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Derivatives of 3-{2-oxo-[l,3 1 ]bipyrrolidinyl-J-ylidenemethyl)-cephems 

The present invention is concerned with new compounds of formula I 

OR1 

/ 
N H As 

S/NnN'T-f?!iS ~,,, )=x o )-N, ~ ~ N s 
~N 0 0 • 

0 OR2 

5 wherein 

10 

15 

RI is hydrogen, 01.a-alkyl, optionally substituted by fluoro, or 
Cs-s-cycloalkyl; 

R2 

R3 

is hydrogen or a group selected from 
-CH2C(=CHR)-COOR, -CH20COR, -CH(R)OCOR, 
-CH(R)OCOOR, -CH(OCOR)OCOR, -CH2COCH20COR and 

R"­
"0 I . ,, A 

-CH("o O 

is hydrogen or group selected from -CH2C( =CH2)-COOR, 
-COOCH2C(=CHR)-COOR, -COOC!hOCOR, 
-COOCH(R)OCOR, -COOCH(R)OCOOR, 
-COOCH(OCOR)OCOR, -COOCH2COCH20COR, and 

R"-
r. Q ., b-. 

-coocH('-o,.-.:0 

with the proviso that one of R2 and RS is hydrogen and the 
other of R2 and RS is different from hydrogen, 

R is hydrogen or Ci.a-alkyl; 

I 
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R4 is hydrogen or hydroxy, 

R5 is hydrogen or m-hydroxyalkyl; and 

X is CHorN, 

as well as pharmaceutically acceptable salts of said compounds and hydrates 
5 of the compounds of formula I and of their salts. 

A 

wherein 

R1 and X are as defined above and R5 is hydrogen, and pharmaceutically 
10 acceptable salts thereof, 

especially (6R, 7R)-7-[(Z)-2-(5-amino-[1,2,4]thiadiazol-3-yl)-2-hydroxy­
imino-acetylamino]-8-oxo-3-[(E)-(R)-2-oxo-[l,3']bipyrrolidinyl-3-ylidene­
methyl]-5-thia-1-aza-bicyclo [4.2.0]oct-2-ene-2-carboxylic acid are potent 
antibacterial agents with activity against methicillin resistant staphylococci, 

15 both in vitro and in vivo. However, these compounds have limited solubility, 
not allowing bolus injections. It is therefore necessary to find derivatives of the 
compounds A to render these compounds suitable for parenteral and 
intramuscular application. 

From J. Med. Chem. (1996), 39(2), 480-6; US patent no. 5 466 811; 
20 Bioorganic and Medicinal Chem. Lett. 1997, 7 ,2909-2912; US patent no. 

5 610 314 (oxodioxolenyl)methyl carbamates are known to form derivatives of 
amines e.g. for fibrinogen receptor antagonists, ampicillin, norfloxacin and 
other pharmaceuticals. Furthermore, 2-(alkyloxycarbonyl)-2-alkylideneethyl 
esters have been described as prodrugs of carboxylic acids for cephalosporins, 

25 J. Antibiot. (1992), 45(8), 1358-64. Both types of derivatives have been used to 

improve the oral bioavailability of the corresponding drugs. 

It has now been found that the compounds of formula I exhibit better 
solubility in water and buffers at physiological pH. In vitro and in vivo they 
were readily converted to compounds of formula A and.can therefore be used 

30 for parenteral and intramuscular application forms. The invention is thus also 
concerned with pharmaceutical preparations containing a compound of 
formula I and a therapeutically inert carrier. 
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As used herein "pharmaceutically acceptable salts" useful in this 
- .· - - .,, ..... 

invention include salts derived from metals, sa1ts from amino acids and salts 

of mineral or organic acids. Examples of preferred metal salts are those 

derived from the alkali metalst for example, lithium (Li+), sodium (Na+) and 

5 potassium {K+). Especially preferred is sodium.-Other salts are derived from 

amino acids such as, for example, salts with arginine or lysine. Examples of 

salts of mineral acids are for example hydrochlorides, sulphates or phosphates, 

and examples of salts of organic acids are mesylates {methylsulfonic acid 

salts), napsylates (naphthtene-2-sulfonic acid salts), besylates 

10 (benzenesulfonic acid salts), maleates, salicylates, tartrates, lactates, citrates, 

benzoates, succinates, acetates and the like. Especially preferred are chlorides, 

sulfates, phosphates, lactates and mesylates. 

In the formulas represented herein, when substituents are illustrated as 
joined to the nucleus a solid line ( - ), indicates that the substituent is in 

15 the 13-orientation, that is, above the plane of the molecule, a broken line 
( "'

111 
), indicates that the substituent is in the a-orientation, that is, below the 

plane of the molecule whereas the ...... line ( -.Ml> ) indicates that the bond is 
either in a- or in f3-orientation. 

The term 11C1-6-alkyl, optionally substituted by fluoro" refers to both 

20 straight and branched chain saturated hydrocarbon groups having 1 to 6 and 

preferably 1 to 4 carbon atoms, for example, methyl, ethyl, n-propyl, isopropyl, 

tertiary butyl and the like, these group may be substituted by one or more 

fluorine atoms as e.g. in fluoromethyl or trifl.uoromethyl. 

As used herein, the term 11co-hydroxyalkyl" refers to both straight and 

25 branched chain saturated hydrocarbon groups as defined above bearing a 
hydroxy group in the terminal position, e.g. hydroxymethyl, 2-hydroxyethyl, 3-

hydroxypropyl, preferably hydroxymethyl. 

By the term "Cu-cycloalkyl" is meant a 3-6 membered saturated 
carbocyclic moiety, e.g., cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, in 

30 particular cyclopentyl. 

Especially preferred compounds of formula I are the compounds of 

formula 



.: 
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I-a 

wherein, R1
, R2

• R3
, and X are as defined above and R4 and R5 are hydrogen, 

as well as pharmaceutically acceptable sa~ts of said compounds and 
hydrates of the compounds of formula I-a and of their salts. 

5 Further preferred compounds are epimers and diastereoisomers of 
formula I-a. 

Preferred compounds of formula I and forIJl.ula I-a are compounds 
wherein R1 is hydrogen, Xis N and R2 is hydrogen and R3 is a group chosen 
from 

10 -C~C(=CH2)-COOCH2CH3, 

-COO-C~C(=OHCH2C1Ia)-COOCH2CH(CH3)2, 

and particularly 

RyQ. 
"-'o~ .:=o 0 
0 

Further preferred compounds of formula I are compounds wherein Rl 
15 and R3 are hydrogen, Xis N and R2 is a group chosen from 

-CH2C(=CHCH2CH3)-COOCH2CH(CH3)2, -CH2C(=CH2)-COOCH2CH3, 
-CH20COC(CH3)3, -CH(CH3)0COCH3, -CH(CH3)0COOCH2CH3, 
-CH(OCOCH3)0COCH3, -CH2COCH20COCH3, and 

R'--. , 0 
!: ~ 

~o o 

20 Especially preferred compounds of formula I and I-a are 

(SR, 7R)-7-[(Z)-2-(5-amino-[1,2,4]thiacliazol-3-yl)-2-hydroxyimino-acetyl­
amino]-3-[(E)-(R)-1'-(5-methyl-2-oxo-[1,3]dioxol-4-ylmethoxycarbonyl)-2-oxo­
[1,31bipyrroliclinyl-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-
2-carbo:xylic acid 

25 {6R, 7R)-7-[(Z)-2-(5-amino-[l,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-3-[(E)-(R)-1'-(5-ethyl-2-oxo-[1,3]dioxol-4-ylmethoxycarbonyl)-2-
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oxo-[l,3']bipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-~hia-l-aza-bicyclo{4.2.0]oct-2-

ene-2-ca~boxylic· iicld sodium salt (1:1) ·· 

·(6R,7R)-7-[(Z}-2-(5-Amino-[l,2,4]thiadiazol-3-yl)-2-hydroxyimino­

acetylamino]-3-{(E)-(R)-1'-(2-oxo-5-propyl -[l,3]diox.ol-4-ylmethoxycarbonyl)-2-

5 oxo-[1,3'Jbipyrrolidinyl..S-ylidenemethyl}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-

ene-2-carboxylic acid sodium salt (1:1) 

.,(6R,7R)-7-[(Z)-2-(5-amino-[l,2,4]thiadiazol-3-yl)-2-hydroxyimino-acetyl­

amino]-3-{(E)-(R)-l'-( 5-isopropyl-2-oxo -[l,3]dioxol-4-ylmethoxycarbonyl)-2-

oxo-[l,3'}bipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo [4.2.0]oct-2-

10 ene-2-carboxylic acid sodium salt (1:1) 

(GR, 7R)-7-[(Z)-2-(5-amino-[l,2,4]thiadiazol-3-yl}-2-hydroxyimino-acetyl­

amino]-3-[(E)-(R)-l'-( 5-tert-butyl-2-oxo-[1,3]dioxol-4-ylmethoxycarbonyl)-2-

oxo-[1,3'1bipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0] oct-2-

ene-2-carboxylic acid sodium salt {1:1) 

15 (6R, 7R)-7-[(Z)-2-(5-Amino-[1,2,4Jthiadiazol-3-yl)-2-hydroxyimino-

acetylamino]-3-[(E)-(R)-l'- (E-2-isobutoxycarbonyl-pent-2-enyloxycarbonyl}-2-

oxo -[l,3']bipyrrolidinyl-3-ylidenemethylJ-8-oxo-5-thia-1-aza-bicyclo[4.2. O}oct-

2-ene-2-carbox:ylic acid sodium salt (1:1) 

(6R, 7R)-7-[(Z)-2-(5-Amino-[l,2,4)thiadiazol-3-yl)-2-hydroxyimino-

20 acetylamino]-3-[{E)-(R)-l'-(2-ethoxycarbonyl-allyl)-2-oxo-[l,3']bipyrrolidinyl-3-

ylidenemethylJ-8-oxo-5-thia-1-aza-bicyclo[4.2.0] oct-2~ene-2-carbox:ylic acid 

sodium salt (1:1) 

(6R, 7R)-7-{(Z)-2-(5-Amino-[l,2,4]thiadiazol-3-yl)-2-hydro:x:yimino­

acetylamino]-3-[{E)-5'-hydrox:ymethyl-l' -(5-methyl-2-oxo-[1,3]dioxol-4-

25 ylmethoxycarbonyl)-2-oxo-[1,3']bipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-thia-1-

aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt 

( 6R, 7R)-7-[(Z)-2-(5-amino-[1,2,4Jthiadiazol-3-yl)-2-hydroxyimino­

acetylamino]-3-[(E)-(3'S,4'S)- and -(3'R,4'R)-4' -hydroxy:-l'-(5-methyl-2-oxo-

[1,3) dioxol-4-ylmethoxycarbonyl)-2-oxo-[1,31bipyrrolidinyl-3-ylidenemethyl]-8-

30 oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt 

The compounds of formula I and I-a as well as their salts can be 

hydrated. The hydration can be effected in the course of the manufacturing 

process or can occur gradually as a result of hygroscopic properties of an 
initially _anhydrous product. 

35 The compounds of the present invention are useful as antibiotics having 

potent and broad antibacterial activity; especially against methicillin resistant 

Staphylococci (MRSA) and Pseudomonas aeruginosa. 
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~products in accordance with the invention can be used as 
medicaments, for example, in the form of pharmaceutical preparations for 
parenteral administration, and for this purpose are preferably made into 
preparations as lyophilisate~ or dry powders for dilution with customary 

5 ·agents, such as water or isotcmic common salt or carbohydrate (e.g. glucose) 
solution. 

Depending on the nature of the pharmacologically active compound the 
pharmaceutical preparations can contain the compound for the prevention and 
treatment of infectious diseases in mammais, humans and non-humans. A 

10 daily dosage of about 10 mg to about 4000 mg, especially about 50 mg to about 
3000 mg, is usual, with those of ordinary skill in the art appreciating that the 
dosage will depend also upon the age, conditions of the mammals, and the 
kind of diseases being prevented or treated. The _daily dosage can be 
administered in a single dose or can be divided over several doses. An average 

15 single dose of about 50 mg, 100 mg, 250 mg, 500 mg, 1000 mg, and 2000 mg 
can be contemplated. 

The compounds of the formula I and I-a in accordance with the invention 
as well as their pharmaceutically acceptable salts, hydrates, or readily 
hydrolyzable esters can for example be prepared in accordance to procedures 

20 given below: 

Compounds of formula I and I-a wherein R2 is hydrogen and R3is a group 
-COOC~C(=CHR)-COOR, -COOCH20COR, -COOCH(R)OCOR, 
-COOCH(R)OCOOR, -COOCH(OCOR)OCOR, -COOC~COC~OCOR or 

R 

-coJ,~ 
0 

25 can be prepared according to Scheme 1 by acylation of compounds of formula A 
with the corresponding carbonic acid 4-nitrophenyl ester. 



----------------···--··-··-······--···-··-···---
'··~ 

., . -''' t. 

W099/6S920 7 
PCT/EP99/03907 . 

Scheme 1 

1. 

2. 

o~ 

wherein R1 and R are as defined above and Y is a group 
-CH2C(=CHR}-COOR, -C~OCOR, -CH(R)OCOR, -CH(R)OCOOR, 

5 -CH(OCOR)OCOR, -CH2CO C~OCOR, or 

F\_o 
J,l \ 
I .)::::::Q 

~o 

For the preparation of compounds of formula I and I-a wherein R3 is 
-C~C(=~}-COOR a compound of formula A is reacted with 2-{4-nitro-

10 pheno:xycarbonyloxymethyl)-acrylic acid ethyl ester. This reaction proceeds 

with loss of carbon dioxide, cf. scheme 2: 
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Scheme2 

2. Na-ethylcaproate in DMSO 

s'Y::~)=(?!i-Or}oR )=X 0 N N .; 
H2N 0 . 

0 
0 ONa 

The synthesis of the compounds of formula I and I-a, wherein R3 is 
5 hydrogen, (Scheme 3) is accomplished via alkylation of the carboxylate, 

preferably at the stage of the fully protected compound of formula A. 
Protecting groups for R1 are preferably, the trityl and in position R3 tert.­
butyloxycarbonyl (BOC). Removal of the tert.-butyloxycarbonyl and trityl­
protecting groups is accomplished by conventional methods and the desired 

10 compounds of formula I and I-a are isolated as the hydrochloride salts by 
precipitation from dio:xane. 
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Scheme3 

wherein R
10 

is C1-6-alk.yl, optionally substituted by fluoro, or Cu­
cycloalkyl or a protecting group, preferably trityl, and BOC is tert.-

5 butylo:xycarbonyl 

Compounds of formula A are known compounds and can be prepared 
according to the methods described in EP appl. no. 97119528.4. 

The alkylating agents, i.e. the compounds R2Br or R2Cl are known 
compounds, some are commercially available. 

10 The following examples further illustrate the invention, however, 
without limiting its scope. 

Examples 

1.1. Synthesis of (GR, 7R)-7-[ (Z) .. 2-(5-amino-[l,2,4}thiadiazol·3-yl)-2· 
hydroxyimino-acetylamino]-3-[(E)-(R)-1'-(5-methyl-2-oxo-[l,3]dioxol-4-

15 ylmethoxycarbonyl)-2-oxo-[1,S']bipyrrolidinyl-3-ylidenemethyl]·S-oxo-
5-thia-l .. aza-bicyclo[4.2.0]oct-2-ene-2*Carboxylic acid 

-----·---- - ---- ·-

To a solution of 13.2 g ( 44. 72 mmol) of carbonic acid 5-methyl-2-oxo­
[1,3Jdioxol-4-ylmethyl ester 4-nitro-phenyl ester in 200 ml of 
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dimethyl~ulfoxide are added 20.0 g of (6R,7R)-7-[(Z)-2-(5-amino­
[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-acetylamino]-8-o:xo-3-[(E)-(R)-2-oxo­
[1,31bipyrrolidinyl-3-ylidenemethyl]-5-thia-l-aza-bicyclo[4.2.0]oCt-2-ene-2-
carboxylic acid. The mixture is stirred under argon at room temperature for 4 

5 hours and 1000 ml of acetone are added. The slightly turbid solution is 
clarified by filtration over a fluted filter. To the ·clear motherliquour are added 
34.0 ml (34 mmol) of a lN solution of sodium-2-ethylcaproate in acetone at 

room temperature during 20 minutes. The slightly yellow suspension is stirred 
for 10 m.inuntes at room temperature, the solid is collected by filtration, 

10 washed with 1000 ml of acetone and 1000 ml ofn-pentane and dried under 
high vacuum. The product is suspended in 600 ml of acetone and stirred at 
room temperature for 2 hours. The product is collected by filtration and dried 
under high vacuum to yield 23.94 g of the title c9mpound as an off-white 
powder. 

15 MSUSP): M+H·=691.3;M+NH4.=708.2;M+Na·=713.1 

In a similar manner, the following carbamates are.prepared from the 
corresponding mixed carbonates: 

1.2. (6R, 7R)-7-[ (Z)-2-(5-Amino-[l,2,4]thiadiazol-3·yl)-2·hydroxyimino­

acetylamino]·3·[ (E)-(R)·l'·(5-ethyl-2·oxo-[1,3]dioxol-4-ylmethoxy-
20 carbonyl)-2-oxo-[l,S']bipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-thia·l· 

aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1) 

N.OHH Q ~ 
N ...Jl -N S )l.. 

H2N-< U U 'r-(~11..J'~ 0 0 
8-N o )-N... ,,.- \_.J o-{ 
- 0 0 0 

0 0- Na+-

MS (ISP): M+li=705.2,M+NH4·=722.3,M+Na·=727.2 

1.3. (6R, 7R)-7-[ (Z)-2-(5-Amino-[1,2,4]thiadiazol·3·yl)-2-hydroxyimino-
25 acetylamino]-3-[ (E)-(R)-1'·(2-os:o-5-propyl -[1,S]dioxol-4-ylmethoxy­

carbonyl)-2-oxo-[1,3']bipyrrolidinyl·3-ylidenemethyl]-8-oxo-5-thia-l­
aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1) 

tf H ~ 
N I N S i H N-{' h ~r--sN-oN -0 O 2 s-N o J-N .. i i 0-( 

0 0 0 
0 0- + 

Na · 
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MS (ISP): M+lr=719.3,M+NH4+=736.2,M+Na+=741.2 

1.4.-· ~7R)-7-ClZJf!~<5-Amino-[1,2,4Jthiadit"-ztf1.s-yl)-2-hydroxyimino· 
acetyJamino}-3·[ (E)-{B.)-1'-( 5-isopropyl-2-oxo -[l,3]dioxol-4-ylmethoxy­
earbonyl)-2-oxo-[1,3']bipyrrolidinyl-3-ylidenemethyl]·8-oxo-5·thia-l-

5 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1) 

NOH O 
NhN S _-l 

H2N-<s-N 0 )l;'). £N-(J -{o 0 
0 I ... ~ 1, l )==O 

0 0- + 0 
Na 

MS (ISP): M+lr=719.3,M+NH;=736.2,M+Na+=741.2 

1.5. (GR, 7R)-7-[ (Z)-2·(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino· 
acetylamino]-3-[ (E)-(R)-1'·( 5-tert-butyl-2-oxo-[l;J]dioxol-4-ylmethoxy-

lO carbonyl)-2-oxo-[1,3']bipyrrolidinyl-3-ylidenemethyl]-8-oxo·5·thia-1-
aza-bicyclo[ 4.2.0Joct-2-ene-2-carboxylic acid sodium salt (1:1) 

NOH 0 

NhNr-rMs )lo 
H2N-{'s-N 0 J-N.. ; N-(J ~)-0 

0 
0 0 

0 0- Na+ 

MS USP): M+I1=733.2,M+NH4+=750.4 

1.6. (6R, 7R)-7-[ (Z)-2-(5-Amino-[1,2,4]thiadiazol-3·yl)-2-hydroxyimino-
15 acetylamino]-3-[ (E)-{R)-1'· (E-2-isobutoxycarbonyl-pent-2-

enyloxycarbonyl)-2-oxo -[1,3']bipyrrolidinyl-3-ylidenemethyl]-8-oxo·5-
thia-1-aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1) 

J)H ~.t{ 
N 0 

N JL -N s A 
H N-{ ll lr r-t'MN-0 ° 2 s-N o )-r\i .. ,,; ,,; 

0 + 0 
0 o- Na 

MS (ISP): M+Ir=747.4,M+NH4+=764.3,M+Na+=769.3 

20 1. 7. (6R, 7R)-7-[ (Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino­
acetylamino]-3 .. [ (E)-(R)-1'·(2-ethoxycarbonyl-allyl)-2-oxo-
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[1,S']biJtyrrolidinyl-S·ylidenemethyl]-8·oxo+thia•l·aza­
bicyclo[4.2.0]oct-2-ene-2-carbo:x.ylic acid sodium salt (1:1) 

. . 

. 0 

f~ · ro>-f 
,Ny YN'l-r~s N-0 

SYN 0 0)--N .. ~ ~ 
HzN 0 .. 0- Na+ 0 

MS (ISP): M+H+::::647.4 

5 1.8. (6R, 7R)·7·[ (Z)·2-(5-Amino-[1,2,4]thiadiazol-S-yl)·2·hydroxyimino­

acetylamino]-3·[ CE)·(3'R,5'S)-5'·hydroxymetbyl-1'·(5·methyl-2·oxo· 
[1,3]dioxol-4-yhnetho:x.ycarbonyl)-2-oxo-[1,S']bipyrrolidinyl-3· 
ylidenemetbyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic 
acid sodium salt 

10 

N.OH 0 -.. j 

s·Nn~""r--(?!iS N- rt(ll..o' 'i"o 
)=N o J-N. ~''i 0""'( 

~N o o OH o 
0 0-

Na+ 

MS(ISP): M+li= 721.3;M+NH4.=738.2;M+Na+=743.2 

1.9 1:1 Mixture of (6R, 7R)-7-[ (Z)·2·(5-amino-[1,2,4]thiadiazol-8·yl)-2-
hydroxyimino-acetylamino]-3-[ (E)-(3'S,4'S)~ and -(3'R,4'R)-4'-hydro:x.y-
1' -(5-methyl-2-oxo-[1,S]dioxol-4-ylmetho:x.ycarbonyl)-2-oxo-[l,3']bi· 

15 pyrrolidinyl-8-ylidenemethyl]-8-oxo-5-thia·l·aza-bicyclo[ 4.2.0]oct-2-

ene-2-carboxylic. acid sodium salt (1:1) 

/~,J:~i;,.Ms . 11oY0 
)=N o J-N. N O""'( 

~N 0 0 H 0 
0 0-

Na· 

MS{ISN):M-H.=705.3 

20 Preparation of the starting materials.for examples 1.7. and 1.6.: 
a) 2-(4-Nitro-phenoxycarbonyloxymethyl)-acrylic acid ethyl ester 
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A~ of 2.60 g of 2-hydroxymethyl-acrylic a~d ethyl ester (0.020 mol) and 
4.0 g of 4-nitropbeeyl-chloroformate (0.020 mal} in 70 ml dichloromethane is 

treated with a solution of 5.5 ml (0.030 mol) of ethyl-diisopropylamine in 55 ml 
of dicbloromethane at 0°C for two hours. The mixture is hydrolyzed with 10% 

5 potassium bicarbonate, the phases are separated and the product contained in 

the organic phase is purified by chromatography on silica gel using a 4:1 

mixture of n-hexane and ethyl acetate as eluent. The product fractions are 

collected and evaporated yielding 3.5g (60%) of the title compound as a white 
crystalline solid with melting point 42-43°C after crystallisation from t-

10 butylmethyl ether and n-hexane. 

b) 2-(4-Nitro-phenoxycarbonyloxy:methyl) .. pent-2-enoic acid isobutyl 

ester 
0 0 

t-0-rio~ 
15 is prepared according to the procedure described above. A yellowish oil is 

obtained. 

MS (El): M+lr=352 M-Cft10 = 278 

Example2 

20 2.1. a) Synthesis of (GR, 7R)-7-[(Z)-2-(5-amino·[l,2,4]tbiadiazol-3-yl)-2-

trity10xyimino-acetylamino]-3-[ (E)-(R)-1'-tert-butoxycarbonyl-2-oxo­

[l,S'Jbipyrrolidinyl-S-ylidenemethyl]S-oxo-5-thia-1-aza-
bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid 

9Phs 
p 

N 0 

H N-{N~~s ~i.-/'~Jlo)( 
2 s-N 0 ~~.... _, • ...-- \_.J 

0 
0 

0 OH 

25 To a solution of l.67g (1.965 mmol) of (6R,7R)-7-[(Z)-2-(5-amino-(l,2,4]thia­

cliazol-3-yl)-2-trityloxyimino-acetylamino]-8-oxo-3-[(E)-(R)-2-oxo-[l,3')bi­
pyrrolidinyl-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2--ene-2-carboxylic 
acid hydrochloride salt (1:2) in 20.0 ml of dimethylformamide are added 0.56 

ml (4.00 mmol) of triethylamine and 0.554 g di-tert-butyldicarbonate and the 
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mixture is· stirred at room temperature for 1.5 hours. The mixture is diluted 
with 500 ml of ethyl acetate and 100 ml water. The pH is adjusted to 2 by the 
addition of lN hydroChloric acid. The phases are separated and the organic 
phase is washed twice with 100 ml of water, clarified by filtration over a fluted 

5 filter and concentrated. 100 ml of diethyl ether are added and the resulting 
suspension is stirred· at room temperature for 1 :hol:ir. The solid is collected by 
:filtration, washed with diethyl ether and dried, yielding 1.31g (76%) of the 
title compound as a beige powder. 

10 

15 

MS (ISP): (M+Hr=877.4 (M+NH,r=894.4 (M+Nar=899.4 

b) Synthesis of (6R, 7R)·7·[ (Z)·2·(5-amino-[l,2,4]thiadiazol·3·yl).2· 
hydroxyimino-acetylamino)·S-oxo-3-( (E)-(R)-2-oxo-[l,3']bipyrrolidinyl-
3·ylidenemethyl]-5·thia·l·aza-bicyclo[ 4.2.0]oct-2·ene·2·carboxylic acid 
(E)-2-isobutoxycarbonyl-pent-2-enyl ester hydrochloride (1:1.6) 

.. OH 

/~N'r-(~S · .. r~ 
)=N o }-N.., ; ~ 

H2N 0 0 

o~oj 
0 

To a solution of 0.150 g (0.171 mmol) of (6R, 7R)-7-[(Z)-2-(5-amino-[1,2,4]thia­
diazol-3-yl)-2-trityloxyimino-acetylamino]-3-[(E)-{R)-1' -tert-butoxycarbonyl-2-
oxo-[1,3']bipyrrolidinyl-3-ylidenemethyl]8-oxo-5~thia-1-aza-bicyclo[4.2.0]oct-2-
ene-2-carboxylic acid in 1 ml of dimethylsulfoxide are added 18. 7 mg of (0.163 

20 mmol) 1,1-3,3-tetramethyl guanidine and 64 mg (0.257 mmol) ofisobutyl (Z)-2-
(bromomethyl)-2-pentenoate, and the mixture is stiITed at room temperature 
for 20 minutes. The solvent is evaporated under high vacuum and the residue 
purified by chromatography on MCI-gel using a gradient of 40 to 100% of 
acetonitrile in water as eluent. The product fractions are collected and the 

25 organic solvent is removed by evaporation. The product is extracted from the 
remaining aqueous phase with dichloromethane. The combined organic phases 
are dried over magnesium sulfate, evaporated to dryness and triturated with 
tert-butylmethyl ether to yield 130 mg (0.125 mmol) beige crystals with 
melting point 158-159°C which are dissolved in 1.2 ml of dichloromethane. To 

30 this solution are added 0.0366 ml (0.23 mmol) oftriethylsilane and 0.38 ml of 
tri:fluoroacetic acid at 0°C and the mixture is stiITed for 1 hour. To the 



.... 
W099/65920 

15 
PCT/EP99/03907 

resulting clear solution 2.0 ml of dioxane are added and the mixture is 
concen~ted un~,acuum. The residue is disso1ved in 2.0 ml of dioxane and 
0.182 ml of a 1.9 N solution of hydrochloric acid in dioxane are added with 
stirring at room temperature. The precipitate is collected by filtration washed 

5 with dioxane and acetone and dried yielding 85 mg of the title compound as 
beige crystals melting at 139-140°C (dee). HPLC: 99.%(area) MS: M+lf'=703.3 

In a similar manner the following prodrug7ester compounds are prepared 
starting from the corresponding alkyl halides: 

2.2. (6R, 7R)-7-[ (Z)-2-(5-amino-[1,2,4]thiadiazol-3-yl)·2·hydroxyimino-
10 aeetylamino]-8-oxo-3-[(E).(R)·2-oxo-Il,3']bipyrrolidinyl-3-ylidene­

:methyl]-5-thia-1-aza-bieyelo[ 4.2.0]oct-2-ene-2-earboxylic acid 2,2-
dimethyl-propionyloxymethyl ester hydrochloride 

MS (ISP): M+l1=649.3 

15 2.3. (6R, 7R)-7 ·[ (Z)-2-(5-amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino­
acetylamino]-8-oxo-3-[ (E)-(R)-2-oxo-[1,S']bipyrrolidinyl-3-ylidene­
methyl]·5-thia-1-aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid 5-methyl-
2-oxo-[l,SJdioxol4-ylmethyl ester hydrochloride (1:1.5) 

20 MS (ISP): M+l1=647.3 
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5 

2.4. 1:1 ~of (8B.,7R)-7-[(Z)-2-(5-amino-[l,2,4]thiadiazol-3-yl)-2· 
hydroxyimino-acetylmnino]-8-oxo-3-[(E);.~)-2-o:xo-[1,S']bipyrrolidinyl-

3·ylidenemethylI-5·thia·l·aza-bicyclo[4.2.0lo-'t-2-ene-2-carboxylic acid 
(R). and (S)-1-acetoxy-ethyl ester hydrochloride (1:1.2) 

N.OH 

~nJ.JJ-d 
H2N 0 l ... .._, 1b 

o o I 
__,loAo 

MS (ISP): M+Ir=621.3 

Cr 

2.5. 1:1 Mixture of (6R, 7R)-7-[ (Z)-2·(5-amino~[l,~,4]thiadiazol-3-yl)-2-
hydroxyimino-acetylamino]-8-oxo-3-[ (E)·<R)~2-oxo-[1,3']bipyrrolidinyl-
3-ylidenemethyl]-5-thia-1-aza-bicyclo[ 4.2.0}oct-2-ene-2-carboxylic acid 

10 (R)· and (S)-1-ethoxycarbonyloxy-ethyl ester hydrochloride (1:1.4) 

N.OH 

s·N~N'r--r?-Ss .. r~ 
)=N o J-N~ A' ~ 

HzN 0 0 
0 O 0 Cr 

. __,lO)lo"\. 

MS (ISP): M+H+=651.2 

2.6. 1:1 Mixture of (6R,7R)-7-[(Z)·2-(5-am.ino-[l,2,4]thiadiazol-3-yl)-2-
15 hydroxyimino-acetylamino]-8-oxo-3-[(E)-(R)-2-os:o-[1,3']bipyrrolidinyl-

3-ylidenemethyl]-5-thia-1-aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid 
(R). and (S)-1-acetoxy-2-oxo-propyl ester hydrochloride (1:1.4) 

N.OH 

5.N~N'r--r~s . _ r~ 
)=N O )-N~ N~ 

HzN 0 0 
0 0 Yo er 
00~ 

MS (ISP): M+Ir=649 

20 2. 7. (6R, 7R)·7-[ (Z)-2·(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydros:yimino­
acetylamino]-8·oxo-3-[(E) .. (R)-2·os:o-[1,3']bipyrrolidinyl-3-ylidene-
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methyl]-ii-tbia-1-aza-bicyclo[4.2.0]oct-2·ene-2·carboxylie acid 3-
acetoxy-2-oxo'-prltpyl ester hydrocbloridt;' (1:1.65) 

~.OH 

s·~N'r-(~s u r~ 
)==N o J-N.. ~ 

~N O . O 

o ~o,l Cr 

0 

MS (ISP): M+li=649.2 

5 
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Claims 

111111111111111111111111111111 
* C L M S * 

I 

wherein 

R1 is hydrogen, cl-6-alkyl, optionally substituted by tluoro, or c3-6-
cycloalkyl; 

R 

R'' 
Rs 

is hydrogen or a group selected from 

-C~C(=CHR)-COOR, -C~OCOR, -CH(R)OCOR, 
-CH(R)OCOOR, -CH(OCOR)OCOR, -CH2COCHiOCOR and 

R....._ 

..cH!o°>=o. 
' 

is hydrogen or group selected from -C~C(=C~)-COOR, 
-COOCH2C(=CHR)-COOR, -COOCH20COR, 
-COOCH{R)OCOR, -COOCH(R)OCOOR, 

-COOCH(OCOR)OCOR, -COOC~COCH20COR, and 
R....._ 

II 0 

-COOCH~o>=o 
with the proviso that one of R2 and Rs is hydrogen and the 
other of R2 and Rs is different from hydrogen, 

is hydrogen or cl-6-alkyl; 

is hydrogen or hydroxy, 

is hydrogen or ro-hydroxyalkyl; and 

X is CHorN, 

as well as pharmaceutically acceptable salts of said compounds and hydrates 
of the compounds of formula I and of their salts. 
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2 •. Compounds according to claim 1 of formula I-a I lllln llf 111RI11111111111 
•· * C l H s * 

. "Ii~ 
· ... 

I-a 

wherein R1, R\ R1 and X are as defined in claim 1 and R• and R5 are 
hydrogen, 

5 as well as pharmaceutically acceptable salts of said compounds and 
hydrates of the compounds of formula I-a and of their salts. 

3. Compounds according to claim 1 or 2, wherein R1 is hydrogen, Xis N, 
R2 is hydrogen and R3 is a group 
-COO-CH2C(=CHC~CH)-COOCH2CH(C~)2, 

io -CH2C(=CH2)-COOCH2CH3, 

or 
R 

..coo #~ 
~o 

4 .. Compounds according to claim 1 or 2 wherein R1 and R3 are hydrogen, 
Xis N and R2 is -CH2C(=CHCH2CHJ-COOCH2CH(CHJ2, 

15 -CH2C(=CH2)-COOCH2CH3, -CH20COC(CH3) 3, -CH(CH3)0COC~, 
-CH(Clis)OCOOCH2Clis, -CH(OCOCH3)0COC~, -C~COCHaOCOCH3, or 

R'-.. 0 

~~ 0 

5 .. The compound according to claims 1 and 2 
(6R, 7R)-7-[(Z)-2-(5-amino-{1,2,4]thiadiazol-3-yl)-2-hydroxyimino-acetylamino]-

20 3-[(E)-(R)-1' -(5-methyl-2-oxo-[l,3]dioxol-4-ylmethoxycarbonyl)-2-oxo­
[l,3'Jbipyrrolidinyl-3-ylidenemethyl)-8-oxo-5-thia-1-aza-bicyclo[4.2.Q]oct-2-ene-
2-carboxylic acid 

6. The compound according to claims 1 and 2 
(6R, 7R)-7-[(Z)-2-(5-amino-[1,2,4]tbiadiazol-3-yl)-2-hydroxyimino-acetylamino]-

25 3-[(E)-{R)-1'-(5-ethyl-2-oxo-[1~31dioxol-4-ylmethoxycarbonyl)-2-oxo­

[l,3']bipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2. O]oct-2-ene-
2-carboxylic acid sodium salt (1:1) 
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11111111m1 



,,.. -
W099/65920 20 PCT/EP99/03907 

7. Oompounds as in any one of claims 1 to 6 for use as pharmaceutically 
active substances, particularly for the treatment and prophylaxis of infectious 
diseases. 

8. A pharmaceutical preparation containing a compound according to any 

5 one of claims 1 to 6 and a therapeutically inert carrier, particularly for the 
treatment and prophylaxis of infectious diseases. 

10 

9. The use of the compounds according to any one of claims 1 to 6 in the 
·treatment and prophylaxis of infectious diseases or for the manufacture of 
medicaments for the treatment and prophylaxis of infectious diseases. 

*** 
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