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PENAM DERIVATIVES FOR TREATING BACTERIAL INFECTIONS

BACKGROUND

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/898,598, filed September 11, 2019, entitled “Penam Derivatives for Treating Bacterial

Infections,” the entire contents of which are hereby incorporated by reference.

[0002] This disclosure pertains to penam compounds, which have antimicrobial
activity or [-lactamase inhibitory activity, and pharmaceutical compositions comprising the

same.

[0003] Penicillin antibiotics are one of first class of modern medications to be
effective against many bacterial infections. The commercially available [3-lactam antibiotics
are still widely used today, though many types of bacteria have developed resistance following
their extensive uses. Antibiotic resistance presents a serious threat to human health (Neu, H.C.
1992. Science, 257(5073), 1064-1073; Bassetti, M. et al. 2017. Intensive care
medicine, 43(10), 1464-1475). The increased drug resistance in Gram-negative pathogens has
becoming a major global challenge. In 2017, WHO published a list of 12 priority pathogens
representing the greatest threat to human health for which new antibiotics are urgently needed.
Among them three carbapanem-resistant Gram negative bacteria (Acinetobacter baumannii,

Pseudomonas aeruginosa and Enterobacteriaceae) are prioritized as critical pathogens.

SUMMARY

[0004] The present disclosure relates generally to iron chelating group conjugated
penam derivatives which are of value for use as antimicrobial compounds or as beta-lactamase
inhibitors (BLIs) to enhance or restore the effectiveness of beta-lactam class antibacterial

agents.

[0005] Inactivation of the B-lactam antibiotics by B-lactamases is one of the most
widespread drug resistant mechanism among Gram-negative bacterial pathogens. Thousands
of different -lactamases have been identified globally. Based on the amino acid sequences,
the B-lactamases are categorized into four classes (Ambler classification), of which A. C and

D are serine hydrolases and B encompasses metallo-f3-lactamases.

[0006] Development of B-lactamase inhibitors to restore antibacterial activity of 3-

lactams has been a successful strategy in compacting antibiotic resistance. FIG. 1 shows a
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group of representative -lactam ring containing [-lactamases inhibitors. Three B-lactam ring
containing [-lactamases inhibitors clavulanic acid (1), sulbactam (2), and tazobactam (3) are
currently being used clinically for the treatment of bacterial infections. A series of 6-alkenyl
penam compounds, including those containing an iron chelating group, such as compounds (4,
LN-1-255), (5) and (6) have been reported to have B-lactamases inhibitory activity (Buynak,
J1.D. et al. 1999. Bioorganic & medicinal chemistry letters, 9(14), 1997-2002; U.S. Pat.
8,299,051 Issued Oct 30, 2012). Another iron chelating group containing compound (7) was
also reported, which contains a hydroxyl pyridone moiety as iron chelator (Setti, E.L. et al.

1995. The Journal of antibiotics, 45(11), 1320-1329).

[0007] Low outer membrane permeability is a major contributor to antibiotic
resistance in Gram-negative bacterial (Tsai, Y.K. et al. 2011. Antimicrobial agents and
chemotherapy, 55(4), 1485-1493). One of the approaches to increase drug permeability is to
exploit the iron uptake pathway of Gram-negative bacterial by conjugating an iron chelating
group mimicking a siderophore to an antibiotic (Méllmann, U. et al. 2009. Biometals, 22(4),
615-624). Siderophores are small, high-affinity iron-chelating compounds secreted by
microorganisms such as bacteria and fungi and able to bring iron through specific receptors
into bacterial cells to support growth. (Neilands, J.B. 1995. Journal of Biological Chemistry,
270(45), 26723-26726).

[0008] Conjugation of an iron chelating moiety to an antibiotic proves to be a
promising approach to improve the activity of antibiotics, particularly for the f-lactam
antibiotics which are active in periplasmic space in Gram-negative bacteria. BAL30072 (8) is
a siderophore (a hydroxy pyridone moiety) conjugated monobactam in development with
activity against multidrug resistant (MDR) gram-negative bacteria (Page, M.G. et al. 2010.
Antimicrobial agents and chemotherapy, 54(6), 2291-2302). Cefiderocol (9) is an iron
chelating group (a catechol moiety) conjugated cephalosporin in late stage of clinical trials.
Cefiderocol showed potent antibacterial activity against Pseudomonas aeruginosa and
Acinetobacter baumannii, including carbapenem-resistant strains (Ito, A. et al. 2016.
Antimicrobial agents and chemotherapy, 60(12), 7396-7401; Portsmouth, S. et al. 2018. The
Lancet Infectious Diseases, 18(12), 1319-1328).

[0009] Sulbactam was originally developed as a f-lactamases inhibitor. Recently
this compound has been used in treating Acinetobacter baumannii infections, particularly for

those caused by multidrug-resistant strains. However, resistant to sulbactam in Acinetobacter
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baumannii are common, particularly among carbapenem-resistant clinical isolates

(Karageorgopoulos, D.E. er al. 2008. The Lancet infectious diseases, 8(12), 751-762).

[0010] Accordingly, the present disclosure relates to iron chelating group
conjugated penam derivatives. The compounds show antibacterial activity, or could be used as
beta-lactamase inhibitors (BLIs) which are of value for application in combination with
antibiotics. The details of one or more embodiments of the invention are set forth in the
description. Other features, objects and advantages of the invention will be apparent from the

following description including claims.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 shows representative f3-lactamase inhibitors.

[0012] FIG. 2 shows Scheme A, a synthetic scheme for preparation of

representative compounds in accordance with preferred embodiments disclosed herein.

[0013] FIG. 3 shows Scheme B, a synthetic scheme for preparation of

representative compounds in accordance with preferred embodiments disclosed herein.

[0014] FIG. 4 shows Scheme C, a synthetic scheme for preparation of

representative compounds in accordance with preferred embodiments disclosed herein.

[0015] FIGs. 5 — 19 show synthetic schemes for the preparation of representative

compounds in accordance with preferred embodiments disclosed herein.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0016] The present disclosure relates to penam derivatives and their uses as

antimicrobial compounds or beta-lactamase inhibitors (BLIs).

[0017] Preferred embodiments disclosed herein include a series of penam

derivatives represented by general formula I:

],»Y L2
3 .
Pl DN
(¥ 3 4
0
¢i
L

or a stereoisomer, pharmaceutically acceptable salt, solvate, prodrug, deuterium-exchanged

compound thereof;
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wherein R is a hydrogen, a pharmaceutically acceptable salt forming agent, or an ester
residue such as a carboxylic protecting group and the like. The esters include those esters
which are readily metabolized or hydrolyzable in the body to form a carboxylate.
Y is independently a group selected from —S—, —SO—, and —SO—;
L is a linker group selected from one or a combination of two to five of the following groups:
1) (C1-Cg)alkylene,
2) (C3-Cg)cycloalkylene,
3) arylene,
4) heteroarylene,

5) (Cs-Cs)heterocycloalkylene containing one to three heteroatoms, and optionally

unsaturated,
6) —C(=0)—,
7) —O—,

8) —S(O),—, wherein n is number 0, 1, or 2,

9) —N(R2)—,

10) —C(R3)=C(R4)—,

11) —C=N—,

wherein Rz, R3 and Ry are selected from hydrogen, (C;-Cg)alkyl, (Cs-Csg)cycloalkyl,
(C1-Cs)alkyloxyl, aryl, heteroaryl, or (Cs-Cg)heterocycloalkyl; R3 and R4 may join
together to form a bond. The carbon or nitrogen atoms of the linker group is
optionally substituted by one to three substituents;

Z is an iron chelating moiety bearing at least two hydroxyl groups selected from

wherein Rs, R¢ and Ry are independently a group selected from hydrogen, hydroxyl,

halogen, nitrile, nitro, amino, CF3, OCF3, alkyl, alkylamino, alkoxy, aryl, heteroaryl;
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two of the three substituents of Rs, Rs and R7 may optionally join together to form a 5-

8 membered ring that are optionally substituted.

[0018] In additional preferred embodiments of the penam derivatives having

general formula I shown above, Y is —SO»—.

[0019] In additional preferred embodiments of the penam derivatives having

general formula I shown above, L is selected from:

—CH=N—N(R2)—X—,

—CH20C(O)—N(R2)—X—,

—CH=N—0—X—,

—CH20C(0)—X—,

—CH:N(Ry)—X—,

‘«-mﬁ*”':il:‘;}wx-—-.\,, “m‘\}ﬁa _,-“‘M‘N"f:";f-:‘;.r—*‘x“*‘-- f‘N\‘}“x —
N-O N-C Y N=N

wherein X is selected from a combination of 1-5 groups selected from:

i) (C1-Cs)alkylene,

ii) (C3-Csg)cycloalkylene,

iii) (C3-Cg)heterocycloalkylene,
iv) arylene,

v) heteroarylene,

vi) —O—,

vii) —N(Rz)—, and

viii) —C(O)—,

where R» is as defined above.
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[0020] In additional preferred embodiments of the penam derivatives having

general formula I shown above, Z is selected from:

GH OH
OH LH OH OH OH
?{i OH ﬁ@fw :f i OH i OH
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OH OH
OH OH OH OH OH OH
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OH CFS H NOz
OH OH OH OH
o MY w ACX
CN _NC OH OH CFa _FsC OH_ OH

C
OH OH OH
OH
OH TI:;I: OH
_HO OH,  CI i

[0021] Additional preferred embodiments of the penam derivatives are identified

in Table 1 below.

Table 1

Name

1. | 2S,3R,5R)-3-({E)-(2-(2-chloro-4,5-dihydroxybenzoyl)hydrazono)methyl)-3-

methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid  4,4-
dioxide [See Example 1]
2. | (25,3R,5R)-3-methyl-7-ox0-3-((E)-(2-(2,3,4-

trihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 2]
3. | (2S,3R,5R)-3-((E)-(2-(2-chloro-3,4-dihydroxybenzoyl)-2-

methylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo|[3.2.0]heptane-
2-carboxylic acid 4,4-dioxide [See Example 3]
4. | (25,3R,5R)-3-((E)-(2-(2,5-dichloro-3,4-

dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 4]
5. | (2S,3R,5R)-3-((E)-(2-(3,4-dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-

0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 5]
6. | (2S,3R,5R)-3-methyl-7-0x0-3-((E)-(2-(3,4,5-

trihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-
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carboxylic acid 4,4-dioxide [See Example 6]
7. | 2S,3R,5R)-3-((E)-(2-(3,4-dihydroxybenzoyl)-2-methylhydrazono)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 7]
8. | (25,3R,5R)-3-((E)-(2-(2-bromo-3,4-dihydroxybenzoyl)hydrazono)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 10]
9. | (25,3R,5R)-3-methyl-7-0x0-3-((E)-(2-(2,3,6-trichloro-4,5-

dihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 11]
10. | (25,3R,5R)-3-((E)-(2-(2,6-dichloro-3,4-

dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 14]
11. | (2S,3R,5R)-3-({E)-(2-(2-fluoro-3,4-dihydroxybenzoyl)hydrazono)methyl)- 3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 15]
12. | (2S,3R,5R)-3-({E)-(2-(3,4-dihydroxy-2-methylbenzoyl)hydrazono)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 16]
13. | (2S,3R,5R)-3-({E)-(2-(2-(3,4-dihydroxyphenyl)acetyl )hydrazono)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 20]
14. | (25,3R,5R)-3-((E)-(2-((R)-2-({tert-butoxycarbonyl)amino)-3-(3,4-

dihydroxyphenyl)propanoyhhydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 21]
15. | (2S,3R,5R)-3-({E)-(2-(3-chloro-4,5-dihydroxybenzoyl)hydrazono)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 22]
16. | (2S,3R,5R)-3-((E)-(2-(2-chloro-3,4-dihydroxybenzoyl)hydrazono)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 23]
17. | (25,3R,5R)-3-((E)-(2-(3-(3,4-

dihydroxyphenyl)propanoyhhydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
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azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 25]
18. | (25,3R,5R)-3-((E)-(2-(2,5-dihydroxy-3,6-

dimethylbenzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 27]
19. | (2S,3R,5R)-3-({E)-(2-(2,3-dihydroxybenzoyDhydrazono)methyl)-3-methyl-7-

0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 28]
20. | (2S,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)pyrrolidine-3-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 38]
21. | (2S,3R,5R)-3-({E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)azetidine-3-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 39]
22. | (2S,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)pyrrolidine-2-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 40]
23. | (25,3R,5R)-3-((E)-(2-(5-(3,4-

dihydroxybenzamido)picolinoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 41]
24. | (2S,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)piperidine-4-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 42]
25. | (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-

hydroxypropanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 43]
26. | (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-

phenylpropanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 44]
27. | (25,3R,5R)-3-((E)-(2-(4-((2-chloro-3,4-

dihydroxybenzamido)methyl)benzoylhydrazono)methyl)-3-methyl-7-0xo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example
45]

28. | (25,3R,5R)-3-((E)-(2-(4-((3.,4-
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dihydroxybenzamido)methyl)benzoylhydrazono)methyl)-3-methyl-7-0xo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example
46]

29. | ((2S,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-

methylbutanoylhydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 47]
30. | (2S,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-

methylbutanoylhydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 48]
31. | (2S,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)piperidine-3-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 49]
32. | (2S,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-

hydroxypropanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 50]
33. | (2S,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-

phenylpropanoyl)hydrazono)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 51]
34. | (2S,3R,5R)-3-((E)-(2-(1-(3,4-

dihydroxybenzamido)cyclopropanecarbonyl)hydrazono)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 52]

35. | (2S,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-

dihydroxybenzamido)cyclopropanecarbonyl)hydrazono)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 53]

36. | (2S,3R,5R)-3-((E)-(2-(4-((3,4-

dihydroxybenzoyl)oxy)benzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 54]
37. | (2S,3R,5R)-3-((E)-(2-(2-((tert-butoxycarbonyl)amino)-3-((2-chloro-3,4-

dihydroxybenzoyl)oxy)propanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 55]
38. | (2S,3R,5R)-3-((E)-(2-(3',4'-dihydroxy-[1,1'-biphenyl]-4-

10
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carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 56]
39. | (2S,3R,5R)-3-((E)-(2-(4-((2-chloro-3,4-

dihydroxybenzoyl)oxy)benzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 57]
40. | (25,3R,5R)-3-((E)-(2-(5-(2-chloro-3,4-

dihydroxybenzamido)picolinoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 58]
41. | (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-

dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 59]
42. | (25,3R,5R)-3-((E)-(2-(3-(2-chloro-3,4-

dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 60]
43. | (25,3R,5R)-3-((E)-(2-(6-(2-chloro-3,4-

dihydroxybenzamido)hexanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 61]
44. | (25,3R,5R)-3-((E)-(2-((S)-2-(2-chloro-3,4-

dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 62]
45. | (25,3R,5R)-3-((E)-(2-(4-(2-chloro-3,4-

dihydroxybenzamido)butanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 63]
46. | (25,3R,5R)-3-((E)-(2-(2-(3,4-

dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 64]
47. | (25,3R,5R)-3-((E)-(2-((S)-2-(3,4-

dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 65]
48. | (25,3R,5R)-3-((E)-(2-(4-(3,4-

dihydroxybenzamido)butanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 66]
49. | (25,3R,5R)-3-((E)-(2-(3-(3,4-

11



WO 2021/048613 PCT/1IB2020/000686

dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 67]
50. | (25,3R,5R)-3-((E)-(2-(6-(3.4-

dihydroxybenzamido)hexanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 68]
51. | (2S,3R,5R)-3-(((2-(3,4-dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 69]
52. | (2S,3R,5R)-3-(((2-(2-chloro-3,4-

dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 70]
53. | (2S,3R,5R)-3-(((2-(2-(3,4-dihydroxyphenyl)-2-

oxoethyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 71]
54. | (2S,3R,5R)-3-(((2-(2,3-dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 72]
55. | (2S,3R,5R)-3-methyl-7-0x0-3-(((2-(3,4,5-

trihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 73]
56. | (2S,3R,5R)-3-(((2-(3,4-dihydroxybenzoyl)-1-

methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 76]
57. | (2S,3R,5R)-3-(((2-(2-chloro-4,5-

dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 77]
58. | (2S,3R,5R)-3-(((2-(2-chloro-3,4-dihydroxybenzoyl)-1-

methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 80]
59. | (2S,3R,5R)-3-(((2-(3,4-dihydroxybenzoyl)-2-

methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 81]
60. | (2S,3R,5R)-3-methyl-7-0x0-3-(((2-(2,3,4-
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trihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 82]
61. | (2S,3R,5R)-3-(((2-(2,6-dichloro-3,4-

dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 83]
62. | (2S,3R,5R)-3-(((2-(2,5-dichloro-3,4-

dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 84]
63. | (2S,3R,5R)-3-(((2-(2-fluoro-3,4-

dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 85]
64. | (2S,3R,5R)-3-(((2-(3-(3,4-dihydroxyphenyl)-3-

oxopropylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 86]
65. | (2S,3R,5R)-3-(((2-(2-chloro-4,5-

dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 87]
66. | (2S,3R,5R)-3-((((E)-2-(3,4-

dihydroxybenzylidene)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example
88]

67. | (2S,3R,5R)-3-(((2-(3-chloro-4,5-

dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 89]
68. | (2S,3R,5R)-3-(((2-(2-(3,4-

dihydroxybenzamido)acetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 91]

69. | (2S,3R,5R)-3-(((3-(3,4-dihydroxybenzamido)pyrrolidine-1-

carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 92]
70. | (2S,3R,5R)-3-({(4-(3,4-dihydroxybenzoyl)piperazine-1-

carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
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carboxylic acid 4,4-dioxide [See Example 93]
71. | (25,3R,5R)-3-(((2-(2-(2-chloro-3,4-

dihydroxybenzamido)acetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 94]

72. | (25,3R,5R)-3-((((2-(2-chloro-3,4-

dihydroxybenzamido)ethyl)carbamoyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 95]
73. | (25,3R,5R)-3-(((4-(3,4-dihydroxybenzamido)piperidine-1-

carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 96]
74. | (25,3R,5R)-3-((((1-(3,4-dihydroxybenzoyl)pyrrolidin-3-

yl)carbamoyl)oxy)methyl)-3-methyl-7-0xo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 97]
75. | (2S,3R,5R)-3-(((3-(3,4-dihydroxybenzamido)azetidine- 1-

carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 98]
76. | (2S,3R,5R)-3-(5-(2-(2-chloro-3,4-dihydroxyphenyl)-2-oxoethyl)isoxazol-3-

y1)-3-methyl-7-o0xo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 99]
77. | (25,3R,5R)-3-(5-(2-(3,4-dihydroxyphenyl)-2-oxoethyl)isoxazol-3-yl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 100]
78. | (25,3R,5R)-3-(5-(2-chloro-3,4-dihydroxyphenyl)isoxazol-3-yl)-3-methyl-7-

0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 108]
79. | (2S,3R,5R)-3-(5-(2-(2,5-dichloro-3,4-dihydroxyphenyl)-2-oxoethyl)isoxazol-

3-y1)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid
4,4-dioxide [See Example 102]
80. | (2S,3R,5R)-3-(5-(3,4-dihydroxyphenyl)isoxazol-3-yl)-3-methyl-7-0x0-4-thia-

1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 103]
81. | (25,3R,5R)-3-(5-(2-((2-chloro-3,4-dihydroxybenzoyl)oxy)ethyl)isoxazol-3-

y1)-3-methyl-7-o0xo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
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dioxide [See Example 104]
82. | (2S,3R,5R)-3-(5-(2,5-dichloro-3,4-dihydroxyphenyl)isoxazol-3-yl)-3-methyl-

7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 105]
83. | (2S,3R,5R)-3-(5-(2-((3,4-dihydroxybenzoyl)oxy)ethyl)isoxazol-3-yl)-3-

methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 106]
84. | (2S,3R,5R)-3-(5-(2-((2-chloro-3,4-dihydroxybenzoyl)oxy)ethyl)-4,5-

dihydroisoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 107]
85. | (2S,3R,5R)-3-(5-(2-chloro-3,4-dihydroxyphenyl)-4,5-dihydroisoxazol-3-yl)-

3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide [See Example 108]
86. | (25,3R,5R)-3-(5-((2,5-dichloro-3,4-dihydroxybenzamido)methyl)-4,5-

dihydroisoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 109]
87. | (2S,3R,5R)-3-(5-(2-((3,4-dihydroxybenzoyl)oxy)ethyl)-4,5-dihydroisoxazol-

3-y1)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid
4,4-dioxide [See Example 110]
88. | (25,3R,5R)-3-(5-((2-chloro-3,4-dihydroxybenzamido)methyl)-4,5-

dihydroisoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 111]
89. | (25,3R,5R)-3-(5-(3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-

thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example
112]
90. | (2S,3R,5R)-3-({(3,4-dihydroxybenzoyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 113]
91. | (2S,3R,5R)-3-({(2-chloro-3,4-dihydroxybenzoyl)oxy)methyl)-3-methyl-7-

0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 114]
92. | (2S,3S,5R)-3-(((3,4-dihydroxyphenyl)amino)methyl)-3-methyl-7-ox0-4-thia-

1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 117]
93. | (25,3R,5R)-3-((E)-((2-(2-chloro-3,4-
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dihydroxybenzamido)ethoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 118]
94. | (25,3R,5R)-3-((E)-((4-(2-chloro-3,4-

dihydroxybenzamido)phenoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 119]
95. | (2S,3R,5R)-3-(5-(2-chloro-3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-7-

0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 120]
96. | (25,3R,5R)-3-((E)-(2-(2-bromo-4,5-dihydroxybenzoyl)hydrazono)methyl)-3-

methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic ~ acid  4,4-
dioxide [See Example 121]
97. | (25,3R,5R)-3-((E)-(2-(3-(3,4-dihydroxyphenyl)-5-methylisoxazole-4-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo|3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 122]
98. | (25,3R,5R)-3-((E)-(2-(3-(2-chloro-3,4-dihydroxyphenyl)isoxazole-5-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo|[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 123]
99. | (25,3R,5R)-3-((E)-(2-(3-(3,4-dihydroxyphenyl)isoxazole-5-

carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo|[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 124]
100, (25,3R,5R)-3-((E)-(2-((4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 125]
101, (25,3R,5R)-3-((E)-(2-((4S,5R)-2-(3,4-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 126]
102] (25,3R,5R)-3-(((2-(3-(2,3-dihydroxyphenyl)isoxazole-5-

carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 127]
103] (25,3R,5R)-3-(((2-(3-(2,3-dihydroxyphenyl)-4,5-dihydroisoxazole-5-

carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 128]
104) (25,3R,5R)-3-(({(4-(2-chloro-3,4-dihydroxybenzoyl)piperazine-1-
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carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 129]

105.

(25,3R,5R)-3-(((3-(2-chloro-3,4-dihydroxybenzamido)azetidine- 1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 130]

106.

(25,3R,5R)-3-(((2-(3-(2-chloro-3,4-dihydroxyphenyl)-4,5-dihydroisoxazole-
5-carbonyl)hydrazine-1-carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 131]

107.

(25,3R,5R)-3-(((2-(3-(2-chloro-3,4-dihydroxyphenyl)-4,5-dihydroisoxazole-
5-carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example 132]

108.

(28,3R,5R)-3-(({(2-((4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example
133]

109.

(25,3R,5R)-3-((((3,4-dihydroxyphenethyl)carbamoyl)oxy)methyl)-3-methyl-
7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See
Example 134]

110.

(28,3R,5R)-3-(5-(3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide [See Example
135]

111.

(25,35,5R)-3-((4-((E)-(2-(2-chloro-3,4-dihydroxybenzoyl)hydrazono)methyl)-
1H-imidazol-1-yl)methyl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxylic acid 4,4-dioxide [See Example 136]

112.

(25,3R,5R)-3-((E)-(((1-(2-chloro-3,4-dihydroxybenzoyl)piperidin-4-
yloxy)imino)methyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 137]

113.

(25,3R,5R)-3-((E)-(((1-(2-chloro-3,4-dihydroxybenzoyl)azetidin-3-
yloxy)imino)methyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide [See Example 138]
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[0022] As used herein, the terms and phrases have the meanings and definitions

known in the art. Some of the more commonly used phrases are described in more detail below.

[0023] The carbon atom content of various hydrocarbon-containing moieties is
indicated by a prefix designating the minimum and maximum number of carbon atoms in the

moiety, i.e., the prefix C;-C; indicates a moiety of the integer "i" to the integer "j" carbon atoms,

inclusive. Thus, for example, C1-Cs alkyl refers to alkyl of one to six carbon atoms, inclusive.

[0024] The term "alkyl," as used herein, refers to a monovalent radical of saturated,
straight or branched chain hydrocarbon group. Examples of alkyl groups include methyl, ethyl,
propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, neo-pentyl, and n-hexyl. The alkyl groups of
this invention are optionally substituted. The preferred alkyl group of this invention has one

to eight carbons. The alkyl groups of this invention could be optionally substituted.

[0025] The term "alkenyl," as used herein, refers to a monovalent radical of
unsaturated, straight or branched chain hydrocarbon group with at least one C=C double bond.
Examples of alkenyl group include allyl or propenyl, butenyl, isobutenyl, pentenyl and the

likes. The alkenyl groups of this invention are optionally substituted.

[0026] The term "alkynyl," as used herein, refers to a monovalent radical of
unsaturated, straight or branched chain hydrocarbon group with at least one C=C triple bond.
Examples of alkynyl group include propargyl, butynyl, isobutynyl, pentynyl and the likes. The

alkynyl groups of this invention are optionally substituted.

[0027] The term "alkylene," “alkenylene” or “alkynylene” as used herein, refers to
bivalent radicals of alkyl, alkenyl, or alkynyl group as defined above. Examples of alkylene
groups include methylene, ethylene, propylene, iso-propylene, n-butylene, isobutylene, n-
hexylene and the like. Examples of alkenylene groups include ethenylene, propenylene and the
like. Examples of alkynylene groups include ethynylene, propynylene and the like. The

"oee

"alkylene," “alkenylene” or “alkynylene” groups of this invention are optionally substituted.

[0028] The term "alkylamino," as used herein, refers to an amino group (-NH>),
wherein one hydrogen atom is replaced by an alkyl group. Examples of alkylamino include

methylamino, ethylamino, propylamino, and isopropylamino.
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[0029] The term "alkoxy," as used herein, refers to an alkyl group, as previously
defined, attached to an oxygen atom. Examples of alkoxy include methoxy, ethoxy, propoxy,
iso-propoxy, n-butoxy, tert-butoxy, neo-pentoxy and n-hexyloxy. The alkoxy groups of this

invention are optionally substituted.

[0030] The term "aryl" as used herein refers to a monovalent radical of carbocyclic
aromatic group including phenyl, naphthyl, and anthracenyl. The aryl groups of this invention

are optionally substituted.

[0031] The term "arylene" as used herein refers to bivalent radical of aryl group as

defined above, which are optionally substituted, such as phenylene.

[0032] The term "cycloalkyl," as used herein, refers to a monovalent radical of
saturated carbocyclic group having three to eight carbons such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. The cycloalkyl groups of this invention

are optionally substituted.

[0033] The term "cycloalkylene," as used herein, refers to bivalent radical of
saturated carbocyclic groups having three to eight carbons. The cycloalkylene groups of this

invention are optionally substituted.

[0034] The term "halogen," or “halide™ as used herein, refers to fluorine, chlorine,

bromine and iodine atoms and the term “halo” refers to -F, -Cl, -Br, and -I as substituent.

[0035] The term "heteroaryl,” as used herein, refers to a cyclic aromatic group
having five or six ring atoms wherein at least one ring atom is selected from the group
consisting of oxygen, sulfur, and nitrogen, and the remaining ring atoms are carbon. Heteroaryl
groups of this invention include those derived from furan, imidazole, isothiazole, isoxazole,
oxazole, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, quinoline, thiazole,
1,3,4-thiadiazole, triazole, and tetrazole. The heteroaryl groups of this invention are optionally

substituted.

[0036] The term "heteroarylene," as used herein, refers to a bivalent cyclic aromatic
group having five or six ring atoms wherein at least one ring atom is selected from the group
consisting of oxygen, sulfur, and nitrogen, and the remaining ring atoms are carbon. The

heteroarylene groups are optionally substituted.
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[0037] The term “heteroatom,” as used herein, refers to an oxygen, nitrogen or

sulfur atom.

[0038] The term "heterocycloalkyl" as used herein, refers to a non-aromatic five-,
six-, seven- or eight-membered ring or a bi- or tricyclic group having one or more heteroatoms
independently selected from oxygen, sulfur and nitrogen wherein each 5-membered ring has
zero to one double bonds and each six-membered ring has zero to 2 double bonds. The nitrogen
and sulfur heteroatoms are optionally be oxidized, the nitrogen heteroatom can optionally be
quaternized, and any of the above heterocyclic rings can be fused to an aryl or heteroaryl ring.
Representative heterocycloalkyls include, but are not limited to: pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, oxazolidinyl,
isoxazolidinyl, = morpholinyl,  thiazolidinyl, = morpholinyl, isothiazolidinyl,  and
tetrahydrofuranyl. The heterocycloalkyl groups of this invention are optionally substituted with
one, two, or three substituents independently selected from -F, -Cl, -OH, -NQO», -CN, -C(Q)-
alkyl, -C(O)-aryl, -C(O)-heteroaryl, -CO»-alkyl, -COs-aryl, -CO»-heteroaryl, -C(O)NH>, -
C(O)NH-alkyl, -C(O)NH-aryl, -C(O)NH-heteroaryl, -OC(O)-alkyl, -OC(O)-aryl, -OC(O)-
heteroaryl, -OC(O)NH>, -OC(O)NH-alkyl, -OC(O)NH-aryl, -OCONH-heteroaryl, -NHC(O)-
alkyl, -NHC(O)-aryl, -NHC(O)-heteroaryl, -NHCO»-alkyl, -NHCO»-aryl, -NHCQO»-heteroaryl,
-NHC(O)NH3, - NHC(O)NH-alkyl, -NHC(O)NH-aryl, -NHC(O)NH-heteroaryl, -SOz-alkyl, -
SOs-aryl, -SOs-heteroaryl, -SO2NH,, -SO>NH-alkyl, -SO>NH-aryl, -SO>NH-heteroaryl, -alkyl,
-cycloalkyl, -cycloheteroalkyl, -CFs, -CH>OH, -CH>NH,, -aryl, -heteroaryl, -benzyl, -
benzyloxy, -aryloxy, -heteroaryloxy, -alkoxy, -methoxymethoxy, -methoxyethoxy, -amino, -
benzylamino, -arylamino, -heteroarylamino, -alkylamino, -thio, -arylthio, -heteroarylthio, -

benzylthio, -alkylthio, or -methylthiomethyl.

[0039] The term "heterocycloalkylene” as used herein, refers to a bivalent
heterocycloalkyl group as defined above. The heterocycloalkylene groups of this invention can

be optionally substituted.
[0040] The term "hydroxyl" as used herein, refers to -OH.

[0041] The term “substituted,” as used herein, refers to having one or more

substituents covalently attached.
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[0042] The term “prodrugs” as used herein, refers to the prodrugs of the compounds
of the current invention which are suitable for use in humans and animals with acceptable
toxicity, irritation, allergic response, and the like, commensurate with a reasonable benefit to
risk ratio, and effective for their intended use. The term “prodrugs” as used herein, represents

compounds which can be transformed in vivo to parent compounds of defined above.

[0043] The term “salt” as used herein, refers to those salts which are suitable for
use in humans and animals with acceptable toxicity, irritation, allergic response, etc., and are
commensurate with a reasonable benefit to risk ratio. Pharmaceutically acceptable salts are
well known in the art. The salts can be prepared by reacting the compounds of the invention
with an acid or base (pharmaceutically acceptable salt forming agent), or be prepared in situ
during the last step of isolation. Examples of pharmaceutically acceptable salts are salts of an
acid group formed with inorganic bases such as sodium hydroxide, sodium carbonate, sodium
phosphate, etc. Examples of pharmaceutically acceptable salts are salts of an amino group
formed with inorganic acid such as hydrochloric acid, hydroboromic acid, phosphoric acid, and
sulfuric acid or with organic acid such as acetic acid, oxalic acid, maleic acid, tartaric acid,
citric acid, succinic acid or malonic acid. Other metal salts include lithium, potassium, calcium
and magnesium. Additional pharmaceutically acceptable salts include ammonium cations
formed with counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate,

loweralkyl sulfonate, and aryl sulfonate.

[0044] The term “solvate” as used herein, refers to a compound disclosed herein
which is associated with solvent in the molecular form, i.e., in which the solvent is
coordinatively bound, and may be represented, for example, by the formula R-(solvent), where
R is a compound disclosed herein. A given compound may form more than one solvate
including, for example, monosolvates (R-solvent)) or polysolvates (R-n(solvent)) wherein n is
an integer greater than 1 ) including, for example, disolvates (R:2(solvent)), trisolvates
(R-3(solvent)), and the like, or hemisolvates, such as, for example, R:n/2(solvent),
R-n/3(solvent), R-n/4(solvent) and the like, wherein n is an integer. Solvents herein include
mixed solvents, for example, methanol/water, and as such, the solvates may incorporate one or

more solvents within the solvate.

[0045] The term “deuterium-exchanged compound,” as used herein, refers to a
compound with one or more hydrogen atoms contained therein replaced with deuterium atoms.

The deuterated compounds can be made by either chemically in reactions using deuterated
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oxide or biologically by growing organisms such as bacteria in a deuterium oxide containing

medium or plants wherein the water source is replaced by deuterium oxide.

[0046] The term “pharmaceutically acceptable salt forming agent,” as used herein,
refers to an acid or base which could react with the compounds of the invention to form the
pharmaceutically acceptable salts. Examples of bases are inorganic bases such as sodium
hydroxide, sodium carbonate, or sodium phosphate, and organic bases such as pyridine,
triethylamine, or N,N-Diisopropylmethylamine. Examples of acids are inorganic acids such as
hydrochloric acid, hydroboromic acid, phosphoric acid, or sulfuric acid and organic acids such

as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid.

[0047] Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are termed
"isomers". Isomers that differ in the arrangement of their atoms in space are termed
"stereoisomers”. Stereoisomers that are not mirror images of one another are termed
"diastereomers" and those that are non-superimposable mirror images of each other are termed
"enantiomers". When a compound has an asymmetric center, for example, a carbon atom is
bonded to four different groups, a pair of enantiomers is possible. An enantiomer can be
characterized by the absolute configuration of its asymmetric center and is described by the R-
and S-sequencing rules of Cahn and Prelog, or by the manner in which the molecule rotates the
plane of polarized light and designated as dextrorotatory or levorotatory (i.e., as (+) or (-)-
isomers respectively). A chiral compound can exist as either individual enantiomer or as a
mixture thereof. A mixture containing equal proportions of the enantiomers is called a "racemic
mixture". The compounds of this invention may possess one or more asymmetric centers; such
compounds can therefore be produced as individual (R)- or (S)-stereoisomers or as mixtures
thereof. Unless indicated otherwise, the description or naming of a particular compound in the
specification and claims is intended to include both individual enantiomers and mixtures,

racemic or otherwise, thereof.

[0048] A "pharmaceutically acceptable carrier" means a carrier that is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic and neither
biologically nor otherwise undesirable, and includes a carrier that is acceptable for veterinary
use as well as human pharmaceutical use. "A pharmaceutically acceptable carrier" as used in

the specification and claims includes both one and more than one such carrier.
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[0049] "Treating” or "treatment” of a disease includes: preventing the disease, i.e.
causing the clinical symptoms of the disease not to develop in a mammal that may be exposed
to or predisposed to the disease but does not yet experience or display symptoms of the disease,
inhibiting the disease, i.e., arresting or reducing the development of the disease or its clinical
symptoms, or relieving the disease, i.e., causing regression of the disease or its clinical

symptoms.

[0050] A "therapeutically effective amount” means the amount of a compound that,
when administered to a mammal for treating a disease, is sufficient to effect such treatment for
the disease. The "therapeutically effective amount" will vary depending on the compound, the

disease and its severity and the age, weight, etc., of the mammal to be treated.

[0051] The compounds of the present invention are generally named according to
the IUPAC or CAS nomenclature system. Abbreviations which are well known to one of
ordinary skill in the art may be used (e.g. "Ph" for phenyl, "Me" for methyl, "Et" for ethyl, "h"

for hour or hours and "rt" for room temperature).

[0052] The compounds of the preferred embodiments described herein can be better
understood in connection with their synthetic schemes. The synthetic procedures in Scheme A
to C, shown in FIGs 2-4, are for illustration purpose and are not intended to limit the scope of
the invention. It will be apparent to one skilled in the art that the compounds of the current
invention could be prepared by a variety of synthetic routes, including but not limited to
substitution of appropriate reagents, solvents or catalysts, change of reaction sequence, and

variation of protecting groups.

[0053] Scheme A, shown in FIG. 2, shows a preparation of preferred embodiments
of the penam derivative compounds of formula I as described herein. (25,3R,5R)-benzhydryl
3-formyl-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate-4,4-dioxide (1A,
synthesis reported in U.S. pat. 5686441) is an important aldehyde as starting material, by
reacting (1A) with different iron chelating moiety bearing hydrazide or substituted hydrazide
(2A) through condensation reaction could offer compounds (3A). A series of the compounds

of formula I (4A) could be synthesized by deprotection of protecting groups of (3A).

[0054] Scheme B, shown in FIG. 3, illustrates a preparation of other sets of

preferred embodiments of penam derivative compounds of formula I disclosed herein.
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(25,3R,5R)-benzhydryl-3-methyl-3-((((4-nitrophenoxy)carbonyl)oxy)methyl)-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (3B) is prepared by reacting (1B) (known
compound reported in Hyodo, A. et al. 1996. The Journal of Antibiotics, 49(9), 944-946) with
4-nitrophenyl carbonochloridate (2B) through a substitution reaction. Compounds (3B) is an
important intermediate bearing a leaving group for next step (the synthesis of 3B-like
compounds could be found from U.S. Pat. 2010/9954 A1; U.S. Pat. 8299051 B2; U.S. Pat.
2013/79318 Al; U.S. Pat. 8575144 B2), by reacting (3B) with several types of nucleophilic
compounds (4B) through substitution reaction could offer compounds (5B). Compounds (4B)
is selected from iron chelating moiety bearing hydrazide or substituted hydrazide; iron
chelating moiety bearing primary amine, secondary amine or cyclic amine. A series of the
compounds of formula I (6B) could be synthesized by deprotection of protecting groups of

(5B).

[0055] Scheme C, shown in FIG. 4, illustrates a preparation of yet other sets of
preferred embodiments of penam derivative compounds of formula I as disclosed herein.
Reacting (25,3R,5R)-benzhydryl-3-((£)-(hydroxyimino)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (1C) (known compound reported in
Phillips, O.A. et al. 2005. Bioorganic & medicinal chemistry, 13(8), 2847-2858) with NCS
offers (25,3R,5R)-benzhydryl-3-((Z)-chloro(hydroxyimino)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (2C). Cyclization reaction between (2C)
and (3C) offers intermediate compounds (4C). (3C) is iron chelating moiety bearing alkene or
alkyne. A series of the compounds of formula I (5C) could be synthesized by deprotection of

protecting groups of (4C).

[0056] Preferred embodiments described herein also include a pharmaceutical
composition comprising a pharmaceutically effective amount of a penam derivative compound
of formula I in combination with a pharmaceutically acceptable carrier optionally in

combination with other antibacterial agents.

[0057] Preferred embodiments described herein also include a method of treating
or preventing a microbial infection in a subject in need of such treatment by administering the

pharmaceutical composition of Formula L.

[0058] Preferred embodiments of the pharmaceutical composition of the present

invention comprise a therapeutically effective amount of a penam derivative compound
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described herein formulated with one or more pharmaceutically acceptable carriers. For
example, injectable preparations or sterile injectable solution; compositions for rectal or
vaginal administrations; liquid or solid dosage forms for oral administration; dosage forms for

topical or transdermal administration; powders and sprays.

[0059] According to the methods of treatment using the penam derivative
compounds described herein, bacterial infections are treated or prevented in a patient such as a
human or animal by administrating to the patient a therapeutically effective amount of a
compound of the current invention, in such amounts and for such time as is necessary to achieve

the desired therapeutic effects.

[0060] Preferred embodiments of the compounds of the current invention are
penam derivatives of formula I identified above. In one aspect, compounds of the current
invention contain several asymmetric and geometric centers. In some cases, one or more of the
asymmetric and geometric centers can be converted to their opposite configurations. These
stereoisomers are within the scope of the present invention. The examples are intended for

illustration purposes only and are not intended to limit the scope of this invention.

[0061] Abbreviation as used herein have the meanings known by one skilled in the
art. Specially, Ac represents acetyl group, Boc represents t-butoxycarbonyl group, Bn
represents benzyl group, Cbz represents benzyloxycarbonyl group, DCM represents
dichloromethane, DMAP represents 4-N,N-dimethylaminopyridine, DMF represents N,N-
dimethylformamide, DMSO represents dimethyl sulfoxide, EDCI represents 1-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide Hydrochloride, Et represents ethyl group, EtOAc
represents ethyl acetate, EtOH represents ethanol, HOBT represents 1-Hydroxybenzotriazole,
Me represents methyl group, NCS represents for N-chlorosuccinimide, NMM represents N-
methylmorpholine, OMe represents methoxyl group, PE represents petroleum ether, PMB
represents para-methoxyl benzyl, Ph represents phenyl group, Prrepresents propyl group, TEA
represents triethylamine, TFA represents trifluoroacetic acid, THF represents tetrahedrofuran.
The following abbreviations are also used: millimole (mmol), milliliter (mL), milligram (mg),

microliter (ul), microgram (ug).

EXAMPLES

[0062] The following examples describe how to prepare the various compounds
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and/or perform the various processes of the invention, and are to be construed as merely
illustrative, and not limitations of the preceding disclosure in any way whatsoever. Those
skilled in the art will recognize appropriate variations from the procedures both as to reagents

and as to reaction conditions and techniques.

EXAMPLE 1

[0063] (25,3R,5R)-3-((E)-(2-(2-chloro-4,5-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

D o Ch N AOH
rmrw H\v"'}\ x‘N N v S My
¢ COoH

[0064] FIG. 5 shows a synthetic scheme for the preparation of this compound. Step
1: (25,3R,5R)-benzhydryl 3-((E)-(2-(2-chloro-4,5-dihydroxybenzoyl)hydrazono)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of
(3R,5R)-benzhydryl 3-formyl-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate 4,4-dioxide (1.7 g, 4.1 mmol) in DCM (10 mL) and EtOH (10 mL) was added 2-
chloro-4,5-dihydroxybenzohydrazide (0.87 g, 4.3 mmol). The mixture was stirred at rt for 6 h.
Then the solvent was evaporated in vacuo, the residue was purified with flash chromatography
(DCM:MeOH = 20:1) to afforded the title product as white solid (1.0 g, yield 41%). LC-MS
(ESI): m/z =598 (M + H)*.

[0065] Step 2: (28,3R,5R)-3-((E)-(2-(2-chloro-4,5-
dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide. A solution of (2S,3R,5R)-benzhydryl 3-((E)-(2-(2-chloro-4,5-
dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate 4,4-dioxide (1.0 g, 1.7 mmol) in m-cresol (5 mL) was stirred at 50°C for 5 h. The
solution was poured into PE (10 mL). The solid obtained after filtration was purified by column
chromatography (silica gel, DCM:MeOH = 20:1) to afford white solid (400 mg, yield 56%).
'H NMR (400 MHz, DMSO-d6) 6 12.10 (s, H), 10.20 (s, 1H), 9.41 (s, 1H), 7.79 (s, 1H), 7.12
(s, 1H), 6.94 (d, 1H), 6.83 (d, 1H), 6.62 (s, 1H), 5.30 (d, 1H), 5.01 (s, 1H), 3.74 (t, 3H), 3.31
(m, 1H), 2.20 (s, 1H), 1.62 (s, 3H). LC-MS (ESI): m/z =432 (M + H)".
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EXAMPLE 2

[0066] (25,3R,5R)-3-methyl-7-ox0-3-((E)-(2-(2,3,4-
trihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:

N S 4
SO0

[0067] The title compound was prepared using the similar procedure as described
in Example 1 except 2,3,4-trihydroxybenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) 6 13.84 (br, 1H), 12.08 (s, 1H),
12.05(s, 1H), 9.79(s, 1H), 8.61 (s, 1H), 7.92 (s, 1H), 7.31 (d, 1H), 6.39 (d, 1H), 5.28 (d, 1H),
4.90 (s, 1H), 3.72 (dd, 1H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD): m/z =414 (M + H)*.

EXAMPLE 3

[0068] (25,3R,5R)-3-((E)-(2-(2-chloro-3,4-dihydroxybenzoyl)-2-
methylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo|[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:

[0069] The title compound was prepared using the similar procedure as described
in Example 1 except 2-chloro-3,4-dihydroxy-N-methylbenzohydrazide was used in place of 2-
chloro-4,5-dihydroxybenzohydrazide.

[0070]  'HNMR (400 MHz, DMSO-d6) § 13.81 (br, 1H), 9.98 (s, 1 H), 9.19 (s, 1H),
7.44 (s, 1H), 6.75 (d, 1H), 6.61 (d, 1H), 5.16 (d, 1H), 4.68 (d, 1H),4.57 (s, 1H), 4.54 (d, 1H),
3.61 (dd, 1H), 3.31 (s, 3H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD): m/z = 446 (M + H)*.

EXAMPLE 4
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[0071] (25,3R,5R)-3-((E£)-(2-(2,5-dichloro-3,4-
dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:

[0072] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2,5-dichloro-3,4-dihydroxybenzohydrazide was used in place of 2-
chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 13.88(br, 1H),
12.13(s, 1H), 10.08 (br, 2H), 7.74 (s, 1H), 7.15 (s, 1H), 5.29 (d, 1H), 4.90 (s, 1H), 3.78 (dd,
1H), 3.26 (dd, 1H), 1.61(s, 3H). LC-MS (ESI): m/z =466 (M + H)*.

EXAMPLE 5

[0073] (25,3R,5R)-3-((E)-(2-(3,4-dihydroxybenzoyl)hydrazono)methyl)- 3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0074] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3,4-dihydroxybenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide.

[0075] 'H NMR (400 MHz, DMSO-d6) :6 13.84 (br, 1H), 11.92 (s, 1H), 9.69 (s,
1H), 9.27 (s, 1H), 7.90 (s, 1H), 7.34 (s, 1H), 7.29 (d, 1H), 6.82 (d, 1H), 5.28 (d, 1H), 4.90 (s,
1H), 3.72 (dd, 1H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD): m/z =398 (M + H)*.

EXAMPLE 6
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[0076] (25,3R,5R)-3-methyl-7-ox0-3-((£)-(2-(3,4,5-
trihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4.,4-dioxide:

[
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[0077] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3,4,5-trihydroxybenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide.

[0078] 'H NMR (400 MHz, DMSO-d6) & 13.79 (br, 1H), 11.90 (s, 1H), 9.21 (s,
2H), 7.88 (s, 1H), 6.90 (s, 2H), 5.28 (d, 1H), 4.90 (s, 1H), 3.72 (dd, 1H), 3.26 (dd, 1H), 1.61 (s,
3H). LC-MS (ESD): m/z = 414 (M + H)*.

EXAMPLE 7

[0079] (28,3R,5R)-3-((E)-(2-(3,4-dihydroxybenzoyl)-2-
methylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo|[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:

[0080] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3,4-dihydroxy-N-methylbenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide.

[0081]  'HNMR (400 MHz, DMSO-d6) & 13.83 (br, 1H), 9.54 (s, 1H), 9.11 (s, 1H),
7.42 (s, 1H), 7.13 (s, 1H), 7.05 (d, 1H), 6.71 (d, 1H), 5.16 (d, 1H), 4.68 (d, 1H),4.57 (s, 1H),
4.54 (d, 1H), 3.61 (dd, 1H), 3.34 (s, 3H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD): m/z = 412
(M + H)*.

29



WO 2021/048613 PCT/1IB2020/000686

EXAMPLE §

[0082] (25,3R,5R)-3-((E)-(2-(2-hydroxy-3-methylbenzoyl)hydrazono)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

O s
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[0083] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-hydroxy-3-methylbenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) ¢ 13.84 (br, 1H), 12.38 (s, 1H),
12.32 (s, 1H), 7.98 (s, 1H), 7.78 (d, 1H), 7.39 (d, 1H), 8.86 (t, 1H), 5.29 (d, 1H), 4.90 (s, 1H),
3.78 (dd, 1H), 3.26 (dd, 1H), 2.18 (s, 3H), 1.61 (s, 3H). LC-MS (ESD: m/z =396 (M + H)".

EXAMPLE 9

[0084] (25,3R,5R)-3-((E)-(2-(2-hydroxybenzoyl)hydrazono)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0085] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-hydroxybenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) § 13.84 (br, 1H), 12.09 (s, 1H),
11.52 (s, 1H), 7.97 (s, 1H), 7.83 (d, 1H), 7.48 (t, 1H), 6.97 (dd, 2H), 5.29 (d, 1H), 4.90 (s, 1H),
3.78 (dd, 1H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD): m/z = 382 (M + H)*.

EXAMPLE 10

[0086] (25,3R,5R)-3-((E)-(2-(2-bromo-3,4-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0087] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-bromo-3,4-dihydroxybenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) § 13.82 (br, 1H), 11.97 (s, 1H),
10.21 (s, 1H), 9.38 (s, 1H), 7.72 (s, 1H), 6.81 (d, 2H), 5.29 (d, 1H), 4.90 (s, 1H), 3.78 (dd, 1H),
3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESID): m/z =476 (M + H)*.

EXAMPLE 11

[0088] (25,3R,5R)-3-methyl-7-0x0-3-((£)-(2-(2,3,6-trichloro-4,5-
dihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:

[0089] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2,3,6-trichloro-4,5-dihydroxybenzohydrazide was used in place of 2-
chloro-4,5-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 6 13.91 (br, 1H), 12.37
(s, 1H), 7.71 (s, 1H), 5.14 (d, 1H), 5.00 (s, 1H), 3.78 (dd, 1H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-
MS (ESI): m/z =500 (M + H)*.

EXAMPLE 12

[0090] (25,3R,5R)-3-((E)-(2-isonicotinoylhydrazono)methyl)-3-methyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0091] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except isonicotinohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) § 13.76 (br, 1H), 12.42 (s, 1H),
8.79 (d, 2H), 7.98 (s, 1H), 7.80 (d, 2H), 5.23 (d, 1H), 4.89 (s, 1H), 3.73 (dd, 1H), 3.32 (dd, 1H)
,1.63 (s, 3H). LC-MS (ESD: m/z =367 (M + H)".

EXAMPLE 13

[0092] (25,3R,5R)-3-methyl-3-((E£)-(2-nicotinoylhydrazono)methyl)-7-oxo-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

C

J]
1_L.;'j
-

: 3

¥

&

S

SO0

[0093] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except nicotinohydrazide was wused in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) J 13.76 (br, 1H), 8.33 (d, 2H), 7.62
(s, 1H), 7.22 (br, 1H), 7.02 (t, 1H), 6.55 (s, 1H), 5.23 (d, 1H), 4.89 (s, 1H), 3.73 (dd, 1H), 3.32
(dd, 1H) ,1.63 (s, 3H). LC-MS (ESD): m/z =367 (M + H)*.

EXAMPLE 14

[0094] (25,3R,5R)-3-((E£)-(2-(2,6-dichloro-3,4-
dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0095] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2,6-dichloro-3,4-dihydroxybenzohydrazide was used in place of 2-
chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) § 14.00 (br, 1H), 12.15
(s, 1H), 10.40 (s, 1H), 10.13 (s, 1H), 7.72 (s, 1H), 6.88 (s, 1H), 5.29 (d, 1H), 4.90 (s, 1H), 3.78
(dd, 1H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD): m/z = 466 (M + H)*.

EXAMPLE 15

[0096] (25,3R,5R)-3-((E)-(2-(2-fluoro-3,4-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0097] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-fluoro-3,4-dihydroxybenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 6 13.89 (br, 1H), 11.88 (s, 1H),
10.12 (s, 1H), 9.33 (s, 1H), 7.81 (s, 1H), 6.98 (s, 1H), 6.88 (d, 1H), 5.29 (d, 1H), 4.90 (s, 1H),
3.78 (dd, 1H), 3.26 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD): m/z =416 (M + H)*.

EXAMPLE 16

[0098] (28,3R,5R)-3-((E)-(2-(3,4-dihydroxy-2-
methylbenzoyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo|[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0099] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3,4-dihydroxy-2-methylbenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) 6 13.69 (br, 1H), 11.83 (s, 1H),
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9.73(s, 1H), 8.44 (s, 1H), 7.78 (s, 1H),6.78 (d, 1H), 6.67 (dd, 1H),5.28 (s, 1H), 4.85 (s, 1H),
3.78 (dd, 1H), 3.26 (dd, 1H), 2.17 (s,3H),1.61 (s, 3H). LC-MS (ESI): m/z = 412 (M + H)*.

EXAMPLE 17

[00100] (25,3R,5R)-3-methyl-7-0x0-3-((E)-(2-picolinoylhydrazono)methyl)-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

o .
L0 b 7N
O

BO0H

[0100] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except picolinohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) § 13.79 (br, 1H), 12.51 (s, 1H),
8.71 (d, 1H), 8.16 (s, 1H), 8.11 (d, 1H), 8.06 (t, 1H), 7.69 (t, 1H), 5.23 (d, 1H), 4.89 (s, 1H),
3.73 (dd, 1H), 3.32 (dd, 1H) ,1.63 (s, 3H). LC-MS (ESD): m/z = 367 (M + H)*.

EXAMPLE 18

[0101] (25,3R,5R)-3-methyl-7-ox0-3-((£)-(2-(pyrimidine-5-
carbonyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-

dioxide:

SO0

[0102] The title compound was prepared using the similar procedure as described
in Example 1 , except pyrimidine-5-carbohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 6 13.75 (br, 1H), 9.35 (s, 1H), 9.09
(d, 1H), 8.12 (s, 1H), 8.07 (d, 1H), 5.23 (d, 1H), 4.89 (s, 1H), 3.73 (dd, 1H), 3.32 (dd, 1H) ,1.63
(s, 3H). LC-MS (ESI): m/z =368 (M + H)*.

EXAMPLE 19
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[0103] (25,3R,5R)-3-methyl-7-0x0-3-((E)-(2-(pyrazine-2-
carbonyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-

dioxide:
LN
e H
rjb\? \yf:\\;. . N
Poob e TR

[0104] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except pyrazine-2-carbohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) 6 13.83 (br, 1H), 9.22 (d, 1H), 8.91
(d, 1H), 8.78 (s, 1H), 8.12 (s, 1H), 5.23 (d, 1H), 4.89 (s, 1H), 3.67 (dd, 1H), 3.31 (dd, 1H) ,1.61
(s, 3H). LC-MS (ESD): m/z =368 (M + H)*.

EXAMPLE 20

[0105] (28,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxyphenyl)acetyl hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

el
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[0106] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-(3,4-dihydroxy-2-methylphenyl)acetohydrazide was used in place of
2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) § 13.73 (br, 1H),
11.81 (s, 1H), 8.87 (s, 1H), 8.74 (s, 1H), 7.70 (s, 1H), 6.68 (d, 1H), 6.61 (dd, 1H), 6.51 (dd,
1H), 5.28 (d, 1H), 4.90 (s, 1H), 3.72 (d, 1H), 3. 61 (dd, 1H), 3.31 (d, 1H),3.26 (dd, 1H), 1.61
(s, 3H). LC-MS (ESD): m/z =412 M + H)*.

EXAMPLE 21

[0107] (25,3R,5R)-3-((E)-(2-((R)-2-((tert-butoxycarbonyl)amino)-3-(3,4-
dihydroxyphenyl)propanoyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0108] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except (R)-tert-butyl (3-(3,4-dihydroxy-2-methylphenyl)-1-hydrazinyl-1-
oxopropan-2-yl)carbamate was used in place of 2-chloro-4,5-dihydroxybenzohydrazide. 'H
NMR (400 MHz, DMSO-d6) ¢ 13.75 (br, 1H), 11.62 (s, 1H), 8.68 (br, 2H), 7.73 (s, 1H), 7.64
(s, 1H), 7.06 (d, 1H), 6.51 (d, 1H), 5.28 (d, 1H), 4.90 (s, 1H), 3.72 (d, 1H), 3. 61 (dd, 1H), 3.26
(dd, 1H), 4.80 (m, 1H), 3.71 (br, 1H), 2.74 (m, 1H), 2.59 (d, 1H), 1.61 (s, 3H), 1.10 (s, 9H).
LC-MS (ESI): m/z =541 (M + H)*.

EXAMPLE 22

[0109] (25,3R,5R)-3-((E)-(2-(3-chloro-4,5-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0110] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3-chloro-4,5-dihydroxybenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) J 12.11 (s, H), 10.20 (s, 1H),
9.41 (s, 1H), 7.83 (s, 1H), 7.10 (s, 1H), 6.92 (d, 1H), 6.82 (d, 1H), 6.64 (s, 1H), 5.28 (d, 1H),
5.01 (s, 1H), 3.73 (t, 3H), 3.33 (m, 1H), 2.20 (s, 1H), 1.62 (s, 3H). LC-MS (ESD: m/z = 432
(M + H)*.

EXAMPLE 23

[0111] (25,3R,5R)-3-((E)-(2-(2-chloro-3,4-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0112] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-chloro-3,4-dihydroxybenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 6 12.12 (s, H), 10.21 (s, 1H),
9.43 (s, 1H), 7.84 (s, 1H), 7.13 (d, 1H), 6.89 (d, 1H), 6.60 (s, 1H), 5.33 (d, 1H), 5.04 (s, 1H),
3.75 (t, 1H), 3.36 (m, 1H), 2.23 (s, 1H), 1.64 (s, 3H). LC-MS (ESD): m/z =432 (M + H)*.

EXAMPLE 24

[0113] (25,3R,5R)-3-((E)-(2-(3,6-difluoropicolinoyl)hydrazono)methyl)- 3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

F'\- N
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[0114] The title compound was prepared using the similar procedure as described
in Example 1 except 3,6-difluoropicolinohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) é 13.87 (br, 1H), 12.42 (s, 1H),
8.17 (m, 1H), 8.01 (s, 1H), 7.58 (d , 1H), 7.28 (m, 1H), 5.23 (d, 1H), 4.89 (s, 1H), 3.71 (dd,
1H), 3.33 (dd, 1H), 1.63 (s, 3H). LC-MS (ESD): m/z =368 (M + H)*.

EXAMPLE 25

[0115] (28,3R,5R)-3-((E)-(2-(3-(3.4-
dihydroxyphenyl)propanoyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0116] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3-(3,4-dihydroxy-2-methylphenyl)propanehydrazide was used in place
of 2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 13.76 (br, 1H),
11.65 (s, 1H), 8.65 (br, 2H), 7.67 (s, 1H), 6.65 (d, 1H), 6.62 (s, 1H), 6.48 (d, 1H), 5.28 (d, 1H),
4.90 (s, 1H), 3.72 (d, 1H), 3.31 (dd, 1H), 2.70 (m, 3H), 2.42 (m, 1H), 1.61 (s, 3H). LC-MS
(ESD: m/z =426 (M + H)*.

EXAMPLE 26

[0117] (25,3R,5R)-3-((E)-(2-(2-(benzo[d][1,3]dioxol-5-
yDacetyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:

o

[0118] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-(benzo[d][1,3]dioxol-5-yl)acetohydrazide was used in place of 2-
chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) é 13.76 (br, 1H), 9.92
(s, 1H), 9.35 (s, 1H), 6.67 (s, 1H), 6.63 (d, 1H), 6.84 (s, 1H), 5.97 (s, 2H), 5.13 (d, 1H), 4.87
(s, 1H), 3.88 (dd, 1H), 3.35 (s, 2H), 3.26 (dd, 1H), 3.21 (dd, 1H), 1.61 (s, 3H). LC-MS (ESD):
m/z =424 (M + H)".

EXAMPLE 27

[0119] (25,3R,5R)-3-((E)-(2-(2,5-dihydroxy-3,6-
dimethylbenzoylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0120] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2,5-dihydroxy-3,6-dimethylbenzohydrazide was used in place of 2-
chloro-4,5-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 9.64 (s, 1H), 8.98 (s,
1H), 7.50 (s, 1H), 6.97 (s, 1H), 6.68 (s, 1H), 5.24 (s, 1H), 4.70 (t, 1H), 3.46 (m, 1H), 3.32 (s,
1H), 3.21 (m, 1H), 2.36 (s, 3H), 2.31 (s, 3H), 1.53 (s, 3H). LC-MS (ESD: m/z =426 (M + H)*.

EXAMPLE 28

[0121] (25,3R,5R)-3-((E)-(2-(2,3-dihydroxybenzoyl)hydrazono)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0122] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2,3-dihydroxybenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) ¢ 12.12 (s, H), 10.22 (s, 1H), 9.42
(s, 1H), 7.84 (s, 1H), 7.33 (t, 1H), 7.11 (d, 1H), 6.89 (d, 1H), 6.60 (s, 1H), 5.30 (d, 1H), 5.01
(s, 1H), 3.74 (t, 1H), 3.35 (m, 1H), 1.65 (s, 3H). LC-MS (ESD): m/z =398 (M + H)*.

EXAMPLE 29

[0123] (25,3R,5R)-3-((E)-(2-(4-hydroxybenzoyl)hydrazono)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0124] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-hydroxybenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) 6 12.12 (s, H), 10.20 (s, 1H), 9.40
(s, 1H), 7.83 (m, 2H), 7.11 (s, 1H), 6.91 (m, 2H), 6.60 (m, 1H), 5.33 (d, 1H), 5.02 (s, 1H), 3.74
(t, 1H), 3.34 (m, 1H), 1.65 (s, 3H). LC-MS (ESD): m/z =382 (M + H)".

EXAMPLE 30

[0125] (25,3R,5R)-3-((E)-(2-(2-chloro-3,4-dimethoxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0126] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-chloro-3,4-dimethoxybenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) d 12.12 (s, H), 7.82 (s, 1H),
7.43 (s, 1H), 7.13 (m, 2H), 5.32 (s, 1H), 4.81 (s, 1H), 3.89 (s, 3H), 3.85 (s, 3H), 3.74 (m, 1H),
3.34 (m, 1H), 1.64 (s, 3H). LC-MS (ESI): m/z = 460 (M + H)".

EXAMPLE 31

[0127] (25,3R,5R)-3-methyl-3-((E£)-(2-(4-methylbenzoyl)hydrazono)methyl)-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0128] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-methylbenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 12.13 (s, 1H), 7.94 (s, 1H), 7.81
(d, 2H), 7.34 (d, 2H), 5.31 (d, 1H), 4.91 (s, 1H), 3.76 (dd, 1H), 3.34 (d,2H), 2.38 (s, 3H), 1.63
(s, 3H). LC-MS (ESI): m/z =380 (M + H)*.
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EXAMPLE 32

[0129] (25,3R,5R)-3-methyl-7-ox0-3-((£)-(2-(4-
(trifluoromethyl)benzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:
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[0130] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-(trifluoromethyl)benzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 6 12.40 (s, 1H), 8.11 (d, 2H), 7.96
(s, 1H), 7.93 (d, 2H), 5.32 (d, 1H),4.97 (s, 1H), 3.76 (dd, 1H), 3.34 (d, 2H), 1.64 (s, 3H). LC-
MS (ESD): m/z =434 (M + H)".

EXAMPLE 33

[0131] (25,3R,5R)-3-((E)-(2-(4-fluorobenzoyl)hydrazono)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0132] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-fluorobenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) & 12.2 (s, 1H), 7.97 (t, 3H), 7.38
(m, 2H), 5.3 (d, 1H), 4.92 (s, 1H), 3.91 (dd, 1H), 3.33 (d, 2H), 1.63 (s, 3H). LC-MS (ESI): m/z
=384 (M + H)".

EXAMPLE 34

[0133] (25,3R,5R)-3-((E)-(2-benzoylhydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0134] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except benzohydrazide was wused in place of 2-chloro-4,5-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 12.22 (s, 1H), 7.95 (s, 1H), 7.90
(d, 2H), 7.61 (d, 1H), 7.55 (m, 2H), 5.32 (d, 1H), 4.94 (s,1H), 3.77 (dd, 1H),3.34 (d, 2H), 1.64
(s, 3H). LC-MS (ESI): m/z =366 (M + H)*.

EXAMPLE 35

[0135] (25,3R,5R)-3-((E)-(2-(4-methoxybenzoyl)hydrazono)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0136] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-methoxybenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) é 12.07 (s, 1H), 7.93 (m, 3H),
7.06 (d, 2H), 5.31 (d, 1H), 4.91 (s, 1H), 3.83 (s 3H), 3.76 (dd,1H), 3.34 (d, 2H), 1.62 (s, 3H).
LC-MS (ESD: m/z =396 (M + H)*.

EXAMPLE 36

[0137] (25,3R,5R)-3-((E)-(2-(4-chlorobenzoyl)hydrazono)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0138] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-chlorobenzohydrazide was used in place of 2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 12.25 (s, 1H), 7.95 (m, 3H),
7.61(d, 2H), 5.3 (d, 1H), 4.93 (s, 1H), 3.76 (dd, 1H), 3.33 (d, 2H), 1.63 (s, 3H). LC-MS (ESD):
m/z =400 (M + H)".

EXAMPLE 37

[0139] (25,3R,5R)-3-((E)-(2-(3-ethyl-7-ox0-4,7-dihydropyrazolo[1,5-
a]pyrimidine-5-carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

G

[0140] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except  3-ethyl-7-oxo-4,7-dihydropyrazolo[1,5-a]pyrimidine-5-
carbohydrazide was used in place of 2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400
MHz, DMSO-d6) ¢ 13.86 (br, 1H), 12.58 (s, 1H), 7.98 (s, 1H), 7.90 (s, 1H), 6.25 (s, 1H), 5.16
(d, 1H), 4.57 (s, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 2.69 (q, 2H), 1.64 (s, 3H), 1.20 (t, 3H). LC-
MS (ESD): m/z =451 (M + H)*.

EXAMPLE 38

[0141] (25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)pyrrolidine- 3-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:
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[0142] FIG. 6 shows a synthetic scheme for the preparation of this compound. Step
1. methyl 1-(2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoyl)pyrrolidine-3-carboxylate. 2-
chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid (1 g, 2.3 mmol) and methyl pyrrolidine-3-
carboxylate (0.3 g, 2.3 mmol ) was dissolved into 10 mL DMF in round bottom flask. EDCI
(0.7 g, 4.6 mmol), HOBT (0.3 g, 2.3 mmol) and then NMM (0.7 g, 6.9 mmol) was added to the
flask. The mixture was stirred at rt for 6 h. Then the solvent was poured into ice water to afford
the white solid, the crude product was filtered and dried under vacuum (1.0 g, yield 81%). LC-
MS (ESD): m/z = 540 (M + H)".

[0143] Step 2. 1-(2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoyl)pyrrolidine-3-
carbohydrazide. Methyl 1-(2-chloro-3,4-bis({(4-methoxybenzyl)oxy)benzoyl)pyrrolidine-3-
carboxylate (1.0 g, 1.8 mmol) was dissolved in 30 mL EtOH. Hydrazine hydrate (0.5 g, 9.3
mmol) was added and the solution was refluxed for 8 hours. Then the reaction solution was
cooled to rt. The white solid was filtered and dried as crude product (0.7 g, yield 76%). LC-
MS (ESD: m/z = 540 (M + H)".

[0144] Step 3. (25,3R,5R)-benzhydryl  3-((E)-(2-(1-(2-chloro-3,4-bis((4-
methoxybenzyl)oxy)benzoyl)pyrrolidine-3-carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. (25,5R)-benzhydryl 3-formyl-3-
methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (0.6 g, 1.3 mmol)
and 1-(2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoyl)pyrrolidine-3-carbohydrazide (0.7 g,
1.3 mmol) was dissolved in 20 mL DMF and the solution was stirred at rt for 8 hours. Then the
solvent was evaporated in vacuo, the residue was purified by silica gel (Ethyl Acetate:
Petroleum Ether = 1:1) to afford white solid (0.7 g, yield 51%). LC-MS (ESI): m/z = 935 (M
+ H)*.

[0145] Step 4. (25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-
dihydroxybenzoyl)pyrrolidine-3-carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. (2S,5R)-benzhydryl 3-((E)-(2-(1-(2-
chloro-3,4-bis((4-methoxybenzyl)oxy)benzoyl)pyrrolidine-3-carbonyl)hydrazono)methyl)-3-
methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (0.7 g, 0.9 mmol)
was dissolved into 30 mL of THF, Pd/C (10%, 100 mg) was added and the solution was stirred
under charged hydrogen balloon for 8 hours. Filtration to remove the palladium, Then the
solvent was evaporated in vacuo, the residue was purified by column chromatography (silica

gel, DCM: MeOH = 20:1) to afford the title compound as white solid (321 mg, yield 67%). 'H
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NMR (400 MHz, DMSO-d6) & 8.31 (s, 1H), 7.50 (s, 1H), 7.17 (d, 1H), 6.66 (d, 1H), 5.43 (s,
1H), 4.70 (t, 1H), 4.46 (s, LH), 4.27 (s, LH), 3.89 (m, 1H), 3.71 (m, 1H), 3.64 (m, 1H), 3.55 (m,
1H), 3.46 (m, 1H), 3.21 (m, 1H), 2.95 (m, 1H), 2.19 (m, 1H), 1.6 (s, 3H), 1.91 (m, 1H). LC-
MS (ESD): m/z = 529 (M + H)".

EXAMPLE 39

[0146] (25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)azetidine-3-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:
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[0147] The title compound was prepared using the similar procedure as described
in Example 38 except methyl azetidine-3-carboxylate was used in place of methyl pyrrolidine-
3-carboxylate. 'H NMR (400 MHz, DMSO-d6) 8 8.97 (s, 1H), 7.11 (s, 1H), 6.80 (s, 1H), 6.22
(s, 1H), 5.16 (s, 1H), 5.02 (s, 1H), 4.31 (t, 1H), 3.85 —=3.79 (m, 2H), 3.59 — 3.54 (m, 2H), 3.19
(m, 1H), 3.07 (m, 1H), 2.89 (s, 1H), 2.82 (m, 1H), 1.62 (m, 3H). LC-MS (ESD: m/z =515 (M
+ H)*.

EXAMPLE 40

[0148] (25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)pyrrolidine-2-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:

[0149] The title compound was prepared using the similar procedure as described
in Example 38 except methyl pyrrolidine-2-carboxylate was used in place of methyl

pyrrolidine-3-carboxylate. 'H NMR (400 MHz, DMSO-d6) 6 9.66 (s, 1H), 7.50 (s, 1H), 7.03
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(d, 1H), 6.62 (d, 1H), 5.15 (s, 1H), 5.08 (s, 1H), 4.70 (t, 1H), 3.83 (m, 1H), 3.47 (m, 2H), 3.21
(m, 1H), 2.92 (m, 1H), 2.83 (m, 1H), 2.18 (m, 1H), 1.93 (d, 2H), 1.86 (s, 1H), 1.50 (s, 3H).
LC-MS (ESI): m/z = 529 (M + H)".

EXAMPLE 41

[0150] (28,3R,5R)-3-((E)-(2-(5-(3.4-
dihydroxybenzamido)picolinoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0151] The title compound was prepared using the similar procedure as described
in Example 38. 'H NMR (400 MHz, DMSO-d6) ¢ 13.81 (br, 1H), 12.43 (s, 1H), 10.48 (s, 1H),
9.79 (s, 1H), 9.34 (s, 1H), 9.08 (d, 1H), 8.44 (dd, 1H), 8.14 (s, 1H), 8.11 (d, 1H), 7.44 (dd, 1H),
7.42 (dd, 1H), 6.87 (d, 1H), 5.32 (d, 1H), 4.81 (s, 1H), 3.78 (dd, 1H), 3.26 (dd, 1H), 1.63 (s,
3H). LC-MS (ESD: m/z =518 (M + H)*.

EXAMPLE 42

[0152] (25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)piperidine-4-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:
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[0153] The title compound was prepared using the similar procedure as described
in Example 38 except methyl piperidine-4-carboxylate was used in place of methyl pyrrolidine-
3-carboxylate. 'H NMR (400 MHz, DMSO) 6 8.28 (s, 1H), 7.50 (s, 1H), 7.19 (d, 1H), 6.66 (d,
1H), 5.43 (s, 1H), 4.70 (t, 1H), 4.47 (s, 1H), 4.26 (s,1H), 3.72 — 3.68 (m, 2H), 3.44 (m, 4H),
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3.21 (m, 4H), 2.53 (s, 1H), 2.07(m,2H), 1.88 — 1.84 (m, 2H), 1.6 (s, 3H). LC-MS (ESI): m/z =
543 (M + H)".

EXAMPLE 43

[0154] (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-
hydroxypropanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0155] The title compound was prepared using the similar procedure as described
in Example 38 except (S)-methyl 2-amino-3-hydroxypropanoate was used in place of methyl
pyrrolidine-3-carboxylate. 'H NMR (400 MHz, DMSO-d6) § 9.77 (s, 1H), 7.50 (s, 1H), 7.40
(s, 1H), 7.22 (d, 1H), 6.67 (d, 1H), 6.60 (s, 1H), 5.54 (s, 1H), 4.70 (t, 1H), 4.53 (s, 1H), 4.28
(m, 2H), 4.11 (m, 1H), 3.81 (m, 1H), 3.46 (m, 1H), 3.21 (m, 1H), 1.70 (s, 3H). LC-MS (ESD):
m/z =519 M + H)".

EXAMPLE 44

[0156] (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-
phenylpropanoyhhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:

[0157] The title compound was prepared using the similar procedure as described
in Example 38 except (S)-methyl 2-amino-3-phenylpropanoate was used in place of methyl
pyrrolidine-3-carboxylate. 'H NMR (400 MHz, DMSO-d6) 6 7.01 (s, 1H), 6.84 — 6.76 (m,
3H), 6.76 — 6.65 (m, 3H), 6.62 (s, 1H), 6.13 (d, 1H), 4.97 (s, 1H), 4.62 (t, 1H), 4.21 (t, 1H),
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4.09 (s, 1H), 3.76 (s, 1H), 2.97 (m, 1H), 2.72 (m, 1H), 2.67 (m, 1H), 2.45 (s, 1H), 1.59 (s, 3H).
LC-MS (ESD): m/z = 579 (M + H)".

EXAMPLE 45

[0158] (28,3R,5R)-3-((E)-(2-(4-((2-chloro-3,4-
dihydroxybenzamido)methyl)benzoyl)hydrazono)methyl)-3-methyl-7-0xo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0159] The title compound was prepared using the similar procedure as described
in Example 38 except methyl 4-(aminomethyl)benzoate was used in place of methyl
pyrrolidine-3-carboxylate. 'H NMR (400 MHz, DMSO-d6) & 9.80 (s, 1H), 7.64 (s, 1H), 7.50
(s, 1H), 7.29 —7.25 (m, 2H), 7.17 (s, 1H), 6.77 (m, 1H), 5.54 (s, 1H), 4.70 (t, 1H), 4.42 (t, 1H),
4.28 (s, 1H), 4.03 (m, 1H), 3.80 (m, 1H), 3.57 (s, 1H), 3.46 (s, 1H), 3.21 (s, 1H), 1.74 (s, 3H).
LC-MS (ESD: m/z =485 (M + H)*.

EXAMPLE 46

[0160] (28,3R,5R)-3-((E)-(2-(4-((3.,4-
dihydroxybenzamido)methyl)benzoyl)hydrazono)methyl)-3-methyl-7-0xo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0161] The title compound was prepared using the similar procedure as described
in Example 38 except methyl 4-(aminomethyl)benzoate was used in place of methyl
pyrrolidine-3-carboxylate and 3,4-bis((4-methoxybenzyl)oxy)benzoic acid was used in place
of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid. 'H NMR (400 MHz, DMSO-d6)
9.86 (s, 1H), 8.86 (s, 1H), 7.95 - 7.80 (m, 2H), 7.52 —7.41 (m, 3H), 7.30 (m, 1H), 7.19 (s, 1H),
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6.73 (d, 1H), 6.36 (s, 1H), 5.05 (s, 1H), 4.70 (t, 1H), 4.61 (s, 1H), 4.53 (s, 1H), 3.87 (s, 1H),
3.51 —3.44 (m, 2H), 3.21 (m, 1H), 1.53 (s, 3H). LC-MS (ESD): m/z = 485 (M + H)*.

EXAMPLE 47

[0162] ((28,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-
methylbutanoylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:

[0163] The title compound was prepared using the similar procedure as described
in Example 38 except (S)-methyl 2-amino-3-methylbutanoate was used in place of methyl
pyrrolidine-3-carboxylate and 3,4-bis((4-methoxybenzyl)oxy)benzoic acid was used in place
of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid. 'H NMR (400 MHz, DMSO-d6) ¢
9.94 (s, 1H), 7.50 (s, 1H), 7.39 (s, 1H), 7.27 (d, J = 12.4 Hz, 2H), 6.78 (s, 1H), 5.60 (s, 1H),
4.70 (s, 1H), 4.56 (s, 1H), 4.26 (s, 1H), 3.54 (s, 1H), 3.46 (s, 1H), 3.21 (s, 1H), 2.43 (s, 1H),
1.68 (s, 3H), 1.10 (s, 3H), 0.96 (s, 3H). LC-MS (ESD: m/z =497 (M + H)*.

EXAMPLE 48

[0164] (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-
methylbutanoylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:

[0165] The title compound was prepared using the similar procedure as described

in Example 38 except (S)-methyl 2-amino-3-methylbutanoate was used in place of methyl
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pyrrolidine-3-carboxylate. 'H NMR (400 MHz, DMSO-d6) 6 9.82 (s, 1H), 8.31 (s, 1H), 7.50
(s, 1H), 7.20 (s, 1H), 7.01 (d, 1H), 6.66 (d, 1H), 5.65 (s, 1H), 4.70 (s, 1H), 4.52 (s, 1H), 4.40
(d, 1H), 4.27 (s, 1H), 3.46 (m, 1H), 3.21 (m, 1H), 2.48 (m, 1H),1.76 (s, 3H), 1.11 (s, 3H), 0.97
(s, 3H). LC-MS (ESI): m/z =531 (M + H)*.

EXAMPLE 49

[0166] (25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)piperidine-3-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:

[0167] The title compound was prepared using the similar procedure as described
in Example 38 except methyl piperidine-3-carboxylate was used in place of methyl pyrrolidine-
3-carboxylate. 'H NMR (400 MHz, DMSO-d6) 6 8.76 (s, 1H), 7.50 (s, 1H), 7.16 (d, 1H), 6.64
(d, 1H), 5.90 (s, 1H), 4.70 (t, 1H), 3.98 (m, 1H), 3.93 (s, 1H), 3.55 — 3.44 (m, 5H), 3.21 (m,
1H), 2.50 (m, 1H), 2.12 (m, 1H), 1.95 (m, 1H), 1.88 (m, 1H), 1.82 (m, 1H), 1.61 (s, 3H). LC-
MS (ESD): m/z = 543 (M + H)".

EXAMPLE 50

[0168] (25,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-
hydroxypropanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0169] The title compound was prepared using the similar procedure as described

in Example 38 except (S)-methyl 2-amino-3-phenylpropanoate was used in place of methyl
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pyrrolidine-3-carboxylate and 3,4-bis((4-methoxybenzyl)oxy)benzoic acid was used in place
of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid. 'H NMR (400 MHz, DMSO-d6) &
9.80 (s, 1H), 7.64 (s, 1H), 7.50 (s, 1H), 7.29 — 7.25 (m, 2H), 7.17 (s, 1H), 6.77 (m, 1H), 5.54
(s, 1H), 4.70 (t, 1H), 4.42 (t, 1H), 4.28 (s, 1H), 4.03 (m, 1H), 3.80 (m, 1H), 3.57 (s, 1H), 3.46
(s, 1H), 3.21 (s, 1H), 1.74 (s, 3H). LC-MS (ESD): m/z =485 (M + H)*.

EXAMPLE 51

[0170] (25,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-
phenylpropanoyhhydrazono)methyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:

[0171] The title compound was prepared using the similar procedure as described
in Example 38 except (S)-methyl 2-amino-3-phenylpropanoate was used in place of methyl
pyrrolidine-3-carboxylate and 3,4-bis((4-methoxybenzyl)oxy)benzoic acid was used in place
of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid.. 'H NMR (400 MHz, DMSO-d6) &
9.49 (s, 1H), 7.09 (s, 1H), 6.92 (d, 1H), 6.88 (m, 4H), 6.76 (s, 1H), 6.74 (d, 2H), 6.30 (d, 1H),
5.35 (s, 1H), 5.20 (s, 1H), 4.39 (t, 1H), 4.29 (t, 1H), 3.79 (s, 1H), 3.06 (s, 1H), 3.00 (m, 1H),
2.83 (m, 2H), 2.78 (m, 1H), 2.61 (m, 1H), 1.56 (s, 3H). LC-MS (ESID): m/z = 545 (M + H)*.

EXAMPLE 52

[0172] (25,3R,5R)-3-((E)-(2-(1-(3,4-
dihydroxybenzamido)cyclopropanecarbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0173] The title compound was prepared using the similar procedure as described
in Example 38 except methyl 1-aminocyclopropanecarboxylate was used in place of methyl
pyrrolidine-3-carboxylate and 3,4-bis((4-methoxybenzyl)oxy)benzoic acid was used in place
of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid. 'TH NMR (400 MHz, DMSO-d6)
9.81 (s, 1H), 7.50 (s, 1H), 7.22 (d, 2H), 6.73 (d, 2H), 5.58 (s, 1H), 4.70 (t, 1H), 4.22 (s, 1H),
3.46 (m, 2H), 3.21 (m, 1H), 1.68 (s, 3H), 0.99 — 0.94 (m, 2H), 0.74 — 0.69 (m, 2H).LC-MS
(ESD: m/z =481 (M + H)*.

EXAMPLE 53

[0174] (25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-
dihydroxybenzamido)cyclopropanecarbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0175] The title compound was prepared using the similar procedure as described
in Example 38 except methyl 1-aminocyclopropanecarboxylate was used in place of methyl
pyrrolidine-3-carboxylate. 'H NMR (400 MHz, DMSO-d6) & 9.42 (s, 1H), 8.09 (s, 1H), 7.90
(s, 1H), 7.28 (s, 1H), 7.02 (d, 1H), 6.41 (d, 1H), 5.43 (s, 1H), 4.48 (t, 1H), 4.23 (s, 1H), 3.29 (s,
1H), 3.24 (m, 1H), 2.99 (m, 1H), 1.77 (s, 3H), 0.75 (m, 2H), 0.50 (m, 2H). LC-MS (ESI): m/z
=515 M+ H)".

EXAMPLE 54

[0176] (25,3R,5R)-3-((E)-(2-(4-((3.,4-
dihydroxybenzoyl)oxy)benzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0177] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-(hydrazinecarbonyl)phenyl 3,4-bis(benzyloxy)benzoate was used in
place of 2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) & 9.20 (s,
1H), 7.98 —7.84 (m, 2H), 7.58 — 7.47 (m, 3H), 7.35 —7.21 (m, 2H), 6.75 (d, 1H), 5.76 (s, 1H),
4.70 (t, 1H), 3.68 (s, 1H), 3.54 (s, 1H), 3.46 (m, 1H), 3.21 (m, 1H), 1.80 (s, 3H). LC-MS (ESD):
m/z =518 (M + H)".

EXAMPLE 55

[0178] (25,3R,5R)-3-((E)-(2-(2-((tert-butoxycarbonyl)amino)-3-((2-chloro-3,4-
dihydroxybenzoyl)oxy)propanoyl)hydrazono)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0179] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-({tert-butoxycarbonyl)amino)-3-hydrazinyl-3-oxopropyl 2-chloro-
3,4-bis((4-methoxybenzyl)oxy)benzoatewas used in place of  2-chloro-4,5-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) & 7.34 (s, 1H), 7.04 (d, 1H), 6.44
(d, 1H), 5.36 (s, 1H), 5.28 (s, 1H), 5.02 (t, 1H), 4.89 (m, 1H), 4.67 (m, 1H), 4.54 (t, 1H), 4.25
(s, 1H), 4.13 (s, 1H), 3.30 (m, 1H), 3.05 (m, 1H), 1.89 (s, 3H), 1.30 (s, 9H). LC-MS (ESI): m/z
=619 (M + H)".

EXAMPLE 56

[0180] (25,3R,5R)-3-((E)-(2-(3',4'-dihydroxy-[1,1-biphenyl]-4-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:
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[0181] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3',4'-dihydroxy-[1,1'-biphenyl]-4-carbohydrazide was used in place of
2-chloro-4,5-dihydroxybenzohydrazide.

[0182]  'HNMR (400 MHz, DMSO-d6) 6 12.22 (s, 1H), 9.20 (d, 2H), 8.04 (m, 3H),
7.76 (d, 2H), 7.24 (s, 1H), 7.13 (m, 1H), 6.92 (d, 1H), 6.62 (m, 1H), 5.32 (s, 1H), 4.89 (s, 1 H),
3.77 (d, 1H), 3.32 (d, 3H), 1.72 (s, 3H). LC-MS: m/z = 474 (M+H)".

EXAMPLE 57

[0183] (25,3R,5R)-3-((E)-(2-(4-((2-chloro-3,4-
dihydroxybenzoyl)oxy)benzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0184] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 4-(hydrazinecarbonyl)phenyl 3,4-bis(benzyloxy)-2-chlorobenzoate
was used in place of 2-chloro-4,5-dihydroxybenzohydrazide. 1H NMR (400 MHz, DMSO-d6)
6 7.70 = 7.56 (m, 2H), 7.20 (s, 1H), 7.17 — 7.02 (m, 3H), 6.32 (d, 1H), 5.11 (s, 1H), 4.40 (t,
1H), 4.07 (s, 1H), 3.88 (s, 1H), 3.16 (m, 1H), 2.91 (m, 1H), 1.66 (s, 3H). LC-MS (ESI): m/z =
552 (M + H)+.

EXAMPLE 58
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[0185] (25,3R,5R)-3-((E)-(2-(5-(2-chloro-3,4-
dihydroxybenzamido)picolinoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

v")i 3
- b 3
o, ‘f.«\ N

PN
i Y

[0186] The title compound was prepared using the similar procedure as described
in Example 38. 1H NMR (400 MHz, DMSO- d6) :6 13.81(br, 1H), 12.42(s, 1H), 10.81(s, 1H),
10.23(s, 1H), 9.44(s, 1H), 9.00(s, 1H), 8.38(d, 1H), 8.15(s, 1H), 8.11(d, 1H), 6.98(d, 1H),
6.85(d, 1H), 5.32(d, 1H), 4.81 (s, 1H), 3.78 (dd, 1H), 3.26 (dd, 1H), 1.63(s, 3H). LC-MS (ESD):
m/z =552 (M + H)+.

EXAMPLE 59

[0187] (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0188] FIG. 7 shows a synthetic scheme for the preparation of this compound. Step
1: methyl 2-(2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzamido)acetate. To a solution of 2-
chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid (2.2 g, 5.1 mmol) in DMF (40 mL) was
added methyl 2-aminoacetate hydrochloride (0.63 g, 5.0 mmol), EDCI (1.9 g, 10 mmol),
HOBT (0.7 g, 5.0 mmol) and then NMM (0.5 g, 5.0 mmol). The mixture was stirred at rt for 6
h. Then the solution was poured into ice water. The mixture was stirred for 0.5 h, filtered under
reduced pressure. The filter cake was collected and dried with lyophilization to afford the title

compound as a pale solid (2.3 g, yield 90%). LC-MS (ESD: m/z =500 (M + H)+.
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[0189] Step 2: 2-chloro-N-(2-hydrazinyl-2-oxoethyl)-3,4-bis((4-
methoxybenzyl)oxy)benzamide. To a solution of methyl 2-(2-chloro-3,4-bis((4-
methoxybenzyl)oxy)benzamido)acetate (2.0 g, 4.0 mmol) in EtOH (50 mL) was added
hydrazine hydrate (85% in water, 3.0 g, 51 mmol). The mixture was stirred at 80°C for 16h.
The temperature was let cool down to rt. A lot of solid was precipitated. The mixture was
filtered under reduced pressure. The filter cake was collected and dried in vacuo to afford a

white solid (2 g, yield 100%). LC-MS (ESI): m/z = 500 (M + H)+.

[0190] Step 3: 2-chloro-N-(2-hydrazinyl-2-oxoethyl)-3,4-dihydroxybenzamide
hydrochloride. A solution of 2-chloro-N-(2-hydrazinyl-2-oxoethyl)-3,4-bis((4-
methoxybenzyl)oxy)benzamide (1.0 g, 2.0 mmol) in HCI/EtOH (10 mL, 4.0 M) was stirred at
1t for 5 h. The solvent was evaporated in vacuo. The crude (600 mg) was used for the next step

without further purification. LC-MS: m/z = 260 (M+H)+.

[0191] Step 4. (25,3R,5R)-benzhydryl 3-((E)-(2-(2-(2-chloro-3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of 2-chloro-N-(2-
hydrazinyl-2-oxoethyl)-3,4-dihydroxybenzamide hydrochloride (1.0 g, 3.4 mmol) in
EtOH/DCM (10/10 mL) was added (2S,3R,5R)-benzhydryl 3-formyl-3-methyl-7-0x0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (1.5 g, 3.6 mmol) and pyridine (0.1 g,
1.3 mmol). The solution was stirred at rt for 3 h. The solvent was evaporated in vacuo. The
residue was purified by column chromatography (silica gel, DCM: MeOH = 20:1) to afford the
title compound as a white solid (400 mg, yield 18%). LC-MS (ESD: m/z = 655 (M + H)+.

[0192] Step 5: (25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. A solution of (2S,3R,5R)-benzhydryl
3-((B)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (400 mg, 0.6 mmol) in m-cresol
(5 mL) was stirred at 50°C for 5 h. The solution was poured into PE (10 mL). The solid obtained
after filtration was purified by column chromatography (silica gel, DCM: MeOH = 20:1) to
afford the title compound as a white solid (90 mg, yield 30%). 1H NMR (400 MHz, DMSO-
d6) & 11.86 (s, 1H), 9.50 (s, 1H), 9.23 (s, 1H), 7.33 (s, 1H), 7.04 (d, 1H), 6.82 (d, 1H), 6.65
(m, 2H), 5.33 (s, 1H), 5.00 (s, 1H), 4.22 (d, 1H), 3.72 (d, 1H), 3.62 (s, 1H), 2.20 (s, 2H), 1.61
(s, 3H). LC-MS (ESI): m/z =489 (M + H)+.
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EXAMPLE 60

[0193] (25,3R,5R)-3-((E)-(2-(3-(2-chloro-3,4-
dihydroxybenzamido)propanoylhydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0194] The title compound was prepared using the similar procedure as described
in EXAMPLE 59 except methyl 3-aminopropanoate hydrochloride was used in place of methyl
2-aminoacetate hydrochloride. 1H NMR (400 MHz, DMSO-d6) & 11.85 (s, 1H), 9.50 (s, 1H),
9.31 (s, 1H), 8.22 (s, 1H), 7.02 (d, 1H), 6.63 (m, 2H), 5.32 (s, 1H), 5.04 (s, 1H), 3.84 (d, 1H),
3.53 (m, 2H), 3.33 (d, 1H), 2.20 (m, 2H), 1.62 (s, 3H). LC-MS (ESI): m/z =503 (M + H)+.

EXAMPLE 61

[0195] (25,3R,5R)-3-((E)-(2-(6-(2-chloro-3,4-
dihydroxybenzamido)hexanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

1.‘* H

[0196] The title compound was prepared using the similar procedure as described
in EXAMPLE 59 except methyl 6-aminohexanoate hydrochloride was used in place of methyl
2-aminoacetate hydrochloride. 1H NMR (400 MHz, DMSO-d6) & 11.85 (s, 1H), 9.54 (s, 1H),
9.34 (s, 1H), 8.13 (s, 1H), 7.56 (s, 1H), 6.74 (d, 2H), 6.56 (s, 1H), 5.34 (s, 1H), 5.05 (s, 1H),
3.83 (d, 1H), 3.23 (m, 3H), 2.20 (m, 2H), 1.60 (s, 3H), 1.44 (m, 6H). LC-MS (ESD): m/z = 545
(M+H)+.

EXAMPLE 62
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[0197] (25,3R,5R)-3-((E)-(2-((S)-2-(2-chloro-3,4-
dihydroxybenzamido)propanoylhydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0198] The title compound was prepared using the similar procedure as described
in EXAMPLE 59 except (S)-methyl 2-aminopropanoate hydrochloride was used in place of
methyl 2-aminoacetate hydrochloride. 1H NMR (400 MHz, DMSO-d6) & 11.85 (s, 1H), 9.55
(s, 1H), 9.22 (s, 1H), 7.33 (s, 1H), 7.02 (d, 1H), 6.85 (s, 1H), 6.64 (d, 1H), 5.33 (s, 1H), 5.03
(s, 1H), 4.23 (d, 1H), 3.73 (d, 1H), 3.66 (s, 1H), 2.23 (m, 1H), 1.60 (s, 3H), 1.44 (d, 3H). LC-
MS (ESD: m/z = 503 (M + H)+.

EXAMPLE 63

[0199] (25,3R,5R)-3-((E)-(2-(4-(2-chloro-3,4-
dihydroxybenzamido)butanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0200] The title compound was prepared using the similar procedure as described
in EXAMPLE 59 except methyl 4-aminobutanoate hydrochloride was used in place of methyl
2-aminoacetate hydrochloride. 1H NMR (400 MHz, DMSO-d6) & 11.84 (s, 1H), 9.54 (s, 1H),
9.32 (s, 1H), 8.23 (s, 1H), 7.33 (s, 1H), 6.82 (s, 1H), 6.61 (m, 2H), 5.32 (s, 1H), 5.01 (s, 1H),
3.85 (d, 1H), 3.34 (m, 1H), 2.54 (m, 2H), 2.20 (m, 2H), 1.82 (br, 2H), 1.60 (s, 3H). LC-MS
(ESD: m/z =517 (M+H)+.

EXAMPLE 64
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[0201] (25,3R,5R)-3-((E)-(2-(2-(3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0202] FIG. 9 shows a synthetic scheme for the preparation of this compound. Step
1: methyl 2-(3,4-bis((4-methoxybenzyl)oxy)benzamido)acetate. To a solution of 3,4-bis({4-
methoxybenzyl)oxy)benzoic acid (2.0 g, 5.1 mmol) in DMF (40 mL) was added methyl 2-
aminoacetate hydrochloride (0.63 g, 5.0 mmol), EDCI (1.9 g, 10 mmol), HOBT (0.7 g, 5.0
mmol) and then NMM (0.5 g, 5.0 mmol). The mixture was stirred at rt for 6h. Then the solution
was poured into ice water. The mixture was stirred for 0.5h, filtered under reduced pressure.
The filter cake was collected and dried with lyophilization to afford the title compound as a

pale solid (2.3g, yield 97%). LC-MS (ESI): m/z = 466 (M + H)+.

[0203] Step 2: N-(2-hydrazinyl-2-oxoethyl)-3,4-bis((4-
methoxybenzyl)oxy)benzamide. To a solution of methyl 2-(3,4-bis((4-
methoxybenzyl)oxy)benzamido)acetate (2.3 g, 5.0 mmol) in EtOH (50 mlL) was added
hydrazine hydrate (85% in water, 3.0 g, 51 mmol). The mixture was stirred at 80°C for 16h.
The temperature was let cool down to RT. A lot of solid was precipitated. The system was
filtered under reduced pressure. The filter cake was collected and dried in vacuo to afford a

white solid (2.3 g, yield 100%). LC-MS (ESD): m/z = 466 (M + H)+.

[0204] Step 3: N-(2-hydrazinyl-2-oxoethyl)-3,4-dihydroxybenzamide. A solution
of N-(2-hydrazinyl-2-oxoethyl)-3,4-bis((4-methoxybenzyl)oxy)benzamide (0.96 g, 2.0 mmol)
in HCI/EtOH (10 mL, 4.0 M) was stirred at RT for Sh. The solvent was evaporated in vacuo.
The crude was used for the next step without further purification. (600 mg). LC-MS (ESI): m/z
=226 (M + H)+.

[0205] Step 4. (25,3R,5R)-benzhydryl 3-((B)-(2-(2-(3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of N-(2-hydrazinyl-2-
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oxoethyl)-3,4-dihydroxybenzamide (1.0 g, 3.8 mmol) in ECOH/DCM (10/10 mL) was added
(25,3R,5R)-benzhydryl 3-formyl-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate 4,4-dioxide (1.5 g, 3.6 mmol) and pyridine (0.1 g, 1.3 mmol). The solution was
stirred at RT for 3h. The solvent was evaporated in vacuo. The residue was purified by column
chromatography (silica gel, DCM: MeOH = 20:1) to afford the title compound as a white solid
(400 mg, yield 18%). LC-MS (ESD: m/z = 621 (M + H)+.

[0206] Step 5 (25,3R,5R)-3-((E)-(2-(2-(3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. A solution of (E)-benzhydryl 3-((2-
(2-(3,4-dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (400 mg, 0.6 mmol) in m-cresol (5 mL)
was stirred at 50°C for Sh. The solution was poured into PE (10 mL). The solid obtained after
filtration was purified with silica gel-column (DCM: MeOH = 20:1) to afford a white solid (90
mg, yield 30%).1H NMR (400 MHz, DMSO-d6) & 11.84 (s, 1H), 9.54 (d, 1H), 9.24 (d , 1H),
8.33 (s, 1H), 7.44 (s, 1H), 7.14 (d, 1H), 6.81 (s, 1H), 6.62 (m, 2H), 5.30 (s, 1H), 5.03 (s, 1H),
4.23 (d, 1H), 3.70 (d, 1H), 3.62 (s, 1H), 2.20 (s, 2H), 1.60 (s, 3H). LC-MS (ESD: m/z = 455
(M + H)+.

EXAMPLE 65

[0207] (25,3R,5R)-3-((E)-(2-((S)-2-(3,4-
dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0208] The title compound was prepared using the similar procedure as described
in EXAMPLE 64 except (S)-methyl 2-aminopropanoate hydrochloride was used in place of
methyl 2-aminoacetate hydrochloride. 1H NMR (400 MHz, DMSO-d6) & 11.78 (s, 1H), 9.45
(s, 1H), 9.24 (s, 1H), 8.25 (s, 1H), 7.33 (s, 1H), 7.03 (d, 1H), 6.82 (s, 1H), 6.64 (d, 1H), 5.34
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(s, TH), 5.01 (s, 1H), 4.23 (d, 1H), 3.73 (d, 1H), 3.63 (s, 1H), 2.20 (m, 1H), 1.60 (s, 3H), 1.44
(d, 3H). LC-MS (ESI): m/z = 469 (M + H)+.

EXAMPLE 66

[0209] (25,3R,5R)-3-((E)-(2-(4-(3,4-
dihydroxybenzamido)butanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0210] The title compound was prepared using the similar procedure as described
in EXAMPLE 64 except methyl 4-aminobutanoate hydrochloride was used in place of methyl

2-aminoacetate hydrochloride.

[0211]  'HNMR (400 MHz, DMSO-d6) & 11.80 (s, LH), 9.51 (s, 1H), 9.32 (s, 1H),
8.21 (s, 1H), 7.64 (s, 1H), 7.35 (s, 1H), 6.86 (s, 1H), 6.65 (m, 2H), 5.33 (s, 1H), 5.07 (s, 1H),
3.84 (d, 1H), 3.34 (m, 1H), 2.50 (m, 2H), 2.20 (m, 2H), 1.82 (br, 2H), 1.61 (s, 3H). LC-MS
(ESI): m/z = 483 (M + H)*.

EXAMPLE 67

[0212] (25,3R,5R)-3-((E)-(2-(3-(3,4-
dihydroxybenzamido)propanoylhydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0213] The title compound was prepared using the similar procedure as described
in EXAMPLE 64 except methyl 3-aminopropanoate hydrochloride was used in place of methyl

2-aminoacetate hydrochloride.
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[0214]  'HNMR (400 MHz, DMSO-d6) & 11.82 (s, 1H), 9.51 (s, 1H), 9.32 (s, 1H),
8.23 (s, 1H), 7.54 (s, LH), 7.03 (d, 1H), 6.85 (d, 1H), 6.67 (m, 2H), 5.35 (s, 1H), 5.03 (s, 1H),
3.82 (d, 1H), 3.52 (m, 2H), 3.34 (d, 1H), 2.21 (m, 2H), 1.60 (s, 3H). LC-MS (ESI): m/z = 469
(M + H)*.

EXAMPLE 68

[0215] (25,3R,5R)-3-((E)-(2-(6-(3,4-
dihydroxybenzamido)hexanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

. T

[0216] The title compound was prepared using the similar procedure as described
in EXAMPLE 64 except methyl 6-aminohexanoate hydrochloride was used in place of methyl
2-aminoacetate hydrochloride. '"H NMR (400 MHz, DMSO-d6) 6 11.82 (s, 1H), 9.54 (s, 1H),
9.32 (s, 1H), 8.22 (s, 1H), 7.63 (s, 1H), 7.33 (s, 1H), 6.85 (s, 1H), 6.62 (m, 2H), 5.35 (s, 1H),
5.07 (s, 1H), 3.82 (d, 1H), 3.24 (m, 3H), 2.22 (m, 2H), 1.60 (s, 3H), 1.43 (m, 6H). LC-MS
(ESD): m/z=511 (M + H)*.

EXAMPLE 69

[0217] (25,3R,5R)-3-(((2-(3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

SO0

[0218] FIG. 9 shows a synthetic scheme for the preparation of this compound. Step
1: (2S,3R,5R)-benzhydryl 3-methyl-3-((({(4-nitrophenoxy)carbonyl)oxy)methyl)-7-0oxo-4-thia-
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1-azabicyclo[3.2.0]heptane-2-carboxylate ~ 4,4-dioxide. (25,3R,5R)-benzhydryl  3-
(hydroxymethyl)-3-methyl-7-ox0-4-thia- 1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-
dioxide (54g, 0.13mol) was dissolved in tetrahydrofuran (500 mL). The solution was cooled to
0°C, 4-nitrophenyl carbonochloridate (52.4g, 0.26mol) was added. Then pyridine (20 mL) and
N,N-dimethylpyridin-4-amine (800mg, 0.0065mol) were added. The mixture was stirred 15h.
The solution was washed with water, and extracted with ethyl acetate (200 mL) twice. The
organic layer was dried over Na»>SOa. The solvent was evaporated in vacuo. The residue was
purified by column chromatography (silica gel, DCM:hexene =3:1) to give the title compound
(29.4g, yield:39.2%).

[0219] Step 2: (25,3R)-benzhydryl 3-(((2-(3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate  4,4-dioxide. To a solution of 34-
dihydroxybenzohydrazide (0.4 g, 2.38 mmol) in DMF (5 mL) and Pyridine (1 mL) was added
(25,3R)-benzhydryl 3-methyl-3-(({((4-nitrophenoxy)carbonyl)oxy)methyl)-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (1.38 g, 2.38 mmol). The mixture was
stirred at rt for 12 hours. The solution was washed with water, and extracted with ethyl acetate
(100 mL). The organic layer was dried over NaxSQO4. The solvent was evaporated in vacuo. The
residue was purified by column chromatography (silica gel, DCM:MeOH =100:1 to 50:1) to
give the title compound (350 mg, yield 24%). LC-MS (ESI): m/z = 610 (M + H)*.

[0220] Step 3: (28,3R)-3-(((2-(3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. (25,3R)-benzhydryl 3-(((2-(3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (350 mg, 0.57 mmol) was dissolved in
THF (5 mL). The mixture was degassed with N> twice, Pd/C (10%, 150mg) was added, then
the flask was degassed with H» twice,and stirred at rt for 12h. The solution was filtered, and
the filtrate was concentrated. Ethyl acetate (10 mL) was added, and stirred for 30 min. The
slurry was filtered and the cake was washed with MTBE (20 mL) to give the title compound
(110 mg, yield 43%). 'H NMR (400 MHz, DMSO-d6) 6 11.88 (s, 1H), 10.53 (s, 1H), 9.63 (s,
1H), 9.33 (s, 1H), 7.28 (d, 1H), 6.96 (d, 1H), 6.72 (m, 1H), 5.75 (s, 1H), 5.16 (s, 1H), 4.68 (d,
1H), 4.51 (d, 1H), 3.66 (d, 1H), 3.26 (d, 1H), 1.51 (s, 3H). LC-MS (ESD): m/z = 444 (M + H)*.

EXAMPLE 70
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[0221] (25,3R,5R)-3-(({2-(2-chloro-3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0222] The title compound was prepared using the similar procedure as described
in Example 69 except 2-chloro-3,4-dihydroxybenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 6 10.08 (s, 1H), 9.94 (s, 1H), 9.50
(s, 1H), 9.26 (s, 1H), 6.78 (dd, 2H), 5.75 (s, 1H), 5.16 (d, 1H), 4.68 (d, 1H), 4.57 (s, 1H), 4.54
(d, 1H), 3.61 (dd, 1H), 3.26 (d, 1H), 1.51 (s, 3H). LC-MS (ESD): m/z =478 (M + H)*.

EXAMPLE 71

[0223] (28,3R,5R)-3-(({2-(2-(3,4-
dihydroxyphenyl)acetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0224] The title compound was prepared using the similar procedure as described
in Example 69 except 2-(3,4-dihydroxyphenyl)acetohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6): 613.83 (br, 1H), 9.84 (s, 1H),
9.31 (s, 1H), 8.78 (s, 1H), 8.68 (d, 1H), 6.70 (s, 1H), 6.63 (d, 1H), 6.51 (d, 1H), 5.13 (d, 1H),
4.87 (s, 1H), 4.47 (s, 1H), 4.44 (d, 1H), 3.88 (dd, 1H), 3.26 (dd, 1H), 3.21 (2, 1H), 1.48 (s, 3H).
LC-MS (ESI): m/z =458 (M + H)*.
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EXAMPLE 72

[0225] (25,3R,5R)-3-(((2-(2,3-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

o o HO
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[0226] The title compound was prepared using the similar procedure as described
in Example 69 except 2,3-dihydroxybenzohydrazide was used in place of 3.4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 11.88 (s, 1H),10.53(s, 1H),
9.64(s , 1H), 9.34 (s, 1H), 7.28 (d, 1H), 6.96 (d, 1H), 6.73 (t, 1H), 5.75 (s, 1H), 5.16 (d, 1H),
4.68(d, 1H),4.57 (s, 1H), 4.54(d, 1H), 3.61 (dd, 1H), 3.26 (d, 1H), 1.51(s, 3H); LC-MS (ESD):
m/z =444 (M + H)".

EXAMPLE 73

[0227] (25,3R,5R)-3-methyl-7-ox0-3-(({2-(3,4,5-
trihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:

[0228] The title compound was prepared using the similar procedure as described
in Example 69 except 3.4,5-trihydroxybenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) d 9.94(s , 1H), 9.29(s, 1H), 9.12
(br, 2H), 8.78 (br, 1H), 6.84 (s, 2H), 5.75 (s, 1H), 5.16 (d, 1H), 4.68(d, 1H),4.57 (s, 1H), 4.54(d,
1H), 3.61 (dd, 1H), 3.26 (d, 1H), 1.51(s, 3H). LC-MS (ESD): m/z =460 (M + H)*.
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EXAMPLE 74

[0229] (25,3R,5R)-3-(((2-(2-hydroxy-3-
methylbenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0230] The title compound was prepared using the similar procedure as described
in Example 69 except 2-hydroxy-3-methylbenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) §12.47(s , 1H), 10.73(s , 1H),
9.69(s, 1H), 7.69 (d, 1H), 7.36(d, 1H), 6.83(t, 1H), 5.75 (s, 1H), 5.16 (d, 1H), 4.68(d, 1H),4.57
(s, 1H), 4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 2.18(s, 3H), 1.51(s, 3H); LC-MS (ESID): m/z
=442 M + H)*.

EXAMPLE 75

[0231] (25,3R,5R)-3-(({2-(4-hydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0232] The title compound was prepared using the similar procedure as described
in Example 69 except 4-hydroxybenzohydrazide was wused in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6): 613.81(br , 1H), 613.84(br , 1H),
10.11 (br, 2H), 9.38(s , 1H), 7.75 (d, 2H), 6.84 (d, 1H), 6.63 (d, 1H), 6.51 (d, 1H), 5.13(d, 1H),
4.87 (s, 1H), 4.47 (s, 1H), 4.44(d, 1H), 3.88 (dd, 1H), 3.26 (dd, 1H), 3.21 (2, 1H),1.48(s, 3H).
LC-MS (ESI): m/z =428 (M + H)*.

EXAMPLE 76
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[0233] (25,3R,5R)-3-(((2-(3,4-dihydroxybenzoyl)-1-
methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:

do o

[0234] The title compound was prepared using the similar procedure as described
in Example 69 except 3,4-dihydroxy-N'-methylbenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) ¢ 13.82(br , 1H), 10.51(s , 1H),
9.64(s , 1H), 9.27(s, 1H), 7.28 (d, 2H), 6.79(d, 1H), 5.16 (d, 1H), 4.68(d, 1H),4.57 (s, 1H),
4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 3.13(s, 3H) ,1.51(s, 3H). LC-MS (ESI): m/z = 458
(M + H)*.

EXAMPLE 77

[0235] (25,3R,5R)-3-(({2-(2-chloro-4,5-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0236] The title compound was prepared using the similar procedure as described
in Example 69 except 2-chloro-3,4-dihydroxy-N-methylbenzohydrazide was used in place of
3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) 6 13.84(br, 1H), 10.08(s , 1H),
9.86(s , 1H), 9.61(s, 1H), 6.65 (d, 1H), 6.55 (d, 1H), 5.16 (d, 1H), 4.68(d, 1H),4.57 (s, 1H),
4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 3.10(s, 3H) ,1.51(s, 3H). LC-MS (ESD): m/z = 492
(M + H)*.

EXAMPLE 78
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[0237] (25,3R,5R)-3-(({2-(2-hydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

&0 L L)
D
COOH

[0238] The title compound was prepared using the similar procedure as described
in Example 69 except 2-hydroxybenzohydrazide was wused in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 13.84(br , 1H), 11.96(s , 1H),
10.49(s , 1H), 9.62(s, 1H), 7.84 (d, 1H), 7.45(d, 1H), 6.95 (dd, 2H), 5.75 (s, 1H), 5.16 (d, 1H),
4.68(d, 1H),4.57 (s, 1H), 4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 1.51(s, 3H). LC-MS (ESD):
m/z7 =428 (M + H)".

EXAMPLE 79

[0239] (25,3R,5R)-3-(((2-(3-ethyl-7-ox0-4,7-dihydropyrazolo[ 1,5-a]pyrimidine-
5-carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0240] The title compound was prepared using the similar procedure as described
in Example 69 except 3-ethyl-7-oxo-4,7-dihydropyrazolo[1,5-a]pyrimidine-5-carbohydrazide
was used in place of 3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 13.81(br
, 1H), 10.81(s , 1H), 9.73(s, 1H), 7.85(s, 1H), 6.18 (s, 1H), 5.75 (s, 1H), 5.16 (d, 1H), 4.68(d,
1H),4.57 (s, 1H), 4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 2.69(q, 2H), 1.51(s, 3H) ,1.17(t,
3H). LC-MS (ESID): m/z =497 (M + H)*.

EXAMPLE 80
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[0241] (25,3R,5R)-3-(({2-(2-chloro-3,4-dihydroxybenzoyl)-1-
methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0242] The title compound was prepared using the similar procedure as described
in Example 69 except 2-chloro-3,4-dihydroxy-N'-methylbenzohydrazide was used in place of
3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) 6 13.82(br, 1H), 10.48(s , 1H),
10.19(s , 1H), 9.37(s, 1H), 6.98 (d, 1H), 6.72(d, 1H), 5.16 (d, 1H), 4.68(d, 1H),4.57 (s, 1H),
4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 3.08(s, 3H) ,1.51(s, 3H). LC-MS (ESD): m/z = 492
(M + H)*.

EXAMPLE 81

[0243] (25,3R,5R)-3-(((2-(3,4-dihydroxybenzoyl)-2-
methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0244] The title compound was prepared using the similar procedure as described
in Example 69 except 3,4-dihydroxy-N-methylbenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 13.82(br , 1H), 10.10 (s , 1H),
9.34(s, 1H), 9.10(s, 1H), 6.91 (s, 1H), 6.82(d, 1H), 6.68 (d, 1H), 5.16 (d, 1H), 4.68(d, 1H),4.57
(s, 1H), 4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 3.07(s, 3H) ,1.51(s, 3H). LC-MS (ESID): m/z
=458 (M + H)".

EXAMPLE 82
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[0245] (25,3R,5R)-3-methyl-7-ox0-3-(({2-(2,3,4-
trihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide:
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[0246] The title compound was prepared using the similar procedure as described
in Example 69 , except 2,3,4-trihydroxybenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 13.86(br , 1H), 12.24 (s , 1H),
10.35(s , 1H), 9.72(s, 1H),9.54 (s, 1H), 8.55(s, 1H), 7.24 (d, 1H), 6.36 (d, 1H), 5.16 (d, 1H),
4.68(d, 1H),4.57 (s, 1H), 4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 1.51(s, 3H). LC-MS (ESD):
m/z7 =460 (M + H)™.

EXAMPLE 83

[0247] (25,3R,5R)-3-(({2-(2,6-dichloro-3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0248] The title compound was prepared using the similar procedure as described
in Example 69 except 2-chloro-4,5-dihydroxybenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 613.87(br , 1H), 10.37 (s, 1H),
10.21¢s, 1H), 10.04(s , 1H), 9.81 (s, 1H), 6.88(s, 1H), 5.17(d, 1H), 4.71 (s, 1H), 4.58 (s, 1H),
4.53(d, 1H),3.72 (dd, 1H), 3.26 (dd, 1H), 1.51 (s, 3H). LC-MS (ESD): m/z =512 (M + H)*.

EXAMPLE 84
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[0249] (25,3R,5R)-3-(({2-(2,5-dichloro-3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

W o

G

[0250] The title compound was prepared using the similar procedure as described
in Example 69 except 2,5-dichloro-3,4-dihydroxybenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) ¢ 13.87(br , 1H), 10.35(s, 1H),
10.20(s, 1H), 10.02(s , 1H), 9.59 (s, 1H), 6.92 (s, 1H), 5.17(d, 1H), 4.71 (s, 1H), 4.58 (s, 1H),
4.53(d, 1H),3.72 (dd, 1H), 3.26 (dd, 1H), 1.48(s, 3H). LC-MS (ESD): m/z =512 (M + H)*.

EXAMPLE 85

[0251] (25,3R,5R)-3-(((2-(2-fluoro-3.,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0252] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except 2-fluoro-3,4-dihydroxybenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) § 13.85(br , 1H), 10.07 (s, 1H),
9.83(s, 1H), 9.47(s , 1H), 9.29 (s, 1H), 6.99(t, 1H), 6.67 (d, 1H), 5.17(d, 1H), 4.71 (s, 1H), 4.58
(s, 1H), 4.53(d, 1H),3.72 (dd, 1H), 3.26 (d, 1H), 1.51 (s, 3H). LC-MS (ESI): m/z =462 (M +
H)*.

EXAMPLE 86
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[0253] (2S,3R,5R)-3-(((2-(3-(3.4-
dihydroxyphenyl)propanoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0254] The title compound was prepared using the similar procedure as described
in Example 69 except 3-(3,4-dihydroxyphenyl)propanehydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) é 13.83(br , 1H), 9.69(s, 1H),
9.28(s, 1H), 8.84(s, 1H), 8.71(s, 1H), 6.82 (d, 1H), 6.57 (s, 1H), 6.45 (d, 1H), 5.12(d, 1H), 4.65
(d, 1H), 4.50 (s, 1H), 4.38(d, 1H),3.68 (dd, 1H), 3.26 (dd, 1H), 2.64 (t, 2H), 2.31 (t, 2H),1.48
(s, 3H). LC-MS (ESD): m/z =472 (M + H)*.

EXAMPLE 87

[0255] (25,3R,5R)-3-(({2-(2-chloro-4,5-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0256] The title compound was prepared using the similar procedure as described
in Example 69 except 2-chloro-4,5-dihydroxybenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) é 13.85(br , 1H), 9.99(s , 1H),
9.82(s, 1H), 9.56(s, 1H),9.52 (s, 1H), 6.88(s, 1H), 6.80 (s, 1H), 5.16 (d, 1H), 4.68(d, 1H),4.57
(s, 1H), 4.54(d, 1H), 3.61 (dd, 1H), 3.26 (dd, 1H), 1.50(s, 3H). LC-MS (ESD): m/z =478 (M +
H)*.

EXAMPLE 88
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[0257] (25,3R,5R)-3-(({((E)-2-(3.,4-
dihydroxybenzylidene)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0258] The title compound was prepared using the similar procedure as described
in Example 69 except (E)-4-(hydrazonomethyl)benzene-1,2-diol was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) ¢ 13.84(br , 1H), 11.11 (s, 1H),
9.33(s, 1H), 9.22(s , 1H), 7.92 (s, 1H), 7.12(s, 1H), 8.84(d, 1H), 8.75(d, 1H), 5.17(d, 1H), 4.71
(s, 1H), 4.58 (s, 1H), 4.53(d, 1H),3.72 (dd, 1H), 3.26 (dd, 1H), 1.51 (s, 3H). LC-MS (ESD): m/z
=428 (M + H)".

EXAMPLE 89

[0259] (25,3R,5R)-3-(({2-(3-chloro-4,5-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0260] The title compound was prepared using the similar procedure as described
in Example 69 except 3,4-bis(benzyloxy)-5-chlorobenzohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 7.28 (s, 1H), 7.14 (s, 1H), 7.00
(s, 1H), 5.57 (s, 1H), 4.72 (d, 1H), 4.67 (d, 2H), 4.39 (d, 2H), 4.02 (s, 1H), 3.78 (s, 1H), 3.46
(m, 1H), 3.21 (m, 1H), 1.45 (s, 3H). LC-MS (ESD): m/z =478 (M + H)".

EXAMPLE 90
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[0261] (25,3R,5R)-3-(({2-(2-(benzo[d][1,3]dioxol-5-
yDacetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxylic acid 4,4-dioxide:
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[0262] The title compound was prepared using the similar procedure as described
in Example 69 , except 2-(benzo[d][1,3]dioxol-5-yl)acetohydrazide was used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6): §13.81(br , 1H), 9.92(s, 1H),
9.35(s, 1H), 6.67 (s, 1H), 6.63 (d, 1H), 6.84 (s, 1H), 5.97 (s, 2H), 5.13(d, 1H), 4.87 (s, 1H),
4.47 (s, 1H), 4.44(d, 1H), 3.88 (dd, 1H), 3.35 (s, 2H), 3.26 (dd, 1H), 3.21 (dd, 1H),1.48(s, 3H).
LC-MS (ESI): m/z =470 (M + H)*.

EXAMPLE 91

[0263] (25,3R,5R)-3-(((2-(2-(3,4-
dihydroxybenzamido)acetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0264] The title compound was prepared using the similar procedure as described
in Example 95. 'H NMR (400 MHz, DMSO-d6): 613.81(br , 1H), 9.84(s, 1H), 9.12(s, 1H),
8.98(s, 1H), 8.34 (t, 1H), 6.87 (d, 1H), 6.80 (s, 2H), 6.78 (d, 1H), 5.13(d, 1H), 4.87 (s, 1H),
4.47 (s, 1H), 4.44(d, 1H), 3.88 (dd, 1H), 3.67 (d, 1H), 3.26 (dd, 1H), 1.48(s, 3H). LC-MS (ESD):
m/z =501 (M + H)".

EXAMPLE 92
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[0265] (25,3R,5R)-3-(({3-(3,4-dihydroxybenzamido)pyrrolidine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:

[0266] The title compound was prepared using the similar procedure as described
in Example 69 except 3,4-bis(benzyloxy)-N-(pyrrolidin-3-yl)benzamide was used in place of
3,4-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 9.87 (s, 1H), 7.23 (d, 2H),
6.75 (d, 1H), 6.67 (s, 1H), 5.50 (s, 1H), 4.72 (s, 1H), 4.67 (d, 2H), 4.39 (d, 2H), 3.91 (d, 2H),
3.81 (d, 2H), 3.66 (d, 2H), 3.46 (m, 1H), 3.21 (m, 1H), 2.18 (m, 1H), 1.94 (m, 1H), 1.45 (s,
3H). LC-MS (ESD: m/z =498 (M + H)".

EXAMPLE 93

[0267] (25,3R,5R)-3-(((4-(3,4-dihydroxybenzoyl)piperazine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:
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[0268] The title compound was prepared using the similar procedure as described
in Example 69 except (3,4-bis(benzyloxy)phenyl)(piperazin-1-yl)methanone was used in place
of 3,4-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) § 9.74 (s, 1H), 7.26 (m, 1H),
7.19 (d, 1H), 6.77 (d, 1H), 4.67 (m, 2H), 4.39 (d, 2H), 4.29 (s, 1H), 3.68 — 3.59 (m, 4H), 3.59
—3.53 (m, 3H), 3.53 - 3.44 (m, 3H), 3.21 (m, 1H), 1.45 (s, 3H). LC-MS (ESD): m/z = 498 (M
+ H)*.

EXAMPLE 94
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[0269] (25,3R,5R)-3-(({2-(2-(2-chloro-3,4-
dihydroxybenzamido)acetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0270] The title compound was prepared using the similar procedure as described
in Example 95. 'H NMR (400 MHz, DMSO-d6): 613.83(br , 1H), 9.84(s, 1H), 9.42(s, 1H),
9.25(s , 1H), 8.34 (t, 1H), 6.87 (m, 3H), 5.13(d, 1H), 4.67 (d, 1H), 4.47 (s, 1H), 4.44(d, 1H),
3.86 (d, 2H), 3.67 (d, 1H), 3.26 (dd, 1H), 1.48(s, 3H). LC-MS (ESID): m/z =535 (M + H)".

EXAMPLE 95

[0271] (28,3R,5R)-3-(({(2-(2-chloro-3,4-
dihydroxybenzamido)ethyl)carbamoyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0272] FIG. 10 shows a synthetic scheme for the preparatoin of this compound.
Step 1: tert-butyl (2-(3,4-bis(benzyloxy)-2-chlorobenzamido)ethyl)carbamate. 3,4-
bis(benzyloxy)-2-chlorobenzoic acid (1.0g, 2.71mmol) was dissolved in DMF (10 mL). The
solution was cooled to 5°C. Then tert-butyl (2-aminoethyl)carbamate (433 mg, 2.71 mmol), 1-
Hydroxybenzotriazole (439 mg, 3.25 mmol), DIPEA (0.9 mL, 5.42mmol) and 1-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (623 mg, 3.25 mmol) were added.
The mixture was stirred at rt for 12 hours. The solution was washed with water and extracted
with ethyl acetate (100 mL). The organic layer was dried over Na>xSO4. The solvent was
evaporated in vacuo to give the title compound (1.2 g, yeild 86.7%). LC-MS (ESD): m/z =511
(M + H)*.
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[0273] Step 2: N-(2-aminoethyl)-3,4-bis(benzyloxy)-2-chlorobenzamide
hydrochloride. tert-butyl (2-(3,4-bis(benzyloxy)-2-chlorobenzamido)ethyl)carbamate (1.2 g,
2.35 mmol) was dissolve in ethyl acetate (5 mL). The solution was cooled to 5°C. Then
hydrogen chloride ethyl acetate solution (4 M, 10 mL) was added. The mixture was stirred for
5 hours. Then ethyl acetate was evaporated in vacuo to give N-(2-aminoethyl)-3,4-
bis(benzyloxy)-2-chlorobenzamide hydrochloride (763 mg, yeild 72.7%). LC-MS (ESD): m/z
=411 M + H)*.

[0274] Step 3: (25,3R,5R)-benzhydryl 3-((((2-(3,4-bis(benzyloxy)-2-
chlorobenzamido)ethyl)carbamoyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide.  (25,3R,5R)-benzhydryl 3-methyl-3-
(({((4-nitrophenoxy)carbonyl)oxy)methyl)-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate 4,4-dioxide (980 mg, 1.69 mmol) and N-(2-aminoethyl)-3,4-bis(benzyloxy)-2-
chlorobenzamide hydrochloride (760 mg, 1.69 mmol) were added into a solution of DMF (20
mL) and pyridine (1 mL). The mixture was stirred at rt for 12 hours. The solution was washed
with water, and extracted with ethyl acetate (100 mL). The organic layer was dried over
Na;S0s. The solvent was evaporated in vacuo. The residue was purified by column
chromatography (silica gel, DCM: MeOH = 50:1) to give the title compound (300 mg, yeild
20.7%). LC-MS (ESID): m/z =852 (M + H)*.

[0275] Step 4. (28,3R,5R)-3-(({((2-(2-chloro-3,4-
dihydroxybenzamido)ethyl)carbamoyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. (25,3R,5R)-benzhydryl 3-((((2-(3,4-
bis(benzyloxy)-2-chlorobenzamido)ethyl)carbamoyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (300 mg, 0.35 mmol) was dissolved in
THF (5 mL). The mixture was degassed with N» twice, Pd/C (10%, 150 mg) was added into
the mixture, then the flask was degassed with H» twice,and stirred at rt for 12 hours. The
solution was filtered, and the filtrate was concentrated. Ethyl acetate (10 mL) was added, and
stirred for 30 min. The slurry was filtered and the cake was washed with MTBE (20ml) to give
the title compound (110 mg, yield 43%). 'H NMR (400 MHz, DMSO-d6) J 13.84 (br, 1H),
9.92 (s, 1H), 9.17 (s, 1H), 8.09 (t, 1H), 6.67 (d, 1H), 6.64 (d, 1H), 5.12 (d, 1H), 4.65 (d, 1H),
4.50 (s, 1H), 4.38 (d, 1H),3.68 (dd, 1H), 3.26 (dd, 1H), 3.24 (m, 1H), 3.15 (m, 1H),1.48 (s, 3H).
LC-MS (ESI): m/z =506 (M + H)*.

EXAMPLE 96
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[0276] (25,3R,5R)-3-(((4-(3,4-dihydroxybenzamido)piperidine- 1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:
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[0277] The title compound was prepared using the similar procedure as described
in Example 69 except 3,4-bis(benzyloxy)-N-(pyrrolidin-3-yl)benzamide was used in place of
3,4-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 7.28 (m, 1H), 7.17 (s, 1H),
6.75 (m, 1H), 5.50 (s, 1H), 4.72 (t, 1H), 4.67 (d, 2H), 4.39 (d, 2H), 4.09 (m, 1H), 3.80 (s, 1H),
3.77-3.73 (m, 2H), 3.55 - 3.50 (m, 2H), 3.45 (d, 2H), 3.21 (m, 1H), 2.25 - 2.14 (m, 2H), 1.88
—1.80 (m, 2H), 1.45 (s, 3H). LC-MS (ESI): m/z =498 (M + H)".

EXAMPLE 97

[0278] (25,3R,5R)-3-(({(1-(3,4-dihydroxybenzoyl)pyrrolidin-3-
ylcarbamoyl)oxy)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo|[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:
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[0279] The title compound was prepared using the similar procedure as described
in Example 69 except 3,4-bis(benzyloxy)-N-(piperidin-4-yl)benzamide was used in place of
3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) & 9.88 (s, 1H), 7.21 (d, 2H),
6.75 (d, 1H), 4.94 (m, 1H), 4.72 (t, 1H), 4.67 (d, 2H), 4.39 (d, 2H), 4.15 (s, 1H), 3.87 (m, 1H),
3.76 (m, 1H), 3.61 (d, 2H), 3.46 (s, 1H), 3.21 (m, 1H), 2.97 (s, 1H), 2.92 (s, 1H), 2.16 (m, 1H),
1.90 (m, 1H), 1.45 (s, 3H).LC-MS (ESI): m/z =498 (M + H)*.

EXAMPLE 98
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[0280] (25,3R,5R)-3-(((3-(3,4-dihydroxybenzamido)azetidine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:
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[0281] The title compound was prepared using the similar procedure as described
in Example 69 except N-(azetidin-3-yl)-3,4-dihydroxybenzamidewas used in place of 3,4-
dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) & 7.23 (m, 2H), 6.77 (d, 1H), 6.25
(s, 1H), 4.70 (t, 1H), 4.64 (d, 1H), 4.39 (d, 2H), 4.32 (d, 2H), 4.24 — 4.20 (m, 1H), 4.02 - 3.93
(m, 2H), 3.56 (s, 1H), 3.46 (m, 1H), 3.21 (m, 1H), 1.45 (s, 3H).LC-MS (ESID): m/z = 484 (M +
H)*.

EXAMPLE 99

[0282] (25,3R,5R)-3-(5-((2-chloro-3,4-dihydroxybenzamido)methyl)isoxazol-3-
yD)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0283] FIG. 11 shows a synthetic scheme for the preparation of this compound.
Step 1: 2-chloro-3,4-bis({(4-methoxybenzyl)oxy)-N-(prop-2-yn-1-yl)benzamide. To a solution
of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid (1 g, 2.3 mmol) in DMF (20 mL) was
added propargylamine (0.16 g, 2.8 mmol), EDCI (0.72 g, 4.6 mmol), HOBT (0.31 g, 2.3 mmol)
and then NMM (0.71 g, 6.9 mmol). The mixture was stirred at rt for 6 hours. Then the solution
was poured into the ice water. The mixture was stirred for ().5 hours, filtered under the reduced
pressure. The filter cake was collected and dried to afford the title compound as a pale solid

(0.91 g, yield 85%).
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[0284] Step 2: (25,3R,5R)-benzhydryl 3-(5-((2-chloro-3,4-bis((4-
methoxybenzyl)oxy)benzamido)methyl)isoxazol-3-yl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of (25)-benzhydryl 3-((Z)-
chloro(hydroxyimino)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate 4,4-dioxide (500 mg, 1.07 mmol) in DMF (5 mL) was added 2-chloro-3,4-bis({4-
methoxybenzyl)oxy)-N-(prop-2-yn-1-yl)benzamide (520 mg, 1.2 mmol) and 1,1,1,3,3,3-
hexabutyldistannoxane (313 mg, 0.53 mmol). The solution was stirred at rt for 2 hours. The
solvent was evaporated in vacuo, the residue was purified by column chromatography (silica

gel, PE: EtOAc = 5:1) to afford the title compound as the white solid (524 mg, yield 56%).

[0285] Step 3: (25,3R,5R)-3-(5-((2-chloro-3,4-
dihydroxybenzamido)methyl)isoxazol-3-yl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. To a solution of (25)-benzhydryl 3-
(5-(2-(2-chloro-3,4-bis((4-methoxybenzyl)oxy)phenyl)-2-oxoethyl)isoxazol-3-yl)-3-methyl-
7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. (175 mg, 0.20 mmol) in
THF (10 mL) was added Pd/C (10%, 50 mg). The solution was stirred at rt for 12 hours. The
mixture was filtered, and the filtrate was evaporated in vacuo, the residue was washed with
MTBE (20 mL) to afford pale solid (74 mg, yield 79%). 'H NMR (400 MHz, DMSO-d6) &
7.23 (d, 1H), 6.92 (s, 1H), 6.66 (d, 1H), 6.61 (s, 1H), 4.87 (s, 1H), 4.70 (t, 1H), 4.61 (s, 1H),
4.55 (s, 1H), 4.42 (s, 1H), 4.27 (s, 1H), 3.46 (m, 1H), 3.21 (m, 1H), 1.76 (m, 3H). LC-MS
(ESD: m/z =471 (M+H)".

EXAMPLE 100

[0286] (25,3R,5R)-3-(5-((3,4-dihydroxybenzamido)methyl)isoxazol-3-yl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

COOH

[0287] The title compound was prepared using the similar procedure as described

in Example 99 except 3,4-bis({(4-methoxybenzyl)oxy)-N-(prop-2-yn-1-yl)benzamide was used
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in place of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)-N-(prop-2-yn-1-yl)benzamide. 'H NMR
(400 MHz, DMSO-d6) ¢ 7.06 (dd, 1H), 6.97 (d, 1H), 6.54 (s, 1H), 6.37 (s, 1H), 6.21 (s, 1H),
4.65 (s, 1H), 4.48 (t, 1H), 4.40 (s, 1H), 4.19 (s, 1H), 4.05 (s, 1H), 3.32 (s, 1H), 3.24 (m, 1H),
2.99 (m, 1H), 1.58 (s, 3H). LC-MS (ESI): m/z =452 (M + H)*.

EXAMPLE 101

[0288] (25,3R,5R)-3-(5-(2-chloro-3,4-dihydroxyphenyl)isoxazol-3-yl)-3-methyl-
7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0289] FIG. 12 shows a synthetic scheme for the preparation of this compound.
Step 1: 4,4'-(((3-chloro-4-ethynyl-1,2-
phenylene)bis(oxy))bis(methylene))bis(methoxybenzene). To a solution of 2-chloro-3,4-
bis((4-methoxybenzyl)oxy)benzaldehyde (2.1 g, 5.1 mmol) in MeOH (10 mL) was added
dimethyl (1-diazo-2-oxopropyl)phosphonate (1.2 g, 6.2 mmol). The mixture was stirred at 1t
for 4h. Then the solvent was evaporated in vacuo, the residue was purified by column

chromatography (silica gel, PE: EtOAc = 20:1) to afford white solid (1.0 g, yield 48%).

[0290] Step 2: (2S,3R,5R)-benzhydryl 3-(5-(2-chloro-3,4-bis((4-
methoxybenzyl)oxy)phenyl)isoxazol-3-yl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of (2S,3R,5R)-benzhydryl
3-((Z)-chloro(hydroxyimino)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate 4,4-dioxide (400 mg, 0.86 mmol) in DMF (5 mL) was added a mixture of 4,4'-
(((3-chloro-4-ethynyl-1,2-phenylene)bis(oxy))bis(methylene))bis(methoxybenzene) (600 mg,
1.5 mmol) and 1,1,1,3,3,3-hexabutyldistannoxane (260 mg, 0.44 mmol). The solution was
stirred at RT for 2h. The solvent was evaporated in vacuo, the residue was purified by column
chromatography (silica gel, PE: EtOAc = 5:1) to afford white solid (130 mg, yield 18%).LC-
MS: m/z = 835 M+H)*
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[0291] Step 3: (2S,3R,5R)-3-(5-(2-chloro-3,4-dihydroxyphenyl)isoxazol-3-yl)-3-
methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. To a solution
of (25,3R,5R)-benzhydryl 3-(5-(2-chloro-3,4-bis((4-methoxybenzyl)oxy)phenyl)isoxazol-3-
yD)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (130 mg,
0.16 mmol) in EtOAc (10 mL) was added Pd/C (10%, 50 mg). The solution was stirred at RT
for 12h. The mixture was filtered, and the filtrate was evaporated in vacuo, the residue was
washed with MTBE (20 mL) to afford pale solid (20 mg, yield 29%). '"H NMR (400 MHz,
DMSO0-d6) ¢ 10.63 (s, H), 9.61 (s, 1H), 7.34 (d, 2H), 6.90 (d, 1H), 5.51 (s, 1H), 5.32 (s, 1H),
3.83 (m, 1H), 3.43 (d, 1H), 1.94 (s, 3H). LC-MS (ESD): m/z =429 (M + H)*.

EXAMPLE 102

[0292] (25,3R,5R)-3-(5-(2-(2,5-dichloro-3,4-dihydroxyphenyl)-2-
oxoethyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid
4,4-dioxide:

[0293] The title compound was prepared using the similar procedure as described
in Example 99 except 2,5-dichloro-3,4-bis((4-methoxybenzyl)oxy)-N-(prop-2-yn-1-
ylbenzamide was used in place of 2-chloro-3,4-bis((4-methoxybenzyl)oxy)-N-(prop-2-yn-1-
yDbenzamide. '"H NMR (400 MHz, DMSO-d6) § 7.16 (s, 1H), 6.57 (s, 1H), 4.87 (s, 1H), 4.70
(t, 1H), 4.51 (s, 1H), 4.37 (s, 1H), 4.33 (m, 2H), 3.46 (m, 1H), 3.21 (m, 1H), 1.76 (s, 3H). LC-
MS (ESD): m/z = 505 (M + H)".

EXAMPLE 103

[0294] (25,3R,5R)-3-(5-(3,4-dihydroxyphenyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0295] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except 4,4'-(((4-ethynyl-1,2-
phenylene)bis(oxy))bis(methylene))bis(methoxybenzene) was used in place of 4,4'-(((3-
chloro-4-ethynyl-1,2-phenylene)bis(oxy))bis(methylene))bis(methoxybenzene). 'H NMR
(400 MHz, DMSO-d6) & 10.62 (s, H), 9.62 (s, 1H), 7.32 (d, 1H), 7.11 (s, 1H), 6.89 (d, 1H),
5.78 (s, 1H), 5.45 (s, 1H), 5.30 (s, 1H), 3.83 (m, 1H), 3.43 (d, 2H), 1.90 (s, 3H). LC-MS (ESD):
m/z =395 M + H)".

EXAMPLE 104

[0296] (25,3R,5R)-3-(5-(2-((2-chloro-3,4-dihydroxybenzoyl)oxy)ethyl)isoxazol-
3-y1)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

)

0 —={ o4 o
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[0297] FIG. 13 shows a synthetic scheme for the preparation of this compound.
Step 1: but-3-yn-1-yl 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoate. To a solution of 2-
chloro-3,4-bis((4-methoxybenzyl)oxy)benzoic acid (2.1 g, 5 mmol) in CH2CI2 (20 mL) was
added 1,3-dicyclohexylcarbodiimide (2.1 g, 10 mmol) and N,N-dimethylpyridin-4-amine (1.2
g, 5 mmol) . The mixture was stirred at rt for 8h. Then the solvent was evaporated in vacuo,
the residue was purified by column chromatography (silica gel, PE: EtOAc = 20:1) to afford
white solid (1.2 g, yield 53%).

[0298] Step 2: (25,3R,5R)-benzhydryl 3-(5-(2-((2-chloro-3,4-bis((4-
methoxybenzyl)oxy)benzoyl)oxy)ethyl)isoxazol-3-yl)-3-methyl-7-oxo-4-thia-1-
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azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of but-3-yn-1-yl 2-chloro-
3,4-bis((4-methoxybenzyl)oxy)benzoate (480 mg, 1 mmol) in Tol (10 mL) was added
(2S,3R,5R)-benzhydryl 3-((Z)-chloro(hydroxyimino)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (690 mg, 1.5 mmol). The solution was
stirred at RT for 3h. The solvent was evaporated in vacuo, the residue was purified by column
chromatography (silica gel, PE: EtOAc = 3:1) to afford white solid (230 mg, yield 25%). LC-
MS: m/z = 907 (M+H)*.

[0299] Step 3: (2S,3R,5R)-3-(5-(2-((2-chloro-3,4-
dihydroxybenzoyl)oxy)ethyl)isoxazol-3-yl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. To a solution of (2S,3R,5R)-
benzhydryl 3-(5-(2-((2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoyl)oxy)ethyl)isoxazol-3-
yD)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (230 mg,
0.25 mmol) in THF (10 mL) was added Pd/C (10%, 50 mg). The solution was stirred at RT for
12h. The mixture was filtered, and the filtrate was evaporated in vacuo, the residue was washed
with MTBE (20 mL) to afford pale solid (60 mg, yield 48%). "H NMR (400 MHz, DMSO-d6)
0 10.62 (s, H), 9.62 (s , 1H), 7.32 (d, 1H), 7.01 (d, 1H), 5.89 (s, 1H), 5.33 (s, 1H), 5.01 (s, 1H),
4.23 (t, 2H), 3.67 (m, 1H), 3.41-3.20 (m, 3H), 1.90 (s, 3H). LC-MS (ESI): m/z = 501 (M + H)*.

EXAMPLE 105

[0300] (25,3R,5R)-3-(5-(2,5-dichloro-3,4-dihydroxyphenyl)isoxazol-3-yl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

EOOH

[0301] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except 4,4'-(((3,6-dichloro-4-ethynyl-1,2-
phenylene)bis(oxy))bis(methylene))bis(methoxybenzene) was used in place of 4,4'-(((3-
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chloro-4-ethynyl-1,2-phenylene)bis(oxy))bis(methylene))bis(methoxybenzene). 'H NMR
(400 MHz, DMSO-d6) 7.53 (s, 1H), 7.42 (s, 1H), 5.52 (s, 1H), 5.32 (s, 1H), 3.83 (m, 1H), 3.41
(d, 2H), 1.90 (s, 3H). LC-MS (ESI): m/z =463 (M + H)".

EXAMPLE 106

[0302] (25,3R,5R)-3-(5-(2-((3,4-dihydroxybenzoyl)oxy)ethylisoxazol-3-yl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0303] The title compound was prepared using the similar procedure as described
in EXAMPLE 104 except but-3-yn-1-yl 3,4-bis((4-methoxybenzyl)oxy)benzoate was used in
place of but-3-yn-1-yl 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoate. 'H NMR (400 MHz,
DMSO0-d6) 0 10.62 (s, H), 9.60 (s, 1H), 8.64 (s, 1H), 7.33 (m, 2H), 7.03 (d, 1H), 5.91 (s, 1H),
5.32 (s, 1H), 5.01 (s, 1H), 4.22 (t, 2H), 3.75 (m, 1H), 3.40-3.22 (m, 3H), 1.89 (s, 3H). LC-MS
(ESD: m/z =467 (M + H)*.

EXAMPLE 107

[0304] (25,3R,5R)-3-(5-(2-((2-chloro-3,4-dihydroxybenzoyl)oxy)ethyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:
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[0305] The title compound was prepared using the similar procedure as described
in EXAMPLE 104 except but-3-en-1-yl 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoate was
used in place of but-3-yn-1-yl 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoate.
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[0306] 'H NMR (400 MHz, DMSO-d6) ¢ 10.60 (s, H), 9.56 (s , 1H), 7.33 (d, 1H),
7.03 (d, 1H), 5.32 (s, 1H), 5.02 (s, 1H), 4.23 (t, 2H), 3.71 (m, 1H), 3.43-3.24 (m, 4H), 1.91 (s,
3H), 1.63 (m, 2H). LC-MS: m/z = 503 (M+H)"*.

EXAMPLE 108

[0307] (25,3R,5R)-3-(5-(2-chloro-3,4-dihydroxyphenyl)-4,5-dihydroisoxazol-3-
yD)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

SCOH

el e

[0308] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except 4,4'-(((3-chloro-4-vinyl-1,2-
phenylene)bis(oxy))bis(methylene))bis(methoxybenzene) was used in place of 4,4'-(((3-
chloro-4-ethynyl-1,2-phenylene)bis(oxy))bis(methylene))bis(methoxybenzene).'H NMR (400
MHz, DMSO-d6) ¢ 10.65 (s, H), 9.64 (s, 1H), 7.32 (d, 1H), 6.92 (d, 1H), 5.95 (t, 1H), 5.52 (s,
1H), 5.33 (s, 1H), 3.87 (m, 1H), 3.42-3.25 (d, 3H), 1.92 (s, 3H). LC-MS (ESI): m/z =431 (M
+ H)*.

EXAMPLE 109

[0309] (25,3R,5R)-3-(5-((2,5-dichloro-3,4-dihydroxybenzamido)methyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:
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[0310] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except but- N-allyl-2,5-dichloro-3,4-bis((4-methoxybenzyl)oxy)benzamide
was used in place of but-3-yn-1-yl 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoate.

[0311]  'HNMR (400 MHz, DMSO-d6) 8.62 (s, 1H) 7.02 (s, 1H), 5.33 (s, 1H), 5.04
(s, TH), 3.70 (m, 1H), 3.40-3.20 (m, 4H), 2.74 (m, 2H), 1.92 (s, 3H). LC-MS (ESI): m/z = 522
(M + H)*.

EXAMPLE 110

[0312] (25,3R,5R)-3-(5-(2-((3,4-dihydroxybenzoyl)oxy)ethyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:

O
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[0313] The title compound was prepared using the similar procedure as described
in EXAMPLE 104 except but-3-en-1-yl 3,4-bis((4-methoxybenzyl)oxy)benzoate was used in
place of but-3-yn-1-yl 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoate. 'H NMR (400 MHz,
DMSO0-d6) 0 10.63 (s, H), 9.62 (s, 1H), 7.23 (m, 2H), 7.01 (d, 1H), 5.31 (s, 1H), 5.01 (s, 1H),
4.22 (t, 2H), 3.72 (m, 1H), 3.42-3.24 (m, 4H), 1.93 (s, 3H), 1.60 (m, 2H). LC-MS (ESI): m/z =
469 (M + H)".

EXAMPLE 111

[0314] (25,3R,5R)-3-(5-((2-chloro-3,4-dihydroxybenzamido)methyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:
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[0315] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except but- N-allyl-2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzamide
was used in place of but-3-yn-1-yl 2-chloro-3,4-bis((4-methoxybenzyl)oxy)benzoate. '"H NMR
(400 MHz, DMSO-d6) ¢ 10.64 (s, H), 9.64 (s , 1H), 8.61 (s, 1H), 7.32 (d, 1H), 7.01 (d, 1H),
5.32 (s, 1H), 5.04 (s, 1H), 3.72 (m, 1H), 3.40-3.21 (m, 4H), 2.72 (m, 2H), 1.92 (s, 3H). LC-MS
(ESD: M/Z m/z = 488 (M+H)*.

EXAMPLE 112

[0316] (25,3R,5R)-3-(5-(3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0317] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except 1-(3,4-bis((4-methoxybenzyl)oxy)phenyl)prop-2-yn-1-one was used
in place of 4,4'-(((3-chloro-4-ethynyl-1,2-
phenylene)bis(oxy))bis(methylene))bis(methoxybenzene). 'H NMR (400 MHz, DMSO-d6)
7.73 (s, 1H), 7.45 (d, 2H), 7.02 (d, 1H), 5.52 (s, 1H), 5.33 (s, 1H), 3.83 (d, 1H), 3.72 (d, 1H),
1.90 (s, 3H). LC-MS (ESD: m/z = 423 (M + H)*.

EXAMPLE 113

[0318] (25,3R,5R)-3-(((3,4-dihydroxybenzoyl)oxy)methyl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0319] FIG. 14 shows a synthetic scheme for the preparation of this compound.
Step 1. (R)-benzhydryl 2-((R)-2-(benzo[d]thiazol-2-yldisulfanyl)-4-oxoazetidin-1-yl)-3-
methylbut-3-enoate. (25,4R,5R)-benzhydryl 3,3-dimethyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate  4-oxide (5 g, 13.0 mmol) and 2-
Mercaptobenzothiazole (2.17 g,13.0 mmol ) was dissolved into 40 mL Toluene and 40mL
Cyclohexane in round bottom flask. The mixture was stirred at 100°C for 10h. Then the solvent
was evaporated in vacuo. EtOAc (100mL) was added and the organic layer was dried over

Na2S04. Then the solvent was evaporated in vacuo. LC-MS (ESI): m/z =533 (M + H)™.

[0320] Step 2. (25,3R,5R)-benzhydryl 3-(((3,4-
bis(benzyloxy)benzoyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate. 3,4-bis(benzyloxy)benzoic acid (4.3g, 13.0 mmol) and Silver acetate (4.3g, 26.0
mmol) was dissolved into DCM (75 mL) in round bottom flask. (R)-benzhydryl 2-((R)-2-
(benzo[d]thiazol-2-yldisulfanyl)-4-oxoazetidin-1-yl)-3-methylbut-3-enoate (6.9 g, 13.0 mmol)
was dissolved into DCM (25 mL) then was added to the solution dropwisely. The mixture was
stirred at 25°C for 12 hours. The solvent was filtered and the mother liquor was evaporated in
vacuo. The solution was washed with water and extracted with EtOAc (200 mL). The organic
layer was dried over Na>SOs. The solvent was evaporated in vacuo. The residue was purified
by column chromatography (silica gel, hexane: EtOAc =3:1) to give the title compound (2.2 g,
yield 24.2%). LC-MS (ESD: m/z =700 (M + H)".

[0321] Step 3. (25,3R,5R)-benzhydryl 3-(((3,4-
bis(benzyloxy)benzoyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate 4, 4-dioxide. (2S,3R,5R)-benzhydryl 3-(((3,4-

bis(benzyloxy)benzoyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylate (2.2 g, 3.1 mmol) was dissolved into acetic acid (15 mL), acetone (3 mL) and H>O
(3 mL) in round bottom flask. The mixture was stirred at 10°C for 4 hours. EtOAc (100 mL)
was added into the solvent. Then sodium metabisulfite solution was added slowly. The solution
was extracted with EtOAc (100 mL). The organic layer was dried over Na>SOa. The solvent

was evaporated in vacuo. The residue was purified by column chromatography (silica gel,
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hexane: EtOAc =3:1) to give the title compound (680 mg, yield 30.0%). LC-MS (ESI): m/z =
732 (M + H)*.

[0322] Step 4. (25,3R,5R)-3-(((3,4-dihydroxybenzoyl)oxy)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide (2S,3R,5R)-benzhydryl
3-(((3,4-bis(benzyloxy)benzoyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide was dissolved in THF (30 mL), Pd/C
(10%, 500 mg) was added and the solution was stirred under charged hydrogen balloon for 10
hours. Filtration to remove the palladium, Then the solvent was evaporated in vacuo, the
residue was purified with silica gel (DCM: MeOH = 20:1) to afford white solid (205 mg, yield
57.3%). '"H NMR (400 MHz, DMSO-d6) § 9.91 (s, 1H), 9.41 (s, 1H), 7.38 (md, 2H), 6.84 (d,
1H), 5.19 (d, 1H), 4.76 (d, 1H), 4.66 (m, 2H), 3.71 (dd,1H), 3.32 (d, 2H),1.55 (s, 3H). LC-MS
(ESD: m/z =386 (M + H)*.

EXAMPLE 114

[0323] (25,3R,5R)-3-(((2-chloro-3,4-dihydroxybenzoyl)oxy)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

[0324] The title compound was prepared using the similar procedure as described
in EXAMPLE 113 except 3,4-bis(benzyloxy)-2-chlorobenzoic acid was used in place of 3,4-
bis(benzyloxy)benzoic acid. '"H NMR (400 MHz, DMSO-d6) ¢ 10.64 (s, 1H), 9.45 (s, 1H),
7.39(d, 1H), 6.83 (d, 1H), 5.18 (d, 1H), 4.76 (d, 1H), 4.68 (t, 2H), 3.71 (dd,1H), 3.3 (d, 2H),1.55
(s, 3H), LC-MS (ESD: m/z =420 (M + H)*.

EXAMPLE 115

[0325] (25,35,5R)-3-((3,4-dihydroxybenzamido)methyl)-3-methyl-7-oxo0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0326] FIG. 15 shows a synthetic scheme for the preparation of this compound.
Step 1. (25,35,5R)-benzhydryl 3-(((4-methoxybenzyl)amino)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylate. To a solution of (2S5,3R,5R)-benzhydryl 3-
(chloromethyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate (10 g, 24.9
mmol) in acetonitrile (90 mL) and water (30 mL) was added 4-methoxybenzylamine (3.4 g,
24.9 mmol). Then sodium bicarbonate (4.2 g, 49.8 mmol) was added. The mixture was stirred
at rt for 16 hours. The solution was washed with water and extracted with EtOAc (100 mL).The
organic layer was dried over Na»>SOa. The solvent was evaporated in vacuo. The residue was
purified by column chromatography (silica gel, DCM: MeOH =100:1) to give the title
compound (4.0 g, yield 32%). LC-MS (ESI): m/z = 503 (M + H)".

[0327] Step 2: (25,3S,5R)-benzhydryl 3-((3,4-bis(benzyloxy)-N-(4-
methoxybenzyl)benzamido)methyl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylate. To a solution of (2S,3S,5R)-benzhydryl 3-(((4-methoxybenzyl)amino)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo|[3.2.0]heptane-2-carboxylate (4.0 g, 7.96 mmol) in dry
acetonitrile (100 mL) was added triethylamine (2.06 mL, 15.92 mmol).The solution was cooled
to 5°C, then 3,4-bis(benzyloxy)benzoyl chloride (4.2g, 11.95mmol) was added dropwise. The
mixture was stirred at 5°C for 6 hours, then warmed to rt for 16 hours. The solution was washed
with water and extracted with ethyl acetate (100 mL). The organic layer was dried over Na;SOa.
The solvent was evaporated in vacuo. The residue was purified by column chromatography
(silica gel, DCM: MeOH = 100:1) to give the title compound (1.2g, yield 18.4%). LC-MS
(ESD: m/z =819 (M + H)*.

[0328] Step 3: (25,35,5R)-benzhydryl 3-((3,4-bis(benzyloxy)benzamido)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate. (2S,3S,5R)-benzhydryl 3-
((3,4-bis(benzyloxy)-N-(4-methoxybenzyl)benzamido)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate (1.0 g, 1.22 mmol) was dissolved in acetonitrile (10
mL). Water (10 mL) and ceric ammonium nitrate (2.0 g, 3.66 mmol) were added. The mixture
was stirred for 5 hours. The solution was washed with water, and extracted with ethyl acetate

(50 mL). The organic layer was dried over Na>SO4. The solvent was evaporated in vacuo. The
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residue was purified by column chromatography (silica gel, DCM: MeOH =50:1) to give the
title compound (570 mg, yield 67%). LC-MS (ESD): m/z =699 (M + H)*.

[0329] Step 4: (25,35,5R)-benzhydryl 3-((3,4-bis(benzyloxy)benzamido)methyl)-
3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide.  (25,35,5R)-
benzhydryl 3-((3,4-bis(benzyloxy)benzamido)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate (570 mg, 0.82 mmol) was dissolved in acetic acid (10
mL). Then water (2 mL) and acetone (2 mL) were added. The solution was cooled to 5°C.
KMnOj4 (259 mg, 1.64 mmol) was added portionwise. The mixture was stirred at 5°C for 3
hours. The solution was washed with water, and extracted with ethyl acetate (50 mL). The
organic layer was dried over NaxSOa. The solvent was evaporated in vacuo to give the title

compound (478 mg, yeild 80%). LC-MS (ESD: m/z =731 (M + H)*.

[0330] Step 5: (2S,3S,5R)-3-((3,4-dihydroxybenzamido)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. (25,3S,5R)-benzhydryl 3-
((3,4-bis(benzyloxy)benzamido)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxylate 4,4-dioxide (478 mg, 0.65 mmol) was dissolved in THF (5 mL). The mixture
was degassed with N> twice, Pd/C (10%, 150 mg) was added, then the flask was degassed with
H> twice,and stirred at rt for 12 hours. The solution was filtered, and the filtrate was
concentrated. Ethyl acetate (10 mL) was added, and stirred for 30 min. The slurry was filtered
and the cake was washed with MTBE (20 mL) to give the title compound (100mg, yield 40%).
'"H NMR (400 MHz, DMSO-d6) 613.84 (br , 1H), 9.45 (s, 1H),9.34(s, 1H), 7.82(br, 1H), 6.88
(d, 1H), 6.86 (s, 1H), 6.81 (d, 1H), 5.47 (d, 1H), 4.72 (s, 1H), 4.11 (d, 1H), 3.56 (d, 1H), 3.52
(dd, 1H), 2.67 (dd, 1H), 1.51 (s, 3H). LC-MS (ESD): m/z =385 (M + H)*.

EXAMPLE 116

[0331] (25,35,5R)-3-(acetamidomethyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0332] The title compound was prepared using the similar procedure as described
in EXAMPLE 115. 'H NMR (400 MHz, DMSO-d6) é 12.84(br , 1H), 5.47 (d, 1H), 4.72 (s,
1H), 4.11 (d, 1H), 3.56 (d, 1H), 3.52 (dd, 1H), 2.67 (dd, 1H), 2.25 (s, 3H), 1.51 (s, 3H). LC-
MS (ESD: m/z =291 (M + H)".

EXAMPLE 117

[0333] (25,3S,5R)-3-({((3,4-dihydroxyphenyl)amino)methyl)-3-methyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

OH
i~ o
"L.\.P ;—) . «i ‘”‘.\.__.H
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[0334] FIG. 16 shows a synthetic scheme for the preparation of this compound.
Step 1. 4-aminobenzene-1,2-diol. To a solution of 4-amino-2-methoxyphenol (1000 mg, 7.19
mmol) in dichloromethane (20 mL) was added boron tribromide (2162 mg, 8.63 mmol). The
reaction mixture was stirred at 0°C for 2 hours. Then the crude was purified by column
chromatography (silica gel) to afford the title compound (810 mg, yield 90%). LC-MS (ESD):
m/z =247 M + H)".

[0335] Step 2. (2S,35,5R)-benzhydryl 3-(((3,4-dihydroxyphenyl)amino)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of
4-aminobenzene-1,2-diol (30 mg, 0.24 mmol) in MeOH (2 mL) was added (25,3R,5R)-
benzhydryl 3-formyl-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-
dioxide (100 mg, 0.24 mmol) and sodium borohydride (18 mg, 0.48 mmol). Then the crude
was purified by column chromatography (silica gel) to afford the title compound (78 mg, yield
62%). LC-MS (ESD): m/z = 523 (M + H)*.

[0336] Step 3. (25,3S,5R)-3-({((3,4-dihydroxyphenyl)amino)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. To a solution of
25,3S,5R)-benzhydryl  3-(((3,4-dihydroxyphenyl)amino)methyl)-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide(78 mg, 0.15 mmol) in MeOH (2 mL) was
as added Pd/C (10%, 30 mg). The reaction mixture was evacuated and inflated by hydrogen

93



WO 2021/048613 PCT/1IB2020/000686

balloon. After stirring for 12 hours, 18 mg of the product was purified by flash chromatography
in 33% yield. 'H NMR (400 MHz, DMSO-d6) § 6.95 (d, 1H), 6.87 (d, 1H), 6.36 (d, 1H), 7.04
(d, 1H), 5.55 (s, 2H), 4.20 (s, 1H), 4.50 (s, 1H), 4.10 (s, 1H), 3.57 (m, 4H), 3.41(m, 2H), 3.21
(m, 2H), 1.50(s, 3H). LC-MS (ESD: m/z =357 (M + H)".

EXAMPLE 118

[0337] (25,3R,5R)-3-((E)-((2-(2-chloro-3,4-
dihydroxybenzamido)ethoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

Lo on

" ”
SR W
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.
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H

[0338] FIG. 17 shows a synthetic scheme for the preparation of this compound.
Step 1. Benzyl [2-({[(2-methyl-2-propanyl)oxy]carbonyl}amino)ethoxy]carbamate. To a
solution of tert-butyl (2-(aminooxy)ethyl)carbamate (1650 mg, 9.36 mmol) in THF(10 mL)
was added NaHCOQOs (865 mg, 10.30 mmol) and Cbz-CI(1597 mg, 9.36 mmol). The reaction
mixture was stirred at room temperature for 4 hours and was purified by Flash Chromatagraphy

to afford 2530 mg product in 87% yield. LC-MS (ESI): m/z =311 (M + H)*.

[0339] Step 2. Benzyl 2-aminoethoxycarbamate. 3.2 mL of 4M HCI was added to
a solution of Benzyl [2-({[(2-methyl-2-propanyl)oxy]carbonyl}amino)ethoxy]carbamate
(1000 mg, 3.22 mmol) in ethyle acetate (5 mL). The reaction mixture was stirred at room

temperature for 12 hours. After evaporation 630 mg of crude product was used for next step

without further purification. LC-MS (ESI): m/z =211 (M + H)*.

[0340] Step 3. Benzyl 2-(2-chloro-3,4-dimethoxybenzamido)ethoxycarbamate. N'-
(Ethylkohlenstoffimidoyl)-N,N-dimethylpropan-1,3-diaminhydrochlorid (383 mg, 2.00 mmol)
was added to a solution of benzyl 2-aminoethoxycarbamaten (210 mg, 1.00 mmol), 2-chloro-
3,4-dimethoxybenzoic acid (217 mg, 1.00 mmol) , 1-Hydroxybenzotriazole (135 mg, 1.00
mmol) and 4-Methylmorpholine (202 mg, 2.00 mmol) in N,N-Dimethylformamide (5 mL).
The reaction mixture was stirred for 12 hours. 280 mg of product was afforded by Flash

Chromatagraphy in 68% yield. LC-MS (ESI): m/z = 409 (M + H)*..
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[0341] Step 4. N-(2-(aminooxy)ethyl)-2-chloro-3,4-dihydroxybenzamide. To a
solution of benzyl 2-(2-chloro-3,4-dimethoxybenzamido)ethoxycarbamate e (250 mg, 0.61
mmol) in dichloromethane (3 mL) was added boron tribromide (613 mg, 2.44 mmol). The
reaction mixture was stirred at 0 oC for 2 hours. 131 mg of product was afforded by Flash

Chromatagraphy in 87% yield. LC-MS (ESD): m/z =247 (M + H)*.

[0342] Step 5. (25,3R,5R)-benzhydryl 3-((E)-((2-(2-chloro-3,4-
dihydroxybenzamido)ethoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide. To a solution of N-(2-(aminooxy)ethyl)-
2-chloro-3,4-dihydroxybenzamide (107 mg, 0.44 mmol) in N,N-Dimethylformamide (2 mL)
was added (25,3R,5R)-benzhydryl 3-formyl-3-methyl-7-oxo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide ( 180 mg, 0.44 mmol) and 0.1 mL 1M
HCI. The reaction mixture was stirred for 12 hours and then poured into ice water. The product

was filatrated to afford 70 mg white solid. LC-MS (ESI): m/z = 643 (M + H)*.

[0343] Step 6. (25,3R,5R)-3-((E)-({2-(2-chloro-3,4-
dihydroxybenzamido)ethoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. To a solution of (2S,3R,5R)-
benzhydryl 3-((E)-((2-(2-chloro-3,4-dihydroxybenzamido)ethoxy)imino)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (70 mg, 0.11 mmol) in
tetrahydrofuran (2 mL) was added 10% Pd-C (50 mg). The reaction mixture was evacuated and
inflated by hydrogen balloon. After stirring for 12 hours, 15 mg of the product was purified by
flash chromatography in 29% yield. 'H NMR (400 MHz, DMSO-d6) § 8.03 (s, 1H), 7.50 (s,
1H), 7.36 (d, 1H), 7.04 (d, 1H), 5.35 (s, 2H), 4.70 (m, 1H), 4.50 (s, 1H), 3.83 (t, 2H), 3.46 (m,
4H), 3.30 (m, 2H), 3.21 (m, 2H), 1.45 (s, 3H). LC-MS (ESI): m/z =476 (M + H)*.

EXAMPLE 119

[0344] (25,3R,5R)-3-((E)-((4-(2-chloro-3,4-
dihydroxybenzamido)phenoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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[0345] FIG. 18 shows a synthetic scheme for the preparation of this compound.
Step 1. tert-butyl 4-nitrophenoxycarbamate. To a solution of O-(4-nitrophenyl)hydroxylamine
(2500 mg, 12.22 mmol) in THF (50 mL) was added di-tert-butyl dicarbonate (2780 mg, 12.83
mmol) and triethylamine (3091 mg, 30.56 mmol). The reaction mixture was stirred for 12
hours. After evaporation 3550 mg of crude product was used for next step without further

purification. LC-MS (ESD): m/z =255 (M + H)*.

[0346] Step 2. tert-butyl 4-aminophenoxycarbamate. To a solution of tert-butyl 4-
nitrophenoxycarbamate (1000 mg, 3.73 mmol) was added Pd/C (10%, 100 mg). The reaction
mixture was evacuated and inflated by hydrogen balloon. After stirring for 12 hours, 552 mg
of the product was purified by flash Chromatography in 62% yield. LC-MS (ESD): m/z =239
(M + H)*.

[0347] Step 3. tert-butyl 4-(2-chloro-3,4-dimethoxybenzamido)phenoxycarbamate.
To a solution of tert-butyl 4-(2-chloro-3,4-dimethoxybenzamido)phenoxycarbamate (500 mg,
2.10 mmol), 2-chloro-3,4-dimethoxybenzoic acid (455 mg, 2.10 mmol), 4-
dimethylaminopyridine (26 mg, 0.21 mmol) was added N'-(Ethylkohlenstoffimidoyl)-N,N-
dimethylpropan-1,3-diaminhydrochlorid (483 mg, 2.52 mmol). The reaction mixture was
stirred for 12 hours and then poured into ice water. The product was filtrated to afford 510 mg

white solid. LC-MS (ESI): m/z = 423 (M + H)".

[0348] Step 4. N-(4-(aminooxy)phenyl)-2-chloro-3,4-dihydroxybenzamide. To a
solution of tert-butyl 4-(2-chloro-3,4-dimethoxybenzamido)phenoxycarbamate (1000 mg, 2.32
mmol) in dichloromethane (3 mL) was added boron tribromide (1743 mg, 6.96 mmol). The
reaction mixture was stirred at 0°C for 2 hours. 400 mg of product was afforded by flash

chromatography in 58% yield. LC-MS (ESID): m/z =247 (M + H)*.

[0349] Step 5. (25,3R,5R)-benzhydryl 3-((E)-((4-(2-chloro-3,4-
dihydroxybenzamido)phenoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
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azabicyclo[3.2.0]heptane-2-carboxylate  4,4-dioxide. To a solution of N-(4-
(aminooxy)phenyl)-2-chloro-3,4-dihydroxybenzamide (400 mg, 1.36 mmol) in N,N-
Dimethylformamide (SmL) was added (2S,3R,5R)-benzhydryl 3-formyl-3-methyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide ( 561 mg, 1.36 mmol) and 0.1 mL
IM HCI. The reaction mixture was stirred for 12 hours and then poured into ice water. The

product was filtrated to afford 220 mg white solid. LC-MS (ESD): m/z = 691 (M + H)*.

[0350] Step 6. (25,3R,5R)-3-((E)-({(4-(2-chloro-3,4-
dihydroxybenzamido)phenoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide. To a solution of (2S,3R,5R)-
benzhydryl 3-((E)-((4-(2-chloro-3,4-dihydroxybenzamido)phenoxy)imino)methyl)-3-methyl-
7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (50 mg, 0.07 mmol) in
tetrahydrofuran (2 mL) was added Pd/C (10%, 50 mg). The reaction mixture was evacuated
and inflated by hydrogen balloon. After stirring for 12 hours, 16 mg of the product was purified
by flash chromatography in 43% yield. 'H NMR (400 MHz, DMSO-d6) & 9.10 (s, 1H), 7.84
(m, 1H), 7.51 (m, 1H), 7.45 (dd, 2H), 7.05 (dd, 2H), 5.37 (s, 2H), 4.76 (m, 1H), 4.55 (s, 1H),
3.50 (m, 2H), 3.25 (m, 2H), 1.45 (s, 3H). LC-MS (ESD: m/z =524 (M + H)".

EXAMPLE 120

[0351] (25,3R,5R)-3-(5-(2-chloro-3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-
7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

ol OH

*,

[0352] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except 1-(2-chloro-3,4-bis((4-methoxybenzyl)oxy)phenyl)prop-2-yn-1-one
was used in place of 4,4'-(((3-chloro-4-ethynyl-1,2-
phenylene)bis(oxy))bis(methylene))bis(methoxybenzene). 'H-NMR (400 MHz, DMSO) 7.52
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(d, 2H), 7.01 (d, 1H), 5.52 (s, 1H), 5.32 (s, 1H), 3.78 (d, 1H), 3.67 (d, 1H), 1.92 (s, 3H). LC-
MS (ESD): m/z = 457 (M + H)*.

EXAMPLE 121

[0353] (25,3R,5R)-3-((E)-(2-(2-bromo-4,5-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

OH
OH

ey

//\DH

Br

[0354] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 2-bromo-4,5-dihydroxybenzohydrazide was used in place of 2-chloro-
4,5-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) 6 12.10 (s, H), 10.20 (s, 1H),
9.41 (s, 1H), 7.79 (s, 1H), 7.12 (s,1H), 6.94 (d, 1H), 6.83 (d, 1H), 6.62 (s, 1H), 5.30 (d, 1H),
3.74 (t, 3H), 3.31 (m,1H), 2.20 (s, 1H), 1.62 (s, 3H). LC-MS (ESI): m/z =475 (M + H)".

EXAMPLE 122

[0355] (25,3R,5R)-3-((E)-(2-(3-(3,4-dihydroxyphenyl)-5-methylisoxazole-4-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:

J:ffc

//\OH
OH
OH
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[0356] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3-(3,4-dihydroxyphenyl)-5-methylisoxazole-4-carbohydrazide was
used in place of 2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) &
12.3 (s, 1H), 12.1 (s, 1H), 7.50 (s, 3H), 7.07 (s, 1H), 6.99 (s, 1H), 6.83 (s, 1H), 5.41 (s, 1H),
4.70 (t, 1H), 4.22 (s, 1H), 3.66 (s, 1H), 3.46 (dd, 1H), 3.21 (dd, 1H), 2.38 —2.34 (m, 3H), 1.56
(s, 3H). LC-MS (ESD): m/z =479 M + H)*.

EXAMPLE 123

[0357] (25,3R,5R)-3-((E)-(2-(3-(2-chloro-3,4-dihydroxyphenyl)isoxazole-5-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:

o Cl. oH
w, O H D'N
s’ h
N
O : O

J/~0H
a

[0358] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3-(2-chloro-3,4-dihydroxyphenyl)isoxazole-5-carbohydrazide was
used in place of 2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) &
12.2 (s, 1H), 6 7.56 (s, 1H), 7.50 (s, 1H), 7.03 (d, 1H), 6.69 (d, 1H), 5.12 (s, 1H), 4.70 (t, 1H),
4.50(dd, 1H), 4.25 (dd, 1H), 3.71 (s, 1H), 1.78 (s, 3H). LC-MS (ESID): m/z =499 (M + H)*.

EXAMPLE 124

[0359] (25,3R,5R)-3-((E)-(2-(3-(3,4-dihydroxyphenyl)isoxazole-5-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid 4,4-dioxide:
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[0360] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except 3-(3,4-dihydroxyphenyl)isoxazole-5-carbohydrazide was used in place
of 2-chloro-4,5-dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 12.2 (s, 1H), §
7.56 (s, 1H), 7.50 (s, 1H), 7.10 (dd, 1H), 7.03 (d, 1H), 6.69 (d, 1H), 5.12 (s, 1H), 4.70 (t, 1H),
4.50(dd, 1H), 4.25 (dd, 1H), 3.71 (s, 1H), 1.65 (s, 3H). LC-MS (ESI): m/z =465 (M + H)*.

EXAMPLE 125

[0361] (28,3R,5R)-3-((E)-(2-((4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

S 30

O/\OH

[0362] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except (4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-dihydrooxazole-4-
carbohydrazide was used in place of 2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400
MHz, DMSO) 6 11.83 (d, /=40.2 Hz, 1H), 9.18 (d, / = 62.8 Hz, 1H), 7.47 (dd, J = 88.7, 55.2
Hz, 2H), 6.97 (d, J = 7.7 Hz, 1H), 6.74 (t, J = 7.8 Hz, 1H), 5.11 (s, 1H), 4.48 — 4.17 (m, 2H),
3.60 (d, J = 15.5 Hz, 2H), 3.23 — 3.09 (m, 3H), 1.58 (d, J = 7.4 Hz, 3H). LC-MS (ESD: m/z =
481 (M + H)".

EXAMPLE 126
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[0363] (28,3R,5R)-3-((E)-(2-((4S,5R)-2-(3,4-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

0
O
J;fé/ S \(O g
o7 N T NﬂOH
Z~0H

O

[0364] The title compound was prepared using the similar procedure as described
in EXAMPLE 1 except (4S,5R)-2-(3,4-dihydroxyphenyl)-5-methyl-4,5-dihydrooxazole-4-
carbohydrazide was used in place of 2-chloro-4,5-dihydroxybenzohydrazide. 'H NMR (400
MHz, DMSO) & 12.18 (s, 1H), 7.99 (s, 1H), 7.30 (s, 1H), 6.89 (d, J = 85.4 Hz, 2H), 5.34 (s,
1H), 4.98 (s, 1H), 3.76 (d, / = 16.2 Hz, 2H), 3.45 — 3.26 (m, 3H), 1.66 (s, 3H). LC-MS (ESI):
m/z =481 (M + H)".

EXAMPLE 127

[0365] (25,3R,5R)-3-(((2-(3-(2,3-dihydroxyphenyl)isoxazole- 5-
carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-

2-carboxylic acid 4,4-dioxide:

OH
OH
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[0366] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except 3-(2,3-dihydroxyphenyl)isoxazole-5-carbohydrazide was used in
place of 3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) & 14.02 (br, 1H),
11.00 (s, 1H), 9.88 (t, ] = 12 Hz, 1H), 9.65-9.19 (m, 2H), 7.26 (t, ] = 8 Hz, 1H), 6.97 (t, ] =8
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Hz, 1H), 6.83-6.76 (m, 1H), 5.78 (s, 1H), 5.17 (d, J = 12 Hz, 1H ), 4.74-4.49 (m, 3H), 3.71-
3.68 (m, 1H), 3.24-3.17 (m, 2H), 1.49 (s, 3H). LC-MS (ESI): m/z = 511 (M + H)*.

EXAMPLE 128

[0367] (25,3R,5R)-3-(((2-(3-(2,3-dihydroxyphenyl)-4,5-dihydroisoxazole-5-
carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxylic acid 4,4-dioxide:

@
Pe Q
\S/ )J\
N H
° /: OH
O/\

[0368] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except 3-(2,3-dihydroxyphenyl)-4,5-dihydroisoxazole-5-carbohydrazide
was used in place of 3,4-dihydroxybenzohydrazide.'"H NMR (400 MHz, DMSO-d6) & 13.96
(br, 1H), 12.57 (s, 1H), 10.27 (s, 1H), 9.62 (s, 1H), 9.53 (s, 1H), 9.51 (s, 1H), 9.27 (s, 1H), 9.21
(s, 1H), 7.01 (t, ] = 8 Hz, 2H), 6.92 (t, ] = 8 Hz, 2H), 6.76 (t, J = 8 Hz, 2H), 5.68 (t, J = 8 Hz,
1H), 5.18-5.12 (m, 2H), 4.67 (d, J = 12 Hz, 1H ), 4.57 (s, 1H), 4.50 (dt, 12, 4 Hz, 1H), 3.89-
3.65 (m, 6H), 3.28 (d, ] = 16 Hz, 1H), 1.50 (s, 3H). LC-MS (ESD): m/z =513 (M + H)".

EXAMPLE 129

[0369] (25,3R,5R)-3-(({4-(2-chloro-3,4-dihydroxybenzoyl)piperazine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:
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[0370] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except (2-chloro-3,4-dihydroxyphenyl)(piperazin-1-yl)methanone was used
in place of 3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) 6 13.96 (br, 1H),
10.04 (s, 1H), 9.40 (s, 1H), 6.81 (d, J = 8 Hz, 1H), 6.64 (d, / = 8 Hz, 1H), 5.17 (s, 1H), 4.61-
4.50 (m, 3H), 3.71-3.65 (m, 3H), 3.49-3.26 (m, 8H), 3.18 (s, 2H), 1.50 (s, 3H). LC-MS (ESID):
m/z =532 (M + H)".

EXAMPLE 130

[0371] (25,3R,5R)-3-(((3-(2-chloro-3,4-dihydroxybenzamido)azetidine- 1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4.,4-dioxide:

C\é’/o O
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[0372] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except N-(azetidin-3-yl)-2-chloro-3,4-dihydroxybenzamide was used in
place of 3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz, DMSO-d6) & 10.14 (s, 1H), 9.36
(s, 1H), 8.89 (s, 1H), 6.81 (dd, J = 12, 8 Hz, 2H), 6.60 (dd, J = 12, 8 Hz, 1H), 5.17 (s, 1H),
4.64-4.58 (m 2H), 4.51 (dd, J = 48, 12 Hz, 2H), 4.24 (br, 1H), 3.91 (br, 1H), 3.70 (dd, J = 16,
4 Hz, 2H), 3.31-3.27 (m, 2H), 2.25 (s, 1H), 1.51 (s, 3H). LC-MS (ESI): m/z =518 (M + H)*.

EXAMPLE 131
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[0373] (25,3R,5R)-3-(({(2-(3-(2-chloro-3,4-dihydroxyphenyl)-4,5-
dihydroisoxazole-5-carbonyl)hydrazine- 1-carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

©\ oH

®)
w, O
/ﬂ:}@oi it \
O ! H OH

O

W

V4
O/\OH

[0374] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except 3-(2-chloro-3,4-dihydroxyphenyl)-4,5-dihydroisoxazole-5-
carbohydrazide was used in place of 3,4-dihydroxybenzohydrazide. 'H NMR (400 MHz,
DMSO-d6) § 9.67 (s, 1H), 7.51 (s, 1H), 6.87 (d, J=7.5 Hz, 1H), 6.72 (d, J="7.5 Hz, 1H), 5.79
(s, 1H), 5.10 (t, J = 4.6 Hz, 1H), 4.74 — 4.61 (m, 2H), 4.39 (t, J/ = 6.2 Hz, 2H), 4.26 (s, 1H),
3.56 (s, 1H), 3.46 (dd, J = 12.4, 8.2 Hz, 1H), 3.33 (dd, /= 12.4, 4.5 Hz, 1H), 3.21 (dd, /= 12.3,
8.2 Hz, 1H), 3.05 (dd, J = 12.5, 4.6 Hz, 1H), 1.43 (s, 3H). LC-MS (ESI): m/z = 547 (M + H)*.

EXAMPLE 132

[0375] (25,3R,5R)-3-(({(2-(3-(2-chloro-3,4-dihydroxyphenyl)-4,5-
dihydroisoxazole-5-carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

OH
0 Cl OH

[0376] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except 3-(2-chloro-3,4-dihydroxyphenyl)isoxazole-5-carbohydrazide was
used in place of 3,4-dihydroxybenzohydrazide.'"H NMR (400 MHz, DMSO-d6) & 14.02 (br,
1H), 10.99 (s, 1H), 10.38 (s, 1H), 9.84 (s, 1H), 9.56 (s, 1H), 7.52 (s, 1H), 7.07 (d, J = 8.4 Hz,
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1H), 6.90 (d, J = 8.4 Hz, 1H), 520 (d, J = 3.2 Hz, 1H), 4.72 (d, J = 12.4 Hz, 1H), 4.62 (s, 1H),
4.56 (d, J = 12.8 Hz, 1H), 3.70 (dd, J =16.4, 4.4 Hz, 1H), 3.30 (d, J = 16.4 Hz, 1H), 1.53 (s,
3H). LC-MS (ESD): m/z = 545 (M + H)*.

EXAMPLE 133

[0377] (28,3R,5R)-3-(({2-((4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

HO  oH
BN ARy
S/ /
N -
WS
- o)

O
/—0H
"

[0378] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except (4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-dihydrooxazole-4-
carbohydrazide was used in place of 3,4-dihydroxybenzohydrazide.'H NMR (400 MHz,
DMSO-d6) 6 14.02 (br, 1H), 10.91 (s, 1H), 10.32 (s, 1H), 7.16 (t, J = 7.5 Hz, 1H), 6.88 — 6.77
(m, 3H), 5.19 (dq, J = 8.0, 5.7 Hz, 1H), 5.11 (s, 1H), 4.73 — 4.61 (m, 2H), 4.50 (dd, J = 12.5,
6.0 Hz, 1H), 4.39 (t, /= 6.2 Hz, 2H), 4.25 (dd, /= 12.4, 6.1 Hz, 1H), 3.98 (d, / = 8.1 Hz, 1H),
3.55 (s, 1H), 1.68 (d, J = 5.7 Hz, 3H), 1.43 (s, 3H). LC-MS (ESD: m/z =527 (M + H)".

EXAMPLE 134

[0379] (25,3R,5R)-3-((((3,4-dihydroxyphenethyl)carbamoyl)oxy)methyl)-3-
methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:

OH

e OH

\"/

P!
S

7
o7 oH
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[0380] The title compound was prepared using the similar procedure as described
in EXAMPLE 69 except 4-(2-aminoethyl)benzene-1,2-diol was used in place of 3,4-
dihydroxybenzohydrazide. '"H NMR (400 MHz, DMSO-d6) & 14.01 (br, 1H), 10.59 (s, 1H),
10.32 (s, 1H),8 6.64 — 6.44 (m, 3H), 4.74 — 4.61 (m, 2H), 4.48 (s, 1H), 4.39 (t, / = 6.2 Hz, 2H),
3.59 (s, 1H), 3.50-3.34 (m, 3H), 3.21 (dd, /= 12.5, 9.2 Hz, 1H), 2.87 (t, /= 6.0 Hz, 2H), 1.43
(s, 3H). LC-MS (ESD: m/z =429 (M + H)*.

EXAMPLE 135

[0381] (28,3R,5R)-3-(5-(3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-7-ox0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide

Y
o7 OH

[0382] The title compound was prepared using the similar procedure as described
in EXAMPLE 101 except 1-(3,4-bis(benzyloxy)phenyl)prop-2-yn-1-one was used in place of
4,4'-(((3-chloro-4-ethynyl-1,2-phenylene)bis(oxy))bis(methylene))bis(methoxybenzene). 'H
NMR (400 MHz, DMSO) 6 7.72 (s, 1H), 7.52 (dd, J = 6.3, 2.0 Hz, 2H), 6.97 (d, J = 8.9 Hz,
1H), 5.43 (s, 1H), 5.26 (s, 1H), 3.75 (dd, J = 16.6, 4.6 Hz, 2H), 1.94 (s, 3H). LC-MS (ESI): m/z
=423 (M + H)".

EXAMPLE 136

[0383] (25,3S,5R)-3-((4-((E)-(2-(2-chloro-3,4-
dihydroxybenzoyl)hydrazono)methyl)-1H-imidazol-1-yl)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide:
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CooH N N-NH OH
OH

[0384] FIG. 19 shows a synthetic scheme for the preparation of this compound.
Step 1, To a solution of benzhydryl (25,3R,5R)-3-(chloromethyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate (1.5 g, 3.7 mmol) in acetonitrile (15 mL) and H>O (5
mL) was added 1H-pyrrole-3-carbaldehyde (0.35 g, 3.7 mmol) and sodium bicarbonate (0.62
g, 7.4 mmol). The mixture was stirred at room temperature for 10 hours. Then the solvent was
extracted by ethyl acetate, the residue was evaporated in vacuo to afford (25,35,5R)-benzhydryl
3-((4-formyl-1H-imidazol- 1-yl)methyl)-3-methyl-7-ox0-4-thia- 1-azabicyclo[3.2.0]heptane-2-
carboxylate (1 g, yield 58.8%). LC-MS (ESD): m/z = 462.

[0385] Step 2, To a solution of benzhydryl (25,35,5R)-3-((4-formyl-1H-imidazol-
1-yD)methyl)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate (1 g, 2.2
mmol) in DCM (10 mL) and EtOH (10 mL) was added 3,4-bis(benzyloxy)-2-
chlorobenzohydrazide (0.84 g, 2.2 mmol). The mixture was stirred at room temperature for 6
hours. Then the solvent was evaporated in vacuo, the residue was purified by flash
chromatography (DCM: MeOH = 20:1) to afforded benzhydryl (25,3S,5R)-3-((4-((E)-(2-(3,4-
bis(benzyloxy)-2-chlorobenzoyl)hydrazono)methyl)-1 H-imidazol-1-yl)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate as white solid (0.85 g, yield 47.4%). LC-
MS (ESD): m/z = 826.

[0386] Step 3, To a solution of benzhydryl (25,35,5R)-3-((4-((E)-(2-(3,4-
bis(benzyloxy)-2-chlorobenzoyl)hydrazono)methyl)-1 H-imidazol-1-yl)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate (0.85 g, 1.0 mmol) in acetic acid (10 mL)
acetone (2 mL) and H2O (2 mL) was cooled to 0°C, then was slowly added potassium
permanganate (0.32 g, 2.0 mmol). The mixture was stirred at room temperature for 2 hours.
Then the reaction was quenched by adding sodium metabisulfite solution and was extracted by
ethyl acetate. The solvent was evaporated in vacuo, the residue was purified by flash

chromatography (DCM: MeOH = 20:1) to afford Benzhydryl (25,3S,5R)-3-((4-((E)-(2-(3,4-
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bis(benzyloxy)-2-chlorobenzoyl)hydrazono)methyl)-1 H-imidazol-1-yl)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide as white solid (0.3 g, yield
34.9%). LC-MS (ESI): m/z = 858.

[0387] Step 4, Benzhydryl (25,35,5R)-3-((4-((E)-(2-(3,4-bis(benzyloxy)-2-
chlorobenzoyl)hydrazono)methyl)-1H-imidazol- 1-yl)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (0.3 g, 0.35 mmol) was dissolved into 10
mL of THF, Pd/C (10%, 100 mg) was added and the solution was stirred under charged
hydrogen balloon for 8 hours. Filtration to remove the palladium, then the solvent was
evaporated in vacuo, the residue was purified by column chromatography (silica gel, DCM:
MeOH = 20:1) to afford the title compound as white solid (85mg, yield 47.5%). '"H NMR (400
MHz, DMSO) 6 11.58 (s, 1H), 10.14 (s, 1H), 9.34 (s, 1H), 8.31 (s, 1H), 7.82 (s, 1H), 7.39 (s,
1H), 7.25 (dd, J = 19.7, 7.0 Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 6.82 — 6.77 (m, 1H), 5.16 (d, J
=3.2 Hz, 1H), 5.09 (d, /= 15.4 Hz, 1H), 4.98 (d, J = 15.5 Hz, 1H), 4.62 (s, 1H), 3.32 (s, 2H),
1.45 (s, 3H). LC-MS (ESD: m/z = 512 (M + H)*.

EXAMPLE 137

[0388] (25,3R,5R)-3-((E)-({((1-(2-chloro-3,4-dihydroxybenzoyl)piperidin-4-
ylhoxy)imino)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:

Qo
J;%N’O Cl T
N
5 / @ OH
Z™0H N
0
0o

[0389] The title compound was prepared using the similar procedure as described
in EXAMPLE 119 except (4-(aminooxy)piperidin- 1-yl)(2-chloro-3,4-
dihydroxyphenyl)methanone was used in place of N-(4-(aminooxy)phenyl)-2-chloro-3,4-
dihydroxybenzamide.'"H NMR (400 MHz, DMSO-d6) 6 14.01 (br, 1H), 10.58 (s, 1H), 10.32
(s, 1H), 6 7.48 (s, 1H), 7.16 (d, J = 7.5 Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H), 6.06 (s, 1H), 4.70 (t,
J=9.3Hz, 1H), 4.56 — 4.47 (m, 1H), 3.66 (dt, J = 12.4, 5.3 Hz, 2H), 3.50 — 3.35 (m, 3H), 3.21
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(dd, J=12.4,9.3 Hz, 1H), 2.39 (dqd, J = 12.8, 5.4, 2.2 Hz, 2H), 1.82 (dqd, J = 12.9, 5.4, 2.2
Hz, 2H), 1.56 (s, 3H). LC-MS (ESI): m/z = 516 (M + H)*.

EXAMPLE 138

[0390] (25,3R,5R)-3-((E)-({((1-(2-chloro-3,4-dihydroxybenzoyl)azetidin-3-
ylhoxy)imino)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid
4,4-dioxide:

[0391] The title compound was prepared using the similar procedure as described
in EXAMPLE 119 except (3-(aminooxy)azetidin-1-yl)(2-chloro-3.4-
dihydroxyphenyl)methanone was used in place of N-(4-(aminooxy)phenyl)-2-chloro-3,4-
dihydroxybenzamide.'H NMR (400 MHz, DMSO-d6) & 14.01 (br, 1H), 10.58 (s, 1H), 10.32
(s, 1H), 7.49 (s, 1H), 7.27 (s, 1H), 6.66 (s, 1H), 5.41 (s, 1H), 4.70 (s, 1H), 4.59 (s, 1H), 4.20 —
4.04 (m, 2H), 3.95 — 3.80 (m, 2H), 3.46 (s, 1H), 3.21 (s, 1H), 1.58 — 1.54 (m, 3H). LC-MS
(ESD: m/z =488 (M + H)*.

EXAMPLE 139
BIOLOGICAL ACTIVITY
[0392] MIC determination

[0393] Minimum inhibitory concentration (MIC) is determined by a broth
microdilution method according to the recommendation of the Clinical and Laboratory
Standards Institute (CLSI) with minor modification. In all MIC tests, iron-depleted cation-
adjusted Mueller-Hinton broth (supplemented with 2,2-dipyridyl at 160 pM) was used to
complex iron and thereby induce iron uptake systems. Strains of an ESKAPE panel (E. faecium
ATCC 700221, S. aureus ATCC 29213, K. pneumoniae ATCC 43816, A. baumannii ATCC
19606, P. aeruginosa ATCC 27853 and Escherichia coli ATCC 25922) were obtained
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originally from the American Type Culture Collection (ATCC) and used for MIC
determinations of compounds. The bacteria inoculum in the test is ~5x103 CFU/well. MIC is
defined as the minimum concentration after incubation at 37°C for 18-20 hours in the presence
of 5% CO; to prevent visible bacterial growth. The results are summarized in Table 2 and

Table 3 below.

Table 2. MIC (ng/mL) of selected compounds and comparators against ESKAPE bacterial

strain
A. P
E. faecium S. aureus K. E. coli
baumannii | aeruginosa
Compounds ATCC ATCC pneumoniae ATCC
ATCC ATCC
700221 29213 ATCC 43816 25922
19606 27853

Example 5 >128 128 32 4 >128 64
Example 20 >128 32 >128 64 >128 >128
Exarnple 28 >128 >128 >128 >128 >128 >128
Example 29 >128 >128 >128 >128 >128 >128
Example 35 >128 128 >128 >128 >128 >128
Example 38 >128 128 32 8 >128 >128
Example 42 >128 128 >128 1 >128 >128
Example 43 NA >128 >128 8 >128 >128
Example 60 >128 >128 16 2 >128 >128
Example 62 >128 128 >128 4 >128 >128
Example 64 >128 64 128 8 >128 >128
Exarnple 67 >128 128 128 4 >128 >128
Example 70 >128 >128 >128 1 >128 >128
Example 76 >128 >128 >128 1 >128 >128

Example 77 >128 >128 16 0.25 >128 64

Example 80 >128 >128 16 0.25 >128 64

Example
>64 >64 >64 32 >64 >64
112
Example
>128 16 2 <0.06 >128 8
114

Example >128 >128 >128 4 >128 >128
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A. P
E. faecium S. aureus K. E. coli
baumannii | aeruginosa
Compounds ATCC ATCC pneumoniae ATCC
ATCC ATCC
700221 29213 ATCC 43816 25922
19606 27853
117
Example
>128 >128 >128 >128 >128 >128
118
Meropenem >128 0.125 <0.06 1 0.5 <0.06
Imipenem >128 <0.06 0.5 0.25 1 0.25
Sulbactam >128 >128 64 0.5 >128 32

Table 3. MIC (ug/mL) of selected compounds alone and incombination with antibiotics

against A. baumannii clinical isolates

Compounds + Compounds + Compounds +
Compounds alone sulbactam meropenem Imipenem
(1:D (1:D (1:D

Cpds.| Ab | Ab | Ab | Ab | Ab | Ab | Ab | Ab | Ab | Ab | Ab | Ab

TNP | TNP | TNP [ TNP | TNP [ TNP | TNP | TNP | TNP | TNP | TNP | TNP

4170 | 4170 | 4170 | 4170 | 4170 | 4170 | 4170 | 4170 | 4170 | 4170 | 4170 | 4170
4 3 9 4 3 9 4 3 9 4 3 9

g’é >128 | >128 | >128 4 8 8 8 8 4 NT NT NT
gg >128 | >128 | >128 8 32 32 32 32 32 NT NT NT

Ex.5 | >128 | >128 | 32 4 8 4 4 4 2 NT NT NT

13)8 >128 | >128 | >128 4 8 16 8 8 8 NT NT NT
]ZZ >128 | >128 | >128 4 8 4 2 4 2 NT NT NT
]Z); >128 | >128 | >128 8 8 2 4 4 2 NT NT NT
E’é >128 | >128 | >128 4 8 8 4 4 2 NT NT NT
]::é >128 | >128 | >128 8 8 4 2 2 2 NT NT NT
]::é >128 | >128 | >128 4 8 4 4 4 4 8 8 4
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E’(‘)' 8 16 8 4 8 4 8 8 4 | NT | NT | NT
E’é‘ >128 | >128 | >128 | 8 16 8 16 | 32 | 16 | NT | NT | NT
2’8‘ >128 | >128 | >128 | 4 32 8 16 | 64 | 32 | NT | NT | NT
5’7‘ >128 | >128 | >128 | 8 32 | 16 | 16 | 32 | 16 | NT | NT | NT
Ex.

o | 64 [>128]>128 | 1 8 8 2 2 2 2 2 1
Ex.

o | >128 | >128 | >128 | 1 8 8 4 2 4 4 4 8
Ex.

o | 64 | 128 | 64 4 4 4 8 8 8 | NT | NT | NT
]151’; >128 | >128 | >128 | 16 | >128 | >128 | 128 | >128 | >128 | NT | NT | NT
2’5‘ >128 | >128 | >128 | 4 16 4 32 1 32 | NT | NT | NT
]151"2' 64 | >64 | >64 | 2 8 2 16 | 16 8 | NT | NT | NT
]151"4 >128 | >128 | >128 | 8 32 | 16 | 64 | 64 | 64 | NT | NT | NT
Mero

pene | 64 | 128 | 128 | NT | NT | NT | NT | NT | NT | NT | NT | NT
m

I;I;I;le 16 | 32 | 32 | NT | NT | NT | NT | NT | NT | NT | NT | NT
Sc‘tlf;é‘ 8 32 | 32 | NT | NT | NT | NT | NT | NT | NT | NT | NT
NT : No test

[0394] B-lactamase inhibitor activity determination

[0395] Hydrolytic inactivation of the B-lactam antibiotics by B-lactamases is the
most widespread drug resistant mechanism and the most challenge clinically among Gram-
negative bacterial pathogens. Based on the amino acid sequences, the B-lactamases are grouped
into four classes (Ambler classification), of which A, C and D are serine hydrolases and B
encompasses metallo-B-lactamases. The ICso of selected derivatives disclosed herein
(identified with reference to example number) plus six reference f-lactam or B-lactamase
inhibitors were determined against 7 representative [-lactamases of various classes in a

standard spectrophotometric assay of nitrocefin hydrolysis. The results are summarized in
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Table 4 below. The assay is performed in 384-well plate. The seven recombinant B-lactamases
AmpC_AB (from A. Baumannii), AmpC_PA (from P. aeruginosa), KPC-2, NDM-1, IMP-1,
VIM-1 and OXA 24/40) are expressed and purified. The reaction buffer for class A, C and D
enzymes is 100 mM Na;HPO4-KH>PO4 (pH 7.1) plus 0.005% Tween-20, and for class B
enzymes 10 uM ZnSOy is added. The control compounds include Clavulanate, Sulbactam,
Tazobactam, Avibactam, Relebactam and Zidebactam. The 50 ul. of reaction solution
composed of 2 pM of B-lactamase, 200 uM of nitrocefin and series of 3-fold dilutions of test
or control compounds are added by Cybio SELMA system into 384-plate and incubated in dark
at 25°C for 2 hours. The ODa4g is read in MC SpectraMax Plus384 plate reader. The %
inhibition at each concentration is calculated by [1-(compound OD-no enzyme average
OD)/(enzyme average OD-non-enzyme average OD)] x 100% and the IC50 is calculated by
XLfit. The ICso of Avibactam and Relebactam from the assay are consistent with historical
data, therefore validates the assay method. The results demonstrate that the testing compounds
have strong inhibitory activities against AmpC_AB, AmpC_PA of Class C B-lactamase and
0OXA24/40 of class D B-lactamases with ICso range of 409 — 65,160 nM. Except the example
70 showing weak activity against KPC-2 of class A and example 7 against VIM-1 of class B,

other Examples show no detected activities against class A and B -lactamases.

Table 4. ICso (nM) of exemplary compounds against various B-lactamases

Compound | AmpC_A | AmpC_P OXA
KPC-2 NDM-1 | IMP-1 VIM-1
s B A 24/40
>20000 | >20000
Clavulanate | >200000 >200000 | >200000 >200000 0 0 >200000
>20000 | >20000
Sulbactam | 10300.32 | 10316.82 | 53399.27 | >200000 0 0 >200000
Tazobacta >20000 | >20000
23822.28 1175.87 | 90207.95 | 122597.83 >200000
m 0 0
>20000 | >20000
Avibactam | 2607.27 873.46 296.22 99395.24 0 0 >200000
>20000 | >20000
Relebactam 891.79 372.21 457.52 >200000 0 0 >200000
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Compound | AmpC_A | AmpC_P OXA
KPC-2 NDM-1 | IMP-1 VIM-1
s B A 24/40
>20000 | >20000
Zidebactam 248.07 101.62 2361.77 5095391 0 0 >200000
>20000 | >20000
Example 3 720.18 2418.14 >200000 2302.83 0 0 >200000
>20000 | >20000
Example 5 1042.20 1716.43 >200000 | 11570.94 >200000

0 0

>20000 | >20000 | 58214.7
Example 7 596.47 1519.72 >200000 6029.71

0 0 1

>20000 | >20000

Example 19 | 5758.21 3678.22 >200000 2485.01 0 0 >200000
>20000 | >20000

Example 23 717.51 2451.63 >200000 3181.44 0 0 >200000
>20000 | >20000

Example 38 | 7623.08 2375.29 >200000 5931.10 0 0 >200000
>20000 | >20000

Example 64 473.73 641.21 >200000 5765.99 0 0 >200000
>20000 | >20000

Example 69 | 3602.93 8596.88 >200000 | 65160.24 0 0 >200000
139922.0 >20000 | >20000

Example 70 | 7179.35 9142.31 6 29624.59 0 0 >200000
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WHAT IS CLAIMED IS:
1. A compound having a formula of:
r\g bl
s Ry
i

]

or a stereoisomer, pharmaceutically acceptable salt, solvate, prodrug, or deuterium-
exchanged compound thereof,
wherein R; is hydrogen, a pharmaceutically acceptable salt forming agent, or an ester residue;
Y is independently selected from —S—, —SO—, and —SO>—;
L is one or a combination of two to five groups selected from:
(C1-Cglalkylene, (C3-Cs)cycloalkylene containing one to three heteroatoms,
arylene, heteroarylene, (Cs-Cg)heterocycloalkylene, —C(=0)—, —O—, —S(O),—
, whereinn is 0, 1, or 2, —N(R2)—, —C(R3)=C(R4)—, and —C=N—,
wherein Rz, R3 and Ry are selected from hydrogen, (C;-Cg)alkyl, (Cs-Csg)cycloalkyl,
(C1-Cglalkyloxyl, aryl, heteroaryl, and (C3-Cg)heterocycloalkyl, or R3 and R4 join together
to form a bond; and

Z is an iron chelating moiety selected from

i ;

E"‘i E"‘i

‘6 AN S

, O )
wherein Rs, R¢ and Ry are independently hydrogen, hydroxyl, halogen, nitrile, nitro,
amino, CFs, OCF3, alkyl, alkylamino, alkoxy, aryl, or heteroaryl, or wherein two of Rs,

Rs and R7 join together to form a 5-8 membered ring.

2. The compound of claim 1, wherein L. comprises carbon or nitrogen atoms

further substituted by one to three substituents.

3. The compound of claim 1, wherein the 5-8 membered ring formed by two of

Rs, Re and R~ is further substituted.

4. The compound of claim 1, wherein Y is —SO>—.
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5. The compound of claim 1, wherein L is selected from —CH=N—N(R2)—X—
, —(HAOCIN—N(Ro)—X—, —CH_N—O—X— —CHzo(“(m_X_ —CH-N(R2)—X—

B \‘« \i;...»--}im S \, I SR N - N \\,ﬂ‘w(

N-C} N-Ch £ -N N=N
, , , , Or , wherein X

is one or a combination of two to five groups selected from (C;-Cg)alkylene, (Cs-
Cg)cycloalkylene, (C3-Cs)heterocycloalkylene, arylene, heteroarylene, —O—, —IN(R»)—, and
—C(O)—, and wherein R is hydrogen, (C;-Cs)alkyl, (C3-Cg)cycloalkyl, (C1-Cs)alkyloxyl, aryl,
heteroaryl, or (C3-Cg)heterocycloalkyl.

6. The compound of claim 1, wherein L is (Cs;-Cs)heterocycloalkylene and

wherein the (Cs3-Cg)heterocycloalkylene is unsaturated.

7. The compound of claim 1, wherein Z is selected from:
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oH ji@:OH :f i OH i OH
Ej Fo. F F i cl Cl
OH OH
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OH OH OH OH OH OH
s i :OH 36/ i OH g i OH ?f i OH
NOQ: M Os . 2ol . OH _ HO

OH |
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F OH Cl OH
CH OH OH OH
X o 1T :
OH OH, F F OH OH,  CI i
OH

Br OH CHa
OH OH OH OH
0 v FTL or
Cl OH, OH Br . Br OH, OH CH:
OCH3z OH CH
OH OH OH OH
X o Y
Hy G OH 0 DCH= . HaCO OH OH

H.

oH

cl
OH
OH
oOH
OH Cl
8. A pharmaceutical composition comprising a pharmaceutically effective amount

of a compound of claim 1 in combination with a pharmaceutically acceptable carrier.

9. The pharmaceutical composition of claim 7, further comprising one or more

additional antibacterial agents.

10. A method of treating or preventing a microbial infection in a subject in need of

such treatment by administering the pharmaceutical composition of claim 7.

11. A compound selected from:

(25,3R,5R)-3-((E)-(2-(2-chloro-4,5-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid 4,4-
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dioxide;

(25,3R,5R)-3-methyl-7-0x0-3-((E)-(2-(2,3,4-
trihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(2-chloro-3,4-dihydroxybenzoyl)-2-
methylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(2,5-dichloro-3,4-
dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-((E)-(2-(3,4-dihydroxybenzoyDhydrazono)methyl)-3-
methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-methyl-7-0x0-3-((E)-(2-(3,4,5-
trihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(3,4-dihydroxybenzoyl)-2-
methylhydrazono)methyl)-3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-((E)-(2-(2-bromo-3,4-
dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-methyl-7-ox0-3-((E)-(2-(2,3,6-trichloro-4,5-
dihydroxybenzoyl)hydrazono)methyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(2,6-dichloro-3,4-
dihydroxybenzoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-((E)-(2-(2-fluoro-3,4-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-((E)-(2-(3,4-dihydroxy-2-
methylbenzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
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azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxyphenyl)acetyl )hydrazono)methyl)-
3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-((E)-(2-((R)-2-((tert-butoxycarbonyl)amino)-3-(3,4-
dihydroxyphenyl)propanoyhhydrazono)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(3-chloro-4,5-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-((E)-(2-(2-chloro-3,4-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-((E)-(2-(3-(3,4-
dihydroxyphenyl)propanoyhhydrazono)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(2,5-dihydroxy-3,6-
dimethylbenzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(2,3-dihydroxybenzoyl)hydrazono)methyl)-3-
methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(2S,3R,5R)-3-({E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)pyrrolidine- 3-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-({E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)azetidine-3-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-({E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)pyrrolidine-2-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((E)-(2-(5-(3,4-
dihydroxybenzamido)picolinoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
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1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)piperidine-4-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-
hydroxypropanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-
phenylpropanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(4-((2-chloro-3,4-
dihydroxybenzamido)methyl)benzoyl)hydrazono)methyl)-3-methyl-7-0xo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(4-((3,4-
dihydroxybenzamido)methyl)benzoyl)hydrazono)methyl)-3-methyl-7-0xo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
((2S,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-
methylbutanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-dihydroxybenzamido)-3-
methylbutanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-dihydroxybenzoyl)piperidine-3-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-
hydroxypropanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(2-(3,4-dihydroxybenzamido)-3-
phenylpropanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(1-(3,4-
dihydroxybenzamido)cyclopropanecarbonyl)hydrazono)methyl)-3-methyl-7-
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oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(1-(2-chloro-3,4-
dihydroxybenzamido)cyclopropanecarbonyl)hydrazono)methyl)-3-methyl-7-
oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(4-((3,4-
dihydroxybenzoyl)oxy)benzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-({E)-(2-(2-((tert-butoxycarbonyl)amino)-3-({2-chloro-3,4-
dihydroxybenzoyl)oxy)propanoyl)hydrazono)methyl)-3-methyl-7-0x0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(3',4'-dihydroxy-[1,1'-biphenyl]-4-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-((E)-(2-(4-((2-chloro-3,4-
dihydroxybenzoyl)oxy)benzoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(5-(2-chloro-3,4-
dihydroxybenzamido)picolinoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(2-(2-chloro-3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(3-(2-chloro-3,4-
dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(6-(2-chloro-3,4-
dihydroxybenzamido)hexanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-((S)-2-(2-chloro-3,4-
dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-oxo0-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(4-(2-chloro-3,4-
dihydroxybenzamido)butanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
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azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(2-(3,4-
dihydroxybenzamido)acetyl)hydrazono)methyl)-3-methyl-7-0xo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-((S)-2-(3,4-
dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(4-(3,4-
dihydroxybenzamido)butanoyl)hydrazono)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(3-(3,4-
dihydroxybenzamido)propanoyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-(2-(6-(3,4-
dihydroxybenzamido)hexanoyl)hydrazono)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-({((2-(3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-(((2-(2-chloro-3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-(((2-(2-(3,4-dihydroxyphenyl)-2-
oxoethyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-({((2-(2,3-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-methyl-7-0x0-3-(((2-(3,4,5-
trihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-(((2-(3,4-dihydroxybenzoyl)-1-
methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
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azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-(((2-(2-chloro-4,5-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-({(2-(2-chloro-3,4-dihydroxybenzoyl)-1-
methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-(((2-(3,4-dihydroxybenzoyl)-2-
methylhydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-methyl-7-ox0-3-(((2-(2,3,4-
trihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-(((2-(2,6-dichloro-3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-(((2-(2,5-dichloro-3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-(((2-(2-fluoro-3,4-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-(((2-(3-(3,4-dihydroxyphenyl)-3-
oxopropyDhydrazinecarbonyl)oxy)methyl)-3-methyl-7-ox0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-(((2-(2-chloro-4,5-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((((E)-2-(3,4-
dihydroxybenzylidene)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-(({2-(3-chloro-4,5-
dihydroxybenzoyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
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azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(((2-(2-(3,4-
dihydroxybenzamido)acetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-({(3-(3,4-dihydroxybenzamido)pyrrolidine- 1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-({(4-(3,4-dihydroxybenzoyl)piperazine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(((2-(2-(2-chloro-3,4-
dihydroxybenzamido)acetyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((((2-(2-chloro-3,4-
dihydroxybenzamido)ethyl)carbamoyl)oxy)methyl)-3-methyl-7-0x0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-({(4-(3,4-dihydroxybenzamido)piperidine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-((((1-(3,4-dihydroxybenzoyl)pyrrolidin-3-
ylcarbamoyl)oxy)methyl)-3-methyl-7-0xo0-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-({(3-(3,4-dihydroxybenzamido)azetidine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(5-(2-(2-chloro-3,4-dihydroxyphenyl)-2-oxoethyl)isoxazol-
3-y1)-3-methyl-7-o0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid
4 4-dioxide;

(25,3R,5R)-3-(5-(2-(3,4-dihydroxyphenyl)-2-oxoethyl)isoxazol-3-yl)-3-
methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(2S,3R,5R)-3-(5-(2-chloro-3,4-dihydroxyphenyl)isoxazol-3-yl)-3-methyl-
7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
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(25,3R,5R)-3-(5-(2-(2,5-dichloro-3,4-dihydroxyphenyl)-2-
oxoethyl)isoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(5-(3,4-dihydroxyphenyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-(5-(2-((2-chloro-3,4-dihydroxybenzoyl)oxy)ethyl)isoxazol-
3-y1)-3-methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid
4,4-dioxide;

(25,3R,5R)-3-(5-(2,5-dichloro-3,4-dihydroxyphenyl)isoxazol-3-yl)-3-
methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-(5-(2-((3,4-dihydroxybenzoyl)oxy)ethyl)isoxazol-3-yl1)-3-
methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-(5-(2-((2-chloro-3,4-dihydroxybenzoyl)oxy)ethyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(5-(2-chloro-3,4-dihydroxyphenyl)-4,5-dihydroisoxazol-3-
y1)-3-methyl-7-o0xo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-
dioxide;

(25,3R,5R)-3-(5-((2,5-dichloro-3,4-dihydrox ybenzamido)methyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(5-(2-((3,4-dihydroxybenzoyl)oxy)ethyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(2S,3R,5R)-3-(5-((2-chloro-3,4-dihydroxybenzamido)methyl)-4,5-
dihydroisoxazol-3-yl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(5-(3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(((3,4-dihydroxybenzoyl)oxy)methyl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
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(25,3R,5R)-3-(((2-chloro-3,4-dihydroxybenzoyl)oxy)methyl)-3-methyl-7-
oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,35,5R)-3-(((3,4-dihydroxyphenyl)amino)methyl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-((E)-({2-(2-chloro-3,4-
dihydroxybenzamido)ethoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-((E)-({4-(2-chloro-3,4-
dihydroxybenzamido)phenoxy)imino)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(2S,3R,5R)-3-(5-(2-chloro-3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-
7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-({E)-(2-(2-bromo-4,5-dihydroxybenzoyl)hydrazono)methyl)-
3-methyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic  acid 4,4-
dioxide;
(25,3R,5R)-3-({E)-(2-(3-(3,4-dihydroxyphenyl)-5-methylisoxazole-4-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-({E)-(2-(3-(2-chloro-3,4-dihydroxyphenyl)isoxazole-5-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(25,3R,5R)-3-({E)-(2-(3-(3,4-dihydroxyphenyl)isoxazole-5-
carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(28,3R,5R)-3-((E)-(2-((4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(28,3R,5R)-3-((E)-(2-((4S,5R)-2-(3,4-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazono)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
(28,3R,5R)-3-(((2-(3-(2,3-dihydroxyphenyl)isoxazole-5-
carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;
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(28,3R,5R)-3-(((2-(3-(2,3-dihydroxyphenyl)-4,5-dihydroisoxazole-5-
carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-(((4-(2-chloro-3,4-dihydroxybenzoyl)piperazine- 1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(28,3R,5R)-3-(((3-(2-chloro-3,4-dihydroxybenzamido)azetidine-1-
carbonyl)oxy)methyl)-3-methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide;

(28,3R,5R)-3-(((2-(3-(2-chloro-3,4-dihydroxyphenyl)-4,5-
dihydroisoxazole-5-carbonyl)hydrazine-1-carbonyl)oxy)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(28,3R,5R)-3-(((2-(3-(2-chloro-3,4-dihydroxyphenyl)-4,5-
dihydroisoxazole-5-carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(28,3R,5R)-3-(((2-((4S,5R)-2-(2,3-dihydroxyphenyl)-5-methyl-4,5-
dihydrooxazole-4-carbonyl)hydrazinecarbonyl)oxy)methyl)-3-methyl-7-oxo-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(28,3R,5R)-3-((((3,4-dihydroxyphenethyl)carbamoyl)oxy)methyl)-3-
methyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic ~ acid  4,4-
dioxide;

(28,3R,5R)-3-(5-(3,4-dihydroxybenzoyl)isoxazol-3-yl)-3-methyl-7-oxo0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3S,5R)-3-((4-({E)-(2-(2-chloro-3,4-
dihydroxybenzoyl)hydrazono)methyl)-1H-imidazol-1-yl)methyl)-3-methyl-7-
0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide;

(25,3R,5R)-3-({E)-(((1-(2-chloro-3,4-dihydroxybenzoyl)piperidin-4-
yloxy)imino)methyl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide; and

(25,3R,5R)-3-({E)-(((1-(2-chloro-3,4-dihydroxybenzoyl)azetidin-3-
yloxy)imino)methyl)-3-methyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid 4,4-dioxide.

127



WO 2021/048613 PCT/1IB2020/000686

12. A pharmaceutical composition comprising a pharmaceutically effective amount

of a compound of claim 11 in combination with a pharmaceutically acceptable carrier.

13. The pharmaceutical composition of claim 12, further comprising one or more

additional antibacterial agents.

14. A method of treating or preventing a microbial infection in a subject in need of

such treatment by administering the pharmaceutical composition of claim 12.

128



WO 2021/048613 PCT/1IB2020/000686

o
. Y o8 et
N ®,
s P
U T Sl 5 T
£ )

1/18



PCT/1IB2020/000686

WO 2021/048613

g

T
v

P

00
y e,

2/18



WO 2021/048613 PCT/1IB2020/000686

{‘t—'l.'

(st

Deprot

o@) Jud]
if
&
e
)
& B
Lo =
N =
v 3 punc}
=
7
o)
=
[
o
o
o

3/18



PCT/1IB2020/000686

WO 2021/048613

I
i
i
i
i
i
2

4

RO L

SN \)\

D

A

Z

A3
?\

4/18



WO 2021/048613 PCT/1IB2020/000686

FIG. 6

bR

#B

o

5/18



WO 2021/048613 PCT/1IB2020/000686

‘\&
H
H
H
H
H
H
H
H
}

FIG. 7

R
3 N,
{:’ i

6/18



PCT/1IB2020/000686

WO 2021/048613

B |
Y

P

7,

B2HD

BT DB

ek

NBrsrorersesesos. s roreserors Aererorsere.

7/18



WO 2021/048613 PCT/1IB2020/000686

FIG. 9

8/18



WO 2021/048613 PCT/1IB2020/000686

NH
C

Ay B

i e Yy
¥
B -

§ s, & e

ety

FIG. 10
{
A

rrrrrssnrsansesis

9/18



PCT/1IB2020/000686

WO 2021/048613

HOOD

I1°OId

rrrrriries

[

10/18



WO 2021/048613 PCT/1IB2020/000686

ctttrssssees i

FIG. 12

N
N
N
N
N
N
N
N
3

o

i~

Py

11/18



PCT/1IB2020/000686

WO 2021/048613

Sl rrrrrrrssnss

LA

P

€1 O

R rrrrrsssrrsssssssss.

HiD.

AR rrrerrrreers

12/18



PCT/1IB2020/000686

WO 2021/048613

THTIA e

b1 o1

13/18



PCT/1IB2020/000686

WO 2021/048613

ST O

S

14/18



WO 2021/048613 PCT/1IB2020/000686

d

i F

D

irvesernesosesies
)

x

A
- pees
- o
o o4
St 3

15/18



PCT/1IB2020/000686

WO 2021/048613

P wrm...\\

je
&

2

L1 O

A rrrrrrrrrrrrrsrrrsss

OOHEN

T

16/18



WO 2021/048613 PCT/1IB2020/000686

O

"

FIG. 18

ISy

&

17/18



PCT/1IB2020/000686

WO 2021/048613

N -
HO
HO
e 8
\\: ‘D\%
z dog én_ HO00Q | deig UdHD00
_ OIQ\G & - |
1g0 /~NH
i OIQ\O
ugo “N°H
12 O
61 "OlA

18/18



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - claims
	Page 123 - claims
	Page 124 - claims
	Page 125 - claims
	Page 126 - claims
	Page 127 - claims
	Page 128 - claims
	Page 129 - claims
	Page 130 - claims
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings

