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New Bicyclic Compounds and Their Use as Antibacterial Agents and

B-Lactamase Inhibitors

Field of the invention
The present invention relates to new bicyclic compounds, their preparation and their use as

antibacterial agents either alone or in combination with an antibiotic {or plurat antibiotics) for

the treatment of infections caused by p-lactamase-producing pathogenic bacteria. The
compounds of the present invention are (-lactamase inhibiting or non-f-lactamase inhibiting
(ie., some of the compounds of the present invention by themselves would directly inhibit
p-lactamase enzymatic function, and others of the compounds of the present invention by
themselves would not inhibit some B-lactamase’'s enzymatic function though they provide
synergy and increased potency of activity in combination with antibiotics, e.g., p-lactam

antibiotics or non-f-lactam antibiotics). More particularly, the invention is concemed with
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methods for overcoming antibiotic resistance caused by p-—lactamase producing bacieria, the
method of preparation of the new compounds, pharmaceutical compositions containing the

new compounds, methods of treatment, uses of the compounds, and other subject matter,

Background of the invention

Microbial drug resistance is an unavoidable consequence resulting from sbuse and overuse
of antimicrobial agents. The rate at which resistance arises among microbial population is
often dictated by the extent of use of particular agenis in a given ernvironment. Given the
degree of popularity of B-iactam (also known as B-iactarr;) antibiotics, it is not surprising that
the prevalence of B-lactamase (also known as p-lactamase) producing strains is increasing
worldwide. _The most significant known mechanism related to the development of bacterial
resistance to the B-dactam antibiotics is the‘ production of class-A, class-B, class-C and
class-D p-lactamases that are able fo hydrolyze the B—lactam antibiotics resulting in the loss
of antibacterial activity, QEass-A enzymes preferentially hydre!yze penicillins, class-B
enzymes hydrolyze all B—«tactéms including carbapenems, class-C p-lactamases have a
substrate profile favoring cephaiosporin hydrolysis, whereas substrate preference for class D

B-lactamases include oxacillin and cloxacillin.

The possibility of rescuing individual p-lactam antibiotics by combination with a B-lactamase
inhibitor that inactivates the f—lactamase before it can hydrolyze the B-lactam antibictic has
been demonstrated with clinically useful combination between peniciiling such as amoxicillin,
ampicillin, piperacitiin and ficarcillin and B-lactamase inhibifors such as ciavulanic acid,
sulbactam and tazobactam. Further potential combinations have been described involving
various P-actam antibiotics and newly reported B-lactamase inhibitors including bicyclic
monobactams, exomethylene penems and 7-oxo-6-diazabicyclof3.2. 1Joctane-2-carboxamide

derivatives.

As a result of point mutations and plasmid transfer, the diversity of B-lactamases is

increasing constantly. The currently commercial B-lactamase inhibitors are insufficient to
2
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counter these new pB-lactamases ~ particularly ineffective against class C producing
organisms, newly emerged extended-spectrum -lactamases (ESBLs) and carbapenemases
like IMP, VIM, OXA, KPC, and NDM. Thus there is a need for broad-specirum p-lactamase

inhibitor to combat over 800 f-lactamases including the newly emerged p-lactamases.

Recently, certain diazabicyclic compounds have been disclosed in WO 2009/091856 which
is hereby incorporated by reference in its entirety. in addition, a number of diazabicyclic
heterocycles have been disclosed in the following patents as B-lactamase inhibitors: US
2003/0199541 A1, US 2004/6157826 A1, US 2004/0097490 A1, US 2005/0020572 A1, US
2006/7112592 B2, US 2006/0189652 A1, US 2008/7439253 B2, US 2009/0018328 A1, EP
1307457 B1, EP 1537117 B1, WO 2002/100860 A2, WO 2002/10172 A1, WO 2003/063864
A2, WO 2004/052891 A1, WO 2004/022563 A1, WO 2008/142285 A1, WO 2009/090320 A1,

US 2010/0092443 A1, WO 2010/126820 A2, US 2012/0165533 A1.

The compounds of the present invention are new and the structural features are significantly

distinct from the compounds described in the patent references cited above.

in one aspect, the present invention provides a compound of formuila (1):

i
Y—N)
AN
/—N,
{

o 0S0,M

wherein:
M is hydrogen or a pharmaceutically acceptable salt-forming cation;
Y is OR";
R’ i§ a radical selected from the group consisting of:
{1} Ci straight or branched chain alkyt which is optionally substituted:;

(2) Cs.7 cycloalkyl which is optionally substituted;
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(3) Cszsaturated heterocycies containing at least one heteroatom selected from O, N
and S wherein the said heterocycle is optionally substituted, the ring S is
optionally oxidized to S(O) or S(0), and the free ring N atom may optionally take a

substifuent;

(4) Heterocyclyl {Cq5) alkyl wherein the said heterocycle has the same definition as

defined in (3), and the said heterocycle is optionally substituted;

(5) Cs7 membered saturated heterocycles optionally fused with a Ci:y membered
cycloalkyl group to form a bicyclic ring system where the bicyclic ring system so
formed is fused either through two adjacent carbon atoms or through a N atom
shared by both the rings and the other end of the cycloalkyl chain is attached to
the adjacent carbon atom of the molecule, each ring of the said bicyclic ring

system independently optionally substituted;

(6) Cs7 membered saturated heterocycles optionally fused with another Cs 7 saturated
heterocycle to form a bicyclic ring system where the bicyclic ring system so
formed is fused either through two adjacent carbon atoms or through a N atom
shared by both the rings, each ring of the said bi-cyclic ring system independently

optionally substituted;

(7) Ca7 cycloalkyl which is optionally fused with a Cs; membered saturated
heterocycle containing at least one hetercatom selecied from O, N and S | the

said bicyclic ring optionally substituted;

(8) Bridged bicyclic ring system having optionally one or two heleroatoms selected
from O, N and S, the bicyclic ring system optionally substituted either at the

carbon atom ar at the free N atom present in the ring;

(9) Cs» membered saturated heterocycles optionally fused with Cs; membered
h'eteroaryl ring where the bicyclic ring system so formed is fused either through

two adjacent carbon atoms or through N atom shared by both the rings;

3a



(10) Cs; membered saturated heterocycies optionally fused to a C;s membered
ring system through a common carbon atom to form a spirc system optionally
containing one heteroatom selected from O, N and S that is present in the spiro
ring where the ring S is optionally oxidized to S(0O) or $(0Q), and the free N atom

5 present in either ring may optionally take a substituent; and
(11}  Csymembered heteroaryl (C..¢) alkyl which is optionally substituted,
or a deuterated compound of any such compound.

in another aspect, the present invention provides a compound of formula (1)

o)

M.

Iz

0 OS0O4M

10 wherein:
M is hydrogen or a pharmaceutically acceptable salt-forming cation;
Y is NR*RY,
R? is hydrogen or optionally substituted C1 lower alkyl;
R® is a radical selected from any of following groups consisting of:
15 (1) Cq straight or branched chain alkyt which is optionally substituted;
(2) Cs.r cycloalky! which is optionally substituted;

(3) Cs7 saturated heterocycles containing at least one heteroatom selected
from O, N and S wherein the said heterocycle is optionally substituted, the

ring S is optionally oxidized to S(O) or S(0); and the free ring N atom may

20 optionally take a substituent;

(4) Cis straight or branched chain alkyl carbonyl which is optionally

substituted;

3b



(5) Cay cycloalkyl carbony! which is optionally substituted,

{(6) C.7 membered saturated heterocyclyl carbonyl containing at least one
heteroatom selected from O, N and S wherein the said heterocycle is
optionally substituted, the ring S is optionally oxidized to S(0O) or S(0O), and

the free ring N atom may optionally take a substituent;

(7) Ca7 membered saturated heterocyclyl (Cqs) alkyl carbonyl wherein the
said heterocycle has the same definition as defined in (8), and the free ring

N atom may optionally fake a substituent;
(8) Cg.10 aryl carbonyl which is optionally substituted;
(9) Ce.qparyl (Cq) alkyl carbonyl which is optionally substituted,

(10) Cssmembered heteroaryl carbonyl containing at least one heteroatom

selected from O, S and N wherein the heteroaryl is optionally substituted,

(11)  Csp heteroary! (Cq) alky! carbonyl wherein the said heteroary! has the

same definition as defined in (10);
(12} CF3;CO-, CH3S0,-, NH,CO-, and NHS0,-
(13)  Ceq-10 aryl which is optionally substituted;
(14) Cs4 membered heteroary! which is optionally substituted;

(15)  or R? and R® together may form an optionally substituted ring system
and the said ring may contain another heteroatom selected from O, N, and

Sl
or a deuterated compound of any such compound.

In yet another aspect, the present invention provides use of an antibacterially effective
amount of a compound as described herein in the manufacture of a medicament for treating

a bacterial infection in a mammal in need thereof.

3c
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In yet another aspect, the present invention provides a pharmaceutical composition

containing as an active ingredient, at least one compound as described herein.

In yet another aspect, the present invention provides use of an effective amount of a
compound as described herein in manufacture of a medicament for treating bacterial
infection in a mammal in need thereof, wherein said medicament is fo be administered inio
the mammal in combination with an effective amount of at least one B-lactam antibiotic, at
least one salt of a B-lactam antibiotic, at least one hydrate of a B-lactam antibictic or at least

one prodrug of a B-lactam antibiotic.

In yet another aspect, the present invention provides use of an effective amount of a
compound as described herein in the manufacture of a medicament for treating bacterial
infection in & mammal in need thereof, wherein said medicament is to be administered inio
the mammal in combination with an effective amount of at least one antibiotic, at least one
salt of an antibiotic, at least one hydrate of an antibiotic or at least one prodrug of an

antibiotic.

In yet another aspect, the present invention provides a moiecular complex comprising a

compound as described herein and at least one solvent.

In yet another aspect, the present invention provides a process for preparing a compound as

described herein, wherein M = H, and wherein the process comprises:

[A] Reacting substituted hydroxylamine (V} with an acid (VI} in presence of a
coupling agent selected from the group consisting of EDCI, HOBT-DCC and

PyBop to provide an intermediate of formula (VI

3d
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B] Removing the benzyl protecting group of the intermediate (VI1) with a source of

hydrogen in presence of Pd catalyst to provide debenzylated product (Vill);

R‘l
|

o\NJf,,‘
HoN
J—N

O OH
Vil

[C] Contacting compound (Vill) with a sulfating agent in the presence of solvent {o

obtain compound of formula (la)

)
7 N\
O 0S0;M

2o
O\NJ’I,
H

N

Detailed description of the invention

In one aspect, the present invention relates to new, low molecular weight diazabicyclic
compounds (some of which have potent broad-spectrum B-{actamase inhibitory activity and
others do not have such activity) that when used in combination with a f-lactam antibiotic or
with other non p-lactam antibiotics enhance the activity of the antibiotic against class A,
Ciass B, class C, and class D enzyme producing organisms and thereby enhance the
antibacterial properties. The compounds are therefore useful in tﬁe treatrment of bacterial
infections in humans or animals either aione or in combination with p--lactam antibiofics

and/or with other non B-lactam antibictics.

in accordance with the present invention, there are provided (A) new compounds of general
formula (1), (B) pharmaceutically acceptable salts of the compounds of formula (1), (C)

pharmaceutically acceptable solvates of the compounds of formula (1) and of their saits, and

Je



10

15

20

WO 2014/091268 PCTABZ012/0026758

(D) deuterated compounds of compounds of (A), (B) and (C), (namely, (i) compounds of
formula (I) modified in that they have been deuterated, (i) pharmaceutically acceptable salts
of compounds of formula (I) modified in that they have been deuterated, and (i)
pharmaceutically solvates of compounds of formula (!} and of their salts modified in that they

have been deuterated):

Wherein;
M is hydrogen or a pharmaceutically acceptable salt forming cation,

8 ”bharmaceuticauy acceptable salt” refers to a salt of a compound, which salt possesses the

desired pharmacological activity of the parent compound,

reference to specified compounds “modified in that they have been deuterated” refers to
compounds obtained by modifying the specified compounds so that one or more hydrogen

atoms in the compound have been replaced with or converted to deuterium,
Y = OR' or NR*R®,
in the formula (1), when ¥ = OR", R is a radical selected from any of the following groups:

{1) G straight or branched chain alkyl which is optionally substituted. Non-limiting

examples of such compounds are:

i J i
Ho/\/O‘N) 3 Ay /\/O‘N/l 2
o "N Ho N

N\ O N\ %N\
0 OSO;H O80;H o OSO5H
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(2) Casy cycloakyl which is optionally substituted. Non-limiting examples of such

compounds are:

o)
L

0] o]
o, . o .. 0.y
78 //9 T /9 SR “

OSO3H osogH

2

H,N

T b b
Oh&ﬁ 1,,'q G/O\g h"q
N N
O//L—N

.‘....m..

Q

Q

J—N ! J—N
' 0SO,H 0SO4H & 0803+
5
| 0O
0.y H N 0 .
@/ Q e LT Q Ur
GH N N
oso H v 0S0O;H 9 0S04H
N 0.y &,, o %,
ARG Q v Q
OSOSH 0803

(3) C.ssaturated heterocycles containing at least one heteroatom selected from O, N
10 and S wherein the said heterocycle is optionally substituted. Furthermore the ring S

is optionally oxidized to S{O) or S{Q), and the free ring N atom may optionally take

a substituent. Non-limiting examples of such compounds are;

" HN 'O\H N HNU/ ; 'ﬁ
o Q\ SEES 8
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j)
C. f,,,
HN H 1/\] HN O, /[
O
© O
— S
/N OSO;;H O O;H N 0803H

(4) Heterocyclyl (C1s) alkyl wherein the said heterocycle has the same definition as
defined in (3). Furthermore, the said heterocycle is optionally substituted. Non-

limiting examples of such compounds are:

e eoihas q Li'e

e

o 0SOH o 0S0,H 0SO;H

NH 0
J—N J—N J—N

O 0SO;H 0 0S0;H 0 0504+

L=

o)
0. \
N
N

N N
C OSO4H O 0OSO3H o 0SOH
o)
y -
Choy) (o J (o, J
O O.._N 4 O-.N e, O\N iy
Ho Ho | H N
N N, N
o OSO5H O 0OS04H O OSO4H
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(5) Csr membered saturated heterocycles which is optionally fused with a Cs

membered cycloalkyl group to form a bicyclic ring system where the bicyclic ring

5 system so formed is fused either through two adjacent carbon atoms or through a N

atom shared by both the rings and the other end of the cycloalkyl chain is attached

to the adjacent carbon atom of the molecule. Furthermore, each ring of the said

bicyclic ring system is optionally substituted. Non-imiting examples of such

compounds are;

sxgeliceareliiccye
0303H OSO3H

10 - OSQ3H 0

(8) Cs;membered saturated heterocycles which is optionally fused with another Cs

saturated heterocycle to form a bicyclic ring system where the bicyclic ring system

so formed is fused either through two adjacent carbon atams or through a N atom

shared by both the rings. Furthermore, each ring of the said bi-cyclic ring system is

15 optionally substituted. Non-fimiting examples of such compounds are:
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(7)  Carcycloalkyl which is optionally fused with a Cs.; membered saturated heterocycle
containing at least one heteroatom selected from O, N and S. Furthermore, the said

bicyclic ring is optionally substituted. Non-limiting examples of such compounds

0SO,H 0 0S0,H
(8) Bridged bicyclic ring sysfem having optionally one or two heteroatoms selected
10 from O, N and S. Furthermore, the bicyclic ring system is optionally substituted
either at the carbon atom or at the free N atom present in the fing. Non-limiting

examples of such compounds are:

©
T
e
. ¥
T
o
e
i

O 0S0;H o OSOH
15
{9) Cs; membered saturated heterocycles which is optionally fused with Cs,
membered heteroary! ring where the bicyclic ring system so formed is fused either

10
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through two adjacent carbon atoms or through N atom shared by both the rings.

Non-limiting examples of such compounds are:

N i
[ A\ O. J.i HN O\N/tr,n
N / H N '
/ O//L—‘N

N

N — N N-N P

0SOzH OSOsH HyC' 030,
| ji

HN O\ Yy q HN O\i\]" ”'.Cl
N |
= =
N OSO3H O 0OSO4H
5 (10) Cs.; membered saturated heterocycles which is optionally fused to a Css membered

ring system through a common carbon atom to form a spiro system optionally
coniaining one heteroatom selected from O, N and S that is present in the spiro ring
where the ring S is optionally oxidized to S(O) or S{C); and the free N atom present

in either ring may optionally take a substituent. Non-limiting examples of such

& CE;Q

OSO3H 0S05H

10 compounds are:

o

(11} Cs; membered heteroarylalkyl which is optionally substituted. Non-limiting

{t §r

examples of such compounds are:

0 j i
O\NJLJ Oxg ., O__.S ",
/[ A \ N \ N
N7 NH N N N
\ee/ N L H . NH :
= o 0SO;H o 0SO3H o OSOH

11
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In the above formula (1), when Y = OR', several non-limiting examples of the compounds of

the present invention are mentioned below:
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5 In another embodiment, in the formula (1), Y is NR*R®,

Wherein, R? is hydrogen, optionally substituted Cq. lower alkyl, even more preferably R? is

_ hydrogen:
In the formuta (I}, when Y = NR*R®, R® is a radical selected from any of the following groups:

(1) Cy.6 straight or branched chain alkyl which is optionally substituted. Non-limiting

10 examples of such compounds are:
O
J i,, i,,
N Q Q
N\
O OSO;H : 0803H 0803H

AN
=

9 =3 Yoo
e, m \/N ", \( 2
O g g

o 0SOH 0SO4H OSO4H

prd

(2} Cs7 cycloalkyl which is optionally substituted. Non-limiting examples of such

compounds ara:
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(3) C.;saturated heterocycles containing at least one heteroatom selected from O, N

and 8 wherein the said heterocycle is optionally substituted, Furthermore the ring 8

is optionally oxidized to S(O) or S(O), and the free ring N atom may optionally take

5 a substituent. Non-limiting examples of such compounds are:

O O O

P N !

N.,N)f N\ﬁ ‘e, \HJ’

(j HoN (j N (j N
HN N e} ! N\ s N

C 0S04H G 0O80O4H o 0O804H
o] O 8]

o OSO4H o osoH  © O 0SO,H

(4) . straight or branched chain alkyl carbonyl which is optionally substituted. Non-

Iiniiting examples of such compounds are;
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(8) Cay cycloatkyl carbonyl which is optionally substituted. Non-limiting examples of

such compounds are:
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(6) Csrymembered saturated heterocyclyl carbonyl containing at least one heteroatom
selected from O, N and S wherein the said heterocycle is coptionally substituted.
Furthermore the ring S is optionally oxidized to S{Q) or S(Q); and the free ring N
atom may optionally take a substituent. Non-limiting examples of such compounds

10 are;

o) 0S04H ; 0SOH o 0SO,H
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(7) Csz membered saturated heterocyclyl (Cis) atkyl carbonyl wherein the said
5 heterocycle has the same definition as defined in (8). The free ring N atom may

optionaily take a substituent. Non-limiting examples of such compounds are:
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(8) Ce.10 aryl carbonyl which is optionally substituted. Non-limiting examples of such

compounds are:

o OSO,H o 0SO4H

(9) Ceacaryl (Cis) alkyl carbonyl which is optionally substituted. Non-limiting examples

of such compounds are:.

o o]
Mo . g 7
N‘?J{/I'h, N‘_ﬁ Yi
oA Ny SRR
% N N,
9) 0SOzH O OS0,H
. 38
-.H ‘., ‘N “
S M O
N\ - N\
10 0 OSOzH 0 OSOzH

(10) Css membered heteroaryl carbonyl containing at least one heteroatom selected

from O, S and N wherein the heteroaryl is oplionally substituted. Non-fimiting

examples of such compounds are:
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(11} Css heteroaryl {Cqg) alkyl carbonyl wherein the said heieroaryl has the same
definition as defined in {10). Non-limiting examples of such compounds are:
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(12) In the formula (1), when Y = NR’R®; R®may also be selected from the following
groups like CFyCO-, CH380,-, NH,CO-, NH,S0,-. Non-iimiting examples of such

compounds are:

0 O O '
H : ) H
N, N M N, L,
FaC\( N ’ /S\ N ' HzN\\f N
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0 !}i N 0 N
%“‘N\ : )—*N\ )_N\
o 0OSO3H o OSO4H O O80;H
O
C}\\ H !a
80N
HN T H
; N\
5 O 0OS04H
(13) Ce.10 ary! which is optionally substituted. Non-limiting examples of such compounds
are:
0 9
g0 Nop .
N . h
oYy O
(14) Cse membered heteroary! which is optionally substituted. Non-limiting examples of
10 such compounds are;
o) | ©
H
N Ny
PRV Ly o !
g OS0.H O O50,H
(15) in the formula (1), when Y = NRR% R? and R® together may form an optionally
substituted ring system and the said ring may contain another heteroatom selected
from O, N, and 8. Furthermore, the ring may be optionally substituted. Non-limiting
15 examples of such compounds are:
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5 inthe above formula (I}, when Y = NR2R3, several non-limiting examples of such compounds

of the present invention are mentioned below:
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Examplés of the groups for forming a pharmaceutically acceptable salf represented by M in
tﬁe formula (I} include: Inorganic base salts, ammoﬁium salts, organic base salts, basic
amino acid salts, inorganic acid addition salts, and organic acid addition salfs. Inorganic
10 bases that can form the inorganic base salts include alkali metals (e.g., sodium, potassium,
and lithium) and aikaline earth metals (e.g., calcium and magnesium). Orgahic bases that
can form the organic base salts include n-propylamine, n-butylamine, cyclohexylamine,
benzylamine, octylamine, ethanolamine, diethanolamine, diethylamine, triethylamine,
dicyclohexylamine, procaine, choline, N-methylglucamine, morpholine, pyrrolidine, piperidine,
15 N-ethylpiperidine and N-methyimorpholine. Basic amino acids that can form the basic amino

acid safts include lysine, arginine, orithine and histidine. As will be appreciated by one
33
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skilled in the art, the compounds of formula (I} containing a basic nitrogen atom are capable
of forming acid addition salts. Such salis with pharmacéuticaliy acceptable acids are included
in the invention. Examples of such acids are hydrochloric, hydrobromic, phosphoric,
sulphuric, citric, oxalic, maleic, fumaric, glycolic, mandelic, tartaric, aspartic, succinic, malic,
formic, acetic, firifluoroacetic, methanesulfonic, ethanesulfonic, triﬂuoroﬁethanesuifonic,

benzenesulfonic, p-toluenesulfonic and the like.

Moreover, some compounds of formula (1) when they contain a basic group such as NH, NH,
or pyridine and the like may form an inner, zwitterionic salt with OSO;H: such inner salts are

also included in this inveniion.

Another aspect of the present invention is to include ail possible isomers of formula (1), As
used herein, the ierm ‘isomers’ refers to different compounds that have the same molecular
formula but differ in arrangement and configuration of the atoms, such as geometrical
isomers and optical isomers. For a given compound of the present invention, it is understood
that a substituent may be aftached at a chiral center of a carbon atom. Therefore the
invention includes enantiomers, diastereoisomers or racemates of the compound. By
definition ‘enantiomers’ are a pair of sterecisomers that are non-superimposable mirror
images of each other, and 1:1 mixture of a pair of enantiomers is a racemic mixture. By
definition, 'diastereoisomers’ are stereoisomers that have at least two asymmetric carbon
atoms but which are not mirror-images of each other. When a compound of formula (i) ‘is a

pure enantiomer the stereochemistry at each chiral carbon may be specified by either R or S.

Compounds may aiso exist in several tautomeric forms including the enol form, the keto form,
and mixiures of any of the foregoing. Accordingly, the chemical structures depicted herein

encompass all possible tautomeric forms of the illustrated compounds.

A variety of protecting groups conventionally used in the p-lactam field to protect a reactive
functional group present in the molecule of formula (I) can be used. ‘Protecting group’ refers
to a group of atoms that when attached io a reactive functional group in a molecule masks,

reduces or prevents reactivity of the functional group. Examples of protecting groups can be
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found in Green et al., “Protective Groups. in- Organic Chemistry”, (Wiley, 2™ 1991} and
Harrison et al., “Compendium of Synthetic Organic Methods,” Vols. 1-8 (John Wiley and
Sons, 1871-1996). Representative amino protecting groups include, but are not limited to
formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tert-butoxycarbony! (Bog),
trimethyisifyi‘(TMS), 2-trimethyisilyl-ethanesulfonyl (SES), trityl and substituted trityl groups,
allyloxycarbony!, S-fluorenylmethyloxycarbonyl (FMOC), nitro-veratryloxycarbonyl (NVOC),
and the like. Examples ;:)f hydroky protecting groups include, but are not limited to, those
where the hydroxy! group is either acylated or alkylated such as benzyl, and frityl ethers as

well as alkyl ethers, tetrahydropyranyi ethers, trialkylsilyl ethers, and allyl ethers.

The term ‘optionally substituted' refers to unsubstituted or substituted with one or two of the

following substituents each of which is independently selected from:

-Lower alkyl including from one to six carbon atoms in any arrangement, e.g., methyl, ethyl,
i-propyl or t-butyl |

-Amino

-Substituted amino stch as =NHCHS;, ~N(CH;), , -NHCH,CH,, -NHPE, -NHBU' WNQ
-Alkoxy such as —OCH,, -OCQHg, -OPY (i.e., isopropyioxy), -OBu (i.e., isobtityloxy)
-Hydroxyalky! such as ~CH,OH, -CH,CH,OH

-Halogen such as F, Ci, Br

-Hydroxy

-Carboxy

-Alkoxycarbonyl such as ~COOCH,, -COOC,H;, -COOPTr, and -COOBY!

-Haloalkyl such as —~CH,Cl, -CH,F

~Trifiuoromethyl

-Triflunromethyloxy

-Alkylamine such as ~CH:NH,, -CHCHxNH,
35
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-Substituted alkylamine such as ~CHNHCH;, -CH.N(CH,),, -CHCHNHCH,,

~CH,CH,N(CH)a, \—NQ

-Carboxamide

-Thiocarboxamide

-Suifonic acid

-Suifate

-Acylamino

~Suifonylamino

-Sulfonamide

-Substituted sulfonamide such as -SO,NHCHsz, ~SO;NHCH,CH;, -SONHPY, -SO,NHBU!,
—SOZNH@F sog«st»%—@—cx-g -SDzNHQ—CFB

-Urea (-NHCONH;) which may be optionally substituted

-Thiourea {(-NHCSNH.,) which méy be optionaily substituted

-Sulfonyiurea (-NHSO,NH,) which may be optionally substituted

-Oxo (=0) when oxygen is bon&ed throu_gh double bond to a carbon atom

~Oxyimino (=N-O-A) where the nitrogen is bonded through double bond fo a carbon atom
which is attached to the rest of the molecule and A can be hydrogen, or optionally

substituted straight or branched lower alkyl, cycloalkyl, aryl, heteroaryl and heterocycly!
-Hydroxamic acid (-CONHOH) |

-Acyl (-COCH;)

~Trifluoromethyl carbonyl (-COCF,)

-Cyano (-CN)

-Amiding -C(=NH)NH,; which may be optionally substituted

36
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~Guanidino -NHC(=NH)NH, which may be optionally substituted
-Aryloxy
~Héterocyciyl
~Heteroaryl
5 -Heterocyclyloxy
-Heteroaryloxy
-Heterocyclylalkyloxy
-Trialkylammonium

The substituent mentioned above could be substituted at the carbon atom or at the free N-

10 atom of the moiecule as appropriate.

Among the compounds of formula (1), a particular subject of the invention are those in which

M is hydrogen or a pharmaceutically acceptable salt forming cation.

A group of preferred examples of compounds of the formula (1), when Y = OR?, are from the

foliowing Table 1.

A

o “OSO,M
15 Y = OR'
* = point of attachment with O

Tabie 1: List of compounds

Compound No. M l R’
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Compound No. M
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Compound No. M R '
14 H O
N
H
15 H
]
H
:/'R
16 . H ;
HN )
17 H {
HN
18 H H N QA
19 | H HZN.\O—’*
20 H HzN-«\O-““*
21 H H,N O
NH,
22 H @*
W,
23 H O@*
NH,
24 H G.\“‘*
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Compound No, it R’
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o
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Compound No. M R’
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Compound MNo. i R
. HN :
154 H HN&
o ~"
| H
N
155 H !
k/ko/’\\,/*

A group of preferred examples of compounds of the formuta (1), when Y = NR?R®, are from

the following Table 2.

N
)—————N\ |
¢ 0S0OM
Y = NR2R?

* = point of attachment with N

Table 2: List of compounds

Compound No. i rR? Re
4 H H H3C"*
2 e H "
3 H H \{”
4 i CHg HgC"'*
6 H CHICH,), \(
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Compound No. M R? R’
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it is also an object of this invention to provide a combination of a compound of generaf
formula (I) having antibacterial activity with ancther existing antibacterial agent, thus causing

synergistic effect and the use of the same as drugs for the freatment of bacterial infections.

It is another object of the invention to provide methods for preparing the compounds of the

invention of formuta (i),

It is a further object of the invention to provide pharmaceutical compositions comprising a
compound of formula (1) of this invention (some of which directly inhibit B-lactamase
enzymatic function and others of which do not directly inhibit B-lactamase’'s enzymatic
function (at pharmaceutically accessible concenfrations) as an active ingredient in
combination with an antibiotic {e.g, & Bw!ac’tam_antibioﬂc or some other non B-lactam
antibiotic) and a suitable amount of pharmaceutically acceptable carrier or diluent, sc as to
provide a form for proper administration to a patient. These composiiions can be
administered by parenteral, in particular intramuscular route, oral, sublingual, rectal, aerosol

or by locat route in a topical application on the skin and the mucous membranes. Suitable
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pharmaceutical vehicles include excipients such as starch, glucose, lactose, sucrose, gelatin,
gum arabic, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc,
sodiﬁm chloride, dried skim milk, giycerol, propylene glycol, water, ethanol, and the like.
Other examples of suitable pharmaceutical vehicles have been described in the art
(Remington’s Science and Practice of Pharmacy, 21% Edition, 2006). Compositions of the
present disclosure, if desired, can also contain minor amounts of wetting, dispersing or
emuisifying agents, or pH buffering agents, and preservatives. In addition, auxiliary,
stabilizing, thickening, lubricating, and coloring agents can be included. Pharmaceutical
compoesitions can be formulated in a conventional manner. Proper formulation is dependent
upon the route of administration chosen. The present pharmaceutical compositions can take
the form of injectable preparations, suspensions, emuisions, sugar-coated tablets, pellets,
gelatin-capsules, capsules containing liquids, powders, granuies, sustained-release
formulations, suppositories, aerosols, sprays, scintments, creams or any other form suitable

for usa.

In another aspect, the present invention also provides for the use, in the manufacture of a
medicament, of a compound within formula {I) above as an active ingredient in an

antibacterial composition in admixture with a carrier.

in another aspect, the present invention also provides for the use, in the manufacture of a

medicament, of a compound within formula (1) above as an active ingredient.

n another aspect, the present invention also provides for the use, in the manufacture of a
medicament, of a compound within formula (!) above as an active ingredient, along with one
or more antibiotics (e.g., a p—lactam antibiotic or some other non B-lactam antibiotic), in an

antibacterial composition in admixture with a carrier.

in another aspect, the present invention also provides for the use, in the manufacture of a
medicament, of a compound within formula (1) above as an active ingredient, along with one

or more antibiotics (e.g., a p-lactam antibiotic or some other non p-lactam antibiotic).
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The parenteral administration which includes intramuscular, intraperitonial, subcutaneous
and intravenous use, sterile solutions of the active ingredient are usually prepared and the
pH of the solutions are suitably adjusted and buffered. For infravenous use, the fotal
conceniration of solutes should be controlled to render the preparation isotoni;. Suitable
solvents include saline solution (e.g., 0.9% NaCl soclution) and apyrogenic sterile water.
Pharmaceutical compositions for oral deiivery can bhe, for example, in the form of tablets,
lozenges, agueous or oily suspensions, granules, powders, emulsions, capsules, syrups, or
elixirs. Orally administered compositions can contain one or more optional agents, fdr
example, sweetening agents such as fructose, aspartame, or saccharin, flavoring agents
such as peppermint, oil of wintergreen, cherry, coloring agents, and presérving agents to
provide a pharmaceutically palatable preparation. Moreover, when in tablet form, the
compositions can be coated to delay disintegration and absorption in the gasirointestinal
tract, thereby providing a sustained action over an extended period of time. Oral

compositions can include standard vehicles such as mannitol, lactose, starch, magnesium

stearate, sodium saccharin, cellulose, magnesium carbonate, and the like. For oral liquid

preparations, for example, suspensions, elixirs, and solutions, suitable carriers, excipients, or
diluents include water, saline, alkyleneglycols (e.g. propylene glycol}, poiyalkylene glycols
(e.g., polyethylene giycol), oils, alcohols, slightly acidic buffers ranging from about pH 4 to
about pH 6 (e.g., acetate, citrate, ascorbate ranging frorﬁ about 5 mM 1o about 50 mM}, and
the like. Additionally, flavoring agents, preservatives, coloring agents, bile salts,

acylcarnitines, and the like can be added. .

For topical formulations of compounds of the present invention, creams, gels, ointments or
viscous lotions can be used as appropriate delivery forms. Topical delivery systems also
include transdermal patches containing at least one compound of formula (1) to be
administered. Delivery through the skin can be achieved by diffusion or by more active
energy sources such as iontophoresis or electrotransport. Formuiétions of a compound of
the present inventicn, for topical use, such as in creams, ointments, and gels, can include an

oleaginous or water soluble cintment base, for example, topical compositions can include
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vegetable oifs, animal fats, and in certain embodiments, semisolid hydrocarbons obtained
from petroleum. Topical compositions can further include white ointment, yellow cintment,
cetyl esters wax, oleic acid, olive ofl, paraffin, petrolatum, white petrolatum, spermaceti,
starch glycerite, white wax, yellow wax, lanolin, and glyceryl monostearate. Various water-
soluble ointment bases can also be used, including glycol ethers and dérivatives,

polyethylene glycols, polyoxyl 40 stearate, and polysorbates.

In a pharmaceutical compesition containing a compound of this invention, the weight ratio of
active ingredient to carrier will normally be in the range of 1:20 to 20:1. The administered
daily dose 'varies according to the iliness treated, and the administration route. However in
most instances, an effective dose (e.g., in some instances, a f—lactamase inhibiting dose) of
a compound of formuta (1) or a pharmaceutically acceptable salt thereof will be 2 daily doge
in the range from about 1 to about 500 mg per kilogram of body weight orally, and from about
1 to about 500 mg per kilogram of body.weight parenterally. The weight ratic of the
compound of presént inventionvand aﬁ antibi't‘)‘t:ic? (sf it is being administered with an antibiotic,
e.g., a f-lactam antibiotic or some other non B-lactam antibiotic) will normally be in the range

from 1:20 10 20:1.

in some aspects of the present invention, an additional object is to provide an improved _
method for the freatment of bacterial infections caused by B-lactamase producing bacteria in
a patient in need of such treatment comprising administering to the patient a therapeutically
effective amount of at least 6ne compound chosen from formula {I) or a pharmaceutically
acceptable salt thereof in combination with a known B-lactam antibiotic. In such an aspect of
the present invention, the compounds increase the antibacterial effectiveness of
p-lactamase susceptible B-lactam antibiotics, that is, they increase the effectiveness of the
antibiotic  against  infections caused by p-lactamase producing microorganisms in
mammalian subjecis, paﬂircular}y in human. In these aspects of the present invention, this
makes the compounds of formula (1) and pharmaceutically acceptable salts thereof, valuable
for co-administration; with f-lactam antibiofics. in the treatment of a bacterial infection in such
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aspects of the present invention, said compounds of formula (I) or a pharmaceutically salt
thereof can be mixed with the f-lactam antibiotic, and the two agents thereby administered
simuitaneously. When co-administered with a [-lactam antibictic in such aspecis of the
present invention, the combination of the compound of the invention and the antibiotic can
provide a syhergistic effect. The term ‘synergystic effect’ refers to the effect produced when
two or more agents are co-administered is greater than the effect produced when the agents
are administered individually. Alternatively, the cambeund of formula (I} or a salt thereof can

be administered as a separate agent during a course of treatmént with the antibiotic.

‘“Therapeutically effective amount’ refers to the amount of a compound that, when
administered to a subject for {reating a disease, or at least one of the clinical symptoms of a
disease, is sufficlent to affect suc_:h freatment of the ﬁis'easa, disorder, of sympiom. The
therapeutically effective amount can vary depending, for example, on the compound, the
disease, disorder, and/or symptoms of the disease, severity of the disease, disorder, and/or
symptoms of the disease, the age, weight, and/or heaith of the patient to be treated, and the

judgement of the prescribing physician.

The term ‘B-lactam antibiotic’ refers to a compound with antibiotic property that contains a
p-tactam functionality. Exampies of p-lactam antibiotics which can be used in combination
with the compounds of the present invention represented by formula (I} are commonly

marketed peniciliins, cephalosporins, penems, carbapenems and monobactams.

Examples of p-lactam antibiotics which can be used in combination w;th the compounds of
the present invention represented by formula (1) are commonly used penicillins, such as
amoxicillin, ampicillin, azlocillin, meziociliin, apalciliin, hetacillin, bacampiciliin, carbenicillin,
sulbenicillin, ticarciliin, piperacillin, methicillin, ciclacillin, talampicillin, oxacillin, cloxacillin,
dicloxacillin and commonly used cephalosporins such as cephalothin! cephaloridine, cefaclor,
cefadroxi, cefamandole, cefazolin, cephalexin, cephradine, cephapirin, cefuroxime, cefoxitin,
cephacetrite, cefotiam, cefotaxime, cefatriazine, cefsulodin, cefoperazone, ceftizoxime,

cefmenoxime, cefmetazole, cephalogiycin, cefonicid, cefodizime, cefpirome, cefepime,
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ceftazidime, cefpiramide, cefiriaxone, cefbuperazone, cefprozil, cefixime, ceftobiprole,
ceftarcline, cefalonium, cefminox, ceforanide, cefuzonam, cefoxitin, cefotetan, loracarbef,
cefdinir, cefditoren, cefetamet, cefcapene, cefdaloxime, ceftibuten, cefroxadine, iatamoxef
(moxalactam), and CXA-101. From the carbapenem class of Bmiactarﬁ 'a'ntibiotics such as
imipsnem, meropenem, panipenem, biapenem, doripenem, ertapenem and the like could be
used. From moncbactam class of p-lactam antibiotics such as azireonam, carumonam,

tigemonam, and the like could be used as the combination partner of antibiotic,

Examples of ant-ibiotiés {which are not [-lactam antibiotics) which can be used in
combination with the compounds of the present invention (i.e., compounds of formula (I}
above, salts thereof, solvates of such compounds and salts, and deuterated compounds of
any such compounds) inciude aminogiycosides, quinoiones, tetracyclines, glycyloyclines,
glycopeptides, lipopeptides, macrolides, ketolides, lincosamides, streptogramin,

oxazolidinones, polymyxins, and other compounds known to have antibacterial properties.

‘Pharmaceutically acceptable solvate’ refers fo a molecular complex of a compound with one
or more soivent molecules in a stoichiometric or non-stoichiometric amount. Such soivent
molecules are those commonly used in the pharmaceutical art, which are known to be
innocuous fo recipient, e.g., water, ethanoi, and the like. A molecuiar complex of a

compound or moiety of a compound and a solvent can be stabilized by non-covalent intra-

- molecular forces such as, for example, electrostatic forces, Van der Waals forces or

hydrogen bonds. The term hydrate refers to a complex where the one or more solvent

molecules are water.

Among the compounds of formula (1), a particular subject of the invention is the compounds

with the following names. The following examples illustrate the invention, and are not

intended to be limiting of its scope. To the contrary, the claims are infended to cover

alternatives, modifications, and equivalents.

The non-limiting examples of the compounds of the present invention are:
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(28,5R)-N-(2-hydroxyethoxy}-7-ox0-6-(sulfooxy)-1,6~diazabicyclo[3.2. tjoctane-2-

carboxamide
{28,5R)-N-methoxy-7-oxo-6-(suifooxy)-1,6-diazabicyclio]3.2. 1}octane-2-carboxamide
{25 ,5R)-7-oxo-N-propoxy-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carboxamide

(28, 5R)-N-(2-aminoethoxy)-7-oxo-8-(sulfooxy)-1,6-diazabicycio]|3.2. 1]Joctane-2-

carboxamide

{28,5R)-N-(2-aminepropoxy)-7-oxo-8-{suffcoxy)-1,8-diazabicyclol3.2. 1]octane-2-

carboxamide

(28,5R)-N-{2-aminn-2-oxoethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide

(25, 5R)-N-[2-(carbamoylamino)ethoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-
2-carboxamide

(28,5R)-7-ox0-N-[2-(sulfamoylamino)ethoxy]-6-(sulfooxy)-1,6-diazabicyclof3.2. 1Joctane-
2-carboxamide
[{I{2S,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]oct-2-yi]carbonyllamino)oxylacetic
acid '

2-methyh-2-[({[{2S 5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]oct-2-
yllcarbonyllaminooxy]propanoic acid

(25,5R)-7-oxo-N-{2-(piperidin-4-yioxy)ethoxy}-6-(sulfoosy)-1 .G-diazabicyclo[3.2. 1]octane-

2-carboxamide

{28,5R)-7-oxo-M-(propan-2-yloxy)-6-(sulfooxy)-1 ,SmdiazabicycloEB.Z. tHoctane-2-
carboxamide

(25 5R)-N-tert-butoxy-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-carboxamide

(28 5R)-N-(cyciobutyloxy)-7 -oxe-8-(sulfooxy)-1 ,S-diazabicyclo[&?.'l loctane-~2-

carboxamide

(28, 6R)-N-(cyclopentyloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyciol 3.2, 1joctane-2-
carboxarmide

(28,5R)-N-(cyclohexyloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclol3.2. 1loctane-2-
carboxamide

(28,5R)-N-(cycloheptyloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carboxamide
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(25,5R)-N-[{3-aminocyclopentyi)oxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-

carboxamide

(28,5R)-N-[(2~aminocyclopentyiyoxy}-7-oxo-B-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide

(28, 5R)-N-{[3-{methylamino)cyclopentyljoxy}-7-oxo-6-(sulfooxy}-1,6-
diazabicyclof3.2. 1]joctane-2-carboxamide

(25 5R)-N-{[4-{dimethylamino)cyclohexylloxy}-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo][3.2. 1loctane-2-carboxamide

{25, 5R)-N-[(3-aminocyclohexyhoxyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-

carboxamide

(25, 5R)-N-{[3-(methylaminojcyclohexyiloxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1]octane-2-carboxamide

(28,5R}-7-oxo-N-(pyrrojidin-3-yloxy)-6-(suifooxy)-1,8-diazabicycio]3.2. 1joctane-2-
carboxamide

{25,5R)-7-oxo-N-[(5-oxopyrrolidin-3-y) oxyl-6-(sulfooxy)-1,6-diazabicycio][3.2. 1loctane-2-
carboxamide ' ' '

{28, SR)»N-{{’!-acetylpyn’oIidEn—3-—yl)ox_y]—?-oxo—ﬁ-(suffooxy)-’I JSG-thiazabicyclof3.2.1]octane-
2-carboxamide '

(25,5R)-N-[{1 —methylpyrrolidin—3~yl)0xy]—?-oxo—6~(suifooxy)»1 !S—diazébicyclois.z. tloctane-
2-carboxamide

(25 5R)-7-oxo-N-(piperidin-3-yloxy)-6-(sulfooxy}-1,6-diazabicyclo]3.2. 1joctane-2-

carboxamide

{25 5R)-7-oxo-N-(piperidin-d-yloxy)}-6-(sulfooxy)-1,8-diazabicyclo[3.2. 1joctane-2-

carboxamide

(28 5R)-N-(azetidin-3-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycio{3.2. Tioctane-2-

carboxamide

(25 5R)-7-ox0-6-(suifooxy)-N-(tetrahydro-2H-pyran-4-yloxy)-1,6-
diazabicyclo][3.2.1]octane-2-carboxamide

(25 5R)-7-oxo-6-(sulfooxy)-N-{telrahydro-2H-thiopyran-4-yloxy)-1,6-
diazabicyciof3.2.1]octane-2-carboxamide

(28 5R)-N-{{1,1-dioxidotetrahydro-2 H-thiopyran-4-yhoxy}-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1joctane-2-carboxamide
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(28,5R)-N-(azepan-3-yloxy)-7-oxo0-6-(sulfooxy)-1,6-diazabicyclof3.2.1]octane-2-

carboxamide

(2S5,5R)-N-(1,4-oxazepan-6-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-

~ carboxamide

(2S,5R)-N-[(1-methylpiperidin-4-yljoxy]-7-oxo-8-(sulfooxy)-1,8-diazabicyciof3.2.1]octane-
2-carboxamide

{2S,5R)-N-[(1-carbamimidoyipiperidin-4-yl)oxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carboxamide
(28,5R)-7-0x0-N-(pyrrolidin-2-ylimethoxy)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide
(2S,5R)-7-oxo-N-(piperidin-2-yimethoxy)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]joctane-2-
carboxamide
(2S,5R)-T-oxo-N-(piperidin-3-yimethoxy)-6-(sulfooxy}-1,8-diazabicyclo]3.2. i joctane-2-
carboxamide
(25,5R)-7-oxo-N-(piperidin-4-yimethoxy)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carboxamide '

(28,5R)-N-{morpholin-3-ylmethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2.1 loctane-2-

carboxamide

(2S,5R)-7-oxo-N-(piperazin-2-yImethoxy)-8-(sulfooxy)-1,6-diazabicycio[3.2. 1Joctane-2-
carboxamide

(28,5R)-7-ox0-6-(sulfooxy)-N-(thiomorpholin-3-yimethoxy)-1,6-diazabicyclo[3.2.1]octane-

Z-carboxamide

(28,5R)-N-{decahydroguinolin-4-yloxy)-7-oxo-6-(sutfooxy)-1,6-diazabicyclo{3.2. tloctane-
2-carboxamide

(28 5R)-N-(hexahydro-1H-pyrrolizin-2-yloxy)-7-ox0-6-(suifooxy)-1,6-
diazabicyclol3.2.1jociane-2-carboxamide

(28,5R)-N-(actahydroindolizin-1-yloxy)-7-oxo-8-(sulfooxy)-1,6-diazabicyclo]3.2. 1Joctane-

2-carboxamide

(28,SR)-Nw(octahydropyrroio[’l ,2-alpyrazin-B-yloxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide

(25, 5R)-N-(octahydropyrrola{1,2-alpyrazin-7-yloxy)-7-oxo-8-(sulfooxy)}-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide
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(28,5R)-N-(octahydrofuro[2, 3-clpyridin-3-yloxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1joctane-2-carboxamide
(28,5R)-N-{3~azabicyclo[3.1.0lhex-6-yloxy)-7-oxo-8-(suifooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28,5R)-N-(decahydroquinolin-5-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-

2-carboxamide

(25,5R)-N-(hexahydro-4afH-cyclopenta[b][1,4]dioxin-6-yloxy)-7-oxo-6-(suifooxy)-1,6-
diazabicyclo[3.2. Tloctane-2-carboxamide

(25,5R)-N-(octahydrocyclopentalcjpyrrol-5-yioxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicycio]3.2. 1Joctane-2-carboxamide

(25 ,5R)-N-(hexahydro-1H-cyclopentalclfuran-5-yloxy)-7-oxo-6-{sulfooxy}-1,6-
diazabicycto]3.2.1]Joctane-2-carboxamide

(28 5R)-N-(hexahydro-1H-cyclopentaclthiophen-5-yloxy)-7 -oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28,5R)-N-(picyclo]2.2.1Thept-2-yloxy)-7-oxo-8-(suifooxy)-1,8-diazabicyclo]3.2. iloctane-

2-carboxamide

{28,5R)-N-{{7, T-dimethylbicyclo]2.2, ‘S}hep‘i~2-yi){ny]-?—oxo-e-(suifocxy)—‘1 8-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28,BR)-N-(1-azabicyclo]2.2 . 2Joct-3-yloxy)-7-oxo-6-{sulfooxy)-1,6-

diazabicycio[3.2. 1]Joctane-2-carboxamide
(2S,5R)-N-{B-azabicyclo{3.2.1]oct-3-yloxy)-7-oxo-68-(sulfooxy)-1,6-
diazabicyclo]3.2. 1joctane-2-carboxamide

(28,5R)-N-{(8-methyi-8-azabicyclo[3.2. 1]Joct-3-yl)oxy]-7-oxo-6-(sulfooxy)-1 8-

diazabicyclo]3.2. 1joctane-2-carboxamide

{28,5R)-T-oxo-8-(sulfooxy)-N-(4,5, 6,7 -tetrahydrothienol3, 2-clpyridin-7-yloxy)-1.6-
diazabicyclo[3.2.1}octane-2-carboxamide

(28,5R)-N-(6,7-dinydro-8H-pyrrolo[1,2-alimidazol-7-yloxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2.1]octane-2-carboxamide

(2S,5R)-N-(7-azaspiro[4.5]dec-10-yloxy)-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]Joctane-2-carboxamide

(28,5R)-N-(7-oxaspiro[4.5]dec-10-yloxy)-7-oxo0-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1Joctane-2-carboxamide
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(2S,5R-N-(1H-imidazol-2-ylImethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]joctane-2-

carboxamide

(2S,5R)-7-ox0-B-(sulfooxy)-N-{4,6 6, 7-tetrahydro-1H-4, 7-methanoindazol-3-yimethoxy)-
1,6-diazabicyclo]3.2. 1]octane-2-carboxamide

{25,5R)-7-oxo-N-{1H-pyrazol-3-yimethoxy}-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carboxamide

(25,5R)-7-oxo-N-[2-(pyridin-2-yl)ethoxy}-6-(suifooxy}-1,6-diazabicyclof3.2. 1joctane-2-

carboxamide

(28,5R)-T-oxo-N-[2-(piperidin-4-ylethoxy]-6-(sulfooxy)-1,8-diazabicyclo][3.2. 1lociane-2-
carboxamide

(28, 5R)-7-oxo-N-[2-(piperazin-1-yhethoxyl-8-(sulfcoxy)-1,6-diazabicycio]3.2. 1Joctane-2-
carboxamide

(28 5R)-7-oxo-N-[(1-sulfamoylpyrrolidin-3-yl)oxy]-6-(suifooxy}-1,6-

diazabicycle[3.2. 1]octane-2-carboxamide

(28 ,5R)-N-{[1-(methylsulfamoybpyrrolidin-3-ylloxy}-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo]3.2.1]octane-2-carboxamide

(25, 5R)-N-{(1-carbamoylpyrrolidin-3-yl)oxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyciof3.2. 1Joctane-2-carboxamide

(28,5R)-N-[{5-carbamovylpyirolidin-3-yhoxyi-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1joctane-2-carboxamide

(28,5R)-N-[(1-carbamimidoylpyrrolidin-3-yhoxy}-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo]3.2.1]octane-2-carboxamide .

(28, 5R)-N-[(1-ethanimidoyipyrrolidin-3-yloxy]-7-oxo-6-(sulfooxy}-1,6-
diazabicycto[3.2. 1]octane-2-carboxamide

{25,5F)-N-{[ 1 -(iminomethylpyrrolidin-3-ylloxy}-7-oxo-6-(sulfooxy)-1,6-

diazabicyclol3 2. 1Joctane-2-carboxamide

{(2S,5R)-T-ox0-6-(sulfooxy)-N-(tetrahydrofuran-3-yloxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carboxamicie

(25,5R)-7-ox0-8-(sulfooxy)-N-(tetrahydro-2H-thiopyran-3-yloxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(25,5R)-N-[{4-methylpiperidin-4-ylymethoxyl-7-oxo-6-(suifooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide
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(28 ,5R)-N-(1,4-oxazepan-2-yimethoxy)-7-oxo-6-(sulfooxy)-1,8-dizzabicyclo]3.2. 1]octane-

2-carboxamide
(2S,5R)-7-oxo-6-{sulfooxy)-N-{tetrahydrofuran-2-yimethoxy)-1,6-

diazabicycle[3.2. Tjoctane-2-carboxamide

(28 5R)-7-ox0-6-(sulfooxy)-N-(4,5,6, 7-tetrahydrofuro[ 3, 2-clpyridin-7-yloxy)- 1,6~

diazabicyclo[3.2. 1]octane-2-carboxamide

(258, 5R)-N-[{1-methyl-4,5,6 7-tetrahydro-1H-pyrazoloi3 4-clpyridin-4-yhoxy]-7-oxo-6-
{suifooxy)-1,6-diazabicyclol3.2. 1joctane-2-carboxamide
(28,5R)-7-ox0-8-(sulfooxy)-N-(4,5.6,7-tetrahydro-1H-pyrazolo[3,4-clpyridin-4-yloxy)-1,6-
diazabicycio[3.2. 1loctane-2-carbaxamide

(25,5Ry-N-12-(1 H-imidazol-1-yl)ethoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. tJoctane-
2-carboxamide
(28,BR)-N-[{4-flucropyrrolidin-3-yloxy]-7-oxo-8-{suifooxy}-1,6-diazabicycio[3.2, 1]octane-
2-carboxamide
(28,5R)-N-(1,2-oxazolidin-4-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]Joctane-2-
carboxamide |
{28,5R)-7-ox0-N-{pyrazolidin-4-yloxy)-6-(sulfooxy)-1 ,S-diazabicyclo[&z. 1 }octané-z-
carboxamide
(2S,5R)-N-[{4-aminopyrrolidin-3-yl)oxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2.1]Joctane-
2-carboxamide
(28,5R)-7-oxo-N-[(4-oxopyrrolidin-3-yl)oxy}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1loctane-2-
carboxamide ' '
(28,5R)~Nn[(4~hydroxypyrroEidin»?:-yi)oxy]n?#oxo-S-(sulfooxy)-1 ,B-
diazabicyclo[3.2.1]octane-2-carboxamide

(28 5RY-N-{I(4E)-4-(hydroxyimino)pyrrolidin-3-ylloxy}7-oxo-6-(sulfooxy)-1,6-
digzabicyclo[3.2. 1joctane-2-carboxamide

(23 5R)y-N-{{{4E)-4-(methoxyimino)pyrrolidin-3-ylloxy}-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]Joctane-2-carboxamide
(28,5R)-N-{[(4E)-4-{[(1,5-dihydroxy-4-ox0-1,4-dihydropyridin-2-
ylimethoxylimino}pyrrolidin-3-viloxy}-7-oxo-6-{suifooxy)-1,6-diazabicyclo[3.2. joctane-2-
carboxamide
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{285, 5R}~N~[(4,4—dimethylpyrrolidin-3—y|50xy}-—7~0x0-6-(suifooxy)-? B~

diazabicyclo[3.2. 1]octane-2-carboxamide
(25,5R)—N—[(4~ﬂuoropiperidin-a—yl)oxy}-?-oxo—@—(sulfobxy)-1 ,B-diazabicyclo}3.2. 1josctane-
2-carboxamide
(28,5R)-N-{(3-flucropiperidin-4-ylyoxy]-7-oxo-6-{sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-
2-carboxamide ‘
(25,5R)-7-oxo-N-{{5-oxopiperidin-3-yl)oxy]-6-(sulfooxy)- 1,6-diazabicyclo[3.2. 1joctane-2-
carboxamide

(28,5R)-N-[(5,5-dimethylpiperidin-3-yl)oxy]-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1]octane-2-carboxamide
(2S,5R)-N-{2-methoxyethoxy)-7-oxo-8-(sulfooxy)-1,6-diazabicyclio[3.2. 1}Joctane-2-
carboxamide
(28,5R)-N-[2-(morpholin-4-yl)ethoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-
carboxamide
(28,5R)-7-ox0-N-[2-(pyrrolidin-1-yl)ethoxy]-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carboxamide
{28,5R)-7-ox0-N-[2-(piperidin-1-yl)ethoxy}-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1]Joctane-2-
carboxamide '
(25,5R)-N-{2-(1,1-dioxidothiomorpholin-4-ylethoxy}-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2, 1loctane-2-carboxamide ‘
(28,5R)-N-[(1-methylazetidin-3-yloxy]-7-oxo-6-(sulfooxy)-1 .B-diazabicyclo[3.2. 1Joctane-
2-carboxamide

{25, 5R)-N-{[5-(dimethylcarbamoyl)pyrrolidin-3-ylloxy}-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1]octane-2-carboxamide

methyl 4-{{{[(2S,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]oct-2-

ylicarbonyllamino)oxylprolinate

(25,5R)-N-{]6-(dimethylcarbamoyl)piperidin-3-yljoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2.1]octane-2-carboxamide

{25, 5R)-N-[{1 -methylpyrroiidin-z-yl)methoxy]-?-oxo-G-(squgoxy)—1 B~
diazabicyclo[3.2. 1loctane-2-carboxamide

(28,5R)-N-[(1-acetylpyrrolidin-2-yymethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1Joctane-2-carboxamide

74



10

15

20

25

30

WO 2014/091268 PCT/EB2012/002675

(28,5R)-N-[(1-carbamoyipyrrolidin-2-ylymethoxy]-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1joctane-2-carboxamide

(2S,5R)-7-oxo-N-[{ 1-sulfamoylpyrrolidin-2-ytimethoxy]-6-(sulfooxy)-1,6-
diazabicycio{3.2. 1Joctane-2-carboxamide
(25,5R)-N-[(1-carbamimidoylpyrrolidin-2-yl)methoxy]-7-oxo-8-(sulfooxy)-1,6-
diazabicycio[3.2. 1joctane-2-carboxamide

(2S5, 5R)-N-[(1-methyl-1H-pyrazol-3-ylimethoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28,5R)-N-{(1-methyi-1 H-imidazol-2-y)methoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carhoxamide
{28,5R)-N-{(1-methyl-4,5,6,7-tetrahydro-1H-4,7-methancindazol-3-y)) methoxy}-7-0x0-6-
(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carboxamide

P s = g wm

(25,5R)-N-{(1,8-dimethyi-4 5,6, 7-tetrahydro-1H-4,7-epiminoindazoi-3-ylymethoxy]-7-oxo-
B-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-carboxamide

{25 5R)-N-(1H-benzimidazol-2-yimethoxy)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclof3.2.1Joctane-2-carboxamide
(25,5R)-N-(2,3-dihydro-1H-indol-2-yimethoxy)-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1joctane-2-carboxamide

(25, 5R)-N-[(2-methyi-1H-imidazol-4-y)methoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide ‘

{25,5R)}-N-[{1-methyl-1 H—imidazol—4~yi)methoxy]~7-oxo-6¥(suifooxy)—‘i B~
diazabicyclof3.2. 1Joctane-2-carboxamide

(25 5R)-N-[{(1-methy!-1H-imidazol-5-ylmethoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1joctane-2-carboxamide

(28, 5R)-N-[{2-amino-1,3-thiazol-4-ylymethoxy}-7-oxo-6-(sulfooxy)-1,8-
diazabicyclo[3.2. 1joctane-2-carboxamide

(28,5R)-N-(1 ,3-oxazol-4-yimethoxy)-—?-éxo—@—(sulfooxy)-1 B-diazabicyclo[3.2. TJoctane-2-

carboxamide

(25,3R)-7-ox0-6-(sulfooxy)-N-(1,3-thiazol-4-yimethoxy)-1,6-diazabicyclo[3.2. 1Joctane-2-

carboxamide

(28,5R)-N-[(1-methyl-1H-1,2,3-triazol-4-yl)methoxyl-7-oxo-6-(sulfooxy)-1,8-
diazabicyclo[3.2. 1]octane-2-carboxamide
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(25,5R)-N-(1H-imidazoi-4-ylmethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-

carboxamide

(28, 5R)-N-[2-(1 H-imidazol-5-yl)ethoxy]-7-oxo-6-(sulfooxy)-1 6-diazabicyclo[3.2. 1 loctane-
2-carboxamide

(25,5R)-N-[1-(1 H~imidazoI—S-yl)ethoxy}-?«cxo—ﬁ-(suifooky)ﬂ ,B-diazabicyclo[3.2.1]octane-
2-carboxamide

(28.5R)-N-[(1-methyl-1H-pyrrol-2-yl)methoxy)-7-oxo-8-(sulfooxy)-1,6-

diazabicyclo[3.2. 1loctane-2-carboxamide

(25,5R)-N-(1,2-oxazol-3-ytimethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]Joctane-2-
carboxamide

(25,5R)-7-oxo-6-(sulfooxy)-N-(1H-1,2,4-triazol-3-yImethoxy)-1,6-
diazabicyelo]3.2. 1joctane-2-carbaxamide

(25, 5R)-N-[(5-methylpyrazin-2-ylymethoxy]-7-oxo-8-(sulfooxy)-1,6-
diazabicycio]3.2. tJoctane-2-carboxamide

(28,5R)-N-[(2~aminocyclopropyl)oxy]-7-oxo-8-(sulfooxy)-1,6-diazabicyclo]3.2. 1Joctane-2-
carboxamide '

(25,5R)-N-{morpholin-2-yimethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]Joctane-2-

carboxamide

(28,5R)-N-[2-(azetidin-3-yloxy)ethoxy]-7-oxo-6-(sulfooxy)-1,8-diazabicyclo]3.2. 1]octane-

2-carboxamide

(28,5R)-T-oxo-N-[2-(pyrrolidin-3-yloxy)ethoxy]-6-(suifooxy)-1,6-diazabicyclo]3.2.1 }octéne-
2-carboxamide

(28,5R)-7-oxo-N-[2-(piperidin-3-yloxy)ethoxy]-6-(sulfooxy}-1,6-diazabicyclo[3.2.1Joctane-
2-carboxarnide

(25,5R)-N -methyl-7-oxo-6-(suifooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carbohydrazide
(28,5R)-N-ethyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]octane-2-carbohydrazide

(25,5R)-7-oxo-N-(propan-2-y)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(2S,6R)-N' N-dimethyl-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carbohydrazide

(25,5R)-N' N'-diethyl-7-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]octane-2-carbohydrazide
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(28,5R})-7-ox0-N' N -di(propan-2-yi)-B-(sulfooxy)-1,6-diazabicyclo]3.2.1]joctane-2-
carbohydrazide

(28,5R)-N'-cyclopropyl-7-oxo0-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1joctane-2-
carbohydrazide

(28,5R)-N-cyclobutyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1loctane-2-carbohydrazide
(28,5R)-N-cyclopentyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1joctane-2-
carbohydrazide

(25,5R)-7-oxo-N-(piperidin-4-yl)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carbohydrazide
(28,5R)-7-0x0-8-(sulfooxy)}-N-(tetrahydro-2H-pyran-4-yl)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohvdrazide

(28,5R)~7-0xo—6-(sulfooxy)~N‘—(tetrahydro~2H—thEo'pyran—4-yi)~1 B-

diazabicyclo[3.2. 1]octane-2-carbohydrazide
(28,5R)-7-oxo-N-(piperidin-3-yl}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

{28,5R)-T-oxo-N'-(pyrrolidin-3-yl)-6-(sulfooxy)-1,8-diazabicyclo]3.2. 1joctane-2- .
carbohydrazide
(2S,5R)-N'-(1,1-dioxidotetrahydro-2H-thiopyran-4-yh)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]Joctane-2-carbohydrazide
(28,5R)-N'-acetyl-7-oxo-8-(sulfooxy)-1,6-diazabicycic[3.2. Tjoctane-2-carbohydrazide
(25,5R)-7-oxo-N-propanoyl-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carbohydrazide

{2S,5R)-N'-(2-methylpropancyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-

carbohydrazide

(28,5R)-N-acetyl-N'-methyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2. 1Joctane-2-
carbohydrazide

(25,5R)-N-methyi-7-oxo-N-propanoyl-6-(suifooxy})-1 6-diazabicyclo]3.2. 1]octane-2-
carhohydrazide

(25,5R)-N-methyl-N'-(2-methyipropanoyl)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide

(28 5R)-N'-acetyl-N -ethyl-7-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]joctans-2-

carbohydrazide
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{2 S,5R)~N‘-ethy!—?-oxo—N’-propanoyina-(suIfboxy)-1 ,B-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(25,5R)-N-{2 2~-dimethyipropanoyl)-7-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2.1]octane-2-
carbohydrazide

(28,5R)-N -butanoyl-7-oxo-6-(suffooxy)-1,6-diazabicycio]3.2. 1]Joctane-2-carbohydrazide
(28 5R)-N'-(2-methylbutanoyl)-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1loctane-2-
carbohydrazide

(25, 5R)-N-{{dimethylamino)acetyl}-7-oxo-6-{sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(2 S,SR)~?~oxo-6~(suifooxy)~f\f‘-(4,4,4mtrifluoropropanoyl)n‘l .B-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(28,5R)-N'-{methoxyacetyl)-7-oxo-8-(sulfooxy)-1,8-diazabicycio]3.2. 1Joctane-2-
carbchydrazide

(28 ,5R)-N-[(2R)-2-aminopropanoyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyzlo[3.2. 1joctane-2-
carbohydrazide (non-preferred name)

(28 ,5R)-N-[amino(phenyljacetyl]-7-oxo-6-(sulfooxy)-1,8-diazabicyclo[3.2. 1 joctane-2-

carbohydrazide

(28,5R)~N-(cyctopropyIcafbonyl)-—?—oxo—G-(suh‘ooxy)-‘% ,B-diazabicycio[3.2. 1joctane-2-

carbohydrazide

(28,SR)-N‘-(cyctobutyicarbonyt)~7-0xo—6n(suifooky)~1 ,6-diazabicyclo[3.2.1]octane-2-
carbohydrazide

(28,SR)-N'Q[(Z,Z-dimethylcycfopropyi)carbony!]-7~oxo-6—(sulfooxy)—’E 6~
diazabicyclo[3.2. tjoctane-2-carbohydrazide

(23,5R)-N-[(2-methylcyclopropyhcarbonyl}-7 -oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide

(25 5R)-N-[(2,2-difluorocyclopropyl)carbonyl]-7-oxo-8-(sulfooxy)-1 6-
diazabicyclo[3.2. 1loctane-2-carbohydrazide

(25,5R)-N-{(2-fluorocyclopropyl)carbonyil-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2. Tjoctane-2-carbohydrazide

(25,5R)-N'-(cyclopentyicarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 ]oc’céne~2-
carbohydrazide
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(25,5R)-N~(cyclohexylcarbonyl)-7-oxo-8-{suifooxy)-1,6-diazabicyclo]3.2.1]octane-2-
carbohydrazide

(2S,5R)-N'-{[(2R)-Z-aminocyciopentyljcarbonyl}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1]octane-2-carbohydrazide

(2S,5R)-7-oxo-N-{pyrrolidin-2-ylicarbonyi)}-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1Joctane-2-
carbohydrazide '

(2S,5R)-7-oxo-N -(pyrrolidin-3-ylcarbonyl)-8-(sulfooxy)-1,6-diazabicyclof3.2. 1Joctane-2-
carbohydrazide '
(28,5R)~7»oxo~N’~(piperidin—2-y£carbonyi)~6-(suh‘ooxy)~‘i ,B-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(2S5,5R)-N-methyl-7-oxo-N'-(pyrrolidin-2-ylcarbonyl)-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1}octane-2-carbohydrazide
(28,5R)-7-oxo-IV-(piperidin-3-yicarbonyl)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1 Joctane-2-
carbohydrazide

(2S,5R)-7-ox0-N -(piperidin-4-ylcarbonyl)-6-(sulfooxy)-1,6-diazabicyclo3.2. 1loctane-2-
carbohydrazide

(2S,5R)-7-oxo-6-(sulfooxy)-N'-(tetrahydro-2 H-pyran-4-yicarbonyl)-1,6-
diazabicyclo{3.2. 1joctane-2-carbohydrazide

(28 5R)-N'-[{1-methyipyrrolidin-2-yl)carbonyl]-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2. 1Joctane-2-carbohydrazide '

(28,5R)-N-[{1-methylpiperidin-4-yhcarbonyl]-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo][3.2. 1]octane-2-carbohydrazide

(25,5R)-7-ox0-6-(sulfooxy)-N-(tetrahydro-2H-thiopyran-4-yicarbony)-1,6- |
diazabicyclo[3.2. 1]octane-2-carbohydrazide

(2S,8R)-N-[(1,1-dicxidotetrahydro-2H-thiopyran-4-yljcarbonyl]-7 -oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide

(2S,5R)}-7-ox0-N'-(pyrrofidin-2-ylacetyl)-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carbohydrazide

(28,5R)-7-oxo-N'-(pyrrolidin-3-ylacety!)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-
carbohydrazide '

(28,5R)-N-J(1 -methylpyrroﬁd.in-2~yl)acetyl}-?~oxo-6-(suifocxy)~1 B~
diazabicyclo[3.2. 1]octane-2-carbotiydrazide

79



10

15

20

25

30

WO 2014/091268 ‘ PCT/AB2012/082675

(25,5R)-N-{cyclopropylacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1loctane-2-
carbohydrazide

(25, 5R)-7-ox0-N-(piperidin-2-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclo]3.2. joctane-2-
carbohydrazide

(28,5R)y-N-[(1-methyipiperidin-2-yhacetyi]-T-oxo-8-{suifooxy)-1,6-

digzabicyclo[3.2. tjoctane-2-carbohydrazide
(25,5R)-7-oxo-N-(piperidin-3-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]octans-2-
carbohydrazide
(25,5R)-T-ox0-N-(piperidin-4-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1loctane-2-
carbohydrazide

(28, 5R)-N-{(1-methylpiperidin-d-yl)acetyl]-7-oxo-6-(suifooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide
(28,5R)-T-oxo-N-(pyrrolidin-1-ylacetyl)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-
carbohydrazide |
(28,5R)-7-oxo-N'~(piperazin-1-ylacetyl)-8-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carbohydrazide '
(28,5R)-N-(morpholin-4-ylacetyh)-7-oxo-6-(sulfooxy)-1,6-diazabicyciof3.2. 1]joctane-2-
carbohydrazide

(25,5R)-7-oxo-N'-{phenylcarbonyl)-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-

carbohydrazide
(28, 5Ry-N'-{naphthalen-2-yicarbonyl)-7-oxo-8-(sulfooxy)-1 ,&diazabicyelo{&?.’t}ectane-Z-
carbohvdrazide '
(28,SR)-N'-methyi-?-'oxo-N‘-(phenylcarbonyi)—ﬁ-{suifocxy)~1 B-diazabicyclo]3.2. 1octane-
2-carbohydrazide
(25 BRy-N-sthyl-7-oxo-N-{phenylcarbonyh-6-(sulfooxy}-1,8-diazabicyclof3.2. 1Joctane-2-
carbohydrazide |
(2.5,5R)-T-oxo-N-(phenylacetyD-6-(suifooxy}-1,6-diazabicyclo]3.2. iloctane-2-
carbohydrazide
(25,5R)-N-(naphthalen-2-ylacetyl}-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-
carbohydrazide
(2S,5R)-N'-methyl-7-oxo-N'-(phenylacetyl)-6-(sulfooxy)-1,6-diazabicyclo[3. 2. 1joctane-2-

carbohydrazide
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(28,5R)-N -ethyl-7-oxo-N'-(phenylacetyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(28,5R)-7-oxo-N'-(pyridin-2-ylcarbonyl)-8-(sulfooxy)-1 ,B»Idiazabécyclo[S.Z. 1loctane-2-
carbohydrazide
(2S,5R)-7-oxo-N-{pyridin-3-ylcarbonyl)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-
carbohydrazide
(25,6R)-7-oxo-N-{pyridin-4-ylcarbonvl)-6-(sulfooxy)-1,8-diazabicycio]3.2. 1]octane-2-
carbohydrazide
(25,5R)-7-oxo-6-(sulfooxy)-N-(thiophen-3-ylcarbonyl)-1,6-diazabicycio]3.2. 1]octane-2-
carbohydrazide

(28,5R)-N-{furan-3-ylcarhonyl)-7-oxo-6-(sulfooxy)-1 ,6-diazabicyclo{3.2.1 loctane-2-
carbohydrazide
(25,5R)-7-oxo-8-(sulfooxy)-N'-(thiophen-2-vicarbonyi)-1,6-diazabicycio[3.2. 1]octane-2-
carbohydrazide
(25,5R)-N-(furan-2-yicarbonyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide ' | ‘ '
(23,SR)—N«methyl-?-oxo-f\i’-(pyridin~3-yIcarbony'i)we—(suifonxy)-1 ,B6-
diazabicyclo[3.2.1]octane-2-carbohydrazide

(25,5R)-7-ox0-N-(1H-pyrrol-2-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide
(28,5R)-7-oxo-6-(sulfooxy)-N'-(thiophen-2-ylacetyl)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide
(25,5R)-N-[(2-amino-1,3-thiazol-4-ylycarbonyil-7-oxo-6-(sulfooxy}-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide
(25,5R)-N-{furan-2-ylacetyl}-7-oxo-6-(sulfooxy)-1,6-diazabicycio3.2. 1loctane-2-
carbohydrazide -
(25,5R)-7-oxo-N-{pyridin-2-ylacetyl)-8-(sulfooxy)-1,8-diazabicycin!3.2. 1]octane-2-
carbohydrazide

(25 5R)-7-oxo-N-(pyridin-3-ylacetyl}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-2-
carbohydrazide '

(28, 5R)-7-oxo-N-(pyridin-4-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]octane-2-

carbohydrazide
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(28 5R)-N-[(2-amino-1,3-thiazol-4-yhacetyl}-7-oxo-6-(sulfooxy)-1,6-
diazabieycie[3.2. 1]ectane-2-carbohydrazide
(28,5R)-N-{(2-amino-1,3-thiazol-4-yhacetyl]-N'-methyl-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1octane-2-carbohydrazide
(238,5R)-N-methyl-7-oxo-N'-(pyridin-3-viacetyl)-6-(sulfooxy)-1,6-
diazabicycio]3.2. 1Joctane-2-carbohydrazide
(28,5R)-7-oxo-B-(sulfooxy)-N-{trifluoroacetyl)-1,8-diazabicyclo[3.2. 1]octane-2 -
carbohydrazide |

(23,SR)-N‘—(methyisuffonyl)—?—oxc—@-(sulfoéxy)—“l B-diazabicycio[3.2. Tjoctane-2-
carbohydrazide

2-{[(2S,5R)-7-oxo-6-(sulfaoxy)-1,6-diazabicyclo]3.2, 1]oct-2-
yljcarbonyi}hydrazinecarboxamide

P P

2-{1(28,5R)-T-oxo-G-{sulfooxy)-1 S-diazabicyciof3.2. 1joct-2-
yllcarbonyllhydrazinesulfonamide
{25,5R)-7-oxo-N-phenyi-6-(sulfooxy)-1,6-diazabicycio]3.2. 1joctane-2-carbohydrazide
(25,5R-N-methyl-7-oxo-N-phenyl-8-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carbohydrazide

(28,5R)-7-oxo-N'-(pyridin-3-yl)-6-(sulfooxy)-1,6-diazabicyciol3.2. 1loctane-2-
carbohydrazide

(25,5R)-N'-methyl-7-oxo-N'-(pyridin-3-yl)-6-(sulfooxy)- 1,8-diazabicyclo]3.2. 1]octane-2-
carbohydrazide

(28, 5R)-7-oxc-N-{piperidin-1-vl}-6-(sulfooxy)-1,6-diazabicyclo[2.2. 1]octane-2-
carboxamide

(28,5R)-7-oxo-N-{pyrrolidin-1-yl}-6-{sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxarmide

(2 8,5R)~-N-(morpholin-4-yl)-7-oxo-8-(sulfooxy)-1,6-diazabicycio[3.2. 1Joctane-2-
carboxamide
(25,5R)-7-oxo-N-(piperazin-1-yl}-6-(sulfooxy)-1,6-diazabicyclo]3.2 1joctane-2- .
carboxamide

(28 5R)-7-0x0-6-(sulfooxy)-N-(thiomorpholin-4-yi}-1,6-diazabicyclo[3.2. 1joctane-2-

carboxamide
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(28,5F)-N-(1,1-dioxidothiomorpholin-4-yh)-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1Joctane-2-carboxamide
(25,5R)-7-0xo-N-(2-oxopiperidin-1-yl)-6-(sulfooxy)-1,6-diazabicycio]3.2. 1joctane-2-
carboxamide

(28 ,5R})-7-oxo-N-{3-oxomorpholin-4-yi)-6~(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carboxamide ' '

(25, 5R}-7-oxo-N-{2-oxopiberazin-1-yi)-6-(sulfooxy)-1,8-diazabicyclo]3.2. 1joctane-2-
carboxamide

(25, 5R)-7-oxo-6-(sulfcoxy)-N-(tetrahydropyrimidin-1(2k)-yl}-1,6-

diazaticycio]3.2 1loctane-2-carboxamide

(28, 5R)-T-oxo-N-(2-oxotetrahydropyrimidin-1(2H)}-y1}-6-(sulfooxy)-1,6-
diazabicycio]3.2. 1Joctane-2-carboxamide

(28, 5R}-N-(3-aminopiperidin-1-y})-7-oxo-8-(sulfooxy)-1,8-diazabicycle[3.2. 1loctane-2-
carhoxamide |

{28, 5R)-N-[(Z-aminacyclapropyiicarbonyll-7-oxo-8-(sulfooxy)-1,6-

diazabicyclof3.2. 1loctane-2-carbohydrazide

(25, 5R)-N-{(Z-aminccyclopropyljcarbonyl-N'-methyl-7-oxo-6-{sulfooxy}-1.6~
diazabicycio[3.2. 1joctane-2-carbohydrazide

(25, 5R)-N'-(azetidin-2-ylcarbonyl}-7-oxo-8-(sulfooxy)-1,6-diazabicyclof3.2. 1Joctane-2-
cartbohydrazide

(28, 5R)-N-(azetidin-3-ylcarbonyl}-7-oxo-6-(suifooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(28, 5R)-\-[(28)-2-aminopropanoyl]-7-oxo-B-(sulfooxy)-1,6-diazabicyclo]3.2. 1 Joctane-2-
carbohydrazide

(28, 5R)-N-[(28)-2-aminapropanoyl}-N-methyl-7-oxo-8-(sulfooxy)-1,6~
diazabicyclo{3.2. 1loctane-2-carbohydrazide

(28 5R)-N'-{3-(dimethylamino)propanoyl}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carbchydrazide
(25,5R)-N'-[(3,3-difiuorocyclobutyl}carbonyl]-7-oxo-6-(sutfooxy)-1,6-
diazabicyclo[3.2. 1]oclane-2-carbohydrazide
(2S,5R)-N-[{3-aminocyclobutyl)carbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1Joctane-2-carbohydrazide
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(28,5R)-N-{[3-{methylaminoc)cyclobutyllcarbonyl}-7 -oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide

(28, 5R)-N-{[3-(dimethylamino)cyclobutyljcarbonyl}-7-oxo-8-(suifooxy)-1,6-
diazabicyclo3.2. tJoctane-2-carbohydrazide

The compounds of the present invention of formula (I, when Y = OR') can be readily
prepared by the following reaction Scheme 2 and examples using readily available starting
materials, reagents and conventional synthesis procedures known to those of ordinary skill in
this art. The methods differ according to the kind of substituted hydroxylamines of general
formula (V) used to prepare the bicyclic diazaoctane derivatives. The bicyclic intermediate
acid (V1) may be prepared foliowing the patent literature WO 2009/0918586.

Compounds of general formula (I, Y = OR', M = H) can be prepared by coupling an
appropriately substituied hydroxylamine (V) with the bicyclic acid (V1) in presence of a
suitable coupling reagent to give the desired intermediate (Vil). The coupling reagents useful
for carrying out this step include, but are not limited to, EDCI, HOBT-DCC, HATU, HOBT,
PyBop and the like. The organic solvents useful in the reaction are not particularly limited
and include any of those which do not adversely affect the coupling reaction. Typical
solvents include DCM, chloroform, dimethyiformamide, dimethylacetamide, tetrahydrofuran,
acetonitrite, dimethylsulfoxide, acetonitrile, and the like. The reaction is normally carried out
at a temperature of from about 0 °C to about 30 °C and preferably at room temperature
under nitrogen. After completion of the reaction the desired product can be easily separated
by conventional methods such as column chromatography, crystallization or similar methods.

- In the following step, the intermediate (Vil) could be converted to compound (VIH) under an

atmosphere of hydrogen or hydrogen mixed with an inert diluent such as nitrogen or argon in
the presence of a hydrogenation catalyst. The catalysts used in this hydrogenation reaction
are the type of agents known in the art for this kind of deprotection and typical examples are
the noble metais, such as nickel, palladium, platinum and rhodium. Examples of the catalysts
are platinum, platinum oxide, paltadium, palladium oxide and the like. The catalyst is usually
present in the amount from about 1 to about 50 weight percent and preferably from about 5
to about 10 weight percent based on the compound of formula ({). i is often convenient to
suspend the catalyst on an inert support. A particularly convenient catalyst is palladium
suspended on an inert support such as carbon, e.g 10 % by weight palladium on carbon.
This reaction may be conveniently effected at ambient femperature at 40 psi until reaction is
complete (2 to 12 hours). Suitable solvents for this reaction are those which substantiaily
dissolve the starting material of the formula (VII), are sufficiently volatile to be removed by

evaporation and do not themselves suffer hydrogenation. Exampies of such solvents inciude
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methanol, ethanol, dioxane, ethyl acetate, tetrahydrofuran or a mixture of these solvenis.
Upon completion, the hydroxy intermediate (Vi) can be purified by silica gel column
chromatography or in many cases can be directly carried out to the next step without further

purification.

Sulfation of the intermediate (Vill) can be achieved using a sulfating reagent (e.g., pyridine-
S0, complex, CISO;H and DMF-SO; complex) in an appropriate soivent (e.g., pyridine or 2-
picoline), e.g., as described in the literature (US 4337197 A1, J. Am. Chem. Soc., 1982, 104,
6053-8060). Thus, SO;-Py complex can be added to a solution of the intermediate (Vi in a
solvent in excess amount, if desired, to force the reaction to compietion. The organic
solvents useful for this transformation are not particularly limited and include those which do
not adversely affect the reaction. Typical solvents inciude, but not limited to, pyridine,
dimethy! formamide, dimethylacetamide, acetonitrite, DCM, and the like. The transformation
can be carried out at from 10 °C to 40 °C, and more preferably at room temperature. The
product (IX) can be isolated by standard procedure that is by filtering the reaction mixture,
concentrating the filirate, suspending the concenirate in a salurated agueous potassium
dihydrogenphosphate solution, washing the aqueous layer with ethyl acetate, adding excess
amount of tetrabutylammonium hydrogen sulfate to the agueous layer, extracting the mixture
with organic solvent, such aé ethyl acetate, combining the organic layers, drying and
concentrating to provide the tetrabutylammonium salt intermediate. Treating the intermediate
(IX) with an acid to obtain a compound of formula (la, M = H), wherein R' has the same
definition as in formula (). Suitable organic acids include trifluoroacetic acid,
methanesulfonic acid, trifluoromethane sulfonic acid, and formic acid. The treatment is
suitably conducted at a temperature in a range from about -10 °C o about 30 °C and is
typically conducted at a temperature in a range of from about 0 °C to about 10 °C.

The substituted hydroxylamines (V) used in the invention can be prepared by a two steps
procedure using the methods well known in the art. Thus, the alcoho! () s reacted with N-
hydroxyphthalimide (1) in presence of PPhs; under Mitsunobu conditions to provide the
intermediate (V). Treating (IV) with hydrazine hydrate in presence of a solvent provides the
desired substituted hydroxylamine (V) which can be used without further purification
(&cheme 1).

Sirmilarly, compounds of general formula (I, Y = NR?R®, M = H) can be prepared by coupling
an appropriately substituted hydrazine (Va) with the bicyclic acid (V1) in presence of a
suitable coupling reagent to give the desired intermediate (Vila). Utilizing the infermediate
(Vlila}) and carrying out similar sets of experiments as described for (la), the desired
compounds (Ib, M = H) of the present invention can be obtained as shown in Scheme 3. The
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substituted hydrazines (Va) used in the present invention can be obtained from the

commercial source or can be prepared by the known literature procedure,

Scheme 1
O O
R'™-0O
R-OH N-OH —— N“QR1 — "NH,
0] O
3] 1] v vV
Scheme 2

0

OBn 0 OBn

Y Vi Vil
1

R O R" O i
(:l) i, O._Ngl O‘NJ”-‘.
\N J,r
SR S OIS

Vil X ia.
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Scheme 3

Villa IXa ib

Examples

5 Inthe examples, the following abbreviations have been used:

Bn: benzyl
Boc: N-ter-butoxycarbonyl
br s bro.ad singlet
CDCHL: deuterated chioroform

10 CD,0D: deuterated methanol
o: doublet
D0 deuterium oxide
DCC: M N-dicyclohexylcarbodimide
DCM: dichloromethane

15 DIAD: diisopropy! azodicarboxylate

DMAP: 4-dimethylaminopyridine
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EDCH 1u(3~dimethylamine—propy!)—3-ethyicarb0diimide hydrochiaride
El: electron impact

ES: electron spray

FAB: fast atom bombardment

g. gram(s)

h: hour(s)

HOBT: N-hydroxybenzotriazole

HATL: 2-(7-aza-1H-benzotriazol-1-yl)-1,1,3, 3-tetramethyluronium

hexafluorophosphate

HPLC: high-performance liquid chromatography

Hz: Hertz

J: coupling constant

m: multiplet

mL: milliliter(s)

mmol; miflimole(s)

MHz: megahertz

MS: mass spectrometry

m/z. mass-to-charge ratio

NMR: nuclear magnetic resonance

Pd/C. palladium on carbon

PyBop: (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
s singlet |

t: triplet
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TFA: trifluoroacetic acid
THF: tertrahydrofuran

&: chemical shift in parts per million (ppm) by frequency

5 Example 1

{28,5R)-7-Oxo-N-[(3R)-pyrrolidin-3-yloxy]-8-(sulfooxy)-1,8-diazabicyclo[3.2.1}octane-2-
carboxamide (Compound 1, Table 1)

9

oo
ﬂNC] N Q
o};—N

OSOsH

Step 1. tert-Butyi (3R}-3-{{{l(2S,5R)-6-{benzyloxy}-7T-oxo-1,6-
10 diazabicycio]3.2.1Joct-2-yl]carbonyl}amino)oxy]pyrrolidine-1-carboxylate {3)

| )OL 5
0 e
, %o NQ "NH, \\‘0~N/“f~.
HO q . 5 BDC"*NC] H Q
N .
J—N

To a solution of (28 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio[3.2. 1)octane-2-carboxylic acid
1 {015 g, 054 mmol) in dry DCM (20 ml) were added fer-butyl (3R)-3-
(aminooxy)pyrrolidine-1-carboxylate 2 (0.17 g, 0.81 mmol, J Med. Chem. 2008, 51, 4601-
15 4B08), 1-hydroxybenzotriazole (0.1 g, 0.81 mmol) and 1-ethyl-(3-
dimethylaminopropyl)carbodiimide hydrochioride (0.16 g, 0.81 mmoel) at room temperature.
The reaction mixture was stired at room temperature overnight, and then concentrated
under vacuum, The residue was purified by column chromatography to give compound feri-
butyl (3R)-3-[({{(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo][3.2. 1]oct-2-
20 yljcarbenyl}laminojoxylpyrrolidine-1-carboxylate 3 (0.23 g, 93%) as a clear thick oil.

"H NMR (400 MHz, CDCls}: § 1.26 (SH, ), 1.62 (1H, m), 1.96 (3H, m), 2.17 (1H, m), 2.28 (1H,
m), 2.75 (1H, d, J = 11.6 Hz), 3.01 (1H, d, J = 12.0 Hz), 3.31-3.66 (5H, m), 3.96 (1H, m), 4.64
(1H, m), 4.89 (1H, d, J = 11.2 Hz), 5.04 (1H, d, J = 11.6 Hz), 7.41 (5H, m), 9.16 (1H, brs).
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Step 2. tert-Butyl (3R)-3-H{{[{25,5R)-6-hydroxy-7-oxo-1,6-diazabicycio[3.2.1]oct-2-
yllcarbenyllamino)oxy]pyrrolidine-1-carboxylate (4)

i Bi
o A I e
Boc—NQ\ ﬁ Q - Boo N\/,j H Q
J—N

3 4

5  To a solution of teri-butyl (3R)-3-{({{{2S,5R)-6-{benzyloxy)-7T-oxo-1 B-diazabicyclo[3.2. 1]oct-2-
yljcarbonyllaminojoxylpyrrolidine-1-carboxylate 3 (0. 23 g, 050 mmol) in methanol (15 mL)
was added 5% Pd/C (0.3 g). The mixture was hydrogenated at 35 psi hydrogen atmosphere
at room temperature for 1 h. The catalyst was filtered out through Celite, and the filirate was
evaporated to give fert-butyl (3R)-3-{{({[(28,5R)-6~-hydroxy-7-oxo-1,6-diazabicyclo{3.2.1]oct-2-

10 vyljcarbonyllaminojoxylpyrrolidine-1-carboxyiate 4 (0.18 g, 93%) as a colorless foam.

"H NMR (400 MHz, CD,0D). § 1.43 (9H, 5), 1.68-2.09 (4H, m), 2.20 (2H, m), 3.03 (1H, d, J =
12.0 Hz), 3.20 (3H, m), 3.60 (1H, d, J = 12.0 Hz), 3.70 (1H, 8), 3.86 (1H, d, J = 7.2 Hz), 4.60
(1H, m), 2 protons were not observed in CD,0D. '

Step 3. tert-Butyl (3R}-3-[{{[{25,5R}-7-oxo-B-(suifooxy)-1,6-diazabicyclo]3.2.1}joct-
15 Z2-yljcarbonyljamino)oxylpyrrolidine-1-carboxylate pyridine salt (5}'

BOCNQO J \/l '__Boc NQO/L‘Q

o OH OSOSH Pyridine
4 5

To a solution of fer-butyl (3R)-3-[({{(2S,5R)-6-hydroxy-7-oxo-1,6-tiazabicycio[3.2. 1]oct-2-
yllcarbonyliaminojoxylpyrrolidine-1-carboxylate 4 (0.18 g, 0.486 mmol) in dry pyridine (7 mL)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.31 g, 1.94 mmol).

20 The mixiure was stirred at room temperature for 20 h, filtered and evaporated to give fert-
butyt  (3R)-3-[({[(25,5R)-7-ox0-6-(suifooxy)-1,6-diazabicyclo[3.2. 1ioct-2-yijcarbonyllamino)-
oxylpyrrolidine-1-carboxylate pyridine salt 5 (0.22 g crude) which was used in the next step
without purification.
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Step4. NN N-Tributylbutan-1-aminium ({{{2S,5R}-2-({{{(3R)-1-(tert-
butoxycarbonyl)pyrrolidin-3-yvijoxylcarbamoyi)-7-oxo-1,6-diazabicyclol3.2.1Joct-6-
viioxyisulfonyloxidanide (8) '

N

N !
0805 BuN*

0SOH - Pyridine

o) 0

oo \‘.O\N/U,,,_
Boc—NG\ ﬁ Q Boc— \/J H Q
i s

5 6

fert-Buty! (3R)-3-[({[(28,5R)-7-ox0-8-(sulfooxy)-1,8-diazabicyclol3.2. 1]oct-2-yl]carbonyl}-
amino)oxylpyrrolidine-1-carboxylate pyridine salt 5 (0.22 g, 0.48 mmol) was introduced into a
concenirated aqueous soiution of monosodium dihydrogen phosphate solution (7 mL) so as
to obtain a pH of 4. The mixture was washed with ethyl acetate, then added tetrabutyi
ammonium hydrogen sulfate (0.10 g, 0.30 mmoi) and stirred at room temperature for 10 min.
The mixture was extracted with ethyl acetate (3 x 10 mL), and the extracts were combined,
dried over sodium sulfate and evaporated to give N,N N-tributylbutan-1-aminium ({[(ZS,S-R)-
2—({[(3R)~1»(tert-bui'oxycarbonyl)pyrroﬁdin—s—yl}oxy}carbam6y1}-7~oxo-1 ,B-diazabicyciol3.2.1]-
oct-6-yloxylsulfonyl)oxidanide & (0.245 g, 80%) as a white solid.

"H NMR (400 MHz, CDCls): 5 1.00 (12H, t, J = 7.2 Hz), 1.43 (17H, m), 1.65 (8H, m), 1.90 (3H,
m), 2.18 (2H, m), 2.34 (1H, m), 2.82 (1H, d, J = 12 Hz), 3.28 (BH, m), 3.30-3.66 (5H, m), 3.94
(1H, d, J = 7.6 Hz), 4.35 (1H, m), 4.86 (1H, s), 8.17 (1H, br s).

Step 5. (2S,5R)-7-Oxo-N-[(3R)-pyrroflidin-3-yvioxy]-6-{sulfooxy}-1,6-
diazabicycio[3.2.1]octane-Z-carboxamide {Compound 1, Table 1)

0 | j’
| . \\‘O\ "’.,
Boc—NQ“'O\N/l“" - HNQ N
Ho e N
s N
d. ©

080y Bu,N* G803H

6 Compound 1, Table 1

To a  solution of NN N-tributylbutan-1-aminium ({{(25.5Ry-2-({I(3R)-1-~{tert-
butoxycarbonyl)pyrrolidin-3-yiloxy}carbamoyl)-7-ox0-1,6-diazabicyclof3.2. tloct-6-

yioxy}sulfonyl)oxidanide 6 (0.245 g, 0.35 mmol) in DCM (14 ml) was added frifluoroacetic
acid (0.70 mL, 9.08 mmol) dropwise at 0 °C. The reaction mixture was stirred for 1 h, then
evaporated. Ether was added {o the residue and the resulting white precipitate was collected
by centrifugation. The solid was triturated with acetonitrile (2 x) and the white solid was

91



WO 2014/091268 PCT/B2012/002675

collected by centrifugation. The white solid was purified by HPLC on a prep-X Bridge-19 x
250 mm column and freeze-dried to give (25,56R)-7-oxo-N-[{3R)-pyrrolidin-3-yloxy]-6-
{sulfooxy)-1,8-diazabicyclof3.2. 1]octane-2-carboxamide Compound 4 (Table 1) (0.03 g,
25%) as a white solid.

5 "M NMR (400 MMz, D,0): 6 1.73 (1H, m), 1.87 (1H, m), 1.85-2.13 (3H, m), 2.16-2.40 (2H, m),
2.99 (1H, d, J = 12.4 Hz), 3.19 (1H, d, J = 11.8 Hz), 3.26-3.80 (3H, m), 346 (1H, d, J = 13.2
Hz). 3.96 {1H, d, J = 7.2 Hz), 4.08 (1H, 8), 3 pretons were not observed in D0,

HPLC: 87.24 %

MS (ES): miz: [MI = 348.80
10 Example 2

{25,5R)-7-Oxo-N-[(35)-pyrrolidin-3-yloxy]-6-(sulfooxy})-1,6-diazabicyclo]3.2. 1joctane-2-
carboxamide (Compound 2, Table 1)

O
o
TN

: N\
o 0SO3H
Step 1. fert-Butyl (38}-3-[({I{28,5R}-6-(benzyioxy}-7-0x0-1,6-
15 diazabicyclo]3.2. 1joct-2-yijcarbonyllaminojoxy]pyrrolidine-1-carboxylate (8)

O
0 M0, B
HO/H”‘- )( © ’i\jﬂ Nrz Boc—Ng’O\ﬁ)hh(\
9 ‘ >
J—N

)——N ' O OBn

1 8

To a mixture of (28, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1joctane-2-carboxylic acid
1 (0.150 g, 0.543 mmaol, US 2005/20572 A1) in DCM (4.0 mL) were added fert-butyt (38)-3-
(aminocoxy)pyrrolidine-1-carboxylate 7 (0.164 g, 0.814 mmol, WO 2008/67481 A1), 1-
.20 hydroxybenzotriazole (0.110 g, 0.814 mmol) and 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochioride (0.156 g, 0.814 mmol} sequentially at room femperature, The
mixture was stirred at room temperature overnight, diluted with DCM and concentrated to
provide a residue which was subjected to chromatography to give 8 (0.22 g, 88 %) as a white

foam.
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'H NMR (400 MHz, CDClg): § 1.46 (9H, ), 1.61 (1H, m), 1.93 (3H, m), 2.17 (1H, m), 2.30 (1H
m), 272 (1H, d, J = 11.6 Hz), 2.99 (1H, m), 345 (5H, m), 3.99 (1H, m), 4.60 (1H, m), 4.92
(1H, d, J= 11.6 Hz), 5.04 (1H, d, J = 11.6 Hz), 7.42 (5H, m), 9.00 (1H, brs).

il

MS (ES’} mvz: [M-H] caled for CoslaiN.Os: 459.22. Found: 459.08.

Step 2. tert-Butyl {35)-3-}{{[{25,5R)-6-hydroxy-T-oxo-1,6-diazabicyclo [3.2.1}oct-2-
yljearbonyllaminojoxyjpyrrolidine-1-carboxylate (9)

, O
o /% Oy L"'
SRE® ReRES
Boc—N H | - N
N
/N
O OBn

/N

O OH
8 9
A mixture of fert-butyl (35)-3-[({[(25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2.1] oci-2-
yllcarbonyllaminojoxylpyrrolidine-1-carboxylate 8 (0.22 g, 0.48 mmol) and Pd/C (0.070 g} in
methanol (10 mL) was hydrogenated at 1 atm at room temperature for 3 h. The mixture was
filtered through Celite pad and concentrated to provide 8 (0.19 g, quant. yield) as a light
yeliow foam.

'H NMR (400 MMz, CD;0D): 6 1.46 (8H, m), 1.75-2.20 (6H, mj), 3.03 (1H, d, J = 11.6 Hz),
3.17 (1H, m), 3.44 (34, m), 3.63 (1H, d, J=13.2 Hz), 3.69 (1H, m), 3.86 (1M, d, J = 7.2 Hz),
4.58 (1H, t, J= 3.6 Hz). 2 protons were not observed in CD:0D,

MS (ES"): m/z [M-H] caled for CigH2sNeQe: 369.18. Found: 369.06.

Step 3. tert-Butyl (35)-3-[({[{25,5R})-7-ox0-6-(sulfooxy)-1,6-diazabicycio [3.2.1]
oct-2-yljcarbonyllaminojoxylpyrrofidine-1-carboxylate (10)

i ;

o. M. o, A
BOCMNQ’ ﬁ Q g, BOC—N ﬁ Q
F—N O}—N'

0 OH OS04H
) 10

Te a mixture of fer-butyl (38)-3-{({[(2S, 5R)-6-hydroxy-7-oxo-1,6-diazabicyclo]3.2.1]oct-2-
yllcarbonyljamino)oxypyrrolidine-1-carboxylate 9 (0.12 g, 0.51 mmal) in pyridine (7.0 mL)
was added sulfur trioxide pyridine complex (0.326 g, 2.05 mmol). The mixture was stirred at
room temperature for 23 h and concentrated to provide a residue which was subjected to
chromatography to give 10 (0.11 g, 48 %) as a white solid.
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'H NMR (400 MMz, CD,0D): 6 1.47 {8H, s), 1.80-2.20 (6H, m), 3.07 (1H, d, J = 12 Hz), 3.27
(1H, m), 3.44 {3H, m}, 3.60 {(1H, m}, 3.92 (1H, d, J = 11.6 Hz), 4.14 (1H, m), 4.59 (1H, m). 2
protons were not observed in CD.0D.

MS (ES7): mvz [M-HY caled for CiaHasN,OeS: 449,13, Found: 448.99.
Step 4. {28, 5R)-T-Oxo-N-1(38)-pyrrolidin-3-vioxy]-6-(suifooxy)-1,6-

diazabicycloll.2.1]loctane-2-carboxamide (Compound 2, Table 1)

0]

o g O

N : HiM T 7

s T ) T
y N N

" DsOsH ©  OsoH
10 Compound 2, , Table 1

To a mixture of ferf-butyl (35)-3-[{{[(2S, 5R)-7-ox0-6-(sulfooxy)-1,6~diazabicyciof3.2. 1]oct-2-

- F

ylicarbonyi}aminojoxylpymoiidine-1-carboxylate 16 (0.11 g, 0.24 mmol) in DCM (4.0 mL) was
added f#rifluoroacetic acid (0.20 ml) at 0°C. The mixture was stirred at 0°C for 1 h,
concentrated and washed with ether. The white solid was collected by centrifugation. The
crude product was purified by preparative HPLC to provide Compound 2 {Table 13(30.4 mg,
36 %) as a white solid.

'H NMR (400 MHz, D,0): 8 1.74-1.83 (2H, m), 1.91-2.11 (3H, m), 2.18-2.22 (1H, m), 2.98
(t1H, d, J = 12 Hz), 3.17 (1H, m), 3.27-3.34 (3K, m), 3.45 (1H, dd, /= 0.8 Hz, 13.6 Hz), 3.94
{1H, m), 4.06 (1H, m}, 4.71 (1H, m). 3 protans were not observed in 1,0,

HPLC: 96.77 %

MS (ESY m/z [M-H] calcd for CqqH7N40-5: 349.08. Found: 348.85,

Example 3

{28,5R)-7T-Oxo-N-{{3R}-piperidin-3-yloxy]-8-{sulfooxy}-1,6-diazabicycio]3.2.1Joctane-2-
carboxamide {Compound 3, Table 1)

J
O A
N4 H
N
H

AN

AS
o OSO,H
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Step 1. fert-Buty! {3R)-3-{{{[{28,6R)-6-{benzyioxy)-7-ox0-1,6-
diazabicycio]3.2.1loct-2-yllcarbonyllamino)oxy]piperidine-1-carboxylate (12)

12

To a solution of (28 5R)-6-(benzyloxy)-7-oxo-1,8-diazabicyclof3.2. 1]octane-2-carboxylic acid
1 (020 g, 072 mmol) in dry DCM (20 mbl) were added tert-butyl (3R)-3-
(amincoxy)piperidine-1-carboxylate 11 {0.19 g, 0.86 mmol, J. Med Chem. 2008, 51, 4601-
4608), 1-hydroxybenzotriazole (0.14 g, 1.03 mmol) and 1-ethyi-(3-
dimethylaminopropyljcarbodiimide hydrochioride (D.20 g, 1.03 mmol) at room temperature.
The reaction mixture was stirred at room {emperature overnight, and then concentrated
under vacuum. The residue was purified by column chromatography to give terf-butyl (3R)-3-
{1285, SR)—G-{be_nzy%oxy)—7~oxo—-1 B-thazabicyclnj3.2. 1]oct-2-
ytlcarbonyllamino)oxylpiperidine-1-carboxylate 12 (0.28 g, 82 %) as a white solid.

"H NMR (400 MHz, CDCly): 5 1.46 (9H, 8), 1.61 (1H, m), 1.83 (2H, m), 2.01 (4H, m), 2.31 (1H,
m), 2.79 (1H, d, J = 11.2 Hz), 2.89 (3H, m), 3.30 (1H, s}, 3.60-4.11 (4H, m), 4.88 (1H, d, J =
11.6 Hz), 5.05 (1H, d, J = 11.6 Hz), 7.39 (5H, m), .96 (1H, br s).

Step 2. tert-Butyl {(3R)-3-[{{{(2S,5R)-6-hydroxy-7-oxo-1,6-diazabicyciol3. 2. 1}oct-2-
vilcarbonyilaminc)oxyipiperidine-i-carboxviate {13}

O
O

O Y, .

e o 1

M X I

N .ulH H N H
N 114
| fmN_ _pn e Ny )
Boc o) o I N\OH
- Boc O
12 13

To a solution of fert-butyl (3R)-3-[({[{2S,5R)-6-{benzyloxy)-7-oxo-1,6-diazabicycio[3.2. 1]oct-2-
yijcarbonyliamino)oxylpiperidine-1-carboxylate 12 (0. 28 g, 0.58 mmol) in methanol (20 ml)
was added 5% Pd/C (0.25 g). The mixiure was hydrogenated at 35 psi hydrogen atmosphere
at room temperature for 1 h. The catalyst was fittered out through Celite, and the filtrate was
evaporated to give feri-butyl (BR}—B-[({[(ZS,5R)—6—hyc§roxy-?-oxo~1,G-diaiabicycla[S.Z.1]00‘2-2-
ylicarbonyllamino)oxylpiperidine-1-carboxylate 13 (0.21 g, 91%) as a white solid.
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H NMR (400 MHz, CD,0D): & 1.45 (9H, s), 1.68-1.98 (6H, m), 2.05 (1H, m), 2.22 (1H, nm),
3.03(1H, d, J=12.0Hz}, 313 (H, d, J = 11.6 Hz}, 3.28-3.58 (4H, m}, 3.71 (1H, s}, 3.87 (2H,

m), 2 protons were not observed in CD:0D.

Step 3. tert-Butyi (3R)-3-[{{l{28,5R}-T-oxo-6-{sulfooxy)-1,6-diazabicycio]3.2. 1]oct-
5 2-yljcarbonyllamino)oxylpiperidine-i-carboxylate pyridine sait (14)

J pi
O b -~ .
\ﬁ e, - O ﬁ L
/J N 1 H e Rt N N it
) SN
Boc

\ N,

Boo o OH

o ) -
13 0S80, H. pyridineg

14

To a solution of fert-butyl (3R)-3-{({{(25,5R)-6-hydroxy-7-oxo-1,6-diazabicycio[3.2. 1loct-2-
yllcarbonyilamino)oxyipiperidine-t-carboxylate 13 (0.21 g, 0.55 mmol} in dry pyridine (8 mL)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.35 g, 2.20 mmol).

10 The mixture was sfirred at room temperature for 20 h, filtered and evaporated to give fert-
butyl (3R)-3-{({[(2 8 5R)-7-oxo-6-{suifooxy)-1,6-diazabicycio[3.2. 1]oct-2-
ylicarbonyl}aminojoxylpiperidine-1-carboxylate pyridine salt 14 (0.30 g crude) which was
used in the next step without purification.

Step 4. NN, N-Tributyibutan-1-aminium ([{(28,5R)-2-{[{3R)-1-{tert-
15 butoxycarbonylpiperidin-3-viloxy}carbamoyl)-7-oxo0-1,6-diazabicyclo[3.2.1loct-6-

Qn! H
N

it

yviioxzyisulfonyloxidanide {15)

O\‘ﬁjlr"'- O\.NJ’N
O . (O
X SN N
Boc o) Boc O

\
O8O, H. pyridine
14 18

- o+
080, Bu,N

teri-Butyl {3R)-3{[(2S BR)-T-oxo-8-(sulfooxy)-1,6-diazablcyclo]3.2. 1]oct-2-
yilcarbonyllamino)oxylpiperidine-1-carboxylate pyridine salt 14 (0.30 g, 0.55 mmol) was
20 introduced into a concentrated agueous solution of monosodium dihydrogen phosphate
solution (8 mi.) so as fo obtain a pH of 4. The mixture was washed with ethyl acetate, then
added tetrabutyl ammonium hydrogen suffate (0.117 g, 0.34 mmol) and stirred at room
ternperature for 10 min. The mixture was extracted with ethyl acetate (3 x 20 mbL), and the
extracts were combined, dried over sodium sulfate and evaporated to give‘ NN N-
25  ftributylbutan-1-aminium {I(2S8,5R)-2-({[(3R)-1-(tert-butoxycarbonyl)piperidin-3-
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ylloxy}carbamoyl)-7-ox0-1,6-diazabicyclo]3.2. 1]Joct-8-ylloxylsulfonyloxidanide 15 (0.3 g,
77%) as a white soiid.

"H NMR (400 MHz, CDCly): 8 0.98 (12H, t, J = 7.2 Hz), 1.42 (17H, m), 1.65 (8H, m), 1.77 (4H,
m), 2.05 (3H, m), 2.33 (1H, m), 2.85 (1H, d, J = 11.6 Hz), 2.96 (2H, m), 3.24 (8H, m), 3.65
(1H, m), 3.95 (2H, m), 4.10 (1H, m), 4.13 (1H, s), 10.00 (1H, brs).

Step 5. {28,5R)-7-Oxo-N-[(3R}-piperidin-3-yloxy]-6-{suifooxy}-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide {Compound 3, Table 1)

o)
, ),,
O’O\E{“ ? Q L (j»o Q

g J—N - .
oC o 0S0;Bu,N 0303

15 : © compound 3, Table 1

To a  solution of NN N-tributylbutan-1-aminium {l(2S 5R-2-({{(3R)-1-(tert-
butoxycarbonyl)piperidin-3-yljoxy}carbamoyl)-7-oxo-1,6-diazabicycio]3.2.1]oct-6-

yijoxylsulfonyloxidanide 18 (0.30 g, 0.42 mmol) in DCM (17 mL) was added trifluoroacetic
acid (0.84 mL, 10.9 mmol) dropwise at 0 °C. The reaction mixture was stirred for 1 h, then

evaporated. Ether was added to the residue and the resulting white precipitate was collected

by centrifugation. The solid was triturated with acetonitrile (2 x) and the white solid was
collected by centrifugation. The white solid was purified by HPLC and freeze-dried to give
(25,5R)-7-ox0-N-[(3R)~piperidin-3-yloxy)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1octane-2-
carboxamide Compound 3 (Table 1) (0.045 g, 29.41 %) as & white sclid.

'H NMR (400 MHz, CD;OD). § 1.60-1.78 (3H, m), 1.80-2.08 (5H, my, 2.92-3.04 (2H, m),
3.14-3.26 (2H, m), 3.30 (1H, d, J = 13.2 Hz), 3.94-4.02 (2H, m), 4.08 (1H, d, 5), 4.18 (1H, s),
3 profons were not observed in CD,0D.

HPLC: 95.81 %

MS (ES): m/z: [M] = 363.02
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Example 4

{25,8R)-7-Oxo-N-{(35)-piperidin-3-yioxy]-6-{suifooxy}-1,6-diazabicycio]3.2. 1joctane-2-
carboxamide (Compound 4, Table 1)

£
‘ ‘\‘\O\HJ’,“.
N N i
H %-"N
O

"0S0H

Step 1. tert-Butyl (38)-3-[{{[{25,5R)})-5-(benzyloxy)-7-0x0-1,6-
diazabicyclof3.2.1]oct-2-yljearbonyl}laminojoxylpiperidine-1-carboxylate (17)

\\O
0 O “NH,
/u’t, \\\0\
Ho ] N o
M i Boc 16 P

N
Bn s gt |
N, O/ Boc

=

pi
{\'{ z,,"m
N\/[”“H
o \O/Bn

Q
1 Y

To a solution of (25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2, 1loctane-2-carboxylic acid
1 (020 g, 072 mmol) in dry DCM (20 mbL) were added ferf-butyl (35)-3-
(aminooxy)piperidine-1-carboxylate 16 (0.19 g, 0.86 mmol, J. Med. Chem. 2008, 51, 4601-
4608), t-hydroxybenzotriazole (0.14 [+} 1.03 mmol) and 1-ethyl-(3-
dimethylaminopropyljcarbodiimide hydrochioride (0.20 g, 1.03 mmaol) at room temperature.
The reaction mixture was slirred at room temperature overnight and concentrated under
vacuum, The residue was purified by column chromatography to give fert-butyl (35)-3-
H{[(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1joct-2-
yijcarbonyi}aminojoxylpiperidine-1-carboxylate 17 {0.28 g, 82 %) as a white solid.

"H NMR (400 MHz, CDCL): & 1.46 (9H, 5), 1.61 (1H, m), 1.83 (2H, m), 2.01 (4K, m), 2.31 (1H,
m), 2.79 (1M, d, J = 11.2 Hz), 2.99 (3H, m), 3.30 (1H, 5), 3.60-4.11 (4H, m), 4.88 (1H, d, d=
11.6 Hz), 5.05 (1H, d, J = 11.6 Hz), 7.39 (5H, m), 9.96 (1H, br s).
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Step 2. tert-Butyl (38)-3-[{{[(25,5R)-6-hydroxy-T-oxo-1,6-diarabicyclo[3.2.1]oct-2-
yilcarbonyilamino)oxy]piperidine-1-carboxylate {18}

0
O
\\O e,
Oﬁ \ﬁ/u q —_— “‘\O\N/u
N Ll H
éoc o N B Pi\i }—N
O Boc O \OH

17 18

To a solution of ferf-butyl (38)-3-{{{{{(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclof3.2. 1]oct-2-
yllcarbonylamino)oxy]piperidine-1-carboxylate 17 (0. 28 g, 0.59 mmi) in methanol (20 mL)
was added 5 % Pd/C (0.25 g). The mixure was hydrogenated at 35 psi hydrogen
atmosphere at room temperature for 1 h, The catalyét was filtered out through Celite, and the
fitrate was evaporated to give ferfbutyl (35)-3-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-
diazabicyclo[3.2. 1]oct-2-yljearbonyl}amino)oxy]piperidine-1-carboxylate 18 {(0.22 g, 57 %) as

a white solid.

'H NMR (400 MHz, CDCly): & 1.45 (9H, ), 1.68-1.98 (BH, m), 2.05 (1H, m), 2.22 (1H, m),
3.03 (1H, d, J=12.0 Hz), 3.13 (1H, ¢, d = 11.6 Hz), 3.28-3.59 (4H, m), 3.71 (1H, s), 3.87 (2H,
m), 2 protons were not observed in CD,0D.

Step 3. fert-Buiyvl (38)-3-5({1(28 BR)-T-ox0-6-{sulfooxy)-1,6-diazabicycle]3.2.1joct-
2-yllcarbonyitlaminojoxy}piperidine-1-carboxylate pyridine salt (19)
O

@)
“\\\O\H/u“," \\\\O\N/U’r,“
N vt PR . H N i H
N | N
{ N ! )—-—N
Boc o

N
Boc 0 OM

~ it
OSO,H - pyridine

To a solution of ferft-butyl (35)-3-[({[(25,6R)-8-hydraxy-7-oxo-1,6-diazabicyclo]3.2. 1joct-2-
yijcarbonyllamino)oxylpiperidine-1-carboxylate 18 (0.22 g, 0.57 mimol} in dry pyridine (8 ml.)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.40 g, 2.51 mmol).
The mixture was stirred at room temperature for 20 h, filtered and evaporated o give fer-
butyl (38)-3-{({l(2S,5R)-7-oxo-B-(sulfooxy)-1,6-diazabicyclo]3.2. 1joct-2-
yllcarbonyllamino)oxy)piperidine-1-carboxylate pyridine salt 19 (0.23 g crude) which was
used in the next step without purification.
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Step 4. N,N,N-Tributylbutan-1-aminium ({[{2S,5R)-2-({[{3S)-1-{tert-
butoxycarbonyl)piperidin-3-yljoxy}carbamoyl)-7-oxo0-1,6-diazabicycio[3.2.1joct-6-
ylloxy}sulfonyljoxidanide (20)

‘\\\0 . oo )
N
Boc

“os0 LFi - Pyridine

19 ) 20 0803 Bu4N

5 fert-Buiyl (35)-3-[({l(2S,5R)-7-ox0-8-(sulfooxy)-1,6-diazabicyclo]3.2. 1joct-2-
yllcarbonyiamino)oxylpiperidine-1-carboxylate pyridine salt 19 (0.23 g, 0.42 mmol) was

introduced into a concentrated aqueous solution of monosodium dihydrogen phosphate

solution (8 mL) so as to obtain a pH of 4. The mixiure was washed with ethyl acetate, then
added tetrabutyl ammonium hydrogen sulfate (0.088 g, 0.26 mmol) and stirred at room
10  temperature for 10 min. The mixture was extracted with ethyl acetate (3 x 20 mL), and the

extracts were combined, dried over sodium sulfate and evaporated fo give NNN-

 tributylbutan-1-aminium {[(2S8,5R}2-({I(35)-1-(tert-butoxycarbonyl)piperidin-3-
. Yloxy}carbamoyl)-7-oxo-1,6-diazabicyclo[3.2. 1joct-B-yloxy}sulfonyloxidanide 20 (0.23 g,
52.5 %) as a white solid.

15 'H NMR (400 MHz, CDCl): 6 0.98 (12H, t, J = 7.2 Hz), 1.42 (17H, m), 1.85 (8H, m), 1.77 (4H,

m), 2.05 (3H, m), 2.33 (1H, m), 2.85 (1H, d, J = 11.6 Hz), 2.86 (2H, m), 3.24 (OH, m), 3.65
(1H, m), 3.95 (2H, m}, 4.10 (1H, m), 4.13 (1H, s), 10.00 (1H, brs).

Step 5. {2S5,5R)-7-Oxo-N-[(3S)-piperidin-3-yloxy]-6-(sulfooxy)-1,6-
diazabicyclo[3.2.T]joctane-2-carboxamide (Compound 4, Table 1}

o) o
o.M o
oG — G
L Ho — N N
H N

g N o o ‘
oc o 0S0;BuN OSOsH

20 20 ' compound 4, Table 1

To a solution of N, N N-tributylbutan-1-aminium ({I(25,5R)-2-{{[(35)-1-{{ert-
butoxycarbonyl)piperidin-3-yiloxy}carbamoyl}-7-oxo-1,6-diazabicycio[3.2. 1]oct-6-
vljoxylsulfonyloxidanide 20 (0.23 g, 0.32 mmol) in DCM (15 mL) was added trifluoroacetic

acid (0.64 mL, 8.32 mmol) dropwise at 0 °C. The reaction mixture was stirred for 1 h, then

25  evaporated. Ether was added to the residue and the resulting white precipitate was coliected
by centrifugation. The solid was iriturated with acetonitrile {2 x) and the white solid was
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collected by centrifugation. The white solid was purified by HPLC and freeze-dried to give
(28,5R)-7T-oxo-N-{(38)-piperidin-3-yloxy}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide Compeound 4 {Table 1} (0.008 g, 6.8 %) as a white solid.

'H NMR (400 MHz, CD,OD}: & 1.80-1.78 (3H, m), 1.80-2.08 (5H, m), 2.92-3.04 (2H, m),
3.14-3.26 (2H, m), 3.30 (1H, d, J = 13.2 Hz), 3.94-4.02 (2H, m), 4.08 (1H, d, s), 4.18 (1H, s),
3 protons were not observed in CDL,0D,

HPLC: 7.05 %

MS (ES): mfz [M] = 363.02
Example 5

Sodium {{{(28,5R)~2-[{cyclahexyloxy)carbamoylj«?f-oxa-‘i ,JB-diazabicyelo3.2.11oct-6-
vijoxy)suifonyijoxidanide {Compound 5, Table 1)
’*p

/N/{'!"t,‘
oOH L m

N\ )
0 0803 Na+

Step 1. (28,5R)-6-(Benzyloxy)-N-(cyclohexyloxy)-7-oxo-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide {22)

S ‘ o
/u QO\ /N/U""'
HO Q by N, N _tH
N .:HH
M. O
N . 0
O
1 22

To a solution of (28,5R)-8-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-carboxylic acid
1 (0.2 g, 0.72 mmol) in dry DCM (20 mL) were added (aminooxy)cyclohexane 21 (0.1 g, 0.86
mmol, US 2008/146625 A1), 1-hydroxybenzotriazole (0.14 g, 1.1 mmol} and 1-ethyk(3-
dimethylaminopropylcarbodiimide hydrochioride (0.2 g, 1.1 mmol) at room temperature. The
reaction mixture was stirred at room temperature overnight, and then concentrated under
vacuum. The residue was purified by column chromatography to give (25,5R)-8-(benzyloxy)-
N»(cyclohexyioxy)—?-oxo—1,6—diazabicyclo[3.2.1}octane~2—carboxamide 22 (0.24 g, 89.5 %) as
& clear thick oil.
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' NMR (400 MHz, CDCly): 8 1.23 (3H, m), 1.42 (2H, m), 1.54 (1H, m), 1.68 (1H, m), 1.76
(2H, m), 2.02 (4H, m), 2.36 (1H, m), 2.80 (1H, d, J = 11.6 Hz), 2.99 (1H, d, J = 12.0 Hz ),
3.30 (1H, s}, 3.86 (1H, m), 3.96 (1H, d, J = 7.2 Hz), 4.89 (1H, d, J = 11.2 Hz), 5.04 (1H, d, J =
12.0Hz), 7.39 (5H, m), 8.92 (1H, br s).

Step 2. (28,5R)-N-(Cycichexyloxy)-6-hydroxy-7-0x0-1,6-
diazabicyclo[3.2.1loctane-2-carboxamide {(23)

O
O

!
A
No__AwtH
)—N\ /Bn @

o o] “oH
22
To 2 solution of (28,5R)-6-(benzyloxy)-N-(cyclohexyloxy)-7-0xo-1.6-

diazabicyclo[3.2. 1joctane-2-carboxamide 22 (0.24 g, 0.64 mml) in methanol (20 mL) was
added 5 % Pd/C {0.30 g). The mixture was hydrogenated at 35 psi hydrogen atmosphere at
room temperature for 1 h. The catalyst was filtered out through Celite, and the filtrate was
avaporated to give (28,5R)-N-(cyclohexyloxy)-6-hydroxy-7-oxe-1,6-
diazabicyclo[3.2. 1joctane-2-carboxamide 23 (0.1585 g, 85 %) as a colorless foam.

"H NMR (400 MHz, CD,OD): 5 1.32 (3H, m), 1.44 (2H, m), 1.55 (1H, m), 1.79 (3H, m), 1.87

(3H, m), 2.06 (1H, m), 2.16 (1H, m), 3.10 (2H, m}, 3.70 (1H, s), 3.80 (2H m), Zprotons were
not observed in CD;00.

Step 3. {28,5R})-N-{Cyciohexyloxy)-7-ox0-6-{sulfooxy)-1,6-
diazabicycie[3.2.1}octane-2-carboxamide pyridine salf (24)
j O
- /N l
O H
o OH oso H - pyridine
23

To a solution of (25,5R)-N-(cyclohexyloxy)-6-hydroxy-7-oxo-1,8-diazabicyclo]3.2. 1Joctane-2-
carboxamide 23 (0.155 g 0.55 mmeol} in dry pyridine (7 mL) under nitrogen atmosphere was
added sulfur trioxide pyridine complex (0.40 g, 2.51 mmol). The mixture was stirred at room
temperature for 20 h, fitered and evaporated to give (28,5R)-N-(cyclohexyloxy)-7-o%0-6-
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{suifooxy}-1,8-diazabicyclo[3.2. tloctane-2-carboxamide pyridine salt 24 (0.21 g crude) which
was used in the next step without purification.

Step 4. N, N,N-Tributylbutan-t-aminium [{{(25,5R)-2-[{cyclohexyloxy)carbamoyl]-
7-oxo-1,6-diazabicyclo[3.2. 1joct-8-vi}oxy)suifonyljoxidanide {25)

i J
J”r.' N ”".
o N 0"H
N et L e M sk H
)——N\ )—-*‘-'N\ ) N
ol OSO,H - pyridine O 0SO0, By,N
24 25

(25,5R)-N-{Cyclohexyloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycia[3.2.1 joctane-2-carboxamide
pyridine sait 24 (0.21 g, 0.47 mmol) was introduced into a concentrated aqueous solution of
monosecdium dihydrogen phosphate solution (8 mL) so as to obtain a pH of 4. The mixture
was washed with ethyl acetate, then added tetrabutyl ammonium hydrogen sulfate (0.11 g,
10 0.32 mmol) and stirred at room temperature for 10 min. The mixture was extracted with ethyl
acetate (3 x 20 mlL), and the extracts were combined, dried over sodium sulfate and
evaporated to give NN N-tributylbutan-1-aminium [({(2S,5R)-2-[{cyclohexyloxy)carbamoyl]-7-

* oxom'l,8—déazabicyclo{3.2.1}oct—suyi}oxy)suifonyi]oxidanide 25 (0.16 g, 56 %) as & white solid.

"H NMR (400 MMz, CDCls): § 1.00 (12H, t, J = 7.2 Hz), 1.18 (3H, m), 1.46 (12H, m), 1.66
15 (12H, m), 1.94 (2H, m), 2.15 (1H, m), 2.38 (1H, m), 2.84 (1H, d, J = 11.2 Hz), 3.29 (8H, m),
3.87 (1M, m), 3.93 (1H, d, J = 8.0 Hz), 4.35 (1H, s), 8.98 (1H, br s).

Step 5. Sodium [({(2S,5R)-2-[{cyclohexyloxyjcarbamovyl]-7-ox0-1,6-
diazabicycio[3.2.1]oct-6-yl}oxy)sulfonyljoxidanide (Compound 5, Tabie 1)

0O O
O"N/HI’*. D"N/”"".
vy . OV
| e =N

S DS0;BuN 0 O8O3+

25 compound 5, Table 1

20 To a suspension of NN N-ributylbutan-1-aminium [({(2S,5R)-2-[(cyciohexyloxy)carbamoyl}-
7-oxo-1,8-diazabicyclof3.2. 1]oct-6-yloxy)sulfonytloxidanide 25 (0.16 g, 0.26 mmol) in water

| (20 mL) was added DOWEX 50WX4 (2 g). The mixture was stirred at room temperature for 2

h, and then fiitered. The filirate was freeze-dried to give a yellow solid which was purified by
HPLC and freeze-dried fo give sodium [({(2S,5R)-2-[(cyclohexyloxy)carbamoyl]-7-oxo-1,6~
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diazabicyclo[3.2. 1]oct-8-yl}oxy)sulfonyljoxidanide Compound 5 (Table 1} (0.05 g, 50 %) as
a white solid.

"H NMR (400 MHz, CD;0D); § 1.22-1.35 (3H, m), 1.38-1.45 (2H, m), 1.55 (1H, m), 1.78-1.89
(4H, m), 1.81-1.97 (3H, m), 2.07 (1H, m), 2.10 {(1H, m), 3.10 (1M, d, J = 11.6 Hz), 3.80 (1H,
m), 3.90 (1H, d, J = 6.8 Hz), 4.15 (1H, m), 1 proton was not observed in CD;0D.

HPLC: 96.82 %

MS (ES): miz [M-Na} = 362.08
Example 6

(28,5R)-7-Oxo-N-(piperidin-4-yloxy}-6-(sulfooxy}-1,6-diazabicyclo[3.2. 1Joctane-2-
carboxamide (Compound 6, Table 1)

-
o N
N ot o
/ N\
o OSO,H
N
H
Step 1. tert-Butyl 4-[{{{(28,5R}-6-(benzyloxy}-7-oxo-1,6-d &azabiéycio{:%.z.’f}oct-z-
yllcarbonyflamino)oxy]piperidine-1-carboxylate (27)
o N

}—‘ AN
O O
1 Boc

. N
v, N -
HOJJ “, | 28 O H Q’I”H
Boe
O L — //j—-«N Bn
o) NS
. _ 0
N

27

To a solution of (25,5R)-6-(benzyioxy)-7-oxo-1,6-diazabicyclo[3.2. 1Joctane-2-carboxylic acid
1 (0.3 g, 1.085 mmol) in dry DCM (20 mL} were added fer-butyl 4-(aminooxy)piperidine-1-
carboxylate 26 (0.29 g, 1.302 mmol, J Med Chem. 2008, 51, 4601-4608), 1-
hydroxybenzotriazole (0.22 g, 1.63 mmel) and 1-sthyl-(3-dimethylaminopropylicarbodiimide
hydrochloride (0.31 g, 1.63 mmol) at room temperature. The reaction mixture was stirred at
room temperature overnight and concentrated under vacuum. The residue was purified by
column chromatography to give tlert-butyl  4-[({[(25,5R)-B-(benzyloxy)-7-0x0-1,6-
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diazabicyclo{3.2. tjoct-2-yljcarbonyllaminoc)oxylpiperidine-1-carboxylate 27 (0.5 g, 98 %) as a
clear thick oil.

"H NMR (400 MHz, CDClg): & 1.45 (9H, s), 1.64 (4H, m), 1.93 (3H, m), 2.34 (1H, m), 2.75 (1H,
d, J = 11.6 Hz), 3.00 (1H, d, J = 11.6 Hz), 3.13 (2H, m), 3.31 (1H, s), 3.77 (2H, m), 3.96 (1H,
d, J =7.2Hz), 4.04 (1H, m), 4.92 (1H, d, J = 11.6 Hz), 5.05 (1H, d, J = 11.6 Hz), 7.41 (5H, m),
8.99 (1H, br s).

Step 2. tert-Butyl 4-[({[{2S,8R}-6-hydroxy-7-ox0-1,6-diazabicyclo[3.2. tjoct-2-
yijcarbonyi}amino)joxylpiperidine-1-carboxylate (28)

J J
~N " N o,
O H - . 0 H
N "”H = N HliH
)*—N\ Bn (5 //)-——-N
0 N
0 © OH
T

cc 27 Boc

o —2Z

28

To a solution of fert-butyl 4-[({{(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2.1joct-2-
yllcarbonyl}amino)oxylpiperidine-1-carboxylate 27 (0.5 g, 1.05 mml) in methano! (30 mL) was
added 5 % Pd/C (0.5 g). The mixture was hydrogenated under 35 psi hydrogen atmosphere
at room temperature for 1 h. The catalyst was filtered out through Celite, and the filtrate was
evaporated to give fert-butyl 4-[({[(2S.5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-
yllcarbonyllamino)oxylpiperidine-1-carboxylate 28 (0.395 g, 98 %) as a coloriess foam.

"H NMR (400 MHz, CD,0D): 6 1.45 (BH, s}, 1.60 (2H, m), 1.85 (4H, m), 2.06 (1H, m), 2.18
(1H, m), 3.25 (4H, m), 3.73 (3H, m), 3.84 (1H, d, J = 7.2 Hz), 4.00 (1H, m), 2 protons were
not observed in CDL0D,

Step 3. fert-Butyl 4-[({[{25,5R)~7-ox0-6-(sulfooxy}-1,6-diazabicyclo]3.2.1]oct-2-

yi}carbony!}aminﬁ)nxy}biper%dine—‘s -carboxylate pyridine salt {29}
O ]

~ -
OSO,H - pyridine

o N - o/ﬁ/w%
N bt N 1tk
’ (5 —
O
)
Boc

23 29

To a solution of feri-butyl 4-[({[(2S 5R)-8-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1joct-2-
ylicarbonyl}amino)oxylpiperidine-1-carboxylate 28 (0.395 g, 1.03 mmol) in dry pyridine (15
105 '
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mbi) under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.8 g, 4.86
mmol). The mixture was stirred at room temperature for 20 h, fillered and evaporated to give
tert-butyl 4-[({[(2S,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. joct-2-
yljcarbonyllamino)oxy|piperidine-1-carboxylate pyridine salt 29 (049 ¢ crude) which was

used in the next step without purification.

Step 4. N N N-Tributylbutan-1-aminium ({{{25,5R)-2-{{[1-{tert-
butoxycarbonyl)piperidin-4-ylloxy}carbamoyl}-7-oxo-1,6-diazabicycio[3.2.1]oct-6-
yljoxy}sulfonyljoxidanide (30)

18]
J, NJ""-
N 0 H
O H @-'”H N it
(Jj e i
O
)
Boc

\ 0 Neo o o
O8O, H - pyridine N 080, BuN
[
Boc 50
29
tert-Butyl 4-[{{[(2S.5R)-T-ox0-8-(sulfooxy)-1,6-diazabicyclo]3.2.1]oct-2-

ylicarbonylfamino)oxylpiperidine-1-carboxylate pyridine salt 29 (0.48 g, 1.02 mmol) was
introduced into a concentrated agueocus solution of monosodium dihydrogen phosphate
solution (11 mL) so as {o obtain a pH of 4. The mixture was washed with ethyl acetate, then

‘added tetrabutyl ammonium hydrogen sulfate (0.31 g, 0.81 mmol) and stirred at room

temperature for 10 min. The mixture was extracted with ethyl acetate (3 x 40 mL), and the
extracis were combined, dried over sodium sulfate and evaporated to give N NN-
tributylbutan-1-aminium  ({[(28,5R)-2-({[1-(fert-butoxycarbonyl)piperidin-4-ylJoxy}carbamoyl)-
7-oxo-1,6-diazabicyclo]3.2. 1Joct-B-yljoxy}suifonyl)oxidanide 30 (0.64 g, 87 %) as a white
solid. '

'H NMR (400 MHz, CDCls): 8 1.00 (12H, {, J = 7.2 Hz), 1.43 (17H, m), 1.67 (11H, m), 1.88

(3H, m), 2.19 (1H, m), 2.36 (1H, m), 2.82 (1H, d, J = 11.8), 3.17 (2H, m), 3.29 (9H, m), 3.78
(2H, m), 3.94 (1H, d, J= 8.0 Hz), 4.06 (1H, m), 4.35 (1H, s), 8.06 (1H, br s}.
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Step &, (28,5R)-7-Oxo-N-(piperidin-4-yloxy)-6-{sulfooxy)-1,6-
diazabicycle[3.2.1joctane-2-carboxamide {Compound &, Table 1)

0
O/O J,, Q . OO\QJQ

+

ososaum © OSG;H
30 compound 6, Table 1

To a solution of NN N-tributylbutan-1-aminium {l(2S.5R)-2-({[1-(teri-
butoxycarbonyl)piperidin-4-yljoxy}carbamoyl)-7-oxo-1,6-diazabicyclo]3.2. 1]oct-6- |
yloxylsulfonyljoxidanide 30 (0.64 g, 0.8 mmol) in DCM (36 mL) was added trifluoroacetic
acid (1.78 mL, 23.1 mmol) dropwise at 0 °C. The reaction mixture was stirred for 1 h, then
evaporated. Ether was added to the residue and the resulting white precipitate was collected
by centrifugation. The solid was triturated with acetonitrile (2 x} and the white solid was
collected by centrifugation. The white solid was purified by HPLC and freeze-dried to give
(2S,5R)-7-oxo-N-{piperidin-4-yloxy)-6-(sulfooxy)-1,6-diazabicycio[3.2.1 ]ocféne-z- '
carboxamide Compound & {Tabie 1) {0.08 g, 25 %) as a white solid.

H NMR (400 MHz, CD;0D): & 1.68 (1H, m), 1.70-1.87 (3H, m), 1.80 - 2.01 (4H, m) 2.94-
3.04 (3H, m), 3.16 (1H, m}, 3.25 (2H, m), 3.92 (1H, d, J = 6.4 Hz), 4.07 (2H, m} 3 protons
were hot observed in CD;0D.

HPLC: 98.21 %
MS (ES): miz [M] = 362.92
Example 7

Sodium [({(28,5R)-T-oxo-2-{{tetrabydro-2H-pyran-d-yloxyjcarbamoyl}-1,6-
diazabicyclo[3.2.1]oct-6-yl}oxy)sulfonylloxidanide (Compound 7, Table 1)

q it
(5 “0s0, Na'
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Step 1. {2S,5R}-6-(Benzyloxy)-7-oxo-N-(tetrahydro-2H-pyran-4-yloxy)-1,6-
diazabicyclo[3.2.1Joctane-2-carboxamide (32)
o

To a solution of (25,5R)-6-(benzyloxy)-7-ox0-1 B-diazabicyclo[3.2.1]octane-2-carboxylic acid

5 1(0.204 g, 0.74 mmoi) in dry DCM (20 mL) were added 4-(aminooxy)tetrahydro-2/H-pyran 31

(0.131 g, 1.11 mmol, J. Med. Chem. 2008, 51, 4601-4608), 1-hydroxybenzotriazole (0.142 g,

111 mmol) and 1-ethyl-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.201 g, 1.11
}nmof) at room temperature. The reaction mixture was stirred at room temperature overnight

and concentrated under vacuum. The residue was purified by column chromatography to

i0 give ‘ (25,5R)-6-(benzyloxy)-7-oxo-N-(tetrahydro-2H-pyran-d-yloxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carboxamide 32 (0.26 g, 93 %) as a clear thick oil.

'H NMR (400 MHz, CDCly): 5 1.69 (4H, m), 1.97 (3H, m), 2.32 (1H, m), 2.75 (1H, d, J = 11.2

Hz)., 3.00 (1H, d, J = 11.6 Hz), 3.31 (1H, s), 3.99 (34, m), 4.06 (1H, m), 489 (1H, d, J = 11.2

Hz), 5.04 (1H, d, J = 11.6 Hz), 7.41 (5H, m), 8.94 (1H, br s).

15 Step 2. (ZS,SR)-S-Hyd roxy-7-oxo-f-{tetrahydro-2ZH-pyran-4-yloxy}-1,6-
diazabicyciof3.2.1]octane-2-carboxamide {33)

J J
o H
N s H P -, . N bisi
%—N Bn \ ! N
AN
: . O QOH
‘ 0"
32 33

To | a solution of (255R)-6-(benzyloxy)-7-oxo-N-(tetrahydro-2H-pyran-4-yloxy)-1 6-
diazabicyclo[3.2. 1]octane-2-carboxamide 32 (0. 26 g, 0.69 mmi) in methanol (20 mL) was
20  added 5 % Pd/C (0.30 g). The mixture was hydrogenated under 35 psi hydrogen atmosphere
at room temperature for 1 h. The catalyst was filiered out through Celite, and the filtrate was
evaporated to give (25,5R)-6-hydroxy-7-oxo-N-(tetrahydro-2H-pyran-4-yloxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide 33 (0.19 g, 99 %) as a colorless foam.
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'H NMR (400 MHz, CD;0D): 8 1.65 (2H, m), 1.81 (1H, m), 1.95 (3H, m), 2.08 (1H, m), 2.15
(1H, m), 3.05 (2, m), 3.45 (2H, m), 3.70 (1H, s), 3.84 (1H, d, J = 7.2 Hz), 3.91 (2H, m), 4.04
(1H, m}, 2 protons were hot observed in CD,0D.

Step 3. {28,5R)-7-Ox0-6-(sulfooxy)-N-(tetrahydro-2H-pyran-4-yloxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide pyridine salt (34)

/N’U
O H '
N “H -—-———---——-—-MP- O lIiH
2 (5
o \0
0 osoBH . pyridine

33

To &  solution of = (28,5R)-6-hydroxy-7-oxo-N-(tetrahydro-2H-pyran-4-yloxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide 33 (0.197 g, 0.69 mmol) in dry pyridine (7 mL)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.44 g, 2.76 mmol).
The mixture was stirred at room temperature for 20 h, filtered and evaporated to give
(28,5R)-7-oxo0-6-(sulfooxy)-N-(tetrahydro-2H-pyran-4-yloxy}-1,6-diazabicyclo]3.2. 1]octane-2-
carboxamide pyridine salt 34 (0.28 g crude) which was used in the next step without
purification.

Step 4. NN, N-Tributylbutan-1-aminium [({{2S,5R)-7-ox0-2-[(tetrahydro-2H-pyran-
4-yloxy)carbamoyll-1,6-diazabicyclo]3.2.1]oct-6-yl}oxy)sulfonylloxidanide (35)

b
/N If," .
ridine :
o O OSO H. Py (5 OSO Bu4
34

{28,5R)-7-Oxo-B-(sulfooxy)-N-(tetrahydro-2 H-pyran-4-yloxy)-1,6-diazabicyclol3.2. 1joctane-2-
carboxamide pyridine salt 34 (0.28 g, 0.63 mmol) was introduced intc a concentrated

- agqueous solution of monosodium dihydrogen phosphate solution (9 mL) so as to obtain a pH

of 4, The mixture was washed with ethyl acetate, then added tetrabutyl ammonium hydrogen _
suifate {0.13 g, 0.38 mmol} and stirred at room temperature for 10 min. The mixture was
extracted with ethyi acetate (3 x 20 mL}, and the extracts were combined, dried over sodium
sulfate and evaporated to give NN N-tributylbutan-1-aminium [({(25,5R)-7-ox0-2-
[(tetrahydro-2H-pyran-4-yloxy)carbamoyl}-1,6-diazabicycio[3.2. 1]oct-6
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yiloxy)sulfonyfloxidanide 35 (0.21 g, 55 %) as a white solid.

"H NMR (400 MHz, CDCl): 8 1.00 (12H, t, J = 7.2 Hz), 1.47 (8H, m}, 1.69 (11H, m), 1.88 (3H,
m), 2.17 (1H, m), 2.35 (1H, m), 2.86 (1H, d, J = 11.2 Hz), 3.31 (8H, m), 3.46 (1H, m), 3.99
(2H, m), 4.12 (1H, m), 4.32 (1H, ), 9.17 (1H, br &),

Step 5. Sodium [{{(25,5R}-7-oxo-2-{(tetrahydro-2H-pyran-4-yloxyjcarbamoyl}-1,6-
diazabicycio[3.2.1]oct-6-yl}oxy)sulfonyllexidanide (Compound 7, Table 1)

0 O

o. NJL,, | 0., M.,
STV - IV
N . )—— N
o 0SO;BuN 0

35 compound 7, Table 1

0S0,H

To a suspension of NN N-tributylbutan-1-aminium [({(2S,5R)-7-oxo-2-[(tetrahydro-2H-pyran-
4-yloxy)carbamoyll-1 S-diazabicyclol3.2 1]oct-6-yl}oxy)sulfonyljoxidanide 35 (0.21 g, 0.34
mmol) in water (20 mL) was added DOWEX 50WX4 (2g). The mixiure was stirred at room
temperature for 2 h and filtered. The filirate was freeze-dried to give a yellow solid which was
purified by HPLC and freeze-dried again to give sodium {({(28,5R)-7~oxb—2-[(tetrahydfo~2H—

~ pyran-4-yloxy)carbamoyl}-1,6-diazabicyclo[3.2. 1]oct-6-yl}oxy)sulfonylloxidanide Compound

7 (Table 1) (0.07 g, 46 %) as a white solid.

"H NMR (400 MHz, CD,0D): 6 1.65 (2H, m), 1.81-1.98 (4H, m), 2.09 (1H, m), 2.19 (1 H, m),
310 (1H, d, J = 11.6 Hz), 3.24 (1H, d, d = 12.0 Hz}, 3.47 (2H, m), 3.85 (3H, m), 4.15 (1H, m),
1 proton was not observed in CD;0D.

HPLC: 98.88 %

MS (ES): miz [M] = 364.02
Example 8

{28,5R)-N-{Azetidin-3-yioxy)-7-oxo-6-{sulfooxy}-1,8-diazabicycio]3.2.1joctane-2-
carboxamide (Compound 8, Table 1)

"0SO,H

o
,N/u""'
o'H L,
& I
N 0
H

110



WO 2014/691268 PCT/ABIO12/002675

Step 1. tert-Butyl 3-[{{l{25,5R})-6-{benzyloxy)-7-oxo-1,6-diazabicyclof3.2.1]oct-2-
vijcarbonyllaminoloxylazetidine-1i-carboxylate (37)

O

.0
0
J O S f
HO™ >YO NH, 5 \NJ""-
N s H 38 __i_ﬁ H [@_”H
};N e
N )—-N

O o] NS
: 8]

Bn

37

To a soiution of compound {25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2.1]octane-2-

5  carboxylic acid 1 (0.183 g, 0.70 mmol) in dry DCM (20 ml) were added terf-butyl 3-
(aminooxy)azetidine-1-carboxylate 36 (0.188 g, 1.05 mmol, J. Med. Chem. 2008, 51, 4601~
4808), 1-hydroxybenzotriazole {0.142 g, 1.05 mmol) and T-athyh-{3-
dimethylaminopropyljcarbodiimide hydrochloride (0.201 g, 1.05 mmol} at room temperature.
The reaction mixture was stirred at room temperature overnight, and then concentraied

10 under vacuum. The residue was purified by column chromatography to give ferf-butyl 3-
[({[(25,5R)-6-(benzyloxy)-T-oxo-1,6-diazabicyclof3.2. 1joct-2-ylicarbonyliamino)oxylazetidine-
1-carboxylate 37 (0.15 g, 4B %) as a clear thick oil.

"H NMR (400 MHz, CDCl3): & 1.42 (9H, s), 1.65 (1H, m), 1.99 (2H, m), 2.32 (1H, m), 2.37 (1H
d, J = 11.6 Hz), 2.99 (1H, d, J = 12.0Hz), 3.32 (1H, ), 3.99 (3H, m), 4.09 (2H, m), 4.72 (1H,
15 m), 4.88 (1H, d, J = 11.6 Hz), 5.05 (1H, d, J = 11.6 Hz), 7.37 (5H, m), £.03 (1H, br s).

Step 2. tert-Buty! 3-[({{(25,5R})-6-hydroxy-7-oxo-1,6-dlazabicyclo]3.2.1]oct-2-
yllcarbonyljaminojoxylazetidine-i-carboxylate (38)

37 38

To a solution of tert—buty% 3-[({[(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2.1}oct-2-
20 vyijcarbonyfhaminojoxylazetidine-1-carboxylate 37 (0. 15 g, 0.34 mml) in methanol (15 mL)
was added 5% Pd/C (0.3 g). The mixture was hydrogenated under 35 psi hydrogen
atmosphere at room temperature for 1 h. The catalyst was filtered out through Celite, and the
filtrate ~was  evaporated to give fertbulyl  3-{({[{23 5R)-6-hydroxy-7-oxo-1.6-
diazabicycio[3.2.1]joct-2-yljcarbonyl}amino)oxylazetidine-1-carboxylate 38 (0.11 g, 91 %) as

25 g colorless foam.
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'H NMR (400 MHz, CD;0D): § 1.44 (8H, s), 1.78 (1H, m), 1.91 (1H, m), 2.08 (1H, m), 2.21
(1H, m), 2.88 (1H, d, J =12 Hz), 3.11 (1M, d, J = 12 Hz), 3.70 (1H, 8), 385 (1H, d, =76
Hz), 3.95 (2H, m), 4.10 (2H, m}, 4.74 (1H, m}, 2 protons were not observed in CD;0D.

Step 3. tert-Butyl 3-[{{[{25,8R})-7T-oxo-6-{sulfooxy)-1,6-diazabicyclo[3.2.1}oct-2-
vljcarbonyl}amine)oxyjazetidine-i-carboxylate pyridine salt {39}

%N&—o \>.;\<>~
o \§ )’JJ,," g O\ﬁ))”'"

N N
N N\
0 OH 0 QSO H. pyridine

38 ' - 38

To a solution of fer-butyl 3-[({[(2S 5R)-6-hydroxy-7-oxo-1,6-diazabicyclo][3.2.1]oct-2-
yllcarbonyl}amino)oxylazetidine-1-carboxylate 38 (0.11 g, 0.31 mmol) in dry pyridine (6 mL)

©under nitrogen atmosphere was added suifur trioxide pyridine complex (0.197 g, 1.24 mmol).

The mixture was stirred at room temperature for 20 h, filtered and evaporated to give tert-
butyl 3-[({[(25.5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]oct-2-
yllcarbonyllaminojoxylazetidine-1-carboxylate pyridihe salt 3% (0.10 g crude) which was
used in the next step without purification.

Step 4. N, N, N-Tributylbutan-1-aminium ({[{2S,5R)-2-({{1-(tert-
butoxycarbonyljazetidin-3-yljoxy}carbamovyl)-7-oxo-1,8-diazabicyclof3.2.1]oct-6-
yiloxy}sulfonyl)oxidanide (40)

o] 2 O
>_Ni>*o - >—Ni>wo\ M

M, O o N
Q N A E N 15

H N H 0
T b | e
: N
)"‘N N +
8] \OSOaH- pyridine ° 080, BuN
39 40
fert-Butyl 3-[({[(2S,5R)-T-ox0-B-(sulfooxy)-1 B-diazabicyclo]3.2.1]oct-2-

yllcarbonyl}amino)oxylazetidine-1-carboxylate pyridine satt 38 (0.13 g, 0.31 mmol) was
introduced into a concentrated agueous solution of monosodium dihydrogen phosphate
solution (6 mL) so as to obtain a pH of 4. The mixture was washed with ethyl acetate, then
added tetrabutyl ammonium hydrogen sulfate (0.1 g, 0.29 mmol) and stirred at room
temperature for 10 min. The mixiure was extracted with ethyl acetate (3 x 10 mL), and the
extracts were combined, dried over sodium sulfate and evaporated to give N NN-
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tributylbutan-1-aminium ({[(25 5R)-2-({{1-(fert-butoxycarbonyl)azetidin-3-yljoxy}carbamoyl)-7-
oxo-],6-diazabicyclo[3.2, t]oct-6-yljoxy}suifonyl)oxidanide 40 (0.1 g, 51 %) as a white solid.

"H NMR (400 MHz, CDCla): 5 0.98 (12H, t, J = 7.2 Hz), 1.39 (17H, m), 1.70 (8H, m), 1.90 (1H,
m), 2.05 (1H, m), 2.20 (1H, m), 2.35 (1H, m), 2.78 (1H, d, J = 12 Hz), 3.00 (8K, m), 3.33 (1H,
m), 4.00 (5H, m), 4.36 (1H, m), 5.01 (1H, m), 9.20 (1H, br s).

Step 5. (28,5R)-N-(Azetidin-3-yloxy)-7T-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2.1]octane-2-carboxamide {Compound 8, Table 1)

i

_ o.M,

N7

\/\J S HNU/ H Q
N N

OEL— O//I__

40 Compound 8, Table 1

o
|

N
T
QC

0S05 BugN* O80;H

To a solution of N N, N-tributylbutan-1-aminium {i(2S,5R)-2-({[1-(teri-
butoxycarbonyl)azetidin-3-ylloxy}carbamoyl)-7-oxo-~1,6-diazabicyclo[3.2. 1]Joct-6-
ylloxyleulfonyljoxidanide 40 (0.1 g, 0.15 mmol) in DCM (8.8 mL) was added triffuoroacetic
acid {0.44 mL, 5.7 mmol} dropwise at 0 °C. The reaction mixture was stirred for 1 h, then
evaporated. Ether was added to the residue and the resulting white precipitate was collected
by centrifugation. The solid was triturated with acetonitrile (2 x) and the white solid was
collected by centrifugation. The white solid was purified by HPLC and freeze-dried to give
(25,5R)-N-(azetidin-3-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carboxamide
Compound 8 (Table 1) (0.01 g, 20 %) as a white solid.

*H NMR (400 MHz, D,O): 8 1.65-2.08 (4H, m), 298 (1H.d, J=124 Hz), 318 (1H, d, J=1186
Hz), 3.96 (1H, d, J = 6.8 Hz), 4.09 (3H, m)}, 4.28 (2H, m), 4.80 (1H, m}, 3 protons were not
ocbserved in D,0O.

HPLC: 92.34 %
MS (ES): m/z [M] = 334.92
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Example 9

(25,5R)-N-(2-Aminocethoxy)-7-oxo-6-{sulfooxy)-1,6-diazabicyclo [3.2.1]octane-2-
carboxamide ({Compound 9, Table 1}

0
HZN/\/O\ﬁ/U'm.
N 1l H
—N
o} 0SO,H
5 Step 1. tert-Butyl {2-1({I(28,5R)-6{benzyloxy}-7-oxo-1,6-diazabicyclo[3.2.1] oct-2-
vhiicarbonyilamino)oxylethyllcarbamate {42)
i | O
/[Lr Boc\N /\/O\NHQ

HO " 2
H 41 BOC\N/\\/O\N/U >
N A H H M Ry
J—N__pn it
0 o o N\O,Bn

1 42

To a mixture of (28, 5R)-6-(benzyloxy)-7-ox0-1,8-diazabicyclo[3.2.1]octane-2-carboxylic acid

1 (0.150 g, 0.543 mmol, US 2005/20572 A1) in DCM (4.0 mL) was added ferf-butyl [2-
10 {(aminooxy)ethyllcarbamate 41 (0.143 g, 0.814 mmo!, US 2005/54701 A1), t-

hydroxybenzotriazole (0.110 g, 0:814 mmol), .1-ethyl-(3-dimethylamino propyl) carbodiimide

hydrochloride {0.156 g, 0.814 mmol} and DMAP (0.100 g, 0.814 mmol} sequentially at room

temperature. The mixture was stirred at room temperature overnight, dilutéd with DCM and

concentrated to provide a residue which was subjected to chromatography to give 42 (0.21 g,
15 B9 %) as & white foam.

'H NMR (400 MHz, CDCly): 5 1.44 (9H, s), 1.85 (1H, m), 1.93 (2H, m), 2.31 (1H, m), 2.76 (1H,
d, J= 12 Hz), 3.04 (1H, d, J = 11.2 Hz), 3.26 (2H, m), 3.38 (1H, m), 3.91 {2H, m), 3.98 (1H, d,
J=12 Hz), 488 (1H, d, J = 11.2 Hz), 5.07 (1H, d, J = 11.2 Hz), 5.41 (1H, br s), 7.41 (5H. rn),
9.30 (1H, br s).

20 MS (ES"): m/z [M+HY" caled for CaiHay N Qs 435.22. Found: 435.02.
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Step 2. tert-Butyl {2-[{{[{2S,5R}-6-hydroxy-7-oxo-1,6-diazabicycio[3.2.1joct-2-
yllcarbonyljamino}oxylethylicarbamate (43)

O

O .
|
|, Boc 0. I,
BOC\_N_/\\/O\N/UJ," \ﬁ/’\\/ E/{ ‘. .
H H N it s N otH

)—_‘N\ _Bn )*N‘

0 0 O OH
43

42

A mixture of ftert-butyl {2-[({{(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio[3.2. 1]oct-2-
yllcarbonyllaminojoxylethylicarbamate 42 (0.21 g, 0.48 mmol) and Pd/C (0.063 g} in
methano! (10 mb) was hydrogenated at 1 atm at room temperature for 3 h. The mixture was
filtered through celite pad and concentrated to provide 43 (0.17 g, guant. yield) as a light

yellow foam.

"H NMR (400 MHz, CD,0D): § 1.44 (8H, s, 1.75 (1H, m), 1.92 (1H, m), 2.05 (1H, m), 2.23
(1H, m}, 3.04 (1H, d, J = 12 Hz), 3.12 (2H, m), 3.69 (1H, s}, 3.89 (3H, m}, 6.74 (1H, brs). 3
protons were not observed in CD;0D. .

MS {ES"). m/z [M-H] calcd for Ci4H2aN.0e: 343,16, Found: 343.00.
Step 3. fert-Butyl {2-[({[(28,5R)-T-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1]joct-2-
vilcarbonyljamino)oxyjethyilcarbamate (44)

o o)

EOG\N/\/O\N/LM, BQ{;\N /\/O\N /U,%
H i i gon :
N iy H H QIHH
}—‘N
o "OH | A N
0 0SO,H
43 44

To a mixture of ferf-butyl {2-[({I{23,5R)-8-hydroxy-7-oxo-1,6-diazabicyclo[3.2. 1joct-2-
yllcarbonyllamino)oxylethylicarbamate 43 (0.17 ¢, 0.49 mmol) in pyridine (7.0 mL) was
added suifur trioxide pyridine compiex (0.314 g, 1.8 mmol). The mixture was stirred at room
temperature for 23 h and concentrated to provide a residue which was subjected to
chromatography {o give 44 (0.19 g, 82 %) as a white solid.

'H NMR (400 MHz, CD;0D): § 1.44 (SH, s), 1.80 (1H, m), 1.92 (1H, m), 2.07 (1H, m), 2.20
(1H, m), 3.06 (1H, d, J = 12 Hz), 3.28 (2H, my), 3.88 (4H, m}, 4.15 (1H, m). 3 protons were not
observed in CD;0D. |

MS (ES"): m/z [M-H] calcd for CisHzN4OGS: 423.12. Found: 422.93.
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Step 4. {28,5R)-N-{2-aminoethoxy}-7-oxo-6-(sulfooxy)-1,8-diazabicyclo
[3.2.1]Joctane-Z-carboxamide (Compound 9, Tabie 1)

O 8]

)

HN/\\/O\NJ'L:‘Q HzN/\\/O‘ﬁ) .

i

Bac H N

— N
i

N, 7N
0 0S04H O OSCqH

44 compound 8, Tabie 1

To a mixture of fert-butyl {2-[({{(2S, 5R)-7-oxo0-6-(sulfooxy)-1,6-diazabicyclof3.2.1]oct-2-

5 = yllcarbonyllamino)oxylethyllcarbamate 44 (0.19 g, 0.45 mmoi) in DCM (6.0 mL) was added
irifluoroacetic acid (0.30 mL) at 0°C. The mixture was stirred at 0°C for 1 h, concentrated and

washed with ether, The white solid was collected by centrifugation. The crude product was

purified by preparative HPLC to provide Compound 9 (Table 1) (44 mg) as a white solid.

*H NMR (400 MHz, D,0): 5 1.75 (1H, m), 1.86 (1H, m), 1.95 (1H, m), 2.04 (1H, m), 3.03 {1H,
10 d, J=12 Hz), 3.19 (3H, m), 3.98 (1H, d, J = 6.8 Hz), 4.08 (3H, m). 4 protons were not

observed in D,0.
HPLC: 80.18 %.
MS (ES™): m/z [M-H] calcd for CoH4sN,0,8: 323.07. Found; 322.95.

Exampie 10

15 {25,5R}-N-{8-Azabicyclof3.2.1]oct-3-yioxy})-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2.1joctane-2-carboxamide (Compound 27, Table 1)

H
N

]

,N/[

N\
0 0S0,H
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Step 1. tert-Butyl 3-[{{[(2S,5R}-6-{benzyloxy}-7-oxo-1,6-diazabicycio[3.2.1joct-2-
ytlcarbonyl}aminojoxy]-8-azabicyclof3.2.1]Joctane-8-carboxylate (46)

%{ -
X

o
HOJ%' oM o
N ] 45 1
r— o

Te a solution of (23,5R)-6-(benzyloxy)-7-0x0-1 ,6=diazabicycio[3.2.1]0c:tane~2-carboxyﬁc acid

1 (0.15 g, 0.54 mmol} in dry DCM (20 mL) were added fert-butyl 3-(amincoxy)-8-
azabicyclo[3.2.1joctane-8-carboxylate 45 (0.15 g, 0.62 mmol, J. Med. Chem. 2008, 51, 4601-
4608}, 1-hydroxybenzotriazole {0.11 o8 0.81 mmaol) and 1-ethyl-{3-

‘dimethylaminopropyl)carbodiimide hydrochloride (0.16 g, 0.81 mmol) at room temperature.

The reaction mixiure was stirred at room temperature overnight and concenirated under
vacuum, The residue was purified by column chromatography to give tert-butyl 3-[({{(2S,5R)-
6-(benzyloxy)-7-oxo-1,6-diazabicyclo{3.2. 1]oct-2-ylicarbonyljamino) oxy}-8-
azabicyclo[3.2.1]octane-8-carboxylate 46 (0.26 g, 96 %) as a white solid.

"H NMR (400 MHz, CDCly): 6 1.46 (9H, s), 1.50-1.80 (7H, m}, 1.83-2.04 (5H, m), 2.32 (1H,
m), 272 (1H, d, J =116 Hz), 2.89 (1H, d, J = 11.2 Hz), 3.20 (1H, m), 3.5 (1H, d, 4 = 7.2 Hz),
4.20-4.38 (2H, m), 4.88 {1H, d, J = 11.2 Hz}, 5.05 (1H, d, J = 11.6 Hz), 7.39 (5H, m), 8.90
(tH, brs).
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Step 2. tert-Butyl 3-[{{[{2S,5R)-6-hydroxy-7-oxoc-1,6-diazabicyclo[3.2.1]oct-2-
yijcarbonyl}amino)oxy}-8-azabicyclo[3.2.1]Joctane-8-carboxylate (47)

l
5 .
O—N Q o Q"”H

H
ri1l H [
)‘—N Bn o N
N S 47 o
45 o o H
To a sorlution of fert-butyl '3—[({{(28,SR}=6-(benzyloxy)~7’~oxo~'i,S—diazabiéycto[a.z.1}oc’t~2—
5  yllcarbonyllaminojoxyl-B-azabicyclo{3.2. 1Joctane-8-carboxylate 46 (0. 26 g, 0.52 mml) in
methanol (20 mL) was added 5% Pd/C (0.3 g). The mixture was hydrogenated under 35 psi
hydrogen atmosphere at room temperature for 1 h. The catalyst was filtered out through
Celite, and the filirate was evaporated to give ferf-butyl 3-{{{{(2S,5R)-6-hydroxy-7-oxo-1,6-
diazabicyclo[3.2. 1]oct-2-yljcarbonyllamino)joxy}-8-azabicyclo]3.2. t]octane-8-carboxylate

10 47 (0.14 g, 66 %) as a white solid.

"H NMR (400 MHz, CD,00): § 1.48 (8H, s), 1.62-1.76 (4H, m), 1.79-1.85 (1H, m), 1.89-2.00
(3H, m), 2.02-2.11 (3H, m), 2.15-2.20 (1H, m), 3.04-3.17 (2H, m), 3.69 (1H, s), 3.83 (1H, d, J
=7.2Hz), 4.24 (2H, m}, 4.35 (1H, m), 2 protons were not observed in CD,0D.

Step 3. tert-Butyl 3-[({[(25,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo(3.2.1]oct-2-
18 yllcarbonyl}amino)oxy]-8-azabicyclio[3.2.1]Joctane-8-carboxylate (48)

%

\/{:

To a solution of tert-butyl 3-[({[(28,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-
yllcarbonyl}amino)oxyl]-8-azabicyclo[3.2. 1Joctane-8-carboxylate 47 (0.14 g, 0.34 mmol) in dry
pyridine (6 mL) under nitrogen atmosphefe was added sulfur trioxide pyridine compiex (0.22
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g, 1.36 mmol). The mixture was stirred at room temperature for 20 h, filtered and evaporated.
The crude compound was suspended in agueous acid (a mixture of NaH.PQO, and H.PQ, to
pH 3) and extracted with ethyl acetate (30 mbL x 2). The organic exfracts were combined,
washed with brine, dried over sodium sulfate and evaporated to give fert-buty! 3-[{{{(2S 5R)-
7-ox0-6-(sulfooxy)-1,8-diazabicyclo]3.2. 1]oct-2-yljcarbonyl}aminooxy]-8-

azabicyclo|3.2. 1joctane-8-carboxylate 48 (0.077 g) which was used in the next step without
purification.

Step 4. {25, 5R)-N-{8-Azabicyclof3.2.1]oct-3-yloxy)-T-oxo-6-{suifooxy)-1,6-
diazabicyclo[3.2.1Joctane-2-carboxamide (Compound 27, Table 1)

?oc

N O HN
&/O‘NJ . 0.\ .
o g
8]

N s

0SO4H 0 0SO;H
48 : compound 27, Table 1

To a solution of tert-butyl 3-{({{(28 5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2.1]oct-2-
yllcarbonyllaminojoxyl-8-azabicyclo[3.2. 1]octane-8-carboxylate 48 (0.077 g, 0.17 mmol) in
DCM (7 ml) was added trifluoroacetic acid (0.34 mL, 4.42 mmol) dropwise at 0 °C. The
reaction mixture was stirred fer 1 h, then evaporated. Ether was added to the residue and the
resulting white precipitate was collected by centrifugation. The solid was triturated with
acetonitriie (2 x) and the white solid was collected by centrifugation. The white solid was
purifiéd by HPLC and freeze-dried to give (2S,5R)-N-(8-azabicycio[3.2. 1Joct-3-yloxy)-7-oxo-
6-(suifooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carboxamide Compound 27 (Table 1) (0.003 g,
7 %) as a white solid.

'H NMR (400 MHz, CD,0D): § 1.70-2.14 (9H, m), 2.16 - 2.58 (3H, m), 3.07 (1H, d, J=11.2
Hz), 3.25 (1H, d, J = 116 Hz), 3.91 (1H, d, J = 7.2 Hz), 4.00 (2H, m), 4.16 (1H, m), 4.26 (1H,
m), 3 protons were not observed in CD.0D.

HPLC: 81.82 %
MS (ES’): m/z [M-HJ = 388.96
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Example 11

(23,8RV-N-[{1-Methyipiperidin-4-yljoxy]-7 -oxo-6-{sulfooxy}-1,6-
diazabicyclo[3.2.1Joctane-2-carboxamide (Compound 67 Table 1)

N
H
N i
7 N\
o 0SO.H
5 Step 1. 4-{Aminooxy)-1-methylpiperidine {50)
Q
__D.ijQ e o
49 © 50

To a solution of 2-{(1-methylpiperidin-4-yl)oxy}-1H-isoindole-1,3(2H)-dione 49 (1.18 g, 4.53
mrﬁol) in & mixture of ethanol (3 mL) and DCM (18 ml) was added hydrazine hydrate (0.268
g, 4.53 mmol). The reaction mixture was stirred at room temperature for 4.5 h. Precipitate

10 was filtered off. The filtrate was evaporated and sonicated in ethy! acetate (20 mL). Solid was
filtered off and filtrate was evaporaied to give the residue which was .subjected to
chromatography to give 50 (0.15 g, 25 %) as a colorless oil.

'H NMR (400 MHz, CD,0D): § 1.60 - 1.70 (2H, m), 1.88 - 1.97 (2H, m), 2.23 - 2.33 (5H, m),
264274 (2H, m}, 3.51-3.58 (1H, m), 2 protons were not observed in CD,0OD.

15 Step 2. { 23,5R)~6;( Benzyloxy}-N-{{1-methylpiperidin-4-yljoxy]-7-oxo-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide (51)

To a mixture of (28, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyciof3.2.1]octane-2-carboxylic acid
1 (0.150 g, 0.543 mmoi', US 20056/20572 A1) in DCM (10 mL) were added 4-(aminooxy)-1-
20 - methylpiperidine 50 (0.129 g, 0.9 mmol), 1-hydroxybenzotriazole (0.110 g, 0.814 mmol) and
1-ethyl-(3-dimethylaminopropyl} carbodiimide hydrochloride (0.156 g, 0.814 mmol)
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sequentially at room temperature. The mixture was stirred at room temperature for 16 h,
diluted with DCM, washed with water, brine, dried over sodium sulfate and concentrated to
provide a residue which was subjected to chromatography to give 51 (0.085 g, 31 %) as a

veliow oil.

'H NMR (400 MHz, CD;OD): § 1.84-2.02 (7H, m), 2.11-2.19 (1H, m), 2.20-2.38 (5H, m),
2.62-2.80 (2H, m), 3.00 (2H, s), 3.58 (1H, s), 3.80-3.90 (2H, m), 4.91 (2H, q, J = 11.2 Hz),
7.30-7.50 (5H, m), one proton was not observed in CD,0D.

MS (ES™): m/z [M+H]" caled for CaoHasN.O4: 389.47. Found: 388.02.

Siep 3. (25,5R)-6-Hydroxy-N-{{1-methylpiperidin-4-yljoxy}-7-oxo-1,6-
diazabicycio[3.2.fjoctane-2-carboxamide {52)

51 °© b2

A mixture of {28,5R)-6-(benzyloxy)-N-[{1-methylpiperidin-4-y)oxy}-7-oxo-1,6-
diazabicyclo[3.2.1]octane-2-carhoxamide 51 (0.065 g, 0.187 mmol) and Pd/C (0.060 g) in
methanol (30 mL) was hydrogenated at 35 psi at room temperature for 2 h. The mixture was
fittered through a Celite pad and concentrated to provide 52 (0.050 g, quantitative) as a light
yellow solid.

'H NMR (400 MHz, CD,0ODY): § 1.76-2.21 (8H, m), 2.37 (3H, 8), 2.39-2.48 (2H, m), 2.80-2.80
(2H, m), 3.00-3.17 (2H, m), 3.68-3.72 (1H, ), 3.85 (1H, d, J=7.6 Hz ), 3.91-3.98 (1H, m), 2
protons were not observed in CD,0D.

MS (ES): m/z [M+H] caled for Ci3H,N.O,: 299.34. Found 289.0.

Step 4. (28, 5R)-N-[{1-Methylpiperidin-4-yljoxy]-7-oxo-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide { Compound §7, Table 1)

o 0
o‘N)L,,, O\NJL,,
J—N
d

‘: N \
{ OS05H
52 Compound 67, Table 1

o OH

- To a mixture  of (2S,5R)-6-hydroxy-N-{{ 1-methylpiperidin-4-yl)oxy]-7-oxo-1,6-

diazabicyclo[3.2. 1]Joctane~2-carboxamide 52 (0.047 g, 0.517 mmol) in pyridine (1.5 mL) was
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added suifur trioxide pyridine complex (0.070 g, 1.438 mmol). The mixture was stirred at
room temperature for 16 h | evaporated to dryness. The residue was sonicated in ethyl
acetate (5 mL), solid was obtained and subjected to chromatography to give Compound 67
(Table 1) (0.024 g, 40 %) as a white solid.

5 'H NMR (400 MHz, CD;0D): § 1.78-2.37 (8H, m), 2.90 {3H, s}, 3.07-3.16 (2H, m), 3.20-3.41
(3H, m), 3.55-3.65 (1H, m), 3.92-3.98 (1H, m), 4.12-4.22 (2H, m), 2 protons were not
observed in CD:0D.

HPLC. 96,05 %
MS (ES™): m/z [M+H]" calcd for C.sHaoN.0O,S: 378.41. Found: 378.93.

10 Example 12

{25,5R)-N-(2-Amino-Z-oxoethoxy)-7-oxo-6-(sulfooxy}-1,6-diazabicyclo[3.2.1Joctane-2-
carboxamide (Compound 73, Table 1)

Lo J
&) e,
HENJ‘K/ \N o
H WH

¢ N\
o OS8O, H
Step 1. (25,5R)-N-(2-Amino-2-oxoethoxy)-6-(benzyloxy)-7-0xo-1,6-
15 diazabicyclo[3.2.1]octane-2-carboxamide (54)

. 0
0
| Jo. ° 9
H N NH A o J,
H N

)"'», 2
HO ] 53 \ N7
H
M SN N i

}——N\ ~Bn !
O N, Bn
© 0

To a mixture of (25,5R)-B-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. {Joctane-2-carboxylic acid
1 (0.200 g, 0.723 mmol, US 2005/20572 A1) in DCM (6.0 mL) were added 2-(aminooxy)
acetamide 53 (0.098 g, 1.086 mmol), 1-hydroxybenzotriazole (0.147 g, 1.086 mmol) and 1-

20 éthyl-(3~dimethytaminoprcpyl) carbodiimide hydrochioride (0.208 g, 1.086 mmol) sequentially
at room temperature. The mixture was stirred at room temperature overnight, diluted with
DCM and concentrated to provide a residue which was subjected to chromatography to give
54 (0.203 g, 81 %) as a white solid.
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'H NMR (400 MHz, CD,;0D): & 1.70 (1H, m), 1.90 (1H, m), 2.00 (1H, m), 2.15 (1H, m), 2.96
(2H, m}, 3.56 (1H, m), 3.89 (1H, d), 4.33 (2H, s), 4.98 (2H, ABq), 7.36 (3H, m), 7.46 (2H, m).
3 protons were not observed in CD;0D.

MS (ES™): mv/z [M+H]" calcd for CieMaNsOs: 349.15, Found: 349.39.

Step 2. {25,5R)-N-(2-Amino-2-oxoethoxy)-6-hydroxy-7-oxo-1,6-
diazabicyciof3.2.1joctane-2-carboxamide (55)

O 0 0

9
o J o, J
e~ T
N iH . H N i H
N. _Bn )———‘N

O ) O OH

A mixture of (2S5 ,5R)-N-(2-amino-2-oxoethoxy)-6-(benzyloxy)-7-oxo-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide 54 (0.11 g, 0.40 mmol) and Pd/C (0.040 @) in
methanol {10 mL) was hydrogenated at 1 atm at room temperature for 3 h. The mixture was
filtered through Celite pad and concentrated to provide 55 (0.10 g, 98 %) as a white sofid.

"H NMR (400 MHz, CD,OD): 8 1.76 (1H, m), 1.82 (1H, m), 2.07 (1H,'m), 2.19 (1H, m}), 2.8
(1H, d, J = 11.6 Hz), 3.11 (1H, m), 3.69 (1H, m), 3.88 (1H, d, J = 7.6 Hz), 4.35 (2H, 8). 4
protons were not observed in CB,0D. '

MS (ES): m/z [M-HJ calcd for CoH1aN.Os: 257.09. Found: 257 44.

Step 3. {25,5R})-N-(2-Amino-2-oxoethoxy)-7-oxo-6-{sulfooxy)-1,6- -
diazabicyclo[3.2.1]octane-2-carboxamide (Compound 73, Table 1)

? o8 Lo J
HZNJK/{)‘E/L";Q HaN H Q
N

/N 0)_- 0SO4H

O OH
5 Compound 73, Table 1

To a8 mixture of (28, 5R)-N-(2-amino-2-oxoethoxy)-6-hydroxy-7-oxo-1,6-
diazabicyclo{3.2. 1]Joctane-2-carboxamide 85 (0.11 g, 0.43 mmol) in pyridine (4.0 mL) was
added sulfur trioxide pyridine complex (0.27 g, 1.70 mmol). The mixture was stirred at room
temperature overnight and concentrated to provide g residue which was dissolved in KH,PO,
(7 mL), extracted with ethyt acetate and freeze-dried to give a white solid which was purified
by HPLC to provide Compound 73 {(Tabie 1) (3.6 mg) as a white solid.
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'H NMR (400 MHz, D,O): § 1.73 (1H, m), 1.82 (1H, m), 1.95 (1H, m), 2.03 (1H, m), 3.02 (1H,
d, J=120Hz}, 318 (1H, m), 3.95 (1H, d, J = 6.4 Hz), 4.08 (1H, m), 4.38 (2H, s). 4 protons
were not observed in D,0.

HPLC: 88.53 %

MS (ES): m/z [M-H] caled for CoH1sN4OsS: 337.05. Found: 336.90,
Exampie 13

(25,5R)-N-{[(2S5}-2-Aminopropylloxy}-7T-oxo-6-(sulfooxy)-1,6-diazabicyciol3.2.1]octane-
2-carboxamide {Compound 74, Table 1)

N+ O

H
>y
H
TFA NI '

N\
0 OSOH

Step 1. tert-Buty| {1 S5)-2-hydroxy-1-methylethyljcarbamate (57}
H NH; H, N—Boc

OH OH
56 57

To a mixture of (S)-(+)-2 amine-1-propanc! §6 (3.76 g, 50 mmol) and triethylamine (6.97 mL,
50 mmol) in THF (70 mL) at 0 °C under nitrogen was added dropwise di-fert-butyl
dicarbonate (10.91 g, 50 mmol) in THF (30 mbL). The mixture was stirred at room
temperature for 2 h. Solvent was evaporated off. Residue was dissolved in ethy! acetate,
washed with water, brine, dried over sodium sulfate, filtered and evaporated to provide 57
(crude, 8.29 g, 95 %) as a white solid which was used in the next step without purification.

'H NMR (400 MHz, CDCly): 3 1.15 (3H, d, J = 6.8 Hz), 1.46 (SH, s), 3.42-3.61 (3H, m), 3.75
(1H, br s), 4.94 (1H, br s). |

MS (ES™): m/z [M+H]* caled for CsHiyNO,: 176.23, Found: 175.96,
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Step 2. tert-Butyl {(15}-2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yljoxy]-1-
methylethyijcarbamate (58)
0
H
H, N—Boc
y N—OH >\
H, N—Boc 5 o
O N
OH
9;
57 58

To a mixture of tert-butyl [{18)-2-hydroxy-1-methylethyl]carbamate 57 (4.03 g, 23.0 mmol),
N-hydroxyphthalimide (5.63 g, 34.5 mmol} and triphenylphosphine (9.05 g, 34.5 mmol) in
anhydrous THF (172 mL) at 0 °C under nitrogen was added DIAD (6.69 mL, 34.5 mmol) in
anhydrous THF (40 mL) over 15 minutes. The mixture was stirred at 0 °C for 30 min and at
room temperature for 2.5 h. Solvent was evaporated off and the residue was subjected to
chromatography to give a white solid 588 (7.38 g). '

'H NMR (400 MHz, CDCly): 8 1.26 (3H, d, J = 6.8 Hz), 1.43 (8H, s), 3.90-4.03 (1H, m), 4.12-
4.30 (2H, m), 5.20 (1H, brs), 7.71-7.88 (4H, m). ' '

MS (ES™): m/z [M+H]" caled for CigHaoN2Os: 321.35. Found: 320.89.

Step 3. tert-Butyl [(15})-2-(aminooxy}-1-methyiethylicarbamate {89)
H
H, N—Boc
At H
o H, N—Boc
O <
Ol
O NH,
58 59

To & solution of fert—butyt {(15)-2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yhoxyl-1-
methylethyljcarbamate 58 (1.2 g, 3.74 mmol) in a mixture of ethanol (3 mL) and DCM (20
mL) was added hydrazine hydrate (0.215 mi., 3.74 mmol). The reaction mixture was stirred
at rpom temperature for 6 h. Precipitate was filtered off, the filtrate was evaporated and the
residue was subjected to chromatography to give 58 (0.55 g, 77 %) as a whife solid.

"H NMR (400 MHz, CD;0D): § 1.03 (3H, d, J = 6.8 Hz), 1.36 (9H, ), 3.38-3.42 (1H, m), 3.53-
3.56 (1H, m), 3.89 (1H, br s}, 4.79 (1H, br s), 5.54 (2H, br s).
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Step 4, fert-Butyl {{(28)-1-[{{I(25,5R)-6-( benzy!oxy)-?-oxb—‘i ,6-
diazabicyciof3.2. 1ioct-Z-yllcarbonyllaminojoxylpropan-Z-yijcarbamate (60)

H
H . N-—Boc

To a mixture of (25, 5R)-8-{benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-carboxylic acid
5 1 (0.150 g, 0.543 mmol} in DCM (15 mL) were added fert-butyl [(15)-2-(amincoxy)-1-
methylethyl]lcarbamate 89 (0.176 g, 0.823 mmol), 1-hydroxybenzotriazole (0.110 g, 0.814
mmol) and 1-ethyl-(3-dimethylaminopropyl} carbodiimide hydrochloride (0.156 g. 0.814
mmol} sequentially at room temperature. The mixture was stirred at room temperature for 18
h, diluted with DCM, washed with water and brine, dried over sodium sulfate and
10 concentrated to provide a residue which was subjected 1o chromatography to give 80 (0.237
a, 97 %) as a white solid.

'H NMR (400 MHz, CDCly): § 1.67 (3H, d, J = 6.8 Hz), 1.42 (9H, s), 1.63-1.69 (1H, m), 1.91-
2.05 (2H, m), 2.28-2.33 (1H, m), 2.81 (1H, d, J = 12.0 Hz), 3.04-3.07 (1H, m), 3.28 (1H, s},
3.66-3.70 (1H, m), 3.87-3.96 (3H, m), 4.83-5.07 (3H, m}, 7.32-7.42 (5H, m), 8.72 (1H, br s).

15 MS (ES). m/z [M-H] caled for CooHanN.Os: 447.52. Found: 447 47.

Step 5. tert-Butyl {{28)-1-[{{[{25,5R)-6-hydroxy-7-ox0-1,6-diazabicycle[3.2.1]oct-
2-yijcarbonyllamino)oxylpropan-2-yijcarbamate {61)

Boc
| o Boc

H, NH
| H, _NH 2
AN O‘ﬁ) o,
)_N-O,Bn - )__...N

A mixture of teri-butyl {{25)-1-[({{(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]oct-2-
20 yllcarbonyllaminojoxylpropan-2-yljcarbamate 8¢ (0.237 g, 0.528 mmol) and Pd/C (0.200 g)
in methénol (20 mL} was hydrogenated at 35 psi at room temperature for 2 h. The mixiure
was filiered through a Celite pad and concentrated to provide 61 (crude, 0.189 g, quant.) as
a _coioriess foam which was used in the next step without purification.
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Step 6. tert-Butyl {{(2S)-1-[{{[{2S,5R}-7-o%x0-6-(suifooxy)-1,6-
diazabicyclo[3.2.1]oct-2-yi]carbonyl}aminojoxy]propan-2-yl}carbamate {62)
?oc ?oc
O G
H_ _NH H, NH
}K/O“N/”"’I, }\/O\N/U’
i =
OH o OSO,H
81 82

To a mixture of teri-butyl {(25)-1-[{{[(25.5R)-6-hydroxy-7-oxo-1,8-diazabicyclo[3.2.1]oct-2-
& vyilcarbonyllamino)oxylpropan-2-yllcarbamate 81 (0.189 g, 0.527 mmol) in pyridine (5.0 mt)

was added sulfur trioxide pyridine complex (0.233 g, 1.466 mmol). The mixture was stirred at

room temperature for 20 h. Solid was filtered off. The filtrate was evaporated to provide a

residue which was subjected to chromatography to give 62 (0.214 g, 93 %) as a light yellow

foam.

10 'H NMR (400 MHz, CDCl): & 1.20 (3H, d, J= 6.0 Hz), 1.42 {9H, m), 1.80-2.27 (4H, m), 3.03

(TH, d, J = 12,0 Hz}, 3.27-3.35 (1H, m), 3.90-3.97 (3H, m), 4.26 (1H, s), 5,13 (1H, brs), 3

protons were not chserved in moisture-containing CDCl,.

MS (ES™): m/z [M-H] calcd for CqsHN4008: 437 46, Found: 437.38.

Step 7. (23,5R)-N-{[{25)-2-Aminopropyljoxy}-7T-ox0-6-(sulfooxy)-1,6~
15 diazabicyclo[3.2.1}octane-2-carboxamide (Compound 74, Table 1)
Boo

o NHp o)

9 o)
}\/OxNJL:,, ‘ />\/O‘N ""‘/\]
N

N TFA }—“‘N\
o] 0SO,H ‘ o 0SOzH

62 Compound 74, Table 1

To a mixture of fert-butyl {(28)-1-[({{(2S,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicycio[3.2. 1Joct-2-

yllcarbonyllaminojoxylpropan-2-ylicarbamate 62 (0.214 g, 0.488 mmol} in DCM (9.0 mlL)

was added triflucroacetic acid (0.44 mL) at 0 °C. The mixture was stirred at 0 °C for 1 h,

20 concentrated and washed with ether. The white solid was collected by cenirifugation. The

crude product was purified by preparative HPLC to provide Compound 74 (Tabie 1) (27 mg)

as a light yellow solid.

'H NMR (400 MHz, CD;0D): 8 1.27 (3H, d, J = 6.8 Hz), 1.78-2.25 {4H, m), 3.03 (1H, d, J =

12.0 Hz), 3.22-3.30 (1H, mj, 3.51-3.60 (1H, m), 3.82-3.90 (1H, m), 3.96-4.07 (2H, m), 4.12-
25 418 (1H, m), 4 protons were not observed in CD,0D.
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HPLC: 83.80 %
MS (ES)) m/z: [M-HJ caled for CyoH1sN,O7S: 337.34. Found: 336.96.

Example 14

(25,5R)-N-[{1-Carbamimidoylpiperidin-4-yl)oxy]-7-oxo-6-{sulfooxy)-1,6-
diazabicyclo]3.2.Tjoctane-2-carboxamide (Compound 75, Table 1)
O

NH
JLNQ.O‘N’U
- N\
o 0S0,H
Step 1. Di-fert-butyl [{4-[{1,3-dioxo0-1,3-dihyd ro-2H—ispindo_l~2~yI)oxy}piperidEn-'l -
yiimethylylideneibiscarbamate (64)
O

N~-OH
0
\ NHBoc N NHBoc
HO’CN—‘( e @N—OA—CN—-«
' o)

NBoc NBoc

63 64

To a mixture of N-hydroxyphthalimide (1.89 g, 11.62 mmol), di-tert-butyl [{(4-hydroxypiperidin-
T-ylimethylylidenelbiscarbamate 83 (2.00 g, 5871 mmol, US 2004/209921 A1) and
triphenyiphosphine (3.05 g, 11.62 mmol) in THF (100 mL) was added diisopropyl
azodicarboxylate (2.47 mL, 12.78 mmol) slowly af room temperature. The resulting mixture
was stirred at room femperature overnight and concentrated to provide a residue which was

- subjected to chromat_ography to give 64 (0.9 g) as a white solid.

'H NMR (400 MHz, CDCly): 6 1.49 (18H, s), 2.04 (4H, m), 3.57 (2H, br s), 3.89 (2H, br s),
4,50 (1H, m), 7.76 {2H, m), 7.85 (2H, m), 10.20 (1H, br s). |

MS (ES™): m/z [M+H]" caled for CaaHasN.O7: 489.23. Found: 489.07,
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Step 2. Di-tert-butyl {{4-{aminocoxy)piperidin-1-yl{jmethylvlidene} biscarbamate
{65)

O
NHBos Boc
N—0 N — K—ND—OMNHZ
NBoe BocHN
O
85
64

To a mixiure di-fert-butyl [{4-{(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl}oxy]piperidin-1-
5  ylimethylylidene]biscarbamate 84 (2.30 g, 4.71 mmol) in a sotuﬁorﬁ of DCM (40 mi) and
ethano!l (6 mL) was added hydrazine hydrate (0.270 mL, 4.71 mmaol} at room temperature.
The mixture was stirred at room temperature overnight, filtered and concentrated to provide
a residue which was subjected to chromatography to give 65 (0.72 g, 43 %) as a white foam.

'H NMR {400 MHz, CDCly): § 1.47 (SH, ), 1.50 (9H, 8), 1.72 (2H, m), 1.95 (2H, m), 3.38 (2H,
10 m), 3.77 (3H, m), 5.30 (2H, ), 10.15 (1H, ).

MS (ES"): m/z [M+H]" calcd for CieHaiN4Os: 359.23. Found: 359.07.

Step 3. Di-fert-butyl [{4-[{{[(28,5R}-6-(benzyloxy)-7-0x0-1,6-
diazabicyclof3.2. 1Joct-2-yijcarbonyllamino}oxy]piperidin-1-ylimethylylidene]
biscarbamate (66) ‘

Boc
] o
)u,,_ BocHN BooN j)
HO .
65 ND_-‘O\ .‘J,’
O"' A BocHN NT
N i1t o

N 5 _-Bn

15 1 - O O
To & mixture of (25,5R)-6-(benzyloxy)-7-0xo-1,6-diazabicycio[3.2. 1]octane-2-carboxylic acid
1 (0.200 g, 0.723 mmol, US 2005/20572 A1) in DCM (6.0 mL) was. added di-terf-butyl {[4-
(aminooxy)piperidin-1-ylimethylylidene}biscarbamate 65 (0.38¢ g, 1.086 mmol), 1-
hydroxybenzotriazole (0.147 g, 1.086 mmolyr and 1-ethyl-(3-dimethylaminopropy!)

20  carbodiimide hydrochioride (0.208 g, 1.086 mmol) sequentially at room temperature. The
mixture was stirred at room temperature overnight, diluted with DCM and concenirated fo
provide a residue which was subjected to chromatography to give 66 (0.33 g, 74 %) as a
white solid.

'H NMR (400 MHz, CDCly): 5 1.48 (18H, m), 1.62 (2H, m), 1.82 (2H, m), 2.01 (4H, m), 2.32
25 (1H, m), 2.77 (1H, d, J = 11.6 Hz), 3.03 (1H, d, J = 11.2 Hz), 3.32 (1H, s), 3.43 (2H, br s),
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3.78 (2H, brs), 3.95 (1H, d, J=7.6 Hz), 4.08 {1H, m), 4.92 (2H, ABq), 7.41 (5H, m), 8.95 (1H,
).
MS (ES™): m/z [M+H]" caled for CaoiHasNgOg: 617.33. Found: 617.18,

Step 4. Di-tert-buty! [{4-[{{{(2S,5R}-6-hydroxy-7-oxo-1,6-diazabicyclo [3.2.1]oct-2-
yljcarbonyljaminojoxylpiperidin-i-yl}methylylidenelbiscarbamate (67)

Boo& 0 Bogl 8
Ol o
BocHN N ~————— BocHN N
N 101 pf N hvet
}" N,
OH

)—N- Bn

66 o o 67 0

A mixture of di-ferft-butyl [{4-[({[(2S,5R)-6-(benzyloxy)-7-ox0-1,6-diazabicyclof3.2.1joct-2-
yi}carbonyi}amino)oxy]piperidin-1—yl}me‘thyiyi&dene] biscarbamate 66 (0.26 g, 0.42 mmol) and
Pd/C (0.080 g} in methanol (10 mL) was hydrogenated at 1 atm at room temperature for 3 h.
The mixture was filtered through Celite pad and concentrated to provide 67 (0.21 g, 98 %) as

a white solid.

‘H NMR (400 MHz, CD,0D}: § 1.51 (18H, s), 1.60 (1H, m), 1.96 (3, m), 2.06 (3H, m), 2.17
{1H, m), 3.04 (1H, d, J = 11.6 Hz), 3.12 (1H, m), 3.64 (2H, m), 3.71 (1H, m), 3.84 (3H, m),
418 {1H, m). 3 protons were not observed in CD;0OD.

MS (ES™): m/z [M+H]" caled for CoatlaeNeOs: 527.28. Found: 527.06.

Step 5. Di-tert-buty! [{4-[({{(2S,5R)-T-ox0-6-{sulfooxy})-1,6-diazabicyclo[3.2.1] oct-
2-yljcarbonyllaminojoxylpiperidin-1-yl}methylyiidene]biscarbamate (68)

B°°§v 2 BocN 9
BocHN NO‘O“N/U """ (\. »—ND-O\ S,
H N\/E"'H e BOcHN H Q WH
)_N )—N

o “OH .
&7 O 050,H

68

To a mixture of di-fert-butyl [{4-[({[(28,5R)-6-hydroxy-7-ox0-1 6-diazabicyclo[3.2.1] oct-2-
yllcarbonyl}amino)oxylpiperidin-1-ylimethylylidenelbiscarbamate 67 (C.26 g, 0.50 mmol) in
pyﬁdine (8.0 mL) was added sulfur trioxide pyridine complex (0.23 g, 1.42 mmol). The
mixture was stirred at room temperature overnight and concentrated to provide a residue
which was subjected to chromatography to give 68 (0.20 g, 67 %) as a white solid.

'H NMR (400 MHz, CD,0D): & 1.47 {18H, s), 1.80 {3H, m), 1.94 (3H, m), 2.10 (1H, m}, 2.20
(1H, m), 3.10 (1H, d, J = 11.6 Hz), 3.25 (1H, m), 3.43 (2H, m), 3.75 (2H, m), 3.82 (1H, d, J =
6.0 Hz), 4.14 (2H, m}, 3 protons were not observed in CD,0D,

MS (ES") mvz: [M-H] caled for Ca3HarNgO143: 605.22. Found: 605.03.
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Step 6. (28,5R)-N-[(1-Carbamimidoyipiperidin-4-yi}oxy}-7-oxo0-6-(sulfooxy}-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide {Compound 75, Table 1)

JL,
BOCNY O/O J{’ ‘/\j = HN 0/0 Q
Ni—l2

NHBoc 0803{-!

0803H
68 Compound 75, Table 1

To a mixture of di-feri-buty! [{4-{({[(25,5R)-7-ox0-B-{sulfooxy}-1,6-diazabicyclo[3.2,1] oct-2-
5  yllcarbonyljamino)oxylpiperidin-1-ylimethylylidenelbiscarbamate 68 (0.15 g, 0.25 mmol) in

DCM (5.0 ml.) was added trifluoroacetic acid (1.0 mi) at 0 °C. The mixture was stirred at
0 °C for 0.5 h and at room temperature for 2 h, concentrated and washed with ether. The

white solid was collected by centrifugation. The crude product was purified by preparative

HPLC to provide Compound 75 (Table 1) (40 mg) as a white solid.

10 'H NMR (400 MHz, D,0): § 1.80-2.10 (8H, m), 3.01 (1H, d, J = 12 Hz), 3.22 (3H, m), 3.56
(2H, m), 3.96 (1M, d, J = 6.8 Hz), 4.09 (2H, m). 5 protons were not observed in D,0.

HPLC: 95.56 %

MS (ESY): mvz M-H] caled for Ci3H24Ns07S: 405.12. Found: 404.93.
Exampie 15

18 {28,5R}-7-Oxo-N-[2-{piperidin-4-yloxy)ethoxyl-6-{suifooxy)-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide (Compound 76, Table 1}
' 0

HNQ‘O/\/G\NJWQ
et

T
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Step 1. tert-Butyl 4-{2-[{1,3-dioxo-1,3-dihydro-2H-izoindol-2-
yhoxylethoxy}piperidine-1-carboxylate (70}
O
N—OH 0
CH /N
Boc— ND‘O/\‘/ © N—O o} N—Bac
89 ‘ © 70

To a solution of tert-butyl 4-(2-hydroxyethoxy)piperidine-1-carboxylate 9 (0.9 g, 3.67 mmol,
WO 2008/87649 A1) in THF (28 mL) were added N-hydroxyphthalimide (0.9 g, 5.51 mmol),
triphenylphosphine (1.44 g, 5.51 mmol) and DIAD (1.07 mL, 5.51 mmol) sequentially at 0 °C
under nitrogen. The mixture was stirred at 0 °C for 30 min and at room temperature for 16 h.
Solvent was evaporated off and the residue was subjected to chromatography to give 70
{0.68 g, 48 %) as a white solid.

'"H NMR (400 MHz, CDCL): 6 1.27-1.40 (11H, m), 1.87-1.75 (2H, m), 2.95-3.00 (2H, m),
3.42-3.46 (1H, m), 3.56-3.50 (2H, m), 3.76-3.80 (2H, m), 4.29-4.31 (2H, m), 7.67-7.78 (4H,

m).

MS (ES™): m/z [M+H]" caled for CogHasNoQg: 391.44. Found: 391.02.

Step 2. tert-Butyl 4-[2-{aminooxylethoxy]piperidine-1-carboxylate (71)
0 ,
N-O0 0 N—Boc —— HN—C O—CN—BOC
© 70 | 71

To a solution of ferf-butyl 4-{2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yloxylethoxypiperidine-
1-carboxylate 70 (0.57 g, 1.46 mmol) in a mixture of ethanol (1 mL) and DCM (6 mL) was
added hydrazine hydrate (0.088 g, .1.46 mmol}). The reaction mixture was stirred at rcom
temperature for 16 h. Precipitate was filtered off. The filirate was evaporated and the residue
was subjected o chromatography to give 71 (0.327 g, 86 %) as a colorless oil.

'H NMR (400 MHz, CD;0OD): & 1.45-1.57 (11H, m), 1.80-1.90 (2H, m), 3.00-3.19 (2H, m),
3.45-3.51 (2H, m), 3.62-3.68 (1H, m), 3.75-3.85 (4H, m}, 5.50 (2H, br ).

MS (ES"): m/z [M+H]" calcd for CisHaN,O4: 261.34. Found: 261.04.
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Step 3. tert-Butyl 4-{2-[{{[(25,5R)-6-{benzyioxy)-T-oxo-1,6-diazabicycio[3.2.1Joct-
2-yllcarbonyl}aminojoxylethoxy}piperidine-1-carboxylate (72}

Q

J I

s
HO ‘CN —Boc o.

}'_— N< O/Bn ot
o}
1 N, B

To a mixture of (2S,5R)-6-{benzyloxy}-7-oxo-1,6-diazabicyclo]3.2. 1 Joctane-2-carboxylic acid
1 (0.150 g, 0.543 mmol, US 2005/20572 A1) in DCM (4.0 mL) were added fert-butyl 4-[2-
(aminooxy)sthoxylpiperidine-1-carboxylate 71 (0.240 g, 0.543 rmmol}, 1-
hydroxybenzotriazole (0.110 g, 0.814 mmol) and 1-ethyl-(3-dimethylamino- propyl)
carbodiimide hydrochloride (0.156 g, 0.814 mmol) seguentially at room temperature. The
mixiure was stirred at room temperature for 16 h, diluted with DCM, washed with water, brine,
dried over sodium sulfate and concentrated fo provide a residue which was subjected to
chromatography to give 72 (0.276 g, 98 %) as a colorless foam.

H NMR (400 MHz, CDCL): § 1.46-1.67 (12H, m), 1.84-2.04 (4H, m), 2.30-2.35 (1H, m), 2.77
(1H, d J=11.6 Hz), 2.98-3.09 (3H, m), 3.31 (1H, s), 3.45-3.53 (1H, m), 3.64-3.85 (4H, m),
3.94 (1H, d, J = 7.6 Hz), 4.05-4.11 (2H, m), 4.90 (1H, d, J = 11.2 H2), 5.05 (1H, d, J = 12.0
Hz), 7.35-7.46 (5H, m), 1 proton was not observed in n’ioisture-containing CDCls..

MS (ES): m/z [M-H] caled for CogHaeN4Oy: 517.62. Found: 517.13.

Step 4. ' tert-Butyl 4-{2-[{{[(25,5R)-6-hydroxy-7-oxo-1,6-diazabicycio[3.2.1}oct-2-
ylicarbonyllamino)joxylethoxy}piperidine-1-carboxylate (73)

, 8}
0. A
BOC"“ O/\\/ q —M——waOCMND"O/\\/O\HJ q
ullH

N

N,

7z 73 o OH

A mixture of fert-butyl 4-{2-[({[(285R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio]3.2.1Joct-2-
yljcarbonyllaminojoxylethoxy}piperidine-1-carboxylate 72 (0.270 g, 0.521 mmol) and Pd/C

{0.270 g) in methanol (25 mL} was hydrogenated at 35 psi at room temperature for 2 h. The

mixture was filtered thrdugh a Celite pad and concentrated to provide 73 (0.221 g, 89 %) as
a light grey solid.

'H NMR (400 MMz, CDCl): 8 1.45-1.58 (11H, m), 1.70-2.05 (4H, m), 2.11-2.20 (1H, m),
2.33-2.42 (1H, m), 2.90-3.20 (4H, m), 3.46-3.60 (2H, m), 3.68-3.85 (6H, m), 3.90-3.96 (1H,
m), 4.05-4.18 (1H, m}, 8.61 (1H, br s).
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MS (ES): m/z [M-H] caled for CygH3N,O-: 427.48. Found: 426.98.

Step &. tert-Buty] 4-{2-[({[(25,5R)-T-oxo-8-{sulfooxy)-1,6-diazabicyelo[3.2.1joct-2-
vljcarbonyilaminojoxyiethoxyipiperidine-i-carboxylate {74) '

0

0

N a3 N s

)**N\ }—N

‘a o oH - 0 050,H

To a mixture of ferf-butyl 4-[2-[({{(255R)-B-hydroxy-7-oxo-1,8-diazabicyclo[3.2. 1joct-2-
ylicarbonylyamino)oxylethoxylpiperidine-1-carboxylate 73 (0.221 g, 0.516 mmol) in pyridine
(5.0 mL} was added sulfur trioxide pyridine complex (0.228 g, 1.434 mmol). The mixture was
stirred at room temperature for 20 h. Solid was filtered off. The filirate was evaporated to
provide a residue which was subjected to chromatography to give 74 (0.197 g, 75 %) as a
light yellow solid.

H NMR (400 MMz, CD,OD): & 1.40-1.53 (11H, m), 1.78-1.97 (4H, m), 2.05-2.09 (1H, m),
2.18-2.24 (1H, m), 3.05-3.18 (3H, m), 3.21-3.28 (1H, m), 3.53-3.81 (1H, m), 3.68-3.78 (4H,
m), 3.92 (1H, d, J = 6.8 Hz), 4.00-4.06 (2H, m), 4.12-4.18 (1H, m).

MS (ES): m/z [M-RH] caled for CigH1aN4Q48: 507.55. Found: 506.92.

Step B. {28,5R)-7-Oxo-N-§2-(piperidin-d-yloxy)ethoxy]-6-{sulfooxy)-1,8-
diazabicyciof3.2.1]octane-2-carbokamide (Compound 76, Table 1)
O

. 8]
| |
BOC_ND_O/\/O\N) Q HND_O/\/O\N/[ Q
H —_— = H
N N
N\ l : N\
o OS03H o OSO3H

74 . Compound 76, Table 1

To a mixiure of fert-butyl 4-{2~[({{(28,5R}¥7’~oxow6«(sulfooxy)«1,Ewiazabicyclogz.z.‘f}oct~2~
yllcarbanyllaminojoxylethoxyipiperidine-1-carboxylate 74 (0.195 g, 0.388 mmol) in DCM (9.0
mi.) was added trifluoroacetic acid (0.44 mL} at 0 °C. The mixture was stirred at ¢ °C for 1 h,
concentrated and washed with sther. The white solid was collecied by centrifugatioh. The
crude product was purified by preparative HPLC to provide Compound 76 {Table 1) (25 mg)
as a white solid.

'H NMR (400 MHz, CD,0D): 8 1.80-2.01 (6H, m), 2.08-2.15 {1H, m), 2.18-2.22 (1M, m), 3.04-
3.12 (4H, m), 3.24-3.27 (1H, m), 3.72-3.78 (44, m), 3.80 (1M, d, J = 8.0 Hz), 4.02-4.06 (2H,
m), 4.15 (1H, d, J = 3.2 Hz), 3 protons were not observed in C0,00.
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HPLC: 92.51 %
MS (ES): m/z [M-H] calcd for CqstzaNa0:S: 407.45. Found: 406.83.
Example 16

{28,58R)-7-Ono-N-[2-{suifamoylaminojethoxyl-b-{sulfooxy}-1,6-

5 diazabicyclo[3.2. tjoctane-2-carboxamide {Compound 77, Table 1)
. ]
HN=5 Hm\—o—-—NJ'u.,
o] H
QMIH
et
C 0SQO,H
Step 1. tert-Butyl ({2-[{1,3-dioxo-1,3-dihydro-2H-isoindol-2-yhoxylethyl}
suffamoylicarbamate (77}
0
0
8] Cl—&—N
| 3 i
78
N—G NH,, HCI

75

10 To a mixture of 2-(2-aminoethoxy)-1H-iscindole-1,3(2~)-dione hydrochloride 75 (0.53 g, 2.19
mmol, EP 16744522 A1, 2008), terf-butyl {chiorosulfonyl)carbamate 76 (0.71 g, 3.28 mmeo,
WO 2006/84281 A1) in DCM (10 mL) was added triethylamine (0.92 mL, 6.57 mmol} slowly
at 0 °C. The resulting mixture was stirred at room temperature for 7 h and concentrated to
provide a residue which was subjected (o chromatcgraphy togive 77 (063 g, 74 W) as &
15  white foam.

TH NMR (400 Mz, CDCly): & 1.50 (SH, ), 3.49 (2H, m), 4.36 (2H, t, J = 4.8 Hz), 6.28 (1H, 1,
J=4.8Hz), 7.11 (1H, 8), 7.79 (2H, m), 7.85 (2H, m).

MS (ES): m/z [M-H] caled for CisH1eN30-S: 384.09. Found: 383.94.

1358



=N

<y

15

20

25

WO 2014/091268 POCTAB2612/002675

Step 2. fert-Butyl {{2-{(aminooxyjethyljsulfamoyl}carbamate (78)
0
= H ﬁ ﬁ
| N=O" " ~N—5=NHBOG e H,N—0" "~ ~N—S-NHBoo
- I H T
O o
0 78
77

To a mixture of ferf-butyl ({2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)oxylethyl}
sutfamovlicarbamate 77 (0.62 g, 1.681 mmaol) in a solution of DCM (10 mL) and ethanol (2
mb) was added hydrazine hydrate {(0.002 mL, 1.61 mmol) at room temperature. The mixture
wasg stired at room temperature overnight, fitered and concentrated to provide a residue
which was subjected to chromatography to give 78 (0.18 g, 44 %) as a white solid.

'H NMR (400 MHz, CDCl,): 8 1.49 (9H, s), 3.33 (2H, m), 3.81 (2H, m), 5.28 (2H, br s), 5.93
(1H, br s}, 7.24 (1H, br s).

MS (ES™): m/z [M+H]" calcd for CoHsNa0s8: 256.10. Found: 255.91.

Step 3. tert-Butyl ({2-[[{{{(25,5R)-6-{benzyloxy)-7-ox0-1,6-digzabicyclo]3.2.1joct-2-
yilcarbonyllamino)oxylethyi}sulfamoyt)carbamate (79)

oo

s o o Q
I

HO H N0 _~N—5—NHBoc —5—N

Q""H 2 : BocHN=8—N-——\_ L

§
N o 5 N
J—N. _B 78
~, . ~Bn — e N i H
¢ © //1_
. N, Bn
1 78 o 0

To a mixture of (28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio[3.2. 1]octane-2-carboxylic acid
1 (0.200 g, 0723 mmol) in DCM (8.0 mL)- was added fertbutyt  {[2-
(aminooxy)ethyijsulfamoyljcarbamate 78 (0.276 g, 1.085 mmol), 1-hydroxybenzotriazole
(0.147 g, 1.086 mmol) and 1-ethyi-(3-dimethylaminopropyl) carbodiimide hydrochloride
(0.208 g, 1.086 mmol) sequentially af room temperature. The mixture was stirred at room
temperaiure overnight, diluted with DCM and concenirated to provide a residue which was
subjected to chromatography fo give 78 (0.35 g, 93 %) as a white solid,

'H NMR (400 MHz, CDCly): § 1.48 (8H, m), 1.64 (1H, m), 1.95 (2H, m), 2.33 (1H, m), 2.76
(1H, d, J= 11.2 Hz), 3.01 (1H, d, /= 12.0 Hz}, 3.32 (1H, s}, 3.38 (2H, brs), 3.85 (1H, d, J =
7.2 Hz), 4.03 (2H, m), 4.82 (2H, ABq), 6.38 (1H, br s}, 7.26 {1H, m), 7.41 (5H, m}, 8.20 (1H,

s).

MS (ES™y: m/z [M+H]" caled for CQ1H32N5038: 514.20. Found: 514.00.
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Step 4. tert-Butyl ({2-[{{[{25,5R}-6-hydroxy-7-oxo0-1,6-diazabicyclo[3.2.1loct-2-
yljcarbonyllaminojoxylethyi}sulfamoyl)carbamate (80)

o} o]

0
il 8]
BogHN—S—N ! e
i H—M\\-—o——NJH.,, BocHNﬁ ﬁ——-\ma N’U’
© H —_— o H Q
s

N

f:j m
)_N\ ~Bn 80 &“"—N\
0 o

79 o

M

OH

A mixture of fert-butyl ({2-[({[(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio]3.2.1Joct-2-
yilearbonyliamino)oxylethylisulfamoyl)carbamate 79 (0.35 g, 0.87 mmol) and Pd/C (10 %,
0.12 g) in methano! (10 mL) was hydrogenated at 1 atm at room temperature for 3 h, The
mixture was filtered through Celite pad and concentrated to provide 80 (0.25 g, 88 %) as a
white foam,

'"H NMR (400 MHz, CD;0OD): 5 1.48 (9H, s), 1.80 (1H, m), 1.96 (1H, m), 2.06 {1H, m), 2.20
(1H, m), 3.03 (1H, d, J = 11.6 Hz), 3.12 (1H, m), 3.28 (2H, m), 3.70 (1M, m), 3.84 (1H, d, J =
8.0 Hz), 3.98 (2K, , J = 5.6 Hz). 4 protons were not observed in CD,0D.

MS (ES™): mvz IM+HY" caled for CiuHaeNsOsS: 424.15. Found: 423.97.
Sten 5. fert-Butyl ({2—{({[(2&5R}-7’-oxo»6~(sulfooxy}—1 Jo-diazabicyciof3.2.1joct-2-

vijcarbonyljaminojoxylethyl}sulfamoyl)carbamate (81)
O

O 0 :
it O : I
—G§—N BocHN—S—N |
BocHN ﬁ H.—\—O——N’H"u. (l:i) H_"_\_Mo__ﬁ,l
8] H S
N "”H N "”H
. i
80 J—N. 7N
0 OH 81 © OS0,H

To a mixture of ferd-butyl ({2-[({[{2S,5R)-6-hydroxy-7-oxo-1,6-diazabicycio[3.2. 1]oct-2-
ylicarbonyllaminojoxylethyljsulfamoylicarbamate 80 (0.25 g, 0.59 mmol) in pyridine (10.0
mi) was added sulfur trioxide pyridine complex (0.28 g, 1.77 mmol). The mixture was stirred
ai room temperature overnight and concentrated to provide a residue which was subjected to
chromatography to give 81 (0.20 g, 87 %) as a white solid.

'H NMR (400 MMz, CD,0D): 5 1.48 (8H, s), 1.83 (1H, m), 1.91 (tH, m), 2.06 (1H, m), 2.21
(1H, m), 3.08 (1H, d, J = 11.6 Hz}, 3.24 (1H, m), 3.28 (2H, m), 3.91 (1H, d, J=7.2 Hz), 3.98
(2H, t, J= 5.6 Hz), 4,15 (1H, m). 4 protons were not observed in CD,0D.

MS (ES"): m/z [M-HT caled for CiaHaaNs01,S2: 502.09. Found: 501.97.

137



10

18

WO 2014/091268 PCT/IB2012/602675

Step 6. (28,5R)-7-Oxo-N-[2-{sulfamoylaminojethoxyl-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1jJoctane-2-carboxamide {Compound 77, Table 1)

0

O
0 i Q o.M
BocHN—ﬁuN/\/O“N)"' , HZN‘ﬁ“u/\/ \ﬁ -

N Y
o 0SO4H 0 OSO,H

81 Compound 77, Table 1
To a mixture of tert-butyl ({Z2-[{{{(2S,5R)-7-oxo-8-(sulfooxy)-1,6-diazabicyclof3.2.1]oct-2-
ylicarbonyliaminojoxylethyi}sulfamoylicarbamate 81 (0.20 g, 0.40 mmol) in DCM (5.0 mL)
was added trifluoroacetic acid (1.0 mb) at 0°C. The mixture was stirred at 0°C for 0.5 h and
at room temperature for 2 h, concentrated and washed with ether. The white solid was

collected by centrifugation. The crude product was purified by preparative HPLC to provide
Compound 77 (Table 1} (37 mg, 23 %) as a white solid.

'H NMR (400 MHz, D;0): § 1.68-2.06 (4H, m), 3.00 (1H, d, J = 12.0 Hz), 3.17-3.22 (3H, m),
3.94 (3H, m), 407 (1H, d, J=2.8Hz). 5 protons were ot observed in D,0.

HPLC: 95.56 %

MS (ES) myz: [M-H] caled for CoHiaNsOeS,: 402.04. Found: 401.89.
Example 17

{25,5R)-N-[2-{Carbamoylamino}ethoxy]-7-oxo-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide (Compound 78, Tabie 1)

O
HN—L—N
2 H*—\-Om;g'ﬂ’"'.
. N aEH =]
7 N\
o OSOH
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Step 1. tert-Butyl ({2-[{1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)oxyjethyl}
carbamoyllcarbamate (83}

o)
o )}\
o C!—-IL—N 0‘}‘
H i O
82
H
N—-O"_-NH,HCl —— Nwo/\/N—LNHsoc

75 83

To a mixture of 2-(2-amincethoxy)-1H-isoindole-1,3(2H)-dione hydrochloride 78 (0.40 g, 1.65
mmol, EP 1674452 A1, 2008), tert-butyl (chlorocarbonyljcarbamate 82 (1.70 g crude, US
2005/187277 A1) in DCM (10 mL) was added triethylamine (0.69 mL, 4.95 mmol) slowly at 0
°C. The resulting mixture was stirred at room temperature overnight and concentrated to
provide a residue which was subjected to chromatography to give 83 (0.56 g, 96 %) as a
white solid.

IH NMR (400 MHz, CDCly): § 1.50 (9H, 5), 3.64 (2H, m), 4.30 (2H, t, J = 5.2 Hz), 6.91 (1H, br
s), 7.75 (2H, m), 7.87 (2H, m), 8.45 (1H, m).

Step 2. fert-Butyl {{2-(aminooxy)ethyljcarbamoyi}carbamate (84)

O : Q
H
N««—o"\\,,N——U—NHBoc HzN—-O/\/Q——H—NHBOC

To a mixture of ferf-butyl  ({2-{(13-dioxo-1,3-dihydro-2H-isoindol-2-yljoxylethyl}
carbamoyl)carbamate 83 (0.56 g, 1.59 mmol} in a solution of DCM (10 mL) and ethanol (2
mL) was added hydrazine hydrate (0.091 mL, 1.58 mmol} at room temperature. The mixture
was stirred at room temperature overnight, filtered and concentrated to provide a residue
which was subjected to chromatography to give 84 (0.25 g, 72 %) as a white solid.

'H NMR (400 MHz, CDCL): & 1.49 (9H, s), 3.53 (2H, g, J = 5.2 Hz), 3.76 (2H, t, J = 5.2 Hz),
551 (2H, br s), 6.83 (1H, brs), 7.80 (1H, br s).
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Step 3. tert-Butyl ({2-{({[(25,5R)-6-{benzyloxy)-7-oxo-1,6-diazabicycio[3.2.1]oct-2-
yijcarbonyljaminojoxylethyi}carbamoyljcarbamate (85)

NHBoc O o
HO 84 >——N |
O H v BocHN HKO“‘&‘;‘J""-
,} M. Bn il
o o~ N H
//l N, Bn

p 85 o o

R di

To a mixture of (25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1Joctane-2-carboxylic acid
5 1 (0.210 g, 0.760 mmol, US 2005/20572 A1) in DCM (6.0 mL) were added ferf-butyl {{2-
(aminooxy)ethyilcarbamoylicarbamate 84 (0.250 g, 1.140 mmol), t-hydroxybenzotriazole
(0.154 g, 1.140 mmol) and 1-ethyl-(3-dimethylaminopropyl) carbodiimide hydrochloride
{0.218 g, 1.14D mmol) sequentially at room temperature. The mixture was stirred at room
temperature overnight, diluted with DCM and concentrated o provide a residue which was

10  subjected to chromatography to give 85 (0.31 g, 85 %) as a white solid.

'H NMR (400 MHz, CDCly): & 1.48 (9H, m), 1.64 (2H, m), 1.98 (2H, m), 2.34 (1H, m), 2.77
(1H, d, J = 11.2 Hz), 3.02 (1H, m), 3.28 (1H, m), 3.47 (1H, m), 3.63 (1H, m), 3.97 (2H, m),
4.90 (2H, ABq), 6.79 (1H, br s}, 7.38 (5H, m), 8.11 (1H, m), 9.77 (1H. ).

MS (ES") miz: [M+H]" caled for C;HaNsOy: 478.23. Found: 478.10.

15 Step 4. fert-Butyl ({2-[{{{(25,5R)-6-hydroxy-T-oxo-1,6-diazabicycio[3.2.1}oct-2-
yljcarbonyiiaminojoxylethyllcarbamoyljcarbamate (86)
0
>\‘—§—\,DWNJF, © N—_ ]
BocHN H O ) BocHN | T
L b 1|—g
//1 N, -Bn \/JE%
B85 0 O 88 Te) "M

A mixture of tert-butyl ({2-{({{{28 5R}-6-{benzyloxy)-7-oxo-1,6-diazabicyclo]3.2. 1]Joct-2-
ylicarbonyliamino)oxylethylicarbamoylcarbamate 88 (0.31 g, 0.64 mmol} and Pd/C (10 %,
20 0.11 g) in methano! (10 mbL) was hydrogenated at 1 atm at room temperature for 3 h. The
mixture was filtered through Celite pad and concentrated to provide 86 (0.25 g, guantitative)

as a white foam,

'H NMR (400 MHz, CD;OD): § 1.48 (9H, s), 1.80 (1H, m), 1.82 (1H, m), 2.05 (1H, m), 2.20

(1H, mj), 3.02 (1H, d, J= 11.6 Hz), 3.15 (1H, m), 3.51(2H, t, J= 5.6 Hz}, 3.70 (1H, m), 3.85
25  (1H, d, J=7.2Hz}), 3.84 (2H, §, J = 5.8 Hz). 4 protons were not observed in CD,0D.

MS (ES) nvz: IM-M] caled for CsHaeNsO7: 386.17. Found: 386.07.
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Step 5. tert-Butyl ({2-[{{[(2S,5R}-T-oxo-6-{sulfooxy)-1,6-diazabicycliof3.2. 1joct-2-
yllcarbonyijaminoc)oxylethyl}carbamoylcarbamate (87)

o

}—VH__\... . b, yN
BocHN © ﬁ ’/\ BocHN Hﬁ\_—owu
_ N AH e No o
//L—N‘ )_

© OoH o 030 H
85 - .

To a mixture of fer-butyl ({2-f{{[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabicyclol3.2.1]oct-2-
yllcarbonyllamino)oxylethyl}carbamoyljcarbamate 86 (0.25 g, 0.65 mmal} in pyridine (10.0
ml) was added sulfur trioxide pyridine complex (0.30 g, 1.94 mmol). The mixture was stirred
at room temperature cvernight and concentrated to provide a residue which was subjected fo
chromatography to give 87 (0.25 g, 83 %) as a white solid.

'H NMR (400 MHz, CD,0OD}: 8 1.49 (8H, s), 1.83 (1H, m), 1.83 (1H, m), 2.07 (1H, m), 2.21
(1H, m), 3.07 (1H, d, J = 21.0 Hz), 3.27 (1H, m), 3.51 (2H, t, J = 5.2 Hz), 3.92 (1H, m), 3.95
(2H, 1, J = 5.2 Hz), 4.15 (1H, m). 4 protons were not ebserved in CD,0D.

MS (ES) m/z: IM-H] caled for CisMaaNs0403: 466.12, Found: 466.01.

Step 6. {25,6R)-N-[2-{Carbamoylamino}ethoxy]-7T-oxo-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1Joctane-2-carboxamide {Compound 78, Table 1)

!
B{)CHNLN/\/O /l q HZN_.ﬁ_hN/\\/O /l q
N

N
0 0803 O OSO,H

87 Compound 78, Table 1

To a mixiure of fert-butyl (.{2—{({{(28,5R)~7-oxo-6-(suifooxy)—‘i,G—diazabicyclo{B.Z.'i]oct—?—
ylicarbonyllamino)oxvlethyilcarbamoyl)carbamate 87 (0.25 g, 0.54 mmol) in DCM {5.0 mL)
was added trifluorcacetic acid (1.0 mL) at 0°C. The midure was stirred at 0 °C for 0.5 h and
at room temperaiure for 2 h, concentrated and washed with ather. The white solid was
collected by centrifugation. The crude product was purified by preparative HPLC to provide
Compound 78 {Table 1} (11 mg, 5.6 %) as a white solid.

"H NMR (400 MHz, D,0): § 1.69:1.88 (2H, m), 1.90-2.09 {2H, m), 2.98 (1H, d, J = 12.0 Hz),
317-3.21 (1H, m), 3.24 (ZH, §, J= 52 Hz), 3.84 (2H, {, J= 5.2 Hz), 3.83 {1H, d, J = 7.6 Hz),
407 (1H, s). 5 protons were not ohserved in D,0.

HPLC: 8517 %
MS (ES) m/z. [M~H]" caled far CiH1sMs0:S: 366.07. Found: 365.96.
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Example 18

Disodium [{{[(25,5R)-7T-oxo-6-(sulfonatooxy)-1,6-diazabicyclof3.2.1]oct-2-
vijcarbonyljaminojoxylacetate (Compound 82, Table 1)

2 i
Naok/O“N)h"Q
I VI Y
J—N

0 0S0;Na

Step 1. tert-Butyl [({I{(28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1joct-2-
yilcarbonyijaminojoxyjacetate (89}

< 0O o M
HO 88 2 o ~n
N . H H N o
%—N.\ Bn e
o o~ O//‘_N\O/Bﬂ
3 89

To a solution of (28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycle[3.2. 1]octane-2-carboxylic acid
1 (0.20 g, 0.72 mmol) in dry DCM (20 mL) were added tert-buty! (aminooxy)acetate 88 (0.13
g. 0.86 mmol, Organic Letters, 2002, 4(6) 869-872), 1-hydroxybenzotriazoie (0.15 g, 1.11
mmol) and 1-ethyl-(3-dimethylaminopropyl)carbodiimide hydrochioride (0.21 g, 1.10 mmol) at _
room temperature. The reaction mixture was stired at room temperature overnight and
concentrated under vacuum. The residue was purified by column chromatography to give
tert-butyl {{[(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2. 1joct-2-
yllcarbonyilaminojoxylacetate 82 (0.23 g, 78 %) as a white solid.

"H NMR (400 MHz, CDCIs): 5 1.49 (9H, s), 1.65 (1H, m), 1.98 (2H, m), 2.33 (1H, m), 2.72 (1H,
d, J = 11.8 Hz), 2.99 (1H, d, J = 11.2 Hz), 3.30 (1H, s), 3.95 (1H, d, J = 7.2 Hz), 4.34 (2H, m),
4.89 (1K, d, J = 11.2 Hz), 5.04 (1H, d, J = 12.0 Hz), 7.39 (5H, m), 9.88 (1H, br s).

Step 2. tert-Butyl [{{[{25,5R)-6-hydroxy-7-oxo-1,6-diazabicyclof3.2.1]joct-2-
yilcarbonyljamino)oxylacetate (80)

J\/o\ " /U\/o }
N — oF

N,

0 OH
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Te a solution of tert-butyl  [({{(25,5R)-8-(benzyloxy)-7-oxo-1,6-diazabicyclo{3.2. 1]oct-2-
yljcarbonyl}aminojoxylacetate 83 (0. 23 g, 0.57 mml) in methanol (26 mL) was added 5 %
Pd/C (0.30 g). The mixture was hydrogenated under 35 psi hydrogen atmosphere at rcom
temperature for 1 h. The catalyst was filtered out through Celite, and the filtrate was
evaporated to give fert-butyl [{{(2S.5R)-6-hydroxy-7-oxo-1,6-diazabicyclof3.2.1]oct-2-
yijcarbonyllamino)oxylacetate 80 (D.18 g, 89 %) as a clear thick oil.

'H NMR (400 MHz, CD,0D): 8 1.48 (9H, s), 1.77 (1H, m), 1.90 {(1H, m), 2.06 (1H, m), 2.20
(1M, m), 3.10 (2H, m), 3.70 (H, m), 3.84 (1H, d, 4 = 7.2 Hz), 4.35 (2H, m), 2 protons were
not observed in CIL,O0.

Step 3. terf-Butyl [{{[{28,5R)-T-oxo-6-{sulfooxy)-1,6-diazabicycio]3.2. 1joct-2-
vllcarbonyllamino)oxylacetate pyridine salt (91)

N A T
~OH .0 OSOH . pyridine

To a solution of fer-butyl - [({[(25,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2. 1]oct-2-
yijcarbonyllamino)oxylacetate 80 (0.16 g, 0.51 mmol) in dry pyridine (7 mL) under nitrogen
atmosphere was added sulfur trioxide pyridine complex (0.325 g, 2.04 mmol). The mixture
was stirred at room temperature for 20 h, filtered and evaporated to give fert-bufvi
[({[(28,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2.1 foct»Z-yi]carbonyl}am'rno)oxy]acetate
pyridine salt 81 (0.20 g crude) which was used in the next step without purification.

Step 4. NN, N-Tributytbutan-1-aminium [{{{25,5R)-2-](2-teri-butoxy-2-
oxoethoxy)carbamoyi]-7-oxo-1,6-diazabicyclo[3.2. 1Joct-6-yitoxyisulfonyloxidanide
(82)

] i i

Oj\/o\m i | O/SK/O\NJ"'-
N — T

N
! -
o 'OSO,H - pyridine o 080, Bu,N

91 g2

tert-Butyl  [({{(28,5R})-7-0ox0-8-(sulfooxy)-1,6-diazabicyclof3.2. 1]oct-2-yllcarbonyllamino)oxy]
acetate pyridine salt 91 (0.20 g, 0.51 mmol) was introduced into a concentrated agueous
solution of monosodium dihydrogen phosphate solution (8 mL) so as to obtain a pH of 4. The

mixture was washed with ethyl acetate, then added tetrabutyl ammonium hydrogen sulfate
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(0.10 g, 0.28 mmol) and stirred at room temperature for 10 min. The mixture was extracted
with ethyl acetate (3 x 10 mbL), and the exiracts were combined, dried over sodium sulfate
and evaporated to give NN N-ributylbutan-1-aminium  [({(28,5R)-2-[{2-terf-butoxy-2-
oxoethoxyjcarbamoyl}-7-oxo-1,6-diazabicyclo[3.2.1]oct-6-yl}oxy)sulfonylloxidanide 92 (0.15 g,
46 % in 2 steps) as a white solid.

"H NMR (400 MHz, CDCL): 5 1.01 (12H, t, J = 7.2 Hz), 1.42 (17H, m), 1.65 (9H, m), 1.90 (1H,
m), 2.18 (1H, m), 2.34 (1H, m), 2.76 (1H, d, J = 11.8), 3.29 (9H, m), 3.91 (1H, d, J = 7.2 Hz),
4,34 (3H, m), 9.78 (1M, br s).

Step 5. Disodium [{{[{28,5R}-T-oxo-6-{sulfonatooxy}-1,6-diazabicyclo[3.2.1joct-2-
yijcafbany!}amino)oxy]acei‘aie {Compound B2, Table 1)
o) ol
gy l,
(\:l NaO O‘N/l Q
HoN
J—N
oso:., BugN* o 0SO4Na
92 . Compound 82, Table 1

To a solution ' of NN N-ributylbutan-1-aminium  [({(2S,5R)-2-[(2-fert-butoxy-2-
oxoethoxy)carbamoyi}-7-oxo-1,6-diazabicycio]3.2. 1Joct-6-yi}oxy)sulfonylloxidanide 82 (0.15 g,
0.24 mmol) in DCM (2 mL} was added trifiuoroacetic acid (0.50 mL, 6.49 mmol) dropwise at
0 °C. The reaction mixture was stirred for 1 h, then evaporated. The residue after washing
with ether (3 x) was suspended in water (5 mL) and DOWEX 50WX4 (1 g) was added. The
mixture was stirred at room temperature for 1 h, and then filtered. The filtrate was freeze-
dried, purified by HPLC and freeze-dried again to give disodium [({[{2S 5R)-7-ox0-6-
(sulfonatooxy)-1,6-diazabicycio[3.2. 1joct-2-yljcarbonyl}amino)joxylacetate  Compound 82
{Table 1} (0.012 g, 15%) as a white =olid.

'H NMR (400 MMz, CD,0OD): § 1.82 (1H, m), 1.91 (1H, m), 2.06 (1H, m), 2.22 (1H, m), 3.09
(1M, d, J = 12.0 Hz), 3.24 (1H, d, J = 10.8 Mz), 3.92 (1H, d, J = ?SHz) 414 {1H, m}, 4.25
(2H, m), 1 prolon was not observed in CD,0D.

HPLC 95.36%

MS (ES'): m/z [M-2Na+H] = 337.86.
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Example 19

(28,5R)-7-Ox0-N-{{2S)-pyrrolidin-2-yimethoxy]-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide (Compound 16, Table 1)

< NH O

A,

e 0N,
H
oF
I~

\
O 0SO,H

Step 1. teri-Butyl (23)»2-{{{{[(2S,5R}-6-(Benzy£oxy)-?-oxo-'!,S-diazabicyc!o
[3.2.1}oct-2-yllcarbonyljaminojoxylmethylipyrrolidine-1-carboxylate {94)

J J O g
HO e O~NH, )J
N -n:H 93 . _Omﬁ
J N -

To a mixture of (25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo{3.2. 1]octane-2-carboxylic acid
1 (0.200 g, 0.720 mmol, US 2005/20572 A1) in DCM (6.0 mL) were added terf-butyl (25)-2-
[(aminooxy)methyilpyrrolidine-1-carboxylate 93 (0.234 g, 1.085 mmol, US 2007/118830 A1),
1-hydroxybehzotriazoie (0.147 g, 1.085 mmol) and 1-ethyl-(3-dimethylamino propyl)
carbodiimide hydrochloride (0.208 g, 1.085 mmol) sequentially at room {emperature, The
mixture was stirred at room temperature overnight, diluted with DCM and concentrated to
provide a residue which was subjected to chromatography to give 94 (0.30 g, 88 %) as 2
white foam.

'H NMR (400 MHz, CDCly): 3 1.47 (8H, 8), 1.70 (1H, m), 1.94 (5H, m}, 2.29 (1H, m), 2.89 (1H,
d, J=12 Hz), 3.03 (1H, m}, 3.27 (1H, m), 3.36 (2H, m), 3.73 (1H, m), 3.83 (1H, m), 3.93 (1H,
m}, 4.12 (1H, m), 4.89 (1H, d, J = 11.2 Hz), 5.07 (1H, d, J = 11.2 Hz), 7.41 (5H, m), 10,12
{1+, br s). One proton was not observed in moisture-containing CDCl,.

MS (ES™): vz IM+H]" caled for CpaHasN4Os: 475.26. Found: 475,38,

145



WO 2614/091268 . PCT/AB2012/002675

Step 2. tert-Butyl (28}-2-{[{({[{(25,5R)-6-hydroxy-7-oxo-1,6-diazabicyclof3.2.1] oct-
2-yilcarbonyllaminojoxy]methyl}pyrroiidine-t-carboxyiate (95)

:N,Boc o N,BOC o
M"—'O""'N/UI”‘.Q I’-‘mo___ )Jf,"‘
. 9
N i H

94 © a5 @ oM

A mixture of fert-butyl (25)-2-{{({{(2S,5R)-6-(benzyloxy}-7-oxo-1,6-diazabicyclo [3.2.1]oct-2-
5  yljcarbonyljamino)oxylmethyhpyrrolidine-1-carboxylate 94 (0.30 g, 0.63 mmol) and Pd/C
{0.10 @) in methanol (10 mL) was hydrogenated at 1 atm at room temperature for 3 h. The
mixture was fittered through Celite pad and concentrated to provide 85 (0.26 g, quant. yield)

as a white foam.

'H NMR (400 MHz, CD;OD): & 1.48 (9H, §), 1.72-2.22 (7H, m), 3.06 (1H, m}, 3.12 (1H, m),
10 3.30 (3H, m), 3.69 (1H, m), 3.37-4.05 (4H, m). 2 protons were not observed in CD.0D.

MS (ES") m/z: [IM+H]" caled for CisHeN,Os: 385.21. Found: 385.33.

Step 3. tert-Butyl (2S)«2-{[({E(ZS,SR}-?—OXD—G-{Suifooxy)-’i,S-diazabicycio
[3.2.1]joct-2-yllcarbonyllaminojoxylmethyl}pyrrolidine-1-carboxylate {96)

i B
i N,BGC o N oc j
’.’—HOMN)J'.,.m — '_ﬂ_o_r{ .

. N e

N

H H
N, o/}—N\oso H

95 o OH 96 3

15 To a mixture of fert-butyl (25)-2-{[({{(2S,5R)-8-hydroxy-7-oxo-1 6-diazabicyclo[3.2.1] oct-2-
yllcarbonyllaminojoxylmethylipyrrolidine-1-carboxylate 85 (0.26 g, 0.67 mmol) in pyridine
(10.0 mL) was added sulfur trioxide pyridine complex (0.32 g, 2.03 mmol). The mixture was
stirred at room temperature for 23 h and concentrated to provide a residue which was
subjected to chromatography to give 86 (0.20 g, 64 %) as a white solid.

20 'H NMR (400 MMz, CD,OD}: & 1.46 (9H, s), 1.83-2.18 (7H, m), 3.10 (2H, m), 3.27 (2H, m),
3.72-4.10 (5H, m}, 4.15 (1H, m). 2 protons were not observed in CD,0D.

MS (ES"): m/z [M-HJ caled for Ci7H»/N.Oe8: 463.15, Found: 463.22.
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Step 4. {25,5R)-7-Oxo-N-{(2S)-pyrrolidin-2-ylmethoxyl-6-{suifooxy)-1,6-
diazabicyclo]3.2. Tjoctane-2-carboxamide (Compound 16, Table 1)

N
O, OSOH d '0S0H
96 compound 16, Table 1

To a mixture of teri-butyl (25)-2-{[({{{25,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo {3.2.1]o¢t—2-

5  ylcarbonyllamino)oxyimethyl}pyrrolidine-1-carboxylate 86 (0.20 g, 0.43 mmol) in DCM (4.0
mi) was added frifluoroacetic acid {0.20 mL) at 0°C. The mixture was stirred at 0°C for 1 h
and at room temperature for 2h, concentrated and washed with. ether, The white solid was
coliected by centrifugation. Half of the crude product was purified by preparative HPLC (3 %
MeOH in water) to provide Compound 16 {Table 1) (12 mg) as a white solid.

10 'H NMR (400 MHz, D,0): & 1.60-2.05 (8H, m), 3.03-3.15 (2H, m), 3.20 (2H, m), 3.78-3.90
{3H, m), 4.00-4.05 (2H, m). 3 protons were not chserved in D,O. '

HPLC: 96.10 %
MS (ESY): m/z [M-HT calcd for CiH4sMNs0;S: 363.10. Found: 363.16.

Example 20

15 (28,5R)-N-Methoxy-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]Joctane-2-carboxamide
{Compound 28, Table 1)

&
O\ jh
N "
H
QHI'H

N
o] OSO,H
Staep 1. (25,5R)-6-{Benzyloxy)-N-methoxy-7T-oxo-1,6-diazabicycio[3.2.1Joctane-2-
carboxamide (98):

o) HC, CH, O

I, O—NH, .HCI o. ),
HO™ N .

87 H
N B N,
o} o " 0 o
1 98

20
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To a mixture of (25,5R)-6-(benzyloxy)-7-o0xo-1,8-diazabicyclo[3.2. 1joctane-2-carboxylic acid
1 (0.334 g, 1.21 mmol) in DCM (25.0 mL) were added O-methylhydroxylamine 87 (C.193 g,
2.31 mmol), 1-hydroxybenzotriazole (0.25 g, 1.85 mmol), 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochloride (0.35 g, 1.82 mmol) and 4-di{methylamino)pyridine (0.34 g, 2.78
mmol) seqguentially at room temperature. The mixture was stirred at room tempertature
overnight, diluted with DCM and concentrated to provide a-residue, which was subjected to
chromatography to give (25,5R)-6-(benzyloxy)-N-methoxy-7-ox0-1,6-
diazabicycle]3.2. Tloctane-2-carboxamide 88 (0.17 g, 46 %) as a white foam.

'H NMR (400 MHz, CDCly): & 1.87 (1H, m), 1.99 (2H, m), 2.30 (1H, m), 2.80 (1H, d, J= 11.6

Hz), 3.01 (1H, m), 3.33 (1H, m), 3.77 (3H, 8), 3.92 (1H, d, J= 7.6 Hz), 4.87 (1H, d, J= 116
Hz), 4.98 (1H, d, J= 11.6 Hz), 7.36 (5H, m), 9.34 (1H, br ).

Step 2. {25,5R}-6-hydroxy-N-methoxy-7T-oxo-1,6-diazabicycio[3.2.1]octane-2-
carboxamide (99): ‘
CH, ©
{° GH; ©
O\N/U’l". O\ Jl/f,'
H —_ H
N ”” H Q e H
//] N, Bn ‘ N
o O o “OH

88

A mixiure of (285R)-6-(benzyloxy)-N-methoxy-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide 98 (0.17 g, 0.56 mmol) and 5 % Pd/C (0.2 g) in methanol (15 mL) was
hydrogenated at 10 psi for 1 h. The mixture was filtered through Celite pad and concentrated
to provide (25 5R)-6-hydroxy-N-methoxy-7-oxo-1,6-diazabicyclio]3.2. 1]octane-2-carboxamide
88 (0.12 g, quant. yield) as a white foam.

'H NMR (400 MHz, CD;0D): & 1.78-2.23 (4H, m), 3.03 (1H, d, J = 12.0Hz), 3.11 (1H, m),
3.50 (4H, m), 3.81 (1H, d, J = 7.6 Hz). 2 protons were not observed in CD,0D.

Step 3. (25,8R)-N-methoxy-T-oxo-6-{suifooxy}-1,6-diazabicyclof3.2. tjoctane-2-
carboxamide {Compound 28, Table 1) ‘
0 0
HiCo gy HaCog -
H IQ-"H e H I\Q"*H
o//L_‘N‘QH O}_“N\OSO;;H

o compound 28, Table 1
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To a mixture of (28 5R)-6-hydroxy-N-methoxy-7-oxo-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide 98 (0.12 g 0.55 mmofl) in pyridine (7.0 mL) was added sulfur trioxide pyridine
complex {(0.35 g, 2.20 mmol). The mixture was stirred at room temperature for 23 h and
concentrated to provide a residue, which was purified by chromatography and again purified
5 by HPLC and freeze-dried to give (255R)-N-methoxy-7-oxo-8-(sulfooxy)-1,6-
diazabicycio[3.2.1Joctane-2-carboxamide compound 28 (Tabie 1) (0.02 g, 12 %) as a white

solid,

'H NMR (400 MHz, CD,0D): § 1.81-1.96 (2H, m), 2.09 (1H, m), 2.21 (1H, m), 3.08 (1H, d, J
=11.6 Hz), 3.24 {(1H, m), 3.71 (3H, s), 3.80 (1H, d, J = 6.8 Hz), 4.14 (1H, m). 2 protons were
10  not observed in CD,0D.

HPLC 96.87 %

MS (ES): miz [M-HI = 293.89
Example 21

{28,5R)-N-{(1-methyl-1H-imidazol-5-yimethoxy]-7-oxo-6-({sulfooxy)-1,6-
15 diazabicyclo[3.2.1}octane-2-carboxamide (Compound 137, Table 1)

/
- o
h%rj—n\o_“/u/h,
| Ho N
)—N\ OE

0 O-5-0H
Step 1. {28,5R)-6-{benzyloxy)-N-I{1-methyl-1H-imidazol-5-yi}methoxy}-7-ox0-1,8-
dizzabicyclol3.2. 1joctane-2-carboxamide {101)
/
M

o N o
H 0)1/,,, 100 . N’f/ f\ow M,
N JiH H Q i
‘4 N\
O OAph 0}-‘ N\O/\Ph

1 : 101

20 To a mixture of (ZS,5F€')-6»(benzyloxy}~?~oxo-1,'6~diazabicyclo[3.2.1]octanev2-carboxyﬁc acid
1 (0.250 g, 0.805 mmol) in DCM (10.0 mL) was added 5-[(amincoxy)methyi]-1-methyl-1H-
imidazole 100 (0.172 g, 1.358 mmol), 1-hydroxybenzotriazole (0.183 g, 1.358 mmol) and 1-
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ethyl-(3-dimethylaminopropyl) carbodiimide hydrochioride (0.260 g, 1.358 mmol) sequentially
at room temperature. The mixiure was stirred at room temperature overnight, diluted with
DCM and concentrated to provide a residue which was subjected to chromatography to give
101 (0.40 g, quantitative yield) as a white foam.

M NMR (400 MHz, CDCly): & 1.56 (1H, m), 1.91 (2H, m), 2.21 (1H, m), 2.65 (1H, d, J = 12.0
Hz), 2.95 (1H, d, J = 11.6 Mz), 3.30 (1H, ), 3.82 (3H, &), 3.91 (1H, d, J = 11.2 Hz), 4.84 (3H,
m), 5.04 (1H, d, J= 11.6 Hz), 7.05 (1H, s, 7.33 (5H, m), 7.62 {1H, s).

MS (ES™) m/z: [M+HT caled for CooHysNsO,: 386.2. Found: 386.1.

Step 2. {28,5R)-6-hydroxy-N-[{1-methyl-1 H—Emidazéims-y‘i)meihoxy}ﬂ—oxou'l 46
diazabicycio(3.2.1joctane-Z-carboxarmide (102)

/ N/ ‘ :
N (8] F O
.4 R VaNws
Hooy dam - N A
N SN

\/\ .
g 0 e o OH

101 _ 102

A mixture of (28 5R)-6-(benzyloxy)-N-[(1-methyi-1H-imidazol-5-yl)methoxy]-7-ox0-1,6-
diazabicyclof3.2. 1joctane-2-carboxamide 101 (0.40 g, 0.80 mmol) and Pd/IC (0.13 ¢g) in
methanol (20 mL) was hydrogenated at 1 atm at room temperature for 3 h. The mixture was
fitered through Celite pad and concentrated to give a residue which was subjected to
chraomatography to give 102 (0.21 g, 75 %) as a white foam.

*H NMR (400 MHz, CD,0D): §01.74 (1M, m), 1.89 (1H, m), 2.04 (1H, m), 2.15 (1H, m), 2.91
(1H, d, J = 12.0 Mz), 3.08 (1H, m), 3.67 {(1H, 5), 3.78 (1M, d, J = 6.8 Hz), 3.85 (3H, s), 4.92
(ZH, m), 7.07 (1H, s), 7.73 (1H, s). 2 protons were not observed in CD,0D.

MS (ES") mvz: [M+H]" caled for CiaHiaNsG,: 296.13. Found: 296.10.

Step 3. {28, 5R}-N-[{1-methyl-1 H-imidazol-5-yl)methoxy]-7-ox0-6-{sulfooxy}-1,6-
diazabicyclio[3.2.1joctane-2-carboxamide (Compound 137, Table 1}.
N/ /

o N ’ O
i | i
N\'}_\O"—ﬁ)"" N%O—N'Ji"'

N Ho n

)-——“N\ )-—N

O OH o "0804H
102 Compound 137, Table 1
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To a mixture of (25 5R)-6-hydroxy-N-[(1-methyl-1H-imidazol-5-ylymethoxy}-7-oxo-1,6-

diazabicyclo[3.2.1]octane-2-carboxamide 102 (0.21 g, 0.71 mmol) in pyndine (6 mlL) was

added sulfur trioxide pyridine complex (0.33 g, 2.13 mmol). The mixture was stirred at room

temperature for 23 h and concentrated to provide a residue which was subjected to flash
5 chromatography to give Compound 137 (Table 1) (64 mg) as a white solid,

'H NMR (400 MHz, D,0): 801.62 (1H, m), 1.75 (1H, m), 1.91 (2H, m), 2.82 (1H, d, J= 116
Hz), 3.13 (1H, d, J = 11.2 Hz), 3.86 (3H, s}, 3.89 (1H, s}, 4.05 (1H, s8), 4.93 (2H, s), 7.49 {1H,
s}, 8.81 (1K, s). Two protons were not observed in D,O.

HPLC: 98.14 %
10 MS (ES) myz: [M-HY caled for CoHisNs0O-S: 374.1. Found: 373.9.

Example 22

1-{Acetyioxy}ethyi (35)-3-[({l[{25,5R}-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1Joct-2-
~ yijcarbonyllaminojoxylpyrrolidine-1-carboxylate (Compound 101, Table 1)

i
. .O\N,l;,,.
>—Nj RN

o o J—N
}—_0 o ‘0S0O5H

15 Step 1. i4{Acetyloxyjethyl (38)-3-[{{[(28,5R)-T-ox0-6-(sulfooxy}-1,6-
diazabicyclo[3.2.1]oct-2-yllcarbonyl}aminoloxylpyrrolidine-1-carboxylate
{Compound 101, Tabie 1)

O
A ,
N 0§ ,\QN_,,H s /[OJ\OJ\OJJ\OQ/&O

o OS0;H
compound 2, Table 1 103

O
.

= BT

o o] 0S0O;H

compound 101, Table 1 ;

To a mixture of (28,5R)-7-ox0-N-[(38)-pyrrolidin-3-yloxy]-6-(suifooxy)-1,6-
20  diazabicyclof3.2. 1]octane-2-carboxamide Compound 2 (Table 1) (0.030 g, 0.086 mmol,
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Example 2) in DMF (dimethyl formamide) (1.5 mlL) was added 1-{{(4-
nitrophenoxy)carbonyiloxylethyl acetate 103 (0.027 g, 0.102 mmol, J. Med. Chem., 1988, vol
31, 2, p318-322) and triethylamine ((.023 mL, 0.171 mmol} sequentially at room temperature.
The mixture was stirred at room temperature ovemnight, diluted with DCM and concenirated
to provide a residue, which was subjected to chromatography and preparative HPLC to give
Compound 101 (Table 1) (0.011g) as a white solid.

'H NMR (400 MHz, CD;0DY: 5 1.47 (3H, m), 1.82-2.00 (2H, m), 2.04-2.06 (3H, m), 2.10 (1H,
m), 2.27 (2H, m), 3.08 (1H, dd, J = 4.2, 12.0 Hz), 3.24-3.30 (2H, m), 3.41-3.53 (3H, m), 3.85
(1H, m), 3.94 (1H, d, J = 7.6 Hz), 4.15 (1H, s), 4.62 (1H, 5), 6.76 (1H, m).

2 protons were not observed in CD.0OD.
HPLC: 86.89 %

MS (ES): mvz [M-H] calcd for CigHpsN4O1,S: 479.11. Found: 479.04.
Exampie 23

(28,5R)-7-oxo-N-{piperidin-2-yimethoxy)-6-(suffooxy)-1,6-diazabicyclof3.2.1Joctane-2-
carboxamide trifiuoroacetate (Compound 50, Tabie 1)

Oy e

H N glis!

I—N_§
‘ 8]

N i

Onﬁ—OH
o
Step 1. fert-butyl 2-[(aminaoxy}methyl}piperidinew‘I »carboxy!ate {105)
?0{: Q $w
ENJ/\OMN:;Q - C)/\o—waz
a
%04 | 105

To a mixture of terf-butyl 2-{[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yloxylmethyl}piperidine-i-
carboxylate 104 (1.50 g, 4.16 mmol) in a solution of methanot (20 mlL) was added-
methylhydrazine hydrate (4.16 mmol) at room temperature. The mixture was stirred at room
temperature overnight, filtered and concentrated fo provide a residue which was subjected to
chromatography to give 105 (0.50 g, 53 %) as a white solid.

'H NMR (400 MHz, CDClg): & 1.36-1.60 (15H, m}, 2.75 (1H, m), 3.53 (1H, m), 3.91 (2H, m),
4.57 (1H, brs), 570 (2H, br s).
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Step2. tert-butyl 2-{[{{[(25,5R)-6-{benzyloxy}-7-oxo-1,6-diazabicyclo]3.2.1] oct-2-
ylJearbonyllamincjoxy]methyl}piperidine-1-carboxylate (106}

‘ $oc '
M
O—NH
i GG
Ho 195 ,
N Qi

N, N

1 106

To a mixture of (285, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]Joctane-2-carboxylic acid

5 1 (0250 g, 09065 mmol) in DCM (150 mlL) were added fert-butyli 2-
[{amincoxy)methyljpiperidine-1-carboxylate 405  (0.312 g, 1.358  mmol), 1-
hydroxybenzotriazole (0.183 g, 1.358 mmol) and 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochloride (0.260 g, 1.358 mmol) sequentiially at room temperaiure. The
mixture was stirred at room temperature avernight, diluted with DCM and concentrated to

10 provide a residue which was subjected o chromatography to give 106 {0.40 g, 91 %) as a
white foam.

'H NMR (400 MHz, CDCly): 6 1.41 (8H, m), 1.61 (BH, m), 1.7 (2H, m), 2.29 (1H, m), 2.78

(3H, m), 2.97 (1M, m), 3.26 (1H, m}, 3.70 (1H, m), 3.99 (2H, m), 4.15 (1H, m), 4.51 (1H, m),

4.88 (1H, d, J = 11.6 Hz), 5.06 (1H, m), 7.42 (5H, m). One proton was not observed in
15 moisture corfaining CDCI;.

MS (ES) mvz: [M-H] caled for CasHasNyOg: 487.2. Found: 487.1.

Step 3. fert-butyl 2-{{{{{25,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-
yijearbonyl}amine)oxy}imethyl}piperidine-i-carboxylate (107}
B
]

oc 8] Boc O
£
N O“NJ!,I" - Y OwN/th‘
Hoon 'HE HoN M
SN J—N
o 0 ppy - o "OH

elirg

106

20 A mixture of tert-butyl 2-{[({[(2S 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclof3.2. 1}oct-2-
yllcarbonyilamino)oxylmethylipiperidine-1-carboxylate 168 (0.40 g, 0.82 mmol) and Pd/C
{0.13 g) in methano! (20 mL) was hydrogenated at 1 atm at room temperature for 3 h. The
mixture was filtered through Celite pad and concentrated to give 107 (0.33 g, guantitative
yield) as a white foam. '
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'H NMR (400 MHz, CD,0OD): § 1.45 (9H, s), 1.60 (5H, m), 1.80 (2H, m), 1.93 (1H, m), 2.04
(1H, m), 2.21 (1H, m), 2.84 (1H, m), 2.99 (1H, m), 3.31 (1H, m), 3.68 (1H, s), 3.89 (1H, 5),
4.02 (3H, m), 4.47 {1H, m). Two protons were not observed in CD;0D.

MS (ES") m/z: [M+H]" calcd. For CigHaiN.Os: 399.2. Found: 399.1,

Step 4. tert-buty! 2-{[{{[(25,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyciof3.2.1joct-2-
vilcarbonyljaminojoxylmethyl}piperidine-i-carboxylate (108)

Boc ﬁ Boc o
N O"N /s, ) N O_N /‘LL/,_
H N HH o H N 1%
}——N\ }-—-N Q
o OH o '0-§-OH

w7 ' 168

Tec a mixure of ferf-butyl 2~{[({[(28,5R}-6-hydroxy~7-oxo—1 ,8-diazabicyclof3.2.1]oct-2-
yllcarbonyl}amino)oxylmethylipiperidine-1-carboxylate 107 (0.33 g, 0.83 mmol) in pyridine
(4.0 mL) was added sulfur trioxide pyridine complex {(0.38 ¢, 2.48 mmol). The mixture was
stirred at room temperature for 23 h and concentrated to provide a residue which was
subjected to chromatography to give 108 {0.27 g, 69 %) as a white foam.

'H NMR (400 MHz, CD;0D): 6 1.45 (10H, m), 1.63 (4H, m), 1.84 (2H, m), 1.92 (1H, m), 2.06

{(1H, m), 2.21 (1H, m), 2 87 (1H, m), 3.08 (TH, m}, 3.24 (2H, m), 3.91 (2H, m), 4.03 (1H, m),
4,14 (TH, m), 4.46 (1H, m). Two protons were not observed in CD.0D.

Step 5. {28,5R}-7-oxo-N-{piperidin-2-yimethoxy)-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide triflucroacetate (Compound 50, Table 1)
Boc - /(li) H o
N N P

O-N" - o-N" " TFA
O Sy,
N j O
o '0-§-OH & Mo-L-om
0 o
168 : ' Compound 56 , Table 1

To a mixture of fert-butyl 2-{[({{(2S,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1joct-2-
yllcarbonyllamino)oxyjmethyilpiperidine-1-carboxylate 108 (0.27 g, 0.58 mmol) in DCM (8.0
ml) was added triflucroacetic acid (0.40 mL) at 0°C. The mixture was stired at 0°C for 3 h,
concentrated and washed with ether, EtOAc and DCM to give TFA salt of Compound 50
{Table 1) (61 mg) as a white solid as a pair of diastereomers.
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'H NMR (400 MHz, D,0): & 1.38 (2H, m), 1.54 (1H, m), 1.75 (5H, m), 2.01 (2H, m), 2.85 {(1H,
m), 3.00 (1H, m), 3.21 (1H, m), 3.36 (2H., m), 3.91 (3H, m), 4.08 (1H, s). Three protons were
not observed in D,0. '

HPLC: 9523 %

5 MS (ES) m/z [M-HJ caled for Cy3H2N.0-8: 377.1. Found: 377.0.
Example 24

Sodium ({[(2S,5R)-2-({[(33)-1-methylpyrrolidin-3-yljoxy}carbamoyl)-7-o0x0-1,6~
diazabicyclo[3.2.1]oct-6-ylJoxy}sulfonylloxidanide {Compound 149, Table 1)

Q\o)q

OSO3Na

10 Step 1. (25,5R)-6-(benzyloxy}-N-{[{3S}-1-methylpyrrolidin-3-yljoxy}-7-ox0-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide (110}

L / 0. /”
Ho) m 108 - Q )
a fagl . N el
I?J\/!éd H / )———N\
c (S © O pn

110

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-digzabicyclo[3.2. 1]octane-2-carboxylic acid
1 (0.25 g, 0.80 mmol, US2005/20572 A1, 2005) in DCM (20 mL) was added (35)-3-
16 (aminooxy)-1-methylpyrrolidine 409 (0.32 g, 1.32 mmol, J. Med. Chem., 2008, 51, 4601-
4608), 1-hydroxybenzotriazole (0.18 g, 1.33 mmol), and 1-ethyl-(3-dimethylamino propyl)
carbodiimide hydrochioride (0.26 g, 1.36 mmob) sequenﬁaﬂy at room temperature. The
mixture was stirred at rocom temperature overnight, then concenfrated in vacuo {o provide &
residue, which was subjected to chromatography to give 110 (0.26 g, 77 %) as a yellow foam.

20 'H NMR (400 MHz, CDCl,): 8 1.60 (1H, m), 2.00 (4H, m), 2.26 (4H, m), 2.71 (1H, d, J = 11.7
Hz), 2.84 (1H, m), 2.83 (4H, m), 3.12 (1H, m), 3.30 (1H, m), 3.97 (1H, d, J = 6.3 Hz), 4.74
{1H, brs), 4.90 (1H, d, J= 11.3 Hz), 5.04 (1H, d, J= 11.3 Hz), 7.39 (5H, m).

MS (ES™) m/z: [M+H]" calcd for CiobpyNaO4 375.20. Found: 375.21
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Step 2. (25,5R)-6-hydroxy-N-{[(38)-1-methyipyrrolidin-3-yHoxy}-7-0x0-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide {111)

i i
O‘\\O\N/LI“ - (j.\“(j‘-N/II".§
N H N cripd " N H N H
/ )—N\O/\ / /=N,

“Ph ‘ G OH

110 114

A mixture  of (28,5R)-6-(benzy£oxy)—i\!—{[(3S)—1-methyipyrroiidin~3-yl]oxy}—?—oxo-'l,6-
5 diazabicyclo[3.2 1]Joctane-2-carboxamide 110 (0.26 g, 0.69 mmol) and Pd/C (0.50 g) in

methanol (25 mL) was hydrogenated at 20 psi at room temperature for 2 hours. The mixture

was filtered through a Celite pad and concentrated to provide 111 (0.20 @) as a white foam.

'H NMR (400 MHz, CD,;0D): 8 1.99 (3H, m), 2.29 (3H, m), 2.99 (3H, s), 3.03 (1H, d, J= 117
Hz}, 3.15 (1H; m), 3.41 (2H, m), 3.66 (2H, d, J = 13.3 Hz), 3.71 (1H, brs), 3.89 (1H, d, J =
10 7.8 Hz), 4.74 (1H, m). 2 protons were not cbserved in CD,0D.

MS (ES™) myz: [M+H]" calcd for CioHuNO,: 285.16. Found: 285.19.

Step 3. Sodium ({[(28,5R)-2-({{(35)-1-methylpyrrolidin-3-y[loxy}carbamoyl})-7-
oxo-1,6-diazabicyclol3.2. 1]oct-6-yloxylsulfonyl)oxidanide (Compound 149, Table
1)
9

;
\o ,“ | (j-‘o‘w)”'-
q e, N H N it

/ )———N

o] "OSO,Na

15 ' 111 Compound 148, Table 1

To a mixture of (285R)-8-hydroxy-N-{[(3S)-1-methyipyrrolidin-3-yljoxy}-7-oxo-1,6-
diazabicyclo}3.2 1joctane-2-carboxamide 111 (0.21 g, 0.74 mmol) in pyridine (5 mL) was
added sulfur trioxide pyridine complex (0.24 g, 1.51 mmol). The mixture was stirred at room
temperature overnight. The mixture was concentrated in vacuo, then diluted with toluene and
20 concentrated in vacuo (repeated itwice). The residue was washed with DCM, then the
organics were decanted off to give a sticky residue (repeat twice). The residue was dried to
give an off white solid. The crude product was passed through a resin column (DOWEX 50W
X4) eluting with water, then lyophilized to afford Compound 149 (Tabie 1) (0.017 g, 8 %,
over 2 steps) as sodium salf as a white solid.
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"H NMR (400 MHz, D,0O): 8 1.76 (2H, m), 1.87 (2H, m), 2.15 (1H, m), 2.28 {1H, m), 2.84 (3H,
8), 2.99 (1H, d, J= 12,1 Hz), 3.18 (1H, d, J = 12.5 Hz), 3.30 (2H, br m), 3.54 (2H, br s), 3.92
(1H, d, J= 5.5 Hz), 4.05 (1H, d, J = 3.1 Mz}, 4.65 {1H, m), 2 protons were not observed in
Dzo. )

HPLC: 93.67 %.

MS (ES") m/z: [M-HT caled for CqoH1gN4O;S: 363.10. Found: 363.05,
Example 25

{28,6R)-N-{[trans-3-(methylamino)cyclopentylloxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicycle[3.2.1]octane-2-carboxamide (Compound 45, Table 1)

C{) _
0.y, M,
H

sagen

HM
N

Step 1. cis-3-(methylaminojcyclopentanol (113)

Boc OH
W=<T — T
: /
112 113

To an ice-cold mixture of tfert-butyl [cis (1R,3R)-3-hydroxycyclopentyllcarbamate 142 (0.32 g,
1.58 mmol, US2005/54658 A1, 2005) in tetrahydrofuran (10 ml) was added lithium
aluminum hydride {1 M solulion in tetrahydrofuran, 3.2 mil., 3.2 mmol). The mixture was
refiuxed for 4 hours, cooled to room femperature then guenched with a minimum amount of
saturated sodium sulfate solution. Solid sodium suifate was added to the mixture to give a
suspension, The mixiure was filtlered through a pad of Celite, ant the filrate was
concentrated in vacuo to afford 113 as coloriess oil, The oil was used in the next step without

further purification.

'H NMR (400 MHz, CDCla): 8 1.54 (1H, m), 1.66 (1H, m), 1.83 (4H, m), 2.38 (3H, 5), 3.21 (1H,
m), 4.24 (1H, m}.

MS (ES™) mv/z: [M+H]" caled for CgH,,NO: 116.11. Found: 116.05.
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Step 2. tert-butyl (cis-3-hydroxycyciopentylmethylcarbamate (114}
OH
HN~—O/ Boc __OH
/ N N
/ @/
113 114

To a mixture of cis-3-(methylamino)cyclopentanol 113 (1.58 mmeol) in DCM {20 mL) was'
added di-fert-butyldicarbonate (0.35 g, 1.5¢ mmol) followed by friethylamine (0.45 mlL, 3.23
mmaoi). The mixture was stirred at room temperature overpight, then concentrated in vacuo o
give a yeliow oil which was purified by chromatography to give 114 (0.18 g, 52 %, over 2
steps) as a white foam.

'H NMR (400 MHz, CDCl3): § 1.46 (9H, s}, 1.64 (2H, m), 1.78 (2H, m), 1.94 (1H, m}), 2.18 (1H,
ddd, J=15.1, 9.2, 5.9 Hz), 2.83 (3H, s), 4.23 (2H, m). 1 proton was not cbserved in CDCls.

MS (ES") m/z; [M+H]" calcd for CyHxNO3: 216.16. Found: 216.15.

Step 3. teri-butyl {trans-3-[(1,3-dioxo-1,3-dihydro-2f-isoindol-2-
vi}oxvicyclopentylimethvicarbamate (115)
0
Boc _  oH Boc O,
N N
T — T

114 115

An ice-cold mixture of terf-butyl (cis~3~hydroxycyciopenfyl)methylcarbamate 114 (019 g, 0.88
mmol), A-hydroxyphthalimide (0.29 g, 1.78 mmol), and triphenylphosphine (0.46 g, 1.75
mmol} in tefrahydrofuran (10 mL) was treated with diisopropylazodicarboxylate (0.40 g, 1.98
mmot). The mixiure was stirred at room temperaiure overnight, then concentrated in vacuo 1o
a yeliow foam which was purified by chromatography 1o give 115 (0.19 g, containing DIAD
byproduct) as a yeliow oil. The mixture was used in the next step without further purification.

'H NMR (400 MHz, CDClg): § 1.89 (2H, m), 2.04 (2H, m), 2.20 (2H, m), 2.77 (3H, s), 4.95 (2H,
m), 7.76 (2H, m), 7.85 (2H, m).

MS (ES") m/z: [M+H]" caled for CioHasN:Os: 361.18. Found: 361.15.

Step 4. tert-butyl {trans-3-(amincoxy)cyclopentyijimethylcarbamate (116)

0
Boc O. Boc IS,
T m — ;h@/ NH;
/ /

115
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A mixture of tert-butyl {trans-3-{(1,3-dioxc-1,3-dihydro-2H-isoindol-2-
ylioxylcyclopentylimethylcarbamate 115 {0.19 g, 0.53 mmol) was treated with hydrazine
hydrate (0.03 g, 0.60 mmol). The mixture was stirred at room temperature for 2 hours. The
solid was filtered off and the filirate was concentrated in vacuo. The residue was diluted with
DCM, and the insoluble solid was filtered off. The filtrate was concentrated in vacuo o give
an oil which was purified by chromatography to give 116 (0.09 g, 44 % over 2 steps) as a
light yellow oil.

TH NMR (400 MHz, CDCla): § 1.46 (8H, §), 1.53 (1H, m), 1.68 (2H, m), 1.95 (3H, m), 2.72 (3H,
s), 4.20 (1H, m), 4.60 (1H, br s), 5.28 (2H, br s).

MS (ES™) m/z. [M+H]" calcd for CiiHzN,O5: 231.17. Found: 231.15.

Step 5. fert-butyl {trans-S-{({{(zs,SR)-S-(benzyioxy}-T~oxo~1,6-
diazabicyclo[3.2.1joct-2-yllcarbonyl}aminc)oxylcyclopentylimethylcarbamate (117)

) /&‘O/ e
0
o q 116 o, L.
N N 1 o g ) H Q' \ ’H
) . —N //L— N,
Boc 0 O/\Ph

1 | 17

To a mixture of (23, 5R)-6-(benzyioxy)-7-oxo-~1,6-diazabicyclo]3.2. t]octane-2-carboxylic acid
1 (0.25 g, 0.90 mmol, US2005/20572 A1, 2005) in DCM (20 mL) was added feri-buty! [trans-
3-(amincoxy)cyclopentylimethyicarbamate 116 (0.32 g, 1.39 mmol), 1-hydroxybenzotriazole
(0.18 g, 1.33 mmof), and 1-ethyl-{3-dimethylamino propyl) carbodiimide hydrochlcride (0.26 g,
1.36 mmol) sequentially at room temperature. The mixture was stirred at room temperature
for & hours, then concentrated in vacuo fo provide a residue which was subjected to
chromatography to give 117 (0.45 g, contains some byproduct) as a white foam.

'H NMR (400 MHz, CDCly): 5 1.45 (8H, ), 1.77 (10H, m), 2.31 (1H, m), 2.72 (3H, §), 2.78
(1H, dd, J = 11.3, 3.1 Hz), 3.15 (1H, br d, J = 14.1 Hz), 3.30 (1H, br s), 3.96 (1H, brd, J= 74
Hz), 4.60 (2H, m), 4.90 (1H, d, J = 11.3 Hz), 5.05 (1H, d, J= 11.3 Hz), 7.40 (5H, m).

MS (ES™} m/z: [M+H]" calcd for CysHerN.Os: 489.27. Found: 489.20.
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Step 6. tert-buty! {trans-3-[{{[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-
2-.yllcarbonyljamino)oxyleyclopentylimethylcarbamate (118}

: o
O\N/u//,) O\N/{"h‘
sayel SEget
? —— e g
] /"—“N\ "“"N‘
‘Boc O 0 py

117 118

A mixture of tert-butyl {trans-3-[({[(25,5R)-6-{benzyloxy)-7-oxo-1,6-diazabicyclo[3.2.1joct-2-
5> yljcarbonyllaminojoxy]cyclopentylimethylcarbamate 147 (0.90 mmol) and Pd/C (0.50 g) in

methanol (20 ml.) was hydrogenated at 30 psi at room temperature for 1 hour. The mixture

was filtered through a Celite pad and concentrated to provide 118 (0.40 g) as a white foam. '

"H NMR (400 MHz, CO,0D): & 1.46 (8H, s), 1.80 (9H, m), 2.20 (1H, m), 2.74 (3H, s}, 3.11
(2H, m), 3.70 {1H, br 8), 3.83 (1H, d, J = 7.4 Hz), 4.50 (1H, br s), 4.67 (1H, m). 2 protons
10 were not observed in CD;0D.

MS (ES™) miz: [M+H]" calcd for CigH30N,Qs: 399.22. Found: 399.15.

Step 7. tert-butyl methyltrans-3-[({[(25,5R)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1Joct-2-yljcarbonyl}amino)oxyjcyclopentyl}carbamate (119)

O
O
|
O\N/[I’J,' O\NJH,'
O e ———
Boc O =

N N

‘Boc O OH

N

0O OH

]

O

118 119

16 To a mixture of tert-butyl {trans-3-[({[(28 5R)-8-hydroxy-7-oxo-1,6-diazabicycic[3.2.1joct-2-
ylicarbonyl}amino)oxy]cyciopentyfimethylcarbamate 118 (0.40 g, 1.00 mmol) in pyridine (10
mL) was added sulfur trioxide pyridine complex (0.24 g, 1.50 mmol). The mixture was stirred
at roorn temperature for 3 days. The reaction showed littie conversion to the product by "H
NMR. Additonal sulffur trioxide pyridine complex (0.46 g, 2.90 mmol ) and pyridine (5 mL.)
20 were added to the mixiure, and stirring was continued for 1 day. Conversion was 50 % by 'H
| NMR, so more sulfur trioxide pyridine complex (0.62 g, 3.90 mmol) and pyridine (10 miL.)
were added, and stirring was continued for 1 day. The solid was filtered off and the filtrate
was concentrated in vacuo. The residue was diluted with DCM and the solid was filtered off
again. The filtrate was concentrated in vacuo, then subjected to chromatography to give 119

25 (0.20g, 47 %, over 3 sieps) as a pale yellow solid.
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H NMR (400 MHz, CDsOD): § 1.46 (9H, s), 1.87 (84, m), 2.18 (1H, m), 2.74 (3H, s). 3.10
(1H, d, J =117 Hz), 3.27 (1H, m), 3.91 (1H, d, J = 7.0 Hz), 4.15 (1H, br s}, 4.51 (1H, br s),
4.79 (1H, m). 2 protons were not observed in CO,0D.

MS (ES) m/z: [M-H] caled for CiaHaeN,0:S: 477.17. Found: 477.04.

Step 8. (2S,5R}-N-{[trans-3-{methylamino}cyclopentyiloxy}-7-oxo-6-{sulfooxy}-
1,6-diazabicyclo[3.2.1]octane-2-carboxamide (Compound 45, Table 1)

o
| - Q
Oy . o. .
I — g : QH
_ J—N
N\BDC o ‘0~8~0H HN_ /"—N

o 7
S 0-§-0H
o

=0

O‘;

19 Compound 45, Table 1

To a rixture of tert-butyl methyl{trans-3-{{{{(2S,5R)-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2. 1joct-2-yljcarbonyl}aminojoxy]cyclopentyljcarbamate 118 (0.20 g, 0.42
mmol) in DCM (4.0 mL) was added trifluoroacetic acid (0.20 mL) at 0 °C. The mixture was
stirred at 0 °C for 30 minutes, then at room temperature for.2 hours. The mixture was
concentrated in vacuo to give a yellow oll, then diluted with diethyl ether and sonicated. The
suspension was filtered to give an off-white solid. The solid was purified by trituating with
methanol and diethyl ether to give a white suspension. The white solid was collected by
vacuum filiration (hygroscopic) to give a residue on the filter paper. The residue was washed
with methanol and diethyl'ether, and the washings were discarded, The residue was
dissolved in water and the agueous solution was lyophilized fto a white solid to afford
Compound 45 (Table 1) (45 mg, 22 %, as 2 mixture of diasterecisomers, trifluoroacetate

salt) as a white solid.

'H NMR (400 MiHz, D,0): § 1.72 (6H, m), 1.98 (3H, m), 2.17 (14, m), 2.28 (1H, m), 2.57 (3H,
§), 298 (1H, dd, d, J= 121,47 Hz), 319 (1H, d, J= 11.7 Hz), 363 (1H, m), 384 (1H, d, J =
7.4 Hz), 4.07 (1H, d, J = 3.1), 4.50 (1H, d, J = 2.0 Hz). 2 proions were not observed in D,0.

®F NMR (376 MHz, D,0): 6 -76.05.
HPLC: 0.9 %

MS (ES") m/z: [M-HT calcd for C1sHpN.0;S: 377.11. Found: 377.05.
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Example 26

Sodium [{{{2S,5R)-2-{(1H-imidazol-4-yimethoxyjcarbamoyl]-7-ox0-1,8-
diazabicycio[3.2.1Joct-6-yijoxy)sulfonyljoxidanide {Compound 142, Table 1)

S 9]
HN )
\?K—-o-——w) q
H N |
=N Q

Q O~§-ONa

5 Stepi.  tert-butyi 4-{j(1,3-dioxo-1,3-dihydro-2H-iscindol-2-yhoxylmethyl}-1 M-
imidazole-1-carboxylate (121}

"~ To a mixture of 2-hydroxy-1H-isoindole-1,3(2H)-dione (2.70 g, 16.6 mmol), fert-butyl 4-

{(hydroxymethyl}-1H-imidazole-1-carboxylate 120 (Bull. Chem.Soc., Japan, 2002, Vol 75, No

10 11, 2517-2526, 1.64 g, 8.27 mmol) and triphenyiphosphine (4.34 g, 16.8 mmol} in THF (100

ml) was added DIAD (2.52 mL, 18.2 mmol) slowly at room temperature. The resulting

mixture was stirred at _roor'h temperature overnight and concentrated {o provide a residue
which was subjected to chromatography to give 121 (1.7 g, 61 %) as a white foam,

'H NMR (400 MHz, CDCls): 5 1.61 (9H, ), 5.17 (2H, m), 7.56 (1H, §), 7.84 (2H, m), 7.82 (2H,
15 m), 8.01 (1H, s).

MS (ES™) m/z: [M+H]" caled for Ci7H4aNaOs: 344,13, Found: 344.08.

Step 2. fert-buty! 4-[(aminooxy)methyl]-1 H-imidazole-1-carboxylate {122)
A= @] S=N
Boc—N Bot~N
o —_
\/LOWN R \/k(}_——NHz
0 122
121

To a mixiure of ferf-butyl 4-{[(1,3-dioxo-1,3-dihydro-2H-iscindol-2-yhoxyimethyl}-1H-
20  imidazole-1-carboxylate 121 (1.72 g, 5.00 mmol} in a solution of DCM (20 mL.) and ethanol (4
mL} was added hydrazine hydrate (0.287 mlL., 5.00 mmel) at room temperature. The mixture

162



10

15

20

WO 2014/091268 PCT/AB2012/002675

was stirred at room {emperature overnight, filtered and concentrated {o provide a residue
which was washed with ether and methanol to give 122 (0.54 g, 51 %) as a white solid.

H4 NMR {400 MHz, CDClL): 5 1.62 (9H, m), 4.54 (2H, ), 5.51 (2H, br s), 7.38 (1H, s), 8.06
(1H, s).

MS {ES") m/z. [M+H]" calcd for CoHigNaOs: 214.12. Found: 214.09.

Step 3. tert-butyl 4—{{({[{23,5R)-6-(benzyloxy)—7woxo-1,B-diazabicycla [3.2.1}oct-2-
ylicarbonyijaminoloxyimethyll-1 H-imidazole-t-carboxyiate {123)
/=N

EOCMN\/&
—
0 O—NH, /=N O

/)_i BOCMN\& f
HO™ 122 R o’
N i - H N \A- i
N, SN
o 0 pn o
1 123

DN
0" “pp

To a mixwre of (28,5R}—8-(benzyloxy)—?—oxo—?,é»diazabicycio{s.z.j]octane—z-carboxyﬁc acid
1 (0.250 g, 0.805 mmol) in DCM (10.0 ml) was added fert-butyi 4-[(aminooxy)methyl}-1H-
imidazole-1-carboxylate 122 (0.289 g, 1.358 mmol), 1-hydroxybenzotriazole (0.183 g, 1.358
mmol) and 1-sthyl-(3-dimethylaminopropyl} carbodiimide hydrochloride (0.260 g, 1.358
mmol} seguentially at room temperature. The mixture was stirred at room temperature
overnight, diluted with DCM and concentrated to provide a residue which was subjected to
chromatography to give 123 (0.40 g, 94 %) as a colorless oil.

'H NMR (400 MHz, CDCl5): 8 1.62 (9H, s), 1.95 (3H, m), 2.34 (1H, dd, /= 6.0, 14.4 Hz), 2.76
(1H, d, J = 11.6 Hz), 3.00 (1H, m), 3.28 {1H, s), 3.83 (1H, d, J = 6.8 Hz), 4.86 (3H, m), 5.06
(1H, d, J = 11.6 Hz}, 7.40 (6H, m), 8.10 (1H, s). One proton was not observed in moisture-
containing CDCl,.

MS (ES™) m/z. [M+H]" calcd for CasHagNsOg: 472.22. Found: 472.11.

Step 4. tert-butyl 4-{[{{[{25,5R)-6-hydroxy-7-oxo-1,6-diazabicycio[3.2.1Joct-2-
yijcarbonyllamincjoxyimethyi}-1 H-imidazole-1-carboxylate {124).

= r=
BOC‘-«N\/)N\C )O] Boc«-N\% j
H N i H N o
}“N )———N
o 0 Ven 124 o OH
123
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A mixture of fert-butyl 4-{[({[(2S,5R)-6-(benzyioxy)-7-ox0-1,6-diazabicycio[3.2.1Joct-2-
yilcarbonyllamino)oxylmethyl}-1H-imidazole-1-carboxyiate 123 (0.40 g, 0.85 mmol) and Pd/C
(0.10 g) in methano! (15 mL) was hydrogenated at 1 atm at room temperature for 13 h. The
mixture was filtered through Celite pad and concentrated to provide 124 (0.33 g, quantitafive)

as a white foam.

IH NMR (400 MHz, CD;OD): § 1.63 (9H, s), 1.80-2.20 (4H, m), 3.08 (2H, m), 3.69 (1H, s),
3.82 (1H, d, J = 7.6 Hz), 4.80 (2H, s), 7.64 (1H, ), 8.19 (1H, s). 2 protons were not observed
in CD40D.

MS (ES") m/z: [M+H]" caled for CqsH24NsOs: 382.17. Found: 382.10.

Step 5. sodium [{{{(2S,5R)-2-{(1H-imidazol-4-ylmethoxy)carbamoyl]-7-oxo-1,6-
diazabicyclof3.2.1]oct-6-yl}oxy)sulfonyljoxidanide (Compound 142, Table 1)
/=N 8] =N O
Boc~N ! HN |
= o
H N _H — H o N _4H
SN )—N\
0 O 0] G503 Na
124 compound 142, Table 1

To a mixture of fert-butyl 4-{[({{(2S,5R)-6-hydroxy-7-oxo-1,6-diazabicyclof3.2.1]oct-2-
yllcarbonyllaminojoxy]methyl}-1H-imidazole-1-carboxylate 124 (0.33 g, 0.86 mmol) in
pyridine (10.0 mL) was added sulfur trioxide pyridine complex (0.40 g, 2.60 mmol). The
mixture was stirred at room temperature for 3 days and concentrated to provide a residue,
which was subjected to chromatography to give a yellow solid which was purified by ion-
exchange resin (Dowex50 Na" form, water) to give Compound 142 (Tabie 1) (10.7" mg) as a
white solid. '

'H NMR (400 MHz, D,0): 6 1.57-1.76 (2H, m), 1.86-1.99 (2H, m}, 2.79 (1H, d, J = 12.4 Hz),
2.06 (1H. d, J =124 Hz), 3.83 (1H, d, J = 7.2 Hz), 3.98 (1H, m), 472 (ZH, s), 7.14 (1H, s),
7.68 (1H, s). 3 protons were not observed in D,0.

HPLC: 87 %.

MS (ES7) m/z: [M-Naj calcd for Cq1MH1.NsO;SNa: 360.06. Found: 359.97.
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Example 27

{2S,8R)-7-oxo-N-{2-{pyridin-2-yljethoxy]-6-(suifooxy)-1,6-diazabicyclof3.2. 1]octane-2-
carboxamide (Compound §8, Table 1)

o)
o. M,
N
.
\ /N }——-N

") OS04H
5 Step 1. {28,5R)-6-{benzyloxy}-7T-oxo-N-{2-{pyridin-2-yljethoxy]-1,6-
diazabicyclo]3.2.1joclane-2-carboxamide {128)
“
N \

1 126

To a solution of (25,5R)-6-(benzyloxy)-7-oxo-1,8-diazabicyclo[3.2.1]octane-2-carboxylic acid

1(0.20 g, 0.72 mmol)'in dry DCM (20 mL) were added 2-[2-(aminooxy)ethyllpyridine 128
10 (0.12 g, 0.86 mmol, J. Med. Chem. 1897, 40(15), 2363-2373), 1-hydroxybenzotriazole (0.14

g, 1.10 mmol) and 1-ethyl-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.20 g, 1.10

mmol) at room temperature. The reaction mixture was stirred at room temperature overnight,

and then concentrated under vacuum. The residue was purified by column chromatography

to give (25 5R)-6-(benzyloxy)-7-oxo-N-{2-(pyridin-2-yl)ethoxyl-1,8-diazabicyclo[3.2, 1]octane-
15 Z-carboxamide 126 (0.26 g, 91%) as a clear thick oil.

TH NMR (400 MHz, CDCL): § 1.82 (1H, m), 1.95 (2H, m), 2.30 (1H, m), 2.75 (1H, d, J= 116
Hz), 2.92 (1H, d, J= 11.2 Hz), 3.24 (3H, m), 3.95 (1H, d, J= 7.6 Hz ), 4.27 (2H, m), 4.87 (1H,
d, J= 11.2 Hz), 5.02 (1H, d, J= 11.2Hz), 7.34 (BH, m), 7.70 (1H, d, J= 8.0 Hz ), 7.79 (2H, m),
8.53 (1H, br s).
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Step 2. {25,5R)-6-hydroxy-7-oxo-N-[2-{pyridin-Z-yl}ethoxy]-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide ({127}
O
N SN H
H N <H
== N i ———  \\ N
LN \/1 7 o//L—_N‘OH

127
126

To a solution of (28,5R)-8-(benzyloxy)-7-oxo-N-{2-(pyridin-2-yhethoxy]-1,6-
5  diazabicyclo[3.2.1Joctane-2-carboxamide 428 (0.26 g, 0.65 mmi) in methano! (20 mL) was
added 5% Pd/C (0.25 g). The mixture was hydrogenated at 10 psi hydrogen atmosphere at
roofm temperature for 1 h. The cataiyst was filtered out through Celite, and the filtrate was
evaporated to give (2S,5R)-6-hydroxy-7-oxo-N-[2-(pyridin-2-ylethoxyl-1,6-

diazabicyelof3.2.1]octane-2-carboxamide 127 (0.10 g, 50%) as a white foam.

10 "M NMR (400 MHz, CDCl): 8 1.78 (1H, m), 1.97 (1H, m), 2.11 (1H, m), 2.28 (1H, m), 2.91

(1H, d, J = 12.0 Hz), 3.20 (2H, m), 3.70 (1H, 8), 3.97 (1H, d, J = 7.8 Hz), 4.26 (2H, m), 7.30

2H, m), 7.72 (2H, m}, 8.47 (1H, s), 1 proton was not observed,

Step 3. {28,5R)-T-oxo-N-[2-{pyridin-2-yljethoxy]-6-(sulfooxy)-1,6-
diazabicyclol}.2. Tjoctane-2-carboxamide (Compound §9, Table 1)

O

O\N)L,,q ’* /\]
A R

15 127 Compound 59, Table 1

08035-!

To a solution of (2 S,5R)-6-hydroxy-7-oxo-N-[2-{pyridin-2-yl)ethoxy]-1,6-
diazabicyclof3.2. 1joctane-2-carboxamide 127 {(0.10 g, 0.33 mmol) in dry pyridine (7 ml)
under nifrogen atmosphere was added sulfur trioxide pyridine complex (0.30 g, 1.88 mmol).

The mixture was stirred at room temperature for 20 h, filtered and evaporated. The residue
20 was purified by HPLC and freeze dried o give (25 5R)-7-oxo-N-[2-(pyridin-2-yi)ethoxy]-6-
(suifooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carboxamide Compound 88 (Table 1) (0.0025g,

2%) as a white solid.

H NMR (400 MHz, CD,0D): & 1.83 (1H, m), 1.91 (1H, m), 2.08 {(1H, m), 2.21 (1H, m), 3.06
(1M, d, J = 12.0 Hz), 3.13 (2H, t, J = 6.4 Hz), 3.25 (1H, m), 3.86 (1H, d, J = 7.2 Hz), 4.14 (1H,
25 s), 4.23 (2H, t, J = 8.4 Hz), 7.27 (1H, m), 7.46 (1H, d, J = B.0 Hz), 7.76 (1H, m), B.45 (1H, d,

J =24 Hz), 2 protons were ot observed in CD;0D.
166



WO 2014/091268 PCT/TB2012/002675
HPLC: 76.3%
MS (ESY): miz: [M] = 385.06
Example 28

sodium {{[{25,5R)-7-oxo-2-{[(5-oxopyrrolidin-3-yloxylcarbamoyi}-1,6-
5 diazabicyclo[3.2.1]oct-6-yljoxy}sulfonyljoxidanide (Compound 150, Table 1}

i
. .\\O\N/"’»,_
HN? H N -uH
4

O o ‘0S04Na

Step 1. {28,5R)-6-{benzyioxy}-7-oxo-N-{[(3R)-5-oxopyrrolidin-3-yljoxy}-1,6-
diazabicycio[3.2.1]octane-2-carboxamide {128}

10 To solution of (28 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo][3.2. 1joctane-2-carboxylic acid 1
(0.20 g, 0.72 mmol) in dry DCM (25 mL) were added (4R)-4-(aminooxy)pyrrolidin-2-one 128
(0.12 g, 0.86 mmol, J. Med. Chem. 1997, 40(15), 2363-2373), 1-hydroxybenzotriazole (0.14
g, 1.10 mmol), 1-ethyl-(3-dimethylaminopropylicarbodiimide hydrochioride (0.20 g, 1.10

mmol) and 4-dimethylaminopyridine (0.13 g, 1.08 mmol) at room temperature. The reaction

15 mixture was stirred at room temperature overnight, and then concentraied under vacuum.

The residue was purified by column chromatography to give (23 5R)-8-(benzyloxy)-7-oxo-N-
{[(3R)-5-oxopyrrolidin-3-ylloxy}-1,6-diazabicyclo]3.2. 1]joctane-2-carboxamide 128 (0.22 g,

82%) as a white solid.

'H NMR (400 MHz, CDCly): 6 1.86 (1H, m), 1.96 (2H, m), 2.29 (1H, m), 3.56 (2H, m), 2.78
20 (1H, d, J = 12.0Hz), 3.00 (1H, d, J = 12.0 Hz), 3.33 (1M, ), 3.58 (2H, m), 3.93 (1H, d, J = 7.6
© Hz), 3.93 (1H, m), 4.84 (1H, m), 4.88 (1H, d, J = 12.0 Hz), 5.03 (1H, d, J = 11.2Hz), 6.15 (1H,

brs), 7.41 (BH, m), 2.63 (1H, brs).
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Step 2. {25,5R)-6-hydroxy-7T-oxo-N-{{{3R}-5-oxopyrrolidin-3-yijoxy}-1,6-
diazabicciof3.2.1Joctane-2-carboxamide {130)
0O O
O b O A

HN;; : Q-ur—f " HN/P " ’QH
)l S—N
No-Bn o o 'OH

0 o
129 139

To a solution of (25 5R)-6-(benzyloxy)-7-oxo-N-{[(3R)-5-oxopyrrolidin-3-yljoxy}-1,6-
diazabicyclo[3.2. 1joctane-2-carboxamide 129 (0.22 g, 0.59 mml) in methanol (20 ml.) was
added 5% Pd/C (0.30 g). The mixture was hydrogenated at 10 psi hydrogen atmosphere at
room temperature for 1 h, The cafalyst was filtered out through Celite, and the filtrate was
evaporated fo  give  (25,5R)-6-hydroxy-7-oxo-N-{{(3R}-5-oxopyrrolidin-3-ylloxy}-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide 130 (0.156 g, 93 %) as a white foam.

"H NMR (400 MHz, CD,OD): 8 1.79 (1H, m), 1.97 (1H, m), 2.08 (1H, m), 2.22 (1H, m), 2.46
(tH,d J=16.4 Hz), 2.64 (1H, dd, 6.8 Hz, 18.0 Hz), 3.01 (1H, d, J = 11.6 Hz), 3.12 (1H, m),
3.58 (3H, m), 3.85 (1H, d, d=7.2 Hz), 4.74 (1H, m), 3 protons were not observed in CD;0D.

Step 3. sodium {{l(28,5R)-7-ox0-2-{[(5-oxopyrrolidin-3-ylioxylcarbamoyl}-1,6-
diazabicycliof3.2.1joct-6-yijoxy}sulfonyi)oxidanide (Compound 150, Table 1)

0 O
\O\NJ{’I, “\C)\N/U’J,’
HN/P H Q-..H B HN/P H r@»nr—l
}——N //L—N\
o o) OH o o) 0S0,;Na
130 Compound 150, Table 1

To a solution of (2‘8,SR)-G»hydroxy~7—oxo—N~{[(3R)»5«0xopyrrolidin~3—y!]oxy}—1 B
diazabicycio]3.2. 1Joctane-2-carboxamide 130 (0.156 ¢, 0.55 mmol) in dry pyridine (9 mlL)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.40 g, 2.51 mmol).
The mixture was stirred at room temperature for 20 h, then fillered and evaporated. Ether
was added fo the residue and the resulfing white precipitate was collected by centrifugation.
The white solid was purified by resin DOWEX 50WX4 colurmn using water as eluent and
freeze dried to give sodium ({[{2S 5R)-7-oxo-2-{[(5-oxopyrrolidin-3-yl)oxylcarbamoyl}-1,6-
diazabicyclo[3.2. 1joct-B-ylloxysulfonyhoxidanide Compound 150 (Table 1} (0.025 g, 12%)
as a white solid. | |

"H NMR (400 MHz, CD;0D): § 1.84 (1H, m), 1.93 (1H, m), 2.07 (1H, m), 2.20 (1H, m), 2.47
(1H, d, J = 18.0 Hz), 2.85 (1H, dd, J = 6.4 Hz and 18.0 Hz), 3.05 (1H, d, J = 11.6 Hz), 3.24
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(1H, m}, 3.58 (2H, m), 3.92 (1H, d, J = 6.8 Hz), 4.14 (1H, m), 4.75 (1H, m), 2 protons were
not observed in CD,0D.

HPLC: 97.3%

MS (ES): mfz: [M] = 362.97
Example 29

Sodium [({(25,5R)-2-[{1,4-oxazepan-2-yimethoxy)carbamoyi]-7-oxo-1,6-
diazabicyclo[3.2.1Joct-6-yl}oxy)sulfonyljoxidanide {Compound 13, Table 1)

Step 1. tert-butyl 2-{[({[{2S,56R)-6-(benzyloxy)-7-oxo-1,6-diazabicycle[3.2.1]oct-2-
yijcarbonyljamino)oxy]methyl}-1,4-oxazepane-4-carboxylate (132)

?oc
?oc

o ' N
J (e ~
ST L R O
N A H SN
131 o ﬁ
. N H

.O, © | )_N\ Bn

O o
1 132

To a solution of (25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1Joctane-2-carboxylic acid
1 (0.22 g, 0.80 mmol} in dry DCM (20 mL) were added fert-butyl 2-{(amincoxy)methyl}-1,4-
oxazepane-4-carboxylate 131 (0.23 g, 0.93 mmol, US 2010/0168080 and J. Med. Chem.
2008, 51, 4601-4608), 1-hydroxybenzotriazole {(0.15 g, 1.12 mmol) and 1-ethyl-(3-
dimethylaminopropyhcarbodiimide hydrochloride (0.21 g, 1.12 mmol) at room femperature. _
The reaction mixture was stirred at room temperature overnight and concentrated under
vacuum. The residue was purified by column chromatography to give tert-butyl 2-
{{{l(25,5R)-6~(benzyloxy)-7-oxo-1 6-diazabicyclo[3.2. 1]oct-2-yijcarbonyl}aminoyoxylmethyl}-
1,4-oxazepane-4-carboxylate 132 (0.32 g, 80%) as a clear thick oil.

"H NMR (400 MHz, CDCL): & 1.46 (SH, 5), 1.62 (2H, m), 2.01 (4H, m), 2.34 (1H, m), 2.7 (1H,
m), 3.03 (2H, m), 3.30 (2H, m), 3.49 (1H, m), 3.57-4.00 (5H,m), 4.11 (1H, m), 4.89.(1H, d, J =
11.6 Hz ), 5.04 (1H, d, J = 11.8 Hz), 7.39 (5H, m), 9.39 (1H, m). |
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Step 2. tert-butyl 2-{[({[{25,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-
yljcarbonyilamino)oxyimethyi}-{,4-oxazepane-4-carboxylate (133}
J—N

'@oc
N
o}
C j\/O‘N/U"’
© H
N, .Bn e "OH

0 o
132 133

?oc

N
(oo J
‘ o O\N .

’Q"’H TN

To a solution of fert-butyl 2-{[({[(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2.1Joct-2-
5  yljcarbonyllamino)oxylmethyl}-1,4-oxazepane-4-carboxylate 132 (0. 32 g, 0.63 mml) in

methano! (20 mL) was added 5% Pd/C (0.30 g). The mixture was hydrogenated at 15 psi

hydrogen atmosphere at room temperature for 1 h. The catalyst was filtered out through.

Celite, and the filtrate was evaporated to give fert-butyl 2-{{({{(2S,5R)-6-hydroxy-7-oxo-1,6-

diazabicyclo[3.2.1]oct-2-yllcarbonyl}amino)oxylmethyl}1,4-oxazepane-4-carboxylate 133
10 (0.205 g, 78%) as a colorless foam. | |

'H NMR (400 MHz, CD;0D):8 1.47 (9H, s), 1.70-1.98 (4H, m), 2.05 (1H, m), 2.18 (1H, m),
3.08 (2H, m), 3.41-4.00 (10H, my), 4.06 (1H, m}, 2 protons were not observed in CD,0D.

Step 3. tert-butyl 2-{[{{{{25,5R)-7-oxo-6-{sulfooxy}-1,6-diazabicyclo[3.2.1loct-2-
yljcarbonylflamino)oxylmethyl}-1,4-oxazepane-4-carboxylate pyridine salt (134)

Bog

; o $oc
N : .
B SN
/\/O.._ v, O. I/;
o) N 0 N

O oF

)——-N\ /)——N

o OH o) "OSO4H * Pyridine
48 133 & 134

To a solution of ferf-butyl 2-{J({[(25 5R)-6-hydroxy-7-oxo-1,6-diazabicycio[3.2. 1]oct-2-
yllcarbonyljamino)oxylmethyl}-1,4-oxazepane-4-carboxytate 133 (0.20 g, 0.48 mmol) in dry
pyridine (6 mL} under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.34
0. 2.14 mmol). The mixture was stirred at room temperature for 20 h, then filtered and
20 evaporated. The residue was washed 4 times with ether to give fert-butyt 2-{[({[(2S,5R)-7-
oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joct-2-yl]carbonyl}aminc)oxylmethyl}- 1, 4-oxazepane-
4-carboxylate pyndine salt 134 (0.16 g) which was used in the next step without purification.
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Step 4. sodium {({{25,6R)-2-{(1,4-oxazepan-2-yimethoxy)carbamoyi]-7-oxo0-1,6-
diazabicyclo[3.2.1}joct-6-yl}oxyjsulfonyiloxidanide {Compound 13, Tabie 1)

Boc _ ' H
Yot (s
o. .
COJ\/O‘NJ 3 o N
H Q"‘H T N4
J—N

//J'—N o 0SO;Na

o) OSO4H - Pyridine
134 Compound 13, Table 1

Te a solution of fert-butyl 2-({({I{28,5R)-T-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joct-2-
5  yllcarbonyljamino)oxylmethyl}-1,4-oxazepane-4-carhoxylate pyridine salt 134 (0.16 g, 0.28
mmol) in DCM (5 mL) was added triflucroacetic acid (0.30 mi., 3.89 mmmiol) dropwise at 0 °C.
The reaction mixture was stirred for 1 h then evaporated. Ether was added to the residue
and the resulting white precipitate was collected by centrifugation. The white solid was
purified by resin DOWEX 50WX4 column using water as eluent and freeze dried {o give

10 sodium [({(2S,5R)-2-[(1,4-0xazepan-2-yimethoxy)carbamoyl}-7-oxo-1,6-
diazabicyclo[3.2. T]oct-6-ylioxy)sulfonylloxidanide Compound 13 {Table 1)} (0.04 g, 34%) as
a white solid.

'H NMR (400 MHz, D,0): & 1.68 (1H, m), 1.79 (1H, m), 1.93 (44, m}, 2.87 (t1H, d, J = 11.2
Hz), 3.13 (2H, m), 3.24 (2H, m}, 3.32 (1H, m}, 3.61 (1H, m), 3.78-3.99 (4H, m), 4.04 (2H, m},
15 2 protons were not observed in D20,

HPLC: 97.4%

MS (ES’) m/z: [M] = 393.04
Example 30

Sodium [({{28,5R)-2-{{1,4-oxazepan-G-yloxy)carbamoyi]-7-ox0-1,6-
20 diazabicyclo3.2. tjoct-b-yi}oxyisulfonylloxidanide (Compound 38, Table 1}

i
O\N)

HQ j ;QNH

o} OSO;Na

Using the similar procedures ‘as described earlier but using ferf-buty! 6-(aminocoxy)-1,4-
oxazepane-d-carboxylate, Compound 35 (Table 1) was prepared as a diastereoisomeric
mixiure as a white solid in 20 % yield.
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'H NMR (400 MHz, CD,0OD): 5 1.82 (1H, m), 1.94 (1H, m), 2.07 (1H, m), 2.23 (1H, m), 3.00
(1H, d, J = 12.0 Hz), 3.09 (1H, d, J = 12.0 Hz}, 3.21 (1H, m), 3.44 (2H, m), 3.63 (1H, m),
3.85-4.04-(5H, m), 4.15 (1H, s), 4.36 (1, m), 2 protons were not observed in CD,CD.

HPLC: 95.5%

MS (ESY: m/z. [M] = 379.01
Example 31

Sodium ({[{28,5R)-2-{[2-{1H-imidazol-1 -yi)ethoxy}carbamoyi}-?—cém-'i ,8-
diazabicyclo3.2.1}oct-6-ylloxy}sulfonvloxidanide (Compound 100, Table 1)

~iH

SN

0 0S0,Na

N=\ Q
N oo
e
N i

‘Using the simitar procedures as describe earlier but uvsing O-(2-(1H-imidazol-1-

yhethyhhydroxylamine, Cumpound 100 (Table 1) was prepared as a white solid.

'H NMR (400 MHz, D,0): 6 1.64-1.90 (4H, m), 2.90 (1H, d, J = 12.0 Hz), 3.06 (1H, d, J =
12.0 Hz), 3.78 (1H, d, J = 6.8 Hz), 4.00 (1H, m), 4.06 (2H, m), 4.15 (2H, m), 6.8G (1H, s},
7.09 {1H, ), 7.67 (1H, s). 2 protons were not observed in D,0.

HPLC: 87.4 %,

MS (ES’) nvz. [M-NaJ caled for Cy,H1sNsO;5: 374.08. Found: 374.01.

Example 32

Sodium ({{{25,5R)-7-oxo-2-{[{3R)-tetrahydrofuran-3-yloxy] carbamoyl}-1,6-
diazabicyclo[3.2, joct-6-yijoxy}sulfonyl)oxidanide (Compound 95, Table 1)

O
| |
ot )
Ho N_qH
N
o "OSO;Na
Using the similar procedures as describe earlier but using O-[(3R)-tetrahydrofuran-3-

yilhydroxylamine, Compound 85 (Table 1) was prepared as a white solid,

'H NMR (400 MHz, D,0): 6 1.62-1.83 (2H, m), 1.80-2.03 (4H, m), 2.94 (1H, d, J = 12.8 Hz),
3.14 (1H, d, J = 12.8 Hz), 3.80-3.73 (2H, m), 3.75-3.93 (3H, m), 4.04 (1H, m), 4.60 (1H, m). 2

protons were not observed in D0,
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HPLC: 95.2 %,
MS (ES") m/z: [M-Na] calcd for CiHsN30sS: 350.07. Found: 349.99.

Example 33

Sodium {{{(25,5R)-2-{[(1-methyi-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridin-4-
5 yhoxylcarbamoyl}-7-oxo-1,6-diazabicycto[3.2.1}oct-6-yljoxy}sulfonyl) oxidanide
{Compound 70, Table 1}

b
HN 3
. O-—N" "
P, H M cild
N )'__N
N ) 0S04Na

Step 4. teri-buty! 4-{{1,3-dioxo-1,3-dihydro-2H-iscindol-2-yljoxy]-1-methyi-1,4,5,7-
tetrahydro-6H-pyrazolo}3,4-clpyridine-6-carhoxylate (136)

0
A N-OH
Bec, @é Bot, 0
H © N

N
N =
© O—N |
= — RN
/N\. < /N\ - O
135 ‘ 138

10

To a mixture of 2-hydroxy-1H-isoindole-1,3(2H)-dione (2.95 g, 18.1 mmol), fert-butyl 4-
hydroxy-1-methyl-1,4,5 7-tetrahydro-6H-pyrazoio{3.4-clpyridine-6-carboxylate 135
(US2005/245503 A1, 2.29 g, 9.04 mmal) and triphenylphosphine (4.74 g, 18.1 mmol) in THF
(100 mL) was added DIAD (3.85 mL, 19.9 mmol) slowly at room temperature. The resuling

15 mixture was stirred at room temperature overnight and concentrated to provide a residue
which was subjected to chromatography to give 136 (2.5 g, 35 %) as a yeliow soiid.

'H NMR (400 MHz, CDCls): 8 1.52 (9H, ), 3.29 (2H, m), 3.76 (3H, 5), 4.25-5.16 (2H, m),
5.44 (1H, m), 7.80 (5H, m).

MS (ES™) m/z: [M+H]" calcd for CogHasN.Os: 399.17. Found: 399.11.
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Step 2. tert-butyl 4-{(aminooxy}-1-methyi-1,4,5,7-tetrahydro-6 H-pyrazolof3,4-
clpyridine-8-carboxylate {137)

Boc\
N
- O—NH,

/N‘ -~
N
136 : 137

To a mixture of fert-butyl 4-[(1,3-dioxo-1,3-dihydro-2H-iscindol-2-yhoxy]-1-methyl-1,4,5,7-
tetrahydro-8H-pyrazolo|[3,4-clpyridine-6-carboxylate 136 (2.50 g, 6.27 mmol) in 2 solution of
DCM (20 mL) and ethanol (4 ml) was added hydrazine hydrate (0.360 mL, 6.27 mmol) at
room temperature. The mixture was stirred at room temperature overnight, filtered and
concenirated to provide a residue which was washed with ether and methanol to give 137
(1.06 g, 62 %} as a white foam.

"H NMR (400 MHz, CDCa): § 1.50 (9H, s), 2.88 (1H, m), 3.76 (3H, 5), 4.05 (1H, m), 4.57 (1H,
m), 4.78-5.10 (2H, m), 5.47 (2H, m), 7.51 (1H, s).

MS (ES™) m/z: [M+H]" caled for CigHuN,Os: 269.16. Found: 260.10.
Step 3. tert-buty! 4-[({{(28,5R)-8-{benzyloxy)-7-oxo-1,6-diazabicyclo}3.2.1] oct-2-

ylicarbonyljaminojoxy]-i-methyl-1,4,5,7-tetrahydro-6 H-pyrazoio[3,4-cipyridine-§-
carboxyfate (138) '

Boc\
N
O—NH,
j N 137
HO™ R
N 'IIH .
)”N\ B
0 o
1 138

To a mixture of (28, 5R)-6-(benzyioxy)-7-oxo-1,6-diazabicyclo]3.2. 1]octane-2-carboxylic acid
1 (0.250 g, 0.805 mmol) in DCM (10.0 mlL) were added fert-butyi 4-(aminooxy)-1-mathyl-
1,4,5,7-tetrahydro-6H-pyrazolo[3 4-clpyridine-6-carboxylate 137 (0.360 g, 1.358 mmol), 1-
hydroxybenzotriazole (0.183 g, 1.358 mmol) and 1-ethyl-{3-dimethylaminopropyl)
carbodiimide hydrochloride (0.280 g, 1.358 mmol) sequentially at room temperature. The
mixture was stirred at room temperature overnight, diluted with DCM and concentrated to
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provide a residue which was subjected to chromatography to give 138 (0.42 g, 82 %) as a

white foam.

'H NMR (400 MHz, CDCl3): 8 1.50 {9H, s), 1.62 (1H, m), 2.00 (2H, m), 2.32 (1H, m), 2.70-
3.10 (3H, m), 3.28 {1H, s), 3.76 (3H, s), 4.06 (2H, m), 4.58 (1H, m}, 4.88 (1H, d, /= 11.6 Hz),
499 (ZH, m), 504 (1H, d, J = 11.6 Hz), 7.42 (54, m), 7.80 {1H, s). One proton was not

observed.

MS (ES™) m/z: [M+H] caled for CaaHasNeQ4: 527.26. Found: 527.17.

Step 4. tert-putyl 4-[{{{{25,5R)-6-hydroxy-T-0xo-1,6-diazabicyclo[3.2. 1joct-2-
yijcarbonyllaminojoxy]-1-methyl-1,4,5,7 -tetrahydro-6 H-pyrazolo[3,4-clpyridine-6-
carboxylate (138).

138 139

A mixture of terf-butyl 4-[({[(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2. 1loct-2-
ylicarbonyllamino)oxyl-1-methyl-1.4 5,7 4etrahydro-6H-pyrazolo| 3, 4-clpyridine-6-carboxylate
138 (0.42 g, .80 mmol) and Pd/C {0.13 g) in methanol (20 mL) was hydrogenated at one
atm. at room temperature for 13 h. The mixture was filtered through Celite pad and
concentrated to give a residue which was subjected to chromatography to provide 138 (0.33
g, 94 %) as a white solid.

'H NMR (400 MHz, CD,0D): § 1.51 (9H, s), 1.80-2.30 (4H, m), 3.07 (3H, m), 3.70 (1H, m},
377 (3H, s), 3.90 (1H, m), 4.23 (1H, brs), 4.45 (1H, br s), 4.98 (2H, d, /= 8.4 Hz), 7.58 (1H,
br 8). 2 protons were not observed in CO,C0.

ME (ESY) mvz: [M-H] calcd for CioHyyNeOs: 435.20. Found: 435,11,
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Step 5. tert-buty! 1-methyl-4-[{{{(2S,5R)-7-oxo-6-(sulfooxy}-1,6-
diazabicyclo[3.2.1]oct-2-yljcarbonyl}amino)joxy]-1.4,5,7-tetrahydro-6H-pyrazoio[3,4-
clpyridine-6-carboxylate {140)

Boc

Ay

Bog,

J

o)
N !; N

o—-N/i"' ohN)"'
= HOoON M T — HooNL o
/N\N/ )—'-N\ ,NSN/ )“N

o OH o "O80;H

139 140

5 To a mixdure of ftert-butyl 4-[({[(2S,5R)-6-hydroxy-7-oxo-1,6-diazabicycio[3.2.1]oct-2-
yljcarbonyilamino)oxyl-1-methyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-clpyridine-6-carboxylate
139 (0.33 g, 0.76 mmol} in pyridine (10.0 mL) was added sulfur frioxide pyridine complex
{0.35 g, 2.27 mmol). The mixture was stirred at rcom temperature for 23 h and concentrated
to provide a residue which was subjected to chromatography to give 140 (0.35 g, 80 %) as a
10 light yeilow foam.

'H NMR (400 MHz, CD,0OD): § 1.50 (9H, s), 1.80-2.00 (4H, m), 3.12 (1H, d, J = 11.2 Hz),
3.27 (2H, m), 3.77 (3H, s), 3.96 (1H, m), 4.16 (1H, m}, 4.30 (1H, m}, 4.50 (1H, m), 5.00 (2H,
m), 7.58 {1H, br s). 2 protons were not ohserved in CD,0D.

MS (ES") mv/z; [M-H] caled for CieHoyNeOpS: 515.16. Found: 515.04,

15 Step8&. sodium {{{(2S,5R)-2-{[{1-methyl-4,5,8,7-tetrahydro-1H-pyrazoio[3,4~
clpyridin-4-yljoxyjcarbamoyi}-7-oxo-1,6-diazabicyclo]3.2. {Joct-6-yiloxy}sulfonyl}
oxidanide {Compound 70, Table 1) '

Boc,

N i i
. HN ,
O*N/l - O_N/l"'
= - H N_dwW T - HoON_H
N, 2 A—N N, 7 SN

o 080,44 o OS0ONa

140 Compound 70, Table 1

To a mixture of  fertbutyl  1-methyl-4-J({[(2S,5R)-7-oxo-B-(sulfooxy)-1,6-
20  diazabicyclo[3.2. 1loct-2-yllcarbonyllamino)oxyl-1.4.5,7-tetrahydro-6H-pyrazoio[3,4-
clpyridine-6-carboxylate 140 (0.35 g, 0.68 mmof) in DCM (8.0 mL) was added irifluoroacetic
acid (0.40 ml.) at 06°C. The mixture was stirred at 0°C for 1 h, concentrated and washed with
ether. The white solid was coliected by centrifugation. The crude product was purified by ion-
exchange resin (Dowex50 Na“™ form, water) to give Compound 70 {Table 1} (30 mg) as a

25  white solid as a pair of diastereocisomers.
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‘H NMR (400 MHz, D,0): § 1.67-1.82 (2H, m), 1.90-2.02 (2H, m), 2.72 (1H, m), 2.86-2.95
(1H, my, 3.13 (1H, m}, 3.28 (1H, d, J= 14.4 Hz), 3.56 (3H, s), 3.72 (1H, d, J = 16.0 Hz), 3.87-
4.10 (3H, m), 4.82 (1H, 8), 7.46 (1H, s). 3 protons were not observed in 0,0,

HPLC: 941 %
M3 (ES) m/z: [M-Na] caled for G HqoMNe0L3: 415,11, Found: 415.03.

Example 34

Sodium I{({{2S,5R)-7-oxo-2-{(pyrazolidin-4-vioxyjcarbamoyl}-1 ,6nd§azabégyc§0[3.2.’§ loct-
&-ylloxyisulfonyijoxidanide (Compound 104, Table 1)

O
HN /u"’-.
! O-N
HN H N o

Oj»—r\f

OS0O4Na

Step 1. di-tert-buty! 4-{(1,3-dioxo-1,3-dihydro-2H-iscindoi-2-ylJoxylpyrazolidine-
1,2-dicarboxylate {142} '
O

@i};-m .
Boc - Boc - .

OH O Y
Boc~ N }— ' o Boc’N

141 ' ‘ 142

To a mixture of 2-hydroxy-1H-iscindole-1,3(2H)-dione (1.72 g, 10.541 mmol)}, di-terf-butyl 4~
hydroxypyrazolidine-1,2-dicarboxylate 141 (Joumal of Antibictics, 1993, Vol 46, (12), 1866-
1882, 1.52 g, 5.27 mmol) and triphenylphosphine (2.76 g, 10.54 mmol) in THF (50 mL) was
added DIAD {2.24 mL, 11.58 mmol) slowly at room femperature. The resulting mixiure was
stirred at rootn temperature overnight and concentrated to provide s residue, which was
subjected to chromatography to give 142 (1.8 g, 79 %) as a white foam.

'H NMR (400 MHz, CDCly): 6 1.48 (9H, s),-1.52 (9H, ), 3.30 (1H, dd, J = 4.0, 13.6 Hz), 3.71
(1H, d, J = 14.0 Hz), 4.11 (1H, m), 4.50 (1H, d, J = 13.2 Hz), 5.13 (1H, br s), 7.77 (2H, m),
7.87 (2H, m).

MS (ES™) m/z: [M+H]" calcd for CoyHaaNsO7: 434,19, Found: 434.10.
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Step 2. di-terf-butyt 4-{aminooxy)pyrazotidine-1,2-dicarboxylate (143}
G
Boc~ . Boc-
,}I}O—*N . '?3}0—-:%12
Boc—N Boc—N
0
142 143

To a mixture of di-fert-butyi 4-{(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yhoxylpyrazolidine-1,2-
dicarboxylate 142 (1.81 g. 4.18 mmol) in a solution of DCM (20 mL) and ethano! (4 mL) was
added hydrazine hydrate (0.240 mL, 4.18 mmol) at room .tempea'ature. The mixture was
stirred at room temperature overnight, lfiltered and concentrated to provide a residue which

was subjected to chi‘omatography to give 143 (1.04 g, B3 %) as a white foam.

'H NMR (400 MHz, CDCH): 6 1.48 (18H, m), 2.89 {1H, m), 3.62 (1H, m), 3.78 (1H, dd, J= 5.6
Hz and 12.0 Mz}, 4.43 (2H, m), 5,38 {ZH, br s),

MS (ES") m/z: IM+H]" caled for Ci3H2sN30s: 304.19. Found: 304.15.

Step 3. di-fert-buty! 4-[({{(25,6R}-6-(benzyloxy)-7-ox0-1,6-diazabicycio[3.2.1] oct-
2-yijcarbonyllaminojoxy]pyrazolidine-1,2-dicarboxylate (144)

BOC*—«N
0 ! }-O—'NHQ '
)L Boc—N 0
HO q 143 Boc~ A,
N s - I :>"O'“N -
Boc—N Ho N .

11
O)—— | 0" e : 0//1-——N\o /\ph

144

To a mixture of (28, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclof3.2. 1joctane-2-carboxylic acid
1 (0250 g, 0905 mmdt) in .DCM (10.0 mL) were added di-fert-butyl 4-

'(aminooxy)pyrazolidine-1,2-dicarboxyla’ze 143 (0.411 g, 1.358 mmaol), 1-hydroxybenzotriazole

(0.183 g, 1.358 mmol) and t-ethyi-(3-dimethylaminopropyl) carbodiimide hydrochioride
(0.260 g, 1.358 mmol) sequentiaily at room temperature. The mixture was stitred at room
temperature overnight, diluted with DCM and concentrated to provide a residue which was
subjected to chromatography to give 144 (0.43 g, 85 %) as a white foam.

'H NMR (400 MMz, CDCy): § 1.46 (18H, s), 1.62 (1H, m), 2.00 (2H, m), 2.30 (1H, m), 2.68
(1H, m), 3.00 (2H, m), 3.29 (1H, s), 3.51 (1H, m), 3.86 (1H, m), 3.98 (1H, m), 4.42 (1H, m),
4.86 (1H, m), 4.88 (1H, d, J = 11.2 Hz), 5.04 (1H, d, J = 11.2 Hz), 7.42 (5H, m), 8.14 (1H, m).

MS (ES™) m/z: [M+H]" calcd for CarHaoNsOs: 562.28. Found: 562.22.
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Step 4. di-tert-butyl 4-[({{(25,5R)-6-hydroxy-7-0x0-1,6-diazabicyclo[3.2.1] oct-2-
yflearbonyl}amino)oxy]pyrazolidine-1,2-dicarboxylate (145)

o}
Boc»N:>- )E, s
| O-N" Boc-
Boc—N H O«H Lo N}OMNJL""/\
J Boc—N H
N\ ~ N\/i"‘H
O 0" “pn N,

144 145

A mixture of di-fer-butyl 4~[({{(2S,SR)-G-(benzyioxy}-?-oxo—‘i,6-diazabicycio[3.2.1}oct—2-
ylfcarbonyljaminojoxyipyrazolidine-1,2-dicarboxylate 144 (0.43 g, 0.80 mmol) and Pd/C

"(0.14 g) in methanol (15 mL) was hydrogenated at 1 atm at room temperature for 3 h. The

mixture was filtered through Celite pad and concentrated to give 145 (0.39 g, gquant.) as a
light brown foam.

't NMR (400 MHz, CD,0D): 6 1.48 (18H; 8), 1.80-2.20 (4H, m}, 3.02-3.13 (3H, m), 3.55 {1H,
m), 3.70 (TH, m), 3.86 (1H, m), 3.93 (1M, m}), 4.24 (1H, m), 4.79 (1H, m). 2 protons were not
observed in CD,OD.

MS (ES’) m/z: [M-HT calcd for CaoHaaNsOg: 470.22. Found: 470.14.

Step 5. di-fert-butyl 4-[{{[(2S,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1] oct-2-
yljcarbonyljamino)oxylpyrazolidine-1,2-dicarboxylate (146)

Boc O :
) | . o
g}o_m%,_ q Boc -y I,
. N M . _ ! }O“N '
Boc ] Boc—N H N H
o OH : .
0 OSO4H
To a mixture of di-fert-butyl 4-[({[(2S 5R)-6-hydroxy-7-oxo-1,6-diazabicyciof3.2. 1joct-2-
yllcarbonyl}aminojoxylpyrazolidine-1,2-dicarboxylate 145 (0.39 g, 0.82 mmol) In pyridine
(10.0 mL) was added sulfur trioxide pyridine complex (0.39 g, 2.48 mmo!). The mixture was.

stimed at room temperature for 23 h and concentrated to provide a residue which was
subjected to chromatography to give 146 (0.31 g, 68 %) as a white foam,

'H NMR (400 MHz, CD,0D): § 1.48 (18H, s), 1.80-2.20 (4H, m), 3.07 (1H, d, J = 12.4 Hz),
3.23 (2H, m), 3.55 (1H, m), 3.83 (2K, m), 4.14 (1H, m), 4.25 (1H, d, J = 12.4 Hz), 4.81 (1H, ¢,
J = 5.6 Hz). 2 protons were not observed in CD;0D.

MS (ES’) m/z: [M-H] caled for CooHaaNs044S: 550.18. Found: 550.05.
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Step 6. sodium {({{23,5R§-?-oxo~2~[{pyrazoiidin%-yloxy}aarbamoyljf'i,6-
diazabicyclo[3.2.1Joct-6-yi}oxy)suifonylloxidanide (Compound 104, Table 1}

| 0
Boc-—N}o N/Bf{' Hrﬁ}_o N)j“"
| - " -
Bog-N H Q'”H e HN H Q--IH
SN

e "0S0,H O OSO3Na

146 Compound 104, Table 1

To a mixture of di-ferf-butyl 4-[({[{(2S,5R)-7-ox0-6-(sulfooxy}-1,6-diazabicyclo[3.2.1] oct-2-
yl}carbony!}amino)oxy]pyrazdiidine—-'&,2~d§carboxyiate 148 (0.33 g, 0.60 mmol} in DCM (5.0
mbL) was added triffuoroacetic acid (0.60 ml) at 0°C. The mixture was stirred at 0°C for 0.5 h
and at room temperature for 5.5 h, concentrated and washed with ether. The white solid was
collected by centrifugation. The crude product was purified by ion-exchange resin (Dowex50
Na’ form, water) to give Cnmpouyad 104 {Table 1) (22.5 mg) as a while solid. -

'H NMR (400 MHz, D,0): 5 1.60-1.82 (2H, m), 1.87-2.02 (2H, m), 2.82 (1H, d, J = 11.6 Hz),
3.08-3.15 (3H, mj), 3.25 (2H, d, J=13.6 Hz), 3.80 (1H, d, J= 8.4 Hz), 4.01 (1H, m), 4.79 (1H,
m). 4 protons were not observed in D0, '

HPLC: 93.18 %,

MS (ES) m/z: (M-Nal caled for CmHmNgO?SNa: 350.08. Found: 349.99.
Example 35

Sodium ({[{28,5R)-2-{[(1-methyl-4,5.6,7 tetrahydro-1 H-4,7-methanvindazol-3-
yhimethoxyjcarbamoyl}-7T-oxo-1,8-diazabicyciof3.2.1]oct-6-yiloxyisulfonyhoxidanide
. {Compound 131, Tabel, 1)

/
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Step 1. 2-f(1-methyi-4,5,8,7 tetranydro-1H-4,7-methanoindazol-3-yljmethoxy}-1 H-
isoindoie-1,3(2H}-dicne {148)

To a mixture of 2-hydroxy-iH-isoindole-1,3(2H)-dione (4.10 g, 25.2 mmol), (1-methyl-
4,58, 7-tetrahydro-1H-4,7-methanoindazol-3-ylymethanol 147 (2.24 g, 12.6 mmol) and
triphenylphosphine (6.58 g, 25.2 mmol) in THF (100 mL) was added DIAD (5.35 mL, 27.6
mmol) slowly at room temperature. The resulting mixiure was stirred at room temperature
overnight and concentrated to provide a residue, which was subjected to chromatography to
give 148 (1.80 g, 62 %) as a yellow solid.

'H'NMR (400 MHz, CDCls): 6 1.10 (1H, m), 1.24 (1M, m), 1.61 (1H, d, J = 10 Hz), 1.87 (3H,
m), 3.33 (1H, s), 3.42 (1H, 8), 3.71 (3H, ), 512 (2H, m), 7.17 (2H, m), 7.81 (2H, m).

MS (ES™) m/z: [IM+H]" caled for CiagHiaNaOs: 324.13. Found: 324.08.

Step 2. 3-[{amincoxy)methyl]-1-methyl-4,5,6,7-tetrahydro-1 H-4,7-
methanoindazoie {149)

N /
N O N
N\ : {N
O~N O-—NH,
O .
148 : 149

To a mixture of 2-{(1-methyl-4,5 6 7-tetrahydro-1H-4,7-methancindazol-3-ymethoxy}-1H-
isoindole-1,3{(2H)-dione 148 (1.80 g, 5.57 mmol) in a solution of DCM (20 mL) and ethanol (4
mL} was added hydrazine hydraie (0.32 mL, 5.57 mmol) at room temperature. The mixture
was stirred at room {emperature overnight, filtered and concentrated to provide a residue
which was subjected to chromatography to give 148 (0.68 g, 64 %) as a colorless oil.

W NMR (400 MHz, CDCL): & 1.08 (1H, m), 1.26 -(TH, d, J=6.0Hz), 1.64 (1H, d, J= 8.8 Hz),
1.88 {2H, m), 1.98 (1H, m}, 3.35 (2H, d, J = 8.4 Hz), 3.79 (3H, s), 4.65 (2H, ABq), 5.24 (2H,
br s).

MS (ES™) m/z: [M+H]" caled for CioHigN2O: 194.13. Found: 194.08.
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Sten 3. (25,5R}-6-{benzyioxy}-N-[(1-methyi-4,5,6,7 -tetrahydro-1 H-4,7-
methanoindazol-3-yi)methoxy]-7-oxo-1,6-diazabicycio[3.2. 1Joctane-2-carboxamide
{150)

g
N |
o) %ﬂ\/
} O“"NHZ N"N O
. 149 \ ! y
> Q.-;':E[
N

= A o

‘ o o™
150 Ph

5 To a mixture of (28, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio]3.2. 1joctane-2-carboxylic acid
1 (0.250 g, 0.905 mmol) in DCM (10.0 mbL) were added 3-[(aminooxy)methyl}-1-methyl-
4,5,6,7-tetrahydro-1H-4,7-methanoindazole 149 0172 g, 1.358  mmob, 1-
hydroxybenzotriazole (0.183 g, T1.358 mmol) and 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochloride (0.260 g, 1.358 mmol) sequentially at room temperature. The

10 mixture was stirred af room temperature overnight, diluted with DCM and concentrated to
. provide a residue which was subjected to chromatography to give 150 (0.34 g, 83 %) as a
white foam.

'H NMR (400 MHz, CDCl): § 1.08 (2H, m), 1.25 (1H, d, J = 6.4 Hz), 1.63 (2H, m), 1.95 (5H,
m), 2.38 (1H, m), 2.80 (1H, m), 2.92 (1H, m), 3.30 (1H, s), 3.36 (2H, 5}, 3.78 (3H, ), 3.94
15 (1H,d, J= 7.6 Hz), 4.85 (3H, m), 5.03 (1H, d, J = 11.2 Hz), 7.41 (5H, m), 9.10 (1H, s).

MS (ES™) m/z; ‘IM+H}* calcd for CosMaeNsOy: 452.23. Found: 452.15.

Step 4. {28, 5R)-6-hydroxy-N-[{1-methyl-4,5,6,7tetrahydro-1H-4,7-
methanaindami~3-y!)methaxyj»-?-axo»‘ﬁ,Budiézahicycio{&z.1}0ctane~2—carboxamide
(151)
A, o i, o
Ly Y

O-N" " O-N" "
Ce — RSN
o N‘Q/\ph o "OH

151
20 150

A mixture of (25 5R)-8-{benzyioxy)-N-[(1-methyi-4 5,6, 7-tetrahydro-1H-4,7-methanoindazol-
3-ylimethoxyl-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-carboxamide 150 (0.34 g, 0.75 mmol)
and Pd/C (0.12 g) in methanol (15 mL) was hydrogenated at 1 atm at room temperature for 3
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h. The mixture was filtered through Celite pad and concentrated to give 451 (0.27 g,
quantitative yield) as a white foam.

'"H NMR (400 MHz, CD,0D): 8 1.14 (2H, m), 1.23 (1H, d, J = 6.4 Hz), 1.66 (1H, d, /= 8.0 Hz),
1.85 (4H, m}, 2.03 (TH, m), 2.21 (1H, m), 3.02 (2H, m}, 3.42 (1H, s), 3.45 (1H, s), 3.68 (1H,
s), 3.76 (3H, s), 3.80 (1H, d, J = 7.2 Hz), 4.71 {(2H, m). 2 protons were not observed in
CD50D.

MS (ES™) m/z: [M+H]" caled for CiHNsOy4: 262.18. Found: 262.42.

Step 5. sodium {{[{(25,5R)-2-{ E{ 1-methyl-4,5,6,7-tetrahydro-1 H-4,7 -
methancindazol-3-yiimethoxylcarbamoyl}-7-oxo0-1,6-diazabicycio[3.2.1Joct-6-
ylloxy}sulfonyljoxidanide {(Compound 131, Table 1)

N /
“ 0 N. O
EAM g, Yt
o-N q . O-NA Q
-HH llH

N N :
)—N }—N
a! OH O OS0O;Na
151 Compound 131, Table 1-

To a mixture of (28 5R)-6-hydroxy-N-[(1-methyl-4,5,6,7-tetrahydro-1H-4, 7-methancindazol-3-
ylymethoxy]-7-oxo-1,6-diazabicyclo[3.2. 1Joctane-2-carboxamide 181 (0.27 g, 0.75 mmol) in
pyridine (10.0 mlL) was added sulfur trioxide pyridine complex (0.35 g, 2.24 mmol). The
mixture was stirred at room temperature for 23 h and concentrated to provide a residue
which was subjected to ion-exchange resin column (Dowex50 Na® form, water) to. give
Compound 131 (Table 1) (177 mg, 51 %) as a white solid.

'H NMR (400 MHz, CD;0D): 6 1.12 (2H, m), 1.67 (1H, d, J = 8.8 Hzj, 1.80 (1H, m), 1.91 (4H,
my), 2.08 (1H, m), 2.20 (1H, m), 3.05 (14, ¢, J = 124 Hz), 3.17 (1H, m), 3.24 (1H, s), 3.45 (1H,
8), 3.77 (3H, 8), 3.87 (1H, d, J = 5.6 Hz), 4.13 {1H, s), 4.78 (2H, m). One proion was not
observed in D0,

HPLC: 81.05 %,

MS (ES) mvz: [M-Nal caled for Co7HNsQ,SNa: 440.12. Found: 440.00.
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Example 36

{28,5R)-N-[{1-methyl-1 H-imidazol-5-yl)methoxy}-7-oxo-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide {Compound 51, Table 1)

o .
HN O——N/l !'"-
H i A

5 Step 1. Stept: ferf-butyl 3-{{{{[{28 5R}-6-(benzyioxy}-7-oxo-1,6-diazabicycio[3.2.1]
oct-2-yljcarbonyilaminojoxylmethyl}piperidine-1-carboxylate (153)

0 Bm‘hO/\omNHz A
A, 152 Boc A,
HO™™ ™ - N o-N"""
‘ P‘E! \/’l'iiH H N HlH

_ N
0 0 ph o o

Ph
1 ' 153

To a mixture of (28, 5R)-6-(benzyloxy}-7-oxo-1,B-diazabicyclo[3.2. 1joctane-2-carboxylic acid

1 {(0.250 g, 0.905 mmol) in DCM (150 mlL) were added fert-butyl = 3-
10 [(amincoxy)methyl]piperidine-1-carboxylate 182  (0.312 g, 1358  mmol), 1-

hydroxybenzotriazole (0.183 g. 1.358 mmol) and 1-ethyl-(3-dimethylaminopropyl)

carbodiimide hydrochloride (0.260 g, 1.358 mmol) sequentizlly at room temperature. The

mixture was stired at room temperature overnight, diluted with DCM and concentrated to

provide a residue which was subjected to chromatography fo give 183 (0.37 g, 84 %) as a
15 white foam.

'H NMR (400 MHz, CDCL). § 1.45 (9H, m), 1.53 (5H, m), 190 (3H, m), 2.31 (1H, m), 2.77 '
(3H, m), 2.87 (1H, m), 3.30 (1M, m), 3.70 (5H, m), 4.88 {1H, d, J=11.6 Hz), 5.06 (1H, d, J =
11.8 Mz), 7.42 (5H, m). One prcfon was not observed in moisture containing CDCl;.

MS (ES") m/z: [M+H] caled for CoghyrNsOg: 489.2. Found: 489.2,
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Step 2. Step2: tert-butyl 3-{[{{[{25,5R)-6-hydroxy-7-0x0-1,6~
diazabicyclo[3.2.1}oct-2-yljcarbonyljamino)oxyimethyi}piperidine-1-carboxylate
{154)

J ' j
BDC\U\OFQ- ,{'Q bﬁoc\U\o-—NJﬁ'ﬁQ
N A IH H N Lun

183

A mixture of fert-butyl 3-{[({{(2S 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio[3.2. 1]oct-2-
yljcarbonyl}aminojoxyjmethyllpiperidine-1-carboxylate 1563 (0.40 g, 0.82 mmol) and Pd/C
(0.13 g) in methanol (20 mL) was hydrogenated at 1 atm at room temperature for 3 h. The
mixture was filtered through Celite pad and concentrated to give 154 (6.33 g, quantitative

10 vield) as a white foam.

'H NMR (400 MMz, CD;0D): 8 1.28 (1H, m), 1.45 (10H, m), 1.68 (1H, m), 1.80 (4H, m), 2.04
(1H, m}, 2.20 (1H, m), 2.75 (TH, m), 2.84 (TH, m}, 3.10 (2H, m), 3.74 (5H, s), 4.02 (1H, m).
Two protons were not observed in CD,0D., '

MS (ES™) m/z: [M+H]" caled for CygHsN4Og: 399.2. Found: 399.1.

15  Step 3. - Step 3. tert-buty! 3-{[{{[{25,5R)-T-ox0-6-(sulfooxy)-1,6~
diazabicyciof3.2.1Joct-2-yijcarbonyllamino)oxylmethyl}piperidine-1 -carbbxyiate
{155)

J | ]
Boc,.N O-N" Boc. N O-N )L,h
o B N i = N
N,
OH

7
0
N
0}—— }*’ N1
154 155 :
20 To .a mixture of fertbutyl 3-{[({[(25 5R)-6-hydroxy-7-oxo-1 6-diazabicycio[3.2.1]oct-2-
yijcarbonyllamino)oxylmethyijpiperidine-1-carboxylate 154 (0.33 g, 0.83 mmol} in pyridine
(4.0 ml) was added sulfur trioxide pyridine complex (0.38 g, 2.48 mmol). The mixture was

stirred at room temperature for 23 h and concenirated to provide a residue which was
subjected o chromatography to give 155 (0.33 g, 83 %) as a white foam.

25 M NMR (400 MHz, CD,0D): § 1.30 (1H, m), 1.42 (10H, m), 1.67 (1H, m), 1.90 (4H, m), 2.08
{1H, m}, 2.20 (1H, m), 2.70 (1H, m), 2 85 (1H, m), 3.10 (1H, d, J = 12.0 Hz), 3.26 (1H, m),
3.74 (2H, m), 3.88 (2H, m), 4.15 {2H, m). Two protons were not observed in CO,0D.
185
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MS (ES") mv/z: [M-HY caled for CigHaeN4OeS: 477 2. Found: 477.1.

Step 4. Step 4 (2S,5R)-N-[(1-methyl-1 H-imidazol-5-yl)methoxy}-7-oxo-6-
{sulfooxy}-1,6-diazabicyclo[3.2.1joctane-2-carboxamide (Compound 51, Table 1}).

O O
Boc\N 0_§/u7,, . HN O-N /th, TFA
: N +tH o H N

il
)—-—-N\ o
o 0-§-OH o/’L__ No-S-oH
O i
155 Compound 51, Table 1

5 To a mixture of {fer-butyl 3—{{({{(2S,5R)-7-oxo»6—(suifodxy)»1' ,6-diazabicycio]3.2. 1}oct-2-
yljcarbonyijamino)oxyimethytlpiperidine-1-carboxylate 155 (0.33 g, 0.69 mmol) in DCM (8.0
ml} was added {rifluorcacetic acid (0.40 mL) at 0°C. The mixture was stirred at 0°C for 3 h,
concentrated and washed with ether, EtOAc and DCM to give TFA salt of Compound 51
{Table 1) (62 mg) as a white solid as a pair of diastereomers.

10 M NMR (400 MHz, D;0): 6 1.21 (1H, m), 1.58-2.08 (8H, m), 2.72 (1H, t, J = 12.0 Hz), 2.80
(1H, t, /= 12.0 Hz), 2.98 (1H, d, J = 11.2 Hz}, 3.21 {2H, m), 3.40 (1H, d, J = 11.6 Hz), 3.72
(1H, m), 3.79 {1H, m), 3.83 (1H, d, J = 7.2 Hz), 4,08 (1H, s). Three protons were not

~ observed in D;0.
HPLC: 92.31 %
15 MS (ES) myz: IM-H] caicd for CyaHaN4O,8: 377.1. Found: 377.0.

Example 37

Sodium (2S,5R)-N-(morpholin-2-yimethoxy}-7-ox0-6-{sulfooxy}-1,6-
diazabicyclof3.2.1Joctane-2-carboxamide (Compound 152, Tab!e"i)

' O
N /\r/\o.__N/u//,,
L\/Q H N 11
N8

o ‘o»%«cma
o

i8¢
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Step 1. tert-butyl 2-{[{{[(2S5,5R)-6-(benzyloxy)-T-oxo-1,6-diazabicyclo[3.2.1] oct-2-
yljcarbonyljamino)oxylmethyi}morpholine-4-carboxylate (157)

Boc.
. ‘ oC I\(/Y\O‘NHZ

o
b © I
HO) Q . 156 - BOC\N/\/\O‘-N/L”'
N M _ k/o H N i
N : }—-
o} ‘OBn ™

4 187

%

_ To a mixture of (25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-carboxylic acid
5 1 (0250 g, 0805 mmol) in DCM (150 ml) were added fert-butyl 2-
[(aminooxy)me’thyi]morphoiihe-tl-carboxytate 186 (0317 g, 1.358‘ mmal), 1-
hydroxybenzotriazole (0.183 g, 1.358 mmol) and 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochloride (0.260 g, 1.358 mmol) sequentially at room temperature. The
mixture was stirred at room temperature overnight, diluted with DCM and concentrated to

10 provide a residue which was subjected to chromatography to give 157 (0.35 g, 79 %) as a

coloriess oil.

*H NMR (400 MHz, CDCly): & 1.45 (9H, m), 1.60 (1H, m), 1.90 (2H, m), 2.30 (1H, m), 2.78
(2H, m), 3.00 (2H, m), 3.30 (1H, m), 3.56 (1H, m), 3.70 {1H, m), 3.87 (BH, m), 4.92 (1H, d, J
= 11.6 Hz), 5.06 (1H, d, J = 11.6 Hz), 7.42 (5H, m), 9.36 (1H, s).

15 MS (ES) m/z: IM-H] caled for CouHasNGO;: 489.2. Found: 489.2.

Step 2.  tert-butyi 2-{[{{[{2S,5R)-6-hydroxy-7-oxo-1 s6-diazabicyclo[3.2.1}oct-2-
ylicarbonyllamino)oxylmethyi}morpholine-4-carboxylate (158)

Boc. /uff

O
Boc. Jf .
N O~-N" "
TN e U N

i57 158

O

A mixture of fert-butyl 2-{[({{(25 56R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio[3.2.1]oct-2-

20 yllcarbonyllamino)oxylmethylimorpholine-4-carboxylate 157 (0.35 g, 0.71 mmol) and Pd/C
(0.12 g) in methanol (20 mL) was hydrogenated at 1 atm at room temperature for 3 h. The
mixture was filtered through Celite pad and concentrated to give 158 (O 29 g, quantitative
yield) as a white foam.
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"M NMR (400 MMz, CD,0D): 5 1.46 (SH, m), 1.79 (1H, m), 1.92 (1H, m), 2.04 (1H, m), 2.18
(1H, m), 2.80 (1H, m), 2.0 (TH, m), 3.08 (2H, m), 3.49 (1H, m), 3.68 (2H, m), 3.90 (6H, m). 2
protons were not observed in CD,0D.

MS (ES") m/z: [M+H]" caled for Ci7HN4O5: 401.2. Found: 401.2.

Step 3. tert-butyi 2-{[({[{(25,5R)-T-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1joct-2-
yljcarbonyllaminojoxyimethylimorpholine-d-carboxylate (159}
0
Boc ., N )L,,_

o .
Boc. 3 /H, - N oy

o) OH , o OS0O4H
158 459

To a mixture of fer-butyl 2-{[({{(2S,5R)-8-hydroxy-7-oxo-1,6-diazabicyciof3.2. 1]oct-2-
yijcarbonyljamino)oxylmethylimorpholine-4-carboxylate 158 (0.29 g, 0.72 mmol) in pyridine
(5.0 mL} was added sulfur trioxide pyridine complex (0.34 g, 2.17 mmol). The mixture was
stirred at room temperature‘for 23 h and concentrated to provide a residue which was
subjected to chromatography to givg 159 (0.29 g, B3 %) as g white foam.

'H NMR (400 MHz, CD,0D): 6 1.46 (9H, s), 1.82 (1H, m), 1.90 (1H, m), 2.09 {(1H, m), 2.22
(1H, m), 2.78 {1H, m}, 2.80 (1H, m), 3.10 (1H, d, J = 11.6 Hz), 3.22 (1H, m}, 3.50 (1H, m),
3.68 (1H, m), 3.80 (6H, m), 4.14 (1H, m). Two protons were not observed in CD,0D.

MS (ES) m/z: IM-HT caled for CiHxmNsO10S: 479.2. Found: 479.1.

Step 4. Sodium {25,5R)-N-{morpholin-2-ylmethoxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2.1}joctane-2-carboxamide (Compound 152, Table 1)

0 Q |

Boc. ,. /ur,,, HN O»—NJL"' .

U\OH E\Q-«'H — (/\OA " @"‘H
J—N SN

o OSO4H O 080sNa
180 Compound 152, Table 1

To a mixture tert-butyl 2—{{({{(28,5R}~7~oxo~6—(suifqoxy)—1 B-diazabicycio]3.2. 1]oct-2-
yljcarbonytlamino)oxyjmethylimorpholine-4-carboxylate 159 (0.29 g, 0.80 mmol) in DCM (8.0
mL) was added trifluoroacetic acid (0.40 mL) at 0°C. The mixture was stirred at 0°C for 3 .
concentrated and washed with ether to give Compound 152 (Table 1} as a TFA sait, which
was converted to sodium salt by treating with Dowex 50 to give the corresponding sodium
salt (74 mg) as a white solid as a pair of diastereomers.
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' NMR (400 MHz, D,0O): § 1.60-2.10 (4H, m), 2.98-3.18 (3H, m), 3.20-3.35 (3H, m), 3.80
(1H, §, J = 12.1Hz), 3.90-4.18 (BH, m). Three protons were not observed in D:0.

HPLC: 9823 %

MBS (ES) m/z: (M-Na] caled for CyHqeN4O8Na; 378.1. Found: 379.0.
Example 38

{28,5R)-7-0x0-N-(piperidin-28-yimethoxy}-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide

5 o -
N l\\\\a_N/ufh,
o)
. 0

J—N

o '0-§-0H
Step 1. tert-buty! 25-{[{{[{25,5R)-6{benzyloxy}-7-oxo-1,6-diazabicycio[3.2.1] oct-
2-yilcarbonyilamino)oxylmethyi}piperidine-t-carboxylate (161)
E‘ﬁoc
N

T 0-NH,
Boc O
] /B,

O
pi
HO ‘. 160 N R 0,
Q"'H - O o S

1 - 161
To a mixure of (25, 5R)—6-(benzyioxy)«7~oxd~1,6~diazabicycioi:3.2.1]ocfane—2~carb0xyiic: acid
i (0.250 g, 0905 mmol) in DCM (15.0 mb) were added tert-butyl 2S-
[(amincoxy)methyljpiperidine-1-carboxylate 168 (0.312 g, 1.358 mmol), -
hydroxybenzotriazole {0,183 g,; 1.358 mmol} and 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochloride (0.260 g, 1.358 mmol) seguentially at room temperature. The
mixture was stirred at room ternperature overnight, diluted with DCM and concentrated o
provide a residue which was subjected to chromatography to give 161 (0.35 g, 80 %) as a
white foam.

H NMR (400 MHz, CDCly): § 1.41 (8H, m), 1.61 (BH, m), 1.97 (2H, m), 2.28 (1H, m), 2.78
(3H, m), 2.87 (1H, m), 3.26 (1H, m), 3.70 (1H, m), 3.99 (2H, m), 4.15 (1H, m), 4.51 (1H, m),
4.88 (1M, d, J = 11.6 Hz), 508 (1H, m), 7.42 {BH, m). One proton was not observed in

moisture containing CDCL.

MS (ES") m/z: [M-H] caled for CostasNgOs: 487.2. Found: 487.1.
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Step 2. tert-butyl 28-{[{{[{25,5R}-6-hydroxy-T-oxo-1,6-diazabicycliofi.2.1]oct-2-
ylicarbonyljamino)oxylmethyl}piperidine-1-carboxylate (162).
Boc ) Boc ]

' E i L

N '\‘\\O‘”‘NJ"" N “\\\O"N/l ‘s,

O e — O
J—N, e

161 62
A mixture of ftert-butyl 25-{[({{(25 5R)-6-(benzyloxy)-7-oxo-1,8-diazabicycio]3.2. 1]joct-2-

yllcarbonylfaminoc)oxyjmethylipiperidine-t1-carboxylate 181 (0.40 g, 0.82 mmol) and Pd/C

HH
"OH

(0.13 g) in methanol (20 mL) was hydrogenated at 1 aim at room temperature for 3 h. The
mixture was filtered through Celite pad and concentrated to give 182 (0.27 g, quantitative

vield) as a white foam.

"H NMR (400 Mz, CD,OD): § 1.45 (9H, s), 1.60 (5H, m), 1.80 (2H, m), 1.93 (1H, m), 2.04
(1H, m), 2.21 (1H, m), 2.84 (1H, m), 2.89 (TH, m}, 3.31 (1M, m}, 3.68 (1H, s), 3.89 (1H, s},
407 (3H, m), 447 {1H, m). Two protons were not observed in CD,0D0,

MS (ES™) m/z: [M+H]" caled for CigHa; N4Os: 399.2. Found: 389.1.

Step 3. tert-butyl ZS-{{({[(ZS,SR);T-QXO-S-(sulfooxy}-'i,6-diazabicyclo{3.2.1]oct-2-
y!]carbo'nyl}amino)oxy}methyi}piperidine~1 -carboxylate (163)

?oc _ j) Elaoc j
(N ‘\\\\O-—-Eig Ve, N “‘\\Q-—aﬁ I,” .
]?3 <ok N M
4N )—— N
0 OH o ‘0S0O4H

182 163
To a mixture of ferf-butyl 25-{[({{{2S 5R)-6-hydroxy-7-oxo-1,B-giazabicyclof3.2. 1joct-2-

vijcarbonytjaminojoxylmethylipiperidine-1-carboxylate 162 (0.33 g, 0.83 mmol) in pyridine
(4.0 mi) was added suifur trioxide pyridine complex (0.38 g, 2.48 mmol). The mixture was
stirred at room temperature for 23 h and concentrated o provide a residue which was
sublectad to chromategraphy to give 183 (0.24 g, 69 %) as a white foam.

"H NMR (400 MHz, CD;0D): § 1.45 (10H, m), 1.63 (4, m), 1.84 (2H, m), 1.92 (1H, m), 2.06
(1H, m), 2.21 (1H, m), 2 87 (1H, m), 3.00 (1H, m), 3.24 (2H, m), 3.91 {2H, m), 4.03 (1H, m),
411 (1+, m), 4.48 (1H, m). Two protons were not observed in CD;0D.
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Step 4. {25,5R)-7-oxo-N-(piperidin-28-yimethoxy)-6-{sulfooxy}-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide (164}

Boc o e

}

N

| ¥ )
M\\O"N/l 1,‘(\ N '\‘\\O—-NJ ..
T e — U

)—~—N 4L“—N\
o OS0;H 0 OS0O,H
183 164

To a mixtiure of fert-butyl 2-{[{{[(25 5R)~7-ox0-8-(sulfooxy)-1,8-diazabicyclo[3.2.1]oct-2-
5  yllcarbonyilamino)oxylmethylilpiperidine-1-carboxylate 163 (0.27 g, 0.58 mmol) in DCM (8.0

mbL) was added trifiucroacetic acid {0.40 mL) at 0°C. The mixture was stirred at 0°C for 3 h,

concentrated and washed with ether, EtOAc and DCM to give 164 (53 mg) as a white foam.

'H NMR (400 MHz, D,0): § 1.20 (2H, m), 1.36 (1H, m), 1.60 (5H, m), 1.77 {2H, m), 1.80 (1H,
m), 2.65 (1H, m), 2.82 (1H, m), 3.00 (1H., m), 3.15 (2H, m), 3.70(1H, m), 3.80 {2H, m), 3.90
10 (1H, s). Three protons were not observed in 0,0,

HPLC: 95.22 %

MS (ES") m/z: [M-HT caled for C13H%1N4O?S: 377.1. Found: 377.0.
Ekample 39

{28,5R)-7-oxo-N-(piperidin-2R-vimethoxy)-6-{sulfooxy}-1,6-tiazabicyclo[3.2.1]octane-2-

15 carboxamide

o} "OSO,H

Step 1. teri-butyl 25-{[{{[(ZS,5R}-6~(benzyioxy)—?~=~oxo-1,S-diazabicyclo{&z‘l] oct-
2-yijcarbonyilaminojoxylmethyi}piperidine-i.carboxylate {166)

?oc

N .
O-NH
s - Uem w9
Ho)"'- 185 N A,
O - &)

169
20 To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1joctane-2-carboxylic acid

1 (0250 g, 0905 mmol) In DCM (150 mi) were added fert-butyl 28-

[(amincoxy)methylipiperidine-1-carboxylate 168 (0.312 g, 1.358  mmol), 4=
191 -
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hydroxybenzotriazole (0.183 g, 1.358 mmol} and 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochioride (0.260 g, 1.358 mmol) sequentiaily at room temperature. The
mixture was stirred at room temperature overnight, diluted with DCM and concentrated to
provide a residue which was subjected to chromatography to give 168 {0.35 g, 80 %) as a

white foam.

'H NMR (400 MHz, CDCL): 6 1.41 (8H, m), 1.61 (6H, m), 1.97 (2H, m), 2.28 (1H, m), 2.78
(3H, m), 2.97 (1H, m}), 3.26 (1H, m), 3.70 (1H, m), 3.98 (2H, m), 4.15 (1H, m), 4.51 (1H, m),
488 (iH, d, J = 11.6 Hz), 5.06 (1H, m), 7.42 {5H, m). One proton was not observed in
moisture containing CDCl;.

MS (ES) m/z: [M-HJ calcd for CosHssN.Os: 487.2. Found: 487.1.

Step 2. teri-butvi 23—{[({{(28,5R)—6~hydraxy-7-oxo-‘i,deiazabicyclo[s,z.1]0ct—2-
yljearbonyllaminojoxylmethyl}piperidine-1-carboxylate (170}

Boc Boc

i ? ! j
N O—NJ”“ N O-N"
H M vk - H N o
SN, F—N,

o] OBn O OH -
169 170
A mixture of ferf-butyl 2ZS-{[({[(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-
yljcarbonyl}amino)oxylmethyl}piperidine-1-carboxylate 169 (0.40 g, 0.82 mmol} and Pd/C
{0.13 g) in methanol (20 mL) was hydrogenated at 1 atm at room temperature for 3 h. The
mixture was filtered through Celite pad and concentrated to give 170 (0.27 g. quantitative
yield) as a white foam,

"H NMR (400 MHz, CD,0D): 8 1.45 (9H, s), 1.60 (5H, m), 1.80 (2H, rh), 1.83 (1H, m), 2.04
{iH, m), 2.21 (1H, m), 2.84 (1H, m), 2.89 (1H, m), 3.31 (1H, m), 3.68 (1H, s), 3.89 (1H, s),
4.02 (3H, m), 4.47 {1H, m). Two protons were not observed in CD.0D.

MS (ES") mv/z: IM+H]" caled for CisHaN4Os: 389.2. Found: 399.1.
Step 3. tert-butyt 28{[{{I(25,5R)-7-ox0o-6-{sulfooxy)-1 ,6-diaéabicycin{3.2aﬂoct-z-.
vijcarbonyllamino)oxylmethyi}piperidine-i-carboxylate {171)
B O
zoc j v CC J )
O-“N ‘., Y\0_*N -
H N St H N rriH
SN 4$*W"N\
0 OH O O803H

170 171
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To a mixture of fert-butyl 2S-{[({[(2S,5R)-6-hydroxy-7-oxo-1 6-diazabicyclo[3.2.1]oct-2-
yljcarbonyllaminojoxy]methyl}piperidine-1-carboxylate 170 (0.33 g, 0.83 mmol) in pyridine
(4.0 mL) was added sulfur trioxide pyridine compiex {0.38 g, 2.48 mmol). The mixture was
stirred at room temperature for 23 h and concentrated to provide a residue which was
subjected to chromatography to give 171 (0.24 g, 69 %) as a white foam.

'H NMR (400 MHz, CD;0D): § 1.45 (10H, m), 1.63 (4H, m), 1.84 (2H, m), 1.92 (1H, m), 2.06
(1H, m), 2.21 (1H, m), 2 87 (1H, m), 3.09 (1H, m), 3.24 (2H, m}, 3.91 {2H, m}, 4.03 (1H, m),
4.11 (1H, m), 4.46 (1H, m). Two protons ware not observed in CD,0D.

Step 4. (28,5R)-7-oxo-N-{piperidin-2R-ylmethoxy}-6-{sulfooxy)-1,6-
diazabicycio[3.2.1loctane-2-carboxamide {172)

Boc O H C

i |
N O-N/“"" N O—N)"'
Hoon oH Ho Nl dop
Ry | /N

o "OSO4H 0 OSO4H
171 172
To a mixture of ferf-butyl 2-{[({[(2S,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. Toct-2-
yijcarbonyl}amino)oxylmethyl}piperidine-1-carboxylate 171 (0.27 g, 0.58 mmol} in DCM {8.0
mL) was added frifluoroacetic acid (0.40 mL) at 0°C. The mixture was stirred at 0°C for 3 h,
concentrated and washed with ether, EtOAc and DCM to give 172 (53 mg) as a white solid.

"W NMR (400 MHz, D,0): & 1.38 (2H, m), 1.54 (1H, m), 1.75 (BH, m), 2.01 (2H, m), 2.85 (1H,
m}, 3.00 (1H, m), 3.21 (1H, m), 3.36 (2H4., m), 3.91 (3K, m), 4.08 (1H, s). Three protons were
not chserved in D,O.

HPLC: 95.22 %

MS (ES) mvz: [M-HT caicd for Cq3H2-N407S: 377.1. Found: 377.0.
Example 40

(25,5R)-N-acetyl-7-oxo-6-{sulfooxy}-1,6-diazabicyciof3.2.1]Joctane-2-carbohydrazide
{Compound 16, Table 2)
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Step 1. {25,5R)-N-Acetyl-6-(benzyloxy)-7-oxo-1,6-diazabicyciof3.2.1]Joctane-2-
carbohydrazide (174) |
a
O . /lL E -NH; o)

_ ] H
HO) q 173 YN“NJ”'-Q
N — o H

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2. 1]octane-2-carboxylic acid
5 1 {0.200 g, 0.720 mmol, US2005/20572 A1) in DCM (6.0 ml) were added acetohydrazide
173 (0.090 g, 1.085 mmol}, i-hydroxybenzotriazole (0.147 g, 1.085 mmol), 1-ethyl-{3-
dimethylamino propyl) carbodiimide hydrochloride (0.208 g, 1.085 mmol) and N,N-

dimethylaminopyridine sequentialiy at room temperature. The mixture was stirred at room

temperature overnight, diluted with DCM and concentrated to provide a residue, which was

10  subjected to chromatography to give 174 (0.14 g, 60 %) as a white foam.

'H NMR (400 MHz, CDCl): 6 1.60 (1H, m), 1.96 (2H, m), 2.06 (3H, s), 2.34 (1H, m), 3.08 (1H,
m), 3.15 (1H, d, J = 12 Hz), 3.32 (1H, m), 4.01 (1H, d, J = 8.4 Hz), 4.90 (1H, d, J = 11.2 Hz),

5.07 (1H, d, J = 11.2 Hz), 7.26-7.44 (5H, m), 7.74 (1H, br s), 8.54 (1H, br s).

MS (ES™): m/z [M+H]" calcd for CighpiN.Oy 333.16. Found: 333.21,

15 Step 2, (25,5R)-N -Acetyl-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1joctane-2-
carbohydrazide (175)
U] | N
WNNJQ Y N Cl
H S H
s N O N
%‘“N }_—N\
174 175

A mixture of (28,5R)-N-acetyl-6-(benzyloxy)-7-oxo-1,6-diazabicyclo{3.2. 1joctane-2-
carbohydrazide 174 (0.14 g, 0.43 mmol) and Pd/C (0.070 g) in methanol (10 mlL) was
20  hydrogenated at 1 atm at room temperature for 3 h. The mixture was filtered through Celite

pad and concentrated to provide 175 {(0.10 g, 85 %) as a white foam.

'H NMR (400 MHz, CD,0D); & 1.71-1.78 (1H, m), 1.88-1.93 (1H, m), 2.04 (3H, s), 2.06-2.09
(1H, m), 2.24-2.29 (1H, m), 3.13 (1H, m), 3.22 (1H, d, J = 12 Hz), 3.69 (1H, m), 3.93 (1H, d, J

= B.4 Hz). 3 protons were not observed in CO,0D.
25  MS (ES™): m/z [M+H]" caled for CoHisN.O4: 243.11. Found: 243.18.
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Step 3. (25.6R)-N'-Acetyl-7-oxo-6-{suifooxy)-1,6-diazabicycio][3.2.1joctane-2-
carbohydrazide (Compound 16, Table 2}
O

TR Ho
N\N,H/,,_ WN\E{)’Q
O N
}—— )———N
N o 0SOzH

175 Compound 18, Table 2

i

O
|

To a mixture of (25 5R)-N-acstyl-6-hydroxy-7-cxo-1,6-diazabicyclo[3.2.1]octane-2-
carbohydrazide 176 (0.10 g, 0.41 mmol) in pyridine (5.0 mL) was added sulfur trioxide
pyridine complex (0.19 g, 1.24 mmol). The mixture was stirred at room temperature for 23 h
and concentrated to provide a residue which was subjected to chromatography to give
Compound 16 (Table 2} (0.040 g, 30 %) as a light yellow solid. |

"H NMR (400 MHz, D,0): § 1.64-1.68 (1H, m), 1.76-1.81 (14, m), 1.88-1.98 (4H, m), 2.03-
2.09 (1H, m), 3.03 (1H, d, J = 12.0 Hz)}, 3.20 (1H, m), 4.00 (1H, m), 4.05 (1H, m}. 3 protons
were not observed in D,0,

HPLC: 89.2 %
MS (ES): mvz [M-HT caled for CoMiaN,O,S: 321.05. Found: 321.05.

The corresponding sodium salt of compound 16 {Table 2} was prepared in the following
manner: '

To a mixure of (28 5R)-N-acetyl-6-hydroxy-7-oxo-1,6-diazabicyclof3.2.1]joctane-2-
carbohydrazide 175 (O.2D'g, 0.78 mmol) in pyridine (10.0 mL) was added s'uifur trioxide
pyridine complex (0.37 g, 2.35 mmol). The mixture was stirred at room temperature for 24 h
and concentrated to provide g residue which was subjected to purification by ion-exchange
resin {(Dowex50 Na® form, water) and reverse phase cciumn‘ to give sodium salt of
Compound 16 (Tabie. 2} (42 mg) as a white solid.

'H NMR (400 MHz, D,0): 6 1.64-1.69 (1H, m), 1.76-1.81 (1H, m), 1.88-1.98 (4H, m), 2.03-
2.09 (1H, m), 3.03 (1H, d, J= 12.0 Hz}, 3.20 (1H, m}, 4.00 (1H, m), 4.05 (1H, m). 3 protons
were not ebserved in D,0. '

MPLC: 985 %

MS (ES) mvz: (M-Na] caled for ColdaN.C,8Na: 321.05. Found: 321.05.
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Example 41

{28,5R})- -methyl-7-0xo-6-{sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carbohydrazide
{Compound 1, Tabie 2}

8] 0SO,H

Step 1. teri-butyl 2-{[{2S,5R)-6-{benzyioxy}-7T-oxo-1,6-diazabicyclof3.2.1joct-2-
y!}carbanyl}-‘!-methyihydrazinecérboxyiate {177}
0

) %OA?'NW o
b, : :
HO™ 176 -—%o N,
Q TN
}—N
0 0Bn - _}-——N

1 177

To a solution of (25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio[3.2. 1]octane-2-carboxylic acid
i {02 g 072 mmol) In dry DCM (10 ml) were added fert-butyl 1-
methylhydrazinecarboxylate 176 (0.18 g, 1.08 mmol), 1-hydroxybenzotriazoie (0.15 g, 1.08
mmol), 1-ethyl-(3-dimethylaminopropylycarbodiimide hydrochioride (0.21 g, 1.08 mmol} and
4-dimethylaminopyridine (0.13 g, 1.08 mmol) at room temperature. The reaction mixture was
stirred at room temperature ovemight, and then concentrated under vacuum. The residue
was purified by column chromatography to give fert-butyl 2-{[(25,5R)-6-(benzyloxy)-7-oxo-
‘i,6~diazabicycto{3.2.1]oct—2uy$}carb0ﬂy{}-1—methyihydrazinecarbaxy!ate 177 (0.25 g, 86%) as

a clear thick oil.

"H NMR (400 MHz, CDCls): & 1.46 {9H, 5), 1.58 (1H, m), 1.97 (2H, m), 2.37 (1H, m), 3.04-
3.16 (5H, m), 3.29 (1H, m), 3.98 (1H, d, J = 8.8 Hz), 4.90 (1H, d, J = 11.2 Hz), 5.05 (1H, d, J
= 11.6Hz), 7.38 (5H, m), 8.32 (1H, br s).
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Step 4. tert-butyl 2-{[(25,5R)-6-hydroxy-7T-oxec-1,8-diazabicyclo]3.2.1]oct-2-
yljcal?bonyi}—'l -methylhydrazinecarboxylade (178)

N
N

o OH

o hJ L
o N. Y, O N 5
iy —
o] M 6]
S—N |
| o OBn

177 178

To a solution of fert-butyt 2-{{{(28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclof3.2. 1joct-2-
S yllcarbonyli-1-methylhydrazinecarboxylate 477 (0.28 g, 0.72 mmi) in methanol (15 mL) was

added 5% Pd/C (0.3 g). The mixture was hydrogenated under 10 psi hydrogen atmosphere

at room temperature for 1 h. The catalyst was filtered out through Celite, and the filtrate was
evaporated to give fert-butyl 2-{[(255R)-6-hydroxy-7-oxo-1,6-diazabicycio]3.2. 1]oct-2-

yllcarbonyl}-1-methylhydrazinecarboxylate 178 (0.22 g, 98%) as a colorless foam.

10 "H NMR (400 MHz, CD,OD): & 1.46 (9H, s), 1.74 (1H, m), 1.92 (1H, m), 2.07 (1H, m), 2.26

(iH, m), 3.01-3.22 (5H, m), 3.71 {1H,m), 3.88 (1H, m), 2 protons were not observed in
CD?,OD o

Step 5. tert-butyl 1-methyl-2-{[{28,5R}-7-oxo0-6-(suifooxy}-1,6-
diazabicyclo[3.2.1]oct-2-vijcarbonyithydrazinecarboxylate pyridine salt (179)

o) O
Lot J —on .
O N 0 N
SN SN
o OH o OSO,H pyridin
15 178 179

To a solution of fertbutyl 2-{[(285R)-6-hydroxy-7-oxo-1,6-diazabicyclo{3.2.1joct-2-
ylicarbonyl}-1-methylhydrazinecarboxylate 178 (0.22 g, 0.7 mmol) in dry pyridine (10 mL)

under nitrogen atmosphers was added sulfur trioxide pyridine complex (0.56 g, 3.5 mmol).

The mixiure was stirred at room temperature for 20 h, filtered and evaporated to give feri-
20 butvl t-methyl-2-{{(2S,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1)oct-2-
yijcarbonylhydrazinecarboxylate pyridine salt 179 {0.33 g crude) which was used in the next

step without purification,
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Step 6. NN, N-tributylbutan-1-aminium ({{(2S,5R)-2-{[2-{fert-butoxycarbonyl)-2-
methylhydrazinyllcarbonyl}-7-oxo-1,6-diazabicyclo[3.2.1joct-6- .
yiloxy}sulfonyljoxidanide (180)

( j’ -%-o A j,
—Tl—ffj\é)ri\i,ﬁ ', N(\; o z’( E Q

//L\'{‘é'\ O//L—N“oso - BuN*
- o 0OS8O,H pyridine 180 3 mra
5 tert-butyl 1-methyl-2-{[(2S,5R)-7-0xo0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]oct-2-
yllcarbonyi}hydrazinecarboxylate pyridine salt 179 (0.33 g, 0.7 mmol) was introduced into a
concentrated aqueous solution of monosodium dihydrogen phosphate solution (12 mL) so as
to obtain a pH of 4. The mixture was washed with ethyl acetate, then added tetrabutyl
ammonium hydrogen suffate (0.136 g, 0.4 mmol) and stirred at room temperature for 10 min.
10 The mixture was extracted with ethyl acetate (3 x 20 mL), and the extracts were combined,
dried ovér sodium sulfate and evaporated to give N N N-tributylbutan-1-aminium ({[{28,5R)-
2-{[2-(tert-butoxycarbonyl)-2-methylhydrazinyljcarbonyl}-7-oxe-1,6-diazabicycio[3.2. 1loct-8-

yiJoxy}sufonyljoxidanide 180 (0.31 g, 70%) as a white solid. '

"H NMR (400 MHz, CDCI3): 8 1.00 (12H, t, J = 7.2 Hz), 1.18 (3H, m), 1.46 (12H, m), 1.66
16 (12H, m), 1.94 (2H, m), 2.15 (1H, m), 2.38 (1H, m), 2.84 (1H, d, J = 11.2 Hz), 3.2 BH, m),
3.87 (1H, m), 3.93 (1H, d, J = 8.0 Hz), 4.35 (1H, ), 8.98 (1H, brs).

Step 7. {2S,5R)-N -methyi-7-oxo-6-{sulfooxy)-1,6-diazabicyclo[3.2.11octane-2-
carbohydrazide (Compaund 1, Table 2)

+0;U?- qJ
gy A, A TN Tl
y —

faaeed

O N N
N )————N\
O 0893“ BU.,;N+ O OSOgH
180 Compeund 1, Table 2

20 To a solution of NN N-ributylbutan-t-aminium ({{(2S,5R)-2-{2-(tert-butoxycarbonyl)-2~
methylhydrazinyljcarbonyl}-7-oxo-1,6-diazabicycio[3.2. 1joct-6-yljoxylsulfonyioxidanide 180
{0.31 g, 0.49 mmol) in DCM (20 mL) was added trifluoroacetic acid (1.2 mL, 15.55 mmol)
dropwise at 0 °C. The reaction’ mixture was stirred for 2 h, then evaporated. Ether was added
fo the residue and the resulting white precipitate was coliected by centrifugation. The solid
25  was triturated with acetonitrile (2 x} and the white solid was collected by centrifugation. The
white solid was purified by HPLC and freeze-dried to give (2S,5R)-N'-methyi-7-0x0-6-
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(sulfooxy)-1,6-diazabicyclof3.2.1joctane-2-carbohydrazide Compound 1 (Table 2) (0.01 g,
6.9 %) as a white solid.

'H NMR (400 MHz, CD,0D): 6§ 1.77 (2H, m), 1.95 (1H, m), 2.05 (1H, m}, 2.97 (5H, m), 3.16
{1H, d, J = 12.0Hz), 3.26 (4H, m), 3.88 (1H, d, d = 7.8 Hz), 4.06 (1H, m), 3 protons were not
observed in CDL0D.

MS (ES): miz [M-HT = 293.04
Example 42

{2R,55)-7 -oxo-N' <{phenylcarbonyl)-6-{sulfooxy})-1,6-diazabicysio]3.2 1joctane-2-
carbohydrazide {Compound 64, Table 2)

N\.
4 O86.H

Step 1. (2R, 5R)-6-(benzyloxy)-T-oxo-N'-(phenyicarbonyi}-1,6-
diazabicyclo[3.2.1joctane-2-carbohydrazide (182)

1 182

To solution of (25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-carboxylic acid 1
(0.25 g, 0.80 mmol} in dry DCM (20 mL) were added benzohydrazide 181 (0.118 g, 1.35
mmol), 1-hydroxybenzotriazole (0.18 g, 1.35 mmol}, 1-ethyl-(3-
dimethylaminopropyl)carbodiimide  hydrochloride (026 g, 135 mmol) and 4-
(dimethylamino)pyridine {0.16 g, 1.35 mmol} at room temperature. The reaction mixture was
stirred at room {emperature overnight, and then concentrated under vacuum. The residue
was purified by column chromatography to give (2R,5R)-B-(benzyloxy)-7-oxo-N'-
{(phenylcarbonyl)-1,6-diazabicyclo[3.2. 1]octane-2-carbohydrazide 182 (0.35 g, 98%) as a
white solid.

'H NMR (400 MHz, CDClg): 6 1.58-1.74 (1H, m), 2.02 (2H, m), 2.36 (1H, m), 3.11 (1H, d, J =
12.0 Hz), 3.22 (1H, d, J = 12.0 Hz), 3.32 (1H, s), 4.05 (1H, d, J = 7.2 Hz ), 4.90 (iH, d, J =
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11.2 Hz), 5.04 (1H, d, J = 11.6 Hz), 7.41 (7H, m), 7.51 (1H, m), 7.79 (2H, d, J = 8.4 Hz ),
8.74 (1H, brs), 8.79 (1H, br s).

Step 2. {2R,5R)-6-hydroxy-7-oxo-N-{phenylcarbonyl}-1,6-
diazabicyciol3.2. 1joctane-2-carbohydrazide (183)

0O o
H H
©\’rN\NJ£"'q Q(N\N)if!t'g
H . H

O N

N, N,

o] OBn 0 OH

182
5 183

To a . solution of (2R 5R)-6-(benzyloxy)-7-oxo-N-{phenylcarbonyl}-1,6-
diazabicyclo[3.2. 1joctane-2-carbohydrazide 182 (0.33 g, 0.88 mml) in methanol (20 mL) was
added 5% Pd/C (0.40 g). The mixture was hydrogenated under 10 psi hydrogen atmosphere
at room temperature for 1 h. The catalyst was fittered out through Celite, and the filirate was
10 evaporated to give (2R, 5R)-6-hydroxy-7-oxo-N-{phenylcarbonyl}-1.6-
diazabicycio]3.2. 1joctane-2-carbohydrazide 183 (0.18 g, 89%) as a colorless foam.

"H NMR (400 MHz, CDaoD): 5 1.80 (1H, m), 1.98 (1H, m}, 2.07 (1H, m), 2.33 (1H, m), 3.20
(1H, d, J = 11.8 Hz), 3.35 (1H, m), 3.74 {1H, s), 4.02 {1H, d, J = 7.6 Hz), 7.47 (2H, m), 7.57
(1H, my), 7.86 (24, m), 3 protons were not observed in CD;0D.

15  Step 3. (2R,58)-7-0x0-N'-(phenyicarbonyl}-6-(sulfooxy)-4,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide {Compound 84, Table 2}

0 O
N N |
Q’(NHN/}W.. @(N\NJ"»,,
H e 5 Ho N
N

O N

I

o Ol O 0S0,H

183 Compound 64, Table 2

To a solution of (2R, 5R)-B-hydroxy-7-oxo-N-(pheriyicarbony!)-1,6-diazabicyclo[3.2. 1]octane-
2-carbohydrazide 183 (0.197 g, 0.69 mmol) in dry pyridine (7 mL} under nitrogen atmosphere

20  was added sulfur trioxide pyridine complex (0.44 g, 2.76 mmot!). The mixture was stirred at
room temperature for 20 h, fitered and evaporated. The residue was purified by  column
chromatography followed by HPLC on a prep-X Bridge-SOx?OO mm column and freeze-dried
to give (2R,58)-7-oxo-N-(phenylcarbonyl)}-8-(suifooxy)-1,6-diazabicyclo{3.2. 1]joctane-2-
carbohydrazide Compound 64 (Table 2) (0.05 g, 16.7%) as a white solid.
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H NMR (400 MHz, CD,ODY: 8 1.83 (1H, m), 1.99 (1H, m), 2.10 {(1H, m), 2.33 (1H, m), 3.29-
3.39 (2H, m), 4.08 (1H, d, J = 7.2 Hz), 4.19 (1H, 8), 7.49 (2H, m), 7.56 (1+, m), 7.89 (2H, m),
3 protons were not observed it CDL0D. :

HPLC: 88.2%

5 MS (ES) miz: [M] = 383
Exampie 43

(2R,58)-7-ox0-6-{sulfooxy)-N'-(trifluoroacetyl)-1,6-diazabicycio[3.2.1Joctane-2-
carbohydrazide (Compound 89, Table 2}

O
i
FgC\n/N\N/L,,_
o " w
N,
0 OSO4H
10 Step . {2R,5R)-6-{benzyioxy)-7-oxo-N'-{trifluorcacetyi}-1,6-
diazabicyclo[3.2.1joctane-2-carbohydrazide {185)

H

. o)
o FaC._N. H
g, TN o NG
HO™ o) TN
N 184 O N
;—-N - . //j' —N,
s 'OBn - 0 OBn
1 185

To solution of (28,5R)-6-(benzyioxy)-7-oxo-1,8-diazabicyclo]3.2. 1Joctane-2-carboxylic acid
‘ {0.25 g, 0.90 mmof) in dry DCM (20 mL) were added 2,2, 2-triflucroacetohydrazide 184 (0.17
15 g, 135 mmol, Aldrich), 1-hydroxybenzotriazole (0.19 g, 1.35 mmol), 1-ethyl-(3-

dimethylaminopropyl)carbodiimide  hydrochloride (026 g, 1.35 mmol} and 4-

(dimethylamino)pyridine (0.16 g, 1.35 mmol) at room temperature. The reaction mixture was

stirred at room temperature overnight and concentrated under vacuum. The residue was

purified by column chromatography to give (2R 5R)-8-(benzyloxy)-7-oxo-N-(triflucrcacetyl)-
20  1,6-diazabicyclo[3.2. 1joctane-2-carbohydrazide 185 (0.224 g, 65%) as a white solid.

H NMR (400 MHz, CDCly): 8 1.62(1H, m), 2.01 (2H, m), 2.33 (1H. m), 2.88 (1H, d, J = 12.0
Hz), 3.07 (1H, d, J = 12.0 Hz), 3.34 (1H, s}, 4.03 (1H, d, J = 7.2 Hz }, 4.90 (1H, d, J = 11.2
Mz), 5.04 (1H, d, J = 11.6 Hz), 7.39 (5H, m), 8.59 (1H, brs), 8.68 (1H br s).
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Step 2. {2R,6R)-6-hydroxy-T-oxo-N'-{triflucroacetyi)-i,6-
diazabicyclo[3.2. fjoctane-2-carbohydrazide (1886)

H fi FsCo N j)
F3C N\N ‘,, 3 "‘N £
g — T
.
O OBn

185 186

To a solfution of (2R, 5R)-6-(benzyloxy)-7-oxo-N-(triflucroacetyl)-1,6-
diazabicyclo{3.2. t]octane-2-carbohydrazide 185 (0.224 g, 0.58 mml) in methanol (20 mL)
was added 5% Pd/C (0.30 g). The mixture was hydrogenated under 10 psi hydrogen
atmosphere at room temperature for 1 h. The catalyst was filtered out through Celite and the
filtrate was evaporated to give (2R 5R)-8-hydroxy-7-oxo-N-(triflucroacetyl)-1,6-
diazabicyclo[3.2. 1joctane-2-carbohydrazide 186 (0.15 g, 88%) as a colorless foam.

"H NMR (400 MHz, CD,0D): § 1.77 (1H, m), 1.95 (1H, m), 2.06 (1H, m), 2.30 (1H, m), 3.17
(1H, m), 3:33 (1H, m), 3.73 (1H, 8), 3.97 (1H, d, J = 7.2 Hz), 3 protons were not cbserved in
CD,0D.

Step 3. {ZR,58}-T-ox0-8-(sulfooxy)-N-{trifiucroacetyi}-1,6-
diazabicyclo[3.2.1]Joctane-2-carbohydrazide (Compound 89, Table 2)

' O
O H -
FSCYQ\N A, FECYN\Q .
P Y

//J"— N, o/}_N‘osoaﬁ

O OH

pu

186 Cormpound 88, Table 2

To a solution of (2R 5R)-6-hydroxy-7-oxo-N-{iriflucroacetyl)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide 186 (0.15 g, 0.51 mmol) in dry pyridine (© mL) under nitrogen atmosphere
was acdded sulfur trioxide pyridine complex (0.38 g, 2.37 mmol). The mixture was stirred at
room temperature for 20 h, filtered and evaporated. The residue was purified by column
chromatography followed by HPLC on a prep-X Bridge-30x100 mm column and freeze-dried
to give (2R,55)-7-0x0-6-(sulfooxy)-N'-(trifluoroacetyl)-1,6-diazabicyclo[3.2. 1loctane-2-
carbohydrazide Compound 89 (Table 2} (0.02 g, 10.5%) as a white solid.

'H NMR (400 MHz, CD,OD): & 1.81 (1H, m), 1.86 (1H, m), 2.06 (1H, m), 2.32 (1H, m), 3.05
{(1H, ¢, J = 11.6 Hz), 3.31 (1H, m), 4.01 (1H, d, J = 8.0Hz), 4.16 (1H, 8), 3 protons were not

observed in CD,0D.
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HPLC: 82.6%

MS (ES) miz: [M] = 375
Example 44

{2R,55)-N -(methyisulfonyi)-7-oxo-6-(sulfooxy)-1,6-diazabicyciof3.2.1joctane-2-
5 carbohydrazide (Compound 90 , Table 2}

0
H Jlf

i.\!'-- fy
ch_i:slz ﬁ B
O N

P

o . COSO4H
Step 1. (2R, 5R)y-6-{benzyloxy)-N'-{methyisulfonyl}-7-ox0-1,6-
diazabicyclof3.2.1]Joctane-2-carbohydrazide (188)
oR
j HyC~5"" "NH, R
HO o HaC™ % N
N 187 N
— ] N
O OBn O OBn
1 188

10 To solution of (25 ,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-carboxylic acid 1
(0.67 g, 2.42 mmol) in dry DCM (60 mL) were added methanesulfonohydrazide 187 (0.40 g,
3.63  mmol), 1-hydroxybenzotriazole (044 g, 383  mmol), 1-ethyl-(3-
dimethylaminopropyljcarbodiimide  hydrochloride  (0.72 g, 3.63 mmol) and 4-

(dimethylamino)pyridine (0.44 g, 3.63 mmol) at room temperature. The reaction mixture was

15 stirred at room temperature overnight and concentrated under vacuum. The residue was

purified by column chromatography to give {2R,5R)-6-(benzyloxy)-N'-(methylsulfonyl)-7-oxo-

1,6-diazabicyclo[3.2. 1]octane-2-carbohydrazide 188 (0.37 ¢, 42%) as a white solid.

'H NMR (400 MHz, CDCly): & 1.67(1H, m), 2.02 (2H, m), 2.26 (1H, m), 279 (1H, d, J = 11.6
Hz), 3.02 (3H, ), 3.09 (TH, d, J = 12.8 Hz), 3.32 (1H, s), 4,12 (1H, d, J = 6.8 Hz ), 4.89 (1H,

020 d,Jd=11.2Hz}, 503 (1H,d, J = 11.2 Hz), 7.16 (1H, br s), 7.39 (5H, m), 9.08 (1H, br s).
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Step2.  (2R5R)-6-hydroxy-N-(methylsulforyl)-7-oxo-1,6-
digzabicycloll.2. 1joctane-2-carbohydrazide (189)

H
¢ H /U O. _N. )L:.,
N ,N\ ‘e, H C.—S N
HgC’% ﬁ s ) H N
o N - ° |

188 189

To a solution of (2R 5R)-6-(benzyioxy)-N-{methylsulfonyl)-7-oxc-1,6-

5 diazabicyclo[3.2.1}octane-2-carbohydrazide 188 (0.37 g, 1.044 mmi) in methanol (35 mL)
was added 5 % Pd/C (0.40 g). The mixture was hydrogenated under 10 psi hydrogen

atmosphere at room temperature for 1 h. The catalyst was filtered through Celite and the

filtrate was evaporated ‘o give (2R 5R)-6-hydroxy-N-{methylsulfonyl)-7-oxo-1,6-

diazabicyclo{3.2. 1joctane-2-carbohydrazide 188 (0.276 g, 98 %) as a coloriess foam.

10 'H NMR (400 MHz, CD,OD): § 1.78 (1H, m), 1.95 (1H, m), 2.06 (1H, m), 2.24 (1H, m), 3.01.
(3H, ), 3.03 (1H, d, J=12.0 Hz), 314 [1H, d, J = 11.6 Hz), 3.69 {1H,s), 3.91 (1H, d,J= 7.6

Hz), 3 protons were not observed in CD;0D.

Step 3. {2R,58)-N {methylsulfonyl)-7-oxo-6-(sulfooxy})-1,6-
diazabicycio]3.2.1]octane-2-carbohydrazide {Compound 90, Table 2)

: O
(@] 3]

H N

O i/ = -~ -~ L.
M W2ty
HsC7T H 0 N
0 N _ .
N
) N, é 0S0.H

O OH

189 Compound 80, Table 2
15

To a soiution of (2R 5R)-8-hydroxy-N'-(methylsulfonyl)-7-oxo-1,6-diazabicyclof3.2. 1]octane-

2-carbohydrazide 189 (0.276 ¢, 0.99 mmol) in dry pyridine (18 mil) under nitrogen

atmosphere was added sulfur trioxide pyridine complex (0.70 g, 4.37 mmal). The mixiure

was stirred at room temperature for 20 h, fillered and evaporated. The residue was purified

20 by column chromatography followed by trituration with a mixture of MeOH: DCM: Ether

(1:1:1) 4 X) o give (ZR,5S)»N-(me‘thy}suifony!)—T-0xo~6—{suifcoxy)¥1 B

diazabicyclo[3.2. 1]octane-2-carbohydrazide Compound 90 (Table 2) (0.12 g, 34 %) as a

white sofid.
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H NMR (400 MHz, CD,OD): & 1.81 (1H, m), 1.96 (1H, m), 2,06 {1H, m), 2.32 (iH, m), 3.05
(1H, d, J = 11.6 Hz), 3.31 (1H, m}, 4.01 (1H, d, J = 8.0Hz), 4.16 (1H, s}, 3 protons were not
observed in CD;0D. ‘

HPLC: 81.8%

MS (ES") myz: [M] = 357
Example 45

(28,6R)-N'-{cyclopentylecarbonyl)-7-oxo-6-{sulfooxy}-1, 6-diazabicyciol3.2.1loctane-2-
carbohydrazide (Compound 38, Table 2)

0
o
Og Moy .
BN
SN
S

OS0;H
Step 1. {28, 5R)-6-{benzyloxy)-N'-{cyclopentylcarbonyl}-7-ox0-1,6-
diazabicycio]3.2.1joctane-2-carbohydrazide (191)
H
Ox N.

NH,
. H ?

HO Q 190 o N\N)n,, _
Hooq

1 19

To a solution of (28,5R)—6~(benzyloxy)—7-oxo-1,B-diazabicyclo[?:.z1Ioctane—2~car'boxylic acid
1 (0.25 g, 0.80 mmol) in dry DCM (20 ml} were added cyclopentanecarboxyhydrazide 190
(0.173 g. 1.35 mmol), 1-hydroxybenzotriazole (0.18 g, 1.35 mmol), 1-ethyl-(3-
dimethylaminopropyljcarbodiimide  hydrochioride (026 g, 135 mmol) and 4-
(dimethyiamino)pyridine {0.16 g, 1.35 mmol) &t room temperature. The reaction mixure was
stirred at room temperature overnight, and then concentrated under vacuum. The residue
was purified to give {25,5R)-6~(benzyloxy)-N'-(cyclopentylcarboriyl)-7-oxo-1,6-
diazabicyclo[3.2. 1joctane-2-carbohydrazide 181 (0.33 g, 94%) as a white solid.

‘H NMR {400 MHz, CDCly): § 1.50-2.00 (11H, m), 2.23-2.38 (1H, m), 2.60-2.70 (1H, m), 3.08
(1H, d, J = 12.0 Hz), 3.20 (1H, d, J = 12.0 Hz), 3.30 (1H, s}, 3.98 (1H, m ), 4.90 (1H, d, J =
11.2 Hz), 5,04 (1H, d, J = 11.6 Hz), 7.30-7.48 (5H, m), 7.85 (1H, br s), 8.60 (1H, br s).

MS (ES") miz: [M]' = 387
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Step 2. (28,5R)-N"-{cyclopentylcarbonyl}-6-hydroxy-7-oxo-1,6-
diazabicycio[3.2.1joctane-2-carbohydrazide (192)

O
H o
OWN‘NJ”"Q O Moy .
H N
5Y E SPSES
N\ 6 N\
0 OH
192

o OBn
191

To a solution of (25,5R)-6-{benzyloxy)-N'-{cyclopentylcarbonyl)-7-oxo-1,6~
diazabicyclof3.2. tjoctane-2-carbohydrazide 191 (0. 33 g, 0.84mi) in methanol (20 mL) was
added 10% Pd/C (0.30 g). The mixture was hydrogenated under 15 psi hydrogen
atmosphere at room temperature for 1 h. The catalyst was filtered through Celite, and the
filtrate was evaporated to give (25 5R)-N-(cyciopentylcarbonyl)-6-hydroxy-7-oxo-1,6-
diazabicyclo{3.2. 1joctane-2-carbohydrazide 182 (0.24 g, 98%) as a coloriess foam.

"M NMR (400 MHz, CD,OD): § 1.50-2.12 (10H, m), 2.21-2.33 (1H, m), 2.63-2.80 (1H, m),

-3.10-3.38 (3H, m), 3.70 (1H, 8), 3.88 (1H, d, J = 7.6:Hz), 3 protons were not observed in

Cb;0D.

Step 3. (23,SR)-N'u(cyciopentylcérbbnyt)-?-axo-ﬁ-(suIfooxy)-'! ,6-
diazabicyciof3.2.1Joctane-2-carbohydrazide (Compound 38, Table 2)

e =

o OH C 0SO,H

o
|

192 Compound 38, Table 2

To a solution of (25,5R)-N'-(cyclopentylcarbonyl)-6-hydroxy-7-oxo-1,6-
diazabicycio]3.2. 1]octane-2-carbohydrazide 192 (0.24 g, 0.81 mmol} in dry pyridine (7 mL)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.36 g, 2.25 mmol). '
The mixture was stirred at room temperature for 72 h, fikered and evaporated. The residue
was purified by column chromatography followed by HRLC on a prep-X Bridge-30x100 mm
column and freeze-dried to give (28 5R)-N'-(cyclopentylcarbonyl)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo{3.2. 1joctane-2-carbohydrazide Compound 38 {Table 2} (0.12 g, 40%) as a fight
brown soiid,

"M NMR (400 MHz, CD,OD): § 1.60-1.88 (10H, m), 2.06-2.10 (1H, m), 2.25-2.31 (1H, m),
2.68-2.74 (1H, m), 3.26-3.33 (2H, m). 4.02 (1H, d, J = 7.6 Hz), 4.15 (1H, br s). 3 protons

were not observed in CD,0D.
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HPLC: 92.01%
MS (ES) m/z: [M] = 375
Example 46

(2R,88)-N'-(2-methyipropanoyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
5 carbohydrazide (Compound 18, Table 2)

o 0OSO;H

Step 1. {2R,55)-6-(benzyloxy)-N'-(2-methylpropanoy!}-7-oxo-1,6-
diazabicycio{3.2.1Joctane-2-carbohydrazide (194)

H
o) /H(N‘NHQ _ H ?
HO)L" O /HTN*ﬁ’L"-
N 193 O N
i - A

10 To a solution of (28 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio]3.2.1joctane-2-carboxylic acid 1
{0.25 g, 0.80 mmol} in dry DCM (20 mL) were added 2-methyipropanehydrazide 193 (0.14 g, 1.35
mmol,), 1-hydroxybenzoiriazole {0.19 g, * 1.35 mmotl), 1-ethyl-(3-
dimethylaminopropylcarbodiimide hydrochioride (026 g, 135 mmol) and

(dimethylamino)pyridine (0.16 g, '1.3-5 mmol} at room temnperature. The reaction mixture was
15 stirred at room temperature overnight, and then concentrated under vacuum. The residue was
purified by column chromatography to give {(2R,5S)-6-(benzyloxy)-N-(2-methylpropanoyl)-7-oxo-1,6-
diazabicyclof3.2. 1]octane-2-carbohydrazide 184 (0.30 g, 92.6%) as a white solid.

"H NMR (400 MHz, CDCly): 6 1.12 (6H, my, 1.60 (1H, m), 1.94 (2H, m), 2.29 (1M, m), 2.47 (1H, g,
J=6.8Hz), 3.06 (1H, d, J=12.0 Hz), 3.18 (1H, d, J = 11.6 Hz), 3.30 (1H, s), 3.99 (iH,d, J=72
20 Hz),4.90 (TH, d, J = 10.8 Hz), 5.04 (1H, d, J = 11.2 Hz), 7.40 (5H, m), 8.07 (1H, br 5), 8.61 (1H,
br s). *
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Step 2. (2R,55)-6-hydroxy-N'-(2-methylpropanoyl)-7-ox0-1,6-
diazabicyclo{3.2.1]octane-2-carbohydrazide (195) '

o | o
K{I\ ,”, )ﬁrN\N ‘.
N q - o TN
N
8] N\
M OH

g7 OB O
194 195

To a solution of (2R 55)-6-(benzyloxy)-N-{2-methylpropanoyl)-7-oxo-1,6-diazabicyclof3.2. 1joctane-2-
5  carbohydrazide 184 (0. 30 g, 0.83 mmi) in methanol (20 mL) was added 5% Pd/C (0.40 g). The

mixture was hydrogenated under 10 psi hydrogen atmosphere at room temperature for 1 h. The

catalyst was filtered out through Celite, and the filtrate was evaporated to give (ZR,SS)-é-hydroxy-

N-{2-methylpropanoyl)-7-oxo-1,6-diazabicycio[3.2.1 }octane'—2—carbohydrazide 1956 (0.21 g, 95%} as a
colorless foam.,

10 *H NMR (400 MHz, CD;0D): 5 1.16 (6H,m), 1.74 (1H, m), 1.94 (1H, m), 2.02 (1H, m), 2.28 (1H,

m), 2.53 (1H, m}, 3.14 (1H, d-J = 12.0 Hz), 3.26 (1H, m), 3.70 (1H, s), 3.84 (1H. d, J = 7.2 Hz), 3

protons were not observed in CD,0D,

Step 3. {2R,58)-N'-(2-methylpropanoyl}-7-0x0-6-{sulfooxy)-1,6-
diazabicycio[b‘_‘,2.1’}octane-z-carbohydrazide (Compound 18, Table 2)
.0
H { O
Ny b S R
N Ny
0 \/l et g 9] N
/}*‘N\ }——N\
0 OH o OSO4H
15 195 Compound 18, Table 2

To a solution of (2R 58)-6-hydroxy-N'-(2-methylpropanoyl}-7-oxo-1,6-diazabicyclof3.2.1Joctane-2-

carbohydrazide 19& {0.21 g, 0.78 mmol) in dry pyridine {7 mL) under nitroagen atmosphere was

added sulfur trioxide pyridine complex (0.70 g, 4.40 mmol). The mixiure was stirred at room

temperature for 20 h, filtered and evaporated. The residue was purified first by column

20  chromatography followed by HPLC on a prep-X Bridge-30x100 mm column and freeze-dried to

give (2R.58}-N-{2-methylpropancyl}-7-oxo-6-{sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-

carbohydrazide Compound 18 (Table 2} (0.03 g, 11%) as a grey solid.

"H NMR (400 MHz, CD;0D): 6 1.64 (6H, m), 1.80 (1H, m), 1.94 (1H, m), 2.07 (1H, m), 2.29 (1H,

m), 2.53 (1H, m), 3.30 (2H, m}), 4.01 (1H, d, J = 7.6 Hz), 4.15 (1H, s}, 3 protons were not |

25  observed in CD;0D.

HPLC: 87.5 %
208
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MS (ES) miz: [M] = 349
Example 47

(2R, 5S8)-N -{cyclopropylearbonyl)-T-oxo-B-(sulfooxy}-1,6-diazabicyclol3.2.1]octane-2-
carbohydrazide (Compound 32, Tabie 2)

5 o) OS0,H

Step 1. {ZR,55)-6-{benzyloxy}-N'-{cyclopropylcarbonyl}-T-ox0-1,6-
diazabicycl0[3.2.1}octane-2~carb0hydrazide {197)

H
0 Aﬁ(N“NHz Hoq
Ho ° %N\NJM'
H
Q 196 c N
= ‘* -

1 187

To a solution of (25,5R)-6-(benzyioxy)-7-oxo-1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid 14

10 (0.25 g, 0.90 mmol) in dry DCM (30 mL) were added cyclopropanecarbohydrazide 196 (0.135 g,
1.35 mmol), 1~hydroxyban‘zotria20!e {0.18 g, 1.35 rmol), 1-ethyl-(3-
dimethylaminopropyijcarbodiimide  hydrochloride (0.26 g, 135 mmol) and 4
(dimethylamino)pyridine (0.16 g, 1.35 mmol) at room temperature.. The reaction mixture was
stirred at room temperature overnight, and concentrated under vacuum. The residue was purified

18 by column chromatography fo give (2R 55)-6-(henzyioxy)}-N-(cyclopropylcarbonyl)-7-oxo-1,6-
dizzabicycio]3.2. 1Joctane-2-carbohydrazide 197 (0.27 g, B4%) as a whife sofid.

"H NMR (400 MHz, CDCl): 5 0.83 (2H, m),1.04 (2H, m), 1.62 (2H, m), 2.02 (2H, m), 2.34 (1H,
m), 3.04 (1H, d, J = 12.0 Hz), 3.15 (1H, d, J = 12.0 Hz), 3.29 (1H, ), 4.00 {1H, d, J = 7.6 Hz },
4.80 (1H, d, J = 11.2 Hz), 5.03 (1H, d, J = 11.2 Hz), 7.38 (5H, m), 8.29 (1H, brs), 8.57 (1H, brs).
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Step 2. (2R, 535)-N'-(cyciopropylcarbonyl)-6-hydroxy-7-oxo-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide (198)
QO O
H
s AR
- |
o " Q o " Q
N\ N\
O OBn e} OH
197 188

To a soiution of (2R 55)-8-(benzyloxy)-N'-(cyclopropyicarbonyl)-7-oxo-1,6-diazabicyciof3.2.1]octane-
2-carbohydrazide 187 (0. 27 g, 0.75 mmi) in methano! (20 mL) was added 5% Pd/C (0.30 g}. The
mixture was hydrogenated under 10 psi hydrogen atmosphere at room temperature for 1 h. The
catalyst was filtered out through Celite, and the filtrate was evaporated to give (2R,58)-N'-
{cyclopropylcarbonyi)-B-hydroxy-7-oxo-1,6-diazabicyclo]3.2. Tjoctane-2-carbohydrazide 198 (0.20 g,
B8%) as a coloriess foam.

‘H NMR (400 MHz, CD,0OD): 5 0.86 (2H, m), 0.91 (2H, m), 1.65 (1H,m), 1.76 (1M, m), 1.94 (1H,

m), 2.04 (1H, m), 2.26 (1H, m), 3.13 (1H, d, J = 13.2 Hz), 3.23 (1H, d, J = 12.0 Hz ), 3.70 (1H, s),
3.94 (1H, d, J = 7.2 Hz), 3 protons were not observed in CD,0D.

Step 3. (2R,55)-N'-(cyclopropylcarbonyl)-7-0x0-6-(sulfooxy)-1,6-

diazabicyclof3.2.1joctane-2-carbohydrazide (Compound 32, Table 2}

o $ H
/—\\WN\N)L, L\(N“NJ’“‘
SaolES ety
%‘N\ }—‘N\
S OH | 0SO5H

198 Compound 32, Table 2

To a solution of (2F€,58)-N-(cycfoprobyicarbonyi)~6—hydroxy—7’—oxo—1.6»~dtazabicycio{3.2.1]octane-2~
carbohydrazide 128 (0.20 g, 0.75 mmol) in dry pyridine (7 mL) under nitrogen atmosphere was
added sulfur frioxide pyridine complex (0.70 g, 4.40 mmol. The mixdure was stirred at room
temperature for 20 h, filtered and evaporated. The residue was purified first by column
chromatography foliowed by HPLC on a prep-X Bridge-30x100 mm column and freeze-dried to
give (2R,58)-N -{cyclopropylcarbonyl)-7-oxo-8-{sulfooxy)-1,6-diazabicyclof3.2. 1joctane-2-
carbohydrazide Compound 32 (Table 2 (0.035 g) as a grey solid.

'H NMR '(400 MHz, CD,0D): 6 0.83 (2H, m), 0.90 (2H, m), 1.66 (1H, m}, 1.78 (1H, m), 1.94 (1H,
m), 2.06 (1H, m}, 2.28 (1H, m), 3.30 (2H, m), 4.01 (1H, d, J = 7.6 Hz), 4.14 (1H, s), 3 profons
ware not observed in CD,0D,

HPLC: 98.4%
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MS (ES) miz: [M] = 347
Example 48

(25,5R)-N'-{cyclobutylcarbonyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1joctane-2-
carbohydrazide (Compound 33, Table 2}

Ji
Q
H Y,
NN '
Ho N AH
SN,
o] 0SO.H
Step 1. (28,5R}-8-{henzyiony)-N-{cyciobutylcarbonyl)-7-oxc-1,6-
diazabicyclo[3.2.1}joctane-2-carbohydrazide (200)

0

o NHNH, o !,
HO/I'!’M(\‘ D)L ﬁ*N/[ "
No_A"H 199 LN
=) = =
0 OBn |
1 200

To a mixture of (28, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio]3.2. 1joctane-2-carboxylic acid
10 1 (0.250 g, 0.905 mmol) in DCM (15.0 mL) were added cyclobutanecarbohydrazide 189

(0.155 g, 1.358 mmol), 1-hydroxybenzotriazole (0.186 g, 1.358 mmol) and 1-ethyl-(3-

dimethylamino propyl) carbodiimide hydrochionde (0.260 g, 1.358 mmol) sequentially at

root temperature. The mixture was stirred at room {emperature overnight, diluted with DCM

and concentrated to provide a residue, which was subjected to chromatography to give 200
15 (0.34 g, quant. yield) as a white foam.

It{ NMR (400 MHz, CDCly): 5 1.80 (1H, m), 1.90 (4H, m), 2.21 (2H. m), 2.30 (3H, m), 3.10
(3H, m), 3.30 (1H, m), 3.40 (2H, br s), 4.00 (1H, d, J = 7.4 Hz), 4.90 (1H, d, J = 11.2 Hz),
5.07 (1H, d, J = 11.2 Hz), 7.26-7.44 (5H, m). -

MS (ES") m/z; [M+H]" caled for CiaHasNeO4: 373.2. Found: 373.2.
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Step 2. (25,5R)-N'-(cyclobutyicarbonyl)-6-hydroxy-7-oxo-1,6-
diazabicyclo[d.2.1]octane-2-carbohydrazide (201)

200 201

A mixture of (25,5R)-6-(benzyioxy)-N-{cyclobutylearbonyl)-7-oxo-1,6-
5 diazab%cycto{?;.zl.‘i}octane—zﬁcarbohydrazide 200 (0.34 g, 0.81 mmol) and Pd/C (0.12 g in
methanol {20 mbL) was hydrogenaied at 1 atm at room temperature for 3 h. The mixiure was

filtered through Celite and concentrated to provide 204 (0.30 g, quant. yield) as a white foam,

'H NMR (400 MHz, CD;0D): § 1.86 (1H, m), 1.90 (3H, m), 2.00 (2H, m), 2.09 (2H, m), 2.10

(3H, m), 3.20 (2H, m)}, 3.71 (1H, s), 3.84 {(1H, d, J = 7.4 Hz}, 3 protons were not observed in
10 CD,0D. "

MS (ES) m/z: [M-HT caled for CioH:7N4O4: 281.1. Found: 281.0.

Step 3. (23,SR)-N‘-(cyciobutyicarbony!)—?-oxo-s-(su!fooxy)-‘i 6~
diazabicyciof3d.2.1joctane-2-carbohydrazide {Compound 33, Table 2)

)? j
O n J, Q H
N-NT N-NT
D)X‘ " Q"'H — EA ; QH

F—N, a

0 OH 0! "OSOsH
201 compound 33, Table 2
15 To a mixture of (25,5R)-N-(cyclobutylcarbonyl)-6-hydroxy-7-oxo-1,6-

diazabicyclo[3.2. 1loctane-2-carbohydrazide 201 (0.1 mmol) in pyridine (5.0 mL} was added

sulfur trioxide pyridine complex {0.52 g, 3.33 mmol). The mixure was siirred at room

temperature for 3 days and concentrated to provide a residue which was subjected io

chromatography and HPLC purification to give Compound 33 (Table 2) (29 myg, 9 % vield)
20  as a white solid.

H NMR (400 MHz, D,0): § 1.60-2.10 (8H, m), 3.05-3.13 (2H, m), 3.16-3.25 (1H, m), 4.00

(1H, d, J = 7.4 Hz), 4.08 (1H, 8. 3 protons were not observed in D?o.
HPLC: 88.31 %

MS (ES7) vz [M-HY caled for CoH4zN,OeS: 361.1. Found: 361.0.
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Example 49

{(25,5R)-7-oxo-N'-propanoyl-6-{sulfooxy)-1,6-diazabicycio[3.2.1Joctane-2-
carbohydrazide {Compound 17, Table 2)

i
o | _

Q—N)"‘
HooN Ao
J—N

0 OSO:H

5 Step 1. (28,5R)-6-{benzyloxy)-7-oxo-A -propanoyl-1,6-diazabicyclo[3.2.1joctane-
2-carbohydrazide (203)

Q
o | _)LNHNHZ o )
Ho” Yy 202 _)—g—gg QH

T 203

To a mixure of (28,5R}~6-(benzyioxy)—7~oxo-1,6-diazabicyc£o{3.2.1]octane~2-carb0xyﬁc acid
1 (C.250 g, 0.905 mmol) in DCM (15.0 mL) were added propanehydrazide 202 (0.120 g,
10 1.358 mmot), 1-hydroxybenzotriazole (0.186 g, 1.358 mmol) and 1-ethyl-(3-dimethylamino
propyl) carbodiimide hydrochloride (0.260 g, 1.358 mmol) sequentially at room temperaturé.
The mixture was stired at room temperature overnight, diluted with DCM and concentrated
to provide a residue which was subjected to chromatography to give 2@3 (0.31g,89 %) as a

white foam.

15 'H NMR (400 MHz, CDCly): § 1.20 (3H, t, J = 7.4 Hz), 1.62 (1H, m), 1.98 (2H, m), 2.12 (1M,
m), 2.38 (2H, m), 3.10 (1H, d, J = 12.1 Hz), 3.19 (1M, d, J = 12.1 Hz), 3.30 (1M, ), 3.90 (2H,
brs), 402 (1H, d, J=7.4 Hz), 480 (1H, d, J=11.3 Hz), 5.05 (1H, d, J = 11.3 Hz), 7.42 (5H,
m).

MS (ES™) m/z: (M+H]" caled for CiHaaNO4: 347.2. Found: 347.2.
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Step 2. {25, 5R)-6-hydroxy-T-oxo-N-propanoyi-1,6-diazabicycio[3.2,1]octane-2-
carbohydrazide (204)

O
o) P
H H
N—~N -
H Q"‘H —— jN g
S—N__ N
0 OBn : o) OH
203 ’
204
A mixiure of (2538R)-6-(benzyloxy)-7-oxo-N-propanoyl-1,6-diazabicyclo{3.2. 1]octane-2-
carbohydrazide 203 (0.31 g, 0.88 mmol) and Pd/C (0.12 g) in methanol (20 ml) was
hydrogenated at 1 atm at room temperature for 16 h. The mixture was filterad through Celite

and concentrated to provide 204 (0.24 g, quant. yield) as a white foam.

'H NMR (400 MHz, CD;0D): 6 1.18 (3H, t, J = 7.4 Hz), 1.75 (1H, m), 1.85 (1H, m), 1.96 (1H,
m), 2.08 (TH, m), 2.30 (2H, m), 3.18 (1H, m), 3.30 (1H, m}, 3.70 (1H, brs), 3.95 (1H, d, J =
7.4 Hz). 3 protons were not observed in CDL0D.

MS (ES’) m/z: [M-H] calcd for C1§H14N4O4: 255.1. Found: 255.0.

Step 3. {25,5R}-T-oxo-N -propanoyl-6-{sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carbohydrazide {Compound 17, Table 2}

O
O O H

0 l, ' H.
__/\\,Q_ﬁ) ‘QH N Q_”H

204 Compound 17, Table 2

To a mixiwe of (2S,5R)—6-hydr0xy—7~bxo-N—pmpanoyi~‘i,6~diazabicycia{3.2.1}octane»Z»
carbohydrazide 204 (0.24 g, 0.93 mmol) in pyridine (5.0 mL) was added sulfur trioxide
pyridine complex (0.44 g, 2.81 mmol). The mixture was stirred at room temperature for 23 h
and concentrated to provide a residue which was subiecied to chromatography and HPLC
purification to give Compound 17 (Table 2) (0.053 g, 17 %) as a white solid.

"M NMR (400 MHz, D,0); 6 0.88 (3H, t, J = 7.8 Hz), 1.65 (1H, m), 1.80 (1H, m), 1.85 (1H, m),
2.05 (MH, m), 218 (2H, g, J= 7.8 Hz), 3.05 (1M, d, 4 =121 Hz), 3.18 (1H, d, J = 12.9 Hz),
4.00 (MH, d, J=7.8 Hz), 4.05 (1H, m). 3 profons were not observed in D0, '

HPLC: 97.12 %
MS (ES) mvz: [M-H] caled for CaoHsN.O48; 335.1. Found: 335.0.
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Example 50

{28,5R)-7-oxo-N-{piperazin-1-y}}-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]Joctane-2-
carboxamide (Compound 100, Table 2)

i
HN/——\NwN/l Q
N/ H M e
4—N

o OS03H

5 Step1. tert-butyl 4-({{(25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclof3.2.1joct-2-
vilcarbonyllamino)piperazine-1-carboxylate (206)

o Boc—N  N—-NH, -
J | 7
HO 205 \ »
N H Boc—N  N-N Q
. e/ N ¥ IH

1 208

I

OT
Z
O
w
=]
¥
=

To a solution of (28,5R)-6~(benzyioxy)-?-oxo—T,6—diazabicyclo[3.2.1}octane-2¥carboxylic acid

1 (0.17 g, 0.615 mmol) in dry DCM (10 ml.) were added terf-buty! 4-aminopiperazine-1-
10 carboxylate 205 (.19 g, 0.923 mmol), 1-hydroxybenzotriazole (0.125 g, 0.923 mmal), 1-
ethyl-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.177 g, 0.923 mmol) and 4-

dimethylaminopyridine (0.113 g, 0.923 mmol) at room temperature. The reaction mixture was

stired at room temperature overnight, and then concentrated under vacuum. The residue

was purified by column chromatography to give fert-butyl 4-({[(2S,5R)-6-(benzyloxy)-7-oxo-

18 1,6-diazabicycio[3.2.1]oct-Z-yE}carbony!}amino)piperazine-1-carboxyiate 206 (0.25 g, 88%)

as a clear thick oil.

"H NMR (400 MHz, CDCl): & 1.46 (SH, s), 1.62 (1H, m), 1.95 (2H, m), 2.38 (1H, m), 2.70
(H, d, J = 12.0Hz), 2.76 (4H, m), 2.99(1H, d, J = 12.0 Hz), 3.30 (1H, m), 3.57 (4H, m), 3.89
(TH, d, J = 8.0 Hz), 4.90 (1H, d, J = 11.6 Hz), 504 (1H, d, J = 12.0 Hz), 7.21 (5H, m), 8.90

20 (1H, brs).
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Step 2. tert-Butyl 4~({[(25,5R)-6-hydroxy-7-oxo-1,8-diazabicycio[3.2.1]oct-2-
yijcarbonyl}amino)piperazine-1-carboxylate {207)

)

0 .
M e

Boc—N N-N" . - _ .
) Cl“ _Boo—N NN

AN—

T
i 8
Z
x
C
I

206 207

To a solution of fert-butyl 4-({[(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio]3.2. 1joct-2-
5  yllcarbonyllamino)piperazine-1-carboxylate 208 (0.25 g, 0.54 mmi) in methanol (15 mL) was

added 10% Pd/C (0.3 g). The mixture was hydrogenated under 35 psi hydrogen atmosphere

at room temperature for 2 h. The catalyst was filtered out through Celite, and the filtrate was
evaporated fo give fert-butyl 4-({[(28,5R)-6-hydroxy-7-oxo-1,6-diazabicycio]3.2.1]oct-2-

yllcarbonyhamino)piperazine-1-carboxylate 207 {0.2C g, 99%) as a coloriess foam.

10 'H NMR (400 MMz, CD,0D}): 6 1.48 (QH, s), 1.78 (14, m), 1.88 (1H, m), 2.07 {1H, m), 2.20

(1H, m), 2.75 (4H, m), 2.99 (1H, d, J = 12.0 Hz), 3.11 (1H, d, J = 11.6 Hz), 3.53 (4H, m), 3.70

(1H,m), 3.80 (1H, d, J = 7.2 Hz), 2 protons were not observed in CD;0D.

Step 3. tert-Butyl 4-({{{28,5R}-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1joct-2-
ylicarbonyl}amino)piperazine-i-carboxylate (208)

O

I\ L — |
Boc~N N~N)' Boc—N NmN)-"‘

N/ W N e - e/ H O N K

) |

¢ OH : '
_ 207 o OSO,H
15 208

To a solution of fert-butyl 4-({[(2S5R)-6-hydroxy-7-oxo-1,8-diazabicyclof3.2. 1joct-2-
yilcarbonyl}aminojpiperazine-1-carboxylate 267 (0.20 g, 0.54 mmol) in dry pyridine (7 mL)

under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.34 g, 2.16 mmol).

_The mixture was stirred at room temperature for 20 h, filtered and evaporated. The residue

20 was purified by column chromatography to give fert-butyl 4-({[(2S,5R)-7-oxo0-6-(sulfooxy)-1,6~

diazabicyclo[3.2. 1Joct-2-yllcarbonyllamino)piperazine-1-carboxylate 208 (G.12g, 49.6%) as a

white solid.

'H NMR (400 MHz, CD;0D): § 1.45 (9H, s), 1.86 (2H, m), 2.07 {(1H, m), 2.23 (1H, m), 2.75

(4H, m), 3.03 (1H, d, J = 11.2 Hz), 321 (1H, m), 3.52 (4H, m), 3.85 (1H,.d, J = 11.2 Hz), 4.14
25  (1H, m), 2 protons were not observed in CD,0D. '
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Step 4. {28,5R)-7-oxo-N-(piperazin-1-yl}-6-(sulfooxy)-1,6-
diazabicyclo{3.2.1]octane-2-carboxamide (Compound 100, Table 2)

/ X, I,f 7 \ e
Boc—N N-—N/ ’ HN N.,.N/u " -
~—/ H N M > e/ H N gH

O - \OSO3H . 0 ‘0303{_[
208 : Compound 100, Table 2

To a solution of tertbutyl  4-({{(28,5R)-7-oxo-6-(sulfaoxy)-1,6-diazabicyclo[3.2.1Joct-2-
yilcarbonyl}amino)piperazine-1-carboxylate 208 (0.12 g, 0.27 mmol) in DCM (12.5 mL) was
added trifluoroacetic acid (1.0 mL, 12.96 mmol) dropwise at 0 °C. The reaction mixture was
stirred for 1 h, then evaporated. Ether was added to the residue and the resulting white
precipitate was collected by centrifugation. The solid was triturated with acetonitrile (2 x) and
the white solid was collected by centrifugation. This white solid was purified by HPLC on &
prep-X Bridge-19x250 mm column and freeze-dried to give (25,5R)-7-oxo-N-(piperazin-1-yl)-
6-(sutfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide Compound 100 (Table 2) (0.11 ¢
88%) as a white solid.

H

'H NMR (400 MMz, CD,0D): 6 1.77 (2H, m), 1.5 {(1H, m), 2.05 (1H, m), 2.97 (5H, m), 3.16
(1H, d, J = 12.0Hz), 3.26 (4H, m)}, 3.8 (1H, d, J = 7.6 Hz), 4.06 (1H, m), 3 protons were not
chserved in CDL0D,

HPLC: 81.5 %
MS (ES") miz: [M] = 348.01

Example 51

{28,5R})-N-{morpholin-4-yi}-7-oxo-6-{sulfooxy}-1.6-diazabicyciof3.2.1]octane-2-
carboxamide (Compound 99, Tabie 2}

— 1
o &aN’J""
\_,._/ H N -ng
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Step 1. {25,5R)-6-{benzyioxy}-N-(morphoiin-4-yl}-7T-oxc-1,6-
diazabicyclo[3.2.Tjoctane-2-carboxamide (210)
N

O  N-NH
0 A
HO™ 209 7\
N H . 0 N—N '
= — H N

1 210

To a solution of (28,5R)-6-(benzyloxy)-7-oxo-1 ,G-dia;zabicyclo{?xz.?]octanewz-carboxyiic acid
1 (0.23 ¢, 0.83 mmol) in dry DCM (15 mL}) were added morpholin-4-amine 208 (0.13 g, 1.25
mmol), 1-hydroxypenzotriazole {0.1¢ g, 1.41 mirmnol), T-ethyl-(3-
dimethylaminopropyljcarbodiimide  hydrochloride  (0.24 g, 1.25 mmol) and 4-
dimethylaminopyridine (0.15 g, 1.23 mmol) at room temperature. The reaction mixture was
stirred at room temperature overnight and concentrated under vacuum. The residue was
purified by column chromatography to give (28,SR)—B-(benzyioky)nmu(morpholin-4-y[}—7-oxo-1,6-
diazabicyclof3.2.1loctane-2-carboxamide 210 (0.255 g, 85%) as a ciear thick oil.

'H NMR (400 MHz, CDCly): & 1.62 (1H, m), 1.97 (2H, m), 2.38 (1H, m), 2.71 (1H, d, J = 11.6
Hz), 2.82 (4H, m), 3.00 (1H, d, J = 11.2 Hz), 3.30 (1H, s), 3.8 (4H, m), 3.90 (1H, d, J = 8.0
Hz), 4.90 (1H, d, J = 11.2 Hz), 5.04 (1H, d, J = 12.0 Hz), 7.37 (5H, m), 8.90 (1H, br s).

Step 2. (25,5R)-6-hydroxy-N-(morpholin-4-yi}-7-ox0-1,6-
diazabicyclo[3.2.1]ociane-2-carboxamide (241)

O

AN /1 | ey
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0"  OBn o OH
230 211
To a solution of (25,5R)-6-(benzyloxy)-N-(morpholin-d-yi)-7-oxo-1,6-

diazabicyclo[3.2. T]octane-2-carboxamide 210 (0.255 g, 0.71 mmi) in methano! (15 mL) was
added 10% Pd/C (0.5 g). The mixture was hydrogenated under 35 psi hydrogen atmosphere
at room temperature for 2 h. The catalyst was filtered out through Celite, and the filtrate was
evaporated to give (28,5RK)-6-hydroxy-N-(rmorpholin-4-yi)-7-oxo-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide 211 (0.19 g, quantitative yield) as a coloriess foam.”
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'H NMR (400 MHz, CD,0D): 6 1.77 (1H, m), 1.95 (1H, m}, 2.06 {1H, m), 2.20 (1H, m), 2.81
(4H, m), 3.00 (1H, d, J = 11.2 Hz), 3.11 (1H, d, J = 11.8 Hz), 3.60 (1H, m), 3.76 (4H, m), 3.80
(1H, d, J = 7.2 Hz), 2 protons was not observed in CD,0D.

Step 3. {25,5R)-N-(morpholin-4-yl)-7-oxo-8-{sulfooxy}-1,6-
diazabicyclo[3.2.1Joctane-2-carboxamide (Compound 99, Table 2)

0 O
OMN_N)L"' O/_—\N—N)L'“
/ H Q_,,H . A/ H Q«H
SN G)‘N‘OSOSH

21 Compound 99, Table 2

To a solution of (28,5R)-8-hydroxy-N-(morpholin-4-yl)-7-oxo-1,6-diazabicycio[3.2.1joctane-2-
carboxamide 211 (6.19 g, 0.71 mmol) in dry pyridine (7 mL) under nitrogen atmosphere was
added sulfur trioxide pyridine complex (0.28 g, 1.82 mmol). The mixture was stirred at room
temperature for 20 h, filtered and evaporated. The residue was purified by HPLC on
Prep_30x100mm_5Sum column and freeze-dried to give (28 5R)-N-(morpholin-4-yi)-7-ox0-6-
{sulfooxy}-1,6-diazabicycio]3.2.1]octane-2-carboxamide Compound 99 (Table 2) (0.005g,

2%) as a white solid.

'H NMR (400 MHz, CD;0DY: 8 1.82 (2M, m), 2.07 (1H, m), 2.21 (1H, m), 2.80 (4H, m), 3.05
(1H, d, 4 = 11.2 Hz), 3.20 (1H, m), 3.80 (4H, m), 3.88 (1H, d, J = 11.2 Hz), 4.16 (1H, s}, 2
protons were not observed in CDs0D.

MS (ES’) m/z: [M] = 348.80
Example 52

(2R, 58)-N"-acetyl-N'-methyl-7-ox0o-6-{sulfooxy}-1,6-diazabicycio]3.2.1]octane-2-
carbohydrazide (Compound 19, Table 2)
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Step 1. {2R,58)-N"-acetyi-6-(benzyloxy)-N-methyi-7-oxo-1,8-
diazabicyclo[3.2.Tjoctane-2-carbohydrazide {(213)
lii ‘
j[ \l( "NH; ;Q\N/B”:.
HO 0 TN
N 212 O N
' )———N
OAM N‘C}Bn Q. OBn
1 _ 213

To a solution of (28,5R)-6-(benzyloxy)-7-ox0-1,6-diazabicyclo[3.2. 1joctane-2-carboxylic acid 1
5  (0.25 g, 0.90 mmol) in dry DCM (30 mL) were added N-methylaceiohydrazide 212 (0.14 ¢, 1.59
mmol), 1-hydroxybenzotriazole (0.18 g, 1.35 mmol), 1-ethyl-(3-dimethylaminopropylicarbodiimide

hydrochloride (0.26 g, 1.35 mmof) and 4-(dimethylamino)pyridine (0.16 g, 1.35 mmol) at room

temperature. The reaction mixture was stirred at room {emperature overnight and concentrated

under vacuum. The residue was purified by colume chromatography {o give (2R,53)-N'-acetyl-6-
10 (benzyloxy}-N-methyl-7-oxo-1,6-diazabicyelo[3.2. 1]octane-2-carbohydrazide 243 (0.20 g, 64%) as a

white solid.

"H NMR (400 MHz, CDCL): 5 1.65 (1H, m), 1.83-2.12 (5H, m), 2.32 (1H, m), 2.70 (1H, d, J = 12.0

Hz}, 3.05-3.37 (5H, m), 4.01 (1H, m ), 4.88-5.07 (2H, m), 7.41 (5H, m), 8.55 (0.5H, br s), 8.76

{0.5H, br s).
15 &Step 2. {2R,55)-N-acetyl-6-hydroxy-N-methyl-7-0xo-1,6-
diazabicyclof3.2.1]octane-2-carbohydrazide (214)
. s
YN\P-{/L/,. wN\ﬁ ‘.
8] N — o Y
//‘-—-—N\ J'_N\
0 OBn O OH

213 244

To s solution of (2R.55)-M-acetyl-6-(benzyloxy-N-methyl-7-oxo-1,8-diazabicyclo]3.2. joctane-2-

cérbohydrazide 213 (0. 20 g, 0.57 mmi) in methanol (20 mL) was added 5% Pd/C (0.30 g). The
- 20 mixture was hydrogenated under 10 psi hydrogen atmosphere at room temperature for 1 h. The

catalyst was filtered out through Celite, and the filtrate was evaporated to give (2R 55)-N-acetyl-6-

hydroxy-N-methyl-7-oxo-1,8-diazabicycle]3.2. t]octane-2-carbohydrazide 214 (0.15 g, 99%) as a

coloriess foam.

"H NMR (400 MHz, CD;0D); & 1.82 (1H, m), 1.88-2.10 (8H, m), 2.25 (1H, m), 2.93 (1H, d, J =
25 12.0Hz), 3.11-3.26 (4H, m), 3.72 (1K, 8), 3.95 (1H, d, J = 7.2 Hz), 2 protons were not observed in

CD,0D.
220
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Step 3. {ZR,58)-N'"-acetyl-N'-methyl-7-0x0-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1]Joctane-2-carbohydrazide (Compound 18, Table 2)
O
. . J
L N\ e,
YN*NJ q N q
H
0 N . 0 N
N N,
o OH 0 0OSC3H
214 Compound 18, Table 2

To a solution of (2R 58)-N-acetyl-6-hydroxy-N-methyl-7-oxo-1,6-tiazabicyclo[3.2.1]octane-2-
carbohydrazide 294 (0.15 g, 0.58 mmaol) in dry pyridine (8 mL) under nitrogen atmosphere was
added sulfur trioxide pyridine complex (0.70 g, 4.40mmol). The mixture was stirred at room
temperature for 40 h, filtered and evaporated. The residue was purified by column
chromatography followed by HPLC on a prep-X Bridge-30x1060 mm column and freeze-dried fo
give  {2R55)-N-acetyl-N-methyl-7-oxo-6-(suifooxy)-1,6-diazabicyclo]3.2. 1]octane-2-carbohydrazide
Compound 19 (Table 2} (0.030 g, 15%) as a grey solid.

H NMR (400 MHz, CD;0D): 6 1.82 (1H, m), 1.96 (1H, m), 2.02 (3H, s), 2.11 (1H, m), 2.26 (1H,
my, 2.89 (1M, d, J = 12.4 Hz), 3.11 (3H, s), 3.34 (1H, mj, 4.02 {1H, d, J = 8.0 Hz), 4.16 (1H, s), 2
protons were not observed in CD0D. - i

HPLC: 85.4 %

MS (ES") miz: [M] = 335
Example 53

{25,5R)-7-oxo-N'-{pyridin-2-ylcarbonyl}-6-(sulfooxy}-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide (Compound 72, Tabie 2)
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Step 1. {28, BR)}-6-{benzyloxy)-T-oxo-N'-picolinoyl-1,6-diazabicyciol3.2.1Joctane-
Z2-carbohydrazide {216

}
. "
Ji v QLR
MO~ - 0 N N
. Q 215 O N
J— - —x

N, 0 0OBn

1 216

To a solution of (25,5R)-B-(benzvioxy)-7-oxo-1,6-diazabicycio]3.2. 1loctane-2-carboxylic acid
5 10276 g, 1.0 mmol) in dry DCM (30 mL) were added 215 (0.206 g, 1.5 mmol}, 1-

hydroxybenzotriazole {0.211 g, 1.5 mmoi), 1-ethy!—(S—dimethylamihopropyi)carbodiimide

hydrochioride (0.282 g, 1.5 mmol) and 4-(dimethylamino)pyridine (0.178 g, 1.5 mmol) at

room iemperature. The reaction mixture was stirred at room temperatufe overnight, and

concentrated under vacuum. The residue was purified by column chromatography to give
10 216 {0.36 g, 90%) as a white solid. '

‘H NMR (400 MHz, CDCl,): & 1.65 (1H, m), 2.01 (2H, m), 2.42 (1H, m), 3.13 (1H, d, J = 12.0
Hz), 3.19 (1H, d,'J = 12 Hz), 3.33 (1H, 8), 4.11 (1H.d, J = 7.2 Hz), 4.92 (1H, d, J = 11.6 Hz),
5063 (1H, d, J = 11.2 Hz), 7.42 (8H, m), 7.85 (1H, t, J = 8.6 Hz), 8.12 (1H, d, J = 9.6 Hz),
8.58 (1H, d, J = 7.2 Hz), 8.67 (1H, brs), 9.75 (1H, br s).

15 Step 2. {28, 5R}-6-hydroxy-7T-oxo-N'-picclinoyl-1,6-diazabicyciofd.2.1joctane-2-

carbohydrazide (217)

7 0
LB ~ Ho§

S NS AR

H N N
°© I o " Q
/}"N\ }-N

216 'O ORn 217 & \QH

A mixture of (28,5R)-B-(benzyloxy)-7-oxo-N'-picolinoyl-1,6-diazabicyclo[3.2. 1joctane-2-
carbohydrazide 216 (0.30 g, 0.76 mmol} and Pd/C (0.40 ¢) in methano! (100 mL) was

20 hytirogenated at 1 aim at room temperature for 3 h. The mixiure was filtered through Celite
pad and concentrated to provide 217 (G.23 g, quant, yield) as a white foam.

4 NMR (400 MHz, CD,OD): & 1.50-2.40 (4H, m), 1.75 (1H, m), 3.20 (1H, m), 3.35 (1H, m),
3.71 (1H, m), 4.05 (1H, m), 7.60 (1H, m), 8.00 (1H, m), 8.18 (1H, m), 8.70 (1H, m). 3 protons

were not observed in CD,0D.

25  MS (ES) mvz: {M+HY caled for CaHieNsO4: 306.2. Found: 308.1.
' 223
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Step 3. {28,5R})-7-oxo-N'-(pyridin-2-yicarbonyi)-6{suifooxy)-1,6-
diazabicycio[3.2.1]octane-2-carbohydrazide (Compound 72, Table 2)

= O = O
| b | { H |
CN%N\NJ’MQ \N N\N)”'-q
H H N

O N — o

Iﬁ N\ ‘ /5 N\
0 OH o 08034

217 Compound 72, Table 2

To a mixture of (28 5R)-8-hydroxy-7-oxo-N'-picolinoyl-1,6-diazabicyclo]3.2.1]octane-2-
carbohydrazide 217 (0.23 g, 0.75 mmol) in pyridine (10 mlL) was added sulfur trioxide
pyridine complex (0.35 g, 2.26 mmol). The mixture was stirred at room temperature for 24 h.
NMR showed no reaction, additional sulfur trioxide pyridine complex (0.70 g, 4.52 mmol) was
added, and the mixture was stirred at room temperature for 4 days. The reaction mixture was
concentrated and subjected to chromatography to give 140 mg off-white solid; 80 mg of this
product was further purified by HPLC to give Compound 72 (Table 2} (0.030 g, 20 %) as a
white solid. -

'H NMR {400 MHz, D,0): 5 1.68 (1H, m), 1.82 (1H, m), 1.93 (1H, m}, 2.08 (1H, m), 3.13 (1H,
d, J =121 Hz), 3.22 (1H, d, J = 12.1 Hz), 4.07 (2H, m), 7.46 (1H, m), 7.86 (2H, m), 8.46 (1H,
d, J = 4.69 Hz). 3 protons were not observed in D,0.

HPLC: 91.81 %.

MS (ES") m/z: [M-H] caled for Cy3H14NsO,S: 384.3. Found: 384.0.

Example 54

(25,5R)-N -(methoxyacetyl)-7-oxo-6-(sulfooxy}-1,6-diazabicycio [3.2.1]octane-2-
carbohydrazide (Example 29, Table 2)

o

Qy
Meo\)\’N_ﬁ Q"'H
J—N

o OS04H
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Step 1. {2S,6R)--6-(benzyloxy)-N'-(methoxyacety!)-7-oxo-1,6-dlazabicyclo
[3.2.1]octane-2-carbohydrazide {(219)

o
o MEO}NHNHZ

)LJ H /“
- 218
i Q‘-fH ” Meo“)\d Cl "H

] 219

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2. 1joctane-2-carboxylic acid
5 1{0.230 g, 0.905 mmol) in DCM (15.0 mL) were added 2-methoxyacetohydrazide 218 (0.141
g, 1.358 mmol), 1-hydroxybenzotriazole (0.186 g, 1.358 mmol) and 1-ethyi-(3-dimethylamino
propyl) carbodiimide hydrochloride (0.260.g, 1.358 mimol) sequentially at room temperature.

The mixture was stirred at room femperature overnight, diluted with DCM and concentrated

to provide a residue, which was subjected to chromatography to give 219 (0.27 g, 82 %) as a

10 white foam,

'H NMR (400 MHz, CDCly): 6 1.80 (1H, m), 1.99 (2H, m), 2.40 (1H, m), 3.10 (2H, s, 3.32 (1H,
§), 3.46 (3H, s), 3.04 (2H, 8), 4.06 (1H, m), 4.90 (1H, d, J = 11.2 Hz), 5.05 (1H, d, J = 11.2
Hz), 7.42 (5H, m).

MS (ES") m/z: [M-H] calcd for CpiqsNsOs: 347 2. Found: 361.1.

15  Step 2. (28,5R)-6-hydroxy-N'-{methoxyacetyl)-7-oxo-1,6-diazabicycio
[2.2.1}octane-2-carbohydrazide (220) '

O
o w . H )‘
!\f!eec}—)—_N—}I\:ll @ wH Meo—)\— Q "H
=N,

0 OBn o OH
219 220

A mixture of (25 5R)-6-(benzyloxy)-N-(methoxyacetyl)-7-oxo-1,6-diazabicyclo [3.2.1Joctane-
2-carbohydrazide 219 (0.27 g, 0.74 mmeol} and Pd/C (0.10 g) in methanol (20 mL) was
20 hydrogenated at 1 atm at room temperature for 3 h. The mixture was filtered through Celite

and concentrated to provide 220 (0.19 g, 80 %) as a white foam.

"H NMR (400 MHz, CD,0D): & 1.75 (1H, m), 1.90 (1H, m), 1.96 (1H, m), 2.08 (1H. m), 2.28
(1H, m), 3.17 (1H, m), 3.30 (1H, m), 3.44 (3H, s), 370 (1H, br s}, 3.95 (1H, d, J = 7.6 Hz),

4.03 (2H, s). 3 protons were not observed in CD;0D.

25  MS (ES) m/z: [M-H] calcd for CioHsN.Os: 271.1. Found: 271.1.
224
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Step 3. (28,5R)-N'-{methoxyacetyl}-7-oxo-6-{sulfooxy)-1,6-diazabicyclo
[3.2.1]octane-2-carbohydrazide (Compound 29, Table 2)

o OH 0 ‘0S0O4H

220 Compound 28, Table 2

To a mixture of (25,5R)-6-hydroxy-N'-(methoxyacetyl}-7-oxo-1,6-diazabicyclo [3.2.1]octane-
5  2-carbohydrazide 220 (0.1 g, 0.70 mmol) in pyridine (5.0 mlL) was added suifur trioxide
pyridine complex (0.32 g, 2.10 mmol). The mixture was stirred at room temperature for 2

days and concentrated to provide a residue, which was subjected to chromatography

followed by HPLC separation to give Compound 29 (Table 2) (9 mg) as a white solid.

'H NMR (400 MHz, D,0): § 1,67 (1H, m), 1.82 (1H, m), 1.82 (1H, m), 3.05 (1H, d, J = 12.4
10 Hz), 3.20 (1H, m), 3.30 (3H, s}, 4.00 (2H, s), 4.04 (2H, m). 3 protons were not observed in

D,0.
HPLC: 91.84 %

MS (ES") m/z: [M-H] calcd for CioH15N40,S: 351.1. Found: 351.0.

Exampie 55

15 {25,5R)-7-ox0-N'-{pyrrolidin-3-yicarbonyi)-6-(sulfooxy}-1,6-diazabicycio[3.2. 1joctane-2-

carbohydrazide trifluoroacetate (Example 42 , Table 2)

F
Q)OL j ' F/</OH
N—N" '
HN
H H OH o)
J—N
o

0SQ4H
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Step 1. fert-butyl 3-[(2-{[{28,5R}-6-(benzyloxy)-7-oxo-1,6-diazabicycio[3.2.1]oct-2-

yilearbonylihydrazinyljcarbonyijpyrrolidine-1-carboxylate (222)
Boc
N
NH,
N
H O O

1 : 222

To a mixture of (2§, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo|3.2. 1loctane-2-carboxylic acid
5 1 (0304 g 110 mmol) in DCM (200 ml) were added fert-butyl 3-

(hydrazinecarbonyl)pyrrolidine-t-carboxylate 221 (0380 g, 165 mmaol), 1

hydroxybenzotriazole (0.223 g, 1.65 mmol) and 1i-ethyl(3-dimethylaminopropyl)

carbodiimide hydrochloride (0.315 g, 1.65 mmol) sequentially at room temperature. The

mixture was stirred at room temperature overnight, concentrated to provide a residue which
10 was subjected 1o chromatography to give 222 (0.48 g, slightly impure) as a white foam.

Siep 2. tert-butyl 3-[(2-{[{2S,8R)-6-hydroxy-7-oxo-1,6-diazabicyclo]3.2.1]oct-2-
yilcarbonylthydrazinyl)carbonyllpyrrolidine-1-carboxylate {223}
O

0O j j)
Boc-Nj)L NN . Boc—NjLﬂ”ﬁ

N e N i

: L——-N }—N

o ‘OBn |

o oH
222 223

A mixture of fert-butyl 2-(2-((25,5R)-6-(benzyloxy)-7-oxo0-1,6-diazabicyclof3.2.1}-octane-2-

15 carbonylihydrazinecarbonyl)pyrrolidine-t-carboxylate 222 (0.48 g, 0.984 mmol) and Pd/C
(0.60 g) in methano! (100 mL) was hydrogenated at 1 atm at room temperature for 1.5 h. The
mixiure was filtered through Celite pad and concentrated to give 223 (0.39 g, slightly impure)
as an off-white foam, '

226
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Step 3. tert-butyl 3-[(2-{[{25,5R)-T-oxo0-6-(sulfooxy)-1,6-diazabicyciof3.2.1]oct-2-
yilcarbonylihydrazinyl)carbonyllpyrrolidine-1-carboxylate (224)

O 0O
o e
N-N" " ' Boc~
....N e S - S
Boc H H 'Q"'H Q

SN, OSO3H

o OH

593 224

To a mixiure of teri-butyl 2-(2-({28,5R}-6-hydroxy-7-oxo-1,8-diazabicyclo[3.2. 1]-octane-2-
carbonyl}hydrazinecarbonylipyrrolidine-1-carboxylate 223 (0.390 g, 0.984 mmol) in pyridine
(15 mL) was édded sulfur trioxide pyridine comiplex (0.481 g, 2.852 mmol). The mixture was
stirred at room temperature for 23 h..Additionai sulfur trioxide pyridine complex (0.481 g,

- 2.952 mmol) was added. The mixture was stirred at room temperature over the weekend and

concentrated to provide a residue which was subjected to chromatography to give 224
(0.245 g, 52 %} as an off-white solid.

'H NMR (400 MHz, D,0): 5 1.25 (9H, s), 1.66 (1H, m), 1.84 (1H, mj, 1.85 (2H, m}, 2.10 (2H,
m) 2.04 (2H, m), 3.10-3.60 (5H, m) 4.05 (2H, m). Three protons were not observed in
CD,0D.

MS (ES") m/z: [M-HJ calcd for Ci7HaeN500S: 476.5. Found: 476.1.
Step 4. | {ZS,SR)'J-oxo-N'-(pyrmlidin~3~ylcarbonyl)-6-(suifooxy)-1,6~

diazabicyclo[3.2.1]octane-2-carbohydrazide trifivorcacetate (Compound 42, Table
)

; O O
/\:[)K J D/LL , TFA
Boc—N N-N"
HN
/\] H H @-!‘H
N

0803H g

. 224 Compound 42, Table 2

To a mixture of ter-butyl 2-(2-((28,5R)-7-oxo-6-{sulfooxy)-1,6-diazabicyclo]3.2.1]-octane-2-
carbonyihydrazinecarbonyl)pyrrolidine-1-carboxylate 224 (0.20 g, 0.42 mmol) in DCM (8.0
mL) was added trifluoroacetic acid (0.40 mL) at 0°C. The mixture was stirred at 0°C for 1 h,
concentrated and washed with ether and MeOH to give Compound 42 (Table 2} (90 mg) as

a white solid as a pair of diastereomers.

227
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‘H NMR (400 MHz, D,0): § 1.63 (1H, m), 1.76 (1H, m), 1.88 (1H, m), 2.01 (2H, m), 2.23 (1H,
m}, 3.00 (1H, m}, 3.19 (4H, m), 3.35 (2H., m), 4.00 (2H, m). Four protons were not observed
in DLO.

“F NMR (376.5 MHz, D,0): §- 75.79
HPLC: 82.09% and 34.89 %. {Two isomers).

MS (ES") m/z: [M+H]" caled for CiaH2oNs0,S: 378.4. Found: 378.1.
Example 56

(2R, 58)-N-methyl-7T-oxo-N -propanoyl-6-{sulfooxy)-1,6-diazabicyclo[3.2.1Joctane-2-
carbohydrazide (Compcuﬁ‘d 20, Table 2}

i

f .
/E( N Q
o/J’ N‘OSO3H

Step 1. (2R,55})-6-(benzyloxy)-N'-methyl-7-oxo-N'-propanoyi-1,6-
diazabicyclo[3.2.1Joctane-2-carbohydrazide (226}

1 226

To a solution of (25,56R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio{3.2. 1]octane-2-carboxylic acid

-1 (0.25 g, 0.80 mmol) in dry DCM (30 mL) were added N-methylpropanehydrazide 225 (0.14

g 1.35 mmol), i-hydroxybenzotriazole (019 g, 1.35 mmol), 1-ethyl-(3-
dimethylaminopropyljcarbodiimide  hydrochioride (026 g, 135 mmol) and 4-
(dimethylamino)pyridine {(0.16 g, 1.35 mmol) at room temperature. The reaction mixture was
stirred at room temperature overnight and concentrated under vacuum. The residue was
purified by column ‘chromatography to give (2R,58)-6-(benzyloxy)-N'-methyl-7-oxo-N-
propanoyl-1,6-diazabicyciof3.2. 1joctane-2-carbohydrazide 226 (0.19 g, 59%) as a white sofid. .

H NMR (400 MHz, CDCl;): 8 1.04-1.18 (3H, m), 1.85 (1H, m), 1.98 (2H, m), 2.‘10-22(} {3H,
m), 2.68-3.32 (6H, m), 3.724.02 (1H, m}, 4.80-5.05 (2H, m), 7.41 (5H, m), 8.54 (0.5H, br s),
8.63 (0.5H, br s).

228
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Step 2. {2R,55)-6-hydroxy-§-methyl-7-oxo-N'-propanoyi-1,6-.
diazabicyclo[3.2.1Joctane-2-carbohydrazide {227}
O

9 |
N, N
Ss ol uee
}-—‘N\ /}—N

O ORn o ‘OH
226 227

To a solution of (2R,5S)-6-(benzyloxy)-N-methyl-7-oxo-N-propanoyt-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide 226 (0. 19 g, 0.52 mmi) in methano! (20 mL) was
added 5% Pd/C (0.20 g). The mixture was hydrogenated under 10 psi hydrogen atmosphere
at room temperature for 1 h. The catalyst was filtered through Celite, and the filtrate was
evaporated to give (ZR,5S)-G-hyciroxy—Mme‘thyl-ﬁqxo»N—propanoyi—1 B-
diazabicyclo[3.2.1]octane-2-carbohydrazide 227 (0.11 g, 79%) as a brown foam.

TH NMR (400 MHz, CD,0D): 5 1.04-1.14 (3H, m), 1.69-1.80 (2H, m), 1.85-2.14 (2H, m), 2.22
- 240 (2H, m), 2.90-3.34 (5H, m), 3.73 (1H, 8}, 3.95 {1H, d, J = 7.2 Hz), 2 protons were not
observed in CD;0D.

Step 3. (ZR,58)-N'-methyl-T-oxo-N-propanoyl-6-{suifooxy}-1,6-
diazabicyciofd.2. 1loctane-2-carbohydrazide {Compound 20, Table 2} '
" P
M b, N. 7
-..N ., ‘ /\[r N ‘.
2SSO NERS G AS
/}—N\ N,
_ O OH o - O80,H
227 Compound 20, Table 2

To & solution of (2R, 55)-6-hydroxy-N-methyi-7-oxo-N'-propanoyl-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide 227 (0.11 g, 0.41 mmol) in dry pyridine (6 mL)
under nitrogen atmosphetre was added sulfur trioxide pyridine compilex (0.80 g, 3.80 mmoaol).

 The mixture was stirred at room temperature for 40 h, fittered and evaporated. The residue

was purified first by column chromatography followed by washing several fimes with a
mixture of methano! and diethyt ether (1:9) to give (2R, 53)-N-methyl-7-oxo-M-propanoyl-6-
(sulfooxy}-1,6-diazabicyclo[3.2. 1joctane-2-carbohydrazide Compound 20 (Table 2} (0.015
g, 10.5 %) as a white solid.

"H NMR (400 MHz, CD,0D): 6 1.05 (3H, t, J = 7.4 Hz), 1.81 (1H, m), 1.94 (1H, m), 2.08 (1H,
m), 2.26 (3H, m), 2.99 (1H, d, J = 12.0 Hz), 3.11 {3H, ), 3.31 (1H, m), 4.02 (1H, d, J = 7.6

229



10

15

20

WO 2014/691268 PCT/EB2012/062675

Hz), 4.17 (1H, 8), 2 protons were not observed in CD,0D.
HPLC: 81.8%

MS (ES) miz: [M] = 349
Example 57

(2R,58)-7-oxo-B-{sulfooxy)-N'-(3,3,3-trifluoropropanoy!}-1,6-diazabicyclo[3.2. {joctane-
2-carbohydrazide {Compound 28, Table 2}

: O
N
ey
O N
N\
o OSOsH
Step 1. {2R,55}-6-(benzyloxy)-7-oxo-N"-{3,3,3-trifluoropropancyl)-1,6-

diazabicyciof3.2.1]joctane-2-carbohydrazide (229)

H ‘
N. O
o

o)
HO/l & FoC™ Y b r
N 228 . O )N

1 : 229

To a soiution of (28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1Joctane-2-carboxylic acid
t (0.25 g, 0.90 mmol} in dry DCM (40 mL) were added 3,3,3-riflucropropanehydrazide 228
(019 g, 1.35 mmol), 1-hydroxybenzetriazole (0.18 g, 1.35 mmol), 1-ethyi-(3-
dimethylaminopropyljcarbodiimide  hydrochloride (026 g, 1.35 mmol) and 4-
{dimethylamino)pyridine (0.16 g, 1.35 mmol) at room temperature. The reaction mixture was
stirred at room temperaiure overnight and concentrated under vacuum. The residue was
purified by column chromatography 1fo give (ZF?,5S)»Su{benzyloxy);"fuaxo-»i\:"-(&3,3~
trifiucropropancyl)-1,6-diazabicyclof3.2. 1joctane-2-carbohydrazide 229 (0.26 g, 72%) as a

white solid.

"H NMR (400 MHz, CDCly): 5 1.80 (1H, m), 1.99 (2H, m), 2.26 (1H, m), 3.08 (2H, m), 3.23
(2H, m), 3.33 (1H, 5), 3.97 (1H, d, J = 7.2 Hz ), 4.89 (1H, d, J = 11.2 Hz), 5.02 (1H, d, J =
11.2 Hz), 7.39 (5H, m), B.82 (2H, brs). '
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Step 2. (2R, 58}-6-hydroxy-7-oxo-N"-(3,3,3-trifluoropropanoyl)-1,6- '
diazabicyclo[3.2.1joctane-2-carbohydrazide {230)

' 0 H E
H i N\ J"':
N, A, FiC NT
ey YN
O N B .
, N, : OH
O OBn © ©
25¢ 230

To 2  solution of (2R 58)-8-(benzyloxy)-7-oxo-N'-(3,3,3-trifluoropropanoyl)-1,6-
& diazabicyclo[3.2.1]octane-2-carbohydrazide 229 (0. 26 g, 0.65 mml) in methanol (20 mL) was-
added 5% Pd/C (0.30 g). The mixture was hydrogenated under 10 psi hydrogen atmosphere
at room temperature for 1 h. The catalyst was filtered out through Celite, and the filtrate was
evaporated o] give (2R,55)-6-hydroxy-7-oxo-N'-(3, 3, 3-trifluoropropanoyl)-1,6-
diazabicyclo[3.2.1])octane-2-carbohydrazide 230 (0.19 g, 93.6%) as a colorless foam.

10 "H NMR (400 MHz, CD;0D).. & 1.76 (1H, m), 1.83 (1H, m), 2.04 (1H, m), 2.28 (1H, m), 3.15-
3.34 (4H, m), 3.71 (1H, s}, 3.94 (1H, d, J = 7.2 Hz), 3 protons were not observed in CD,0D.

Step 3. {2R,58)-7-oxo-6-(sulfooxy}-N'-{3,3,3-triflucropropanoyl}-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide {Compound 28, Table 2) :

o O
N N
@ass it a ous
O N — 0 N

N, %N\
o OH o 0S0;H

230 Compound 28, Table 2

15 To a solution of (ZR,58)—6-hyc§roxy~7-oxb~l\f~(3,3,3—triﬂuor0propanoyl)—1 B~
diazabicyclof3.2. 1]octane-2-carbohydrazide 230 (0.19 g, 0.61 mmol) in dry pyridine (7 ml)
under nitrogen atmosphere was added sulfur frioxide pyridine complex (0.70 g, 4.40 mmol).
The mixture was stirred at room temperature for 20 h, filtered and evaporated. The residue
was purified by column chromatography followed by washing several fimes with a mixture of

20 methanol and diethyl ether (1:8) io give (2R 55)-7-oxo-8-(sulfooxy)-N'-(3,3,3-
trifluoropropanoyi)-1,6-diazabicyclo[3.2. 1Joctane-2-carbohydrazide Compound 28 (Table 2)
(0.040 g, 16.8%) as a pink solid.

'H NMR (400 MHz, CD;0D):. & 1.80 (1H,m), 1.93 (1H, m), 2.06 (1H, m), 2.27 (1H, m), 3.23-
3.34 (4H, m), 4.01 (1H, d, J = 7.8 Hz), 4.15 (1H, ), 3 protans were not observed in CD,0D.

25 HPLC: 94.2%
231
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MS (ES) miz: [M] = 389
Example 58

(2R,58)-N',N'-dimethyi-7-oxo-6-{sulfooxy}-1,8-diazabicyclo[3.2. Tjoctane-2-
carbohydrazide (Compound 4, Table 2)

5 . | o ‘OSOzH

Step 1. {28, 5R)-6-{henzyioxy}-N' N -dimethy!-7-oxo-1,6-diazabicyclo[3.2.1]loctane-
2-carbohydrazide (232) ' ‘

\ 9

O
| N. |
HO)I"‘ < NH /N"N/l ..
N 231 H N
— )‘—-N

To a solution of (25 5R)-6-(benzyloxy)-7-oxo-1,8-diazabicyclo]3.2. 1joctane-2-carboxylic acid
10 1 (0.276 g, 1.0 mmol) in dry DCM (20 mL) were added 231 (0.09-g, 1.5 mmol), 1-
hydroxybenzotriazole (0.203 g, 1.5 mmol), and 1-ethyl-(3-dimethylaminopropyl)carbodiimide

hydrochioride (0.288 g, 1.5 mmol) at room temperature. The reaction mixture was stirred at
room temperature overnight and concentrated under vacuum. The residue was purified by

column chromatography to give 232 (0.25 g, shghtly impure) as a coloriess oil.

15  Step 2. {28,5R}-6-hydroxy-N', N -dimethyi-7-ox0-1,6-diazabicyclo[3.2.1joctane-2-
carbohydrazide {233}

232 233

A mixiure of (28,5R)~6-(benzy!oxy)~N"N'—dimethyi~7~0xo-1,6¥diazabicycio[3.2.1]o¢tane—2-
carbohydrazide 232 (0.25 g, 0.78 mmol} and Pd/C (0.30 g} in methanol {80 mlL} was
20 hydrogenated at 1 atm at room temperature for 1 h. The mixture was fillered through Celite

232
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pad and concentrated o provide 233 (0.17 g) as a white foam which was used in the next
step withoui purification.

Step 3. {2R,58)-N',N'-dimethy!-7-oxo-8-{sulfooxy)-1,6-diazabicyclo[3.2.1]octane-
2-carbohydrazide (Compound 4, Table 2} '

| N £ on
N, o 0-87
o

5 233 Compound 4, Table 2

To a mixture of (28,5R)-—6—hydroxy-N‘,N‘-dimethyi-?-oxo-—1,Gndiazabicysio{&z.1]octéne~2~

carbohydrazide 233 (C.17 g, 0.78 mmol) in pyridine (10 mlL) was added sulfur trioxide

pyridine complex {0.36 g, 2.34 mmol). }. The mixture was stirred at room temperature for 24

h and concentrated to provide a residue which was subjected to chromatography followed by

10  HPLC separation to give Compound 4 (Table 2) (0.0036 g, 1.5 % for three steps) as a white
- solid.

-~ 'H NMR (400 MHz, D,0): § 1.68 (2H, m), 1.94 (2H, m), 2.38 (BH, s), 290 (1H, d, J = 12.0
Hz), 3.13 (1H, d, J = 124 Hz), 3.81 (1H, d, J = 7.2 Hz), 4.02 (1H, s). 2 protons were not
observed in D,O.

15 HPLC: 83.82%

MS (ES’) m/z: {M-HT calcd for CoHisNeOS: 307.3. Found: 307.0.
Example 59

(2R,58)-N -butanoyl-7T-oxo-6-{sulfooxy)-1,8-diazabicyclo[3.2.1]Joctane-2-carbohydrazide
{Compound 25, Table 2)

Ney b,

O N

//J“"*
20 O OSOgH
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Step 1. (2R,5S8)-6-(benzyloxy)-N'-butanoyl-7-oxo-1,6-diazabicycio[3.2.1]Joctane-2-
carbohydrazide (235)
¥ 0
j W “NH, H\N /H

HO © W N ,
N 234 o N

y 235

To a solution of (28 ,5R)-6-(benzyloxy)-7-oxe-1,6-diazabicyclo]3.2. 1joctane-2-carboxylic acid

5 1 (0.25 g, 0.80 mmol) in dry DCM (40 ml) were added butanehydrazide 234 (0.14 g, 1.35

mmaot), 1-hydroxybenzotriazole {0.18 d, 1.35 mmol), 1-athyl-(3-

dimethylaminopropyl)carbodiimide  hydrochloride (0.26 g, 1.35 mmol}) and 4-

(dimethylamino}pyridine (0.16 g, 1.35 mmaol} at room temperature. The reaction mixiure was

stirred at room temperature overnight, and then concentrated under vacuum. The residue

10 was purified by column chromatography to give (2R 58)-6-(benzyloxy)-N-butanoyl-7-oxo-1,6-
diazabicyclo[3.2. 1joctane-2-carbohydrazide 238 (0.31 g, 95%) as a white solid.

'H NMR (400 MHz, CDCla): 5 0.96 (3H, t, J = 7.4 Hz), 1.60-1.72 (3H, m), 1.97 (2H, m), 2.05-2.33
(3H, m), 3.06 (1H, d, J = 12.0 Hz), 3.16(1H, d, J = 12.0 Hz), 3.31 (1H, 8), 4.00 (1H, d, J = 7.2 Hz),
4.90 (1H, d, J = 11.2 Hz), 5.04 (1H, d, J = 11.6 Hz), 7.38 (5H, m), 7.86 (1H, br 5), 8.58 (1H, br §).

15 Step 2. {2R,55)-N'-butanoyl-6-hydroxy-7-oxo-1,6-diazabicycio3.2.1]octane-2-
carbohydrazide (238)
0
H ‘ H
N-. /ll’/,‘ N-, /H’r,_
o] N 9] N
—N N,
O OBn 0 OH

236

To a solution of (2R 5S)-6-(benzyloxy)-N-butanoyl-7-oxo-1,6-diazabicyclof3.2. 1joctane-2-
carbohydrazide

20 235 (0. 31 g, 0.86 mm) in methanol (20 mi) was added 5% Pd/C (0.30 g). The mixiure was
hydrogenated under 10 psi hydrogen atmosphere at room temperature for 1 h. The catalyst
was filtered out through Celite, and the filirate was evaporated to give (2R.53)-N-butanoyl-6-
hydrexy-?-oxo-1,s-diazabibycloga.z.1}octane-2~carbohydrazide 236 .(0.21 g, 90%) as a brown foam.

"H NMR (400 MHz, CD,0DY): 8 0.97(3H, t, J = 7.4 Hz), 1.63-1.78 (3H, m), 1.92 (1H, m), 1.98 (1H,
25 m), 2.08-2.30 (3H, m), 3.14 (1H, d, J = 11.6 Hz), 3.25 (1H, d, J = 12.0 Hz), 3.70 (1H, s), 3.4

234
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(1H,d. J=76 Hz), 2 protons were not observed in CD;0D.

Step 3. (2R,55)-A'-butanoyl-7-oxo-6-{suifooxy)-1,6-diazabicycio[3.2. 1joctane-2-
carbohydrazide {Compound 25, Table 2}

g i
\/WO}/ ?'1 ;Q \/\WN\Q)MQ

‘OH

1

o 0S0,H

236 Compound 25, Tabie 2

5  To a soiution of 236 (0.21 g, 0.77 mmol} in dry pyridine (10 mL) under nitrogen atmosphere
was added sulfur trioxide pyridine complex (1.20 g, 7.60 mmol). The mixture was stirred at

room temperature for 20 h, filtered and evaporated. The residue was purified first by column

chromatography followed by HPLC on a prep-X Bridge-30x100 mm column and freeze-dried

o give (2R, 58)-N -butanoyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1loctane-2-carbohydrazide

10  Compound 25 {Table 2) (0.020.g, 7.5%) as a pink solid,

'H NMR (400 MHz, CD,0OD): 8 97 (3H, t, J = 7.4 Hz), 1.67 (2H, m), 1.77 (1H, m), 1.83 (1H,
m), 2.07 (14, m), 2.22-2.30 (3H, m), 3.30 (2H, m), 4.01 (1H, d, J = 7.6 Hz), 4.15 (1H, 8}, 3
protons were not observed in CD,0D.

HPLC: 95.2%

15 MS (ES) miz: [MJ = 349
Example 80

{28,5R)-T-oxo-N-(pyridin-3-yl}-8-{sulfooxy}-1,6-diazabicycio[3.2.1]Joctane-2-
carbohydrazide (Compound 95, Table 2)

i
@*ﬁ—m)""
N= o N A
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Step 1. {28,5R}-6-{(benzyloxy)-T-oxo-N-(pyridin-3-yi}-1,6-
diazabicyclo[3.2.1joctane-2-carbohydrazide (238}

0

/N \

j @-NHNHZ /M. /U/v\1
vif

HO /\:I 237 = b N
N_AH | yind
SN, & “osn

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclof3.2. 1Joctane-2-carboxylic acid

5 1(0.250 g, 0.905 mmol) in DCM (15.0 mL) were added 3-hydrazinopyridine dihydrochioride
237 (0.120 g, 1.358 mmol), 1-hydroxybenzotriazole (0.186 g, 1.358 mmol} and 1-ethyl-(3-
dimethylamine propyl) carbodiimide hydrochioride (0.2680 g, 1.358 mmol) sequentially at

room temperature, The mixture was stirred at room temperature overnight, diluted with DCM

and concentrated to provide a residue which was subjected to chromatography to give 238

10 {6.20 g, 60 %) as a white foam.

'H NMR (400 MHz, CDCL): § 1.62 (1H, m), 1.97 (2H, m), 2.25 (1H, m), 2.84 (1H, d, J = 11.6
Hz), 3.14 (1H, d, J = 11.2 Hz), 3.34 (TH, m}, 4.06 (1H, m), 4.91 (1H, d, J= 11.2 Hz), 5.05 (1H,
d, J = 11.2 Hz), 7.18 (1H, m), 7.42 (5H, m), 8.14 (1H, m), 8.22 (1H, m), 8.67 (1H, s). 2

protons were not observed in moisture-containing CDCl,.

15 MS (ES™) myz: [M+H]" caled for CiiHasN4Os: 347.2. Found: 347.2.

Step 2. {2S,5R)-8-hydroxy-7-oxo-N-{pyridin-3-yi}-1,6-diazabicvcio]3.2. 1Joctane-2-
carbohydrazide (239) '

228 239

A mixture of (28,5R)-6-{benzyloxy)-7-oxo-N-{pyridin-3-yl)-1,6-diazabicyclo[3.2.1]octane-2-
20 carbohydrazide 238 (0.20 g, 0.54 mmol) and Pd/C (0.08 g) in methanol (20 mL) was
hydrogenated at 1 atm at room temperature for 3 h. The mixture was filtered through Celite

pad and concentrated to provide 239 (0.13 g, 87 %) as a white foam.

'H NMR (400 MHz, CD:0DY: § 1.80 (1H, m), 2.00 (1H, m), 2.09 (1H, m), 2.22 (1H, m), 3.07
(1H, d, J = 11.6 Hz), 3.21 (1H, m), 3.72 (1H, br s), 4.03 (1H, d, J = 0.8 Hz), 7.25 (2H, m),

25  7.86 (1H, m), 8.10 (1H, s). 3 protons were not observed in CD,0D.
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MS (ES") mv/z: [M+H]" calcd for CiH1sNsO4: 278.1. Found: 278.1.

Step 3. (25,5R})-7-oxo-N'{pyridin-3-yi}-6-{sulfooxy}-1 ,6~diazabicycio[&'z.'t}octane-
2-carbohydrazide (Compound 95, Table 2}

s )"q.H O /"g

239 Compound 95, Table 2

5 To a mixture of (255R)-6-hydroxy-7-oxo-N-(pyridin-3-yi)-1,6-diazabicycio[3.2.1]octane-2-
carbohydrazide 239 (0.13 g, 0.47 mmol} in pyridine (6.0 mL) was added sulfur trioxide
pyridine complex (0.44 g, 2.80 mmol). The mixture was stired at room temperature for 2
days and concentrated to provide z residue which was sub}ected toc chromatography
followed by HPLC separation to give Compound 95 (Table 2) (6.9 mg) as a white sofid.

10 'H NMR (400 MHz, CD,0D): § 1.81 (1H. m), 2.00 (1H, m), 2.12 (1H, m), 2.26 {1H, m), 3.09
{(1H, d, J = 11.6 Hz}, 3.36 (1H, m), 4.12 (1H, d, /= 2.8 Hz), 4.18 (1H, m), 7.74 (2H, m), 8.19
(2H, m). 3 protons were not observed in CD;0D.

HPLC: 94.63 %.

MS (ES) m/z: [M-HT caled for CoHiaNsOsS: 356.1. Found; 356.0
15 ' Example 61

(ZR,SS)-N'w[(dimethyiamino)acetyi}-'?‘-oxo-s-(suIfooxy)-'l Jo-diazabicyclo[3.2. 1joctane-2-
carbohydrazide (Compound 27, Table 2)
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Step 1. (2R, 58)-6-{benzyloxy)-N'-[(dimethylamino)acetyl]-7-ox0-1,6-
diazabicycle[3.2.1Joctane-2-carbohydrazide (241)
H

j \N/\rrN“NHg
HO™ - e ~ n\ .
N 240 T/\]/ N q
) N
N

o) 08

¥

To a solution of (25,5R)-6-(benzyloxy}-7-oxo-1,6-diazabicyclof3.2. 1joctane-2-carboxylic acid

5 1(0.25¢g, 0.90 mmol) in dry.DCM (40 mL) were added 2-(dimethytamiho)acetohydrazide 249
(.32 g, 168 mmol), 1-hydroxybenzotriazole (0.19 g, 1.35 mmol), f-ethyl{3-
dimethylaminopropyljcarbodiimide  hydrochloride (026 g, 1.35 mmol) and 4-
{(dimethylamino)pyridine (0.40 g, 3.36 mmol) at room temperature. The reaction mixure was
stirred at room temperature overnight and concentrated under vacuum. The residue was

10 purified by column chromatography to give (2R,58)-6-(benzyioxy)-N-[(dimethylamino)acetyi]-
7-ox0-1,6-diazabicyclo[3.2. 1]octane-2-carbohydrazide 241 (0.15 g, 44.5%) as a white solid.

'H NMR (400 MMz, CDCls): 5 1.61 (1H, m), 1.98 (2H, m), 2.33 (7H, m). 3.12 (4H, m), 3.31
(1H, 8), 403 (1H, d, J =72 H2), 490 (1K, d, J = 11.2 Hz), 5.05 (1H, d, J = 11.6 Hz), 7.38
(BH, m), 8.40 (2H, br ).

15 Step 2. (2R, 5S)-N'-[(dimethylaminc)acetyl}-6-hydroxy-7-oxo-1,6-
diazabicyclo[3.2.1loctane-2-carbohydrazide (242) '

O

N H
N N"N o ~ N. JLG
T BNES

e 0O

241 242.

To a solution of (2R,58)-6-{benzyloxy)-N'-[(dimethylamino)acetyl]-7-oxo-1,6-
diazabicyclo[3.2. 1joctane-2-carbohydrazide 244 (0. 15 g, 0.40 mml) in methano! (20 mL) was
20 added 5% Pd/C (0.20 g). The mixture was hydrogenated under 10 psi hydrogen atmosphere
at room temperature for 1 h. The cafalyst was filtered out through Celite and the filtrate was
evaporated to give  (2R,58)-N-[{dimethylamino)acetyl]-6-hydroxy-7-oxo-1 ,6~
diazabicyclo[3.2. 1]octane-2-carbohydrazide 242 (0.10 g, 88%) as a white foam.
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'H NMR (400 MHz, CD,0D): § 1.75 (1H, m), 1.94 (1H, m), 2.05 (1H, m), 2.28 (1H, m), 2.42
(6H, 5), 3.27 (4H, m), 3.70 (1H, s), 3.85 {1H, d, J = 7.2 Hz), 3 protons were not observed in
CD,0D.

Step 3. (2R, 58)-N'-[(dimethylamino)acetyl}-7-oxo-6~(suifooxy}-1,6-
diazabicyclof3.2.1]Joctane-2-carbohydrazide (Compound 27, Table 2)
- g0
~ N-. /uf N N“N "
REESEnRRRES
N o N‘o'so H
0 OH 3
247 Compound 27, Table 2

To a solution of (2R, 5S5)-N-[{dimethylamine)acetyl]-8-hydroxy-7-oxo-1,6-
diazabicyclo[3.2.1 }octéne—zncarbohydrazide 242 (0.10 g, 0.35 mmol} in dry pyridine (6 mL)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.60 g. 3.80 mmol).
The mixture was stirred af room temperature for 20 h, fitered and evaporated. The residue
was purified by column chromatography to give (2R,5S)-N-[{(dimethylamino)acetyl]-7-ox0-6-
(sulfooxy)-1,6-diazabicyclof3.2.1]octane-2-carbohydrazide, Compound 27 (Table 2) (0.020
g, 12.7%) as a brown solid.

"H NMR (400 Miz, CD,0D): § 1.72 (1H, m), 1.93 (1H, m), 2.09 (1H. m), 2.30 (1H, m), 2.98 -

(6H, s), 3.27 (4H, m), 4.06 (1H, d, J = 7.6 Hz), 4.17 (1H, s), 3 protons were not ocbserved in
CD,0OD.

HPLC: 92.3 %

MS (ES) miz: [M] = 364
Example 62

(2R, 55)-N-[(2,2-dimethyicyciopropylcarbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyelof3.2.1joctane-2-carbohydrazide {Compound 34, Tabie 2)
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Step 1. {25,5R)-6-{benzyloxy)-N'-{{R})-2,2-dimethylcyclopropanecarbonyl}-7-oxo-
1,6-diazabicycio[3.2.1Joctane-2-carbohydrazide (244)

o \l HN—NH,
£, N
Ho’l 5 Nxﬁ)
N 243 O N

‘e

O

244

To a solution of (28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1loctane-2-carboxylic acid

5 1 (0276 g, 1.0 mmol) in dry DCM (20 ml) were added 243 (0.173 g, 1.35 mmal), 1-
hydroxybenzotriazole (0.203 g, 1.5 mmol), and 1-ethyl-(3-dimethylaminopropylicarbodiimide
hydrochioride (0.288 g, 1.5 mmol) at room temperature. The reaction mixture was stirred at
room temperature overnight and concentrated under vacuum. The residue was purified by
column chromatography to give 244 (0.350 g, 91%) as a white foam.

10 Step 2. (28,5R)-N'-{(8)-2,2-dimethylcyclopropanecarbonyi)-6-hydroxy-7-ox0-1,6-
diazabicyclo[3.2.1joctane-2-carbohydrazide {245)

244 ‘ 245

A mixture of (25 5R)-8-(benzyloxy)-N'-((R)-2,2-dimethylcyclopropanecarbonyi)-7-oxo-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide 244 (0.35 g, 0.90 mmol) and Pd/C (0.50 g) in .

15  methanol (80 mL) was hydrogenated at 1 aim at room temperature for 3 h. The mixture was
filtered through Celite pad and concenirated to provide 245 (0.27 g, quant.) as an off-white
solid. ‘
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Step 3. {2R,58})-N'-{{2,2-dimethylcyciopropylicarbonyl}-7-oxo-6-(sulfooxy}-1,8-
diazabicyclo{3.2.1]Joctane-2-carbohydrazide (Compound 34, Table 2)

}‘N\ R
0 OH o} "OSO4H
245 Compound 34, Table 2

To a mixture of (28 5R)-N'-((S)-2,2-dimethylcyclopropanecarbonyl)-8-hydroxy-7-oxo-1,8-
diazabicyclo[3.2.1joctane-2-carbohydrazide 245 (0.27 g, 0.80 mmof) in pyridine {6 mL) was
added sulfur trioxide pyridine complex (0.42 g, 2.70 mmol). ). The mixture was stirred at
room témperature for 24 h and concentrated to provide a residue which was subjected to
chromatography to give Compound 34 (Table 2) (0.166 g) as an off-white soiid.

‘H NMR (400 MHz, D,0): 5§0.80 (1H, m), 0.91 (1H, m), 0.98 (3H, s), 1.04 (3H, s), 1.47 (1H,
m), 1.89 (1H, m), 1.84 (1H, m), 1.95 (1H, m), 2.08 (1H, m), 3.10 (1H, t, J = 11.0 Hz), 3.22
{1H, d, J = 12.0 Hz), 4.03 (1H, d, J = 7.2 Hz), 4.09 {1H, 8). 3 protons were not observed in
D,0.

HPLC: 87.82 %

MS (ES) m/z: [M-H] calcd for C13HseN4O7S: 378.4, Found: 375.0.
Example 63

{2R,55}-N'-(2-methylbutanoyl}-7-oxo-6-{sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carbohydrazide (Compound 26, Table 2)

8]

H
\/J\”/N'*N/u"’u
o Moy

N\
o 0S05H
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Btep 1. {25,5R)-6-(benzyioxy}-N'-{2-methylbutanoyl)-7T-oxo-1,6-diazabicyclo
[3.2.11-octane-2-carbohydrazide (247)

Q ‘
~NH,
0 _>~\§ H j’
)]”I O N\N e,
N -
pas A

1 247

To a solution of (25,5R)-6-(benzyloxy)-7-oxo-1,B-diazabicyclo]3.2. 1joctane~-2-carboxylic acid

5 1{0.276 g, 1.0 mmel) in dry DCM (20 mL) were added 246 (0.174 g, 1.5 mmol), 1-
nydroxybenzotfriazole (0.203 g, 1.5 mmol), and 1-ethyl~(3—dimethyiaminopropy!)carbodiinﬁ'fde
hydrochloride (0.288 g, 1.5 mmol) at room temperature. The reaction mixture was stirred at
room temperature overnight and concentrated under vacuum. The residue was purified by
' coiumn chromatography to give 247 (0.260 g, 70%) as a colorless sticky mass.

10 Step 2. (25,5R})-6-hydroxy-N'-{2-methylbutanoyl}-7-oxo-1,6-
diazabicyelo{3.2.1]octane-2-carbohydrazide (248)

O 9]
\)\rrﬁ\ )if-',, | \)\y(m\ E"h
~ )
0 N — 0 N

i~ e

247 248

e

\OH

A mixture of (255R)-6-(benzyloxy)-N'-(2-methylbutanoyl)-7-oxo-1,8-diazabicyclo [3.2.1}
octane-2-carbohydrazide 247 (0.26 g, 0.69 mmol) and Pd/C (0.30 g) in methano! (80 mL)

15  was hydrogenated at 1 atm at room temperature for 2.5 h. The mixture was filtered through
Celite pad and concentrated to provide 248 (0.18 g) as an off-white solid which was used in
the next step without purification.

Step 3. (2R,58)-N'-(2-methylbutanoyi}-7-oxo-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1joctane-2-carbohydrazide (Compound 26, Table 2)

8] H O
H
\)YN“N/R'” ' \)\”/N‘N’U""
H q 6 " N
P
0

O N

N 0-87F
o OH OH

50 248 Compound 286, Table 2
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To a mixture of {28,5R)-8-hydroxy-N'-(2-methyibutanoyl)-7-oxo-1,8-
diazabicyclo[3.2. 1]octane-2-carbohydrazide 248 (0.18 g, 0.63 mmol) in pyridine {6 mL) was
added sulfur trioxide pyridine complex (0.30 g, 1.88 mmol). The mixture was stirred at room
temperature for 24 h and concentrated to provide a residue which was subjected to
chromatography followed by HPLC separation to give Compound 26 (Table 2) (0.0095 g) as
a white solid.

"H NMR (400 MHz, D,0): §0.76 (3H, m), 1.00 (3H, d, /= 6.8 Hz), 1.40 (2H, m), 1.70 (1H, m},
1.81 (1H, m), 1.98 (1H, m), 2.09 (1H, m), 2.25 (1H, m), 3.10 {1H, d, J = 12.0 Hz), 3.21 (1H, 4,
J=12.0Hz), 4.03 (1H, d, J= 7.6 Hz), 4.08 (1H, s). 3 protons were not observed in D,0.

HPLC: 98.38 %

MS (ES)) m/z: [M-HT cafcd for CiaH4MN.O-S: 363.4. Found: 363.0.
Example 64

(25,8R)-N-[amino{phenyl}acetyl]-7-oxo-6-(sulfooxy)-1 ,Gadiazabicycio[s.z.1}octane-2—
carbohydrazide trifluoroacetate (Compound 31, Table 2)

&}
oy .
wa) T
HooN g
NH; - )——-N ‘
o} "OSO3H
Step 1. tert-butyl [2-{2-{[(23,5R)-8-{benzyloxy)-7-ox0-1,6~diazabicycio [3.2.1]oct-
2-yljcarbonyl}hydrazinyt)-2-oxo-1-phenylethyljcarbamate (250)

0]

o NNHNHZ
Ho’“"'- NHBoc Q fiLN) 3
N H 249 Phj’ H Q‘HH
‘ N

1 250

==

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1loctane-2-carboxylic acid
1 (0.250 g, 0.805 mmol) in DCM (15.0 mbL) were added fert-butyl (2-hydrazinyl-2-oxo-1-
phenylethylicarbamate 248 (0.360 g, 1.358 mmol), 1-hydroxybenzotriazole (0.186 g, 1.358
mmol) and 1-ethyl-(3-dimethylamino propyl) carbodiimide hydrochloride (0.260 g 1.358
mmol} sequentially at room temperature. The mixture was stirred at room temperature
overnight, diluted with DCM and concentrated to provide a residue which was subjected to

chromatography to give 250 {0.40 g, 84 %) as a white foam.
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'H NMR (400 MHz, CDCl3): 6 1.42 (9H, ), 1.62 (1H, m), 1.97 (2H, m), 2.25 (1H, m), 3.10 (2H,
m), 3.27 {1H, m), 3.94 (1H, m), 4.91 (1H, d, J = 11.6 Hz), 5.05 (1H, d, J = 11.6 Hz), 5.34 (1H,
m), 5.80 (1H, m), 7.42 (10H, m), 8.30-8.50 (2H, m),

MS (ES)) nmvz; [M-H] caled for CorMaNsQg: 522.2. Found, 522.1.

Step 2. tert-butyl [2-(2-{{{28,5R)-6-hydroxy-T-oxo-1,6-diazabicyclof3.2.1]oct-2-
yljcarbonyl}hydrazinyi}-2-oxo-1-phenylethyljcarbamate (251)

, O
i
0 §~N)I,,_Q m
B H N i IH i
: NHBoc )——-—N NHBoc )——N

250 : 251

A mixture of terf-butyl {2~(2~{[(28,5R)-6-(benzyioxy)-7moxo-'i,6—diazabicyc!o{3.2.1]oct-2—
yljcarbonylthydrazinyl}-2-oxo-1-phenylethyljcarbamate 250 (0.40 g, 0.76 mmol) and Pd/C
(0.20 g) in methano! (15 mL) was hydrogenated at 1 atm at room temperature for 3 h. The
mixture was filtered through Celite pad and concentrated to provide 251 (0.34 g, quant. vield)
as a white foam.

'H NMR (400 MHz, CD;00): 6 1.44 (9H, ), 1.45 (1H, m), 1.88 (1H, m), 2.05 (1H, m), 2.25
(1H, m), 3.11-3.28 (2H, m), 3.71 (1H, br s), 3.94 (1H, d, J = 7.6 Hz), 5.30 (1H, m}, 7.25 (2H,
m), 7.30 (34, m). 4 protons were not observed in CD;0D.

MS (ES") m/z: [M-H] caled for CaoHasNsOs: 432.2. Found: 432.1.

Step 3. tert-butyl {2-oxo-2-(2-{[{25,5R)}-7-ox0o-6-{sulfooxy)-1,6-diazabicycio
[3.2.1}oct-2-yljcarbonylithydrazinyl}-1-phenylethyljcarbamate (252)

i ?
O H 1, O ‘e
N-N" Q—N) K
Ho N oM i
NHBoc }———N\ NHBoc )— N
O OH “OS0O4H
251 252

To a mixture of fert-butyl [2-(2-{[(25,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2. 1joct-2-
yljcarbonylthydrazinyl)-2-oxo-1-phenylethyllcarbamate 251 (0.33 g, 0.76 mmol) in pyridine
(6.6 mL) was added suifur trioxide pyridine complex (0.71 g, 4.46 mmol}. The mixture was

stirred at room temperature for 2 déys and concentrated fo provide a residue which was
subjected to chromatography to give 252 (0.25g, 64 %) as a white solid. -
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'H NMR (400 MH-Z, CD:0D): 5 1.44 (9H, ), 1.78 (1H. m), 1.80 (1H, m), 2.12 (1H, m), 2.26
{1H, m), 3.30 (2H, m}, 4.12 (2H, m}, 5.30 (1H, m}, 7.38 (3H, m), 7.45 (2H, m). 4 protons were
not observed.in CD;0D.

MS (ES7) mvz: [M-HY] caled for CopHaeNs0sS: 512.1. Found: 512.1.
Step 4. {25,5R)-N'-[amino{phenyljacetyl]-7-oxo-6-{sulfooxy}-1,6-

diazabicyclo]3.2.1]Joctane-2-carbohydrazide trifluoroacetate (Compound 31, Table
2y

J Ji
O H 4, O H ‘4
OLF e — O G
N A H N4 H
NHBoc N\ NH2 N
0 OSO,H o} O80,H
252 Compound 31, Table 2

To a mixture of terf-butyl [2-ox0-2-(2-{I(28 5R)-7-0oxo-6-(sulfooxy)-1,8-diazabicyclo]3.2.1]oct-
2-yllcarbonylthydrazinyl)-1-phenylethyllcarbamate 252 (0.25 g, 0.48 mmol) in DCM (8.0 mL)
was added triflucroacetic acid (0.40 mb) at 0°C. The mixture was stired at 0°C for 3 h,
concentrated and washed with ether to give Compound 31 (Table 2} (0.14 g) as a white

solid as a pair of diastereomers in a ratio of 1:2.

'H NMR (400 MHz, D,0): 5 1.85 (1H, m), 1.80 (1H, m), 1.95 (1H, m), 2.08 (11, m), 3.04 (1H,
m), 3.22 (1H, d, J = 11.2 Hz), 4.02 (1H, d, J = 6.0 Hz), 4.08 (1H, m), 5.15 (1H, s), 7.42 {SH,
m). Five protons were not observed in D,0.

HPLC. 9219 %

MS (ES") m/z: [M-HT caled for CsHisNs0,8: 4121, Found: 412.0.
Example 65

(ZS,SR}-N"-(2,2~dimethyﬁpmpannyi)-7~0xo—6—€suEfouxy}«-’i ,6-diazabicyciel3.2.1]Joctane-2-
carbohydrazide (Compound 24 , Table 2)

J
O H :
N-NT

Ho N _foH
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Step 1. (25,5R)-6-(benzyloxy}-N'-(2,2-dimethylpropanoyi)-7-oxo-1,6-
diazabicyclo[3.2.1Joctane-2-carbohydrazide {254)
O

NHNH:
i 0
: H .
HC)/l 253 N-N" ~
N '”H H N "'H

¥

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]octane-2-carboxylic acid
S 1 (0.250 g, 0.805 mmol} in DCM (15.0 mL) were added 2,2-dimethylpropanehydrazide 253
(0.137 g, 1.358 mmol), 1-hydroxybenzotriazole (0.186 g, 1.358 mmol) and 1-ethyl-(3-
dimethylamino propyl) carbodiimide hydrochloride (0.260 g, 1.358 mmbi) sequentially at

room temperature. The mixiure was stirred at room temperature overnight, diluted with DCM

and concentrated to provide a residue which was subjected to chromatography to give 254

10 {0.32 g, 94 %) as a white foam.

'H NMR (400 MHz, CDCls): 5 1.24 (3H, m), 1.62 (1H, m), 1.99 (2H, m), 2.31 (1H, m), 3.10
(2H, m), 3.28 (1H, m), 4.01 (1H, d, J = 3.2 Hz), 4.91 (1H, d, J = 11.2 Hz), 5.05 (1H. d, J =

11.2 Hz}, 7.42 (5H, m), 7.64 (1H, s}, 8.48 (1H, s).

3 (ES) m/z: [M-HM] calcd for CigHpsM404: 373.2. Found: 373.1,

15 Step 2. {25,5R)-N'~(2,2-dimethylpropanoyl)-6-hydroxy-7-oxo-1,6-
diazabicycio[3.2,1]ociane-2-carbohydrazide (255}

" /U,,

o |
. ﬁhm/u”"

o OBn OH
254 255

A mixiure of {25,5R)-6-(benzyloxy)-N'-(2,2-dimethylpropanoyl)-7-oxo-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide 254 (0.32 g, 0.86 mmol) and Pd/C (0.15 g) in
20 methanol (20 ml) was hydrogenated at 1 atm at room temperature overnight. The mixture

was filtered through Celite pad and concentrated to provide 285 (0.25 g, guant. vield) as a

white foam.
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"H NMR (400 MHz, CD,0D): § 1.25 (SH, s), 1.75 (1H, m), 1.92 (1H, m), 2.05 (1H, m), 2.28
(1H, m), 3.14 (1H, m), 3.30 (1H, m), 3.70 (1H, brs), 3.94 (1H, d, J = 7.2 Hz). 3 proions were
not observed in CD,0D.

MS (ES") mv/z; [M+H]" caled for CioH2(N4O,: 285.1. Found: 285.1.

5 Step 3. {2S,5R}-N'-{2,2-dimethylpropanoyl)-7-oxo-6-{sulfooxy)-1,6-
diazabicycio[d.2.{Joctane-2-carbohydrazide (Compound 24, Table 2)

o) _ Q
° Eﬁ—w) 2 5 EWNJ'“Q
H
P — X
}—N //l—N

o) “OH o \0303H

255 Compound 24, Table 2
To a mixiure of (28,5R)-N'-(2,2-dimethylpropanoyl)-6-hydroxy-7-oxo-1,6-
diazabicycio[3.2. 1]octane-2-carbohydrazide 2585 (0.25 g, 0.85 mmol) in pyridine (10.0 mL)
10 was added sulfur trioxide pyridine complex (042 g, 2.58 mmol). The mixture was stirred at
room temperature overnight and concentrated to provide a residue which was subjected fo

chromatography followed by HPLC separation to give Compound 24 (Table 2) (20‘mg) asa
white solid.

‘H NMR (400 MHz, D,0): 5 1.08 (9H, s), 1.65 (1H, m), 1.80 (1H, m), 1.95 (1H, m), 2.10 (1H,
15 m), 340 (1H, d, J= 124 Hz), 3.22 (1H, d, J= 12.0 Hz), 4.02 (1H, d, J= 7.8 Hz), 4.08 (1H, m).
Three protons were not observed in D,0.

HPLC: 93.08 %.
MS (ES") m/z: [M-H] calcd for CopMyeN,O7S8: 363.1. Found: 363.0.

Example 66

20 {25,5R)-7-oxo-N-{Z-oxopiperidin-i-yl}-6-{sulfooxy)-1,6-diazabicycio[3.2.1]octane-2-
carboxamide (Compound 103, Table 2)

79
O
| H  N__{H

o] OSO5H
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Step 1. {28,5R)-6-(benzyioxy)-7T-oxo-N-(2-oxopiperidin-1-yl}-1,6-
diazabicyclof3.2.1]Joctane-2-carboxamide (257)

O

:ﬁ { N-NH, 0 o
ho™ 256 CfN_N M,
N_AH H éi::l

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1joctane-2-carboxylic acid
5 1(0.250g, 0.905 mmol} in DCM (15.0 mL) were added 1-aminopiperidin-2-one 256 (31 mg,
0.27 mmal), }, HOBt (38 mg, 0.27 mmol), DMAP (32 mg, 0.27 mmol) and EDCI (53 mg, 0.27
mmol}. The mixiure was stirred at room temperature for 48 h and purified by column to afford

257 as foam (55 mg, 82%).

'HNMR (CDCL): 8.45 (1H, s), 7.40 (5H, m), 4.99 (2H, dd), 4.02 (1H, d), 3.70 (1H, m), 3.43

10 (TH, m), 3.32 (2H, m), 3.07 (1H, m}, 2.40 (3H, m), 1.90 (6H, m), 1.680 (1H, m).

Step 2. (23;5R}—6~hydroxy-7~oxo~N«{2-oxopiperidin-1 i-1,6-
diazabicyclo[3.2,1]octane-2-carboxamide {258)

O O O 0
\_/_j | :—j
. NWN) N~N’u”'-
' }—N ;_
C “OBn o N‘OH
257 258

To a solution of compeund 257 (55 mg, 0.148 mmol) in 10 mL of MeOH was added 100 mg

15 of Pd/C (10%, wet). The mixiure was hydrogenated at room temperature for 2 h. The catalyst
was removed by filtration through Celite pad. The filtrate was concentrated to afford

compound 258 as a colorless gum (37 mg, B8%).

"HNMR (CD,0D): 3.8 (1H, d), 3.72 (1H, m), 3.55 (2H, m), 3.30 (1H, m), 3.18 (1H, m), 2.49
(2H, m), 2.30 (1H, m), 1.90 (TH, m). : :
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Step 3. {25,5R)-7-ox0-N-(2-oxopiperidin-1-yl}-6-(sulfooxy)-1,6-
tiiazabicyclof3.2.1joctane-2-carboxamide (Compound 103, Table 2)
O o O s
ﬁ ! |
N—N/[ — N—N/i
H N H E?I
}*N %“N
o "OH 0! 0803H
258

Compound 103, Table 2

To a solution of compound. 258 (35 mg, 0.124 mmol) in 5 mL of pyridine was added sulphur

5 ftrioxide pyridine complex (180 mg, 1.24 mmol). The mixture was stirred at room temperature
under nitrogen atmosphere for 72 h. After silica gel column followed by HPLC purification,
pure compound 103 {Table 2) was obtained as a white solid (20 mg, 45%)

"HNMR (CD,OD): 4.18 (1H, s), 4.03 (1, d), 3.58 (2H, m), 3.30 (2H, m), 2.50 (2H, m), 2.30
(1H, m), 1.90 (7TH, m)

10 HPLC: 83 %.

| MS (ES) m/z: [M-H] Found: 361.0.
Example 67

(2R,58)-N {azetidin-3-yicarbonyl)-7-oxc-6-(sulfooxy}-1,6-diazabicyclof3.2.1Joctane-2-
carbohydrazide (Compound 112, Table 2)

o
%N \E‘I{/i"f,'
0 N
N\
d oS04+

15

Step 1. tert-butyl 3-{(2-{{(2?\-‘,55}-6-(bénzy§bxy)-7-axo-1 ,S;diazabicyclo[s.z.1]oct-2-
yilcarbonyilhydrazinyhearbonyljazetidine-| -carboxyi_ate {260}

o
S .
j % “NH, /%JJ\N 0
HO q vee O \%r .

T 260

=T
Iz
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To a solution of {2§,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2, 1]octane-2-carboxylic acid
1 (025 g, 080 mmol} in dry DCM (30 mb) were added ferf-buty! 3-
(hydrazinylcarbonyl)azetidine-1-carboxylate 259 (0.29 g, 1.35 mmol), 1-hydroxybenzotriazole
(0.19 g, 1.35 mmol), 1-ethyl-(3-dimethylamincpropyl)carbodiimide hydrochloride (0.26 ¢, 1.35
mmof) and 4-(dimethylamino)pyridine (0.16 g, 1.35 mmol) at room temperature. The reaction
mixture was stimed at room temperature overnight and concentrated under vacuum. The
residue was purified by column chromatography to give fert-butyl 3-[(2-{[{(2R,5S)-6-
(benzyloxy)-7-oxo-1,6-diazabicyclo{3.2. 1]Joct-2-yllcarbonylthydrazinyl)carbonyijazetidine-~1-
carboxylate 260 (0.35 g, 81%) as a white solid.

"H NMR (400 MHz, CDCly): § 1.38 (9H, s), 1.63 (1H, m), 1.99 (2H, m), 2.31 (1H, m), 3.15 (2H,
m), 3.28 (2H, s), 4.00 (1H, d, J=7.6 Hz), 4.10 (4H, m), 4.90 (1H, d, J = 11.2 Hz), 5.04 (1H, d,
J=11.6 Hz), 7.39 (5H, m), 7.86 (1H, br s), 8.54 (1H, brs).

Step 2. tert-butyl 3-[{2-{[{2R,53}-6-hydroxy-7-oxo-1,6-diazabicyclo]3.2.1joct-2-
yilcarbonylthydrazinyljcarbonyllazetidine-1i-carboxylate (261)

o O
%L“;\Wﬁ J <y g
| e BN 5
o " Q — o M I’Q
S

260 261

To a solution of tert-butyl 3-[(2-{[{2R,58}—6-(benzyioxy)—?-oxo~1,6~diazabicyclo[3.2.11oct-2-
yilcarbonylhydrazinyljcarbonyllazetidine-1-carboxylate 260 (0. 35 g, 0.74 mml) in methanof
(25 mL) was added 5% Pd/C (0.40 g). The mixture was hydrogenated under 10 psi hydrogen
atmosphere at room temperature for 1 h. The catalyst was filtered ouf through Celite, and the
filtrate  was evaporated to give fert-butyl  3-[(2-{{(2R,55)-6-hydroxy-7-0x0-1,6~
diazabicyciof3.2. 1)oct-2-yijcarbonylthydrazinyl)carbonyljazetidine-1-carboxylate 264 (0.25 g,
88%) as a white foam.

'H NMR (400 MHz, CD,0D): § 1.44 (9H, s), 1.76 (1H, m), 1.91 (1H, m), 2.05 (1H, m), 2.26

C(TH, m), 3.15 (1H, m), 3.25 (1H, m), 3.40 (1H, m), 3.71 (1H, 8), 3.85 (1H, d, J = 7.2 Hz), 4.08

(4H, m), 3 protons were not cbserved in CD,0D.
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Step 3. tert-buty! 3-[(2-{[(2R,58)-7-ox0-6-{suifooxy}-1,6-diazabicycio[3.2.1]oct-2-
yilcarbonylthydrazinyl)carbonyilazetidine-i-carboxylate {262)

O O
oo g

N
9] OH o OS0O4H
261 262

To a solution of fert-butyl 3-{(2-{[(2R,53)-8-hydroxy-7-oxo-1,6-diazabicyclof3.2 1]oct-2-
ylicarbonylihydrazinyljcarbonyljazetidine-1-carboxylate 261 (0.25 g, 0.65 mmol} in dry
pyridine (10 mL) under nitrogen atmosphere was added sulfur trioxide pyridine complex
(0.60 g, 3.80 mmol}. The mixture was stirred. at room temperature for 20 h, filtered and
evaporated. The residue was purified first by cdfumn chromatography to give terf-butyt 3-[(2-
{[(2R,58)-7-ox0-6-(sulfooxy)-1,6-diazabicycio3.2. t]oct-2-
yilcarbonylthydrazinyl)carbonyllazetidine-1-carboxylate 262 (0.18 g, 60%) as a white solid.

'H NMR (400 MHz, CD,0DY: & 1.30 (9H, s), 1.81 (1H, m), 1.84 (1H, m), 2.05 (1H, m), 2.26
(tH, m), 3.30 (2H, m), 3.41 (1H, m), 4.04 (5H, m), 4.16 (1H, s), 3 protons were not observed
in CD,0D.

Step 4. " {2R,58)-N'{azefidin-3-ylcarbonyi}-7 -oxo-6-(sulfooxy}-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide {Compound 112, Table 2}

)(JL 0 Lo

Ny )L, HNQ\\WM A.
. S
N

OSO3H o] 0OSO4H
262 Compound 112, Table 2

To & solution 'fenibutyi C3H(2-{(2R 58)-T-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2. 1joct-2-
yllcarbonyl¥hydrazinyl)carbonyljazetidine-1-carboxylate 262 (0.18 g, 0.38 mmol)'in DCM (18
ml.) was added trifluoroacetic acid (1.45 mL, 18.79 mmol) dropwise at 0 °C. The reaction
mixture was stirred for 1 h then evaporated. Ether was added to the residue and the resulting
white precipitate was collected by centrifugation. The solid was triturated with a mixture of
MeOH:ether (1:5, 8X) and the white solid was collected by centrifugation to give (2R 58)-N'-
(azetidin-3-ylcarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carbohydrazide
Compound 112 {Table 2) (0.04 g, 28%} as a white solid.
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'H NMR (400 MHz, D,0): § 1.66 (1H, m), 1.77 (1H, m), 1.90 (1H, m), 2.04 (1H, m), 3.03 (1H,
d, = 12.4 Hz), 3.17 {(1H, m), 3.85 (1H, m), 4.02 (2H, m), 4.12 (4H, m), 4 protons were not
observed in D;0.

HPLC 92.40%

5 MS (ES) m/z [M] = 362

Example 68

(25,8R)-7-oxo-N'-{pyrrolidin-2-ylcarbonyl}-6-{sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-
carbohydrazide trifluoroacetate (Compound 41, Tabie 2}

0 O
H EaC. OH
N /u’f,_ 3
SN

10 | o OSO3H
Step 1. tert-butyl 2-(2~((2S,5R}-6-(benzyiox'y)—7~oxo—1 ;6-diazabicyclo[3.2.1]-
octane-2-carbonyl}hydrazinecarbonyl)pyrrolidine-1-carboxylate (264)
Boc O
(T‘ij)'kt\u-u\m;2
Q Boc O

o
o 263 N A
Q"*H ) H H @H

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1joctane-2-carboxylic acid
15 1 (0304 g, 110 mmol} in DCM (200 mL) were added tert-butyl 3-

(hydrazinecarbonyl)pyrrolidine-1-carboxylate 263 (0380 g, 165 mmol), 1-

hydroxybenzotriazole (0.223 ¢, 1.65 mmol) and 1-ethyl-(3-dimethylaminopropyl)

carbodiimide hydrochloride (0.315 g, 1.65 mmol) sequentially at room temperature. The

mixture was stirred at room temperature overnight, concentrated to provide a residue, which
20  was subjected to chromatography to give 264 (0.34 g) as a white solid.
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Step 2. tert-butyl 2-(2-({28,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1}-octane-2-
carbonyl)hydrazinecarbonyljpyrrolidine-i-carboxylate (265)
O o Boc © 0
™ J ! J,
N NN N"H o
H H N . ’H e H N a |H
|
SN }‘N\
o] 08B O OH
2864 : 285

A mixture of tert-butyl 2-(2-({25,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicycio]3.2. 1}-octane-2-
carbonyDhydrazinecarbonyl)pyrrolidine-1-carboxylate 264 (0.34 g, 0.70 mmol) and Pd/C
(0.30 @) in methanol (80 mL) was hydrogenated ét 1 atm at room temperature for 3 h. The
mixture was filtered through Ceilite pad and concentrated to give 265 (0.28 g, quant.) as an
off-white solid. '

Step 3. | tert-butyl 2-{2-((25,5R}-7-oxo-6-(suifooxy)-1,6-diazabicyclo]3.2.1]-octane-

2-carbonylhydrazinecarbonyl)pyrrolidine-1-carboxyiate {266).

Boc o j?
HH Ly —
N\
O OoH

265 268

Boc O

i
HH o Ly
J—N
]

0S05H

To a mixture of tert-butyl 2-(2-({28,5R)-8-hydroxy-7-oxo-1,8-diazabicyclo]3.2. 1}-octane-2-
carbonylhydrazinecarbonyl)pyrrolidine-1-carboxylate 265 (0.28 g, 0.70 mmol) in pyridine (6
mi.) was added sulfur tridxide'pyridine complex (0.33 g, 2.10 mmol}. The mixiure was stirred
at room temperature for 24 h and concentrated to provide a residue, which was subjected o
chromatography 1o give 268 (0.290 g, 87 %) as an off-white solid.

'H NMR (400 MHz, D,0): & 1.24 and 1.27 (9H, 2s), 1.60 — 2.20 (8H, m), 3.02 (1H, m), 3.16
(1H, m), 3.28 (2H, m), 4.01 (2H, m), 4.18 (1H, m). Three protons were not observed in
Ch,0D.
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Step 4. (25,5R)-7T-oxo-N"-{pyrrolidin-2-ylcarbonyl)-6-(sulfooxy}-1,6-
diazabicyclof3.2.T]joctane-2-carbohydrazide triflucroacetate (Compound 41, Table
2)

Boc Q

o o) 0
= ] N A,
N Ay e N e
I //]-—N

/—N .
o OSOzH 0 O80;H
266

TFA
IHH

Compound 41, Table 2

To a mixure of fert-butyl 2-(2-((25,5R)-7-oxo-8-(sulfooxy)-1,6-diazabicyclo[3.2.1]-octane-2-
carbonyl)hydrazinecarbonylpyrrolidine-1-carboxylate 266 (0.29 g, 0.61 mmol) in DCM (12
mL) was added trifluoroacetic acid (0.60 ml.) at 0°C. The mixture was stirred at 0°C for 2 h,
concentrated and washed with ether and MeOH to give Compound 441 {Table 2) (689.8 my)
as a white solid as a pair of diastereomers, ‘

'H NMR (400 MMz, D,0): & 1.65 (1H, m), 1.81 (ﬁH, m), 1.80-2.10 (5H, m), 2.34 (1H, m), 3.03
(1H, m), 3.16-3.31 (3H, m), 4.03 (2H, m), 4.33 (1H, m). Four protons were not ohserved in
DO, '

F NMR (376.5 MHz, D,0): § - 75.75
HPLC: 94.84 %,

MS (ES) m/z: [M+H]® caled for CipHagN:O-S: 378.4. Foind: 378.0.
Example 69

(28,8R)-N-[(2,2-diflucrocyciopropyljcarbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1joctane-2-carbohydrazide (Compound 36, Table 2)

n A
0
H v, -
F NN Q
- | N_ oM

N\.
o 0SO;H
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Step 1. (25,5R}-6-{benzyloxy}-N'-[(2,2-difluorocyclopropyl)carbonyl]-7T-oxo-1,6-
diazabicyclof3.2.1]loctane-2-carbohydrazide (268)
Q

o e S NHNH; o
M., F 267 AH NJE’*«

258

To a mixture of (25, 5R)-6-(benzyloxy)-7-oxo-1,6-diazebicyclo[3.2. 1joctane-2-carboxylic acid
1 (0250 g 0905 wmmol) in DCM (150 mlL) were added 22-
difiuorocyciopropanecarbohydrazide 267 (0.184 g, 1.358 mmol), 1-hydroxybenzotriazole
(0.186 g, 1.358 mmol) and 1-ethyl(3-dimethvlamino propyl) carbodiimide hydrochioride
(0.260 g, 1.358 mmol) seqﬁemially at room temperature. The mixture was stirred at room
temperature overnight, dituted with DCM and concentrated to provide a residue which was
subjected to chromatography to give 268 (0.36 g, quant. yield) as a white foam.

'H NMR (400 MHz, CDCL): § 1.62 (1H, m), 1.80 (1H, m), 2.00 (2H, m), 2.8 (1H, m}, 2.36

(1H, m), 2.44 (1H, m), 3.10 (1H, m), 3.30 (1H, m), 4.00 (2H, m), 4.91 (1H, d, J = 11.2 Hz),
5.05 (1H, d, J = 11.2 Hz), 7.42 (5H, m), 8.40 (1H, br s), 8.60 (1H, br 5).

MS (ES") m/z: [M+H]' calcd for CisHarFaN4O,: 395.1. Found: 395.1,

Step 2. (28, 5R)-N'{{2,2-diflucrocyclopropyijcarbonyll-6-hydroxy-7-oxo-1,6-
diazabicyclo[3.2. Tjectane-2-carbohydrazide {269)

268 289

A mixture of (285R)-8-(benzyloxy)-N-{(2,2-difluorocyciopropylicarbonyl]-7-oxo-1,6-
diazabicycio]3.2. 1]octane-2-carbohydrazide 268 (0.36 g, 0.80 mmal) and Pd/C (0.15 g) in
methanol (20 mL) was hydrogenated at 1 atm at room temperature overnight. The mixture
was filtered through Celite pad and concenirated to provide 269 (0.37 g, quant. vield) as a
white foam.

'H NMR (400 MHz, CD,0D): § 1.75-2.10 (4H, m), 2.25 (1H, m), 2.60 (1H, m), 2.70 (1H, m),
'3.20 (2H, m), 3.70 (1H, br s), 3.85 (1H, d, J = 7.6 Hz). 3 protons were not observed in

CD;0D.
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MS (ES) vz [M-H] caled for CyyHiaFaNsCa: 303.1. Found: 303.0.

Step 3. {28,5R)-N'-{2,2-dimethyipropanoyl}-7-oxo-6-{sulfooxy}-1,6-
diazabicyclof3.2.1Joctane-2-carbohydrazide (Compound 36, Table 2)

0O

o)
Q |
QN i foy” Q
e b — HooONL A H
,&j NQ”'H F SN
F N, , . o "0S0,H

o OH
269 Compound 36, Table 2

5 To a mixiure of (2S,5R}-N‘—{(2,2-diﬂuorocycloprcpyi)carbonyl]»ﬁ-hydroxy-?-oxon1,6»
diazabicyclo[3.2. 1joctane~-2-carbohydrazide 268 (0.37 g, 1.21 mmol) in pyridine (10.0 ml)
was added sulfur trioxide pyridine complex (0.57 g, 3.65 mmol). The mixture was stirred at

room temperature overnight and concentrated to provide a residue, which was subjected to

chromatography and followed by HPLC separation to give Compound 36, (Table 2} (60 mg)

10  as a white solid as a pair of diastereoisomers.

'H NMR (400 MHz, D,0): § 1.65 (1H, m), 1.72-2.00 (4H, m), 2.05 (1H, m), 2.52 (1H, m), 3.05

- (1H, d, J = 12.0 Hz), 3.18 (1H, d, J = 12.0 Hz), 4.01-4.05 (2H, m). Three protons were not
observed in D-0. ' -

HPLC: 82.75 %.

15 MS (E3") m/z. [M-H] caled for CﬂH13F2N4078: 383.1. Found: 382.9.
Example 70

{2S,5R)-7T-oxo-N-[{28)-piperidin-2-yicarbonyi]-6-{sulfooxy)-1,6-
diazabicyclo[3. 2. 1joctane-2-carbohydrazide (Compound 43, Table 2)

NH O
Q""rﬁ”NJL"'
RERES

I
N\
's) O805H
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Step 1. teri-butyl (25)-2-{(2-{[{25,5R)-6-(benzyioxy)-7-0x0-1,6-
diazabicyclo[3.2.1loct-2-vljcarbonyithydrazinylicarbonyljpiperidine-t-carboxylate
{271)

o
Boc,  \“—NHNH; Boc
' H
N

e SEw
HOJL"' 270 o, \N)’ff.
@.”H - Q,/ Ho N4

o} ‘OBn

271

5 To a soiution of (25,5R)-6-(benzyloxy}-7-oxo-1,6-diazabicyclo[3.2. 1joctane-2-carboxylic acid
1 (025 g, 080 mmol) in dry DCM (30 ml) were added feri-butyl (28)-2-
(hydrazinylcarbonyl)piperidine-1-carboxylate 270 (0.33 g, 1.35  mmol),
hydroxybenzotriazole (0.18 g, 1.35 mmdi), 1-ethyl-(3-dimethylaminopropyl)carbodiimide
hydrochioride (.26 g, 1.35 mmol) and 4-(dimethylamino)pyridine (0.16 g, 1.35 mmol) at

10 room temperature. The reaction mixture was stirred at room temperature overnight and
concentrated under vacuum. The residue was purified by column chromatography to give
teri-butyl ‘ (28)-2-(2-{[(28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1]oct-2~
ylicarbonylthydrazinyl)carbonyllpiperidine-1-carboxylate 271 (0.37 g, 82%) as a white solid.

'H NMR (400 MHz, CDCly): & 1.37-1.72 (15H, m), 1.95 (2H, m), 2.31 (2H, m), 3.05 (2H, m),
15 3.22 (2H, m), 4.06 (2H, m), 4.86 (1H, m), 4.90 (1H, d, J = 11.2 Hz}, 5.05 {(1H, d, J = 11.6 Hz),
7.38 (8H, m), 8.11 (1H, br 8), 8.34 (1H, br s).

Step 2. tert-butyl (25)-2-[{2-{[(2S,5R}-6-hydroxy-7-oxo-1,6-diazabicyciof3.2.1]oct-
2-yijcarbonyihydrazinyljcarbonyilpiperidine-1-carboxylate (272)
Boc
-~ e} N 9]
SH» SHw3
._‘, \N Iy, -,’I( \N
1)( H N 1 lH [ it IH
}—‘N : \
o "OBn © CH

271 272

20 To a solution of terf-butyl (25)-2-[(2-{{(2S.5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2. 1loct-
2-yllcarbonylthydrazinyl)carbonyljpiperidine-1-carboxylate 271 (0. 37 g, 074 mml) in
methano! (25 mL) was added 5% Pd/C (0.40 g}. The mixture was hydrogenated under 10 psi
hydrogen atmosphere at room temperature for 1 h. The catalyst was filttered out through
Celite, and the filtrate was evaporated to give tert-butyl (28)-2-{(2-{[(2S,5R)-6-hydroxy-7 -oxo-
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t,8-diazabicyclof3.2. 1)oct-2-yllcarbonytthydrazinyl)carbonylipiperidine-1- carboxyiate 272
(0.28 g, 96%) as a white foam.

TH NMR (400 MHz, CD,0D): 8 1.47 (12H, m), 1.65 (2H, m), 1.76 (1H, my, 1.84 (1H, m), 2.04
(1M, m), 2.26 (Z2H, m), 3.15 (2H, m), 3.26 (1H, m), 3.70 {(1H, 8), 3.84 (2H, m), 4.79 (1H, m), 3
5  protons were not observed in CD.0D.

Step 3. tert-butyl (28)-2-[(2-{[(28,5R)-7-oxo-6-(suifooxy)-1,6-
- diazabicyclo[3.2.1joct-Z-yljcarbenyi}hydrazinylycarbonyi}piperidine-1-carboxylate
(273)
Boc

o) I~ o ;. fy
o N‘OH O OSO;H
272 . 273

10 To a solution of teri-butyl (25)-2-[(2-{[(25,5R}-8-hydroxy-7-oxo-1,6-diazabicycio]3.2.1]oct-2-
yijcarbonyllhydrazinyl)carbonyllpiperidine-1-carboxylate 272 (0.28 g, 0.70 mmol) in dry
pyridine (10 mlL) under nitrogen atmosphere was added suifur trioxide pyridine compiex
(0.65 g, 4.12 mmol). The mixture was stirred at room temperature for 20 h, filtered and
evaporated. The residue was purified first by column chromatography using DCM: EtAcO:

15 MeOH (20:30:50) as eluent to give fert-butyl (28)-2-{(2-{[(25 5R)-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo[3.2. T]oct-2-yl]carbonylihydrazinyl)carbonylipiperidine-1-carboxylate 273 (0.30 g,
87%) as a white solid.

'H NMR (400 MHz, CDgCD): & 1.47 (12H, m), 1.64 (2H, mj, 1.80 (1H, m), 1.83 (1H, m), 2.01
(1H, m), 2.25 (2H, m), 3.17 (3H, m), 3.99 (2H, m), 4.15 (1H, s), 4.79 (1H, m), 3 protons were
20 not observed in CD,00.

Step 4. {2S,SR)-T-oxo-N‘-I(28)-piperid§h-z-yicarbanyl} -8<{sulfpoxy)-1,6-
~ diazabicyclo[3.2.1joctane-2-carbohydrazide {Compound 43, Table 2
o ? SN
\. /[ “"J,I/N\N e
o LN
o & N,
O80,H 8} O50;H
273 compound 43, Table 2
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To a solution tert-butyl (285)-2-[(2-{[(25,5R)-7-oxo-8-(sulfooxy)-1,6-diazabicyclo]3.2. 1]oct-2-
yljcarbonylihydrazinyl)carbonylpiperidine-1-carboxylate 273 (0.30 g, 0.61 mmol) in DCM (30
mL) was added trifluoroacetic acid (2.42 mL, 31.38 mmaol) dropwise at 0 °C. The reaction
mixture was stirred for 1 h then evaporated. Ether was added to the residue and the resuiting
5 white precipitate was collected by centrifugation. The solid was triturated with a mixture of
MeOH:ether (1:5, 6X) and the white solid was collected by centrifugation to give (28,5R)-7-
oxo-N'-{(28)-piperidin-2-yica rbonyE}QG-(sulfooxyM B-diazabicyclo{3.2. 1joctane-2-
carbohydrazide Compound 43 (Table 2) (0.09 g, 38%) as a white solid.
'H NMR (400 MHz, D,0): 8 1.51 (2H, m), 1.63 (1H, m), 1.75 (2H, m), 1.93 (1H, m), 2.05 (2H,
10 m), 291 (1H, m},3.03 (1H, d, J= 12.4 Hz), 3.18 (2H, m), 3.33 (1H, m), 3.80 (1H, d, J = 11.6
Hz), 4.03 (2H, m), 4.54 (1H, m), 4 protons were not observed in D,0.

HPLC: 93.40%
MS (ES") m/z: [M-H] = 390

Example 71

15 (Compound 30, Table 2)
- NHy TFA

. A,
‘}—HN—H /Eg\j

e OSO4H

Step1.  tert-butyl [{2R)-1-(2-{[(25,5R)-6-{benzyloxy)-7-oxo-1,6-
diazabicyclof3.2. 1joct-2-yljcarbonyithydrazinyl)-1-oxopropan-2-yijcarbamate (275)

Boc.
S

1 275

20 To a solution of 1 (250 mg, 0.9 mmoi) in 20 mL of DCM were added tert-butyl {(2R)-1-
hydrazinyl-1-oxopropan-2-yljcarbamate 274 (275 mg, 1.35 mmol), HOBt (183 mg 1.35 mmol),
DMAP (182 mg, 1.35 mmol) and EDCI (260 mg, 1.35 mmol). The mixture was stirred at room
temperature for 48 h and purified by column to afford compound 275 as foam (400 mg, 95%).
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"HNMR (CDCls): 8.48 (1H, s); 8.35 (1H, s); 7.40 (5H, m): 4.95 (3H, m): 4.25 (1H, m); 4.00
(1H, m); 3.30 (1H, m); 3.08 (2H, m); 2.36 (m, 1H); 2.00 (m, 2H); 1,58 ( 1H, m); 1.40 (m, 12H),

Step 2. tert-butyl [(2R)-1-(2-{[(28,5R)})-6-hydroxy-7-oxo0-1,6-diazabicyclof3.2.1]oct-
2-yllcarbonylthydrazinyl)-i-oxopropan-2-yljcarbamate (276)

275 ' 278

To a solution of compound 275 (400 mg, 0.86 mmol} in 30 mL of MeOH was added 0.8 ¢ of
Pd/C (10%, wet). The mixture was hydrogenated at room temperature for 2 h. The catalyst
was removed by filtration through a celite pad. The filtrate was concentrated to afford
compound 276 as a colorless gum (320 mg, 89%). |

10 "HNMR (CD,0OD}: 4.15 (1H, m); 3.98 (1H, d); 3.70 (1H, m): 3.20 (2H, m): 2.30 (1H, m): 2.10
(1H, m); 1.90 (1H, m); 1.75 (1H, m); 1.45 (9H, s): 1.35 (3H, d).

Step 3. tert-buty! [(2R}-1-ox0-1-(2-{[{25,5R}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1}oct-2-vilcarbonylthydrazinyl)propan-2-yljcarbamate (277)

NHBoc 4 NHBoc

L .
#HN—%J q 'S;-HNW/H”“ Q
SN, J—N

O OH o "0SO,H
276 ‘
277

15 To a solution of compound 276 (320 mg, 0.858 mmol) in 15 mL of pyridine was added
sulphur frioxide pyridine complex (1.5 g, 9.6 mmol). The mixture was stirred at room
temperature under nitrogen atmosphere for 15 h. After column purification, compound 277
was obtained as foam (300 mg, 77%).

"HNMR (CD,0OD): 4.20 (2H, my); 4.00 (1H, d); 3.20 (2H, m); 2.30 (1H, m); 2.10 (1H, m); 1.90
20 (1H, m); 1.80 (1H, m); 1.45 (8H, s); 1.35 (3H, d).
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Step 4. (25,5R)-N'-[{2R}-2-aminopropanoyi}-7-oxo-6-(suifooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide trifluoroacetate (Compound 30, Table
2) '
NHBoc ¢ NH, o TFA

J, ;
w&"‘”"“ﬁ ) NI
O N g O H N
)-N\ }——N
o OSOH o "OSO4H

277
Compound 30, Table 2

S To a solution of compound 277 (150 mg, 0.33 mmol) in DCM at 0 °C was added TFA (0.5
mL) slowly. After addition, the mixture was stirred at 0 °C for 2 h then diluted with 50 mL of
Et,O. The solid was collected by filtration and washed with additional amount of Et,O and
dried to afford the crude product Compound 30 (Table 2) as a white solid (100 mg, HPLC
76%). Re-precipitation of 50 mg of this crude product with MeOR/DCM afforded 20 mg of

10  Compound 30 (Table 2) as a white solid,

'HNMR (D;0): 4.00 (3H, m); 3.20 (1H, m); 3.10 (1H, m); 2.10 (1H, m); 1.80 (1H, m); 1.80
{(1H, m); 1.65 (1H, m}.

HPLC: 84%.

MS (ES) miz: [M-1] = 350
15 ' Example 72

(28,5R)-N-{[(35)-1-carbamimidoylpyrrolidin-3-ylJoxy}-7-oxo-6-{sulfooxy)-1,6-
 diazabicyclof3.2.1]Joctane-2-carboxamide (Compound 82, Table 1)
NH

Y i
s
N _AiH
SN

O OSO4H

Using the similar procedure as described in Example 14, the intermediate 278 was prepared
20  and used for making compound 92 (Table 1).
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Step 1. di-tert-butyl {{35)-3-[{{[{2S,5R)-6-{benzyloxy}-7T-cxo-1,6-diazabicyclo
[3.2.1]oct-2-yljcarbonyl}aminojoxylpyrroiidin-t-yl}methylylidenelbiscarbamate
(279)
NBoc
BocHN JLN
: QﬂO"NHZ NBoc o

){, 278

, A
Ho' q BocHN D«O—N )f,
N et - . H N e
J—N, SN

© OBn o 'OBn
' 279

5 To a mixiure of (23,5R)-6-(benzyloxy)-7-oxo-1 ,6—diazabicy¢}0[3.2‘1]octane~2-carboxyiic acid
1 (0.250 g, 0.905 mmol) in DCM (20.0 mlL) were added di-ferf-butyi {(E)—{(3S)—3—
(aminooxy)byrroﬁdinﬂ—yl]methytylidene} biscarbamate 278 (0.478 g, 1.358 mmol), 1-
hydroxybenzotriazole (0.186 g, 1.358 mmol) and 1-ethyl-(3-dimethyiaminopropyf)
carbodiimide hydrochioride (0.260 g, 1.358 mmol} sequentially at room temperature. The

10 mixture was stirred at rcom temperature overnight, diluted with DCM and concentrated to
provide a residue which was subjected to chromatography to give 279 (0.34 g, 62 %) as
white foam.

'H NMR (400 MHz, CDCl): § 1.45 (18H, s), 1.62 (1H, m), 2.00 (4H, m), 2.30 (2H, m), 2.77
{1H, d, J=12.0 Hz), 2.95 (1H, d, J = 16.8 Hz), 3.29 {1H, s}, 3.80 (2H, m), 3.92 {(2H, m), 4.72

15 (1H, m), 4.90 (2H, ABqg), 7.41 (5H, m). Two protons were not observed in moisture-
containing CDCl,. .

MS (ES™) m/z: [M+H]" caled for CagHasNsOg: 603.3. Found: 603.2.

Step 2. di-tert-butyl [{{35)-3-[{{[{25,5R)}-6-hydroxy-7-oxo-1,6-diazabicycio
{3.2.1}oct-2-yljcarbonyilaminojoxylpyrrolidin-1-ylimethylylidenelbiscarbamate
20 (280)

NBoc NMBoc

8]
M f o
BocHN L A )
rD__O_N) . BocHN D—-o—w)
HoN 4 H o N_ _{oH
'; N\
o] OBn o N‘OH
278 280
A mixture of di-fert-butyl [{(3S5)-3-[({[(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo [3.2. 1Joct-
2-ylicarbonyiaminojoxylpyrrolidin-1-ylimethylylidene]biscarbamate 279 (0.34 g, 0.56 mmol)
and Pd/C (0.15 g) in methanol (20 mL) was hydrogenated at 1 atm at room temperature for 3
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h. The mixture was filtered through Celite pad and concentrated to provide 280 (0.28 g,
87 %) as white solid.

H NMR (400 MHz, CD;0D): § 1.48 (19H, m), 1.92 (3H, m), 2.10 (2H, m}, 2.25 (1H, m), 3.00
(1H, d, J= 11.6 Hz), 3.11 (1H, m), 3.64 (5H, m), 4.62 (1H, m). 3 protons were not observed
5 in CD;OD.

MS (ES™) m/z: [M+H]" caled for CaMHarNgOs: 513.2. Found: 513.2,

Step 3. di-tert»butyl H{38)-3-[{{[{25,5R}-T-ox0-6-(sulfooxy)-1,6-
diazabicyclol3.2. 1}oc‘bz-»y!]carbonyi}ammo)oxy]pyrrohdm-1 -yiymethylylidene]
biscarbamate (281)

NBoc 0 _ NBOC

Boc:HNJL:.(>“Q_H /“,, @”;H BocHN Q‘“ /” Q

o OH OSO3H

10 280 281

To a mixture of di-terf-buty! [{(38)_—3-{({[(28,5R)—6-hydroxy-7-oxo«‘i ,B-diazabicycio]3.2. 1)oct-2-

yl]carbonyl}amEno)oxy]pyrrolidin-‘!-yi}me_thy&yiidene} biscarbamate 280 {0.28 g, 0.54 mmol) in

pyridine (6.0 mL) was added sulfur trioxide pyridine complex (0.26 g, 1.63 mmol). The

mixture was stirred at room temperature overnight and concentrated to provide a residue
15 which was subjected to chromatography to give 281 (0.30 g, 94 %) as white soiid.

'H NMR (400 MHz, CD,0D): 8 1.47 (18H, s), 1.80 (1H, m}, 1.84 (1H, m), 2.10 (1H, m}, 2.20
(3H, m), 240 (1H, m}, 3.05 (1H, d, J = 11.6 Hz), 3.33 {(1H, m), 3.80 (4H, m), 4.16 (1H, s),
4.70 (1H, s). 3 protons were not observed in CD,0D.

MS (ES™Y m/z: IM+H]" caled for CooHarNeO11S: 593.2. Found: 593.2.

20  Step 4. (28,5R)-N-{[(35)-1-carbamimidoylpyrrolidin-3-yiJoxy}-7-ox0-6-(sulfooxy)-
1,6-diazabicyclof3.2.1joctane-2-carboxamide (Compound 92, Table 1)

NBoc o ‘ | NH

L | L i
BocHN™ M., | HoN™ Ny p
O-N N
Od H Qm — Q"O A Q'”H
//l—‘—N\ )‘N

o) 0SO5H o) "OS0O4H
281 Compound 92, Table 1

To a mixture of di-terf-butyl [{(35)-3-{({{(2S,5R)-7T-oxo-6-(sulfooxy)-1,6-diazabicyclo

[3.2.tjoct-2-yllcarbonyllaminojoxylpyrrolidin-1-ylimethylylidene]biscarbamate 281 (0.30 g,

25 0.51 mmol) in DCM (6.0 mL) was added trifluoroacetic acid (0.3 mL) at 0°C. The mixture was
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stirred at 0°C for 0.5 h followed by at room temperature for 2 h and concentrated to provide a
residue which was purified by HPLC to give Compound 82 {Table 1} {8.8 mg) as white solid.

"M NMR (400 MHz, D;0): § 1.67-1.82 (2H, m), 1.80-2.11 (3H, m), 2.13-2.22 (1H, m), 2.99
{(1H, d, J = 11.6 Hz), 3.15 (1H, d, J = 11.2 Hz), 3.42-3.58 {(4H, m), 3.80 (1H, d, J = 6.0 Hz),
4.05 (1H, s), 4.60 (1H, m). 5 prolons were not observed in D;0.

HPLC. 96.6 %
MS (ES) mvz: [M-H] caled for Cq2HisNsO-S: 391.1. Found: 380.9.

Example 73

{28,5R)-N'-[{3,3-difluorceyciobutylicarbonyl]-7-oxo-6-{sulfooxy}-1,6-
diazabicyciof3.2.1]octane-2-carbohydrazide {(Compound 1186, Table 2)
E

O
Fﬂ Ho
n/ N\N./(f,“
o Mo
: %N\
S 0S0,H

Step 1. © (25,5R)-6-(benzyloxy)-N'-[(3,3-difluorocyciohutylicarbonyl]-7-oxo-1,6-
diazabicyclo[3.2.1joctane-2-carbohydrazide {283)

: R
F H
N F

j | T TNH = by 9

|
HG ’ O N\N/\h"

N 282 H
. - | 0 N
- _

o ‘OBn

1 283

To a solution of (2S,SR)-B—(benzy!oxy)-7-oxo~1,Sédiazabicycio{&z.1]oc‘fane-2-carboxyiic acid
i {25 g, 0.90 mmol} in dry dichloromethane (30 mL) were added 33-
difluorocyclobutanecarbohydrazide 282' (0.20 g, 1.35 mmol), 1-hydroxybenzotriazole (0.18 g,
1.35 mmol}, 1-ethyl-{3-dimethylaminopropyl)carbodiimide hydrochioride (0.26 g, 1.35 mmaol)
and 4-{dimethylamino)pyridine (0.16 g, 1.35 mmol) at room temperature. The reaction
mixture was stirred at room temperature overnight and concentrated under vacuum. The
residue was purified by column chromatography to give 283 (0.32 g, 87%) as a white solid.

"H NMR (400 MHz, CDCly): & 1.61 (1H, m), 1.98 (2H, m), 2.28 (1H, m), 2.74 (2H, m), 2.88
(3H, m), 3.10 (2H, m), 3.33 (1H, 8), 3.97(1H, d, J = 7.2 Hz), 4.90 (1H, d. J = 11.2 Hz), 5.03

(1H, d, J = 11.6 Hz), 7.39 (5H, m), 8.31(1H, br s), 8.66 (1H, br s).
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Step 2. {25,5R)-N-{(3,3-diflucrocyclobutyl)carbonyi}-6-hydroxy-7-oxo-1,6-
diazabicyclo[3.2.1joctane-2-carbohydrazide (284):
F.'

283 284

To a solution of (25 5R)-6-(benzyloxy)-N-{(3,3-diflucrocyclobutylcarbonyl]-7-0xo-1,6-
5 diazabicyclo[3.2.1]octane-2-carbohydrazide 283 (0. 32 g, 0.78 mmi) in methanol (25 mlL) was
added 10% Pd/C {040 g). The mixture was hydrogenated under 10 psi hydrogen

atmosphere at room temperature for 1 h. The catalyst was filtered out through Celite, and the

filfrate was evaporated fo give 284 (0.24 g, 98%) as a white foam.

"H NMR (400 MHz, CD;0D): 5 1.76 (1H, m), 1.94 (1H, m), 2.05 (1H, m), 2.26 (1K, m), 2.78 (4H,
10 m), 2.98 (1H, m), 3.15 (1H, m), 3.24 (1H, d, J= 12.00 Hz), 3.71 (1H, ), 3.94 (1H, d, J= 8.0 Hz), 3

protons were not observed in CD,0D.

Step 3. (28,5R)-N-[(3,3-difluorocyclobutyljcarbonyl]-7-oxo-6-(sulfooxy)-1 ,6;
diazabicyclo[3.2.1]Joctane-2-carbohydrazide (Compound 116, Tahie 2)
£ E
0
F ‘ F H
o A\BYN\NJ,,,,
o " éi::% . o " fliil
N\ . N\
o) OH 0 0SO,H
284 Compound 118, Table 2

15 To a solution of (28,SR)-N'F[(S,3~difluorocycl0butyi)carbony!]-S—hydroxy-7~oxo-1 B~
diazabicyclo[3.2. Tjoctane-2-carbohydrazide 284 (0.24 g, 0.75 mmol) in dry pyridine {10 mL)
under nitrogen atmosphere was added sulfur trioxide pyridine complex (0.60 ¢, 3.80 mmol).

The mixture was stirred at room temperature for 20 h, filtered and evaporated. The residue

was purified by column chromatography to give (28,5R)-N-[(3,3-diflucrocyclobutyl)carbonyl}-
20 7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carbohydrazide Compound 116 {Table

2} (0.12 g, 40%) as a white solid.

H NMR (400 MHz, CD;0OD): & 1.80 (1 H,. m), 1.92 (1H, m), 2.06 {1H, m), 2.27 (1H, m), 2.67-2.93
(4H, m), 2.97 (1H, m), 3.30 (2H, m}, 4.03 (1H, d, J= 7.2 Hz), 4.15 (1H, s}, 3 protons were not
observed in CD.0D.
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HPLC: 91.0%

MS (ES) miz: [MT = 387
Example 74

{28,5R)-N'-{[{1R,2R)-Z2-aminocyclopentyl]carbonyl}-7-oxo-6-(sulfooxy)-1,6-
5 diazabicyclof3.2.1]octane-2-carbohydrazide trifluoroacetate {Compound 40, Table 2)

NH,
H
U Noy e
N Q
O N
N\
TFA o 0SO4H
Step 1. tert-butyl {{1R,2R)-2-[{(2-{l(25,5R)-6-{benzyloxy}-7-ox0-1,6-
diazabicyclof3.2.1loct-2-yllcarbonyi}hydrazinyi)carbonyljcyclopentylicarbamate
{286)
NHBoc
T A
I N NHBoc

10 1 286

To a solution of ferf-butyl [(1R,2R)-2-(hydrazinylcarbonyl)cyclopentyllcarbamate 285 (0.15 g,
0.54 mmol) in 20 mL of DCM were added compound 1 (0.2 g, 0.82 mmotl), HOBt (0.11 g,
0.82 mmel), DMAP (0.2 g, 1.84 mmal) and EDCI (0.16 g, 0.82 mmol). The mixiure was
stirred at room temperature for 18 h and purified by column chromatography to afford
15 compound 286 as a solid (0.22 g, 82%). "

THNMR (CDCly): 1.44 (9H, s}, 1.70 (4H, m), 2.00 (4H, m), 2.20 (14, m), 2.40 (1H, m), 2.80
(1H, s), 3.08 (1H, m), 3.30 (2H, m), 4.10 (2H, m), 4.90 (1H, s), 5.00 (2H, dd), 7.40 (5H, m),
8.33 (1H, 8), 9.92 (1H, 8).

MS (ES+): 502.
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Step 2. teri-buty! {{(1R,2R)-2-[(2-{[(25,5R)-6-hydroxy-7-0x0-1,6-
diazabicyclo{3.2.1joct-2-yilcarbonyl}hydrazinyt)carbonyljcyclopentyl}lcarbamate
{287)

NHBoc

O}NHBQCO

y (T §

LR .

N N Ci
O N

/N, N,

o o
g5 OBn 287

O
T
-
O

5 To a solution of compound 286 (0.22 g, 0.44 mmol) in 10 mb of CH,OH was added 0.7 g of
Pd-C (10%, wet). The midure was hydrogenated at room temperature for 16 h. The catalyst

was removed by filtration through a pad of celite. The filirate was concentrated to afford ‘

compound 287 as a solid (0.15 g, 83%).

THNMR (CD,OD): 1.44 (9H, s), 1.80 (3H, m), 2.10 (6H, m), 2.30 (1H, m), 2.60 (1H, m), 3.20

10 (2H, m), 3.70 (1H, m), 3.98 (1H, d), 4.10 (1H, m).
MS (ES+): 412,

Step 3. teri-butyl {{1R,2R}-2-[{2-{[{25, 5R)-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1}oct-2-yljcarbonyi}hydrazinyl)carbonyf]cyclopentyllcarbamate
{288)

B
NH oco

— i
}—N }-—N\
o OH o} 0SO3H
15 287 288

To a solution of compound 287 (15 g, 0.36 mmel) in 5 mb of pyridine was added sulphur

trioxide pyridine complex (0.58 g, 3.6 mmeol). The mixture was stirred at room temperature

under nitrogen atmosphere for 16 h. After silica gel column purification, compound 288 was

obtained as a solid (0.14 g, 78%).

20 “HINMR (CD,0D): 1.44 (BH, ), 1.70 (4H, m), 2,10 (6H, m), 2.30 (1H, m}, 2.80 (1H, m), 4.20

(4H, m).

MS (ES-): 490
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Step 4. {2S,5R}-N' <(1R,2R}-2-aminocyclopentyl]carbonyi}-7-oxo-6-{sulfooxy}-
1,6-diazabicyclo[3.2. 1joctane-2-carbohydrazide trifiucroacetate {Compound 40,
Tabie 2)

NHBoc NH,
TIn s Tw 8
N — 7 N

o) N TFA O N

AN /N

o} "0S04H o "0S03H
Compoun& 40, Table 2

5 To a solution of compound 288 (0.1 g, 0.2 mmol) in DCM (10 mL) at 0 °C was added TFA
{0.5 mL) dropwise. After addition, the mixture was stirred at 0 °C for 3 h then diluted with 50
mL of ether. The solid was coliected by filtration and washed with additional ether and dried

to afford the title compound Compound 40 {Table 2} as a white solid (0.07 g, 72%)

"HNMR (CD;OD): 1.82 (6H, m), 2.23 (4H, m), 2.83 (2H, m), 3.87 (2H, m), 4.04 (1H, d), 4.15

10 (1H, 8).
MS (ES-): 390

15
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Antibacterial activity and synergistic activity:

Compounds of the present invention alone, ceftazidime alone, meropenem alone, aztreonam
alone and as a combination with these antibiotics were tested for minimum inhibitory
concentration (MIC, pg/ml) against bacteria listed in Tables 3 - 9. In the Tables 10 - 12,
compounds of the present invention were tested in combination with various antibiotics

against metallo p-lactamase producing bacteria.
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Table 22 Synergy of the inhibitor Ex. 2 {4 pg/iml) in combination with antibiotics

. coli JMI1 11103

8]
HNQ,O\HJL,_ »
—N
Y 0S0,H
Ex.2
' . Ex.2 - Meropenem + | . Cefrazidime + Aztreonam +
- Organism Enzyme Alone Meropenem Ex. 2 (4 ug/ml) Ceftazidime Ex. 2 (4 pg/mi) Aztreonam Ex. 2 {4 mg/ml)
E. coli ATCC 25922 Wit 8 0.06 <.031 0.25 <0.25 0.25 <062
A. baurhanii JMI 2659 Ges-14 {Cpase) >16 64 2 512 >16 512 >4
E.coli JMi 4103 KPG-2, Tem-1, CMY-Type 16 . 64 %031 >512 8 >512 >4
E. coli JMI 4080 Tem-10 8 <1 £.031 64 1 64 1
E. coli JMI 2692 NDM-1, TEM-1, CTXM-15 4 256 <031 >512 <0.25 >512 0.25
E. colf JMI 2671 VIM-19 (Cpase) 4 64 2 84 2 84 <.062
E. colf JMi 2665 CMY-2 (Plasmid Cpase) 4 <1 $.031 8 <0.25 8 <.062
K.pneumo JM{ 4109 SHV-1, SHV-12 4 <1 <031 8 £0.25 8 £.062
K. pneumo JMi 2673 CTXM14 (ESBL) =18 <1 <.031 32 <0.25 32 5.062
K. pnetimo JVI 2674 CTXM15 (ESBL) >16 <1 0.062 512 <0.25 512 £.062
K. pneumo JMF 4088 KPC-3 (Cpase) 4 512 0.062 >512 50.25 >512 <.062
K. pneumo JMI 4106 KPC-3, TEM-1, SHV-12, SHV-141 16 128 £.031 >512 <0.25 >512 0.25
K. pneumo JMI 2603 NDM-1 (Cpase) >16 . 8 0.062 >512 <0.75 >512 0.125
K. pneumo JM} 2607 P4 (Cpase) 18 64 >2 >512 16 >512 0.25
K. pneurno JM! 2681 Oxa-48 (Cpase) >16 B84 >2 512 4 512 4
K. pregmo JMHi 2699 VIM-1, CTX%M3 8 32 2 >512 16 >512 0.5
P. aerdg JVI 2685 KPC-2 (Cpase) >16 512 >2 512 16 512 >4
P. aerg JMl 149 Blat+++D+ >18 4 0.5 256 4 256 >4
E. cloacae JMH 36 PYY >16 <1 0.062 128 1 128 0.25
E. cofi JMI 10767 Wi 8 <1 £.031 <1 <0.25 <1 £.062
E. coll JMI 10768 CTXM15 (Weak ESBL) 8 <1 5031 8 <0.2% 8 <.062
E. coli JWH 10770 CTX-M15 (Hyper ESBL) 8 <1 <031 84 £0.25 64 £.062
E CTXM15 (Intermediate ESBL) 8 <1 £.031 32 <0.25 32 £.062

S9TIG0/PI0T OM
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Tahle 4: Synergy of the inhibitor Ex. 4 {4 ug/mL) in combination with antibiotics

=
0 o
N O‘N} t"- 2
g H QH &
Oéhb.{osoaH §
Ex. 4 5
. Ex. 4 Meropenem + . Ceftazidime + Aztreonam +
Ofgamsrﬁ Enzyme Alone Meropenem £x. 4{4 pg/mt) Ceftazidime Ex. 4(4 pg/mb) Azfreonam Ex. 4{4mg/ml)
E. coli ATCC 25922 Wt 1 0.06 <.031 0.25 50.25 0.25 5.062
A. ‘taumanii JMI 2659 Ges-14 {Cpase) =16 64 >2 512 >16 512 >4
E.cqﬁ‘JMI 4103 KPC-2, Tem-1, CMY-Type 8 64 <.031 >512 g >bi2 >4
E. cofi JMI 4080 Tem-10 _ 4 <1 <031 64 <0.25 B4 <.062
E. coli JMI 2692 NOM-1, TEM-1, CTXAM-15 <0.5 256 <031 >512 <0.25 »512 <.062
E. coli JMI 2671 VIM-19 {Cpase) >18 64 0.125 64 0.5 64 <.062
E. coli JMI 2665 CMY-2 (Plasmid Cpase) <0.5 <1 <031 8 £0.25 8 <.062
K.pieumo JMI 4109 SHV-1, SHV-12 16 <1 <.031 8 <0.25 8 <.062
K. pheumo JM1 2673 CTXM14 (ESBL) >16 <1 £.031 32 <0.25 32 <.062
K. pheumnc JM{ 2674 CTXM15 (ESBL) >16 <t 0.125 512 50,25 512 0.125
K. pneumo JM1 4088 KPC-3 (Cpase) 1 542 0.062 >512 <0.25 >512 0.5
K. pneumo Mi 4106 KPC-3, TEM-1, SHV-12, SHV-141 >16 128 <031 >512 <0.25 >512 <.062
K. prieume JM) 2693 NDM-1 {Cpase) 4 g8 <.031 >512 <0.25 >512 <.062
K. prieumo JM} 2697 IMP-4 (Cpase) 4 64 <.031 >512 0.5 >512 <.062
K. prieumo JMI 2681 Oxa-48 (Cpase) >16 64 >2 51z 1 512 2
K. pheumo JM! 2699 VIM-1, CTXM3 4 32 0.062 >512 50.25 >512 <.062
P. asrug JM! 2686 KPC-2 {Cpase) >16 512 »2 512 16 512 >4 us
P. aerug JMI 149 Bla+++D+ ~16 4 0.5 256 4 256 >4 2|
E. gloacae JVI 36 P9g ~16 a 0.125 128 <0.25 128 0.125 &
E. coli JMI 10767 Wi 4 <1 £.031 <1 <0.25 <1 <.062 E
E. colt JMI 10768 CTXM15 (Weak ESBL) 4 <1 <031 8 £0.25 8 <.082 =
E. coli JM! 10770 CTXM15 (Hyper ESBL) 4 <1 5.031 84 <0.25 64 <.062 §
E. coli JMi 11103 CTAM15 {intermediate FSBL) 4 <1 <.031 32 <0.25 32 <.062 o
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Table 5: Synergy of the inhibitor Ex. 8 {4 ug/mL) in combination with antibiotics

=3
3] @
HgN/\/O‘NJ . S
H Q aH g
e o]
0} N‘osoaH E
Ex.9 A
. Ex. 9 . Meropenem + - Ceftazidime + Aztreonam +
Organism Enzyme alone | METOPEMEM | b 9gapg/my | ™ | by gqapgimy | MM | b o (ame/muy
E. coli ATCC 25922 Wi 2 0.06 €0.0312 0.25 <0.25 0.25 <0.062
A. baumanil JMI 2659 Ges-14 {Cpase) =16 64 2 512 >16 512 >4
E.coli JM| 4103 KPC-2, Tem-1, CMY-Type 4 64 <0.0312 >512 £0.25 »512 £0.062
E. coli JMI 4080 Tem-10 2 <i <0.0312 64 <0, 75 64 £0.062
£. coll M1 2692 NDM-1, TEM-1, CTXM-15 2 256 <0.0312 >512 <0.25 >512 <0.067
E. coli JMI 2671 VIM-19 (Cpase) 2 64 <0.0312 64 <0.25 64 <0.062
E. coli JMI 2665 ChiY.-2 (Plasmid Cpase) Z <1 <0.0312 8 <(2.25 8 =0.062
K.pneumo JMI 4109 SHV-1, SHV-12 2 <1 <0.0312 8 £0.25 8 <0.062
K. pneumo JM! 2673 CTXM14 (ESBL) >16 s1 20,0312 32 <0.25 32 0.125
K. prieumo JMI 2674 CTXM15 (ESBL) >16 $1 0.125 512 <0.25 512 0.5
K. pneumo JMI| 4088 KPC-3 {Cpase) 2 512 0.25 >512 £0.75 »512 1
K. pneumo JM! 4108 KPC-3, TEM-1, SHV-12, SHV-141 2 128 <0.0312 >512 <0.25 >512 <0.062
K. pneumo JMI 2693 NDM-1 {Cpase) [ 8 <0.0312 =512 <0.75 =512 0.25
K. pneumo JM1 2697 IMP-4 (Cpase) 8 64 0.25 >512 0.5 >512 0.25
K. piteumo JMI 2684 Oxa-48 {Cpase) >16 64 0.5 512 <0.25 512 1
K. pneumo JMI 2699 ViM-1, CTHCM3 4 32 $0.0312 >512 <0.25 »512 <0.062
P. aerug JMI 2686 KPC-2 (Cpase) >16 512 >2 512 16 512 >4 &y
P. aerug JM! 149 Bla+++D+ >16 4 0.25 256 4 256 >4 g
E. cloacae JMI 36 Pg9 >16 si 0.062 128 0.5 128 >4 =
E. coli JMI 10767 Wi 2 <1 <0.0312 <1 0.25 <1 0062 2
E. coli JM! 10788 CTXM15 (Weak ESBL) 4 <1 0.062 8 <0.25 8 <0062 ¥
E. coli JMt 10770 CTXM15 (Hyper ESBL) >16 <1 0.062 64 2 84 8 =
E. coli JMI 11103 CTAM15 {Intermediate ESBL) 4 <1 0.062 32 0.5 3z 05 3
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Tabie 6: Synergy of the inhibitor Ex. 40 {4 ng/mL) in combination with antibiotics

. g
N A 2
o * QH =
AN 2
o QSOH =
£x.40 g
=
Organism Enzyme .i)i(o:g Meropenem ETiﬁ)g;:;!n:) Ceftazidime E?;;a:;;;};; Aztreonam Ezﬁzlzﬁ;}
E. coli ATCC 25922 Wt 2 0.06 <0.031 0.25 <0.25 0.125 <0.062
A. baumanii JM) 2650 Ges-14 (Cpase) >16 - B4 2 512 =16 256 >4
E.coli JMI 4103 KPC-2, Tem-1, CMY-Type 8 84 <0.021 =512 <225 256 <0.062
E. colf JMI 4080 Tem-10 2 <1 <0.031 64 <0.25 125 £0.062
E. coli JMI 2692 NDM-1, TEM-1, CTXAM-15 2 256 <0.031 »512 $0.25 256 0,062
E. coli M1 2671 . Vit-19 {Cpase) i6 64 0.25 64 2 15 - <0.062
£. coli JMI 2685 CMY-Z {Plasmid Cpase) 2 <1 <0.031 8 <0.25 64 <(0.062
K_pneumo JMI 4109 SHV-1, SHv-12 >16 €1 <0.031 8 =0.25 <1 <0.062
K. pneumo JMi 2673 CTXM14 (ESBL) =16 <1 <0.031 32 50.25 8 <0.062
K. preumo JMI 2674 CTXM15 (ESBL) >16 <1 0.062 512 s0.25 32 0.125
K. pneumo JMI 4088 KPC-3 {Cpase) >16 512 0.125 =512 <0.2% 512 0.25
K. pzieigno Jivi 4106 KPC-3, TEM-1, SHV-12, SHv-141 >18 128 2 >512 0.5 512 1
K. pneugno JM1 2693 NDM-1 (Cpase) >18 8 0.125 >512 0.5 258 0.5
K. prewmo JMI 2607 MP-4 {Cpase) 16 64 0.125 >512 >7 256 $0.062
K. pnaumo JMH 2681 {Oxa-48 {Cpase) 16 64 2 512 0,25 256 0,5
K. pneymo JMI 2699 VIM-1, CTXAM3 =18 32 <0.031 =512 2 128 <0.062
P. aenug JMI 2686 KPG-2 {Cpase} 16 512 >2 812 >16 >512 >4 Hy
P. aerug JMI 149 Bla+++D+ >16 4 0.5 256 >16 512 >4 Q
E. cloacae JMI 36 Pog >18 <1 0.125 128 16 256 >4 =
E. coli JMI 10767 Wi 8 <1 £0.031 st £0.25 s1 w0062 2
E. coli JVI 10768 CTAM15 (Weak ESBL) 8 <1 <0.031 8 <0.25 8 0062 ¥
E. coli JMI 10770 CTX-M15 (Hyper ESBL) 8 <t <0.031 64 £0.25 64 w0062 S
E. cdfi Jmt 11103 CTXNI15 {Infermediate ESBL) 8 <3 <0.031 32 <0.25 18 <0.062 E\U,J
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Tab_le 7: Synergy of the inhibitor Ex. 47 {4 pg/mL)} in combination with antibiotics

=
N M
o M Q H §
- )**_-N ‘5
o DSOH =
" Fx 47 g
=]
Organism Enzyme Ex. 47 Meropenem Meropenem + Ceftazidime Ceftazidime + Aztreanar Aztreponam +
_ Alone Ex. 47 {4 ug/ml} Ex. 47 {4 pg/mi} Ex. 47 {4 pg/mi}
E. coli ATCC 25922 Wi >16 0.06 <0.0312 0.25 $0.25 0.25 <0.0625
A. baumanit JM] 2658 Ges-14 (Cpase) . >16 64 =2 512 >16 512 =4
E.coli JMI 4103 KPC-2, Tem-1, CMY-Type 2 64 <0.0312 >512 <0.25 =512 <0.062
E. coli JMI 4080 Tem-10 4 <1 £0.0312 64 0.25 64 <0.062
E -coli JMI 2692 NDM-1, TEM-1, CTXM-15 8 256 0.5 >512 <0.25 >512 <0.062
E. coli JMf 2671 VIM-18 (Cpase) 8 64 0.5 64 0.5 64 £0.062
E. cofi JMI 2665 CMY-2 (Plasmid Cpase) 2 51 <0.0312 8 <0.25 8 <0.062
K.pneumo JMI 4109 SHV-1, SHV-12 2 <1 <0.0312 8 £0.25 8 0.125
K. prieumo JMI 2673 CTXM14 (ESBL) >16 <1 $0,0312 32 <0.25 32 50.062
K pueumo JMI 2674 CTXM15 (ESBL) >16 <1 0.125% 512 <0.25 512 <0.062
K. pneumo JMI 4088 KPC-3 (Cpase) >16 512 1 >512 1 =512 0.125
K. pheumo JMI 4108 KPC-3, TEM-1, SHV-12, SHV-141 16 128 £0.0312 =512 <0.25 »512 0.125
K. pneumo JMI 2693 NDW-1 (Cpase) >16 8 0.75 >512 2 >512 1
K. pneume JM| 2697 iMP-4 (Cpase) >18 54 2 =512 16 >512 s0.052
K. preumo JM! 2681 Oxa-48 {Cpase) >16 84 0.75 512 0.5 512 0.25
K. pneurno JMI 2699 VIM-1, CTX-M3 16 32 0.5 >512 0.5 >512 <0.062
P. aerug JMI 2686 KPC-2 (Cpase) >16 512 >2 512 >16 512 >4 )
P. agrug JMI 149 Blat+++D+ =16 4 >2 256 >16 256 >4 s
E. cloacae JM| 36 Pgo ~16 <1 0.125 128 0.5 128 0125 =
E. coli JMI 10767 Wit 8 <1 <0.0312 <1 0.25 <1 0062 2
E. coli JMI 10768 CTXM15 (Weak ESBL) 16 <1 £0.0312 8 2 8 0062 &
£. ool JMI 10770 CTXM15 (Hyper ESBL) 8 <1 0.0312 64 <0.25 64 0062 &
E. colt JMI 11103 CTX-M15 (Intermediate ESBL) 18 51 £0.0312 32 <0.25 32 <0.062 afi
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Tabile 8: Synergy of the inhibitor Ex. 49 {4 ng/mL) in combination with antibiotics

w9 g
Ny 2
c " QH B
A £
o DS0H -
Ex 49 g
o0
. Ex. 49 Meropenem + - Ceftaridima + Aztreonam +
Organism Enzyme Alone Meropenem Ex. 49 {4 pg/mt) Ceftazidime Ex. 49 {4 pg/mi) Azxtreonam Ex. 49 {4 me/ml) '
E. coli ATCC 25922 Wt 16 0.06 <0.0312 0.25 £0.25 0.125 <0.0625
A. baumanil JMi 2659 Ges-i4 (Cpase) =16 64 >2 512 >16 256 >4
E.cali JMF 4103 KPC-2, Tem-1, CMY-Type 4 84 £0.0312 >512 50.25 256 50.062
E. coli JMI 4080 Tem-10 4 <1 <0.0312 B84 £0.25 125 <0.062
E. coli JMI 2692 NDM-1, TEM-1, CTXM-15 4 256 2 >512 <0.25 258 <0.062
E. coli JMI 2671 VIM-19 (Cpase} >16 64 1 64 0.5 18 <0.062
E. coli JMI 2685 CMY-2 (Plasmid Cpase) 4 <1 £0.0312 8 £0.25 64 £0.062
K.pneumo JMI 4108 SHV-1, SHV-12 4 <1 <0.0312 8 £0.25 <1 <0.062
K. phaumo JMI 2673 CTXM14 (ESBL) >16 <1 <0.0312 32 <0.25 8 £0.062
K. pneumo JMI 2674 CTXM15 (ESBL) >16 <1 0.062 512 <0.25 32 <0.062
K. pneumo JMI 4088 KPC-3 (Cpase) >16 512 0.5 >512 0.5 512 0.12%
K. preumno JMI 4106 KPC-3, TEM-1, SHV-12, SHV-141 >16 128 $0.0312 >512 <0.25 512 <0.062
K. prieumo JMI 2693 NDM-1 (Cpase) >16 8 0.125 =512 8 256 Z
K. pheumo JMI 2687 P-4 (Cpase) >16 84 2 >512 16 256 <0.062
K. pheumo JMI 2681 Oxa-48 (Cpase) >18 64 0.5 512 £0.25 256 0.125
K. pneumo JM! 2699 Vi-1, CTXM3 >16 32 0.125 >512 50.25 128 <0.062
P. a;emg JMI 2686 KPC-2 {Cpase) >16 512 2 512 »16 >512 >4 e
P aeng JMI 148 Blat+++D+ >18 4 0.5 258 >16 512 >4 g
E. cioacae JMI 38 P99 >16 <1 0.25 128 0.5 256 0125 g
E. coll JMI 10767 Wi >16 <i <0.0312 <1 <0.25 £1 0062 2
E. coli JMI 10768 CTAM15 (Weak ESBL) >16 <1 £0.0312 8 <0.25 8 <0.062 B
E. coli JM! 10770 CTXM15 (Hyper ESBL) >18 s1 50.0312 54 £0.25 64 <0.062 S
E. coli JMI 11103 CTXM15 (Intermediate ESBL) >18 <1 €0.0312 32 £0.25 16 £0.062 %
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Table 9: Synergy of the inhibitor Ex. 87 {4 ug/iml) in combination with antibiotics

03

””\3'\(“\&--
& M Q
P

o]

Ex. 67 0503
' Organism Enzyine Ex. 67 Meropenem Meropenerm Ceftazidime Ceft; Zidime + Azireonam Aztreonam +
Alone Ex. 67 {4 pg/mtb) Ex. 67 (4 pe/ml) Ex. 67 (4 mg/mL)

E. coli ATCC 25922 Wt >16 0.06 <0.03 0.25 <0.25 0.25 <0.06
A. bawmanii JMI 2659 Ges-14 (Cpase) >16 64 2 512 12y 512 >4
E.coli JME 4103 KPG-2, Tem-1, CMY-Type 16 64 .06 »512 0.5 >512 <0.06
E. coli JMIE 4080 Tem-10 16 <l - =003 64 0.25 64 <0.06
E. colt JMi 2892 NDR-1, TEM-1, CTXM-15 8 256 0.125 »512 »16 >512 1

E. coli JM] 2671 VIM-19 {Cpase) >16 64 0.125 64 1 64 <0.06
E. coli JMI 2665 CMY-2 {Plasmid Cpasga} 8 <1 <0.03 8 <0.25 8 £0.06
K.pneurmo JMi 4109 SHV-1, SHV-12 4 <1 <0.03 8 <0.25 8 £0.06
K. gneumno JMI 2673 CTXM14 (ESBL) >16 <1 <(1.03 32 <0.25 32 <0.06
K. preumo JM! 2674 CTAMIS (ESBL) >16 <1 0.06 512 <0.25 512 0.125
K. pneumo JMI 4088 KPC-3 (Cpase) i6 512 0.06 >512 <0.25 >B12 0.5

K. pneumno JMi 4108 KPC-3, TEM-1, SHV-12, SHV-141 8 128 0.125 =512 - <0.25 >512 6.5

K. preumo JM! 2603 NDM-1 (Cpase) >16 8 0.125 »512 <0.25 >512 0.25

K. prieumo JM] 2697 MP-4 (Cpase} 16 64 2 >512 8 >512 50.06
K. pneumo JMI 2681 Oxa-48 (Cpase) 16 &84 >2 512 <0.25 512 0.25

K. preurno JMI 2699 VIM-1, CTX4M3 >16 32 0.5 =512 <0.2% =512 0.06

P. aerug JMI 2586 KPC-2 (Cpase) 16 512 >2 512 >16 512 >4

P. aerug JMI 148 Bla+++D+ 16 4 0.5 256 16 256 >4

E. cloacae JMI 38 Pgg »16 <1 0.06 128 <(.25 128 0.25

E. coli JM! 10767 Wit >16 <1 <(.03 <1 <0.25 <1 <0.06
E. coli JM} 10768 CTXM15 Weak ESBL) >16 <1 <0.03 8 <0.25 8 <0.06
E. coli M1 10770 CTXM15 {Hyper ESBL) »16 <1 <0.03 64 <0.25 84 <006
E. coli JM1 11103 CTXM15 (Intermediate ESBL) >16 sl : <0.03 32 <0.25 32 s0.06
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Table 10: Synergy of inhibitor Ex. Z {4 ug/mL) in combination with antibiotics against metalio-B-lactamase producing bacteria

DS0,H
Ex. 2 -
Organism Isclate No Enzyme | Ex. 2alone AZT AZT+ Ex. 2 CAZ CAZ+Ex. 2 MER MER + Ex. 2
Citrobacter freundii 49469 NDM-1 >64 256 0.5 >256 >G4 16 8
Enterobacter agrogenes 475683 ViM-12 >64 4 <0.03 256 >64 8 2
Enterobacter aerogenes 8357 VIMg-1 >64 >256 Q.5 >256 >G4 64 64
Enterchacter cloacae 1874 IMP-21 4 <0.12 50.03 32 50.03 4 <0.03
Enterohacter cloacae 1280 VIM-5 4 8 50.03 54 $0.03 4 £0.03
Enterobacter cloacae 3686 IMP-1 4 32 £0.03 >256 <0.03 8 0.25
Entercbhacter cloacae 25 P-4 8 64 0.25 >256 64 16 2
Enterobacter cloacae 1471 ViM-1 4 64 <0.03 >256 £0.03 2 <0.03
Enterobacter cloacae 10 IMP-26 64 128 .12 >256 (.03 16 <0.03
. Enterobacter cloacae 53477 NDM-1 4 128 £0.03 >256 £0.03 32 <0.03
Enterobacter cloacae 1068 VIM-2 8 128 0.06 128 8 2 <0.03
Enterohacter cloacae 4 VIM-6 64 128 0.12 256 32 2 0.25
Escherichia coli 13 IMP- 1 16 16 <0.03 256 <0.03 4 =0.03
Escherichia coli 49 NDM-1 4 128 <0.03 >256 <0.03 8 <0.03
Escherichia coli 17 NDM-1 4 >256 <0.03 >256 <0.03 32 s0.03
Escherichia coli 53749 NDM-1 4 >256 <0.03 >256 0.06 64 <0.03
Klebsiella oxytoca 31141 VIM-23 >64 8 <0.03 128 2 2 0.5
Klebsieila oxytoca 24825 fMP-26 >64 128 0.06 >256 >64 32 4
Klehsiella pneumoniae 38 NDM-1 >Bd4 64 £0.03 >7256 0,03 32 20.03
Klebsielia pneumoniae 16 ViIM-5 >64 256 <0.03 >256 =0.03 8 <0.03
Providencia stuart 26582 Vi1 >64 32 0.06 >256 32 1 0.5
Serratia marcescens 35 IMP-4 >64 s0.12 0.06 64 64 8 4
Serratia marcescens 36098 vP-19 >64 >256 2 128 64 8 8
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Table 11: Synergy of inhibitor Ex. 4 {4 pg/mL} in combination with ant‘sbioﬁcs against metallo-B-lactamase producing bacteria

o
T

. HooN ot
&

BLT

—N
DSO,H
- Ex. 4
Organism isolate No Enzyme Ex. 4 alone AZT AZT+ Ex. 4 CAZ CAZ+Ex. 4 MER MER+Ex. 4
Citrobacter freundii 49469 NDM-1 >64 256 0.06 >256 >G4 16 4
Enterobacter aerogenes 47683 Viv-12 >64 4 <0.03 256 32 & 0.5
Enterobacter agrogenes 8397 VIM-1 >64 >256 0.5 >256 >64 64 64
Enterobacter cloacae 1874 HiP- 21 2 .12 <0.03 32 0.06 4 <0.03
Entercbacter cloacae 1280 VIM-5 4 8 <0.03 64 =0.03 4 £0.03
Enterobacter doacae 3686 IMP-1, 4 32 s0.03 >256 £0.03 g <0.03
Enterobacter cloacae 25 HMP-4 4 64 <0.03 >256 32 16 2
Enterobacter cloacae 1471 VIM-1 4 64 0.06 >256 <0.03 2 <0.03
Enterobacter cloacae i0 IMIP-26 64 128 =0.03 »250 =0.03 16 <0.03
Entercbacter cloacae 53477 NDM-1 g 128 <0.03 >256 <0.03 32 <0.03
Enterobacter cloacae 1068 Vin-2 4 128 <0.03 128 £0.03 2 <0.03
Enterobacter cloacae 4 VIM-6 64 128 $0.03 256 0.12 2 0.25
Escherichia coli 13 iMP-1 2 16 <0.03 256 <0.03 4 <0.03
Escherichia coli 49 NDM-1 2 128 =0.03 >256 s0.03 8 <0.03
Escherichia coli 17 NDM-1 2 >256 <0.03 »>256 <0.03 32 <0.03
Escherichia coli 53749 NDM-1 2 >256 0.03 >256 =0.03 64 <0.03
Klebsielia oxytoca 31141 Vim-23 >G4 8 <0.03 128 0.5 2 0.25
Klebsiella oxytoca 24825 IMP-26 >64 128 <0.03 >256 >G4 32 8
Klebsiella pneumoniae 38 NDM-1 >54 64 £0.03 »256 £0.03 32 <0.03
Klebsieliz pneumoniae 16 ViM-5 >54 256 =0.03 >256 <0.03 g (.03
Providencia stuartii 26582 ViM-1 >64 2 <0.03 256 16 1 0.5
Serratia marcescens 35 IvMiP-4 . >64 =0.12 <0.03 64 32 8 2
Serratia marcescens 26098 IMP-19 >64 >256 2 128 64 8 8
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Table 12: Synergy of inhibitor Ex. 40 {4 ug/mL) in combination with antibiofics against metallo-B-lactamase producing bacteria

0
s
o M QH
P A
o 08034
Ex.40
Organism jsolate No | Enzyme |Ex. 40alone AZT AZT+ Ex. 40 CAZ CAZ+Ex. 40 MER MIER + Ex. 40
Citrobacter freundii 48469 NDM-1 >64 256 <0.03 >256 >64 15 2
Enterchacter aerogenes 47683 ViM-12 >64 4 <0.03 256 o4 3 i
Enterobacter aerogenes 8397 ViM-1 =64 >256 0.25 >256 >b4 64 64
Enterohacter cloacag 1874 IMP-21 z £0.12 £0.03 32 <0.03 4 £0.03
Enterobacter cloacae 1280 VIM-S 4 8  <0.03 64 <0.03 4 <0.03
Enterobacter cloacae 3686 1MP-1 2 32 £0.03 >256 £0.03 8 <0.03
Enterobacter cloacae 25 IMP-4 4 64 <0.03 >256 32 16 2
Enterohacter cdloacae 1471 VIM-1 2 64 <£0.03 >256 <0.03 2 <0.03
Enterobacter cloacae 10 IMP-26 64 128 <0.03 >256 0.3 16 <0.03
Enterobacter cloacae 53477 NDM-1 2 128 £0.03 >»256 £0.03 32 <0.03
Enterchacter cloacae 1068 VIM-2 4 128 <0.03 128 £0.03 pi <0.03
Enterobacter cloacae 4 VIN-6 64 128 £0.03 256 0.25 2 0.25
Escherichia coli 13 IVviP-1 1 16 <0.03 256 <0.03 4 <0.03
Escherichia coli 45 NDM-1 2 128 <0.03 >256 <0.03 8 <0.03
Escherichia coli 17 NDM-1 2 >256 50.03 >256 <0.03 32 0.06
Escherichia coli 53749 NDM-1 2 »256 <0.03 >256 <0.03 64 <0.03
Klebsiella oxytoca 31141 ViM-23 >64 8 <0.03 128 2 P 0.5
Klebsielia oxytoca 24825 IMP-26 >64 128 £0.03 >256 >64 32 3
Klebsiella pneumoniae 18 NDM-1 >64 64 <0.03 >256 <0.03 32 <0.03
Klebsiella pneumoniae 16 ViM-5 >G4 256 <0.02 >256 £0.03 8 £0.03
Providencia stuarti 26582 Vi1 >64 32 <0.03 >256 16 1 0.5
Serratia marcescens 35 iMP-4 >64 s0.12 <0.03 &4 32 8 2
Serratia marcescens 36008 IMP-19 »04 >256 0.5 128 64 8 8
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Test for p-lactamase inhibitory Activity:

The inhibifory activities of present compounds against various enzymes were measured by
spectrophotometric assay using 480 nM and 'using nitrocefin as a substrate [J. Anfimicrob,
Chemother., 28, pp 775-776 (1881)] . The concentration of inhibitor (ICs) which inhibits by 50%
the reaction of hydrolysis of nitrocefin by the enzyme is determined. Table 13 shows the results.

Table 13 Test for f-lactamase Inhibitory Activity

Example No. 1Cso { pM) 1Cs0 () 1Csq { }J.M) 1Cso ( pM)
TEM-1 CMY-2 KPC-2 CTX-M-9
Ex. 40 0.052 + 0.004 0.008 + 0.001 0.091+ 0009 | 0.327 £ 0.020

In light of the data described herein, persons of skill in the art would expect that all of the
compounds within the scope of formula (1}, salts of such compounds, solvates of such
compounds and salts thereof, and deuierated compounds of all such compounds, salts and
solvates (i.e., compounds of formula (1) modified in that they have been deuterated, salts of
compounds of formula (1) modified in that they have been deuterated, and solvates of such
compounds and salts, modified in that they have been deuterated) would be effective on their

own as antibacterial compounds, and in combination: with B-lactam antibiotics.

Efficacy of the B-lactamase inhibitors can be evaluated in combination with ceftazidime (CAZ)
azfreonam (AZT), meropenem (MER) and other ciass of cephalosporing and carbapenems in
muring infection models such as sepiicemia, pneumoniae and thigh infection models (Ref;
Andrez Endimiani et. al. Aniimicrob. Agents and Chemother Jan 2011, pp-82-85). For murine
acute lethal septicemia model, mice were infected by the intraperitoneal injection of the clinical
strains resulting in death of the untreated controls within 24-48 hrs. In particular, a fresh
predetermined bacterial inoculum of approximately 3.3 x 10° to 3.6 x 10° CFU {cotony forming
units) in 5% hog gastric mucin grown overnight. Thirly minutes post infection, a single
subcutaneous dose of CAZ with and without B-lactamase inhibitor was initiated and the survival
ratio monitored for 5 days twice daily. For each strain tested, the dosing regimen used are CAZ
alone { doses of 512, 1024 & 2048 mgrfkg of body weight) and CAZ plus B-lactarmase inhibitor at
ratio of 2:1, 4:1, 8:1 & 16:1 (CAZ doses were 4, 8, 16, 32 & 64 mg/kg for each ratio). The
median effective dose ior 30% (EDs) of animals was determined by a computerized program of
Probit analysis. Survival rates. stratified for different dosing regimen were also obtained, For
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experimental pneumoniae model, immunocompromised mice were used and intratracheally
infected with Klebsiella pneumon}ae strains. Mice in this model deveiop bacieraemia
pneumoniae and fatal disease within 2 to 4 days with lung bacterial burden at 16-18 hrs post
infection of 10" to 10" cfulgm lung. Treatment with CAZ and inhibitor at a ratio of 2/1 & 4/1
demonstrate efficacy with significant 3 fo 6 log reduction in lung counts compared to CAZ alone
and is relevant to the clinical situation. Human testing of the B-lactamase inhibitor can be
conducted in combination with partner antibiotic at a set ratio utilizing standard clinical

development practice,

Below are a series of numbered passages, each of which defines subject matter within
the scope of the present inventive subject matter:

Passage 1. A compound of formula (1)

wherein:

M is hydrogen or a pharmaceuticany acceptable salf-forming cation;

Y is OR’,

R' is a radical selected from the group consisting of:
(1) Cie straight or branched chain alkyl which is optionally subsfituted;
(2} Cay cycioalikyl which is optionally substituted;

(3} Caysaturated heterocycles containing at least one heteroatom selected from O, N
and S wherein the said heterocycle is optionally substituted, the ring S is optionally

oxidized to S(0) or §(0), and the free ring N atom may optionally take a substituent;

{4) Heterocyclyl (C,.s) alkyl wherein the said heterocycle has the same definition as

defined in (3}, and the said heferocycle is optionally substituted;
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()

(6)

(7

9

(10)

Cs; membered saturated heterocycles optionafly fused with a Cs; membered
cycioalkyl group to form a bicyclic ring system where the bicyclic ring system so
formed is fused eitherlthrough two adjacent carbon' atoms or through a N atom
shared by both the rings and the other end of the cycloalkyl chain is attached to the
adjacent carbon atom of the molecule, each ring of the said bicyclic ring system

independently optionaily substituted;

Csr membered saturated heterccycles optionally ;fused with another Cs.; saturated
heterocycle to form a bicyclic ring system where the bicyclic ring system so formed is
fused either through two adiacent carbon atoms or through a N atom shared by both
the rings, each ring of the said bi-cyclic ring system independently optionally

substituted;

Cs7 cycloalkyl which is optionally fused with a Cs; membered saturated heterocycle
containing al least one heteroaiom selected from O, N and § , the said bicyclic ring

optionally substituted;

Bridged bicyclic ring system having optionally one or two hetercatoms selected from
O, N and 8, the bicyclic ring system optionally substituted either at the carbon atom

or at the free N atom present in the ring;

Cs» membered saturated heterocycies optionally fused with Csy membered
heteroaryl ring where the bicyclic ring system so formed is fused either through two

adjacent carbon atoms or through N atom shared by both the rings;

Cs.y membered saturated heterocycies optionally fused to a Css membered ring
sysiem through a common carbon atom to form a spiro system optionally containing
one hetercatom selected from O, N and S that is present in tlhe spiro ring where the
ring S is optionally oxidized to S(0) or §(0), and the free N atom present in either

ring may optionally take a substituent; and
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(11} Csrmembered heteroaryl (C..) alkyt which is optionally substituted,

or & deuterated compound of any such compound.,

Passage 2. A compound of formula (I):

wherain:

M is hydrogen or a pharmaceutically acceptable salt-forming cation;

Y is NR*RY,

R? is hydrogen or optionally substituted C..; lower alky;

R® is a radical selected from any of following groups consisting of:

(1)

)

(3)

(5)

(6)

C,.¢ straight or branched chain alkyl which is optionally substituted;
Ca 7 cycloalkyl which is optionally substituted;

Carsaturated heterocycles containing at least one hetercatom selested from ©, N and

- S wherein the said heterocycle is optionally substituted, the ring S is optionally oxidized

to S0} or 5(0), and the free ring N atom may optionally take a substituent;
C1.s straight or branched chain alky! carbonyl which is optionally substituted;
Ca7 cycloatkyl carbonvt which is oplionally subsiituted;

Ca.r membered saturated heterocyclyl carbonyl containing at least one heteroatom

selected from O, N and S§ wherein the said heterocycle is optionally substituted, fhe
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()

(8)
(&)

{(10)

(11)

(12)
{13)
(14)

(15

ring S is optionally oxidized to S(O) or S(0), and the free ring N atom may optionally

fake a substifuent;

Cs.» membered saturated heterocyclyl (C1.¢) alkyl carbonyl wherein the said heterocycle
has the same definition as defined in (8), and the free ring N atom may optionally take

a substituent;
Ce10 aryl carbonyl which is optionally substituted;
Cerparyl (C@} alkyl carbonyl which is optionally substituted;

Cs.s membered heteroaryl carbonyl containing at least one heteroatom sefected from O,

S and N wherein the hetercaryl is optionally substituted:

Cs.e heteroaryl (Cy.s) alkyl carbonyl wherein the said heteroaryl has the same definition

as defined in {10);

CF3CO-;CH3$OZ-, NH,CO-, and NH,;SO»~

Ce-10 aryl which is optionally substituted;

Cs.s membered heteréaryi which is optionally substituted;

or R? and R® together may form an optionally substituted ring system and the said ring

may contain another heteroatom selected from O, N, and S,

of a deuterated compound of any such compound,

Passage 3. A compound as recited in passage 1 or passage 2, wherein M is hydrogen.

Passage 4. A compound as recited in passage 1 or passage 2, wherein M is a pharmaceutically

acceptable sali-forming cation.
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Passage 5. A compound as recited in passage 2, wherein R? is hydrogen or Cy.s lower alkyl.

Passage 6. A compound as recited in any one of passages 1-5, wherein R' R? and R® are

optionally substituted with one or two substituents independently selected from the following:

Lower alkyl, amino, substituted amino, alkoxy, hydroxyalkyl, halogen, hydroxy, carboxy,
atkoxycarbonyl, haloalkyl, trifluoromethyl, trifluoromethyloxy, alkylamine, substituted alkylamine, -
carboxami;ie, thiocarboxamide, sulfonic acid, sulphate, acylamingo, sulfonylamino, substituied or
unsubstituted sulfonamide, substituted or unsubstituted urea, substituted or unsubstituted
thiourea, oxo, oxyimino, hydroxamic acid, acyl, irifluoromethyl carbonyl, cyano, amidino,

guanidino, aryloxy, heterocyclylalkyloxy, and hetercaryloxy.

Passage 7. A compound as recited in passage 1, which is selected from the following group of

compounds:
i
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and pharmaceutically acceptabte salts of such compounds, and deuterated compounds of

such compounds and salts.

Passage 8. A compound as recited in passage 2, which is selected from the following group of

compounds:
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5 and pharmaceutically acceptable salts of such compounds, and deuterated compounds of

such compounds and salts.

Passage 9. A compound of formula () as defined in passage 1, wherein the compound is
selected from the group consisting of:
(25,5R)-N-(2-hydroxyethoxy)-7-oxo-6-(sulfooxy}-1,6-diazabicyclo[3.2. 1joctane-2-
10 carboxamide |
(28 5R)-N-methoxy-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1Joctane-2-carboxamide
{28, 5R)-7-0oxo-N-propoxy-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1loctane-2-carboxamide

(28 5R)-N-(2-aminosthoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyciof3.2 1joctane-2-
carboxamide '

15 (28,5R)-N-{2-aminopropoxy)-7-oxo-6-(sulfooxy)-1.6-diazabicyclof3.2. 1Joctane-2-
carboxamide

{28,5R)-N-{2-amino-2-oxoethoxy)-7-oxo-6-(sulfooxy)- 1,6-diazabicyclo[3.2.1]octane-2-
carboxamide

(28,5R)-N-{2-(carbamoylamino)ethoxy}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1Joctane-
20 2-carboxamide
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(28,5R)-7-oxo-N-[2-(suifamoylamino)ethoxy]-6-{sulfooxy)-1,8-diazabicyclo]3.2. 1]octane-
2-carboxamide

I{[(25,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo{3.2. 1]oct-2-yljcarbonyljamina)oxylacetic
acid 4

2-methyl-2-{({[(2 5 ,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyclof3.2. 1loct-2-
ylicarbonyllamino)axylpropancic acid

(2S.5R)-7-oxo-N-[2-(piperidin-4-yloxy)ethoxy]-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-
2-carboxarnide

{28, 5R}-7-ox0-N-(propan-2-yioxy)-6-(sulfooxy)-1,6-diazabicycliof3.2. 1]octane-2-
carboxamide

(28,5R)-N-tert-butoxy-7-ox0-6-(sulfooxy)-1 ,6—d fazabicyclo[3.2.1]octane-2-carboxamide

(2S,5R)-Nw(cyclobutyioxy)ﬁ-oxo-ﬁ-(suifooxy.).-.E .B-diazabicyclo[3.2.1]loctane-2-
carboxamide '

(ZS,SR}—N—(cyciopenty!oxy)—?—oxo—ﬁ—'(s_uIfooxy)—1 B-diazabicyclof{3.2.1]octane-2-

carboxamide

(25, 5R)-N-(cyclohexyloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycle[3.2. 1]octane-2-
carboxamide

(28,5R)-N-{cycloheptyloxy)-7-oxo-6-(sulfooxy)-1 B-diazabicyclol3.2. 1joctane-2-
carboxamida

{2S5,5R)-N-{{3-aminncyciopentyljoxy]-7-oxo-6-(sulfooxy)-1,8-diazabicyciol 3.2, tjoctane-2-
carboxamide ‘

(28,5R)-N-{{2-aminocyclopentyljoxyl-7-oxo-6-(sulfooxy)-1,6-diazabicycle[3.2. 1Joctane-2-
carboxamide

(28.5R)-N-{[3-(methylamino)cyciopentyijoxy}-7-oxo-8-(sulfooxy)-1,6-
diazabicycio[3.2. 1joctane-Z2-carboxamide

{(25.5R)-N-{[4-{dimethylamino)cyciohexyljoxy}-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo]3.2. 1loctane-2-carboxamide

(28,5R)-N-[(3-aminocyclchexyloxy]-7-oxo-8-(sulfooxy)-1,6-diazabicyclof3.2. 1Joctane-2-
carboxamide |
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(25 5R)-N-{[3-(methylamino)cyciohexylloxy}-7-oxo-6-{suifooxy)-1,6-
diazabicyclo]3.2. T]octane-2-carboxamide

(28,5R)-7-ox0-N-(pyrrolidin-3-yloxy)-8-(sulfooxy)-1,6-diazabicyclo]3.2. 1 Joctane-2-
carboxamide

(28,5R)-T-oxo-N{(5-oxopyrrolidin-3-yi)oxy}-6-(sulfooxy)-1,8-diazabicyclo[3.2. floctane-2-
carboxamide

{23,5R)-N-{(1-acetylpyrrolidin-3-yoxy]-7-oxo-8-(sutfooxy)-1,6-dizzabicyclo]3.2. 1]octane-
2-carboxamide ‘

(28, 5R)-N-[(1-methyipyrrolidin-3-yhoxy}-7-oxo-6-{sulfooxy)-1,6-
diazabicyclo[3.2. 1joctane-2-carboxamide

(2S,5R)-7-oxo-N-(piperidin-3-yloxy)-6-(sulfooxy)-1,6-diazabicyclo[3.2 1loctane-2-
carboxamide

(28, 8R)-7-ox0-N-{piperidin-4-yioxy)-6-(sulfooxy}-1,6-diazabicyclo[3.2.1]octane-2-

carboxamide _
(2S,5R)-N-(azelidin-3-vioxy)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide

(28,5R)-T-oxo-6-(sulfooxy)-N-(tetrahydro-2 H-pyran-4-yioxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carboxamide

(25,5R)-7-oxo0-6-{sulfooxy}-N-(tetrahydro-2H-thiopyran-4-yloxy)-1,6-
diazabicyclo]3.2.1Joctane-2-carboxamide

(28,5R)-N-[{1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)oxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1joctane-2-carboxamide |

{25, 5R)-N-(azepan-3-yioxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycin][3.2. H]octane-2-
carboxarnide

(28 5R}-N-(1 4-oxazepan-8-yloxy)-7-ox0-6-(sutfooxy)-1.6-diazabicycic[3.2. 1]octane-2-
carboxamide

(25,5R)-N-[(1-methylpiperidin-4-yl)oxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-
Z-carboxamide -

(28,5R)-N-1(1-carbamimidoylpiperidin-4-yhoxy}-7-oxo-6-(sulfcoxy)-1,6-
diazabicyclo[3.2. tjoctane-2-carboxamide
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(25 5R)-7-oxo-N-(pyrrolidin-2-yimethoxy)-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide

(28,5R)-7-oxo-N-(piperidin-2-yimethoxy)-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]octane-2-
carboxamide

(25,5R)-7-ox0-N~(piperidin-3-yimethoxy)-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1}octane-2—
carboxamide

(28,5R)-7-oxo-N-{piperidin-4-yimethoxy)-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]octane-2-
carboxamide '

(2 S,SR)-N—(rnorpho!in-&ylme‘thoxy)-?—oxo—fi—(sulfocxy)-‘l B-diazabicyclo[3.2.1loctane-2-
carboxamide

(28,5R}~7~ox0~N—(piperazin—2~yimethoxy)-6-{su!fooxy)—1 B-diazabicyclo[3.2. 1]octane-2-

~ carboxamide

(25,5R)-7-oxo-B~{sulfooxy)-N-(thiomorpholin-3-yimethoxy)-1,6-diazabicyclof3.2. 1]octane-
Z2-carboxamide

(253, SR)nN»(decaﬁydroquinoiin—4—yioxy)—?-ox&é»(sulfooxyy’1 B-diazabicycio[3.2. 1]octane-
2-carhoxamide

{28,5R)-N-{hexahydro-1H-pyrrolizin-2-yloxy)-7-oxo-8- (sulfooxy)~1 &-

.diazabicyclo]3.2.1joctane-2-carboxamide

(2S,5R)-N-{octahydroindolizin-1-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-
2-carboxamide

(28,5R)-N-(octahydropyrrolo[1,2-alpyrazin-8-yloxy)-7-oxo-6-(sutfooxy)-1,6-
diazabicyclof3.2. 1octane-2-carboxamide '

(28,5R)-N-(octahydropyrrolo{1,2-ajpyrazin-7-yloxy)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide ‘

(28,5R)-N-(octahydrofuro(2,3-clpyridin-3-yloxy)-7-oxo-6-(suifooxy)-1,6-
diazabicycio]3.2. 1}octane-2-carboxamide

(28,5R)-N-(3-azabicyclo{3.1.0]hex-6-yioxy)-7-oxo-8-(sulfooxy)-1,6-
digzabicycio[3.2.1)octane-2-carboxamide

(28,5F?}~N—(decahyd roguinolin-5-yloxy)-7-oxo-8-(sulfooxy)-1 ,6~diézabicycto{3.2. 1joctane-
2-carboxamide
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(28,5R)-N-(hexahydro-4afH-cyclopentalb]f1,4]dioxin-6-yloxy)-7-oxo-6-(suifooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28, 5R)-N-(octahydrocyclopentalclpyrrol-5-yioxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. tjoctane-2-carboxamide
(28,5R)-N-{hexahydro-1H-cyclopentalcliuran-5-yloxy)-7-oxo-8-(sulfoaxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

(28,5R}~N—(hexahydro~1 H-cyclopentajcithiophen-5-yloxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicycle[3.2.1]octane-2-carboxamide
(28,5R)-N-(bicyclo[2.2.1]hept-2-yloxy)-7-oxc-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-
Z2-carboxamide

(28, 5R)-N-[(7,7-dimethylbicyclo[2.2_1]hept-2-yoxy]-7-oxo-B-(sulfooxy)-1,6-
diazabicyclol3.2. 1]octane-2-carhoxamide
(28,5R)-N-{1-azabicyclo]2.2.2]oct-3-yloxy)-7-oxo-6~(sulfooxy)-1,6-
diazabicyclof3.2. 1]octane-2-carboxamide

{25,5R)-N-(8-azabicyclo]3.2. 1]Joct-3-yloxy)-7-0x0-6-{suifooxy)-1,6-
diazabicycio[3.2.1]octane-2-carboxamide
(28,5R)-N-{(8-methyl-8-azabicyclo[3.2. 1Joct-3-yloxy}-7-oxo-6-(sulfooxy)-1,8-
diazabicyclo[3.2. 1]octane-2-carboxamide
{25,5R)-7-ox0-6-(sulfooxy)-N-(4,5,6,7-tetrahydrothienc[3,2-c]pyridin-7-yloxy)-1,6-
diazabicyclof3.2. 1]octane-2-carboxamide

(28,5R)-N-(6,7-dihydro-5H-pyrrolof 1,2-a)imidazol-7-yioxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1Joctane-2-carboxamide

(28,5R)-N-(7-azaspirof4 5ldec-10-yloxy)-7-ox0-6-(sulfooxy)-1,6-

diazabicycio[3.2. 1joctane-2-carboxamide

(25,5R)-N-(7-oxaspirof4.5]dec-10-yloxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo{3.2. 1Joctane-2-carboxamide

(28,5R)-N-(1H-imidazol-2-yimethoxy)-7-ox0-6-(suifooxy)-1 ,6-diazabicycto{3.2.‘1 joctane-2-
carboxamide

(28,5R)-T-oxo-6-{sulfooxy)-N-(4 5,6, 7-tetrahydro-1H-4, 7-methancindazol-3-yimethoxy)-
1,6-diazabicyclo]3.2. 1loctane-2-carboxamide
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(28.5R)-7-oxa-N-(1H-pyrazol-3-yimethoxy)-6-(sulfooxy)-1,6-diazabicyclo]3,.2. 1 Joctane-2-
carboxamide

(28 5R)-7-oxo-N-[2-(pyridin-2-yethoxy]-6-(sulfooxy)-1,6-diazabicyclo]3.2.1joctane-2-
carboxamide
(23,5R)-7-oxo-N-[2-(piperidin-4-yl)ethoxy]-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-
carboxamide

(25,5R)-7-oxo-N-[2-(piperazin-1 -yl)ethoxy}é—{sulfooxy)-1 B-aiazabicyclo[3.2. 1loctane-2-
carboxamide ‘
(28.5R)-7-0x0-N-{({1-sulfamoylpyrrolidin-3-y oxy]-6-(sulfooxy)-1,6-
diazabicyclof3.2.1joctane-2-carboxamide

(25, 5R)-N-{[1-(methylsulfamoylpyrrolidin-3-yljoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28, 5R)-N-[(1-carbamoylpyrrofidin-3-yloxyl-7-oxo-8-{sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

(285,5R)-N-[(5~-carbamoylpyrrolidin-3-yl)oxy]-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2.1}octane-2-carboxamide

(25,5R)-N-[(1-carbamimidoylpyrrolidin-3-ylioxyl-7-oxo-8-{sulfooxy}-1,6-
diazabicyclo[3.2. Tjoctane-2-carboxamide

{28 5R)-N-[{1-ethanimidoylpyrrolidin-3-yoxyl-7-oxo-6-{sulfooxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carboxamide

(28,5R)-N-{{ 1-(iminomethy!)pyrrolidin-3-yloxy}-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2. Hoctane-2-carboxamide

(25,5R)-7-oxo-6-(suifooxy)-N-(tetrahydrofuran-3-yioxy)-1,6-diazabicyclof3.2. 1joctane-2-
carboxamide '

(25.5R)-7-oxo-8-(sulfooxy)-N-(ietrahydro-2 H-thiopyran-3-yloxy)-1,6-
diazabicyclo[3.2. 1Joctane-2-carboxamide

{25,5R)-N-{{4-methyipiperidin-4-yhmethoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2.1]octane-2-carboxamide

(28.5R)-N-(1 4-oxazepan-2-yimethoxy)-7-oxo-8-(sulfooxy)-1,6-diazabicyclo] 3.2 1]octane-

2-carboxamide

303



10

15

20

25

W 2014/691268 PCT/EB2012/002675

(28,5R)-7-0x%0-6~(sulfooxy)-N-(tetrahydrofuran-2-yimethoxy)-1,6-

diazabicyclof3.2. 1]loctane-2-carboxamide

(28 5R)-7T-oxo-6-(suffooxy)-N-{4,5,6, 7-tetrahydrofuro]3,2-clpyridin-7-yloxy)-1.6-
diazabicyciof3.2. T]octane-2-carboxamide
{28,5R)-N-[(1-methyl-4,5,6,7-tetrahydro-1H-pyrazolo]3 4-clpyridin-4-y)oxy)-7-oxo-6-
{suifooxy)-1 6-diazabicyslo[3.2. 1]octane-2-carboxamide

{28 5R)-7-0x0-6- (suifooxy)—N (4,5,8,7-tetrahydro-1H-pyrazolo[3 4- c}pyndm—«l—yioxy) 1.8-
diazabicyclo][3.2. 1joctane-2-carboxamide
{25,5R)-N-[2-(1H-imidazol-1-yljethoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. T]octane-
2-carboxamide
(28,5R)-N-[(4-fluoropyrrolidin-3-yi)oxy}-7-oxo0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-
2-carboxamide
(258,5R)-N-(1,2-oxazolidin-4-yloxy)-7-0x0-6-(sulfooxy)-1,6-diazabicyclo|3.2.1]octans-2-
carboxamide

(28,5R)-7-oxo-N-(pyrazofidin-4-yioxy)-8-(sulfooxy)-1,6-diazabicyclio]3.2. 1joctane-2-

carboxamide

{25,5R)-N- {(4—ammopyrroiidm~3 yhoxyl-7-oxo-6-(sulfooxy)-1, 6-daazablcyci0[3 2. 1octane-
2-carboxamide :

(28 5R)-7-oxo-N-[{4-oxopyrrolidin-3-yloxyl-6-(sutfooxy)-1,6-diazabicyclo]3.2 1loctane-2-
carboxamide

(28, 5R)-N-{{4-hydroxypyrrolidin-3-yloxy)-7-oxo-8-(sulfooxy)-1,6-

diazabicycio[3.2. 1]octane-2-carboxamide

- {25, 5R)-N-{[{4 E)-4-(hydroxyimino)pyrrolidin-3-yljoxy}-7-oxo-6-(sulfooxy)-1,6-

diazabicycio]3.2. 1joctane-2-carboxamide

(25, 5R)-N-{[{4E)-4-(methoxyimino)jpyrrolidin-3-yljoxy)-7-oxo-6-(sulfooxy}-1 6-
diazabicyclof3.2.1]octane-2-carboxamide

(25 5R)-N-{{{4E)-4-{[(1,5-dihydroxy-4-oxo-1,4-dihydropyridin-2-
ylimethoxylimino}pyrrolidin-3-yljoxy}-7-oxo-6-(suifooxy)-1,6-diazabicycio][3.2. 1Joctane-2-
carboxamide
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{25,5R)-N-[{4 4-dimethylpyrrolidin-3-yl)oxy]-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1]octane-2-carboxamide
(23,5R)-N-{(4-fluoropiperidin-3-yljoxy]-7-oxo-6-(sulfooxy)- 1,6-diazabicycio]3.2.1]Joctane-
2-carboxamide

(25 5R)-N-{{3-fluoropiperidin-4-yl)oxy}-7-oxo-6-(sulfooxy)-1,6-diazabicyciof3.2 . 1joctane-
2-carboxamide
(28,5R)-7-oxe-N-[{5-oxopiperidin-3-yljoxy]-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carboxamide '
{25,5R)-N-[(5,5-dimethylpiperidin-3-yl)oxy]-7-oxo-6-(sulfooxy)-1,6-

diazabicycio|3.2. 1joctane-2-carboxamide

(25, 5R)-N-(2-methoxyethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2 . 1joctane-2-
carboxamide '
(28,5R)-N-[2-(morpholin-4-yl)ethoxyl-7-oxo-8-(sulfooxy)-1,6-diazabicyclo{3.2. 1joctane-2-
carboxamide

(28 ,5R)-T-oxo-N-[2~(pyrrofidin-1-yhethoxy}-8-(sulfooxy)-1,6-diazabicyclof3.2. 1Joctane-2-
carboxarmide
(25,5R)-7-oxo-N-{Z-(piperidin-1-yhethoxyl-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1joctane-2-
carboxamide
(25,5R)-N-{2-(1,1-dioxidothiomorpholin-4-yhethoxy]-7-oxo-6-(sulfooxy)-1,6-
giazabicycio]3.2. 1)octane-2-carboxamide

(25, 5R)-M-[(1-methylazetidin-3-yhoxyl-7-oxo-6-(sulfooxy)-1,8-diazabicyclo[3.2. 1 Joctane-
2-carboxamide

(28, 5R)-N-{[5-(dimethylcarbamaoylpyrrolidin-3-yljoxy}-7-oxo-6-(sulfomy)-1,6-
diazabicyclo{3.2. 1)octane-2-carboxamide

methyl 4-[{{[(25 5R)-7-ox0-8-(sulfooxy)-1,8-diazabicyclo]3.2. 1loct-2-
ylicarbonyfaminooxylprolinate '

(28 ,5R)-N-{I6-(dimethyicarbamoyl)piperidin-3-ylloxy}-7-ox0-6-(sulfooxy)-1,6-
diazabicycio[3.2. T]octane-2-carboxamide

(25, 5R-N-[(1-methyipyrrolidin-2-ylymethoxy]-7-oxo-6-{sulfooxy)-1 ,6-
diazabicyclo[3.2. 1loctane-2-carboxamide
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(28,5R)-N-[(1-acetylpyrrolidin-2-ylymethoxy]-7-oxo-6-{sulfooxy)-1,6~
diazabicyclol3.2. 1joctane-2-carboxamide
(28,5R)-N-[(1-carbamayipyrrolidin-2-ylymethoxy]-7-oxo-8-(sulfooxy)-1,6-
diazabicycio]3.2. 1joctane-2-carboxamide

(28,5R)-7-oxo-N-[(1-sulfamoylpyrrolidin-2-yhmethoxy}-6-(sulfooxy)-1,6-
diazabicyclo[3.2. TJoctane-2-carboxamide

(25 5R}-N-{{1-carbamimidoylpyrrolidin-2-yhmethoxyl-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

{25,5R)-N-[{1-methyl-1H-pyrazol-3-yl)methoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1}octane-2-carboxamide

(28,5R)-N-[(1-methyl-1 H-imidazol-2-yhmethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

(28,5R)-N-[(1-methyl-4,5 8,7-tetrahydro-1H-4,7-methanoindazol-3-yl)methoxy}-7-oxo-6-

(sulfooxy)-1,6-tiazabicyciol3.2.1)octane-2-carboxamide

{2S,5R)-N-[{1,8-dimethyi-4,5.6,7-tetrahydro-1+-4, 7-epiminoindazol-3-yijmethoxy}-7-oxo-
_B-(sulfooxy)-1,6-diazabicyclo]3.2 1]octane-2-carboxamide

(28,5R)-N-(1H-benzimidazol-2-yimethoxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carboxamide

(28 5R)-N-(2,3-dihydro-1H-indol-2-ylmethoxy)-7-0xo-6-(suifooxy)-1,6-
diazabicyclof3.2. 1]octane-2-carboxamide
(28,5R)-N-{(2-methyl-1H-imidazol-4-yl)methoxyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(23 5R)-N-[(1-methyl-1H-imidazol-4-yhmethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2, 1joctane-2-carboxamide

(28, 5R)-N-(1-methyl-1 H-imidazol-5-yl)methoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1}octane-2-carboxamide
(28,5R)-N-{(2-amino-1,3-thiazol-4-ylimethoxy]-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28,5R)-N-(1,3-oxazol-4-yimethoxy)-7-oxo-8-(sulfooxy}-1,6-diazabicyclo[3.2. 1Joctane-2-

carboxamide
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(28,5R)-7-ox0-6-(suffooxy)-N-(1,3-thiazol-4-yimethoxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide

(28 5R)-N-(1-methyl-1H-1,2, 3-triazol-4-yl)methoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. ]octane-2-carboxamide
(28,5R)-N-{1H-imidazol-4-yimethoxy)-7-oxo-8-(suifooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carhoxarnide

(2S5 5R)-N-[2-(1H-imidazot-5-yl)ethoxy]-7-oxo0-6-(sulfooxy)-1,6-diazabicyclof3.2. 1loctane-
2-carboxamide ' '

(28 5R)-N-[1-(1 H-imidazol-5-yhethoxyl-7-oxo-6-(sulfooxy)-1,6-diazabicycle]3.2. 1joctane-
Z-carboxamide

(28,5R)-N-(1-methyi-1 H-pyrrol-2-yl)methoxy}-7-oxo-B-(suifooxy)-1,6-

diazabicyclo[3.2. 1joctane-2-carboxamide

(25,5R)-N-(1,2-oxazol-3-yimethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

‘carboxarnide

(28,6R)-T-ox0-6~(sulfooxy}-N-{ 1H-1,2 4-triazol-3-yImethoxy)-1,6-
diazabicyclo[3 2. 1]octane-2-carboxamide

(2 S,5R)—N~[{5-methylpyrazin—2~yl)methoxy]—?’»oxo-s-(sulfooxy)-1 ,B-
diazabicyclof3.2, 1Joctane-2-carboxamide

(28, 5R)-N-{(2-aminocyclopropyhoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carboxamide

(25,5R)-N-(morphoiin-2-yimethoxy)-7-oxo-6-{sulfooxy)-1,6-diazabicycio[3.2. 1Joctane-2-
carboxamide

(28,5R)-N-[2-(azetidin-3-yloxy)ethoxyl-7-oxo-6-(sulfooxy)-1,6-diazabicyciof3.2. 1]octane-
2-carboxamide ‘

(28,5R)~7—0xo—N-{2-(pyrrolidin—3~yloxy)ethoxy]~6-{suIfooxy)—1 6
diazabicyciof3.2. 1joctane-2-carboxamide

(28,5R)-T-oxo-N-[2~(piperidin-3-yloxy)ethoxyl-6-(sulfooxy)-1,6-diazabicycio][3.2. 1 Joctane-
Z-carboxamide '

or a deuterated compound of any such compound.
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Passage 10. A compound of formuta (I} as defined in passage 2, wherein the compound is

selected from the group consisting of.

10

15

20

25

(25,5R)-M-methyl-7-ox0-6-(sulfooxy)-1,6-diazabicycle[3.2. 1]octane-2-carbohydrazide
(28,5R)-N-ethyl-7-oxo-6-{sulfooxy)-1,6-diazabicycloj3.2. 1 Joctane-2-carbohydrazide
(2S,5R}—?~oxo—l\!’-(propan—Z—yl)-S-(sulfooxy)— 1 B-diazabicyclo[3.2.1]Joctane-2-
carbohydraz}de

(28,5R)-N N-dimethyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]joctane-2-
carbohydrazide

(28,5R)-N N -diethyl-7-0x0-6-(sulfooxy)-1.6-diazabicyciof3.2. 1Joctane-2-carbohydrazide
{25,5R)-7-oxo-N N'-di{propan-2-y}-6-(sulfooxy)-1.6-diazabicyelo[3.2 1loctane-2-
carbohydrazide '

{25,5R-N-cyciopropyl-7-oxo-6-(sulfooxy}-1,6-diazabicyclo{3.2. 1 Joctansg-2-
carbohydrazide

(2S,5R)-N-cyclobutyl-7-oxo-8-(suifooxy)-1,6-diazabicyclo[3.2. 1loctane-2-carbohydrazide

(2S,5R)-N-cyciopentyl-7-oxo-6-(suifooxy)-1,6-diazabicycio]3.2. 1joctane-2-
carbohydrazide

(28,5R)-7-oxo-N-(piperidin-4-yl)-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(25,5R)-7-oxo-6-(sulfooxy)-N-(tetrahydro-2 H-pyran-4-yi)-1,6-diazabicyclo[3.2. 1]octane-
2-carbohydrazide

(28,5R)-7-ox0-6-(sulfooxy)-N-(fetrahydro-2 H-thiopyran-4-yb-1,6-

diazabicycio]3.2. 1loctane-2-carbohydrazide

(28 5R)-7-oxo-N-(piperidin-3-yl}-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1Joctane-2-
carbohydrazide

(28, 5R)-T-ox0-N-(pyrrolidin-3-yi)-6-(sulfooxy)-1,6-diazabicyclo[3.2. loctane-2-
carbchydrazide
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(25,5R)-N-(1,1-dioxidotetrahydro-2 FH-thiopyran-4-yi)-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2. 1]octane-2-carbohydrazide

(2S,5R)-N-acetyl-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-carbohydrazide
(28,5R)-7-oxo-N-propanoyt-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]octane-2-carbohydrazide
(28 5R)-N-(2-methyipropanoyi)-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2 1joctane-2-
carbohydrazide

{28 5R)-N-acetyl-N-methyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carbohydrazide

(28, 5R)-N-methyl-7-oxo-N-propanoyl-6-{suffocxy)-1,6-diszabicyclo3.2.1]octane-2-
carbohydrazide

(2 S,5R)~N‘~methyl—l\f~(2~methylpropanoyl)—?-oxo;ﬁ—(su!fooxyy1 B~
diazabicycio[3.2. 1Joctane-2-carbohydrazide

(25,5R)-N-acetyl-\-ethyl-7-oxo-6-(sulfooxy)-1,6-diezabicyclo[3.2. t]octane-2-

carbohydrazide

(25,5R)-N-ethyl-7-oxo-N-propanoyl-6-{sulfooxy)-1,6-diazabicyciol3.2 1loctane-2-
carbohydrazide

(25,5R)-N~(2,2-dimethylpropanoyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carbohydrazide |

(28 5R)-N'-butanoyl-7-oxo-6~(sulfooxy)- 1 6-diazabicyclo[3.2. 1joctane-2-carbohydrazide

(28 5R)-N-(2-methylbutanoyl)-7-oxo-8-(sulfooxy)-1,6-diazabicycio]3.2. 1loctane-2-
carbohydrazide

(25 5R)-N-[{dimethylamino)acetyll-7-oxo-6-(sulfooxy}-1,6-diazabicyclo][3.2. 1joctane-2-
carbohydrazide

(25,5R)-7-oxo-6-{sulfooxy)-N-(4 4 .4-trflucropropancyl)-1,6-diazabicyciof 3.2 . 1loctane-2-
carbohydrazide

(28, 5R)-NM-{methoxyacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(25,5R)-N-[(2R)-2-aminopropanoyl]-7-oxo-8-(sulfooxy)-1,6-diazabicyclo]3.2. 1joctane-2-
carbohydrazide
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(28,5R)-N-lamino{phenylacetyl]-7-oxo-6-{sulfooxy)-1,6-diazabicycio}3.2. 1joctane-2-
carbohydrazide

(25,5R)-N-{cyclopropylcarhonyl)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(25 5R-N-{cyciobutylcarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo] 3.2 1Joctane-2-
carbohydrazide

(25,5R)y-M-[(2,2-dimethyloyclopropylicarbonyl]-7-oxo-6-(suffooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide

(25,5R)-N-[(2-methylcyciopropylcarbonyl}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3 2. 1joctane-2-carbohydrazide

(2S,5R)-N-[(2,2-diftuorocyclopropylycarbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicycio{3.2.1joctane-2-carbohydrazide

(25,5R)y-N-[(2-fluorocyclopropylcarbonyll-7-oxo-6-{sulfooxy)-1,6--
diazabieyclo[3.2. 1]octane-2-carbohydrazide

(28,5R)-N-(cyclopentyicarbonyl)-7-oxo-B-(sulfooxy)-1.6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(28,5R)-N-(cyclohexylcarbonyl)-7-oxo-8-(sulfooxy}-1,6-diazabicyclo[3.2. tJoctane-2-
carbohydrazide

{28 5R)}-N-{[(2R}-2-aminocyciopentyllcarbonyl}-7-oxo-6-(sulfooxy)- 1,6~
diazabicycio][3.2.1]octane-2-carbohydrazide

(28,5R)-T-oxo-N-(pyrrolidin-2-ylcarbonyl)-6-{sulfooxy}-1,6-diazabicyclol3.2. 1loctane-2-
carbohydrazide

(25.5R)-7-oxo-N-(pyrrolidin-3-ylcarbonyi)}-6-(sulfooxy)- 1 8-diazabicyclo]3.2. 1]octane-2-
carbohydrazide

{23 5R}-7-oxo-N-{piperidin-2-ylcarbonyi)-6-(sulfooxy)-1,6-diazabicycio]3.2. Tjoctane-2-
carbohydrazide

(28, 53R)-N-methyl-7-oxo-N-{pyrrolidin-2-vicarbonyl)-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1joctane-2-carbohydrazide '

(28 5R)-7-oxo-N-(piperidin-3-ylcarbonyl)-6-(sulfoaxy)-1 8-diazabicyclo]3.2. {joctane-2- '
carbohydrazide
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(23,5R)~7-0xo-N-(piberidin-4-ylcarbonyI)-S—(suifooxy)—1 ,B-diazabicycio[3.2. 1]octane-2-
carbohydrazide

(2S,5R)-7-ox0-6-{sulfooxy)-N'-(tetrahydro-2 H-pyran-4-yicarbonyl)-1,6-
diazabicyclo]3.2.1Joctane-2-carbohydrazide
(28,5R)-N-[(1-methylpyrrolidin-2-yhcarbonyl}-7-ox0-6-(sulfooxy)-1,6-
diazabicyciol3.2.1loctane-2-carbohydrazide
(28,5R)-N-[(1-methylpiperidin-4-ylhjcarbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1loctane-2-carbohydrazide
(28,5R)-7-ox0-6-{sutfooxy)-N'-(tetrahydro-2 H-thiopyran-4-ylcarbonyl)-1,6-
diazabicyclo]3.2. 1joctane-2-carbohydrazide
(28,5R)-N-[(1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)carbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carbohydrazide
(25,5R)-7-oxo-N-(pyrrolidin-2-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclo]3.2.1Joctane-2-
carbohydrazide

(25,5R)-7-oxo-N-{pyrrolidin-3-ytacetyl)-6-(sulfooxy)- 1,6-diazabicyclo[3.2.1Joctane-2-
carbohydrazide '
(28,5R)-N-[(1-methylpyrrolidin-2-yhacetyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1)octane-2-carbohydrazide
(23,5R)-N-(cyclopropylacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carbohydrazide ‘
{28,5R)-7-oxo-N'-{piperidin-2-ylacety|)-6-(sulfooxy)-1,6-diazabicyclo3.2. tjoctane-2-
carbohydrazide

(28 5R)y-N-{{1-methylpiperidin-2-ylacetyll-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1loctana-2-carbohydrazide

(28,5R)-7-oxo-N-(pipetidin-3-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-

carbohydrazide

(28,5R)-7-0ox0-N-(piperidin-4-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2. Joctane-2-
carbohydrazide

{(25,5R)-A-[{ 1~methyipiperédln~4~yl)ace’tyl}-7~oxo-6-(sulfooxy)-1 &~
diazabicyelo[3.2. 1joctane-2-carbohydrazide

311

PCYT/IB2012/002675



10

15

20

25

30

WO 2014/091268 ' PCT/IB2012/002675

(2S,5R)-7-oxo-N-(pyrrolidin-1-ylacetyl)-6-(sulfooxy)-1,6-diazabicycio]3.2. 1joctane-2-
carbohydrazide

(28,5R)-7-oxo-N-(piperazin-1-ylacetyl}-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1 loctane-2-
carbohydrazide

(25,5R)-N-{morpholin-4-ylacetyl)-7-oxo-8-(sulfooxy}-1,6-diazabicyclol3.2. {loctane-2-
carbohydrazide

(25,5R)-7-oxo-N-(phenyicarbonyf)-6-(sulfooxy)-1,6-diazabicyclof3.2. 1joctane-2-
carbohydrazide '

(28,5R)-N-{naphthalen-2-ylcarbonyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2

3

carbohydrazide

(25,5R)-N-methyi-7-oxo-N-(phenylcarbonyl)-6-(sulfooxy)-1,6-diazabicyclo][3.2.1]octane-
2-carbohydrazide

(2S,5R)-N-ethyl-7T-oxo-N-(phenylcarbonyl)-6-(suifooxy)-1,6-diazabicycio]3.2. 1Joctane-2-
carbohydrazide

(28, 5R)-T-oxo-N-(phenylacetyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide '

{235,5R)-N-(naphthalen-2-ylacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(28,5R)-N-methyl-7-oxo-N-(phenylacetyl)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-
carbohydrazide

(25,5R)-N-ethyl-7-oxo-N-(phenylacetyl)-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1Joctane-2-
carbohydrazide '

(28,5R)-7-oxo-N'-(pyridin-2-ylcarbony!)-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1 Joctane-2-
carbohydrazide

(28,5R)-7-oxo-N-(pyridin-3-ylcarbonyf)-6-(sulfooxy)-1,6-diazabicyclof3.2. 1 joctane-2-
carbohydrazide

(25 ,5R)-7-ox0-N-(pyridin-4-ylcarbonyl)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1 loctane-2-
carbohydrazide '

(25,5R)-7-ox0-6~(sulfooxy)-N~{thiophen-3-yicarbonyl)-1,6-diazabicyclo[3.2.1Joctane-2-
carbohydrazide
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(2S,5R)-N-(furan-3-yicarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-

carbohydrazide

{28,5R)-7-ox0-6-(sulfooxy)-N-(thiophen-2-yicarbonyl)-1,6-d iazabicyclo[3.2,1]oétane—z—

carbohydrazide

(23,5R)-N-(furan-2-yicarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]octane-2-

carbohydrazide

(25, BR)-N-methyl-7-oxo--(pyridin-3-ylcarbonyh)-6-(sulfooxy)-1,6-

diazabicyciof3.2. 1]ociane-2-carbohydrazide

(25,5R)-7-oxo-N'-{1H-pyrrol-2-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclof 3.2 .1joctane-2-

carbohydrazide

(28,5R)-7-ox0-6-(sulfooxy)-N-(thiophen-2-ylacetyl}-1,6-diazabicyclio[3.2. 1joctane-2-

' carbohydrazide

(28 5R)-N-{(2-amino-1,3-thiazol-4-yl)carbonyll-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1loctane-2-carbohydrazide

(2S,5R)-N-(furan-2-ylacety!)-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-

carbohydrazide

{23,5R)-7-ox0o-N-(pyridin-2-ylacetyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2_1]octane-2-

carbohydrazide

(28,5R)-7-oxo-N-(pyridin-3-ylacetyl)-6-(sulfooxy}-1 ,6-diazabicycto]3.2 . 1]octane-2-

carbohydrazide

(25,5R)-T-oxo-N-(pyridin-4-ylacetyi)-6-(sulfooxy}-1,6-diazabicyclo]3.2. 1]octane-2-

carbohydrazide

(28,5R)-N-[(2-amino-1.3-thiazol-4-yDacetyl]- 7-oxo-8-(sulfoaxy)-1,6-

diazabicyclo[3.2. 1]octane-2-carbohydiazide

(23 5R)-N-[(2-amino-1,3-thiazol-4-yacetyll-N-methyl-7-0x0-6- (suifooxy) -1,6-
diazabicyclo[3.2. 1]octane—2—carbohydrazrde

(2S,SR)-»N~methyi»?~oxo—N’~(pyridin—3—ytacetyl)v6-(suifooxy)~1 B-

diazabicyclo]3.2. 1}octane-2-carbohydrazide

(2S,5R)-7-ox0-6-(suifooxy)-N -{triftuoroacetyl)-1, 6-diazabicyclo[3.2. 1]octane-2-

carbohydrazide
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(28, 5R)-N-(methylsulfonyl)-7-oxo-6-(sulfooxy)-1 8-diazabicyclo]3.2. 1joctane-2-
carbohydrazide

2-{1(2 8,5R)-7-ox0-6-(sulfooxy)-1,8-diazabicyclo[3.2.1]oct-2-
yicarbonyi}hydrazinecarboxamide
2-{[{28,5R)-7-ox0-B-{sulfooxy)-1,6~diazabicyclo[3.2.1loct-2-
ylicarbonyljhydrazinesulfonamide
(28,5R)-7-oxo-N-phenyl-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-carbohydrazide
(25.5R)-N-methyl-7-oxo-N-phernyl-8-{sulfooxy)-1 ,8~diazabicycio{3‘2. 1]octane-2-
carbohydrazide

(28,5R)-7-oxo-N-(pyridin-3-yl}-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-
carbohydrazide

{28,5R’)—N‘~methyi~?—0xo~f\f-(pyridin~3—9E)—6—(sulfooxy)-1 G-diazabicycio[3.2.1]octane-2-
carbohydrazide

(28, 5R)-7-oxo-N-(piperidin-1-yl)-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide

(28,5R)-7-oxo-N-(pyrrolidin: 1-yl)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1Joctane-2-
carboxamide '

' (28,5R)-N-(morpholin-4-yl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. Joctane-2-

carboxamide

(25,5R)-T-oxo-N-(piperazin-1-yl}-6-(sulfooxy)-1,6-diazabicycio3.2. 1joctane-2-
carboxamide
(28,5R)-7-ox0-6-(sulfooxy)-N-{thiomorpholin-4-yl}-1,6-diazabicyclo[3.2. 1joctane-2-
carboxaride

(238.6R)-N-(1,1-dioxidothiomorpholin-4-yl)-7-oxo-6-(sulfooxy)-1,6-

diazabicycio]3.2. 1loctane-2-carboxamide
(25,5R)-7-oxo-N-(2-oxopiperidin-1-yl)-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carboxamide

(23,5R)J—oxo-N-(S-oxomofphoiin-4~yl)~6-(suIfooxy)—1 B-diazabicycio]3.2. 1Joctane-2-

carboxamide
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(28.5R)-7-ox0-N-{2-oxopiperazin-1-yi}-B-(sulfooxy)-1,6-diazabicycio]3.2. 1Joctane-2-
carboxamide

{25, 5R)—?—oxo~6—(suEfooxy)«N—(tetrahydropyrimidin—‘i (2H)-yh-1,6~

diazabicyclo[3.2. 1loctane-2-carboxamide

(28, 5R)-T-0ox0-N-{2-oxotetrahydropyrimidin-1(2H)-yl)-6-(sulfooxy)-1,6-
diazabicyclo{3.2. 1joctane-2-carboxamide
(28.5R)-N-(3-aminapiperidin-1-yl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2 . 1]octane-2-
carboxamide

(28,5R)-N-[(2-aminocyclopropyl)carbonyil-7-0xo-6-(sutfooxy)-1,8-

diazabicyclo[3.2. 1]octane-2-carbohydrazide

(28,5R)-NM-{{2-aminocyclopropyi)ca rbonyt]-N'~methyl~7;0x0~6-(sulfooxy)~1 B~
diazabicyclo[3.2.1Joctane-2-carbohydrazide
(25,5R)-N-(azetidin-2-yicarbonyi)-7-oxo-6-{sulfooxy)-1,B-diazabicyclof3.2. 1 Joctane-2-
carbohydrazide ‘
(28,5R)-N-(azetidin-3-ylcarbonyl)-7-oxo0-6-(sulfooxy}-1,6-diazabicyclof3.2.1Joctane-2-
carbohydrazide

(25, 5R)-N-[(2S)-2-aminopropanoyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-

carbohydrazide

(28,5R)-N-{(28)-2-aminopropanoyl}-N-methyl-7-ox0-6-(sulfooxy)-1,6-
diazabicycle]3.2.1}octane-2-carbohydrazide

(2S,5R)—N‘—[3—(dEmethyiamino)propanoyi}~7—oxo-6—(suifooxy)'-'E ,B-
diazabicyclof3.2. 1]octane-2-carbohydrazide

(25,5R)-N-[(3,3-diflucrocyclobutyl)carbonyl]-7-oxo-8-(sulfooxy)-1,6-
diazabicycio[3.2. 1joctane-2-carbohydrdzide

(28 5R)-N-{(3-aminocyciobutyhicarbonyll-7-oxo-6-(sulfooxy)-1,6-
diazabicycla[3.2.1loctane-2-carbohydrazide

(28,SR)-N—{{B-(methytamEno)cyclobﬁtyf}carbonyi}-?-oxo-s-(suEfooxy)-‘l B~
diazabicycloi3.2. 1]octane-2-carbohydrazide

(25,5R)-N'-{3-(dimethylamino)cyciobutylcarbonyl}-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide,
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or a deuterated compound of any such compound.

Passage 11. A method of treating a bacterial infection comprising administering to a mammal in
need thereof an antibacterially -effective amount of a compound as recited in any one of

passages 1-10.

Passage 12. A pharmaceutical composition containing as an active ingredient, at ieast one

compound as recited in any one of passages 1-10,

Passage 13. A pharmaceutical compbsition containing. as an active ingredient, {) at ieast one
compound as recited in any one of passages 1-10 and (ii) at least one B-lactam antibiotic, at
least one salt of a B—lactam antibiotic, at ieast one hydrate of a p~lactam antibiotic or at least

one prodrug of a f~lactam antibiotic.

Passage 14. A pharmaceutical composition containing, as an active ingredient, (i) at least one
compound as recited in any one of passages 1-10 and (i} at least one antibiotic, at least ane

salt of an antibictic, at least one hydrate of an antibiotic or at least one prodrug of an antibiotic.

Passage 15. A pharmaceutical composition suitable for the treatment of bacterial infections in
mammals, comprising a pharmaceutical composition as recited in passage 13 or passage 14

and a pharmaceutically acceptable carrier.

Passage 16. A method of treating bacterial infection, comprising administering to a mammal in
need thereof a combination of (i) an effective amount of a compound as recited in any one of
passages 1-10 and (i) an effective amount of at least one pB-lactam antibiofic, at least one salt of
a p-lactam antibiotic, at least one hydrate of a B-lactam antibiotic_or at least one prodrug of a

B-tactam antibiotic.
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Passage 17. A method of treating bacierial infection, comprising administering to a mammal in
need thereof a combination of (i) an effective amount of & compound as recited in any one of
passages 1-10 and (if) an effective amount of at keast one antibictic, at least one salt of an

antibictic, at least one hydrate of an antibiotic or at least one prodrug of an antibiotic.

Passage 18. A method for the treatment of bacterial infection, by inhibiting bacterial
p-lactamases, comprising administering to a mammal in need thereof a pharmaceutical

composition as recited in any one of passages 12-15.

Passage 16. A method as recited in passage 18, wherein the pharmaceutical compaosition is

administered separately, simultaneously or spread over fime.

Passage 20. A method or a pharmaceutical composition as recited in passage 13 or passage
16, wherein a ratio of the weight of (i) the compound of formula (1) to the weight of (i) at least
one f-factam antibiotic, at least one salt of a p—lactam antibiotic, at least one hydrate of a

p-tactam antibiotic or at least one prodrug of a B-lactam antibiofic, is in the range of 1:20 to 20:1.

Passage 21. A method or a pharmaceutical composition as recited in passage 14 or passage
17, wherein a ratio of the weight of (i) the compound of formula (I) to the weight of (i) at least
one antibictic, at least one salt of an antibiotic, at least one hydrate of an antibiotic or at least

one prodrug of an antibiotic, is in the range of 1:20 to 20:1.

Passage 22. A molecular complex comprising a compound as recited in any one of passages 1-

10 and at least one solvent.

- Passage 23. A molecular complex as recited in passage 22, wherein the solvent comprises

water,

Passage 24. A process for preparing a compound recited in passage 1, wherein M = ¥, and

wherein the process comprises:
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[Al Reacting substituted hydroxylamine (V) with an acid (V1) in presence of a coupling
agent selected from the group consisting of EDCH, HOBT-DCC and PyBop to provide

an intermediate of formula (VI);

OBn 0 0OBn
A Vi Vil
5
iB] Removing the benzy! protecting group of the intermediate (VIl) with a scurce of
hydrogen in presence qf‘Pd catalyst to provide debenzyiated product (Viil);
¥ g
O\ﬁ
N
/N,
o OH
Vilk
[C] Contacting compound (VHI) with a sulfating agent in the presence of solvent to
10 obtain compound of formula (la)
R1
y
O\m)"f,.
N
_ N .
o OSO.M

ia

Passage 25. A process for preparing & compound recited in passage 2, wherein M = H, and

wherein the process comprises:
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[A} Reacting substituted hydrazine (Va) with an acid (VI} in presence of & coupling
agent selected from the group consisting of E0CH or HOBT-DCC and PyBop to provide

an intermediate of formula (Viia),

0 R ©

i
) " a RNy
3 “+ H
RN, e N H Q
18] an . O

Va Vi Viia

N\
OBn

5 [B] Removing the benzy! protecting group of the intermediate (Vila) with a source of

hydrogen in presence of Pd catalyst fo provide the debenzylated product (Villa),

¥ o9
3. L,
RN A,

oot

Vilia

[C] Contacting compound {Villa) with a sulfating agent in the presence of solvent to

obtain compound of formula (Ib)

El22 ! ’
3
RN
Hoo
N\
0 OS0,M
10 ib

Passage 26. A method or a pharmaceutical composition as recited in any one of passages 13,
16 and 20, wherein the al least one p-tactam antibiotic, pharmaceutically acceptable sait of a

B-lactam antibiotic, hydrate of a B-lactam anﬁbioﬁé or prodrug of a f-lactam antibiotic is
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selected from the group consisting of amoxicillin, ampiciliin, aziocillin, mezlo_cillin, hetacillin,
bacampicillin, carbenicillin, sulbenicillin, ticarcillin, piperaciliin, mecilinam, methicillin, ciclacillin,
oxacillin, cloxacillin, dicloxacillin, nafcillin, cephalothin, cephaloridine, cefactor, cefadroxil,
cefamandole, cefazolin, cephalexin, cephradine, ceftizoxime, cefoxitin, ‘'cephacetrile, cefotiam,
cefotaxime, cefsulodin, cefoperazone, cefmenoxime, cefmetazole, cephaloglycin, cefonicid,
cefodizime, cefpirome, ceftazidime, ceftriaxone, cefpiramide, cefozopran, cefepime, Cefuzonam,
cefpimizole, cefclidin, cefixime, ceftibuten, cefdinir, cefpodoxime axetil, cefpodoxime proxetil,
cefteram pivoxil, cefetamet pivoxil, cefcapene pivoxil, cefditoren pivoxil, cefuroxime, cefuroxime
axetil, loracarbacef, latamoxef, CXA-101, imipenem, meropenem, biapenem, panipenem,
ertapenem, doripenem, azireonam, carumonam, pharmaceuiically accepiable salis of said
Bwiac;tam antibiotics, hydrates of said B-lactam antibiotics, and prodrugs of said p-lactam

antibiotics.

Passage 27. A method or a pharmaceutical composition as recited in any one of passages 14,
17 and 21, wherein the at least one antibiot-ic, pharmaceutically acceptabie salt of an anﬁbioﬁ‘c,
hydrate of an antibiotic or prodrug of an antibiofic is selected from the group consisting of
amihoglycosides, quinofones, tetracyclines, glycyloyclines, glycopeptides, lipopeptides,

macrolides, ketolides, incosamides, streptogramin, oxazolidinones, polymyxins.
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Claims

What we claim is:

1. A compound of formula (1)

wherein.
M is hydrogen or & pharmaceutically acceptable sali-forming cation;
Y is OR";
R' is a radical selected from the group consisting of:
10 (1) Cy.¢ straight or branched chain alkyl which is optionally substituted;
(2) Cs7 cycloalky! which is optionally substituted;

{3y C,rsaturated heterocycles containing at least one hetercatom selected from O, N
and S wherein the said heterocycie is optionally substituted, the ring S is optionaily

oxidized to S(0) or 3(0}, and the free ring N atom may optionally take a substituent;

15 {4) Heterocyclyl {C15) atkyl wherein the said heterocycle has the same definition as

defined in (3), and the said heterocycle is optionally substituted;

{5} Cs7 membered saiurated heterocycles optionally fused with a2 Cs;; membered
cycioalky! group to form a bicyclic ring system where the bicyclic ring system so
formed is fused either through two adjacent. carbon atoms or thrbugh a N atom

20 shared by both the rings-and the other end of the cycloalkyl chain is attached to the
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{6)

(7)

{8)

(®)

(10

(1

adjacent carbon” atom of the molecule, each ring of the said bicyclic ring system

independently optionally substituted;

Cs7 membered saturaled heterocycles optionally fused with another Cs, saturated
heterocycle to form a bicyclic ring system where the bicyclic ring system so formed is
fused either through two adjacent carbon atoms or through a N atom shared by both
the rings, each ring of the said bi-cyclic riﬁg system independently optionally

substiuted:

Cs7 cycloalkyl which is optionally fused with a Cs; membered saturated heterocycle
containing at ieast one heteroatom selected from O, N and S | the said bicyclic ring

optionally substituted;

Bridged bicyclic ring systermn having optionally one or two heteroatoms selected from
O, N and S, the bieyclic ring sysiem optionally substituted either at the carbon atom

or at the free N atom preseni in the ring,;

Csy membered saturated helerocycles opticnally fused with Cg; membered
heteroaryl ring where the bicyclic ring system so formed is fuséd gither through two

adjacent carbon atoms or through N atom shared by both the rings;

Cs7 membered saturated heterocycles optionally fused to a Cis membered ring
sys{em through a common carbon atom fo form a spiro system optionally containing
one heteroatom selected from O, N and S that is present in the sbiro ring where the
ring S is optionally oxidized to S(0) or ${0), and the free N atom present in either -

ring may optionally take a substituent; and

Cs-membered heteroaryl (Cy.s) alkyl which is optionally substiiuted,

or a deuterated compound of any such compound.
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2. A compound as recited in claim 1, wherein the radical R’ is optionally substituted with

one or fwo substituents independently selected from the following:

Lower alkyl, amino, substituted amino, alkoxy, hydroxyalkyl, halogen, hydroxy, carboxy,
5 alkoxycarbonyl, haloalkyl, friflucromethyl, triflucromethyloxy, alkylamine, substituted
alkylamine, carboxamide, thiocarboxamide, sulfonic acid, sulphate, acylamino,
sulfonylamino, substituted or unsubstituted suifonamide, substituted or unsubstituied
urea, substituted or unsubstituted thiourea, oxo, oxyimino, hydroxamic acid, acyl,
triffuoromethyl carbonyl, cyano, amidino, guanidino, aryloxy, heterocyclylalkyloxy, and

10 heteroarytoxy.

3. A compound as recited in claim 1, which is selected from the following group of

compounds:
0 O o}
|
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and pharmaceutically acceptable salls of such compounds, and deuterated compounds of

such compounds and salts.

4. A compound of formula {1} as defined in claim 1, wherein the compound is selected from
the group consisting of:
(25,5R)-N-(2-hydroxysthoxy)-7-oxe-6-(sulfooxy)-1,6-diazahicyclo[3.2. 1]octane-2-
carboxamide
(2S8,5R)-N-methoxy-7-ox0-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-carboxamide
{28 5R)-7-0ox0-N-propoxy-6-(sutfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-carboxamide

(28,5R)-N-{2-aminoethoxy)-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carboxamide '

(28,5R)-N-(2-aminopropoxy)-7-oxo-6-(sulfooxy)-1.6-diazabicycio] 3.2, 1joctane-2-
carhoxamide

{28,5R)-N-{2-amino-2-oxoethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-2-
carboxamide

(28,5R)-N-[2-{(carbamoyiamino)ethoxy]-7-oxo-6-(suifooxy)-1,6-diazabicyclo]3.2 1loctane-
2-carboxamide ‘

{28 BR)-T-oxo-N-[2-(sulfamoyiaminoethoxyl-8-(sulfooxy)-1,6-diazabicyclo[3.2 1]octane-
2-carboxamide

1{{l(2S,5R)-7-oxo-8-(sulfooxy)-1,B-diazabicyclof[3.2. 1]oct-2-yllcarbonyllaminooxylacetic
acid '

2-methyl-2-{{({[{2S 5R)-T-oxo-6-(suffooxy)-1,6-diazabicyclo]3.2. Tjoct-2-
ylcarbonylamino)oxylpropanoic acid
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{28,5R)-T-oxo-N-[2-(piperidin-4-yloxy)ethoxy]-8-(sulfooxy)-1,8-diazabicyclo]3.2. 1Joctane-
2-carboxamide ‘

(28,5R)-7-oxo-N-(propan-2-yloxy)-6~(sulfooxy}-1,6-diazabicyclio[3.2. 1loctane-2-
carboxamide

(25,5R)-N-tert-butoxy-T-oxo-6-(sulfooxy)-1,B-diazabicycio[3.2. 1]octane-2-carboxamide

(2S,5R)-N-(cyclobutyloxy)-7-oxo-6-(sutfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carboxamide

(28, 5R)-N-(cyclopentyloxy)-7-oxo-8-{sulfooxy)-1 ,6—diazabicyclo{3.2.1 lociane-2-

carboxamide

(28,5R)-N-(cyclohexyloxy)-7-oxo-B-(sulfooxy)-1,6-gdiazabicyclo[3.2. Tloctane-2-
carboxamide :

(28,5R)-N-(cycloheptyloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1)octane-2-
carboxamide

(2S,5R)-N-{(3-aminocyclopentyl)oxyl-7-oxo-8-{sulfooxy)-1 ,_6~diazai)icyclo[3.2.'1]octane—z
carboxamide

(2S.5R)-N—{(2~aminot;yclopenty!)oxy}«?~oxo~6~(su!fooxy)—1 ,6-diazabicyclo[3.2. 1]octane-2-
carboxamide

(28,5R)-N-{[3~(methylamino)cyclopentylloxy}-7-ox0-6-{sulfooxy)-1,6~
diazabicyclol3.2.1]octane-2-carboxamide

(28, 5R)-N-{{4-(dimethylamina)eyclohexylioxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. tloctane-2-carboxamide

(2 8,5R)-N-[(3-aminocyclohexyhoxyl-7-oxo-8-{sulfooxy)-1,6-tiazabicyclo[3.2. 1joctane-2-
carboxamide '

(28, BRy-N-{[3-{methylamino)cyclohexyljoxy}-T-oxo-8-(sulfooxy-1.6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(25,5R)-7-oxo-N-(pyrrolidin-3-yloxy}-6-(sulfooxy)-1,6-diazabicyclo]3.2. tjoctane-2-
carboxamide

(2S,5R)-7-oxo-N-{{5-oxopyrrolidin-3-yoxyl-6-(sulfooxy)-1,6-diazabicycio[3.2. 1]octane-2-
carboxamide
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(2S.5R)-N-[(1-acetyipyrrolidin-3-yhoxy}-7-oxc-6-(stilfooxy)-1,8-diazabicyclo[3.2. 1loctane-
2-carboxamide
(23, 5R)-N-[(1-methylpyrrolidin-3-yHoxy]-7-oxo-6-(suifooxy)-1,6-
diazabicycio[3.2. 1joctane-2-carboxamide
{28 5R)-T-oxo-N-(piperidin-3-yloxy)-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1Joctane-2-
carboxamide
(25.5R)-7-0x%0-N-{piperidin-4-yioxy)-6-(sulfooxy)-1,6-diazabicyclo]3.2 . 1joctane-2-
carboxamide
{25,5R)-N-{azetidin-3-yloxy)}-7-oxo-6-(suifooxy)-1,6-diazabicycio]3.2. 1]octane-2-
carboxamide '
(25,5R)-T-ox0-6-(sulfooxy)-N-(tetrahydro-2H-pyran-d-yioxy-1,6-
diazabicyclo[3.2. 1loctane-2-carboxamide
{25,5R)-7-oxo-8-(sulfooxy)-N-(tetrahydro-2H-thiopyran-4-yloxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide
(25.5R)-N-{(1,1-dioxidotetrahydro-2H-thiopyran-4-yhoxyl-7-oxo-6-(sulfooxy)-1,5-
: diazabicycio[S.Z.1]octane—2-car_boxamide
(28,5R)-N-(azepan-3-vioxy)-7-oxo-6-(sulfoaxy)-1,6-diazabicyciof3.2. tloctane-2-

" carboxarmide
{28,5R)-N-(1,4-oxazepan-6-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2. 1]octane-2-
carboxamide
(25, 5R)y-N-[(1-methylpiperidin-4-ylyoxyl-7-oxo-6-{sulfooxy)-1,8-diazabicycio[3.2. 1loctane-
2-carboxamide '
(28.5R)-N-[(1-carbamimidoylpiperidin-4-yhoxy]-7-oxo-6-{sulfooxy)-1,6-
diazabicycio[3.2. 1joctane-2-carboxamide

(25,5R)-1-oxo-N-(pyrrolidin-2-yimethoxy)-6-(sulfooxy)-1 6-diazabicyclo3.2.1]octane-2-
carboxamide

{28 5R)-7-ox0-N-{piperidin-2-yimethoxy)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-

carboxamide

(28, 5R)-7-oxo-N-(piperidin-3-yimethoxy)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-

carboxamide
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(28,5R)-7-oxo-N-{piperidin-4-ylmethoxy}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-

carboxamide

(28,5R)-N-(morpholin-3-yimethoxy)-7-oxo-8-{sulfooxy)-1,6-diazabicycio[3.2 . 1]octane-2-
carboxamide

{23 5R)-T-oxo-N-(piperazin-2-yImethoxy)-6-(sulfooxy)-1,6-diazabicyclof3.2. 1joctane-2-
carboxamide ‘ _

(28, 5R)-7-ox0-6-(sulfooxyl-N-{thiomorpholin-3-yimethoxy)-1,6-diazabicyclol3.2. 1joctane-
2-carboxarnide o

{28 5R)-N-(decahydroguinolin-4-yloxy)-7 -oxo-6-(sulfooxy)-1,B-diazabicyclo[3.2. 1Joctane-
2-carboxamide

{25, 5R)-N-(hexahydro-1H-pyrrolizin-2-yloxy)-7-ox0-6-(sulfooxy)-1,6-

diazabicyclo]3.2. 1]octane-2-carboxamide |
(25,5R)-N-(octahydroindolizin-1-yloxy)}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]loctane-
2-carboxamide

(25 5R)-N-(octahydropyrrolo[ 1, 2-alpyrazin-8-ylaxy)-7-oxo-6-(sulfaoxy)-1,6-

diazabicyclo[3.2.1]octane-2-carboxamide

{28,5R)-M-(octahydropyrrolo{1,2-alpyrazin-7-yloxy)-7-oxo-6-(sulfooxy)-1 8-
diazabicyclof3.2. Tloctane-2-carpoxamide

(28, 5R)-N-{octahydrofuro[2, 3-¢clpyridin-3-yioxy)-7-oxo-6-{sulfooxy)-1,6-

diazabicyclof3.2. 1]octane-2-carboxamide

(285 BR)-N-{3-azabicyclo[3. 1.0Thex-6-vioxy)-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo]3.2. 1loctane-2-carboxamide
(£8,5R)-N-{decahydroguinolin-5-yvioxy)-7-oxo-6-(sulfomay )1, 5-diazabicyclo[3.2. 1loctane-
Z2-carboxamide

(2S5,5R)-N-(hexahydro-4aM-cyciopentalb]] 1,41dioxin-6-yioxy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1loctane-2-carboxamide
(2S,5R)-N-{octahydrocyclopentalelpyrrol-5-yloxy)-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. t]octane-2-carbaxamide

(28,5R)-N-(hexahydro-1H-cyclopentafclfuran-5-yioxy)-7-oxo-8-(sulfooxy)-1,6-
digzabicycio][3.2. 1loctane-2-carboxamide
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(23,5F€)—N—(hexahydrow1H-cyciopenta{cjthiophen—S—yioxy)~?~o$co—6—(suEfooxy)—1 &~
diazabicyclo[3.2. t]octane-2-carboxamide

(28 5R)-N-(bicyclof2.2. 1Thept-2-yloxy)-7-oxo-6-(sulfooxy)-1,6-diazabicycio{3.2.1joctane-
2-carboxamide

{28 BR)-N-[(7,7-dimethylbicycio[2 2. tthept-2-yoxy)-T-oxo-B-(sulfooxy)-1,6-
diazabicyclo[3.2.1Joctane-2-carboxamide

(25,5R)-N-(1-azabicyclo[2.2. 2]oct-3-yioxy)- 7-0x0—6~( uEfoexy} 1,6
diazabicyclo[3.2.1]octane-2-carboxamide
(28,5R)-N-(8-azabicyclo[3.2.1]oct-3-yloxy)-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1}octane~-2-carboxamide

{25 5R)-N-[{8-methyl-8-azabicyclof3.2.1]oct-3-yloxy]-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1]octane-2-carboxamide

(28 5R)-7-oxo-6-(sulfooxy}-N-{4,5,6, 7-tetrahydrothieno[3,2-clpyridin-7-yloxy)-1,6-
diazabicycio[3.2. 1joctane-2-carboxamide

(28,5R)-N-(8,7-dihydro-5H-pyrrolof1,2-alimidazol-7-yioxy)-7-0xo-8- {sulfooxy)—‘l 6~
diazabicyclo[3.2. 1]octane-2-carboxamide

(25,5R)-N-(7-azaspirof4.5dec-10-yloxy)-7-oxo-6-(suifooxy)-1,6-
diazabicyclo[3.2.1}joctane-2-carboxamide

(28 5R)-N-(7-oxaspiro[4.5]dec-10-yloxy)-7-0xo0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

{25, BR)-N-(1H-imidazol-2-yimethoxy)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-2-
carboxamide

(25 ,5R)-T-ox0-6~(sulfooxy}-N-(4,5,6, 7-tetrahydro-1 H-4, 7-methancindazol-3-yimethoxy)-
1 6-diazabicyclof3.2. 1]octane-2-carboxamide '

(28 5R)-7-ox0-N-{1 H-pyrazol-3-ylmethoxy)-B-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxarmide

(28 5R)-7-oxo-N-[2-(pyridin-2-yljethoxy]-6-(sulfooxy)-1,6-diazabicycio[3.2.1]octane-2-
carboxamide

(28,5R)-7-oxo-N-[2-(piperidin-4-yl)ethoxy}-6-(sulfooxy)-1,6-diazabicycio]3.2 . 1joctane-2-

carboxamide

334



10

15

20

25

30

W 2014/691268 PCE/EB2012/002675

{2S,5R)-7-oxo-N-[2-(piperazin-1-yl)ethoxy}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carboxamide

(28,5R)-7-oxo-N-{(1-sulfamoylpyrrolidin-3-yl)oxyl-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28, 5R)-N-{[1-(methylsulfamoyhpyrrolidin-3-ylloxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. Hoctane~-2-carboxamide

(25,5F)-N-[(1-carbamoylpyrrofidin-3-vhoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide

(23,5R)-N-[(5-carbamoylpyrrolidin-3-yi)oxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carboxamide

(28,5R)-N-[(1-carbamimidoyipyrrolidin-3-yhoxyl-7-oxo-8-(sulfooxy)-1,6-
diazabicyclof3.2. 1]octane-2-carboxamide

(28, 5R)-N-[(1-ethanimidoylpyrrolidin-3-yhoxyl-7-oxo-6-{sulfooxy)-1,6-

diazabicycio[3.2. 1]Joctane-2-carboxamide

(28,5R)-N-{1-(iminomethyl)pyrrolidin-3-yljoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. t]octane-2-carboxamide

(28,5R)-T-ox0-B-(sulfooxy)-N-(tetrahydrofuran-3-yloxy)-1,6-diazabicyclo[3.2. 1loctane-2-
carboxamide |

(2S,.5R)-7-0x0-8-(sulfooxy}-N-(letrahydro-2H-thiopyran-3-yloxy)-1,6-
diazabicyclo[3.2. tJoctane-2-carboxamide

(28,5F?)~N~{(4~methyipiperid§n~4-y!)methoxy}-?—oxo-ﬁ-(suifooxy)—‘1 B-
diazabicyclo[3.2. 1joctane-2-carboxamide -

(25 5R)-N-(1,4-oxazepan-Z-ylmethoxy)-7-ox0-86-(sulfooxy)-1,6-diazabicyclof 3.2 1joctane- -
2-carboxamide

(28,5R)-7-ox0-8-(sulfooxy)-N-{tetrahydrofuran-2-ylmethoxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

(25 5R)-7-0x0-6~(sulfooxy)-N-(4,5,6,7-tetrahydrofuro]3,2-cjpyridin-7-yloxy)-1,6-
diazabicyclof[3.2. 1]octane-2-carboxamide

(28, 5R)y-N-[(1-methyl-4,5,6,7-tetrahydro-1H-pyrazoiof3 4-clpyridin-4-yloxy}-7-oxo-6-
(sulfooxy)-1,B-diazabicyclo[3.2. tjoctane-2-carboxamide
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(28,5R)—?noxo-6-(sulfooxy)—N~(4‘5‘6,7¥tetrahydro—‘i H—pyrazoio{s,4~c}pyridi_n-4—yioxy)—‘l ,6-
diazabicyclof3.2. 1]octane-2-carboxamide

{28,5R)-N-[2-{1 H-imidazol-1-yhethoxy]-7-oxo-6-(sulfooxy)-1,8-diazabicycio]3.2. 1]octane-
2-carboxarnide

{25, 5R)-N-[(4-tluoropyrrolidin-3-yloxy]-7-oxe-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 }oéta ne-
2-carboxamide
(28,5R)-N-(1,2-oxazolidin-4-yloxy}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[ 3.2, 1loctane-2-
carboxamide '
(28,5R)-7-oxo-N-(pyrazolidin-4-yloxy)-8-(sulfooxy)-1,6-diazabicyclo[3.2. 1loctane-2-
carboxamide

(28,5R)-N-{(4-aminopyrrolidin-3-yhoxy]-7-oxo-6-(sulfooxy)-1 ,6—diazabicyclo§3.2. 1joctane-
2-carboxamide '
(28,5R)-7-ox0-N-[{(4-oxopyrroiidin-3-yhoxy]-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carboxamide

(28, 5R)-N-[(4-hydroxypyrrolidin-3-yloxy]-7-oxo-6-(sulfooxy)-1,6-

diazabicyclol3.2. 1Joctane-2-carboxamide '

{28, 5R)-N-{[{4E)-4-(hydroxyimino)pyrrolidin-3-ylioxy}-7-oxo-6-(sulfooxy)-1,6-

- diazabicyclo[3.2.1]octane-2-carboxamide

{25, 5R)-N-{[(4E}-4~(methoxyimino)pyrrolidin-3-ylloxy}-7-oxo-6-(sulfooxy}-1,6-
diazabicyclo][3.2. Tjoctane-2-carboxamide

(28,5R)-N-{[(4E)-4-{[(1,5-dihydroxy-4-oxo-1 4-dihydropyridin-2-
yhmethoxylimino}pyrrolidin-3-ylloxy}-7-oxo-6-{sulfooxy)-1,6-diazabicyclp3.2. 1joctane-2-
carboxamide

(28,5R)-N-{{4 4-dimethylpyrrolidin-3-yhoxy - 7-oxo-6-(sulfooxy)-1,6-

diazabicyciof3.2. Tloctane-2-carboxamide

(28 5R)-N-[(4-flucropiperidin-3-yhoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicycio] 3.2 1Joctane-
2-carboxamide

(25, 5R)-N-{( 3-fluoropiperidin-4-yDaxy]-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-
2-carboxamide
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(25 ,5R)-7-oxo-N-[(5-oxopiperidin-3-yhoxy]-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-

‘carboxamide

(28‘5R)~N~[(5,S—dimethylpiperidin-3—yl)oxy]»7~ox0—6—(suifooxy)—1 ,6-

diazabicyclo[3.2. 1]octane-2-carboxamide
(28,5R)—N—(Z—methoxyethoxyy?noxo»S-(sulfooxy)—T ,B-diazabicyclo[3.2.1]octane-2-
carboxamide

(28, 5R)-N-[2-(morpholin-4-ylyethoxyl-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-
carboxamide
(25,5R)-7-0x0-N-[2-(pyrrolidin-1-yhethoxy]-6-(sulfooxy)-1,6-diazabicyclof3.2.1Joctane-2-
carboxamide
(28,5R)-7-oxo-N-{2-(piperidin-1-yhethoxy}-6-(sulfooxy)-1,6-diazabicycio][3.2.1]octane-2-
carboxamide

(25,5R)-N-{2-(1, 1-dioxidothiomorpholin-4-yljethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2. 1joctane-2-carboxamide

(28 5R)-N-[(1-methylazetidin-3-yl)oxy]-7-oxo-6~(sulfooxy)-1,6-diazabicyclo]3.2. 1Joctane-
2-carboxamide
(28,5R)-N-{[5-(dimethyicarbamoyl)pyrrolidin-3-yljoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2. 1Joctane-2-carboxamide '
methyl 4-{({[{2S,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]oct-2-
yllcarbonyllamino)oxylprolinate
(28,5R)-N-{[6-(dimethylcarbamoyl)piperidin-3-ylloxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1}octane-2-carboxamide

(28 SR)-N-{(1-methylpyrrolidin-2-yl)methoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1joctane-2-carboxamide
(28,5R)-N-{(1-acetylpyrrolidin-2-yhmethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicycio[3.2. 1]octane-2-carboxamide
(28,5R)-N-[(1-carbamoylpyrrolidin-2-y)methoxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2. 1]octane-2-carboxamide
(28,5R)-7-oxo-N-[(1-sulfamoylpyrrolidin-2-ylymethoxy]-6-(sulfooxy)-1,6-
diazabicyclo{3.2. t]loctane-2-carboxamide
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(28, 5R)y-N-{{1-carbamimidoylipyrrolidin-2-ylymethoxy}-7-oxo-8-{suifooxy)-1,6-
diazabicyclo3.2. 1]octane-2-carboxamide

(25, 5R-N-[{1-methyl-1 H-pyrazol-3-yiymethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2Z-carboxamide

(28,5R)-N-[(1-methyl-1 H-imidazol-2-y)methoxy]-7-0oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]joctane-2-carboxamide

(28,5R)-N-[{(1-methyl-4 5 6,7-tetrahydro-1H-4,7-methanpindazol- 3-yimethoxyl-7-oxo-6-
{sUlfooxy)-1,6-diazabicyclo]3.2. 1loctane-2-carboxamide

{23, 5R)-N-{{1,8-dimethyl-4,5 6, 7-tetrahydro-1H-4,7-epiminoindazol-3-ylymethoxy]-7-oxo-
6-(sulfooxy)-1,6-diazabicyclo[3.2.1joctane-2-carboxamide
(25,5R)-N-(1H-benzimidazol-2-yvimethoxy)-7-oxo-6-(stlfooxy)-1,6-
diazabicyciol3.2.1]octane-2-carboxamide

(28, 6R)»-N-(2,3-dihydro-1H-indol-2-yimethoxy)-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1]octane-2-carboxamide

(28,5R)-N-[(2-methyl-1 H-imidazol-4-ylymethoxyl-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1loctane-2-carboxamide
(28,5R)-N-{(1-methyl-1H-imidazol-4-vhmethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]oclane-2-carboxamide

(28,5R)-N-[(1-methyi-1H-imidazol-5-yimethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1joctane-2-carboxamide

(238 5R)-N-[{2-amino-1,3-thiazol-4-ylmethoxy]-7-oxo-6-{sulfocxy)-1,6-

~ diazabicycio[3.2.1}octane-2-carboxamide

{25 5R)-N-(1,3-oxazol-4-yimethoxy-7-ox0-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]octans-2-

carboxamide

(28,BR)-T-ox0-6-(sulfooxy)-N-(1,3-thiazol-4-yimethoxy}-1,6-diazabicyclo]3.2.1]octane-2-

t

carboxamide

(28 5R)-N-{{1-methyl-1H-1,2, 3-triazol-4-y) methoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclol3.2. 1]octane-2-carboxamide

(25,5R)-N-(1H-imidazol-4-yImethoxy)-7-oxo-6-(sulfooxy-1,6-diazabicyclo[3.2. 1Joctane-2-
carboxamide
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(2S,5R)-N-{2-(1 H-imidazol-5-yl)ethoxyl-7-oxo-6-(sulfocoxy)-1,6-diazabicyclo[3.2.1]octane-
2-carboxamide

(28,5R)-N-{1-(1H-imidazol-5-yl)ethoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-

2-carboxamide

(28,5R)-N-[(1-methyl-1H-pyrrol-2-yl)methoxy}-7-oxo-6-(sulfooxy)-1,6-

diazabicyclof3.2. 1Joctane-2-carboxamide

(28,5R)-N-(1,2-oxazol-3-yimethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-

carboxamide

(2S,5R)-T-oxo0-6-{sulfooxy}-N-(1H-1,2, 4-triazol-3-yImethoxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

(28,5R}-N-{{5-methylpyrazin-2-yl)methoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

{2S,5R)-N-[(2-aminocyclopropyljoxyl-7-oxo-6-(sulfooxy)-1,6-diazabicycio3.2. Tjoctane-2-

carboxamide

(28,5R)-N-{morpholin-2-yImethoxy)-7-oxo-6-(suifooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carboxamide

(28,5R)-N-[2-(azetidin-3-yloxy)ethoxy]-7-oxo-6-{sulfooxy)-1,6-diazabicyciof3.2.1]octane-

2-carboxamide

(25,5R)-7-oxo-N-[{2-(pyrrolidin-3-yloxy)ethoxy}-6-{suifooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

{2S,5R)-7-oxo-N-[2-{piperidin-3-yloxy)ethoxy]-6-{sulfooxy)-1,6-diazabicyclo[3.2.1Joctane-

2-carboxamide

or a deuterated compaound of any such compound.

Use of an antibacterially effective amount of a compound as recited in claim 1 in the
manufacture of a medicament for treating a bacterial infection in a mammal in need

thereof.
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10.

A pharmaceutical composition containing as an active ingredient, at least one compound

as recited in claim 1.

Use of an effective amount of a compound as recited in claim 1 in manufacture of a
medicament for treating bacterial infection in a mammal in need thereof, wherein said
medicament is to be administered into the mammal in combination with an effective
amount of at least.one B-lactam antibiotic, at least one salt of a f-lactam antibiotic, at

least one hydrate of a B—-lactam antibiotic or at least one prodrug of a B-lactam antibiotic.

Use of an effective amount of a compound as recited in claim 1 in the manufacture of a
medicament for treating bacterial infection in a mammal in need thereof, wherein said
medicament is to be administered into the mammal in combination with an effective
amount of at least one antibiotic, at least one salt of an antibiotic, at least one hydrate of

an antibiotic or at least one prodrug of an antibiotic,

A molecular complex comprising a2 compound as reciled in claim 1 and at least one

solvent.

A process for preparing a compound recifed in claim 1, wherein M = H, and wherein the

process comprises:

[A] Reacting substituted hydroxylamine (V) with an acid (V1} in presence of a coupling
agent selected from the group consisting of EDC|, HOBT-DCC and PyBop to provide

an intermediate of formula (Vi
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[B] Removing the benzyl protecting group of the intermediate (VI1) with & source of

hydrogen in presence of Pd catalyst to provide debenzylated product (VIII);

R1
|

o\N)L,_
HooN
N

o OH
Vil

|C] Contaciing compound (Viil} with a sulfating agent in the presence of solvent fo

obtain compound of formula (ia)

X9
O. ﬁ
N
N\
0 0S0,M

la

11. A compound of formula (1)
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wherein:

M is hydrogen ora pharmaceutically acceptable sait-forming cation;

Y is NR?R®:

R? is hydrogen or opticnally substituted C, . lower alkyl;

R® is a radical sefected from any of following groups consisting of:

{1) Cys siraight or branched chain alkyl which is optionally substituted;

()

(3)

{7)

(8)

(9)

C;.7 cycloalkyl which is optionally substituted;

C.7 saturated heterocycles containing at least one heteroatom selected from
0O, N and S wherein the said heterocycle is optionally substituted, the ring S is
opticnally oxidized to S(O) or S{O). and the free ring N atom may optionally

take a substituent;
Ci straight or branched chain alkyl carbonyi which is optionally substituted;
Cs.7 cycloalky! carbonyl which is optionally substituted;

C,7 membered saturated heterocycly! carbonyl containing at least one
heteroatom sefected from O, N and 8 wherein the said heterocycle is
optionaily substifuted, the ring S is optionally oxidized o S(0) or S{Q), and

the free ring N atom may optionally take a substituent;

Car membered saturated heterocyelyl (Crg) alkyl carbony! wherein the said
heterocycle has the same definition as defined in (8), and the free ring N atom

may optionally take a substituent;
Ce1o aryl carbony! which is optionally substifuted;

Ce.10 aryl (C..s) atky! carbonyl which is oplionally substituted,;
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(10} Css membered heteroaryl carbonyl containing at least one heteroatom

selected from O, S and N wherein the heteroaryi is optionally substituted;

(11} Cs.e heteroaryl (Cis) atkyl carbonyl wherein the said heteroary! has the same

definition as defined in (10};
(12) CFiCO-, CHaS0Oz-, NHCO-, and NH;30,
(13) Ce1o aryt which is optionally substituted,;
(14) Cs.s membered heteroaryl which is optionally substituted;

(15) or R? and R® together may form an optionafly substituted ring system and the

said ring may contain another heteroatom selected from O, N, and S,
or a deuterated compound of any such compound.

12. A compound as recited in claim 11, wherein R? and R® are optionally substituted with one

or two substituents independently selected from the foliowing:

Lower alkyl, amino, substituted amino, atkoxy, hydroxyalkyl, ﬁaiogen, hydroxy, carboxy,
afkoxycarbo.nyk, hatoalkyl, tifluoromethy!, trifluoromethyloxy, atkylamine, substituted
alkylamine, carboxamide, thiocarboxamide, sulfonic acid, sulpﬁate, acylaming,
sulfonylamino, substituted or unsubstituied sulfonamide, substituied or unsubstituted
urea, substituted or unsubstituted thiourea, oxo, bxyimino, hydroxamic acid, acyl,
trifluoromethyl carbonyl, cyano,.amidinc, guanidino, aryloxy, heterocyclylalkyioxy, and

heteroaryloxy,
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13. A compound as recited in ciaim 11, which is selected from the following group of

compounds:
1 IS 01
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5 and pharmaceutically acceptable salts of such compounds, and deuierated compounds of

such compounds and salts.

14. A compound of formula (1) as defined in claim 11, wherein the compound is selected

from the group consisting of:

N
10 (28,5R)-N-methyl-7T-oxo-6-{sulfooxy)-1,6-diazabicycio]3.2. 1]octane-2-carbohydrazide
' (2S,5R)-N—ethyh?-oxo»fi-(suifcoxy)-1 B-diazanicyclo[3.2. 1Joctane-2-carbohydrazide
(28,5R)-T-ox0-N-~(propan-2-yi}-6-(sulfooxy)-1,8-dlazabicyclo]3.2.1loctane-2-
carbohydrazide
(25,5R)-N N-dimethyl-7-oxo-8-(sulfooxy}-1,6-diazabicycio]3.2 . 1joctane-2-
15 carbohydrazide
(28,5R)-N' N -diethyl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo{3.2. 1]octane-2-carbohydrazide

(23,5R)-7-ox0-N N'-di{propan-2-yli-6-{sulfooxy)-1 ,6-diazabicyclo[3.2. 1]joctane-2-
carbohydrazide

(2S,SR)-Nncyciopropyt~7-oxé-6~(suifooxy)~1 B-diazabicyclo]3.2. 1joctane-2-
20 carbohydrazide

350



10

15

20

25

WO 2014/691268 : PCT/IB2012/602675

(28,5R)-N-cyclobutyl-7-oxo-6-(sulfooxy)-1,6-tiazahicyclo[3.2. 1]octane-2-carbohydrazide
(23,8R)-N-cyclopentyl-7-ox0-6-(suffooxy)-1,6-digzabicyclo[3.2. 1joctane-2-
carbohydrazide
(2S,5R)-7-oxo-N-{piperidin4-y}-6-(sulfooxy)-1,6-diazabicyclo{3.2.1]octane-2-
carbohydrazide

{28,5R)-7-ox0-8-(sulfooxy)-N -(tetrahydro-2 H-pyran-4-yl)-1.6-diazabicycio[3.2. 1joctane-
2-carbohydrazide

{25,5R)-7-ox0-6-(sulfooxy)-N -(fefrahydro-2 H-thiopyran-4-yh-1,6-

diazabicyclo[3.2. 1]octane-2-carbohydrazide

(25, 5R)-7-oxo-N~(piperidin-3-y}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1loctang-2-
carbohydrazide

(23,8R)-T-oxo-N-(pyrrolidin-3-yI}-6-(sulfooxy)- 1,6-diazabicyclof3.2. octane-2-
carbohydrazide

(28,5R)-N-(1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)-7-oxo-8-(sulfooxy)-1 8-
diazabicyclo[3.2. 1]octane-2-carhohydrazide

(25,5R)-N-acelyl-7T-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]octane-2-carbohydrazide

- {25,5R)-T-oxo-N-propanoyl-6-(sulfooxy)-1,6-diazabicyclo]3.2. iloctane-2-carbohydrazide

(25 5R)-N-(2-methylpropanaoyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo{3.2. 1 Joctane-2-
carbohydrazide

(25,5R)-N-acetyl-N'-methyl-7-ox0-8-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-
carbohydrazide '

(28 ,5R)-N-methyl-7-oxo-N'-propanoyl-8-(sulfooiy)-1,6-diazabicycio[3.2. 1]octane-2-
carbohydrazide

(25,5R)-N-methyl-N-(2-methylpropanoyl)-7-oxo-8-(sulfooxy)-1,6-

diazabicyclo[3.2. 1]octane-2-carbohydrazide

(25 5R)-N-acetyl-N'-ethyl-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1joctane-2-

carbohydrazide

(28,5R)-N-sthyl-7-oxo-N-propanoyl-8-(sulfooxy)-1,6-diazabicyclo]3.2 1]octane-2-
carbohydrazide
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(28,5Ry»-N-(2 2-dimethyipropanoyl)-7-oxo-B-(sulfooxy)-1,6-diazabicyelo[3.2. 1joctane-2-
carbohydrazide

{28,5R)-N -butanoyi-7-oxo-B-(sulfooxy)-1,6-diazabicyciof3.2. 1]Joctane-2-carbohydrazide

{25.5R)-N-(2-methytbutanoyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

. {28,5R)-N-{(dimethylamino)acetyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1loctane-2-

carbohydrazide

(2S8,5R)-7-ox0-6-~(sulfooxy)-N-(4 4 4-trifluoropropancyi)-1 ,6~diaiabicyclo[3.2. tloctane-2-
carbohydrazide

(28,5R)-N-(methoxyacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 Joctane-2-
carbohydrazide

(28,5R)-N-[(2R}-2-aminopropanoyil-7-oxo-8-(suifooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carbohydrazide

(2S,5R)-N-[armino(phenyhacetyl]-7-0x0-6-(sulfooxy)-1,6-diazabicyclo]3.2 . 1Joctane-2-
carbohydrazide

(28 ,6R)-N-(cyclopropyicarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carbohydrazide

(2S,5R)-N-{cyclobutylcarbonyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(25,5R)-N-[(2.2-dimethyleyciopropylicarbonyll- 7-oxo-6-(sulfooxy)-1,6-
diazabicycio]3.2. 1]octane-2-carbohydrazide

{25 5R)-M-[(2-methylcyctopropyhcarbonyl]-7-oxo-B-(suifooxy)-1,6-
diazabicyclof3.2. 1joctane-2-carbohydrazide

(28,5R)-N-[(2,2-diflucrocyciopropylicarbonyl]-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]octane-2-carbohydrazide

(25,5R)-N-{(2-fluorocycloprapyijcarbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]joctane-2-carbohydrazide

(28,5R)~N‘—(cycﬂopentytcarbonyl)—?—oxo~6-(suifooxy)—1 B-diazabicycio[3.2.1]octane-2-
carbohydrazide
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(28,5R)-N~(cyclohexylcarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicycio]3.2. 1]octane-2-
carbohydrazide

- (28,5R)-N-{[(2R)-2-aminocyciopentyllcarbonyl}-7-oxo-6-(sulfooxy)-1 8-

diazabicyclo[3.2. 1)octane-2-carbohydrazide

(28,5R)-7-oxo-N'-(pyrrolidin-2-yicarbony!)-8-(sutfooxy)-1,6-diazabicyclof3.2. 1Joctane-2-
carbohydrazide ‘

(25,5R)}-7-oxo-N-(pyrrolidin-3-yicarbonyl}-6-{sulfooxy)-1,6-diazabicyclo]3.2. toctane-2-

carbohydrazide

(2S,5R)-7-oxo-N-{piperidin-2-yicarbonyl}-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carbohydrazide

(28, 5R)-NM-methyl-7-oxo-N-(pyrrolidin-2-ylcarbonyly-6-(sulfooxy)-1,6-
diazabicycio]3.2. 1Joctane-2-carbohydrazide

(25.5R)-7-oxe-N'-(piperidin-3-ylcarbonyl)-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carbohydrazide

{28,SR)n7~oxo-N’»(piperédin-4-y1carbonyt)~6-(suifooxy)—1 JB-diazabicyclo[3.2 1loctane-2- .
carbohydrazide

(28,5R)-7-oxo-B-(sulfcoxy)-N-(tetrahydro-2 H-pyran-4-vicarbonyl)-1,6-
diazabicycin[3.2. 1joctane-2-carbohydrazide

{28,5R)-N-[{1-methylpyrrolidin-2-yhcarbonyi]-7-oxo-8-(sulfooxy)-1,6-
diazabicyclo[3.2. 1}octane-2-carbohydrazide

(28,5R)-N-[(1-methylpiperidin-4-yl)carbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclof3.2. 1]ociane-2-carbohydrazide

{25,5R)y-7-ox0-6-{sulfcoxy - -(tetrahydro-2 H-thiopyran-4-vicarbonyl}- 1, 6-
diazabicyclofd.2.1joctane-2-carbohydrazide '

{2S8.5R)-N-[(1,1-dioxidotetrahydro-2 H-thiopyran-4-yi)carbonyl]-7-oxo-6-(sulfooxy)-1,6-
diazabioyclo[3.2. Tjoctane-2-carbohydrazide

(23,5R)-7-oxo-N-(pyrrolidin-2-ylacetyl)-6-(sulfooxy)-1,6-diazabicycio[3.2. 1Joctane-2-
carbohydrazide

(28,5R)~?’«0xo—i\!‘-{pyrroiidin~3-yiacetyi)—6-(sulfooxy)—1 B-diazabicycio]3.2. 1loctane-2-

carbohydrazide
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(2S,8R)-N-[(1-methyipyrrolidin-2-yhacetyl]-7-oxo-6-(sulfooxy)-1,6~

diazabicyclo[3.2. 1]octane-2-carbohydrazide
(25,5R)-N-{cyclopropylacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

{28, 5R)-7-oxo-N-(piperidin-2-ylacety}-6-(sulfooxy)-1 8-diazabicyclo]3.2. Tloctane-2-
carbohydrazide

{25,5R-N-[(1-methylpiperidin-2-yhacelyl]-7-0x0-6-{sulfooxy)-1,6-

diazabicyciol3.2. 1Joctane-2-carbohydrazide

(25,5R)-7-oxo-N-{piperidin-3-ylacetyl)-6-(sulfooxy)-1,6-diazabicycio{3.2. 1joctane-2-
carbohydrazide
(28,5R)-7-oxo-N-(piperidin-4-ylacetyl}-8-(suticoxy)-1,6-diazabicyclo[3.2.1Joctane-2-
carbohydrazide

{25,5R)-N-[(1-methylpiperidin-4-yhacetyl}-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo{3.2 Tloctane-2-carhohydrazide

(28,5R)-7-oxo-N-(pyrrolidin-t-yiacetyl-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(25,5R)-7-oxo-N-(piperazin-1-ylacetyl)-6-(sulfooxy)-1,6-diazabicyciof3.2. 1joctane-2-
carbohydrazide ‘

(2.5,5R)-N-(morpholin-4-ylacetyl)-7-0xo-6-(sulfooxy)-1,6-diazabicycio[3.2.1joctane-2-
carbohydrazide

(28,5R)-7-oxo-N-(phenyicarbonyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-
carbohydrazide

(25,5R)-N-{naphthalen-2-ylcarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo]3.2. 1loctane-2-
carbohydrazide

(28, 5R)-N-methyl-7-oxo-N'-(phenylcarbony!)-6-(sulfooxy)-1,6-diazabicyclo{3.2. Tloctane-
2-carbohydrazide

(28,5R)-N-ethyt-7-oxo-N-(phenylcarbonyl)-6-{sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide

(28.5R)-7-oxo-N'-(phenylacetyl)-6-{sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carbohydrazide
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(28 ,5R)-N-(naphthalen-2-vlacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide
(23,5R)-N-methyl-7-oxo-N-(phenylacetyl)-6-{sulfooxy)-1,6-diazabicycio[3.2. Tloctane-2-
carbohydrazide '
(25,5R)-N-ethyl-7-oxo-N-(phenylacetyl)-6-(sulfooxy)-1,6-diazabicyciof3.2.1loctane-2-
carbohydrazide

{25, 5R)-T-oxo-N-(pyridin-2-yicarbonyl-6-(suifooxy)-1,6-diazabicyclo[3.2 1loctane-2-
carbohydrazide
{28,5R)-T-oxo-N-(pyridin-3-vicarbonyl}-6-(suifooxy)-1,6-diazabicyclo]3.2. 1Joctane-2-
carbohydrazide

(28,5R)-7-oxo-N-(pyridin-4-yicarbonyl)-6-{sulfooxy)-1 ,6~diazabi®clo{3.2. 1joctane-2-
carbohydrazide

{25.5R)-T-oxo-8-(sulfooxy)-N-{thiophen-3-ylcarbony!)-1,6-diazabicycle[3.2.1joctane-2-
carhohydrazide '

{28,5R)-N-{furan-3-ylcarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicycle[3.2. 1]octane-2-
carbohydrazide

{25,5R)-T-oxo-6-(sulfooxy)-N'-(thiophen-2-ylcarbonyh)-1,6-diazabicyclo[ 3.2 1]octane-2-
carhohydrazide

{23, 5R)-N-(furan-2-ylcarbonyl)-7-oxo0-6-(sulfooxy)-1,6-diazabicyciof 3.2 tloctane-2-
carbohydrazide -

(28,5R)-N-methyl-7-oxo-N'-(pyridin-3-vicarbonyl)-6-{sulfooxy)-1,6-
diazabicyctof3.2.1joctane-Z-carbohydrazide
(25,5R)-7-ox0-N-{1H-pyrrol-2-ylacetyly-6-(sulfooxy)-1 6-diazabicyclo]3 2. 1]octane-2-

carbohydrazide

(25 5R)-7-oxo-6-(sulfooxy)-N-(thiophen-2-ylacetyl)-1,6-diazabicyclo]3.2. 1loctane-2-
carbohydrazide

(28 5R}-N-[(2-amino-1,3-thiazol-4-ylcarbonyl}-7-oxo-6~(sulfooxy)-1,6- .
diazabicyclo[3.2. 1]octane-2-carbohydrazide

{25,5R)-N-(furan-2-ylacetyl)-7-oxo-6-(sulfooxy)-1,6-diazabicycle]3.2. 1loctane-2-
carbohydrazide
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(25 5R)-T-oxo-N-{pyridin-2-ylacetyl)-6-(sulfooxy)-1,6-diazabicycln[3.2. 1Joctane-2-
carbohydrazide |

(28,5R)-7T-oxo-N-{pyridin-3-vlacetyl}-6-(suifooxy)-1,6-diazabicycio[3.2. 1joctane-2-

carbohydrazide

(28,5R)-T-oxo-N-(pyridin-4-ylacetyl)-6-(sulfooxy}-1,6-diazabicycio{3.2. 1joctane-2-
carbohydrazide
(2S,5R)-N-{(2-amino-1,3-thiazol-4-yl}acetyl}-7-oxo-8-{sulfooxy)-1,6~

diazabicycio]3.2. 1)octane-2-carbohydrazide

(25,5R)-N-[(2-amino-1,3-thiazoi-4-ylacetyl]-A'-methyl-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo{3.2. 1loctane-2-carbohydrazide

{28, 5R)-N-methyl-7-oxo-N-(pyridin-3-ylacety)-6-(sulfooxy)-1,6-
diazabicyclof3.2 1joctane-2-carbohydrazide

{25, 5R)-T-ox0-6-(sulfooxy)-N-{(iriflucroacetyh-1,6-diazabicyclo] 3.2. 1]octane-2-
carbohydrazide '

{28 5R)-N-(methyisulfonyl}-7-oxo-B-( sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-
carbohydrazide |
2-{[(28,5R)-T-oxo-B-(sulfooxy)-1 ,B—diangicyclo[&z.11oct—2-

yﬁcarbonyi}hydrazinecarboxamide

2-{1(28,5R)-7-oxo-6-(sulfooxy}-1,6-diazabicyclo[3.2. Hoct-2-
vlicarbonylhydrazinesuifonamide

(28 bR)-T-oxo-N-phenyi-6-(suifooxy)-1,6-tiazabicyclo]3.2. 1loctane-2-carbohydrazide
{258, 5R)}-N-methyl-7-oxo-M-phenyl-6-(sulfooxy)-1,6-diazabicycio] 3.2 1]octane-2-
carbohydrazide

{25, 5R)-T-oxa-N-{pyridin-3-yI}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-
carbohydrazide
(25,5R)-N-methyi-7-ox0-N-(pyridin-3-y!)-6-(sulfooxy)-1,6-diazabicycio[3.2 . 1]octane-2-

carbohydrazide

(2S,5R)-7-oxo-A-(pipendin-1-yii-6-{sulfooxy)-1,6-diazabicyclo]3.2. 1]octane-2-
carboxamide
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(28,5R})-7T-oxo-N-(pyrrolidin- 1-yl)-8-(sufooxy)-1,6-diazabicyclof3.2. 1]octane-2-

carboxamide

(28,5R)-N-(morpholin-4-yl}-7-0xo-6-(sufooxy)-1 B-diazabicyciol3.2. 1loctane-2-

carboxamide

(25, 5R)-7-oxo-N-(piperazin-1-yl)-6-(suifooxy)-1,6-diazabicycio]3.2.1]octane-2-

carboxamide

(25,5R)-7-0oxo-B-(suffooxy)-N-(thiomorpholin-4-vi)-1,6-diazabicyclo[3.2 . 1joctane-2-

carboxamide

(25,5R-N-(1,1-dioxidothiomaorpholin-4-yl)-7-oxo-6-{suifooxy)-1,6-

diazabicyclo{3.2. 1loctane-2-carboxamide

{28,5R)-T-oxo-N-{2-oxopiperidin-1 —y]}—S—(Suifooxy)~‘i B-diazabicyclo]3.2.1loctane-2-

carboxamide

{25,5R)-7-ox0-N-(3-oxomorpholin-4-y1)-B-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-

carboxamide

(28, 5R)-T-ox0-N-(2-oxopiperazin-1-yl}-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1Joctane-2-

carboxamide

(23, 5R)-7-ox0-8-(sulfooxy)-N-(tetrahydropyrimidin-1(2H)-yh-1 8-

diazabicyclo]3.2.1joctane-2-carboxamide

(25, 5R)-7-oxo-N-(2-oxotetrahydropyrimidin-1{2H)-yl)-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1)octane-2-carboxamide

(285, 5R)-N-(3-aminopiperidin-1-y[}-7-oxo-8-(sutfooxy)-1,6-diazabicyclo[3.2. 1]octane-2-

carboxamide

(28, 5R)-N-{2-aminocyciopropyl)carbonyi]-7-oxo-8-{sulfaoxy)-1,6~
diazablcyciof3.2. Hoctane-2-carbohydrazide

(25.5R)-N-[(2-aminocyclopropyhcarbonyil-N'-methyi-7-oxo-6-(sulfooxy)-1,6-

dimzabicyclof3.2. Tloctane-2-carbohydrazide

(25, 5R)-N~(azetidin-2-yicarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2 . 1joctane-2-

carbohydrazide

(25, 5R)-N-(azetidin-3-ylcarbonyl)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1joctane-2-

carbohydrazide
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(28, 5R)-N'-[(28)-2-aminopropanoyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1]Joctane-2-
carbohydrazide

(23, 5R)-N"-[(28)-2-aminopropanoyi-N'-methyl-7-oxo-6-{sulfooxy}-1,6-
diazabicyclo]3.2. 1]octane-2-carbohydrazide

(28,5R)-N'-[3-{dimethylamino)propanoyl}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1]octane-2-carbohydrazide

{2S,5R)-N'-{(3,3-difluorocyclobutyl)carbonyi}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1joctane-2-carbohydrazide

(28,5R)-N'-{{3-aminocyclobutylcarbonyl}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carbohydrazide

(28 ,5R)-N'-{[3-{methylamino)cyclobutyllcarbonyi}-7-oxo-6-(sulfooxy)-1,6-
_diazabicyclo[3.2.1]octane-2-carbohydrazide

(28,5R)-N-{[3-(dimethylaminojcyclobutyllcarbonyl}-7-oxo-6-(sulfooxy}-1,6-
diazabicyclo[3.2,1]octane-2-carbohydrazide,

or a deuterated compound of any such compound.
. Use of an antibacterially effective amount of a compound as recited in claim 11 in the
manufacture of a medicament for treating a bacterial infection in a mammal in need

thereof.

. A pharmaceutical composition containing as an active ingredient, at least one compound

as recited in claim 11.

. Use of an effective amount of a compound as recited in claim 11 in the manufacture of a
medicament for treating bacterial infection in 2 marmmal in need thereof, whersein said
medicament is {o be administered in combination with an effective amount of at least

one B-lactam antibiotic, at least one salt of a
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p~lactam antibiotic, at least one hydrate of a f-lactam antibiotic or at least one prodrug

of a B—~lactam antibiotic.

18. Use of an effective amount of a compound as recited in claim 11 in the manufacture of a
medicament for treating bacterial infection in a mammal in need thereof, wherein said
medicament is to be administered in combination with an effective amount of at least
one antibiotic, at least one salt of an antibiotic, at least one hydrate of an antibiotic or at

least one prodrug of an antibiotic.

19. A molecular complex comprising a compound as recited in claim 11 and at ieast one

solvent.

20. A process for preparing a compound recited in claim 11, wherein M = H, and wherein the

process comprises:

[A] Reacting substituted hydrazine (Va) with an acid (V1) in presence of a coupling
agent selected from the group consisting of EDCI or HOBT-DCC and PyBop to provide

an intermediate of formula (Vlla),

j RZ 0O
R? RO-N.
i HO Q N 4
R3-N. + —
2R )—N
O \
OBn O oBn
Va Vi Vila

{B} Removing the benzyl protecting group of the intermediate (Vla) with a source of

hydrogen in presence of Pd catalyst to provide the debenzylated product (Vilia),
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Vilia

{C] Contacting compowund (Viiig) with a sulfating ageni in the presence of soivent to

obtain compound of formuta (ib)

w0

3
R N\NJL.,
HooN
SN
o 0S0,;M
b
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