dans le groupe comprenant -NHz,

"N @OE [}

-NHCH2CONH2,

-;lq-cgzc.gnaz, —@ ’ _0. —Njog,

CS3
-4 P‘ , TN N-CE, , -2/1’/, -N~Z-N(CE,

cz,
-NCH,CONHCH3, = NCE,CONECE3, - & Yy ooRp
B I

C.’-‘.'s
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et ses sels pharmaceutiquement acceptables.

61. Composé S-lactame de formule :

AN OH
N A a
)\ ] ONMa4y
10 NE
o W4
15 et ses sels pharmaceutiquement acceptables.
52. Composé g-lactame de formule :
20 OR ~
e
S ] coN ‘

?—-N
25 o)

CO0E

et ses sels pharmaceutiquement acceptables.

30 53. Composé g-lactame de formule :

35

40
dans laquelle Y est choisi dans le groupe comprenant
® o"
et
- N | T
,N\/
50
et ses sels pharmaceutiqusment acceptables.
§5
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54. Composé g-lactame de formule :

CE

)\:-z

T

~CO0E

dans laquelle Y est choisi dans le groupe comprenant

et ses sels pharmaceutiquement acceptables.

55. Composé g-lactame de formule :

oJ" IL—'\

Coor

dans laquelle Y est choisi dans le groupe comprenant

T

2 X . L~ COY
T <

JC0Y

OR
Y B T
A .‘ s Javee ® ,
; an

0 , o OH
DD O oy pou

45

50

§5

et ses sels pharmaceutiquement acceptables.

56. Composé g-lactame représenté par la formule :

oY



o
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dans laquelle Ry représente un groupe 1-hydroxyéthyle ou un groupe 1-hydroxyéthyle dans lequel
le groupe hydroxy est protégé par un groupement protecteur pour un groupe hydroxy ; Rz représente
un atome d'hydrogéne ou un groupement protecteur pour un groupe amino ; Rsreprésente un atome
d'hydrogéne ou un groupement protecteur pour un groupe carboxyle : X représente un atome de
5 soufre et Y représente un groupe de formule (2) :

R5
-N/

@)
10 \ R
6

dans laquelle Rs et Rs, qui peuvent &tre identiques ou différents, représentent chacun un atome
15 d'hydrogéne, un groupe alkyle ayant 1 & 5 atomes de carbone, un groupe alcényle ayant 3 ou 4
atomes de carbone, un groupe benzyle, un groupe phénéthyle, un groupe 2-pyridyiméthyle, un groupe
3-pyridyiméthyle ou un groupe 4-pyridylméthyle, un groupe alkyle substitué ayant 1 & 5 atomes de
carbone dans lequel le substituant est choisi dans le groupe constitué par un groupe hydroxyle, un
groupe di(C:-Cs)-alkylamino, un groupe carbamoyle, un groupe aminocarbonyle mono- ou di(C1-Cs)-
20 alkyl-substitué et un groupe carboxyle protégé ou non protégé ou un groupe pyridyle; ou Rs et Rg
forment ensemble une chaie alkyiéne ou une chaie alkyléne contenant un atome d'oxygéne, un
atome de soufre ou un atome d'azote substitué par un alkyle ayant 1 & 3 atomes de carbone, de fagon
a former, avec I'atome d'azote adjacent, un groupe amino cyclique tri- 3 heptagonal non substitué ou
substitué, dont le cycle peut contenir une ou des doubles liaisons, le substituant étant choisi parmi un
25 groupe alkyle ayant 1 3 3 atomes de carbone, un groupe carbamoyie, un groupe aminocarbonyle
mono- ou di(Cy-Ca)-alkyl-substitué et un groupe hydroxyle
ou un groupe de formuie (4) :

-NHOR:  (4)
30
dans laquelle Rs représente un atome d’hydrogéne, un groupement protecteur pour un groupe
hydroxyle ou un groupe alkyle ayant 1 & 3 atomes de carbonse, et ses sels pharmaceutiquement
acceptables.

35 Revendications pour I'Etat contractant sulvant : AT

1. Procédé pour la préparation d'un composé 8-lactame représenté par la formule (1) :

R X CO-Y
m—s '—d ()
N

0 \R2

COOR .

dans laquelle R; représente un groupe 1-hydroxyéthyle ou un groupe 1-hydroxyéthyle dans lequel

50 le groupe hydroxy est protégé par un groupement protecteur ; Rz représente un atome d'hydrogéne ou

un groupement protecteur pour un groupe amino ; Rs représente un atome d’hydrogéne ou un

groupement protecteur pour un groupe carboxyle ; X représente un groupe méthyléne substitué ou non
substitué de formule (1) :
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—C— ()

dans laquelle Ry représente un atome d'hydrogéne ou un groupe alkyle ayant 1 & 3 atomes de
carbone, ou X représente un atome de soufre ; et Y représente (i) un groupe de formule (2) :

R,

N7 @)
\R
()

—

dans laquelle Rs et Rs, qui peuvent étre identiques ou différents, représentent chacun un atome
d'hydrogéne, un groupe alkyle ayant 1 2 5 atomes de carbone, un groupe alcényle ayant 3 ou 4
atomes de carbone, un groupe benzyle, un groupe phénéthyle, un groupe 2-pyridylméthyle, un groupe
3-pyridyilméthyle ou un groupe 4-pyridylméthyle, un groupe alkyle substitué ayant 1 & 5 atomes de
carbone dans lequel le substituant est choisi parmi un groupe hydroxyle, un groupe di(Ci-Cs)-
alkylamino, un groupe carbamoyle, un groupe mono- ou di(Cs-Cs)-alkylaminocarbonyle et un groupe
carboxyle protégé ou non protégé dans lequel le groupe protecteur est un groupe protecteur pour un
groupe carboxyle ; ou un groupe pyridyle ; ou Rs et Rs forment ensemble une chaine alkyléne ou une
chaine alkyléne contenant un atome d'oxygéne, un atome de soufre ou un atome d'azote substitué par
un alkyle ayant 1 & 3 atomes de carbone de fagon & former, avec I'atome d'azote adjacent, un groupe
amino cyclique tri- & heptagonal non substitué ou substitué, dont le cycle peut contenir une ou des
doubles liaisons, le substituant étant choisi parmi un groupe alkyle ayant 1 3 3 atomes de carbone, un
groupe carbamoyle, un groupe carboxyle, un groupe mono- ou di(C1-Cs)-alkylaminocarbonyle et un
groupe hydroxyle ;

ou (ii) un groupe de formule (4) :

-NHOR:  (4)

dans laquelle Rs représente un atome d'hydrogéne, un groupement protecteur pour un groupe
hydroxyle ou un groupe alkyle ayant 1 & 3 atomes de carbone,

ou d'un de ses sels pharmaceutiquement acceptables,

qui comprend la réaction d'un composé de formule (Il :

B~

\/Z"z (11)
)

)
COC)R9

2

dans laquelle R: et X sont tels que définis ci-dessus, Rs représente un groupe protecteur pour un
groupe carboxyle, Z représente un ester réactif d'un alcool, ou un groupe alkyle-inférieur sulfinyle
substitué ou non substitué,

avec un dérivé mercaptan de formule :
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dans laquelle Rz est tel que défini ci-dessus, et Y' est un groupe représenté par la formule (2) :

R. '

N7 @)
NR
6

dans laquelle Rs et Rs sont tels que définis ci-dessus, ou un groupe représenté par la formule (4') :
-NHORjs: (4")
dans laquelle Rg représente un groupe protecteur pour un groupe hydroxyle ou un groupe alkyle

ayant 1 & 3 atomes de carbone, en présence d'une base dans un solvant inerte pour produire un
composé B-lactame représenté par la formule (IV) :

R co-y!
\) | x/\ s Y (V)
0o ° - R,

COCJR9

dans laquelle Ry, Rz, Rs, X et Y’ sont tels que définis ci-dessus, et, si on le souhaite, le traitement
du composé résuitant par une combinaison appropriée d'élimination du groupe protecteur du groupe
carboxyle, du groupe protecteur du groupe hydroxyle et/ou du groupe protecteur du groupe amino, de
fagon séquentielle ou simultanée, pour produire le composé de formule (IV) dans laquelle Ry est un
groupe 1-hydroxyéthyle, Rz est un atome d'hydrogéne et/ou Rs est un atome d'hydrogéne ou le
composé de formule (IV) dans lequel le groupe protecteur sur le groupe Y’ est éliminé, et éventuelle-
ment la conversion du composé obtenu en un sel pharmaceutiquement acceptable.

Procédé selon la revendication 1 pour la production d'un composé de formule (i) dans laquelle R

représente un groupe 1-hydroxyéthyle, R. et Rs représentent tous deux des atomes d'hydrogéne, et Y
est un groupe représenté par la formule (2-a) :

R ca
T (2-2)

dans laquelle Rs-, et Rs-, représentent chacun un atome d'hydrogéne, un groupe alkyle ayant 1 &
5 atomes de carbone, un groupe alcényle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un
groupe phénéthyle, un groupe 2-pyridylméthyle, un groupe 3-pyridylméthyle ou un groupe 4-pyridyl-

196



10

156

25

30

35

50

56

I

méthyle, un groupe alkyle ayant 1 3 5 atomes de carbone substitué par un groupe hydroxyle, un
groupe di(Cy-Cs)-alkylamino, un groupe carbamoyle, un groupe aminocarbonyle mono- ou di{(C1-Cs)-
alkyl-substitué ou un groupe carboxyle, ou un groupe pyridyle, ou Rs-, et Rs-, forment ensemble une
chaie alkyléne ou une chaine alkyléne contenant un atome d'oxygéne, un atome de soufre ou un
atome d'azote substitué par un alkyle ayant 1 4 3 atomes de carbone, de fagon & former, avec {'atome
d'azote adjacent, un groupe amino cyclique tri- & heptagonal non substitué ou substitué, dont le cycle
peut contenir une ou des doubles liaisons, le substituant étant un groupe alkyle ayant 1 & 3 atomes de
carbone, un groupe carbamoyle, un groupe carboxylique, un groupe aminocarbonyle mono- ou di(Cs-
Cs)-alky!l-substitué ou un groupe hydroxyle ; ou un groupe représenté par la formule (4-a) :

EP 0 126 587 B1

-NHORg-,  (4-a)

dans laquelle Rg-, représente un atome d'hydrogéne ou un groupe alkyle ayant 1 & 3 atomes de
carbone.

Procédé selon la revendication 1 pour la production d'un composé de formule (l) dans laquelle Ry

représente un groupe 1-hydroxyéthyle ; R: et Ry représentent tous deux des atomes d'hydrogéne et Y
est un groupe représenté par la formule (2-b) :

Rs,
N7 (2-b)
SR,

dans laquelle Rs-), 6t Rg—, représentent chacun un atome d’hydrog&ne, un groupe alkyle ayant 1 &
5 atomes de carbone, un groupe alcényle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un
groupe phénéthyle, un groupe 2-pyridyiméthyle, un groupe 3-pyridylméthyle ou un groupe 4-pyridyl-
méthyle, un groupe alkyle substitué ayant 1 & 5 atomes de carbone, le substituant étant un groupe
hydroxyle, un groupe di(Cs-Cs)-alkylamino, un groupe carbamoyle, un groupe aminocarbamoyle mono-
ou di{C1-Ca)-alkyl-substitué ou un groupe carboxyle, ou un groupe pyridyle, ou Rs_p, 6t Rg_p, forment
ensemble une chahe alkyléne ou une chaine alkyléne contenant un atome d'oxygéne, un atome de
soufre ou un atome d'azote substitué par un alkyle ayant 1 & 3 atomes de carbone, de fagon 3 former,
avec |'atome d'azote adjacent, un groupe amino cyclique tri- & heptagonal non substitué ou substitué,
dont le cycle peut contenir une ou des doubles liaisons, le substituant étant un groupe alkyle ayant 1 &
3 atomes de carbone, un groupe carbamoyle, ou un groupe hydroxyle ; ou un groupe représenté par la
formule (4-a) :

-NHORq-,  (4-a)

dans laquelle Rg-4 représente un atome d'hydrogéne ou un groupe alkyle ayant 1 3 3 atomes de
carbone.

Procédé selon la revendication 1 pour la production d'un composé de formule (l), dans laquelle R,
représente un groupe 1-hydroxyéthyle ; Rz et Ra représentent tous deux des atomes d'hydrogéne ; et
Y est un groupe représenté la formule (2-c) :

— N (2-c)

dans laquelle Rs-¢ et Rg- ont une des significations suivantes :
(1) Rs-¢ représente un groupe alkyle ayant 1 & 5 atomes de carbone qui peut &tre substitué par un
groupe carbamoyle, un groupe mono- ou di-(Cy-Cs)-alkylaminocarbonyle ou un groupe hydroxy, ou
un groupe pyridyle, et Re- représente un atome d'hydrogéne ou a la m8me définition que celle
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donnée pour Rs— ;
(2) Rs- ot Rg— forment ensemble une chalne alkyléne de fagon & constituer, avec I'atome d'azote
adjacent, un groupe amino cyclique saturé 2 4 & 6 cStés, non substitué ou substitué, ou un groupe
amino cycliqgue & 5 ou 6 cotés, non substitué ou substitué, dont le cycle contient une ou des
doubles liaisons, le substituant du cycle amino cyclique étant un groupe carbamoyle ou un groupe
hydroxyle; et
(3) Rs—c ot Rg— forment ensemble une chaine alkyléne contenant un atome d'oxygéne ou un atome

d'azote substitué par un alkyle ayant 1 3 3 atomes de carbone de fagon & constituer, avec I'atome
d'azote adjacent, un groupe amino cyclique 3 6 cbtés.

6. Procédé selon la revendication 3 pour la production d'un composé de formule (I), dans laquelle Y est
un groupe représenté par la formule :

RS-d
N <
Rﬁ-d

dans laquelle Rs—q4 représente un atome d'hydrogéne ou un groupe méthyle et Re. 4 représente un
groupe de formule :

o
I

RL'

| R
/a

SCH-C- N

\Rh

dans laquelle R,, Ry, ot R, représentent chacun un atome d'hydrogéne ou un groupe méthyle.

6. Procédé selon la revendication 3 pour la production d'un composé de formule (I), dans laquelle Y est
représenté par la formule :

/1
N

ou -

7. Procédé selon une quelconque des revendications 1 & 6 pour la production d'un composé de formule
(l), dans laquelle X représente

LH-
Rs étant un atome d'hydrogéne ou un groupe alkyle ayant 1 & 3 atomes de carbone.

8. Procédé selon la revendication 7 pour la production d'un composé de formule (l), dans laquelle X
représente
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CH,
LH-.

9. Procédé selon la revendication 7 pour la production d'un composé de formule (f), dans laquelle Ry est
un atome d'hydrogéne.

10. Composé selon une quelconque des revendications 1 & 6 pour la production d'un composé de formule
10 (1), dans laquelle X est un atome de soufre.

11. Procédé selon la revendication 1 pour la production du composé (SR) du composé selon une
gusiconque des revendications 1 & 6 et 10, représenté par la formule :

15 (0]:1
//L\\ s coy
G
N
o COOR,

25 12. Procédé selon la revendication 1 pour la production du composé (S5R) du composé selon une
quelconque des revendications 1 2 7 et 9, représenté par la formule :

OE
30 )\ coy
~
| y/ S </N ~
07 R2
% COOR3

13. Procédé selon la revendication 1 pour la production du composé (5S) du composé selon une
40 quelconque des revendications 1 & 8, représenté par la formule :

45

50

dans laquelle Rs est un groupe alkyle ayant 1 & 3 atomes de carbone.
55 14. Procédé selon la revendication 1 pour la production de I'acide (5R)-3-[2-(diméthylaminocarbonyl)-

pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-&ne-7-one-4-thia-2-carboxylique, ou d'un
de ses sels pharmaceutiquement acceptables non toxiques.
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Procédé selon la revendication 1 pour la production de I'acide (SR)-3-[2-((1-pyrrolidino)carbonyl)-
pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-2ne-7-one-4-thia-2-carboxylique, ou d'un
de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5R)-3-[2-carbamoylpyrrolidin-4-yithio]-6-
(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-&ne-7-one-4-thia-2-carboxylique, ou d'un de ses sels phar-
maceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5R)-3-[2-(diméthylaminocarbonyl)-
pyrrolidin-4-ylthio}-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]Jhept-2-&ne-7-one-2-carboxylique, ou d'un de
ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (S5R)-3-[2-((1-pyrrolidino)carbonyl)-
pyrrolidin-4-yithio}-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou d'un de
ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de Il'acide (SR)-3-[2-((1-pyrrolin-3-yl)carbonyl)-
pyrrolidin-4-ylthio]-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-8ne-7-one-2-carboxylique, ou d'un de
ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de l'acide (5R)-3-[2-((1-azétidino)carbonyl)-
pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]Jhept-2-8ne-7-one-2-carboxylique, ou d'un de
ses sels pharmaceutiqguement acceptables non toxigues.

Procédé selon la revendication 1 pour la production de I'acide (5R)-3-[2-((3-hydroxy-1-pyrrolidino)-
carbonyl) pyrrolidin-4-ylthio]-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-&ne-7-one-carboxylique, ou
d'un de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de [I'acide (5R)-3-[2-((2-hydroxyéthyl)-
méthylaminocarbonyl) pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-3-8ne-7-one-2-car-
boxylique, ou d'un de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5R)-3-[2-(1-morpholinocarbonyl)-
pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-8ne-7-one-2-carboxylique, ou d'un de
ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5R)-3-[2-(1-N-méthylpipérazinocarbo-
nyl)pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0hept-2-&ne-7-one-2-carboxylique, ou d'un
de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5R)-3-[2-carbamoylpyrrolidin-4-yithio}-6-
(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-&ne-7-one-2-carboxylique, ou d'un de ses sels pharmaceuti-
quement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de l'acide (SR)-3-[2-(4-pyridylaminocarbonyl)-
pyrrolidin-4-ylthio]-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-2ne-7-one-2-carboxylique, ou d'un de
ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5S)-3-[2-(diméthylaminocarbonyi)-
pyrrolidin-4-ylthiol-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-&ne-7-one-2-carboxylique, ou
d'un de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5S)-3-[2-((1-pyrrolidino)carbonyl)-
pyrrolidin-4-yithiol-4-méthyl-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-&ne-7-one-2-carboxylique, ou
d'un de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5S)-3-[2-((1-pyrrolin-3-yl)carbonyl)-
pyrrolidin-4-ylthio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou
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d'un de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5S)-3-[2-((1-azétidino)carbonyl)-
pyrrolidin-4-ylthio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-&ne-7-one-2-carboxylique, ou
d'un de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de I'acide (5S)-3-[2-((3-hydroxy-1-pyrrolidino)-
carbonyl) pyrrolidin-4-yithio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0Jhept-2-2ne-7-one-2-car-
boxylique, ou d'un de ses sels pharmaceutiquement acceptables non toxiques.

. Procédé selon la revendication 1 pour la production de [I'acide (5S)-3-[2-((2-hydroxyéthyl)-

méthylaminocarbonyl) pyrrolidin-4-ylthio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclof3.2.0]hept-2-&ne-7-
one-2-carboxylique, ou d'un de ses sels pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production de l'acide (5S)-3-[2-(1-morpholinocarbonyl)-
pyrrolidin-4-ylthio]-4-méthyl-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou
d'un de ses sels pharmaceutiquement acceptables non toxiques.

. Procédé selon la revendication 1 pour la production de I'acide (5S)-3-[2-(1-N-méthylpipérazinocarbo-

nyl)pyrrolidin-4-ylthio}-4-méthyl-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-&ne-7-one-2-carboxylique,
ou d'un de ses sels pharmaceutiquement acceptables non toxiques.

. Procédé selon la revendication 1 pour la production de Pacide (6S)-3-[2-carbamoylpyrrolidin-4-ylthio}-4-

méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-&ne-7-one-2-carboxylique, ou d'un de ses sels
pharmaceutiquement acceptables non toxiques.

Procédé selon la revendication 1 pour la production du composé (5R,6S,8R) du composé selon la
revendication 11.

. Procédé selon la revendication 1 pour la production du composé (5R,6S,8R) du composé selon la

revendication 12.

Procédé selon la revendication 1 pour la production du composé (5S,6S,8R) du composé selon la
revendication 13.

. Procédé selon la revendication 1 pour la production du composé (5R,6S,8R) d'un composé selon une

quelconque des revendications 14 & 26.

Procédé selon la revendication 1 pour la production du composé (58,6S,8R) d'un composé selon une
quelconque des revendications 27 & 35.

Procédé selon la revendication 1 pour la production du composé (5R, 68, 8R, 2'S, 4'S) du composé
selon la revendication 11

Procédé selon la revendication 1 pour la production du composé (5R, 6S, 8R, 2'S, 4'S) du composé
selon la revendication 12

Procédé selon la revendication 1 pour la production du composé (5S, 6S, 8R, 2'S, 4'S) du composé
selon la revendication 13.

Procédé selon la revendication 1 pour la production du composé (5R, 68, 8R, 2'S, 4'S) d'un composé
selon une quelconque des revendications 14 3 26.

Procédé selon la revendication 1 pour la production du composé (5S, 6S, 8R, 2'S, 4'S) d'un composé
selon une quelconque des revendications 27 & 35.

Procédé selon la revendication 1 pour la production du composé (4R, 5S, 6S, 8R, 2'S, 4'S) d'un
composé selon une quelconque des revendications 3 & 8 et 27 & 35.
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47. Procédé pour la production d'une composition pharmaceutique qui comprend la combinaison en tant
que principe actif d'une quantité pharmaceutiquement efficace d'au moins un des composés selon la
revendication 1 et d'au moins un support inerte ou un diluant pharmaceutiquement acceptable.

48. Utilisation du composé selon la revendication 1 en tant qu'agent antimicrobien.

49. Procédé selon la revendication 1 pour la préparation d'un composé de g-lactame de formule :

OoH

2 lele) 4
W, s-(:;“s
e -

CoCcr

dans laquelle Y est choisi dans le groupe comprenant

NH2 s
-}lIA/OH ’
Chs
-NHCH2CONH;,

e coy . . -0 ““505'

==

/ \ / N -
— g, -y N-C’-.:3 , ..g/y) -z;;/bN(C:._.‘)z,

CE,

-NCE,CCNECZ3, = NCE,CONECE,, - N coNEy
E | : >

C=,

et de ses sels pharmaceutiquement acceptables.
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50. Procédé selon la revendication 1 pour la production d'un composé 8-lactame de formule :

"EP 0 126 587 B1

OH

}\ﬂ_ S _<:,-;::on:-:=2

07 ¥ 7 coox,

et do ses sels pharmaceutiquement acceptables.

51. Procédé selon la revendication 1 pour la production d'un composé g-lactame de formule :

077 coos

et de ses sels pharmaceutiquement acceptables.

52. Procédé selon la revendication 1 pour la production d'un composé g-lactame de formule :

et de ses sels pharmaceutiquement acceptables.
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53. Procédé selon la revendication 1 pour la production d'un composé -lactame de formule :

dans laquelle Y est choisi dans le groupe comprenant

(04
- N / .
O et -NQ

ot de ses sels pharmaceutiquement acceptables.

54. Procédé selon la revendication 1 pour la production d'un composé g-lactame de formule :

et de ses sels pharmaceutiquement acceptables.

~CoY

l

NH

OB
|
-N/l/

55. Procédé selon la revendication 1 pour la production d'un composé g-lactame représenté par la formule

R
1 |= X < _Crcoy
N
P ] / L\
o d
Ry
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dans laquelle R; représente un groupe 1-hydroxyéthyle ou un groupe 1-hydroxyéthyle dans lequel
le groupe hydroxy est protégé par un groupement protecteur pour un groupe hydroxy ; Rz représente
un atome d'hydrogéne ou un groupement protecteur pour un groupe amino ; Rs représente un atome
d'hydrogéne ou un groupement protecteur pour un groupe carboxyle ; X représente un atome de
soufre et Y représente un groupe de formule (2) :

'EP 0 126 587 B1

R,
NS @)
NR
é

dans laquelle Rs et Rs, qui peuvent 8tre identiques ou différents, représentent chacun un atome
d'hydrogéne, un groupe alkyle ayant 1 & 5 atomes de carbone, un groupe alcényle ayant 3 ou 4
atomes de carbone, un groupe benzyle, un groupe phénéthyle, un groups 2-pyridylméthyle, un groupe
3-pyridyiméthyle ou un groupe 4-pyridyiméthyle, un groupe alkyle substitué ayant 1 & 5 atomes de
carbone dans lequel le substituant est choisi dans le groupe constitué par un groupe hydroxyle, un,
groupe di(C1-Ca)-alkylamino, un groupe carbamoyle, un groupe mono- ou di(C1-Cz)-alkylaminocarbony-
le et un groupe carboxyle protégé ou non protégé ou un groupe pyridyle ; ou Rs et Rg forment
ensemble une chahe alkyléne ou une chaine alkyléne contenant un atome d'oxygéne, un atome de
soufre ou un atome d'azote substitué par un alkyle ayant 1 & 3 atomes de carbone, de fagon 2 former,
avec I'atome d'azote adjacent, un groupe amino cyclique tri- & heptagonal non substitué ou substitué,
dont le cycle peut contenir une ou des doubles liaisons, le substituant étant choisi parmi un groupe
alkyle ayant 1 & 3 atomes de carbone, un groupe carbamoyle, un groupe mono- ou di(Ci1-Cs)-
alkylaminocarbonyle et un groupe hydroxyle,

ou un groupe de formule (4) :

-NHORs (4)
dans laquelle Rs représente un atome d'hydrogéne, un groupement protecteur pour un groupe

hydroxyle ou un groupe alkyle ayant 1 & 3 atomes de carbone, et de ses sels pharmaceutiquement
acceptables.
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