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BROAD-SPECTRUM CARBAPENEMS

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 62/938,837 filed Nov. 21, 2019,
which is hereby incorporated by reference in its entirety.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

[0002] This invention was made with government support
under SBIR Grant numbers R43AI120392 and
R44A1120392 awarded by the National Institutes of Health
(NIH). The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] Antibiotics are the most effective drugs for curing
bacteria-related infectious diseases clinically. They are
incredibly valuable therapeutic options that are currently
losing efficacy due to the evolution and spread of drug
resistance genes. A dramatic increase in the prevalence of
infections caused by Multi Drug Resistant (MDR) Gram
positive and Gram negative microorganisms is now occur-
ring, both in the hospital and in the community. Carbapenem
beta-lactams face two important issues with regard to their
utility: (1) inactivity against MDR Gram positive bacteria
(e.g. methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Staphylococcus aureus (VRSA)), and
(2) clinical failure due to spread of beta-lactamase-produc-
ing Gram negative Enterobacteriaceaec and Pseudomonas
aeruginosa. There is a growing consensus on the need for
agents with activity against these MDR bacteria as first-line
empiric treatment of many nosocomial infections, such as
pneumonia, skin and soft tissue, intra-abdominal, and com-
plicated urinary tract infections. These infections are caused
by either Gram positive or negative pathogens, or a poly-
microbial mix potentially including anaerobes. There is a
significant need to develop a safe and bactericidal agent with
the widest known spectrum of activity, including against
MDR Gram-positives, Gram-negatives, and anaerobes, to
treat empirically this wide range of infections.

SUMMARY OF THE INVENTION

[0004] Described herein are carbapenem compounds that
provide significant antibacterial activity in vitro against a
range of Gram positive and Gram negative bacteria.
[0005] Also disclosed herein is a compound of Formula
(IlT), or a pharmaceutically acceptable salt, solvate, or
stereoisomer thereof:

Formula (III)

/
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[0006] Ring A is cycloalkyl optionally substituted with
one, two, or three oxo, halogen, C,-Cy alkyl, C,-Cq
haloalkyl, —OR“, —CN, —NO,, —NRR?, —S§(=0)
JR?, —8(=0),NR°R? —C(=0)OR?, —C(=O0)R?,
—C(=O0)NRRY, —NR“C(=NR“)NRRY, or —NR“C
(=NRR”;

[0007] L‘'is a bond or C,-C, alkylene optionally substi-
tuted with halogen, —OR®, or —NR“R%,

[0008] R is halogen, C,-Cy alkyl, C,-C, alkenyl, C,-C,
alkynyl, C,-C haloalkyl, C,-C, hydroxyalkyl, —OR*°,
—CN, —NO,, —S(=0),R"®, —S(=0),NR"R"",
—C(=0)OR'®, —C(=O)NR'’R'!, —NR'°C(=NR'"")
NRlORll, —C(:NRlO)Rlo, 7NR10C(:NR11)RIO,
—NRIO(CRlzRB)WNRlORM, —NRlOC(:NRM)NRlo
(CRlles)WNRIORll, fC(:NRll)NRIORll, C3-C8
cycloalkyl, C,-Cy heterocycloalkyl, aryl, or heteroaryl;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, hetero-
cycloalkyl, aryl, and heteroaryl is independently option-
ally substituted with one, two, or three R**;

[0009] each R*! is independently halogen, C,-C alkyl,
C,-C4 haloalkyl, —OR?, —CN, —NO,, —NR°RY,
—S8(=0),R?, —S(=0),NRRY  —C(=0)OR,
—C(=0)R?, —C(=O0)NRR?, —NR“C(=NR)NR“R,
or —NR°C(=NR")R?;

[0010] Lis abondorC,-C alkylene optionally substituted
with halogen, —OR®, or —NR°R¥,

[0011] R'is C,-Cq alkyl, C,-Cg haloalkyl, C,-Cg alkenyl,
or C,-C4 alkynyl; R? is hydrogen, C,-C, alkyl, C,-Cg
haloalkyl, C,-C, alkenyl, C,-C, alkynyl, or —Si(R?);;
each R® is independently hydrogen, C,-Cy alkyl, C,-Cg
haloalkyl, C,-C, alkenyl, C,-C, alkynyl, or —OR?;

[0012] R* is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cy cycloalkyl, C,-Cq
heterocycloalkyl, aryl, heteroaryl, —(C,-C alkyl)(C5-Cq
cycloalkyl), —(C,-C4 alkyl)(C,-C; heterocycloalkyl),
—(C,-Cq alkyl)(aryl), or —(C,-Cy alkyl)(heteroaryl);

[0013] each R® is independently halogen, C,-C, alkyl,
C,-Cs haloalkyl, C,-C, alkenyl, C,-C,4 alkynyl, —OR®,
—CN, —NO,, —S(=0),R?, —S(=0),NRRY,
—C(=0)0OR?, —C(=0)R?, —C(=O)NR°R?, —NR-
“R¥, C,-C, cycloalkyl, or C,-C, heterocycloalkyl;

[0014] or two R’ on the same carbon are taken together to
form an oxo;

[0015] eachR'° and R'' is independently hydrogen, C,-Cg
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl,
C;-Cq4 cycloalkyl, C,-Cg; heterocycloalkyl, aryl, het-
eroaryl, —(C,-Cy alkyl)(C5-Cg cycloalkyl), —(C,-Cq
alkyl)(C,-Cy heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);

[0016] orR'® and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0017] each R'?and R*? is independently hydrogen, halo-
gen, —CN, —OR?, —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-Cq4 alkenyl, C,-C, alkynyl, C;-Cy cycloalkyl,
C,-Cy heterocycloalkyl, aryl, or heteroaryl;

[0018] each R is independently hydrogen, C,-Cy alkyl,
C,-C¢ haloalkyl, C,-C, alkenyl, C,-C4 alkynyl, C;-Cq
cycloalkyl, or C,-Cq heterocycloalkyl;

[0019] each R” is independently C,-C, alkyl, C,-C,
haloalkyl, C,-Cq alkenyl, C,-C; alkynyl, C;-Cy cycloal-
kyl, or C,-Cg heterocycloalkyl;
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[0020] each R° and R are independently hydrogen, C,-C
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C, alkynyl,
C;-Cy4 cycloalkyl, or C,-Cy heterocycloalkyl;

[0021] or R° and R are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloalkyl;

[0022] wis 2-4;

[0023] ris 1-2;

[0024] s is 0-2; and

[0025] p is O-5.

[0026] Disclosed herein is a compound of Formula (I), or

a pharmaceutically acceptable salt, solvate, or stereoisomer

thereof:

Formula (I)

N—L (RA)n;

wherein

[0027] Ring A is cyclobutyl or cyclopentyl;

[0028] each R* is independently halogen, C,-C, alkyl,
C,-C; alkenyl, C,-C4 alkynyl, C,-C, haloalkyl, C,-C
hydroxyalkyl, —(CR™R") OR™®, —(CR™R™)
NR°RM —CN, —NO,, —(CR?R")S(=0),R",
—(CR™R") S(=0),NR'°R", —(CR'"*R"®),C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
NRIOc(:NRll)NRIORll, 7(CR12R13)vc(:NRIO)RIO,
7(CR12R13)VNR10C(:NR11)RIO, 7(CR12R13)‘}NR10
(CRlles)WNRIORll, 7(CR12R13)WNR10C(:NR11)
NRlO(CRlzRB)WNRlORM, —(CRlles)vC(:NRll)
NR'°R!, C,-C, cycloalkyl, C,-C, heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
pendently optionally substituted with one, two, or three
RAl;

[0029] each R*! is independently halogen, C,-C alkyl,
C,-C, haloalkyl, —OR?, —CN, —NO,, —NRR,
—S(=0),R?, —S(=0),NRRY, —C(=0)OR",
—C(=0)R?, —C(=0)NRRY, —NR“C(=NR*)NR“R,
or —NRC(=NR)R?;

[0030] Lisabondor C,-C,alkylene optionally substituted
with halogen, —OR“, —CN, —NO,, or —NR“R%

[0031] R'is C,-C4 alkyl, C,-Cy haloalkyl, C,-C, alkenyl,
or C,-C alkynyl;

[0032] R? is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C, alkenyl, C,-C, alkynyl, or —Si(R?),; each R? is
independently hydrogen, C,-C;4 alkyl, C,-C, haloalkyl,
C,-C4 alkenyl, C,-Cq alkynyl, or —OR?%;

[0033] R* is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C4 alkenyl, C,-Cq alkynyl, C;-Cy cycloalkyl, C,-Cq
heterocycloalkyl, aryl, heteroaryl, —(C,-C, alkyl)(C5-Cyq
cycloalkyl), —(C,-C, alkyl)(C,-Cg heterocycloalkyl),
—(C,-C; alkyl)(aryl), or —(C,-C alkyl)(heteroaryl);

[0034] each R’ is independently halogen, C,-Cy alkyl,
C,-C4 haloalkyl, C,-C, alkenyl, C,-C, alkynyl, —OR?,
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—CN, —NO,, —S(=0),R?, —S(=0),NRRY,
—C(=0)OR*, —C(=0)R?, —C(=0)NR°RY, —NR-
“R¥, C,-C, cycloalkyl, or C,-C, heterocycloalkyl;

[0035] or two R® on the same carbon are taken together to
form an oxo;

[0036] eachR'°and R'' isindependently hydrogen, C,-Cj
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl,
C;-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl, het-
eroaryl, —(C,-Cy alkyl)(C5-Cg cycloalkyl), —(C,-Cq
alkyl)(C,-Cy heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);

[0037] orR'®and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0038] each R'?and R*? is independently hydrogen, halo-
gen, —CN, —OR?, —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-Cq4 alkenyl, C,-C, alkynyl, C;-Cy cycloalkyl,
C,-Cy heterocycloalkyl, aryl, or heteroaryl;

[0039] each R is independently hydrogen, C,-Cy alkyl,
C,-C¢ haloalkyl, C,-C, alkenyl, C,-C4 alkynyl, C;-Cq
cycloalkyl, or C,-Cq heterocycloalkyl;

[0040] each R” is independently C,-C, alkyl, C,-C,
haloalkyl, C,-Cq alkenyl, C,-C; alkynyl, C;-Cy cycloal-
kyl, or C,-Cg heterocycloalkyl;

[0041] each R° and R? are independently hydrogen, C,-Cq
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl,
C,-Cg cycloalkyl, or C,-C, heterocycloalkyl;

[0042] or R and R are taken together with the nitrogen to
which they are attached to form a C,-C, heterocycloalkyl;

[0043] v is 0-4;

[0044] w is 2-4;

[0045] n is 0-4; and

[0046] p is O-5.

[0047] Also disclosed herein is a compound of Formula

(Ia), or a pharmaceutically acceptable salt, solvate, or ste-

reoisomer thereof:

Formula (Ta)

OH
S{)N—L—@—(RA)W
NS N
o ®),
OH
O
[0048] Also disclosed herein is a compound of Formula

(Ib), or a pharmaceutically acceptable salt, solvate, or ste-
reoisomer thereof:

Formula (Ib)

N—L RY),.
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[0049] Also disclosed herein is a compound of Formula
(II), or a pharmaceutically acceptable salt, solvate, or ste-
reoisomer thereof:

Formula (IT)

wherein
[0050]
[0051]

Ring B is C;-Cy cycloalkyl;
R!is C,-C, alkyl, C,-Cg haloalkyl, C,-Cg alkenyl,
or C,-C alkynyl;

[0052] R? is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C, alkenyl, C,-C, alkynyl, or —Si(R?);;

[0053] each R? is independently hydrogen, C,-C alkyl,
C,-Cg4 haloalkyl, C,-Cg alkenyl, C,-C, alkynyl, or —OR?;

[0054] R* is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C4 alkenyl, C,-Cq alkynyl, C;-Cy cycloalkyl, C,-Cq
heterocycloalkyl, aryl, heteroaryl, —(C,-C, alkyl)(C5-Cq
cycloalkyl), —(C,-C, alkyl)(C,-C; heterocycloalkyl),
—(C,-C; alkyl)(aryl), or —(C,-C alkyl)(heteroaryl);

[0055] each R® is independently halogen, C,-C, alkyl,
C,-C4 haloalkyl, C,-C, alkenyl, C,-C, alkynyl, —OR?,
—CN, —NO, —S(=0),R’, —S(=0),NRRY,
—C(=0)OR?, —C(=0)R?, —C(=0O)NR“RY, —NR-
“RY, C,-Cq alkyl, C,-C, alkenyl, C,-C, alkynyl, C,-Cy
cycloalkyl, or C,-Cy heterocycloalkyl; or two R® on the
same carbon are taken together to form an oxo;

[0056] R® is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C; alkenyl, C,-C, alkynyl, C,-C cycloalkyl, or C,-Cq
heterocycloalkyl;

[0057] R7 is C5-Cy cycloalkyl, C,-Cy heterocycloalkyl,
aryl, and heteroaryl; each independently optionally sub-
stituted with one, two, or three R7%;

[0058] or R®and R” are taken together with the nitrogen to
which they are attached to form a C,-C, heterocycloalkyl
optionally substituted with one, two, or three R”%;

[0059] each R7“ is independently halogen, C,-C, alkyl,
C,-Cq4 alkenyl, C,-C¢ alkynyl, C,-C, haloalkyl, C,-Cq
hydroxyalkyl, —(CR™R") OR™®, —(CR™R™)
NR'°RM —CN, —NO,, —(CR?R")S(=0),R",
—(CR™R") S(=0),NR'°R", —(CR'"*R"*) C(=0)
ORIO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
VNRIOC(:NRM)NRM)RH, 7(CR12R13)vc(:NRIO)RIO,
7(CR12R13)VNR10C(:NR11)R10, 7(CR12R13)‘}NR10
(CRlles)WNRIORll, 7(CR12R13)VNR10C(:NR11)
NRIO(CRlzRB)WNRlORM, —(CRMRB)VC(:NRH)
NR!°R!, C,-C; cycloalkyl, C,-Cy heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
perl}dently optionally substituted with one, two, or three
R7%;

[0060] each R7% is independently halogen, C,-C, alkyl,
C,-C, haloalkyl, —OR?, —CN, —NO,, —NRR,
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—8(=0),R?, —S8(=0),NRRY ~ —C(=0)OR?,
—C(=0)R?, —C(=O0)NRR?, —NR“C(=NR)NR“R,
or —NR°C(=NR")R?;

[0061] eachR'°and R is independently hydrogen, C,-C;
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl,
C;-Cq4 cycloalkyl, C,-Cg; heterocycloalkyl, aryl, het-
eroaryl, —(C,-Cy alkyl)(C5-Cg cycloalkyl), —(C,-Cq
alkyl)(C,-Cy heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-C4 alkyl)(heteroaryl);

[0062] orR'® and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0063] each R'?and R* is independently hydrogen, halo-
gen, —CN, —OR?, —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-Cq4 alkenyl, C,-C, alkynyl, C;-Cy cycloalkyl,
C,-Cg heterocycloalkyl, aryl, or heteroaryl;

[0064] each R? is independently hydrogen, C,-Cy alkyl,
C,-C¢ haloalkyl, C,-C, alkenyl, C,-C4 alkynyl, C;-Cq
cycloalkyl, or C,-Cq heterocycloalkyl;

[0065] each R” is independently C,-C, alkyl, C,-C,
haloalkyl, C,-C, alkenyl, C,-C, alkynyl, C;-C4 cycloal-
kyl, or C,-Cg heterocycloalkyl;

[0066] each R and R are independently hydrogen, C,-C
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C, alkynyl,
C;-C4 cycloalkyl, or C,-Cq heterocycloalkyl;

[0067] or R° and R are taken together with the nitrogen to
which they are attached to form a C,-Cy heterocycloalkyl;

[0068] v is 0-4;

[0069] w is 2-4; and

[0070] p is O-5.

[0071] Also disclosed herein is a compound of Formula

(IIa), or a pharmaceutically acceptable salt, solvate, or

stereoisomer thereof:

Formula (Ila)
OH
RS
N/ \
R
O

5
OH R

O

[0072] Also disclosed herein is a compound of Formula
(IIb), or a pharmaceutically acceptable salt, solvate, or
stereoisomer thereof:

Formula (IIb)

[0073] Also disclosed herein is a compound of Formula
(Ilc), or a pharmaceutically acceptable salt, solvate, or
stereoisomer thereof:
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Formula (Ilc)

wherein

[0074] Ring Cis C,-Cq cycloalkyl or C,-C, heterocycloal-
kyl;

[0075] each R7“ is independently halogen, C,-C, alkyl,
C,-C; alkenyl, C,-C4 alkynyl, C,-C, haloalkyl, C,-C
hydroxyalkyl, —(CR™R") OR™®, —(CR™R™)
NR'R'", —CN, —NO,, —(CR'"?R"),S(=0),R",

—(CR™R") S(=0),NR'°R", —(CR'"*R"*),C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
NRIOc(:NRll)NRIORll, 7(CR12R13)vc(:NRIO)RIO,
7(CR12R13)VNR10C(:NR11)R10’ 7(CR12R13)‘}NR10
(CRlles)WNRIORll, 7(CR12R13)V(NRIOC(:NR11)
NRIO(CRlles)WNRloRll, 7(CR12R13)vc(:NR11)
NR'R!, C;-C, cycloalkyl, C,-Cy heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
pendently optionally substituted with one, two, or three
R7%:

[0076] each R7? is independently halogen, C,-C, alkyl,
C,-C, haloalkyl, —OR?, —CN, —NO,, —NRRY,
—S(=0),R?, —S(=0),NR“R, —C(—=0O)OR?,
—C(=0)R?, —C(=0)NRR?, —NR“C(=NR")NR“R,
or —NRC(=NR)R?;

[0077] eachR'°and R'* is independently hydrogen, C,-C,
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C4 alkynyl,
C;-C4 cycloalkyl, C,-Cg heterocycloalkyl, aryl, het-
eroaryl, —(C,-Cy alkyl)(C;-C4 cycloalkyl), —(C,-C
alky1)(C,-Cg heterocycloalkyl), —(C,-Cg alkyl)(aryl), or
—(C,-C; alkyl)(heteroaryl);

[0078] or R'® and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-

kyl;
[0079] each R'? and R*? is independently hydrogen, halo-
gen, —CN, —OR“ —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-C, alkenyl, C,-C, alkynyl, C;-C; cycloalkyl,
C,-Cq heterocycloalkyl, aryl, or heteroaryl;
[0080] v is 0-4;
[0081]
[0082]

[0083] Also disclosed herein is a compound of Formula
(IId), or a pharmaceutically acceptable salt, solvate, or
stereoisomer thereof:

w is 2-4; and

m is 0-3.
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Formula (IId)

wherein

[0084] Ring D is C,-Cg heterocycloalkyl;

[0085] each R”* is independently halogen, C,-Cy alkyl,
C,-C¢ alkenyl, C,-C, alkynyl, C,-Cy haloalkyl, C,-Cg
hydroxyalkyl, —(CRR"®) OR', —(CR'?R"?)
NR'R'", —CN, —NO,, —(CR"R") S(=0),R"°,
—(CRR") S(=0),NR°R!}, —(CR'*R*?) C(=0)
OR'®, —(CR™R"),C(=0)NR°R', —(CR'"*R"*) NR'°C
(:NRll)NRloRll, 7(CR12R13)VC(:NRIO)RIO,
7(CR12R13)VNR10C(:NR11)R10, 7(CR12R13)‘}NR10
(CRlles)WNRIORll, 7(CR12R13)V(NRIOC(:NR11)
NRIO(CRIZRB)WNRIORII, —(CRlzRB)vC(:NRM)
NR!°R!, C,-C, cycloalkyl, C,-C, heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
perl}dently optionally substituted with one, two, or three
R7%;

[0086] each R”” is independently halogen, C,-C, alkyl,
C,-C4 haloalkyl, —OR? —CN, —NO,, —NR“RY,
—S8(=0),R?, —S8(=0),NRRY ~ —C(=0)OR?,
—C(=0)R?, —C(=O0)NRR?, —NR“C(=NR)NR“R,
or —NR°C(=NR")R?;

[0087] eachR'°andR'' isindependently hydrogen, C,-Cj
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl,
C;-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl, het-
eroaryl, —(C,-C; alkyl)(C;-C4 cycloalkyl), —(C,-Cq
alkyl)(C,-Cy heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);

[0088] or R'®and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0089] each R'?and R* is independently hydrogen, halo-
gen, —CN, —OR?, —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-Cq4 alkenyl, C,-C, alkynyl, C;-Cy cycloalkyl,
C,-Cy heterocycloalkyl, aryl, or heteroaryl;

[0090] v is 0-4;

[0091] w is 2-4; and

[0092] m is 0-3.

[0093] Disclosed herein are pharmaceutical compositions

comprising a compound disclosed herein, or a pharmaceu-

tically acceptable salt, solvate, or stereoisomer thereof and a

pharmaceutically acceptable excipient.

[0094] Disclosed herein are pharmaceutical compositions

comprising a compound disclosed herein, or a pharmaceu-

tically acceptable salt, solvate, or stereoisomer thereof; a

p-lactamase inhibitor; and a pharmaceutically acceptable

excipient.

[0095] Disclosed herein are methods of treating a bacterial

infection in a subject, comprising administering to the

subject an effective amount of a compound disclosed herein,
or a pharmaceutically acceptable salt, solvate, or stereoiso-
mer thereof.
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[0096] Disclosed herein are methods of treating a bacterial
infection in a subject, comprising administering to the
subject an effective amount of a compound disclosed herein,
or a pharmaceutically acceptable salt, solvate, or stereoiso-
mer thereof, in combination with a f-lactamase inhibitor.
[0097] Described herein are methods of treating a bacterial
infection in a subject, comprising administering to the
subject a pharmaceutical composition comprising a com-
pound disclosed herein, or a pharmaceutically acceptable
salt, solvate, or stereoisomer thereof, and a pharmaceutically
acceptable excipient.

[0098] Described herein are methods of treating a bacterial
infection in a subject, comprising administering to the
subject an effective amount of a compound disclosed herein,
or a pharmaceutically acceptable salt, solvate, or stereoiso-
mer thereof in combination with a §-lactamase inhibitor.
[0099] In some embodiments, the bacterial infection is
caused by gram-negative bacteria. In some embodiments,
the bacterial infection is caused by gram-positive bacteria. In
some embodiments, the bacterial infection is caused by
multidrug-resistant (MDR) bacteria. In some embodiments,
the bacterial infection is caused by carbapenem resistant
Enterobacteriaceaec (CRE).

INCORPORATION BY REFERENCE

[0100] Al publications, patents, and patent applications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publica-
tion, patent, or patent application was specifically and indi-
vidually indicated to be incorporated by reference.

DETAILED DESCRIPTION OF THE
INVENTION

[0101] Decades of clinical use of antibiotics have led to a
dramatic increase in the prevalence of infections caused by
Multi Drug Resistant (MDR) bacteria. For gram-positive
pathogens, methicillin resistant Staphylococcus aureus
(MRSA) and Penicillin-Resistant pneumococcus (PRP) are
increasingly prevalent. For gram-negatives, the extensive
use of B-lactam antibiotics has pressured bacteria to develop
several mechanisms of resistance, the most widely diffused
and efficient of which is the production of Extended Spec-
trum P-lactamase enzymes (ESBLs) and Ambler Class C
cephalosporinases. Because MRSA and ESBL producing
gram-negative bacteria frequently demonstrate cross-resis-
tance to other antibiotic classes (e.g., aminoglycosides,
quinolones) the choice for treatment of infections has dimin-
ished. In addition, the spread of Class A/D (serine) and B
(metallo) carbapenemases is now eroding efficacy of car-
bapenems, which is regarded as the most potent sub class of
p-lactams.

[0102] Novel carbapenems with activity against MRSA,
ESBL and Class C producing Enterobacteriaceae, and
Pseudomonas aeruginosa would represent a major advance
in the treatment of many nosocomial infections. These novel
carbapenems may also be paired with a proprietary pan-f3-
lactamase inhibitor to include even broader coverage of
infections from carbapenem resistant Enterobacteriaceae
(CRE). These ultra-broad spectrum carbapenems would
provide coverage that usually requires co-administration of
two or even three antibacterials. This would provide a single
product first-line empiric therapy for either gram-positive or
negative pathogens, a polymicrobial mix, and/or anaerobes.
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The present disclosure is directed to certain carbapenem
compounds which are antibacterials active against the bac-
terial Penicillin Binding Proteins (PBPs). Some embodi-
ments include compounds, compositions, pharmaceutical
compositions, use and preparation thereof.

Definitions

[0103] Inthe following description, certain specific details
are set forth in order to provide a thorough understanding of
various embodiments. However, one skilled in the art will
understand that the invention may be practiced without these
details. In other instances, well-known structures have not
been shown or described in detail to avoid unnecessarily
obscuring descriptions of the embodiments. Unless the
context requires otherwise, throughout the specification and
claims which follow, the word “comprise” and variations
thereof, such as, “comprises” and “comprising” are to be
construed in an open, inclusive sense, that is, as “including,
but not limited to.” Further, headings provided herein are for
convenience only and do not interpret the scope or meaning
of the claimed invention.

[0104] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment.
Thus, the appearances of the phrases “in one embodiment”
or “in an embodiment” in various places throughout this
specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, struc-
tures, or characteristics may be combined in any suitable
manner in one or more embodiments. Also, as used in this
specification and the appended claims, the singular forms
“a,” “an,” and “the” include plural referents unless the
content clearly dictates otherwise. It should also be noted
that the term “or” is generally employed in its sense includ-
ing “and/or” unless the content clearly dictates otherwise.

[0105] The term “antibiotic” refers to a compound or
composition which decreases the viability of a microorgan-
ism, or which inhibits the growth or proliferation of a
microorganism. The phrase “inhibits the growth or prolif-
eration” means increasing the generation time (i.e., the time
required for the bacterial cell to divide or for the population
to double) by at least about 2-fold. Examples antibiotics are
those which can increase the generation time by at least
about 10-fold or more (e.g., at least about 100-fold or even
indefinitely, as in total cell death). As used in this disclosure,
an antibiotic is further intended to include an antimicrobial,
bacteriostatic, or bactericidal agent. Examples of antibiotics
suitable for use with respect to the present invention include
penicillins, cephalosporins, and carbapenems.

[0106] The term “P-lactam antibiotic” refers to a com-
pound with antibiotic properties that contains a f-lactam
functionality. Non-limiting examples of 3-lactam antibiotics
useful with respect to the invention include penicillins,
cephalosporins, penems, carbapenems, and monobactams.

[0107] The term “p-lactamase” denotes a protein capable
of'inactivating a [3-lactam antibiotic. The f-lactamase can be
an enzyme which catalyzes the hydrolysis of the f-lactam
ring of a p-lactam antibiotic. Of particular interest herein are
microbial f-lactamases. The f-lactamase may be, for
example, a serine §-lactamase or a metallo-B-lactamase.
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[0108] The terms below, as used herein, have the follow-
ing meanings, unless indicated otherwise:

[0109] “Alkyl” refers to a straight or branched chain
hydrocarbon monoradical, which is fully saturated, having
from one to about ten carbon atoms, or from one to six
carbon atoms. Examples of alkyls include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl, 2-methyl-1-
propyl, 2-methyl-2-propyl, 2-methyl-1-butyl, 3-methyl-1-
butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-1-
pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-
pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-
1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, n-butyl,
isobutyl, sec-butyl, t-butyl, n-pentyl, isopentyl, neopentyl,
tert-amyl and hexyl, and longer alkyl groups, such as heptyl,
octyl, and the like. Whenever it appears herein, a numerical
range such as “C,-C; alkyl” or “C,_s alkyl” means that the
alkyl group consists of 1 carbon atom, 2 carbon atoms, 3
carbon atoms, 4 carbon atoms, 5 carbon atoms or 6 carbon
atoms, although the present definition also covers the occur-
rence of the term “alkyl” where no numerical range is
designated. In some embodiments, the alkyl is a C,-C,,
alkyl, a C,-C, alkyl, a C,-Cy alkyl, a C,-C, alkyl, a C,-Cgq
alkyl, a C,-C; alkyl, a C,-C, alkyl, a C,-C; alkyl, a C,-C,
alkyl, or a C, alkyl. Unless stated otherwise specifically in
the specification, an alkyl group is optionally substituted as
described below, for example, with oxo, halogen, amino,
nitrile, nitro, hydroxyl, haloalkyl, alkoxy, aryl, cycloalkyl,
heterocycloalkyl, heteroaryl, and the like. In some embodi-
ments, the alkyl is optionally substituted with oxo, halogen,
—CN, —CF;, —OH, —OMe, —NH,, or —NO,. In some
embodiments, the alkyl is optionally substituted with oxo,
halogen, —CN, —CF;, —OH, or —OMe. In some embodi-
ments, the alkyl is optionally substituted with halogen.

[0110] “Alkenyl” refers to an optionally substituted
straight-chain, or optionally substituted branched-chain
hydrocarbon monoradical having one or more carbon-car-
bon double-bonds and having from two to about ten carbon
atoms, more preferably two to about six carbon atoms. The
group may be in either the cis or trans conformation about
the double bond(s), and should be understood to include
both isomers. Examples include, but are not limited to
ethenyl (—CH—CH,), 1-propenyl (—CH,CH—CH,), iso-
propenyl [—C(CH;)—CH,], butenyl, 1,3-butadienyl and
the like. Whenever it appears herein, a numerical range such
as “C,-Cg alkenyl” or “C,_, alkenyl”, means that the alkenyl
group may consist of 2 carbon atoms, 3 carbon atoms, 4
carbon atoms, 5 carbon atoms or 6 carbon atoms, although
the present definition also covers the occurrence of the term
“alkenyl” where no numerical range is designated. Unless
stated otherwise specifically in the specification, an alkenyl
group may be optionally substituted as described below, for
example, with oxo, halogen, amino, nitrile, nitro, hydroxyl,
haloalkyl, alkoxy, aryl, cycloalkyl, heterocycloalkyl, het-
eroaryl, and the like. In some embodiments, an alkenyl is
optionally substituted with oxo, halogen, —CN, —CF,,
—OH, —OMe, —NH,, or —NO,. In some embodiments,
an alkenyl is optionally substituted with oxo, halogen,
—CN, —CF;, —OH, or —OMe. In some embodiments, the
alkenyl is optionally substituted with halogen.

[0111] “Alkynyl” refers to an optionally substituted
straight-chain or optionally substituted branched-chain
hydrocarbon monoradical having one or more carbon-car-
bon triple-bonds and having from two to about ten carbon
atoms, more preferably from two to about six carbon atoms.
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Examples include, but are not limited to ethynyl, 2-propy-
nyl, 2-butynyl, 1,3-butadiynyl and the like. Whenever it
appears herein, a numerical range such as “C,-C, alkynyl”
or “C,_¢ alkynyl”, means that the alkynyl group may consist
of 2 carbon atoms, 3 carbon atoms, 4 carbon atoms, 5 carbon
atoms or 6 carbon atoms, although the present definition also
covers the occurrence of the term “alkynyl” where no
numerical range is designated. Unless stated otherwise spe-
cifically in the specification, an alkynyl group may be
optionally substituted as described below, for example, with
oxo, halogen, amino, nitrile, nitro, hydroxyl, haloalkyl,
alkoxy, aryl, cycloalkyl, heterocycloalkyl, heteroaryl, and
the like. In some embodiments, an alkynyl is optionally
substituted with oxo, halogen, —CN, —CF;, —OH,
—OMe, —NH,, or —NO,. In some embodiments, an
alkynyl is optionally substituted with oxo, halogen, —CN,
—CF;, —OH, or —OMe. In some embodiments, the alky-
nyl is optionally substituted with halogen.

[0112] “Alkylene” refers to a straight or branched divalent
hydrocarbon chain. Unless stated otherwise specifically in
the specification, an alkylene group may be optionally
substituted, for example, with oxo, halogen, amino, nitrile,
nitro, hydroxyl, haloalkyl, alkoxy, aryl, cycloalkyl, hetero-
cycloalkyl, heteroaryl, and the like. In some embodiments,
an alkylene is optionally substituted with oxo, halogen,
—CN, —CF;, —OH, —OMe, —NH,, or —NO,. In some
embodiments, an alkylene is optionally substituted with oxo,
halogen, —CN, —CF;, —OH, or —OMe. In some embodi-
ments, the alkylene is optionally substituted with halogen.

[0113] “Alkoxy” refers to a radical of the formula —Oal-
kyl where alkyl is as defined above. Unless stated otherwise
specifically in the specification, an alkoxy group may be
optionally substituted, for example, with oxo, halogen,
amino, nitrile, nitro, hydroxyl, haloalkyl, alkoxy, aryl,
cycloalkyl, heterocycloalkyl, heteroaryl, and the like. In
some embodiments, an alkoxy is optionally substituted with
oxo, halogen, —CN, —CF;, —OH, —OMe, —NH,, or
—NO,. In some embodiments, an alkoxy is optionally
substituted with oxo, halogen, —CN, —CF;, —OH, or
—OMe. In some embodiments, the alkoxy is optionally
substituted with halogen.

[0114] “Aryl” refers to a radical derived from a hydrocar-
bon ring system comprising hydrogen, 6 to 30 carbon atoms
and at least one aromatic ring. The aryl radical may be a
monocyclic, bicyclic, tricyclic or tetracyclic ring system,
which may include fused (when fused with a cycloalkyl or
heterocycloalkyl ring, the aryl is bonded through an aro-
matic ring atom) or bridged ring systems. In some embodi-
ments, the aryl is a 6- to 10-membered aryl. In some
embodiments, the aryl is a 6-membered aryl. Aryl radicals
include, but are not limited to, aryl radicals derived from the
hydrocarbon ring systems of anthrylene, naphthylene,
phenanthrylene, anthracene, azulene, benzene, chrysene,
fluoranthene, fluorene, as-indacene, s-indacene, indane,
indene, naphthalene, phenalene, phenanthrene, pleiadene,
pyrene, and triphenylene. In some embodiments, the aryl is
phenyl. Unless stated otherwise specifically in the specifi-
cation, an aryl may be optionally substituted, for example,
with halogen, amino, nitrile, nitro, hydroxyl, alkyl, alkenyl,
alkynyl, haloalkyl, alkoxy, aryl, cycloalkyl, heterocycloal-
kyl, heteroaryl, and the like. In some embodiments, an aryl
is optionally substituted with halogen, methyl, ethyl, —CN,
—CF;, —OH, —OMe, —NH,, or —NO,. In some embodi-
ments, an aryl is optionally substituted with halogen,
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methyl, ethyl, —CN, —CF;, —OH, or —OMe. In some
embodiments, the aryl is optionally substituted with halo-
gen.

[0115] “Cycloalkyl” refers to a partially or fully saturated,
monocyclic or polycyclic carbocyclic ring, which may
include fused (when fused with an aryl or a heteroaryl ring,
the cycloalkyl is bonded through a non-aromatic ring atom)
or bridged ring systems. Representative cycloalkyls include,
but are not limited to, cycloalkyls having from three to
fifteen carbon atoms (C;-C, 5 cycloalkyl), from three to ten
carbon atoms (C;-C,, cycloalkyl), from three to eight car-
bon atoms (C;-Cy cycloalkyl), from three to six carbon
atoms (C;-Cg cycloalkyl), from three to five carbon atoms
(C;5-C4 cycloalkyl), or three to four carbon atoms (C;-C,
cycloalkyl). In some embodiments, the cycloalkyl is a 3- to
6-membered cycloalkyl. In some embodiments, the cycloal-
kyl is a 5- to 6-membered cycloalkyl. Monocyclic cycloal-
kyls include, for example, cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl, and cyclooctyl. Polycyclic
cycloalkyls or carbocycles include, for example, adamantyl,
norbornyl, decalinyl, bicyclo[3.3.0]octane, bicyclo[4.3.0]
nonane, cis-decalin, trans-decalin, bicyclo[2.1.1]hexane,
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclo[3.2.2]
nonane, and bicyclo[3.3.2]decane, and 7,7-dimethyl-bicyclo
[2.2.1]heptanyl. Partially saturated cycloalkyls include, for
example cyclopentenyl, cyclohexenyl, cycloheptenyl, and
cyclooctenyl. Unless stated otherwise specifically in the
specification, a cycloalkyl is optionally substituted, for
example, with oxo, halogen, amino, nitrile, nitro, hydroxyl,
alkyl, alkenyl, alkynyl, haloalkyl, alkoxy, aryl, cycloalkyl,
heterocycloalkyl, heteroaryl, and the like. In some embodi-
ments, a cycloalkyl is optionally substituted with oxo,
halogen, methyl, ethyl, —CN, —CF;, —OH, —OMe,
—NH,, or —NO,. In some embodiments, a cycloalkyl is
optionally substituted with oxo, halogen, methyl, ethyl,
—CN, —CF;, —OH, or —OMe. In some embodiments, the
cycloalkyl is optionally substituted with halogen.

[0116] “Halo” or “halogen” refers to bromo, chloro, fluoro
or iodo. In some embodiments, halogen is fluoro or chloro.
In some embodiments, halogen is fluoro.

[0117] “Haloalkyl” refers to an alkyl radical, as defined
above, that is substituted by one or more halo radicals, as
defined above, e.g., trifluoromethyl, difluoromethyl, fluo-
romethyl, trichloromethyl, 2,2,2-trifluoroethyl, 1,2-difluoro-
ethyl, 3-bromo-2-fluoropropyl, 1,2-dibromoethyl, and the
like.

[0118] “Heterocycloalkyl” refers to a 3- to 24-membered
partially or fully saturated ring radical comprising 2 to 23
carbon atoms and from one to 8 heteroatoms selected from
nitrogen, oxygen, phosphorous, and sulfur. Unless stated
otherwise specifically in the specification, the heterocycloal-
kyl radical may be a monocyclic, bicyclic, tricyclic or
tetracyclic ring system, which may include fused (when
fused with an aryl or a heteroaryl ring, the heterocycloalkyl
is bonded through a non-aromatic ring atom) or bridged ring
systems; and the nitrogen, carbon or sulfur atoms in the
heterocycloalkyl radical may be optionally oxidized; the
nitrogen atom may be optionally quaternized. In some
embodiments, the heterocycloalkyl is a 3- to 6-membered
heterocycloalkyl. In some embodiments, the heterocycloal-
kyl is a 5- to 6-membered heterocycloalkyl. Examples of
such heterocycloalkyl radicals include, but are not limited
to, aziridinyl, azetidinyl, dioxolanyl, thienyl[1,3]dithianyl,
decahydroisoquinolyl, imidazolinyl, imidazolidinyl, isothi-
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azolidinyl, isoxazolidinyl, morpholinyl, octahydroindolyl,
octahydroisoindolyl, 2-oxopiperazinyl, 2-oxopiperidinyl,
2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl,
4-piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl,
thiazolidinyl, tetrahydrofuryl, trithianyl, tetrahydropyranyl,
thiomorpholinyl, thiamorpholinyl, 1-oxo-thiomorpholinyl,
1,1-dioxo-thiomorpholinyl, 1,3-dihydroisobenzofuran-1-yl,
3-0x0-1,3-dihydroisobenzofuran-1-yl, methyl-2-oxo-1,3-di-
oxol-4-yl, and 2-oxo0-1,3-dioxol-4-yl. The term heterocy-
cloalkyl also includes all ring forms of the carbohydrates,
including but not limited to the monosaccharides, the disac-
charides and the oligosaccharides. Unless otherwise noted,
heterocycloalkyls have from 2 to 10 carbons in the ring. It
is understood that when referring to the number of carbon
atoms in a heterocycloalkyl, the number of carbon atoms in
the heterocycloalkyl is not the same as the total number of
atoms (including the heteroatoms) that make up the hetero-
cycloalkyl (i.e. skeletal atoms of the heterocycloalkyl ring).
Unless stated otherwise specifically in the specification, a
heterocycloalkyl is optionally substituted, for example, with
oxo, halogen, amino, nitrile, nitro, hydroxyl, alkyl, alkenyl,
alkynyl, haloalkyl, alkoxy, aryl, cycloalkyl, heterocycloal-
kyl, heteroaryl, and the like. In some embodiments, a
heterocycloalkyl is optionally substituted with oxo, halogen,
methyl, ethyl, —CN, —CF;, —OH, —OMe, —NH,, or
—NO,. In some embodiments, a heterocycloalkyl is option-
ally substituted with oxo, halogen, methyl, ethyl, —CN,
—CF;, —OH, or —OMe. In some embodiments, the het-
erocycloalkyl is optionally substituted with halogen.

[0119] “Heteroalkyl” refers to an alkyl group in which one
or more skeletal atoms of the alkyl are selected from an atom
other than carbon, e.g., oxygen, nitrogen (e.g. —NH—,
—N(alkyl)-), sulfur, or combinations thereof. A heteroalkyl
is attached to the rest of the molecule at a carbon atom of the
heteroalkyl. In one aspect, a heteroalkyl is a C,-C heteroal-
kyl wherein the heteroalkyl is comprised of 1 to 6 carbon
atoms and one or more atoms other than carbon, e.g.,
oxygen, nitrogen (e.g. —NH—, —N(alkyl)-), sulfur, or
combinations thereof wherein the heteroalkyl is attached to
the rest of the molecule at a carbon atom of the heteroalkyl.
Unless stated otherwise specifically in the specification, a
heteroalkyl is optionally substituted, for example, with oxo,
halogen, amino, nitrile, nitro, hydroxyl, alkyl, alkenyl, alky-
nyl, haloalkyl, alkoxy, aryl, cycloalkyl, heterocycloalkyl,
heteroaryl, and the like. In some embodiments, a heteroalkyl
is optionally substituted with oxo, halogen, methyl, ethyl,
—CN, —CF;, —OH, —OMe, —NH,, or —NO,. In some
embodiments, a heteroalkyl is optionally substituted with
oxo, halogen, methyl, ethyl, —CN, —CF;, —OH, or
—OMe. In some embodiments, the heteroalkyl is optionally
substituted with halogen.

[0120] “Heteroaryl” refers to a 5- to 14-membered ring
system radical comprising hydrogen atoms, one to thirteen
carbon atoms, one to six heteroatoms selected from nitrogen,
oxygen, phosphorous, and sulfur, and at least one aromatic
ring. The heteroaryl radical may be a monocyclic, bicyclic,
tricyclic or tetracyclic ring system, which may include fused
(when fused with a cycloalkyl or heterocycloalkyl ring, the
heteroaryl is bonded through an aromatic ring atom) or
bridged ring systems; and the nitrogen, carbon or sulfur
atoms in the heteroaryl radical may be optionally oxidized;
the nitrogen atom may be optionally quaternized. In some
embodiments, the heteroaryl is a 5- to 10-membered het-
eroaryl. In some embodiments, the heteroaryl is a 5- to
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6-membered heteroaryl. Examples include, but are not lim-
ited to, azepinyl, acridinyl, benzimidazolyl, benzothiazolyl,
benzindolyl, benzodioxolyl, benzofuranyl, benzooxazolyl,
benzothiazolyl, benzothiadiazolyl, benzo[b][1,4]dioxepinyl,
1,4-benzodioxanyl, benzonaphthofuranyl, benzoxazolyl,
benzodioxolyl, benzodioxinyl, benzopyranyl, benzopyra-
nonyl, benzofuranyl, benzofuranonyl, benzothienyl (benzo-
thiophenyl), benzotriazolyl,  benzo[4,6]imidazo[1,2-a]
pyridinyl,  carbazolyl, cinnolinyl,  dibenzofuranyl,
dibenzothiophenyl, furanyl, furanonyl, isothiazolyl, imida-
zolyl, indazolyl, indolyl, indazolyl, isoindolyl, indolinyl,
isoindolinyl, isoquinolyl, indolizinyl, isoxazolyl, naphthy-
ridinyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl,
1-oxidopyridinyl, 1-oxidopyrimidinyl, 1-oxidopyrazinyl,
1-oxidopyridazinyl, 1-phenyl-1H-pyrrolyl, phenazinyl, phe-
nothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyl,
pyrrolyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, quinazolinyl, quinoxalinyl, quinolinyl, quinu-
clidinyl, isoquinolinyl, tetrahydroquinolinyl, thiazolyl, thia-
diazolyl, triazolyl, tetrazolyl, triazinyl, and thiophenyl (i.e.,
thienyl). Unless stated otherwise specifically in the specifi-
cation, a heteroaryl is optionally substituted, for example,
with halogen, amino, nitrile, nitro, hydroxyl, alkyl, alkenyl,
alkynyl, haloalkyl, alkoxy, aryl, cycloalkyl, heterocycloal-
kyl, heteroaryl, and the like. In some embodiments, a
heteroaryl is optionally substituted with halogen, methyl,
ethyl, —CN, —CF;, —OH, —OMe, —NH,, or —NO,. In
some embodiments, a heteroaryl is optionally substituted
with halogen, methyl, ethyl, —CN, —CF;, —OH, or
—OMe. In some embodiments, the heteroaryl is optionally
substituted with halogen.

[0121] The term “optional” or “optionally” means that the
subsequently described event or circumstance may or may
not occur, and that the description includes instances where
said event or circumstance occurs and instances in which it
does not. For example, “optionally substituted alkyl” means
either “alkyl” or “substituted alkyl” as defined above. Fur-
ther, an optionally substituted group may be un-substituted
(e.g., —CH,CH,;), fully substituted (e.g., —CF,CF,),
mono-substituted (e.g., —CH,CH,F) or substituted at a
level anywhere in-between fully substituted and mono-
substituted (e.g., —CH,CHF,, —CH,CF;, —CF,CHj,,
—CFHCHEF,, etc.). It will be understood by those skilled in
the art with respect to any group containing one or more
substituents that such groups are not intended to introduce
any substitution or substitution patterns (e.g., substituted
alkyl includes optionally substituted cycloalkyl groups,
which in turn are defined as including optionally substituted
alkyl groups, potentially ad infinitum) that are sterically
impractical and/or synthetically non-feasible. Thus, any
substituents described should generally be understood as
having a maximum molecular weight of about 1,000 daltons,
and more typically, up to about 500 daltons.

[0122] An “effective amount” or “therapeutically effective
amount” refers to an amount of a compound administered to
a mammalian subject, either as a single dose or as part of a
series of doses, which is effective to produce a desired
therapeutic effect.

[0123] “Treatment” of an individual (e.g. a mammal, such
as a human) or a cell is any type of intervention used in an
attempt to alter the natural course of the individual or cell.
In some embodiments, treatment includes administration of
a pharmaceutical composition, subsequent to the initiation
of a pathologic event or contact with an etiologic agent and
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includes stabilization of the condition (e.g., condition does
not worsen) or alleviation of the condition. In some embodi-
ments, treatment also includes prophylactic treatment (e.g.,
administration of a composition described herein when an
individual is suspected to be suffering from a bacterial
infection).

Compounds

[0124] Described herein are compounds, or a pharmaceu-
tically acceptable salt, solvate, or stereoisomer thereof,
useful in the treatment of bacterial infections. In some
embodiments, the bacterial infection is an upper or lower
respiratory tract infection, a urinary tract infection, an intra-
abdominal infection, a skin infection or septicemia.

[0125] Described herein are compounds of Formula (1), or
a pharmaceutically acceptable salt, solvate, or stereoisomer
thereof:

Formula (I)

wherein

[0126] Ring A is cyclobutyl or cyclopentyl;

[0127] each R* is independently halogen, C,-C, alkyl,
C,-C, alkenyl, C,-C, alkynyl, C,-C, haloalkyl, C,-Cq
hydroxyalkyl, —(CR™R™) OR', —(CR'"R")
NR'R'", —CN, —NO,, —(CR"R") S(=0),R"°,
—(CR*R") S(=0),NR°R!!, —(CR'*R*?) C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
VNRIOC(:NRII)NRloRll, 7(CR12R13)vc(:NRIO)RIO,
—(CRI2R13)VNR10C(:NR11)R10, —(CRlles)vNRlo
(CRlles)WNRIORll, 7(CR12R13)V(NRIOC(:NR11)
NRIO(CRIZRB)WNRIORII, —(CRlzRB)vC(:NRM)
NR!°R!, C,-C, cycloalkyl, C,-C, heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
pendently optionally substituted with one, two, or three
RAl;

[0128] each R*' is independently halogen, C,-C alkyl,
C,-Cs haloalkyl, —OR? —CN, —NO,, —NR“RY,
—8(=0),R?, —S(=0),NRRY ~ —C(=0)OR,
—C(=0)R?, —C(=0)NRRY, —NR“C(=NR*)NR“R,
or —NR°C(=NR")R?;

[0129] Lisabondor C,-C, alkylene optionally substituted
with halogen, —OR?, —CN, —NO,, or —NR°R%;

[0130] R'is C,-Cy alkyl, C,-Cy haloalkyl, C,-C, alkenyl,
or C,-Cg alkynyl;

[0131] R? is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-Cy alkenyl, C,-C, alkynyl, or —Si(R”),; each R? is
independently hydrogen, C,-C, alkyl, C,-C, haloalkyl,
C,-C; alkenyl, C,-Cg alkynyl, or —OR*;

[0132] R* is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C;-Cy cycloalkyl, C,-Cq
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heterocycloalkyl, aryl, heteroaryl, —(C,-C, alkyl)(C5-Cq
cycloalkyl), —(C,-C, alkyl)(C,-Cg heterocycloalkyl),
—(C,-C; alkyl)(aryl), or —(C,-C alkyl)(heteroaryl);

[0133] each R® is independently halogen, C,-C, alkyl,
C,-C4 haloalkyl, C,-C, alkenyl, C,-C, alkynyl, —OR?,
—CN, —NO, —S(=0),R’, —S(=0),NRRY,
—C(=0)OR?, —C(=0)R?, —C(=0O)NRRY, —NR-
“R9, C,-Cy cycloalkyl, or C,-C, heterocycloalkyl;

[0134] or two R® on the same carbon are taken together to
form an oxo;

[0135] eachR'°and R'! is independently hydrogen, C,-C,
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C, alkynyl,
C;-Cq cycloalkyl, C,-C, heterocycloalkyl, aryl, het-
eroaryl, —(C,-C4 alkyl)(C;-Cy cycloalkyl), —(C,-Cq
alky1)(C,-Cg heterocycloalkyl), —(C,-Cg alkyl)(aryl), or
—(C,-C alkyl)(heteroaryl);

[0136] or R'® and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0137] each R'?and R*? is independently hydrogen, halo-
gen, —CN, —OR?, —NR°R?, C,-C; alkyl, C,-C, haloal-
kyl, C,-C, alkenyl, C,-C, alkynyl, C;-C; cycloalkyl,
C,-C, heterocycloalkyl, aryl, or heteroaryl;

[0138] each R“ is independently hydrogen, C,-C, alkyl,
C,-Cg4 haloalkyl, C,-C, alkenyl, C,-C4 alkynyl, C;-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;

[0139] each R” is independently C,-C, alkyl, C,-Cy
haloalkyl, C,-Cq alkenyl, C,-C, alkynyl, C;-C, cycloal-
kyl, or C,-Cg heterocycloalkyl;

[0140] each R° and R are independently hydrogen, C,-C
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C, alkynyl,
C;-Cy4 cycloalkyl, or C,-Cq heterocycloalkyl;

[0141] or R° and R are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloalkyl;

[0142] v is 0-4;

[0143] wis 2-4;

[0144] n is 0-4; and

[0145] p is 0-5.

[0146] In some embodiments of a compound of Formula

(D), R! is C,-C, alkyl. In some embodiments of a compound
of Formula (I), R! is methyl. In some embodiments of a
compound of Formula (I), R' is C,-C4 alkenyl. In some
embodiments of a compound of Formula (I), R! is C,-Cg
alkynyl.

[0147] In some embodiments of a compound of Formula
(I) R? is hydrogen. In some embodiments of a compound of
Formula (I), R? is C,-Cy alkyl. In some embodiments of a
compound of Formula (I), R? is methyl. In some embodi-
ments of a compound of Formula (1), R? is C,-C, alkenyl. In
some embodiments of a compound of Formula (I), R? is
C,-C; alkynyl. In some embodiments of a compound of
Formula (I), R? is —Si(R?)s.

[0148] In some embodiments of a compound of Formula
(D), each R? is hydrogen. In some embodiments of a com-
pound of Formula (I), each R? is independently hydrogen or
C,-Cy alkyl. In some embodiments of a compound of
Formula (I), each R® is independently hydrogen, C,-Cq
alkyl, or OR® In some embodiments of a compound of
Formula (I), each R® is independently hydrogen, C,-Cq
alkyl, or OH. In some embodiments of a compound of
Formula (I), each R? is independently C,-C, alkyl. In some
embodiments of a compound of Formula (I), one R? is
methyl and the other R? is hydrogen. In some embodiments
of a compound of Formula (I), each R? is independently
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hydrogen or C,-C4 alkenyl. In some embodiments of a
compound of Formula (I), each R? is independently hydro-
gen or C,-C, alkynyl.

[0149] In some embodiments of a compound of Formula
(D), R* is hydrogen. In some embodiments of a compound of
Formula (I), R* is C,-C, alkyl. In some embodiments of a
compound of Formula (I), R* is C,-C4 alkenyl. In some
embodiments of a compound of Formula (I), R* is C,-Cg
alkynyl. In some embodiments of a compound of Formula
(D), R* is —(C,-C alkyl)(aryl).

[0150] In some embodiments of a compound of Formula
(D), the compound is of Formula (Ia):

Formula (Ta)

OH
S N—L (R4,
L0
d R,
OH
O
[0151] In some embodiments of a compound of Formula

(D), the compound is of Formula (Ib):

Formula (Ib)

(R,

[0152] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), p is 0. In some embodiments of a compound
of Formula (1), (Ia), or (Ib), p is 1. In some embodiments of
a compound of Formula (I), (Ia), or (Ib), p is 2. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), p
is 3. In some embodiments of a compound of Formula (I),
(Ia), or (Ib), p is 4. In some embodiments of a compound of
Formula (1), (Ia), or (Ib), p is 5. In some embodiments of a
compound of Formula (1), (Ia), or (Ib), p is 0 or 1. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), p
is 0, 1, or 2. In some embodiments of a compound of
Formula (1), (Ia), or (Ib), p is 1 or 2. In some embodiments
of' a compound of Formula (I), (Ia), or (Ib), p is 2 or 3.
[0153] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), each R is independently halogen, C,-Cg
alkyl, C,-C, haloalkyl, —OR“, —CN, —C(=0)R?, —NR-
“R¥, C,-C, cycloalkyl, or C,-Cy heterocycloalkyl. In some
embodiments of a compound of Formula (1), (Ia), or (Ib),
each R’ is independently halogen, C,-C4 alkyl, C,-Cq
haloalkyl, or —OR?. In some embodiments of a compound
of Formula (I), (Ia), or (Ib), each R is independently halogen
or C,-C, alkyl. In some embodiments of a compound of
Formula (1), (Ia), or (Ib), two R on the same carbon are taken
together to form an oxo.
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[0154] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), L. is a C,-C, alkylene optionally substituted
with halogen, —OW, —CN, —NO,, or —NR“R?. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), L
is a bond. In some embodiments of a compound of Formula
(), (Ia), or (Ib), L is C, alkylene. In some embodiments of
a compound of Formula (), (Ia), or (Ib), L. is C, -C, alkylene.
[0155] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), Ring A is cyclobutyl. In some embodiments
of a compound of Formula (I), (Ia), or (Ib), Ring A is
cyclopentyl.

[0156] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), n is 1 or 2. In some embodiments of a
compound of Formula (I), (Ia), or (Ib), n is 1. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), n
is 2. In some embodiments of a compound of Formula (I),
(Ia), or (Ib), n is 3. In some embodiments of a compound of
Formula (1), (Ia), or (Ib), n is 4. In some embodiments of a
compound of Formula (I), (Ia), or (Ib), nis 0, 1, or 2. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), n
is 2 or 3.

[0157] In some embodiments of a compound of Formula
(1), (Ia), or (Ib), each R* is independently —(CR'*R'?)
VNRIORM, —(CRlles)vS(:O)zNRloRll, —(CRlles)vC
(:O)NRlORM, —(CRlles)vNRIOC(:NRl1)NR10R11,
7(CR12R13)VC(:NRIO)RIO, 7(CR12R13)‘}NR10C
(:NRM)RIO, —(CRlzRB)vNRlO(CRlles)WNRloRll,
7(CR12R13)V(NRIOC(:NR1I)NRIO(CR12R13)WNR10R11,
or —(CR™R"®) C(=NR'")NR'’R'".

[0158] In some embodiments of a compound of Formula
(1), (Ia), or (Ib), each R* is independently —(CR'?R'?)

vNRloRll, 7(CR12R13)VNR10C(:NR1 1)NR10R11,
7(CR12R13)VC(:NRIO)RIO, 7(CR12R13)‘}NR10C
(:NRll)Rlo, 7(CR12R13)VNR10(CR12R13)VNRIOR11 ,

7(CR12R13)V(NRIOC(:NR1I)NRIO(CR12R13)WNR10R11,
or —(CR"R"?) C(=NR'")NR'°R*'.

[0159] In some embodiments of a compound of Formula
(1), (Ia), or (Ib), each R* is independently —(CR'?R'?)

vNRloRll, 7(CR12R13)VNR10C(:NR1I)NRIORII,
7(CR12R13)VC(:NRIO)RIO, 7(CR12R13)‘}NR10C
(:NRll)Rlo.

[0160] In some embodiments of a compound of Formula

(1), (Ia), or (Ib), each R* is independently —(CR'*R'?)
NR'R'M or —(CR'™R') NR'®C(=NR'")NR'R'".
[0161] In some embodiments of a compound of Formula
(D), (Ia), or (Ib), each R* is independently —(CR™R"?)
VNRIORM, —(CRlles)vNRIOC(:NRl1)NR10R11,
7(CR12R13)VC(:NRIO)RIO, 7(CR12R13)‘}NR10C
(=NR'"HR'°, or —(CR"R"?) C(=NR'")NR'’R'".

[0162] In some embodiments of a compound of Formula
(1), (Ia), or (Ib), each R* is independently —(CR'*R'?)
VNRIORM, —(CRl2R13)VNR10C(:NRH)NR10R11, or
7(CR12R13)VC(:NR1I)NRIORII.

[0163] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), v is 0 or 1. In some embodiments of a
compound of Formula (I), (Ia), or (Ib), v is 0. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), v
is 1. In some embodiments of a compound of Formula (I),
(Ia), or (Ib), v is 2. In some embodiments of a compound of
Formula (1), (Ia), or (Ib), v is 3. In some embodiments of a
compound of Formula (I), (Ia), or (Ib), v is 4. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), v
is 0, 1, or 2. In some embodiments of a compound of
Formula (1), (Ia), or (Ib), vis 1 or 2.
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[0164] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), w is 2 or 3. In some embodiments of a
compound of Formula (I), (Ia), or (Ib), w is 2. In some
embodiments of a compound of Formula (I), (Ia), or (Ib), w
is 3. In some embodiments of a compound of Formula (I),
(Ia), or (Ib), w is 4.

[0165] In some embodiments of a compound of Formula
(D), (Ia), or (Ib), each R'® and R'" is independently hydrogen,
C,-C; alkyl, C,-Cg haloalkyl, C;-Cg cycloalkyl, C,-Cq het-
erocycloalkyl, aryl, heteroaryl, —(C,-Cs alkyl)(C;-Cq
cycloalkyl), —(C,-C4 alkyl)(C,-Cy heterocycloalkyl),
—(C,-Cq alkyl)(aryl), or —(C,-C, alkyl)(heteroaryl). In
some embodiments of a compound of Formula (I), (Ia), or
(Ib), each R'® and R™ is independently hydrogen, C,-Cg
alkyl, C,-C haloalkyl, C;-Cq cycloalkyl, C,-Cg heterocy-
cloalkyl, —(C,-C4 alkyl)(C5-C4 cycloalkyl), —(C,-Cq
alkyl)(C,-Cy heterocycloalkyl), —(C,-C, alkyl)(aryl), or
—(C,-C4 alkyl)(heteroaryl). In some embodiments of a
compound of Formula (I), (Ia), or (Ib), each R*® and R** is
independently hydrogen, C,-C; alkyl, C,-C; haloalkyl,
C,-C4 cycloalkyl, C,-Cg heterocycloalkyl, aryl, or het-
eroaryl. In some embodiments of a compound of Formula
(D), (Ia), or (Ib), each R'® and R'" is independently hydrogen,
C,-C; alkyl, or C,-C4 haloalkyl. In some embodiments of a
compound of Formula (I), (Ia), or (Ib), each R'® and R*! is
independently hydrogen or C,-C; alkyl. In some embodi-
ments of a compound of Formula (I), (Ia), or (Ib), each R'°
and R is C,-C, alkyl. In some embodiments of a compound
of Formula (I), (Ia), or (Ib), each R*® and R'* is hydrogen.
In some embodiments of a compound of Formula (I), (Ia), or
(Ib), R'® and R'! are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloalkyl. In
some embodiments of a compound of Formula (I), (Ia), or
(Ib), each R*? and R*? is independently hydrogen, halogen,
—CN, —OR“, —NRRY, C,-C4 alkyl, C,-C, haloalkyl,
C;-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl, or het-
eroaryl. In some embodiments of a compound of Formula
(D), (Ta), or (Ib), each R*? and R*? is independently hydrogen,
halogen, —CN, —OR?, —NR“RY, C,-C, alkyl, C,-C,
haloalkyl, C;-C, cycloalkyl, or C,-Cg heterocycloalkyl. In
some embodiments of a compound of Formula (I), (Ia), or
(Ib), each R*? and R"'? is independently hydrogen, halogen,
—CN,—OR*,—NRR?, C,-C, alkyl, or C,-C, haloalkyl. In
some embodiments of a compound of Formula (I), (Ia), or
(Ib), each R*? and R'? is independently hydrogen, halogen,
C,-C; alkyl, or C,-C4 haloalkyl. In some embodiments of a
compound of Formula (I), (Ia), or (Ib), each R'* and R*? is
independently hydrogen, halogen, or C,-Cy4 alkyl. In some
embodiments of a compound of Formula (1), (Ia), or (Ib),
each R'? and R*? is hydrogen.

[0166] In some embodiments of a compound of Formula
(D, (Ia), or (Ib), each R” is independently hydrogen, C,-Cg
alkyl, C,-C4 haloalkyl, C;-Cg cycloalkyl, or C,-Cg hetero-
cycloalkyl. In some embodiments of a compound of For-
mula (I), (Ia), or (Ib), each R® is independently hydrogen,
C,-C; alkyl, or C,-C4 haloalkyl. In some embodiments of a
compound of Formula (1), (Ia), or (Ib), each R? is indepen-
dently hydrogen or C,-C; alkyl. In some embodiments of a
compound of Formula (1), (Ia), or (Ib), each R* is indepen-
dently C,-C; alkyl. In some embodiments of a compound of
Formula (I), (Ia), or (Ib), each R* is hydrogen.

[0167] In some embodiments of a compound of Formula
(D), (Ia), or (Ib), each R? is independently C, -C alkyl, C,-Cg
haloalkyl, C;-Cy cycloalkyl, or C,-Cg heterocycloalkyl. In
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some embodiments of a compound of Formula (I), (Ia), or
(Ib), each R? is independently C,-C, alkyl, or C, -C haloal-
kyl. In some embodiments of a compound of Formula (I),
(Ia), or (Ib), each R” is independently C,-C, alkyl.

[0168] In some embodiments of a compound of Formula
(D), (Ia), or (Ib), each R° and R are independently hydrogen,
C,-Cq alkyl, C,-Cq haloalkyl, C;-C, cycloalkyl, or C,-Cq
heterocycloalkyl. In some embodiments of a compound of
Formula (I), (Ia), or (Ib), each R and R are independently
hydrogen, C,-C4 alkyl, or C,-C, haloalkyl. In some embodi-
ments of'a compound of Formula (1), (Ia), or (Ib), each R and
R are independently hydrogen or C,-C4 alkyl. In some
embodiments of a compound of Formula (I), (Ia), or (Ib),
each R° and R are independently C,-C, alkyl. In some
embodiments of a compound of Formula (I), (Ia), or (Ib),
each R° and R? are hydrogen.

[0169] In some embodiments of a compound of Formula
(), (Ta), or (Ib), R and R? are taken together with the
nitrogen to which they are attached to form a C,-C; hetero-
cycloalkyl. In some embodiments of a compound of For-
mula (I), (Ia), or (Ib), R® and R are taken together with the
nitrogen to which they are attached to form a pyrrolidine,
piperidine, morpholine, or piperazine.

[0170] Also disclosed herein is a compound of Formula
(II), or a pharmaceutically acceptable salt, solvate, or ste-
reoisomer thereof:

Formula (IT)

wherein
[0171]
[0172]

Ring B is C;-Cy cycloalkyl;
R! is C,-C, alkyl, C,-C haloalkyl, C,-C alkenyl,
or C,-Cg alkynyl;

[0173] R? is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C, alkenyl, C,-C, alkynyl, or —Si(R?),; each R? is
independently hydrogen, C,-C;4 alkyl, C,-C, haloalkyl,
C,-C; alkenyl, C,-C alkynyl, or —OR?,

[0174] R* is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C4 alkenyl, C,-Cq alkynyl, C;-Cy cycloalkyl, C,-Cq
heterocycloalkyl, aryl, heteroaryl, —(C,-C, alkyl)(C5-Cyq
cycloalkyl), —(C,-C, alkyl)(C,-Cg heterocycloalkyl),
—(C,-C; alkyl)(aryl), or —(C,-C alkyl)(heteroaryl);

[0175] each R® is independently halogen, C,-C, alkyl,
C,-C4 haloalkyl, C,-C, alkenyl, C,-C, alkynyl, —OR?,
—CN, —NO, —S(=0),R’, —S(=0),NRRY,
—C(=0)OR?, —C(=0)R?, —C(=0O)NRRY, —NR-
“RY, C,-Cq alkyl, C,-C, alkenyl, C,-C, alkynyl, C,-Cy
cycloalkyl, or C,-Cy heterocycloalkyl; or two R® on the
same carbon are taken together to form an oxo;

[0176] R® is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-Cq4 alkenyl, C,-Cy alkynyl, C;-Cg cycloalkyl, or C,-Cq
heterocycloalkyl;
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[0177] R7 is C,;-Cy cycloalkyl, C,-Cy heterocycloalkyl,
aryl, and heteroaryl; each independently optionally sub-
stituted with one, two, or three R7%;

[0178] orR® and R” are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloalkyl
optionally substituted with one, two, or three R";

[0179] each R7“ is independently halogen, C,-C, alkyl,
C,-C¢ alkenyl, C,-C, alkynyl, C,-Cy haloalkyl, C,-Cg
hydroxyalkyl, —(CRR"®) OR', —(CR'?R"?)
NR'R'", —CN, —NO,, —(CR"R") S(=0),R"°,
—(CR*R") S(=0),NR°R!!, —(CR'*R*?) C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
VNRIOC(:NRII)NRloRll, 7(CR12R13)vc(:NRIO)RIO,
—(CRI2R13)VNR10C(:NR11)R10, —(CRlles)vNRlo
(CRlles)WNRIORll, 7(CR12R13)V(NRIOC(:NR11)
NRIO(CRIZRB)WNRIORII, —(CRlzRB)vC(:NRM)
NR!°R!, C,-C, cycloalkyl, C,-C, heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
peirl}dently optionally substituted with one, two, or three
R’

[0180] each R”” is independently halogen, C,-C, alkyl,
C,-C4 haloalkyl, —OR? —CN, —NO,, —NR“RY,
—S8(=0),R?, —S8(=0),NRRY ~ —C(=0)OR?,
—C(=0)R?, —C(=O0)NRR?, —NR“C(=NR)NR“R,
or —NR°C(=NR")R?;

[0181] eachR'°and R isindependently hydrogen, C,-Cq
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C, alkynyl,
C;-Cy cycloalkyl, C,-Cy heterocycloalkyl, aryl, het-
eroaryl, —(C,-C; alkyl)(C;-C4 cycloalkyl), —(C,-Cq
alkyl)(C,-Cy heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-C4 alkyl)(heteroaryl);

[0182] or R'° and R'! are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0183] each R'?and R* is independently hydrogen, halo-
gen, —CN, —OR?, —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-Cq4 alkenyl, C,-C, alkynyl, C;-Cy cycloalkyl,
C,-Cy heterocycloalkyl, aryl, or heteroaryl;

[0184] each R® is independently hydrogen, C,-C, alkyl,
C,-C¢ haloalkyl, C,-C, alkenyl, C,-C4 alkynyl, C;-Cq
cycloalkyl, or C,-C, heterocycloalkyl;

[0185] each R® is independently C,-C4 alkyl, C,-Cq
haloalkyl, C,-Cq alkenyl, C,-C; alkynyl, C;-Cy cycloal-
kyl, or C,-C, heterocycloalkyl;

[0186] each R and R are independently hydrogen, C,-C
alkyl, C,-C; haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl,
C;-C4 cycloalkyl, or C,-Cq heterocycloalkyl;

[0187] or R and R are taken together with the nitrogen to
which they are attached to form a C,-C, heterocycloalkyl;

[0188] v is 0-4;

[0189] w is 2-4; and

[0190] p is 0-5.

[0191] In some embodiments of a compound of Formula

(I1), R! is C,-C, alkyl. In some embodiments of a compound

of Formula (II), R' is methyl. In some embodiments of a

compound of Formula (II), R' is C,-Cy alkenyl. In some

embodiments of a compound of Formula (IT), R* is C,-Cg
alkynyl.

[0192] In some embodiments of a compound of Formula

(I1) R? is hydrogen. In some embodiments of a compound of

Formula (II), R? is C,-C, alkyl. In some embodiments of a

compound of Formula (II), R? is methyl. In some embodi-

ments of a compound of Formula (I), R? is C,-C alkenyl.
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In some embodiments of a compound of Formula (II), R? is
C,-Cy alkynyl. In some embodiments of a compound of
Formula (IT), R? is —Si(R?)s.

[0193] In some embodiments of a compound of Formula
(1), each R® is hydrogen. In some embodiments of a
compound of Formula (II), each R? is independently hydro-
gen or C,-C; alkyl. In some embodiments of a compound of
Formula (II), each R® is independently hydrogen, C,-Cq
alkyl, or OR® In some embodiments of a compound of
Formula (II), each R® is independently hydrogen, C,-Cq
alkyl, or OH. In some embodiments of a compound of
Formula (II), each R? is independently C,-C, alkyl. In some
embodiments of a compound of Formula (II), one R> is
methyl and the other R? is hydrogen. In some embodiments
of a compound of Formula (II), each R is independently
hydrogen or C,-C4 alkenyl. In some embodiments of a
compound of Formula (II), each R? is independently hydro-
gen or C,-Cg alkynyl.

[0194] In some embodiments of a compound of Formula
(1), R* is hydrogen. In some embodiments of a compound
of Formula (IT), R* is C,-C, alkyl. In some embodiments of
a compound of Formula (II), R* is C,-C alkenyl. In some
embodiments of a compound of Formula (II), R* is C,-Cg
alkynyl. In some embodiments of a compound of Formula
(1), R* is —(C,-C, alkyl)(aryl).

[0195] In some embodiments of a compound of Formula
(II), the compound is of Formula (IIa):

Formula (Ia)

OH
R6

N/ \R7

o .

(R%),

[0196] In some embodiments of a compound of Formula
(II), the compound is of Formula (IIb):

Formula (IIb)

[0197] In some embodiments of a compound of Formula
(II), (IIa), or (IIb), p is 0. In some embodiments of a
compound of Formula (II), (Ila), or (Ilb), p is 1. In some
embodiments of a compound of Formula (II), (Ila), or (IIb),
p is 2. In some embodiments of a compound of Formula (II),
(I1a), or (IIb), p is 3. In some embodiments of a compound
of Formula (II), (ITa), or (IIb), p is 4. In some embodiments
of'a compound of Formula (II), (Ila), or (IIb), p is 5. In some
embodiments of a compound of Formula (II), (Ila), or (IIb),
pis O or 1. In some embodiments of a compound of Formula
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(ID), (Ila), or (1Ib), p is O, 1, or 2. In some embodiments of
a compound of Formula (II), (Ila), or (Ilb), pis 1 or 2. In

some embodiments of a compound of Formula (II), (Ila), or
(IIb), p is 2 or 3.

[0198] In some embodiments of a compound of Formula
(I1), (ITa), or (1Ib), each R’ is independently halogen, C,-C
alkyl, C,-C haloalkyl, —OR?, —CN, —C(=0)R?, —NR-
“R¥, C,-C, cycloalkyl, or C,-Cy heterocycloalkyl. In some
embodiments of a compound of Formula (II), (Ila), or (IIb),
each R’ is independently halogen, C,-C4 alkyl, C,-Cq
haloalkyl, or —OR?. In some embodiments of a compound
of Formula (II), (Ila), or (IIb), each R’ is independently
halogen or C,-C; alkyl. In some embodiments of a com-
pound of Formula (II), (Ila), or (IIb), two R on the same
carbon are taken together to form an oxo.

[0199] In some embodiments of a compound of Formula
(1D), (IIa), or (IIb), R” is C5-C, cycloalkyl or C,-Cy hetero-
cycloalkyl; each independently optionally substituted with
one, two, or three R®.

[0200] In some embodiments of a compound of Formula
(1), (1), or (IIb), R is C,-C, heterocycloalkyl optionally
substituted with one, two, or three R’ In some embodi-
ments of a compound of Formula (II), (Ila), or (IIb), R” is
C,-Cg heterocycloalkyl optionally substituted with one, two,
or three R7®. In some embodiments of a compound of
Formula (IT), (ITa), or (IIb), R” is C,-C, heterocycloalkyl
optionally substituted with one, two, or three R7%. In some
embodiments of a compound of Formula (II), (Ila), or (IIb),
R” is pyrrolidine or piperidine, each optionally substituted
with one, two, or three R7%. In some embodiments of a
compound of Formula (II), (Ila), or (IIb), R” is piperidine
optionally substituted with one, two, or three R7%. In some
embodiments of a compound of Formula (II), (Ila), or (IIb),
R7 is piperazine optionally substituted with one, two, or
three R7“. In some embodiments of a compound of Formula
(1), (ITa), or (IIb), R” is morpholine optionally substituted
with one, two, or three R7*.

[0201] In some embodiments of a compound of Formula
(1D), (I1a), or (IIb), R is C5-C, cycloalkyl optionally substi-
tuted with one, two, or three R”%. In some embodiments of
a compound of Formula (II), (Ila), or (IIb), R7 is C5-Cg
cycloalkyl optionally substituted with one, two, or three R7“.
In some embodiments of a compound of Formula (1), (I1a),
or (IIb), R7 is C,-Cy cycloalkyl optionally substituted with
one, two, or three R7“. In some embodiments of a compound
of Formula (II), (Ila), or (IIb), R” is cyclohexyl optionally
substituted with one, two, or three R’ In some embodi-
ments of a compound of Formula (II), (Ila), or (IIb), R” is
cyclopentyl optionally substituted with one, two, or three
R’“. In some embodiments of a compound of Formula (II),
(IIa), or (IIb), R is cyclobutyl optionally substituted with
one, two, or three R7%.

[0202] In some embodiments of a compound of Formula
(1), (I1a), or (IIb), R” is aryl or heteroaryl; each indepen-
dently optionally substituted with one, two, or three R”®.

[0203] In some embodiments of a compound of Formula
(1), (IIa), or (IIb), R” is phenyl or pyridyl; each indepen-
dently optionally substituted with one, two, or three R”%.

[0204] In some embodiments of a compound of Formula

(D), (Ila), or (IIb), the compound of Formula (II) is of
Formula (Ilc):
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Formula (Ilc)

wherein

[0205] Ring C is C;-C4 cycloalkyl or C,-Cg heterocycloal-
kyl;

[0206] each R7“ is independently halogen, C,-C, alkyl,

C,-C; alkenyl, C,-C4 alkynyl, C,-C, haloalkyl, C,-C
hydroxyalkyl, —(CR™R") OR™®, —(CR™R™)
NR'R'", —CN, —NO,, —(CR'"?R") S(=0),R",
—(CR'?R'%) S(=0),NR°R!, —(CR™R"?) C(=0)
OR'®, —(CR'"?R"),C(=0)NR°R", —(CR'"*R"*) NR'°C
(:NR“)NRIORH, 7(CR12R13)VC(:NRIO)RIO,
—(CRlle3)VNR10C(:NR11)R10, —(CRlles)vNRlo
(CR12R13)WNR10R11, 7(CR12R13)V(NR10C(:NR11)
NRlO(CRlzRB)WNRlORM, —(CRlles)vC(:NRll)
NR'R!, C;-C, cycloalkyl, C,-Cy heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
perl}dently optionally substituted with one, two, or three
R7?:

[0207] each R7? is independently halogen, C,-C, alkyl,
C,-C, haloalkyl, —OW, —CN, —NO,, —NRRY
—S(=0),R?, —S(=0),NRRY, —C(=0)OR?,
—C(=0)R?, —C(=0)NRRY, —NR“C(=NR*)NR“R,
or —NRC(=NR)R?;

[0208] eachR'°and R'! is independently hydrogen, C,-C,
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C, alkynyl,
C;-Cq cycloalkyl, C,-C, heterocycloalkyl, aryl, het-
eroaryl, —(C,-C4 alkyl)(C;-Cy cycloalkyl), —(C,-Cq
alky1)(C,-Cg heterocycloalkyl), —(C,-Cg alkyl)(aryl), or
—(C,-C alkyl)(heteroaryl);

[0209] or R'® and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0210] each R'? and R*? is independently hydrogen, halo-

gen, —CN, —OR“ —NR“R?, C,-C, alkyl, C,-C haloal-
kyl, C,-C, alkenyl, C,-C, alkynyl, C;-C; cycloalkyl,
C,-C, heterocycloalkyl, aryl, or heteroaryl;

[0211] v is 0-4;

[0212] w is 2-4; and

[0213] m is 0-3.

[0214] In some embodiments of a compound of Formula

(1), (ITa), (ITb), or (I1Ic), R% is hydrogen, C,-C, alkyl, C,-Cy
haloalkyl, C;-Cg cycloalkyl, or C,-Cg heterocycloalkyl. In
some embodiments of a compound of Formula (II), (Ila),
(1Ib), or (IIc), RS is hydrogen, C,-C, alkyl, or C, -Cy haloal-
kyl. In some embodiments of a compound of Formula (II),
(ITa), (1Ib), or (IIc), RY is hydrogen or C,-C alkyl. In some
embodiments of a compound of Formula (II), (Ila), (IIb), or
(IIc), RS is hydrogen. In some embodiments of a compound
of Formula (II), (Ila), (IIb), or (IIc), R® is C,-C alkyl.

[0215] In some embodiments of a compound of Formula
(1), (11a), (IIb), or (Ilc), Ring C is C,-Cg heterocycloalkyl
optionally substituted with one, two, or three R7%. In some
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embodiments of a compound of Formula (II), (Ila), (IIb), or
(IIe), Ring C is C,-C4 heterocycloalkyl optionally substi-
tuted with one, two, or three R’*. In some embodiments of
a compound of Formula (II), (Ila), (ITb), or (Ilc), Ring C is
C,-C, heterocycloalkyl optionally substituted with one, two,
or three R7®. In some embodiments of a compound of
Formula (1), (Ila), (IIb), or (Ilc), Ring C is pyrrolidine or
piperidine, each optionally substituted with one, two, or
three R7“. In some embodiments of a compound of Formula
(ID), (Ila), (IIb), or (IIc), Ring C is piperidine optionally
substituted with one, two, or three R’ In some embodi-
ments of a compound of Formula (1), (Ila), (IIb), or (Ilc),
Ring C is piperazine optionally substituted with one, two, or
three R7“. In some embodiments of a compound of Formula
(ID), (1a), (IIb), or (Ilc), Ring C is morpholine optionally
substituted with one, two, or three R7%.

[0216] In some embodiments of a compound of Formula
D, (ITa), (IIb), or (Ilc), Ring C is C;-C, cycloalkyl option-
ally substituted with one, two, or three R”*. In some embodi-
ments of a compound of Formula (1), (Ila), (IIb), or (Ilc),
Ring C is C;-C cycloalkyl optionally substituted with one,
two, or three R7?. In some embodiments of a compound of
Formula (II), (Ila), (IIb), or (Ilc), Ring C is C5-C4 cycloalkyl
optionally substituted with one, two, or three R7“. In some
embodiments of a compound of Formula (II), (Ila), (IIb), or
(Ie), Ring C is cyclohexyl optionally substituted with one,
two, or three R7%. In some embodiments of a compound of
Formula (II), (Ila), (IIb), or (Ilc), Ring C is cyclopentyl
optionally substituted with one, two, or three R7“. In some
embodiments of a compound of Formula (II), (Ila), (IIb), or
(Ile), Ring C is cyclobutyl optionally substituted with one,
two, or three R7“.

[0217] In some embodiments of a compound of Formula
(1), (IIa), or (IIb), R® and R” are taken together with the
nitrogen to which they are attached to form a C,-Cg hetero-
cycloalkyl optionally substituted with one, two, or three R”®.
In some embodiments of a compound of Formula (1), (I1a),
or (IIb), RS and R” are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloalkyl
optionally substituted with one, two, or three R7%. In some
embodiments of a compound of Formula (II), (Ila), or (IIb),
R® and R” are taken together with the nitrogen to which they
are attached to form a C,-C, heterocycloalkyl optionally
substituted with one, two, or three R7“. In some embodi-
ments of a compound of Formula (II), (I1a), or (IIb), R and
R7 are taken together with the nitrogen to which they are
attached to form a pyrrolidine or piperidine, each optionally
substituted with one, two, or three R7“. In some embodi-
ments of a compound of Formula (II), (I1a), or (IIb), R and
R7 are taken together with the nitrogen to which they are
attached to form a piperidine optionally substituted with
one, two, or three R7“. In some embodiments of a compound
of Formula (II), (Ila), or (IIb), RS and R” are taken together
with the nitrogen to which they are attached to form a
piperazine optionally substituted with one, two, or three R”®.
In some embodiments of a compound of Formula (1), (I1a),
or (Ib), RS and R are taken together with the nitrogen to
which they are attached to form a morpholine optionally
substituted with one, two, or three R7%.

[0218] In some embodiments of a compound of Formula
(D), (Ila), or (IIb), the compound of Formula (II) is of
Formula (IId):
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Formula (IId)

wherein
[0219]
[0220]

Ring D is C,-C4 heterocycloalkyl;
each R”* is independently halogen, C,-C4 alkyl,
C,-Cq4 alkenyl, C,-C¢ alkynyl, C,-C, haloalkyl, C,-Cq

hydroxyalkyl, —(CR*R'*) OR'®, —(CR'?R"?)
NR'R'", —CN, —NO,, —(CR'"?R") S(=0),R",
—(CR'*R"®) S(=0),NR°R!| —(CR™R"?) C(=0)
OR'®, —(CR'"?R"),C(=0)NR°R", —(CR'"*R"*) NR'°C
(:NRll)NRloRll, 7(CR12R13)VC(:NRIO)RIO,
7(CR12R13)VNR10C(:NR11)R10, 7(CR12R13)‘}NR10
(CRlles)WNRIORll, 7(CR12R13)V(NRIOC(:NR11)
NRIO(CRIZRB)WNRlORM, —(CRlzRB)vC(:NRM)
NR'R!, C;-C, cycloalkyl, C,-Cy heterocycloalkyl, aryl,
or heteroaryl; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is inde-
perl}dently optionally substituted with one, two, or three
R7%;

[0221] each R”? is independently halogen, C,-C, alkyl,
C,-C, haloalkyl, —OR?% —CN, —NO,, —NR°RY,
—S(=0),R?, —S(=0),NRRY, —C(=0)OR",
—C(=0)R?, —C(=0)NRRY, —NR“C(=NR*)NR“R,
or —NRC(=NR)R?;

[0222] eachR'°and R'' isindependently hydrogen, C,-C,
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C, alkynyl,
C;-C4 cycloalkyl, C,-Cg heterocycloalkyl, aryl, het-
eroaryl, —(C,-Cy alkyl)(C;-C4 cycloalkyl), —(C,-C
alky1)(C,-Cg heterocycloalkyl), —(C,-Cg alkyl)(aryl), or
—(C,-C alkyl)(heteroaryl);

[0223] or R'° and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0224] each R'? and R*? is independently hydrogen, halo-
gen, —CN, —OR? —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-C, alkenyl, C,-C, alkynyl, C;-C; cycloalkyl,
C,-Cq heterocycloalkyl, aryl, or heteroaryl;

[0225] v is 0-4;

[0226] w is 2-4; and

[0227] m is 0-3.

[0228] In some embodiments of a compound of Formula

(1), (Ila), (I1b), or (1Id), Ring D is C,-Cg heterocycloalkyl.
In some embodiments of a compound of Formula (1), (I1a),
(IIb), or (IId), Ring D is C,-C, heterocycloalkyl. In some
embodiments of a compound of Formula (II), (Ila), (IIb), or
(IId), Ring D is pyrrolidine or piperidine. In some embodi-
ments of a compound of Formula (II), Ring D is piperidine.
In some embodiments of a compound of Formula (II), Ring
D is piperazine. In some embodiments of a compound of
Formula (II), Ring D is morpholine.

[0229] In some embodiments of a compound of Formula
(II) or (Ila)-(Ild), m is 0-2. In some embodiments of a
compound of Formula (IT) or (ITa)-(IId), m is O or 1. In some
embodiments of a compound of Formula (II) or (Ila)-(1Id),
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m is 0. In some embodiments of a compound of Formula (II)
or (Ila)-(IId), m is 1. In some embodiments of a compound
of Formula (II) or (Ila)-(1Id), m is 2. In some embodiments
of'a compound of Formula (II) or (Ila)-(IId), m is 3. In some
embodiments of a compound of Formula (II) or (Ila)-(11d),
mis 1 or2.

[0230] In some embodiments of a compound of Formula
(II) or (Ila)-(IId), Ring B is cyclobutyl, cyclopentyl, or
cyclohexyl. In some embodiments of a compound of For-
mula (II), Ring B is cyclobutyl. In some embodiments of a
compound of Formula (II), Ring B is cyclopentyl. In some
embodiments of a compound of Formula (II), Ring B is
cyclohexyl.

[0231] In some embodiments of a compound of Formula
(1) or (Ila)-(IId), each R’ is independently —(CR*R"?)
VNRIORM, 7(CR12R13)vs(:O)2NRIOR11, 7(CR12R13)VC
(:O)NRlORM, —(CRlles)vNRIOC(:NRl1)NR10R11,
7(CR12R13)VC(:NRIO)RIO, 7(CR12R13)‘}NR10C
(:NRII)RIO, 7(CR12R13)‘}NR1O(CR12R13)WNR10R11,
—(CRlzRB)v(NRlOC(:NRl1)NR10(CR12R13)WNR10R11,
or —(CR'?R'%) C(=NR'")NR'°R*.

[0232] In some embodiments of a compound of Formula
(1) or (1la)-(IId), each R7* is independently —(CR'?R'?)
VNRIORM, —(CRlles)vNRIOC(:NRl1)NR10R11,
7(CR12R13)C(:NR10)R105 7(CR12R13)VNRIOC(:NR11)
RIO, 7(CR12R13)‘}NR1O(CR12R13)WNR10R11, 7(CR12R13)
v(NRwC(:NRl1)NR10(CR12R13)WNR10R11, or
7(CR12R13)VC(:NR1I)NRIORII.

[0233] In some embodiments of a compound of Formula
(1) or (Ila)-(IId), each R’ is independently —(CR**R"?)
VNRIORM, 7(CR12R13)VNRIOC(:NR1I)NRIORII,
7(CR12R13)C(:NR10)R105 7(CR12R13)VNRIOC(:NR11)
R'°, or —(CR*?R'?) C(=NR')NR!°R'.

[0234] In some embodiments of a compound of Formula
(1) or (Ila)-(IId), each R’ is independently —(CR*R"?)
VNRIORM, 7(CR12R13)VNR10C(:NR11)NRIOR11, or
7(CR12R13)VC(:NR1I)NRIORII.

[0235] In some embodiments of a compound of Formula
(1) or (Ila)-(IId), each R"* is independently —(CR*R"'?)
NRIPRM or —(CR'2R'?) NR!°C(=NR'")NR'°R**.
[0236] In some embodiments of a compound of Formula
(II) or (IIa)-(Ild), v is O or 1. In some embodiments of a
compound of Formula (II) or (Ila)-(1ld), v is 0. In some
embodiments of a compound of Formula (II) or (Ila)-(11d),
v is 1. In some embodiments of a compound of Formula (II)
or (Ila)-(11d), v is 2. In some embodiments of a compound
of Formula (II) or (Ila)-(IId), v is 3. In some embodiments
of'a compound of Formula (II) or (Ila)-(IId), v is 4. In some
embodiments of a compound of Formula (II) or (Ila)-(11d),
v is 0, 1, or 2. In some embodiments of a compound of
Formula (II) or (Ila)-(IId), v is 1 or 2.

[0237] In some embodiments of a compound of Formula
(II) or (Ila)-(IId), w is 2 or 3. In some embodiments of a
compound of Formula (II) or (IIa)-(IId), w is 2. In some
embodiments of a compound of Formula (II) or (Ila)-(11d),
w is 3. In some embodiments of a compound of Formula (II)
or (Ila)-(11d), w is 4.

[0238] In some embodiments of a compound of Formula
(11) or (I1Ia)-(11d), each R*'° and R*! is independently hydro-
gen, C,-C; alkyl, C,-C haloalkyl, C;-C, cycloalkyl, C,-Cq
heterocycloalkyl, aryl, heteroaryl, —(C,-C4 alky)(C5-Cq
cycloalkyl), —(C,-C4 alkyl)(C,-Cy heterocycloalkyl),
—(C,-Cq alkyl(aryl), or —(C,-C; alkyl)(heteroaryl). In
some embodiments of a compound of Formula (II) or
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(IIa)-(11d), each R'® and R'' is independently hydrogen,
C,-C; alkyl, C,-Cg haloalkyl, C;-Cg cycloalkyl, C,-Cq het-
erocycloalkyl, —(C, -C, alkyl)(C;-Cq cycloalkyl), —(C,-Cq
alkyl)(C,-C4 heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-C4 alkyl)(heteroaryl). In some embodiments of a
compound of Formula (II) or (IIa)-(1Id), each R'° and R** is
independently hydrogen, C,-C, alkyl, C,-C; haloalkyl,
C;-Cy cycloalkyl, C,-Cg heterocycloalkyl, aryl, or het-
eroaryl. In some embodiments of a compound of Formula
(11) or (I1Ia)-(11d), each R*° and R*! is independently hydro-
gen, C,-C, alkyl, or C,-C haloalkyl. In some embodiments
of a compound of Formula (II) or (IIa)-(IId), each R'° and
R! is independently hydrogen or C,-C, alkyl. In some
embodiments of a compound of Formula (II) or (Ila)-(11d),
each R'? and R*! is C,-C, alkyl. In some embodiments of a
compound of Formula (II) or (IIa)-(1Id), each R'° and R** is
hydrogen. In some embodiments of a compound of Formula
(D) or (Ila)-(I1d), R'° and R'* are taken together with the
nitrogen to which they are attached to form a C,-C hetero-
cycloalkyl.

[0239] In some embodiments of a compound of Formula
(11) or (I1Ia)-(11d), each R*? and R*? is independently hydro-
gen, halogen, —CN, —OR¢?, —NR“R%, C,-C, alkyl, C,-C,
haloalkyl, C,-Cq cycloalkyl, C,-Cg heterocycloalkyl, aryl, or
heteroaryl. In some embodiments of a compound of Formula
(1) or (IIa)-(11d), each R*? and R*? is independently hydro-
gen, halogen, —CN, —OR*?, —NR“R?, C,-C, alkyl, C,-C,
haloalkyl, C;-C, cycloalkyl, or C,-Cq heterocycloalkyl. In
some embodiments of a compound of Formula (II) or
(Ila)-(IId), each R'? and R'? is independently hydrogen,
halogen, —CN, —OR*“, —NR°R?, C,-C, alkyl, or C,-C,
haloalkyl. In some embodiments of a compound of Formula
(ID) or (IIa)-(11d), each R*? and R*? is independently hydro-
gen, halogen, C,-C, alkyl, or C,-C4 haloalkyl. In some
embodiments of a compound of Formula (II) or (Ila)-(11d),
each R'? and R'? is independently hydrogen, halogen, or
C,-C; alkyl. In some embodiments of a compound of
Formula (IT) or (I1a)-(Id), each R'? and R*? is hydrogen.
[0240] In some embodiments of a compound of Formula
(D) or (IIa)-(1Id), each R is independently hydrogen, C,-C,
alkyl, C,-Cq4 haloalkyl, C;-Cg cycloalkyl, or C,-Cy hetero-
cycloalkyl. In some embodiments of a compound of For-
mula (II) or (Ila)-(11d), each R® is independently hydrogen,
C,-C; alkyl, or C,-C4 haloalkyl. In some embodiments of a
compound of Formula (II) or (Ila)-(IId), each R* is inde-
pendently hydrogen or C,-C, alkyl. In some embodiments of
a compound of Formula (II) or (Ila)-(Ild), each R is
independently C,-C, alkyl. In some embodiments of a
compound of Formula (II) or (Ila)-(I1d), each R* is hydro-
gen.

[0241] In some embodiments of a compound of Formula
(I) or (Ila)-(IId), each R’ is independently C,-C, alkyl,
C,-Cq haloalkyl, C,-Cq cycloalkyl, or C,-C, heterocycloal-
kyl. In some embodiments of a compound of Formula (II) or
(Ila)-(I1d), each R? is independently C,-C, alkyl, or C,-Cy
haloalkyl. In some embodiments of a compound of Formula
(1) or (ITa)-(IId), each R? is independently C,-C, alkyl.

[0242] In some embodiments of a compound of Formula
(IT) or (Ila)-(IId), each R< and R are independently hydro-
gen, C,-C; alkyl, C,-Cy haloalkyl, C,-Cg cycloalkyl, or
C,-Cy heterocycloalkyl. In some embodiments of a com-
pound of Formula (I) or (Ila)-(IId), each R® and R are
independently hydrogen, C,-C; alkyl, or C,-Cg haloalkyl. In
some embodiments of a compound of Formula (II) or
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(IIa)-(IId), each R and R¥ are independently hydrogen or
C,-Cy alkyl. In some embodiments of a compound of
Formula (IT) or (I1a)-(I1d), each R< and R are independently
C,-C; alkyl. In some embodiments of a compound of
Formula (IT) or (IIa)-(IId), each R and R are hydrogen.
[0243] In some embodiments of a compound of Formula
(ID) or (IIa)-(IId), R® and R are taken together with the
nitrogen to which they are attached to form a C,-Cg hetero-
cycloalkyl. In some embodiments of a compound of For-
mula (IT) or (I1a)-(I1d), R and R are taken together with the
nitrogen to which they are attached to form a pyrrolidine,
piperidine, morpholine, or piperazine.

[0244] Also disclosed herein is a compound of Formula
(IIT), or a pharmaceutically acceptable salt, solvate, or
stereoisomer thereof:

Formula (III)

L LI—R4,
/

N

wherein

[0245] Ring A is cycloalkyl optionally substituted with
one, two, or three oxo, halogen, C,-Cy alkyl, C,-Cq
haloalkyl, —OR®, —CN, —NO,, —NRR?, —8(=0)
,R?, —S8(=0),NR°R?, —C(=0)OR?, —C(=0)R?,
—C(=O0)NRRY, —NRC(=NR“NRRY, or —NR“C
(=NR)R”;

[0246] L' is a bond or C,-C, alkylene optionally substi-
tuted with halogen, —OR®, or —NR“R%,

[0247] R is halogen, C,-C, alkyl, C,-C alkenyl, C,-C,
alkynyl, C,-C haloalkyl, C,-C, hydroxyalkyl, —OR*®,
—CN, —NO,, —S(=0),R", —S(=0),NR'R"",
—C(=0)OR'’, —C(=O)NR'°R!!, —NR'°C(=NR™")
NRI°R!, —C(:NRIO)Rlo, —NRlOC(:NRM)RIO,
7NR10(CR12R13)WNR10R11, 7NR10C(:NR11)NR10
(CR12R13)WNR10R11, —C(:NR“)NRlORM, C4-Cy
cycloalkyl, C,-C4 heterocycloalkyl, aryl, or heteroaryl;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, hetero-
cycloalkyl, aryl, and heteroaryl is independently option-
ally substituted with one, two, or three R4!;

[0248] each R*' is independently halogen, C,-C alkyl,
C,-C4 haloalkyl, —OR?, —CN, —NO,, —NR°RY,
—S(=0),R?, —S(=0),NRR, —C(=0)OR?,
—C(=0)R?, —C(=0)NRR?, —NR“C(=NR)NR“R?,
or —NRC(=NR")R?;

[0249] Lisabond or C,-C alkylene optionally substituted
with halogen, —OR?, or —NR“R%;

[0250] R'is C,-Cy alkyl, C,-Cy haloalkyl, C,-C, alkenyl,
or C,-C, alkynyl;

[0251] R? is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-Cy alkenyl, C,-C, alkynyl, or —Si(R”),; each R? is
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independently hydrogen, C,-C;4 alkyl, C,-C, haloalkyl,
C,-C4 alkenyl, C,-Cq alkynyl, or —OR%;

[0252] R* is hydrogen, C,-C4 alkyl, C,-C4 haloalkyl,
C,-C; alkenyl, C,-C; alkynyl, C;-C, cycloalkyl, C,-C,
heterocycloalkyl, aryl, heteroaryl, —(C,-C, alkyl)(C5-Cq
cycloalkyl), —(C,-C, alkyl)(C,-C; heterocycloalkyl),
—(C,-C; alkyl)(aryl), or —(C,-C alkyl)(heteroaryl);

[0253] each R® is independently halogen, C,-C, alkyl,
C,-C; haloalkyl, C,-C; alkenyl, C,-C, alkynyl, —OR?,
—CN, —NO, —S(=0),R’, —S(=0),NRRY,
—C(=0)OR?, —C(=0)R?, —C(=0O)NR“RY, —NR-
“R9, C,-Cy cycloalkyl, or C,-C, heterocycloalkyl;

[0254] or two R® on the same carbon are taken together to
form an oxo;

[0255] eachR'°and R'* is independently hydrogen, C,-C,
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C4 alkynyl,
C;-C4 cycloalkyl, C,-Cg heterocycloalkyl, aryl, het-
eroaryl, —(C,-Cy alkyl)(C;-C4 cycloalkyl), —(C,-C
alky1)(C,-Cg heterocycloalkyl), —(C,-Cg alkyl)(aryl), or
—(C,-C; alkyl)(heteroaryl);

[0256] or R'® and R are taken together with the nitrogen
to which they are attached to form a C,-Cg heterocycloal-
kyl;

[0257] each R'? and R*? is independently hydrogen, halo-
gen, —CN, —OR? —NR“R?, C,-C, alkyl, C,-C, haloal-
kyl, C,-C, alkenyl, C,-C, alkynyl, C;-C; cycloalkyl,
C,-Cq heterocycloalkyl, aryl, or heteroaryl;

[0258] each R® is independently hydrogen, C,-C alkyl,
C,-Cg4 haloalkyl, C,-C, alkenyl, C,-C4 alkynyl, C;-Cq
cycloalkyl, or C,-Cy heterocycloalkyl;

[0259] each R” is independently C,-C, alkyl, C,-Cg
haloalkyl, C,-C alkenyl, C,-Cq4 alkynyl, C;-Cy cycloal-
kyl, or C,-Cy heterocycloalkyl;

[0260] each R° and R are independently hydrogen, C,-C
alkyl, C,-Cy haloalkyl, C,-C, alkenyl, C,-C4 alkynyl,
C;-Cy4 cycloalkyl, or C,-Cq heterocycloalkyl;

[0261] or R and R are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloalkyl;

[0262] wis 2-4;

[0263] ris 1-2;

[0264] s is 0-2; and

[0265] p is O-5.

[0266] In some embodiments of a compound of Formula

(I, R* is C,-Cy alkyl. In some embodiments of a com-
pound of Formula (IIT), R' is methyl. In some embodiments
of a compound of Formula (1), R! is C,-Cy alkenyl. In
some embodiments of a compound of Formula (III), R® is
C,-Cg alkynyl.

[0267] In some embodiments of a compound of Formula
(IIT) R? is hydrogen. In some embodiments of a compound
of Formula (IIT), R? is C,-C alkyl. In some embodiments of
a compound of Formula (IIT), R? is methyl. In some embodi-
ments of a compound of Formula (I11), R? is C,-C alkenyl.
In some embodiments of a compound of Formula (1), R?
is C,-Cy alkynyl. In some embodiments of a compound of
Formula (IIT), R? is —Si(R),.

[0268] In some embodiments of a compound of Formula
(III), each R?® is hydrogen. In some embodiments of a
compound of Formula (II), each R? is independently hydro-
gen or C,-C; alkyl. In some embodiments of a compound of
Formula (III), each R> is independently hydrogen, C,-Cg
alkyl, or OR“ In some embodiments of a compound of
Formula (III), each R® is independently hydrogen, C,-Cg
alkyl, or OH. In some embodiments of a compound of

16
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Formula (III), each R? is independently C,-C, alkyl. In some
embodiments of a compound of Formula (III), one R? is
methyl and the other R? is hydrogen. In some embodiments
of a compound of Formula (IIT), each R? is independently
hydrogen or C,-C4 alkenyl. In some embodiments of a
compound of Formula (IIT), each R? is independently hydro-
gen or C,-C, alkynyl.

[0269] In some embodiments of a compound of Formula
(1), R* is hydrogen. In some embodiments of a compound
of Formula (IIT), R* is C,-C alkyl. In some embodiments of
a compound of Formula (I11), R* is C,-C alkenyl. In some
embodiments of a compound of Formula (IIT), R* is C,-Cg
alkynyl. In some embodiments of a compound of Formula
(III), R* is —(C,-C, alkyl)(aryl).

[0270] In some embodiments of a compound of Formula
(I1), the compound is of Formula (I1la):

Formula (1IIa)

/

N
OH . }
S (Rs)p
N/
(@]
OH
O
[0271] In some embodiments of a compound of Formula

(I1), the compound is of Formula (I1Ib):

Formula (IIIb)

/

N

[0272] In some embodiments of a compound of Formula
(I1I), (IlIa), or (I1lb), p is O. In some embodiments of a
compound of Formula (IIT), (Illa), or (IlIb), p is 1. In some
embodiments of a compound of Formula (III), (Illa), or
(IlIb), p is 2. In some embodiments of a compound of
Formula (1IT), (I1Ta), or (IIIb), p is 3. In some embodiments
of' a compound of Formula (III), (Illa), or (IIIb), p is 4. In
some embodiments of a compound of Formula (III), (I1la),
or (IIlb), p is 5. In some embodiments of a compound of
Formula (I1IT), (I1Ia), or (IlIb), p is O or 1. In some embodi-
ments of a compound of Formula (II), (Illa), or (IlIb), p is
0, 1, or 2. In some embodiments of a compound of Formula
(I1), (IlIa), or (1IIb), p is 1 or 2. In some embodiments of a
compound of Formula (III), (IIIa), or (IlIb), p is 2 or 3.
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[0273] In some embodiments of a compound of Formula
(III), (Illa), or (IIIb), each R is independently halogen,
C,-C, alkyl, C,-C, haloalkyl, —OR? —CN, —C(=O0)R?,
—NRR?, C,-C, cycloalkyl, or C,-Cy heterocycloalkyl. In
some embodiments of a compound of Formula (III), (I1la),
or (IlTb), each R® is independently halogen, C,-C alkyl,
C,-C¢ haloalkyl, or —OR“ In some embodiments of a
compound of Formula (III), (IIla), or (IIIb), each R is
independently halogen or C,-C, alkyl. In some embodi-
ments of a compound of Formula (III), (I1Ia), or (IlIb), two
R’ on the same carbon are taken together to form an oxo.

[0274] In some embodiments of a compound of Formula
(1), (I1Ia), or (Illb), r is 1 and s is 0. In some embodiments
of' a compound of Formula (III), (Illa), or (IIIb), r is 2 and
s is 0. In some embodiments of a compound of Formula (I11),
(IlTa), or (I1Ib), r is 1 and s is 1. In some embodiments of a
compound of Formula (IIT), (Illa), or (I1Ib), ris 1 and s is 2.
In some embodiments of a compound of Formula (III),
(IlTa), or (I1Ib), r is 2 and s is 1. In some embodiments of a
compound of Formula (IIT), (Illa), or (I1Ib), r is 2 and s is 2.
[0275] In some embodiments of a compound of Formula
(1), (Illa), or (I11Ib), L is a bond. In some embodiments of
a compound of Formula (IIT), (Illa), or (IIIb), L. is C,-Cgq
alkylene. In some embodiments of a compound of Formula
(111, (1l1a), or (IlIb), L is C,-C, alkylene. In some embodi-
ments of a compound of Formula (IIT), (Illa), or (IIIb), L is
C, alkylene.

[0276] In some embodiments of a compound of Formula
(1), (IIa), or (1IIb), Ring A is cyclobutyl, cyclopentyl, or
cyclohexyl. In some embodiments of a compound of For-
mula (IIT), (Il1a), or (IIIb), Ring A is cyclohexyl.

[0277] In some embodiments of a compound of Formula
(11I), (I1a), or (IIIb), L" is a bond. In some embodiments of
a compound of Formula (IIT), (Ila), or (I1Ib), L is C,-Cg
alkylene. In some embodiments of a compound of Formula
(11I), (I1Ta), or (I1Ib), L* is C,-C, alkylene. In some embodi-
ments of a compound of Formula (III), (I1a), or (I1Ib), L! is
C, alkylene.

[0278] In some embodiments of a compound of Formula
(1), (111a), or (IlTb), R* is —S(=0),NR'°R"', —C(=0)
NRlORll, 7NR10C(:NR11)NRIOR11, 4C(:NR10)R10,
—NRlOC(:NRM)RIO, —NRlO(CRlzRB)WNRlORn,
—NR'"C(=NR'")NR'’(CR'*R"?), NR'°R"!, or
—C(=NR')NR'“R'’. In some embodiments of a com-
pound of Formula (IIT), (IIla), or (IIlb), R* is —NR'°C
(=NR!)NR'R'!, —C(=NR'*)R'®, or —NR'°C(=NR™")
R'°. In some embodiments of a compound of Formula (III),
(ITa), or (IlIb), R is NR'°C(=NR*')NR'°R**.

[0279] In some embodiments of a compound of Formula
(1), (Illa), or (IlIb), each R'® and R™ is independently
hydrogen, C,-C; alkyl, C,-C haloalkyl, C;-C4 cycloalkyl,
C,-Cy heterocycloalkyl, aryl, heteroaryl, —(C,-C, alkyl)
(C;5-C4 cycloalkyl), —(C,-C4 alkyl)(C,-Cy heterocycloal-
kyl), —(C,-C; alkyl)(aryl), or —(C,-C; alkyl)(heteroaryl).
In some embodiments of a compound of Formula (III),
(IlIa), or (I1Ib), each R*° and R** is independently hydrogen,
C,-C; alkyl, C,-Cg haloalkyl, C;-Cg cycloalkyl, C,-Cq het-
erocycloalkyl, —(C, -C, alkyl)(C;-C4 cycloalkyl), —(C,-Cq
alkyl)(C,-Cy heterocycloalkyl), —(C,-C, alkyl)(aryl), or
—(C,-C4 alkyl)(heteroaryl). In some embodiments of a
compound of Formula (III), (Illa), or (IIIb), each R*® and
R is independently hydrogen, C,-C, alkyl, C,-C, haloal-
kyl, C;-C4 cycloalkyl, C,-Cg heterocycloalkyl, aryl, or het-
eroaryl. In some embodiments of a compound of Formula
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(II), (Illa), or (IlIb), each R'® and R is independently
hydrogen, C,-C4 alkyl, or C,-C, haloalkyl. In some embodi-
ments of a compound of Formula (III), (Il1a), or (I1lb), each
R'® and R™ is independently hydrogen or C,-Cy alkyl. In
some embodiments of a compound of Formula (III), (I1la),
or (I1Ib), each R'® and R is C,-C alkyl. In some embodi-
ments of a compound of Formula (III), (Il1a), or (I1Tb), each
R'® and R is hydrogen. In some embodiments of a com-
pound of Formula (IIT), (IIla), or (IIlb), R'® and R are
taken together with the nitrogen to which they are attached
to form a C,-Cg heterocycloalkyl.

[0280] In some embodiments of a compound of Formula
(II), (Illa), or (IIIb), each R'* and R'? is independently
hydrogen, halogen, —CN, —OR¢?, —NR“R?, C,-C, alkyl,
C,-C; haloalkyl, C;-Cg cycloalkyl, C,-Cq heterocycloalkyl,
aryl, or heteroaryl. In some embodiments of a compound of
Formula (1), (Illa), or (I1Ib), each R'? and R'? is indepen-
dently hydrogen, halogen, —CN, —OR?, —NRR?, C,-C;
alkyl, C,-C haloalkyl, C,-C4 cycloalkyl, or C,-Cg hetero-
cycloalkyl. In some embodiments of a compound of For-
mula (1I1), (I11a), or (I1Ib), each R'? and R*? is independently
hydrogen, halogen, —CN, —OR¢?, —NR“R?, C,-C, alkyl,
or C,-C, haloalkyl. In some embodiments of a compound of
Formula (111), (Illa), or (I1Ib), each R'? and R'? is indepen-
dently hydrogen, halogen, C,-C; alkyl, or C,-C, haloalkyl.
In some embodiments of a compound of Formula (III),
(I1Ia), or (IIIb), each R*? and R*? is independently hydrogen,
halogen, or C,-C; alkyl. In some embodiments of a com-
pound of Formula (III), (I1la), or (IIIb), each R'* and R*? is
hydrogen.

[0281] In some embodiments of a compound of Formula
(1), (Ia), or (1IIb), each R* is independently hydrogen,
C,-Cq alkyl, C,-Cq haloalkyl, C;-C, cycloalkyl, or C,-Cq
heterocycloalkyl. In some embodiments of a compound of
Formula (II), (Illa), or (IIIb), each R* is independently
hydrogen, C,-C4 alkyl, or C,-C, haloalkyl. In some embodi-
ments of a compound of Formula (III), (Il1a), or (I1lb), each
R* is independently hydrogen or C,-C; alkyl. In some
embodiments of a compound of Formula (III), (Illa), or
(IIlb), each R? is independently C,-C, alkyl. In some
embodiments of a compound of Formula (III), (Illa), or
(I1Ib), each R* is hydrogen.

[0282] In some embodiments of a compound of Formula
(IID), (I11a), or (I1Ib), each R” is independently C,-C, alkyl,
C,-Cq haloalkyl, C,-Cq cycloalkyl, or C,-C, heterocycloal-
kyl. In some embodiments of a compound of Formula (III),
(IlTa), or (IITb), each R? is independently C,-Cy alkyl, or
C,-C; haloalkyl. In some embodiments of a compound of
Formula (III), (IIla), or (IIIb), each R’ is independently
C,-Cs alkyl.

[0283] In some embodiments of a compound of Formula
(1), (IlIa), or (IIIb), each R° and R? are independently
hydrogen, C,-C; alkyl, C,-C, haloalkyl, C;-C; cycloalkyl,
or C,-C;, heterocycloalkyl. In some embodiments of a com-
pound of Formula (IIT), (I1la), or (IIIb), each R and R¥ are
independently hydrogen, C,-C; alkyl, or C,-C, haloalkyl. In
some embodiments of a compound of Formula (II1), (I1la),
or (IlIb), each R® and R¥ are independently hydrogen or
C,-C; alkyl. In some embodiments of a compound of
Formula (III), (Illa), or (1IIb), each R and R“ are indepen-
dently C,-C; alkyl. In some embodiments of a compound of
Formula (I11), (IIla), or (IIIb), each R and R¥ are hydrogen.
[0284] In some embodiments of a compound of Formula
(I1I), (I11a), or (IIIb), R° and R are taken together with the
nitrogen to which they are attached to form a C,-Cg hetero-
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cycloalkyl. In some embodiments of a compound of For- [0285] Described herein are compounds, or a pharmaceu-
mula (I1T), (Illa), or (I1Ib), R¢ and R are taken together with tically acceptable salt, solvate, or stereoisomer thereof,
the nitrogen to which they are attached to form a pyrrolidine, selected from the group consisting of a compound found in
piperidine, morpholine, or piperazine. table 1.
TABLE 1
ESI-MS (m/z)
Example Structure MW for [M + H]*
1 OH 381.49 382
COOH
2 381.49 382
3 367.46 368
COOH
4 367.46 368
5 381.49 382
COOH
6 381.49 382
7 381.49 382

NH,

COOH
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TABLE 1-continued
ESI-MS (m/z)
Example Structure MW for [M + H]*
8 OH 381.49 382

9 423.53 424
NH,

10 423.53 424
NH,

1 423.53 424
NH,

12 423.53 424

COOH
13 39552 396
14 39552 396
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TABLE 1-continued
ESI-MS (m/z)
Example Structure MW for [M + H]*
15 OH 395.52 396
S N
NH,
16 395.52 396
S{>Nm...
NH,
17 437.56 438
NH
HN%
NH,
18 437.56 438
S N
NH
HN%
NH,
19 437.56 438
/ NH
HN
NH,
20 437.56 438
S N
/ NH
HN
NH,
21 395.52

NH,
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TABLE 1-continued
ESI-MS (m/z)
Example Structure MW for [M + H]*
22 405.47 406
23 405.47 406
24 419.50 420
25 418.51 419
26 437.56 438
27 451.59 452
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TABLE 1-continued

ESI-MS (m/z)

Example Structure MW for [M + H]*
28 OH CH, 465.61 466
29 409.55 410
30 437.56 438
31 437.56 438
32 381.49 382
33 465.61 466
34 o NH 451.59 452
N.
HN
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TABLE 1-continued

23

Example Structure

ESI-MS (m/z)
MW for [M + H]*

35

36

37

38

39

40

OH

CH,

NH

NH,

NH

395.52 396
395.52 396
367.46 368
395.52 396
423.53 424
409.55 410
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TABLE 1-continued
ESI-MS (m/z)
Example Structure MW for [M + H]*
41 OH CH, 479.64 480
",
N
H
N\”/ NH,
NH
42 395.52 396
N N—
43 HN, 437.56 438
NH,
N
NH
44 NH 395.52 396
NH
45 437.60 438
N
S

NH,

46 423.53 424
N —
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TABLE 1-continued
ESI-MS (m/z)
Example Structure MW for [M + H]*
47 OH CH; 437.60 438
N
2 N{
48 HN 437.56 438
49 451.59 452
50 409.55 410
NH NH
51 NH 451.59 452
HN%
NH,

NH
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TABLE 1-continued
ESI-MS (m/z)
Example Structure MW for [M + H]*
52 NH 451.59 452
N
y NIL,
53 409.55 410
54 395.52 396
NH,
55 NH 451.59 452
NH,
56 423.57 424
NH,
57 423.57 424
NH,
58 423.57 424
NH,

W
N

Apr. 27,2023



US 2023/0127944 Al

TABLE 1-continued
ESI-MS (m/z)
Example Structure MW for [M + H]*
59 409.55 410
60 409.55 410
61 409.55 410
62 409.55 410
63 NH 465.61 466
NH,
64 NH 465.61 466
NH,

-\‘\\
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TABLE 1-continued

ESI-MS (m/z)

Example Structure MW for [M + H]*
65 NI 451.59 452
HN%
NH,
66 NI 451.59 452
HN%
NH,
67 ‘\\\NHZ 395.52 396
68 NH 451.59 452
HN
Q E
- NH
69 NH 451.59 452
HN
NH,
70 395.52 396
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TABLE 1-continued

ESI-MS (m/z)

Example Structure MW for [M + H]*
71 NH, 395.52 396
OH CH, @/
T S
/ S - NH
COOH

72 423.57 424
73 437.56 438
74 NH, 395.52 396
75 i wNH 395.52 396
76 NH, 395.52 396
395.52 396

77 G-““\NHZ
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TABLE 1-continued

ESI-MS (m/z)
Example Structure MW for [M + H]*

78 NH, 395.52 396
OH CH; O/

79 437.56 438

[0286] Described herein are compounds, or a pharmaceu- -continued
tically acceptable salt, solvate, or stereoisomer thereof,
selected from the group consisting of:

)
R

NH>,

NH

NH
C\N\( NHy,

NH
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-continued
D= O\ JNE
N NI,
COOH H
CH,
NH
=~ 1
"N NIL,
COOH H
CH,
/ S_Q""”NG JIE
N NI,
COOH "
OH - HN
NH,, and

Further Forms of Compounds Disclosed Herein

Isomers Stereoisomers

[0287] In some embodiments, the compounds described
herein exist as geometric isomers. In some embodiments, the
compounds described herein possess one or more double
bonds. The compounds presented herein include all cis,
trans, syn, anti, entgegen (E), and zusammen (7) isomers as
well as the corresponding mixtures thereof. In some situa-
tions, the compounds described herein possess one or more
chiral centers and each center exists in the R configuration,
or S configuration. The compounds described herein include
all diastereomeric, enantiomeric, and epimeric forms as well
as the corresponding mixtures thereof. In additional embodi-
ments of the compounds and methods provided herein,
mixtures of enantiomers and/or diastereoisomers, resulting
from a single preparative step, combination, or interconver-
sion are useful for the applications described herein. In some
embodiments, the compounds described herein are prepared
as their individual stereoisomers by reacting a racemic
mixture of the compound with an optically active resolving
agent to form a pair of diastereoisomeric compounds, sepa-
rating the diastereomers and recovering the optically pure
enantiomers. In some embodiments, dissociable complexes
are preferred. In some embodiments, the diastereomers have
distinct physical properties (e.g., melting points, boiling
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points, solubilities, reactivity, etc.) and are separated by
taking advantage of these dissimilarities. In some embodi-
ments, the diastereomers are separated by chiral chromatog-
raphy, or preferably, by separation/resolution techniques
based upon differences in solubility. In some embodiments,
the optically pure enantiomer is then recovered, along with
the resolving agent, by any practical means that would not
result in racemization.

Labeled Compounds

[0288] In some embodiments, the compounds described
herein exist in their isotopically-labeled forms. In some
embodiments, the methods disclosed herein include methods
of treating diseases by administering such isotopically-
labeled compounds. In some embodiments, the methods
disclosed herein include methods of treating diseases by
administering such isotopically-labeled compounds as phar-
maceutical compositions. Thus, in some embodiments, the
compounds disclosed herein include isotopically-labeled
compounds, which are identical to those recited herein, but
for the fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature.
Examples of isotopes that can be incorporated into com-
pounds disclosed herein, or a pharmaceutically acceptable
salt, solvate, or stereoisomer thereof, include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur,
fluorine and chloride, such as *H, *H, '*C, *C, *N, '®0,
170, 31p, 32p, 3*8, '3E, and *°Cl, respectively. Compounds
described herein, and pharmaceutically acceptable salts,
solvate, or stereoisomers thereof which contain the afore-
mentioned isotopes and/or other isotopes of other atoms are
within the scope of this invention. Certain isotopically-
labeled compounds, for example those into which radioac-
tive isotopes such as 3H and *C are incorporated, are useful
in drug and/or substrate tissue distribution assays. Tritiated,
ie., °H and carbon-14, i.e., '*C, isotopes are particularly
preferred for their ease of preparation and detectability.
Further, substitution with heavy isotopes such as deuterium,
i.e., 2H, produces certain therapeutic advantages resulting
from greater metabolic stability, for example increased in
vivo half-life or reduced dosage requirements. In some
embodiments, the isotopically labeled compounds, pharma-
ceutically acceptable salt, ester, prodrug, solvate, hydrate, or
derivative thereof is prepared by any suitable method.
[0289] In some embodiments, the compounds described
herein are labeled by other means, including, but not limited
to, the use of chromophores or fluorescent moieties, biolu-
minescent labels, or chemiluminescent labels.

Pharmaceutically Acceptable Salts

[0290] In some embodiments, the compounds described
herein exist as their pharmaceutically acceptable salts. In
some embodiments, the methods disclosed herein include
methods of treating diseases by administering such pharma-
ceutically acceptable salts. In some embodiments, the meth-
ods disclosed herein include methods of treating diseases by
administering such pharmaceutically acceptable salts as
pharmaceutical compositions.

[0291] In some embodiments, the compounds described
herein possess acidic or basic groups and therefore react
with any of a number of inorganic or organic bases, and
inorganic and organic acids, to form a pharmaceutically
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acceptable salt. In some embodiments, these salts are pre-
pared in situ during the final isolation and purification of the
compounds disclosed herein or by separately reacting a
purified compound in its free form with a suitable acid or
base, and isolating the salt thus formed.

[0292] Examples of pharmaceutically acceptable salts
include those salts prepared by reaction of the compounds
described herein with a mineral, organic acid, or inorganic
base, such salts including, acetate, acrylate, adipate, alg-
inate, aspartate, benzoate, benzenesulfonate, bisulfate,
bisulfite, bromide, butyrate, butyn-1,4-dioate, camphorate,
camphorsulfonate, caproate, caprylate, chlorobenzoate,
chloride, citrate, cyclopentanepropionate, decanoate, diglu-
conate, dihydrogenphosphate, dinitrobenzoate, dodecylsul-
fate, ethanesulfonate, formate, fumarate, glucoheptanoate,
glycerophosphate, glycolate, hemisulfate, heptanoate,
hexanoate, hexyne-1,6-dioate, hydroxybenzoate, y-hydroxy-
butyrate, hydrochloride, hydrobromide, hydroiodide, 2-hy-
droxyethanesulfonate, iodide, isobutyrate, lactate, maleate,
malonate, methanesulfonate, mandelate metaphosphate,
methanesulfonate, methoxybenzoate, methylbenzoate,
monohydrogenphosphate, 1-napthalenesulfonate,
2-napthalenesulfonate, nicotinate, nitrate, palmoate, pecti-
nate, persulfate, 3-phenylpropionate, phosphate, picrate,
pivalate, propionate, pyrosulfate, pyrophosphate, propiolate,
phthalate, phenylacetate, phenylbutyrate, propanesulfonate,
salicylate, succinate, sulfate, sulfite, succinate, suberate,
sebacate, sulfonate, tartrate, thiocyanate, tosylateundecon-
ate, and xylenesulfonate.

[0293] Further, the compounds described herein can be
prepared as pharmaceutically acceptable salts formed by
reacting the free base form of the compound with a phar-
maceutically acceptable inorganic or organic acid, includ-
ing, but not limited to, inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid metaphosphoric acid, and the like; and organic acids
such as acetic acid, propionic acid, hexanoic acid, cyclo-
pentanepropionic acid, glycolic acid, pyruvic acid, lactic
acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, p-toluenesulfonic acid, tartaric acid, trifluoro-
acetic acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)
benzoic acid, cinnamic acid, mandelic acid, arylsulfonic
acid, methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-
disulfonic acid, 2-hydroxyethanesulfonic acid, benzene-
sulfonic acid, 2-naphthalenesulfonic acid, 4-methylbicyclo-
[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid, 4,4'-
methylenebis-(3-hydroxy-2-ene-1-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary buty-
lacetic acid, lauryl sulfuric acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearic acid and
muconic acid. In some embodiments, other acids, such as
oxalic, while not in themselves pharmaceutically acceptable,
are employed in the preparation of salts useful as interme-
diates in obtaining the compounds disclosed herein and their
pharmaceutically acceptable acid addition salts.

[0294] In some embodiments, those compounds described
herein which comprise a free acid group react with a suitable
base, such as the hydroxide, carbonate, bicarbonate, sulfate,
of a pharmaceutically acceptable metal cation, with ammo-
nia, or with a pharmaceutically acceptable organic primary,
secondary, tertiary, or quaternary amine. Representative
salts include the alkali or alkaline earth salts, like lithium,
sodium, potassium, calcium, and magnesium, and aluminum
salts and the like. Illustrative examples of bases include
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sodium hydroxide, potassium hydroxide, choline hydroxide,
sodium carbonate, N*(C, _, alkyl),, and the like.

[0295] Representative organic amines useful for the for-
mation of base addition salts include ethylamine, diethyl-
amine, ethylenediamine, ethanolamine, diethanolamine,
piperazine, and the like. It should be understood that the
compounds described herein also include the quaternization
of any basic nitrogen-containing groups they contain. In
some embodiments, water or oil-soluble or dispersible prod-
ucts are obtained by such quaternization.

Solvates

[0296] In some embodiments, the compounds described
herein exist as solvates. The invention provides for methods
of treating diseases by administering such solvates. The
invention further provides for methods of treating diseases
by administering such solvates as pharmaceutical composi-
tions.

[0297] Solvates contain either stoichiometric or non-stoi-
chiometric amounts of a solvent, and, in some embodiments,
are formed during the process of crystallization with phar-
maceutically acceptable solvents such as water, ethanol, and
the like. Hydrates are formed when the solvent is water, or
alcoholates are formed when the solvent is alcohol. Solvates
of the compounds described herein can be conveniently
prepared or formed during the processes described herein.
By way of example only, hydrates of the compounds
described herein can be conveniently prepared by recrystal-
lization from an aqueous/organic solvent mixture, using
organic solvents including, but not limited to, dioxane,
tetrahydrofuran or methanol. In addition, the compounds
provided herein can exist in unsolvated as well as solvated
forms. In general, the solvated forms are considered equiva-
lent to the unsolvated forms for the purposes of the com-
pounds and methods provided herein.

Tautomers

[0298] In some situations, compounds exist as tautomers.
The compounds described herein include all possible tau-
tomers within the formulas described herein. Tautomers are
compounds that are interconvertible by migration of a
hydrogen atom, accompanied by a switch of a single bond
and adjacent double bond. In bonding arrangements where
tautomerization is possible, a chemical equilibrium of the
tautomers will exist. All tautomeric forms of the compounds
disclosed herein are contemplated. The exact ratio of the
tautomers depends on several factors, including tempera-
ture, solvent, and pH.

Preparation of Compounds

[0299] Described herein are compounds, or a pharmaceu-
tically acceptable salt, solvate, or stereoisomer thereof use-
ful in the treatment of bacterial infections and processes for
their preparation. In some embodiments, compounds
described herein, or a pharmaceutically acceptable salt,
solvate, or stereoisomer thereof are synthesized using stan-
dard synthetic reactions known to those of skill in the art or
using methods known in the art. The reactions can be
employed in a linear sequence to provide the compounds or
they may be used to synthesize fragments which are subse-
quently joined by the methods known in the art. In some
embodiments, the starting material used for the synthesis of
the compounds described herein are synthesized or are
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obtained from commercial sources, such as, but not limited
to, Aldrich Chemical Co. (Milwaukee, Wis.), Bachem (Tor-
rance, Calif.), or Sigma Chemical Co. (St. Louis, Mo.). In
some embodiments, the compounds described herein, and
other related compounds having different substituents are
synthesized using techniques and materials known to those
of skill in the art, such as described, for example, in March,
ADvANCED OrGanic CremisTRy 4% Ed., (Wiley 1992); Carey
and Sundberg, Apvancep Orcanic CHEMISTRY 47 Ed., Vols. A
and B (Plenum 2000, 2001); Green and Wuts, ProTECTIVE
Groups IN OrGanic Syntrests 377 Ed., (Wiley 1999); Fieser
and Fieser’s Reagents for Organic Synthesis, Volumes 1-17
(John Wiley and Sons, 1991); Rodd’s Chemistry of Carbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Sci-
ence Publishers, 1989); Organic Reactions, Volumes 1-40
(John Wiley and Sons, 1991); and Larock’s Comprehensive
Organic Transformations (VCH Publishers Inc., 1989), all of
which are incorporated by reference for such disclosures. In
some embodiments, general methods for the preparation of
compound as disclosed herein are derived from known
reactions in the field, and the reactions are modified by the
use of appropriate reagents and conditions, as would be
recognized by the skilled person, for the introduction of the
various moieties found in the formulae as provided herein.
[0300] Insome embodiments, the products of the reactions
are isolated and purified, if desired, using conventional
techniques, including, but not limited to, filtration, distilla-
tion, crystallization, chromatography, and the like. In some
embodiments, such materials are characterized using con-
ventional means, including physical constants and spectral
data.

Pharmaceutical Compositions/Formulations

[0301] In another aspect, provided herein are pharmaceu-
tical compositions comprising a compound describe herein,
or a pharmaceutically acceptable salt, solvate, or stereoiso-
mer thereof, and at least one pharmaceutically acceptable
excipient. Pharmaceutical compositions are formulated in a
conventional manner using one or more pharmaceutically
acceptable excipients that facilitate processing of the active
compounds into preparations that can be used pharmaceu-
tically. Proper formulation is dependent upon the route of
administration chosen. A summary of pharmaceutical com-
positions described herein can be found, for example, in
Remington: The Science and Practice of Pharmacy, Nine-
teenth Ed (Easton, Pa.: Mack Publishing Company, 1995);
Hoover, John E., Remington’s Pharmaceutical Sciences,
Mack Publishing Co., Easton, Pa. 1975; Liberman, H. A. and
Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel
Decker, New York, N.Y., 1980; and Pharmaceutical Dosage
Forms and Drug Delivery Systems, Seventh Ed. (Lippincott
Williams & Wilkins 1999), herein incorporated by reference
for such disclosure.

[0302] In some embodiments, the pharmaceutically
acceptable excipient is selected from carriers, binders, filling
agents, suspending agents, flavoring agents, sweetening
agents, disintegrating agents, dispersing agents, surfactants,
lubricants, colorants, diluents, solubilizers, moistening
agents, plasticizers, stabilizers, penetration enhancers, wet-
ting agents, anti-foaming agents, antioxidants, preservatives,
and any combinations thereof.

[0303] The pharmaceutical compositions described herein
are administered to a subject by appropriate administration
routes, including, but not limited to, oral, parenteral (e.g.,
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intravenous, subcutaneous, intramuscular), intranasal, buc-
cal, topical, rectal, or transdermal administration routes. The
pharmaceutical formulations described herein include, but
are not limited to, aqueous liquid dispersions, liquids, gels,
syrups, elixirs, slurries, suspensions, self-emulsifying dis-
persions, solid solutions, liposomal dispersions, aerosols,
solid oral dosage forms, powders, immediate release formu-
lations, controlled release formulations, fast melt formula-
tions, tablets, capsules, pills, powders, dragees, effervescent
formulations, lyophilized formulations, delayed release for-
mulations, extended release formulations, pulsatile release
formulations, multiparticulate formulations, and mixed
immediate and controlled release formulations.

[0304] Pharmaceutical compositions including com-
pounds described herein, or a pharmaceutically acceptable
salt, solvate, or stereoisomer thereof are manufactured in a
conventional manner, such as, by way of example only, by
means of conventional mixing, dissolving, granulating, dra-
gee-making, levigating, emulsifying, encapsulating, entrap-
ping, or compression processes.

[0305] Pharmaceutical compositions for oral use are
obtained by mixing one or more solid excipient with one or
more of the compounds described herein, optionally grind-
ing the resulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries, if desired, to
obtain tablets or dragee cores. Suitable excipients include,
for example, fillers such as sugars, including lactose,
sucrose, mannitol, or sorbitol; cellulose preparations such
as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methylcellulose,
microcrystalline cellulose, hydroxypropylmethylcellulose,
sodium carboxymethylcellulose; or others such as polyvi-
nylpyrrolidone (PVP or povidone) or calcium phosphate. If
desired, disintegrating agents are added, such as the cross-
linked croscarmellose sodium, polyvinylpyrrolidone, agar,
or alginic acid or a salt thereof such as sodium alginate. In
some embodiments, dyestuffs or pigments are added to the
tablets or dragee coatings for identification or to characterize
different combinations of active compound doses.

[0306] Pharmaceutical compositions that are administered
orally include push-fit capsules made of gelatin, as well as
soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. The push-fit capsules contain the
active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft cap-
sules, the active compounds are dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In some embodiments, stabilizers are
added.

[0307] Pharmaceutical compositions for parental use are
formulated as infusions or injections. In some embodiments,
the pharmaceutical composition suitable for injection or
infusion includes sterile aqueous solutions, or dispersions, or
sterile powders comprising a compound described herein, or
a pharmaceutically acceptable salt, solvate, or stereoisomer
thereof. In some embodiments, the pharmaceutical compo-
sition comprises a liquid carrier. In some embodiments, the
liquid carrier is a solvent or liquid dispersion medium
comprising, for example, water, saline, ethanol, a polyol (for
example, glycerol, propylene glycol, liquid polyethylene
glycols, and the like), vegetable oils, nontoxic glyceryl
esters, and any combinations thereof. In some embodiments,
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the pharmaceutical compositions further comprise a preser-
vative to prevent growth of microorganisms.

Combination Treatment

[0308] Disclosed herein are combinations of compounds
described herein, or a pharmaceutically acceptable salt,
solvate, or stereoisomer thereof with one or more antibiotics
for the treatment of bacterial infections. In some embodi-
ments, the antibiotic is administered by a route and in an
amount commonly used, therefore, contemporaneously or
sequentially with a compound described herein, or a phar-
maceutically acceptable salt, solvate, or stereoisomer
thereof. When a compound described herein, or a pharma-
ceutically acceptable salt, solvate, or stereoisomer thereof is
used contemporaneously with one or more antibiotics, a
pharmaceutical composition in unit dosage form containing
such other drugs and the compound of the present disclosure
is optionally used. In some embodiments, the combination
therapy also includes therapies in which the compound
described herein, or a pharmaceutically acceptable salt,
solvate, or stereoisomer thereof and one or more antibiotic
are administered on different overlapping schedules. In
some embodiments, when used in combination with one or
more antibiotics, the compound described herein, or a phar-
maceutically acceptable salt, solvate, or stereoisomer
thereof is used in lower doses than when each is used singly.
[0309] In some embodiments, the one or more antibiotics
are beta-lactam antibiotics. In certain embodiments, the
beta-lactam antibiotic is a penicillin, a penem, a carbape-
nem, a cephalosporin, a cephamycin, a monobactam, or
combinations thereof. Penicillins include, but are not limited
to, amoxicillin, ampicillin, azidocillin, azlocillin, bacampi-
cillin, benzathinebenzylpenicillin, benzathinephenoxymeth-
ylpenicillin, benzylpenicillin (G), carbenicillin, carindacil-
lin, clometocillin, cloxacillin, dicloxacillin, epicillin,
flucloxacillin, hetacillin, mecillinam, metampicillin, meti-
cillin, mezlocillin, nafcillin, oxacillin, penamecillin, phe-
neticillin, phenoxymethylpenicillin (V), piperacillin, pivam-
picillin,  pivmecillinam, procaine  benzylpenicillin,
propicillin, sulbenicillin, talampicillin, temocillin, ticarcil-
lin, or any combinations thereof. Penems include, but are not
limited to, faropenem. Carbapenems include, but are not
limited to, biapenem, ertapenem, doripenem, imipenem,
meropenem, panipenem, or any combinations thereof.
Cephalosprins/cephamycins include, but are not limited to,
cefacetrile, cefaclor, cefadroxil, cefalexin, cefaloglycin,
cefalonium, cefaloridine, cefalotin, cefamandole, cefapirin,
cefatrizine, cefazaflur, cefazedone, cefazolin, cefbupera-
zone, cefcapene, cefdaloxime, cefdinir, cefditoren,
cefepime, cefetamet, cefixime, cefinenoxime, cefinetazole,
cefminox, cefodizime, cefonicid, cefoperazone, ceforanide,
cefotaxime, cefotetan, cefotiam, cefovecin, cefoxitin, cefo-
zopran, cefpimizole, cefpiramide, cefpirome, cefpodoxime,
cefprozil, cefquinome, cefquinome, cefradine, cefroxadine,
cefsulodin, ceftarolinefosamil, ceftazidime, cefteram, ceft-
ezole, ceftibuten, ceftiofur, ceftiolene, ceftizoxime, ceftobi-
prole, ceftriaxone, cefuroxime, cefuzonam, flomoxef, lata-
moxef, loracarbef, or any combinations thereof.
Monobactams include, but are not limited to, aztreonam,
carumonam, nocardicin A, tigemonam, or any combinations
thereof.

[0310] Also disclosed herein, are combination of com-
pounds described herein, or a pharmaceutically acceptable
salt, solvate, or stereoisomer thereof with one or more
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beta-lactamase inhibitors for the treatment of bacterial infec-
tions. In some embodiments, the beta-lactamase inhibitor is
VNRX-5133 (taniborbactam), clavulanic acid, sulbactam,
tazobactam, or any combinations thereof. In some embodi-
ments, the beta-lactamase inhibitor is VNRX-5133 (tanibor-
bactam).

[0311] Also disclosed herein, are combination of com-
pounds described herein, or a pharmaceutically acceptable
salt, solvate, or stereoisomer thereof with one or more non
beta-lactam beta-lactamase inhibitors for the treatment of
bacterial infections. In some embodiments, the non beta-
lactam beta-lactamase inhibitor is avibactam, relebactam, or
any combinations thereof.

Administration of Pharmaceutical Composition

[0312] Suitable routes of administration include, but are
not limited to, oral, intravenous, rectal, aerosol, parenteral,
ophthalmic, pulmonary, transmucosal, transdermal, vaginal,
otic, nasal, and topical administration. In addition, by way of
example only, parenteral delivery includes intramuscular,
subcutaneous, intravenous, intramedullary injections, as
well as intrathecal, direct intraventricular, intraperitoneal,
intralymphatic, and intranasal injections.

[0313] In some embodiments, compounds described
herein, or a pharmaceutically acceptable salt, solvate, or
stereoisomer thereof and compositions thereof are adminis-
tered in any suitable manner. The manner of administration
can be chosen based on, for example, whether local or
systemic treatment is desired, and on the area to be treated.
For example, the compositions can be administered orally,
parenterally (e.g., intravenous, subcutaneous, intraperito-
neal, or intramuscular injection), by inhalation, extracorpo-
really, topically (including transdermally, ophthalmically,
vaginally, rectally, intranasally) or the like.

[0314] Parenteral administration of the composition, if
used, is generally characterized by injection. Injectables can
be prepared in conventional forms, either as liquid solutions
or suspensions, solid forms suitable for solution of suspen-
sion in liquid prior to injection, or as emulsions. A more
recently revised approach for parenteral administration
involves use of a slow release or sustained release system
such that a constant dosage is maintained.

Assays for Antibacterial Activity

[0315] Assays for the inhibition of bacterial growth are
well known in the art.

Methods

[0316] Disclosed herein are methods of treating a bacterial
infection in a subject, comprising administering to the
subject an effective amount of'a compound described herein,
or a pharmaceutically acceptable salt, solvate, or stereoiso-
mer thereof. Also disclosed herein are methods of treating a
bacterial infection in a subject, comprising administering to
the subject a pharmaceutical composition comprising an
effective amount of a compound described herein, or a
pharmaceutically acceptable salt, solvate, or stereoisomer
thereof. In some embodiments, the bacterial infection is
caused by gram-negative bacteria. In some embodiments,
the bacterial infection is caused by multidrug-resistant
(MDR) bacteria. In some embodiments, the bacterial infec-
tion is caused by carbapenem resistant Enterobacteriaceae
(CRE). In some embodiments, the bacterial infection is
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caused by an aerobic bacteria. In some embodiments, the
bacterial infection is caused by an anaerobic bacteria. In
some embodiments, the bacterial infection is an upper or
lower respiratory tract infection, a urinary tract infection, an
intra-abdominal infection, a skin infection, or septicemia.

[0317]
caused by a bacteria that include Pseudomonas aeruginosa,

In some embodiments, the bacterial infection is

Pseudomonas  fluorescens, Pseudomonas acidovorans,
Pseudomonas alcaligenes, Pseudomonas putida, Stenotro-
phomonas maltophilia, Burkholderia cepacia, Aeromonas
hydrophilia, Escherichia coli, Citrobacter freundii, Salmo-
nella typhimurium, Salmonella typhi, Salmonella paratyphi,
Shigella Shigella

fexneri, Shigella sonnei, Enterobacter cloacae, Entero-

Salmonella enteritidis, dysenteriae,
bacter aerogenes, Klebsiella pneumoniae, Klebsiella oxy-
toca, Serratia marcescens, Francisella tularensis, Morgan-
ella  morganii, Proteus mirabilis, Proteus vulgaris,
Providencia alcalifaciens, Providencia rettgeri, Providencia
stuartii, Acinetobacter baumannii, Acinetobacter calcoace-
ticus, Acinetobacter haemolyticus, Yersinia enterocolitica,
Yersinia pestis, Yersinia pseudotuberculosis, Yersinia inter-
media, Bordetella pertussis, Bordetella parapertussis, Bor-
detella bronchiseptica, Haemophilus influenzae, Haemophi-
lus parainfluenzae, Haemophilus haemolyticus,
Haemophilus parahaemolyticus, Haemophilus ducreyi, Pas-
teurella multocida, Pasteurella haemolytica, Branhamella
catarrhalis, Helicobacter pylori, Campylobacter fetus,
Campylobacter jejuni, Campylobacter coli, Borrelia burg-
dorferi, Vibrio cholerae, Vibrio parahaemolyticus, Legion-
ella pneumophila, Listeria monocytogenes, Neisseria gon-
orrhoeae, Neisseria meningitidis, Kingella, Moraxella,
Gardnerella vaginalis, Bacteroides fragilis, Bacteroides dis-
tasonis, Bacteroides 3452A homology group, Bacteroides
vulgatus, Bacteroides ovalus, Bacteroides thetaiotaomicron,
Bacteroides uniformis, Bacteroides eggerthii, Bacteroides
splanchnicus, Clostridium difficile, Mycobacterium tubercu-
losis, Mycobacterium avium, Mycobacterium intracellulare,
leprae,

Mycobacterium Corynebacterium  diphtheriae,

Corynebacterium ulcerans, Streptococcus prneumoniae,
Streptococcus agalactiae, Streptococcus pyogenes, Entero-
coccus faecalis, Enterococcus faecium, Staphylococcus
aureus, Staphylococcus epidermidis, Staphylococcus sapro-
phyticus, Staphylococcus intermedius, Staphylococcus hyi-
cus subsp. hyicus, Staphylococcus haemolyticus, Staphylo-

coccus hominis, or Staphylococcus saccharolyticus.
[0318] In some embodiments, the infection that is treated
is caused by a bacteria that includes Pseudomonas aerugi-
nosa, Pseudomonas fluorescens, Stenotrophomonas malto-
philia, Escherichia coli, Citrobacter freundii, Salmonella
typhimurium, Salmonella typhi, Salmonella paratyphi, Sal-

monella enteritidis, Shigella dysenteriae, Shigella flexneri,

Shigella sonnei, Enterobacter cloacae, Enterobacter aero-
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genes, Klebsiella pneumoniae, Klebsiella oxytoca, Serratia
marcescens, Acinetobacter calcoaceticus, Acinetobacter

haemolyticus, Yersinia enterocolitica, Yersinia pestis,

Yersinia pseudotuberculosis, Yersinia intermedia, Haemo-
philus influenzae, Haemophilus parainfluenzae, Haemophi-
lus haemolyticus, Haemophilus parahaemolyticus, Helico-
bacter pylori, Campylobacter fetus, Campylobacter jejuni,
Campylobacter coli, Vibrio cholerae, Vibrio parahaemolyti-
cus, Legionella pneumophila, Listeria monocytogenes, Neis-
seria gonorrhoeae, Neisseria meningitidis, Moraxella,
Bacteroides fragilis, Bacteroides vulgatus, Bacteroides
ovalus, Bacteroides thetaiotaomicron, Bacteroides unifor-

mis, Bacteroides eggerthii, or Bacteroides splanchnicus.

[0319] Also disclosed herein are methods for inhibiting
bacterial growth, such methods comprising contacting a
bacterial cell culture, or a bacterially infected cell culture,
tissue, or organism, with a carbapenem derivative described
herein. Preferably, the bacteria to be inhibited by adminis-
tration of a compound described herein, or a pharmaceuti-
cally acceptable salt, solvate, or stercoisomer thereof are
bacteria that are resistant to beta-lactam antibiotics. The
term “resistant” is well-understood by those of ordinary skill
in the art (see, e g Payne et al., Antimicrobial Agents and
Chemotherapy 38 767-772 (1994), Hanaki et al., Antimicro-
bial Agents and Chemotherapy 30 1120-1126 (1995)).

[0320] These methods are useful for inhibiting bacterial
growth in a variety of contexts. In certain embodiments, a
compound described herein, or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof is administered to
an experimental cell culture in vitro to prevent the growth of
beta-lactam resistant bacteria. In certain some embodiments,
a compound described herein, or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof is administered to
a mammal, including a human to prevent the growth of
beta-lactam resistant bacteria in vivo. The method according
to this embodiment comprises administering a therapeuti-
cally effective amount of a compound described herein, or a
pharmaceutically acceptable salt, solvate, or stereoisomer
thereof for a therapeutically effective period of time to a
mammal, including a human.

EXAMPLES

General Examples for the Preparation of
Compounds

[0321] The starting materials and intermediates for the
compounds of this invention may be prepared by the appli-
cation or adaptation of the methods described below, their
obvious chemical equivalents, or, for example, as described
in literature such as The Science of Synthesis, Volumes 1-8.
Editors E. M. Carreira et al. Thieme publishers (2001-2008).
The use of protective groups may be as described in meth-
odology compendia such as Greene’s Protective Groups in
Organic Synthesis, Fourth Edition. John Wiley & Sons, Inc.
2006.
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[0322]

ceutically acceptable salt, solvate, or stereoisomer thereof

Certain compounds described herein, or a pharma-

(SCHEME 1) are prepared from the corresponding func-
tional-group-protected beta-lactams 1.1 or 1.2 by hydroge-
nation in the presence of a catalyst such as platinum on
carbon, at a temperature between 0° C. and 10° C., followed
by purification of the crude products by flash chromatogra-
phy on MCI GEL CHP20P.

SCHEME 1
OH

H

s ®5), (R,

' X s

S N—L— A +PNZ
N
COOPNB
1.1 H,

B
catalyst

1.2
N T R,
>—: A
K Mo PNZ
31
NH
\ reducing agent
\
st R,
21 2T e
O=|: A H
“—--XPNZ
32

3.lor3.2

reducing agent
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-continued

Formula (I)

COOH

Formula (II)

[0323] The functional-group-protected intermediates may
be prepared according to the route outlined in SCHEME 2.
Amino-thiols 2.1, 5, and 6 were each coupled with carbonyl
compounds 3 in the presence of a reducing reagent such as
sodium triacetoxyborohydride to give the thiols 4. Thiols 4
were then utilized for substitution reactions with the known
and commercially available enol phosphate 7 in the presence
of a base such as diisopropylethylamine (DIEA). Amino-
thiols 2.1, 5 and 6, and the carbonyl compounds 3 may be
obtained from commercial sources, prepared according to
known methods in the literature, or prepared by a number of
different reaction sequences such as those outlined in the
Synthetic Examples below.

SCHEME 2
AN e B
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Synthetic Examples Step 1. Synthesis of tert-butyl
3-hydroxyazetidine-1-carboxylate
[0324] The following preparations of compounds [0326]
described herein, or a pharmaceutically acceptable salt,
solvate, or stereoisomer thereof and intermediates are given HO. HO,
(Boc),O
to enable those of skill in the art to more clearly understand N|
NH N
and to practice the present invention. They should not be Hel Boc
considered as limiting the scope of the invention, but merely
[0327] 3-Hydroxyazetidine hydrochloride (30 g, 273.9

as illustrative and representative thereof.

Example 1: (4R,58,68)-3-((1-((1s,3S)-3-(aminom-
ethyl)cyclobutyl)azetidin-3-yl)thio)-6-((R)-1-hy-
droxyethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0325]

mmol) was dissolved in MeOH (600 mL). Then, TEA (118
ml, 83 g, 821.9 mmol) was added dropwise, and di-tert-
butyl decarbonate (59.7 g, 273.9 mmol) was added in
portions at 0° C. The reaction mixture was stirred at room
temperature for 16 hrs. The resulting mixture was diluted
with DCM, washed with water. The organic layer was dried
over Na,SO,, concentrated under vacuum to give a yellow
oil, 37 g, yield: 87.2%. ESI-MS m/z 174 (M+H)™".

Step 2. Synthesis of tert-butyl
3-((methylsulfonyl)oxy)azetidine-1-carboxylate

[0328]

MsCl, EgN
_—_—
DCM, 0° C.~RT
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[0329] The resulting product from Step 1 (37 g, 212.6
mmol) was dissolved in dichloromethane (400 mL) under
N,, then triethylamine (46 mlL, 32 g, 318.9 mmol) was
added, the resulting solution was cooled in an ice-bath, and
methylsulfonyl chloride (25.4 g, 223.2 mmol) was added
dropwise over 15 min. The reaction was stirred at 0° C. for
0.5 hr, then the ice bath was removed, and the mixture was
allowed to warm to room temperature and stir for 5 hrs. The
resulting mixture was diluted with DCM, washed with
NaHCO;(aq), dried over Na,SO,, concentrated under
vacuum to give a yellow oil, 50 g, yield: 89.1%. ESI-MS m/z
252 (M+H)".

Step 3. Synthesis of tert-butyl
3-(acetylthio)azetidine-1-carboxylate

[0330]
MsO, AcS
—_—
N acetone, 60° C. N
AN overnight AN
Boc Boc
[0331] The resulting product from Step 2 (50 g, 198.4

mmol) was dissolved in DMF (800 mL.), potassium thioac-
etate (45.2 g, 396.8 mmol) was added, and the reaction
mixture was heated at 60° C. for 30 hrs. The resulting
mixture was filtered. The filtrate was diluted with DCM,
washed with water, dried over Na,SO,, concentrated under
vacuum. The residue was purified by flash chromatography
on silica gel (PE/EA=1:1) to give a yellow oil, 34 g, 45.9%.
ESI-MS m/z 232 (M+H)*.

Step 4. Synthesis of tert-butyl
3-mercaptoazetidine-1-carboxylate

[0332]
AcS HS
B
MeOH, 50° C. N,
N\ eUH, N
Boc Boc
[0333] To a solution of the above product from Step 3 (34

g, 146.5 mmol) in methanol (300 mL.) was added potassium
carbonate (40.4 g, 293 mmol). The reaction mixture was
stirred at 50° C. under Argon for 2 h, then cooled in ice-bath,
acidified with 1 N HCI to pH 4-5, extracted with diethyl
ether. The organic extracts were combined, washed with
water, brine, dried over Na,SO,, and concentrated in vacuo
to give the crude thiol, which was used directly for the next
step without further purification, 33 g crude product. ESI-
MS m/z 190 (M+H)".
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Step 5. Synthesis of azetidine-3-thiol, trifluoroacetic

acid salt
[0334]
HS
HS
b TFA, DCM, RT \
—_—
N
\ NH

Boce TFA

[0335] The above crude product from Step 4 was dis-
solved in DCM (600 mL), treated with TFA (150 mL) at 0°
C. for 1 h, and then was warmed to room temperature and
stir for 5 hrs. The resulting mixture was concentrated in
vacuo to give the crude product as a TFA salt, which was
used directly for the next step without further purification.
40 g, crude product. ESI-MS m/z 90 (M+H)*.

Step 6. Synthesis of 4-nitrobenzyl
(((1r,3r)-3-hydroxycyclobutyl)methyl)carbamate

[0336]
NO,
c1\”/o
HO, 0
h NayCO3, water
. dioxane, 0° C.
", -NH,
HCl
HOI
HN,
N
PNZ
[0337] To a solution of (1r,3r)-3-(aminomethyl)cyclobu-

tan-1-ol hydrochloride (2 g, 14.5 mmol) in water (15 mL)
and dioxane (30 mL) was added sodium carbonate (3.1 g, 29
mmol), and the resulting solution was cooled to 0° C. (N,)
and then treated with 4-nitrobenzyl carbonochloridate (3.1 g,
14.5 mmol). The resulting mixture was stirred at 0° C. for
0.5 hr, then warmed to room temperature and stirred for 12
hrs. The resulting mixture was quenched by water, extracted
with EA, dried over Na,SO,, concentrated under vacuum to
give a white solid, 3.5 g, yield: 85.7%. ESI-MS m/z 281
(M+H)*".
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Step 7. Synthesis of 4-nitrobenzyl
((3-oxocyclobutyl)methyl)carbamate

[0338]
HO, O,
O o
7 DCM, RT
HN\ HN\
PNZ PNZ
[0339] The product of 4-nitrobenzyl (((1r,3r)-3-hydroxy-

cyclobutyl)methyl)carbamate from Step 6 (3.5 g, 12.4
mmol) was oxidized with PCC (5.37 g, 24.9 mmol) in DCM
(60 mL) at rt for 5 h, diluted with DCM, filtered through a
Florisil column, the filtrate was concentrated under vacuum.
The residue was purified by flash chromatography on silica
gel (PE/EA=1:3) to afford a white solid, 2.8 g, yield: 80.7%.
ESI-MS m/z 279 (M+H)*.

Step 8. Synthesis of 4-nitrobenzyl
((3-oxocyclobutyl)methyl)carbamate

[0340]

Y%

EH TFA

NaBH(OAc);
1,2- dlchloroetha.ne
°C.~RT

ﬂ i
PNZ
\O ul,/
N H
\C \O\/N\PNZ

[0341] To a solution of 4-nitrobenzyl ((3-oxocyclobutyl)
methyl)carbamate (2.8 g, 10.0 mmol), azetidine-3-thiol,
trifluoroacetic acid salt from Step 5 (crude, 20.0 mmol) in
1,2-dichloroethane (50 mL) was added sodium triacetoxy-
borohydride (4.24 g, 20.0 mmol). The reaction mixture was
stirred at rt overnight, diluted with DCM, washed with
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saturated aqueous NaHCO,;, dried over Na,SO,, concen-
trated in vacuo. The residue was purified by flash chroma-
tography on silica gel (EA/MeOH=10:1) to afford two
isomeric products, a less polar one (0.9 g) and more polar
one (1.0 g). ESI-MS mv/z 352 (M+H)* for both isolated
isomers.

Step 9. Synthesis of (4R,5S,65)-6-((R)-1-hydroxy-
ethyl)-4-methyl-3-((1-((1,3R)-3-(((((4-nitrobenzyl)
oxy)carbonyl)amino)methyl)cyclobutyl)azetidin-3-
yDthio)-7-0x0-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic 4-nitrobenzoic anhydride

[0342]

DIPEA, MeCN

—_—

N,, 0° C.

[0343] To 4-nitrobenzyl (((1s,3s)-3-(3-mercaptoazetidin-
1-yDeyclobutyl)methyl)carbamate (more polar isomer, 1.0
g, 2.84 mmol), and 4-nitrobenzyl (4R,5R,6S)-3-((diphe-
noxyphosphoryl)oxy)-6-((R)-1-hydroxyethyl)-4-methyl-7-
oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (1.68 g,
2.84 mmol) was add dry acetonitrile (20 mL) under Argon
at 0° C., followed by diisopropylethylamine (1.05 mL., 5.68
mmol). The reaction mixture was stirred at room tempera-
ture for 12 h, then concentrated. The residue was purified
twice by flash chromatography on silica gel (EA/MeOH=10:
1) to yield the product (800 mg, 40.5%). ESI-MS m/z 696
M+H)™.

Step 10. Synthesis of (4R,5S,6S)-3-((1-((1s,35)-3-
(aminomethyl)cyclobutyl)azetidin-3-y1)thio)-6-((R)-
1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid
[0344]

HN—PNZ

O

Phosphate buffer

—_—
THF/iPrOH, Pt/C
0° C~RT
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[0345] The above product (400 mg, 0.57 mmol) in THF (6
mL), iPrOH (6 mL), and phosphate buffer (pH 7, 12 mL)
was hydrogenated in the presence of 5% Pt/C (200 mg) in
ice-bath for 1 h. Then, the reaction mixture was stirred at
room temperature for 12 hrs. The reaction mixture was
filtered through a pad of celite, washed with small amount
of water and EtOAc. The aqueous layer was separated,
washed with EtOAc, then purified by flash chromatography
on MCI GEL CHP20P (0-10% aqueous THF) followed by
lyophilized to yield the product (60 mg). ESI-MS m/z 382
M+H)*".

Example 2: (4R,58,68)-3-((1-((1r,3R)-3-(aminom-
ethyl)cyclobutyl)azetidin-3-yl)thio)-6-((R)-1-hy-
droxyethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0346]

[0347] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
(((11,3r)-3-(3-mercaptoazetidin-1-yl)cyclobutyl)methyl)car-
bamate (less polar isomer from Example 1, Step 8) was
converted to the target compound. ESI-MS m/z 382
(M+H)™.

Example 3: (4R,58,68)-3-((1-((1s,3S)-3-aminocy-
clobutyl)azetidin-3-yl)thio)-6-((R)-1-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0348]

[0349] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl

((1s,35)-3-(3-mercaptoazetidin-1-yl)cyclobutyl)carbamate
(more polar isomer prepared from 3-aminocyclobutan-1-o0l
via Steps 6, 7 and 8 of Example 1) was converted to the
target compound. ESI-MS m/z 368 (M+H)*.

Example 4: (4R,58,68)-3-((1-((1r,3R)-3-aminocy-
clobutyl)azetidin-3-yl)thio)-6-((R)-1-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0350]

[0351] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1r,3r)-3-(3-mercaptoazetidin-1-yl)cyclobutyl)carbamate
(less polar isomer from Example 3) was converted to the
target compound. ESI-MS m/z 368 (M+H)™".

Example 5: (4R,58,68)-3-((1-((1S,3S)-3-aminocy-
clopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0352]

[0353] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((18,35)-3-(3-mercaptoazetidin-1-yl)cyclopentyl)carbamate
(less polar isomer prepared from (1S,3S)-3-aminocyclopen-
tan-1-ol via Steps 6, 7 and 8 of Example 1) was converted
to the target compound. ESI-MS m/z 382 (M+H)".
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Example 6: (4R,5S,68)-3-((1-((1R,3S)-3-aminocy-
clopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0354]

N,

[0355] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,38)-3-(3-mercaptoazetidin-1-yl)cyclopentyl)carbam-
ate (more polar isomer from Example 5) was converted to
the target compound. ESI-MS m/z 382 (M+H)*.

Example 7: (4R,58S,68)-3-((1-((1S,3R)-3-aminocy-
clopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0356]

2

NH,

[0357] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1S,3R)-3-(3-mercaptoazetidin-1-yl)cyclopentyl)carbam-
ate (more polar isomer prepared from (1S,3R)-3-aminocy-
clopentan-1-0l via Steps 6, 7 and 8 of Example 1) was
converted to the target compound. ESI-MS m/z 382
(M+H)™.

Example 8: (4R,58,68)-3-((1-((1R,3R)-3-aminocy-
clopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0358]

41
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[0359] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,3R)-3-(3-mercaptoazetidin-1-yl)cyclopentyl)carbam-
ate (less polar isomer from Example 7) was converted to the
target compound. ESI-MS m/z 382 (M+H)*.

Example 9: (4R,58,65)-3-((1-((1S,3R)-3-guanidino-
cyclopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-

ene-2-carboxylic acid
[0360]

QL

Step 1. Synthesis of
1-((1R,38)-3-hydroxycyclopentyl)guanidine,
bis(4-nitrophenylmethyl) ester

[0361]
HO N—PNZ
AN 4 HgCl,, TEA
+ § —_—
N DCM, RT
NH, Spnz
HO,
N—PNZ
HN

HN—PNZ
[0362] To a solution of (1S,3R)-3-aminocyclopentan-1-ol

(1 g, 7.27 mmol) in DCM (60 mL) was added 2-methyl-2-
thiopseudourea protected by PNZ (3.26 g, 7.27 mmol),
thiethylamine (2.2 g, 21.78 mmol), and HgCl, 2 g, 7.27
mmol). The reaction mixture was stirred at room tempera-
ture overnight, filtered, the filtrate was washed with satu-
rated aqueous NH,Cl, water and brine, dried over Na,SO,,
concentrated in vacuo. The residue was purified by flash
chromatography on silica gel (PE/EA=10:1-2:1) to afford
the product, 2.5 g, 69.4%. ESI-MS m/z 502 (M+H)".

Step 2. Synthesis of (4R,5S,65)-3-((1-((1S,3R)-3-

guanidinocyclopentyl)azetidin-3-yl)thio)-6-((R)-1-

hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0363]
PNZ
N~ .
HO )l\ PNZ >
N N7
i i
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-continued

-QI

72}

NH,

Tz

[0364] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1R,3S)-3-(3-
mercaptoazetidin-1-yl)cyclopentyl)guanidine, bis(4-nitrop-
henylmethyl) ester (more polar isomer prepared from
1-((1R,38)-3-hydroxycyclopentyl)guanidine, bis(4-nitrop-
henylmethyl) ester via Step 7, 8 of Example 1) was con-
verted to the target compound. ESI-MS m/z 424 (M+H)".

Example 10: (4R,5S,65)-3-((1-((1R,3R)-3-guanidi-
nocyclopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0365]

[0366] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1R,3R)-3-
bis(4-ni-
trophenylmethyl) ester (less polar isomer from Example 9)
was converted to the target compound. ESI-MS m/z 424
M+H)*".

(3-mercaptoazetidin-1-yl)cyclopentyl)guanidine,

Example 11: (4R,58,6S)-3-((1-((1S,35)-3-guanidi-
nocyclopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0367]

B NH
O
H
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Step 1. Synthesis of
1-((18,35)-3-hydroxycyclopentyl)guanidine,
bis(4-nitrophenylmethyl) ester

[0368]

HgCl,, TEA
R

N DCM, RT

HOq i
N—PNZ
/

HN
HN—PNZ

[0369]
described in Step 1 of Example 9, 1-((18,3S)-3-hydroxycy-
clopentyl)guanidine, bis(4-nitrophenylmethyl) ester was
obtained, 2.4 g. ESI-MS m/z 502 (M+H)".

By following the same reaction procedures as

Step 2. Synthesis of (4R,5S,65)-3-((1-((18,3S)-3-

guanidinocyclopentyl)azetidin-3-yl)thio)-6-((R)-1-

hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0370]

NH,

[0371] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1S,3S)-3-(3-
mercaptoazetidin-1-yl)cyclopentyl)guanidine, bis(4-nitrop-
henylmethyl) ester (less polar isomer prepared from 1-((1S,
bis(4-
nitrophenylmethyl) ester via Step 7, 8 of Example 1) was
converted to the target compound. ESI-MS m/z 424
(M+H)*".

38)-3-hydroxycyclopentyl)guanidine,
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Example 12: (4R,58S,65)-3-((1-((1R,3S)-3-guanidi-
nocyclopentyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0372]

H

[0373] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1S,3R)-3-(3-
mercaptoazetidin-1-yl)cyclopentyl)guanidine, bis(4-nitrop-
henylmethyl) ester (more polar isomer from Example 11)
was converted to the target compound. ESI-MS m/z 424
M+H)*".

Example 13: (4R,58,6S5)-3-((1-((1S,3S)-3-aminocy-
clohexyl)azetidin-3-y1)thio)-6-((R)-1-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0374]

[0375] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((18,3S)-3-(3-mercaptoazetidin-1-yl)cyclohexyl)carbamate
(less polar isomer prepared from (1S,3S)-3-aminocyclo-
hexan-1-ol via Steps 6, 7 and 8 of Example 1) was converted
to the target compound. ESI-MS m/z 396 (M+H)*.

Example 14: (4R,5S,65)-3-((1-((1R,3S)-3-aminocy-
clohexyl)azetidin-3-y1)thio)-6-((R)-1-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0376]
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[0377] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1S,3R)-3-(3-mercaptoazetidin-1-yl)cyclohexyl)carbamate
(more polar isomer from Example 13) was converted to the

target compound ESI-MS m/z 396 (M+H)".

Example 15: (4R,58S,65)-3-((1-((1S,3R)-3-aminocy-
clohexyl)azetidin-3-yl)thio)-6-((R)-1-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0378]

NH,

[0379]
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl

By following the same reaction procedures as

((1R,38)-3-(3-mercaptoazetidin-1-yl)cyclohexyl)carbamate
(more polar isomer prepared from (1S,3R)-3-aminocyclo-
hexan-1-ol via Steps 6, 7 and 8 of Example 1) was converted

to the target compound. ESI-MS m/z 396 (M+H)*.

Example 16: (4R,58S,6S5)-3-((1-((1R,3R)-3-aminocy-
clohexyl)azetidin-3-yl)thio)-6-((R)-1-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0380]

[0381]
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl

By following the same reaction procedures as

((1R,3R)-3-(3-mercaptoazetidin-1-yl)cyclohexyl)carbamate
(more polar isomer from Example 15) was converted to the

target compound. ESI-MS m/z 396 (M+H)*.
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Example 17: (4R,5S,65)-3-((1-((1R,3R)-3-guanidi-
nocyclohexyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0382]

NH,

Example 18: (4R,58S,65)-3-((1-((1S,3R)-3-guanidi-
nocyclohexyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0383]

Step 1. Synthesis of
1-((1R,38)-3-hydroxycyclohexyl)guanidine,
bis(4-nitrophenylmethyl) ester

[0384]
HO N—PNZ
\s </ HgCly, TEA
n — " .
N DCM, RT
~
NH, PNZ
HO
HN \(/N\PNZ
HN\PNZ
[0385] By following the same reaction procedures as

described in Step 1 of Example 9, 1-((1R,3S)-3-hydroxycy-
clohexyl)guanidine, bis(4-nitrophenylmethyl) ester was
obtained, 2.4 g. ESI-MS m/z 516 (M+H)".
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Step 2. Synthesis of (4R,5S,65)-3-((1-((1S,3R)-3-

guanidinocyclohexyl)azetidin-3-yl)thio)-6-((R)-1-

hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0386]

HO

HN

NH,

[0387]
described in Steps 9 and 10 of Example 1, 1-((1R)-3-(3-

mercaptoazetidin-1-yl)cyclohexyl)guanidine, bis(4-nitrop-

By following the same reaction procedures as

henylmethyl) ester (more polar isomer and less polar isomer
could not be separated by prep-TLC or chiral-HPLC, pre-
pared from 1-((1R,3S)-3-hydroxycyclohexyl)guanidine, bis
(4-nitrophenylmethyl) ester via Step 7, 8 of Example 1) was
converted to a 1:1 mixture of Example 17 and Example 18.
ESI-MS m/z 438 (M+H)*.

Example 19: (4R,58S,65)-3-((1-((1R,3S)-3-guanidi-
nocyclohexyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0388]
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Example 20: (4R,5S,65)-3-((1-((18,3S)-3-guanidi-
nocyclohexyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0389]

Step 1. Synthesis of
1-((18,3S)-3-hydroxycyclohexyl)guanidine,
bis(4-nitrophenylmethyl) ester

[0390]
HO N—PNZ
\s / HgCly, TEA
n — R ——
7 N DCM, RT
S ~
N, PNZ
HO
H—%\I \(N\PNZ
HN\PNZ
[0391] By following the same reaction procedures as

described in Step 1 of Example 9, 1-((18,3S)-3-hydroxycy-
clohexyl)guanidine, bis(4-nitrophenylmethyl) ester was
obtained, 2.1 g. ESI-MS m/z 516 (M+H)".

Step 2. Synthesis of (4R,5S,65)-3-((1-((18,35)-3-
guanidinocyclohexyl)azetidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid and (4R,58,6S5)-3-((1-
((1R,38)-3-guanidinocyclohexyl)azetidin-3-yl)thio)-
6-((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0392]
N—PNZ -
4

HN—PNZ
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-continued

NH,

[0393] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1S)-3-(3-
mercaptoazetidin-1-yl)cyclohexyl)guanidine, bis(4-nitrop-
henylmethyl) ester (more polar isomer and less polar isomer
could not be separated by prep-TLC or chiral HPLC, pre-
pared from 1-((18,38)-3-hydroxycyclohexyl)guanidine, bis
(4-nitrophenylmethyl) ester via Step 7, 8 of Example 1) was
converted to a 1:1 mixture of Example 19 and Example 20.
ESI-MS m/z 438 (M+H)".

Example 21: (4R,58,6S5)-3-(((1r,3R)-3-(4-aminopip-
eridin-1-yl)cyclobutyl)thio)-6-((R)-1-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0394]

COOH

Step 1. Synthesis of tert-butyl (1-((1r,3r)-3-mercap-
tocyclobutyl)piperidin-4-yl)carbamate

[0395]

1. TFA, dioxane

S

3. NaBH,, EtOH

O

0
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-continued

21b

1. MsCl, Et3N, DCM
2. KSAc, acetone
- -

B ———
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-continued
SH

Boc\N

2le

[0396] The procedures described by Denonne, F, et al.
(WO 2009/092764) is adapted to prepare alcohol 21a, and
the procedures of Example 1, Steps 2, 3, and 4 are used to

prepare intermediate 21c.
Step 2. Synthesis of (4R,58,65)-3-(((1r,3R)-3-(4-
aminopiperidin-1-yl)cyclobutyl)thio)-6-((R)-1-hy-
droxyethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0397]
DIPEA, MeCN
\Ph +  HSmu N NH _ -
\ N,, 0°C.
Boce

i) TMSOTE, TEA, DCM;
i) HCl

21d

S“I"“<>—NC>7 NH, Phosphate buffer
_—
THF/iPrOH, PYC

0° C~RT

2le
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[0398] The procedure of Example 1, Step 9 is utilized to
prepare carbamate 21d. The carbamate is deprotected using
trimethylsilyl trifluoromethanesulfonate in DCM to provide
amine 21e. The procedure of Example 1, Step 10 is used to
prepare the target compound from 21e.

Example 22: (4R,58S,6S)-3-((1-((2-aminopyrimidin-
5-yDmethyl)azetidin-3-y1)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-

ene-2-carboxylic acid
[0399]

NH,

Step 1: Synthesis of
1-((2-aminopyrimidin-5-yl)methyl)azetidine-3-thiol

[0400]

SH

Na(AcO);BH |
1,2-dichloroethane,

0° C.~RT

[0401] By using the same reaction procedures as described
in Step 8 of Example 1, using 2-aminopyrimidine-5-carbal-
dehyde instead of 4-nitrobenzyl 4-oxopiperidine-1-carboxy-
late, the target compound was prepared, 1 g. ESI-MS m/z
197 (MH)*.

Step 2: Synthesis of (4R,58,68)-3-((1-((2-aminopy-
rimidin-5-yl)methyl)azetidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0402]

SH

a

/
|

Z=
Z

b

2z
&
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NH,

[0403] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, the above product
was converted to the target compound. ESI-MS m/z 406
(MH)*.

Example 23: (4R,58S,68)-3-((1-((6-aminopyridin-3-
yDmethyl)azetidin-3-yl)thio)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0404]

/N

[0405] By following the same reaction procedures as
described in Steps 1 and 2 of Example 22, 6-aminonicoti-
naldehyde was converted to the target compound. ESI-MS
m/z 405 (MH)*.

Example 24: (4R,58,65)-3-(((R)-1-((2-aminopyrimi-
din-5-yl)methyl)pyrrolidin-3-yl)thio)-6-((R)-1-hy-
droxyethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0406]

[0407] By following the same reaction procedures as
described in Steps 1 and 2 of Example 22, (R)-pyrrolidine-
3-thiol 2,2,2-trifluoroacetic acid was converted to the target
compound. ESI-MS m/z 420 (MH)*.
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Example 25: (4R,58S,65)-3-(((R)-1-((6-aminopyri-
din-3-y)methyl)pyrrolidin-3-yl)thio)-6-((R)-1-hy-
droxyethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0408]

NH,

[0409] By following the same reaction procedures as
described in Steps 1 and 2 of Example 11, (R)-pyrrolidine-
3-thiol 2,2,2-trifluoroacetic acid and 6-aminonicotinalde-
hyde were converted to the target compound. ESI-MS m/z
419 (MH)*.

Example 26: (4R,58S,6S5)-3-((1-((1-carbamimidoylpi-
peridin-4-yl)methyl)azetidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0410]

N
7/NH2

Step 1. Synthesis of 4-nitrobenzyl (E)-((4-(hy-
droxymethyl)piperidin-1-y1)((((4-nitrobenzyl)oxy)
carbonyl)imino)methyl)carbamate

[0411]
_PNZ
HO N HgCl,, TEA
+ | —_— .
NH ~ )\ ~INZ  DCM,RT
S N
H
HO
N N
Y ez
HN
SNz
ollowin; the same reaction procedures as
0412] By following th ion proced

described in Step 1 of Example 9, 4-nitrobenzyl (E)-((4-

Apr. 27,2023

(hydroxymethyl)piperidin-1-y1)((((4-nitrobenzyl)oxy)car-
bonyl)imino)methyl)carbamate was obtained. ESI-MS m/z
516 (M+H)*.

Step 2. Synthesis of (4R,58S,6S5)-3-((1-((1-carbam-

imidoylpiperidin-4-yl)methyl)azetidin-3-yl)thio)-6-

((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0413]

Ho/\ON\(/N\PNZ

HN\PNZ

e
 ——

OH

CH;

N

N
7/NH2

[0414] By following the same reaction procedures as
described in Steps 7, 8, 9 and 10 of Example 1. 4-Nitroben-
zyl  (E)-((4-(hydroxymethyl)piperidin-1-y)((((4-nitroben-
zyl)oxy)carbonyl)imino)methyl)carbamate was converted to
the target compound. ESI-MS m/z 438 (M+H)*.

Example 27: (4R,5S,65)-3-(((R)-1-((1R,4R)-4-gua-
nidinocyclohexyl)pyrrolidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

H
NYNH
N\\“'O/ NH,

[0415]

Step 1. Synthesis of pyrrolidine-3-thiol
[0416]

[0417] By following the same reaction procedures as
described in Steps 1, 2, 3, 4 and 5 of Example 1, pyrrolidin-
3-0l was converted to the target compound. ESI-MS m/z 104
(M+H)*".
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Step 2. Synthesis of 1-((1S,4S)-4-hydroxycyclo-
hexyl)-1,3-bis(4-nitrobenzyl)guanidine ester

[0418]
NH, \ N—PNZ
HgCl,, TEA
S
+ _ -
ON—pNz  DCM,RT
HO
N—PNZ
NH
HN—PNZ
HO
[0419] By following the same reaction procedures as

described in Step 1 of Example 9, 1-((18S,4S)-4-hydroxycy-
clohexyl)-1,3-bis(4-nitrobenzyl)guanidine ester was
obtained. ESI-MS m/z 516 (M+H)*.

Step 3. Synthesis of (4R,5S,65)-3-(((R)-1-((1R,4R)-

4-guanidinocyclohexyl)pyrrolidin-3-y1)thio)-6-((R)-

1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0420]
N—PNZ
NH /
 —
HN—PNZ ——

HO
H
N NH,

NH

W
N

COOH

[0421] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1S,4S5)-4-
((R)-3-mercaptopyrrolidin-1-yl)cyclohexyl)-1,3-bis(4-ni-
trobenzyl)guanidine ester (less polar isomer prepared from
synthesis of 1-((1S,4S)-4-hydroxycyclohexyl)-1,3-bis(4-ni-
trobenzyl)guanidine ester via Step 7, 8 of Example 1) was
converted to the target compound. ESI-MS m/z 452
M+H)*".

Example 28: (4R,58S,6S)-3-(((R)-1-(((1R,4R)-4-
guanidinocyclohexyl)methyl)pyrrolidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0422]
OH

CH.

3
S,
=2

COOH

NH
NJ\NH
H 2
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Step 1. Synthesis of 1-((1R,4R)-4-(hydroxymethyl)
cyclohexyl)-1,3-bis(4-nitrobenzyl)guanidine ester

[0423]

H,N,
n
. OH
gy
\ N—PNZ
. / HgCl, TEA
R
HN—pPNzZ ~ DCM.RT
", PNZ
Ho/ O\ I\i/
)\ PNZ
N N~
H H
[0424] By following the same reaction procedures as

described in Step 1 of Example 9, 1-((1R,4R)-4-(hydroxym-
ethyl)cyclohexyl)-1,3-bis(4-nitrobenzyl)guanidine ester was
obtained. ESI-MS m/z 530 (M+H)*.

Step 2. Synthesis of (4R,5S,65)-3-(((R)-1-(((1R,
4R)-4-guanidinocyclohexyl)methyl)pyrrolidin-3-yl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0425]

i,
o™

NH

Tz

NH,
COOH

[0426] By following the same reaction procedures as
described in Steps 7, 8, 9 and 10 of Example 1, 1-((1R,4R)-
4-(hydroxymethyl)cyclohexyl)-1,3-bis(4-nitrobenzyl)gua-
nidine ester was converted to the target compound. ESI-MS
m/z 466 (M+H)™.

Example 29: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-
methyl-3-(((R)-1-(1-methylpiperidin-4-yl)pyrrolidin-
3-yD)thio)-7-0x0-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0427]
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[0428] By following the same reaction procedures as
described in Steps 8, 9 and 10 of Example 1, 1-methylpip-
eridin-4-one was converted to the target compound. ESI-MS
m/z 410 (M+H)".

Example 30: (4R,5S,65)-3-(((R)-1-((1R,3R)-3-gua-
nidinocyclopentyl)pyrrolidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0429]

HN

E><N>;;NH2

COOH

Step 1. Synthesis of 1-((1R,3S)-3-hydroxycyclopen-
tyl)-1,3-bis(4-nitrobenzyl)guanidine ester

[0430]
HO,
N—PNZ
\ / HeCl,, TEA
+ s —_—
DCM, RT
HN—PNZ
NH,
HO,
N—PNZ
HN
HN—PNZ
[0431] By following the same reaction procedures as

described in Step 1 of Example 9, 1-((1R,3S)-3-hydroxycy-
clopentyl)-1,3-bis(4-nitrobenzyl)guanidine ~ ester = was
obtained. ESI-MS m/z 502 (M+H)™".

Step 2. Synthesis of (4R,5S,65)-3-(((R)-1-((1R,3R)-

3-guanidinocyclopentyl)pyrrolidin-3-y1)thio)-6-((R)-

1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0432]

Apr. 27,2023

-continued
HN

yNHZ
E>< NH
W

COOH

[0433] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1R,3R)-3-
((R)-3-mercaptopyrrolidin-1-yl)cyclopentyl)-1,3-bis(4-ni-
trobenzyl)guanidine ester (less polar isomer prepared from
1-((1R,38)-3-hydroxycyclopentyl)-1,3-bis(4-nitrobenzyl)
guanidine ester via Step 7, 8 of Example 1) was converted
to the target compound. ESI-MS m/z 438 (M+H)".

Example 31: (4R,5S,65)-3-(((R)-1-((1S,3R)-3-gua-
nidinocyclopentyl)pyrrolidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0434]

[0435] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1R,3S)-3-
((R)-3-mercaptopyrrolidin-1-yl)cyclopentyl)-1,3-bis(4-ni-
trobenzyl)guanidine ester (more polar isomer from Example
30) was converted to the target compound. ESI-MS m/z 438
(M+H)*".

Example 32: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-
methyl-7-0x0-3-((1-(((R)-pyrrolidin-2-yl)methyl)
azetidin-3-yl)thio)-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0436]

o

[0437] By following the same reaction procedures as
described in Steps 6, 7, 8, 9, and 10 of Example 1, from
(R)-pyrrolidin-2-ylmethanol, was converted to the target
compound. ESI-MS m/z 382 (M+H)".
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Example 33: (4R,58,65)-3-(((R)-1-(((18,48)-4-gua-
nidinocyclohexyl)methyl)pyrrolidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0438]

Step 1. Synthesis of 1-((1S,4S)-4-(hydroxymethyl)
cyclohexyl)-1,3-bis(4-nitrobenzyl)guanidine ester

[0439]
+ N—PNZ
LN, \ / HeClo, TEA
S _—
DCM, RT
OH HN—PNZ
HO
N—PNZ
NH
HN—PNZ

[0440] By following the same reaction procedures as
described in Step 1 of Example 9, 1-((18,4S)-4-(hydroxym-
ethyl)cyclohexyl)-1,3-bis(4-nitrobenzyl)guanidine ester was
obtained. ESI-MS m/z 530 (M+H)".

Step 2. Synthesis of: (4R,5S,65)-3-(((R)-1-(((1S,
4S)-4-guanidinocyclohexyl)methyl)pyrrolidin-3-y1)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-0x0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0441]

PNZ
HO N~
|
)\ Nz —
N NH
i
oH

CH;

[0442] By following the same reaction procedures as
described in Steps 7, 8, 9, and 10 of Example 1, 1-((1S,4S)-
4-(hydroxymethyl)cyclohexyl)-1,3-bis(4-nitrobenzyl)gua-
nidine ester was converted to the target compound. ESI-MS
m/z 466 (M+H)".

Apr. 27,2023
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Example 34: (4R,5S,65)-3-(((R)-1-((1S,45)-4-gua-
nidinocyclohexyl)pyrrolidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0443]

[0444] By following the same reaction procedures as
described in Steps 9 and 10 of Example 11-((1R,4R)-4-((R)-
3-mercaptopyrrolidin-1-yl)cyclohexyl)-1,3-bis(4-nitroben-
zyl)guanidine ester (more polar isomer from Example 27)
was converted to the target compound. ESI-MS m/z 452
(M+H)*".

Example 35: (4R,5S,65)-3-(((R)-1-((1R,3R)-3-ami-
nocyclopentyl)pyrrolidin-3-yl)thio)-6-((R)-1-hy-
droxyethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

AO‘NHZ

W
N

[0445]

COOH

[0446] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,3R)-3-((R)-3-mercaptopyrrolidin-1-yl)cyclopentyl)
carbamate (less polar isomer prepared from (1S,3R)-3-
aminocyclopentan-1-ol via Steps 6, 7 and 8 of Example 1)
was converted to the target compound. ESI-MS m/z 396
M+H)™.

Example 36: (4R,58S,65)-3-(((R)-1-((1S,3R)-3-ami-
nocyclopentyl)pyrrolidin-3-yl)thio)-6-((R)-1-hy-
droxyethyl)-4-methyl-7-0x0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0447]

[0448] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
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((1R,38)-3-((R)-3-mercaptopyrrolidin-1-yl)cyclopentyl)car-
bamate (more polar isomer from Example 35) was converted
to the target compound ESI-MS m/z 396 (M+H)".

Example 37: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-
methyl-7-0x0-3-((1-(pyrrolidin-3-yl)azetidin-3-y1)
thio)-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic
acid

[0449]

COOH

[0450] By following the same reaction procedures as
described in Steps 6, 7, 8, 9, and 10 of Example 1, pyrro-
lidin-3-01 was converted to the target compound. ESI-MS

m/z 368 (M+H)".

Example 38: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-
methyl-7-0x0-3-(((1R,3R)-3-(piperidin-4-ylamino)
cyclobutyl)thio)-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0451]
NH
COOH
Step 1. Synthesis of
(1r,3r-3-aminocyclobutane-1-thiol
[0452]
HO, HS
O = O
- |
“NH, N, 1pa
[0453] By following the same reaction procedures as

described in Steps 1, 2, 3, 4, and 5 of Example 1, (1s,3s)-
3-aminocyclobutan-1-o0l was converted to the target com-
pound. ESI-MS m/z 104 (M+H)*.

[0455]
described in Steps 6, 8, 9, and 10 of Example 1, piperidin-
4-one was converted to the target compound. ESI-MS m/z

396 (M+H)".

Apr. 27,2023

Step 2. Synthesis of (4R,5S,65)-6-((R)-1-hydroxy-
ethyl)-4-methyl-7-0x0-3-(((1R,3R)-3-(piperidin-4-
ylamino)cyclobutyl)thio)-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid

[0454]

NH

COOH

By following the same reaction procedures as

Example 39: (4R,58S,65)-3-((1-(((S)-1-carbamim-
idoylpyrrolidin-3-yl)methyl)azetidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0456]

N NH
NH,
Step 1. Synthesis of 4-nitrobenzyl (R,E)-((3-(hy-

droxymethyl)pyrrolidin-1-y)((((4-nitrobenzyl)oxy)
carbonyl)imino)methyl)carbamate ester

[0457]
HO N—PNZ
\s 74 HgCl,, TEA
n —_— " .
N DCM, RT
Nit SpNz
HO
N—PNZ
Ny
HN—PNZ
[0458] By following the same reaction procedures as

described in Step 1 of Example 9, 4-nitrobenzyl (R,E)-((3-
(hydroxymethyl)pyrrolidin-1-y)((((4-nitrobenzyl )oxy)car-
bonyl)imino)methyl)carbamate ester was obtained. ESI-MS
m/z 502 (M+H)".
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Step 2. Synthesis of (4R,5S,65)-3-((1-(((S)-1-car-
bamimidoylpyrrolidin-3-yl)methyl)azetidin-3-yl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-0x0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
[0459]
HO
N—PNZ -
N g
HN—PNZ
N
N NH

NH,

[0460] By following the same reaction procedures as
described in Steps 7, 8, 9, and 10 of Example 1, 4-nitroben-
zyl (R,E)-((3-(hydroxymethyl)pyrrolidin-1-y1)((((4-ni-
trobenzyl)oxy)carbonyl)imino) methyl)carbamate ester was
converted to the target compound. ESI-MS m/z 424

M+H)*".

Example 40: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-

methyl-3-((1-((1-methylpiperidin-4-yl)methyl)azeti-

din-3-yl)thio)-7-0x0-1-azabicyclo[3.2.0]hept-2-ene-
2-carboxylic acid

[0461]
OH

CH;

N

\

[0462] By following the same reaction procedures as
described in Steps 8, 9, and 10 of Example 1, 1-methylpi-
peridine-4-carbaldehyde was converted to the target com-
pound. ESI-MS m/z 410 (M+H)*.

Example 41: (4R,58S,6S)-3-(((R)-1-(((1R,4R)-4-
(guanidinomethyl)cyclohexyl)methyl)pyrrolidin-3-
yDthio)-6-((R)-1-hydroxyethyl)-4-methyl-7-ox0-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0463]
3
S,
S~@ O\/
H
N\H/NHZ
NH

COOH
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Step 1. Synthesis of 1-(((1R,4R)-4-(hydroxymethyl)
cyclohexyl)methyl)-1,3-bis(4-nitrobenzyl)guanidine
ester
[0464]
,
o .
n
NH,
N—PNZ
\s 74 HgCl, TEA
—_—
N DCM, RT
\\PNZ
e,
HO ' N—PNZ
NH
HN—PNZ

[0465] By following the same reaction procedures as
described in Step 1 of Example 9, 1-(((1R,4R)-4-(hy-
droxymethyl)cyclohexyl)methyl)-1,3-bis(4-nitrobenzyl)
guanidine ester was obtained. ESI-MS m/z 544 (M+H)*.

Step 2. Synthesis of (4R,5S,65)-3-(((R)-1-(((1R,
4R)-4-(guanidinomethyl)cyclohexyl )methyl)pyrroli-
din-3-yl)thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-
oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0466]

n,
HO/ ..

H
R —

X N
Y NPNZ

HN\\

PNZ

[0467] By following the same reaction procedures as
described in Steps 7, 8, 9, and 10 of Example 1, 1-(((1R,
4R)-4-(hydroxymethyl)cyclohexyl)methyl)-1,3-bis(4-ni-
trobenzyl)guanidine ester was converted to the target com-
pound. ESI-MS m/z 480 (M+H)*.
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Example 42: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4- Step 2. Synthesis of 4-nitrobenzyl (E)-(((((4-ni-
methyl-3-((1-(1-methylpiperidin-4-yl)azetidin-3-yl) trobenzyl)oxy )carbonyl)imino)(4-oxopiperidin-1-yl)
thio)-7-ox0-1-azabicyclo[3.2.0]hept-2-ene-2-carbox- methyl)carbamate
ylic acid
[0473]
[0468]
NH N N—PNZ
i S </ HgCl, TEA
N DCM, RT
4 SeNz
PNZ
/
N /PNZ
>—NH
[0469] By following the same reaction procedures as N
described in Steps 8, 9, and 10 of Example 1, 1-methylpi-
peridin-4-one was converted to the target compound. ESI- o

MS m/z 396 (M+H)".
[0474] By following the same reaction procedures as

described in Step 1 of Example 9, 4-nitrobenzyl (E)-(((((4-

E).(ar.nple 4.3 : GR’S S’6S)'3f(((l 8.38)-3-((1 -C?rbam- nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-1-yl)
imidoylpiperidin-4-yhamino)cyclobutyl)thio)-6- methyl)carbamate was obtained. ESI-MS m/z 500 (M+H)*.
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid .
Step 3. Synthesis of (4R,5S,65)-3-(((1S,35)-3-((1-
[0470] ca.rbamimidoylpiperidin-4-yl)amin0)cyclobutyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
HN
> NH, [0475]
N
PNZ
N /PNZ
NH >— NH
N R —
(6]
. HN
Step 1. Synthesis of
(1s,3s)-3-aminocyclobutane-1-thiol NI,
N
[0471]
HO, HS N4
(N
—_—

[0476] By following the same reaction procedures as
[0472] By following the same reaction procedures as described in Steps 8, 9, and 10 of Example 1, 4-nitrobenzyl
described in Steps 1, 2, 3, 4, and 5 of Example 1, (1r,3r)- (E)-(((((4-nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-
3-aminocyclobutan-1-o0l was converted to the target com- 1-yD)methyl)carbamate was converted to the target com-
pound. ESI-MS m/z 104 (M+H)*. pound. ESI-MS m/z 438 (M+H)*.
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Example 44: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-
methyl-7-0x0-3-(((1S,3S)-3-(piperidin-4-ylamino)
cyclobutyl)thio)-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0477]

NH

NH

[0478] By following the same reaction procedures as
described in Steps 6, 8, 9, and 10 of Example 1, piperidin-
4-one was converted to the target compound. ESI-MS m/z
396 (M+H)™.

Example 45: (4R,58S,65)-3-((R)-1-(((18,4S)-4-(ami-
nomethyl)cyclohexyl)methyl)pyrrolidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0479]

[0480] By following the same reaction procedures as
described in Steps 6, 7, 8, 9, and 10 of Example 1, ((1S,
48)-4-(aminomethyl)cyclohexyl)methanol was converted to
the target compound. ESI-MS m/z 438 (M+H)".

Example 46: (4R,5S,65)-3-((1-(((R)-1-carbamim-
idoylpyrrolidin-3-yl)methyl)azetidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0481]

o

GYNH

NH,
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Step 1. Synthesis of 4-nitrobenzyl (S,E)-((3-(hy-
droxymethyl)pyrrolidin-1-y)((((4-nitrobenzyl)oxy)
carbonyl)imino)methyl)carbamate

[0482]

N—PNZ
HgCly, TEA
—_—
DCM, RT
NH ~

<fi::]‘»“
+
w

PNZ

HO

‘\‘\\\

/ N—PNZ
L
HN—PNZ
[0483] By following the same reaction procedures as
described in Step 1 of Example 9, 4-nitrobenzyl (S,E)-((3-
(hydroxymethyl)pyrrolidin-1-y)((((4-nitrobenzyl )oxy)car-
bonyl)imino)methyl)carbamate was obtained. ESI-MS m/z
502 (M+H)*.

Step 2. Synthesis of (4R,5S,65)-3-((1-(((R)-1-car-
bamimidoylpyrrolidin-3-yl)methyl)azetidin-3-yl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0484]
HO—,
/ N—PNZ - -
N4</ -
HN— PNZ
N_

NH,

[0485] By following the same reaction procedures as
described in Steps 7, 8, 9, and 10 of Example 1, 4-nitroben-
zyl (S,E)-((3-(hydroxymethyl)pyrrolidin-1-y1)((((4-ni-
trobenzyl)oxy)carbonyl)imino) methyl)carbamate was con-
verted to the target compound. ESI-MS m/z 424 (M+H)".
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Example 47: (4R,58S,68)-6-((R)-1-hydroxyethyl)-4- [0490] By following the same reaction procedures as
methyl-3-((1-(((1r,4R)-4-((methylamino)methyl) described in Step 1 of Example 9, 4-nitrobenzyl (E)-(((((4-
cyclohexyl)methyl)azetidin-3-yl)thio)-7-oxo-1- nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-1-y1)
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid methyl)carbamate was obtained. ESI-MS m/z 500 (M+H)*.
[0486] Step 2. Synthesis of (4R,58,68)-3-((1R.3R)-3-((1-
carbamimidoylpiperidin-4-yl)amino)cyclobutyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
[0491]

W
\K
=N

NH N

\ —

[0487] By following the same reaction procedures as
described in Steps 6, 7, 8, 9, and 10 of Example 1, ((1r,4r)- 0

4-((methylamino)methyl)cyclohexyl)methanol was con-
verted to the target compound. ESI-MS m/z 438 (M+H)". >—NH2
Example 48: (4R,58S,65)-3-(((1R,3R)-3-((1-carbam- N

imidoylpiperidin-4-yl)amino)cyclobutyl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0488]

COOH

[0492] By following the same reaction procedures as
described in Steps 8, 9, and 10 of Example 1, 4-nitrobenzyl
(E)-(((((4-nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-
1-yD)methyl)carbamate was converted to the target com-
pound. ESI-MS m/z 438 (M+H)*.

Example 49: (4R,5S,65)-3-(((1R,3S)-3-((1-carbam-
imidoylpiperidin-4-yl)amino)cyclopentyl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

Step 1. Synthesis of 4-nitrobenzyl (E)-(((((4-ni- [0493]
trobenzyl)oxy)carbonyl)imino )(4-oxopiperidin-1-y1)
methyl)carbamate

[0489] NH
NH N—PNZ NH,

\s </ HgCl,, TEA

n — "
N DCM, RT
K SeNz

PNZ

Step 1. Synthesis of
PNZ (1R,38)-3-aminocyclopentane-1-thiol

>—N{1 [0494]

N
NH, NH, TFA
—
HOmu HS
(@)



US 2023/0127944 Al

[0495] By following the same reaction procedures as
described in Steps 1, 2, 3, 4, and 5 of Example 1, (1S,3S)-
3-aminocyclopentan-1-ol was converted to the target com-
pound. ESI-MS m/z 118 (M+H)".

Step 2. Synthesis of 4-nitrobenzyl (E)-(((((4-ni-
trobenzyl)oxy)carbonyl)imino )(4-oxopiperidin-1-y1)

methyl)carbamate
[0496]
N—DPNZ
AN 74 HgCl,, TEA
0 NH + S _ .
N DCM, RT
SpNz
N—PNZ

04

HN—PNZ

[0497] By following the same reaction procedures as
described in Step 1 of Example 9, 4-nitrobenzyl (E)-(((((4-
nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-1-yl)
methyl)carbamate was obtained. ESI-MS m/z 500 (M+H)*.
Step 3. Synthesis of (4R,5S,65)-3-(((1R,35)-3-((1-
carbamimidoylpiperidin-4-yl)amino)cyclopentyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-0x0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0498]

NH

NH,

COOH

[0499] By following the same reaction procedures as
described in Steps 8, 9, and 10 of Example 1, 4-nitrobenzyl
(B)-(((((4-nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-
1-yD)methyl)carbamate was converted to the target com-
pound. ESI-MS m/z 452 (M+H)*.
Example 50: (4R,5S,65)-3-(((1R,3S)-3-((1-carbam-
imidoylpiperidin-4-yl)amino)cyclopentyl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid
[0500]

w
Z,
Q
Z,
jus)
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Step 1. Synthesis of
(1R,38)-3-aminocyclopentane-1-thiol

[0501]
NH, NH, TFA
R
HOnmn<i::]/' > HS-—{<:::]"
[0502] By following the same reaction procedures as

described in Steps 1, 2, 3, 4, and 5 of Example 1, (1S,35)-
3-aminocyclopentan-1-ol was converted to the target com-
pound. ESI-MS m/z 118 (M+H)™".

Step 2. Synthesis of 4-nitrobenzyl (E)-(((((4-ni-
trobenzyl)oxy )carbonyl)imino)(4-oxopiperidin-1-yl)

methyl)carbamate
[0503]
N—PNZ
AN / HgCl, TEA
0 NE o+ O — -
DCM, RT
HN\\p

NZ
N—PNZ

-0

HN—PNZ

[0504] By following the same reaction procedures as
described in Step 1 of Example 9, 4-nitrobenzyl (E)-(((((4-
nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-1-yl)

methyl)carbamate was obtained. ESI-MS m/z 500 (M+H)*.

Step 3. Synthesis of (4R,5S,65)-3-(((1R,35)-3-((1-
carbamimidoylpiperidin-4-yl)amino)cyclopentyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0505]

NH

NH,

COOH

[0506] By following the same reaction procedures as
described in Steps 8, 9, and 10 of Example 1, 4-nitrobenzyl
(E)-(((((4-nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-
1-yD)methyl)carbamate was converted to the target com-
pound. ESI-MS m/z 452 (M+H)*.
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Example 50: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-

methyl-7-0x0-3-(((1R,3S)-3-(piperidin-4-ylamino)

cyclopentyl)thio)-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0507]

[0508] By following the same reaction procedures as
described in Steps 6, 8, 9, and 10 of Example 1, piperidin-
4-one was converted to the target compound. ESI-MS m/z
410 (M+H)".
Example 51: (4R,58S,68)-3-(((1S,38)-3-(((1S,4R)-4-
guanidinocyclohexyl)amino)cyclobutyl)thio)-6-((R)-
1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0509]

NH

NH,

NH

[0510] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1R,4R)-4-
(((18,38)-3-mercaptocyclobutyl)amino)cyclohexyl)-1,3-bis
(4-nitrobenzyl)guanidine ester (more polar isomer from
Example 53) was converted to the target compound. ESI-MS
m/z 452 (M+H)".

Example 52: (4R,58S,68)-3-(((1S,38)-3-(((1R,4S)-4-

guanidinocyclohexyl)amino)cyclobutyl)thio)-6-((R)-

1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0511]
NH

S

NH,

NH

Apr. 27,2023
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Step 1. Synthesis of 1-((1s,4s)-4-hydroxycyclo-
hexyl)-1,3-bis(4-nitrobenzyl)guanidine ester
[0512]
NH,
N—PNZ
AN 74 HgCl,, TEA
. s .
N DCM, RT
SeNz
OH
N —PNZ
HN/<N/PNZ
H
HO
[0513] By following the same reaction procedures as

described in Step 1 of Example 9, 1-((18S,4S)-4-hydroxycy-
clohexyl)-1,3-bis(4-nitrobenzyl)guanidine ester was
obtained. ESI-MS m/z 516 (M+H)*.

Step 2. Synthesis of (4R,5S,65)-3-(((1S,35)-3-
(((1R,45)-4-guanidinocyclohexyl)amino)cyclobutyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0514]

—PNZ

N
A
HN N—PNZ
H

HO
NH

NH,

NH

[0515] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1S,4S5)-4-
(((18,38)-3-mercaptocyclobutyl)amino)cyclohexyl)-1,3-bis
(4-nitrobenzyl)guanidine ester (less polar isomer prepared
from 1-((1s,4s)-4-hydroxycyclohexyl)-1,3-bis(4-nitroben-
zyl)guanidine ester via Step 7, 8 of Example 1) was con-
verted to the target compound. ESI-MS m/z 452 (M+H)".
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Example 53: (4R,58S,65)-6-((R)-1-hydroxyethyl)-4-

methyl-7-0x0-3-(((1R,3R)-3-(piperidin-4-ylamino)

cyclopentyl)thio)-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

[0516]
OH CH,
\\\NH CNH
COOH

Step 1. Synthesis of
(1R,3R)-3-aminocyclopentane-1-thiol

[0517]

WNH2 WwNH2  TFA

—_ -
HO|||----<:| s Hs—<j

[0518] By following the same reaction procedures as
described in Steps 1, 2, 3, 4, and 5 of Example 1, (1S,3R)-
3-aminocyclopentan-1-ol was converted to the target com-
pound. ESI-MS m/z 118 (M+H)".

Step 2. Synthesis of (4R,58S,65)-6-((R)-1-hydroxy-

ethyl)-4-methyl-7-ox0-3-(((1R,3R)-3-(piperidin-4-

ylamino)cyclopentyl)thio)-1-azabicyclo[3.2.0]hept-
2-ene-2-carboxylic acid

[0519]
OH

CH;
) ‘O

COOH

[0520] By following the same reaction procedures as
described in Steps 6, 8, 9, and 10 of Example 1, piperidin-
4-one was converted to the target compound. ESI-MS m/z
410 (M+H)".

Example 55: (4R,58,65)-3-(((1R,3R)-3-((1-carbam-
imidoylpiperidin-4-yl)amino)cyclopentyl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0521]

3 NH
A“‘\\ ™ CN
S~G NI,

Apr. 27,2023
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Step 1. Synthesis of 4-nitrobenzyl (E)-(((((4-ni-
trobenzyl)oxy )carbonyl)imino)(4-oxopiperidin-1-yl)
methyl)carbamate

[0522]

PNZ

N_
:C \s </ HeCl, TEA
(6] NH + —_—
N DCM, RT
SeNz

N—PNZ
HN—PNZ
[0523] By following the same reaction procedures as
described in Step 1 of Example 9, 4-nitrobenzyl (E)-(((((4-

nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-1-yl)
methyl)carbamate was obtained. ESI-MS m/z 500 (M+H)*.

Step 2. Synthesis of (4R,5S,6S)-3-(((1R,3R)-3-((1-
carbamimidoylpiperidin-4-yl)amino)cyclopentyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0524]

N—PNZ
—
HN—PNZ

COOH

[0525] By following the same reaction procedures as
described in Steps 8, 9, and 10 of Example 1, 4-nitrobenzyl
(E)-(((((4-nitrobenzyl)oxy)carbonyl)imino)(4-oxopiperidin-
1-yD)methyl)carbamate was converted to the target com-
pound. ESI-MS m/z 452 (M+H)*.

Example 56: (4R,58S,6S)-3-((R)-1-(((1R,4R)-4-
aminocyclohexyl)methyl)pyrrolidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0526]

COOH

[0527] By following the same reaction procedures as
described in Steps 6, 7, 8, 9, and 10 of Example 1, ((1R,
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4R)-4-aminocyclohexyl)methanol was converted to the tar-
get compound. ESI-MS m/z 424 (M+H)*.

Example 57: (4R,58S,65)-3-(((R)-1-((1S,4S)-4-(ami-
nomethyl)cyclohexyl)pyrrolidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0528]

NH,

[0529] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
(((18,48)-4-((R)-3-mercaptopyrrolidin-1-yl)cyclohexyl)
methyl)carbamate (more polar isomer from Example 58)
was converted to the target compound. ESI-MS m/z 424
M+H)*".

Example 58: (4R,58S,65)-3-((R)-1-((1R,4R)-4-(ami-
nomethyl)cyclohexyl)pyrrolidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0530]

NH,

S

COOH

[0531] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
(((IR,4R)-4-((R)-3-mercaptopyrrolidin-1-yl)cyclohexyl)
methyl)carbamate (less polar isomer prepared from (1R,
4R)-4-(aminomethyl)cyclohexan-1-ol via Steps 6, 7, and 8
of Example 1) was converted to the target compound.
ESI-MS m/z 424 (M+H)*.

Example 59: (4R,58S,6S)-3-(((1R,3R)-3-(((1R,4R)-4-
aminocyclohexyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid
[0532]

NH,

."’I/

COOH

Apr. 27,2023

[0533] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,4R)-4-(((1R,3R)-3-mercaptocyclobutyl)amino)cyclo-
hexyl)carbamate (less polar isomer prepared from (1r4r)-
4-aminocyclohexan-1-ol via Steps 6, 7, and 8 of Example 1)
was converted to the target compound. ESI-MS m/z 410
(M+H)*".

Example 60: (4R,5S,65)-3-(((1R,3R)-3-(((1S,4S)-4-
aminocyclohexyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0534]

NH,

COOH

[0535] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((18,45)-4-(((1R,3R)-3-mercaptocyclobutyl Jamino)cyclo-
hexyl)carbamate (more polar isomer from Example 59) was
converted to the target compound. ESI-MS m/z 410
(M+H)*".

Example 61: (4R,5S,65)-3-(((1S,3S)-3-(((1R,4S)-4-
aminocyclohexyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0536]

NH,

"y,

NH

[0537]
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,48)-4-(((18,3S)-3-mercaptocyclobutyl )Jamino)cyclo-

By following the same reaction procedures as

hexyl)carbamate (less polar isomer prepared from (1R,4R)-
4-aminocyclohexan-1-ol via Steps 6, 7, and 8 of Example 1)
was converted to the target compound. ESI-MS m/z 410
(M+H)*".
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Example 62: (4R,58S,68)-3-(((1S,38)-3-(((1S,4R)-4-
aminocyclohexyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0538]

NH,

NH

[0539] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1S,4R)-4-(((18,3S)-3-mercaptocyclobutyl Jamino)cyclo-

hexyl)carbamate (more polar isomer from Example 61) was
converted to the target compound ESI-MS m/z 410 (M+H)™.

Example 63: (4R,5S,65)-3-(((R)-1-((1S,45)-4-(gua-
nidinomethyl)cyclohexyl)pyrrolidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0540]

NH

NH,

[0541] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-(((1S,4S5)-4-
((R)-3-mercaptopyrrolidin-1-yl)cyclohexyl)methyl)-1,3-bis
(4-nitrobenzyl)guanidine ester (more polar isomer from
Example 64) was converted to the target compound. ESI-MS
m/z 466 (M+H)".

Example 64: (4R,58S,65)-3-((R)-1-((1R,4R)-4-(gua-
nidinomethyl)cyclohexyl)pyrrolidin-3-yl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0542]

NH

Apr. 27,2023
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Step 1, Synthesis of 1,3-bis(4-nitrobenzyl)-1-((4-
oxocyclohexyl)methyl)guanidine ester

[0543]

X AN s </ HgCl,, TEA

N DCM, RT

NH,

[0544] By following the same reaction procedures as
described in Step 1 of Example 9, 1,3-bis(4-nitrobenzyl)-1-
((4-oxocyclohexyl)methyl)guanidine ester was obtained.
ESI-MS m/z 528 (M+H)".

Step 2. Synthesis of (4R,5S,65)-3-(((R)-1-((1R,4R)-
4-(guanidinomethyl)cyclohexyl)pyrrolidin-3-yl1)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0545]

NH

COOH

[0546] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-(((1R,4R)-4-
((R)-3-mercaptopyrrolidin-1-yl)cyclohexyl)methyl)-1,3-bis
(4-nitrobenzyl)guanidine ester (less polar isomer prepared
from 1,3-bis(4-nitrobenzyl)-1-((4-oxocyclohexyl)methyl)
guanidine ester via Step 8 of Example 1) was converted to
the target compound. ESI-MS m/z 466 (M+H)™.
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Example 65: (4R,58S,65)-3-((1-((1S,4S)-4-(guanidi-
nomethyl)cyclohexyl)azetidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0547)]

[0548] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-(((1S,4S5)-4-
(3-mercaptoazetidin-1-yl)cyclohexyl)methyl)-1,3-bis(4-ni-
trobenzyl)guanidine ester (more polar isomer from Example
66) was converted to the target compound. ESI-MS m/z 452
(M+H)™.

Example 66: (4R,5S,65)-3-((1-((1R,4R)-4-(guanidi-
nomethyl)cyclohexyl)azetidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0549]

Step 1, Synthesis of 1,3-bis(4-nitrobenzyl)-1-((4-
oxocyclohexyl)methyl)guanidine ester

[0550]
0
N—PNZ
AN S 74 HgCly, TEA
N — .,
DCM, RT
HN ;
enz
NH,
0
N—PNZ
Nt
H
HN—PNZ
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[0551] By following the same reaction procedures as
described in Step 1 of Example 9, 1,3-bis(4-nitrobenzyl)-1-
((4-oxocyclohexyl)methyl)guanidine ester was obtained.
ESI-MS m/z 528 (M+H)".

Step 2. Synthesis of (4R,58,65)-3-((1-((1R,4R)-4-

(guanidinomethyl)cyclohexyl)azetidin-3-yl)thio)-6-

((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0552]

[0553]

By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-(((1R,4R)-4-
(3-mercaptoazetidin-1-yl)cyclohexyl)methyl)-1,3-bis(4-ni-
trobenzyl)guanidine ester (less polar isomer prepared from
1,3-bis(4-nitrobenzyl)-1-((4-oxocyclohexyl)methyl)guani-
dine ester via Step 8 of Example 1) was converted to the
target compound. ESI-MS m/z 452 (M+H)™".

Example 67: (4R,5S,65)-3-(((1S,3R)-3-(((1S,35)-3-

aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-

hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0554]

\\Y NHZ

oy

COOH

[0555] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((18,35)-3-(((1R,3S)-3-mercaptocyclobutyl Jamino)cyclo-
pentyl)carbamate (less polar isomer prepared from (1S,3S)-
3-aminocyclopentan-1-ol via Steps 6, 7, and 8 of Example 1)
was converted to the target compound. ESI-MS m/z 396
(M+H)*".
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Example 68: (4R,5S,65)-3-(((1R,3R)-3-(((1R,4R)-4-

guanidinocyclohexyl)amino)cyclobutyl)thio)-6-((R)-

1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0556]

NH
HN <
3 NI,

COOH

Step 1. Synthesis of 1-((1S,4S)-4-hydroxycyclo-
hexyl)-1,3-bis(4-nitrobenzyl)guanidine ester

[0557]
NH,
N—PNZ
AN 4 HgCl,, TEA
+ 5 _—
N DCM, RT
SeNz
OH
HN
OH
[0558] By following the same reaction procedures as

described in Step 1 of Example 9, 1-((18S,4S)-4-hydroxycy-
clohexyl)-1,3-bis(4-nitrobenzyl)guanidine ester was
obtained. ESI-MS m/z 516 (M+H)".

Step 2. Synthesis of (4R,5S,65)-3-(((1R,3R)-3-
(((1R,4R)-4-guanidinocyclohexyl)amino)cyclobutyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-0x0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0559]
PNZ

N|/
)\ PNZ
HN N7

i

OH
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-continued

NH
HN%
3 NI,

COOH

[0560] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1R,4R)-4-
(((1R,3R)-3-mercaptocyclobutyl)amino)cyclohexyl)-1,3-bis
(4-nitrobenzyl)guanidine ester (less polar isomer prepared
from 1-((1S,4S)-4-hydroxycyclohexyl)-1,3-bis(4-nitroben-
zyl)guanidine ester via Step 7 and 8 of Example 1) was
converted to the target compound. ESI-MS m/z 452
(M+H)*".

Example 69: (4R,5S,65)-3-(((1R,3R)-3-(((1S,4S)-4-

guanidinocyclohexyl)amino)cyclobutyl)thio)-6-((R)-

1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0561]

[0562] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 1-((1S,4S5)-4-
(((1R,3R)-3-mercaptocyclobutyl)amino)cyclohexyl)-1,3-bis
(4-nitrobenzyl)guanidine ester (more polar isomer from
Example 69) was converted to the target compound. ESI-MS
m/z 452 (M+H)™.

Example 70: (4R,58S,65)-3-(((1R,3R)-3-(((1R,3S)-3-
aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

// S-—<<::>uunﬁh

[0563]

COOH
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[0564] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1S,3R)-3-(((1R,3R)-3-mercaptocyclobutyl)amino)cyclo-
pentyl)carbamate (more polar isomer from Example 67) was
converted to the target compound. ESI-MS m/z 396
(M+H)™.

Example 71: (4R,58S,6S)-3-(((1R,3R)-3-(((1R,3R)-3-
aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0565]

NH,
OH CH; O/
/ s—<>....nNh

COOH

[0566] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1 4-nitrobenzyl
((1R,3R)-3-(((1R,3R)-3-mercaptocyclobutyl)amino)cyclo-
pentyl)carbamate (less polar isomer prepared from (1S,3R)-
3-aminocyclopentan-1-ol via Steps 6, 7 and 8 of Example 1)
was converted to the target compound. ESI-MS m/z 396
(M+H)™.

Example 72: (4R,5S,65)-3-(((R)-1-(((1S,4S)-4-ami-
nocyclohexyl)methyl)pyrrolidin-3-yl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

<o,

2

[0567]
OH

CH;

72}

COOH

[0568] By following the same reaction procedures as
described in Steps 6, 7, 8, 9, and 10 of Example 1, ((1S,
48)-4-aminocyclohexyl)methanol was converted to the tar-
get compound. ESI-MS m/z 424 (M+H)*.

Example 73: (4R,58S,68)-3-(((1S,3R)-3-(((1S,3S)-3-
guanidinocyclopentyl)amino)cyclobutyl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0569]

H
o N

NH,
OoH CH, w/
B HN
/ S—Q--HIINH

COOH

Apr. 27,2023

Step 1. Synthesis of
1-((18,35)-3-hydroxycyclopentyl)guanidine,
bis(4-nitrophenylmethyl) ester

[0570]

HO N—DPNZ
i \s </ HgCl, TEA
—_—
’ HN_ DCM, RT
NH, PNZ
HO
:, N—PNZ
i
HN—PNZ

[0571] By following the same reaction procedures as
described in Step 1 of Example 9, 1-((18,3S)-3-hydroxycy-
clopentyl)guanidine, bis(4-nitrophenylmethyl) ester was
obtained. ESI-MS m/z 502 (M+H)".

Step 2. Synthesis of (4R,5S,65)-3-(((1S,3R)-3-
(((18,38)-3-guanidinocyclopentyl Jamino )cyclobutyl)
thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

[0572]

[0573]
described in Steps 9 and 10 of Example 1, 1-((1S,3S5)-3-
(((1R,385)-3-mercaptocyclobutyl)amino)cyclopentyl)-1,3-

By following the same reaction procedures as

bis(4-nitrobenzyl)guanidine ester (less polar isomer pre-
pared from 1-((18,38)-3-hydroxycyclopentyl)guanidine, bis
(4-nitrophenylmethyl) ester via Step 7, 8 of Example 1) was
converted to the target compound. ESI-MS m/z 438
(M+H)*".
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Example 74: (4R,5S,65)-3-(((1S,3R)-3-(((1S,3R)-3-
aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0574]

NH
OH 2

CH;

COOH

[0575] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,38)-3-(((1R,3S)-3-mercaptocyclobutyl Jamino)cyclo-
pentyl)carbamate (more polar isomer from Example 71) was
converted to the target compound. ESI-MS m/z 396
(M+H)™.

Example 75: (4R,58S,68)-3-(((1R,3S)-3-(((1S,3S)-3-

aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-

hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0576]

OH __‘\\\NHZ

CH;

NH

[0577] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((18,35)-3-(((1S,3R)-3-mercaptocyclobutyl Jamino)cyclo-
pentyl)carbamate (less polar isomer prepared from (1S,3S)-
3-aminocyclopentan-1-ol via Steps 6, 7, and 8 of Example 1)
was converted to the target compound. ESI-MS m/z 396
M+H)*".

Example 76: (4R,5S,65)-3-(((1R,3S)-3-(((1S,3R)-3-
aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid

[0578]

NH
OH 2

CH;,

NH

[0579] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,38)-3-(((18,3R)-3-mercaptocyclobutyl Jamino)cyclo-
pentyl)carbamate (more polar isomer from Example 78) was
converted to the target compound. ESI-MS m/z 396
M+H)*".
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Example 77: (4R,58S,65)-3-(((1S,3S)-3-(((1R,38)-3-

aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-

hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0580]

NH,
OH i 2
A G |

[0581] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1S,3R)-3-(((18,3S)-3-mercaptocyclobutyl Jamino)cyclo-
pentyl)carbamate (more polar isomer from Example 75) was
converted to the target compound. ESI-MS m/z 396
M+H)™.

Example 78: (4R,58S,65)-3-(((1S,3S)-3-(((1R,3R)-3-
aminocyclopentyl)amino)cyclobutyl)thio)-6-((R)-1-
hydroxyethyl)-4-methyl-7-ox0-1-azabicyclo[3.2.0]
hept-2-ene-2-carboxylic acid

[0582]

NH,
OH CH; G/

[0583] By following the same reaction procedures as
described in Steps 9 and 10 of Example 1, 4-nitrobenzyl
((1R,3R)-3-(((18,3S)-3-mercaptocyclobutyl Jamino)cyclo-
pentyl)carbamate (less polar isomer prepared from (1S,3R)-
3-aminocyclopentan-1-ol via Steps 6, 7, and 8 of Example 1)
was converted to the target compound. ESI-MS m/z 396
M+H)™.

Example 79: (4R,58S,65)-3-(((1R,3R)-3-(((1R,3S)-3-
guanidinocyclopentyl)amino)cyclobutyl)thio)-6-
((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid

[0584]

[0585] By following the same reaction procedures as
described in Steps 9 and 10 of Example 11-((1S,3R)-3-
(((1R,3R)-3-mercaptocyclobutyl)amino)cyclopentyl)-1,3-
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bis(4-nitrobenzyl)guanidine ester (more polar isomer from
Example 73) was converted to the target compound. ESI-MS
m/z 438 (M+H)".

Example Al: Parenteral Composition of a
Compound Described Herein, or a
Pharmaceutically Acceptable Salt, Solvate, or
Stereoisomer Thereof

[0586] To prepare a parenteral pharmaceutical composi-
tion suitable for administration by injection, 100 mg of a
compound disclosed herein, or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, or a water soluble
pharmaceutically acceptable salt thereof, is dissolved in
DMSO and then mixed with 10 mL of 0.9% sterile saline
solution. The mixture is incorporated into a dosage unit
suitable for administration by injection.

Example A2: Oral Composition of a Compounds
Described Herein, or a Pharmaceutically
Acceptable Salt, Solvate, or Stereoisomer Thereof

[0587] To prepare a pharmaceutical composition for oral
delivery, 400 mg of compound described herein, or a phar-
maceutically acceptable salt, solvate, or stereoisomer
thereof and the following ingredients are mixed intimately
and pressed into single scored tablets.

Tablet Formulation

[0588]
Quantity
per tablet
Ingredient (mg)
compound 400
cornstarch 50
croscarmellose sodium 25
lactose 120
magnesium stearate 5
[0589] The following ingredients are mixed intimately and

loaded into a hard-shell gelatin capsule.

Capsule Formulation

[0590]
Quantity
per capsule

Ingredient (mg)

compound 200

lactose spray dried 148

magnesium stearate 2

BIOLOGICAL EXAMPLES
Example B1: In Vitro Antibacterial Assays

[0591] To determine the ability of test compounds to

inhibit the growth of bacterial strains, classic cell-based
broth microdilution MIC assays were employed. MIC assays
are performed according to CLSI methods except where
otherwise noted (CLSIL 2011 and CLSI, 2009). The refer-
ence strains S. aureus ATCC 29213 (methicillin sensitive),

Apr. 27,2023

S. aureus ATCC 33591 (methicillin-resistant), . coli ATCC
25922 (wild-type/QC strain), P. aeruginosa ATCC 27853
(wild-type/QC strain), and the clinical isolate P. aeruginosa
PA 8 were used to determine the ability of the exemplary
carbapenem compounds to inhibit bacterial growth. An
expanded panel of methicillin resistance S. aureus (MRSA)
and Pseudomonas was also used to determine the ability of
exemplary carbapenem compounds to inhibit bacterial
growth across a broader representation of those species. To
determine activity in MRSA and in addition to S. aureus
ATCC 33591, S. aureus USA 300 and USA 600, some of the
most common clones found to cause human infection, were
also used. To further gauge the impact on the carbapenem
compounds due to various resistance mechanisms in
Pseudomonas, the following strains were included: P.
aeruginosa 35151 (hyper-permeable strain), P. aeruginosa
AmexAB-OprM (an efflux pump knockout), and P. aerugi-
nosa Paf-173 (a clinical isolate of reduced carbapenem
susceptibility). Briefly, cryo-preserved bacterial cultures of
clinical strains are streaked for isolation on appropriate agar
medium, in this case Mueller Hinton II agar. Following
incubation to allow formation of colonies, these plates are
sealed with parafilm and stored refrigerated for up to two
weeks. For preparation of assay inocula and to ensure low
variability, at least 5 colonies are picked from the agar plates
with an inoculating loop and aseptically transferred to a
culture tube containing 3 ml. of Mueller-Hinton Broth
(supplemented with divalent cations to required levels based
on Manufacturers’ specification). The broth culture is grown
for 3-5 hours at 37° C. with shaking at 200 rpm. Meanwhile,
2-fold serial dilutions of test compounds are conducted in a
96 well plate with a final volume of 75 pL per well at 2-fold
the final desired concentration. After the dilution plates are
set up the growing cultures are then diluted in a cuvette
containing MH II broth and the optical density is measured
at 600 nm. Inocula are diluted such that 75 pL. of this culture
in Mueller-Hinton Broth results in a starting bacterial con-
centration of 5x10° CFU/mL when added to the dilution
plates. The plates are incubated 16-20 hours at 37° C. The
MIC is read visually as the lowest concentration well with
no bacterial growth.

[0592] Representative results are shown in Tables 2 and 3,
where A represents an MIC>32 pg/ml, B represents an MIC
between 8 and 32 pg/ml inclusive, C represents an MIC
between 1 and 4 pg/mL inclusive, and D represents an MIC
of <1 pg/mL. NT=Not Tested.

TABLE 2

Inhibition of bacterial growth for methicillin-resistant S. aureus
and E. coli strains. Minimum Inhibitory Concentrations of
exemplary compounds (MIC, in pug/ml).

S. aureus E. coli
USA600 25922

S. aureus
USA300

S. aureus
Example 33591

— OO0V B W
O0O0O0O0OWwOoOOwWw ww
[oNoRvEoNoNoNoNoNONONe)
gogooooonooon
viviviviviviviviviviw)

—_ =
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TABLE 3

TABLE 2-continued

Inhibition of bacterial growth for P. aeruginosa strains. Minimum

Inhibito.

Inhibition of bacterial growth for methicillin-resistant S. aureus

/ml).

compounds (MIC, in

Concentrations of exempl

and E. coli strains. Minimum Inhibitory Concentrations of

exemplary compounds (MIC, in pg/mL).

P. aeruginosa P. aeruginosa

P. aeruginosa P. aeruginosa

Example 27853 35151 AmexAB-OptM  Paep-17

E. coli
25922

S. aureus S. aureus
USA600

USA300

S. aureus

33591
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TABLE 3-continued

Inhibition of bacterial growth for P. aeruginosa strains. Minimum
Inhibitory Concentrations of exemplary compounds (MIC, in pg/mL).

P. aeruginosa P. aeruginosa P. aeruginosa P. aeruginosa

Example 27853 35151 AmexAB-OprM  Paef-17
77 C D B C
78 C D B C
79 C D B C

Example B2. Expanded MIC Profiling in Clinical
Isolates

[0593] To evaluate the activity of selected example com-
pounds against clinical isolates of target species, standard
cell-based broth microdilution MIC assays were employed.
A panel of 20 clinical isolates of P. aeruginosa and 20
clinical isolates of Methicillin Resistant S. aureus (MRSA)
from Lankenau Medical Center (Wynnewood, Pa.) were
used. In the set of P. aeruginosa isolates, the compounds
were also tested in combination with a f§-lactamase inhibitor
(taniborbactam), to evaluate the potential benefit of inhib-
iting f-lactamase enzymes. The assay was conducted in
Cation Adjusted Mueller Hinton Broth (CAMHB, BD
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Apr. 27,2023

TABLE 4-continued

Inhibition of bacterial growth for P. aeruginosa clinical isolates. Minimum

Inhibitory Concentrations of exemplary compounds (MIC, in pg/mL).

Example 28 Meropenem
plus plus

Strain ID Example 28 taniborbactam Meropenem taniborbactam
Lankenau 27 2 1 0.5 <0.25
Lankenau 28 8 1 0.5 0.5
Lankenau 29 16 0.5 0.5 0.5
Lankenau 30 32 1 0.5 1
MIC50 1 1 0.5 0.5
MIC90 8 2 1 2

TABLE 5

Inhibition of bacterial growth for S. aureus clinical isolates.
Minimum Inhibitory Concentrations of exemplary compounds
(MIC, in pg/mL).

; . . Strain ID Example 28 Meropenem
#212322, BD Diagnostic Systems, Sparks, Md.). Bacteria
strains were grown for 3-5 hours in CAMHB. Compounds LH-SA3 0.5 4
were added to a microtiter plate in 2-fold serial dilutions in LH-SA9 0.5 4
CAMHB. For plates receiving B-lactamase inhibitor, tani- LH-SA23 0.5 4
borbactam was added to obtain a final fixed concentration of LH-SA24 0.5 4
4 pg/mL. Once the test articles were added, the plates were ig:iig 2‘5 1:
inoculated according to CLSI broth microdilution method. LH:S 33 5 4
After inoculation, the plates were incubated for 16-20 hours LH-SA34 4 g
at 37° C. then the Minimal Inhibitory Concentration (MIC) LH-SA37 0.25 4
of the test compound is determined visually. Values for LH-SA38 4 32
concentration required to inhibit growth of 500% (MIC50) LH-SA39 5 4
and 90% (MIC90) of isolates were determined. LH-SA40 2 4
[0594] Table 4 shows results for P. aeruginosa MIC test- ig:ig és :
ing, and Table 5 shows results for MRSA MIC testing. ’
LH-SA44 4 8
TABLE 4 LH-SA45 16 16
LH-SA48 0.5 4
Inhibition of bacterial growth for P. aeruginosa clinical isolates. Minimum LH-SA49 0.5 4
Inhibitory Concentrations of exemplary compounds (MIC, in pg/mL). LH-SAS50 0.5 4
ATCC-33591 2 32
Example 28 Meropenem MIC50 05 4
plus plus
Strain ID Example 28 taniborbactam Meropenem taniborbactam MIC90 4 16
Lankenau 11 2 1 1 1
Lankenau 12 0.5 1 0.5 1 . . .
Lankenau 13 0.5 4 1 1 [0595] While preferred embodiments of the present inven-
Lankenau 14 1 0.5 0.5 <0.25 tion have been shown and described herein, it will be
iﬁ:ﬁ:ﬁ 12 } 2'5 é s é s obvious to those skilled in the art that such embodiments are
Lankenau 17 1 1 1 1 provided by way of example only. Numerous variations,
Lankenau 18 1 0.25 0.5 0.5 changes, and substitutions will now occur to those skilled in
Lankenau 19 1 L L 0.3 the art without departing from the invention. It should be
Lankenau 20 1 0.25 0.5 0.5 : . .
Lankenau 21 1 05 1 5 understood that various alternatives to the embodiments of
Lankenau 22 1 0.5 0.5 <0.25 the invention described herein may be employed in practic-
I}:ﬁemm ii ; 2-25 2-5 2-5 ing the invention. It is intended that the following claims
LankZEzﬁ 55 5 5 05 0.5 define the scope of the invention aqd that methods ?nd
Lankenau 26 2 0.5 <0.25 <0.25 structures within the scope of these claims and their equiva-

lents be covered thereby.
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What is claimed is:

1. A compound of Formula (III), or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof:

Formula (III)

@LI_RA;

wherein

Ring A is cycloalkyl optionally substituted with one, two,
or three oxo, halogen, C,-C; alkyl, C,-C, haloalkyl,
—OR% —CN, —NO,, —NRRY, —S(=0),R?,
—S(=0),NR°RY ~—C(=0)OR?, —C(=O0O)R?,
—C(=0)NRR?, —NR“C(=NR“NR°R?, or —NR“C
(=NROR’;

L' is a bond or C,-Cj alkylene optionally substituted with
halogen, —OR?, or —NR“R%,

R* is halogen, C,-C alkyl, C,-C alkenyl, C,-Cg alkynyl,
C,-C; haloalkyl, C,-C,4 hydroxyalkyl, —OR“, —CN,
—NO,, —S(=0),R*’, —S(=0),NR'°R!}, —C(=0)
OR'°, —C(=0)NR!°R"?, —NR°C(=NR™")
NRIORII, 4C(:NR10)R10, 7NR10C(:NR11)RIO,
7NR10(CR12R13)WNR10R11, 7NR10C(:NR11)NR10
(CR'R'") NR'™R'", —C(=NR'"MHNR'R", C,-Cq4
cycloalkyl, C,-Cy heterocycloalkyl, aryl, or heteroaryl;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, het-
erocycloalkyl, aryl, and heteroaryl is independently
optionally substituted with one, two, or three R4!;

each R*' is independently halogen, C,-C4 alkyl, C,-C,

haloalkyl, —OR® —CN, —NO, —NR"R
—S(=0),R?>, —S(=0),NR"R?, —C(=0)OR?,
—C(=0)R?, —C(=O0)NRRY, —NR°C(=NR)

NR”R?, or — NR°C(—NR)R?;

L is a bond or C,-C, alkylene optionally substituted with
halogen, —OR?, or —NR°RY

R' is C,-C4 alkyl, C,-C, haloalkyl, C,-C, alkenyl, or
C,-C; alkynyl;

R? is hydrogen, C,-C, alkyl, C,-C, haloalkyl, C,-C,
alkenyl, C,-Cy4 alkynyl, or —Si(R?),;

each R? is independently hydrogen, C,-C, alkyl, C,-C,
haloalkyl, C,-C, alkenyl, C,-C alkynyl, or —OR*;

R* is hydrogen, C,-C, alkyl, C,-C, haloalkyl, C,-C,
alkenyl, C,-Cy alkynyl, C;-Cy cycloalkyl, C,-Cg het-
erocycloalkyl, aryl, heteroaryl, —(C,-C alkyl)(C;5-Cq
cycloalkyl), —(C,-C, alkyl)(C,-Cy heterocycloalkyl),
—(C,-Cq alkyl)(aryl), or —(C,-Cq alkyl)(heteroaryl);
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each R’ is independently halogen, C,-C4 alkyl, C,-Cg
haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl, —OR?,
—CN, —NO,, —S(=0),R?, —S(=0),NRRY,
—C(=0)OR*, —C(=0)R?, —C(—=0O)NR“R?, —NR-
“R¥, C,-C, cycloalkyl, or C,-C, heterocycloalkyl;

or two R® on the same carbon are taken together to form
an 0xo;

each R'® and R*! is independently hydrogen, C,-C alkyl,
C,-C; haloalkyl, C,-C, alkenyl, C,-C,4 alkynyl, C5-Cq
cycloalkyl, C,-C, heterocycloalkyl, aryl, heteroaryl,
—(C,-Cq4 alkyl)(C;5-Cy4 cycloalkyl), —(C,-C; alkyl)
(C,-Cg heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);

or R' and R are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloal-
kyl;

each R'? and R'? is independently hydrogen, halogen,
—CN, —OR*, —NR°R?, C,-C, alkyl, C,-C haloalkyl,
C,-C; alkenyl, C,-C; alkynyl, C5-C4 cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;

each R” is independently hydrogen, C,-C, alkyl, C,-Cq
haloalkyl, C,-C4 alkenyl, C,-C4; alkynyl, C;-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;

each R” is independently C,-C, alkyl, C,-C, haloalkyl,
C,-C¢ alkenyl, C,-C4 alkynyl, C;-Cy cycloalkyl, or
C,-Cg heterocycloalkyl;

each R® and R are independently hydrogen, C,-C, alkyl,
C,-C; haloalkyl, C,-C, alkenyl, C,-C,4 alkynyl, C5-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;

or R¢ and R¥ are taken together with the nitrogen to which
they are attached to form a C,-C; heterocycloalkyl;

w is 2-4;

ris 1-2;

s is 0-2; and

p is 0-5.

2. The compound of claim 1, wherein R* is C,-C, alkyl.

3. The compound of claim 1 or 2, wherein R? is hydrogen.

4. The compound of any one of claims 1-3, wherein each

? is independently hydrogen or C,-C, alkyl.

5. The compound of any one of claims 1-4, wherein R* is

hydrogen.

6. The compound of any one of claims 1-5, wherein the

compound of Formula (III), or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, is of Formula
(IlTa):

Formula (1IIa)

L@—LI—RA.
/
N
OH - }
5
J ®,

N/
O
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7. The compound of any one of claims 1-6, wherein the
compound of Formula (III), or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, is of Formula
(1IIb):

Formula (IIIb)
L@—LI—RA.
/
}
R,

8. The compound of any one of claims 1-7, wherein p is
0.

9. The compound of any one of claims 1-8, wherein r is
1 and s is O.

10. The compound of any one of claims 1-8, wherein r is
1 and s is 1.

11. The compound of any one of claims 1-10, wherein L.
is a bond.

12. The compound of any one of claims 1-10, wherein L.
is C, alkylene.

13. The compound of any one of claims 1-12, wherein
Ring A is cyclohexyl.

14. The compound of any one of claims 1-13, wherein L!
is a bond.

15. The compound of any one of claims 1-13, wherein L!
is C, alkylene.

16. The compound of any one of claims 1-15, wherein R*
is —S(=0),NR'’R', —C(=O)NR'R'", —NR'C
(:NRll)NRloRll, 4C(:NR10)R10, 7NR10C(:NR11)
RIO, 7NR10(CR12R13)WNR10R11, 7NR10C(:NR11)NR10
(CR'R"), NR'"R", or —C(=NR'"")NR'’R'",

17. The compound of any one of claims 1-16, wherein R*
is  —NR!C(=NR')NR'R!Y, —C(=NR'OR', or
—NR'"C(=NR'HR™.

18. The compound of any one of claims 1-17, wherein R*
is NR'C(=NR'"")NR'°R'".

19. The compound of any one of claims 1-18, wherein

each R'° and R'! is independently hydrogen or C,-Cy alkyl.

20. The compound of any one of claims 1-19, wherein
each R'® and R is hydrogen.

21. The compound of any one of claims 1-20, wherein
each R'? and R'? is independently hydrogen, halogen, or
C,-Cs alkyl.

22. The compound of any one of claims 1-21, wherein
each R'? and R*? is hydrogen.

Apr. 27,2023

23. The compound of claim 1 selected from the group
consisting of:
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-continued
NH

NJ\NH,
O/\H 2

or a pharmaceutically acceptable salt, solvate, or stereoi-
somer thereof.
24. A compound of Formula (I), or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof:

3
N
S ~©N

COOH

Formula (I)

R,

wherein

Ring A is cyclobutyl or cyclopentyl;

each R is independently halogen, C,-C4 alkyl, C,-C,
alkenyl, C,-C; alkynyl, C,-Cs; haloalkyl, C,-Cg
hydroxyalkyl, = —(CR'?R'*) OR!°, —(CR'?*R"®)
NR'R'", —CN, —NO,, —(CR"*R"*) S(=0),R'°,
—(CRR") S(=0),NRR!, —(CR'*R'?) C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
VNRIOC(:NRM)NRIORM, 7(CR12R13)VC(:NR10)
R'°, —(CRlle3)VNR10C(:NR11)R10, —(CRlles)
VNRIO(CRlzRB)WNRlORM, —(CRlles)v(NRwC
(:NRH)NRIO(CRlzRB)WNRIORII, 7(CR12R13)VC
(=NR'MNRRYM,  C,-C;  cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, hetero-
cycloalkyl, aryl, and heteroaryl is independently
optionally substituted with one, two, or three R4!;

each R*' is independently halogen, C,-Cy alkyl, C,-C,
haloalkyl, —OR?, —CN, —NO,, —NR°R%, —S§(=0)
R?, —S8(=0),NRRY, —C(=0)OR?, —C(=0)R?,
—C(=0)NR°R?, —NRC(=NR)NR“R?, or —NR“C
(=NROR;

L is a bond or C,-C, alkylene optionally substituted with
halogen, —OR¢®, —CN, —NO,, or —NR°RY

R' is C,-C4 alkyl, C,-C, haloalkyl, C,-C, alkenyl, or
C,-C; alkynyl;

R? is hydrogen, C,-C, alkyl, C,-C, haloalkyl, C,-C,
alkenyl, C,-C, alkynyl, or —Si(R?)5;

each R? is independently hydrogen, C,-C, alkyl, C,-C,
haloalkyl, C,-C, alkenyl, C,-C alkynyl, or —OR*;

R* is hydrogen, C,-C, alkyl, C,-C, haloalkyl, C,-C,
alkenyl, C,-Cy alkynyl, C;-Cy cycloalkyl, C,-Cg het-
erocycloalkyl, aryl, heteroaryl, —(C,-C alkyl)(C;5-Cq
cycloalkyl), —(C,-C, alkyl)(C,-Cy heterocycloalkyl),
—(C,-Cq alkyl)(aryl), or —(C,-Cq alkyl)(heteroaryl);
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each R’ is independently halogen, C,-C4 alkyl, C,-Cg
haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl, —OR?,
—CN, —NO,, —S(=0),R?, —S(=0),NRRY,
—C(=0)OR*, —C(=0)R?, —C(—=0O)NR“R?, —NR-
“R¥, C,-C, cycloalkyl, or C,-C, heterocycloalkyl;

or two R® on the same carbon are taken together to form
an 0xo;

each R'® and R*! is independently hydrogen, C,-C alkyl,
C,-C; haloalkyl, C,-C alkenyl, C,-C, alkynyl, C;-Cq
cycloalkyl, C,-Cy heterocycloalkyl, aryl, heteroaryl,
—(C,-C4 alkyl)(C;-Cq cycloalkyl), —(C,-C, alkyl)
(C,-Cy4 heterocycloalkyl), —(C,-C4 alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);

or R' and R are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloal-
kyl;

each R'? and R'’ is independently hydrogen, halogen,
—CN, —OR*,—NR°R?, C,-C, alkyl, C,-C haloalkyl,
C,-C; alkenyl, C,-C; alkynyl, C5-C4 cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;

each R” is independently hydrogen, C,-Cq alkyl, C,-Cq
haloalkyl, C,-C; alkenyl, C,-C4 alkynyl, C;-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;

each R? is independently C,-Cy4 alkyl, C,-C, haloalkyl,
C,-C¢ alkenyl, C,-C4 alkynyl, C;-Cy cycloalkyl, or
C,-Cg heterocycloalkyl;

each R® and R are independently hydrogen, C,-C, alkyl,
C,-C; haloalkyl, C,-C, alkenyl, C,-C,4 alkynyl, C5-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;

or R and R” are taken together with the nitrogen to which
they are attached to form a C,-C heterocycloalkyl;

v is 0-4;

w is 2-4;

n is 0-4; and

p is 0-5.

25. The compound of claim 24, wherein R* is C,-Cj alkyl.

26. The compound of claim 24 or 25, wherein R? is
hydrogen.

27. The compound of any one of claims 24-26, wherein
each R? is independently hydrogen or C,-C alkyl.

28. The compound of any one of claims 24-27, wherein
R* is hydrogen.

29. The compound of any one of claims 24-28, wherein
the compound of Formula (I), or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, is of Formula (Ia):

Formula (Ta)

J ®),

OH

OH
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30. The compound of any one of claims 24-29, wherein
the compound of Formula (I), or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, is of Formula (Ib):

Formula (Ib)

N—L ®*),.

31. The compound of any one of claims 24-30, wherein p
is 0.

32. The compound of any one of claims 24-31, wherein L.
is a bond.

33. The compound of any one of claims 24-32, wherein L.
is C, alkylene.

34. The compound of any one of claims 24-33, wherein
Ring A is cyclobutyl.

35. The compound of any one of claims 24-33, wherein
Ring A is cyclopentyl.

36. The compound of any one of claims 24-35, wherein n
is 1 or 2.

37. The compound of any one of claims 24-36, wherein n
is 1.

38. The compound of any one of claims 24-37, wherein
each R* is independently —(CR'?R'?) NR'°R™,

—(CR'?R'®) S(=0),NR'°R"", —(CR"R'*) C(=0)
NRlORll, 7(CR12R13)VNR10C(:NR1I)NRIORII’
7(CR12R13)VC(:NRIO)RIO, 7(CR12R13)‘}NR10C
g, 11 10 1213 10 1213 10p 11
(=NR"™R',  —(CR'R'?) NR'%CR'>R'?) NR'°R",

7(CR12R13)V(NRIOC(:NR1I)NRIO(CR12R13)WNRIOR11,
or —(CR"R'?) C(=NR'")NR'°R*.

39. The compound of any one of claims 24-38, wherein
each R* is independently —(CR'?R'?) NR'°R,

7(CR12R13)vNRIOC(:NR1 1)NR10R11, 7(CR12R13)VC
(:NRlO)RIO, 7(CR12R13)VNRIOC(:NR1 I)RIO,
7(CR12R13)vNR1O(CR12R13)WNR10R11 , 7(CR12R13)V
(NR'°C(=NR'")NR'°(CR'*R'*) NR'°R"!, or

7(CR12R13)VC(:NR1I)NRIORII.

40. The compound of any one of claims 24-39, wherein
each R* is independently —(CR'?R'?) NR'°R™,
7(CR12R13)vNRIOC(:NR1I)NRIORII, 7(CR12R13)VC
(:NRlO)RIO, 7(CR12R13)VNR10C(:NR11)R10.

41. The compound of any one of claims 24-40, wherein
each R? is independently —(CR'?R'*) NR'°R'' or
—(CRlles)VNRIOC(:NRl1)NR10R11.

42. The compound of any one of claims 24-41, wherein v
is O or 1.

43. The compound of any one of claims 24-42, wherein v
is 0.

44. The compound of any one of claims 24-43, wherein
each R'° and R'' is independently hydrogen or C,-Cj alkyl.

45. The compound of any one of claims 24-44, wherein
each R'® and R is hydrogen.

46. The compound of any one of claims 24-45, wherein
each R'? and R'? is independently hydrogen, halogen, or
C,-Cs alkyl.
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47. The compound of any one of claims 24-46, wherein
each R'? and R*? is hydrogen.

48. The compound of claim 24 selected from the group
consisting of:

NH,,

COOH

COOH

COOH

COOH
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-continued

COOH

or a pharmaceutically acceptable salt, solvate, or stereoi-
somer thereof.

49. A compound of Formula (II), or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof:

Formula (IT)

wherein

Ring B is C;-C, cycloalkyl;

R! is C,-Cq4 alkyl, C,-C, haloalkyl, C,-C4 alkenyl, or
C,-Cg alkynyl;

73
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R? is hydrogen, C,-C,4 alkyl, C,-C, haloalkyl, C,-Cg
alkenyl, C,-Cy alkynyl, or —Si(R?),;

each R? is independently hydrogen, C,-Cy alkyl, C,-Cg
haloalkyl, C,-C, alkenyl, C,-C alkynyl, or —OR*;

R* is hydrogen, C,-C, alkyl, C,-C, haloalkyl, C,-Cg
alkenyl, C,-Cy alkynyl, C;-Cy cycloalkyl, C,-Cg het-
erocycloalkyl, aryl, heteroaryl, —(C,-C alkyl)(C;5-Cq
cycloalkyl), —(C,-C4 alkyl)(C,-Cy heterocycloalkyl),
—(C,-Cq alkyl)(aryl), or —(C,-C; alkyl)(heteroaryl);

each R® is independently halogen, C,-C alkyl, C,-Cg
haloalkyl, C,-C4 alkenyl, C,-C4 alkynyl, —OR?,
—CN, —NO,, —S(=0),R?, —S(=0),NRRY,
—C(=0)OR*, —C(=0)R?, —C(—=0O)NR“R?, —NR-
“RY, C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C5-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;

or two R> on the same carbon are taken together to form
an oxo;

R® is hydrogen, C,-C,4 alkyl, C,-C, haloalkyl, C,-Cg
alkenyl, C,-Cy alkynyl, C;-C,4 cycloalkyl, or C,-Cq
heterocycloalkyl;

R7 is C,-C, cycloalkyl, C,-C, heterocycloalkyl, aryl, and
heteroaryl; each independently optionally substituted
with one, two, or three R7%;

or R® and R” are taken together with the nitrogen to which
they are attached to form a C,-Cg heterocycloalkyl
optionally substituted with one, two, or three R”%;

each R”* is independently halogen, C,-C, alkyl, C,-Cg
alkenyl, C,-C, alkynyl, C,-C; haloalkyl, C,-Cq
hydroxyalkyl, =~ —(CR'?R') ,OR'°, —(CR'*R"?)
NRI°R! —CN, —NO,, —(CR*?R"?) S(=0),R*°,
—(CR"™R") S(=0),NR'°R", —(CR'*R"*) C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
VNRIOC(:NRM)NRIORM, 7(CR12R13)VC(:NR10)
R'°, —(CRI2R13)VNR10C(:NR11)R10, —(CRlles)
VNRIO(CRlles)WNRloRll, 7(CR12R13)‘}(NR10C
(:NRlI)NRlo(CRlles)WNRloRll, —(CRlles)vC
(=NR!")NR'°R'!,  C,-C, cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, hetero-
cycloalkyl, aryl, and heteroaryl is independently
optionally substituted with one, two, or three R7?;

each R7” is independently halogen, C,-C, alkyl, C,-C,
haloalkyl, —OR“, —CN, —NO,, —NR°R%, —S(=0)
5R?, —8(=0),NRRY, —C(=0)OR?, —C(=0)R?,
—C(=0)NRRY, —NR“C(=NR“NR°R?, or —NR“C
(=NROR”;

each R'® and R!* is independently hydrogen, C,-Cq alkyl,
C,-C; haloalkyl, C,-C, alkenyl, C,-C,4 alkynyl, C5-Cq
cycloalkyl, C,-C, heterocycloalkyl, aryl, heteroaryl,
—(C,-Cq4 alkyl)(C;5-Cy4 cycloalkyl), —(C,-C; alkyl)
(C,-Cg heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);

or R' and R are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloal-
kyl;

each R'? and R'? is independently hydrogen, halogen,
—CN, —OR“ —NRR, C,-C; alkyl, C,-Cg4 haloalkyl,
C,-C; alkenyl, C,-C; alkynyl, C5-C4 cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;

each R” is independently hydrogen, C,-Cq alkyl, C,-Cq
haloalkyl, C,-C4 alkenyl, C,-C4; alkynyl, C;-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;
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each R? is independently C,-C, alkyl, C,-C, haloalkyl,
C,-Cq alkenyl, C,-Cg alkynyl, C,-Cg cycloalkyl, or
C,-C4 heterocycloalkyl;

each R< and R are independently hydrogen, C,-C, alkyl,
C,-C; haloalkyl, C,-C; alkenyl, C,-C, alkynyl, C5-Cq
cycloalkyl, or C,-Cg heterocycloalkyl;

or R¢ and R are taken together with the nitrogen to which
they are attached to form a C,-C; heterocycloalkyl;

v is 0-4;

w is 2-4; and

p is 0-5.

50. The compound of claim 49, wherein R* is C,-Cj alkyl.

51. The compound of claim 49 or 50, wherein R? is
hydrogen.

52. The compound of any one of claims 49-51, wherein
each R? is independently hydrogen or C,-Cy alkyl.

53. The compound of any one of claims 49-52, wherein
R* is hydrogen.

54. The compound of any one of claims 49-53, wherein
the compound of Formula (IT), or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, is of Formula
(I1a):

Formula (Ia)

on
R6
O
S
N/ \R7_
o

RS
Ol R2)p

55. The compound of any one of claims 49-54, wherein
the compound of Formula (IT), or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, is of Formula
(IIb):

Formula (IIb)

56. The compound of any one of claims 49-55, wherein p
is 0.

57. The compound of any one of claims 49-56, wherein
R’ is C4-Cg cycloalkyl or C,-Cg heterocycloalkyl; each
independently optionally substituted with one, two, or three
R,
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58. The compound of any one of claims 49-57, wherein
the compound of Formula (II), or a pharmaceutically accept-
able salt, solvate, or stereoisomer thereof, is of Formula
(IIe):

Formula (Ilc)

wherein

Ring C is C,-Cg cycloalkyl or C,-C, heterocycloalkyl;
each R7¢ is independently halogen, C,-C4 alkyl, C,-Cg
alkenyl, C,-C; alkynyl, C,-C4 haloalkyl, C,-Cg
hydroxyalkyl, = —(CR!?R'*) OR!°, —(CR'*R'?)
NR'R'", —CN, —NO,, —(CR"*R"?) S(=0),R",
—(CRR™) S(=0),NRR!, —(CR'*R'?) C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
NR'C(=NR'"NR'R", —(CR'"*R"*) C(=NR'®)
RIO, 7(CR12R13)VNR10C(:NR11)R10, 7(CR12R13)
VNRIO(CRlles)WNRIORll, 7(CR12R13)‘}(NR10C
(:NRH)NRIO(CRlzRB)WNRIORII, 7(CR12R13)VC
(=NRMNRRM,  C,-C;  cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, hetero-
cycloalkyl, aryl, and heteroaryl is independently
optionally substituted with one, two, or three R”%;

each R7” is independently halogen, C,-C, alkyl, C,-C,
haloalkyl, —OR¢®, —CN, —NO,, —NR°R% —S§(=0)
R?, —S8(=0),NRRY, —C(=0)OR?, —C(=O0)R?,
—C(=0)NRR?Y, —NR°C(=NR)NRR?, or —NR“C
(=NROR;

each R'® and R*! is independently hydrogen, C,-C alkyl,
C,-C; haloalkyl, C,-C alkenyl, C,-C, alkynyl, C;-Cq
cycloalkyl, C,-Cy heterocycloalkyl, aryl, heteroaryl,
—(C,-Cq4 alkyl)(C;5-Cy4 cycloalkyl), —(C,-C; alkyl)
(C,-Cy4 heterocycloalkyl), —(C,-C4 alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);

or R' and R are taken together with the nitrogen to
which they are attached to form a C,-Cg heterocycloal-
kyl;

each R'? and R'? is independently hydrogen, halogen,

—CN, —OR*, —NR°R?, C,-C, alkyl, C,-C haloalkyl,
C,-C; alkenyl, C,-C; alkynyl, C5-C4 cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;

v is 0-4;

w is 2-4; and

m is 0-3.

59. The compound of any one of claims 49-58, wherein
R® is hydrogen.

60. The compound of any one of claims 49-56, wherein
R®and R” are taken together with the nitrogen to which they
are attached to form a C,-Cg heterocycloalkyl optionally
substituted with one, two, or three R7*.
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61. The compound of any one of claims 49-56 or 60,
wherein the compound of Formula (II), or a pharmaceuti-
cally acceptable salt, solvate, or stereoisomer thereof, is of
Formula (IId):

Formula (IId)

wherein

Ring D is C,-C, heterocycloalkyl;
each R7“ is independently halogen, C,-Cy alkyl, C,-Cg
alkenyl, C,-C; alkynyl, C,-Cs; haloalkyl, C,-Cg
hydroxyalkyl, = —(CR'?R'*) OR!°, —(CR'?*R"®)
NR'R'", —CN, —NO,, —(CR"*R"*) S(=0),R'°,
—(CRR") S(=0),NRR!, —(CR'*R'?) C(=0)
ORlO, 7(CR12R13)VC(:O)NRIOR11, 7(CR12R13)
NR'C(=NR'"NR'R", —(CR'"*R"*) C(=NR'®)
RIO, 7(CR12R13)VNR10C(:NR11)R10, 7(CR12R13)
VNRIO(CRHRB)WNRIORM, 7(CR12R13)‘}(NR10C
(:NRH)NRIO(CRlzRB)WNRIORII, 7(CR12R13)VC
(=NR'MNRRYM,  C,-C;  cycloalkyl, C,-Cq
heterocycloalkyl, aryl, or heteroaryl;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, hetero-
cycloalkyl, aryl, and heteroaryl is independently
optionally substituted with one, two, or three R7?;
each R7? is independently halogen, C,-C, alkyl, C,-Cq
haloalkyl, —OR“, —CN, —NO,, —NR°R%, —S(=0)
JR?, —S§(=0),NRRY, —C(=0)OR?, —C(=O0)R?,
—C(=0)NRR?, —NR°C(=NR)NRR?, or —NR“C
(=NROR”;
each R'® and R is independently hydrogen, C,-C alkyl,
C,-C; haloalkyl, C,-C; alkenyl, C,-C, alkynyl, C5-Cq
cycloalkyl, C,-C, heterocycloalkyl, aryl, heteroaryl,
—(C,-Cq4 alkyl)(C;5-Cy4 cycloalkyl), —(C,-C; alkyl)
(C,-Cg heterocycloalkyl), —(C,-C; alkyl)(aryl), or
—(C,-Cq alkyl)(heteroaryl);
or R'® and R" are taken together with the nitrogen to
which they are attached to form a C,-C, heterocycloal-
kyl;
each R'? and R'? is independently hydrogen, halogen,
—CN, —OR*,—NRRY, C,-C, alkyl, C,-C, haloalkyl,
C,-C; alkenyl, C,-C; alkynyl, C5-C4 cycloalkyl, C,-Cyq
heterocycloalkyl, aryl, or heteroaryl;
v is 0-4;
w is 2-4; and
m is 0-3.
62. The compound of claim 61, wherein Ring D is
pyrrolidine or piperidine.
63. The compound of claim 61 or 62, wherein Ring D is
piperidine.
64. The compound of any one of claims 61-63, wherein m
is 0-2.
65. The compound of any one of claims 61-64, wherein m
is O or 1.
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66. The compound of any one of claims 61-65, wherein m
is 0.

67. The compound of any one of claims 61-65, wherein m
is 1.

68. The compound of any one of claims 49-67, wherein
Ring B is cyclobutyl, cyclopentyl, or cyclohexyl.

69. The compound of any one of claims 49-68, wherein
Ring B is cyclobutyl.

70. The compound of any one of claims 49-68, wherein
Ring B is cyclopentyl.

71. The compound of any one of claims 49-70, wherein
each R’ is independently —(CR'?R'?) NR'°R™,
7(CR12R13)’S(:O)zNRIORll’ 7(CR12R13)VC(:O)

NRlORll, 7(CR12R13)VNR10C(:NR1 1)NR10R11,
7(CR12R13)VC(:NRIO)RIO, 7(CR12R13)‘}NR10C
(:NRll)Rlo, 7(CR12R13)‘}NR1O(CR12R13)WNR10R11 ,

7(CR12R13)V(NRIOC(:NR1I)NRIO(CR12R13)WNRIOR11 ,
or —(CR!2R'*) C(—=NR'")NR'°R".

72. The compound of any one of claims 49-71, wherein
each R’ is independently —(CR'?R'?) NR'°R™,
7(CR12R13)VNRIOC(:NR1I)NRIORII’ 7(CR12R13)VC
(:NRlO)Rlo, 7(CR12R13)VNR10C(:NR1I)RIO’
7(CR12R13)‘}NR1O(CR12R13)WNR10R11’ 7(CR12R13)V
(NRIOC(:NRII)NRIO(CRIZRB)WNRlORM, or
7(CR12R13)VC(:NR1I)NRIORII.

73. The compound of any one of claims 49-72, wherein
each R’ is independently —(CR'?R'?) NR'°R™,
7(CR12R13)VNRIOC(:NR1I)NRIORII, 7(CR12R13)VC
(:NRIO)RIO, 7(CR12R13)‘}NR1OC(:NRII)RIO, or
—(CRR"?) C(=NR'')NR!°R!!.

74. The compound of any one of claims 49-73, wherein
each R’ is independently —(CR'?R'?),NR'°R™,
—(CR"™R") NR'’C(=NR'")NR'’R", or —(CR'*R"*),C
(:NRII)NRloRll.

75. The compound of any one of claims 49-74, wherein v
is 0 or 1.

76. The compound of any one of claims 49-75, wherein v
is 0.

77. The compound of any one of claims 49-76, wherein
each R'° and R'* is independently hydrogen or C,-Cj alkyl.

78. The compound of any one of claims 49-77, wherein
each R'° and R** is hydrogen.

79. The compound of any one of claims 49-78, wherein
each R'? and R'? is independently hydrogen, halogen, or
C,-Cs alkyl.

80. The compound of any one of claims 49-79, wherein
each R'? and R*? is hydrogen.

81. The compound of claim 49 selected from the group
consisting of:

COOH
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or a pharmaceutically acceptable salt, solvate, or stereoi-
somer thereof.
NH 82. A compound selected from the group consisting of:

NH
5 NI,
N
NI
NH
X NIL,

NH,,

{ S%> <j\N NH,

COOH NH,,
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or a pharmaceutically acceptable salt, solvate, or stereoi-
somer thereof.

83. A pharmaceutical composition comprising a com-
pound of any one of claims 1-82, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof and a phar-
maceutically acceptable excipient.

84. A pharmaceutical composition comprising a com-
pound of any one of claims 1-82, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof, a [-lacta-
mase inhibitor; and a pharmaceutically acceptable excipient.

85. A method of treating a bacterial infection in a subject,
comprising administering to the subject an effective amount
of' a compound of any one of claims 1-82, or a pharmaceu-
tically acceptable salt, solvate, or stereoisomer thereof.

86. A method of treating a bacterial infection in a subject,
comprising administering to the subject an effective amount
of' a compound of any one of claims 1-82, or a pharmaceu-
tically acceptable salt, solvate, or stereoisomer thereof in
combination with a §-lactamase inhibitor.

87. A method of treating a bacterial infection in a subject,
comprising administering to the subject a pharmaceutical
composition of claim 83.

88. A method of treating a bacterial infection in a subject,
comprising administering to the subject a pharmaceutical
composition of claim 84.

89. The method of any one of claims 85-88, wherein the
bacterial infection is caused by gram-negative bacteria.

90. The method of any one of claims 85-88, wherein the
bacterial infection is caused by gram-positive bacteria.

91. The method of any one of claims 85-88, wherein the
bacterial infection is caused by multidrug-resistant (MDR)
bacteria.

92. The method of any one of claims 85-88, wherein the
bacterial infection is cause by carbapenem resistant Entero-
bacteriaceae (CRE).



