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AMIDINE SUBSTITUTED BETA - LACTAM COMPOUNDS,
THEIR PREPARATION AND USE AS ANTIBACTERIAL AGENTS

{0001} This invention relates to novel Slactam compounds, their prepara-
tion and use. In particular, this invention relates to novel Alactam compounds
which are amidine substituted monobactam derivatives useful as antimicrobial

agents and their preparation.

[0002] Public health experts and officials consider the emergence and
spread of antibiotic resistant bacteria as one of the major public health problems of
the 21st century. Although not a new phenomenon per se, the spread of antibiotic

resistant bacteria has reached an unprecedented dimension. While the most resistant
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isolates continue to emerge in the hospital setting, physicians and epidemiologists
are encountering increasing numbers of resistant bacteria in the community among
people without previous healthcare contact. The number of patients who are dying
from untreatable nosocomial infections continues to grow. Therapeutic options are
especially limited for infections due to multi-drug-resistant Gram-negative pathogens
including Enterobacteriaceae and non-fermenters, a situation made worse by the fact
that the pipelines of the pharmaceutical industry contain few compounds with
promising resistance breaking profiles (H.W. Boucher et al.; Bad bugs, no drugs: No
ESKAPE! An update from the Infectious Diseases Society of America; Clin Inf Dis
2009, 48, 1-12).

[0003] The highly successful and well-tolerated class of glactam antibiotics
has historically been one mainstay for the treatment of infections caused by Gram-
negative pathogens. Among these especially 3rd-generation cephalosporins, car-
bapenems and monobactams are extensively used for the treatment of infections
with Gram-negative bacteria. However, a vast array of more than 1000 Alactamases
(2 constantly updated list of lactamases can be found under

hittp://www.lahey.org/Studies/) and further resistance mechanisms severely endanger

the mid-term usability of the current compounds in these subclasses. Especially
extended-spectrum Blactamases (ESBLs) and carbapenemases are important drivers of
resistance. New glactams with resistance breaking properties are urgently needed to
fill the gap.

[0004] With aztreonam as the single FDA approved monobactam used
worldwide and a second analogue marketed exclusively in Japan (tigemonam), the
monobactams are a clearly under-explored subclass among the flactams. Reviews on
aztreonam are available: W.C. Hellinger, N.S. Brewer; Carbapenems and Monobac-
tams - Imipenem, Meropenem and Aztreonam; Mayo Clin. Proc. 1999, 74, 420-434.
R.B. Sykes, D.P. Bonner; Discovery and Development of the monobactams; Rev.
Infect. Dis. 1985, 7 (Suppl. 4), 579-593.


http://www.lahey.org/Studies/

[0005] The attempt to enhance the cellular uptake of the S-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 heteroary! units mimicing
siderophores can aiso be aftached to the side-chain as hydrazides as demonstrated by Squibb
& Sons (US 5318963, US 5112968). Recently, Pfizer re-investigated monocarbams, mono-
cyclic flactams that carry a suifonylaminocarbonyl 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,
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In an aspect, there is provided compound of formula
0
XCH?_),
Y
%/
b
o (
N;/
H 1
M 2
HQN—</ | R
S/X o) N
in which o R’

R'and R*  independently of one another represent hydrogen, aminocarbonyi or (Cq-

Cy)-alkyl, or

R'and R?*  together with the carbon atom to which they are bonded form a (C3-Cg)-
cycloalkyl,

R? represents -(CHy)m~(SO2)OH or -O-(CH,)o-(SO,)OH,

wherein m and o independently of one another represent an integer 0, 1,
2 or 3, and
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wherein any CH,-group contained in the residues which R® represents
may be substituted with one or two (C-C,)-alkyl-residues,

represents CR* or N,
represents hydrogen or halogen,

represents a bond or an alkyl-chain having one, two, three or four carbon
atoms,

whereby the alkyl-chain may be substituted with one, two, three or four
substituents, selected independently of one another from the group
consisting of carboxy, aminocarbonyt and (C4-Cy)-alkyl,
whereby alkyl in turn may be substituted with a substituent
selected from the group consisting of hydroxy, carboxy and
aminocarbonyl,
represents a bond, O, NH or S,
represents {(Cqg-Coo)-aryl or 5- to 10-membered heteroaryl,

whereby aryl and heteroaryl are substituted with a substituent of the
following formula
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wherein R R

R™, R® and R* independently of one another represent hydrogen,
amino, hydroxy, (C4-Cg)-alkyl, (C+-C4)-alkoxy, (Cs-Cgs)-cycloalkyl, 4-
, 5~ 6- or 7-membered heterocyciyl or 5- or 6-membered
heteroaryl,

whereby amino and hydroxy may be substituted with one or
two substituents selected independently of one another
from the group consisting of carbonyl, (C4-Cy4)-
alkylcarbonyl, mono- or di-(C,-C,)-alkylaminocarbonyl, and
(C4-Cy)-alkyl,

whereby alkoxy, heterocyclyl and heteroaryl may be
substituted with one, two or three substituents selected
independently of one another from the group consisting of
halogen, hydroxy, amino, carbonyl, carboxy, (C;-Cs)-
alkylcarbonyl, (C4-C,4)-alkoxy, mono- ot di-(C4-C,)-
alkylamino, mono- or di~(C,-C,)-alkylaminocarbonyl, -NH-
CH(=NH]), -NH-C(=NH)(NH,), -C(=NH)CH; and (C+-Cy)-
alkyl, and
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whereby alkyl 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, carbonyloxy, aminocarbonyl,
carbonytamino, (C4-C,)-alkylcarbonyl, (C-C,)-alkoxy,
mono- or di-(C4-Cy)-alkylamino, mono- or di-(C4-Cy)-
alkylaminocarbonyl, -NH-CH(=NH}, -NH-C(=NH)(NH,), -
CH(=NH)CHa, (Ce-Cho)-aryl, 5- or 6-membered heteroaryl
and 5- or 6-membered heterocyciyl,

whereby heteroaryl and heterocyclyl in turn may be
substituted with (C4-Cy)-alkyl, and

whereby amino in turn may be substituted with 5- or
6-membered heteroaryl, or

R* and R* together with the nitrogen atom to which they are
bonded form a 5- to 7-membered heterocycle 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+-C4)-alky! or (C4-Cy)-
alkoxy,

whereby amino and hydroxy may be substituted with one or
two substituents selected independently of one another
from the group consisting of (C4-Cy)-alkylcarbonyl, mono- or
di-(C4-Cy)-alkylaminocarbonyl and (C4-Cy)-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, (C+-Cy)-alkylcarbony!, (C4~C,)-atkoxy, mono- or di-
(C4-Cy)-alkylamino, mono- or di-(C4-Cy)-alkylaminocarbonyl,
-NH-CH(=NH}, -NH-C(=NH}(NH,), -CH(=NH)CH; and (C;-
Cy)-alkyl, and

whereby alkyl may be substituted with one, two or three
substituents selected independently of one another from
the group consisting of halogen, hydroxy, amino, carbonyl,
carboxy, aminocarbonyl, (C4-Cy)-alkylcarbonyl, (C,-Cy)-
alkoxy, mono- or di-(C4-Cg)-alkylamino, mono- or di-(C4-C4)-
alkylaminocarbonyl, -NH-CH{=NH), -NH-C(=NH)(NH,)}, -
CH(=NH)CHj3, {C1-Cy)-alkyl, {Cs-C1o)-aryl and 5- or 6-
membered heteroaryl,

R® represents hydrogen or (C,-Cu)-alkyl,

Q represents a bond, CHs or NH,



3¢

k represents an integer 1 or 2, and
* is the linkage site fo the residue represented by A, and

whereby aryl and heteroaryl further may be substituted with one or two
substituents selected independently of one another from the group
consisting of halogen, cyano, amino, hydroxy, (C-Cgy)-alkyl, (C4-Cj)-
alkoxy, mono- or di-(C4-Cy)-alkylamino, amino-(C4-Cy4)-alkyl, hydroxy-(C4-
Cy4)-alkyl or carboxy,

whereby alkyl, alkoxy, alkylamino, aminoalkyl, hydroxyalky! and
carboxy in turn may be substituted with a substituent selected from
the group consisting of halogen, (C,-C4)-alkyl and carbonyl, and

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

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

in another aspect, there is provided compound which is

(22)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[2-(4-carbamimidoyi-3-hydroxyphenoxy)ethoxylimino}-N-
[(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

(28,38)-3-{[(2Z)-2~(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoyl-3-hydroxyphenoxy)ethoxy]-
imino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,3S)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(6-carbamimidoylpyridin-3-ylYoxy}ethoxy}-
imino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(8-carbamimidoylpyridin-3-yl)oxylethoxy}imino)-N-[(38)-
2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(28,38)-3-{[(22)-2~(2-Amino-1,3-thiazol-4-yl)-2-({2-[(5-carbamimidoylpyridin-2-yl)oxylethoxy}-
imino)acetyljJamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(4-carbamimidoylphenyl)sulfanyl]-
ethoxy}imino)acetyljJamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(4-carbamimidoylphenyl)sulfanyljethoxy}imino)-N-[(3S})-
2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

(2S,35)-3-{{(2Z)-2~(2-Amino-1,3-thiazol-4-yl}-2-({2-{(4-carbamimidoylphenyljamino]ethoxy}-
imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)-
ethoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[2-(4-carbamimidoylphenoxy)ethoxylimino}-N-[(2R,38)-2-
methyl-4-ox0-1-(sulfooxy)azetidin-3-yljethanamide



3d
(2R,38)-3-{[(2Z)-2~(2-Amino-1,3-thiazol-4-yl}-2-{[2-(4-carbamimidoylphenoxy)ethoxylimino}-
acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

{I(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[2-(4-carbamimidoylphenoxy)-
ethoxyjimino}acetyllamino}-2-methyl-4-oxoazetidin-1-yljoxy}methanesulfonic acid

(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoyl-3-methylphenoxy)ethoxylimino}-N-
[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yllethanamide

(25,38)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-y1)-2~{[2~(4-carbamimidoyl-3-methylphenoxy)-
ethoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(2-carbamimidoyipyridin-4-yljoxylethoxy}mino)-N-{(38)-
2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(2Z)-2-{2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)ethoxylimino}-N-{2-ox0-1-
(sulfooxy)-1-azaspiro[3.4]oct-3-yljethanamide

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yi}-2-{[2-(4-carbamimidoylphenoxy)-2-methyi-
propoxylimino}acetyllamino}-2-methyi-4-oxoazetidine-1-sulfonic acid

(28,3S8)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl}-2-({[ 1-(4-carbamimidoyiphenoxy)-2-methylpropan-
2-ylJoxy}imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[2-(4-carbamimidoyl-2-fluorophenoxy)-
ethoxylimino}acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3~{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoyl-2-chlorophenoxy)-
ethoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2S8,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[4-(N-hydroxycarbamimidoyl)-
phenoxylethoxy}imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(4-carbamimidoylpyridin-2-yl)oxylethoxy}imino)-N-[(3S)-
2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yl}-2-{(2-{4~
[N-(piperidin-4-yl)carbamimidoyl]phenoxy}ethoxy)iminojethanamide

(2Z)-2-{(2-{4-[N-{2-Aminoethyl)carbamimidoyl]phenoxy}ethoxy)imino}-2-(2-amino-1,3-thiazol-4-
yI)-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-{4-(4,5-dihydro-1H-imidazol-2-yl)phenoxyJethoxy}imino)-
N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(28 and 2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(28,33)-2-methyl-4-0x0-1-sulfoazetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-(4-carbamidinoyl-phenoxy)propanoic acid

(28 and 2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl}-2-{[(35)-2,2-dimethyl-4-ox0-1-{sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidene]jamino}oxy)-3-(4-carbamimidoylphenoxy)propanoic acid



3e

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-](6-carbamimidoylpyridazin-3-yl)oxylethoxy}-
imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(6-carbamimidoylpyridazin-3-yl)oxy]-ethoxy}imino)-N-
[(38)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-yllethanamide

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(5-carbamimidoylpyrazin-2-yl)oxy]-
ethoxy}imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2S,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(4-carbamimidoyl-1, 3-thiazol-2-yl)oxy]-
ethoxy}imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-(2-[(4-carbamimidoylithiophen-2-yl)methoxyl]-
imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(22)-2-(2-Amino-1,3-thiazol-4-yl}-2-({2-[(6-carbamimidoyl-5-hydroxypyridin-3-ylJoxylethoxy}-
imino)-N-[(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(28 and 2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1}-2-{[(33)-2,2-dimethyl-4-oxo-1-(sulfooxy)-
azetidin-3-yllamino}-2-oxoethylidenelamino}oxy)-3-(4-carbamimidoyi-3-
hydroxyphenoxy)propanoic acid

(28,38)-3-{[(22)-2-{{2~(2-Amino-4-carbamimidoylphenoxy)ethoxylimino}-2-(2-amino-1,3-thiazol-
4-yhacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28 and 2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-oxo-1-(suifooxy)-azet-
idin-3-ylJamino}-2-oxoethylidenelamino}oxy)-3-{(6-carbamimidayipyridin-3-ylJoxylpropanoic acid

(28, 3S)-3-{{(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-[{3-(4-carbamimidoylphenoxy)propoxy}-
imino}-acetyll-amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(35)-1-hydroxy-2,2-dimethyl-4-oxocazetidin-3-yl]-2-({2-[4-(N-
{2-[(iminomethyl)aminolethyl}carbamimidoyl)phenoxylethoxy}imino)ethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yl]-2-{[2-(4-
{N-[(3S)-pyrrolidin-3-yljcarbamimidoyl}phenoxy)ethoxylimino}ethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-{N-[2-(dimethylamino)ethyllcarbamimidoyl}phenoxy)-
ethoxylimino}-N-[(38)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-ylJethanamide

(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)ethoxy]imino}-N-[(35)-2,2-
dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(4S)-4-{[{4-[2-({{[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(35)-2,2-dimethyl-4-ox0-1-
(sulfooxy)-azet-idin-3-yllamino}-2-oxo-ethylidene]-amino}-oxy)-ethoxy}-phenyl}{imino)methyl}-
amine}-N,N-dimethyl-L-prolinamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1}-N-[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yl}-2-{{2-(4-
{N-[(3S)-1-ethanimidoylpyrrolidin-3-yllcarbamimidoyl}phenoxy)ethoxyJimino}ethanamide
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(2R and 28)-3-{4-[N-(2-Aminoethyl)carbamimidoyllphenoxy}-2-({{{1Z)-1-(2-amino-1,3-thiazol-4-
yi)-2-{{(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-ylJamino}-2-oxoethylidene]-
amino}-oxy)-propanoic acid

(2Z2)-2-(2-Amino-1,3-thiazol-4-y1)-2-({[(2R and 28)-1-(4-carbamimidoylphenoxy)-3-hydroxy-
propan-2-yljoxy}imino)-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

3-{{[(1Z)-1~(2-Amino-1,3-thiazol-4-y!)-2-{[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidene]amino}oxy)-4-{4-carbamimidoylphenoxy)butanoic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)ethoxylimino}-N-[(2S,3S)-2-
methyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(2R,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[3-(4-carbamimidoylphenoxy)propoxylimino}-
acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y!}-2-{[2-(2-bromo-4-carbamimidoylphenoxy)ethoxy]-
imino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[2-(4-carbamimidamidophenoxy)ethoxy]imino}-
acetyllJamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[3-(4-carbamimidamidophenoxy)-
propoxylimino}acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(5-Amino-1,2 4-thiadiazol-3-yl)-2-{[2-(4-carbamimidoyiphenoxy)ethoxyjimino}-N-[(28,3S)-
1-hydroxy-2-methyl-4-oxoazetidin-3-yilethanamide

(28,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(3-carbamimidoyiphenoxy)-
ethoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-({(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-{4-[N-(propan-2-yl)carbamimidoyljphenoxy}-
ethoxy)iminolacetyllamino)-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yi}-2-{[(4-carbamimidoylbenzyl)oxy}-
imino}acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylthiophen-2-
yhmethoxylethoxy}imino)acetyl]Jamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[(4-carbamimidoylbenzyl)oxylimino}-N-[(3S)-2,2-dimethyl-4~
oxo-1-{sulfooxy)azetidin-3-yllethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-{[3-(4-carbamimidoylphenoxy)propoxylimino}-N-[(3S8)-2,2-
dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yt)-2-({2-[4-carbamimidoyl-2-(hydroxymethyl)-
phenoxylethoxy}imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-({(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-[(2-{4-carbamimidoyl-2-[(formyloxy)methyl]-
phenoxy}ethoxy)iminolacetyl}amino)-2-methyl-4-oxoazetidine-1~sulfonic acid
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(28,38)-3-{[(2Z2)-2-(2-Amino-5-chloro-1,3-thiazol-4-yl)-2-{{2-(4-carbamimidoylphenoxy)-
ethoxyljiminojacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(22)-2-({2-[4-(2-Amino-2-iminoethyl)phenoxylethoxy}imino)-2-(2-amino-1,3-thiazol-4-
yhacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-({(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-[( 2-{4-[(2-formylhydrazinyl}(imino)methyl]-
phenoxylethoxy)iminolacetyl}amino)-2-methyl-4-oxoazetidine-1-suifonic acid

(28,38)-3-({(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{(2-{4-[hydrazinyl(imino)methyllphenoxy}-
ethoxy)iminoJacetyl}jamino)-2-methyi-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-({2-[(5-carbamimidoyl-1,3,4-thiadiazol-2-
yhoxylethoxy}imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoylphenoxy)ethoxyl-
imino}acetyljamino}-2-carbamoyi-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2~({2-[(3-carbamimidoyl-1,2-0xazol-5-
yhoxylethoxylimino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)—3*{{(22)~2‘~(2-Amino-1 ,3-thiazol-4-yh)-2-({2-[4-(N-methylcarbamimidoyi)phenoxy}-
ethoxylimino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-({(22)-2-(2-Amino-1,3-thiazol-4-yl}-2-[(2-{4-[N-(2-hydroxyethyl)carbamimidoy!]-
phenoxy}ethoxy)iminolacetyijamino)-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2~(4-{N-[2~(formyloxy)ethyl]carbamidoyl}-
phenoxy)ethoxylimino}acetyljJamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(3-carbamimidoyl-1-methyl-1H-pyrazol-5-
ylJoxylethoxylimino)acetyllamino}-2-methyi-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z2)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(5-carbamimidoyl-1-methyl- 1H-pyrazol-3-
yhoxylethoxy}imino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

N-[{4-[2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yi)-2-{[(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelaminojoxy)ethoxylphenyl}(imino)methyliglycine

(2Z)-2-(2-Amino-1,3-thiazol-4-yl}-2-({2-{(2-carbamimidoyl-5-methyl-1,3-thiazol-4-yloxyl-
ethoxy}imino)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-yi]-
amino}-2-oxoethylidenelamino}oxy)-3-(4-carbamimidoylphenoxy)propanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-N-[{(38)-2,2-dimethyl-4-oxo-1-{sulfooxy)azetidin-3-yi]- 2-{(2-{4-
[N-{pyridin-2-yimethyl)carbamimidoyljphenoxy}ethoxy)iminolethanamide

{[(28,38)-3-{[(2Z2)-2-[(2-{4-[N-{2-Aminoethyl)carbamimidoyi]phenoxy}ethoxy)iminol-2-(2-amino-
1,3-thiazol-4-yl)acetyllamino}-2-methyl-4-oxoazetidin-1-ylloxy}methanesulfonic acid
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(22)-2-(2-Amino-1,3-thiazol-4-yl}-2-[(2-{4-[N-(2-carbamimidamidoethyl)carbamimidoyl]-
phenoxy}ethoxy)imino}-N-[(3S)-2, 2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

1-(2-{[{4-[2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl}-2-{[(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-
3-yljamino}-2-oxoethylidenelamino}oxy)ethoxylphenyl}{imino)-methyljamino}ethyl)-1-
methylipyrrolidinium chloride

(22Z)-2-(2-Amino-1,3-thiazol-4-y1)-N-{(38)-2, 2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-y{}-2-[(2-{4-
[imino(piperazin-1-y)methyllphenoxy}ethoxy)iminolethanamide

(22)-2~(2-Amino-1,3-thiazol-4-yl}-2-({{1-(4-carbamimidoylphenoxy)- (2R and 2S}-4-hydroxy-
butan-2-ylloxy}imino}-N-{(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(22)-2-{[2-({6-[N-(2-Aminoethyl)jcarbamimidoyl]pyridin-3-yljoxy)ethoxylimino}-2~(2-amino-1,3-
thiazol-4-y1)-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

(2Z)-2-[(2-{4-[N-(3-Aminopropyl)carbamimidoyljphenoxy}ethoxy)imino}-2-(2-amino-1,3-thiazol-4-
y1)-N-[(38)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yllethanamide

(22)-2-(2-Amino-1,3-thiazol-4-yl}-2-[(2-{4-[N-(1,3-diaminopropan-2-yl)carbamimidoyl]-
phenoxy}ethoxy)imino]-N-{(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

(2Z)-2-{{2-(4-{N-[(2R)-1-Amino-3-hydroxypropan-2-yljcarbamimidoyl}phenoxy)ethoxylimino}-2-
(2-amino-1,3-thiazol-4-y1)-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

(2Z)-2-{{2-[4-(5-Amino-1,4,5,6-tetrahydropyrimidin-2-yi)phenoxylethoxy}limino)-2-(2-amino-1,3-
thiazol-4-yl)-N-{(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

(2R and 28) 3-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl}-2-{[(38)-2,2-dimethyi-4-oxo-1-(suifooxy)azet-
idin-3-ytJamino}-2-oxoethylidene}amino}oxy)-2-(4-carbamimidoylphenoxy)propanocic acid

(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-yl}-2-{[(3S)-2,2-dimethyi-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[{3R)-piperidin-3-yljcarbamimidoyl}phenoxy)-
propanoic acid

(2R)-2-({[(1Z)-1-(2~Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-oxo-1-(suifooxy)azetidin-3-yi}-
amino}-2-oxoethylidenejamino}oxy)-3-(4-{N-[(3R}-piperidin-3-ylicarbamimidoyl}phenoxy)-
propanoic acid

{[(38)-3-{[(2Z2)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[(4-carbamimidoylbenzyl)oxylimino}acetyllaminoc}-
2,2-dimethyl-4-oxoazetidin-1-yljoxy}methanesulfonic acid

(2Z)-2-[(2-{4-[5-(Aminomethyl)-4,5-dihydro-1H-imidazol-2-yljphenoxy}ethoxy)iminol-2-(2-amino-
1,3-thiazol-4-yl)-N-{(38)-2,2-dimethyl-4-oxo-1-(sulfooxylazetidin-3-yilethanamide

(38)-3-{{{2Z)-2-(2-Amino-1,3-thiazol-4-yi)-2-[(2-{4-[N-(pyrazolidin-4-yl)carbamimidovyl]-
phenoxy}ethoxy)iminolacetyl}amino)-2,2-dimethyl-4-oxoazetidine-t-sulfonic acid
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(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{|(3S)-2,2-dimethyl-4-oxo-1-sulfoazetidin-3-yi}-
amino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[(3S)-pyrrolidin-3-yljcarbamimidoyl}-
phenoxy)propanoic acid

(28)-3-{4-[N-~(2-Amino-2-methylpropyl)carbamimidoyljphenoxy}-2-({[{ 1Z)-1-(2-amino-1,3-thiazol-
4-y1)-2-{[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllamino}-2-oxoethylidene)amino}-
oxy)propanoic acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
ylJamino}-2-oxoethylidenejamino}oxy)-3-(4-{N-[2-(methylamino)ethyllcarbamimidoyi}-
phenoxy)propanocic acid

(2S)-2-{{[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(38)-2,2-dimethyl-4-oxo-1-sulfoazetidin-3-
yllamino}-2-oxoethylidenejamino}oxy)-3-(4-{N-[(3R)-pyrrolidin-3-yljcarbamimidoyl}-
phenoxy)propanoic acid

(28)-2-({{(1Z)-1~(2-Amino-1,3-thiazol-4-y1)-2-{[( 38)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidene]amino}oxy)-3-{4-[N-{piperidin-3-yl)carbamimidoyllphenoxy}propanoic
acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1}-2-{[(38)-2,2-dimethyl-4-ox0-1-{sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(pyrrolidin-2-yimethyl)-
carbamimidoyllphenoxy}propanoic acid

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

(28)-3-{4-[N-~(trans~(R,R and S,5)-2-Aminocyclopropyl)carbamimidoyl]phenoxy}-2-({{(1Z)-1-(2-
amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllamino}-2-oxo-
ethylidenelamino}oxy)propanoic acid

(28)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-ox0-1-sulfoazetidin-3-yi}-
amino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[(3S)-1-methylpyrrolidin-3-yljcarbamimidoyl}-
-phenoxy)-propanoic acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl}-2-{[(38)-2, 2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(1,3-diaminopropan-2-yl)carbamimidoyl}-
phenoxy}propanoic acid

(2R)-2-({{1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(33)-2,2-dimethyi-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(1,3-diaminopropan-2-yl)-
carbamimidoyl]phenoxy}propanoic acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2, 2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-( 1H-imidazol-2-yimethyl)-
carbamimidoyl]phenoxy}propanoic acid

(2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(38)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenejamino}oxy)-3-{4-[N-( 1H-imidazol-2-yimethyl)-
carbamimidoyl}phenoxy}propanoic acid
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(28)-3-{4-[N-(4-Aminopyrrolidin-3-yl)carbamimidoyllphenoxy}-2-({[(1Z}-1-(2-amino-1,3-thiazol-4-
yi)-2-{[(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllamino}-2-
oxoethylidenelamino}oxy)propanoic acid

(28)-2-({[(1Z)-1-(2-Amino~1,3-thiazol-4-y1}-2-{[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(azetidin-3-yl)carbamimidoyljphenoxy}propanoic
acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(piperidin-4-yl)carbamimidoyljphenoxy}propanoic
acid

(28)-2-({{(1Z)-1-(2-Amino~1,3-thiazol-4-y}}-2-{{( 35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(azetidin-3-yl)carbamimidoyljphenoxy}propanoic
acid

(28)-2-({{{12)-1-(2-Amino-1,3-thiazol-4-yl}-2-{[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}joxy)-3-(4-{N-[2-(pyrimidin-2-ylamino)ethyljcarbamimidoyl}-
phenoxy)propanoic acid

(2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[2-(pyrimidin-2-ylamino)ethyllcarbamimidoy!}-
phenoxy)propanoic acid

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

in yet another aspect, there is provided the use of a compound as disciosed herein for
the manufacture of a medicament for treating and/or preventing diseases, in particular bacterial
infections, especially with Gram- negative bacteria.

In yet 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
5CH2),
Y

i
N ° (i)
Pg\N_</N\[RH(H}_;R2
Y o N
o R
in which Pg represents a protecting group and R™-R® A, I, X, Y and Z are as defined above.

In yet another aspect, there is provided the use of a compound as disclosed herein for
the manufacture of a medicament for the treatment and/or prophylaxis of diseases.
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In yet another aspect, there is provided the use of a compound as disclosed herein for
the manufacture of a medicament for the treatment and/or prophylaxis of bacterial infections.

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

in yet another aspect, there is provided the use of a medicament as disclosed herein for
the manufacture of a medicament for treating and/or preventing bacterial infections.

DETAILED DESCRIPTION

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

’
(CHa)
Y

()

in which
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R'and R?

R'and R?

R3

R4

independently of one another represent hydrogen, aminocarbonyl or
(C1-Cq)-alkyl, or

together with the carbon atom to which they are bonded form a (Cs-
Cg)-cycloalkyl,

represents -(CHz)n-(SO2)OH or -O-(CH2)o-(SO2)OH,

wherein m and o independently of one another represent an integer 0,
1,2 or 3, and

wherein any CH;-group contained in the residues which R® represents

may be substituted with one or two (Ci-Cq)-alkyl-residues,

represents CR* or N,

represents hydrogen or halogen,

represents a bond or an alkyl-chain having one, two, three or four

carbon atoms,

whereby the alkyl-chain may be substituted with one, two, three or
four substituents, selected independently of one another from the

group consisting of carboxy, aminocarbonyl and (C-Ca)-alkyl,

whereby alkyl in turn may be substituted with a substituent se-
lected from the group consisting of hydroxy, carboxy and ami-

nocarbonyl,

represents a bond, O, NH or §,
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A represents (Ces-Cio)-aryl or S- to 10-membered heteroaryl,

whereby aryl and heteroaryl are substituted with a substituent of the

following formula

R‘lb
N~ 4
o Mmoo i i& ;
Q” N7 A Ji
S v
RSb

wherein

R™, R® and R* independently of one another represent hydro-
gen, amino, hydroxy, (C;-Cs)-alkyl, (C;-Cg)-alkoxy, (Cs3-Ce)-
cycloalkyl, 4-, 5-, 6- or 7-membered heterocyclyl or 5- or 6-

membered heteroaryl,

whereby amino and hydroxy may be substituted with
one or two substituents selected independently of one
another from the group consisting of carbonyl, (C;-Cy)-
alkylcarbonyl, mono- or di-(C;-Cy)-alkylaminocarbonyl,
and (Ci-Cy)-alkyl,

whereby alkoxy, heterocyclyl and heteroaryl may be sub-
stituted with one, two or three substituents selected in-
dependently of one another from the group consisting of
halogen, hydroxy, amino, carbonyl, carboxy, (C;-Cy)-
alkylcarbonyl, (Ci-Cy-alkoxy, mono- or di-(Ci-Cy)-

alkylamino, mono- or di-{Ci-Cy)-alkylaminocarbonyl,
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-NH-CH(=NH), -NH-C(=NH)}(NHz), -C(=NH)CH; and (C;-
Cs)-alkyl, and

whereby alkyl and cycloalkyl may be substituted with
one, two or three substituents selected independently of
one another from the group consisting of halogen, hy-
droxy, amino, carbonyl, carboxy, carbonyloxy, ami-
nocarbonyl, carbonylamino, (C:-Cs)-alkylcarbonyl, (Ci-
Cy)-alkoxy, mono- or di-(C;-Cy)-alkylamino, mono- or di-
{Cs-Cy)-alkylaminocarbonyl, -NH-CH(=NH), -NH-C(=NH)-
(NHz), -CH(=NH)CH3, (C¢-Cio)-aryl, 5- or 6-membered
heteroaryl and 5- or 6-membered heterocyclyl,

whereby heteroaryl and heterocyclyl in turn may
be substituted with (Ci-Cy)-alkyl,

whereby amino in turn may be substituted with 5-

or 6-membered heteroaryl, or

R* and R* together with the nitrogen atom to which they are
bonded form a 5- to 7-membered heterocycle including one, two
or three further heteroatoms selected from the series N, O and §

and R™ is as defined above,

R*™ represents hydrogen, amino, hydroxy, (C;-Cqe)-alkyl or (Cs-
Cy)-alkoxy,

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

another from the group consisting of (Ci-Cy)-
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alkylcarbonyl, mono- or di-(C;-Cs)-alkylaminocarbonyl
and (C;-Cq)-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, (C;-Cy)-alkylcarbonyl, (Ci-Cq)-alkoxy,
mono- or di-(C;-Cy)-alkylamino, mono- or di-(Ci-Ca)-
alkylaminocarbonyl, -NH-CH(=NH), -NH-C(=NH)}{NH,),
-CH(=NH)CHj3 and (C;-C4)-alkyl, and

whereby alkyl may be substituted with one, two or three
substituents selected independently of one another from
the group consisting of halogen, hydroxy, amino, car-
bonyl, carboxy, aminocarbonyl, (C;-Cs)-alkylcarbonyl,
(C1-Cy)-alkoxy, mono- or di-(Ci-Cy)-alkylamino, mono- or
di-(Cy-Cy)-alkylaminocarbonyl, -NH-CH(=NH),
-NH-C(=NH)(NIH,), -CH(=NH)CHj, (C;-Cq)-alkyl, (Cs-C1o)-

aryl and S- or 6-membered heteroaryl,

represents hydrogen or (C,-Cy)-alkyl,

represents a bond, CHz or NH,

represents an integer 1 or 2, and

is the linkage site to the residue represented by A, and

whereby aryl and heteroaryl further may be substituted with one or

two substituents selected independently of one another from the group

consisting of halogen, cyano, amino, hydroxy, (C,-Cs)-alkyl, (Ci-Cs)-
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alkoxy, mono- or di-(Ci-Cqs)-alkylamino, amino-(C;-Cq)-alkyl, hydroxy-
(Ci-Cy)-alkyl or carboxy,

whereby alkyl, alkoxy, alkylamino, aminoalkyl, hydroxyalkyl
and carboxy in turn may be substituted with a substituent se-
lected from the group consisting of halogen, (Ci-Ca)-alkyl and
carbonyl, and

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

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

[0008] Compounds of the invention are the compounds of formula (I) and
the salts, solvates and solvates of the salts thereof, as well as the compounds which
are encompassed by formula (I) and are mentioned hereinafter as exemplary embod-
iment(s), and the salts, solvates and solvates of the salts thereof, insofar as the com-
pounds encompassed by formula (I) and mentioned hereinafter are not already salts,

solvates and solvates of the salts.

[0009] The compounds of the invention may, depending on their structure,
exist in stereoisomeric forms (enantiomers, diastereomers). The invention therefore
also encompasses the enantiomers or diastereomers and respective mixtures thereof,
The stereoisomerically uniform constituents can be isolated in a known manner from

such mixtures of enantiomers and/or diastereomers.

[0010] If the compounds of the invention may occur in tautomeric forms,

the present invention encompasses all tautomeric forms.

[0011] Salts preferred for the purposes of the present invention are physio-
logically acceptable salts of the compounds of the invention. Also encompassed

however are salts which are themselves not suitable for pharmaceutical applications
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but can be used for example for the isolation or purification of the compounds of the

invention.

[0012] Examples of pharmaceutically acceptable salts of the compounds of
formula (I) include salts of inorganic bases like ammonium salts, alkali metal salts, in
particular sodium or potassium salts, alkaline earth metal salts, in particular magne-
sium or calcium salts; salts of organic bases, in particular salts derived from cyclohex-
ylamine, benzylamine, octylamine, ethanolamine, diethanolamine, diethylamine,
triethylamine, ethylenediamine, procaine, morpholine, pyrroline, piperidine, N-
ethylpiperidine, N-methylmorpholine, piperazine as the organic base; or salts with

basic amino acids, in particular lysine, arginine, ornithine and histidine.

[0013] Examples of pharmaceutically acceptable salts of the compounds of
formula (I) also include salts of inorganic acids like hydrochlorides, hydrobromides,
sulfates, phosphates or phosphonates; salts of organic acids, in particular acetates,
formates, propionates, lactates, citrates, fumarates, maleates, benzoates, tartrates,
malates, methanesulfonates, ethanesulfonates, toluenesulfonates or benzenesulf-

onates; or salts with acidic amino acids, in particular aspartate or glutamate.

{0014] Solvates for the purposes of the invention refer fo those forms of the
compounds of the invention which in the solid or liquid state form a complex by
coordination with solvent molecules. Hydrates are a specific form of solvates in

which the coordination takes place with water.

[0015] In the context of this invention the substituents have the following

definitions unless specified otherwise.

{0016] The term alkyl refers to branched or straight-chain (Ci-Ce)-alkyl,
preferably (Ci-Cs)-alkyl, such as in particular methyl, ethyl, propyl, butyl, isopropyl,
isobutyl and tert.-butyl. The term alkylamino refers to an alkyl substituent linked via

an amino group. The term alkylcarbonyl refers to an alkyl substituent linked via a
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carbonyl group. The term alkylaminocarbonyl refers to an alkylamino substituent

linked via a carbonyl! group.

[0017] The term cycloalkyl refers to aliphatic Cs-Cg, preferably Cs-Ce, rings
such as in particular cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

[0018] The term alkoxy refers to branched or straight-chain (C;-Ce)-alkoxy,
preferably (Ci-Cs)-alkoxy, such as in particular methoxy, ethoxy, propoxy, butoxy,
isopropoxy, isobutoxy and tert.-butoxy. The term alkoxycarbonyl refers to an alkoxy

substituent linked via a carbonyl group.

[0019] The term heteroaryl refers to cyclic heteroaromatic groups with 5-10
ring atoms, preferably with 5-6 ring atoms, and with up to 4, preferably with up to 2,
heteroatoms selected from the group consisting of N, O, §, in which N can also form
an N-oxide. Preferred are monocyclic heteroaryl groups with 5-6 ring atoms includ-
ing up to 2 hetero atoms selected from the group consisting of N, O and S, such as in
particular thiophene, benzothiophene, furan, benzofuran, pyrrole, pyrazole, imidaz-
ole, thiazole, thiadiazole, oxazole, isoxazole, pyridine, pyrazine, pyrimidine, pyri-
dazine, indole, isoindole, purine, quinoline or isoquinoline. Many other suitable
heteroaryl groups for the purpose of the invention are known to the person skilled in

the art or can be readily found in the literature.

[0020] The term heterocyclyl refers to saturated or partially unsaturated
heterocyclic groups with 4-10 ring atoms, preferably with 5-6 ring atoms, and with
up to 3, preferably with up to 2, heteroatoms selected from the group consisting of
N, O, §, SO and SO;, in which N can also form an N-oxide. Preferred are saturated
monocyclic heterocyclyl groups with 5-6 ring atoms including up to 2 hetero atoms
selected from the group consisting of N, O and S, such as in particular pyrrolidine,
pyrroline, tetrahydrofuran, tetrahydrothiophene, thiazolidine, imidazolidine, imid-
azoline, piperidine, pyran, tetrahydropyran, thiopyran, tetrahydrothiopyran, mor-
pholine, thiomorpholine, piperazine, piperidazine. Many other suitable heterocyclyl
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groups for the purpose of the invention are known to the person skilled in the art or

can be readily found in the literature.

{0021] The term halogen refers to fluorine, chlorine, bromine or iodine;

preferably fluorine or chlorine.

[0022] The term aminocarbonyl refers to an amino group linked via a car-
bonyl group.

[0023] The term carbonylamino refers to a carbonyl group linked via an

amino group.

[0024] The term carboxy refers to a carboxylic acid group, i.e. a -COOH
group.

[0025] The term carbonyloxy refers to a carbonyl group linked via an oxy-

gen.

[0026] The present invention also relates to compounds of formula (I) in
which

R'and R? independently of one another represent hydrogen or (C1-Cq)-alkyl, or

R' and R? together with the carbon atom to which they are bonded form a (Cs-
Cs)-cycloalkyl,

R? represents -(CHz)m~(SO2)OH or -O-(CH,)o-(SO,)OH,

wherein m and o independently of one another represent an integer 0,

orland
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wherein any CHs-group contained in the residues which R® represents

may be substituted with one or two (Ci-Cy)-alkyl-residues,

X represents CR* or N,

R* represents hydrogen or halogen,

Z represents a bond or an alkyl-chain having one, two or three carbon
atoms,

whereby the alkyl-chain may be substituted with one, two or three sub-
stituents, selected independently of one another from the group con-

sisting of carboxy, aminocarbonyl and (C;-Cy)-alkyl,

whereby alkyl in turn may be substituted with a substituent se-

lected from the group consisting of hydroxy and carboxy,

Y represents a bond, O, NH or §,

A represents (Ce-Cro)-aryl or 5- to 10-membered heteroaryl,

whereby aryl and heteroaryl are substituted with a substituent of the

following formula
P R‘i b
b o
Z R¥ or
eV AP,
i N
RSb



WO 2013/110643 PCT/EP2013/051217

13

wherein

R™, R? and R* independently of one another represent hydro-
gen, amino, hydroxy, (Ci-Cs)-alkyl, 4-, 5-, 6- or 7-membered het-

erocyclyl or 5- or 6-membered heteroaryl,

whereby heterocyclyl and heteroaryl may be substituted
with one, two or three substituents selected independent-
ly of one another from the group consisting of halogen,
hydroxy, amino, carbonyl, carboxy, (Ci-Cy)-
alkylcarbonyl, (Ci-Cy)-alkoxy, mono- or di-(C;-Cq)-
alkylamino, mono- or di-(C;-Cq)-alkylaminocarbonyl,
~-NH-CH(=NH), -NH-C(=NH)(NH;), ~C(=NH)CH; and (C;-
Cg)-alkyl, and

whereby alkyl may be substituted with one, two or three
substituents selected independently of one another from
the group consisting of halogen, hydroxy, amino, car-
bonyl, carboxy, carbonyloxy, aminocarbonyl, carbonyl-
amino, (C,-Cy)-alkylcarbonyl, (Ci-Cs)-alkoxy, mono- or
di-(C1-Cy)-alkylamino, mono- or di-(Cy-Cq)-alkylamino-
carbonyl, -NH-CH(=NH), -NH-C(=NH){INH3),
-CH(=NH)CHj, (Cs-Cio)-aryl, 5- or 6-membered heteroaryl
and 5- or 6-membered heterocyclyl,

whereby heteroaryl and heterocyclyl in turn may
be substituted with (C;-Cg)-alkyl, or

R* and R® together with the nitrogen atom to which they are

bonded form a 5- to 7-membered heterocycle including one, two
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or three further heteroatoms selected from the series N, O and S

and R is as defined above,

R* represents hydrogen, amino, hydroxy, (Ci-Cqs)-alkyl or (Ci-

Cq)-alkoxy,

Rsb

whereby amino and hydroxy may be substituted with
one or two substituents selected independently of one
another from the group consisting of (Ci-Cy)-
alkylcarbonyl, mono- or di«(C;-Ca)-alkylaminocarbonyl
and (C;-Cq)-alkyl, and

whereby alkyl may be substituted with one, two or three
substituents selected independently of one another from
the group consisting of halogen, hydroxy, amino, car-
bonyl, carboxy, aminocarbonyl, (C;-Cs)-alkylcarbonyl,
(Ci-Cy)-alkoxy, mono- or di-(C;-Cs)-alkylamino, mono- or
di~(Ci-Cy)-alkylaminocarbonyl,  -NH-CH(=NH), -NH-
C(=NH)(NH»), -CH(=NH)CHs, (Ci-Cg-alkyl, (Ce-Cioj-aryl
and S- or 6-membered heteroaryl,

represents hydrogen or (C-Cq)-alkyl,

represents a bond, CH; or NH,

represents an integer 1 or 2, and

is the linkage site to the residue represented by A, and

whereby aryl and heteroaryl further may be substituted with one or

two substituents selected independently of one another from the group
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consisting of halogen, cyano, amino, hydroxy, (C;-Ca)-alkyl, (C1-Ca)-
alkoxy, mono- or di-(C;-Cs)-alkylamino, amino-(Ci-Cy)-alkyl, hydroxy-
(C1-Cy)-alkyl or carboxy,

whereby alkyl, alkoxy, alkylamino, aminoalkyl, hydroxyalkyl
and carboxy in turn may be substituted with a substituent se-
lected from the group consisting of halogen, (C;-Cy)-alkyl and

carbonyl, and

] represents an integer O or 1

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

[0027]

which

R! and R?

R! and R?

R3

The present invention also relates to compounds of formula (I) in

independently of one another represent hydrogen or (C;-Cy)-alkyl, or

together with the carbon atom to which they are bonded form a (Cs-

Cg)-cycloalkyl,

represents ~(§O2)OH or -O-(CH2)-(SO2)OH,

wherein o is an integer O or 1, and

wherein any CHe-group contained in the residues which R® represents

may be substituted with one or two (Ci-Cg)-alkyl-residues,

represents CH,

represents an alkyl-chain having two or three carbon atoms,
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whereby the alkyl-chain may be substituted with one or two substitu-
ents selected independently of one another from the group consisting

of carboxy, aminocarbonyl, methyl, hydroxymethyl, hydroxyethyl,

Y represents O

A represents phenyl or 5- or 6-membered heteroaryl,

whereby phenyl and heteroaryl are substituted with a substituent of the

following formula
R1b
N/
A B
~ R or T
Q” N7 A
- )
R
wherein

R™, R and R* independently of one another represent hydro-
gen, amino, hydroxy, (Ci-Cyg)-alkyl or 4-, 5-, 6- or 7-membered
heterocyclyl,

whereby heterocyclyl may be substituted with one or
two substituents selected independently of one another
from the group consisting of amino, carboxy, mono- or
di-(Cy-Cy)-alkylamino, and (Ci-Cy)-alkyl, and

whereby alkyl may be substituted with one or two sub-
stituents selected independently of one another from

the group consisting of hydroxy, amino, carboxy, car-
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bonyloxy, aminocarbonyl, carbonylamino, mono- or di-
(Ci-Cq)-alkylamino, mono- or di-(C;-Cy)-alkylamino-
carbonyl, -NH-CH(=NH), -NH-C(=NH)(NH,), phenyl, 6-
membered heteroaryl and 5- or 6-membered heterocy-

clyl, or

R* and R*® together with the nitrogen atom to which they are bonded
form a 6-membered heterocycle including one or two nitrogen atoms

and R® is hydrogen,

R®  represents hydrogen or amino,

whereby amino may be substituted with one or two (C:-Cy)-alkyl

substituents,

R®  represents hydrogen,

Q represents a bond,

k represents an integer 1 or 2, and

* is the linkage site to the residue represented by A, and

whereby phenyl und heteroaryl further may be substituted with one or two
substituents selected independently of one another from the group consisting

of halogen, cyano, amino, hydroxy, (Ci-Cq)-alky! or hydroxy-(C;-Cy)-alkyl,

whereby hydroxyalkyl in turn may be susbstituted with a carbonyl sub-

stituent, and

represents 0
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and the salts thereof, the solvates thereof and the solvates of the salts thereof.

[06028] The present invention also relates to compounds of formula (I) in
which

R*and R*  independently of one another represent hydrogen or methyl,

R3 represents -(§O;)OH or -O-(SO;)0OH,
X represents CH,
Z represents an alkyl-chain having two or three carbon atoms,

whereby the alkyl-chain may be substituted with one or two substitu-
ents, selected independently of one another from the group consisting

of carboxy and methyl,
Y represents O,
A represents phenyl or 6-membered heteroaryl,

whereby phenyl and heteroaryl are substituted with a substituent of the

following formula

N/R’Ib

H
e R3b
\Q)\N/

|
R
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wherein

R and R®  represent hydrogen,

R®  represents hydrogen, amino, hydroxy, (Ci-Ca)-alkyl or 4-,

S- or 6-membered nitrogen-containing heterocyclyl,

whereby alkyl may be substituted with a substitu-
ent selected from the group consisting of hydroxy,
amino, carboxy, carbonyloxy, mono- or di-(Cy-Ca)-
alkylamino, -NH-CH(=NH), -NH-C(=NH)}{(NH), 5-
or 6-membered nitrogen-containing heteroaryl
and 5- or 6-membered nitrogen-containing heter-

ocyclyl,

Q represents a bond,

* is the linkage site to the residue represented by A, and

whereby aryl and heteroaryl further may be substituted with one sub-
stituent selected from the group consisting of halogen, cyano, amino,
hydroxy, (C;-Cy)-alky! or hydroxy~(Ci-Ca)-alkyl

1 represents 0

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

[0029] The present invention also relates to compounds of formula () in
which

R'and R*  represent methyl,
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represents -O-(SO2)OH,

represents CH,

represents an alkyl-chain having two carbon atoms,

whereby the alkyl-chain may be substituted with a carboxy substituent,

represents O,

represents phenyl substituted with a substituent of the following

formula
W R
. |
~ Q/k N/R3b
ézb
wherein

R™and R*  represent hydrogen,

R®  represents aminoethyl, azetidine, pyrrolidine or piperi-

dine,

Q represents a bond,

* is the linkage site to the residue represented by A, and
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1 represents O

PCT/EP2013/051217

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

[0030]

which

R! and R?

R3

The present invention also relates to compounds of formula (I} in

represent methyl,

represents -O-(SO2)OH,

represents CH,

represents a two carbon alkyl-chain, substituted with a carboxy substit-

uent,

represents O,

represents phenyl substituted with a substituent of the following

formula
> R1P
. |
~ Q/J\ N/Rab
Lo
wherein

R'™ and R®  represent hydrogen,
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represents aminoethyl, azetidine, pyrrolidine or piperi-

dine,

represents a bond,

is the linkage site to the residue represented by A, and

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

[0031] In particular the present invention relates to compounds of formula

(I) in which

A represents a group selected from the following formulae
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and the salts thereof, the solvates thereof and the solvates of the salts thereof.

[0032] The present invention also relates to methods for the preparation of
compounds of formula (I). The compounds of the present invention may be prepared

by removing the protecting group from compounds of formula

0
icsz)I
Y
%/
N|/ °
H 1
Pg, N N R )
N ___</ | e [ (10
H S/X O N
N3
[¢] R

in which Pg represents a protecting group and R'-R? A, |, X, Y and Z are as defined

above, under acidic conditions.

[0033] Acidic conditions may involve treating the compounds of formula
(IT) with formic acid, acetic acid, trifluoroacetic acid or hydrochloric acid at tempera-
tures ranging from 0°C to 100°C for a time ranging from 10 min to 16 hours, prefera-

bly with 90% formic acid at a temperature of 30-60°C for 30-60 min.
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[0034] The compounds of formula (I} can be synthesized by reacting com-
pounds of formula

0
(cH),

Y
Z
]
N~ 0

Pg\ /N\I/IKH/OH

g—<8/1x I (1)

in which Pg represents a protecting group and A, 1, X, Y and Z are as defined above,

with compounds of formula

H,N

R1
: L
o N'\

°° R ),
in which R, R? and R? are as defined above.

[0035] The reaction generally takes place in inert solvents in the presence of
a coupling reagent and where applicable with addition of a base at a temperature
ranging from -20°C to 80°C for 1-24 hours, preferably at a temperature of 20-30°C
overnight. Inert solvents are for example dichloromethane (DCM), trichloromethane,
benzene, toluene, tetrahydrofuran (THF), 1,4-dioxane, N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMA), N-methylpyrrolidin-2-one (NMP) and ace-
tonitrile as well as mixtures of the aforementioned solvents. A preferred solvent is

N,N-dimethylformamide.



WO 2013/110643 PCT/EP2013/051217

27

[0036] Suitable coupling reagents are for example carbodiimides such as
N,N'-diethyl-, N,N,-dipropyl-, N,N'-diisopropyl-, N,N'-dicyclohexylcarbodiimide, N-
(3-dimethylaminoisopropyl)-N'-ethylcarbodiimid-hydrochloride (EDC), N-cyclohe-
xylcarbodiimid-N‘-propyloxymethyl-polystyrene  (PS-Carbodiimide) or carbonyl
compounds such as carbonyldiimidazole (CDI), or 1,2-oxazolium compounds such as
2-ethyl-5-phenyl-1,2-oxazolium-3-sulfate or 2-tert.-butyl-S-methyl-isoxazolium-per-
chlorate, or acylamino compounds such as 2-ethoxy-1-ethoxycarbonyl-1,2-dihydro-
chinoline, or propanphosphonic acid anhydride, or isobutylchloroformate, or bis-(2-
oxo-3-oxazolidinyl)-phosphorylchloride, or O-(benzotriazol-1-y1)-N,N,N',N'-
tetramethyluroniumhexafluorophosphate (HBTU), 2-(2-oxo-1-(2H)-pyridyl)-1,1,3,3-
tetramethyluroniumtetrafluoroborate (TPTU) or O-(7-azabenzotriazol-1-y1)-N,N,N',N'-
tetramethyluroniumhexafiuorophosphate  (HATU), or 1-hydroxybenzotriazole
(HOBt), or benzotriazol-1-yloxytris(dimethylamino)-phosphoniumhexafluoropho-
sphate (BOP), or benzotriazol-1-yloxytris(pyrrolidino)-phosphoniumhexafifuoropho-
sphate (PyBOP), or N-hydroxysuccinimide as well as mixtures of the aforementioned
coupling reagents with or without the addition of a base. In the latter case both
inorganic and organic bases may be used. Suitable bases are for example carbonates
and bicarbonates, triethylamine, diisopropylethylamine, N-methylmorpholine, N-
methylpiperidine or 4-dimethylaminopyridine. Preferably, reactions are carried out
with a mixture of a carbodiimide and I1-hydroxybenzotriazole with or without the

addition of sodium bicarbonate as base.

[0037] The compounds of formula (II) can be prepared selectively with the

preferred Z-orientation of the oxime by reacting compounds of formula

O

Pg\ N OH
N—
H S

I
X0y

in which Pg represents a protecting group,

and X is as defined above
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with compounds of formula

0
ECHz)E

Y
IZ/
o}

W,
in which A, 1, Y and Z are as defined above.

[0038] The reaction generally takes place in protic solvents or in solvent
mixtures containing at least one protic solvent at a temperature ranging from 0°C to
100°C for 1-24 hours. Suitable protic solvents are for example methanol, ethanol, iso-
propanol, tert.-butanol, water or acetic acid. Solvents suitable to form mixtures are
for example dichloromethane, trichloromethane, tetrahydrofuran, 1,4-dioxane,
acetonitrile and N,N-dimethylformamide. Preferably, the reaction is carried out in a

mixture of anhydrous ethanol and chloroform at 20-30°C overnight.

[0039] Compounds of formula (IV) can be synthesized according to the fol-
lowing literature references: ]J. Org. Chem. 1982, 47 (26), 5160-5167; WO
2007/65288; ]. Antibiotics 1985, 38 (11), 1536-1549; WO 2008/116813; Org. Proc.
Res. Dev. 2002, 6 (6), 863-868; EP 336667; DE 3336262; BE 904699 or by adapting

the referenced procedures in a way known to a person skilled in the art.

[0040] Compounds of formula (V) can be synthesized according to the fol-
lowing literature references: Chem. & Pharm. Bull,, 1990, 38(12), 3476 ~ 3479;
Bioorg. Med. Chem., 2007, 38 (21), 6716-6732; Chem. & Pharm. Bull., 1990, 38(12),
3476 ~ 3479 or Bioorg. Med. Chem., 2007, 38(21), 6716-6732.

[0041] The compounds of formula (VI) can be prepared by deprotecting
compounds of formula
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0
(cHy)
0 %/Y
e
N
7\ (vity
_ o

in which A, 1, Y and Z are as defined above.

{0042] The deprotection reaction generally takes place with hydrazine,
ammonia or methylamine or a salt or a solvate thereof in protic solvents or in
solvent mixtures containing at least one protic solvent at a temperature ranging from
0°C to 100°C for 1-24 hours. Protic solvents are for example methanol, ethanol, iso-
propanol, tert.-butanol, water or acetic acid. Suitable solvents to form mixtures are
for example dichloromethane, trichloromethane, tetrahydrofuran, 1,4-dioxane,
acetonitrile and N,N-dimethylformamide. Preferably, the reactions are carried out

with hydrazine monohydrate in anhydrous ethanol at 20-30°C for 2-6 hours.

[0043] The compounds of formula (VII) can be prepared by reacting com-
pounds of formula

7
?CHz)|

Y

Z
i
Lg

(v

in which Lg represents a leaving group and A, 1, Y and Z are as defined above

with N-hydroxy-phthalimide.
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[0044] The reaction can be performed as an alkylation type (Lg = halide,
mesylate, tosylate, triflate or similar) or a Mitsunobu type (Lg = OH) reaction. Alkyla-
tion type reactions generally take place in the presence of an inorganic or organic

base in aprotic solvents at a temperature ranging from 0°C to 100°C for 1-24 hours.

[0045} Mitsunobu type reactions are generally carried out in the presence of
triphenylphosphine and an alkyl azodicarboxylate in aprotic solvents at a tempera-
ture ranging from 0°C to 100°C for 1-24 hours. Suitable aprotic solvents are for
example acetonitrile, tetrahydrofuran, dichloromethane, trichloromethane, 1,4-
dioxane, N,N-dimethylformamide, N ,N-dimethylacetamide and N-methyl-pyrolidin-
2-one. Preferably, the reaction takes place under Mitsunobu conditions (Lg = OH) in
the presence of triphenylphosphine and diisopropyl azodicarboxylate in anhydrous
tetrahydrofuran at 0°C to 30°C for 2-6 hours.

[0046] In an alternative preferred method the reaction takes place under al-
Kylation conditions in the presence of potassium carbonate or 1,8-diazabi-
cyclo[5.4.0lundec-7-ene (DBU) in acetonitrile or N,N-dimethylformamide at 20°C to
80°C for 2-16 hours. Examples for preferred compounds of formula (VIII) are com-

pounds of formulae

A
e
(o] P A
9\0 O/

(Viila) OH  (Vilib)

in which Pg represents an alkyl- or arylalkylester protecting group and A is as defined

above,
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{00471 The compounds of formula (Villa) and (VIlIb) can be synthesised by

converting the cyano group in compounds of formula

O

(Hetero)Aryl”” oN CN
‘/\ o~ i Pg _{Hetero)Ary
1 O o}
Br

i
{iXa) OH  (IXb)
in which Pg represents an alkyl- or arylalkylester protecting group
into the required substituted or unsubstituted amidine functionality.

[0048] The conversion of the cyano(heterojaryl to the corresponding ami-

dine can be achieved under a range of different acidic and alkaline conditions.

[0049] One possibility is to treat the cyano(hetero)aryl with hydrochloric
acid gas in a protic solvent, like methanol or ethanol, at 0°C to 30°C for 2-24 hours.
The formed O-alkyl amidate intermediate is then treated with an ammonia solution
or an amine in the same solvent at 20°C to 50°C for 1-16 hours. Hydrochloric acid
gas may also be formed in-situ from acetylchloride or thionylchloride; ammonium
chloride in the presence of a base like triethylamine or diisopropylethylamine may

also be used instead of an ammonia solution.

{00501 A further possibility is to react the cyano(hetero)aryl with an amine,
ammonium chloride or an amine salt in the presence of trimethylaluminium in a

non-protic solvent, like toluene or dichlorobenzene, at 20°C to 120°C for 1-16 houurs.

{0051] A further option is to treat the cyano(hetero)aryl with hydroxyla-
mine in polar solvents, like ethanol, water or dimethylsulfoxide or a mixture of the
aforementioned solvents, at 20°C to 80°C for 1-16 hours. The formed amidoxime
intermediate is then de-oxygenated using hydrogen over palladium on carbon in

acetic acid at 20°C to 50°C for 4-24 hours. Hydroxylamine hydrochloride in the



WO 2013/116643 PCT/EP2013/051217

32

presence of triethylamine or diisopropylethylamine may be used instead of hydrox-
ylamine; the de-oxygenation may also be carried out using a co-solvent, like metha-

nol, ethanol or 1,4-dioxane, or with the additional acetic acid anhydride.

[0052] A further option is to treat the cyano(hetero)aryl with sodium alk-
oxide in the corresponding alcohol, preferably with sodium methoxide in methanol,
at 20°C to 50°C for 2-20 hours. The formed O-alkyl amidate intermediate is then

treated with an ammonia solution or an amine as described above.

[0053] A further option is to treat the cyano(hetero)aryl with lithium hex-
amethyldisilazide in an inert solvent like tetrahydrofuran at 0°C to 20°C for 2-20
hours. The formed silyl protected amidine intermediate is then de-protected by
treating with an acid in a polar solvent, preferably with hydrochloric acid in ethanol,
at 0°C to 20°C for 1-16 h. The lithium hexamethyldisilazide may thereby be formed

in-situ e.g. from n-butyl lithium and hexamethyldisilazane.

[0054] Compounds of formula (IXa) and (IXb) can be synthesized from

compounds of formula

CN
Hetero)A i~
" O/( ry

X)

by adapting alkylation procedures reported in the literature, e.g. in J. Am . Chem. Soc.
2009, 131 (10), 3762-3771 and WO 2008096189, or by adapting epoxide ring open-
ing procedures reported in the literature, e.g. in ChemMedChem. 2007, 2 (5), 641-654;
Heterocycles 2005, 65 (11), 2667-2674 and Tetrahedron Lett. 2001, 42 (50), 8743-8745.

[00585] Before carrying out the alkylation or epoxide opening, compounds
of formula (X) may also first be converted to the corresponding amidine using the

methods detailed above.
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[0056] The compounds of the invention show a valuable range of pharma-

cological effects which could not have been predicted.

[0057] They are therefore suitable for use as medicaments for the treatment

and/or prophylaxis of diseases in humans and animals.

[0058] The compounds of the present invention are distinguished in par-

ticular by an advantageous range of antibacterial effects.

[0059] The present invention therefore further relates to the use of the
compounds of the invention for the treatment and/or prophylaxis of diseases caused

by bacteria, especially gram-negative bacteria.

[0060] The present invention further relates to the use of the compounds of
the invention for the treatment and/or prophylaxis of diseases, especially of the

diseases mentioned below.

[0061] The present invention further relates to the use of the compounds of
the invention for the manufacture of a medicament for the treatment and/or prophy-
laxis of diseases, especially of bacterial infections and in particular the diseases

mentioned below.

[0062] The present invention further relates to a method for the treatment
and/or prophylaxis of diseases, especially of bacterial infections and in particular the
diseases mentioned below, using a therapeutically effective amount of the com-

pounds of the invention.

[0063] The compounds of the invention exhibit an antibacterial spectrum
against gram-negative bacteria and selected gram-positive bacteria combined with
low toxicity. Compounds of this invention are particularly useful in human and

veterinary medicine for the prophylaxis and treatment of local and systemic infec-
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tions which are caused for example by the following pathogens or by mixtures of the

following pathogens:

[0064] Aerobic gram-positive bacteria: Including but not limited to Staphy-
lococcus spp. (S. aureus), Streptococcus spp. (S. pneumoniae, S. pyogenes, S. agalactiae,

Streptococcus group C and G) as well as Bacillus spp. and Listeria monocytogenes.

[0065] Aerobic gram-negative bacteria: Enferobacteriaceae, including but not
limited to Escherichia spp. (E. coli), Citrobacter spp. (C. freundii, C. diversus), Klebsiella
spp. (K. pneumoniae, K. oxytoca), Enterobacter spp. (E. cloacae, E. aerogenes), Morganella
morganii, Hafnia alvei, Serratia spp. (S. marcescens), Proteus spp. (P. mirabilis, P, vulgaris,
P. penneriy, Providencia spp. (P. Stuartii, P. rettgeri), Yersinia spp. (Y. enterocolitica, Y.
pseudotuberculosis), Salmonella spp., Shigella spp. and also non-fermenters including
but not limited to Pseudomonas spp. (P. aeruginosa), Burkholderia spp. (B. cepacia),
Stenotrophomonas maltophilia, and Acinetobacter spp. (A. baumannii, Acinetobacter gen.
sp. 13TU, Acinetobacter gen. sp. 3) as well as Bordetella spp. (B. bronchiseptica), Moraxel-
la catarrhalis and Legionella pneumophila; furthermore, Aeromonas spp., Haemophilus
Spp. (H. influenzae), Neisseria spp. (N. gonorrhoeae, N. meningitidis) as well as Alcaligenes
spp. (including A. xylosoxidans), Pasteurella spp. (P. mulfocida), Vibro spp. (V. cholerae),
Carnpylobacter jejuni and Helicobacter pylori.

{0066] Moreover, the antibacterial spectrum also covers strictly anaerobic
bacteria including but not limited to Bacteroides spp. (B. fragilis), Peptostreptococcus
spp.(P. anaerobius), Prevotella spp., Brucella spp. (B. abortus), Porphyromonas spp., and
Clostridium spp. (Clostridium perfringens).

[0067] The above listing of pathogens is merely exemplary and in no way to
be regarded as limiting. Examples of diseases which may be caused by the said
pathogens and which may be prevented, improved or cured by the compounds

according to the invention are, for example:
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{0068] Respiratory tract infections such as lower respiratory tract infections,
lung infection in cystic fibrosis patients, acute exacerbation of chronic bronchitis,
community aquired pneumonia (CAP), nosocomial pneumonia (including ventilator-
associated pneumonia (VAP)), diseases of the upper airways, diffuse panbronchiolitis,
tonsillitis, pharyngitis, acute sinusitis and otitis including mastoiditis; urinary tract
and genital infections for example cystitis, uretritis, pyelonephritis, endometritis,
prostatitis, salpingitis and epididymitis; ocular infections such as conjunctivitis,
corneal ulcer, iridocyclitis and post-operative infection in radial keratotomy surgery
patients; blood infections, for example septicaemia; infections of the skin and soft
tissues, for example infective dermatitis, infected wounds, infected burns, phlegmon,
folliculitis and impetigo; bone and joint infections such as osteomyelitis and septic
arthritis; gastrointestinal infections, for example dysentery, enteritis, colitis, necrotis-
ing enterocolitis and anorectal infections; intraabdominal infections such as typhoid
fever, infectious diarrhea, peritonitis with appendicitis, pelviperitonitis, and intra-
abdominal abscesses; infections in the oral region for example infections after dental
operations; other infections for example, meliodosis, infectious endocarditis, hepatic
abscesses, cholecystitis, cholangitis, mastitis as well as meningitis and infections of

the nervous systems.

[0069] In addition to humans, bacterial infections can also be treated in an-
imals, such as primates, pigs, ruminants (cow, sheep, goat), horses, cats, dogs, poultry
(such as hen, turkey, quail, pigeon, ornamental birds) as well as productive and

ornamental fish, reptiles and amphibians.

[0070] The compounds of the invention may act systemically and/or local-
ly. They can for this purpose be administered in a suitable way, such as, for example,
parenterally, pulmonarily, nasally, sublingually, lingually, buccally, rectally, dermal-

ly, transdermally, conjunctivally, otically or as an implant or stent.

{0071] For these administration routes the compounds of the invention can

be administered in suitable administration forms.
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[0072] Parenteral administration can take place with avoidance of an ab-
sorption step (e.g. intravenous, intraarterial, intracardiac, intraspinal or intralumbar)
or with inclusion of an absorption step (e.g. intramuscular, subcutaneous, intracuta-
neous, percutaneous, or intraperitoneal). Administration forms suitable for parenteral
administration are, inter alia, preparations for injection and infusion in the form of

solutions, suspensions, emulsions, lyophilizates or sterile powders.

{0073] Suitable for the other administration routes are, for example, phat-
maceutical forms for inhalation (inter alia powder inhalers, nebulizers), nasal drops,
solutions, sprays; tablets, films/wafers or capsules, for lingual, sublingual or buccal
administration, suppositories, preparations for ears or eyes, vaginal capsules, aqueous
suspensions (lotions, shaking mixtures), lipophilic suspensions, ointments, creams,
transdermal therapeutic systems (such as for example patches), milk, pastes, foams,

dusting powders, implants or stents.

[0074] The compounds of the invention can be converted into the stated
administration forms. This can take place in a manner known per se by mixing with
inert, non-toxic, pharmaceutically acceptable excipients. These excipients include
inter alia carriers (for example microcrystalline cellulose, lactose, mannitol), solvents
{e.g. liquid polyethylene glycols), emulsifiers and dispersants or wetting agents (for
example sodium dodecyl sulfate, polyoxysorbitan oleate), binders (for example poly-
vinylpyrrolidone), synthetic and natural polymers (for example albumin), stabilizers
(e.g. antioxidants such as, for example, ascorbic acid), colors (e.g. inorganic pigments

such as, for example, iron oxides) and taste and/or odor corrigents.

[0075] The present invention further relates to medicaments which com-
prise at least one compound of the invention, usually together with one or more
inert, non-toxic, pharmaceutically acceptable excipients, as well as to their use for

the aforementioned purposes.
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[0076] The present invention further relates to medicaments which com-
prise at least one compound of the invention in combination with at least one

further active compound, as well as to their use for the aforementioned purposes.

{0077} Examples for the further active compound include flactamase in-
hibitors.

[0678] Exampies for suitable Blactamase inhibitors to be used in combina-
tion with the compounds of the invention include clavulanic acid, tazobactam,
sulbactam, avibactam (NXL-104), and MK-7655.

[0079] The minimum amount of the compounds of the invention to be
administered is a therapeutically effective amount. The term “therapeutically effec-
tive amount” means an amount of compound which prevents the onset of, alleviates
the symptoms of, stops the progression of, and/or eliminates a bacterial infection in

humans or animals.

[0080] Typically, an effective dosing schedule of the compounds of the in-
vention for adults is about 50 mg to about 3000 mg of a compound of formula (I) in
a single dose; in another embodiment, an effective single dose is about 100 mg to
about 2000 mg. In another embodiment, an effective single dose is about 500 mg to
about 1200 mg. Typically the dosages are given 1 to 4 times per day. In one embodi-
ment, the dosages are given 3 times per day. In some cases, it may be necessary to use

dosages outside these limits.

[0081] It may nevertheless be necessary where appropriate to deviate from
the stated amounts, in particular as a function of body weight, administration route,
individual response to the active ingredient, type of preparation and time or interval
over which administration takes place. Thus, in some cases it may be sufficient to
make do with less than the aforementioned minimum amount, whereas in other

cases the upper limit mentioned must be exceeded. In the case of an administration
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of larger amounts, it may be advisable to distribute these in a plurality of single doses

over the day.

[0082] The percentage data in the following tests and examples are, unless
indicated otherwise, percentages by weight; parts are parts by weight. Solvent ratios,
dilution ratios and concentration data of liquid/liquid solutions are based in each
case on volume. The statement "w/v" means "weight/volume". Thus, for example,

"10% w/v" means: 100 ml of solution or suspension contain 10 g of substance.
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Examples
Abbreviations
& chemical shift in ppm
br s: broad singlet in NMR
CDCla: deuterated chloroform
d: doublet in NMR
dd: doublet of doublet in NMR
DCM: dichloromethane
DMF: N,N-dimethylformamide
DMSO: dimethyl sulfoxide
EtOAc: ethyl acetate
ES: negative ion mode in electrospray ionization mass spectrometry
ES* positive ion mode in electrospray ionization mass spectrometry
g: gram(s)
h: hour(s)
HPLC: high performance liquid chromatography
Hz: hertz
I coupling constant in NMR
L: liter(s)
M: molarity
m: multiplet in NMR
mg: milligram(s)
MHz: megahertz
min: minute(s)
mlL: milliliter(s)
mimol: millimole(s)
mol: mole(s)
MS: mass spectrometry
N: normality
NMR: nuclear magnetic resonance
q: quartet in NMR
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singlet in NMR

triplet in NMR

tert-butyl alcohol
trifluoroacetic acid
tetrahydrofuran

thin layer chromatography
tetramethylsilane

PCT/EP2013/051217
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Analytical Methods

[0083] All 'H and F NMR spectra were recorded on a Varian Oxford AS 400
NMR operating at 400 MHz for 'H, and 376 MHz for “F respectively. NMR data is
recorded in chemical shifts relative to tetramethylsilane (TMS) as internal standard.
NMR spectra were run either in CDCl; containing 0.05 % TMS, CD:0OD containing
0.05 % TMS, or DMSO-ds containing 0.03 % TMS.

[0084] HPLC analyses were performed using a Waters 2695 Separation
Module and a Waters 2996 Photodiode Array Detector system or a Waters 600
Controller including a Waters 717plus Autosampler and a Waters 2996 Photodiode
Array Detector system on an Atlantis T3-C18-3um-4.6x150mm column with an

acetonitrile/aqueous 0.1 % H3PO4 gradientat 22°C, and a flow rate of 1 mL/minute.

[0085] Preparative HPLC was performed on a Waters Prep LC 2767 System
utilizing a Waters Prep HPLC Controller, and a Waters 2487 Dual Wave Absorbance
Detector on a Gem-~C-18-10um-50x100mm (flow rate of 70 mL/minute), X-Bridge-C-
18-51um-30x100mm (flow rate of 42 mL/minute), Ace-C-18-5um-30x250mm (flow
rate of 40 mL/minute), or GemNX-C-18-10um-50x250mm (flow rate of 80
mL/minute) column, using an acetonitrile/aqueous 0.1 % trifiuoroacetic acid gradi-

ent or an acetonitrile/aqueous 0.1 % formic acid gradient at 22 °C.

[0086] Mass spectra were recorded on a Waters 2795 Separation Module us-

ing either ES- or ES* ionization modes.

[0087] Column chromatography was performed using Desican Inc. Silica
Gel: CC Grade (230 ~ 400 Mesh).

[0088] Commercial solvents and reagents were generally used without fur-
ther purification. All products were dried before characterization and use in subse-

quent synthetic steps.
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General Synthetic Methods
1. Synthesis of the f-lactam building blocks
1.1 (3$,48)-3-Amino-4-methyl-2-oxoazetidine-1-sulfonic acid
HN

74 N
o (d

4 \OH
1.1.1

[0089] Compound 1_1_1 was synthesized according to David M. Floyd,
Alan W. Fritz, Josip Pluscec, Eugene R, Weaver, Christopher M. Cimarusti J. Org.

Chem., 1982, 47 (26), 5160-5167.

1.2 (35,45)-3-Amino-4-methyl-1-(sulfooxy)azetidin-2-one

[0090] Compound 1_2_1 was synthesized according to WO 2007/65288

1.3 (38,4R)-3-Amino-4-methyl-2-oxoazetidine-1-sulfonic acid

HN
j—N\,O
of Ts”

d \OH
1.3_1
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[0091] Compound 1_3_1 was synthesized according to David M. Floyd,
Alan W. Fritz, Josip Pluscec, Eugene R. Weaver, Christopher M. Cimarusti J. Org.
Chem., 1982, 47 (26), 5160-5167.

1.4  (35,4R) -3-Amino-4-methyl-1-(sulfooxy)azetidin-2-one

H )
HZNY\OH (Boc),0 BocHN Ph3P DEAD BooNH PAC (10%) / EOH
OAOH PhCHZONH?HCE I\ N H,/ 30 psi
141 EDAC B
L-Allothreonine 142 143
HN' X
BocNH Soa‘Pgﬁd?gfnzomPlex BocNH, .
N yn - N o KH,PO,/BuNHSO,
rN o ,0_§_O
e}

1.4 4 1.4.5
BocNH,

j;( o Formic acid / DCM NH,,
N, B (0]
O N t

(..) o o-$~on
146 O
147

[0092] To a solution of potassium hydroxide (2.53 g, 45.1 mmol, in 28 mL

of water) at room temperature was added L-allothreonine (3.0 gm, 25.1 mmol) and
the mixture was cooled to 24°C using an ice-bath. A di-tert-butyl dicarbonate solution
(Boc:0, 6.02 g in 15 mL of +-BuOH) was then added portionwise over 20 minutes to
the colorless reaction mixture without cooling to form a white cloudy solution. The
reaction mixture was then stirred at room temperature for 5 h until TLC (acetoni-
trile/acetone/acetic acid, 15:15:1) indicated the absence of any starting material. O-
benzyloxyhydroxylamine hydrochloride (6.0 g, 37.6 mmol) was then added in
portions over 7 min, 6.0 N HCI (4 mL) was then added in portions maintaining pH 4
(white fumes), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (4.81
g, 25.1 mmol) was then added in portions to the reaction mixture while cooling. The
reaction mixture was left stirring at room temperature overnight, saturated with

sodium chloride and extracted with ethyl acetate (2 x 200 mL). The organic extracts
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were combined, dried over MgSOs, filtered, evaporated to dryness and dried under

vacuum to afford 1_4_2 (6.5 g, 79.5 %j) as viscous oil.

[0093] 'H NMR (400 MHz, DMSO-ds): 6 = 1.02 (d, J = 5.8 Hz, 3 H), 1.36 (5, 9
H), 3.49 - 3.83 (m, 1 H), 3.56 - 3.70 (m, 1 H), 4.70 - 4.81 (m, 2 H), 4.86 (d, ] = 4.6 Hz,
1H), 6.73 (d, J = 8.5 Hz, 1 H), 7.29 - 7.42 (m, 5 H), 11.09 (s, 1 H).

[0094] Diethyl azodicarboxylate (DEAD, 0.51 mL. 3.08 mmol) was added
dropwise to a solution of compound 1.4 2 (1.0 g 3.08 mmol) and tri-
phenylphosphine (0.81 g, 3.08 mmol) in THF (40 mL) at room temperature over 5
min. The reaction mixture was heated at 50°C for 6 h and concentrated to give a
viscous oil which was purified by column chromatography eluting with ethyl ace-
tate/hexane (40: 60) to give compound 1_4_3 (0.30 g, 31.7 %).

[0095] 'H NMR (400 MHz, DMSO-de): 5 = 1.01 (d, J= 5.8 Hz, 3 H), 1.38 (5, 9
H), 3.87 - 4.11 (m, 1 H), 4.62 (dd, /= 9.3 and 5.1 Hz, 1 H), 4.78 - 5.02 (m, 2 H), 7.21 -
7.51 (m, S H), 7.64 (d, ] =9.3 Hz, 1 H).

[0096] 10 % Pd/C (100 mg, wet) was added to a solution of compound
1.4 3(1.0 g 3.26 mmol) in ethanol (100 mL) and the mixture was hydrogenated at
30 psi for 3 h. TLC (1:1, ethyl acetate in hexanes) showed completion of the reaction.
The catalyst was removed by filtration through a bed of celite and was washed with
methanol (2 x 50 mlL). The filtrate was concentrated under vacuum resulting in
compound 1_4_4 as a solid (0.7 g, 99 %) which was used in the next step without

further purification.

[0097] 'H NMR (400 MHz, DMSO-ds): § = 1.05 (d, J = 6.2 Hz, 3 H), 1.37 (s, 9
H), 3.69 - 4.09 (m, 1 H), 4.60 (dd, J = 8.9 and 5.1 Hz, 1 H), 7.62 (d, ] = 9.3 Hz, 1 H),
9.92 - 10.40 (m, 1 H).
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[0098] Sulfur trioxide-pyridine complex (1.76 g, 11.09 mmol) was added to
a solution of compound 1.4 4 (2.0 g, 9.24 mmol) in anhydrous pyridine (20 mL)
and the mixture was stirred at room temperature for 2 h. The mixture was concen-
trated under vacuum resulting in a foam, which was triturated with dichloromethane
(10 mL) and hexane (30 mL) to give compound 1_4_5 as a white solid (3.46 g) which
was used directly for the next step.

[0099] Compound 1_4_5 (3.46 g, 9.21 mmol) was dissolved in a 0.5 M solu-
tion of potassium dihydrogen phosphate (100 mL), extracted with ethyl acetate (2 x
100 mL), and the ethyl acetate extract was discarded. Tetra-n-butyl ammonium
sulfate (3.13 g, 9.21 mmol) was added to the aqueous layer in one portion. The
mixture was stirred at room temperature for 1 h and extracted with dichloromethane
(2 x 50 mL). The combined organic layers were washed with brine, dried over sodium
sulfate, filtered and concentrated under vacuum resulting in compound 1_4_6 as a

foam (4.0 g) which was used directly for the next step.

{00100} Compound 1_4_6 (4.00 g, 7.41 mmol) was dissolved in 98 % formic
acid {16 mL) and the mixture was stirred at room temperature for 3 h. A white
precipitate began to form after few minutes. Dichloromethane (30 mL) was added to
the reaction mixture and the mixture was cooled to 0-5°C, and kept overnight in the
fridge. The white precipitate formed was isolated by filtration and dried under
vacuum to give compound 1.4 7 (1.00 g, 75.8 %).

[00101] 'H NMR (400 MHz, DMSO-dy): 6 = 1.32 (d, ] = 6.2 Hz, 3 H), 4.30 -
4.42 (m, 1 H), 4.50 (d, J = 5.0 Hz, 1 H), 8.31 - 9.20 (m, 3 H).
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1.5 (35)-3-Amino-4,4-dimethyl-1-(sulfooxy)azetidin-2-one

HN., AcCl {Boc),0
" OH c HN.., 2 BocNH,, BockH,
4(\ — OH  TEADCM (\ou CH MgBr " OH
R |
™ M

07 oH MeOH 0”0 mo . o
D-Serine CH, 2 OH
1.5 2
1.5.1 153 c"‘s 1.5.4
‘;E!g;;{), NtaCloz BocMH ? EB)%%N!:{%E? o SO,-Pyridine complex
aClO (cal.) “ oM RaGen BocNH, L., _oBn Pyridine / 0°C/2 h
. —_— H
Sodium phosphate Buffer Me >
acetonitrile/water e’ on DMF Me OHMe K,CO,, EtOAC
1.5.5 156
BoeNH_ 1., PUCE%)  pgoony SO,-Pyridine KH,PO,
i H,/ 50 psi P ndlne Bu,NHSO
N e y 4 4
[s] ‘OBn MeOH )‘ N,
o OH N oso
187 3
— : 1.5.8
1.5.9
NH NH
aoc ot Formic acid 2 g
N, oe T N.
o] 0S80, NBu, DCM o OSOH
1.5_10 151

[00102] Acetyl chloride (AcCl, 96.0 mL, 1.35 mol) was added dropwise over
15 min to pre-cooled methanol (650 mL) at 0°C. The solution was stirred for an
additional 5 min, and then solid D-serine (51.0 g, 0.49 mol) was added in portions.
The resulting mixture was heated under reflux for 2 h, then cooled to room tempera-
ture and the solvent was removed under reduced pressure. The solid obtained was
triturated with 3:1 hexane/ether (300 mL) to give compound 1_5_2 as an off-white
solid, which was thoroughly dried overnight in an oven under vacuum to give

compound 1_5_2 (87.0 g, 99 %) as a white solid.

[00103] 'H NMR (400 MHz, Methanol-ds): 8 = 3.72 (s, 3H), 3.81 (br. s, 2H),
4.07 (s, 1H), 5.6 (br. s, 1H), 8.78 (br. s, 2H).
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[00104] Triethylamine (TEA, 183 mlL, 1.3 mol) was added dropwise to a solu-
tion of compound 1_5_2 (94.0 g, 0.605 mol) in THF (3 1) at 0°C. To the resulting
thick white suspension a solution of di-terf-butyldicarbonate (135.0 g, 0.65 mol) in
THF (500 ml) was added dropwise over a period of 1.5 h at the same temperature.
The reaction mixture was stirred at room temperature for 16 h. The solvent was
removed under reduced pressure and the residue was partitioned between diethyl
ether (3 L) and a saturated aqueous sodium bicarbonate solution (3 L). The aqueous
layer was. extracted with diethyl ether (3 x 2 L), the organic extracts were combined
and dried over sodium sulfate, filtered and the filtrate was concentrated under

reduced pressure to give compound'1_5_3 (134.0 g, 75 %) as a viscous oil.

[00105] 'H NMR (400 MHz, CDCL): § = 1.42 (s, 9H), 3.80 (s, 3H), 3.90 (m,
2H), 4.38 (br. 5, 1H), 5.44 (br. s, 1H).

f00106] A 3.0 M solution of MeMgBr in diethy! ether (450 mL, 1.35 mol) was
added dropwise to a cooled solution of compound 1_5_3 (50.0 g, 0.23 mol) in diethyl
ether (2 L) at -78°C. The reaction mixture was allowed to reach room temperature,
stirred at room temperature for 1 h, and then poured into a saturated aqueous
ammonium chloride solution (2.5 L). The organic layer was separated and the aque-
ous layer was extracted with ethyl acetate (3 x 2 L). The combined organic layers
were washed with brine, dried over sodium sulfate, filtered, and concentrated under
reduced pressure. The residue was triturated with diethyl ether/hexane (1:2, 500 mL)
and cooled in an ice bath. The precipitated solid was isolated by filtration to give

compound 1_5_4 (33.0 g, 66 %) as a colorless solid.

[00107] 'H NMR (400 MHz, CDCls): 8 = 1.25 (s, 3 H), 1.35 (s, 3 H), 1.43 - 1.48
(m, 9 H), 2.49 (br. s, 1 H), 2.62 (br. s, 1 H), 3.47 (d, J = 8.9 Hz, 1 H), 3.76 - 3.86 (m, 1
H), 3.98 - 4.09 (m, 1 H), 5.37 (br. s, 1 H).

[00108] 2,2,6,6-Tetramethylpiperidine 1-oxyl (TEMPO, 2.3 g, 15 mmol) was
added to a mixture of compound 1_5_4 (33.0 g, 150 mmol) in acetonitrile (750 mL)
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and sodium phosphate buffer (600 mL, 0.7 M solution, pH 6-7) and the resulting
mixture was heated to 35°C. The mixture was then treated by a simultaneous addi-
tion of a sodium chlorite solution (34.2 g in 150 mL of water) and 60 drops of a very
dilute sodium hypochlorite solution (3 mL of commercial solution in 100 mL of
water), The mixture was stirred at 35°C overnight, cooled to room temperature,
treated with citric acid (~15 g, pH 3), saturated with sodium chloride and extracted
with ethyl acetate (3 x 2 L). The organic extracts were combined and concentrated
under reduced pressure. The residue was dissolved in 1.5 L of a 2 M sodium carbonate
solution and washed with ethyl acetate (2 x 2 L). The aqueous layer was cooled to
0°C, the pH was adjusted to 3.0 using a 2 M solution of H;PO, and the solution was
saturated with sodium chloride. The resulting mixture was extracted with ethyl
acetate (3 x 2 L), the organic phases were combined, dried, filtered and concentrated

under reduced pressure to give compound 1_5_5 (28.4 g, 81 %) as a colorless solid.

[00109] H NMR (400 MHz, DMSO-dq): § = 1.15 (s, 3 H), 1.17 (s, 3 H), 1.39 5,
9 H), 3.86 (d, /= 8.6 Hz, 1 H) 6.52 (d, / = 8.9 Hz, 1 H).

[00110} Dicyclohexylcarbodiimide (DCC, 19.5 g, 94.3 mmol) was added to a
solution of compound 1_5_5 (20.0 g, 85.7 mmol) in N,N-dimethylformamide at
room temperature followed by 1-hydroxybenzotriazole (HOBt, 12.7 g, 94.3 mmol).
The resulting mixture was stirred at room temperature for 30 min, and O-benzyl-
hydroxylamine hydrochloride (15.1 g, 94.3 mmol) was added followed by sodium
bicarbonate (18.0 g, 214.3 mumol). The reaction mixture was stirred at room tempera-
ture for 24 h and filtered through a celite bed, washed with ethyl acetate (2 x 50 mL),
and concentrated under reduced pressure. The residue was purified by column
chromatography eluting with 30-40 % ethyl acetate in hexane to give compound
1_5_6 (24.5 g, 84.5 %) as a colorless solid.

[00111] 'H NMR (400 MHz, DMSO-dy): § = 1.05 (s, 3 H), 1.08 (s, 3 H), 1.26 (s,
9 H), 3.74 (d, ] = 9.3 Hz, 1 H), 4.62 (br. s, 1 H), 4.72 (s, 2 H), 6.42 (d, ] = 8.9 Hz, 1 H),
7.26 - 7.47 (m, 5 H), 11.03 (br. s, 1 H).
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[00112] Sulfur trioxide-pyridine complex (58.7 g, 0.368 mol) was added to a
solution of compound 1_5_6 (96.0 g, 0.283 mol) in pyridine (1 L) at 0°C in portions
and the mixture was stirred for 2 h. The pyridine was removed under vacuum and
the residue was triturated with diethyl ether/hexanes (1:10, 1 L) to remove the major
portion of the pyridine. A solution of potassium carbonate (240 g in 1.2 L of water)
and 500 mL of ethyl acetate were added to the solid intermediate. The resulting
mixture was heated under reflux for 2 h, cooled down to room temperature and the
ethyl acetate layer was separated. The aqueous layer was extracted with ethyl acetate
(2 x 200 mL) and the combined ethyl acetate layers were washed with brine, dried
over sodium sulfate, filtered and concentrated. The residue was purified by column
chromatography eluting with 30-40 % ethyl acetate in hexanes. The desired fractions
were combined and concentrated. The residue was triturated with 10 % ether in

hexane (~400 mL) to give compound 1_5_7 (58.1 g, 64 %) as a colorless solid.

[00113] 'H NMR (400 MHz, CDCls): & = 1.08 (s, 3H), 1.32 (s, 3H), 1.43 (s,
9H), 4.30 (d, ] = 6.8 Hz, 1H), 4.96 (5, 2H), 7.40 (m, 5H).

[00114] S % Pd/C (6.0 g, wet, ~50 % water) was added to a solution of com-
pound 1_5_7 (30.0 g, 93.6 mmol) in methanol (600 mL) and the mixture was hydro-
genated at 50 psi for 1 h. TLC (1:1, ethyl acetate in hexanes) showed completion of
the reaction. The catalyst was removed by filtration through a bed of celite and was
washed with methanol (2 x 100 mL). The filtrate was concentrated under vacuum
and the resulting solid was triturated with 10 % ether in hexanes (100 mL), filtered

and dried in vacuum to give compound 1_5_8 (21.9 g, quant.) as a colorless solid.

[00115] 'H NMR (400 MHz, DMSO-ds): & = 1.17 (s, 3H), 1.31 (s, 3H), 1.41 (s,
9H), 4.21 (d, ] = 6.8 Hz, 1H), 7.71 (d, ] = 6.8 Hz, 1H), 10.01 (br. s, 1H).

f00116] Sulfur trioxide-pyridine complex (39.7 g, 0.249 mol) was added to a
solution of compound 1_5_8 (50.0 g, 0.217 mol) in pyridine (500 mL) at 0°C. The

resulting mixture was stirred at room temperature for 1.5 h and concentrated under
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vacuum to give compound 1_5_9 (106.0 g) as a foam, which was dissolved in 4 L of a
0.5 M solution of KH,PO, and extracted with dichloromethane (2 x 400 mL). The
aqueous layer was cooled to 0°C and tetra-n-butyl ammonium sulfate (84.8 g, 0.249
mol) was added. The resulting mixture was stirred at 0-5°C for 1 h and extracted with
dichloromethane (5 x 500 mL). The combined dichloromethane layers were washed
with brine, dried over sodium sulfate, filtered and concentrated under vacuum to
give intermediate 1_5_10 (115.0 g) as a foam which was dissolved in 96 % formic
acid (500 ml) and the resulting mixture was stirred at room temperature for 4 h. A
white precipitate began to form after few minutes. Dichloromethane (500 mL) was
added to the reaction mixture and the mixture was cooled to 0-5°C, and kept in the
fridge over the weekend. The white precipitate was isolated by filtration and dried
under vacuum to afford compound 1_5_11 (24.5 g, 53 % over 3 steps) as a colorless

solid.

[00117] *H NMR (400 MHz, DMSO-de): & = 1.42 (s, 3H), 1.43 (s, 3H), 4.15 (s,
1H), 8.80 (br. s, 2H).

1.6 {[(35,45)-3-Amino-4-methyl-2-oxoazetidin-1-yljoxy}methanesulfonic acid

OoH O “
Boc,0, NaOH, g9 1'22&?‘;3303“ (1.6.3) o1 O
OH o OH  ThE 10 NO~-SONBy, Dowex 50WX4
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[00118] Di-tert-butyl dicarbonate (56.7 g, 59.7 mL, 0.23 mol, Aldrich) was
added dropwise to a solution of L-threonine 1_6_1 (23.8 g, 0.2 mol) in THF (200 mL)
and a 2 N aqueous sodium hydroxide solution (120 mL) at 0°C. The resulting mixture
was stirred at 0°C to room temperature overnight and concentrated under reduced
pressure to remove the solvent. The residue was saturated with solid ammonium
chloride, cooled to 0°C, acidified with 1 N hydrochloric acid to pH 3, and extracted
with ethyl acetate (3 x 100 mL). The combined organic layers were washed with
water (200 ml) and brine (200 mL), dried over sodium sulfate and concentrated
under reduced pressure. The residue was treated with hexane (300 mL) and filtered to
give 1_6_2 (39.7 g, 91 %) as a colorless solid.

[00119] 'H NMR (400 MHz, DMSO-ds): § = 1.06 (d, ] = 6.2 Hz, 3 H), 1.37 (s, 9
H), 3.86 (dd, ] = 9.1 and 3.3 Hz, 1 H), 3.98 - 4.08 (m, 1 H), 6.29 (d, ] = 9.3 Hz, 1 H).

[00120] (Aminooxy)methanesulfonic acid compound 1_6_3 (5.9 g 464
mmol) was added to a solution of compound 1_6_2 (9.4 g, 42.9 mmol) in THF (50
mL) and water (100 mL) at 0°C, the pH of the mixture was adjusted to 4.5 using a IN
aqueous potassium hydroxide solution, and a solution of N-(3-dimethyl-
aminopropyl)-N-ethylcarbodiimide hydrochloride (EDCI, 9.3 g, 47.1 mmol) in water
(30 ml) was added slowly over 20 min. The resulting mixture was stirred at room
temperature for 3 h while adjusting to pH 4.0-4.5 with 1N sulfuric acid. Tetrabu-
tylammonium hydrogensulfate (14.5 g, 42.9 mmol, Aldrich) was added, the pH was
adjusted to 3 using 1N sulfuric acid and the mixture was extracted with chloroform
(6 x 100 mL). The combined chloroform layers were dried over sodium sulfate and
concentrated under reduced pressure to give crude compound 1_6_4 (17.5 g) which
was dissolved in water (20 mL) and purified on a Dowex 50WX4 Na form ion ex-
change resin (200 mL) column eluting with water. The first 400 mL of water fractions

were collected and lyophilized to give 1_6_5 (6.93 g, 46 %) as a yellow solid.
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[00121] 'H NMR (400 MHz, DMSO-dy): 8 = 1.01 (d, ] = 6.2 Hz, 3 H), 1.38 (s, 9
H), 3.72 - 3.91 (m, 2 H), 4.24 (s, 2 H), 4.85 (br. s, 1 H), 6.37 (d, ] = 8.6 Hz, 1 H), 7.40
(s, 1 H), 11.25 (br. s, 1 H).

{00122} Methanesulfonyl chioride (MsCl, 0.72 g, 6.3 mmol)} was added
dropwise via a syringe to a solution of 1_6_5 (2.0 g, 5.71 mmol) in pyridine (60 mL)
at 0°C. The resulting mixture was stirred at room temperature overnight and concen-
trated under reduced pressure. The residue was dissolved in water (10 mL), tetrabu-
tylammonium hydrogensulfate (1.87 g, 5.5 mmol) was added, the pH was adjusted to
3 with 1N sulfuric acid, and the mixture was extracted with chiloroform (5 x 30 mL).
The combined chloroform layers were dried over sodium sulfate and concentrated
under reduced pressure to give a light brown solid. MS indicated that the product
obtained was a mixture of compound 1_6_6, a N,N,N-tributylbutan-1-amonium salt
of compound 1_6_5 and a di-Ms by-product. The mixture was used in the next step

without further purification.

{00123] A solution of 1_6_6 (3.1 g, 4.8 mmol) in acetone (10 mlL) was added
dropwise to a suspension of potassium carbonate (3.0 g, 21.7 mmol) in acetone
(90 mL) under reflux. The resulting mixture was kept under reflux for 4 h. After
cooling to room temperature, the reaction mixture was filtered. The filtrate was
concentrated under reduced pressure to give crude intermediate 1_6_7 which was
dissolved in a 0.5 M aqueous KH.PO, solution (15 mL), the pH was adjusted to 3
using 1N sulfuric acid, and the mixture was extracted with dichloromethane (6 x 50
mL). The combined dichloromethane layers were dried over sodium sulfate and
concentrated under reduced pressure. The residue was dissolved in water (10 mL) and
purified on a Dowex 50WX4 Na form ion exchange resin (200 mL) column eluting
with water. The first S00 mL of water fractions were collected and lyophilized to give
1.3 g of crude product as a yellow solid. MS indicated that the product obtained was
a mixture of compound 1_6_8 and compound 1_6_5. This mixture was used in the

next step without further purification.
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[00124] Trifluoroacetic acid (TFA, 10 mL) was added to a suspension of com-
pound 1_6_8 from the previous step as mixture (1.2 g, 3.6 mmol} in dichloro-
methane (5 mL) and anisole (§ mL) at 0°C. The resulting mixture was stirred at 0°C
for 1 h and concentrated under reduced pressure. The residue was stirred with ben-
zene (10 mL) and evaporated twice, washed with dichloromethane, and dried in
vacuum to give crude compound 1_6_9 (1.6 g, quant, with small amount of residual
trifluoroacetic acid). This material was used as 47 % pure in next step without further

purification.

[00125] The 'H NMR was complex as the product obtained was a mixture of

compound 1_6_9 and compound 1_6_5.
[00126] MS (ES) m/z: [M-Na} caled for CsHgN,OsS: 209.02. Found: 209.11.

1.7  {[(3$)-3-Amino-4,4-dimethyl-2-oxoazetidin-1-ylJoxy}methanesulfonic acid

N
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f00127] Chloromethyl methyl sulfide (1.15 ml, 13.8 mmol) was added
dropwise to a solution of potassium iodide (2.29 g, 13.8 mmol) in N,N-dimethyl-
formamide (40 mL) at room temperature. The resulting mixture was stirred at room

ternperature for 0.5h, and fert-butyl ((35)-4,4-dimethyl-1-hydroxy-2-oxoazetidin-3-
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yljcarbamate 1_7_1 (1.60 g, 6.94 mmol) was added followed by potassium carbonate
(1.90 g, 13.8 mmol). The resulting mixture was stirred at room temperature over-
night. The mixture was poured into ice water (200 mL) and extracted with ethyl
acetate (3 x 30 mL). The combined ethyl acetate layers were washed with water and
brine, dried (sodium sulfate) and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography eluting with 6:1 ~ 3:1 hexane -

ethyl acetate to give compound 1_7_2 (1.73 g, 86 %) as a yellow oil.

[00128] 'H NMR (400 MHz, CDCls): 8 = 1.33 (s, 3 H), 1.45 (5, 9 H), 1.54 (s, 3
H), 2.28 (s, 3 H), 4.39(d, /= 6.6 Hz, 1 H, 4.96 (s, 2 H), 5.10(d, /] = 6.6 Hz, 1 H).

[00129] Sulfuryl dichloride (0.71 mL, 8.78 mmol) was added dropwise to a
solution of compound 1_7_2 (1.70 g, 5.85 mumol) in dichloromethane (50 mL) at
-78°C. The resulting mixture was stirred at -78°C for 15 min and then at room tem-
perature for 15 min. The reaction mixture was cooled to -78°C and N-
ethyldiisopropylamine (DIPEA, 10.1 mL, 58.5 mmol) was added dropwise followed by
thioacetic acid (AcSH, 2.1 mL, 29.3 mmol). The resulting mixture was stirred at -78°C
for 15 min and then at -78°C to room temperature for 1 hour. The reaction mixture
was poured into a saturated aqueous sodium bicarbonate solution (200 ml) and
extracted with dichloromethane (3 x 50 mL). The combined dichloromethane layers
were dried over sodium sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography eluting with 6: 1 ~ 3: 1 hexane -

ethyl acetate to give compound 1_7_4 (1.25 g, 67 %) as a yellow solid.

[00130] 'H NMR (400 MHz, CDCL): 8 = 1.32 (s, 3 H), 1.45 (s, 9 H), 1.52 (5, 3
H), 2.42 (s, 3 H), 4.36 (d, J = 6.6 Hz, 2 H), 5.03 (d, ] = 6.6 Hz, 1 H), 5.36 (s, 2H).

[00131] Compound 1_7_4 (1.10 g, 3.45 mmol) was added to a solution of 3-
chloroperoxybenzoic acid (mCPBA, 4.0 g, 13.8 mmol) in dichloromethane (50 mL).
The resulting mixture was stirred at room temperature overnight and concentrated

under reduced pressure. The residue was treated with formic acid (96 %, 20 mL) and
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stirred at room temperature for 4 h. The solid was filtered off and the filtrate was
concentrated under reduced pressure. The residue was treated with dichloromethane
(50 mkL), stirred at room temperature for 0.5 h and filtered. The filtrate was concen-
trated under reduced pressure to give crude compound 1_7_5 (0.9 g, 100 %, 0.77 g

expected) as a pale yellow solid which was used as it is in the next step.

[00132] 'H NMR (400 MHz, DMSO-ds): 6 = 1.46 (s, 3 H), 1.48 (s, 3 H), 4.14 (s,
1H), 4.42 (AB,]=8.0 and 32.0 Hz, 2 H), 8.72 (br s, 1 H).

1.8  3-Amino-1-(sulfooxy)-1-azaspiro[3.4]octan-2-one
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{00133] A mixture of N-(fert-butoxycarbonyl)glycine 1.8 1 (10 g, 57.14
mmol), benzyl chloride (BnCl, 7.30 mlL, 62.85 mmol), fetra-n-butylammonium
bromide (TBAB, 0.19 g, 0.57 mmol) and potassium bicarbonate (6.87 g, 68.57 mmol)
in N,N-dimethylformamide (100 mL) was stirred at room temperature for 72 hours
and filtered. The filtrate was concentrated under vacuum. The residue was treated
with water and the solid was collected and dried to give compound 1_8_2 (10 g, 67
%).
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[00134] 'H NMR (400 MHz, DMSO-ds): & = 1.40 (s, 9H), 3.75 (d, ] = 6.8 Hz,
2H), 5.10 (s, 2H), 7.20 (t, ] = 6.8 Hz, 1H), 7.33 (m, 5H).

[00135] n-Butyl lithium (35.85 mL, 1.6 M in hexane) was added to a cooled
(-40°C) solution of di-isopropylamine (7.23 mlL, 51.23 mmol) in THF (40 mL). The
mixture was stirred at -40°C for 30 min to form lithium diisopropylamide (LDA). A
solution of compound 1 _8_2 (5.43 g, 20.49 mmol) in THF (20 mL) was added at
-78°C. The mixture was stirred at -78°C for 30 min and cyclopentanone (dried over
molecular sieves, 2.07 mlL, 24.59 mmol) was added. The resulting mixture was stirred
at -78°C for 20 min, gradually warmed up to -20°C over 30 min and then to 0°C over
20 min, quenched with a solution of acetic acid (2.70 mL, 47.13 mmol) in THF (10
mL}, poured into water (50 mlL), extracted with ethyl acetate (200 mL), dried and
concentrated. The residue was purified by column chromatography to give com-
pound 1_8_3 (5.65 g, 79 %).

[00136] ‘H NMR (400 MHz, DMSO-d): § = 1.40 (s, 9H), 1.50 ~ 1.90 (m, 8H),
2.20 (s, 1H), 4.25 (d, J = 7.7 Hz, 1H), 5.20 (m, 2H), 5.50 (d, J = 7.7 Hz, 1H), 7.40 (m,
SH).

[00137] 10% Pd/C (0.52 g) was added to a degassed solution of compound
1_8_3 (5.65 g, 16.19 mmol) in methanol (100 mL). The mixture was stirred under a
hydrogen balloon for 3 h and filtered through a pad of celite. The filtrate was con-
centrated to give compound 1_8_4 (4.1 g) which was used in the next step without

further purification.

[00138] 'H NMR (400 MHz, DMSO-ds): § = 1.40 (s, 9H), 1.50 - 2.00 (m, 8H),
4.20 (br. s, 1H), 5.95 (br. s, 1H).

[00139] 1-Hydroxybenzotriazole (HOBT, 2.19 g, 16.19 mmol) and dicyclo-
hexylcarbodiimide (DCC, 3.34 g, 16.19 mmol) was added to a cooled (0°C) solution
of compound 1_8_4 (4.1 g) in THF (20 mL). The mixture was stirred at 0°C for 2
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hours. A solution of O-benzyl hydroxylamine (made from 7.76 g of its corresponding
hydrogen chloride salt and an aqueous sodium hydroxide solution, 47.89 mmol) in
THF (10 mL) was added and the mixture was stirred at room temperature for 5 h and
filtered. The filtrate was concentrated and the residue was purified by column chro-

matography to give compound 1_8_5 (4.7 g, 80 %)

[00140] 'H NMR (400 MHz, CDCls): § = 1.40 (s, 9H), 1.50 -2.00 (m, 8H), 3.60
(d, J = 7.8 Hz, 1H)}, 3.90 (s, 1H), 4.90 (5, 2H), 5.62 (d, ] = 7.8 Hz, 1H), 7.40 {m, 5H),
9.02 (s, 1H).

[00141] A mixture of compound 1_8_5 (4.66 g, 12.80 mmol) and sulfur tri-
oxide-pyridine complex (3.71 g, 23.25 mmol) in pyridine (50 mL) was heated at 50-
$5°C for 2 h and concentrated. The residue was diluted with acetonitrile (20 mL) and
concentrated. The residue was dried under high vacuum for 2 h, diluted with ethyl
acetate (150 mlL) and treated with a solution of potassium carbonate (19.67 g,
143 mmol) in water (54 mlL). The resulting mixture was refluxed for 2 h, cooled to
room temperature and the phases were separated. The organic phase was washed
with a 5% aqueous sodium hydrogen sulfate solution (20 mL), dried and concentrat-
ed. The residue was purified by column chromatography to give compound 1_8_6
(2.5 g, 56 %) as colorless solid.

[00142] 'H NMR (400 MHz, CDCls): 5 = 1.42 (s, 9H), 1.43 — 2.00 (m, 8H),
4.43 (d, J = 8.0 Hz, 1H), 4.90 - 5.00 (m, 3H), 7.40 (m, 5H).

[00143] 10 % Pd-C (100 mg) was added to a degassed solution of compound
1.8 6 (1.0 g, 2.89 mmol) in methanol (20 ml). The mixture was stirred under a
hydrogen balloon for 1 h and filtered through a pad of celite. The filtrate was con-
centrated to give compound 1_8_7 (0.70 g, 100 %) which was used in the next step

without further purification.
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[00144] 'H NMR (400 MHz, DMSO-dq): § = 1.39 (s, 9H), 1.50 - 2.00 (m, 8H),
4.28 (d,/=7.9Hz, 1H), 7.72 (d, ] = 7.9 Hz, 1H).

[00145] A mixture of compound 1_8 7 (0.74 g, 2.89 mmol) and sulfur triox-
ide-pyridine complex (1.43 g, 8.96 mmol) in pyridine (20 mL) was stirred at room
temperature for 2 h, and concentrated. The residue was treated with a 10 % aqueous
potassium dihydrogenphosphate solution (10 mL) and the mixture was stirred with
tetra-n-butylammonium hydrogensulfate (1.08 g, 3.18 mmol) at 0°C for 30 min. The
reaction mixture was extracted with dichloromethane (3 x 50 mL) and the combined
organic phases were concentrated. The residue was dissolved in 98 % formic aid (10
mL) and stirred at room temperature for 4 h, diluted with dichloromethane (30 mL)
and left in the fridge for 16 h. The solid was collected and dried to give compound
1_8_8 (380 mg, 56 %).

[00146] 'H NMR (400 MHz, DMSO-dq): § = 1.40 — 2.00 (m, 6H), 2.20 (m, 2H),
4.37 (s, 1H).

1.9 (38,4S)- 3-Amino-4-(aminocarbonyl)-2-oxo-1-azetidinesulfonic acid

Q

HZNI}mz
N\

o} SOH
191

[00147] Compound 1.9_1 was synthesized according to M. Sendai, S.
Hashiguchi, M. Tomimoto, S. Kishimoto, T. Matsuo, M. Ochiai; Chemical & Pharma-
ceutical Bulletin 1985, 33 (9), 3798-3810 and EP 73061.
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2. Synthesis of amino-thiazole and amino-thiadiazole building blocks

2.1 Oxof2-(tritylamino)-1,3-thiazol-4-yljacetic acid
o]
PhaC\N_</N\‘)HrOH
Tl
211

[00148] Compound 2_1_1 was synthesized according to Sakagami, Kenji;
Iwamatsu, Katsuyoshi; Atsumi, Kunio; Hatanaka, Minoru; Chemical & Pharmaceutical
Bulletin, 1990, 38(12), 3476 — 3479.

2.2 |5-[(tert-Butoxycarbonyl)amino}-1,2,4-thiadiazol-3-yl}(oxo)acetic acid

0O

Boc, NWOH
N— |
H‘<S/N o)

221

[00149] Compound 2_2_1 was synthesized according to Yamawaki, Keniji;
Nomura, Takashi; Yasukata, Tatsuro; Uotani, Koichi; Miwa, Hideaki; Takeda, Kei;
Nishitani, Yasuhiro; Bioorganic & Medicinal Chemistry, 2007, 38 (21), 6716-6732.
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2.3 [5-Chloro-2-(tritylamino)-1,3-thiazol-4-ylj(oxo)acetic acid
0

PhC, N ﬁo;&
N—<

Cl
2.3.1

[00150] Compound 2_3_1 was synthesized according to:

a) Sakagami, Kenji; Iwamatsu, Katsuyoshi; Atsumi, Kunio; Hatanaka, Minoru;
Chemical & Pharmaceutical Bulletin, 1990, 38(12), 3476 — 3479.

b) Yamawaki, Kenji; Nomura, Takashi; Yasukata, Tatsuro; Uotani, Koichi; Miwa,
Hideaki; Takeda, Kei; Nishitani, Yasuhiro; Bioorganic & Medicinal Chemistry,
2007, 38(21), 6716-6732.

3. Synthesis of aryl and heteroaryl amidine side chains

3.1  4-{2-(Aminooxy)ethoxy]benzenecarboximidamide
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Step 1: 4-(2-Bromoethoxy)benzonitrile (3_1_2)

f00151] 1,2-Dibromoethane (471 g, 2.52 mol) and potassium carbonate (232
g, 1.68 mol) were added to a solution of 4-hydroxybenzonitrile 3_1_1 (100 g, 0.84
mol) in acetonitrile (4 L). The mixture was refluxed for 18 hours, the solid was
removed by filtration and the filtrate was concentrated to give a residue which was
purified by chromatography (3:1 hexanes/ethyl acetate) to give compound 3_1_2
(74.4 g, 40 % yield) as a solid.

[00152] 'H NMR (400 MHz, CDCly): § = 3.66 (¢, ] = 6.0 Hz, 2H), 4.34 (¢, | =
6.2 Hz, 2H), 6.97 (d, ] = 8.9 Hz, 2H), 7.61 (d, ] = 8.9 Hz, 2H).

Step 2: 4-{2-[(1,3-Dioxo-1,3-dihydro-2H-isoindol-2-yhoxylethoxy}benzonitrile (3_1_3)

[00153] 1,8-Diazabicyclo[5.4.0lundec-7-ene (49.4 mL, 0.33 mmol) was added
slowly over 20 minutes to a solution of compound 3_1_2 (74.3 g, 0.33 mol) and N-
hydroxyphthalimide (Phth-OH, 53.6 g 0.33 mol) in N,N-dimethylformamide
(470 mL) and the mixture was heated at 46°C for 6 hours. After removal of the
solvent, the residue was treated with 1N HCI (1 L) which resulted in a precipitate.
The precipitate was collected by filtration, washed with water and dried to give
compound 3_1_3 (98.0 g, 96 % yield) as a white solid.

[00154] "H NMR (400 MHz, CDCls): § = 4.31 - 4.43 (m, 2H), 4.51 - 4.63 (m,
2H), 6.91 (i, ] = 8.5 Hz, 2H), 7.57 (m, ] = 8.5 Hz, 2H), 7.75 - 7.87 (m, 4H).

Step 3: 4-[2-(Aminooxy)ethoxylbenzonitrile (3_1_4)

[00155] Hydrazine hydrate (11.5 mL, 0.236 mol) was added to a suspension
of compound 3_1_3 (72.7 g, 0.236 mol) in ethanol (800 mL) and the mixture was
stirred at 45°C for 14 hours. The solid was removed by filtration and the filtrate was

concentrated. The residue was diluted with ethyl acetate (300 mL), the solid was
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removed by filtration and the filtrate was concentrated to give compound 3_1_4
{40.0 g, 96 % yield) as a white solid.

[00156] 'H NMR (400 MHz, CDCls): & = 4.03 (t, ] = 4.8 Hz, 2H), 4.21 (t, ] =
4.8 Hz, 2H), 5.58 (s, 2H), 6.98 (d, ] = 6.0 Hz, 2H), 7.59 (d, | = 6.0 Hz, 2H).

Step 4: Methyl 4-[2-(aminooxy)ethoxylbenzenecarboximidoate (3_1_5)

[00157] Hydrogen chloride gas was bubbled through a solution of compound
3_1_4 (15.0 g, 84.7 mmol) in dry methanol (330 mL) at 0°C for 1 hour and the
mixture was stirred at room temperature for 14 hours (NMR showed 50 % conver-
sion). Hydrogen chloride gas was bubbled through the solution for another 40
minutes at 0°C, and the reaction mixture was stirred for 24 hours to give a suspen-
sion. Compound 3_1_5 (23.0 g, 96 % yield, hydrochloride salt) was collected by

filtration as a white solid.

[00158] 'H NMR (400 MHz, CDCls): § = 3.95 - 4.08 (m, 2H), 4.13 - 4.25 (m,
2H), 5.55 (br's, 2H), 6.99 (1, ] = 8.5 Hz, 2H), 7.26 (s, 1H), 7.59 (m, | = 8.5 Hz, 2H).

Step S: 4-[2-(Aminooxy)ethoxy]benzenecarboximidamide (3_1_6)

[00159] Ammonia (7 N in methanol, 53.3 mL) was added to a solution of
compound 3_1_5§ (11.5 g, 37.3 mmol) in dry methanol (150 mL). The mixture was
stirred at 50°C for 2 hours and at room temperature for 14 hours. After removal of
the solvent, the residue was purified by chromatography to give compound 3_1_6
(6.2 g, 85 % yield) as a solid.

{00160] 'H NMR (400 MHz, Methanol-ds): § = 3.97 - 4.05 (i, 2H), 4.24 - 4.37
(m, 2H), 7.16 (d, ] = 8.9 Hz, 2H), 7.79 (d, ] = 8.9 Hz, 2H).
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[00161] Using the conditions described above under 3.1 the following ami-

dine side chains were prepared:

starting material alkylating agent product
CN
. /\/Br
Br
CN
3.3 /@ B B
HO
CN
3.4 I /\/Br
HO Br
Cl
CN
3.5 Q/\ Br ASABF
HO 356
NH
CN
NH,O NH
. //\/Bl' I 3
: G
E 3.66
NH
CN |
~
vl S| e oy
HO
NH,0” 0 3.7.6
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3.8 tert-Butyl {({4-[2-(aminooxy)ethoxyjphenyljamino){(tert-butoxycarbonyl)-
amino]methylidenejcarbamate

—

NHBoc
NHBoo NHBoc /@
/@r BrCH,CH,Br Phih-OH o (\ o —_—
HO

ar —— —
step 1 ~"Ng step 2 n° step 3
3,81
3. 382 3.83
o]
NH, "
—N NB N NHBoo H
O/ N __</ o¢ \n/ N NHBoc
0 (\ o lm / T
NHBoC NBoe
}L .0 i o] (\ o NH,NH, NBoc
N \ o o
N

e 30 //\’
step 4 step & !
384 e
fo) 385 H?N 3.8.6
o]

Step 1: tert-Butyl [4-(2-bromoethoxy)phenyljcarbamate (3_8_2)

[00162] A mixture of tert-butyl (4-hydroxyphenyl)carbamate 3_8_1 (25 g,
119.6 mmol), 1,2-dibromoethane (41 mL, 478.5 mmol) and potassium carbonate
(33 g, 239.2 mmol) in acetonitrile (500 mL) was refluxed for 24 hours (TLC showed
50 % conversion). Addditional 1,2-dibromoethane (20 mL, 239 mmol) and potassium
carbonate (16 g, 120 mmol) was added and the mixture was refluxed for another 23
hours. Further potassium carbonate (16 g, 120 mmol) was added and the mixture was
refluxed for another 5 hours. The solid was removed by filtration and the filtrate was
concentrated to give a residue. The residue was purified by chromatography to give
compound 3_8_2 (15.6 g, 41 % yield) as a solid.

[00163] 'H NMR (CDCls): & = 1.51 (s, 9H), 3.61 (t, ] = 6.0 Hz, 2H), 4.26 (t, ] =
6.0 Hz, 2H), 4.26 (t, ] = 6.0 Hz, 2H), 6.34 (s, 1H), 6.85 (d, ] = 8.8 Hz, 2H), 7.27 (d, ] =
8.8 Hz, 2H).
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Step 2:tert-Butyl  (4-{2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)oxylethoxy}phenyl)-
carbamate (3_8_3)

{00164] 1,8-Diazabicyclo[5.4.0]-undec-7-ene (9 mL, 59.3 mmol) was added to
a solution of compound 3_8_2 (15.6 g, 49.4 mmol) and N-hydroxyphalimide (Phth-
OH, 12.1 g, 74 mmol) in N,N-dimethylformamide (80 ml) at room temperature. The
mixture was stirred at 45°C for 15 hours, concentrated, extracted with ethyl acetate,
washed with a saturated sodium bicarbonate solution, 1N hydrochioric acid and
brine, dried over sodium sulfate, filtered and concentrated. The residue was triturated
with hexanes and the solid was collected to give compound 3.8.3 (17.1 g, 86 %
yield) as a white solid.

[00165] "H NMR (CDCls): 8 = 1.50 (s, 9H), 4.32 (¢, ] = 6.4 Hz, 2H), 4.56 (t, ] =
6.4 Hz, 2H), 6.33 (s, 1H), 6.75 (d, ] = 8.8 Hz, 2H), 7.22 (d, ] = 8.8 H, 2H), 7.83 (m, 2H),
7.52 (m, 2H).

Step 3: 2-[2-(4-Aminophenoxy)ethoxy]-1H-isoindole-1,3(2H)-dione (3_8_4)

[00166] Trifluorcacetic acid (TFA, 14.3 mL) was added to a solution of com-
pound 3_8_3 (7.4 g, 18.6 mmol) in dichloromethane (150 mL). The mixture was
stirred for 2.5 hours at room temperature, and concentrated. The residue was then
triturated with diethyl ether and the solid was collected to give the desired com-
pound 3_8_4 (7.5 g, 97 % yield, trifluoroacetic acid salt) as a pink solid.

[00167] M NMR (MeOH-ds): = 4.36 (m, 2H), 4.55 (m, 2H), 6.98 (d, ] = 8.8
Hz, 2H), 7.26 (d, ] = 8.8 Hz, 2H), 7.83 (s, 4H).

Step 4:tert-Butyl {(E)-[(tert-butoxycarbonyljamino][(4-{2-[(1,3-dioxo-1,3-dihydro-2H-
isoindol-2-yl)oxylethoxy}phenyl)aminojmethylidene}carbamate (3_8_5)
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[00168] Trifluoroacetic acid (6 ml, 43.2 mmol) was added to a suspension of
compound 3_8 4 (7.4 g, 14.1 mmol) in acetonitrile (200 mL), and the mixture was
stirred for 30 minutes at room temperature. Di-fert-butyl [(Z)-1H-pyrazol-1-
ylmethylylidenelbiscarbamate (3.2 g, 10.8 mmol) was added and the mixture was
stirred for 15 hours at room temperature, concentrated and the residue was extracted
with ethyl acetate, washed with brine, filtered and concentrated to give a residue.
The residue was purified by chromatography to give compound 3_8_5 (3.82 g, 50 %

yield) as a solid.

[00169] 'H NMR (CDCL): & = 1.49 (s, 9H), 1.53 (s, 9H), 4.32 (¢, ] = 4.4 Hz,
2H), 4.57 (t, ] = 4.4 Hz, 2H), 6.78 (d, ] = 8.8 Hz, 2H), 7.45 (d, ] = 8.8 Hz, 2H), 7.84 (m,
oH), 7.75 (m, 2H), 10.18 (s, 1H), 11.63 (s, 1H).

Step S:tert-Butyl {({4-[2-(aminooxy)ethoxy]phenyllamino){(tert-butoxycarbonyl)am-~
ino] methylidene}carbamate (3_8_6)

[00170] Hydrazine hydrate (0.35 mL, 7.1 mmol) was added to a suspension
of compound 3_8_5 (3.82 g, 7.1 mmol) in ethanol (200 mL) and the mixture was
stirred at 35°C for 18 hours. The solid was removed by filtration and the filtrate was
concentrated to give a residue. The residue was purified by chromatography (1:1
ethyl acetate/hexanes) to give a crude product (3.1 g), which was washed with
dichloromethane and filtered. The filtrate was concentrated to give pure product
3.8 6(2.7 g, 97 % yield) as a white solid.

[00171] 'H NMR (CDCls): & = 1.49 (s, 9H), 1.53 (s, 9H), 4.01 (t, ] = 4.4 Hz,
2H), 4.14 (t, ] = 4.4 Hz, 2H), 5.54 (s, 2H), 6.89 (d, ] = 9.2 Hz, 2H), 7.49 (d, ] = 9.2 Hz,
2H), 10.19 (s, 1H), 11.64 (s, 1H).
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3.9 tért-Butyl {({4-[2-(aminooxy)propoxy]phenyljamino)[(tert-butoxycarb-

onylaminolmethylidenejcarbamate

H
N NHBoc
)
H N N L NBoc
o] [o]
398

[00172] Compound 3_9_6 was prepared using the procedure described above
for compound 3_8_6 using 1,3-dibromopropane instead of 1,2-dibromoethane in

step 1.

3.10 4-{[2-(Aminooxy)ethyljsulfanyl}jbenzenecarboximidamide

oN
] N
CN CN
AN OH S
| HS/\/,,, ﬁ /\( Phth-OH o K\S = NH,NH,
= HO = — e
F stap 1 \"/\S/\\/ step 2 N o step 3
3.10.1
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o
- NH

———

o o
o step 4 K\ S HC step 5 (\S
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(\s/©/ HCi, MeOH O O™, meon Ty
i

Step 1:4-[(2-Hydroxyethyl)sulfanyl]benzonitrile (3_10_2)

[00173] 2-Mercaptoethanol (4.10 g, 0.0525 mmol) and potassium carbonate
(7.25 g, 0.0525 mol) was added to a solution of 4-fluorobenzonitrile 3_10_1 (4.22 g,
0.035 mol) in acetonitrile (50 mL) and the mixture was stirred at room temperature

for 18 hours. The solid was removed by filtration and the filtrate was concentrated to
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give a residue, which was purified by column chromatography to give compound
3_10_2 (4.0 g, 64 % yield) as an oil.

[00174] 'H NMR (400 MHz, CDCls): § = 1.92 (t, J = 6.1 Hz, 1H), 3.22 (¢, | =
5.9 Hz, 2H), 3.86 (q, ] = 6.0 Hz, 2H), 7.38 (m, ] = 8.6 Hz, 2H), 7.55 (m, | = 8.2 Hz, 2H).

Step 2:4-{{2-(1,3-Dioxo-1,3-dihydro-2H-isoindol-2-yhethyl|sulfanylibenzonitrile
(3_10_3)

[00175] Triphenyl phosphine (5.85 g, 0.0223 mol) was added to a solution of
compound 3_10_2 (4.00 g, 0.0223 mol) and N-hydroxyphalimide (Phth.OH, 3.64 g,
0.223 mol) in tetrahydrofuran (100 mL), followed by diethyl azodicarboxylate (3.66
mL, 0.0223 mol) slowly over 20 minutes. The mixture was stirred at room tempera-
ture for 24 hours then concentrated to give a residue. The residue was purified by

column chromatography to afford compound 3_10_3 (4.6 g, 62 % yield).

[00176] 'H NMR (400 MHz, CDCly): § = 3.42 (s, 2H), 4.38 (s, 2H,), 7.41 (m, ]
= 8.2 Hz, 2H), 7.56 (m, ] = 8.2 Hz, 2H), 7.79 (d, J = 3.1 Hz, 2H), 7.85 (br s, 2H).

Step 3:4-{[2-(Aminooxy)ethyl]sulfanyl}benzonitrile (3_10_4)

[060177] Hydrazine (0.804 mL, 0.0256 mol) was added to a suspension of
compound 3_10_3 (4.6 g, 0.0256 mol) in ethanol (100 mL) and the mixture was
stirred at 45°C for 14 hours. The solid was removed by filtration and the filtrate was
concentrated. The residue was diluted with dichloromethane (20 mlL) and the solid
was removed by filtration. The filtrate was concentrated to give compound 3_10_4
(3.5 g, 70 % yield) as an oil.

[00178] 'H NMR (400 MHz, CDCly): 8 = 3.25 (t, ] = 6.6 Hz, 2H), 3.88 (1, ] =
6.6 Hz, 2H), 5.49 (br s., 2H), 7.37 (m, ] = 8.2 Hz, 2H), 7.54 (m, | = 8.6 Hz, 2H).
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Step 4:4-{[2-(Aminooxy)ethyl]sulfanyl}benzenecarboximidoate (3_10_5)

[060179] Hydrogen chloride gas was bubbled through a solution of compound
3.10_4 (3.5 g, 0.0180 mol) in dry methanol (100 mL) at 0 °C for 10 minutes. The
mixture was stirred at room temperature for 14 hours to give a suspension. The white

solid (3.0 g, 74 % yield, hydrochloride salt) was collected by filtration.

{00180] 'H NMR (400 MHz, MeOH-ds): § = 3.47 (s, 2H), 4.27-4.40 (m, SH),
7.57 (d,] = 9.0 Hz, 2H), 7.98 (d, J = 8.6 Hz, 2H).

Step 5:4-{[2-(Aminooxy)ethyl]sulfanyl}benzenecarboximidamide (3_10_6)

[00181] Ammonia (7N in methanol, 10 mL) was added to a solution of com-
pound 3_10_5 (3.0 g, 73.7 mo}) in dry methanol (20 mL) and the mixture was heated
at 50 °C for 2 hours. After removal of the solvent, the residue was purified by chro-
matography to give compound 3_10_6 (1.5 g, 54 % yield) as a solid.

[00182] 'H NMR (400 MHz, MeOH-ds): & = 3.32 (br s, 2H), 3.86 (s, 2H), 7.53
(m, ] = 8.6 Hz, 2H) 7.71 (m, J = 8.60 Hz, 2H).

3.11 4-[2-(Aminooxy)ethoxy]-N-(propan-2-yl)benzenecarboximidamide

i NH

[ Ry OMe NH

3.1.5 HN 3,116

{00183] Isopropylamine (2 mL) was added dropwise at 0°C to a suspension of
compound 3_1_5 (1 g 3.57 mmol) in methanol (10 mL) in a sealed tube and the
mixture was heated at 50°C for 16 hours. The solvent was removed under reduced
pressure and the residue was partitioned between water (50 mL) and ethyl acetate (50
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mi). The aqueous layer was lyophilized to give compound 3_11_6 (1.0 g, 75 % yield)

as a yellow foam.

3.12 4 [2-(Aminooxy)ethoxy}-N-methylbenzenecarboximidamide

NH

o)
HNT 3.12.6

[00184] Compound 3_12_6 was prepared using the procedure described

above for compound 3_11_6 using methylamine instead of isopropylamine.

3.13 4-2-(Aminooxy)ethoxy}-N-(2-hydroxyethyl)benzenecarboximidamide
NH
N /\\/OH
H
(e

0
HN 3 13_6

[00185] Compound 3_13_6 was prepared using the procedure described

above for compound 3_11_6 using 2-aminoethanol instead of isopropylamine.

3.14 2-{[{4-[2-(Aminooxy)ethoxy]phenyl}(imino)methyljaminolethyl formate

NH
OH

NH
| = ﬁ/\/ HCO,H /Ex/L}N{/\\/O\%O
o

- 4 T
’/\O/
QO

0
13
3-13-9 HNT 3147
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[00186] Compound 3_14_7 was prepared from compound 3_13_6 using a
standard literature reported formylation method using formic acid, see e.g. Chem.
Commun. 2007, (28), 2977-2979.

3.15 N-(2-(tert-Butoxycarbonylamino)ethyl)-4-[2-(aminooxy)ethoxy]benzene-

carboximidamide

{00187] Compound 3_15_6 was prepared using the procedure described
above for compound 3_11_6 using tert-butyl 2-aminoethylcarbamate instead of

isopropylamine.

3.16 4-[2-(Aminooxy)ethoxy]-N-(3-(tert-butoxycarbonylamino)propyl)benzene-

carboximidamide

[00188] Compound 3_16_6 was prepared using the procedure described
above for compound 3_11_6 using tert-butyl 2Z-aminopropylcarbamate instead of

isopropylamine.
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3.17 4-[2-(Aminooxy)ethoxy]-N-(pyridin-2-ylmethyl)benzenecarboximidamide

N NH
N
o C
| )
0
HNT 3.17.6 =

[00189] Compound 3_17_6 was prepared using the procedure described
above for compound 3_11_6 using 2-aminomethyl pyridine instead of isopropyla-

mine,

3.18 1-{4-[2-(Aminooxy)ethoxy]phenyl}-1-{4-(tert-butoxycarbonylpiperazin-1-

yl}imethanimine

H,N 3_18_6

[00190] Compound 3_18_6 was prepared using the procedure described
above for compound 3_11_6 using N-Boc protected piperizane instead of isopropyl-

amine,

3.19  4-[2-(Aminooxy)ethoxy}-N-[2-(dimethylamino)ethyl]benzenecarboximid-

r
@N““\
H
o
o

HN 3.19.8

amide
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[00191] Compound 3_19_6 was prepared using the procedure described
above for compound 3_11_6 using 2-(N,N-dimethylamino)ethylamine instead of

isopropylamine.

3.20 N-[{4-[2-(Aminooxy)ethoxy]phenyl}(imino)methyliglycine

NH
Ny N Scom
] ! H 2
Pz
("
0
HNT 3.20_6

[00192] Compound 3_20_6 was prepared using the procedure described

above for compound 3_11_6 using amino acetic acid instead of isopropylamine.

3.21 4-[2-(Aminooxy)ethoxy]-N-(1,3-di(tert-butoxycarbonylamino)propan-2-

yDbenzenecarboximidamide

NHBoc

NH
NHBoc
N

H

H,N 3.21.6

[00193] Compound 3_21_6 was prepared using the procedure described
above for compound 3_11.6 wusing di-tert-butyl (2-aminopropane-1,3-

diyl)biscarbamate instead of isopropylamine.
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3.22 N-(1-(tert-butoxycarbonylamino)-3-hydroxypropan-2-yl)-4-[2-(amino-

oxy)ethoxylbenzenecarboximidamide
NH
SN l ~NHBoc

3226

[00194] Compound 3_22_6 was prepared using the procedure described
above for compound 3_11_6 using tert-butyl (2-amino-3-{[tert-

butyl(dimethyl)silyl]oxy}propyl)carbamate instead of isopropylamine.

3.23 4-(2-Aminooxy-ethoxy)-N-hydroxy-benzamidine

N 'Ei
b NH,OH HCI N O
/\ o =

H.N -~ 314 !
2 -~

0
HN 3235

[00195] Hydroxylamine hydrogen chloride (1.36 g, 19.6 mmol) was added to
a mixture of compound 3_1_4 (1 g, 5.61 mmol) and sodium carbonate (1.07 g,
10.1 mmol) in ethanol / water (3 mL : 23 mlL). The reaction mixture was stirred at
room temperature for 72 hours, diluted with brine (40 mlL), extracted into ethyl
acetate (3 x 100 ml) and the combined organic extracts were washed with water,
dried over anhydrous sodium sulfate and evaporated. The residue was triturated with
dichloromethane, filtered, rinsed with dichloromethane and dried in vacuum to give

compound 3_23_5 (0.3 g, 25 % yield) as a white powder.

[00196] 'H NMR (400 MHz, DMSO-ds): & = 3.82 (br s, 2H), 4.11 (br 5, 2H),
5.69 (s, 2H), 6.08 (s, 2H), 6.91 (d, ] = 8.99 Hz, 2H), 7.57 (4, J = 8.99 Hz, 2H), 9.42 (s,
1H).
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[00197] MS: m/z (BS*, %) 212 (M+H, 100), 179 (5), 153 (10), 124 (15), 103
(25).

3.24 4-[(Aminooxy)methyllbenzenecarboximidamide

o CN
PhthOH o oN
PPh,, DEAD, THF 0 NH,-NH, ©/
HO — N —_— !
0
HZN/ \\/ /

step 1 step 2
3,241 o 3.24 2 3.24 3
E\;H l;\lH
i !
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il | = oMe ") | Xy ANHQ
step 3 o P step 4 o >
HNT HNT '
3 .24 4 324 5

Step 1:4-{[(1,3-Dioxo-1,3-dihydro-ZH-isoindol-2-yloxylmethylibenzonitrile (3_24_2)

[00198] N-Hydroxyphthalimide (PhthOH, 7.12 g, 55 mmol), triphenyl-
phosphine (14.41 g, 55 mmol) and diethyl azodicarboxylate (DEAD, 9 mL, 55 mmol)
were slowly added to a solution of 4-hydroxymethyl benzonitrile 3_24 1 (8.15 g, 50
mmol) in tetrahydrofuran (100 mL). The mixture was stirred at room temperature for
15 hours. The solid was collected by filtration, washed with tetrahydrofuran and
dried to give compound 3_24_2 (10 g, 72 % yield) as a solid.

Step 2:4-[(Aminooxy)methyljbenzonitrile (3_24_3)

[00199] Hydrazine hydrate (0.336 g, 6.2 mmol) was added to a suspension of
compound 3_24 2 (1.55 g, 5.6 mmol) in ethanol (20 mL) and the mixture was stirred
at room temperature for 15 hours. The solid was removed by filtration and the

filtrate was concentrated. The residue was diluted with dichloromethane (30 mL), the
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solid was removed by filtration and the filtrate was concentrated to give compound
3_24 3 (0.88 g, 100 % yield) as a solid.

Step 3:Methyl 4-[(aminooxy)methyljbenzenecarboximidoate (3_24_4)

[00200] Hydrogen chloride gas was bubbled through a solution of compound
3.24_3 (0.88 g, 5.6 mmol) in methanol (30 mL) at 0 °C for 5 minutes and the mix-
ture was stirred at room temperature for 20 hours. The solid was collected by filtra-
tion, washed with methanol and dried to give compound 3_24_4 (0.54 g, 38 % yield)

as a white solid.

Step 4:4-[(Aminooxy)methyljbenzenecarboximidamide (3_24_5)

[00201] Compound 3.24_4 (0.54 g, 2.13 mmol) in methano! (5 ml) was
added slowly to a solution of ammonia (7N in methanol, 7 mL, 21 mmol) in metha-
nol (10 mL) and the mixture was stirred at room temperature for 18 hours. After
removal of the solvent, the residue was diluted with dichloromethane (30 mL), and
the solid was collected by filtration to give compound 3_24_5 (0.42 g, 83 % vyield) as

a white solid.

3.25 4-{[2-(Aminooxy)ethyllamino}benzenecarboximidamide

.CN
[ AN
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f N PHROH  q (\N NH,NH,
P S T /\\ o H B
£ step 1 O step 2 -0 step 3
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HNT HZN 3256
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Step 1:4-[(2-Hydroxyethyl)amino]benzonitrile (3_25_2)

[00202] 2-Aminoethanol (3.0 mL, 49.48 mmol) and potassium carbonate
(6.84 g, 49.48 mmol) were added to a solution of 4-fluorobenzonitrile 3_25_1 (5.0 g,
41.24 mmol} in dimethyl sulfoxide (30 mL). The mixture was stirred at 100°C for 18
hours, poured onto ice-water (100 mL) and extracted with ethyl acetate (3 x 100 mL).
The combined extracts were washed with brine (50 ml), dried over magnesium
sulfate, and concentrated to give a residue which was purified by column chromatog-

raphy to give compound 3_25_2 (3.0 g, 45 % yield) as an oil.

[00203] 'H NMR (400 MHz, CDCls): 6 = 1.80 (t, ] = 5.3 Hz, 1H), 3.34 (g, ] =
5.5 Hz, 2H), 3.87 (q, ] = 5.2 Hz, 2H), 4.61 (br s., 1H), 6.60 (d, J = 8.6 Hz, 2H), 7.42 (4, ]
= 8.6 Hz, 2H).

Step 2:4-({2-[(1,3-Dioxo-1,3-dihydro-2H-isoindol-2-yl)oxylethyljamino)benzonitrile
(3_25_3)

[00204] Triphenylphosphine (1.61 g, 6.16 mmol) was added to a solution of
compound 3_25_2 (1.00 g, 6.16 mmol) and N-hydroxyphthalimide (Phth-OH, 1.05
g, 6.16 mmol) in tetrahydrofuran (100 mL), followed by the slow addition of diethyl
azodicarboxylate (1.02 mL, 6.16 mmol) over 20 minutes. The mixture was stirred at
room temperature for 24 hours and concentrated to yield a residue which was puri-

fied by column chromatography to afford compound 3_25_3 (1.1 g, 58 % yield).

[00205] 'H NMR (400 MHz, DMSO-ds): & = 3.50 (d, = 5.5 Hz, 2H), 4.29 (t, ] =
5.47 Hz, 2H), 6.71 (d, ] = 8.6 Hz, 2H), 6.79 (s, 1H), 7.47 (d, ] = 8.6 Hz, 2H), 7.86 (s,
4H).

Step 3:4-{[2-(Aminooxy)ethyllamino}benzonitrile (3_25_4)
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[00206] Hydrazine hydrate (0.255 mL, 10.90 mmol) was added to a suspen-
sion of compound 3_25_3 (3.35 g, 10.90 mmol) in ethanol (80 mL) and the mixture
was stirred at 45°C for 14 hours. The solid was removed by filtration and the filtrate
was concentrated. The residue was diluted with dichloromethane (20 mL). The solid
was removed by filtration and the filtrate was concentrated to give compound
3_25_4 (1.9 g, 97 % yield) as an oil.

[00207] 'H NMR (400 MHz, DMSO-de): & = 3.27 (d, ] = 5.7 Hz, 2H), 3.58-3.71
(m, 2H), 6.04 (s, 2H), 6.66 (d, ] = 8. Hz, 3H), 7.43 (d, ] = 8.9 Hz, 2H).

Step 4:4-{{2-(Aminooxy)ethyllamino}benzenecarboximidoate (3_25_5)

[00208] Hydrogen chloride gas was bubbled through a solution of compound
3_25_4 (1.9 g, 10.72 mmol) in dry methanol (50 mL) at 0 °C for 10 minutes. The
mixture was stirred at room temperature for 14 hours to give compound 3_25_5 asa

white solid (1.0 g, 45 % yield, hydrochloride salt) which was collected by filtration.

[00209] 'H NMR (400 MHz, MeOH-ds): 3 = 3.60 (s, 2H), 4.18-4.30 (m, SH),
6.79 (d, ] = 8.9 Hz, 2H), 7.86 (d, ] = 8.9 Hz, 2H).

Step 5:4-{[2-(Aminooxy)ethyl]lamino}benzenecarboximidamide (3_25_6)

f00210] Ammonia (7N in methanol, 5 mL) was added to a solution of com-
pound 3_25_5 (1.0 g, 4.78 mmol) in dry methanol (10 mL) and the mixture was
heated at 50°C for 2 hours. After removal of the solvent, the obtained product
(930 mg, 100 % yield) was used without further purification.

{00211] 'H NMR (400 MHz, MeOH-d¢): 5 = 3.40 (t, ] = 5.5 Hz, 2H), 3.82 (, ]
= 5.5 Hz, 2H), 6.74 (d, ] = 9.0 Hz, 2H), 7.61 (d, ] = 8.6 Hz, 2H).
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3.26 5-{[2-(Aminooxy)ethoxyjmethyl}ithiophene-3-carboximidamide
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Step 1:(4-Bromothiophen-2-yhmethanol (3_26_2):

[00212] Sodium borohydride (5.20 g, 0.137 mol) was added to a solution of
4-promo-thiophene-2-carbaldehyde 3_26_1 (25.0 g, 0.131 mol) in anhydrous tetra-
hydrofuran (400 mlL) at room temperature and the resulting mixture was stirred at
room temperature for 1.5 hours. The reaction was quenched by carefully adding a
saturated ammonium chloride solution (100 mL) at room temperature. The mixture
was extracted into ethyl acetate and the extract was washed with brine, dried over
sodium sulfate, and concentrated to give the product (25.02 g, 99% yield) which was

used in the next step without further purification.

[00213] 'H NMR (400 MHz, CDCls): 8 = 1.93 (br. 5., 1H), 4.79 (s, 2H), 6.93 (s,
1H), 7.18 (d, ] = 1.5 Hz, 1H).

Step 2:5-(Hydroxymethyl)thiophene-3-carbonitrile (3_26_3)

[00214] Zinc cyanide (15.2 g, 0.129 mmol) was added to a solution of (4-
bromo-thiophen-2-yl)}-methanol 3_26_2 (25.0 g, 0.129 mol) in N,N-dimethylform-
amide (150 mlL). After degassing for 10 minutes, tetrakis(triphenylphosphine)-
palladium(0) (7.48g, 6.47 mmol) was added and the reaction mixture was stirred at

80°C for 4 hours. After cooling to room temperature, the mixture was filtered and the
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filtrate was concentrated to dryness. The residue was purified by column chromatog-

raphy to give the desired product (13.67 g, 76 % yield).

[00215] TH NMR (400 MHz, CDCL): § = 1.98 (t, 1H), 4.86 (d, ] = 6.1 Hz, 2H),
7.17 (d, ] = 1.2 Hz, 1H), 7.88 (d, ] = 1.2 Hz, 1H).

Step 3:5-(Bromomethylthiophene-3-carbonitrile (3_26_4)

[00216] Triphenylphosphine (9.9 g, 37.7 munol) and carbon tetrabromide
(12.59 g, 37.7 mmol) were added to a solution of S-hydroxymethyl-thiophene-3-
carbonitrile 3_26_3 (5.0 g, 35.9 mmol) in tetrahydrofuran (150 mL), at room temper-
ature. After stirring for 4 hours, the mixture was concentrated to dryness. The residue
was purified by column chromatography to give the desired product (4.85 g, 67 %

yield) as a colorless oil.

Step 4:5-[(2-Hydroxyethoxy)methyljthiophene-3-carbonitrile (3_26_5)

[00217] Sodium (0.824 g, 35.8 mmol) was added to a solution of ethylene
glycol (14.8 g, 0.239 mol) in tetrahydrofuran (20 mL) at room temperature. After all
the sodium was consumed, 5-bromomethyl-thiophene-3-carbonitrile 3_26_4 (4.83 g,
23.9 mmol) in tetrahydrofuran (20 mL) was added at -10°C and the reaction mixture
was stirred at room temperature for 9.5 hours. The reaction mixture was neutralized
to pH 7 using diluted hydrochloric acid at 0°C and the mixture was extracted with
ethyl acetate and the extract was washed with brine, dried over sodium sulfate and

concentrated to dryness to give the product (4.12 g, 9 % yield) as a colorless oil.

[00218] 'H NMR (400 MHz, CDClg): § = 1.90 (t, 1H), 3.58 - 3.65 (m, 2H), 3.73
- 3.88 (m, 2H), 4.62 - 4.81 (m, 2H), 7.18 (d, ] = 1.2 Hz, 1H), 7.90 (d, ] = 1.5 Hz, 1H).

[00219] MS (ES*) m/z: [M+H]* caled for CsHioNO2S: 184.23. Found: 184.93.



WO 2013/110643 PCT/EP2013/651217

81

[00220] Following the procedures as described under 3_24 and using 5-(2-
hydroxy-ethoxymethyl)-thiophene-3-carbonitrile (3_26_5) in place of 4-hydroxy-
methyl benzonitrile (3_24_1), compound 3_26_6 was prepared.

3.27 5-[(Aminooxyymethyljthiophene-3-carboximidamide

HN
./CN P NH,
5’“\\ as for 3_24 - {
i by e f
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T ORNTT YT s
3.26.3

3.27_6

[00221] Following the procedures as described under 3_24 and using 5-
(hydroxymethyl)-thiophene-3-carbonitrile (3_26_3) in place of 4-hydroxymethyl
benzonitrile (3_24_1), compound 3_27_6 was prepared.

3.28 3-Amino-4-(2-aminooxy-ethoxy)-benzamidine
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Step 1:4-(2-Hydroxy-ethoxy)-3-nitro-benzonitrile (3_28_2)

[00222] Sodium (1.038 g, 45.2 mmol) was added to a mixture of ethylene
glycol (28.03 g, 0.451 mol) in tetrahydrofuran (20 mL) at room temperature. After all
sodium was consumed, 4-fluoro-3-nitro-benzonitrile 3_28_1 (5.0 g, 30.1 mmol) in
tetrahydrofuran (10 mL) was added at -10°C and the reaction mixture was stirred at
room temperature for 3 hours. The reaction mixture was quenched by adding ice-
water and neutralized to pH 7 using dilute hydrochloric acid at 0°C. The mixture was
extracted with ethyl acetate and the extract was washed with brine, dried over
sodium sulfate and concentrated to dryness. The residue was purified by crystalliza-
tion from ethyl acetate/hexanes to give the desired product (4.45 g, 71 % yield) as a
light yellow solid.

[00223] 'H NMR (400 MHz, DMSO-dg): & = 3.60-3.79 (m, 2H), 4.17-4.37 (m,
2H), 4.94 (t, ] = 5.3 Hz, 1H), 7.56 (d, ] = 8.8 Hz, 1H), 8.09 (dd, ] = 8.9, 2.2 Hz, 1H),
8.45 (d, J = 2.0 Hz, 1H).

[00224] MS (ES) m/z: [M-H] calcd for CoH;N204: 207.18. Found: 206.90.

Step 2:3-Amino-4-(2-hydroxy-ethoxy)-benzonitrile (3_28_3)

[00225] Palladium on charcoal (10 %, 0.4g) was added to a solution of 4-(2-
hydroxy-ethoxy)-3-nitro-benzonitrile 3_28 2 (2.7 g, 12.97 mmol) in ethanol (40 mL)
and tetrahydrofuran (40 mL). The mixture was hydrogenated on a Parr Shaker
apparatus at room temperature for 3 hours. After filtration, the filtrate was concen-
trated and the residue was purified by flash column chromatography to give the
desired product (1.50 g, 65 % yield) as a white solid.

[00226] 'H NMR (400 MHz, DMSO-de): § = 3.71 (m, 2H), 3.98 (t, ] = 4.7 Hz,
2H), 4.93 (t, ] = 6.3 Hz, 1H), 5.30 (s, 2H), 6.77 - 6.98 (m, 3H).
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[00227] MS (ES*) m/z: [M+H]* caled for CoH1iN;O,: 179.19. Found: 178.99.

Step 3:3-Amino-4-{2-(1,3-dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy]-benzonitrile
(3.28_4)

[00228] N-Hydroxyphthalimide (Phth-OH, 1.44 g, 8.83 mmol) and triphe-
nylphosphine (2.53 g, 9.63 mmol) were added to a solution of 3-amino-4-(2-hydroxy-
ethoxy)-benzonitrile 3_28_3 (1.43 g, 8.02 mmol) in anhydrous tetrahydrofuran (40
mlL) at room temperature. Diethyl azodicarboxylate (1.68 g, 9.63 mmol) was added
dropwise to the resulting solution at 20°C and the resulting mixture was stirred at
room temperature overnight. After the evaporation of the tetrahydrofuran, the
residue was dissolved in acetone (25 mlL) and diluted with hexanes (33 mL). The
white precipitate was collected and washed with a miminum amount of acetone to

give the desired product (1.91 g, 74 % yield) as a white solid.

[00229] 'H NMR (400 MHz, DMSO-de): § = 4.34 (m, 2H), 4.54 (ddd, ] = 3.9,
2.2,2.0 Hz, 2H), 5.21 (5, 2H), 6.83 - 7.03 (m, 3H), 7.86 (s, 4H).

Step 4:3-Amino-4-(2-aminooxy-ethoxy)-benzonitrile (3_28_5)

[00230] Hydrazine monohydrate (0.338 g, 6.76 mmol) was added to a solu-
tion of 3-amino-4-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy}-benzonitrile
3_28_4 (1.90 g, 5.88 mmol) in anhydrous ethanol {15 ml) and tetrahydrofuran (30
mL) at 0°C and the resulting mixture was stirred at room temperature for 6.5 hours.
After concentration, the residue was stirred with ether (40 mL) for 1 hour and fil-
tered. The filtrate was concentrated to give crude compound 3_28_5 (1.31 g, crude)

as a white solid.

[00231] 'H NMR (400 MHz, DMSO-dq): 5 = 3.77-3.91 (m, 2H), 4.12-4.22 (m,
2H), 5.13 (5, 2H), 6.09 (br s., 2H), 6.82-7.00 (m, 3H).
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Step 5:3-Amino-4-(2-aminooxy-ethoxy)-benzimidic acid methyl ester dihydrochloric
acid salt (3_28_6)

[00232] Hydrogen chloride gas was introduced into a solution of 3-amino-4-
(2-aminooxy-ethoxy)-benzonitrile 3_28_5 (1.30 g, 6.73 mmol) in anhydrous metha-
nol (200 mlL) at 0°C for 15 minutes and the resulting mixture was stirred at room
temperature overnight. After concentration, the residue was stirred with ether
(60 mL) for 0.5 hour and the precipitate was collected and dried to give the desired
product (1.33 g, 66 % yield) as a white solid.

[00233] 'H NMR (400 MHz, DMSO-de): & = 4.23 (s, 3H), 4.34-4.51 (m, 8H),
7.12 (d,] = 8.8 Hz, 1H), 7.43 (d, ] = 1.5 Hz, 1H), 7.61 (br s., LH), 8.05 (br s., 1H).

Step 6:3-Amino-4-(2-aminooxy-ethoxy)-benzamidine (3_28_7)

[00234] Ammonia (7N in methanol, 9.6 mL, 66.9 mol) was added to a sus-
pension of 3-amino-4-(2-aminooxy-ethoxy)-benzimidic acid methyl ester dihydro-
chloric acid salt 3_28_6 (1.33 g, 4.46 mmol) in anhydrous methanol (35 mL) at 0°C
and the resulting mixture was stirred at 50 °C for 3 hours. After concentration, the
residue was stirred with ethanol for 1 hour. After filtration, the filtrate was concen-
trated to dryness to afford the desired product (1.2 g, >100% yield) as a white solid,

which was used without further purification.
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3.29 4-2-(Aminooxy)ethoxy]-3-(hydroxymethyl)benzenecarboximidamide

step‘i Br
\//\o

step 2
3,_29,,,1 3 28 2 3.29 3
O WH
NaBH, CN as for 3.1 i NH,
step3  BI\_\ U (\ N
3.29 4 -0 " 3_29 5

H,N

Step 1:3-Formyl-4-hydroxybenzonitrile (3_29_2)

[00235] Hexamethylenetetramine (HMTA, 117.6 g, 840 mmol) was added to
a cooled (0°C) solution of 4-cyanophenol 3_29_1 (50 g, 420 mmol) in trifluoroacetic
acid (TFA, 340 mL). After the addition, the mixture was heated at 100°C for 16 hours,
cooled to room temperature, quenched with 50 % sulfuric acid (210 mL) and water
(1260 mlL), extracted with ethyl acetate, dried and concentrated. The residue was
purified by chromatography to give compound 3_29_2 (12 g, 19 % vyield) as an off-

white solid.
Step 2:4-(2-Bromoethoxy)-3-formylbenzonitrile (3_29_3)

{00236] A mixture of compound 3_29_2 (0.5 g, 3.4 mmol), 1,2-dibromo-
ethane (0.85 mlL, 10.20 mmol) and K:COs (2.35 g, 17 mmol) in acetonitrile was
refluxed for 2 h, cooled to RT, filtered and concentrated. The residue was purified by

chromatography to give compound 3_29_3 (650 mg, 76 % yield) as a colorless oil.

Step 3:4-(2-Bromoethoxy)-3-(hydroxymethyl)benzonitrile (3_29_4)
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[00237] Sodium borohydride (67 mg, 1.77 mmol) was added in portions to a
cooled (0°C) solution of compound 3_29_3 (224 mg, 0.89 mmol) in methanol (5
ml). After the addition, the mixture was stirred at 0°C for 40 minutes, quenched
with a saturated ammonium chloride solution, diluted with ethyl acetate (30 mL),
washed with water (5 mL), dried over sodium sulfate and concentrated to give
compound 3_29_4 (170 mg, 75 % yield) as a gum.

{00238} Following the procedures as described under 3_1 and using 4-(2-
bromoethoxy)-3-(hydroxymethyl)benzonitrile (3_29_4) instead of 4-(2-bromoeth-
oxy)benzonitrile (3_1_2), compound 3_29_5 was prepared.

3.30 tert-Butyl [{6-2-(aminooxy)ethoxylpyridazin-3-yl}{(imino)methyljcarbamate

f[\lH NH
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Step 1:6-(2-Hydroxyethoxy)pyridazine-3-carboximidic acid 2-hydroxy-ethyl ester
(3_30_2)

[00239] Sodium (0.593 g, 0.0258 mmol) was added to a flask containing eth-
ylene glycol (13.34 g, 0.215 mol) at 0°C. After all sodium was consumed, 6-fluoro-
pyridazine-3-carbonitrile 3_30_1 (3.0 g, 0.0215 mmol) in tetrahydrofuran (10 ml)
was added at 0°C and the reaction mixture was stirred at room temperature over-
night. The reaction mixture was filtered and the filter cake was washed with cold
tetrahydrofuran and dried to atford the desired product 3_30_2 (4.32 g, 88 % vield)

as a white solid.

{00240] 'H NMR (400 MHz, DMSO-ds): & = 3.65-3.86 (m, 4H), 4.23-4.34 (m,
2H), 4.47 - 4.57 (m, 2H), 4.82-5.03 (m, 2H), 7.37 (d, | = 9.0 Hz, 1H), 8.04 (d, ] = 9.0
Hz, 1H), 9.23 (s, 1H).

[00241] MS (ES*) m/z: [M+H]* calcd for CoH1aN304: 228,22, Found: 228.07.

Step 2:6-(2-Hydroxyethoxy)pyridazine-3-carboxamidine (3_30_3)

[00242] Ammonium chloride (0.899 g, 16.8 mmol) was added to a mixture
of 6-(2-hydroxy-ethoxy)-pyridazine-3-carboximidic acid 2-hydroxy-ethyl ester
3.30_2 (3.185 g, 14.0 mmol} in methanol (120 mL). The mixture was refluxed
overnight and then concentrated to dryness. The residue was dissolved in water,
neutratized to pH 9 using a saturated sodium bicarbonate solution and lyophitized to
give the crude product. The material was purified by flash column chromatography

to give the desired product (2.1 g, 82 % yield) as a white solid.

[00243] 'H NMR (400 MHz, DMSO-dy): § = 3.78 (m, 2H), 4.41 - 4.57 (m, 2H),
4.88-4.99 (m, 1H), 6.87 (br. s., 3H), 7.29 (d, ] = 9.1 Hz, 1H), 8.24 (d, ] = 9.4 Hz, 1H).
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Step 3:tert-Butyl {{6-(2-hydroxyethoxy)pyridazin-3-yl](imino)ymethyljcarbamate
(3_30_4)

[00244] A saturated sodium bicarbonate solution (8 mL) and a solution of di-
tert-butyldicarbonate (BOC,0, 2.753 g, 12.6 mmol) in 1,4-dioxane (10 mL) were
added to a solution of 6-(2-hydroxy-ethoxy)-pyridazine-3-cartboxamidine 3_30_3
(1.915 g, 10.5 mmol) in water (10 mL) at room temperature. After stirring at room
temperature overnight, more di-tert-butyldicarbonate {1.0 g was added and the
mixture was stirred for another 16 hours. The resulting mixture was concentrated
and the white solid was collected, washed with water and dried to give the desired
product (1.29 g, 44 % yield) as an off-white solid.

[00245] 'H NMR (400 MHz, DMSO-dg): & = 1.45 (s, 9H), 3.68 - 3.89 (m, 2H),
4.41 - 4.61 (m, 2H), 4.95 (t, ] = 5.4 Hz, 1H), 7.32 (d, ] = 9.4 Hz, 1H), 8.22 (d, ] = 9.1
Hz, 1H), 9.03 (br s., 2H).

[00246] MS (ES*) m/z: [M+H]* calcd for CiaHoNsQ4: 283.30 Found: 283.25.

Step 4:tert-Butyl  [(6-{2-[(1,3-dioxo0-1,3-dihydro-2H-isoindol-2-yl)oxylethoxy}pyrid-
azin-3-yl)(imino) methyljcarbamate (3_30_5)

[00247] N-Hydroxyphthalimide (Phth-OH, 0.814 g, 4.99 mmol) and
triphenylphosphine (1.427 g, 5.44 mumol) were added to a solution of {[6-(2-hydroxy-
ethoxy)-pyridazin-3-ylJ-imino-methyl}-carbamic acid tert-butyl ester 3_30_4 (1.28 g,
4.53 mmol) in anhydrous tetrahydrofuran (40 ml) at room temperature and a
solution of diethyl azodicarboxylate (0.948 g, 5.44 mmol) in tetrahydrofuran (20 mL)
was added dropwise to the resulting solution at 20°C. The resulting mixture was
stirred at room temperature for 2 hours. After evaporation of half of the tetrahydrofu-
ran, the white precipitate was collected, washed with a small volume of cold tetrahy-
drofuran and dried to afford the product 3_30_5 (1.412 g, 73 % yield) as a white

solid.
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{00248] 'H NMR (400 MHz, DMSO-ds): 8 = 1.53 (s, 9H), 4.50 - 4.66 (m, 2H),
4.73-4.89 (m, 2H), 7.29 (d, ] = 9.1 Hz, 1H), 7.86 (5, 4H), 8.23 (d, ] = 9.1 Hz, 1H), 9.03
(brs., 2H).

[00249] MS (ES*) m/z: [M+H]* caled for CooH2NsOg: 428.42. Found: 428.22.

Step S:tert-Butyl  [{6-[2-(aminooxy)ethoxy]pyridazin-3-yl}(imino)methyl|carbamate
(3_30_6)

[00250] Hydrazine monohydrate (0.178 g, 3.55 mmol) was added to a solu-
tion of ({6-{2-(1,3-dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy]-pyridazin-3-yl}-imino-
methyl}-carbamic acid tert-butyl ester 3_30_5 (1.381 g, 3.23 mmol) in anhydrous
ethanol (20 mL) and tetrahydrofuran (20 mL) at 0°C and the resulting mixture was
stirred at room temperature for 2.5 hours. After concentration, the residue was
purified by flash column chromatography to give compound 3_30_6 (0.960 g, 100
%) as a white solid,

[00251] 'H NMR (400 MHz, DMSO-dg): & = 1.44 (s, 9H), 3.80-3.96 (m, 2H),
4.58-4.70 (m, 2H), 6.12 (s, 2H), 7.31 (d, J = 9.4 Hz, 1H), 8.19 (d, ] = 9.1 Hz, 1H).

[00252] MS (ES*) m/z: [M+H]* calcd for CioHzoNsO4: 298.32. Found: 298.27.

3.31 tert-Butyl [{5-[2-(Aminooxy)ethoxy]pyrazine-2-yi}(imino)methyljcarb-

amafe
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N CN N
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[00253] Using the procedure as described under 3.30 but using S-chloro-
pyrazine-2-carbonitrile (3_31_1) instead of 6-fluoro-pyridazine-3-carbonitrile
(3_30_1), compound 3_31_6 was prepared.

3.32 5-[2-(Aminooxy)ethoxy]pyridine-2-carboximidamide

0 t AN
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Step 1:5-[2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy}-pyridine-2-carbonitrile
(3_32_2)

[00254] Triphenylphosphine (4.36 g, 16.65 mmol) was added to a solution of
N-(2-hydroxyethoxy)phthalimide (3.45 g, 16.65mmol) and 2-cyano-5-hydroxy-
pyridine 3_32_1 (2.0 g, 16.65 mmol} in tetrahydrofuran (200 mL), followed by the
slow addition of diethyl azodicarboxylate (2.73 mlL, 16.65 mmol) over 20 minutes
and the mixture was stirred at room temperature for 24 hours. After removal of the
solvent, the residue was purified by crystallization from tetrahvdrofuran to afford
compound 3_32_2 (3.0 g, 58 % yield).
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[00255] 'H NMR (400 MHz, DMSO-ds): & = 4.51 (dd, J = 17.5, 5.7 Hz, 4H),
7.60 (dd, J = 8.9, 2.9 Hz, 1H), 7.87 (s, 4H), 8.02 (d, J = 8.9 Hz, 1H), 8.39 (d, ] = 2.9 Hz,
1H).

Step 2:5-(2-Aminooxy-ethoxy)-pyridine-2-carbonitrile (3_32_3)

{00256] Hydrazine hydrate (0.310 mlL, 9.69 mmol) was added to a suspen-
sion of compound 3_32_2 (3.0 g, 9.69 mmol) in ethanol (100 mL) and the mixture
was stirred at 45°C for 14 hours. The solid was removed by filtration and the filtrate
was concentrated. The residue was diluted with dichloromethane (20 mL), the solid
was removed by filtration and the filtrate was concentrated to give compound
3.32_3(1.3 g 75 % yield) as an oil.

[00257] 'H NMR (400 MHz, DMSO-dq): 6 = 3.80-3.90 (m, 2H), 4.24-4.34 (m,
2H), 6.13 (s, 2H), 7.61 (dd, ] = 8.7, 3.0 Hz, 1H), 8.00 (d, J = 8.6 Hz, 1H), 8.45 (d, ] =
2.5 Hz, 1H).

Step 3:5-(2-Aminooxy-ethoxy)-pyridine-2-carboximidic acid methyl ester (3_32_4)

[00258] Sodium methoxide (23 mg, 0.418 mmol) was added to a solution of
compound 3_32_3 (150 mg, 0.837 mmol) in 5 mL of dry MeOH. The mixture was
stirred at room temperature for 16 hours, and the solvent was evaporated to give
compound 3_32_4 as a white solid (0.176 mg, 100 % yield).

{00259] 'H NMR (400 MHz, MeOH-d4): § = 3.94 (5, 3 H), 3.93-4.03 (m, 2H),
4.19-4.38 {m, ZH), 7.45 (dd, ] = 8.6, 2.74Hz, 1H),7.84 (d, ] = 8.6 Hz, 1H), 8.35(d, ] =
2.7 Hz, 1H).
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Step 4:5-(2-Aminooxy-ethoxy)-pyridine-2-carboxamidine (3_32_5)

[00260] Ammonium chloride (31 mg, 0.568 mmol) was added to a solution
of 3_32_4 (100 mg, 0.437 mmol) in methanol (5 ml) and the mixture was stirred at
room temperature for 6 hours. After the removal of the solvent, the residue was
washed with tert-butyl methyl ether (10 ml), and stirred with ammonia (6N in
methanol, 1 mL) for 1 hour. The solvents were then evaporated to give compound
3.32_5 (0.10 g, crude) as a solid.

[00261] H NMR (400 MHz, DMSO-de): § = 4.31 (b. 5., 2H), 4.35-4.43 (m, H),
6.01 (br. s., 2H), 7.42-7.51 (m, 1H), 7.74-7.82 (m, 1H), 8.30 (br s., 1H).

3.33 tert-Butyl (2-{[{5-[2-(aminooxy)ethoxy]pyridin-2-yl}{imino)methyl}-

aminojethylcarbamate
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[00262] Foliowing the procedure described under 3.32 but using N-Boc-

diethylamine instead of ammonium chloride compound 3_33_5 was prepared.

3.34 6-[2-(Aminooxy)ethoxylpyridine-3-carboximidamide

NH
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[00263] Following the procedure described under 3.32 but using 5-cyano-2-
hydroxypyridine instead of 2-cyano-5-hydroxypyridine (3_32_1) compound 3_34_5

was prepared.

3.35 tert-Butyl  2-[{5-[2-(aminooxy)ethoxy]phenyll(imino)methylilhydrazine-

carboxylate
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<: g 6 P NHBoc  HN-NH, N l?li-l

i > [ |
; o NHBoC
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Step 1:4-Hydroxy benzenecarboximidoate (3_35_2)

[00264] A suspension of 4-cyanophenol 3_35_1 (20.0 g, 167.9 mmol) in
methanol (300 mL) was cooled to 0°C and a stream of hydrogen chloride gas was
passed through until the solution became saturated. The reaction mixture was stirred
overnight at room temperature and the solid was collected by filtration to obtain
compound 3_35_2 (28.6 g, 90 % yield, hydrochloride salt) as a white solid.

[00265] 'H NMR (400 MHz, DMSO-ds): & = 4.22 (s, 3H), 6.99 (d, ] = 8.6 Hz,
2H), 8.02 (d, ] = 9.0 Hz, 2H), 11.18 (brs, 1H), 11.68 (br s, 1H).

[00266] MS (ES*) m/z: [M+H]* caled for CeH1oNO2: 152,07; found: 152.13.
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Step 2:tert-Butyl 2-[(5-hydroxyphenyl)(imino)methyl]hydrazinecarboxylate (3_35_3)

[00267] Triethylamine (5.42 g, 53.3 mmol) was added to a suspension of
compound 3_35_Z (10.0 g, 53.3 mmol) in methanol (200 mL) followed by tert-butyl
hydrazinecarboxylate (Boc-Hydrazine, 14.1 g 106.6 mmol). The resulting clear
solution was heated at 40°C for 2 hours, it was then evaporated and purified by
column chromatography to obtain compound 3_35_3 (9.2 g, 69 % yield) as a white

solid.

[00268] H NMR (400 MHz, DMSO-d): § = 1.42 (s, 9H), 6.08 (br s, 2H), 6.71
(d, ] = 8.6 Hz, 2H), 7.53 (d, ] = 8.6 Hz, 2H), 8.80 (br 5, 1H), 9.60 (s, 1.

[00269] MS (ES*) m/z: [M+H]* calcd for CiHisNsOs: 252.13; found: 252.17.

Step 3: tert-Butyl 2-[(5-{2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)oxylethoxy}phen-
yl)(imino)methyljhydrazinecarboxylate (3_35_4)

[00270] To a suspension of compound 3353 (3.2 g 12.8 mmol),
triphenylphosphine (3.7 g, 14.1 mmol), and N-(2-hydroxyethoxy)phthalimide (2.9 g,
14.1 mmol) in tetrahydrofuran (20 mL) was added diisopropyl azodicarboxylate (2.8
g, 14.1 mmol) dropwise with sonication in an ultrasonic bath. The mixture was
sonicated for an additional 15 minutes, stirred overnight at room temperature,
evaporated and purified by column chromatography to obtain compound 3_35_4
(4.4 g, 79 % yield) as a white solid.

[00271] 'H NMR (400 MHz, DMSO-dy): 8 = 1.43 (s, 9H), 4.18-4.37 (m, 2H),
4.37-4.57 (m, 2H), 6.15 (s, 2H), 6.81 (d, ] = 8.6 Hz, 2H), 7.62 (d, ] = 9.0 Hz, 2H), 7.85

(s, 4H), 8.86 (br's, 1H).

[00272] MS (ES*) m/z: [M+H]* caled for CzHzsN4Os: 441.18; found: 441.20.
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Step 4:tert-Butyl  2-[{5-[2-(aminooxy)ethoxy]phenyl}{imino)methyllhydrazinecarb-
oxylate (3_35_5)

[00273] Hydrazine hydrate (0.68 g, 20.2 mmol) was added to a suspension of
compound 3_35_4 (4.5 g 10.1 mmol) in ethanol and the resulting mixture was
slowly heated to 45°C with vigorous stirring until a precipitate formed. The slurry
was allowed to cool to room temperature and stirred for 4 hours. After the solid was
removed by filtration, the filtrate was evaporated and purified by column chromatog-

raphy to obtain compound 3_35_5 (2.7 g, 87 % yield).
[00274] 'H NMR (400 MHz, DMSO-ds): 6 = 1.42 (s, 9H), 3.82 (d, ] = 4.44 Hz,
2H), 4.11 (d, ] = 4.8 Hz, 2H), 6.08 (s, 2H), 6.15 (br s, 2H), 6.90 (d, ] = 8.9 Hz, 2H),

7.64 (d, ] =8.9 Hz, 2H), 8.86 (br s, 1H).

3.36 4-(2-Aminocoxy-2-methyl-propoxy)-benzamidine

N-fiydroxy .
hydrazine hydrate
hthalimide O
Br>§1’0\/ il @N ><”/ ~ HzN_O><fr ~

% step 1 step 2 o}
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step 3 0 siep 4
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HCI, MeOH HZN\OX/()@\V INNH, MeOH o> m{
—— e FNmNH
_-NH
step 6 HCI step7 3._36_8 NH
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Step 1:2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yloxy)-2-methyl-propionic  acid  ethyl
ester (3_36_2)
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[00275] N-Hydroxyphthalimide (8.36 g, 51.27 mmol) was added dropwise to
a solution of compound 3_36_1 (10.0 g, 51.26 mmol) in dry N,N-dimethylformamide
{70 mL) followed by 1,8-diazabicyclo[5.4.0jundec-7-ene (7.7 mL, 51.27 mmol) during
20 minutes. The mixture was stirred at 35°C for 3 days, concentrated under vacuum
and the residue was suspended in ethyl acetate (200 mL) and washed successively
with cold 0.5 M hydrochloric acid, water and brine. The organic extract was dried
over anhydrous sodium sulfate and evaporated to afford the title compound 3_36_2

(14.0 g, 98 % yield), which was used in the next step without further purification.

[00276] 'H NMR (400 MHz, DMSO-ds): & = 1.21 (&, | = 7.0 Hz, 3H), 1.50 (s,
6H), 4.12 (d, ] = 7.0 Hz, 2H), 7.86 (s, 4H).

[00277] MS: m/z (ES* %) 278 (M+H, 35) 204 (100), 186 (20), 164 (35), 115
(45).

Step 2:2-Aminooxy-Z-methyl-propionic acid ethyl ester (3_36_3)

[00278] Hydrazine hydrate (1.01 mL, 18.7 mmol) was added to a suspension
of compound 3_36_2 (4.95 g, 17.8 mmol) in absolute ethanol (50 mL) and the
mixture was stirred at 40°C for 2 hours. The suspension was cooled to 20°C, filtered,
washed with ethanol and the filtrate was evaporated. The residue obtained was
triturated with ethyl acetate (50 mL) and filtered. The filtrate was concentrated to
obtain compound 3_36_3 (1.9 g, 73 % yield) as a white solid.

[00279] 'H NMR (400 MHz, DMSO-dg): & = 1.18 (t, J = 7.1 Hz, 3H), 1.25 (s,
6H), 4.06 (q, ] = 70 Hz, 2H), 5.81 (br s, 2H).

[00280] MS: m/z (ES*, %) 148 (M+H, 100)
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Step 3:N-Boc-2-Aminooxy-2-methyl-propionic acid ethyl ester (3_36_4)

[00281] Di-tert-butyldicarbonate (BOC;O, 2.82g, 12.92 mmol) was added to a
solution of compound 3_36_3 (1.9 g, 12.92 mmol) in dry tetrahydrofuran (25 mL)
and the mixture was stirred at room temperature for 16 hours and evaporated under
vacuum. The residue obtained was purified by chromatography to obtain compound
3_36_4 (2.3 g, 72 % yield) as a clear thick oil.

[00282] 'H NMR (400 MHz, DMSO-ds): & = 1.10-1.29 (m, 3H), 1.32 (s, 3H),
1.39 (s, 3H), 1.47 (s, 9H), 3.96-4.19 (m, 2H), 9.55 (s, 1H).

[00283] MS: m/z (ES, %) 248 (M+H, 60), 192 (100), 175 (8), 115 (18).
Step 4:N-Boc-2-Aminooxy-2-methyl-propan-1-ol (3_36_5)

[00284] Lithium aluminium hydride (LAH, 1M in tetrahydrofuran, 13.45 mL,
11.33 mmol) was added dropwise to a cold (0°C) solution of compound 3_36_4
(1.9 g, 7.68 mmol) in dry diethyl ether (35 mL) over 15 minutes. The reaction mix-
ture was stirred at 0°C for 5 hours and quenched by pouring into a cold (0°C) saturat-
ed ammonium chloride solution. The aqueous phase was extracted with ethyl acetate
(2 x 75 mL) and the combined organic extracts were filtered through Celite, washed
with water, brine, dried over anhydrous sodium sulfate and evaporated to yield
compound 3_36_5 (1.1 g, 70 % yield) as a solid.

[00285] 'H NMR (400 MHz, DMSO-dy): § = 1.05 (s, 6H), 1.40 (s, 9H), 3.21 (d, ]
= 6.6 Hz, 2H), 4.43 (t, ] = 6.6 Hz, 2H), 9.58 (d, ] = 3.9 Hz, 1H).

Step 5:N-Boc-4-(2-Aminooxy-2-methyl-propoxy)-benzonitrile (3_36_6)

[00286] Sodium hydride (60 % in mineral oil, 0.41g, 10.24 mmol) was added
in portions to a cold (10°C) solution of compound 3_36_5 (0.7 g, 3.41 mmol) in dry
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tetrahydrofuran (9 mL) under a nitrogen atmosphere. After stirring for 15 minutes 4-
fluorobenzonitrile (0.496 g, 4.09 mmol) was added dropwise and the mixture was
refluxed for 3 hours, stirred at 50°C for 16 hours, cooled to room temperature,
poured into cold water, acidified with acetic acid (1.5 mL) and extracted into ethyl
acetate (3 x 75 mL). The combined organic extracts were filtered through Celite,
washed with water and brine, dried over anhydrous sodium sulfate, evaporated and
the residue was purified by column chromatography to obtain compound 3_36_6
(0.75 g, 72 % yield) as an off-white solid.

[00287] *H NMR (400 MHz, DMSO-dy): & = 1.23 (s, 6H), 1.37 (s, 9H), 3.94 (s,
2H), 7.09 (m, ] = 8.9 Hz, 2H), 7.76 (m, J = 8.9 Hz, 2H), 9.55 (s, 1H).

[00288] MS: m/z (ES, %) 305 (M+1, 98), 218 (100), 204 (8).

Step 6:4-(2-Aminooxy-2-methyl-propoxy}-benzimidic acid methyl ester hydrochlo-
ride salt (3_36_7)

[00289] A solution of compound 3_36_6 (0.75 g, 2.45 mmol) in anhydrous
methanol (20 mL) in a pressure reaction vessel (100 mL) at -10°C was saturated with
dry hydrogen gas and the sealed vessel was stirred at room temperature for 18 hours.
The reaction mixture was concentrated to half the volume, diluted with diethyl ether
(75 mlL), stirred, filtered, washed with diethyl ether and dried under vacuum to
obtain compound 3_36_7 (0.7 g, 70 % yield) as a white powder, which was used in

the next step without purification.

[00290] 'H NMR (400 MHz, DMSO-dq): 8 = 1.44 (s, 6H), 4.14 (br s, 3H), 4.22-
4.38 (m, 2H), 7.24 (m, ] = 8.9 Hz, 2H), 8.16 (m, ] = 8.9 Hz, 2H), 11.08 (br s, 3H).

[00291] MS: m/z (ES* %) 239 (M*H, 45), 206 (100), 174 (15), 152 (90), 104
(30)
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Step 7:4-(2-Aminooxy-2-methyl-propoxy)-benzamidine (3_36_8)

[00292] Ammonia (7N in methanol, 3.0 mL) was added to a suspension of
compound 3_36_7 (0.70 g, 2.55 mmol) in anhydrous methanol (10 mL) at 20°C and
the mixture was stirred at room temperature for 1 hour. The reaction mixture was
concentrated and the residue was triturated with hexanes/ether (1:1, 50 mL), filtered,
washed with hexanes/ether (1:1) and dried under vacuum to obtain the title com-

pound 3_36_8 (0.55g, quant.) as a white powder.

[00293] 'H NMR (400 MHz, DMSO-de): 5 = 1.17 (s, 6H), 3.99 (s, 2H), 7.15 (4, ]
= 9.0 Hz, 2H), 7.82 (d, ] = 9.0 Hz, 2H), 8.96 (br s, 2H), 9.19 (br s, 1H).

[00294] MS: m/z (ES* %) 224 (M*H, 100), 199 (74), 191 (82), 137 (7).

3.37 4-(2-Aminooxy-1,1-dimethyl-ethoxy)-benzamidine

Br HO‘@‘ /\o& \O\ NaEH, MeOH /><J
SEA Ot
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SRR (oo e w00y
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Step 1:2-(4-Cyano-phenoxy)-2-methyl-propionic acid ethyl ester (3_37_2)
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f00295] Potassium carbonate (14.16 g. 102.5 mmol) was added to a solution
of compound 3_37_1 (10.0 g, 51.27 mmol) in dry N,N-dimethylformamide (70 mL)
followed by 4-cyanophenol (6.7 g, 61.52 mmol) at room temperature and the reac-
tion mixture was heated at 60°C for 16 hours. The reaction mixture was cooled to
room temperature, filtered, washed with N,N-dimethylformamide and the filtrate was
concentrated under vacuum. The residue was dissolved in ethyl acetate (300 mL),
washed with a cold, aqueous 0.5 M sodium hydroxide solution (3 x 30 mL), water
and brine, dried over anhydrous sodium sulfate and evaporated. The crude product
was purified by column chromatography to afford compound 3_37_2 (3.1 g, 26 %

yield) as a clear liquid.

[00296] 'H NMR (400 MHz, DMSO-dg): 8 = 1.12 (t, ] = 7.03 Hz, 3H), 1.58 3,
6H), 4.15 (d, ] = 7.0 Hz, 2H), 6.89 (d, ] = 9.0 Hz, 2H), 7.73 (d, | = 9.0 Hz, 2H).

Step 2:4-(2-Hydroxy-1,1-dimethyl-ethoxy)-benzonitrile (3_37_3)

{00297} Sodium borohydride (2.3 g, 60.76 mmol) was added in portions to a
cold (5°C) solution of compound 3_37_2 (4.7 g, 20.17 mmol) in anhydrous methanol
(50 mL) over 10 minutes. The mixture was stirred at room temperature for 16 hours
and the suspension was concentrated to remove most of the methanol. The residue
was partitioned between a cold saturated ammonium chloride solution and ethyl
acetate (150 mL each). The organic layer was separated and the aqueous layer was
extracted with ethyl acetate (50 mL). The combined organic extracts were washed
with water and brine, dried over anhydrous sodium sulfate and evaporated. The
crude product obtained was purified by column chromatography to give compound
3.37_3 (3.2 g 79 % vield) as a colorless liquid.

[00298] 'H NMR (400 MHz, DMSO-de): § = 1.26 (s, 6H), 3.41 (d, J = 5.86 Hz,
2H), 5.00 (t, 1H), 7.16 (d, ] = 8.6 Hz, 2H), 7.72 (d, ] = 8.6 Hz, 2H).



WO 2013/110643 PCT/EP2013/051217

101

Step 3:4-[2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yloxy)-1,1-dimethyl-ethoxy]-
benzonitrile (3_37_4)

[00299] Triphenylphosphine (2.31 g, 8.79 mmol) was added to a mixture of
compound 3_37_3 (1.6 g, 8.37 mmol) and N-hydroxyphthalimide (1.43 g, 8.79
mmol) in tetrahydrofuran (20 mL), and the mixture was sonicated for 20 minutes,
and treated with diisopropy! azodicarboxylate (DIAD, 1.73 mlL, 8.79 mmol). The
reaction mixture was stirred at room temperature for 20 hours, concentrated and the
residue was purified by column chromatography to give compound 3_37_4 (1.6 g,
57 % yield) as an off-white solid, which was used in the next step without further

purification.

Step 4:4-(2-Aminooxy-1,1-dimethyl-ethoxy)-benzonitrile (3_37_5)

[00300] Hydrazine hydrate (0.24 mL, 4.99 mmol) was added to a solution of
compound 3_37_4 (1.6 g, 4.75 mmol) in absolute ethanol (30 mL) and the mixture
was stirred at 35°C for 2 hours. The resulting suspension was cooled to 20°C, filtered,
washed with ethanol and evaporated. The residue was triturated in ethyl acetate (50
mlL), filtered and the filtrate was evaporated to obtain compound 3_37_5 (1.0 g,

100% yield), which was used in the next step without purification,

[00301] 'H NMR (400 MHz, DMSO-ds): 8 = 1.29 (s, 6H), 3.61 (s, 2H), 6.17 (s,
2H), 7.16 (d, ] = 8.6 Hz, 2H), 7.72 (d, ] = 8.6 Hz, 2H).

Step 5:4-(2-Aminooxy-1,1-dimethyl-ethoxy)-benzimidic acid methyl ester (3_37_6)

[00302] A solution of compound 3_37_5 (1.6 g, 4.85 mmol) in anhydrous
methanol (20 ml) at -10°C was saturated with dry hydrogen chloride gas and the
sealed vessel was stirred at room temperature for 18 hours. The reaction mixture was
concentrated to half the volume, diluted with diethyl ether (75 ml), stirred, filtered,

washed with diethyl ether and dried under vacuum to obtain compound 3_37_6
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(1.6 g, >100% vyield) as a white powder, which was used in the next step without

purification.

[00303] 'H NMR (400 MHz, DMSO-dy): § = 1.37 (s, 6H), 4.13 (s, 2H), 4.24 (s,
3H), 7.27 (d, ] = 8.9 Hz, 2H), 8.07 (d, ] = 8.9 Hz, 2H).

Step 6:4-(2-Aminooxy-1,1-dimethyl-ethoxy)-benzamidine (3_37_7)

[00304] Ammonia (7 N in methano!l (7.5 mL, 52.5 mmol) was added to a
suspension of compound 3_37_6 (1.6 g, 4.85 mmol) in anhydrous methanol (150
ml) at 20°C and the mixture was stirred at 35°C for 1.5 hours and concentrated. The
residue was triturated in a mixture of hexanes/ether (50 mlL, 1:1), filtered, washed
with hexanes/ether (1:1) and dried under vacuum to afford compound 3_37_7 (1.0 g,

93 % yield) as a white powder.

3.38 tert-Butyl [{2-[2-(aminooxy)ethoxy]-1,3-thiazol-4-yl}(imino)methyljcarb-

amate
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Step 1:2-[2-(Tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carboxylic acid ethyl ester
(3_38_2)

[00305] Sodium hydride (60 % dispersion in oil, 1.69 g, 42.4 mmol) was add-
ed to a solution of 2-(tetrahydro-pyran-2-yloxy)-ethanol (6.19 g, 42.4 mmol) in N,N-
dimethylformamide (20 mL). After stirring at 0°C for 1 hour, 2-bromo-thiazole-4-
carboxylic acid ethyl ester 3_38_1 (10.0 g, 42.4 mmol) in N,N-dimethylformamide
(10 mL) was added at 0°C and the resulting mixture was stirred at 0°C for 2.5 hours.
The reaction mixture was neutralized to pH 7 using acetic acid at 0°C, diluted with
ethyl acetate (150 mL) and washed with brine. The organic layer was dried over
sodium sulfate and concentrated. The residue was purified by column chrofnatog-

raphy to give the desired product (99.4 g, 73 % yield) as a white solid.

[00306] H NMR (400 MHz, DMSO-dy): § = 1.28 (t, ] = 7.2 Hz, 3H), 1.37 - 1.53
(m, 4H), 1.56-1.78 (m, 2 H), 3.38-3.48 (m, 1H), 3.66-3.80 (m, 2H), 3.85 - 3.98 (m,
1H), 4.26 (q, ] = 7.0 Hz, 2H), 4.37 - 4.46 (m, 1H), 4.52 - 4.59 (m, 1H), 4.64 (br s, 1H),
7.93 (s, 1H).

Step 2:2-[2-(Tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carboxylic acid (3_38_3)

[00307] A solution of lithium hydroxide (1.26 g, 52.6 mmol) in water
(35 mL) was added to a solution of 2-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-
4-carboxylic acid ethyl ester 3_38_2 (3.17 g, 10.5 mmol) in tetrahydrofuran (45 mL).
After stirring at room temperature for 2 hours, the reaction mixture was neutralized
to pH 7 using dilute hydrochloric acid at 0°C, diluted with ethyl acetate (150 mL)
and washed with brine. The organic layer was dried over sodiwm sulfate and concen-
trated. The residue was purified by column chromatography to give the desired
product (2.9 g, 100 % yield) as a white solid.
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[00308] 'H NMR (400 MHz, DMSO-dg): § = 1.35-1.54 (m, 4H), 1.57-1.76 (m,
2H), 3.39-3.47 (m, 1H), 3.67-3.81 (m, 2H), 3.90-3.98 (m, 1H), 4.50-4.58 (m, 2H), 4.64
(brs, 1H), 7.85 (s, 1H).

Step 3:2-[2-(Tetrahydro-pyran-2-yloxy)-ethoxy}-thiazole-4-carboxylic  acid amide
(3_38_4)

[00309] Triethylamine (TEA, 1.22 g, 12.07 mmol) was added to a solution of
2-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carboxylic acid 3_38_3 (3.0 g,
11.0 mmol) in tetrahydrofuran (60 mL), followed by ethyl chloroformate (1.31 g,
12.07 mmol) slowly at -10°C. After stirring at room temperature for 1.5 hour,
concentrated ammmonium hydroxide (0.80 g, 13.17 mmol) was slowly added to the
reaction mixture at 0°C and the resulting mixture was stirred at room temperature for
1 hour. The reaction mixture was concentrated, diluted with ethyl acetate (150 mL)
and washed with brine. The organic layer was dried over sodium sulfate and concen-
trated. The residue was purified by column chromatography to give the desired
product (1.76 g, 59 % yield) as a white solid.

[00310] 'H NMR (400 MHz, DMSO-dg): & = 1.33-1.53 (m, 4H), 1.55-1.79 (m,
2H), 3.38-3.51 (m, 1H), 3.66-3.82 (m, 2H), 3.87-4.00 (m, 1H), 4.43-4.74 (m, 3H), 7.44-
7.57 (m, 2H), 7.62 (s, 1H).

[00311] MS (ES*) m/z: [M+H]" caled for Ci3HiyN2O,S: 273.33. Found: 273.24.

Step 4:2-[2-(Tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carbonitrile (3_38_5)

[00312] Triethylamine (TEA, 7.625 g, 75.3 mmol) was added to a solution of
2-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carboxylic acid amide 3_38 4
(1.71 g, 6.28 mmol) in dichloromethane (50 mL) at 0°C. Phosphorus oxychloride
(2.407 g, 15.70 mmol) was slowly added to the reaction mixture at 0°C and the

resulting mixture was stirred at room temperature for 1 hour. The reaction was
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quenched with ice-water (20 mL), extracted with ethyl acetate and the extract was
washed with brine, dried over sodium sulfate and concentrated. The residue was
purified by silica gel column to give the desired product (1.42 g, 88.9 %) as a white
solid.

[00313] H NMR (400 MHz, DMSO-ds): & = 1.38-1.55 (m, 4H), 1.57-1.79 (m,
2H), 3.38-3.51 (m, 1H), 3.67-3.79 (m, 2H), 3.87-4.00 (m, 1H), 4.49-4.71 (m, 3H), 8.25
(s, 1H).

{00314] MS (ES") m/z: [M+H]* caled for CiiHisN205S: 255.31. Found: 255.20.

Step 5:2-[2-(Tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carboximidic ~ acid  2-
hydroxy-ethyl ester (3_38_6)

[00315] Sodium (0.036 g, 1.56 mmol) was added to a flask containing eth-
viene glycol (1.33 g, 5.23 mmol) at room temperature. After all sodium was con-
sumed, 2-{2-(tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carbonitrile 3_38_5 (1.33
g, 5.23 mmol) in tetrahydrofuran (10 mL) was added at 0°C and the reaction mixture
was stirred at room temperature overnight. The reaction mixture was neutralized to
pH 7 using acetic acid and diluted with ethyl acetate. The mixture was washed with
brine, dried and concentrated to afford the desired product (1.52 g, 92% yield) as a

white solid, which was used without purification.
f00316] 'H NMR (400 MHz, DMSO-dg): 8 = 1.35-1.53 (m, 4H), 1.58-1.76 (m,
2H), 3.41-3.48 (m, 1H), 3.66-3.79 (m, 4H), 3.89-3.98 (m, 1H), 4.19 (t, ] = 5.0 Hz, 2H),

4.54-4.61 (m, 3H), 4.64 (d, ] = 2.9 Hz, 2H), 7.48 (s, 1H), 8.31 (brs, 1H).

{00317} MS (ES*) m/z: [M+H]* calcd for Ci3H2N20sS: 317.38. Found: 317.27.
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Step 6: 2-[2+(Tetrahydro-pyran-2-yloxy)-ethoxy}-thiazole-4-carboxamidine
(3.38_7)

{00318} Ammonium chloride (0.302 g, 5.65 mmol) was added to a mixture
of 2-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carboximidic acid 2-hydroxy-
ethyl ester 3_38_6 (1.49 g, 4.71 mmol) in methanol (40 mL) and the mixture was
refluxed for 6.5 hours and concentrated to dryness to afford the crude product which
was purified by column chromatography to give the desired product (1.35 g, 100 %)

as a white solid.

[00319] 'H NMR (400 MHz, DMSO-dg): § = 1.44 (m, 4H), 1.54-1.79 (m, 2H),
3.38-3.48 (m, H), 3.66-3.80 (m, H), 3.85-4.00 (m, 1H), 4.54-4.73 (m, 3H), 8.39 (s,
1H), 9.20 (br s, 4H).

[00320] MS (ES*) m/z: [M+H]* calcd for C;:H1sN3O;S: 272.34. Found: 272.23.
Step 7:2-(2-Hydroxy-ethoxy)-thiazole-4-carboxamidine hydiochloric acid (3_38_8)

[00321] Concentrated hydrochloric acid (0.1 mL) was added to a mixture of
2-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-thiazole-4-carboxamidine 3_38_.7 (1.25 g,
4.61 mmol) in methanol (10 mL) and the mixture was stirred at room temperature

for 1 hour and concentrated to dryness to afford compound 3_38_8 as crude product
(0.92 g, 91 % yield) as a white solid.

[00322] "H NMR (400 MHz, DMSO-d): § = 3.67-3.77 (m, 2H), 4.43-4.53 (m,
2H), 8.40 (s, 1H), 9.14 (s, H), 9.24 (s, 2H).

[00323] MS (ES*) m/z: [M+H]* calcd for CsHioN3O-S: 188.22. Found: 188.20.

Step 8:{[2-(2-Hydroxy-ethoxy)-thiazol-4-yl]-imino-methyl}-carbamic acid tert-butyl
ester (3_38_9)
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[00324] A saturated sodium bicarbonate solution (15 mlL) and a solution of
di-tert-butyldicarbonate (BOC.;0, 1.346 g, 6:17 mmol) in 1,4-dioxane (10 mL) were
added to a solution of 2-(2-hydroxy-ethoxy)-thiazole-4-carboxamidine hydrochloric
acid 3_38_8 (0.92 g, 4.11 mmol) in water (5 mL) at room temperature. After stirring
at room temperature overnight, the resulting mixture was concentrated and the
residue was extracted with ethyl acetate. The extract was washed with brine, dried
over sodium sulfate and concentrated to dryness. The crude product was purified by
column chromatography to give the desired product (0.68 g, 58 % vield) as a white

solid.

[00325] 'H NMR (400 MHz, DMSO-ds): & = 1.42 (s, 9H), 3.65-3.78 (m, 2H),
4.47 (t, ] = 4.7 Hz, ZH), 4.96 (t, ] = 5.4 Hz, 1H), 7.79 (s, 1H), 8.32 (br s, 1H), 9.09 (br's,
1H).

[00326] MS (ES*) m/z: IM+H]" calcd for Ci1HisN30.S: 288.34. Found: 288.20.

Step 9:({2-[2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy]-thiazol-4-yi}-imino-
methyl)-carbamic acid tert-butyl ester (3_38_10)

[00327] N-Hydroxyphthalimide (0.393 g, 2.41 mmol) and triphenylphos-
phine (0.690 g, 2.63 mmol) were added to a solution of {[2-(2-hydroxy-ethoxy)-
thiazol-4-yl}-imino-methyl}-carbamic acid tert-butyl ester 3_38_9 (0.63 g, 2.19 mimol)
in anhydrous tetrahydrofuran (40 mL) at room temperature. A solution of diethyl
azodicarboxylate (DEAD, 0.458 g, 2.63 mmol) in tetrahydrofuran (20 mL) was added
dropwise to the resulting solution at 20°C and the resulting mixture was stirred at
room temperature overnight. After evaporation of the tetrahydrofuran, the crude
product was purified by column chromatography to give the desired product (1.02 g,
100 % yield) as a white solid.

[00328] 'H NMR (400 MHz, DMSO-de): & = 1.41 (s, 9 H), 4.53-4.65 (m, 2 H),
4.70 - 4.83 (m, 2 H), 7.81 (s, 1 H), 7.85 (s, 4 H).
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[00329] MS (ES*) m/z: [M+H]* calcd for CioHa1N4QgS: 433.46. Found: 433.34.

Step 10: 3.38. tert-Butyl [{2-[2-(aminooxy)ethoxy]-1,3-thiazol-4-yl}(imino)methyl]-
carbamate (3_38_11)

[00330] Hydrazine monchydrate (0.127 g, 2.54 mmol) was added to a solu-
tion of ({2-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy]-thiazol-4-yl}-imino-
methyl)-carbamic acid tert-butyl ester 3_38_10 (1.0 g, 2.31 mmol) in anhydrous
ethanol (15 mL) and tetrahydrofuran (10 mL) at 0°C and the resulting mixture was
stirred at room temperature for 2.5 hours. After concentration, the residue was stirred
with ethyl acetate/hexanes (2:1, 20 mL) and filtered. The filtrate was concentrated to
afford the desired product (0.6 g, 86 % yield) as a white solid.

[00331] 'H NMR (400 MHz, DMSO-dq): 8 = 1.42 (s, 9H), 3.78 - 3.89 (m, 2H),
4.57-4.64 (m, 2H), 6.12 (s, 2H), 7.79 (s, 1H), 8.36 (br s, 1H), 9.09 (br s, 1H).

3.39 tert-Butyl [{5-[2-(aminocoxy)ethoxy]}-1,3,4-thiadiazol-2-yl}(imino)methyl]-

carbamate
N-N CuBr, N-N N B
A g NH,0H N o Tﬂpc\/\ONa NN o
HzNAS)\COZEt E-?EQE?_ BF/QS»\coiEt ¢ 8 AS§%NH —e ~ THPO*\/\O/QS»"W<
step 1 step2  °f 2 step 3 NH,
3381 3392 3393 3.39.4
TFAA, TEA P 2o e N-N N
. % - NA, TN NH HOL MeOH I\ NH
——— mpo\/\o/(‘s)” N e g HO-\/\OAS)\/(
s
step 4 3395 step 5 NH,  step8 NH,
e 3.39_6 “ 3.39_ 7

N-N N-hydroxy- Qo
(Boc),O /4 W NH yaroXy: j{ N-N N N-N
e hthalimide = 78N NH 2% o\ N
=~ HO-"0 S)\< phihaimide O N-Q._"™ A ,,L-{ e M. N=O Py )\<
o N-C ™o
step 7 NHBoc step 8 = \“/ S NHBoc step 9 S NHBoc
3398 0 3,39 9 3_39_1¢

Step 1:5-Bromo-{1,3,4]thiadiazole-2-carboxylic acid ethyl ester (3_39_2)
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[00332] CuBr; (18.06 g, 80.1 mmol) was added to a suspension of S-amino-
[1,3,4]thiadiazole-2-carboxylic acid ethyl ester 3_39_1 (7 g, 40.5 mmol) in 150 mL of
acetonitrile, the mixture was stirred for 15 min, t-BuONO (9.6 mL, 80.1 mmol) was
added over 20 min., and the mixture was heated at 60°C for 0.5 h. Water and ethyl
acetate were added, the mixture was stirred until the dark color disappeared and
filtered through celite, and the organic layer was washed with brine, dried over
NazSO,, filtrated and concentrated to give compound 3_39_2 (7.56 g, 79 % yield) as a

yellow solid.

[00333] 'H NMR (400 MHz, DMSO-ds): § = 1.32 (t, ] = 7.14 Hz, 3 H), 4.41 (q, ]
= 7.30 Hz, 2 H);

Step 2:5-Bromo-[1,3,4]thiadiazole-2-carboxylic acid amide (3_39_3)

[00334] NH,OH (50 % aq solution, 6.45 mL) was added to a solution of
compound 3_39_2 (7.56 g, 31.8 mol) in 70 mL of tetrahydrofuran, and the mixture
was stirred at room temperature for 16 h and concentrated to give a solid, which was
triturated with ether, filtered, and dried to give compound 3_39_3 (6.5 g, 98 % yield)

as a yellow solid.

[00335] 'H NMR (400 MHz, DMSO-dg): 8 = 8.26 (br. 5., 1 H), 8.64 (br. s., 1 H).

Step 3:5-[2-(Tetrahydro-pyran-2-yloxy)-ethoxy]-[1,3,4] thiadiazole-2-carboxylic acid
amide (3_39_4)

{00336] NaH (1.6 g, 40.2 mmol) was added to a solution of compound
3.39_3 (4.16 g, 20.1 mmol) in 20 mL of N,N-dimethylformamide, and the mixture
was stirred at room temperature for 20 min. 2-(Tetrahydro-pyran-2-yloxy)-ethanol
(3.81 mlL, 26.1 mmol) was added, and the mixture was heated at 50-60°C for 3 h,

concentrated, diluted with ethyl acetate, washed with brine, dried over Na,SO,
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filtered and concentrated to give a residue, which was putified by column chroma-

tography to give compound 3_39_4 (2.15 g, 40 % yield) as a gum.

[00337] 'H NMR (400 MHz, CDCLy): 6 = 1.45 - 1.70 (im, 4 H), 1.69 - 1.92 (m, 2
H), 3.54 (m, 1 H), 3.79 - 3.94 (m, 2 H), 4.05 - 4.15 (m, 1 H), 4.68 (t, ] = 3.49 Hz, 1 H),
4.77 (dt, ] = 6.03, 3.01 Hz, 2 H), 5.90 (br. 5., 1 H), 7.08 (br. 5., 1 H).

Step 4:5-[2-(Tetrahydro-pyran-2-yloxy)-ethoxy]-[1,3,4]thiadiazole-2-carbonitrile
(3.39_5)

[00338] Trifluoroacetic anhydride (TFAA, 1,13 mL, 8.46 mmol) was added to
a solution of compound 3_39_4 (2.1 g, 7.69 mmol) and triethylamine (TEA, 1.13 mL,
8.64 mmol) in tetrahydrofuran (20 mL) at 0°C, and the mixture was warmed to room
temperature, and stirred for 1 hour. Additional 0.4 mL of trifluoroacetic anhydride
and 3 mL of triethylamine were added and the mixture was stirred at room tempera-
ture for 16 h, diluted with ethyl acetate, washed with a saturated sodium bicarbonate
solution and brine, dried over Na,SOs, filtered, and concentrated to give a residue.
The residue was purified by column chromatography to give compound 3_39_5 (1.3

g, 68 % yield) as a yellow oil.

[00339] 'H NMR (400 MHz, CDCls): § = 1.48 - 1.66 (m, 4 H), 1.68 - 1.88 (m, 2
H), 3.55 (t, ] = 5.39 Hz, 1 H), 3.81 - 3.91 (m, 2H), 4.06 - 4.17 (m, 1 H), 4.67 (t, | = 2.86
Hz, 1 H), 4.78 - 4.93 (m, 2 H).

Step 5:5-|2-(Tetrahydro-pyran-2-yloxy)-ethoxy]-[1,3,4]thiadiazole-2-carboxamidine
(3.39_6)

[00340] NaOMe (0.08 g, 1.5 mmol) was added to solution of compound
3.39.5 (0.77 g, 3.02 mmol) in 15 mL of dry MeOH, and the mixture was stirred at
room temperature for 0.5 h. NHyCl (7.6 g, 30.1 mmol) was added, and the reaction
mixture was refluxed for 20 h, concentrated, diluted with ethyl acetate, washed with
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a saturated sodium bicarbonate solution and brine, dried over Na,SQ,, filtered and

concentrated to give compound 3_39_6 (0.41 g 50 % yield) as a brown gum.

[00341] 'H NMR (400 MHz, DMSO-ds with one drop of trifluroacetic acid): &
=132-152 (m, 4 H), 1.53-1.72 (m, 2 H), 3.42 (m, 1 H), 3.67 - 3.87 (m, 2 H), 3.93 -
4.04 (m, 1 H), 4.59 - 4.69 (m, 1 H), 4.75 (m, 2 H), 9.66 (br. s., 2 H), 9.87 (br. s., 2 H).

Step 6:5-(2-Hydroxy-ethoxy)-[1,3,4]thiadiazole-2-carboxamidine (3_39_7)

[00342] 3 mL of 1IN HCI were added to a solution of compound 3_39_6 (0.41
g, 1.5 mmol) in 15 mL of MeOH at 0 °C, and the mixture was stirred at 20 °C for 2 h,
concentrated and lyophilized to give crude compound 3_39_7 (0.51 g, >100% yield)

as a solid, which was used in the next step without purification.

[00343] 'H NMR (400 MHz, DMSO-ds with one drop of triflurcacetic acid): §
=3.77 (d,] = 4.12 Hz, 2 H), 4.59 (t, ] = 4.44 Hz, 2 H), 9.64 (br. s., 2 H), 9.88 (br. s., 2
Hj.

Step 7:{[5-(2-Hydroxy-ethoxy)-[1,3,4]thiadiazol-2-yl}-imino-methyl}-carbamic  acid
tert-butyl ester (3_39_8)

[00344] Di-tert-butyldicarbonate (Boc:O, 0.5 g, 2.25 mmol) was added to a
solution of compound 3_39_7 (0.5 g crude as obtained above) in 3 mL of a saturated
sodium bicarbonate solution, 5 mL of dioxane and 2.5 mL of water, and the mixture
was stirred for 16 h at room temperature, concentrated, diluted with ethyl acetate,
washed with brine, dried over Na,SO,, filtered, and concentrated to give compound
3_39_8 (0.3 g, 69 % yield over two steps) as a brown oil.

[00345] 'H NMR (400 MHz, DMSO-de): § = 1.42 (s, 9 H), 3.75 (d, ] = 4.12 Hz,
2 H), 4.52 (d, ] = 4.12 Hz, 2 H), 5.06 (s, 1 H).
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Step 8:({5-[2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy}-[1,3,4]thiadiazol-2-yl}-
imino-methyl)-carbamic acid tert-butyl ester (3_39_9)

[00346] Triphenylphosphine (0.37 g, 1.5 mmol) and diisopropyl azodicar-
boxylate (0.3 mL, 1.5 mmol) were added to a solution of compound 3_39_8 (0.3 g, 1
mmol) and N-hydroxyphalimide (0.17 g, 1 mmol) in 10 mL of tetrahydrofuran, at 0
°C, and the mixture was stirred at room temperature for 1.5 h, diluted with ethyl
acetate, washed with a saturated sodium bicarbonate sclution and brine, dried over
NazSOy, filtered and concentrated to give a residue. The residue was purified by

column chromatography to give compound 3_39_9 (0.4 g, 92 % yield).

[00347] 'H NMR (400 MHz, CDCL): & = 1.55 (s, 9 H), 4.55 - 4.67 (m, 2 H),
4.88 -5.00 (m, 2 H), 7.70 - 7.91 (m, 4 H).

Step 9:tert-Butyl [{5-[2-(aminooxy)ethoxy]-1,3,4-thiadiazol-2-yl}(imino)ymethyljcarb-
amate (3_39_10)

[00348] Hydrazine hydrate (0.1 mL, 2 mmol) was added to a suspension of
compound 3_39_9 (1.5 g, 2 mmol) in 6 mL of EtOH, and the mixture was stirred at
room temperature for 4 h. The solid was removed by filtration, and the filtrate was
concentrated to give a residue. The residue was dissolved in dichloromethane, filtered
to remove the solid, and the filtrate was concentrated to give compound 3_39_10
(0.43 g, 71 % yield) as an oil.

[00349] 'H NMR (400 MHz, CDCls): § = 1.54 (s, 9 H), 4.04 (d, ] = 4.44 Hz, 2
H), 4.79 (d, ] = 4.12 Hz, 2 H), 6.34 (br. s., 2 H).
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3.40 tert-Butyl [{3-[2-(aminooxy)ethoxy]-1,2-oxazol-5-yl}{imino)methyl]carb-

amate

HN

HZN"O — NHBoc
\,—\0 &
N

3_40_10
[00350] Following the procedure as described above under 3.38 but using
ethyl 3-bromo-isoxazole-5-carboxylate instead of ethyl 2-bromo-thiazole-4-carb-

oxylate 3_38_1 compound 3_40_10 was prepared.

3.41 tert-Butyl {{3-[2-(aminooxy)ethoxyl-1-methyl-1H-pyrazol-5-yl}(imino)-

methyljcarbamate
THP
MeOC—==—CoMe 5% o N PPRDIADTHE oy N,\N
N
3_41_1 stept el ] step 2 MeO |
3.41.2 3.41.3
HN
asfor3_38_10 y N-O NHBoc
— £ \f"\o’é“*
. RN
3 41_10

Step 1:Methyl 3-hydroxy-1-methyl-1H-pyrazole-5-carboxylate (3_41_2)

[00351] Triethylamine (66 mlL, 4744 mmol) was added to a solution of
methylhydrazine sulfuric acid salt (30.4 g, 211 mmol) in water (150 mL) and metha-
nol (300 mL) at room temperature. The mixture was stirred for 0.5 hour at room
temperature, but-2-ynedioic acid dimethyl ester (30 g, 211 mmol) was added and the
mixture was stirred for 18 hours at 70°C. The reaction mixture was kept at room

temperature for two days and the solid was collected by filtration and dried to give
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12 g of the desired compound. The filtrate was concentrated, treated with ice and the
solid was collected by filtration, and dried to give an additional 5 g of the desired
compound 3_41_2 (17 g, 52 % yield) as a yellow solid.

[00352] 'H NMR (400 MHz, DMSO-dq): 5 = 3.79 (s, 3H), 3.88 (s, 3H), 6.01 (s,
1H), 10.05 (s, 1H).

Step 2: 2-Methyl-5-[2-(tetrahydro-pyran-2-yioxy)-ethoxy]-2ZH-pyrazole-3-carboxylic
acid ethyl ester (3_41_3)

[00353] Diisopropyl azodicarboxylate (DIAD, 41.6 mL, 205.8 mmol) was
added to a solution of 3_41_2 (10.7 g, 68.6 mmol), 2-(tetrahydro-pyran-2-yloxy)-
ethano!l (17 mL, 102.9 mmol) and triphenylphosphine (53.9 g, 205.8 mmol) at 0°C,
and the mixture was stirred at room temperature for 16 hours. The reaction mixture
was heated at 80°C for 16 hours, more 2-(tetrahydro-pyran-2-yloxy)-ethanol (3.75
mL), triphenylphosphine (5.3 g) and diisopropyl azodicarboxylate (3 mL) were
added, and the reaction mixture was refluxed for 16 hours, concentrated and treated
with diethyl ether and hexanes (2:3, 500 mL) to give a precipitate, which was re-
moved by filtration. The filtrate was concentrated and the residue obtained was
purified by column chromatography to give compound 3_41_3 (26.6 g, >100 % yield,
contaminated with diisopropyl azodicarboxylate) as a yellow oil.

[00354] 'H NMR (400 MHz, CDCls): § = 1.45-1.90 (m, 6H), 3.52 (d, J=11.4 Hz,
1H), 3.79-3.92 (m, 5H), 3.95-4.10 (m, 5H), 4.31 (t, ]=4.9 Hz, 2H), 4.69 (t, ]=3.5 Hz,
1H), 6.21 (s, 1H).

[00355] Following the procedure as described above under 3.38 intermediate

3_41_3 was converted to compound 3_41_10.
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3.42 tert-Butyl [{5-[2-(aminooxy)ethoxy]-1-methyl-1H-pyrazol-3-yl}(imino)-

methyljcarbamate
0}
as described for HN
OBt 3 41 10and3.38_10 4 -0 NHBoc
o<y p— SR Ay
HO™X - e o< N
/ 3.42.1 / 3 42 10

[00356] Using ethyl S-hydroxy-1-methyl-1H-pyrazole-3-carboxylate 3_42_1
(EP 1990336, 2008) as the starting material and following the conditions described
under 3.41 and 3.38 compound 3_42_10 was prepared.

3.43 4-[2-(Aminooxy)ethoxy]-5-methyl-1,3-thiazole-2-carboximidamide

HS soseribed § HN
as gescrined 1or
/uo —COH /‘S\ 34110 and 3_38_10 HN-O Nte\\NHz
EtO” "CN - o0& s
EtO -
3_43_1 step 1 3 43 2 3_43_10

Step 1:5-Hydroxy-1-methyl-1H-pyrazole-3-carboxylic acid ethyl ester (3_43_2)

[00357] Pyridine (2 mlL) was slowly added to a mixture of 2-mercapto-
propionic acid (10 g, 94 mmol) and nitriloacetic acid ethyl ester 3_43_1 (8.77 g, 94
mmol) at 0°C, and the mixture was stirred for 1 hour and then heated at 1060°C for 2
hours. After cooling, ethanol (100 mL) was added and the reaction mixture was
stirred at room temperature for 1 hour to give a suspension, which was collected by
filtration, washed with diethyl ether, and dried to give compound 3_43_2 (104 g, 60
% vield) as a white solid.

[00358] 'H NMR (400 MHz, DMSO-dg): 8 = 1.27 (td, J = 7.2, 1.9 Hz, 3H), 2.23
(d,J=1.9 Hz, 3H), 4.29 (dd, ] = 7.0, 1.9 Hz, 2H).
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100359] Following the conditions as described under 3.41 and 3.38 the in-

termediate 3_43_2 was converted to compound 3_43_10.

3.44 4-[2-(Aminooxy)ethoxy}-2-hydroxybenzenecarboximidamide

CN /\,0H CN CN
U o SO 2% o JOI, e
HO HOL~g O-N

F siep 1 step 2 : step 3
3. 44 1 3 44 2 3 44 3

NH,

as for previgus NH
N H,, Pd-C examples
HO N Nz YT ONH
~ 0 (o] HO ~0 1 z

step 4
3 44 4 344 5

Step 1:2-Fluoro-4-(2-hydroxy-ethoxy)-benzonitrile (3_44_2)

[00360] Anhydrous potassium carbonate (10.0 g, 72.4 mmol) was added to a
solution of 2-fluoro-4-hydroxy-benzonitrile 3_44_ 1 (5.0 g, 36.5 mmol) in N,N-
diemthylformamide (50 mL). The resulting mixture was stirred at room temperature
for 10 minutes, and 2-bromoethanol (13.5 g, 7.7 mL, 108.0 mmol) was added drop-
wise over 15 minutes. The resulting mixture was stirred at room temperature for 3
days. TLC showed the reaction was incomplete. Additional 2-bromoethanol (3 mL)
was added and the reaction mixture was stirred for another day, poured into water
(300 mL) and extracted with ethyl acetate (3 x 50 mL). The combined ethy! acetate
layers were washed with a saturated sodium bicarbonate solution, water and brine,
dried over sodium sulfate and concentrated under reduced pressure. The residue was
purified by column chromatography to give compound 3_44_2 (5.0 g, 76 % yield) as
a white solid.
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[00361] 'H NMR (CDCl;, 400 MHz): § = 3.99 - 4.01 (m, 2H), 4.02 - 4.14 (m,
ZH), 6.73 - 6.81 (m, 2H), 7.51 - 7.55 (m, 12H).

Step 2 and 3: 2-(3-Amino-benzo[d]isoxazol-6-yloxy)-ethanol (3_44_4)

[00362] Potassium tert-butoxide (6.5 g, 58.0 mmol) was added in portions to
a solution of acetone acetone oxime (4.2 g, 58.05 mmol) in N,N-dimethylformamide
{100 mL). The resulting mixture was stirred at room temperature for 1 hour, and a
solution of compound 3_44_2 (5.0 g, 27.6 mmol) in N,N-diemthylformamide (20
mlL) was added dropwise. The resulting mixture was stirred at room temperature for 3
hours. The reaction mixture was poured into a saturated ammmonium chloride solu-
tion (600 ml) and extracted with ethyl acetate (3 x 100 mL). The combined ethyl
acetate layers were washed with water and brine, dried over sodium sulfate and
concentrated under reduced pressure to give crude intermediate 3_44_3 (5.3 g, yellow
oil). The intermediate 3_44_3 was dissolved in ethanol (100 mL) and 2N hydrochlo-
ric acid solution (100 mL) and heated under reflux for 2 hours. The reaction mixture
was concentrated under reduced pressure and the residue was dissolved in ethyl
acetate (200 ml), and washed with a saturated sodium bicarbonate solution, water
and brine, dried over sodium sulfate and concentrated under reduced pressure. The
residue was purified by column chromatography to give 3_44_4 (1.9 g, 35 % yield) as

a white solid.

[00363] 'H NMR (MeOH-ds, 400 MHz): § = 3.90 (t, ] = 4.8 Hz, 2H), 4.11 (t, ] =
4.8 Hz, 2H), 6.87 - 6.93 (m, 2H), 7.45 (d, ] = 8.4 Hz, 1H).

Step 4:2-Hydroxy-4-(2-hydroxy-ethoxy)-benzamidine (3_44_5)

[00364} Palladium on charcoal (S % wet, 1.5 g, ~50 % water) was added to a
solution of compound 3_44 4 (1.9 g 7.7 mmol) in methanol (100 mL) and the
mixture was hydrogenated at 1 atmosphere with a balloon for 31 hours. TLC showed
completion of the reaction. The catalyst was removed by filtration through a bed of
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celite and washed with methanol (2 x 10 mL). The filtrate was concentrated under
reduced pressure to give compound 3_44_5 (1.4 g, 73 % vyield) as an off-white solid

which was used without further purification.

[00365] 'H NMR (MeOH-d,, 400 MHz): § = 3.84 (t, ] = 4.8 Hz, 2H), 4.03 (t, ] =
4.8 Hz 2H), 6.14 - 6.19 (m, 2H), 7.45 (d, ] = 8.8 Hz, 1H).

[00366] MS: m/z (ES*, %) 197 (M*H, 100).
[00367] Following the conditions described in the previous examples inter-
mediate 3_44_5 was converted via a Mitsunobu reaction with N-hydroxyphthalimide

and consecutive phthalimide deprotection to compound 3_44_6.

3.45 Diphenylmethyl 2-(aminooxy)-3-{4-[N-(tert-butoxycarbonyl)carb-

amimidoyljphenoxy}propanocate

0
HCI
HO—@“‘“CN EtO,C 2 >__._\ . HCI, MeOH >_., L NH  NH/MeOH
tep 1 HO O—@'CN . Ho OWQ_« step 3
3,45 1 step step 2 OMe ep
e 3_45_2 3_45.3
MeQ,C MeQ,C
. X HO,C.
HO OWCHM Boc,0 bt NH  NaOH han : NH
\_/ NH, step 4 HO O ( > ( step 5 HO O
4 2
3_45_ 3_45_5 NHBec 3.45.6 NHBoc
N, OCHPh,
T OCHPh, N-hydroxy- @ hydrazine OCHPh,
Ph” Ph O phthalimide L hydrate i "
NHBoc NPhth = NHBoc
3.45.7 3.45.8 3_45_9

Step 1:3-(4-Cyano-phenoxy)-2-hydroxy-propionic acid ethyl ester (3_45_2)
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[00368] Potassium carbonate (10.705 g, 77.5 mmol), lithium perchlorate
(5.497 g, 51.7 mmol) and ethyl 2,3-epoxypropanoate (3.0 g, 25.8 mmol) were added
to a solution of 4-hydroxybenzonitrile 3_45_1 (12.31 g, 0.103 mmol) in acetonitrile
(100 mL). After refluxing for 4 hours, the resulting mixture was cooled and filtered.
The filtrate was diluted with ice-water and neutralized to pH 7 using dilute hydro-
chloric acid and extracted with ethyl acetate. The extract was washed with brine,
dried over sodium sulfate and concentrated. The residue was purified by column
chromatography to give the desired compound 3_45_2 (2.92 g, 48 % vyield) as a thick

colorless oil.

[00369] 'H NMR (400 MHz, DMSO-dy): 5 = 1.18 (t, ] = 1.7 Hz, 3H), 4.03-4.19
(m, 2H), 4.25 (d, | = 4.4 Hz, 2H), 4.38-4.51 (m, 1H), 5.89 (d, ] = 5.9 Hz, 1H), 7.11 (d, J
= 8.8 Hz, 2H), 7.77 (d, ] = 8.8 Hz, 2H).

[00370] MS (ESY) m/z: (M+H]J* caled for Ci2Hi1NOg4: 236.24. Found: 236.16.

Step 2:2-Hydroxy-3-(4-methoxycarbonimidoyl-phenoxy)-propionic acid methyl ester
hydrochloric acid salt (3_45_3)

[00371] Hydrogen chloride gas was introduced into a solution of 3-(4-cyano-
phenoxy)-2-hydroxy-propionic acid ethyl ester 3_45_2 (2.10 g, 8.93 mmol) in anhy-
drous methanol (70 mL) at 0°C for 10 minutes and the resulting mixture was stirred
at room temperature overnight. After concentration, the residue was stirred with
diethyl ether (20 mL) for 0.5 hour and the precipitate was collected and dried to give
the desired product (2.43 g, 94 % vield) as a white solid.

[00372] *H NMR (400 MHz, DMSO-de): 8 = 3.66 (s, 3H), 4.24 (s, 3H), 4.27-
4.30 (m, 2H), 4.48 (t, ] = 4.4 Hz, 1H), 7.16 (d, ] = 9.1 Hz, 2H), 8.09 (d, ] = 9.1 Hz, 2H).

Step 3:3-(4-Carbamimidoyl-phenoxy)-2-hydroxy-propionic  acid methyl ester
(3.45_4)
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f00373] Ammonia (7N in methanol, 3.0 mL, 20.97 mmol) was added to a
mixture of 2-hydroxy-3-(4-methoxycarbonimidoyl-phenoxy)-propionic acid methyl
ester hydrochloric acid salt 3_45_3 (2.43 g, 8.39 mmol) in anhydrous methanol (30
mL) at 0°C and the resulting mixture was stirred at 40°C for § hours. The reaction
mixture was concentrated to dryness to give the crude product of compound 3_45_4

(2.39 g, >100% yield) as a white solid which was used without purification.

[00374] 'H NMR (400 MHz, DMSO-dg): & = 3.65 (s, 3H), 4.22-4.31 (m, 2H),
4.47 (q, J = 4.7 Hz, 1H), 5.99 (d, ] = 5.9 Hz, 1H), 7.13 (d, ] = 8.9 Hz, 2H), 7.85 (d, ] =
8.9 Hz, 2H), 9.16 (br. s., 3H).

[00375] MS (ES*) m/z: [M+H]* caled for CpyHisNoOg: 239.25. Found: 239.23.

Step 4:3-[4-(tert-Butoxycarbonylamino-imino-methyl)-phenoxy]-2-hydroxy-
propionic acid methyl ester (3_45_5)

[00376] A saturated sodium carbonate solution (10mL) and di-tert-
butyldicarbonate (BOC0, 2.197 g, 10.07 mmol) were added to a solution of 3-(4-
carbamimidoyl-phenoxy)-2-hydroxy-propionic acid methyl ester 3_45_4 (2.35 g,
crude material from previous step, 8.39 mmol) in tetrahydrofuran (30 ml) at room
temperature. After stirring at room temperature for 3.5 hours, the resulting mixture
was extracted with ethyl acetate. The extract was washed with brine, dried and
concentrated. The residue was purified by column chromatography to give the
desired product (2.0 g, 66 % yield) as a white solid.

[00377] 'H NMR (400 MHz, DMSO-de): & = 1.42 (s, 9H), 3.66 (s, 3H), 4.14-
4.25 (m, 2H), 4.45 (¢, ] = 4.4 Hz, 1H), 5.88 (s, 1H), 6.98 (d, ] = 8.8 Hz, 2H), 7.92 (d, ] =
8.8 Hz, 2H).

Step 5:3-{4-(tert-Butoxycarbonylamino-imino-methyl)-phenoxy]-2-hydroxy-
propionic acid (3_45_6)
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[060378] A solution of sodium hydroxide (0.189 g, 4.73 mmol) in water
(4 mL) was added to a solution of 3-[4-(tert-butoxycarbonylamino-imino-methyl)-
phenoxy}-2-hydroxy-propionic acid methyl ester 3_45_5 (0.8 g, 2.36 mmol) in
tetrahydrofuran (10 mL) at 0°C. After stirring at this temperature for 15 minutes, the
reaction mixture was neutralized to pH 7 using acetic acid and concentrated to

dryness to afford the crude desired product (1.12 g) as a white solid.

[00379] 'H NMR (400 MHz, DMSO-de): § = 3.77-3.79 (m, 2H), 3.84-3.95 (m,
1H), 4.13-4.29 (m, 1H), 6.94 (d, ] = 7.9 Hz, 2H), 7.90 (d, ] = 8.2 Hz, 2H).

[00380] MS (ES*) m/z: [M+H]* caled for CisHaiN2Qg: 325.34. Found: 325.22.

Step 6:3-[4-(tert-Butoxycarbonylamino-imino-methylj-phenoxy}-2-hydroxy-
propionic acid benzhydryl ester (3_45_7)

[00381] A solution of diazo(diphenylymethane (0.459 g, 2.36 mmol) was
slowly added to a solution of 3-[4-(tert-butoxycarbonylamino-imino-methyl)-phen-
oxyl-2-hydroxy-propionic acid 3_45_6 (1.12 g, crude, 2.36 mmol} in methanol (10
ml). The resulting mixture was stirred at room temperature overnight and concen-
trated to dryness. The residue was purified by column chromatography to give the
desired product (0.571 g, 49 % yield) as a white solid.

[00382] 'H NMR (400 MHz, DMSO-dg): & = 1.42 (s, 9H), 4.20-4.30 (m, 1H),
4.30-4.43 (m, 1H), 4.61 (d, ] = 4.4 Hz, 1H), 6.00 (d, ] = 4.4 Hz, 1H), 6.85 (s, 1H), 6.95
(d,]=9.1 Hz, 21), 7.20-7.45 (m, 10H), 7.93 (d, ] = 8.8 Hz, 2H).

[00383] MS (ES*) m/z: [M+H]* calcd for CasHaN2Os: 491.56. Found: 491.23.

Step 7:3-[4-(tert-Butoxycarbonylamino-imino-methyl)-phenoxy}-2-(1,3-dioxo-1,3-
dihydro-isoindol-2-yloxy)-propionic acid benzhydryl ester (3_45_8)
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[00384] N-Hydroxyphthalimide (0.205 g, 1.26 mmol) and triphenylphos-
phine (0.359 g, 1.37 mmol) were added to a solution of 3-[4-(tert-butoxycarb-
onylamino-imino-methyl)-phenoxy]-2-hydroxy-propionic acid benzhydryl ester
3_45_7 (0.56 g, 1.14 mmol) in anhydrous tetrahydrofuran (10 mL) at room tempera-
ture. A solution of diethyl azodicarboxylate (0.238 g, 1.37 mmol) in tetrahydrofuran
(5 ml) was added dropwise to the resulting solution at 20°C and the resulting mix-
ture was stirred at room temperature overnight. After evaporation of the tetrahydro-
furan, the crude product was purified by column chromatography to give the desired
product (0.79 g, 88 % yield) as a white solid.

[60385] 'H NMR (400 MHz, DMSO-de): § = 1.43 (s, 9H), 4.51-4.66 (m, 2H),
5.43 (t, ] = 3.2 Hz, 1H), 6.92 (s, 1H), 6.95 (d, ] = 2.6 Hz, 2H), 7.19-7.46 (m, 10H), 7.85
(s, 4H), 7.94 (d, ] = 8.8 Hz, 2H), 8.98 (br s, 2H).

[00386] MS (ES*) m/z: [M+H]* calcd for CssH3:N30s: 366.68. Found: 366.34.

Step 8: Diphenylmethyl 2-(aminooxy)-3-{4-[N-~(tert-butoxycarbonyl)carbamimidoyl}-
phenoxy}propanoate (3_45_9)

[00387] Hydrazine monohydrate (0.067 g, 1.35 mmol) was added to a solu-
tion of 3-[4-(tert-butoxycarbonylamino-imino-methyl)-phenoxy}-2-(1,3-dioxo-1,3-
dihydro-isoindol-2-yloxy)-propionic acid benzhydryl ester 3_45 8 (0.78 g, 1.23
mmol) in anhydrous ethanol (15 mL) and tetrahydrofuran (10 mL) at 0°C and the
resulting mixture was stirred at room temperature for 2 hours. After concentration,
the residue was stirred with dichloromethane (10 ml) and filtered. The filtrate was
concentrated to afford the desired product (0.76 g, >100% yield) as a white solid,

which was used without purification.

[00388] 'H NMR (400 MHz, DMSO-dg): § = 1.42 (s, 9H), 4.28-4.46 (m, 2H),
4.60 (t, J = 4.1 Hz, 1H), 6.43 (s, 2H), 6.89 (s, 1H), 6.94 (d, ] = 8.5 Hz, 2H), 7.19-7.47
(tm, 10H), 7.92 (d, ] = 8.8 Hz, 2H), 8.98 (br s, 2H).
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3.46 4-[2-(Aminooxy)ethoxy]-2-methylbenzenecarboximidamide

as for previous NH
CN exampies
HO _~ ONa HO CN . P NH
- I o | 2
Br s 451 step 1 0 HQN’ \/\O X
40 3 46 2 3,463

Step 1:4-(2-Hydroxyethoxy)-2-methylbenzonitrile (3_46_2)

[00389] Sodium hydride (60 %, 0.62 g, 40.8 mmol) was added slowly to eth-
ylene glycol (40 mL) and the resulting mixture was stirred at room temperature for
0.5 hour. 4-Bromo-2-methylbenzonitrile 3_46_1 (2.0 g, 10.2 mmol) was then added
followed by copper(I) bromide (0.44 g, 3.06 mmol) and the reaction mixture was
heated at 120°C for 2 hours, cooled to room temperature, poured into water (300
ml), and extracted with ethyl acetate (3 x 100 mL). The combined ethyl acetate
layers were washed with water (2 x 200 mL) and brine (1 x 200 mlL), dried over
sodium sulfate and concentrated under reduced pressure. The residue was purified by
column chromatography to give compound 3_46_2 (1.6 g, 88 % yield) as a pale

yellow solid.

[00390] 'H NMR (400 MHz, CDCly): & = 2.51 (s, 3H), 3.94-4.04 (m, 2H), 4.07-
4.15 (m, 2H), 6.74-6.87 (m, 2H), 7.53 (d, ] = 8.6 Hz, 1H).

[00391] Using intermediate 3_46_2 and following the conditions as de-

scribed in the previous examples, compound 3_46_3 was prepared.
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3.47 tert-Butyl [{4-[2-(aminocoxy)ethoxy]pyridin-2-yl}(imino)methyl]jcarbamate
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Step 1:4-(2-Hydroxyethoxy)-pyridine-2-carbonitrile (3_47_2)

[00392] 2-(Tetrahydropyran-2-yloxy)ethano! (3.50 g, 22 mmol) was added
dropwise to a cooled (0°C) suspension of sodium hydride (530 mg, 60 % in mineral
oil, 21 mmol) in N,N-dimethylformamide. After the addition was over, the mixture
was stirred at room temperature for 10 minutes. The reaction mixture was cooled to
0°C and 4-chloro-pyridine-2-carbonitrile 3_47_1 (2.77 g, 20 mmol) was added in one
portion. The resulting mixture was stirred at room temperature for 2 hours and the
mixture was quenched with a saturated aqueous ammonium chloride solution,
extracted with ethyl acetate, washed with water, dried and concentrated. The residue
was dissolved in methanol (30 mL) and treated with a 1N hydrochloric acid solution
(10 mL) at 0°C. The mixture was stirred at room temperature for 2 hours, extracted
with ethyl acetate (150 mlL), dried and concentrated. The residue was purified by
column chromatography to give 3_47_2 (2.04 g, 62 % yield) as a white solid.

[00393] 'H NMR (CDCls, 400MHz): § = 8.60 (d, 1H), 7.25 (s, 1H), 7.03 (d,
1H), 4.27 (m, 2H), 4.00 (m, 2H), 2.00 (¢, 1H).
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Step 2:{[4-(2-Hydroxyethoxy)-pyridin-2-yl}-iminomethyljcarbamic acid tert-butyl
ester (3_47_3)

[00394] A solution of compound 3_47_2 (1.0 g, 6.10 mmol) in methanol
(10 mL) was added to a freshly prepared solution of sodium methoxide (0.28 g of
sodium in methanol (10 mL) at 0°C and the reaction mixture was stirred at room
temperature for 90 minutes. Ammonium chloride (1.30 g, 24.4 mmol) was added and
the reaction mixture was heated at reflux for 16 hours. A saturated aqueous sodium
bicarbonate solution (20 mL) and di-tert-butyl dicarbonate (Boc,O, 4.17 g, 18.3
mmol) were added to the cooled (0°C) mixture. The resulting mixture was stirred at
room temperature for 16 hours, extracted with ethyl acetate (150 mL), dried and
concentrated. The residue was purified by column chromatography to give com-

pound 3_47_3 (1.53 g, 90 % yield) as viscous oil.

[00395] 'H NMR (CDCls, 400MHz): § = 9.40 (br s, 1H), 8.44 (d, 2H), 8.00 (s,
1H), 7.00 (d, 1H), 4.30 (d, 2H), 4.00 (m, 2H), 2.00 (br s, 1H), 1.60 (s, 9H).

Step 3:({4-[2-(1,3-Dioxo-1,3-dihydro-tsoindol-2-yloxy)-ethoxy]-pyridin-2-yl}-imino-
methyl)carbamic acid tert-butyl ester (3_47_4)

[00396] Diisopropyl azodicarboxylate (1.28 ml, 6.53 mmol) was added
dropwise to a cooled mixture of compound 3_47_3 (1.53 g, 5.44 mmol), N-hydroxy-
phthalimide (0.98 g, 5.98 mmol) and triphenylphosphine (1.71 g, 6.53 mmol) in
tetrahydrofuran. After the addition, the mixture was stirred at room temperature for
16 hours and concentrated. The residue was purified by column chromatography to

give compound 3_47_4 (1.66 g, 72 % yield) as a white solid.

[00397] 'H NMR (CDCls, 400MHz): § = 9.40 (br s, 1H), 8.37 (d, 2H), 7.91 (s,
1H), 7.85 (m, 2H), 7.78 (m, 2H), 6.91 (d, 1H), 4.90 (m, 2H), 4.49 (m, 2H).
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Step 4:tert-Butyl [{4-[2-(aminooxy)ethoxy]pyridin-2-yl}(imino)methyljcarbamate
(3.47_5)

[00398] Ammonia (2.5 ml, 2N in methanol) was added to a solution of
compound 3_47_4 (210 mg, 0.5 mmol) in methanol (1 mlL). The mixture was stirred
for 16 hours, filtered and the filtrate was concentrated. The residue was diluted with
dichloromethane and filtered. The filtrate was concentrated to give compound
3_47_5 (160 mg, >100 % yield) which was used in the next step without further

purification.

[00399] 'H NMR (CDCls, 400 MHz): 5 = 9.30 (br s, 1H), 8.40 (m, 2H), 8.00 (s,
1H), 7.00 (d, 1H), 5.60 (s, 2H), 4.40 (m, H), 4.10 {m, 2H), 1.60 (s, 9H).

3.48 tert-Butyl [{2-[2-(aminooxy)ethoxy]pyridin-4-yl}(imino)methyl]carbamate

Nes H,N-O
Ct as for 3_47_6 B N
\ /7 R o\ 4
CN NHBoc
3.48.1 3485 HN

{00400] Foliowing the procedure as described under 3.47 but using 2-chloro-
4-cyano-pyridine 3_48_1 as the starting material instead of 4-chloro-2-cyano-
pyridine 3_47_1 compound 3_48_5 was prepared.
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3.49 tert-Butyl [{5-[2-(aminooxy)ethoxy]-3-hydroxypyridin-2-ylj(imino)meth-

yllcarbamate
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Step 1:3,5-Bis-isopropylideneaminooxy-pyridine-2-carbonitrile (3_49_2)

{00401] Sodium hydride (0.875 g, 21.89 mmol, 60 % in mineral oil) was add-
ed to a solution of acetone acetone oxime (1.60 g, 9.95 mmol) in N,N-dimeth-
ylformamide (30 mL) at 0°C and the resulting mixture was stirred at room tempera-
ture for 1 hour. A solution of 5-bromo-3-fluoro-pyridine-2-carbonitrile 3_49_1 (2.0 g,
9.95 mmol) in N,N-dimethylformamide (10 mL) was added at 0°C and the reaction
mixture was stirred at room temperature overnight. After the removal of most of the
N,N-dimethylformamide, the mixture was cooled to 0°C and water (40 mL) was
added and the mixture was stirred for 0.5 hour. The white precipitate was collected,
washed with cold water and dried to give the desired product (2.55 g, 100 % yield) as

a white solid.

[00402] 'H NMR (400 MHz, DMSO-dg): & = 2.05 (s, 3H), 2.06 (s, 3H), 2.09 (s,
3H), 2.13 (s, 3H), 7.69 (d, ] = 2.3 Hz, 1H), 8.21 (d, J = 2.3 Hz, 1H).

[00403] MS (ES*) m/z: [M+H]* caled for Ci2HisN4Og: 247.27. Found: 247.12.
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Step 2:Propan-2-one O-(3-amino-isoxazolo[4,5-b]pyridin-6-yl)-oxime (3_49_3)

{00404] Conc. hydrochloric acid (1:1, 32 ml) was added to a mixture of 3,5-
bis-isopropylideneaminooxy-pyridine-2-carbonitrile 3_49_2 (4.8 g, 19.49 mmol) in
methanol (80 mL) and the resulting mixture was stirred at 60°C for 4 hours. After
cooling to room temperature, the white precipitate was collected, washed with water,

and dried to give the desired product (3.50 g, 87 % yield) as a white solid.

[00405] 'H NMR (400 MHz, CDCly): § = 2.01-2.04 (m, 3H), 2.06-2.09 (m, 3H),
6.42 (s, 2H), 7.63 (d, ] = 2.0 Hz, 1H), 8.40 (d, J = 2.0 Hz, 1H).

[00406] MS (ES*) m/z: [M+H]* caled for CoH1iN4O2: 207.21. Found: 207.11.

Step 3:3,5-Dihydroxy-pyridine-2-carboxamidine (3_49_4)

[00407] Palladium on carbon (2.0 g, 10 wt. %, wet) was added to a solution
of propan-2-one O-(3-amino-isoxazolo[4,5-b]pyridin-6-yl)-oxime 3_49_3 (3.67 g,
17.80 mmol) in anhydrous tetrahydrofuran (30 mL), methanol (30 mL) and N,N-
dimethylformamide (150 mL) and the resulting mixture was hydrogenated under 1
atmosphere at room temperature for 3 hours. The reaction mixture was filtered and
the filtrate was concentrated to dryness to afford the crude compound 3_49_4 (4.08
g, >100 % vyield) as a white solid, which was used in the next step without purifica-

fion.

[00408] 'H NMR (400 MHz, DMSO-ds): § = 6.08 (d, ] = 2.3 Hz, 1H), 7.23 (d, ]
= 2.3 Hz, 1H), 7.53 (br s, 2H).

{00409] MS (ESY) m/z: [M+H]* caled for CeHsN3Og: 154.14. Found: 154.15.
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Step 4:((3,5-Dihydroxy-pyridin-2-yl)-imino-methyl}-carbamic acid tert-butyl ester
(3.49_5)

[00410] Di-tert-butyl dicarbonate (Boc:O, 5.826 g, 26.70 mmol) was added to
a suspension of 3,5-dihydroxy-pyridine-2-carboxamidine 3_49_4 (4.08 g, crude, 17.8
mmol), in methanol (40 mL) and tetrahydrofuran (60 ml) followed by sodium
carbonate (3.77 g, 35.61 mmol) in water (20 mL) at room temperature. After stirring
at room temperature overnight, the resulting mixture was filtered and the filtrate was
concentrated, diluted with ethyl acetate, washed with a saturated aqueous ammoni-
um chloride solution and brine, dried and concentrated to give the desired product
(2.90 g, 64 % yield) as a white solid.

[00411] 'H NMR (400 MHz, DMSO-dg): & = 1.48 (s, 9H), 6.55 (d, ] = 2.3 Hz,
1H), 7.40 (d, ] = 2.3 Hz, 1H), 7.85 (br s, 2H).

[00412] MS (ES*) m/z: [M+H]* caled for C1iHiaN3O4: 252.26. Found: 252.19.

Step 5:({S-[2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy}-3-hydroxy-pyridin-2-
yl}-imino-methyl)-carbamic acid tert-butyl ester (3_49_6)

[00413] Triethylamine (1.465 g, 14.47 mmol) was added to a solution of N-
(2-hydroxyethoxy)phthalimide (2.0 g, 9.65 mmol) in dichloromethane (20 mL) at
0°C. Methanesulfonyl chloride (1.657 g, 14.47 mmol) was slowly added to the
reaction mixture at 0°C. After stirring at room temperature for 3 hours, the reaction
mixture was washed with brine, dried over sodium sulfate and concentrated to
dryness to give methanesulfonic acid 2-(1,3-dioxo-1,3-dihydro-isoindol-2-yloxy)-
ethyl ester (2.46 g, 89 % yield) as a white solid.

[00414] Potassium carbonate (0.994 g, 7.19 mmol) was added to a solution of
[(3,5-dihydroxy-pyridin-2-yl)}-imino-methyl]-carbamic acid tert-butyl ester 3_49_5
(0.911 g, 3.60 mmol) in N,N-dimethylformamide (20 mL). After stirring at 60°C for
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15 minutes, a solution of methanesulfonic acid 2-(1,3-dioxo-1,3-dihydro-isoindol-2-
yloxy)-ethyl ester (1.026 g, 3.60 mmol) in N,N-dimethylformamide (30 mL) was
slowly added at 60°C and the mixture was stirred at 60°C for 4 hours before it was
neutralized to pH 7 using dilute hydrochloric acid and diluted with cold water. The
precipitate was collected and purified by column chromatography to give the desired
product (0.243 g, 15 % yield) as a white solid.

[00415] 'H NMR (400 MHz, DMSO-de): 8 = 1.49 (s, 9H), 4.39 (br s, 2H), 4.44-
4.57 (m, 2H), 6.76 (brs, 1H), 7.67 (br s, 1H), 7.87 (s, 4H), 9.03 (br s, 2H).

f00416] MS (ES*) m/z: [M+H]* calcd for CoiH2:NaOy: 443.43. Found: 443.11.

Step 6: tert-Butyl  {{5-[2-(aminooxy)ethoxy]-3-hydroxypyridin-2-yl}(iminoymethyl]-
carbamate (3_49_7)

[00417] Hydrazine monohydrate (0.0445 g, 0.890 mmol) was slowly added
to a solution of ({5-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yloxy)-ethoxy]-3-hydroxy-
pyridin-2-yl}-imino-methyl)-carbamic acid tert-butyl ester 3_49_6 (0.358 g, 0.809
mmol) in tetrahydrofuran (3 mL) and ethanol (§ mL). The resulting mixture was
stirred at room temperature for 1 hour and concentrated. The resulting solid was
stirred with dichloromethane (25 mL) for 15 minutes and filtered. The filtrate was
concentrated to give the desired product (0.320 g, >100 % yield) as a white solid,

which was used for the next step without further purification.

[00418] 'H NMR (400 MHz, DMSO-dg): § = 1.49 (s, 9H), 3.77-3.91 (m, 2H),
4.10-4.26 (m, 2H), 6.12 (s, 2H), 6.79 (br s, 1H), 7.80 (br s, 1H).

{00419] MS (ESY) m/z: [M+H]* calcd for Ci3H1N.Os: 313.33. Found: 313.13.



WO 2013/110643 PCT/EP2013/051217

131

3.50 2-{4-[2-(Aminocoxy)ethoxy]phenyl}-4,5-dihydro-1H-imidazole
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3 50 1 3_50_2
3_50_3
H
N NH,
TFA, DCM ﬁ o
N 4
step 3 O)
3.50 4

Step 1:tert-Butyl [2-(4-cyanophenoxy)ethoxylcarbamate (3_50_2)

[00420} A mixture of 4-[2-(aminooxy)ethoxylbenzonitrile 3_50_1 (5.0 g, 28.0
mmol), di-tert-butyl dicarbonate (Boc:0, 6.1 g, 28.0 mmol) and triethyl amine (2.8 g,
28.0 mmol) in dichloromethane (300 mL) was stirred overnight at room temperature.
The mixture was evaporated and the residue suspended in ether (200 mlL). The
resulting white precipitate was collected to obtain compound 3_50_2 (7.1 g, 91 %
yield).

[00421] H NMR (400 MHz, DMSO-ds): 8 = 1.36 (s, 9H), 4.02 (dd, J=5.2, 3.0
Hz, 2H), 4.21 (dd, ]=5.2, 3.3 Hz, 2H), 7.10 (d, J=8.9 Hz, 2H), 7.75 (d, ]=8.9 Hz, 2H),
10.08 (brs, 1H)

[00422] MS (ES*) m/z: [M+H]* caled for CiaHoN2O4: 279.13; found: 279.12.

Step 2:tert-Butyl {2-[4-(4,5-dihydro-1H-imidazol-2-yl)phenoxylethoxy}carbamate
(3_50_3)

f00423] Sodium hydrogen sulfide (0.16 g, 2.16 mmol) was added to a
suspension of tert-butyl [2-(4-cyanophenoxy)ethoxy|carbamate 3_50_2 (6.0 g, 21.6
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mmol) and ethylenediamine (20 mL). The resulting mixture was heated at 120°C for
2 hours, cooled to room temperature and poured into crushed ice to form a white
solid. The solid was collected and dried under vacuum to obtain compound 3_50_3
(3.8 g, 55 %) as a white solid.

[00424] 'H NMR (400 MHz, DMSO-dg): & = 1.14-1.67 (m, 9H), 3.55 (s, 4H),
3.91-4.10 (m, 2H), 4.08-4.29 (m, 2H), 6.79-7.09 (m, 3H), 7.54-7.87 (m, 3H)

[00425] MS (ES*) m/z: [M+H]* caled for CigH2:N3O4: 322.18; found: 322.15

Step 3:2-{4-[2-(Aminooxy)ethoxy]phenyl}-4,5-dihydro-1H-imidazole (3_50_4)

[00426] A  solution of tert-butyl {2-[4-(4,5-dihydro-1H-imidazol-2-
yl)phenoxylethoxy}carbamate 3_50_3 (3.8 g, 12.0 mmol) in dichloromethane (50
ml) was treated with trifluoroacetic acid (TFA, 3.8 mL). The resulting solution was
stirred overnight at room temperature, evaporated to remove excess trifluoroacetic
acid and diluted with dichloromethane (200 mL). The solution was washed with an
aqueous sodium bicarbonate solution (10 ml), dried and evaporated to obtain com-

pound 3_50_4 (2.17 g, 81 % yield) as a gum.

[00427] 'H NMR (400 MHz, DMSO-d6): & = 3.69 (s, 4H), 3.77 - 3.94 (m, 2H),
4,10-4.30 (m, 2H), 6.11 (br s, 2H), 6.90-7.17 (m, 2H), 7.59-7.96 (m, 3H).

[00428] MS (ES*) m/z: [M+H]* calcd for C1iHieN3O2: 222.12; found: 222.14.
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3.51 tert-Butyl 4-{{{4-[2-(aminooxy)ethoxy]|phenyl}(imino)methyl}(tert-butoxy-

carbonyl)amino}piperidine-1-carboxylate

" /OE,BOC
| H.N NH NBoc NH NBoc
OMe % /‘LN Boc,O /@2‘1\
— N
H i
HO step 1 O
P HO BocO

step 2 Boc
3511 3 51.2 3 513

LiOH NH OBOC as in previous N NBog

- /\)J\N examples

s N ke — N

HO —— HzN’O\’/\ o Boc
3.51.4 351 5
Step 1:tert-Butyl 4-{[(4-hydroxyphenyl)(imino)methyl]amino}piperidine-1-

carboxylate (3_51_2)

[00429] A suspension of compound 3_51_1 (1.0 g, 4.46 mmol) in methanol
(10.0 mL) was treated with triethylamine (1.20 mL, 0.86 mmol) at 0°C to give a clear
yellow solution. The solution was treated with tert-butyl 4-aminopiperidine-1-
carboxylate (0.90 g, 4.46 mmol) in methanol (2.0 mL) and stirred at room tempera-
ture overnight. The mixture was concentrated in vacuo to a yellow foam. The foam
was purified by column chromatography to afford compound 3_51_2 (1.20 g, 85 %
yield) as an off-white solid.

[00430] 'H NMR (400 MHz, DMSO-de): & = 1.22 (t, ] = 7.03 Hz, 2H), 1.42 (s,
9H), 1.46-1.55 (m, 2H), 1.88-1.93 (m, 2H), 3.05-3.10 (m, 1H), 3.80-4.11 (m, 2H), 6.95
(d,] =8.99 Hz, 2H), 7.61 (d, ] = 8.99 Hz, 2H), 9.02 (br s, 1H), 10.53 (br s, 1H).

[00431] MS (ES*) m/z: [M+H]* caled for C17H26N303: 320.20. Found: 320.21.
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Step 2:tert-Butyl 4-{(tert-butoxycarbonyl)[{4-[(tert-butoxycarbonyl)oxy]phenyl}-
(imino)methyl]amino}piperidine-1-carboxylate (3_51_3)

[00432] A solution of compound 3_51_2 (2.40 g, 7.51 mmol) in 1,4-dioxane
(100 mL) was treated with a saturated sodium carbonate solution (100 mL) followed
by di-tert-butyl dicarbonate (Boc:O, 8.20 g, 37.57 mmol) at 0°C. The mixture was
stirred at room temperature overnight and then extracted with ethyl acetate. The
organic extracts were filtered through a short plug of silica gel and the pad was rinsed
with ethyl acetate. The filtrate was concentrated to afford compound 3_51_3 (2.40 g,
62 % yield) as a white solid.

[00433] 'H NMR (400 MHz, DMSO-d): & = 1.18 (s, 9H), 1.24-1.40 (m, 2H),
1.40 (s, 9H), 1.49 (s, 9H), 1.84-1.89 (m, 2H), 2.67-2.90 (m, 2H), 3.81-3.90 (m, 3H),
7.26 (d, ] = 8.60 Hz, 2H), 7.38 (d, ] = 8.60 Hz, 2H), 7.75 (4, ] = 6.25 Hz, 1H).

[00434] MS (ES*) m/z: [IM+H]* calcd for CpyHaN3O7: 520.30. Found: 520.30.

Step 3:tert-Butyl 4-{(tert-butoxycarbonyl)[(4-hydroxyphenyl)(imino)methyljamino}-
piperidine-1-carboxylate (3_51_4)

{00435] A colorless solution of compound 3_51_3 (2.40 g, 4.62 mmol) in tet-
rahydrofuran (50 mlL) and methanol (50 ml) was treated with lithium hydroxide
monohydrate (0.58 g, 13.86 mmol) in water (5.0 mL) at 0°C. The mixture was stirred
at room temperature for 2 hours and concentrated in vacuo to remove organic
solvents. The residue was diluted with water and extracted with ethyl! acetate. The
extracts were dried over sodium sulfate, filtered and concentrated in vacuo to provide
a white solid which was purified by column chromatography to give compound
3.51_4 (1.70 g, 88 % yield) as a white solid.
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[00436] H NMR (400 MHz, DMSO-dg): 6 = 1.19 (s, 9H), 1.21-1.31 (m, 2H),
1.38 (s, 9H), 1.78-1.84 (m, 2H), 2.70-2.80 (m, 2H), 3.80-3.95 (m, 3H), 6.74 (d, ] = 8.60
Hz, 2H), 7.17 (d, ] = 8.60 Hz, 2H), 7.40-7.50 (m, 1H).

[00437] MS (ES*) m/z: [M+H]* calcd for Ca2H3eNaOs: 420.25. Found: 420.25.

[060438] Using the intermediate 3_51_4, compound 3_51_5 was prepared us-

ing the conditions as described in the previously cited examples.

3.52 tert-Butyl 4-{[{4-[(3S)-3-(aminooxy)ethoxy]phenyl}(imino)methyl](tert-

butoxycarbonyl)amino}pyrrolidine-1-carboxylate

NH
i NBoc
i
HZN'O\/\O' Boc

7

{00439] Using conditions as described under 3.51 but using tert-butyl (35)-3-
aminopyrrolidine-1-carboxylate instead of terf-butyl 4-aminopiperidine-1-carboxyl-

ate, compound 3_52_5 was prepared.

3.53 tert-Butyl (2§,48)-4-{[{4-[2-(Aminooxy)ethoxy]phenyl}(imino)methyl](tert-

butoxycarbonyl)amino}-N,N-dimethyl-prolinamide-1-carboxylate

)
Boc

o)
NiMe,
NH
NBoc
HNO~"0

2
3,535
[00440] Using conditions as described under 3.51 but using fert-butyl (25,45)-
4-amino-2Z-(dimethylcartbamoyl)pyrrolidine-1-carboxylate instead of fert-butyl 4-

aminopiperidine-1-carboxylate, compound 3_53_5 was prepared.
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3.54 1-2-{[{4-[2-(Aminooxy)ethoxy]phenyl}(imino)methyl]amino}ethyl)-1-

methylpyrrolidinium trifluoroacetate

H,N O (j
‘ \/\D Boc:0 AN Mel N

BocHN wons BooNH TN T
3_54_1 step 1 354 2 P 3 54 3
]
as described .
Hal HCI O for3 116  HN-O CFa/d\ o
£e
H N/\/N\ Jp—. M NH
step 3 2 Ci— e O N /"' N
H
3.54 4 3545

Step 1:(2-Pyrrolidin-1-yl-ethyl)-carbamic acid tert-butyl ester (3_54_2)

[00441] A solution of di-tert-butyldicarbonate (Boc:O, 10.512 g, 48.2 mol) in
tetrahydrofuran (20 mL) was added to a solution of 2-pyrrolidin-1-yl-ethylamine
3_54_1 (5.0 g, 43.8 mol) in tetrahydrofuran (40 mL) at 0°C. After stirring at room
temperature overnight, the resulting mixture was concentrated to give the desired
product (9.45 g, 100% yield) as a colorless oil, which was used in the next step

without purification.

[00442] 'H NMR (400 MHz, CDCly): § = 1.45 (s, 9H), 1.74 - 78 (m, 4H), 2.48~
2.58 (m, 6H), 3.22-3.26 (3, 2H), 5.08 (br s, 1H).

Step 2:1-(2-tert-Butoxycarbonylamino-ethyl)-1-methyl-pyrrolidinium iodide (3_54_3)

[00443] Iodomethane (20 ml) was added to a solution of compound 3_54_2
(9.45 g, crude, 43.8 mmol) in dichloromethame (30 mlL) at -10°C. The resulting
solution was sealed, stirred at 60 °C overnight and concentrated to give the desired
product (16.79 g, >100 % yield) as a light yellow sticky solid, which was used in the

next step without purification.
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[00444] 'H NMR (400 MHz, DMSO-de): & = 1.38 (s, 9H), 2.06 (br s, 4H), 2.98
(s, 3H), 3.34-3.37 (m, 4H), 3.42-3.46 (m, 2H), 3.47-3.54 (m, 2H), 7.18 (br s, 1H).

Step 3:1-(2-Amino-ethyl)-1-methyl-pyrrolidinium  chloride  hydrochloride  salt
(3_54_4)

[00445] Hydrogen chloride gas was introduced into a solution of compound
3.54_3 (16.79 g, crude, 47.1 mmol) in dichloromethane (100 mL) at 0°C for 10
minutes. After stirring at room temperature for 1 hour, the resulting solid was filtered
off, washed with dichloromethane and then dissolved in methanol (10 mlL). Ether
(30 mL) was added to the solution and the precipitate was collected and dried to give
the desired product (10.1 g, 100 % yield) as an off-white solid.

[00446] 'H NMR (400 MHz, DMSO-dg): & = 2.06-2.11 (m, 4H), 3.05 (s, 3H),
3.27-3.33 (m, 2H), 3.48-3.56 (m, 2H), 3.57-3.65 (m, 4H), 8.60 (br s, 2H).

[00447] Using the intermediate 3_54_4 and following the procedure as de-
scribed under 3.11 compound 3_54_5 was prepared.

3.55 tert-Butyl 2-{4-[2-(aminooxy)ethoxy]phenyl}-1-tert-butoxycarbonyl-
1,4,5,6-tetrahydropyrimidin-5-carbamate

NH,
BocHN—C
NH, N Boc,0
Bn0~®—CHO e BnO—@——(’ }NHBOC — BnO—@——( :>—NHBac
N

step 1 H step 2
3851 3 55 2 3_55_3
H2' Pd-C as in previous

step 3
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Step 1:tert-Butyl {2-[4-(benzyloxy)phenyl]-1,4,5,6-tetrahydropyrimidin-5-yl}carb-
amate (3_55_2)

[00448] 4-(Benzyloxy)benzaldehyde 3_55_1 (1.00 g, 4.71 mmol) was treated
with tert-butyl (1,3-diaminopropan-2-yl)carbamate (0.94 g, 4.97 mmol) in dichloro-
methane (47.0 mL). The mixture was stirred at room temperature for 7 h, cooled to
0°C, and treated with N-bromosuccinimide (0.88 g, 4.94 mmol). The suspension was
stirred at 0°C to room temperature overnight, and quenched with a saturated sodium
metabisulfite solution and a 1N sodium hydroxide solution. The organic layer was
dried over sodium sulfate, filtered and concentrated in vacuo to give a yellow oil. The
oil was purified by column chromatography to afford compound 3_55_2 (1.05 g, 59
% yield) as a light yellow solid.

[00449] 'H NMR (400 MHz, CDsOD): 6 = 1.45 (s, 9H), 3.42 (dd, ] = 13.3, 5.1
Hz, 2H), 3.65 (dd, J = 12.9, 3.9 Hz, 2H), 4.05-4.09 (m, 1H), 5.18 (s, 2H), 7.15 (d, ] =
8.6 Hz, 2H), 7.30-7.75 (m, 5H), 7.66 (d, ] = 9.0 Hz, 2H).

Step 2:tert-Butyl 2-{4-(benzyloxy)phenyl}-S-{{tert-butoxycarbonyl)aminol-5,6-
dihydropyrimidine-1(4H)-carboxylate (3_55_3)

[00450] A solution of compound 3_55_2 (1.05 g, 2.75 mmol) in a mixture of
dioxane/methanol/tetrahydrofuran (1.0 mL / 2.0 mL / 53.0 mL) and a saturated
sodium carbonate solution (50.0 mL) was cooled to 0°C, and treated with di-tert-
butyl dicarbonate (BocxO, 2.86 g, 13.1 mmol) in portions. The suspension was stirred
at room temperature overnight, concentrated in vacuo to remove the organic sol-
vents, and dilated with ethyl acetate. The extracts were dried over sodium sulfate,
filtered and concentrated to give a yellow oil. The oil was purified by column chro-

matography to afford compound 3_55_3 (1.10 g, 87 % yield) as a yellow solid.
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[00451] "H NMR (400 MHz, CD;OD): 8 = 1.08 (s, 9H), 1.43 (s, 9H), 3.37 (dd,
] = 16.0, 5.9 Hz, 1H), 3.68-3.81 (m, 3H), 3.84-3.37 (m, 1H), 5.15 (s, 2H), 7.00 (d, J =
9.0 Hz, 2H), 7.25-7.45 (m, 7H).

Step 3:tert-Butyl  5-[(tert-butoxycarbonyljamino}-2-(4-hydroxyphenyl)-5,6-dihydro-
pyrimidine-1(4H)-carboxylate (3_55_4)

[060452] A solution of compound 3_55_3 (2.50 g, 5.19 mmol) in methanol
was treated with palladium on carbon (10 % wet, 0.25 g), and hydrogenated at 15 psi
of hydrogen gas for 3 hours. The mixture was filtered through a pad of Celite and the
filtrate was concentrated in vacuo to give a yellow oil. The oil was purified by col-
umn chromatography to afford compound 3_55_4 (1.50 g, 74 % yield) as a white

solid.

[004533] "H NMR (400 MHz, DMSO-de): & = 1.09 (s, 9H), 1.39 (s, 9H), 3.25-
3.39 (m, 2H), 3.64-3.73 (m, 3H), 6.73 (d, ] = 9.0 Hz, 2H), 7.00-7.04 (m, 1H), 7.27 (d, ]
= 9.0 Hz, 2H), 9.67 (brs, 1H).

[00454] The above intermediate 3_55_4 was used to prepare compound

3_55_5 by following the conditions as described before.

3.56 tert-Butyl 1-(2-{4-[2-(Aminooxy)ethoxy]phenyl}-1-tert-butoxycarbonyl-4,5-
dihydro-1H-imidazol-5-yl)methancarbamate

H,N-O
\__\ o /N
0
\_/ <N]\/NHBOC
Boc

3_56_5
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{00455} Using the conditions as described under 3.55 but using ferf-butyl
(2,3-diaminopropan-1-yljcarbamate in place of tert-butyl (1,3-diaminopropan-2-

ylycarbamate, compound 3_56_5 was prepared.

3.57 Di-tert-butyl 4-{[{4-[2-(aminooxy)ethoxy]phenyl}(imino)methyljamino}-

pyrazolidine-1,2-dicarboxylate

Boc Boc
B TBDMSC!, _NHBoc N
B Y Br imidazole Br/\;'/\Br BocHN N-N TBAR Boc\N“NfBoc
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Step 1:tert-Butyl[(1,3-dibromopropan-2-yhoxyldimethylsilane (3_57_2)

[00456] Imidazole (19.69 g, 289 mmol) was added in portions to an ice-cold
solution of 1,3-dibromopropan-2-ol 3_57_1 (25.2 g, 115 mmol) and tert-butyl-
dimethylsilyl chloride (TBDMSCI, 20.92 g, 138 mmol) in N,N-dimethylformamide
(116 mL) and the resulting solution was stirred at room temperature for 18 hours.
The mixture was diluted with ethyl acetate, and washed with water and brine. The
organic phase was dried and concentrated under reduced pressure. Vacuum distillati-
on afforded compound 3_57_2 (27.6 g, 72 % yield).

Step Z:Di-tert-butyl  4-{{tert-butyl(dimethyl)silyljoxy}pyrazolidine-1,2-dicarboxylate
(3_57_3)

[00457] A solution of di-tert-butyl hydrazine-1,2-dicarboxylate (BocNH-
NHBoc, 1.51 g, 6.492 mmol) in N,N-dimethylformamide (32 mL) was treated with
sodium hydride (60 % in mineral oil, 0.262 g, 6.446 mmol) to give a yellow slurry.
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The mixture was stirred for 1.75 hours, treated with compound 3_57_2 (2.135 g,
6.428 mmol) and stirred for another 1.75 hours. Another portion of sodium hydride
(60 % in mineral oil, 0.270 g, 8.484 mmol) was added and the mixture was heated at
90°C for 2 hours. The mixture was cooled to room temperature, another portion of
sodium hydride was added (60 %, in mineral oil, 0.103 g, 2.57 mmol) and the mix-
ture was heated at 90°C for 1 hour. The solvent was removed under reduced pressure,
and the mixture was quenched with methanol and extracted with ethyl acetate. The
organic extract was washed with water and brine, dried and concentrated under

vacuum to afford crude compound 3_57_3 (2.1 g, 80% yield) as an oil.

Step 3:Di-tert-butyl 4-hydroxypyrazolidine-1,2-dicarboxylate (3_57_4)

[00458] A solution of compound 3_57_3 (9.05 g, 22.48 mmol) in tetrahydro-
furan (225 mlL) was cooled to 0°C, then treated with glacial acetic acid (3.87 mL,
67.46 mmol) followed by the addition of tetra-n-butylammonium fluoride (TBAF, 1N
in tetrahydrofuran, 47.6 mL, 47.6 mmol). The mixture was heated at 50°C for 4.5
hours, cooled to room temperature and extracted with ethyl acetate. The extract was
washed with a saturated sodium bicarbonate solution, dried and concentrated in
vacuo to afford the crude compound 3_57_4 (6.48 g, 100 % yield), which was used
without purification.

Step 4:Di-tert-butyl 4-[(methylsulfonyl)oxy]pyrazolidine-1,2-dicatboxylate (3_57_5)

[00459] A solution of compound 3_57_4 (6.48 g, 22.48 mmol) in dichloro-
methane (112 mL) at 0°C was treated with triethylamine (TEA, 6.27 mL, 44.96 mmol)
followed by methanesulfonyl chloride (MsCl, 2.62 mL, 11.24 mmol). The resulting
mixture was stirred for 1.5 hours, washed with a saturated sodium bicarbonate
solution, water and brine. The extract was dried and concentrated in vacuo to afford
the crude compound 3_57_5 (8.24 g, 100 % yield).
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Step S:Di-tert-butyl 4-azidopyrazolidine-1,2-dicarboxylate (3_57_6)

[00460] A solution of compound 3_57_5 (8.24 g, 22.48 mmol) in N,N-
dimethylformamide was treated with sodium azide (4.38 g, 67.44 mmol). The result-
ing mixture was heated at 50°C for 20 hours, then extracted with ethyl acetate (225
ml) and washed with water and brine. The extract was dried and concentrated in
vacuo to afford the crude compound 3_57_6 (7.02 g, 100 % yield).

Step 6:Di-tert-butyl 4-aminopyrazolidine-1,2-dicarboxylate (3_57_7)

[00461] A solution of compound 3_57_6 (0.125 g, 0.40 mmol) and palladium
on charcoal (5 %, 0.10 g) in methanol (6 mL) was hydrogenated at 42 psi of hydro-
gen for 4.5 hours. The mixture was filtered through a bed of Celite and the filtrate

was concentrated in vacuo to afford crude compound 3_57_7 (0.103 g, 90 % yield).

[00462] Treating the intermediate 3_1_5 with the above compound 3_57_7

instead of ammonia as described under 3.1 gave the desired compound 3_57_8.
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[(4-{[2-(aminooxy)-4-hydroxybutan-1-yljoxy}phenyl)(imino)-
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Step 1:3,4-Dihydroxybutyl acetate (3_58_2)

[00463] A mixture of compound 3_58_1 (W(02005/70874, 30 g, 159.6 mmol)
in acetic acid (150 mL) and water (100 mL) was heated at 60 °C for 2.5 hours and
concentrated to dryness to give crude compound 3_58_2 (25 g, >100 % yield) as an

oil, which was used in the next step without further purification.

[00464] 'H NMR (400 MHz, CDCl): 8 = 1.78 (m, 2H), 1.97-2.18 (m, 5H), 3.45
(m, 1H), 3.67 (dd, J=11.3, 3.1 Hz, 1H), 3.80 (tt, ]=8.0, 3.7 Hz, 1H), 4.03-4.25 (m, 1H),

4.38 (m, 1H).

Step 2:4-{[tert-Butyl(dimethyl)silyljoxy}-3-hydroxybutyl acetate (3_58_3)

[00465] Tert-butyldimethyichlorosilane (TBSCl, 24 g, 152.0 mmol) was
added portionwise to a solution of compound 3_58_2 (crude 25 g), triethylamine
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(32.7 g, 235.2 mmol) and 4-dimethylaminopyridine (1.2 g, 9.8 mmol) in
dichloromethane (250 ml). The reaction mixture was stirred at room temperature
overnight, filtered and the filtrate was concentrated. The residue was dissolved in
ethyl acetate, filtered again to remove the solid and the filtrate was concentrated to
give a residue, which was purified by column chromatography to give compound
3_58_3 (13 g, 30 % yield) as an oil.

[00466] 'H NMR (400 MHz, CDCls): 6 = 0.01 (s, 6H), 0.82 (s, 9H), 1.70 (m,
2H), 1.98 (s, 3H), 2.41 (d, ] = 3.6 Hz, 1H), 3.38 (m, 1H), 3.54 (m, 1H), 3.63 (m, 1H),
4.16 (m, 1H).

Step 3:4-{[tert-Butyl(dimethybsilyljoxy}-3-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-
yhoxylbutyl acetate (3_58_4)

[00467] Triphenylphosphine (16.4 g, 62.8 mmol) was added to a solution of
compound 3_58_3 (13 g, 48.3 mmol) and N-hydroxyphthalimide (11 g, 67.6 mmol)
in tetrahydrofuran (200 mL), and diisopropyl azodicarboxylate (14.6 mL, 72.5 mmol)
at 0°C, and the mixture was stirred at room temperature for 3 hours and concentrat-
ed to give a residue, which was purified by column chromatography to give com-
pound 3_58_4 (20 g, 99 % yield) as a yellow solid.

[00468] 'H NMR (400 MHz, CDCls): § = 0.02 (s, 6H), 0.80 (s, 9H), 2.10 (m,
5H), 3.81 (m, 1H), 3.96 (m, 1H), 4.42 (m, 3H), 7.78 (m, 2H), 7.82 (m, 2H).

Step 4:3-[(1,3-Dioxo-1,3-dihydro-2H-isoindol-2-yl)oxyl-4-hydroxybutyl acetate
(3_58.5)

[00469] Hydrogen fluoride-pyridine complex (HF-pyridine, 5 ml) was added
to a solution of compound 3_58 4 (10 g, 24.1 mmol) in tetrahydrofuran (100 mL)

under cooling, and the mixture was stirred at room temperature for 16 hours, and
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concentrated to give a residue, which was purified by column chromatography to

give compound 3_58_5 (6.4 g, 91 % yield) as a yellow solid.

[00470] 'H NMR (400 MHz, CDCls): § = 1.96 (m, 1H), 2.04 (s, 3H), 2.30 (m,
1H), 3.51 (m, 1H), 3.60 (m, 1H), 3.80 (m, 1H), 4.31 (m, 2H), 4.45 (m, 1H), 7.79 (m,
2H), 7.86 (1, 2H).

Step 5:4-{4-[N-(tert-Butoxycarbonyl)carbamimidoyl}phenoxy}-3-[(1,3-dioxo-1,3-
dihydro-2H-isoindol-2-ylyoxy]butyl acetate (3_58_6)

[00471] Diisopropy! azodicarboxylate (5.93 mL, 29.4 mmol) was added to a
solution of compound 3_58_5 (5.74 g, 19.58 mmol), tert-butyl-N-[(4-hydroxyphen-
yhiminomethylj-carbamate (4.64 g, 19.58 mmol) and triphenylphosphine (6.1 g,
23.49 mmol) in tetrahydrofuran (100 mL) at 0°C and the mixture was stirred at room
temperature for 16 hours and concentrated to give a residue, which was purified by

column chromatography to give compound 3_58_6 (8.76 g, 78 % yield) as a gum.

[00472] "H NMR (400 MHz, CDCly): 8= 1.54 (s, 9H), 2.21 (s, 3H), 2.27 (m,
2H), 4.25 (m, 1H), 4.38 (m, 2H), 4.52 (m, 1H), 4.70 (m, 1H), 6.78 (4, ] = 6.4 Hz, 2H),
7.81 (m, 6H).

Step 6:3-(Aminooxy)-4-{4-[N-(tert-butoxycarbonyl)carbamimidoyl}phenoxy}butyl
acetate (3_58_7)

{00473] Hydrazine monochydrate (0.13 g, 2.6 mmol) was added to a solution
of compound 3_58_6 (1.4 g, 2.73 mmol) in anhydrous ethanol (15 mL) under cool-
ing. The resulting mixture was stirred at room temperature for 16 hours, filtered and
the filtrate was concentrated to afford crude compound 3_58_7 (1 g, 96 % vield) as a

white solid.
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[00474] 'H NMR (400 MHz, CDCL): § = 1.54 (s, 9H), 1.98 (m, 2H), 2.28 (5,
3H), 4.00 (m, 1H), 4.15 (m, 2H), 4.23 (m, 2H), 5.42 (br s, 2H), 6.85 (4, ] = 6.4 Hz, 2H),
7.81(d, ] = 6.4 Hz, 2H).

Step 7:tert-Butyl [{4-[2-(aminooxy)-4-hydroxybutoxy]phenyl}(iminoymethyljcarb-
amate (3_58_8)

{00475] Potassium carbonate (0.13 g, 2.6 mmol) was added to a solution of
compound 3_58_7 (1 g, 2.62 mmol) in anhydrous methanol (30 mL) under cooling,
and the mixture was stirred at room temperature for 1 hour. The resulting mixture
was concentrated, extracted with ethyl acetate, washed with brine, dried over anhy-
drous sodium sulfate, filtered and concentrated. The residue was purified by column

chromatography to give compound 3_58_8 (0.18 g, 20 % yield) as a gum.

[00476] 'H NMR (400 MHz, DMSO-dg): & = 1.42 (s, 9H), 1.43 (m, 1H), 1.78
(m, 1H), 3.50 (m, 1H), 3.80 (m, 1H), 4.16 (m, 2H), 4.42 (m, 1H), 5.95 (s, 2H), 7.22 (d,
J=6.4 Hz, 2H), 7.96 (d, ]=6.4 Hz, 2H).

3.59 Diphenylmethyl 2-(aminooxy)-3-{4-[N-(tert-butoxycarbonyl)-N-{2-[(tert-
butoxycarbonyl)aminojethyljcarbamimidoyl]jphenoxy}propanoate

NH NH
H,N NHB
MeO,C dom 2" NHBoe  Me0,C d N Bog,0
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NH ’ NH NHBoc
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Step 1:3-{4-[N-(2-tert-Butoxycarbonylamino-ethyl)-carbamimidoyl}-phenoxy}-2-
hydroxy-propionic acid methyl ester (3_59_1)

[00477] Triethylamine (1.295 g, 12.8 mmol) and (2-amino-ethyl)-carbamic
acid tert-butyl ester (1.76 g, 11.0 mmol) were added to a mixture of compound
3_45_3 (3.09 g, 10.7 mmol) in anhydrous methanol (50 mL) at 0°C and the resulting
mixture was stirred at room temperature overnight. The reaction mixture was con-
centrated to dryness and the residue was purified by column chromatography to give
the desired product (3.09 g, 76 % yield) as a white solid.

[00478] 'H NMR(400 MHz, DMSO-d¢): & = 1.35 (s, 9H), 3.18-3.27 (m, 2H),
3.38-3.47 (m, 2H), 3.65 (s, 3H), 4.23 - 4.28 (m, 2H), 4.44-4.50 (m, 1H), 5.95 (d, ] = 6.2
Hz, 1H), 7.12 (d, ] = 9.1 Hz, 2H), 7.72 (d, ] = 8.8 Hz, 2H), 8.96 (br. s., 1H), 9.36 (br s,
1H), 9.55 (br s, 1H).

Step 2:3-(4-{[tert-Butoxycarbonyl-(2-tert-butoxycarbonylamino-ethyl)-aminoj-imino-
methyl}-phenoxy)-2-hydroxy-propionic acid methyl ester (3_59_2)

[00479] A saturated solution of sodium carbonate (20 ml) and di-tert-
butyldicarbonate (Boc,O, 3.519 g, 16.1 mmol) in 1,4-dioxane (25 mL) were added to
a solution of compound 3_59_1 (2.05 g, 5.37 mumol) in water (30 mL) at 0 °C. After
stirring at room temperature for 4.5 hours, the resulting mixture was extracted with
ethyl acetate and the extract was washed with brine, dried and concentrated. The
residue was purified by column chromatography to give the desired product (0.66 g,
26% yield) as a white solid.

[00480] 'H NMR (400 MHz, DMSO-de): 8 = 1.21 (s, 9H), 1.37 (s, 9H), 3.05-
3.14 (m, 2H), 3.17-3.25 (m, 2H), 3.64 (s, 3H), 4.13-4.19 (m, ZH), 4.44 (m, 1H), 5.87 (s,
1H), 6.95 (d, ] = 8.8 Hz, 2H), 7.31 (d, ] = 8.8 Hz, 2 H).
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[00481] Using compound 3_59_1 and following the procedure as described

under 3.45 compound 3_59_3 was prepared.

3.60 Diphenylmethyl 2-(aminooxy)-3-[(6-{tert-butoxycarbonyl-carbamimido-
yljpyridin-3-yhoxylpropanocate

OH ([)Bn 0OBn OBn
x BnBr R LHMDS Boc,O H, Pg-
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Step 1:5-Benzyloxy-pyridine-2-carbonitrile (3_60_2)

[00482] A mixture of S-hydroxy-pyridine-2-carbonitrile 3_60_1 (14 g, 116
mmol) and potassium carbonate (32.2 g, 233 mmol) in N,N-dimethylformamide (140
mL) was heated at 60°C for 0.5 hours. Benzylbromide (13.9 g, 116 mmol) was added
and the mixture was stirred at 66°C for 1 hour, and filtered and the filtrate was
concentrated, extracted with ethyl acetate, washed with brine, dried over sodium
sulfate and concentrated. The residue was triturated with diethyl ether and hexanes
to give a precipitate, which was collected to give compound 3.60_2 (21 g, 85 %
yield) as a solid.

[00483] 'H NMR (400 MHz, DMSO-de): & = 5.27 (s, 2H), 7.33-7.50 {m, SH),
7.65 (dd, J=8.8, 2.9 Hz, 1H), 8.00 (4, ] = 8.6 Hz, 1H), 8.50 (d, J = 3.2 Hz, 1H).
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Step 2:5-Benzyloxy-pyridine-2-carboxamidine (3_60_3)

[00484] Butyllithium (1.6N in hexane, 168 mL, 269 mmol) was added to a
solution of hexamethyldisilazane (56.5 mL, 269 mmol) in tetrahydrofuran (250 mL)
at 0°C, and stirred at 0°C for 1 hour to form lithium hexamethyldisilazide (LHMDS).
A solution of compound 3_60_2 (22.6 g, 107.6 mmol) in tetrahydrofuran (250 mL)
was added slowly at 0°C, and the mixture was warmed to room temperature slowly
and stirred for 16 hours at room temperature. A 1N hydrochloric acid solution (300
mlL) was added to the reaction mixture to give a precipitate which was collected to
give pure compound 3_60_3 (17 g, 70 % yield). From the mother liquor an addition-

al amount of crude compound 3_60_3 (10 g) was obtained as a gum.

[00485] H NMR (400 MHz, DMSO-d): & = 5.32 (s, 2H), 7.32-7.52 (m, 5H),
7.78 (dd, J = 8.8, 2.9 Hz, 1H), 8.25 (d, | = 8.6 Hz, 1H), 8.54 (d, ] = 2.7 Hz, 1H), 9.18 (s,
2H), 9.32 (s, 2H).

Step 3:Amino-(S-benzyloxy-pyridin-2-yl)-methylene]-carbamic acid tert-butyl ester
(3.60_4)

[00486] Sodium bicarbonate (7.78 g, 92.5 mmol) was added fo a suspension
of compound 3_60_3 (14 g, 61.67 mmol) in a mixture of dioxane (200 mL) and water
(200 mL) at room temperature, and the mixture was stirred at room temperature for
20 minutes. Di-tert-butyl dicarbonate (Boc:O, 13.4 g, 61.44 mmol) was added, and
the mixture was stirred for 16 hours at room temperature to give a precipitate. The
precipitate was collected, dissolved in ethyl acetate and washed with brine, dried over
sodium sulfate and concentrated to give pure compound 3_60_4 (5 g, 25 % yield).
The filtrate was concentrated to remove dioxane, extracted with ethyl acetate,
washed with brine, dried over sodium sulfate and concentrated to give a solid, which
was triturated with diethyl ether to give further compound 3_60_4 (6.2 g, 31 % yield)
as a yellow solid.
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[00487] 'H NMR (400 MHz, CDCls): § = 1.56 (d, ] = 5.1 Hz, 9H), 7.31 (dd, ] =
8.8, 2.9 Hz, 1H), 7.34-7.46 (m, 5H), 8.32 (d, ] = 2.7 Hz, 1H), 8.40 (d, J = 9.0 Hz, 1H),
9.33 (br s, 1H).

Step 4: Amino-(5-hydroxy-pyridin-2-yl)-methylene]-carbamic acid tert-butyl ester
(3.60._5)

[00488] A mixture of compound 3_60_4 (5 g, 15.3 mmol) and pailadium on
charcoal (10 %, wet, 1 g) in a mixture of methanol (80 mL) and ethyl acetate (10 mL)
was hydrogenated at room temperature under 35 psi for 3 hours. The reaction
mixture was filtered and concentrated to give compound 3_60_5 (3.4 g, 97 % yield)

as a brown solid.

[00489] 'H NMR (400 MHz, CDCls): § = 1.57 (s, 9H), 5.15 (s, 2H), 7.51 (dd, J
- 8.8, 2.5 Hz, 1H), 8.27 (d, ] = 2.7 Hz, 1H), 8.73 (d, ] = 9.0 Hz, 1H).

Step 5:3-[6-(tert-Butoxycarbonylamino-imino-methyl)-pyridin-3-yloxy]-2-hydroxy-
propionic acid ethyl ester (3_60_6)

{00490] Potassium carbonate (5.46 g, 39.6 mmol} was added to a solution of
compound 3_60_5 (3 g, 13.2 mmol) in acetonitrile (50 mL) and the mixture was
heated at 93°C for 0.5 hours. Ethy! 2,3-epoxypropanoate (4.6 g, 39.6 mmol) was
added to the reaction mixture. After refluxing for 48 hours, the resulting mixture was
cooled and filtered and the filtrate was concentrated to give a residue which was
purified by column chromatography to give compound 3_60_6 (2 g, 21 % yield) as a

brown solid.

[00491] 'H NMR (400 MHz, DMSO-de): 6 = 1.18 (t, ] = 7.0 Hz, 3H), 1.45 (m,
9H), 4.15 (dd, ] = 7.0, 1.5 Hz, 2H), 4.29-4.37 (m, 2H), 4.48 (g, ] = 4.7 Hz, 1H), 5.92 (d,
J=5.9Hz, 1H), 7.55(dd, ] = 8.8, 2.9 Hz, 1H), 8.19(d, ] = 9.0 Hz, 1H), 8.35 (d, J = 2.7
Hz, 1H), 8.75 (br. s., 1H), 9.02 (br. s, 1H).
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[00492] Using the above alcohol 3_60_6 and following the procedure as de-

scribed under 3.45 compound 3_60_7 was prepared.

3.61 tert-Butyl (1-{4-[2-(aminooxy)-3-(tert-butyl-dimethyl-silanyloxy)-propox-
yl-phenyl}-iminomethyl)-carbamate
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Step 1:4-(2,2-Dimethyl-[1,3]dioxolan-4-ylmethoxy)-benzonitrile (3_61_2)

[00493] 2,2-Dimethyl-1,3-dioxolane-4-methanol (3.66 g, 27.7 mmol) and
triphenylphosphine (7.93 g, 30.2 mmol) were added to a solution of 4-hydroxy-
benzonitrile 3_61_1 (3.0 g, 25.2 mmmol) in anhydrous tetrahydrofuran (80 ml) at
room temperature. Diethyl azodicarboxylate (5.26 g, 30.2 mmuol) was added dropwise
to the resulting solution at 20°C and the resulting mixture was stirred at room
temperature overnight. After evaporation of the tetrahydrofuran, the crude product
was purified by column chromatography to give the desired product (5.65 g, 96 %
vield) as a white solid.
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[00494] 'H NMR (400 MHz, DMSO-de): 5 = 1.28 (s, 3H), 1.33 (s, 3H), 3.69-
3.79 (m, 1H), 3.99-4.18 (m, 3H), 4.33-4.47 (m, 1H), 7.11 (d, ] = 8.8 Hz, 2H), 7.75 (d, J
= 8.8 Hz, 2H).

Step 2:4-(2,3-Dihydroxy-propoxy)-benzimidic acid methyl ester hydrochloric acid
salt (3_61_3)

[00495] Hydrogen chloride gas was introduced into a solution of compound
3.61_2 (3.02 g, 12.9 mmol) in anhydrous methanol (80 mL) at 0°C for 10 minutes
and the resulting mixture was stirred at room temperature overnight. After concen-
tration, the residue was stirred with diethyl ether (60 mL) for 0.5 hours and the
precipitate was collected and dried to give the desired product (3.26 g, 97 % yield) as

a white solid.

[00496] 'H NMR (400 MHz, DMSO-de): & = 3.37-3.48 (m, 2H), 3.75-3.84 (m,
H), 4.00 (dd, J = 10.1, 6.3 Hz, 1H), 4.13 (dd, ] = 10.3, 3.8 Hz, 1H), 4.23 (s, 3H), 7.14-
7.19 (m, 2H), 8.06 (d, | = 8.8 Hz, 2H).

Step 3:4-(2,3-Dihydroxy-propoxy)-benzamidine (3_61_4)

[00497] Ammonia (27 mL, 7N in methanol, 0.187 mol) was added to a solu-
tion of compound 3_61_3 (3.26 g, 12.5 mmol) in anhydrous methanol (20 mlL) at
0°C and the resulting mixture was stirred at 40 °C for 3 hours. The reaction mixture
was concentrated to dryness to give the crude desired product (2.92 g, >100 % yield)

as a white solid, which was used without purification.

[00498] H NMR (400 MHz, DMSO-de): & = 3.45 (br s, 2H), 3.81 (br. s, 1H),
3.99 (dd, ] = 10.3, 6.2 Hz, 1H), 4.12 (dd, ] = 10.1, 4.0 Hz, 1H), 4.74 (br. s, 1H), 5.04 (d,
J = 4.7 Hz, 1H), 7.12-7.19 (m, 2H), 7.79-7.86 (m, 2H), 8.90 (s, 2H), 9.19 (s, 2H).
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Step 4:{[4-(2,3-Dihydroxy-propoxy)-phenyl}-imino-methyl}-carbamic acid tert-butyl
ester (3_61_5)

{00499] A saturated sodium carbonate solution (8mlL) and di-tert-butyldi-
catbonate (Boc;O, 6.52 g, 30 mmol) were added to a solution of compound 3_61_4
(3.70 g, crude, 12.5 mmol) in methanol (30 mL) and tetrahydrofuran (20 mL) at 0 °C.
After stirring at room temperature overnight, the resulting mixture was extracted
with ethyl acetate and the extract was washed with brine, dried and concentrated.
The residue was washed with a small volume of cold ethyl acetate to give the desired
product (3.10 g, 80 % yield) as a white solid.

[00500] 'H NMR (400 MHz, DMSO-de): & = 1.44 (s, 9H), 3.41-3.48 (m, 2H),
3.80 (d, ] = 5.0 Hz, 1H), 3.93 (dd, ] = 9.8, 6.3 Hz, 1H), 3.99-4.11 (m, 1H), 4.70 (t, ] =
5.7 Hz, 1H), 4.99 (d, ] = 5.0 Hz, 1H), 7.00 (d, ] = 9.1 Hz, 2H), 7.94 (d, ] = 9.1 Hz, 2H).

Step 5:({4-[3-(tert-Butyl-dimethyl-silanyloxy)-2-hydroxy-propoxy|-phenyl}-imino-
methyl)-carbamic acid tert-butyl ester (3_61_6)

[00501] Imidazole (1.44 g, 21.1 mmol) and tert-butyldimethylsilyl chloride
{TBDMS-Cl, 1.592 g, 10.6 mmol) were added to a solution of compound 3_61_5
(2.98 g, 9.60 mmol} in N,N-dimethylformamide (15 mL) at 0 °C. After stirring at
room temperature overnight, the reaction mixture was quenched by adding ice-water
(30 mL) and extracted with ethyl acetate. The extract was washed with brine, dried
over sodium sulfate and concentrated to dryness to afford the crude desired product
(4.81 g, >100 % vield) as an off-white sticky solid, which was used without purifica-

tion.

[00502] 'H NMR (400 MHz, DMSO-dg): § = 0.05-0.14 (m, 6H), 0.87-0.92 (m,
9H), 1.48 (s, 9H), 3.68 (d, J = 5.9 Hz, 2H), 3.82-3.91 (m, 1H), 3.95-4.04 (m, 1H), 4.05-
4.14 (m, 1H), 5.11 (d, ] = 5.0 Hz, 1H), 6.99-7.07 (m, 2H), 7.94-8.01 (m, 2H).
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[00503] Using the above alcohol 3_61_6 and following the procedure as de-

scribed under 3.45 compound 3_61_7 was prepared.

3.62 tert-Butyl 4-{[(4-{[(25)-2-(aminooxy)-3-(diphenylmethoxy)-3-oxopropyl]-
oxy}phenyl)(imino)methyl]amino}piperidine-1-carboxylate
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Step 1:(R)-3-(4-Cyano-phenoxy)-2-hydroxy-propionic acid ethyl ester (3_62_2)

[00504] A mixture of a Co(lIl)-catalyst (0.26 g, 0.31 mmol, ref: . Am. Chem.
Soc. 1999, 121, 6086-6087), and 4A molecular sieves (2 g) was treated with 4-
hydroxybenzonitrile 3_62_1 (1.0 g, 8.4 mmol) and ethyl oxirane-2-carboxylate (2.0 g,
17 mmol) followed by tert-butyl methyl ether (3.0 mL) under a stream of nitrogen.
The suspension was stirred at room temperature overnight and filtered through a pad
of Celite. The filtrate was concentrated to give a dark brown liquid. The liquid was
purified by column chromatography to afford compound 3_62_2 (1.9 g, 96 % yield)

as a brown oil.
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[00505] 'H NMR (400 MHz, DMSO-de): & = 1.18 (t, ] = 1.7 Hz, 3H), 4.03 - 4.19
(m, 2H), 4.25 (d, ] = 4.4 Hz, 2H), 4.38-4.51 (m, 1H), 5.89 (d, ] = 5.9 Hz, 1H), 7.11 (d, ]
=8.8 Hz, 2H), 7.77 (d, ] = 8.8 Hz, 2H).

Step 2:(R)-2-Hydroxy-3-(4-methoxycarbonimidoyl-phenoxy)-propionic acid methyl
ester hydrochloric acid salt (3_62_3)

{00506] A mixture of compound 3_62_2 (1.1 g, 4.7 mmol) in methanol (50
mL) was cooled to 0°C in a sealed vessel. Anhydrous hydrogen chioride gas was
bubbled through the solution until the mixture was saturated. The flask was sealed
and stirred at 0°C to room temperature overnight. The mixture was concentrated in
vacuo and diluted with diethyl ether to give a suspension. The suspension was stirred
for 15 minutes and compound 3_62_3 (1.1 g, 81 % yield) as a white solid was collect-

ed after drying under high vacuum.

[00507] 'H NMR (400 MHz, DMSO-de): & = 3.66 (s, 3H), 4.24 (s, 3H), 4.27-
4.30 (m, 2H), 4.48 (t, ] = 4.4 Hz, 1H), 7.16 (d, ] = 9.1 Hz, 2H), 8.09 (d, ] = 9.1 Hz, 2H).

Step 3:(R)-tert-Butyl 4-(4-(2-hydroxy-3-methoxy-3-oxopropoxy)benzimidamido)pip-
eridine-1-carboxylate (3_62_4)

[00508] Triethylamine (1.537 g, 15.2 mmol) and tert-butyl 4-amino-
piperidine-1-carboxylate (2.7635 g, 13.8 mmol) were added to a mixture of compound
3_62_3 (4.0 g, 13.8 mmol) in anhydrous methanol (50 ml) at 0°C and the resulting
mixture was stirred at room temperature overnight. The reaction mixture was con-
centrated to dryness to give the crude desired product (7.81 g, >100 % vyield) as a

white foam, which was used without purification.

[00509] 'H NMR(400 MHz, DMSO-dg: & = 1.38 (s, 9H), 1.54-1.43 (m, 2H),
1.82-1.93 (m, 2H), 2.60-2.90 (m, 2H), 3.64 (s, 3H), 3.90-4.00 (m, 3H), 4.12-4.28 (m,
2H), 4.44-4.50 (m, 1H), 5.98 (s, 1H), 7.22 (d, ] = 8.8 Hz, 2H), 7.69 (d, ] = 8.8 Hz, 2H).
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Step 4:(R)-3-(4-(N-(1-(tert-Butoxycarbonyl)piperidin-4-yl)carbamimidoyl)phenoxy)-2-
hydroxypropanoic acid (3_62_5)

[00510] A solution of sodium hydroxide (0.552 g, 13.8 mmol) in water
(20 mL) was added to a solution of compound 3_62_4 (3.905 g, crude, 6.90 mmol) in
tetrahydrofuran (50 mL) at 0°C. After stirring at this temperature for 90 minutes, the
reaction mixture was neutralized to pH 7 using 4N hydrogen chloride in dioxane.
The mixture was concentrated and dried to afford the crude desired product (5.20 g,

>100 % yield) as a white solid, which was used in the next step without purification.

Step 5:(R}-tert-Butyl 4-(4-(3-(benzhydryloxy)-2-hydroxy-3-oxopropoxy)benzimid-
amido)piperidine-1-carboxylate (3_62_6)

[00511] A solution of diazo(diphenylymethane (PhoCNa, 2.00 g, 10.35 mmol)
in methanol (15 mL) was slowly added to a solution of compound 3_62_5 (5.20 g,
crude, 6.90 mmol) in methanol (100 mL). The resulting mixture was stirred at room
temperature overnight and concentrated to dryness. The residue was purified by
column chromatography to give the desired product (1.8 g, 46 % yield) as a white
solid.

[00512] 'H NMR (400 MHz, DMSO-de): § = 1.39 (s, 9H), 1.42-1.52 (m, 2H),
1.87-1.92 (m, 2H), 2.82 (br. s, 2H), 3.90-4.00 (m, 3H), 4.30-4.42 (m, 2H), 4.62-4.65
(m, 1H), 6.48 (d, J = 7.6 Hz ,1H), 6.84 (s, 1H), 7.09 (4, ] = 8.8 Hz, 2H), 7.22-7.41 (m,
10H), 7.69 (d, ] = 8.8 Hz, 2H), 9.10 (br. s, 1H), 9.38 (br. s, 1H).

[00513] MS: 574.14 (M+1).

Step 6:(S)-tert-Butyl 4-(4-(3-(benzhydryloxy)-2-((1,3-dioxoisoindolin-2-yl)oxy)-3-0x0-
propoxy)benzimidamido)piperidine-1-carboxylate (3_62_7)
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[00514] N-Hydroxyphthalimide (0.573 g 3.51 mmol) and tii-
phenylphosphine (1.005 g, 3.83 mmol) were added to a solution of compound
3.62_6 (1.831 g, 3.19 mmol) in anhydrous tetrahydrofuran (60 mL) at room temper-
ature. A solution of diethyl azodicarboxylate (0.667 g, 3.83 mmol) in tetrahydrofuran
(5 mL) was added dropwise to the resulting solution at 20°C. The resulting mixture
was stirred at room temperature for 2.5 hours. After evaporation of the tetrahydrofu-
ran, the crude product was purified by column chromatography to give the desired
product (1.5 g, 65 % yield) as a white solid.

[00515] "H NMR (400 MHz, DMSO-de): & = 1.42 (s, 9H), 1.44-1.53 (m, 2H),
1.92-1.96 (m, 2H), 2.82 (br. s, 2H), 3.92-4.16 (m, 3H), 4.68 (br. s, 2H), 5.48 (br m.,
1H), 6.98 (s, 1H), 7.11 (d, J = 8.6 Hz, 2H), 7.26-7.48 (m, 10H), 7.75 (d, ] = 8.6 Hz, 2H),
7.86 (s, 4H), 9.24 (br. s, 1H), 9.40 (b. s, TH).

[00516] MS: 719.18 (M+1).

Step 7:2-Aminooxy-3-(4-{[tert-butoxycarbonyl-(2-tert-butoxycarbonylamino-ethyl)-
aminoj-imino-methyl}-phenoxy)-propionic acid benzhydryl ester (3_62_8)

[00517} Hydrazine monohydrate (0.114 g, 2.28 mmol) was added to a solu-
tion of compound 3_62_7 (1.49 g, 2.07 mmol) in anhydrous ethanol (35 mL) and
tetrahydrofuran (20 mL) at 6°C and the resulting mixture was stirred at room tem-
perature for 2 hours. The mixture was concentrated to dryness and the residue was
stirred with dichloromethane (10 ml) at room temperature for 15 minutes and
filtered. The filtrate was concentrated to afford the crude desired product (1.4 g,
>100 % yield) as an off-white foam, which was used in the next step without purifi-

cation.

[00518] 'H NMR (400 MHz, DMSO-dg): & = 1.42 (s, 9H), 1.44-1.53 (m, 2H),
1.89-1.94 (m, 2H), 2.85 (br. s, 2H), 3.92-4.02 (m, 3H), 4.36-4.47 (m, 2H), 4.62-4.66
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(m, 1H), 6.45 (s, 2H), 6.91 (s, 1H), 7.09 (d, ] = 8.8 Hz, 2H), 7.26-7.45 (m, 10H), 7.72
(d, ] = 8.8 Hz, 2H), 9.25 (br. 5, 2H).

[00519] Following the procedure detailed above under 3.62 but using the

amines R-NH. shown in the table below instead of tert-butyl 4-aminopiperidine-1-

carboxylate in step 3 of the synthesis, compounds 3_63_8 to 3_79_8 were prepared.

NH
as described
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[00520] Following the procedure detailed above under 3.62 but using the
enantiomer of 3_62_3 and amines R-NH: shown in the table below instead of tert-
butyl 4-aminopiperidine-1-carboxylate in step 3 of the synthesis, compounds 3_80_8
to 3_82_8 were prepared.

as described
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3.83 tert-Butyl {{4-[3-amino-2-(aminooxy)-3-oxopropoxylphenyl}(imino)-
methyljcarbamate
NH
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Step 1:Methyl  3-{4-[N-(tert-butoxycarbonyljcarbamimidoyllphenoxy}-2-{(1,3-dioxo-
1,3-dihydro-2H-isoindol-2-yl)oxy]propanoate (3_83_1)

[00521] Diisopropyl azodicarboxylate (0.39 g, 2.41 mmol) was added drop-
wise to a mixture of methyl 3-{4-[N-(fert-butoxycarbonyl)carbamimidoyljphenoxy}-2-
hydroxypropanoate 3_45_5 (0.68 g, 2.01 mmol), N-hydroxy-phthalimide (PhthN-
OH, 0.68g, 2.01 mmol) and triphenylphosphine (0.63 g, 2.41 mmol) in tetrahydrofu-
ran. After the addition was complete, the mixture was stirred at room temperature for
16 hours and concentrated. The residue was purified by column chromatography to
give compound 3_83_1 (1.0 g, 100 % yield) as yellow foam.
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[00522] 'H NMR (400 MHz, DMSO-ds): & = 1.42 (s, 9H), 3.77 (s, 3H), 4.45 (m,
1H), 4.58 (m, 1H), 5.22 (m, 1H), 6.97 (d, ] = 8.2 Hz, 2H), 7.85 9s, 4H), 7.92 (d, ] = 8.2
Hz, 2H).

[00523] MS (m/z, ES*): 484.17

Step 2:tert-Butyl  [{4-[3-amino-2-(aminooxy)-3-oxopropoxy|phenyl}(imino)methyl]-
carbamate (3_83_2)

[00524] Compound 3_83_1 (1.0 g, 4.29 mmol) was dissolved in a methanolic
solutiont of 7N ammonia (10 mL), stirred at room temperature for 24 hours and

filtered. The filtrate was concentrated to give compound 3_83_2 (0.7 g, 100 % yield),

which was used in the next step without further purification.

[00525] 'H NMR (400 MHz, DMSO-dg): & = 1.42 (s, 9H), 4.20-4.50(m, 3H),
6.40 (br. s, 2H), 6.97 (d, ] = 8.2 Hz, 2H), 7.85 (s, 4H), 7.92 (d, ] = 8.2 Hz, 2H).

[00526] MS (m/z, ES+): 339.11

3.84 tert-Butyl [(4-{[1-(aminooxy)-3-hydroxypropan-2-yljoxyjphenyl)(imino)-

methyljcarbamate
OA
NHBoc (T C Ok
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Step 1: 3-{[tert-Butyl(dimethyl)silyljoxy}-2-hydroxypropyl acetate (3_84_2)

[00527] Tert-butyldimethylchlorosilane (TBSCl, 28.2 g, 180.1 mmol) was
added portion wise to a mixture of compound 3_84_1 (27 g, 189.6 mmol; ref.: ]. Med.
Chem, 1989, 2104-2110), triethylamine (36.9ml, 2654 mmol) and 4
dimethylaminopyridine (1.38 g, 11.4 mmol) in dichloromethane (250 mL). The
reaction mixture was stirred at room temperature overnight, filtered and the filtrate
was concentrated. The residue was dissolved in EtOAc, filtered again to remove any
solid, and the filtrate was concentrated to give a residue, which was purified by
column chromatography eluting with 30% EtOAc in hexane to give compound
3_84_2 (22 g, 46 % yield) as an oil.

[00528] 'H NMR (400 MHz, CDCls): § = 0.07 (s, 6 H), 0.89 (s, 9 H), 2.08 (5, 3
H), 2.49 (d, J=5.5 Hz, 1 H), 3.57 - 3.65 (m, 1 H), 3.65 - 3.73 (m, 1 H), 3.82 - 3.93 (m, 1
H), 4.04 - 4.21 (m, 2 H).

Step 2:2-{4-[N-(tert-Butoxycarbonyl)carbamimidoyl]phenoxy}-3-{[tert-butyl(dimeth-
yhsilyljoxy}propyl acetate (3_84_3)

[00529] Triphenylphosphine (4.33 g, 16.53 mmol) was added to a mixture of
compound 384 2 (3.5 g, 14.11 mmol) and tert-butyl [(4-hydroxyphenyl)(imino)-
methyljcarbamate (3.26 g, 13.78 mmol) in tetrahydrofuran {100 mL), and diisopro-
pyl azodicarboxylate (4.17 mlL, 20.67 mmol) at 0 °C, and the mixture was stirred at
room temperature for 16 h. The mixture was concentrated to give a residue, which
was purified by column chromatography eluting with 30% EtOAc in hexane to give
compound 3_84_3 (6.5 g, 99 % yield) as a yellow solid.

[00530] 'H NMR (400 MHz, CDCl;): § = 0.09 (m, 6 H), 0.87 (s, 9 H), 1.55 (s, 9
H), 2.04 (s, 3 H), 3.75 - 3.86 (m, 2 H), 4.25 - 4.41 (m, 2 H), 4.51 - 4.64 (m, 1 H), 6.98
(d,]=9.0Hz 2H),783(d,]=9.0Hz 2 H).
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Step 3:2-{4-[N-(tert-Butoxycarbonyl)carbamimidoyl]phenoxy}-3-hydroxypropyl
acetate (3_84_4)

[00531] Tetra-n-butylammonium fluoride (TBAF, IN in tetrahydrofuran, 39.9
ml, 39.9 mmol) was added to a solution of compound 3_84_3 (9.3 g, 19.9 mmol) in
tetrahydrofuran (100 ml) under cooling, and the mixture was stirred at room tem-
perature for 2 h and concentrated to give a residue, which was purified by column

chromatography to give compound 3_84_4 (3.6 g, 51 % yield) as a gum.

[00532] 'H NMR (400 MHz, CDCls): § = 1.55 (s, 9 H), 2.06 (s, 3 H), 3.85 (dd, ]
=5.1,2.3 Hz, 2 H), 4.24 - 4.32 (m, 1 H), 4.35 - 4.45 (m, 1 H), 4.62 (t, ] = 5.1 Hz, 1 H),
7.01(d,J=9.0 Hz, 2 H), 7.84 (d, ] = 9.0 Hz, 2 H).

Step 4:2-{4-[N-(tert-Butoxycarbonyl)carbamimidoyl]phenoxy}-3-{(1,3-dioxo-1,3-
dihydro-2H-isoindol-2-ylyoxy]propyl acetate (3_84_5)

[00533] Diisopropyl azodicarboxylate (3.11 mL, 15.42 mmol) was added to a
solution of compound 3_84_4 (3.62 g, 10.28 mmol), N-hydroxyphthalimide (PhthN-
OH, 2.34 g, 14.39 mmol) and triphenylphosphine (3.50 g, 13.36 mmol} in tetrahy-
drofuran (100 ml) at 0°C, and the mixture was stirred at room temperature for 4 h.
The mixture was concentrated, extracted with EtOAc, washed with a saturated
sodium bicarbonate solution and brine, dried over sodium sulfate and concentrated
to give a residue, which was purified by column chromatography to give compound
3.84_5 (3.4 g 66 % yield) as a white solid.

[00534] "H NMR (400 MHz, CDCls): 5 = 1.54 (s, 9 H), 2.08 (s, 3 H), 4.41 - 4.50
(m, 4 H), 4.91 - 5.00 (m, 1 H), 6.98 (d, ] = 9.0 Hz, 2 H), 7.70 - 7.86 (m, 6 H).

Step 5:3-(Aminooxy)-2-{4-IN-(tert-butoxycarbonyl)carbamimidoyl] phenoxy}propyl
acetate (3_84_6)
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[00535] Hydrazine monohydrate (0.34 g, 6.84 mmol) was added to a solution
of 3.84_5 (3.4 g, 6.84 mimol) in anhydrous ethanol (40 mL) under cooling and the
resulting mixture was stirred at room temperature for 5 h and filtered and the filtrate
was concentrated to afford crude compound 3_84_6 (2.4 g, 96 % vyield) as a solid,

which was used without purification.

[00536] H NMR (400 MHz, CDCLy): § = 1.55 (s, 9 H), 2.05 (s, 3 H), 3.81 - 3.94
(m, 2 H), 4.26 - 4.37 (m, 2 H), 4.82 - 4.87 (m, 1 H), 7.04 (d, ] = 9.0 Hz, 2 H), 7.83 (d, ]
= 9.0 Hz, 2 H).

Step 6:tert-Butyl [(4-{[1-(aminooxy)-3-hydroxypropan-2-yl]oxy}phenyl)(imino)meth-
yljcarbamate (3_84_7)

f00537] Potassium carbonate (0.9 g, 6.53 mmol) was added to a solution of
compound 3_84_6 (2.4 g, 6.53 mmol) in anhydrous methanol (40 mL) under cooling
and the resulting mixture was stirred for 1h, concentrated, extracted with EtOAc,
washed with brine, dried over anhydrous sodium sulfate, and filtered and the filtrate
was concentrated to give compound 3_84_7 (1.57 g, 74 % yield) as a gum, which was

used without further purification.

[00538] 'H NMR (400 MHz, DMSO-de): § = 1.42 (s, 9 H), 3.56 (m, 2 H), 3.72
(m, 2 H), 4.62 (t, ] = 5.2 Hz, 1 H), 4.90 (s, 1 H), 6.10 (5, 2 H), 7.02 (d, ] = 8.4 Hz, 2 H),
7.90 (d, ] = 8.4 Hz, 2 H).



WO 2013/110643 PCT/EP2013/651217

167

3.85 Diphenylmethyl 2-(aminooxy)-3-{3-hydroxy-4-[N-(tert-butoxycarbonyl)-

carbamimidoyl]-phenoxy}-propanoate

o}
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Step 1:2-Fluoro-4-(tetrahydro-2H-pyran-2-yloxy)benzonitrile (3_85_2)

[00539] 3,4-Dihydro-2H-pyran (DHP, 7.20 mlL, 79.12 mmol) was added to a
mixture of 2-fluoro-4-hydroxy-benzonitrile (5.42 g, 39.56 mmol) and pyridium p-
toluenesulfonate (PPTS, 170 mg, 0.68 mmol) in dry dichloromethane (100 mL) and
the mixture was stirred at room temperature for 16 hours and concentrated. The
residue was purified by column chromatography to give compound 3_85_2 (8.9 g,
100 % vyield) as a clear oil.

Step 2:6-(Tetrahydro-pyran-2-yloxy)-benzo[d]isoxazol-3-ylamine (3_85_3)

[00540] Potassium tert-butoxide (8.96 g, 80 mmol) was added in portions to
a solution of N-hydroxy acetamide (6.00 g, 80 mmol) in N,N-dimethylformamide

(40 mL). After the addition was complete, the resulting mixture was stirred at room
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temperature for 1 hour. A solution of 2-fluoro-4-(tetrahydro-2H-pyran-2-yloxy)benzo-
nitrile 3_85_2 (8.90 g, 40 mmol) in N,N-dimethylformamide (20 mL) was added and
the resulting mixture was stirred at room temperature for 24 hours and concentrated.
The residue was diluted with ethyl acetate (200 mL), washed with water (20 mL) and
brine (20 mL), dried and concentrated. The residue was purified by column chroma-

tography to give compound 3_85_3 (6.5 g, 69 % yield).

Step 3:3-Amino-1,2-benzoxazol-6-ol (3_85_4)

[00541] 1N hydrochloric acid solution (10 mL) was added to a solution of 6-
(tetrahydro-pyran-2-yloxy)-benzo(d]isoxazol-3-ylamine 3_85_3 (6.5 g, 27.77 mmol)
in methanol (30 mL) and the mixture was stirred at room temperature for 1 hour and
concentrated. The residue was purified by column chromatography to give com-
pound 3_85_4 (4.10 g, 100 % yield) as a white solid.

[00542] TH NMR (400 MHz, DMSO-de): § = 6.20 (br. s, 2H), 6.70 (m, 2H), 7.59
(d,]=9.4 Hz, 1H), 10.05 (br. s, 1H).

Step 4:3-[(3-Amino-1,2-benzoxazol-6-yl)oxy]-2-hydroxypropanoate (3_85_5)

[00543] A mixture of 3_.85.4 (7.31 g, 63 mmol) and potassium carbonate
(11.60 g, 84 mmol) in dry acetonitrile (40 mL) was refluxed for 5 hours and filtered.
The filtrate was concentrated and purified by column chromatography to give

compound 3_85_5 (1.43 g, 26 % yield) as a sticky gum.
[00544] 'H NMR (400 MHz, CDCl): 5= 1.27 (t, ] = 9.5 Hz, 3H), 3.20 (d, ] = 2
Hz, 1H), 4.20-4.40 (m, 4H, 4.59 (m, 1H), 6.83 (d, ] = 8.6 Hz, 1H), 7.28 (s, 1H), 7.40 (d,

J=8.6 Hz, 1H).

Step 5:3-(4-Carbamimidoyl-3-hydroxyphenoxy)-2-hydroxypropanoate (3_85_6)
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[00545] 5% palladium on charcoal (140 mg) was added to a degassed solu-
tion of 3_85_5 (330 mg, 1.24 mmol} in methanol (30 mL). The mixture was stirred
under hydrogen with a balloon for 2 hours and filtered through a pad of Celite. The
filtrate was concentrated to give compound 3_85_6 (310 mg, 93 % yield).

[00546] 'H NMR (400 MHz, CD;OD): § = 1.23 (¢, ] = 8.8 Hz, 3H), 4.20~4.30
(m, 4H), 4.50 (m, 1H), 6.15 (d, ] = 9.2 Hz, 1H), 6.20 (s, 1H), 7.43 (d, ] = 9.2 Hz, 1H).

[00547] MS (ES"): 269.10 (Calcd: 268.11)

[00548] Following the same procedure as described above under 3.45 but us-
ing intermediate 3_85_6 instead of 3_45_4 compound 3_85_7 was obtained.

4. Oxime formation, coupling reaction and de-protection
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[00549] Ketoacid 2_x (1.7 mmol) was added to a solution of compound 3_x.
(1.7 mmol} in anhydrous ethanol (30 mL) and chloroform (10 mL) and the resulting
mixture was stirred at room temperature overnight and concentrated under reduced
pressure. The residue was re-crystallized from ethanol or purified by column chroma-

tography to afford compound 4_3 (24 % - 91% yield) as a yellow solid.
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[00550] Dicyclohexylcarbodiimide (DCC, 0.29 g 141 mmol) and 1-
hydroxybenzotriazole (HOBT, 0.14 g, 1.41 mmol) were added to a solution of com-
pound 4_3 (0.706 mmol) in N,N-dimethylformamide (15 mL) at room temperature.
After stirring at room temperature for 30 minutes, 3-amino-azetidin-2-one 1_x (1.06
mmol) was added followed by sodium bicarbonate (0.23 g, 2.8 mmol). The resulting
mixture was stirred at room temperature overnight and concentrated under reduced
pressure at 40°C. The residue was purified by column chromatography eluting with
5-10 % methanol in dichloromethane to give compound 4_5 (8 % - 90 % yield) as a

yellow solid.

{00551] A solution of compound 4_5 (0.42 mmol) in 90 % formic acid (15
mL) or trifluoroacetic acid / dichloromethane (1: 1, 10 mL) was stirred at 40°C for 40
min. After concentrating to dryness under reduced pressure, the residue was stirred
with water (20 mL) for 20 min. After filtration, the filtrate was lyophilized to give the
crude product which was purified by prep-HPLC to afford compound 4_6 (5 % - 78 %
yield) as formate or TFA salt as a colorless solid.

[00552] The compounds 4_6 of Examples 1-111 were prepared according to
the procedures detailed above. The compound of Example 38 was prepared by
treating the compound of Example 24 with isopropyl formimidate hydrochioride in
the presence of potassium carbonate (conditions see e.g. US 2009/0012054). The
compound of Example 43 was prepared by treating the compound of Example 39
with ethanimidoate hydrochloride in the presence of potassium carbonate (condi-
tions see e.g. US 2009/0012054). The compound of Example 46 was prepared by
oxidizing the compound of Example 81 with Jones reagent (conditions see e.g.
Kenneth Bowden, I. M. Heilbron, E. R. H. Jones and B. C. L. Weedon, J. Chem. Soc.,
1946, 39-45). The compounds of Example 87 were prepared by oxidizing the com-
pound of Example 112 with Jones reagent (conditions see e.g. Kenneth Bowden, I. M.
Heilbron, E. R. H. Jones and B. C. L. Weedon, J. Chem. Soc., 1946, 39-45) followed by

a standard de-protection and HPLC separation.
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[00553] The compound of Example 78 was prepared by treating the com-
pound of Example 24 with diisopropylethylamine followed by di-tert-butyl [(Z)-1H-
pyrazol-1-yl-methylylidene]biscarbamate at room temperature for 15 hours (condi-
tions see e.g. WO 2009/49028 A1). The compound of Example 60 was prepared by
treating the compound of Example 59 with formic acid as formylating agent. The
compound of Example 63 was prepared by treating the compound of Example 64

with formic acid as formylating agent.
[00554] For the convenience of the reader the structures of the final com-
pounds as well as used building blocks (1_x, 2_x and 3_x) are provided in table 3,

which is followed by analytical data for all examples.

Table 3. Structures of final compounds and used building blocks
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[00555] Analytical data for examples 1-112 (structures shown above):
Exampte 1
(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoyl-3-hydroxyphenoxy)eth-
oxy}imino}-N-[(35)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-yl]ethanamide

[00556] 'H NMR (400 MHz, DMSO-dg): 6=1.23 (s, 3 H), 1.40 (s, 3 i), 4.19
(m, 2H), 4.38 (m, 2H), 4.59 (d, = 8.0 Hz, 1H), 6.49 (5, 1 H), 6.57 (d,J=8.8 Hz, 1H,),
6.76 (s, 1 H), 7.21 (brs, 2 H), 7.57 (d, ] = 8.8 Hz, 1H), 9.49 (d, / = 8.0 Hz, 1H).

[00557]1 MS (ES*) m/z: IM+H]* calcd for CioH2sN7OoS2: 558.11. Found: 558.14.

[00558] HPLC: 98.63 %
Example 2
(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{| 2-(4-carbamimidoyl-3-
hydroxyphenoxy)ethoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic
acid

[00559] *H NMR (400 MHz, DMSO-dg): § = 1.33 (d, ] = 6.2 Hz, 3 H), 3.67 (m.,
1 H), 4.22 (m, 2H), 4.35 (m, 2H), 4.41 (m, 1H), 6.45 (br. s, 1H,), 6.52 (m, 1H), 6.79 (s,
1 H), 7.22 (m, 2H), 7.56 (d, ] = 8.8 Hz, 1H), 9.32 (m, 1H).

[00560] MS (ES) m/z: [M-H] caled for CisHaoN;OsS2: 526.08. Found: 526.13.

[00561] HPLC:91.43 %
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Example 3
(28,38)-3-{[(2Z)-2-(2~-Amino-1,3-thiazol-4-y1)-2-({2-[(6-carbamimidoylipyridin-3-

yhoxylethoxy}imino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00562] 'H NMR (400 MHz, DMSO-de): 8 = 1.35 (d, = 6.2 Hz, 3 H), 3.66 (dd,
J=6.0and 2.5 Hz, 1 H), 4.26 - 4.57 (m, 5 H), 6.78 (s, 1 H), 7.76 (dd, ] = 8.9 and 2.7
Hz, 1 H), 8.26 (d, J = 8.9 Hz, 1 H), 8.52 (d, J = 2.3 Hz, 1 H), 8.95 (s, 2 H), 9.21 - 9.49
(m, 3 H).

[00563] MS (ES) m/z: [M-H] caled for Ci7HpoNsO7S2: 512.09. Found: 512.53.

[00564] HPLC: 96.60 %
Example 4
(2Z)-2~(2-Amino-1,3-thiazol-4-yl)-2-((2-[(6-carbamimidoylpyridin-3-yl)oxylethoxy}-
imino)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

[00565] "M NMR (400 MHz, DMSO-de): 6 = 1.23 (s, 3 H), 1.40 (s, 3 H), 3.77 (d,
J=39Hz 1H), 442(d,J=4.6Hz, 3H), 4.59(d,/]=78Hz, 1 H),7.21 (s, 2 H), 7.74
(dd,J=8.7and 2.9 Hz, 1 H), 8.12-8.40 (m, 2 H), 8.49 (d,/=2.7 Hz, 1 H), 9.44 (4, ] =
8.2 Hz, 3 H).

[00566] MS (ES) m/z: [M-H] calcd for CisH21NsO7S,: 541.09. Found: 541.23,

[00567] HPLC: 88.45 %
Example 5

(2§,35)-3-{{(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(5-carbamimidoylpyridin-2-y1)-
oxylethoxyliminojacetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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[00568] 'H NMR (400 MHz, DMSO-de): § = 1.33 (d, J = 6.2 Hz, 3 H), 3.61 (dd,
J=6.0and 2.5 Hz, 1 H), 4.35 - 4.49 (m, 3 H), 4.49 - 4.71 (m, 2 H), 6.79 (s, 1 H), 7.12
(d, ] = 8.9 Hz, 1 H), 8.10 (dd, /= 8.7 and 2.5 Hz, 1 H), 8.64 (d, J = 1.9 Hz, 1 H), 8.86
(s, 4 H), 9.12 - 9.43 (m, 2 H).

{00569] MS (ES) my/z: IM-HT caled for CirH1oNsO782: $11.08. Found: 511.13.

[00570] HPLC: 96.6 %

Example 6
(25,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y)-2-({2-[(4-carbamimidoylphenyl)sulf-

anyljethoxylimino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00571] 'H NMR (400 MHz, DMSO-de): §= 1.40 (d, J = 5.8 Hz, 3 H), 3.28 -
3.40 (m, 2 H), 3.73 (dd, ] = 6.0 and 2.5 Hz, 1 H), 4.25 (t, ] = 6.2 Hz, 2 H), 4.44 (dd, ] =
7.8 and 2.3 Hz, 1 H), 6.78 and 8.16 (2s, 1 H), 7.22 (br. s, 2 H), 7.57 (m, 2 H), 7.76 (m,
2 H), 8.85 (br. s, 2 H), 9.26 (s, 2 H), 9.21 (s, 1 H).

[00572] MS (ES*) m/z: [M+H]* caled for CisHzN7O6Ss: 528.08. Found: 527.97.

[00573} HPLC: 98.3 %

Example 7
(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylphenyl)sulfanyl]eth-
oxy}imino)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

[00574] 'H NMR (400 MHz, DMSO-ds): § = 1.29 (s, 3 H), 1.43 (s, 3 H), 3.38 (¢,
J=6.6Hz, 2 H), 425 (t, ] = 6.6 Hz, 2 H), 4.61 (d, J = 7.8 Hz, 1 H), 6.82 (s, 1 H), 7.5 (br.
s, 2H), 7.55 (d, ] = 8.6 Hz, 2 H), 7.75 (d, ] = 8.6 Hz, 2 H), 8.82 (s, 2 H), 9.23 (s, 2 H),
9.46 (d, J = 7.8 Hz, 1 H).
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[00575] MS (ES*) m/z: [M+H}* calcd for CioHzN70;S3: 558.09. Found: 558.09.

[00576] HPLC:92.85 %

Example 8
(25,39)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl}-2-({2-[ (4-carbamimidoylphenyl)amino]-

ethoxy}imino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00577] 'H NMR (400 MHz, DMSO-ds): § = 1.36 (d, ] = 6.2 Hz, 3 H), 3.45 (t, J
= 4.8 Hz, 2 H), 3.66 (dd, [ = 6.2 and 2.3 Hz, 1 H), 4.20 (t, ] = 5.0 Hz, 2 H), 4.45 (dd, | =
8.0 and 2.5 Hz, 1 H), 6.66 - 6.86 (m, 3 H), 7.65 (d, ] = 8.9 Hz, 2 H), 8.28 (br. 5, 2 H),
8.77 (s, 2 H),9.27 (d,]=7.8 Hz, 1 H).

[00578] MS (ESY) m/z: [M+H]* calcd for CisH2sNgO6S2: 511.12. Found: 510.96.

[060579] HPLC: 95.40 %

Example 9
(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)eth-

oxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[005801 'H NMR (400 MHz, DMSO-de): 6= 1.33 (d, / = 6.3 Hz, 3 H), 3.64 (dd,
J=6.1and 2.7 Hz, 2 H), 4.34 (d, ] = 5.3 Hz, 2 H), 4.36 - 4.49 (m, 3 H), 6.78 (5, 1 H),
7.21(d,J=88Hz 2H), 780 (d,J=8.8 Hz, 2 H), 8.67 (5, 2H), 9.13 (s, 2 H), 9.31 (d, ]
=9.2 Hz, 1 H).

[00581] MS (ES*) m/z: [M+H]* calcd for CisHa1N;0582: 512.09. Found: 512.13.

{00582] HPLC: 99.00 %

Example 10
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(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)ethoxy]imino}-N-
[(2R,3S)-2-methyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

[00583] 'H NMR (400 MHz, DMSO-de): §= 1.11 (d, ] = 6.2 Hz, 3 H), 4.20 -
4.44 (m, 5 H), 4.85-5.04 (m, 1 H), 6.79 (s, 1 H), 7.18 (d, ] = 8.2 Hz, 3 H), 7.80 (d, ] =
8.9 Hz, 2 H), 8.67 (s, 2 H), 9.15 (s, 2 H), 9.34 (d, J = 8.6 Hz, 1 H).

[00584] MS (ES*) m/z: [M+H]* calcd for CigH22N705S,: 528.10. Found: 527.90.

{00585] HPLC: 92.10 %

Example 11
(2R,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoylphenoxy)eth-

oxylimino}acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00586] 'H NMR (400 MHz, DMSO-de): 6 = 1.33 (d, ] = 6.2 Hz, 3 H), 3.64 (dd,
J=6.0and 2.1 Hz, 1 H), 4.33 (br. s, 2 H), 4.35 - 447 (m, 3 H), 6.76 (s, 1 H), 7.15 -
7.27 (m, 4 H), 780 (d,J=8.5Hz, 2 H), 865 (br.s, 2H),9.12(br.5,2H),9.29d, =
8.2 Hz, 1 H).

{00587] MS (ES) m/z: [M-H} calcd for CisHaoN,0782: 510.09. Found: 510.02.
[00588] HPLC: 95.60 %
Example 12
{1(25,3S)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1}-2-{[2-(4-carbamimidoylphenoxy)eth-
oxylimino}acetyl]amino}-2-methyl-4-oxoazetidin-1-ylJoxy}methanesulfonic acid
[00589] 'H NMR (400 MHz, DMSO-ds): 6= 1.30 (d, J = 7.8, 1 H), 3.96 (dd, ] =

6.2 and 1.9 Hz, 1 H), 4.25 - 4.35 (m, 2 H), 4.35 - 4.47 (m, 4 H), 6.76 (s, 1 H), 7.11 -
7.29 (m, 4 H), 7.82 (d, ] = 8.9 Hz, 2 H), 9.03 (br. s, 4 H), 9.25 (d, ] = 7.8 Hz, 1 H).
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[00590] MS (ES) m/z: [M-HJ calcd for CioH2N70sS:: 540.10. Found: 540.10.

[00591] HPLC:98.51 %
Example 13
(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{{2-(4-carbamimidoyl-3-methylphenoxy)eth-
oxylimino}-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide

[00592] 'H NMR (400 MHz, DMSO-de): 5 = 1.23 (5, 3 H), 1.41 (5, 3 H), 2.37 (s,
3 H), 420-4.31 (m, 2 H), 440 (t,J=43Hz, 2H),4.59(d,/=7.8Hz, 1 H), 6.79 (5, 1
H), 6.89 - 7.06 (m, 1 H), 7.40 (d, ] = 8.6 Hz, 1 H), 8.85 (5, 2 H), 9.11 (s, 2 H), 9.48 (d, ]
=7.8 Hz, 1 H).

[00593] MS (ES) m/z: [M-H] calcd for CaoH24N;OsS2: 554.11. Found: 554.14.

{00594] HPLC: 97.18 %
Example 14
(25,38)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2~(4-carbamimidoyl-3-methylphen-
oxy)ethoxylimino}acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00595] 'H NMR (400 MHz, DMSO-ds): 6= 1.34 (d, ] = 6.2 Hz, 3 H), 2.36 (5, 3
H,) 3.60 (ddq, J = 6.0 and 2.5 Hz, 1 H), 4.24 - 4.31 (m, 2 H), 4.35 - 4.40 (m, 2 H), 4.43
(dd, J=8.2and 2.7 Hz, 1 H), 6.75 (5, 1 H), 6.92-7.05 (m, 2 H), 7.21 (5, 2 H), 7.39 (d, ]
= 8.6 Hz, 1 H), 8.90 (br. s, 2 H), 9.09 (br. s, 2H), 9.27 (d, ] = 8.2 Hz, 1 H).

[00596] MS (ES) m/z: [M-H] caled for CigH22N7O5S2: 524.10. Found: 524.06.

[00597] HPLC: 96.56 %
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Example 15
(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(2-carbamimidoylpyridin-4-ylyoxylethoxyj-
imino)-N-{(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

[00598] 'H NMR (400MHz, DMSO-dg): &= 1.22 (s, 3H), 1.40 (s, 3H), 4.36 —
4.44 (m, 4H), 4.57 (d, ] = 2.3 Hz, 1H), 6.76 (s, 1H), 7.19 (s, 2H), 7.36 (m, 1H), 7.86 s,
1H), 8.61 (m, 1H), 9.20 - 9.40 (br. s, 2H), 9.45 (m, | = 8.2 Hz, 1H).

f00599] MS (£SY) m/z: [IM+H]* caled for CisHasNsOsS2: 543.11. Found: 543.08.

[00600] HPLC: 98.52 %
Example 16
(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4~carbamimidoylphenoxy)ethoxylimino}-N-
[2-ox0-1-(sulfooxy)-1-azaspiro{3.4]oct-3-yijethanamide

[00601] 'H NMR (400 MHz, DMSO-dg): 8= 1.20 - 1.60 (m, 4H), 1.70 - 1.90
(m, 3H), 2.10 ~ 2.20 (m, 1H), 4.30 (br. s, 2H), 4.40 (br. s, 2H), 4.65 (d, ] = 8.3 Hz, 1H),
6.96 (s, 1H), 7.20 (m, 4H), 7.80 (d, ] = 9.2 Hz, 2H), 8.80 (br. s, 2H), 9.10 (br. 5, 2H),
9.48 (d, ] = 8.3 Hz, 1H).

[00602] MS (ES*) m/z: [M+H]* calcd for CpiHasN7OsS,: 568.13. Found: 568.17.

[60603] HPLC: 97.04 %
Example 17

(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{{2-(4-carbamimidoylphenoxy)-2-

methylpropoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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[00604] 'H NMR (400 MHz, DMSO-dg): 6= 1.24 - 1.47 (d, 3H), 3.71 (br. s,
1H), 4.15 (s, 2H), 4.44 (br. s, 1H), 6.74 (s, 1H), 7.25 (d, J = 8.5 Hz, 2H), 7.22 (br. s,
2H), 7.77 (d, J = 8.5 Hz, 2H,) 8.96 (br. 5, 1H), 9.36 (br. s, 11).

[00605] MS (ES*) m/z: [M+H]* calcd for CaoHzeN,07S2: 540.13. Found: 540.17.
[00606] HPLC:92.38 %
Example 18
(28,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({[1-(4-carbamimidoylphenoxy)-2-
methylpropan-2-yljoxylimino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
[00607] 'H NMR (400 MHz, DMSO-ds): 8 = 1.28 - 1.46 (m, 9H), 3.66 (dd, ] =
6.1 and 2.3 Hz, 1H), 4.10 (d, = 1.9 Hz, 2H), 4.44 (dd, J = 7.9 and 2.5 Hz, 1H), 6.72 (s,
1H), 7.09 - 7.31 (m, 4H), 7.80 (d, ] = 8.8 Hz, 2H), 8.65 (br. 5, 2H), 8.98 - 9.20 (m, 3H).
[00608] MS (ES*) m/z: [IM+H]* calcd for CaoHz6N;07S2: 540.13. Found: 540.08.
[060609] HPLC: 97.8 %
Example 19
(25,38)-3-{[(22)-2~(2-Amino-1,3-thiazol-4-y1)-2-{[ 2-(4-carbamimidoyl-2-fluorophen-
oxy)ethoxylimino}acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
[00610] 'H NMR (400 MHz, DMSO-de): 6 = 1.34 (d, | = 6.0 Hz, 3H), 4.27 - 4.52
(m, 4H), 6.77 (s, 1H), 7.40 - 7.54 (m, 1H), 7.78 (d, J = 2.5 Hz, 1H), 7.75 (s, 1 H), 8.80

(br. s, 2H), 9.19 (br. s, 2H), 9.31 (s, 1H).

[00611] MS (ES) m/z: [M-H] caled for CisHisN/O5S: 528.08. Found: 528.06.
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[00612] HPLC: 97.7 %

Example 20
(25,39)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{{2-(4-carbamimidoyl-2-

chlorophenoxy)ethoxylimino}acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00613] 'H NMR (400 MHz, DMSO-ds): 5 = 1.35 (d, J = 5.8 Hz, 3H), 3.66 (dd, J
- 6.0 and 2.5 Hz, 1H), 4.44 (s, 4H), 6.76 (s, 1), 7.22 (s, 2H), 7.41 (d, J = 8.6 Hz, 1H),
7.69 - 7.89 (m, 1H), 7.96 (d, ] = 1.9 Hz, 1H), 9.28 (d, J = 7.4 Hz, 4H).

[00614] MS (ES") m/z: [M+H}* caled for CisHziCIN,O;S;: 546.06. Found:
546.15.

[00615] HPLC: 99.0 %

Example 21
(25,35)-3-{l(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[4-(N-hydroxycarbamimidoyl)-

phenoxylethoxylimino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00616] 'H NMR (400 MHz, DMSO-ds): & = 1.33 (d, J = 6.0 Hz, 3H), 3.64 (m,
1H), 4.25 (m, 2H), 4.40-4.42 (m, 3H), 6.78 (s, 1H), 7.20 (d, J = 8.8 Hz, 2H), 7.40 (b. s,
2H), 7.68 (d, ] = 9.2 Hz, 2H), 8.85 (br. s, 1H), 9.20 (br. s, 1H) 9.31 (d, ] = 7.6 Hz, 2H),
10.97 (s, 1H).

(006171 MS (ES") m/z: (M+H]* caled for Cisl2aN7OsS2: 528.10. Found: 528.15.
{00618} HPLC: 95.6 %
Example 22

. (22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylpyridin-2-yoxyleth-
oxy}imino}-N-[(3§)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yllethanamide
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[00619] 'H NMR (400 MHz, DMSO-dg): 8 = 1.23 (s, 3H), 1.40 (s, 3H), 4.38 -
4.41 (m, 2H), 4.50 - 4.54 (m, 2H), 4.58 (d, J = 7.8 Hz, 1H), 6.75 (s, 1H), 7.20 (s, 2H),
7.22 (s, 1H), 7.32 (d, ] = 5.0 Hz, 1H), 8.40 (d, J = 5.4 Hz, 1H), 9.30 (br. s, 1H), 9.45 (d,
= 8.2 Hz, 1H).

[00620] MS (ES*) m/z: [M+H]* calcd for CigH2sNsOsS2: 543.11. Found: 542.98.

[00621] HPLC: 91.72 %

Example 23
(22)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
yl]-2-[(2-{4-[N-(piperidin-4-yl)carbamimidoyl]phenoxy}ethoxy)iminolethanamide

[00622] 'H NMR (400 MHz, DMSO-ds): = 1.21 (s, 3H), 1.39 (s, 3H), 1.51 -
1.57 (m, 2H), 1.82 - 1.90 (m, 2H), 2.52 - 2.68 (m, 2H), 3.04 - 3.13 (m, 2H), 3.66 - 3.79
(m, 1H), 4.26 - 4.32 (m, 2H), 4.40 - 4.43 (m, 2H), 4.58 (d, J = 7.8 Hz, 1H), 6.77 (s, 1H),
7.16 (d, J= 8.9 Hz, 2H), 7.21 (s, 2H), 7.70 (d, ] = 8.6 Hz, 2H), 9.44 (d, ] = 8.2 Hz, 1H).

[00623] MS (ES) m/z: [M-H] caled for CaaH31NsOsS2: 623.17. Found: 622.94.,

[00624] HPLC: 96.71 %

Example 24
(22)-2-{(2-{4-[N-(2-Aminoethyl)carbamimidoyljphenoxy}ethoxy)imino]-2-(2-amino-
1,3-thiazol-4-y1)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-ylJethanamide

[00625] 'H NMR (400 MHz, DMSO-de+TFA): 6= 1.18 (s, 3H), 1.38 (s, 3H),
2.48 (t, ] = 1.7 Hz, 2H), 3.95 (s, 4H), 4.29 - 4.45 (m, 2H), 4.44 - 4.58 (m, 2H), 4.59 (d, J
= 7.8 Hz, 1H), 6.96 (s, 1H), 6.97 (s, 1H), 7.08 (s, 1H), 7.14 - 7.27 (m, 4H), 7.89 (d, ] =
8.9 Hz, 2H), 9.68 (d, J = 7.8 Hz, 1H), 10.27 (s, 1H).
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[00626] MS (ES) m/z: [M-H] caled for CoiHayNsOsSa: 583.14. Found: 583.14

[00627] HPLC: 98.64 %

Example 25
(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[4-(4,5-dihydro-1H-imidazol-2-yl)phenoxyl-
ethoxy}limino)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yl]ethanamide

[00628] 'H NMR (400 MHz, DMSO-ds +TFA): 5= 1.19 (s, 3H), 1.38 (s, 3H),
3.94 (s, 4H), 4.33 - 4.43 (m, 2H), 4.47 - 4.56 (m, 2H), 4.60 (d, / = 7.8 Hz, 1H), 6.98 (s,
1H), 7.18 (d, ] = 8.6 Hz, 2H), 7.89 (d, ] = 8.6 Hz, 2H), 9.69 (d, J = 7.4 Hz, 1H), 10.26 (s,
1H), 12.05 - 12.49 (m, 3H).

[00629] MS (ES) m/z: [M-H] calcd for CziHzaN>OsS2: 566.11: Found: 566.16
[00630] HPLC: 98.64 %
Example 26
(28 and 2R)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(2S,3S)-2-methyl-4-0x0-1-sulfo-
azetidin-3-yljamino}-2-oxoethylidene]aminojoxy)-3-(4-carbamidinoyl-phenoxy)prop-
anoic acid
Epimer A
[00631] *H NMR (400 MHz, DMSO-ds): 6 = 1.29 (d, ] = 6.2 Hz, 3H), 3.61 (dd, ]
= 5.7 and 2.8 Hz, 1H), 4.31 - 4.55 (m, 3H), 4.82 (br. s., 1H), 6.53 (s, 1H), 6.79 (s, 1H),
7.11-7.30 (m, 4H), 7.78 (d, ] = 9.1 Hz, 2H), 8.85 (br. s., 2H), 9.08 (br. 5., 2H).

[00632] MS (ES) m/z: [M-H] caled for CioHaoN,0s82: 554.08. Found: 554.20.

[00633] HPLC: 99.59 % (RT: 11.050 min).
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Epimer B

[00634] 'H NMR (400 MHz, DMSO-ds): 6= 1.33 (d, / = 6.2 Hz, 3H), 3.75 (br.
8., 1H), 4.33 - 4.58 (m, 3H), 4.85 (br. 5., 1H), 6.51 (s, 1H), 6.82 (s, 1H), 7.15 - 7.29 (m,
4H), 7.78 (d, ] = 9.1 Hz, 2H), 8.75 - 8.91 (m, 2H), 9.09 (s, 2H).

[00635] MS (ES) m/z: [M-H] calcd for CioH20N,O6S2: 554.08. Found: 554.20.

[00636] HPLC: 98.82 % (RT: 11.168 min).

Example 27
2S  and  2R)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-
(sulfooxy)azetidin-3-yljamino}-2-oxoethylidenelamino}loxy)-3-(4-

carbamimidoylphenoxy)propanoic acid

Epimer A

[00637] *H NMR (400 MHz, DMSO-de): 8 = 1.10 (s, 3H) 1.40 (s, 3H), 4.40 (m,
2H), 4.60 (d, ] = 6.6 Hz, 1H), 5.0 (m, 1H), 6.80 (s, 1H), 7.17 (d, ] = 8.8 Hz, 2H), 7.24
(br.s, 2H), 7.80 (d, ] = 8.8 Hz, 2H), 8.60 (s, 2H), 9.27 (s, 2H), 9.40 (d, ] = 6.6 Hz, 1H).
¥ ENMR: - 74.

[00638] MS (ES) m/z: [M-H] caled for CzoH22N701082: 584.09. Found: 584.08.

[00639] HPLC: 97.15 9%.
Epimer B

{00640] 'H NMR (400 MHz, DMSO-dg): § = 1.24 (s, 3H) 1.420 (s, 3H), 4.45 (m,
2H), 4.60 (d, J = 6.6 Hz, 1H), 5.0 (im, 1H), 6.80 (s, 1H), 7.20 (d, ] = 8.8 Hz, 2H), 7.24
(br. s, 2H), 7.80 (d, ] = 8.8 Hz, 2H), 8.64 (s, 2H), 9.18 (s, 2H), 9.40 (d, ] = 6.6 Hz, 1H).

Y F NMR: - 74.

[00641] MS (ES) m/z: [M-H]" calcd for CaoHzN7O1082: 584.09. Found: 584.08.
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[00642] HPLC: 97.08 %.

Example 28
(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-{(6-carbamimidoylpyridazin-3-

ylyoxylethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00643] 'H NMR (400 MHz, DMSO-dq): § = 1.35 (d, / = 6.2 Hz, 3H), 3.62 (dd, ]
= 6.3 and 2.8 Hz, 1H), 4.42 (dd, ] = 7.9 and 2.6 Hz, 1H), 4.48 (1, ] = 4.4 Hz, 2H), 4.69 -
4.85 (m, 2H), 6.76 (s, 1H), 7.22 (s, 2H), 7.64 (d, ] = 9.4 Hz, 1H), 8.31 (d, = 9.4 Hz,
1H), 9.26 (d, J = 7.9 Hz, 1H).

[00644] MS (ES) m/z: [M-HJ calcd for Ci16H1sN9OS2: 512.51. Found: 512.08.
[00645] HPLC: 92.31 %.
Example 29
(22)-2-(2-Amino-1,3-thiazol-4-y1}-2-({2-[(6-carbamimidoylpyridazin-3-yloxyl-
ethoxylimino)-N-[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-yljethanamide
[00646] 'H NMR (400 MHz, DMSO-ds): &= 1.24 (s, 3H), 1.40 (s, 3H), 4.45 -
4.52 (m, 2H), 4.56 (d, ] = 7.6 Hz, 1H), 4.68 - 4.84 (m, 2H), 6.79 (s, 1H), 7.62 (d, = 9.4
Hz, 1H), 8.31 (d, ] = 9.4 Hz, 1H), 9.23 (br. 5., 2H), 9.46 (br. s, 1H), 9.69 (br. s, 2H).
[00647] MS (ES) m/z: [M-H] calcd for Ci7HzoNoOsSz: 542.54. Found: 542.13.
[00648] HPLC: 91.40 %.
Example 30

(28,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(5-carbamimidoylpyrazin-2-

yhoxylethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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[00649] 'H NMR (400 MHz, DMSO-de): = 1.36 (d, ] = 6.2 Hz, 3H), 3.64 (dd, J
= 6.3 and 2.5 Hz, 1H), 4.32 - 4.54 (m, 3H), 4.60 - 4.77 (m, 2H), 6.80 (s, 1H), 8.58 (d, J
= 1.2 Hz, 1H), 9.01 (d, ] = 1.2 Hz, 1H), 9.11 (s, 2H), 9.31 (d, J = 7.9 Hz, 1H), 9.47 (s,
2H).

[00650] MS (ES) m/z: [M-H] calcd for Ci6H1sNoO;S: 512.51. Found: 512.20.

[00651] HPLC: 95.45 %.

Example 31
(25,39)-3-{{(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoyl-1,3-thiazol-2-
yhoxylethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00652] 'H NMR (400 MHz, DMSO-ds): 6 = 1.37 (d, J = 6.2 Hz, 3H), 3.58 - 3.72
(m, 1H), 4.36 - 4.55 (m, 3H), 4.64 - 4.76 (m, 2H), 6.79 (s, 1 H), 8.26 (s, 1H), 8.91 (s,
2H), 9.14 (s, 2H), 9.33 (d, J = 7.9 Hz, 1H).

[00653] MS (ES) m/z: [M-H] calcd for CisHi7NsO;Ss: 517.55. Found: 5§17.23.

[00654] HPLC: 98.78 %.
Example 32
(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-(2-[(4-carbamimidoylthiophen-2-
ylymethoxylimino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00655] 'H NMR (400 MHz, DMSO-dg): 6 = 1.38 (d, ] = 6.2 Hz, 3 H), 3.68 (dd,
J= 6.2 and 2.6 Hz, 1H), 4.42 (dd, J = 7.9 and 2.6 Hz, 1H), 5.29 (s, 2H), 6.79 (s, 1H),
7.23 (s, 2H), 7.61 (s, 1H), 8.49 (d, ] = 1.5 Hz, 1H), 8.66 (s, 2H), 9.17 (s, 2H), 9.34 (d, ] =

7.6 Hz, 1H).

[00656] MS (ES*) m/z: [M+H]* caled for CisHisN7OeSs: 488.54. Found: 488.00.
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[00657] HPLC: 95.07 %.

Example 33
(2Z)-2~(2-Amino-1,3-thiazol-4-yl)-2-({2-[(6-carbamimidoyl-5-hydroxypyridin-3-
yhoxylethoxylimino)-N-[(3S5)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yljethanamide

[00658] 'H NMR (400 MHz, DMSO-dq): 5 = 1.23 (s, 3H), 1.40 (s, 3H), 4.34 (t, ]
= 4.4 Hz, 2H), 4.44 (t, ] = 4.1 Hz, 2H), 4.60 (d, ] = 8.2 Hz, 1H), 6.79 (s, 1 H), 6.97 (d, ]
= 2.6 Hz, 1H), 8.04 (d, ] = 2.3 Hz, 1H), 8.61 (s, 2H), 8.84 (s, 2H), 9.45 (d, ] = 7.9 Hz,
1H).

[00659] MS (ES) m/z: [M-H] calcd for CigHaiNgOsS2: 557.55. Found: 5§57.08.

[00660] HPLC: 94.21 %.

Example 34

28 and 2R)-2-({[(1Z2)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4~-0x0-1-
(sulfooxy)azetidin-3-yllamino}-2-oxoethylidene]amino}oxy)-3-(4-carbamimidoyl-3-
hydroxyphenoxy)propanoic acid

Epimer A

[00661] 'H NMR (400 MHz, DMSO-de): 6= 1.19 (s, 3H), 1.41 (s, 3H), 4.30 -
4.40 (m, 2H), 4.60 (d, ] = 8.4 Hz, 1H), 4.95 (m, 1H), 6.51 (s, 1H), 6.60 (m, 1H), 6.80 (s,
1H), 7.25 (br s, 2H), 7.57 (d, ] = 9.2 Hz, 1H), 8.48 (s, 2H), 8.82 (s, 2H), 9.40 (d, /] =8.4
Hz, 1H), 11.29 (s, 1H). * FNMR: - 74 ppm.

[00662] MS (ES) m/z: [M-H] calcd for CaoHzN;01:52: 600.08. Found: 600.06.

[00663] HPLC: 91.6 %.
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Epimer B

[00664] 'H NMR (400 MHz, DMSO-de): 8 = 1.24 (s, 3H) 1.420 (s, 3H), 4.45 (m,
2H), 4.60 (d, ] = 6.6 Hz, 1), 5.0 (m, 1H), 6.80 (s, 1H), 7.20 (d, ] = 8.8 Hz, 2H), 7.24
(brs, 2H), 7.80 (d, ] = 8.8 Hz, 2H), 8.64 (s, 2H), 9.18 (s, 2H), 9.40 (d, ] = 6.6 Hz, 1H).
F NMR: - 74 ppm.

[00665] MS (ES) m/z: [M-H] calcd for CaoH22N701182: 600.08. Found: 600.06.

[00666] HPLC: 95.4 %.

Example 35
(25,38)-3-{[(22)-2-{]2-(2-Amino-4-carbamimidoylphenoxy)ethoxylimino}-2-(2-amino-
1,3-thiazol-4-yl)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00667] H NMR(400 MHz, DMSO-de): 8 = 1.32 (d, ] = 6.4 Hz, 3H), 3.52 - 3.69
(m, 1H), 4.25 - 4.35 (m, 2H), 4.37 - 4.50 (i, 3H), 6.79 (s, 1H), 6.92 - 7.12 (m, 3H),
8.56 (s, 2H), 8.99 (s, 2H), 9.32 (d, J = 7.3 Hz, 1H).

[00668] MS (ES) m/z: [M-H] calcd for CisH21NgO;S2: 525.55. Found: 525.16.

[00669] HPLC: 98.17 %.

Example 36
25 and 2ZR)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethy!l-4-0x0-1-
(sulfooxyjazetidin-3-yljamino}-2-oxoethylidene]aminojoxy)-3-[(6-carbamimidoyl-

pyridin-3-yl)oxylpropanoic acid

Epimer A
[00670] 'H NMR (400 MHz, DMSO-ds): 8 = 1.21 (5, 3H), 1.42 (s, 3H), 4.56 (i,
2H), 4.66 (d, ] = 8.6 Hz, 1H), 4.76 - 4.98 (br, 1H), 6.54 (s, 1H)s, 6.81 (s, 1H), 7.19 (s,
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1H), 7.78 (dd, ] = 8.8 and 2.9 Hz, 2H), 8.25 (d, ] = 8.6 Hz, 1H), 8.53 (s, J = 2.3 Hz, 1H),
9.09 (br. s, 2H), 9.34 (br. s, 2H).

[00671] MS (ESY) m/z: [M-*H} caled for CioH2NsO10S2: 585.10. Found: 585.15.

[00672] HPLC: 92.9 %.
Epimer B

[00673] 'H NMR (400 MHz, DMSO-dy): & =1.28 (s, 3H), 1.42 (s, 3H), 4.35 -
4.49 (m, 1H), 4.59 (d, J = 8.2 Hz, 2H), 4.72 - 491 (m, 1H), 6.54 (s, 1H), 6.84 (s, 1H),
7.19 (s, 2H), 7.80 (d, ] = 2.7 Hz, 1H), 8.25 (d, ] = 9.0 Hz, 1H)}, 8.51 (d, ] = 2.3 Hz, 1H),
9.13 (br. s, 2H), 9.33 (br. s, 2H).

[006741 MS (ES") m/z: [M-H] caled for C1oHz2NgO10Sz: 585.10, Found: 585.15.

[060675] HPLC: 91.5 %.
Exampie 37
(28, 35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-[{3-(4-carbamimidoylphenoxy)prop-
oxy]imino}acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00676] 'H NMR (400 MHz, DMSO-dg): 8= 1.27 (d, ] = 8.20 Hz, 3H), 2.01 -
2.11 (m, 2H), 3.58 - 3.68 (m, 1H), 4.10 - 4.17 (m, 2H), 4.22 (t, ] = 5.66 Hz, 2H), 4.43
(dd, J = 8.20, 2.73 Hz, 1H), 6.75 (s, 1H), 7.14 (d, ] = 8.98 Hz, 2H), 7.78 (d, ] = 8.59 Hz,
2H), 8.66 (br. s., 2H), 9.07 (br. s, 2H), 9.33 (4, ] = 8,20 Hz, 1H).

f00677} MS (ES"') m/z: {M-FHI*’ calcd for CioHaaN7O7S,: 525.57. Found: 526.27.

[00678] HPLC: 98.74 %
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Example 38
(22)-2~(2-Amino-1,3-thiazol-4-y1}-N-[(35)-1-hydroxy-2,2-dimethyl-4-oxoazetidin-3-yl]-
2-({2-[4-(N-{2-[(iminomethyl)amino]ethyl}jcarbamimidoyl)phenoxylethoxy}limino)-

ethanamide

[00679] 'H NMR (400 MHz, DMSO-ds + TFA): 3= 1.18 (s, 3H), 1.38 (s, 3H),
3.56 (br s, 4H), 4.340 - 4.37 (m, 2H), 4.50 - 4.52 (m, 2H), 4.60 (d, ] = 7.6 Hz, 1H), 6.98
(s, 1H), 7.15 - 7.18 (m, 2H), 7.71 - 7.73 (m, 2H), 7.96 - 7.98 (m, 1H), 8.11 (s, 1H), 9.00
~9.10 (m, 2H), 9.32 - 9.53 (m, 2H), 9.61 - 9.69 (m, 2H).

[006801 MS (ES*) m/z: [IM+H]* calcd for CoHaoNoOsS2: 612.17. Found: 612.01.

[00681] HPLC: 90.08 %

Example 39
(22)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yli}-2-{[2-(4-{N-[(3S)-pyrrolidin-3-yljcarbamimidoyl}phenoxy)ethoxylimino}ethan-

amide

[00682] 'H NMR (400 MHz, DMSO-dq): & = 1.21 (s, 3H), 1.39 (s, 3H), 1.79 -
1.97 (m, 1H), 2.12 - 2.20 (m, 1H), 2.80 - 2.97 (m, 1H), 3.00 - 3.15 (m, 3H), 4.14 - 4.20
(m, 1H), 4.26 - 4.30 (m, 2H), 4.38 - 4.42 (m, 2H), 4.58 (d, ] = 7.82 Hz, 1H), 6.77 (s,
1H), 7.14 (d, ] = 9.0 Hz, 2H), 7.21 (s, 1H), 7.71 (d, J = 9.0 Hz, 2H), 9.44 (d, ] = 7.8 Hz,
1H).

[00683] MS (ES*) m/z: {M-H] calcd for CasHaoNsOsS2: 609.16. Found: 609.00.

[00684] HPLC: 91.82 %
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Example 40
(22)-2-(2-Amino-1,3-thiazol-4-yl1)-2-{[2-(4-{N-[2-(dimethylamino)ethyl}jcarbamimido-
vllphenoxy)ethoxylimino}-N-[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
yllethanamide

[00685] 'H NMR (400 MHz, DMSO-dg): 8 = 1.19 (s, 3H), 1.39 (s, 3H), 2.50 (s,
6H), 3.34 - 3.53 (m, 2H), 3.68 - 3.84 (m, 2H), 4.21 - 4.37 (m, 2H), 4.37 - 4.50 (m, 2H),
4.59 (d, J=7.8 Hz, 1H), 6.81 (s, 1H), 7.19 (d, J = 8.99 Hz, 2H), 7.53 (br. s, 1H), 7.79 (d,
J=8.9 Hz, 2H), 9.10 (s, 1H), 9.48 (d, J = 7.8 Hz, 1H), 9.57 (br. s, 2H), 9.84 (br. s, 1H).

[00686] MS (ES) my/z: [M-H] calcd for CaaHziNgOsS2: 611.17. Found: 611.01

[00687] HPLC: 97.87 %
Example 41
(22)-2-(2-Amino-1,3-thiazol-4-yI)-2-{{2-(4-carbamimidoylphenoxy)ethoxylimino}-N-
[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yllethanamide

[00688] 'H NMR (400 MHz, DMSO-dg): § = 1.21 (s, 3H) 1.39 (s, 3H) 4.19 -
4.50 (m, 4H) 4.59 (d, ] = 7.8 Hz, 1H) 6.79 (s, 1H) 7.06 - 7.31 (m, 2H) 7.81 (d, J = 8.9
Hz, 2H) 8.67 (s, 2) 9.14 (s, 2) 9.47 (d, ] = 7.8 Hz, 1H).

[00689] MS (ES*) m/z: [M+H]* calcd for CisHzN70sS2: 542.10. Found: 542.01.

[00690] HPLC: 92.4 %.
Example 42
(45)-4-{{{4-12-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0-1-

(sulfooxy)azetidin-3-ylJamino}-2-oxoethylidenejamino}oxy)ethoxy}phen-
yl}{imino)methyljamino}-N,N-dimethyl-L-prolinamide
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[00691] 'H NMR (400 MHz, DMSO-dg): = 1.19 (s, 3H), 1.38 (s, 3H), 2.03-
2.10 (m, 1H), 2.40-2.50 (m, 1H), 2.80-3.10 (m, 2H), 2.94 (s, 3H), 3.00 (s, 3H), 4.27-
4.32 (m, 2H), 4.40-4.43 (m, 2H), 4.44-4.53 (m,1H), 4.57 (d, ] = 8.2 Hz, 1H), 4.65-4.75
(m, 1H), 6.78 (s, 1H), 7.20 (d, J = 8.2 Hz, 2H), 7.20-7.39 (m, 1H), 7.73 (d, ] = 8.2 Hz,
2H), 8.71-8.85 (m, 1H), 9.18 (br. s, 1H), 9.35-9.47 (m, 2H), 9.59 (br. s, 1H), 9.89-10.01
(m, 1H).

[00692] MS (ES) m/z: [M-H] caled for CagHaaNsOsSs: 680.19. Found: 680.05.

[00693] HPLC:91.92 %

Example 43
(22)-2-(2-Amino-1,3-thiazol-4-y1)-N-{(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yl]-2-{[2-(4-{N-[(3S)-1-ethanimidoylpyrrolidin-3-yljcarbamimidoyi}phenoxy)ethoxy]-

imino}ethanamide

[00694] 'H NMR (400 MHz, DMSO-dg): § = 1.19 (s, 3H), 1.39 (s, 3H), 2.25 (d, ]
= 5.4 Hz, 3H), 3.49-3.65 (m, 2H), 3.69-3.83 (m, 3H), 3.85-3.98 (m, 1H), 4.28-1.30 (m,
2H), 4.40-4.42 (m, 2H), 4.47-4.49 (m, 1H), 4.57 (d, ] = 8.2 Hz, 1H), 6.78 (s, 1H), 7.18
(d, ] = 9.0 Hz, 2H), 7.24-7.40 (m, 1H), 7.72 (d, ] = 8.2 Hz, 2H), 8.45 (s, 1H), 9.15-9.35
(m, 2H), 9.44 (d, J = 7.4 Hz, 1H), 9.45-9.55 (m, 1H), 9.61-9.70 (m, 1H).

[00695] MS (ES*) m/z: [M+H]* calcd for CasHaaNoOsS2: 652.20. Found: 651.92.
[00696] HPLC: 86.7 %

Example 44

(2R and 28)-3-{4-[N-(2-Aminoethyl)carbamimidoyl]phenoxy}-2-({{(1Z)-1-(2-amino-1,3-

thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-ylJamino}-2-oxoeth-

ylidene]aminojoxy)propanoic acid
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Epimer A

[00697] 'H NMR (400 MHz, DMSO-dg): 8 = 1.26 (s, 3H), 1.35 (s, 3H), 3.14 -
3.21 (m, 2H), 3.57 — 3.62 (m, 2H), 4.37 - 4.46 (m, 2H), 4.57 (d, ] = 8.0 Hz, 1H), 4.95 -
4.96 (m, 1H), 6.51 (br. s, 1H), 6.78 (s, 1H), 7.18 (d, ] = 8.8 Hz, 2H), 7.23 (br. s, 2H),
7.80 (d, ] = 8.8 Hz, 2H), 7.87 (br. s, 3H), 8.98 (br. s, 1H), 9.38 (d, ] = 7.3 Hz, 1H), 9.48
(br. s, 2H).

[00698] MS (ES) m/z: [M-H] caled for CooHz7NeO10Sz: 627.13. Found: 626.99.

[00699] HPLC: 97.08 % (RT: 8.435 min).

Epimer B

[00700] 'H NMR (400 MHz, DMSO-de): 8= 1.22 (s, 3H), 1.37 (s, 3H), 3.15 -
3.22 (m, 2H), 3.57 - 3.62 (m, 2H), 4.42 - 4.44 (m, 2H), 4.56 (d, ] = 7.6 Hz, 1H), 4.95 -
4.99 (m, 1H), 6.50 (br. s, 1H), 6.80 (s, 1H), 7.18 - 7.22 (m, 4H), 7.80 (d, ] = 8.8 Hz,
2H), 7.84 (br. s, 3H), 8.98 (br. 5, 1H), 9.35 (d, ] = 7.3 Hz, 1H), 9.43-9.47 (br. s, 2H).

[00701] MS (ES) m/z: [M-H] calcd for CpaHarNgOroS2: 627.13. Found: 626.99.

[00702] HPLC: 97.02 % (RT: 8.793 min).

Example 45
(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({{(2R  and 2§)-1-(4-carbamimidoylphenoxy)-3-
hydroxypropan-2-yljoxy}limino)-N-{(35)-2,2-dimethyl-4-0xo-1-(sulfooxy)azetidin-3-

yllethanamide

Epimer A

[00703] 'H NMR (400 MHz, DMSO-ds): 8 = 1.20 (s, 3H), 1.40 (s, 3H), 3.59 -
3.77 (m, 2H), 4.21 - 4.29 (m, 2H), 4.38 - 4.44 (m, 1H), 4.56 (d, ] = 7.6 Hz, 1H), 6.78 (s,
1H), 7.18 (d, J = 8.8 Hz, 2H), 7.81 (d, ] = 9.1 Hz, 2H), 8.66 (s, 2H), 9.14 (s, 2H), 9.37
(d, J=7.6 Hz, 1H).
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[00704] MS (ES) m/z: [M-H] caled for CaoHz4N-OsSy: 570.11. Found: 570.08.

[00705] HPLC: 87.39 % (RT: 2.210 min).

Epimer B

[00706] 'H NMR (400 MHz, DMSO-ds): 8= 1.21 (s, 3H), 1.36 (s, 3H), 3.65 -
3.72 (m, 2H), 4.15 - 4.22 (m, 1H), 4.24 - 4.30 (m, 1H), 4.38 - 4.44 (m, 1H), 4.56 (d, ] =
7.6 Hz, 1H), 6.78 (s, 1H), 7.16 (d, ] = 9.1 Hz, 2H), 7.79 (d, ] = 9.1 Hz, ZH), 8.64 (s, 2H),
9.12 (s, 2H), 9.34 (d, = 7.6 Hz, 1H).

(007071 MS (ES) m/z: [M-H} caled for CooH24N709S:: 570.11. Found: 570.08.

[00708] HPLC: 92.48 % (RT: 2.317 min).

Example 46
3-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)-
azetidin-3-yljamino}-2-oxoethylidenelamino}oxy)-4-(4-carbamimidoylphen-

oxy)butanoic acid

[00709] 'H NMR (400 MHz, DMSO-ds): 8 = 1.24 (d, 3H), 1.40 (s, 3H), 2.65 -
2.76 (m, 2H), 4.26 (d, J = 5.5 Hz, 2H), 4.57 (dd, J = 7.6 and 3.7 Hz, 1H,) 4.77 (br. s,
1H), 6.79 (s, 1H), 7.18 (dd, J = 9.0 and 3.1 Hz, 2H), 7.23 - 7.32 (br. s, 2H), 7.81 (d, ] =
7.4 Hz, 2H), 8.70 (br. s, 2H), 9.13 (s, 2H), 9.36 (m, 1H).

{00710]1 MS (ESY) m/z: [IM+H]* caled for CaiHasNZO10S2: 600,11, Found: 599.98.
[00711] HPLC: 95.2 %.
Example 47

(22)-2~(2-Amino-1,3-thiazol-4-y1)-2-{{2-(4-carbamimidoylphenoxy)ethoxylimino}-N-
[(28,38)-2-methyl-4-0x0-1-(sulfooxy)azetidin-3-ylJethanamide
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[00712] 'H NMR (400 MHz, DMSO-dg): § = 1.32 (d, J = 6.2 Hz, 3H), 3.90 (m,
1H), 4.28 - 4.48 (m, 2H), 4.40 - 4.48 (m, 3H), 6.78 (s, 1H), 7.28 — 7.32 (m, 3H), 7.80
(d, ] = 8.9 Hz, 2H), 8.67 (s, 2H), 9.15 (5, 2H), 9.44 (d, ] = 8.6 Hz, 1H).

[00713] MS (ES*) m/z: [M+H]" calcd for CigH22N706S2: 528.10. Found: 528.10

[00714] HPLC: 92.75 %.

Example 48
(2R,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[3-(4-carbamimidoylphenoxy)prop-

oxylimino}acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00715] 'H NMR (400 MHz, DMSO-de): § = 1.30 (d, ] = 6.2 Hz, 3H), 2.08 (m,
2H), 3.17 - 4.25 (m, 5H), 4.44 (dd, J = 2.4 and 7.8 Hz, 1H), 6.77 (s, 1H), 7.11 (d, ] =
9.0 Hz, 2H), 7.80 (d, ] = 9.0 Hz, 2H), 8.68 (s, 2H), 9.09 (s, 2H), 9.35 (d, ] = 8.2 Hz, 1H).

[00716] MS (ES") my/z: [M+H]* caled for CioHz4N;O782: 526.12. Found: 526.08.
[00717] HPLC:94.79 %.
Example 49
(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(2-bromo-4-carbamimidoyl-
phenoxy)ethoxyliminojacetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
[00718] 'H NMR (400 MHz, DMSO-ds): 8 = 1.36 (d, ] = 6.2 Hz, 3H), 3.67 (dd, ]
= 2.7 and 5.8 Hz, 1H), 4.36 - 4.52 (m, 5H), 6.79 (s, 1H), 7.37 (d, J = 8.9 Hz, 1H), 7.86
(d, ] = 1.9 Hz, 1H), 8.10 (d, ] = 2.3 Hz, 1H), 8.80 (br. s., 2H), 9.20 (br. s, 2H), 9.30 (br.

s, 1H).

[00719] MS (ES) m/z: [M-H} calcd for CisHz0BrN;0-S;: 590.00; found: 589.88.
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[00720] HPLC: 93.93 %.
Example 50
(25,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidamidophenoxy)eth-
oxy]imino}acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
[00721] 'H NMR (400 MHz, DMSO-ds): 5 =1.35 (d, ] = 6.4 Hz, 2H), 3.64 (m,
1H), 4.24 (m, 2H), 4.42 (m, 2H), 4.44 (m, 1H), 6.80 (s, 1H), 7.03 (d, ] = 8.4 Hz, 2H),
7.17 (s, 6H), 9.34 (s, 1H), 9.36 (5, 1H).
[00722]) MS (ES*) m/z: [M+H]* caled for CigHzaNsO7S,: 527.10. Found: 527.02.
[00723] HPLC: 93.93 %.
Example 51
(28,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl1)-2-{[3-(4-carbamimidamidophenoxy)-
propoxyjimino}acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
[00724] 'H NMR (400 MHz, DMSO-ds): 8 = 1.35 (d, ] = 6.0 Hz, 2H,), 2.07 (m,
2H), 3.65 (m, 1H), 4.06 (t, ] = 6.0 Hz, 2H), 4.23 (t, ] = 6.0 Hz, 2H), 4.50 (m, 1H), 6.78
(s, 1H), 7.01 (d, J= 8.8 Hz, 2H), 7.16 (br. s, 6H), 9.33 (s, 1H), 9.36 (d, ] =8.8 Hz, 1H).
[00725] MS (ES*) m/z: [M+H]* calcd for CiaHaaNgO,S2: 541.12. Found: 541.01.
[00726] HPLC: 95.00 %.
Example 52

(22)-2-(5-Amino-1,2,4-thiadiazol-3-y1)-2-{{2-(4-carbamimidoylphenoxy)ethoxy]-
imino}-N-[(25,3S)-1-hydroxy-2-methyl-4-oxoazetidin-3-yljethanamide
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[00727] 'H NMR (400 MHz, DMSO-dy): § = 1.32 (d, J = 6.0 Hz, 3H), 3.57 (m,
2H), 4.34 (m, 2H), 4.40 (dd, ] = 2.4 and 7.6 Hz, 2H), 4.49 (m, 2H), 7.21 (d, ] = 8.8 Hz,
2H), 7.80 (d, ] = 8.8 Hz, 2H), 8.16 (s, 2H), 8.67 (s, 2H), 9.13 (s, 2H), 9.33 (s, 2H).

[00728] MS (ESY) m/z: [M+H]" calcd for Ci7H20NsOS2: 512.09. Found: 512.85.

[00729] HPLC: 91.20 %.

Example 53
(28,35)-3-{{(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(3-carbamimidoylphenoxy)eth-

oxylimino}acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00730] 'H NMR (400 MHz, DMSO-ds): 8 = 1.33 (d, ] = 6.0 Hz, 3H), 3.66 (qd, ]
= 2.5 and 6.0 Hz, 1H), 4.26 - 4.36 (m, 2H), 4.36 - 4.51 {m, 3H), 6.82 (s, 1H), 7.30 -
7.41 (m, 3H), 7.51 (t, ] = 8.0 Hz, 1H), 8.94 (br. s, 2H), 9.25 (br. 5, 2H), 9.37 (d, ] = 7.9
Hz, 1H).

007311 MS (ES) m/z: IM-HY caled for CisHaunNyO5S: 512.09. Found: 5§11.97.
[06732] HPLC: 90.81 %.
Example 54
(25,35)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{(2-{4-[N-(propan-2-yl)carbamimido-
yl]phenoxylethoxy)iminolacetyljamino)-2-methyl-4-oxoazetidine-1-sulfonic acid
[00733] *H NMR (400 MHz, DMSO-de): 6= 1.23 (d, ] = 6.4 Hz, 6H), 1.31 d, ]
= 6.4 Hz, 3H), 3.6 (m, 1H), 3.9 (m, 1H), 4.29 (d, ] = 4.0 Hz, 2ZH), 4.39 (m, 3H), 6.73 (5,
1H), 7.17 (m, 4H), 7.65 (d, ] = 8.8 Hz, 2H), 8.68 (s, 2H), 9.06 (br. s, 1H), 9.26 (d, ] =

8.0 Hz, 1H).

[00734] MS (ES) m/z: [M-H} caled for CoiHagN,O482 552.13. Found: 551.90.
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[00735] HPLC: 94.27 %.

Example 55
(28,385)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[(4-carbamimidoylbenzylhoxylimino}-

acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00736] 'H NMR (400 MHz, DMSO-ds): &= 1.38 (d, ] = 6.4 Hz, 3H), 3.65 (dd,
7= 2.5 and 6.0 Hz,1H), 4.45 (dd, J = 2.9 and 7.9 Hz,1H), 5.26 (s, 1H), 6.78 (s, 1H),
7.28 (br. s, 2H), 7.59 (d, J = 8.5 Hz, 2H), 7.79 (d, J = 8.5 Hz, 2H), 8.86 (s, 2H), 9.24 (s,
1H), 9.44 (d, ] = 7.9 Hz, 1H).

[60737] MS (ES*) m/z: [M+H]" calcd for Ci7HaoN;OsS2: 482.09. Found: 481.93.
[00738] HPLC: 96.47 %.
Example 56
(25,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylthiophen-2-
yl)methoxy]ethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
[60739] 'H NMR (400 MHz, DMSO-de): & =1.36 (d, 3H), 3.61 - 3.80 (m, 3H),
4.16 - 4.28 (m, 2H), 4.41 (dd, ] = 7.9, 2.6 Hz, 1H), 4.71 (s, 2H), 6.72 (s, 1 H), 7.20 (s,
2H), 7.55 (s, 1H), 8.45 (d, ] = 1.5 Hz, 1H), 8.70 (br. 5, 2H), 9.10 (br. 5, 2H), 9.28 (d, ] =
7.6 Hz, 1H).
[00740] MS (ES) m/z: [M-H] calcd for Ci7Hz0N;0553: 530.59. Found: 530.07.
[00741] HPLC: 97.62 %.
Example 57

(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[(4-carbamimidoylbenzyl)oxylimino}-N-{(3S)-2,2-
dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide
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[00742] 'H NMR (400 MHz, DMSO-dy): 8 = 1.22 (s, 3H), 1.43 (s, 3H), 4.60 -
4.66 (m, 1H), 5.25 (s, 2H), 6.75 (s, 1H), 7.20 (s, 2H), 7.59 (d, ] = 8.6 Hz, 2H), 7.78 (4, J
= 8.6 Hz, 2H), 8.22 (s, 1H), 9.07 - 9.17 (m, 2H), 9.19 - 9.27 (m, 1H), 9.59 (d, J = 7.9
Hz, 1H).

{00743] MS (ES) m/z: IM-H} caled for CisHzoN,0582: $10.08. Found: 5§10.16.

[00744] HPLC: 99.75 %.

Example 58
(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[3-(4-carbamimidoylphenoxy)propoxylimino}-N-
[(38)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-yllethanamide

[00745] 'H NMR (400 MHz, DMSO-ds): 5= 1.23 (s, 3H), 1.39 (s, 3H), 2.03 -
2.13 (m, 2H), 4.17 (t, ] = 8.0 Hz, 2H), 4.23 (¢, ] = 8.0 Hz, 2H), 4.60 (d, ] = 7.9 Hz, 1H),
6.76 (s, 1H), 7.16 (d, J = 9.2 Hz, 2H), 7.81 (d, ] = 8.9 Hz, 2H), 8.67 (s, 2 H), 9.12 (s,
2H), 9.49 (d, ] = 7.9 Hz, 1H).

[00746] MS (ES*) m/z: [M+H]* caled for CaoHasN,QsS2: 556.12. Found: 556.14.

[00747] HPLC: 98.10 %.

Example 59
(28,38)-3-{{(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[4-carbamimidoyl-2-(hydroxymethyl)

phenoxylethoxyliminojacetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00748] 'H NMR (400 MHz, METHANOL-dy): 8= 1.45 (d, J = 8.0 Hz , 2H),
3.82 (dd, J = 2.7 and 6.1 Hz, 1H), 4.39 - 4.49 (m, 1H), 4.50 - 4.62 (m, 2H), 4.66 - 4.81
(m, 2H), 6.85 (s, 1H), 7.19 (d, ] = 8.5 Hz, 1H), 7.74 (dd, J = 2.3 and 8.7 Hz, 1H), 7.85
(d,]=1.9 Hz, 1H).
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[00749] MS (ES) m/z: [M-H] calcd for CioH23N;0sS;: 540.1. Found: 540.1.
[00750] HPLC: 86.90 %.
Example 60
(28,38)-3-({(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{(2-{4-carbamimidoyl-2-[(formyloxy)-
methyl]phenoxy}ethoxy)imino]acetyljamino)-2-methyl-4-oxoazetidine-1-sulfonic

acid

[00751] 'H NMR (400 MHz, DMSO-d¢): 8 = 1.33 (d, ] = 6.2 Hz, 3H), 3.62 (dd, ]
= 2.5 and 6.0 Hz, 1H), 4.27 - 4.50 (m, 3H), 5.23 (s, 2H), 6.75 (s, 2H), 7.21 (s, OH), 7.31
(d, ] = 8.9 Hz, 1H), 7.65 - 7.93 (m, 3H), 8.27 - 8.43 (m, 2H), 9.11 (br. 5, 1H), 9.28 (d,
2H).

[00752] MS (ES) m/z: [M-HJ calcd for Catz2N7OeS2: 568.09. Found: 568.09.

[00753] HPLC: 86.60 %.
Example 61
(25,35)-3-{[(22)-2-(2-Amino-5-chloro-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphen-
oxy)ethoxyliminojacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00754] 'H NMR (400 MHz, DMSO-dg): 8 = 1.31 (d, ] = 6.3 Hz, 3H), 3.60 (m,
1H), 4.38 (m, 2H), 4.40 (m, 1H), 4.42 (m, 2H), 7.21(d, J=89Hz, 2 H), 7.80 (d, ] = 9.2
Hz, 2H), 8.66 (s, 2H), 9.12 (s, 2H), 9.30 (d, ] = 8.4 Hz, 1H).

[00755] MS (ES) m/z: [M-H] calcd for CisHzoCIN,OS2: 544.05. Found: 544.14.

[00756] HPLC: 97.10 %.

Example 62
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(25,38)-3-{[(22)-2-({2-14-(2-Amino-2-iminoethyl)phenoxylethoxy}imino)-2-(2-amino-

1,3-thiazol-4-yl)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00757] 'H NMR (400 MHz, DMSO-de): 8= 1.23 - 1.46 (m, 3H), 2.49 (br. s.,
1H), , 3.56 - 3.75 (m, 2H), 4.09 - 4.27 (m, 2H), 4.27 - 4.52 (m, 2H), 6.56 - 6.83 (m,
1H), 6.86 - 7.04 (m, 2H), 7.17 - 7.43 (m, 3H), 8.32 - 8.53 (m, 2H), 8.82 - 9.10 (m, 2H),
9.26 (s, 1 H).

[00758] MS (ES*) m/z: [M+H]* caled for CioH24NyO7S2: 526.12. Found: 526.13.
[00759] HPLC: 95.50 %.

Example 63
(2S,38)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y)-2-[(2-{4-[(2-formylhydrazinyl)(imino)-
methyl]phenoxylethoxy)imino]acetyl}amino)-2-methyl-4-oxoazetidine-1-sulfonic

acid

[00760] *H NMR (400 MHz, DMSO-ds): 6= 1.34 (d, ] = 6.2 Hz, 3H), 3.44 (br.
s., 2H), 3.61 - 3.73 (m, 1H), 4.30 - 4.38 (m, 2H), 4.38 - 4.48 (m, 3H), 6.78 (s, 1H), 7.25
(d, J=8.9 Hz, 2H), 7.78 (d, ] = 8.9 Hz, 2H), 8.23 (5, 1H), 9.32 (d, ] = 7.8 Hz, 1H), 9.41
(br. s, 1H), 9.80 (br. s, 1H), 10.73 (s, 1H).

[060761] MS (ES*) m/z: [M+H]* caled for CioH23N0sS2: 555.56. Found: 555.23.
[00762] HPLC: 92.05 %.
Example 64

(28,35)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y1}-2-[(2-{4-[hydrazinyl(iminoymethyl}phen-

oxy}ethoxy)iminolacetyljamino)-2-methyl-4-oxoazetidine-1-sulfonic acid
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[00763] 'H NMR (400 MHz, DMSO-dg): 8 = 1.40 (d, ] = 6.2 Hz, 3H), 3.58 - 3.71
(m, 1H), 4.26 - 4.36 (m, 2H), 4.35 - 4.51 (m, 3H), 5.13 - 5.31 (m, 1H), 6.73 (s, 1H),
7.28 (br. s, 2H), 7.69 (d, 2H), 7.78 (d, ] = 8.9 Hz, 2H), 8.72 (br. s, 1H), 9.26 (br. s, 2H),
10.75 (br. s, 1H).

[00764] MS (ES) m/z: [M-HJ calcd for CisHaiNgO7S2: 525.54. Found: 525.31.
[00765] HPLC: 96.80 %.
Example 65
(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(5-carbamimidoyl-1,3,4-thiadiazol-
2-yl)oxylethoxy}imino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
[00766] 'H NMR (400 MHz, DMSO-de): 6 = 1.39 (d, /=6.25 Hz, 3H), 3.64 (dd,
= 6.1 and 2.5 Hz, 1H), 4.38 - 4.52 (m, 3H), 4.81 (d, ] = 4.7 Hz, 2H), 6.78 (s, 1H), 9.29
(d,]=8.2 Hz, 1H), 9.42 (s, 2H), 9.78 (s, 2H).
[00767] MS (ES) m/z: [M+H]} calcd for CisHiyNoO;Ss: 518.04. Found: 518.17.
[00768] HPLC: 94.0 %.
Example 66
(2S,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{{2-(4-carbamimidoylphenoxy)-
ethoxylimino}acetyl]lamino}-2-carbamoyl-4-oxoazetidine-1-sulfonic acid
[00769] 'H NMR (400 MHz, DMSO-de): 8 = 4.35 (m, 4H), 5.26 - 5.43 (m, 1H),
6.97 (s, 1H), 7.19 - 7.24 (m, 2H), 7.85 (m, 2H), 8.55 - 8.82 (m, 2H), 9.05 - 9.33 (m,

2H).

[00770] MS (ES*) m/z: [M+HJ* caled for CisHaNgOsSz: 541.09. Found: 541.23.
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[00771] HPLC: 91.2 %.

Example 67
(25,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y})-2-({2-{(3-carbamimidoyl-1,2-0xaz0l-5-

yhoxylethoxy}imino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00772] 'H NMR (400 MHz, DMSO-de): § = 1.38 (d, J = 6.2 Hz, 3H), 3.67 (d, J
= 2.3 Hz, 1H), 4.32 - 4.51 (m, 5H), 6.76 (s, 1H), 6.87 (s, 1H), 7.23 (s, 3H), 8.32 (5, 2H),
9.31 (d, J = 8.2 Hz, 1H).

[00773] MS (ES*) m/z: [M+H]* calcd for CisH1sNgOsS2: 503.06. Found: 503.20.

[00774] HPLC: 91.9 %,

Example 68
(25,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[4-(N-methylcarbamimidoyl)-

phenoxylethoxy}limino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

[00775] 'H NMR (400 MHz, DMSO-ds): §= 1.33 (d, J = 6.2 Hz, 3H), 2.97 (s,
3H), 3.61 - 3.67 (m, 1H), 4.29 - 4.35 (m, 2H), 4.38 - 4.42 (m, 2H), 4.43 (d, ] = 2.7 Hz,
1H), 6.75 (s, 1H), 7.20 (d, J = 8.9 Hz, 2H), 7.21 (s, 2H), 7.72 (d, ] = 8.9 Hz, 2H), 8.41 -
8.47 (m, 1H), 9.28 (d, ] = 8.2 Hz, 1H).

[00776] MS (ES) m/z: [M-H] calcd for CioHz22N7058;: 524.55. Found: 524.25.
[06777] HPLC: 97.51 %.
Example 69
(25,38)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-{4-[N-(2-hydroxyethyl)carbami-

midoyl]phenoxy}ethoxy)iminolacetyljamino)-2-methyl-4-oxoazetidine-1-sulfonic

acid
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[00778] 'H NMR (400 MHz, DMSO-dq): § = 1.32 (d, J = 6.2 Hz, 3H), 3.42 - 3.48
(m, 2H), 3.56 - 3.71 (m, 2H), 4.22 - 4.36 (m, 3H), 4.36 - 4.51 (m, 4H), 6.74 (s, 1H),
7.11-7.26 (m, 4H), 7.71 (d, ] = 8.6 Hz, 2H), 8.30 (s, 1H), 9.27 (d, ] = 7.8 Hz, 1H).

[00779] MS (ES) m/z: [M-H] calcd for CaoH24N705S,: 554.58. Found: 554.26.

[00780] HPLC: 97.00 %.

Example 70
(25,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-{N-[2-(formyloxy)ethyl]carb-
amimidoyljphenoxy)ethoxylimino}acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic

acid

[00781] H NMR (400 MHz, DMSO-dg): & = 1.31 (d, ] = 6.2 Hz, 3H), 3.40 - 3.42
(m, 2H), 3.58 - 3.71 (m, 2H), 4.26 - 4.36 (m, 4H), 4.36 - 4.44 (m, 3H), 6.74 (s, 1H),
7.15 - 7.24 (m, 4H), 7.68 (d, J = 8.9 Hz, 2H), 8.26 (s, 1H), 8.31 (s, 1H), 9.27 (d, /= 7.8
Hz, 1H).

[00782] MS (ES) m/z: [M-H]J calcd for CaHaN;OsS2: 582.59. Found: 582.27.

[00783] HPLC: 91.79 %.

Example 71
(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(3~carbamimidoyl-1-methyl-1H-
pyrazol-5-yl)oxylethoxy}limino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic

acid

[00784] 'H NMR (400 MHz, DMSO-dg): 6 =1.37 (d, J = 5.8 Hz, 3H), 3.65 - 3.68
(m, 1H), 3.71 (s, 3H), 4.30 - 4.37 (m, 2H), 4.41 (m, 3H), 6.50 (s, 1H), 6.76 (s, 1H), 7.21
(s, 1H), 8.36 (br. s., 1H), 9.34 (d, J = 8.0 Hz , 1H).
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[00785] MS (ES") m/z: [M+HJ* caled for CieHaNoO76S2: 516.10. Found:
516.10.

1007861 HPLC: 96.30 %.

Example 72
(25,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-{(S-carbamimidoyl-1-methyl- 1 H-
pyrazol-3-yljoxylethoxy}limino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic

acid

[00787] 'H NMR (400 MHz, DMSO-dq): § = 1.35 (d, ] = 6.2 Hz, 3H), 3.53 - 3.72
(m, 1H), 3.80 (s, 3H), 4.34 (d, ] = 5.5 Hz, 4H), 4.38 - 4.51 (m, 1H), 6.32 (s, 1H), 6.75 (5,
1H), 7.21 (br. ., 2H), 8.17 (s, 1H), 9.27 (d, ] = 8.0 Hz , 1H).

[00788] MS (ES) m/z: [IM-HJ calcd for CisHzNoO;S2: 514.10, Found: 514.16.

[00789] HPLC: 97.70 %.
Example 73
N-[{4-[2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{{(3S)-2,2-dimethyl-4-0x0-1-(sulfo-
oxy)azetidin-3-ylJamino}-2-oxoethylidene]aminojoxy)ethoxy]phenyl}(imino)-
methyllglycine

[00790] 'H NMR (400 MHz, DMSO-de): 8 = 1.22 (s, 3H), 1.38 (s, 3H), 2.31 (dt,
J= 1.9 and 3.6 Hz, 1H), 2.61 - 2.68 (m, 2H), 4.24 - 4.31 (m, 2H), 4.35 - 4.41 (m, 2H),
6.58 (s, 2H), 6.75 (s, 1H), 7.14 (d, ] = 8.9 Hz, 2H), 7.19 (5, 2H), 7.71 (d, J = 8.9 Hz, 2H),
8.42 (br.s., 1H), 9.43 (d, ] = 8.2 Hz, 1H).

[00791] MS (ES) m/z: [M-HJ calcd for CpHz4N701082: 598.59, Found: 598.12.

[00792] HPLC: 84.19 %.
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Example 74
(22)-2-(2-Amino-1,3-thiazol-4-y1)-2~({2-[(2-carbamimidoyl-5-methyl-1,3-thiazol-4-
yhoxylethoxy}imino)-N-[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-ylleth-

anamide

[00793] 1H NMR (400 MHz, DMSO-dy): § = 1.22 (s, 3H), 1.40 (s, 3H), 2.34 (s,
3H), 4.38 (d, ] = 4.7 Hz, 2H), 4.54 (q, ] = 4.4 Hz, 2H), 4.57 (d, J = 7.8 Hz, 1H), 6.74 (s,
1H), 7.19 (s, 2H), 8.17 (s, 1H), 9.45 (d, ] = 7.8 Hz, 1H).

[00794] MS (ES*) m/z: [M+H]"* caled for Cyi7Hz2Ns0sS;: 563.07. Found: 563.09.

[06795] HPLC: 98.60 %.

Example 75
2-({{[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azet-
idin-3-yllamino}-2-oxoethylidene}aminojoxy}-3-(4-carbamimidoylphenoxy)prop-

anamide

[00796] H NMR (400 MHz, DMSO-ds): 8= 1.15 (s, 3H), 1.34(s, 3H), 4.33 -
4.47 (m, 1H), 4.56 - 4.66 (m, 2H), 4.80 - 4.91 (m, 1H), 6.82 (s, 1H), 7.12 - 7.23 (m,
2H), 7.74 - 7.90 (m, 2H), 8.74 (s, 1H), 9.20 (s, 1H), 9.70 (s, 110).

{00797] MS (ES) m/z: [M-H] calcd for ConnggOgSz: 583.10. Found: 582.90.
[00798] HPLC: 75.70 %.
Example 76
(2Z2)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(35)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-

y1]-2-[(2-{4-[N-(pyridin-2-ylmethyl)carbamimidoyl]phenoxy}ethoxy)iminoleth-

anamide
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[00799] 'H NMR (400 MHz, DMSO-ds): § = 1.22 (s, 3H), 1.40 (s, 3H), 4.29 (br.
5., 2H), 4.41 (d, ] = 4.6 Hz, 2H), 4.59 (d, ] = 8.2 Hz, 1H), 4.74 (5, 2H), 6.77 (s, 1H), 7.11
- 7.25 (m, 4H), 7.36 (4, J = 4.6 Hz, 1H), 7.47 (d, J = 7.8 Hz, 1H), 7.71 - 7.92 (m, 3H),
8.38 (s, 1H), 8.58 (d, = 3.9 Hz, 1H), 9.45 (d, J = 7.8 Hz, 1H).

[00800] MS (ES) m/z: [M-H] calcd for CasHayNsOsSa: 631.66. Found: 631.06.

{00801} HPLC: 95.66 %.

Example 77
{[(28,39)-3-{[(22)-2-[(2-{4-[N-(2-Aminoethyl)cartbamimidoyl]phenoxy}ethoxy)imino}-
2-(2-amino-1,3-thiazol-4-yl)acetyljamino}-2-methyl-4-oxoazetidin-1-

ylloxy}methanesulfonic acid

[00802] "H NMR (400 MHz, DMSO-dg): & = 1.37 (d, J = 5.8 Hz, 3H), 3.17 - 3.31
(m, 2H), 3.64 - 3.76 (m, 2H), 3.96 - 4.06 (m, 1H), 4.33 - 4.53 (m, 6 H), 4.60 (d, ] = 4.6
Hz, 1H), 7.10 (s, 1H), 7.17 (s, 1H), 7.26 (d, ] = 8.6 Hz, 2H), 7.82 - 7.92 (m, 2H), 8.00
(br. s, 2H), 9.08 (br. s, 1H), 9.46 - 9.64 (m, 3H).

[00803] MS (ES) m/z: [M-H] calcd for CaiHzsNgOsS2: 583.14. Found: 582.75.
[00804] HPLC: 87.53 %.
Example 78
(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-{4-[N-(2-carbamimidamidoethyl)carbami-
midoyl]phenoxy}ethoxy)imino}-N-[(3$)-2,2-dimethyl-4-oxo-1-(suliooxy)azetidin-3-

yllethanamide

[00805] 'H NMR (400 MHz, DMSO-ds): 5= 1.19 (s, 3H), 1.39 (s, 3H), 3.35 -
3.41 (m, 2H), 3.47 - 3.53 (m, 4H), 4.25 - 4.35 (m, 2H), 4.36 - 4.46 (m, 2H), 4.58 (d, ] =
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7.8 Hz, 1H), 6.78 (s, 1H), 7.18 (d, ] = 8.9 Hz, 2H), 7.25 (br. s, 2H), 7.71 - 7.77 (m, 3H),
8.96 (s, 1H), 9.41 (br. s, 1H), 9.44 (d, ] = 7.8 Hz, 1H), 9.57 {t, J = 5.0 Hz, 1H).

[00806] MS (ES*) m/z: [IM+H]* caled for CaaHaiNioOsS2: 627.18. Found: 626.92.

[60807] HPLC: 91.16 %.

Example 79

1-(2-{[{4-[2-({[(1 Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfo-
oxy)azetidin-3-yl]amino}-2-oxoethylidenejamino}oxy)ethoxy) phenyl}(imino)-meth-
ylJamino}ethyl)-1-methylpyrrolidinium chloride

[00808] 'H NMR (400 MHz, DMSO-ds): & = 1.17 (s, 3H), 1.38 (s, 3H), 2.13 (br.
5, 4H), 3.49 - 3.56 (m, 2H), 3.59 - 3.63 (m, 2H), 3.67 - 3.71 (m, 2H), 3.87 - 3.89 (m,
2H), 4.31 - 4.33 (m, 2H), 4.41 - 4.43 (m, 2H), 4.57 (d, ] = 8.0 Hz, 1H), 6.78 (s, 1H),
7.21 (d, J = 8.8 Hz, 2H), 7.26 (br.s, 2H), 7.73 (4, J = 8.8 Hz, 2H), 9.14 (br. s, 1H), 9.43
(d, J= 7.6 Hz, 1H), 9.60 ~ 9.63 (m, 2H).

[00809] MS (ES*) m/z: M* caled for CasHarNsOsS2: 653.22. Found: 653.05.

[00810] HPLC: 96.65 %.

Example 80
(22)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yi]-2-[(2-{4-[imino(piperazin-1-yymethyljphenoxylethoxy)iminolethanamide

[00811] 'H NMR (400 MHz, DMSO-ds): § = 1.16 (s, 3H), 1.38 (s, 3H), 3.26 (br.
s, 2H), 3.59 (br. 5., 2H), 3.88 (br. s., 2H), 4.30 (br. s., 2H), 4.42 (d, ] = 4.6 Hz, 2H),
4.57 (4, J = 7.8 Hz, 1H), 6.77 (s, 1H), 7.19 (d, ] = 8.9 Hz, 2H), 7.24 (s, 1H), 7.26 - 7.33
(m, 1H), 7.60 (d, ] = 8.5 Hz, 2H), 9.09 (br. 5., 2H), 9.32 (br. 5., 1H), 9.44 (d, J = 7.8 Hz,
1H), 9.64 (s, 1H).
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[00812] MS (ES) m/z: [M-H]" caled for CasHzoNsOsSz: 609.15. Found: 609.13.

[00813] HPLC: 89.11 %.

Example 81
(22)-2-(2-Amino-1,3-thiazol-4-yD)-2-({[1-(4-carbamimidoylphenoxy)-4-hydroxybutan-
2-yljoxy}imino)-N-{(38)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

Epimer A

[00814] 'H NMR (400 MHz, DMSO-ds): 6 = 1.27 (5, 3H), 1.41 (s, 3H), 1.84 (m,
1H), 1.91 (m, 1H), 3.54 (m, 2H), 4.21 (m, 2H), 4.55 (m, 1H), 4.58 (d, ] = 8.0 Hz, 1H),
6.74 (s, 1H), 7.14 (, ] = 8.8 Hz, 2H), 7.21 (5, 2H), 7.79 (d, J = 8.8 Hz, 2H), 8.46 (br. s,
4H), 9.42 (d, ] = 7.2 Hz, 1H).

[00815] MS (ES) m/z: [M-HJ caled for CoiH2/N7Q08z: 584.13. Found: 584.01.

{00816] HPLC: 95.20 %.
Epimer B

[00817] 'H NMR (400 MHz, DMSO-ds): 5= 1.23 (s, 3H), 1.42 (s, 3H), 1.86 (m,
1), 2.51 (m, 1H), 3.54 (m, 2H), 4.22 (m, 2H), 4.55 (m, 1H), 4.60 (d, ] = 8.8 Hz, 1H),
6.74 (s, 1H), 7.14 (, J = 8.8 Hz, 2H), 7.221 (s, 2H), 7.79 (d, ] = 8.8 Hz, 2H), 8.49 (br. s,
4H), 9.38 (d, ] = 7.2 Hz, 1H).

[00818] MS (ES) m/z: [M-H[ calcd for CaiH2yN;O6S2: 584.13. Found: 584.01.

[00819] HPLC: 92.70 %.



WO 2013/110643 PCT/EP2013/051217

229

Example 82
(22)-2-{[2-({6-[N-(2-Aminoethyl)carbamimidoyl]pyridin-3-yl}oxy)ethoxy]imino}-2-(2-
amino-1,3-thiazol-4-y1)-N-[(35)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-yljethan-

amide

[00820] 'H NMR (400 MHz, DMSO-ds): & = 3.15 (dd, J = 4.1 and 10.4 Hz, 2H),
3.69 (dd, J = 5.9 and 12.1 Hz, 2H), 4.41 - 4.45 (m, 4H), 4.58 (d, ] = 7.8 Hz, 1H), 6.78
(s, 1H), 7.20 - 7.26 (m, 2H), 7.76 - 7.86 (m, 4H), 8.25 (d, J = 9.0 Hz, 1H), 8.51 (d, J =
2.7 Hz, 1H), 9.25 (br. s, 1H), 9.43 (d, J = 7.8 Hz, 1H), 9.72 (br. s, 1 H), 9.80 (s, 1H).

[00821] MS (ES*) m/z: [M+H]* caled. for CaoH2sNoQOsS2: 586.15. Found: 586.14.

[00822] HPLC: 94.78 %.
Example 83
(22)-2-[(2-{4-[N-(3-Aminopropyl)carbamimidoyl]phenoxy}ethoxy)imino]-2-(2-amino-
1,3-thiazol-4-yl1)-N-[(3S)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-yljethanamide

[00823] 'H NMR (400 MHz, DMSO-ds): & = 1.20 (s, 3H), 1.39 (s, 3H), 1.81 -
1.98 (m, 2H), 2.80 - 3.00 (m, 2H), 3.41 - 3.48 (m, 2H), 4.24 - 4.36 (m, 2H), 4.37 - 4.47
(m, 2H), 4.58 (d, ] = 7.8 Hz, 1H), 6.78 (s, 1H), 7.02 (s, 1H), 7.18 (d, / = 8.9 Hz, Z2H),
7.27 (s, 1H), 7.73 (d, ] = 8.9 Hz, 2H), 7.76 - 7.89 (m, 2H), 8.92 (br. s., 1H), 9.37 (br. s,,
1H), 9.46 (d, ] = 7.8 Hz, 1H), 9.59 (br. s., 1H).

[00824] MS (ES*) m/z: [M+H]* caled for CopHaiNgOsSa: 599.17. Found: 599.23.

[00825] HPLC: 90.78 %.

Example 84
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(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{(2-{4-[N-(1,3-diaminopropan-2-yl)carbamimid-
oyl]phenoxylethoxy)imino]-N-[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-yl]eth-

anamide

[00826] H NMR (400 MHz, DMSO-dg): 8= 1.17 (s, 3H), 1.39 (s, 3H), 3.10 -
3.32 (m, 4H), 3.57 - 3.64 (m, 4H), 4.25 - 4.37 (m, 2H), 4.37 - 4.47 (m, 2H), 4.58 (d, ] =
7.8 Hz, 1H), 6.79 (s, 1H), 7.22 (d, ] = 8.9 Hz, 2H), 7.23 - 7.33 (m, 1H), 7.89 (d, J = 8.9
Hz, 2H), 8.09 (br. s, 2H), 9.03 (br. s, 1H), 9.32 (d, J = 7.0 Hz, 1H), 9.44 (d, J = 7.8 Hz,
1H), 9.76 (br. s, 1H).

[00827]1 MS (ES) m/z: [M-H] calcd for CaHiaoNeQsS2: 612.17. Found: 612.20.

[00828] HPLC: 90.51 %.
Example 85
(22)-2-{{2-(4-{N-[(2ZR)-1-Amino-3-hydroxypropan-2-yljcarbamimidoyl}phenoxy)eth-
oxylimino}-2-(2-amino-1,3-thiazol-4-yl)-N-[(3)-2,2-dimethyl-4-ox0-1-(sulfooxy)-
azetidin-3-yllethanamide

[00829] 'H NMR (400 MHz, DMSO-de): § = 1.22 (s, 3H), 1.42 (s, 3H), 3.20 (m,
2H), 4.10 (m, 1H), 4.30 (m, 2H), 4.40 (m, 2H), 4.60 (d, J = 8.8 Hz, 1H), 6.80 (s, 1H),
7.20 (d, ] = 8.8 Hz, 2H), 7.22 (s, 2H), 7.79 (d, ] = 8.8 Hz, 2H), 8.00 (br. s., 3H), 9.00 (s,
1H), 9.38 (d, ] = 7.2 Hz, 1H), 9.50 (m, 2H).

[00830] MS (ES) my/z: [M-HJ calcd for CzoH2NgOoS2: 613.15. Found: 613.10.

{00831] HPLC: 92.70 %.

Example 86
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(22)-2-({2-[4~(5-Amino-1,4,5,6-tetrahydropyrimidin-2-yl)phenoxylethoxy}imino)-2-
(2-amino-1,3-thiazol-4-yl)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljeth-

anamide

[00832] 'H NMR (400 MHz, DMSO-d): 5= 1.16 (s, 3H), 1.38 (s, 3H), 3.50-
3.57 (m, 2H), 3.72-3.79 (m, 2H), 3.98-4.04 (m, 1H), 4.28-4.32 (m, 2H), 4.41-4.45 (m,
2H), 4.57 (d, ] = 7.8 Hz, 1H), 6.79 (s, 1H), 7.22 (d, ] = 8.6 Hz, 2H), 7.22-7.44 (m, 1H),
7.70 (d, ] = 8.6 Hz, 2H), 8.22-8.42 (br. m, 3H), 9.44 (d, J = 7.8 Hz, 1H), 10.00 (br. s,
2H).

[00833] MS (ES) m/z: [M*H} caled for CaaH27NgO4sS2: 595.14. Found: 595.09.

[00834] HPLC: 93.67 %.

Example 87
3-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0xo-1-(sulfooxy)azet-
idin-3-ylJamino}-2-oxoethylidenelamino}oxy)-2-(4-carbamimidoylphenoxy)prop-

anoic acid

Epimer A

[00835] 'H NMR (400 MHz, DMSO-ds): 8 = 1.20 (s, 3H), 1.37 (5, 3H), 4.4 - 4.5
(m, 2H), 4.57 (d, J = 8.0 Hz, 1H), 5.02 (m, 1H), 6.76 (s, 1H), 7.05 (d, ] = 9.0 Hz, 2H),
7.2 (s, 2H), 7.8 (d, ] = 9.0 Hz, 2H), 8.9 (s, 2H), 9.1 (s, 2H), 9.43 (d, ] = 8.0 Hz, 1H).

[00836] MS (ES*) m/z: {M+H]* calcd for CaoHzsN;O1052: 584.09. Found: 584.13.
[00837] HPLC: 87.90 %.
Epimer B

[00838] 'H NMR (400 MHz, DMSO-ds): 8 = 1.20 (s, 3H), 1.39 (s, 3H), 4.37 -
4.52 (m, 2H), 4.56 (d, ] = 8.2 Hz, 1H), 4.90 - 5.09 (m, 1H), 6.76 (s, 1H), 7.06 (d, ] = 9.0
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Hz, 2H), 7.22 (s, 2H), 7.75 (d, = 9.0 Hz, 2H), 8.87 (s, 2H), 9.08 (s, 2H), 9.47 (d, ] = 7.2
Hz, 1H).

[00839] MS (ES) m/z: [M-H] calcd for CaoHzsN7O1052: 584.09. Found: 584.13.

[00840] HPLC: 91.10 %.

Example 88

(285)-2-({1(12)-1-(2-Amino-1,3-thiazol-4-yl}-2-{[(35)-2, 2-dimethyl-4-oxo-1-(sulfooxy)-
azetidin-3-yllamino}-2-oxoethylidenelaminojoxy)-3-(4-{N-[(3R)-piperidin-3-yljcarb-
amimidoyl}phenoxy)propanoic acid

[00841] 'H NMR (400 MHz, DMSO-ds): & = 1.24 (s, 3H), 1.44 (s, 3H), 1.64 -
1.76 (m, 2H), 1.90 - 2.04 (m, 2H), 2.84 - 2.98 (m, 2H), 3.06 - 3.16 (m, 1H), 3.86 (br. s,
1H), 4.19 (d, J=10.55 Hz, 1H), 4.35 - 4.46 (m, 1H), 4.69 - 4.77 (m, 2H), 6.84 (s, 1H),
7.08 (d, /=8.99 Hz, 2H), 7.19 (br. s, 2H), 7.61 (d, /=8.60 Hz, 2H), 8.17 (s, 2H), 8.97 (br.
s, 1H), 9.24 - 9.82 (m, 3H), 10.59 (br. s, 1H).

[00842] MS (ES) m/z: [M-H] calcd CasHsaNgO10S2: 668.17. Found: 667.035.

[00843] HPLC: 98.6 %

Example 89
(2R)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yljamino}-2-oxoethylidenejaminoloxy)-3-(4-{N-[(3R)-piperidin-3-yijcarb-

amimidoyl}phenoxy)propanoic acid

[00844] 'H NMR (400 MHz, DMSO-dg): & = 1.22 (s, 3H), 1.40 (s, 3H), 1.52 (s,
3H), 1.69 (br. s, 2H), 1.71 - 1.83 (m, 2H), 1.83 - 2.00 (m, 2H), 2.74 - 2.88 (m, 2H), 2.87
- 3.03 (m, 2H), 3.81 - 3.95 (m, 2H), 3.95 - 4.08 (m, 1H) 4.18 - 4.36 (m, 1H), 4.67 (d,
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J=8.59 Hz, 2H), 6.82 (s, 1H), 7.09 (d, J=8.98 Hz, 2H), 7.16 (br. s, 1H), 7.71 (d, /=8.98
Hz, 2H), 8.14 (s, 1H).

[00845] MS (ES) my/z: [M-H] calcd CasHizNg010S,: 668.17. Found: 667.05.

[00846] HPLC: 98.0 %

Example 90
{[(35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[(4-carbamimidoylbenzyl)oxy]-

iminojacetyl]lamino}-2,2-dimethyl-4-oxoazetidin-1-yljoxylmethanesulfonic acid

[00847] 'H NMR (400 MHz, DMSO-dg): = 1.16 (s, 3H), 1.41 (s, 3H), 4.22 -
4.32 (m, 3H), 4.37 - 4.43 (m, 3H), 4.54 (d, ] = 7.6 Hz, 1H), 6.79 (s, 1H), 7.15 (d, J = 8.0
Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 8.66 (br. s, 2H), 9.13 (br. s, 2H), 9.39 (d, / = 7.6 Hz,
1H).

[00848] MS (ES*) m/z: [M+H]* calcd for CaoHasN7OsS2: 556.13. Found: 556.06.

[00849] HPLC: 98.76 %.

Example 91
(22)-2-[(2-{4-[S-(Aminomethyl)-4,5-dihydro-1H-imidazol-2-yljphenoxy}ethoxy)-
imino]-2-(2-amino-1,3-thiazol-4-yl)-N-[(3$)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-
3-yljethanamide

[00850] 'H NMR (400 MHz, DMSO-ds): 8 = 1.16 (s, 3H), 1.37 (5, 3H), 3.16 (t, ]
= 5.0 Hz, 2H), 3.44 (br. s, 2H), 3.87 (dd, J = 7.2 and 11.5 Hz, 1H), 4.13 (t, J = 11.7 Hz,
1H), 4.29 - 4.36 (m, 2H), 4.39 - 4.45 (m, 2H), 4.57 (d, ] = 7.8 Hz, 1H), 6.78 (s, 1H),
7.26 (d, ] = 8.9 Hz, 2H), 7.91 (4, J = 9.3 Hz, 2H), 8.03 (br. s, 2H), 9.43 (d, ] = 8.2 Hz,
1H), 10.37 (br. s, 1H), 10.55 (br. s, 1H).
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{00851} MS (ES) m/z: [M-H] caled for Caol2/NgOsS2: 595.14. Found: 595.22.

[00852] HPLC: 93.28 %.

Example 92
(385)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-[4-[N-(pyrazolidin-4-yl)carbamimid-
oyl]phenoxy}ethoxy)iminolacetyl}jamino)-2,2-dimethyl-4-oxoazetidine-1-sulfonic

acid

[00853] 'H NMR (400 MHz, DMSO-de): & = 1.17 (5, 3H), 1.36 (s, 3H), 3.00-
3.80 (4H, masked by H,0), 4.26-4.48 (m, 5H), 4.56 (d, = 7.4 Hz, 1H), 6.77 (s, 1H),
7.12 (d, ] = 8.0 Hz, 2H), 7.64 (d, ] = 8.0 Hz, 2H), 9.03 (d, ] = 2.3 Hz, 1H), 9.34 - 9.45
(m, 3H).

JO0854] MS (ES) m/z: [M-H] caled for CaaHzoNoOsS2: 610.16. Found: 610.19.

[060855] HPLC: 90.14 %.
Example 93
(28)-2-({{(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-0x0-1-
sulfoazetidin-3-yljamino}-2-oxoethylidene]amino}oxy)-3-(4-{N-[(35)-pyrrolidin-3-
yl]carbamimidoyljphenoxy)propanoic acid

[00856] 'H NMR (400 MHz, DMSO-ds): & = 1.08 (s, 3H), 1.37 (s, 3H), 2.08 -
2.36 (m, 2H), 3.17 - 3.62 (m, 4H), 4.35 - 4.48 (m, 3H), 4.60 (d, J = 7.8 Hz, 1H), 4.88 -
5.04 (m, 1H), 6.81 (s, 1H), 7.20 (d, J = 8.9 Hz, 2H), 7.35 (br. s, 1H), 7.76 (d, ] = 8.9 Hz,
2H), 8.82-9.10 (m, 1H), 9.15 (br. s, 1H), 9.45 (d, J = 8.2 Hz, 1H), 9.57 (br. s, 2H).

[00857] MS (ES) m/z: [M-H] calcd. for CasHsoNgO10S2: 653.15. Found: 652.99.

[00858] HPLC: 94.26 %.
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Example 94
(28)-3-{4-IN-(2-Amino-2-methylpropyl)carbamimidoyl]phenoxy}-2-({[(12)-1-(2-ami-
no-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljamino}-2-

oxoethylidenelamino}oxy)propanoic acid

[00859] 'H NMR (400 MHz, DMSO-de): &= 1.09 (s, 3H), 1.33 (s, 6H), 1.37 (s,
3H), 3.58 (d, ] = 6.3 Hz, 2H), 4.37-4.42 (m, 1H), 4.44-4.50 (m, 1H), 4.60 (d, J = 7.8 Hz,
1H), 4.95-5.01 (m, 1H), 6.82 (s, 1H), 7.21 (d, J = 9.0 Hz, 2H), 7.39 (br. s, 1H), 7.85 (d,
= 9.0 Hz, 2H), 8.00 (br. s, 2H), 9.09 (br. s, 1H), 9.46 (d, J = 7.8 Hz, 1H), 9.55 (br. s,
1H), 9.61 (br. s, 1H).

[00860] MS (ES) m/z: [M-HJ caled for CoaHaiNgO10S2: 655.16. Found: 654.93.

[00861] HPLC: 94.85 %.
Example 95
(28)-2-({[(1Z2)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)-3-(4-{N-[2-(methylamino)ethyl]-
carbamimidoyl}phenoxy)propanoic acid

[00862] 'H NMR (400 MHz, DMSO-de): & = 1.20 (s, 3H), 1.40 (s, 3H), 2.35 (5,
1H), 3.65-3.75 (m, 3H), 3.60-3.80 (m, 2H), 4.30 - 4.50 (m, 2H), 4.60 (d, ] = 7.8 Hz,
1H), 4.95-5.00 (m, 1H), 6.80 (s, 1H), 7.18 (d, ] = 8.9 Hz, 2H), 7.27 (br. s, 2H), 7.80 (d, ]
= 8.9 Hz, 2H), 8.45 (br. 5, 2H), 9.05 (br. s, 1H), 9.40-9.60 (m, 3H).

[00863] MS (ES*) m/z: [M+H]* caled for CasHaiNgO10S2: 643.16. Found: 643.02.

[00864] HPLC: 95.18 %.

Example 96
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(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0-1-
sulfoazetidin-3-yl]lamino}-2-oxoethylidene]amino}oxy)-3-(4-(N-[(3R)-pyrrolidin-3-

ylJcarbamimidoyl}phenoxy)propanoic acid

[00865] 'H NMR (400 MHz, DMSO-do): & = 1.24 (s, 3H), 1.43 (s, 3H), 2.17 (m,
1H), 2.23 - 2.34 (m, 1H), 3.19 - 3.27 (m, 2H), 3.54 (d, J= 1.6 Hz, 2H), 4.05 (d, /= 11.6
Hz, 1H), 4.20 - 4.29 (m, 1H), 4.48 (br. s, 1H), 4.66 (d, = 7.8 Hz, 1H), 4.71 (dd, / = 2.0
and 8.6 Hz, 1H), 6.84 (s, 1H), 7.07 (d, ] = 8.6 Hz, 2H), 7.19 (br. s, 2H), 7.76 (d, ] = 9.0
Hz, 2H), 10.51 (br. s, 1H).

[00866] MS (ES) m/z: [IM-H] calcd for CaaHzoNgO1052:653.15. Found: 653.02.

[00867] HPLC: 97.20 %.

Example 97
(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfo-
oxy)azetidin-3-yljamino}-2-oxoethylidenelamino}oxy)-3-{4-|N-(piperidin-3-yl)carb-

amimjdoyl]phenoxy}propanoic acid

[00868] 'H NMR (400 MHz, DMSO-dg): 6= 1.08 (s, 3H), 1.36 (s, 3H), 1.53 -
2.11 (m, 4H), 2.77 - 3.54 (m, 4H), 3.94 (br. s, 1H), 4.41 - 4.57 (m, 2H), 4.62 (dd, ] =
1.5 and 7.8 Hz, 1H), 5.08 (d, /= 1.9 Hz, 1H), 6.93 - 7.26 (m, 3H), 7.71 (br. s, 2H), 8.02
(d, J = 16.7 Hz, 1H), 8.56 (br. s, 1H), 8.84 (br. s, 1H), 9.13 (br. s, 1 H), 9.33 - 9.57 (m,
2H), 9.57 - 9.76 (m, 1H).

[00869] MS (ES) m/z: [M-H] calcd for CasHaiNgO10S2: 667.16. Found: 667.02.

[00870] HPLC: 96.60 %.
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Example 98
(28)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-yl1)-2-{{(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yl]amino}-2-oxoethylidenejamino}oxy)-3-{4-[N-(pyrrolidin-2-ylmethyl)-

carbamimidoyl]phenoxy}propanoic acid

[00871] 'H NMR (400 MHz, DMSO-dg): 6= 1.24 (d, 3H), 1.43 (s, 3H), 1.52 -
1.67 (m, 1H), 1.77 - 1.98 (m, 2H), 2.05 - 2.17 (m, 1H), 3.08 - 3.25 (m, 2H), 3.46 - 3.76
(m, 2H), 3.77 - 3.90 (m, 1H), 4.17 (m, 1H), 4.26 - 4.39 (m, 1H), 4.64 - 4.75 (m, 2H),
6.82 - 6.87 (m, 1H), 7.05 (d, ] = 8.7 Hz, 1H), 7.11 (d, J = 8.4 Hz, 1H), 7.20 (br. s, 2H),
7.26 - 7.26 (m, 1H), 7.72 - 7.80 (m, 2H).

[00872] MS (ES) m/z: [M-H] calcd for CosHziNsO10S2:667.16. Found: 667.02.

[00873] HPLC: 89.04 %.

Example 99
(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yljamino}-2-oxoethylidenejamino}oxy)-3-{4-[N-(piperidin-2-ylmethyl)carb-

amimidoyl]phenoxy}propanoic acid

[00874] 'H NMR (400 MHz, DMSO-de): 5= 1.08 (s, 3H), 1.37 (s, 3H), 1.36~
1.62 (m, 3H), 1.62-1.81 (m, 2H), 1.90-2.00 (m, 1H), 2.85-3.00 (m, 1H), 3.30-3.42 (m,
2H), 3.42-3.61 (m, 2H), 4.38-4.49 (m, 2H), 4.60 (d, ] = 7.8 Hz, 1H), 4.96-5.00 (m, 1H),
6.81 (s, 1H), 7.21 (d, ] = 8.6 Hz, 2H), 7.21-7.40 (br. s, 2H), 7.83 (d, J = 9.0 Hz, 2H),
8.40-8.60 (br. s, 2H), 9.05 (b1. s, 1H), .41 (d, ] = 7.8 Hz, 1H), 9.56 (br. 5, 2H).

[00875] MS (ES*) m/z: IM+H]* caled for CagHasNegO10S2: 681.18. Found: 681.05.

[00876] HPLC: 96.45 %.

Example 100
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(25)-3-{4-[N-(trans-2-Aminocyclopropyl)carbamimidoyl]phenoxy}-2-({[(12)-1-(2-ami-
no-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljamino}-2-

oxoethylidene]amino}oxy)propanoic acid

Anti Epimer A

[00877] 'H NMR (400 MHz, DMSO-ds): 8§ = 1.07 (s, 3H), 1.37 (s, 3H), 1.37-
1.42 (m, 2H), 2.90-3.07 (m, 1H), 3.08-3.17 (m, 1H), 4.35-4.42 (m, 1H), 4.42-4.49 (m,
1H), 4.59 (d, J = 7.8 Hz, 1H), 4.96-5.00 (m, 1H), 6.83 (s, 1H), 7.19 {d, ] = 8.9 Hz, 2H),
7.73 (d, J = 9.0 Hz, 2H), 8.29 (br. s, 3H), 9.04 (br. s, 1H), 9.45 (d, ] = 7.8 Hz, 1H), 9.67
(br. s, 1H), 9.78 (br. s, 1H).

[00878] MS (ES) my/z: [M+H]" caled for CzHz7NsO10S2: 639.13. Found: 639.08.

[00879] HPLC: 96.02 %.

Anti Epimer B

[00880] 'H NMR (400 MHz, DMSO-ds): 6= 1.23 (s, 3H), 1.39 (s, 3H), 1.37-
1.43 {m, 2H), 2.90-3.07 (m, 1H), 3.08-3.17 (m, 1H), 4.43-4.48 (m, 2H), 4.58 (d, J=7.4
Hz, 1H), 4.97-5.02 (m, 1H), 6.84 (s, 1H), 7.19 (d, ] = 8.9 Hz, 2H), 7.73 (d, ] = 9.0 Hz,
2H), 8.31 (br. s, 3H), 9.05 (br. s, 1H), 9.43 (d, ] = 7.8 Hz, 1H), 9.68 (br. s, 1H), 9.79 (b1.
s, 1H).

[00881] MS (ES*) m/z: [M+H]* caled for CasHz/NgO16S2: 639.13. Found: 639.01.
[00882] HPLC: 93.77 %.
Example 101
(25)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-

sulfoazetidin-3-yljamino}-2-oxoethylidenejaminojoxy)-3-(4-{N-{(35)-1-
methylpyrrolidin-3-yljcarbamimidoyl}phenoxy)propanoic acid
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[00883] 'H NMR (400 MHz, DMSO-de): 5= 1.07 (s, 3H), 1.36 (s, 3H), 2.16 -
2.33 (m, 1H), 2.65 (br. s, 1H), 2.90 (br. s, 3H), 3.39 (br. s, 6H), 3.75 (br. s, 1H), 4.30 -
4.54 (m, 3H), 4.58 (d, = 7.8 Hz, 1H), 4.96 (t, ] = 3.7 Hz, 1H), 6.78 (s, 1H), 7.18 (d, J =
8.6 Hz, 2H), 7.23 (br. s, 2H), 7.75 (d, ] = 7.8 Hz, 2H), 9.12 (br. s, 1H), 9.38 (d, J = 7.4
Hz, 1H), 9.55 (br. s, 1H).

[00884] MS (ES) m/z: [M-H] calcd CasH32NsO10S2: 667.17. Found: 666.99.
[00885] HPLC: 97.10 %.

Example 102 A
(25)-2-({{(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)-3-{4-[N-(1,3-diaminopropan-2-
yhcarbamimidoyl]phenoxy}propanoic acid

[00886] 'H NMR (400 MHz, DMSO-d): = 1.04 (s, 3H), 1.37 (s, 3H), 2.29 -
2.36 (m, 1H), 2.64 - 2.71 (m, 1H), 3.08 - 3.29 (m, 4H), 4.22 - 4.35 (m, 1H), 4.35 - 4.54
(m, 2H), 4.60 (d, J = 7.8 Hz, 1H), 4.93 - 5.02 (m, 1H), 6.55 (s, 1H), 6.81 (s, 1H), 7.24
(d, ] = 7.8 Hz, 2H), 7.28 (br. s, 1H), 7.90 (d, ] = 8.9 Hz, 2H), 8.01 (br. 5, 2H), 8.86 - 9.10
(m, 1H), 9.32 (d, J = 9.7 Hz, 1H), 9.42 (d, ] = 7.4 Hz, 1H), 9.71 - 9.82 (m, 1H).

{00887} MS (ES*) m/z: [M+H]* caled for Cp;3H32NsO10S2: 658.17. Found: 657.94.
[00888] HPLC: 81.08 %.
Example 103
(ZR)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)-

azetidin-3-yllamino}-2-oxoethylidenejaminojoxy)-3-{4-[N-(1,3-diaminopropan-2-

yl)carbamimidoyl]phenoxy}propanoic acid
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[00889] 'H NMR (400 MHz, DMSO-ds): 8 = 1.23 (s, 3H), 1.39 (s, 3 H), 2.25 -
2.39 (m, 3H), 2.64 - 2.73 (m, 2H), 3.56 - 3.79 (m, 2H), 4.47 (br. s, 3H), 4.59 (d, ] = 7.4
Hz, 1H), 4.98 (br. s, 1H), 6.58 (br. s, 2H), 6.82 (s, 1H), 7.24 (d, ] = 8.5 Hz, 1H), 7.28
(br. s, 1H), 7.80 (d, ] = 8.5 Hz, 1H), 7.97 (br. s, 2H), 8.20 (br. s, 1H), 8.93 - 9.18 (m,
1H), 9.42 (br. s, 1H), 9.69 (br. s, 1H).

1008901 MS (ES) m/z: [M-H] calcd for CpaH3oNeO10S2: 656.16. Found: 656.06.
[00891] HPLC: 83.70 %.

Example 104
(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3$)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidenejamino}oxy)-3-{4-[N-(1H-imidazol-2-ylmeth-
ylcarbamimidoyl]phenoxy}propanoic acid

[00892] 'H NMR (400 MHz, DMSO-do): 5= 1.28 (s, 3H), 1.38 (s, 3H), 4.39 -
4.42 (m, 2H), 4.49 - 4.55 (m, 4H), 6.58 (s, 11), 6.81 (s, 1H), 7.05 (s, 2H), 7.18 (s, 2H),
7.22 (d, ] = 8.8 Hz, 2H), 7.76 (d, ] = 8.8 Hz, 2H), 8.18 (br. s, 1H).

[00893] MS (ES) m/z: [M-HJ calcd for CasHasNeO10S,: 664.12. Found: 663.95.
[00894] HPLC: 92.00 %.

Example 105
(2R)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yllamino}-2-oxoethylidene]amino}oxy)-3-{4-[N-(1H-imidazol-2-ylmeth-

yhcarbamimidoyljphenoxy}propanoic acid

[00895] "H NMR (400 MHz, DMSO-de): & = 1.25 (s, 3H), 1.36 (s, 3H), 4.18 (m,
1H), 4.45 - 4.65 (m, 5H), 6.62 (br. s, 1H), 6.85 (s, 1H), 7.05 (br. s, 2H), 7.18 (s, 2H),
7.22 (d, ] = 8.8 Hz, 2H), 7.78 (d, ] = 8.8 Hz, 2H), 8.18 (br. 5, 1H).



WO 2013/110643 PCT/EP2013/051217
241
[00896] MS (ES:) my/z: [M-H] calcd for CosHasNeO10S2: 664.12. Found: 664.01.
(008971 HPLC: 80.60 %.

Example 106
(28)-3-{4-[N-(4-Aminopyrrolidin-3-yl)carbamimidoyl]phenoxy}-2-({{(1Z)-1-(2-amino-
1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-yllamino}-2-0xo-

ethylidenelamino}oxy)propanoic acid

[00898] 'H NMR (400 MHz, DMSO-dq): & = 1.03 (s, 3H), 1.38 (s, 3H), 3.00 (m,
2H), 3.65 - 3.83 (m, 1H), 4.08 - 4.22 (m, 1H), 4.38 - 4.68 (m, 4H), 5.01 (m, 1H), 6.78
G, 1H), 7.19 - 7.38 (m, 3H), 7.80 (m, 2H), 8.40 (m, 1H), 9.38 - 9.48 (m, 1H), 9.60 (m,
1H), 9.70 (m, 1H).

[00899] MS (ES-) m/z: [M-H]- calcd for CauHzoNeO10S2: 668.16. Found: 668.0S.
[00900] HPLC: 92.04 %.

Example 107
(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(azetidin-3-yl)carbamimid-

oyl}phenoxy}propanoic acid

[00901] 'H NMR (400 MHz, DMSO-dg): 8= 1.06 (s, 3H), 1.35 (s, 3H), 4.14 -
4.33 (m, 4H), 4.35 - 4.51 (m, 2H), 4.57 (4, J = 7.8 Hz, 1H), 4.63 - 4.80 (m, 1H), 4.97
(m, 1H), 6.79 (5, 1H), 7.20 (d, J = 8.9 Hz, 2H), 7.25 (br. s, 2H), 7.76 (d, J = 8.9 Hz, 2H),
8.85 - 9.03 (br. s, 2H), 9.02 (s, 1H), 9.39 (d, / = 7.8 Hz, 1H), 9.61 (br. s, 1H), 10.11 (d, ]
= 7.8 Hz, 1H).

[00902] MS (ES) m/z: [M-H] caled for CasHz/NgO1052: 639.13. Found: 638.92.
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[00903] HPLC: 95.07 %.

Example 108
(28)-2-({{(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2, 2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(piperidin-4-yl)carb-

amimidoyl}jphenoxy}propanoic acid

[00904] 'H NMR (400 MHz, DMSO-de): § = 1.27 (s, 3H), 1.44 (s, 3H), 1.71 (br.
s, 2H), 1.98 (br. s, 2H), 2.78 (br. s, 2H), 3.23 (br. s, 2H), 3.83 (br. s, 1H), 4.43 (m, 2H),
4.65 - 4.75 (m, 2H), 6.84 (s, 1H), 7.15 (br. s, 2H), 7.20 (d, J = 8.7 Hz, 2H), 7.70 d, ] =
8.7 Hz, 2H) .

[00905] MS (ES) m/z: [M-H] calcd for Cp5H31NgO10S2: 667.16. Found: 666.93.

[00906] HPLC: 95.80 %.

Example 109
(28)-2-({[{12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)-3-{4-[N-(azetidin-3-yl)carb-

amimidoyl]phenoxy}propanoic acid

[00907] 'H NMR (400 MHz, DMSO-de): 5= 1.04 (s, 3H), 1.36 (s, 4H), 2.68 (1,
= 4.6 Hz, 4H), 3.27 (d, ] = 11.7 Hz, 4H), 3.77 - 4.00 (m, 3H), 4.15 (t, [ = 11.7 Hz, 3H),
4.31 - 4.81 (m, 8H), 4.99 (br. s, 2H), 6.80 (s, 1H), 7.27 (d, ] = 8.6 Hz, 5H), 7.92 (d, ] =
8.9 Hz, 3H), 8.63 (br. s, 2H), 9.38 (d, ] = 7.8 Hz, 1H), 10.37 (br. s, 1H), 10.62 (br. s,
1H).

[00908] MS (ES) m/z: (M-H] caled forCaHszpNsG10S;: 653.15. Found: 652.96.

{00909] HPLC: 91.44 %.
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Example 110
(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)-3-(4-{N-[2-(pyrimidin-2-ylami-

no)ethyljcarbamimidoyl}phenoxy)propanoic acid

{00910} "H NMR (400 MHz, DMSO-dg): 8= 1.09 (5, 3H), 1.36 (s, 3H), 3.30 -
3.60 (m, 4H), 4.59 - 4.35 (m, 2H), 4.95(d, ] = 11.2 Hz, 1H), 4.96 (br.s, 1H), 6.61 (t, ] =
4.8 Hz, 1H), 6.79 (s, 1H), 7.25 (d, ] = 9.2 Hz, 2F), ), 7.36 (br. s, 2H), 7.68 (d, J = 9.2
Hz, 2H), 8.28 (d, ] = 4.8 Hz, 2H), 8.91 (br. 5, 2H), 9.32 (br. s, 1H), 9.42 (d, ] = 11.2 Hg,
1H), 9.60 (br. s, 1H).

[00911] MS (ES) m/z: [M-H] calcd CasHzoN10010S2: 706.72. Found: 705.14.

[00912] HPLC: 96.03 %

Example 111
(2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0- 1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)-3-(4-{N-{2-(pyrimidin-2-ylamino)-
ethyl]carbamimidoyl}phenoxy)propanoic acid

[00913] 'H NMR (400 MHz, DMSO-dg): 6= 1.39 (s, 3H), 2.50 (s, 3H), 3.57 -
3.51 (m, 4H), 4.45 — 4.43 (m, 2H), 4.60 (d, J = 7.6 Hz, 1H), 5.00 - 4.97 (m, 1H), 6.64 (¢,
] = 4.4 Hz, 1H), 6.82 (s, 1H), 7.18 (d, ] = 8.8 Hz, 2H), 7.40 (br. s, 2H), 7.70 (d, ] = 8.8
Hz, 2H), 8.30 (d, J = 4.4 Hz, 2H), 8.95 (br. s, 2H), 9.35 (br. s, 1H), 9.43 (d, J = 7.6 Hz,
1H), 9.62 (br. s, 1H).

[00914] MS (ES) m/z: [M-H] calcd CasHaoN1oOwSz: 706.72. Found: 705.14.

[00915] HPLC: 79.11 %

Example 112
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tert-Butyl {[4-({1-[({(12)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-yl]amino}-
2-0x0-1-[2-(tritylamino)-1,3-thiazol-4-ylJethylidenejamino)oxy]-3-hydroxypropan-2-
vijoxy)phenyl}(imino)methyljcarbamate

[00916] 'H (400 MHz, DMSO-de): 5= 1.16 (s, 1.5H), 1.17 (s, 1.5H), 1.27 (s,
3H), 1.5 (s, 9H), 3.6 - 3.7 (my, 2H), 4.2 - 4.3 (m, 2H), 4.5 (t, ] = 7.6 Hz, 1H), 4.7 (br. s.,
1H), 5.0 (br. s., 1H), 6.7 (5, 1H), 7.1 (d, ] = 9.0 Hz, 2H), 7.2 - 7.4 (m, 16H), 7.8 (d, ] =
9.0 Hz, 2H), 9.35(d, J = 7.6, 0.5H), 9.38(d, J = 7.6, 0.5H).

[00917] MS (ES) m/z: [M-H] calcd CasHgNyO11S2: 837.93. Found: 836.44.

[00918] HPLC: 90.05 %
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Pharmacological Methods
Abbreviations
MIC: minimum inhibitory concentration
CFU: colony forming units
ED100: 100% protective dose

[00919] The antimicrobial activity of the compounds of this invention
against a selection of different bacteria may be evaluated by a number of assays,
including the in-vitro determination of the minimum inhibitory concentration (MIC)

or the determination of the in-vivo efficacy in mouse infection models.

Minimum Inhibitory Concentration (MIC) Determination

[00920] Compounds of this invention were tested for antimicrobial activity
by determining minimum inhibitory concentrations (MICs, in pg/ml) using the
broth microdilution method according to the guidelines of the Clinical Laboratories
and Standards Institute (“Methods for Dilution Antimicrobial Susceptibility Tests for
Bacteria that Grow Aerobically”, Approved standard, 7th ed., Clinical and Laboratory
Standards Institute (CLSI) Document M7-A8, Wayne, Pa., USA, 2009.). Test com-
pounds were dissolved in DMSO. The compounds were then diluted in microbial
growth medium (Mueller Hinton Broth I, cation adjusted) resulting in a final con-
centration range of 0.063-32 pg/ml in serial two-fold dilution. In all cases the final
DMSO concentration was less than 0.5%. Bacteria were added to 96-well microtitre
plates containing the serial two-fold dilutions of the compounds; the final cell
density was approximately 5x10° colony forming units/mL (CFU/mL). Plates were
incubated at 37°C for 18-24 hours and read visually. The MIC, i.e. the lowest concen-
tration of the test compound that inhibited visible growth of the bacteria, was
recorded. The same assay conditions were used when the compounds of this inven-
tion were tested in combination with Blactamase inhibitors. While the compounds
of this invention were serially diluted as described above, a constant concentration of

the flactamase inhibitors of 4 ug/mL was used.
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[00921] Bacterial strains that were used to evaluate the antimicrobial acitivity
using the MIC determination included but were not limited to E. coli ATCC23922, K.
prneumoniae 60, E. cloacae 34654, C. freundii K21/3034, M. morganii 126/3048, P.
aeruginosa PAO1L, P. aeruginosa 2297 (AmpC wt), P. aeruginosa 2297-con (AmpC
derepressed), A. baumannii ATCC15308, S. maltophilia ICB7569, S. aureus 133, M.
catarrhalis ICB489, H. influenzae ATCC 49247, 8. pneurmoniae 113, B. fragilis 6688, C.

perfringens DSM756, E. coli J62, and E. coli J62-TEM-3.
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Table 4. Biological data

com- | strain | strain | strain | strain | strain | strain | strain | strain | strain | strain | strain
pound 1 2 3 4 5 6 7 8 9 10 11

example] MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. |[mg/L]|img/L]|{mg/Ll] [ma/l]] Img/Ll| Img/L] | [mg/L]| [mgfL]| Img/L]] Img/il] [mg/t]
1 025 ] 025} 05 0.5 |0.125 4 8 4 8 8
2 01251 0.125§ 0.25 | 0.125 |=0.063] 2 4 01251 0.25
3 0.125 |<0.063} 0.125 |<0.063{ 0.125 2 4 16 1 <0.063
4 01251 0.25 1 05 | 0125} 0.25 4 16 8 1 4 1<0.063
5 0.26 [<0.063; 0.125| 0.25 | 0.125 4 4 32 1 0.125
6 0.125] 0.25 | 0.125 [=0.1251s0.125] 4 8 16 1 32
7 0.5 1 1 0.5 0.5 8 16 8 2 4 1<0.0863
8 1 0.5 2 0.5 | 0.25 8 32 32 4 0.25
g 0.125] 0.125 ] 0.125 ] 0.125} 0.125 2 2 16 0.5 32 1s0.063
10 0.5 2 1 1 4 8 8 8
1 0.125 {=0.1251<0.063{<0.125}=<0,063{ 1 2 16 0.5 32 10125
12 05 { 025§ 05 | 025 | 0.25 4 8 4 8 0.125
13 0.5 1 1 025 | 05 8 16 8 1 <0.083
14 0.5 1 05 | 025 | 05 4 8 32 2 <0.063
15 0.5 1 1 0.5 0.5 8 8 8 2 4 10.063
16 1 1 1 2 0.5 32 32 32 4 8 |=<0.063
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com- | strain | sirain | strain | strain | sirain | strain | strain | strain | strain | strain
pound 12 13 14 15 16 17 18 18 20 21
examplej] MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. | img/Ll Img/L]| Img/ll| Img/L}| [mg/t]| Img/Ll| Img/L}] Img/L]] Img/L}] [mg/L]
1 16 0.25 16 025 | 025§ 0.25
2 s0.063] 0.5 16 16 0.25 32 10.125]0.125] 0.25
3 0125 0.5 8 8 0.25 16 | 0.1250.125} 0.25
4 £0.063}20.063} 16 2 2 0.25 8 01251 025 1 0.25
5 0251 05 4 8 0.5 16 025 | 025 | 0.25
6 4 0.25 16 0251 025 | 025
7 0.25 1=0.063] 2 1 2 1 8 0.5 1
8 0.5 1 8 16 4 2 4 4
9 <0.063| 0.25 4 8 0.25 16 | 01251 01251 0.125
10 2 0.5 0.5 0.5 0.5
11 012561 0.5 4 8 0.25 8 025 | 025 | 0.25
12 0.25 {0,063 32 8 16 0.5 8 05 | 0251 0.25
13 0.125 {<0.063] 4 4 2 0.5 32 0.5 0.5 0.5
14 025 05 8 16 1 32 0.5 0.5 0.5
15 1<0.0831<0.063] 2 2 0.5 1 8 0.5 0.5 0.5
16 1 1=0.083 8 4 2 4 1 1
com- | strain | strain | strain | strain | strain | strain | strain | sfrain | strain | strain | strain
pound 1 2 3 6 7 2] 10 11
example] MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. |mg/Lljmg/L]} imgfll} Img/ll] imgll Img/Ll} Imo/L] ] Img/lll Img/Ll] [mg/il]} [mgrl]
17 2 2 2 <0.063] 8 16 32 8 2
18 1 1 2 4 4 16 16 16 0.25
19 05 [0.125] 05 0.5 | 0.25 8 16 4
20 2 2 2 8 8 32 2 0.125
21 1 0.25 1 025 | 05 16 16 8 0.5
22 1 1 1 0.5 16 32 16 4 4 150,083
23 01251 025 | 05 |0125] 05 2 2 0.5 16 1s0.063
24 0.125) 0.26 | 0.25 { 0125{ 0.125 2 4 2 1 8 (<0.063
25 0.1251 0.25 | 0.25 | 01251 0.125 2 4 4 2 8 1=<0.063
26A 1<0.063] 0,031 ] 0.125 }<0.063|<0.063} 1 2 8 16 |{<0.063
268 2 0.5 1 0.5 4 8 32 16
27A 0.25 | 0125 0.25 | 0.25 | 0.125 4 4 4 4 1<0.063
278 2 1 4 16 32 16 16 8 0.125
28 0.125}1 0.125} 0.125] 0.125| 0.125 4 8 32 0.5 0.125
29 0251025 05 1 0251} 0.25 8 16 2 8
30 0.125 §<0.063] 0.25 {<0.063!<0.063}f 4 4 32 1 0.125
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com- | strain | strain | sfrain | strain | strain | strain | strain | strain | strain | strain
pound 12 13 14 15 16 17 18 19 20 21
example! MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No, |img/t]iimg/ll] [mg/L]| Img/L}] [mg/L]l Img/L] [mg/l] Img/L]] Img/L}] Img/l]

17 2 1 2 4 2 32 1 2 2
18 0.5 0.5 4 4 2 4 2 2 2
19 16 0.5 32 0.5 1 1
20 0.5 0.5 16 16 2 32 2 2 1
21 0.25 1 32 32 2 16 0.5 1 1
22 0.125 1<0.063] 2 4 2 1 8 0.5 1 1
23  =0.063;=<0.083] 1 4 2 0.25 1 01251 0,125 0.25
24 1=0.063{<0.083] 2 2 2 0125 2 0125} 025§ 05
25 1=0.063}{=0.083] 4 2 2 0.25 4 0.125] 0.1256 1 0.125
26A |<0.063] 2 32 8 0.125| 32 [<0.063| 0.125] 0.125
268 2 2 32 1 2 2
27A }=0.063] 05 8 4 0.25 8 0251 025 ] 0.25
278 025 | 05 32 32 2 8 1 2 2
28 025 | 05 2 8 0.25 32 0251 025 | 025

29 0.5 8 0.5 0.5 0.5
30 0251 05 4 8 0.25 16 025 ] 0.25 | 0.25

F-N
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com- | strain | strain | strain | strain | strain | strain | strain | strain | strain | strain | strain
pound 1 2 3 4 6 7 8 9 10 11
example] MIC § MIC | MIC | MIC [ MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. {[mg/L]} Img/L]i Img/Ll| mg/L]| [mg/L}} fng/L} | Img/ll| Img/L]{ Img/L]| [mg/Ll] [mg/L]
31 0.125 {=0.063] 0.25 |s0.063] 0.25 8 8 32 1 <0.083
32 1 0.5 0.5 0.5 16 32 2 <0.063
33 0251 05 05 | 0.25 ) 025 8 16 8 8 16 {<0.063
34A 1 1 0.5 1 0.25 8 8 16 32 8 1<0.063
34B 8 8 4 8 32 32 32 32 32 0.25
35 2 2 4 2 16 16 32 2 0.25
36A | 0.125 }1=<0.063{<0.063] 0.125 {<0.063] 4 4 4 4 2 1<0.083
368 2 1 2 0.5 16 32 32 16 | 0.125
37 2 2 2 2 8 8 4 1
38 012561 025 | 0.25 10125 05 4 8 4 0.25 32 1=0.083
39 025 ] 05 05 1025} 05 2 4 2 0.5 16 |<0.063
40 01251 025 | 05 }0.125| 05 4 8 4 2 16 [s0.063
41 0.25 0.5 0.25 { 0,125 0.25 4 4 4 1 4 <0.063
42 1 1 2 1 16 16 16 8 16 1<0.063
43 0.5 0.5 1 0.25 8 8 8 0.5 32
44A 1=0.063{<0.063] 0.125 | =0.063| 0.125 1 2 1 2 2 1=0.083
com- | sifrain | strain | strain | strain | strain § strain | strain | strain | strain | strain
pound 12 13 14 15 16 17 18 19 20 21
exampie] MIC | MIC | MIC { MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. |Img/L}}[mg/l]]img/t]] Img/L]| [mg/L]] [mg/L]| Img/Ll| [mg/L]| [mg/L]| Img/L]
31 0.25 | 0.25 8 4 0.25 32 101251 025§ 025
32 0,751 05 8 3 32
33 0.125 [<0.063| 32 4 2 0.5 32 0.25 | 0.25 0.5
34A  1s50.0683] 0.5 16 2 32 0.5 0.5 0.5
348 0.5 8 32 16 32 8
35 32 18 32 4
36A |sD.063}] 0.5 8 2 0.125 0.125 }<0.063} 0.125
368 0.5 4 32 32 32 2
37 0.5 4 16 2
38 [=0.063{=0.063] 2 4 2 0.25 4 0125} 026 | 0.25
39 0.25 | Q.25 2 16 8 0.25 4 0125 0.256 | 0.25
40  1=0.063]<0.063 4 2 0.25 8 0.125] 025 | 0.25
41 £0.063/=<0.063] 4 2 1 0.25 8 025 | 025 | 0.25
42 025 10125} 16 8 4 16
43 0.125 {<0.063} 4 8 2 0.5 8 0.25 | 05 0.5
44A 1=0.063] 0.5 32 8 1 0.125 2 1s0.063]<0.063{<0.063
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com- | strain | strain | sirain | strain | strain | strain | strain | strain { strain | strain | strain
pound 1 2 3 4 5 6 7 9 10 11
example; MIC { MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. |[mg/L]] [mg/L]}| [Img/Ll| Img/L]} Img/Ll| Img/]| Img/Ll| Img/L]{ Img/L]| img/L] [mg/L]
448 2 1 4 2 4 8 16 8 16 1<0.083
45A 0.5 0.5 1 025 | 05 8 16 2 8
458 2 2 4 1 4 18 32 32 4 32 |=0.063
46 2 ( 2 1 1 8 32 32 18 8
47 025} 05 1 0.5 2 4 2 2 <0.063
48 2 4 4 2 i 8 16 32 8 0.5
49 1 2 2 1 2 8 16 32 4 0.125
50 0.5 0.5 1 1 0.5 8 16 32 2 0.125
51 2 4 2 2 2 16 16 32 4 0.5
52 1 0.5 1 0.25 1 4 4 16 1 2
53 0.5 0.5 0.5 2 16 16 32 4
54 0.5 0.5 05 | 0.25 1 4 8 4
55 0.5 1 05 | 0251 025 18 32 4 0.25
56 2 0.5 4 0.5 0.5 32 32 4 1
57 2 2 1 1 32 32 16 2 32 1=0.063
58 4 4 1 1 16 32 16 16 <0.063
com- | strain | strain | strain | sfrain | strain | sirain | strain | strain | sirain | strain
pound 12 13 14 15 18 17 18 19 20 21
example] MIC { MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. |Img/t]ljimg/L}i [mg/L]{ [mglL]| [mg/L]| [mg/L]| Img/Ll| fmg/L] | img/Lli [mg/L]
44B 0.5 4 2 4 2 2 4
45A 8 0.5 k| 0.5 05 0.5
458 0.5 0125] 16 4 2 4 16 2 4 4
46 0.25 1 32 4 2 16 1 1 1
47 0.1251 0.125 1 16 0.5 32 0.5 0.5 0.5
48 0.5 1 4 16 2 2 2 2
49 0.5 0.5 16 16 2 2 2 2
50 0.25 1 8 16 1 1 1 1
51 0.5 1 8 16 4 4 4 4
52 8 16 8 32 2 2 2 2
53 32 1 1 1 1
54 2 0.5 16 05 | 025} 05
55 1 0.125 8 8 1 1 0.5 8.5
56 2 4 8 32 2 32 1 4 4
57 0.125 1<0.083F 4 1 2 2 32 1 1 2
58 0.5 1=0.0863] 4 4 4 4 32 2 2 2
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com- | strain | strain | strain | strain | strain | sirain | strain | strain | strain | strain | strain
pound 1 2 3 4 5 8 7 8 9 10 11

example] MIC | MIC | MIC { MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. | Img/L]] Img/L}| Img/L]} [mg/Ll ] [maiL] | [ma/Ll] fma/t] ] Img/Ll| Img/L] | [mg/l]| Img/Ll]
59 1 1 1 0.5 1 16 16 32 1 0.25
60 1 1 1 0.5 16 16 32 4 0.25
61 2 2 2 1 0.5 2 2 16 2 16 |=<0.063
62 1 0.5 1 0.5 | 0125 4 8 32 2 0.125
63 D5 1 025 05 | 0285 05 8 8 16 16 0.5
64 05 | 025} 05 0.5 0.5 8 16 8 32 16
65 05 1 025 ) 05 | 025 10125} 16 32 8 0.25
66 2 1 4 2 2 32 32 4 1
67 0.5 2 05 | 025 {0.125 8 32 4 0.25
68 0125} 0.25 | 0.125| 0.125] 0.125 2 8 32 2 <0.063
69 0125 0.25 | 0.25 §0.125) 0.125 4 8 2 <0.063
70 0125 025 | 0.25 | 0.125 0.125 4 4 2 0.125
71 2 1 4 1 1 16 32 4 4 0.25
72 0.5 | 0.25 1 05 | 025 8 8 4 0.25
73 0.5 0.5 0.5 0.5 0.5 18 32 32 16 32 1<0.063
74 1 2 4 9 1 16 32 32 2 16 |<0.083
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com- | strain | strain | strain | strain | strain | strain | strain | strain | strain | sirain
pound 12 13 14 16 16 17 18 19 20 21
example] MIC | MIC-} MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. {[mg/L]img/L]] Img/Ll} Img/L]] [mg/l]| Img/L}| [mg/Lli [mg/L]| [mg/L]] Img/L]
59 0.5 32 16 2 32 2 2
60 1 16 16 2 32 2 2
61 0.25 {<0.063| 8 8 8 2 8 2 2
62 0.25 1 8 16 1 16 1 1
63 0.1251 0.5 16 16 0.5 8 025 | 05 0.5
64 8 32 8 1 32 1 2
85 0.5 1 8 16 1 32 0.5 1 2
66 2 1 186 16 2 4 2 2
87 0.5 0.5 4 8 0.5 32 0.5 1 1
68 0.125| 05 2 8 0.25 16 [ 0.125] 025 | 0.25
69 1<0.063{<0.063| 4 1 0.25 16 0.256 | 0.25 | 0.25
70 0.1251 05 8 16 0.25 16 025 | 025 | 0.25
71 0.5 8 8 32 4 4
72 0.5 2 16 16 1 32 1 1
73 0.25 [<0,083| 32 8 4 1 32 0.5 0.5 1
74 0.25 [=<0.063| 32 2 2 4 16 1 2
com- | strain | strain | strain | strain | strain | strain | strain | strain | strain | strain | strain
pound 1 2 3 4 5 6 7 8 9 10 11
example MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. | [mg/L]|Img/L]| [mg/L]} Img/L]| [mg/L}{ Img/L]| [mg/L]| [mg/L] ] [mg/ill | [mg/Ll] Img/Ll
75 0251 05 05 |0125] 0.25 8 16 8 2 4
76 0.5 0.5 1 0.5 1 16 16 32 4 16 {<0.063
77 0.5 2 2 0.5 2 8 16 8
78 0251025 05 | 026§ 05 4 4 2 0.25 8 1s0.063
79 0.5 0.5 05 | 0.25 1 8 8 4 0.5 <0.063
80 025 ] 05 1 0.25 16 16 8 2 32
81A 4 8 16 4 8 8 16
818 2 4 4 2 4 8 16
82 0.25 101251 05 | 025} 05 8 16 8 4 32 1<0.063
83 01251 025 | 025 10125} 05 2 4 4 0.25 16 1<0.063
84 1=<0.083; 0.125 | 0.125 {<0.083] 0.25 1 2 2 1 32 1<0.063
85 025 ] 05 05 | 0.25 | 0.25 4 8 8 2 32 1=0.063
86 025 05 05 { 0251 05 4 8 8 2 32 {=0.063
87A 1 1 1 1 0.25 32 8 s0.063
87B 0.5 0.5 1 0.5 0.25 16 32 32 16 16 [<0.063
88 1=0.063] 0,125 [ <0.063{<0.063{=<0.083] 1 1 1 2 4
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com- | strain | strain | strain | strain | strain | sirain | strain | strain | strain | strain
pound 12 13 14 15 16 17 18 19 20 21
example] MIC | MIC | MIC | MIC [ MIC | MIC | MIC | MIC | MIC | MIC
No. |[mg/tl| [mg/L]l| [mg/L}} img/L}| Img/L]| [mafll] Img/L]| Img/L}| img/Ll| fmg/L]

75 16 0.5 1 0257 05 0.5
76 0.25 |=0.063] 4 4 2 0.5 8 0.5 0.5 0.5
77 0.5 16 1 1 1

78 1s0.063]<0.063| 1 4 2 0.5 4 0251 0.5 0.5
79 |s0.063{<0.083] 2 4 2 0.5 8 0.5 0.5 0.5
80 4 0.5 16 0.5 0.5 0.5

81A 2 0.25 32 16 8 8 32 8 8 8
81B 2 |0.125] 32 16 4 4 4 4 4 4
82 {<0.063{<0.063] 8 4 4 0.25 8 025 0625 ) 05
83 |s0.063{<0.063] 2 4 2 0.25 4 0.125} 0.25 | 0.25
84 1s0.063]<0.083] 2 4 2 10125 4 1<0.063} 0.125] 0.125
85 |s0.063(<0.063] 8 4 4 0.5 8 025 | 0625 ] 05
86 1<0.063/=0.063] 4 4 2 0.25 16 025 | 0.25 | 05
87A 025 ] 05 32 8 2 32 1 1 2
87B | 0.125 1 16 16 1 32 0.5 1 2
88 |=0.063] 0.5 32 8 0.5 {0125 2 |=0.063]<0.063]0.063
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com- | strain | strain { strain | strain | strain | strain | strain | strain | strain | strain | strain
pound 1 2 3 4 5 ] 7 8 9 10 11
example] MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. |Img/L]|Img/L]|Img/l]} [mg/L]| Img/L]| Img/L]{ [mg/Ll| [mg/L]] [mg/L]| [mg/L]| Img/L]
89 0.125| 0.25 | 0.125| 0.125 {<0.0683] 1 1 1 1 4
90 0.5 1 0.25 | 05 32 32 32 4 0.5
91 0.1251 0.1251{ 0.25 | 0125} 0.25 2 4 2 1 16 }<0.063
92 0.5 0.5 1 0.5 0.5 8 8 8 4 32 |=0.063
93 {=0.063] 0.125 | 0.125 [=0.063 1 1 1 1 4
94 0.125] 01251 0.1251 0.125} 0.125 2 2 2 2 4  1=0.063
95 0.12510.125] 0.125 ] 0.125 |<0.063] 1 2 2 2 4 1<0.063
96 0.125 120.063}<0.063]<0.063]<0.063] 1 1 1 1 4 1=0.083
97 {<0.063] 0.125[ 0.125 {<0.063|=0.063] 1 1 1 1 4 1=0.063
98 0.1251 0.125} 0.125 | 0.125 | =0.063] 1 2 2 1 4 120.063
99 01251 0.25 | 0.25 | 0.125{=0.063] 2 2 2 2 4 120.063
100A |} 01251 0.25 | 0.125] 0.125 |=0.083] 2 4 4 8 8 [<0.063
1008 2 2 4 2 16 32 16 32 32
101 0.1251 0.125] 0,125} 0.125| 0.125 2 4 2 4 8 =0.063
102 | 0.125|=0.063] 0.25 |<0.063]<0.0863] 1 2 2 4 4 1<0.063
103 2 2 16 32 <0.063
com- | strain | strain | strain | sfrain | strain | strain | strain | strain | strain | strain
pound 12 13 14 15 16 17 18 19 20 21
example] MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. |[mg/L]|[mg/Ll| Img/Ll| Img/L}| [mo/L]] Img/L]| [mg/L]| Img/l]| Img/Ll]] Img/L]
89 |<0.063] 05 32 8 1 0.125 4 1=0.063}<0.063} 0.125
90 0.5 05 4 16 1 0.5 0.5 0.5 1
91 <0.063{<0.063} 2 4 2 0.125 4 0.1251 0,125 0.125
82 0.125 {=0.063] 8 8 2 1 32 0.5 0.5 0.5
a3 32 0.125 4 0.125} 0.125 ] 0.125
84 [s0.063] 05 32 8 0.5 | 0.25 8 0.125 {=0.063| 0.125
a5 =0.063} 0.5 8 2 0.125 4 0.125 1<0.063] 0.125
96 |=0.063] 05 32 8 1 0.125 4 [=0.063]<0.063]£0.063
a7 <0.083] 05 32 4 05 10125 4 =20.063{=0.063|<0.063
98 1=0.083] 05 32 8 2 0.125 8 0.1251 0125 | 0.125
99 |=0.063] 05 32 8 05 {1 025 4 0125101251 0.25
100A }<0.083] 0.5 8 2 0.25 32 1012510125 ] 025
100B 4 16 2 2 2
101 [<0.063] 05 8 2 0.125 8 1=0.063{=0.063| 0.125
102 {=0.083] 05 8 2 0.125 4 1<0.063|<0.0683f 0.125
103 0.25 4 32
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com- | sirain | sfrain | strain { strain | strain | strain { strain | strain | strain | strain | strain
pound 1 2 3 4 5 6 7 8 9 10 11
example] MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. img/L]} Img/Ll| Img/L] | [mg/]| Img/L]| Img/] | [mg/l]| Img/L]i img/l]| Img/Ll| mg/]
104 1 1 1 4 0.5 16 16 |<0.063
105 16
106 | 0125} 0.125 0.1251 0.125 10.063] 1 2 1 2 4 1<0.063
107 1<0.0631 0.125 | 0.25 |<0.083]<0.063| 1 1 1 1 4 |<0.063
108 1§ 0.1251 0.125 ] 0.125 | <0.063|<0.063F 0.5 1 1 9 4 1s0.063
109 | 0.125] 01251 0.125] 0.125] 0.125 2 2 2 2 8 1=0.0863
110 0.5 1 1 0.5 0.25 8 8 16 32 8 1<0.063
111 8 8 16 4 8 32 32 32 32
com- 1 strain | strain | strain | strain | strain | strain | strain | strain | strain { sfrain
pound 12 13 14 15 16 17 18 19 20 21
example] MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC | MIC
No. {mg/L]] Img/L]| Img/L]| Img/L}| ImgfL]| Img/L} | Img/L} Img/Lll | [mo/L] | Imag/L]
104 |[<£0.063 8 32 1
105
106 |[<0.083] 0.5 8 1 0.125 8 0.125 {<0.063} 0.125
107 1<0.063] 0.5 32 8 0.125] 0.125 4 1=0.063i0.063}<0.063
108 |<0.063] 0.5 32 8 1 0.125 4  {<0.063{=<0.063] 0.125
109 |{=0.083] 0.5 16 4 0.125 2 §=0.063] 0.25 | 0.125
110 |£0.063] 0.25 16 8 32 0.5 0.5 0.5
111 0.25 16 32 8 8 8
strain 1 E. coli ATCC25922
strain 2 K. pneurnoniae 60
strain 3 E. cloacae 34654
strain 4 C. freundii K21/3034
strain 5 M. morganii 126/3048
strain 6 P. aeruginosa PAO1
strain 7 P. aeruginosa 2297 (AmpC wt)
strain 8 P. aeruginosa 2297-con (AmpC derepressed)
strain 9 A. baumannii ATCC15308
strain 10 S. maltophilia ICB7569
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strain 11 M. catarrhalis ICB489

strain 12 H. influenzae ATCC 49247

strain 13 S. pneumoniae 113

strain 14 S. aureus 133

strain 15 B. fragilis 6688

strain 16 C. perfringens DSM756

strain 17 E. colij62

strain 18 E. coli J62-TEM-3

strain 19 E. coli J62-TEM-3 + 4 png/mlL clavulanic acid
strain 20 E. coli J62-TEM-3 + 4 ug/mL sulbactam
strain 21 E. coli J62-TEM-3 + 4 ug/mL tazobactam

Determination of the in-vivo activity in mouse infection models

Formulations

[00922] Commercial 10% aquecus mannitol solution was diluted with
Aquadest to a 3% aqueous mannitol solution. Compounds of this invention were
dissolved at 20-45 °C to form clear application solutions of a concentration in the

range from 0.02 mg/mL to 3 mg/mL.

[00923] Commercial 10% aqueous mannitol solution was diluted with
Aquadest to a 3% aqueous mannitol solution. Solid sodium acetate was added to
obtain 2-20 mM sodium acetate solutions in 3% aqueous mannitol. Compounds of
this invention were dissolved at 20-45 °C to form clear application solutions of a

concentration in the range from 0.02 mg/mL to 3 mg/mlL.

[00924] Compounds of this invention were dissolved in DMSO at 20-25 °C

to form clear stock solutions of a concentration in the range of 60 mg/mL. The stock
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solutions were diluted with 3% aqueous mannitol solution at 20-25 °C to form clear

application solutions of a concentration in the range of 2.1 mg/mL.

100925] Compounds of this invention were dissolved at 20-45 °C in com-
mercial lactated Ringer’s solution to form clear application solutions of a concentra-

tion in the range from 0.02 mg/mL to 3 mg/mL.

[00926] Compounds of this invention were dissolved at 20-45 °C in com-
mercial Dulbecco's Phosphate Buffered Saline (DPBS) without calcium and magnesi-
um to form clear application solutions of a concentration in the range from 0.02

mg/ml to 3 mg/mL.

[00927] D(+)-Glucose monohydrate was dissolved in Aquadest to a 5% aque-
ous glucose solution. Compounds of this invention were dissolved at 20-45 °C to
form clear application solutions of a concentration in the range from 0.02 mg/mL to

3 mg/mL.

[00928] Compounds of this invention were dissolved at 20-45 °C in com-
mercial 0.9% saline to form clear application solutions of a concentration in the

range from 0.02 mg/mL to 3 mg/mL.
Peritonitis models

[00929] Female CD-1 mice were infected intraperitoneally with a bacterial
inoculum in 5% mucin that led to the death of the untreated group (n=5) within the
first 24 hours of the experiment (~1 x 10* CFU - ~5 x 107 CFU per mouse depending
on the virulence of the strain used). Strains that were used included but were not
limited to wild-type E. coli Neumann, wild-type P. aeruginosa Walther, wild-type A.
baumannii ATCC15308 and resistant K. pneumoniae CL5761 (KPC-3 producer). Mice
were treated via intravenous injection 30, 60 and 120 minutes post infection with

compounds of this invention (alone or in combination with a Alactamase inhibitor)
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as well as with control antibiotics including but not limited to meropenem. Lethali-
ties were followed over 5 days and the 100% protective dose (ED100) was deter-

mined.

Lung infection model

[00930] Female BALB/c mice anesthetized with isoflurane and infected in-
tranasally with 32 uL of the bacterial inoculum (e.g. ~3.5 x 107 CFU per mouse for P,
aeruginosa PAO1). Mice were treated via intravenous injection 30, 60 and 120
minutes post infection with compounds of this invention as well as with control
antibiotics including but not limited to meropenem. Animals, including an untreated
control group were sacrified after 24 hours. Lungs were aseptically removed, homog-
enized, serially diluted and plated onto sheep-blood agar plates to determine CFU

counts.

Urinary tract infection model

[00931] Female CD-1 mice were given 5% glucose solution as the sole source
of drinking water from 16 hours before the experiment to the end. Anesthetized mice
were infected via the urethra with an uropathogenic E. coli strain (e. g. E. coli
70430001} in 0.9% NaCl with 0.25% agar-agar in a 25 pL volume (~5 x 10° CFU per
mouse). Mice were treated via intravenous injection 1, 5, 23, and 30 hours post
infection with compounds of this invention as well as with control antibiotics
including but not limited to meropenem. Mice, including an untreated control group
were sacrified at 48 hours post infection. Bladders were aseptically removed, homog-
enized, serially diluted and plated onto Mueller Hinton agar plates to determine CFU

counts.
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Claims
1. Compound of formula

)

?CHZ)‘

Y

g/
N
| H R’
Y
N /k N - (
N 2
HZN——</ T | R
s~ © N
N3

0 R
in which
R'and R? independently of one another represent hydrogen, aminocar-

bonyl or (C;-Cy)-alkyl, or
R' and R? together with the carbon atom to which they are bonded form a
(Cs-Cg)-cycloalkyl,

R® represents -(CHz)w-(SO2)OH or -O-(CHz).-(SO2)OH,

wherein m and o independently of one another represent an in-

teger 0, 1, 2 or 3, and

wherein any CHe-group contained in the residues which R® rep-
resents may be substituted with one or two (Ci-Cy)-alkyl-

residues,



WO 2013/110643 PCT/EP2013/051217

261
X represents CR* or N,
R* represents hydrogen or halogen,
Z represents a bond or an alkyl-chain having one, two, three or

four carbon atoms,

whereby the alkyl-chain may be substituted with one, two, three
or four substituents, selected independently of one another from
the group consisting of carboxy, aminocarbonyl and (C;-Cy)-
alkyl,

whereby alkyl in turn may be substituted with a substitu-
ent selected from the group consisting of hydroxy, car-
boxy and aminocarbonyl,

Y represents a bond, O, NH or §,

A represents (Cs-Cig)-aryl or 5- to 10-membered heteroaryl,

whereby aryl and heteroaryl are substituted with a substituent of

the following formula

N/R‘]b
40
A r o /47 ij )
Q N : ]k
25 N

wherein

R, R®* and R¥* independently of one another represent

hydrogen, amino, hydroxy, (Ci-Cy-alkyl, (C;-Cy)-alkoxy,
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(Cs3-Cs)-cycloalkyl, 4-, 5- 6- or 7-membered heterocyclyl or

5- or 6-membered heteroaryl,

whereby amino and hydroxy may be substituted
with one or two substituents selected inde-
pendently of one another from the group consist-
ing of carbonyl, (C;-Cg-alkylcarbonyl, mono- or
di-(Cy-Cy)-alkylaminocarbonyl, and (C1-Cq)-alkyl,

whereby alkoxy, heterocyclyl and heteroaryl may
be substituted with one, two or three substituents
selected independently of one another from the
group consisting of halogen, hydroxy, amino, car-
bonyl, carboxy, (C:-Cy)-alkylcarbonyl, (Ci-Cy)-
alkoxy, mono- or di-(C1-Cq)-alkylamino, mono- or
di-(Cy-Cy)-alkylaminocarbonyl, -NH-CH(=NH),
-NH-C(=NH)(NHz), -C(=NH)CHj3 and (C-C4)-alkyl,
and

whereby alkyl and cycloalkyl may be substituted
with one, two or three substituents selected inde-
pendently of one another from the group consist-
ing of halogen, hydroxy, amino, carbonyl, car-
boxy, carbonyloxy, aminocarbonyl, carbonyla-
mino, (C1-Cy)-alkylcarbonyl, (Ci-Cy)-alkoxy, mono-
or di-(Ci-Cy)-alkylamino, mono- or di-(Ci-Cy)-
alkylaminocarbonyl, -NH-CH(=NH), -NH-C(=NH)-
(NHz), -CH(=NH)CHj;, (C¢Cuo)-aryl, 5- or 6-
membered heteroaryl and 5- or 6-membered het-

erocyclyl,
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whereby heteroaryl and heterocyclyl in turn

may be substituted with (C;-Cy)-alkyl, and

whereby amino in turn may be substituted

with 5- or 6-membered heteroaryl, or

R* and R® together with the nitrogen atom to which
they are bonded form a 5- to 7-membered heterocycle in-
cluding one, two or three further hetercatoms selected

from the series N, O and S and R™ is as defined above,

R* represents hydrogen, amino, hydroxy, (Ci-Cs)-alkyl or
(Ci-Cy)-alkoxy,

whereby amino and hydroxy may be substituted
with one or two substituents selected inde-
pendently of one another from the group consist-
ing of (Ci-Cy)-alkylcarbonyl, mono- or di-(C;i-Cy)-
alkylaminocarbonyl and (Ci-Cs)-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, (Ci-Cy)-
alkylcarbonyl, (Ci-Cy)-alkoxy, mono- or di-(C;-Ca)-
alkylamino, mono- or di-(C;-Cy)-alkylamino-
carbonyl,  -NH-CH(=NH), -NH-C(=NH)(NH_),
-CH(=NH)CH; and (C;-Cy)-alkyl, and

whereby alkyl may be substituted with one, two or
three substituents selected independently of one

another from the group consisting of halogen, hy-
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droxy, amino, carbonyl, carboxy, aminocarbonyl,
(Cy-Cq)-alkylcarbonyl, (Ci-Cq)-alkoxy, mono- or di-
(Cy-Cy)-alkylamino, mono- or di-(Ci-Cy)-alkyl-
aminocarbonyl, -NH-CH(=NH), -NH-C(=NH)(NH,),
-CH(=NH)CHz, (Ci-Cy)-alkyl, (Cs-Cio)-aryl and 5- or
6-membered heteroaryl,

R represents hydrogen or (Ci-Cy)-alkyl,

Q represents a bond, CH, or NH,

k represents an integer 1 or 2, and

* is the linkage site to the residue represented by A, and
whereby aryl and heteroaryl further may be substituted with one
or two substituents selected independently of one another from
the group consisting of halogen, cyano, amino, hydroxy, (Cs-
Cy)-alkyl, (Ci-Cy)-alkoxy, mono- or di-(C:;-Cy)-alkylamino, ami-
no-(Cs-Cy)-alkyl, hydroxy-(Ci-Cs)-alkyl or carboxy,

whereby alkyl, alkoxy, alkylamino, aminoalkyl, hydroxy-

alkyl and carboxy in turn may be substituted with a sub-

stituent selected from the group consisting of halogen,

(Ci-Cy)-alkyl and carbonyl, and

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

and the salts thereof, the solvates thereof and the solvates of the salts thereof.
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Compound according to claim 1, characterized in that

R' and R?

R' and R?

RS

R4

independently of one another represent hydrogen or (C;-Cy)-

alkyl, or

together with the carbon atom to which they are bonded form a
(Cs-Cg)-cycloalkyl,

represents -(CHz)m-(SO2)OH or -O-(CHz2)o~(SO2)OH,

wherein m and o independently of one another represent an in-

teger O or 1 and

wherein any CHa-group contained in the residues which R® rep-
resents may be substituted with one or two (C;-Cy)-alkyl-

residues,

represents CR* or N,

represents hydrogen or halogen,

represents a bond or an alkyl-chain having one, two or three

carbon atoms,

whereby the alkyl-chain may be substituted with one, two or
three substituents, selected independently of one another from
the group consisting of carboxy, aminocarbonyl and (C;-Cy)-
alkyl,

whereby alky! in turn may be substituted with a substitu-
ent selected from the group consisting of hydroxy and

carboxy,
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represents a bond, O, NH or S,

represents (Cs-Cig)-aryl or 5- to 10-membered heteroaryl,

whereby aryl and heteroaryl are substituted with a substituent of

the following formula

R1b
N}/ N b
A«
\Q g */Q ]k
{2b N
J
RSb

wherein

R™, R® and R® independently of one another represent
hydrogen, amino, hydroxy, (Ci-Cg-alkyl, 4-, 5-, 6- or 7-

membered heterocyclyl or 5- or 6-membered heteroaryl,

whereby heterocyclyl and heteroaryl may be sub-
stituted with one, two or three substituents select-
ed independently of one another from the group
consisting of halogen, hydroxy, amino, carbonyl,
carboxy, ({Ci-Ca)-alkylcatbonyl, (Ci-Cy)-alkoxy,
mono- or di-~(Ci-Cg)-alkylamino, mono- or di-(Cs-
Cs)-alkylaminocarbonyl, -NH-CH(=NH), -NH-
C(=NH)(NH,), -C(=NH)CH; and (C:-Cy)-alkyl, and

whereby alkyl may be substituted with one, two or
three substituents selected independently of one
another from the group consisting of halogen, hy-
droxy, amino, carbonyl, carboxy, carbonyloxy,

aminocarbonyl, carbonylamino, (Ci-Ca)-
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alkylcarbonyl, (Ci-Cy)-alkoxy, mono- or di-(Ci-Ca)-
alkylamino, mono- or di-(C;-Cy)-alkylamino-
carbonyl,  -NH-CH(=NH), -NH-C(=NH)(NH)),
-CH(=NH)CH;, (Cs-Cio)-aryl, 5- or 6-membered

heteroaryl and 5- or 6-membered heterocyclyl,

whereby heteroaryl and heterocyclyl in turn
may be substituted with (C;-Cy)-alkyl or

R? and R¥® together with the nitrogen atom to which
they are bonded form a 5- to 7-membered heterocycle in-
cluding one, two or three further hetercatoms selected

from the series N, O and S and R is as defined above,

R* represents hydrogen, amino, hydroxy, (C:-Cs)-alkyl or
(C1~C4)-a1k0xy,

whereby amino and hydroxy may be substituted
with one or two substituents selected inde-
pendently of one another from the group consist-
ing of (Ci-Cy)-alkylcarbonyl, mono- or di-(Ci-Cs)-
alkylaminocarbonyl and (C:-Cy)-alkyl, and

whereby alkyl may be substituted with one, two or
three substituents selected independently of one
another from the group consisting of halogen, hy-
droxy, amino, carbonyl, carboxy, aminocarbonyl,
(Cs-Cy)-alkylcarbonyl, (C,-Cy)-alkoxy, mono- or di-
(Ci-Cy)-alkylamino, mono- or di-(Ci-Cy)-alkyl-
aminocarbonyl, -NH-CH(=NH), -NH-C(=NH)(NH;},
-CH(=NH)CHjs, (Ci-Cy)-alkyl, (Cs-Cio)-aryl and 5- or

6-membered heteroaryl,
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R vepresents hydrogen oy (Ci-Cy)-atkyl,

Q represents a bond, CH, or NH,

k represents an integer 1 or 2, and

* is the linkage site to the residue represented by A, and
whereby aryl and heteroaryl further may be substituted with one
or two substituents selected independently of one another from
the group consisting of halogen, cyano, amino, hydroxy, (Ci-
Cy-alkyl, (Ci-Cyj-alkoxy, mono- or di-(C;-Cy)-alkylamino, ami-
no-(C-Cy)-alkyl, hydroxy-(C:-Cs)-alkyl or carboxy,

whereby alkyl, alkoxy, alkylamino, aminoalkyl, hydroxy-

alkyl and carboxy in turn may be substituted with a sub-

stituent selected from the group consisting of halogen,

(Ci-Cy)-alkyl and carbonyt, and

I represents an integer 0 or 1

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

3. Compound according to claim 1 or 2, characterized in that

R!and R? independently of one another represent hydrogen or (Ci-Cq)-
alkyl, or

R! and R? together with the carbon atom to which they are bonded form a
(C5-Cg)-cycloalkyl,
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represents -(SO2)OH or -O-(CH2)o~(SO2)OH,

wherein o is an integer O or 1, and

wherein any CHz-group contained in the residues which R* rep-
resents may be substituted with one or two (C:-Cy)-alkyl-
residues,

represents CH,

represents an alkyl-chain having two or three carbon atoms,
whereby the alkyl-chain may be substituted with one or two
substituents selected independently of one another from the
group consisting of carboxy, aminocarbonyl, methyl, hy-
droxymethyl, hydroxyethyl,

represents O

represents phenyl or 5- or 6-membered heteroaryl,

whereby phenyl and heteroaryl are substituted with a substitu-

ent of the following formula

R
* R3b or g
a7 N */( e
ézb N
R

wherein
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R™, R*® and R® independently of one another represent
hydrogen, amino, hydroxy, (C;-Cy)-alkyl or 4-, 5-, 6- or 7-

membered heterocyclyl,

whereby heterocyclyl may be substituted with one
or two substituents selected independently of one
another from the group consisting of amino, car-
boxy, mono- or di-(Cy-Cy)-alkylamino, and (C;-Cy)-
alkyl, and

whereby alkyl may be substituted with one or two
substituents selected independently of one anoth-
er from the group consisting of hydroxy, amino,
carboxy, carbonyloxy, aminocarbonyl, carbonyla-
mino, mono- or di-(C;-Cy)-alkylamino, mono- or
di-(Cy-Cy)-alkylaminocarbonyl, -NH-CH(=NH),
-NH-C(=NH)(NH>), phenyl, 6-membered heteroaryl

and 5- or 6-membered heterocyclyl, or,

R* and R* together with the nitrogen atom to which
they are bonded form a 6-membered heterocycle includ-

ing one or two nitrogen atoms and R™ is hydrogen,

R* represents hydrogen or amino,

whereby amino may be substituted with one or

two (Ci-Ca)-alkyl substituents,

R represents hydrogen,

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

* is the linkage site to the residue represented by A, and
whereby phenyl und heteroaryl further may be substituted with
one or two substituents selected independently of one another
from the group consisting of halogen, cyano, amino, hydroxy,

(C-Cy)-alkyl or hydroxy-(C;-Cs)-alkyl,

whereby hydroxyalkyl in turn may be susbstituted with a
carbonyl substituent, and

1 represents O
and the salts thereof, the solvates thereof and the solvates of the salts thereof.
Compound according to any one of claims 1 to 3, characterized in that

R'and R? independently of one another represent hydrogen or methyl,

R3 represents -(SO;)OH or -O-(SO,)OH,
X represents CH,
Z represents an alkyl-chain having two or three carbon atoms,

whereby the alkyl-chain may be substituted with one or two
substituents, selected independently of one another from the

group consisting of carboxy and methyl,

Y represents O,
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A represents phenyl or 6-membered heteroaryl,

whereby phenyl and heteroaryl are substituted with a substitu-
ent of the following formula

wherein

R™ and R* represent hydrogen,

R® represents hydrogen, amino, hydroxy, (C;-Cy)-alkyl or

4-, 5- or 6-membered nitrogen-containing heterocyclyl,

whereby alkyl may be substituted with a substitu-
ent selected from the group consisting of hydroxy,
amino, carboxy, carbonyloxy, mono- or di-(Cy-Cy)-
alkylamino, -NH-CH(=NH), -NH-C(=NH)}{(NHz), 5-
or o6-membered nitrogen-containing heteroaryl
and 5- or 6-membered nitrogen-containing hetero-

cyclyl,
Q represents a bond,
* is the linkage site to the residue represented by A, and
whereby aryl and heteroaryl further may be substituted with one

substituent selected from the group consisting of halogen, cy-

ano, amino, hydroxy, (C;-Cq)-alkyl or hydroxy-(Ci-Cs)-alkyl, and
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represents 0

PCT/EP2013/051217

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

Compound according to any one of claims 1 to 4, characterized in that

R! and R?

R3

represent methyl,

represents -O-(SO,)OH,

represents CH,

represents an alkyl-chain having two carbon atoms,

whereby the alkyl-chain may be substituted with a carboxy sub-

stituent,

represents O,

represents phenyl substituted with a substituent of the following

formula

wherein

R™ and R* represent hydrogen,



WO 2013/110643

PCT/EP2013/051217

274

R®  represents aminoethyl, azetidine, pyrrolidine or

piperidine,

Q represents a bond,

* is the linkage site to the residue represented by A, and

represents O

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

R and R?

R3

Compound according to any one of claims 1 to 5 characterized in that

represent methyl,

represents -O-(SOz)OH,

represents CH,

represents a two carbon alkyl-chain, substituted with a carboxy

substituent,

represents O,

represents phenyl substituted with a substituent of the following

formula
> R
I
LA R
E 2b
wherein R

R*™ and R* represent hydrogen,
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R*® represents aminoethyl, azetidine, pyrrolidine or piper-

idine,

Q represents a bond,

* is the linkage site to the residue represented by A, and

| represents 0

and the salts thereof, the solvates thereof and the solvates of the salts thereof.
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7. Compound according to claim 1, characterized in that
A represents a group selected from the following formulae
EH NH NR
Cl F
NH ’
i E NH E@H
« Xy
?\EH !i\lH
/d Q;f Y Oy
E! NH Ii\gH
A sg.
N, AN N - H HN \NH
NH
NH  NH,
NH
@ 5 AKL .
| /\\/
OH 0 ;
NH~°— N, OH  NH,
NH '
NH
NH
~ ’ NH
’ A %
NH ’
" ;
I I S
NH
N NH e |
L NH Ny NH /\1‘/ NH
] oK *)\/ H
o ]/ N
Ie) N
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E.. l:dH

N N~§
N {
HZN/J N E "o N

NH MR NH N+
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and the salts thereof, the solvates thereof and the solvates of the salts thereof.

8. Compound which is

(27)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoyl-3-hydroxyphenoxy)-
ethoxylimino}-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yl]ethanamide

(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{{2-(4-carbamimidoyl-3-hydroxy-

phenoxy)ethoxyjimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(6-carbamimidoylpyridin-3-

yl)oxylethoxylimino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(27)-2-(2-Amino-1,3-thiazol-4-yl}-2-({2-{(6-carbamimidoylpyridin-3-
yhoxylethoxy}imino)-N-[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-

yijethanamide

(28,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(5-carbamimidoylpyridin-2-

ylyoxylethoxylimino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylphenyl)sulfanyl]-

ethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(27)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-
carbamimidoylphenyl)sulfanyllethoxy}limino)-N-[(3S)-2,2-dimethyl-4-0x0-1-

(sulfooxy)azetidin-3-yllethanamide

(25,38)-3-{{(22)-2~(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylphenyl)-

aminolethoxy}limino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoylphenoxy)-

ethoxylimino}acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)ethoxy]imino}-N-
[(2R,3S)-2-methyl-4-0x0-1-(sulfooxy)azetidin-3-yl]ethanamide

(2R,3S8)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)-

ethoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

{{(2S,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1}-2-{[2-(4-carbamimidoylphenoxy)-

ethoxyliminol}acetyljamino}-2-methyl-4-oxoazetidin-1-yljoxy}methanesulfonic acid

(27)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoyl-3-
methylphenoxy)ethoxylimino}-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-

yllethanamide

(2S,3S8)-3-{{(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoyl-3-

methylphenoxy)ethoxylimino}acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(2-carbamimidoylpyridin-4-
ylhoxylethoxylimino)-N-[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-

yilethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)ethoxy]imino}-N-
[2-0x0-1-(sulfooxy)-1-azaspiro[3.4]oct-3-yl]ethanamide

(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{{2-(4-carbamimidoylphenoxy)-2-

methylpropoxy]imino}acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2S,3S)-3-{[(27)-2-(2-Amino-1,3-thiazol-4-y1)-2-({{ 1-(4-carbamimidoylphenoxy)-2-

methylpropan-2-ylJoxy}limino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2S,39)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoyl-2-

fluorophenoxy)ethoxylimino}acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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(28,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoyl-2-

chlorophenoxy)ethoxylimino}acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2~({2-[4~(N-hydroxycarbamimidoyl)-

phenoxylethoxyjimino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylpyridin-2-
yhoxylethoxy}imino)-N-[(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-
yllethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y)-N-{(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-
yi]-2-[(2-{4-[N-(piperidin-4-yl)carbamimidoyl]phenoxy}ethoxy)imino]ethanamide

(22)-2-[(2-{4-[N-(2-Aminoethyl)carbamimidoyljphenoxy}ethoxy)imino]-2-(2-amino-
1,3-thiazol-4-y1)-N-[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yllethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[4-(4,5-dihydro-1H-imidazol-2~
yhphenoxylethoxy}imino)-N-[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
vilethanamide

(28 and 2R)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(2S,3S)-2-methyl-4-ox0-1-sulfo-
azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)-3-(4-carbamidinoyl-

phenoxy)propanoic acid

(28 and  2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0-1-
(sulfooxy)azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)-3-(4-carbamimidoyl-

phenoxyjpropanoic acid

(28,38)-3-{{(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(6-carbamimidoylpyridazin-3-

yhoxylethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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(22)-2~(2-Amino-1,3-thiazol-4-yl)-2-({2-[(6-carbamimidoylpyridazin-3-yl)oxy]-
ethoxy}imino)-N-[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yl]ethanamide

(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(5-carbamimidoylpyrazin-2-

yl)oxylethoxylimino)acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(4-carbamimidoyl-1,3-thiazol-2-

yhoxylethoxy}liminojacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-(2-[(4-carbamimidoylthiophen-2-~

yl)methoxylimino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-({2-[(6-carbamimidoyl-5-hydroxypyridin-3-
yloxyJethoxy}imino)-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yljethanamide

(258 and  2R)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0-1-
(sulfooxy)azetidin-3-yl]lamino}-2-oxoethylidenejamino}oxy)-3-(4-carbamimidoyl-3-

hydroxyphenoxy)propanoic acid

(25,38)-3-{[(2Z)-2-{[2~(2-Amino-4-carbamimidoylphenoxy)ethoxy]imino}-2-(2-amino-
1,3-thiazol-4-yl)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2S and 2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-
(sulfooxy)-azetidin-3-yllamino}-2-oxoethylidenelamino}oxy)-3-[(6-

carbamimidoylpyridin-3-yl)oxy]propanoic acid

(28, 38)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-[{3-(4-carbamimidoylphenoxy)-

propoxylimino}-acetyl]-amino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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(27)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(3S)-1-hydroxy-2,2-dimethyl-4-oxoazetidin-3-yl]-
2-({2-[4~-(N-{2-[(iminomethyl)amino]ethyl}carbamimidoyl)phenoxylethoxy}limino)-

ethanamide

(27)-2-(2-Amino-1,3-thiazol-4-y1)-N-{(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-
y11-2-{{2-(4-{N-[(3S)-pyrrolidin-3-yl]carbamimidoyljphenoxy)ethoxylimino}-

ethanamide

(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-{N-[2-(dimethylamino)ethyl]carbamimido-
yl}phenoxy)ethoxylimino}-N-{(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yl]-

ethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-carbamimidoylphenoxy)ethoxylimino}-N-
[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yllethanamide

(4S)-4-{[{4-[2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-0x0-1-
(sulfooxy)-azet-idin-3-yl]lamino}-2-oxo-ethylidene]-amino}-oxy)-ethoxy]-phenyl}-
(imino)methyl]amino}-N,N-dimethyl-L-prolinamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-N-{(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
y1-2-{[2-(4-{N-[(3S)-1-ethanimidoylpyrrolidin-3-yl]carbamimidoyl}phenoxy)ethoxy]-

iminojethanamide

(2R and 2S5)-3-{4-[N-(2-Aminoethyl)carbamimidoyllphenoxy}-2-({[(1Z)-1-(2-amino-
1,3-thiazol-4-yl)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-ylJamino}-2-oxo-

ethylidene]amino}-oxy)-propanoic acid

(27)-2-(2-Amino-1,3-thiazol-4-yD)-2-({[(2R  and  25)-1-(4-carbamimidoylphenoxy)-3-
hydroxypropan-2-yljoxylimino)-N-{(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-

yllethanamide
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3-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azeti-
din-3-ylJamino}-2-oxoethylidene}amino}oxy)-4-(4-carbamimidoylphenoxy)butanoic

acid

(2Z2)-2-(2-Amino-1,3-thiazol-4-yl)-2-{{2-(4-carbamimidoylphenoxy)ethoxylimino}-N-
[(25,38)-2-methyl-4-ox0-1-(sulfooxy)azetidin-3-yljethanamide

(2R,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{{3-(4-carbamimidoylphenoxy)prop-

oxyliminojacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-{[(272)-2-(2-Amino-1,3-thiazol-4-yl)-2-{{2-(2-bromo-4-carbamimidoylphen-

oxy)ethoxyliminojacetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{{(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidamidophenoxy)-

ethoxyjiminolacetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[3-(4-carbamimidamidophenoxy)-

propoxylimino}acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(2Z)-2-(5-Amino-1,2,4-thiadiazol-3-y1)-2-{{2-(4-carbamimidoylphenoxy)ethoxy}-
imino}-N-[(2S,3S)-1-hydroxy-2-methyl-4-oxoazetidin-3-yljethanamide

(25,38)-3-{{(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(3-carbamimidoylphenoxy)-

ethoxylimino}acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-({(272)-2-(2-Amino-1,3-thiazol-4-y1)-2-{(2-{4-[N-(propan-2-yl)carbamimidoyl}-

phenoxyjethoxy)iminolacetyljamino)-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[(4-carbamimidoylbenzyl)oxy]-

iminolacetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid



WO 2013/116643 PCT/EP2013/051217

284

(25,38)-3~{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(4-carbamimidoylthiophen-2-

yhmethoxylethoxy}limino)acetyl]lamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{{(4-carbamimidoylbenzyl)oxylimino}-N-[(3S)-2,2-
dimethyl-4-oxo-1-(sulfooxy)azetidin-3-ylJethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-{{3-(4-carbamimidoyiphenoxy)propoxylimino}-N-
[(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yl]ethanamide

(2S,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[4-carbamimidoyl-2-(hydroxy-
methyl)phenoxyjethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic

acid

(2S,38)-3-({(27)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-{4-carbamimidoyl-2-[(formyloxy)-
methyljphenoxylethoxy)iminojacetyljamino)-2-methyl-4-oxoazetidine-1-sulfonic

acid

(2S,38)-3-{[(22)-2-(2-Amino-5-chloro-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphen-

oxy)ethoxyliminojacetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-{[(22)-2-({2-[4-(2-Amino-2-iminoethyl)phenoxylethoxy}imino)-2-(2-amino-

1,3-thiazol-4-yl)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,38)-3-({(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-[(2-{4-[(2-formylhydrazinyl){imino)-
methyl]phenoxylethoxy)iminolacetyllamino)-2-methyl-4-oxocazetidine-1-sulfonic

acid

(2S,38)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-{4-[hydrazinyl(imino)methyl]-

phenoxylethoxy)iminoJacetyl}lamino)-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(5-carbamimidoyl-1,3,4~thiadiazol-

2-yl)oxylethoxylimino)acetyljamino}-2-methyl-4-oxoazetidine-1-sulfonic acid
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(2S,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-yl)-2-{[2-(4-carbamimidoylphenoxy)ethoxy]-

iminolacetyljamino}-2-carbamoyl-4-oxoazetidine-1-sulfonic acid

(28,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(3-carbamimidoyl-1,2-oxazol-5-

yhoxylethoxy}limino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,38)-3-{{(27)-2-(2-Amino-1,3-thiazol-4-yl)-2-((2-[4-(N-methylcarbamimidoyl)phen-

oxylethoxy}imino)acetyllamino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(25,3S)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-{4-[N-(2-hydroxyethyl)carbamimi-

doyl]phenoxyjethoxy)iminolacetyl}amino)-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,35)-3-{[(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-{[2-(4-{N-[2-(formyloxy)ethyl]carbam-

idoyl}phenoxy)ethoxylimino}acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic acid

(28,35)-3-{[(2Z2)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(3-carbamimidoyl-1-methyl-1H-
pyrazol-S-yl)oxylethoxy}imino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic

acid

(25,35)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(5-carbamimidoyl-1-methyl-1H-
pyrazol-3-yloxyjethoxy}imino)acetyl]amino}-2-methyl-4-oxoazetidine-1-sulfonic

acid

N-[{4-[2-({{(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)ethoxy]phenyl}(imino)methyl]-

glycine

(2Z2)-2-(2-Amino-1,3-thiazol-4-y1)-2-({2-[(2-carbamimidoyl-5-methyl-1,3-thiazol-4-
yljoxylethoxy}imino)-N-{(35)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yljethan-
amide
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2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azeti-
din-3-yljamino}-2-oxoethylidene]amino}oxy)-3-(4-carbamimidoylphenoxy)propan-

amide

(272)-2-(2-Amino-1,3-thiazol-4-y1)-N-[(35)-2, 2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-3-
y11-2-{(2-{4-[N-(pyridin-2-ylmethylcarbamimidoyl]phenoxylethoxy)imino]ethan-

amide

{1(2S,35)-3-{[(2Z)-2-[(2-{4-[N-(2-Aminoethyl)carbamimidoyl]phenoxy}ethoxy)imino}-
2-(2-amino-1,3-thiazol-4-ylacetyllamino}-2-methyl-4-oxoazetidin-1-ylloxy}methane-

sulfonic acid

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{(2-{4-[N-(2-carbamimidamidoethyl)carbamimido-
yl]phenoxylethoxy)imino]-N-[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yl]-

ethanamide

1-2-{{{4-[2-({[(12)-1-(2-Amino-1,3-thiazol-4-yl1)-2-{[(3S)-2,2-dimethyl-4-0x0- 1 -(sulfo-
oxy)azetidin-3-ylJamino}-2-oxoethylidene]amino}oxy)ethoxylphenyl}(imino)-
methyllamino}ethyl)-1-methylpyrrolidinium chioride

(22)-2-(2-Amino-1,3-thiazol-4-y1)-N-{(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidirn-3-
yl]-2-{(2-{4-[imino(piperazin-1-yl)methyl]phenoxy}ethoxy)iminolethanamide

(27)-2-(2-Amino-1,3-thiazol-4-yl)-2-({{1-(4-catbamimidoylphenoxy)- (ZR and 2S)-4-
hydroxybutan-2-yljoxy}imino)-N-{(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-

yljethanamide

(2Z)-2-{[2-({6-[N-(2-Aminoethyl)carbamimidoyl}pyridin-3-yljoxy)ethoxylimino}-2-(2-
amino-1,3-thiazol-4-y1)-N-{(3S)-2,2-dimethyl-4-0xo-1-(sulfooxy)azetidin-3-yllethan-

amide
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(2Z)-2-[(2-{4-[N-(3-Aminopropyl)carbamimidoyljphenoxy}ethoxy)iminoj-2-(2-amino-
1,3-thiazol-4-y1)-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljethanamide

(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-[(2-{4-[N-(1,3-diaminopropan-2-yl)carbamimido-
vl]phenoxy}ethoxy)imino]-N-[(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yi]-

ethanamide

(27)-2-{[2-(4-{N-[(2R)-1-Amino-3-hydroxypropan-2-yljcarbamimidoyl}phenoxy)-
ethoxylimino}-2-(2-amino-1,3-thiazol-4-y1)-N-[(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)-

azetidin-3-yllethanamide

(2Z)-2-({2-[4-(5-Amino-1,4,5,6-tetrahydropyrimidin-2-yl)phenoxyJethoxy}imino)-2-
(2-amino-1,3-thiazol-4-y1)-N-[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-yl]-

ethanamide

(2R and 2S5) 3-({{(1Z2)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(3S)-2,2-dimethyl-4-0x0-1-
(sulfooxy)azetidin-3-ylJamino}-2-oxoethylidenejamino}oxy)-2-(4-catbamimidoy!-

phenoxy)propanoic acid

(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yljamino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[(3R)-piperidin-3-yl]carb-

amimidoyljphenoxy)propanoic acid

(2R)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1}-2-{[(3S5)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yljamino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[(3R)-piperidin-3-yl]-
carbamimidoyl}jphenoxy)propanoic acid

{139)-3-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-{{(4-carbamimidoylbenzyl)oxylimino}-

acetyllamino}-2,2-dimethyl-4-oxoazetidin-1-ylJoxy}methanesulfonic acid
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(2Z2)-2-[(2-{4-[5-(Aminomethyl)-4,5-dihydro-1H-imidazol-2-yl]phenoxylethoxy)-
imino}-2-(2-amino-1,3-thiazol-4-yl)-N-[(35)-2,2-dimethyl-4-oxo0-1-(sulfooxy)azetidin-
3-yljethanamide

(35)-3-({(22)-2-(2-Amino-1,3-thiazol-4-y1)-2-[(2-{4-{N-(pyrazolidin-4-yl)carbamimido-
yllphenoxylethoxy)iminolacetyl}amino)-2,2-dimethyl-4-oxoazetidine-1-sulfonic acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(3S)-2,2-dimethyl-4-0x0-1-sulfoazeti-
din-3-yljamino}-2-oxoethylidene]amino}oxy)-3-(4-{N-{(3S)-pyrrolidin-3-yl]carbam-
imidoyl}phenoxy)propanoic acid

(28)-3-{4-[N-(2-Amino-2-methylpropyl)carbamimidoyl]phenoxy}-2-({[(12)-1-(2-
amino-1,3-thiazol-4-y1)-2-{{(35)-2,2-dimethyl-4-0x0-1-(sulfooxy)azetidin-3-yljamino}-

2-oxoethylidenejaminojoxy)propanoic acid

29)-2-({{(1Z2)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylideneJaminojoxy)-3-(4-{N-[2-(methylamino)ethyl]-

carbamimidoyl}jphenoxy)propanoic acid

(28)-2-({{(1Z2)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-0xo-1-sulfo-
azetidin-3-ylJamino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[(3R)-pyrrolidin-3-yl]carb-
amimidoyljphenoxy)propanoic acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-([(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)-
azetidin-3-yljamino}-2-oxoethylidene]amino}oxy)-3-{4-[N-(piperidin-3-yl)carbam-
imidoyl|phenoxy}propanoic acid

(28)-2-({[(12)-1-(2-Amino-1,3-thiazol-4-y1)-2-{{(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yljamino}-2-oxoethylidenelamino}oxy)-3-{4-IN-(pyrrolidin-2-yimethyl)-

carbamimidoyl}phenoxy}propanoic acid
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(25)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidenelaminojoxy)-3-{4-[N-(piperidin-2-ylmethyi)-

carbamimidoyljphenoxy}propanoic acid

(25)-3-{4-[N-(trans-(R,R and §,5)-2-Aminocyclopropyl)carbamimidoyl]phenoxy}-2-
({1(12)-1-(2-amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-

3-yllamino}-2-oxoethylidenelamino}oxy)propanoic acid

(25)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-ox0-1-sulfoazeti-
din-3-ylfamino}-2-oxoethylidene}amino}oxy)-3-(4-{N-{(3S)-1-methylpyrrolidin-3-yl]-

carbamimidoyl}-phenoxy)-propanoic acid

(28)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(3S)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(1,3-diaminopropan-2-yl)-

carbamimidoyl]phenoxy}propanoic acid

(2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyl-4-oxo0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidenejaminojoxy)-3-{4-[N-(1,3-diaminopropan-2-yl)-

carbamimidoyl]phenoxy}propanoic acid

(25)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethy!-4-0x0-1-(sulfooxy)-
azetidin-3-yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(1H-imidazol-2-ylmethyl)-

carbamimidoyl]phenoxy}propanoic acid

(2R)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(38)-2,2-dimethyl-4-0x0-1-(sulfooxy)-
azetidin-3-ylJamino}-2-oxoethylidenelaminojoxy)-3-{4-[N-(1H-imidazol-2-ylmethyl)-

carbamimidoyljphenoxyl}propancic acid

(25)-3-{4-IN-(4-Aminopyrrolidin-3-yljcarbamimidoyl]phenoxy}-2-({[(1Z)-1-(2-amino-
1,3-thiazol-4-yl)-2-{{(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-yljamino}-2-

oxoethylidenelamino}oxy)propanoic acid
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(28)-2-({{{1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(35)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yljamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(azetidin-3-yl)carbamimidoyllphenoxy}propanoic
acid

(28)-2-({{(1Z)-1-(2-Amino-1,3-thiazol-4-y1)-2-{[(3S)-2,2-dimethyi-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-{4-[N-(piperidin-4-yl)carbamimidoyl]phenoxy}propanoic
acid

(28)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{{(3S)-2,2-dimethyl-4-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylideneJamino}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-oxo-1-(sulfooxy)azetidin-3-
yllamino}-2-oxoethylidenelamino}oxy)-3-(4-{N-[2-(pyrimidin-2-ylamino)ethyl]carbamimidoyl}-
phenoxy)propanoic acid

(2R)-2-({[(1Z)-1-(2-Amino-1,3-thiazol-4-yl)-2-{[(3S)-2,2-dimethyl-4-ox0-1-(sulfooxy)azetidin-3-
ylJamino}-2-oxoethylidene]amino}oxy)-3-(4-{N-[2-(pyrimidin-2-ylaminoc)ethyljcarbamimidoyl}-
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 the manufacture of a
medicament for treating and/or preventing diseases, in particular bacterial infections,
especially with Gram- negative bacteria.
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10.  Method for the preparation of a compound of formula (I) according to claim 1

comprising removing the protecting group from a compound of formula

0
(CH,),
Y
1
N’O
1
N .
Iad S B rw
S IR
O R

in which Pg represents a protecting group and R*-R3, A, 1, X, Y and Z are as de-

fined in claim 1.

11.  Method according to claim 10, characterized in that compound (II) is prepared

by reacting a compound of formula

0
fCHz)!
Y

|
N

|
Pg N\H\H/OH (I

I
~X 0

in which Pg represents a protecting group and A, 1, X, Y and Z are as defined

in claim 1, with a compound of formula

N,
© RO (Iv),
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in which R', R2and R® are as defined in claim 1.

Use of a compound according fo 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 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 af least one further active compound.

Medicament according to claim 14, characterized in that the further active compound is a

Slactamase inhibitor.

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

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

Use of a medicament according to any one of claims 14 to 16 for the manufacture of a
medicament for treating and/or preventing bacterial infections.



