[0005] The attempt to enhance the cellular uptake of the g-lactams by using iron-
siderophore uptake systems in microorganisms is one concept that has been explored in the
monobactam field by Basilea (WO 2007065288), Naeja Pharmaceuticals (WO 2002022613)
and Squibb & Sons (US 5290929, EP 531976, EP 484881). The heteroaryl units mimicing
siderophores can also be attached to the side-chain as hydrazides as demonstrated by Squibb
& Sons (US 5318963, US 5112968). Recently, Pfizer re-investigated monocarbams, mono-
cyclic f-lactams that carry a sulfonylaminocarbonyl activating group at the N1-position (WO
2010070523). Additionally, in WO 2008116813 Basilea has described combination therapy

approaches using a combination of monobactams with carbapenems.

[0006] In view of the increasing resistance development of pathogenic bacteria
against known antibacterial agents, including multiple resistances, there is an ongoing need to

find novel antibacterial substances, in particular compounds that have different structural

motives.
SUMMARY
In an aspect, there is provided compound of formula
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in which o R
R'and R? independently of one another represent hydrogen, aminocarbonyl or (Cq-
Cal-alkyl, or
R'and R?  together with the carbon atom to which they are bonded form a (Cs-Ce)-
cycloalkyl,
R’ represents ~(CH,)~«(S0;)0H or -O-(CH,}-(SO,)0H,

wherein m and o independently of one another represent an integer 0.1
2or3 and
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wherein any CH»-group contained in the residues which R® represents
may be substituted with one or two (C4-C,)-alkyl-residues,

X represents CR* or N
R represents hvdrogen or halogen
Z represents a bond or an alkvi-chain having one, two, three or four carbon
atoms,
whereby the alkvl-chain mav be substituied with one, two, three or four
substifuenis, selected independently of one another from the group
consisting of carboxy, aminocarbonyl and (C4-Cy)-alkyl
whereby alkvl in turn may be substifuted with a substituent
selected from the group consisting of hvdroxy. carboxy and
aminocarbonvl,
Y represents a bond, O, NH or S,
A represents (Ce-Cog)-aryl or 5- to 10-membered hetercaryl

whereby arvl and heteroaryl are substituted with a substituent of the
following formula
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wherein R5P

R™ R? and R* independently of one another represent hvdrogen
amino, hvdroxy, (C-Cyj-alkyl, (C+-C4l-alkoxy, (Cs-Cel-cycloalkyl, 4-

5- 6- or 7-membered helerocyclyvl or 8- or 6-memberad
heteroaryl,

whereby amine and hvdroxy may be substituted with one or
two substituents selected independently of cne another
from the group consisting of carbonyl, (C4-Ca)-
alkylcarbonyl, mono- or di-(C,-C,)-alkylaminocarbonyl, and
(Ci-Cy-alkyl,

wherebv alkoxy, hetsrocvelyl and heteroarvl may be
substituted with one, two or three substituenis selected
indepaendently of one another from the group consisting of
halogen, hydroxy, amino, carbonyl, carboxy, (C-Ca)-

alkylamino, mono- or di-(C4-C4)-alkylaminocarbonyl, -NH-
CH(=NH), -NH-C(=NH)}NH,}. -C{=NH)CH; and (C4-C4)-

alkyl, and
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whereby alkvl and cycloalkyl may be substituted with one
two or three substituents selected independently of one
another from the group consisting of halogen, hydroxy
amino, carbonyl, carboxy, carbonvioxy, aminocarbonyl
carbonvlamino, (C.-Ci-alkvicarbonvl, (C4-C)-alkoxy
mono- or di«(C4-Cy)-alkylamino, mono- or di-(C4-Cy)-
alkyliaminocarbonyl, -NH-CH{=NH), -NH-C(=NHYNH.,), -
CH(=NHICH3, (Ce-Cyp)-aryl, 5- or 6-membered heteroaryl
and 5- or 8-membered heterocyclyl,

whereby heteroarvl and heterocvelvl inturn may be
substituted with (C,-Cy)-alkyl, and

whereby amino in furn mayv be substituied with 5- or
B-membered heteroaryl, or

R and R* together with the nitrogen atom to which they are
bonded form a &- to 7-membered helerocycle including one, two or
three further heteroatoms selected from the series N, O and S and
R is as defined above,

R* represents hydrogen, amino, hydroxy, (C-Cy)-alkyl or (C-C,)-
alkoxy, '

wherebv amino and hydroxy may be substituted with one or
two substituents selected independently of one another

di~(C+-Cyl-alkylaminocarbonyl and (C-Cyl-alkyl

whereby alkoxy may be substituted with one, two or three
substituents selected independently of one another from
the group consisting of halogen, hydroxy, amino, carbonyl
carboxy, (C4-Cyj-alkvicarbonvl, (C-Cy)-alkoxy, mono- or di-
(C-Cy)-alkylamino, mono- or di-(C4-Cyl-alkylaminocarbonyi
-NH-CH(=NH), -NH-C(=NH)}(NH,), -CH(=NH)CH; and (C,-
Cyl-alkyl, and

whereby alkyl may be subsiituted with one, two or three
substituents selected independently of one another from
the group consisiing of halogen, hvdroxy, amino. carbonyl
carboxy, aminocarbonyl, (C-C,)-alkyicarbonyl, (C1-Cy)-
alkoxy, mono- or di<(C4-Cyl-alkylamine, mono- or di-(C-Cy)-
alkviaminocarbonyl, -NH-CH{=NH), ~NH-C{=NFH}{NH-}, -
CH(=NHICHa, (C-Cyl)-alkyl, (Ce-Cool-aryl and 5- or 6-
membered heleroaryl,

R® represents hydrogen or (C4-C4)-alkvi,

Q represents a bond. CH, or NH,
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k represents an integer 1 or 2, and

* i the linkaae site fo the residue represented by A, and

whereby aryl and heteroary! further may be substituted with one or two
substifuents selected independently of one another from the group
consisting of halogen, cyano, amino, hydroxy, (C-Cu)-alkyl, (C-Cy)-

alkoxy, mono- or di-(C4-C4)-alkylamino, amino-{C+-C)-alkyl hydroxy-(C;-
Ca)-alkyl or carboxy

whereby alkvl, alkoxy, alkvlamino, aminoalkyl, hvdroxyalkyl and
carboxy in turn may be substituted with a substituent selected from
the group consisting of halogen, (C-Cy)-alkyl and carbonvl. and

| represents an integer 0, 1, 2 or 3,

and the salts thereof, the solvates thereof and the solvales of the salts thereof.

In ancther aspect, there is provided compound which is

(27)-2-(2-Amino-1,3-thiazol-4-y1}-2-{[2-(4-carbamimidovl-3-hvdroxyphenoxylethoxyvliming-N-
[(383-2. 2-dimethyl-4-oxo-1-{sulfooxviazetidin-3-vilethanamids

(28.38)-3-{[({22)-2-(2-Amino-1.3-thiazol-4-y)-2-{[2-(4~-carbamimidovi-3-hydroxyphenoxylethoxyl-
iminolacetvllaminol}-2-methvi-4-oxoazetidine-1-sulfonic acid

(28 38)-3-{1{27)-2-(2-Amino-1,3-thiazol-4-v)-2-({2-[(6-carbamimidovipyridin-3-vlloxylethoxy}-
iminoacetvllaming}-2-methvi-4-oxoazetidine-1-sulfonic acid

iazol-4-y}-2-({2-[{6-carbamimidovipvridin-3-vhoxylethoxyimino)-N-[{38)-
sulfooxyiazetidin-3-vilethanamide

(22)-2-(2-Amingc-1.3-th
2 2-dimethyl-4-oxo-1-(

(2S.38)-3-{[{22)-2-(2-Amino-1,3-thiazol-4-v|)-2-({2-[{ 5-carbamimidoylpyridin-2-vloxylethoxy}-
iminojacetyllaminol-2-methvil-4-oxoazetidine-1-sulfonic acid

(25 38)-3-{[{27)-2-( 2-Amino-1. 3-thiazol-4-y}-2-{{2-[{4-carbamimidoyiphenyhsulfanvll-
ethoxviiminolacetvilamino}-2-methvi-4-oxoazetidine-1-sulfonic acid

27V-2-(2-Amino-1.3-thiazol-4-v1}-2-({2-[{4-carbamimidoviphenvlsulfanviiethoxyviimino )-N-[(35}-
2. 2-dimethyl-4-oxo-1-(sulfooxyiazetidin-3-vilethanamide

(28.38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1}-2-{{2-[(4-carbamimidoviphenyliaminoclethoxy}-
imino)acetvllaminol-2-methvl-4-oxoazetidine-1-sulfonic acid

28, 383)-3-{(27)-2-(2-Amino-1,3-thiazok4-yD-2-{12-(4-carbamimidoviphenoxy)-
sthoxvliminotacetvllamino}-2-methvl-4-oxoazetidine-1-sulfonic acid

(27)-2-(2-Amino-1,3-thiazol-4-y[)-2-{[2-(4-carbamimidoviphenoxylethoxyvliminol-N-[{(ZR, 38 -2-
methyi-d-oxo-1-{sulfooxyiazetidin-3-vllethanamide
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(2R,35)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-y|)-2-{12-(4-carbamimidoylphenoxyjethoxylimino}-
acetvilaminol-2-methvi-4-oxcazetidine-1-sulfonic acid

[(2S,38)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-y}-2-{[2-(4-carbamimidoyiphenoxy)-
ethoxyliminolacetyllamino}-2-methyl-4-oxoazetidin-1-ylloxvimethanesulfonic acid

(27)-2-(2-Amino-1.3-thiazol-4-v1)-2-{[2-(4-carbamimidoyi-3-methylphenoxy)ethoxviimino}-N-
(38)-2 2-dimethvi-4-oxo-1-{sulfooxyiazetidin-3-vilethanamide

28 38)-3-{[(273)-2-(2-Amino-1,3-thiazol-4-v)-2-{[2-(4-carbamimidoyl-3-methviphenoxy}-
ethoxyliminolacetyllaminol-2-methvi-4-oxoazetidine-1-sulfonic acid

(27)-2-(2-Amino-1,3-thiazol-4-y)-2-({2-[(2-carbamimidovlpyridin-4-yloxylethoxylimino)-N-[(38)-
2 2-dimethyl-4-oxo-1-(sulfooxy)azelidin-3-vllethanamide

(27)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoviphenoxy)ethoxylimino}-N-[2-oxo-1-
(sulfooxy)-1-azaspiro[3.4loct-8-vllethanamide

(28,38}-3-0[(27)-2-(2-Amino-1.3-thiazol-4-y1)-2-{[2-(4-carbamimidoviphenoxy)-2-methvi-
nropoxvliminotacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25.38)-3-1[(27)-2-(2-Amino-1,3-thiazol-4-y[-2-({{1-(4-carbamimidoviphenoxy)-Z-methyipropan-
2-vlloxviminoacetyllamino}-2-methvl-4-oxopazetidine-1-sulfonic acid

(25 ,38)-3-{[{27)-2-(2-Amino-1,3-thiazol-4-y|)-2-{[2-(4-carbamimidoyl-2-flucrophenoxy}-
ethoxyliminolacetvilaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

(28 38)-3-{[(2Z)-2-(2-Amino-1.3-thiazol-4-v])-2-{[2-(4-carbamimidoyl-2-chlorophenoxy)-
ethoxyliminolacetyllaminot-2-methyi-4-oxoazetidine-1-sulfonic acid

(23 ,38)-3-{[(27)-2-(2-Amino-1.3-thiazol-4-y)-2-({2-[4-(N-hvdroxycarbamimidovl}-
phenoxylethoxylimino)lacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(27)-2-(2-Amino-1.3-thiazol-4-yD-2-({2-[{4-carbamimidovipyridin-2-vDoxylethoxylimino)-N-[(38})-
2 2-dimethyl-4-oxo-1-(sulfooxyiazetidin-3-vilethanamide

27)-2-(2-Amino-1, 3-thiazol-4-y1)-N-[{ 35 -2, 2-dimethvi-4-oxo-1 -{sulfooxyiazefidin-3-yiI-2-[(2-{4-
N-{ piperidin-4-yDcarbamimidovliphenoxyiethoxy)iminolethanamide

(27)-2-[(2-{4-[N-(2-Aminoethyl)carbamimidovliphenoxyiethoxyliminol-2-(2-amino-1.3-thiazol-4-
v-N-[{358)-2, 2-dimethvl-4-oxo-1-(sulfooxylazetidin-3-vllethanamide

(27)-2-(2-Amino-1,3-thiazol-4-v1)-2-({2-[4-(4,5-dihydro-1H-imidazol-2-yl)phenoxylethoxyiimino)-
N-[(383-2 2-dimethyil-4-oxo-1-(sulfooxyiazetidin-3-vilethanamide

28 and 2R)-2-({[(172)-1-(2-Amino-1,3-thiazol-4-y)-2-{[(28,38)-2-methvil-4-ox0-1-sulfoazetidin-3-
Namino-2-oxoethvlidenelaminaloxyi-3-(4-carbamidinovl-phenoxyipropanoic acid

(28 and 2R)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-v1}-2-{[{38)-2 2-dimethyl-4-oxo-1-(sulfooxy}-
azetidin-3-vllaminol-2-oxosthvlidenelaminaloxy)-3-(4-carbamimidoylphenoxyipropanoic acid
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(28,38)-3-d[(22)-2-(2-Amino-1,3-thiazol-4-y}-2-({2-[{B-carbamimidovipyridazin-3-ylloxylethoxy}-
imino)acetvilamino}-2-methvi-4-oxoazetidine-1-sulfonic acid

(273-2-(2-Amino-1,3-thiazol-4-y])-2-({2-[{(6-carbamimidovipyridazin-3-yloxyl-ethoxyiming }-N-
[{38)-2,2-dimethvl-4-oxo-1-(sulfooxy)azetidin-3-vliethanamide

(25 .38)-3-{[(27)-2-(2-Amino-1.3-thiazol-4-y)-2-({2-[{5-carbamimidovipyrazin-2-vHoxyl-
ethoxyiimino)acetvilaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

(28 .38)-3-[(27-2-(2-Amino-1,3-thiazol-4-y[}-2-({2-[{4-carbamimidoyi-1,3-thiazol-2-vl)oxy]-
ethoxviimino)acetyllaming-2-methyl-4-oxoazetidine-1-sulfonic acid

(28.38)-3-{(223-2-{ 2-Amino-1.3-thiazol-4-v[}-2-(2-[(4-carbamimidovlthiophen-2-vlimethoxyvi-
iminolacetvllaminol-2-methvl-4-oxoazetidine-1-sulfonic acid

{22) 2-(2-Amino-1.3-thiazol-4-y}-2-({2-{{6-carbamimidovi-5-hydroxypyridin-3-vhoxylethoxyl-
mino)-N-[{38)-2 2-dimethvl-4-oxo-1-(sulfooxylazetidin-3-vllethanamide

(28 and 2R\-2-([(12)-1-(2-Amino-1,3-thiazol-4-v])-2-{[(38)-2 ., 2-dimethyl-4-oxo-1-(sulfooxy)-
azetidin-3-vilaminol-2-oxoethvlidenelaminoloxy)-3-(4-carbamimidoyl-3-
hvdroxyphenoxyipropanoic acid

28.38)-3-{[(2Z)-2-{[2-{2-Amino-4-carbamimidoviphenoxviethoxvliminol-2-(2-amino-1,3-thiazol-
4-yhacetyllaminol-2-methvyl-4-oxoazetidine-1-sulfonic acid

(25 and 2R)-2-({I(1Z}-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(38)-2, 2-dimethvi-4-cxo-1-{sulfooxy)-azet-
idin-3-vllamino}-2-oxoethylidenelaminotoxy)-3-[{6-carbamimidovipyridin-3-yvhoxylpropanoic acid

(28, 38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y[}-2-[{3-(4-carbamimidoviphenoxyipropoxyl-
iminol-acetvil-amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(27)-2-(2-Amino-1.3-thiazol-4-vD-N-I{38 -1 -hvdroxy-2, 2-dimethyl-4-oxoazetidin-3-yI-2-({2-14-(N-
2-[liminomethyDaminolethvllcarbamimidovliphenoxylethoxyviiminolethanamide

(27)-2-(2-Amino-1,3-thiazol-4-y[}-N-[(38)-2, 2-dimethvyl-4-oxo-1-(sulfooxyiazetidin-3-yl]-2-{[2-{4-
{N-[{38)-pyrrolidin=3-vilcarbamimidovliphenoxyvlethoxyliminolethanamide

(273-2-(2-Amino-1,3-thiazol-4-y[)-2-{2-(4-{N-[2-(dimethviaminolethvllcarbamimidoviiphenoxy)-
ethoxvliminoi-N-I{38)-2 2-dimethvi-4-oxo-1-(sulfooxy)azetidin-3-vilethanamide

(273-2-( 2-Amino-1,3-thiazol-4-y1)-2-{[Z2-{4-carbamimidoviphenoxy)ethoxyiimingl-N-[(38)-2,2-
dimethyl-4-oxo-1-(sulfooxyiazetidin-3-vilethanamide

ASN AT A-T2- (1 7N 1-( 2-Amino-1.3-thiazol-4-y|)-2-{(38}-2 2-dimethvl-4-0x0~1-
sulfooxy-azet-idin-3-vilamino}-2-oxo-ethvlidenal-aminoi-oxvi-ethoxyl-phenviiimingmethvii-
aminot-N,N-dimethvi-L-prolinamide

(27)-2-2-Amino-1,3-thiazol-4-y[-N-[(38 -2 2-dimethvl-4-oxo-1-(sulfooxyiazetidin-3-vil-2-{[2-(4~
IN-[(38)-1-ethanimidovipyrrolidin-3-vllcarbamimidoviiphenoxy)ethoxyliminolethanamide
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(2R and 28)-3-{4-[N-(2-Aminoethylcarbamimidovliphenoxy}-2-({[(17)-1-(2-amino-1,3-thiazol-4-
v)-2-{(38)-2,2-dimethvl-4-oxo-1-(sulfooxylazetidin-3-yllamino}-2-oxoethylidenel-
aminol-oxy-propanocic acid

(27)-2-(2-Amino-1,3-thiazol-4-y-2-({[(2R_and 28)-1-(4-carbamimidoviphenoxy)-3-hydroxy-
propan-2-viloxylimino)-N-[(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-vllethanamide ‘

3-({1(12)-1-(2-Amino-1,3-thiazol-4-y[)-2-{[(38)-2.2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
vllaminol-2-oxoethvlidenelaminoloxy)-4-(4-carbamimidovlphenoxy)butanoic acid

27)-2-(2-Amino-1,3-thiazol-4-yD)-2-{[2-(4-carbamimidoylphenoxy)ethoxylimino}-N-[(28 35)-2-
methvi-4-oxo-1-{sulfooxyiazetidin-3-vilethanamide

(2R 38)-3-{[(2Z)-2-(2-Amino-1.3-thiazol-4-yl)-2-{[3-(4-carbamimidoylphenoxy)propoxyliming}-
acetyllaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

(25.38)-3-{[(27)-2-{2-Amino-1,3-thiazol-4-y1}-2-{[2-(2-bromo-4-carbamimidoylphenoxyjethoxyl-
iminotacetyllaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-y)-2-{[2-(4-carbamimidamidophenoxylethoxylimino}-
acetyllaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

(28.38)-3-{(27)-2-(2-Amino-1,3-thiazol-4-y}-2-{[3-(4-carbamimidamidophenoxy})-
propoxviiminatacetvlilaminot-2-methvi-4-oxoazetidine-1-sulfonic acid

27)-2-(5-Amino-1.2.4-thiadiazol-3-y)-2-{[2-(4-carbamimidoylphenoxy)ethoxylimino}-N-[(2S . 38)-
1-hvdroxy-2-methvil-4-oxoazetidin-3-vllethanamide

(28.38)-3-{[(27)-2-(2-Amino-1.3-thiazol-4-yl}-2-{[2-(3-carbamimidoylphenoxy)-
ethoxyliminolacetvilaminol-2-methvl-4-oxoazetidine-1-sulfonic acid

(28.38)-3-({(27)-2-(2-Amino-1,3-thiazol-4-v|)-2-[(2-{4-[N-(propan-2-ylicarbamimidoyllphenoxy}-
athoxv)iminolacetvllamino-2-methvl-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{(27)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[(4-carbamimidoylbenzyloxy]-
iminotacetyllaminol}-2-methvil-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-v1}-2-({2-[(4-carbamimidoylthiophen-2-
viimethoxylethoxylimino)acetyllaminol-2-methvl-4-oxoazetidine-1-sulfonic acid

27V-2-(2-Amino-1. 3-thiazol-4-vD)-2-{{4-carbamimidovibenzyvDoxylimino-N-[{38)-2 2-dimethvl-4-
oxo-1-{sulfooxyiazetidin-3-vilethanamide

(27)-2-(2-Amino-1,3-thiazol-4-y[}-2-{3-(4-carbamimidoylphenoxyipropoxylimino}-N-[(35)-2.2-
dimethyi-4-oxo-1-(sulfooxyviazetidin-3-vllethanamide :

(25 ,38)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-y)-2-({2-[4-carbamimidovi-2-(hydroxymethvl}-
E 5

phenoxvlethoxyliminoacetvilaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

(28.38)-3-({{27)-2-(2-Amino-1,3-thiazol-4-y1}-2-[( 2-{4-carbamimidovl-2-[{formyloxvimethvil-
henoxviethoxyliminolacetvilamino)-2-methvil-4-oxoazetidine-1-sulfonic acid
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(28 38)-3-{[(22)-2-(2-Amino-5-chloro-1,3-thiazol-4-y[)-2-{[2-( 4-carbamimidoviphenoxy)-
ethoxvliminolacetvilamino}-2-methyl-4-oxcazetidine-1-sulfonic acid

(25,38)-3-{(22)-2-({2-[4~( 2-Amino-2-iminoethvphenoxylethoxyiimino - 2-(Z2-amino-1,3-thiazol-4-
vhacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

28 A8)3({(27)-2-(2-Amino-1.3-thiazol-4-yi-2-[( 2-{4-[( 2-formyihvdrazinyl Emém}meﬁh?i‘»
nhenoxviethoxyliminolacetyllamino)-2-methvi-4-oxoazetidine-1-sulfonic acid

(28,38)-3-({(22)-2-(2-Amino-1 3-thiazol-4-vl)-2-[{ 2-{4-Thydrazinyl(iminomethyliphenoxy-
ethoxyliminclacetvilamino)-2-methvi-4-oxoazetidine-1-sulfonic gcid

(25,38)-3-{(273-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(5-carbamimidoyl-1,3 4-thiadiazol-2-
Doxyiethoxyviiminolacetvlilaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{J(22)-2-(2-Amino-1,3-thiazol-4-yD-2-{12-(4-carbamimidoviphenoxy)ethoxyl-
iminotacetvllaminol-2-carbamovl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-[(22)-2-(2-Amino-1.3-thiazol-4-v1)-2-({2-[(3-carbamimidoyl-1,2-oxazol-5-
Doxviethoxyviiminolacetvlilamino}-2-methvl-d-oxoazetidine-1-sulfonic acid

28.38%-3-{[{27)-2-( 2-Amino-1.3-thiazol-4-y|)-2-({2-[4-(N-methvicarbamimidoviiphenoxyl-
ethoxviiminolaceivllaminol-2-methvi-4-oxoazetidine-1-sulfonic acid

(25.38)-3-({(27)-2-(2-Amino-1,3-thiazol-4-y}-2-[(2-{4-IN-(2-hydroxyethyl)carbamimidoyl]-
phenoxyviethoxyiiminolacetyllaming)-2-methvl-4-oxoazetidine-1-sulfonic acid

28 38)-3-{(27)-2-(2-Amino-1,3-thiazol-4-yD-2-{[2-(4-{N-[2-{formvioxy)ethvllcarbamidovi}-
phenoxylethoxyvliminolacetyvllaming}-2-methvl-4-oxoazetidine-1-sulfonic acid

(28 38)-3-{[(2Z2)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[{ 3-carbamimidovl-1-methvl- 1H-pyrazol-5-
vhoxviethoxyviiminolacetvlilaminoly-2-methyl-4-oxoazetidine-1-sulfonic acid

(2S.38)-3-{[(22)-2-( 2-Amino-1.3-thiazol-4-y1)-2-({2-[(5-carbamimidoyl-1-methyl- 1H-pyrazol-3-
vhioxviethoxyiimino)acetyllaminol-2-methyl-4-oxoazetidine-1-sulfonic acid

N-TE4-12-({[(12)-1-(2-Amino-1,3-thiazol-4-y[}-2-{[(38})-2.2-dimethvi-4-ox0-1-(sulfooxyiazelidin-3-
vilamino-2-oxoethvlidenelaminoloxylethoxyiphenviiiming)methvliglvcine

273-2-(2-Amino-1,3-thiazol-4-y1}-2-({2-[{ 2-carbamimidoyl-5-methyl-1,3-thiazol-4-vloxyl-
ethoxyimino)-N-[{381-2 2-dimethvl-4-oxo-1-{sulfooxylazelidin-3-ylisthanamide

2-({I{1Z2)-1-{2-Amino-1.3-thiazol-4-y[)-2-{(38)-2. 2-dimethyi-4-oxo-1-(sulfooxy)azetlidin-3-vll-
aminol-Z-oxosthvlidenglaminotoxy-3-(4-carbamimidoviphenoxyipropanamide

27V-2-{ 2-Amino-1,3-thiazol-4-v-N-[(38)-2, 2-dimeathyl-4-oxo-1-(sulfooxy)azetidin-3-yl]-2-[(2-{4-
IN-(pvridin-2-vimethvDearbamimidoviiphenoxviethoxyliminolethanamide

{[(25,38)-3-{[(2Z)-2-[(2-{4-[N-(2-Amingethyl)carbamimidovl]phenoxyiethoxyliminol-2-(2-aminoc-
1.3-thiazok-4-viacetvllaminot-2-methyl-4-oxoazetidin-1-viloxvimethanesulfonic acid
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(27)-2-(2-Amino-1.3-thiazol-4-y)-2-[{2-[4-[N-( 2-carbamimidamidosthylicarbamimidovl}-
nhenoxyiethoxyiiminol-N-[{38)-2 2-dimethvl-4-oxo-1-(sulfooxyiazetidin-3-vilethanamide

1-(2-{{A-12-({1{1 Z)-1~(2-Amino-1,3-thiazol-4-v[)-2-{{(38)-2, 2-dimethyl-4-oxo-1-{sulfooxy)azetidin-
3-vilaminol-2-oxoethvlidenelaminoloxylethoxviphenyldimino»methyllaminolethyl)-1-
methvlpvrrolidinium chioride

(27)-2-(2-Amino-1,3-thiazol-4-y-N-[(38)-2 2-dimethvl-4-oxo-1-{sulfooxylazetidin-3-vi]-2-[{2-{4-
limino{piperazin-1-vhmethvliphenoxyiethoxyiiminolethanamide

27)-2-(2-Amino-1,3-thiazol-4-y)-2-({[1-(4-carbamimidoviphenoxy)- (2R and 28)-4-hvdroxy-
butan-2-viloxtiming -N-[{38)-2 . 2-dimethvl-4-oxo-1-(sulfooxyviazetidin-3-yllethanamide

(272)-2-{2-({B-IN~{ 2-AminoethyDcarbamimidovlipyridin-3-ylloxy)ethoxylimino}-2-(2-amino-1,3-
thiazol-4-vi)-N-[{38)-2 2-dimethvi-4-oxo-1-(sulfooxy)azelidin-3-vilethanamide

(223-2-1(2-{4-[N-(3-Aminopro yi}CarbamimEdeyi@phenoxv}ethoxy‘;%mincﬂ-z«‘E«amiﬁam’é,3~%héaz&§~4~
D-N-[{38)-2 2-dimethvil-4-oxo-1-(sulfooxyiazetidin-3-vilethanamide

27)-2-(2-Amino-1,3-thiazol-4-v}-2-[(2-{4-[N-{1,3-diaminopropan-2-ylicarbamimidoyl]-
phenoxylethoxyliminol-N-[(358)-2 2-dimethyl-4-oxo-1-(sulfooxyiazetidin-3-vllethanamide

(273-2-02-{4-IN-][2ZR)-1-Amino-3-hydroxvpropan-Z-vllcarbamimidoyliphenoxyiethoxyliming}-2-
(2-amino-1,3-thiazol-4-y[)-N-[(38)-2,2-dimethyl-4-oxo-1-(sulfooxyjazetidin-3-vllethanamide

(273-2-({2-[4-(B-Amino-1.4.5,6- ‘{@irahydroawéméé‘n 2-v) hanaxy‘eéh@w}'mino} 2-(Z2-amino-1.3-
thiazol-4-y)-N-[(38})-2 2-dimethvi-4-oxo-1-(sulfooxviazetidin-3-vllathanamide

(2R and 25) 3-({I11Z2)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(38)-2, 2-dimethyl-4-oxo-1-(sulfooxy)azet-
idin-3-vllamino»2-oxoethvlidenelaminoloxy)-2-(4-carbamimidoviphenoxy)propanacic acid

(28)-2-({1 2)-1~(2-Amino-1.3-thiazol-4-y)-2-(38)-2 2-dimethvi-4-oxo-1-(sulfooxyviazetidin-3-
vllaminol-2-oxoethvlidenelaminoloxy-3-(4-IN-[(3R}-piperidin-3-vllcarbamimidoviiphenoxy)-
propangic acid

2RA-2-(1(1 23 1-(2-Amino-1,3-thiazol-4-v)-2-{(35)-2, 2-dimethvi-4-oxo-1-{sulfcoxyiazelidin-3-vil-
aminot-2-oxoethviidenslaminoloxy)-3-(4-{N-[(3R}-piperidin-3-vllcarbamimidoyiphenoxy)-
propangic acid

(38)-3-{[{22)-2-(2-Amino-1.3-thiazol-4-y[}-2-{{(4-carbamimidovibenzvioxyliminolacetyllamino}-
2.2-dimethvl-4-oxoazetidin-1-vlloxyvimethanesulfonic acid

2723-2-1(2-{4-[5- AminomethvD-4 5-dihvdro-1H-Imidazol-2- y’}:shemmw}ethoxv)’ inol-2-(2-amino-
1. 3-thigzol-4-y[}-N-[{38}-2 2-dimethvi-4-oxo-1-{sulfcoxyviazetidin-3-vilethanamide

(38)-3-({{27)-2-(2-Amino-1,3-thiazol-4-y[)-2-[( 2-{4-IN-(pyrazolidin-4-vlicarbamimidovll-
phenoxyviethoxviiminelacetvbaming)-2,.2- d;meth N-4-oxogzetidine-1-sulfonic acid




(28)-2-({1(1Z2-1-(2-Amino-~1 3-thiazol-4-y|}-2~ E(BS} 2. 2-dimethvi-4-oxo-~1-sulfoazetidin-3-vil-
aming}- “woxoetmé denelaminotoxv)-3-(4-{N-[{38}-pyrrolidin-3-vllcarbamimidovl}-
phenoxy)propanocic acid

(28)-3-{4-IN~(2-Amino-2-methvipropvlcarbamimidoviiphenoxyi-2-{{[(12)-1-(2-amino-1,3-thiazol-
4-y)-2-{[{38}-2.2-dimethyl-4-oxo-1-{sulfooxyiazetidin-3-vilaminol-Z-oxoethvlidenelaminol-
oxyipropanocic acid

(28)-2-L11Z2)-1-(2-Amino-1,3-thiazol-4-vD-2-{[{38}-2 2-dimethvi-4-oxo-1-(sulfooxy)azetidin-3-
laminol-Z-oxoethy hc%an@ aminoloxy)-3-(4-{N-[Z-{methviaminc)ethvilcarbamimidovii-
phenoxyipropanoic acid

(283-2-{{[(1Z2)-1-(2~-Amino-1.3-thiazol-4-y1-2-{[{38)-2 2-dimethvl-4-oxo-1-sulfoazetidin
vilaminog}-2- @xe@’thvhéene}am ;%O}q;sxv} 3-{4-{N-[{3R »pyrrolidin-3-vllcarbamimidoyi}-
phenoxy)lpropancic acid

(28)-2-U1(1Z2)-1-(2-Amino-1,3-thiazol-4-yD)-2-{{38)-2 2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
vllamino}-Z-oxoethvilidenelamincloxy)-3-{4-IN-(piperidin-3-vi }camamtmsd@yimmnmy?;}mgmom
acid

28)-2-({T1 - 1-{2-Amino-1,3-thiazol-4-y1)-2-{(38)-2 2-dimethvl-4-oxo-1-(sulfooxy)azetidin-3-
vilaminol-2-oxoethvlidenslaminotoxy)-3-{4-[N-{pvrrolidin-Z2-vimsthvl)-
carbamimidovllphenoxyipropanoic acid

(28y-2-({1(12)-1-(2-Amino-1,3-thiazol-4-y[}-2-{[{38}-2  2-dimethyl-4-oxo-1-(sulfooxyviazetidin-
vilaminol-2-oxoethvlidenelaminoloxy)-3-{4-IN-(piperidin-2-vimeathyl}-
carbamimidovllphenoxyipropanoic acid

{28)-3-~{4-IN-(trans-(R.R and 8,S}-2-Aminocvclopropylcarbamimidoviiphenoxy-2-({[(12)-1-(2-
amino-1,3-thiazol-4-y)-2-{{{38)-2 2-dimethyl-4-oxo-1-{sulfooxy)azetidin-3-vllamino-2-oxo-
ethvlidenelaminoloxyipropanoic acid

(28)-2-({{{1 2 1-(2-Amino-1,3-thiazol-4-v)-2-{(38)-2 2-dimethvl-4-0x0- %f%yffoazmmm» Syll-
amingt-2-oxoethviidenslaminoloxy)-3-(4-{N-[(38}-1-methvipvrrolidin-3-vilcarbamimidovl}-
-phenoxy)-propanocic acid

(28-2-{{[(1Z3-1-(2-Amino-1.3-thiazol-4-v}-2-{[{38})-2 2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
aminol-2- @xeem lidenelaminoloxy)-3-{4-IN-{1.3-diaminopropan-2-vi)carbamimidovil
henoxyipropanoic acid

=}

(2R)-2-L81 2 1-(2-Amino-1.3-thiazol-4-y[)-2-{1{35 -2 Z-dimethvi-4-oxo-1-{sulfooxyiazelidin-3-
vllaminol-2-oxoethylidenslamino f"*sw‘% 3-{4-IN-{1,3-dlaminopropan-2-vi}-
carbamimidovilphenoxyvipropanoic acid

(28y-2-({[{1Z2)-1-(2-Amino~-1,3-thiazol-4-v}-2-{[(38}-2 2-dimethvil-4-oxo-1-(sulfooxyiazetidin-3-
vilaminoi-2-oxoethvlidenelaminotoxy)-3- afi N-{1H-imidazol-Z2-vimethvl-
carbamimidovilohenoxyloropanoic acid

2RS-2-{12)-1-(2-Amino-1 3-thiazol-4-y-2-{{38)-2 2-dimethvi-4-oxo-1-(sulfooxyiazetidin-3-
vilaminol-Z-oxoethvlidenselaminotoxy)-3~{4-IN-{1H-imidazol-2-vimethvl}-
carbamimidovilphenoxyipropanoic acid
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(28)-3-{4-[N-{4-Aminopyrrolidin-3-ylcarbamimidoyllphenoxy}-2-({[(12)-1-(2-amino-1,3-thiazol-4-
y-2-{(38)-2. 2-dimethvil-4-oxo-1-{sulfooxylazetidin-3-yllamino}-2-
oxoethvlidenelaminoloxyipropanoic acid

(283-2-({I(1Z2)-1-(2-Amino-1,3-thiazol-4-y1-2-{[(385)-2 2-dimethyl-4-oxo-1-{sulfooxyiazetidin-3-
vilaminol-2-oxoethvlidenelaminoloxy)-3-{4-IN-(azetidin-3-ycarbamimidoyvliphenoxyipropanoic
acid

(28)-2-(1(1Z2)-1-(2-Amino-1.3-thiazol-4-v)-2-{[(38)-2 2-dimethyl-4-oxo-1-(sulfooxyiazetidin-3-
vllaminol-2-oxoethvlidenslaminoloxy)-3-{4-IN-( piperidin-4-vlicarbamimidovilphenoxvipropanoic
acid

(28)-2-({I(1Z2)-1-(2-Amino-1,3-thigzol-4-y[)-2-{[{38)-2 2-dimethvl-4-oxo-1-(sulfooxyiazelidin-3-
yllaminol-2-oxoethvlidenelaminoloxy)-3-{4-IN-{azetidin-3-vhcarbamimidovliphenoxyioropanoic
acid

(285)-2-(112-1-(2-Amino-1 3-thiazol-4-vD)-2-{[(335)-2 . 2-dimethvi-4-oxo-1-(sulfooxy)azetidin-3-
{lamino}-2-oxoethviidenelaminaloxy)-3-(4-{N-[2-(pyrimidin-2-vlamino)ethvllcarbamimidovil-
phenoxyipropanoic acid

(2RY-2-(0(1 2 1-(2-Amino-1.3-thiazol4-y}-2-11{38)-2 2-dimethvi-d-oxo-1-(sulfooxyviazetidin-3-
vilaminol-2-oxoethvlidenelaminotoxy)-3-{4-IN-[2-{pyrimidin-2-viamino)ethvllcarbamimidovi}-
syhenoxyipropanocic acid

and the salls thereof, the solvates thereof and the solvates of the salts thereof.

in vet another aspect, there is provided the use of a compound as disclosed herein for
the manufacture of a med’ ament for treating and/or preventiing diseases. in particular bacterial
infections. especially with Gram- negative bacteria

In vet another aspect, there is provided a method for the preparation of a compound of
formula (1) as disclosed above comprising removing the protecting group from a compound of
formula

0
(!CHZ)!
2"
N/C[) (n
Pg N\’/‘HrH ?1
I T
A
0 R

in which Pg represents a protecting group and R'-R®. A, 1. X, Y and Z are as defined above.

In vel another aspect, there is provided the use of a compound as disclosed herein for
the manufacture of a medicament for the freatment and/or proshylaxis of diseases.
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n yet another aspect, there is provided the use of a compound as disclosed herein for
the manufaciure of a medicament for the treatment and/or prophvlaxis of bacterial infections.

in vet another aspect, there is provided a medicament comprising at least one
compound as disclosed herein in combination with at least one further active compound.

in vet another aspect, there is provided a medicament comprising at least one
compound as disclosed herein in combination with at least one inert, non-toxic,
nharmaceutically acceptable excipient.

In vet another aspect, there is provided the use of a medicament as disclosed herein for
the manufacture of a medicament for treating and/or preventing bacierial infections,

DETAILED DESCRIPTION

[0007]  The present invention relates to compounds of formula (1)

ZT

M

in which
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(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y|)-2-{[(3S)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidene]amino}oxy)-3-{4-[N-(azetidin-3-yl)carbamimidoyl]phenoxy}propanoic
acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenejamino}oxy)-3-{4-[N-(piperidin-4-yl)carbamimidoyl]phenoxy}propanoic
acid

(2S)-2-({[(1Z)-1~(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2, 2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(azetidin-3-yl)carbamimidoyllphenoxy}propanoic
acid

(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-

yllamino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[2-(pyrimidin-2-ylamino)ethyllcarbamimidoyl}-
phenoxy)propanoic acid

(2R)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-

yllamino}-2-oxoethylidene]amino}oxy)-3-(4-{N-[2-(pyrimidin-2-ylamino)ethyl]lcarbamimidoy!}-

phenoxy)propanoic acid

and the salts thereof, the solvates thereof and the solvates of the salts thereof.

9. Use of a ©compound according to any one of claims 1 to 8 for use-is-the manufacture of

a medicament for s-methed-aitreating and/or preventing diseases, in particular bacterial

infections, especially with Gram- negative bacteria.
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in which R", R*and R® are as defined in claim 1.

k
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Use of a compound according to any one of claims 1 to &-8 for the manufacture of a

medicament for the treatment and/or prophylaxis of diseases.

Use of a compound according to any one of claims 1 to 8-8 for the manufacture of a

medicament for the treatment and/or prophylaxis of bacterial infections.

Medicament comprising at least one compound according to any one of claims 1 to -8

in combination with at least one further active compound.

Medicament according to claim 4514, characterized in that the further active compound

is a f-lactamase inhibitor.

Medicament comprising at least one compound according to any one of claims 1 to -8

in combination with at least one inert, non-toxic, pharmaceutically acceptable excipient.

Use of a Mmedicament according to any one of claims 45-14 to 4% 16 for use-in-the

manufacture of a medicament for a-rmethed-ef-treating and/or preventing bacterial

infections.
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