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Description 

This invention relates to novel p-lactam compounds and a process for producing the same. More 
particularly, this invention relates to novel P-lactam compounds which are carbapenem or penem derivatives 

5 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 
10 formula 

15 

20 

25 

30 

35 

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 

tll. (,).._ 

n"'~S\.-ll.'3 

0 -<'~u. 
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 

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

55 

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 carbonyl 
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. 

3 
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The present invention relates to novel carboxylic ,6-lactam compounds represented by the formula (I): 

5 

(I) 

10 

wherein R1 represents a 1-hydroxyethyl group or a 1-hydroxyethyl group in which the hydroxy group is 
15 protected with a protecting group; Ra represents a hydrogen atom or a protecting group for an amino group; 

Ra represents a hydrogen atom or a protecting group for a carboxyl group; X represents a substituted or 
unsubstituted methylene group of the formula (1 ): 

20 

30 

35 

R4 
I 

- c - (1) 
I 
H 

wherein ~ 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): 

(2) 

wherein Rs and A;, 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-pyridylmethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group, a substituted alkyl 

40 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(C1 -a)alkylaminocarbonyl group and a protected or 
unprotected carboxyl group or a pyridyl group, or Rs and A; taken together represent an alkylene chain or 
an alkylene chain containing an oxygen atom, a sulfur atom or a (C1 -Ca)alkyl-substituted nitrogen atom to 
form, together with the adjacent nitrogen atom, a substituted or unsubstituted 3- to 7-membered cyclic 

45 amino group which may contain double bond(s) in its ring, wherein the substituent is selected from a 
(C1 -a)alkyl group, a carbamoyl group, a mono- or di(C1 -a)alkylaminocarbonyl group and a hydroxy group; 

50 

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 (I), the protecting group for a hydroxyl group as represented by R1 and 
55 the protecting group for an amino group as represented by Ra may be any of those commonly employed. 

Preferred examples of these protecting groups include a lower alkoxycarbonyl group, e.g., !-butyloxycar­
bonyl; a halogenoalkoxycarbonyl group, e.g., 2-iodoethyloxycarbonyl or 2,2,2-trichloroethyloxycarbonyl; an 
aralkyloxycarbonyl group, e.g., benzyloxycarbonyl, E-methoxybenzyloxycarbonyl, _Q-nitrobenzyloxycarbonyl 
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or _e-nitrobenzyloxycarbonyl; and a trialkylsilyl group, e.g., trimethylsilyl or !·butyldimethylsilyl. 
The protecting group for a carboxyl group as represented by Ra may be any of those commonly 

employed and preferred; examples are straight or branched chain lower alkyl groups, e.g., methyl, ethyl, 
isopropyl, or !·butyl; halogeno lower alkyl groups, e.g., 2-iodoethyl or 2,2,2-trichloroethyl; lower alkox· 

5 ymethyl groups, e.g., methoxymethyl, ethoxymethyl or isobutoxymethyl; lower aliphatic acyloxymethyl 
groups, e.g., acetoxymethyl, propionyloxymethyl, butyryloxymethyl, or pivaloyloxymethyl; Hower alkoxycar· 
bonyloxyethyl groups, e.g., 1 ·methoxycarbonyloxyethyl or 1 ·ethoxycarbonyloxyethyl; aralkyl groups, e.g., £· 
methoxybenzyl, ~-nitrobenzyl, £·nitrobenzyl, a benzhydryl group and a phthalidyl group. 

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

When Y is an amino group represented by the formula (2), Rs and F\ may be the same or different 
from each other. In the definition of Rs and Ai;, the alkyl group having 1 to 5 carbon atoms includes e.g., 
methyl, ethyl, .!!·propyl, isopropyl, ,!!·butyl or !·butyl, the alkenyl group having 3 to 4 carbon atoms includes, 
for example, propenyl or butenyl. Rs and A& further include a benzyl group, a phenethyl group, a 2· 

15 pyridylmethyl group, a 3-pyridylmethyl group or a 4-pyridylmethyl group; in the definition of Rs and A&, the 
substituted alkyl 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 carbamoyl group, a mono· or di·(C1 ·Ca) alkyl-substituted aminocarbonyl 
group, a protected or unprotected carboxyl group or a like substituent; and the pyridyl group includes 2· 

20 pyridyl, 3-pyridyl and 4-pyridyl groups. 
In cases where Rs and A& jointly represent an alkylene chain or an alkylene chain containing an oxygen 

atom, a sulfur atom or a (C1 ·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, the cyclic amino group includes, for example, a saturated cyclic amino group, e.g. an 

25 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·methylpiperazino 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·(C1 ·Ca)alkyl-substituted 

30 aminocarbonyl group or a hydroxyl group. 
In cases where Y is represented by the formula (4), Ra 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 
35 group as represented by ·COORa 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. 

40 The preferred compounds of the formula (I) are those wherein R1 is a 1-hydroxyethyl group; R2 and Ra 
are both hydrogen atoms; and Y is a group represented by the formula (2-a): 

45 (2-a) 

wherein Rs-a and Rs-a each represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, an 
50 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·Ca)alkylamino group, a carbamoyl group, a mono- or di·(C1·Ca)· 
alkyl-substituted aminocarbonyl group or a carboxyl group, or a pyridyl group, or Rs-a and Re-a jointly 
represent an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom or a (C1 ·Ca)· 

55 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 ·Ca)alkyl group, a carbamoyl group, a 
carboxyl group, a mono· or di·(C1 ·Ca) alkyl-substituted aminocarbonyl group or a hydroxyl group; or a 

5 
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group represented by the formula (4-a): 

• NHORe-a (4-a) 

5 wherein Ra-a represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 

~-

10 

The more preferred compounds of the formula (I) are those wherein R, is a 1-hydroxylethyl group; ~ 
and Ra are both hydrogen atoms, and Y is a group represented by the formula (2-b): 

/RS-b 
- N 

'R6-b 
(2-b) 

15 wherein Rs-band Re-beach 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·Ca)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-b and Re-b jointly 

20 represent an alkylene chain or alkylene chain containing an oxygen atom, a sulfur atom or a (C1 -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): 

25 

30 

35 

45 

60 

55 

• NHORa-a (4-a) 

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

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

wherein Ra. Rb and R0 each represents a hydrogen atom or a methyl group. 
Other preferred examples of Y comprise a group of the formula: 

-() or 

The most preferred compounds of the formula (I) are those wherein R, is a 1-hydroxyethyl group; ~ 
and Ra are both hydrogen atoms; and Y is a group represented by the formula (2-c): 

6 
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(2-c) 

v wherein R&-c and Re-c have one of the following meanings: 

'--._J' 

(1) R&-c represents an alkyl group having 1 to 5 carbon atoms which may be substituted with a 
10 carbamoyl group, a mono- or di-(C1 ·Ca)alkylaminocarbonyl group or a hydroxyl group, or a pyridyl 

group, and Re-c represents a hydrogen atom or has the same meaning as described for R&-c: 
(2) Rs-c and Re-c 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 

15 saturated or unsaturated cyclic amino group as described above but having a substituent on its ring, 
such as a carbarnoyl group or a hydroxyl group, and 
(3) Rs-c and Re-c jointly represent an alkylene chain containing an oxygen atom or a (C1-Ca)alkyl­
substituted nitrogen atom to form, together with the adjacent nitrogen atom, a 6-membered cyclic amino 
group. 

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

25 

30 

35 

40 

45 

50 

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

R4-a 
I - c -
I 
H (1-a) 

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

CH3 
I 

- c -
I 
H 

being particularly preferred. 
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 

55 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 

7 
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OB 

COOR3 

wherein Y, ~ and Ra are as defined above. 
Preferred compounds are also (58)-compounds. more preferred are (58,68,SR)-compounds and most 

preferred are (58,68,SR,2'8,4'8)-compounds of the formula 

COY 
fr" 

S~ N 

"" 'a 2 
COOR3 

wherein Y, ~ and Ra are as defined above and A4 is an alkyl group having one to three carbon atoms. 
Especially preferred compounds are: 

1.*) (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; 
2. *) (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; 
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; 
4.*) (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. *) (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; 
6.*) (5R)-3-[2-((1-Pyrrolin-3-yl)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; 
7.*) (5R)-3-[2-((1-Azetidino )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; 
8. *) (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; 
9. *) (5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrroldin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-3-ene-7-one-2-carboxylic acid, or a non-toxic pnarmaceutically acceptable salt thereof; 
1 O.*) (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; 
11.*) (5R)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio J-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-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; 
13.*) (5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-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. *) (58)-3-[2-((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; 
16.*) (58)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio J-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; 

8 
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17 .") (58)-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; 
18. ") (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 

5 thereof; 
19.") (58)-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 salt 

··._/ thereof; 
20.") (58)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]-

10 hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof; 
21.") (5$)-3-[2-(1-N-Methylpiperazinocarbonyl)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; 
22. ") (58)-3-[2-Carbamoylpyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-

15 one-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof. 
The compounds 1* to 13* with (5R,68,8R)-configuration are more and with (5R,68,8R,2'8,4'8)-configura­

tion are most preferred. Also the compounds 14* to 22" with (58,68,SR)-configuration are more and with 
(58,68,SR,2'8,4'8)-configuration are most preferred. Furthermore, subject matter of the present application 
are the following ,6-lactam compounds: 

20 • A ,6-lactam compound of the formula: 

25 

30 

wherein Y is chosen from the group consisting of -NH2, 

35 

40 

45 

50 

55 
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-r-~CON!lz· - 0. . - O· 
CH3 

~OH 
-NV , 

{\ 
- NJ-CH3 / -H~, 

H 
-N~NCCH3~1 2 1 

I . 

-MCH2CONHCH3, 
H 

and the pharmaceutically acceptable saHs thereof. 
A P-lactam compound of the formula: 

OH 

C!!3 

5 
~co~~e2 
--VNH 

COCH. 

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

OH 

s 

0 COOH 

~CON~ 
- \_:~a ~ 

' 

50 and the pharmaceutically acceptable salts thereof. 

55 
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. A ti-lactam compound of the formula: 

OH 
6 

I 
s••···Cr COY 

N--

10 
0 OOH 

wherein Y is chosen from the group consisting of 

15 OH n 
~ 

20 and the pharmaceutically acceptable salts thereof. 

25 

30 

35 

40 

45 

60 

55 

A ti-lactam compound of the formula: 

OH 
11 . <J ....... coY 

. I S 

h H 
N~COOH 

0 

wherein Y is chosen from the group consisting of 

and -Oas 
and the pharmaceutically acceptable salts thereof. 
A ,e-lactam compound of the formula: 

O' N 

wherein Y is selected from the group consisting of 

11 

·at''COY 
s •····. ,. 

NH 

COCH 
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0·-0· O· CH3 
and I ~OH 

-N 
5 

·'---"'· and the pharmaceutically acceptable salts thereof. 

''---"' 

10 

15 

20 

25 

30 

35 

40 

45 

A tHactam compound represented by the formula: 

Rlr----r=r-X S _/y.COY 

o~J-;; ~~ ...... 
R . COOR3 2 

wherein R1 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; ~ represents a hydrogen atom or a 
protecting group for an amino group; Ra 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): 

I 
Rs 

N (2) 

' R6 

wherein Rs and Ai;, 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-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 -Ca)-alkylamino, carbamoyl, mono- or di-(C1 -Ca)alkyl-substituted 
aminocarbonyl and protected or unprotected carboxyl or a pyridyl group, or Rs and Ai; taken together 
represent an alkylene chain or an alkylene chain containing an oxygen atom, a sulfur atom or a (C1 -
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 the ring 
thereof, wherein said substituent is selected from the group consisting of C1 -Ca alkyl, carbamoyl, 
mono- or di-(C1 -Ca)alkyl-substituted aminocarbonyl and hydroxyl, 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 a pharmaceutically acceptable salt thereof. 

The ,6-lactam compounds represented by the formula (I) according to the present invention are novel 
50 compounds which are carbapenem ~.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. 

55 

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

12 
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Of the ,e-lactam compounds of the formula (I), compounds represented by the formula (IV): 

(IV) 

wherein R1 , A2 and X are as defined above; Ag 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 
(4'): 

20 • NHORa' (4') 

25 

30 

35 

45 

50 

wherein Ra' represents a protecting group for a hydroxyl group or an alkyl group having 1 to 3 carbon 
atoms, . 
can be prepared by reacting a ,8-lactam derivative represented by the formula (II): 

a, 

ll<z (II) 

0 
_,-N 

cooa
9 

wherein R1 , X and Ag 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 (Ill): 

HS 
(III) 

wherein A2 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 

55 ester or a halide, i.e., an ester with a hydrogen halide, of the alcohol represented by the formula (II). The 
substituted or unsubstituted arylsulfonate includes, for example, a benzenesulfonate, a e·toluenesulfonate, a 
e·nitrobenzenesulfonate or a £!·bromobenzenesulfonate. The lower alkanesulfonate includes, for example, a 
methanesulfonate 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 chloride, a bromide or an iodide. Of these reactive esters of 
an alcohol, preferred examples are a .e-toluenesulfonate, a methanesulfonate and a diphenylphosphoric acid 
ester. 

s 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 

·-...J atoms, a lower alkoxycarbonyloxy group having 2 to 5 carbon atoms, a lower alkanoyloxy group having 2 to 
5 carbon atoms, an amino group, a mono- or di-lower alkylamino group, a lower alkanoylamino group 

10 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, 
15 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 !·butoxide, pyridine, various 
lutidines, 4-dimethylaminopyridine, triethylamine, diisopropylethylamine and the like, with the organic bases, 

20 e.g., diisopropylethylamine 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 (Ill). 
The mercaptan derivative (Ill) 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 
25 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 

30 reaction for removal of the hydroxyl-protecting group when R1 contains a protected hydroxyl group, a 
reaction for removal of the amino-protecting group, a reaction for removal of the carboxyl-protecting group 
A!!. a reaction for removal of the protecting group on Y', or an appropriate combination thereof, thereby to 
obtain the .6-lactam compound represented by the formula (I). 

The reactions for removal of the protecting groups can be carried out by generally known methods 
35 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 A2 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 

40 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 benzhydryl group. Solvents to be used in 
the catalytic reduction suitably include organic solvents, such as lower alcohols, e.g., methanol or ethanol; 

45 ethers, e.g .. tetrahydrofuran or dioxane; and acetic acid, or mixed solvents of these organic solvents and 
water or buffer solutions, such as phC>Sphoric acid, morpholinopropanesulfonic acid. The reaction can be 
conducted at a temperature of from about O • 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 ~-nitrobenzyl group or an ~-nitrobenzylox-
50 ycarbonyl group, these groups can also be removed by photo reaction. 

55 

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

14 
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5 

{V) 

10 

wherein ~, Rs, X and Y are as defined above, and R1 o represents a hydrogen atom or a protecting group 
15 for a hydroxyl group, 

the 4-position of the compounds represented by the formula (VI): 

20 

(VI) 

25 

30 wherein R1 , ~, Ra, ~ and Y are as defined above, and ~ is an alkyl group, 
and the 2'- and 4'-positions in the 3-side chain of the compounds of the formula (I), (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 

35 present invention is not limited by such a single formula. 
However, preferred isomers can include those having the same relative-configuration as thienamycin at 

the 5-positioned carbon atom. With respect to the 8-positioned carbon atom of the formula (V), those having 
an A-configuration are preferred. Further, with respect to the 4-position of the formula (VI), those wherein 
the lower alkyl group as represented by~ is in an A-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 (5S,6S,8R, 2'S,4'S)-configuration, and those com-

45 pounds of the formula (VI) wherein R1 is a 1-hydroxyethyl type substituent and ~ 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 (II) and/or (Ill) having the corresponding configurations. 

The starting compounds (II) can be prepared according to various known methods. For example, the 
50 compounds represented by the formula (VII): 

55 
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(VII} 

wherein A4. R9 and R1 o are as defined above, and Zo represents a reactive ester group of an alcohol, and 
also wherein A4 is a hydrogen atom are known per se in (1) Japanese Patent Application OPI (Open to 

15 Public Inspection) No. 27169/80, (2) J. Am. Chem. SoC.:-Vol. 103, 6765-6767 (1981) and (3) J. Chem. Soc., 
Perkin I, 964-968 (1981) and the compounds (VII) can be obtained according to the methods described in 
the above-described literatures (1) to (3). 

20 

25 

30 

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): 

OAc 

(a) 

~H 

wherein R1 o 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. 

35 Furthermore, the compounds (VII) can also be obtained by subjecting a compound represented by the 

40 

45 

formula (b): 

0 

COOH 

A---N 
"-oAM 

wherein DAM represents a di-p-anisylmethyl group, 

(b) 

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, 

50 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): 

55 
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(c) 

wherein R, o and DAM are as defined above, 
and then obtaining the compound (VII) from the compound (c) in accordance with the method described in 
Japanese Patent Application OPI No. 167964182. 

15 The DAM group on the nitrogen atom in the compound (c) can be removed by reacting with eerie 
ammonium nitrate in an inert solvent such as acetonitrile-water at 1 O 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 (VII) wherein A4 is an alkyl group can be prepared by, for 
20 example, the known method as disclosed in Japanese Patent Application OPI No. 26887/83 or analogous 

methods thereof. 

25 

30 

35 

40 

45 

50 

55 

Compounds of the formula (VIII): 

COCH 
(VIIIJ 

wherein R1 o is as defined above and A4 ° represents an alkyl group having 1 to 3 carbon atoms, 
which can be used as a starting material for preparing the compound (VII) wherein A4 is an alkyl group, can 
be produced, for example, according to the following reaction scheme: 

17 
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OTBDMS 

) .... r(OAc 

0)-~~ 
(d) 

J~..,.D-M_S __ 

ooa
11 

~ 
0 

(e) 

+ 

> 

J.~~,_M_S_.,_.~o40 

0 

{f) 

wherein A4. 0 is as defined above; R, , represents a protecting group for a carboxyl group; and TBDMS 
25 represents a t-butyldimethylsilyl group. 

30 

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-(!-butyldimethylsilyloxy)ethyl]-2-azetidinone of the formula (d) disclosed in Chem. Pharm. Bull., Vol. 
29, 2899-2909 (1981) with a halogenofatty acid ester represented by the formula: 

A4. °CHX'-COOR11 

wherein A4. 0 and R, , 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 

35 (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 (e) and (f) can be carried out by silica gel column 
chromatography. 

The compounds (e) and (f) can be led to the compound (VIII) by appropriately combining reactions for 
40 protecting or deprotecting the hydroxyl group, the carboxyl group or the nitrogen atom. 

45 

50 

55 

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

0 0 
OR10 OR10 R4 , 

COOH / 
) 

N' . N 
0 H "-a 

(g) (h) 

18 
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t> 
OR10 N2 

A 5 
OOR9 

0 ~ 
10 

0 (i) 0 
OR10 R4 OR10 

I /J=N 0 
15 11/0Ph NYO )" -p 

'-..oPh 

o? 0 
COOR9 20 

COOR9 
(j) (VII-a) 

25 wherein A4. Rs and R10 are as defined above; R10° 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 OPI No. 167964182 or Heterocycles, Vol . 

. ..,__,., 14, 1305-1306 (1980). 
30 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 to obtain the compound (j). 
Finally, the compound 0) is reacted with diphenyl-phosphoryl chloride in an inert solvent in the 

35 presence of a base such as diisopropyl ethyl amine or 4-dimethylaminopyridine to obtain the compound of 
the formula (VII-a). 

In general, the starting compound (VII-a) as prepared from the compound (j) is subsequently subjected 
to the reaction with various mercaptans without being isolated to produce carbapenem derivatives, but the 
starting compound (VII-a) may also be once isolated from the reaction mixture and then reacted with the 

40 mercaptan derivative (Ill) to obtain the desired compound of the formula (IV). 
Optically active reactive esters, for example, the compound (VII-a), can be obtained in the same manner 

as described above but starting with the a-lactam derivative (g) having the corresponding steric configura­
tion. 

Further, of the above-described compounds of the formula (II), the compounds, for example, of the 
45 compound (IX): 

Rlnj 0 
50 1' 

S -R12 {IX) 

0 
55 

COOR9 
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wherein R, . and Rs are as defined above, and R, 2 represents a substituted or unsubstituted lower alkyl 
group, 
can be prepared by subjecting a compound of the formula (X): 

a,11 
OJ_N~S -R12 (X) 

' COORg 

wherein R, , Rs and R, 2 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. 9034180, 
105686/80 and 81591 /81. 

On the other hand, the starting mercaptan derivative of the formula (Ill) can be prepared by various 
25 methods. For example, mercaptan derivatives (Illa), (lllb) and (Ille) having a 2'S-configuration can be 

obtained from trans-4-hydroxy-L-proline (i) in accordance with the reaction scheme shown below: 

30 

35 

40 

45 

50 

55 
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HO 

> 
Step A 

(ii) 
R13 

()-cooa11 
I 

R14Str 

__ ......,.) . N OOR11 
Step C 

R13 (iii) 

R14Sh 

~;--acooa 
; 
R13 (v) 

HS 

I 
R13 (iv) 

b~CON/S 
N/ 'a 
I 6 

a, 3 (IIIa) 
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H0 11 
HO 

.... 

(">-coN/Rs 
... 

C)...cooH ) 
(2) 

Step E 'R Step C N I 6 I 
R13 (ii) R13 (vii) 

R14S HS 

OCON/RS (}-coN/Rs 

(3) 

I 
'-R6 Step F 

R13 (.vi) 

HO 
•, 

0.r COOR,, . Step G 

{ix) 

I 
R13 (iii) 

HOh 

'NrcooR,, 

' R1J (ix) 

Step C 
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N '-R6 
I 
R13 (IIIa) 

0 

b-N cooR11---.. 
Step H 

I 
R13 (viii) 

+ (iii) 

HS 

> 

.. 

0-.. CON/RS 
N '-R 
I 6 

Step F 

R1 J (IIIb) 
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HO" OHCO 
-;, 

>~a,, (4) ('rooa11 
) 

Step I Step J N 
I f 
R13 (iii) R13 (xiii) 

HO a14s .• 

(')-cooa11 
C>-cooa11 

:i. 

Step C N Step D 

I f 
R13 (ix) R13 (x) 

a, 4s··~ R 
- 145 •·•. R 
crCOOH ) f\. -coN/ S i Step E "N ~ 'R6 

a, 3 (xi) k (xii) 
HS 13 

OcON/Rs 
i. '-R6 
R13 (IIIb) 

Step F 

Step 

HSh R 

----.) '~. )-- CON/ S 
Step F N 'a 

H 6 
(IIIc) 

In the above formulae, Rs, A& and R11 are as defined above; R1 a represents a protecting group for an 
amino group; and R1 4 represents a protecting group for a thiol group. 

55 Step A: 

The reaction can easily be accomplished by various known methods ge~erally employed for protecting 
an amino group of amino acids, for example, a method comprising reacting with an arylmethyloxycarbonyl 

23 
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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 ~i) with various alkyl halides or aralkyl halides in the presence of a 

. .__,, base. 

10 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 (iii) into an 
active ester of a hydroxyl group and then reacting with various thionizing reagents, e.g., thioacetic acid, 

15 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 diethyl 
azodicarboxylate. 

20 Step D: 

25 

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 

30 an active ester derivative and then treating the resulting ester with an amine represented by the formula: 

35 

wherein Rs and Rs are as defined above. 

40 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. 

45 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. 

50 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 

55 (iii) and (ix) varies depending on reaction conditions, but each compound can be isolated as a single 
compound by purification procedures, such as recrystallization, chromatography or the like. 

lsomerization 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 I and J. 

24 
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Steps I & 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 

5 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 
10 groups, tor 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 (Ill) to be used for the production of the JHactam compounds (I) 

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. 

15 The 2'R-mercaptan (Ill) 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 P-lactam compounds represented by the formula (I) according to the present invention, 
those compounds in which A2 and Ra are hydrogen atoms exhibit excellent antimicrobial activity against a 

20 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 P-lactamase-producing strains. Other compounds according to the 

25 present invention are important intermediates for synthesizing the above-mentioned compounds having 
antimicrobial activity. 

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. 

30 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 

35 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-carboxyethylthio)-2-(2,2-
dimethylcyclopropanecarboxyamido)-2-heptenoate (a series of compounds disclosed in Japanese Patent 

40 Application OPI No. 81518181). 
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: 

45 DAM: Di·(.p-anisyl)methyl group 
TBDMS: !·Butyldimethylsilyl group 
PNZ: .P·Nitrobenzyloxycarbonyl group 
PMZ: .P·Methoxybenzyloxycarbonyl group 
PMB: .P·Methoxybenzyl group 

50 PNB: .P·Nitrobenzyl group 
Ph : Phenyl group 
Ac : Acetyl group 
Ms : Methanesulfonyl group 
tBu: !·Butyl group 

55 Me : Methyl group 
Et : Bhyl group 

25 
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Reference Example 1-1 

HO.. HO '• 

OcOOH ---> ~cooe 
N N 
H I 

PNZ 

6.55 g of trans-+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 1 N 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 ethyl acetate. The ethyl acetate layer was washed with a 2N aqueous solution of hydrochloric 
acid, dried over sodium sulfate and distilled off to remove the solvent. The resulting crude crystals were 
washed with warm ethyl acetate to obtain trans-1-(e-nitrobenzyloxycarbonyl)-4-hydroxy-L-proline. 

25 

30 

35 

40 

Melting Point: 134.3-135.5 • C 

I~ujol (cm-1): 
max 

3300 (br.), 1738, 1660, 1605, 1520, 1340, 1205, 1172, 1070, 965 

Reference Example 1-2 

HO HO,,.._ .. , 

0-COOH crCOOPMB > 
N 

I I 
PNZ PNZ 

15.0 g of trans-1-(E-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 1o•c for 10 hours. The reaction 
mixture was diluted with 500 ml 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-methoxybenzyl ester. -

50 Melting Point: 83-85 • C -

55 

3430, 1735, 1705, 1510, 1340, 1245, 1160 

neat _1 IRmax· (cm ) : 
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Reference Example 1-3 

5 HO, AcS .. 
) ~OOPMB C>-COOPMB 

N 
I 

!Nz 10 PNZ 

8.6 g of trans-1-(1!-nitrobenzyloxycarbonyl)-4-hydroxy-L-proline-p-methoxybenzyl 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-(1!-nitrobenzyloxycarbonyl)-4-acetylthio-L-proline-2-methoxybenzyl ester. 

25 
1740 (sh.), 1715, 1520, 1405, 1348, 1120 

IR neat (cm-1) : 
max 

NMR B (CDCla): 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 

35 

40 

AcS 

0.rcooPMB 
I 
PNZ 

Acs'J--\ 

~----> "- ,>--cooa 
N 
I 
PNZ 

9.76 g of cis-1-(1!-nitrobenzyloxycarbonyl)-4-acetylthio-L-proline-2-methoxybenzyl 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 - -

50 

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

55 

IRNujol (cm-1): 
max 
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> 

AcS 

CrcoNMe2 
. N 

~NZ 

180 mg of cis-1-(E·nitrobenzyloxycarbonyl)-4-acetylthio-L-proline was dissolved in 2 ml of dried 
15 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 (2S,4S)-cis-1-(E-nitrobenzyloxycarbonyl)-2-

20 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 

2s distillation, and the residue was thoroughly dried in vacuo and dissolved in 1 ml of dried tetrahydrofuran. 

30 

Under ice-cooling, 1.2 ml of a 1 M 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 (cm- ) : 

35 1705, 1650, 1515, 1400, 1340, 1105 

40 

45 

50 

NMR 6 (CDCla): 2.32 (3H, s), 2.97 (3H, s), 3.11 (3H, s), 5.21 (2H, s), 8.18 (2H, d, J=8.5Hz) ppm 
[a}3° + 5.21 • (c = 0.379, acetone) 

Reference Example 1-6 

AcS 

Orcooa 
N 
I 
PNZ 

Acs, 

--) ()-. CONO 
N ,O-
J 
PNZ 

2n mg of (2S,4S)-1-e·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 dimethylfor­
mamide were added thereto, followed by stirring at room temperature for 1.5 hours. The reaction mixture 

55 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 

28 
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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 ml 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, 48)-1 ·.e·nitrobenzyloxycarbonyl-2·(1-pyrrolyl)carbonyl-4-acetylthiopyrrolidine. 

1710, 1525, 1345, 1278, 1120 

IR v CHCl 3 (cm - 1 ) : max 

NMR 6 (CDCla): 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 

Acsh 

'--~OOH 
N 

JNZ 

368 mg of (2S,4S)-1 ·.e·nitrobenzyloxycarbonyl-2-hydroxycarbonyl-4-acetylthiopyrrolidine was dissolved 
in 3 ml of dried methylene chloride, and 0.3 ml 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 

30 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 chloride. Separately, 128 mg of 4-carbamoylpiperidine was 
dissolved in 3 ml of dried tetrahydrofuran, and 0.25 ml of bistrimethylsilylacetamide was added to the 
solution, followed by stirring for 3 hours in a nitrogen stream. Then, 101 mg of triethylamine was added 
thereto, and to the resulting mixture was added in a nitrogen stream under ice-cooling a solution of the 

35 above-obtained reaction residue dissolved in 3 ml 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 sulfate and distilled off to remove the solvent. The residue was purified by silica gel thin layer 

40 chromatography to obtain (2S,4S)· 1 ·.e·nitrobenzyloxycarbonyl-2-(4-carbamoylpiperidinyl)carbonyl-4-acetyl­
thiopyrrolidine. 

45 

3440, 1695, 1655, 1525, 1350, 1120 
NMR 6 (CDCla) : 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 

50 

55 

29 
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Reference Example 1-8 

AcS 

(:>-coNMe2 
I 
PNZ 

HS~ 

---) 'N r CONMe2 

i 
PNZ 

40 mg of (2S,4S)-1-(.p-nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-acetylthiopyrrolidine was dis­
solved in 4 ml of methanol, and 0.1 ml of a 1 N sodium hydroxide aqueous solution was added thereto, 

15 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 (2S,4S)-1-(.p-nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-mercaptopyrrolidine. 

20 

25 

30 

35 

40 

45 

50 

55 

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

IRneat (cm-1) : 
max 

NMR a (CDCla): 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. 

30 
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Referenc~ 
Example No. 

1-9 

1-10 

1-11 

8i ~ 

y 

-N/C2
11

5 
........... 

C2H5 

-N/CH<CH3 

'11 CH3 

-N / CH2CH=CH 
'11 2 

~ 

/ 
\, 

~ 

AcSO-
N 

I 
PNZ 

~ 

Table 1 

COY 

~ .... 
Cft 

Spectral Data 

( 
.... 
Q 

IRVneat (cm-1 ): 1700, 1660(sb), 1520, 1405, 1345, 1115 max 

Cft 

1av:::t (cm-1 ): 3300, 1695, 1655, 1525, 1415, 1348, 1265, 1105 

NMR6 (CDCt 3 ): 1.13(38 1 d, J•6Hz), l.15(3H, a, J•6Hz), 2.34(3H, 
s), S.26(28, s), 7.53(28, d, J•9Hz), 8.21(28, d, 
J=9Hz) 

neat -1 IRVmax (cm ): 1700, 1652, 1518, 1400, 1342, 1110 

m 
"Ill 
0 -~ 
~ 
m -
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Reference 
Example No. 

1-12 

1-13 

l-14 

& ~ 

y 

-N/CH2CONH 
........... 2 

H 

-N/CH2CH20H 

' CHl 

&l 

-N ( ca,ca,n <cal 
CH3 CH3 

( 
( 

~ ~ ~ en ... 
0 

... 
en 

Spectral Data 

neat -1 IRvmax (cm ): 3320, 1680, 1520, 1430, 1405, 1345, 1120 

NMRIS (CDC1
3
): 

m.p. 163-167°C 

2.32(38, s), 5.17(2H, br, s), 7.43(28, d, J•98z) 
8.10(28, d, J=9Hz) 

neat -1 IRvmax (cm ) : 3400 (br), 1685, 1640( sh), 1517, 1403, 1342, 1212 
1115 

NHRIS (CDC1 3 ): 2.33(38, s), 2.97(3H, s), 5.20(28, s), 7.49(28, 
d, J•98z), 8.19(28, d, J•98z) 

neat -1 IRVmax (cm ): 1710, 1660, 1525, 1400, 1345, 1255, 1110 

NMRIS (CDC.t3 ): 2.28(38, s), 2.30(68, s), 2.50(38, s), 5.17 (2B, 
s), 7.42(28, d, J•8.58z), 8.13(28, d, J•8.58z) 

m .,, 
0 .... 
I 
!) 
m .... 
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Reference 
Example No. 

1-15 

1-16 

l-17 

~ a 

y 

-N/CH2Ph 

'cu 3 

-NC> 

-N~ \ ....... l 

&l 

( 

~ ~ ~ ... 
Cll 

Spectral Data 

... 
0 

( 
Cll 

Iav:::t (cm-1 ): 3320, 1700, 1650, 1520, 1405, 1345, 1220, 1110 

NMR6 (Coc.tl): 2.33(3H, s), 2.93(3H, s), S.23(2H, s), 7.27(5H, 
br, S) 

neat -1 lRVmax (cm ): 1710, 1650, 1525, 1425, 1345, 1245, 1025, 962 

NMR6 (CDCl.
3
): l.58(6H, m), 2.32(3H, s), S.22(2H, s) 

IRv:::t (cm-1 ) :· 1710, 1655, 1520, 1430, 1400, 1345, 1115 

NMR6 (CDC1
3
): 2.31(3H, s), 5.20(2H, s), 7.47(2H, d, J•9Hz}, 

8.18(28, d, J•9Hz) 

m 
"a 
0 
..... 
I 
!I 
m -
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Reference 
Example No. 

1-18 

1-19 

1-20 

1-21 

~ t 

y 

" -N N-CH 
\......J 3 

CBl -N.......-
'n-C4H9 

-N,......cs2_() 
' H 

&l 

( 

~ t;l ~ ... 
(II 

Spectral Data 

... 
C) 

( 
(II 

.neat -1 IRVmax (cm ): 1700, 1650(sh), 1520, 1435, 1340, 1290, 1235, 
1110, 1000 

neat -1 IRVmax (cm ): 1710, 1650, 1520, 1350, 1110 

NMR& (CDCl. 3 ): 2.33(3H, s), 4.68(1H, t' J•8Hz), 5 .19(28, s), 
8.18(28, d, J•8Rz) 

Nujol -1 IRVmax (cm ): 3320, 1700, 1660, 1170, 1110 
m.p. 147-149°C 

~N .......-cs2CB2CH2COOPNB neat -1 
" IRVmax (cm ): 1705, 1690, 1520, 1345, 1160, 1110 

H 

NMRcS ( CDCR. 
3 

) : 2.32(38, s), S.22(28, s), 7.50(2H, d, J•8.5Rz)r 
8.19(2H, d, J•8.5Hz) 

m 
"a 
0 .... 
~ 
l; 
m .... 
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Reference 
Example No. 

1-22 

1-23 

1-24 

1-25 

1-26 

& t 

y 

N 
/CH2CONHCH 

- ' 3 H 

/CH2CON(CH ) 
-N 3 2 

'-..,H 

fH3 

-N/CHCONH2 

'-..,H 

r3 
-N/ CHCONHCH 

......... 3 
H 

-N/CH2CONH 

""-cu 
2 

3 

&l 

( 

8 til ~ ... 
OI 

Spectral Data 

... 
Q 

Nujol -1 IRvmax (cm ): 3310, 1710, 1635, 1520, 1170, 1120 m.p. 200-206°c 

neat -1 IR\lmax (cm ): 3400, 1700, 1665, 1525, 1345, 1120 

( 
OI 

NMR6 (CDC.t
3 ): 2.33(3H, s), 7.50(2H, d, J=9Hz), 8.20(2H, d, J•9Hz) 

Nujol -1 IRVmax (cm ): 3400, 3300, 3220, 1700, 1655, 1180, 1110 m.p. 203-209°c 

IRVNujol (cm-1 ): 3300, 1740, 1700, 1650, 1520, 1180 max m.p. 185-188°C 

neat -1 IR\lmax (cm ): 3350, 3230, 1695, 1525, 1410, 1350 

NMR6 ( CDC.t 3 ) : 2.37(3H, s), 3.23(3H, s), 5.20(28, s), 7.50(28, d, J•9Hz), 8.27(2H, d, J•98z) 

m .,, 
() ... 
N 
C» 

~ 
m ... 
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Reference 
Example No. 

1-27 

1-28 

1-29 

t &l 

y 

-N .,....- CH2CONHCH 
.......... 3 

cu3 

-N/CH2CON (CH3) 

'c11 
2 

3 

"s -N 
\._/ 

( 

~ ~ ~ ... 
CJI 

Spectral Data 

... 
Q 

,. 
\ 

en 

CllCt
3 IRVmax (cm-l) 1 3350, 1690, 1660, 1520, 1340, 1120 

NMR6 (CDC1
3

): 2.36(311, s), 3.21(211, s), 5.23(211, s), 6.93(111 
br.s), 7.50(211, d, J=9Hz), 8.25(2H, d, Ja9ffz) 

CHCt3 -l 
IRvmax (cm ): 1700, 1650, 1520, 1340, 1110 

NMR6 (CDCR.3 ): 2.33(30, s), 7.43(2H, d, J•BUz), 8.20(2H, d, J=BHz) 

neat -1 IRVmax (cm ): 1695, 1655, 1525, 1427, 1342, 1250, 1110, 1065, 955 

NMR6 (CDCt3 ): 

•. 

2.32(3H, s), 5.21(2H, s), 7.48(211, d, J•8.5H~), 8.18(2H, d, J•8.5Hz) 

m 
"'111 
0 -~ 
~ 
m -
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Reference 
Example No. 

1-30 

1-31 

1-32 

1-33 

~ t &l 

y 

-NeO 

-na-() 
N 

-NC> 

-<J 

( 

~ ~ ~ ... 
OI 

Spectral Data 

0 

CHCt
3 -1 IRvmax (cm ): 3400, 1700, 1520, 1440, 1345, 1115 

NMR6 (CDC13): 2.33(38, s), 8.20(28, d, J•98z) 
m.p. 150-151°c 

CHC1 
IRvmax 3 (cm-1 ): 3300, 1700, 1525, 1345, 1120 

(_ 

OI 

NHM (CDC1
3
): 2.33(38, s), 5.25(28, s), 7.47(28, d, J•98z), 

8.58(18, d, J•38z), 9.50(18,br.s) 

neat -1 IRvmax (cm ): 1705, 1655, 1520, 1430, 1400, 1342, 1112 

NHR6 (CDC13 ): 2.33(38, s), 5.20(28, s), 7.47(28, d, J•8.58%~ 
.8.17(28, d, J•8.58z) 

CHC1 
IRvmax 3 (cm-1 ): 1705, 1660, 1525, 1345, 1120 

NMR6 (CDC13 ): 2.35(38, s), s.23(28, s), 7.55(2H, d, J•98z) 

m 
"a 
0 .... 
I 
~ 
m ... 
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Reference 
Example No. 

1-34 

1-35 

1-36 

1-37 

8i ~ 

y 

-Q 

-·5' 
/YOH 

-Nv 

-NC] 

ti 

\, 

~ l)l ~ ... 
Cll 

Spectral Data 

(_ ... 
Q 

IRVneat (cm-1 ): 1705, 1640, 1516, 1430, 1400, 1342, 1110 max 

Cll 

NMRt'i (CDC1 3 ); 2.31(3H, s), 4.03(2H, dd, J•6 and 8Hz), 4.53(1H, t, J•8Hz), 5.19(28, s), 7.48(28, d, J•9Hz), 
8.18(28, d, J•98z) 

IRvNujol (cm-1 ): 3430, 1700, 1640, 1345, 1245, 1120 
max m.p. 173-175°C 

IRVcect3 (cm-1 ): 3400, 1700, 1650, 1525, 1345, 1120 max 

NMRt'i (C~C1 3 ) 1 2.33(38, S), 5.17(28, s), 7.47(28, d, J•9Hz), 
8.18(28, d, J•9Hz) 

IRVneat (cm-1 )1 1700, 1640, 1520, 1400, 1335, 1100 max 

NMRt'i (CDC1 3 ): 2.33(3H, s), 5.22(28, s), 7.50(28, d, J•9Hz), 
8.20(2H, d, J=9Hz) 

m .,, 
0 .... 
= en 
!J 
m .... 
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Reference 
Example No. Y 

CHV 
-N 1-38 

1-39 

1-40 

1-41 

Cll
3 

NMe
2 / 

-N•~Me2 

-N=<Nll2 
NH 2 

-OCH3 

&l 

( 

~ tll ~ .. 
Cll 

Spectral Data 

.. 
C> 

( 
Cll 

IRv:::t (cm-1 ): 1710, 1640, 1525, 1345, 1120 

NMR6 (CDCI. 
3
): 2.35(311, s), 5.25(20, s), 7.53(2H, d, J•9Hz), 8.23(211, d, J=9Uz) 

CllCl.3 -l 
IRvmax (cm ): 1700, 1610, 1520, 1400, 1350, 1110 

NMRIS (CDCR.
3 ): 2.33(3H, s), 2.87(611, s), 2.95(611, s), S.25(2U, s), 7.56(2H, d, J=9Hz), 8.22(2H, d, J•9Hz) 

c11c1.
3 

_
1 IRvmax (cm ): 3350, 1705, 1610, 1525, 1345, 1120 

NMRcS (CDC 13 ): 2.33(311, s), 5.23(20, s), 8.15(211, d, J•SHz) 

Nujol -1 IRvmax (cm ): 1750, 1705, 1690, 1523, 1441, 1352, 1226, 117~, 1114 
m.p. 92-93.S°C 

m 
"V 
0 .... 
~ 

! 
m .... 
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Reference 
Example No. 

1-42 

1-43 

.1-44 

1-45 

1-46 

1-47 

~ &l 

y 

-OC2H5 

-NHNH2 

-NHN(CH3 )2 

.,,,,,,.ce3 -N, 
N(CH3) 2 

-NHOPNB 

-NHOCH3 

l:l 

,, 
1,. 

rA ~ ... 
CJI 

Spectral Data 

... 
C) 

( 
CJI 

Nujol -1 IRvmax (cm ): 1748, 1712, 1692, 1524, 1440, 1348, 1223, 1200 
m.p. so-e1.5°c 

tav:!:i01 (cm-1 ): 3200, 1720, 1615, 1520, 1350, 1125 
m.p. 2oe-213•c 

IRvNujol (cm-1 ): 3200, 1710, 1660, 1520, 1340, 1175 
max m.p. 158-159°C 

IRv~::t (~m-1 ): 1715, 1670, 1520, 1340, 1110 

NMRc5 (C~Ct3 ): 2.32(38, s), 5.18(28 1 S) 

IRv::!01 (cm-1 ): 3200, 1730, 1700, 1680, 1520, 1340, 1120 
m.p. 166-167°c 

IRvNujol (cm-1 ): 3240, 1705, 1690, 1520, 1340, 1175 
max m.p. 178-179°C 

m 
-a 
0 -N 
CD 

'3 
m -
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Reference 
Example No. 

1-48 

1-49 

~ t ~ 

y 

-NHO 

-N~ 

( 
( 

~ l'il ~ ... 
Q 

... 
(ft (ft 

Spectral Data 

IRvneat (cm-1 ): 1695, 1595, 1520, 1340, 1180, 1110 max 

NMR\5 (CDCl. 3 ): 2.34(38, s), 5.31(2H, s), 7.42(28, d, J•68z), 
8.48(28, d, J=68z) 

IRvneat (cm-1 ): 1695, 1600, 1520, 1340, 1110 max 

NMM (CDC.t3 ): 2.34(4H, s), 2.39(3H, s), 5.18(28, s), 7.48(2H, 
d, J•8.5Hz), 8.21(28, d, J•B.SHz) 

m 
'11 
0 -~ 
~ 
m -
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Reference Example 2-1 

HO .. , 

0-cooe 
N 

HO,"I! . ---)..,. v CONH
2 N 

I 
PNZ 

I 
PNZ 

3.10 g of trans-1-(p-nitrobenzyloxycarbonyl)-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, 1 O ml of concentrated 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. 

25 

Melting Point: 163.3-164.0•C 

IRNUjol (cm-1): 
max 

3460,3370,3200, 1687, 1640,1621, 1539, 1341, 1180, 1078 

ao Reference Example 2-2 

35 

HO '• 

C>-coNH2 
N 

I 
PNZ 

MsO 

> 

A solution of 1.89 g of methanesulfonyl chloride in 10 ml of dried tetrahydrofuran was added dropwise 
to a suspension of 2.32 g of trans-1-(2-nitrobenzyloxycarbonyl)-4-hydroxy-L-prolineamide and 1.67 g of 

45 triethylamine 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 ml 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-~·nitrobenzylox­
ycarbonyl)-4-methanesulfonyloxy-L-prolineamide. 

50 Melting Point: 149.5-151 •c 

55 

3400,3225, 1715, 1675, 1520, 1340, 1170, 1135 

42 
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Reference Example 2-3 

Msq 

C:>- CONH2 N 

I 
PNZ 

AcS 

(.)-coNB2 
N 

I 
PNZ 

A solution of 642 mg of thioacetic acid in 14 ml of dried dimethylformamide was added to a suspension 

15 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 2.52 g of trans-1-~-nitrobenzyloxycarbonyl)-4-methanesulfonyloxy-L-prolineamidein 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. 

20 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-(e­

nitrobenzyloxycarbonyl)-4-acetylthio-L-prolineamide. 

25 

30 

35 

40 

45 

Melting Point: 168.5-169.5•C 

IRNujol (cm- 1): 
max 

3350, 3180, 1715, 1690, 1638, 1510, 1330, 1100 

[a~ -23 • (c = 0.334, DMF) 

Reference Example 2-4 

AcSb- HS 

, (.)-CONB2 CONH2 N N 

I I 
PNZ PNZ 

950 mg of (2S,4S)-1-(p-nitrobenzyloxycarbonyl)-2-carbamoyl-4-acetylthiopyrrolidine was dissolved in 95 

ml of methanol, and 2.59 ml of a 1 N 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 2.59 ml of a 1 N aqueous solution of hydrochloric acid and distilled off under 

50 reduced pressure to remove the methanol. The thus precipitated crystais were filtered and washed with 

water to obtain (2S,4S)-1-(p-nitrobenzyloxycarbonyl)-2-carbamoyl-4-mercaptopyrrolidine. 

Melting Point: 158-162 • C 

55 

43 
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Reference Example 3-1 

HO . 

()-COOP MB 
N 

') 

I 
PNZ 

0 

t>-COOPMB 
N 

I 
PNZ 

A solution of 0.35 ml of dimethyl sulfoxide in 1 ml of dried methylene chloride was added dropwise to a 
15 solution of 0.2 ml of oxalyl chloride in 5 ml of dried methylene chloride at -60 • to -70 • C. Ten minutes later, 

10 ml of a dried methylene chloride solution of 860 mg of trans-1-~·nitrobenzyloxycarbonyl)-4-hydroxy-L­
proline ~-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, 

20 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-(~­
nitrobenzyloxycarbonyl)-4-oxo-L-proline-~methoxybenzyl ester. 

25 

30 

35 

40 

1762, 1740, 1710, 1512, 1345, 1245, 1155 

IRneat (cm-1): 
max 

NMR 8 (CDCla): 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(). COOPMB ---'> 
N 
I 
PNZ 

O~COOPMB 
I 
PNZ 

HO,,. 

+ ~COOPM6 
I 
PNZ 

650 mg of 1-~·nitrobenzyloxycarbonyl)-4-oxo-L-proline-~methoxybenzyl ester was dissolved in 45 ml 
45 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-(2-nitrobenzyloxycarbonyl)-4-hydroxy-L-proline-~·methoxybenzyl ester (450 mg) and trans-1-(2-

50 nitrobenzyloxycarbonyl)-4-hydroxy-L-proline-~methoxybenzyl ester (190 mg). 

55 

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

Cis-compound: 

44 

IR.neat (cm -1): 
max 
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10 

15 

Reference Example 3-3 

EP 0 126 587 81 

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

J=9Hz) ppm 

HO AcS 

(J-COOPMB '• .. 
)o Crcooe 

I N 
PNZ I 

PNZ 

In the same manner as described in Reference Examples 1-3 and 1-4 but using 610 mg of cis-1·(~­
nitrobenzyloxycarbonyl)-4-hydroxy-L-proline-p-methoxybenzyl ester, trans-1-~·nitrobenzyloxycarbonyl)-4-

20 acetylthio·L·proline was obtained. 

25 

30 

35 

40 

45 

50 

55 

Reference Example 3-4 

AcS, 

()-cooe 
I 
PNZ 

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

neat 1 
I~ (cm- ) : 

1700, 1655, 1515, 1400, 1340, 1115 
[a~0 +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, (2S,4R)·1-~·nitrobenzyloxycarbonyl)-2-dimethylcarbamoyl-4-mercap­
topyrrolidine was obtained. 

I~eat (cm-1) : 
max 

1700, 1650, 1510, 1420, 1400, 1340, 1120 
NMR a (CDCla): 1.n (1H, d, J=7Hz), 2.97 (3H, s), 3.16 (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. 

45 
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& 

gi 

Reference 
Example No. 

3-5 

3-6 

~ t 

B y 

Ac -NH2 

H -NH2 

Ac -NCJ 

H -NCJ 

( 
'· 

bl 8 ~ 

Table 2 

BSUCOY , 
PNZ 

~ ... 
Cll 

___ -~ Spectral Data 

... 
0 

( 
en 

1av:::t (cm-1 ): 3300(br), 1700(sh), 1685, 1512, 1430, 1400, 1345, 
1175, 1115 

~J:o + 7.36° (c•0.625, acetone) 

l!Wneat (cm-1 ): 1700, 1685, 1515, 1435, 1400, 1342, 1118 max 

NMRa (CDC! l ) : 2.26(18, d, J=7Hz), 5.22(2H, s), 8.11(28, d, 
J•8.5Hz) 

I!WKBr (cm-1)i 1705, 1645, 1517, 1435, 1400, 1340, 1115 max 

.NMR~ (CDC1 3 ): 2.33(36, s), 5.22(28, s), 8.16(2H, d, J=9Hz) 

IRvneat (cm-1 ): 1705, 1640, 1515, 1430, 1110 mas 

m 
"11 
0 .... 
= 
~ 
m -
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15 

20 

Reference Example 4-1 

HO, 

Q ... •cooe 

H 

EP 0 128 587 B1 

HO, 
'· 

__ .,..~ O·""COOPMB 
N 
I 
PNZ 

OHCO 

Q .... , COOPMB 

I 
PNZ 

166 mg of cis-1-E,-nitrobenzyloxycarbonyl-4-hydroxy-D-proline-_e-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 

25 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-E,-nitrobenzyloxycarbonyl-4-formyloxy-D-proline-E,­

methoxybenzyl ester. 

30 

IRneat (cm-1): 
max 

35 1720, 1515, 1402, 1342, 1245, 1165, 1120 

40 

45 

50 

NMR 6 (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 (1 H, s) ppm 

Reference Example 4-2 

OHCO 

b ""'COOPMB 
N . 

I 
PNZ 

HO 

-~> b .... COOPMB 
N 
I 
PNZ 

215 mg of trans-1-_e-nitrobenzyloxycarbonyl-4-formyloxy-D-proline-e-methoxybenzyl ester was dissolved 

in 1.1 ml of tetrahydrofuran, and 0.93 ml of a 1 N 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 

55 the solvent. The resulting residue was purified by silica gel thin layer chromatography to obtain trans-1-e­

nitrobenzyloxycarbonyl-4-hydroxy-D-proline-E,-methoxybenzyl ester. 
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IRneat (cm-1): 
max 

5 3425 (br.), 1735, 1705, 1510, 1400, 1340, 1240, 1162 

10 

15 

20 

25 

30 

NMR B (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.n (2H, d, J=9Hz), 8.00 (2H, d, J=8'.5Hz), 8.07 (2H, d, J=8.5Hz)ppm 

Reference Example 4-3 

HO 

b 
Acs .... 

..... COOPMB --:) ... O·"'COllMe2 
N N 
I I 
PNZ PNZ 

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. 

1705, 1650, 1515, 1435, 1340, 1115 
[or] go -7.38 • (c = 0.210, acetone) 

IR neat (cm-1): 
max 

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-

35 topyrrolidine was obtained. 

40 

45 

50 

55 

IR neat (cm-1) : 
max 

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

Reference Example 4-4 

HO o .... CQOPMB 
N 
I 
PNZ 

ACS•,, 

--~) O' ..... CONH 
N 2 
I 
PNZ 

HS,,, o .... CONll2 

I 
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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10 

EP 0 126 587 B1 

neat 1 
IRmax (cm-): 

1685, 1515, 1400, 1340, 1110 
[a~ + 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, (2R,4R)-1-e-nitrobenzyloxycarbonyl-2-carbamoyl-4-mercaptopyr­
rolidine was obtained. 

IRNujol (cm-1) : 
max 

16 3200, 1710, 1655, 1512, 1340, 1115 

20 

25 

30 

Reference Example 5-1 

HO ... 

O"·COOB 
AcS 

--~> ~ ""CONMe ~N) 2 

HS 

--~) (> ..... CONlle 
N 2 

H I I 
PNZ PNZ 

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 
of cis-4-hydroxy-D-proline, 45 mg of (2R,4S)·1 ·(p-nitrobenzyloxycarbonyl)·2·dimethylcarbamoyl-4-acetyl­
thiopyrrolidine was obtained. 

1700, 1650, 1520, 1400, 1345, 1120 
[a) go -29.6• (c=0.215, acetone) 

neat 1 IR (cm- ) : max 

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 ·(e-nitrobenzyloxycarbonyl)·2-dimethylcarbamoyl-4-mercap­

topyrrolidine was obtained. 

45 

50 

55 

IR neat (cm -1 ) : 
max 

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. 
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Reference 
Example No. B y 

(JI Ac -NH 
0 2 

5-2 

H -NH 2 

Ac -N8 

5-3 

H -0 

( 

~ fll 

Table 3 -----
B-SD 

..... coy 
N 
I 

PNZ 

~ ... 
Cll 

Spectral Data 

( 
c; Cll 

1avneat (cm-1 ): 1705(sh), 1685, 1520, 1425, 1402, 1342, 1122 max 

lal~o - 6.92° (c•0.665, acetone) 

CHC1 
(cm-1 ): 1695(sh), 1682, 1515, 1395, 1340, 1115 IRv 3 

max 

IRvneat 
max (cm-1 ): 1695, 1635, 1515, 1430, 1395, 1340, 1115 

IRvCHC13 max (cm-1 ): 1700, 1640, 1520, 1422, 1345, 1120 

m .,, 
0 .... 
~ 

~ 
m .... 



8l !!: Bi ~ &l 

Reference 
Example No. B y 

-0 Ac en ..... 

5-4 

H -0 

IRvneat; 
max 

( 

~ ~ ~ ... 
en 

Spectral Data 

... 
Q 

( 

(cm-1 )s 1700, 1655, 1620, 1605, 1520, 1340, 1115 

OI 

NMRti (CDC!. 3 ): 2.33(30, s), 5.22(2H, s), 7.49(2H, d, J•8.5Hz), 
B.21(2H, d, J•8.5Hz) 

{aJ 23 -21° D (c=0.25, acetone) 

CHCI. 
IRV 3 (cm-1 ): 1705, 1660, 1525, 1340, 1120 max 

m -a 
0 -I\) m 

~ 
m -



EP 0 126 587 81 

Reference Example 6·1 

5 

HO .. HO .• .. 
'-.._;-

()-cooe 
~ 

---+) ()-cooPNB 
N 

· . ..__.,.,: 

I 
?NZ I 

PNZ 10 

In the same manner as described in Reference Example 1 ·2 but using 500 mg of trans·1 ·e· 
1s nitrobenzyloxycarbonyl-4-hydroxy·L·proline and 383 mg or e·nitrobenzyl bromide, trans-1-,e·nitrobenzylox· 

ycarbonyl-4-hydroxy·L·proline·e·nitrobenzyl ester was obtained. 

20 

26 

30 

35 

IRCHCl3 (cm-1): 
max 

3380 (br.), 1750, 1705, 1520, 1425, 1400, 1342, 1160 
NMR 6 (CDCla) : 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 6-2 

HO 

<rCOOPNB 
N 
i 
PNZ 

HS 

"" C'>-coOPNB 
i 
PNZ 

In the same manner as described in Reference Examples 1·3 and 1-8 but using trans-1-~·nitroben· 
zyloxycarbonyl-4-hydroxy·L ·proline·p·nitrobenzyl ester, cis·1 ·p-nitrobenzyloxycarbonyl·4-mercapto-L·pro· 

40 line·p·nitrobenzyl ester was obtained. 

45 

50 

55 

IRneat (cm-1) : 
max 

1700, 1685, 1600, 1510, 1430, 1400, 1340, 1105 
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EP 0 126 587 81 

Reference Example 6-3 

8

(:)-COOPNB 
I 
PNZ 

0 
II 

EtOCS 

0 
II 

EtOCSh 

--~> 'N ;--=ooPNB 

I 
PNZ 

--~> (>.Coos 
N 

I 
PNZ 

a) 115 mg of cis-1-_e-nitrobenzyloxycarbonyl-4-mercapto-L-proline·.e·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-J?.· 
nitrobenzyloxycarbonyl-4-ethoxycarbonylthio-L-proline-J?.·nitrobenzyl ester. 

IRneat (cm-1): 
max 

35 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 1 N aqueous solution of sodium hydroxide was added thereto. 
After stirring at room temperature tor 2.5 hours, 0.3 ml of a 1 N hydrochloric acid aqueous solution was 
added to the reaction mixture, and the mixture was extracted with ethyl acetate. The extract was washed 

40 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-J?.·nitrobenzyloxycarbonyl-4-ethoxycarbonylthio-L­
proline. 

~ IRneat (cm-1): 
- max 

1700, 1520, 1400, 1340, 1165, 1145 
NMR 6 (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 

50 (2H, d, J = 9Hz) ppm 
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Reference Example 6-4 

0 
II 

_EtOCSh 

, __ rcooa 
N 

I 
PNZ 

EP 0 128 587 B1 

0 

II 
EtOCS 

--, (':)- CONBCB
3 N 

I 
PNZ 

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 (2S,4S)-1-~­
nitrobenzyloxycarbonyl-2-methylcarbamoyl-4-ethoxycarbonylthiopyrrolidine. 

35 IRNujol (cm-1) • 
max • 

3290, 1705, 1660, 1520, 1425, 1405, 1345, 1180, 1160 
NMR 6 (CDCls) : 1.30 (3H, t, J = 8Hz), 2.80 (3H, d, J = 5Hz), 4.27 (2H, q, J = 8Hz), 5.22 (2H, s), 7.48 

40 (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 1 N aqueous solution of sodium hydroxide was 
added thereto. After stirring at room temperature for 30 minutes, 0.27 ml of a 1 N hydrochloric acid 
aqueous solution was added thereto. The resulting mixture was extracted with ethyl acetate, and the 

45 extract was washed with water, dried over sodium sulfate and distilled off to remove the solvent, thereby 
to obtain (2S,4S)-1-e·nitrobenzyloxycarbonyl-2-methylcarbamoyl-4-mercaptopyrrolidine. 

50 

IRNujol (cm-1)· 
max • 

3280, 1710, 1650, 1510, 1340, 1165 
NMR 6 (CDCls) : 2.79 (3H, d, J = 5Hz), 4.27 (2H, t, J = 8Hz), 5.23 (2H, s), 7.50 (2H, d, J = 9Hz), 8.20 

(2H, d, J = 9Hz) ppm 
55 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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:xi ;. 
i-;}. 2; 
m= 
&1 ~ 
3 3' 
"O ro 
Ci) 3 
_. CD 
a, a 
;¥ 
.k ~ 
~ 81 

(I) 
'::S' 

~ 
:J 

3' 

; 
CT 

(11 
Ci) 

(11 (11 

~ ; 
0 

i. 
~ 
Cl. 

3· 
:F 
CD 
(I) 
D> 
3 
CD 

3 
D> 
:J 
:J 
CD 
~ 

81 
Cl. 
CD 
(I) 
() 
;:J. 
CT 
CD 
Cl. 

3' 

~ 

Reference 
Example No. 

6-5 

6-6 

~ ~ &l 

y 

CH2CH20H 

-N/ 

'" 

CH CH N/ CH3 
I 2 2 -N ........_CH 
\ 3 

H 

( 

~ ~ ~ en ... 
Q 

( 

Cll 

Table 4 
0 

II 
EtOCSh 

" ... >-COY N 
I 

PNZ 

Spectral Data 

IRvneat (cm-1 ): 3350, 1705, 1520, 1405, 1345, 1170, 1150 max 

NMR6 (CDC.t3 ): 1.27(38, t, J•78z), 4.23(28, q, J•78z), 5.18(28, 
s), 7.44(28, d, J=98z), 8.13(28, d, J•9Hz) 

IRvneat (cm-1 ): 1710, 1520, 1400, 1345, 1170, 1148 max 

NMR6 (CDC1
3
): 1.28(38, t, J=78z), 2.19(68, s), 4.24(28, q, 

J=7Hz), 5.20(28, s), 7.47(28, d, J•9Hz), 
8.13(28, d, J•9Hz) 

m .,, 
0 -I 
!! 
m -



CJI CJI ~ t CJI 0 

Reference 
Example No. y 

m 7-1 <C2H5 -N 
C2H5 

<CH3 CH 
1-2 -N< CH3 H 

7-3 
<CH2CH•CH2 -N 

ff 

7-4 
<CH2CONH2 -N 

H 

bl 

( 

~ ~ 

Table 5 

HS']---\ 

"~·)-coy N 
I 
PNZ 

( 
~ ... ... CJI OI a 

Spectral Data 

1av::t (cm-1 ): 1705, 1640, 1520, 1430, 1400, 1345, 1105 

1av:::t (cm-1 )1 3290, 1710, 1650, 1520, 1403, 1340 

1av:::t (cm-1 ): 3290, 1717, 1660, 1520, 1410, 1350 

Nujol -1 IRVmax (cm ): 3420, 3300, 1700(sh), 1675, 1640, 1510, 13(0 

m .,, 
0 .... 
I 
~ 
m .... 
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Cll ..... 

g 

Reference 
Example No. 

7-5 

7-6 

7-7 

7-8 

7-9 

7-10 

ti i!l 

y 

-N<CH2CH20H 
H 

<CH2cH2oe 
-N 

CH3 

<Cil2PH 
-N 

CH3 

-NJ 

-ro 
L../ 

<CH3 -N 
n-c4e9 

&l 

( 

~ l'll ~ .... 
en 

Spectral Data 

Nujol -1 IR\lmax (cm ): 3270, 1710, 1650, 1505, 1340 

,· 

~. 
.... 
Cl en 

NMR6 (CDCl.3 ): 5.20(28, s), 7.49(28, q, J•8.5Hz), B.16(28, d, 
J•8.5Hz) 

IRvneat (cm-1 ): 3400, 1690, 1640, 1515, 1405, 1345 
max 

IRvneat (cm-1 ): 1705, 1650, 1515, 1400, 1340 max 

neat -1 IRvmax (cm ): 1710, 1645, 1520, 1440, 1345, 1245, 1025 

neat -1 IR~max (cm ): 1710. 1655, 1520, 1430, 1405, 1342, 1112 

1av:::t (cm-1 ): 1710, 1650, 1520, 1405, 1345, 1205 

m .,, 
0 -~ C» 

~ 
m -



8l 

SI 

g 

Reference 
Example No. 

7-11 

7-12 

7-13 

7-14 

7-15 

7-16 

~ 

•' 

( 
.. ( 

~ rit ~ ... ... 
OI OI Q ~ &l 

Y Spectral Data 

CH _F"\. -N< 2~J IRVNujol (cm-1 ): 3300, 1725, 1660, 1520, 1345, 1110 
8 max 

CH CH CH COOPNB -N< 2 2 2 IRvlleat (cm-1 ): 3280, 1730(sh), 1710, 1645, 1510, 1340 H max 

-N< CH2CONHCH3 
H 

<CH2CON (CH
3 ) 2 -N 

H 

CHJ 
I 

-N<CHCONH2 
H 

IH3 

<CHCONHCH 
-N 3 

H 

IRVNujol (cm-1 ): 3320, 1725, 1640, 1520, 1405, 1345 max 

NMR 15 (Coct
3 ): l.87(1H, d, J•78z), 2.96(3H, s), 2.98(3H, s), 

4.33(18, t, J•7.5Hz), 5.24(2H, s), 7.48(28, d, 
J=9Hz), 8.18(28, d, J•9Hz) 

1m1Nujol (cm-1 ): 3300, 1700, 1680, 1655, 1520, 1345 max 

1a,,Nujol (cm-1 ): 3310, 1722, 1650, 1525, 1350 max 

m 
"1J 
0 .... 
~ 

~ 
m .... 
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~ 

Reference 
Example No. 

7-17 

7-18 

7-19 

7-20 

7-21 

7-22 

~ ~ 

y 

CH3 I 
-N(CHCON(CH3 ) 2 

H 

<CH2CONH2 -N 
CH3 

<CH2CONHCH3 -N 
CH3 

<CH2CON(CH3 ) 2 -N 
CH3 

~ 
-N S 

\._J 

-NH-0 

&l 

( 

~ ~ ~ ... 
en 

Spectral Data 

IavNujol (cm-1 ): 3325, 1710, 1640, 1520, 1345 
max 

0 

I 
\. 

en 

IRv:::t (cm-1 ): 3350(br), 1690, 1660(sh), 1520, 1405, 1345 

IRvneat (cm-1 ): 3370, 1700, 1665, 1525, 1410, 1350 max 

IRvneat (cm-1 ): 3500, 1710, 1660, 1520, 1405, 1345 
max 

neat -1 IRVma (cm ) : 3245, 1700, 1645, 1520, 1340, 1190, 1165, 1107, 
x 1065, 950, 850 

CHC13 
IRvmax (cm-1 ): 3410, 1710, 1525, 1440, 1345, 1305 

m .,, 
0 .... 
I\) 
en 

~ 
m .... 



8l f!I ~ ~· &1 

Reference 
Example No. y 

7-23 -Neo 
N 

7-24 -N~ 

7-25 -NJ 
8 

7-26 -0 
7-27 52 

-N 

7-28 a OH -N 
7-29 -N'!JJ 

( 

f!J ~ ~ ... 
en 

Spectral Data 

... 
Q 

( 

IavNujol (cm-1 ): 3250, 1710, 1670, 1525, 1345, 1175 max 

en 

1avneat (cm-1 ): 1710, 1650, 1518, 1435, 1400, 1345, 1170, 1110 max 

CHC.t 
IRVmax 3 (cm-1 ): 1710, 1660, 1520, 1345, 1170, 1110 

CHC.t 
IRV 3 (cm-1 ): 1720, 1525, 1470, 1340, 1170, 1110 max 

CHC.t3 -1 IRV (cm ): 3470(br), 1700, 1640, 1520, 1340, 1120 max 

CHC.t3 -1 IRV (cm ): 3420(br), 1700, 1645, 1520, 1340, 1165 max 

CHC.t3 (cm-1 ): 1710, 1640, 1525, 1345, 1170, 1015 IRV 
max 

m -a 
0 -I\) 
0) 

!! 
m .... 



8l ~ & t &l 

Reference 
Example No. y -

7-30 CB9 
CH3 

7-31 
=<N(CH2 ) 2 -N 

N(CH3 )
2 

7-32 -<NH2 
CJ) -N .... 

NH2 

7-33 -OCH3 

7-34 -oc2e5 

7-35 -NHNH2 

( 

~ Pil ~ ... 
en 

Spectral Data 

( 
\ 

... 
Q C1I 

NMR~ (CDCt3 ): 1.95(18, d, J•BHz), 5.25(2H, s), 7.52(2H, d, 
' J•9Hz), B.21(2H, d, J•9Hz) 

neat -1 IRVmax (cm ): 1705, 1600, 1520, 1400, 1340, 1160 

CH Ct 
IRv~x· 3 (cm-1 ): 3420, 1695, 1610, 1522, 1350, 1110 

IRvneat (cm-1 ): 1745, 1710, 1605, 1520, 1430, 1400, 1345, 1205, 
max 1167, 1110 

neat -1 IRVmax (cm ): 1740, 1710, 1522, 1430, 1402, 1342, 1200, 1170, 
1110 

Nujol -1 IRVmax (cm ): 3180, 3050, 1720, 1615, 1520, 1350 

m -a 
0 .... 
N en 

!! 
m .... 



8l g 8; ~ 

Reference 
Example No. y 

7-36 -NHN(CH3 )
2 

7-37 <CH3 -N 
N(CH3 ) 2 

7-38 -NHOPNB 

O> 7-39 -NHOCH3 I\) 

7-40 -N8-CONH2 

7-41 -N~ 
• 

7-42 -N8 

7-43 -NH-CN 

~ 

( 

~ l)l ~ Cii 

Spectral Data 

... 
Q 

( I 

IRv=~~ol (cm-1 ): 3205, 1720, 1660, 1520, 1345, 1180 

IRv:::t (cm-1 ): 1706, 1662, 1520, 1340, 1165, 1105 

IRvNujol (cm-1 ): 3200, 1715, 1665, 1515, 1345, 1170 max 

IRvNujol (cm-1 ): 3200, 1715, 1670, 1520, 1340, 1170 max 

CJI 

CHCI. 
IRV 3 (cm-1 ): 1690, 1650, 1525, 1405, 1345, 1170, 1110 max 

IRvneat (cm-1 ): 1700, 1520, 1400, 1340, 1200, 1160, 1105 max 

IRv:::t (cm-1 )1 1708, 1645, 1520, 1440, 1405, 1350, 1170, 111~ 

IRvneat (cm-1 )1 1700, 1600, 1515, 1105 max 

m 
"a 
0 -N 
en 

~ 
m .... 
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Reference Example 8-1 

HO 

HO 

HO-... 

--~> <:")-cooa 
I 
PMZ 

.... 

~COl!IHCB2Ph 
I 
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-2-methoxybenzyloxycarbonyl-4,6-dimethyl-2-mercaptopyrimidine,trans-1-(e­
methoxybenzyloxycarbonyl)-4-hydroxy-L-proline was obtained. 

IRneat (cm-1): 
max 

30 3400 (br.), 1692, 1430, 1355, 1245, 1170, 1122 
NMR 6 (CDCla): 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-E·methoxybenzyloxycarbonyl-4-hydroxy-L-

35 benzylprolineamide was obtained. 

40 

45 

50 

IRNujol (cm-1): 
max 

3375,3300, 1665, 1248, 1165, 1120, 1025 
NMR 6 (CDCla) : 3.76 (3H, s), 4.35 (4H, m), 4.96 (2H, s), 6.79 (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, (2S,4S)-1-p-methoxybenzyloxycarbonyl-2-benzylcarbamoyl-4-
acetylthiopyrrolidine was obtained. -

3280, 1690, 1675, 1240 

IRNujol (cm-1): 
max 

NMR 6 (CDCla) : 2.27 (3H, s), 3.82 (3H, s), 4.42 (2H, d, J = 6Hz), 5.05 (2H, s), 6.87 (2H, d, J = 8Hz), 
7.23 (2H, d, J=8Hz), 7.28 (5H, s) ppm 
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AcS~ 

---;;;.') \.NrCONHCH2Ph 

H 

20 1n mg of (2S,4S)-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 acetate, 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 (28,48)-2-benzylcarbamoyl-4-acetylthiopyrrolidine. 

30 

35 

45 

3325, 1690, 1510, 1400, 1350, 1120,950 
NMR 8 (CDCla): 2.28 (3H, s), 3.83 (2H, m), 4.42 (2H, d, J = 6Hz), 7.32 (5H, s) ppm 

Reference Example 9-1 

~COOH 

")-~, 
O bAM 

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

50 hours. The reaction mixture was concentrated under reduced pressure, and to the concentrate was added 
50 ml of dried methylene chloride, 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 1 N 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-anisylmethyl)-3-ethenyl-4-dia­
zoacetyl-2-azetidinone. 
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IR neat (cm-1) : 
max 

2110, 1755, 1640, 1612, 1505, 1240, 1177, 1030,828 
NMR 8 (CDCls): 3.78 (6H, s), 5.00 (1 H, s), 5.80 (1 H, s), 6.84 (4H, d, J = 8.5Hz) ppm 

Reference Example 9-2 

> 

0.7 g of 1-(di-E·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 extracted with a 1 N aqueous solution of sodium hydroxide. The aqueous layer was rendered 

25 acidic with hydrochloric acid and extracted with ethyl acetate. The extract was washed with water, dried 
over sodium sulfate and distilled off to remove the solvent thereby obtaining 1-(di-e-anisylmethyl)-3-ethenyl-
4-carboxymethyl-2-azetidinone. 

30 IRneat (cm-1): 
max 

-3000, 1700, 1612, 1510, 1300, 1180, 1030,820 
NMR 8 (CDCls): 2.35 (2H, d, J = 6Hz), 3.73 (6H, s), 5.80 (1 H, s), 6.78 (4H, d, J = 9.0Hz), 7.08 (4H, d, 

35 J = 9.0Hz) ppm 

Reference Example 9-3 

40 

45 

2.3 g of 1-(di-e-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 E-methoxybenzyl chloride was 

then added dropwise to the mixture, fallowed by stirring at 70 • C tor 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-e-methoxybenzyloxycarbonylmethyl-2-azetidinone. 

55 

IR neat (cm -1) : 
max 
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1750, 1612, 1510, 1250, 1175, 1033 
NMR B (CDCla): 2.36 (2H, d, J = 6.5Hz), 3.72 (6H, s), 3.75 (3H, s), 4.83 (2H, s), 5.78 (1 H, s) ppm 

Reference Example 9-4 

CH2COOPMB 

:rrOAM .... 
0 'DAM 

2.85 g of 1-(di-E-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 (II) acetate were added thereto, 
followed by stirring at 35 • C for 5 hours. 12 ml of a 1 N 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 

20 borohydride in 1 ml of a 1 N 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 extract was washed with a saturated aqueous solution of sodium chloride, dried over sodium sulfate and 
distilled off to remove the solvent, thereby to obtain 2.6 g of 1-(di-_e-anisylmethyl)-3-(1-hydroxyethyl)-4-_e-

25 methoxybenzyloxycarbonylmethyl-2-azetidinone. 

30 

IR neat (cm-1): 
max 

3430, 1730, 1615, 1510, 1247, 1178, 1030,820 
NMR B (CDCla): 1.23 (3H, d, J = 6.5Hz), 2.42 (2H, d, J = 7Hz), 3.n (9H, s), 4.95 (2H, s), 5.78 (1 H, s) 

ppm 

35 Reference Example 9-5 

40 

45 

2.6 g of 1-(di-_e-anisylmethyl)-3-(1-hydroxyethyl)-4-_e-methoxybenzyloxycarbonylmethyl-2-azetidinone 
was dissolved in 15 ml of dried methylene chloride, and 1.22 g of 4-dimethylaminopyridine was added 

50 thereto. Under ice-cooling, a solution of 1.3 g of _e-nitrobenzyl 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 methylene chloride layer was washed 
successively with a 1 N 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 

55 residue was purified by silica gel chromatography to obtain 2.2 g of 1-(di-E-anisylmethyl)-3-(1-p-nitroben­
zyloxycarbonyloxyethyl)-4-_e-methoxybenzyloxycarbonylmethyl-2-azetidinone. 
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IRneat (cm-1): 
max 

1755, 1610, 1510, 1350, 1245, 1175, 1030 
NMR 6 (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 

10 Reference Example 9-6 

15 

20 

o~ 

2.2 g of 1-(di-_e-anisylmethyl)-3-{1-e·nitrobenzyloxycarbonyloxyethyl)-4-_e-methoxybenzyloxycarbonyl­
methyl-2-azetidinone was dissolved in 20 ml. of c;frjed methylene chloride, and 0.88 g of m·dimethoxyben-

25 zene and 2.5 ml 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 1.75 g of 1 ·(di·p-anisylmethyl)-3-(1 ·e·nitrobenzyloxycarbonyloxyethyl)-4-
carboxymethyl-2-azetidinone. 

30 

40 

45 

50 

IIr1eat (cm-1): 
max 

-3000, 1745, 1615, 1510, 1250, 1180, 1035 
NMR 6 (CDCla): 1.35 (3H, d, J=6.5Hz), 2.35 (2H, d, J=6.5Hz), 3.10 (1H, m), 3.73 (6H, s), 5.16 (2H, s), 

5.75 (1 H, s), 6.73 (4H, d, J = 9Hz), 7.46 (2H, d, J = 9Hz), 8.10 (2H, d, J = 9Hz) ppm 

Reference Example 9-7 

OPNZ 

)=l'cooe 
·'DAM 

OOPNB 
) 

COOtBu 

0.8 g of 1-(di-_e-anisylmethyl)-3-(1-_e-nitrobenzyloxycarbonyloxyethyl)-4-carboxymethyl-2-azetidinone 
was dissolved in 20 ml of dried methylene chloride, and 0.17 ml of N-methylmorpholine was added thereto. 
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 

55 tetrahydrofuran, and 0.14 g of sodium hydride {50% 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 1 N 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·E·nitrobenzyloxycarbonyloxyethyl)-4-[3·!·butoxycarbonyl-3-(E-nitrobenzyloxycarbonyl)-2-
oxopropyl]-2-azetidinone. 

neat 1 
IRmax (cm - ) : 

1750, 1610, 1510, 1345, 1250 
NMR & (CDCla): 1.38 (9H, s), 3.75 (6H, s), 5.17 (4H, s), 5.n (1 H, br. s), 6.n (4H, d, J = 8.5Hz), 7.45 (4H, 

d, J= 9Hz), 8.15 (4H, d, J=9Hz) ppm 

15 Reference Example 9-8 

20 

25 

OPNZ OPNZ 

COOP NB COOPNB 
) 

2.3 g of 1-(di·E·anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-[3-!·butoxycarbonyl-3-(p-
nitrobenzyloxycarbonyl)-2-oxopropyl]-2-azetidinone was dissolved in 120 ml of dried methylene chloride, 
and 10 ml of trifluoroacetic 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 ·E·nitrobenzyloxycarbonyloxyethyl)-4-[3-(p-nitroben­
zyloxycarbonyl)-2-oxopronyl]-2-azetidinone. 

35 

40 

45 

50 

55 

neat 1 IRmax (cm-): 

1748, 1720 (sh.), 1610, 1510, 1345, 1250 
NMR & (CDCla): 1.41 (3H, d, J=6.5Hz), 2.61 (2H, d, J=6.5Hz), 3.27 (2H, s), 3.76 (6H, s), 5.n (1H, s), 

6.82 (4H, d, J=9Hz), 7.47 (2H, d, J=9Hz), 7.53 (2H, d, J=9Hz), 8.20 (4H, d, J=9Hz) ppm 

Reference Example 9-9 

OPNZ 

COOP NB 

J_N 0 OOPNB 
) 

~, 
0 '-oA!-t 0 DAM 

1.9 g of 1-(di-p-anisylmethyl)-3-(1-p-nitrobenzyloxycarbonyloxyethyl)-4-[3-(p-nitrobenzyloxycarbonyl)-2· 
oxopropyl)-2-azetidinone and 660 mg of E-carboxybenzenesulfonyl azide were dissolved in 50 ml of dried 
acetonitrile, and 1.4 ml 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-3-diazopropyl]-2-azetidinone. 

2150, 1750, 1720 (sh.), 1650, 1510, 1250, 1350 
10 NMR B (CDCls): 1.38 (3H, d, J=6.5Hz), 2.95 (2H, d, J=6.5Hz), 3.73 (6H, s), 5.17 (2H, s), 5.24 (2H, s), 

15 

20 

25 

5.74 (1H, s), 6.71 (2H, d, J=9Hz), 6.76 (2H, d, J=9Hz), 7.08 (2H, d, J=9Hz), 7.14 (2H, d, J=9Hz), 7.42 
(4H, d, J = 9Hz), 8.11 (2H, d, J = 9Hz), 8.16 (2H, d, J = 9Hz) ppm 

Reference Example 9-10 

o~ 
N 0 

'-. OAL\f 

COOPNB 

---~ 

PNZO N2 
I ff Lrr'COOPNB 
~ ' 0 H 

1.27 g 1-(di-E_-anisylmethyl)-3-(1-E_-nitrobenzyloxycarbonyloxyethyl)-4-[3-(E_-nitrobenzyloxycarbonyl)-2-
·~ oxo-3-diazopropyl]-2-azetidinone was dissolved in 50 ml of acetonitrile-water (9: 1 by volume), and 2.7 g of 

30 eerie 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-E_-nitrobenzyloxycarbonyloxyethyl)-4-[3-(E.-nitrobenzyloxycarbonyl)-2-oxo-3-

35 diazopropyl]-2-azetidinone. 

40 

45 

50 

55 

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

IRneat (cm-1): 
max 

NMR B (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 

COOPNB 

o=r N'H ,. 

PNZO 

PNZO 

0 
~ 

0 
11,,0Ph 
p 
'OPh 

COOP NB 

COOP NB 

a) 0.55 g of 3-(1-2-nitrobenzyloxycarbonyloxyethyl)-4-[3-(E-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-(1-2-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]heptan-3,7-dione-2-carbox­
ylate. 

IRneat (cm-1): 
max 

35 1770, 1745, 1520, 1350, 1260 
NMR B (CDCla): 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=8.5Hz) ppm 
b) The keto ester derivative as obtained in a) above was dissolved in 25 ml of dried acetonitrile, and 195 

40 mg of diisopronylethylamine was added thereto under ice-cooling. To the resulting mixture was added 
dropwise a solution of 300 mg of diphenyl chlorophosphate 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 e­
nitrobenzyl-5,6-trans-3-(diphenylphosphoryloxy)-6-(1-E-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo­
[3.2.0]hept-2-ene-7-one-2-carboxylate. 

50 

1780, 1745, 1585, 1517, 1480, 1345, 1295, 1255, 1180, 1158,965 
NMR B (CDCla): 1.46 (3H, d, J = 6.5Hz), 3.24 (2H, br. d, J = 8.5Hz), 3.40 (1 H, dd, J = 3.0 and 8.5Hz), 

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 

55 Further, by using (3R,4S)-1-(di-_e-anisylmethyl)-3-ethenyl-4-carboxy-2-azetidinone [optical rotation [a] 'f,2 
= + 63.3 • (c = 0.12, CHCla )], (5R,6S,8R)-_e-nitrobenzyl-3-(diphenylphosphoryloxy)-6-(1-2-nitrobenzyloxycar­
bonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate was obtained. 
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Reference Example 10-1 

+ 

(2a) 

(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 diethylaluminium 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)-
30 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 ml of water, 26.5 ml of ethyl acetate and 13.2 ml of a 
1 N 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 

35 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-butyldimethyl-
silyloxy)ethyl]-2-azetidinone. -

The isomeric mixture was separated into each compound by Lober column chromatography using silica 
gel and 1.5% isopropanoll,!'.!-hexane as an eluent to obtain the compound (2a) and the compound (2b) as 

40 oily substances. 

Isomer (2b) 

45 

1755, 1460, 1377, 1252, 1100,835 

IRneat (cm -l) : 
max 

50 NMR 6 (CDCla): 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) 

55 NMR 6 (CDCla): 0.06 (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 = 2.2 and 5.5Hz), 4.17 (2H, q, J = 6Hz), 5.12 (2H, s), 7.35 (5H, s) ppm 
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0 

COOCH2Ph 

~(TBDMS) 
(Ja) 

15 200 mg of 4-(1-benzyloxycarbonyl)-ethyl-3-[(R)-1-(!·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 !-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 dimethylsilyloxy)-ethyl]-1-(!·butyldimethylsilyl)-2-azetidinone (3a). 

25 

1750, 1465, 1325, 1255,835 

Reference Example 10-3 

30 

(TBDMS)O 

·) ... 
35 

' ~ 
0 

(3a) 
40 

IRneat (cm-1) : max 

(TBDMS) 0 

COOCH2Ph 
) .. ~ 

) 

(TBDMS) 0 

COCH 

N' (TBDMS) 

(4a) 

184 mg of 4-(1-benzyloxycarbonyl)-ethyl-3-[(R)-1-(!-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-(!-butyldimethylsilyloxy)-ethyl]-1-(t-butyldimethylsilyl)-2-azetidinone (4a). 

50 

1740, 1465, 1330, 1255, 1043,837 

55 

IRneat (cm-1): 
max 
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Reference Example 10-4 

(TBDMS)O 

) ... 
--~ COOH 

0 '(TBDMS) 

(4a) 

) 

HO 

) ... 
--~ 

-?o 
I . 
N~COOPNB 

(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)-ethyl-3-[(R)-1-(!-butyldimethylsilyloxy)-ethyl]-1-(t­
butyldimethylsilyl)-2-azetidinone (4a) according to the method described in Japanese Patent Application OPI 
No. 26887183, pages 64-65. 

IRneat (cm-1): 
max 

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

Reference Example 11 

30 

)

OH H OH 

.. · ,.r--r--sNi -ys ' ~ __,,__ ) ~ 9. 
)- I -1<.._ "' -> ·· .. I rs~ -v 

0 COOPNB .?--- ---1( 
0 COOPNB 

35 

40 To a solution of 261 mg of (5R,6S,8R)-p-nitrobenzyl-3-ethylthio-6-(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)-_e-nitrobenzyl-3-ethylsulfinyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]­
hept-2-ene-7-one-4-thia-2-carboxylate. 

50 

55 

IRV CHCl3 '(cm-1) : 
max 

1793, 1703, 1605, 1517, 1447, 1377, 1344, 1315, 1172, 1112, 1043,965,824 
NMR 6 (CDCla): 5.74 (3/5H, d, J = 1.5Hz), 5.87 (2/5H, d, J = 1.5Hz) ppm 
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Example 1-1 

OPNZ 

~ 9J'Ph 
- .Ll . . /(o --P"<>Ph 

d;-N ~ COOPNB 

) 

EP 0 128 587 B1 

a) 122 mg of (5R,6S,8R)-p-nitrobenzyl-3-(diphenylphosphoryloxy-6-(1-_e-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 
[2S,4SJ-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,6S,8R,2'S,4'S)-p-nitrobenzyl-3·[4-(1·E·nitroben­
zyloxycarbonyl-2-dimethylaminecarbonyl)-pyrrolidinylthio ]-6-(1-p-nitrobenzyloxycarbonyloxyethyl)-1 • 
azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylate. 

1780, 1745, 1705, 1650, 1605, 1515, 1342, 1257 
NMR 6 (CDCla): 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) 
[cr~8 +7.7• (c=0.303, acetone) 

b) 95 mg of (5R,6S,8R,2'S,4'S)·p-nitrobenzyl-3-[4-(1·_e-nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl)­
pyrrolidinylthio ]-6-(1·E·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 ml) and platinum oxide (35 mg) were added thereto. The mixture was then hydrogenated 
under a hydrogen pressure of 3.5 atm. for 6.5 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)pyrrolidinylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylic acid from the fraction eluted with water. 

nm: 

297 

74 
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-l cm : 

5 1755, 1627, 1393, 1252, 1130 

10 

15 

20 

25 

30 

NMR 6 (D:!O): 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 

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-dimethylaminecarbonyl)-pyrrolidinylthio ]·6·(1 ·.P·nitrobenzyloxycarbonyloxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-carboxylate. 

1775, 1745, 1705, 1650, 1520, 1400, 1345, 1260, 1130 
NMR 6 (CDCla): 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=8.5Hz) 
35 [a~7 +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)-pyrrolidinylthio]-6·(1-hydroxyethyl)-1-azabicyclo-

40 [3.2.0]hept-2-ene-7-one-2-carboxylic acid. 

nm: 
45 

297 

50 

55 

75 
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Example 1-3 

OB 
5 

10 

a) In the same manner as described in Example 1-1(a) but using 61 mg of (5R,6S,8R)-p-nitrobenzyl-3-
15 (diphenylphosphoryloxy)-6-(1-E-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-

20 

25 

30 

35 

40 

45 

50 

55 

carboxylate and 31 mg of [2R,4SJ-1-E·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
zyloxycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio ]-6-(1-E·nitrobenzyloxycarbonyloxyethyl)-1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate. 

1775, 1745, 1705,1650, 1520, 1400, 1345, 1260, 1130 
NMR 6 (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=8.5Hz) 

[a~9 + 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-3-[ 4-(1-E·nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio ]-6-(1-E­
nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate, there was obtained 
(5R,6S,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. 

297 

Example 1-4 

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-E-nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylate and 39 mg of [2R,4R]-1-E-nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl-4-
mercaptopyrrolidine, there was obtained 35 mg of (5R,6S,8R,2'R,4'R)-p-nitrobenzyl-3-[4-(1-p-nitroben­
zyloxycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio )-6-(1-E·nitrobenzyloxycarbonyloxyethyl)-1-

76 
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azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate. 

1775, 1745, 1705, 1650, 1520, 1440, 1342, 1260, 1120 

NMR 6 (CDCla): 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) 
[a~0 + 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-E·nitrobenzyloxycarbonyl-2-dimethylaminocarbonyl)-pyrrolidinylthio ]-6-(1-E­

nitrobenzyloxycarbonyloxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate, 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. 

uVB2° nm: max 

297 

Example 2 

BO 

0 
) 

35 RO 
0 
11 _,,OPh 

O .-P '0Ph ---+ 

40 

45 

50 

a) 53 mg of (4R,5R,6S,8R)-p-nitrobenzyl-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0] hept-3,7-dione-

55 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 [2S,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, 

77 
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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. 

1760, 1705, 1645, 1520, 1402, 1342, 1135, 1110 
NMR 6 (CDCla): 1.30 (3H, 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] 

15 b) 25 mg of (4R,5S,6S,8R,2'S,4'S)-p-nitrobenzyl-3-[4-(1-p-nitrobenzyloxycarbonyl-2-dimethylaminocar­
bonyl)-pyrrolidinylthio]-4-methyl-6-(1-hydroxyethyl)-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 ml 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-

20 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-[4-(2-dimethylaminocarbonyl)-pyrrolidinylthio]-4-meth-

25 yl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one~2-carboxylic acid from the fraction eluted with 
water. 

30 

296 
NMR6 (~0): 1.21 (3H, d, J=7.0Hz), 1.29 (3H, d, J=6.5Hz), 1.92 (1H, m), 2.99 (3H, s), 3.06 (3H, s) 

35 Example 3 

40 

45 

OH /......_ 

~ _ y /"rco\_J 
/ r()-s~~ 
r-N~ 

0 CCCE 

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 6 ml of dry acetonitrile, and 72 mg of diisopropylethylamine and then 55 

50 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, 

55 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. 

78 



·...._ ... 

5 

10 

15 

20 

25 

EP 0 128 587 B1 

1760, 1710, 1640, 1525, 1440, 1350, 1210, 1110 
NMR 6 (CDCla): 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-ylthio ]-4-methyl-6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-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)-pyrrolldin-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. 

297 
NMR 6 (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 (1 H, quintet, J = 6.5Hz) 

30 Example 4 

35 

40 

45 

50 

55 

CCCE 

a) 172 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 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 ml 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 chloride 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,6S,8R,2'S,4'S)-p-nitrobenzyl-3-{4-[1·p-nitrobenzylox­
ycarbonyl-2-(3-pyrroline-1-carbonyl)J-pyrrolidinylthio }·6-(1-p-nitrobenzyloxycarbonyloxyethyl)· 1-
azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate. 
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1780, 1745, 1708, 1660, 1623, 1606, 1520, 1342 
NMR 3 (CDCla): 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-_e·nitrobenzyloxycarbonyl-2-(3-pyrroline-1-car­
bonyl)J-pyrrolidinylthio }-6·(1-_e-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[3.2.0]hept-2-ene-7-one-2-carboxylic acid from the fraction eluted with a 
2% aqueous tetrahydrofuran solution. 

20 298 

25 
1755, 1640, 1595, 1450, 1380, 1 _245 

NMR 3 (D20): 1.26 (3H, d, J=6.4Hz), 3.18 (1H, dd, J=2.1 and 9.0Hz), 3.77 (1H, dd, J=7.0 and 
12.0Hz), 5.89 (2H, br. s) 

30 Example 5 

. 35 

40 

45 

50 

55 

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

IB.Nujol C -1,. max cm • 

3445,3300, 1790, 1745, 1710, 1670, 1635, 1510, 1345, 1270 
NMR 3 (CDCla): 1.50 (3H, d, J = 6.5Hz), 5.23 (4H, s), 7.50 (4H, d, J = 8.5Hz), 8.21 (6H, d, J = 8.5Hz) 
m.p.: 184-189•C (dee.) 

b) 30 mg of (5R,6S,8R,2'S,4'S)-p-nitrobenzyl-3-[4-(1 ·_e-nitrobenzyloxycarbonyl-2-carbamoyl-
methylaminocarbonyl)-pyrrolidinylthio ]-6·(1-p-nitrobenzyloxycarbonyloxyethyl)· 1-azabicyclo[3.2.0]hept-2-

80 
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10 

15 

EP 0 128 587 B1 

ene-7-one-2-carboxylate was dissolved in a mixture of 3.1 ml 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-carbamoylmethylaminocarbonyl)-pyrrolidinylthio]-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid from the fraction eluted with wa­
ter. 

300 

20 IRXBr (cm -1) : 
max 

1745, 1665, 1590, 1390, 1220, 1180, 1040 
NMR 6 (1>20): 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, 

25 J=3.0 and 6.7Hz), 4.02 (1H, t, J=9.0Hz) 

30 

35 

45 

50 

55 

Example 6 

OH Me 

) 
H / 

~-::er-·· t ~S s- "}CO?l..._lle l ~1~, 
o N B 

COOB 

a) To a solution of 45 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 ml of dry acetonitrile were added a solution of 30 mg 
of diisopropylethylamine in 0.3 ml 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 ml of dry acetonitrile un­
der nitrogen stream at -40 • C, followed by stirring the mixture at -40 • C to -45 • C for 1 O minutes. The 
reaction solution was diluted with ethyl acetate, washed with a saturated aqueous solution of sodium 
chloride, dried over sodi1.,1m sulfate, and the solvent was distilled off. The resulting residue was purified 
by silica gel chromatography to obtain (5R,6S, 8R,2'S,4'S)-e·nitrobenzyl-3-[(1-e·nitrobenzyloxycarbonyl-
2-dimethylaminocarbonyl)-pyrrolidin-4-ylthio ]-6-(1-hydroxy ethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-
thia-2-carboxylate. 

[cr~9 +52° (c=0.43, CHCla) 

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

81 
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15 

20 

EP 0 126 587 81 

5.20 (2H, s), 5.70 (1 H, d, J = 1.5Hz) 
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)-2·nitrobenzyl-3-[(1-2-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 (5R,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. 

322,255 

25 1765, 1645, 1580, 1508, 1367 
NMR 8 (D:!O): 1.29 (3H, d, J=6.4Hz), 1.94 - 2.08 (1H, m), 2.93 - 3.15 (1H, m), 2.98 (3H, s), 3.05 (3H, 

s), 3.53-3.62 (1 H, m), 3.83 - 3.93 (1 H, m), 3.94 (1 H, dd, J = 1.4Hz and J = 6Hz), 4.06 - 4.30 (3H, m), 5.71 
(1 H, d, J = 1.4Hz) 

30 Examples 7 to 67 

35 

40 

45 

50 

55 

The compounds shown in Table 6 below were prepared from the corresponding mercaptan derivatives. 
In Table 6, "HE" represents (R)-1-hydroxyethyl group, and "PNZE" represents (R)-1-2-nitrobenzyloxycar­
bonyloxyethyl group. 

82 
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Example 
No. 

7 

ct ~ 

Rl R2 R3 

PNZE PNZ PNB 

HE ff ff 

&l 

H H 

y 

/ff 

-N'il 

-N/H 

'" 

g 

( 

~ ~ 

Table 6 

.. 
OI 

.. 
a 

( 
en 

S__/Y COY 

~NI'-. 
COOR

3 
R2 

Spectral Data 

IRvNujol (cm-1 ): 3420, 1785, 1742, 1710, 1677, 1510, 
max 1342, 1255 

m.p. 138-142°c 

(aJ~O +44.4° (ca0.105, DMF) 

H 0 
UVA 2 nm: 297 max 

IRVKBr (cm-1 ): 1752, 1687, 1595, 1385 max 

NMR 6 (D
2
0): 1.24(38, d, J•6.5Hz), 2.0-2.15(1H, 

m), 2.83-2.98(18, m), 3.17(2H, d, 
J•98z), 3.32-3.42(2H, m), l.71-
3.80(18, m), 3.98(1H, quintet1 
J•7Hz), 4.13-4.32(1H, m), 4.41(18, t, 
J•8.5Hz) 

(a)JO -25° (c•0.05, H
2
o) D . 

m .,, 
0 -~ 
~ 
m ..... 
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cn 
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Example 
No. 

8 

9 

ill 

Rl 

PNZE 

HE 

PNZE 

HE 

~ 

.2. _i_ 

PNZ PNB 

H H 

PNZ PNB 

H H 

&l 

y 

,........ca3 -N 
'a 

,........cu3 -N "u 

,........ca3 CH 
-N,......- .......... CH 

'" 3 

,........ce3 CH -N.......- "ca 
......... ff 3 

( ( 
~ I\) ~ ... ... OI en OI 0 

Spectral Data 

neat -1 IRvmax (cm ): 1775, 1745, 1700, 1665(sb), 1515, 
1345, 1257 

NMR 6 (CDCl. 3 ): 1.48(38, d, J•6.5Hz), 2.73(JH, s), 
3.21(2H, d, J•9Hz), 5.25(4H, s), 
5.25 and 5.43(2H, ABq, J•l4Hz), 
7.50, 7.54 and 7.62(each 2H, d, 
J•B.SHz), B.20(68, d, J•8.5Hz) m 

"a 
0 

H 0 -I\) UVA;Jx nm: 297 O> 

!I 
m .... 

IRvNujol (cm-1 ): 1770, 1740, 1700, 1510, 1340, 1255 max 

NMR 6 (CDCR.3 ): 1.08(38, d, J•6.5Hz), l.11(3H, d, 
J•6.SHz), 1.48(38, d, J•6Hz), 
3.18(2H, br.d, J•9Hz), 5.25(48, s), 
S.26 and 5.44(28, ABq, J•l4Hz)~ 
7.50, 7.54 and 7.62(eacb 2H, 

J•9Hz), B.20(68, d, J•8.5Hz) 

H 0 UVA;Jx nm: 296 
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Example 
No. Rl R2 R3 y 

PNZE PNZ PNB 
.......... C82CHaC82 -N 
............ 8 

~ 

10 

.......... cu2ce2ce3 HE H H -N ............ 
H 

.......... C82CH•CH2 HE H H -N 

............ H 

( 

{i ~ 
... 
en 

Spectral Data 

... 
C) 

( 
(JI 

IRVNujol 
max (cm-1 ): 3275, 1782, 1740, 1700, 1650, 1515, 

1340, 1260 

NMR\5 (CDC13 ): 1.48(38, d, J•6.5Hz), 3.18(2H, br, 
d, J•98z), 5.24(48, s), 5.25 and 
5.45(2&, ABq, J•l4Hz), 1.so, 7.53 
and 7.62(each 2H, d, J•8.5Hz), 
8.19(68, d, J•8.58z) 

NMR& (D20): 1.0(38, t, J•7.58z), 1.23(38, d, 
J•7Hz) 

uv>..H2° nm: 298 
max 

NMR& (D20): 1.27(38, d, J•7Hz), 5.68(3H, m; 

uv>.11i 0 nm: 298 
m x 

rn .,, 
0 -~ 
~ 
m -
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Example 
No. 

ll 

12 

tll ~ 

~ R2 ~ --

PNZE PNZ PNB 

HE H H 

PNZE PNZ PNB 

HE H H 

~ 

y 

-N ........... C2H5 
.......... 

C2H5 

/C2H5 
-N....._ 

.....,.C2H5 

,........cul 

-N..........._n-C4H9 

.,.......cal 
-N....._ 

"""n-C4H9 

~ 

( 

~ ~ 
.... 
Cll 

Spectral Data 

( 
Q en 

IRvneat (cm-1 ): 1780, 1750, 1710, 1650, 1525, 1440, 
max ll50, 1262 

NHR6 (CDCtl) : 

UV>.112° nm: 
max 

1.06(38, t, J•78z), 1.27(38, t, 
J•7Hz), l.49(3H, d, J•6Bz), 5.24(4H, 
s), 5.25 and 5.46(28, ABq, J•l4Hz), 
7.46, 7.50 and 7.63(each 28, d, 
J•8.58z), 8.20(68 1 d, J•8.5Hz) 

297 

IRvc9ct3 (cm-1): 1780, 1746, 1708, 1656, 1610, 1525, 
max 1350, 1260 

NMR 6 (CDC 1J) : 

uv>.112° nm: max 

1.48(38, d, J•68z), S.27(4H, s), 
8.20(68, d, J•9Hz) 

297 

IRvKBr (cm-1 ): 1755, 16l5, 1590, 1370, 1240 
max 

NMR6 (020): 0.88(38, t, J•7.l8z), 1.26(38, d, 
J•6.48z), 1.91(18, m), 2.94 and 
3.02(38, s) 

m .,, 
0 -I 
~ 
m -
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Example 
No. 

13 

14 

8; 

Rl R2 -

PNZE H 

HE H 

PNZE PNZ 

HE H 

~ fil 

R3 y 

/CH2Ph 
PNB -N 

........... H 

/CH2Ph 
B -N, 

H 

PNB 
/CH2Ph 

-N 
........._CH 

3 

H 
,,.,....,..ce2ph 

-N 
........... CH 

3 

( 

fg tll ~ ... 
OI 

Spectral Data 

... 
Q 

( 

OI 

IRv=~~ol (cm-1): 1770, 1735, 1640, 1510, 1340, 1250 

NMR6 (COCR.3 ): 1.49(38, d, J•6.5Hz), 4.42(28, d, 
J=7.0Hz), 5.25(48, s), 5.27 and 
5.43(2H, ABq, J•l4Hz), 7.27(5H, s), 7.54, 7.62, 8.21 and 8.22(each 28, 
d, Js8.5Hz) 

H 0 
UVlmix nm: 297 

IRv~:at (cm-1 ): 1780, 1750, 1715, 1660, 1525, 1442, x 1350, 1265, 1122 

NMR6 (Coe;>: 1.48(38, d, J•6.5Hz), 2.92(38, SJ, 
4.56(2H, d, J•5Hz), S.25(4H, a), 
8.19(68, d, J•9Hz) 

UV~j~ nm: 297 

m .,, 
0 .... 
I 
~ 
m .... 
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Example 
No. 

15 

~ ~ 

RI ~ R3 

PNZE PNZ PNB 

HE H H 

&l 

y 

-N,.........CH2-0 
........... ' 

H 

~ 
-N_.........ce2JlN~ 
'a 

~ 

( 
I\) 
en ~ a; 

Spectral Data 

... 
Q 

( 
CJI 

IRv::~ol (cm-1 ): 1790, 1745, 1714, 1652, 1605, 1520, 
1347 

m.p. l 79-182°C (dee.) 

,820 
UV "max nm: 299, 266, 260 

IRV~=~ (cm-1): 1745, 1590, 1490, 1210, 1090, 910 

NMR6 (D 20): 1.26(38, d, J•6.3Hz), l.99(1H, m), 
2.80(1H, m), 3.36(18, dd, J•2.7 and 
6.0Hz), 3.58(1H, dd, J•7.0 and 
12.0Hz), 3.86(18, m), 4.51(28, d, 
J•4.4Hz), 7.82(18, dt, J•l.8 and 
7.7Hz), 8.42(1H, m) 

m 
"'111 
0 
..... 
I 
t; 
m ..... 
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Example 
No. Rl R2 2.. y 

PNZE PNZ PNB 
........ CH2ca2N(CH3 ) 2 -N 'a 16 

.....-c82CH2N(CH3>2 HE H H -N ~ 
......... " 

PNZE PNZ PNB 
,..........cu2cH2N(CH3 )2 -N 
.........._CH 

3 
17 

HE ff H 
,..........c82C82N(CH3 )2 -N 
'ce 

3 

~ lg .... 
OI 

Spectral Data 

.... 
Q 

( 

OI 

neat -1 IRvmax (cm ): 1775, 1745, 1700, 1660(sh), 1515, 1345, 1260 

NMR& (CDCt 3 ): l.47(3H, d, J=6.5Hz), 2.24(38, s), 2.27(38, s), 5.25(48, s), 7.49, 7.53 and 7.62(each 2H, d, J•8.58z), 
8.20(68, d, J=8.58z) 

uv·A11i 0 nm: 297 m x 

IRvneat (cm-1 ): 1770, 1745, 1700, 1650, 1512, 1342, max 1257 

NMR6 (CDCt.3 ): 1.49(38, d, J•6.08z), 2.24(38, s), 2.30(68, s), 5.25(48, s), S.27 an1 5.45(28, ABq, J•l3.5Hz), 7.54(48, d, J=8.58z), 7.63(28, d, J•8.58z), 
8.20(68, d, J•8.58z) 

uvA:i~ nm: 298 

m 
"11 
0 .... 
I\) 
0) 

~ 
m .... 
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Example 
No. .i R2 R3 y 

PNZE PNZ PNB 
.,,..,,,ce2ce2oH 

-N.........._ 
H 

18 

.,,..,,,cu2ce2oe 
HE H H -N 

......... ff CD c 

PNZE PNZ PNB 
/CH2ce2oH 

-N.........._ 
cn

3 
19 

,........ce2cH20H 
HE H H -N 

.......... CH 3 

( 
8 t;l ~ ... 

Cll 

Spectral Data 

( ... 
0 Cll 

IR v~::t (cm-1 )1 3350, 1770, 1740, 1695, 1510, 1340, 
1250 

NMR 6 (CDC13 ): l.48(3H, d, J=6Hz), 5.25(4H, s), 
5.18 and 5.43(2H, ABq, J•l4Hz), 
7.49, 7.53 and 7.6l(each 2H, d, 
Jm8.50z), 8.18(60, d, J•8.5Hz) 

UV A1120 : max nm 298 

IR:Jleat (cm-1 ): 3400, 1778, 1745, 1700, 1650, 1520, max 1345, 1260, 1120 

NMR cJ (CDC t 3 ): l.48(3H, d, J=6.5Hz), 3.00(3H, a), 5.20(20, s), 5.25(28, s), 5.25 ar.~ 
5.45(28~ ABq, J•l3.5Hz), 7.49, 7.51 and 7.63(each 28, d, J•8.5Hz), 
8.19(4H, d, J=8.5Hz), 8.21(2H, d, 
J•B.5Hz) 

H 0 
UV >-mix nm: 297 

m 
"U 
0 .... 
~ 

!J 
m .... 
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Example 
No. Rl R2 R3 y 

-

PNZB PNZ PNB 
..,.......ca2ca2cH2COOPNB 

-N 'e 
20 

.,.........ca2ca2ca2co08 
BB H H -N, 

H 

CD .... 

.,.........ca2cONHCH3 PNZE PNZ PNB -N ............ 
H 

21 

HE H H 
.,.........cH2CONHCH3 

-N ............ 
H 

~ ~ 
... 
en 

Spectral Data 

( 

Q en 

neat -1 IRvmax (cm ): 1770, 1730, 1695, 1650, 1600, 1505, 
1340 

NMR6 (CDC1 J): l.48(3H, d, J=6.5Hz), 5.25(4H, s), 
7.62(28, d, J•8.6Hz), 8.20(68, d, 
J•8.68z) 

II 0 
UVlmix nm: 297 

IRVNujol (cm-1 ): 1795, 1747, 1712, 1640, 1608, 1517, 
max 1350, 1275 

m.p. 167-169°C (dee.) 

uvl8 j 0 nm: 300 
m x 

IRV~=~ (cm-1 ): 1752, 1650, 1590, 1388, 1255, 1150 

NMR6 (D2o): l.26(3H, d, J=6.3Hz), 2.71(38, s), 
2.93(18, q, J•7.4Hz) 1 3.88(28 1 S) 

m -a 
c .... 
I'\,) 
en 

~ 
m .... 
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... ... (JI en Q 

Example 
No. ..i ..i -1_ 

y Spectral Data 

.,......ca2CON (,CH3) 2 IRvNujol (em-1 ): 1800, 1750, 1707, 1675, 1650, 1610, 
PNZE PNZ PNB -N max 1520, 1350, 1280 

'" m.p. 196-199°C (dee.) 

UVA!!i~ nm: 299 

22 

.,........ce2coN(CH3 )2 
IRV!:~ (em-1): 1750, 1640, 1590, 1380, 1250, 1145 

m .,, 
HB H H -N .......... 0 

8 .... 
"' CD en 

N NMR~ (D2Q): 1.26(38, d, J•6.38z), 2.92(38, s), !i 3.03(38, s), 3.19(2H, dd, J•6.3 and 
9.2Hz), 3.51(1H, dd, J•7.4 and 12Hz), m 
4.12(2H, s) .... 

C83 I IRVNujol (em-1 ): 1795, 1750, 1700, 1680, 1655, 1610, .,,,....cecoNe2 
PNZE PNZ PNB -N .......... max 1525, 1350 

H 
m.p. 168-170°C (dee.) 

23 

ce3 IRV~:~ (cm-1): 1745, 1665, 1590, 1390, 1180, 1037 I 
/CHCONH2 

HE H H -N ........._H 
uvA8i 0 nm: 300 

m x 
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Example 
No. 

24 

& 

Rl R2 

PNZE PNZ 

HE H 

~ &l ~ 

-2 y 

CH3 I 
--ce-cONHCH3 

PNB -N 
........... H 

CH3 I 
_.....ce-coNece3 H -N 
........... H 

( 

~ ~ ... 
Cll 

Spectral Data 

( 
... 
0 Cll 

1avffujol (cm-1 ): 1790, 1752, 1710, 1650, 1610, 1525, max 1350 

m.p. 98-101°C 

uv>.8 2° nm: 301 max 

IRJ<Br·tcm-1 ): 1750, 1650, 1590, 1385, 1170, 1040 max 

NMR c5 (D2o) 1 l.26(3H, d, J=6.6Hz), l.36(3H, d, 
J•8.1Hz), 2.71(3H, s), 3.19(18, dd, 
J•6.6 and 9.0Hz), 3.98(1H, t, 
J•B.OHz) 

m -a 
0 -I\) 
CD 

~ 
m -
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Example 
No. Rl R2 R3 y --

CH3 I 
PNZE PNZ PNB 

/CH-CON (CH3 ) 2 -N 'n 
f 

25 
CH3 I 

HE H H 
_,.....CH-CON ( CH3 ) 2 -N 
.......... H 

~ ~ 
... 
U'I 

Spectral Data 

( ... 
0 U'I 

neat -1 
IRvmax (cm ): 1780, 1745, 1705, 1640, 1605, 1520, 

1346 

m.p. l 72-175°C 

NMR6 (D6-DMCO): l.12(3H, d, J=7Hz), 1.34(38, d, 
J•6.4Hz), 2.79(38, s), 2.94(38, s), 
5.30(2H, s), 8.20(68, d, J•8.88z) 

H 0 
uv>.mix nm: 300 

rav!:~ (cm-1 ): 1755, 1630, 1590, 1390, 1250, 1120 

NMR6 (D20): 1.26(38, d, J=6.3Hz), l.31(3H, d, 
Js6.9Uz), 2.92(3H, s), 3.13(38, a! 

m 
"'Cl 
0 .... 
I 
en 
!!3 
m .... 
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Example 
No. Rl R2 _l y 

PNZE PNZ PNB 
..,........cu 2coNH2 -N 
'cu 3 

cc en 

26 

HE H H 
......... CH2CONH2 -N, 

CH3 

( 

~ ~ ... 
Cll 

Spectral Data 

... 
Q 

( 

Cll 

CHC.t -1 IRvmax 3 (cm ): 1783, 1746, 1705, 1680, 1608, 1524, 
1345 

NMR6 (CDC.t3 ): l.48(3H, d, J•6.4Hz), 3.19(3H, s), 
5.17(2H, s), 5.24(2H, s), 8.19(68, 
d, J•8.6Hz) 

UVA 1120 max nm: 300 

IRv!!~ (cm-1 ): 1750, 1654, 1590, 1395, 1250, 1060 

NMR6 (D20): l.26(3H, d, J=6.3Hz), 2.95(3H, s), 
3.21(28, dd, J•2.2 and 9.0Hz), 
3.38(18, dd, J•2.2 and 5.5Hz) 

m 
'111 
0 .... 
"' CD 

~ 
m ..... 
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Example 
No. Rl i ~ y Spectral Data 

CHC.t -1 IRvmax 3 (cm ): 1778, 1743, 1685, 1660, 1605, 1520, 
1340 

PNZE PNZ PNB 
_...-CH2CONHCH3 m -N 
........... CH "'Cll 

3 NMR6 (CDC.t3): 1.48(38, d, J•6.28z), 2.72(38, d, 0 .... 
co J=58z), 3.19(38, s), 5.22(28, s), I <» 5.25(28, s), 8.22(68, d, J•B.8Hz) 

~ 
27 m 

uvA!!i~ nm: 
.... 

300 

HE H H 
_...-CH2CONHCH3 IRV~=~ (cm-1 ): 1750, 1640, 1585, 1382, 1250, 1125 -N 
........... CH 

3 

NMR6 (D20): 1.26(38, d, J•6.3Hz), 2.73(38, s), 
3.09(38, s), 3.39(18, g, J•2.68z) 
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Example 
No. ...ii-1 y 

.......... CH 2CON (CH3 ) 2 PNZE PNZ PNB -N 
'-..CH 

3 
~ 

28 

......... cH2coN(CH 3 ) 2 HE H H -N 
"ce 3 

c 
~ ~ 

... 
QI 

Spectral Data 

... 
Q 

( 
QI 

IRvneat (cm-1 ): 1778, 1745, 1705, 1650, 1605, 1520, 
max 1345 

NMR6 (CDCt3 ): l.49(3H, d, J•6.2Hz), 2.93(3H, s), 
2.99(3H, s), 3.10 and 3.15(38, s), 
S.25(4H, s), 8.21(6H, d, J•8.4Hz) 

uv>.8 j 0 nm: 297 
m x 

JRVRBr (cm-1 ): 1760, 1650, 1500, 1380, 1240, 1130 
max 

m 
-a 
0 .... 
"' CD 

~ 
m ... 



8: g i9I ~ &l 

Example 
No. Rl R2 R3 y 

PNZE PNZ PNB -1"'N-CH3 '-..../ 
29 

r" 
i HE 8 H -N N-CH 

\.._/ 3 

PNZE PNZ PNB " -N 0 
'-' 

30 

r-\ 
HE II II -N 0 

\_./ 

(_ 

~ ~ ~ 
... 
OI 

Spectral Data 

... 
C) 

I 
\. 

OI 

neat -1 
IR~max (cm ): 1778, 1750, 1705, 1650, 1518, 1430, 

1345, 1258 

NMR6 (CDCt.3 ): l.49(JH, d, J=6.5Hz), 2.25(38, s), 
2.31(48, s), 5.25(48, s), 5.21 and 
5.46(28, ABq, J•l3.5Hz), 7.53(48, d, 
J•B.5Hz), 7.62(28, d, J•8.5Hz), 
8.20(6H, d, J•B.5Hz) 

uv>.:j~ nm: 298 

IRVneat (cm-1 ): 1780, 1750, 1710, 1655, 1520, 1350, 
max 1255, 1115 

NMR6 (CDC.2.3 ): 1.48(38, d, J•6.58z), 3.58 and 
3.67(each 48, s), 5.25(48, a), 5.26 
and 5.45(28, ABq, J•l48z), 7.53(4H, 
d, J=9Hz), 7.62(28, d, J•98z), 
8.19(68, d, J•98z) 

uvA 8 j_0 nm: 298 m x 

m 
"'U 
0 -N 
O> 

~ 
m .... 

•· 



81 

E 

~ 

Example 
No. 

31 

32 

~ ~ 

Rl R2 2_ 

PNZE PNZ PNB 

HE H H 

PNZE PNZ PNB 

HE H H 

&l ~ 

y 

" -N S 
\_/ 

" -N S 
\_/ 

-NeCN 

-NH-0 

( 

bl I! .... 
CJI 

Spectral Data 

( 
.... 
0 CJI 

IRVCHCX.l3 (cm-1 ): 1780, 1740, 1705, 1655, 1610, 1520, ma 1345 

NMR6 (CDC J): l.47(3H, d, J•6Hz), 5.22(46, s), 8.13(68, d, J•8Hz) 

H 0 
UVAm~x nm: 298 

KBr -1 IRvmax (cm ): 1750, 1625, 1595, 1396, 1248, 1090 

IRv~::t (cm-1 ): 1780, 1740, 1700, 1590, 1520, 1340, 1255 

NMR 6 (CDC1
3
): 

UVAH20 nm: max 

l.49(3H, d, J•6.6Hz), 5.26(48, s?, 5.35(2H, ABq, J•l4.5Hz), 7.46(2H, d, 
J•5.5Hz), 8.48(2H, d, J•S.5Hz) 

245, 300 

IRV (cm-1 ): 1745, 1690, 1590, 1507, 1383, 1285 

m 
"a 
0 .... 
~ 

~ 
m .... 



( ( 
81 g ~ t &l ~ ~ ~ °' 

... 
0 °' 

Example 
No. RL i ...2_ y Spectral Data 

-NH-0 
IRvNujol (cm-1 ): 1785, 1745, 1705, 1605, 1520, 1350 

PNZE PNZ PNB max 
N m.p. 181-183°C (dee.) 

m .,, 
0 

uv~H2° nm: 
.... 

..... 296, 276, 231 N 
0 max CD 
0 

! 

-Na_() 

IRJ<Br (cm-1 ): 1750, 1690, 1595, 1435, 1385, 1240, m .... 
max 1090 

33 HE H H 
N 

NMR& (D2o): l.26(3H, d, J=6.3Hz), l.9S(lH, m), 
3.20(18, dd, J•4.0 and 9.0Hz), 
.3.37(18, dd, J•2.6 and 6.lHz), 
8.32(1H, dd, J=l.3 and 5.0Hz), 
8.60(1H, d, J=2.2Hz) 



81 g ~ t &l fg 

Example 
No. i R2 R3 y 

PNZE PNZ PNB -NH-0 
N~ 

34 

-Nei) HE H H 

..... N 
0 ..... 

PNZE PNZ PNB -0 
35 

HE H H -0 

.( 
.\_ 

~ ~ 
... 
en 

Spectral Data 

t' 
\ .. 

... 
0 en 

IRvNujol (cm-1 ): 1790, 1745, 1705, 1670, 1605, 1515, 
max 1345 

m.p. l89-191°C {dee.) 

UVAH~O • m x nm. 298, 286, 237 

IRVKBr (cm-1 ): 1750, 1680, 1590, 1480, 1390, 1245, 
max 1090 

NMRIS (D2o): l.26(3H, d, J•6.3Hz), 1.95(18, m), 
3.20(18, dd, J•4.0 and 9.0Hz), 
3.37(1H, dd, J•2.6 and 6.lHz), 
8.32(18, dd, J•l.3 and 4.9Hz), 
8.60(1H, d, J•2.2Hz) 

IR~::t (cm-1 ): 1775, 1750, 1705, 1640, 1520, 1)45, 
1255, 1110 

NMRIS (Coct3 ): 1.48(38, d, J=6.5Hz), S.24(4H, s), 
5.23 and 5.44(28, ABq, J•l4Bz), 
8.19(6H, d, J•8.5Hz) 

H 0 
UV~ix nm: 297 

m .,, 
0 -~ 
~ 
m .... 



81 

..... 
IG 

~ 

Example 
No. 

36 

~ ~ 

Rl R2 R3 ---

PNZE PNZ PNB 

HE H H 

( 
~ ~ 

y 

-N~ 

-N~ 

rg ~ ... 
OI 

... 
0 

Spectral Data 

( 
OI 

IRVneat (cm-1 ): 1782, 1750, 1710, 1660, 1522, 1445, max 1355, 1270, 1140 

NMR 6 (CDC 
3 ) : 

1.48(3H, d, J•6Hz), 5.26(4H, s), 
5.18 and 5.42(2H, ABq, J•l4Hz), 
7.50(2H, d, J=8.5Hz), 7.53(28, d, 
J•8.58z), 7.62(2H, d, J•8.5Hz), 
8.19(68, d, J•8.5Hz) 

UVA!!i~ nm: 298 

IRv!:~ (cm-1 ): 1755, 1630, 1600, 1440, 1382, 1240 

NMR6 (D20): 1.26(38, d, J•6.3Hz), 2.34(28, m}. 
3.36(18, dd, J•3.4 and S.5Hz), 
3.84(18, m) 

m .,, 
0 -~ 
~ 
m -



.... 
0 
(.,) 

en en g: 

Example 
No. 

37 

8; 

Rl 

PNZE 

HE 

( 

t ~ ~ 

R2 R3 y 

--

PNZ PNB -0 

H H -0 

ril ~ Cii ... 
Q 

Spectral Data 

(" 
\. 

en 

CHCI. -1 IRvmax 3 (cm }: 1780, 1740(sh), 1710, 1605, 1520, 
1340 

NMR6 (CDC.t3 ): l.48(3H, d, J•6.4Hz), 5.25(48, s), 
6.32(2H, d, J•28z), 8.16(6H, d, 
J=8.8Hz) 

uv>.8i 0 nm: m x 297, 241 

IRvKBr (cm1 ): 1750, 1720, 1590, 1470, 1390, 1280 max 

NMR6 (D20): l.26(3H, d, J•6.2Hz), 2.12(2H, m), 
6.44(28, t, J•2.28z), 7.39(28, t, 
J•2.2Hz) 

m 
"a 
0 .... 
I\) 
CD 

!i 
m .... 



( 
g: ~ ~ ~ &l ~ 

Example 
No. Rl R2 R3 y 

-52 PNZE PNZ PNB ... 
0 

""" 
38 

HE H H -H5l 

rit ~ 
... 
en 

... 
Q 

Spectral Data 

( 
en 

CHC1 
IRVmax 3 (cm-1 ): 1780, 1750, 1700, 1650(sh), 1610, 

1525, 1350 

NMRcS (CDC13 ): 1.47(38, d·, J•6Hz), 5.22(48, s), 
8.12(68, d, J•8.5Hz) 

uv"Hio nm: 298 
m x 

IR~Br (cm-1 ): 1750, 1650, 1600, 1440, 1395 max 

m 
-a 
() .... 
I\) 
0) 

~ 
m .... 



81 

..... 
g 

g 

Example 
No. 

39 

8i t 

Rl R2 R3 ----

PNZE PNZ PNB 

HE H ff' 

( 

~ ~ 

y 

' 

-if 

r-f'OH 
-\_..) 

~ I! ... 
Cll 

Spectral Data 

( 

... 
0 Cll 

IRvCHC.t3 (cm-l): 1783, 1750, 1715, 1660, 1615, 1530, max 1350 

NMR6 (CDC.t
3
): 

H 0 
UVAmix nm: 

l.48(3H, d, J•5.9Hz), 5.25(48, s), 8.15(6H, d, J•8.6Hz) 

298 

KBr -1 IRvmax (cm ): 1750, 1630, 1590, 1460, 1380, 1240, 1090 

NMRc5 (D2o): 1.27(38, d, J•6.3Hz), 3.19(18, dd, J•2.9 and 9.2Hz), 3.39(1H, dd, J•2.6 and 6.0Hz) 

m 
'11 
0 -~ 
en 
!! 
m .... 



(_ 

8l ~ ~ ~ ~ ~ 

Example 
No. Rl R2 R3 y 

- --

PNZE PNZ PNB -G) 
.... 
0 m 

40 

HE H H -G 

~ ~ .. en 

Spectral Data 

( .. 
0 en 

CHC1 -1 IRvmax 3 (cm ): 1780, 1740, 1708, 1640, 1605, 1520, 
1345 

NMR 6 (CDC 1J ) : 1.50(38, d, J•6.2Hz), 5.28(4H, s), 
8.19(6H, d, J•8.1Hz) 

UVAHiO nm: mx 297 

IRvKBr (cm-1 ): 1760, 1635, 1600, 1450, 1380 max 

NMR.S (D2o): 1.27(38, d, J=6.3Hz), 3.19(18, ~d, 
J=2.9 and 9.lHz), 3.39(18, dd, J•2.7 
and 6.0Hz), 3.55(28, d, J•4.08z), 
3.69(18, dd, J•2.0 and 4.3Hz) 

m 
"a 
0 .... 
~ 

~ 
m .... 



( ( 

81 ~ ~ ~ ~ l:J ~ ~ 
... 
en 

... 
C) en 

Example 
No. Rl R2 R3 y Spectral Data 

CHCI. -1 

CH~o· 
IRvmax 3 (cm ): 1780, 1750, 1705, 1635, 1605, 1520, 

1345 

PNZE PNZ PNB m .,, 
NMR~ (CDCll. 3 ): 

0 
CH3 

1.49(30, d, J•6.4Hz), S.26(4H, s), -8.20(68 1 d, J•8.8Hz) Iii) ..... en 
0 

!I ...... 

41 m 
ff 0 -uv>.mix nm: 298 

CH9 KBr -1 

HE ff ff 
IRvmax (cm ): 1755, 1625, 1440, 1380, 1240 

CH3 NMR8 CD2o>: 1.23(38, d, J=6.5ffz), l.25(3ff, d. 
J=6Hz), 1.31(38, d, J•7Hz) 



81 g ~ ~ ~ g 

Example 
No. Rl R2 R3 y 

--

PNZE PNZ PNB -NC)--CONH2 

..... 
0 42 CD 

HE H ff -OcoNn2 

( 
~ ~ 

... 
en 

Spectral Data 

... 
C) 

(_ 
en 

IRvCHCl3 (cm-1): 1785, 1746, 1705, 1657, 1610, 1525, 
max 1345 

NMR6 (CDC t 3 ): l.47(3H, d, J•6.2Hz), S.25(48, s), 
8.16(6H, d, J•8.6Hz) 

ff 0 
.UV~ix nm: 298 

KBr -1 IRVmax (cm ): 1750, l655(sh), 1635, l610(sh), 1380, 
1220 

NMR6 (D20): 1.26(38, d, J•6.3·Hz) 

rn .,, 
0 -I 
~ 
m -



8l g: ~ ~ &l g 

Example 
No. Rl .2 _i y 

PNZE PNZ PNB -NHOPNB 

43 

HE H H -NHOH 

... 
0 
co 

PNZE PNZ PNB -NHOCH3 

44 

HE H H -NHOCH3 

c. 
~ ~ ... 

cn 

Spectral Data 

( 
... 
0 en 

Nujol -1 IRVmax (cm ): 1790, 1750, 1715, 1670, 1602, 1515, 
1340 

m.p. 149-152°c (dee.) 

II 0 
uv1;ax nm: 300 

KBr -1 IRvmax (cm ): 1750, 1680, 1600, 1400, 1120 

Nujol -1 IRvmax (cm ): 1787, 1745, 1710, 1665, 1605, 1520, 
1345 

m.p. 188-189.s•c (dee.) 

H 0 
UV 1mix nm: 299 

KBr -1 . IRvmax (cm ): 1745, 1680, 1600, 1440, 1390, 1245J 
1050 

NMR cS (D20): 3.70(3H, s) 

m .,, 
0 .... 
~ 

~ 
m .... 



~ ~ ~ ~ ~ ~ 

Example 
No. Rl -1..i y 

PNZE PNZ 
.... 

PNB -N~ 
.... 
0 

4S 

HE H H -N~ 

( 
()l ~ ... 

Cll 

Spectral Data 

... 
Q 

( 
Cll 

neat -1 
IRvmax (cm )s 1780, 1750, 1710, 1605, 1525, 1350, 

1260 

NMRcS (CDC13 ): l.49(3H, d, J•6.4Hz), 5.25(4H, a), 
5.36(2H, ABq, J•l3.6Hz), 7.53(4H, d, 
J•8.8Hz), 7.62(28, d, J•B.BHz), 
8.21(6H, d, J•B.8Hz) 

uvA!J~ nm: 300 

IRVKDr (cm-1 ): i735, 1595, 1396, 1255, 1215, 1043 max 

m .,, 
0 ... 
N 
OJ 

~ 
m .... 



c: 

8l ~ & a &\ g 

Example 
No. Rl R2 R3 y 

PNZE PNZ PNB -{) 
.... .... .... 

46 

HE 8 H -0 

l\il ~ 
... 
Cll 

Spectral Data 

( 

0 Cll 

IRvneat (cm-1 )1 1780, 1745, 1705, 1645, 1520, 1440, 
max 1350, 1262 

NMR6 (CDC .t3) 1 l.49(3H, d, J•6.5Hz), 5.26(48, s), 
5.24 and 5.43(28, ABq, J•l4Hz), 
7.44(2H, d, J•9Hz), 7.48(28, d, 
J•9Hz), 7.68(28, d, J•9Hz), 8.19(68, 
d, J•98z) 

H 0 
UVAmix nm: 298 

NMR6 (D20): 1.27(30, d, J•6Hz), 1.83(48, t, J•7Hz), 
1.94-2.09(18, m), 2,42(48, t, J•7Hz), 
2.77-2.92(18, m), 3.11-3.42(58, m), 
3.81-3.99(18, m), 4.14-4.29(28, a) 

m .,, 
0 ... 
~ 

~ 
m ... 



8l 

... ... 
II) 

CJI a 

Example 
No. 

47 

t:I t 

Rl R3 

PNZE PNZ 

HE 8 

&l ~ 

II II 

Rl~A 

I 

\ 

)-~~ 
0 COORJ 

A 

((COOH2 
-s•-· .. 

'- PNZ 

« COOH2 
-S•"• 

......... " 

( 
bl ~ ... ... CJI en a 

Spectral Data m .,. 
IRvneat (cm-1 ): 1775, 1745, 1700, 1520, 1345, 1260, 

0 ... 
max 1130 I 

~ 
m 

NMRc5 (CDC.t3 ) 1 1.48(38, d, J•6.5Hz), 3.22(2H, br, .... 
d, J•9.08z), S.26(4H, s), 5.25 and 
S.46(28, ABq, J•l4Hz), 7.50, 7.54 
and 7.60(each 28, d, J•9.0Hz), 
8.18(48, d, J•9.0Hz), 8.21(2H, d·,:. 
J•9.0Hz) 

[ 0 )~9 +37.3° (c•0.244, acetone) 

H 0 
UV.>.mix nm: 298 



( ( 

g: g 8; t &l ~ l)l ~ (jj 0 en 

Example 
No. Rl R3 A Spectral Data 

neat 
1610, 1520, 1400, IRVmax (cm-1):1780, 1745, 1700, 

1350, 1260, 1120 
m .,, 
0 

,CONH2 NMR6 (CDC t 3): 1.48(38, ·d, J•6Hz), 3.l9(2H, d, ... ,.,.. . 

J•9Hz), 3.44(18, dd, J•2.5 and I\) ..... -·-0, en ..... PNZE PNZ 7.SHz), 5.25(48, s), 5.23 and 
~ 

(,.) 

48 5.42(28, ·ABq, J=l4Hz), 7.47, 7.52 and 
PNZ 7.60(each 2H, d, J•8.5Hz), B.16(48, m d, J=8.5Hz), 8.19(2H, d, J•B.SHz) ... 

(aJi2 +57.6° (c•0.279, acetone) 

./CONH2 
-S•n .... O H 0 

297 HE H UVlmix nm: 

"-a .... ,,. 



... ... ..... 

en en ~ 

Example 
No. 

49 

50 

~ 

Rl R 
--L 

PNZE PNB 

HE ff 

PNZE PNB 

HE H 

t ~ ~ 

A 

,.,,CONH2 

-s-o·~ 
PNZ 

-a"'CONH2 .. 
-s N, 

ff 

-a~ -s N' PNZ 

-c,..cott~ -s 
N' 

ff 

( 
~ ~ ... 

en 

Spectral Data 

( ... 
Q en 

neat -1 IRvmax (cm ): 1775, 1750, 1700, 1520, 1345, 1260, 
1180 

NMR6 (CDCt3 ): 1.48(3H, d, J•6.5Hz), 3.26(2H, br, 
d, J•9.0Hz), 5.25(4H, a), 5.18 and 
5.46(2H, ABq, J•14Hz), 7.49, 7.53 
and 7.62(each 2H, d, J•8.5Hz)", 
B.17(48, d, J•8.5Hz), 8.19(28, d, 
J•8.5Hz) 

[aJi5 +43.7° (c•0.353, acetone) 

II 0 
UVAmix nnn 297 

CllCt -1 • IRV 3 (cm )a 1750, 1705, 1645 1 1610, 1525, 14 0, 
max 1350, 1265 

H 0 
UV>.mix nm: 287 

m .,, 
0 

""" N 
0) 

~ 
m 
""" 



g: g: ~ ~ &l 

II 

Example 
No. Rl R2 ~ y 

..... ..... 
en 

HE PNZ PNB · -NH 2 

51 

HE H H -NH2 

( 

fg Ell 

~COY 

~~, 
OOR R2 

3 

~ ... 
en 

Spectral Data 

( 

C) en 

CHC1 -1 IRvmax 3 (cm ): 1775, 1700, 1607, 1520, 1395, 1345, 1105 

NMRcS (CDC t.3 ): l.36(3H, d, J•6.0Hz), l.37(3H, d, 
J•7.0Hz), 5.24(2H, s), 5.35(2H, 
ABq, J•l3.5Hz), 7.50(28, d, 
J•8.8Hz), 7.64(28, d, J•8.8Hz), 8.22(411, d, J•8.8Hz) .... 

,..11 0 UV mix nm: 295 

.]Br -1 IR max (cm ): 1750, 1660(sh), 1600, 1380, 1240' 

m 
"II 
0 -I\) en 

~ 
m -



81 g: ~ ~ &l ~ 

Example 
No. Rl R2 R3 y 

HE PNZ PNB N~OH 
I .... Me .... 

0) 

52 

HE 8 H N--...._...OH 
I 

Me 

( 
~ I\)• 

Q 
.. 
Ch 

Spectral Data 

( .. 
Q Ch 

CHC1 -1 IRvmax 3 (cm ): 1770, 1695, 1650, 1520, 1340 

NMRli (CDC13 ) a 1.34(3H, d, J•6.15Hz), 1.36(3H, d, 
J•B.OHz), 3.00(38, a), 5.20(28, a), 
5.36(28, ABq, J•l4.0Hz), 7.47(28, 
d, J•B.BHz), 7.64(2H, d, J•8.8Hz), 
B.20(2H, d, J•B.8Hz) 

H 0 
UVlmix nm: 289 

IRV!:~ (cm-1 ): 1750, 1630, 1605, 1375, 1240 

m 
"111 
0 .... 
~ 
en 
~ 
m .... 



( 

81 g ~ ~ &l ~ 

Example 
No. i R2 R3 y 

HE PNZ PNB NHCH2CONH2 

.... .... ..... 

53 
HE H H NHCH2cONH2 

~ ~ 
... 
Cll 

... 
Q 

Spectral Data 

/' 
I ·, 

Cll 

CHC1 -1 IRvmax 3 (cm ): 3380, 1770, 1725(sh), 1700, 1680, 
1605, 1520, 1342, 1250, 1102 

NMR6 (CDC t 3 ): S.30(2H, s), S.31(211, ABq, 
J•l3.8Hz), 7.48(28, d, J•8.8Hz), 
7.64(2H 1 d, J•8.8Hz), 8.21(48, d, 
J ... 8.8Hz) 

ff 0 
UVXmix nm: 295 

xav!!~ (cm-1 ): 1750, 1670, 1600, 1390, 1245 

NMR 6 (D2o): 1.26(38, d, J•6.5Hz) 1 1.28(38, d, 
J•8Hz), l.92(2H, s) 

m -a 
0 .... 
Ill.) 
0) 

~ 
m .... 



81 ~ ~ t &l ~ 

Example 
No. _1 R2 _1 y 

HE PNZ PNB NCH2CONH2 I ..... Me ..... 
QI) 

74 

HE H H NCH2CONH2 

I 
Me 

( 
~ ~ ... 

CJI 

Spectral Data 

... 
C) 

( 
CJI 

CllCI. -1 IRV 3 (cm ): 3480, 3350, 1773, 1678, 1604, 1525, 
max 1345, 1310 

l.34(3H, d, J•6.2Hz), l.37(3H, d, NMR6 (CDCt3 ): 
J•7.0Hz), 3.20(3H, s), 5.18(2H, a), 
5.36(26, ABq, J•l3.4Hz), 7.46(2H, 
d, J~8.8Hz), 7.63(2H, d, J•8.8Hz), 
B.20(2H, d, J•8.8Hz), 8.21(2H, d, 
J•8.8Hz) 

H 0 
UVAmix nm: 292 

1av!:~ (cm-1 ): 1752, 1645, 1600, 1385, 1245 

m 
'ti 
0 .... 
~ 
0) 

!I 
m .... 



.... .... 
co 

CJI 
CJI gi 

Example 
No. 

55 

~ 

Rl 

HE 

HE 

( 

~ &l ~ 

R2 R3 y 

PNZ PNB -() 

H 8 -0 

II> 
CJI ~ ... 

CJI 

Spectral Data 

( 
CJI ... 

0 

IRvCHCt3 (cm-1 ): 3420, 1772, 1705, 1660, 1623, 1606, 
max 1526, 1440, 1345 

(aJ~5 -45° (c•0.11, CHCt.3 ) 

NMR6 (CDC13 ) z l.33(3H, d, J•6.15Hz), 1.37(38, d, 
J•6.8Hz), 4.19(48, br, a), 5.21(28, 
a), 5.36(2H, ABq, J•l3.98z), 
5.84(2H, a), 7.40(28, d, J•8.68z), 
7.64(28, d, J•8.6Bz), 8.14(2H, d, 
J=8.6Hz), 8.19(2H, d, J•8.6Hz) 

uvA:j~ nm: 293 

IRV!:~ (cm-1 ): 1750, 1640, 1610, 1460, 1380 

NMR6 (D20): l.25(3H, d, J•6Hz), l.27(3H, d, 
J•7.SHz), S.85(2H, br. s) 

m -a 
0 ... 
~ 

~ 
m ... 



( 

8: ~ 8; ~ &l ~ 

Example 
R2 No. Rl R3 'i 

HE PNZ PNB -N:) 
_.. 
~ 

56 

HE H H -N:) 

~ ~ ... 
CJI 

Spectral Data 

... 
C) 

( 
CJI 

IRv;:~t3 (cm-1):1770, 1702, 1650, 1520, 1343, 1102 

NMR6 (CDC 13 ): 1.33(38, d, Ja6.15Hz), 1.37(38 1 d, 
J•7.0Hz), 5.21(28, s), 5.36(2H, ABq, 
J•l3.9Hz), 7.50(2H, d, J•8.6Hz), 
7.64(28, d, J=8.6Hz), 8.20(4H, d, 
J•8.6Hz) 

UV A11j,0 nm: 293 
m x 

1aJCBr (cm-1 ): 1755, 1630(sh), 1610, 1442, 1383, 
max 1240, 1110 

. 
NMR6 (D2o): 1.25(38, d, J=6.5Hz), 1.28(38, d, 

J•7Hz) 
., 
.. 

m 
'11 
0 
..... 
N en 

~ 
m -
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( 

81 g ~ t ~ ~ ~ ~ ... 
en Q en 

Example 
No. Rl R2 R3 y Spectral Data 

CHC1 -1 IRv ax 3 (cm ): 3400, 1770, 1705, 1650, 1520, 1432, m 1345, 1107 

(JOH m .,, 
HE PNZ PNB -N 0 ..... NMR6 (CDC1

3 ): l.35(3H, d, J•6.0Hz), l.36(3H, d, ... I\) 

J•7.0Hz), 5.20(28, s), 5.36(2H, 
I\) ..... 
en 

ABq, J•13.5Hz), 7.46(28, d, CJI •,7 J•8.8Hz), 7.64(2H, d, J•8.8Hz), !!S 8.21(2H, d, J•8.8Hz) m .... 

(Joo UVA8 2° nm: 293 max 
HE H H -N 

tRv!:~ (cm-1 ): 1760, 1615, 1390, 1245, 1100 



81 g & ~ &l 

Example 
No. Rl R2 R3 y 

- - -
r-\ HE PNZ PNB -N 0 
'---' ..... 

~ 

58 

I"' 
HE 8 H -N 0 

'---' 

( 
~ ~ t!l .. 

OI 

Spectral Data 

( .. 
Q OI 

CHCI. -1 IR"max 3 (cm ): 1770, 1705, 1656, 1525, 1345, 1112 

NMR6 (CDCt3 ): l.35(3H, d, J•6.15Hz), 1.36(38, d, 
J•7.0Hz), 5.22(28, a), 5.36(28, 
ABq, J•l3.98z), 7.50(28, d, 
J•8.08z), 7.64(28, d, J•8.08z), 
8.20(48, d, J•8.0Hz) 

H 0 
uv>.mix nm: 292 

KBr -1 IRvmax (cm ): 1760, 1630(sh), 1605, 1448, 1380, 
1245, 1110 

m -a 
0 .... 
I\) 
m 

~ 
m .... 



8l ~ ti ~ &l 

I 

Example 
R2 No. Rl R3 y 

" HE PNZ PNB -N N-cn 
'---' J ... 

~ 

59 

r-'\ 
HE H H -N N-CH 

'--' 3 

( 

g ~ ~ .... 
CJI 

Spectral Data 

.... 
C) 

( 
CJI 

IRVCHCl3 (cm-1 ): 1772, 1710, 1650, 1520, 1435, 1400, 
max 1340 

NMR 6 (CDC "J): l.34(3Hj d, J•6.0Hz), l.35(3H, d, 
J•7.SHz), 2.25(3H, s), 2.31(4H, s), 
5.22(2H; s), 5.36(28,.ABq, 
J=l4.1Hz), 7.49(2H, d, J•8.6Hz), 
7.63(28, d, J•8.6Hz), 8.20(48, d, 
J .. 8.6Hz) 

UV >.82° nm: max 291 

IRVKBr (~m- 1 ): 1755, 1620, 1442, 1380, 1250 max 

m .,. 
0 -I 
~ 
m -



81 

.... 
~ 

g 

Example 
No. 

60 

~ ~ 

Rl _i _1 

HE PNZ PNB 

HE H ff 

( 
&l ~ ~ t:!J 

... 
en Ci 

( 
en 

H !' /'(COY 

Rl)=t:(H i SIP"\.-~, 
N R 

0 OOR 2 L-trans 
3 

y 

-N(CH3)2 

-N(CH3)2 

Spectral Data 

CUC! -1 IRvmax 3 (cm ): 3400, 1770, 1708, 1652, 1604, 1523, 
1397, 1342 

(a)~s -33° (c•0.10, CHC13) 

NMR6 (CDCt
3
): 1.34(30, d, J•6.15Hz), l.39(3H, d, 

J•7.0Hz), 2.97(38, s), 2.91 and 
3.12(38, s), 5.21(28, a), 5.35(~28, 
ABq, Jal3.2Hz), 8.20(48, d, 
J•8.6Hz) 

H 0 UVAmix nm: 286 

KBr -1 IRVmax (cm ): 1750, 1630(ah), 1610, 1395, 1250 

m .,, 
0 -Ql 

!I 
m .... 



·( 

8l g & ~ ~ f!l 

Example 
No. Rl R2 R3 y ---

-NCJ HE PNZ PNB .... 
l)l 

61 

HE H H -N8 

~ ~ .. 
Cll 

Spectral Data 

( . 

.. 
C) Cll 

CHCR. 1 -1 IRvmax 3 (cm ): 3400, 1775, 1707, 1642, 1608, 1526, 1445, 1345 

(a }~5 -33° (c=0.11, CHCR.3 ) 

I 

NMR6 (CDCR.3): 1.33(38, d, J•6.15Hz), 1.40(38, d, J•6.8Hz), S.20(2H, s), 5.35(28, ABq, J•l3.8Hz), 7.47(28, d, J•8.8Hz), 
7.64(28, d, J•B.BHz), B.20(28, d, 
J•8.8Hz) 

JI 0 
uv.>.mix nm: 288 

KBr -1 IRVmax (cm ): 1760, 1635(sh), 1610, 1450, 1380, 1240 ; 

m 
"a 
0 -I\) m 

~ 
m -
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Example 
No. Rl R2 R3 -- -

.... 
I\) 
a> 

HE PNZ PNB 

62 

HE H II 

( 
&l ~ &l ~ ... 

en 
... 
C) 

( 
Cll 

Rl H ~ j ~··•"COY 

;tr:( N' 

y 

-N(CH3 ) 2 

-N(CH3)2 

. R 
COOR ' 

2 
3 

D-trans 

Spectral Data 

IRvCH~l3 (cm-1 ): 3400, 1770, 1700, 1650, 1605, 1520, 
ma 1400, 1120 

NMRa (CDCt
3
): 1.33(3H, d, J•6.15Hz), l.39(3H, d, 

J•6.8Hz), 2.9B(3H, a), 2.92 and 
3.12(3H, each s), 5.22(28, a), 
s.36(2H, ABq, J•l3.5Hz). 7.50(2K, 
d, J•8.6Hz), 7.64(28, d, J•8.6Hz), 
8.21(48, d, J•8.6Hz) 

II 0 
UVAmJx nm: 291 

KBr -1 IRVmax (cm ); 1755, 1630(sh), 1610, 1390, 1250 

m .,. 
0 -I 
~ 
m -



( 

8l 8l tA t ~ ~ 

Ex mple 
No • .1__12 y 

-N8 HE PNZ PNB _.. 
I\) 
...... 

63 

HE ti H -N8 

~ ~ 
... 
QI 

Spectral Data 

( 
... 
0 QI 

CHC1 -1 IRvmax 3 (cm ): 3420, 1775, 1710, 1660, 1621, 1528, 
1420, 1405, 1120 

NMR 6 (CDC 1
3

) i l.33(3H, d, J•6.l5Hz), 1.40(311, d, 
J•6.6Uz), 4.20(28, bt, s), 5.23(28, 
s), 5.84(2H, s), 7.50(2H, d, 
J•8.6Hz), 7.65(28, d, J•8.6Hz), 
8.15(2H, d, J•8.6Hz), 8.21(2H, d, 
J•8.6Hz) 

. ll 0 
uv>.mix nm: 283 

KBr -1 IRVmax (cm ): 1750, 1640, 1610, 1455, 1400, 1250 

m 
"a 
0 ... 
N 
CD 

~ 
m ... 



.... 
~ 

Cll 
Cll g 

Example 
No. 

64 

( 
~ ~ &'! fg ~ ~ ... 

Cll 
... 
Q 

( 
Cll 

II ff ? O'~..COY 
Rl~~'''" ~'-
)-~~ R o-cis 

.i.i-2. 

HE PNZ PNB 

HE H H 

0 COOR
3 

2 

y 

-N(CH3 ) 2 

-N(CH3)2 

Spectral Data 

IRV~~13 (cm-1 ): 3430, 1775, 1710, 1655, 1525, 1350, 1012 

NMR cS (CDC1
3
): 1.34(38, d, J•6.4Hz), l.38(3H, d, J•6.8Hz), 2.92, 2,94, 2,98 and 3.08(6H, each S), 5.21(28, a), 5.36(28, ABq, J•l3,9Hz), 7.50(28, d, J•8.68z), 7.65(28, d, J•B.6Hz), 8.21(28, d, J•8.68z) . 

uvA 02° nm: 297 · mb 

Ker -1 IRVmax (cm ): 1755, 1630(sh), 1600, 1380, 1240 

m .,, 
a .... 
~ 

~ 
m .... 
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.... 
~ 

g 

Example 
No. 

65 

( 

~ ~ &l ~ fll ~ Cii .. 
C) 

( 

OI 

Rl 'r---rS ·0.COY 
o.;-n=:( 1' 

_i_i R3 
y 

HE PNZ PNB -NH2 

HE H H -NH 2 

COORJ R2 

Spectral Data 

(a} 33 
D +32° (c•0.22, THP) 

xav::a01 <cm-1 >: 1780, 1680, 1608, 1517, 1381, 1350 

NMR6 (CDCl.3 ) 

H 0 uvyx nm: 

1.18(30, d, J=68z), 5.22(28, s), 
5.79(18, s) 

322, 255 

KBr -1 · IRvmax (cm ): 1762, 1655, 1577, 1376 

NMR6 (D20): 1.29(38, ·d, J=6.5Hz), i.75-1.89(10:,. 
m), 2.62-2.87(18, m), j.00-3.09(18~ 
m), 3.38-3.48(18, m), 3.6S-3.92(2HP 
m), 3.90(18, dd, J•l.4Hz and J•69ilt),, 
4.17-4.30(10, m), 5.68(1H, d, 
J•l.4Hz) 

m 
"a 
0 .... 
~ 

~ 
m .... 
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Example 
No. 

66 

~ ~ 

.iii 

HE PNZ PNB 

HE H H 

... 
I 
\. 

&l f!l 

y 

-N8 

-N8 

( 
'· 

"' ~ ... ... en cn a en Q 

Spectral Data 

[al 27 
D 

+48° (c=0.31, CHC13 ) 

CHC1 -1 IRv. 3 (cm ): 1790, 1706, 1653, 1612, 1420, 1356, 
max 1115 

NMR6 (CDCl.
3
): l.36(3H, d, J•6Hz), 5.22(28, s), 

S.75(18, d, J•l.S8z) 

KBr -1 lRvmax (cm ): 1765, 1636, 1582, 1365 

I 

NMR6 (D20>: l.29(3H, d, J=6.4Hz), l.&0-2.08(58, 
m), 2.88-3.05(18, m), 3.34-3.6l(SB~ 
m), 3.64-3.74(18, m), JJ93(1H, dd, 
J•l.4Hz aqd J•6Hz), 4.04(18, quin1 
J=6.68z), :4.24(18, quin, J•6.3Hz(, 
4.40(18, t, J•8.2Hz), s.70(18, d, 
J=l.48z) 

m ,. 
0 ... 
I 
~ 
m -
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"'C 
Cil 
i> 
&§ ..... 
- Q, 
~ 3· 
:;: (Q 

CD S' 

2t -=~ 
~ CD 
-· "'C ~ 0 
(Q () 

&~ 
Ji 

:IQ, 

"'Ci 
=',; () 
3 6: 
CD CD 
Ill Q, 

i 3· 
"'C "'C 
i; ..... 
~ () Co> 
'< CD ..... 
- Q, 

(Q -· 
0 rS 
~ £1 

3 
"2. 
CD 
!!' 
:;: 
CD 

Q: 

i 
:l 
(Q 

() 
0 
3 

"'C 
0 c 
:l 
Q, 
Cl) 

() 

~ 

~ 
i 

g: 

Example 
No. 

67 

(_ 

81 ~ &l ~ 

R: )=f _:x:•--a, cm 

COOR 3 

_i_i~ y 

H PNZ PNB -NH
2 

l\l ~ .... 
en 

Spectral Data 

.... 
Q 

( 
'·· 

en 

Nujol -1 . IRVmax (cm )1 1780, 1700, 1675, 1600, 1505 

NMRcS (CDC a.
3
): 4.40(1H, t, J•7Hz), 5.25(2H, s), 

5.37(18, a, J•ll.6Hz), 5.75(1H, dd, 
J•l.SHz and J•l.SHz), 7.47(28, d, 
J•9Hz), 7.57(2H, d, J•9Hz), 
8.l6(4H, d, J•9Hz) 

m 
"a 
0 .... 
~ 

~ 
m .... 



EP 0 126 587 B1 

COY 

5 ~x-<XB 
'-. .... / 

COOH 

10 

Compound 
y No. x 

15 

1 -CB2- -NBC2a5 

2 -CB -2 -NH-nC4H9 
20 3 -CB2- -NH-iC H 4 9 

4 -CH -2 -N(nC3&7 ) 2 

5 -CH - -N(iC3a 7 )2 25 2 
6 -CH2- -N(nC4H9 )2 

'......_,; 
7 -ca -2 -N(iC4H9 )2 

30 /ca3 
8 -CH -2 -N............_ 

C2H5 

9 -cs2-
~C2H5 

-N............_ 
nc4a9 

10 -ca2- -N~Ph 
H 

40 

45 

50 

55 

132 
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Compound 
No. x y 

5 11 -CB2- -N _.-.._.._.....Ph 
I 

'-··· CB3 

12 -cs2- -NCH -Ph 
10 I 2 

C2B5 

13 -cs,_- .;.N < ca4-Ph > 1. 

15 14 -CH - -N~N(C2B5 ) 2 2 H 
15 -cH2- -N~N(C2H5 ) 2 I 

20 ca3 
16 -CH - -N--......_._.N(CH3 ) 2 2 I 

25 
C2SS 

17 -CH -2 -N~N(C2s5 ) 2 I 
C2B5 

'-...-' 

30 18 -ca2- -N~N(CH3 ) 2 H 

19 -ca2- -N~N(C2B5 ) 2 B 
35 

-N~N(CB3 ) 2 20 -CH2-
I 
CB3 

40 21 -CH.2- -N~N(C&3 ) 2 I 
C2B5 

22 -ca2- -N~N(C2a5 ) 2 
45 I 

C2H5 

23 -cs2- -N~OH 
I 

50 cs
3 

65 

133 
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Compound 
x y No. 

5 24 -cH 2- -N~OB 
I 

,___.; CH3 

25 -CH2- -i~ 10 

CH3 OH 

26 -CH2- -N~OB 
! 15 

27 -CH2- -N~OH 
H 

20 -N~OB 28 -ca -2 I 
C2H5 

25 29 -CH -2 
-N(~OB)2 

30 -CH -2 -NC~>2 
"'---" OH 

30 5CB3 
31 -CH - -N 

2 

35 

32 -CH2-

-N5(CB3)2 
40 

33 -CH2- -0-0B 
45 

34 -CH2- -Q 
OH 

50 

55 

134 
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Compound 
No. x y 

5 

'-._/' 35 -ca -2 -0-coi;s 
CB3 10 

36 -CH -. 2 -NC)---- CON(CH3 ) 2 
15 

37 -CB -2 
r\ 

-N N-C H 
'---' 2 .5 

20 

38 -CH2- -N~CONH2 H 

39 -CB - -N---.......__CONHCH3 25 2 B 

40 -CH - -N~CON(CB3 ) 2 2 H . 
·.,____, 

30 41 -CH - -N~CONH2 2 H 

42 -CB -2 -N~CONH 
H I 

35 CB3 

43 -CB - -N~CON(CH3 ) 2 2 B 

40 CB3 

' -N~ 44 -CH-
B 

45 ca
3 

' -N~N(CH3 ) 2 45 -CH-
I 

50 ca3 

55 

135 
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Compound 
No. x y 

5 CH3 

' '----'" 
: 46 -ca- -~CH2CONBCH3 

H 

10 

ca
3 

' 47 -ca- -NCH2CONHCH3 I 
15 CH3 

ca3 

' -No-CONH2 48 -ca-
20 

49 -s- -x~ 

so -s- -N---......__N(CB3) 2 
25 I ca3 

51 -s- -N~OB 
"-.../ I 

30 ca3 
52 -s- -cca2CONH2 

35 53 -s- -NCB2CONH 

ti I 
ca3 

4() 54 -s- -yca2cONHCH3 
ce3 

45 ~ 
55 -s- -N 0 

\_J 

~ 
50 56 -s- -N N-CH 

\_) 3 

136 
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Compound 
No. x y 

5 

57 -s- -0 ....__.1 

10 58 -s- -N~ 
OH 

15 
59 -s- -() 
60 -s- -NJ-coNH2 

20 

25 

30 

35 

Compound 
No. x y 

61 

f s3 -0 -CB-

ca3 008 
45 62 ' -cs- -N 

50 

55 

137 
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Compound 
No. x y 

5 

·..__.,,. .. 63 -cs2- -() 
OH 

10 -() 64 -cB2-

15 65 -s- -0 
66 -s- -() 20 

67 -s- ()OB 
-N 

25 

68 -s- -N(CB3 ) 2 
··...__,,/ 

30 

HO COY 

B -o~• 
!~ NB 

35 

N OOH 

40 

Compo~nd 
No. x y 

45 CBJ 

' -0 69 -CB -2 

50 

55 

138 
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Compound 
y No. x 

5 ce
3 OH 

' -{J' ...._ __ / 70 -CH-

10 

-<> 71 -cs2-

-() 
OH 

15 72 -ca2-

73 -s- -0 20 

-() 
OH 

74 -s-
25 

75 -s- -<> \_..!. 

30 

76 -s- -N(CH3 )2 

35 

40 

45 

50 

55 

139 
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5 

10 

15 Compound 
No. x y 

ca3 

-{J ' 20 77 -cs-
CH3 

-() ' 78 -cs-
25 

cs3 

-() ' 79 -CH-
'-../. 

30 ca3 ()OB ' 80 -cs- -N 

35 

CH3 ca3 

' I 
81 -ca- -N~OB 

• 
40 

82 -ca2- -() 
45 uoe 

83 -ca2- -N 

50 

55 

140 
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Co~ound 
No. x y 

5 

I\ 
'-. .. ../ 84 -CH - -N 0 2 \_J 

10 

CH3 I 
85 -CH - -N~OH 2 

15 

86 -s- -o 
20 

87 -s- -(J 
25 

88 -s- UOH -N 

'-...__.; 

30 89 -s- -N(CH3)2 

35 

40 

45 

50 

55 

141 
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HO !COY 
5 s~ll, 

o~ ~. _ _... COOH ff 

10 

Comcounds No. y 

15 90 -NH 2 
-N ............... OH 

91 I 
CB3 

20 

92 -NHCH2CoNB2 

-N-CH CONH 
25 93 I 2 2 

CH3 

'-.___,/ 94 -0 
30 

95 -N~ 
35 

96 a OH 
-N 

45 97 -N'\ 
\__/ 

50 98 -Nr\N - CH 
\__/ 3 

55 

142 



EP 0 128 587 B1 . If lllf 1111~ llf JJJ/[IJJJl/J-
• 

5 

10 

15 

20 

25 

30 

35 

Clalms 
Clalms for the tollowlng Contracting States : BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. A Jj-lactam compound represented by the formula (I) 

lti)=CX COY 
I · " s I 

o? ·-<-cc~ {:t)· 

coo33 

wherein R1 represents a 1-hydroxyethyl group or a 1 ·hydroxyethyl group in which the hydroxy group is 
protected with a protecting group; R2 represents a hydrogen atom or a protecting group for an amino 
group; Ra 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) 

wherein A4 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 of the formula (2): 

(2). 

wherein Rs and R&, 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-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 -a)alkylamino group, a carbamoyl group, a mono- or di(C1 -a)alkylaminocarbonyl group 
and a protected or unprotected carboxyl group wherein the protecting group is a protecting group for a 

45 carboxyl group; or a pyridyl group; or Rs and R& taken together represent an alkylene chain or an 
alkylene chain containing an oxygen atom, a sulfur atom or a (C1 -a)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 -a)alkyl group, a carbamoyl group, a carboxyl group, a mono- or di(C1 -a)alkylaminocarbonyl 

50 group and a hydroxy group; or ~i) 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 
55 having 1 to 3 carbon atoms; 

and a pharmaceutically acceptable salt thereof. 

143 
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EP 0 126 587 81 111111~ 1111~ Ill/I /II/I ///Ill 
H S * 

2. A compound as claimed in Claim 1, wherein R, represents a 1-hydroxyethyl group, R2 and Rs each 
represents a hydrogen atom, and Y is a group represented by the formula (2-a): 

(2-a) 

10 wherein Rs-a and Re-a 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, a mono­
or di-(C1 -Cs)alkyl-substituted aminocarbonyl group or a carboxyl group, or a pyridyl group; or Rs-a and 

15 Rs-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, 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-(C1 -Cs)alkyl-substituted aminocarbonyl group or a hydroxyl 

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

25 

30 

35 

• NHORe-a (4-a) 

wherein Re-a represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 

3. A compound as claimed in Claim 1, wherein R, represents a 1-hydroxyethyl group, R2 and Rs each 
represents a hydrogen atom, and Y is a group represented by the formula (2-b): 

(2-b) 

wherein Rs-band Rs-beach 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 

40 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-b 
and Re-b jointly represents 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 or a hydroxyl group; 

50 

55 

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

-NHORe-a (4-a) 

wherein Ra-a represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 

4. A compound as claimed in Claim 1, wherein R, represents a 1-hydroxyethyl group, R2 and Ra each 
represents a hydrogen atom, and Y is a group represented by the formula (2-c): 
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(2-c) 

wherein Rs-c and Rs-c have one of the following meanings: 
(1) Rs-c 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 Rs-c represents a hydrogen atom or has the same meaning as defined for Rs-c: 
(2) Rs-c and Rs-c 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-c and Rs-c 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. A compound as claimed in Claim 3, wherein Y is a group represented by the formula: 

25 

30 

35 

40 

45 

50 

55 

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

wherein Ra. Rb and Re each represents a hydrogen atom or a methyl group. 

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

, -0 or 
l':i,, -v 

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

~4 
-CH-

wherein A4 is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 
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8. A compound as claimed in Claim 7, wherein X represents 

CH3 
I 

-CH- • 

9. A compound as claimed in Claim 7, wherein A4 is a hydrogen atom. 

10. A compound as claimed in any one of Claims 1 to 6, wherein Xis 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: 

OH 

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: 

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

45 

50 

55 
wherein R4- 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. (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. 

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

·-.... __ . 17. (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. 

10 18. (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. 

15 

19. (5R)-3-[2-((1-Pyrrolin-3-yl)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. 

20. (5R)-3-[2-((1-Azetidino)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. 

21. (5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]-
20 hept-2-ene-7-one-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof. 

22. (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. 

25 23. (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. 

24. (5R)-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. 

30 

25. (5R)-3-[2-Carbamoylpyrrolidin-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. 

26. (5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-
35 7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof. 

27. (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. 

40 28. (58)-3-[2-((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. 

45 

29. (58)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio J-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0J­
hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt thereof. 

30. (58)-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. 

31. (58)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio )-4-methyl-6-(1-hydroxyethyl)-1-
so azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylic acid, or a non-toxic pharmaceutically acceptable salt 

thereof. 

32. (58)-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 salt 

55 thereof. 

33. (58)-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 pharmaceutically acceptable salt thereof. 
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34. (58)-3-[2-(1-N-Methylpiperazinocarbonyl)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. 

35. (58)-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. 

36. A (5R,68,8R)-compound of the compound as claimed in Claim 11 . 

37. A (5R,68,8R)-compound of the compound as claimed in Claim 12. 

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

39. A (5R,68,8R)-compound of the compound as claimed in any one of Claims 14 to 26. 

15 40. A (58,68,SR)-compound of the compound as claimed in anyone of Claims 27 to 35. 

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

42. A (5R,68,8R,2'8,4'8)-compound of the compound as claimed in Claim 12. 
20 

43. A (58,68,SR,2'8,4'8)-compound of the compound as claimed in Claim 13. 

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

25 45. A (58,68,SR,2'8,4'8)-compound of the compound as claimed in any one of Claims 27 to 35. 

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

30 47. 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. 

35 

40 

45 

50 

55 

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

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

Ri~x" 
)-J,~-z 

cooa9 

(II) 

wherein R1 and X are as defined in Claim 1, Rs 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: 

ES -ex- COY' 

N 

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

5 (2) 

wherein Rs and A& are as defined in Claim 1, 
10 or a group represented by the formula (4'): 

-NHORa' (4') 

wherein Ra' represents a protecting group for a hydroxyl group or an alkyl group having 1 to 3 carbon 
15 atoms, in the presence of a base in an inert solvent to produce a tr-lactam compound represented by 

the formula (IV): 

20 

25 

30 

(IV) 

wherein R, , R:!, Rt, 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, R:! 
is a hydrogen atom and/or A3 is a hydrogen atom, or the compound of the formula (IV) wherein the 
protecting group on the group Y' is removed. 

35 50. A tr-lactam compound of the formula: 

45 

50 

55 

OH 

wherein Y is chosen from the group consisting of -NH2, 

149 

~COY 
s"\_. N-H 
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N07-ca3' 

16 

20 

26 

and the pharmaceutically acceptable salts thereof. 

51. A ~-lactam compound of the formula: 

30 OH 

and the pharmaceutically acceptable salts thereof. 

40 52. A ~-lactam compound of the formula: 

OH 

I 
N 

0 COOH 

60 

and the pharmaceutically acceptable salts thereof. 

66 

150 
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~NH 

COOR. 

_/YCON~ 
. \_Ns: '-/ 

' 



5 

10 

15 

EP 0 126 587 B1 

53. A ~-lactam compound of the formula: 

OH 

N--
0 

wherein Y is chosen from the group consisting of 

- <) and 

5 ,. ... QCOY 

OOH 

/jOH 

N I v 
20 and the pharmaceutically acceptable salts thereof. 

54. A ~-lactam compound of the formula: 

OH 
25 

30 

wherein Y is chosen from the group consisting of 

35 

and -ooa 
and the pharmaceutically acceptable salts thereof. 

55. A ~-lactam compound of the formula: 
45 

·at''COY 
511· .. • i 

NH 
50 

O' N COCH 

wherein Y is selected from the group consisting of 
55 

151 
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CH3 
and I ~OR 

-N 

10 66. A a-lactam compound represented by the formula: 

15 

20 

25 

30 

35 

40 

45 

50 

55 

wherein R1 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; ~ represents a hydrogen atom or a protecting 
group for an amino group; Ra 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): 

I 
R5 

N (2) 

' R5 

wherein Rs and A&, 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-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 ·Ca)alkyl-substituted aminocar­
bonyl and protected or unprotected carboxyl or a pyridyl group, or Rs and Ai; taken together 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 said substituent is selected from the group consisting of C1 -Ca alkyl, carbamoyl, mono- or di· 
(C1-Ca)alkyl-substituted aminocarbonyl and hydroxyl, 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 a pharmaceutically acceptable salt thereof. 
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Clalms for the followlng Contracting State: AT 

1. A process for preparing a ~-lactam compound represented by the formula (I) 

R l'Ux"- cox (I) 
0

? L--(s-(f~ 
COOB.

3 

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

( 1) 

wherein R4 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 or the formula (2): 

(2) 

wherein Rs and Rs;, which may be the same or different, each represents a hydrogen atom, an alkyl 
40 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 -a)alkylamino group, a carbamoyl group, a mono- or di(C1 -a)alkylaminocarbonyl group 
and a protected or unprotected carboxyl group wherein the protecting group is a protecting group for a 

45 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 -a)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 (C1 -a)alkyl group, a carbarnoyl group, a carboxyl group, a mono- or di(C1 -a}alkylaminocarbonyl 

50 group and a hydroxy group; 
or (ii) a group of the formula (4): 

-NHORa (4) 

55 wherein Ra 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 (II): 
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(II) 

wherein R1 and X are as defined above, Rs 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: 

HS 
-((

COY' 

N 

' ' R2 

wherein A2 is as defined above, and Y' is a group represented by the formula (2): 

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

-NHORa I (4') 

(2) 

wherein Ra' 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 ti-lactam compound represented by 
the formula (IV): 

(IV) 

50 wherein R1 , A2, 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 R1 is a 1-hydroxyethyl group, A2 
is a hydrogen atom and/or Rs is a hydrogen atom, or the compound of the formula (IV) wherein the 

55 protecting group on the group Y' is removed, and optionally converting the obtained compound into a 
pharmaceutically acceptable salt. 
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2. The process as claimed in Claim 1 for producing a compound of formula (I), wherein R, represents a 1-
hydroxyethyl group, A2 and Ra each represents a hydrogen atom, and Y is a group represented by the 
formula (2-a): 

N 
/Rs-a 

'-R6-a (2-a) 

wherein Rs-a and Re-a 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 

15 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-a and 
Re-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, an 
unsubstituted or substituted 3- to 7-membered cyclic amino group which may contain double bond(s) in 

20 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-(C1 -Cs)alkyl-substituted aminocarbonyl group or a hydroxyl 
group; or a group represented by the formula (4-a): 

- NHORe-a (4-a) 
25 

wherein Re-a represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 

3. The process as claimed in Claim 1 for producing a compound of formula (I), wherein R1 represents a 1-
.__,. hydroxyethyl group, A2 and Ra each represents a hydrogen atom, and Y is a group represented by the 

30 formula (2-b): 

35 

/Rs-b 
- N 

'R6-·b (2-b) 

wherein Rs-band Re-beach represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, 
40 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-band Ra-b jointly represents an alkylene chain or an alkylene chain containing an oxygen 

45 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 or a hydroxyl group; 
or a group represented by the formula (4-a}: 

50 

-NHORs-a (4-a} 

wherein Re-a represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 

55 4. The process as claimed in Claim 1 for producing a compound Of formula (I}, wherein R1 represents a 1-
hydroxyethyl group, A2 and Ra each represents a hydrogen atom, and Y is a group represented by the 
formula (2-c}: 
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(2-c) 

5 

-._/. wherein Rs-c and Ra-c have one of the following meanings: 

'-._.,/' 

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

carbamoyl group, a mono- or di-(C1 -Ca)alkylaminocarbonyl group or a hydroxyl group, or a pyridyl 

10 group, and Re-c represents a hydrogen atom or has the same meaning as defined for R5-c; 
(2) Rs-c and Re-c 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; 

15 and 
(3) Rs-c and Ra-c jointly represent an alkylene chain containing an oxygen atom or a (C1 -Ca)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: 

25 

30 wherein Rs-d represents a hydrogen atom or a methyl group, and Re-d represents a group of the 

formula: 

35 

40 

45 

50 

55 

0 

II 
c 

wherein R8 , Rb and Re 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: 

, -() or 
~,, -v 

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

~4 
-ca-

156 



·.'-../' 

5 

10 

EP 0 128 587 B1 I 1111111 111111 lllll lllll ll 1111 
* C L M S * 

X represents wherein A4 is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 

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

CH3 
I 

- CH -

9. The process as claimed in Claim 7 for producing a compound of formula (I), wherein A4 is a hydrogen 

atom. 

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

15 is a sulfur atom. 

20 

25 

30 

35 

40 

45 

50 

55 

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

one of Claims 1 to 6 and 10, which is represented by the formula: 

OH 

N~S 
-OCOY 

'R 2 
0 COOR;! 

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: 

OE 

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: 

wherein A4 is an alkyl group having 1 to 3 carbon atoms. 
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14. The process as claimed in Claim 1 for producing (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 pharma­
ceutically acceptable salt thereof. 

5 15. 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. 

16. The process as claimed in Claim 1 for producing (5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-6-(1-hydrox-
10 yethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylic acid or a non-toxic pharmaceutically ac­

ceptable salt thereof. 

17. The process as claimed in Claim 1 for producing (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 pharmaceuti-

15 cally acceptable salt thereof. 

20 

18. 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. 

19. The process as claimed in Claim 1 for producing (5R)-3-[2-((1-Pyrrolin-3-yl)carbonyl)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. 

25 20. The process as claimed in Claim 1 for producing (5R)-3-[2-((1-Azetidino)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. 

'-...../ 21. The process as claimed in Claim 1 for producing (5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)-
30 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. 

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

35 toxic pharmaceutically acceptable salt thereof. 

40 

23. The process as claimed in Claim 1 for producing (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. 

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

45 25. The process as claimed in Claim 1 for producing (5R)-3-[2-Carbamoylpyrrolidin-4-ylthio]-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. 

26. The process as claimed in Claim 1 for producing (5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio]-
50 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. 

27. 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-

55 maceutically acceptable salt thereof. 

28. The process as claimed in Claim 1 for producing (5S)-3-[2-((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 phar-
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maceutically acceptable salt thereof. 

29. The process as claimed in Claim 1 for producing (55)-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-

5 maceutically acceptable salt thereof. 

'-...../. 30. The process as claimed in Claim 1 for producing (55)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio]-4-

10 

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. 

31. The process as claimed in Claim 1 for producing (55)-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. 

15 32. The process as claimed in Claim 1 for producing (55)-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 salt thereof. 

33. The process as claimed in Claim 1 for producing (55)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio]-4-
20 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. 

34. The process as claimed in Claim 1 for producing (55)-3-[2-(1-N-Methylpiperazinocarbonyl)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 

25 pharmaceutically acceptable salt thereof. 

35. The process as claimed in Claim 1 for producing (55)-3-[2-Carbarnoylpyrrolidin-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. 
30 

36. The process as claimed in Claim 1 for producing a (5R,65,8R)-compound of the compound as claimed 
in Claim 11. 

37. The process as claimed in Claim 1 for producing a (5R,65,8R)-compound of the compound as claimed 
35 in Claim 12. 

38. The process as claimed in Claim 1 for producing a (55,65,BR)-compound of the compound as claimed 
in Claim 13. 

40 39. The process as claimed in Claim 1 for producing a (5R,65,8R)-compound of the compound as claimed 
in any one of Claims 14 to 26. 

45 

40. The process as claimed in Claim 1 for producing a (55,65,BR)-compound of the compound as claimed 
in anyone of Claims 27 to 35. 

41. The process as claimed in Claim 1 for producing a (5R,65,8R,2'5,4'5)-compound of the compound as 
claimed in Claim 11. 

42. The process as claimed in Claim 1 for producing a (5R,65,8R,2'5,4'5)-compound of the compound as 
so claimed in Claim 12. 

43. The process as claimed in Claim 1 for producing a (55,65,BR,2'5,4'5)-compound of the compound as 
claimed in Claim 13. 

55 44. The process as claimed in Claim 1 for producing a (5R,6S,8R,2'5,4'5)-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,5S,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 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

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. 

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

49. The process as claimed in claim 1 for producing a ~-lactam compound of the formula: 

__r---r-COY 
5~N-H 

COOR 

wherein Y is chosen from the group consisting of N~, 

-MCH2CONECH3, 
H 

and the pharmaceutically acceptable salts thereof. 

160 
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50. The process as claimed in claim 1 for producing a P-lactam compound of the formula: 

OH 
S ~CObl~-1e2 

-VNH 

N --..... COOR: 

and the pharmaceutically acceptable salts thereof. 

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

OB 

~I I 1.-s 
N~ ·o~ COCH 

and the pharmaceutically acceptable salts thereof. 

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

30 

0 

35 wherein Y is chosen from the group consisting Of 

-<) a.nd. 

and the pharmaceutically acceptable salts thereof. 
45 

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

OH 

50 

55 

wherein Y is chosen from the group consisting Of 
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and 

5 

and the pharmaceutically acceptable salts thereof. 

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

15 

. i'•COY 

5 ...... ~· 
'\__ ~E 

20 

wherein Y is selected from the group consisting of 

~-o·-o· O· 
30 and the pharmaceutically acceptable salts thereof. 

35 

40 

45 

50 

55. The process as claimed in Claim 1 for producing a P-lactam compound represented by the formula: 

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; Ra represents a hydrogen atom or a protecting 
group for an amino group; Ra 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): 

(2) 

wherein Rs and Ai;, 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-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 ·Ca)-alkylamino, carbamoyl, mono- or di-(C1 ·Cs)alkyl-substituted aminocar­
bonyl and protected or unprotected carboxyl or a pyridyl group, or Rs and Ai; taken together 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 said substituent is selected from the group consisting of C1 ·Ca alkyl, carbamoyl, mono- or di­
(C1 ·Ca)alkyl-substituted aminocarbonyl and hydroxyl, 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 a pharmaceutically acceptable salt thereof. 

15 PatentansprUche 
PatentansprUche fUr folgende Vertragsstaaten: BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. ti-Lactamverbindung wiedergegeben durch die Formal (I) 

20 

(l} 

25 

30 in der R1 eine 1-Hydroxyethylgruppe oder eine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit 
einer Schutzgruppe geschUtzt ist, bedeutet; ~ ein Wasserstoflatom oder eine Schutzgruppe fUr eine 
Aminogruppe bedeutet; Rs ein Wasserstoffatom oder eine Schutzgruppe fUr eine Carboxygruppe 
bedeutet; X eine substituierte oder unsubstituierte Methylengruppe der Formal (1) bedeutet: 

35 

40 

45 

50 

(1) 

wobei A4 ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoflatomen bedeutet, oder X ein 
Schwefelatom bedeutet; und Y (i) einen Rest der Formal (2) bedeutet: 

R. 
/ :> 

N (2) 

"R 
6 

wobei Rs und A&, die gleich oder verschieden sein k6nnen, jeweils ein Wasserstoflatom, einen 
55 Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen Alkenylrest mit 3 bis 4 Kohlenstoflatomen, eine Benzyl~. 

Phenethyl-, 2-Pyridylmethyl-, 3-Pyridylmethyl- oder 4-Pyridylmethylgruppe, einen substituierten Alkyl­
rest mit 1 bis 5 Kohlenstoflatomen, wobei der Substituent aus einer Hydroxygruppe, einem Di-(C1 -Ca)· 
alkylamino-, Carbamoyl-, einem Mono- oder Di-(C1 -Ca)-alkylaminocarbonylrest und einer geschUtzten 
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oder ungeschUtzten Carboxygruppe ausgew§hlt ist, wobei die Schutzgruppe eine Schutzgruppe fUr 
eine Carboxygruppe ist; oder einen Pyridylrest bedeutet; oder Rs und A& zusammen eine Alkylenkette 
oder eine Alkylenkette, die ein Sauerstoffatom, ein Schwefelatom oder ein (C1 -Ca)-alkylsubstituiertes 
Stickstoffatom enth§lt, bedeuten, wobei zusammen mit dem benachbarten Stickstoffatom ein substitu-

5 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 (C1 -Ca)-Alkyl-, 

, _ _,. einem Carbamoyl-, einem Carboxy-, einem Mono- oder Di-(C1 -Ca)alkylaminocarbonylrest und einer 
Hydroxygruppe ausgewihlt ist; 

10 

15 

20 

25 

30 

35 

oder (ii) einen Rest der Formal (4) bedeutet: 

-NHORs (4) 

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

2. Verbindung nach Anspruch 1, wobei Ri eine 1-Hydroxyethylgruppe bedeutet, A2 und Ra jeweils ein 
Wasserstoffatom bedeutet, und Y einen Rest, wiedergegeben durch die Formal (2-a), bedeutet: 

(2-a) 

wobei Re-a und Re-a 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 Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit 
einer Hydroxygruppe, einem Di-(C1 -Ca)alkylamino-, einem Carbamoyl-, einem mono- oder di-(C1 -Ca)­
alkylsubstituierten Aminocarbonylrest oder einer Carboxygruppe substituiert ist; oder einen Pyridylrest 
bedeutet; oder Re-a und R6-a zusammen eine Alkylenkette oder eine Alkylenkette, die ein Sauerstoff­
atom, ein Schwefelatom oder ein (C1 -Ca)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 -Ca)alkylsubstituierten Aminocarbonylrest oder 
eine Hydroxygruppe bedeutet; oder einen Rest, wiedergegeben durch die Formal (4-a), bedeutet: 

-NHORs-a (4-a) 

4-0 wobei Rs-a ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet. 

45 

50 

3. Verbindung nach Anspruch 1, wobei R1 eine 1-Hydroxyethylgruppe bedeutet, A2 und Ra jeweils ein 
Wasserstoffatom bedeutet, und Y einen Rest, wiedergegeben durch die Formal (2-b), bedeutet: 

(2-b) 

wobei Re-b und Re-b 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 Kohlenstoff­
atomen, wobei der Substituent eine Hydroxygruppe, eine Di-(C1 -Ca)alkylamino-, eine Carbamoyl-, eine 

55 mono- oder di-(C1 -Ca)alkylsubstituierte Aminocarbamoyl- oder eine Carboxygruppe ist, oder einen 
Pyridylrest bedeutet, oder Re-b und R6-b zusammen eine Alkylenkette oder eine Alkylenkette, die ein 
Sauerstoffatom, ein Schwefelatom oder ein (C1 -Ca)alkylsubstituiertes Stickstoffatom enth§lt, darstellt, 
wobei zusammen mit dem benachbarten Stickstoffatom ein unsubstituierter oder substituierter 3- bis 7-
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gliedriger cyclischer Aminorest erzeugt wird, der in dam 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 Formal (4-a), 
bedeutet: 

-NHORa-a (4-a) 

wobei Re-a ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet. 

10 4. Verbindung nach Anspruch 1, wobei R, eine 1-Hydroxyethylgruppe bedeutet, A2 und Ra jeweils ein 
Wasserstoffatom bedeutet und Y einen Rest, wiedergegeben durch die Formal (2-c), darstellt: 

15 

20 

25 

30 

35 

45 

50 

55 

(2-c) 

wobei Rs-c und Ra-c eine der nachstehenden Bedeutungen besitzen: 
(1) Rs-c bedeutet einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit einer Carbamoyl-, einer 
Mono- oder Di-(C1 -Ca)alkylaminocarbonyl- oder einer Hydroxygruppe substituiert ist, oder einen 
Pyridylrest, und Ra-c bedeutet ein Wasserstoffatom oder besitzt die fClr Rs-c angegebenen Bedeu­
tungen; 
(2) Rs-c und Ra-c bedeuten zusammen eine Alkylenkette, wobei zusammen mit dam benachbarten 
Stickstoffatom ein unsubstituierter oder substituierter 4- bis 6-gliedriger geslttigter 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 dam 
cyclischen Aminoring eine Carbamoyl- oder eine Hydroxygruppe ist; und 
(3) Rs-c und Ra-c bedeuten zusammen eine Alkylenkette, die ein Sauerstoffatom oder ein (C1 -Ca)­
alkylsubstituiertes Stickstoffatom enthllt, wobei zusammen mit dam benachbarten Stickstoffatom ein 
6-gliedriger cyclischer Aminorest erzeugt wird. 

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

bedeutet, wobei As-d ein Wasserstoffatom oder eine Methylgruppe bedeutet, und Rs-d einen Rest der 
Formal: 

~c 0 

II .,....aa 
CH c N 

"'I\, 

bedeutet, wobei Ra. Rb und Re jeweils ein Wasserstoffatom oder eine Methylgruppe bedeutet. 
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6. Verbindung nach Anspruch 3, wobei Y durch die Formeln: 

,, CH
3 f"-... lj1 5 -N -\) 'CH 

I oder -v , ___ ... 3 

10 wiedergegeben ist. 

7. Verbindung nach einem der Ansprtlche 1 bis 6, wobei X 

15 f' 
-CH-

bedeutet, wobei R.. ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen darstellt. 
20 

8. Verbindung nach Anspruch 7, wobei X 

25 
IH3 

-CH-

'--_. bedeutet. 
30 

9. Verbindung nach Anspruch 7, wobei R.. ein Wasserstoffatom ist. 

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

35 11. (5R)-Verbindung der Verbindung nach einem der AnsprUche 1 bis 6 und 10, die durch die Formel: 

40 

45 

wiedergegeben ist. 

50 

55 
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12. (5R)-Verbindung der Verbindung nach einem der AnsprOche 1 bis 7 und 9, die durch die Formal: 

OB 
5 

10 

wiedergegeben ist. 

15 13. (5S)-Verbindung der Verbindung nach einem der AnsprOche 1 bis 8, wiedergegeben durch die Formal: 

20 

25 

wobei A4 einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet. 

30 14. (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-4-thia-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

35 

15. (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-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

16. (5R)-3-[2-Carbamoylpyrrolidin-4-ylthio ]·6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-4-thia-2-car 
bonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

17. (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio ]-6-(1 ·hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
40 on-2-earbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

18. (5R)·3·[2-((1-Pyrrolidino)carbonyl)pyrrolidin-4-ylthio ]·6·(1-hydroxyethyl)· 1-azabicyclo[3.2.0]hept-2-en-7-
on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

45 19. (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-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

50 

20. (5R)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio ]·6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-
2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

21. (5R)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio ]·6·(1-hydroxyethyl)-1-azabicyclo-[3.2.0]· 
hept-2-en-7-on-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

22. (5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1 ·azabicyclo-
55 [3.2.0]hept-3-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

23. (5R)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio ]·6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 
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24. (5R)-3-[2·(1 ·N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio ]·6·(1-hydroxyethyl)· 1-azabicyclo[3.2.0]hept-
2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

25. (5R)-3-[2-Carbamoylpyrrolidin-4-ylthio ]·6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-
5 carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

··- . .-- 26. (5R)-3-[2-(4-Pyridylaminocarbonyl)pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-
on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

10 27. (5S)-3-[2-Dimethylaminocarbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]­
hept-2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

15 

28. (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-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

29. (5S)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]­
hept-2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

30. (5S)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-
20 2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

25 

31. (5S)-3-[2-((3-Hydroxy-1-pyrrolidino)carbonyl)-pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicy 
clo[3.2.0]hept-2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz 
davon. 

32. (5S)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-
azabicyclo[3.2.0]hept-2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches 
Salz davon. 

30 33. (5S)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-
2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

40 

34. (5S)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo­
[3.2.0]hept-2-en-7-on-2-carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

35. (5S)-3-[2-Carbamoylpyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on­
carbonslure oder ein nicht toxisches pharmazeutisch vertrlgliches Salz davon. 

36. (5R,6S,8R)-Verbindung der Verbindung nach Anspruch 11. 

37. (5R,6S,8R)-Verbindung der Verbindung nach Anspruch 12. 

38. (5S,6S,8R)-Verbindung der Verbindung nach Anspruch 13. 

45 39. (5R,6S,8R)-Verbindung der Verbindung nach einem der AnsprOche 14 bis 26. 

40. (5S,6S,8R)-Verbindung der Verbindung nach einem der AnsprOche 27 bis ~-

41. (5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach Anspruch 11. 
so 

42. (5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach Anspruch 12. 

43. (5S,6S,8R,2'S,4'S)-Verbindung der Verbindung nach Anspruch 13. 

55 44. (5R,6S,8R,2'S,4'S)-Verbindung der Verbindung nach einem der AnsprOche 14 bis 26. 

45. (5S,6S,8R,2'S,4'S)-Verbindung der Verbindung nach einem der AnsprOche 27 bis 35. 
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46. (4R,5S,6S,8R,2'S,4'S)-Verbindung der Verbindung nach einem der AnsprOche 3 bis 8 und 27 bis 35. 

47. Pharmazeutische Zusammensetzung, umfassend eine pharmazeutisch wirksame Menge mindestens 
einer der Verbindungen nach Anspruch 1 als Wirkstoff und mindestens ein pharmazeutisch vertriigli-

5 ches inertes Triiger- oder VerdOnnungsmittel. 

·, _ _,, 48. Verwendung der Verbindung nach Anspruch 1 als ein antimikrobielles Mittel. 

49. Verfahren zur Herstellung einer Verbindung nach Anspruch 1 umfassend das Umsetzen einer Verbin-
10 dung der Formal (II): 

15 

20 

(II) 

wobei R, und X die im Anspruch 1 angegebenen Bedeutungen besitzen, Rs eine Schutzgruppe fOr 
eine Carboxygruppe bedeutet, Z einen reaktiven Ester eines Alkohols, oder einen substituierten oder 
unsubstituierten niederen Alkylsulfinylrest bedeutet, 

25 mit einem Mercaptanderivat der Formal: 

30 

35 

40 

45 

wobei R:! die im Anspruch 1 angegebene Bedeutung besitzt und Y' einen Rest, wiedergegeben durch 
die Formal (2), bedeutet: 

R-/ ~ 
-N (2) 

'-R 6 

wobei Rs und Ai; die in Anspruch 1 angegebenen Bedeutungen besitzen, oder einen Rest, wiedergege­
ben durch die Formal (4'), bedeutet: 

50 -NHORs' (4') 

55 

wobei Rs' eine Schutzgruppe fOr die Hydroxygruppe oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen 
bedeutet, in Gegenwart einer Base in einem inerten L6sungsmittel, wobei eine JJ-lactamverbindung, 
wiedergegeben durch die Formal (IV), hergestellt wird: 
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(IV) 

wobei R1. Ra, Rs. X und Y' die vorstehend angegebenen Bedeutungen besitzen, und, falls gewOnscht, 
Unterwerfen der erhaltenen Verbindung einer geeigneten Kombination zum aufeinanderfolgenden oder 
gleichzeitigen Entfernen der Schutzgruppe fOr die Carboxygruppe, der Schutzgruppe fOr die Hydroxy­
gruppe und/oder der Schutzgruppe fOr die Aminogruppe, wobei die Verbindung der Formal (IV), in der 

15 R1 eine 1-Hydroxyethylgruppe bedeutet, Ra ein Wasserstoffatom bedeutet und/oder Ra ein Wasser­
stoffatom bedeutet, oder die Verbindung der Formal (IV) hergestellt wird, wobei die Schutzgruppe an 
dam Rest Y' entfernt wird. 

20 

25 

30 

35 

40 

45 

50 

55 

50. ,6-Lactamverbindung der Formal: 

__r--r-COY 
5 ~N-H 

COOR 

wobei Y aus der Gruppe bestehend aus NH2, 

/\ 
-~\_JI 

-N "'(_.,OH 

I 
CH3 

-r-~~· -Q· 
~ 

(\ 
-NJ-CHJ I 

-MCH2CONBCH3, 
H 
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ausgewlhlt ist und die pharmazeutisch vertr§glichen Salze davon. 

51. a-Lactamverbindung der Formal: 

OH 

und die pharmazeutisch vertriglichen Salze davon. 

52. a-Lactamverbindung der Formal: 

OH 

~s 
0 N COCH 

und die pharmazeutisch vertriglichen Salze davon. 

53. a-Lactamverbindung der Formal: 

OH 

wobei Y aus der Gruppe bestehend aus 

~ -aCON· \ 

~ a 

C•-· -
COE 

();
COY 

und 
/f-OH 

N I 
"./ 

ausgewihlt ist und die pharmazeutisch vertraglichen Salze davon. 
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54. JH.actamverbindung der Formal: 

05 
5 ij. ~ .... .-COY 

~-·rr S 

I 1\ . NH 
N---4.....~ooa 

0 
10 

wobei Y aus der Gruppe bestehend aus 

15 

und -N . O OH 

20 

ausgewihlt ist und die pharmazeutisch vertriglichen Salze davon. 

55. ,8-Lactamverbindung der Formal: 
25 

30 a ,..,coy 
S••""·· j ... 

NH 
'--''' 

35 wobei Y aus der Gruppe bestehend aus 

40 0·-0· O· 
45 ausgewihlt ist und die pharmazeutisch vertriglichen Salze davon. 

56. ,8-Lactamverbindung wiedergegeben durch die Formal: 

50 

"'J.'-(~X S -crCOY 
o~N _t N...,_ 

R 
. COOR3 2 55 

in der R1 eine 1-Hydroxyethylgruppe oder eine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit 
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einer Schutzgruppe fOr eine Hydroxygruppe geschOtzt ist, bedeutet; A2 ein Wasserstoffatom oder eine 
Schutzgruppe fOr eine Aminogruppe bedeutet; Ra ein Wasserstoffatom oder eine Schutzgruppe fOr eine 

Carboxygruppe bedeutet; X ein Schwefelatom darstellt; und Y einen Rest der Formal (2) bedeutet: 

(2) 

wobei Rs und R&, die gleich oder verschieden sein k6nnen, jeweils ein Wasserstoffatom, einen 

Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-, 

15 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-(C1 -Ca)alkylamino-, C8rbamoyl-, einem mono- oder di-(C1 -Ca)­

alkylsubstituierten Aminocarbonylrest und einer geschOtzten oder ungeschOtzten carboxygruppe aus­

gew§hlt ist, oder einen Pyridylrest bedeutet, oder Rs und R& zusammen eine Alkylenkette oder eine 

20 Alkylenkette, die ein Sauerstoffatom, ein Schwefelatom oder ein (~ -Ca)alkylsubstituiertes Stickstoff­

atom enth§lt, bedeutet, wobei zusammen mit dem benachbarten Stickstoffatom ein substituierter oder 

unsubstituierter 3- bis 7-gliedriger cyclischer Aminorest erzeugt wircl, der in dem Ring eine Doppelbin­

dung (Doppelbindungen) enthalten kann, wobei der Substituent aus der Gruppe bestehend aus einer 

C1 -Ca-Alkyl-, der Carbamoyl-, einer mono- oder di-(C1 -Ca)alkylsubstituierten Aminocarbonyl- und 

25 Hydroxygruppe ausgew§hlt ist, oder einen Rest der Formal (4) bedeutet: 

30 

35 

40 

45 

50 

55 

-NHORa (4) 

wobei Ra ein Wasserstoffatom, eine Schutzgruppe fOr eine Hydroxygruppe oder einen Alkylrest mit 1 

bis 3 Kohlenstoffatomen bedeutet, und ein pharmazeutisch vertr§gliches Salz davon. 

PatentansprUche fllr folgenden Vertragsstaat: AT 

1. Verfahren zur Herstellung einer ,6-Lactamverbindung wiedergegeben durch die Formal (I) 

(I) 

in der R1 eine 1-Hydroxyethylgruppe oder eine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit 

einer Schutzgruppe geschOtzt ist, bedeutet; A2 ein Wasserstoffatom oder eine Schutzgruppe fOr eine 

Aminogruppe bedeutet; Ra ein Wasserstoffatom oder eine Schutzgruppe fOr eine Carboxygruppe 

bedeutet; X eine substituierte oder unsubstituierte Methylengruppe der Formal (1) bedeutet: 

(1) 
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wobei A4 ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet, oder X ein 

Schwefelatom bedeutet; und Y ~) einen Rest der Formal (2) bedeutet: 

(2) 

wobei Rs und A6. die gleich oder verschieden sein k6nnen, jeweils ein Wasserstoffatom, einen 

Alkylrest mit 1 bis 5 Kohlenstoffatomen, einen Alkenylrest mit 3 bis 4 Kohlenstoffatomen, eine Benzyl-, 

Phenethyl-, 2-Pyridylmethyl-, 3-Pyrldylmethyl- oder 4-Pyridylmethylgruppe, einen substituierten Alkyl-

15 rest mit 1 bis 5 Kohlenstoffatomen, wobei der Substituent aus einer Hydroxygruppe, einem Di-(C1 -Ca)­

alkylamino-, Carbamoyl-, einem Mono- oder Di-(C1-Ca)-alkylaminocarbonylrest und einer geschatzten 

oder ungeschatzten Carboxygruppe ausgewlhlt ist, wobei die Schutzgruppe eine Schutzgruppe tar 

eine Carboxygruppe ist; oder einen Pyridylrest bedeutet; oder Rs und A6 zusammen eine Alkylenkette 

oder eine Alkylenkette, die ein Sauerstoffatom, ein Schwefelatom oder ein (C1 -Ca)-alkylsubstituiertes 

20 Stickstoffatom enthllt, bedeuten, wobei zusammen mit dam benachbarten Stickstoffatom ein substitu­

ierter oder unsubstituierter 3- bis 7-gliedriger cyclischer Aminorest erzeugt wird, der in dam Ring eine 

Doppelbindung (Doppelbindungen) enthalten kann, wobei der Substituent aus einem (C1 -Ca)-Alkyl-, 

einem Carbamoyl-, einem Carboxy-, einem Mono- oder Di-(C1 -Ca)alkylaminocarbonylrest und einer 

Hydroxygruppe ausgewlhlt ist; 
25 oder (ii) einen Rest der Formal (4) bedeutet: 

30 

35 

40 

45 

50 

65 

-NHORa (4) 

wobei Ra ein Wasserstoffatom, eine Schutzgruppe tar die Hydroxygruppe oder einen Alkylrest mit 1 bis 

3 Kohlenstoffatomen bedeutet; oder ein pharmazeutisch vertrlgliches Salz davon, 

umfassend das Umsetzen einer Verbindung der Formal (II): 

(II) 

wobei R, und X die vorstehenden Bedeutungen besitzen, Rs eine Schutzgruppe far eine Carboxygrup­

pe bedeutet, Z einen reaktiven Ester eines Alkohols, oder einen substituierten oder unsubstituierten 

niederen Alkylsulfinylrest bedeutet, 
mit einem Mercaptanderivat der Formal: 

wobei R:! die vorstehend angegebene Bedeutung besitzt und Y' einen Rest, wiedergegeben durch die 

Formal (2), bedeutet: 
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s 
(2) 

wobei Rs und Rs die vorstehend angegebenen Bedeutungen besitzen, oder einen Rest, wiedergegeben 
10 durch die Formal (4'), bedeutet: 

-NHORs' (4') 

wobei Rs' eine Schutzgruppe fOr die Hydroxygruppe oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen 
1s bedeutet, in Gegenwart einer Base in einem inerten USsungsmittel, wobei eine ~-Lactamverbindung, 

wiedergegeben durch die Formal (IV), hergestellt wird: 

20 

25 

30 

35 

40 

45 

(IV) 

wobei R,, Ra. Rs, X und Y' die vorstehend angegebenen Bedeutungen besitzen, und, falls gewOnscht, 
Unterwerfen der erhaltenen Verbindung einer geeigneten Kombination zum aufeinanderfolgenden oder 
gleichzeitigen Entfernen der Schutzgruppe fOr die Carboxygruppe, der Schutzgruppe fOr die Hydroxy­
gruppe und/oder der Schutzgruppe fOr die Aminogruppe, wobei die Verbindung der Formal (IV), in der 
R, eine 1-Hydroxyethylgruppe bedeutet, Ra ein Wasserstoffatom bedeutet und/oder Ra ein Wasser­
stoffatom bedeutet, oder die Verbindung der Formal (IV) hergestellt wird, wobei die Schutzgruppe an 
dem Rest Y' entfernt wird, 
und gegebenenfalls Umwandlung der erhaltenen Verbindung in ein pharmazeutisch vertrlgliches Salz. 

2. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formal (I), wobei R, eine 1-
Hydroxyethylgruppe bedeutet, Ra und Ra jeweils ein Wasserstoffatom bedeutet, und Y einen Rest, 
wiedergegeben durch die Formal (2-a), bedeutet: 

(2-a} 

wobei Rs-a und Re-a 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 Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit 

so einer Hydroxygruppe, einem Di-(C1 -Ca)alkylamino-, einem Carbamoyl-, einem mono- oder di-(C1 -Ca)­
alkylsubstituierten Aminocarbonylrest oder einer Carboxygruppe substituiert ist; oder einen Pyridylrest 
bedeutet; oder Rs-a und Re-a zusammen eine Alkylenkette oder eine Alkylenkette, die ein Sauerstoff­
atom, ein Schwefelatom oder ein (C1 -Ca)alkylsubstituiertes Stickstoffatom enthllt, bedeuten, wobei 
zusammen mit dam benachbarten Stickstoffatom ein unsubstituierter oder substituierter 3- bis 7-

ss 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 -Ca)alkylsubstituierten Aminocarbonylrest oder 
eine Hydroxygruppe bedeutet; oder einen Rest, wiedergegeben durch die Formal (4-a), bedeutet: 
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-NHORa-a (4-a) 

wobei Ra-a ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet. 
6 

3. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formal (I), wobei R, eine 1-
'-"' Hydroxyethylgruppe bedeutet, R:i und Rs jeweils ein Wasserstoffatom bedeutet, und Y einen Rest, 

wiedergegeben durch die Formal (2-b), bedeutet: 

10 

16 

/Rs-b 
- N 

'R&-b (2-b) 

wobei R5-b und Re-b 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 Kohlenstoff­
atomen, wobei der Substituent eine Hydroxygruppe, eine Di-(C1 -Ca)alkylamino-, eine Carbamoyl-, eine 

20 mono- oder di-(C1 -Ca )alkylsubstituierte Aminocarbamoyl- oder eine Carboxygruppe ist, oder einen 
Pyridylrest bedeutet, oder Ra-b und Re-b zusammen eine Alkylenkette oder eine Alkylenkette, die ein 
Sauerstoffatom, ein Schwefelatom oder ein (C1 -Ca )alkylsubstituiertes Stickstoffatom enthllt, 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-

25 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 Formal (4-a), 
bedeutet: 

"-..../ -NHORa-a (4-a) 
30 

wobei Ra-a ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet. 

4. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formal (I), wobei R1 eine 1-
Hydroxyethylgruppe bedeutet, R:i und Rs jeweils ein Wasserstoffatom bedeutet und Y einen Rest, 

36 wiedergegeben durch die Formal (2-c), darstellt: 

(2-c) 

wobei R5-c und Re-c eine der nachstehenden Bedeutungen besitzen: 
46 (1) Rs-c bedeutet einen Alkylrest mit 1 bis 5 Kohlenstoffatomen, der mit einer Carbamoyl-, einer 

Mono- oder Di-(C1 -Ca)alkylaminocarbonyl- oder einer Hydroxygruppe substituiert ist, oder einen 
Pyridylrest, und Re-c bedeutet ein Wasserstoffatom oder besitzt die fOr Rs-c angegebenen Bedeu­
tungen; 
(2) R5-c und Re-c bedeuten zusammen eine Alkylenkette, wobei zusammen mit dem benachbarten 

60 Stickstoffatom ein unsubstituierter oder substituierter 4- bis 6-gliedriger geslttigter 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) Ra-c und Re-c bedeuten zusammen eine Alkylenkette, die ein Sauerstoffatom oder ein (C1 -Ca)-

55 alkylsubstituiertes Stickstoffatom enthllt, wobei zusammen mit dem benachbarten Stickstoffatom ein 
6-gliedriger cyclischer Aminorest erzeugt wird. 
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5. Verfahren nach Anspruch 3 zur Herstellung einer Verbindung der Formel (I), wobei Y einen Rest, 

wiedergegeben durch die Formel: 

10 bedeutet, wobei Rs-d ein Wasserstoffatom oder eine Methylgruppe bedeutet, und Rs-d einen Rest der 

Formel: 

15 

20 

25 

Re 0 

I II ,,Ra 
CB - c -N 

"'!\, 

bedeutet, wobei R8 , Rb und R0 jeweils ein Wasserstoffatom oder eine Methylgruppe bedeutet. 

6. Verfahren nach Anspruch 3 zur Herstellung einer Verbindung der Formel (I), wobei Y durch die 
Formeln: 

,,. cal 
-N 

'cs 
3 

wiedergegeben ist. 

, 
oder 

35 7. Verfahren nach einem der AnsprOche 1 bis 6 zur Herstellung einer Verbindung der Formel (I), in der X 

40 

50 

55 

i' 
-CH-

bedeutet, wobei A4. ein Wasserstoffatom oder einen Alkylrest mit 1 bis 3 Kohlenstoffatomen darstellt. 

8. Verfahren nach Anspruch 7 zur Herstellung einer Verbindung der Formel (I), in der X 

bedeutet. 

9. Verfahren nach Anspruch 7 zur Herstellung einer Verbindung der Formel (I), in der A4. ein Wasserstoff­

atom ist. 

10. Verfahren nach einem der AnsprOche 1 bis 6 zur Herstellung einer Verbindung der Formel (I), in der X 
ein Schwefelatom ist. 

177 



5 

10 

15 

20 

25 

30 

35 

40 

EP 0 128 587 81 11111111111111 11111 11111· II 1111 
* C L M S * 

11. Verfahren nach Anspruch 1 zur Herstellung einer (5R)-Verbindung der Verbindung nach einem der 
AnsprOche 1 bis 6 und 10, die durch die Formal: 

OH 

wiedergegeben ist. 

12. Verfahren nach Anspruch 1 zur Herstellung einer (5R)·Verbindung der Verbindung nach einem der 
AnsprOche 1 bis 7 und 9, die durch die Formal: 

OH 

wiedergegeben ist. 

13. Verfahren nach Anspruch 1 zur Herstellung einer (58)-Verbindung der Verbindung nach einem der 
AnsprOche 1 bis 8, wiedergegeben durch die Formal: 

45 wobei A4 einen Alkylrest mit 1 bis 3 Kohlenstoffatomen bedeutet. 

50 

14. Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-4-thia-2-carbonslure oder eines nicht toxischen 
pharmazeutisch vertrlglichen Salzes davon. 

15. 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-4-thia-2-carbonslure oder eines nicht toxischen 
pharmazeutisch vertrlglichen Salzes davon. 

55 16. 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-4-thia-2-carbonslure oder eines nicht toxischen pharmazeutisch 
vertrlglichen Salzes davon. 
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17. Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-(Dimethylaminocarbonyl)pyrrolidin-4-ylthio]-6-
(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht toxischen pharma­
zeutisch vertrf!glichen Salzes davon. 

5 18. 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-carbonsf!ure oder eines nicht toxischen pharma-

<.__., zeutisch vertrf!glichen Salzes davon. 

19. Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio]-6-
10 (1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht toxischen pharma­

zeutisch vertrtiglichen Salzes davon. 

20. Verfahren nach Anspruch 1 zur Herstellurig von (5R)-3-[2-((1-Azetidino )carbonyl)pyrrolidin-4-ylthio ]-6-(1-
hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht toxischen pharmazeu-

15 tisch vertrtiglichen Salzes davon. 

20 

21. 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-carbonsf!ure oder eines nicht toxischen 
pharmazeutisch vertrtiglichen Salzes davon. 

22. Verfahren nach Anspruch 1 zur Herstellung von (5R)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)­
pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-3-en-7-on-2-carbonstiure oder eines nicht 
toxischen pharmazeutisch vertrf!glichen Salzes davon. 

25 23. 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-carbonstiure oder eines nicht toxischen pharma­
zeutisch vertrf!glichen Salzes davon . 

...._,.· 24. Verfahren nach Anspruch 1 zur Herstellung von (5R)·3·[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-
30 ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht toxischen 

pharmazeutisch vertrtiglichen Salzes davon. 

26. 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-carbonsf!ure oder eines nicht toxischen pharmazeutisch vertrf!g-

35 lichen Salzes davon. 

40 

26. 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-carbonstiure oder eines nicht toxischen pharma­
zeutisch vertrf!glichen Salzes davon. 

27. Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-Dimethylaminocarbonyl)pyrrolidin-4-ylthio]-4-
methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht toxischen 
pharmazeutisch vertriiglichen Salzes davon. 

46 28. 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-carbonsf!ure oder eines nicht toxischen 
pharmazeutisch vertrf!glichen Salzes davon. 

29. Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-((1-Pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio]-4-
50 methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht toxischen 

pharmazeutisch vertrtiglichen Salzes davon. 

30. Verfahren nach Anspruch 1 zur Herstellung von (5S)-3-[2-((1-Azetidino)carbonyl)pyrrolidin-4-ylthio]-4-
methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht toxischen 

55 pharmazeutisch vertraglichen Salzes davon. 

31. Verfahren nach Anspruch 1 zur Herstellung von (55)-3-(2-((3-Hydroxy-1-pyrrolidino)carbonyl)-pyrrolidin-
4-ylthio J-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsf!ure oder eines nicht 
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toxischen pharmazeutisch vertriglichen 8alzes davon. 

32. Verfahren nach Anspruch 1 zur Herstellung von (58)-3-[2-((2-Hydroxyethyl)methylaminocarbonyl)-
pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure oder 

s eines nicht toxischen pharmazeutisch vertrliglichen 8alzes davon. 

< > 33. Verfahren nach Anspruch 1 zur Herstellung von (58)-3-[2-(1-Morpholinocarbonyl)pyrrolidin-4-ylthio J-4-

10 

methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure oder eines nicht toxischen 
pharmazeutisch vertraglichen 8alzes davon. 

34. Verfahren nach Anspruch 1 zur Herstellung von (58)-3-[2-(1-N-Methylpiperazinocarbonyl)pyrrolidin-4-
ylthio J-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-2-carbonsiure oder eines nicht to­
xischen pharmazeutisch vertraglichen 8alzes davon. 

15 35. Verfahren nach Anspruch 1 zur Herstellung von (58)-3-[2-Carbamoylpyrrolidin-4-ylthio]-4-methyl-6-(1-
hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-on-carbondure oder eines nicht toxischen pharmazeu­
tisch vertriglichen 8alzes davon. 

36. Verfahren nach Anspruch 1 zur Herstellung einer (5R,68,8R)-Verbindung der Verbindung nach An-
20 spruch 11 . 

37. Verfahren nach Anspruch 1 zur Herstellung einer (5R,68,8R)-Verbindung der Verbindung nach An­
spruch 12. 

25 38. Verfahren nach Anspruch 1 zur Herstellung einer (58,68,BR)-Verbindung der Verbindung nach An­
spruch 13. 

39. Verfahren nach Anspruch 1 zur Herstellung einer (5R,68,8R)-Verbindung der Verbindung nach einem 
-----' der AnsprOche 14 bis 26. 

30 

40. Verfahren nach Anspruch 1 zur Herstellung einer (58,68,SR)-Verbindung der Verbindung nach einem 
der AnsprOche 27 bis 35. 

41. Verfahren nach Anspruch 1 zur Herstellung einer (5R,68,8R,2'8,4'8)-Verbindung der Verbindung nach 
35 Anspruch 11. 

42. Verfahren nach Anspruch 1 zur Herstellung einer (5R,68,8R,2'8,4'8)-Verbindung der Verbindung nach 
Anspruch 12. 

40 43. Verfahren nach Anspruch 1 zur Herstellung einer (58,68,BR,2'8,4'8)-Verbindung der Verbindung nach 
Anspruch 13. 

45 

44. Verfahren nach Anspruch 1 zur Herstellung einer (5R,68,8R,2'8,4'8)-Verbindung der Verbindung nach 
einem der AnsprOche 14 bis 26. 

45. Verfahren nach Anspruch 1 zur Herstellung einer (58,68,BR,2'8,4'8)-Verbindung der Verbindung nach 
einem der AnsprOche 27 bis 35. 

46. Verfahren nach Anspruch 1 zur Herstellung einer (4R,58,68,8R,2'8,4'8)-Verbindung der Verbindung 
50 nach einem der AnsprOche 3 bis 8 und 27 bis 35. 

47. Verfahren zur Herstellung einer pharrnazeutischen Zusammensetzung, umfassend das Vermischen 
einer pharmazeutisch wirksamen Menge mindestens einer der Verbindungen nach Anspruch 1 als 
Wirkstoff und mindestens eines pharrnazeutisch vertrliglichen inerten Trliger- oder VerdOnnungsmittels. 

48. Verwendung der Verbindung gemiB Anspruch 1 als ein antimikrobielles Mittel. 
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49. Varfahran nach Anspruch 1 zur Harstallung ainar ~-Lactamvarbindung dar Formal: 

wobai Y aus dar Gruppa bastahand aus NH2, 

_r--r&COY 

s~~-= 
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15 -N -1.-oH, 
I 

25 

35 

40 

45 

50 

55 

CH3 

-N~NCCE3 l 2 1 
I 

-NCH2CON::CB3, 
H 

ausgawlhlt ist und dar pharmazautisch vartrlglichan Salza davon. 

C!!3 

50. Varfahran nach Anspruch 1 zur Harstallung ainar ~-Lactamvarbindung dar Formal: 

OB 

N--... 

S _/'ICONMe2 

-VNH 

COOR: 

und dar pharmazautisch vartrlglichan Salza davon. 
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51. Verfahren nach Anspruch 1 zur Herstellung einer P-lactamverbindung der Formal: 

OH ""' ~ l 1~ s 
·O~ COOB 

-aCON \ 

' .! i! ............... 

und der pharmazeutisch vertriglichen Salze davon. 

52. Verfahren nach Anspruch 1 zur Herstellung ainar p-Lactamvarbindung dar Formal: 

wobai Y aus der Gruppa bestehend aus 

~OH v 
ausgawihlt ist und dar pharmazautisch vertriglichan Salza davon. 

53. Varfahren nach Anspruch 1 zur Harstellung ainar P-Lactamvarbindung dar Formal: 

OH 

it ~ .... .-coy 
I I S 

l\ ra . 
N ----....._~OOH 

0 

wobai Y aus der Gruppa bestehand aus 

N8 und -OOB 
ausgewihlt ist und dar pharmazautisch vartriglichen Salze davon. 
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54. Verfahren nach Anspruch 1 zur Herstellung einer P-lactamverbindung der Formal: 

.01,,COY 

$1•"""" i 
NH 

0' 

wobei Y aus der Gruppe bestehend aus 

0·-0· O· 
ausgewlhlt ist und der pharmazeutisch vertrlglichen Salze davon. 

55. Verfahren nach Anspruch 1 zur Herstellung einer p-Lactamverbindung wiedergegeben durch die 
Formal: 

35 in der R, eine 1-Hydroxyethylgruppe oder eine 1-Hydroxyethylgruppe, wobei die Hydroxygruppe mit 
einer Schutzgruppe fOr eine Hydroxygruppe geschOtzt ist, bedeutet; A2 ein Wasserstoffatom oder eine 
Schutzgruppe fOr eine Aminogruppe bedeutet; Ra ein Wasserstoffatom oder eine Schutzgruppe fOr eine 
Carboxygruppe bedeutet; X ein Schwefelatom darstellt; und Y einen Rest der Formal (2) bedeutet: 

40 

/ 
R.5 

N (2) 
45 ' R.6 

wobei Rs und R&, die gleich oder verschieden sein k6nnen, jeweils ein Wasserstoffatom, einen 
50 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 dam Hydroxy-, dam Di-(C1-Ca)alkylamino-, Carbamoyl-, einem mono- oder di-(C1-Ca)­
alkylsubstituierten Aminocarbonylrest und einer geschOtzten oder ungeschOtzten Carboxygruppe aus-

55 gewlhlt ist, oder einen Pyridylrest bedeutet, oder Rs und R& zusammen eine Alkylenkette oder eine 
Alkylenkette, die ein Sauerstoffatom, ein Schwefelatom oder ein (C1 -Ca)alkylsubstituiertes Stickstoff­
atom enthllt, bedeutet, wobei zusammen mit dam 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-(C1 -Cs)alkylsubstituierten Aminocarbonyl- und 

Hydroxygruppe ausgew!hlt ist, oder einen Rest der Formel (4) bedeutet: 

-NHORs (4) 

\ _ __,. wobei Rs ein Wasserstoffatom, eine Schutzgruppe tar eine Hydroxygruppe oder einen Alkylrest mit 1 

bis 3 Kohlenstoffatomen bedeutet, und ein pharmazeutisch vertriigliches Salz davon. 

10 Revendlcatlons 

15 

20 

25 

30 

35 

40 

45 

Revendlcatlons pour les Etats contractants sulvants : BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. Compose JHactame represente par la formula (I): 

R~x c(CO-Y 

,f-N:)-s -
0 '{'" N' 

COOR R2 
3 

(I) 

dans laquelle R1 represente un groupe 1 ·hydroxyethyle ou un groupe 1-hydroxyethyle dans lequel 

le groupe hydroxy est protege par un groupement protecteur ; A2 represente un atome d'hydrogene ou 

un groupement protecteur pour un groupe amino ; Rs represente un atome d'hydrogene ou un 

groupement protecteur pour un groupe carboxyle ; X represente un groupe methylene substitue ou non 

substitue de formula (1): 

R 
I 4 

-c­
l 

H 
(1) 

dans laquelle A4. represente un atome d'hydrogene ou un groupe alkyle ayant 1 a 3 atomes de 

carbone, ou X represente un atome de soufre ; et Y represente (i) un groupe de formula (2) : 

(2) 

dans laquelle Rs et Ai; , qui peuvent ~tre identiques ou ditrerents, representent chacun un atome 

d'hydrogene, un groupe alkyle ayant 1 a 5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 

50 atomes de carbone, un groupe benzyle, un groupe ph9nethyle, un groupe 2-pyridylmethyle, un groupe 

3-pyridylmethyle ou un groupe 4-pyridylmethyle, un groupe alkyle substitue ayant 1 a 5 atomes de 

carbone dans lequel le substituant est choisi parmi un groupe hydroxyle, un groupe di(C1 ·Cs)· 

alkylamino, un groupe carbamoyle, un groupe mono- ou di(C1 ·Cs)-alkylaminocarbonyle et un groupe 

carboxyle protege ou non protege dans lequel le groupe protecteur est un groupe protecteur pour un 

55 groupe carboxyle : ou un groupe pyridyle ; ou Rs et Ai; formant ensemble une chatne alkylene ou une 

cha'ihe alkylene contenant un atome d'oxygene, un atome de soufre ou un atome d'azote substitue par 

un alkyle ayant 1 a 3 atomes de carbone, de faoon a former, avec l'atome d'azote adjacent, un groupe 

amino cyclique tri- a heptagonal non substitue ou substitue, dont le cycle peut contenir une ou des 
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doubles liaisons, le substituant etant choisi parmi un groupe alkyle ayant 1 a 3 atomes de carbone, un 
groupe carbamoyle, un groupe carboxyle, un groupe mono- ou di(C1 -Ca)-alkylaminocarbonyle et un 
groupe hydroxyle ; 

ou (ii) un groupe de formula (4): 

-NHORs (4) 

dans laquelle Rs represente un atome d'hydrogene, un groupement protecteur pour un groupe 
hydroxyle ou un groupe alkyle ayant 1 a 3 atomes de carbone, 

10 et ses sels pharmaceutiquement acceptables. 

16 

20 

25 

30 

2. Compo~ selon la revendication 1, dans lequel R1 represente un groupe 1-hydroxyethyle, ~ et Ra 
representent tous deux des atomes d'hydrogene, et Y est un groupe represente par la formula (2-a) : 

(2-a) 

dans laquelle R5-a et Re-a representent chacun un atome d'hydrogene, un groupe alkyle ayant 1 a 
5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un 
groupe phenethyle, un groupe 2-pyridylmethyle, un groupe 3-pyridylmethyle ou un groupe 4-pyridyl­
methyle, un groupe alkyle ayant 1 a 5 atomes de carbone substitue par un groupe hydroxyle, un 
groupe di(C1 -Ca)-alkylamino, un groupe carbamoyle, un groupe aminocarbonyle mono- ou di(C1 -Ca)­
alkyl-substitue ou un groupe carboxyle, ou un groupe pyridyle, ou Rs-a et Re-a formant ensemble une 
chatne alkylene ou une chatne alkylene contenant un atome d'oxygene, un atome de soufre ou un 
atome d'azote substitue par un alkyle ayant 1 ii 3 atomes de carbone, de fagon a former, avec l'atome 
d'azote adjacent, un groupe amino cyclique tri- a heptagonal non substitue ou substitue, dont le cycle 
peut COntenir une OU des doubles liaisons, le SUbstituant etant un groupe alkyle ayant 1 a 3 atomes de 
carbone, un groupe carbamoyle, un groupe carboxylique, a groupe aminocarbonyle mono- ou di(C1 -
Ca)-alkyl-substitue ou un groupe hydroxyle; ou un groupe represente par la formula (4-a) : 

35 -NHORe-a (4-a) 

dans laquelle Rs-a represente un atome d'hydrogene ou un groupe alkyle ayant 1 a 3 atomes de 
carbone. 

"" 3. Compose selon la revendication 1, dans lequel R1 represente un groupe 1-hydroxyethyle ; ~ et Ra 
representent tous deux des atomes d'hydrogene et Y est un groupe represente par la formula (2-b) : 

45 (2-b) 

so dans laquelle R&-b et Re-b representent chacun un atome d'hydrogene, un groupe alkyle ayant 1 a 
5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un 
groupe phenethyle, un groupe 2-pyridylmethyle, un groupe 3-pyridylmethyle ou un groupe 4-pyridyl­
methyle, un groupe alkyle substitue ayant 1 a 5 atomes de carbone, le substituant etant un groupe 
hydroxyle, un groupe di(C1 -Ca )-alkylamino, un groupe carbamoyle, un groupe aminocarbamoyle mono-

55 ou di(C1-Ca)-alkyl-substitue ou un groupe carboxyle, ou un groupe pyridyle, ou Rs-b et Re-b formant 
ensemble une challe alkylene ou une chatne alkylene contenant un atome d'oxygene, un atome de 
soufre ou un atome d'azote substitue par un alkyle ayant 1 a 3 atomes de carbone, de fagon a former, 
avec l'atome d'azote adjacent, un groupe amino cyclique tri- a heptagonal non substitue ou substitue, 
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dont le cycle peut contenir une OU des doubles liaisons, le substituant etant un groupe alkyle ayant 1 a 
3 atomes de carbone, un groupe carbamoyle, ou un groupe hydroxyle : ou un groupe represente par la 
formula (4-a) : 

s -NHORe-a (4-a) 

\ __ _..,. dans laquelle Re-a represente un atome d'hydroglme ou un groupe alkyle ayant 1 a 3 atomes de 

'-"' 

carbon a. 

10 4. Compose salon la revendication 1, dans lequel R, represente un groupe 1-hydroxyethyle ; ~ et Ra 
representent tous deux des atomes d'hydrogene : et Y est un groupe represente la formula (2-c) : 

15 

20 

25 

30 

35 

40 

45 

50 

55 

/R!l-c 
N 

' R6-c 

dans laquelle Rs-c et Rs-cont une des significations suivantes: 

(2-c) 

(1) Rs-c represente un groupe alkyle ayant 1 a 5 atomes de carbone qui peut Atre substitue par un 
groupe carbamoyle, un groupe mono- ou di-(C1-Ca)-alkylaminocarbonyle ou un groupe hydroxy, ou 
un groupe pyridyle, et Re-c represente un atome d'hydrogene ou a la m@me definition qua calla 
donnee pour Rs-c ; 
(2) Rs-c et Re-c formant ensemble une chatne alkylene de faeon a constituer, avec l'atome d'azote 
adjacent, un groupe amino cyclique sature a 4 a 6 c6tes, non substitue ou substitue, ou un groupe 
amino cyclique a 5 ou 6 c6tes. non substitue ou substitue, dont le cycle contient une ou des 
doubles liaisons, le substituant du cycle amino cyclique etant un groupe carbamoyle ou un groupe 
hydroxyle, et 
(3) Rs-c et Re-c formant ensemble une cha'The alkylene contenant un atome d'oxygene ou un atome 
d'azote substitue par un alkyle ayant 1 a 3 atomes de carbone de taoon a constituer, avec l'atome 
d'azote adjacent, un groupe amino cyclique a 6 c6tes. 

5. Compose salon la revendication 3, dans lequel Y est un groupe represente par la formula : 

dans laquelle Rs-d represente un atome d'hydrogene ou un groupe methyle et Rs-d represente un 
groupe de formula : 

R 0 

I c II /Ra 
- CH - c - N 

'R b 

dans laquelle Ra. Rb et Re representent chacun un atome d'hydrogene ou un groupe methyle. 
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6. Compo~ salon la revendication 3, dans lequel Y est represente par la formula : 

5 

/CH3 

-N • 
'CH 

3 

-{] OU -{] 

10 

7. Compo~ salon une quelconque des revendications 1 a 6, dans lesquelles X represente 

15 -~-
A4 etant un atome d'hydrogene OU un groupe alkyle ayant 1 a 3 atomes de Carbone. 

8. Compo~ salon la revendication 7, dans lequel X represente 
20 

25 

9. Compo~ salon la revendication 7, dans lequel A4 est un atome d'hydrogene . 

. ..._,,- 10. Compo~ salon une quelconque des revendications 1 a 6, dans lequel X est un atome de soufre. 
30 

35 

40 

11. Compo~ (5R) du compose salon une quelconque des revendications 1 a 6 et 10, represente par la 
formula: 

OE 

45 12. Compose (5R) du compo~ salon une quelconque des revendications 1 a 7 et 9, represente par la 
formula: 

50 

55 
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13. Compose (5S) du compose selon une quelconque des revendications 1 a 8, represente par la formula: 

dans laquelle A4 est un groupe alkyle ayant 1 a 3 atomes de carbone. 

14. Acide (SR)-3-(2-(dimethylaminocarbonyl)pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-
ene-7-one-4-thia-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

15. Acide (5R)-3-[2-((1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)· 1-azabicyclo[3.2.0]hept-2-
20 ene-7-one-4-thia-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

16. Acide (5R)-3-[2-carbamoylpyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-
thia-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

25 17. Acide (5R)-3-[2-(dimethylaminocarbonyl)pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-
ene-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

18. Acide (SR)-3-(2-((1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)· 1-azabicyclo[3.2.0]hept-2-
, .._,.,. ene-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

30 

19. Acide (5R)-3-[2·((1-pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-
2-ene-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

20. Acide (5R)-3-[2-((1-azetidino)carbonyl)pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1 ·azabicyclo[3.2.0]hept-2-
ss ene-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

40 

21. Acide (5R)-3-[2-((3-hydroxy-1-pyrrolidino)carbonyl) pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo­
[3.2.0]hept-2-ene-7-one-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi­
ques. 

22. Acide (SR)-3-(2-((2-hydroxyethyl)methylaminocarbonyl) pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)· 1 • 
azabicyclo[3.2.0]hept-3-9ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables 
non toxiques. 

45 23. Acide (SR)-3-(2-(1-morpholinocarbonyl)pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-
ene-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

24. Acide (SR)-3-(2-(1-N-methylpiperazinocarbonyl)pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-9ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-

50 ques. 

25. Acide (SR)-3-(2-carbamoylpyrrolidin-4-ylthio ]-6-(1 ·hydroxyethyl)-1·azabicyclo[3.2.0]hept-2-ene-7-one-2-
carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 

55 26. Acide (5R)-3·[2·(4-pyridylaminocarbonyl)pyrrolidin-4-ylthio]-6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-
2-ene-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxiques. 
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27. Acide (5S)-3-[2-(dimethylaminocarbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)· 1-azabicyclo-
[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi­
ques. 

28. Acide (5S)-3-[2-((1-pyrrolidino)carbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi­
ques. 

29. Acide (5S)-3-[2-((1-pyrrolin-3-yl)carbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo­
[3.2.0]hept-2-i!ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi­
ques. 

30. Acide (5S)-3-[2-((1-azetidino)carbonyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-0ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables non toxi-

15 ques. 

20 

31. Acide (5S)-3-[2-((3-hydroxy-1-pyrrolidino)carbonyl) pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-
azabicyclo[3.2.0]hept-2-i!ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement acceptables 
non toxiques. 

32. Acide (58)-3-(2-((2-hydroxyethyl)methylaminocarbonyl) pyrrolidin-4-ylthio J-4-methyl-6-(1-hydroxyethyl)-
1-azabicyclo[3.2.0]hept-2-i!ne-7-one-2-carboxylique, ou un de ses sels pharmaceutiquement accepta­
bles non toxiques. 

25 33. Acide (5S)-3-[2-(1-morpholinocarbonyl)pyrrolidin-4-ylthio J-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo-
[3.2.0]hept-2-0ne-7-one-2-carboxylique, ou un de sas sels pharmaceutiquement acceptables non toxi­
ques. 

·'-...../ 34. Acide (5S)-3-[2-(1-N-methylpiperazinocarbonyl)pyrrolidin-4-ylthio J-4-methyl-6-( 1-hydroxyethyl)-1-
30 azabicyclo[3.2.0]hept-2-0ne-7-one-2-carboxylique ou un de ses sals pharmaceutiquement acceptables 

non toxiques. 

35 

35. Acide (58)-3-(2-carbamoylpyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-i!ne-
7-one-2-carboxylique, ou un de ses sals pharmaceutiquement acceptables non toxiques. 

36. Compose (5R, 6S, BR) du compose salon la revendication 11. 

37. Compose (5R, 6S, BR) du compose salon la revendication 12. 

40 38. Compose (5S, 6S, BR) du compose salon la revendication 13. 

39. Compose (5R, es, SR) d'un compose salon une quelconque des revendications 14 a 2e. 

40. Compose (5S, es, SR) d'un compose salon une quelconque des revendications 27 a 35. 
45 

41. Compose (5R, es, SR, 2'S, 4'S) du compose salon la revendication 11 

42. Compose (5R, es, SR, 2'S, 4'S) du compose salon la revendication 12 

50 43. Compose (5S, es. SR, 2'S, 4'S) du compose salon la revendication 13. 

55 

44. Compose (5R, es, SR, 2'S, 4'S) d'un compose salon une quelconque des revendications 14 a 2e. 

45. Compose (5S, 6S, SR, 2'S, 4'S) d'un compose salon une quelconque des revendications 27 a 35. 

46. Compose (4R, 5S, es, SR, 2'S, 4'S) du compose salon une quelconque des revendications 3 a S et 27 
a 35. 
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47. Composition pharmaceutique qui comprend en tant que principe actif une quanti~ pharmaceutique­
ment efficace d'au mains un des composes salon la revendication 1 et au mains un support inerte ou 
un diluant pharmaceutiquement acceptable. 

s 48. Utilisation du compose salon la revendication 1 en tant qu'agent antimicrobien. 

\ ____ ,/ 49. Precede pour la preparation d'un compose salon la revendication 1, qui comprend la reaction d'un 
compose de formula (II) : 

10 

15 (II) 

20 dans laquelle R, et X sont tels que definis dans la revendication 1, Rs represente un groupe 

25 

30 

protecteur pour un groupe carboxyle, Z represente un ester reactif d'un alcool, ou un groupe alkyle­
in~rieur sulfinyle substitue ou non substitue, 

avec un derive de mercaptan de formula : 

dans laquelle A2 est tel que defini dans la revendication 1, et Y' est un groupe represen~ par la 
35 formula (2) : 

(2) 

dans laquelle Rs et A& sont tels que definis dans la revendication 1, ou un groupe represen~ par la 
45 formula (4') : 

·NHORe· (4') 

dans laquelle Re· represente un groupe protecteur pour un groupe hydroxyle ou un groupe alkyle 
50 ayant 1 a 3 atomes de carbone, en presence d'une base dans un solvant inerte pour produire un 

compose P-lactame represen~ par la formula (IV) : 

55 
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(IV) 

COORg 

10 dans laquelle R, , A2, Rs, X et Y' sont tels que definis ci-dessus, et, si on le souhaite, le traitement 

du compose resultat par une combinaison appropriee d'elimination du groupe protecteur du groupe 

carboxyle, du groupe protecteur du groupe hydroxyle et/ou du groupe protecteur du groupe amino, de 

fagon sequentielle ou simultanee, pour produire le compose de formula (IV) dans laquelle R, est un 

groupe 1-hydroxyethyle, A2 est un atome d'hydrogtme et/ou Ra est un atome d'hydrogene ou le 

1s compose de formula (IV) dans lequel le groupe protecteur sur le groupe Y' est elimine. 

20 

25 

30 

35 

40 

45 

50 

55 

50. Compose ,8-lactame de formula : 

-o:COY 
s -a 

dans laquelle Y est choisi dans le groupe comprenant -NH2, 

·NHCH2CON~. 

-N-a2com1z, 
I 
~ 

" /\ -wJ, -NJ-CP.3 

,.9c- co~···,..~ -.1 ::2 ,..,::1-.. J I 

: .. 

I 

-N """'O!I. 
I 
~ 

-0.1 -01 8'0!! -'f I 

-N~NCC!!3~ 2 -M~, 
B I . 

C!!3 

' 
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et ses sels pharmaceutiquement acceptables. 

51. Compost§ tl-lactame de formula : 

5 

\, _ _,/ OH 

10 

15 et ses sels pharmaceutiquement acceptables. 

52. Compose tl-lactame de formula : 

20 o:a 
.................... -a: CCN I 
' l : ~ 

25 

et ses sels pharmaceutiquement acceptables. 

30 53. Compose tl-lactame de formula : 

35 

40 

45 

50 

55 

OH 
c:-· -

dans laquelle Y est choisi dans le groupe comprenant 

-<) et 

et ses sels pharmaceutiquement acceptables. 
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54. Compost§ P-lactame de formula : 

OE 
ii ~ ....... coy 
I I S 

'' .:a: N--.... , 
~00!! 0 

dans laquelle Y est choisi dans le groupe comprenant 

et 

et ses sels pharmaceutiquement acceptables. 

55. Compost§ P-lactame de formula : 

dans laquelle Y est choisi dans le groupe comprenant 

-o·-o.· ·o. 
et ses sels pharmaceutiquement acceptables. 

56. Compost§ P-lactame represente par la formula : 

193 
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dans laquelle R1 represente un groupe 1-hydro~thyle ou un groupe 1-hydroxyethyle dans lequel 
le groupe hydroxy est protege par un groupement protecteur pour un groupe hydroxy ; A2 represente 
un atome d'hydrogene ou un groupement protecteur pour un groupe amino ; Rsrepresente un atome 
d'hydrogene ou un groupement protecteur pour un groupe carboxyle : X represente un atome de 

5 soufre et Y represente un groupe de formula (2) : 

10 
(2) 

dans laquelle Rs et A&, qui peuvent 8tre identiques ou ditterents, representent chacun un atome 
15 d'hydroglme, un groupe alkyle ayant 1 a 5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 

atomes de carbone, un groupe benzyle, un groupe ph9nethyle, un groupe 2-pyridylmethyle, un groupe 
3-pyridylmethyle ou un groupe 4-pyridylmethyle, un groupe alkyle substitue ayant 1 a 5 atomes de 
carbone dans lequel le substituant est choisi dans le groupe constitue par un groupe hydroxyle, un 
groupe di(C1 -Ca)-alkylamino, un groupe carbamoyle, un groupe aminocarbonyle mono- ou di(C1 -Ca)-

20 alkyl-substitue et un groupe carboxyle protege ou non protege ou un groupe pyridyle; ou Rs et A& 
formant ensemble une chat'ne alkylene ou une chat'ne alkylene contenant un atome d'oxygene, un 
atome de soufre ou un atome d'azote substitue par un alkyle ayant 1 a 3 atomes de carbone, de fagon 
a former, avec l'atome d'azote adjacent, un groupe amino cyclique tri- a heptagonal non substitue ou 
substitue, dont le cycle peut contenir une ou des doubles liaisons, le substituant etant choisi parmi un 

25 groupe alkyle ayant 1 a 3 atomes de carbone, un groupe carbamoyle, un groupe aminocarbonyle 
mono- ou di(C1 -Ca)-alkyl-substitue et un groupe hydroxyle 

30 

ou un groupe de formula (4) : 

-NHORs (4) 

dans laquelle Rs represente un atome d'hydrogene, un groupement protecteur pour un groupe 
hydroxyle ou un groupe alkyle ayant 1 a 3 atomes de carbone, et ses sels pharmaceutiquement 
acceptables. 

35 Revendlcatlons pour l'Etat contractant sulvant: AT 

1. Procede pour la preparation d'un compo~ p-lactame represente par la formula (I): 

40 

(I) 

4S 

dans laquelle. R1 represente un groupe 1-hydroxyethyle ou un groupe 1-hydroxyethyle dans lequel 
50 le groupe hydroxy est protege par un groupement protecteur ; A2 represente un atome d'hydrogene ou 

un groupement protecteur pour un groupe amino ; Rs represente un atome d'hydrogene ou un 
groupement protecteur pour un groupe carboxyle ; X represente un groupe methylene substitue ou non 
substitue de formula (1) : 

55 
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(I) 

dans laquelle A4. represente un atome d'hydrogene ou un groupe alkyle ayant 1 a 3 atomes de 
carbone, ou X represente un atome de soufre ; et Y represente (i) un groupe de formula (2) : 

N 
/R~ 

(2) 

'-...R 
(> 

dans laquelle Rs et R&, qui peuvent @tre identiques ou diffSrents, representent chacun un atome 
d'hydrogene, un groupe alkyle ayant 1 a 5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 
atomes de carbone, un groupe benzyle, un groupe pMnethyle, un groupe 2-pyridylmethyle, un groupe 
3-pyridylmethyle ou un groupe 4-pyridylmethyle, un groupe alkyle substitue ayant 1 a 5 atomes de 
carbone dans lequel le substituant est choisi parmi un groupe hydroxyle, un groupe di(C1 -Ca)­
alkylamino, un groupe carbamoyle, un groupe mono- ou di(C1 -Ca)-alkylaminocarbonyle et un groupe 
carboxyle protege ou non protege dans lequel le groupe protecteur est un groupe protecteur pour un 
groupe carboxyle ; ou un groupe pyridyle ; ou Rs et R& formant ensemble une cha1he alkylene ou une 
chafne alkylene contenant un atome d'oxygene, un atome de soufre ou un atome d'azote substitue par 
un alkyle ayant 1 a 3 atomes de carbone de f~on a former, avec l'atome d'azote adjacent, un groupe 
amino cyclique tri- a heptagonal non substitue ou substitue, dont le cycle peut contenir une ou des 
doubles liaisons, le substituant etant choisi parmi un groupe alkyle ayant 1 a 3 atomes de carbone, un 
groupe carbamoyle, un groupe carboxyle, un groupe mono- ou di(C1 -Ca)-alkylaminocarbonyle et un 
groupe hydroxyle : 

ou (ii) un groupe de formula (4) : 

-NHORa (4) 

35 dans laquelle Ra represente un atome d'hydrogene, un groupement protecteur pour un groupe 

40 

45 

50 

55 

hydroxyle OU un groupe alkyle ayant 1 a 3 atomes de carbone, 
ou d'un de ses sels pharmaceutiquement acceptables, 
qui comprend la reaction d'un compose de formula (II) : 

(II) 

dans laquelle R1 et X sont tels que definis ci-dessus, Rs represente un groupe protecteur pour un 
groupe carboxyle, Z represente un ester reactif d'un alcool, ou un groupe alkyle-interieur sulfinyle 
substitue ou non substitue, 

avec un derive mercaptan de formula : 
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10 dans laquelle R2 est tel que defini ci-dessus, et Y' est un groupe represente par la formula (2) : 

15 (2) 

20 dans laquelle Rs et A& sont tels que definis ci-dessus, ou un groupe represente par la formula (4'): 

-NHORa· (4') 

dans laquelle R8• represente un groupe protecteur pour un groupe hydroxyle ou un groupe alkyle 
25 ayant 1 a 3 atomes de carbone, en presence d'une base dans un solvant inerte pour produire un 

compose P-lactame represente par la formula (IV) : 

30 

35 

(IV) 

dans laquelle R1 , R.2, Rs, X et Y' sont tels que definis ci-dessus, et, si on le souhaite, le traitement 
du compose resultant par une combinaison appropriee d'elimination. du groupe protecteur du groupe 

40 carboxyle, du groupe protecteur du groupe hydroxyle ef/ou du groupe protecteur du groupe amino, de 
fagon sequentielle ou simultanee, pour produire le compose de formula (IV) dans laquelle R1 est un 
groupe 1-hydroxyethyle, R2 est un atome d'hydrogene et/ou Ra est un atome d'hydrogene ou le 
compose de formula (IV) dans lequel le groupe protecteur sur le groupe Y' est elimine, et eventuelle­
ment la conversion du compose obtenu en un sel pharmaceutiquement acceptable. 

45 

50 

55 

2. Procede salon la revendication 1 pour la production d'un compose de formula (I) dans laquelle R1 
represente un groupe 1-hydroxyethyle, R2 et Ra representent tous deux des atomes d'hydrogene, et Y 
est un groupe represente par la formula (2-a) : 

/Rs.a 
N 

" R6-a 

(2-a) 

dans laquelle R&-a et Ra-a representent chacun un atome d'hydrogene, un groupe alkyle ayant 1 a 
5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un 
groupe phenethyle, un groupe 2-pyridylmethyle, un groupe 3-pyridylmethyle ou un groupe 4-pyridyl-
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methyle, un groupe alkyle ayant 1 a 5 atomes de carbone substitue par un groupe hydroxyle, un 
groupe di(C1 -Ca)-alkylamino, un groupe carbamoyle, un groupe aminocarbonyle mono- ou di(C1 -Cs)­
alkyl-substitue ou un groupe carboxyle, ou un groupe pyridyle, ou Rs-a et Re-a formant ensemble une 
chaine alkylene ou une chaine alkylene contenant un atome d'oxygene, un atome de soufre ou un 
atome d'azote substitue par un alkyle ayant 1 a 3 atomes de carbone, de fagon a former, avec l'atome 
d'azote adjacent, un groupe amino cyclique tri- a heptagonal non substitue ou substitue, dont le cycle 
peut contenir une ou des doubles liaisons, le substituant etant un groupe alkyle ayant 1 a 3 atomes de 
carbone, un groupe carbamoyle, un groupe carboxylique, un groupe aminocarbonyle mono- ou di(C1 -
Ca)-alkyl-substitue ou un groupe hydroxyle ; ou un groupe represente par la formula (4-a): 

-NHORa-a (4-a) 

dans laquelle Ra-a represente un ·atome d'hydrogene ou un groupe alkyle ayant 1 a 3 atomes de 
carbon a. 

3. Procede salon la revendication 1 pour la production d'un compose de formula (I) dans laquelle R, 
represente un groupe 1-hydroxyethyle ; A:! et Rs representent tous deux des atomes d'hydrogene et Y 
est un groupe represente par la formula (2-b) : 

N 
/R5·b (2-b) 

' R6-1> 

dans laquelle Rs-bet Re-b representent chacun un atome d'hydrogene, un groupe alkyle ayant 1 a 
5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 atomes de carbone, un groupe benzyle, un 
groupe ph8nethyle, un groupe 2-pyridylmethyle, un groupe 3-pyridylmethyle ou un groupe 4-pyridyl­
methyle, un groupe alkyle substitue ayant 1 a 5 atomes de carbone, le substituant etant un groupe 
hydroxyle, un groupe di(C1 -Ca)-alkylamino, un groupe carbamoyle, un groupe aminocarbamoyle mono­
ou di(C1 -Ca)-alkyl-substitue ou un groupe carboxyle, ou un groupe pyridyle, ou Rs-b et Re-b formant 
ensemble une cha'ihe alkylene ou une chaine alkylene contenant un atome d'oxygene, un atome de 
soufre ou un atome d'azote substitue par un alkyle ayant 1 a 3 atomes de carbone, de fagon a former, 
avec l'atome d'azote adjacent, un groupe amino cyclique tri- a heptagonal non substitue ou substitue, 
dont le cycle peut contenir une ou des doubles liaisons, le substituant etant un groupe alkyle ayant 1 a 
3 atomes de carbone, un groupe carbamoyle, ou un groupe hydroxyle ; ou un groupe represente par la 
formula (4-a) : 

40 -NHORa-a (4-a) 

dans laquelle Ra-a represente un atome d'hydrogene ou un groupe alkyle ayant 1 a 3 atomes de 
carbone. 

45 4. Procede salon la revendication 1 pour la production d'un compose de formula (I), dans laquelle R, 
represente un groupe 1-hydroxyethyle ; A:! et Ra representent tous deux des atomes d'hydrogene ; et 
Y est un groupe represente la formula (2-c) : 

50 
(2-c) 

55 dans laquelle Rs-c et Rs-cont une des significations suivantes: 
(1) Rs-c represente un groupe alkyle ayant 1 a 5 atomes de carbone qui peut itre substitue par un 
groupe carbamoyle, un groupe mono- ou di-(C1 -Ca)-alkylaminocarbonyle ou un groupe hydroxy, ou 
un groupe pyridyle, et Ra-c represente un atome d'hydroglme ou a la m@me definition qua calla 
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donnee pour Rs-c; 
(2) R6-c et Ra-c formant ensemble une cha'ihe alkylene de fagon a constituer, avec l'atome d'azote 
adjacent, un groupe amino cyclique sature a 4 a 6 cates, non substitue ou substitue, ou un groupe 
amino cyclique a 5 ou 6 c8tes, non substitue ou substitue, dont le cycle contient une ou des 
doubles liaisons, le substituant du cycle amino cyclique etant un groupe carbamoyle ou un groupe 
hydroxyle; et 
(3) Ra-c et Ra-c formant ensemble une cha1he alkylene contenant un atoms d'oxygene ou un atome 
d'azote substitue par un alkyle ayant 1 a 3 atomes de carbons de fagon a constituer, avec l'atome 
d'azote adjacent, un groupe amino cyclique a 6 cates. 

5. Procede selon la revendication 3 pour la production d'un compose de formula (I), dans laquelle Y est 
un groupe represente par la formula : 

dans laquelle Ra-d represente un atome d'hydrogene ou un groups methyle et R8,..d represente un 
groupe de formula : 

R.: 

I 
0 

II 
CH c 

dans laquelle Ra. Rb et Re representent chacun un atoms d'hydrogene ou un groupe methyle. 

35 6. Procede selon la revendication 3 pour la production d'un compose de formula (I), dans laquelle Y est 
represente par la formula : 

40 

45 

50 

-{] OU -<] 

7. Procede selon une quelconque des revendications 1 a 6 pour la production d'un compose de formula 
(I), dans laquelle X represente 

~ 
-~H-

A.., etant Un atome d'hydrogene OU un groupe alkyle ayant 1 a 3 atomes de carbone. 

55 8. Procede selon la revendlcation 7 pour la production d'un compose de formula (I), dans laquelle X 
represente 
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9. Procede selon la revendication 7 pour la production d'un compose de formula (I), dans laquelle A4. est 
un atome d'hydrogene. 

10. Compose selon une quelconque des revendications 1 a 6 pour la production d'un compose de formula 
(I), dans laquelle X est un atome de soufre. 

11. Procede selon la revendication 1 pour la production du compose (5R) du compose selon une 
quelconque des revendications 1 a 6 et 10, represente par la formula : 

OE 

25 12. Procede selon la revendication 1 pour la production du compose (5R) du compose selon une 
quelconque des revendications 1 a 7 et 9, represente par la formula : 

OH 
30 

35 COOR3 

13. Procede selon la revendication 1 pour la production du compose (5S) du compose selon une 
40 quelconque des revendications 1 a 8, represente par la formula : 

·OE .R4 

45 

/ J-~ 
0 

COOR~ 
50 .. 

dans laquelle A4, est un groupe alkyle ayant 1 a 3 atomes de Carbone. 

55 14. Procede selon la revendication 1 pour la production de l'acide (5R)-3-[2-(dimethylaminocarbonyl)­
pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylique, ou d'un 
de ses sels pharmaceutiquement acceptables non toxiques. 
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15. Procede selon la revendication 1 pour la production de l'acide (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-carboxylique, ou d'un 

de ses sels pharmaceutiquement acceptables non toxiques. 

16. Procede salon la revendication 1 pour la production de l'acide (5R)-3-[2-carbamoylpyrrolidin-4-ylthio]-6-

(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-4-thia-2-carboxylique, ou d'un de ses sels phar­

maceutiquement acceptables non toxiques. 

17. Procede salon la revendication 1 pour la production de l'acide (5R)-3-[2-(dimethylaminocarbonyl)-

10 pyrrolidin-4-ylthio]-6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un de 

ses sels pharmaceutiquement acceptables non toxiques. 

18. Procede salon la revendication 1 pour la production de l'acide (5R)-3-[2-((1-pyrrolidino)carbonyl)­

pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un de 

15 ses sels pharmaceutiquement acceptables non toxiques. 

20 

19. Precede selon la revendication 1 pour la production de l'acide (5R)-3-[2-((1-pyrrolin-3-yl)carbonyl)­

pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un de 

ses sels pharmaceutiquement acceptables non toxiques. 

20. Procede salon la revendication 1 pour la production de l'acide (5R)-3-[2-((1-azetidino)carbonyl)­

pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un de 

ses sels pharrnaceutiquement acceptables non toxiques. 

25 21. Procede selon la revendication 1 pour la production de l'acide (5R)-3-[2-((3-hydroxy-1-pyrrolidino)­

carbonyl) pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-carboxylique, ou 

d'un de ses sels pharmaceutiquement acceptables non toxiques. 

'-..../ 22. Precede salon la revendication 1 pour la production de l'acide (5R)-3-[2-((2-hydroxyethyl)-

30 methylaminocarbonyl) pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-3-en~-7-one-2-car­

boxylique, ou d'un de ses sels pharmaceutiquement acceptables non toxiques. 

23. Procede selon la revendication 1 pour la production de l'acide (5R)-3-[2-(1-morpholinocarbonyl)­

pyrrolidin-4-ylthio J-6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un de 

35 ses sels pharmaceutiquement acceptables non toxiques. 

40 

24. Procede salon la revendication 1 pour la production de l'acide (5R)-3-[2-(1-N-methylpiperazinocarbo­
nyl)pyrrolidin-4-ylthio J-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un 

de ses sels pharmaceutiquement acceptables non toxiques. 

25. Procede selon la revendication 1 pour la production de l'acide (5R)-3-[2-carbamoylpyrrolidin-4-ylthio]-6-

(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un de ses sels pharmaceuti­

quement acceptables non toxiques. 

45 26. Procede salon la revendication 1 pour la production de l'acide (5R)-3-[2-(4-pyridylaminocarbonyl)­

pyrrolidin-4-ylthio ]-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou d'un de 

ses sels pharmaceutiquement acceptables non toxiques. 

27. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-(dimethylaminocarbonyl)-

so pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou 
d'un de ses sels pharmaceutiquement acceptables non toxiques. 

28. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-((1-pyrrolidino)carbonyl)­

pyrrolidin-4-ylthio J-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou 

55 d'un de ses sels pharmaceutiquement acceptables non toxiques. 

29. Procede selon la revendication 1 pour la production de l'acide (58)-3-[2-((1-pyrrolin-3-yl)carbonyl)­

pyrrolidin-4-ylthio J-4-methyl-6·(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylique, ou 
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d'un de ses sels pharmaceutiquement acceptables non toxiques. 

30. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-((1-azetidino)carbonyl)­
pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou 

5 d'un de ses sels pharmaceutiquement acceptables non toxiques. 

\....,.- 31. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-((3-hydroxy-1-pyrrolidino)-

10 

carbonyl) pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-car-
boxylique, ou d'un de ses sels pharmaceutiquement acceptables non toxiques. 

32. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-((2-hydroxyethyl)­
methylaminocarbonyl) pyrrolidin-4-ylthio ]-4-methyl-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-ene-7-
one-2-carboxylique, ou d'un de ses sels pharmaceutiquement acceptables non toxiques. 

15 33. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-(1-morpholinocarbonyl)­
pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou 
d'un de ses sels pharmaceutiquement acceptables non toxiques. 

34. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-(1-N-methylpiperazinocarbo-
20 nyl)pyrrolidin-4-ylthio ]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique, 

ou d'un de ses sels pharmaceutiquement acceptables non toxiques. 

35. Procede salon la revendication 1 pour la production de l'acide (58)-3-[2-carbamoylpyrrolidin-4-ylthio]-4-
methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carboxylique, ou d'un de ses sels 

25 pharmaceutiquement acceptables non toxiques. 

36. Procede salon la revendication 1 pour la production du compose (5R,68,SR) du compose salon la 
revendication 11. 

30 37. Procede salon la revendication 1 pour la production du compose (5R,68,SR) du compose salon la 
revendication 12. 

35 

38. Procede salon la revendication 1 pour la production du compose (58,68,SR) du compose salon la 
revendication 13. 

39. Procede salon la revendication 1 pour la production du compose (5R,68,SR) d'un compose salon une 
quelconque des revendications 14 a 26. 

40. Procede salon la revendication 1 pour la production du compose (58,68,SR) d'un compose salon une 
40 quelconque des revendications 27 a 35. 

41. Procede salon la revendication 1 pour la production du compose (5R, 68, SR, 2'8, 4'8) du compose 
salon la revendication 11 

45 42. Procede salon la revendication 1 pour la production du compose (5R, 68, SR, 2'8, 4'8) du compose 
salon la revendication 12 

50 

43. Procede salon la revendication 1 pour la production du compose (58, 68, SR, 2'8, 4'8) du compose 
salon la revendication 13. 

44. Procede salon la revendication 1 pour la production du compose (5R, 68, SR, 2'8, 4'8) d'un compose 
salon une quelconque des revendications 14 a 26. 

45. Procede salon la revendication 1 pour la production du compose (58, 68, SR, 2'8, 4'8) d'un compose 
55 salon une quelconque des revendications 27 a 35. 

46. Procede salon la revendication 1 pour la production du compose (4R, 58, 68, SR, 2'8, 4'8) d'un 
compose salon une quelconque des .revendications 3 a s et 27 a 35. 
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47. Procede pour la production d'une composition pharmaceutique qui comprend la combinaison en tant 
qua principe actif d'une quantite pharmaceutiquement efficace d'au moins un des composes salon la 
revendication 1 et d'au moins un support inerte ou un diluant pharmaceutiquement acceptable. 

48. Utilisation du compose salon la revendication 1 en tant qu'agent antimicrobien. 

49. Procede salon la revendication 1 pour la preparation d'un compose de ,6-lactame de formula : 

-o:COY 
S H 

COOE 

dans laquelle Y est choisi dans le groupe comprenant 
NH2, 

-NHCH2CONH2, 

-r~co~. -0. , 
~ 

I\ 
-~\.JI -H~ J -*~~CC::!J)2 

i.•c- c ... ~···c­-_., =-2 '-'"":: :J, 
H 

! I 

~ NCE 2CON:G31 
I 
c::J 

C:?3 

et de ses sels pharmaceutiquement acceptables. 
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50. ProctSde salon la revendication 1 pour la production d'un compose JJ-lactame de formula : 

5 OE 

10 

et de ses sets pharmaceutiquement acceptables. 

15 51. Procede salon la revendication 1 pour la production d'un compose JJ-lactame de formula: 

o: 
20 ~ I L~ s 

·o-?-- COCH 

/"""' -aCON I 
' i :r '-"""""" 

25 

et de ses sets pharmaceutiquement acceptables . 

.... _..,~• 52. Precede selon la revendication 1 pour la production d'un compos6 ~-lactame de formula : 
30 

OH 

35 

0 

.. ... 
'! 

I I 
c: ..... -

N-----\..­
"COOF. 

a- COY 

c 

40 dans laquelle Y est choisi dans le groupe comprenant 

OR 
45 

et n 
~ 

50 et de ses sets pharmaceutiquement acceptables. 

55 
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53. Procede selon la revendication 1 pour la production d'un compose ~-lactame de formula : 

OH 
J.. a E'. { --<) .. .- COY 

' 't-J)s . ~~ 
J-_ "cooc: 0 . 

dans laquelle Y est choisi dans le groupe comprenant 

· et 

et de ses sets pharmaceutiquement acceptables. 

O
O:t 

N . -.. 

54. Procede selon la revendication 1 pour la production d'un compose ~-lactame de formula : 

~ .. a ,,COY 

51..... ( 

O" N---.... "coon 

NH 

35 dans laquelle Y est choisi dans le groupe comprenant 

~ -0·-0· O· 
et de ses sets pharmaceutiquement acceptables. 

4S 

55. Procede salon la revendication 1 pour la production d'un compose ~-lactame represente par la formula 

50 

55 
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dans laquelle R, represente un groupe 1-hydroxyethyle ou un groupe 1-hydroxyethyle dans lequel 
le groupe hydroxy est protege par un groupement protecteur pour un groupe hydroxy ; ff2 represente 
un atome d'hydrogene ou un groupement protecteur pour un groupe amino ; Ra represente un atome 
d'hydrogene ou un groupement protecteur pour un groupe carboxyle ; X represente un atome de 

s soufre et Y represente un groupe de formula (2) : 

(2) 
10 

dans laquelle Rs et Rs, qui peuvent ~tre identiques ou ditferents, representent chacun un atome 
15 d'hydrogtme, un groupe alkyle ayant 1 a 5 atomes de carbone, un groupe alcenyle ayant 3 ou 4 

atomes de carbone, un groupe benzyle, un groupe phenethyle, un groupe 2-pyridylmethyle, un groupe 
3-pyridylmethyle ou un groupe 4-pyridylmethyle, un groupe alkyle substitue ayant 1 a 5 atomes de 
carbone dans lequel le substituant est choisi dans le groupe constitue par un groupe hydroxyle, un. 
groupe di(C1 -Ca)-alkylamino, un groupe carbamoyle, un groupe mono- ou di(C1 ·Ca)-alkylaminocarbony-

20 le et un groupe carboxyle protege ou non protege ou un groupe pyridyle ; ou Rs et Rs formant 
ensemble une cha1he alkylene ou une chaine alkylene contenant un atome d'oxygene, un atome de 
soufre ou un atome d'azote substitue par un alkyle ayant 1 a 3 atomes de carbone, de faoon a former, 
avec l'atome d'azote adjacent, un groupe amino cyclique tri- a heptagonal non substitue ou substitue, 
dont le cycle peut contenir une ou des doubles liaisons, le substituant etant choisi parmi un groupe 

25 alkyle ayant 1 a 3 atomes de carbone, un groupe carbamoyle, un groupe mono- ou di(C1 -Ca)· 
alkylaminocarbonyle et un groupe hydroxyle, 

30 

35 

40 

45 

50 

55 

ou un groupe de formula (4) : 

-NHORa (4) 

dans laquelle Ra represente un atome d'hydrogene, un groupement protecteur pour un groupe 
hydroxyle ou un groupe alkyle ayant 1 a 3 atomes de carbone, et de ses sets pharmaceutiquement 
acceptables. 
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