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(57) Abstract: The invention relates to compounds of formula (I); wherein R! R?, R*, R*, R’, and R6 as defined herein. The inven-
tion also relates to pharmaceutical compositions and methods of treating bacterial infections using compounds ot formula (I),
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MONOCARBAMS
Figld of the Invention

The present invention relates to Monocarbam compounds and their use
as antibacterial agents in animals, including humans. The invention also
refates to methods of preparing compounds, intermediates useful in preparing
compounds, and pharmaceutical compositions containing compounds. The
present invention further includes methods of treating disease, e.g., bacterial
infections by administering compounds or compositions to subjects in need of
suich treatment.

Background of the invention

Monocarbams are a class of synthetic monocyclic beta-lactam
antibacterial agents which have as their salient feature, a substituted
sulfonylaminocarbonyl activating group at the N-1 position. The early studies in
this area were conducted by workers at the Squibb Institute for Medical
Research, Cimarusti, C. M. & R.B. Sykes: Monocyclic B-lactam antibiotics.
Med. Res. Rev. 4: 17~20, 1884, Monocarbams have also been previously
discussed in EP 0281289, published September 7, 1988. These and all
decuments cited herein are fully incorporated in their entirety by reference
herain.

Although not limiting to the present invention, it is believed that
monocarbams of the present invention exploit the iron uptake mechanism in
bacteria through the use of siderphore-monobactam and siderphore-
monocarbam conjugates. Barbachyn, M. R, Tuominen, T. C.; Synthesis And
Structure-Activity  Relationships of Monocarbams Leading fo U-78608.
Journal of Antibiotics Vol XLIH No. 9 119891203, 1980, Thus, at least in
general terms, the activity and mechanism of action of monocarbams are
generally known, although the present invention is not bound or limited by any
theory.

There is a continuing need for new antibiotics, such as monocarbams, in
response to the increasing emergence of resistant organisms and to improve

safety, among other reasons.
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Summary of the Invention

The present invention relates to certain compounds of formula (1), their
preparation and useful intermediates, pharmaceutical compositions thereof,
and mathods of treating and preventing bacterial infections therewith. In many
embodiments, the compounds are active and effective against organisms that
are resistant to other antibiotics.

in particular, the present invention relates to a compound of formula (i)

Rb
OH
R‘i‘““‘i“‘“RS Q «
0 N\
N \»\‘ /
N AR R j
T NR
O O o H  f N—R!
S /x”» ..... N\ J“N“\GfN
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or pharmaceutically acceptable salt thereof, wherein

R' is (C-Cs)alky! substituted with 1 to 3 substituents selected from the
group consisting of hala, hydroxy, (C1-Celatkaxy, -NR'R?, -C{(=ONR'R®, and a
3 1o 7 membered heterocycle, wherein R” and R are independantly hydrogen
or {(C+-Calalkyl, wherein said hetercoycle containg 1 to 3 heleroatoms
independently selected fram O, N, or §;

R” is hydrogen or methyl;

Ris hydrogen or methyl;

R* is hydrogen, deuterium, or methyl optionally substituted with 1 to 3
substituents independently selected from & or Cf;

R® is hydrogen, deuterium or methyl optionally substituted with 1 to 3
subsiituents independently selected from F or Cl;

RPis H or -C(=0)OH; and

Xis C{H), C(F), C{ChH, or N.

in one embodiment, the compound of formula (1) has the formula (IA)
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or pharmaceutically acceptable salt thereof. In one embodiment R' is methyl
optionally substituted with 1 {o 3 substituents selected from F or Cl. In another
embodiment R* is hydrogen. in another embodiment R® is methyl optionally
substituted with 1 to 3 substiftuents selected from F or Cl.  in another
embodiment R* is hydrogen. In another embodiment R® is -C(=0)0H. In
another embodiment R® is hydrogen. In another embadiment X is C(F). In
another embodiment X is C{H).

in another embaodiment X is C{Cl). In another embodiment X is N. In
another embodiment R? is hydrogen. In another embodiment R? is methyl. In
another embodiment R is hydrogen. In another embodiment RYis methyl.

in yet another embodiment, R? is hydrogen; R’ is hydrogen; R® is
methyi; R®is methyl; R®is ~C(=0)0H; and X is C{H). In another embodiment,
additionally R’ is (Cy-Cslalkyl substituted with 1 to 3 substituents selected from
the group consisting of halo, hydroxy, -NH;, -C{=0ONH;, and a 3 o 7
membered heterocycle, wherein said heterocycle contains 1 to 3 heteroatoms
independently selected from O, N, or 8. Alternatively, in ancther embodiment,
R is (C+-Cslalkyl substituted with 1 fo 3 halo. Alternatively, in another
embodiment, R’ is {C1-Celalky! substituted with 1 to 3 hydroxy. Alternatively, in
another embodiment, R' is {C:-Cealky! substituted with 1 fo 3 NH,.
Alternatively, in another embodiment, R' is (C-Cealkyl substituted with
-C{=0INH,. Alternatively, in another embodiment, R' is a 3-7 memberad
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heterooycle, wherein  said  helerocycle  contains 1
independently selected from O, N, or &.
in one particular embodiment, the invention is:
OH
Q

5 or a phammaceulically acceptable salt thereof.
In another particular embodiment, the invention is:
OH

o)
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or a pharmaceutically acceptable salf thereof.
in another particular embodiment, the invention is:
OH
Q

HN—~¢ J/[\“/ j;jT g_,,\ NH

\ -

10
or a pharmaceutically acceptable salf thereof.

in another particular embodiment, the invention is;

N
rx \\ }"/

heteroatoms
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or a pharmaceutically acceptable salf thereof.
In another particular embodiment, the invention is;

OH

OH
%/1*0 0 {
.0
N H N\NH
o<
o N ZS'N \\-f

© e
5 or a pharmaceutically acceptable salt thereof.

in another embodiment, the compound of formula | has the formula (IB):

OH
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L
N N
H
" ] ¥ NH
d Y =
o Q0 O

{IB}
wherein R' is selected from the group consisting of
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and pharmaceutically acceptable salls thereof.
in one embodiment the invention is a compound of formula (IB) wherein

R is selected from the group consisting of:

SUYTOH e N0
OH

OH OH

‘Q{/\«/’“ “OH - %’{{\f%‘ . and 51{«\\_’}
OH OH

and pharmaceutically acceptable salls thereof.
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In another embodiment the mvention is a compound of formula (IB)

wherein R' is selected from the group consisting of:

-Q byt A ) S
s’l«/\L} S L} ‘ ?’H/\‘f: O>

and pharmaceutically acceptable salts thersof.
5 in another embodiment the invention is a compound of formula (iB)

wherein R' is selected from the group consisting of:

-

Y ?g . Yok, z{)\fo\

"{"\/O\ , and 77{,\\/ O~

and pharmaceutically accepiable salts thereof.,
in another embodiment the invention is & compound of formula (iB)
10 wherein R’ is selected from the group consisting of:

AR S AU S

7

——

5. ~310 H |
‘l{; \b ’ ‘?I?f’“\ja\ . and 5 O
%, kN

and pharmaceutically acceplable salts thereof.

O“

In one embodiment, the pharmaceutically acceptable salt of compounds
of the invention is a potassium or sodium salt.
15 in one embodiment, the pharmaceutically acceplable salt of compounds
of the invention is a bis-potassium or bis-sodium salt.
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In another embodiment, the mnvention s a pharmaceutical composition
comprising the compounds described above, or pharmmaceutically acceptable
gall thereof, and a pharmaceutically acceptable carrier.

in anothar embodiment, the invention is a method for the treatment of a
bacterial infection In 8 mammal comprising administering to said mammal an
amount of a compound of formula (i) or pharmaceutically acceptable salt
thereof that is effective in treating a bacterial infection. In one particular
embodiment the baclenal infection is resistant or susceptible. In ancther
particular embodimant, the bacterial infection is MDR {multi-drug resistant). In
one embodiment, the bacterial infection is selected from the group consisting of
raspiratory tract infections, lung infection in cystic fibrosis patients, complicated
urinary fract infections, burn infections, wound infections, blood infections,
complicated skin and soft tissue infections, nait infections, ear idections,
infections caused from medical devices, infections caused from a catheter,
noscomial pneumonia, ventilator-associated pneumonia (VAP), community-
acquired pneumoenia (CAP)Y, bacleremia, hot-tub rash {dermatitis), and post-
operative infection in radial keratotomy surgery in humans. I ancther
embodiment, the bacterial infection s selected from the group consisting of
Nosocomial pneumonia, ventilator-associated pneumonia {(VAP), complicated
UTl {unnary tract infection), complicated skin and skin structure, and
bacteremia. In another embodiment, the bacterial infection is a bum infection.
in ancther embodiment, the bacterial infection is a lung infection in cystic
fibrosis patients.

The present invention aiso relates to a method of freating infection
caused by Pseudomonas aeruginoesa, Escherichia coll, a Klebsiella species, or
an Acingiobacler species, comprising administering a therapeutically effective
amount of the compound of formula (I) or pharmaceutically acceptable salt
thereof 1o & mammalian subject in need thereof. In one particular embodiment,
the infection is caused by Pseudomonas aeruginosa.

The present invention also relates to a method of treating infection by

Pseudomonas aeruginosa that is resistant {o doripenem, meropenem of



WO 2010/070523 PCT/IB2009/055544

piperaciliin comprising admiristering a therapeutically effective amount of the
compound of formula (1) or pharmaceutically acceptable salf thersof to a
mammalian subject i need thereof.
The present invention also relates fo a composition comprising a
5 compound of formula (I}, or pharmaceutically acceptable salt thereof, and an
additional antibacterial agent selected from the group consisting of beta-
lactams, aminoglycosides, polymyxins, penicilling, and lincosamides. In one
embodiment, the additional antibacterial agent is a beta-lactam selected from
the group consisting of cephalosporing, carbapenems, and betfa-lactamase
10 inhibitors or beta-lactam/beta-lactamase inhibitor combinations.  In ancther
embodiment, the additional antibacterial agent is selected from the group
consisting of clindamycin, metronidazole, imipenem, meropenem, doripenem,
ertapenem, cefoletan, cefepime, and cefpirome, or a third generation
cephalosporin. In one particular embodiment, the additional antibacterial agent
16 ig cefepime. In another embodiment, the addition antibacterial agent is
mearopenem. In another embodiment of the compaosition, the compound is:

or a pharmaceutically acceptable salt thereof In another embodiment of the
composition, the compound is:
OH

20 o
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or pharmaceutically acceptable salt thereof.  In ancther embodiment of the
compaosition, the compound is:
OH

OH
_\’/kg Q
.0 N

h% H \ MNH
HgN*{’NﬂN
4 - O OJ:_, H\ ,' y

or pharmaceutically accaptable salt thereof. In another embodiment of the

5  composition, the compound is:

or pharmaceutically acceptable salt thereof. In another embodiment of the
compoasition, the compound is:
OH

T e
" ﬂ 3-:, NH

fz \‘

“‘2

° s
10 or pharmaceutically acceptable salt thereof.
In another embodiment, the composition i one of the specific
compounds shown above and the additional anti-bactenal agent is cefepime.
In ancother embodiment, the composition is one of the specific

compounds shown above and the additional anti-bacterial agent is meropenem.
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The present invention also relates to a complex or chelate comprising a
compound of formula (1) or a pharmaceutically acceptable salt thereof, as a
ligand and an iron {(+3) cation, wherein the ratio of ligand {o iron cation is fom
about 1:1 to about 311, respectively. in one embodiment, the ratio is about 3:1.

The present invention includes methods of treatment of the human or
non-human animal body, e.g., to combat or freat {including prevention)} bacterial
infections, comprising administering to subjects a useful or effective amount of
a compound of the invention, including a physiologically acceplable salt or
solvate thereof, and including compositions.

The compounds of the invention can also be combined with other active
ingredients as desired to attain combination therapy for more than one
condition or biological target. For example, the compounds of the invention can
be combined with other anti-infectives, or agents that increase the efficacy or
other properties of the anti-infective, e g., efffux inhibitors.

The compounds of formula (1) are useful Tor treating a patient suffering
from a disorder such as, e.9., 2 bacterial infection.

Bacterial infections amenable to treatment by compounds of formula (1),
pharmaceutical compositions, and methods of the present invention include
those caused by Acinefobacter baumannii, Acinefobacter spp., Bacleroides
fragilis, Cifrobacter diversus, Cifrobacter freundli, Enterobacter aerogenes,
Enterobacter cloacae, Escherichia coli, Haemophilus influenzae B-lactamase
negative, Haemophilus influenzae B-lactamase positive, Klebsiella oxytocs,
Klebsiella preurnoniae (including those encoding extended-gpectrum f3-
lactamases (hereinafter "ESBLS"), Legionefla pneumophila, Moraxella
catarrhalis [Hactamase-negative, Moraxella catarrhalis [-positive, Morganella
morganii, Neisseria meningitidis, Prevotella spp. (and members of the
Enterobacteriaceae that express ESBLs and AmpC-type beta-actamases that
confer rasistance to currently available cephalosporins, cephamycins and beta-
lactam/beta-lactamase inhibitor combinations), FProfeus mirabilis, Pseudomonas
aeruginosa, Salmonella/Shigella, and Serratia marcescens.
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The compounds of formuta () may, in one embodiment, be used to reat
a variety of hospital and community acquired infections such as respiratory fract
infections (including lung infection in cystic fibrosis patients), complicated
urinary tract infections, burn infections, wound infections, blood infections,
complicated skin and soft tissue infections, nail and ear infections, infections
caused from medical devices (e.g, catheter, eic.}, noscomial pneumonia
{including ventilator-associated pneumonia (VAP)), community-acquired
pneumonia {CAP), bacteremia, “hot-tub rash” (dematitis}, and post-operative
infection in radial keratotomy surgery in humans (hereinafier “the infections”).

In one embodiment, the infection is selected from the group consisting of
noscomial pneumonia, ventilator-associated pneumonia, complicated urinary
fract infections, complicated skin & skin structure infections, and bacteremia.

in one embodiment, the composition of the mvenbon comprises a
therapeutically effective amount of a compound of formuta (i) of the invention.

The nvention also relates to compositions of the nvention which
comprise any combination of one or more compounds of formula () and at Isast
one adddtional ingredient {hereinafter “the compositions of the invention™).

Non-imiting examples of the at least one additional ingredient include
impurities (e.g., intermediates present in the unrefined compounds of formula
{1)), active or pharmaceutical agenis as discussed bslow {8.g., ancther
antihacterial agent). pharmaceutically acceptable exeipients, or one or more
solvents {e.g., @ pharmaceutically acceptable carrier as discussed herein).

Compositions of the invention that are suitable for administration to a
patient in need thereof {e.g., a human) are also referred o herein as
“nharmaceutical compositions of the invention.”

Administration of the compounds of the present invention (hereinafter
the “active compound(s}’) can be effected by any method that enables delivery
of the compounds o the site of action. These methods include oral routes,
intraduodenat routes, parenteral injection (including infravenous, subcutaneous,
intramuscular, intravascular or infusion), topical, and rectal administration. In

one particular embodiment, the method of administration is infravenous.
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The pharmaceutical composition may, for example, be in a form suitable
for oral administration as a tablet, capsule, pill, powder, sustained release
formulation, solution, suspension, for parenteral injection as a steride solution,
suspension or emuision, for topical administration as an ointment or cream or
for rectal administration as a suppository.  The pharmaceutical composition
may be in unil dosage forms suitable for single administration of precise
dosages. The pharmaceutical composition will include a conventional
pharmaceutical carrier or excipient and a compound according 1o the invention
as an active ingredient. In addition, it may include other medicinal or
pharmaceutical agents, carriers, adjuvants, efc.

Exemplary parenteral administration forms include solutions or
suspensions of active compounds in sterlle agueous solutions, for example,
aqueous propylene glycol or dexirose solutions. Such dosage forms can be
suitably buffered, if desired.

Suitable pharmaceutical carriers include inert diluents or fillers, water
and various organic solvents. The pharmaceutical compositions may, if
desired, contain additional ingredients such as flavorings, binders, excipients
and the ke, Thus for oral administration, tablets containing various excipients,
such as gitric acid may be employed together with various disintegrants such as
starch, alginic acid and certain complex silicates and with binding agents such
as sucrose, gelatin and acacia.  Additionally, lubricating agenis such as
magnesium stearate, sodium lauryl sulfate and talc are often useful for {ableting
purposes. Solid compositions of a similar type may also be employed in soft
and hard filled gelatin capsules. Preferred materials, therefore, include lactose
or milk sugar and high molecular weight polyethylene glycols. When agueous
suapensions or elixirs are desired for oral administration the active compound
therein may be combined with various sweetening or flavoring agents, coloring
matters or dyes and, if desired, emulsifying agents or suspending agents,
together with diluents such as water, ethanol, propviene glycol, glycerin, or

combinations thereof.
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Methods of preparing varnous pharmaceutical compositions with a
specific amount of active compound are known, or will be apparent, o those
skilled in this art. For examples, see Remington's Pharmaceutical Sciences,
Mack Publishing Company, Easter, Pa., 15th Edition (1975).

The minimum amount of the compounds of formula () to be

administered is a therapeutically effective amount. The term "therapeutically
effective amount” means the amount of compound which prevents the onset of,
alleviates the symploms of, stops the progression of, and/or gliminates a
bacterial infection in a mammal, e.9., a human.

Typically, an effective dosing schedule of the compounds of formula (1)
of the invention for adults s about 50 mg to about 3000 mg of a compound of
formuia (1) in 3 single dose; in another embodiment, an effective single dose is
about 100 mg o about 2000 mg. In ancther embodiment, an effective single
dose is about 800 mg to about 1000 mg. Typically the dosages are given 110 4
fimes per day. In one embodiment, the dosages are given 3 times per day. In
some ¢ases, it may be necessary {0 use dosages ouiside these fimils,

The compounds of formula {1} of the invention may be administered in
combination with one or more additional medicinal or pharmaceutical agents
{“the additional active agent”). Such use of the compounds of formula {1} in
combination with an additional active agent may be for simultanecus,
separate or sequential use.

in one embodiment, the additional active agent is an antibacterial agent.

In one embodiment the antibacterial agent is g B-lactam. Non-limiting
examples of B-lactams include cephalosporing {e.g., cefepime, ceflazidime,
cefpirome, cefditoren pivaxil (Spectracef®), cefoperazone, ceffazidime, cefdinir,
cefoladime, cefpodoxime, cephalothin, cefaclor or cefixime), cephamyeins {e.q.,
cefotetan), carbapenems {e.g., imipenem, merocpenem, ertapsnem,
doripenem), bela-lactamase inhibitors and bela-dactam/beta-lactamase inhibitor
combinations such as suibactam, clavulanic acid, fazobactam and piperacillin in

combination with tazobactam (Zosyn®), and sulopenum.
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In another embodiment the antibacterial agent is may be selected from
aminoglycosides (e.g., amikacin, gentamicin, kanamycin, neomycin, netimicin,
paromomycin, rhodostreptomycin, streptomycin, tobramycin, apramycin, eic.),
polymyxins {e.g., polymyxin B, colistin}, fluocroquinclones (norfloxacin,
ciprofloxacin, levofloxacin (Levaquin®), moxifioxacin (Avelox®), or enoxacing,
penicilins {e.g., amoxicillin, ampicilin, eic), and lincosamides (e.g,
clindamyecin, incomyecin, etc.).

In another embodiment the additional anti-bacterial agent is selected
from metronidazole, glycopeptides (e.g., vancomycin, dalbavancin, telavancin,
oritivancing, oxazolidinones (e.q., linezolid), lipeopetides (e.q., daptomycin), and
tetracyclines including gyloyloyclines {e.g., tigecycline).

Other non-timiting examples of additional antibacterial agents can be
found in Waish and Wright, Chemical Reviews 105(2)391-384 (2008); and
Bush ef al., Current Opinion in Microbiology 7.466-476 (2004).

In one embodiment, the additional antibacterial agent is used in
combination with compounds or pharmacsutically acceptable salts of the
invention to lower the frequency of resistance. Examples include cefepime,
cefpirome, imipenem, meropenem, ertapenem, doripenem, sulopsnem,
ceftazidime, piperacillinflazobactam, ciprofioxacin, levofloxacin, moxifioxacin,
polymyxin B, and tigecycline.

in another embodiment, the additional antibacterial agent may be a
standard anti-anaerobe drug used in combination with compounds or
pharmaceutically acceptable salts of the invention to treat intra-abdominal
infections. Examples include clindamycin, mebtronidazole, imipenem,
meropsnem, doripenem, ertapenem, cefotetan, cefepime, cefpirome, and third
generation cephalosporing.

in another embodiment, the additional antibacterial agent may be an
acceptable anti-Gram positive agent used in combination with compounds or
pharmaceutically acceptable salts of the invention for empiric therapy to treat P
aeruginosa and all Enterobaleriaceae. Examples include vancomyain,

linezolid, daptomycin, dalbavancin, telavancin, and oritivancin.
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In one embodiment, the one or more addiional active agents, when
used, are administered prior to administration of a compound of formula (I}, in
gnother embodiment, the one or more additional aclive agenis, when used,
are administered after administration of a compound of formula {1). in another
embodiment, the one or more additional aclive agents, when used, are
administered at about the same time as administration of a compound of
formula (1).

The additional active agent may be administered by any route useful to
administer said additional active agent.

In one embodiment, the one or more additional active agents are
present in the pharmaceutical composition of the invention. Accordingly, in
gnother embodiment, the invention relates to a method of treating a patient
with a pharmaceutical composifion of the invention further comprising one or
more additional active agents.

it is to be understood that any section headings and subheadings herein
are for the convenience of the reader and are non-limiting. For example, the
subject matier in the Summary of the Invention has no special status solely as
a result of its placement in that section,

Unless otherwise indicated, the language and terms used in this
document are to be given ther broadest reasonable interpretation as
understood by the relevant skilled artisan.  In addition, in descriptions and
claims in which the subject matter {e.g., substiution at a given molecular
position) is recited as being selected from a group of possibilities, the recitation
is specifically intended {0 include any subset of the recited group. In the case
of multiple variable posifions or substiiuents, any combination of group or
variable subsets is also contemplated.

Unless otherwise stated, the following abbreviations have the following
meaning. “L” means “liter”, "mL" means “milliliter”, "mol” means "moles”, “mmol”
means “millimoles”, "Ac” means “acetyl”, "Ph” means “phenvl”, "B2” means
“berzoyl®’, “DCM” or "CH:Cl™ means “dichloromethane”, “DMS0O” means

“dimethyisulfoxide”, "MIC" means "minimum inhibitory concenfration”, "MS”
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means “Mass Spectrometry” (all samples herein were analyzed either by
LOMS-electrospray (gradient elution using acetonitrile, water, formic acid
mixtures) or probe APCH methods), "LCMS™ means “liquid chromatography
mass spectrometry”, ‘NMR” means ‘“nuclear magnetic resonance
spectroscopy” (All samples herein were run at 400 MHz on Varian instruments,
unless otherwise indicated), "THF” means “letrahydrofuran”, “spp.” means
“species” and “cfu” means “colony-forming umt”.

As used herein, the term “(C+Cslatkyl” refers to linear or branched
hydrocarbons {e.g., methyl, ethyl, n-propyl, isopropyh) of 1 to 6 carbon atoms
in fength.

Uniess otherwise indicated, the term “heterocycloalky!”, as used herein,
refer to non-gromatic cyclic groups containing ong or more heteroatoms,
preferably from one {o four heteroatoms, each preferably selected from oxygen,
sulfur and nitrogen. The heterocycloalkyl groups of this invention can also
include fing systems substituded with one or more oxo moisties. Examples of
non-aromatic heterocycloalkyl groups are aziridinyl, azetidiny, pyrrolidiny,
piperidiny, azepinyl, piperazinyl, 1,2.3,6tetrahydropyridiny, oxiranyl, oxetanyl,
fetrahydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl,
morpholine, thiomorpholino, thioxanyl, pyrraliny, indolinyl, 2H-pyranyl, 4H-
pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl, dihydropyranyl, dihydrothienyl,
dihydrofuranyt, pyrazaliding, imidazoliny, imidazolidiny, 3-
azabicyclo[3.1.0lhexanyl, 3-azabicyclo{4.1.0lheptanyd, quinolizinyl, quinuclidinyl,
1.4-dioxaspiro[4.5ldecyl, 1.4-dioxaspirof4 4inonyl, 1.4-dioxaspirofd.3joctyl, and
1. 4-dioxaspiro[4 2iheptyl.

Unless otherwise indicated, the term “heteroaryl”, as used herein,
refers to an aromatic ring containing one or more hetercatoms (preferably
oxygen, sulfur and nifrogen), preferably from one to four heteroatoms.
Examples of & to 6 membered helercaryls are pyridinyl, pyridaziny,

imidazolyl, pyrimidinyl, pyrazolyl, trigazolyl, pyrazinyl, tetrazoiyl, furyl, thienyi,
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isoxazolyl, thiszolyl, oxazolyl, isothiazolyl, pyrrolyl,  thiazinyl,  puninyl,

oxadiazolyl, thiadiazolyl, furazanvt.

The term "heterocycle” includes heteroary! and heterocycioalkyl rings as
well as non-aromatic heterocyclic rings containing zero or more double bonds.

Unless otherwise apparent of indicated, the compounds of the invention
and term "compound” in the claims embraces any pharmaceutically acceptable
salts or solvates, and any amorphous or crystal forms, or tautomers, whether or
not specifically recited in context. Similarly, a recitation is open to any material
or composition containing the recited compound (e.¢., a composition containing
a salt of a racemic mixture of compounds, tautomers, epimers, stereoisomaers,
impure mixtures, etc.).

The compounds of formula {1} may exist in unsolvated and solvated
forms. Thus, it will be understood that the compounds of the invention also
include hydrate and solvate forms as discussed below.

The term “solvent” as i relates o the compositions of the invention
includes organic solvents {e.g., methanol, ethanol, isopropanol, ethyl acetate,
methylene chioride, and tetrahydrofuran) and water. The one or more
soivents may be preseni in a non-stvichiometric amount, .., as a trace
impurity, or in sufficient excess to dissolve the compound of the invention.
Alternatively, the one or more solvents may be present in a stoichiometric
amound, &.g., 0.5:1, 1.1, or 2:1 molar ratio, based on the amount of compound
of the invention,

The term “solvate” is used herein o describe & noncovalent or easily
reversible combination between solvent and solute, or dispersion means and
disperse phase. it will be understood that the solvate can be in the form of a
sofid, slurry {e.g., & suspension or dispersion), or solution. Non-limiting
examples of solvenis include ethanol, methanol, propanol, acetonitrile,
dimethyl ether, diethyl sther, tetrahydrofuran, methylene chioride, and water.

The term ‘hydrate’ is employved when said solvent is water.
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A currently accepted classification system for organic hydrates is one
that defines isolated site, or channel hydrates - see Polymorphism in
Pharmaceutical Solids by K. R. Momis (Ed. H. G. Brittain, Marcel Dekker,
1885}, Isolated site hydrates are ones in which the water molecules are
isoclated from direct contact with each other by intervening organic molecules.
in channel hydrates, the water molecules lie in lattice channels where they are
next to cther water molecules.

When the solvent or water is tighlly bound, the complex will have a
well-defined stoichiometry independent of humidity. When, however, the
solvent or waler is weakly bound, as in channe! solvates and hygroscopic
compounds, the water/solvent content will be dependent on humidity and
drying conditions, In such cases, non-stoichiometry will be the norm,

Unless otherwise indicated, the term "pharmaceutically acceptable
salt{s)", as used herein, unless otherwise indicated, includes salts of acidic or
basic groups which can be present in the compounds. Compounds that are
basic in nature are capable of forming a wide variety of salfs with various
inorganic and organic acids.  The acids that can be used o prepare
pharmaceutically accepiable acid addition salis of such basic compounds are
those that form non-toxic acid addition salts. The compounds can form, e.g.,
sulfates, phosphates, citrates, acelates, Wsylates, succinates, besylates,
mesylates, lactates, and hydrochiorides. Basic salts can be mono or dibasic. In
one preferred embodiment, the salt is a fumarate.

Unless otherwise indicated, the terms "treatl,” "treatment,” and "freating”,
as used herein in the context of using the compounds of the present invention,
unless otherwise indicated, means reversing, alleviating, inhibiting the progress
of one or more symptoms of such disorder or condition.

As used hergin the term “patient” refers to a mammal such as, eg., a
human, dog, cat, horse, pig, cow, and the like. In one embodiment, the patient
is & human,

Unless otherwise indicated, the term "pharmaceutical composition”

refers to an active compound in any form suitable for effective administration {o
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a subject. e.g., a mixture of the compound and at least one pharmaceutically
acceptable carrier.

Unless otherwise indicated, the term “pharmaceutically acceptable
carrier” refers o a material that can be adminisiered to a subject together with a
compound in a pharmaceutical composition. The carrier should not destroy the
pharmacological activity of the compound and should be non-toxic when
administered in doses sufficient to deliver a therapeutic amount of the
compound.

The term "excipient” means an inert material that is combined with the
compounds of formula (1) to produce a pharmaceutical composition or oral drug
dosags form. The term "pharmaceutically acceptable excipient” means that the
excipient must be compatible with other ingredients of the composition, and not
deletenious {o the recipient therecof. The pharmaceufically acceptable
excipients are chosen on the basis of the intended dosage form.

Compounds of the present invention have asymmetric centers and
therefore can exist in different enantiomeric and diastereomeric forms. The
invention includes all optical isomers and sterevisomers, and mixtures thereof
in all ratios, and {o all pharmaceutical compositions and methods of eatment
that can employ or cantain them. Although specific compounds exemplified in
this application can be depicted in a particutar stereochemical configuration,
compounds having either the opposite stersochemistry at any chiral centers or
mixtures thereof are also envisioned. The foregoing can be present as
mixtures or enriched in any component {0 any degree. Where stereochemistiry
at a position s not specified, such s intended 0 encompass either
configuration or a mixture of any ratio.

Compounds of this invention include pharmaceutically acceptabie
derivatives ot prodrugs thereof. A "pharmacsutically acceptable derivative or
prodrug” means any pharmaceutically acceptable salt, ester, salt of an ester or
cther derivative of a compound that, upon administration to a recipient, is
capable of providing (directly or indirectly) a compound of this invention or a

metabolite or residue thereof Particularly favored derivatives and prodrugs of
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the invention are those that increase the biocavailability of the compounds when
such compounds are administered to a patient (e.g., by allowing an orally
administered compound t© be more effectively absorbed into the blood),
enhance delivery of the parent compound to a given biclogical compartment,
increase solubility to allow administration by injection, alter metabolism or alter
rate of excretion.

The compounds of formula {1} may exhibit polymorphism. Polymorphic
compounds of formula (1) may be prepared by crystallization of a compound of
the present invention under various conditions, For example, there may be
emploved varioug solvents {including water) or different solvent mixtures for
recrysiallization; crystallization at different temperatures; various modes of
cooling ranging from very fast to very siow cooling during crystallization.
Polymorphs may alsc be obiained by healing or melting a compound of the
present invention followed by gradual or fast cooling. The presence of
polymorphs may be determined by solid probe NMR spechroscopy, IR
spectroscopy, differential scanning calorimetry, powder X-ray diffraction or
other such techniques.

The present invention includes compounds wherein one or more
hydrogen, carbon or other atoms are replaced by different isotopes thereof.
Such compounds can be useful as research and diagnostic fools in metabolism
pharmacokinetic studies and in binding assays. These isotopicaliy-labeled
compounds are identical to those compounds of formula (1), but for the fact that
one or more atoms are replaced by an atom having an atomic mass or mass
number different from the atomic mass or mass number predominantly found in
nature. Examples of isofopes that can be incorporated into compounds of the
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, and suifur,
such as, but not fimited to, *H, °H, °C, ™C, N, 0, 70, and *°8, respectively,
The compounds of formuda (1} of the invention containing the aforementioned
isotopes andior other isotopes of these atoms are within the scope of this
invention. Certain isotopically-labeled compounds of formula (1), for example

those inta which radioactive isotopes such as “H and "C are incorporated, are
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useful in drug andfor substrate tissue distribution assays. Tritiated, i.e., °H, and
carbon-14, ie, "C, isotopes are patticuladly preferred for their ease of
preparation and detectability. Further, substitution with isolopes such as
deuterium, i.e., M, can afford certain therapeutic advantages resulting from
greater metabolic stability, for example increased in vivo haiflife or reduced
dosage reguireaments and, hence, may be preferred in some circumstances.
isotopically-dabeled compounds of the invention can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or in the Examples
and described below, by substituting a readily available isclopicaliy-labeled
reagent for a non-isotopicaliy-labeled reagent.

The term "protecting group”® refers to a suitable chemical group that can
be altached {0 a functional group and removed at a later stage o reveal the
intact functional group. Examples of suitable protecting groups for various
functional groups are described in T. W. Greene and P. G. M. Wuts, Protective
Groups in Organic Synthesis, 2nd Ed., John Wiley and Sons (1991 and later
editions); L. Fieser and M. Fieser, Flessr and Fieser's Reagenis for Organic
Synthesis, John Wiley and Sons (1994); and L. Paguette, ed. Encyclopedia of
Reagents for Organic Synthesis, John Wiley and Sons (1885), The ferm
"hydroxy protecting group", as used herein, uniess otherwise indicated,
includes Ac, Bz, and various hydroxy protecting groups familiar 1o those skilled
in the art, including the groups referred to in Greene.

The examples and preparations provided below further flustrate and
exemplify the compounds of the present invention and methods of preparing
such compounds. it is (o be understood that the scope of the present invention
is not hmited In any way by the scope of the following examples and
preparations.

All patents, patent applications, publications, test methods, literature,
and other matenals cited above and below herein are hereby incorporated

herein by reference in their entireties.
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Detailed Description of the Invention

As noted above, in one embodiment, the present invention relates to
compounds of formula {1} and pharmaceutically acceptable salls thereof, as
described above. The compounds of formula (i) are depicted structurally in
the Summary of the Invention an elsewhere herein for the convenience of the
reader.

General Preparation Methods

The compounds of the present invention may be prepared according o
the descripions, schemaes, and examples herein, which are non-limiting, in
combination with the knowledge of the skilled artisan.

Schema A
;QS
) R'i‘{"‘RS
0 R O
N A _OH  R&-}-RO o
- ng S'X G HQN O N“‘{j’ if Y
A < W, osX 9
, i /e
HH
5
RS 2 ¥
R4 + RO HoN, RR3 R4+R6
g3 N L &
~ =X O O N N
O S A
Wi v

The compounds of the present invention can be prepared as outlined in
schemes A through C. Compounds of the general formula 1 (Scheme A),
prepared as described in Yamawaki, K., et al., Bioorganic & Medicinal Chem.,
{2007, 15, 8716 and Yamamoto, H., ot al., Biocorganic and Medicinal Chem.,
{20023, 10, 1635, can be reacted with hydroxylamines of the general formuia i
{prepared as described in WO 2007/005288, published June 14, 2007} in a
solvent such as methano! at ambient temperature for approximately 2 howrs to
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form carboxylic acids of the formuia Il Activated esters of the formula IV can
be prepared by reaction of compounds of the formula H with N-
hydroxysuccinamide in the presence of coupling reagent such as
dicyclohexylcarbodiimide or diisopropyicarboadiimide in a solvent such as
dichloromethane at ambient temperature. A compound of formula V, prepared
as described by Waulte, SR et al. J. Org. Chem (1886}, 51, 3133; Paloma, C.,
et al., J. Org. Chem. {1997}, 62, 2070; Lall, M8, et al,, J. Crg. Chem. (2002),
87, 1536 and Chhabra, S. R, et al, J. Org. Chem. {(2002), 687, 4017, can be
generated by deprotection of the corresponding N-benzyloxycarbonyi (Chz)
protected compound by hydrogenolysis at ambient temperature in the presence
of palladium on carbon, under approximately two fo four atmospheres of
hydrogen gas, in a solvent such as methanol, ethanol, tetrahydrofuran, toluene
or acetic acid somehmes requining a8 binary vombination thereof. {f the
hydrogenation is done in the presence of acetic acid, the intermediate
aminoazetidinone can be isolated as the acetate salt and subsequently reacted
with compounds of the formula IV in solvents such as methanol, sthanol or
acelonitrile in the presence of a base such as triethvlamine to form amides of
the general formula VI When acetic acid is not used in the hydrogenation, the
aminoazetidinones produced, once the catalyst is removed by filtration, can be
reacted /in situ with compounds of the formula IV fo generate amides of the
formula VL
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Triazolones of the formula X1 can be prepared as outlined in Scheme B.
Starting from commercially available Kojic acid {CAS number: 501-30-4),
compound Vil can be prepared in five steps as described in EP 02812895,
published February 19, 1988. Reaction of Vil with phosgene or a phosgene
equivalent such as carbonyldiimidazole in a solvent such as dichloromethane or
tetrahydrofuran at ambient temperature produces compound Vill. Reaction of
compound VIIE with a primary amine of formula IX in a solvent such as
tetrahydrofuran at elevated temperature such as between 40°C and 60°C will
produce compounds of the general formula X. Compounds of the formula X can
be cyclized to form compounds of the formula X1 by reaction in water at reflux in
the presence of a base such as sodium hydroxide or potassium hydroxide.
Alternatively, in some cases, a similar cyclization reaction can be accomplished
by reaction of compounds of the formula X in  N-rimethylsilyl-N-
methyltrifluorcacetamide (MSTFA) at approximately 150°C resulting from
microwave irradiation.
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The coupling of compounds VI and X and the final construction of the
compounds of the present invention can be accomplished as outlined in

&

Scheme C. The coupling of VI and X! to generate compounds of the general
formuta XI can be accomplished by first reacting compounds of the formuda Xl
with excess MSTFA in tetrahydrofuran at approximately 40°C for one to two
hours followed by removal of the tefrahydrofuran, excess MSTFA and
byproducts under vacuum. Separately, compounds of the formula VI can be
10 reacted with chiorosulfonylisocyanate (CS1) in dichloromethane at 0°C for

approximately 45 minutes. The adduct of the compound of formula XI can then
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be re-dissolved m tetrahydrofuran and fo this mixture added the adduct from
reaction of the compound of formula VI with CSI. Strring of these two
components at 0°C for approximately two hours folfowed by stirring at ambient
temperature for up to 18 hours produces the compounds of the general formula
Xl Altematively, this coupling reaction can be accomplished as follows: the
C8! adduct prepared as describaed above is mixed with the compound of
formula X!, which can be silylated by rsaction with excess hexamethyldisilizide
(HMDS) in the presence of a catalytic amount of trimsthylsilyichiiride (TMS-CI)
at approximately 140°C. After cooling to ambient temperature, this material can
be dissolved in a solvent such as dichloromethane and mixed the CS1 adduct
generating the compound of formuda XIL. Removal of the banzyl protecting
groups from compounds of the formula Xi can be accomplished by reaction
with between two and four atmospheres of hydrogen gas in a binary solvent
systam consisting of tetrahydrofuran and acetic acid at ambient temperature
and in the presence of a palladium catalyst such as palladium black. Following
removal of the catalyst and sclvent, treatment of the crude material with an acid
such as triflucroacetic acid in a solvent such as dichloromethane at ambient
femperature removes the lertiary-butyloxycarbonyd protecting group and the
tertiary-butylester if contained within R°. The crude material of the present
invention {XH} can then be purnified by reverse-phase chromatography using a
C18 resin with a gradient mobile phase consisting of acetonitrile and water,
buffered with formic acid. The sodium salts with the general formula XIV can
then be generated from the compounds of formula Xi by freatment with
sodium bicarbonate in water followed by hyophilization. If a second acidic site is
present within R® such as a carboxylic acid, the bis-sodium salts of the formula
XV can be produced following the same procedure, but adding a second
squivalent of sodium bicarbonate prior 1o lvophilization,

Without further elaboration, it is believed that one skilled in the art can,
using the preceding description, practice the present invention fo #ts fullest
extent. The following detalled examples desaribe how to prepare the various

compounds and/or perform the various processes of the invention and are to be
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construed as merely illustrative, and not imitalions of the preceding disclosure
in any way whatsoever. Those skilled in the art will promptly recognize
appropriate variations from the procedures both as 1o reaclants and as to
reaction conditions and techniques.
5 Examples
The Examples below were generally carmied out under inert atmosphere
{nitrogen or argon), particularly in cases where oxygen or moisture-sensitive
reagents or intermediates were employed. Commaercial solvents and reagents
were generally used without further purification. All products were dried hefore
10 characterization or use in subsequent chemistry. Chemical shifis for nuclear
magnetic resonance (NMR) data are expressed in parls per million {ppm, &8}
referenced o residual peaks from the deuterated solvenis employed.
Example 1
Preparation of  2-({[{1E)}-1-{2-amino-1,3-thiazol-4-yv1}-2-{(38)-1-({{4-
15 ethyl-3-(5-hydroxy-4-0xg-1,.4-dihydropyridin-2-yh-5-oxo-4 S-dilwdro-1H-1,2 4-

friazol-1-vilsulfonyiicarbamoyl)-2-oxoazetidin-3-vilamino?-2-

oxopethvlidensglaminoloxyi-2-methvipropanoic acid {1}

O

¥ on
o o
A _OH

o Y 8 N H
0 O 0K 1

N
i
7

1

20 Compound 1 was prepared by the procedures depicted in schemes 1

to 6 and outlined in detail below.
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Step 1. Preparation of benzyl 4 5-bis{benzyioxy)pyridine-2-carboxylate
(C4y

A Preparation of 5S-(benzyloxy)-2-(hydroxymethylh-4H-pyran-4-one
{C1). b-Hydroxy-2-(hydroxymethyl}-4H-pyran-4-one (300 g, 2.11 mol} was
dissolved in methanol (9 L) and treated with potassium carbonate (439 g, 3.18
mol), followed by slow addition of benzyl chloride {433 g, 342 mol}. The
reaction mixture was stirred at 65°C for 8 hours. After cooling to room
temperature, it was stimed for an additional 16 hours, then concentrated in
vacuo to a thick paste. This residue was cooled to 10°C and diluted with ice
water, resulting in a precipitate that was gathered by filtration to provide Gt as a
solid. Yield: 325 g, 1.40 mol, 66%. 'H NMR (400 MHz, DMSO-ds) 5 4.29 (s,
2H}, 4.94 (s, 2H), 6.32 (s, 1H), 7.33-7 .42 (m, 5H), 8.17 {s, 1H).

B. Preparation of 5-(benzyloxy)-4-oxo-dH-pyran-2-carboxylic acid {C2).
A solution of chromium{Vh) oxide (64.6 g, 0.646 mol) in water (80 mbL) was
cocled to -5°C and treated drop-wise with concentrated sulfuric acid {56 mL).
This was diluted with additional water {40 mL), and then added drop-wise o a
cold {-5°C) solution of €1 (100 g, 0.43 mol} in acetone (4.5 L). The reaction
mixture was stired at 20°C for 3 houwrs, then filtered through a pad of Celite.
Concentration of the filtrate provided a residue, which was washed with hexane



WO 2010/070523 PCT/IB2009/055544

10

15

20

25

-30 -

to provide C2. Yield: 80 g, 0.325 mol, 76%. 'H NMR (400 MHz, DMSO-dg) 5
4.97 (s, 2H), 6.93 (s, 1H)}, 7.34-7.42 (m, 5H), 8.37 (s, 1H).

C. Preparation of 5-{benzyloxy)4-oxo-1 4-dihydropyridine-2-carboxylic
acid (C3). A mixture of C2 {100 g, 0406 mol) and agqueous ammonium
hydroxide solution {25%, 1 L) was stirred in an autoctave for 1 hour, and then
heated at 83°C for 7 hours at atmospheric pressure. After cooling slowly over
about 18 hours, the reaction mixture was acidified 1o pH 3 with concentrated
hydrochioric acid. The resulting precipilate was collected by filtration, washed
with water, and dissolved in saturated agueous sodium bicarbonate solution.
The solution was washed with dichioromsthane, then acidified with
concentrated hydrochioride acid. The resulting solid was collected by filtration,
washed with water and dried at 50°C to provide C3. Yield: 85 g, 0.347 mol,
85%. 'H NMR (400 MHz, DMSO-dg) 8 517 (s, 2H), 7.17 {(br s, 1H), 7.33-749
{m, 7H}.

D. Preparation of C4. Benzyi chioride (105.6 mL, 0.918 mol} was added
to a solution of C3 (80 g, 0.367 mol) in dimethylformamide (1.25 L). Polassium
carbonate (124.8 g, 0.903 mol) was added, and the mixture was stirred at 80°C
for 16 hows. ARer cooling fo room temperature, the reaction was freated with
ice water, and the resulting solid was coliected by filtration and purified by silica
gel chromatography to afford C4. Yield: 50 g, 0.118 mol, 32%. MS nmvz 426
(M+1). 'H NMR (400 MHz, DMSO-ds) § 5.32 (s, 6H), 7.33-7.46 (m, 15H), 7.76
{3, 1H), 8.37 (s, 1H).

Scheme 2
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Step 2. Preparation of 5-{4 5-bis(tbenzyloxyjpyridin-2-yi}-1,3 4~
oxadiazol-2{3H)-one (C8).

A, Preparation of 4.5-bis{benzyloxy)pyridine-2-carbohydrazide (G5).

Hydrazine monohydrate {47 5 mb, 978 mmol) was added drop-wise over 10

5  minutes to a suspension of C4 (20 g. 47.0 mmol) in methanot (100 mbL). The

resulting mixture was heated to 65°C for 2 hours, then cooled to room

temperature and filtered under vacuum. The collected solids were washed with

methanol to provide €5 as a white solid. Yield: 154 g, 44.1 mmol, 84%. LCMS

m/z 350.1 (M+1). TH NMR (400 MHz, DMSQ-ds) & 447 (d, J=4.8 Hz, 2H), 5.30

10 (s, 2H), 5.32 (s, 2H), 7.31-748 {m, 10H), 7.67 (s, 1H}, 8.23 {s, 1H), 965 (1
J=4.5 Hz, 1H).

B. Preparation of 5-[4,5-bis{benzyloxy)pyridin-2-yi}-1,3 4-oxadiazol

2{3H)-one (C8). Carbonyl dimidazole (87%, 2.87 g, 17.2 mmol} was added to a

suspension of €8 {5.00 g, 14.3 mmol} in tetrahydrofuran {75 mL). The reaction

15 mixture was stirred at room temperature for 3 hours, during which time the

white suspension became a homogeneous soiution, and then a white

sugpension.  The solid was coliected by filtration and washed with

tetrahydrofuran (3 x & ml) fo provide €6 as a white solid. Yield: 4.92 g, 13.1

mmol, 92%. LOMS mvz 376.1 (M+1). 'H NMR (400 MHz, DMSO-ds) 8 5.31 (s,

20 2Hy 533 (s, 2H), 7.32-7.48 (m, 10H), 7.56 {s, 1H), 8.38 (s, 1H), 12.64 {br s,

1H).
Scheme 3
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Step 3. Preparation of 5-{4 5-bis{benzyloxyipyridin-2-y)-4-ethyl-2H-
25  1,24-triazol-3{4H)-one (C8).
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A Prepargtion of 1-(34-bis(benzyioxy)picolinoyl}-4-ethylsernicarbazide
{CT). To a solution of C5 (0.75 g/0.215 mol) in 5 mL N N-dimethylformamide at
5°C was added slowly a solution of 229 mg {3.22 mmol} of ethylisocyanate in 5
mi of tetrahydrofuran and the resulting mixture stirred at room temperature for
2 hours, at which point, the reaction mixture was transferred to a solution
containing 0.161 g (0.0032 mol) hydrazine monohydrate in 10 mbL of
tetrahydrofuran at a rate such to maintain & temperature less than 15°C. Once
added, the resulting mixture stirred at room temperature for 1 hour, at which
point the mixture was poured into 50 mi of ice-water forming a precipitate,
which wasg collected by fitration and dried in vacuo affording C7 as a white
solid. LCMS m/z 421 (M+1). 'H NMR (400 MHz, CDCL3-dey 8 1.25 (1, J = 8.2
Hz, 3Hj, 4.25 (br. d, 2H), 5.24 (br. s, 4H}, 7.31 ~ 7.46 (m, 10H), 7.55 (br. s, 1H),
8.18 (s, 1H).

B. Preparation of 5-(4 5-bis{benzyloxy)pyridin-2-yli-4-ethyl-2H-1.2 4~
friazol-3(dH}-one (C8) (Cyclization Method 1). To a stirred solution of 0.42 g
{0.898 mmol} of C7 was added 8 equivalents (0.448 @g/7.99 mmol} of
potassium hydroxide dissolved in 2 mb of water and the resulling mixiure
heated to reflux for 24 hours at which point the reaction mixture was
concenirated to dryness in vacuo. The gude product was then purified by
column chromatography (silica-gel, 3 to 5% methanol in ethylacetate
praducing 0.683 g (46%) of compound C8. LCMS mv/z 403.3 (M+1). 'H NMR
(400 MHz, CDCL3-¢s) 8 1.26 (t, J = 7.3 Hz, 3H), 4.26 (g, J= 6.6 Hz, 2H), 5.24
(s, 4H), 7.29 — 7.47 (m, 10H), 7.57 (s, 1H), 8.16 (s, 1H), 3.86 (br. 5, 1H).

Scheme 4
f,f;:i\Fi
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NN ——— i
C:) *«m‘ NH
o N
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Step 4. Preparation of (38)-3-aminoazetidin-2-one (C10})
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Benzyl [{38)-2-oxoazetidin-3-yljcarbamate {9, 13.37 g, 80.7 mmol) was

mixed with degassed ethanol (500 mL) and toluene (125 mbL). For synthesis of

C8 see M) Miller ef al, Tefrahedron, 1983, 39, 2571-2575, and M.S. Lall &f

al., Journal of Organic Chemistry 2002, 67, 1536-1547. The reaction mixture

5 was sonicated until all the solids disscived, then purged with nitrogen.

Palladium on carbon {10%, 4.45 g) was added, and the reaction mixture was

hydrogenated on a Parr shaker for 1 hour at 15 psi.  The palladium was

removed by filiration through Celite under nitrogen, and rinsed with degassed

ethanol, The filtrate, containing €10, was camigd directly info the coupling

10 reaction with €12, Step 4B. Yield: assumed quantitative. Matenal from a

similar experiment was concentrated fo dryness to obtain NMR data: 'H NMR

{400 MHz, DMSO-ds) § 2.12 (br s, 2H), 2.78 (dd, J=5.1, 2.3 Hz, 1H), 3.31 (dd,
J=63, 53 Hz, 1H), 3.97 (m, 1H), 7.69 (br s, 1H).

Scheme 5
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15 €13
Step 5. Preparation of  ferft-butyl  2-({{(12)-1-{2-{{tert-

butoxycarbonyhaming]-1,3-thiazol-4-yi}-2-oxo0-2-{{{35)-2-oxoazetidin-3-
yiiaminojethylidenelaminoloxy-2-methylpropanoate {C13).
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A Preparation of tert-butyt 2-{{{{(12}-1-{2-[{fer:-butoxycarbonyl}aminol-
1.3-thiazol-4-y}-2-{{2 5-dioxopyrrolidin- 1 -yl joxy]-2-oxoethylidenelaminojoxy}-2-
methylpropanoate {C12). t-Hydroxvpyrrolidine-2,5-dione {N-
hydroxysuccinimide, 8.84 g, 76.8 mmuol) was added fo a suspension of (273-{2-
[{tertbutoxycarbonylaminol-1, 3-thiazok-4-y{{2-tert-butoxy-1, t-dimethyi-2-
axoethoxy Jiminolacetic acid {C11, 30 g, 70 mmol} in dichioromethane (400 mL).

For synthesis of C11, see K Yamawaki ef al, Bioorganic and Medicinal
Chemistry 2007, 15, 6718-6732. The mixiure was cooled to 0°C, NN
dicyclohexyicarbodiimide (97%, 156 g, 73.3 mmol) was added, and the
reaction was stirred at 0°C for 30 minutes and then at room temperature for 3
howrs. The mixture was fillered through Celite and concentrated in vacue to
afford C12 as a white solid. Yield: 36.17 g, 68.7 mmol, 88%. LOMS nvz 527.2
(M+1). 'H NMR (400 MHz, CDCls) 8 1.43 (s, 9H), 1.54 (s, 9H), 1.81 (s, 6H),
2.91 (brs, 4H), 7.50 {s, 1H), 8.31 (br s, 1H).

B. Preparation of €13. A solution of C10 (523 ¢, 60.7 mmol) in
ethanolftoluene (300 ml, solution obtained in Siep 4) was treated with
compound C12 (26.6 g, 50.6 mmol}, and the reaction mixture was slowly
concentrated under reduced pressure, over the course of an hour, o one-third
of its original volume. The resulting suspension was stirred at 35°C under
nitrogen for about 18 hours. Ramoval of solvent in vacuo afforded a crude
product, which was dried under vacuum for 30 minutes. The resulling solids
were partitioned between 1:1 sthyl acetateftetrahydrofuran (1 L) and agueous
sodium bicarbonate solution (5300 ml).  Addifional water was required to
dissolve solids observed during the separation. The agueous laver was
extracted with 1.1 ethyl acetateftetrahydrofuran (2 x 300 mL), and the combined
organic layers were filtered and concentrated /1 vacuwo. The crude solid was
friturated with 3.2 ethyl acetate/heptane (60 mi) for 30 minutes, and the solids
were collected by filtration, rinsing with heptane, {0 provide €13 as a white
solid. Yield: 22.08 g, 44.4 mmol, 88%. LCMS nvz 498.6 (M+1). "H NMR (400
MHz, CD:0D) 5 147 (s, 9H), 1.52 (s, 6H), 1.54 (s, 9H), 3.39 (dd, J=5.7, 25 Hz,
1H), 3.65 (dd, J=5.5, 5.5 Hz, 1H), 510 {dd, J=5.3, 25 Hz, 1H), 7.34 (s, 1H).
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Scheme 8
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Step 6. Preparation of Preparation of 2-{{[{1E)-1-{2-amino-1,3-thiazol-
4-y1)-2~-{[{ 35} 1-({[4-ethyi-3-(B5-hydroxy-4-oxo-1 4-dihydropyridin-2-yh-5-0x0-
4 5-dihydro-1H-1,2 4-triazol-1-yilsulfonylicarbamoyi)-2-oxoazetidin-3-
yilamino}-2-oxoethylidenelaminoloxy)-2-methylpropanoic acid {1).

A Preparation of C14 (Coupling Method 1). To a stirred solution of C8
{180 mg/C.45 mmol} in 3 mb of tetrahydrofuran was added 6.0 equivalents of
N-trimethyisitvi-N-methyitrifilucroacetamide (MSTFA, Aldrich ampoule) forming
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a pale yellow solution, which stirred at room temperature for 45 minutes. The
mixture was then concentrated under reduced pressure and heated under
vacuum (high vac) at 45°C for 1 hour. Separately, to 0.223 g (0.45 mimol) of
€13 dissolved in 4 mb dichloromethane and cooled to 0°C was added 0.082 g
{0.58 mmoi/0.051 mL) of chiorosulfonylisocyanate and the resuiting solution
stirred at 0°C for 30 minutes. At this point, tetrahydrofuran {3 mL) was added
to the adduct of C8 and the resulting solution introduced to the CSi reaction
via cannula. The resulting solution stirred at 0°C for 1 hour then brought to
room temperature and concenirated under reduced pressure. The crude
material was cleaned up by column chromatography {silica-gel, 45 o 60%
athvlacstated in heplang) affording 332 mg of C14 in a mixture that was
carried forward without additional purification. LCMS m/z 1003.2 (M-1).

B. Preparation of compound 1. In a Parr bottle was placed 0.18G ¢
{0.19 mmol) of C14 dissolved in 20 mb of methano! and the solution degassed
with nitrogen gas. Palladium-black {(0.063 g} was then added and mixiure
agitated under an atmosphere of 13 psi hydrogen at room temperature for 40
min (reaction complete by LCMS). The reaction mixture was then filfered
through Celite and concentrated to dryness in vacuo. The material was then
carried on crude by dissolving in 10 mb of dichioromethane. To this solution
was then added 10 mb of trifluoroacetic acid and the resulting mixture stirred
at room femperature for 2 hours, at which time the reaction mixiure was
concentrated in vacuo. The crude product {1} was then purified by preparative
HPLC (Symmetry C8, 3 fo 23% acetonitrile in water with 0.1% formic acid
modifier). Approximately 5 mg of 1 were collected following concentration to
dryness in vacuo. LCMS m/z 689.4 (M+1). 'H NMR (400 MHz, CD,0D) 3§
10— 12 {m, 6H), 1.3 - 1.5 {br. 5, 5H), 3.97 (d, J = 6.8 Hz, 2H), 4.88 {br. s,
1H), 6.81 {s, 1H), 7.32 (s, 1H), 7.99 (s, 1H), 8.05(d, J = 4.2 Hz, 1H).
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Example 2
Preparation of 2-({(17%1-(2-aming-1 . 3-thiazol-4-y11-2-{{{38}-1-[({4-2-
{dimethviaminoiethyil-3-{5-hvdroxy-4-ox0-1.4-dihydropyridin-2-y)-5-ox0-4 5-

dibydro-1H-1.2 4-tniazol-1-ylisulfonvhicarbamovil-2-oxoazetidin-3-vllamine-2-

5 oxeethylidenelamingloxy)-2-methylpropanoic acid (2).
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Compound 2 was prepared by the procedures depicted in scheme 7
and outlined in detail below.

10 Scheme 7
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Step 1. Preparation of 2-({{{(1Z}-1-{2-aminc-1,3-thiazol-4-y1)-2-({{33)-1-
[({4-[2-{dimethylamino)ethyl]-3-(5-hydroxy-4-oxo-1 4-dihydropyridin-2-yl}-5-
axo-4 5-dihydro-1H-1,2 4-riazol-1-yiisulfonylcarbamoyi]-2-oxcazetidin-3-
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yillamino}-2-oxoethylidenelaminojoxy-2-methvipropanoic  acid (2} and
diasteriomeric diol mixture (Example 18).

A. Preparation of C16. Compound €15 was prepared in an analogous
manner to C14 in example 1 using coupling method 1. LCMS m/z 9918
(M+1). "H NMR (400 MHz, DMS0O-dg) § 1.33 — 1.39 {m, 9H), 1.41 ~ 1.45 (br.
s, 6H}, 3.32 - 338 (m, 1H), 6.67 (1, J = 8.2 Hz, 1H}, 4.67 {m, 1H), 4.85 - 492
{m, 1H), 4.98 (d, J = 58 Hz, 1H), 5.26 (d, J = 8.3 Hz, 2H), 5.73 - 5.88 {m,
THY, 7.27 — 7.49 {m, 10H), 7.58 (s, 1H), 831 (s, 1H), 8.99 {d, J = 9.34 Hz,
1H). To a stirred solution of C15 {0.30 g/0.3 mmel) in & mb of 91
acetone/water was added 0.138 g (1.18 mmol) N-methyimorpholine-N-oxide
{NMQ) followed by 0.746 g (0.09 mmol) of osmium tefroxide and the resulting
mixture stirred16 howrs at room temperature. Another addition of NMO and
osmium tetroxide were then added and mixture stirred an additionai 24 hours,
at which time the reaction was complete by LOMS. The reaction was filtered
through Celite, concentrated in vacuo then purified by column
chromatography (silica; 30 to 100% sthylacetate i heptane then switched {o
3 ta 7% methanol in dichloromethane coliecting 0.302 g of C16. LCMS m/z
1051.3 (M+1). 'H NMR (400 MHz, DMSO-ds) § 1.33 — 1.38 {m, SH), 1.42 (s,
6H), 3.20 — 3.26 {m, 2H), 3.31 - 3.37 {m, 1H), 3.58 - 3.69 {m, 2H), 3.94 -
4.11 (m, 2H), 4.49 - 4.58 {m, 1H), 489 {br. s, 1H), 494 (dd, J =54 Hz, J =
10.1 Hz, 1H), 524 — 5206 (m, 4H), 7.27 — 7.48 {m, 10H), 7.52 (s, 1H), 8.31 (s,
1H), 8.88 (d, J = 8.7 Hz, 1H). This material was then deprotected in an
analogous manner to that described for C14 for preparing compound 1 in
example 1 in order to prepare example 10,

B. Preparation of C17. In a flame dry flask was placed C15 {0.486 g,
.48 mmol) dissolved in 8 mbL of 3:1 diokanefwater and to this mixture was
then added sodium periodate (0.311 g. 1.43 mmol) and osmium tetroxide
{0.025 g, 0.003 mynol} and the resulting mixture stirred for 16 hours at room
temperature {reaction complete by LOMS). The reaction mixture was then
partitioned between saturated sodium bicarbonate and ethvlacstate. The



WO 2010/070523 PCT/IB2009/055544

10

15

20

25

-39 -

organic layer was washed with saturated brine, dried over sodium sulfals,
filtered and concentrated to dryness in vacuo. The crude product was then
purified by column chromatography (silica-gel, 30 to 100% ethylacelate in
heptane then swiiched to 3 to 7% methanol in dichloromethane collecting
0.230 g of C17, which appears by 'H NMR to exist as a hydrate. LCMS m/2
1019.9 (M+1). 'H NMR (400 MHz, CD-0OD) 5 1.38 — 1.56 {m, 24 H), 3.72 {t,
J=47 Hz 1H), 384 {t, J =41 Hz, 1H), 3.8% ~ 356 (m, 1H), 416 - 422 (m
2H), 445 (1 J =53 Hz, 1H), 4.72 - 4.78 (m, 1H), 5.00 - 5.02 {m, 1H), 5.19 -
529 {m, 4H), 719 - 748 {m, 10H), 7.77 (s, 1H), 811 (s, 1H), 822 (d, J = 94
Hz, 1H).

C. Preparation of C18 and compound 2. To a stirred solution of C17
{(1.22 g, 1.20 mmol) in 10 mb ietrahydrofuran was added dimethylamine
{0.098 ¢, 1.2 mmotl) and 3 equivalents of glacial acetic acid (0.215 mi, 3.59
mmol) and the resulting solution stirred at room temperature for 2 hours.
Sodium triacetoxyborohydride (0.532 g, 2.51 mmol) was then added and the
resulting mixture stirred at room temperature for 18 hours. The reaction
mixture was partitioned between saturated sodium bicarbonate and
athylacetate, the organic layer washed with saturated brine, dried over sodium
sulfate, filtered and cancentrated to dryness in vacuc. The crude product was
purified by column chromatography (silica-gel, 30 to 100% ethvlacetate in
heptane then switched to 5 to 10% methanol in dichloromethane) collecting
0.340 g of C18. LCMS m/z 1048.9 (M+1). 'H NMR (400 MHz, CD:0D) &
1,38 - 1.54 {m, 24H), 2.44 (s, 1H), 2.85 {s, 6H), 3.40 (br. s, 1H), 3.71 - 3.77
{m, 1H}, 3.90 {t, J = 6.0 Hz, 1H), 4.46 (br. s, 2H), 5.03 {5, 2H}, 5.18 - 5.26 (m,
4H), 7.20 - 7.35 {m, 9H), 7.40 (d, J = 7.0 Hz, 2H), 7.65 (s, 1H), 8.21 (s, 1H).
Compound 2 was then prepared from €18 by deprotection and HPLC
purification in an analogous manngy {o that described for compound 1 of
Example 1. LCMS m/z 712.5 (M+1). 'H NMR (400 MHz, DMSO-ds) § 1.38 (s,
6H), 2.80 (s, 6H), 3.30-3.45 {m, assumed 3H, obscured by water peak), 3.68



WO 2010/070523 PCT/IB2009/055544

- 40 -

{m, 1H), 4.37 (m, 2H), 6.70 (s, 1H), 7.31 {br s, 2H), 7.42 (s, 1H), 8.03 {5, 1H},
8.98 (d. J= 7.0 Hz, 1H), 9.99 (br s, 1H)}, 10.88 (br s, 1H}.
Example 3
Preparation  of _ 2-({J(120)-1-(Z-amino-1 3-thiazol-4-yi)-2-({{38)}-1-[{{4-
5  [{(2R)-2.3-dihvdroxypropyil-3-(5-hydroxy-4-oxo-1.4-dihydropyridin-2-yi-5-ox0-
4 5-dihydro-1H-1,2 4-trigzol-1-yilsulfonylicarbamoyl}-2-oxoazetidin-3-

yilamino)-2-oxoethvlidenglaminoloxy -2-methyvipropancic _acid, disodium salt

(3).
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Compound 3 was prepared by the procedures depicted in Schemes 8 to

10 and described in detail below.

Scheme 8
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Step 1. Preparation of 5-[4 5-bis{benzyioxyipyridin-2-yi}-4-{{2R}-2 3~
dihydroxypropyl]-2,4-dihydro-3H-1,2 4-triazol-3-one {€20).

A.  Preparation of 2-{[4,5-bis(benzyloxyipyridin-2-yljcarbonvi}- N2 R)-
2, 3-dihydroxypropyijhydrazinecarboxamide (C19). (2R}-3-Aminopropana-1,2-
diol (0.291 g, 3.18 mmol} was added to a suspension of €6 {1.0 g, 2.66 mmol)
in tetrahydrofuran (50 mb)}, and the mixiure was heated to 60°C for 20 hours.
After couoling to room temperature, the suspension was fiftered, and the solid
was washed with telrahydrofuran (3 x 5 mb} to afford C19 as a white solid.
Yield: 1.07 g, 2.29 mmof, 86%. LCMS myz 4672 (M+1). 'H NMR {400 MHz,
DMBO-ds) § 2.93 (m, 1H), 3.19 {m, 1H), 3.27 (m, 2H), 3.44 (m, 1H), 4.53 {,
J=5.8 Hz, 1H)}, 4.77 (d, /=4 .8 Hz, 1H), 533 {s, 4H), 6.31 (1, J=5.5 Hz, 1H), 7.31-
7.48 {m, 10H), 7.68 (s, 1H), 8.01 (brs, 1H), 8.28 (s, 1H), 10.04 {brs, 1H).

B. Preparation of €20. A solution of €19 (3.00 g, 643 mmol) in
aqueous potassium hydroxide (1.6 M, 402 miL, 64.3 mmol} was heated at
100°C for 13 hours, after which it was cooled to 0°C, diluted with water (100
mi) and acidified to pH 7 with concentrated hydrochioric acid. The resulting
solid was filtered and washed with water (3 x 10 mb) to afford €20,
contaminated with  about 30% of the hydrolysis  product  45-
bis(benzyloxy)pyridine-2-carboxylic acid. Yield: 2.68 g, <5.93 mmol, <82%.
LOMS m/z 448.2 (M+1) and 338.1 (M+1 for the hydrolysis product). H NMR
(400 MHz, DMSO-ds) § 3.28 (m, 2H), 3.70 {(m, 1H), 4.05 {dd, half of ABX
pattern, J=13.7, 5.0 Hz, 1H), 4.12 (dd, haif of ABX pattern, /=13.7, 8.0 Hz, 1H),
461 (vbrs, 1H), 5.01 (brs, 1H), 5.28 (s, 2H), 531 {5, 2H}, 7.32-7.48 {m, 10H},
7.58 {s, 1H), 832 {s, 1H}, 12.03 {r s, 1H}). Selected pesks for hydrolysis
product: 5.29 {8}, 7.70 (s}, 8.28 (s).
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St 2 P t f  tertbutyl  2-({{{(14)-1-{2-{{tert

butexycarbonyyamino]-1 3-thiazol-4-y}-2-({{(3S)-1-{({4-[(2R)-2 3-

5 dihydroxypropyll-3-{5-hydroxy-4-axo-1 4-dihydropyridin-2-y}-5-oxo-4, 5-dihydro-
1H-1,2 4-tnazol-1-yllsulfonylcarbamoyl]-2-axoazetidin-3-yilamino)-2-
oxoethylidenslaminojoxy)-2-methylpropanoate (C22).

A. Prepargtion of  tert-butyt  2-({[(1Z)-2-{{(3S)-1-{{({3-}4.5-
bis(benzyloxypyrdin-2-yi]-4-{{Z2R)-2,3-dihydroxypropyl]-5-oxo-4,5-dihydro-1H-
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1,2 4-triazol-1-ylisulfonylicarbamoyl}-2-oxoazetidin-3-yllamino - 1-{2-[{ fert-
butoxycarbonylyamino]-1,3-thiazol-4-yi}-2-oxoethylidenslaminoloxy -2~
methylpropanoate (C21). A mixtwe of C20 (400 g, 892 mmoll in
fetrahydrofuran {35 mb)} was treated with 22 2-tnfluoro-N-methyl-N-
{trimethyisilylacetamide (MSTFA, 98%, 10.2 mL, 53.7 munol). After 45 minutes
of stirring, the light yellow mitky mixture was concentrated in vacuc at 80°C for
1 hour, then dried under vacuum at 60°C for 1.5 hours. In a separate flask, a
suspension of €13 (4.88 g, 2.81 mmol) in dichioromethane (32 mL) was cooled
to 0°C, treated drop-wise with isocyanatosulfuryl chioride (chiorosulfonyl
isocyanate, 95%, 0.929 mli, 107 mmol} and sllowed to stir for 30 minutes
under ice-cooling. The material derived from C20 was dissolved in
tetrahydrofuran {8 mb), cooled to 0°C. The ice-cooled C13-containing reaction
mixture was then transferred into this solution via cannula. After stirring at 0°C
for 1 hour, then at room temperature for 1.5 hours, the reaction mixture was
quenched with methano!l (5 mbL), stirred for 10 minules and concentrated /n
vacuo. The residue was purified by silica gel chromaiography (Gradient: 40-
100% ethyl acetate in heplane, then 0~12% methanol in ethyl acetate) to afford
C21 as a solid. Yield: 3.85 g, 3.66 mmol, 41%. LCMS m/z 10514 (M+1). 'H
NMR (400 MHz, DMSO-ds) § 1.38 (s, 9H), 1.39 (s, 6H), 146 (s, OH), 3.3
{cbscured by HOD signal), 3.66 {m, 1H), 3.70 {dd, J=6.3, 6.3 Hz, 1H), 4.00-4.13
(m, 2H), 4.56 (m, 1H), 4.93 (m, 2H), 529 {s, 2H), 5.30 (s, 2H), 7.25 (s, 1H),
7.31-7.50 {m, 10H), 7.57 (s, 1H), 8.35 {s, 1H), 9.02 {d, 4=8.5 Hz, 1H), 11.84 (br
s, 1H).

B. Preparation of €22. A sciution of €21 (0.460 g, 0.438 mmol}in
tetrahydrofuran (10 mbl) and acstic acid (0.1 mL) was degassed and flushed
with nifrogen {3x) and trealed with Pd black {134 mg}). The mixture was
hydrogenated using a Parr shaker under 36 psi hydrogen at room temperature
for 4 hours (reaction complete by LCMS). The sample was filtered through acid
washed cellulose powder and washed with THF ¢ give a pale red filirate, which
was concentrated to dryness in vacuo affording 0.382 g {(100%) as a red solid.
LCMS myvz 871.8 (M+1). 'H NMR (500 MHz, DMSO-ds) 5 1.39 {s, 9H3, 140 (s,



WO 2010/070523 PCT/IB2009/055544

- 44 -

8H), 1.46 (s, 8H), 3.28 (m, 2H), 3.39 (dd, J=6.3, 3.3 Hz, 1H), 3.65 {HOD lump
obscures signal), 3.71 {m, 1H, estimated), 3.94 {(m, 2H, estimated), 4.92 (m
1H), 7.26 (s, 1H), 7.39 (8, 1H), 8.02 (s, 1H}, 8.01 (d, J=8.0 Hz, 1H), 11.82 {(br s,

1H)
5 Scheme 10
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Step 3. Preparation of 2-({{(12)}-1-(2-amino-1,3-thiazol-4-y[}-2-{{{3S)-1-
[{{4-[(2R)-2,3-dihydroxypropyl]-3-(5-hydroxy-4-oxo-1 4-dihydropyridin-2-yi)-5-
oxe-4, 5-dihydro-1H-1,2 4-triazol-1-yisulfonylicarbamoyi]-2-oxoazetidin-3-

10 yilamino)-2-oxoethylidenelaminoloxy)-2-methylpropanoic acid, disodium salt
{3}

A. Preparation of compound 3. Triflucroacetic acid {13 mbL) was added
to a cooled (0°C)solution of C22 (284 ¢, 291 mmol) in 13 mb of
dichloromethane. The reaction mixture was stirred at room temperature for 2

15 hours and then fransferred slowly via a teflon cannula o another round
bottom flask containing 186 mb of a 2:1 mixture of heplane/methyl-t-butyl
ether (MTBE) resulting in a fine precipitate. The solids were collected by

filtration, washed with heptane/MTBE (2:1) and dried in vacuo affording 1.82 g
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{88%) of the trifluoroacehc acid salt of 3 as a rose colored solid. A portion of
this material {2.42 g) was then purified by reverse phase chromatography
using an Isco Rf Chromatography system employing a RediSep Rf C18
column {130 g), loading the crude bifluoroacetic acid salt as a solution in
dimethylsulfoxide {1.5 mbL) in two batches. The gradient was 5% to 30%
water (0.1% Formic acidacetonitrile {0.1% Formic acid). The product came
off the column at 15-18% acetonitrile. The fractions were pooled and the
solvent was removed under reduced pressure affording 0.847 g {35%) of
material as a while solid. The solid was sonicated in methano! {4 times) and
solvent was removed (done to remove formic acid). The H NMR confirms the
free-form product with a minimal amount of formic acid. LCMS m/z 715.0
{(M+1). "H NMR (500 MHz, DMSO-ds) 5 1.42 (s, 3H), 1.43 (s, 3H), 3.28 (m,
2H), 3.38 (dd, J=6.3, 3.4 Hz, TH), 3.65 (m, 1H), 3.70 (m, 1H), 3.95 (br d, J=6.5
Hz, 2H), 4.91 (m, 1H), 6.79 (5, 1H}, 7.36 (s, 1H), 8.01 (s, 1H), 9.03 (d, J=8.3
Hz, 1H). To a slurry of 1.20 g {1.65 mmol) of the free-form acid in 30 mi of
deionized water at 0°C was slowly added 0.277 g {3.30 mmol) of sodium
bicarbonate dissolved in 6 mb of deionized water {(solids completely dissolve
upon addifion of the sodium bicarbonate solution). The resulling solution was
then frozen and lyophilized affording 1.12 g of the disodium salt as a light pink
lyophile. LCMS myvz 7156 (M+1). 'H NMR (500 MHz, D:0) § 1.31 (s, 3H),
1.32 (s, 3H), 344 {(dd, VL. ABX, J = 12.1 Hz, 4 8 Hz, 1H), 348 (dd, . ABX, J =
11.8 Hz, 4.0 Hz, 1H), 3.65 (dd, J = 7.3 Hz, 3.3 Hz, 1H), 3.73 -~ 3.92 (m, 3H),
490 (dd, J =32 Hz, 3.2 Hz, 1H), 6.78 (s, 1H), 6.97 (s, 1H), 7.72 (s, 1H).
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Example 4
Preparation of 2-({12)-2-{[{38)-1-{{{4-{2-amino-2-oxpethyl}-3-(B-
hydroxy-4-axo-1 4-dihvdropyridin-2-yi-5-0xa-4 S-dihydro-1H-1 2 4-triazol-1-

vilsulfonyilcarbamoyl-2-oxoazetidin-3-yllamino}-1-{Z-aming-1,3-thiazol-4-yi)-2-

5  oxoethylidenelaminoloxyi-Z-methyipropanoic acid disodium salt {4),
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Compound 4 was prepared by the procedures depicted in Schemeas 11

to 13 and described in detail below.

Scheme 11
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Step 1. Preparation of {3-{4 5-bis{benzyloxyipyridin-2-yl}-5-oxo-1.5-
dihydro-4H-1,2 4-triazol-4-yllacetonitrile {C24).

A. Preparation  of 2-{[4,5-bis{benzyioxy)pyridin-2-yijcarbonyl}-N-
{cyanomethyhydrazinecarboxamide {C23). Aminoacetonitrile (0.11 g, 1.82
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mimiol) and triethylamine (0162 ¢, 1.60 mmol) were added drop-wise over one
minute to a suspension of €8 (0.60 g, 1.6 mmol) in tetrahydrofuran {5 mL), and
the mixture was heated to 55°C for 20 hours. Additional amincacetonitrile
{0.108 g, 1.92 mmol) and tristhylamine (0.162 g, 1.60 mmol) were added and
heating was continued at 55°C for 20 hours. Alter being cooled to 0°C with an
ice-bath, the suspension was filtered, and the sold was washed with
wetrahydrofuran, and dried under vacuum 1o afford C23 as a solid. Yield: 0.550
g, 1.27 mmol, 79%. LCMS m/z 430.3 (M-1). 'H NMR (400 MHz, DMSO-ds) &
4,00 (d, J=5.5 Hz, 2H), 533 (s, 2H), 5.34 {5, 2H), 7.30-7.48 (m, 10H), 7.70 (s,
1H), 8.27 (s, 1H), 8B.38 (br s, 1H}, 10,18 {brs, 1H}.

B. Preparation of C24 (Cyclization Method 2). 2.2 2-Triflucro-N-
methyt-N-{trimethyisilybacetamide (MSTFA, 88%, 8 mi, 37 mmeol) and C23
{0.310 g, 0.728 mmol}, were combined in a microwave tube and heated {o
150°C for 15 minutes. This process was repeated six times for a8 combined
fotal of 220 g of C23 empioyed. The reactions were combined and
concentrated in vacuo, and the residue was purified by silica gel
chromatography {Gradient: 30-50% ethyl acetate in heptane) to afford €24 as
a salid. Yield: 1.1 g, 2.66 mmol, 52%. LCMS m/z 414.2 (M+1). 'H NMR (400
MHz, DMSO-ds} § 5.17 {8, 2H}, 5.32 (s, 2H), 5.34 (s, 2H}, 7.29-7.50 (m, 10H),
7.64 (s, 1H), 8.36 (s, 1H}, 12.34 (s, 1H).
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Scheme 12
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Step 2. Preparation of  tertbutyl  2-({[(1Z2)-1-{2-{{tert

butoxycarbonyhaminol-1,3-thiazol-4~yi}-2-{[{3S}1-{{{4-(cyanomethy}-3-(5-

5  hydroxy-4-oxo-1 d-dihydropyridin-2-yb-b-ox0-4 b-dihydro-14-1,2 4-triazol-1-
vilsulfonylicarbamoyl}-2-oxoazetidin-3-yllamino}-2-oxoethylidenelaminoloxy)-2-
methylpropanoate (C26).

A Preparation of tert-butyt  2-({[{(12)-2-{{(38)}-1-[({3-}4,5-
bis{benzyioxyipyridin-2-yil~4~-(cyanomethyl - 5-oxo-4 S-dihydro-1H-1,2 4-trigzol
10 1-vlisulfonyiicarbamoyi}-2-oxoazetidin-3-yilamino)-1-{2-[{tert-
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butoxycarbonyliamine]-1 3-thiazol-4-yil-2-oxosthylidenslaminoloxy}-2-
methyipropanoate {€25). Compound €25 was prepared according io the
general procedure for the synthesis of C21 in Example 3, except that C24 was
used in place of €20, The crude material was purified by silica gel
chromatography {Gradient: 35-75% ethyl acetate in heptane} to afford C25.
Yield: 1.64 g, 1.61 mmol, 21%. This material was used in the next step without
further purification. LOMS m/z 1016.5 (M+1).

B. Compound €26, Compound C26 was prepared according to the
general procadure for the synthesis of C22 in Example 3, except that C25 was
used in place of €21, and the reaction was hydrogenated at 25 psi for 1.5 hours
to afford C19 as & brown solid. Yielkd: 0.835 g, 0.75% mmol, 88%. LOMS mv/z
836.3 (M+1}.
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Step 3. Preparation of 4.

A, Preparation of 2-({[(1Z32-{{{38)-1-{{[4-{2-amino-2-oxoethyl}-3-(5-
hydroxy-4-oxa-1 4-dihydropyridin-2-yl)-5-oxo-4 5-dihydro-1H-1,2 4-triazol-1-
yvisulfonyllcarbamoyl)-2-oxoazetidin-3-yllamino}-1-{2-amino-1,3-thiazol-4-yi}-2-
axoethylidenelaminc}oxy}-2-methylpropanoic acid {€27). Compound C27 was
prepared according o the general procedure for the synthesis of 3 in Example
3, except that €26 was used in place of C22. Also, the crude triffuoroacetic acid

salt of compound 4 was generated by evaporation of the tiffuorocacetic
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acididichloromethane solution as opposed o using the precipitation technigue
employed in example 3. The crude product was dissolved in dimethyl sulfoxide
10 a concentration of 100 mg/ml, fitered, and purified by preparative HPLC
{column: Waters Symmedtry C8, 5 um, 30 x 50 mm; Solvent A7 0.19% aqueous
formic acid; Solvent B: §0.1% formic acid in acelonitrile. Gradient: 3% fo 22%
B). The fractions that pertained to the desired product were combined, cooled
fo -78°C and lyophilized to provide €27 as a pink solid.  Yield: 0.078 g, 0.11
mmol, 12%. LCMS m/z 698.9 (M+1). 'H NMR (400 MHz, DMSO-de) & 1.38 (br
s, BH), 3.33 {m, 1H), 3.65 (m, 1H), 4.61 (s, 2H), 4.88 (m, 1H), 8.74 (br s, 1H),
7.03 (brs, 1H), 7.30 (s, 1H), 7.89 (s, 1H), 8.99 (d, J=7.42 Hz, 1H).

B. Preparation of 4. A solution of C27 {78 mg, 0.11 mmol) in a mixiure
of acetonitrile (5 mbL) and water (45 mbi) was cooled to 0°C and sodium
bicarbonate {18.8 mg, C.224 mmol) was added. The mixiure was vigorously
stirred for ten minutes at 0°C. The suspension was then cooled to -78°C
{using a drv ice { acetone bath) and lyophilized to afford 4 as a pink solid. Yield:
0.079 g, 0.106 mmol, 95%. ‘H NMR {400 MHz, DMSO-ds) & 1.42 (s, 3H), 1.50
{5, 3H), 3-3.5 ppm obscured by water peak, 3.78 (m, 1H), 457 (d, J=16.4 Hz,
1H), 4.72 {d, J=16.4 Hz, 1H), 5.15 (m, 1H), 6.78 {s, 1H), 6.99 (br. 5, 1M}, 7.18
{brs, 3H), 7.38 (br s, 1H), 7.41 {s, 1H)}, 7.81 (g, 1H).
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Example 5
Preparation of 2-({[{(12}-1-(2-amino-1,3-thiazol-4-y[}-2-{{38)- 1-[({4-}{2S)-
2 3-dihvdroxypropyil-3-{5-hydroxy-4-0xo-1, 4-dihvdropyrdin-2-y)}-5-0x0-4.5-
dihvdro-14-1,2 4d-triazol- 1-vilsulfonyhcarbamovi]-2-oxoazelidin-3-yllamino}-2-
5  oxoethylidenelaminoloxyi-Z-methylpropanoic acid disodium salt {5).
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Compound § was prepared by the procedures depicted in Schemes 14

10 16 and described in detail below.

Scheme 14
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Step 1. Preparation of 5-[4.5-bis(benzyloxy)pyridin-2-yi}-4-[{28)-2 3-
dihydroxypropyl]-2 4-dihydro-34-1,2 4-friazol-3-one (C29).

A.  Preparation of 2-{[4,56-bis{benzyloxypyridin-2-yijcarbonyl}-N-[(23)-

2, 3-dihydroxypropyllhydrazinecarboxamide (C28). Compound C28 was

15 prepared according to the general procedure for the synthesis of €18 in

Example 3, except that {28)-3-aminopropane-1,2-diol was used in place of
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{2R}-3-aminopropane-1,2-diol. Compound C28 was obiained as a yellow solid.
Additional product was obtained by removing the solvent from the filtrate in
vacwo 1o afford a yellow solid (8.58 g), which was slurried in tetrahydrofuran (50
mi), heated to reflux and then filtered to afford a second crop of C28. The
combined vyield for €28 was 16.73 g, 3588 mmol, 90%. LCMS m/iz 4672
(M+1). 'H NMR (500 MHz, DMSO-dg) § 2.81 (m, 1H), 3.20 {m, 1H), 3.28 (m,
2H), 3.44 {m, 1H), 5.31 (s, 2H), 5.32 (s, 2H), 6.49 {(m, 1H), 7.31-7 .48 {m, 10H),
7.68 (s, 1H), 8.25 (s, 1H),

B. Preparation of €29. Compound €29 was prepared according to the
general procedure for the synthesis of C20 in Example 3, except that C28 was
used in place of C19. The crude product was heated with methanol {100 mL),
the hot mixiure was fillered, and the fillrate concentrated to 20 mL. The
resulting solid was collected by filtration to afford C29. Yield: 150 mg, 0.334
mmol, 22%. LCMS my/z 449.2 (M+1). 'H NMR (400 MHz, DMSO-ds) § 3.28 (m,
2H3, 370 {(m, 1H}, 4.08 {1, J= 5.8 Hz, 1H}), 5.01 {d, J=54 Hz, 1H), 5.27 (s, 2H),
531 {s, 2H), 7.32-7 49 {m, 10H), 7.58 (s, 1H), 8.32 {s, 1H), 12.03 {br s, 1H).
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Scheme 15
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Step 2 Preparation  of  terf-butyl 2-{[10-1-{2-{(tert-

butoxycarbonyliaminel-1,3-thiazol-4-y3-2-({{38)-1-{{4-{(25)-2,3-

5  dihydroxypropyl]-3-{8-hydroxy-4-oxe-1,4-dihydropyridin-2-yl)-5-oxo-4,5-dihydro-
1H-1,2 4-trigzol-1-vi}sulfonyhicarbamoyl]-2-oxoazetidin-3-yijaming - 2-
oxoethylidenslaminojoxy}-2-methylpropanoate (C31).

Al Preparation of  fertbutyl  2-{{{(1-2-{4(35)-1-[({3-14,5-
bis(benzyloxy)pyridin-2-yil-4-[{25)-2,3-dihydroxypropyi}-5-oxo-4,5-dihydro-1 H-
10 1.24-razol-1-ylisulfonyl)carbamoyl}-2-oxoazetidin-3-yllamino)-1-{2-[{tert-
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butoxycarbonyliamine]-1 3-thiazol-4-yil-2-oxosthylidenslaminoloxy}-2-
methyipropanoate (C30). Compound C30 was prepared according to the
general procedure for the synthesis of C21 in Example 3, except that C29 was
used in place of C20. Affer the reaction was gquenched with methanol and
concentrated in vacwo, the residue was purified by silica gel chromatography
{Gradient: 25-100% ethyt acetate in heptane, then 0-7% methanol in ethyl
acetate) to afford €30 as a sclid. Yield: 541 g, 5.14 mmol, 83%. LOMS m/z
10514.7 (M+1). "H NMR (400 MHz, DMSO-ds) § 1.38 (s, 9H), 1.40 (s, 3H), 1.40
{s, 3H}, 1.46 (s, 9H), 3.28 (m, 2H), 3.39 {dd, J=6.1, 3.2 Hz, 1H), 3.68 (m, 2H),
4.03 (m, 1H), 4.11 {m, 1H), 4.92 (m, 1H), 5.28 (s, 2H), 5.30 (s, 2H), 7.25 (s,
1H), 7.31-7.50 (m, 10H), 7.58 {s, 1H), 8.35 (s, 1H), 8.00 (d, J=8.3 Mz, 1H).

B. Preparation of C31. Compound C31 was prepared according 1o the
general procedure for the synthesis of C22 in Example 3, except that C30 was
used in place of C21, and the reaction was hydrogenated at 25 psi for 1.5 how
to afford C31 as a red solid. Yield: 3.49 g, 4.00 mmol, 85%. LCMS m/z 8718
{M=+1).
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Step 3. Preparation of 2-{[{12)-1-{2-amino-1,3-thiazol-4-y1}-2-{35)-1-
[({4-[(25)-2,3-dihydroxypropyi]-3-{5-hydroxy-4-oxo-1,4-dihydropyridin-2-yi)-5-
5  oxo-4,5-dihydro-1H-1 2 4-triazob-1-ylisulfonyhcarbamoyi]-2-oxoazetidin-3-
yilamino}-2-oxoethylidenelaminojoxy)-2-methylpropanoic acid, disodium salt
(5.
A, Preparation of 2-({{{1Z2)-1-{2-amino-1,3-thiazol-4-y))-2-({{3S5)-1-{({4-
[{28)-2 3-dihydroxypropyll-3-(5-hydroxy-4-oxo-1 A-dihydropyridin-2-yi - 5-0x0-
10 4,5-dihydro-1H-1,2 4-triazol-1-yisulfonylicarbamoyi]-2-oxoazetidin-3-yl}amino)-
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Z2-oxoethylidenslaminoloxy - 2-methyipropanoic acid €32. Compound €32 was
prepared according o the general procedure for the synthesis of 3 in Example
3, except that C31 was used in place of C22. The crude product was dissolved
in dimethyl sulfoxide to a concentration of 100 mg/mi, filtered, and purified by
preparative HPLC (column: Waters Symmetry C8, 5 um, 30 x 50 mmy; Solvent
Ar 0.1% agueous formic acid; Solvent B: 0.1% formic acikd in acelonitrile,
Gradient: 3% to 23% B). The fractions that pertained to the desired product
were concentrated in vacuo, keeping the water bath <30°C, to provide a solid,
This solid was dissolved in a mixture of acetonitrile (10 mbL) and water {100
mi.), cooled to -78°C and lyophilized to provide €32 as a pink solid. Yield:
0.155 g, 0.217 mmol, §%. LCMS m/z 7152 (M+1). 'H NMR (500 MHz,
DMSO-de) 6 142 (8, 3H), 1.43 (s, 3H), 3.27 (m, 2H), 3.37 (dd, J=6.1, 3.1 Hz,
1H), 3.65 {m, 1H), 3.70 {m, 1H), 3.95 (m, 2H), 4.91 (m, 1H), 6.81 (s, 1H), 7.37
(s, 1H), 8.01 (s, 1H), .04 (d, J=B.3 Hz, 1H). HPLC analysis: Hewlett Packard
1100; Column:  Waters Symmetry C8, 5uM, 4.6 x 50 mm; Flow rate 1.2
miJmin; Solvent A: 0.1% aqueous formic acid; Solvent B: 0.1% formic acid in
acetonitrile; Gradient: 5% to 100% B over 6 minutes; Injection volume: 18 ul;
Detection: 254 nim; Retention time: 3.46 min.

B. Preparation of compound § Compound 5 was prepared according to
the general procedure for the synthesis of 4 in Example 4, except that €32 was
used in place of C27, to afford § as a pink solid. Yield: 0.155 g, 0.204 mmaol,
97%. LCMS m/z 715.2 (M+1). "H NMR (500 MHz, D:0) 8 1.40 (s, 3H), 1.42 (s,
3H), 3.49 (dd, half of an ABX pattern, J=12.2, 4.8 Hz, 1H), 3.57 (dd, half of an
ABX pattern J=12.2, 3.7 Hz, 1H), 3.74 (m, 1H), 3.88 (m, 1H), 3.88 (m, 3H),
5.03 (m, 1H), 6.90 (s, 1H), 7.02 {s, 1H}, 7.80 (s, 1H). HPLC analysis: Hewlstt
Packard 1100; Column. Waters Symmelry C8, 5uM, 4.6 x 50 mm; Flow rate
1.2 mb/min; Solvent A: 0.1% aqueous formic acid; Solvent B: 0.1% formic acid
in acetonitrile; Gradient: 5% to 100% B over 6 minutes; injection volume: 15
ul; Detection: 254 nm; Retention ima: 3.44 min.
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Example &
Praparation of 2-({[112)-1-{2-amino-1,3-thiazol-4-yD-2-{{{38)-1-[{{3-{B-
hydroxy-4-oxo-1 4-dihvdropyridin-2-y-4-[{ 2R)-2-hvdroxvoropyil-5-0x0-4 5~

dihydro-14-1.2 4-triazol-1-yisulfonvDcarbamoyil-2-oxoaretidin-3-vllamino}-2-

oxoethvlidenelaminatoxy)-2-methyipropancic acid, disedium salt. (6},

O
v o8
,e)\i’"A\ONa
0
Vo M on
N NG i
FeN i; ff g, \F;\i Qa N’N\* LNH
Wt pn,

Compound 8 was prepared by the procedures depicted in Schemes 17

to 19 and described in delail below.

Scheme 17
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Step 1. Preparation of 54 5-bis{benzyioxy)pyridin-2-yi]-4-{{2R)-2-
hydroxypropyl}-2 4-dihydro-3H-1.2 4-triazol-3-one (C34).

AL Preparation of 2-{[4,5-bis(benzyloxy)pyridin-2-ylicarbonyl}-N-{{2R}-2~
hydroxypropylihydrazinecarboxamide (€C33). Compound C33 was prepared
according to the general procedure for the synthesis of C19 in Example 3,
except that (2R)}1-aminopropan-2-ol was used in place of (2R)3-
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aminopropane-1,2-dial, and e reaction was heated for 80 hours, to provide
€33 as a white solid. Yield: 4.54 g, 10.1 mmo!, 84%. LOMS mvz 451.2 (M+1).
'H NMR (400 MHz, DMSO-ds) 8 1.00 (d, /=6.2 Hz, 3H), 2.91 {m, 1H), 3.01 (m,
1H), 3.61 (m, 1H), 4.64 (d, J=4.7 Hz, 1H), 533 (brs, 4H), 6.28 (dd, J=5.8 Hz,
1H), 7.21-7.49 (m, 10H), 7.69 (s, 1H), 7.93 (br s, 1H), 8.28 (5, 1H), 9.97 (br s,
1H).

B. Preparation of €34. Compound €34 was prepared according to the
genearal procedure for the synthesis of C20 in Example 3, except that €33 was
used in place of C19. Afer the solid was filtered, it was recrystallized from
methano! {250 mL) to obtain two combined crops of C34. Yield: 365 g, 844
mmol, 74%. LCMS m/z 433.6 (M+1). "H NMR (400 MHz, DMSO-ds) 5 0.98 (d,
J=6.3 Hz, 3H}, 3.81 {m, 1H), 3.96 {dd, half of an ABX pattern, J=133, 5.3 Hz,
1H), 4.05 (dd, half of an ABX pattern, J=13.3, 7.4 Hz, 1H), 484 (d, 4=5.1 Hz,
1H), 5.28 (s, 2H), 5.31 (s, 2H), 7.32-7.48 {m, 10H), 7.58 {s, 1H), 8.32 (s, 1H),
11.96 (br s, 1H).
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Step 2. Preparation of tert-butyl 2-([{1.8-1-{2-[{tert-
butoxycarbonyhaminol-1,3-thiazol-4-yi}-2-({(3 S} 1-{{{3(S-hydroxy-4-oxo- 1,4~
dihydropyridin-2-yi)-4-{{(2K)-2-hydroxypropyl}-5-oxo-4,5-dihydro-1H-1,2 4-
friazol-1-yiisulffonylcarbamovl}-2-oxcazetidin-3-yllamino)}-2-
oxoethylidenelaminojoxy)-2-methyipropanoate {C36).

A. Preparation of  fertbutyl  2-({{(12)-2-{{(3S)-1-[{{3-]4.5-
bis{benzyioxypyridin-2-vi}-4-[(ZR)-2-hydroxypropyi]-5-oxo-4 5-dihydro-1H-

1,2, 4-triazoli-1-yijsulfonylcarbamoyll-2-oxoazetidin-3-yilamino - 1-{d-{{tert-
butoxycarbonyllaminol-1,3-thiazol-4-yi}-Z-oxoethylidenaslaminoloxy y-2-
methylpropanocate (C35). A suspension of C34 {1 g, 2.31 mmol} in 1,1,1.3,3.3,-
hexamethyldisilazane (2.54 ml, 11.6 mmol) was freated with trimethylsilyl
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chioride (0.002 mi, 0.012 mmol), and the mixture was heated at 140°C for 2
howrs. The yellow solution was then cooled to room temperature and
concentrated in vacuo to afford a yellow gum. In a separale flask, a
suspension of C13 {1.15 g, 2.31 mmol) in dichloromethane {2 mL) under
nitrogen at 0°C was treated with carbonylsuffamoyl chioride {0.211 mi, 2.31
mmol} and stirred for 1.5 hours at 0°C. The mixture became a homogenocus
solution. The material derived from €34 was treated with dichloromethane (2
mi), and the resulting yellow solution was cooled to ~-40°C and stirred under
nitrogen. The ice-cooled €13-containing reaction mixture was fransferred into
this solution via syringe. The mixture was stired at -40°C for 30 minutes,
warmed o room temperature over 1 hour and shirred for 2 hour at room
temperature. The mixture was quenched by the addition of methanot (5 mb),
the sohvent was removed i vacue, and the crude matenal was purified by sitica
gel chromatography (Gradient: 0-3% methanol in ethyl acetate) to afford C35
as a solid. Yield: 1.42 g, 1.37 mmol, 58%. LCMS m/z 1035.7 (M+1) "H NMR
{400 MHz, DMSO-de} & 0.95 (d, J=5.8 Hz, 3H), 1.33-1.43 {m, 15H), 146 (s,
OH3, 3.40 (m,IH), 371 (m, 1H), 377 (m, 1H), 3.95 (m, 1H), 4.068 (m, 1H), 4.84
{d, J=5.1 Hz, 1H), 5.29 (s, 2H), 5.31 (5, 2H), 7.25 (s, 1H), 7.31-7.51 (m, 10H),
7.60 {s, 1H), 8.36 (s, 1H}, 9.02(d, /=83 Hz, 1H), 11.85 (brs, TH).

B. Preparation of C36. Compound €36 was prepared according to the
general procedure for the synthesis of C22 in bxample 3, except that C35 was
used in place of C21, and the reaction was hydrogenated at 25 psi for 1.5 hour,
o afford C36 as a red solid. Yield: 3.84 g, 449 mmaol, 88%. LCMS mv/z 853.0
{M-1).
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Scheme 19

Step 3. Preparation of 2-({[{12)-1-(2-amino-1,3-thiazol-4-yl}-2-{{{35)-1-
[{{3-(5-hydraxy-4-oxo-1.4-dihydropyridin-2-y}-4-{(2R)-2-hydroxypropyl}-5-oxo-

5 4 5-dihydro-1H-1,2 4-triazol-1-yiisulfonylicarbamoyl}-2-oxoazetidin-3-yllamino)-
2-oxoethylidenelaminoloxy }-2-methylpropanoic acid, disodium salt (8).

A, Preparation of 2-{{{{(12)-1-(2-amino-1,3-thiazol-4-y}1-2-({{38)}-1-[{{3-(5~
hydroxy-4-oxae-1,4-dihydropyridin-2-vi)}-4-[{(2R)-2-hydroxypropyil-5-oxo-4,5-
dihydro-14-1,2 4-triazol- 1-yi}sulfonylicarbamoyl]-2-oxoazetidin-3-yllamino)-2-

10 oxoethylidenelaminoloxy)-2-methylpropanoic acid C37. Compound C37 was
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prepared according o the general procedure for the synthesis of 3 in BExample
3, except that C36 was used in place of C22. The crude product was dissolved
in dimethy! sulfoxide o a concentration of 100 my/mi., filtered, and purified by
preparative HPLC (column: Waters Symmetry C8, 5 um, 30 x 50 mm; Solvent
A 0.1% agueous farmic acid; Solvent B: 0.1% formic acid in acetonitrile;
Gradient. 6% to 26% B). The fractions that pertained to the desired product
were concentrated in vacuo o provide a solid, which was digsolved in a mixture
of acetonitrite (10 mL} and water {100 mL), cooled 1o -78°C and lyophilized to
provide C37 as a pink solid. Yield: 0.130 g, 0.186 mmol, 15%. LCMS m/z
699.0 (M+1). "H NMR (500 MHz, DMSO-dq) 8 0.97 (d, J=6.1 Hz, 3H), 143 (s,
3H}, 1.43 (s, 3H), 3.38 {dd, J=6.3, 3.2 Hz, 1H), 3.69 (dd, J=6.1, 6.1 Hz, 1H),
3.78 {m, 1H), 3.86 {m, 1H), 4.91 {m, 1H), 8.83 (s, 1H), 7.39 (s, 1H)}, 8.02 {s,
1H), 9.08 (d, /=8.3 Hz, 1H}.

B. Preparation of 8. Compound 6 was prepared according to the
general procedure for the synihesis of 4 in Example 4, except that C37 was
used in place of C27, and that the starting material €37 was dissclved in
methanol (20 mL}, sonicated for five minutes, and concentrated in vacue.
This process was repeated three fimes before the reaction was run.
Compound & was obtained as a pink solid. Yield: 0.150 g, 0.202 mmol, 96%.
LCMS m/z 699.8 {(M+1). 'H NMR (400 MHz, DMSO-ds) 5 0.95 {d, J=5.3 Hz,
3H), 1.41 (s, 3H), 1.49 (s, 3H), 3.30-3.40 {m, 1H, assumed; obscured by watey
peak) 3.82 {m, 1H}, 3.97 {m, 3H), 511 {m, 1H), 6.78 (s, 1H), 7.19 {br 5, 1H),
7.36 (s, 1H), 7.88 (s, 1H).
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Example 7
Praparation of 2-({[112)-1-{2-amino-1,3-thiazol-4-yD-2-{{{38)-1-[{{3-{B-
hydroxy-4-oxo-1 4-dihydropyridin-2-yi)-4-{{2S)-2-hydroxyoproovii-5-oxo-4 . 5-

dihydro-14-1.2 4-triazol-1-yisulfonvDcarbamoyil-2-oxoaretidin-3-vllamino}-2-

5  oxpethviidenelaminotoxy)-2-methvinropanoic acid. disodium sait (7).

\/L\ONa
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Compound T was prepared by the procedures depicted in Schemes 20
{0 22 and described in detail below.
Scheme 20

Q8n
OBn

10 C39
Step 1. Preparation of 5-[4,5-bis(benzyloxy)pyridin-2-vi}-4-[{(25)-2-
hydroxypropyl}-2 4-dihydro-3H-1,2 4-triazol-3-one {C38).
A. Preparation of 2-{{4, 5-bis(benzyloxy)pyridin-2-vilcarbonyl}-N-{(285)-2-
hydroxypropylihydrazinecarboxamide {€38). Compound C38 was prepared
15 according 1o the general procedure for the synthesis of €19 in Example 3,

except that (2S5)-1-aminopropan-2-of was used in place of (ZR)-3-
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aminopropane-1,2-dial, and e reaction was heated for 12 hours, to provide
C38 as a white solid. Yield: 12.56 g, 27.88 mmol, 87%. LCMS m/iz 45186
{M+1). "H NMR {400 MHz, DMSO-dy) & 1.00 (d, J=6.2 Hz, 3H), 2.91 {m, 1H),
3.01 (m, 1H), 3.61 {m, 1H), 465 (d, J=4.7 Hz, TH), 533 (s, 4H). 6.28 {dd,
J=58 Mz, 1H), 7.31-7.49 (m, 10H), 7.69 {s, 1H), 7.93 (br 5, 1H), 8.28 (s, 1H),
8.99 (br s, 1H).

B. Preparation of €39. Compound €39 was prepared according to the
genearal procedure for the synthesis of C20 in Example 3, except that C38 was
used in place of C19 and the reaction was heated for 18 hours to afford €39 as
a red solid. Yield: 4.25 g, 9.82 mmol, 95%. LOMS mvz 433.3 (M+1). "H NMR
{400 MHz, DMSO-ds) 5 0.88 (d, J=6.3 Hz, 3H), 3.85 (m, 1H), 3.98 (m, 1H), 4.07
{rn, 1H}, 528 (s, 2H), 5.31(s, 2H), 7.31-7.49 (m, 11H), 7.60 (s, 1H), 8.32 (s,
H).
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Scheme 21
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Step 2. Preparation of fert-butyl 2-({[{(12»1~f2-[{tert-
butoxycarbonyllaminol-1,3-thiazolb-4-y1}-2-({{(3 S} 1-{{{3-(5-hydraxy-4-oxo-1,4~
dihydropyridin-2-y)-4-[{2 S)-2-hydroxypropyl]-5-oxo-4, 5-dihydro-1H-1,2 4-triazol-
1-vitsulfonylicarbamoyil-2-oxoazelidin-3-vilaming}-2-oxcethylidenelaminoloxy)-
2-methyipropanoate {C41).

A. Preparation of tert-butyl  2-({{{12)-2-({(3S)-1-{({3-}4,5-
bis(benzyloxy jpyridin-2-yi]-4-{(2S)-2-hydroxypropyll-5-oxo-4 5-dihydro-1H-

1,2, 4-triazol-1-ylisulfonyhcarbamoyll-2-oxoazetidin-3-yifamino)-1-{2-[{fert-
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butoxycarbonyliamine]-1 3-thiazol-4-yil-2-oxosthylidenslaminoloxy}-2-
methyipropanoate (€40). Compound C40 was prepared according {o the
general procedure for the synthesis of C35 in Example 6, except that €39 was
used in place of C34. After the mixture was quenched by the addition of
methanol {3 mL}, the solvent was removed in vacuo and the crude material was
purified by silica gel chromatography {Gradient: 0-3% methanol in ethyl
acetate) to afford C40 as a yellow solid. Yield: 0.71 g, 0.685 mmol, 44%.
LCMS m/z 1035.6 (M+1). 'H NMR (400 MHz, DMSO-dg) 8 0.96 (d, J=6.2 Hz,
3H}, 1.38-1.47 (m, assumed 24H), 340 (dd, J= 6.2, 3.1 Hz, 1H), 3.71 (m, 1H),
3.78 (m, 1H), 3.95 (m, 1H), 4.07 (m, 1H), 4.83 (d, J=5.5 Hz, 1H}, 4.91 (m, 1H),
5.29 (s, 2H), 5.31 {s, 2H), 7.25 (s, 1H), 7.31-7.51 {m, 10H), 7.60 (s, 1H), 8.36
{s, 1H), 8.01 (d, J=8.6 Mz, 1H), 11.82 (br s, 1H}.

B. Preparation of C41. Compound C41 was prepared according 1o the
general procedurs for the synthesis of C22 in Example 3, except that C40 was
used in place of C21, and the reaction was hydrogenated at 30 psi for 1 hour.
Additionally, in this case filfration was carried out through a 1 cm bed of wron-
free Celite {Celite was pre-washed with 1N agueous hydrochloric acid, then
with deionized water, then with acetone, and then dried). Compound C41 was

obtained as a red solid. Yield: 0.630 g, 0.7 mmol, 100%. LOMS nmvz 8585.1 (M-
1)
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Scheme 22
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Step 3. Preparation 2-{{{1Z)-1<(2-amino-1,3-thiazel-4-yh-2-({381-{{{3~
{5-hydroxy-4-oxo-1,4-dihydropyridin-2-yi)-4-{{2 S)-2-hydroxypropyi]-5-oxo-4,5-
dihydro-1H-1,2 4-triazol-1-ylsulfonylicarbamoyl]-2-oxcazetidin-3-yllamino - 2-
oxaethylidenajaminoloxy - 2-methylpropanoic acid, disodium salt {7). A solution
of C41 (0.630 g, 0.76 mmol) in dichloromethane (0.5 mL) was cooled to 0°C
and treated with trifluorcacetic acid (3.4 mbL). The mixture was warmed o rocom
temperature and stirred for 18 hours; the reaction mixture was then slowly
added drop-wise fo a stiring solution of methyl-tert-butyt ether (10 mbL) and
heptane (20 mL). The resulting solid was fillered, dried i vacuo, dissolved into
dimethyl sulfoxide (1 ml) and purified via reverse phase chromatography
{RediSep RF C4; Column, 65 g; Solvent A: 0.1% aqueous formic acid; Solvent
B: 0.1% formic acid in acetonitrile; Gradient: 5% to 25%B). The fractions that
pertained to the desired product were concentrated in vacuo o provide a solid.
The solid was sonicated in methano! and the solvent was removed {this was
carried out 4 times) to give free form material as a white solid, Yield: 0,103 g,
0.147 mmol, 19%. LCMS m/z 699.0 (M+1). 'H NMR (500 MHz, DMSO-ds) 3
0.95 (d, J=6.1 Mz, 3H), 1.43 (s, 3H), 1.44 (s, 3H), 3.38 (dd, J=6.5, 3.3 Hz, 1H),



WO 2010/070523 PCT/IB2009/055544

-89 -

370 {dd, J=8.1, 8.1 Hz, 1H}, 3.77 {m, 1H), 3.86 (m, 2H), 4.81 { m, 1H), .82 (s,
1H), 7.38 (s, 1H), 8.02 {5, 1H), 9.06 (d, J=8.8 Hz, 1H). Combined batches of
free form (0.676 ¢, 0.92 mmol) were placed round bottom Sask with 10 mL of
deionized water. The suspension was cooled to 0°C in an ice bath and to this
5  mixture added {dropwise} a solution of 0.154 g of sodium bicarbonate in 1.0 mbL
of water. The suspension was stirred until all the solids were dissolved. The
solution was then frozen and lyophilized affording 0.680 g of compound 7 as a
light pink sofid. LOMS m/z 699.6 (M+1). 'H NMR (500 MHz, D.0-ds) § 1.01(d, J
= 8.5 Hz, 3H), 1.32 (d, J =86.0 Hz, 6H), 3.61 - 3.70 {m, 2.5H}, 3.77 {dd, 2 ABX,
0 J=185Hz, 40Hz 05H), 388 (1, J=80Hz, 1H), 490 (dd, J=7.5 Hz, 45 Hz,
1H), 6.80 (s, 1H)}, 6.93 (s, 1H), 7.71 {s, 1H).
Example 8
Preparation of 2-({l{1Z}-1+{2-amino-1.3-thiazol-4-y1)-2-({{38)-1-[{({4-
{1.5-dimethyl-1H-pyrazol-3-vhimethyl-3-(5-hydroxy-4-oxc-1.4-dihydropyridin-
15 2-vi)-5-oxo-4.5-dihydro-1H-1.2 4-triazol-1-yiisulfonviicarbamoyli-2-

oxoazetidin-3-vlamino}-2-oxoethylidenelaminokey)-2-methylpropanoic acid

(8).
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20 Compound 8 was prepared by the procedures depicted in scheme 23

and outlined in detail below.
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A. Preparation of €43 (Coupling Method 2). Compound C42 was prepared in
an analogous manner {o that described for the preparation of C8 in Example 1
affording 0.87 g (0.72 mmol) of triazalone €42 as a white solid. LCMS m/z 4834
{M+13. A suspension of C42 (0,100 g, 8.207 mmol) in hexamethyldisitazide (0.227 mL,
1.04 mmol) under nitrogen at 23°C was trealed with trimethysilylchioride (one drop,

G.13 ul, .01 mmol). The mixture was healed at 140°C for 2 hours; upon heating
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the regction became a clear brown solution. The mixlure was cooled 1o room
temperaiure and held under high vacuum for 1 hour producing a brown glass-like
wmaterial, Separately, a suspension of 13 (0.103 g, §.207 mmaol) in dichibromethanse
{€.1 mL) under nitrogen at 0°C was treated with chlorosulfonylisocyanate {0.019 ml.,
0.207 mmol) and stired untll the midure became homogeneous (approximately &
minutes). The solution was stirred for 1.5 hours at 0°C. The silylated friazolinone {0.207
mmol) was treated with DCM (0.2 mb), the brown solution was cooled to ~40°C and
stirred under nitrogen. The prepared sulfamoy! chioride solution (0.1 mL, 0.207 mmol)
was then transferred via syringe to the complex prepared from C42 and the mixture
stirred at -40°C for 30 minutes, warmed to room temperature over 1 hour and stirred for
2 hours at room temperature. The mixture was quenched by the addition of msthanol
{0.5 mi), the solvent was removed in vacuo and the crude material purified by column
chromatography (silica-gel, 5% methanot i dichioromethane) to give 0.050 g (24%;) of
C43. LOMS mvz 1085.1 (M+1). "H NMR (400 MHz, DMSO-dg} 5 1.54 ~ 1.48 (m, 24H),
208 ~210 (m, 1H), 2.25 -~ 2.28 {m, 1H), 3.40 - 3.44 (m, 1H}, 3.55 (s, 1H), 4.92 (br. 5,
1H), 520 -~ 5.63 {m, 4H) 556 —~ 583 (m, 1H), 725 (d, J =48 Hz, 1H), 728 - 7.50 {m,
10H}, 7.58 (s, 1H), 8.33 {5, 1H), 9.01 {br. 5, 2H}.

B, Preparation of 2-{{{1Z)-1-(Z-amino-1,3-thiazol-d-y1)-2-({{38)-1-{{4-{{1.5-
dimethyi-1H-pyrazol-3-yhmethyi]-3-(5-hydroxy-4-oxo-1,4-dihydropynidin-2-yi)-5-oxo-

4 S-dihydro-1H-1,2 4-triazol-1-yllsulfonybicarbamoyl]-2-oxoazetidin-3+lamino)-2-
axpethylidenelaminoloxy)-2-methylpropanoic  acld (8. Compound €43 was
deprotected and HPLC purified in an analogous manner fo that described for
compeound 1 in Example 1 affording 0.015 g {8%) of compound 8 as a pink solid.
LCMS myz 748.9 (M+1). 'H NMR (500 MMz, DMSO-ds) 5 1.41 {5, 3H), 141 (s, 3H),
2.39 (s, 1H), 3.55 {s, 3H), 3.67 (m, 1H), 3.91 (dd, J=6.3, 6.3 Hz, 1H), 5.05 {m, 1H),
5.58 (s, 2H), 8.73 (s, 1H), 7.26 (s, 1H), 7.34 (br s, 1H), 7.80 (s, 1H), 9.10 {d, J=8.0 Hz,
1H), 11.85 (s, 1H).

Additional Examples 2-30 are shown below in Table A and were
prepared analogousiy 10 the Examples above using either cyclization methad 1
(described in Example 1, step 3B) or cyclization method 2 {described in
Example 4, step 18), in combination with either coupling method 1 {described
in Example 1, step 8A) or coupling method 2 (described in Example 4, step 1B).
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Biclogical Propetties
In some embodiments, compounds of the invention exhibit a targsted and
effactive aclivily against hadteria. Compounds of the invention can therefors be

used, eg., for treating andfor preventing a varlety of diseases caused by
pathogenic bacteria in human beings and animals.

Table 1 below shows in vitro MIC data for specified strains of
Pseudomonas aeruginosa, Klebsielfa pneumonia, and Acinetobacter baumani.
Culture coliection strain 1045-08 is resisiant to several classes of known
antimicrobial  agents  including carbapenems, aminoglycosides  and
fluoroguinolones, while strains 1000-02 and 3167 are resistant {o cephalosporins.
Strain PAQZ0C is a derivative of faboratory strain PAQO1 that lacks a functional
MexAB-oprM efilux pump. The compounds listed are highly active against all
three of these screening strains demonstrating their broad aclivity against gram-
nagative bacteriat pathogens.

Table 1: MIC of Examples 1-30

MIC
MIC iH
! MIC Pseudomonas
Ex. Pﬁfﬁggggjs pf:;eubr:'ue:g'ze Acinetobacter | aeruginosa
No. 1045.06 1006.02 baumanii PAD200 Mex
(mgfmi) (mgimb) 3167 {myimlb) | AB-oprM KO
{mg/mL)
1 NT, N.T, N.T. <3 0525
2 N.T. N.T, N.T. .188"
3 Q.5 0.5 3.5 MN.T.
4 0.5 1 k| N.T.
5 0.25 0.5 0.5 N.T.
8 0.25 0.5 1 N.T.
7 08.25 0.25 1 N.T.
8 32 8 >84.0 N.T.
9 N.T. N.T. NT. <0.0625
10 N.T. N.T. NT. 025"
11 N.T. N.T. N.T. 16
12 2 2 16 N.T,
13 3.25 0.25 18 N.T.
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14 0.5 0.06 2 N.T.
15 0.5 8.5 4 N.T.
16 05 0.5 2 N.T.
17 0.25 0.25 1 NT.
18 2 1 8 N.T.
19 8.5 Q.25 2 N.T.
20 0.5 0.25 2 NT.
21 4 32 =64, N.T.
22 0.5 8.5 2 N.T.
23 0.5 0.25 1 N.T.
24 0.5 0.25 2 N.T.
25 0.5 8.5 4 N.T.
26 0.5 01256 2 N.T.
27 1 1 2 N.T.
28 0.5 4 N.T.
28 2 2.5 =64 N.T.
30 0.5 3 1 N.T.

N.T. = Not Tested

"Walue represents average 2 MIC determinations

Table 2 below shows several compounds of the invention compared to
cefipime {a cephalasperin antibiotic indicated fo treat bacterial infections caused

infections caused by P. aeruginosa) and Comparative Example A {example 23 in
EP 0281289, published September 7, 1988).

from Pseudomonas aeruginosa), imipenem {a carbapenem antibiotic used {o treat
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Table 2: in vitro and In Vivo Comparison Against P, aeruginosa

oH
\\1/"j§§‘ o ‘O H
‘O ] }\_ﬂ‘_{\\
- ! \’}
hi H \\\}-»-NH
NN /
R~ ¥ N
s 0 N N N AR
S EY
o ¢
RT! PDe, vs.
Pa Pa 1091-05
1091-05 (mg'ka)
MIC {85% confidence Pa
Compound Structure (RY) {mg/mL) interval) MICe0”
Cefapime 2 22 G4
imipenem -—- 0.5 1.04 >G4
Comparative -CH, 05 >150' 1
Example A
Example 15 O 05 > 70.8 1
N
Example 6 - é\H 0.125 327 (23.7 - 42.0) 1
“‘2__{”/\‘\'{-"2
Example 7 2 0.125 18.7 (8.45 - 22.86) 1
OH
“ \.V/\\
Example 3 O R PY 206 (8.7 — 32.52) 1
QOH
‘-'L\,a’“f\‘ e
Example 5 - g;l OH 0.125 18.6 (8§.94 ~ 28.29) 1
Gy NH;
Example 4 O 0.125 250 (24.8 - 25.2) 1
O

91 clinical isolate

Table 2 shows the results for compounds of the invention which were

W

aeruginosa 1091-05. For this model, C3H/HeN mice were immunosuppressed
with cyclophosphamide given orally at 150 mg/kg and 100 mg/kg on days -4 and

Data are from a previous axperiment

evaiuated for efficacy in the muwrine respiratory tract infection model against .
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-1 relative to challenge, respectively. Mice were anesthetized with isoflurane (5%
in oxygen) and the bacterial inoculum was given t0 each mouse via intranasal
instillation in a 40 pL volume (~2.8 x 10° cfu per mouse). Mice were dosed with
compound administered via subcutaneous injection beginning at four hours post-
challenge, and continuing for two days of BID therapy. Lethalities were followed
over ten days and the 50% protective doses (PDgs) were determined. include
interpretative comment on The known monocarbam prototype Comparative
Example A (example 23b in EP 0281289, published September 7, 1988) typically
has a PDsg of 2 100 mg/kg in this model. However, the exemplified monocarbams
of the present invention were evaluated in this model and many demonstrated
better efficacy than Comparative Example A, for example, Example 4 (25.0
mg/kg), Example 6 (32.7 mg/kg), Example 5 (18.6 mg/kg), Example 3 (20.6
mg/kg), and Example 7 (15.7 mg/kg).

PDsq is @ measure of the ability of a compound to protect mice from a lethal
infection. Hence, a lower value in this study is indicative of improved efficacy.
Since the 95% confidence intervals (the range that predicts where the actual value
will lie with 95% confidence) calculated for the compounds Exampie 3, Example 6,
Example 4, Example 7 and Example & do not overlap with the PDgy value
determined for Comparative Example A, i can be concluded that these
compounds are significantly more efficacious relative to Comparative Example A.
This result was unexpected given the similar MICs against the pathogen used (P.
aeruginosa 1091-05). Importantly, performance in these pre-clinical in vivo models
is predictive of outcomes of clinical efficacy against these types of infections.
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The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from
it) or known matter forms part of the common general knowledge in the field of endeavour
to which this specification relates.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of formula (1),

RS
OH
R‘j‘——R‘*‘ 0\
0 A\
~ Y
N N/
B R NNH
N N N /
WN—C T T A
5—X O NN NR
i
AN
o 0o O

)
or pharmaceutically acceptable salt thereof, wherein

R’ is (C;-Cs)alky! substituted with 1 to 3 substituents selected from the
group consisting of halo, hydroxy, (Ci-Ce)alkoxy, -NR'R?, -C(=OINR'R®, anda 3 to
7 membered heterocycle, wherein R’ and R® are independently hydrogen or (C;-
Celaikyl, wherein said heterocycle contains 1 to 3 heteroatoms independently

selected from O, N, or S;
R? is hydrogen or methyt;
R3is hydrogen or methyt;

R* is hydrogen, deuterium, or methyl optionally substituted with 1 to 3

substituents independently selected from F or Cl;

R® is hydrogen, deuterium or methyl optionally substituted with 1 to 3

substituents independently selected from F or Cf;
R%is H or -C(=0)OH; and
X is C{H), C(F), C(Cl), or N.
2. The compound of claim 1 having the formuia {(IA):
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3 N NG AN
O \” /'/S\\ \
e} O
(IA)

or pharmaceutically acceptable sait thereof.
3. The compound of claim 1 or 2, or pharmaceutically acceptable salt
thereof, wherein
R? is hydrogen:
R® is hydrogen;
R is methy!;
R® is methy!;
R%is -C(=O)OH; and
Xis C(H).

4. The compound of any of claims 1-3, or pharmaceutically acceptable
salt thereof, wherein R is (C1-Cg)alkyl substituted with 1 to 3 substituents selected
from the group consisting of halo, hydroxy, -NH,, -C{=O)NH, and a 3 to 7
membered heterocycle, wherein said heterocycle contains 1 to 3 heteroatoms
independently selected from O, N, or S.

5. The compound of claim 1 that is
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or a pharmaceutically acceptable salt thereof.
6. The compound of claim 1 that is
OH

- 7. The compound of claim 1 that is

OH
OH
o 0
N\
N-NH

IO
N
HEN-\(SJ’ o j;l. N
o Y .
o O

N
h’l N OH
5N }J
0O O
or a pharmaceutically acceptable sait thereof.

8. The compound of claim 1 that is
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%o 0 \OH

NH
0T Y

Z»z

or a pharmaceutically acceptable salt thereof.
9. The compound of claim 1 that is
OH ’

__\/‘%O o, OH
A\
\ NH
iy p= W

wr:,;w N

H

OI/,

or a phamaceutically acceptable salt thereof.

10. The compound of claim 1 that is formula (IB):

OH
OH
%0 o) {
.0
N \
HoNeat I H N a
‘ \<s j N N N=R

wr B \<
(IB)

wherein R is selected from the group consisting of:
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%{\/'D WOH ' S{\é/H\OH,z(\/"O ’
"0 | O % CF, ‘e

) ' OH '

LS U S GAFR o Sl
OO
and W\OH,

OH
and pharmaceutically acceptable salts thereof.

on

11. A pharmaceutical composition comprising the compound of any one of
claims 1-10, or pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.

12. Use of a compound of any one of claims 1-10, or a pharmaceutically

acceptable salt, in the manufacture of an antibacterial medicament.

13. A method for the treatment of bacterial infections comprising administration
to a patient in need thereof a therapeutically effective amount of a compound of any one
of claims 1-10.

14. A compound according to claim 1 substantially as hereinbefore described
with reference to the Examples.
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