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STAT MODULATORS AND USES THEREOF
RELATED APPLICATIONS

[0001] This application claims priority to U.S. provisional application No. 63/325,908,
filed March 31, 2022 and U.S. provisional application No. 63/337,388, filed May 2, 2022, the

entire contents of each of which are incorporated herein by reference.
BACKGROUND

[0002] The Signal Transducer and Activator of Transcription (STAT) family of proteins
consists of transcription factors that play an essential role in the regulation of cell processes,
such as proliferation, differentiation, apoptosis and angiogenesis. Seven STAT genes have
been identified in the human genome: STAT1, STAT2, STAT3, STAT4, STATSa, STATSb,
and STAT®6.

[0003] STAT3 has received particular attention because it is strongly associated with the
promotion of tumor growth and immune evasion, and the only STAT family member whose
genetic deletion results in embryonic lethality. Indeed, aberrantly elevated STAT3 activity
has been estimated to occur in more than 70% of human cancers. Activated STAT3 mediates
critical gene expression changes and molecular events that dysregulate cell growth and
apoptosis, promote angiogenesis, invasion, metastasis, and the development of resistance to
apoptosis, and suppress the host’s immune surveillance of the tumor, thereby making
constitutively-active STAT3 a critical mediator of carcinogenesis and tumor progression.
[0004] Another STAT protein that has gained recent interest is STAT6. Recent studies
have shown that STAT6 signaling is essential for IL-4- and IL-13-induced epithelial
mesenchymal transition (EMT) and aggressiveness of colorectal cancer cells (CRC) cells.
STAT® is involved in several aspects of inflammatory disease and other related conditions.
[0005] Given their role in the regulation of cell processes, modulating the activity of one
or more STAT proteins, particularly STAT3 and/or STAT6, represent a pivotal area of
investigation for the treatment of cancer, inflammatory conditions, and other therapeutic

needs.
SUMMARY

[0006] Provided herein are modulators of STAT3 and/or STAT6. Such modulators

include those having the Formula I:
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and pharmaceutically acceptable salts and compositions thereof, wherein R, R%, R3, R%, R5,
RS R’ RS, g, t and p are as described herein.

[0007] In one aspect, the disclosed compounds of Formula I and pharmaceutically
acceptable salts thereof inhibit STAT3 and/or STAT6, and are useful in a variety of
therapeutic applications such as, for example, in treating cancer and inflammatory conditions.
[0008] Pharmaceutical compositions comprising the compounds and pharmaceutically
acceptable salts of the disclosed compounds of Formula I, as well as methods for their
preparation are also included.

[0009] Methods of treating conditions responsive to the modulation of STAT3 and/or
STATG6 using the disclosed compounds, pharmaceutically acceptable salts, and compositions

thereof are also included.

DETAILED DESCRIPTION
1. General Description of Compounds
[0010] In a first embodiment, provided herein is a compound having the structural
formula I:
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or a pharmaceutically acceptable salt thereof, wherein:
qisOorlandtis0,1,or2, provided that at least one of q or tis 1;
pis 1or2;
R!is selected from an 8- to 10-membered fused bicyclic heteroaryl substituted with —

CR'*R*P(0)OR POR?, -CR"*R**P(0)[OR'"][NH(AA)C(O)OR™], -CR'“R*P(0O)[
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NHR™][NH(AA)C(O)OR"], -P(O)OR'"OR?, -[P(O)[NHR™Y][NH(AA)C(O)OR"], -
CR'*R**P(0)[NH(AA)C(O)OR™]I[INH(AA)C(O)OR"], or —P(O)[OR'’][NH(AA)C(O)OR];
an 8- to 10-membered fused bicyclic heterocyclyl substituted with -CR!*R**P(O)OR!’OR%, —
CR'“R%P(0)[OR’][NH(AA)C(O)OR™], -CR"“*R**P(0)[ NHR™Y][NH(AA)C(O)OR"], —
P(O)OR'POR?, -[P(O)[NHR™Y][NH(AA)C(O)OR™], -
CR'*R*P(0)[NH(AA)C(O)OR™]][NH(AA)C(O)OR"], or —P(O)[OR'°][NH(AA)C(O)OR];
an aryl substituted with —-CR'*R**P(O)OR'®POR?®, -CR ¥R**P(0)[OR'°][NH(AA)C(O)OR"], —
CR'*R*P(O)[NHR™][NH(AA)C(O)OR"], -P(O)OR'"OR?, -
[P(O)[NHR™][NH(AA)C(O)OR"], -CR*R*P(0)[NH(AA)C(O)OR™]][NH(AA)C(O)OR™],
or —P(O)[OR'*][NH(AA)C(O)OR™]; a -(C;-Cs)alkyl(aryl) wherein said aryl portion of -(C}-
Caalkyl(aryl) is substituted with -CR'*R**P(O)OR'®OR?, —
CR'*R™P(0)[OR'°][NH(AA)C(O)OR"], -CR!*R*P(O)[ NHR™Y][NH(AA)C(O)OR"], —
P(O)OR'™OR?, -[P(O)[NHR™][NH(AA)C(O)OR"], or -
CR'*R*P(0)[NH(AA)C(O)OR']I[NH(AA)C(O)OR"], —P(O)[OR'°][NH(AA)C(O)OR"]; and
a -(Ca2-Cy)alkenyl(aryl) wherein said aryl portion of -(C2-Cs)alkenyl(aryl) is substituted with —
CR'*R%P(0)OR POR?, _CR"*R**P(0O)[OR'°][NH(AA)C(O)OR™], -CR"“R*P(O)[
NHR™][NH(AA)C(O)OR'], -P(O)OR'®OR?, -[P(O)[NHR™][NH(AA)C(O)OR"], -
CR'“R*P(0)[NH(AA)C(O)OR™]I[INH(AA)C(O)OR"], or —P(O)[OR'’][NH(AA)C(O)OR™];

R'® and R* are each independently selected from hydrogen, cyano, (Ci-Ca)alkyl,
hydroxy(C1-Cs)alkyl and fluoro; or R'* and R taken together with the carbon they are
attached form oxo;

R'® and R? are each independently selected from hydrogen, (Ci-C4)alkyl, halo(C;-
Ca)alkyl, -[(C1-C4)alkyl]-OC(O)-[(Ci-Ca)alkyl], -[(C1-Cs)alkyl]-C(O)O-[(C1-Ca)alkyl], -[(Ci-
C4)alkyl]-O-[(C1-Cao)alkyl], -[(C1-C4)alkyl]-OC(O)-[halo(C;-Ca)alkyl], [(C1-Ca)alkyl]-
OC(0)O-[5- to 7-membered heterocyclyl], [(C1-Ca4)alkyl]-OC(O)-[5- to 7-membered
heterocyclyl], -[(C1-C4)alkyl]-OC(O)-[(C1-Ca)alkyl]-OH, -[(C1-C4)alkyl]-OC(O)-[(C1-
C4)alkyl]-O-[(Ci-Ca4)alkyl], -[(Ci-Cs)alkyl]-OC(O)O-[(Ci-Cs)alkyl], -[(Ci-Cs)alkyl]-
OC(0)O-[halo(C1-Cs)alkyl], -[(C1-Cs)alkyl]-OC(O)O-[(C1-Cas)alkyl]-OH, -[(C1-Cs)alkyl]-
OC(0)0-[(Ci-Ca)alkyl]-O-[(C1-Ca)alkyl], -[(Ci-Ca)alkylphenyl]-C(O)O-[(Ci-Ca)alkyl], -
[(C1-C4)alkyl]-OC(O)-[NH(AA)C(O)OR™], -[(C1-Ca)alkyl]-SC(O)-[(Ci-Ca)alkyl], -[(Ci-
C4)alkyl]-SC(0)-[halo(Ci-Ca)alkyl], -[(C1-Ca)alkyl]-SC(O)-[(Ci-Ca)alkyl]-OH, -[(Ci-
C4)alkyl]-SC(0)-[(Ci-Cs)alkyl]-O-[(C1-Ca)alkyl], -[(Ci-Cs)alkyl]-OC(O)NH(C-Cs)alkyl], -
[(C1-C4)alkyl]-OC(O)N[(C1-Cs)alkyl]2, and aryl, wherein said 5- to 6- membered heteroaryl

and aryl are each optionally and independently substituted with, as valency permits, 1 to 2
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groups selected from halo, cyano, and (C1-Cs)alkyl and wherein said 5- to 7-membered
heterocyclyl of [(C1-C4)alkyl]-OC(O)O-[5- to 7-membered heterocyclyl] and [(Ci-Cs)alkyl]-
OC(O)-[5- to 7-membered heterocyclyl] are each optionally and independently substituted
with, as valency permits 1 to 2 groups selected from C(O)ORY;

R?is selected from hydrogen, halo, (Ci-Cs)alkyl, halo(Ci-Cs)alkyl, (C1-Cs)alkoxy,
halo(C1-Cg)alkoxy, hydroxy(Ci-Cs)alkyl, cyano, and hydroxyl;

R3 and R* are each independently selected from hydrogen, halo, and (C1-Ca)alkyl;

RS and R® are each independently selected from hydrogen, phenyl, and (Ci-Cs)alkyl;

R’ is selected from (Ci-Ca)alkyl, phenyl, 4- to 9-membered monocyclic or bicyclic
heterocyclyl, and 5- to 10-membered monocyclic or bicyclic heteroaryl, wherein said (Ci-
Cas)alkyl is optionally substituted with, as valency permits, 1 to 3 groups selected from RY and
said phenyl, 4- to 9-membered monocyclic or bicyclic heterocyclyl, and 5- to 10-membered
monocyclic or bicyclic heteroaryl are each optionally substituted with, as valency permits, 1
to 3 groups selected from R%; or

RS and R’ together with the nitrogen atom to which they are attached form a 4- to 14-
membered monocyclic or bicyclic heterocyclyl or a 5- to 12-membered monocyclic or
bicyclic heteroaryl, each of which being optionally substituted with, as valency permits, 1 to
3 groups selected from RY;

R3 is hydrogen or (Ci-Cas)alkyl;

AA is the residue of an alpha or beta natural or non-natural amino acid;

RT and R are each independently selected from (Ci-Cs)alkyl, (Ci-Ca)alkyl-
C(O)O(C1-Cy)alkyl, benzyl, and phenyl, wherein said phenyl is optionally substituted with 1
or 2 groups selected from halo, (C1-Ca)alkyl, and halo(C1-Ca)alkyl;

RQis selected from halo, (C2>-Ca)alkenyl, (C1-C4)alkyl, (Ci-Cs)alkoxy, halo(C;-
Cy)alkoxy, cyano, phenyl, hydroxyl, 4- to 9-membered monocyclic or bicyclic heterocyclyl,
5- to 10-membered monocyclic or bicyclic heteroaryl, (C3-Ce)cycloalkyl, oxo, imino, -OR®, -
C(O)RE, -C(O)OR, -NR°C(O)R®, -C(O)NRR?, -NR*R", -S(O)R°R’, -S(0):R", -S(O)=NH(Ci-
Ca)alkyl, -S(O)NRR!, and -S(O)NR°R, wherein said (C>-Cs)alkenyl and (Ci-Cx)alkyl are
each optionally and independently substituted with, as valency permits, 1 to 3 groups selected
from RM, and wherein said phenyl, 5- to 10- membered monocyclic or bicyclic heteroaryl,
(C3-Ce)cycloalkyl, and 4- to 9-membered monocyclic or bicyclic heterocyclyl are each
optionally and independently substituted with, as valency permits, 1 to 3 groups selected

from RFY;
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RY is selected from halo, (Ci-Cs)alkoxy, halo(Ci-Ca)alkoxy, cyano, -C(O)RE, -
C(O)OR®, -NHC(O)R®, -NR*R, -S(O)R°R’, -S(0)2R", -S(O)NR°R, -S(0)=NH(Ci-Cs)alkyl, -
S(0)2NR°R, hydroxyl, phenyl, 4- to 6-membered heterocyclyl, and 5- to 10-membered
monocyclic or bicyclic heteroaryl, wherein said phenyl, 4- to 6-membered heterocyclyl, and
5- to 10-membered monocyclic or bicyclic heteroaryl are each optionally substituted with, as
valency permits, 1 to 3 groups selected from R%;

RM and R’ are each independently selected from halo, (Ci-Cs)alkyl, (Ci-Cs)alkoxy,
halo(C1-Cy)alkoxy, cyano, -C(O)R®, -C(O)OR®, -NHC(O)R®, -C(O)NRRY, -NR®R, -
S(O)RR’, -S(0)2R", -S(O)NRR, -S(0)=NR*(C1-Cs)alkyl, -S(O)NR°R’, hydroxyl, phenyl, 4-
to 6-membered heterocyclyl, and 5- to 10-membered monocyclic or bicyclic heteroaryl,
wherein said phenyl, 4- to 6-membered heterocyclyl, and 5- to 10-membered monocyclic or
bicyclic heteroaryl are each optionally substituted with, as valency permits, 1 to 3 groups
selected from R;

R¥, R%, and R are each independently selected from halo, cyano, (Ci-Ca)alkyl,
cyano(C1-Cs)alkyl, C3-Cecycloalkyl), halo(Ci-Ca)alkyl, -(Ci-Cs)alkylC(O)NRRY, -(C;-
Cy)alkyl(C1-Caq)alkoxy, hydroxy(Ci-Ca)alkyl, -(C1-Cg)alkylphenyl, -(C1-Ca)alkylheteroaryl,
(C2-Cy)alkenyl, halo(Ca-Ca)alkenyl, (C2-Cq)alkynyl, halo(Ca-Cy)alkynyl, (C1-Cy)alkoxy,
halo(C1-Cs)alkoxy, -OR®, oxo, imino, phenyl, 4- to 6-membered heterocyclyl, 5- to 6-
membered monocyclic heteroaryl -S(O)R°RY, -S(0)2RE, -S(0)=NH(Ci-Cs)alkyl, -S(O)NRR,
-S(0)2NR°R’, -C(O)OR®, -NR°C(O)R®, -(C1-Caalkyl)C(O)RE, -C(O)RE, -C(O)NRRY, NO»,
and -NR?RP, wherein said phenyl, said 4- to 6-membered heterocyclyl, and said phenyl for -
(C1-Cyqalkylphenyl are each optionally and independently substituted with, as valency
permits 1 to 3 groups selected from halo, cyano, oxo, (C1-Cio)alkyl, (C2-Cio)alkenyl, (Ca-
Cio)alkynyl, halo(C1-Cio)alkyl, (C1-Cio)alkoxy, -(C1-Cs)alkyl(C1-Cas)alkoxy, and halo(Ci-
Cio)alkoxy, wherein said (Ci-Cio)alkyl, (C2-Cio)alkenyl and (Ca-Cio)alkynyl are each
optionally substituted with, as valency permits a 5-to 10-membered monocyclic or bicyclic
heteroaryl or a 4-to 10-membered monocyclic or bicyclic heterocyclyl each of said 5-to 10-
membered monocyclic and bicyclic heteroaryl or a 4-to 10-membered monocyclic or bicyclic
heterocyclyl being optionally substituted with oxo or a 5- to 7-membered heterocyclyl that is
optionally substituted with 1 to 2 oxo; and

R RP, R¢, RY, Re, Rf R¢, and RMare each independently selected from, as valency
permits, hydrogen, (C1-Ca4)alkyl, (C2 Cs)alkynyl, -(C1-Cs)alkylphenyl, phenyl, (Cs-
Ce)cycloalkyl, 4- to 6-membered heterocyclyl and 5- to 6-membered heteroaryl, wherein said

(Ci-Ca)alkyl is optionally substituted with, as valency permits, 1 to 3 groups selected from R’,
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and said phenyl, (C3-Ce)cycloalkyl, 4- to 6-membered heterocyclyl, and 5- to 6-membered
heteroaryl are each independently optionally substituted with, as valency permits, 1 to 3
groups selected from halo, cyano, (C1-Cs)alkyl, halo(C1-Ca4)alkyl, (C1-Cs)alkoxy, halo(C1-
Cy)alkoxy, hydroxyl, phenyl, and benzyl.

2. Definitions

[0011] When used in connection to describe a chemical group that may have multiple
points of attachment, a hyphen (-) designates the point of attachment of that group to the
variable to which it is defined. For example, -NR°C(O)R® means that the point of attachment
for this group occurs on the nitrogen atom.

[0012] The terms “halo” and “halogen” refer to an atom selected from fluorine

(fluoro, -F), chlorine (chloro, -Cl), bromine (bromo, -Br), and iodine (iodo, -I).

[0013] Unless otherwise specified, the term “alkyl” when used alone or as part of a larger
moiety, such as “haloalkyl”, and the like, means saturated straight-chain or branched
monovalent hydrocarbon radical.

[0014] The term “haloalkyl” includes mono, poly, and perhaloalkyl groups where the
halogens are independently selected from fluorine, chlorine, bromine, and iodine.

[0015] “Alkoxy” means an alkyl radical attached through an oxygen linking atom,
represented by —O-alkyl. For example, “(C1-Cq4)alkoxy” includes methoxy, ethoxy, proproxy,
and butoxy.

[0016] “Haloalkoxy” is a haloalkyl group which is attached to another moiety via an
oxygen atom such as, e.g., -OCHF: or —OCFs.

[0017] The term “oxo” means the group =O.

[0018] The term “imino” means the group =NH.

[0019] Unless otherwise specified, the term “heteroaryl” refers to a 5- to 12-membered
aromatic radical containing 1-4 heteroatoms selected from N, O, and S. In some instances,
nitrogen atoms in a heteroaryl may be quaternized. The term “heteroaryl” may be used
interchangeably with the terms “heteroaryl ring”, “heteroaryl group”, or “heteroaromatic”. A
heteroaryl group may be mono- or bi-cyclic. Monocyclic heteroaryl includes, for example,
thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
etc. Bi-cyclic heteroaryls include groups in which a monocyclic heteroaryl ring is fused to
one or more aryl or heteroaryl rings. Nonlimiting examples include indolyl, benzooxazolyl,
benzooxodiazolyl, indazolyl, benzimidazolyl, benzthiazolyl, benzothiopheneyl, quinolinyl,

quinazolinyl, quinoxalinyl, pyrrolopyridinyl, pyrrolopyrimidinyl, pyrrolopyridinyl,
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thienopyridinyl, thienopyrimidinyl, indolizinyl, purinyl, cinnolinyl, naphthyridinyl, and
pteridinyl. It will be understood that when specified, optional substituents on a heteroaryl
group may be present on any substitutable position and, include, e.g., the position at which
the heteroaryl is attached (where valency permits).

[0020] Unless otherwise specified, the term “heterocyclyl” means a 4- to 12-membered
saturated or partially unsaturated heterocyclic ring containing 1 to 4 heteroatoms
independently selected from N, O, and S. The terms “heterocycle”, “heterocyclyl”,
“heterocyclyl ring”, “heterocyclic group”, “heterocyclic moiety”, and “heterocyclic radical”,
are used interchangeably herein. A heterocyclyl ring can be attached to its pendant group at
any heteroatom or carbon atom that results in a stable structure. A heterocyclyl group may be
mono- or bicyclic (e.g., a bridged, fused, or spiro bicyclic ring). Examples of monocyclic
saturated or partially unsaturated heterocyclic radicals include, without limitation, azetidinyl,
tetrahydrofuranyl, tetrahydrothienyl, terahydropyranyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, morpholinyl, dihydrofuranyl,
dihydropyranyl, dihydropyridinyl, tetrahydropyridinyl, dihydropyrimidinyl,
tetrahydropyrimidinyl, dihydrooxadizolyl, and dihydroisoxazolyl. Bi-cyclic heterocyclyl
groups include, e.g., unsaturated heterocyclic radicals fused to another unsaturated
heterocyclic radical, cycloalkyl, aryl, or heteroaryl ring, such as for example, benzodioxolyl,
dihydrobenzodioxinyl, dihydrobenzofuranyl, dihydrobenzothiophenyl, 5-oxa-2,6-
diazaspiro[3.4]oct-6-enyl, 6-thia-2,7-diazaspiro[3.4]octanyl, 2,6-diazaspiro[3.3]heptanyl,
spiro[indoline-3,3"-pyrrolidine]-yl, thiochromanyl, and the like. It will be understood that
when specified, optional substituents on a heterocyclyl group may be present on any
substitutable position and, include, e.g., the position at which the heterocyclyl is attached
(where valency permits).

[0021] The term “spiro” refers to two rings that shares one ring atom (e.g., carbon).
[0022] The term “fused” refers to two rings that share two adjacent ring atoms with one
another.

[0023] The term “bridged” refers to two rings that share three adjacent ring atoms with
one another.

[0024] The term “aryl” refers to an aromatic carbocyclic single ring or two fused ring
system containing 6 to 10 carbon atoms. Examples include phenyl, indanyl,
tetrahydronaphthalene, and naphthyl. In one aspect, the aryl is phenyl or naphthyl.

[0025] The terms “cycloalkyl”, used alone or as part of a larger moiety, refers to a

saturated cyclic aliphatic monocyclic or bicyclic ring system, as described herein, having
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from, unless otherwise specified, 3 to 10 carbon ring atoms. Monocyclic cycloalkyl groups
include, without limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cycloheptyl, cycloheptenyl, and cyclooctyl. It will be understood that when
specified, optional substituents on a cycloalkyl or cycloaliphatic group may be present on any
substitutable position and, include, e.g., the position at which the cycloalkyl group is
attached.

[0026] The “residue of an amino acid” is the moiety remaining after formation of a bond
between a reactive group in another compound (e.g., an amino group) and the carboxylic acid
in the amino acid, after formation of a bond between a reactive group in another compound
(e.g., a carboxylic acid) and the amino group in the amino acid, or both. As a consequence of
the bond(s) formation, the carboxylic acid in the amino acid no longer has the OH group and
instead has a bond between the carbonyl group and the reactive group in the compound; the
amino group has only one hydrogen atom and instead has a bond between the reactive group
in the other compound and the nitrogen of the amino group; or both. For example, the
“residue of an alpha amino acid” can be depicted structurally as NH2CR’R-C(O)-, -NHCR’R-
C(O)OH or -NHCR’R-C(O)-; and the “residue of an beta amino acid” can be depicted
structurally as or NH2CR’RCH>-C(O)-, -NHCR’RCH2-C(O)OH or -NHCR’RCH>-C(O)-,
where R’ is H or C1-Cg alkyl and R is H or C;-Cs alkyl optionally substituted with 1 to 3
groups selected from halo, (C1-Cs)alkoxy, OH, NHa, -NH(C1-Cs4 alkyl), -N[(C1-Cs4 alkyl)]2,
SH, S(C1-C4 alkyl), imino, COOH, -COO(C;-Cs alkyl), -CO(C1-C4 alkyl), -CONH(C1-C4
alkyl)phenyl, phenyl, and 5- to 10-membered heteroaryl, wherein said C;1-Ce alkyl may also
be optionally interrupted by a sulfur or nitrogen heteroatom and wherein said phenyl is
optionally substituted with 1 to 3 groups selected from OH, cyano, (C1-C4 alkyl), and
halo(C1-C4 alkyl); or R is taken together with the nitrogen atoms from the alpha or beta
amino acid residue to form a 4- to 6-membered heterocyclyl. For naturally occurring alpha
amino acid (i.e., amino acids that occur in nature), R’ is H and R is selected from hydrogen,
methyl, isopropyl, -CH2CH(CH3)2, -(CH2)2SCH3, -CH(CH3)(CH2CH3), CH20H, -
CH(OH)(CH3), CH2SH, -CH2C(O)NHa, -(CH2).C(O)NHz, benzyl, p-hydroxybenzyl, -
CHaz(indolyl), -(CH2)4NHz, -(CH2);NHC(=NH2)NH>, -CHz(imidazolyl), -(CH2)COOH, and -
(CH2)2COOH; or R taken together with the nitrogen atom of the alpha or beta amio acid
residue forms a pyrrolidinyl ring.

[0027] Non-natural amino acids are known in the art and include e.g., alpha-alkyl amino
acids (e.g., alpha methyl), alpha-alkylalkoxy amino acids (e.g., alpha -CH2OCH3), N-methyl

amino acids, homo-amino acids, etc.
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[0028] Compounds having one or more chiral centers can exist in various stereoisomeric
forms. Stereoisomers are compounds that differ only in their spatial arrangement.
Stereoisomers include all diastereomeric, enantiomeric, and epimeric forms as well as
racemates and mixtures thereof. A “geometric isomer” refers to isomers that differ in the
orientation of substituent group in relationship to a carbon-carbon double bond, a cycloalkyl
ring, or a bridged bicyclic system. Atoms (other than H) on each side of a carbon-carbon
double bond may be in an E (substituents are on opposite sides of the carbon-carbon double
bond) or Z (substituents are oriented on the same side) configuration. “Cis” refers to
substituents oriented on the same side of the ring, whereas “trans” refers to substituents
oriented on opposite sides of the ring.

[0029] When the stereochemical configuration at a chiral center in a compound having
one or more chiral centers is depicted by its chemical name (e.g., where the configuration is
indicated in the chemical name by “R” or “S”) or structure (e.g., the configuration is
indicated by “wedge” bonds), the enrichment of the indicated configuration relative to the
opposite configuration is greater than 50%, 60%, 70%, 80%, 90%, 99% or 99.9%.
“Enrichment of the indicated configuration relative to the opposite configuration™ is a mole
percent and is determined by dividing the number of compounds with the indicated
stereochemical configuration at the chiral center(s) by the total number of all of the
compounds with the same or opposite stereochemical configuration in a mixture.

[0030] When a geometric isomer is depicted by name or structure, the enrichment of the
indicated isomer relative to the opposite isomer is greater than 50%, 60%, 70%, 80%, 90%,
99% or 99.9%. “Enrichment of the indicated isomer relative to the opposite isomer” is a
mole percent and is determined by dividing the number of compounds with the indicated
geometrical configuration by the total number of all of the compounds with the same or
opposite geometrical configuration in a mixture.

[0031] When a disclosed compound is named or depicted by structure without indicating
stereochemistry, it is understood that the name or the structure encompasses one of the
possible stereoisomers or geometric isomers free of the others, or a mixture of the
encompassed stereoisomers or geometric isomers.

[0032] In certain instances, compounds were isolated and tested as a 1:1 mixture of
diastereomers. In such cases, the relative stereochemistry is denoted by the term “rel-“ and by

the use of flat bonds instead of wedges. For example,
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((((2-(((35,6S5,7aS,8aR ,9aR )-3-((rel-trans)-3-cyano-4-phenylpyrrolidine- 1 -carbonyl)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-aJazocin-6-yl)carbamoyl)benzo[ b]thiophen-5-
yDhdifluoromethyl)phosphoryl)bis(oxy))bis(methylene) bis(2,2-dimethylpropanoate)

means that the substituents about the pyrrolidine ring are trans and encompass a mixture of

both diastereomers

NC NC
S S

F F
F F

O-p= O-p=
o—/ IuD 0 o— IID o
K K

0o and ¢
[0033] The terms “subject” and “patient” may be used interchangeably, and means a

mammal in need of treatment, e.g., companion animals (e.g., dogs, cats, and the like), farm
animals (e.g., cows, pigs, horses, sheep, goats and the like) and laboratory animals (e.g., rats,
mice, guinea pigs and the like). Typically, the subject is a human in need of treatment.
[0034] The term “inhibit,” “inhibition” or “inhibiting” includes a decrease in the baseline

activity of a biological activity or process.
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LLINT3

[0035] As used herein, the terms “treatment,” “treat,” and “treating” refer to reversing,
alleviating, delaying the onset of, or inhibiting the progress of a disease or disorder, or one or
more symptoms thereof, as described herein. In some aspects, treatment may be administered
after one or more symptoms have developed, i.e., therapeutic treatment. In other aspects,
treatment may be administered in the absence of symptoms. For example, treatment may be
administered to a susceptible individual prior to the onset of symptoms (e.g., in light of a
history of symptoms and/or in light of exposure to a particular organism, or other
susceptibility factors), i.e., prophylactic treatment. Treatment may also be continued after
symptoms have resolved, for example to delay their recurrence.

[0036] The term “pharmaceutically acceptable carrier” refers to a non-toxic carrier,
adjuvant, or vehicle that does not destroy the pharmacological activity of the compound with
which it is formulated. Pharmaceutically acceptable carriers, adjuvants or vehicles that may
be used in the compositions described herein include, but are not limited to, ion exchangers,
alumina, aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride
mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc
salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

[0037] For use in medicines, the salts of the compounds described herein refer to non-
toxic “pharmaceutically acceptable salts.” Pharmaceutically acceptable salt forms include
pharmaceutically acceptable acidic/anionic or basic/cationic salts. Suitable pharmaceutically
acceptable acid addition salts of the compounds described herein include e.g., salts of
inorganic acids (such as hydrochloric acid, hydrobromic, phosphoric, nitric, and sulfuric
acids) and of organic acids (such as, acetic acid, benzenesulfonic, benzoic, methanesulfonic,
and p-toluenesulfonic acids). Compounds of the present teachings with acidic groups such as
carboxylic acids can form pharmaceutically acceptable salts with pharmaceutically acceptable
base(s). Suitable pharmaceutically acceptable basic salts include e.g., ammonium salts, alkali
metal salts (such as sodium and potassium salts) and alkaline earth metal salts (such as
magnesium and calcium salts). Compounds with a quaternary ammonium group also contain
a counteranion such as chloride, bromide, iodide, acetate, perchlorate and the like. Other
examples of such salts include hydrochlorides, hydrobromides, sulfates, methanesulfonates,

nitrates, benzoates and salts with amino acids such as glutamic acid.
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[0038] The term “effective amount” or “therapeutically effective amount” refers to an
amount of a compound described herein that is sufficient to achieve the desired therapeutic
effect (such as treatment of a condition recited herein) under the conditions of administration
e.g., a dosage of between 0.01 - 100 mg/kg body weight/day.

3. Compounds
[0039] In a first embodiment, provided is a compound of Formula I:

R6
)
0_Oxy N g7
R5—N
N T o
i) J\RZ
Ny
R3 R8
R* D;

or a pharmaceutically acceptable salt thereof, wherein the variables are as described above.
Alternatively, as part of the first embodiment, R¥, R*, and R” are each independently selected
from halo, cyano, (C1-Cs)alkyl, cyano(C1-Cs)alkyl, (C3-Cs)cycloalkyl, halo(C1-Ca)alkyl, -(Ci-
C4)alkylC(O)NRCRY, -(C1-Cs)alkyl(Ci-Cs)alkoxy, hydroxy(Ci-Ca)alkyl, -(Ci-Ca)alkylphenyl,
-(C1-Cy)alkylheteroaryl, (C2-Cs)alkenyl, halo(Cz-Cy)alkenyl, (Ca-Ca)alkynyl, halo(Co»-
Cyalkynyl, (C1-Cs)alkoxy, halo(C1-Cs)alkoxy, -OR®, oxo, imino, phenyl, 4- to 6-membered
heterocyclyl, 5- to 6-membered monocyclic heteroaryl -S(O)R°RY, -S(0)2Rf, -S(0)=NH(C;-
Ca)alkyl, -S(O)NRR!, -S(0)NR°R’, -C(O)OR®, -NR°C(O)R®, -(C;-Csalkyl)C(O)RE, -C(O)RS,
-C(O)NRRY, NO,, and -NR?R®, wherein said phenyl, said 4- to 6-membered heterocyclyl,
and said phenyl for -(C1-Cg)alkylphenyl are each optionally and independently substituted
with, as valency permits 1 to 3 groups selected from halo, cyano, oxo, (C1-Cio)alkyl, (C2-
Cio)alkenyl, (C2-Cio)alkynyl, halo(C1-Cio)alkyl, (C1-Cio)alkoxy, and halo(C1-Cio)alkoxy,
wherein said (C1-Cro)alkyl, (C2-Cio)alkenyl and (C2-Cio)alkynyl are each optionally
substituted with, as valency permits a 5-to 10-membered monocyclic or bicyclic heteroaryl or
a 4-to 10-membered monocyclic or bicyclic heterocyclyl each of said 5-to 10-membered
monocyclic and bicyclic heteroaryl or a 4-to 10-membered monocyclic or bicyclic
heterocyclyl being optionally substituted with oxo or a 5- to 7-membered heterocyclyl that is
optionally substituted with 1 to 2 oxo, and the remaining variables are as described above.

[0040] In a second embodiment, the compound of Formula I is of the Formula II:
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dm;

or a pharmaceutically acceptable salt thereof, wherein the variables are as described above for
Formula I.

[0041] In a third embodiment, q in the compound of Formula I or II, or a
pharmaceutically acceptable salt thereof is q, wherein the remaining variables are as
described above for Formula 1.

[0042] In a fourth embodiment, R? in the compound of Formula I or II, or a
pharmaceutically acceptable salt thereof is hydrogen, wherein the remaining variables are as
described above for Formula I or the third embodiment.

[0043] In a fifth embodiment, the compound of Formula I is of the Formula III or IV

(III) or (IV); or a pharmaceutically acceptable
salt thereof, wherein the variables are as described above for Formula 1.

[0044] In a sixth embodiment, R’ in the compound of Formula I, II, I, or IV, or a
pharmaceutically acceptable salt thereof, is hydrogen, wherein the remaining variables are as
described for Formula I or any one of the third or fourth embodiments.

[0045] In a seventh embodiment, R and R* in the compound of Formula I, 11, II1, or IV,
or a pharmaceutically acceptable salt thereof, are each independently selected from hydrogen
and halo, wherein the remaining variables are as described for Formula I or any one of the
third, fourth, or sixth embodiments. Alternatively, as part of a a seventh embodiment, R? and
R*in the compound of Formula I, IT, ITI, or IV, or a pharmaceutically acceptable salt thereof,
are each hydrogen, wherein the remaining variables are as described for Formula I or any one

of the third, fourth, or sixth embodiments. Alternatively, as part of a a seventh embodiment,

R? and R* in the compound of Formula I, IL, III, or IV, or a pharmaceutically acceptable salt
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thereof, are each fluoro, wherein the remaining variables are as described for Formula I or
any one of the third, fourth, or sixth embodiments.

[0046] In an eighth embodiment, R!in the compound of Formula I, II, III, or IV, or a
pharmaceutically acceptable salt thereof, is selected from 8- to 10-membered fused bicyclic
heteroaryl and aryl, each of which are substituted with -CR*R*P(O)OR'®OR?, -
CR'*R**P(O)[NHR™][NH(AA)C(O)OR"], -
CR'“R*™P(O)[NH(AA)C(O)ORT]][NH(AA)C(O)OR], or —
CR!“*R*P(O)[OR'®][NH(AA)C(O)ORT], wherein the remaining variables are as described for
Formula I or any one of the third, fourth, sixth, or seventh embodiments. Alternatively, as
part of an eighth embodiment, R!in the compound of Formula I, IT, II, or IV, or a
pharmaceutically acceptable salt thereof, is selected from benzothiophenyl and naphthalenyl,
each of which are substituted with -CR"“R*P(O)OR'"OR®, -
CR'*R*P(O)[NHR™Y][NH(AA)C(O)OR"], -
CR'*R*P(O)[NH(AA)C(O)OR']][NH(AA)C(O)OR], or —
CR!*R*P(0)[OR'"][NH(AA)C(O)ORT], wherein the remaining variables are as described for
Formula I or any one of the third, fourth, sixth, or seventh embodiments. Alternatively, as

part of an eighth embodiment, R! in the compound of Formula I, II, III, or IV, or a

R1a Rza SN S
Rib—0< & p g
2 R 7
pharmaceutically acceptable salt thereof, is selected from R®—0 O ,

R1a Rza SN S HR1a Rza N S
R1b—0- >LI p) - RY—N< >L: P g
/P\\ Z R =

RTO(O)C(AA)—H ) RTO(O)C(AA)—E/ o

2
2a R'a Ra/ ‘Z’{
R1a R/ 1 R1b_0\
R“°—O\P>L\ ; R
b N R'O(O)C(AA)—N" O . -
R®—0 © , and H , wherein the remaining

variables are as described for Formula I or any one of the third, fourth, sixth, or seventh
embodiments. Alternatively, as part of an eighth embodiment, R! in the compound of

Formula I, T1, II1, or IV, or a pharmaceutically acceptable salt thereof, is selected from

1a R%
1 R2a R A S
Rib ORa N S % R1b_O\P>L—: P p §_
U~ : | - \{
o SN NF 7% Roo)cHA—N"
R®—0 © , H ,and
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R1a Rza/ '71)_/
R1b_ -
2b ° / F?\\ X . .. . .
R®—0 O , wherein the remaining variables are as described for Formula I

or any one of the third, fourth, sixth, or seventh embodiments. Alternatively, as part of an

eighth embodiment, R! in the compound of Formula I, II, III, or IV, or a pharmaceutically

R1a Rza N (S
b R Z
acceptable salt thereof, is R®”—0 O , wherein the remaining variables are as

described for Formula I or any one of the third, fourth, sixth, or seventh embodiments.
[0047] In a ninth embodiment, R' and R in the compound of Formula I, II, I1I, or IV,
or a pharmaceutically acceptable salt thereof, are each independently selected from hydrogen
and fluoro, wherein the remaining variables are as described for Formula I or any one of the
third, fourth and sixth to eighth embodiments. Alternatively, as part of a ninth embodiment,
R'* and R* in the compound of Formula I, II, III, or IV, or a pharmaceutically acceptable
salt thereof, are each hydrogen, wherein the remaining variables are as described for Formula
I or any one of the third, fourth and sixth to eighth embodiments. Alternatively, as part of a
ninth embodiment, R'® in the compound of Formula I, IT, II1, or IV, or a pharmaceutically
acceptable salt thereof, is hydrogen and R is fluoro, wherein the remaining variables are as
described for Formula I or any one of the third, fourth and sixth to eighth embodiments.
Alternatively, as part of a ninth embodiment, R!* and R in the compound of Formula I, II,
III, or IV, or a pharmaceutically acceptable salt thereof, are each fluoro, wherein the
remaining variables are as described for Formula I or any one of the third, fourth and sixth to
eighth embodiments.

[0048] In a tenth embodiment, R'™ and R? in the compound of Formula L, I, III, or IV,
or a pharmaceutically acceptable salt thereof, are each independently selected from hydrogen,
(C1-Cy)alkyl, halo(C1-Cy)alkyl, -[(C1-Ca)alkyl]-OC(O)-[(C1-Ca)alkyl], -[(C1-Cas)alkyl]-
C(0)O-[(C1-Ca)alkyl], -[(C1-Ca)alkylphenyl]-C(O)O-[(C1-Ca)alkyl], -[(Ci-Ca)alkyl]-OC(O)-
[NH(AA)C(O)OR™], -[(C1-C4)alkyl]-OC(O)-[(Ci-Cs)alkyl]-OH, -[(C1-C4)alkyl]-OC(O)O-[5-
to 7-membered heterocyclyl], -[(C1-Ca4)alkyl]-OC(O)O-[(C1-Ca)alkyl]-O-[(C1-Cs)alkyl], -
[(C1-Ca)alkyl]-OC(O)O-[(C1-Ca)alkyl], -[(C1-Caq)alkyl]-SC(O)-[(C1-Ca)alkyl], -[(C1-
Cy)alkyl]-SC(O)-[(C1-Cy)alkyl]-OH, and phenyl, wherein the remaining variables are as
described for Formula I or any one of the third, fourth and sixth to ninth embodiments.
Alternatively, as part of a tenth embodiment, R'™ and R® in the compound of Formula I, I,

III, or IV, or a pharmaceutically acceptable salt thereof, are each independently selected from
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hydrogen, [(C1-Cs)alkyl]-OC(O)-[(C1-Cy)alkyl], -[(C1-Ca)alkyl]-OC(O)O-[(C1-Caq)alkyl]-O-
[(C1-Cy)alkyl], -[(C1-C4)alkyl]-OC(O)O-[(C1-Cs)alkyl], and -[(C1-C4)alkyl]-SC(O)-[(C:-
Cy)alkyl], wherein the remaining variables are as described for Formula I or any one of the
third, fourth and sixth to ninth embodiments. Alternatively, as part of a tenth embodiment,
R and R in the compound of Formula I, I, III, or IV, or a pharmaceutically acceptable
salt thereof, are each -[(C1-C4)alkyl]-OC(O)-[(C-Cs)alkyl], wherein the remaining variables
are as described for Formula I or any one of the third, fourth and sixth to ninth embodiments.
Alternatively, as part of a tenth embodiment, R™ and R? in the compound of Formula I, 1I,
III, or IV, or a pharmaceutically acceptable salt thereof, are each hydrogen, wherein the
remaining variables are as described for Formula I or any one of the third, fourth and sixth to
ninth embodiments.

[0049]  In a tenth embodiment, -CR'*R**P(O)OR'OR? in the compound of Formula I,

X _OH
“ ~OH
I1, III, or IV, or a pharmaceutically acceptable salt thereof, is selected from ) ,
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0 , and ) , wherein the remaining

variables are as described for Formula I or any one of the third, fourth and sixth to eighth
embodiments. Alternatively, as part of a tenth embodiment, -CR'*R*P(O)OR®OR? in the

compound of Formula I, II, I1I, or IV, or a pharmaceutically acceptable salt thereof, is

XOH

|| ~OH
0 , wherein the remaining variables are as described for Formula I or any one of the

third, fourth and sixth to eighth embodiments.

[0050] In an eleventh embodiment, —(AA)C(O)OR" in the compound of Formula I, II,
IIL, or IV, or a pharmaceutically acceptable salt thereof, is —C(R*)(R)C(O)R” or —
C(R’)(R)CH>C(O)RT, wherein R is hydrogen and R is selected from hydrogen, methyl, -
CH2CH(CH3)2, benzyl, and -CH2CHz-phenyl, wherein the remaining variables are as
described for Formula I or any one of the third, fourth and sixth to eighth embodiments.
[0051] In a twelfth embodiment, RT in the compound of Formula I, II, III, or IV, or a
pharmaceutically acceptable salt thereof, is selected from (C1-Ca)alkyl, (C1-C4)alkyl-C(O)O-
Ciaalkyl, and benzyl, wherein the remaining variables are as described for Formula I or any
one of the third, fourth, sixth to eighth, and eleventh embodiments.

[0052]  In a thirteenth embodiment, —CR'*R%**P(O)[OR'’][NH(AA)C(O)OR"] in the

compound of Formula I, II, I1I, or IV, or a pharmaceutically acceptable salt thereof, is

o= I~
QF QF FVZI/\H'.DFF

o><;\
YL P A !

selected from , ,
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or any one of the third, fourth, sixth to eighth, eleventh, and twelfth embodiments. In an
alternative thirteenth embodiment, ~CR'*R?**P(O)[OR '°][NH(AA)C(O)OR"] in the compound

of Formula I, 11, III, or IV, or a pharmaceutically acceptable salt thereof, is selected from
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@ , wherein the remaining variables are as described for Formula I
or any one of the third, fourth, sixth to eighth, eleventh, and twelfth embodiments.
[0053] In a fourteenth embodiment, R® in the compound of Formula I, I, III, or IV, or a
pharmaceutically acceptable salt thereof, is hydrogen, wherein the remaining variables are as
described for Formula I or any one of the third to thirteenth embodiments.
[0054] In a fifteenth embodiment, R” in the compound of Formula I, I, III, or IV, or a
pharmaceutically acceptable salt thereof, is selected from (C1-Cs)alkyl, phenyl, and 4- to 6-
membered monocyclic heterocyclyl, wherein said (C1-C4)alkyl is optionally substituted with,
as valency permits, 1 to 3 groups selected from RY and said phenyl and 4- to 6-membered
monocyclic heterocyclyl are each optionally substituted with, as valency permits, 1 to 3
groups selected from R%, wherein the remaining variables are as described for Formula I or
any one of the third to fourteenth embodiments. Alternatively, as part of a fifteenth
embodiment, R” in the compound of Formula I, IT, III, or IV, or a pharmaceutically

acceptable salt thereof, is selected from (C1-Cs)alkyl, phenyl, pyrrolidinyl, and azetidinyl,
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wherein said (C1-Cs)alkyl is optionally substituted with, as valency permits, 1 to 3 groups
selected from RY and said phenyl, pyrrolidinyl, and azetidinyl are each optionally substituted
with, as valency permits, 1 to 3 groups selected from R, wherein the remaining variables are
as described for Formula I or any one of the third to fourteenth embodiments.

[0055] In a sixteenth embodiment, R? in the compound of Formula I, IL, ITI, or IV, or a
pharmaceutically acceptable salt thereof, is selected from halo, -(Ci-Ca)alkylC(O)NRCRY,
hydroxyl, phenyl, 4- to 6-membered heterocyclyl, 5- to 6-membered monocyclic heteroaryl, -
C(O)NRRY, and -C(O)R&, wherein said phenyl is optionally substituted with, as valency
permits 1 to 3 groups selected from halo, (C1-Cas)alkyl, halo(Ci-Cas)alkyl, (Ci-Cs)alkoxy, and
halo(C1-Cs)alkoxy, wherein the remaining variables are as described for Formula I or any one
of the third to fifteenth embodiments. Alternatively, as part of a sixteenth embodiment, RZ in
the compound of Formula I, I, III, or IV, or a pharmaceutically acceptable salt thereof, is
selected from halo, -(C1-C4)alkylC(O)NRRY, hydroxyl, phenyl, tetrahydropyran,
tetrahydrofuran, oxetanyl, pyridinyl, pyrazolyl, pyridazinyl, -C(O)NR‘R? and -C(O)R®,
wherein the remaining variables are as described for Formula I or any one of the third to
fifteenth embodiments. Alternatively, as part of a sixteenth embodiment, R* in the compound
of Formula I, IT, III, or IV, or a pharmaceutically acceptable salt thereof, is selected
fromhalo, -(C1-C4)alkylC(O)NRCRY, hydroxyl, phenyl, tetrahydropyran, tetrahydrofuran,
oxetanyl, pyridinyl, pyrimidinyl, imidazoyl, triazoyl, pyrazolyl, pyridazinyl, -C(O)NR°R® and
-C(O)R®, wherein the pyridinyl, imidazoyl, and triazoyl are optionally substituted with one or
two groups selected from halo and methyl, and wherein the remaining variables are as
described for Formula I or any one of the third to fifteenth embodiments.

[0056] In a seventeenth embodiment, RY in the compound of Formula I, II, II1, or IV, or
a pharmaceutically acceptable salt thereof, is selected from hydroxyl and 5- to 10-membered
monocyclic or bicyclic heteroaryl, wherein said 5- to 10-membered monocyclic or bicyclic is
optionally substituted with, as valency permits, 1 to 3 groups selected from R¥, wherein the
remaining variables are as described for Formula I or any one of the third to sixteenth
embodiments. Alternatively, as part of a seventeenth embodiment, RY in the compound of
Formula I, I1, I1I, or IV, or a pharmaceutically acceptable salt thereof, is selected from
hydroxyl, pyridinyl, and pyrrolopyridinyl, wherein the remaining variables are as described
for Formula I or any one of the third to sixteenth embodiments.

[0057] In an eighteenth embodiment, R and R%in the compound of Formula I, II, III, or
IV, or a pharmaceutically acceptable salt thereof, are each hydrogen, wherein the remaining

variables are as described for Formula I or any one of the third to seventeenth embodiments.
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[0058] In a ninteenth embodiment, R in the compound of Formula I, II, II1, or IV, or a
pharmaceutically acceptable salt thereof, is -(C1-C4)alkyl, wherein the remaining variables
are as described for Formula I or any one of the third to eighteenth embodiments.

[0059] In a twentieth embodiment, R® and R” in the compound of Formula I, I, III, or
IV, or a pharmaceutically acceptable salt thereof, together with the nitrogen atom to which
they are attached form a 4- to 14-membered monocyclic or bicyclic heterocyclyl or a 5- to
12-membered monocyclic or bicyclic heteroaryl, each of which being optionally substituted
with, as valency permits, 1 to 3 groups selected from R, wherein the remaining variables are
as described for Formula I or any one of the third to ninteenth embodiments. Alternatively, as
part of a twentieth embodiment, R®and R” in the compound of Formula I, II, III, or IV, or a
pharmaceutically acceptable salt thereof, together with the nitrogen atom to which they are
attached form azetidinyl, 2,5-diazaspiro[3.4]octanyl, pyrrolidinyl, 2,6-
diazaspiro[3.3]heptanyl, piperazinyl, spiro[indoline-3,3'-pyrrolidine]yl, 6',7'-
dihydrospiro[azetidine-3,5'-pyrrolo[ 1,2-a]imidazole]yl, each of which being optionally
substituted with, as valency permits, 1 to 3 groups selected from R, wherein the remaining
variables are as described for Formula I or any one of the third to ninteenth embodiments.
Alternatively, as part of a twentieth embodiment, R® and R’ in the compound of Formula I,
IT, III, or IV, or a pharmaceutically acceptable salt thereof, together with the nitrogen atom
to which they are attached form azetidinyl, 2,5-diazaspiro[3.4]octanyl, pyrrolidinyl, 2,6-
diazaspiro[3.3]heptanyl, 2,6-diazabicyclo[3.2.0]heptanyl, piperazinyl, spiro[indoline-3,3'-
pyrrolidine]yl, 6',7'-dihydrospiro[azetidine-3,5-pyrrolo[ 1,2-a]Jimidazole]yl, 3,4-dihydro-2H-
benzo[b][1,4]oxazinyl, 3,4-dihydro-2 H-pyrido[3,2-b][1,4]oxazine, 2,3-dihydro-1H-
pyrido[2,3-b][1,4]oxazine, 2,3,4,5-tetrahydrobenzo[b][1,4]oxazepinyl, 1,2,3,4-
tetrahydroquinoxalinyl, 1-azaspiro[3.5]nonanyl, 4-azaspiro[2.4]heptanyl, each of which being
optionally substituted with, as valency permits, 1 to 3 groups selected from R, wherein the
remaining variables are as described for Formula I or any one of the third to ninteenth
embodiments.

[0060] In a twenty-first embodiment, R%in the compound of Formula I, II, III, or IV, or
a pharmaceutically acceptable salt thereof, is selected from halo, (C1-Ca)alkyl, (C1-C4)alkoxy,
cyano, phenyl, hydroxyl, 4- to 6-membered heterocyclyl, 5- to 10-membered monocyclic or
bicyclic heteroaryl, oxo, and, -C(O)R, wherein said (C1-C4)alkyl is optionally substituted
with, as valency permits, 1 to 3 groups selected from R™, and wherein said phenyl, 5- to 10-
membered monocyclic or bicyclic heteroaryl, and 4- to 6-membered heterocyclyl are each

optionally and independently substituted with, as valency permits, 1 to 3 groups selected
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from RY, wherein the remaining variables are as described for Formula I or any one of the
third to thirteenth and twentieth embodiments. Alternatively, as part of a twenty-first
embodiment, R in the compound of Formula I, II, I1I, or IV, or a pharmaceutically
acceptable salt thereof, is selected from halo, (C1-Cs)alkyl, -OR®, cyano, phenyl, hydroxyl, 4-
to 6-membered heterocyclyl, 5- to 10-membered monocyclic or bicyclic heteroaryl, oxo, and,
-C(O)R, wherein said (Ci-Cs)alkyl is optionally substituted with, as valency permits, 1 to 3
groups selected from RM, and wherein said phenyl, 5- to 10- membered monocyclic or
bicyclic heteroaryl, and 4- to 6-membered heterocyclyl are each optionally and independently
substituted with, as valency permits, 1 to 3 groups selected from R¥, and wherein R€ is (Ci-
Cy)alkyl or 5- to 6-membered heteroaryl, wherein the remaining variables are as described for
Formula I or any one of the third to thirteenth and twentieth embodiments. Alternatively, as
part of a twenty-first embodiment, R? in the compound of Formula I, II, III, or IV, or a
pharmaceutically acceptable salt thereof, is selected from halo, (C1-Ca)alkyl, (C1-C4)alkoxy,
cyano, phenyl, hydroxyl, morpholinyl, tetrahydropyranyl, thiomorpholinyl, piperidinyl,
oxatanyl, pyrazolyl, pyridinyl, tetrazolyl, imidazolyl, pyrazinyl, oxadiazolyl, triazolyl,
pyrimidinyl, benzoimidazolyl, 2,4,5,6-tetrahydrocyclopenta[c]pyrazolyl, oxo, and, -C(O)RS,
wherein said (C1-Cas)alkyl is optionally substituted with, as valency permits, 1 to 3 groups
selected from RM, and wherein said morpholinyl, tetrahydropyranyl, thiomorpholinyl,
piperidinyl, oxatanyl, pyrazolyl, pyridinyl, tetrazolyl, imidazolyl, pyrazinyl, oxadiazolyl,
triazolyl, pyrimidinyl, benzoimidazolyl, and 2,4,5,6-tetrahydrocyclopenta[c]pyrazolyl are
each optionally and independently substituted with, as valency permits, 1 to 3 groups selected
from R, wherein the remaining variables are as described for Formula I or any one of the
third to thirteenth and twentieth embodiments. Alternatively, as part of a twenty-first
embodiment, R in the compound of Formula I, I1, ITI, or IV, or a pharmaceutically
acceptable salt thereof, is selected from halo, (Ci-Cas)alkyl, -OR®, cyano, phenyl, hydroxyl,
morpholinyl, tetrahydropyranyl, thiomorpholinyl, piperidinyl, oxatanyl, pyrazolyl, pyridinyl,
tetrazolyl, imidazolyl, pyrazinyl, isoxazoyl, oxazoyl, oxadiazolyl, triazolyl, pyrimidinyl,
benzoimidazolyl, 1 H-pyrrolo[3,2-c]pyridine, 2,4,5,6-tetrahydrocyclopenta[c]pyrazolyl, oxo,
and, -C(O)R®, wherein said (C1-C4)alkyl is optionally substituted with, as valency permits, 1
to 3 groups selected from RM, and wherein said morpholinyl, tetrahydropyranyl,
thiomorpholinyl, piperidinyl, oxatanyl, pyrazolyl, pyridinyl, tetrazolyl, imidazolyl, pyrazinyl,
isoxazoyl, oxazoyl, oxadiazolyl, triazolyl, pyrimidinyl, benzoimidazolyl, 1H-pyrrolo[3,2-
clpyridine, and 2,4,5,6-tetrahydrocyclopenta[c]pyrazolyl are each optionally and

independently substituted with, as valency permits, 1 to 3 groups selected from RY, wherein
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R¢1is (C1-Cys)alkyl, pyridinyl, pyrazinyl, pyrimidinyl, pyrazole, and wherein the pyrazoyl
represented by R° is optionally substituted with (C1-Cy)alkyl, and wherein the remaining
variables are as described for Formula I or any one of the third to thirteenth and twentieth
embodiments.

[0061] In a twenty-second embodiment, R® in the compound of Formula I, IL III, or IV,
or a pharmaceutically acceptable salt thereof, is selected from, as valency permits, (C;-
Cy)alkyl, 4- to 6-membered heterocyclyl, and 5- to 6-membered heteroaryl, wherein said (Ci-
Ca)alkyl is optionally substituted with, as valency permits, 1 to 3 groups selected from R,
and said 4- to 6-membered heterocyclyl, and 5- to 6-membered heteroaryl are each
independently optionally substituted with, as valency permits, 1 to 3 groups selected from
(C1-Cyalkyl, (C1-Caq)alkoxy, benzyl, and hydroxyl, wherein the remaining variables are as
described for Formula I or any one of the third to twenty-first embodiments.

[0062] In a twenty-third embodiment, R’ in the compound of Formula I, II, II1, or IV, or
a pharmaceutically acceptable salt thereof, is phenyl, wherein the remaining variables are as
described for Formula I or any one of the third to twenty-second embodiments.

[0063] In a twenty-fourth embodiment, R® in the compound of Formula I, II, ITL, or IV,
or a pharmaceutically acceptable salt thereof, is selected from, as valency permits, (C;-
Cy)alkyl, morpholinyl, azetidinyl, tetrahydropyranyl, oxatanyl, pyrrolidinyl, and pyrazolyl,
wherein said (C1-Cs)alkyl is optionally substituted with, as valency permits, 1 to 3 groups
selected from R’, and said morpholinyl, azetidinyl, tetrahydropyranyl, oxatanyl, pyrrolidinyl,
and pyrazolyl are each independently optionally substituted with, as valency permits, 1 to 3
groups selected from (Ci-Ca)alkyl, (Ci-Ca)alkoxy, benzyl, and hydroxyl, wherein the
remaining variables are as described for Formula I or any one of the third to twenty-third
embodiments.

[0064] In a twenty-fifth embodiment, RF in the compound of Formula I, II, III, or IV, or
a pharmaceutically acceptable salt thereof, is selected from cyano, (C1-Ca)alkyl, hydroxyl,
and oxo, wherein the remaining variables are as described for Formula I or any one of the
third to twenty-fourth embodiments. Alternatively, as part of the twenty-fifth embodiment, R®
in the compound of Formula I, I, III, or IV, or a pharmaceutically acceptable salt thereof, is
selected from halo, cyano, (Ci-Ca)alkyl, (Ci-Ca)haloalkyl, (Ci-Ca4)alkoxy, hydroxyl, -N[(Ci-
Cy)alkyl]s, morpholinyl, piperazinyl, azetidinyl, pyrrolidinyl, and oxo, wherein said
piperazinyl, pyrrolidinyl, and azetidinyl are each optionally substituted with 1 or 2 groups

selected from cyano, halo, (Ci-Cs)alkyl, (Ci-Cs)alkoxy, and (C1-Cs)alkyl(C:-Cs)alkoxy,
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wherein the remaining variables are as described for Formula I or any one of the third to
twenty-fourth embodiments.

[0065] In a twenty-sixth embodiment, RM in the compound of Formula I, II, III, or IV, or
a pharmaceutically acceptable salt thereof, is selected from halo, (Ci-Cs)alkoxy, -S(O):R’,
and -S(O)=NH(C:-Cs)alkyl, wherein the remaining variables are as described for Formula I
or any one of the third to twenty-fifth embodiments. Alternatively, as part of the twenty-sixth
embodiment, RM in the compound of Formula I, II, II1, or IV, or a pharmaceutically
acceptable salt thereof, is selected from halo, hydroxy, (C1-Cs)alkoxy, -S(O):R, -
S(O)=NH(C1-Cy)alkyl, pyridinyl, pyrazoyl, and phenyl optionally substituted with 1 or 2
halo, wherein the remaining variables are as described for Formula I or any one of the third to
twenty-fifth embodiments.

[0066] In a twenty-seventh embodiment, R!in the compound of Formula I, II, III, or IV,
or a pharmaceutically acceptable salt thereof, is (C1-Cy)alkyl, and wherein said (C1-Cy)alkyl
is optionally substituted with, as valency permits, 1 to 3 halo, wherein the remaining
variables are as described for Formula I or any one of the third to twenty-sixth embodiments.
[0067] Compounds having the Formula I are further disclosed in the Exemplification and
are included in the present disclosure. Pharmaceutically acceptable salts thereof as well as

the neutral forms are included.

4. Uses, Formulation and Administration

[0068] The compounds and compositions described herein are generally useful for
modulating the activity of STAT proteins, in particular STAT3 and/or STAT6. In some
aspects, the compounds, pharmaceutical acceptable salts, and pharmaceutical compositions
described herein inhibit the activity STAT3 and/or STAT6.

[0069] In some aspects, the compounds and pharmaceutical compositions described
herein are useful in a condition responsive to the modulation of STAT3 and/or STAT6. Thus,
provided herein are methods of treating a condition responsive to the modulation (e.g.,
inhibition) of STAT3 and/or STAT®6 in a subject, comprising administering to a subject in
need thereof, a therapeutically effective amount of a compound described herein, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising a
disclosed compound or pharmaceutically acceptable salt thereof.

[0070] Also provided is the use of a compound described herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition comprising a disclosed compound or

pharmaceutically acceptable salt thereof, for the manufacture of a medicament for treating a
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condition responsive to the modulation (e.g., inhibition) of STAT3 and/or STAT6. Also
provided is a compound described herein, or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition comprising a disclosed compound or pharmaceutically
acceptable salt thereof, for use in treating a condition responsive to the modulation (e.g.,
inhibition) of STAT3 and/or STAT6.

[0071] In one aspect, the condition responsive to the modulation (e.g., inhibition) of
STAT3 and/or STAT6 include, but are not limited to, cancer, a neurodegenative disorder, a
viral disease, an autoimmune disease, an inflammatory disorder, a hereditary disorder, a
hormone-related disease, a metabolic disorder, conditions associated with organ
transplantation, immunodeficiency disorders, a destructive bone disorder, a proliferative
disorder, an infectious disease, a condition associated with cell death, thrombin-induced
platelet aggregation, liver disease, pathologic immune conditions involving T cell activation,
a cardiovascular disorder, or a CNS disorder.

[0072] In another aspect, the condition responsive to the modulation (e.g., inhibition) of
STAT3 and/or STAT6 include, but are not limited to, cancer (see, e.g., Turkson & Jove,
Oncogene 2000, 19:6613-6626), diabetes (see. e.g., Gurzov et al., FEBS 2016, 283:3002),
cardiovascular disease (see, e.g., Grote et al., Vasc. Pharmacol. 2005, 43:2005), viral disease
(see, e.g., Gao et al., ] Hepatol. 2012, 57(2):430), autoimmune diseases such as lupus (see,
e.g., Goropevsek et al., Clin. Rev. Alleg. & Immun. 2017, 52(2):164), and rheumatoid
arthritis (see, e.g., Walker & Smith, J. Rheumat. 2005, 32(9): 1650), autoinflammatory
syndromes (see, e.g., Rauch et al., Jak-Stat 2013, 2(1):e23820), atherosclerosis (see, e.g.,
Ortiz-Munoz et al., Arterio., Thromho., Vase. Bio. 2009, 29:525), psoriasis (see, €.g., Andres
et al., Exp. Derm. 2013, 22(5):323), allergic disorders (see, e.g., Oh et al., Eur. Respir. Rev.
2019, 19(115):46), inflammatory bowel disease (see. e.g., Sugimoto, World J Gastroenterol.
2008, 14(33):5110), inflammation (see, e.g., Tamiya et al., Arierio. Thrombo., Vasc. Bio.
2011, 31:980), acute and chronic gout and gouty arthritis, neurological disorders (see, e.g.,
Campbell, Brain Res. Rev. 2005, 48(2): 166), metabolic syndrome, immunodeficiency
disorders such as AIDS and HIV (see, e.g., O’Shea et al., N. Engl. J.Med. 2013, 368:161),
destructive bone disorders (see, e.g., Jatiani et al., Genes & Can. 2011, 1(10):979),
osteoarthritis, proliferative disorders, Waldenstrom’s Macroglobulinemia (see,

e.g., Hodge et al., Blood 2014, 123(7):1055) infectious diseases, conditions associated with

cell death, pathologic immune conditions involving T cell activation, and CNS disorders.
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[0073] Proliferative disorders, include, but are not limited to a benign or malignant
tumor, solid tumor, liquid tumor, carcinoma of the brain, kidney, liver, adrenal gland,
bladder, breast, stomach, gastric tumors, ovaries, colon, rectum, prostate, pancreas, lung,
vagina, cervix, testis, genitourinary tract, esophagus, larynx, skin, bone or thyroid, sarcoma,
glioblastomas, neuroblastomas, multiple myeloma, gastrointestinal cancer, especially colon
carcinoma or colorectal adenoma, a tumor of the neck and head, an epidermal
hyperproliferation, psoriasis, prostate hyperplasia, a neoplasia, a neoplasia of epithelial
character, adenoma, adenocarcinoma, keratoacanthoma, epidermoid carcinoma, large cell
carcinoma, non-small-cell lung carcinoma, lymphomas, Hodgkins and Non-Hodgkins, a
mammary carcinoma, follicular carcinoma, undifferentiated carcinoma, papillary carcinoma,
seminoma, melanoma, an IL-I driven disorder, an MyD88 driven disorder, Smoldering of
indolent multiple myeloma, or hematological malignancies (including leukemia, diffuse large
B-cell lymphoma (DLBCL), ABC DLBCL, chronic lymphocytic leukemia (CLL), chronic
lymphocytic lymphoma, primary effusion lymphoma, Burkitt lymphoma/leukemia, acute
lymphocytic leukemia, B-cell prolymphocytic leukemia, lymphoplasmacytic lymphoma,
Waldenstrom’s macroglobulinemia (WM), splenic marginal zone lymphoma, multiple
myeloma, plasmacytoma, intravascular large B-cell lymphoma).

[0074] In some embodiments, the cancer to be treated is selected from glioma, breast
cancer, prostate cancer, head and neck squamous cell carcinoma, skin melanomas, ovarian
cancer, malignant peripheral nerve sheath tumors (MPNST), and pancreatic cancer. In other
embodiments, the cancer to be treated is cancer selected from glioma, breast cancer, prostate
cancer, head and neck squamous cell carcinoma, skin melanomas, ovarian cancer, malignant
peripheral nerve shealth tumors (MPNST), pancreatic cancer, non-small cell lung

cancer (NSCLC) including EGFR-mutant NSCLC, urothelial cancer, liver cancer, bile duct
cancer, kidney cancer, colon cancer, esophageal cancer, gastric cancer, gastrointestinal
stromal tumors, and hematological malignancies include lymphomas, leukemias, myelomas,
myeloproliferative neoplasms and myelodysplastic syndromes. In other embodiments, the
cancer is selected from solid tumors (e.g., prostate cancer, renal cancer, hepatic cancer,
pancreatic cancer, gastric cancer, breast cancer, lung cancer, cancers of the head and neck,
thyroid cancer, glioblastoma, Kaposi's sarcoma, Castleman's disease, uterine
leiomyosarcoma, melanoma etc.), hematological cancers (e.g., lymphoma, leukemia Such

as acute lymphoblastic leukemia (ALL), acute myelogenous leukemia (AML) or multiple
myeloma), and skin cancer such as cutaneous T-cell lymphoma (CTCL) and cutaneous B-cell

lymphoma. Example CTCLs include Sezary syndrome and mycosis fungoides.
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[0075] Compounds, salts, and compositions described herein are also useful in the
treatment of inflammatory or obstructive airways diseases, resulting, for example, in
reduction of tissue damage, airways inflammation, bronchial hyperreactivity, remodeling or
disease progression. Inflammatory or obstructive airways diseases include asthma of
whatever type or genesis including both intrinsic (non-allergic) asthma and extrinsic
(allergic) asthma, mild asthma, moderate asthma, severe asthma, bronchitic asthma, exercise-
induced asthma, occupational asthma and asthma induced following bacterial infection.
Treatment of asthma is also to be understood as embracing treatment of subjects, e.g. of
less than 4 or 5 years of age, exhibiting wheezing symptoms and diagnosed or diagnosable as
"wheezy infants", an established patient category of major medical concern and now often
identified as incipient or early-phase asthmatics.

[0076] Compounds, salts, and compositions described herein are also useful in the
treatment of heteroimmune diseases including, but are not limited to, graft versus host
disease, transplantation, transfusion, anaphylaxis, allergies (e.g., allergies to plant pollens,
latex, drugs, foods, insect poisons, animal hair, animal dander, dust mites, or cockroach
calyx), type I hypersensitivity, allergic conjunctivitis, allergic rhinitis, and atopic dermatitis.
[0077] Compounds, salts, and compositions described herein are also useful in the
treatment of other inflammatory or obstructive airways diseases and conditions to which the
present invention is applicable and include acute lung injury (ALI), adult/acute respiratory
distress syndrome (ARDS), chronic obstructive pulmonary, airways or lung disease
(COPD, COAD or COLD), including chronic bronchitis or dyspnea associated therewith,
emphysema, as well as exacerbation of airways hyperreactivity consequent to other drug
therapy, in particular other inhaled drug therapy. Compounds, salts, and compositions
described herein are also useful in the treatment of bronchitis including, but not limited to,
acute, arachidic, catarrhal, croupus, chronic or phthinoid bronchitis. Compounds, salts, and
compositions described herein are also useful in the treatment of pneumoconiosis (an
inflammatory, commonly occupational, disease of the lungs, frequently accompanied

by airways obstruction, whether chronic or acute, and occasioned by repeated inhalation of
dusts) of whatever type or genesis, including, for example, aluminosis, anthracosis,
asbestosis, chalicosis, ptilosis, siderosis, silicosis, tabacosis and byssinosis.

[0078] Compounds, salts, and compositions described herein are also useful in the
treatment of inflammatory or allergic conditions of the skin, for example psoriasis, contact
dermatitis, atopic dermatitis, alopecia areata, erythema multiforma, dermatitis herpetiformis,

scleroderma, vitiligo, hypersensitivity angiitis, urticaria, bullous pemphigoid, lupus
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erythematosus, systemic lupus erythematosus, pemphigus vulgaris, pemphigus foliaceus,
paraneoplastic pemphigus, epidermolysis bullosa acquisita, acne vulgaris, and other
inflammatory or allergic conditions of the skin.

[0079] Compounds, salts, and compositions described herein are also useful in the
treatment of other diseases or conditions, such as diseases or conditions having an
inflammatory component, for example, treatment of diseases and conditions of the eye such
as ocular allergy, conjunctivitis, keratoconjunctivitis sicca, and vernal conjunctivitis, diseases
affecting the nose including allergic rhinitis, and inflammatory disease in which autoimmune
reactions are implicated or having an autoimmune component or etiology, including
autoimmune hematological disorders (e.g. hemolytic anemia, aplastic anemia, pure red cell
anemia and idiopathic thrombocytopenia), systemic lupus erythematosus, rheumatoid
arthritis, polychondritis, scleroderma, Wegener granulamatosis, dermatomyositis, chronic
active hepatitis, myasthenia gravis, Steven-Johnson syndrome, idiopathic sprue, autoimmune
inflammatory bowel disease (e.g. ulcerative colitis and Crohn's disease), irritable bowel
syndrome, celiac disease, periodontitis, hyaline membrane disease, kidney disease,
glomerular disease, alcoholic liver disease, multiple sclerosis, endocrine opthalmopathy,
Grave's disease, sarcoidosis, alveolitis, chronic hypersensitivity pneumonitis, multiple
sclerosis, primary biliary cirrhosis, uveitis (anterior and posterior), Sjogren’s syndrome,
keratoconjunctivitis sicca and vernal keratoconjunctivitis, interstitial lung fibrosis, psoriatic
arthritis, systemic juvenile idiopathic arthritis, cryopyrin-associated periodic syndrome,
nephritis, vasculitis, diverticulitis, interstitial cystitis, glomerulonephritis (with and without
nephrotic syndrome, e.g. including idiopathic nephrotic syndrome or minal change
nephropathy), chronic granulomatous disease, endometriosis, leptospiriosis renal disease,
glaucoma, retinal disease, ageing, headache, pain, complex regional pain syndrome, cardiac
hypertrophy, musclewasting, catabolic disorders, obesity, fetal growth retardation,
hyperchlolesterolemia, heart disease, chronic heart failure, mesothelioma, anhidrotic
ectodermal dysplasia, Behcet’s disease, incontinentia pigmenti, Paget’s disease, pancreatitis,
hereditary periodic fever syndrome, asthma (allergic and non-allergic, mild, moderate,
severe, bronchitic, and exercise-induced), acute lung injury, acute respiratory distress
syndrome, eosinophilia, hypersensitivities, anaphylaxis, nasal sinusitis, ocular allergy, silica
induced diseases, COPD (reduction of damage, airways inflammation, bronchial
hyperreactivity, remodeling or disease progression), pulmonary disease, cystic fibrosis,
acidinduced lung injury, pulmonary hypertension, polyneuropathy, cataracts, muscle

inflammation in conjunction with systemic sclerosis, inclusion body myositis, myasthenia
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gravis, thyroiditis, Addison’s disease, lichen planus, Type 1 diabetes, or Type 2 diabetes,
appendicitis, atopic dermatitis, asthma, allergy, blepharitis, bronchiolitis, bronchitis, bursitis,
cervicitis, cholangitis, cholecystitis, chronic graft rejection, colitis, conjunctivitis, Crohn’s
disease, cystitis, dacryoadenitis, dermatitis, dermatomyositis, encephalitis,
encephalomyelitis, endocarditis, endometritis, enteritis, enterocolitis, epicondylitis,
epididymitis, fasciitis, fibrositis, gastritis, gastroenteritis, Henoch-Schonlein purpura,
hepatitis, hidradenitis suppurativa, immunoglobulin A nephropathy, interstitial lung disease,
laryngitis, mastitis, meningitis, myelitis myocarditis, myositis, nephritis, oophoritis, orchitis,
osteitis, otitis, pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis,
pneumonitis, pneumonia, polymyositis, proctitis, prostatitis, pyelonephritis, rhinitis,
salpingitis, sinusitis, stomatitis, synovitis, tendonitis, tonsillitis, ulcerative colitis,

uveitis, vaginitis, vasculitis, or vulvitis.

[0080] In some embodiments, cardiovascular diseases which can be treated according to
the present methods include, but are not limited to, restenosis, cardiomegaly, atherosclerosis,
myocardial infarction, ischemic stroke, congestive heart failure, angina pectoris, reocclusion
after angioplasty, restenosis after angioplasty, reocclusion after aortocoronary bypass,
restenosis after aortocoronary bypass, stroke, transitory ischemia, a peripheral arterial
occlusive disorder, pulmonary embolism, and deep venous thrombosis.

[0081] In some embodiments, the neurodegenerative disease which can be treated
according to the present methods include, but are not limited to, Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis, Huntington's disease, cerebral ischemia,
and neurodegenerative disease caused by traumatic injury, glutamate neurotoxicity, hypoxia,
epilepsy, treatment of diabetes, metabolic syndrome, obesity, organ transplantation and graft
versus host disease.

[0082] In certain aspects, a pharmaceutical composition described herein is formulated
for administration to a patient in need of such composition. Pharmaceutical compositions
described herein may be administered orally, parenterally, by inhalation spray, topically,
rectally, nasally, buccally, vaginally or via an implanted reservoir. The term "parenteral” as
used herein includes subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial,
intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or infusion
techniques. In some embodiments, the compositions are administered orally,
intraperitoneally or intravenously. Sterile injectable forms of the pharmaceutical

compositions described herein may be aqueous or oleaginous suspension. These suspensions
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may be formulated according to techniques known in the art using suitable dispersing or
wetting agents and suspending agents.

[0083] In some aspects, the pharmaceutical compositions are administered orally.
[0084] A specific dosage and treatment regimen for any particular patient will depend
upon a variety of factors, including the activity of the specific compound employed, the age,
body weight, general health, sex, diet, time of administration, rate of excretion, drug
combination, and the judgment of the treating physician and the severity of the particular
disease being treated. The amount of a compound described herein in the composition will

also depend upon the particular compound in the pharmaceutical composition.
EXEMPLIFICATION

Preparation of Compounds
[0085] The compounds claimed herein were prepared following the procedures outlined
in the following schemes. Compound names were generated using the software built into
ChemDraw. To the extent that there are discrepancies between the name of a compound and
its depicted structure, the depicted chemical structure is to be taken as the appropriate
compound.
[0086] Synthesis of Cores
[0087] Synthesis of (3S,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-a]azocine-3-carboxylic acid and
(35,6S,7aR ,8aS,9aR)-6-((tert-butoxycarbonyl)amino)-5-oxodecahydro-1H-

cyclopropald]pyrrolo[1,2-a]azocine-3-carboxylic acid
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[0088] Step 1: Preparation of methyl (25)-5-allyl-1-((S)-2-((tert-
butoxycarbonyl)amino)pent-4-enoyl)pyrrolidine-2-carboxylate

[0089] To a cooled (0 °C) solution of methyl (25)-5-allylpyrrolidine-2-carboxylate
hydrochloride (200 g, 972 mmol, 1.00 eq) and (S)-2-((tert-butoxycarbonyl)amino)pent-4-
enoic acid (209 g, 972 mmol, 1.00 eq) in CH2Cl> (1.60 L) was added EtsN (406 mL, 2.92
mol, 3.00 eq) and 2-chloro-1-methylpyridinium iodide (CMPI) (273 g, 1.07 mol, 1.10 eq).
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The solution was warmed to 25 °C and stirred for 1 h. The mixture was poured into water
(5.0 L), extracted with CH2Cl2 (2.00 L x 3). The combined organic layers were washed with
brine (2.0 L), dried over Na>SQyu, filtered, and concentrated under reduced pressure. Six
individual batches of equal scale were performed in parallel and combined during work up.
The resulting residue was purified by column chromatography (petroleum ether : EtOAc =
100:1 to 10:1) to give methyl (2S)-5-allyl-1-((S)-2-((tert-butoxycarbonyl)amino)pent-4-
enoyl)pyrrolidine-2-carboxylate (1.18 kg, 3.22 mol, 55.2% yield) as yellow oil. 'H NMR
(400 MHz, CDC13) 6 5.84 — 5.78 (m, 2H), 5.17 — 4.99 (m, 5H), 4.50 — 4.34 (m, 3H), 3.76 —
3.70 (m, 3H), 2.50 — 2.15 (m, 6H), 1.96 — 1.91 (m, 2H), 1.41 (s, 9H).

[0090] Step 2: Preparation of methyl (3S,68S,10aR,Z)-6-((tert-butoxycarbonyl Jamino)-5-
0x0-1,2,3,5,6,7,10,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylate

[0091] To a solution of methyl (2S)-5-allyl-1-((S)-2-((tert-butoxycarbonyl)amino)pent-4-
enoyl)pyrrolidine-2-carboxylate (200 g, 546 mmol, 1.00 eq) in CH2Cl; (2.00 L) was added 1*
generation Grubbs catalyst (44.9 g, 54.6 mmol, 0.10 eq) at 25 °C. The solution was
subsequently heated to 50 °C and stirred for 36 h. Six individual batches of equal scale were
performed in parallel and combined during work up. The combined reaction mixtures were
concentrated to give a residue. The residue was purified by column chromatography
(petroleum ether : EtOAc = 100:1 to 0:1) twice to give a crude product. The crude product
was triturated with petroleum ether (2.00 L) for 12 h and filtered. The filter cake was dried
under reduced pressure to give methyl (35,6S,10aR,Z)-6-((tert-butoxycarbonyl)amino)-5-
o0x0-1,2,3,5,6,7,10,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylate (510 g, 1.40 mol,
51.3% yield, 92.9% purity) as a solid. LCMS (ESI) m/z = 361.2 [M+Na]*; "H NMR (400
MHz, CDCl3) 6 5.82 — 5.80 (m, 1H), 5.73 —5.71 (m, 1H), 5.58 -5.56 (m, 1H), 4.88 — 4.85
(m, 1H), 4.52 — 4.49 (m, 1H), 4.16 —4.14 (m, 1H), 3.71 (s, 3H), 2.81 — 2.74 (m, 2H), 2.45 —
2.38 (m, 1H), 2.33 - 2.24 (m, 1H), 2.14 — 2.05 (m, 2H), 1.98 — 1.93 (m, 2H), 1.43 (s, 9H).
[0092] Step 3: Preparation of methyl (3S,6S,7aS,8aR,9aR )-6-((tert-
butoxycarbonyl)amino )-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-
carboxylate and methyl (3S,6S,7aR,8aS,9aR )-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-carboxylate

[0093] To a cooled (0 °C) solution of 1-methyl-1-nitrosourea (50.0 g, 485 mmol, 1.00 eq)
in Et20 (1.50 L) was slowly added in a dropwise fashion a solution of KOH (144 g, 2.57 mol,
5.30 eg) in H20 (150 mL). The mixture was stirred at 0 °C for 30 mins, at which point the
organic layer turned yellow showed the reaction was finished. The aqueous layer was

reaction mixture was separated and the yellow Et2O layer was used to next step without
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further manipulation. [Diazomethane (20.0 g, 475 mmol, 98.0% yield) in Et2O (1.50 L) were
obtained].

[0094] To a (0 °C) solution of methyl (3S,6S,10aR,Z)-6-((tert-butoxycarbonyl)amino)-5-
0x0-1,2,3,5,6,7,10,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylate (10.0 g, 29.5 mmol,
1.00 eq) in THF (320 mL) was carefully transferred approximately 85% of a solution of
diazomethane (20.0 g, 476 mmol, 16.1 eq) in Et20 (1.50 L). To the resulting mixture was
slowly added ~50% of a solution of Pd(OAc)2 (1.99 g, 8.87 mmol, 0.30 eq) in THF (60.0
mL). The reaction mixture was stirred at 0 °C for 2 mins, followed by successive addition of
the remainder ethereal diazomethane solution and the palladium solution. The reaction was
stirred at O °C for 20 mins, then the ice-water bath was removed, and the reaction was
allowed to warm to 20 °C. After stirring for 60 mins. The solvent was removed by a nitrogen
flow. The resulting dry reaction mixture was diluted with EtOAc and filtered through Celite.
The residue (total: 37.0 g) were purified by column: Phenomenex luna C18 250 x 80 mm x
10 um; mobile phase: [water (0.225% FA) - ACN]; B%: 45% - 70%, 21 mins. The
appropriate peak corresponding to product were collected. The respective samples were
adjusted to pH ~ 8 with aqueous saturated NaHCOj3 solution and concentrated respectively.
The respective aqueous layers were extracted with EtOAc (2 x 1.00 L), washed with brine
(1.00 L), dried over NazSOy, filtered, and concentrated to yield methyl (3S,65,7aS,8aR,9aR)-
6-((tert-butoxycarbonyl)amino)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-
carboxylate (12.13 g, 33.5 mmol, 31.5% yield, 97.3% purity) as a white solid and methyl
(35,6S,7aR ,8aS,9aR)-6-((tert-butoxycarbonyl)amino)-5-oxodecahydro- 1H-
cyclopropa[d]pyrrolo[1,2-aJazocine-3-carboxylate (9.12 g, 25.5 mmol, 24.0% yield, 98.6%
purity) as a white solid. Additionally, methyl (3S,6S,10aR,Z)-6-((tert-
butoxycarbonyl)amino)-5-ox0-1,2,3,5,6,7,10,10a-octahydropyrrolo[ 1,2-a]azocine-3-
carboxylate (7.60 g, 99.0% purity) was recovered as a yellow oil. Methyl
(35,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-5-oxodecahydro-1H-
cyclopropa[d]pyrrolo[ 1,2-alazocine-3-carboxylate: LCMS (EST) m/z = 353.0 [M+H]*; 'H
NMR (400 MHz, DMSO-ds) 6 6.81 (d, /= 7.6 Hz, 0.8H), 6.50 (d, /= 3.6 Hz, 0.2H), 4.44 -
4.27 (m, 2H), 4.08 - 3.99 (m, 1H), 3.58 (s, 3H), 2.19 - 2.07 (m, 4H), 1.88 - 1.86 (m, 2H), 1.73
- 1.59 (m, 2H), 1.35 - 1.31 (m, 9H), 1.08 - 1.05 (m, 1H), 0.73 - 0.71 (m, 2H), 0.02 - 0.03 (m,
1H).

[0095] Methyl (35,6S,10aR,Z)-6-((tert-butoxycarbonyl)amino)-5-oxo-1,2,3,5,6,7,10,10a-
octahydropyrrolo[ 1,2-a]azocine-3-carboxylate: LCMS (ESI) m/z = 353.0 [M+H]*; '"H NMR
(400 MHz, DMSO-ds) 8 6.75 (d, J=7.6 Hz, 0.9H), 6.22 (d, /= 2.0 Hz, 0.1H), 4.33 - 4.25 (m,
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2H), 4.14 - 4.12 (m, 1H), 3.60 (s, 3H), 2.20 - 2.10 (m, 1H), 2.08 - 2.03 (m, 3H), 1.85- 1.84
(m, 1H), 1.74 - 1.57 (m, 2H), 1.38 (s, 9H), 1.34 - 1.14 (m, 3H), 0.75 - 0.73 (m, 1H), 0.03 -
0.01 (m, 1H).

[0096] Step 4: Preparation of 3S,68,7aS,8aR,9aR )-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-carboxylic acid

[0097] To a solution of methyl (3S,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-a]azocine-3-carboxylate (2.00 g, 5.67 mmol, 1
eq) in a mixture of MeOH (1.0 mL ), THF (1.0 mL ), and water (1.0 mL ) was added
LiOHeH20 (270 mg, 11.3 mmol, 2 eq). After stirring for 2 h at ambient temperatures, the
reaction mixture turned murky white. The reaction mixture was carefully concentrated under
reduced pressure to give a residue. The residue was diluted with water (50 mL) and extracted
with EtOAc (2 x 50 mL). The aqueous phase was acidified between pH ~4 to 5 with aqueous
IN HCI. The resulting acidic phase was extracted with EtOAc (2 x 50 mL) and the combined
organic layers were concentrated under reduced pressure to give a residue. The product
(35,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[1,2-aJazocine-3-carboxylic acid (2.00 g) was isolated as a yellow oil
and used without further purification or manipulation. LCMS (ESI) m/z = 339.0 [M+H]*.
[0098] The intermediate shown in Table 1 were synthesized using the appropriate starting
materials and reagents under conditions described above for the preparation of
(35,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-5-oxodecahydro-1H-

cyclopropald]pyrrolo[1,2-aJazocine-3-carboxylic acid.

Table 1.
Name Structure LCMS
(35.65,7aR,8aS,9aR )-6-((tert- S 339.0
butoxycarbonyl)amino)-5-oxodecahydro-1H- O\j [M+H]*
cyclopropald]pyrrolo[ 1,2-aJazocine-3- HOLC & Jrpoc
carboxylic acid

[0099] Synthesis of methyl (35,6S,9aR)-6-((tert-butoxycarbonyl)amino)-5-oxo-
2,3,5,6,7,9a-hexahydro-1H-pyrrolo[1,2-a]azepine-3-carboxylate and methyl (3S,6S,9aR)-6-
((tert-butoxycarbonyl)amino)-8-methyl-5-0x0-2,3,5,6,7,9a-hexahydro-1H-pyrrolo[ 1,2-

aJazepine-3-carboxylate

35




WO 2023/192960 PCT/US2023/065171

TMS
o] P
Step 1 2 Step 2 ‘-\‘// Step 3
N ———— MeO,C S E— C] ——
MeO C§ “Boc l%lH S T™MS N Boc
2 Boc” MeO,C
Z I X
O Step 4 O"\ Step 5 O
N, N MNH
s Boc S 'Boc MeO,C T
MeO,C MeO,C e0; cl
\ R
= W=
S F a
Step 6 N . Step 7 N
N “NHBoc N o
MeOzé o MeO,C Il NHBoc
R =H orMe R =H orMe

[00100]  Step I: Preparation of methyl (S)-2-((tert-butoxycarbonyl)amino)-5-oxo-7-
(trimethylsilyl)hept-6-ynoate

[00101] To acooled (0 °C) solution of isopropylmagnesium chloride (2.0 M, 9.04 L, 1.10
eq) and THF (4.00 L) was added ethynyltrimethylsilane (1.86 kg, 18.9 mol, 2.62 L, 1.15 eq).
The reaction mixture was stirred for 1 h, followed by slow addition of a solution of 1-(tert-
butyl) 2-methyl (S)-5-oxopyrrolidine-1,2-dicarboxylate (4.00 kg, 16.4 mol, 1.00 eq) in THF
(8.0 L) over 1.5 h. After stirring for an additional 30 min, the reaction mixture was
transferred into a stirred and cooled (0 °C) biphasic mixture of iPAc (5.00 L) and 20%
aqueous NH4Cl (16.0 L). The biphasic mixture was separated, and the aqueous layer was
extracted with iPAc (8.00 L). The combined organic layers were washed with 20% aqueous
NH4CI solution (8.00 L), brine (8.00 L), dried over Na>SOy, filtered, and concentrated under
reduced pressure to give methyl (S)-2-((tert-butoxycarbonyl)amino)-5-oxo-7-
(trimethylsilyl)hept-6-ynoate (5.50 kg) as yellow oil. 'H NMR (400 MHz, CDCl3) § 5.11 —
5.09 (m, 1H), 4.32 —4.30 (m, 1H), 3.77 — 3.72 (m, 3H), 2.72 — 2.64 (m, 2H), 2.04 — 2.01 (m,
1H), 1.73 - 1.71 (m, 1H), 1.41 (s, 9H), 0.24 (s, 9H).

[00102]  Step 2: Preparation of 1-(tert-butyl) 2-methyl (25,5R)-5-
((trimethylsilyl)ethynyl)pyrrolidine-1,2-dicarboxylate

[00103] To a suspension of NaBH(OAc); (4.03 kg, 19.0 mol, 1.30 eq) in iPAc (5.00 L)
was added a solution of methyl (S)-2-((tert-butoxycarbonyl)amino)-5-oxo-7-
(trimethylsilyl)hept-6-ynoate in iPAc (20.0 L). The batch was cooled to (10 °C), followed
by slow addition of TFA (7.18 kg, 62.9 mol, 4.66 L, 4.30 eq) over 1.5 h. The mixture was
warmed to 10 °C and stirred for an additional 2 h. The reaction mixture was transferred to a
cooled (0 °C) solution of 25% aqueous KoHPO4 (40.0 L). The pH of the suspension was

adjusted to pH 6 — 7 with aqueous saturated NaHCO3. The biphasic mixture was separated,
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and the aqueous layer was extracted with iPAc (8.00 L). The combined organic layers were
washed with 25% K>HPO4 solution (8.00 L), brine (5.00 L), dried over Na2SQOg, filtered, and
concentrated under reduced pressure to give a residue. The residue was purified by silica gel
column chromatography (petroleum ether/EtOAc = 30/1 to 3/1) to yield 1-(tert-butyl) 2-
methyl (2S,5R)-5-((trimethylsilyl)ethynyl)pyrrolidine-1,2-dicarboxylate (2.27 kg, 6.97 mol,
42.4% yield) as yellow oil. 'H NMR (400 MHz, DMSO-ds) & 4.49 — 4.32 (m, 1H), 4.16 (s,
1H), 3.63 (s, 3H), 2.16 (s, 2H), 1.95 — 1.88 (m, 2H), 1.40 — 1.32 (m, 9H), 0.13 (s, 9H).
[00104]  Step 3: Preparation of 1-(tert-butyl) 2-methyl (2S,5R)-5-ethynylpyrrolidine-1,2-
dicarboxylate

[00105] To a cooled (0 °C) solution of 1-(tert-butyl) 2-methyl (2S,5R)-5-
((trimethylsilyl)ethynyl)pyrrolidine-1,2-dicarboxylate (500 g, 1.54 mol, 1.00 eq) in THF
(2.00 L) was added a 1.0 M solution of TBAF (1.84 L, 1.20 eq) in THF and the mixture was
subsequently stirred for 1 h. Four batches of equal scale were performed in parallel, and the
reaction mixtures were combined and concentrated under reduced pressure to give a residue.
The residue was purified by silica gel column chromatography (petroleum ether/EtOAc = 1/0
to (/1) to yield 1-(tert-butyl) 2-methyl (25,5R)-5-ethynylpyrrolidine-1,2-dicarboxylate (920
g, 2.95 mol, 48.0% yield, 81.2% purity) as yellow oil. "H NMR (400 MHz, CDCl3) § 4.62 —
4.50 (m, 1H), 4.30 — 4.20 (m, 1H), 3.74 — 3.70 (m, 3H), 2.31 — 2.14 (m, 5H), 1.47 — 1.40 (m,
9H).

[00106] Step 4: Preparation of 1-(tert-butyl) 2-methyl (2S,5R)-5-vinylpyrrolidine-1,2-
dicarboxylate

[00107] To a suspension of 1-(tert-butyl) 2-methyl (2S,5R)-5-ethynylpyrrolidine-1,2-
dicarboxylate (150 g, 592 mmol, 1.00 eq) in EtOAc (1.50 L) under N2 (g) was added
Lindlar’s catalyst (7.50 g, 1.82 mmol, 5.0% wt) and quinoline (163 g, 1.27 mol, 150 mL, 2.14
eq). The suspension was degassed under vacuum and purged with Hz (g) (3x). The mixture
was stirred under Ha2 (g) (50 psi) for 1 h. Six batches of equal scale were performed in
parallel, filtered, and the filtrates were combined during workup. The mixture was filtered,
the filtrate was washed with aqueous 1N HCI (9.00 L), separated, and concentrated. The
combined residues were purified by silica gel column chromatography (petroleum
ether/EtOAc = 1/0 to 0/1) to yield 1-(tert-butyl) 2-methyl (2S,5R)-5-vinylpyrrolidine-1,2-
dicarboxylate (745 g, 2.23 mol, 62.8% yield, 76.5% purity) as yellow oil. 'H NMR (400
MHz, DMSO-ds) 6 5.84 — 5.76 (m, 1H), 5.34 — 5.27 (m, 1H), 5.06 — 5.04 (m, 1H), 4.29 —
4.17 (m, 2H), 3.65 — 3.62 (m, 3H), 2.16 — 2.14 (m, 2H), 1.79 — 1.78 (m, 1H), 1.69 — 1.65 (m,
1H), 1.34 — 1.32 (m, 9H).
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[00108] Step 5: Preparation of methyl (2S,5R)-5-vinylpyrrolidine-2-carboxylate

[00109] To a solution of 1-(tert-butyl) 2-methyl (2S,5R)-5-vinylpyrrolidine-1,2-
dicarboxylate (245 g, 959 mmol, 1.00 eq) in EtOAc (1.25 L) was added a solution of 4.0 M
solution of HCl in EtOAc (959 mL, 4.00 eq). Three batches of equal scale were performed in
parallel, and the mixture was stirred at 25 °C for 2 h. The reaction mixtures were combined
and concentrated under reduced pressure to give product methyl (25,5R)-5-vinylpyrrolidine-
2-carboxylate (520 g, HCI) was obtained as an off-white solid. 'H NMR (400 MHz, DMSO-
ds) 6 6.03 —5.95 (m, 1H), 5.44 — 5.33 (m, 2H), 4.49 — 4.45 (m, 1H), 4.11 — 4.05 (m, 1H), 3.76
(s, 3H), 2.31 - 2.28 (m, 1H), 2.16 — 2.10 (m, 1H), 1.81 - 1.76 (m, 1H).

[00110]  Step 6: Preparation of methyl (2S,5R)-1-((S)-2-((tert-butoxycarbonyl)amino )pent-
4-enoyl)-5-vinylpyrrolidine-2-carboxylate

[00111] To a solution of (S)-2-((tert-butoxycarbonyl)amino)pent-4-enoic acid (35.9 g, 167
mmol, 1.00 eq) in CH2Cl> (320 mL) was added methyl (2S,5R)-5-vinylpyrrolidine-2-
carboxylate (32.0 g, 167 mmol, 1.00 eq, HCI) and EtzN (69.7 mL, 0.501 mol, 3.00 eq). The
mixture was cooled to 0 °C and CMPI (98.8 g, 387 mmol, 1.10 eq) was added. The reaction
mixture was subsequently warmed to 25 °C and stirred for 3 h. The reaction mixture was
poured into water (500 mL), extracted with CH2Cl> (200 mL x 3). The combined organic
layers were washed with saturated aqueous NH4C1 (300 mL x 2), dried over Na2SOu, filtered,
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (petroleum ether/EtOAc = 50/1 to 5/1) to give methyl (2S,5R)-1-
((S)-2-((tert-butoxycarbonyl)amino)pent-4-enoyl)-5-vinylpyrrolidine-2-carboxylate (47.0 g)
as yellow oil. LCMS (ESI) m/z = 367.2 [M+H]*; '"H NMR (400 MHz, CDCl3) § 6.03 - 5.94
(m, 1H), 5.77 - 5.66 (m, 1H), 5.52 (d, J = 16.8 Hz, 1H), 5.22 (d, J = 10.4 Hz, 1H), 5.12 - 5.00
(m, 4H), 4.81 (br d, J = 6.4 Hz, 1H), 4.53 - 4.44 (m, 2H), 3.73 (s, 3H), 2.45 - 2.38 (m, 1H),
2.32-2.27 (m, 1H), 2.22 - 2.15 (m, 2H), 2.02 - 1.83 (m, 3H), 1.41 (s, 9H).

[00112] The intermediates shown in Table 2 were synthesized using methyl (25,5R)-5-
vinylpyrrolidine-2-carboxylate, appropriate N-protected amino acids, CMPI, triethylamine,
and CH>Cl; under the reaction conditions described above. The intermediate(s) was purified

using standard methods.

Table 2.
Name Structure LCMS
(25,5R)-1-((S)-2-((tert-butoxycarbonyl)amino)- \\ 367.2
4-methylpent-4-enoyl)-5-vinylpyrrolidine-2- </\|N [M+H]*
carboxylic acid meo,C  J N-Boo
H

38




WO 2023/192960 PCT/US2023/065171

[00113]  Step 7: Preparation of methyl (3S,6S,9aR)-6-((tert-butoxycarbonyl)amino )-5-oxo-
2,3,5,6,7,9a-hexahydro-1H-pyrrolo[ 1,2-a]azepine-3-carboxylate

[00114] To a solution of methyl (2S,5R)-1-((S)-2-((tert-butoxycarbonyl)amino)pent-4-
enoyl)-5-vinylpyrrolidine-2-carboxylate (21.0 g, 59.6 mmol, 1.00 eq) in CH2Cl> (2.10 L) was
added 1st generation Grubb’s catalyst (4.90 g, 5.96 mmol, 0.10 eq). The mixture was heated
to 50 °C and stirred for 12 h. Two batches of equal scale were performed in parallel. The
reaction mixtures were subsequently combined and concentrated to give a residue. The
residue was purified by column chromatography (petroleum ether/EtOAc = 10/1 to 1/1) to
give the methyl (35,6S,9aR)-6-((tert-butoxycarbonyl)amino)-5-0x0-2,3,5,6,7,9a-hexahydro-
1H-pyrrolo[ 1,2-a]azepine-3-carboxylate (35.0 g, 94.8 mmol, 56.6% yield, 87.9% purity) as a
gray solid. LCMS (ESI) m/z = 225.0 [(M—Boc)+H]*; 'H NMR (400 MHz, CDCl3)§ 5.78 -
5.71 (m, 2H), 5.55 (d, ] = 11.6 Hz, 1H), 4.75 - 4.63 (m, 3H), 3.72 (s, 3H), 2.64 - 2.58 (m,
1H), 2.38 - 2.29 (m, 2H), 2.11 - 2.05 (m, 2H), 1.93 - 1.85 (m, 1H), 1.44 (s, 9H).

[00115] The intermediates shown in Table 3 were synthesized using the appropriate
starting materials and reagents under conditions described above for the preparation of
methyl (3S,65,9aR)-6-((tert-butoxycarbonyl)amino)-5-0x0-2,3,5,6,7,9a-hexahydro-1H-

pyrrolo[1,2-aJazepine-3-carboxylate.

Table 3.
Name Structure LCMS
methyl (3S,65,9aR)-6-((tert- o= 361.1
butoxycarbonyl)amino)-8-methyl-5-oxo- G\j [M+Na]*
2,3,5,6,7,9a-hexahydro-1H-pyrrolo[1,2- MeO,G z “N-Boc
aJazepine-3-carboxylate )

[00116] Synthesis of (3S,6S,7aS,8aS,8bR)-6-((tert-butoxycarbonyl)amino)-7a-methyl-5-
oxodecahydrocyclopropalc]pyrrolo[ 1,2-a]azepine-3-carboxylic acid and

(35,6S,7aR,8aR ,8bR)-6-((tert-butoxycarbonyl)amino)-7a-methyl-5-
oxodecahydrocyclopropa[c]pyrrolo[1,2-a]azepine-3-carboxylic acid

aQn e Oy
N N N
Me0,C [ NHBoc MeO,L [ NHBoc MeO,C J NHBoc

Step 2 <'/ + <'/
N N

HOC 4 “NHBoc HO,C ¢ “NHBoc
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[00117]  Step 1: Preparation of methyl (3S,6S,7aS,8aS,8bR)-6-((tert-
butoxycarbonyl)amino )-5-oxodecahydrocyclopropa[c]pyrrolo[1,2-a]azepine-3-carboxylate
and methyl (3S,68,7aR,8aR,8bR)-6-((tert-butoxycarbonyl)amino )-5-
oxodecahydrocyclopropa[c]pyrrolo[ 1,2-a]azepine-3-carboxylate

[00118] To a stirred and cooled (—40 °C) solution of 0.5 M diazomethane (1.29 g, 30.8
mmol, 10 eq) in MTBE (40 mL) was added a solution of methyl (3S,6S,9aR)-6-((tert-
butoxycarbonyl)amino)-5-ox0-2,3,5,6,7,9a-hexahydro-1H-pyrrolo[ 1,2-a]azepine-3-
carboxylate (1.00 g, 3.08 mmol, 1 eq) in DCM. To the cooled mixture was added Pd(OAc)»
(6.91 mg, 30.8 umol, 0.01 eq) in DCM. The mixture was subsequently allowed to warm up to
—10 °C and effervescence of N2 (g) gas observed. The reaction mixture was allowed to age at
this temperature 2 h or until evolution of N2 (g) ceased. The reaction mixture as warmed to
room temperature and filtered. The filtrate was concentrated to give crude product as a
mixture of diastereomers. The resulting mixture was purified by HPLC and mixture was
separated to afford methyl (3S,6S,7aS,8aS,8bR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydrocyclopropalc]pyrrolo[ 1,2-a]Jazepine-3-carboxylate (100 mg, 295 pmol, 9.61 %)
and methyl (35,6S,7aR,8aR,8bR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydrocyclopropa[c]pyrrolo[1,2-a]azepine-3-carboxylate (110 mg, 325 pmol, 10.5
%).

[00119] methyl (3S,65,7aS,8aS,8bR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydrocyclopropa[c]pyrrolo[1,2-a]azepine-3-carboxylate: LCMS (ESI) m/z =239.0
[(M-Boc)+H]*.

[00120] methyl (3S,6S,7aR,8aR,8bR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydrocyclopropalc]pyrrolo[ 1,2-aJazepine-3-carboxylate: LCMS (ESI) m/z =239.0
[(M-Boc)+H]*.

[00121]  Step 2: Preparation of (3S,68S,7aS,8aS,8bR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydrocyclopropa[c]pyrrolo[ 1,2-a]azepine-3-carboxylic acid and

(38,68, 7aR,8aR,8bR)-6-((tert-butoxycarbonyl )amino)-5-
oxodecahydrocyclopropalc]pyrrolo[1,2-a]azepine-3-carboxylic acid

[00122] The intermediates shown in Table 4 were synthesized using the appropriate
starting materials and LiIOH*H>O under the hydrolysis conditions described in Step 4 for the
synthesis of (3S,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[1,2-aJazocine-3-carboxylic acid and/or (3S,6S,7aR,8aS,9aR)-6-((tert-
butoxycarbonyl)amino)-5-oxodecahydro- 1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-

carboxylic acid.
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Table 4.
Name Structure

(35,65,7a5,8aS,8bR)-6-((tert- LA
butoxycarbonyl)amino)-7a-methyl-5- </N
oxodecahydrocyclopropa[c]pyrrolo[1,2- vol [ "'H‘Boc

aJazepine-3-carboxylic acid

(35,65,7aR ,8aR,8bR)-6-((tert- o A
butoxycarbonyl)amino)-7a-methyl-5- <,N
oxodecahydrocyclopropa[c]pyrrolo[1,2- HO,C 4 "’”—Boc

aJazepine-3-carboxylic acid

[00123] Synthesis of (35,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-8,8-difluoro-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-carboxylic acid

= AN ~ \ R \

o\ % R R o\ d Fenn
PN O Nroc /O)\\o 0 NH, 7 Yo
F
N F O F
Step 3 <:I\l Step 4 Q\l
o) E HO—Y 3
) ’Qo O NPhth ’\o O NHBoc

[00124]  Step 1: Preparation of methyl (38,68, 10aR,Z)-6-amino-5-0xo0-1,2,3,5,6,7,10,10a-
octahydropyrrolo[ 1,2-a]azocine-3-carboxylate

[00125] To a solution of methyl (3S,6S,10aR,Z)-6-((tert-butoxycarbonyl)amino)-5-oxo-
1,2,3,5,6,7,10,10a-octahydropyrrolo|[ 1,2-a]azocine-3-carboxylate (1.0 g, 2.95 mmol, 1 eq) in
dichloromethane (15 mL) was added trifluoroacetic acid (4.0 mL, 52 mmol, 17 eq). The
reaction mixture was stirred at room temperature 1 h. The reaction mixture was concentrated
to dryness and purified directly by reverse phase chromatography using a gradient of 5-100%
MeCN in basic water (10 mM NH4HCO3, pH=10) to afford methyl (3S,6S,10aR,Z)-6-amino-
5-0x0-1,2,3,5,6,7,10,10a-octahydropyrrolo[ 1,2-aJazocine-3-carboxylate (588 mg, 2.46 mmol,
83% yield) as a white solid. "H NMR (400 MHz, CD30D) § 5.78 - 5.64 (m, 2 H), 4.45 - 4.41
(m, 1 H),4.25-4.17 (m, 1 H),4.11 (dd, 1 H, J=9.7, 6.0 Hz), 3.66 (s, 3 H), 2.81 - 2.67 (m, 2
H),2.41-2.33 (m, 1 H), 2.22 - 2.05 (m, 3 H), 1.97 - 1.86 (m, 2 H).

[00126] Step 2: Preparation of methyl (35,68, 10aR,Z)-6-(1,3-dioxoisoindolin-2-yl)-5-oxo-
1,2,3,5,6,7,10,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylate

[00127] A solution of methyl (3S,6S,10aR,Z)-6-amino-5-0x0-1,2,3,5,6,7,10,10a-
octahydropyrrolo[1,2-a]azocine-3-carboxylate (500 mg, 2.09 mmol, 1 eq) and phthalic
anhydride (318 mg, 2.15 mmol, 1.03 eq) in toluene (20 mL) was heated at reflux for 24 h.
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The solvent was then evaporated and the product was directly purified by reverse phase
chromatography using a gradient of 5-100% MeCN in water to afford methyl

(35,65,10aR ,Z)-6-(1,3-dioxoisoindolin-2-yl)-5-ox0-1,2,3,5,6,7,10,10a-octahydropyrrolol[ 1,2-
aJazocine-3-carboxylate (659 mg, 1.78 mmol, 85% yield) as an off-white solid.'H NMR (400
MHz, CDCl3) 6 7.86 - 7.80 (m, 2 H), 7.72 - 7.66 (m, 2 H), 6.18 - 6.09 (m, 1 H), 5.88 - 5.81
(m, 1 H),5.31(dd,J=7.9,4.5Hz, 1 H), 446 - 438 (m, 2 H), 3.70 (s, 3 H), 3.13 - 3.03 (m, 1
H),2.96 - 2.88 (m, 1 H), 2.63 - 2.54 (m, 1 H), 2.49 - 2.40 (m, 1 H), 2.32 - 2.23 (m, 1 H), 2.22
-2.12(m, 1 H),2.05-1.94 (m, 1 H), 1.92 - 1.84 (m, 1 H).

[00128] Step 3: Preparation of methyl (35,6S,7aS,8aR,9aR)-6-(1,3-dioxoisoindolin-2-yl)-
8,8-difluoro-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-carboxylate
[00129] A round-bottomed flask equipped with a magnetic stirrer and a water condenser
was charged with methyl (3S,6S,10aR,Z)-6-(1,3-dioxoisoindolin-2-yl)-5-oxo-
1,2,3,5,6,7,10,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylate (150 mg, 0.407 mmol, 1
eq), sodium fluoride (5.12 mg, 0.122 mmol, 0.3 eq) and anhydrous toluene (2 mL). The
mixture was heated to reflux for 30 min. and then a solution of trimethylsilyl 2,2-difluoro-2-
(fluorosulfonyl)acetate (159 uL, 0.814 mmol, 2 eq) in toluene (2 mL) was added via syringe
pump over 1 h. The clear solution turned pale orange. The reaction was left stirring at reflux
for 1.5 h then more trimethylsilyl 2,2-difluoro-2-(fluorosulfonyl)acetate (159 pL, 0.814
mmol, 2 eq) in toluene (2 mL) was added via syringe pump over 40 min. and the reaction was
left stirring at reflux for 1 h. The reaction mixture was cooled to room temperature, diluted
with aqueous saturated sodium bicarbonate solution and EtOAc and stirred for 10 min. The
layers were separated. The organic layer was washed with brine, dried over sodium sulfate,
filtered and concentrated to dryness to afford a crude orange foam (238 mg, 140%). A
purification by reverse phase chromatography eluting with 5-100% MeCN in water (with
0.1% formic acid) afforded methyl (3S,6S,7aS,8aR,9aR)-6-(1,3-dioxoisoindolin-2-yl)-8,8-
difluoro-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-carboxylate (48 mg,
0.114 mmol, 28% yield). "H NMR (400 MHz, CDCl3) § 7.86 - 7.81 (m, 2 H), 7.74 - 7.68 (m,
2 H),5.25-5.20 (m, 1 H), 4.40 (t, J=8.1 Hz, 1 H), 4.28 - 4.20 (m, 1 H), 3.72 (s, 3 H), 2.74 -
2.61 (m, 2 H), 2.38 - 1.80 (m, 8 H).

[00130] Step 4: Preparation of (3S,68,7aS,8aR,9aR )-6-((tert-butoxycarbonyl Jamino )-8, 8-
difluoro-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-carboxylic acid

[00131] To a solution of methyl (3S,6S,7aS,8aR,9aR)-6-(1,3-dioxoisoindolin-2-yl)-8,8-
difluoro-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-carboxylate (145 mg,
0.346 mmol, 1 eq) in water (2 mL) and tetrahydrofuran (6 mL) was added lithium hydroxide
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monohydrate (43.2 mg, 1.03 mmol, 3 eq). The reaction was stirred at 20 °C for 1 h. The
volatiles were removed in vacuo. The aqueous residue was diluted with 3 M aqueous
hydrochloric acid (5 mL) and the solution was heated to 100 °C for 20 h. The reaction
mixture was concentrated to dryness. The residue was diluted with 1 M aqueous NaOH (6
mL) and di-fert-butyl dicarbonate (377 mg, 1.73 mmol, 5 eq) was added. The reaction was
stirred at 20 °C for 20 h. More di-fert-butyl dicarbonate (800 mg) was added and the reaction
was stirred at 20 °C for 16 h. The volatiles were removed in vacuo. The resulting aqueous
solution was acidified to pH 2 using a 6 N aqueous solution of HCI and the product was
extracted with EtOAc (2 x 15 mL). The combined organic layers were washed with brine,
dried over sodium sulfate, filtered and concentrated under reduced pressure. The product was
purified by reverse phase chromatography with a gradient of 5-100% MeCN in water (with
0.1% formic acid) to afford (3S,6S,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-8,8-
difluoro-5-oxodecahydro- 1H-cyclopropa[d]pyrrolo[1,2-a]azocine-3-carboxylic acid (84.0
mg, 0.224 mmol, 65%) as a white solid. 'H NMR (400 MHz, CDCls) § 5.40 - 5.33 (m, 1 H),
472 (d,J=74Hz,1H),4.64(q,J=8.5Hz, 1 H),4.28 - 4.18 (m, 1 H), 2.43 - 2.26 (m, 2 H),
225-2.16(m, 1 H),2.11 - 1.90 (m, 5 H), 1.74 - 1.63 (m, 2 H), 1.43 (s, 9 H).

Synthesis of Linkers
[00132] The following intermediates in Table 5 were prepared according to the protocol
described in WO 2020205467.

Table 5.
Name Structure
5- S o &
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophen HOZC‘Q\DYF\’O
e-2-carboxylic acid £ § OHt
7-((diethoxyphosphoryl)difluoromethyl)-2-naphthoic o &
acid HOZC\P\;O—Et
FF

[00133] Representative Procedure for Preparation of Activated Ester Phosphonic
Acids

[00134] Synthesis of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-5-
yDmethyl)phosphonic acid

RF R F R F

L o L e L
(¢] S fo] S o 'S
[00135] Step I: Preparation of 4-nitrophenyl 5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate

[00136] To a mixture of 5-[(diethoxyphosphoryl)difluoromethyl]-1-benzothiophene-2-

carboxylic acid (L.1) (10.0 g, 27.4 mmol), EDCI (7.85 g, 41.0 mmol) and DMAP (836 mg,
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6.85 mmol) in CH2Cl> (80 mL) was stirred at room temperature. After 15 min, 4-nitrophenol
(4.75 g, 34.2 mmol) was added and the resulting yellow mixture was stirred at room
temperature for 18 h. The reaction was quenched with water (30 mL) and the product was
extracted with CH2Cl> (10 mL x 2). The combined organic extracts were washed with brine,
dried with sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by reverse phase chromatography [C18 cartridge eluting with a gradient of 5-100%
acetonitrile in water] and the appropriate fractions were concentrated to give 4-nitrophenyl 5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate (7.80 g, 16.0 mmol,
59.0% yield) as a yellow solid. LCMS m/z = 486.2 [M+H]*; 'H NMR (400 MHz, DMSO-d&)
8 8.32 - 8.37 (m, 3H), 8.22 (s, 1H), 8.01 (d,J=9.1 Hz, 1H), 7.77 (d, ] =7.8 Hz, 1 H), 7.51 —
7.45 (m, 2 H), 4.14 — 4.32 (m, 4H), 1.34 (t, ] = 7.8 Hz, 6H).

[00137]  Step 2: Preparation of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-
S-yl)methyl)phosphonic acid

[00138] To acooled (0 °C) solution of 4-nitrophenyl 5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate (4.47 g, 9.20 mmol)
in CH2Cl2 (39 mL) was added N,O-bis(trimethylsilyDtrifluoroacetamide (12.1 mL, 46.0
mmol) and iodotrimethylsilane (5.23 mL, 36.8 mmol) as a solution in CH>Cl> (10 mL). The
reaction mixture was gradually allowed to warm to ambient temperatures. To the reaction
mixture was added a mixture of 2:1 H>O / acetonitrile (with 0.1% TFA) (50 mL) and
precipitation of product was observed. The volatiles were removed in vacuo and the crude
residue was suspended in a mixture of acetonitrile/water solution (1:1 v/v, 100 mL). The
suspension was filtered, the solids were washed with a 2:1 mixture acetonitrile/water
solution, and the solid were dried under reduced pressure to afford (difluoro(2-({(4-
nitrophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (6.5 g, 94%) as a
beige solid. The filtrate was concentrated to 50% of solvent volume and the resulting
suspension was filtered and washed with 1:2 acetonitrile/water solution. The solid was dried
under reduced pressure to afford additional (difluoro(2-((4-
nitrophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (0.4 g) as a beige
solid. Both products were lyophilized to give (difluoro(2-((4-
nitrophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (6.90 g, 16.0 mmol,
98.0% yield). 'H NMR (400 MHz, DMSO-de) § 7.66 — 7.74 (m, 3H), 8.27 (d, J = 8.3 Hz,
1H), 8.30 (s, 1H), 8.36 — 8.41 (m, 2H), 8.66 (s, 1H).

[00139] The following intermediates in Table 6 were prepared using a similar protocol

outlined above for synthesis of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-5-
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material(s).
[00140] Table 6.
Name Structure LC-MS
(difluoro(7-((4- 02"‘\©\ 424.1
nitrophenoxy)carbonyl)naphthalen-2- o EE [M+H]*
1)methyl)phosphonic acid P
yhmethyl)phosp oP\OH
(difluoro(2- RS RF o 475.0
((perfluorophenoxy)carbonyl)benzo[b]thi F—QO )—(/\/@)%?\OH [M+H]*
ophen-5-yl)methyl)phosphonic acid f ¥ Jd s HO
(difluoro(7- . i . 467.0
((perfluorophenoxy)carbonyl)naphthalen- j@: [M-HJ
2-yl)methyl)phosphonic acid F I o RF o
[00141] Synthesis of ((2-((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-

yDmethyl)phosphonic acid

S S S
Step 1 Step 2
S S
R~oEt R~oEt

OEt OEt

O

1
R~oH
OH

R F R F
\ B \
F FO R0kt F FO
OEt

[00142]  Preparation of 5-methylbenzo[b]thiophene-2-carboxylic acid

[00143] 5-Methylbenzo[b]thiophene-2-carboxylic acid was prepared according to the
procedure described in W02016100184 A1l.

[00144]  Step 1: Preparation of benzyl 5-methylbenzo[b]thiophene-2-carboxylate
[00145] To a solution of 5-methylbenzo[b]thiophene-2-carboxylic acid (21.2 g, 110.0

mmol, 1.0 eq) and K>CO3 (30.4 g, 220.0 mmol, 2.0 eq) in DMF (200 mL) was added benzyl
bromide (20.6 g, 121.0 mmol, 1.1 eq). The mixture was stirred at room temperature for 14 h.
The reaction mixture was poured into ice water (400 mL) and stirred for 5 min. The resulting
solids were filtered, and the filter cake was washed with water (50 mL), dried in vacuum to
give benzyl 5S-methylbenzo[b]thiophene-2-carboxylate (30.1 g, 106.0 mmol, 97% yield) as a
yellow solid. 'H NMR (400 MHz, CDCl3) § 8.01 (s, 1H), 7.71 (t, J = 12.2 Hz, 1H), 7.65 (s,
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1H), 7.46 (d, J = 6.8 Hz, 2H), 7.42 — 7.35 (m, 3H), 7.29 — 7.26 (m, 1H), 5.38 (s, 2H), 2.47 (s,
3H).

[00146]  Step 2: Preparation of benzyl 5-(bromomethyl)benzo[b]thiophene-2-carboxylate
[00147] To a solution of benzyl 5-methylbenzo[b]thiophene-2-carboxylate (15.0 g, 53.1
mmol, 1.0 eq) and NBS (10.3 g, 58.4 mmol, 1.1 eq) in CCl4 (30 mL) was added benzoyl
peroxide (1.3 g, 5.31 mmol, 0.1 eq). The reaction flask was subjected to three cycles of
evacuation and backfilling with N2 (g). The mixture was stirred at 80 °C for 16 h under
constant atmosphere of N2 (g). The reaction mixture was concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel to give
benzyl 5-(bromomethyl)benzo[b]thiophene-2-carboxylate (6.80 g, 18.8 mmol, 36% yield) as
a yellow solid.

[00148]  Step 3: Preparation of benzyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-
2-carboxylate

[00149] A solution of benzyl 5-(bromomethyl)benzo[b]thiophene-2-carboxylate (10.3 g,
28.5 mmol, 1.0 eq) dissolved in triethyl phosphite (30.0 g, 180.0 mmol, 6.3 eq) was stirred at
100 °C for 5 h. The reaction mixture was concentrated under reduced pressure directly, the
residue was purified by flash column chromatography on silica gel to give benzyl 5-
((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate (6.5 g, 15.5 mmol, 55%
yield) as a colorless oil. LCMS (ESI) n/z = 419 [M+H]*; 'H NMR (400 MHz, CDCl3) § 8.04
(s, 1H), 7.80 (d, J = 8.3 Hz, 2H), 7.49 — 7.33 (m, 6H), 5.39 (s, 2H), 4.08 — 3.93 (m, 4H), 3.26
(d,J=21.5Hz, 2H), 1.24 (t,J =7.1 Hz, 6H).

[00150]  Step 4: Preparation of 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylic acid

[00151] To a solution of benzyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (5.6 g, 13.3 mmol, 1.0 eq) in dissolved in a mixture of THF (80 mL) and H20 (10
mL) was added LiOH (1.10 g, 26.6 mmol, 2.0 eq). The mixture was stirred at room
temperature for 3 h and subsequently acidified with aqueous solution of 1 N HCI (adjusted to
pH ~3-4). The product precipitated out of solution upon acidification. The resulting solids
were filtered, the filter cake was washed with water (20 mL x 2), and the solids were dried
under vacuum to give 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid
(3.9 g, 11.8 mmol, 88.9% yield) as a white solid. LCMS (ESI) m/z = 329 [M+H]".

[00152]  Step 5: Preparation of perfluorophenyl 5-
((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate
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[00153] To acooled (0 °C) solution of 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-
2-carboxylic acid (3.9 g, 11.8 mmol, 1.0 eq) in CH2Cl> (50 mL) was added oxalyl chloride
(2.2 g, 17.7 mmol, 1.5 eq) followed by addition of two drops of DMF. The mixture was
stirred at 0 °C for 30 min, followed by evaporation of the reaction mixture to dryness. The
resulting solids were dissolved in CH>Cl> (50 mL), followed by addition of Et3N (3.6 g, 35.4
mmol, 3.0 eq) and pentafluorophenol (2.6 g, 14.1 mmol, 1.2 eq). The resulting mixture was
stirred at room temperature for additional 2 h and subsequently, poured over H20 (30 mL).
The bi-phasic solution was extracted with EtOAc (30 mL x 3). The combined organic layers
were dried over MgS Oy, filtered, and concentrated under reduced pressure, the residue was
purified by column chromatography on silica gel to give perfluorophenyl 5-
((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate (4.7 g, 9.5 mmol, 81% yield)
as a white solid. LCMS (ESI) m/z = 419 [M+H]*; '"H NMR (400 MHz, CDCl3) & 8.29 (s, 1H),
7.88 (d,J =9.1 Hz, 2H), 7.51 (d, ] = 8.4 Hz, 1H), 4.14 — 3.94 (m, 4H), 3.29 (d, ] =21.5 Hz,
2H), 1.26 (t, ] = 7.0 Hz, 6H).

[00154]  Step 6: Preparation of ((2-((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid

[00155] To a solution of perfluorophenyl 5-
((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate (4.7 g, 9.5 mmol, 1.0 eq) in
CH2Cl2 (60 mL) was added bromotrimethylsilane (12 mL). The mixture was stirred at room
temperature for 14 h and subsequently concentrated under reduced pressure. The residue was
purified by C18 column chromatography to give ((2-
((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (3.7 g, 8.4
mmol, 89% yield) as a white solid. LCMS (ESI) m/z = 439 [M+H]".

[00156] Synthesis of (R)- or (S)-5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-
2-carboxylic acid and (S)-5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-

carboxylic acid

S o S o S o
BnO,C— I __Step1 _ Bno,C S I __Step2 | Bno,c S I

R~0Et R~oEt R~oEt

OFEt OFEt L OFt

OH

s o s o s o

__Step3 | Bno,c—4 ii + BnOC—4 ii _Stepd | HoLc— 1
SFC R~0Et ~R~OEt \~OEt
Separation £ OEt '_: OFEt £ OEt
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[00157]  Step 1: rac-benzyl 5-((diethoxyphosphoryl)(hydroxy)methyl)benzo[b]thiophene-2-
carboxylate

[00158] To acooled (=78 °C) solution of benzyl 5-
((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate (2.4 g, 5.73 mmol, 1 eq) in
THF (75 mL) and 2-(benzenesulfonyl)-3-phenyloxaziridine (2.97 g, 11.4 mmol, 2 eq) was
added a 1 M solution of NaHMDS (11.4 mL, 11.4 mmol, 2 eq) in THF. A deep purple
solution was observed upon addition of base that changed to orange after complete addition
of the base. The mixture was stirred for an additional 10 min, followed by addition of
aqueous saturated NH4Cl (50 mL). The mixture was warmed to ambient temperatures and
EtOAc (75 mL) and water (25 mL) was added. After stirring for an additional 30 min, the
phases were separated. The aqueous layer was extracted with EtOAc (125 mL x 2). The
combined organic extracts were dried with anhydrous sodium sulfate, filtered, concentrated
under reduced pressure. Another batch of equal scale was performed and combined for
purification. The combined material (6.42 mmol, 12.15 mmol in total) was purified by flash
chromatography (20% — 100% = EtOAc : heptane) to give rac-benzyl 5-
((diethoxyphosphoryl)(hydroxy)methyl)benzo[b]thiophene-2-carboxylate (3.69 g, 8.49 mmol,
70%) as a white sticky solid. LCMS (ESI) m/z = 869.4 [2M+H]*; '"H NMR (400 MHz,
CDCl3) 6 8.10 (s, 1H), 8.04 — 8.00 (m, 1H), 7.88 (d, /= 8.6 Hz, 1H), 7.61 (d, /= 8.6 Hz, 1H),
7.51 - 7.47 (m, 2H), 7.46 — 7.35 (m, 3H), 5.42 (s, 2H), 5.17 (dd, J = 10.4, 4.5 Hz, 1H), 4.18 -
3.95 (m, 4H), 3.10 — 2.99 (m, 1H), 1.33 — 1.20 (m, 6H).

[00159]  Step 2: rac-benzyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylate

[00160] To a cooled (-78 °C) solution (under Nz (g)) of rac-benzyl 5-
((diethoxyphosphoryl)(hydroxy)methyl)benzo[b]thiophene-2-carboxylate (¢e) (1.56 g, 3.59
mmol, 1 eq) in CH2Cl» (30 mL) was added (diethylamino)sulfur trifluoride (568 pL, 4.30
mmol, 1.2 eq). The reaction was stirred for 15 min, followed by addition of aqueous saturated
NaHCOj3 (50 mL).After warming to room temperature, the product was extracted with
CH2Clz (50 mL x 3). The combined organic layers were dried over sodium sulfate, filtered
and concentrated under reduced pressure. The crude residue was purified by reverse phase
chromatography on C18 cartridge (eluting with 5-80% acetonitrile in water) to give rac-
benzyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate (650 mg, 1.48
mmol, 41.6 %) as a thick clear oil. LCMS (ESI) m/z = 873.2 [2M+H]*; "H NMR (400 MHz,
CDCl3) 6 8.12 (s, 1H), 8.02 — 7.99 (m, 1H), 7.92 (d, /= 8.7 Hz, 1H), 7.61 (d, /= 8.7 Hz, 1H),
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7.51 —7.51 (m, 2H), 7.46 — 7.36 (m, 3H), 5.82 (dd, /=44.4, 7.5 Hz, 1H), 5.42 (s, 2H), 4.21 -
4.02 (m, 4H), 1.34 — 1.26 (m, 6H).

[00161] Step 3: Preparation of benzyl (R)-5-
((diethoxyphosphoryl)fluoromethyl)benzo[b|thiophene-2-carboxylate and benzyl (S)-5-
((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate

[00162] rac-Benzyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylate (650 mg, 1.48 mmol) was submitted to chiral SFC separation (Column: Lux i-
Amylose 3, 21.2 x 250 mm 5 um column, 75 mL/min, 40% MeOH) to give benzyl (R)- or
(S)-5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate (304 mg, 0.70
mmol, 46.8% recovery, 99.9% ee) as a thick clear oil (Peak 1) and benzyl (R)- or (S)-5-
((diethoxyphosphoryD)fluoromethyl)benzo[b]thiophene-2-carboxylate (317 mg, 0.73 mmol,
49% recovery, 99.9% ee) as a thick clear oil (Peak 2).

[00163] Note: Fastest eluting enantiomer by SFC was arbitrarily assigned as (R)-5-
(fluoro(phosphono)methyl)benzo[b]thiophene-2-carboxylic acid and slowest eluting
enantiomer by SFC as (5)-5-(fluoro(phosphono)methyl)benzo[ b]thiophene-2-carboxylic acid.
[00164] HPLC method for analysis of enantiomeric excess: Lux Cellulose-3 150mm 45%
H20+0.05% TFA / 55% MeCN ImL/min 8 min.

[00165] Step 4: Preparation of (R)- or (5)-5-
((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylic acid

[00166] To a mixture of 10% Pd/C (60 mg, 50% wet) and benzyl (R)-5-
((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate (Peak 1) (60 mg,
0.1374 mmol, 1 eq) in THF (5 mL) was degassed with N2 (g) for 5 min. To the mixture was
bubbled H> (g) for 5 min then the reaction was allowed to stir at room temperature under Ha
(g) (1 atm). The reaction mixture was stirred until consumption of starting material was
detected by LCMS. The reaction mixture was subsequently sparged N2 (g) for 15 min and
filtered over a pad of Celite®. The filter cake was washed with 2-MeTHF and the filtrate was
concentrated to give (R)- or (S)-5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylic acid (47.4 mg, 0.0137 mmol, 99%) as a thick clear oil. LCMS (ESI) m/z = 347.2
[M+H]™*.

[00167] The following intermediate in Table 7 was prepared using the procedure outlined
above (in Step 4) starting from benzyl (S)- or (R)-5-
((diethoxyphosphoryD)fluoromethyl)benzo[b]thiophene-2-carboxylate (Peak 2) and using the

appropriate reagents.
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Table 7.
Name Structure LCMS
(S)-or (R)-5- HOZC—<S©\/9 347.2
((diethoxyphosphoryl)fluoromethyl)benzo \ ~R~0Et [M+H]*
[b]thiophene-2-carboxylic acid F O

Or

S
(0]
HOzC‘Q\;C)\‘/%‘OEt
OEt

F

[00168] Representative Methods for Synthesis of Activated Linkers

[00169] Method 1: Stepwise Acid Chloride Method for Synthesis of Mixed Linkers
[00170] Representative Procedure for the synthesis of 4-nitrophenyl 5-(((2-
(butyrylthio)ethoxy)(pyridin-3-yloxy)phosphoryl)difluoromethyl)benzo[ b]thiophene-2-

carboxylate

F
) £ Step 1 o Step 2 e
O2N—©—O 4 Pron —— 21— _Q— g —8s Q 4 s
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[00171]  Step 1: Preparation of 4-nitrophenyl 5-(difluoro(hydroxy(pyridin-3-
yloxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00172] To acooled (0 °C) heterogeneous solution of (difluoro(2-((4-
nitrophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (100 mg, 0.2329
mmol, 1 eq) in CH2Cl2 (4 mL) was added catalytic DMF (2 drops) followed by dropwise
addition of oxalyl chloride (198 pL, 2.32 mmol, 10 eq). The homogenous reaction mixture
was warmed up to room temperature and stirred for 2 h. The reaction was concentrated in
vacuo and further dried under high vacuum for 30 min to give a yellow solid. The yellow
solid was diluted in CH>Cl» (4 mL) and cooled down to —78 °C. A solution of pyridin-3-ol
(22.0 mg, 232 umol, 1 eq) and triethylamine (64.7 uL, 465 umol, 2 eq) in CH2Clz (1 mL)
[sonicated for 1 min to allow for solubilization] and was added slowly. The homogeneous
reaction mixture was stirred at —78 °C for 2 min, then allowed to warm to ambient
temperatures and stirred overnight. After 24 h, the reaction mixture turned heterogeneous and
the reaction was concentrated under reduced pressure. The crude product 4-nitrophenyl 5-

(difluoro(hydroxy(pyridin-3-yloxy)phosphoryl)methyl)benzo| b]thiophene-2-carboxylate was
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used directly in the next step without further purification or manipulation. LCMS m/z = 507.2
[M+H]*.

[00173]  Step 2: Preparation of 4-nitrophenyl 5-(((2-(butyrylthio)ethoxy )(pyridin-3-
vloxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate

[00174] To acooled (0 °C) solution of nitrophenyl 5-(difluoro(hydroxy(pyridin-3-
yloxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (117 mg, 0.2329 mmol, 1 eq) in
CH2Cl2 (5 mL) was added 2 drops of DMF followed by dropwise addition of oxalyl chloride
(198 puL, 2.32 mmol, 10 eq). The reaction was warmed up to room temperature and stirred for
1.5 h. LCMS analysis showed partial conversion to desired activated intermediate. Additional
oxalyl chloride (198 pL, 2.32 mmol, 10 eq) was introduced into the reaction mixture and the
mixture was stirred for additional 1 h. The reaction was concentrated in vacuo and further
dried under high vacuum for 30 min to give a yellow solid. The yellow solid was diluted in
CH2Cl> (5 mL) and cooled to —78 °C. To the cooled solution was slowly added a solution of
1-[(2-hydroxyethyl)sulfanyl]butan-1-one (103 mg, 698 umol, 3 eq) diluted in CH2Clz (1 mL)
[previously dried by passing through anhydrous Na>SO4] followed by triethylamine (134 puL,
967 umol, 2 eq). After stirring for 2 min, the resulting mixture was allowed to warm to
ambient temperatures and stirred overnight. To the mixture was added Celite® and the
mixture was carefully concentrated in vacuo. The crude residue was purified by flash-
chromatography (gradient elution 0-60% EtOAc in heptane) to give 4-nitrophenyl 5-(((2-
(butyrylthio)ethoxy)(pyridin-3-yloxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylate (22.0 mg, 0.03455 mmol, 14.9% yield) as a clear oil. LCMS m/z = 637.2
[M+H]*; 'H NMR: (400 MHz, DMSO-ds) & 8.50 — 8.44 (m, 2H), 8.33 — 8.38 (m, 3H), 8.25
(s, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.79 (d, /= 8.6 Hz, 1H), 7.57 — 7.53 (m, 1 H), 7.50 — 7.45
(m, 2H), 7.31 — 7.26 (m, 1H), 4.37 — 4.24 (m, 2 H), 3.20 — 3.08 (m, 2H), 2.52 (t, / = 7.6 Hz,
2H), 1.67 (sextet, J=7.3 Hz, 2H), 0.94 (t, J=7.6 Hz, 3H).

[00175] The following intermediates in Table 8 were prepared using a similar protocol
described above for synthesis of 4-nitrophenyl 5-(((2-(butyrylthio)ethoxy)(pyridin-3-
yloxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate and utilizing the

appropriate advanced intermediate(s) as starting material(s).

Table 8.

| Name | Structure | LCMS | NMR
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4-nitrophenyl 5- QS 'TH NMR (400 MHz,
((2- on—_)-d - DMSO-ds) & 8.67 (s, 1H),
(butyrylthio)etho 0-P=0 8.44 (s, 1H), 8.40 — 8.35 (m,
xy)(phenoxy)pho R S/_/ Ospny 3H), 7.79 (d, J = 8.8 Hz,
sphoryl)difluoro /j 1H), 7.70 (d, J = 9.0 Hz,
methyl)benzo[b]t 2H), 7.44 — 7.37 (m, 2H),
hiophene-2- 729 — 7.23 (m, 1H), 7.18
carboxylate (d, J = 8.6 Hz, 2H), 4.36 —

4.20 (m, 2H), 3.15 (1, J=6.1
Hz, 2H), 2.58 — 2.52 (m,
2H), 1.58 — 1.50 (m, 2H),
0.85 (q, J=7.3 Hz, 3H)

4-nitrophenyl 5-
(-
(butyrylthio)etho
xy)(naphthalen-1-
yloxy)phosphoryl
)difluoromethyl)b
enzo[b]thiophene
-2-carboxylate

'H NMR (400 MHz,
DMSO-ds) & 8.65 (s, 1H),
8.49 (s, 1H), 8.39 (d, /=9.3
Hz, 3H), 8.00 (d, J=8.3 Hz,
1H), 7.87 — 7.80 (m, 3H),
7.70 (d, J = 9.0 Hz, 2H),
7.64 —7.58 (m, 1H), 7.58 —
7.53 (m, 1H),7.49 (t,J=7.9
Hz, 1H),7.38 (d, J=7.6 Hz,
1H), 4.35 — 4.23 (m, 2H),
3.11 (t, J = 5.9 Hz, 2H),
245 (t, J = 7.3 Hz, 2H),
1.48 (sextet, J = 7.4 Hz,
2H), 0.81 (t,J=7.5 Hz, 3H)

4-nitrophenyl 5-
(difluoro(phenox
y(2-
(pivaloylthio)etho
xy)phosphoryl)m
ethyl)benzo[b]thi
ophene-2-
carboxylate

'H NMR (400 MHz,
DMSO-ds) & 8.67 (s, 1H),
8.49 — 8.34 (m, 4H), 7.80
(d, J=8.8 Hz, 1H), 7.70 (d,
J=9.0Hz, 2H), 741 (t, J =
7.6 Hz, 2H), 7.30 - 7.15 (m,
3H), 4.33 — 4.23 (m, 2H),
3.12 (t, J = 5.6 Hz, 2H),
1.12 (s, 9H)

4-nitrophenyl 5-

(((4- F
0-P=0
cyanophf:noxy)(Z o ] T
(pivaloylthio)etho 7? : “CN
xy)phosphoryl)dif
luoromethyl)benz
o[b]thiophene-2-
carboxylate
4-nitrophenyl 5- Q8 'H NMR (400 MHz,
(& OZNOO>_<\/\©\;F DMSO-de) § 8.66 (s, 1H),
cyanophenoxy)(2 o /_/O-(F,)’=0 8.46 (s, 1H), 8.42 —8.34 (m,
- s 3H), 7.83 — 7.67 (m, 5H),
(pivaloylthio)etho ‘/2; \© 7.66 —7.59 (m, 1H), 7.58 —
xy)phosphoryl)dif CN 7.53 (m, 1H), 4.40 — 4.28
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luoromethyl)benz
o[b]thiophene-2-
carboxylate

(m, 2H), 3.14 (t, /= 6.2 Hz,
2H), 1.12 (s, 9H)

4-nitrophenyl 5-
(-
(butyrylthio)etho
xy)(3-
cyanophenoxy)ph
osphoryl)difluoro
methyl)benzo[b]t
hiophene-2-
carboxylate

661.1
F [M+H]*

4-nitrophenyl 5-
(difluoro((2-((3-
methylbutanoyl)t
hio)ethoxy)(phen
oxy)phosphoryl)
methyl)benzo[b]t
hiophene-2-
carboxylate

'H NMR (400 MHz,
DMSO-ds) & 8.67 (s, 1H),
8.49 — 8.34 (m, 4H), 7.80
(d, J=8.8 Hz, 1H), 7.70 (d,
J=9.0Hz, 2H), 741 (t, J =
7.6 Hz, 2H), 7.30 - 7.15 (m,
3H), 4.33 — 4.23 (m, 2H),
3.12 (t, J = 5.6 Hz, 2H),
1.12 (s, 9H)

perfluorophenyl
5-(((2-((3~((tert-
butyldimethylsily
Doxy)-2,2-

dimethylpropano
yDthio)ethoxy)(p
henoxy)phosphor
yl)difluoromethyl
)benzo[b]thiophe
ne-2-carboxylate

847.0

[M+Na]

[00176]
Linkers
[00177]

Method 2: One-Pot Acid Chloride Method for the Synthesis of Activated

Representative procedure for the synthesis of perfluorophenyl 5-((bis(4-((3-

methylbutanoyl)thio)butoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate

[00178]

To a cooled (0 °C) solution of 3 (200 mg, 0.42 mmol, 1.0 eq) in dry CH2Clz (15

mL) and catalytic DMF (3.2 uL, 42.1 umol, 0.1 eq) was added in a dropwise manner oxalyl
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chloride (266 mg, 2.10 mmol, 5.0 eq). The reaction mixture was allowed to warm to 40 °C.

After stirring for 2 h, the reaction mixture was concentrated in vacuo and dried (to remove

excess oxalyl chloride). The resulting solids were re-dissolved in anhydrous CH2Clz (5 mL)

and cooled to 0 °C. To the cooled solution was added S-(4-hydroxybutyl) 3-
methylbutanethioate (239 mg, 1.26 mmol, 3.0 eq), DMAP (5.14 mg, 42.1 umol, 0.1 eq) and a

solution of N,N-diisopropylethylamine (217 mg, 1.68 mmol, 4.0 eq) in anhydrous CH2Cl> (10

mL). The reaction mixture was allowed to warm to room temperature and stirred for

additional 18 h. The reaction was quenched by adding H>O (10 mL) and extracted with

CH>Cl> (3 x 10 mL). The organic layers were combined and washed with brine (20 mL),

dried over anhydrous Na>SOy4, and concentrated in vacuo. The residue was purified by flash

column chromatography to afford perfluorophenyl 5-((bis(4-((3-

methylbutanoyl)thio)butoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
(15.0 mg, 18.3 umol, 4.4% yield). LCMS (ESI) m/z = 819 [M+H]".

[00179]

described above for synthesis of perfluorophenyl 5-((bis(4-((3-

The following intermediates in Table 9 were prepared using a similar protocol

methylbutanoyl)thio)butoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate

and utilizing the appropriate advanced intermediate(s) as starting material(s).

Table 9.
Name Structure LC-MS NMR
4-nitrophenyl 5- QB8 'H NMR (400 MHz,
((bis(2- oZN—Q—o%F DMSO-ds) §8.66 (s, 1H),
(pivaloylthio)ethoxy) % _o=0 8.41 - 8.32 (m, 4H), 7.76
phosphoryl)difluoro >€LS 0 — 7.65 (m, 3H), 4.22 —
methyl)benzo[b]thio s/’/ 4.11 (m, 4H), 3.12 (t,J =
phene-2-carboxylate }/&o 6.4 Hz, 4H), 1.16 (s,
18H)
perfluorophenyl 5- N FQ 5 749.0
((bis(2- FQOHQ [M+Na]*
(pivaloylthio)ethoxy) AR _OP=0
phosphoryl)methyl)b %S Y
enzo[b]thiophene-2- SJ/
carboxylate >r&o
[00180] Method 3: One-Pot Silver Salt Method for the Synthesis of Activated Linkers

[00181]

Representative procedure for the synthesis of perfluorophenyl 5-

((bis(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)methyl)benzo[b]thiophene-2-

carboxylate
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Jo :
OH O-Ag o 0—<
R F O / 4 Step 1 R F Q / ,P/\ Step 2 R F O / /P/\
goH ——— §o — go o
F o s F o s Ag F g s ko)l\o
F F F F F F )\

[00182] Step 1: Preparation of silver(I) ((2-
((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl )phosphonate

[00183] To a solution of ((2-((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid (300 mg, 684 umol, 1.0 eq) in a mixture of deionized H>O (4 mL)
and THF (2 mL) was added Amberlite IR120® resin (Na* form) (1.5 g). The resulting
mixture was stirred at room temperature for 1 h and the suspension was subsequently filtered.
To the filtrate was added a solution of AgNO3 (463 mg, 2.73 mmol, 4.0 eq) in deionized H2O
(2 mL) and the resulting mixture was stirred at room temperature for an additional 1 h.
Formation of a white precipitate was observed and the solids were collected via filtration.
The filter cake was then washed with cold H2O (3 x 2 mL), and the solid was dried under
reduced pressure to yield silver(I) ((2-((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonate as a dry powder. The silver salt was used without further purification.
[00184] Step 2: Preparation of perfluorophenyl 5-
((bis(((isopropoxycarbonyl)oxy)methoxy )phosphoryl)methyl)benzo[b]thiophene-2-
carboxylate

[00185] To a suspension of silver(I) ((2-((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-
yDmethyl)phosphonate was suspended in anhydrous toluene (10 mL) and iodomethyl 2-
methylpropanoate (500 mg, 2.05 mmol, 3.0 eq) was added in a dropwise manner. After
addition, the resulting mixture was stirred at room temperature for an additional 12 h. The
reaction progress was monitored by LCMS, and after completion, the unreacted silver salt
was recovered by filtration. The filtrate solution was concentrated in vacuo, and the resulting
residue was purified by reverse phase chrovoatography [C18 column gradient elotion
waterfaceionifrile = 90% to 1%] to give perfluorophenyl 5-
((bis(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (165 mg, 246 umol, 36% yield) as a white solid. LCMS (ESI) m/z = 671 [M+H]*;
"H NMR (400 MHz, CDCl3) & 8.28 (s, 1H), 7.96-7.80 (m, 2H), 7.48 (d, J = 8.5 Hz, 1H), 5.70-
5.53 (m, 4H), 4.90 (dt, ] = 12.6, 6.2 Hz, 2H), 3.42 (d, ] = 22.2 Hz, 2H), 1.31 (d, / = 6.2 Hz,
12H).

[00186] The following intermediates in Table 10 were prepared using a similar protocol

described above for synthesis of perfluorophenyl 5-((bis(4-((3-
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methylbutanoyl)thio)butoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate

and utilizing the appropriate advanced intermediate(s) as starting material(s).

Table 10.
Name Structure LCMS NMR
perfluorophenyl 5- N 699 'H NMR (400 MHz,
((bis(2- F—Q—o \ [M+H]* | CDCI3) & 8.31 (s, 1H),
(butyrylthio)ethoxy F Y, /_/O-g=0 7.96-7.80 (m, 2H), 7.50
)phosphoryl)methyl /_>gs J/ (d, J = 8.3 Hz, 1H), 4.08-
)benzo[b]thiophene S 4.03 (m, 4H), 3.33 (d, Jup
-2-carboxylate 0 =21.6 Hz, 2H), 3.08 (t, ]
=6.5Hz, 4H), 2.52 (t,J =
7.4 Hz, 4H), 1.72-1.63 (m,
4H), 0.94 (t, ] = 7.4 Hz,
6H)
4-nitrophenyl 5- Q8 690 'H NMR (400 MHz,
((bis(2- OQNO?_@\;F [M+H]* | CDCl3) & 8.35-8.34 (m,
(butyrylthio)ethoxy o /_/O-g=0 3H), 8.23 (s, 1H), 8.03 (d,
)phosphoryl)difluor /_>~s J/ J=8.4Hz, 1H), 7.76 (d, ]
omethyl)benzo[b]th S =8.7Hz, 1H),7.48 (d, ] =
iophene-2- /(&o 9.0 Hz, 2H), 4.29-4.19 (m,
carboxylate 4H), 3.27-3.03 (m, 4H),
2.54 (t, ] = 7.4 Hz, 4H),
1.75-1.63 (m, 4H), 0.95 (t,
J =7.4 Hz, 6H)
perfluorophenyl 5- N 'H NMR (400 MHz,
((bis(2-((3- FQQ_@@\@ CDCL) & 8.41 (s, 1H),
methylbutanoyl)thi N /_/O—g=0 8.24 (s, 1H), 8.03 (d,J =
o)ethoxy)phosphor >_>Ls J/ 8.6 Hz, 1H), 7.78 (d,J =
yhdifluoromethyl)b S 8.7 Hz, 1H), 4.34 — 4.08
enzo[b]thiophene- 0 (m, 4H), 3.25 — 3.05 (m,
2-carboxylate 4H), 2.43 (d,J = 7.1 Hz,
4H), 2.14 (dt,J =13.7,6.8
Hz, 2H), 0.95 (s, 6H), 0.94
(s, 6H)

(((2- %_,<° 689 'H NMR (400 MHz,
((perfluorophenoxy P [M+H]* | CDCl3) & 8.28 (s, 1H),
)carbonyl)benzo[b]t RFa g P/? 7.90-7.86 (m, 2H), 7.50-

hiophen-5- FQ(}—(S]@/} OK 2 7.45 (m, 1H), 5.68-5.56
yl)methyl)phosphor OJ\K (m, 4H), 3.38 (m, 2H),
yD)bis(oxy))bis(met ForF 1.19 (s, 18H)
hylene) bis(2,2-
dimethylpropanoate
)
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(((difluoro(7-((4- OaN 674.1 |['H NMR (400 MHz,
nitrophenoxy)carbo Q [M+H]* | CDCl3) & 8.90 (s, 1H),
nyl)naphthalen-2- ot 8.40 — 8.34 (m, 2H), 8.34
yl)methyl)phosphor C . —8.26 (m, 2H), 8.04 (d, J
yl)bis(oxy))bis(met O = =84 Hz,2H),7.85(d, I =
hylene) bis(2,2- ofP\; 8.4 Hz, 1H), 7.52 — 7.47
dimethylpropanoate o <P (m, 2H), 5.81 — 5.66 (m,
) >(£0 ‘/X 4H), 1.21 (s, 18H)
perfluorophenyl 5- N 'H NMR (400 MHz,
((bis(2-((3-((tert- F—Qfo \ i CDClI3) 6 8.39 — 8.30 (m,
butyldimethylsilyl) Y o /_/O—g=0 3H), 8.22 (s, 1H), 8.01 (d,
oxy)-3- s J=8.6Hz, 1H),7.75 (d,J
methylbutanoyl)thi 8 sj} sj =8.5Hz, 1H),7.47(d,J =
o)ethoxy)phosphor 0 8.9 Hz, 2H), 4.25-4.13 (m,
yhdifluoromethyl)b TS0 4H), 3.57 (s, 4H), 3.16 -
enzo[b]thiophene- 3.05 (m, 4H), 1.18 (s,
2-carboxylate 12H), 0.84 (s, 18H), 0.00
(s, 12H)
perfluorophenyl 5- NSRS . 893.2
((bis(2-((3,3,3- F—QO \ F [M+Na]*
trifluoro-2,2- AT 0-P=0
dimethylpropanoyl) #}3/_/)/0
thio)ethoxy)phosph F S
oryl)difluoromethyl ’ 0
)benzo[b]thiophene FaC
-2-carboxylate
perfluorophenyl 7- 799
((bis2~((3- £ O 99 "
methylbutanoyl)thi F © o—g:o [M+Na]*
o)ethoxy)phosphor r F g 1
yhdifluoromethyl)- F E o S
2-naphthoate ; o%)\
perfluorophenyl 5- RFQ S 'H NMR (400 MHz,
((bis(((isopropoxyc F‘Q*O \ CDCIz) 6 8.28 (s, 1H),
arbonyl)oxy)metho A o _ph=o 7.96 — 7.80 (m, 2H), 7.48
xy)phosphoryl)met o~ N (d,J =8.5Hz, 1H), 5.70 -
hyl)benzo[b]thioph _< ° OO 5.53 (m, 4H), 4.90 (dt, J =
ene-2-carboxylate 0 12.6, 6.2 Hz, 2H), 3.42
’ \( (d, J =22.2 Hz, 2H), 1.31
(d,J =6.2 Hz, 12H)
perfluorophenyl 5- N 'H NMR (400 MHz,
((bis(2-((3-((tert- F%}o N CDCl3) § 830 (s, 1H),
butyldimethylsilyl) Y Y /_/O-g=0 7.95-7.80 (m, 2H), 7.50
oxy)-3- s (d, J = 8.4 Hz, 1H), 4.01
methylbutanoyl)thi TBSjj sj (dd, J =14.7,7.0 Hz, 4H),
o)ethoxy)phosphor 0 3.58 (d, J= 10.6 Hz, 4H),
yl)methyl)benzo[b]t TBSO 3.32(d, J =21.6 Hz, 2H),

3.04 (t, J = 6.7 Hz, 4H),
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hiophene-2- 1.18 (d, J = 8.5 Hz, 12H),
carboxylate 0.84 (s, 18H), 0.00 (d, ] =
3.5 Hz, 12H)

[00187] (R)- or (S)-5-
((bis((pivaloyloxy)methoxy)phosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylic acid

s S
BnO,C—4 ? _Stepl | Bno,c—{ 0 __ Step2 _
R~0Et R~oH
OEt OH
F F
s K s K
o) o
BnO,C—{\ II'-I{\O/\O tBu _ Step3 _ HOzC‘QJQYP\\O/\O)\\tBu
o )

F F
o0 o

tBu tBu

[00188] Step I: Preparation of (R)- or (S)-((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yvl)fluoromethyl)phosphonic acid

[00189] To acooled (0 °C) solution of benzyl (R)- or (S)-5-
((diethoxyphosphoryD)fluoromethyl)benzo[b]thiophene-2-carboxylate (Peak 1) (205 mg,
0.4697 mmol) in CH2Cl> (8.0 mL) was added BSTFA (746 uL, 2.81 mmol) followed by a 1.0
M solution of trimethylsilyl iodide (1.87 mL, 1.87 mmol) in CH2Cla. After stirring for 1 h, a
mixture of acetonitrile (0.66 mL), water (0.33 mL) and 0.1% TFA was added. The solvent
was removed under reduced pressure at 0°C. The crude residue was purified by reverse phase
chromatography (C18 cartridge eluting with 5-40% acetonitrile in water) to give (R)- or (S)-
((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-yl)fluoromethyl)phosphonic acid (163 mg,
0.4285 mmol) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 8.33 (s, 1H), 8.11 — 8.06
(m, 2H), 7.58 (d, J = 8.6 Hz, 1H), 7.51 — 7.47 (m, 2H), 7.45 - 7.33 (m, 3H), 5.84 (dd, J =
44.6, 8.3 Hz, 1H), 5.40 (s, 2H).

[00190]  Step 2: Preparation of (R)- or (S)-((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yl)fluoromethyl)phosphonic acid

[00191] [The following reaction was conducted in foiled covered vessel and in the absence
of ambient light]: To a suspension of (R)- or (S)-((2-((benzyloxy)carbonyl)benzo[b]thiophen-
S-yDfluoromethyl)phosphonic acid (163 mg, 0.4285 mmol, 1 eq) in water (5 mL) was added
a solution of aqueous sodium hydroxide (34.2 mg, 857 pmol, 2 eq) in water (2 mL). To the
yellow solution was added silver(I) nitrate (181 mg, 1.07 mmol, 2.5 eq) and the resulting off-

white suspension was stirred for 1.5 h at room temperature. The suspension was cooled to 0
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°C, filtered, and dried under high vacuum. The solids were re-suspended in acetonitrile,
concentrated under reduced pressure, and further dried under high vacuum (3 h). The
resulting dark yellow powder was suspended in toluene (10 mL) and iodomethyl 2,2-
dimethylpropanoate (191 pL, 1.28 mmol, 3 eq) was added. After stirring for 20 h, the
reaction mixture was stirred for 20 h at room temperature. The reaction mixture was filtered
and rinsed with toluene. The filtrate was concentrated under reduced pressure. The crude
residue was purified (C18 cartridge eluting with 5-100% acetonitrile in water) to give (R)- or
(S)-((((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yl)fluoromethyl)phosphoryl)bis(oxy))bis(methylene) bis(2,2-dimethylpropanoate) (122 mg,
0.2004 mmol, 46.9 %) as a clear oil. "H NMR (400 MHz, CDCl3) § 8.11 (s, 1 H), 8.01 — 7.99
(m, 1 H),7.92(d, J =8.3 Hz, 1H), 7.59 (d, ] =8.3 Hz, 1H), 7.52 - 7.47 (m, 2 H), 7.46 — 7.36
(m, 3H), 8.87 (dd, ] =44.3, 7.5 Hz, 1H), 5.72 — 5.62 (m, 4H), 5.43 (s, 2H), 1.21 (s, 18H).
[00192]  Step 3: Preparation of (R)- or (S)-5-

((bis((pivaloyloxy)methoxy )phosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylic acid
[00193] To a solution of (R)-((({2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yDfluoromethyl)phosphoryl)bis(oxy))bis(methylene) bis(2,2-dimethylpropanoate) (122 mg,
0.200 mmol, 1 eq) in THF (10 mL) under N2 (g) was added 10% Pd/C (50% wet, 120 mg,
0.1127 mmol, 0.56 eq). To the suspension was bubbled Ha (g) for 5 min. The reaction
mixture was stirred under H» (g) (1 atm) at room temperature. After stirring for 22 h, the
reaction mixture was purged with N2 (g) and filtered over Celite®. The filter pad was washed
with THF and concentrated under reduced pressure to give (R)-5-
((bis((pivaloyloxy)methoxy)phosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylic acid
(0.200 mmol, 99.9%) as a thick clear oil. LC-MS (ESI) m/z [M+H]* = 519.1.

[00194] The following intermediates in Table 11 were prepared using a similar protocol
described above for synthesis of (R)- or (S5)-5-
((bis((pivaloyloxy)methoxy)phosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylic acid
and utilizing the appropriate advanced intermediate(s) as starting material(s). The absolute
configuration of the starting material, (R)- or (S)-((2-
((benzyloxy)carbonyl)benzo[b]thiophen-5-yl)fluoromethyl)phosphonic acid was not

determined.

Table 11.

| Name Structure | LCMS | NMR
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(R)- or (S)-5- S 0 519.1
((bis((pivaloyloxy)met Hozc—Q\IjVif\O/\o)\é [M+H]*
hoxy)phosphoryl)fluor F O~ o
omethyl)benzo[b]thiop Ojv
hene-2-carboxylic acid
Or
o}
S o
0o~
F OTO ‘ji
(R)- or (S)-5- s : o 689 | 'H NMR (400 MHz,
((bis(((isopropoxycarb | N _Z\OAOJ\OJ\ [M+H]* | CDCl3) & 8.35 (s, 1H),
onyl)oxy)methoxy)pho F 1 ° 8.09 (s, 1H), 7.97 (d, J
sphoryl)fluoromethyl) Y = 8.5 Hz, 1H), 7.65 (d,
benzo[b]thiophene-2- J = 8.6 Hz, 1H), 5.93
carboxylic acid Or (dd, J = 44.2, 7.3 Hz,
1H), 5.73-5.54 (m,
S Q o 4H), 4.97-4.84 (m,
HOL—N SPNS W 2H), 133-129 (m,
o
FY 12H)
O

[00195]
[00196]

Method 4: Stepwise Silver Salt Method for the Synthesis of Mixed Linkers
Representative procedure for the perfluorophenyl 5-(((2-(butyrylthio)ethoxy)(2-

(pivaloylthio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate

ROF
R FP o
E o ;4 O/P\é
F FO S - g

A

[00197]

i RS o RS RF o
Step 1 o P’I Step 2 o F?
F 4 O/\OH F 4 d ~0
F FO S { F ¥d s 2 ‘\l

o<

tBu

S P
S
O=<tBu \?

Step 1: Preparation of perfluorophenyl 5-(difluoro(hydroxy(2-

(pivaloylthio )ethoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00198]

yl)methyl)phosphonate was synthesized starting from (difluoro(2-

Silver(l) (difluoro(2-((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-

((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid using the

method described in Step 1, Method 3 for the synthesis of silver(I) ((2-

((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonate.
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To a suspension of silver(I) ((2-((perfluorophenoxy)carbonyl)benzo[b]thiophen-5-

ylmethyl)phosphonate (647 mg, 940 umol, 1.0 eq) in anhydrous toluene (10 mL) was added

in a dropwise manner S-(2-iodoethyl) 2,2-dimethylpropanethioate (310 mg, 1.14 mmol, 1.2

eq). After complete addition of the alcohol, the resulting mixture was stirred at room

temperature for an additional 12 h. The heterogeneous mixture was filtered, and the filtrate

was concentrated in vacuo. The resulting residue was purified by reverse phase

chromatography to give perfluorophenyl 5-(difluoro(hydroxy(2-

(pivaloylthio)ethoxy)phosphoryl)methyl)benzo[ b]thiophene-2-carboxylate (240 mg, 388
umol, 41% yield). LCMS (ESI) m/z =617 [M-HJ".

[00200]

Step 2: Preparation of perfluorophenyl 5-(((2-(butyrylthio)ethoxy)(2-

(pivaloylthio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate

[00201]

Perfluorophenyl 5-(((2-(butyrylthio)ethoxy)(2-

(pivaloylthio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate was

synthesized using similar protocol outlined above. Starting with perfluorophenyl 5-

(difluoro(hydroxy(2-(pivaloylthio)ethoxy)phosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (190 mg, 307 umol, 1.0 eq), AgNO3 (207 mg, 1.22 mmol, 4.0 eq), and S-(2-

iodoethyl) butanethioate (94.9 mg, 368 umol, 1.2 eq) produced perfluorophenyl 5-(((2-

(butyrylthio)ethoxy)(2-(pivaloylthio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-
2-carboxylate (55.0 mg, 73.4 umol, 24%) as a white solid. LCMS (EST) m/z = 749 [M+H]*.

[00202]

The following intermediates in Table 12 were prepared using a similar protocol

described above for synthesis of perfluorophenyl 5-(((2-(butyrylthio)ethoxy)(2-

(pivaloylthio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate and

utilizing the appropriate advanced intermediate(s) as starting material(s).

Table 12.

Name Structure LCMS NMR
perfluorophenyl 5- ROF O>’<Q:©\(,F 757 'H NMR (400 MHz,
(difluoro((((isoprop FQO N F [M+Nal* | CDCls) & 8.40 (s, 1H), 8.24
oxycarbonyl)oxy)m d o _JO—F:O:O (s, 1H), 8.03 (d, ] = 8.6 Hz,

ethoxy)(2-((3- 0~ j 1H), 7.77 (d, J = 8.7 Hz,
methylbutanoyl)thi —< Os 1H), 5.69 (ddd, J = 17.8,
o)ethoxy)phosphor 0 12.2, 5.2 Hz, 2H), 4.93 (dt,
yDmethyl)benzo[b]t J=12.5,6.3 Hz, 1H), 4.34-
hiophene-2- 4.14 (m, 2H), 3.14 (td, J =
carboxylate 6.6, 3.0 Hz, 2H), 2.42 (d, J

=7.1 Hz, 2H), 2.13 (dt, J =
13.7, 6.8 Hz, 1H), 1.33 (s,
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3H), 0.93 (s, 3H)

3H), 1.31 (s, 3H), 0.95 (s,

[00203]  Preparation of 5-(((((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid

S 1 “\q s o s
RoOEt 0 ROkt K R~oH

OEt OEt OH

__Step3 | Q Q )\\(O\( Step 4 HO,C— Q )\\(o\{
d R~N R~N
0 H o

OH 0]

[00204] Step 1: Preparation of allyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylate

[00205] To a suspension of 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylic acid (1.0 g, 3.0 mmol, 1.0 eq) and K2COs3 (839 mg, 6.1 mmol, 2.0 eq) in DMF (20
mL) was added 3-bromoprop-1-ene (440 mg, 3.6 mmol, 1.2 eq). The mixture was stirred at
room temperature for 14 h and poured over water (30 mL). The mixture was extracted with
EtOAc (25 mL x 3). The combined organic layers were dried over Na>SOs, filtered, and
concentrated under reduced pressure, the residue was purified by column chromatography to
give allyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate (0.980 g, 2.7
mmol, 88% yield) as a light-yellow solid. LCMS (ESI) m/z = 369 [M+H]*; 'H NMR (400
MHz, CDCl3) 6 8.04 (s, 1H), 7.84 —7.77 (m, 2H), 7.45 — 7.37 (m, 1H), 6.18 — 5.94 (m, 1H),
5.49 - 5.39 (m, 1H), 5.36 — 5.28 (m, 1H), 4.87 — 4.83 (m, 2H), 4.08 — 3.97 (m, 4H), 3.27 (d, ]
=21.4 Hz, 2H), 1.25 (t,J = 7.1 Hz, 6H).

[00206] Step 2: Preparation of ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid

[00207] To a solution of allyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (980 mg, 2.7 mmol, 1.0 eq) in CH2Cl> (15 mL) was added bromotrimethylsilane
(3 mL). The mixture was stirred at room temperature for 14 h and subsequently concentrated
under reduced pressure. The resulting residue was triturated with H2O (5 mL) and the
resulting precipitates were filtered. The filter cake was washed with H>O (5 mL x 2) and
dried under reduced pressure to give ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
ylhmethyl)phosphonic acid (0.710 g, 2.3 mmol, 86% yield) as a white solid. LCMS (ESI) m/z
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=313 [M+H]*; '"H NMR (400 MHz, DMSO-ds) § 8.20 (s, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.92
—17.83 (m, 1H), 7.50 — 7.38 (m, 1H), 6.12 — 5.98 (m, 1H), 5.46 — 5.38 (m, 1H), 5.32 —5.27
(m, 1H), 4.85 — 4.80 (m, 2H), 3.08 (d, J =21.2 Hz, 2H).

[00208] Step 3: Preparation of allyl 5-(((((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00209] To acooled (0 °C) solution (under a constant stream of N2 (g)) of ((2-
((allyloxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (2.80 g, 8.96 mmol, 1 eq)
and catalytic DMF (1 drop) in dry CH2Cl» (50 mL) was added oxalyl chloride (3.40 g, 26.8
mmol, 3 eq). After effervescence of gas ceased, the mixture was warmed at 40°C. After 2 h,
the mixture was cooled to room temperature and concentrated in vacuo to give yellow solids.
The solids were subsequently diluted CH>Cl (50 mL) and cooled to 0 °C. To the cooled
solution was added phenol (0.843 g, 8.96 mmol, 1 eq) and EtsN (4.53 g, 44.8 mmol, 5 eq).
After complete addition, the mixture was warmed to room temperature and stirred for 1 h,
followed by introduction of propan-2-yl (25)-2-aminopropanoate (1.75 g, 13.4 mmol, 1.5 eq)
to the mixture. After stirring for an additional 2 h, the mixture was concentrated to dryness.
The residue was purified by C18 column (elution 50% — 80% acetonitrile in water) to give
allyl 5-(((((S)-1-isopropoxy-1-oxopropan-2-
ylhamino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (2.23 g, 4.44 mmol,
49.6% yield) as white solids. LCMS (ESI) m/z = 502.0 [M+H]*; '"H NMR (400 MHz, CDCl3)
58.05(d,J=6.9 Hz, 1H), 7.91 — 7.80 (m, 2H), 7.53 — 7.43 (m, 1H), 7.29 (d, J = 8.1 Hz, 2H),
7.18 — 7.09 (m, 3H), 6.05 (ddd, J = 16.1, 10.9, 5.6 Hz, 1H), 5.48 — 5.40 (m, 1H), 5.32 (dd, J =
10.4, 1.2 Hz, 1H), 4.98 — 4.87 (m, 1H), 4.85 (d, J =5.7 Hz, 2H), 4.04 — 3.85 (m, 1H), 3.44
(dd, J =20.7, 14.1 Hz, 2H), 3.12 (t, ] = 10.9 Hz, 1H), 1.21 — 1.10 (m, 9H).

[00210]  Step 4: Preparation of 5-(((((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[bJthiophene-2-carboxylic acid

[00211] A solution of allyl 5-(((((S)-1-isopropoxy-1-oxopropan-2-
ylamino)(phenoxy)phosphorylymethyl)benzo[b]thiophene-2-carboxylate (90 mg, 0.1794
mmol, 1 eq), pyrrolidine (12.7 mg, 179 umol, 1 eq), Pd(PPhs)4 (10.3 mg, 8.97 umol, 0.05 eq)
in CH2Clz (5 mL ) was stirred under Nz (g). After 2 h, the reaction was concentrated in vacuo.
The residue was purified by C18 column (elution 30% — 70% acetonitrile in water) to yield 5-
(((((S)-1-isopropoxy- 1-oxopropan-2-
ylDamino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid (64.0 mg,
0.1386 mmol, 77.4% yield) as white solids. LCMS (ESI) m/z = 462.1 [M+H]*.
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for synthesis of 5-(((((S)-1-isopropoxy-1-oxopropan-2-

The following intermediates in Table 13 were prepared using the described above

yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid and utilizing the

appropriate utilizing the appropriate starting materials and modifications.

Table 13.

Name Structure LCMS
5-(fluoro((((S)-1-isopropoxy-1-oxopropan-2- HOLG S 480.1
yD)amino)(phenoxy)phosphoryl)methyl)benzo[b \ F [M+H]*

Jthiophene-2-carboxylic acid LH=0
Ph HNI
DS
5-(((((S)-1-isopropoxy- 1-oxopropan-2- o _fFs 468.2
yl)amino)(2,2,2- o} / P [M+H]*
trifluoroethoxy)phosphoryl)methyl)benzo[b]thio HO%’ NH o
phene-2-carboxylic acid W
\ro
5-(((4-chlorophenoxy)(((S)-1-isopropoxy-1- 0 cl 496.2
oxopropan-2- OWP\NH [M+H]*
yl)amino)phosphoryl)methyl)benzo[b]thiophene HO S RENGF e
-2-carboxylic acid Yo
5-(((2-chlorophenoxy)({((S)-1-isopropoxy-1- cl 496.2
oxopropan-2- 9@ [M+H]*

yl)amino)phosphoryl)methyl)benzo[b]thiophene
-2-carboxylic acid

[00213]
[00214]

carboxylic acid

Synthetic scheme:

[00215]
benzothiophene-2-carboxylate
[00216]

OH

P’OEt
BnOzC_(/t©/\H\OEt Step 1 /
s o ~ BnOC
'S [¢]

_LOEt
P~0Et

Step 2 F’,OEt
T Hog 4 " OEt
'S (@]

Step 1: Preparation of benzyl 5-[ 1-(diethoxyphosphoryl)-2-hydroxyethyl]-1-

Synthesis of 5-[1-(diethoxyphosphoryl)-2-hydroxyethyl]-1-benzothiophene-2-

OH

To a solution of benzyl 5-[(diethoxyphosphoryl)methyl]-1-benzothiophene-2-

carboxylate (200 mg, 0.4779 mmol, 1 eq) in tetrahydrofuran (10 mL) at -78 °C was added a
solution of sodium bis(trimethylsilylamide) (1 M in THF) (1.43 mL, 1.43 mmol, 3.0 eq)
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dropwise. The reaction was stirred for 5 min. at -78 °C then 1H-benzotriazole-1-methanol
(142 mg, 0.955 mmol, 2 eq) was added in one portion. The reaction was stirred at -78 °C for
2 h. The reaction mixture was quenched with saturated ammonium chloride aqueous solution
(10 mL) at -78°C then the ice-bath was removed. The product was extracted with EtOAc (3 x
30 mL). The combined extracts were dried with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The crude residue was purified by reverse phase
chromatography on a 50 g Cis cartridge eluting with a gradient of 5-80% MeCN in water
(with 0.1% formic acid) to give benzyl 5-[1-(diethoxyphosphoryl)-2-hydroxyethyl]-1-
benzothiophene-2-carboxylate (24 mg, 0.05351 mmol, 11.2%) as a clear thick oil. LCMS:
m/z = 449.2 [M+H]*; 'H NMR (400 MHz, DMSO-d) & 8.27 (s, 1 H), 8.02 (d, J = 8.5 Hz, 1
H), 7.99 (s, 1 H), 5.40 (s, 2 H), 4.87 (t, /= 5.5 Hz, 1 H), 4.07- 3.94 (m, 3 H), 3.93- 3.71 (m, 3
H),3.52-3.41 (m, 1 H), 1.21 (t, J=7.3 Hz, 3 H), 1.03 (t, /= 7.3 Hz, 3 H).

[00217]  Step 2: Preparation of 5-[ 1-(diethoxyphosphoryl)-2-hydroxyethyl]-1-
benzothiophene-2-carboxylic acid

[00218] A mixture of 10% palladium on carbon (50% wet) (80 mg, 0.03758 mmol, 0.163
eq) and benzyl 5-[1-(diethoxyphosphoryl)-2-hydroxyethyl]-1-benzothiophene-2-
carboxylatebenzyl 5-[1-(diethoxyphosphoryl)-2-hydroxyethyl]-1-benzothiophene-2-
carboxylate (38 mg, 0.08473 mmol, 1 eq) in tetrahydrofuran (8 mL) was degassed with
nitrogen for 5 min. Hydrogen was bubbled for 5 min. then the reaction was allowed to stir at
room temperature under hydrogen (1 atm) for 20 h. The reaction was filtered over Celite and
eluted with MeOH. The filtrate was concentrated under reduced pressure. The crude residue
was purified by reverse phase chromatography on a 50 g Cis cartridge eluting with 5-80%
MeCN in water (containing 0.1% formic acid) then concentrated under reduced pressure and
freeze dried to give 5-[1-(diethoxyphosphoryl)-2-hydroxyethyl]-1-benzothiophene-2-
carboxylic acid (8.00 mg, 0.02232 mmol, 26.4%) as a white solid. LCMS: m/z = 359.0
[M+H]*; 'H NMR (400 MHz, DMSO-ds) & 8.02 - 7.92 (m, 2 H), 7.90 (s, 1 H), 7.48 - 7.42 (m,
1H),4.92-479 (m, 1 H), 4.08 - 3.69 (m, 6 H), 3.52-3.39 (m, 1 H), 1.21 (t, J=7.2Hz, 3
H), 1.03 (t, /=7.3 Hz, 3 H).

[00219]  Synthesis of 5-(1-(diethoxyphosphoryl)ethyl)benzo[b]thiophene-2-carboxylic acid
and 5-(2-(diethoxyphosphoryl)propan-2-yl)benzo[b]thiophene-2-carboxylic acid
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P,OEi Step 2 P’OEt
BnO,C 4 W OEt HO,C 4 1 OEt
S Y s 0
F,,OEt
Bnozc~(/j©/\ P<OEt Step 1 .
s o} —

_OEt Step 3 ~OEt
Bn02C~(/t©>< ot ——— H020~(/t©><ﬁ\oa
S 0 S 0

[00220]  Step 1: Preparation of rac-benzyl 5-[ 1-(diethoxyphosphoryl)ethyl]-1-
benzothiophene-2-carboxylate and benzyl 5-[2-(diethoxyphosphoryl)propan-2-yl]-1-
benzothiophene-2-carboxylate

[00221] To a solution of benzyl 5-[(diethoxyphosphoryl)methyl]-1-benzothiophene-2-
carboxylate (200 mg, 0.4779 mmol, 1 eq) and methyl iodide (88.5 pL, 1.43 mmol, 3 eq) in
tetrahydrofuran (5 mL) at -78 °C was added a solution of sodium bis(trimethylsilylamide) (1
M in THF) (1.43 mL, 1.43 mmol, 3 eq) dropwise. The mixture was stirred at -78 °C for 2 h.
The ice-bath was removed and the reaction was allowed to stir at room temperature for 1 h.
The reaction mixture was quenched with saturated ammonium chloride aqueous solution (10
mL). The product was extracted with EtOAc (3 x 30 mL). The combined extracts were dried
with anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The crude
residue was purified by reverse phase chromatography on a 50 g Cis cartridge eluting with a
gradient of 5-80% MeCN in water (with 0.1% formic acid) to give benzyl rac-5-[1-
(diethoxyphosphoryl)ethyl]-1-benzothiophene-2-carboxylate (89.0 mg, 0.1993 mmol, 41.9
%) as a clear oil and benzyl 5-[2-(diethoxyphosphoryl)propan-2-yl]-1-benzothiophene-2-
carboxylate (22.0 mg, 0.5087 mmol, 10.6 %) as a clear oil.

[00222]  rac-Benzyl 5-[1-(diethoxyphosphoryl)ethyl]-1-benzothiophene-2-carboxylate
LCMS: m/z = 433.0 [M+H]*; 'H NMR (400 MHz, DMSO-d) & 8.08 (s, 1 H), 7.88 - 7.85 (m,
1H),7.83(d,J=8.7Hz, 1 H), 7.52 - 7.47 (m, 3 H), 7.45- 7.36 (m, 3 H), 5.42 (s, 2 H), 4.12 -
4.02 (m, 2 H), 4.00 - 3.91 (m, 1 H), 3.89-3.78 (m, 1 H), 3.38 - 3.25 (m, 1 H), 1.66 (dt, J =
18.3,7.6 Hz, 3 H), 1.30 (t, /J=7.3Hz, 3 H), 1.16 (t, /= 7.3 Hz, 3 H).

[00223] Benzyl 5-[2-(diethoxyphosphoryl)propan-2-yl]-1-benzothiophene-2-carboxylate:
LCMS: m/z = 447.0 [M+H]*. '"H NMR (400 MHz, DMSO-de) § 8.01 (s, 1 H), 7.93 - 7.90 (m,
1)),7.74(d,J=8.6 Hz, 1 H), 7.69 - 7.63 (m, 1 H), 7.39 (d, / =8.6 Hz, 1 H), 7.36 - 7.25 (m,
3H),5.32(s,2H),3.92-3.73(m,4 H), 1.61 (d, J=16.8 Hz, 6 H), 1.11 (t, /="7.2 Hz, 6 H).
[00224]  Step 2: Preparation of rac-5-[ 1-(diethoxyphosphoryl)ethyl]-1-benzothiophene-2-

carboxylic acid
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[00225] A mixture of 10% Pd/C (50% wet) (80 mg, 0.03758 mmol, 0.163 eq) and benzyl
5-[1-(diethoxyphosphoryl)ethyl]-1-benzothiophene-2- carboxylate (100 mg, 0.2312 mmol, 1
eq) in tetrahydrofuran (8 mL) was degassed with nitrogen for 5 min. Hydrogen was bubbled
for 5 min. then the reaction was allowed to stir at room temperature under hydrogen (1 atm).
The reaction was filtered over Celite and eluted with THF. The filtrate was concentrated
under reduced pressure. The crude residue was purified by reverse phase chromatography on
a 50 g Cys cartridge eluting with a gradient of 5-80% MeCN in water (with 0.1% formic acid)
to give rac-5-[1-(diethoxyphosphoryl)ethyl]-1-benzothiophene-2-carboxylic acid (51 mg,
0.1489 mmol, 65%) as a white solid. LCMS: m/z = 343.0 [M+H]*.

[00226]  Step 3: Preparation of 5-[2-(diethoxyphosphoryl)propan-2-yl]-1-benzothiophene-
2-carboxylic acid

[00227] A mixture of 10% palladium on carbon (50% wet) (5 mg, 0.002349 mmol, eq) and
5-[2-(diethoxyphosphoryl)propan-2-yl]-1-benzothiophene-2-carboxylate (33 mg, 0.07390
mmol, 1 eq) in tetrahydrofuran (2 mL) was degassed with nitrogen for 5 min. Hydrogen was
bubbled for 5 min. then the reaction was allowed to stir at room temperature under hydrogen
(1 atm). The reaction was filtered on a syringe filter and eluted with MeOH. The filtrate was
concentrated under reduced pressure. The crude residue was diluted in tetrahydrofuran (2
mL). 10% Palladium on carbon (50% wet) (20 mg, 0.009396 mmol, 0.13 eq) was added
under nitrogen bubbling, then hydrogen was bubbled for 5 min. The reaction was stirred at
room temperature overnight under hydrogen (1 atm). The reaction was filtered on a syringe
filter and eluted with MeOH. The filtrate was concentrated under reduced pressure. The crude
residue was diluted in tetrahydrofuran (2 mL) then 10% palladium on carbon (50% wet) (20
mg, 0.009396 mmol, 0.13 eq) was added under nitrogen bubbling, then hydrogen was
bubbled for 5 min. The reaction was stirred at room temperature under hydrogen (1 atm) for
40 h. The reaction was filtered on a syringe filter and eluted with MeOH. The filtrate was
concentrated under reduced pressure to give crude 5-[2-(diethoxyphosphoryl)propan-2-yl]-1-
benzothiophene-2-carboxylic acid (26.3 mg, 0.0738 mmol, 99%) as a clear oil. LCMS: m/z =
357.2 [M+H]*.

[00228]  Synthesis of 5-((bis((((2-
methoxyethoxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-

carboxylic acid
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[00229]  Step 1: Preparation of chloromethyl 2-methoxyethyl carbonate

[00230] A solution of 2-methoxyethan-1-0l (1 g, 13.1 mmol, 1 eq) and chloroacetyl
chloride (1.68 g, 13.1 mmol, 1 eq) in diethyl ether (30 mL) was cooled down to 0°C under
nitrogen. Pyridine (1.04 mL, 13.1 mmol, 1.0 eq) was added dropwise and then the reaction
was stirred for 15 min at 0°C followed by 16 h at room temperature. The white suspension
was filtered and rinsed with diethyl ether (30 mL). The filtrate was washed with 1 N HCI (20
mL) and water (2 x 20 mL) then dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give chloromethyl 2-methoxyethyl carbonate (1.63 g,
9.66 mmol, 74.0% yield) as a clear liquid.: '"H NMR (400 MHz, CDCl3) § 5.76 (s, 2 H), 4.42
-4.37 (m, 2 H), 3.68 - 3.64 (m, 2 H), 3.42 (s, 3 H).

[00231]  Step 2: Preparation of benzyl 5-((bis((((2-

methoxyethoxy )carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b|thiophene-2-
carboxylate

[00232] Sodium hydroxide (59.9 mg, 1.50 mmol, 2 eq) in water (2 mL) was added
dropwise to a stirred solution of ((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yDdifluoromethyl)phosphonic acid (300 mg, 0.7531 mmol, 1 eq) in water (15 mL). When the
mixture reached pH~8, silver nitrate (382 mg, 2.25 mmol, 3 eq) was added in one portion.
After 2 h at room temperature, the grey suspension was cooled to 0°C. The precipitate was
collected by filtration, washed with water, taken in MeCN, dried under reduced pressure and
then dried under high vacuum for 2 h. The solid was suspended in dry toluene (10 mL), and
chloromethyl 2-methoxyethyl carbonate (379 mg, 2.25 mmol, 3 eq) was added. The mixture
was stirred for 18 h at room temperature then heated to 50°C for 5 days. The mixture was
adsorbed on silica gel and concentrated under reduced pressure. The crude residue was
purified by flash-chromatography on a 24 g silica gel cartridge eluting with 0-90% EtOAc in
heptane to give benzyl 5-((bis({((2-
methoxyethoxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylate (290 mg, 0.4377 mmol, 58.2% yield) as a clear oil. LCMS: m/z = 663.2 [M+H]*.
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"H NMR (400 MHz, CDCl3) § 8.17 (s, 1 H), 8.16 - 8.14 (m, 1 H), 7.98 (d, J = 8.4 Hz, 1 H),
7.69 (d,J=8.4Hz, 1H),7.51-7.48 (m,2 H), 7.46 - 7.36 (m, 3 H), 5.75 (dd, /= 12.0, 5.5,
Hz,2 H), 5.69 (dd, J = 12.0, 5.5 Hz, 2 H), 5.43 (s, 2 H), 4.36 - 4.31 (m, 4 H), 3.64 - 3.60 (m,
4 H), 3.39 (s, 6 H).

[00233]  Step 3: Preparation of 5-((bis((((2-

methoxyethoxy )carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylic acid

[00234] 10% Palladium on carbon (50% wet) (145 mg, 0.1353 mmol, eq) was added to a
mixture of benzyl 5-((bis((((2-
methoxyethoxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylate (145 mg, 0.2188 mmol, 1 eq) in anhydrous tetrahydrofuran (15 mL). Hydrogen
was bubbled into the suspension for 2 min. and then the reaction mixture was stirred under
hydrogen (1 atm) for 20 h. Nitrogen was bubbled and the reaction was filtered over Celite,
rinsed with 2-MeTHF then concentrated under reduced pressure to give crude 5-((bis({((2-
methoxyethoxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylic acid (144 mg, 0.2188 mmol, 99% yield) as a grey solid. LCMS: m/z = 573.2
[M+H]".
[00235]
described for the synthesis of 5-((bis((((2-

The following linkers in Table 14 were prepared according to the procedure

methoxyethoxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-

carboxylic acid utilizing the appropriate starting materials.

Table 14.
Name Structure LCMS
5-((bis((((3- ! 601.4
methoxypropoxy)carbonyl)oxy)methoxy)pho \ [M+H]*
sphoryl)difluoromethyl)benzo[b]thiophene- Op°

2-carboxylic acid

[00236]

Synthesis of 5-((bis(4-ethoxy-4-

oxobutoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylic acid
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[00237]  Step 1: Preparation of diethyl 4,4'-((((2-((benzyloxy)carbonyl)benzo[b]thiophen-
S-yl)difluoromethyl)phosphoryl)bis(oxy))dibutyrate

[00238] Sodium hydroxide (59.9 mg, 1.50 mmol) in H20O (2 mL) was added dropwise to a
stirred solution of ((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yhdifluoromethyl)phosphonic acid (300 mg, 0.7531 mmol, 1 eq)) in H20 (15 mL). When the
mixture became pH~8, silver nitrate (382 mg, 2.25 mmol) was added. After 2 h at room
temperature, the grey suspension was cooled to 0°C. The precipitate was collected by
filtration, washed with water, taken in MeCN, concentrated under reduced pressure and then
dried under high vacuum. The solid was suspended in dry toluene (10 mL) and ethyl 4-
bromobutanoate (438 mg, 2.25 mmol, 3 eq) was added. The mixture was stirred for 18 h at
50°C. The mixture was adsorbed on silica gel and concentrated under reduced pressure. The
crude residue was purified by flash-chromatography on a 24 g silica gel cartridge eluting with
0-90% EtOAc in heptane to give diethyl 4,4'-((((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yhdifluoromethyl)phosphoryl)bis(oxy))dibutyrate (320 mg, 0.5106 mmol, 67.9% yield) as a
clear oil. '"H NMR (400 MHz, CDCl3) § 8.18 - 8.13 (m, 2 H), 7.97 (d, J = 8.6 Hz, 1 H), 7.70
(d, J=8.5Hz, 1 H), 7.53 -7.35(m, 5 H). 543 (s, 2 H), 4.28 - 4.09 (m, 8 H), 2.44 - 2.36 (m, 4
H),2.04 -1.92 (m, 4 H), 1.32 - 1.22 (m, 6 H).

[00239] Step 2: Preparation of 5-((bis(4-ethoxy-4-
oxobutoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylic acid

[00240] 10% Palladium on carbon (50% wet) (100 mg, 0.04698 mmol, 0.3 eq) was added
to a mixture of diethyl 4,4'-((((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yDdifluoromethyl)phosphoryl)bis(oxy))dibutyrate (100 mg, 0.1595 mmol, 1 eq) in anhydrous
tetrahydrofuran (10 mL). Hydrogen was bubbled into the suspension for 2 min. and then the
reaction mixture was stirred under 1 atm. of hydrogen for 16 h. Nitrogen was bubbled in the
reaction mixture and it was then filtered over Celite (rinsing with 2-MeTHF) and
concentrated under reduced pressure to give S-((bis(4-ethoxy-4-
oxobutoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylic acid (85.3 mg,
0.1595 mmol, 100% yield) as a clear oil. LCMS: m/z = 559.2 [M+Na]*,

[00241] Synthesis of 5-(cyano(ethoxy(hydroxy)phosphoryl)methyl)benzo[b]thiophene-2-

carboxylic acid
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[00242]  Step 1: Preparation of ethyl 5-
(cyano(diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00243] To a solution of diethyl (cyanomethyl)phosphonate (127 mg, 722 pmol, 1.2 eq) in
anhydrous 1,2-dimethoxyethane (5 mL) under nitrogen was added sodium hydride (60% in
mineral oil) (50.3 mg, 1.26 mmol, 2.1 eq). The reaction was stirred at r.t. for 10 min. and then
tetrakis(triphenylphosphine)palladium (34.7 mg, 30.1 pmol, 0.05 eq) and ethyl 5-iodo-1-
benzothiophene-2-carboxylate (200 mg, 602 umol, 1 eq) were added. The reaction mixture
was stirred at 85°C for 16 h. The reaction mixture was filtered over Celite (eluting with
DCM) and the filtrate was concentrated under reduced pressure. The crude residue was
purified by reverse phase chromatography on a 50 g Cis cartridge eluting with 5-80% MeCN
in water. The combined fractions were concentrated to give ethyl 5-
(cyano(diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate (50.0 mg, 131 umol,
21.8% yield) as an orange solid. LCMS: m/z = 382.2 [M+H]*; 'H NMR (400 MHz, DMSO-
ds) 6 8.33 (s, 1H), 8.18 - 8.06 (m, 2H), 7.54 (d, /= 8.6 Hz, 1H), 5.67 - 5.56 (m, 1H), 4.37 (q,
J=7.1Hz, 2H),4.11 - 3.97 (m, 4H), 1.34 (t, J =7.1 Hz, 3H), 1.20 (dt, /= 9.8, 7.1 Hz, 6H).
[00244]  Step 2: Preparation of 5-
(cyano(ethoxy(hydroxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid

[00245] To a solution of ethyl 5-(cyano(diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (80 mg, 209 umol, 1 eq) in acetonitrile (4 mL) was added hydrochloric acid (6
mL, 3 N). The reaction mixture was stirred at 70°C for 7 h. More hydrochloric acid (1.5 mL,
3 N) was added and the reaction mixture was stirred at 70 C for additional 22 h. Hydrochloric
acid (1.5 mL, 3 N) was added and the reaction mixture was stirred at 80°C for additional 20
h. The reaction mixture was concentrated under reduced pressure. The crude was directly
purified by reverse phase chromatography using a 50 g Cis cartridge eluting with a gradient
of MeCN in water (5% for 3 CV then 5 to 100% in 18 CV) to give 5-
(cyano(ethoxy(hydroxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid (52.0 mg,
159 pumol, 76.5% yield) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 8.19 (s, 1H), 8.12
-7.98 (m, 2H), 7.52 (d, J/ = 8.6 Hz, 1H), 5.23 - 5.12 (m, 1H), 3.97 (quin, J = 7.3 Hz, 2H),
1.22 - 1.13 (m, 3H).

[00246]  Synthesis of rac-5-[1-(diethoxyphosphoryl)- 1-fluoroethyl]-1-benzothiophene-2-

carboxylic acid
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[00247]  Step 1: Preparation of rac-benzyl 5-[(diethoxyphosphoryl)(hydroxy)methyl]-1-
benzothiophene-2-carboxylate

[00248] A solution of benzyl 5-[(diethoxyphosphoryl)methyl]-1-benzothiophene-2-
carboxylate (2.4 g, 5.73 mmol, 1 eq) in tetrahydrofuran (75 mL) was cooled down to -78°C
then 2-(benzenesulfonyl)-3-phenyloxaziridine (2.97 g, 11.4 mmol, 2 eq) was added followed
by the addition of a solution of sodium bis(trimethylsilylamide) (1.0 M in THF) (11.4 mL,
11.4 mmol, 2 eq) dropwise (internal T ° =-75°C to -69°C). A deep purple solution was
observed upon addition of base and changed rapidly to orange. The mixture was stirred for 10
min. at -78°C. The reaction mixture was quenched with saturated NH4Cl aqueous solution (50
mL) at -78°C then the dry ice bath was removed. EtOAc (75 mL) and water (25 mL) were
added, and the mixture was stirred for 30 min. (until internal temperature reached 15 °C). The
phases were separated and then the aqueous layer was back extracted with EtOAc (125 mL).
The combined organic extracts were dried with anhydrous sodium sulfate, filtered, adsorbed
on silica gel and concentrated under reduced pressure. The crude material was combined with
another batch (6.42 mmol, 12.15 mmol in total) and was purified by flash-chromatography on
a 330 g silica gel cartridge eluting with 20-100% EtOAc in heptane to give rac-benzyl 5-
[(diethoxyphosphoryl)(hydroxy)methyl]-1-benzothiophene-2-carboxylate (3.69 g, 8.49 mmol,
70% yield) as a white sticky solid. LCMS: m/z = 869.4 (2M+H)*; '"H NMR (400 MHz,
CDCl3) 6 8.10 (s, 1H), 8.04 - 8.00 (m, 1H), 7.88 (d, /= 8.6 Hz, 1H), 7.61 (d, J = 8.6 Hz, 1H),
7.51-7.47 (m, 2H), 7.46 - 7.35 (m, 3H), 5.42 (s, 2H), 5.17 (dd, J = 10.4, 4.5 Hz, 1H), 4.18 -
3.95 (m, 4H), 3.10 - 2.99 (m, 1H), 1.33 - 1.20 (m, 6H).

[00249]  Step 2: Preparation of rac-benzyl 5-[(diethoxyphosphoryl)(fluoro)methyl]-1-
benzothiophene-2-carboxylate

[00250] To a solution of rac-benzyl 5-[(diethoxyphosphoryl)(hydroxy)methyl]-1-
benzothiophene-2-carboxylate (1.56 g, 3.59 mmol, 1 eq) in methylene chloride (30 mL) at -
78°C under nitrogen was added (diethylamino)sulfur trifluoride (568 pL, 4.30 mmol, 1.2 eq).
The reaction was stirred for 15 min. at -78°C. The reaction was quenched with the addition of

a saturated sodium bicarbonate aqueous solution (50 mL) and the product was extracted with
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DCM (3 x 50 mL). The combined organic layers were dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The crude residue was purified by reverse
phase chromatography on a 275 g Cig cartridge eluting with 5-80% MeCN in water to give
rac-benzyl 5-[(diethoxyphosphoryl)(fluoro)methyl]-1-benzothiophene-2-carboxylate (650
mg, 1.48 mmol, 41.6% yield) as a thick clear oil. LCMS: m/z = 873.2 2M+H)*; 'H NMR
(400 MHz, CDCl3) 6 8.12 (s, 1H), 8.02 - 7.99 (m, 1H), 7.92 (d, /= 8.7 Hz, 1H), 7.61 (d, J =
8.7 Hz, 1H), 7.51 - 7.51 (m, 2H), 7.46 - 7.36 (m, 3H), 5.82 (dd, J=44.4,7.5 Hz, 1H), 5.42 (s,
2H), 4.21 - 4.02 (m, 4H), 1.34 - 1.26 (m, 6H).

[00251]  Step 3: Preparation of rac-benzyl 5-[ 1-(diethoxyphosphoryl)-1-fluoroethyl]-1-
benzothiophene-2-carboxylate

[00252] To a solution of benzyl 5-[(diethoxyphosphoryl)(fluoro)methyl]-1-
benzothiophene-2-carboxylate (100 mg, 0.2291 mmol, 1 eq) and methyl iodide (42.7 uL,
687 umol, 3 eq) in tetrahydrofuran (4 mL) at -78°C was added a solution of sodium
bis(trimethylsilylamide) (1 M in THF) (458 pL, 458 umol, 2 eq) dropwise. The mixture was
stirred at -78°C for 5 min. The reaction was quenched with 1 M HCI (10 mL), warmed up to
room temperature and extracted with DCM (2 x 25 mL). The combined organic extracts were
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
crude material was purified by reverse phase chromatography on 50 g Cs cartridge eluting
with 5-80% MeCN in water (containing 0.1% formic acid). The fractions were combined,
concentrated under reduced pressure then freeze dried to give rac-benzyl 5-[1-
(diethoxyphosphoryl)-1-fluoroethyl]-1-benzothiophene-2-carboxylate (67.0 mg, 0.1487
mmol, 65.0% yield) as a yellowish oil. LCMS: m/z = 451.2 [M+H]*; 'H NMR (400 MHz,
CDCl3) 6 8.13 (s, 1 H), 8.05 - 8.02 (m, 1 H), 7.90 (d, J=8.7 Hz, 1 H), 7.65 (d, J= 8.7 Hz, 1
H), 7.52 - 7.47 (m, 2 H), 7.46 - 7.36 (m, 3 H), 5.42 (s, 2 H), 4.27 - 4.16 (m, 2 H), 4.05 - 3.94
(m, 1 H), 3.90-3.79 (m, 1 H), 2.03 (dd, J =25.0, 14.0 Hz, 3 H), 1.37 (t, J=7.1 Hz, 3 H),
1.17 (t, J=7.1 Hz, 3 H).

[00253]  Step 4: Preparation of rac-5-[ I-(diethoxyphosphoryl)-1-fluoroethyl]-1-
benzothiophene-2-carboxylic acid

[00254] A mixture of 10% palladium on carbon (50% wet) (99 mg, 0.04651 mmol, 0.21
eq) and benzyl 5-[1-(diethoxyphosphoryl)-1-fluoroethyl]-1-benzothiophene-2-
carboxylatebenzyl 5-[ 1-(diethoxyphosphoryl)-1-fluoroethyl]-1-benzothiophene-2-carboxylate
(99 mg, 0.2197 mmol, 1 eq) in tetrahydrofuran (6 mL) was degassed with nitrogen for 5 min.
Hydrogen was bubbled for 5 min. and then the reaction was allowed to stir at room

temperature under hydrogen (1 atm) for 20 h. The reaction was filtered over a syringe filter
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and rinsed with THF. The filtrate was concentrated under reduced pressure to give crude rac-
5-[1-(diethoxyphosphoryl)-1-fluoroethyl]-1-benzothiophene-2-carboxylic acid (78.9 mg,
0.2197 mmol, 100% yield) as a clear oil. LCMS: m/z = 361.2 [M+H]*.

[00255]  Synthesis of rac-7-[(diethoxyphosphoryl)(fluoro)methyl]naphthalene-2-carboxylic

acid

Br. Br
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o
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[00256]  Step 1: Preparation of 7-bromonaphthalene-2-carboxylic acid

[00257] A solution of 2,7-dibromonaphthalene (2 g, 6.99 mmol, 1 eq) in tetrahydrofuran
(24 mL) was cooled down to -78 °C under nitrogen. A solution of #-butyllithium (1.6 M in
hexanes) (4.58 mL, 7.33 mmol, 1.05 eq) was added dropwise. The reaction was stirred for 15
min. at -78°C then CO; was bubbled into the reaction mixture. The ice-bath was removed,
and the reaction was stirred for 1 h under CO> bubbling. The reaction was quenched with the
addition of 1 N HCI (50 mL, pH = 2) and then the product was extracted with EtOAc (3 x 75
mL). The combined organic layers were washed with water (50 mL), brine (50 mL) then
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
crude residue was triturated in heptane and the resulting solid was filtered and dried to give 7-
bromonaphthalene-2-carboxylic acid (1.27 g, 5.05 mmol, 72.5% yield) as a white solid. "H
NMR (400 MHz, CDCl3) 6 13.21 (s, 1 H), 8.61 (s, 1 H), 8.44 (s, 1 H), 8.08 - 7.96 (m, 3 H),
7.81-7.76 (m, 1 H).

[00258]  Step 2: Preparation of tert-butyl 7-bromonaphthalene-2-carboxylate

[00259] To a stirring suspension of 7-bromonaphthalene-2-carboxylic acid (1.00 g, 3.98
mmol, 1 eq) in toluene (9 mL) at 90 °C was added N,N-dimethylformamide dibutyl acetal
(3.80 mL, 15.9 mmol, 4 eq) over 15 min. The reaction was stirred for 2 h at 90°C then an
additional amount of N, N-dimethylformamide dibutyl acetal (0.9 mL, 3.38 mmol, 1 eq) was
added dropwise and the reaction was stirred for 30 min. at 90 °C. The reaction was cooled

down to room temperature and stirred overnight. The reaction was adsorbed on silica gel and
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concentrated under reduced pressure. The crude residue was purified by flash-
chromatography on 40 g silica gel cartridge eluting with a gradient of 0-10% EtOAc in
heptane to give tert-butyl 7-bromonaphthalene-2-carboxylate (1.11 g, 3.61 mmol, 90.9%
yield) as a white solid. '"H NMR (400 MHz, CDCls) § 8.46 (s, 1 H), 8.14 (s, 1 H), 8.06 (dd, J
=8.6,1.6Hz, 1H),7.86(d, J=8.6Hz, 1 H), 7.77 (d, /= 8.6, Hz, 1 H), 7.66 (dd, /= 8.6, 1.6
Hz, 1 H), 1.67 (s, 9 H).

[00260] Step 3: Preparation of tert-butyl 7-methylnaphthalene-2-carboxylate

[00261] A mixture of fert-butyl 7-bromonaphthalene-2-carboxylate (1.11 g, 3.61 mmol, 1
eq), trimethylboroxine (906 mg, 7.22 mmol, 2 eq), tetrakis(triphenylphosphine)palladium
(834 mg, 722 umol, 0.2 eq) and potassium carbonate (1.99 g, 14.4 mmol, 4 eq) in 1,4-
dioxane (20 mL) was degassed for 5 min. and then sealed and heated to 110°C for 20 h. The
reaction was diluted with EtOAc (20 mL) and adsorbed on silica gel. The crude residue was
purified by flash-chromatography eluting with 0-10% EtOAc in heptane to give fert-butyl 7-
methylnaphthalene-2-carboxylate (808 mg, 3.33 mmol, 92.4% yield) as a white crystalline
solid. 'TH NMR (400 MHz, CDCl3) § 8.45 (s, 1 H), 7.95 (d, J= 8.7, Hz, 1 H), 7.80 (d, J = 8.5,
Hz, 1 H),7.77(d,J=8.5Hz, 1 H),7.71 (s, 1 H), 7.40 (d, J= 8.7 Hz, 1 H), 2.53 (s, 3 H), 1.65
(s, 9H).

[00262] Step 4: Preparation of tert-butyl 7-(bromomethyl)naphthalene-2-carboxylate
[00263] To a solution of zert-butyl 7-methylnaphthalene-2-carboxylate (808 mg, 3.33
mmol) in anhydrous carbon tetrachloride (25 mL) under nitrogen atmosphere was added N-
bromosuccinimide (621 mg, 3.49 mmol) and benzoyl peroxide (32.2 mg, 133 pmol). The
reaction mixture was heated at reflux and stirred at this temperature for 20 h. The precipitate
was filtered off, washed with carbon tetrachloride (10 mL) and then the filtrate was adsorbed
on silica gel and concentrated under reduced pressure. The crude material was purified by
flash-chromatography on an 80 g silica gel cartridge eluting with 0-10% EtOAc in heptane to
give tert-butyl 7-(bromomethyl)naphthalene-2-carboxylate (720 mg, 2.24 mmol, 67.9%
yield) as a white solid which contained residual starting material (~25%). 'H NMR (400
MHz, CDCls) & 8.50 (s, 1 H), 8.04 (dd, J =8.6, 1.6 Hz, 1 H), 7.93 (s, 1 H), 7.85 (t, /= 8.8
Hz,2 H), 7.60 (dd, J = 8.6, 1.6 Hz, 1 H), 4.67 (s, 2 H), 1.64 (s, 9 H).

[00264] Step 5: Preparation of tert-butyl 7-[(diethoxyphosphoryl)methylnaphthalene-2-
carboxylate

[00265]  tert-Butyl 7-(bromomethyl)naphthalene-2-carboxylate (720 mg, 2.24 mmol) was
suspended in triethyl phosphite (2 mL, 11.6 mmol) and the reaction mixture was heated for

1.5 h at reflux (became a solution once at 110°C). The reaction was cooled down to room
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temperature and directly purified through reverse phase chromatography on a 50 g Cis
cartridge using a gradient of 5-80% MeCN in water to tert-butyl 7-
[(diethoxyphosphoryl)methyl]naphthalene-2-carboxylate (580 mg, 1.53 mmol, 68.4% yield)
as a thick yellowish oil. LCMS: m/z = 379.3 [M+H]*; 'H NMR (400 MHz, CDCl5) § 8.52 (s,
1 H), 8.08 - 8.00 (m, 1 H), 7.89 - 7.83 (m, 3 H), 7.58 - 7.54 (m, 1 H), 4.11 - 3.97 (m, 4 H),
3.36(d, J=21.6 Hz, 2 H), 1.67 (s, 9 H), 1.26 (t, /= 7.0 Hz, 6 H).

[00266]  Step 6: Preparation of rac-tert-butyl 7-
[(diethoxyphosphoryl)(hydroxy)methyl]naphthalene-2-carboxylate

[00267] To a solution of fert-butyl 7-[(diethoxyphosphoryl)methyl]naphthalene-2-
carboxylate (200 mg, 0.5285 mmol, 1 eq) in tetrahydrofuran (5 mL) at -78°C was added a
solution of sodium bis(trimethylsilylamide) (1 M in THF) (792 pL, 792 pmol, 1.5 eq)
dropwise. The mixture was stirred for 2 min. and then 2-(benzenesulfonyl)-3-
phenyloxaziridine (274 mg, 1.05 mmol, 2.0 eq) was added portion wise. The dark red
solution was stirred at -78°C for 20 min. The reaction mixture was quenched with saturated
ammonium chloride aqueous solution (50 mL) at -78°C and then the ice-bath was removed.
EtOAc (25 mL) and water (25 mL) were added and the mixture was stirred for 30 min. The
phases were separated and then the aqueous layer was back extracted with EtOAc (2 x 25
mL). The combined organic extracts were dried with anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The crude material was purified by flash-
chromatography on a 24 g silica gel cartridge eluting with 20-100% EtOAc in heptane to give
rac-tert-butyl 7-[(diethoxyphosphoryl)(hydroxy)methyl]naphthalene-2-carboxylate (140 mg,
0.3549 mmol, 67.3% yield) as a white sticky solid. LCMS: m/z = 394.6 [M+H]*; 'H NMR
(400 MHz, CDC13) 6 8.57 (s, 1 H), 8.08 (s, 1 H), 8.05 (d, J=8.6, Hz, 1 H), 7.90 (d, J= 8.3
Hz,1H),7.87(d,J=83Hz,1H),7.72(d,J=8.3Hz, 1 H),5.24(dd, J=11.1,4.7Hz, 1 H),
4.18 -3.99 (m, 4 H), 3.31 (dd, J=11.1,4.7 Hz, 1 H), 1.66 (s, 9 H), 1.32 - 1.22 (m, 6 H).
[00268] Step 7: Preparation of rac-tert-butyl 7-
[(diethoxyphosphoryl)(fluoro)methyl[naphthalene-2-carboxylate

[00269] To a solution of rert-butyl 7-[(diethoxyphosphoryl)(hydroxy)methyl]naphthalene-
2-carboxylate (140 mg, 0.3549 mmol, 1 eq) in methylene chloride (5 mL) at -78°C under
nitrogen was added a solution of (diethylamino)sulfur trifluoride (56.1 puL, 425 pmol, 1.2 eq)
dropwise. The reaction was stirred for 20 min at -78°C. The reaction was quenched with the
addition of saturated sodium bicarbonate aqueous solution (50 mL) and extracted with DCM
(3 x 50 mL). The combined organic layers were dried over anhydrous sodium sulfate, filtered

and concentrated under reduced pressure. The crude residue was purified by reverse phase
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chromatography on a 50 g Cis cartridge eluting with a gradient of 5-80% MeCN in water to
give rac-tert-butyl 7-[(diethoxyphosphoryl) (fluoro)methyl]naphthalene-2-carboxylate (80.0
mg, 0.2018 mmol, 57.1% yield) as a clear oil. LCMS: m/z = 397.4 [M+H]*; "H NMR (400
MHz, CDCl3) § 8.59 (s, 1 H), 8.11 - 8.04 (m, 2 H), 7.94 (d, J=8.3, Hz, 1 H), 7.90 (d, / = 8.3
Hz, 1 H),7.72(d, J=8.6, 1 H), 590 (dd, J=44.6, 8.1 Hz, 1 H), 4.24 - 4.02 (m, 4 H), 1.35 -
1.25 (m, 6 H).

[00270] Step 8: Preparation of rac-7-[(diethoxyphosphoryl)(fluoro )methyl]naphthalene-2-
carboxylic acid

[00271] To a solution of rac-tert-butyl 7-
[(diethoxyphosphoryl)(fluoro)methyl|naphthalene-2-carboxylate (80 mg, 0.2018 mmol) in
methylene chloride (4 mL) was added trifluoroacetic acid (1 mL). The resulting yellow
solution was stirred for 2.5 h at room temperature. The reaction was concentrated under
reduced pressure to give crude rac-7-[(diethoxyphosphoryl)(fluoro)methyl]naphthalene-2-
carboxylic acid (68.3 mg, 0.2018 mmol) as a clear oil. LCMS: m/z = 341.2 [M+H]".

[00272]  Synthesis of 5-{[bis({[(25)-2-(methoxycarbonyl)pyrrolidine-1-
carbonyloxy]methoxy})phosphoryl]difluoromethyl }-1-benzothiophene-2-carboxylic acid
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[00273] Step 1: Preparation of 1-chloromethyl 2-methyl (25)-pyrrolidine-1,2-
dicarboxylate

[00274] Chloroacetyl chloride (777 mg, 6.03 mmol) was added to a solution of methyl
(285)-pyrrolidine-2-carboxylate hydrochloride (1.00 g, 6.03 mmol) and N,N-
diisopropylethylamine (818 mg, 6.33 mmol, 1.05 eq) in dichloromethane (15 mL) at 0 °C
under nitrogen atmosphere. After stirring for 0.5 h, the reaction mixture was washed
successively with 1 N aqueous hydrochloric acid (50 mL), water (50 mL) and brine. The
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The product was purified by flash-chromatography using a 25 g silica gel
cartridge eluting with a gradient of EtOAc in heptane (0 to 50%). The combined fractions

were concentrated under reduced pressure to afford 1-chloromethyl 2-methyl (2.5)-
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pyrrolidine-1,2-dicarboxylate (701 mg, 3.16 mmol, 52.7% yield). '"H NMR (400 MHz,
CDCl3) 0 5.88 (d, J = 6.0 Hz, 0.5H), 5.76 - 5.70 (m, 1H), 5.65 (d, J = 6.2 Hz, 0.5H), 4.39
(ddd, J=18.8, 8.5, 3.6 Hz, 1H), 3.74 (d, /= 3.4 Hz, 3H), 3.68 - 3.45 (m, 2H), 2.32 - 2.16 (m,
1H), 2.10 - 1.87 (m, 3H).

[00275]  Step 2: Preparation of 1-{[({2-[(benzyloxy)carbonyl]-1-benzothiophen-5-
yljdifluoromethyl)({[(2S)-2-(methoxycarbonyl)pyrrolidine-1-

carbonyloxy]methoxy} )phosphorylJoxymethyl 2-methyl (28 )-pyrrolidine-1,2-dicarboxylate
[00276] Sodium hydroxide (59.9 mg, 1.50 mmol) in water (2 mL) was added dropwise to a
stirred solution of ({2-[(benzyloxy)carbonyl]-1-benzothiophen-5-
yl}difluoromethyl)phosphonic acid (300 mg, 753 pmol, 1 eq) in water (15 mL) then silver
nitrate (382 mg, 2.25 mmol) was added. After 2 h at r.t., the suspension was cooled to 0 °C.
The precipitate was collected by filtration, washed with water, co-evaporated with toluene
(2x) and dried under high vacuum. The powder was suspended in dry toluene (10 mL) and 1-
chloromethyl 2-methyl (25)-pyrrolidine-1,2-dicarboxylate (582 mg, 2.63 mmol, 3.5 eq) was
added. The mixture was stirred for 18 h at room temperature. The crude was directly purified
by normal phase chromatography using a 12 g silica gel cartridge eluting with a gradient of
EtOAc in heptane (0 to 100% in 18 CV) to afford 1-{[({2-[(benzyloxy)carbonyl]-1-
benzothiophen-5-yl}difluoromethyl)({[(2S)-2-(methoxycarbonyl)pyrrolidine-1-
carbonyloxy]methoxy })phosphorylJoxy }methyl 2-methyl (25)-pyrrolidine-1,2-dicarboxylate
(90.0 mg, 117 pmol, 15.5% yield) as a white solid. 'H NMR (400 MHz, CDCls) 6 8.20 - 8.12
(m, 2H), 7.97 - 7.91 (m, 1H), 7.69 - 7.64 (m, 1H), 7.48 - 7.33 (m, 5H), 5.79 - 5.66 (m, 2H),
5.66 - 5.52 (m, 2H), 5.41 - 5.38 (m, 2H), 4.40 - 4.31 (m, 2H), 3.75 - 3.65 (m, 6H), 3.63 — 3.40
(m, 4H), 2.25 - 2.11 (m, 2H), 2.04 — 1.81 (m, 6H).

[00277]  Step 3: Preparation of 5-{[bis({[(2S)-2-(methoxycarbonyl)pyrrolidine-1-
carbonyloxy]methoxy})phosphoryl]difluoromethyl}-1-benzothiophene-2-carboxylic acid
[00278] Palladium on carbon (10% loading, 50% wet support) (62.1 mg, 58.5 umol, 0.5
eq) was added to a mixture of 1-{[({2-[(benzyloxy)carbonyl]-1-benzothiophen-5-
yl}difluoromethyl) ({[(2S)-2-(methoxycarbonyl)pyrrolidine-1-

carbonyloxy]methoxy })phosphoryl]oxy }methyl 2-methyl (25)-pyrrolidine-1,2-dicarboxylate
(90 mg, 117 umol, 1 eq) in anhydrous tetrahydrofuran (10 mL). Hydrogen was bubbled into
the suspension for 2 min. and then the reaction mixture was stirred under 1 atm (balloon) of
hydrogen for 16 h. The reaction mixture was filtered on Celite and rinsed with Me-THF. The
filtrate was concentrated in vacuo to give crude 5-{[bis({[(25)-2-

(methoxycarbonyl)pyrrolidine- 1-carbonyloxy]methoxy } )phosphoryl]difluoromethyl }-1-
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benzothiophene-2-carboxylic acid (95.0 mg, 140 pmol, 119% yield) as a colorless oil. 'H
NMR (400 MHz, CDCl3) 6 8.18 - 8.13 (m, 1H), 8.13 - 8.07 (m, 1H), 7.97 - 7.92 (m, 1 H),
7.69 - 7.63 (m, 1H), 5.82 - 5.58 (m, 4H), 4.43 - 4.34 (m, 2H), 3.77 - 3.67 (m, 6H), 3.64 - 3.42
(m, 4H), 2.27 - 2.15 (m, 2H), 2.09 - 1.82 (m, 6H).

[00279] The following linkers in Table 15 were prepared according to the procedure
described for the synthesis of 5-{[bis({[(2S)-2-(methoxycarbonyl)pyrrolidine-1-
carbonyloxy]methoxy })phosphoryl]difluoromethyl }-1-benzothiophene-2-carboxylic acid

utilizing the appropriate starting materials.

Table 15.
Name Structure LCMS
5-((bis(((((S)-1-ethoxy-1-oxopropan-2- 0 619.2
yDcarbamoyl)oxy)methoxy)phosphoryl)meth | HO” o [M+H]*
; C s? >_ H
yl)benzo[b]thiophene-2-carboxylic acid o’/P\,o\/o\n,N,,, Hko/\
o] 0o
¢
o
o=
NH
"o
)

[00280]  Synthesis of 5-(((benzylamino)(((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid:
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[00281]  Step 1: Preparation of allyl 5-(((benzylamino )(((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)phosphoryl)methyl)benzo[b]Jthiophene-2-carboxylate

[00282] Oxalyl chloride (814.4 mg, 6.4 mmol, 10 eq.) was added dropwise to the solution
of ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (200 mg, 0.64
mmol, 1.0 eq.) in dry DCM (6 mL) and DMF (1 drop) at O °C. The reaction was allowed to
warm to 40°C, then stirred for additional 1~2 h. The reaction was monitored by pipetting out
a small amount of crude sample and quenching it with MeOH to ensure bis-Cl phosphoryl
chloride allyl 5-((dichlorophosphoryl)methyl)benzo[b]thiophene-2-carboxylate had been
formed completely (bis-methoxy phosphonate was observed by LCMS). After completion,
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the excess of oxalyl chloride and solvent were removed under reduced pressure, and the
residue was re-dissolved in anhydrous DCM (5 mL). To the solution was then added BaNH>
(64.8 mg, 0.64 mmol, 1.0 eq.) in anhydrous DCM (2 mL) and EtsN (194.32 mg, 1.92 mmol,
3.0 eq.) at -40 °C. The reaction was monitored by pipetting out a small amount of crude
sample and quenching with MeOH to ensure most of the product was allyl 5-
(((benzylamino)chlorophosphoryl)methyl)benzo[b]thiophene-2-carboxylate (mono-methoxy
phosphonate was observed by LCMS). To the solution was then added isopropyl L-alaninate
(107.2 mg, 0.64 mmol, 1.0 eq.) in anhydrous DCM (2 mL) at -40 °C. The reaction was
allowed to warm to room temperature and stirred for additional 2 h. After completion, the
reaction was quenched by adding H>O (10 mL) and extracted with DCM (10 mL x 3). The
organic layers were combined and washed with brine (20 mL), dried over anhydrous NazSOy4,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford allyl 5-(((benzylamino)(((S)-1-isopropoxy-1-
oxopropan-2-yl)amino)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (100 mg, 194.33
umol, 30% yield). LCMS (ESI): m/z = 515.2 [M+H]".

[00283] Step 2: Preparation of 5-(((benzylamino)(((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)phosphoryl)methyl)benzo[b]Jthiophene-2-carboxylic acid

[00284] A solution of allyl 5-(((benzylamino)(((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (100 mg, 194 umol, 1 eq.),
Pd(PPh3)4 (22.47 mg, 19.4 umol, 0.1 eq.) and pyrrolidine (13.8 mg, 194 umol, 1 eq.) in DCM
(3 mL) was stirred at room temperature for 1 hr. After completion, the reaction mixture was
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford 5-(((benzylamino)(((S)-1-isopropoxy-1-oxopropan-2-
ylhamino)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid (70 mg, 147.5 pmol, 76%
yield). LCMS (ESI): m/z =475.1 [M+H]*.

[00285]  Synthesis of 4-nitrophenyl 5-
((bis(((propoxycarbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-

carboxylate
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[00286] Step 1: Preparation of chloromethyl propyl carbonate

[00287] A solution of propan-1-ol (1.24 mL, 16.5 mmol, 1 eq) and chloroacetyl chloride
(1.46 mL, 16.5 mmol, 1 eq) in diethyl ether (50 mL) was cooled down to 0 °C under nitrogen.
Pyridine (1.32 mL, 16.5 mmol, 1.0 eq) was added dropwise and then the reaction mixture was
stirred for 15 min. at 0 °C followed by 3 h at room temperature. The white suspension was
filtered and rinsed with diethyl ether (20 mL). The filtrate was washed with 1 N HCI (20 mL)
and water (2 x 15 mL) and then dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give chloromethyl propyl carbonate (1.26 g, 8.25
mmol, 50.1% yield) as a clear oil. '"H NMR (400 MHz, CDCI3) § 5.74 (s, 2H), 4.25 - 4.17 (m,
2H), 1.74 (sxt, J = 7.1 Hz, 2H), 1.02 - 0.94 (m, 3H).

[00288] Step 2: Preparation of 4-nitrophenyl 5-((bis(((((1-methoxy-2-methylpropan-2-
yl)oxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
[00289] Sodium hydroxide (37.1 mg, 930 umol, 2 eq) in H20 (1 mL) was added dropwise
to a stirred suspension of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid (200 mg, 465 umol, 1 eq) in water (4 mL). When the mixture
reached pH~8, product started to precipitate and silver nitrate (236 mg, 1.39 mmol, 3 eq) was
added in one portion. After 2 h at 0°C, the yellow precipitate was collected by filtration,
washed with water and dried under vacuum. The powder was suspended in dry toluene (10
mL), and chloromethyl propyl carbonate (282 mg, 1.85 mmol, 4 eq) was added. The mixture
was stirred for 18 h at room temperature. The crude was directly purified by normal phase
chromatography using a 24 g silica gel cartridge eluting with a gradient of EtOAc in heptane
(0 to 60% in 18 CV) to give 4-nitrophenyl 5-((bis(((((1-methoxy-2-methylpropan-2-
yloxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
(10 mg, 15.1 umol, 3.25% yield) as a white semi-solid: LCMS: m/z = 662.2 [M+H]*; 'H
NMR (400 MHz, DMSO-ds) & 8.64 (s, 1H), 8.43 - 8.27 (m, 4H), 7.72 - 7.65 (m, 3H), 5.75 -
5.65 (m, 4H), 4.12 - 4.02 (m, 4H), 1.67 - 1.55 (m, 4H), 0.90 - 0.84 (m, 6H).
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[00290] Synthesis of 4-nitrophenyl 5-((bis(((((1-methoxy-2-methylpropan-2-
yloxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
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[00291] Step 1: Preparation of chloromethyl 1-methoxy-2-methylpropan-2-yl carbonate
[00292] A solution of 1-methoxy-2-methylpropan-2-ol (2 g, 19.2 mmol, 1 eq) and
chloroacetyl chloride (1.7 mL, 19.2 mmol, 1 eq) in diethyl ether (60 mL) was cooled down to
(0°C under nitrogen. Pyridine (1.53 mL, 19.2 mmol, 1.0 eq) was added dropwise and then the
reaction mixture was stirred for 15 min. at 0°C followed by 3 h at room temperature. The
white suspension was filtered and rinsed with diethyl ether (20 mL). The filtrate was washed
with 1 N HCI (30 mL) and water (2 x 30 mL) and then dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to give chloromethyl 1-methoxy-2-
methylpropan-2-yl carbonate (860 mg, 4.37 mmol, 22.8% yield) as a clear oil. 'H NMR (400
MHz, CDCls) § 7.20 - 7.17 (m, 2H), 5.04 - 5.00 (m, 2H), 4.90 (s, 3H), 3.03 - 2.99 (m, 6H).
[00293] Step 2: Preparation of 4-nitrophenyl 5-((bis(((((1-methoxy-2-methylpropan-2-
yl)oxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
[00294] Sodium hydroxide (37.1 mg, 930 umol, 2 eq) in H2O (1 mL) was added dropwise
to a stirred suspension of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-5-
yD)methyl)phosphonic acid (200 mg, 465 pmol, 1 eq) in water (5 mL). When the mixture
reached pH~8, product started to precipitate and silver nitrate (236 mg, 1.39 mmol, 3 eq) was
added in one portion. After 2 h at 0°C, the white precipitate was collected by filtration,
washed with water and dried under vacuum. The powder was suspended in dry toluene (10
mL), and chloromethyl 1-methoxy-2-methylpropan-2-yl carbonate (318 mg, 1.62 mmol, 3.5
eq) was added. The mixture was stirred for 18 h at 50°C. The crude mixture was directly
purified by normal phase chromatography using a 24 g silica gel cartridge eluting with a
gradient of EtOAc in heptane (0 to 60% in 18 CV) to give 4-nitrophenyl 5-((bis(((((1-
methoxy-2-methylpropan-2-
yloxy)carbonyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
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(51.0 mg, 68.0 umol, 14.6% yield) as a white semi-solid. 'H NMR (400 MHz, CDCl3) & 8.38
- 8.33 (m, 3H), 8.24 (s, 1H), 8.03 (d, / = 8.8 Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H), 7.51 - 7.47 (m,
2H), 5.74 - 5.62 (m, 4H), 3.53 - 3.50 (m, 4H), 3.41 - 3.38 (m, 6H), 1.51 (s, 12H).

[00295]  Synthesis of 4-nitrophenyl 5-
((bis(((dipropylcarbamoyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylate
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[00296]  Step 1: Preparation of chloromethyl dipropylcarbamate

[00297] Dipropylamine (5.85 g, 57.9 mmol, 2.5 eq) was added to a solution of
chloroacetyl chloride (2.06 mL, 23.2 mmol, 1 eq) in hexanes (30 mL) at 0°C under nitrogen
and stirred at the same temperature for 30 min. The reaction mixture was then diluted with
EtOAc (50 mL). The phases were separated and the organic layer was washed successively
with 1 N hydrochloric acid (50 mL), water and brine. The organic layer was dried over
anhydrous sodium sulfate, then the solvent was evaporated under reduced pressure. The
product was purified by flash-chromatography using an 80 g silica gel cartridge eluting with a
gradient of 0-10% EtOAc in heptane. The pure combined fractions were dried under reduced
pressure to give chloromethyl dipropylcarbamate (2.89 g, 14.9 mmol, 64.3% yield) as a
colorless oil. LCMS: m/z = 194.2 [M+H]*; 'H NMR (400 MHz, CDCl3) § 5.75 (s, 2H), 3.21 -
3.11 (m, 4H), 1.59 - 1.47 (m, 4H), 0.87 - 0.82 (m, 6H).

[00298]  Step 2: Preparation of 4-nitrophenyl 5-
((bis(((dipropylcarbamoyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylate

[00299] Sodium hydroxide (37.1 mg, 930 umol, 2 eq) in H>O (1 mL) was added dropwise
to a stirred suspension of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid (200 mg, 465 umol, 1 eq) in H>O (5 mL). When the mixture
reached pH~8, product started to precipitate and silver nitrate (236 mg, 1.39 mmol, 3 eq) was

added in one portion. After 2 h at 0°C, the yellow precipitate was collected by filtration,
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washed with water, dried under vacuum. The powder was suspended in dry toluene (10 mL),
and chloromethyl dipropylcarbamate (313 mg, 1.62 mmol, 3.5 eq) was added. The mixture
was stirred for 18 h at room temperature. The crude was directly purified by normal phase
chromatography using a 12 g silica gel cartridge eluting with a gradient of EtOAc in heptane
(0 to 60% in 18 CV) to give 4-nitrophenyl 5-
((bis(((dipropylcarbamoyl)oxy)methoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylate (110 mg, 147 umol, 31.8% yield) as a clear oil. '"H NMR (400 MHz, DMSO-ds)
5 8.65 - 8.56 (m, 1H), 8.41 - 8.21 (m, 4H), 7.76 - 7.59 (m, 3H), 5.77 - 5.60 (m, 4H), 3.17 -
2.99 (m, 8H), 1.53 - 1.38 (m, 8H), 0.85 - 0.75 (m, 12H).

[00300] Synthesis of 4-nitrophenyl 5-((bis(1-
((propoxycarbonyl)oxy)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
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[00301] Step 1: Preparation of 1-chloroethyl propyl carbonate

[00302] A solution of propan-1-ol (2 g, 33.2 mmol, 1 eq) and 1-chloroethyl chloroformate
(4.74 g, 33.2 mmol, 1 eq) in diethyl ether (100 mL) was cooled to 0°C under nitrogen.
Pyridine (2.66 mL, 33.2 mmol, 1.0 eq) was added dropwise and then the reaction mixture was
stirred for 15 min. at 0°C followed by 3 h at room temperature. The white suspension was
filtered and rinsed with diethyl ether (20 mL). The filtrate was washed with 1 N HCI (20 mL)
and water (2 x 15 mL) and then dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give 1-chloroethyl propyl carbonate (4.62 g, 27.7
mmol, 83.5% yield) as a clear oil. '"H NMR (400 MHz, CDCI3) § 6.44 (q, /=5.8 Hz, 1H),
4.24 - 4.10 (m, 2H), 1.84 (d, J= 5.9 Hz, 3H), 1.78 - 1.66 (m, 2H), 1.01 - 0.94 (m, 3H).
[00303] Step 2: Preparation of 4-nitrophenyl 5-((bis(1-

((propoxycarbonyl)oxy Jethoxy)phosphoryl)difluoromethyl)benzo[bJthiophene-2-carboxylate
[00304] Sodium hydroxide (37.1 mg, 930 umol, 2 eq) in H20 (1 mL) was added dropwise
to a stirred suspension of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-5-
yD)methyl)phosphonic acid (200 mg, 465 umol, 1 eq) in H20 (4 mL). When the mixture

became clear (pH~8), silver nitrate (236 mg, 1.39 mmol, 2 eq) was added in one portion.
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After 2 h at 0°C, the yellow precipitate was collected by filtration and dried under vacuum.
The powder was suspended in dry toluene (10 mL) and 1-chloroethyl propyl carbonate (269
mg, 1.62 mmol, 3.5 eq) was added. The mixture was stirred for 18 h at room temperature.
The crude was directly purified by normal phase chromatography using a 12 g silica gel
cartridge eluting with a gradient of EtOAc in heptane (0 to 60% in 18 CV) to give 4-
nitrophenyl 5-((bis(1-
((propoxycarbonyl)oxy)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
(113 mg, 163 umol, 35.3% yield) as a clear oil. LCMS: m/z = 712.2 (M+Na)*.

[00305] Synthesis of (E)-3-(3-((diethoxyphosphoryl)difluoromethyl)phenyl)-2-

methylacrylic acid
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[00306] Step 1: Preparation of tert-butyl 2-(diethoxyphosphoryl)propanoate

TBr Step 1

[00307] A mixture of tert-butyl 2-bromopropanoate (3 g, 14.3 mmol, 1 eq.) and ethan-2-
ylium-1-yl diethyl phosphite (2.82 g, 17.1 mmol, 1.2 eq.) was stirred at 110 °C for 16 h. After
completion, the reaction mixture was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel to afford tert-butyl 2-
(diethoxyphosphoryl)propanoate (3.0 g, 11.3 mmol, 79% yield) as a white solid. LCMS
(ESI): m/z =267 [M+H]*.

[00308] Step 2: Preparation of tert-butyl (E)-3-(3-iodophenyl)-2-methylacrylate

[00309] To a solution of tert-butyl 2-(diethoxyphosphoryl)propanoate (1.14 g, 4.30 mmol,
1 eq.) in THF (10 mL) was added n-BuLi (1.72 mL, 4.30 mmol, 1.0 eq.) at -78 °C under
nitrogen and the resulting mixture was stirred at this temperature for 0.5 hr. Then, a solution
of 3-iodobenzaldehyde (1.0 g, 4.30 mmol, 1 eq.) in THF (5 mL) was added, after addition,
the reaction mixture was allowed to warm to room temperature and stirred for 14 h. After
completion, the reaction mixture was quenched by adding H>O (20 mL), then extracted with
EtOAc (15 mL x 3). The organic layers were combined and washed with brine (15 mL), dried
over anhydrous Na>SOy4, and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel to afford zert-butyl (E)-3-(3-iodophenyl)-2-
methylacrylate (739.6 mg, 2.15 mmol, 50% yield) as a white solid. LC-MS (ESI) m/z = 345
[M+H]*.
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[00310] Step 3: Preparation of tert-butyl (E)-3-(3-

((diethoxyphosphoryl)difluoromethyl )phenyl)-2-methylacrylate

[00311] A solution of diethyl (bromodifluoromethyl)phosphonate (1.08 g, 4.06 mmol, 2
eq.) zinc (265 mg, 4.06 mmol, 2 eq.) in DMAc (7mL) was stirred at 60 °C for 1 h under
nitrogen atmosphere. Then CuBr (582 mg, 4.06 mmol, 2 eq.) was added and the mixture was
stirred at 60 °C for another 1 hr. Terz-butyl (E)-3-(3-iodophenyl)-2-methylacrylate (700 mg,
2.03 mmol, 1 eq.) was added and the mixture was stirred at 60 °C for another 12 h. After
completion, the suspension was filtered through a pad of Celite®, the filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to give tert-butyl (E)-3-(3-
((diethoxyphosphoryl)difluoromethyl)phenyl)-2-methylacrylate (180 mg, 445 umol, 22%
yield) as a yellow oil. LCMS (ESI): m/z = 405 [M+H]".

[00312] Step 4: Preparation of (E)-3-(3-((diethoxyphosphoryl)difluoromethyl)phenyl)-2-
methylacrylic acid

[00313] A solution of fert-butyl (E)-3-(3-((diethoxyphosphoryl)difluoromethyl)phenyl)-2-
methylacrylate (180 mg, 445 pumol, 1 eq.) in a mixture of DCM (8 mL) and TFA (4 mL ) was
stirred at room temperature for 1 hr. After completion, the reaction mixture was concentrated
under reduced pressure to give (E)-3-(3-((diethoxyphosphoryl)difluoromethyl)phenyl)-2-
methylacrylic acid (154 mg, quant) as a white solid, which was used in next step directly
without further purification. LCMS (ESI): m/z = 349 [M+H]*.

[00314]  Synthesis of (E)-3-(3-((diethoxyphosphoryl)difluoromethyl)phenyl)but-2-enoic

e}
)‘\©/I Step 1 tBquc\)\©/l Step 2
R F R F
OFEt OFEt
tBuO,C ~ P/—OEI Step 3 HO.,C .~ PI—OEt
11 > 1l
O o}

[00315]  Step 1: Preparation of tert-butyl (E)-3-(3-iodophenyl)but-2-enoate
[00316] ~r-BuLi (1.72 mL, 4.06 mmol, 1.0 eq.) was added to tert-butyl 2-
(diethoxyphosphoryl)acetate (1.02 g, 4.06 mmol, 1 eq.) in THF (20 mL) at -78 °C, the

acid

mixture was stirred at -78 °C for 0.5 hr. Then a solution of 1-(3-iodophenyl)ethan-1-one (1 g,
4.06 mmol, 1 eq.) in THF (5 mL) was added dropwise to the reaction. After addition, the

reaction mixture was allowed to warm to room temperature and stirred for 18 h. After
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completion, the reaction mixture was quenched by adding H>O (20 mL), then extracted with
EtOAc (20 mL x 3). The organic layers were combined and washed with brine (15 mL), dried
over anhydrous Na>SOy4, and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel to afford tert-butyl (E)-3-(3-iodophenyl)but-2-
enoate (800 mg, 2.32 mmol, 58% yield) as an oil. "H NMR (400 MHz, CDCl3) § 7.79 (t, J =
1.6 Hz, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.40 (d, /=7.9 Hz, 1H), 7.09 (t, /= 7.9 Hz, 1H), 6.01
(d, J=1.2Hz, 1H), 2.49 (d, /= 1.2 Hz, 3H), 1.52 (s, 9H).

[00317]  Step 2: Preparation of tert-butyl (E)-3-(3-
((diethoxyphosphoryl)difluoromethyl)phenyl)but-2-enoate

[00318] To a stirred suspension of Zn (301 mg, 4.64 mmol, 2 eq.) in dry DMAc (2 mL)
was added slowly a solution of diethyl (bromodifluoromethyl)phosphonate (1.23 g, 4.64
mmol, 2 eq.) in DMAc (2 mL) under nitrogen atmosphere. The reaction mixture was stirred
at 45 °C for 2 h and then CuBr (665 mg, 4.64 mmol, 2 eq.) was added and the resulting
mixture was stirred at room temperature for 45 minutes. A suspension of zert-butyl (E)-3-(3-
iodophenyl)but-2-enoate (800 mg, 2.32 mmol, 1 eq.) in DMAc (3 mL) was added into the
reaction mixture. The mixture was stirred at 45 °C for 24 h under nitrogen atmosphere. The
reaction mixture was then partitioned between water and ether. The mixture was passed
through celite and extracted with ether. The organic extracts were washed with brine and
dried over anhydrous Na>SO4. The solvent was removed in vacuo, and the residue was
purified by flash column chromatography on silica to give fert-butyl (E)-3-(3-
((diethoxyphosphoryl)difluoromethyl)phenyl)but-2-enoate (350 mg, 0.87 mmol, 37% yield)
as an oil. 'H NMR (400 MHz, CDCl3) 6 7.67 (d, J = 13.2 Hz, 1H), 7.63-7.54 (m, 2H), 7.45 (t,
J=17.7Hz, 1H), 6.07 (d, /= 1.2 Hz, 1H), 4.27-4.11 (m, 4H), 2.54 (d, J = 1.0 Hz, 3H), 1.52 (s,
9H), 1.32 (t, J=7.1 Hz, 6H).

[00319]  Step 3: Preparation of (E)-3-(3-((diethoxyphosphoryl)difluoromethyl)phenyl)but-
2-enoic acid

[00320] To a solution of ferz-butyl (E)-3-(3-
((diethoxyphosphoryl)difluoromethyl)phenyl)but-2-enoate (350 mg, 0.87 mmol, 1 eq.) in
DCM (4 mL) was added TFA (6.13 g, 53.8 mmol, 62.2 eq.) at room temperature and the
resulting mixture was stirred at room temperature for 18 h. After completion, the reaction
mixture was concentrated under reduced pressure to afford (E)-3-(3-
((diethoxyphosphoryl)difluoromethyl)phenyl)but-2-enoic acid (250 mg, 0.72 mmol, 83%
yield) as an oil, which was used in next step without further purification. LC-MS (ESI) m/z=
347.2 [M-HJ".
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[00321]

[00322]  Synthesis of perfluorophenyl 7-((bis(2-
(butyrylthio)ethoxy)phosphoryl)difluoromethyl)-2-naphthoate and perfluorophenyl 7-(((2-
(butyrylthio)ethoxy)(hydroxy)phosphoryl)difluoromethyl)-2-naphthoate

2\

0% n-Pr 07 “n-Pr

[00323] To a solution of (difluoro(7-((perfluorophenoxy)carbonyl)naphthalen-2-
yl)methyl)phosphonic acid (1 g, 2.10 mmol, 1 eq.) in dry DCM (18 mL) was added oxalyl
chloride (266 mg, 2.13 mmol, 1.0 eq.) dropwise followed with DMF (155 mg, 2.13 mmol, 1.0
eq.) at 25 “C. The reaction mixture was warmed to 40 “C, then stirred for an additional 1.2 h
under reflux. The reaction was monitored by pipetting out a small amount of crude sample
and quenching it with MeOH to ensure bis-Cl phosphoryl chloride had been formed
completely (bis-methoxy phosphonate was observed by LCMS). After completion, the
excess oxalyl chloride and solvent were removed under reduced pressure. The residue was re-
dissolved in anhydrous DCM (14 mL) then added to a mixture of S-(2-hydroxyethyl)
butanethioate (641 mg, 4.33 mmol, 2.2 eq.) and triethylamine (198 mg, 1.97 mmol, 1.0 eq.)
in anhydrous DCM (15 mL) at 0 °C. The reaction was allowed to warm to room temperature
and stirred for an additional 12 h. The reaction progress was monitored by LCMS, and after
completion, the reaction was quenched by adding H2O (10 mL) and concentrated under
reduced pressure. The residue was purified by C18 column chromatography to afford two
products: perfluorophenyl 7-((bis(2-(butyrylthio)ethoxy)phosphoryl)difluoromethyl)-2-
naphthoate (680 mg, 1.13 mmol, 58% yield) as a white solid. LCMS (ESI): m/z = 729
[M+H]* and perfluorophenyl 7-(((2-
(butyrylthio)ethoxy)(hydroxy)phosphoryl)difluoromethyl)-2-naphthoate (65.0 mg, 89.2
umol) as a white solid. LCMS (ESI): m/z = 599 [M+H]*.

[00324]  Synthesis of perfluorophenyl 7-(((2-
(butyrylthio)ethoxy)(hydroxy)phosphoryl)difluoromethyl)-2-naphthoate
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[00325] To a solution of perfluorophenyl 7-(((2-
(butyrylthio)ethoxy)(hydroxy)phosphoryl)difluoromethyl)-2-naphthoate (300 mg, 501 pmol,
1 eq.) in a mixture of deionized H>O (8 mL) and THF (2 mL) was added Amberlite IR120®
resin (Na* form) (233 mg, 751 umol, 1.5 eq.). The resulting mixture was stirred at room
temperature for 1 h, then the excess of the resin was removed by filtration. AgNO3 (127 mg,
751 ymol, 1.5 eq.) in deionized H>O (2 mL) was then added to the resulting solution. After
addition, the resulting mixture was stirred at room temperature for an additional 1 hr. During
this period, the silver salt formed as a white precipitate, which was collected via filtration.
The filter cake was washed with cool H20 (2 mL x3), and the silver salt was further dried
under reduced pressure to get a dry powder, which was pure enough for next step without
further purification.

[00326] The isolated mono-Ag salt was suspended in ACN (8 mL), and iodomethyl
isopropyl carbonate (244 mg, 1.00 mmol, 2 eq.) was added dropwise. After addition, the
resulting mixture was stirred at 40 °C for an additional 12 h. The reaction progress was
monitored by LCMS, and after completion, the unreacted silver salt was recovered by
filtration, and the filtrate was concentrated under reduced pressure. The resulting residue was
purified by prep-TLC to give perfluorophenyl 7-(((2-
(butyrylthio)ethoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)difluoromethyl)-2-
naphthoate (30 mg, 41.9 umol, 8%) as colorless oil. LCMS (EST) m/z = 737 [M+Na]*.
[00327]  Synthesis of 5-((bis(((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)phosphoryl)methyl)benzo[b]Jthiophene-2-carboxylic acid

USer Lf 4 i e
>_(/I>/\,,P “oH Step1 —/ \r stp2 /" Oj/
s © 0
o
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[00328] Step 1: Preparation of diisopropyl 2,2'-((((2-
((allyloxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphoryl)bis(azanediyl))(2S,2'S)-

dipropionate
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[00329] To a solution of ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
ylmethyl)phosphonic acid (300 mg, 960 umol, 1.0 eq.) in dry DCM (10 mL) and DMF (cat.)
at 0 °C was added oxalyl chloride (609 mg, 4.80 mmol, 5.0 eq.) dropwise. The reaction
mixture was allowed to warm to 40 °C, then stirred for additional 1~2 h. The reaction was
monitored by pipetting out a small amount of crude sample and quenching it with MeOH to
ensure bis-Cl phosphoryl chloride had been formed completely (bis-methoxy phosphonate
was observed by LCMS). After completion, the excess of oxalyl chloride and solvent were
removed under reduced pressure, and the residue was re-dissolved in anhydrous DCM (5
mL). This solution was then added to a mixture of isopropyl L-alaninate (502 mg, 3.83 mmol,
4.0 eq.) and N, N-diisopropylethylamine (620 mg, 4.80 mmol, 5.0 eq.) in anhydrous DCM (10
mL) at 0 °C. The reaction was allowed to warm to room temperature and stirred for
additional 18 h. The progress was monitored by LCMS. After completion, the reaction was
quenched by adding H20O (10 mL) and extracted with DCM (10 mL x 3). The organic layers
were combined and washed with brine (20 mL), dried over anhydrous NaSO4, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford diisopropyl 2,2"-((((2-
((allyloxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphoryl)bis(azanediyl))(2S,2'S)-
dipropionate (70.0 mg, 129 umol, 14% yield). LCMS (ESI): m/z = 539.2 [M+H]".

[00330]1 Step 2: Preparation of 5-((bis(((S)-1-isopropoxy-1-oxopropan-2-
yl)amino)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid

[00331] To a solution of diisopropyl 2,2'-((((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphoryl)bis(azanediyl))(2S,2'S)-dipropionate (70 mg, 129 umol, 1.0 eq.) in
DCM (1 mL) was added pyrrolidine (9.17 mg, 129 pmol, 1.0 eq.) and Pd(PPhs)4 (14.9 mg,
12.9 ymol, 0.1 eq.) under N>, and the resulting mixture was stirred at room temperature for 2
h. After completion, the reaction mixture was cooled down in an ice-bath, then neutralized
carefully with HCI1 (aq. 1M) until the pH was adjusted to pH = 4-6. The resulting mixture was
extracted with DCM (10 mL x 3), and the combined organic layers were washed with brine
(10 mL x 2), dried over anhydrous Na>SO4, then concentrated under reduced pressure. The
residue was purified by Biotage® C18 column chromatography to give 5-((bis(((S)-1-
isopropoxy- 1-oxopropan-2-yl)amino)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic
acid (70.0 mg, 140 pmol, 108%, 60% purity) as a colorless oil. LCMS (ESI): m/z = 499.2
[M+H]*.

[00332] Synthesis of 5-(difluoro(((2-isopropoxy-2-
oxoethyl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid
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[00333] Step 1: Preparation of benzyl 5-(difluoro(((2-isopropoxy-2-

oxoethyl)amino )(phenoxy )phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00334] To a solution of ((2-((benzyloxy)carbonyl)benzo[b]thiophen-5-
yDdifluoromethyl)phosphonic acid (300 mg, 753 umol, 1 eq) in methylene chloride (8 mL) at
0°C was added 2 drops of DMF (cat.) followed by dropwise addition of oxalyl chloride (192
uL, 2.25 mmol, 3 eq). The reaction was warmed up to room temperature and stirred for 2 h.
The reaction was not soluble at first but became a clear solution upon adding oxalyl chloride
and warming up to room temperature. The reaction was concentrated under reduced pressure.
Then, the latter was diluted in methylene chloride (8 mL) and the solution was cooled down
to -78 °C. A solution of phenol (56.6 mg, 602 umol, 0.8 eq) and triethylamine (155 puL, 1.12
mmol, 1.5 eq) in DCM (1 mL) was slowly added on the yellow solution over 5 min. The
reaction mixture was stirred at -78 °C for 15 min., then warmed up to room temperature and
stirred for 2 h. The reaction mixture was cooled down to -78 °C. A solution of propan-2-yl 2-
aminoacetate (88.2 mg, 753 umol, 1 eq) and triethylamine (155 pL, 1.12 mmol, 1.5 eq) in
DCM (1 mL) was slowly added on the yellow solution over 5 min. The reaction mixture was
stirred at -78°C for 15 min., then warmed up to room temperature and stirred for 18 h. Water
(2-3 drops) was added and the reaction was concentrated under reduced pressure. The crude
residue was purified by reverse phase chromatography on a 50 g Cis cartridge eluting with 5-
100% MeCN in water (with 0.1% formic acid) to give benzyl 5-(difluoro(((2-isopropoxy-2-
oxoethyl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (90.0

mg, 156 pmol, 20.8% yield) as a yellow oil. LCMS: m/z = 574.2 [M+H]".

[00335] Step 2: Preparation of 5-(difluoro(((2-isopropoxy-2-

oxoethyl)amino )(phenoxy )phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid

[00336] To a solution of benzyl 5-(difluoro(((2-isopropoxy-2-
oxoethyl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (90 mg, 156
umol, 1 eq) in anhydrous tetrahydrofuran (10 mL) under nitrogen was added 10% palladium
on carbon (50% wet) (166 mg, 78.0 umol, 0.5 eq). Hydrogen was bubbled for 5 min. and the
reaction mixture was stirred at room temperature for 18 h under hydrogen (1 atm). Nitrogen
was bubbled int the mixture and it was then filtered over Celite (rinsing with 2-MeTHF) and

concentrated under reduced pressure. The isolated product 5-(difluoro(((2-isopropoxy-2-
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oxoethyl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid was used

without further purification. LCMS: m/z = 484.2 [M+H]".

[00337]

described for the synthesis of 5-(difluoro(((2-isopropoxy-2-

The following linkers in Table 16 were prepared according to the procedure

oxoethyl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid utilizing

the appropriate starting materials.

Table 16.

Name

Structure

LCMS

NMR

5-(difluoro((((S)-3-
isopropoxy-2-
methyl-3-
oxopropyl)amino)(
phenoxy)phosphory
Dmethyl)benzo[b]th
iophene-2-
carboxylic acid

FF

HO P,p 2 /L
74 d\N/YJ\O

o s 3"'

512.4
[M+H]*

5-(difluoro((((S)-1-
isopropoxy-1-oxo-
3-phenylpropan-2-
yl)amino)(phenoxy)
phosphoryl)methyl)
benzo[b]thiophene-
2-carboxylic acid

574.2
[M+H]*

S-(((((S)-1-
(benzyloxy)-1-oxo-
4-phenylbutan-2-
yDamino)(phenoxy)
phosphoryl)difluoro
methyl)benzo[b]thi
ophene-2-
carboxylic acid

636.4
[M+H]*

5-(((((S)-1-
(benzyloxy)-4-
methyl-1-
oxopentan-2-
yl)amino)(phenoxy)
phosphoryl)difluoro
methyl)benzo[b]thi
ophene-2-
carboxylic acid

588.2
[M+H]*

(400 MHz, DMSO-ds) &
13.67 (br. s., 1H), 8.28 -
8.13 (m, 3H), 7.73 - 7.63
(m, 1H), 7.42 - 7.27 (m,
7H), 7.23 - 7.06 (m, 3H),
6.79 (td, J = 14.9, 10.6 Hz,
1H), 5.09 - 4.88 (m, 2H),
3.88 - 3.64 (m, 1H), 1.49 -
1.28 (m, 3H), 0.72 - 0.54
(m, 6H).

[00338]

Synthesis of 4-nitrophenyl 5-(difluoro((2-isopropoxy-2-

oxoethoxy)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate
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[00339] Step 1: Preparation of 4-nitrophenyl 5-
(difluoro(hydroxy(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00340] To a solution of (difluoro(2-((4-nitrophenoxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid (1 g, 2.32 mmol, 1 eq) in methylene chloride (6 mL) at 0°C were
added 2 drops of DMF (cat.) followed by dropwise addition of oxalyl chloride (1.18 mL, 13.9
mmol, 6 eq). The reaction was warmed up to room temperature and stirred for 2 h. The
reaction was not soluble at first (white solid floating on surface) but became a clear solution
upon adding oxalyl chloride and warming up to room temperature. The reaction was
concentrated under reduced pressure and dried completely under high vacuum for 30 min. to
give a yellow solid. Then, the latter was diluted in methylene chloride (10 mL) and cooled
down to -78°C. A solution of phenol (218 mg, 2.32 mmol, 1 eq) and triethylamine (646 uL,
4.64 mmol, 2 eq) in DCM (1 mL) (dried on NaxSO4) was slowly added on the yellow solution
over 5 min. The reaction mixture was stirred at -78°C for 15 min., then warmed up to room
temperature and stirred for 2 h. Water (1 mL) was added and the reaction mixture was
concentrated under reduced pressure. The crude residue was purified by reverse phase
chromatography on a 50 g C;s cartridge eluting with a gradient of 5-100% MeCN in water
(with 0.1% formic acid) to give 4-nitrophenyl 5-
(difluoro(hydroxy(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (848 mg,
1.67 mmol, 72.4%) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) § 9.04 (br. 5., 1H),
8.63 (s, 1H), 8.37 (d, J = 9.0 Hz, 2H), 8.29 (s, 1H), 8.19 (d, /= 8.8 Hz, 1H), 7.78 (d, /= 8.8
Hz, 1H), 7.71 (d, J =9.0 Hz, 2H), 7.27 - 7.18 (m, 2H), 7.10 (d, J = 8.3 Hz, 2H), 7.02 - 6.95
(m, 1H).

[00341]  Step 2: Preparation of 4-nitrophenyl 5-(difluoro((2-isopropoxy-2-
oxoethoxy)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00342] To a solution of 4-nitrophenyl 5-
(difluoro(hydroxy(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (100 mg,
197 umol, 1 eq) in methylene chloride (5 mL) at 0 °C was added 2 drops of DMF (cat.)
followed by dropwise addition of oxalyl chloride (168 pL, 1.97 mmol, 10 eq). The reaction

was warmed up to room temperature and stirred for 18 h. The reaction mixture was
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concentrated under reduced pressure and dried completely under high vacuum. Then, the

latter was diluted in methylene chloride (5 mL) and cooled down to 0 °C. A solution of

propan-2-yl 2-hydroxyacetate (30.2 mg, 256 pmol, 1.3 eq) and triethylamine (82.3 pL, 591

umol, 3 eq) in DCM (1 mL) (dried on Na>SO4) was slowly added on the orange solution. The

reaction mixture was stirred at 0 °C for 5 min., then warmed up to room temperature and

stirred for 5 h. The reaction mixture was concentrated under reduced pressure. The crude

residue was purified by reverse phase chromatography on a 50 g C18 cartridge eluting with

5-100% MeCN in basic water (NHsHCO3 10 mM, pH=10) to give 4-nitrophenyl 5-

(difluoro((2-isopropoxy-2-oxoethoxy)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (65.0 mg, 107 pmol, 54.6%) as a yellow oil. LCMS: m/z = 606.2 [M+H]*; 'H
NMR (400 MHz, DMSO-ds) & 8.66 (s, 1H), 8.46 (s, 1H), 8.41 - 8.35 (m, 3H), 7.83 (d, J =8.3
Hz, 1H), 7.72 - 7.67 (m, 2H), 7.44 - 7.38 (m, 2H), 7.28 - 7.20 (m, 3H), 5.02 - 4.94 (m, 1H),
491 -4.73 (m, 2H), 1.18 (dd, J = 6.4, 2.4 Hz, 6H).

[00343]

described for 4-nitrophenyl 5-(difluoro((2-isopropoxy-2-

The following linkers in Table 17 were prepared according to the procedure

oxoethoxy)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate utilizing the

appropriate starting materials.

Table 17.

Name

Structure

LCMS

NMR

4-nitrophenyl 5-

592.2

'H NMR (400 MHz,

3-phenylpropan-2-
yboxy)(phenoxy)ph
osphoryl)methyl)be
nzo[b]thiophene-2-
carboxylic acid

° Q)
ey

HO s o ‘o\\(o

R o\<

O

RF o o
(difluoro((((S)-1- HOHD)E, P’\N/YLOJ\ [M+H]* | DMSO-ds) & 8.68 (d, J =
methoxy-1- o s é 6.4 Hz, 1H), 8.48 - 8.35
oxopropan-2- (m, 4H), 7.87 - 7.66 (m,
yDoxy)(phenoxy)ph 3H), 7.50 - 7.13 (m, 5H),
osphoryl)methyl)be 5.23 - 5.00 (m, 1H), 3.63
nzo[b]thiophene-2- (s, 3H), 1.45 - 1.38 (m,
carboxylate 3H).
5-(difluoro((((S)-1- F e 575.2 | (400 MHz, DMSO-d¢) &
isopropoxy-1-oxo- [M+H]* | 8.28 - 8.15 (m, 3H), 7.63 -

7.46 (m, 1H), 7.41 - 7.30
(m, 2H), 7.28 - 7.17 (m,
4H), 7.16 - 7.07 (m, 3H),
7.01 - 6.94 (m, 1H), 5.29 -
5.21 (m, 0.5H), 5.12 - 5.04
(m, 0.5H), 4.91 - 4.80 (m,
1H), 1.10 - 0.99 (m, 6H).

[00344]

Synthesis of 5-(((((S)-1-(benzyloxy)-1-oxopropan-2-yl)amino)(2-((3-

methylbutanoyl)thio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylic acid
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[00345]  Step 1: Preparation of allyl 5-(((((S)-1-(benzyloxy)-1-oxopropan-2-yl)amino)(2-
((3-methylbutanoyl)thio Jethoxy )phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
[00346] To a solution of ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
yDdifluoromethyl)phosphonic acid (200 mg, 0.5742 mmol, 1 eq) in methylene chloride (10
mL) at 0 °C was added 3 drops of DMF followed by dropwise addition of oxalyl chloride
(147 uL, 1.72 mmol, 3 eq). The reaction was warmed up to room temperature and stirred for
3 h. The reaction was concentrated under reduced pressure and dried under high vacuaum for
30 min. to give an off-white solid. The crude solid was diluted in methylene chloride (10 mL)
and cooled down to 0 °C. A solution of 1-[(2-hydroxyethyl)sulfanyl]-3-methylbutan-1-one
(93.1 mg, 574 umol, 1 eq) in DCM (2 mL) (dried on Na2SO4) was added dropwise then
triethylamine (299 uL, 2.87 mmol, 5 eq) in DCM (2 mL) (dried on NaxSOj4) was slowly
added on the yellow solution over 1 min. The reaction mixture was stirred at 0°C for 1 min.,
then warmed up to room temperature and stirred for 1 h. The reaction was cooled down to 0
°C then benzyl (2R)-2-aminopropanoate 4-methylbenzene-1-sulfonic acid salt (302 mg, 861
umol, 1.5 eq) was added in one portion. The reaction was warmed up to room temperature
and stirred for 20 h. The reaction was concentrated under reduced pressure then diluted with
DMSO/MeCN/water (3 mL). The crude residue was purified by reverse phase
chromatography on a 100 g Cig cartridge eluting with 5-100% MeCN in water to give allyl 5-
(((((S)-1-(benzyloxy)-1-oxopropan-2-yl)amino)(2-((3-
methylbutanoyl)thio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
(180 mg, 0.2753 mmol, 48.0% yield) as a thick brownish oil. '"H NMR (400 MHz, CDCl3) &
8.16-8.12(m, 1 H), 7.94 (d, J=8.5Hz, 0.5 H), 7.78 (d, J=8.5Hz, 0.5 H), 7.70 - 7.64 (m, 1
H), 7.43-7.31 (m, 6 H), 6.12-6.01 (m, 1 H), 5.47 (d, J=16.8 Hz, 1 H), 5.35 (d, /= 10.4
Hz, 1 H),5.25-5.11 (m, 2 H), 4.90 - 4.86 (m, 2 H), 4.24 - 4.00 (m, 2 H), 3.82 - 3.69 (m, 1
H), 3.24 -2.92 (m, 2 H), 2.45-2.40 (m, 2 H), 2.18 - 2.10 (m, 1 H), 1.44 (dd, /= 16.0, 7.1 Hz,
3H),0.98 -0.94 (m, 6 H).
[00347]  Step 2: Preparation of 5-(((((S)-1-(benzyloxy)-1-oxopropan-2-yl)amino)(2-((3-
methylbutanoyl)thio ))ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylic acid
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[00348] To a stirred solution of allyl 5-(((((S)-1-(benzyloxy)-1-oxopropan-2-yl)amino)(2-
((3-methylbutanoyl)thio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxylate
(60 mg, 0.09178 mmol, 1 eq) in tetrahydrofuran (3 mL) were added morpholine (39.5 puL,
458 umol, 5 eq) and tetrakis(triphenylphosphine)palladium (10.5 mg, 9.17 umol, 0.10 eq)
under nitrogen. The reaction mixture was stirred at room temperature for 1.5 h. The reaction
was directly injected onto column. The product was purified by reverse phase
chromatography on a 50 g Cis cartridge eluting with 5-80% MeCN in water (containing 0.1%
formic acid) and then freeze-dried to give 5-((({(S)-1-(benzyloxy)-1-oxopropan-2-
yl)amino)(2-((3-methylbutanoyl)thio)ethoxy)phosphoryl)difluoromethyl)benzo[b]thiophene-
2-carboxylic acid (40.0 mg, 0.06518 mmol, 71.1% yield) as an off-white sticky solid. LCMS:
m/z = 611.9 [M+H]*; '"H NMR (400 MHz, CDCl3) 6 8.10 (d, J = 16.8 Hz, 1 H), 7.86 - 7.78
(m, 2 H), 7.61 - 7.54 (m, 1 H), 7.45 - 7.35 (m, 5 H), 5.25 (d, J/ = 13.0 Hz, 2 H), 4.60 - 4.45
(m, 1 H),4.40-4.14 (m, 3 H), 3.36 - 3.14 (m, 2 H), 2.48 (t, /="7.1 Hz, 3 H), 2.25 - 2.13 (m,
1 H), 1.58 - 1.51 (m, 3 H), 1.02 - 0.96 (m, 6 H).

[00349] Synthesis of building blocks

[00350] Synthesis of 6-phenyl-4-azaspiro[2.4]heptane

NC
NH NH
©/\C02Me Step 1 CO,Me Step 2 \ Step 3

[00351] Step 1: Preparation of methyl 3-cyano-2-phenylpropanoate

[00352] To acooled (78 °C) solution of methyl 2-phenylacetate (5.0 g, 33.3 mmol, 1.0
eq) in dry THF (50 mL) was slowly added a solution of 2 M LDA (20 mL, 40.0 mmol, 1.2
eq) in THF. After 1 h, 2-bromoacetonitrile (4.2 g, 35.0 mmol, 1.1 eq) slowly in a dropwise
manner and the reaction was further aged for additional 1 h at —78 °C. To the mixture was
added saturated aqueous NH4Cl (5 mL) and the mixture was warmed to room temperature.
The mixture was with EtOAc (20 mL x 3). The organic layers were combined, washed with
brine (150 mL), dried over anhydrous Na>SOy4, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel to methyl 3-cyano-2-
phenylpropanoate (5.0 g, 26.5 mmol, 79% yield) as a white solid. LCMS (ESI) m/z = 190.1
[M+H]*.

[00353] Step 2: Preparation of 6-phenyl-4-azaspiro[2.4]heptan-5-one

[00354] To acooled (0 °C) solution of methyl 3-cyano-2-phenylpropanoate (5.0 g, 26.5
mmol, 1.0 eq) and Ti(OiPr)4 (9.0 g, 31.7 mmol, 1.2 eq) in dry THF (100 mL) was slowly
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added a 3 M solution of EtMgBr (20 mL, 59.6 mmol, 2.25 eq), while maintaining inner
temperature between -5 °C to 0 °C. After complete addition of EtMgBr, the mixture was
stirred at 0 °C for additional 1 h. The reaction mixture was quenched by addition of aqueous
2 N HCI (60 mL). The resulting acidic solution was extracted with EtOAc (50 mL x 3). The
combined organic layers were washed with brine (20 mL x2), dried over anhydrous Na>SO4,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on to afford 6-phenyl-4-azaspiro[2.4]heptan-5-one (2.1 g, 11.2 mmol, 42%
yield) as a white solid. LCMS (ESI) m/z = 188 [M+H]*; '"H NMR (400 MHz, CDCl3) § 7.39-
7.24 (m, 6H), 3.86 (dd, ] =9.4,7.6 Hz, 1H), 2.51 (dd, J = 12.9, 9.4 Hz, 1H), 2.29 (dd, J =
12.9, 7.6 Hz, 1H), 0.85-0.88 (m, 1H), 0.87-0.81 (m, 1H), 0.76-0.64 (m, 2H).

[00355]  Step 3: Preparation of 6-phenyl-4-azaspiro[2.4]heptane

[00356] To acooled (10 °C) solution of 6-phenyl-4-azaspiro[2.4]heptan-5-one (2.1 g, 11.2
mmol, 1.0 eq) in dry THF (50 mL) was added NaBH4 (2.1 g, 56.0 mmol, 5.0 eq) in several
portions. To the mixture was added in a dropwise manner BF3¢Et>O (6.7 mL, 56.0 mmol, 5.0
eq). The reaction mixture was heated at 60 °C for 16 h. The mixture was cooled to ambient
temperature and aqueous 2 N HCI (30 mL) was introduced slowly. The acidic mixture was
extracted with EtOAc (30 mL x 3). The organic layers were combined, washed with brine (20
mL), dried over anhydrous Na>SOj4, and concentrated under reduced pressure. The residue
was purified by Biotage® C18 column to afford 6-phenyl-4-azaspiro[2.4]heptane (1.5 g, 8.7
mmol, 78% yield) as a colorless oil. LCMS (ESI) m/z = 174 [M+H]*; 'H NMR (400 MHz,
CDCl3) 8.59 (s, 1H), 6 7.38-7.27 (m, 5H), 3.85-3.57 (m, 2H), 3.40-3.17 (m, 1H), 2.43-2.09
(m, 2H), 1.46-1.18 (m, 2H), 0.98-0.66 (m, 2H).

[00357] Pyrrolidine Building Block Synthesis:
[00358] Synthesis of rel-(trans)-4-cyclohexylpyrrolidine-3-carbonitrile

22 (E0)poP CN Z~en ™S N0 J R

Bn NC NC

[00359] Step I: Preparation of (E)-3-cyclohexylacrylonitrile
[00360] To a solution of cyclohexanecarbaldehyde (500 mg, 4.45 mmol, 1.0 eq) in THF
(15 mL) were added -BuOK (998 mg, 8.90 mmol, 2.0 eq) and diethyl

(cyanomethyl)phosphonate (788 mg, 4.45 mmol, 1.0 eq) at room temperature. The solution
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was stirred at room temperature for 1 h. After completion, the reaction mixture was quenched
by adding H>O (10 mL), then extracted with EtOAc (10 mL x 3). The organic layers were
combined and washed with brine (10 mL), dried over anhydrous Na>SOy, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford (E)-3-cyclohexylacrylonitrile (300 mg, 2.21 mmol,
50% yield) as a colorless oil. LC-MS (ESI) m/z = 136 [M+H]*.

[00361] Step 2: Preparation of rel-(trans)-1-benzyl-4-cyclohexylpyrrolidine-3-carbonitrile
[00362] To a solution of (E)-3-cyclohexylacrylonitrile (300 mg, 2.21 mmol, 1.0 eq) in
CH>Cl: (5 mL) were added N-benzyl-1-methoxy-N-((trimethylsilyl)methyl)methanamine
(524 mg, 2.21 mmol, 1.0 eq) and TFA (25.1 mg, 221 pmol, 0.1 eq). The reaction mixture was
stirred at room temperature for 12 h. After completion, the reaction mixture was dilute with
CH2Cl2 (10 mL) and washed with aqueous saturated NaHCOs3 (5 mL), the organic layer was
separated and concentrated under reduced pressure to afford crude rel-(trans)-1-benzyl-4-
cyclohexylpyrrolidine-3-carbonitrile (700 mg) as a colorless oil. LC-MS (ESI) m/z = 269
[M+H]".

[00363] Step 3: Preparation of rel-(trans)-4-cyclohexylpyrrolidine-3-carbonitrile

[00364] To a solution of (trans)-1-benzyl-4-cyclohexylpyrrolidine-3-carbonitrile (700 mg)
in dry 1,2-dichloroethane (15 mL) was added 1-chloroethyl carbonochloridate (3.71 g, 26.0
mmol, 10.0 eq). The resulting mixture was stirred at 70 °C for 12 h, then concentrated under
reduced pressure, the crude product was dissolved in MeOH (5 mL) and stirred at 70 °C for 1
hr. After completion, the reaction solution was cooled to room temperature and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel to afford rel-(trans)-4-cyclohexylpyrrolidine-3-carbonitrile (211 mg, 1.18 mmol, 46%
yield) as a colorless oil. LC-MS (ESI) m/z = 179 [M+H]*.

[00365] The following intermediates in Table 18 were prepared according to the
representative procedures (Stepl through Step 3) described for rel-(trans)-4-
cyclohexylpyrrolidine-3-carbonitrile utilizing appropriate starting materials and
modifications. Compounds were prepared as racemates with trans stereochemical

configuration relative to the C3 and C4 stereocenters within the pyrrolidine ring.

Table 18.

Name | Structure | LCMS |
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rel-(trans)-4-(2-oxo-1,2-dihydropyridin-4- o 190
yl)pyrrolidine-3-carbonitrile HNY [M+H]*
> NH
e
rel-(trans)-3-methyl-4-phenylpyrrolidine-3- 187.2
carbonitrile [M+H]*
NH
NG

[00366] tert-Butyl rel-(trans)-3-cyano-4-phenylpyrrolidine- 1-carboxylate and tert-butyl
(trans)-3-cyano-4-(2-oxo-1,2-dihydropyridin-4-yl)pyrrolidine- 1-carboxylate were prepared
according to the method describe above for the synthesis of rel-(trans)-4-
cyclohexylpyrrolidine-3-carbonitrile. The racemic mixture of trans-isomers were purified

under SFC conditions and the absolute stereochemistry was arbitrarily assigned as drawn.

R R R Rues
\CNH - . \CNBOC - . i NBoc  + /CNBOC

NG NC' NC'R Mo
(Peak 1) (Peak 2)

R=
0
R Q)
N NPl R R,
i NH /CNH

NC® NCT®

[00367] Preparative separation method:

[00368] Instrument: Waters Thar 80 preparative SFC; Column: ChiralPak C-1G, 100
x4.6mm LD., Sum; Mobile phase: A for CO2 and B for methanol (0.05% diethylamine);
Gradient: 10% to 40% B in 8 min; Flow rate: 2.5 mL/min; Back pressure: 100 bar; Column
temperature: 40 °C; Wavelength: 210 nm; Cycle-time: 2 min

[00369] The following intermediates in Table 19 were prepared according to the procedure
described for rel-(trans)-4-cyclohexylpyrrolidine-3-carbonitrile utilizing appropriate starting

materials and modifications.

Table 19.
Name Structure LCMS
tert-butyl rel-(trans)-3-cyano-4-phenylpyrrolidine-1- Ph 217
carboxylate . .\Cmgm [M-Bu)+1]*
(Peak 1)
tert-butyl rel-(trans)-3-cyano-4-phenylpyrrolidine-1- Ph, 217
carboxylate oA Neo | (M By
(Peak 2)

99




WO 2023/192960 PCT/US2023/065171

tert-butyl rel-(trans)-3-cyano-4-(2-oxo-1,2- 2 190
dihydropyridin-4-yl)pyrrolidine- 1-carboxylate HN\ ) [M+H]*
(Peak 1)
NCY N-Boc
tert-butyl rel-(trans)-3-cyano-4-(2-oxo-1,2- 2 190
dihydropyridin-4-yl)pyrrolidine-1-carboxylate H@ [M+H]*
(Peak 2)
NG N-Boc

[00370] Synthesis of 2-(4-amino-[1,1'-biphenyl]-3-yl)acetamide

NO, NO, NO,
Br/©/)\ Step 1 Br/i%\ Step 2 Br/©5\
07 "NHy

0~ "OH o~ ¢l

NO, NH,
Step 3 Step 4
07 'NH; 07 NH,

[00371]  Step I: Preparation of 2-(5-bromo-2-nitrophenyl)acetyl chloride

[00372] A solution of 2-(5-bromo-2-nitrophenyl)acetic acid (0.30 g, 1.2 mmol, 1 eq) in
thionyl chloride (2 mL) was stirred at 80 °C for 1 h. The reaction mixture was concentrated
under reduced pressure to give 2-(5-bromo-2-nitrophenyl)acetyl chloride (0.30 g, crude) as a
white solid.

[00373] Step 2: Preparation of 2-(5-bromo-2-nitrophenyl)acetamide

[00374] A solution of 2-(5-bromo-2-nitrophenyl)acetyl chloride (0.30 g, 1.1 mmol, 1 eq)
in tetrahydrofuran (3 mL) and NH3-H20 (4 mL) was stirred at 25 °C for 30 min. The reaction
mixture was concentrated under reduced pressure to give 2-(5-bromo-2-
nitrophenyl)acetamide (0.30 g, crude) as a white solid. LCMS: m/z [M+H]* = 258.9.

[00375]  Step 3: Preparation of 2-(4-nitro-[1,1"-biphenyl]-3-yl)acetamide

[00376] To a solution of 2-(5-bromo-2-nitrophenyl)acetamide (0.10 g, 0.39 mmol, 1 eq) in
dioxane (1 mL) and water (0.2 mL) was added sodium carbonate (0.12 g, 1.2 mmol, 3 eq),
phenylboronic acid (52 mg, 0.42 mmol, 1.1 eq) iron(2+) bis(cyclopenta-2,4-diyn-1-
yldiphenyl-lambda4-phosphane) palladium dichloride (14 mg, 0.019 mmol, 0.05 eq), the
mixture was stirred at 100 °C for 12 h. The mixture was diluted with water (20 mL) and
extracted with EtOAc (20 mL x 2), the combined organic layers were washed with saturated
brine (20 mL x 2), dried over Na>SOs, filtered, and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography to give 2-(4-nitro-[1,1'-

biphenyl]-3-yl)acetamide (60 mg, 60% yield) as a white solid. LCMS: m/z (M+Na)* = 279.0.
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"H NMR (400 MHz, CD30D) § 8.17 (d, ] = 8.4 Hz, 1H), 7.79 - 7.69 (m, 4H), 7.52 - 7.40 (m,
3H), 4.06 (s, 2H)

[00377]1  Step 4: Preparation of 2-(4-amino-[ 1,1'-biphenyl]-3-yl)acetamide

[00378] To a solution of 2-(4-nitro-[1,1'-biphenyl]-3-yl)acetamide (60 mg, 0.23 mmol, 1
eq) in ethyl alcohol (0.8 mL) and water (0.2 mL) was added ammonium chloride (0.038 g,
0.70 mmol, 3 eq) and iron (0.13 g, 2.4 mmol, 10 eq). The mixture was stirred at 25°C for4 h .
The reaction mixture was filtered and the filtrate was concentrated to give 2-(4-amino-[1,1'-
biphenyl]-3-yl)acetamide (0.043 g, crude) as a white solid. LCMS: m/z [M+H]* = 227.0. 'H
NMR (400 MHz, DMSO-ds) 6 7.53 (d, J = 7.6 Hz, 3H), 7.41 - 7.35 (m, 3H), 7.30 - 7.20 (m,
2H), 6.98 (s, 1H), 6.73 (d, ] = 8.4 Hz, 1H), 5.26 (s, 2H), 3.32 (s, 2H).

[00379] Synthesis of 1-((35,4R)-3-amino-4-fluoropyrrolidin- 1-yl)ethan-1-one

NH, HN-Cbz HN-Cbz
F. F F.
Step 1 Step 2
N N N
Boc Boc H
HN-Cbz NH,
F. F
Step 3 \CS Step 4
L A S N — 2=PT . N
=0 /=0

[00380] Step I: Preparation of tert-butyl (3S,4R)-3-(((benzyloxy)carbonyl)amino )-4-
Sfluoropyrrolidine-1-carboxylate

[00381] To a solution of ferz-butyl (35,4R)-3-amino-4-fluoropyrrolidine-1-carboxylate
(250 mg, 1.22 mmol, 1.0 eq.) and sodium hydrogen carbonate (512 mg, 6.10 mmol, 5.0 eq.)
in THF (10 mL ) and water (2 mL) was added benzyl carbonochloridate (416 mg, 2.44 mmol,
2.0 eq.) at room temperature. After addition, the reaction mixture was stirred at room
temperature overnight. After completion, the reaction mixture was poured into water (10 mL)
and extracted with EtOAc (10 mL x 3). The combined organic phase was washed with brine
(10 mL), dried over anhydrous Na2SO4, and concentrated under reduced pressure to afford
tert-butyl (35,4R)-3-(((benzyloxy)carbonyl)amino)-4-fluoropyrrolidine- 1-carboxylate (2, 400
mg, 1.18 mmol, 97%) as a yellow oil, which was used in next step directly without further
purification. LCMS (ESI): m/z = 361.1 [M+Na]™.

[00382] Step 2: Preparation of benzyl ((3S,4R)-4-fluoropyrrolidin-3-yl)carbamate

[00383] A solution of terz-butyl (35,4R)-3-(((benzyloxy)carbonyl)amino)-4-
fluoropyrrolidine-1-carboxylate (200mg, 0.59 mmol, 1.0 eq.) in DCM (1 mL) and TFA (0.5

mL) was stirred at 25 °C overnight under N». After completion, the reaction mixture was
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concentrated under reduced pressure to get crude benzyl ((35,4R)-4-fluoropyrrolidin-3-
yl)carbamate (140 mg, quant.) as a white solid, which was used in next step directly without
further purification. LCMS (ESI): m/z = 239.3 [M+H]*.

[00384]  Step 3: Preparation of benzyl ((3S,4R)-1-acetyl-4-fluoropyrrolidin-3-yl)carbamate
[00385] To a solution of benzyl ((3S,4R)-4-fluoropyrrolidin-3-yl)carbamate (140 mg, 0.59
mmol, 1.0 eq.) and TEA (179 mg, 1.77 mmol, 3.0 eq.) in dry DCM (6 mL) was added acetyl
chloride (46.0 mg, 0.59 mmol, 1.0 eq.) at 0 °C. After addition, the resulting mixture was
warmed up to 20 °C and stirred for 2 h under N». After completion, the reaction mixture was
poured into water (10 mL) and extracted with DCM (10 mL x 3). The organic layers were
combined and washed with brine (10 mL), dried over anhydrous Na;SOs, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel to afford benzyl ((35,4R)-1-acetyl-4-fluoropyrrolidin-3-yl)carbamate (611 mg, 1.29
mmol, 62%) as a white solid. LCMS (ESI): m/z = 281.1 [M+H]".

[00386] Step 4: Preparation of 1-((3S,4R)-3-amino-4-fluoropyrrolidin-1-yl)ethan-1-one
[00387] To a solution of benzyl ((3S,4R)-1-acetyl-4-fluoropyrrolidin-3-yl)carbamate (250
mg, 1.22 mmol, 1.0 eq.) in EtOH (10 mL) was added Pd/C (50 mg) under nitrogen. The
suspension was degassed under vacuum and purged with H» several times. The resulting
mixture was stirred at room temperature overnight. After completion, the suspension was
filtered through a pad of Celite®, the filter cake was washed with EtOH (20 mL). The
combined filtrates were concentrated to dryness to give 1-((35,4R)-3-amino-4-
fluoropyrrolidin-1-yl)ethan-1-one (375 mg, 2.10 mmol, 87%) as a colorless oil. LCMS (ESI):
m/z = 147.1 [M+H]".

[00388] Synthesis of (R)-azetidin-3-yl(2-methylmorpholino)methanone

Q o] [¢]

Step 1 D)L Step 2 /j)k

OH —=—F N —=bs . N

| ’UA y ~ Y
Boc

[00389] Step I: Preparation of tert-butyl (R)-3-(2-methylmorpholine-4-carbonyl)azetidine-

Boc

1-carboxylate

[00390] To a solution of 1-[(tert-butoxy)carbonyl]azetidine-3-carboxylic acid (1, 100 mg,
496 umol, 1.0 eq.), HATU (226 mg, 595 umol, 1.2 eq.), and triethylamine (100 mg, 992
umol, 2.0 eq.) in DMF (2 mL) was added (2R)-2-methylmorpholine (55.1 mg, 545 pmol, 1.1
eq.) and the resulting mixture was stirred at 20 °C overnight under Na2. After completion, the

reaction mixture was filtered and concentrated under reduced pressure. The residue was
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purified by Biotage® C18 column chromatography to get zert-butyl (R)-3-(2-
methylmorpholine-4-carbonyl)azetidine- 1-carboxylate (2, 140 mg, 492 pmol, 99%) as a
white solid. LCMS (ESI): m/z = 229.2 [(M-56)+H]*.

[00391]  Step 2: Preparation of (R)-azetidin-3-yl(2-methylmorpholino)methanone

[00392] A solution of fert-butyl (R)-3-(2-methylmorpholine-4-carbonyl)azetidine-1-
carboxylate (2, 50 mg, 175 pmol, 1.0 eq.) in DCM (6 mL) and TFA (2 mL) was stirred at 25
°C overnight under Na. After completion, the reaction mixture was concentrated to get crude
(R)-azetidin-3-yl(2-methylmorpholino)methanone (3, 40.0 mg, quant.) as a white solid, which
was used in next step directly without further purification. LCMS (ESI): m/z = 185.3 [M+H]*.
[00393] The following building blocks were prepared according to the above scheme:
[00394] The following intermediates in Table 20 were prepared according to the
procedures described for (R)-azetidin-3-yl(2-methylmorpholino)methanone utilizing

appropriate starting materials and modifications.

Table 20.

Name Structure LCMS
(R)-azetidin-3-yl(3- q = 185
methylmorpholino)methanone HNT/)L N|\/>o [M+H]*
(8)-azetidin-3-yl(2- Q . 185.2
methylmorpholino)methanone HN# Nk/o [M+H]*
(S)-azetidin-3-yl(3- q J\ 185
methylmorpholino)methanone HN@)\ N )i [M+H]*

[00395]  Synthesis of (R)-morpholino(pyrrolidin-3-yl)methanone

N-Cbz ‘ N-Cbz ‘ NH
HO Q Step 1 O/\\N Step 2 O/\\
R =

[00396] Step I: Preparation of benzyl (R)-3-(morpholine-4-carbonyl)pyrrolidine-1-
carboxylate

[00397] To a solution of (R)-1-((benzyloxy)carbonyl)pyrrolidine-3-carboxylic acid (0.15
g, 0.60 mmol) and HATU (0.34 g, 0.90 mmol) in DMF (1 mL) was added morpholine (58
mg, 0.66 mmol) and DIEA (0.23 g, 1.8 mmol) and stirred at 15 °C for 1 h to give a brown
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solution. The solution was quenched by water (10 mL) and extracted with EtOAc (10 mL x
2), the combined organic layers were washed with saturated brine (10 mL x 3), dried over
NazSOy, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel chromatography to give benzyl (R)-3-(morpholine-4-carbonyl)pyrrolidine-1-carboxylate
(0.10 g, 52% yield) as a brown oil. 'H NMR (400 MHz, CDCl3) § 7.41 - 7.28 (m, 5H), 5.14
(s, 2H), 3.68 (d, ] =4.4 Hz, 9H), 3.53 - 3.40 (m, 3H), 3.24 - 3.16 (m, 1H), 2.34 - 2.13 (m,
1H), 1.49 - 1.42 (m, 1H).

[00398] Step 2: Preparation of (R)-morpholino(pyrrolidin-3-yl)methanone

[00399] To a solution of benzyl (R)-3-(morpholine-4-carbonyl)pyrrolidine-1-carboxylate
(0.10 g, 0.31 mmol) in MeOH (5 mL) was added wet Pd/C (0.10 g) and stirred at 15 °C under
Ha> (15 psi) for 2 h to give a black suspension. The reaction mixture was filtered and
concentrated in vacuum to give (R)-morpholino (pyrrolidin-3-yl)methanone (60 mg, crude)
as a colorless oil. LCMS: (ESI) m/z [M+H]* = 185.3

[00400] The following intermediates in Table 21 were prepared according to the
procedures described for (R)-morpholino(pyrrolidin-3-yl)methanone utilizing appropriate

starting materials and modifications.

Table 21.
Name Structure LCMS
(S)-morpholino(pyrrolidin-3- ~ NH 185
yDmethanone O\\/N ( [M+H]*

[00401] Synthesis of (S)-1-(tetrahydrofuran-3-yl)azetidin-3-amine

NHBoc NH,

OH OMs d d
C’S Step 1 (S Step 2 N Step 3 N
o o » -

o] 0]

[00402] Step I: Preparation of (R)-tetrahydrofuran-3-yl methanesulfonate

[00403] To a solution of (R)-tetrahydrofuran-3-ol (2.0 g, 23 mmol, 1.0 eq) and TEA (6.9 g,
69 mmol, 3.0 eq) in DCM (20 mL) was added dropwise methanesulfonyl chloride (3.4 g, 29
mmol, 1.3 eq) at 0 °C, the mixture was stirred at 25 °C for 2 h to give a yellow mixture. The
mixture was quenched by H>O (50 mL) and extracted with DCM (50 mL x 2), the combined
organic layers were dried over NaxSOu, filtered, and concentrated to give (R)-
tetrahydrofuran-3-yl methanesulfonate (3.5 g, crude) as a yellow oil. "H NMR (400 MHz,
CDCl3) 6 5.28 - 5.20 (m, 1H), 3.99 - 3.75 (m, 4H), 2.97 (s, 3H), 2.23 - 2.11 (m, 2H)
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[00404] Step 2: Preparation of tert-butyl (S)-(1-(tetrahydrofuran-3-yl)azetidin-3-
yl)carbamate

[00405] To a solution of (R)-tetrahydrofuran-3-yl methanesulfonate (1.5 g, 9.0 mmol, 1.0
eq) and tert-butyl azetidin-3-ylcarbamate (4.7 g, 27 mmol, 3.0 eq) in MeCN (15 mL) was
added K2COs3 (5.6 g, 41 mmol, 4.5 eq), the mixture was stirred at 80 °C for 12 h to give a
light-yellow suspension. The mixture was filtered and concentrated to give a residue. The
residue was purified by column chromatography to give tert-butyl (S)-(1-(tetrahydrofuran-3-
yl)azetidin-3-yl)carbamate (0.6 g, crude) was obtained as a yellow oil. LCMS: (ESI) m/z
[M+H]*=243.0

[00406]  Step 3: Preparation of (S)-1-(tetrahydrofuran-3-yl)azetidin-3-amine

[00407] A solution of tert-butyl (S)-(1-(tetrahydrofuran-3-yl)azetidin-3-yl)carbamate (0.10
mg, 0.41 mmol, 1 eq) in DCM (1.5 mL) and TFA (0.50 mL) was stirred at 25 °C for 2 h to
give a pink solution. The reaction mixture was concentrated under reduced pressure to give
(S)-1-(tetrahydrofuran-3-yl)azetidin-3-amine (0.10 mg, crude) as a yellow oil. LCMS: (EST)
m/z [M+H]* = 143.3

[00408] The following intermediates in Table 22 were prepared according to the
procedures described for (S)-1-(tetrahydrofuran-3-yl)azetidin-3-amine utilizing appropriate

starting materials and modifications.

Table 22.
Name Structure LCMS
(R)-1-(tetrahydrofuran-3- NH; 143
yDazetidin-3-amine 4 [M+H]*
.

[00409] Synthesis of (3S,4R)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-amine

- HN-Boc HN-Boc NHy
F. F
\ES Step 1 \CS Step 2 \ES
N N N
H
7\ 7\
N N

— —

[00410] Step I: Preparation of tert-butyl ((3S,4R)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-

yl)carbamate
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[00411] To a solution of tert-butyl ((3S,4R)-4-fluoropyrrolidin-3-yl)carbamate (0.1 g, 0.49
mmol, 1.0 eq) in dioxane (2.5 mL) was added 3-bromopyridine (93 mg, 0.59 mmol, 1.2 eq),
Xantphos (25 mg, 44 pumol, 0.1 eq) and cesium carbonate (0.25 g, 0.78 mmol, 1.6 eq), the
reaction was degassed and purged with N2 three times, then was added Pdax(dba)s (0.13 g, 14
umol, 0.3 eq). The resulting reaction mixture was stirred at 100 °C for 72 h to give a black
suspension. The reaction mixture was filtered and the filtrate was concentrated to give a
residue. The residue was diluted with water (50 mL) and extracted with EtOAc (50 mL x 2),
and the combined organic layers were washed with saturated brine (50 mL x 2), dried over
NazSOq, filtered, and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography to give tert-butyl ((3S,4R)-4-fluoro-1-(pyridin-3-
yDpyrrolidin-3-yl)carbamate (0.1 g, 73% yield) as a yellow oil. LCMS: (EST) m/z [M+H]*
=282.1

[00412]  Step 2: Preparation of (3S,4R)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-amine
[00413] A solution of tert-butyl ((3S,4R)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-
yl)carbamate (0.1 g, 0.36 mmol, 1.0 eq) in DCM (0.3 mL) and trifluoroacetic acid (0.1 mL)
was stirred at 20 °C for 1 h to give a yellow solution. The reaction mixture was concentrated
under reduced pressure to give (35,4R)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-amine (0.1 g,
crude) as a yellow oil. LCMS: (ESI) m/z [M+H]* =182.1

[00414] The following intermediates in Table 23 were prepared according to the
procedures described for (35,4R)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-amine utilizing

appropriate starting materials and modifications.

Table 23.
Name Structure LCMS
(35.4S)-4-fluoro-1-(pyridin-3- £ 182
yDpyrrolidin-3-amine > D‘NHz [M+H]*
|
x

[00415] Preparation of 1-((3S.4S)-3-amino-4-fluoropyrrolidin-1-yl)ethan-1-one

HN-Boc HN-Boc NH,
Fa, Fa, Fa,
Step 1 Step 2
N N N
H
O)\ o)\

[00416] Step I: Preparation of tert-butyl ((3S,4S)-1-acetyl-4-fluoropyrrolidin-3-

yl)carbamate
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[00417] A solution of tert-butyl ((35,4S)-4-fluoropyrrolidin-3-yl)carbamate (0.1 g, 0.49
mmol, 1 eq) in DCM (0.5 mL) was added TEA (0.1 g, 0.98 mmol, 2 eq), the mixture was
stirred at 0 °C for 5 minutes, then was added a solution of Ac2O (0.05 g, 0.49 mmol, leq) in
DCM (0.5 mL), the mixture was stirred at 25 °C for 30 minutes. The reaction mixture was
diluted with water (50 mL) and extracted with EtOAc (50 mL x 2), the combined organic
layers were washed with saturated brine (50 mL x 2), dried over Na2SOys, filtered, and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (Si0O-, Petroleum ether/EtOAc =10 : 1 to 3 : 1) to give tert-butyl ((35,45)-1-
acetyl-4-fluoropyrrolidin-3-yl)carbamate (60 mg, 49% yield) as a yellow oil. LCMS: (ESI)
m/z [M+H]* = 247.1

[00418]  Step 2: Preparation of 1-((35,4S)-3-amino-4-fluoropyrrolidin-1-yl)ethanone
[00419] A solution of tert-butyl ((35,4S5)-1-acetyl-4-fluoropyrrolidin-3-yl)carbamate (60
mg, 0.24 mmol, 1 eq) in TFA (0.3 mL) and DCM (0.9 mL) was stirred at 25 °C for 30
minutes to give yellow solution. The reaction mixture was concentrated under reduced
pressure to give 1-((3S,45)-3-amino-4-fluoropyrrolidin-1-yl)ethanone (60 mg, crude) as a
yellow oil. LCMS: (ESI) m/z [M+H]* = 147.2

[00420] The following intermediates in Table 24 were prepared according to the
procedures described for 1-((35,4S)-3-amino-4-fluoropyrrolidin-1-yl)ethan-1-one utilizing

appropriate starting materials and modifications.

Table 24.
Name Structure LCMS
1-((3S,4R)-3-amino-4- % 147
fluoropyrrolidin-1-yl)ethan-1-one )J\NQ AN, [M+H]*

%

[00421] Synthesis of 2-phenyl-1-(2,6-diazaspiro[3.3]heptan-2-yl)ethan-1-one

-B N-Boc NH
©ACOOH N DQN oc Step 1 mr@% Step 2 mN%
HN —_— K —_— d

[00422]  Step I: Preparation of tert-butyl 6-(2-phenylacetyl)-2,6-diazaspiro[3.3]heptane-2-

carboxylate
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[00423] To a solution of 2-phenylacetic acid (0.20 g, 1.5 mmol, 1 eq) in DMF (1 mL) was
added HATU (0.83 g, 2.2 mmol, 1.5 eq) and DIEA (0.38 g, 3.0 mmol, 2 eq), then the solution
of tert-butyl 2,6-diazaspiro [3.3]heptane-2-carboxylate (0.35 g, 1.8 mmol, 1.2 eq) in DMF (1
mL) and DIEA (0.57 g, 4.5 mmol, 3 eq) was added, the mixture was stirred at 25 °C for 2 h

to give a yellow solution. The mixture was quenched by water (10 mL) and extracted with
EtOAc (10 mL x 2), the combined organic layers were washed with saturated brine (10 mL x
2), dried over NaxSOs, filtered, and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (SiO2, DCM: MeOH= 100: 1 to 10: 1)
to give tert-butyl 6-(2-phenylacetyl)-2,6-diazaspiro[3.3]heptane-2-carboxylate (0.100 g, 23%
yield) as a yellow oil. LCMS: (EST) m/z [M+H]* =317.0

[00424]  Step 2: Preparation of 2-phenyl-1-(2,6-diazaspiro[3.3]heptan-2-yl)ethanone
[00425] To a solution of tert-butyl 6-(2-phenylacetyl)-2,6-diazaspiro[3.3]heptane-2-
carboxylate (0.1 g, 0.32 mmol, 1 eq) in DCM (3 mL) and TFA (1 mL), the mixture was
stirred at 25 °C for 2 h to give a yellow solution. The reaction mixture was concentrated
under reduced pressure to give 2-phenyl-1-(2,6-diazaspiro[3.3]heptan-2-yl)ethanone (0.100 g,
crude) as a yellow oil (3-methylazetidin-3-yl)(piperidin-1-yl)methanone: 'H NMR (400 MHz,
CDCl3) 6 4.07 - 3.96 (m, 2H), 3.67 (s, 2H), 3.24 - 3.13 (m, 2H), 3.09 (s, 2H), 2.99 (s, 2H),
2.91 (s, 2H), 1.74 (s, 3H).

[00426] The following intermediates in Table 25 were prepared according to the
procedures described for 2-phenyl-1-(2,6-diazaspiro[3.3]heptan-2-yl)ethan-1-one utilizing

appropriate starting materials and modifications.

Table 25.
Name Structure LCMS
)
(3-fluoroazetidin-3- N)SCNH 189.2 +
yl)(morpholino)methanone o JF [M+H]
i 171.0
azetidin-3-yl(3-methoxyazetidin- N)KC\ ‘
1-yl)methanone \O/C/ NH [M+H]*
)
1-(3-aminoazetidin-1-yl)-4,4,4- F N 197.0
trifluorobutan- 1-one F>F(\)L \j\NHZ [M+H]*

[00427] Synthesis of 4-(3-fluoroazetidin-3-yl)benzonitrile
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N° Boc N,Boc NH
Br_©_,C/ Step 1 NC_©7C/ Step 2 NC
F F F

[00428]  Step I: Preparation of tert-butyl 3-(4-cyanophenyl)-3-fluoroazetidine-1-
carboxylate

[00429] To a solution of tert-butyl 3-(4-bromophenyl)-3-fluoroazetidine-1-carboxylate
(0.50 g, 1.5 mmol, 1.0 eq) in DMF (10 mL) was added K4Fe(CN)s (0.16 g, 0.38 mmol, 0.25
eq), sodium carbonate (0.16 mg, 1.51 mmol, 1.0 eq) and Pd(dppf)Cl> (55 mg, 75.5 pumol, 0.05
eq), the mixture was stirred at 25 °C for 12 h to give a black mixture. The reaction mixture
was filtered and the filtrate was diluted with water (50 mL) and extracted with EtOAc (50 mL
x 2), the combined organic layers were washed with saturated brine (50 mL x 2), dried over
NaxSOys, filtered, and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography to give tert-butyl 3-(4-cyanophenyl)-3-
fluoroazetidine- 1-carboxylate (0.35 g, 83% yield) as a white solid. LCMS: (ESI) m/z [M+H]*
=277.0

[00430]  Step 2: Preparation of 4-(3-fluoroazetidin-3-yl)benzonitrile

[00431] A solution of tert-butyl 3-(4-cyanophenyl)-3-fluoroazetidine-1-carboxylate (0.25
mg, 0.90 mmol, 1.0 eq) in DCM (1.5 mL) and TFA (0.50 mL) was stirred at 25 °C for 30
minutes to give a yellow solution. The reaction mixture was concentrated under reduced
pressure to give 4-(3-fluoroazetidin-3-yl)benzonitrile (0.16 g, crude) as a yellow oil. LCMS:
(EST) m/z [M+H]*=177.3

[00432]  Synthesis of 2-(4-amino-[1,1'-biphenyl]-3-yl)propanamide

NO, NO,
Step 1 Br@s\ Step 2 Brﬁ%\ Step 3
0~ ~CI

0% “NH,

Br

NO, NH2

NO,
O~ "OH
NO,
O NH, Step 4 O NHp Step 5 O NHy
ol O &

[00433] Step I: Preparation of 2-(5-bromo-2-nitrophenyl)acetyl chloride
[00434] A solution of 2-(5-bromo-2-nitrophenyl)acetic acid (1.0 g, 3.8 mmol, 1 eq) in

SOCI; was stirred at 80 °C for 1 h . The reaction mixture was concentrated under reduced
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pressure to give 2-(5-bromo-2-nitrophenyl)acetyl chloride (1 g, crude) as a yellow oil.
LCMS: (ESI) m/z (M+MeOH)* =273.9.

[00435] Step 2: Preparation of 2-(5-bromo-2-nitrophenyl)acetamide

[00436] To a solution of 2-(5-bromo-2-nitrophenyl)acetyl chloride (1.0 g, 3.6 mmol, 1 eq)
in THF (20 mL) was added dropwise NH3-H>O (0.63 g, 17 mmol, 5 eq) at 0 °C, and the
reaction mixture was stirred at 25 °C for 2 h . The reaction mixture was concentrated under
reduced pressure to give residue. The residue was purified by column chromatography to give
2-(5-bromo-2-nitrophenyl)acetamide (0.8 g, 86% yield) as a white solid. LCMS: (ESI) m/z
[M+H]* =258.9.

[00437]  Step 3: Preparation of 2-(4-nitro-[1,1"-biphenyl]-3-yl)acetamide

[00438] To a solution of 2-(5-bromo-2-nitrophenyl)acetamide (0.8 g, 3.1 mmol, 1 eq) in
dioxane (10 mL) and H20 (1 mL) was added Na>COs3 (0.65 g, 6.2 mmol, 2 eq) and
phenylboronic acid (0.45 g, 3.7 mmol, 1.2 eq), then Pd(dppf)Cl> (0.22 g, 0.31 mmol, 0.1 eq)
was added under N2, the mixture was stirred at 100 °C for 12 h. The reaction mixture was
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography to give 2-(4-nitro-[1,1'-biphenyl]-3-yl)acetamide (0.5 g, 63% yield) as a
white solid. LCMS: (ESI) m/z [M+H]* = 257.0.Step 4: Preparation of 2-(4-nitro-[1,1'-
biphenyl]-3-yl)propenamide

[00439] To a solution of 2-(4-nitro-[1,1'-biphenyl]-3-yl)acetamide (50 mg, 0.19 mmol, 1
eq) in dimethylformamide (10 mL) was added cesium carbonate (0.13 g, 0.38 mmol, 2 eq)
and methyl iodide (41 mg, 0.29 mmol, 1.5 eq), the mixture was stirred at 80 °C under
microwave irradiation for 2 h . The reaction mixture was concentrated under reduced pressure
to give a residue. The residue was purified by column chromatography to give 2-(4-nitro-
[1,1'-biphenyl]-3-yl)propanamide (34 mg, 64% yield) as a white solid. LCMS: (ESI) m/z
[M+H]* =271.2.

[00440]  Step 5: Preparation of 2-(4-amino-[ 1,1'-biphenyl]-3-yl)propanamide

[00441] To a solution of 2-(4-nitro-[1,1'-biphenyl]-3-yl)propanamide (30 mg, 0.11 mmol,
1 eq) in ethyl alcohol (0.4 mL) and water (0.1 mL) was added ammonium chloride (18 mg,
0.33 mmol, 3 eq) and iron (61 mg, 1.1 mmol, 10 eq). The mixture was stirred at 25 °C for 4 h
. The reaction mixture was filtered and the filtrate was concentrated to give 2-(4-amino-[1,1'-
biphenyl]-3-yl)propanamide (30 mg, crude) as a white solid. LCMS: (ESI) m/z [M+H]* =
241.1

[00442] Synthesis of (R)-azetidin-3-yl(3-methoxypyrrolidin-1-yl)methanone
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[00443]  Step I: Preparation of benzyl (R)-3-(3-hydroxypyrrolidine-1-carbonyl)azetidine-
1-carboxylate

[00444] To a solution of 1-((benzyloxy)carbonyl)azetidine-3-carboxylic acid (0.5 g, 2.1
mmol, 1 eq) in DMF (5 mL) was added HATU (1.2 g, 3.2 mmol, 1.5 eq), DIEA (0.82 g, 6.3
mmol, 3 eq) and (R)-pyrrolidin-3-ol (0.18 g, 2.1 mmol, 1 eq), the mixture was stirred at 25 °C
for 2 h to give a yellow solution. The mixture was diluted with water (20 mL) and extracted
with EtOAc (20 mL x 2), the combined organic layers were washed with saturated brine (20
mL x 2), dried over Na>SOs, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by flash silica gel chromatography to give benzyl (R)-3-(3-
hydroxypyrrolidine- 1-carbonyl)azetidine- 1-carboxylate (0.55 g, 85% yield) as a yellow oil.
'H NMR (400 MHz, CDCl3) § 7.44 - 7.30 (m, 5H), 5.16 - 5.02 (m, 2H), 4.59 - 4.49 (m, 1H),
4.37 - 4.06 (m, 5H), 3.74 - 3.16 (m, 6H).

[00445]  Step 2: Preparation of benzyl (R)-3-(3-methoxypyrrolidine-1-carbonyl)azetidine-
1-carboxylate

[00446] To a solution of benzyl (R)-3-(3-hydroxypyrrolidine-1-carbonyl)azetidine-1-
carboxylate (50 mg, 0.16 mmol, 1 eq) in THF (1 mL) was added NaH (13 mg, 0.33 mmol, 2
eq) at 0 °C and stirred for 10 minutes under N2, then added methyl iodide (47 mg, 0.33 mmol,
2 eq). The mixture was stirred at 25 °C for 2 h to give a white suspension. The reaction
mixture was quenched by H>O (1 mL), then was concentrated under reduced pressure to give
a residue. The residue was purified by flash silica gel chromatography to give benzyl (R)-3-
(3-methoxypyrrolidine-1-carbonyl)azetidine-1-carboxylate (22 mg, 42% yield) as a yellow
oil. "TH NMR (400 MHz, CDCl3) & 7.44 - 7.30 (m, 5H), 5.11 (s, 2H), 4.17-8.15 (m, 2H), 4.07 -
3.92 (m, 1H), 3.79 - 3.38 (m, 6H), 3.34 (d, ] = 3.2 Hz, 3H), 2.22 - 1.79 (m, 2H), 1.77 - 1.41
(m, 1H).

[00447]  Step 3: Preparation of (R)-azetidin-3-yl(3-methoxypyrrolidin-1-yl)methanone
[00448] To a solution of benzyl (R)-3-(3-methoxypyrrolidine-1-carbonyl)azetidine-1-
carboxylate (50 mg, 0.16 mmol, 1 eq) in MeOH (2.5 mL) was added Pd/C (10 mg) under N».
The mixture was stirred at 25 °C for 16 h under Hz (15 psi) to give a black suspension. The
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reaction mixture was filtered and the filtrate was concentrated to give (R)-azetidin-3-yl(3-
methoxypyrrolidin-1-yl)methanone (40 mg, crude) as a yellow oil.

[00449]  Synthesis of (R)-1-(1H-pyrazol-4-yl)pyrrolidin-3-amine

NHBoc NH,
* ; - 8
eﬁ Step 1 gﬁ Step 2 N Step 3 N
N > = >
N-NH NNegem h ~
NN N ~NH
N sEm N”

[00450] Step 1: Preparation of 4-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole
[00451] To a solution of 4-bromo-1H-pyrazole (2.0 g, 14 mmol, 1 eq) in THF (30 mL) was
cooled to 0 °C, then sodium hydride (1.1 g, 27 mmol, 1.5 eq) was added at 0 °C under No.
The mixture was stirred at 0 °C for 30 min then SEMCI (3.4 g, 20 mmol, 1.5 eq) was added
dropwise at 0 °C. The mixture was stirred at 25 °C for 12 h under N> to give a yellow
solution. The reaction mixture was quenched by H20 (20 mL) at 0 °C, then was diluted with
water (50 mL) and extracted with EtOAc (50 mL x 2), the combined organic layers were
washed with saturated brine (50 mL x 2), dried over Na>SQOyu, filtered, and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography
(8102, Petroleum ether/EtOAc =1 : 0 to 95 : 5) to give 4-bromo-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazole (1.2 g, 31% yield) as a white solid. 'H NMR
(400 MHz, METHANOL-d4) 6 7.93 (s, 1H), 7.54 (s, 1H), 5.40 (s, 2H), 3.62 - 3.50 (m, 2H),
0.91 - 0.83 (m, 2H), 0.05 - 0.09 (m, 9H).

[00452]  Step 2: Preparation of (R)-tert-butyl (1-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)pyrrolidin-3-yl)carbamate

[00453] To a solution of 4-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole (0.50
g, 1.8 mmol, 1 eq), tert-butyl (R)-pyrrolidin-3-ylcarbamate (0.67 g, 3.6 mmol, 2 eq),
potassium tert-butoxide (0.40 g, 3.6 mmol, 2 eq) in ortho-xylene (10 mL) was degassed and
purged with N> for three times, and then the mixture was added Pd»(dba)s (0.16 g, 0.18
mmol, 0.1 eq) and t-BuDavephos (0.12 g, 0.36 mmol, 0.2 eq). The mixture was stirred at 90
°C for 12 h to give a black solution under. The mixture was diluted with water (50 mL) and
extracted with EtOAc (50 mL x 2), the combined organic layers were washed with saturated
brine (50 mL x 2), dried over Na>SOy, filtered, and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (SiO:, Petroleum
ether/EtOAc =1: 0 to 6 : 1) to give (R)-tert-butyl (1-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-pyrazol-4-yl)pyrrolidin-3-yl)carbamate (60 mg, 8.7% yield) as a white solid. 'H NMR
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(400 MHz, METHANOL-d4) 6 7.26 - 7.13 (m, 2H), 5.38 - 5.25 (m, 2H), 4.24 - 4.14 (m, 1H),
3.57 - 3.48 (m, 2H), 3.21 (m, 1H), 3.05 (m, 1H), 2.93 — 2.89 (m, 1H), 2.33 - 2.22 (m, 1H),
1.90 - 1.79 (m, 1H), 1.48 - 1.41 (m, 9H), 1.36 - 1.27 (m, 1H), 0.92 - 0.82 (m, 2H), 0.03 -0.06
(m, 9H).

[00454]  Step 3: Preparation of (R)-1-(1H-pyrazol-4-yl)pyrrolidin-3-amine

[00455] A solution of (R)-tert-butyl (1-(1-((2-(trimethylsilyl)ethoxy)methyl)- 1H-pyrazol-
4-yl)pyrrolidin-3-yl)carbamate (30 mg, 78 umol, 1 eq) in DCM (2 mL) and TFA (2 mL) was
stirred at 25 °C for 1 h . The reaction mixture was concentrated under reduced pressure to
give (R)-1-(1H-pyrazol-4-yl)pyrrolidin-3-amine (30 mg, crude) as a yellow oil. LCMS: (EST)
m/z [M+H]*=153.0

[00456] Synthesis of (R)-3-aminopyrrolidine-1-carboxamide

Boc Hv-Boe
HN~ S

Step 1 O Step 2 O
HN Y

(e}

[00457]  Step I: Preparation of tert-butyl (R)-(1-carbamoylpyrrolidin-3-yl)carbamate
[00458] To a solution of tert-butyl (R)-pyrrolidin-3-ylcarbamate (1.0 g, 5.4 mmol, 1.0 eq)
in 1,4-dioxane (20 mL) was added urea (1.3 g, 16 mmol, 3.0 eq), the mixture was stirred at
140 °C for 12 h to give a yellow solution. The reaction mixture was concentrated under
reduced pressure to give a residue. The residue was washed by DCM and filtered. The filtrate
was concentrated to give a residue. The residue was purified by flash silica gel
chromatography to give tert-butyl (R)-(1-carbamoylpyrrolidin-3-yl)carbamate (0.800 g, 66%
yield) as a white solid. "H NMR (400 MHz, CDCl3) § 5.06 - 4.06 (m, 4H), 3.62 (dd, ] = 6.0,
10.4 Hz, 1H), 3.48 (s, 2H), 3.25 (dd, ] = 3.6, 10.0 Hz, 1H), 2.28 - 2.08 (m,1H), 1.90 (dd, J =
6.4, 12.0 Hz, 1H), 1.45 (s, 9H)

[00459]  Step 2: Preparation of (R)-3-aminopyrrolidine-1-carboxamide

[00460] A solution of tert-butyl (R)-(1-carbamoylpyrrolidin-3-yl)carbamate (0.8 g, 3.5
mmol, 1 eq) in DCM (10 mL) and trifluoroacetic acid (3 mL) was stirred at 20 °C for 1 h to
give a white solution. The reaction mixture was concentrated under reduced pressure to give
(R)-3-aminopyrrolidine-1-carboxamide (1 g, crude) as a yellow oil. LCMS: (ESI) m/z
[M+H]* =130.1.

[00461] Synthesis of 1-(pyridin-2-yl)azetidin-3-amine
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[00462]  Step I: Preparation of tert-butyl (1-(pyridin-2-yl)azetidin-3-yl)carbamate
[00463] To a solution of 2-bromopyridine (0.50 g, 3.2 mmol, 1 eq) and tert-butyl azetidin-
3-ylcarbamate (0.54 g, 3.2 mmol, 1 eq) in DMF (5 mL) was added K2CO3 (1.3 g, 9.5 mmol, 3
eq). The mixture was stirred at 80 °C for 16 h to give an off-white suspension. The reaction
mixture was quenched by water (30 mL) and extracted with EtOAc 90 mL (30 mL x 3). The
combined organic layers were washed with saturated brine (30 mL), dried over Na>SO4,
filtered, and concentrated under reduced pressure to give a residue. The residue was purified
by prep-HPLC (column: YMC Triart C18 250 x 50 mm x 7 um; mobile phase: [water (FA) -
ACN]; B%: 7% - 37%, 10 min) follow by lyophilization to give tert-butyl (1-(pyridin-2-
yDazetidin-3-yl)carbamate (0.12 g, 15% yield) as a white solid. LCMS: (ESI) m/z [M+H]* =
250.1

[00464]  Step 2: Preparation of 1-(pyridin-2-yl)azetidin-3-amine

[00465] A solution of tert-butyl (1-(pyridin-2-yl)azetidin-3-yl)carbamate (0.10 g, 0.40
mmol, 1 eq) in DCM (0.9 mL) and TFA (0.3 mL) was stirred at 25 °C for 1 h to give a light-
yellow solution. The reaction mixture was concentrated under reduced pressure to give 1-
(pyridin-2-yl)azetidin-3-amine (0.10 g, crude) as a yellow oil. LCMS: (ESI) m/z [M+H]* =
150.2

[00466] SFC method:

O O O

HN HN—¢ HN
chiral SFC B
NH _ . NH + ' NH
HCI separation 3
NC NC NC

[00467]  After chiral SFC separation (column name : Cellulose 4, 15% Methanol (0.1%
DEA), Flow Rate: 4 mL/min, Injected Volume: 14 pL, Outlet Pressure: 100 bar), (3R,4'R)-2-
oxospiro[indoline-3,3'-pyrrolidine]-4'-carbonitrile (fastest eluting enantiomer) and (35,4'S)-2-
oxospiro[indoline-3,3'-pyrrolidine]-4'-carbonitrile (slowest eluting enantiomer) were isolated.
Relative stereochemistry of oxospiro[indoline-3,3'-pyrrolidine] system is as drawn but
absolute stereochemistry is unknown.

[00468] Representative Procedures for General Schemes

[00469] Representative Procedure: General Scheme 1 (Phosphonate acids):
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[00470] Synthesis of (difluoro(2-({((35,6S,7aS,8aR,9aR)-3-(3-((R)-2-methylmorpholine-4-
carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-aJazocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (Example 1)

ONS . HND)H«\O( _ st @r@gg

Ho;\o I Ao _ NHBoc

0

L

_ Step2 O O)j __ Step3 ’K’N)/CN’R 0
N’\ 0

O\\P\ _OH
OH

[00471]  Step 1: Preparation of tert-butyl ((3S,6S,7aS,8aR,9aR)-3-(3-((R)-2-
methylmorpholine-4-carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[ 1,2-a]azocin-6-yl)carbamate
[00472] To a solution of (35,65,7aS,8aR,9aR)-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydro-1H-cyclopropald]pyrrolo| 1,2-a]azocine-3-carboxylic acid (50 mg, 147 pmol,
1.0 eq.), HATU (66.8 mg, 176 umol, 1.2 eq.) and triethylamine (44.6 mg, 441 pmol, 3.0 eq.)
in DMF (2 mL) was added (R)-azetidin-3-yl(2-methylmorpholino)methanone (29.6 mg, 161
umol, 1.1 eq.) and the resulting mixture was stirred at 20 °C overnight under N». After
completion, the reaction mixture was filtered and concentrated under reduced pressure. The
residue was purified by Biotage® C18 column chromatography to get terz-butyl
((35,65,7aS,8aR,9aR)-3-(3-((R)-2-methylmorpholine-4-carbonyl)azetidine- 1-carbonyl)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-aJazocin-6-yl)carbamate (70.0 mg, 138 umol,
94%) as a white solid. LCMS (ESD): m/z = 505.4 [M+H]*.
[00473]  Step 2: Preparation of (55,88, 10aR)-3-acetyl-5-amino-8-(6-phenyl-4-
azaspiro[ 2.4 ]heptane-4-carbonyl)octahydropyrrolo[1,2-a][1,5]diazocin-6(1H)-one
[00474] A solution of tert-butyl ((35,65,7aS,8aR,9aR)-3-(3-((R)-2-methylmorpholine-4-
carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[1,2-a]azocin-6-
yDcarbamate (80 mg, 158 umol, 1.0 eq.) in DCM (6 mL) and TFA (2 mL) was stirred at 25
°C overnight under N». After completion, the reaction mixture was concentrated to get crude
(55.85,10aR)-3-acetyl-5-amino-8-(6-phenyl-4-azaspiro[ 2.4 ]heptane-4-
carbonyl)octahydropyrrolo[1,2-a][1,5]diazocin-6(1H)-one (63.0 mg, quant.) as a white solid,
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which was used in next step directly without further purification. LCMS (ESI): m/z = 405.4
[M+H]".

[00475]  Step 3: Preparation of (difluoro(2-(((3S,6S8,7aS,8aR,9aR)-3-(3-((R)-2-
methylmorpholine-4-carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[ 1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid

[00476] A solution of (55.8S,10aR)-3-acetyl-5-amino-8-(6-phenyl-4-azaspiro[2.4]heptane-
4-carbonyl)octahydropyrrolo[1,2-a][1,5]diazocin-6(1 H)-one (7, 60 mg, 148 umol, 1.0 eq.),
triethylamine (44.8 mg, 443 umol, 3.0 eq.), DMAP (9.03 mg, 74.0 pmol, 0.5 eq) and
(difluoro(2-((perfluorophenoxy)carbonyl)benzo[ b]thiophen-5-yl)methyl)phosphonic acid
(83.9 mg,177 pmol, 1.2 eq.) in DMF (2 mL) was stirred at 30 °C overnight under Na. After
completion, the reaction mixture was filtered and concentrated under reduced pressure. The
residue was purified by Biotage® C18 column chromatography to get (difluoro(2-
(((35,65.,7a8,8aR.9aR)-3-(3-((R)-2-methylmorpholine-4-carbonyl)azetidine- 1-carbonyl)-5-
oxodecahydro-1H-cyclopropald]pyrrolo| 1,2-aJazocin-6-yl)carbamoyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid (80.0 mg, 115 pmol, 78%) as a white solid. LCMS (ESI): m/z =
695.3 [M+H]*; 'H NMR (400 MHz, DMSO-ds) & 9.00-8.84 (m, 1H), 8.34 (s, 1H), 8.13 (d, J
=8.5Hz, 1H), 8.08 (s, 1H), 7.58 (d, J = 8.6 Hz, 1H), 5.00-4.86 (m, 1H), 4.68-4.46 (m, 1H),
4.40-4.25 (m, 2H), 4.22-4.09 (m, 2H), 4.05-3.85 (m, 2H), 3.81-3.63 (m, 2H), 3.48-3.27 (m,
3H), 3.11-2.98 (m, 1H), 2.78-2.62 (m, 1H), 2.39-2.28 (m, 1H), 2.18-1.96 (m, 4H), 1.91-1.75
(m, 2H), 1.70-1.55 (m, 1H), 1.42-1.27 (m, 1H), 1.12-1.01 (m, 3H), 0.84-0.66 (m, 2H), 0.03-
0.04 (m, 1H).

[00477] Representative Procedure: General Scheme 2: (Phosphonate esters or amides)
[00478] Synthesis of isopropyl ((difluoro(2-(((3S,6S,7aS,8aR ,9aR)-3-(3-(morpholine-4-
carbonyl)azetidine- 1-carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
ylcarbamoyl)benzo[b]thiophen-5-yl)methyl)(phenoxy)phosphoryl)glycinate (Example 2)

. L0
o)
ST - »j o .
2 Step 1
d s O H + %N’\oo NH, L A N
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[00479] To a solution of (35,6S,7aS,8aR,9aR)-6-amino-3-(3-(morpholine-4-
carbonyl)azetidine-1-carbonyl)decahydro-5H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-5-one (50
mg, 99.1 pmol, 1 eq), DIPEA (99.2 mg, 768 umol, 7.75 eq) and 5-(difluoro(((2-isopropoxy-
2-oxoethyl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid (73.9
mg, 153 umol, 1.54 eq) in DMF (3 mL) was added HATU (63.1 mg, 166 umol, 1.67 eq). The
reaction was stirred at room temperature for 1 h. The reaction mixture was directly purified
by reverse phase chromatography on a 50 g C18 cartridge eluting with 5-100% MeCN in
water to give isopropyl ((difluoro(2-(((3S,6S,7aS,8aR ,9aR)-3-(3-(morpholine-4-
carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-aJazocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)(phenoxy)phosphoryl)glycinate (88.2 mg, 103
umol, 104%) as a white solid. LCMS: (ESI) m/z = 856.1 [M+H]*; '"H NMR (400 MHz,
CDs0D) 6 8.23 - 8.12 (m, 2H), 8.07 - 7.98 (m, 1H), 7.75 - 7.69 (m, 1H), 7.36 - 7.29 (m, 2H),
7.23 - 7.15 (m, 3H), 5.07 - 4.92 (m, 2H), 4.73 - 4.70 (m, 1H), 4.54 - 4.37 (m, 2H), 4.33 - 4.16
(m, 2H), 4.11 - 4.02 (m, 1H), 3.82 - 3.71 (m, 1H), 3.71 - 3.44 (m, 8H), 3.38 - 3.34 (m, 1H),
3.30-3.20 (m, 1H), 2.50 - 2.38 (m, 1H), 2.35 - 2.06 (m, 4H), 2.04 - 1.92 (m, 2H), 1.78 - 1.67
(m, 1H), 1.45 - 1.36 (m, 1H), 1.20 - 1.16 (m, 6H), 0.98 - 0.89 (m, 1H), 0.88 - 0.79 (m, 1H),
0.10 - 0.02 (m, 1H).

[00480] Representative Procedure: General Scheme 3 (Phosphonate Acids):

[00481] Synthesis of ((2-(((35,6S,7aS,8aR,9aR)-3-([1,1'-biphenyl]-4-ylcarbamoyl)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
yDdifluoromethyl)phosphonic acid (Example 3)

ul\: R "‘E
e 3 A N
W 5 o] 2 HO
</\’ PNy 0 n N, 0 fH
N Step 1 [o) Step 2 o)
0 %
/’RO O WH, s F S £
Elo—ﬁ’=0 EtO—I?=O
OEt OEt
s \ G
C A
NN, & Rum HN"X, 0 Tk
Step 3 O 0 Step 4 O o)
S S
O o O v
EtO—II9=O Ho-||:=o
OEt OH

117



WO 2023/192960 PCT/US2023/065171

[00482] Step 1: Preparation of methyl (3S,6S,7aR,8aS,9aR )-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-carboxylate

[00483] To a solution of 5-((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-
carboxylic acid (29 mg, 0.79 mmol, 1 eq) in DMF (1 mL) was added HATU (45 mg, 1.2
mmol, 1.5 eq), then a solution of methyl (3S,6S,7aR,8aS,9aR)-6-amino-5-oxodecahydro-1H-
cyclopropald]pyrrolo[1,2-aJazocine-3-carboxylate (20 mg, 0.79 mmol, 1.2 eq) in DMF (1
mL) and DIEA (41 mg, 3.2 mmol, 4 eq) was added, the mixture was stirred at 25 °C for 1 h .
The reaction mixture was quench with water (10 mL) and extracted with EtOAc (10 mL x 3),
the combined organic layers were washed with saturated brine (10 mL x 3), dried over
NazSOq, filtered, and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiOz, Petroleum ether/EtOAc = 1: 1 to 15: 85) to give
methyl (3S,6S,7aR,8aS,9aR)-6-(5-((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-
2-carboxamido)-5-oxodecahydro- 1 H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-carboxylate (15
mg, 41% yield) as a yellow solid. LCMS: m/z [M+H]* = 599.4.

[00484]  Step 2: Preparation of (35,6S,7aR,8aS,9aR )-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropal[d]pyrrolo[ 1,2-a]azocine-3-carboxylic acid

[00485] To a solution of methyl (3S,6S,7aR,8aS,9aR)-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[1,2-aJazocine-3-carboxylate (15 mg, 0.25 mmol, 1 eq) in ACN (0.9
mL) and 2 N HCI (0.3 mL), the mixture was stirred at 70 °C for 5 h . The reaction mixture
was filtered and the filter residue was purified by prep-HPLC (column: Phenomenex Luna
C18 150 x 25 mm x10 um, mobile phase: water (0.1%TFA) - ACN; B%: 28% - 58%, 10
min) follow by lyophilization to give (35,6S,7aR,8aS,9aR)-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[1,2-aJazocine-3-carboxylic acid (4 mg, 43% yield) as a yellow oil.
"H NMR (400 MHz, CDCl3) § 8.11 (s, 1H), 7.95 (m, 2H), 7.85 (d, J = 5.6 Hz, 1H), 7.66 (d, J
=8.4Hz, 1H),4.96 (d, ] =5.2 Hz, 1H), 4.56 - 4.45 (m, 1H), 4.32 - 4.10 (m, 5H), 2.39 - 2.27
(m, 2H), 2.24 - 2.12 (m, 2H), 2.10 - 2.00 (m, 1H), 1.99 - 1.88 (m, 1H), 1.82 - 1.72 (m, 1H),
1.72 - 1.64 (m, 2H), 1.37 - 1.29 (m, 6H), 1.27 - 1.18 (m, 1H), 0.87 - 0.75 (m, 1H), 0.10 (d, J =
4.8 Hz, 1H).
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[00486] Step 3: Preparation of diethyl ((2-(((3S,6S,7aR,8aS,9aR)-3-([1,1"-biphenyl]-4-
ylcarbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)difluoromethyl)phosphonate

[00487] To a solution of (35,6S,7aR,8aS,9aR )-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-carboxylic acid (4 mg, 6.8 umol, 1 eq) in DMF
(0.3 mL) was added HATU (3.8 mg, 10 umol, 1.5 eq), then was added the solution of [1,1'-
biphenyl]-4-amine (1.4 mg, 8.2 pmol, 1.2 eq) in DMF (0.3 mL) and DIEA (4.0 mg, 0.33
mmol, 4 eq), the mixture was stirred at 25 °C for 1 h . The mixture was purified directly by
column chromatography (SiOa, Petroleum ether/EtOAc = 10: 1 to 3: 1) to give diethyl ((2-
(((35,6S5,7aR,8aS,9aR)-3-([ 1, 1'-biphenyl]-4-ylcarbamoyl)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
ylhdifluoromethyl)phosphonate (12 mg, crude) as a yellow oil. LCMS: m/z [M+H]* =736.2
[00488] Step 4: Preparation of ((2-(((3S,6S,7aR,8aS,9aR)-3-([1,1'-biphenyl]-4-
ylcarbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)difluoromethyl)phosphonic acid

[00489] To a solution of diethyl ((2-(((3S,6S,7aR,8aS,9aR)-3-([1,1'-biphenyl]-4-
ylcarbamoyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)difluoromethyl)phosphonate (12 mg, 0.16 mmol, 1 eq)
in DCM (0.5 mL) was added BSTFA (25 mg, 0.96 mmol, 6 eq) and dropwise TMSI (13 mg,
0.64 mmol, 4 eq) in DCM (0.5ml ) at 0 °C, the mixture was stirred at 0 °C for 15 min. The
reaction mixture was concentrated under reduced pressure to give a residue. The residue was
purified by prep-HPLC (column: Phenomenex Luna C18 150 x 25 mm x10 um, mobile
phase: water (0.1% TFA) - ACN; B%: 40% - 70%, 10 min) follow by lyophilization to give
((2-(((3S,65,7aR ,8aS,9aR)-3-([1,1'-biphenyl]-4-ylcarbamoyl)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
yhdifluoromethyl)phosphonic acid (1.22 mg, 9.45% yield) as a white solid. LCMS: (ESI) m/z
[M+H]* = 680; 'H NMR (400 MHz, CD30D) & 8.18 - 8.08 (m, 2H), 7.98 (d, J = 8.4 Hz, 1H),
7.69 (d,J =8.4 Hz, 1H), 7.66 - 7.61 (m, 2H), 7.61 - 7.54 (m, 4H), 7.41 (t, ] =7.6 Hz, 2H),
7.33-7.26 (m, 1H), 5.00 (d, J =4.4 Hz, 1H), 4.55 (t,J =8.4 Hz, 1H), 4.37 (t, ] =7.6 Hz,
1H), 2.42 - 2.31 (m, 2H), 2.27 - 2.14 (m, 2H), 2.12 - 2.04 (m, 1H), 2.03 - 1.96 (m, 2H), 1.89 -
1.76 (m, 1H), 1.54 - 1.41 (m, 1H), 1.38 - 1.23 (m, 3H), 0.92 - 0.84 (m, 1H), 0.29 - 0.22 (m,
1H)

[00490] Specific analog syntheses
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[00491] Synthesis of (((difluoro(2-(((3S,65,7aS,8aR ,9aR )-3-(3-(morpholine-4-
carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-aJazocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphoryl)bis(oxy))bis(methylene)

dipentanoate (Example 4)
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[00492] Step I: Preparation of chloromethyl pentanoate

[00493] To a solution of pentanoic acid (1, 1 g, 9.79 mmol, 1.0 eq.), tetrabutylammonium
hydrogen sulfate (332 mg, 979 pmol, 0.1 eq.) and chloromethyl sulfurochloridate (1.76 g,
10.7 mmol, 1.1 eq.) in DCM (10 mL) was added a solution of NaHCO3 (1.63 g, 19.5 mmol,
2.0 eq.) in water (10 mL) dropwise at O °C, then the reaction was allowed to warm to room
temperature and stirred overnight under N». After completion, the reaction mixture was
extracted with dichloromethane (20 mL x 3). The organic layers were combined, dried over
anhydrous Na>SO4, and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel to get chloromethyl pentanoate (1.40 g, 9.29 mmol, 95%
yield) as a clear oil. '"H NMR (400 MHz, CDCl3) § 5.71 (s, 2H), 2.39 (t, J = 7.5 Hz, 2H),
1.69-1.60 (m, 2H), 1.41-1.33 (m, 2H), 0.93 (t, / = 7.4 Hz, 3H).

[00494]  Step 2: Preparation of iodomethyl pentanoate

[00495] A solution of chloromethyl pentanoate (400 mg, 2.65 mmol, 1.0 eq.) and Nal (794
mg, 5.30 mmol, 2.0 eq.) in MeCN (10 mL) was stirred at 40 °C overnight under N». After
completion, the reaction mixture was filtered, and the filtrate was concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel to get iodomethyl

pentanoate (3, 100 mg, 413 umol, 16%) as a yellow oil. 'H NMR (400 MHz, CDCl3) § 5.91
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(s, 2H), 2.34 (t, J =7.5 Hz, 2H), 1.68-1.58 (m, 2H), 1.41-1.31 (m, 2H), 0.92 (t, / =7.3 Hz,
3H).

[00496] Step 3: Preparation of (((difluoro(2-(((3S,6S,7aS,8aR,9aR)-3-(3-(morpholine-4-
carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphoryl)bis(oxy))bis(methylene)
dipentanoate

[00497] A solution of NaOH (7.03 mg, 176 pmol, 2.0 eq.) in water (2 mL) was added
dropwise to a stirred suspension of (difluoro(2-(((3S5,6S5,7a5,8aR,9aR)-3-(3-(morpholine-4-
carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-alazocin-6-
yl)carbamoyl)benzo[ b]thiophen-5-yl)methyl)phosphonic acid (60 mg, 88.1 umol, 1.0 eq.) in
H20 (6 mL). When the mixture became clear (pH~9), AgNO3 (32.7 mg, 193 pmol, 2.2 eq.)
was added. After stirring at 0 °C for 2 h, the gray precipitate was collected by filtration and
dried under vacuum. The powder was suspended in dry toluene (1 mL) and iodomethyl
pentanoate (3, 63.9 g, 264 umol, 3.0 eq.) was added. The mixture was stirred at room
temperature for 24 h. After filtration, the solvent was removed in vacuo. The crude residue
was directly purified by flash chromatography on silica gel to give (((difluoro(2-
(((38,65,7a8,8aR,9aR)-3-(3-(morpholine-4-carbonyl)azetidine- 1 -carbonyl)-5-oxodecahydro-
1H-cyclopropal d]pyrrolo[1,2-a]azocin-6-yl)carbamoyl)benzo[ 5]thiophen-5-
yD)methyl)phosphoryl)bis(oxy))bis(methylene) dipentanoate (ST-214-2, 2.00 mg, 2.20 pmol,
3% yield) as a white solid. LCMS (ESI): m/z = 909.3 [M+H]*; 'H NMR (400 MHz, DMSO-
ds) 6 8.99 (dd, J =22.8, 7.5 Hz, 1H), 8.39-8.00 (m, 3H), 7.55 (d, /= 8.6 Hz, 1H), 5.86-5.36
(m, 4H), 4.99-4.89 (m, 1H), 4.68-4.50 (m, 1H), 4.37-4.24 (m, 2H), 4.20-4.11 (m, 1H), 4.05-
3.85 (m, 2H), 3.75-3.64 (m, 1H), 3.56-3.50 (m, 4H), 3.48-3.44 (m, 2H), 3.28-3.23 (m, 2H),
2.34-2.24 (m, 4H), 2.17-1.94 (m, 4H), 1.90-1.75 (m, 2H), 1.68-1.57 (m, 1H), 1.54-1.40 (m,
4H), 1.36-1.19 (m, 6H), 0.89-0.67 (m, 8H), 0.01--0.02 (m, 1H).

[00498] Preparation of isopropyl ((R)-((2-(((3S,65,7aS,8aR ,9aR)-3-(3-(morpholine-4-
carbonyl)azetidine- 1-carbonyl)-5-oxodecahydro- 1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)(phenoxy)phosphoryl)-L-alaninate and
isopropyl ((S)-((2-(((35,6S,7aS,8aR,9aR)-3-(3-(morpholine-4-carbonyl)azetidine-1-
carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
ylcarbamoyl)benzo[b]thiophen-5-yl)methyl)(phenoxy)phosphoryl)-L-alaninate (Example 5
and Example 6)
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[00499] Preparative separation method: Instrument: Waters Thar 80 preparative SFC,
Column: ChiralPak IB, 250 x 21.2 mm LD., 5 um; Mobile phase: A for CO; and B for
MeOH + 0.1% NH3H2O; Gradient: B 35%; Flow rate: 40 mL/min; Back pressure: 100 bar;
Column temperature: 35 °C, Wavelength: 220 nm, Cycle-time: 4 min

[00500] Isopropyl (({(2-(((35,6S,7aS,8aR,9aR)-3-(3-(morpholine-4-carbonyl)azetidine-1-
carbonyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-aJazocin-6-

yl)carbamoyl)benzo[ b]thiophen-5-yl)methyl)(phenoxy)phosphoryl)-L-alaninate (60 mg, 71.9
umol, 1.0 eq.) was purified by prep-SFC to yield:

[00501] Peak 1: Isopropyl ((R)-((2-(((3S,65,7aS,8aR,9aR)-3-(3-(morpholine-4-
carbonyl)azetidine-1-carbonyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-aJazocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)(phenoxy)phosphoryl)-L-alaninate or isopropyl
((S)-((2-(((35,6S,7aS,8aR ,9aR )-3-(3-(morpholine-4-carbonyl)azetidine- 1 -carbonyl)-5-
oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
ylmethyl)(phenoxy)phosphoryl)-L-alaninate (20.0 mg, 24.0 umol, 99.9% ee, 33% yield) as a
white solid Peak 1 data (Example 5), P-chirality arbitrarily assigned LCMS (ESI): m/z =
834.4 [M+H]*; '"H NMR (400 MHz, CDCl3) § 7.89-7.73 (m, 3H), 7.49-7.42 (m, 1H), 7.37-
7.27 (m, 3H), 7.16-7.08 (m, 3H), 5.10-5.01 (m, 1H), 4.99-4.73 (m, 2H), 4.58-4.50 (m, 1H),
4.48-4.39 (m, 1H), 4.35-4.26 (m, 1H), 4.22-4.05 (m, 2H), 4.00-3.91 (m, 1H), 3.74-3.53 (m,
7H), 3.45 (d, J = 20.8 Hz, 2H), 3.33-3.23 (m, 2H), 3.18-3.08 (m, 1H), 2.37-2.24 (m, 3H),
2.16-1.97 (m, 4H), 1.67-1.61 (m, 1H), 1.50-1.38 (m, 1H), 1.21-1.16 (m, 6H), 1.12(d,J=7.1
Hz, 3H), 1.01-0.91 (m, 1H), 0.86-0.77 (m, 1H), 0.06-0.00 (m, 1H) and Peak 2: Isopropyl ((S)-
((2-(((35,65,7aS,8aR ,9aR )-3-(3-(morpholine-4-carbonyl)azetidine- 1-carbonyl)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-aJazocin-6-yl)carbamoyl)benzo[b]thiophen-5-
yDmethyl)(phenoxy)phosphoryl)-L-alaninate or isopropyl ((R)-((2-(((35,65.7aS,8aR,9aR)-3-
(3-(morpholine-4-carbonyl)azetidine- 1-carbonyl)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
yDmethyl)(phenoxy)phosphoryl)-L-alaninate (30.0 mg, 36.0 umol, 99.7% ee, 50% yield) as a
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white solid. LCMS (ESI): m/z = 834.4 [M+H]*; Peak 2 data (Example 6), P-chirality
arbitrarily assigned: "H NMR (400 MHz, CDCl3) § 7.86-7.69 (m, 3H), 7.55-7.33 (m, 2H),
7.32-7.27 (m, 2H), 7.19-7.06 (m, 3H), 5.11-5.00 (m, 1H), 4.95-4.72 (m, 2H), 4.58-4.48 (m,
1H), 4.46-4.37 (m, 1H), 4.35-4.26 (m, 1H), 4.22-4.05 (m, 2H), 3.98-3.87 (m, 1H), 3.74-3.51
(m, 7H), 3.46-3.20 (m, 5H), 2.37-2.23 (m, 3H), 2.15-1.96 (m, 4H), 1.72-1.62 (m, 1H), 1.50-
1.39 (m, 1H), 1.21-1.08 (m, 9H), 1.00-0.89 (m, 1H), 0.86-0.76 (m, 1H), 0.04-0.00 (m, 1H).
[00502] Synthesis of (difluoro(2-(((3S,6S,7aS,8aR,9aR)-5-0x0-3-(4-((R)-tetrahydrofuran-
3-carbonyl)piperazine-1-carbonyl)decahydro-1H-cyclopropald]pyrrolo[ 1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (Example 7)
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[00503]  Step 1: Preparation of tert-butyl 4-((3S,6S,7aS,8aR,9aR)-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[ 1,2-a]azocine-3-carbonyl)piperazine-1-carboxylate

[00504] To a solution of (35,6S,7aS,8aR,9aR)-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[1,2-a]azocine-3-carboxylic acid (0.4 g, 0.68 mmol, 1.0 eq) in DCM
(1 mL) was added tert-butyl piperazine-1-carboxylate (0.13 g, 0.68 mmol, 1.0 eq), T3P (0.46
g, 1.0 mmol, 1.5 eq, 50% purity) and DIEA (0.13 g, 1.0 mmol, 1.5 eq). The mixture was

stirred at 20 °C for 16 h to give a yellow turbid solution. The reaction mixture was
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concentrated under reduced pressure to give a residue. The residue was purified by flash
silica gel chromatography to give tert-butyl 4-((3S,6S,7aS,8aR,9aR)-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[1,2-aJazocine-3-carbonyl)piperazine-1-carboxylate (0.43 g, 83%
yield) as a white solid. LCMS: (EST) m/z [M-Boc]* = 653.2

[00505]  Step 2: Preparation of diethyl (difluoro(2-(((3S,6S,7aS,8aR,9aR )-5-0x0-3-
(piperazine-1-carbonyl)decahydro-1H-cyclopropald]pyrrolo[1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonate

[00506] To a solution of tert-butyl 4-((3S,6S,7aS,8aR,9aR)-6-(5-((diethoxyphosphoryl)
difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-1H-
cyclopropa[d]pyrrolo[1,2-a]azocine-3-carbonyl) piperazine-1-carboxylate (0.43 g, 0.56
mmol, 1.0 eq) in DCM (3.0 mL) was added TFA (1.0 mL). The resulting mixture was stirred
at 25 °Cfor 1 h to give a yellow solution. The reaction mixture was concentrated under
reduced pressure to give diethyl (difluoro(2-(((3S,6S,7aS,8aR,9aR )-5-0x0-3-(piperazine-1-
carbonyl)decahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonate (0.43 g, crude) as a yellow oil.
[00507] Step 3: Preparation of diethyl (difluoro(2-(((3S,6S,7aS,8aR,9aR )-5-0x0-3-(4-((R)-
tetrahydrofuran-3-carbonyl) piperazine-1-carbonyl)decahydro-1H-

cyclopropal[d]pyrrolo[ 1,2-ajazocin-6-yl)carbamoyl)benzo[b[thiophen-5-
yl)methyl)phosphonate

[00508] To a solution of diethyl (difluoro(2-(((3S,6S,7aS,8aR,9aR)-5-ox0-3-(piperazine-1-
carbonyl)decahydro-1H-cyclopropald]pyrrolo[ 1,2-a]azocin-6-
ylcarbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonate (50 mg, 77 umol, 1.0 eq) in DMF
(1.0 mL) was added DIEA (30 mg, 0.23 mmol, 3.0 eq), and the reaction was stirred at 20 °C
for 30 minutes to give a colorless solution. A separate solution of (3R)-oxolane-3-carboxylic
acid (8.9 mg, 77 umol, 1.0 eq) in DMF (1.0 mL) was added DIEA (30 mg, 0.23 mmol, 3.0
eq) and HATU (43 mg, 0.1 mmol, 1.5 eq) was stirred at 20 °C for 30 minutes to give a black
solution. The two mixtures were combined and stirred at 20 °C for 1 h to give a solution. The
mixture was quenched by water (10 mL) and extracted with EtOAc (10 mL x 2), the
combined organic layers were washed with saturated brine (10 mL x 2), dried over Na>SOs,
filtered and concentrated under reduced pressure to give diethyl (difluoro(2-
(((35,6S5,7aS,8aR,9aR)-5-0x0-3-(4-((R)-tetrahydrofuran-3-carbonyl)piperazine-1-
carbonyl)decahydro-1H-cyclopropald]pyrrolo[1,2-a]azocin-6-

124



WO 2023/192960 PCT/US2023/065171

yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonate (50 mg, crude) as a yellow oil.
LCMS: (EST) m/z [M+H]*=751.3

[00509]  Step 4: Preparation of (difluoro(2-(((3S,6S,7aS,8aR,9aR )-5-0x0-3-(4-((R)-
tetrahydrofuran-3-carbonyl)piperazine-1-carbonyl)decahydro-1H-cyclopropa[d]pyrrolo[1,2-
alazocin-6-yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid

[00510] To a solution of diethyl (difluoro(2-(((3S,65,7aS,8aR,9aR)-5-ox0-3-(4-((R)-
tetrahydrofuran-3-carbonyl)piperazine-1-carbonyl)decahydro-1H-cyclopropa[d]pyrrolo[1,2-
aJazocin-6-yl)carbamoyl) benzo[b]thiophen-5-yl)methyl)phosphonate (50 mg, 0.07 mmol,
1.0 eq) in DCM (1.0 mL) was added BSTFA (0.1 g, 0.4 mmol, 6.0 eq) at O °C, then
trimethylsilyl iodide (54 mg, 0.27 mmol, 4.0 eq) was added dropwise and stirred at 0 °C for
0.5 h to give a yellow mixture. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-HPLC (neutral; (column: Waters
Xbridge 150 x 25 mm 10 um, mobile phase: water (10 mM NH4HCO3) - ACN; B%: 5 % - 35
%, 10 min) follow by lyophilization to give (difluoro(2-(((3S,6S,7aS,8aR,9aR)-5-ox0-3-(4-
((R)-tetrahydrofuran-3-carbonyl)piperazine-1-carbonyl)decahydro-1H-
cyclopropald]pyrrolo[1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
ylDmethyl)phosphonic acid (1.2 mg, 2.6% yield) as a white solid. LCMS: (ESI) m/z [M+H]*
=695.2; 'H NMR (400 MHz, CD3;0D) § 8.17 (s, 1H), 8.11 (s, 1H), 7.93 (d, ] = 8.4 Hz, 1H),
7.73 (d,J =8.4 Hz, 1H), 5.09 - 5.01 (m, 1H), 5.00 - 4.95 (m, 1H), 4.31 (d, ] = 6.4 Hz, 1H),
3.95 (s, 1H), 3.91 - 3.65 (m, 8H), 3.64 - 3.51 (m, 2H), 3.50 - 3.40 (m, 2H), 2.53 - 2.42 (m,
1H), 2.33 (dd, ] = 2.0, 14.4 Hz, 1H), 2.19 (s, 5H),2.05 - 1.87 (m, 2H), 1.85 - 1.68 (m, 1H),
1.45 (s, 1H), 1.02 (d, J = 8.8 Hz, 1H), 0.91 - 0.79 (m, 1H), 0.08 (d, ] = 5.2 Hz, 1H)

[00511] (Difluoro(2-({(3S,6S,7aS,8aR,9aR)-5-0x0-3-(4-((S)-tetrahydrofuran-3-
carbonyl)piperazine- 1-carbonyl)decahydro- 1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid (Example 8) was prepared
according to the procedure described above for (difluoro(2-(((35,6S,7aS,8aR,9aR)-5-ox0-3-
(4-((R)-tetrahydrofuran-3-carbonyl)piperazine-1-carbonyl)decahydro- 1H-
cyclopropa[d]pyrrolo[ 1,2-aJazocin-6-yl)carbamoyl)benzo[b]thiophen-5-

ylmethyl)phosphonic acid using the appropriate starting materials:
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[00512] (Difluoro(2-(((3S,6S,7aS,8aR,9aR)-5-0x0-3-(4-((S)-tetrahydrofuran-3-
carbonyl)piperazine-1-carbonyl)decahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid: 'H NMR (400 MHz, CD30D)
8 8.27 - 8.07 (m, 2H), 7.93 (d, ] = 8.4 Hz, 1H), 7.73 (d, ] = 8.8 Hz, 1H), 5.13 - 4.94 (m, 2H),
4.36 - 4.19 (m, 1H), 4.04 - 3.38 (m, 13H), 2.56 - 2.42 (m, 1H), 2.38 - 2.29 (m, 1H), 2.24 -
1.88 (m, 7H), 1.78-1.75 (m, 1H), 1.51 - 1.36 (m, 1H), 1.08 - 0.97 (m, 1H), 1.11-0.87 (m, 1H),
0.12-0.08 (m, 1H).

[00513] Synthesis of ((2-(((35,6S,7aS,8aR,9aR)-3-(((3S,45)-1-acetyl-4-hydroxypyrrolidin-
3-yl)carbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl)difluoromethyl)phosphonic acid (Example 9)
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[00514]  Step 1: Preparation of tert-butyl (35,4S)-3-((3S,6S,7aS,8aR,9aR )-6-(5-
((diethoxyphosphoryl)difluoromethyl) benzo[b] thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[ 1,2-ajJazocine-3-carboxamido )-4-hydroxypyrrolidine- 1 -

carboxylate
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[00515] To solution of (35,65,7aS,8aR,9aR)-6-(5-
((diethoxyphosphoryl)difluoromethyl)benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-carboxylic acid (0.1 g, 0.17 mmol, 1 eq) in DCM
(5 mL), CMPI (44 mg, 0.34 mmol, 2 eq) and TEA (52 mg, 0.51 mmol, 3 eq), the mixture was
stirred at 20 °C for 1 h to give a yellow solution. The solution was quenched by water (10
mL) and extracted with EtOAc (10 mL x 2), the combined organic layers were washed with
saturated brine (10 mL x 2), dried over Na2SOu, filtered, and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography to
give tert-butyl (35,45)-3-((35,6S,7aS,8aR ,9aR)-6-(5-((diethoxyphosphoryl)difluoromethyl)
benzo[b] thiophene-2-carboxamido)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-
aJazocine-3-carboxamido)-4-hydroxypyrrolidine- 1-carboxylate (90 mg, 79% yield) as a
yellow solid. LCMS: (ESI) m/z [M+H]* = 769.2

[00516] Step 2: Preparation of diethyl (difluoro(2-(((38,6S8,7aS,8aR,9aR )-3-(((3S,4S)-4-
hydroxypyrrolidin-3-yl)carbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-
6-yl)carbamoyl)benzo[b]thiophen-5-yl)methyl) phosphonate

[00517] A solution of tert-butyl (3S.,4S)-3-((35,6S,7aS,8aR,9aR)-6-(5-
((diethoxyphosphoryl)difluoromethyl) benzo[b]thiophene-2-carboxamido)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[1,2-a]azocine-3-carboxamido)-4-hydroxypyrrolidine-1-carboxylate
(90 mg, 0.12 mmol, 1 eq) in DCM (3 mL) and TFA (0.6 mL) was stirred at 20 °C for 1 h to
give a yellow solution. The mixture was concentrated in vacuum to give diethyl (difluoro(2-
(((3S,685,7aS,8aR,9aR)-3-(((35,4S)-4-hydroxypyrrolidin-3-yl)carbamoyl)-5-oxodecahydro-
1H-cyclopropald]pyrrolo[ 1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-yl)methyl)
phosphonate (90 mg , crude) as a brown oil. LCMS: (ESI) m/z [M+H]* = 669.2

[00518]  Step 3: Preparation of diethyl ((2-(((3S,6S,7aS,8aR,9aR)-3-(((3S,4S)-1-acetyl-4-
hydroxypyrrolidin-3-yl)carbamoyl )-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-
6-yl)carbamoyl)benzo[b]thiophen-5-yl)difluoromethyl)phosphonate

[00519] A solution of diethyl (difluoro(2-(((3S,6S,7aS,8aR,9aR)-3-(((35.,4S)-4-
hydroxypyrrolidin-3-yl) carbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocin-
6-yl)carbamoyl)benzo[b]thiophen-5-yl)methyl) phosphonate (90 mg, 0.12 mmol, 1 eq) in
DCM (5 mL) and triethylamine (24 mg, 0.24 mmol, 2 eq) was stirred at 20 °C for 10 min,
then Ac20 (15 mg, 0.14 mmol, 1.2 eq) was added dropwise at 0 °C and the mixture was
stirred at 20 °C for 2 h to give a yellow solution. The mixture was concentrated in vacuum to
give a yellow solid. The solid was purified by flash silica gel chromatography to give diethyl
((2-(((35,6S,7aS,8aR ,9aR )-3-(((3S,45)-1-acetyl-4-hydroxypyrrolidin-3-yl)carbamoyl)-5-
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oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-aJazocin-6-yl)carbamoyl)benzo[b]thiophen-5-
ylydifluoromethyl)phosphonate (47 mg, 55% yield) as a yellow solid. "H NMR (400 MHz,
CDCl3) 6 8.10 (s, 1H), 7.98 - 7.89 (m, 2H), 7.71 (d, J = 3.2 Hz, 1H), 7.63 (d, ] = 8.4 Hz, 1H),
5.18 - 5.06 (m, 1H), 4.72 - 4.57 (m, 1H), 4.32 - 4.14 (m, 6H), 3.81 (d, J =5.6 Hz, 1H), 3.72
(q,J =7.2 Hz, 3H), 3.08 - 3.06 (m, 1H), 3.14 (dd, J =4.4,7.2 Hz, 1H), 2.41 - 2.18 (m, 4H),
2.09 - 2.05 (m, 2H), 1.95 (s, 3H), 1.61 (dd, J = 3.6, 7.6 Hz, 1H), 1.34 - 1.30 (m, 6H), 0.86 -
0.71 (m, 2H), 0.07 (dd, J =4.0, 7.6 Hz, 1H)

[00520]  Step 4: Preparation of ((2-(((3S,6S,7aS,8aR,9aR)-3-(((3S,4S)-1-acetyl-4-
hydroxypyrrolidin-3-yl)carbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-
6-yl)carbamoyl)benzo[b]thiophen-5-yl) difluoromethyl)phosphonic acid

[00521] To solution of diethyl ((2-(((3S,65,7aS,8aR,9aR)-3-(((3S,45)-1-acetyl-4-
hydroxypyrrolidin-3-yl)carbamoyl)-5-oxodecahydro- 1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-
6-yl)carbamoyl)benzo[b]thiophen-5-yl)difluoromethyl)phosphonate (47 mg, 86 umol, 1 eq)
in DCM (3 mL) was added dropwise BSTFA (89 mg, 0.34 mmol, 4 eq) and trimethylsilyl
iodide (69 mg, 0.34 mmol, 4 eq) at 0 °C, the reaction mixture was stirred at 0 °C for 1 h to
give a yellow suspension. The mixture was concentrated in vacuum to give a brown solid.
The solid was purified by prep-HPLC (Column: Phenomenex Luna C18 100 x 30mm X Sum,
Condition: water (10 mM NH4sHCO3)-ACN, Flow Rate (ml / min) : 25 min) follow by
lyophilization to give ((2-(((3S,6S,7aS,8aR,9aR)-3-(((3S,4S)-1-acetyl-4-hydroxypyrrolidin-3-
yl)carbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocin-6-
yl)carbamoyl)benzo[b]thiophen-5-yl) difluoromethyl)phosphonic acid (11 mg, 20% yield) as
a yellow solid. LCMS: (ESI) m/z [M+H]* = 655.1; 'H NMR (400 MHz, CD30D) § 8.19 (s,
1H), 8.13 (s, 1H), 7.93 (d, ] =8.4 Hz, 1H), 7.74 (d, ] = 8.4 Hz, 1H), 5.03 (t, ] =9.2 Hz, 1H),
4.61 - 4.50 (m,1H), 4.31 - 4.25 (m, 1H), 4.19 - 4.05 (m, 2H), 3.89 - 3.53 (m, 2H), 3.49 - 3.36
(m, 2H), 2.54 - 2.40 (m, 1H), 2.34 - 2.25 (m, 1H), 2.23 - 2.09 (m, 3H), 2.05 (d, J =10.4 Hz,
4H), 2.01 - 1.92 (m, 1H), 1.81 - 1.62 (m, 1H), 1.25 - 0.99 (m, 1H), 0.93 - 0.81 (m, 2H), 0.10
(dd,J =3.2,5.4 Hz, 1H)

[00522] Phosphonate Acids Data Tables

[00523] Prepared according to general scheme 1: phosphonate acids

[00524] The following compounds in Table 26 were prepared according to the
representative procedure described above for the synthesis of (difluoro(2-
(((35,6S5,7aS,8aR,9aR)-3-(3-((R)-2-methylmorpholine-4-carbonyl)azetidine-1-carbonyl)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-
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yl)methyl)phosphonic acid (Example 1) utilizing the appropriate starting materials and

modifications.
[00525] Table 26.
Comp Name Structure LCMS NMR
ound

10 ((2- j 683.3 | 'H NMR (400 MHz,
(((3S,6S5,7aS, © G. [M+H]* | DMSO-ds) 6 8.93 —
8aR,9aR)-3- ,C/N& d i 8.82 (m, 1H), 8.38 —
((rel-trans)- NC ° . 8.29 (m, 1H), 8.15 —
3-cyano-4- 'S 8.02 (m, 2H), 7.61 —
phenylpyrroli 7.53 (m, 1H), 7.50 —
dine-1- 7.27 (m, 5H), 5.00 —
carbonyl)-5- 491 (m, 1H), 4.60 —
oxodecahydr 441 (m, 1H), 4.23 —
o-1H- 4.15 (m, 1H), 3.99 —
cyclopropald 3.88 (m, 1H), 3.85 —
Ipyrrolo[1,2- 3.74 (m, 1H), 3.70 —
alazocin-6- 3.61 (m, 1H), 3.57 -
yl)carbamoyl 3.48 (m, 1H), 3.25 —
Ybenzo[b]thio 3.06 (m, 1H), 2.41 —
phen-5- 2.30 (m, 1H), 2.22 —
yl)difluorom 1.99 (m, 4H), 1.95 —
ethyl)phosph 1.82 (m, 2H), 1.72 -
onic acid 1.59 (m, 1H), 1.49 —
1.33 (m, 1H), 1.25 -
1.10 (m, 1H), 0.90 —
0.69 (m, 2H), 0.04 —

0.00 (m, 1H).
11 ((2- C"& 683.3 | 'H NMR (400 MHz,
((3S6S.7TaR. | (7}, ¥ [M+H]* | DMSO-ds) & 9.00 —
8aS,9aR)-3- "/QMO & 8.74 (m, 1H), 8.44 —
((rel-trans)- Ne 0 N 8.28 (m, 1H), 8.26 —
3-cyano-4- S 8.00 (m, 2H), 7.75 -
phenylpyrroli 7.59 (m, 1H), 7.56 —
dine-1- 7.32 (m, 5H), 5.02 —
carbonyl)-5- 4.80 (m, 1H), 4.71 —
oxodecahydr 4.51 (m, 1H), 4.39 —
o-1H- 4.20 (m, 2H), 4.18 -
cyclopropald 3.86 (m, 4H), 3.35 —
Ipyrrolo[1,2- 3.24 (m, 1H), 2.42 —
alazocin-6- 2.26 (m, 2H), 2.16 —
yl)carbamoyl 1.88 (m, 4H), 1.79 -
)benzo[b]thio 1.60 (m, 2H), 1.44 —
phen-5- 1.22 (m, 2H), 0.92 —
yhdifluorom 0.74 (m, 1H), 0.21 —

ethyl)phosph 0.05 (m, 1H).

onic acid
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12 (difluoro(2- ¢ 695.3 | '"H NMR (400 MHz,
(BS.68.7aS., | o7 Cl;j [M+H]* | DMSO-ds) & 8.92
8aR,9aR)-3- W"k’N)/CN’iO & i’ (dd, J =24.8, 7.4 Hz,

(3-((S)-2- 0 g 1H), 8.34 (s, 1H),
methylmorph 8.12 (d, J = 8.5 Hz,
oline-4- h-OH 1H), 8.07 (s, 1H),
carbonyl)azet P OH 7.58 (d, J = 8.7 Hz,
idine-1- 1H), 4.99 — 4.87 (m,
carbonyl)-5- 1H), 4.68 — 4.43 (m,
oxodecahydr 1H), 4.39 — 4.24 (m,
o-1H- 2H), 4.22 — 4.09 (m,
cyclopropald 2H), 4.06 — 3.85 (m,
Ipyrrolo[1,2- 2H), 3.81 — 3.64 (m,
alazocin-6- 2H), 3.45 — 3.31 (m,
yl)carbamoyl 3H), 3.15 — 2.98 (m,
)benzo[b]thio 1H), 2.77 — 2.63 (m,
phen-5- 1H), 2.38 — 2.27 (m,
yl)methyl)ph 1H), 2.18 — 1.93 (m,
osphonic 4H), 1.90 — 1.74 (m,
acid 2H), 1.69 — 1.52 (m,
1H), 1.40 — 1.27 (m,
1H), 1.13 — 1.00 (m,
3H), 0.84 — 0.66 (m,
2H), 0.00 — -0.05 (m,

1H).

13 (difluoro(2- i 695.3 | 'H NMR (400 MHz,
(GS.65.7aS. | o\~ CO [M+H]* | DMSO-ds) § 8.96 -
8aR,9aR)-3- k’"»/CN’ioo H— 8.81 (m, 1H), 8.39 —

(3-((R)-3- o e 8.10 (m, 3H), 7.74 -
methylmorph 7.57 (m, 1H), 4.99 —
oline-4- R-OH 490 (m, 1H), 4.73 —
carbonyl)azet o 4.49 (m, 2H), 4.38 —
idine-1- 4.30 (m, 2H), 4.26 -
carbonyl)-5- 4.13 (m, 2H), 4.03 —
oxodecahydr 3.89 (m, 2H), 3.82 —
o-1H- 3.73 (m, 1H), 3.67 —
cyclopropald 3.54 (m, 2H), 3.48 —
Ipyrrolo[1,2- 3.40 (m, 1H), 3.31 —
alJazocin-6- 3.18 (m, 2H), 2.39 —
yl)carbamoyl 2.27 (m, 1H), 2.18 —
)benzo[b]thio 1.94 (m, 4H), 1.90 —
phen-5- 1.73 (m, 2H), 1.70 —
yDmethyl)ph 1.57 (m, 1H), 1.40 —
osphonic 1.28 (m, 1H), 1.25 —
acid 1.06 (m, 3H), 0.89 —
0.63 (m, 2H), 0.00 — -

0.03 (m, 1H).
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14 (difluoro(2- H 695.3 | '"H NMR (400 MHz,
(BS.65.7aS. | o7\ Cl;j [M+H]* | DMSO-ds) & 8.99 —
8aR,9aR)-3- QNVQN&& J v 8.81 (m, 1H), 8.38 —

(3-((S)-3- o = 8.29 (m, 1H), 8.24 —
methylmorph o 8.08 (m, 2H), 7.73 -
oline-4- R-OH 7.57 (m, 1H), 4.98 —
carbonyl)azet P OH 4.89 (m, 1H), 4.68 —
idine-1- 4.56 (m, 1H), 4.52 —
carbonyl)-5- 4.40 (m, 1H), 4.37 -
oxodecahydr 4.29 (m, 2H), 4.20 —
o-1H- 4.14 (m, 1H), 4.08 —
cyclopropald 3.92 (m, 2H), 3.83 —
Ipyrrolo[1,2- 3.75 (m, 1H), 3.68 —
alazocin-6- 3.54 (m, 2H), 3.48 —
yl)carbamoyl 3.40 (m, 1H), 3.35 —
)benzo[b]thio 3.20 (m, 2H), 3.13 —
phen-5- 2.90 (m, 1H), 2.39 —
yl)methyl)ph 2.26 (m, 1H), 2.20 —
osphonic 1.92 (m, 4H), 1.90 —
acid 1.75 (m, 2H), 1.69 —
1.56 (m, 1H), 1.41 —
1.28 (m, 1H), 1.25 —
1.07 (m, 3H), 0.89 —
0.61 (m, 2H), 0.01 — -

0.01 (m, 1H).

15 (difluoro(2- 681 | 'H NMR (400 MHz,
(((3S,6S,7a8S, 0’3 \ [M+H]* | DMSO-ds) 6 8.90 (m,
8aR,9aR)-3- k’"y@"/io J i 1H), 8.33 (s, 1H),

3- o = 8.14 (d, ] = 8.6 Hz,
(morpholine- 1H), 8.08 (s, 1H),
4- R-OH 7.59 (d, J = 8.5 Hz,
carbonyl)azet F Of 1H), 4.99 — 4.88 (m,
idine-1- 1H), 4.57 (dt, J =
carbonyl)-5- 14.7, 7.8 Hz, 1H),
oxodecahydr 4.37 — 4.25 (m, 2H),
o-1H- 4.20 — 4.13 (m, 1H),
cyclopropald 4.03 — 3.93 (m, 2H),
Ipyrrolo[1,2- 3.72 - 3.71 (m, 1H),
alJazocin-6- 3.53 - 3.52 (m, 4H),
yl)carbamoyl 3.47 — 3.46 (m, 2H),
)benzo[b]thio 3.28 — 3.23 (m, 2H),
phen-5- 2.38 — 2.28 (m, 1H),
yl)methyl)ph 2.16 — 1.96 (m, 4H),
osphonic 1.90 — 1.76 (m, 2H),
acid 1.69 — 1.57 (m, 1H),

1.40 — 1.30 (m, 1H),
0.84 — 0.68 (m, 2H),
0.03 - -0.02 (m, 1H).
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16 (difluoro(2- 667.0 | '"H NMR (400 MHz,
(((3S,6S,7aS, | o™ Gl [M+H]* | DMSO-ds) 6 8.95 —
8aR,9aR)-3- | SR I v 8.81 (m, 1H), 8.32 —

((R)-3- e 8.24 (m, 1H), 8.09 —
morpholinop Ho 7.98 (m, 2H), 7.59 (d,
yrrolidine-1- ROH J = 8.3 Hz, 1H), 5.00
carbonyl)-5- FiE© —-4.90 (m, 1H), 4.63 —
oxodecahydr 4.56 (m, 1H), 4.24 —

o-1H- 4.17 (m, 1H), 4.01 —
cyclopropald 3.92 (m, 1H), 3.79 —
Ipyrrolo[1,2- 3.68 (m, 4H), 3.33 —
alJazocin-6- 3.23 (m, 4H), 2.95 —
yl)carbamoyl 2.84 (m, 2H), 2.79 -
Ybenzo[b]thio 2.65 (m, 2H), 2.39 —
phen-5- 2.27 (m, 1H), 2.22 —
yl)methyl)ph 1.72 (m, 9H), 1.69 —
osphonic 1.59 (m, 1H), 1.45 —
acid 1.35 (m, 1H), 0.89 —

0.65 (m, 2H).

17 (difluoro(2- 667.0 | 'H NMR (400 MHz,
(((3S,6S,7aS, | o™ </\f“l>j [M+H]* | DMSO-ds) 6 8.88 —
8aR,9aR)-3- | N O & i 8.74 (m, 1H), 8.34 —

(S)-3- = 8.22 (m, 1H), 8.16 —
morpholinop Ho 7.99 (m, 2H), 7.59 (d,
yrrolidine-1- R-OH J = 8.7 Hz, 1H), 4.99
carbonyl)-5- FEO —4.88 (m, 1H), 4.64 —
oxodecahydr 4.47 (m, 1H), 4.25 —

o-1H- 4.18 (m, 1H), 3.92 —
cyclopropald 3.86 (m, 1H), 3.82 —
]pyrrolo[1,2- 3.75 (m, 1H), 3.74 —
alJazocin-6- 3.68 (m, 4H), 3.56 —
yl)carbamoyl 3.51 (m, 1H), 3.42 —
)benzo[b]thio 3.30 (m, 1H), 3.23 -
phen-5- 3.10 (m, 1H), 2.93 —
yDmethyl)ph 2.75 (m, 4H), 2.43 —
osphonic 2.27 (m, 1H), 2.24 —
acid 1.90 (m, 6H), 1.94 —
1.73 (m, 3H), 1.71 —
1.55 (m, 1H), 1.50 —
1.34 (m, 1H), 0.87 —

0.65 (m, 2H).

18 (fluoro(2- R 663.0 | '"H NMR (400 MHz,
(((3S,6S,7aS, o d;j [M+H]* | DMSO-ds) & 8.84
8aR,9aR)-3- QNW/CN/;&O Tl (dd, J = 24.2,7.4 Hz,

(3- o e 1H), 8.29 (s, 1H),
(morpholine- 8.03 (d, J = 8.5 Hz,
4- h-OH 1H), 7.98 (s, 1H),
carbonyl)azet Pt 7.53 (d, J = 8.6 Hz,
idine-1- 1H), 5.82 (dd, J =
carbonyl)-5- 44.3, 8.0 Hz, 1H),
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oxodecahydr 498 — 4.88 (m, 1H),
o-1H- 4.57 (dt,J=14.7,7.9
cyclopropald Hz, 1H), 4.40 — 4.24
Ipyrrolo[1,2- (m, 2H), 4.16 (s, 1H),
alazocin-6- 4.02 — 3.86 (m, 2H),
yl)carbamoyl 3.72 - 3.64 (m, 1H),
)benzo[b]thio 3.56 — 3.49 (m, 4H),
phen-5- 3.48 — 3.42 (m, 2H),
yDmethyl)ph 3.29 — 3.22 (m, 2H),
osphonic 2.38 — 2.24 (m, 1H),
acid 2.17 - 1.93 (m, 4H),
1.90 — 1.74 (m, 2H),

1.69 — 1.56 (m, 1H),

1.44 — 1.27 (m, 1H),

0.85 — 0.65 (m, 2H),

0.00 — -0.04 (m, 1H).

19 ((2- 648.0 | '"H NMR (400 MHz,
(((35.68.7a$, G [M+H]* | DMSO-ds) § 9.07 -
8aR,%aR)-3- _ .bN;\ V. 8.75 (m, 2H), 8.35 (s,
((2R,3S)-3- N 0% 1H), 8.15 — 8.06 (m,

(1H- N - 2H), 7.79 (s, 1H),
imidazol-1- S 7.60 (d, ] = 8.6 Hz,
yl)-2- F 1H), 7.47 — 7.17 (m,
methylazetidi F 1H), 5.01 — 4.81 (m,
ne-1- ”°|;g=0 2H), 4.77 — 4.64 (m,
carbonyl)-5- 2H), 4.47 — 4.36 (m,
oxodecahydr 1H), 4.31 — 4.18 (m,
o-1H- 2H), 2.17 — 2.09 (m,
cyclopropald 2H), 2.06 — 1.96 (m,
]pyrrolo[1,2- 3H), 1.92 — 1.82 (m,
alJazocin-6- 2H), 1.69 — 1.63 (m,
yl)carbamoyl 1H), 1.45 (d, J = 6.2
)benzo[b]thio Hz, 3H), 1.35 - 1.29
phen-5- (m, 1H), 0.85 - 0.79
yhdifluorom (m, 1H), 0.77 - 0.69
ethyl)phosph (m, 1H), 0.05 - 0.00
onic acid (m, 1H).

20 ((2- . 645.2 | 'H NMR (400 MHz,
(((3S,7a8,8a C\N o [M+H]* | DMSO-ds) & 8.79
R,9aR)-3-(3- Y AN (dd, J =23.8, 7.5 Hz,
(morpholine- (O‘ W/C/NAOO S 1H), 821 (s, 1H),

4- 791 (d, ] = 8.3 Hz,
carbonyl)azet © 0 1H), 7.79 (s, 1H),
idine-1- HO/P‘OH 7.43 —7.29 (m, 1H),
carbonyl)-5- 5.02 — 4.88 (m, 1H),
oxodecahydr 4.64 — 4.51 (m, 1H),
o-1H- 4.35 — 4.26 (m, 2H),
cyclopropald 4.19 — 4.11 (m, 1H),
Ipyrrolo[1,2- 4.06 — 3.83 (m, 3H),
alJazocin-6- 3.75 — 3.64 (m, 1H),
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yl)carbamoyl 3.59 — 349 (m, 4H),
Ybenzo[b]thio 3.45 (d, J = 10.1 Hz,
phen-5- 2H), 3.29 — 3.21 (m,
yl)methyl)ph 2H), 3.10 (d, J =21.1
osphonic Hz, 2H), 2.36 — 2.23
acid (m, 1H), 2.16 — 1.91
(m, 4H), 1.88 — 1.73
(m, 2H), 1.69 — 1.55
(m, 1H), 1.41 - 1.26
(m, 1H), 0.86 — 0.63

(m, 2H).
21 (R)- —G 627.1 | 'H NMR (400 MHz,
fluoro(2- C\Np [M+H]* | DMSO-ds) & 8.87
(((3S,6S,7aR, NH (dd, J =23.3, 7.5 Hz,
8aS,9aR)-5- N % 1H), 8.57 (s, 1H),
ot T TRy | [
yl)azetidine- "_OH 1H), 8.04 (d, ] = 84
- o Hz, 1H), 8.00 (s, 1H),
carbonyl)dec 7.90 — 7.82 (m, 1H),
ahydro-1H- 7.53 (d, ] = 8.5 Hz,
cyclopropald 1H), 7.42 — 7.39 (m,
Ipyrrolo[1,2- 1H), 5.82 (dd, J =
aJazocin-6- 44.4, 8.0 Hz, 1H),
yl)carbamoyl 4.85 — 481 (m, 1H),
)benzo[b]thio 4.78 (t,0.5H), 4.61 (t,
phen-5- 0.5H),4.43 —4.30 (m,
yDmethyl)ph 2H), 4.25 — 4.17 (m,
osphonic 2H), 3.96 — 3.90 (m,
acid 1H), 3.87 — 3.83 (m,
1H), 2.31 - 2.14 (m,
2H), 2.12 - 1.97 (m,
2H), 1.96 — 1.81 (m,
2H), 1.76 — 1.61 (m,
1H), 1.59 — 1.44 (m,
1H), 1.39 — 1.27 (m,
1H), 1.26 — 1.14 (m,
1H), 0.83 — 0.70 (m,
1H), 0.09 — 0.01 (m,

1H).

22 ((2- —G 609.2 | 'H NMR (400 MHz,
(((3S,6S,7aR, C\ o [M+H]* | DMSO-ds) & 8.81
8aS,9aR)-5- AN (dd, J =23.0, 7.5 Hz,

port |t Ty I, 85 (.
pyridin-3- .50 — 8.44 (m, ,
yhazetidine- | [ o 8.20 (s, 1H), 7.91 (d.,
1- N Plon J =8.3 Hz, 1H), 7.88
carbonyl)dec - 7.82 (m, 1H), 7.81
ahydro-1H- (s, 1H), 7.44 — 7.33
cyclopropald (m, 2H), 4.85 — 4.77
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Ipyrrolo[1,2- (m, 1H), 4.61 (t, J =
alJazocin-6- 8.5 Hz, 1H), 4.41-
yl)carbamoyl 4.38 (m, 1H), 4.33 —
)benzo[b]thio 4.29 (m, 1H), 4.25 —
phen-5- 4.16 (m, 2H), 3.96 —
yl)methyl)ph 3.89 (m, 1H), 3.88 —
osphonic 3.82 (m, 1H), 3.10 (d,
acid J=21.2 Hz, 2H), 2.30
—2.14 (m, 2H), 2.13 -
1.97 (m, 2H), 1.94 —
1.83 (m, 2H), 1.78 —
1.62 (m, 1H), 1.60 —
1.47 (m, 1H), 1.40 —
1.27 (m, 1H), 1.26 —
1.15 (m, 1H), 0.80-
0.75 (m, 1H), 0.07-

0.03 (m, 1H).

23 ((2- = 609.2 | '"H NMR (400 MHz,
(((3S,6S,7aR, £ [M+H]* | DMSO-ds) 6 8.81 —
8aS,9aR)-5- CN “NH 8.73 (m, 1H), 8.64 —

0x0-3-(3- / S 8.52 (m, 1H), 8.23 -
(pyridin-2- ";=o°° \ 8.13 (m, 1H), 7.95 —
yhazetidine- N 7.87 (m, 1H), 7.84 —
1- HO.J/_ 7.68 (m, 2H), 7.45 —
carbonyl)dec \_ \ HG © 7.19 (m, 3H), 4.82 —
ahydro-1H- Y 4.70 (m, 1H), 4.55 —
cyclopropald 447 (m, 1H), 4.38 —
Ipyrrolo[1,2- 4.28 (m, 2H), 4.23 —
alazocin-6- 4.15 (m, 2H), 4.05 —
yl)carbamoyl 3.96 (m, 2H), 3.13 —
)benzo[b]thio 3.06 (m, 2H), 2.30 —
phen-5- 2.12 (m, 2H), 2.09 —
ylmethyl)ph 1.80 (m, 4H), 1.75 -
osphonic 1.47 (m, 2H), 1.40 —
acid 1.14 (m, 2H), 0.81 —
0.71 (m, 1H), 0.09 -

0.01 (m, 1H).

24 ((2- } 598.1 | 'H NMR (400 MHyz,
(((3S,68,7aS, [M+H]* | DMSO-ds) & 9.11 —
8aR,%aR)-3- CN o 8.89 (m, 1H), 8.86 —
o1 | 0K 5.05 (m, 11D, 7.99 _
yDazetidine- | ¢} ¢ 7.71 (m, 3H), 7.65 -
l-carbonyl)- | " 7.44 (m, 1H), 7.44 —

5- Ho-P=0 7.34 (m, 1H), 5.39 —
oxodecahydr OH 5.20 (m, 1H), 5.03 -
o-1H- 4.92 (m, 1H), 4.79 —
cyclopropald 4.67 (m, 1H), 4.48 —
Ipyrrolo[1,2- 4.30 (m, 3H), 4.21 —
alJazocin-6- 4.11 (m, 2H), 3.14 —
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yl)carbamoyl 3.08 (m, 2H), 2.38 —
Ybenzo[b]thio 2.32 (m, 1H), 2.20 —
phen-5- 1.83 (m, 6H), 1.73 —
yl)methyl)ph 1.58 (m, 1H), 1.40 —
osphonic 1.27 (m, 1H), 0.87 —
acid 0.65 (m, 2H), 0.05 —

\ 0.00 (m, 1H).

25 (2- — 598.2 | 'H NMR (400 MHz,
(((35,6S,7aR, C\ [M+H]* | DMSO-ds) 6 8.88 —
8aS,9aR)—3— ; N N 8.74 (m, 1H), 8.24 —
S et 13 m 175

S0l 1. _ ) m, , 1.54 —
yDazetidine- @ S 7.28 (m, 2H), 7.06 —
1-carbonyl)- 6.90 (m, 1H), 5.26 —

5- Ho,p‘:O 5.10 (m, 1H), 4.85 —
oxodecahydr OH 4.80 (m, 1H), 4.72 —

o-1H- 4.50 (m, 1H), 4.37 —
cyclopropald 4.28 (m, 2H), 4.22 -
Ipyrrolo[1,2- 4.14 (m, 1H), 4.07 —
zll]aZ(E:in—6—l 3.89 (m, 2H), 3.12 —
yl)carbamoy 3.05 (m, 2H), 2.30 —
)benzo[b]thio 2.15 (m, 2H), 2.11 —
phen-5- 1.99 (m, 2H), 1.95 —
ylmethyl)ph 1.83 (m, 2H), 1.77 -
osphonic 1.64 (m, 1H), 1.57 —
acid 1.45 (m, 1H), 1.36 —
1.17 (m, 2H), 0.82 —
0.72 (m, 1H), 0.11 —

0.02 (m, 1H).

26 ((2- 737.2 | '"H NMR (400 MHz,
(((3S,6S,7a8S, HaN G: [M+H]* | CD30D) 6 8.20-8.12
8aR,9aR)-3- g N, & Wi P (m, 2H), 8.02 (d, J =

((3-(2- O = 8.6 Hz, 1H), 7.67 (d,
amino-2- J =8.6 Hz, 1H), 7.63
oxoethyl)- Q F -7.55 (m, 4H), 7.55 -

- [1,1- 0=P-oH 7.49 (m, 1H), 7.42 (t,
biphenyl]-4- HO J=17.6 Hz, 2H), 7.36
yl)carbamoyl - 7.28 (m, 1H), 5.10
)-5- (t, J = 9.0 Hz, 1H),
oxodecahydr 479 (d, J = 7.3 Hz,
o-1H- 1H), 4.40 - 4.30 (m,
cyclopropald 1H), 3.78 - 3.69 (m,
]pyrrolo[1,2- 1H), 3.67 - 3.56 (m,
z;)]azol;:in—6—l 1H), 2.54 - 2.41 (m,
yl)carbamoy 1H), 2.36 - 2.13 (m,
)benzo[b]thio 5H), 2.06 - 1.91 (m,
phen—S— 1H), 1.81 - 1.67 (m,
yhdifluorom 1H), 1.28 - 1.16 (m,
ethyl)phosph 1H), 1.01 - 0.88 (m,
onic acid 1H), 0.87 - 0.77 (m,
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1H), 0.11 - 0.01 (m,
1H).

27 ((2- 724.2 | 'H NMR (400 MHz,

(((35,68.,7a8, <jN [M+H]* | CD;0D) 6 8.22 - 8.13
8aR9aR)-3- | o\ h P (m, 2H), 8.05 - 7.98
((3R,4'R)-4'- ° (m, 1H), 7.70 - 7.59
cyano-2- HN s (m, 2H), 7.38 - 7.27
oxospiro[ind . (m, 1H), 7.12 (q, J =
oline-3,3"- F 7.0 Hz, 1H), 7.03 -
pyrrolidine]- 0=P-oH 6.97 (m, 1H), 5.13 -
1'-carbonyl)- HO 5.02 (m, 1H), 4.85 -
5 Or 4.82 (m, 1H), 4.69 -
oxodecahydr 4.47 (m, 1H), 4.44 -
o-1H- 4.15 (m, 2H), 3.98 -
cyclopropald 3.80 (m, 2H), 3.66 (d,
Ipyrrolo[1,2- J=12.0Hz, 1H),2.54
alazocin-6- -2.42 (m, 1H), 2.39 -
yl)carbamoyl 1.86 (m, 6H), 1.82 -
Ybenzo[b]thio F 1.70 (m, 1H), 1.54 -
phen-5- o 1.26 (m, 1H), 1.06 -
yl)difluorom HO 0.78 (m, 2H), 0.12 -
ethyl)phosph SFC Peak 1 was used for 0.02 (m, 1H).
onic acid biological testing and/or further
synthesis
Or
(2-
(((35,68.7a8,
8aR,%9aR)-3-
((35.4'S)-4'-
cyano-2-
oxospiro[ind
oline-3,3'-
pyrrolidin]-
1-
ylcarbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yhdifluorom
ethyl)phosph
onic acid
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28

(-
(((35,68,7a8,
8aR,9aR)-3-
((35,4'S)-4'-
cyano-2-
oxospiro[ind
oline-3,3'-
pyrrolidin]-
1-
ylcarbonyl)-
3.
oxodecahydr
o-1H-
cyclopropald
]pyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yhdifluorom
ethyl)phosph
onic acid

Or

(@2-
(((35,68,7aS,
8aR,%aR)-3-
((3S.4'S)-4'-
cyano-2-
oxospiro[ind
oline-3,3'-
pyrrolidin]-
1-
ylcarbonyl)-
3.
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yhdifluorom
ethyl)phosph
onic acid

O=P-oH
HO

SFC Peak 2 was used for
biological testing and/or further
synthesis

724.2
[M+H]*

'"H NMR (400 MHz,
CD;0D) § 8.19 - 8.08
(m, 2H), 8.04 - 7.95
(m, 1H), 7.66 (t, J =
8.1 Hz, 1H), 7.45 -
7.27 (m, 2H), 7.16 -
7.05 (m, 1H), 7.04 -
6.93 (m, 1H), 5.11 -
5.00 (m, 1H), 4.84 -
4.68 (m, 1H), 4.38 -
4.13 (m, 3H), 3.99 -
3.69 (m, 3H), 2.53 -
2.41 (m, 1H), 2.38 -
1.94 (m, 6H), 1.82 -
1.71 (m, 1H), 1.53 -
1.35 (m, 1H), 1.10 -
0.81 (m, 2H), 0.11 -
0.05 (m, 1H).
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29 ((2- ] F e 714.0 | '"H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | DMSO-ds:D20) )
8aR,9aR)- N 8.29 - 8.19 (m, 1H),
e | (b o e T
-(3- 7 -~ .64 - 7. m, ,
methoxy-3- = s 7.26 - 7.18 (m, 1H),
(1-methyl- Q\P,QH 6.90 - 6.82 (m, 1H),
1H-imidazol- e OH 4.98 - 4.85 (m, 1.5H),
2- 475 (d, J = 9.3 Hz,
yl)azetidine- 0.5H),4.64(d,J=9.0
1-carbonyl)- Hz, 0.5H), 4.50 - 4.33
5- (m, 2.5H), 4.31 -4.20
oxodecahydr (m, 1H), 4.12 - 4.05
o-1H- (m, 0.5H), 4.04 - 3.97
cyclopropald (m, 0.5H),3.55(,J=
Ipyrrolo[1,2- 4.9 Hz, 3H), 2.90 (d,
aJazocin-6- J=9.5 Hz, 3H), 2.40
yl)carbamoyl -2.27 (m, 1H), 2.26 -
)benzo[b]thio 1.62 (m, 9H).
phen-5-
yhdifluorom
ethyl)phosph
onic acid
30 ((2- \ F e 717.2 | '"H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD3OD) 6 8.16 (s,
8aR,9aR)- °’§ N 2H), 8.01 (d, J = 8.3
8,8-difluoro- k’"»,CN’&o d wn Hz, 1H), 7.69 d, J =
3-(3- o e 8.6 Hz, 1H), 5.01 (t, J
(morpholine- = 8.8 Hz, 1H), 4.73 -
4- R-OH 4.64 (m, 1H), 4.55 -
carbonyl)azet F'F OH 4.49 (m, 1H), 4.49 -
idine-1- 4.39 (m, 1H), 4.38 -
carbonyl)-5- 431 (m, 1H), 4.27 -
oxodecahydr 4.18 (m, 1H), 4.14 -
o-1H- 4.03 (m, 1H), 3.86 -
cyclopropald 3.73 (m, 1H), 3.70 -
Ipyrrolo[1,2- 3.53 (m, 6H), 3.42 -
aJazocin-6- 3.36 (m, 1H), 3.36 -
yl)carbamoyl 3.32 (m, 1H), 2.42 -
Ybenzo[b]thio 2.08 (m, 8H), 2.02 -
phen-5- 1.94 (m, 1H), 1.84 -
yl)difluorom 1.71 (m, 1H).
ethyl)phosph
onic acid
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31 ((2- , F e 681.0 | 'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD30D:D20) 6 8.65 -
8aR,9aR)- d;:j/ 8.55 (m, 1H), 8.53 -
8.8-difluoro- @&"’% ¢ W~ 8.45 (m, 1H), 8.28 -
5-0x0-3-(3- = e 8.23 (m, 0.5H), 8.22 -
(pyridin-3- o 8.14 (m, 2H), 8.10 -
ylazetidine- -OH 8.02 (m, 0.5H), 7.97 -
1- F OH 7.91 (m, 1H), 7.76 -
carbonyl)dec 7.71 (m, 1H), 7.63 -
ahydro-1H- 7.56 (m, 1H), 5.06 -
cyclopropald 4.98 (m, 1.5H), 4.75 -
Ipyrrolo[1,2- 4.70 (m, 0.5H), 4.68 -
alazocin-6- 4.62 (m, 0.5H), 4.61 -
yl)carbamoyl 4.49 (m, 1.5H), 4.46 -
)benzo[b]thio 4.29 (m, 2H), 4.09 -
phen-5- 3.98 (m, 2H), 2.42 -
yl)difluorom 2.30 (m, 3H), 2.29 -
ethyl)phosph 2.11 (m, 5H), 2.07 -
onic acid 1.96 (m, 1H), 1.90 -
1.75 (m, 1H).

32 ((2- H 680.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, d;j [M+H]* | CD30D) 6 8.20 - 8.12
8aR,9aR)-3- HN,{ ey (m, 2H), 8.02 (d, J =

(1,1- O ° - 8.3 Hz, 1H), 7.68 (d,
biphenyl]-4- S J =8.6 Hz, 1H), 7.63
ylcarbamoyl) O Q\P,OH - 7.52 (m, 6H), 7.41

-5- ' OH (t, J = 7.6 Hz, 2H),
oxodecahydr 7.34 - 7.26 (m, 1H),
o-1H- 5.10 (t, J = 9.0 Hz,
cyclopropald 1H), 481 (d, J =7.3
Ipyrrolo[1,2- Hz, 1H), 4.43 - 4.29
alazocin-6- (m, 1H), 2.56 - 2.43
yl)carbamoyl (m, 1H), 2.36 - 2.06
)benzo[b]thio (m, 5SH), 1.99 (dt, J =
phen-5- 15.0, 8.9 Hz, 1H),
yhdifluorom 1.81 - 1.67 (m, 1H),
ethyl)phosph 1.24 - 1.10 (m, 1H),
onic acid 0.99 - 0.87 (m, 1H),
0.87 - 0.78 (m, 1H),
0.08 (q, J = 5.1 Hz,

1H).
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33 Linker SFC
Peak 1 used

((R)-
fluoro(2-
(((35,68.,7a8,
8aR,9aR)-3-
(3-
(morpholine-
4-
carbonyl)azet
idine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

or

(S)-
fluoro(2-
(((35,68.7a8,
8aR,9aR)-3-
(3-
(morpholine-
4-
carbonyl)azet
idine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

or

663.1
[M+H]*

'"H NMR (400 MHz,
CD;0D) & 8.14 - 8.07
(m, 1H), 8.04 - 7.98
(m, 1H), 7.97 - 7.90
(m, 1H), 7.63 - 7.55
(m, 1H), 5.83 (dd, J =
45.2, 7.6 Hz, 1H),
5.08 - 4.98 (m, 1H),
472 (q. J = 8.8 Hz,
1H), 4.53 - 437 (m,
2H), 4.34 - 4.16 (m,
2H), 4.11 - 4.02 (m,
1H), 3.84 - 3.71 (m,
1H), 3.62 - 3.44 (m,
6H), 3.40 - 3.32 (m,
2H), 2.50 - 2.38 (m,
1H), 2.35 - 2.07 (m,
4H), 2.03 - 1.90 (m,
2H), 1.79 - 1.66 (m,
1H), 1.49 - 1.35 (m,
1H), 1.00 - 0.88 (m,
1H), 0.87 - 0.78 (m,
1H), 0.11 - 0.01 (m,
1H).
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34 Linker SFC
Peak 2 used

(S)-
fluoro(2-
(((35,68.,7a8,
8aR,%9aR)-3-
(3-
(morpholine-
4-
carbonyl)azet
idine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl

)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic

acid
Or

((R)-
fluoro(2-
(((35,68.7a8,
8aR,9aR)-3-
(3-
(morpholine-
4-
carbonyl)azet
idine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

663.1
[M+H]*

'"H NMR (400 MHz,
CD;0D) & 8.14 - 8.07
(m, 1H), 8.05 - 7.98
(m, 1H), 7.97 - 7.89
(m, 1H), 7.64 - 7.55
(m, 1H), 5.81 (dd, J =
447, 8.3 Hz, 1H),
5.09 - 4.99 (m, 1H),
472 (q. J = 9.0 Hz,
1H), 4.54 - 437 (m,
2H), 4.34 - 4.16 (m,
2H), 4.11 - 4.02 (m,
1H), 3.85 - 3.71 (m,
1H), 3.69 - 3.51 (m,
6H), 3.42 - 3.32 (m,
2H), 2.51 - 2.36 (m,
1H), 2.35 - 2.22 (m,
2H), 2.21 - 2.06 (m,
2H), 2.04 - 1.90 (m,

2H),
1H),
1H),
1H),

1.81 - 1.67 (m,
147 - 1.34 (m,
1.00 - 0.88 (m,
0.88 - 0.79 (m.

1H), 0.11 - 0.01 (m,
1H).
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35 (1-(2- H 659.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, @ N [M+H]* | CD30D) & 8.04 (s,
8aR,9aR)-3- N),QN’"\O 4 Hh 1H), 7.93 - 7.87 (m,

(3- o e 1H), 7.84 (d, J = 8.3
(morpholine- % on Hz, 1H), 7.48 (d, J =
4- P\(;H 8.6 Hz, 1H), 5.03 (t, J
carbonyl)azet = 9.2 Hz, 1H), 4.55 -
idine-1- 446 (m, 1H), 4.33 -
carbonyl)-5- 4.19 (m, 1H), 3.78 -
oxodecahydr 3.42 (m, 10H), 3.40 -
o-1H- 3.34 (m, 2H), 3.30 -
cyclopropald 3.21 (m, 2H), 2.51 -
Ipyrrolo[1,2- 2.40 (m, 1H), 2.34 -
alazocin-6- 2.25 (m, 1H), 2.25 -
yl)carbamoyl 1.91 (m, 5H), 1.77 -
)benzo[b]thio 1.69 (m, 1H), 1.68 -
phen-5- 1.58 (m, 3H), 1.18 -
yl)ethyl)phos 1.05 (m, 1H), 1.05 -
phonic acid 0.93 (m, 1H), 0.93 -
0.82 (m, 1H), 0.10 (q,

J=5.0Hz, 1H).

36 (difluoro(2- H 645.0 | 'H NMR (400 MHz,
(((3S,6S,7a8S, N [M+H]* | CD30D:NaOD) )
8aR,9aR)-5- ®/C"’{\o J i 8.59 - 8.53 (m, 1H),

oxo0-3-(3- = =~ 8.50 - 8.42 (m, 1H),
(pyridin-3- : 8.31 - 8.22 (m, 1H),
yl)azetidine- R-OH 8.18 - 8.09 (m, 1.5H),
1- F OH 7.98 -7.92 (m, 0.5H),
carbonyl)dec 7.91 - 7.80 (m, 2H),
ahydro-1H- 7.53 - 7.43 (m, 1H),
cyclopropald 5.01 (t, J = 8.6 Hz,
Ipyrrolo[1,2- 0.5H), 4.76 - 4.68 (m,
alazocin-6- 0.5H), 4.66 - 4.52 (m,
yl)carbamoyl 2H), 4.50 - 4.39 (m,
)benzo[b]thio 1.5H), 4.34 - 4.27 (m,
phen-5- 0.5H), 4.14 - 3.95 (m,
yDmethyl)ph 2H), 3.79 (dd, J =
osphonic 11.1, 6.2 Hz, 1H),
acid 2.58 - 2.48 (m, 1H),
2.42 - 2.31 (m, 1H),

2.25 - 2.04 (m, 5H),

1.62 - 1.49 (m, 1H),

1.49 - 1.37 (m, 1H),

1.15 - 1.02 (m, 1H),

0.81 - 0.72 (m, 1H),

0.32 - 0.22 (m, 1H).
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37 (difluoro(2- H A 645.1 | '"H NMR (400 MHz,
(((35,6S,7aS, dﬁ o [M+H]* | CD30D) 6 8.57 - 8.48
8aR,9aR)-7a- N N& N (m, 1H), 8.47 - 8.38

A\ O H S

methyl-5- L o y (m, 1H), 8.29 - 8.23
0x0-3-(3- (m, 1H), 8.11 - 7.92
(pyridin-3- o (m, 2H), 7.90 - 7.81
yl)azetidine- P Foom (m, 2H), 7.52 - 7.39
1- (m, 1H), 5.01 - 4.90
carbonyl)dec (m, 1H), 4.71 - 4.63
ahydro-1H- (m, 1H), 4.63 - 4.55
cyclopropald (m, 2H), 4.45 - 4.24
Ipyrrolo[1,2- (m, 1H), 4.10 - 3.95
aJazocin-6- (m, 2H), 3.85 - 3.74
yl)carbamoyl (m, 1H), 2.45 - 2.27
)benzo[b]thio (m, 1H), 2.25 - 2.06
phen-5- (m, 4H), 2.06 - 1.95
yDmethyl)ph (m, 1H), 1.32 - 1.17
osphonic (m, 4H), 0.77 - 0.70
acid (m, 1H), 0.67 - 0.60

(m, 1H).

38 (difluoro(2- H 645.1 | 'H NMR (400 MHz,
(((35.68.7aR, Cl;j o [M+H]* | CD;0D) 5 8.57 - 8.48
8aS.9aR)-7a- | w~ /. § MK (m, 1H), 8.47 - 8.38

/i [¢]

methyl-5- = 4 (m, 1H), 8.29 - 8.23
oxo0-3-(3- (m, 1H), 8.11 - 7.92
(pyridin-3- P (m, 2H), 7.90 - 7.81
yDazetidine- Fug " (m, 2H), 7.52 - 7.39
1- (m, 1H), 5.01 - 4.90
carbonyl)dec (m, 1H), 4.71 - 4.63
ahydro-1H- (m, 1H), 4.63 - 4.55
cyclopropald (m, 2H), 4.45 - 4.24
Ipyrrolo[1,2- (m, 1H), 4.10 - 3.95
aJazocin-6- (m, 2H), 3.85 - 3.74
yl)carbamoyl (m, 1H), 2.45 - 2.27
)benzo[b]thio (m, 1H), 2.25 - 2.06
phen-5- (m, 4H), 2.06 - 1.95
ylmethyl)ph (m, 1H), 1.32 - 1.17
osphonic (m, 4H), 0.77 - 0.70
acid (m, 1H), 0.67 - 0.60

(m, 1H).

39 (difluoro(2- 674.4 | '"H NMR (400 MHz,
(((35,6S,7aS, O‘ [M+H]* | CD3OD) & 8.16 (s,
8aR,%aR)-5- N, & S 1H), 8.06 (s, 1H),
0x0-3-(((R)- D = 7.92 - 7.86 (m, 2H),
1-(pyridin-2- (% s F L 7.77 - 7.70 (m, 2H),
yl)pyrrolidin- Ho-b=0 6.80 - 6.71 (m, 2H),

3- OH 5.00 - 4.95 (m, 1H),
yl)carbamoyl 454 (d, J = 7.2 Hz,
)decahydro- 1H), 4.51 - 4.45 (m,

1H- 1H), 4.31 - 4.22 (m,
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cyclopropald 1H), 3.71 — 3.66 (m,
]pyrrolo[1,2- 1H), 3.65 - 3.65 (m,
alJazocin-6- 1H), 3.63 — 3.60 (m,
yl)carbamoyl 1H), 2.44 - 2.30 (m,
)benzo[b]thio 2H), 2.29 - 2.18 (m,

phen-5- 2H), 2.17 - 2.05 (m,
yDmethyl)ph 4H), 1.96 — 1.88 (m,
osphonic 1H), 1.74 - 1.63 (m,
acid 1H), 1.32 - 1.26 (m,
1H), 1.13 - 1.01 (m,
1H), 0.82 — 0.78 (m,
1H), 0.68 — 0.62 (m,
1H), 0.03 — 0.00 (m,

1H).

40 ((2- 651.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, G\; [M+H]* | CD30D) 6 8.20 - 8.12
8aR,9aR)-3- | ¢ N B (m, 2H), 8.03 (d, J =
(6-acetyl-2,6- )“QC o °0 o 8.4 Hz, 1H),7.67 (d.]
diazaspiro[3. s’ . = 8.4 Hz, 1H), 5.09 -
3]heptane-2- F 499 (m, 1H), 4.57 -
carbonyl)-5- HO—-P=0 4.49 (m, 1H), 4.36 -
oxodecahydr OH 4.22 (m, 1H), 4.06 (t,

o-1H- J = 8.8 Hz, 1H), 3.98
cyclopropald - 3.89 (m, 1H), 3.86 -
Ipyrrolo[1,2- 3.76 (m, 1H), 3.72 -

aJazocin-6- 3.60 (m, 2H), 3.58 (s,
yl)carbamoyl 2H), 3.50 - 343 (m,
Ybenzo[b]thio 1H), 3.28 - 3.06 (m,
phen-5- 1H), 2.51 - 2.41 (m,
yhdifluorom 1H), 2.36 - 2.26 (m,
ethyl)phosph 1H), 2.24 - 2.14 (m,
onic acid 2H), 2.14 - 2.04 (m,
2H), 2.02 - 1.94 (m,
1H), 1.89 (d, J = 8.0
Hz, 3H), 1.79 - 1.65
(m, 1H), 1.30 - 1.20
(m, 1H), 1.03 - 0.92
(m, 1H), 0.92 - 0.82
(m, 1H), 0.15 - 0.05

(m, 1H).

41 (difluoro(2- O.é\ 727.3 | '"H NMR (400 MHz,
(((3S,6S,7a8S, N [M+H]* | CD30D) 68.18(d,J =
8aR,9aR)-5- SN A ™ 3.6 Hz, 1H), 8.14 -
0x0-3-(6-(2- @j N 8.10 (m, 1H), 7.96 -
phenylacetyl) ° F o 7.89 (m, 1H), 7.74 (d,

-2,6- Ho-p=0 J =8.8 Hz, 1H), 7.33
diazaspiro[ 3. OH -7.17 (m, 5SH), 5.05 -
3]heptane-2- 498 (m, 1H), 4.71 -
carbonyl)dec 4.65 (m, 1H), 4.47 -
ahydro-1H- 4.42 (m, 1H), 4.40 -
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cyclopropald
Ipyrrolo[1,2-
alJazocin-6-

yl)carbamoyl

)benzo[b]thio
phen-5-

yDmethyl)ph
osphonic

acid

4.32 (m, 3H), 4.32 -
4.23 (m, 1H), 4.18 -
4.11 (m, 3H), 4.08 -
4.02 (m, 1H), 3.48 (d,
J =3.6 Hz, 2H), 2.51
- 2.38 (m, 1H), 2.28
(m, 1H), 2.25 - 2.04
(m, 3H), 2.01 - 1.86
(m, 2H), 1.77 - 1.66
(m, 1H), 1.40 (m,
1H), 0.98 - 0.87 (m,
1H), 0.87 - 0.79 (m,
1H), 0.08 - 0.02 (m,
1H).

8aR,9aR)-3-

J =72 Hz, 1H), 8.31

42 (difluoro(2- H 681.1 | '"H NMR (400 MHz,
(((35,6S,7aS, C@ [M+H]* | CD;0D) & 8.18 (s,
8aR,9aR)-3- o P 1H), 8.12 (s, 1H),
(4-(oxetane- | o NO«’% © — 7.92 (d, J = 8.6 Hz,

3- I s 1H), 7.75 (d, ] = 8.4
carbonyl)pip 5 Hz, 1H), 5.04 (t, J =
erazine-1- 8.8 Hz, 1H), 4.95 (dd,
carbonyl)-5- J=8.0, 144 Hz, 1H),
oxodecahydr 483 (d, J = 7.6 Hz,
o-1H- 6H), 4.37 - 4.14 (m,
cyclopropald 2H), 3.92 - 3.37 (m,
Ipyrrolo[1,2- 6H), 2.53 - 2.41 (m,
alazocin-6- 1H),2.32(d,J=124
yl)carbamoyl Hz, 1H), 2.19 (s, 3H),
Ybenzo[b]thio 2.06 - 1.87 (m, 2H),
phen-5- 1.85 - 1.66 (m, 1H),
ylmethyl)ph 1.43 (m, 1H), 1.09 -
osphonic 0.94 (m, 1H), 0.92 -
acid 0.81 (m, 1H), 0.07 (d,
J=4.8 Hz, 1H).

43 (difluoro(2- H 653.2 | 'H NMR (400 MHz,

(((35,68.7a8, dﬁ . [M+H]* | DMSO-ds) & 8.84 (d,
X HN

(4-(oxetan-3-
yl)piperazine
-1-carbonyl)-
5.
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph

(s, 1H), 8.14 - 8.01
(m, 2H), 7.60 (d, J =
8.4 Hz, 1H), 4.96 -
4.84 (m, 2H), 4.66 -
4.58 (m, 4H), 4.17 (d,
J=6.0 Hz, 1H), 4.01
(d, J] = 5.2 Hz, 1H),
3.78 (s, 2H), 3.64 -
3.52 (m, 2H), 2.79 (s,
4H), 2.37 (m, 1H),
2.22 - 1.95 (m, 4H),
1.91 - 1.75 (m, 2H),
1.66(dd,J=7.2,12.0
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osphonic
acid

Hz, 1H), 1.38 (d, J =
3.6 Hz, 1H), 091 -
0.79 (m, 1H), 0.74
(m, 1H), 0.02 (d, J =
5.2 Hz, 1H).

44 (difluoro(2- 660 | '"H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD3OD) 6 8.08 (s,
8aR,9aR)-5- o] 1H), 8.02 (s, 1H),

oxo-3-((1- 790 (dd,J =12, 4.8
(pyri@iq-Z- (g d Hz, 1H), 7.83 (d,vJ =
yDazetidin-3- N E 8.4Hz, 1H),7.64 (d,]
yl)carbamoyl F = 8.8 Hz, 1H), 7.49-
)decahydro- @l‘l HO-P—OH 7.45(m , 1H), 6.59
1H- X 0 (dd, J = 5.6, 6.6 Hz,
cyclopropald 1H), 6.35 (d, J = 84
Ipyrrolo[1,2- Hz, 1H), 4.95 (t, J =
alazocin-6- 9.2 Hz, 1H), 4.60 -
yl)carbamoyl 4.45 (m, 2H), 4.21 (q,
)benzo[b]thio J=8.0Hz, 3H), 3.77-
phen-5- 3.70 (m, 2H), 2.43 -
yDmethyl)ph 2.30 (m, 1H), 2.24 -
osphonic 1.95 (m, 5H), 1.92 -
acid 1.84 (m, 1H), 1.67-
1.58 (m, 1H), 1.14 -
1.00 (m, 1H), 0.86-
0.81 (m, 1H), 0.78 -
0.70 (m, 1H), -0.01

(q,J=5.2 Hz, 1H).

45 (difluoro(2- H s 645.3 | '"H NMR (400 MHz,
(((3S,6S,7aR, N [M+H]* | CD30D) 6 8.57 - 8.51

8aS,%aR)-5-
0x0-3-(3-
(pyridin-3-
yl)azetidine-
1-
carbonyl)dec
ahydro-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yl)methyl)ph
osphonic
acid

1H), 8.48 - 8.41
1H), 8.23 - 8.08
(m, 3H), 7.96 - 7.90
(m, 1H), 7.75 (d, J =
8.8 Hz, 1H), 7.54 -
7.47 (m, 1H), 4.95
(m, 1H), 4.72 - 4.56
(m, 1H), 4.54 - 4.22
(m, 4H), 4.06 - 3.93
(m, 2H), 2.42 - 2.34
(m, 1H), 2.31 - 2.22
(m, 1H), 2.20 - 2.11
(m, 2H), 2.07 - 1.93
(m, 2H), 1.92 - 1.84
(m, 1H), 1.77 - 1.65
(m, 1H), 1.51 - 1.42
(m, 1H), 1.33 - 1.23
(m, 1H), 0.90 - 0.82
(m, 1H), 0.21 - 0.15
(m, 1H).

(m5
(m,
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46 ((7- " 628 | '"H NMR (400 MHz,
(((3S,6S,7a8S, Y o [M+H]* | CD30D) 69.10(d,J =
8aR,9aR)-3- Tl "’H ; 12.4 Hz, 1H), 8.55 -
(3-(1H- R [N CO " on 8.43 (m, 1H), 8.26 (s,
imidazol-1- | Y Ho o 1H), 8.08 (s, 1H),
yl)azetidine- 8.00 - 7.92 (m, 3H),
1-carbonyl)- 7.85 (d, J = 8.8 Hz,
5- 1H), 7.64 - 7.44 (m,
oxodecahydr 1H), 5.46 - 5.29 (m,
o-1H- 1H), 5.23 - 5.00 (m,
cyclopropald 2H), 4.67 - 4.41 (m,
Ipyrrolo[1,2- 3H), 4.35 (s, 1H),
alazocin-6- 428 - 4.16 (m, 1H),
yl)carbamoyl 2.56 - 2.44 (m, 1H),
)naphthalen- 2.35 - 2.12 (m, 4H),
2- 2.10 - 1.94 (m, 2H),
yl)difluorom 1.76 (m, 1H), 1.46 -
ethyl)phosph 1.28 (m, 1H), 1.05 -
onic acid 0.93 (m, 1H), 0.89 -
0.79 (m, 1H), 0.08

(m, 1H).

47 (difluoro(2- q 674 | 'H NMR (400 MHz,
(((35,6S,7aR, [M+H]* | CD30OD) 6 8.03 (s,

8aS,9aR)-5-
ox0-3-(((R)-
1-(pyridin-3-
yl)pyrrolidin-
yl)carbamoyl
)decahydro-
1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

1H), 7.92 (s, 1H),
7.80 (d, J = 8.4 Hz,
1H), 7.72 (s, 1H),
7.68 - 7.62 (m, 2H),
7.58 - 7.50 (m, 1H),
743 (d, J = 8.0 Hz,
1H), 4.92 - 4.88 (m,
2H), 4.46 (d, J = 2.0
Hz, 1H), 4.35 - 4.24
(m, 2H), 3.59 - 3.51
(m, 2H), 3.46 - 3.37
(m, 1H), 2.47 - 2.37
(m, 1H), 2.36 - 2.22
(m, 2H), 2.21 - 2.05
(m, 3H), 2.04 - 1.84
(m, 3H), 1.76 - 1.63
(m, 1H), 1.50 - 1.40
(m, 1H), 1.34 - 1.25
(m, 1H), 0.94 - 0.83
(m, 1H), 0.23 - 0.17
(m, 1H)
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48 (difluoro(2- 653.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | DMSO-ds) 6 8.81 (d,
8aR,%aR)-3- 0 J=7.2 Hz, 1H), 8.53

(((R)-1- _ - 8.26 (m, 2H), 8.15 -
(oxetan.—S.— Z s 8.01 (m, 2H), 7.60 (d,
yl)pyrrolidin- NO F e J = 8.8 Hz, 1H), 4.94
3- ‘—j Ho-P-OH (d, J = 7.2 Hz, 1H),
yl)carbamoyl | © o] 473 - 4.62 (m, 2H),
)-5- 4.61 - 4.55 (m, 1H),
oxodecahydr 4.50 (s, 1H), 4.40 -
o-1H- 4.25 (m, 3H), 4.16 (d,
cyclopropald J =6.0 Hz, 1H), 3.68
Ipyrrolo[1,2- (d, J =4.0 Hz, 1H),
211)]2lzolf)cin-6-1 3.35 - 3.20 (m, 2H),
yl)carbamoy 2.73 - 2.63 (m, 1H),
)benzo[b]thio 2.40 - 2.32 (m, 1H),
phen-5- 2.25 - 2.07 (m, 3H),
yl)methyl)ph 2.04 - 1.93 (m, 2H),
osphonic 1.93 - 1.85 (m, 2H),
acid 1.83 (d, ] = 9.2 Hz,
1H), 1.71 - 1.59 (m,
1H), 1.23 (s, 1H),
0.90 - 0.68 (m, 2H),

0.03 (m, 1H).

49 ((2- Y 669.2 | '"H NMR (400 MHz,
((35.68.7aS, C@ ] [M+H]* | CD;0D) 58.25 - 8.05
8aR,9aR)-3- " T (m, 2H), 7.95-7.91

(3-(3- N"So 'y (m, 1H), 7.84 (s, 1H),
cyanophenyl) Fr 7.78-7.71 (m, 2H),
azetidine-1- Ho-P-OH 7.67 - 7.59 (m, 1H),
carbonyl)-5- \ 7.57 - 7.51(m, 1H),
oxodecahydr 5.13 - 4.96 (m, 1H),

o-1H- 4.73 - 4.66 (m, 1H),
cyclopropald 4.62 - 452 (m, 1H),
Ipyrrolo[1,2- 441 - 4.19 (m, 2H),
?)]azolfin—@l 4.09 - 3.89 (m, 2H),
yl)carbamoy 2.55 - 2.42 (m, 1H),
)benzo[b]thio 2.37 - 2.09 (m, 4H),
1);(;h§n—5— 2.07 - 1.91 (m, 2H),
yhdifluorom 1.84 - 1.68 (m, 1H),
ethyl)phosph 1.52 - 1.25 (m, 2H),
onic acid 0.79 (d, J = 1.6 Hz,
2H), 0.14 - 0.01 (m,

1H).

50 (difluoro(2- &@ 646.4 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o [M+H]* | CDsOD) 6 8.63 -
8aR,9aR)-5- AN WK _ 8.46 (m, 2H), 8.42

0x0—3—(32— o0 M i (dd, J = 2.4, 2.4 Hz,
(pyrazin-2- N7 F 1H), 8.14 (d, J =9.6
yDazetidine- | s ! Ho—ﬁg°“ Hz, 1H), 8.05 (d, J =
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1-
carbonyl)dec
ahydro-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

13.2 Hz, 1H), 7.83 (t,
J = 8.4 Hz, 1H), 7.73
- 7.67 (m, 1H), 4.98
(t, J = 8.8 Hz, 1H),
4.91 - 4.85 (m, 1H),
4.52 - 4.47 (m, 1H),
4.41 - 4.34 (m, 1H),
4.30 - 4.17 (m, 2H),
4.15 - 4.00 (m, 2H),
2.46 - 2.34 (m, 1H),
2.29 - 2.18 (m, 2H),
2.16 - 2.04 (m, 2H),
1.98 - 1.86 (m, 2H),
173 - 1.62 (m, 1H),
1.41 - 1.32 (m, 1H),
0.97 - 0.86 (m, 1H),
0.79 (m, 1H), 0.06 -
0.06 (m, 1H).

51

(difluoro(2-
(((35,68.,7a8,
8aR,%9aR)-5-
0x0-3-(((R)-
1-(pyridazin-
3-
yl)pyrrolidin-
3-
yl)carbamoyl
)decahydro-
1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

675
[M+H]*

TH NMR (400 MHz,
CD;0D) §8.49 - 8.36
(m, 1H), 8.17 (s, 1H),
8.10 (s, 1H), 7.91 (d,
J=8.4 Hz 1H), 7.73
(d, J = 8.4 Hz, 1H),
7.38 (dd, J = 4.4,9.2
Hz, 1H), 6.93 (dd, J =
1.2,9.2 Hz, 1H), 4.62
(d,J =72 Hz, 1H),
4.53 - 4.42 (m, 1H),
4.30 - 4.20 (m, 1H),
3.63 - 3.58 (m, 2H),
3.44(dd, J=2.4,11.2
Hz, 1H), 2.39 - 2.28
(m, 2H), 2.26 - 2.16
(m, 3H), 2.13 - 2.05
(m, 2H), 2.04 - 1.95
(m, 2H), 1.94 - 1.86
(m, 1H), 1.65 (m,
1H), 1.45 - 1.36 (m,
1H), 0.99 - 0.87 (m,
1H), 0.70 (m, 1H),
0.57 (m, 1H), -0.02
(m, 1H).
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52 (difluoro(2- 673.1 | '"H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD3OD) 6 8.29 (s,
8aR,9aR)-5- ? 1H), 821 (s, 1H),
0x0-3-(((R)- = 8.02 (d, ] = 8.4 Hz,

1- ; S F 1H), 7.84 (d, ] = 8.4
phenylpyrroli NO F Hz, 1H), 7.26 (dd, J =
din-3- @ Ho~H-OH 7.6, 8.4 Hz, 2H), 6.73
yl)carbamoyl © (t, J = 7.2 Hz, 1H),
)decahydro- 6.62 (d, J = 8.0 Hz,
1H- 2H), 5.12 - 5.06 (m,
cyclopropald 1H), 475 (d,J =72
Ipyrrolo[1,2- Hz, 1H), 4.55 (m,
alazocin-6- 1H), 4.41 - 4.29 (m,
yl)carbamoyl 1H), 3.52 (dd, J =5.6,
)benzo[b]thio 9.6 Hz, 2H), 3.43 ( s,
phen-5- 1H), 3.24 (dd, J = 1.6,
yl)methyl)ph 10.0 Hz, 1H), 2.51 -
osphonic 2.25 (m, 5H), 2.20 -
acid 2.06 (m, 3H), 2.02 -
1.91 (m, 1H), 1.83 -
1.65 (m, 1H), 0.99 -
0.76 (m, 2H), 0.50
(m, 1H), -0.01 (m,

1H).

53 (difluoro(2- 653.1 | '"H NMR (400 MHz,
(((35,68.7a8, [M+H]* | CD30OD) 8 8.11 -8.02
8aR,9aR)-5- o) (m, 2H), 7.86 (d, J =

o0x0-3-((1- 9.2 Hz, 1H), 7.66 -
((R)- 4 7.60 (m, 1H), 4.97 -
tetrahydrofur (g F 4.89 (m, 1H), 4.43 -
an-3- N F 4.35 (m, 1H), 4.45 -
yl)azetidin-3- é HO-P-OH 4.34 (m, 1H), 4.29 -
yl)carbamoyl (o] 0 4.17 (m, 3H), 4.05-
)decahydro- 4.02 (m, 2H), 3.96 -
1H- 3.83 (m, 2H), 3.64 -
cyclopropald 3.51 (m, 2H), 2.37-
Ipyrrolo[1,2- 2.31 (m, 1H), 2.23 -
alazocin-6- 1.78 (m, 9H), 1.69 -
yl)carbamoyl 1.57 (m, 1H), 1.22 -
Ybenzo[b]thio 1.13 (m, 1H), 0.87 -
phen-5- 0.71 (m, 2H), 0.02-
yl)methyl)ph 0.04 (m, 1H).
osphonic
acid

54 ((2- T 634.2 | 'H NMR (400 MHz,
(((3S,68,74R, C@ o [M+H]* | CD;OD) & 822 (s,
8aS,9aR)-3- Tl N _ 1H), 8.12 (d, ] = 4.0

(3-(1H- AKQNAO s ] Hz, 1H), 7.96 - 7.90
imidazol-4- HN\;N F (m, 1H), 7.77 (d, J =
yl)azetidine- HO"E\)’OH 8.8 Hz, 1H), 7.67 -
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1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yhdifluorom
ethyl)phosph
onic acid

7.58 (m, 1H), 7.12 -
6.98 (m, 1H), 4.94 (d,
J=4.4 Hz, 1H), 4.80
(s, 1H), 4.62 - 4.50
(m, 1H), 4.46 - 4.40
(m, 1H), 4.34 - 4.27
(m, 2H), 4.04 - 3.97
(m, 1H), 3.96 - 3.88
(m, 1H), 2.40 - 2.31
(m, 1H), 2.25 (m,
1H), 2.20 - 2.10 (m,
2H), 2.05 - 1.93 (m,
2H), 1.91 - 1.82 (m,
1H), 1.78 - 1.66 (m,
1H), 1.52 - 1.38 (m,
2H), 0.91 - 0.79 (m,
1H), 0.18 (d, J =3.2
Hz, 1H).

55 (difluoro(2-
(((35,65,7aR,
8aS,9aR)-3-
(3-(2-
methylpyridi
n-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

659.2
[M+H]*

'"H NMR (400 MHz,
CD30D) 6 8.33 - 8.26
(m, 1H), 8.20 (m,
1H), 8.12 (m, 1H),
7.99 - 7.87 (m, 2H),
7.75 (d, J = 8.4 Hz,
1H), 7.33 (m, 1H),
498 - 4.95 (m, 1H),
471 - 4.60 (m, 1H),
4.54 - 4.26 (m, 4H),
4.24 - 4.17 (m, 1H),
4.09 - 4.01 (m, 1H),
247 (d, J = 5.2 Hz,
3H), 2.40 (m, 1H),
2.27 (m, 1H), 2.22 -
2.11 (m, 2H), 2.07 -
1.95 (m, 2H), 1.88
(m, 1H), 1.75 - 1.64
(m, 1H), 1.51 - 1.39
(m, 1H), 1.33 - 1.25
(m, 1H), 0.89 - 0.82
(m, 1H), 0.22 - 0.16
(m, 1H).

56 (difluoro(2-
(((35,65,7aR,
8aS,%aR)-3-
(3-(4-
methylpyridi
n-3-
yl)azetidine-
1-carbonyl)-
5-

659.5
[M+H]*

'"H NMR (400 MHz,
CD;0D) § 8.61 - 8.51
(m, 1H), 8.34 - 8.24
(m, 1H), 8.20 - 8.04
(m, 2H), 7.96 - 7.85
(m, 1H), 7.77 - 7.68
(m, 1H), 7.33 - 7.23
(m, 1H), 4.95 d, J =
6.4 Hz, 1H), 4.74 -
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oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-

yl)carbamoyl

)benzo[b]thio
phen-5-

yDmethyl)ph
osphonic

acid

4.65 (m, 1H), 4.55 -
4.27 (m, 4H), 4.26 -
4.06 (m, 2H), 2.44 -
2.35 (m, 1H), 2.30 (s,
3H), 2.26 (m, 1H),
2.20 - 2.11 (m, 2H),
2.05 - 1.94 (m, 2H),
1.92 - 1.80 (m, 1H),
1.77 - 1.63 (m, 1H),
1.45 (m, 1H), 1.34 -
1.22 (m, 1H), 0.91 -
0.78 (m, 1H), 0.22 -
0.14 (m, 1H).

57 (difluoro(2-
(((35,68S.7a8,
8aR,%9aR)-5-
oxo0-3-((1-
((S)-
tetrahydrofur
an-3-
yl)azetidin-3-
yl)carbamoyl
)decahydro-
1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

653.3

[M+H]*

'"H NMR (400 MHz,
DMSO-ds) 6 8.93 (d,
J = 6.8 Hz, 1H), 8.28
(d,J = 6.8 Hz, 1H),
8.23 (s, 1H), 8.01 (s,
1H), 791 (d, J = 8.4
Hz, 1H), 7.60 (d, J =
8.4 Hz, 1H), 4.95 -
4.85 (m, 1H), 4.41 (d,
J = 6.4 Hz, 1H), 4.16
(m, 2H), 3.64 - 3.61
(m, 2H), 3.51 (d, J =
4.0 Hz, 2H), 3.44 (s,
1H), 3.41 - 3.38 (m,
1H), 2.96 ( s, 1H),
2.85 (s, 1H), 2.74 (t,
J = 6.4 Hz, 1H), 2.15
-2.07 (m, 2H), 1.95 -
1.90 (m, 2H), 1.90 -
1.85 (m, 1H), 1.84 -
1.71 (m, 2H), 1.68 -
1.52 (m, 2H), 1.22 -
1.14 (m, 1H), 1.12 -
1.03 (m, 1H), 0.87 -
0.70 (m, 2H), 0.03 (q.
J=4.8 Hz, 1H).

58 (difluoro(2-
(((35,65,7aR,
8aS,9aR)-3-
(3-(3-
methylpyridi
n-2-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-

659.3
[M+H]*

'"H NMR (400 MHz,
CD;0D) § 8.47 - 8.30
(m, 1H), 8.22 - 8.01
(m, 2H), 7.95 - 7.86
(m, 1H), 7.77 - 7.56
(m, 2H), 7.33 - 7.25
(m, 1H), 4.97 - 491
(m, 2H), 4.85 - 4.76
(m, 1H), 4.71 - 4.50
(m, 1H), 4.49 - 4.37
(m, 2H), 4.36 - 4.24
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cyclopropald (m, 2H), 2.41 - 2.32
Ipyrrolo[1,2- (m, 1H), 2.29 (d, J =
alazocin-6- 2.0 Hz, 3H), 2.24 -
yl)carbamoyl 2.11 (m, 2H), 2.06 -
)benzo[b]thio 1.81 (m, 3H), 1.78 -
phen-5- 1.61 (m, 1H), 1.52 -
yDmethyl)ph 1.40 (m, 1H), 1.24 (s,
osphonic 2H), 0.90 - 0.81 (m,
acid 1H), 0.19 (m, 1H).

59 ((7- w5 628.3 | 'H NMR (400 MHz,
(((35.6S,7aR, C@ o [M+H]* | CD:0OD) §8.72 - 8.57
8aS,9aR)-3- i 4N (m, 1H), 8.53 - 8.45
(3-(1H- P CO o (m, 1H), 8.30 - 8.27
imidazol-1- =/ HO" Yo (m, 1H), 8.14 - 7.99
yl)azetidine- (m, 1H), 7.99 - 7.90
1-carbonyl)- (m, 3H), 7.89 - 7.84
5- (m, 1H), 7.32 - 7.20
oxodecahydr (m, 1H), 5.36 - 5.25
o-1H- (m, 1H), 5.07 - 4.90
cyclopropald (m, 2H), 4.79 (m,
Ipyrrolo[1,2- 1H), 4.50 - 4.42 (m,
alazocin-6- 1H), 4.41 - 4.31 (m,
yl)carbamoyl 2H), 425 - 4.11 (m,
)naphthalen- 1H), 2.38 (m, 1H),
2- 2.27 - 2.12 (m, 3H),
yhdifluorom 2.04 - 1.85 (m, 3H),
ethyl)phosph 1.74 - 1.62 (m, 1H),
onic acid 1.50 (m, 1H), 1.37 -
1.24 (m, 1H), 0.87
(m, 1H), 0.18 (m,

1H).
60 (difluoro(2- g 659.1 | '"H NMR (400 MHz,
(((3S,6S,7aR, [M+H]* | CD30OD) 6 8.22 - 7.98

8aS,%aR)-3-
(3-(6-
methylpyridi
n-2-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph

(m, 2H), 7.97 - 7.82
(m, 1H), 7.75 (m,
1H), 7.70 - 7.62 (m,
1H), 7.45 - 7.08 (m,
2H), 4.95 (m, 1H),
4.66 m, 1H), 4.50 -
439 (m, 2H), 4.32
(m, 1H), 4.23 - 4.08
(m, 1H), 4.08 - 3.98
(m, 1H), 2.57 - 2.41
(m, 3H), 2.41 - 2.23
(m, 2H), 2.22 - 2.10
(m, 2H), 2.08 - 1.81
(m, 4H), 1.80 - 1.61
(m, 1H), 1.51 - 1.36
(m, 1H), 1.35 - 1.21
(m, 1H), 0.85 (m,
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osphonic
acid

1H), 0.26 - 0.13 (m,
1H).

61 (difluoro(2-
(((35,68.,7a8,
8aR,%9aR)-5-
ox0-3-(3-
(pyrimidin-5-
yl)azetidine-
1-
carbonyl)dec
ahydro-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

646
[M+H]*

'"H NMR (400 MHz,
CD;0D) §9.09 - 9.05
(m, 1H), 8.94 (s, 1H),
8.86 (s, 1H), 8.19 -
8.12 (m, 2H), 8.03 -
7.97 (m, 1H), 7.67
(m, 1H), 5.08 - 5.00
(m, 1H), 4.79 - 4.70
(m, 1H), 4.58 - 4.43
(m, 2H), 4.42 - 4.35
(m, 1H), 4.34 - 4.26
(m, 1H), 4.09 - 3.91
(m, 2H), 2.54 - 2.43
(m, 1H), 2.36 - 2.09
(m, 4H), 2.06 - 1.92
(m, 2H), 1.80 - 1.68
(m, 1H), 1.49 - 1.37
(m, 1H), 1.02 - 0.91
(m, 1H), 0.90 - 0.81
(m, 1H), 0.11 - 0.03
(m, 1H).

62 (2-
(((35,68,7a8,
8aR,9aR)-3-
(3-(4-
cyanophenyl)
-3-
fluoroazetidi
ne-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yl)difluorom
ethyl)phosph
onic acid

687.1
[M+H]*

'"H NMR (400 MHz,
CD;0D) §8.22-8.11
(m, 2H), 7.94 (d, J =
8.4 Hz, 1H), 7.86 -
7.81 (m, 1H), 7.79 (d,
J =3.2 Hz, 2H), 7.77
-7.71 (m, 2H), 5.17 -
5.01 (m, 2H), 4.80 -
4.64 (m, 1H), 4.57
(dd, J = 2.4, 8.4 Hz,
1H), 4.53 - 438 (m,
1H), 4.37 - 427 (m,
2H), 2.48 (m, 1H),
2.38 - 2.28 (m, 2H),
2.27 - 2.12 (m, 2H),
2.08 - 1.91 (m, 2H),
1.82 - 1.69 (m, 1H),
1.46 - 1.27 (m, 1H),
1.02 - 0.91 (m, 1H),
0.90 - 0.79 (m, 1H),
0.08 (m, 1H).
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63 (difluoro(2-
(((35,65,7aR,
8aS,9aR)-5-
oxo-3-((1-
(4.4,4-
trifluorobuta
noyl)azetidin
-3-
yl)carbamoyl
)decahydro-
1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

707.2

[M+H]*

'"H NMR (400 MHz,
CD;0D) §8.16 - 8.10
(m, 2H), 8.00 (d, J =
8.6 Hz, 1H), 7.68 (m,
1H), 4.95 (m, 1H),
4.56 - 4.45 (m, 2H),
4.38 - 4.23 (m, 3H),
4.12 - 4.04 (m, 1H),
3.95 - 3.85 (m, 1H),
2.50 - 2.32 (m, 5H),
2.27 - 2.11 (m, 3H),
2.01 - 1.84 (m, 3H),
1.79 - 1.68 (m, 1H),
1.52 - 1.41 (m, 1H),
1.34 - 1.26 (m, 1H),
0.89 - 0.82 (m, 1H),
0.22 - 0.16 (m, 1H).

64 (difluoro(2-
(((35,68.7a8,
8aR,%9aR)-3-
(3-fluoro-3-
phenylazetidi
ne-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

662.3

[M+H]*

'"H NMR (400 MHz,
CD;0D) § 8.24 - 8.08
(m, 2H), 7.98 - 7.86
(m, 1H), 7.74 d, J =
8.4 Hz, 1H), 7.62 -
7.50 (m, 2H), 7.50 -
7.32 (m, 3H), 5.16 -
5.00 (m, 2H), 4.76 -
4.64 (m, 1H), 4.61 -
4.55 (m, 1H), 4.50 -
4.27 (m, 3H), 2.53 -
2.41 (m, 1H), 2.37 -
2.27 (m, 2H), 2.26 -
2.12 (m, 2H), 2.07 -
1.90 (m, 2H), 1.81 -
1.69 (m, 1H), 1.48 -
1.37 (m, 1H), 1.02 -
0.91 (m, 1H), 0.90 -
0.80 (m, 1H), 0.13 -
0.02 (m, 1H).

65 (difluoro(2-
(((35,68,7a8,
8aR,9aR)-5-
0x0-3-(3-
(pyrimidin-2-
yl)azetidine-
1-
carbonyl)dec
ahydro-1H-
cyclopropald

646.1

[M+H]*

'"H NMR (400 MHz,
CD;0D) § 8.81 -8.74
(m, 2H), 8.20 - 8.08
(m, 2H), 7.92 (t, J =
8.8 Hz, 1H), 7.76 -
7.70 (m, 1H), 7.40 -
7.32 (m, 1H), 5.09 -
4.98 (m, 2H), 4.59 -
4.50 (m, 2H), 4.46 -
438 (m, 1H), 4.35 -
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Ipyrrolo[1,2- 4.07 (m, 3H), 2.52 -
aJazocin-6- 2.37 (m, 1H), 2.35 -
yl)carbamoyl 2.25 (m, 2H), 2.24 -
)benzo[b]thio 2.11 (m, 2H), 2.02 -
phen-5- 1.90 (m, 2H), 1.80 -
yl)methyl)ph 1.68 (m, 1H), 1.49 -
osphonic 1.38 (m, 1H), 1.02 -
acid 0.89 (m, 1H), 0.89 -
0.80 (m, 1H), 0.11 -

0.02 (m, 1H)

66 ((2- 669.0 | 'H NMR (500 MHz,
(@sesgas, | L) [M+H]* | DMSO-de) & 8.85 —
8aS,8bR)-3- S, N,go z "‘H s 8.62 (m, 1H), 8.33 -

((3S.4R or 4 8.28 (m, 1H), 8.11
3R, 45)-3- (dd, J = 8.5, 3.7 Hz,
cyano-4- . E ,'égoH 1H), 8.06 (s, 1H),
phenylpyrroli Fro 7.56 (d, J = 8.6 Hz,
dine-1- or 1H), 7.45 — 7.35 (m,
carl:iionz})-z- 4H), 7.33 — 7.27 (m,
oxodecahydr 1H), 4.52 — 4.45 (m,
ocyclopropa[ N <_/N / o 2H), 4.27 — 4.16 (m,
c]pylrolo[16,2 \C“’io I ~ 1H), 4.11 - 3.96 (m,
-aJazepin-6- 2H), 3.84 — 3.78 (m,
yl)carbamoyl © 2H), 3.30 — 3.23 (m,
Ybenzo[b]thio P 1H), 3.12 — 3.00 (m,
ph;n—S— g " 1H), 2.33 — 2.23 (m,
yhdifluorom 1H), 2.22 — 2.14 (m,
ethyl)phosph 1H), 2.13 — 1.94 (m,
onic acid 4H), 1.08 (m, 2H),
SFC peak 2 used for biological 0.84 (m, 1H), 0.56

testing (m, 1H).

67 (difluoro(2- 631.0 | '"H NMR (600 MHz,
(((3S,6S,7aS, </N o [M+H]* | DMSO-ds) 6 8.88 —
8aS,8bR)-5- = N N 8.42 (m, 2H), 8.31 (s,

0x0-3-(3- @’C o & H s 1H), 8.10 (d, J = 8.5
(pyridin-3- Hz, 1H), 8.07 (d, J =
yl)azetidine- g 11.4 Hz, 1H), 7.98 —
1- Fug ©O" 7.80 (m, 1H), 7.57 (d,
carbonyl)dec J=8.6 Hz, 1H), 7.53
ahydrocyclop —7.00 (m, 1H), 4.83 -
ropa[c]pyrrol 4.60 (m, 1H), 4.53 -
0[1,2- 444 (m, 1H), 4.35
?)]azeé)m—& (m, 1H), 4.27 — 4.18
yl)carbamoyl (m, 2H), 3.88 (m,
)benzo[b]thio 2H), 3.84 — 3.77 (m,
phen-5- 2H), 2.26 (m, 1H),
yDmethyl)ph 2.16 — 1.98 (m, 5H),
osphonic 1.22 — 1.05 (m, 2H),
acid 0.85 (m, 1H), 0.57

(m, 1H).

157




WO 2023/192960 PCT/US2023/065171
68 (difluoro(2- G 658.0
(((35,6S,7aR, <__»N [M+H]*
8aS,9aR)-5- @,@/g\o &
0x0-3-(3-(m- VR
tolyl)azetidin
e-1-
carbonyl)dec FF ,,P'\C();
ahydro-1H- ©
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yD)methyl)ph
osphonic
acid
69 (difluoro(2- NG 660.0 | '"H NMR (400 MHz,
(((35,6S,7aR, "0 </N ‘ [M+H]* | DMSO-ds) 6 8.83 —
8aS,9aR)-3- AN & i 8.80 (m, 1H), 8.30 (d,
(3- /s J=2.3Hz, 1H), 8.11
((methylsulfo (d, J = 8.6 Hz, 1H),
nyDmethyl)a 1 o 8.07 (s, 1H), 7.57 (d,
zetidine-1- FHOIPZOH J=28.6 Hz, 1H), 4.81
carbonyl)-5- (app. t, J = 6.2 Hz,
oxodecahydr 1H), 4.50 (t, J = 8.6
o-1H- Hz, 1H), 4.35 (t, J =
cyclopropald 8.5 Hz, 1H), 4.24 (m,
]pyrrolo[1,2- 2H), 3.53 (d, J =74
alJazocin-6- Hz, 2H), 3.42 (m,
yl)carbamoyl 1H), 3.19 — 3.01 (m,
)benzo[b]thio 3H), 2.23 (m, 1H),
phen-5- 2.12 (d, J = 9.6 Hz,
yDmethyl)ph 1H), 2.02 (m, 2H),
osphonic 1.86 m, 2H), 1.64 (s,
acid 1H), 1.58 — 1.47 (m,
1H), 1.38 — 1.27 (m,
1H), 1.26 — 1.11 (m,
3H), 0.75 (m, 1H),
0.05 (s, 1H).
70 ((2- SN 670.0 | '"H NMR (400 MHz,
(((35,6S,7aR, =~ Gﬂ ‘ [M+H]* | DMSO-ds) 6 8.92 (m,
8aS,9aR)-3- %QN"\\O S Hi 1H), 8.66 (m, 1H),
(3-cyano-3- id /s 8.30 (m, 1H), 8.18 —
(pyridin-2- 8.04 (m, 2H), 7.99 —
yl)azetidine- e o 7.88 (m, 1H), 7.71 (d,
1-carbonyl)- FHO,PiOH J=7.9 Hz, 1H), 7.59
5- (d, J = 8.5 Hz, 1H),
oxodecahydr 7.50 — 7.38 (m, 1H),
o-1H- 5.13 — 4.67 (m, 4H),
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cyclopropald 4.51 — 445 (m, 1H),
]pyrrol(?[1,2- 4.30 (m, 2H), 2.33 —
z;)]azol;:m—6—l 2.13 (m, 2H), 2.07
yl)carbamoy (m, 2H), 1.93 - 1.79
)benzo[b]thio (m, 2H), 1.72 (m,

phen-S— 1H), 1.48 (m, 1H),
yhdifluorom 1.31 (s, 1H), 1.25 -
ethyll)phosph 1.17 (m, 1H), 0.83 -

onic acid 0.72 (m, 1H), 0.06 (s,

1H).

71 (difluoro(2- Os 681.0 | '"H NMR (400 MHz,
(((35,6S,7aR, @ YN [M+H]* | DMSO-ds) & 8.82
8aS,9aR)-3- NW/QMO O HN (dd, J = 14.3, 7.4 Hz,

(3- . © 4 1H), 8.28 (app. s,
(morpholine- 1H), 8.08 (m, 2H),
4- Lo 7.73 (br. s, 1H), 4.80
carjb(?nyl)azet P on (m, 1H), 4.45 (m,
1gme—11)—5 1H), 4.26 (m, 2H),
carbonyl)-5- 4.16 (d, J = 6.8 Hz,
oxodecahydr 1H), 4.04 — 3.97 (m,
o-1H- 2H), 3.54 — 3.50 (m,
cyclopropald 4H), 3.45 (m, 2H),
]pyrrolc;[l,Z— 3.25 (m, 2H), 2.26 —
z;)]azog:m—&l 2.11 (m, 2H), 2.03
yl)carbamoy (m, 2H), 1.85 (m,
)benzo[b]thio 2H), 1.62 (s, 1H),
phen-5- 1.50 (m, 1H), 1.32
yl)methyli)ph (m, 1H), 1.16 (m,
osphonic 2H), 0.76 (m, 1H),
acid _ 0.03 (s, 1H).

72 ((2- </ " 673.3 | '"H NMR (600 MHz,
(((3S,6S,7aR, P YN [M+H]* | DMSO-ds) 6 8.80 (d,
8aS,9aR)-3- N* N © HN J=17.1 Hz, 1H), 8.29

(3-((N.S- /S (d, J = 8.2 Hz, 1H),
dimethylsulf 8.10 (d, J = 8.5 Hz,
onimidoyl)m 1o 1H), 8.06 (s, 1H),
ethyl)azetidi FHO,P'(OH 7.57 (d, J = 8.6 Hz,

ne-1- 1H), 4.80 (m, 1H),
carbonyl)-5- 449 — 431 (m, 1H),
oxodecahydr 423 (m, 1H), 4.15

o-1H- (m, 1H), 3.99 (m,
cyclopropald 2H), 3.94 (m, 1H),
]pyrrol(?[]_,2— 3.16 — 3.05 (m, 2H),
z;)]azol;:m—6—l 3.02 (m, 3H), 2.61
yl)carbamoy (m, 3H), 2.22 (m,
)benzo[b]thio 1H), 2.12 (s, 1H),

phen—S— 2.01 (m, 2H), 1.85
yhdifluorom (m, 2H), 1.63 (m,
ethyl.)pho.sph 1H), 1.54 — 1.44 (m,

onic acid 1H), 1.30 (m, 1H),
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1.22 — 1.16 (m, 1H),
0.75 (m, 1H), 0.03 (s,
1H).

73 ((2- 708.4 | '"H NMR (600 MHz,
(((35,6S,7aR, Gﬂ [M+H]* | DMSO-ds) 6 8.90 —
8aS,9aR)-3- N, & 8.78 (m, 1H), 8.29 —

(3-(2,2- . VA 8.20 (m, 1H), 8.13 -
difluoroethyl F 8.00 (m, 2H), 7.57
)-3- . (dd, J =12.7, 8.6 Hz,
phenylazetidi 4 1H), 7.36 (m, 2H),
ne-1- 7.31 —7.27 (m, 1H),
carbonyl)-5- 7.24 (t, J = 6.7 Hz,
oxodecahydr 2H), 5.79 — 5.49 (m,
o-1H- 1H), 4.80 (m, 1H),
cyclopropald 457 (m, 1H), 4.43
Ipyrrolo[1,2- (m, 1H), 4.28 (m,
alazocin-6- 1H), 4.19 — 4.13 (m,
yl)carbamoyl 1H), 4.11 — 4.01 (m,
)benzo[b]thio 2H), 2.25 (m, 1H),
phen-5- 2.21 - 2.09 (m, 2H),
yl)difluorom 2.06 — 1.98 (m, 2H),
ethyl)phosph 1.86 (m, 2H), 1.77 -
onic acid 1.64 (m, 1H), 1.54
(m, 1H), 1.53 - 1.39
(m, 1H), 1.29 (s, 1H),
1.21 — 1.15 (m, 1H),
0.74 (m, 1H), 0.01 (s,

1H).

74 ((2- 669.0 | 'H NMR (600 MHz,
(((3S,6S,7aR, G , [M+H]* | DMSO-ds) 6 8.88 —
8aS,9aR)-3- NN, O HN 8.82 (m, 1H), 8.31 (d,

(3-(4- Ni/O/C VAR J=8.6 Hz, 1H), 8.12
cyanophenyl) (d, J = 8.7 Hz, 1H),
azetidine-1- . 8.08 (s, 1H), 7.82
carbonyl)-5- Paon (app. t, J = 8.6 Hz,
oxodecahydr 2H), 7.58 (d, J = 8.3
o-1H- Hz, 2H), 7.53 d, J =
cyclopropald 8.0 Hz, 1H), 4.86 -
Ipyrrolo[1,2- 4.80 (m, 1H), 4.79 —
alazocin-6- 4.58 (m, 1H), 4.37 —
yl)carbamoyl 422 (m, 3H), 4.18
Ybenzo[b]thio (m, 1H), 4.00 (s, 2H),
phen-5- 3.82 (m, 1H), 2.23
yl)difluorom (m, 1H), 2.18 (dt, J =
ethyl)phosph 13.4, 7.2 Hz, 1H),
onic acid 2.03 (m, 2H), 1.87
(m, 2H), 1.67 (m,

1H), 1.52 (m, 1H),

1.31 (s, 1H), 1.18 (m,
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1H), 0.75 (m, 1H),
0.03 (br. s, 1H).

75 (difluoro(2- </ F 678.4 | 'H NMR (600 MHz,
(((35,6S,7aR, (N/ N / [M+H]* | DMSO-ds) 6 8.88 —
8aS,9aR)-3- N/);CN’\\O 3 8.80 (m, 1H), 8.32 —
(3-methoxy- \ VAR 8.28 (m, I1H), 8.10
3-(1-methyl- (dd, J =129, 8.3 Hz,
1H-imidazol- 1 o 1H), 8.05 (d, /=19.1

2—‘ . FHO,P'(OH Hz, 1H), 7.57 (t, J =
yl)azetidine- 8.8 Hz, 1H), 7.25 (d,
1-carbonyl)- J=24.4Hz, 1H), 6.90

5- (d, J = 14.7 Hz, 1H),
oxodecahydr 4.83 — 4.74 (m, 2H),

o-1H- 4.44 — 441 (m, 1H),
cyclopropald 4.37 — 4.27 (m, 2H),
Ipyrrolo[1,2- 416 (m, 1H), 4.02
alazocin-6- (m, 1H), 3.56 (app.
yl)carbamoyl m, 3H), 2.90 (app. m,
)benzo[b]thio 3H), 2.25 — 2.10 (m,
phen-5- 2H), 2.06 — 1.97 (m,
yDmethyl)ph 2H), 1.85 (m, 2H),
osphonic 1.68 — 1.56 (m, 1H),

acid 1.50 (m, 1H), 1.30 (s,

1H), 1.20 (m, 1H),
0.75 (m, 1H), 0.04
(br. s, 1H).

76 (difluoro(2- </ 9 649.2 | '"H NMR (500 MHz,
(((3S,6S,7aR, YNy [M+H]* | DMSO-ds) 6 8.87 —
8aS,9aR)-3- N\\;N\ Np O HN 8.81 (m, 1H), 8.40 (d,
(3-(4-methyl- N e J=10.7Hz, 1H), 8.29

izl .13 — 804 (210
tnazq -3- C Yo .13 — 8.04 (m, ).
yl)azetidine- 7.56 (m, 1H), 4.81
1-carbonyl)- (m, 1H), 4.58 — 4.40
5- (m, 2H), 4.26 (m,
oxodecahydr 2H), 4.17 (m, 2H),
o-1H- 4.04 — 4.00 (m, 1H),
cyclopropald 3.51 (s, 3H), 2.23 —
]pyrrolo[1,2- 2.13 (m, 2H), 2.03
alJazocin-6- (m, 2H), 1.87 (ddt, J
yl)carbamoyl =152, 11.2, 5.6 Hz,
)benzo[b]thio 2H), 1.69 — 1.62 (m,
phen-5- 1H), 1.55 — 1.47 (m,
yDmethyl)ph 1H), 1.35 — 1.28 (m,
osphonic 1H), 1.18 (s, 1H),
acid 0.75 (m, 1H), 0.03

(br. s, 1H).
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77 (difluoro(2- C‘R 674.4 | '"H NMR (600 MHz,
(((35,6S,7aR, N [M+H]* | DMSO-ds) 6 8.84 —
8aS,9aR)-5- N\N/ N, O HN 8.61 (m, 1H), 8.28 —

0x0-3-(3- 7S 8.23 (m, 1H), 8.12
(2,4,5,6- (dd, J = 8.7, 2.7 Hz,
tetrahydrocy 1 o 1H), 8.07 (br. s, 1H),
clopenta[c]p FHO,P'(OH 7.57 (d, J = 8.7 Hz,
yrazol-3- 1H), 4.80 (m, 1H),
yl)azetidine- 4.56 (m, 1H), 4.42 —
1- 4.22 (m, 2H), 4.20 —
carbonyl)dec 4.14 (m, 2H), 3.96 —
ahydro-1H- 3.84 (m, 1H), 3.80
cyclopropald (m, 1H), 3.74 (m,
]pyrrol(?[1,2— 1H), 2.57 — 2.53 (m,
z;)]azolfm—&l 4H), 2.38 (s, 1H),
yl)carbamoy 2.30 — 2.14 (m, 2H),
)benzo[b]thio 2.01 (m, 2H), 1.94 —
phen-5- 1.76 (m, 2H), 1.70 —
yl)methyl.)ph 1.60 (m, 1H), 1.58 -
osphonic 1.40 (m, 1H), 1.31 (s,
acid 1H), 1.17 (m, 1H),
0.79 — 0.72 (m, 1H),

0.03 (br. s, 1H).

78 ((2- Os 684.2 | 'H NMR (500 MHz,
(((35,68,7aR, )/C By N [M+H]* | DMSO-ds) 6 8.81 (m,
8aS,9aR)-3- AN NN, O HN 1H), 8.30 — 8.28 (m,

(3-(1H- @'NH V] 1H), 8.14 — 8.02 (m,
benzo[d]imid 3H), 7.60 — 7.52 (m,
azol-2- 2H), 7.48 (m, 1H),
yl)azetidine- FFHO,P'((;H 7.20 (m, 1H), 7.12
1-carbonyl)- (m, 1H), 4.82 (m,
5- 1H), 4.79 — 4.42 (m,
oxodecahydr 3H), 4.30 (m, 2H),
o-1H- 420 — 4.15 (m, 2H),
cyclopropald 4.14 — 4.11 (m, 1H),
Ipyrrolo[1,2- 2.24 — 2.15 (m, 2H),
zll)]azolfin—6—1 2.05 (m, 2H), 1.91 —
yl)carbamoy 1.83 (m, 2H), 1.74 —
Ybenzo[b]thio 1.66 (m, 1H), 1.51
phen-5- (m, 1H), 1.33 (m,
yhdifluorom 1H), 1.20 (m, 1H),
ethyl.)pho.iiph 0.75 (m, 1H), 0.04
onic aci (br. s, 1H).

79 | (difluoro(2- & 686.4 | 'H NMR (400 MHz,
(((35,6S,7aR, %@ N N [M+H]* | DMSO-ds) 6 8.89 —
8aS,9aR)-3- N, 6 HN 8.79 (m, 1H), 8.26
(3-isopropyl- Vi (m, 1H), 8.16 — 8.02

3- (m, 2H), 7.56 (m,
phenylazetidi 1 o 1H), 7.32 (m, 2H),
ne-1- FHO,P'ZOH 723 (m, 1H), 7.11
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carbonyl)-5- (m, 2H), 4.80 (s, 1H),
oxodecahydr 4.50 — 4.28 (m, 4H),
o-1H- 4.16 (s, 2H), 3.96 (m,
cyclopropald 2H), 3.16 (s, 1H),
Ipyrrolo[1,2- 2.06 (m, 4H), 1.87 (s,
alazocin-6- 1H), 1.56 (m, 2H),
yl)carbamoyl 1.30 (s, 1H), 1.19 (s,
)benzo[b]thio 1H), 0.77 — 0.69 (m,
1)pherIll—Sl— . 6H), 0.01 (br. s, 1H).
yDmethyl)p
osphonic
acid
80 (difluoro(2- C‘S\ 646.4 | 'H NMR (600 MHz,
(((35,6S,7aR, N / [M+H]* | DMSO-ds) 6 8.85 —
8aS,9aR)-5- C‘»/QMO J HN 8.77 (m, 3H), 8.32 —
( ox‘o-?a(i(?)-2 N /s 8.27 (m, 1H), 8.13 -
pyrimidin-2- 8.05 (m, 2H), 7.57
yl)azetidine- -1 o (m, 1H), 7.42 — 7.37
1- FHO,P’:OH (m, 1H), 4.82 — 4.80
c;hrbgnylidec (m, 1H), 4.55 (m,
ydro-1H- 1H), 4.31 (m, 1H),
cyclopropald 4.18 — 4.12 (m, 2H),
Ipyrrolo[1,2- 4.06 — 4.00 (m, 1H),
z;)]azog:in—&l 3.06 (m, 1H), 2.23 —
yl)carbamoy 2.12 (m, 2H), 2.03
Ybenzo[b]thio (m, 2H), 1.88 (m,
phen-5- 2H), 1.65 (m, 1H),
yDmethyl)ph 1.53 (m, 1H), 1.31 (s,
osphonic 1H), 1.20 (m, 1H),
acid 1.15 (m, 1H), 0.75
(m, 1H), 0.02 (br. s,
1H).
81 (difluoro(2- </ ¢ 649.2 | 'H NMR (500 MHz,
(§(3SS,965R,Za3R, H)/C N [M+H]* | DMSO-ds) 6 8.84 (d,
aS,9aR)-3- ~" N, O HN J=7.6 Hz, 1H), 8.31
(3-(5-methyl- N-N Vi (d, J = 6.8 Hz, 1H),
4H-1,2.4- 8.12 (dd, J = 8.6, 3.3
triazol-3- Hz, 1H), 8.07 (d, J =
yl)azetidine- FFHO,p'f;H 6.5 Hz, 1H), 7.57 (d,
1-carbonyl)- J=28.6 Hz, 1H), 4.81
5- (s, 1H), 4.70 — 4.40
oxodecahydr (m, 2H), 4.28 (m,
o-1H- 2H), 4.19 — 4.13 (m,
cyclopropa[d 2H), 4.09 (m, 1H),
Ipyrrolo[1,2- 3.99 (m, 1H), 2.28
alazocin-6- (m, 3H), 2.18 (m,
yl)carbamoyl 3H), 2.02 (m, 2H),
)benzo[b]thio 1.86 (m, 2H), 1.68 —
phen-5- 1.60 (m, 1H), 1.53
yDmethyl)ph (m, 1H), 1.35 — 1.28
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osphonic (m, 1H), 1.19 (s, 1H),
acid 0.75 (m, 1H), 0.04 (s,

1H).

82 (difluoro(2- Q 664.2 | '"H NMR (500 MHz,
(((3S,6S,7aR, - N / [M+H]* | DMSO-ds) 6 9.79 —
8aS,9aR)-3- NSNS, & i 8.54 (m, 1H), 8.29
(3-methyl-3- VA (m, 1H), 8.16 — 8.02

(5-methyl- (m, 2H), 7.57 (m,
1,.3,4- e o 1H), 4.81 (m, 1H),
oxadla.zo.l—2- K on 4.63 — 448 (m, 1H),
yl)azetidine- 440 — 4.21 (m, 2H),
1-carbonyl)- 416 (m, 2H), 3.87
5- (m, 1H), 3.79 (m,
oxodecahydr 1H), 3.08 — 3.02 (m,
o-1H- 1H), 2.27 — 2.14 (m,
cyclopropald 2H), 2.07 — 1.99 (m,
Jpyrrolo[1,2- 2H), 1.85 (m, 2H),
alazocin-6- 1.65 (m, 3H), 1.48
yl)carbamoyl (m, 2H), 1.30 (m,
)benzo[b]thio 1H), 1.23 — 0.96 (m,
phen-5- 2H), 0.75 (m, 1H),
ylmethyl)ph 0.02 (s, 1H).
osphonic
acid

83 (difluoro(2- NG 659.4
(((3S,6S,7aR, .0 </N _ [M+H]*
8aS,9aR)-3- i N, O HN

(3-((5- rs
methylsulfon
imidoyl)meth 1 o
yhazetidine- FHO,P'iOH
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid
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84 (difluoro(2- </ & 688.4 | 'H NMR (400 MHz,
(((35,6S,7aR, N [M+H]* | DMSO-ds) 6 8.89 —
8aS,9aR)-3- Q?CN’\O 4 HN 8.82 (m, 1H), 8.32 —

(3- 0 ViR 8.04 (m, 3H), 7.62 —
(methoxymet 6.90 (m, 6H), 4.81 (s,
hyl)-3- 1H), 4.51 — 4.48 (m,
phenylazetidi T 1H), 436 — 4.27 (m,
ne-1- 2H), 4.16 (s, 1H),
carbonyl)-5- 4.04 — 3,94 (m, 2H),
oxodecahydr 3.25 (s, 2H), 3.17 (d,
o-1H- J=8.6 Hz, 3H), 2.16
cyclopropald (m, 2H), 2.02 (s, 2H),
Ipyrrolo[1,2- 1.87 (s, 2H), 1.75 —
211)]2lzolf)cin-6-1 1.41 (m, 2H), 1.24
yl)carbamoy (m, 2H), 0.88 — 0.59
)benzo[b]thio (m, 1H), 0.03 (s, 1H).
phen-5-
yDmethyl)ph
osphonic
acid

85 (difluoro(2- e 658.2 | 'H NMR (500 MHz,
(((3S,6S,7a8S, C‘v 4 [M+H]* | DMSO-ds) 6 8.89 (m,
SaR,gaIé)-S‘ Q/C“’\\Oo Hi— 1H), 8.33 - 8.31 (m,
0x0-3-(3-(o- /s 1H), 8.11 (t, J = 8.0
tolyDazetidin Hz, 1H), 8.06 (d, J =

e-1- 1o 11.5 Hz, 1H), 7.68 —
carbonyl)dec F O,p’(OH 7.48 (m, 1H), 7.35
ahydro-1H- ; (m, 1H), 7.24 — 7.05
cyclopropald (m, 3H), 4.96 — 4.85
]pyrrolc?[1,2— (m, 1H), 4.61 — 4.47
all]azog:m—6— (m, 1H), 4.37 (dd, J =
yl)carbamoyl 8.2,3.7Hz, 1H), 4.17
)benzo[b]thio (m, 2H), 4.02 (m,

phen-5- 1H), 3.97 — 3.80 (m,
yl)methyl')ph 2H), 2.28 (m, 1H),
osphonic 2.15 (s, 3H), 2.13 —
acid 1.90 (m, 4H), 1.88 —
1.77 (m, 2H), 1.67 —
1.56 (m, 1H), 1.35 (s,
1H), 0.77 (m, 1H),
0.70 (m, 1H), -0.02

(br. s, 1H).

86 (difluoro(2- /’\ 5 728.2 | '"H NMR (400 MHz,
(((35.65.7aS, | ™ a [M+H]* | DMSO-de) & 8.93 —
8aR,9aR)-5- N)]/CN"\O d HN 8.85 (m, 1H), 8.61 —
oxo-.?)-(.3-(3- o s 8.54 (m, 1H), 8.36 —
(pyrld.ln.-2- 8.33 (m, 1H), 8.14 (s,
yl)azetidine- 1H), 8.08 (m, 1H),

1- AL 7.83 (m, 1H), 7.59
carbonyl)azet Ho' R (m, 1H), 7.42 (m,
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idine-1- 1H), 7.35 (m, 1H),
carbonyl)dec 494 (m, 1H), 4.61
ahydro-1H- (m, 1H), 4.51 (m,
cyclopropald 1H), 4.42 (m, 1H),
Ipyrrolo[1,2- 432 (m, 2H), 4.23
alazocin-6- (m, 2H), 4.16 (m,
yl)carbamoyl 1H), 4.01 (m, 1H),
)benzo[b]thio 3.84 (m, 2H), 2.33
phen-5- (m, 2H), 2.06 (m,
yDmethyl)ph 4H), 1.84 (m, 2H),
osphonic 1.63 (m, 1H), 1.35
acid (m, 1H), 0.79 (m,
1H), 0.71 (m, 1H), -

0.01 (br. s, 1H).

87 (difluoro(2- 661.0 | '"H NMR (600 MHz,
(((3S,6S,7a8S, _QN [M+H]* | DMSO-ds) 6 8.87 (d,
8aR,9aR)-3- Ho N, & P J =74 Hz, 1H), 8.58
(3-hydroxy- { ; /s (dd, J=18.2, 4.8 Hz,
3-(pyrifiip—2— 1H), 8.32 (d, /= 13.6
yl)azetidine- L o Hz, 1H), 8.11 (dd, J =
1-carbonyl)- F 'P:OH 8.5,5.9 Hz, 1H), 8.06

5- "o (d, J = 10.4 Hz, 1H),
oxodecahydr 7.85 - 7.77 (m, 1H),
o-1H- 7.65 — 7.59 (m, 1H),
cyclopropald 7.57(dd, J=9.1,4.1
Ipyrrolo[1,2- Hz, 1H), 7.31 — 7.29
aJazocin-6- (m, 1H), 6.56 (s, 1H),
yl)carbamoyl 492 (p, J = 8.2 Hz,
)benzo[b]thio 1H), 4.55 — 4.48 (m,
phen-5- 1H), 4.41 (dd, J=8.2,
yl)methyl)ph 3.3 Hz, 1H), 4.29 (d,
osphonic J=99 Hz, 1H), 4.19
acid (d, J = 8.8 Hz, 1H),
4.14 (m, 2H), 2.33
(m, 1H), 2.18 — 1.98
(m, 4H), 1.93 - 1.81
(m, 2H), 1.63 (m,
1H), 1.38 (m, 1H),
0.80-0.71 (m, 2H), -

0.01 (br. s, 1H).

88 (difluoro(2- 689.0 | 'H NMR (500 MHz,
(((3S,68.7a8, 3 <__/N [M+H]* | DMSO-de) & 8.84 (br.
8aR,9aR)-3- ~ N, & i s, 1H), 8.31 (br. s,

(3-(6- /s 1H), 8.09 (m, 3H),
methoxypyri 7.70 — 7.61 (m, 1H),
din-3- 7.61 — 7.53 (m, 1H),
yl)pyrrolidin " 6.77 — 6.73 (m, 1H),
e-1- "o 4.93 (m, 1H), 4.58
carbonyl)-5- (m, 1H), 4.20 (m,
oxodecahydr 2H), 4.01 — 3.92 (m,
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o-1H- 1H), 3.85 — 3.73 (m,
cyclopropald 4H), 3.56 (m, 2H),
]pyrrolo[1,2- 3.31 — 3.14 (m, 2H),
alJazocin-6- 2.15 (m, 2H), 2.04
yl)carbamoyl (m, 3H), 1.85 (m,
)benzo[b]thio 2H), 1.61 (m, 1H),
phen-5- 1.44 (s, 1H), 0.83 (m,
yDmethyl)ph 1H), 0.74 — 0.61 (m,
osphonic 1H), -0.01 (br. s, 1H).
acid
89 (2- 670.0
(((3S,6S,7a8S, - G\Ihj [M+H]*
8aR,9aR)-3- (})7@/&00 i
(3-cyano-3- N? /
(pyridin-2-
yl)azetidine-
1-carbonyl)- FF ,P’(O
5_ Ho OH
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yhdifluorom
ethyl)phosph
onic acid
90 (difluoro(2- 674.0 | '"H NMR (400 MHz,
(((3S,6S,7a8S, O\l [M+H]* | DMSO-ds) 6 8.97 —
8aR,9aR)-5- OWN’QO d n 8.80 (m, 1H), 8.35 —
0x0-3-(7"- N/\)N /s 8.30 (m, 1H), 8.14 -
0x0-6',7'- 8.00 (m, 3H), 7.61 —
dihydrospiro[ 7.45 (m, 2H), 4.97 -
azetidine- "N 4.85 (m, 2H), 4.60
3.5 Ho o (dd, J = 28.8, 9.9 Hz,
pyrrolo[1,2- 1H), 4.38 — 4.17 (m,
alimidazole]- 4H), 3.48 — 3.42 (m,
1- 2H), 2.19 — 1.97 (m,
carbonyl)dec 5H), 1.86 (m, 2H),
ahydro-1H- 1.66 (br. s, 1H), 1.44
cyclopropald —1.06 (m, 2H), 0.92 -
Ipyrrolo[1,2- 0.71 (m, 2H).
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
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osphonic
acid

[00526]
[00527]

Prepared according to General Scheme 2: Phosphonate acid

The following compounds in Table 27 were prepared according to the

representative procedure described above for the synthesis of ((2-(((3S,6S,7aS,8aR,9aR)-3-

([1,1'-biphenyl]-4-ylcarbamoyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-

ylcarbamoyl)benzo[b]thiophen-5-yl)difluoromethyl)phosphonic acid (Example 3) utilizing

the appropriate starting materials and modifications.

Table 27.
Comp Name Structure LCMS NMR
ound

91 (difluoro(2- j 653.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, G‘ [M+H]* | CD30OD) & 8.19 - 8.09
8aR,%aR)-3- N - (m, 2H), 7.99 - 7.92 (m,

(- oC,N’C "o e A" H), 7.72 (d, J = 8.4
morpholinoa sﬂ Hz, 1H), 5.00(t,J=9.2
zetidine-1- FE Hz, 1H), 4.80 - 4.71
carbonyl)-5- HO—-P=0 (m, 1H), 4.59 - 4.48 (m,
oxodecahydr OH 1H), 4.44 (s, 1H), 4.30
o-1H- (dd, J = 7.2, 11.2 Hz,
cyclopropald 2H), 4.24 - 420 (m,
Ipyrrolo[1,2- 1H), 4.19 - 4.05 (m,
aJazocin-6- 2H), 3.90 (s, 4H), 3.27
yl)carbamoyl - 3.12 (m, 3H), 2.54 -
)benzo[b]thio 2.40 (m, 1H), 2.35 -
phen-5- 2.08 (m, 4H), 2.04 -
yl)methyl)ph 1.92 (m, 2H), 1.82 -
osphonic 1.66 (m, 1H), 1.44 -
acid 1.29 (m, 1H), 097 -
0.81 (m, 2H), 0.13 -

0.03 (m, 1H).

92 ((2- 665.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o Gq [M+H]* | CDs;0OD) & 8.21 - 8.10
8aR,9aR)-3- )L”QC“’& I (m, 2H), 7.93 d, J =
(6-acetyl-2,6- °7 8.0 Hz, 1H), 7.74 (d, J
diazaspiro[3. g = 8.4 Hz, 1H), 5.07 -
4]octane-2- F e 5.00 (m, 1H), 4.50 (d,J
carbonyl)-5- HO—P=0 = 5.6 Hz, 2H), 4.31 -
oxodecahydr OH 4.16 (m, 2H), 3.99 -

o-1H- 3.83 (m, 2H), 3.78 -
cyclopropald 3.68 (m, 1H), 3.66 -
Ipyrrolo[1,2- 3.54 (m, 2H), 3.49 -
alJazocin-6- 3.43 (m, 1H), 2.52 -

168




WO 2023/192960 PCT/US2023/065171
yl)carbamoyl 240 (m, 1H), 2.34 -
Ybenzo[b]thio 2.12 (m, 6H), 2.06 -

phen-5- 2.01 (m, 3H), 2.00 -
yl)difluorom 1.91 (m, 2H), 1.80 -
ethyl)phosph 1.68 (m, 1H), 1.48 -
onic acid 1.36 (m, 1H), 1.00 -
0.90 (m, 1H), 0.84 (d,J
= 4.4 Hz, 1H), 0.11 -

0.03 (m, 1H)

93 (difluoro(2- j 695.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, 0 <,\|‘\| [M+H]* | CD30D) 68.19 (s, 1H),
8aR,9aR)-3- 8.13 (d, J = 3.2 Hg,
(3-methyl-3- 1H), 7.95 - 7.90 (m,
(morpholine- 1H), 7.78 - 7.72 (m,

4- 1H), 5.06 - 4.98 (m,
carbonyl)azet 1H), 4.59 - 4.53 (m,
idine-1- 1H), 4.52 - 4.45 (m,
carbonyl)-5- 1H), 4.42 - 4.37 (m,
oxodecahydr 1H), 4.35 - 4.21 (m,
o-1H- 2H), 4.08 - 3.80 (m,
cyclopropald 1H), 3.70 - 3.57 (m,
Ipyrrolo[1,2- 6H), 3.29 - 3.20 (m,
alJazocin-6- 2H), 2.45 (dd, J = 8.4,
yl)carbamoyl 14.8 Hz, 1H), 2.35 -
Ybenzo[b]thio 2.07 (m, 4H), 2.02 -
phen-5- 1.90 (m, 2H), 1.83 -
yDmethyl)ph 1.67 (m, 1H), 1.60 (d, J
osphonic = 1.6 Hz, 3H), 1.51 -
acid 1.35 (m, 1H), 1.05 -
0.89 (m, 1H), 0.88 -
0.75 (m, 1H), 0.15 -

0.01 (m, 1H)

94 (((2- 634.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD3OD) & 9.26 - 8.77
8aR,9aR)-3- (m, 1H), 8.34 (d, J =

(3-(1H- 14.0 Hz, 1H), 8.15 -
imidazol-1- 7.98 (m, 2H), 7.94 -
yl)azetidine- 7.74 (m, 1H), 7.65 -
1-carbonyl)- 7.39 (m, 2H), 549 -

5- 5.15 (m, 1H), 5.08 -
oxodecahydr 490 (m, 1H), 4.85 -
o-1H- 4.68 (m, 1H), 447 -
cyclopropald 4.33 (m, 2H), 4.24 -
]pyrrolo[1,2- 4.05 (m, 3H), 2.38 -
alazocin-6- 2.30 (m, 1H), 2.21 -

yl)carbamoyl 1.79 (m, 6H), 1.74 -
)benzo[b]thio 1.56 (m, 1H), 1.32 (dd,
phen-5- J =438, 74 Hz, 1H),
yhdifluorom 0.89 - 0.66 (m, 2H),
0.019 — 0.005 (m, 1H).
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ethyl)phosph
onic acid

95 (difluoro(2- 699.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, 0 C[!] [M+H]* | CD30OD) & 8.22 - 8.07
8aR,9aR)-3- N (m, 2H), 7.96 - 7.89 (m,
G-fluoro-3- | §_) 7 oy 1H), 7.74 . J = 8.4
(morpholine- sﬂ Hz, 1H), 5.07 - 4.98

4- i (m, 1H), 4.90 (s, 1H),
carbonyl)azet HO-P=0 458 - 448 (m, 2H),
idine-1- OH 429 (m, 1H), 3.73 -
carbonyl)-5- 3.57 (m, 6H), 3.51 -
oxodecahydr 3.36 (m, 3H), 2.52 -
o-1H- 2.37 (m, 1H), 2.35 -
cyclopropald 226 (m, 2H), 2.26 -
Jpyrrolo[1,2- 2.07 (m, 3H), 2.02 -
alazocin-6- 1.89 (m, 2H), 1.81 -
yl)carbamoyl 1.66 (m, 1H), 1.44 -
)benzo[b]thio 1.32 (m, 1H), 0.99 -
phen-5- 0.88 (m, 1H), 0.87 -
yDmethyl)ph 0.77 (m, 1H), 0.11 -
osphonic 0.01 (m, 1H).
acid

96 (difluoro(2- j 651.7 | 'H NMR (400 MHz,
(((3S,6S,7a8S, G. [M+H]* | CD30D) 68.19 (s, 1H),
8aR,9aR)-5- N d 8.14 (d, J = 1.6 Hz,

0x0-3-(3- oQ’C 0° 1H), 7.95 - 7.90 (m,
(tetrahydro- 'y 1H), 7.74 (d, J = 8.6
2H-pyran-4- FE Hz, 1H), 5.07 - 4.99
yl)azetidine- HO-P=0 (m, 1H), 4.55 - 4.46 (m,

1- OH 1H), 4.34 - 4.23 (m,
carbonyl)dec 2H), 4.09 - 3.87 (m,

ahydro-1H- 4H), 3.80 - 3.59 (m,
cyclopropald 1H), 3.45 - 3.36 (m,
Ipyrrolo[1,2- 2H), 2.52 - 2.35 (m,
alazocin-6- 2H), 2.33 - 2.06 (m,
yl)carbamoyl 4H), 2.04 - 1.87 (m,
Ybenzo[b]thio 2H), 1.85 - 1.56 (m,

phen-5- 4H), 1.49 - 1.35 (m,
yDmethyl)ph 1H), 1.27 - 1.10 (m,

osphonic 2H), 0.99 - 0.90 (m,

acid 1H), 0.88 - 0.79 (m,
1H), 0.06 (q, J = 5.2
Hz, 1H).
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97 (difluoro(2- 6452 | 'H NMR (400 MHz,
(((3S,6S,7a8S, Oq [M+H]* | CD30OD) & 8.61 - 8.47
8aR,9aR)-5- @/C’Vio A (m, 1H), 8.21 - 8.07 (m,

(oxo'—g.—(32— =N o 2H), 7.95 - 7.79 (m,
pyridin-2- = 2H), 7.77 - 7.70 (m,
ylazetidine- S F e 1H), 7.64 - 7.38 (m,
1- HO-P=0 1H), 7.38 - 7.30 (m,
carbonyl)dec OH 1H), 5.07 - 4.97 (m,
ahydro-1H- 1H), 4.56 (dd, J = 2.8,
cyclopropald 8.8 Hz, 1H),4.47-4.26
Ipyrrolo[1,2- (m, 3H), 4.20 (dd, J =
aJazocin-6- 6.4, 10.0 Hz, 1H), 4.15
yl)carbamoyl - 4.01 (m, 2H), 2.55 -
Ybenzo[b]thio 240 (m, 1H), 2.36 -
phen-5- 2.26 (m, 2H), 2.25 -
yl)methyl)ph 2.12 (m, 2H), 2.09 -
osphonic 1.92 (m, 2H), 1.81 -
acid 1.66 (m, 1H), 1.52 -
1.37 (m, 1H), 1.02 -
0.92 (m, 1H), 0.89 -
0.79 (m, 1H), 0.11 -

0.01 (m, 1H).

98 (difluoro(2- 695.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, O« [M+H]* | CD30D) 68.19 (s, 1H),
8aR,9aR)-3- e NP 8.12 (s, 1H), 7.93 (d, J

o\ o

((R)—3? Ny oA _ = 8.8 Hz, 1H), 7.74 (d,
(morpholine- o d . J = 8.8 Hz, 1H), 5.06 -
4- F 5.01 (m, 1H), 4.74 -
carbonyl)pyr HOT 470 (m, 1H), 4.34 -
rolidine-1- 4.25 (m, 1H), 3.80 (s,
carbonyl)-5- 1H), 3.70 - 3.54 (m,
oxodecahydr 11H), 3.49 - 341 (m,
o-1H- 1H), 2.52 - 2.42 (m,
cyclopropald 1H), 2.36 - 2.30 (m,
Ipyrrolo[1,2- 1H), 2.28 - 2.12 (m,
?)]azolfin—@l 5H), 2.02 - 1.94 (m,
yl)carbamoy 2H), 1.81 - 1.69 (m,
)benzo[b]thio 1H), 1.55 - 1.42 (m,
phen-5- 1H), 1.04 - 0.93 (m,
yl)methyl)ph 1H), 0.89 - 0.82 (m,
osphonic 1H), 0.10 - 0.03 (m,

acid 1H).
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99 (difluoro(2- 695.2 | 'H NMR (400 MHz,
(((3S,6S5,7aS, O« [M+H]* | CD3OD) & 8.19 (s,
8aR,%aR)-3- I N O W 1H), 8.12 (s, 1H), 7.92

((S)-3-. N oA _ (d, J = 84 Hz, 1H),
(morpholine- s E 775 (d, J] = 84 Hz,
4- F 1H), 5.11 - 4.99 (m,
carbonyl)pyr HO-T0 1H), 4.78 - 4.70 (m,
rolidine-1- 1H), 4.29 (s, 1H), 4.15
carbonyl)-5- - 3.95 (m, 1H), 3.75 -
oxodecahydr 3.45 (m, 10H), 3.19 -
o-1H- 2.64 (m, 1H), 2.50-
cyclopropald 246 (m, 1H), 2.35 -
Ipyrrolo[1,2- 2.11 (m, 6H), 2.10 -
211)]2lzolf)cin-6-1 1.91 (m, 3H), 1.83 -
yl)carbamoy 1.65 (m, 1H), 1.50 -
)benzo[b]thio 1.42 (m, 1H), 1.05 -
phen-5- 091 (m, 1H), 091 -
yl)methyl.)ph 0.80 (m, 1H), 0.08-
osphonic 0.05 (m, 1H).
acid

100 | (difluoro(2- 6452 | 'H NMR (400 MHz,
(((3S,6S,7a8S, </\]‘q [M+H]* | CD3OD) 6 8.54 (d, J =
8aR,9aR)-5- @/CN,\ am 2.0Hz, 1H), 8.48 - 8.37

0x0-3-(3- - °7 (m, 1H), 8.22- 8.10 (m,
(pyr1d.1n.—3— 'y ] 2H), 792 d, J = 104
yl)azetidine- F Hz, 2H), 7.80 - 7.69
1- HO-P=0 (m, 1H), 7.53 - 7.38 (m,
carbonyl)dec OH 1H), 5.05 (s, 2H), 4.70
ahydro-1H- (d, J = 6.8 Hz, 1H),
cyclopropald 4.60 - 4.53 (m, 1H),
]pyrrolq[l,Z— 4,50 - 425 (m, 2H),
z;)]azog:m—6—l 4.07 - 3.89 (m, 2H),
yl)carbamoy 254 - 242 (m, 1H),
)benzo[b]thio 2.36 - 2.10 (m, 4H),
phen-5- 2.06 - 1.91 (m, 2H),
yl)methyl')ph 1.86 - 1.69 (m, 1H),
osphonic 1.53 - 1.31 (m, 1H),
acid 1.05 - 0.75 (m, 2H),

0.07 (s, 1H).

101 ((2- O 751.3 |'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD30D) 6 8.20 (s, 1H),
8aR,9aR)-3- L) 8.14 - 8.09 (m, 1H),

(3-(- H,N AT 7.93 - 7.88 (m, 1H),
amino-1- d o 776 (d, ] = 8.4 Hz,
oxopropan-2- 4 1H), 5.07 - 497 (m,
YD-[1.1- F 1H), 4.74 - 4.63 (m,
biphenyl]-4- HO-P=0 1H), 4.52 - 4.38 (m,
ylcarbamoyl OH 1H), 4.34 - 411 (m,
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)-5- 5H), 4.06 - 3.92 (m,
oxodecahydr 2H), 3.85 - 3.77 (m,
o-1H- 1H), 3.57 - 3.47 (m,
cyclopropald 1H), 3.30 - 3.24 (m,
Ipyrrolo[1,2- 3H), 3.18 - 2.91 (m,
alazocin-6- 1H), 2.51 - 2.39 (m,
yl)carbamoyl 1H), 2.36 - 2.06 (m,
)benzo[b]thio 4H), 2.02 - 1.88 (m,
phen-5- 2H), 1.81 - 1.66 (m,
yhdifluorom 1H), 1.48 - 1.34 (m,
ethyl)phosph 1H), 1.03 - 0.78 (m,
onic acid 2H), 0.10 - 0.01 (m,
1H).

102 (difluoro(2- 681.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C}!] [M+H]* | CD30D) 6 8.20 (s, 1H),
8aR,%aR)-3- 0 N—& 8.14 - 8.09 (m, 1H),

3-G- ,?”C "o ° 7.93 - 7.88 (m, 1H),
methoxyazeti iy 7.76 (d, J] = 8.4 Hz,
dine-1- o F e 1H), 5.07 - 4.97 (m,
carbonyl)azet HO-P=0 1H), 4.74 - 4.63 (m,
idine-1- OH 1H), 4.52 - 4.38 (m,
carbonyl)-5- 1H), 4.34 - 4.11 (m,
oxodecahydr 5H), 4.06 - 3.92 (m,
o-1H- 2H), 3.85 - 3.77 (m,
cyclopropald 1H), 3.57 - 3.47 (m,
Ipyrrolo[1,2- 1H), 3.30 - 3.24 (m,
alazocin-6- 3H), 3.18 - 291 (m,
yl)carbamoyl 1H), 2.51 - 2.39 (m,
Ybenzo[b]thio 1H), 2.36 - 2.06 (m,
phen-5- 4H), 2.02 - 1.88 (m,
yl)methyl)ph 2H), 1.81 - 1.66 (m,
osphonic 1H), 1.48 - 1.34 (m,
acid 1H), 1.03 - 0.78 (m,
2H), 0.10 - 0.01 (m,

1H).

103 ((2- j 636 |'H NMR (400 MHz,
(((3S,6S,7a8S, Gq [M+H]* | CDsOD) & 8.22 - 8.09
8aR,9aR)-3- NN N d (m, 2H), 7.93 (d, J =

(3-(2H- HN= ° 8.4 Hz, 1H), 7.74 (d, J
tetrazol-5- s/ = 8.4 Hz, 1H), 5.09 -
yl)azetidine- FE 4.92 (m, 2H), 4.76 -
1-carbonyl)- HO—P=0 470 (m, 1H), 4.54 -
5- OH 4.46 (m, 2H), 4.35 -
oxodecahydr 425 (m, 2H), 4.25 -
o-1H- 4.05 (m, 1H), 2.54 -
cyclopropald 2.39 (m, 1H), 2.34 -
Ipyrrolo[1,2- 2.10 (m, 4H), 2.04 -
alazocin-6- 1.92 (m, 2H), 1.80 -
yl)carbamoyl 1.68 (m, 1H), 1.49 -
)benzo[b]thio 1.36 (m, 1H), 1.35 -
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phen-5- 1.27 (m, 1H), 1.03 -
yDdifluorom 091 (m, 1H), 0.88 -
cthyl)phosph 0.79 (m, 1H), 0.13 -
onic acid 0.02 (m, 1H).

104 (2- 691.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C‘q [M+H]* | CD3OD) & 8.20 - 8.08
8aR,%aR)-3- o /[N 4 (m, 2H), 7.97 - 7.87 (m,

(4-(1H- { R "”/ 3H), 7.73 (d, J = 8.8
pylzazole-4— NI‘N d Hz, 1H), 5.13 - 4.95
car opyl)plp H (m, 2H), 4.36-4.26 (m,
erazine-1- 1H), 3.97 - 3.74 (m,
carbonyl)-5- 5H), 3.72 - 3.42 (m,
oxodecahydr 3H), 2.53 - 2.30 (m,

o-1H- 2H), 2.27 - 2.14 (m,
cyclopropald 3H), 2.06 - 1.90 (m,
]pyrrol(?[1,2— 2H), 1.83 - 1.69 (m,
z;)]azol;:m—6—l 1H), 1.50 - 1.38 (m,
yl)carbamoy 1H), 1.09 - 0.96 (m,
)benzo[b]thio 1H), 0.87 (m, 1H), 0.08

phen-5- (m, 1H).
yhdifluorom
ethyl)phosph

onic acid

105 ((2- 691.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, <jN [M+H]* | CDsOD) 6 8.21 - 8.08
8aR,%aR)-3- o, /N ¢ (m, 2H), 7.93 (d, J =

(4-(1H- ! Mool " 8.8 Hz, 1H),7.81-7.66
pyrazole—?a.— | N,N g (m, 2H), 6.66 (d, ] =
carbonyl)pip H 2.2Hz, 1H),5.11-4.95
erazine-1- (m, 2H), 4.30 (d, J =
carbonyl)-5- 6.4Hz, 1H),4.16-3.97
oxodecahydr (m, 2H), 3.95-3.61 (m,

o-1H- 5H), 3.52 (s, 1H), 2.61
cyclopropald - 241 (m, 1H), 2.38 -
]p}yrrolq[lé— 2.28 (m, 1H), 2.20 (d, J
aJazocin-6- = 6.0 Hz, 2H), 2.07 -
yl)carbamoyl 1.88 (m, 2H), 1.86 -
)benzo[b]thio 1.68 (m, 1H), 1.52 -

phen—S— 1.37 (m, 1H), 1.02 (m,
yhdifluorom 1H), 0.87 (m, 1H), 0.07
ethyl)phosph (q,J=5.2 Hz, 1H).
onic acid
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106 | (difluoro(2- 6452 | 'H NMR (400 MHz,
(((35,6S,7aR, G« [M+H]* | CD30D) & 8.60 - 8.42
8aS,9aR)-5- Q/CN&O d i (m, 1H), 8.23 - 8.06 (m,

oxo'—3.—(3— N o 2H), 7.92 (dd, J = 8.8,
(pyrld.ln'-2- 'y ] 16.0 Hz, 1H), 7.81 -
yl)azetidine- F 771 (m, 2H), 7.55 -
1- HO-P=0 7.34 (m, 1H), 7.34 -
carbonyl)dec OH 7.23 (m, 1H), 4.94 (s,
ahydro-1H- 1H), 4.68 (m, 1H), 4.53
cyclopropald - 439 (m, 2H), 4.38 -
]pyrrol(?[1,2— 420 (m, 2H), 4.16 -
?)]azolfln—&l 4.00 (m, 2H), 242 -
yl)carbamoy 2.10 (m, 4H), 2.08 -
Ybenzo[b]thio 1.84 (m, 3H), 1.79 -
phen-5- 1.63 (m, 1H), 1.52 -
yl)methyl.)ph 1.37 (m, 1H), 1.35 -
osphonic 1.21 (m, 1H), 091 -
acid 0.79 (m, 1H), 0.19 (m,

1H).

107 ((2- 634 |'H NMR (400 MHz,
(((35,6S,7aR, O« [M+H]* | CD3OD) 68.62 (s,
8aS,9aR)-3- ~ N d Gm 1H), 8.42 (s, 1H), 8.30
~(-(H- NC/”4 °7, - 8.17 (m, 1H), 8.13 -
1rr11daz.01.—1— s’ 8.05 (m, 1H), 7.94 (d, J
yl)azetidine- Fr = 8.8 Hz, 2H), 7.82 -
1-carbonyl)- HO-P=0 7.63 (m, 1H), 7.29 (s,

5- OH 1H), 542 - 5.24 (m,
oxodecahydr 1H), 491 (d, J = 5.8
o-1H- Hz, 2H), 4.63 - 4.27
cyclopropald (m, 4H), 4.19 (dd, J =
Ipyrrolo[1,2- 5.2, 11.2 Hz, 1H), 2.30
?)]aZ(E:in—&l - 2.11 (m, 3H), 2.04 -
yl)carbamoy 1.83 (m, 3H), 1.74 -
)benzo[b]thio 1.61 (m, 1H), 1.47 (dd,
phen-5- J =438, 7.6 Hz, 1H),
yhdifluorom 1.30 (d, J = 7.6 Hz,
ethyl)phosph 1H), 0.87 (dd, J = 3.2,
onic acid 8.0 Hz, 1H), 0.18 (q, J
=4.8 Hz, 1H).

108 ((2- 701.1 |'H NMR (400 MHz,
(((3S,6S,7a8S, G« [M+H]* | CD30OD) & 8.24 - 8.10
8aR,9aR)-3- o K\N,CN’KO d im (m, 2H), 791 (d, J =
. (3’.—(1,1.— o\ oA _ 8.4 Hz, 1H), 7.76 (d, J
d10x1d9th10m s . =8.4Hz, 1H),5.02 (t,]
orpholino)az F = 9.2 Hz, 1H), 4.66 -

etidine-1- “O'E;:o 439 (m, 2H), 4.35 -
carbonyl)-5- 4.25 (m, 2H), 4.15 -
oxodecahydr 3.92 (m, 2H), 3.89 -
o-1H- 3.74 (m, 1H), 3.49 —
cyclopropald 343 (m, 1H), 3.20 -
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Ipyrrolo[1,2- 3.04 (m, 4H), 2.89 (s,
alJazocin-6- 4H), 2.52 - 2.40 (m,
yl)carbamoyl 1H), 2.35 - 2.06 (m,
Ybenzo[b]thio 4H), 2.02 - 1.89 (m,
phen-5- 2H), 1.80 - 1.67 (m,
yl)difluorom 1H), 1.49 - 1.33 (m,
ethyl)phosph 1H), 1.00 - 0.78 (m,
onic acid 2H), 0.08 — 0.04 (m,
1H).

109 (difluoro(2- 681.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, Gl [M+H]* | CD30OD) & 8.25 - 8.04
8aR,9aR)-3- °§/CN/§O d Gm (m, 2H), 7.96 - 7.83 (m,

(3-((R)-3- N 0 1H), 7.75 d, J = 8.4
hydroxypyrr HOJ:) 'y . Hz, 1H), 5.11 - 4.99
olidine-1- F (m, 1H), 4.78 - 4.65 (m,
carbonyl)azet ”°‘g:° 1H), 4.55 - 4.47 (m,
idine-1- 1H), 4.44 - 436 (m,
carbonyl)-5- 1H), 4.43 - 4.17 (m,
oxodecahydr 2H), 4.10 - 4.01 (m,
o-1H- 1H), 3.79 - 3.61 (m,
cyclopropald 1H), 3.59 - 3.43 (m,
Ipyrrolo[1,2- 4H), 3.31-3.21 (m, 1H)
alJazocin-6- 2.53 - 239 (m, 1H),
yl)carbamoyl 2.35 - 2.07 (m, 4H),
)benzo[b]thio 2.05 - 1.83 (m, 4H),
phen-5- 1.79 - 1.65 (m, 1H),
yDmethyl)ph 148 - 1.32 (m, 1H),
osphonic 1.01 - 0.89 (m, 1H),
acid 0.88 - 0.82 (m, 1H),

0.12 - 0.02 (m, 1H).

110 (difluoro(2- 681.3 | 'H NMR (400 MHz,
(((35,68,7a8S, Gl [M+H]* | CD3OD) & 8.19 - 8.08
8aR,9aR)-3- N G (m, 2H), 7.97 - 7.88 (m,

(3-(4- H?C"dc ° 1H), 7.74 (d, J = 8.8
hydroxy-4- SO ¢ Hz, 1H), 5.01(t,J=8.8
methylpiperi F Hz, 1H), 4.78 - 4.62
din-1- ”0‘2:0 (m, 2H), 4.51 - 4.39 (m,
yl)azetidine- 2H), 4.37 - 4.24 (m,
1-carbonyl)- 2H), 4.23 - 4.07 (m,
5- 2H), 4.04 - 3.85 (m,
oxodecahydr 1H), 3.79 - 3.62 (m,
o-1H- 1H), 3.15 - 3.01 (m,
cyclopropald 1H), 2.94 (s, 2H), 2.85
Ipyrrolo[1,2- - 2.73 (m, 1H), 2.52 -
alazocin-6- 241 (m, 1H), 2.32 -
yl)carbamoyl 2.07 (m, 4H), 2.03 -
)benzo[b]thio 1.90 (m, 2H), 1.84 -
phen-5- 1.66 (m, 5H), 145 -
yDmethyl)ph 1.32 (m, 1H), 0.96 -
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osphonic 0.79 (m, 2H), 0.07 (m,
acid 1H).

111 ((2- j 653.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, O. [M+H]* | CD30D) & 8.24 - 8.09
8aR,%9aR)-3- N—& P (m, 2H), 8.00 - 7.87 (m,

(3-(1H- HN(-N>’/C o0 1H), 7.73 (d, J = 8.4
pyrazol-3- g Hz, 1H), 7.61-7.55 (m,
yl)azetidine- F e 1H), 6.54 - 6.28 (m,
1-carbonyl)- HO-P=0 IH), 5.09 - 5.00 (m,
5- OH 1H), 4.70 - 4.62 (m,
oxodecahydr 1H), 4.58 - 4.50 (m,
o-1H- 1H), 4.47 - 4.37 (m,
cyclopropald 1H), 4.35 - 424 (m,
Ipyrrolo[1,2- 2H), 4.10 - 3.89 (m,
alJazocin-6- 2H), 2.55 - 2.40 (m,
yl)carbamoyl 1H), 2.36 - 2.09 (m,
Ybenzo[b]thio 4H), 2.05 - 1.91 (m,
phen-5- 2H), 1.81 - 1.67 (m,
yh)difluorom 1H), 1.53 - 1.34 (m,
ethyl)phosph 1H), 1.04 - 091 (m,
onic acid 1H), 0.90 - 0.78 (m,
1H), 0.09 - 0.01 (m,

1H).

112 (difluoro(2- j{ 674.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, <,\||\1 [M+H]* | CD3sOD) 68.89 (m,
8aR,9aR)-5- Hﬂ’i d A 1H), 8.22 (s, 1H), 8.09
0x0-3-(((R)- Q ° % (m,1H), 8.02 (s, 1H),
1-(pyridin-3- L 'y 796 (m,1H), 7.86 -
yl)pyrrolidin- L F e 7.79 (m, 2H), 7.58 (m,

3- HO—P=0 1H), 7.24 (m, 1H), 6.98
yl)carbamoyl OH (m, 1H), 4.87 d, ] =
)decahydro- 7.6Hz, 1H),4.51-4.34

1H- (m, 2H), 4.12 (d, J =
cyclopropald 6.8 Hz, 1H), 3.43 (dd,J
Ipyrrolo[1,2- = 6.0, 10.0 Hz, 2H),
alazocin-6- 3.35 - 3.28 (m, 2H),
yl)carbamoyl 3.02 (dd, J =24, 10.0
)benzo[b]thio Hz, 1H), 2.41 - 2.30
phen-5- (m, 1H), 2.24 - 2.05 (m,
ylDmethyl)ph 3H), 2.03 - 1.95 (m,
osphonic 1H), 1.95 - 1.83 (m,
acid 3H), 1.77 (m, 1H), 1.59
(d, J = 4.8 Hz, 1H),
1.51 - 1.42 (m, 1H),
1.26 - 1.18 (m, 1H),
1.02 - 0.84 (m, 1H),
0.70 - 0.56 (m, 1H),
0.43 (m, 1H), -0.08 (q,

J=4.8 Hz, 1H).
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113 | (difluoro(2- C‘ﬁ 674.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, YN [M+H]* | CD30OD) & 8.15 - 8.07
8aR,9%aR)-5- @NQN@N’%O i (m, 2H), 8.00 - 7.93 (m,

0x0-3-(4- =N O N= 1H), 7.85 (d, J = 8.0
(pyridin-2- s Fe Hz, 1H), 7.73 - 7.61
yl)piperazine HO-P=0 (m, 2H), 6.90 (d, J =
-1- o 8.0 Hz, 1H), 6.73 (m,
carbonyl)dec 1H), 5.04 - 5.01 (m,
ahydro-1H- 1H), 4.37 - 4.27 (m,
cyclopropald 1H), 4.02 - 3.90 (m,
Ipyrrolo[1,2- 1H), 3.89 - 3.81 (m,
alJazocin-6- 1H), 3.78 - 3.70 (m,
yl)carbamoyl 2H), 3.70 - 3.57 (m,
Ybenzo[b]thio 4H), 3.56 - 3.47 (m,
phen-5- 2H), 2.46 (m, 1H), 2.33
yl)methyl)ph (m, 1H), 2.24 -2.19 (m,
osphonic 2H), 2.01 - 1.90 (m,
acid 2H), 1.76 (m, 1H), 1.50
- 1.40 (m, 1H), 1.08 -
0.96 (m, 1H), 0.87 (m,
1H), 0.12 - 0.03 (m,

1H).

114 (difluoro(2- 6952 | 'H NMR (400 MHz,
(((3S,6S,7a8S, O& [M+H]* | CD3;0OD) & 8.28 - 8.03
8aR,9aR)-3- %/Qrioo " (m, 2H), 8.00 - 7.86 (m,

(3-((R)-3- N o 1H), 7.74 (d, J = 8.4
methoxypyrr OJ:) 'y . Hz, 1H), 5.11 - 4.98
olidine-1- | F (m, 1H), 4.79 - 4.67 (m,
carbonyl)azet “0*2:0 1H), 4.56 - 4.44 (m,
idine-1- 1H), 4.42 - 4.34 (m,
carbonyl)-5- 1H), 4.33 - 4.15 (m,
oxodecahydr 2H), 4.12 - 3.96 (m,
o-1H- 1H), 3.78 - 3.65 (m,
cyclopropald 1H), 3.64 - 3.36 (m,
Ipyrrolo[1,2- 3H), 3.33 - 3.32 (m,
alazocin-6- 3H), 3.29 - 3.27 (m,
yl)carbamoyl 1H), 3.20 - 2.68 (m,
Ybenzo[b]thio 1H), 2.49 - 2.45 (m,
phen-5- 1H), 2.36 - 1.87 (m,
yl)methyl)ph 8H), 1.80 - 1.65 (m,
osphonic 1H), 1.51 - 1.25 (m,
acid 1H), 0.99 - 0.78 (m,
2H), 0.13 - 0.00 (m,

1H).
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115 | (difluoro(2- 681.2 | 'H NMR (400 MHz,
(((3S,6S5,7aS, —~ N [M+H]* | CD30D) 68.10 (s, 1H),
8aR,9aR)-5- Ogn\,jﬂoo i 8.08 - 8.00 (m, 1H),

0x0-3-(4- O N\= 7.87 (d, J = 8.4 Hz,
(tetrahydro- s F 1H), 7.71 - 7.60 (m,
2H-pyran-4- HO-P=0 1H), 5.01 - 497 (m,
yl)piperazine oH 1H), 423 (d, J = 4.0
-1- Hz, 1H), 3.89 (m, 2H),
carbonyl)dec 3.79 (s, 2H), 3.55 (d, J
ahydro-1H- = 7.0 Hz, 1H), 3.45 -
cyclopropald 336 (m, 1H), 3.35 -
Ipyrrolo[1,2- 3.27 (m, 2H), 2.82 (s,
alazocin-6- 3H), 2.71 (d, J = 12.0
yl)carbamoyl Hz, 2H), 2.47 - 2.34
)benzo[b]thio (m, 1H),2.29-2.19 (m,
phen-5- 1H), 2.11 (s, 3H), 1.98
yl)methyl)ph - 1.85 (m, 2H), 1.80 (d,
osphonic J=8.0 Hz, 3H), 1.71 -
acid 1.62 (m, 1H), 1.58 -
1.46 (m, 2H), 1.36 (s,
1H), 1.00 - 0.88 (m,
1H), 0.86 - 0.76 (m,
1H), 0.06 - -0.05 (m,

1H).

116 ((2- 639 |'H NMR (400 MHz,
(((35.68.7aS. A l [M+H]* | CD;OD) §8.22 - 8.15
9aR)-3-(((R)- ”_N'io J 3 (m, 1H), 8.13 (s, 1H),

1- o 793 (d, J = 8.4 Hz,
acetylpyrroli ) D g 1H), 7.74 (d, J = 84
din-3- j/ P F Hz, 1H), 5.03 (t,J=9.2
yl)carbamoyl HO—-P=0 Hz, 1H), 4.64 - 4.51
)-5- OH (m, 1H), 4.39-4.21 (m,
oxodecahydr 2H), 3.77 - 3.46 (m,
o-1H- 2H), 3.41 - 3.33 (m,
cyclopropald 2H), 2.53 - 2.40 (m,
Ipyrrolo[1,2- 1H), 2.32 - 2.09 (m,
alazocin-6- 5H), 2.06 (s, 2H), 2.01
yl)carbamoyl (s, 2H), 2.00 - 1.84 (m,
Ybenzo[b]thio 2H), 1.78 - 1.64 (m,
phen-5- 1H), 1.23 - 0.98 (m,
yhdifluorom 1H), 0.95 - 0.79 (m,
ethyl)phosph 2H), 0.15 - 0.06 (m,
onic acid 1H).
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117 ((2- j 639.1 | 'H NMR (400 MHz,
(((3S,6S5,7aS, C‘q [M+H]* | CD30OD) &8.19 (s,
8aR,%aR)-3- HNzi J i 1H), 8.13 (s, 1H), 7.93

(((S)-1- ’/\§ ° (d, J = 84 Hz, 1H),
acetylpyrroli o N = 7.74 (d, J = 8.8 Hz,
din-3- h N F e 1H), 5.06 - 5.01 (m,
yl)carbamoyl HO-P=0 1H), 4.57 - 4.50 (m,
)-5- OH 1H), 4.38 - 4.24 (m,
oxodecahydr 2H), 3.68 - 3.54 (m,
o-1H- 2H), 3.54 - 3.45 (m,
cyclopropald 1H), 3.40 - 3.34 (m,
Ipyrrolo[1,2- 1H), 2.52 - 2.42 (m,
alazocin-6- 1H), 2.31 - 2.26 (m,
yl)carbamoyl 1H), 2.24 - 2.11 (m,
)benzo[b]thio 3H), 2.10 - 1.98 (m,
phen-5- 6H), 1.96 - 1.82 (m,
yl)difluorom 1H), 1.77 — 1.68 (m,
ethyl)phosph 1H), 1.28 - 1.12 (m,
onic acid 1H), 0.98 - 0.83 (m,
2H), 0.15 - 0.05 (m,

1H).

118 ((2- j 639.9 | 'H NMR (400 MHz,
(((35,65,7aS, C‘q [M+H]* | CDsOD) 68.18 (s,
8aR,9aR)-3- Hy’i d A 1H), 8.13 (s, 1H), 7.92

(((R)-1- N (d, T = 8.4 Hz, 1H),
carbamoylpy o D 'y 774 (d, J = 84 Hz,
rrolidin-3- NH2 FE 1H), 5.03 (t,J =9.2 Hz,
yl)carbamoyl HO—-P=0 1H), 4.61 (d, J = 7.6
)-5- OH Hz, 1H), 4.36 - 4.22
oxodecahydr (m, 2H), 3.52 (dd, J =
o-1H- 5.6, 10.8 Hz, 1H), 3.47
cyclopropald -3.38 (m, 2H), 3.18 (d,
Ipyrrolo[1,2- J=9.6 Hz, 1H), 2.53 -
alazocin-6- 242 (m, 1H), 2.30 -
yl)carbamoyl 2.12 (m, 4H), 2.10 -
)benzo[b]thio 1.88 (m, 4H), 1.70 (m,
phen-5- 1H), 1.08 - 0.96 (m,
yhdifluorom 1H), 0.94 - 0.84 (m,
ethyl)phosph 2H), 0.08 d, J =52
onic acid Hz, 1H).

119 | (difluoro(2- 681 |'H NMR (400 MHz,
(((3S,6S5,7aS, G\] [M+H]* | CD30OD) 68.22 - 8.12
8aR,9aR)-5- A (m, 2H), 7.93 d, J =
0x0-3-(((R)- N 8.4 Hz, 1H), 7.74 (d, ]

1- D = =8.4Hz, 1H), 5.04 (t,]
(tetrahydro- | §_J ° F = 8.8 Hz, 1H), 4.47 (d,
2H-pyran-4- HO-P=0 J=4.4Hz, 1H), 441 -
yl)pyrrolidin- OH 4.32 (m, 1H), 4.28 (d,J

3- = 6.8 Hz, 1H), 3.96 -
ylcarbamoyl 3.85 (m, 2H), 3.50 -
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)decahydro- 3.33 (m, 2H), 3.29 -
1H- 3.25 (m, 2H), 3.15 -
cyclopropald 3.00 (m, 3H), 2.53 -
]pyrrolo[1,2- 2.43 (m, 1H), 2.37 -
alazocin-6- 2.25 (m, 2H), 2.21 -
yl)carbamoyl 2.08 (m, 3H), 2.04 -
)benzo[b]thio 1.91 (m, 3H), 1.83 (t, J
phen-5- = 15.2 Hz, 2H), 1.75 -
yDmethyl)ph 1.67 (m, 1H), 1.65 -
osphonic 1.49 (m, 2H), 1.33 -
acid 1.25 (m, 1H), 1.03 -
0.93 (m, 1H), 0.86 (m,

1H), 0.08 (m, 1H).

120 ((2- 663.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, O\; [M+H]* | CDsOD) 68.19 (s,
8aR,%9aR)-3- H_N,§ & 1H), 8.12 (s, 1H), 7.95
(((R)-l-(lf- O ° % -7.89 (m, 1H), 7.74 (d,
pyrazol-4- N = J=8.4Hz, 1H),7.12 (s,
yl)pyrrolidin- Ng S FE 2H), 4.45 - 4.38 (m,

3- H HO-P=0 1H), 4.30 - 4.24 (m,
yl)carbamoyl OH 1H), 3.18 - 3.13 (m,
)-5- 1H), 3.03 (m, 1H), 2.99
oxodecahydr -2.92 (m, 2H), 2.69 (s,
o-1H- 1H), 2.46 - 2.36 (m,
cyclopropald 1H),2.29 (m, 1H), 2.24
Ipyrrolo[1,2- -2.17 (m, 2H), 2.04 (s,
211)]azo];:in-6-1 1H), 1.97 - 1.86 (m,
yl)carbamoy 2H), 1.74 - 1.64 (m,
)benzo[b]thio 1H), 1.31 - 1.27 (m,
1)I()1h§n-5_ 2H), 1.00 - 0.87 (m,
yl)difluorom 3H), 0.69 - 0.60 (m,
ethyl)phosph 1H), 0.06 - -0.01 (m,

onic acid 1H).

121 (difluoro(2- S 644.3 | 'H NMR (400 MHz,
(((35,6S,7aR, O« [M+H]* | CD3;0OD) 6 8.97 - 8.81
8aS,9aR)-5- @/CN,&O an (m, 1H), 8.33 (d, J =

0x0-3-(3- 5.2 Hz, 1H), 8.18 - 8.05
phenylazetidi 'y (m, 2H), 7.59 d, J =
ne-1- LF 8.4 Hz, 1H), 7.39 - 7.34
carbonyl)dec HO-P=0 (m, 3H), 7.34 - 7.30 (m,
ahydro-1H- OH 1H), 7.30 - 7.20 (m,
cyclopropald 1H), 4.86 - 4.80 (m,
]pyrrolo[1,2- 1H), 4.58 (t,] =8.4 Hz,
z;)]azol;:in—6—l 1H), 4.35 - 4.28 (m,
yl)carbamoy 2H), 4.20 - 4.16 (m,
)benzo[b]thio 2H), 3.85 (s, 2H), 2.28
phen-5- - 2.15 (m, 2H), 2.10 -
yDmethyl)ph 1.98 (m, 2H), 1.96 -
osphonic 1.84 (m, 2H), 1.74 -
acid 1.49 (m, 2H), 1.36 -
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1.16 (m, 2H), 0.84 -
0.72 (m, 1H), 0.05 (q,J
=4.8 Hz, 1H).

122 (difluoro(2- G 661.3 | 'H NMR (400 MHz,
(((35,6S,7aR, [M+H]* | CD30OD) 6 8.64 (d, ] =
8aS,9aR)-3- XM 1.6 Hz, 1H), 8.48 (d, J
((2-methyl-2- = 4.8 Hz, 1H), 8.19 (s,
(pyridin-3- g 1H), 8.12 (t, ] =6.0 Hz,
yl)propyl)car . 1H), 8.05 (s, 1H), 7.85
bamoyl)-5- F (d, J = 8.8 Hz, 1H),
oxodecahydr HO-P=o 771 (d, J = 8.4 Hz,
o-1H- Ho 1H), 7.62 - 7.53 (m,
cyclopropald 1H), 494 d, J = 4.0
Ipyrrolo[1,2- Hz, 1H), 4.32 - 4.22
aJazocin-6- (m, 2H), 3.54 - 3.42 (m,
yl)carbamoyl 1H), 3.35 (d, J = 6.0
)benzo[b]thio Hz, 1H), 2.48 - 2.33
phen-5- (m, 1H), 2.14 - 2.03 (m,
yl)methyl)ph 3H), 1.92 - 1.80 (m,
osphonic 2H), 1.69 - 1.51 (m,
acid 2H), 1.50 - 1.44 (m,
1H), 1.42 (s, 6H), 1.30
- 1.19 (m, 1H), 0.89 -
0.81 (m, 1H), 0.15 (d, J

=4.8 Hz, 1H).
123 (difluoro(2- G 662.3 | 'H NMR (400 MHz,
(((35,6S8,7aR, [M+H]* | CD30OD) & 8.50 — 8.47
8aS,9aR)-3- AH (m, 1H), 8.42 (d, J =
((3-hydroxy- 4.8 Hz, 1H), 8.18 (s,
2-(pyridin-3- g 1H), 8.11 (s, 1H), 7.97
yl)propyl)car -7.86 (m, 2H), 7.74 (d,
bamoyl)-5- o J = 8.4 Hz, 1H), 7.50 -
oxodecahydr HO-P=g 7.40 (m, 1H),4.93 (d, ]
o-1H- HO = 4.8 Hz, 1H), 433 -
cyclopropald 4.22 (m, 2H), 3.87 -
Ipyrrolo[1,2- 3.74 (m, 2H), 3.63 -
alJazocin-6- 3.46 (m, 2H), 3.17 -
yl)carbamoyl 3.03 (m, 1H), 2.38 —
)benzo[b]thio 2.33 (m, 1H), 2.17 -
phen-5- 2.00 (m, 3H), 1.99 -
yDmethyl)ph 1.81 (m, 2H), 1.80 -
osphonic 1.55 (m, 2H), 1.52 -
acid 1.40 (m, 1H), 1.32 -

1.20 (m, 1H), 0.90 -
0.80 (m, 1H), 0.20 —
0.16 (m, 1H).
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124 ((2- 658.1 | 'H NMR (400 MHz,
(((35,6S,7aR, G\l [M+H]* | CDsOD) 6 8.19 - 8.07
S| G o

- ) ) , J = 8. z,
pyrrolo[2,3- HN e 1H), 7.71 (d, J = 8.8
b]pyridin-3- . Hz, 1H), 7.36 (d, J =
yl)methyl)car F 3.2Hz, 1H),7.16 - 7.05
bamoyl)-5- HO-P=o (m, 1H), 4.63 - 4.54 (m,
oxodecahydr Ho 1H), 4.52 - 4.42 (m,

o-1H- 1H), 4.41 - 4.26 (m,
cyclopropald 2H), 2.44 - 2.32 (m,
Ipyrrolo[1,2- 1H), 2.29 - 2.10 (m,
alazocin-6- 3H), 2.09 - 1.97 (m,
yl)carbamoyl 1H), 1.97 - 1.85 (m,
)benzo[b]thio 2H), 1.82 - 1.70 (m,
phen-5- 1H), 1.46 (d, J = 3.6
yl)difluorom Hz, 1H), 1.28 d, J =
ethyl)phosph 6.8 Hz, 1H), 0.90 - 0.81
onic acid (m, 1H), 0.25-0.17 (m,
1H).

125 | (difluoro(2- C,-»‘ 681.2 | 'H NMR (400 MHz,
(((35,6S,7aR, b [M+H]* | CDsOD) 6 8.18 (s, 1H),
8aS,9aR)-5- Q»GMoo NH 8.10 (s, 1H), 7.94 (d, J

ox,o—3—(4— ° ° = = 3.8 Hz, 1ﬁ), 774 Ed,
(tetrahydro- e J = 8.0 Hz, 1H), 4.94
2H-pyran-4- HO-P=0 (d, J = 4.4 Hz, 1H),
yl)piperazine o 4.40 - 428 (m, 1H),
-1- 398 (d, ] = 84 Hz,
carbonyl)dec 2H), 3.93 - 3.74 (m,
ahydro-1H- 2H), 3.71 - 3.59 (m,
cyclopropald 1H), 3.59 - 3.46 (m,
Ipyrrolo[1,2- 1H), 3.42 - 3.36 (m,
alazocin-6- 2H), 3.05 - 2.96 (m,
yl)carbamoyl 1H), 2.91 - 2.76 (m,
)benzo[b]thio 3H), 242 - 1.96 (m,
phen-5- 6H), 1.96 - 1.85 (m,
ylmethyl)ph 3H), 1.83 - 1.71 (m,
osphonic 2H), 1.68 - 1.53 (m,
acid 2H), 1.52 - 1.40 (m,

1H), 1.38 - 1.20 (m,
2H), 0.90 - 0.81 (m,
1H), 0.19 d, J = 4.8
Hz, 1H).
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126 ((2- 657.3 | 'H NMR (400 MHz,
(((3S,6S,7aR, Gu [M+H]* | CD3OD) 68.19 (s,
8aS,9aR)-3- Hy’i A 1H), 8.12 - 8.08 (m,
(((35,45)-1- li>-Fo o 1H), 7.93 (m, 1H), 7.75

acetyl-4- \((N S’ (m, 1H), 4.95-4.92 (m,
fluoropyrroli ) P E 2H), 4.36 (s, 3H), 3.96

din-3- HO—-P=0 - 3.81 (m, 1H), 3.79 -
yl)carbamoyl OH 3.62 (m, 3H), 2.44 -

)-5- 2.32 (m, 1H), 2.25 -

oxodecahydr 2.06 (m, 6H), 2.03 -

o-1H- 1.90 (m, 2H), 1.89 -
cyclopropald 1.68 (m, 2H), 1.53 -
Ipyrrolo[1,2- 1.41 (m, 1H), 1.35 -
alazocin-6- 1.21 (m, 1H), 091 -
yl)carbamoyl 0.82 (m, 1H), 0.27 -
)benzo[b]thio 0.17 (m, 1H).

phen-5-
yl)difluorom
ethyl)phosph

onic acid

127 ((2- 657.3 |'H NMR (400 MHz,
(((3S,6S,7aR, G« [M+H]* | CD;OD) &8.18 (s,
8aS,9aR)-3- H!\./i d i 1H), 8.10 (s, 1H), 7.93
(((3S.4R)-1- O"'FO o (d, J = 8.4 Hz, 1H),

acetyl-4- WN s’ 774 (d, J = 8.4 Hz,
fluoropyrroli o T F 1H), 5.23 - 5.05 (m,
din-3- HO-P=0 1H), 495 d, J = 4.0
yl)carbamoyl OH Hz, 1H), 4.64 - 4.50
)-5- (m, 1H), 4.49 - 4.42 (m,
oxodecahydr 1H), 4.37 - 4.27 (m,
o-1H- 1H), 4.00 - 3.92 (m,
cyclopropald 1H), 3.90 - 3.80 (m,
Ipyrrolo[1,2- 1H), 3.70 - 3.53 (m,
alazocin-6- 1H), 3.42 (m, 1H), 2.40
yl)carbamoyl - 2.32 (m, 1H), 2.30 -

Ybenzo[b]thio 222 (m, 1H), 2.21
phen-5- 2.12 (m, 2H), 2.08 -
yhdifluorom 2.03 (m, 3H), 2.01 -
ethyl)phosph 1.85 (m, 3H), 1.81 -
onic acid 1.71 (m, 1H), 1.54 -
142 (m, 1H), 1.35 -

1.24 (m, 1H), 0.89 -
0.81 (m, 1H), 0.19 (m,

1H).
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128 (difluoro(2- STXE 692.4 | 'H NMR (400 MHz,
(((35,6S,7aR, O« [M+H]* | CD3OD) &7.30 (s,
8aS,9aR)-3- HN/iO d i 1H), 7.10 - 7.04 (m,
(((3S,4S)-4- (‘>_F o 2H), 7.01 - 6.94 (m,
fluoro-1- ~N s" 2H), 6.63 - 6.59 (m,
(pyridin-3- \N/ P F 1H), 6.49 - 6.47 (m,
yl)pyrrolidin- HO-P=0 1H), 4.58 - 4.42 (m,
3- OH 1H), 3.85 - 3.81 (m,
yl)carbamoyl 1H), 3.68 - 3.57 (m,
)-5- 2H), 3.04 - 2.97 ( m,
oxodecahydr 1H), 2.89 - 2.78 (m,
o-1H- 1H), 2.73 d, J= 104
cyclopropald Hz, 1H), 2.63 - 2.62
Ipyrrolo[1,2- (m, 7H), 1.77 - 1.72 (m,
alazocin-6- 1H), 1.63 - 1.56 (m,
yl)carbamoyl 1H), 1.53 - 1.42 (m,
)benzo[b]thio 2H), 1.33 - 1.17 (m,
phen-5- 3H), 1.05 - 0.95 (m,
yDmethyl)ph 1H), 0.79 - 0.73 (m,
osphonic 1H), 0.63 - 0.58 (m,
acid 1H), 0.22 - 0.17 (m,
1H), -0.45 - -0.48 (m,
1H).
129 (difluoro(2- STXE 692.2 | 'H NMR (400 MHz,
(((35,68,7aR, G\n [M+H]* | CD30OD) 68.76 (d, J =
8aS,9aR)-3- HN’iO d i 7.2 Hz, 1H), 8.53 (d, J
(((3S,4R)-4- O-uF o = 7.6 Hz, 1H), 8.28 (s,
fluoro-1- ~ N 'y 1H), 8.15 - 7.98 (m,
(pyridin-3- L7 Fr 4H), 7.59 (d, ] = 8.4
yl)pyrrolidin- HO-P=0 Hz, 2H), 743 (d, J =
3- OH 8.4 Hz, 1H), 5.36-5.20
yl)carbamoyl (m, 1H),4.82 (t,J=5.2
)-5- Hz, 1H), 4.64 - 4.56
oxodecahydr (m, 1H), 4.44 (d, J =
o-1H- 8.5 Hz, 1H), 4.20 (s,
cyclopropald 1H), 3.73 - 3.69 (m,
Ipyrrolo[1,2- 2H), 3.64 (s, 1H), 3.21
aJazocin-6- (t,J=9.6 Hz, 1H), 2.30
yl)carbamoyl - 2.15 (m, 2H), 2.10 -
Ybenzo[b]thio 2.00 (m, 2H), 195 -
phen-5- 1.81 (m, 2H), 1.76 -
yl)methyl)ph 1.59 (m, 2H), 1.39 -
osphonic 1.29 (m, 1H), 1.27 -
acid 1.20 (m, 1H), 0.81 -
0.75 (m, 1H), 0.07 -
0.01 (m, 1H).
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The following compounds in Table 28 were prepared according to the

representative procedure described above for the synthesis of isopropyl ((difluoro(2-

(((3S,6S,7aS,8aR ,9aR)-3-(3-(morpholine-4-carbonyl)azetidine- 1 -carbonyl)-5-oxodecahydro-

1H-cyclopropa[d]pyrrolo[1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-

yl)methyl)(phenoxy)phosphoryl)glycinate (Example 2) utilizing the appropriate starting

materials and modifications.

Table 28.
Comp Name Structure LCMS NMR
ound
130 (((2- 961 |'H NMR (400 MHz,
(((3S,6S,7a8S, G\' [M+H]* | CDCls) & 7.83 — 7.70
8aR,9aR)-3- NN g _ (m, 3H), 7.40 — 7.29
(3- (N) - (m, 2H), 5.71 5.59
(morpholine- | o s (m, 4H), 5.12 — 4.98
4- i (m, 1H), 4.90 — 4.70
carbonyl)azet °=r—oL Q (m, 3H), 4.60 — 4.39
idine-1- o 0r° % (m, 2H), 4.37 — 4.26
carbonyl)-5- 2/ ° (m, 1H), 4.22 — 4.04
oxodecahydr \Q (m, 2H), 3.95 — 3.86
o-1H- (m, 4H), 3.72 - 3.64
cyclopropald (m, 5H), 3.56 — 3.50
Ipyrrolo[1,2- (m, 4H), 3.44 - 3.35
aJazocin-6- (m, 2H), 3.32 3.25
yl)carbamoyl (m, 2H), 2.34 — 2.25
Ybenzo[b]thio (m, 3H), 2.17 - 2.07
phen-5- (m, 2H), 2.04 1.94
yDmethyl)ph (m, 6H), 1.77 — 1.69
osphoryl)bis( (m, 6H), 1.48 — 1.40
oxy))bis(met (m, 1H), 1.00 - 0.91
hylene) (m, 1H), 0.89 0.77
bis(tetrahydr (m, 1H).
0-2H-pyran-
4-yl)
bis(carbonate
)
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131 S,S'- 1001 | 'H NMR (400 MHz,
((difluoro(2 Cl [M+H]* | DMSO-ds) & 9.03 -

- 0 N 8.87 (m, 1H), 8.35 (s,
(((35.68.7aS. E’C To g 1H), 823 — 8.18 (m,
8aR,9aR)-3- (j e 1H), 8.18 — 8.13 (m,

(3- ° 1H), 7.63 — 7.57 (m,
(morpholine- Fe 1H), 4.96 — 4.89 (m,

4- 0=P—q 2H), 4.66 — 4.59 (m,
carbonyl)azet 0 IO — 1H), 4.54 — 448 (m,

idine-1- “°q*s o= 1H), 4.38 — 4.25 (m,
carbonyl)-5- jy 4H), 4.20 — 4.11 (m,
oxodecahydr HO 6H), 4.02 — 3.84 (m,
o-1H- 8H), 3.53 - 3.52 (m,
cyclopropald 2H), 3.11 — 3.09 (m,
Ipyrrolo[1,2- 4H), 2.05 — 2.02 (m,
alJazocin-6- 2H), 1.84 — 1.80 (m,
yl)carbamoyl 2H), 1.65 — 1.60 (m,
)benzo[b]thio 2H), 1.38 — 1.31 (m,
phen-5- 2H), 1.12 — 1.08 (m,
ylmethyl)ph 12H), 0.80 — 0.77 (m,
osphoryl)bis( 1H), 0.74 — 0.70 (m,
oxy))bis(etha 1H), 0.05 — -0.05 (m,
ne-2,1-diyl)) 2H).
bis(3-
hydroxy-2,2-
dimethylprop
anethioate)

132 | (((difluoro(2- 940.9 | 'H NMR (400 MHz,
(((35,68,7aS, O/H <jN [M+H]* | CDCls) 6 8.07 (s, 1H),
8aR,%aR)-3- K’N)/C"’ioo M 8.01 — 7.85 (m, 2H),

(3- 4 0 7.66 — 7.44 (m, 2H),
(morpholine- g 5.80 — 5.64 (m, 4H),
4- . 5.38 — 495 (m, 2H),

carbonyl)azet F 480 — 471 (m, 1H),

idine-1- ol P=0 4.58 — 4.52 (m, 1H),
carbonyl)-5- °j< r° 4.45 — 438 (m, 1H),
oxodecahydr HO 07,/KOH 434 — 424 (m, 1H),

o-1H- ° 422 — 415 (m, 1H),
cyclopropald 4.13 — 4.03 (m, 1H),
]pyrrolo[1,2- 3.74 — 3.57 (m, 12H),
alazocin-6- 3.32 - 3.25 (m, 2H),
yl)carbamoyl 2.37 — 2.16 (m, 6H),
)benzo[b]thio 1.69 — 1.64 (m, 2H),

phen-5- 1.22 — 1.17 (m, 12H),
ylmethyl)ph 097 - 092 (m, 1H),
osphoryl)bis( 0.87 — 0.82 (m, 1H).
oxy))bis(met (TFA salt).

hylene)

bis(3-
hydroxy-2,2-
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dimethylprop

anoate)

133 S,S"-(((((2- 965 '"H NMR (400 MHz,
(((35,6S,7aS, N [M+H]* | DMSO-ds) 6 8.86 —
8aR,9aR)-3- 0 8.75 (m, 1H), 8.23 (s,

(3- Z"CN’% o™ 1H), 7.97 — 7.92 (m,
(morpholine- (j e 1H), 7.85 (s, 1H), 7.41
4- o —7.35 (m, 1H), 4.97 -
carbonyl)azet 4.89 (m, 1H), 4.66 —
idine-1- O=p-q 449 (m, 1H), 4.36 -
carbonyl)-5- o 0 427 (m, 2H), 4.19 —
oxodecahydr Hoq/‘(s/// ot 412 (m, 1H), 4.00 —
o-1H- jy 3.95 (m, 4H), 3.92 -
cyclopropald HO 3.84 (m, 1H), 3.74 -
Ipyrrolo[1,2- 3.63 (m, 2H), 3.54 —
alazocin-6- 3.51 (m, 4H), 343 —
yl)carbamoyl 3.42 (m, 4H), 3.33 -
Ybenzo[b]thio 3.30 (m, 3H), 3.28 —
phen-5- 3.24 (m, 3H), 3.06 —
yl)methyl)ph 3.02 (m, 4H), 2.36 -
osphoryl)bis( 2.30 (m, 1H), 2.23 —
oxy))bis(etha 1.94 (m, 6H), 1.89 —
ne-2,1-diyl)) 1.74 (m, 2H), 1.67 -
bis(3- 1.57 (m, 1H), 1.10 (s,
hydroxy-2,2- 12H), 0.81 — 0.67 (m,

dimethylprop 2H).

anethioate)

134 isopropyl 910.2 | 'H NMR (400 MHz,
((2- Qﬁ . [M+H]* | DMSO-ds) & 8.89 —
(((3S,6S,7a8S, i P 8.71 (m, 1H), 8.22 (d, J
8aR,9aR)-3- °y@"’§°° - —33 Hz, 1H),7.92 (t,]
(3- (N s = 8.1 Hz, 1H), 7.81 (d,
(morpholine- o) J=7.1Hz, 1H), 7.36 (t,
4- /°=E;° J=7.6Hz, 1H), 7.28 (t,
carbonyl)azet ©/ L @ J =7.8 Hz, 2H), 7.24 —
idine-1- oo 7.15 (m, 3H), 7.14 -
carbonyl)-5- A 6.99 (m, SH), 5.69-
oxodecahydr 5.67 (m, 1H), 498 —
o-1H- 4.85 (m, 1H), 4.74 —
cyclopropald 448 (m, 2H), 4.37 -
Ipyrrolo[1,2- 425 (m, 2H), 4.19 —
alazocin-6- 4.10 (m, 1H), 4.05 —
yl)carbamoyl 3.84 (m, 3H), 3.76 —
Ybenzo[b]thio 3.61 (m, 1H), 3.57 —
phen-5- 3.49 (m, 4H), 3.48 —
yl)methyl)(p 3.42 (m, 2H), 3.28 -
henoxy)phos 3.22 (m, 2H), 3.17 —
phoryl)-L- 299 (m, 1H), 2.83 -
phenylalanin 272 (m, 1H), 2.69 —
ate 2.53 (m, 1H), 2.37 —
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2.25 (m, 1H), 2.18 —
1.93 (m, 4H), 1.90 —
1.75 (m, 2H), 1.69 —
1.56 (m, 1H), 1.38 —
1.29 (m, 1H), 1.06 -
0.89 (m, 6H), 0.83 —
0.67 (m, 2H), 0.03 — -
0.05 (m, 1H).

135 (((2- O»‘ N 925.0 | 'H NMR (400 MHz,
(((3S,6S,7aR, 3 "D [M+H]* | CDClI3) 6 8.74-8.58 (m,
8aS.0aR)-5- | L el ™ 2H), 8.02-8.00 (m,

0x0-3-(3- 'S 1H), 7.91 (s, 1H), 7.82
(pyridin-3- H - 7.70 (m, 3H), 7.50-
yl)azetidine- osba o 730 (m, 2H), 5.62

1- Lo o)ﬂ)@ (ddd, J = 11.3,6.7,3.3
carbonyl)dec 2’0 d Hz, 4H), 5.70-490 (m,

ahydro-1H- 1@ 1H), 4.86 — 4.77 (m,
cyclopropald 2H), 4.63 d, J = 9.1
Ipyrrolo[1,2- Hz, 1H), 4.40-4.38 (m,
alazocin-6- 2H), 4.22-4.18 (m,
yl)carbamoyl 2H), 4.10-4.05 (m,
)benzo[b]thio 1H), 3.94 — 3.89 (m,

phen-5- 4H), 3.53-3.50 (m,
yDmethyl)ph 4H), 3.43-3.40 (m,
osphoryl)bis( 2H), 2.35-2.33( m,
oxy))bis(met 1H), 2.23 — 2.06 (m,

hylene) 6H), 2.00 — 1.92 (m,

bis(tetrahydr 6H), 1.74 — 1.69 (m,

0-2H-pyran- 3H), 1.25-1.23 (m,

4-yl) 2H), 0.85-0.81 (m,

bis(carbonate 1H), 0.30-020 (m,
) 1H).

136 S,S"-(((((2- 954.3 | 'H NMR (400 MHz,
(((35,6S,7aS, Gq [M+H]* | DMSO-ds) 6 9.00 (dd,
8aR,%aR)-3- Q J =30.8, 7.1 Hz, 1H),

(3-(1H- 8.37 (s, 1H), 8.27 -
imidazol-1- 8.15 (m, 2H), 8.14 —
yl)azetidine- 7.97 (m, 1H), 7.66 —
1-carbonyl)- 7.39 (m, 2H), 7.09 (d, J

5- : =34.2 Hz, 1H), 5.28 -
oxodecahydr Hoﬁsﬂ[oo 5.13 (m, 1H), 5.00 —
o-1H- A kor 4.65 (m, 3H), 440 —
cyclopropald 4.28 (m, 2H), 4.25 -
Ipyrrolo[1,2- 4.08 (m, 5H), 4.06 —
alazocin-6- 3.98 (m, 1H), 3.15 —
yl)carbamoyl 3.04 (m, 4H), 2.66 (s,
)benzo[b]thio 4H), 2.40 — 2.29 (m,
phen-5- 1H), 2.20 — 1.81 (m,
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yhdifluorom 6H), 1.72 — 1.59 (m,
ethyl)phosph 1H), 1.39 — 1.28 (m,
oryl)bis(oxy) 1H), 1.16 (s, 12H),
)bis(ethane- 0.87 — 0.68 (m, 2H),
2,1-diyl)) 0.07 —-0.00 (m, 1H). (
bis(3- TFA salt)
hydroxy-3-
methylbutane
thioate)

137 S,S'-(((((2- O 953.8 | 'H NMR (400 MHz,
(((3S,6S,7a8S, N, [M+H]* | CDCls) 6 9.59 (s, 1H),
8aR.9aR)-3- | (p- % A 8.48 — 7.79 (m, 4H),

(3-(1H- s 7.66 — 7.38 (m, 3H),
imidazol-1- F HS%“ 541 — 529 (m, 1H),
yl)azetidine- 0O=p-g ° 526 — 5.08 (m, 2H),
1-carbonyl)- 4.88 — 481 (m, 1H),

5- o%gﬂ 4.56 — 4.46 (m, 2H),
oxodecahydr 443 — 434 (m, 2H),
o-1H- 426 — 4.18 (m, 4H),
cyclopropald 3.57 (s, 4H), 3.21 -
Ipyrrolo[1,2- 3.03 (m, 4H), 2.54 —
alazocin-6- 2.27 (m, 3H), 2.23 —
yl)carbamoyl 2.15 (m, 1H), 2.13 -
)benzo[b]thio 1.91 (m, 3H), 1.77 —
phen-5- 1.61 (m, 1H), 1.38 —
yhdifluorom 1.32 (m, 1H), 1.28 —
ethyl)phosph 1.12 (m, 12H), 0.93 -
oryl)bis(oxy) 0.80 (m, 2H), 0.08 —
)bis(ethane- 0.00 (m, 1H).
2,1-diyl))

bis(3-
hydroxy-2,2-
dimethylprop
anethioate)

138 S-(2- O;j 955 |'H NMR (400 MHz,
(((difluoro(2- o —iN - [M+H]* | DMSO-ds) 6 9.03 —
((35.68,7a8, | YL d 8.91 (m, 1H), 8.36 (s,
8aR.9aR)-3- | () J%X S~ 1H), 823 — 8.14 (m,

(3- Sl o7 2H), 7.62 — 7.56 (m,
(morpholine- o k 1H), 499 — 4.89 (m,
4 ¢ 1H), 4.67 — 4.50 (m,
carbonyl)azet 1H), 4.39 — 4.28 (m,
idine-1- 2H), 4.21 — 4.11 (m,
carbonyl)-5- 5H), 4.04 — 3.87 (m,
oxodecahydr 2H), 3.74 — 3.64 (m,
o-1H- 1H), 3.57 — 3.51 (m,
cyclopropald 4H), 348 — 3.41 (m,
Ipyrrolo[1,2- 2H), 3.29 — 3.22 (m,
alazocin-6- 2H), 3.16 — 3.07 (m,
ylcarbamoyl 4H), 2.54 (t,J =7.3 Hz,
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Ybenzo[b]thio 2H), 2.37 — 2.27 (m,

phen-5- 1H), 2.14 — 1.96 (m,
yDmethyl)(2- 4H), 1.90 — 1.77 (m,
(pivaloylthio 2H), 1.67 — 1.59 (m,
)ethoxy)phos 1H), 1.59 — 1.52 (m,
phoryl)oxy)e 2H), 1.40 — 1.32 (m,
thyl) 1H), 1.16 (s, 9H), 0.86
butanethioate (t,J=7.4 Hz, 3H), 0.82
—0.75 (m, 1H), 0.74 -
0.68 (m, 1H), 0.02 — -

0.04 (m, 1H).

139 (- 911.4 |'H NMR (400 MHz,
((35.65.7aR, G [M+H]* | DMSO-ds) & 8.96 (dd.,
8aS,9aR)-3- © $ 4 J =145, 7.5 Hz, 1H),
(3(rel—tranz)- Ncﬁ"&o o _NH 838 — 8.26 (m, 1H),

-cyano-4- — 8.25 — 8.16 (m, 1H),
phenylpyrroli S 8.12 (s, 1H), 7.63 —
dine-1- F 7.51 (m, 1H), 7.47 —
carbonyl)-5- o- _F 7.28 (m, 5H), 5.81 —
oxodecahydr 0P~ 5 5.64 (m, 4H), 5.01 —
o-1H- :5?0% 490 (m, 1H), 4.62 —
cyclopropald 4.35 (m, 1H), 4.24 —
Ipyrrolo[1,2- o 4.14 (m, 1H), 4.00 —
zll]azolfin—6—1 3.81 (m, 1H), 3.73 —
yl)carbamoy 3.64 (m, 1H), 3.59 -
Ybenzo[b]thio 3.45 (m, 1H), 241 —
1);()1h§n—5— 2.31 (m, 1H), 2.21 —
yl)difluorom 2.00 (m, 4H), 1.93 —
ethyl)phosph 1.82 (m, 2H), 1.72 —
oryl)bis(oxy) 1.60 (m, 1H), 145 —
)bis(methyle 1.35 (m, 1H), 1.12 (s,
pe) bis(2,2- 18H), 0.89 — 0.79 (m,
dimethylprop 4H), 0.78 — 0.71 (m,
anoate) 1H), 0.01 — -0.01 (m,

1H).

140 ((((2- 911.4 |'H NMR (400 MHz,
(((3S,6S,7aR, © <:|q I [M+H]* | CDCI3) 6 8.13 — 8.02
8aS,9aR)-3- N/i\ L (m, 1H), 8.00 — 7.75
((3S.4R)-3- NC,C 0 oM (m, 3H), 7.68 — 7.56

cyano-4- . s (m, 1H), 7.46 — 7.29
phenylpyrroli (m, 5H), 5.86 — 5.52
dine-1- F (m, 4H), 5.05 — 4.83
carbonyl)-5- \/O‘P:g (m, 1H), 4.70 — 4.28
oxodecahydr ° o 4 (m, 2H), 4.24 — 3.98
o-1H- jvg/ 71/% (m, 2H), 3.87 — 3.54
cyclopropald z (m, 2H), 3.39 - 3.12
Ipyrrolo[1,2- (m, 1H), 2.83 (s, 1H),
alJazocin-6- 2.35 — 1.74 (m, 9H),
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yl)carbamoyl 1.30 — 1.12 (m, 19H),
Ybenzo[b]thio 0.90 — 0.76 (m, 1H),
phen-5- 0.35 — 0.12 (m, 1H).
yl)difluorom (free base).
ethyl)phosph
oryl)bis(oxy)
)bis(methyle
ne) bis(2,2-
dimethylprop
anoate)

141 S-(2- O‘y 941.3 | 'H NMR (400 MHz,
(((difluoro(2- o N/i" - [M+H]* | CDCl3) 6 8.18 — 8.03
((35,65.7a8, | YO e s (m, 1H), 7.94 (d, J =
8aR.9aR)-3- | () . 3 - 8.6 Hz, 1H), 7.85 (s,

(3- L% 1H), 7.72 — 7.60 (m,
(morpholine- " ool A 1H), 7.44 — 7.34 (m,
4- 1H), 5.77 — 5.57 (m,

carbonyl)azet 2H), 5.11 — 4.86 (m,

idine-1- 2H), 4.82 — 4.37 (m,
carbonyl)-5- 2H), 4.37 — 3.98 (m,
oxodecahydr 5H), 3.75 — 3.54 (m,

o-1H- 6H), 3.35 — 3.21 (m,
cyclopropald 2H), 3.20 — 3.04 (m,
Ipyrrolo[1,2- 2H), 242 (d, J = 7.1
alazocin-6- Hz, 2H), 2.36 — 2.07
yl)carbamoyl (m, 5H), 2.06 — 1.99
Ybenzo[b]thio (m, 2H), 1.73 - 1.52

phen-5- (m, 5H), 1.50 — 1.39
yDmethyl)((( (m, 1H), 1.32 (d, J =
isopropoxyca 6.3 Hz, 6H), 1.28 -
rbonyl)oxy) 1.24 (m, 1H), 0.94 (d,J
methoxy)pho = 6.7 Hz, 6H), 0.86 —
sphoryl)oxy) 0.78 (m, 1H).

ethyl) 3-
methylbutane

thioate

142 S.S-(((((2- O.» 945.3 | 'H NMR (400 MHz,
(((35,6S,7aR, NQ o [M+H]* | DMSO-ds) 6 8.92 (m,
8aS,9aR)-3- NH™, O HN 1H), 8.41 (dd, J =15.7,
(((3S.,4R)-1- ) & 7.4 Hz, 1H), 8.34 (d, J

acetyl-4- F° i {{ =3.1 Hz, 1H), 8.22 (d,
fluoropyrroli o F/\/S S J=8.5Hz, 1H), 8.16 (s,
din-3- o 1H), 7.59 (d, J = 8.5
yl)carbamoyl 1 Hz, 1H), 5.29 — 4.98
)-5- 5 (m, 1H), 4.92 - 4.75
oxodecahydr (m, 1H), 4.51 — 4.09
o-1H- (m, 7H), 3.82 - 3.37
cyclopropald (m, 3H), 3.28 — 2.99
Ipyrrolo[1,2- (m, 5H), 2.44 (d, J =
alJazocin-6- 7.1 Hz, 4H), 2.29 —
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yl)carbamoyl 2.10 (m, 2H), 2.10 -
Ybenzo[b]thio 1.97 (m, 4H), 1.94 (d, J
phen-5- =16.5 Hz, 3H), 1.88 —
yl)difluorom 1.82 (m, 1H), 1.74 —
ethyl)phosph 1.54 (m, 2H), 1.38 -
oryl)bis(oxy) 1.16 (m, 2H), 1.01 -
)bis(ethane- 0.98 (m, 1H), 0.87 (d, J
2,1-diyl)) = 6.7 Hz, 12H), 0.81 —
bis(3- 0.70 (m, 1H), 0.11 —
methylbutane 0.01 (m, 1H).
thioate)

143 | benzyl (((2- 882.0 |'H NMR (400 MHz,
(((3S,6S,7a8S, G: [M+H]* | CDCI3) 6 8.06 — 7.69
8aR,9aR)-3- 0 N/ioo H (m, 3H), 7.62 — 7.31

3- N = (m, 5H), 7.30 — 7.27
(morpholine- o) s (m, 1H), 7.26 — 7.21
4- (m, 3H), 7.19 — 6.99
carbonyl)azet Q 24 (m, 3H), 5.13 — 4.92
idine-1- J %0 (m, 3H), 4.86 — 3.90
carbonyl)-5- d O (m, 7H), 3.72 — 3.53
oxodecahydr (m, 6H), 3.49 - 3.08
o-1H- (m, 5H), 2.37 - 2.24
cyclopropald (m, 3H), 2.16 — 2.00
Ipyrrolo[1,2- (m, 4H), 1.73 - 1.62
alazocin-6- (m, 1H), 1.50 - 1.37
yl)carbamoyl (m, 1H), 1.22 — 1.10
Ybenzo[b]thio (m, 3H), 1.01 - 0.89
phen-5- (m, 1H), 0.88 — 0.77
yl)methyl)(p (m, 1H), 0.04 — 0.00
henoxy)phos (m, 1H).
phoryl)-D-
alaninate

144 S,S"-(((((2- 933.4 | 'H NMR (400 MHz,
(((3S,6S,7a8S, G\l [M+H]* | CDCI3) 6 7.80 — 7.76
8aR,%9aR)-3- OWN&O% NH (m, 3H), 7.38 — 7.26

3- (N - (m, 2H), 5.05- 5.04 (m,
(morpholine- 0/7 s 1H), 4.77 (t,J=8.0 Hz,
4- 1H), 4.53 — 429 (m,
carbonyl)azet o= 3H), 4.16 — 4.02 (m,
idine-1- R s = 6H), 3.69 - 3.58 (m,
carbonyl)-5- %As o=§V 7H), 3.33 - 3.27 (m,
oxodecahydr 4H), 3.06 - 3.04 (m,
o-1H- 4H), 2.31 - 2.28 (m,
cyclopropald 3H), 2.09 — 2.03 (m,
Ipyrrolo[1,2- 4H), 1.72 — 1.63 (m,
alazocin-6- 2H), 1.44 - 1.37 (m,
yl)carbamoyl 1H), 1.22 (s, 18H),
)benzo[b]thio 0.98 - 0.92( m, 1H),
phen-5- 0.84 - 0.78 (m, 1H).
yDmethyl)ph
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osphoryl)bis(
oxy))bis(etha
ne-2,1-diyl))

bis(2,2-
dimethylprop
anethioate)

145 | (((difluoro(2- 909.4 | 'H NMR (400 MHz,
(((3S,6S,7aS, C‘q [M+H]* | CDCls) 6 8.08 (s, 1H),
8aR,%aR)-3- 0 N ¢ Em 7.97 — 7.79 (m, 2H),

(- »?/C oo 7.69 — 7.36 (m, 2H),
(morpholine- | { ) e 579 — 5.60 (m, 4H),
4- ° ; 5.12 — 5.00 (m, 1H),

carbonyl)azet o] F 499 — 472 (m, 1H),

idine-1- 0 4.59 — 427 (m, 3H),
carbonyl)-5- . 4 Sos ke 422 — 4.04 (m, 2H),
oxodecahydr jv © 3.74 — 3.53 (m, 7H),

o-1H- 3.29 (s, 2H), 2.39 —
cyclopropald 2.23 (m, 3H), 2.17 -
Ipyrrolo[1,2- 1.98 (m, 4H), 1.72 -
alJazocin-6- 1.62 (m, 1H), 1.33 —
yl)carbamoyl 1.26 (m, 1H), 1.20 (s,
)benzo[b]thio 18H), 0.98 — 0.91 (m,

phen-5- 1H), 0.85 — 0.82 (m,
yl)methyl)ph 1H), 0.04 — 0.00 (m,
osphoryl)bis( 1H).
oxy))bis(met

hylene)

bis(2,2-
dimethylprop

anoate)

146 S.S-(((((2- 918 |'H NMR (400 MHz,
(((3S,6S,7aS, </\|‘q [M+H]* | DMSO-ds) 6 9.41 —
8aR,%aR)-3- N— 9.25 (m, 1H), 8.90 -

(3-(1H- N@”’C o g 877 (m, 1H), 827 —
imidazol-1- s 8.20 (m, 1H), 8.06 —
yl)azetidine- 8.02 (m, 1H), 7.99 -
1-carbonyl)- 7.90 (m, 1H), 7.85 (s,

5- 0=p-g 1H), 7.81 — 7.69 (m,
oxodecahydr 0 ///0 Hs 1H), 741 — 735 (m,

o-1H- ﬁ/(s o 1H), 541 - 529 (m,
cyclopropald HO 1H), 5.05 — 498 (m,
Ipyrrolo[1,2- HO 1H), 4.97 - 4.44 (m,
alazocin-6- 2H), 441 — 4.28 (m,
yl)carbamoyl 2H), 4.23 — 4.11 (m,
)benzo[b]thio 2H), 4.03 — 3.96 (m,

phen-5- 4H), 3.47 — 3.46 (m,
yl)methyl)ph 2H), 3.43 — 3.42 (m,
osphoryl)bis( 4H), 3.09 — 3.01 (m,
oxy))bis(etha 4H), 2.39 — 2.31 (m,
ne-2,1-diyl)) 1H), 2.05 — 1.84 (m,
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bis(3- 4H), 1.71 — 1.60 (m,
hydroxy-2,2- 1H), 1.36 — 1.29 (m,
dimethylprop 1H), 1.27 — 1.22 (m,
ancthioate) 2H), 1.10 (s, 12H),
0.88 — 0.81 (m, 1H),
0.78 — 0.69 (m, 1H),
0.08 — 0.01 (m, 1H).
147 | diisopropyl 871.3 | 'H NMR (400 MHz,
2,2'-((((2- O« / o [M+H]* | CDCls) 6 7.79 (m, 3H),
(((35,65,7aS, o }/C/N/&OO HN _ 7.40 (m, 2H), 5.00 (m,
8aR,%aR)-3- N s 3H), 4.77 (m, 1H), 4.59
(3- O — 4.04 (m, 5H), 3.94
(morpholine- 0=P-NH © (m, 2H), 3.67 (m, 7H),
4- "I"“s“ < 3.29 (m, 4H), 2.29 (m,
carbonyl)azet o0 3H), 2.15 — 2.01 (m,
idine-1- 4H), 1.72 — 1.63 (m,
carbonyl)-5- 1H), 1.44 (m, 1H), 1.32
oxodecahydr (m, 6H), 1.25 - 1.10
o-1H- (m, 12H), 0.95 (m,
cyclopropald 1H), 0.82 (m, 1H), 0.01
Ipyrrolo[1,2- (m,1H).
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)ph
osphoryl)bis(
azanediyl))(2
S,2'S)-
dipropionate
148 diisopropyl 8773 | 'H NMR (400
((((2- Gl [M+H]* | MHz,CDCl3) 6 7.83 —
(((38,6S.7a8, NN g 7.72 (m, 3H), 743 -
8aR,%aR)-3- (N - 7.30 (m, 2H), 5.66 —
(3- J s 5.56 (m, 4H), 5.09 —
(morpholine- >‘ (}to 4.73 (m, 4H), 4.57 —
4- osp-g’ © 4.04 (m, 5H), 3.73 -
carbonyl)azet J 3.60 (m, 6H), 3.44 —
idine-1- 00 3.22 (m, 4H), 2.37 -
carbonyl)-5- YO 2.25 (m, 3H), 2.16 —
oxodecahydr 1.99 (m, 4H), 1.82 —
o-1H- 1.85 (m, 2H)1.74 -
cyclopropald 1.63 (m, 1H), 1.51 -
Ipyrrolo[1,2- 1.38 (m, 1H), 1.30 (dd,
aJazocin-6- J =62, 1.6 Hz, 12H),
yl)carbamoyl 1.00 - 0.77 (m, 2H).
)benzo[b]thio
phen-5-
yDmethyl)ph
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osphoryl)bis(
oxy))bis(met

hylene))
bis(carbonate
)

149 S,S-(((((2- 905.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, N [M+H]* | CDCI3) 6 7.86 — 7.68
8aR,9aR)-3- OYCN—'QO d i (m, 3H), 7.52 - 7.35 (m,

(3- N ° 2H), 5.05 - 4.90 (m,
(morpholine- (; D 'S 1H), 4.77 (t, ] = 8.4 Hz,
4- 1H), 4.55 — 4.52 (m,
carp(?nyl)azet o=p-o 1H), 4.45 - 4.40 (m,
idine-1- o é \\\ 1H),4.31(t,J=9.1 Hz,
carbonyl)-5- /\/'LSI o{/ 1H), 4.21 - 4.14 (m,
oxodecahydr 1H), 4.10 — 4.03 (m,
o-1H- 5H), 3.73 — 3.58 (m,
cyclopropald 7H), 3.32 - 3.27 (m,
Jpyrrolo[1,2- 4H), 3.07 (t,J = 6.0 Hz,
zll]azolfin—6— 4H),2.52 (t,J =7.4 Hz,
yl)carbamoyl 4H), 2.31 — 2.28 (m,
)benzo[b]thio 3H), 2.12 — 2.03 (m,
phen-5- 4H), 1.72 - 1.63 (m,
yl)methyl)ph 6H), 1.44 (s, 1H), 1.24
osphor.yl)bls( (t,J=7.0Hz, 1H), 0.94
oxy;)llnil(etlha (t,J=7.4Hz, 6H), 0.88
ne-2,1-diyl)) -0.78 (m, 1H).
dibutanethioa
te

150 ((((2- O-» 873.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o — N o o [M+H]* | CDCI3) 6 7.82 — 7.70
8aR,%9aR)-3- h o O HN _ o)\\é (m, 3H), 7.52 — 7.30
( 3- . (;) s °> (m, 2H), 5.67 — 5.52
morpholine- RO 0o (m, 4H), 5.11 — 4.99

4 ° " X (m, 1H), 497 — 471
carbonyl)azet (m, 1H), 4.60 — 4.47
idine-1- (m, 1H), 4.47 — 4.37
carbonyl)-5- (m, 1H), 4.35 — 4.25
oxodecahydr (m, 1H), 4.23 — 4.12
o-1H- (m, 1H), 4.12 — 4.03
cyclopropald (m, 1H), 3.75 — 3.51
]pyrrolc?[1,2— (m, 7H), 3.35 (d, J =
211)]3201;:1n-6-1 22.1 Hz, 2H), 3.30 —
yl)carbamoy 3.20 (m, 2H), 2.40 —
Ybenzo[b]thio 2.22 (m, 3H), 2.16 —
phen-5- 2.08 (m, 2H), 2.05 —
yDmethyl)ph 1.98 (m, 2H), 1.76 —
osphoryl)bis( 1.60 (m, 1H), 1.59 -
oxy))bis(met 1.36 (m, 2H), 1.20 (s,
hylene) 18H), 1.00 — 0.87 (m,
bis(2,2-
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dimethylprop 1H), 0.88 — 0.76 (m,

anoate) 1H).

151 S.S'-(((((2- 886.3 | 'H NMR (400 MHz,
(((35,68,7aS, G\] [M+H]* | CDCI3) 6 8.06 — 7.69
8aR,9aR)-3- N 1 (m, 4H), 7.51 — 7.37

(3-(1H- N@N’C 0 o (m, 2H), 7.30 — 7.28
imidaz.ol_-l- e (m, 1H), 7.22 - 7.18
yl)azetidine- (m, 1H), 5.08 - 5.03
1-carbonyl)- (m, 2H), 4.74 — 4.67

5- =P-q (m, 1H), 4.45 - 4.13
oxodecahydr 0 Io “— (m, 4H), 4.05 — 4.02
o-1H- \//‘Ls ol (m, 4H), 3.30 (d, J =
cyclopropald CSK\ 21.6 Hz, 2H), 3.06 —
Ipyrrolo[1,2- 3.02 (m, 4H), 2.44 —
alazocin-6- 2.01 (m, 7H), 1.74 —
yl)carbamoyl 1.65 (m, 2H), 1.45 —
Ybenzo[b]thio 0.82 (m, 22H).

phen-5-
yDmethyl)ph
osphoryl)bis(
oxy))bis(etha
ne-2,1-diyl))

bis(2,2-
dimethylprop
anethioate)

152 ((((R)- 859.0 | 'H NMR (400 MHz,

fluoro(2- Cp [M+H]* | CDCl3) 8 9.05 - 8.77
(((35,65,7aR, o % (m, 1H), 8.78 — 8.62
8aS,9aR)-5- NO/Q 'y (m, 1H), 8.53 — 8.06

oxo.—3'—(3— o=:—F° (m, 1H), 8.03 — 7.65
(pyrld.ln'-3- (b \‘°),o (m, 5H), 7.53 (d, J =
yDazetidine- b O r 82 Hz, 1H), 5.99 -

1- o 5.81 (m, 1H), 5.69 —
carbonyl)dec e 5.63 (m, 4H), 5.16 —
ahydro-1H- 495 (m, 1H), 495 -
cyclopropald 4.62 (m, 4H), 4.51 -
Ipyrrolo[1,2- 3.87 (m, 5H), 245 —
alJazocin-6- 2.28 (m, 1H), 2.26 —
yl)carbamoyl 2.09 (m, 3H), 2.01 -
Ybenzo[b]thio 1.94 (m, 1H), 1.83 —
phen-5- 1.55 (m, 2H), 1.51 —
yl)methyl)ph 1.38 (m, 1H), 1.31 (d,J
osphoryl)bis( = 6.2 Hz, 12H), 1.28 —
oxy))bis(met 1.11 (m, 2H), 0.87 —
hylene) 0.78 (m, 1H), 0.26 —
diisopropyl 0.18 (m, 1H).
bis(carbonate
)
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153 isopropyl 852.3 | 'H NMR (400 MHz,
((fluoro(2- Ch . [M+H]* | DMSO-ds) & 9.02 -
(((3S,6S,7a8S, A d v 8.74 (m, 1H), 8.32 (s,
8aR,9aR)-3- OYC/N ° e 1H), 8.14 — 8.01 (m,
3- N 2H), 7.69 — 7.54 (m,
(morpholine- (o) B F 1H), 7.43 — 7.27 (m,
4- ,f-{g;‘b 2H), 7.25 - 7.08 (m,
carbonyl)azet L 3H), 6.32 — 6.01 (m,
idine-1- )o\ o 2H), 499 — 4.69 (m,
carbonyl)-5- 2H), 4.68 — 4.47 (m,
oxodecahydr 1H), 4.38 — 4.25 (m,
o-1H- 2H), 4.24 — 4.09 (m,
cyclopropald 1H), 4.06 — 3.85 (m,
Ipyrrolo[1,2- 2H), 3.82 — 3.61 (m,
ii)]azolfin—&l 2H), 3.58 — 3.41 (m,
yl)carbamoy 6H), 3.27 — 3.13 (m,
)benzo[b]thio 2H), 2.40 — 2.24 (m,
phen-5- 1H), 2.17 — 1.93 (m,
yDmethyl)(p 4H), 191 — 1.73 (m,
henoxy)phos 2H), 1.69 — 1.56 (m,
phoryl)-L- 1H), 146 — 1.27 (m,
alaninate 1H), 1.18 — 0.90 (m,
9H), 0.86 — 0.65 (m,
2H), 0.04 — -0.06 (m,

1H).
154 isopropyl 8342 |'H NMR (400 MHz,
(- Ch . [M+H]* | DMSO-ds) & 8.90 —
(((3S,6S,7aS, o N,goo HN 8.75 (m, 1H), 8.23 (s,
8aR,9aR)-3- ?/C/ e 1H), 7.98 — 7.85 (m,
3- 2H), 744 (d, J = 8.4
(morpholine- (OJ oo Hz, 1H), 7.36 — 7.29
4- e @ (m, 2H), 7.18 — 7.09
carp(?nyl)azet L (m, 3H), 4.98 — 4.88
idine-1- )O\ o (m, 1H), 4.85 — 4.74
carbonyl)-5- (m, 1H), 4.66 — 4.48
oxodecahydr (m, 1H), 4.38 — 4.26
o-1H- (m, 2H), 4.20 — 4.12
cyclopropald (m, 1H), 4.06 — 3.61
]pyrrolo[1,2- (m, 4H), 3.58 — 3.39
211)]azocin—6— (m, 8H), 3.27 — 3.20
yl)carbamoyl (m, 2H), 2.36 — 2.27
)benzo[b]thio (m, 1H), 2.17 — 1.95
phen-5- (m, 4H), 1.90 - 1.75
yDmethyl)(p (m, 2H), 1.69 — 1.54
henoxy)phos (m, 1H), 1.34 (s, 1H),
phoryl)—L— 1.13 - 0.96 (m, 9H),
alaninate 0.83 — 0.67 (m, 2H),

0.02 - -0.04 (m, 1H).
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155 ((((2- & 837.0 | 'H NMR (400 MHz,
(((35,6S,7aR, : [M+H]* | DMSO-ds) 6 8.85 —
8a$S,9aR)-5- O™ 6 8.76 (m, 1H), 8.63 —
(oxo'—g.—(32— /‘= 0°o \ 8.51 (m, 1H), 8.25 —
pyridin-2- N 8.14 (m, 1H), 8.01 -
yl)azetidine- Osd 791 (m, 1H), 7.86 —
1- N s 9 7.69 (m, 2H), 7.40 —

fo) ' \\ > >
carbonyl)dec | d 0 721 (m, 3H), 5.64 —
ahydro-1H- K 5.51 (m, 4H), 4.87 —
cyclopropald 478 (m, 1H), 4.77 -
]pyrrol(?[1,2— 4.65 (m, 1H), 4.60 —
?)]azolfln—&l 441 (m, 1H), 4.37 —
yl)carbamoy 426 (m, 1H), 4.26 —
Ybenzo[b]thio 4.11 (m, 2H), 4.08 —
phen-5- 3.92 (m, 2H), 3.62 —
yl)methyl)ph 3.43 (m, 2H), 2.28 -
osphoryl)bis( 1.81 (m, 6H), 1.74 —
oxy))bis(met 1.47 (m, 2H), 1.39 -
hylene) 1.19 (m, 2H), 1.15 -
. bis(2,2- 1.07 (m, 18H), 0.81 —
dimethylpron 0.72 (m, 1H), 0.09 —

anoate) 0.02 (m, 1H).

156 ((((2- 826.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, N [M+H]* | CDCI5) 6 8.75 (s, 1H),
8aR,9aR)-3- z N,CN’\O% NH 8.12 — 7.84 (m, 2H),
. ('3(1-(1}1-1 N=/ _ 7.76 — 7.61 (m, 2H),
imidazol-1- s 7.30 — 7.20 (m, 2H),
yl)azetidine- A; 7.15 — 7.05 (m, 1H),
1-carbonyl)- om0 ° 5.62 — 543 (m, 4H),

5- l/c’, 5.19 — 5.07 (m, 1H),

oxodecahydr oo 5.04 476 (m, 2H),

o-1H- //\i 466 — 446 (m, 1H),
cyclopropald 4.35 — 3.87 (m, 4H),
]pyrrolc?[l,Z— 3.33 — 3.20 (m, 2H),
?)]azolfln—@l 2.58 — 2.18 (m, 3H),
yl)carbamoy 2.12 — 1.87 (m, 4H),
Ybenzo[b]thio 1.47 1.43 (m, 1H),

phen-5- 1.31 1.22 (m, 2H),
yD)methyl)ph 1.14 — 1.09 (m, 18H),
osphoryl)bis( 0.93 - 0.84 (m, 1H), -
oxy))bis(met 0.07 - -0.08 (m, 1H).

hylene)

bis(2,2-
dimethylprop

anoate)
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157 (((2- 829.9 | 'H NMR (400 MHz,
(((3S,6S,7a8S, N [M+H]* | CDCl3) 6 7.94 — 7.67
8aR,9aR)-3- Z N,CN”\\O% NH (m, 4H), 7.51 — 7.30

(3-(1H- N=/ - (m, 3H), 7.20-7.17 (m,
imidazol-1- s 1H), 5.63 — 5.57 (m,
yDazetidine- >’ 0}=o 4H), 5.30 — 5.05 (m,
1-carbonyl)- o=pg’ O 3H), 4.99 - 4.87 (m,

5- rc‘) 2H), 4.77 — 4.64 (m,
oxodecahydr o_o 1H), 4.47 — 4.14 (m,

o-1H- ﬁ/o 4H), 3.39 (d, J = 22.1
cyclopropald Hz, 2H), 2.40 — 2.31
Ipyrrolo[1,2- (m, 3H), 2.20 - 2.00
alazocin-6- (m,4H), 1.75-1.69 (m,
yl)carbamoyl 1H), 1.58 - 1.38 (m,
)benzo[b]thio 2H), 1.30 (d, J = 5.9

phen-5- Hz, 12H), 1.03 - 0.78
yDmethyl)ph (m, 2H).
osphoryl)bis(
oxy))bis(met

hylene)
diisopropyl
bis(carbonate

)

158 | S.S-(((((2- 858 | 'H NMR (400 MHz,
(((35.65.7a$, - [M+H]* | DMSO-ds) & 8.93 -
8aR,9aR)-3- N z 8.79 (m, 1H), 8.26 —

(3-(1H- N@”’C To g M 8.18 (m, 1H), 7.97 —
imidazol-1- e 7.90 (m, 1H), 7.88 —
yl)azetidine- 7.79 (m, 2H), 7.50 —
1-carbonyl)- 7.32 (m, 2H), 7.02 —

5- O=P-q 6.91 (m, 1H), 5.21 -
oxodecahydr R Y 5.10 (m, 1H), 497 —
o-1H- s 0=<\/ 4.90 (m, 1H), 4.74 —
cyclopropald 4.60 (m, 1H), 441 -
Ipyrrolo[1,2- 431 (m, 2H), 4.21 -
alazocin-6- 4.13 (m, 1H), 4.00 —
yl)carbamoyl 3.96 (m, 4H), 345 -
)benzo[b]thio 3.38 (m, 4H), 3.06 (t,J
phen-5- = 6.2 Hz, 4H), 2.56 —
yDmethyl)ph 2.51 (m, 4H), 2.37 -
osphoryl)bis( 2.30 (m, 1H), 2.18 —
oxy))bis(etha 1.95 (m, 5H), 1.90 —
ne-2,1-diyl)) 1.78 (m, 2H), 1.69 —
dibutanethioa 1.61 (m, 1H), 1.58 —
te 1.51 (m, 4H), 1.37 -
1.28 (m, 1H), 0.85 (t, J
= 7.3 Hz, 6H), 0.73 —
0.67 (m, 1H), 0.02 — -

0.03 (m, 1H)
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159 | benzyl (25)- 1008.1 | 'H NMR (400 MHz,
2- O« [M+H]* | CD30D) 6 8.20 (s, 1H),
((difluoro(2- | oy L w—, & wivg® 8.18 - 8.10 (m, 1H),
(((3S,6S,7aS, N = 8.06 - 7.88 (m, 1H),
8aR,9aR)-3- | ) 7.75 - 7.65 (m, 1H),
(3- FF 7.37 - 7.26 (m, 7H),
(morpholine- @\/ O=p-g 7.23 - 7.09 (m, 6H),
4- INHQ 6.97 - 6.85 (m, 2H),
carbonyl)azet 0 o 5.13 - 491 (m, 3H),
idine-1- @/’ 477 - 4.65 (m, 1H),
carbonyl)-5- 453 - 436 (m, 2H),
oxodecahydr 433 - 415 (m, 2H),
o-1H- 412 - 4.02 (m, 1H),
cyclopropald 397 - 372 (m, 2H),
]pyrrolo[1,2- 3.69 - 3.56 (m, 5H),
?)]azo];:in—&l 2.55 - 345 (m, 1H),
yl)carbamoy 37 - 3.34 (m, 1H),
)benzo[b]thio 2.53 - 2.38 (m, 2H),
phen-5- 2.37 - 2.06 (m, 5H),
}}lll)meth)ylg(p 204 - 1.84 (m, 3H),
enoxy)phos 1.83 - 1.65 (m, 2H),
phoryDamino 1.47 - 1.24 (m, 2H),
)-4- 1.01 - 0.89 (m, 1H),
phenylbutano 0.88 - 0.79 (m, 1H),
ate 0.15--0.04 (m, 1H).
160 diethyl 2,2'- C' 991.2 | 'H NMR (400 MHz,
(CC2- . 3 Nys [M+H]* | CD3CN) 6 7.91 - 7.74
(((3S,6S,7aS, ’?/CN o © HN - (m, 4H), 7.34 d, J =
8aR,%aR)-3- ( 8.3 Hz, 1H), 6.36 - 6.23
(3- ° (m, 2H), 5.60 - 5.47 (m,
(morpholine- °=g—o 4H), 5.02 - 4.92 (m,
4- r NH 1H), 4.65 - 4.56 (m,
carbonyl)azet . _NH & 1H), 4.41 - 4.28 (m,
idine-1- N 2H), 4.23 - 391 (m,
carbonyl)-5- 9H), 3.65 - 3.44 (m,
oxodecahydr 7H), 3.38 (d, J = 21.8
o-1H- Hz, 2H), 3.26 - 3.17
cyclopropald (m, 2H), 2.36 - 2.26 (m,
]pyrrolo[1,2- 1H), 2.24 - 2.18 (m,
?)]azol;cin—&l 2H), 2.11 - 2.02 (m,
yl)carbamoy 3H), 1.90 - 1.84 (m,
)benzo[b]thio 1H), 1.69 - 1.58 (m,
phen-5- 1H), 1.46 - 1.38 (m,
yDmethyl)ph 1H), 1.37 - 1.32 (m,
osphoryl)bis( 6H), 1.25 - 1.18 (m,
oxy))bis(met 6H), 0.85 - 0.72 (m,
hylene))bis(o 2H), 0.03 - -0.03 (m,
xy))bis(carbo 1H).
nyl))bis(azan
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ediyl))(2S,2'
S)-
dipropionate

161 | (((difluoro(2- 1001.0 | 'TH NMR (400 MHz,
(3S.65.7aS. | o GJ [M+H]* | CDsCN) §7.92 (s, 1H),
8aR9aR)3- | SN ek 785 (d, J = 83 Hz,

(3- g/’C °% 1H), 7.82 - 7.78 (m,
(morpholine- e 1H), 7.63 - 7.54 (m,
4- 1H), 7.39 (d, J = 8.6
carbonyl)azet FF Hz, 1H), 5.50 - 5.32
idine-1- 0-p= (m,4H), 4.81-4.71 (m,
carbonyl)-5- ~f@°¢ - 1H), 4.44 - 434 (m,
oxodecahydr 0 o_ o 1H), 4.22 - 4.08 (m,
o-1H- b 2H), 4.04 - 3.95 (m,
cyclopropald ﬂ/ 1H), 3.92 - 3.71 (m,
Ipyrrolo[1,2- ? 2H), 3.45 - 3.30 (m,
alazocin-6- 7H), 3.28 (s, 4H), 3.11
yl)carbamoyl (s, 6H), 3.06 - 2.99 (m,
)benzo[b]thio 2H), 2.17 - 2.06 (m,
phen-5- 1H), 2.04 - 1.98 (m,
yl)methyl)ph 1H), 1.91 - 1.85 (m,
osphoryl)bis( 3H), 1.71 - 1.66 (m,
oxy))bis(met 1H), 1.49 - 1.37 (m,
hylene) 1H), 1.23 (s, 12H),
bis(1- 1.10 - 1.05 (m, 2H),
methoxy-2- 0.67 - 0.52 (m, 2H), -
methylpropa 0.16 - -0.22 (m, 1H).
n-2-yl)
bis(carbonate
)

162 | (((difluoro(2- j 997.1 | 'H NMR (400 MHz,
(((3S,6S,7aS, 0/» G [M+H]* | CD3CN) 6 8.11 (s, 1H),
8aR,%aR)-3- LN /\% 4 8.06 - 8.01 (m, 1H),

G- XN N g _ R 8.00 (d, J = 4.6 Hz,
(morpholine- o - 1H), 7.83 (dd, /= 15.0,
4- S 6.7 Hz, 1H), 7.59 (d, J
carbonyl)azet E = 8.6 Hz, 1H), 5.72 -
idine-1- o . 561 (m, 4H), 5.00 -
carbonyl)-5- Q o _PP=0 4.93 (m, 1H), 4.77 (tt, J
oxodecahydr o—( ,/0 =8.7,4.2 Hz,2H), 4.64
o-1H- 0 o_o - 4.56 (m, 1H), 4.40 -
cyclopropald o 429 (m, 2H), 4.23 -
Ipyrrolo[ 1,2- Q 4.16 (m, 1H), 4.12 -
alazocin-6- 3.90 (m, 3H), 3.86 -
yl)carbamoyl 3.77 (m, 4H), 3.66 -
)benzo[b]thio 341 (m, 11H), 3.27 -
phen-5- 3.20 (m, 2H), 2.37 -
yDmethyl)ph 227 (m, 1H), 2.25 -
osphoryl)bis( 217 (m, 1H), 2.12 -
oxy))bis(met 2.04 (m, 4H), 191 -
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hylene) 1.86 (m, 4H), 1.69 -
bis(tetrahydr 1.55 (m, 5H), 148 -
0-2H-pyran- 1.36 (m, 1H), 0.86 -
4-yl) 0.74 (m, 2H), 0.04 - -
bis(carbonate 0.02 (m, 1H).
)

163 benzyl 960.1 | 'H NMR (400 MHz,
((difluoro(2- O« [M+H]* | CD30OD) & 8.24 - 8.07
(((3S,68S,7a8, OYCN/&OO Wi (m, 2H), 8.05 - 7.96 (m,
8aR,%aR)-3- N S 1H), 7.74 - 7.66 (m,

(3- (o) s 1H), 7.37 - 721 (m,
(morpholine- F 7H), 7.20 - 7.04 (m,
4- O=p-q 3H), 5.09 - 4.89 (m,
carbonyl)azet YL"“G 3H), 4.76 - 4.67 (m,
idine-1- 0 g 1H), 4.52 - 4.37 (m,
carbonyl)-5- 2H), 4.33 - 4.16 (m,
oxodecahydr 2H), 4.11 - 4.01 (m,
o-1H- 1H), 3.95 - 3.85 (m,
cyclopropald 1H), 3.82 - 3.71 (m,
Ipyrrolo[1,2- 1H), 3.68 - 3.47 (m,
alazocin-6- 6H), 3.38 - 3.32 (m,
yl)carbamoyl 2H), 2.48 - 2.38 (m,
)benzo[b]thio 1H), 2.34 - 2.07 (m,
phen-5- 4H), 2.04 - 191 (m,
yDmethyl)(p 2H), 1.78 - 1.66 (m,
henoxy)phos 1H), 1.53 - 1.27 (m,
phoryl)-L- 4H), 0.98 - 0.88 (m,
leucinate 1H), 0.87 - 0.79 (m,
1H), 0.78 - 0.65 (m,
6H), 0.09 - 0.02 (m,

1H).

164 benzyl O 986.1 | 'H NMR (400 MHz,
((difluoro(2- N [M+H]* | CDsOD) & 8.19 - 8.14
(((3S,6S.7aS, | LM X ¢ (m, 1H), 8.14 - 8.09 (m,
8aR,9aR)-3- "j O 1H), 8.06 - 7.93 (m,

3- ° F 1H), 7.66 - 7.59 (m,
(morpholine- o=5»-§ 1H), 7.40 - 7.28 (m,
4- Io”" P 5H), 5.21 - 5.07 (m,
carbonyl)azet ? {\< 2H), 5.06 - 4.99 (m,
idine-1- o 1H), 4.77 - 4.67 (m.
carbonyl)-5- 1H), 4.53 - 4.38 (m,
oxodecahydr 2H), 4.34 - 4.02 (m,
o-1H- 5H), 3.97 - 3.87 (m,
cyclopropald 1H), 3.83 - 3.71 (m,
Ipyrrolo[1,2- 1H), 3.68 - 3.50 (m,
alazocin-6- 6H), 3.40 - 3.35 (m,
yl)carbamoyl 1H), 3.11 - 3.03 (m,
)benzo[b]thio 2H), 2.53 - 1.89 (m,
phen-5- 11H), 1.79 - 1.64 (m,
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yDmethyl)(2- 1H), 1.46 - 1.32 (m,
((3- 4H), 0.99 - 0.93 (m,
methylbutan 1H), 091 (d, J = 6.6
oyl)thio)etho Hz, 6H), 0.88 - 0.80
xy)phosphor (m, 1H), 0.11-0.01 (m,
yl)-L- 1H).
alaninate
165 isopropyl 946.2 | 'H NMR (400 MHz,
((difluoro(2- Gl [M+H]* | CD3OD) & 8.25 - 7.95
(((3S,65,7a8, 0 N/i\oo Wi (m, 3H),7.77 - 7.57 (m,
8aR,%aR)-3- N =~ 1H), 7.39 - 7.12 (m,
(3- (;) s 6H), 7.12 - 6.89 (m,
(morpholine- F 4H), 5.07 - 499 (m,
4- oo 1H), 4.84 - 4.67 (m,
carbonyl)azet . ~NH 2H), 4.60 - 4.37 (m,
idine-1- ©/0’\(o @ 2H), 4.33 - 4.11 (m,
carbonyl)-5- A 2H), 4.10 - 3.96 (m,
oxodecahydr 1H), 3.82 - 3.70 (m,
o-1H- 1H), 3.68 - 3.46 (m,
cyclopropald 6H), 3.36 (br. s., 1H),
Ipyrrolo[1,2- 3.01 - 2.72 (m, 1H),
alazocin-6- 2.50 - 2.38 (m, 1H),
yl)carbamoyl 234 - 2.07 (m, 4H),
)benzo[b]thio 2.03 - 191 (m, 2H),
phen-5- 1.80 - 1.65 (m, 1H),
yDmethyl)(p 1.47 - 1.31 (m, 2H),
henoxy)phos 1.29(s,4H), 1.14 - 1.05
phoryl)-L- (m, 2H), 1.01 - 0.88 (m,
phenylalanin 2H), 0.87 - 0.81 (m,
ate 1H), 0.10 - 0.02 (m,
2H).
166 | (((difluoro(2- SXE 961.1 | 'H NMR (400 MHz,
(((35,6S,7aR, GD [M+H]* | CD3CN) 6 8.57 (d, J =
8aS,9aR)-5- B N’io A 14.2 Hz, 1H), 8.48 (d, J
0x0-3-(3- _ o = 4.2 Hz, 1H), 8.17 -
(pyridin-3- N e 8.11 (m, 1H), 8.10 -
yl)azetidine- 7.97 (m, 2.5H), 7.96 -
1- 0 FF 7.88 (m, 1H), 7.82 -
carbonyl)dec Q o _P-P=o 7.75 (m, 0.5H), 7.60 (d,
ahydro-1H- o—( fo J=8.6 Hz, 1H), 7.42 -
cyclopropald 0 0o 7.32 (m, 1H), 5.74 -
]pyrrolo[1,2- o 5.60 (m, 4H), 491 -
alazocin-6- OO/ 4.71 (m, 3.5H), 4.62 (t,
yl)carbamoyl J=8.4Hz, 0.5H), 4.51
)benzo[b]thio - 4.34 (m, 2H), 4.33 -
phen-5- 4.26 (m, 0.5H), 4.25 -
yDmethyl)ph 4.15 (m, 1.5H), 4.00 -
osphoryl)bis( 3.86 (m, 2H), 3.86 -
oxy))bis(met 3.75 (m, 4H), 3.51 -

204




WO 2023/192960 PCT/US2023/065171
hylene) 3.39 (m, 4H), 2.29 -
bis(tetrahydr 221 (m, 2H), 2.13 -
0-2H-pyran- 2.02 (m, 3H), 191 -
4-yl) 1.85 (m, 4H), 1.84 -
bis(carbonate 1.74 (m, 2H), 1.69 -
) 1.55 (m, 5H), 1.54 -
143 (m, 1H), 1.33 -
1.22 (m, 1H), 0.83 -
0.75 (m, 1H), 0.16 -
0.07 (m, 1H).
167 isopropyl 947.1 | 1H NMR (400 MHz,
(25)-2- _ [M+H]* | CDsOD) 6 8.15 - 7.92
(((difluoro(2- A (m, 3H), 7.64 - 7.44 (m,
(((3S,6S5,7aS, - 1H), 7.36 - 7.10 (m,
8aR,9aR)-3- S 8H), 7.07 - 7.03 (m,
(3- 1H), 6.96 - 6.92 (m,
(morpholine- 1H), 5.21 - 4.89 (m,
4- ", 0 3H), 4.76 - 4.67 (m,
carbonyl)azet o,(o @ 1H), 4.54 - 437 (m,
idine-1- 2H), 4.33 - 4.16 (m,
carbonyl)-5- 2H), 4.10 - 4.03 (m,
oxodecahydr 1H), 3.80 - 3.69 (m,
o-1H- 1H), 3.67 - 3.41 (m,
cyclopropald 6H), 3.36 - 3.32 (m,
Ipyrrolo[1,2- 1H), 3.29 - 3.03 (m,
alazocin-6- 3H), 2.51 - 2.39 (m,
yl)carbamoyl 1H), 2.34 - 2.06 (m,
Ybenzo[b]thio 4H), 2.04 - 1.91 (m,
phen-5- 2H), 1.79 - 1.67 (m,
yl)methyl)(p 1H), 1.47 - 1.35 (m,
henoxy)phos 1H), 1.16 - 1.05 (m,
phoryl)oxy)- 6H), 0.99 - 0.79 (m,
3- 2H), 0.09 - 0.02 (m,
phenylpropa 1H).
noate
168 | (((difluoro(2- 965.2 | 'H NMR (400 MHz,
(((3S,6S,7aR, GD [M+H]* | CD3CN) & 8.61 - 8.53
8aS,9aR)-5- A (m, 1H), 8.51 - 8.43 (m,
0x0-3-(3- o IH), 8.18 - 8.11 (m,
(pyridin-3- g 1H), 8.11 - 8.05 (m,
yl)azetidine- 1H), 8.02 (s, 1H), 7.99
1- -7.75 (m, 2H), 7.61 (d,
carbonyl)dec ~ o J=8.3 Hz, 1H), 7.4 -
ahydro-1H- o—( 7.30 (m, 1H), 5.69 -
cyclopropald ° 5.54 (m, 4H), 491 -
Ipyrrolo[1,2- ﬁ/ 483 (m, 1H), 4.82 -
alazocin-6- o 4.57 (m, 1H), 4.50 -
yl)carbamoyl ] 4.33 (m, 2H), 4.33 -
)benzo[b]thio 4,16 (m, 2H), 3.99 -
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phen-5- 3.84 (m, 2H), 3.52 -
ylmethyl)ph 3.43 (m, 4H), 3.35 -
osphoryl)bis( 3.27 (m, 6H), 2.30 -
oxy))bis(met 2.19 (m, 2H), 2.13 -
hylene) 2.00 (m, 3H), 1.84 -
bis(1- 1.74 (m, 1H), 1.70 -
methoxy-2- 1.57 (m, 1H), 1.55 -
methylpropa 146 (m, 1H), 1.45 -
n-2-yl) 1.41 (m, 12H), 1.32 -
bis(carbonate 1.22 (m, 2H), 0.83 -
) 0.75 (m, 1H), 0.15 -
0.09 (m, 1H).

169 | (((difluoro(2- 973.4 | 'H NMR (400 MHz,
(((3S,6S5,7aS, G)j [M+H]* | CD3CN) 8 8.12 (s, 1H),
8aR,%aR)-3- 0 N s 0 8.05 (d, J = 8.8 Hz,

(- N\>/C T 0 WA 1H), 8.02 - 7.99 (m,
(morpholine- | () s 1H), 7.79 - 7.71 (m,
4- ° o F 1H), 7.62 - 7.57 (m,
carbonyl)azet <\\ 0_P=g 1H), 5.71 - 5.60 (m,
idine-1- o~\<°J é 4H), 5.01 - 491 (m,
carbonyl)-5- b & . 1H), 4.65 - 4.55 (m,
oxodecahydr ) 1H), 4.41 - 4.27 (m,
o-1H- P 2H), 4.24 - 4.14 (m,
cyclopropald SH), 4.12 - 3.92 (m,
Ipyrrolo[1,2- 2H), 3.66 - 3.48 (m,
aJazocin-6- 7H),3.39(t,J=6.1 Hz,
yl)carbamoyl 4H), 3.29 - 3.24 (m,
Ybenzo[b]thio 8H), 2.37 - 2.27 (m,
phen-5- 1H), 2.25 - 2.16 (m,
yl)methyl)ph 1H), 2.11 - 2.02 (m,
osphoryl)bis( 4H), 1.89 - 1.84 (m,
oxy))bis(met 4H), 1.69 - 1.58 (m,
hylene) 1H), 1.47 - 1.33 (m,
bis(3- 1H), 0.87 - 0.73 (m,
methoxyprop 2H), 0.04 - -0.02 (m,
yD) 1H).
bis(carbonate
)

170 di-tert-butyl 941.2 | 'H NMR (400 MHz,

((difluoro(2 G [M+H]* | CDsCN) 5 8.15 - 8.07

- $ (m, 1H), 8.04 - 7.96 (m,
(((3S,6S,7aS, 2H), 7.96 - 7.87 (m,
8aR,%aR)-3- 1H), 7.63 - 7.55 (m,
(3- 1H), 5.68 - 5.56 (m,
(morpholine- 4H), 497 (q, J = 7.5
4- Hz, 1H), 4.65 - 4.56
carbonyl)azet (m, 1H), 4.43 -4.37 (m,
idine-1- 1H), 4.37 - 4.29 (m,
carbonyl)-5- 1H), 4.25 - 4.16 (m,
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oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphoryl)bis(
oxy))bis(met
hylene))
bis(carbonate

)

1H), 4.12 - 3.90 (m,
2H), 3.65 - 3.39 (m,
7H), 3.30 - 3.14 (m,
2H), 2.37 - 2.27 (m,
1H), 2.26 - 2.17 (m,
1H), 2.12 - 2.02 (m,
3H), 1.92 - 1.86 (m,
1H), 1.69 - 1.58 (m,
1H), 1.50 - 1.36 (m,
20H), 0.87 - 0.73 (m,
2H), 0.04 - -0.02 (m,
1H).

171 S,S'-
((((difluoro(2

(((35,68.7aS,
8aR,%aR)-3-
(3-
(morpholine-
4-
carbonyl)azet
idine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphoryl)bis(
oxy))bis(etha
ne-2,1-diyl))
bis(2,2-
dimethylprop
anethioate)

969.1
[M+H]*

'"H NMR (400 MHz,
CD;0D) § 8.19 - 8.10
(m, 2H), 8.08 - 7.97 (m,
1H), 7.67 - 7.60 (m,
1H), 5.08 - 5.01 (m,
1H), 4.76 - 4.69 ( m,
1H), 4.55 - 4.38 (m,
2H), 4.33 - 4.14 (m,
6H), 4.10 - 4.03 (m,
1H), 3.81 - 3.71 (m,
1H), 3.67 - 3.41 (m,
6H), 3.37 - 3.33 (m,
1H), 3.30 - 3.20 (m,
1H), 3.18 - 3.09 (m,
4H), 2.50 - 2.38 (m,
1H), 2.35 - 2.05 (m,
4H), 2.04 - 1.91 (m,
2H), 1.80 - 1.66 (m,
1H), 1.46 - 1.34 (m,
1H), 1.20 (s, 18H),
0.98 - 0.77 (m, 2H),
0.09 - 0.05 (m, 1H).
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172 | (((difluoro(2- 9453 | 'H NMR (400 MHz,
(((35,68.7a8, o G, [M+H]* | CD3CN) 6 8.16 - 8.08
8aR,9aR)-3- o $ 1 (m, 1H), 8.08 - 7.99 (m,

N N, 0 NH
(3- 0% 2H), 7.82 - 7.70 (m,
(morpholine- o - 1H), 7.65 - 7.55 (m,
4- S 1H), 5.73 - 5.58 (m,
carbonyl)azet F 4H), 5.01 - 4.89 (m,
idine-1- o F 1H), 4.64 - 4.52 (m,
carbonyl)-5- o PP=0 1H), 4.41 - 4.14 (m,
oxodecahydr o r° 7H), 4.11 - 3.80 (m,
o-1H- ° Oy° 3H), 3.65 - 3.46 (m,
cyclopropald o 11H), 3.35 - 3.27 (m,
o1 ! 32 gl
Z -0- > . - . £
yl)carbamoyl 1H), 2.24 - 2.17 (m,
)benzo[b]thio 1H), 2.11 - 2.04 (m,
phen-5- 3H), 1.69 - 1.57 (m,
yDmethyl)ph 1H), 1.47 - 1.38 (m,
osphoryl)bis( 1H), 091 - 0.72 (m,
oxy))bis(met 2H), 0.07 - -0.09 (m,
hylene) 1H).
bis(2-
methoxyethy
)
bis(carbonate
)

173 benzyl 918.1 |'H NMR (400 MHz,
((difluoro(2- G« [M+H]* | CD3OD) & 8.21 - 8.11
SRy s | O . 774 - 765 m

aR,9aR)-3- N = , 174 - 7. m,
3- () s 1H), 7.35 - 7.24 (m,
(morpholine- ° F TH), 7.21 - 7.10 (m,
4- 0=P*F 3H), 5.12 - 495 (m,
carbonyl)azet (ﬁHb 3H), 4.75 - 4.67 (m,
idine-1- 1H), 4.52 - 4.36 (m,
carbonyl)-5- o H), 432 - 4.16 (m,
oxodecahydr 2H), 4.10 - 3.90 (m,
o-1H- 2H), 3.82 - 3.44 (m,
cyclopropald 8H), 3.39 - 3.34 (m,
]pyrrolo[1,2- 1H), 2.49 - 2.37 (m,
alazocin-6- 1H), 2.34 - 2.06 (m,
yl)carbamoyl 4H), 2.02 - 1.89 (m,
)benzo[b]thio 2H), 1.79 - 1.66 (m,
phen-5- 1H), 1.45 - 1.31 (m,
yDmethyl)(p 1H), 1.29 - 1.26 (m,
henoxy)phos 3H), 0.99 - 0.86 (m,
phoryl)-L- 1H), 0.87 - 0.79 (m,
alaninate 1H), 0.08 - 0.03 (m,
1H).
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174 | benzyl (2S)- 919.1 | 'H NMR (400 MHz,
2- O« [M+H]* | CDsOD) & 8.24 - 7.88
(((difluoro(2- OVCN/&OO i (m, 3H), 7.69-7.62 (m,
(((3S,6S,7aS, N - 1H), 7.48 - 6.91 (m,
8aR,9aR)-3- (0 D s 10H), 5.20 - 4.96 (m,
(3- F 4H), 4.75 - 4.68 (m,
(morpholine- gy 1H), 4.55 - 436 (m,
4- 0 @ 2H), 4.33 - 4.16 (m,
carbonyl)azet 0’(0 2H), 4.08 - 4.04 (m,
idine-1- 1H), 3.82 - 3.41 (m,
carbonyl)-5- 7H), 3.37 - 3.32 (m,
oxodecahydr 1H), 3.29 - 3.16 (m,
o-1H- 1H), 2.51 - 2.38 (m,
cyclopropald 1H), 2.35 - 2.07 (m,
]pyrrolo[1,2- 4H), 2.04 - 1.89 (m,
alJazocin-6- 2H), 1.79 - 1.66 (m,
yl)carbamoyl 1H), 1.53 - 1.35 (m,
)benzo[b]thio 4H), 1.00 - 0.78 (m,
phen-5- 2H), 0.08 - 0.04 (m,
yDmethyl)(p 1H).
henoxy)phos
phoryloxy)p
ropanoate
175 ((((2- 908.4 | 'H NMR (400 MHz,
(((35.68.7aS, G [M+H]* | CD0D) §8.19 (s, 1H),
8aR,9aR)-3- $ A 8.13 (s, 1H), 8.08 (d, J
1,1- Mo 9 _ N = 8.6 Hz, 1H), 7.63 -
biphenyl]-4- ) - 753 (m, 7H), 7.45 -
ylcarbamoyl) S 7.38 (m, 2H), 7.33 -
-5- O F 7.26 (m, 1H), 5.80 -
oxodecahydr 0ple F 5.67 (m, 4H), 5.10 (t, J
o-1H- ﬂo“/ 50 = 8.9 Hz, 1H), 4.83 -
cyclopropald Y ol/ o 475 (m, 1H), 4.39 -
Ipyrrolo[1,2- 423 (m, 1H), 2.60 -
alJazocin-6- //\i 244 (m, 1H), 2.35 -
yl)carbamoyl 224 (m, 3H), 2.21 -
)benzo[b]thio 2.09 (m, 2H), 2.04 -
phen-5- 1.95 (m, 1H), 1.80 -
yhdifluorom 1.68 (m, 1H), 1.23 -
ethyl)phosph 1.20 (m, 2H), 1.18 (s,
oryl)bis(oxy) 18H), 0.96 - 0.89 (m,
)bis(methyle 1H), 0.86 - 0.78 (m,
ne) bis(2,2- 1H).
dimethylprop
anoate)
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176 | (((difluoro(2- 913.3 | 'H NMR (400 MHz,
(GS.68.755, | o C [M+HJ* | CDsCN) 8 8.09 (s,
8aR,%9aR)-3- 3 / 1H), 8.03 - 7.90 (m,

o &N)’/CN/\O 9 _ N 758 @ I o 88
(morpholine- o - Hz, 1H), 5.70 - 5.60
4- S (m, 4H), 498 (q, J =
carbonyl)azet E 7.3Hz, 1H), 4.92 - 4.80
idine-1- F (m, 2H), 4.66 - 4.55 (m,
carbonyl)-5- \( OJO‘P:O 1H), 4.44 - 4.30 (m,
oxodecahydr 0~( I/O 2H), 4.23 - 4.19 (m,
o-1H- 0 o_o 1H), 4.11 - 3.91 (m,
cyclopropald Y:f 2H), 3.63 - 3.42 (m,
Ipyrrolo[1,2- 7H), 3.25 - 3.15 (m,
alazocin-6- 2H), 2.38 - 2.28 (m,
yl)carbamoyl 1H), 2.25 - 2.15 (m,
)benzo[b]thio 1H), 2.12 - 2.01 (m,
phen-5- 3H), 1.92 - 1.84 (m,
yl)methyl)ph 1H), 1.68 - 1.59 (m,
osphoryl)bis( 1H), 1.48 - 1.37 (m,
oxy))bis(met 1H), 1.30 - 1.22 (m,
hylene) 13H), 0.86 - 0.73 (m,
diisopropyl 2H), 0.04 - -0.04 (m,
bis(carbonate 1H).
)

177 diethyl 4,4'- 909.4 | 'H NMR (400 MHz,
((@ifluoro(2- | o= - [M+H]* | CD:sCN) 6 8.16 - 8.10
| oo R

aR,9%aR)-3- 4 , 8.01 - 7. m,
3- e 1H), 7.81 - 7.72 (m,
(morpholine- 1H), 7.67 - 7.58 (m,
4- Q e 1H), 5.03 - 4.89 (m,
carbonyl)azet C}‘L/O*l,’:o 1H), 4.65 - 4.55 (m,
idine-1- ) o 1H), 4.41 - 4.27 (m,
carbonyl)-5- 2H), 4.24 - 3.85 (m,
oxodecahydr o 12H), 3.67 - 3.43 (m,
o-1H- ° 7H), 3.31 - 3.21 (m,
cyclopropald 2H), 2.39 - 2.26 (m,
Ipyrrolo[1,2- 5H), 2.24 - 2.15 (m,
alJazocin-6- 1H), 2.11 - 1.97 (m,
yl)carbamoyl 4H), 191 - 1.86 (m,
)benzo[b]thio 4H), 1.70 - 1.55 (m,
phen-5- 1H), 1.49 - 1.36 (m,
yl)methyl)ph 1H), 1.19(t,J =7.1 Hz,
osphoryl)bis( 6H), 0.88 - 0.71 (m,
oxy))dibutyr 2H), 0.07 - -0.05 (m,
ate 1H).
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178 S,S'- 941.3 | 'H NMR (400 MHz,
((((difluoro(2 G\, [M+H]* | CD3OD) & 8.21 - 8.11
- 0 3 0 (m, 2H), 8.10-7.98 (m,
(((35,68.7aS, NYCN’% S 1H), 7.67 - 7.60 (m,
8aR,9aR)-3- ( D s 1H), 5.07 - 5.02 ( m,
(3- o E 1H), 4.76 - 4.68 (m,
(morpholine- F 1H), 4.54 - 4.38 (m,
4- /\} H°‘g=° 2H), 4.33 - 4.17 (m,
carbonyl)azet S ( 6H), 4.10 - 4.05 (m,
idine-1- S 1H), 3.82 - 3.72 (m,
carbonyl)-5- C&o 1H), 3.67 - 3.47 (m,
oxodecahydr 6H), 3.38 - 3.34 (m,
o-1H- 1H), 3.28 - 3.05 (m,
cyclopropald 5H),2.54 (t, J=7.3 Hz,
]pyrrolo[1,2- 3H), 2.49 - 2.09 (m,
alJazocin-6- 6H), 2.03 - 1.91 (m,
yl)carbamoyl 2H), 1.78 - 1.70 (m,
)benzo[b]thio 1H), 1.69 - 1.58 (m,
phen-5- 4H), 1.45 - 1.35 (m,
yDmethyl)ph 1H), 0.97 - 0.89 (m,
osphoryl)bis( 7H), 0.87 - 0.82 (m,
oxy))bis(etha 1H),0.09 - 0.5 (m, 1H).
ne-2,1-diyl))
dibutanethioa
te
179 S.S'-(((((2- STXE 9222 | 'H NMR (400 MHz,
(((35,65,7aR, Gq [M+H]* | CD30OD) & 8.21 - 8.17
8aS,9aR)-3- PN ’CN,Q d i (m, 2H), 8.10 - 8.08 (m,
(3-(1H- - ° - 1H), 7.90 - 7.83 (m,
imidazol-1- S 1H), 7.65 (d, J = 8.8
yl)azetidine- F Hz, 1H), 7.56 - 7.43
1-carbonyl)- O—P~0F (m, 1H), 7.06 - 7.02 (m,
5- >\>;S/\/ 3 1H), 5.28 - 5.17 (m,
oxodecahydr d ( 1H), 5.13 - 5.02 (m,
o-1H- S 1H), 4.84 - 475 (m,
cyclopropald /éo 1H), 4.61 - 4.08 (m,
Ipyrrolo[1,2- 9H), 3.23 - 3.11 (m,
alazocin-6- 4H), 2.53 - 2.39 (m,
yl)carbamoyl SH), 2.36 - 1.94 (m,
Ybenzo[b]thio 8H), 1.81 - 1.68 (m,
phen-5- 1H), 1.49 - 1.35 (m,
yh)difluorom 1H), 1.02 - 0.95 (m,
ethyl)phosph 1H), 0.94 - 091 (m,
oryl)bis(oxy) 12H), 0.89 - 0.82 (m,
)bis(ethane- 1H), 0.10 - 0.06 (m,
2,1-diyl)) 1H).
bis(3-
methylbutane
thioate)
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180 S,S'-(((((2- SXE 922.3 | 'H NMR (400 MHz,
(((35,6S,7aR, C‘\l [M+H]* | CD30OD) & 8.36 - 8.23
8aS,9aR)-3- NC/N’CN’:\O O HN (m, 1H), 8.23 - 8.16 (m,

(3-(1H- = = 2H), 8.11 (d, J = 8.6
imidazol-1- ® Hz, 1H), 7.80 - 7.71
ylazetidine- F (m, 0.5H), 7.67 (d, J =
1-carbonyl)- Ag\ Ho-?zo 8.6Hz, 1H), 7.64 - 7.56

5- e (0 (m, 0.5H), 7.31 - 7.16
oxodecahydr s (m, 1H), 5.35-5.25 (m,
o-1H- 5/&0 1H), 5.04 (t, J=8.9 Hz,
cyclopropald 0.5H), 5.00 - 4.92 (m,
Ipyrrolo[1,2- 1H), 4.82 - 4.74 (m,
alazocin-6- 1H), 4.64 - 4.55 (m,
yl)carbamoyl 0.5H), 4.53 - 4.39 (m,
)benzo[b]thio 2H), 4.34 (br. s., 1H),
phen-5- 430 - 4.13 (m, 5H),
yhdifluorom 3.18 - 3.08 (m, 4H),
ethyl)phosph 2.38 (dd, J =15.2,4.6
oryl)bis(oxy) Hz, 1H), 2.33 - 2.12
)bis(ethane- (m, 3H), 2.05-1.83 (mm,
2,1-diyl)) 3H), 1.77 - 1.65 (m,

bis(2,2- 1H), 1.54 - 1.39 (m,
dimethylprop 1H), 1.35 - 1.26 (m,
anethioate) 1H), 1.20 (s, 18H),

0.92 - 0.82 (m, 1H),
0.19 (g, J = 5.0 Hz,
1H).

181 S,S"-(((((2- 9222 | 'H NMR (400 MHz,
(((3S,6S,7a8S, G\l [M+H]* | CD3OD) & 8.21 - 8.18
8aR,9aR)-3- X P , 2H), 8.09 d, J =

a(3-(21}1)- WO ¢ i _ 53 Hz,)lH),7.8§-7.86
imidazol-1- S (m, 1H), 7.68 - 7.44 (m,
yl)azetidine- F 2H), 7.06 - 7.02 (m,
1-carbonyl)- 0~?:F 1H), 5.28 - 5.17 (m,

5- s 4 1H), 5.13 - 5.02 (m,
oxodecahydr S C 1H), 4.83 - 4.74 (m,

o-1H- $ 1H), 4.59 - 4.10 (m,
cyclopropald %/&0 OH), 3.19 - 3.09 (m,
]pyrrolo[1,2- 4H), 2.54 - 2.41 (m,
alazocin-6- 1H), 2.36 - 2.09 (m,
yl)carbamoyl 4H), 2.08 - 1.93 (m,
)benzo[b]thio 2H), 1.81 - 1.68 (m,

phen-5- 1H), 1.47 - 1.34 (m,
yhdifluorom 1H), 1.19 d, J = 3.7
ethyl)phosph Hz, 18H), 1.05 - 0.92
oryl)bis(oxy) (m, 1H), 0.88 - 0.83 (m,
)bis(ethane- 1H), 0.10 - 0.06 (m,

2,1-diyl)) 1H).

bis(2,2-
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dimethylprop
anethioate)
182 | ((((S) or (R)- 801.2 | 'H NMR (400 MHz,
fluoro(2- 0/5 G;j [M+H]* | CD3CN) 6 8.00 - 7.92
((@35.6573S, | "N et & (m, 3H),7.83 -7.72 (m,
8aR,9aR)-3- ng ° % 1H), 7.56 - 7.46 (m,
(3- T 1H), 5.99 (dd, J =43.8,
(morpholine- 7.1Hz, 1H), 5.67-5.53
4- F (m, 4H), 4.96 (q, J =
carbonyl)azet P=0 7.8 Hz, 1H), 4.60 (q, J
idine-1- 9\(‘/ - = 8.6 Hz, 1H), 4.42 -
carbonyl)-5- O 0_ o 427 (m, 2H), 4.25 -
oxodecahydr /I\}i 4.15 (m, 1H), 4.12 -
o-1H- 3.90 (m, 2H), 3.68 -
cyclopropald or 3.43 (m, 7H), 3.30 -
Ipyrrolo[1,2- 3.14 (m, 2H), 2.37 -
alazocin-6- < 2.26 (m, 1H), 2.24 -
yl)carbamoyl o G 2.17 (m, 1H), 2.10 -
)benzo[b]thio Q / 2.02 (m, 3H), 1.92 -
phen-5- NN g _ 1.84 (m, 2H), 1.70 -
yl)methyl)ph o - 1.57 (m, 1H), 1.49 -
osphoryl)bis( s 1.36 (m, 1H), 1.20 -
oxy))bis(met F 1.13 (m, 18H), 0.86 -
hylene) P: 0.72 (m, 2H), 0.06 - -
bis(2.2- ﬂO‘/ $° 0.04 (m, 1H).
dimethylprop ® é/ o
anoate)

SEC Peak 2 was used for
biological testing and/or further
synthesis
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183 | (((R) or (S)- 801.2 | 'H NMR (400 MHz,
fluoro(2- 0/5 N?j [M+H]* | CD3CN) 6 8.03 - 7.90
((@35.6573S, | "N vt & (m, 3H),7.80 - 7.64 (m,
8aR,%aR)-3- g//C °o 1H), 7.59 - 7.43 (m,
(3- e 1H), 5.99 (dd, J =43.8,
(morpholine- 7.3Hz, 1H), 5.69-5.52
4- WF (m, 4H), 5.00-4.91 (m,
carbonyl)azet 0-P=g 1H), 4.65 - 4.54 (m,
idine-1- ﬂ“’rd 1H), 4.42 - 4.26 (m,
carbonyl)-5- O o0_ o 2H), 4.24 - 4.14 (m,
oxodecahydr /I\i 1H), 4.12 - 391 (m,
o-1H- 2H), 3.67 - 3.43 (m,
cyclopropald or 7H), 3.31 - 3.18 (m,
Ipyrrolo[1,2- 2H), 2.38 - 2.26 (m,
alazocin-6- < 1H), 2.24 - 2.17 (m,
yl)carbamoyl } 1H), 2.10 - 2.01 (m,
Jbenzo[b]thio Q G‘g 3H), 191 - 1.81 (m,
phen-5- LN o g _ 2H), 1.70 - 1.57 (m,
yl)methyl)ph © - 1H), 1.49 - 1.36 (m,
osphoryl)bis( S 1H), 1.19 - 1.10 (m,
oxy))bis(met . 18H), 0.87 - 0.72 (m,
hylene) 0-beo 2H), 0.06 - -0.05 (m,
bis(2,2- 9\\(0‘/ d 1H).

dimethylprop ® o// o

anoate) /\]i

SFC Peak 1 was used for

biological testing and/or further
synthesis

184 isopropyl 884.2 | 'H NMR (400 MHz,
(25)-3- O« [M+H]* | CDsOD) 6 8.20 - 8.12
(((difluoro(2- °>/C"”i\o° HN—¢° (m, 2H), 8.08 - 7.99 (m,
(((35,68,7a8, N =~ 1H), 7.71 - 7.68 ( m,
8aR.9aR)-3- | () s 1H), 7.36 - 7.29 (m,
(3- ° F 2H), 7.21 - 7.09 (m,
(morpholine- ospo 3H), 5.05 - 4.49 (m,
4- NH @ 1H), 4.94 - 4.87 (m,
carbonyl)azet j/°77/// 1H), 4.73 - 4.51 (m,
idine-1- o 1H), 4.53 - 4.37 (m,
carbonyl)-5- 2H), 4.32 - 4.15 (m,
oxodecahydr 2H), 4.11 - 4.02 (m,
o-1H- 1H), 3.82 - 3.71 (m,
cyclopropald 1H), 3.68 - 3.44 (m,
Ipyrrolo[1,2- 6H), 3.39 - 3.34 (m,
alazocin-6- 1H), 3.30 - 3.11 (m,
yl)carbamoyl 2H), 3.01 - 2.88 (m,
Ybenzo[b]thio 1H), 2.50 - 2.37 (m,
phen-5- 2H), 2.34 - 2.07 (m,
yl)methyl)(p 4H), 2.03 - 1.90 (m,
henoxy)phos 2H), 1.78 - 1.67 (m,
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phoryl)amino 1H), 1.46 - 1.36 (m,

)-2- 1H), 1.19 - 1.12 (m,
methylpropa 6H), 1.05 - 0.97 (m,
noate 3H), 0.96 - 0.88 (m,
1H), 0.85 - 0.83 (m,
1H), 0.08 - 0.05 (m,

1H).

185 S-(2- 901.1 |'H NMR (400 MHz,
(((difluoro(2- G« [M+H]* | CDsOD) 6 8.23 - 8.15
(((35,65,7aS, o»/CN’ioo HiN (m, 2H), 8.12-7.99 (m,
8aR,%aR)-3- N = 1H), 7.70 - 7.68 (m,

(3- ® s 1H), 7.39 - 7.34 (m,
(morpholine- ° F 2H), 7.27 - 7.21 (m,
4- opg 1H), 7.16 - 7.14 (m,
carbonyl)azet o O 2H), 5.07 - 5.00 (m,
idine-1- J\)sz 1H), 473 - 4.69 (m,
carbonyl)-5- 1H), 4.53 - 4.37 (m,
oxodecahydr 2H), 4.34 - 4.16 (m,
o-1H- 4H), 4.11 - 4.02 (m,
cyclopropald 1H), 3.83 - 3.71 (m,
Ipyrrolo[1,2- 1H), 3.69 - 3.42 (m,
alJazocin-6- 6H), 3.39 - 3.33 (m,
yl)carbamoyl 2H), 3.16 - 3.10 (m,
Ybenzo[b]thio 2H), 2.49 - 1.89 (m,
phen-5- 10H), 1.79 - 1.67 (m,
yDmethyl)(p 1H), 1.47 - 1.27 (m,
henoxy)phos 1H), 0.98 - 0.92 (m,
phoryl)oxy)e 1H), 0.90 (d, J = 6.6
thyl) 3- Hz, 6H), 0.87 - 0.83
methylbutane (m, 1H), 0.10-0.03 (m,
thioate 1H).

186 isopropyl 870.1 | 'H NMR (400 MHz,
((difluoro(2- G« [M+H]* | CDsOD) 6 8.23 - 8.15
(((38,68,7aS, | o LR, & wi (m, 2H), 8.09 - 8.00 (m,
8aR,%aR)-3- N ~ 1H), 7.74 - 7.72 ( m,

(3- (0,7 s 1H), 7.37 - 7.28 (m,
(morpholine- f 2H), 7.22 - 7.11 (m,
4- /L @ 0=p-q 3H), 5.05 - 5.01 (m,
carbonyl)azet °Jﬂ/"“© 1H), 4.97 - 4.87 (m,
idine-1- 2H), 4.76 - 4.66 (m,
carbonyl)-5- 1H), 4.52 - 4.37 (m,
oxodecahydr 2H), 4.33 - 4.16 (m,
o-1H- 2H), 4.11 - 4.02 (m,
cyclopropald 1H), 3.93 - 3.71 (m,
Ipyrrolo[1,2- 2H), 3.68 - 3.49 (m,
alazocin-6- 6H), 3.39 - 3.35 (m,
yl)carbamoyl 1H), 2.49 - 2.39 (m,
)benzo[b]thio 1H), 2.34 - 2.07 (m,
phen-5- 4H), 2.04 - 1.91 (m,
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yl)methyl)(p 2H), 1.79 - 1.67 (m,
henoxy)phos 1H), 1.46 - 1.35 (m,
phoryl)-L- 1H), 1.27 (t, J=8.1 Hz,
alaninate 3H), 1.21 - 1.10 (m,
6H), 1.00 - 0.89 (m,
1H), 0.87 - 0.81 (m,
1H), 0.08 - 0.03 (m,

1H).

187 | (((difluoro(2- SXE 873.2 | 'H NMR (400 MHz,
((3S.65.7aR, G [M+H]* | CD;CN) § 8.59 - 8.54
8aS,9aR)-5- N NS am (m, 1H), 8.50 - 8.43 (m,

0x0-3-(3- / 0% 1H), 8.17 - 8.10 (m,
(pyridin-3- N= - 1H), 8.08 - 8.03 (m,
yl)azetidine- S 1H), 8.01 - 7.68 (m,
1- F 3H), 7.62 - 7.59 (m,
carbonyl)dec F 1H), 7.37 - 7.33 (m,
ahydro-1H- ﬂo\/ ‘(Z’:o 1H), 5.72 - 5.61 (m,
cyclopropald r 4H), 4.93 - 4.58 (m,
Ipyrrolo[1,2- 0 o o 2H), 4.53 - 4.34 (m,
alazocin-6- /\,i 2H), 4.33 - 4.15 (m,
yl)carbamoyl 2H), 3.99 - 3.84 (m,
)benzo[b]thio 2H), 2.30 - 2.18 (m,
phen-5- 2H), 2.11 - 2.02 (m,
ylmethyl)ph 2H), 191 - 1.74 (m,
osphoryl)bis( 2H), 1.70 - 1.56 (m,
oxy))bis(met 1H), 1.59 - 1.40 (m,
hylene) 1H), 1.33 - 1.19 (m,
bis(2,2- 2H), 1.18 - 1.14 (m,
dimethylprop 18H), 0.82 - 0.76 (m,
anoate) 1H), 0.14 - 0.10 (m,

1H).

188 S,S"-(((((2- 804.1 |'H NMR (400 MHz,
(((3S,6S,7a8S, G\, [M+H]* | CD3;OD) & 8.21 - 8.17
8aR,%aR)-3- _ N,\ (m, 2H), 8.09 d, J =

(3-(1H- AV ¢ il 8.8 Hz, 1H), 7.89 - 7.86
imidazol-1- s (m, 1H), 7.67 - 7.43 (m,
yl)azetidine- . 2H), 7.07 - 7.03 (m,
1-carbonyl)- F 1H), 5.27 - 5.18 (m,

5- \\>F ,\/°‘g=o 1H), 5.12 - 5.02 (m,
oxodecahydr g S ( 1H), 4.84 - 4.75 (m,

o-1H- s 1H), 4.60 - 4.10 (m,
cyclopropald ///% 9H), 3.23 - 3.09 (m,
Ipyrrolo[1,2- 4H), 2.57 - 2.42 (m,
alazocin-6- 5H), 2.36 - 2.11 (m,
yl)carbamoyl 4H), 2.09 - 1.94 (m,
)benzo[b]thio 2H), 1.81 - 1.69 (m,

phen-5- 1H), 1.69 - 1.58 (m,
yhdifluorom 4H), 1.48 - 1.38 (m,
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ethyl)phosph 1H), 1.02 - 0.81 (m,
oryl)bis(oxy) 8H), 0.10 - 0.06 (m,
)bis(ethane- 1H).
2,1-diyl))
dibutanethioa
te
189 | (((difluoro(2- SXE 877.1 |'H NMR (400 MHz,
(((35.65,7aR, G [M+H]* | CDsCN) § 8.61 - 8.52
8aS,9aR)-5- N& (m, 1H), 8.50 - 8.43 (m,
0%0-3-(3- [ o Q=™ 1H), 8.18 - 8.10 (m,
(pyridin-3- N =~ 1H), 8.10 - 8.04 (m,
yDazetidine- S 1H), 8.03 - 7.97 (m,
1- F 1H), 7.96 - 7.90 (m,
carbonyl)dec 0—P~g 1H), 7.89 - 7.75 (m,
ahydro-1H- 0=<0J i 1H), 7.60 (d, J = 8.6
cyclopropald o Hz, 1H), 7.43 - 7.29
Ipyrrolo[1,2- ‘@ 0 (m, 1H), 5.73 - 5.56 (m,
aJazocin-6- YO 4H), 4.92 - 4.82 (m,
yl)carbamoyl 3H), 4.81 - 4.58 (m,
)benzo[b]thio 1H), 4.50 - 4.33 (m,
phen-5- 2H), 4.32 - 4.15 (m,
yDmethyl)ph 2H), 4.01 - 3.84 (m,
osphoryl)bis( 2H), 2.28 - 2.17 (m,
oxy))bis(met 2H), 2.11 - 1.99 (m,
hylene) 3H), 1.83 - 1.74 (m,
diisopropyl 1H), 1.70 - 1.56 (m,
bis(carbonate 1H), 1.56 - 1.44 (m,
) 1H), 1.34 - 1.19 (m,
14H), 0.85 - 0.71 (m,
1H), 0.17 - 0.04 (m,
1H).
190 isopropyl 868.1 | 'H NMR (400 MHz,
(@ G [M+H]* | DMSO-ds) & 8.88 -
chloropheno OYCN’QOO HN 8.77 (m, 1H), 8.23 (s,
xy)((2- N = 1H),7.94 (t, J=6.7 Hz,
(3868738, | & ® 1H), 7.88 (br. s., 1H),
8aR,%aR)-3- 7.45 - 7.36 (m, 3H),
(3- P °°=;;o 7.15 (dd, J = 14.1, 8.4
(morpholine- O/UW’ Q Hz, 2H), 5.76 - 5.59
4- s (m, 1H), 4.98 - 4.87 (m,
carbonyl)azet 1H), 4.85 - 4.72 (m,
idine-1- 1H), 4.62 (t, J=8.6 Hz,
carbonyl)-5- 0.5H), 4.51 (t, J =7.2
oxodecahydr Hz, 0.5H), 4.39 - 4.25
o-1H- (m, 2H),4.21-4.11 (m,
cyclopropald 1H), 4.05 - 3.85 (m,
Ipyrrolo[1,2- 2H), 3.84 - 3.61 (m,
alazocin-6- 2H), 3.59 - 3.38 (m,
ylcarbamoyl 8H), 3.25 (br. s., 2H),
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Ybenzo[b]thio 2.29 (br. s., 1H), 2.20 -
phen-5- 1.92 (m, 4H), 1.90 -
yl)methyl)ph 1.74 (m, 2H), 1.70 -
osphoryl)-L- 1.55 (m, 1H) 1.40 -
alaninate 0.97 (m, 10H), 0.84 -
0.76 (m, 1H), 0.74 -
0.68 (m, 1H), 0.03 - -

0.07 (m, 1H).
191 isopropyl 868.1 | 'H NMR (400 MHz,
(2- Crll [M+H]* | CD30OD) & 8.07 - 8.02
chloropheno o N O HN (m, 1H), 7.95-7.90 (m,
Xy} (2- N e 1H), 7.88 - 7.81 (m,
(@8.657a8. | (D 1H), 7.54 - 735 (m,
8aR,9aR)-3- 3H), 7.27 - 7.19 (m,
G- /Lo °°=,5:o cl 1H), 7.16 - 7.10 (m,
(morpholine- @ 1H), 5.05 - 5.00 (m,
4- 1H), 4.93 - 4.86 (m,
carbonyl)azet 2H), 4.75 - 4.68 (m,
idine-1- 1H), 4.52 - 4.37 (m,
carbonyl)-5- 2H), 4.32 - 4.17 (m,
oxodecahydr 2H), 4.10 - 4.03 (m,
o-1H- 1H), 3.93 - 3.72 (m,
cyclopropald 2H), 3.66 - 3.52 (m,
Ipyrrolo[1,2- 8H), 3.38 - 3.34 (m,
zll)]azol;:in—6—l 1H), 2.48 - 2.39 (m,
yl)carbamoy 1H), 2.34 - 2.07 (m,
Ybenzo[b]thio 4H), 2.02 - 1.90 (m,
phen-5- 2H), 1.79 - 1.67 (m,
yl)methyl)ph 1H), 1.45 - 1.35 (m,
osphoryl)-L- 1H), 1.21 - 1.07 (m,
alaninate 9H), 0.98 - 0.89 (m,
1H), 0.87 - 0.79 (m,
1H), 0.08 - 0.02 (m,

1H).

192 ethyl 856.1 | 'H NMR (400 MHz,
((difluoro(2- O« _ [M+H]* | CDs0OD) & 8.23 - 8.10
(((35,6S8.7aS, 03./@"’&00 HN (m, 2H), 8.08 - 7.96 (m,
8aR,9aR)-3- (i? s 1H), 7.75 - 7.53 (m,

3- o 1H), 7.38 - 7.27 (m,
(morpholine- FF 2H), 7.25 - 7.10 (m,
4- po=p-q 3H), 5.08 - 5.00 (m,

o NH

carbonylyazet A @ 1H), 4.77 - 4.69 (m,
idine-1- 1H), 4.53 - 4.38 (m,
carbonyl)-5- 2H), 4.33 - 4.17 (m,
oxodecahydr 2H), 4.11 - 3.84 (m,
o-1H- 4H), 3.82 - 3.70 (m,
cyclopropald 1H), 3.67 - 3.44 (m,
Ipyrrolo[1,2- 6H), 3.38 - 3.33 (m,
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alazocin-6- 1H), 2.50 - 2.39 (m,
yl)carbamoyl 1H), 2.34 - 2.07 (m,
Ybenzo[b]thio 4H), 2.04 - 1.90 (m,
phen-5- 2H), 1.78 - 1.68 (m,
yl)methyl)(p 1H), 1.47 - 1.35 (m,
henoxy)phos 1H), 1.48 - 1.35 (m,
phoryl)-L- 1H), 1.32 - 1.23 (m,
alaninate 3H),1.16(t,J=7.1 Hz,
3H), 0.99 - 0.80 (m,
2H), 0.09 - 002 (m,

1H).

193 S-(2- 865.1 | 'H NMR (400 MHz,
(((difluoro(2- Gl [M+H]* | CDsOD) 6 8.59 - 8.52
(((35,6S,7aR, WN’&O d Hn (m, 1H), 8.47 - 8.39 (m,
8aS,9aR)-5- N W 1H), 8.24 - 8.16 (m,

0x0-3-(3- 2H), 8.12 - 7.91 (m,
(pyridin-3- FF 2H), 7.70 d, J = 8.6
yl)azetidine- >\>F ,_Pt=o Hz, 1H), 7.50 - 7.34
1- s °\© (m, 3H),7.26-7.13 (m,
carbonyl)dec 3H), 5.00 - 494 (m,
ahydro-1H- 1H), 4.73 - 4.22 (m,
cyclopropald TH), 4.07 - 3.93 (m,
Ipyrrolo[1,2- 2H),3.14 (t, J=6.2 Hz,
alazocin-6- 2H), 2.43 - 2.32 (m,
yl)carbamoyl 3H), 2.32 - 2.12 (m,
Ybenzo[b]thio 3H), 2.09 - 1.82 (m,
phen-5- 4H), 1.79 - 1.66 (m,
yl)methyl)(p 1H), 1.48 - 1.40 (m,
henoxy)phos 1H), 1.35 - 1.24 (m,
phoryl)oxy)e 1H), 0.92 - 0.87 (m,
thyl) 3- 6H), 0.87 - 0.81 (m,
methylbutane 1H), 0.22 - 0.18 (m,
thioate 1H).

194 | isopropyl 2- 857.1 |'H NMR (400 MHz,
(((difluoro(2- ON [M+H]* | CDsOD) 6 8.24 - 8.14
((3S,68.7aS, | oy (n=, & wi (m, 2H), 8.10 - 8.05 (m,
8aR,9aR)-3- N =~ 1H), 7.74 - 7.68 (m,

3- (; D s 1H), 7.39 - 7.32 (m,
(morpholine- f 2H), 7.26 - 7.15 (m,
4- @ 0=p-g 3H), 5.11 - 4.99 (m,
carbonyl)azet /LOJK/O 2H), 4.77 - 4.65 (m,
idine-1- 3H), 4.62 - 4.37 (m,
carbonyl)-5- 3H), 4.32 - 4.15 (m,
oxodecahydr 2H), 4.12 - 4.02 (m,
o-1H- 1H), 3.82 - 3.71 (m,
cyclopropald 1H), 3.68 - 3.47 (m,
Ipyrrolo[1,2- 6H), 3.39 - 3.35 (m,
alJazocin-6- 1H), 2.50 - 2.37 (m,
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yl)carbamoyl 1H), 2.34 - 2.06 (m,
Ybenzo[b]thio 4H), 2.04 - 191 (m,

phen-5- 2H), 1.79 - 1.66 (m,
yl)methyl)(p 1H), 1.45 - 1.35 (m,
henoxy)phos 1H), 1.23 - 1.21 (m,
phoryl)oxy)a 6H), 0.99 - 0.89 (m,

cetate 1H), 0.87 - 0.81 (m,

1H), 0.09 - 0.03 (m,
1H).

195 S-2-((((2- 854.3 |'H NMR (400 MHz,
(((35,6S,7aR, O« [M+H]* | CD30OD) & 8.27 - 8.20
8aS.9aR)3- | Ay N, & wie” (m, 1H), 8.20- 8.16 (m,

(3-(1H- N=/ e 1H), 8.11 (d, J = 8.6
imidazol-1- Hz, 1H), 7.99 - 7.88
yl)azetidine- FF (m, 1H), 7.71 d, J =
1-carbonyl)- O=p-q 8.6 Hz, 1H), 7.59 (br.

5- o 0 s., 0.6H), 7.47 (br. s.,
oxodecahydr %s/// 0.4H), 7.41 - 7.32 (m,

o-1H- 2H), 7.28 - 7.20 (m,
cyclopropald 1H), 7.16 d, J = 8.1
Ipyrrolo[1,2- Hz, 2H), 7.09 (br. s.,
alJazocin-6- 0.4H), 7.04 (br. s.,
yl)carbamoyl 0.6H), 5.30 - 5.20 (m,
)benzo[b]thio 1H), 5.06 - 492 (m,

phen-5- 1.6H), 4.82 - 4.72 (m,
yhdifluorom 1H), 4.62 - 4.53 (m,
ethyl)(pheno 0.4H), 4.49 - 4.39 (m,
xy)phosphor 2H), 4.37 - 4.10 (m,
yhoxy)ethyl) 4H), 3.11 (t, J=6.2 Hz,

2,2- 2H), 2.37 (dd, J = 14.9,
dimethylprop 4.6Hz, 1H),2.33-2.10

anethioate (m, 3H), 2.07 - 1.82 (mm,

3H), 1.78 - 1.64 (m,
1H), 1.53 - 1.40 (m,
1H), 1.36 - 1.24 (m,
1H), 1.18 - 1.11 (m,
9H), 0.90 - 0.83 (m,
1H), 0.23 - 0.15 (m,
1H).

196 S-(2-((((2- 854.1 | 'H NMR (400 MHz,
(((3S,6S,7aR, O« ‘ [M+H]* | CD3OD) & 8.26 - 8.16
8aS,9aR)-3- (\N/CN’%O O HN (m, 2H), 8.10 (d, J =

(3-(1H- N=/ = 8.8 Hz, 1H), 7.90 - 7.81
imidazol-1- (m, 1H), 7.70 d, J =
yl)azetidine- e 8.6 Hz, 1H),7.58 - 7.42
1-carbonyl)- :g‘o (m, 1H), 7.39-7.33 (m,

5- AL s @ 2H), 7.27 - 7.12 (m.
oxodecahydr s 3H), 7.09 - 6.99 (m,
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o-1H- 1H), 5.27 - 5.19 (m,
cyclopropald 1H), 5.05 - 4.89 (m,
]pyrrolo[1,2- 2H), 4.81 - 4.72 (m,
alazocin-6- 1H), 4.60 - 4.40 (m,
yl)carbamoyl 2H), 4.36 - 4.11 (m,
)benzo[b]thio 4H), 3.13 (t, J=6.4 Hz,
phen-5- 2H), 2.41 - 2.33 (m,
yhdifluorom 3H), 2.32 - 2.12 (m,
ethyl)(pheno 3H), 2.11 - 1.80 (m,
xy)phosphor 4H), 1.78 - 1.65 (m,
yDoxy)ethyl) 1H), 1.55 - 1.40 (m,
3- 1H), 1.34 - 1.24 (m,
methylbutane 1H), 0.93 - 0.81 (m,
thioate 7H), 0.21 - 0.17 (m,
1H).

197 methyl (2S)- 843.1 |'H NMR (400 MHz,

2- G« [M+H]* | CD30OD) & 8.24 - 8.16
(((difluoro(2- O»IQN&OO Hiy (m, 2H), 8.13 - 8.04 (m,
(((3S,6S,7a8S, N =~ 1H), 7.73 - 7.69 (m,
8aR,9aR)-3- (; s 1H), 7.39 - 7.32 (m,

3- FF 2H), 7.26 - 7.10 (m,
(morpholine- 90=p-q 3H), 5.12 - 493 (m,

4- \oJ\rO @ 2H), 4.75 - 4.68 (m,
carbonyl)azet 1H), 4.52 - 4.38 (m,

idine-1- 2H), 4.33 - 4.16 (m,
carbonyl)-5- 2H), 4.11 - 4.03 (m,
oxodecahydr 1H), 3.82 - 3.72 (m,
o-1H- 1H), 3.68 - 3.46 (m,
cyclopropald 9H), 3.39 - 3.32 (m,
Ipyrrolo[1,2- 2H), 2.50 - 2.38 (m,
aJazocin-6- 1H), 2.35 - 2.08 (m,
yl)carbamoyl 4H), 2.04 - 191 (m,
)benzo[b]thio 2H), 1.78 - 1.66 (m,
phen-5- 1H), 1.52 - 1.36 (m,
yl)methyl)(p 4H), 0.99 - 0.89 (m,
henoxy)phos 1H), 0.88 - 0.83 (m,
phoryl)oxy)p 1H), 0.08 - 0.03 (m,
ropanoate 1H).

198 S-(2-((((2- 840.1 |'H NMR (400 MHz,
(((3S,6S,7a8S, O« [M+H]* | CD30OD) 6 8.23 - 8.18
8aR.9aR)-3- | N, & wi (m, 2H), 8.12- 8.08 (m,

(3-(1H- N=/ = 1H), 7.90 - 7.84 (m,
imidazol-1- 1H), 7.72 - 7.66 (m,
ylazetidine- FF IH), 7.56 - 7.43 (m,
1-carbonyl)- O=P-q 1H), 7.39 - 7.32 (m,

5- o 0 2H), 7.27 - 7.20 (m,
oxodecahydr ~ LS 1H), 7.17 - 7.11 (m,

o-1H- 2H), 7.08 - 7.00 (m,
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cyclopropald 1H), 5.28 - 5.18 (m,
Ipyrrolo[1,2- 1H), 5.11 - 5.02 (m,
alJazocin-6- 1H), 4.84 - 4.75 (m,
yl)carbamoyl 1H), 4.60 - 4.41 (m,
)benzo[b]thio 3H), 4.35 - 421 (m,

phen-5- 3H), 4.17 - 4.09 (m,
yhdifluorom 1H), 3.16 - 3.10 (m,
ethyl)(pheno 2H), 2.55 - 2.41 (m,
xy)phosphor 3H), 2.35 - 2.12 (m,
yDoxy)ethyl) 4H), 2.08 - 1.93 (m,
butanethioate 2H), 1.81 - 1.69 (m,

1H), 1.68 - 1.55 (m,
2H), 1.49 - 1.36 (m,
1H), 1.01 - 0.94 (m,
1H), 0.93 - 0.82 (m,
4H), 0.12 - 0.04 (m,
1H).

199 methyl 2- 829.0 |'H NMR (400 MHz,
(((difluoro(2- G« [M+H]* | CDsOD) & 8.24 - 8.14
(((3S,6S,7a8, oy N, & Hi (m, 2H), 8.10 - 8.04 (m,
8aR,9aR)-3- N =~ 1H), 7.74 - 7.68 (m,

(3- (; D s 1H), 7.39 - 7.32 (m,
(morpholine- FF 2H), 7.26 - 7.14 (m,
4- 0 0=p-q 3H), 5.06 - 5.01 (m,
carbonyl)azet So~N\0 @ 1H), 4.80 - 4.66 (m,
idine-1- 3H), 4.52 - 4.36 (m,
carbonyl)-5- 2H), 4.33 - 4.17 (m,
oxodecahydr 2H), 4.12 - 4.02 (m,
o-1H- 1H), 3.83 - 3.75 (m,
cyclopropald 1H), 3.72 (s, 3H), 3.68
Ipyrrolo[1,2- - 347 (m, 6H), 3.41 -
alazocin-6- 3.32 (m, 2H), 2.51 -
yl)carbamoyl 2.38 (m, 1H), 2.34 -
)benzo[b]thio 2.06 (m, 4H), 2.04 -
phen-5- 1.91 (m, 2H), 1.79 -
yDmethyl)(p 1.67 (m, 1H), 145 -
henoxy)phos 1.35 (m, 1H), 098 -
phoryl)oxy)a 0.89 (m, 1H), 0.87 -
cetate 0.80 (m, 1H), 0.08 -
0.04 (m, 1H).
200 isopropyl 840.1 |'H NMR (400 MHz,
((2- Gl [M+H]* | CD3CN) 6 7.90 - 7.77
(((3S,6S,7a8S, Q N’ioo HN (m, 3H), 7.71 -7.57 (m,
8aR,9aR)-3- N e 1.5H), 7.55 - 7.48 (m,
(3- (D 0.5H), 7.42 - 7.34 (m,
(morpholine- 1H), 5.00 - 4.89 (m,
4- 00=p-q 2H), 4.65 - 4.55 (m,
carbonyl)azet O NAH Mgk 1H), 447 - 424 (m,
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idine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)(2,
2,2-
trifluoroetho
xy)phosphor
yl)-L-
alaninate

4H), 423 - 4.15 (m,
1H), 4.12 - 3.92 (m,
2H), 3.90 - 3.73 (m,
2H), 3.63 - 3.49 (m,
6H), 3.41 - 3.27 (m,
2H), 3.27 - 3.20 (m,
2H), 2.35 - 2.25 (m,
1H), 2.24 - 2.17 (m,
1H), 2.11 - 2.00 (m,
3H), 1.92 - 1.82 (m,
2H), 1.69 - 1.57 (m,
1H), 1.48 - 1.37 (m,
1H), 1.33 - 1.25 (m,
2.5H), 1.23 - 1.12 (m,
6.5H), 0.88 - 0.73 (m,
2H), 0.03 - -0.02 (m,
1H).

201

S,S'-
((((difluoro(2

(((35,65,7aR,
8aS,9aR)-3-
(3-(4-methyl-
4H-1,2.4-
triazol-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)ph
osphoryl)bis(
oxy))bis(etha
ne-2,1-diyl))
bis(2,2-
dimethylprop
anethioate)

937.0
[M+H]*

'H NMR (500 MHz,
CDCI3) 6 9.72 — 9.66
(m, 1H), 8.35 (m, 1H),
8.12 (d, J = 18.1 Hz,
1H), 794 d, J = 8.6
Hz, 1H), 7.92 — 7.80
(m, 1H), 7.63 (dd, J =
18.4, 8.6 Hz, 1H), 5.00
—4.70 (m, 3H), 4.64 —
4.40 (m, 2H), 4.33 (s,
1H), 4.25 — 4.06 (m,
6H), 3.84 (s, 3H), 3.10
(m, 4H), 2.44 (m, 2H),
2.21 (m, 1H), 2.13 —
1.87 (m, 5H), 1.76 —
1.52 (m, 2H), 1.21 (s,
18H), 0.80 (br. s, 1H),
0.17 br. s, 1H).
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202

S,S'-
((((difluoro(2

(((35,65,7aR,
8aS,%aR)-3-
(3-methoxy-
3-(1-methyl-
1H-imidazol-

2.
yl)azetidine-
1-carbonyl)-

3.
oxodecahydr

o-1H-
cyclopropald

Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio

phen-5-
yDmethyl)ph
osphoryl)bis(
oxy))bis(etha
ne-2,1-diyl))

bis(2,2-
dimethylprop

anethioate)

966.0
[M+H]*

'"H NMR (500 MHz,
CDCl3) & 8.09 (s, 1H),
7.95 — 7.77 (m, 3H),
7.65 (d, J = 8.2 Hz,
1H), 7.39 (s, 1H), 7.16
(s, 1H), 4.89 (s, 1H),
4.83 (m, 1H), 4.58 —
4.43 (m, 2H), 4.22 (m,
3H), 4.16 (m, 3H), 3.81
(m, 3H), 3.23 (s, 3H),
3.11 (m, 4H), 2.39 —
2.28 (m, 1H), 2.09 (m,
2H), 1.92 (m, 4H), 1.73
(m, 4H), 1.21 (s, 18H),
0.80 (m, 1H), 0.17 (m,
1H).

203

(((2-
(((3S.,68,74R,

8aS,9aR)-3-
(3-(1H-
imidazol-4-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yl)difluorom
ethyl)phosph
oryl)bis(oxy)
)bis(methyle
ne) bis(2,2-
dimethylprop
anoate)

863.0
[M+H]*

224
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204 | (((difluoro(2- 881.4 | 'H NMR (400 MHz,
(((3S,6S,7a8S, O‘ [M+H]* | CDCls) 6 8.09 (s, 1H),
8aR.9aR)-3- | -V 9 794 (d, ] = 8.4 Hz,
(3- ! _ 1H), 7.83 (s, 1H), 7.67
morpholinoa s F L - 7.60 (m, 1H), 7.48 -
zetidine-1- oo 7.31 (m, 1H), 5.79 -
carbonyl)-5- o o/ 6ﬁ 571 (m, 2H), 5.70 -
oxodecahydr ) 5.63 (m, 2H), 5.14 -
o-1H- )\2 497 (m, 1H), 4.86 -
cyclopropald 4.60 (m, 1H), 4.49 -
Ipyrrolo[1,2- 4.12 (m, 4H), 4.00 (s,
alazocin-6- 4H), 3.45 - 3.17 (m,
yl)carbamoyl 1H), 2.63 - 2.40 (m,
Ybenzo[b]thio 2H), 2.36 - 2.25 (m,
phen-5- 3H), 2.18 - 1.97 (m,
yl)methyl)ph 4H), 1.56 - 1.51 (m,
osphoryl)bis( 2H), 145 (d, J = 6.8
oxy))bis(met Hz, 2H), 1.21 d, J =
hylene) 1.2 Hz, 19H), 1.02 -
bis(2,2- 0.90 (m, 1H), 0.89 -
dimethylprop 0.79 (m, 1H), 0.09 - -
anoate) 0.08 (m, 1H).

205 | (((difluoro(2- 880.4 | 'H NMR (400 MHz,
(((35,6S,7a8S, G‘ ' [M+H]* | CD30OD) 68.19 (d, J =
8aR,9aR)-5- NN O WH 2.4 Hz, 1H), 8.14 (s,
0%0-3-(3- °®/C _ 1H), 8.11 - 8.05 (m,
(tetrahydro- s F o 1H), 7.62 (d, J = 8.8
2H-pyran-4- oo Hz, 1H), 5.84 - 5.68
yDazetidine- o o/ 6j (m, 4H), 5.11 -4.99 (m,
1- =§T o 1H), 4.58 (s, 1H), 4.53
carbonyl)dec )V< -4.45 (m, 1H), 4.28 (d,
ahydro-1H- J = 7.6 Hz, 2H), 3.95
cyclopropald (d, J = 11.2 Hz, 3H),
Ipyrrolo[1,2- 3.77 - 3.64 (m, 1H),
alazocin-6- 3.50 - 3.39 (m, 2H),
yl)carbamoyl 2.53 - 237 (m, 2H),
)benzo[b]thio 2.19 (s, 4H), 1.95 (d, J
phen-5- = 8.8 Hz, 2H), 1.76 (s,
yl)methyl)ph 2H), 1.66 - 1.57 (m,
osphoryl)bis( 2H), 143 d, J = 2.4
oxy))bis(met Hz, 1H), 1.30 d, J =
hylene) 4.0Hz,2H), 1.19-1.16
bis(2,2- (m, 18H), 0.84 (d, J =
dimethylprop 4.4 Hz, 2H), 0.06 (d, J
anoate) =5.2 Hz, 1H).
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206 | (((difluoro(2- 873.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, O‘ [M+H]* | CD30OD) 6 8.61 - 8.44
8aR,9aR)-5- FNLN, ¢ T (m, 1H), 8.18 - 8.12 (m,
0x0-3-(3- C}/C 0N 1H), 8.11 - 8.01 (m,
(pyridin-2- s F L 1H), 7.80 (m, 1H), 7.65
yl)azetidine- oo - 7.58 (m, 1H), 7.53 -
1- o~ ¢ 7.37 (m, 1H), 7.36 -
carbonyl)dec ° & 7.23 (m, 2H), 5.81 -
ahydro-1H- /\Q 5.67 (m, 4H), 5.09 -
cyclopropald 4.89 (m, 2H), 4.81 -
Ipyrrolo[1,2- 4.64 (m, 1H), 4.61 -
alazocin-6- 4.54 (m, 1H), 449 -
yl)carbamoyl 4.42 (m, 1H), 4.42 -
)benzo[b]thio 426 (m, 1H), 424 -
phen-5- 4.00 (m, 2H), 2.54 -
yl)methyl)ph 2.37 (m, 1H), 2.36 -
osphoryl)bis( 226 (m, 2H), 2.25 -
oxy))bis(met 2.12 (m, 2H), 2.11 -
hylene) 1.88 (m, 2H), 1.80 -
bis(2,2- 1.67 (m, 1H), 1.50 -
dimethylprop 1.38 (m, 1H), 1.20 -
anoate) 1.18 (m, 18H), 1.03 -

0.90 (m, 1H), 0.89 -
0.81 (m, 1H), 0.06 (m,
1H).

207 | (((difluoro(2- 862.4 | 'H NMR (400 MHz,
(((3S,6S,7a8S, O« [M+H]* | CDCI3) 6 8.34 (d, J =
8aR,9aR)-5- -GN, ¢ 1.2 Hz, 1H), 8.18 - 7.93
0x0-3-(3- N=/ oA\ _ (m, 2H),7.92 - 7.83 (m,
(pyridin-2- s F L 1H), 7.75 (d, ] = 5.6
yl)azetidine- oo Hz, 1H), 7.69 - 7.59
1- o & (m, 1H), 7.36 (s, 1H),
carbonyl)dec °’§v p! 725 - 7.14 (m, 1H),
ahydro-1H- )\2 5.82 - 5.59 (m, 4H),
cyclopropald 5.30 - 5.00 (m, 3H),
Ipyrrolo[1,2- 480 - 462 (m, 1H),
alazocin-6- 4.50 - 432 (m, 2H),
yl)carbamoyl 423 (d, J] = 5.6 Hz,
)benzo[b]thio 1H), 413 d, J = 7.2
phen-5- Hz, 1H), 2.44 (s, 1H),
yl)methyl)ph 2.35 (s, 2H), 2.16 (d, J
osphoryl)bis( = 5.6 Hz, 1H), 2.12 -
oxy))bis(met 2.05 (m, 2H), 1.69 (d,J
hylene) = 2.8 Hz, 1H), 1.43 (s,
bis(2,2- 1H), 1.30 - 1.26 (m,
dimethylprop 2H), 1.25 - 1.20 (m,
anoate) 18H), 0.98 - 0.92 (m,

1H), 0.89 - 0.83 (m,
1H), 003 (d, J = 4.8
Hz, 1H).
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208 | ((((2- 883.2 | 'H NMR (400 MHz,
(((3S,6S8,7aS, G')j [M+H]* | CD3OD) & 8.19 - 8.04
8aR,9aR)-3- My & (m, 3H), 7.62 (d, J =
(((3S,45)-1- o D—ou O\ 8.8 Hz, 1H), 5.83 - 5.64
acetyl-4- h s F o (m, 4H), 5.04 (m, 1H),
hydroxypyrr oo 4.60 - 449 (m, 1H),
olidin-3- o~ ¢ 431 - 407 (m, 3H),
yl)carbamoyl i SR 3.90 - 3.53 (m, 2H),
)-5- j& 3.46 - 3.35 (m, 2H),
oxodecahydr 2.52 - 240 (m, 1H),
o-1H- 2.33 - 2.25 (m, 1H),
cyclopropald 223 - 2.10 (m, 3H),
]pyrrolo[1,2- 2.05 (d, J = 104 Hz,
alJazocin-6- 3H), 2.01 - 1.94 (m,
yl)carbamoyl 1H), 1.79 - 1.65 (m,
)benzo[b]thio 1H), 1.22 (s, 2H), 1.18
phen-5- (s, 18H), 0.89 - 0.86
yl)difluorom (m, 2H), 0.14 - 0.05 (m,
ethyl)phosph 1H).
oryl)bis(oxy)

)bis(methyle
ne) bis(2,2-

dimethylprop
anoate)

209 | (((difluoro(2- O S 873.2 | 'H NMR (400 MHz,
(((3S,6S,7aR, N [M+H]* | CDCls) 6 8.69 - 8.58
8aS,9aR)-5- mﬂo d (m, 1H), 8.09 (s, 1H),
ox0-3-(3- =N 0N 7.98 - 791 (m, 1H),
(pyridin-2- s Fe 7.87 - 7.81 (m, 2H),
yl)azetidine- b0 7.77 - 7.62 (m, 2H),
1- o~ o 7.26 - 7.18 (m, 2H),
carbonyl)dec °Z§T 3o 574 (dd, J = 4.8, 12.4
ahydro-1H- ;/Q Hz, 2H), 5.70 - 5.62
cyclopropald (m, 2H), 4.94 -4.74 (m,
Ipyrrolo[1,2- 2H), 4.58 - 4.35 (m,
alazocin-6- 3H), 4.25 - 4.14 (m,
yl)carbamoyl 2H), 4.12 - 4.01 (m,
)benzo[b]thio 1H), 2.37 - 2.29 (m,
phen-5- 1H), 2.28 - 2.20 (m,
yD)methyl)ph 1H), 2.14 - 2.05 (m,
osphoryl)bis( 3H), 2.04 - 1.92 (m,
oxy))bis(met 2H), 1.90 - 1.78 (m,
hylene) 1H), 1.27 - 1.23 (m,
bis(2,2- 1H), 1.21 (s, 18H),
dimethylprop 1.19 (s, 2H), 0.82 (m,
anoate) 1H), 0.22 (m, 1H).

227
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210 | (((difluoro(2- O 955 "H NMR (400 MHz,
(((3S,6S8,7aS, . — ¢ [M+H]* | CD3CN) 6 8.57 - 8.34
SaR,ga(Ié)é— }'N% °°O M (m, 1H), 8.03 (s, 1H),
0x0-3-(6-(2- 'y 7.95 - 7.86 (m, 2H),
phenylacetyl) L 755 (d, ] = 84 Hz,
2,6 . oJ"f';;0 1H), 7.35 - 7.08 (m,
diazaspiro[ 3. 0.0 5H), 5.79 - 5.57 (m,
3]heptane-2- /VQ 4H), 5.13 - 4.97 (m,
carbonyl)dec 1H), 4.59 (d, J = 8.8
ahydro-1H- Hz, 1H), 4.45 (dd, J =
cyclopropald 3.6,7.6 Hz, 1H), 4.34 -
Ipyrrolo[1,2- 4.12 (m, 4H), 4.06 -
aﬁlzocl‘,)in-@ 1 3.85 (m, 4H), 3.39 -
yl)carbamoy 3.27 (m, 2H), 2.39 -
)benzo[b]thio 2.30 (m, 1H), 2.14 (dd,
phen-5- J =56, 12.0 Hz, 4H),
yl)methyl)ph 1.92 - 1.83 (m, 2H),
osphoryl)bis( 1.74 - 1.58 (m, 1H),
oxy))bis(met 1.48 - 1.33 (m, 1H),
hylene) 1.16 (d, J = 2.0 Hz,
bis(2,2- 18H), 0.86 - 0.70 (m,
dimethylprop 2H), 0.00 d, J = 5.6
anoate) Hz, 1H).

211 | (((2- C”‘\ 919.4 |'H NMR (400 MHz,
(((3S,6S8,7a8S, o Mt 7 [M+H]* | CD3CN) & 8.07 (s, 2H),
8aR,9aR)-3- %”\J °°O e 8.00 - 7.92 (m, 2H),
(4-(1H- 40 g 7.75 (s, 1H), 7.57 (d, J

H F

gz;s(z)ole-% . = 8.4 Hz, 1H), 5.71 -

nyl)pip < 6\ 5.60 (m, 4H), 5.01 (q,J
erazine-1- DR = 7.6 Hz, 1H), 4.93 -
carbonyl)-5- I 4.84 (m, 1H), 4.23 (d, ]
oxodecahydr = 4.8 Hz, 1H), 3.79 -
o-1H- 3.43 (m, 8H), 2.39 -
cyclopropald 2.30 (m, 2H), 2.10 (d,J
Ipyrrolo[1,2- = 7.6 Hz, 2H), 1.92 -
a%?zocl:)in—G— | 1.82 (m, 2H), 1.67 (m,
yl)carbamoy 1H), 1.52 - 1.40 (m,
)benzo[b]thio 1H), 1.31 (s, 1H), 1.15
phen-5- (s, 18H), 0.93 - 0.84
yhdifluorom (m, 1H), 0.80 (m, 1H),
ethyl)phosph 0.01 (m, 1H).
oryl)bis(oxy)
)bis(methyle
ne) bis(2,2-
dimethylprop
anoate)

228
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212 | (((difluoro(2- 902.1 | 'H NMR (400 MHz,
(((3S,6S8,7aS, O*)j [M+H]* | CDCls) 6 8.09 (s, 1H),
8aR,9aR)-5- My & 7.94 (d, J = 8.0 Hz,
ox0-3-(((R)- D 0N 3H), 7.86 - 7.80 (m,
1-(pyridin-3- () s F o 2H), 7.64 (d, ] = 8.4
yDpyrrolidin- N o Hz, 1H), 7.15 d, J =
3- o{: N 6.8 Hz, 2H), 6.80—6.7i
yl)carbamoyl o (m, 1H), 5.74 (dd, J =
)decahydro- ;Q 5.2, 12.8 Hz, 2H), 5.66
1H- (dd, J = 4.8, 12.4 Hz,
cyclopropald 2H), 5.06 (m, 1H), 4.73
Ipyrrolo[1,2- (d, J = 7.6 Hz, 1H),
alazocin-6- 458 - 448 (m, 1H),
yl)carbamoyl 420 - 4.09 (m, 1H),
)benzo[b]thio 3.53 - 3.44 (m, 2H),
phen-5- 3.40 (m, 1H), 3.10 (dd,
yl)methyl)ph J =24, 10.0 Hz, 1H),
osphoryl)bis( 2.53(dd,J =56, 11.6
oxy))bis(met Hz, 1H), 2.38 - 2.27
hylene) (m, 1H), 2.25-2.16 (m,
bis(2,2- 3H), 2.13 - 2.01 (m,
dimethylprop 4H), 1.88 - 1.75 (m,
anoate) 5H), 1.21 (s, 18H).

213 | (((difluoro(2- C‘P\ 902.1 | 'H NMR (400 MHz,
(((35,68,7aR, N ND [M+H]* | CDCI3) & 8.13 - 8.07

HN B

8aS,9aR)-5-
ox0-3-(((R)-
1-(pyridin-3-
yDpyrrolidin-
3-
yl)carbamoyl
)decahydro-
1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yD)methyl)ph
osphoryl)bis(
oxy))bis(met
hylene)
bis(2,2-
dimethylprop
anoate)

(m, 1H), 8.01-7.93 (m,
3H), 7.87 - 7.82 (m,
1H), 7.72 - 7.61 (m,
2H), 7.12 (dd, J = 4.4,
8.4 Hz, 1H), 6.88 - 6.77
(m, 2H), 5.74 (dd, J =
5.2, 12.8 Hz, 2H), 5.66
(dd, J = 4.8, 12.4 Hz,
2H), 4.88 (m, 1H), 4.66
- 4.59 (m, 1H), 4.50 -
443 (m, 1H), 4.16 -
4.07 (m, 1H), 3.58 (dd,
J = 6.0, 104 Hz, 1H),
3.52 - 3.44 (m, 1H),
343 - 3.35 (m, 1H),
3.33 - 323 (m, 1H),
2.33 (m, 1H), 223 -
2.17 (m, 3H), 2.11 -
1.94 (m, 4H), 1.50 -
1.38 (m, 4H), 1.27 -
1.24 (m, 3H), 1.21 (s,
18H).
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214 | ((((2- O N 862.4 | 'H NMR (400 MHz,
(((3S,6S,7aR, N [M+H]* | CD3OD) & 8.21 - 8.07
8aS,9aR)-3- AN G (m, 1H), 8.01-7.93 (m,
(3-(1H- N= O N= 1H), 7.92 - 7.83 (m,
imidazol-1- s Feo 1H), 7.79 - 7.61 (m,
yl)azetidine- o-be0 3H), 7.22 - 7.13 (m,
1-carbonyl)- o o~/ 6W 1H), 5.76 - 5.59 (m,
5- DR 4H), 5.22 - 4.99 (m,
oxodecahydr ;/Q 2H), 498 - 4.86 (m,
o-1H- 2H), 4.80 - 4.66 (m,
cyclopropald 1H), 4.40 - 4.29 (m,
Ipyrrolo[1,2- 2H), 4.24 - 4.13 (m,
alazocin-6- 2H), 2.42 - 2.28 (m,
yl)carbamoyl 1H), 2.23 - 1.86 (m,
)benzo[b]thio 7H), 1.32 - 1.24 (m,
phen-5- 1H), 1.21 (S, 18H),
yhdifluorom 0.94 - 0.80 (m, 1H),
ethyl)phosph 0.31-0.15 (m, 1H).
oryl)bis(oxy)

)bis(methyle
ne) bis(2,2-

dimethylprop
anoate)

215 | (((difluoro(2- : 935.3 | 'H NMR (400 MHz,
(((3S,65,7aR, [M+H]* | CDCls) 6 8.09 (s, 1H),

8aS,9aR)-5-
ox0-3-((1-
(4,4.4-
trifluorobuta
noyl)azetidin
3-
yl)carbamoyl
)decahydro-
1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yl)methyl)ph
osphoryl)bis(
oxy))bis(met
hylene)
bis(2,2-
dimethylprop
anoate)

7.97 - 7.86 (m, 2H),
7.75 (s, 1H), 7.63 (d, J
= 8.8 Hz, 1H), 7.07 -
6.96 (m, 1H), 5.80 -
5.60 (m, 4H), 4.93 (s,
1H), 4.74 - 4.65 (m,
1H), 4.48 - 4.27 (m,
3H), 4.17 (d, J = 5.2
Hz, 1H), 4.07 - 3.99
(m, 1H), 3.98-3.91 (m,
1H) , 2.45 (s, 2H), 2.38
- 2.30 (m, 3H), 221 -
2.12 (m, 3H), 1.97 -
1.89 (m, 1H), 1.87 -
1.76 (m, 1H), 1.70 -
1.58 (m, 4H), 1.20 (s,
18H), 0.84 (s, 1H),
0.20 - 0.14 (m, 1H).
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216 | methyl (((2- 806.4 |'H NMR (400 MHz,
(((3S,6S,7a8S, G« [M+H]* | CDCls) & 7.87 - 7.77
8aR,9aR)-3- oy@u«ioo » (m, 3H),7.54 - 7.44 (m,
(3- N o 1H), 741 (d, J = 7.6
(morpholine- | { ) 'y Hz, 1H), 7.33 - 7.29
4- ° (m, 2H),7.18-7.10 (m,
carbonyl)azet 0-P=0 3H), 5.12 - 5.01 (m,
idine-1- @ HN 1H), 4.77 (t, ] = 7.6 Hz,
carbonyl)-5- 0”0 1H), 4.58 - 4.51 (m,
oxodecahydr ! 1H), 444 (d, ] = 4.8
o-1H- Hz, 1H), 4.36 - 4.29
cyclopropald (m, 1H),4.23-4.16 (m,
]pyrrolo[1,2- 1H), 4.13 - 4.06 (m,
alJazocin-6- 1H), 4.03 - 3.94 (m,
yl)carbamoyl 1H), 3.71 - 3.66 (m,
)benzo[b]thio 4H), 3.63 (s, 2H), 3.58
phen-5- (s, 3H), 3.50 - 3.40 (m,
yDmethyl)(p 2H), 3.30 (s, 2H), 2.36
henoxy)phos - 2.28 (m, 3H), 2.17 -
phoryl)-L- 2.09 (m, 2H), 2.06 -
alaninate 2.02 (m, 2H), 1.97 -

1.91 (m, 2H), 1.72 -
1.64 (m, 1H), 1.49 -
1.40 (m, 1H), 1.20 -
1.13 (m, 3H), 1.01 -
0.92 (m, 1H), 0.87 -
0.79 (m, 1H), 0.06 -
0.05 (m, 1H).

217 | propyl (((2- 834.7 | 'H NMR (400 MHz,
(((3S,6S,7a8S, G« [M+H]* | CDCls) 6 7.87 - 7.74
8aR,9aR)-3- OYCN/&O AR (m, 3H), 7.50 - 7.39 (m,
(3- N o 1H), 7.36 - 7.27 (m,
(morpholine- (; ) 'y 3H), 7.19 - 7.10 (m,
4- 3H), 5.05 (m, 1H), 4.78
carbonyl)azet 0-P=0 (m, 1H), 4.59-4.51 (m,
idine-1- @“" 1H), 4.48 - 4.39 (m,
carbonyl)-5- 0o 1H), 4.37 - 4.28 (m,
oxodecahydr f‘ 1H), 421 - 4.14 (m,
o-1H- 1H), 4.09 (m, 1H), 4.05
cyclopropald - 3.90 (m, 3H), 3.73 -
]pyrrolo[1,2- 3.58 (m, 7H), 3.50 -
alJazocin-6- 3.39 (m, 2H), 3.33 -
yl)carbamoyl 3.26 (m, 2H), 3.16 -
)benzo[b]thio 3.06 (m, 1H), 2.37 -
phen-5- 2.24 (m, 3H), 2.18 -
yDmethyl)(p 1.99 (m, 4H), 1.62 -
henoxy)phos 1.52 (m, 3H), 1.47 -
phoryl)-L- 1.43 (m, 1H), 1.16 (dd,
alaninate J =72, 10.2 Hz, 3H),
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1.01 - 0.81 (m, 5H),
0.06 - 0.04 (m, 1H).

218 S.S- o 933.5 | 'H NMR (400 MHz,
((((difluoro(2 _ N ' [M+H]* | CD3CN) 6 8.67 - 8.32
- <, I o (m, 2H), 8.15 - 7.86 (m,
(((3S,6S,7aR, - 3H), 7.71 - 7.52 (m,
8aS,9aR)-5- S 2H), 7.30 - 7.06 (m,
oxo.—3.—(3— ] 2H), 485 (q, J = 5.8
(pyridin-2- o JF Hz, 1H), 4.76 - 4.60
yl)azetidine- ;,P*o\\ (m, 1H), 4.57 - 4.29 (m,
1- Z L o 3H), 4.26 - 4.13 (m,
c;:bgnylidec s i GH), 4.02 - 3.91 (m,
ydro-1H- °4>< 1H), 3.17 - 3.04 (m,
cyclopropald 4H), 2.29 - 2.18 (m,
Ipyrrolo[1,2- 2H), 2.11 - 2.03 (m,
211)]azob(:in-6-1 2H), 2.02 - 1.98 (m,
yl)carbamoy 1H), 191 - 1.77 (m,
Ybenzo[b]thio 2H), 1.62 - 1.52 (m,
phen-5- 1H), 1.38 - 1.26 (m,
yl)methyl)ph 2H), 1.19 - 1.14 (m,
osphoryl)bis( 18H), 0.74 (m, 1H),
oxy))bis(etha 0.11 (m, 1H).
ne-2,1-diyl))
bis(2,2-
dimethylprop
anethioate)
219 S,S"-(((((2- Y 922.3 | 'H NMR (400 MHz,
(((3S,6S,7aR, HN/\>_<: CND [M+H]* | CDsCN) 6 8.14 (s,
8aS,9aR)-3- sy "\ ¢ S 1H), 8.09 - 7.99 (m,
‘ (?a-(lH- . 2H), 7.94 (m, 1H), 7.69
1rmdaz.ol'-4- S -7.61 (m, 2H), 6.97 (d,
yl)azetidine- J =12.4 Hz, 1H), 4.85
1-carbonyl)- o '; (m, 1H), 4.68 - 4.45 (m,
5- ;,P\o 1H), 440 d, J = 8.4
oxodecahydr Z L o Hz, 1H), 4.28 - 4.05
o-1H- s jy\ (m, 7H), 3.98 - 3.82 (m,
cyclopropald °;$< 2H), 3.13 - 3.07 (m,
Ipyrrolo[1,2- 4H), 2.28 - 2.16 (m,
z;)]azog:in—&l 2H), 2.13 - 2.00 (m,
yl)carbamoy 2H), 1.93 - 1.83 (m,
Ybenzo[b]thio 2H), 1.82 - 1.72 (m,
1)121}'1§n_5_ 1H), 1.70 - 1.59 (m,
yl)difluorom 1H), 1.55 - 1.43 (m,
ethyl)phosph 1H), 1.29 - 1.22 (m,
oryl)bis(oxy) 1H), 1.18 (d, J = 3.2
)bls(ethane- Hz, 18H), 0.78 (m,
2,1-diyl)) 1H), 0.14 - 0.08 (m,
bis(2,2- 1H).
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dimethylprop
anethioate)

220 S.S'™- L 969.7 | 'H NMR (400 MHz,
((((difluoro(2 Q Ml oo [M+H]* | CD30OD) & 8.19 - 8.13

[o] N H —
- /" % ke (m, 2H), 8.04 (d, J =
(((3S,6S,7aR, < 8.4 Hz, 1H), 7.64 (d, J
8aS,9aR)-5- s = 8.3 Hz, 1H), 4.97 (d,
0x0-3-(4- . J=4.6Hz, 1H), 4.59 (s,
(tetrahydro- OtP‘OF 1H), 4.35 (t,J =5.6 Hz,
2H-pyran-4- o 1H), 4.29 - 4.14 (m,
yl)piperazine 25\\\510 4H), 395 (d, J = 1.6
-1- o Hz, 2H), 3.81 - 3.49
carbonyl)dec 4>< (m, 4H), 3.40 - 3.34 (m,
ahydro-1H- 2H), 3.21 - 3.10 (m,
cyclopropald 4H), 2.82 - 2.72 (m,
Ipyrrolo[1,2- 1H), 2.64 (s, 4H), 2.38
alazocin-6- - 2.27 (m, 2H), 2.27 -
yl)carbamoyl 2.17 (m, 1H), 2.16 -
)benzo[b]thio 2.02 (m, 2H), 1.97-
phen-5- 1.93 (m, 1H), 1.87 -
yDmethyl)ph 1.72 (m, 4H), 1.57 -
osphoryl)bis( 1.40 (m, 3H), 1.24 —
oxy))bis(etha 1.18 (m, 18H), 0.88 —
ne-2,1-diyl)) 0.84 (m, 1H), 0.26 -
bis(2,2- 0.18 (m, 1H).
dimethylprop
anethioate)

221 S,S"-(((((7- Ny ' 916.3 | 'H NMR (400 MHz,
(((35,68.7a8, &"fNj\\u{D [M+H]* | CD30D) 8 8.60 (s, 1H),
8aR,%aR)-3- 0o 8.29 (s, 1H), 8.10 (d, J

(3-(1H- N0 = 8.4 Hz, 1H), 8.05 (s,
imidazol-1- O 2H), 7.87 (d, ] = 4.0
yl)azetidine- O Hz, 1H), 7.77 d, J =
1-carbonyl)- e 8.4 Hz, 1H),7.57 - 7.44

5- °=g‘°\j o (m, 1H), 7.05 (d, J =
oxodecahydr \L Sﬁ‘ 17.2 Hz, 1H), 5.27 -

o-1H- S 5.19 (m, 1H), 5.12 (d,J
cyclopropald OA\,L = 8.4 Hz, 1H), 4.82 -
Ipyrrolo[1,2- 476 (m, 1H), 4.60 -
alazocin-6- 4.52 (m, 2H), 4.51 -
yl)carbamoyl 4.41 (m, 1H), 4.35(d, J
)naphthalen- = 6.4 Hz, 1H), 4.29 -

2- 4.11 (m, 5H), 3.19 -
yl)difluorom 3.08 (m, 4H), 2.49 (m,
ethyl)phosph 1H), 2.36 - 2.13 (m,
oryl)bis(oxy) 4H), 2.08 - 1.94 (m,
)bis(ethane- 2H), 1.85 - 1.72 (m,
2,1-diyl)) 1H), 1.47 - 1.37 (m,
bis(2,2- 1H), 1.18 (d, J = 3.2
Hz, 18H), 1.03 - 0.95
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dimethylprop (m, 1H), 0.86 (m, 1H),
anethioate) 0.09 (m, 1H).

222 S,S'- . H " 934.3 | 'H NMR (400 MHz,
((((difluoro(2 = Ay, [M+H]* | CDCl3) 6 8.76 (d, J =

- N}\C”‘\\i\)}j 4.9 Hz, 1H),8.17 - 8.06
(((3S,6S,7aR, HN._© (m, 1H), 8.01 - 7.93 (m,
8aS,9aR)-5- JEN 1H), 7.91 - 7.79 (m,
0x0-3-(3- 2H), 7.74 - 7.65 (m,
(pyrimidin-5- 1H), 7.24 (m, 1H), 4.98
yDazetidine- oKt - 4.83 (m, 2H), 4.64 -
1- ;"P\o 4.56 (m, 1H), 4.55 -
carbonyl)dec 2 N 4.40 (m, 2H), 430 -
ahydro-1H- s S~© 4.14 (m, 6H), 3.20 -
cyclopropald o \i( 2.98 (m, 4H), 2.19 (m,
Ipyrrolo[1,2- jz 3H), 2.13 - 2.06 (m,
alazocin-6- 4H), 1.33 - 1.22 (m,
yl)carbamoyl 8H), 1.00 - 0.88 (m,
Ybenzo[b]thio 12H).
phen-5-
yDmethyl)ph
osphoryl)bis(
oxy))bis(etha
ne-2,1-diyl))
bis(3-
methylbutane
thioate)

223 S.S-(((((2- Ho 897.3 | 'H NMR (400 MHz,
(((3S.68.7aR, | M= (:Dk [M+H]* | DMSO-dg) & 8.86 -
8aS.9aR)-5- | VTN M 8.76 (m, 1H), 8.56 (s,

0x0-3-(3- © % w0 1H), 849 — 8.44 (m,
(pyridin-3- A 1H), 821 (d, J = 4.4
yl)azetidine- Hz, 1H), 795 d, J =
1- 8.4 Hz, 1H), 7.86 (s,
carbonyl)dec ~ 1H), 7.44 - 7.33 (m,
ahydro-1H- ;,P\o 2H), 4.86 - 4.81 (m,
cyclopropald 2 1H), 4.63 — 4.59 (m,
Ipyrrolo[1,2- s SNA° 1H), 4.42 - 4.15 (m,
alazocin-6- o ;ﬁ 4H), 4.02 - 391 (m,
ycarbamoyl §< 5H), 3.87 — 3.84 (m,
Ybenzo[b]thio 1H), 3.49 - 3.38 (m,
phen-5- 2H), 3.17 - 2.93 (m,
ylmethyl)ph SH), 2.29 - 2.15 (m,
osphoryl)bis( 2H), 2.12 - 1.98 (m,
oxy))bis(etha 2H), 1.97 - 1.83 (m,
ne-2,1-diyl)) 2H), 1.75 - 1.63 (m,
bis(2,2- 1H), 1.60 - 1.47 (m,
dimethylprop 1H), 1.37 - 1.26 (m,
anethioate) 1H), 1.16 (d, J = 2.8

Hz, 18H), 0.80 — 0.7
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(m, 1H), 0.07 — 0.00
(m, 1H).
224 S,S'— t o 962.2 | 'H NMR (400 MHz,
((((difluoro(2 ﬂ \\%; [M+H]* | CD30D) 68.19 (s, 1H),
- ST\ . 8.15 - 8.08 (m, 2H)
= o0 ) )
(((35.65.7aR, (j"@ HN_O 8.00 - 7.91 (m, 2H),
8aS,9aR)-5- N 7.79 - 7.73 (m, 1H),
oxo-3j((.(R)- 7.72 - 7.63 (m, 2H),
1-(pyr1d1.n—.3— 4.53 (s, 1H), 4.31 (d, J
yl)pyrrolidin- 0 <r = 5.6 Hz, 1H), 4.24 -
3- 40 413 (m, 4H), 3.72 -
yl)carbamoyl 2 N 3.66 (m, 1H), 3.61 -
)decahydro- s S\° 3.54 (m, 1H), 3.53 -
1H- o \ir 3.47 (m, 1H), 3.16 -
cyclopropald 299 (m, 7H), 2.41 -
]pyrrolc?[1,2- 2.32 (m, 2H), 2.30 -
211)]az0]:)01n—6—1 2.22 (m, 2H), 2.17 (d, J
yl)carbamoy = 6.8 Hz, 4H), 2.13 (d,
)benzo[b]thio J =5.6 Hz, 1H), 2.04 -
phen-5- 2.01 (m, 2H), 1.80 -
yDmethyl)ph 1.70 (m, 2H), 1.65 -
osphoryl)bis( 1.53 (m, 3H), 0.92 (d, J
oxy))bis(.etha =6.4 Hz, 12H), 0.87 (s,
ne-2,1-diyl)) 3H), 0.23 - 0.14 (m,
bis(3- 1H).
methylbutane
thioate)
225 S.S- (. 934.3 | 'H NMR (400 MHz,
((difluoro(2 | =~ (\ND [M+H]* | CDCls) 6 8.76 (d, J =
- {N’*C“*\o g 4.9 Hz, 1H),8.17 - 8.06
(((3S,6S,7aR, (m, 1H), 8.01 -7.93 (m,
8aS,9aR)-5- s 1H), 7.91 - 7.79 (m,
ox.o—'3—.(3— 2H), 7.74 - 7.65 (m,
(pynml@1p-2— o FF 1H), 7.24 (m, 1H), 4.98
yl)azetidine- y’\o - 4.83 (m, 2H), 4.64 -
- X N 456 (m, 1H), 4.55 -
carbonyl)dec s S\E( 440 (m, 2H), 4.30 -
ahydro-1H- o 4.14 (m, 6H), 3.20 -
cyclopropald ? 2.98 (m, 4H), 2.19 (m,
]pyrrolg[l,2— 3H), 2.13 - 2.06 (m,
211)]az01;:1n—6—1 4H), 1.33 - 1.22 (m,
yl)carbamoy 8H), 1.00 - 0.88 (m,
Ybenzo[b]thio 12H).
phen-5-
yDmethyl)ph
osphoryl)bis(
oxy))bis(etha
ne-2,1-diyl))
bis(3-
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methylbutane
thioate)
226 diisopropyl H 870.2 | 'H NMR (400 MHz,
(((2- H N \ & [M+H]* | CDCl3) 6 8.05 - 8.00
(((35,6S,7aR, N\\\ (m, 1H), 7.91 - 7.85 (m,
8aS,9aR)-5- _ \ 00 *: 1H), 7.82 - 7.76 (m,
0x0-3-(((R)- U"O HN- 7 3H), 7.72 (s, 1H), 7.35
1-(pyridin-3- | N N\ (m, 1H), 7.07 - 6.93 (m,
yl)pyrrolidin- IH), 5.66 - 5.57 (m,
3- 4H), 4.92 - 4.88 (m,
yl)carbamoyl 2H), 4.59 (m, 2H), 4.16
)decahydro- Osy (s, 1H), 3.74 - 3.63 (mm,
1H- o /—o' "o 1H), 3.62 - 3.53 (m,
cyclopropald }—o o 1H), 3.44 - 335 (m,
Ipyrrolo[1,2- >—0 o 2H), 3.34 - 3.26 (m,
alazocin-6- 2H), 2.35 - 2.23 (m,
yl)carbamoyl )\ 2H), 2.20 - 2.13 (m,
Ybenzo[b]thio 3H), 1.99 - 1.88 (m,
phen-5- 2H), 1.83 - 1.76 (m,
yl)methyl)ph 4H), 1.33 - 1.28 (m,
osphoryl)bis( 12H), 1.25 - 1.12 (m,
oxy))bis(met 2H), 0.85 - 0.74 (m,
hylene)) 1H), 0.13 - 0.04 (m,
bis(carbonate 1H).
)

227 S,S"-(((((2- “ 975.6 | 'H NMR (400 MHz,
(((3S,6S,7a8S, R . Cng [M+H]* | CDsOD) & 8.20 - 8.14
8aR,9aR)-3- /©>C N g ~ (m, 2H), 8.06 (d, J =

(3-(4- 7 8.4 Hz, 1H), 7.83 (d, J
cyanophenyl) s = 84 Hz, 1H), 7.79 -
-3- 7.71 (m, 3H), 7.65 (d, J
fluoroazetidi F = 8.4 Hz, 1H), 5.17 -
ne-1- °;p\OF 5.02 (m, 2H), 4.81 -
carbonyl)-5- 4.65 (m, 1H), 4.61 -
oxodecahydr Zs i 0 4.53 (m, 1H), 4.41 (s,
o-1H- 0 i 1H), 438 - 429 (m,
cyclopropald :§< 2H), 4.28 - 4.13 (m,
Ipyrrolo[1,2- 4H), 3.22 - 3.08 (m,
alJazocin-6- 4H), 2.47 (m, 1H), 2.37
yl)carbamoyl - 2.27 (m, 2H), 2.26 -
Ybenzo[b]thio 2.11 (m, 2H), 2.09 -
phen-5- 1.91 (m, 2H), 1.75 (m,
yl)difluorom 1H), 1.48 - 1.36 (m,
ethyl)phosph 1H), 1.22 - 1.15 (m,
oryl)bis(oxy) 18H), 1.05 - 0.92 (m,
)bis(ethane- 1H), 0.89 - 0.80 (m,
2,1-diyl)) 1H), 0.08 (m, 1H).
bis(2,2-
dimethylprop
anethioate)

236




WO 2023/192960

PCT/US2023/065171

228 S.S'- H 9502 ['H  NMR (400
((((difluoro(2 F @ [M+H]* | MHz,CDCl3) & 8.07 (s,
- Ny } 1H), 791 (d, J = 84
(((3S,6S,7a8S, ©>C °©% hk_o Hz, 1H), 7.86 - 7.78
8aR,%aR)-3- (m, 1H), 7.62 (d, J =
(3-fluoro-3- g 8.8 Hz, 1H), 7.53 (d. ]
phenylazetidi = 7.2 Hz, 1H), 747 -
ne-1- F 7.36 (m, 4H), 5.22 -
carbonyl)-5- OQIP\OF 496 (m, 2H), 4.66 -
oxodecahydr ° K' 4.54 (m, 1H), 4.52 -
o-1H- 2 ) 440 (m, 2H), 4.39 -
cyclopropald 3 i 426 (m, 1H), 4.25 -
Ipyrrolo[1,2- °’§< 4.07 (m, SH), 3.17 -
alazocin-6- 2.99 (m, 4H), 2.40 -
yl)carbamoyl 2.23 (m, 3H), 2.17 -
)benzo[b]thio 2.00 (m, 4H), 1.68 —
phen-5- 1.62 (m, 1H), 145 —
yDmethyl)ph 1.42 (m, 1H), 1.19 (s,
osphoryl)bis( 18H), 1.01 - 0.92 (m,
oxy))bis(etha 1H), 0.86 - 0.79 (m,
ne-2,1-diyl)) 1H), -0.01 (d, J = 4.8
bis(2,2- Hz, 1H).
dimethylprop
anethioate)
229 S,S'- H 934.3 | 'H NMR (400 MHz,
((((difluoro(2 =N N [M+H]* | CDCls) & 8.90 - 8.78
- (N’}“CN‘\\‘O p (m, 2H), 8.17 - 8.10 (m,
(((3S,6S,7a8S, HN._0 1H), 7.99 - 7.93 (m,
8aR,9aR)-5- N 1H), 7.90 - 7.84 (m,
0x0-3-(3- 1H), 770 d, J = 7.6
(pyrimidin-2- . Hz, 1H), 7.51 - 7.39
yl)azetidine- o °F (m, 1H), 7.37 - 7.28 (m,
1- g9 1H), 5.11 - 4.90 (m,
carbonyl)dec Z H 2H), 4.67 - 4.55 (m,
ahydro-1H- s ° 2H), 4.51 (d, ] = 6.4
cyclopropald ° \if Hz, 1H), 4.47 - 4.36
Ipyrrolo[1,2- (m, 1H), 4.29-4.17 (m,
alJazocin-6- 6H), 3.18 - 2.98 (m,
yl)carbamoyl 4H), 2.38 - 2.25 (m,
)benzo[b]thio 3H), 2.21 - 2.17 (m,
phen-5- 4H), 2.12 (s, 1H), 1.73
yl)methyl)ph - 1.64 (m, 1H), 1.52 -
osphoryl)bis( 1.45 (m, 1H), 1.33 -
oxy))bis(etha 1.22 (m, 3H), 1.05 -
ne-2,1-diyl)) 0.98 (m, 1H), 0.95 (d,J
bis(3- = 6.8 Hz, 12H), 0.91 -
methylbutane 0.79 (m, 3H), 0.05 -
thioate) 0.02 (m, 1H)
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Synthesis of (35,65,8aR 9aS ,9bR)-6-((tert-butoxycarbonyl)amino)-8a-methyl-5-

oxodecahydro-1H-cyclopropalc]pyrrolo[1,2-alazocine-3-carboxylic acid

CHBr3;, BTEAC

LiOH NaOH
—_— —_—
THF/H,0 : / DCM, H,0

HOC & WHBoc 40°C
step 1 2 step 2

Br. Br

H, 40 psi
Pd/C, KOH

i-PrOH 70°C HO/{\ o)
(o]

3 4 step 3 5

[00531]  Step 1: (35,68, 10aR)-6-((tert-butoxycarbonyl)amino )-9-methyl-5-o0xo-
1,2,3,5,6,7,8,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylic acid

LiOH
B ——

THF/H,0

MGOZé HOzé

O NHBoc O NHBoc

[00532] To a solution of (35,65,10aR)-methyl 6-((tert-butoxycarbonyl)amino)-9-methyl-5-
ox0-1,2,3,5,6,7,8,10a-octahydropyrrolo[ 1,2-aJazocine-3-carboxylate (1.5 g, 4.25 mmol, 1 eq)
in tetrahydrofuran (6 mL) and water (2 mL) was added lithium hydroxide monohydrate (356
mg, 8.50 mmol, 2.0 eq). The reaction was stirred for 16 h at room temperature. The reaction
was then partially concentrated under reduced pressure to remove THF. The reaction was
diluted with water (20 mL) and EtOAc (50 mL). The phases were separated and the aqueous
phase was acidified with 1N aqueous HCI to pH = 1-2. The product was then extracted with
DCM (3 x 50 mL). The combined organic layers were dried with sodium sulfate, filtered and
concentrated under reduced pressure to give (35,65,10aR)-6-((tert-butoxycarbonyl)amino)-9-
methyl-5-o0x0-1,2,3,5,6,7,8,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylic acid (1.43 g,
100%) as a white solid. LCMS (ESI) m/z = 339.2 (M+H)".
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[00533]  Step 2: (3S,6S,8aR,9aR,9bR )-9,9-dibromo-6-((tert-butoxycarbonyl )amino)-8a-
methyl-5-oxodecahydro-1H-cyclopropa[c]pyrrolo[ 1,2-a]Jazocine-3-carboxylic acid and
(3S,6S,8a8,9aS,9bR )-9,9-dibromo-6-((tert-butoxycarbonyl )Jamino )-8a-methyl-5-
oxodecahydro-1H-cyclopropa[c]pyrrolo[1,2-aJazocine-3-carboxylic acid

Br, Br Br, Br
CHBr3, BTEAC HY e Ve
NaOH  * \
D ——— +
ol 4 DCM, H,0 _ y \ y
2 $ P § P
O NHBoc 40°C HOC & NHBoe HOL G NHBoc

[00534] To a solution of (35,65,10aR)-6-((tert-butoxycarbonyl)amino)-9-methyl-5-oxo-
1,2,3,5,6,7,8,10a-octahydropyrrolo[ 1,2-a]azocine-3-carboxylic acid (1.45 g, 4.28 mmol, 1 eq)
in methylene chloride (15 mL) were added bromoform (5.22 mL, 59.9 mmol, 14 eq) and
benzyltriethylammonium chloride (309 mg, 1.36 mmol, 0.32 eq) under nitrogen atmosphere.
A solution of sodium hydroxide (3.76 g, 94.1 mmol, 22 eq) in water (7.52 mL) was added.
The reaction was heated at reflux for 72 h. The reaction was then concentrated under reduced
pressure to remove DCM, water and most of excess bromoform. The resulting dark brown
residue was dissolved in water (50 mL) and acidified with 3 N aqueous HCI to pH 1-2. The
aqueous layer was extracted with DCM (3 x 50 mL) and the combined organic layers were
dried with sodium sulfate, filtered and concentrated under reduced pressure. The crude
residue was purified by reverse phase chromatography on a 275 g Cig cartridge eluting with
5-60% MeCN in water (with 0.1% formic acid). The first eluting product
(3S,65.,8a5,9a8,9bR)-9,9-dibromo-6-((tert-butoxycarbonyl)amino)-8a-methyl-5-
oxodecahydro-1H-cyclopropa| c]pyrrolo[1,2-alazocine-3-carboxylic acid (479 mg, 21.9%)
was isolated as a white solid. LCMS (ESI) m/z = 408.9 (M-Boc+H)*; '"H NMR (400 MHz,
CDCl3) 6 5.87 (d, J = 6.8 Hz, 1H), 4.54 (t, J = 8.8 Hz, 1H), 4.30 - 4.22 (m, 1H), 3.96 - 3.88
(m, 1H), 2.52 - 1.96 (m, 8H), 1.69 (d, J = 10.8 Hz, 1H), 1.44 (s, 9H), 1.36 (s, 3H).

[00535] The second eluting product (3S,65,8aR,9aR,9bR)-9,9-dibromo-6-((tert-
butoxycarbonyl)amino)-8a-methyl-5-oxodecahydro-1H-cyclopropal c]pyrrolo[ 1,2-aJazocine-
3-carboxylic acid (191 mg, 8.8%) was isolated as a white solid. LCMS (ESI) m/z = 408.9 (M-
Boc+H)*; 'H NMR (400 MHz, CDCl3) § 5.91 (s, 1H), 5.36 (d, J = 8.8 Hz, 1H), 4.78 - 4.70
(m, 1H), 4.66 (t, /= 7.6 Hz, 1H), 3.39 - 3.28 (m, 2H), 2.89 (dt, J = 13.9, 7.2 Hz, 2H), 2.48 -
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2.38 (m, 1H), 2.34 - 2.24 (m, 1H), 2.05 - 1.95 (m, 1H), 1.87 (s, 3H), 1.84 - 1.75 (m, 1H), 1.61
- 1.52 (m, 1H), 1.44 (s, 9H).

[00536] Step 3: (35,6S,8aR,9aS,9bR)-6-((tert-butoxycarbonyl)amino )-8a-methyl-5-
oxodecahydro-1H-cyclopropa[c]pyrrolo[1,2-a]Jazocine-3-carboxylic acid

Br, Br
Me H, 40 psi
Pd/C, KOH

H i-PrOH 70°C Ho,{\o 4

HO:C & NHBoc

[00537] In atube, (3S,65,8aS5,9aS,9hR)-9,9-dibromo-6-((tert-butoxycarbonyl)amino)-8a-
methyl-5-oxodecahydro-1H-cyclopropal c]pyrrolo[ 1,2-aJazocine-3-carboxylic acid (600 mg,
1.17 mmol, 1 eq) was dissolved in 2-propanol (10 mL) under nitrogen atmosphere. Then,
potassium hydroxide (393 mg, 7.02 mmol, 6 eq) and 10% palladium on carbon (50% wet)
(400 mg, 188 umol, 0.16 eq) were added. The tube was filled with hydrogen (40 psi) and
sealed. The reaction mixture was heated to 70°C for 20 h. The reaction mixture was then
cooled down to room temperature, diluted with MeOH and filtered on a Celite pad. The
filtrate was concentrated under reduced pressure. The crude residue was purified by reverse
phase chromatography on a 50 g Cis cartridge eluting with 5-60% MeCN in water (with 0.1%
formic acid) to afford after lyophilization (35,65,8aR,9aS.9bR)-6-((tert-
butoxycarbonyl)amino)-8a-methyl-5-oxodecahydro-1H-cyclopropalc]pyrrolo[ 1,2-a]azocine-
3-carboxylic acid (120 mg, 29.1%) as a white solid. LCMS (ESI) m/z = 353.2 (M+H)*; 'H
NMR (400 MHz, CDCl3) 6 5.87 (d, J=6.8 Hz, 1H), 4.56 (t, J=8.6 Hz, 1H),4.24 (t, J=7.9
Hz, 1H), 3.63 (dd, /=11.0, 6.4 Hz, 1H), 2.68 - 2.51 (m, 1H), 2.38 - 2.20 (m, 2H), 2.14 - 1.87
(m, 4H), 1.53 (dd, J = 15.3, 10.6 Hz, 1H), 1.44 (s, 9H), 1.04 - 0.93 (m, 4H), 0.54 (dd, J = 8.6,
4.9 Hz, 1H), 0.33 (t, /= 5.0 Hz, 1H).

HO.C O NHBoc

[00538] (38S,6S,8aS,9aR,9bR)-6-((tert-butoxycarbonyl)amino)-8a-methyl-5-oxodecahydro-
1H-cyclopropalc]pyrrolo[ 1,2-aJazocine-3-carboxylic acid was synthesized under same

conditions as above. LCMS (ESI) m/z = 353.2 (M+H)".
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Synthesis of
[(2-{[(1R,3S5,5R,75,105)-3-methyl-8-0x0-10-[3-(pyridin-3-yl)azetidine-1-carbonyl]-9-
azatricyclo[7.3.0.03,5]dodecan-7-ylJcarbamoyl }-1-benzothiophen-5-yl)methyl]phosphonic

acid

CHBr3
50% NaOH aq
TEBAC (20 mol%)

DCM

1 Step 1 2 Step 2 3

H N
Pd/C, KOH . d
- . N
iPrOH § /
Hz (40 PSI) HO\, O NHBoc
Step 3 4a 4b
fastest eluting isomer slowest eluting isomer
in SFC in SFC

[00539]  Step 1: (3S,6S,10aR)-6-{[(tert-butoxy)carbonyl]amino }-9-methyl-5-oxo-
1H,2H,3H,5H,6H,7H, 10H, 10aH-pyrrolo[ 1,2-a]azocine-3-carboxylic acid

LiOH G\,

NHBoc THF, H,0 HO’i\o o)

MeO’i\O 0] ;T\IHBoc

[00540] To a solution of methyl (35,6S5,10aR)-6-{[(tert-butoxy)carbonyl]amino }-9-
methyl-5-oxo-1H,2H,3H,5H,6H,7H,10H,10aH-pyrrolo[ 1,2-aJazocine-3-carboxylate (3.5 g,
9.93 mmol, 1 eq) in tetrahydrofuran (24 mL) and water (8 mL) was added lithium hydroxide
monohydrate (1.04 g, 24.8 mmol, 2.5 eq). The reaction mixture was stirred for 16 h at room
temperature. The reaction mixture was partially concentrated under reduced pressure (to
remove THF). The crude mixture was diluted with water (40 mL) and EtOAc (60 mL). The
phases were separated, and the aqueous phase was acidified with 1 N HCI (pH = 1-2) and
then the product was extracted with DCM (3 x 60 mL). The combined organic layers were
dried with sodium sulfate, filtered and concentrated under reduced pressure. The crude

residue was purified by reverse phase chromatography on 150 g Cis cartridge eluting with 5-
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60% MeCN in water (with 0.1% formic acid) to give (35,6S5,10aR)-6-{[(tert-
butoxy)carbonyl]amino }-9-methyl-5-oxo-1H,2H,3H,5H,6 H,7H,10H,10aH-pyrrolo[ 1,2-
alazocine-3-carboxylic acid (2.85 g, 84.8%) as a white solid. LCMS (ESI): m/z = 339.1
(M+H)*; 'H NMR (400 MHz, DMSO-ds) & 12.32 (br. s., 1H), 6.75 (d, J = 7.3 Hz, 1H), 5.48 -
5.39 (m, 1H), 4.47 (q, J=7.4 Hz, 1H), 4.19 (d, J=7.1 Hz, 2H), 2.77 - 2.52 (m, 2H), 2.26 -
2.03 (m, 4H), 1.83 (br. s., 2H), 1.74 (s, 3H), 1.36 (s, 9H).

[00541]  Step 2: (IR, 7S,10S)-4,4-Dibromo-7-{[(tert-butoxy )carbonyl]amino }-3-methyl-8-

oxo-9-azatricyclo[7.3.0.0° 5 ]dodecane-10-carboxylic acid

CHBr3
50% NaOH ag N

TEBAC (20 mol%) O
N

DCM 3 4
HO/\O O NHBoc

[00542] To a solution of (35,65,10aR)-6-{[(tert-butoxy)carbonyl]amino }-9-methyl-5-oxo-
1H,2H,3H,5H,6H,TH,10H,10aH-pyrrolo[1,2-a]azocine-3-carboxylic acid (1.5 g, 4.43 mmol,
1 eq) in methylene chloride (50 mL) was added tribromomethane (3.84 mL, 44.3 mmol, 10
eq) and benzyltriethylammonium chloride (201 mg, 886 pmol, 0.2 eq) under nitrogen
atmosphere. A solution of sodium hydroxide (3.89 g, 97.4 mmol, 22 eq) in water (7.8 mL)
was added. The reaction mixture was heated to 40°C for 24 h. The reaction mixture was
concentrated under reduced pressure to remove DCM, water, and most of bromoform. The
dark brown residue was dissolved in water (30 mL) and slowly acidified with 3 N aqueous
HCI under stirring to pH = 2. The acidic aqueous layer was washed with DCM (3 x 30 mL).
The combined organic layers were dried with sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by reverse phase chromatography on 150 g
Cis cartridge eluting with 5-60% MeCN (with 0.1% formic acid in water) to give

(1R, 78,108)-4 4-dibromo-7-{[(tert-butoxy)carbonyl]amino }-3-methyl-8-ox0-9-
azatricyclo[7.3.0.03,5]dodecane-10-carboxylic acid (1.42 g, 62.8%) as a beige solid. 'H NMR
(400 MHz, DMSO-de) & 12.45 (br. s., 1H), 6.70 (d, J = 6.8 Hz, 1H), 4.55 - 4.03 (m, 3H), 2.43
-2.08 (m, 4H), 2.06 - 1.97 (m, 1H), 1.96 - 1.67 (m, 4H), 1.55 - 1.50 (m, 1H), 1.48 - 1.44 (m,
1H), 1.42 - 1.24 (m, 10H).
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[00543] Step 3: (IR, 7S,10S)-4,4-Dibromo-7-{[(tert-butoxy )carbonyl]amino }-3-methyl-§-
oxo-9-azatricyclo[7.3.0.0° 5 ]dodecane-10-carboxylic acid

Br
R Br
O Pd/C, KOH .
_—
N iPrOH
HO™Y, O NHBoc Hz (40 PSI)

[00544] In a pressure vessel, (1R,7S5,105)-4,4-dibromo-7-{[(tert-butoxy)carbonyl]amino }-
3-methyl-8-0x0-9-azatricyclo[7.3.0.03,5]dodecane- 10-carboxylic acid (1.4 g, 2.74 mmol, 1
eq) was dissolved in 2-propanol (40 mL) and then, under nitrogen atmosphere, potassium
hydroxide (920 mg, 16.4 mmol, 6 eq) and 10% palladium on carbon (50% wet) (1.44 g, 0.68
mmol, 0.25 eq) were added. The reaction mixture was heated to 70°C under 40 psi of
hydrogen for 21 h. The reaction mixture was cooled down to room temperature, diluted with
MeOH and filtered over a Celite pad. The filtrate was concentrated under reduced pressure.
The crude carboxylate was diluted in minimal amount of water. The crude product was
purified by reverse phase chromatography on 50 g Cis cartridge eluting with 5-60% MeCN in
water (with 0.1% formic acid in water). The tubes containing the pure product were
concentrated under reduced pressure to give the desired product (460 mg) as a white solid
(mixture of two isomers). The product was submitted to chiral SFC separation (SFC
conditions: Column Lux amylose-1 21.2 x 250 mm 5 um column, 10 mg/inj, concentration
1.67 mg/mL, Column T = 40°C, Flow rate 25 mL/min, 10% MeOH, cycle time: 4.6 min) to
give (1R,35,5R,75,108)-7-{[(tert-butoxy)carbonyl]amino }-3-methyl-8-ox0-9-
azatricyclo[7.3.0.03,5]dodecane-10-carboxylic acid (180 mg, 18.6%, fastest eluting isomer) as
a white solid. LCMS (ESI): m/z = 353.2 (M+H)*. 'H NMR (400 MHz, benzene-ds) & 6.30 -
6.18 (m, 1H), 4.52 - 4.32 (m, 2H), 3.60 - 3.47 (m, 1H), 2.25 - 2.20 (m, 1H), 1.77 - 1.72 (m,
1H), 1.66 - 1.53 (m, 3H), 1.46 (s, 9H), 1.42 - 1.25 (m, 4H), 1.17 - 1.06 (m, 1H), 0.81 (s, 3H),
0.33 - 0.30 (m, 1H), 0.04 - -0.10 (m, 1H). (1R,3R.,55,75.105)-7-{[(tert-
butoxy)carbonyl]amino }-3-methyl-8-oxo0-9-azatricyclo[7.3.0.03,5]dodecane-10-carboxylic
acid (256 mg, 26.5%, slowest eluting isomer) was also isolated as a white solid. LCMS (ESD):
m/z = 353.2 (M+H)*; '"H NMR (400 MHz, benzene-ds) § 5.33 - 5.31 (m, 1H), 4.52 - 4.46 ( m,
1H), 4.11 - 4.09 (m, 1H), 3.30 - 3.26 (m, 1H), 2.34 - 2.31 (m, 1H), 2.02 - 1.86 (m, 1H), 1.62 -
1.45 (m, 3H), 1.44 (s, 9H), 1.36 - 1.09 (m, 2H), 1.12 - 0.90 (m, 2H), 0.75 (s, 3H), 0.46 - 0.32
(m, 1H), 0.17 - 0.14 (m, 1H), -0.42 (t, J = 4.4 Hz, 1H).
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Synthesis of linkers:

Synthesis of ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid and
((2-((allyloxy)carbonyl)benzo[s]thiophen-5-yl)fluoromethyl)phosphonic acid:

o)

EtO / - . E'O)/,_(/\/@Am EtO, )/_(/D;(\) B okt
0 s Step 1 o s Step 2 o s
1 2 3
F F F
o) o]
- EO " - -~ Ho P/,O - . HO &
£ OE! / P oEt e OF
Step 3 g s Step 4 g s EtO Step 5 o s
4 5 6
o) 0
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[00545] Ethyl 5-methylbenzo[b]thiophene-2-carboxylate was prepared according to the
procedure described in WO 2016/100184.

[00546]  Step 1: ethyl 5-(bromomethyl)benzo[b]thiophene-2-carboxylate

[00547] To a solution of ethyl 5-methylbenzo[b]thiophene-2-carboxylate (1, 7.3 kg, 33.1
mol, 1.0 eq.) in CHCl3 (58 L) stirred at 20 °C was added AIBN (544 g, 3.31 mol, 0.10 eq.)
and NBS (6.19 kg, 34.8 mol, 1.05 eq.). The mixture was heated from 30 °C to 50 °C over 4 h
and was then heated to 60 °C and stirred for 12 hours. After completion, the reaction mixture
was cooled to 10 °C and 15% NazSOs3 (20 L) was added. The organic layers were washed
with H2O (20 L * 2), dried over Na2SOys, and concentrated under reduced pressure at 45 °C to
afford ethyl 5-(bromomethyl)benzo[b]thiophene-2-carboxylate (2, 9.50 kg, 23.5 mol, 70.9%
yield, 74.0% purity) as a yellow solid. LCMS (ESI): m/z = 298.9 [M+H]*; '"H NMR (400
MHz, CDCl3) 6 8.034 (s, 1H), 7.89 — 7.84 (m, 2H), 7.50 (d, J = 9.6 Hz, 1H), 4.64 (s, 2H),
4.45 - 4.40 (m, 2H), 1.45 — 1.41 (m, 3H).

[00548]  Step 2: ethyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate
[00549] To a solution of ethyl 5-(bromomethyl)benzo[b]thiophene-2-carboxylate (2, 9.50
kg, 31.8 mol, 1.0 eq.) in DMF (28.5 L) stirred at 20 °C was added triethyl phosphite (5.8 kg,
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34.9 mol, 1.1 equiv). The mixture was heated to 100 °C and stirred for 5 hrs. After
completion, the reaction mixture was cooled to 15 °C, poured into H>O (50.0 L), and
extracted with EtOAc (20 L *2). The combined organics were washed with HO (20 L * 2)
and brine (10 L), dried over Na2SOu4, and concentrated under reduced pressure at 45 °C to
give a residue. Crude residue was purified by silica gel chromatography (Petroleum
ether/Ethyl acetate = 100/1 to 1/1, Petroleum ether/Ethyl acetate = 0/1) to afford ethyl 5-
((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-carboxylate (3, 5.24 kg, 14 mol, 44.4%
yield) as yellow solid. LCMS (ESI): m/z = 356.9 [M+H]*. 'H NMR (400 MHz, CDCls) & 8.02
(s, 1H), 7.82 — 7.80 (m, 2H), 7.41 (d, ] = 2.0 Hz, 1H), 4.44 — 4.41 (m, 2H), 4.05 - 4.01 (m,
4H), 3.27 (d, ] =21.6 Hz, 2H), 1.46 — 1.42 (m, 3H), 1.27 — 1.23 (m, 6H).

[00550] STEP 3: ethyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylate

[00551] Three batches were carried out in parallel.

[00552] To a solution of ethyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (3,250 g, 702 mmol, 1.00 eq) and N-(benzenesulfonyl)-N-
fluorobenzenesulfonamide (221 g, 702 mmol, 1.00 eq) in THF (2.50 L) was added dropwise
LiHMDS (1 M, 702 mL, 1.00 eq) at -70 °C under N2. The mixture was stirred at -70 °C for 3
hrs. Following completion, the reaction mixture was poured into saturated NH4Cl aqueous
solution (5.00 L) slowly at O °C and the mixture was stirred at O °C for 0.5 hr. Then three
batches were combined to workup. The mixture was extracted with ethyl acetate (5.00 L *
3). The organic layers were combined, washed with brine (5.00 L), dried over anhydrous
Na>SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography (SiOa, petroleum ether/ethyl acetate = 1/0 - 3/1, R = 0.30, petroleum
ether/ethyl acetate = 1/1) to give ethyl 5-
((diethoxyphosphoryD)fluoromethyl)benzo[b]thiophene-2-carboxylate (4, 357 g, 928 mmol,
44.1% yield) as yellow oil. LCMS (ESI): m/z = 375.0 [M+H]*. '"H NMR (400 MHz, CDCl3) §
8.07 (s, 1H), 8.00 (s, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H), 5.88 - 5.75 (m,
1H), 4.45 - 4.40 (m, 2H), 4.15 - 4.05 (m, 4H), 1.45 - 1.41 (m 3H), 1.31 - 1.28 (m, 6H).
[00553]  Step 4: 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylic
acid

[00554] To a solution of ethyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylate (4, 252 g, 673 mmol, 1.00 eq) in MeOH (1.80 L) was added H20O (760 mL) and
LiOH*H20 (56.5 g, 1.35 mol, 2.00 eq) at 10 - 20 °C under N2. The mixture was stirred at 10
-20 °C for 1 hr. TLC (petroleum ether/ethyl acetate = 1/1) showed that compound 4 was
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consumed (R¢=0.30) and desired spot (Rf = 0.10) was formed. The reaction mixture was
quenched by H20 (2.50 L) and then adjusted pH to 3 - 4 with HCI (aq.1M). The mixture was
extracted with dichloromethane (2.50 L * 3). The combined organic layers were dried over
anhydrous Na2SO4 and concentrated under reduced pressure to give 5-
((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylic acid (5, 222 g, 626
mmol, 93.0% yield) as a white solid.

[00555] STEP 5: allyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylate

[00556] Two batches were carried out in parallel.

[00557] To a solution of 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylic acid (5, 178 g, 514 mmol, 1.00 eq) in DMF (1.78 L) was added K>CO3 (142 g,
1.03 mol, 2.00 eq) and allyl bromide (68.4 g, 565 mmol, 1.10 eq) at 10 - 20 °C. The mixture
was stirred at 10 - 20 °C for 12 hrs. TLC (petroleum ether/ethyl acetate = 0/1) showed that
compound 5 was consumed (R¢= 0.60) and a new spot (R¢= 0.70) was formed. The reaction
mixture was diluted with H2O (6.00 L), extracted with ethyl acetate (2.00 L * 3). The organic
layers were combined. The mixture was washed with brine (2.00 L) and NH4Cl (2.00 L),
dried over anhydrous Na>SO4 and concentrated under reduced pressure to give allyl 5-
((diethoxyphosphoryD)fluoromethyl)benzo[b]thiophene-2-carboxylate (6, 388 g, 985 mmol,
95.8% yield) as yellow oil.

[00558]  Step 6. ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-yl)methyl)phosphonic acid
[00559] To a solution of allyl 5-((diethoxyphosphoryl)methyl)benzo[b]thiophene-2-
carboxylate (7, 50 g, 136 mmol, 1.0 eq.) in DCM (5 L) was added TMSBr (411 g, 2.71 mol,
20.0 eq.) dropwise at 0 °C. After addition, the reaction mixture was allowed to warm to room
temperature and stirred for an additional 12 hrs. The reaction progress was monitored by
LCMS. After completion, the reaction mixture was concentrated under reduced pressure and
water was added. The resulting mixture was filtered and the filter cake was washed with
water (2 L), then dried in vacuum to afford ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
yl)methyl)phosphonic acid (40.3 g, 129 mmol, 95%) as a yellow solid. 'H NMR (400 MHz,
DMSO-ds) 6 8.20 (s, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.87 (s, 1H), 7.43 (d, J = 8.4 Hz, 1H),
6.10-5.98 (m, 1H), 5.46-5.37 (m, 1H), 5.33-5.24 (m, 1H), 4.86-4.77 (m, 2H), 3.08 (d, J =21.2
Hz, 2H). LCMS (ESI) m/z = 313.1 [M+H]*.

[00560]  Step 7: ((2-((allyloxy)carbonyl)benzo[b]thiophen-5-yl)fluoromethyl)phosphonic

acid
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[00561] To a solution of allyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylate (9, 5.2 g, 13.5 mmol, 1.0 eq.) in DCM (500 mL) was added TMSBr (41.1 g, 270
mmol, 20.0 eq.) dropwise at 0 °C. After the addition, the reaction mixture was allowed to
warm to room temperature and stirred for an additional 12 hrs. The reaction progress was
monitored by LCMS. After completion, the reaction mixture was concentrated under reduced
pressure and water was added. The resulting mixture was filtered and the filter cake was
washed with water (200 mL), then dried in vacuum to afford ((2-
((allyloxy)carbonyl)benzo[b]thiophen-5-yl)fluoromethyl)phosphonic acid (3.1 g, 9.37 mmol,
69%) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) & 8.32 (s, 1H), 8.14-8.05 (m, 2H),
7.59 (d, J=8.4 Hz, 1H), 6.12-5.99 (m, 1H), 5.84 (dd, J = 44.3, 8.2 Hz, 1H), 5.49-5.40 (m,
1H), 5.35-5.27 (m, 1H), 4.88-4.81 (m, 2H). LCMS (ESD): m/z = 329.1 [M-H]".

Chiral separation of allyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-

carboxylate

[00562] Rac- allyl 5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate
(617 g, 1.62 mol, 1.00 eq) was purified by SFC to give allyl (S)-5-
((diethoxyphosphoryD)fluoromethyl)benzo[b]thiophene-2-carboxylate (Peak 1) and allyl (R)-
5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate (Peak 2).

[00563] Preparative SFC method: Instrument: Waters 350 Preparative SFC. Column:
REGIS (S,S) WHELK-O1, 250x50 mm L.D., 10 um. Mobile phase: A for CO; and B for
MEOH (Neu). Gradient: B 30 %. Flow rate: 220 g/min. Back pressure: 100 bar. Column
temperature: 35 °C. Wavelength: 220 nm. Cycle-time: 3.3 min.

[00564] Analytical SFC method: Column: Kromasil (S,5) WHELK-O1, 50x4.6 mm L.D.,
3.5 um. Mobile phase: A for CO2 and B for MEOH (0.05% DEA). Gradient: B 5 to 40 %
Flow rate: 3 mL/min. Back pressure: 100 bar. Column temperature: 35 °C. Wavelength: 220
nm.

[00565]  allyl (S)-5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate
(Peak 1, 267 g, 685 mmol, 39.7% yield, >99 %ee, RT= 1.36 min) was obtained as yellow oil.
LCMS (ESI): m/z =387.1 [M+H]".

[00566] allyl (R)-5-((diethoxyphosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate
(Peak 2, 270 g, 676 mmol, 39.2% yield, >99 %ee, RT= 1.55 min) was obtained as yellow oil.
LCMS (ESI): m/z =387.1 [M+H]".
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[00567] Assignment of absolute stereochemical configuration was made by comparison of
experimental vibrational circular dichroism (VCD) spectra with theoretical VCD spectra
obtained from DFT calculations.

[00568] The following intermediates in Table 29 were prepared using the method
described above in step 7 for the preparation of ((2-((allyloxy)carbonyl)benzo[5]thiophen-5-

yl)fluoromethyl)phosphonic acid and utilizing the appropriate starting materials and

modifications.
Table 29
Name Structure LCMS
(S-((2- e 329
((allyloxy)carbonyl)benzo[b]thiophen-5- O>_(/t©/('s)\,f"\o,_| [M-HJ
yDfluoromethyl)phosphonic acid _s/° s ©
®(2- T o 329
((allyloxy)carbonyl)benzo[b]thiophen-5- OW,P\OH [M-H]
yDfluoromethyl)phosphonic acid _, 9 s ©

Synthesis of perfluorophenyl 5-((S)-fluoro((R)-(((S)-1-oxo-1-propoxypropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

) O
\/\ \/\
0 — 0 g
Step 1 Step 2
S F _— ] F —
(S) p~OEt (S) p—~OH

EtO™ "\ HO™\\

(0] O

o OH 0o \/\O = .
\/\ HoN ?) o/\/ S
O — : (S P,O

Step 3 R
S F P . © NH\@
(s
(S)},-Cl o}
o
o)
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F
o} F F o}
F
S
5,0 F F
Step 4 O/’P\ Step 5
— > NH »
e ((S)
(0]
02
F F
F F F F
o] 0
F O = F F o = F
S F S
@r° (&) °
o3 + 0% %
NH NH

[00569] Step 1: Preparation of (S)-((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
yl)fluoromethyl)phosphonic acid

[00570] To a solution of allyl (S)-5-
((diethoxyphosphoryD)fluoromethyl)benzo[b]thiophene-2-carboxylate (20 g, 52 mmol, 1 eq)
in methylene chloride (500 mL) was added trimethylsilyl iodide (21 g, 0.10 mol, 2 eq). The
mixture was stirred at 0 °C for 1 hour to give a brown solution. The reaction mixture was
concentrated under reduced pressure to give a residue. The reaction residue was purified by
prep-HPLC (TFA) to lyophilized to give (S)-((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
yDfluoromethyl)phosphonic acid (12 g, 36 mmol, 70% yield) as a brown solid. LCMS (ESI)
m/z =330.9

[00571]  Step 2: Preparation of allyl (S)-5-
((dichlorophosphoryl)fluoromethyl)benzo[b]thiophene-2-carboxylate

[00572] To a solution of (S)-((2-((allyloxy)carbonyl)benzo[b]thiophen-5-
yDfluoromethyl)phosphonic acid (11 g, 33 mmol, 1 eq) in methylene chloride (200 mL) was
added dimethylformamide (0.24 g, 3.3 mmol, 0.1 eq) at O °C under Nz atmosphere, then
oxalyl chloride (13 g, 0.10 mol, 3 eq) was added dropwise and stirred at 0 °C for 30 minutes
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and warmed to 40 °C for 1 hour to give a brown solution. The reaction mixture was
concentrated under reduced pressure to give allyl (S)-5-
((dichlorophosphoryDfluoromethyl)benzo[b]thiophene-2-carboxylate (11 g crude) as a yellow
solid. LCMS (ESI) m/z = 358.9.

[00573]  Step 3: Preparation of allyl 5-((1S)-fluoro((((S)-1-oxo-1-propoxypropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00574] To a solution of (S)-5-((dichlorophosphoryl)fluoromethyl)benzo[b]thiophene-2-
carboxylate (11 g, 30 mmol, 1 eq) in methylene chloride (150 mL) was added phenol (2.2 g,
24 mmol, 0.8 eq) in methylene chloride (20 mL) over 10 minutes at O °C, then a solution of
N,N-diisopropylethylamine (12 g, 90 mmol, 3 eq) in methylene chloride (200 mL) was added
dropwise over 1.5 hours and the mixture was stirred at 25 °C for 5 minutes to give a yellow
solution to which a solution of propyl (2S)-2-aminopropanoate (3.9 g, 30 mmol, 1 eq) in
methylene chloride (20 mL) was added and the mixture was stirred at 25 °C for 1 hour to give
a yellow clean solution. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by flash silica gel chromatography to give allyl 5-
((1S)-fluoro((((S)-1-ox0-1-propoxypropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (7.4 g, 14.2 mmol,
47% yield) as a yellow solid. LCMS (ESI) m/z = 520.2

[00575]  Step 4: Preparation of 5-((1S)-fluoro((((S)-1-oxo-1-propoxypropan-2-

yl)amino )(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid

[00576] To a solution of allyl 5-((1S)-fluoro((((S)-1-oxo-1-propoxypropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate (3.5 g, 6.7 mmol, 1
eq) in methylene chloride (40 mL) at 0 °C under N2 atmosphere was added pyrrolidine (0.38
g, 5.4 mmol, 0.8 eq) and palladium;triphenylphosphane (0.7 g, 0.67 mmol, 0.11 eq) dropwise
and stirred at 0 °C for 10 minutes and warmed to 25 °C for 10 minutes to give a brown
solution. The reaction mixture was concentrated under reduced pressure to give a residue.
The reaction residue was purified by prep-HPLC (TFA) to lyophilized to give 5-((1S5)-
fluoro((((S)-1-oxo-1-propoxypropan-2-
ylamino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid (2.8 g, 5.9
mmol, 87% yield) as a white solid. '"H NMR (400 MHz, CDCl3) 6 8.10 (d, J = 11.2 Hz, 2H),
7.97 (d,J =8.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.38 - 7.30 (m, 2H), 7.19 (d, ] = 7.6 Hz,
3H), 6.20 - 5.99 (m, 1H), 4.05 - 3.77 (m, 3H), 1.68 - 1.42 (m, 2H), 1.22 (d, J =7.2 Hz, 3H),
0.89 - 0.85 (m, 3H)
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Step 5: Preparation of perfluorophenyl 5-((S)-fluoro((R)-(((S)-1-0x0-1-

propoxypropan-2-yl)amino )(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

and perfluorophenyl 5-((S)-fluoro((S)-(((S)-1-oxo-1-propoxypropan-2-

yvl)amino )(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate

[00578]

To a solution of 5-((1S)-fluoro((((S)-1-oxo-1-propoxypropan-2-

yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid (3.0 g, 6.3

mmol, 1 eq) in pyridine (15 mL) at O °C under N2 atmosphere was added 2,3,4,5,6-

pentafluorophenyl 2,2,2-trifluoroacetate (5.2 g, 19 mmol, 3 eq) dropwise and stirred at 0 °C

for 10 minutes and warmed to 25 °C for 1 hour to give a brown solution. The reaction

mixture was concentrated under reduced pressure to give a residue. The residue was purified

by flash silica gel chromatography in 3:1 Petroleum ether/ethyl acetate to afford product.

The analogous (R)-F isomer was made in a similar manner. Analytical data for all 4 isomers

are listed in the table below. SFC conditions used in the peak assignments are as follows:
Chiralpak AS-3 50x4.6mm 1.D., 3um. Mobile phase: Phase A for CO2, and Phase B for
EtOH (0.05%DEA); Gradient elution: B in A from 5% to 40%. Flow rate: 3mL/min;

Detector: PDA;Column Temp: 35C;Back Pressure: 100Bar.

Name

Structure

LCMS

NMR

perfluorophenyl 5-
((S)-fluoro((R)-(((S)-
1-oxo-1-
propoxypropan-2-
yl)amino)(phenoxy)ph
osphoryl)methyl)benz
o[b]thiophene-2-
carboxylate

or
perfluorophenyl 5-

((S)-fluoro((S)-(((S)-

1-oxo-1-

propoxypropan-2-

yl)amino)(phenoxy)ph

osphoryl)methyl)benz

o[b]thiophene-2-
carboxylate

or

CFTE-27B, SFC Peak 2
Ret. Time = 1.46 Minutes

645.9
[M+H]*

TH NMR (400 MHz,
CD:OD) & 8.52 (s,
1H), 8.25 (s, 1H), 8.14
d, J = 84 Hz, 1H),
781 (d, J = 8.4 Hz
1H), 7.39 - 7.32 (m,
2H), 7.27 - 7.16 (m,
3H), 625 - 6.01 (m,
1H), 4.00 (t,J = 6.8 Hz,
2H), 3.92 - 3.82 (m,
1H), 1.63 - 1.52 (m,
2H), 1.14 (d, J = 7.2
Hz, 3H), 0.90 (1, =7.2
Hz, 3H)
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perfluorophenyl 5- . F . 646.0 |'H NMR (400 MHz,
((S)-fluoro((R)-(((S)- K?E a [M+H]* | CD3OD) & 8.51 (s,
1-oxo0-1- F 0" N 1H), 8.27 (s, 1H), 8.11
propoxypropan-2- F )KSQDE{,O (d,)J = 8?4 HZ? 1H),
yl)amino)(phenoxy)ph ‘NH\© 779 (d, ] = 8.8 Hz,
osphoryl)methyl)benz "y ° 1H), 7.40 - 7.33 (m,
o[b]thiophene-2- g 2H), 7.25 - 7.18 (m,
carboxylate . z 3H), 627 - 6.08 (m,
1H), 4.03 - 3.85 (m,
or 3H), 1.63 - 1.51 (m,
2H), 1.25 d, J =72
perfluorophenyl 5- . i . Hz,3H), 0.89 (t,]=7.6
((S)-fluoro((S)-(((S)- i Hz, 3H)
1-ox0-1- F o F
propoxypropan-2- F S \<\ H(s o
yl)amino)(phenoxy)ph S P"’NH\O
osphoryl)methy)benz | " o o
o[b]thiophene-2- g
carboxylate z
CFTE-27A, SFC Peak 1
Ret. Time = 0.89 Minutes
perfluorophenyl 5- . 645.9 |'H NMR (400 MHz,
((R)-fluoro((R)-(((S)- j@i o [M+H]* | CD3:0OD) 6 8.50 - 8.44
1-oxo0-1- F 07 N m, 1H), 8.26 - 8.18
propoxypropan-2- F )KSQD;\:F/O Em, IH;, 8.13 - 8.03
yl)amino)(phenoxy)ph & P‘NH\© (m, 1H), 7.81 - 7.72
osphoryl)methyl)benz | "™ o (m, 1H), 7.41 - 7.28
o[b]thiophene-2- d (m, 2H), 7.27 - 7.11
carboxylate 2 (m, 3H), 622 - 6.00
” (m, 1H), 401 - 3.94
or (m, 2H), 3.93 - 3.83
(m, 1H), 1.63 - 1.51
perfluorophenyl 5- i (m, 2H), 1.23 (d, J =
((R)-fluoro((S)-(((S)- 7.2 Hz, 3H), 093 -
1-oxo-1- 0.83 (m, 3H)

propoxypropan-2-
yl)amino)(phenoxy)ph
osphoryl)methyl)benz
o[b]thiophene-2-
carboxylate

CFTE-28A, SEC Peak 2
Ret. Time = 1.95 Minutes
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perfluorophenyl 5- L 646.1 |'H NMR (400 MHz,
((R)-fluoro((R)-(((S)- ji;[ 9 [M+H]* | CD;0D) & 8.40 (s,
1-oxo0-1- T T £ 1H), 8.17 - 8.06 (m,
propoxypropan-2- @P;O\© 1H), 8.04 - 7.95 (m,
yDamino)(phenoxy)ph | NH 1H), 7.75 - 7.64 (m,
osphoryl)methyl)benz 310 1H), 7.29 - 7.18 (m,
o[b]thiophene-2- : 2H), 7.14 - 6.98 (m,
carboxylate or 2 3H), 6.18 - 5.93 (m,
1H), 3.87 - 3.79 (m,
or 1H), 3.79 - 3.67 (m,
F 2H), 148 - 1.36 (m,
perfluorophenyl 5- F]@[F 0 2H), 1.15 - 1.09 (m,
((R)-fluoro((S)-(((S)- | * o \(/Z: \F 3H),0.76 (t, ] =7.6 Hz,
1-ox0-1- ' ® ?;R,o 3H)
propoxypropan-2- "NH\@
yl)amino)(phenoxy)ph %)=o
osphoryl)methyl)benz R
o[b]thiophene-2- 2
carboxylate CFTE-28B, SFC Peak 1
Ret. Time = 1.51 Minutes

[00579] The following intermediates in Table 30 were prepared using the synthetic
procedure described above for allyl 5-((1S)-fluoro((((S)-1-oxo-1-propoxypropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate and utilizing the

appropriate starting materials and modifications.

Table 30
Name Structure LCMS
allyl 5-((1R)-fluoro((((S)-1- =_ E o 520.1
0x0-1-propoxypropan-2- & 7 ® /F"/\NJ}(O [M+H]*
yl)amino)(phenoxy)phosphoryl) O%QD/\; "o L
methyl)benzo[b]thiophene-2-
carboxylate

[00580] The following phosphorus chiral intermediates in Table 31 were obtained by
chiral SFC separation of the corresponding P-isomer mixtures, which were prepared using the
synthetic procedure described above for allyl 5-((1S)-fluoro((((S)-1-oxo-1-propoxypropan-2-
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylate and utilizing the
appropriate starting materials and modifications. Absolute stereochemical configuration at

phosphorus is arbitrarily assigned as drawn.

253



WO 2023/192960 PCT/US2023/065171
Table 31
Name Structure LCMS Preparative SFC
conditions for
separation
allyl 5-((S)-fluoro((R)- =_ N 520.2 | ChiralPak R.R-
(((S)-1-oxo0-1- 0)_(/\/()/(!}‘!?;51.”)\[(01 [M+H]* | WHELK 250%x21.2mm
propoxypropan-2- o S 0 © 5 um column; Mobile
yDamino)(phenoxy)ph @ phase: A for CO2and B
osphoryl)methyl)benz for MeOH + 0.1%
o[b]thiophene-2- NH;3H20; Gradient: B
carboxylate (Peak 1, RT = 4.46 min) 50%; Flow rate: 40
allyl 5-((S)-fMluoro((S)- 5202 | mL/min; Back
+ | pressure: 100 bar;
(((S)-1-oxo0-1- )_(D/f!)\ﬁs)-n [M+H] ’
propoxypropan-2- Coluriln temperature:
. 35 °C; Wavelength:
yl)amino)(phenoxy)ph .
220 nm; Cycle-time:
osphoryl)methyl)benz 11 min
o[b]thiophene-2-
carboxylate (Peak 2,RT=6.54 min)
allyl 5-((R)- =_ E o 520.2 | ChiralPak IH 250x21.2
fluoro((R)-(((S)-1- OWI%HH/L”/OL M+H]* |mm 5 pum column;
0Xx0-1-propoxypropan- o s 0 © Mobile phase: A for
2- @ COz and B for MeOH +
ylDamino)(phenoxy)ph 0.1% NH3H20;
osphoryl)methyl)benz Gradient: B 35%; Flow
o[b]thiophene-2- (Peak 1, RT = 2.72 min) rate: 40 mL/min; Back
carboxylate pressure: 100  bar;
allyl 5-((R)-fluoro((S)- =_ 520.2 | Column temperature:
(((S)-1-0xo0-1- b '?srujﬁr L [M+H]* | 35 °C; Wavelength:
propoxypropan-2- 220 nm; Cycle-time: 5
yl)amino)(phenoxy)ph @ min
osphoryl)methyl)benz
o[b]thiophene-2-
carboxylate (Peak 2, RT =4.11 min)
[00581] The following intermediates in Table 32 were prepared using the synthetic

procedure described above for 5-((1S)-fluoro((((S)-1-0xo-1-propoxypropan-2-

yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid and utilizing the

appropriate starting materials and modifications.

Table 32

Name

‘ Structure

| LCMS
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5-((S)-fluoro((R)-(((S)-1-oxo0-1-
propoxypropan-2-
yl)amino)(phenoxy)phosphoryl)
methyl)benzo[b]thiophene-2-
carboxylic acid

o 480.1
5 IFF‘{")”HJT)(OL [M+H]*

5-((S)-fluoro((S)-(((S)-1-oxo-1-

480.1
propoxypropan-2- "o v © :'fSTNJ\[(O [M+H]*
yl)amino)(phenoxy)phosphoryl) o s "o L
methyl)benzo[b]thiophene-2- @
carboxylic acid
5-((R)-fluoro((R)-(((S)-1-oxo0- E o 480.1
1-propoxypropan-2- WO g " IF(‘/;;'HJ}(OL [M+H]*
yl)amino)(phenoxy)phosphoryl) o s 0 °
methyl)benzo[b]thiophene-2- @
carboxylic acid
5-((R)-fluoro((S)-(((S)-1-oxo-1-
propoxypropan-2- "oy
0 S

yl)amino)(phenoxy)phosphoryl)
methyl)benzo[b]thiophene-2-
carboxylic acid

E 480.1
® ["’;NJ\I‘/O M+H]*
TN j\ [ ]

[00582] The following intermediates in Table 33 were prepared using the protocol

described above for synthesis of 5-(((((S)-1-isopropoxy-1-oxopropan-2-

yl)amino)(phenoxy)phosphoryl)methyl)benzo[b]thiophene-2-carboxylic acid and utilizing the

appropriate starting materials and modifications.

Table 33.

Name

Structure LCMS

ylDamino)(2,2,2-

5-(((((S)-1-ethoxy-1-oxopropan-2-

HO S 472.1
\ F [M+H]*
trifluoroethoxy)phosphoryl)fluoromethyl)benzo[ 0

b]thiophene-2-carboxylic acid

yl)amino)(2,2,2-

5-(((((S)-1-oxo-1-propoxypropan-2-

trifluoroethoxy)phosphoryl)methyl)benzo[b]thio
phene-2-carboxylic acid

_/o—||3=o
F3C HNI
07 o™
S 468.0
[M+H]*
P
FaC HN
0 o/\/
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5-(fluoro((((S)-1-oxo-1-propoxypropan-2- HO S 485.9
ylamino)(2,2,2- N\ E [M+H]*
trifluoroethoxy)phosphoryl)methyl)benzo[b]thio o
hene-2-carboxylic acid 0-P=0
P > FC— Hn I
R T
5-(fluoro((((S)-1-oxo- 1-propoxybutan-2- HQ S 494.1
yl)amino)(p}.lenoxy)pho sphoryl) methyl)benzo [b 4 N\ F [M+H]*
Jthiophene-2-carboxylic acid
0-P=0
O
0o
5-(fluoro((((S)-3-methoxy-1-oxo-1- HQ S 510.2
propoxypropan-2- N\ E [M+H]*
yl)amino)(phenoxy)phosphoryl)methyl)benzo[b o
|thiophene-2-carboxylic acid O-P=0
O™
L
T

Synthesis of (3S,4S)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-amine

_Boc H,N

Step 2 F""@
N

J N &

—

%70 HN
Br:
| SN . )’NH Step 1 Fu.,é
(6]
v NH

Z N

—

[00583] Step 1: Preparation of tert-butyl ((3S,4S)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-
yl)carbamate

[00584] To a solution of tert-butyl ((3S,4S)-4-fluoropyrrolidin-3-yl)carbamate (0.15 g,
0.73 mmol, 1.0 eq) and 3-bromopyridine (0.15 g, 0.95 mmol, 1.3 eq) in dioxane (1.0 mL) was
added Pda(dba)s (20 mg, 22 umol, 0.03 eq), Xantphos (38 mg, 66 pmol, 0.09 eq) and Cs2CO3
(0.38 g, 1.2 mmol, 1.6 eq). The mixture was stirred at 110 °C for 16 h to give a brown
solution. The mixture was diluted with water (10 mL) and extracted with EtOAc (10 mL x 3),
the combined organic layers were washed with saturated brine (30 mL x 2), dried over
NaxSOs, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography and concentrated in vacuo to give a residue. (0.13
g, 0.48 mmol, 62% yield) as a brown oil. LCMS (ESI) m/z = 282.3; 'H NMR (400 MHz,
CDCl3) 6 8.07 - 7.97 (m, 2H), 7.20 - 7.16 (m, 1H), 6.89 - 6.86 (m, 1H), 5.29 - 5.09 (m, 1H),
4.77 - 4.35 (m, 2H), 3.85 - 3.66 (m, 2H), 3.56 - 3.42 (m, 1H), 1.46 (s, 9H).

[00585]  Step 2: Preparation of (3S,4S)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-amine
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[00586] To a solution of tert-butyl N-[(35,4S)-4-fluoro-1-(pyridin-3-yl)pyrrolidin-3-
yl]carbamate (0.13 g, 0.46 mmol, 1.0 eq) in methylene chloride (2.0 mL) was added
trifluoroacetic acid (1 mL). The mixture was stirred at 25 °C for 1 h to give a brown solution.
The reaction mixture was concentrated under reduced pressure to give (35,4S)-4-fluoro-1-

(pyridin-3-yl)pyrrolidin-3-amine (0.13 g, crude) as a brown oil. LCMS (ESI) m/z = 181.9.

Synthesis of 4-(azetidin-3-yl)-1H-pyrazole

VA . L

Q NH
0 IJ§< N
N + ; B~g step 1 step 2 j
ju ot — /T — = 7
N

NH

[00587]1 Step 1: Preparation of tert-butyl 3-(1H-pyrazol-4-yl)azetidine-1-carboxylate
[00588] To a solution of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1H-pyrazole (1.0
g, 5.2 mmol, 1.0 eq) in DMF (20 mL) and water (2.0 mL) was added K2CO3 (2.1 g, 15 mmol,
3.0 eq), tert-butyl 3-iodoazetidine-1-carboxylate (2.9 g, 10 mmol, 2.0 eq) and Pd(PPh3)4 (0.1
g, 87 umol, 0.1 eq). The mixture was stirred at 120 °C for 12 h under Nz to give yellow
solution. The mixture was diluted with water (30 mL) and extracted with EtOAc (30 mL x 3),
the combined organic layers were washed with saturated brine (30 mL x 1), dried over
NaxSOys, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography to give tert-butyl 3-(1H-pyrazol-4-yl)azetidine-1-
carboxylate (0.1 g, 0.45 mmol, 8.7% yield) as a yellow oil. LCMS (ESI) m/z = 224.1; 'H
NMR (400 MHz, CDCl3) § 7.71 - 7.60 (m, 1H), 7.55 (d, J = 2.4 Hz, 1H), 6.34 (t, ] =2.0 Hz,
1H), 5.16 - 5.04 (m, 1H), 4.48 - 4.36 (m, 2H), 4.35 - 4.28 (m, 2H), 1.47 (s, 9H)

[00589]  Step 2: Preparation of 4-(azetidin-3-yl)-1H-pyrazole

[00590] To a solution of tert-butyl 3-(1H-pyrazol-4-yl)azetidine-1-carboxylate (100 mg,
0.45 mmol, 1 eq) in DCM (1.5 mL) was added TFA (0.5 mL). The mixture was stirred at 25
°C for 1 h to give a yellow solution. The reaction mixture was concentrated under reduced
pressure to give 4-(azetidin-3-yl)-1H-pyrazole (80 mg) as a yellow oil. LCMS (ESI) m/z =
124.1

Synthesis of 4-(azetidin-3-yl)-1-methyl-1H-pyrazole
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Q)§< NBoc NH
/ B~ NBoc step step 2
N | + —_— 4 —_— 2
| | N | N
N N
/

N
/

[00591] Step 1: Preparation of tert-butyl 3-(1-methyl-1H-pyrazol-4-yl)azetidine-1 -
carboxylate

[00592] To a solution of tert-butyl 3-iodoazetidine-1-carboxylate (2.7 g, 9.6 mmol, 2.0 eq)
and 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (1.0 g, 4.8 mmol,
1.0 eq) in dioxane (5.0 ml ) was added Pd(PPhs)4 (0.55 g, 0.48 mmol, 0.10 eq) and NaxCO3
(1.0 g, 9.6 mmol, 2.0 eq). The mixture was stirred at 130 °C for 4 h to give a brown solution.
The reaction mixture was concentrated under reduced pressure to give a residue. The residue
was diluted with water (50 mL) and extracted with EtOAc (50 mL x 3), the combined organic
layers were washed with saturated brine (150 mL x 2), dried over NaxSOs, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by RP-flash
((FA condition; 80g Flash Column Welch Ultimate XB_C18 20-40 pm; H2O+ACN; 20-35%
20 min) then lyophilized to give tert-butyl 3-(4-methylpyridin-3-yl)azetidine-1-carboxylate
(0.36 g, 1.5 mmol, 32% yield) as a brown oil. LCMS (ESI) m/z = 237.9; '"H NMR (400 MHz,
CDCl3) 6 7.58 - 7.54 (m, 1H), 7.37 (s, 1H), 4.33 - 4.29 (m, 2H), 3.96 (s, 3H), 3.88 - 3.84 (m,
2H), 3.72 - 3.63 (m, 1H), 1.47 (s, 9H).

[00593] Step 2: Preparation of 4-(azetidin-3-yl)-1-methyl-1H-pyrazole

[00594] To a solution of tert-butyl 3-(1-methyl-1H-pyrazol-4-yl)azetidine- 1-carboxylate
(80 mg, 0.34 mmol, 1.0 eq) in methylene chloride (1.0 mL) was added trifluoroacetic acid
(0.3 mL). The mixture was stirred at 25 °C for 2 h to give a brown solution. The reaction
mixture was concentrated under reduced pressure to give 4-(azetidin-3-yl)-1-methyl-1H-

pyrazole (0.10 g crude) as a brown oil. LCMS (ESI) m/z =138.0.

Synthesis of 2-(azetidin-3-yl)thiazole

NBoc NH
/E—r'\j v S — S\H:J
| N T &/\N (\/\N

step 1 step 2

[00595] Step 1: Preparation of tert-butyl 3-(thiazol-2-yl)azetidine- 1-carboxylate
[00596] To a solution of tert-butyl 3-iodoazetidine-1-carboxylate (6.6 g, 23 mmol, 2.0 eq.)
and 1,3-thiazole (1.0 g, 12 mmol, 1.0 eq.) in dimethyl sulfoxide (9.0 mL) and water (3.0 mL)
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was added dipotassium [(sulfonatoperoxy)sulfonyl]oxidanide (6.3 g, 23 mmol,2.0 eq.) and
ethylbis(propan-2-yl)amine (6.0 g, 46 mmol, 4.0 eq), then the mixture was stirred at 70 °C for
16 h. The reaction mixture was partitioned between water (100 mL) and EtOAc (100 mL).
The organic phase was separated, washed with EtOAc (100 mL x 2), dried over NaxSOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by flash silica gel chromatography to get tert-butyl 3-(thiazol-2-yl)azetidine-1-carboxylate
was obtained as a white solid. "H NMR (400 MHz, CDs0D) & 7.77 (d, J=3.20 Hz, 1H), 7.54 (d,
J=3.20 Hz, 1H), 4.34 - 4.40 (m, 2H), 4.17 - 4.25 (m, 1H), 4.09 - 4.14 (m, 2H), 1.46 (s, 9H).
[00597] Step 2: Preparation of 2-(azetidin-3-yl)thiazole

[00598] To a solution of tert-butyl 3-(1,3-thiazol-2-yl)azetidine-1-carboxylate (0.1 g, 0.4
mmol, 1.0 eq.) in methylene chloride (1.0 mL) was added trifluoroacetic acid (0.3 mL) at 25
°C. Then the mixture was stirred at 25 °C for 1 h. The mixture was concentrated under
reduced pressure to give crude 2-(azetidin-3-yl)-1,3-thiazole (60 mg, crude) as a yellow oil.

LCMS (EST) m/z = 140.1.

Synthesis of tert-butyl (R)-3-(4-fluoropyridin-3-yl)pyrrolidine-1-carboxylate

C/NBOC
(A~
O~
QNBOC \_/F

Br SFC peak 1, rt = 1.038 min

= step 2
\_/—F NBOC  en3 NH
~f(R) —— ~((R)
_ N N
\_/F \_ /—F

peak 2, rt = 1.318 min

[00599] Step 1: Preparation of tert-butyl 3-(4-fluoropyridin-3-yl)pyrrolidine-1-
carboxylate

[00600] To an 15 mL vial equipped with a stir bar was added 3-bromo-4-fluoropyridine
(1.0 g, 5.7 mmol, 1.0 eq), tert-butyl 3-bromopyrrolidine-1-carboxylate (1.84 g, 7.38 mmol,
1.3 eq), Ir[dF(CF3)ppyl2(dtbpy)(PFe) (67 mg, 57 umol, 0.010 eq), NiCl»-dtbbpy (35 mg, 85
umol, 0.015 eq), TTMSS (1.5 g, 5.7 mmol, 1.0 eq), Na2CO3 (1.2 g, 11 mmol, 2.0 eq) in DME
(20 mL).The vial was sealed and placed under nitrogen was added. The reaction was stirred
and irradiated with a 10 W blue LED lamp (3 cm away), with cooling water to keep the
reaction temperature at 25 °C for 14 h. The mixture was concentrated directly to give the

residue. The residue was purified by column chromatography to give compound tert-butyl 3-
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(4-fluoropyridin-3-yl)pyrrolidine-1-carboxylate (0.9 g, 3.3 mmol, 60% yield) as a yellow oil.
LCMS (ESI) m/z = 267.4; 'H NMR (400 MHz, CD;0D) & 8.54 - 8.42 (m, 2H), 7.29 - 7.19 (m,
1H), 3.87 - 3.78 (m, 1H), 3.66 - 3.56 (m, 2H), 3.44 - 3.39 (m, 1H), 3.36 (d, ] = 6.0 Hz, 1H),
2.33(d,J =2.4 Hz, 1H), 2.23 - 2.09 (m, 1H), 1.48 (s, 9H).

[00601]  Step 2: Preparation of (R)-tert-butyl 3-(4-fluoropyridin-3-yl)pyrrolidine-1-
carboxylate

[00602]  The tert-butyl 3-(4-fluoropyridin-3-yl)pyrrolidine-1-carboxylate (0.90 g, 3.4
mmol, 1.0 eq) was purified by SFC (column: DAICEL CHIRALPAK AD (250 mm x 30
mm, 10 um), mobile phase: Neu-EtOH; B%: 25% - 25%) to give either (S)-tert-butyl 3-(4-
fluoropyridin-3-yl)pyrrolidine-1-carboxylate or (R)-tert-butyl 3-(4-fluoropyridin-3-
yDpyrrolidine-1-carboxylate (0.30 g, 1.12 mmol, 33% yield, Rt=1.038 min, peak 1) as a
yellow oil and (R)-tert-butyl 3-(4-fluoropyridin-3-yl)pyrrolidine- 1-carboxylate or (S)-tert-
butyl 3-(4-fluoropyridin-3-yl)pyrrolidine- 1-carboxylate (0.28 g, 1.05 mmol, 31% yield,
Rt=1.318 min, peak 2) as a yellow oil. 'H NMR (400 MHz, CD3OD) § 8.59 - 8.41 (m, 2H),
7.24 (d,J =10.2 Hz, 1H), 3.82 (t, J = 8.8 Hz, 1H), 3.71 - 3.54 (m, 2H), 3.51 - 3.34 (m, 2H),
2.33 (s, 1H), 2.24 - 2.07 (m, 1H), 1.48 (s, 9H).

[00603] Step 3: Preparation of either (R)-4-fluoro-3-(pyrrolidin-3-yl)pyridine or (S)-4-
[fluoro-3-(pyrrolidin-3-yl)pyridine

[00604] To a solution of (R)-tert-butyl 3-(4-fluoropyridin-3-yl)pyrrolidine- 1-carboxylate
or (S)-4-fluoro-3-(pyrrolidin-3-yl)pyridine (Peak 2, 80 mg, 0.30 mmol, 1.0 eq) in DCM (1.0
mL) was added TFA (0.30 mL), the mixture was stirred at 25 °C for 1 h. The mixture was
concentrated directly to give (R)-4-fluoro-3-(pyrrolidin-3-yl)pyridine (50 mg, crude) as a
yellow oil. LCMS (ESI) m/z =167.0.

Synthesis of 2-(azetidin-3-yl)oxazole

L oy o T
oc

o}
Br &/‘N step 1 &,\N
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N

[00605] Step 1: Preparation of tert-butyl 3-(oxazol-2-yl)azetidine-1-carboxylate

step 2

[00606] To an 15 mL vial equipped with magnetic stir bar was added 2-bromooxazole (0.5
g, 3.4 mmol, 1.0 eq), tert-butyl 3-bromoazetidine-1-carboxylate (1.0 g, 4.4 mmol, 1.3 eq),
Ir[dF(CF3)ppyl2(dtb (22 mg, 34 pmol, 0.01 eq), TTMSS (7.5 mg, 51 umol, 0.015 eq),
NiCl2.dtbbpy (1.8 g, 3.4 mmol, 1.0 eq), Na2COs3 (3.7 g, 6.8 mmol, 2.0 eq) was added in DME

260



WO 2023/192960 PCT/US2023/065171

(0.5 mL ). The vial was sealed and placed under nitrogen. The reaction was stirred and
irradiated with a 10 W blue LED lamp, with cooling water to keep the reaction temperature at
25 °C for 14 h to give a yellow solution. The reaction mixture was concentrated under
reduced pressure to give a residue. The residue was purified by flash silica gel
chromatography to give tert-butyl 3-(3-methoxy-1-methyl-1H-pyrazol-4-yl)azetidine-1-
carboxylate (90 mg, 41 mmol, 12% yield) as a yellow oil. LCMS (ESI) m/z = 225.0.

[00607]  Step 2: Preparation of 2-(azetidin-3-yl)oxazole.

[00608] To a solution of tert-butyl 3-(oxazol-2-yl)azetidine-1-carboxylate (0.85 g, 3.8
mmol, 1.0 eq) in DCM (9.0 mL) was added TFA (3.0 mL) to the mixture, the mixture was
stirred at 25 °C for 1 h to give a yellow solution. The reaction mixture was concentrated

under reduced pressure to give crude product as a yellow oil. LCMS (ESI) m/z = 125.2.

Synthesis of 3-(azetidin-3-yl)-4-bromoeisoxazole

-Boc -Boc
//C/N—Boc step 1 ///C/N step 2 CIW,/C/N step 3 .
{ N N,
OH

o OH

Boc .Boc Boc NH

N N Br N Br
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[00609] Step 1: Preparation of (Z)-tert-butyl 3-((hydroxyimino)methyl)azetidine-1-
carboxylate

[00610] To a solution of tert-butyl 3-formylazetidine-1-carboxylate (0.50 g, 2.7 mmol, 1.0
eq) in MeOH (3.0 mL), H20 (3.0 mL) was added Na»CO3 (0.17 g, 1.6 mmol, 0.60 eq) and
hydroxylamine hydrochloride (0.22 g, 3.2 mmol, 1.2 eq) at 0 °C, the mixture was stirred at 0
°C for 30 minutes and was allowed to warm up to 25 °C for 4 h to give a hetereogeneous
solution. The reaction mixture was concentrated under reduced pressure to give a residue.
The residue was diluted with water (5 mL) and extracted with EtOAc (5 mL x 2), the
combined organic layers were washed with saturated brine (5 mL x 2), dried over NazSOs,
filtered and concentrated under reduced pressure to give (Z)-tert-butyl 3-
((hydroxyimino)methyl)azetidine- 1-carboxylate (0.48 g, crude) as white solid. '"H NMR (400
MHz, CD3sOD) 6 7.54 (d, ] = 6.4 Hz, 1H), 4.20 - 4.14 (m, 1H), 3.95 - 3.72 (m, 3H), 3.41 -
3.32 (m, 1H), 1.44 (s, 9H).
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[00611]  Step 2: Preparation of (E)-tert-butyl 3-(chloro(hydroxyimino)methyl)azetidine-1-
carboxylate

[00612] To a solution of (Z)-tert-butyl 3-((hydroxyimino)methyl)azetidine-1-carboxylate
(0.41 g, 2 mmol, 1.0 eq) in DMF (5 mL) was added chlorosuccinimide (0.30 g, 2.2 mmol, 1.1
eq), the mixture was stirred at 40 °C for 4 h to give a yellow solution, the reaction mixture
was concentrated under reduced pressure to give a residue. The residue was diluted with
water (15 mL) and extracted with EtOAc (20 mL x 2), the combined organic layers were
washed with saturated brine (10 mL x 2), dried over Na>SOs, filtered and concentrated under
reduced pressure to give (E)-tert-butyl 3-(chloro(hydroxyimino)methyl)azetidine-1-
carboxylate (0.44 g, crude) as a white solid.

[00613]  Step 3: Preparation of tert-butyl 3-(5-(trimethylsilyl)isoxazol-3-yl)azetidine-1-
carboxylate

[00614] To a solution of (E)-tert-butyl 3-(chloro(hydroxyimino)methyl)azetidine-1-
carboxylate (0.44 g, 1.9 mmol, 1 eq) in EtOAc (4 mL) was added trimethylsilylacetylene
(0.37 mg, 3.7 mmol, 2.0 eq) and K>CO3 (0.37 g, 3.7 mmol, 2.0 eq), the mixture was stirred at
25 °C for 12 h to give a white suspension. The reaction mixture was filtered to give a residue.
The residue was purified by prep-HPLC (TFA condition; (column: Welch Ultimate C18 150
x 25 mm X 5 um, mobile phase: water (TFA)-ACN; B%:B%: 40% - 60%, 10 min) then
lyophilization to give tert-butyl 3-(5-(trimethylsilyl)isoxazol-3-yl)azetidine-1-carboxylate
(0.40 g, 1.34 mmol, 72% yield) as brown oil. '"H NMR (400 MHz, CDCl3) § 6.48 (s, 1H),
432 (t, ] =8.8 Hz, 2H), 4.04 (dd, ] = 6.0, 8.4 Hz, 2H), 3.96 - 3.87 (m, 1H), 1.46 (s, 9H), 0.35
(s, 9H).

[00615]  Step 4: Preparation of tert-butyl 3-(isoxazol-3-yl)azetidine-1-carboxylate

[00616] To a solution of tert-butyl 3-(5-(trimethylsilyl)isoxazol-3-yl)azetidine-1-
carboxylate (0.20 g, 0.67 mmol, 1.0 eq) in MeOH (2 mL) and a solution of KHF> (53 mg,
0.67 mmol, 1.0 eq) in H20 (1.0 mL) was added to the mixture, the mixture was stirred at 40
°C for 12 h to give a yellow solution, the reaction was purified by prep-HPLC (TFA
condition; (column: Welch Ultimate C18 150 x 25 mm X 5 um, mobile phase: water (TFA)-
ACN; B%:B%: 20% - 40%, 10 min) then lyophilization to give tert-butyl 3-(isoxazol-3-
yl)azetidine-1-carboxylate (70 mg, 0.31 mmol 46% yield) as colorless oil. "H NMR (400
MHz, CDsOD) 6 8.64 (d, J = 1.6 Hz, 1H), 6.55 (d, ] =2.0 Hz, 1H), 4.33 (t, ] = 8.4 Hz, 2H),
4.07 - 4.00 (m, 2H), 3.99 - 3.90 (m, 1H), 1.46 (s, 9H).

[00617]  Step 5: Preparation of tert-butyl 3-(4-bromoisoxazol-3-yl)azetidine-1-carboxylate
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[00618] To a solution of tert-butyl 3-(isoxazol-3-yl)azetidine-1-carboxylate (2.5 g, 11
mmol, 1.0 eq) in ACN (20 mL) was added 1-bromopyrrolidine-2,5-dione (3.0 g, 17 mmol,
1.5 eq) and palladium(2+) diacetate (0.25 g, 1.1 mmol, 0.10 eq), the mixture was stirred at 70
°C for 12 h to give a red solution. The mixture was purified by reversed phase (TFA) then
lyophilization to give tert-butyl 3-(4-bromoisoxazol-3-yl)azetidine-1-carboxylate (0.20 g,
0.67 mmol, 6.0% yield) as a yellow oil. LCMS (ESI) m/z = 303.1 'H NMR (400 MHz,
CDCl3) 6 8.42 (s, 1H), 4.37 - 4.30 (m, 2H), 4.30 - 4.24 (m, 2H), 3.93 - 3.80 (m, 1H), 1.46 (s,
9H).

[00619]  Step 6: Preparation of 3-(azetidin-3-yl)-4-bromoisoxazole

[00620] To a solution of tert-butyl 3-(4-bromoisoxazol-3-yl)azetidine-1-carboxylate (50
mg, 0.16 mmol, 1.0 eq) in DCM (0.30 mL) was added TFA (0.10 mL), the mixture was
stirred at 25 °C for 0.5 h. The reaction mixture was concentrated under reduced pressure to
give 3-(azetidin-3-yl)-4-bromoisoxazole (50 mg, crude) as a yellow oil. LCMS (ESI) m/z =
202.9.

Synthesis of 2-(azetidin-3-yl)-5-methyloxazole
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[00621] Step 1: Preparation of benzyl 3-(prop-2-yn-1-ylcarbamoyl)azetidine-1-
carboxylate

[00622] To a solution of 1-((benzyloxy)carbonyl)azetidine-3-carboxylic acid (3.0 g, 13
mmol, 1 eq) in DMF (30 mL) was added prop-2-yn-1-amine (0.84 g, 15 mmol, 1.2 eq) and
EDCI (3.7 g, 19 mmol, 1.5 eq), pyridine (2.0 g, 26 mmol, 2 eq). Then the mixture was stirred
at 25 °C for 1 h to give a yellow solution. The mixture was diluted with water (50 mL) and
extracted with EtOAc (50 mL x 2), the combined organic layers were washed with saturated
brine (150 mL x 2), dried over Na2SQy, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by flash silica gel chromatography to give benzyl 3-
(prop-2-yn-1-ylcarbamoyl)azetidine-1-carboxylate (3.0 g, 11 mmol, 87% yield) as a yellow
solid. LCMS (ESI) m/z =272.9; 'H NMR (400 MHz, CD;0D) & 7.26 (m, 5H), 5.00 (s, 2H),
4.03 (m, 5H), 3.89 (d, ] =4.0 Hz, 2H), 3.25 - 3.21 (m, 1H)

[00623]  Step 2: Preparation of benzyl 3-(5-methyloxazol-2-yl)azetidine- 1-carboxylate .
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[00624] To a solution of benzyl 3-(prop-2-yn-1-ylcarbamoyl)azetidine-1-carboxylate (8.0
g, 29 mmol, 1 eq) in toluene (10 mL) was added zinc(2+) ditrifluoromethanesulfonate (0.53
g, 1.5 mmol, 0.050 eq), then the mixture was stirred at 150 °C using microwave for 0.5 h to
give a brown solution. The reaction mixture was concentrated under reduced pressure to give
aresidue. The residue was purified by reverse phase(column:220 g; mobile phase: [water
(0.1% TFA)-ACN]; B%: 35%-50%,15 min). The solution was lyophilized to give benzyl 3-
(5-methyloxazol-2-yl)azetidine-1-carboxylate (2.8 g, 10 mmol, 35% yield) as a brown oil.
LCMS (ESI) m/z =273.0; 'H NMR (400 MHz, CDCl3) & 7.40 - 7.30 (m, 5H), 6.70 (s, 1H),
5.12 (s, 2H), 4.37 - 4.32 (m, 2H), 4.29 (m, 2H), 3.93 (s, 1H), 2.31 (s, 3H).

[00625]  Step 3: Preparation of 2-(azetidin-3-yl)-5-methyloxazole

[00626] To a solution of benzyl 3-(5-methyloxazol-2-yl)azetidine-1-carboxylate (0.20 g,
0.73 mmol, 1 eq) in THF (5 mL) was added wet Pd/C (0.2 g, 0.73 mmol, 1 eq) under N»
atmosphere. Then the mixture was stirred at 25 °C for 4 h under H» (15 Psi) atmosphere to
give a black suspension . The reaction mixture was filtered and concentrated under reduced
pressure to give 2-(azetidin-3-yl)-5-methyloxazole (0.10 g, crude) as a yellow oil. LCMS
(ESI) m/z =139.0.

Synthesis of 3-(azetidin-3-yl)-5-(difluoromethyl)isoxazole
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[00627]  Step 1: Preparation of tert-butyl 3-formylazetidine-1-carboxylate

[00628] To a solution of DMSO (1.9 g, 24 mmol, 1.5 eq) in DCM (60 mL) cooled to -70
°C was slowly added oxalyl chloride (3.0 g, 24 mmol, 1.5 eq) under Na. The reaction mixture
stirred at -70 °C for 0.5 h, followed by slow addition of 2-[3-(hydroxymethyl)azetidine-1-
carbonyloxy]-2-methylpropan-1-ylium (3 g, 16 mmol, 1.0 eq). The mixture stirred at -70 °C
for 1 h and triethylamine (8.1 g, 80 mmol, 5.0 eq) was subsequently added at -70 °C. The
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mixture was warmed and stirred at 25 °C for 0.5 h. The reaction was stirred for an additional
0.5 h at ambient temperatures to give a white turbid mixture. The reaction mixture
concentrated under reduced pressure to give tert-butyl 3-formylazetidine- 1-carboxylate (2.8
g, crude) as a yellow oil. '"H NMR (400 MHz, CDCl3) § 9.85 (d, J =2.0 Hz, 1H), 5.32 - 5.25
(m, 1H), 4.17 - 4.06 (m, 4H), 1.49 - 1.41 (m, 9H).

[00629]  Step 2: Preparation of tert-butyl (Z)-3-((hydroxyimino)methyl)azetidine-1-
carboxylate

[00630] To a solution of tert-butyl 3-formylazetidine-1-carboxylate (2.8 g, 15 mmol, 1.0
eq) in THF/H20 = 1/1 (40 mL) was added hydroxylamine hydrochloride (1.6 g, 30 mmol, 1.5
eq) and K>COs3 (2.1 g, 15 mmol, 1.0 eq). The mixture was stirred at 25 °C for 12 h to give a
clear yellow solution. The reaction solution was diluted with water (80 mL) and extracted
with EtOAc (50 mL x 3). The combined organic layers were washed with saturated brine
(100 mL x3), dried over Na>SOs, filtered, and concentrated under reduced pressure to give
tert-butyl (Z)-3-((hydroxyimino)methyl)azetidine-1-carboxylate (2.8 g, crude) as a yellow oil.
LCMS (ESI) m/z =201.1.

[00631]  Step 3: Preparation of tert-butyl (E)-3-(chloro(hydroxyimino)methyl)azetidine-1-
carboxylate

[00632] To a solution of tert-butyl (Z)-3-((hydroxyimino)methyl)azetidine-1-carboxylate
(2.8 g, 14 mmol, 1.0 eq) in DMF (40 mL) was added 1-chloropyrrolidine-2,5-dione (1.9 g, 14
mmol, 1.0 eq). The reaction mixture was stirred at 50 °C for 2 h to give a clear yellow
solution. The reaction was diluted with water (100 mL) and extracted with EtOAc (100 mL x
3), the combined organic layers were washed with saturated brine (100 mL x 3), dried over
NaxSOs, filtered and concentrated under reduced pressure to give tert-butyl (E)-3-
(chloro(hydroxyimino)methyl)azetidine-1-carboxylate (3.0 g, crude) as a yellow solid. LCMS
(ESI) m/z =235.1.

[00633] Step 4: Preparation of tert-butyl 3-(5-(diethoxymethyl)isoxazol-3-yl)azetidine-1-
carboxylate

[00634] To a solution of tert-butyl (E)-3-(chloro(hydroxyimino)methyl)azetidine-1-
carboxylate (0.2 g, 0.85 mmol, 1.0 eq) in DCM (6.0 mL ) was added 3.,3-diethoxyprop-1-yne
(0.33 g, 2.6 mmol, 3.0 eq) and triethylamine (0.18 g, 1.7 mmol, 2.0 eq). The mixture was
stirred at 25 °C for 12 h to give a clear yellow solution. The reaction was filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-
HPLC (TFA condition) and lyophilized to get tert-butyl 3-(5-(diethoxymethyl)isoxazol-3-
yl)azetidine- 1-carboxylate (0.23 g, 0.70 mmol, 81% yield) as a yellow oil. 'H NMR (400
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MHz, CDCl3) 6 6.41 (s, 1H), 5.63 (s, 1H), 4.35 - 4.29 (m, 4H), 4.27 - 4.15 (m, 1H), 4.10 -
4.04 (m, 2H), 3.92 - 3.80 (m, 2H), 1.46 (s, 9H), 1.26 (t, ] = 7.2 Hz, 6H).

[00635] Step 5: Preparation of tert-butyl 3-(5-formylisoxazol-3-yl)azetidine-1-carboxylate
[00636] To tert-butyl 3-(5-(diethoxymethyl)isoxazol-3-yl)azetidine-1-carboxylate (0.25 g,
0.76 mol, 1.0 eq) was added a mixture of THF/H20/AcOH=1/1/1 (6.0 mL). The reaction was
stirred at 25 °C for 12 h to give a yellow solution. The reaction was filtered and concentrated
under reduced pressure to give a residue. The residue was purified by prep-HPLC (TFA
condition) to get tert-butyl 3-(5-formylisoxazol-3-yl)azetidine-1-carboxylate (80 mg, 0.32
mmol, 42% yield) as a yellow oil. LCMS (ESI) m/z = 253.1.

[00637] Step 6: Preparation of tert-butyl 3-(5-(difluoromethyl)isoxazol-3-yl)azetidine-1-
carboxylate

[00638] To a solution of tert-butyl 3-(5-formylisoxazol-3-yl)azetidine-1-carboxylate (0.1
g, 0.40 mmol, 1.0 eq) in DCM (3.0 mL ) was cooled to 0 °C and was slowly added
diethyl(trifluoro-A*-sulfanyl)amine (0.64 g, 4.0 mmol, 10 eq). Then the reaction was warm to
25 °C and stirred at 25°C for 12 h to give a yellow clear solution. The reaction was filtered
and concentrated under reduced pressure to give a residue. The residue was purified by prep-
HPLC (FA condition) to lyophilize to give tert-butyl 3-(5-(difluoromethyl)isoxazol-3-
yDazetidine-1-carboxylate (56 mg, 0.20 mmol, 52 % yield) as a yellow oil. LCMS (ESI) m/z
=275.1.

[00639] Step 7: Preparation of 3-(azetidin-3-yl)-5-(difluoromethyl Jisoxazole

[00640] To a solution of tert-butyl 3-(5-(difluoromethyl)isoxazol-3-yl)azetidine-1-
carboxylate (70 mg, 0.26 mmol, 1.0 eq) in TFA/DCM=1/3 (3.0 mL) was stirred at 25 °C for 2
h to give a yellow clean solution. The reaction was concentrated under reduced pressure to
give 3-(azetidin-3-yl)-5-(difluoromethyl)isoxazole (45 mg, crude) as a yellow solid. LCMS
(ESI) m/z =175.0.

Synthesis of 5-(azetidin-3-yl)-3-methyl-1,2.4-oxadiazole
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[00641] Step I: Preparation of benzyl 3-(chlorocarbonyl)azetidine-1-carboxylate
[00642] To a solution of 1-((benzyloxy)carbonyl)azetidine-3-carboxylic acid (1.0 g, 4.3
mmol, 1.0 eq) in DCM (10 mL) was added DMF (0.10 mL) and oxalyl chloride (2.7 g, 21
mmol, 5.0 eq). The mixture was stirred at 40 °C for 1 h to give a colorless solution. The
reaction mixture was concentrated under reduced pressure to give benzyl 3-
(chlorocarbonyl)azetidine- 1-carboxylate (1.0 g, crude) as a yellow oil.

[00643]  Step 2: Preparation of benzyl 3-(3-methyl-1,2,4-oxadiazol-5-yl)azetidine-1-
carboxylate

[00644] To acooled (0 °C) solution of benzyl 3-(chlorocarbonyl)azetidine-1-carboxylate
(1.0 g, 3.94 mmol, 1.0 eq) in DCM (10 mL) was added DIEA (0.56 g, 4.3 mmol, 1.1 eq) and
(E)-N'-hydroxyacetimidamide (0.31 g, 4.3 mmol, 1.1 eq) in DCM (5 mL). The mixture was
warmed to ambient temperatures and stirred for 2 h to give a colorless solution. The reaction
mixture was concentrated and purified by flash silica gel chromatography to give benzyl 3-
(3-methyl-1,2,4-oxadiazol-5-yl)azetidine-1-carboxylate (1.0 g, 3.66 mmol, 92% yield) as
yellow oil. LCMS (ESI) m/z =274.4.

[00645] Step 3: Preparation of 5-(azetidin-3-yl)-3-methyl-1,2,4-oxadiazole

[00646] To benzyl 3-(3-methyl-1,2,4-0xadiazol-5-yl)azetidine-1-carboxylate (0.32 g, 1.2
mmol, 1.0 eq) was added a mixture of DCM/TFA=2/1 (2 mL). The mixture was stirred at 70
°C for 2 h. The reaction mixture was concentrated under reduced pressure to give a residue.
The reaction was purified by prep-HPLC to lyophilize to give 5-(azetidin-3-yl)-3-methyl-
1,2,4-oxadiazole (0.15 g, crude) as a yellow oil. LCMS (ESI) m/z = 140.1.

Synthesis of 5-(azetidin-3-yl)-3-methylisoxazole

© step 1 Cl step 2 N NBoc
A .OH — OH ———> \
N XN N—
2 O
step 3 NH
N-O

[00647]  Step 1: Preparation of (Z)-N-hydroxyacetimidoyl chloride

[00648] To a solution of (E)-N-ethylidenehydroxylamine (3.0 g, 51 mmol, 1.0 eq) in DMF
(50 mL) was added N-chlorosuccinimide (6.8 g, 51 mmol, 1.0 eq) at 25 °C. The mixture was
stirred at 25 °C for 12 h and subsequently added to water (100 mL). The aqueous mixture was

extracted with EtOAc (100 mL x 2). The combined organic layers were washed with
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saturated brine (100 mL x 2), dried over Na>SOu, filtered, and concentrated under reduced
pressure to give (Z)-N-hydroxyacetimidoyl chloride (4.3 g, 46 mmol, 90% yield) as yellow
oil. "H NMR (400 MHz, CDCl3) & 8.89 (s, 1H), 2.25 (s, 3H).

[00649]  Step 2: Preparation of tert-butyl 3-(3-methylisoxazol-5-yl)azetidine-1-carboxylate
[00650] To a solution of (Z)-N-hydroxyacetimidoyl chloride (0.77 g, 8.3 mmol, 1.5 eq)
and tert-butyl 3-ethynylazetidine-1-carboxylate (1.0 g, 5.5 mmol, 1.0 eq) in DCM (60 mL )
was added triethylamine (1.7 g, 17 mmol, 3.0 eq) at 25 °C. The mixture was stirred at for 12
h. The reaction was filtered and concentrated under reduced pressure to give a residue. The
residue was purified by flash silica gel chromatography to give tert-butyl 3-(3-
methylisoxazol-5-yl)azetidine-1-carboxylate (1.1 g, 4.8 mmol, 87% yield) as yellow oil.
LCMS (ESI) m/z =239.1.

[00651]  Step 3: Preparation of 5-(azetidin-3-yl)-3-methylisoxazole

[00652] A solution of tert-butyl 3-(3-methylisoxazol-5-yl)azetidine-1-carboxylate (0.3 g,
1.1 mmol, 1.0 eq) in a mixture of DCM/TFA=3:1 (2.0 mL) was stirred at 25 °C for 1 h. The
reaction mixture was concentrated under reduced pressure to give 5-(azetidin-3-yl)-3-

methylisoxazole (150 mg, crdue) as a white solid. LCMS (ESI) m/z = 139.0.

Synthesis of 5-(azetidin-3-yl)-3-methoxyisoxazole

N Boc
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[00653]  Step 1: Preparation of tert-butyl 3-((trimethylsilyl)ethynyl)azetidine- 1-carboxylate
[00654] To acooled (0 °C) solution of ethynyltrimethylsilane (6.2 g, 63 mmol, 1.2 eq) in
THF (200 mL) was slowly added chloro(propan-2-yl)magnesium (5.8 mL, 58 mmol, 1.1 eq,
1.0 M in THF) and the mixture was stirred at O °C for 15 minutes. To the mixture was added
in a dropwise manner a solution of tert-butyl 3-iodoazetidine-1-carboxylate (15 g, 53 mmol,
1.0 eq) in DMF (300 mL) and after 15 min FeCl; (0.54 g, 4.2 mmol, 0.080 eq) was
introduced. The mixture was allowed to gradually warm to 25 °C and stirred for 12 h. The
reaction was quenched with water (50 mL) and extracted with EtOAc (50 mL x 2). The
combined organic layers were washed with saturated brine (50 mL x 2), dried over Na2SOys,

filtered and concentrated under reduced pressure to give a residue. The residue was purified
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by flash silica gel chromatography to give tert-butyl 3-((trimethylsilyl)ethynyl)azetidine-1-
carboxylate (7.2 g, 28 mmol, 54% yield) as yellow oil. LCMS (ESI) m/z = 254.1.

[00655]  Step 2: Preparation of tert-butyl 3-ethynylazetidine-1-carboxylate

[00656] To a solution of tert-butyl 3-((trimethylsilyl)ethynyl)azetidine- 1-carboxylate (1.0
g, 4.1 mmol, 1.0 eq) in MeOH (10 mL) was added K2COs3 (0.57 g, 4.1 mmol, 1.0 eq). The
mixture was stirred at 25 °C for 2 h and subsequently quenched with water (50 mL). The
aqueous layer was extracted with DCM (50 mL x 2). The combined organic layers were
washed with saturated brine (50 mL x 2), dried over Na»SOs, filtered, and concentrated under
reduced pressure to give tert-butyl 3-ethynylazetidine-1-carboxylate (0.72 g, crude) as yellow
oil. LCMS (ESI) m/z = 182.0.

[00657] Step 3: Preparation of tert-butyl 3-(3-bromoisoxazol-5-yl)azetidine-1-carboxylate
[00658] To a solution of tert-butyl 3-ethynylazetidine-1-carboxylate (1.0 g, 5.5 mmol, 1.0
eq) and 1-bromo-N-hydroxymethanecarbonimidoyl bromide (2.2 g, 11 mmol, 2.0 eq) in
EtOAc (20 mL) and H20 (2 mL) was added KHCOs3 (1.7 g, 17 mmol, 3.0 eq). The mixture
was stirred at 25 °C for 12 h. The reaction was quenched with water (30 mL) and extracted
with DCM (30 mL x 2). The combined organic layers were washed with saturated brine (30
mL X 2), dried over Na>SOg, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC (FA condition) and lyophilized to give tert-
butyl 3-(3-bromoisoxazol-5-yl)azetidine-1-carboxylate (1.4 g, 4.7 mmol, 85% yield) as
yellow oil. LCMS (ESI) m/z = 304.0; 'H NMR (400 MHz, CDCls) § 6.27 (s, 1H), 4.30 - 4.34
(m, 2H), 4.13 - 4.10 (m, 2H), 4.01 — 3.99 (m, H), 1.49 (s, 9H).

[00659]  Step 4: Preparation of tert-butyl 3-(3-methoxyisoxazol-5-yl)azetidine-1-
carboxylate

[00660] To a solution of tert-butyl 3-(3-bromoisoxazol-5-yl)azetidine-1-carboxylate (1.6 g,
5.2 mmol, 1.0 eq) in methanol (20 mL ) was added KOH (3.0 g, 52 mmol, 10 eq). The
mixture was stirred at 70 °C for 4 h. The reaction was diluted with water (20 mL) and
extracted with EtOAc (20 mL x 2). The combined organic layers were washed with saturated
brine (20 mL X 2), dried over Na>SOg, filtered, and concentrated under reduced pressure to
give a residue. The residue was purified by flash silica gel chromatography to give tert-butyl
3-(3-methoxyisoxazol-5-yl)azetidine- 1-carboxylate (1.0 g, 3.9 mmol, 74% yield) as a yellow
oil. LCMS (ESI) m/z =254.2.

[00661]1 Step 5: Preparation of 5-(azetidin-3-yl)-3-methoxyisoxazole

[00662] To tert-butyl 3-(3-methoxyisoxazol-5-ylazetidine-1-carboxylate (1.0 g, 3.9 mmol,
1.0 eq) was diluted a mixture of DCM/TFA=3/1 (2 mL). The mixture was stirred at 25 °C for

269



WO 2023/192960 PCT/US2023/065171

1 h. The reaction mixture was concentrated under reduced pressure to give 5-(azetidin-3-yl)-

3-methoxyisoxazole (350 mg, crude) as a yellow oil. LCMS (ESI) m/z = 154.1.

Synthesis of (3S,4S5)-4-fluoro-1-(1H-1,2,4-triazol-3-yl)pyrrolidin-3-amine

!\lHBoc NHBoc NH,
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[00663]  Step I: Preparation of 3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-
triazole

[00664] To a cooled (0 °C) solution of 3-bromo-1H-1,2,4-triazole (2.0 g, 14 mmol, 1.0 eq.)
in THF (20 mL) was added sodium hydride (0.97 g, 42 mmol, 3.0 eq.) in portions. The
reaction mixture was allowed to warm to room temperature and stirred for 20 minutes. The
mixture was again cooled (0 °C) and (2-(chloromethoxy)ethyl)trimethylsilane (2.7 g, 16
mmol, 2.9 mL, 1.2 eq) was added. The reaction solution was stirred at 25 °C for 2 h and
quenched with addition of water (30 mL). The aqueous phase was extracted with EtOAc (30
mL x 2). The organic layer was dried with Na>SOu, filtered and concentrated to get crude
product. The residue was purified by flash silica gel chromatography to get 3-bromo-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazole (2.5 g, 9.0 mmol, 67% yield) as a colorless
oil. "H NMR (400 MHz, CDCls) 6 8.12 (s, 1H), 5.49 (d, J = 3.2 Hz, 2H), 3.63 - 3.59 (m, 2H),
0.85 - 0.82 (m, 2H), 0.00 (s, 9H).

[00665]  Step 2: Preparation of tert-butyl ((3S,4S)-4-fluoro-1-(1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-yl )pyrrolidin-3-yl)carbamate

[00666] To a solution of 3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazole
(0.20 g, 0.7 mmol, 1.0 eq) in toluene (2.0 mL) was added tert-butyl ((35,4S)-4-
fluoropyrrolidin-3-yl)carbamate (0.18 g, 0.86 mmol, 1.2 eq), NaOtBu (0.17 g, 1.8 mmol, 2.5
eq.) and palladium catalyst (62 mg, 72 pmol, 0.10 eq, CAS: 1435347-24-2). The mixture was
stirred at 80 °C for 6 h. The reaction mixture was filtered and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography to
give tert-butyl ((3S,4S)-4-fluoro-1-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2 4-triazol-3-
yl)pyrrolidin-3-yl)carbamate (0.23 g, 0.57 mmol, 80% yield) as a colorless oil. 'H NMR (400
MHz, DMSO-ds) 6 8.30 (s, 1H), 7.33 (d, ] = 4.8 Hz, 1H), 5.28 (s, 2H), 5.16 - 4.94 (m, 1H),
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4.18 - 4.06 (m, 1H), 3.62 - 3.51 (m, 4H), 3.27 (dd, J = 2.8, 10.8 Hz, 1H), 1.39 (s, 9H), 0.87 -
0.82 (m, 2H), 0.00 (s, 9H).

[00667] Step 3: Preparation of (35,4S)-4-fluoro-1-(1H-1,2,4-triazol-3-yl)pyrrolidin-3-
amine.

[00668] A solution of tert-butyl ((3S,45)-4-fluoro-1-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-1,2,4-triazol-3-yl)pyrrolidin-3-yl)carbamate (0.23 g, 0.57 mmol, 1.0 eq) in TFA (0.50
mL) and DCM (0.50 mL) was stirred at 25 °C for 2 h. The reaction mixture was filtered and
concentrated under reduced pressure to give (35,4S)-4-fluoro-1-(1H-1,2,4-triazol-3-
yl)pyrrolidin-3-amine (160 mg, crude) as a colorless oil. 'H NMR (400 MHz, DMSO-de) §
9.00 - 8.91 (m, 2H), 5.71 - 5.52 (m, 1H), 4.32 - 3.66 (m, SH).

Synthesis of (3S,4S)-4-fluoro-1-(5-methyl-1H-1,2,4-triazol-3-yl)pyrrolidin-3-amine

N,
YD—F

NHBoc NHBoc
Br 3
N-.-Br N ,/\>—'F (>—F
— \lNr - —QNI HN N\rN - N
H’ step 1 step 2 —(’N_}\l step3 ¢ }\l
) N-
SEM H

[00669]  Step I: Preparation of 3-bromo-5-methyl-1-((2-(trimethylsilyl )ethoxy)methyl)-1H-
1,2,4-triazole

[00670] To a cooled (0 °C) solution of 3-bromo-5-methyl-1H-1,2,4-triazole (0.5 g, 3.1
mmol, 1.0 eq.) in THF (5.0 mL) was added sodium hydride (0.37 g, 9.2 mmol, 3.0 eq.) in
portions. The reaction mixture allowed to warm to room temperature and stirred for 15
minutes. The mixture was again cooled (0 °C) and 2-(chloromethoxy)ethyl-trimethyl-silane
(0.67 g, 4.1 mmol, 0.7 mL, 1.2 eq.) was added. The reaction mixture was allowed to warm to
ambient temperature and stirred for 2 h, followed by addition of saturated NH4CI (10 mL).
The aqueous phase was extracted with EtOAc (10 mL x 3). The combined organic layers
were washed with H>O (10 mL), dried over Na»SOs, filtered, and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography to get
3-bromo-5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2.4-triazole (0.60 g, 2.1 mmol,
67% yield) as a colorless oil. 'H NMR (400 MHz, CDCI3) § 5.44 (s, 2H), 3.59 - 3.56 (m,
2H), 2.44 (s, 3H), 0.86 - 0.83 (m, 2H), 0.00 (s, 9H).

[00671]  Step 2: Preparation of tert-butyl ((3S,4S)-4-fluoro-1-(5-methyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-yl)pyrrolidin-3-yl)carbamate
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[00672] To a solution of 3-bromo-5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-
triazole (0.20 g, 0.68 mmol, 1.0 eq.) in toluene (2.0 mL) was added tert-butyl ((3S,45)-4-
fluoropyrrolidin-3-yl)carbamate (22 mg, 0.10 mmol, 1.5 eq.), sodium tert-butoxide (0.17 g,
1.8 mmol, 2.5 eq.), and Pd-catalyst (62 mg, 72 umol, 0.10 eq, CAS: 1435347-24-2). The
mixture was stirred at 100 °C for 12 h. The reaction mixture was quenched by sat. NH4C1 10
mL at 0 °C and extracted with EtOAc (10 mL x 3). The combined organic layers were
washed with H20 (10 mL), dried over Na2SOy, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography to
give tert-butyl ((35,4S)-4-fluoro-1-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-
triazol-3-yl)pyrrolidin-3-yl)carbamate (50 mg, 0.12 mmol, 70% yield) as a colorless oil.
LCMS (ESI) m/z = 416.0.

[00673] Step 3: Preparation of (3S,4S)-4-fluoro-1-(5-methyl-1H-1,2,4-triazol-3-
yl)pyrrolidin-3-amine

[00674] A solution of tert-butyl ((35,4S)-4-fluoro-1-(5-methyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-yl)pyrrolidin-3-yl)carbamate (55 mg, 0.13
mmol, 1.0 eq.) in TFA (0.30 mL) and DCM (0.30 mL) was stirred at 25 °C for 2 h. The
reaction mixture was concentrated under reduced pressure to give (3S,45)-4-fluoro-1-(5-
methyl-1H-1,2,4-triazol-3-yl)pyrrolidin-3-amine (50 mg, crude) as a white solid. LCMS
(ESI) m/z = 185.2.

Synthesis of (3S,4S)-4-fluoro-1-(1-methyl-1H-imidazol-2-yl)pyrrolidin-3-amine
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[00675] Step 1: Preparation of tert-butyl ((35,4S)-4-fluoro-1-(1-methyl-1H-imidazol-2-
yl)pyrrolidin-3-yl)carbamate

[00676] To a solution of 2-bromo-1-methyl-1H-imidazole (66 mg, 0.41 mmol, 1.0 eq) in
toluene (1 mL) was added tert-butyl ((3S,4S)-4-fluoropyrrolidin-3-yl)carbamate (99 mg, 0.49
mmol, 1.2 eq), NaOtBu (98 mg, 1.0 mmol, 2.5 eq), and Pd-catalyst (35 mg, 41 pmol, 0.10 eq,
CAS: 1435347-24-2). The reaction mixture was stirred at 80 °C for 12 h to give a yellow
solution. The reaction mixture was concentrated under reduced pressure to give a residue.
The residue was diluted with water (10 mL) and extracted with EtOAc (10 mL x 2). The

combined organic layers were washed with saturated brine (10 mL x 2), dried over Na>SOx,

272



WO 2023/192960 PCT/US2023/065171

filtered, and concentrated under reduced pressure to give a residue. The residue was purified
by reversed phase (TFA condition; (column: Phenomenex C18 250 x 50 mm x 10 um,
mobile phase: water ( TFA) - ACN; B%:B%: 27% - 36%,10 min) to give tert-butyl ((3S,45)-
4-fluoro-1-(1-methyl-1H-imidazol-2-yl)pyrrolidin-3-yl)carbamate (0.1 g, 0.35 mmol, 35%
yield) as a yellow oil. LCMS (ESI) m/z = 285.1; 'H NMR (400 MHz, CD30D) § 7.19 (dd, J =
24,15.2Hz, 1H), 6.98 (dd, J =2.4, 12.0 Hz, 1H), 4.37 - 4.16 (m, 1H), 4.13 - 4.00 (m, 1H),
394 (d,J=12.4 Hz, 1H), 3.80 (d, ] = 5.6 Hz, 1H), 3.65 (d, J = 10.4 Hz, 1H), 3.56 - 3.46 (m,
1H), 3.32 (s, 3H), 1.57 - 1.41 (m, 9H).

[00677]  Step 2: Preparation of (35,4S)-4-fluoro-1-(1-methyl-1H-imidazol-2-yl)pyrrolidin-
3-amine

[00678] To a solution of tert-butyl ((35,4S)-4-fluoro-1-(1-methyl-1H-imidazol-2-
yDpyrrolidin-3-yl)carbamate (0.1 g, 0.35 mmol, 1.0 eq) in DCM (1.0 mL) was added
trifluoroacetic acid (0.30 mL), the mixture was stirred at 25 °C for 10 minutes to give a
yellow clean solution. The reaction mixture was concentrated under reduced pressure to give
(35,45)-4-fluoro-1-(1-methyl-1H-imidazol-2-yl)pyrrolidin-3-amine (65 mg, crude) as a white
oil. LCMS (ESI) m/z = 185.1

Synthesis of ((3S5,45)-1-(1,4-dimethyl-1H-imidazol-2-yl)-4-fluoropyrrolidin-3-amine
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[00679]1  Step 1: Preparation of 2-bromo-1,4-dimethyl-1H-imidazole.
[00680] To acooled (0 °C) solution of 2-bromo-4-methyl-1H-imidazole (1.0 g, 6.2 mmol,
1.0 eq.) in THF (10 mL) was added NaH (0.62 g, 16 mmol, 2.5 eq). The mixture stirred for

Y

15 min, followed by dropwise addition of iodomethane (0.88 g, 6.2 mmol, 1.0 eq). The
reaction mixture was allowed to warm to ambient temperatures and stirred for 2 h. The
mixture subsequently cooled to 0 °C and quenched by addition of sat. NH4CI (10 mL). The

aqueous phase was extracted with EtOAc (10 mL x 3). The combined organic layers were
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washed with H20 (10 mL), dried over NaxSOy, filtered, and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography to
give 2-bromo-1,4-dimethyl-1H-imidazole (0.2 g, 1.1 mmol, 19% yield) as a colorless oil. 'H
NMR (400 MHz, CDCI3) 6 7.00 (s, 1H), 3.50 (s, 3H), 2.04 (s, 3H).

[00681] Step 2: Preparation of tert-butyl ((3S,4S)-1-(1,4-dimethyl-1 H-imidazol-2-yl)-4-
[fluoropyrrolidin-3-yl)carbamate

[00682] A mixture of 2-bromo-1,4-dimethyl-1H-imidazole (0.2 g, 1.1 mmol, 1.0 eq.), tert-
butyl ((3S,4S)-4-fluoropyrrolidin-3-yl)carbamate (0.28 g, 1.4 mmol, 1.2 eq.), Pd-catalyst (98
mg, 0.11 mmol, 0.10 eq, CAS: 1435347-24-2), NaO'Bu (0.28 g, 2.89 mmol, 2.5 eq) in
toluene (2.0 mL) was stirred at 100 °C for 12 h under N». The reaction mixture was cooled to
ambient temperatures, followed by addition of sat. NH4CI (10 mL) at 20 °C and the mixture
was extracted with EtOAc (10 mL x 3). The combined organic layers were washed with H2O
(10 mL), dried over Na>SOs, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by flash silica gel chromatography to afford tert-butyl
((3S.,4S)-1-(1,4-dimethyl-1H-imidazol-2-yl)-4-fluoropyrrolidin-3-yl)carbamate (0.23 g, 0.77
mmol, 68% yield) as a colorless oil. LCMS (ESI) m/z =299.1.

[00683]  Step 3: Preparation of (35,4S)-1-(1,4-dimethyl-1H-imidazol-2-yl)-4-
fluoropyrrolidin-3-amine

[00684] A solution of tert-butyl ((35,4S5)-1-(1,4-dimethyl-1H-imidazol-2-yl)-4-
fluoropyrrolidin-3-yl)carbamate (0.23 g, 0.77 mmol, 1.0 eq) in DCM (2.0 mL ) and TFA (2.0
mL ) was stirred at 25 °C for 2 h. The reaction mixture was concentrated to give (35,45)-1-
(1,4-dimethyl-1H-imidazol-2-yl)-4-fluoropyrrolidin-3-amine (0.15 g, crude) as a white solid.
LCMS (ESI) m/z = 199.1.

Synthesis of (3S,45)-1-(1,5-dimethyl-1H-imidazol-2-yl)-4-fluoropyrrolidin-3-amine
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[00685]  Step I: Preparation of 2-bromo-1,5-dimethyl-1H-imidazole

[00686] To a cooled (0 °C) solution of 2-bromo-4-methyl-1H-imidazole (1.0 g, 6.2 mmol,
1.0 eq.) in THF (10 mL) was added NaH (0.62 g, 16 mmol, 2.5 eq.). The mixture was stirred
for 15 min, followed by dropwise addition of iodomethane (0.88 g, 6.2 mmol, 1.0 eq). Then
the mixture was stirred at 25 °C for 2 h and subsequently quenched by sat. NH4Cl1 (10 mL) at
0 °C. The mixture was extracted with EtOAc (10 mL x 3). The combined organic layers were
washed with H2O (10 mL), dried over NaxSOu, filtered, and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography to
give 2-bromo-1,5-dimethyl-1H-imidazole (0.2 g, 1.1 mmol, 19% yield) as a colorless oil.
LCMS (ESI) m/z = 174.8.

[00687] Step 2: Preparation of tert-butyl ((3S,4S)-1-(1,5-dimethyl-1H-imidazol-2-yl)-4-
fluoropyrrolidin-3-yl)carbamate

[00688] To a solution of 2-bromo-1,5-dimethyl-1H-imidazole (0.1 g, 0.57 mmol, 1.0 eq)
and tert-butyl ((35,4S)-4-fluoropyrrolidin-3-yl)carbamate (0.14 g, 0.69 mmol, 1.2 eq) in
toluene (2.0 mL ) was added NaOtBu (0.14 g, 1.4 mmol, 2.5 eq) and Pd-catalyst (49 mg, 57
umol, 0.10 eq, CAS: 1435347-24-2) and the resulting mixture was stirred at 85 °C for 12 h.
The reaction mixture was concentrated under reduced pressure to give a residue. The residue
was purified by prep-TLC to give tert-butyl ((3S,4S)-1-(1,5-dimethyl-1H-imidazol-2-yl)-4-
fluoropyrrolidin-3-yl)carbamate (80 mg, 0.27mmol, 47% yield) as a yellow solid. LCMS
(ESI) m/z =299.1.

[00689] Step 3: Preparation of (3S,4S)-1-(1,5-dimethyl-1H-imidazol-2-yl)-4-
[fluoropyrrolidin-3-amine

[00690] A solution of tert-butyl ((3S,45)-1-(1,5-dimethyl-1H-imidazol-2-yl)-4-
fluoropyrrolidin-3-yl)carbamate (80 mg, 0.27 mmol, 1.0 eq) in 4M HCl/dioxane (0.50 mL)
was stirred at 25 °C for 1 h. The reaction mixture was concentrated under reduced pressure to
give (35,45)-1-(1,5-dimethyl-1H-imidazol-2-yl)-4-fluoropyrrolidin-3-amine (50 mg, crude)
as a yellow oil. LCMS (ESI) m/z =199.1.

Synthesis of 3-(azetidin-3-yl)-4-methyl-4H-1,2,4-triazole
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[00691] Step 1: Preparation of benzyl 3-(hydrazinecarbonyl)azetidine-1-carboxylate
[00692] To a solution of 1-benzyl 3-methyl azetidine-1,3-dicarboxylate (5.0 g, 20 mmol,
1.0 eq) in MeOH (50 mL) was added hydrazine hydrate (6.0 g, 0.12 mol, 6.0 eq.) under N»
and the mixture was subsequently stirred at 70 °C for 16 h under N atmosphere. The reaction
mixture was filtered to give benzyl 3-(hydrazinecarbonyl)azetidine-1-carboxylate (3.2 g, 13
mmol, 64% yield) as a white solid. '"H NMR (400 MHz, DMSO-d¢) 6 9.16 (s, 1H), 7.30 -
7.41 (m, 5H), 5.03 (s, 2H), 3.85 - 4.10 (m, 5H), 3.20 - 3.27 (m, 1H).

[00693]  Step 2: Preparation of benzyl (E)-3-(2-((dimethylamino)methylene )hydrazine- -
carbonyl)azetidine-1-carboxylate

[00694] To a solution of benzyl 3-(hydrazinecarbonyl)azetidine-1-carboxylate (5.0 g, 20
mmol, 1.0 eq) and (dimethoxymethyl)dimethylamine (5.0 g, 42 mmol, 2.1 eq) in DCM (50
mL) was stirred at 25 °C for 3 h. The mixture was purified by flash silica gel to give benzyl
(E)-3-(2-((dimethylamino)methylene)hydrazine-1-carbonyl)azetidine-1-carboxylate (5.0 g,
16 mmol, 82% yield) as a white solid. 'H NMR (400 MHz, CDCls) § 7.94 - 7.71 (m, 1H),
7.29 -7.26 (m, 3H), 7.25 - 7.20 (m, 1H), 7.20 - 7.18 (m, 1H), 5.02 (s, 2H), 4.17 (s, 2H), 4.12
-4.00 (m, 2H), 3.80 - 3.67 (m, 1H), 2.83 - 2.81 (m, 3H), 2.73 (s, 3H).

[00695] Step 3: Preparation of benzyl 3-(4-methyl-4H-1,2,4-triazol-3-yl)azetidine-1 -
carboxylate

[00696] To a solution of benzyl (E)-3-(2-((dimethylamino)methylene)hydrazine-1-
carbonyl)azetidine-1-carboxylate (3.0 g, 9.9 mmol, 1.0 eq) in AcOH (60 mL) was added
methylamine (3.1 g, 99 mmol, 10 eq) and the mixture was subsequtnely stirred at 90 °C for 3
h. The reaction mixture was washed with H>O (60 mL x 3), extracted with EtOAc (60 mL x
3), dried over NaxSOy, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by flash silica gel chromatography to give benzyl 3-(4-methyl-4H-
1.2.,4-triazol-3-yl)azetidine- 1-carboxylate (1.7 g, 6.2 mmol, 63% yield) as a yellow oil. 'H
NMR (400 MHz, CDCI3) 6 8.04 (s, 1H), 7.29 - 7.18 (m, 5H), 5.07 - 4.94 (m, 2H), 4.46 - 4.23
(m, 4H), 3.81 (t, J = 7.6 Hz, 1H), 3.49 (s, 3H).
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[00697] Step 4: Preparation of 3-(azetidin-3-yl)-4-methyl-4H-1,2,4-triazole

[00698] To a solution of benzyl 3-(4-methyl-4H-1,2,4-triazol-3-yl)azetidine-1-carboxylate
(0.4 g, 1.5 mmol, 1.0 eq.) in THF (4.0 mL) was added wet PA(OH)2 (102 mg, 0.73 mmol,
0.50 eq.) and the mixture was stirred at 25 °C for 10 h under H> (15 Psi). The mixture was
filter over a pad of Celite® and the filtrate was concentrated directly to give 3-(azetidin-3-yl)-

4-methyl-4H-1,2 4-triazole (0.2 g, crude). LCMS (ESI) m/z =139.1

Synthesis of 2-(azetidin-3-yloxy)pyrazine

HO,CNBOC
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[00699] Step 1: Preparation of tert-butyl 3-(pyrazin-2-yloxy)azetidine-1-carboxylate
[00700] To a solution of tert-butyl 3-hydroxyazetidine-1-carboxylate (0.8 g, 4.6 mmol, 1.0
eq) in THF (50 mL) was added NaH (0.45 g, 18 mmol, 4.0 eq.). The solution was stirred at

0 °C for 0.5 h, followed by addition of 2-chloropyrazine (0.53 g, 4.6 mmol, 1.0 eq). The
mixture was subsequently warmed and stirred at 60 °C for 12 h. The reaction mixture was
quenched with water (50 mL) and extracted with EtOAc (50 mL x 3). The combined organic
layers were washed with brine (50 mL x 3), dried over anhydrous NazSOy, filtered, and
concentrated under reduced pressure to give tert-butyl 3-(pyrazin-2-yloxy)azetidine-1-
carboxylate (1.14 g, crude) as a yellow oil. '"H NMR (400 MHz, CDCl3) 6 8.28 (d, ] = 1.6 Hz,
1H), 8.18 (d, J =2.8 Hz, 1H), 8.05 (t, ] = 1.6 Hz, 1H), 5.37 - 5.25 (m, 1H), 4.41 - 4.26 (m,
2H), 4.06 - 3.92 (m, 2H), 1.46 (s, 9H).

[00701]  Step 2: Preparation of 2-(azetidin-3-yloxy)pyrazine

[00702] To a solution of tert-butyl 3-(pyrazin-2.-yloxy)azetidine-1-carboxylate (1.1 g, 4.5
mmol, 1.0 eq) in methylene chloride (12 mL ) was added 4 M HCl/dioxane (5 mL, 20.0
mmol, 4.5 eq). The mixture was stirred at 25 °C for 0.5 h and subsequently concentrated

under reduced pressure to give 2-(azetidin-3-yloxy)pyrazine (1 g, crude) as a yellow solid.
Synthesis of 4-(azetidin-3-yloxy)-1-methyl-1H-pyrazole

N N
— E— B
OH step 1 O’CNBOC Step 2 O’CNH

\N\,N’\z —NBoc ENLR _ N
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[00703] Step 1: Preparation of tert-butyl 3-((1-methyl-1H-pyrazol-4-yl)oxy)azetidine-1-
carboxylate

[00704] To a solution of 1-methyl-1H-pyrazol-4-ol (0.20 g, 2.0 mmol, 1.0 eq) in DMF (2.0
mL) was added tert-butyl 3-iodoazetidine-1-carboxylate (0.69 g, 2.4 mmol, 1.2 eq) and
Cs2C03 (1.3 g, 4 mmol, 2.0 eq) and the reaction mixture was stirred at 60 °C. After 12 h, the
hetereogeneous mixturew as cooled to ambient temperatures and quenched with water (10
mL). The mixture was extracted with EtOAc (10 mL x 2). The combined organic layers were
washed with saturated brine (10 mL x 2), dried over Na»SOs, filtered, and concentrated under
reduced pressure to give a residue. The residue was purified by flash silica gel
chromatography to give tert-butyl 3-((1-methyl-1H-pyrazol-4-yl)oxy)azetidine- 1-carboxylate
(0.20 g, 0.79 mmol, 39% yield) as white solid. LCMS (EST) m/z =254.1.

[00705] Step 2: Preparation of 4-(azetidin-3-yloxy)-1-methyl-1H-pyrazole

[00706] To a solution of tert-butyl 3-((1-methyl-1H-pyrazol-4-yl)oxy)azetidine-1-
carboxylate (0.10 g, 0.39 mmol, 1.0 eq) in DCM (1.0 mL) was added trifluoroacetic acid (0.3
mL). The mixture was stirred at 25 °C for 0.5 h and subsequently concentrated under reduced
pressure to give 4-(azetidin-3-yloxy)-1-methyl-1H-pyrazole (0.10 g, crude) as yellow oil.
LCMS (ESI) m/z =154.1.

Synthesis of 2-(azetidin-3-yloxy)pyridine

—_—
Step 1 O»CN’BOC Step 2 O’CNH

F

[00707]1 Step 1: Preparation of tert-butyl 3-(pyridin-2-yloxy)azetidine-1-carboxylate
[00708] To a solution of 2-fluoropyridine (0.3 g, 3.1 mmol, 1.0 eq) in THF (3.0 mL) was
added tert-butyl 3-hydroxyazetidine-1-carboxylate (0.64 g, 3.7 mmol, 1.2 eq) and KOtBu
(0.86 g, 7.7 mmol, 2.5 eq). The reaction mixture was subsequently heated and stirred at 80
°C. After 3h, the reaction was cooled to room temperature and quenched with H2O (10 mL).
The mixture was extracted with EtOAc (10 mL x 3). The combined organic layers were
washed with sat. brine (10 mL x 3), dried over anhydrous Na>SOyg, filtered, and concentrated
under reduced pressure to give a residue. The residue was purified by flash silica gel
chromatography to give tert-butyl 3-(pyridin-2-yloxy)azetidine-1-carboxylate (0.19 g, 0.76
mmol, 25% yield) as a yellow oil. '"H NMR (400 MHz, CDCl3) 6 8.10 (dd, J = 1.2, 5.2 Hz,
1H), 7.62 - 7.56 (m, 1H), 6.89 (dd, J = 5.6, 6.8 Hz, 1H), 6.77 (d, J = 8.4 Hz, 1H), 5.35 - 5.29
(m, 1H), 4.32 (dd, ] = 6.8, 10.0 Hz, 2H), 3.97 (dd, ] = 4.0, 10.0 Hz, 2H), 1.45 (s, 9H).
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[00709] Step 2: Preparation of 2-(azetidin-3-yloxy)pyridine

[00710] To a solution of tert-butyl 3-(pyridin-2-yloxy)azetidine-1-carboxylate (0.15 g, 0.6
mmol, 1.0 eq) in DCM (1.5 mL) was added trifluoroacetic acid (0.5 mL). The mixture was
stirred at 25 °C for 0.5 h. The reaction mixture was concentrated under reduced pressure to

give 2-(azetidin-3-yloxy)pyridine (0.12 g, crude) as a yellow oil. LCMS (ESI) m/z =151.1.

Synthesis of 2-(azetidin-3-yloxy)pyrimidine
NBoc + —S— step 1 N\ step2 &
HO’C <\ N s N’QO,CNBoc —_— N’QO,CNH

[00711]  Step 1: Preparation of tert-butyl 3-(pyrimidin-2-yloxy )azetidine- 1-carboxylate
[00712] To a solution of (2-methanesulfonylpyrimidine (0.2 g, 1.3 mmol, 1.0 eq) in DMF
(5.0 mL) was added tert-butyl 3-hydroxyazetidine-1-carboxylate (0.22 g, 1.3 mmol, 1.0 eq)
and K>COs3 (0.35 g, 2.5 mmol, 2.0 eq). The reaction mixture was stirred at 25 °C for 12 h.
The resulting yellow solution was quenched with water (20 mL) and extracted with EtOAc
(20 mL x 2). The combined organic layers were washed with saturated brine (20 mL x 2),
dried over NaxSOy, filtered, and concentrated under reduced pressure to give a residue. The
residue was purified by reversed phase (TFA condition; (column: Phenomenex C18 250 x 50
mm x 10 um, mobile phase: water (TFA)-ACN; B%:B%: 33% - 67%,10 min) to lyophilize to
give tert-butyl 3-(pyrimidin-2-yloxy)azetidine-1-carboxylate (0.28 g, 1.1 mmol, 88% yield)
as a yellow oil. LCMS (ESI) m/z = 252.1.

[00713]  Step 2: Preparation of 2-(azetidin-3-yloxy)pyrimidine

[00714] To a solution of tert-butyl 3-(pyrimidin-2-yloxy)azetidine-1-carboxylate (0.1 g,
0.40 mmol, 1.0 eq) in DCM (1.0 mL) was added trifluoroacetic acid (0.30 mL), the mixture
was stirred at 25 °C for 10 minutes to give a colorless clean solution. The reaction mixture
was concentrated under reduced pressure to give 2-(azetidin-3-yloxy)pyrimidine (45 mg,

crude) as a white oil. LCMS (ESI) m/z = 152.1

Synthesis of 2-(azetidin-3-yl)-6-methylpyridine

.Boc
~ B step 1 A tep 2 "
-Boc R step B
e U0 =T

[00715] Step 1: Preparation of tert-butyl 3-(6-methylpyridin-2-yl)azetidine- 1-carboxylate

279



WO 2023/192960 PCT/US2023/065171

[00716] A suspension of zinc (2.3 g, 36 mmol, 3 eq) in 1M HCI (1.0 mL) was stirred at 25
°C for 2 h. The suspension was filtered and the filter cake was rinsed with EtOH (10 ml x 3)
and acetone (10 ml x 3), and the solids were subsequently dried under vacuum. The resulting
solids were suspended in DMF (5.0 mL) under an atmosphere of N2 (g) and stirred at 55 °C
for 0.5 h. To the mixture was added chlorotrimethylsilane (0.63 g, 5.8 mmol, 0.48 eq),
followed by dropwise addition of 1,2-dibromoethane (1.1 g, 5.8 mmol, 0.48 eq). To the
resulting mixture was added a solution of tert-butyl 3-iodoazetidine-1-carboxylate (10 g, 36
mmol, 3.0 eq) in DMF (15 mL). After stirring for 0.5 min, the reaction mixture was cooled to
room temperature. The resulting organozinc reagent was used without further manipulation.
[00717] To acooled (0 °C) solution of 2-bromo-6-methylpyridine (2.0 g, 12 mmol, 1.0 eq)
and Pd(dppf)CL:-CH2Cl> (0.85 g, 1.2 mmol, 0.1 eq) in DMF (5.0 mL) was slowly added the
organozinc reagent. After complete addition of the zinc reagent, the reaction mixture was
warmed to 50°C for 12 h. The resulting brown suspension was cooled to room temperature
and quenched with water (60 mL). The mixture was with EtOAc (60 mL x 3). The combined
organic layers were washed with saturated brine (80 mL x 3), dried over NaxSOy, filtered and
concentrated in vacuo to give a residue. The residue was purified by column chromatography
to give tert-butyl 3-(6-methylpyridin-2-yl)azetidine-1-carboxylate (2.0 g, 8.05 mmol, 69%
yield) as a yellow oil. '"H NMR (400 MHz, CDCl3) § 7.57 (t, ] = 7.6 Hz, 1H), 7.11(d, ] = 7.6
Hz, 1H), 7.04 (d, J =7.6 Hz, 1H), 4.36 - 4.27 (m, 2H), 4.14 (dd, J = 6.0, 8.4 Hz, 2H), 3.89 (d,
J=5.2 Hz, 1H), 2.56 (s, 3H), 1.47 (s, 9H).

[00718]  Step 2: Preparation of 2-(azetidin-3-yl)-6-methylpyridine

[00719] To a solution of tert-butyl 3-(6-methylpyridin-2-yl)azetidine-1-carboxylate (85
mg, 0.34 mmol) in TFA (0.3 mL) and DCM (1.0 mL) was stirred at 25 °C for 1 h to give a
yellow solution. The reaction mixture was subsequently concentrated under reduced pressure
to give 2-(azetidin-3-yl)-6-methylpyridine (51 mg, crude) as a yellow oil. LCMS (ESI) m/z =
149.1.

Synthesis of tert-Butyl (18,5S)-2-acetyl-2,6-diazabicyclo[3.2.0]heptane-6-carboxylate and
tert-butyl (1R,5R)-2-acetyl-2,6-diazabicyclo[3.2.0]heptane-6-carboxylate
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[00720] To a solution of tert-butyl 2,6-diazabicyclo[3.2.0]heptane-6-carboxylate (300
mg, 1.51 mmol, 1 eq) and N,N-diisopropylethylamine (1.57 mL, 9.06 mmol, 6 eq)

in methylene chloride (5 mL) at 0°C was slowly added acetic anhydride (170 puL, 1.81
mmol, 1.2 eq). The reaction mixture was stirred 3 h at room temperature and then diluted
with DCM and washed with brine, dried with sodium sulfate, filtered and concentrated in
vacuo. The crude residue was purified by reverse phase chromatography using a 50 g

Cig cartridge eluting with a 5-100% gradient of MeCN in water (with 0.1% formic acid) to
give the desired product (313 mg) as an orange oil (mixture of two isomers). The product was
submitted to chiral SFC separation (SFC conditions: Column Lux i-Cellulose-3 21.2 x 250
mm 5 um column, 10.6 mg/inj, concentration 53 mg/mL, Column T =40°C, Flow rate 55
mL/min, 5% MeOH, cycle time: 10.5 min) to give tert-butyl (15,55)-2-acetyl-2,6-
diazabicyclo[3.2.0]heptane-6-carboxylate (137 mg, 37.8%, fastest cluting isomer) as a white
solid. LCMS (ESI): m/z = 241.1 (M+H)*. Also, tert-butyl (1R,5R)-2-acetyl-2,6-
diazabicyclo[3.2.0]heptane-6-carboxylate (132 mg, 36.4%, slowest eluting isomer) was
isolated as a white solid. LCMS (ESI): m/z = 241.1 (M+H)™.

[00721]1  Step 2a: 1-[(1S,55)-2,6-Diazabicyclo[3.2.0] heptan-2-yl]ethan-1-one TFA salt

}\ NBoc TFA }\ f NH.TFA
N o N
0 \ / DCM

[00722] To a solution of tert-butyl (15,55)-2-acetyl-2,6-diazabicyclo[3.2.0]heptane-6-
carboxylate (137 mg, 570 umol, 1 eq) in methylene chloride (2 mL) was added trifluoroacetic
acid (1 mL). The resulting yellow solution was stirred for 1 h at room temperature. The
reaction mixture was concentrated under reduced pressure. The crude TFA salt was used
directly for the next step without further purification. LCMS (ESI): m/z = 141.1 (M+H)*.
[00723]  Step 2b: I-[(IR,5R)-2,6-Diazabicyclof3.2.0] heptan-2-yl]ethan-1-one TFA salt
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[00724] To a solution of tert-butyl (1R,5R)-2-acetyl-2,6-diazabicyclo[3.2.0]heptane-6-
carboxylate (132 mg, 549 umol, 1 eq) in methylene chloride (2 mL) was added trifluoroacetic
acid (1 mL). The resulting yellow solution was stirred for 1 h at room temperature. The
reaction mixture was concentrated under reduced pressure. The crude TFA salt was used

directly for the next step without further purification. LCMS (ESI): m/z = 141.1 (M+H)*.

Synthesis of 1-(oxetan-3-yl)-1,2,3,4-tetrahydroquinoxaline
: .

O% NH
N

[00725] Step 1: Preparation of 1-(oxetan-3-yl)-1,2,3,4-tetrahydroquinoxaline

[00726] To a solution of 1,2,3,4-tetrahydroquinoxaline (0.5 g, 3.7 mmol, 1.0 eq) and
NaBH(OACc)s (0. 95 g, 4.5 mmol, 1.2 eq) in methylene chloride (5.0 mL ) was added oxetan-
3-one (0.32 g, 4.5 mmol, 1.2 eq), andacetic acid (1.1 g, 19 mmol, 5.0 eq). The mixture was
stirred at 25 °C for 1 h. The reaction mixture was diluted with DCM (10 mL) and saturated
aqueous NAHCO3 (20 mL) was slowly introduced to the mixture. The mixture was extracted
with DCM (3 x 20 mL). The combined organic layer was dried over Na>SOs, filtered, and
concentrated under reduced pressure to give 1-(oxetan-3-yl)-1,2,3.4-tetrahydroquinoxaline

(0.90 g, crude) as a red oil. LCMS (ESI) m/z = 191.1.

Synthesis of tert-butyl 3-(4-(3-fluoro-3-(methoxymethyl)azetidin-1-yl)pyridin-3-
ylazetidine-1-carboxylate

I
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[00727]  Step 1: Preparation of tert-butyl 3-(4-(3-fluoro-3-(methoxymethyl)azetidin-1-
yl)pyridin-3-yl)azetidine-1-carboxylate
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[00728] To a solution of tert-butyl 3-(4-fluoropyridin-3-yl)azetidine-1-carboxylate (0.48 g,

1.9 mmol, 1.0 eq), 3-fluoro-3-(methoxymethyl)azetidine; trifluoroacetic acid (0.90 g, 3.8

mmol, 2.0 eq) in dimethylacetamide (5.0 mL) was added caesium carbonate (1.8 g, 5.7 mmol,

3.0 eq). The mixture was stirred at 120 °C for 12 hours. The mixture was filtered and the

filterate was purified by reversed-phase ( FA condition) then lyophilization to get tert-butyl

3-{4-[3-fluoro-3-(methoxymethyl)azetidin- 1-yl]pyridin-3-yl } azetidine- 1 -carboxylate (0.62 g,
1.7 mmol, 92% yield) as a white solid. LCMS (ESI) m/z = 352.1. 'H NMR (400 MHz,
CDCI3) 6 =8.41 - 8.26 (m, 2H), 6.37 (d, J = 6.0 Hz, 1H), 4.30 - 4.02 (m, 8H), 3.84 - 3.77 (m,

1H), 3.73 (d, J = 18.4 Hz, 2H), 3.48 (s, 3H), 1.47 (s, 9H)

[00729] Below compounds made with same general procedure:

Name Structure LC-MS

H-NMR data

tert-butyl (S)-3-(4-(2- EeS

(methoxymethyl)azetidin- | MeO N NBoc 334.1
1-yD)pyridin-3- X [M+H]*
yl)azetidine-1- | _

carboxylate N

"H NMR (400 MHz,
CDCl3) & = 8.47 (s,
1H), 8.20 (d, T = 6.0
Hz, 1H), 6.75 (d,J =
6.4 Hz, 1H), 4.56 -
4.53 (m, 1H), 4.31 -
4.28 (m, 3H), 4.26 -
4.25 (m, 1H), 4.23 -
4.21 (m, 1H), 3.96 -
3.84 (m, 2H),3.60
(d, T =4.0 Hz, 2H),
3.36 (s, 3H), 1.46 (s,
9H)

tert-butyl (R)-3-(4-(3- C@ NBoc
methoxypyrrolidin-1- N 334.1
yl)pyridin-3-yl)azetidine- [M+H]*
1-carboxylate

"H NMR (400 MHz,
CDCl3) § = 8.47 (s,
1H), 8.26 (d, T = 6.0
Hz, 1H), 6.70 (d, J =
6.4 Hz, 1H), 4.34 -
4.31 (m, 2H), 4.26 -
4.24 (m, 2H), 4.08 -
4.01 (m, 2H), 3.67 -
3.64 (m, 2H), 3.62 -
3.42 (m, 2H), 3.36
(s, 3H),2.20-2.03
(m, 2H), 1.47 (s,
9H)

Synthesis of 4-(azetidin-1-yl)-5-(azetidin-3-yl)pyrimidine

283




WO 2023/192960 PCT/US2023/065171

cl H <>
Br step 1 N step 2
le \/ —_— N7 Br »
N QN/

oK &

O step 3 N
N N/J%O —— NH

N

N U

N

[00730] Step I: Preparation of 4-(azetidin-1-yl)-5-bromopyrimidine.

[00731] To a solution of 5-bromo-4-chloropyrimidine (2.3 g, 12 mmol, 1.0 eq) in DMA
(23 mL) was added azetidine (1.1 g, 12 mmol, 1.0 eq) and caesium carbonate (13 g, 41
mmol, 3.5 eq). The mixture was stirred at 100 °C for 12 hours.The reaction mixture was
diluted with H>O 250 mL and extracted with ethyl acetate 750 mL (250 mL x 3). The
combined organic layers were washed with sat. brine 750 mL (250 mL x 3), dried over
anhydrous Na2SOy, filtered and concentrated under reduced pressure to give a residue.The
residue was purified by flash silica gel chromatography to give 4-(azetidin-1-yl)-5-
bromopyrimidine (2.0 g, 9.3 mmol, 79% yield) as a yellow solid. 'H NMR (400 MHz,
CDs0D) & 8.32 (s, 1H), 8.19 (s, 1H), 4.44 (s, 4H), 2.41 - 2.33 (m, 2H).

[00732]  Step 2:Preparation of tert-butyl 3-(4-(azetidin-1-yl)pyrimidin-5-yl)azetidine-1-
carboxylate

[00733] To an 15 mL vial equipped with a stir bar was added 4-(azetidin-1-yl)-5-
bromopyrimidine (1.0 g, 4.7 mmol, 1.0 eq), tert-butyl 3-bromoazetidine-1-carboxylate (1.4 g,
6.1 mmol, 1.3 eq), Ir [Df (CF3) ppy] 2 (dtbpy) (PF¢) (52 mg, 47 umol, 0.01 eq), disodium
carbonate (1.0 g, 9.3 mmol, 2.0 eq), TTMSS (49 mg, 1.0 eq), NiCl>.dtbbpy (28 mg, 70 pmol,
0.015 eq) in DME (10.0 mL). The vial was sealed and placed under nitrogen was added. The
reaction was stirred and irradiated with a 10 W blue LED lamp (3 cm away), with cooling
water to keep the reaction temperature at 25 °C for 14 hours.The reaction mixture was diluted
with H20 30 mL and extracted with ethyl acetate 90 mL (30 mL x 3). The combined organic
layers were washed with sat.brine 90 mL (30 mL x 3), dried over anhydrous Na>SOy, filtered
and concentrated under reduced pressure to give a residue which was was purified by flash

silica gel chromatography (ISCO®; 40 g SepaFlash® Silica Flash Column, Eluent of 0~7%
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Ethyl acetate/Methanol gradient @ 60 mL/min) to give tert-butyl 3-(4-(azetidin-1-
yDpyrimidin-5-yl)azetidine-1-carboxylate (0.25 g, 0.86 mmol, 19% yield) as a yellow solid.
'"H NMR (400 MHz, CDs0D) § 8.35 (s, 1H), 8.21 (s, 1H), 4.27 (t, ] = 7.6 Hz, 6H), 4.02 - 3.96
(m, 2H), 3.91 - 3.86 (m, 1H), 2.44 - 2.36 (m, 2H), 1.45 (s, 9H).

[00734]  Step 3:Preparation of 4-(azetidin-1-yl)-5-(azetidin-3-yl)pyrimidine

[00735] A mixture of tert-butyl 3-(4-(azetidin-1-yl)pyrimidin-5-yl)azetidine-1-carboxylate
(0.15 g, 0.52 mmol, 1.0 eq) in DCM (1.5 mL) was added trifluoroacetic acid (0.5 mL), the
mixture was stirred at 25 °C for 30 minutes. The reaction mixture was concentrated under
reduced pressure to give 4-(azetidin-1-yl)-5-(azetidin-3-yl)pyrimidine (95.0 mg, crude) as a
brown oil. LCMS (ESI) m/z = 191.1.

Synthesis of 7-(azetidin-3-yl)-1-methyl-1H-pyrrolo[3,2-c]pyridine

/ / NBoc
I N g  gr—{NBoc
> step 1 step 2
N N

[00736] Step I: Preparation of tert-butyl 3-(1-methyl-1H-pyrrolo[3,2-c]pyridin-7-
yl)azetidine-1-carboxylate

[00737] To an 40 mL vial equipped with a stir bar was added 7-bromo-1-methyl-1H-
pyrrolo[3,2-c]pyridine (2.0 g, 9.5 mmol, 1.0 eq), tert-butyl 3-bromoazetidine-1-carboxylate
(2.9 g, 12 mmol, 1.3 eq), sodium carbonate (2.0 g, 19 mmol, 2.0 eq),
Ir[dF(CE3)ppy]2(dtbpy)(PF6) (0.11 g, 95 umol, 0.01 eq), NiClz.dtbbpy (3.7 g, 9.5 mmol, 1.0
eq), 1,1,1,3,3,3-hexamethyl-2-(trimethylsilyl)trisilane (2.4 g, 9.5 mmol, 1.0 eq) in DCE (40
mL). The vial was sealed and placed under nitrogen was added. The reaction was stirred and
irradiated with a 4 x 50 W [455 nm] blue LED lamp (3 cm away), with cooling water to keep
the reaction temperature at 25 °C for 16 hr .The reaction mixture was filtered and
concentrated under reduced pressure to give a residue. The residue was purified by flash
silica gel chromatography to get tert-butyl 3-{1-methyl-1H-pyrrolo[3,2-c]pyridin-7-
yl}azetidine-1-carboxylate (1.0 g, 3.45 mmol, 37% yield) as a off-white solid. 'H NMR (400
MHz, CDCls) § 9.10 (s, 1H), 8.51 (s, 1H), 7.38 (d, J = 3.2 Hz, 1H), 6.98 (d, ] =2.0 Hz, 1H),
449 -4.43 (m, 2H), 4.29 - 4.19 (m, 2H), 4.12 (s, 3H), 3.78 - 3.54 (m, 1H), 1.49 (d, J = 0.8
Hz, 9H).

[00738] Step 2: Preparation of 7-(azetidin-3-yl)-1-methyl-1H-pyrrolo[3,2-c]pyridine
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[00739] To a solution of tert-butyl 3-{ 1-methyl-1H-pyrrolo[3,2-c]pyridin-7-yl }azetidine-1-
carboxylate (80 mg, 0.28 mmol, 1.0 eq) in DCM (1.0 mL) was added trifluoroacetic acid (0.3
mL), the mixture was stirred at 25 °C for 1 hour. The mixture was concentrated directly to
give 3-{1-methyl-1H-pyrrolo[3,2-c]pyridin-7-yl }azetidine (52.0 mg, crude) as a ywllow oil.
LCMS (ESI) m/z = 188.0

Preparation of racemic-trans-6-(pyridin-3-yl)-4-azaspiro[2.4]heptane-7-carbonitrile

2%
NH, HCI 0 é $ Y CN
NaBH, OH H;@/ oN OH
X oH N _ NDMB
L MeOH, 60°C to 20°C (j)\/ EtoH, 200C [
N = Pz
Step 1 N Step 2 N
CN
_ NDMB NDMB
SOCl, cl LIHMDS NG NC
— NDMB @ ————— +
DCM, 0°Cto rt » THF, -10°C to rt = =
Step 3 N Step 4 N\ |I\1 N\ [{j
NDMB NH
NC TFA NG
—i
> 20°C =
/ Step 5
NN P N ,{1

[00740]1 Step 1: Preparation of 2-((2,4-dimethoxybenzyl)amino)-1-(pyridin-3-yl)ethan-1-ol
[00741] A solution of 2-amino-1-(pyridin-3-yl)ethan-1-o0l dihydrochloride (2.8 g, 13.2
mmol, 1 eq.) and 2,4-dimethoxybenzaldehyde (2.19 g, 13.2 mmol, 1 eq.) in MeOH (10 mL )
was stirred at 60 °C for 0.5 h, then NaBH4 (1.50 g, 39.5 mmol, 3 eq.) was added at 20 °C and
the reaction mixture was stirred at 20 °C for 16 h under N2 atmosphere. After completion, the
reaction mixture was poured into ice-NH4Cl (100 mL), then extracted with EtOAc (50 mL x
3). The organic layers were combined and washed with brine (100 mL), dried over anhydrous
NaxSO4, and concentrated under reduced pressure to afford 2-((2,4-dimethoxybenzyl)amino)-
1-(pyridin-3-yl)ethan-1-o0l (2.50 g, 8.67 mmol, 66%) as a yellow oil. LCMS (ESI): m/z =
289.2 [M+H]*. 'H NMR (400 MHz, DMSO) & 8.52 (d, J = 2.0 Hz, 1H), 8.44 (dd, J=4.8, 1.6
Hz, 1H), 7.71 (dt, J=7.8, 1.8 Hz, 1H), 7.33 (dd, / =7.7, 4.9 Hz, 1H), 7.13 (d, / = 8.2 Hz,
1H), 6.52 (d, J = 2.3 Hz, 1H), 6.45 (dd, J = 8.2, 2.4 Hz, 1H), 5.46 (s, 1H), 4.70 (t, /= 6.0 Hz,
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1H), 3.74 (d, J = 3.2 Hz, 6H), 3.64 (d, J =4.7 Hz, 2H), 3.17 (d, / = 5.1 Hz, 1H), 2.70-2.62
(m, 2H).

[00742]  Step 2: Preparation of 2-(1-((2,4-dimethoxybenzyl)(2-hydroxy-2-(pyridin-3-
yl)ethyl)amino)cyclopropyl)acetonitrile

[00743] To a mixture of 2-((2,4-dimethoxybenzyl)amino)-1-(pyridin-3-yl)ethan-1-ol (2.5g,
8.67 mmol, 1 eq.) in EtOH(5 mL) was added 2-cyclopropylideneacetonitrile in PE solution
(1.36 g, 17.3 mmol, 2 eq.) and the resulting mixture was stirred at 20 °C for 1 h under N>
atmosphere. After completion, the reaction mixture was concentrated under reduced pressure
to give a residue. The residue was purified by flash column chromatography on silica gel to
get 2-(1-((2,4-dimethoxybenzyl)(2-hydroxy-2-(pyridin-3-
yDethyl)amino)cyclopropyl)acetonitrile (2.40 g, 6.53 mmol, 75%) as a pale-yellow oil.
LCMS (ESI): m/z = 368.2 [M+H]*. "H NMR (400 MHz, DMSO) & 8.40 (dd, J =4.7, 1.6 Hz,
1H), 8.30 (d, J = 1.8 Hz, 1H), 7.54 (dt, J=7.8, 1.8 Hz, 1H), 7.28 (dd, /= 7.8, 4.8 Hz, 1H),
7.18 (d, J=8.3 Hz, 1H), 6.54 (d, J=2.3 Hz, 1H), 6.47 (dd, J=8.3,2.4 Hz, 1H),4.99 (d, J =
3.1 Hz, 1H),4.28 (dd, J =9.8, 6.6 Hz, 1H), 3.85-3.71 (m, 8H), 2.94-2.71 (m, 4H), 0.60-0.31
(m, 3H), 0.06 (s, 1H).

[00744]  Step 3: Preparation of 2-(1-((2-chloro-2-(pyridin-3-yl)ethyl)(2,4-
dimethoxybenzyl)amino )cyclopropyl)acetonitrile

[00745] SOCI2in DCM solution (3, 281 mg, 2.37 mmol, 1.2 eq.) was added to a solution
2-(1-((2,4-dimethoxybenzyl)(2-hydroxy-2-(pyridin-3-yl)ethyl)amino)cyclopropyl)acetonitrile
(730 mg, 1.98 mmol, 1 eq.) in DCM (10 mL ) at 0 °C. The solution was stirred at room
temperature for 0.5 h. After completion, the reaction mixture was quenched with NaHCO3
(aq., sat.) (20 mL), then extracted with EtOAc (50 mL x 2). The organic layers were
combined and washed with brine (100 mL), dried over anhydrous Na2SO4, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel to afford 2-(1-((2-chloro-2-(pyridin-3-yl)ethyl)(2,4-
dimethoxybenzyl)amino)cyclopropyl)acetonitrile (310 mg, 0.80 mmol, 41%) as an oil.
LCMS (ESI): m/z = 386.2 [M+H]*. 'H NMR (400 MHz, DMSO) & 8.50 (dd, J = 4.8, 1.5 Hz,
1H), 8.31 (d, J = 1.9 Hz, 1H), 7.64-7.57 (m, 1H), 7.37 (dd, J=7.9,4.8 Hz, 1H), 7.13 (d, J =
8.3 Hz, 1H), 6.55 (d, J=2.3 Hz, 1H), 6.49 (dd, J=8.3, 2.4 Hz, 1H), 4.62 (t, J=7.2 Hz, 1H),
3.81-3.72 (m, 8H), 3.36-3.23 (m, 2H), 2.91-2.75 (m, 2H), 0.61-0.38 (m, 3H), 0.06--0.04 (m,
1H).
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[00746]  Step 4: Preparation of racemic-trans-4-(2,4-dimethoxybenzyl)-6-(pyridin-3-yl)-4-
azaspiro[2.4]heptane-7-carbonitrile & racemic-cis-4-(2,4-dimethoxybenzyl)-6-(pyridin-3-yl)-
4-azaspiro[2.4]heptane-7-carbonitrile

[00747] To a solution of 2-(1-((2-chloro-2-(pyridin-3-yl)ethyl)(2,4-
dimethoxybenzyl)amino)cyclopropyl)acetonitrile (310 mg, 0.80 mmol, 1 eq.) in THF (10
mL) was added LIHMDS (202 mg, 2.00 mmol, 2.5 eq.) dropwise at -10 °C and the solution
was stirred at room temperature for 1 hr. After completion, the reaction mixture was
quenched with NH4Cl (aq., sat.) (15 mL), then extracted with EtOAc (15 mL x 2). The
organic layers were combined and washed with brine (10 mL), dried over anhydrous NazSOs,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford racemic-trans-4-(2,4-dimethoxybenzyl)-6-(pyridin-3-
yl)-4-azaspiro[2.4]heptane-7-carbonitrile (75 mg, 0.21 mmol, 27%) and cis-4-(2,4-
dimethoxybenzyl)-6-(pyridin-3-yl)-4-azaspiro[ 2.4 |heptane-7-carbonitrile (55.0 mg, 0.16
mmol, 20%) as a yellow oil. LCMS (ESI): m/z = 350.2 [M+H]*.

[00748] Step 5: Preparation of racemic-trans-6-(pyridin-3-yl)-4-azaspiro[2.4]heptane-7-
carbonitrile

[00749] A solution of racemic-trans-4-(2,4-dimethoxybenzyl)-6-(pyridin-3-yl)-4-
azaspiro[2.4]heptane-7-carbonitrile (100 mg, 0.29 mmol, 1 eq.) in TFA (5 mL) was stirred at
20 °C overnight under N». After completion, the reaction mixture was quenched with
NaHCO3 (aq., sat.) (20 mL), then extracted with EtOAc (20 mL x 2). The organic layers were
combined and washed with brine (100 mL), dried over anhydrous Na2SO4, and concentrated
under reduced pressure to afford racemic-trans-6-(pyridin-3-yl)-4-azaspiro[2.4 |heptane-7-
carbonitrile (55.0 mg, quant.) as an oil for next step without further purification. LCMS

(EST): m/z =199.9 [M+H]*.

NDMB NDMB NDMB
NC' SFC NC NC-
- . $ .
= — =
/ / /
XN XN XN

Peak 1 Peak 2

[00750] Rac- (6R,7S)-4-(2,4-dimethoxybenzyl)-6-(pyridin-3-yl)-4-azaspiro[2.4]heptane-7-
carbonitrile (8 g) was separated by chiral SFC to afford (6S,7R)-4-(2,4-dimethoxybenzyl)-6-
(pyridin-3-yl)-4-azaspiro[2.4]heptane-7-carbonitrile (Peak 1, 4.0 g, 50%) and (6R,7S)-4-(3.,4-
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dimethoxybenzyl)-6-(pyridin-3-yl)-4-azaspiro[ 2.4 Jheptane-7-carbonitrile (Peak 2, 3.2 g,
40%) as a white solid. Absolute stereochemical configuration was assigned arbitrarily as
drawn.

[00751] Peak 1: Retention time: 1.946 min; >99% ee.

[00752] Peak 2: Retention time: 2.456 min; >99% ee.

[00753] Analytical method: Column: ChiralPak IG, 100x4.6mm L.D., Sum, Mobile
phase: A for COz and B for ethanol(0.05% DEA), Gradient: 8 min @B 30%, Flow rate: 2.5
mL/min, Back pressure: 100 bar, Column temperature: 35 °C.

[00754] SFC method: Instrument: Waters Thar 80 preparative SFC, Column: ChiralPak
IG, 250x21.2 mm LD., 5 um, Mobile phase: A for CO; and B for EtOH + 0.1%NH3H-0,
Gradient: B 30%, Flow rate: 40 mL/min, Back pressure: 100 bar, Column temperature: 35 °C,
Wavelength: 220 nm, Cycle-time: 5.2 min, Eluted time: 3 H.

[00755] The following intermediates in Table 34 were prepared using the method
described above in Step 5 for racemic-trans-6-(pyridin-3-yl)-4-azaspiro[2.4]heptane-7-

carbonitrile utilizing the appropriate starting materials and modifications.

Table 34

Name tructure LCMS

(6S,7R)-6-(pyridin-3-yl)-4-azaspiro[2.4]heptane-7- 199.9
carbonitrile tP [M+H]*
O“

(6R,75)-6-(pyridin-3-yl)-4-azaspiro[2.4]heptane-7-
carbonitrile

199.9
[M+H]*

Preparation of N,N-dimethyl-3-(4-azaspiro[2.4]heptan-6-yl)pyridin-4-amine
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[00756] STEP A: 2-(4-chloropyridin-3-yl)acetonitrile

[00757] To a solution of ~-BuOK (15.8 g, 141 mmol, 2 eq.) in DME (100 mL) was added
TosMIC (16.5 g, 84.7 mmol, 1.2 eq.) at 25 °C. The reaction mixture was cooled to -60 °C. 4-
chloronicotinaldehyde (10 g, 70.6 mmol, 1 eq.) in DME (100 mL) was added dropwise to the
mixture at -60 °C. The reaction was stirred at -60 °C for 1 hr, then warmed up to 25 °C and
and stirred for 2 hrs under N> atmosphere. MeOH (100 mL) was added to the mixture, and
the reaction mixture was heated to 80 °C and stirred at 80 °C for 0.5 hrs under N2
atmosphere. After completion, the reaction mixture was quenched by adding H>O (200 mL),
then extracted with EtOAc (100 mL x 3). The organic layers were combined and washed with
brine (150 mL), dried over anhydrous Na2SO4, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel to afford 2-(4-
chloropyridin-3-yl)acetonitrile (4.2 g, 27.5 mmol, 39%) as a yellow solid. LC-MS (ESI) n/z
= 153 [M+H]*.

[00758] STEP B: 2-(4-chloropyridin-3-yl)acetic acid

[00759] 2-(4-chloropyridin-3-yl)acetonitrile (4.2 g, 27.5 mmol, 1.0 eq.) was added to a
solution of sodium hydroxide (9 g, 225 mmol, 8.2 eq.) in H>O (51 mL ) at 25 °C. The
reaction mixture was heated to 100 °C and stirred for 1 hr. After completion, the reaction
mixture was cooled down in an ice bath, then acidified carefully with HCI (con.) until the pH
was adjusted to pH =1. The resulting mixture was dissolved in MeOH (50 mL).The
suspension was filtered through a pad of Celite, the filter cake was washed with MeOH (10
mL). The combined filtrates were concentrated under reduced pressure to give 2-(4-
chloropyridin-3-yl)acetic acid (4.0 g, 23.3 mmol, 85%) as a brown solid. LC-MS (ESI) m/z
= 172 [M+H]".
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[00760] STEP C: methyl 2-(4-chloropyridin-3-yl)acetate

[00761] To a solution of 2-(4-chloropyridin-3-yl)acetic acid (4 g, 23.3 mmol, 1 eq.) in
MeOH (50 mL ) was added dropwise thionyl chloride (13.7 g, 116 mmol, 5 eq.) at 25 °C. The
reaction mixture was heated to 80 °C and stirred for 1 hr. After completion, the reaction
mixture was concentrated under reduce pressure. The product was dissolved in water (100
mL) , the aqueous phase was neutralized carefully with NaHCO3 (aq.) until the pH was
adjusted to pH = 9. The resulting mixture was extracted with EtOAc (100 mL x 2), and the
combined organic layers were washed with brine (100 mL), dried over with anhydrous
NazSOy4, then concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford methyl 2-(4-chloropyridin-3-yl)acetate (4.0 g, 21.5
mmol, 93%) as a yellow oil. LCMS (ESI): m/z = 186 [M+H]".

[00762] STEP D: methyl 2-(4-chloropyridin-3-yl)-3-cyanopropanoate

[00763] To a solution of methyl 2-(4-chloropyridin-3-yl)acetate (3 g, 16.1 mmol, 1 eq.) in
dry THF (10 mL) was added LDA (9.7 mL, 19.3 mmol, 1.2 eq.) slowly at -65 °C under
nitrogen. The mixture was stirred for additional 1 hr at -65 °C, then 2-bromoacetonitrile (2.31
g, 19.3 mmol, 1.2 eq.) was added drop-wisely, after addition, the reaction mixture was stirred
at -65 °C for 1 hr. After completion, the reaction mixture was quenched by adding sat. NH4Cl
(100 mL), then extracted with EtOAc (100 mL x 2). The organic layers were combined and
washed with brine (100 mL), dried over anhydrous Na;SOs, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel to afford
methyl 2-(4-chloropyridin-3-yl)-3- cyanopropanoate (3.0 g, 13.3 mmol, 83%) as a yellow oil.
LC-MS (ESI) m/z =225 [M+H]*

[00764] STEP E: 6-(4-chloropyridin-3-yl)-4-azaspiro[2.4]heptan-5-one

[00765] To a solution of methyl 2-(4-chloropyridin-3-yl)-3-cyanopropanoate (1 g, 4.45
mmol, 1 eq.) and titanium isopropoxide (1.58 g, 5.56 mmol, 1.25 eq.) in THF (30 mL) was
added dropwise EtMgBr (3.7 mL, 11.1 mmol, 2.5 eq.) at 25 °C for 2 hrs. The reaction
mixture was stirred at 25 °C for 0.5 hrs under N2 atmosphere. After completion, the reaction
mixture was diluted with H20 (10 mL), then extracted with EtOAc (20 mL x 3). The organic
layers were combined and washed with brine (150 mL), dried over anhydrous Na>SOs, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford 6-(4-chloropyridin-3-yl)-4-azaspiro[2.4]heptan-5-one
(500 mg, 2.25 mmol, 51%) as a yellow oil. LC-MS (ESI) m/z =223 [M+H]*

[00766] STEP F: 6-(4-chloropyridin-3-yl)-4-azaspiro[2.4]heptane hydrochloride
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[00767] To a solution of 6-(4-chloropyridin-3-yl)-4-azaspiro[2.4]heptan-5-one (500 mg,
2.24 mmol, 1.0 eq.) in dioxane (10 mL ) were added lambdal-rhodium(1+) formyl radical
tris(triphenylphosphine) hydride (103 mg, 112 umol, 0.05 eq.) and phenylsilane (1.45 g, 13.4
mmol, 6 eq.) at 25 °C. The reaction mixture was heated to 100 °C and stirred for 12 hrs under
N> atmosphere. After completion, the reaction mixture was cooled to 25 °C and acidified
carefully with HCl/dioxane (4 M) until the pH was adjusted to pH = 1. The resulting mixture
was concentrated under reduce pressure. The residue was triturated with H-O (10 mL) and
filtered. The filtrate was concentrate under reduce pressure to give 6-(4-chloropyridin-3-yl)-
4-azaspiro[2.4]heptane hydrochloride (200 mg, 815 umol, 36%) as a yellow solid. LC-MS
(ESI) m/z =209 [M+H]".

[00768] STEP G: tert-butyl 6-(4-chloropyridin-3-yl)-4-azaspiro[2.4]heptane-4-
carboxylate

[00769] To a solution of 6-(4-chloropyridin-3-yl)-4-azaspiro[2.4]heptane hydrochloride
(200 mg, 958 umol, 1 eq.) and sodium bicarbonate (402 mg, 4.79 mmol, 5 eq.) in a mixture
of H20 (5 mL) and THF (5 mL) was added di-tert-butyl dicarbonate (312 mg, 1.43 mmol, 1.5
eq.) at 25 °C. The reaction mixture was stirred at 25 °C for 2 hrs. After completion, the
reaction mixture was diluted with H>O (10 mL), then extracted with EtOAc (20 mL x 3). The
organic layers were combined and washed with brine (15 mL), dried over anhydrous Na2SO4,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford tert-butyl 6-(4- chloropyridin-3-yl)-4-
azaspiro[2.4]heptane-4-carboxylate (200 mg, 647 umol, 68%) as a yellow oil. LC-MS (ESI)
m/z =309 [M+H]™.

[00770] STEP H: tert-butyl 6-(4-(dimethylamino )pyridin-3-yl)-4-azaspiro[ 2.4 ] heptane-4-
carboxylate

[00771] To a mixture of tert-butyl 6-(4- chloropyridin-3-yl)-4-azaspiro[2.4]heptane-4-
carboxylate (100 mg, 0.32 mmol, 1 eq.), dimethylamine (0.64 mmol, 2.0 eq., 1 M in THF),
and t-BuONa (61 mg, 0.64 mmol, 2.0 eq.) in THF(2 mL) were added Pd(OAc)2 (5 mg, 32
umol, 0.1 eq.) and Ruphos (30 mg, 64 umol, 0.2 eq.). The suspension was degassed under
vacuum and purged with N> several times. The resulting mixture was stirred at 60 °C for 0.5
hrs. After completion, the mixture was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel to give tert-butyl 6-(4-
(dimethylamino)pyridin-3-yl)-4-azaspiro|[2.4]heptane-4-carboxylate (70 mg, 0.22 mmol,
69%) as a yellow oil. LCMS (ESI): m/z = 318 [M+H]".

[00772] STEP I: N,N-dimethyl-3-(4-azaspiro[2.4]heptan-6-yl)pyridin-4-amine
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[00773] A solution of tert-butyl 6-(4-(dimethylamino)pyridin-3-yl)-4-
azaspiro[2.4]heptane-4-carboxylate (100 mg, 0.31 mmol, 1.0 eq.) in TFA (0.5 mL) was
stirred at 40 °C for 6 hrs. After completion, the reaction mixture was concentrated under
reduced pressure to afford N,N-dimethyl-3-(4-azaspiro[2.4]heptan-6-yl)pyridin-4-amine (100
mg, quant.) (TFA salt) as a brown solid, which was used without further purification. LCMS
(ESI): m/z =218 [M+H]".

Preparation of tert-butyl ((3S,6S,7aS,8aR,9aR)-3-((R)-6-(4-(dimethylamino)pyridin-3-
yl)-4-azaspiro[2.4]heptane-4-carbonyl)-5-oxodecahydro-1H-cyclopropald]pyrrolo[1,2-
alazocin-6-yl)carbamate and tert-butyl ((3S,6S,7aS,8aR,9aR)-3-((S)-6-(4-
(dimethylamino)pyridin-3-yl)-4-azaspiro[2.4]heptane-4-carbonyl)-5-oxodecahydro-1H-

cyclopropald]pyrrolo[1,2-a]azocin-6-yl)carbamate

(R

.'\\ S;
G\l " (s
(s)

U9 L
HO™N5 O NHBoc

-7 NH
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74
\ DMF, rit Step B
=N Step A

[00774] STEP A: tert-butyl ((35,6S,7aS,8aR,9aR )-3-(6-(4-(dimethylamino )pyridin-3-yl)-4-
azaspiro[2.4heptane-4-carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-a]azocin-
6-yl)carbamate

[00775] To a mixture of N,N-dimethyl-3-(4-azaspiro[2.4]heptan-6-yl)pyridin-4-amine
(100 mg, 0.46 mmol, 1.0 eq.) and (35,6S,7aS,8aR,9aR )-6-((tert-butoxycarbonyl)amino)-5-
oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocine-3-carboxylic acid (155 mg, 0.46
mmol, 1.0 eq.) in DMF (2 mL) were added HATU (262 mg, 0.69 mmol, 1.5 eq.) and DIEA

(297 mg, 2.3 mmol, 5.0 eq.). The resulting mixture were stirred at room temperature for 2
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hrs. After completion, the reaction mixture was purified by C18 column chromatography to
give tert-butyl ((3S,6S,7aS,8aR,9aR)-3-(6-(4-(dimethylamino)pyridin-3-yl)-4-
azaspiro[ 2.4 ]heptane-4-carbonyl)-5-oxodecahydro- 1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
yl)carbamate (50 mg, 93 pmol, 20%) as a white solid. LCMS (ESI): m/z = 538 [M+H]*; 'H
NMR (400 MHz, CDCl3): & 8.63-8.40 (m, 1H), 8.38-8.20 (m, 1H), 6.94-6.74 (m, 1H), 5.62-
5.42 (m, 1H), 4.72-4.49 (m, 2H), 4.17-3.68 (m, 3H), 2.81 (d, /= 7.2 Hz, 6H), 2.48-1.84 (m,
11H), 1.74-1.46 (m, 3H), 1.44-1.38 (m, 9H), 0.94-0.73 (m, 2H), 0.64-0.41 (m, 2H), -0.04--
0.10 (m, 1H).

[00776] STEP B: tert-butyl ((35,6S,7aS,8aR,9aR )-3-((R)-6-(4-(dimethylamino )pyridin-3-
yl)-4-azaspiro[2.4]heptane-4-carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-
ajazocin-6-yl)carbamate & tert-butyl ((3S,6S,7aS,8aR,9aR)-3-((S)-6-(4-

(dimethylamino )pyridin-3-yl)-4-azaspiro[2.4 ]heptane-4-carbonyl)-5-oxodecahydro-1H-
cyclopropald]pyrrolo[ 1,2-a]azocin-6-yl)carbamate

[00777] Tert-butyl ((3S,6S,7aS,8aR,9aR)-3-(6-(4-(dimethylamino)pyridin-3-yl)-4-
azaspiro[2.4]heptane-4-carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-
yl)carbamate (570 mg) was separated by chiral SFC to afford tert-butyl

((35,6S,7aS,8aR ,9aR)-3-((R)-6-(4-(dimethylamino)pyridin-3-yl)-4-azaspiro[ 2.4 |heptane-4-
carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-yl)carbamate (Peak 1,
280 mg, 49%) and tert-butyl ((3S,6S,7aS,8aR,9aR)-3-((S)-6-(4-(dimethylamino)pyridin-3-
yl)-4-azaspiro[2.4]heptane-4-carbonyl)-5-oxodecahydro-1H-cyclopropa[d]pyrrolo[1,2-
aJazocin-6-yl)carbamate (Peak 2, 200 mg, 35%) as a white solid. Absolute configuration of
the pyrrolidine stereocenter was assigned arbitrarily as drawn.

[00778] Peak 1: Retention time: 1.080 min; >99% de.

[00779] Peak 2: Retention time: 1.876 min; 97% de.

[00780] Analytical method: Column: ChiralPak IH, 100x4.6mm L.D., Sum; Mobile
phase: A for COz and B for methanol (0.05%DEA); Gradient: 8 min @ 20% B; Flow rate: 2.5
mL/min; Column temperature: 40°C.

[00781] SFC method: Instrument: Waters Thar 80 preparative SFC , Column: ChiralPak
IH, 250x21.2 mm LD., 5 um, Mobile phase: A for CO; and B for MEOH( 0.1% 7mol/L. NH3
in MeOH), Gradient: B 25 %, Flow rate: 40 mL/min, Back pressure: 100 bar, Column
temperature: 35 °C, Wavelength: 220 nm , Cycle-time: 10 min, Eluted time: 3 H.

[00782] The following compounds in Table 35 were prepared according to the
representative procedure described above for the synthesis of isopropyl ((difluoro(2-

(((3S,6S5,7a8S,8aR ,9aR)-3-(3-(morpholine-4-carbonyl)azetidine- 1 -carbonyl)-5-oxodecahydro-
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1H-cyclopropa[d]pyrrolo[ 1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-

yDmethyl)(phenoxy)phosphoryl)glycinate (Example 2) utilizing the appropriate starting

materials and modifications.

Table 35

Cor;g) ou Name Structure [LI\J/S\:I?* NMR
399 propyl ((S)- 859.3 | 'H NMR (400 MHz,
(S)-(2- C‘ﬂ CDs0D) 68.36(d,J =
(((38.6S.7aR, Q/@/&O d v’ 17.2 Hz, 1H), 8.16 -
8aS.9aR)-3- | NA = 8.04 (m, 3H), 8.04 -
(3-(4- i 0 7.96 (m, 1H), 7.68 -
(dimethylami EHKT\O@ 7.62 (m, 1H), 7.37 -
no)pyridin-3- F I 7.30 (m, 2H), 7.26 -
yl)azetidine- 0" 0 7.04 (m, 4H), 6.15 -
1-carbonyl)- S 5.99 (m, 1H), 4.95 -
5- 4.92 (m, 1H), 4.71 (t,
oxodecahydr J =8.4 Hz, 1H), 4.57
o-1H- -4.47 (m, 1H), 4.45 -
cyclopropald 4.29 (m, 4H), 4.09 -
Ipyrrolo[1,2- 4.04 (m, 1H), 3.99 -
alazocin-6- 3.95 (m, 2H), 3.83 -
yl)carbamoyl 3.79 (m, 1H), 3.15 (d,
)benzo[b]thio J=1.6 Hz, 6H), 2.41
phen-5- -2.32 (m, 1H), 2.28 -
yDfluoromet 2.12 (m, 3H), 2.05 -
hyl)(phenoxy 1.84 (m, 3H), 1.74 -
)phosphoryl) 1.51 (m, 3H), 1.46 -
-L-alaninate 1.42 (m, 1H), 1.34 -
1.25 (m, 1H), 1.09 -
1.07 (m, 3H), 0.92 -
0.82 (m, 4H), 0.20 -

0.16 (m, 1H)
398 propyl ((R)- O"\\ 859.6 | 'H NMR (400 MHz,
(S)-(2- N= - N ) CDs0D) 68.35(d,J =
(((35,6S,7aR, Q—C 0 0 HigP 14.0, 1H), 8.15 - 8.06
8aS,9aR)-3- N IS (m, 3H), 7.98 - 7.94
(3-(4- o (m, 1H), 7.63 (d, ] =
(dimethylami e @ 8.4 Hz, 1H), 7.36 -
no)pyridin-3- FHN O 7.32 (m, 2H), 7.25 -
yl)azetidine- OJ\: 7.15 (m, 3H), 7.15 -
1-carbonyl)- S 7.04 (m, 1H), 6.19 -
5- 6.03 (m, 1H), 4.95 -
oxodecahydr 492 (m, 1H), 4.75 -
o-1H- 4.67 (m, 1H), 4.57 -
cyclopropald 4.38 (m, 3H), 4.36 -
Ipyrrolo[1,2- 4.30 (m, 2H), 4.09 -
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alazocin-6- 3.86 (m, 4H), 3.15 (d,
yl)carbamoyl J =2.4 Hz, 6H), 2.42
Ybenzo[b]thio -2.11 (m, 4H), 2.04 -
phen-5- 1.83 (m, 3H), 1.72 -
yl)fluoromet 1.62 (m, 1H), 1.59 -
hyl)(phenoxy 1.50 (m, 2H), 1.47 -
)phosphoryl) 1.38 (m, 1H), 1.33 -
-L-alaninate 1.27 (m, 1H), 1.24 (d,
J =6.8 Hz, 3H), 0.91
- 0.84 (m, 4H), 0.20 -

0.16 (m, 1H)
397 propyl (((2- o 841.3 | 'H NMR (400 MHz,
(((3S,68.74aR, | = N CDs0D) 6 8.39 - 8.33
8a$.9aR)-3- QN—_C RN (m, 1H), 8.16 - 8.00
(3-(4- ! O (m, 2H), 7.93 - 7.85
(dimethylami o (m, 2H), 7.52 - 7.46
no)pyridin-3- A, (m, 1H), 7.36 - 7.29
yl)azetidine- Or er N (m, 2H), 7.20 - 7.06
1-carbonyl)- (m, 4H), 4.94-4.86
5- (m, 1H), 4.71 - 4.69
oxodecahydr (m, 1H), 4.57 - 4.47
o-1H- (m, 1H), 4.42 - 4.39
cyclopropald (m, 2H), 4.36 - 4.31
Ipyrrolo[1,2- (m, 2H), 4.09 - 4.02
aJazocin-6- (m, 1H), 3.95 - 3.82
yl)carbamoyl (m, 3H), 3.58 - 3.48
Ybenzo[b]thio (m, 2H), 3.15 (s, 6H),
phen-5- 2.39 - 2.14 (m, 4H),
yl)methyl)(p 2.02 - 1.85 (m, 3H),
henoxy)phos 1.74 - 1.61 (m, 1H),
phoryl)-L- 1.58 - 1.50 (m, 2H),
alaninate 1.46 - 1.40 (m, 1H),
1.34 - 1.27 (m, 1H),
1.15 d, J = 7.2 Hz,
1H), 1.12 - 1.06 (m,
2H), 0.90 - 0.84 (m,
4H), 0.19 - 0.16 (m,

1H)

396 propyl ((S)- C’ 901.2 | 'H NMR (400 MHz,
(S)- >N CDCls) 6 9.13 - 8.64
fluoro(2- | o7 <N, & P (m, 1H), 8.48 (dd, J =
(((35,68,7aR, | T\ s 6.4, 19.2 Hz, 1H),
8aS,9aR)-3- Q o 8.36 - 8.02 (m, 1H),
(3-(4- & @ 7.97 (s, 1H), 7.91 -
morpholinop FHN. O 7.80 (m, 1H), 7.73 -
yridin-3- oj\: 7.53 (m, 1H), 7.29 -
yl)azetidine- S 7.27 (m, 1H), 7.27 -
1-carbonyl)- 7.22 (m, 2H), 7.11 (q,
5- J =6.4 Hz, 3H), 6.10
oxodecahydr -5.81 (m, 1H), 5.12 -
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o-1H- 499 (m, 1H), 4.97 -
cyclopropald 478 (m, 1H), 4.73 -
]pyrrolo[1,2- 4.63 (m, 1H), 4.40 -
alazocin-6- 4.34 (m, 1H), 4.32 -
yl)carbamoyl 425 (m, 1H), 4.24 -
)benzo[b]thio 4.19 (m, 1H), 4.19 -
phen-5- 4.07 (m, 2H), 4.00 (s,
yDmethyl)(p 2H), 3.91 - 3.84 (m,
henoxy)phos 4H), 3.71 - 3.59 (m,
phoryl)-L- 1H), 3.36 - 3.16 (m,
alaninate 4H), 2.48 - 2.20 (m,

2H), 2.15 - 2.05 (m,

3H),
2H),
1H),
2H),
1H),

2.05 - 1.94 (m,
1.76 - 1.67 (m,
1.67 - 1.60 (m,
1.57 - 1.43 (m,
131 (t, J =68

Hz, 3H), 1.25 - 1.15
(m, 1H), 091 (q, J =
7.2 Hz, 3H), 0.86 -
0.78 (m, 1H), 0.27 -
0.17 (m, 1H)

395 propyl ((R)-
(S-
fluoro(2-
(((35,65,7aR,
8aS,9aR)-3-
(3-(4-
morpholinop
yridin-3-
yl)azetidine-
1-carbonyl)-

5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-

yhmethyl)(p
henoxy)phos
phoryl)-L-
alaninate

901.2

'"H NMR (400 MHz,
CDCl3) § 9.10 - 8.67
(m, 1H), 8.48 (, J =
5.6 Hz, 1H), 8.38 -
8.06 (m, 1H), 7.98 (s,
1H), 7.89 - 7.79 (m,
1H), 7.70 - 7.52 (m,
1H), 7.43 - 7.30 (m,
2H), 7.29 - 7.27 (m,
1H), 7.22 (d, ] = 3.2

Hz, 1H), 7.21

(m,
(m,
(m,
(m,
(m,
(m,
(m,
(m,

1H), 7.14
1H), 6.09
1H), 5.13
1H), 4.98
1H), 4.75
1H), 4.41
1H), 4.33
2H), 4.17

- 7.16
- 7.03
- 5.88
-5.01
- 4.82
- 4.62
- 4.36
- 4.19
- 4.07

(m, 1H), 4.04 - 3.94
(m, 2H), 3.93 - 3.87
(m, 4H), 3.76 (s, 1H),
3.65 (s, 1H), 3.28 -
3.15 (m, 4H), 2.49 -
2.40 (m, 1H), 2.37 -
2.29 (m, 1H), 2.29 -
220 (m, 1H), 2.12
(dd, J = 6.4, 12.4 Hz,
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3H), 2.03 - 1.95 (m,
2H), 1.73 - 1.64 (m,
1H), 1.54 (t,J = 7.2
Hz, 3H), 1.31 - 1.21
(m, 4H), 0.86 (t, J =
3.6 Hz, 3H), 0.30 -
0.14 (m, 1H)

392 propyl (((2- <3 826.4 | 'H NMR (400 MHz,
(((38,68.72R, C‘p o CD;0D) §8.94 - 8.84
8aS,9aR)-3- 0 H o (m, 1H), 8.73 - 8.51

(3-(4- ) ‘F‘gul\‘gw\ (m, 1H), 8.02 (d, J =
ethylpyridin- 18.8 Hz, 1H), 7.95 -
3- 7.78 (m, 3H), 7.52 -
yl)azetidine- 743 (m, 1H), 7.37 -
1-carbonyl)- 7.25 (m, 2H), 7.22 -
5- 7.11 (m, 3H), 4.96-
oxodecahydr 4.92 (m, 1H), 4.82 -
o-1H- 4.73 (m, 1H), 4.66 -
cyclopropald 4.50 (m, 1H), 4.49 -
Ipyrrolo[1,2- 4.40 (m, 2H), 4.39 -
alazocin-6- 4.31 (m, 2H), 4.19 -
yl)carbamoyl 4.10 (m, 1H), 3.97 -
)benzo[b]thio 3.89 (m, 2H), 3.80 (s,
phen-5- 1H), 3.58 - 3.44 (m,
yDmethyl)(p 2H), 2.90 - 2.78 (m,
henoxy)phos 2H), 2.43 - 2.33 (m,
phoryl)-L- 1H), 2.32 - 2.23 (m,
alaninate 1H), 2.23 - 2.12 (m,
2H), 2.04 - 1.93 (m,
2H), 1.93 - 1.84 (m,
1H), 1.74 - 1.62 (m,
1H), 1.59 - 1.49 (m,
2H), 1.48 - 1.40 (m,
1H), 1.32 (s, 1H),
1.31 - 1.24 (m, 3H),
1.18 - 1.06 (m, 3H),
091 - 0.88 (m, 1H),
0.88 - 0.79 (m, 3H),

0.28 - 0.08 (m, 1H)

382 propyl (((2- < 829.2 | 'H NMR (400 MHz,
(((3S,6S5,7aS, C\Nﬁ o CDCI3) 6 8.28 - 8.04
| L
c(zgrbar;m))rl-4- Dol . O Eﬁ 2H;, 7.78 - 7.64
fl li | H( e L 1H), 7.62 - 7.5(

uoropyrroli { ! (m, 1H), 7.62 - 7.50
din-3- oo (m, 1H), 7.39 - 7.30
yl)carbamoyl k‘ (m, 1H), 7.28 - 7.17
)-5- (m, 3H), 7.14 - 7.00
oxodecahydr (m, 2H), 6.08 - 5.86
o-1H- (m, 1H), 5.62 - 5.33

298




WO 2023/192960

PCT/US2023/065171

cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate

(m, 1H), 5.15 - 4.90
(m, 2H), 4.68 - 4.58
(m, 1H), 4.47 (d, J =
1.6 Hz, 1H), 4.19 (d,
J=17.6 Hz, 1H), 4.14
-3.94 (m, 3H), 3.92 -
371 (m, 2H), 3.68 -
3.54 (m, 2H), 3.36 (d,
J=9.6 Hz, 1H), 2.38
-2.22 (m, 3H), 2.19 -
2.07 (m, 2H), 2.05 -
1.97 (m, 1H), 1.93 -
1.85 (m, 1H), 1.67 -
1.50 (m, 3H), 1.35 -
1.12 (m, 3H), 1.06 -
0.66 (m, 6H), 0.05 (s,
1H)

381 propyl (((2- 856.4 | 'H NMR (400 MHz,
(((3S,6S,7a8S, CDCl3) ¢ 8.63 - 8.61
8aR,9aR)-3- N,;Oo (m, 1H), 7.98 - 7.95

(3-(5- 3\@2 (m, 1H), 7.85 - 7.77
(difluoromet (m, 2H), 7.75 - 7.45
hyl)isoxazol- (m, 2H), 7.39 - 7.34

3- (m, 1H), 7.25 - 7.23
yl)azetidine- (m, 3H), 7.17 -
1-carbonyl)- 7.04(m, 2H), 6.86 -
5- 6.55 (m, 1H), 6.01 -
oxodecahydr 5.90 (m, 1H), 5.08 -
o-1H- 5.02 (m, 2H), 4.56 -
cyclopropald 4.55 (m, 1H), 4.46 -
Ipyrrolo[1,2- 444 (m, 1H), 4.30 -
alazocin-6- 422 (m, 2H), 4.10 -
yl)carbamoyl 4.03 (m, 3H), 3.85 -
)benzo[b]thio 3.80 (m, 1H), 3.72 -
phen-5- 3.61 (m, 1H), 2.36 -
yDfluoromet 2.30 (m, 3H), 2.04 -
hyl)(phenoxy 2.02 (m, 4H), 1.63 -
)phosphoryl) 1.61 (m, 3H), 1.56 -
-L-alaninate 1.41 (m, 1H), 1.30 -
1.27 (m, 3H), 0.93 -
0.84 (m, 5H), 0.03 -

0.01 (m, 1H)
363 propyl 831.6 | 'H NMR (400 MHz,
((fluoro(2- CD30D) 6 8.18 - 8.05
(((3S,6S,7a8S, (m, 2H), 8.02 - 7.92
8aR,9aR)-3- (m, 1H), 7.68 - 7.60
3- (m, 1H), 7.40 - 7.29
((methylsulfo (m, 2H), 7.26 - 7.10
nyl)methyl)a (m, 3H), 6.20 - 5.98
zetidine-1- (m, 1H), 5.08 - 4.98
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carbonyl)-5- (m, 1H), 4.81 - 4.71
oxodecahydr (m, 1H), 4.51 - 4.38

o-1H- (m, 2H), 4.32 - 4.22
cyclopropald (m, 1H), 4.20 - 4.09
Ipyrrolo[1,2- (m, 1H), 4.01 - 3.75
aJazocin-6- (m, 4H), 3.57 - 3.43
yl)carbamoyl (m, 2H), 3.28 - 3.17
)benzo[b]thio (m, 1H), 2.96 - 2.95

phen-5- (m, 3H), 2.51 - 2.37
yDmethyl)(p (m, 1H), 2.30 - 2.27
henoxy)phos (m, 1H), 2.25 - 2.04

phoryl)-L- (m, 3H), 2.02 - 1.89
alaninate (m, 2H), 1.81 - 1.66
(m, 1H), 1.62 - 1.47
(m, 2H), 1.45 - 1.35
(m, 1H), 1.26 - 1.18
(m, 2H), 1.11 - 1.01
(m, 1H), 0.99 - 0.93
(m, 1H), 0.92 - 0.79
(m, 4H), 0.11 - -0.01

(m, 1H)
362 propyl ) 836.2 | 'H NMR (400 MHz,
((fluoro(2- C\;j o CD3s0D) §8.17 - 8.06
(((3S,6S,7a8S, A0 N )= o Q (m, 2H), 8.03 - 7.93
8aR,9aR)-3- | | M ° Foo (m, 1H), 7.69 - 7.60

(3-(3- R W io (m, 1H), 7.38 - 7.30
methoxyisox ° ~ (m, 2H), 7.25 - 7.13

azol-5- (m, 3H), 6.18 - 5.99
yl)azetidine- (m, 2H), 5.05 - 5.01
1-carbonyl)- (m, 1H), 4.72 - 4.61

5- (m, 1H), 4.54 - 4.47
oxodecahydr (m, 1H), 4.43 - 4.33

o-1H- (m, 1H), 4.31 - 4.27
cyclopropald (m, 1H), 3.93 — 3.88
Ipyrrolo[1,2- (m, 9H), 2.51 - 2.39
alazocin-6- (m, 1H), 2.38 - 2.07
yl)carbamoyl (m, 5H), 2.02 - 1.92
Ybenzo[b]thio (m, 2H), 1.79 - 1.68

phen-5- (m, 1H), 1.60 - 1.50
ylmethyl)(p (m, 2H), 1.41 (s, 1H),
henoxy)phos 1.26 - 1.18 (m, 2H),

phoryl)-L- 1.09-1.04 (m,J=7.2

alaninate Hz, 1H), 1.03 - 0.80
(m, 6H), 0.09 - 0.04
(m, 1H)
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361 propyl ) 820.2 | 'H NMR (400 MHz,
((fluoro(2- Cﬁ 0 CD;0D) §8.17 - 8.05
(((3S,6S,7a8S, 3 N N= o Q (m, 2H), 8.03 - 7.91
8aR,9aR)-3- 4\(@ 0 s ﬁ’\';o (m, 1H), 7.65 (d, J =
(3-(.3- \NTO F io 8.2 Hz, 1H), 7.40 -
methylisoxaz ° \\\ 7.29 (m, 2H), 7.27 -
ol-5- 7.13 (m, 3H), 6.35 -
yl)azetidine- 6.24 (m, 1H), 6.20 -
1-carbonyl)- 5.99 (m, 1H), 5.04 (t,
5- J =8.4 Hz, 1H), 4.72
oxodecahydr -4.63 (m, 1H), 4.57 -
o-1H- 4.48 (m, 1H), 4.45 -
cyclopropald 4.23 (m, 3H), 4.14 -
Ipyrrolo[1,2- 4.02 (m, 2H), 4.00 -
alazocin-6- 3.94 (m, 1H), 3.93 -
yl)carbamoyl 3.76 (m, 2H), 2.52 -
)benzo[b]thio 2.40 (m, 1H), 2.34 -
phen-5- 2.12 (m, 7H), 2.06 -
yDmethyl)(p 1.91 (m, 2H), 1.80 -
henoxy)phos 1.68 (m, 1H), 1.63 -
phoryl)-L- 1.48 (m, 2H), 1.47 -
alaninate 1.36 (m, 1H), 1.27 -
1.19 (m, 2H), 1.10 -
1.04 (m, 1H), 0.99 -
0.80 (m, 5H), 0.12 -

0.02 (m, 1H)
360 propyl ] 821.6 | 'H NMR (400 MHz,
((fluoro(2- Q;j o CD;0D) §8.16 - 8.03
(((3S,6S,7a8S, I NN o Q (m, 2H), 8.01 - 7.89
8aR,9aR)-3- NW/C/N © s ko (m, 1H), 7.68 - 7.59
(3-(3-methyl- | <Y FHN;( (m, 1H), 7.39 - 7.29
1,2,4- d O\\\ (m, 2H), 7.26 - 7.13
oxadiazol-5- (m, 3H), 6.19 - 5.98
yl)azetidine- (m, 1H), 5.07 - 5.00
1-carbonyl)- (m, 1H), 4.83 - 4.66
5- (m, 1H), 4.54 - 4.42
oxodecahydr (m, 2H), 4.40 - 4.27
o-1H- (m, 2H), 4.26 - 4.10
cyclopropald (m, 2H), 4.03 - 3.75
]pyrrolo[1,2- (m, 3H), 2.56 - 2.35
alazocin-6- (m, 3H), 2.35 - 2.07
yl)carbamoyl (m, 5H), 2.04 - 1.91
)benzo[b]thio (m, 2H), 1.79 - 1.67
phen-5- (m, 1H), 1.63 - 1.46
yDmethyl)(p (m, 2H), 1.46 - 1.34
henoxy)phos (m, 1H), 1.27 - 1.18
phoryl)-L- (m, 2H), 1.049 -
alaninate 1.071 (m, 1H), 1.02 -
0.80 (m, 5H), 0.036 -

0.083 (m, 1H)
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359 propyl . 820.2 | 'H NMR (400 MHz,
((fluoro(2- CN - CD30D) 6 8.21 - 8.03
(((35,68,7aS, LT« @) (m, 2H), 8.01 - 7.87
8aR,%aR)-3- N0 9 (m, 1H), 7.69 - 7.57
(3-(5- _@(D F }0 (m, 1H), 7.42 - 7.26
methylisoxaz | © bt (m, 2H), 7.24 - 7.12
ol-3- (m, 3H), 6.32 - 6.18
yl)azetidine- (m, 1H), 6.17 - 5.98
1-carbonyl)- (m, 1H), 5.10 - 5.00
5- (m, 1H), 4.69 - 4.61
oxodecahydr (m, 1H), 4.57 - 4.47
o-1H- (m, 1H), 4.47 - 4.18
cyclopropald (m, 3H), 4.13 - 3.74
Ipyrrolo[1,2- (m, 5H), 2.50 - 2.43
alazocin-6- (m, 1H), 2.42 - 2.32
yl)carbamoyl (m, 3H), 2.32 - 2.27
)benzo[b]thio (m, 1H), 2.26 - 2.07
phen-5- (m, 3H), 2.04 - 1.90
yDmethyl)(p (m, 2H), 1.80 - 1.67
henoxy)phos (m, 1H), 1.62 - 1.47
phoryl)-L- (m, 2H), 1.46 - 1.33
alaninate (m, 1H), 1.25 - 1.04
(m, 3H), 1.00 - 0.92
(m, 1H), 0.91 - 0.80
(m, 4H), 0.10 - 0.02
(m, 1H)
338 propyl P 817.5 | 'H NMR (400 MHz,
- : o -

((fluoro(2 CQN _ . Q CDCl3) 6 8.74 - 8.82
(((3S,6S,7aR, A -0 (m, 2H), 7.92 - 8.01
8aS.9aR)-5- o e (m, 1H), 7.88 (
0x0-3-(3- Q\P d ‘L\ J=8.00 Hz, 1H), 7.74
(pyrimidin-2- N - 7.83 (m, 2H), 7.53 -
yl)azetidine- 7.63 (m, 1H), 7.33 -
1- 7.40 (m, 1H), 7.19 -
carbonyl)dec 7.23 (m, 2H), 7.04 -
ahydro-1H- 7.15 (m, 2H), 5.89 -
cyclopropald 6.09 (m, 1H), 4.83 -
Ipyrrolo[1,2- 498 (m, 2H), 4.38 -
alJazocin-6- 4.67 (m, 3H), 4.14 -
yl)carbamoyl 4.30 (m, 3H), 3.97 -
)benzo[b]thio 4.10 (m, 2H), 3.54 -
phen-5- 3.75 (m, 1H), 2.05 -
yl)methyl)(p 2.13 (m, 3H), 1.96 (d,
henoxy)phos J=6.00 Hz, 2H), 1.76
phoryl)-L- - 1.88 (m, 1H), 1.49 -
alaninate 1.71 (m, 4H), 1.19 -
1.36 (m, 4H), 1.09 -
1.16 (m, 1H), 0.78 -
0.97 (m, 4H), 0.19 -

0.25 (m, 1H)
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332 propyl = 820.4 | 'H NMR (400 MHz,
((fluoro(2- Q 0 DMSO-ds) 6 8.94 -
(35,6, 74R, 2“ . g S 8.81 (m, 1H), 8.44 -
8aS,9aR)-3- ﬂ © H\,JE; 8.37 (m, 1H), 8.29 (d,
(3-(4-methyl- N"j\N F s J=17.2 Hz, 1H), 8.07
AH-124- | ™ it (s, 2H), 7.61 (s, 1H),
triazol-3- 7.38 - 7.31 (m, 2H),
yl)azetidine- 7.23 - 7.09 (m, 3H),
1-carbonyl)- 6.29 - 6.07 (m, 2H),
5- 4.84 - 473 (m, 1H),
oxodecahydr 4.61 - 453 (m, 1H),
o-1H- 448 - 433 (m, 1H),
cyclopropald 4.32 - 424 (m, 1H),
Ipyrrolo[1,2- 421 - 4.14 (m, 2H),
alazocin-6- 4.11 - 4.01 (m, 2H),
yl)carbamoyl 3.95 - 3.74 (m, 3H),
)benzo[b]thio 3.52 (s, 3H), 2.29 -
phen-5- 2.12 (m, 2H), 2.09 -
yDmethyl)(p 1.97 (m, 2H), 1.95 -
henoxy)phos 1.80 (m, 2H), 1.74 -
phoryl)-L- 1.63 (m, 1H), 1.60 -
alaninate 1.37 (m, 4H), 1.34 -
1.22 (m, 2H), 1.21 -
1.10 (m, 3H), 0.83 -
0.76 (m, 3H), 0.05 (s,

1H)
329 ethyl ) 822.7 | 'H NMR (400 MHz,
((fluoro(2- CN ) o CDCI3) 6 9.67 - 9.49
(((3S,6S,7a8S, IR iy r Q HOJ (m, 1H), 8.89 - 8.53
8aR,9aR)-3- N0 AN o (m, 1H), 8.18 (s, 1H),
(3-(4- n& F ]:}? 8.10 - 8.08 (m, 1H),
methylpyridi 7.96 - 7.77 (m, 2H),
n-3- 7.63 - 7.42 (m, 2H),
yl)azetidine- 6.01 - 5.76 (m, 1H),
1-carbonyl)- 5.19 (s, 2H), 4.78 -
5- 4.57 (m, 1H), 4.51 -
oxodecahydr 445 (m, 1H), 442 -
o-1H- 4.32 (m, 1H), 4.29 -
cyclopropald 4.23 (m, 1H), 4.21 -
]pyrrolo[1,2- 4.07 (m, 3H), 4.06 -
alazocin-6- 3.94 (m, 2H), 3.89 -
yl)carbamoyl 3.80 (m, 1H), 3.76 -
)benzo[b]thio 3.67 (m, 2H), 2.57 -
phen-5- 242 (m, 4H), 2.34 -
yDmethyl)(2, 2.31 (m, 2H), 2.24 -
2,2- 2.14 (m, 1H), 2.10 -
trifluoroetho 1.99 (m, 2H), 1.99 -
xy)phosphor 1.89 (m, 1H), 1.78 -
yl)-L- 1.63 (m, 1H), 1.48 -
alaninate 1.31 (m, 4H), 1.30 -
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1.21 (m, 3H), 0.99 -
0.77 (m, 2H), 0.04 - -

0.03 (m, 1H)
325 propyl 820.3 | 'H NMR (400 MHz,
((fluoro(2- CN ) 9 Q DMSO-de) 6 8.90 (m,
(((3S,6S,7a8S, M l”ﬂ%\?‘p—o 1H), 8.32 (m, 1H),
8aR,9aR)-3- ‘P«% E‘N\; 8.07 (m, 2H), 7.62
(3-(5- 0 A (m, 1H), 7.41 - 7.29
methyloxazol | N M (m, 2H), 7.25 - 7.07
-2- (m, 3H), 6.78 (m,
yl)azetidine- 1H), 6.30 - 6.19 (m,
1-carbonyl)- 1H), 6.17 - 6.07 (m,
5- 1H), 4.97 - 4.80 (m,
oxodecahydr 1H), 4.60 - 4.48 (m,
o-1H- 1H), 4.42 - 4.29 (m,
cyclopropald 2H), 4.26 - 4.10 (m,
Jpyrrolo[1,2- 2H), 4.05 - 3.98 (m,
alazocin-6- 1H), 3.96 - 3.85 (m,
yl)carbamoyl 4H), 2.39 - 2.21 (m,
)benzo[b]thio 4H), 2.18 - 1.93 (m,
phen-5- 4H), 1.90 - 1.78 (m,
yDmethyl)(p 2H), 1.70 - 1.56 (m,
henoxy)phos 1H), 1.53 - 1.29 (m,
phoryl)-L- 3H), 1.20 - 1.09 (m,
alaninate 2H), 0.98 - 0.90 (m,
1H), 0.86 - 0.75 (m,
4H), 0.71 (s, 1H), -

0.01 (m, 1H)
323 propyl ) 806.3 | 'H NMR (400 MHz,
((fluoro(2- C ) o CDs0D) 6 8.13 - 8.01
(((35,68,7aS, ;: U o Q (m, 2H), 7.9 - 7.80
8aR,9aR)-3- N0 s oo (m, 2H), 7.67 - 7.56
(3-(oxa;ql-2- &2/[‘ F ;;\O (m, 1H), 7.36 - 7.29
ylazetidine- \\\ (m, 2H), 7.26 - 7.02
1-carbonyl)- (m, 4H), 6.18 - 5.97
5- (m, 1H), 5.05 (m,
oxodecahydr 1H), 5.00 - 4.87 (m,
o-1H- 1H), 4.84 - 4.61 (m,
cyclopropald 1H), 4.55 - 4.37 (m,
Ipyrrolo[1,2- 2H), 4.33 - 4.24 (m,
alJazocin-6- 2H), 4.17 - 4.06 (m,
yl)carbamoyl 1H), 4.01 - 3.74 (m,
Ybenzo[b]thio 3H), 2.50 - 2.38 (m,
phen-5- 1H), 2.33 - 2.22 (m,
yl)methyl)(p 2H), 2.22 - 2.08 (m,
henoxy)phos 2H), 2.05 - 1.89 (m,
phoryD)-L- 2H), 1.78 - 1.65 (m,
alaninate 1H), 1.60 - 1.47 (m,
2H), 1.44 - 1.35 (m,
1H), 1.26 - 1.19 (m,
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2H), 1.06 (d, ] = 7.2
Hz, 1H), 0.94 (m,
1H), 0.90 - 0.80 (m,
4H), 0.10 - -0.02 (m,
1H)

321 propyl 830.4 | 'H NMR (400 MHz,
((fluoro(2- E\/Q 2 CDCl3) 6 9.29 - 8.90
(((35,6S,7aR, 0" W%i@\}_o (m, 1H), 8.65 - 8.44
8aS,9aR)-3- N0 ?\Nio (m, 1H), 8.35 - 8.14
(3-(4- =~ d (m, 1H), 8.08 - 7.94
methylpyridi 7 M (m, 1H), 7.91 - 7.81
n-3- (m, 1H), 7.55 d, J =
yl)azetidine- 2.9 Hz, 2H), 7.39 -
1-carbonyl)- 7.32 (m, 1H), 7.26 -
5- 7.16 (m, 2H), 7.15 -
oxodecahydr 7.05 (m, 2H), 6.08 -
o-1H- 5.90 (m, 1H), 5.14 -
cyclopropald 4.99 (m, 1H), 4.97 -
Ipyrrolo[1,2- 4.87 (m, 1H), 4.76 -
alJazocin-6- 4.66 (m, 1H), 4.48 -
yl)carbamoyl 441 (m, 1H), 4.39 -
)benzo[b]thio 4.17 (m, 3H), 4.11 -
phen-5- 3.92 (m, 4H), 2.52 (d,
ylmethyl)(p J =4.3 Hz, 3H), 2.29
henoxy)phos -2.22 (m, 1H), 2.16 -
phoryl)-L- 2.07 (m, 3H), 2.04 -
alaninate 1.95 (m, 2H), 1.75 -
1.67 (m, 1H), 1.66 -
1.58 (m, 2H), 1.56 -
1.50 (m, 1H), 1.34 -
1.26 (m, 3H), 1.23 -
1.12 (m, 1H), 0.93 -
0.88 (m, 2H), 0.86 -
0.82 (m, 1H), 0.25 -

0.19 (m, 1H)
319 propyl 846.8 | 'H NMR (400 MHz,
((fluoro(2- L\QNO _ OQ CD;OD) 8.71 - 8.57
(((35,6S,7aR, 20 LA f;‘lg’ (m, 2H), 8.15 - 8.02
8aS,9aR)-3- N g 0\_\ (m, 2H), 8.02 - 7.90
(3-(4- - (m, 1H), 7.69 - 7.49
methoxypyri 7~ (m, 2H), 7.39 - 7.29
din-3- (m, 2H), 7.28 - 7.12
yl)azetidine- (m, 3H), 6.21 - 5.97
1-carbonyl)- (m, 1H), 5.01 - 4.90
5- (m, 2H), 4.69 - 4.60
oxodecahydr (m, 1H), 4.47 - 4.30
o-1H- (m, 3H), 4.25 - 4.08
cyclopropald (m, 5H), 4.04 - 3.77
Ipyrrolo[1,2- (m, 3H), 243 - 2.32
alJazocin-6- (m, 1H), 2.32 - 2.11
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yl)carbamoyl (m, 3H), 2.07 - 1.92
Ybenzo[b]thio (m, 2H), 1.92 - 1.78
phen-5- (m, 1H), 1.77 - 1.65
ylmethyl)(p (m, 1H), 1.63 - 1.50
henoxy)phos (m, 2H), 1.50 (d, J =
phoryl)-L- 2.0 Hz, 1H), 1.39 -
alaninate 1.27 (m, 1H), 1.23 (t,
J =6.8 Hz, 2H), 1.14
- 1.02 (m, 1H), 0.94 -
0.82 (m, 4H), 0.19 (d,

J=44Hz, 1H)
316 propyl ) 806.3 | 'H NMR (400 MHz,
((fluoro(2- C’é CDCl3) & 8.44 (s,
(((35,68.7aS, Q! H}%ﬁo O 1H), 7.99 (d, T = 10.0
8aR,%aR)-3- N0 s b Hz, 1H), 7.92 - 7.84
(3-(isoxazol- | S FHNi (m, 1H), 7.81 (s, 1H),
3- = J O\j 7.63 - 7.52 (m, 1H),
yl)azetidine- 7.51 - 7.33 (m, 2H),
1-carbonyl)- 7.28 (s, 1H), 7.16 -
5- 7.04 (m, 2H), 6.71 -
oxodecahydr 6.34 (m, 1H), 6.10 -
o-1H- 5.87 (m, 1H), 5.12 -
cyclopropald 5.05 (m, 1H), 4.65 -
Ipyrrolo[1,2- 4.53 (m, 1H), 4.50 -
alazocin-6- 4.35 (m, 2H), 4.26 -
yl)carbamoyl 3.98 (m, 6H), 3.98 -
Ybenzo[b]thio 3.73 (m, 1H), 3.73 -
phen-5- 3.51 (m, 1H), 2.37 -
ylDmethyl)(p 2.28 (m, 3H), 2.09 -
henoxy)phos 2.05 (m, 3H), 1.75 -
phoryl)-L- 1.66 (m, 1H), 1.66 -
alaninate 1.57 (m, 2H), 1.46 (d,
J=5.6 Hz, 1H), 1.33
- 1.25 (m, 3H), 1.13
(d, J = 7.2 Hz, 1H),
1.04 - 0.96 (m, 1H),
093 (t, ] = 7.2 Hz,
2H), 0.90 - 0.81 (m,
2H), 0.03 (d, ] =522

Hz, 1H)

315 propyl 817.2 | 'H NMR (400 MHz,
((fluoro(2- é 0 CDCl3) 6 8.75(d, J =
(((3S,6S,7aS, QN 0 NN 3, Q 4.8 Hz, 2H), 8.00 -
8aR,9aR)-5- o H‘N“’i 7.89 (m, 1H), 7.89 -
0x0-3-(3- N$ s 7.73 (m, 2H), 7.63 -
(pyrimidin-2- | {_n M 741 (m, 2H), 7.38 -
yl)azetidine- 7.31 (m, 1H), 7.25 -
1- 7.17 (m, 2H), 7.16 -
carbonyl)dec 7.04 (m, 2H), 6.06 -
ahydro-1H- 5.86 (m, 1H), 5.12 -
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cyclopropald 490 (m, 2H), 4.62 -
Ipyrrolo[1,2- 4.52 (m, 2H), 4.52 -
alazocin-6- 4.35 (m, 1H), 4.28 -
yl)carbamoyl 4.11 (m, 3H), 4.10 -
Ybenzo[b]thio 3.94 (m, 2H), 3.88 -
phen-5- 3.55 (m, 1H), 2.39 -
yDmethyl)(p 2.24 (m, 3H), 2.18 -
henoxy)phos 1.99 (m, 4H), 1.67 (s,
phoryl)-L- 3H), 1.54 - 1.46 (m,
alaninate 1H), 1.32 - 1.08 (m,
3H), 1.06 - 0.97 (m,
1H), 0.95 - 0.79 (m,
4H), 0.04 - -0.05 (m,

1H)

314 S.S"- ] 9333 | 'H NMR (400 MHz,
((((difluoro(2 CN | R CDCI3) 6 8.70 - 8.57

- 75 N g . (m, 1H), 8.12 (d, J =
(((35.685.7aS, o p 5.6 Hz, 1H), 7.98 -
8aR,9aR)-5- | (= HO N 7.92 (m, 1H), 7.91 -

0x0-3-(3- A oy d ) 7.85 (m, 1H), 7.75 -
(pyridin-2- /7; O)\é 7.59 (rn: 2H): 7.58 -
yl)azetidine- 749 (m, 1H), 7.44 -

1- 7.33 (m, 1H), 7.26 -
carbonyl)dec 7.18 (m, 1H), 5.10 -
ahydro-1H- 478 (m, 2H), 4.67 -
cyclopropald 4.36 (m, 3H), 4.32 -
Ipyrrolo[1,2- 4.03 (m, 7H), 3.18 -
alazocin-6- 2.97 (m, 4H), 2.37 -
yl)carbamoyl 2.27 (m, 3H), 2.15 -
)benzo[b]thio 2.06 (m, 4H), 1.74 -

phen-5- 1.64 (m, 1H), 1.54 -
yl)r;llethizlgph 1.44 (m, 1H), 1.18 (d,
osphoryl)bis( J=1.2Hz, 18H), 1.05
oxy))bis(etha - 0.95 (m, 1H), 0.83
ne-2,1-diyl)) (t, J = 4.8 Hz, 1H),

bis(2,2- 0.01 (d, J = 5.2 Hz,
dimethylprop 1H)
anethioate)

311 propyl (((2- 818.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C/\j o CDs0OD) &6 8.92 -
8aR,9aR)-3- _:N 0 NN= Q /\éF 8.81 (m, 1H), 8.66 -

(3-(4- - N s P‘J,?. F 8.56 (m, 1H), 8.13 -
methylpyridi o~ " } . 8.00 (m, 1H), 7.94 -
n-3- L d 7.81 (m, 3H), 7.48 -
yl)azetidine- k\ 7.38 (m, 1H), 5.12 -
1-carbonyl)- 496 (m, 2H), 4.79 -
5- 472 (m, 1H), 4.58 -
oxodecahydr 449 (m, 2H), 4.48 -
o-1H- 4.41 (m, 1H), 4.39 -
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cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)(2,
2,2-
trifluoroetho
xy)phosphor
yD)-L-
alaninate

427 (m, 3H), 4.14
(dd, J = 6.4, 9.6 Hz,
1H), 4.10 - 3.96 (m,
2H), 3.95 - 3.77 (m,
1H), 3.51 - 3.39 (m,
2H), 2.60 - 2.53 (m,
3H), 2.52 - 2.40 (m,
1H), 2.36 - 2.10 (m,
4H), 2.07 - 1.92 (m,
2H), 1.75 (dt, ] = 7.2,
13.6 Hz, 1H), 1.62
(qd. T =72, 18.4 Hz,
2H), 1.46 - 1.29 (m,
3H), 1.21 (d, J = 7.2
Hz, 1H), 1.01 - 0.81
(m, 5H), 0.12 - 0.04
(m, 1H)

310

propyl (((2-
(((35,68,7a8,
8aR,9aR)-3-
(3-(1,1-
dioxidothiom
orpholino)az
etidine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate

872.2

'H NMR (400 MHz,
CDCL) & 7.96 (s,
1H), 7.93 - 7.76 (m,
2H), 7.63 - 7.52 (m,
1H), 7.50 - 7.32 (m,
2H), 7.32 - 7.28 (m,
1H), 7.25 (d, J = 1.6
Hz, 1H), 7.15 - 7.05
(m, 1H), 6.12 - 5.84
(m, 1H), 5.16 - 5.04
(m, 1H), 4.82 - 4.48
(m, 1H), 4.44 - 4.36
(m, 1H), 4.31 - 4.19
(m, 2H), 4.18 - 4.10
(m, 1H), 4.08 -
4.05(m, 1H), 4.03 -
3.98 (m, 1H), 3.94 —
3.88 (m, 1H), 3.81 -
3.72 (m, 1H), 3.71 -
3.62 (m, 1H), 3.60 -
3.46 (m, 2H), 3.24 -
3.10 (m, 4H), 3.04 -
2.93 (m, 3H), 2.33 (d,
J=14.4Hz, 3H), 2.21
-2.11 (m, 1H), 2.11 -
1.98 (m, 3H), 1.74 -
1.49 (m, 3H), 1.46 -
1.35 (m, 1H), 1.33 -
1.11 (m, 3H), 0.98 -
0.89 (m, 4H), 0.88 —
0.84 (m, 1H), 0.11 - -
0.03 (m, 1H)
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309 propyl ) 820.5 | 'H NMR (400 MHz,
((fluoro(2- C\;j o CDCls) 6 9.12 - 8.70
(((3S,6S,7a8S, 4! ” _ (m, 1H), 8.01 - 7.93
8aR,9aR)-3- N ﬁb\(ﬁ\(}@ (m, 1H), 7.91 - 7.74
(3-(4-methyl- N\’\":\'(D FHNX (m, 2H), 7.63 - 7.51
4H-1,2.4- N e (m, 1H), 7.35 d, J =
triazol-3- \\\ 7.2 Hz, 2H), 7.25 -
yl)azetidine- 7.13 (m, 2H), 7.11 -
1-carbonyl)- 6.99 (m, 1H), 6.09 -
5- 5.88 (m, 1H), 5.19 -
oxodecahydr 496 (m, 2H), 4.76 -
o-1H- 4.56 (m, 1H), 447 -
cyclopropald 4.36 (m, 1H), 4.34 -
Ipyrrolo[1,2- 4.17 (m, 2H), 3.92 (s,
alazocin-6- 4H), 3.88 - 3.61 (m,
yl)carbamoyl 4H), 2.47 - 2.25 (m,
)benzo[b]thio 3H), 2.21 - 2.12 (m,
phen-5- 1H), 2.10 - 2.00 (m,
yDmethyl)(p 2H), 1.73 - 1.49 (m,
henoxy)phos 3H), 1.47 - 1.36 (m,
phoryl)-L- 1H), 1.35 - 1.24 (m,
alaninate 3H), 1.22 - 1.12 (m,
1H), 0.99 - 0.79 (m,
5H), 0.09 - 0.04 (m,
1H)
308 S,S'- 9512 | 'H NMR (400 MHz,
((((difluoro(2 Cé 0 DMSO-ds) & 9.08 -
- . 3 N g F 8.91 (m, 1H), 8.67 (d,
(((3S,6S,7a8S, N0 pe J=10.4Hz, 1H), 8.52
8aR,9aR)-3- | !j 015 (m, 1H), 8.36 (d, J =
(3-(4- =/"F OIS O}% 12.0 Hz, 1H), 8.26 -
fluoropyridin 8.20 (m, 2H), 7.65 -
-3- 7.622 (m, 1H), 7.32
yl)azetidine- (m, 1H), 5.01 - 4.88
1-carbonyl)- (m, 1H), 4.63 (d, J =
5- 7.2 Hz, 1H), 4.41 -
oxodecahydr 4.35 (m, 1H), 4.32 -
o-1H- 3.89 (m, 9H), 3.11 -
cyclopropald 3.06 (m, 4H), 2.19 -
]pyrrolo[1,2- 1.96 (m, 4H), 1.91 -
alazocin-6- 1.77 (m, 2H), 1.70 -
yl)carbamoyl 1.57 (m, 1H), 1.44 -
)benzo[b]thio 1.29 (m, 1H), 1.20 -
phen-5- 1.16 (m, 1H), 1.14 -
yDmethyl)ph 1.07 (m, 18H), 0.88 -
osphoryl)bis( 0.76 (m, 1H), 0.741 -
oxy))bis(etha 0.691 (m, 1H), 0.00
ne-2,1-diyl)) (d,J=4.4Hz, 1H)
bis(2,2-
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dimethylprop
anethioate)

306 S.S'- g 933.5 | !H NMR (400 MHz,
((((fluoro(2- CN ) © CDCl3) & 8.90 - 8.52
(((38,68.7aS (TN P g S (m, 2H), 8.01 (s, 1H)
8aR,9aR)-3- oo o0 7.95 - 7.82 (m, 2H),

s e O . - /. > H
(3-(4- N Ty 7.63 - 7.37 (m, 2H),
fluoropyridin | >~ " d 7.07 (m, 1H), 6.12 -
-3- 591 (m, 1H), 5.14 -
yl)azetidine- 4.86 (m, 2H), 4.69 -
1-carbonyl)- 4.56 (m, 1H), 4.51 -
5- 4.33 (m, 2H), 4.31 -
oxodecahydr 4.07 (m, 7H), 3.23 -
o-1H- 3.07 (m, 2H), 2.97 -
cyclopropald 2.75 (m, 2H), 2.41 -
Ipyrrolo[1,2- 2.27 (m, 3H), 2.19 -
alazocin-6- 2.03 (m, 4H), 1.52 -
yl)carbamoyl 1.43 (m, 1H), 1.28 -
Ybenzo[b]thio 1.12 (m, 19H), 1.05 -
phen-5- 0.96 (m, 1H), 0.89 -
ylmethyl)ph 0.80 (m, 1H), 0.02
osphoryl)bis( (m, 1H)
oxy))bis(etha
ne-2,1-diyl))
bis(2,2-
dimethylprop
anethioate)
287 propyl . 836.6 | 'H NMR (400 MHz,
((fluoro(2- C{N o CDCls) 6 9.78 - 9.51
(((3S,6S,7a8S, 7 u _ (m, 1H), 8.75 - 8.57
A 9
8aR,9aR)-3- . NS0 $ \E{\O/\é (m, 1H), 8.24 - 8.10
(3-(4- N g (m, 1H), 7.95 - 7.89
methylpyridi | 70 (m, 1H), 7.86 - 7.81
n-3- ~ (m, 1H), 7.58 (d. J =
yl)azetidine- 5.6 Hz, 1H), 7.53 -
1-carbonyl)- 743 (m, 1H), 5.99 -
5- 5.78 (m, 1H), 5.30 -
oxodecahydr 5.06 (m, 2H), 4.76 -
o-1H- 4.63 (m, 1H), 4.52 -
cyclopropald 4.44 (m, 2H), 441 -
Ipyrrolo[1,2- 4.20 (m, 3H), 4.15 -
alJazocin-6- 3.90 (m, 5H), 2.51 (s,
yl)carbamoyl 3H), 2.48 (s, 1H),
)benzo[b]thio 2.34 (d, J = 3.6 Hz,
phen-5- 1H), 2.31 (s, 1H),
yDmethyl)(2, 222 - 213 (m, 1H),
2,2- 2.10 - 1.99 (m, 2H),
trifluoroetho 1.93 (d, J = 7.6 Hz,
xy)phosphor 1H), 1.77 - 1.55 (m,
3H), 1.46 - 1.31 (m,
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yl)-L- 3H), 1.30 - 1.21 (m,
alaninate 1H), 1.01 - 0.88 (m,
3H), 0.87 - 0.77 (m,
2H), 0.08 -0.04 (m,
1H)

269 propyl (((2- 845.4 | 'H NMR (400 MHz,
(((3S,6S,7aR, C\ND 0 DMSO-ds) 6 8.72 (d,
8aS,9aR)-3- o © N J=7.2Hz, 1H), 8.43
(((35,4S)-4- @,F S c\;\\NJ\‘(O\/\ (d, J = 6.8 Hz, 1H),

fluo(rio-lé (\SN OH 0O gi? -d8.13 (T,SZH),
(pyridin-3- - A1 (d, J = 4.8 Hz,
yDpyrrolidin- | 1H), 7.97 - 7.85 (m,
- 2H), 7.78 - 7.60 (m,
yl)carbamoyl 2H), 7.44 (d, J = 84
)-5- Hz, 1H), 7.38 - 7.29
oxodecahydr (m, 2H), 7.19 - 7.08
o-1H- (m, 3H), 5.73 - 5.55
cyclopropald (m, 1H), 5.27 - 5.09
Ipyrrolo[1,2- (m, 1H), 4.82 - 4.77
alJazocin-6- (m, 1H), 4.49 - 4.40
yl)carbamoyl (m, 1H), 4.22 - 4.15
)benzo[b]thio (m, 2H), 3.90 - 3.85
phen-5- (m, 2H), 3.75 (s, 2H),
yDmethyl)(p 3.71 (s, 1H), 3.64 (s,
henoxy)phos 1H), 3.40 (s, 1H),
phoryl)-L- 3.37 (s, 1H), 2.28 —
alaninate 2.24 (m, 1H), 2.15 -
1.97 (m, 4H), 1.93 -
1.81 (m, 2H), 1.70 —
1.66 (m, 1H), 1.57 (d,
J=10.0Hz, 1H), 1.51
—1.44 (m, 2H), 1.37 -
1.28 (m, 1H), 1.23 —
1.20 (m, 1H), 1.07 (d,
J=7.2Hz, 1H), 1.01
(d, J = 7.2 Hz, 2H),
0.85 - 0.76 (m, 4H),

0.08 — 0.05 (m, 1H)
268 propyl 863.6 | 'H NMR (400 MHz,
((fluoro(2- C\Np o DMSO-ds) & 8.86 -
(((3S,6S8,7aR, IR HiN 8.73 (m, 1H), 8.43 (d,
8aS,9aR)-3- HY™ "o d o J=6.8 Hz, 1H), 8.26
(((38,4S)-4- QF : (s, 1H), 8.19 - 8.02
fluoro-1- 7 FHN]: (m, 4H), 7.73 - 7.53
(pyridin-3- =\ o (m, 3H), 7.44 - 7.30
yl)pyrrolidin- (m, 2H), 7.26 - 7.10
3- (m, 3H), 6.31 - 6.08
yl)carbamoyl (m, 2H), 5.27 - 5.09
)-5- (m, 1H), 4.82 — 4.79
oxodecahydr (m, 1H), 447 — 4.41
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o-1H- (m, 1H), 4.26 - 4.13
cyclopropald (m, 2H), 3.97 - 3.83
]pyrrolo[1,2- (m, 3H), 3.78 - 3.69
alazocin-6- (m, 3H), 3.63 (s, 1H),
yl)carbamoyl 2.31 - 2.22 (m, 1H),
)benzo[b]thio 2.13 - 1.98 (m, 3H),
phen-5- 1.94 - 1.80 (m, 2H),
yDmethyl)(p 1.58 (d, J = 10.4 Hz,
henoxy)phos 2H), 1.53 — 1.46 (m,
phoryl)-L- 2H), 1.38 - 1.28 (m,
alaninate 1H), 1.27 - 1.11 (m,
4H), 0.98 - 0.94 (m,
1H), 0.88 - 0.74 (m,

4H)

264 propyl (((2- 816.3 | 'H NMR (400 MHz,
(((3S,6S5,7aS, oS CDCIz) 6 8.59 - 8.74
8aR,9aR)-3- &@HH (m, TH) 7.99 - 8.31

(3-(4- o (m, 2H) 7.75 (m, 3H)
fluoropyridin \/\\)\;J 7.26 (s, SH) 7.12 (m,
-3- = 3H) 496 - 5.19 (m,
yl)azetidine- 2H) 4.54 - 473 (m,
1-carbonyl)- 1H) 444 (m, 2H)
5- 4.05 - 428 (m, 3H)
oxodecahydr 3.86 - 4.02 (m, 3H)
o-1H- 3.36 - 3.51 (m, 2H)
cyclopropald 2.25 - 2.51 (m, 3H)
Ipyrrolo[1,2- 1.95 - 220 (m, 4H)
alJazocin-6- 1.35 - 1.73 (m, 5H)
yl)carbamoyl 1.11 - 1.20 (m, 3H)
)benzo[b]thio 0.80 - 0.91 (m, 4H) -
phen-5- 0.09 - 0.08 (m, 1H)
yhmethyl)(p
henoxy)phos
phoryl)-L-
alaninate
263 propyl . 834.3 | 'H NMR (400 MHz,
((fluoro(2- C"‘ ) o CDCl3) & = 9.57 (dd,
(((35,6S5,7aS, I N N= 9 Q J=8.4,14.0 Hz, 1H),
8aR,%aR)-3- N0 s o 947 (d, J = 7.6 Hz,
q (3—(4—. ‘ N:\ F F . 1H), 8.86 - 8.60 (m,
uoropyridin o \\\ 1H), 8.04 - 7.72 (m,
-3- 4H), 7.64 - 7.50 (m,
yl)azetidine- 1H), 7.44 - 7.27 (m,
1-carbonyl)- 3H), 7.25 - 7.04 (m,
5- 3H), 6.15 - 5.77 (m,
oxodecahydr 1H), 5.29 - 4.96 (m,
o-1H- 2H), 4.73 (s, 1H),
cyclopropald 4.50 - 440 (m, 2H),
Ipyrrolo[1,2- 4.15 - 4.09 (m, 2H),
alJazocin-6- 4.09 - 401 (m, 2H),
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yl)carbamoyl 4.00 - 3.78 (m, 1H),
Ybenzo[b]thio 3.76 - 3.54 (m, 1H),

phen-5- 2.51 - 2.27 (m, 3H),
yl)methyl)(p 2.17 (td,J =5.6, 11.6
henoxy)phos Hz, 1H), 2.10 - 1.91
phoryl)-L- (m, 3H), 1.78 - 1.50
alaninate (m, 3H), 1.40 - 1.25
(m, 3H), 1.18 - 0.76
(m, 6H), 0.09 - -0.06

(m, 1H)

255 propyl (((2- 828.4 | 'H NMR (400 MHz,
(((35.68.74R, C\NP CDCL) § 8.30 - 8.18
8a$S,9aR)-3- i I (m, 1H), 8.08 - 7.85
(((3S,45)-1- : 0 = (m, 3H), 7.68 - 7.51

acetyl-4- D ¢ 0) (m, 1H), 7.41 - 7.32
fluoropyrroli i\ '_J-HF\I,I\O gn;, ;H), 17H2)9 (7d,2 ; =
din-3- ) Z, , 125 -
yl)carbamoyl oj/; 7.18 (m, 1H), 7.14 -
)-5- H 7.06 (m, 1H), 6.10 (s,
oxodecahydr 1H), 5.04 - 491 (m,
o-1H- 1H), 4.73 - 4.41 (m,
cyclopropald 2H), 425 (t, J = 5.6
Ipyrrolo[1,2- Hz, 1H), 4.13 - 3.98
aJazocin-6- (m, 3H), 3.82 - 3.69
yl)carbamoyl (m, 2H), 3.67 - 3.48
Ybenzo[b]thio (m, 1H), 3.46 - 3.24
phen-5- (m, 2H), 3.02 - 2.90
yDfluoromet (m, 3H), 2.44 - 2.31
hyl)(phenoxy (m, 1H), 2.23 - 2.08
)phosphoryl) (m, 3H), 2.05 (s, 3H),
-L-alaninate 2.00 - 1.83 (m, 2H),
1.82 - 1.70 (m, 1H),
1.68 - 1.51 (m, 3H),
1.48 - 1.39 (m, 1H),
1.30 (d, J = 3.2 Hz,
2H), 1.26 - 1.18 (m,
1H), 1.16 (d, ] = 7.2
Hz, 1H), 0.96 - 0.81
(m, 4H), 0.30 - 0.14

(m, 1H)

251 propyl (((2- A e 816.6 | 'H NMR (400 MHz,
(((35.6S.7aR, CQN . o %< CDCl3) & 8.79 - 8.52
8aS,9aR)-3- { o " RONH 0 (m, 2H), 7.89 - 7.72

(3-(4- N © (m, 4H), 7.51 - 7.39
fluoropyridin e @ (m, 1H), 7.33 - 7.27
-3- ~/F (m, 2H), 7.21 - 7.00
yl)azetidine- (m, 4H), 5.01 - 4.70
1-carbonyl)- (m, 2H), 4.66 - 4.58
5- (m, 1H), 4.47 - 434
oxodecahydr (m, 2H), 4.33 - 4.20
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o-1H- (m, 1H), 4.20 - 4.10
cyclopropald (m, 2H), 4.07 - 3.87
]pyrrolo[1,2- (m, 3H), 3.52 - 3.38
alJazocin-6- (m, 2H), 3.33 - 3.05
yl)carbamoyl (m, 1H), 2.38 - 2.29
)benzo[b]thio (m, 1H), 2.25 - 2.17
phen-5- (m, 1H), 2.16 - 2.05
yD)methyl)(p (m, 3H), 2.04 - 1.93
henoxy)phos (m, 2H), 1.86 - 1.69
phoryl)-L- (m, 2H), 1.63 - 1.50
alaninate (m, 2H), 1.28 - 1.20
(m, 1H), 1.19 - 1.11
(m, 3H), 0.93 - 0.78
(m, 4H), 0.25 - 0.18
(m, 1H)

249 propyl < 834.3 | 'H NMR (400 MHz,
((fluoro(2- CN:D 0 CDCls) 6 8.61 (d,J =
(((3S,6S,7aR, i NN ,@ 10.0 Hz, 1H), 8.56
8aS.9aR)-3- | _ [P s %o (dd, J = 5.2, 7.6 Hz,
(3-(4- g . FHNi 1H), 7.98 (d, J = 10.0
fluoropyridin d 0\\\ Hz, 1H), 7.91 - 7.73
-3- (m, 3H), 7.64 - 7.53
yl)azetidine- (m, 1H), 7.39 - 7.32
1-carbonyl)- (m, 1H), 7.26 - 7.23
5- (m, 1H), 7.22 - 7.11
oxodecahydr (m, 1H), 7.10 - 7.03
o-1H- (m, 2H), 6.11 - 5.85
cyclopropald (m, 1H), 5.01 - 4.70
]pyrrolo[1,2- (m, 2H), 4.68 - 4.57
alJazocin-6- (m, 1H), 4.45 - 4.39
yl)carbamoyl (m, 1H), 4.39 - 4.31
)benzo[b]thio (m, 1H), 424 - 4.11
phen-5- (m, 3H), 4.09 - 3.95
ylDmethyl)(p (m, 2H), 3.67 - 3.50
henoxy)phos (m, 1H), 2.38 - 2.28
phoryl)-L- (m, 1H), 2.25 - 2.17
alaninate (m, 1H), 2.16 - 2.04
(m, 3H), 2.02 - 1.93
(m, 2H), 1.85 - 1.75
(m, 1H), 1.74 - 1.69
(m, 1H), 1.61 - 1.50
(m, 2H), 1.32 - 1.23
(m, 3H), 1.21 - 1.09
(m, 1H), 0.94 - 0.89
(m, 2H), 0.89 - 0.78
(m, 2H), 0.22 (q, J =

4.4 Hz, 1H)
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245 propyl (((2- 810.2 | 'H NMR (400 MHz,
(((35.68,7aR, Qo) CDCl3) 8 8.25 - 8.15
8aS,9aR)-3- g O HN _ (m, 1H), 7.98 - 7.90
(((35,4S)-1- N s (m, 1H), 7.90 - 7.81

acetyl-4- \«”O‘ WU UN (m, 2H), 7.50 - 7.41
fluoropyrroli | ° @’ "o (m, 1H), 7.33 - 7.27
din-3- (m, 2H), 7.18 - 7.09
yl)carbamoyl (m, 3H), 5.03 - 4.90
)-5- (m, 1H), 4.75 - 4.45
oxodecahydr (m, 2H), 4.32 - 4.18
o-1H- (m, 1H), 4.07 (t, J =
cyclopropald 8.0 Hz, 1H), 4.03 -
Ipyrrolo[1,2- 3.90 (m, 3H), 3.77
alazocin-6- (dd, J =4.8, 10.8 Hz,
yl)carbamoyl 2H), 3.48 (d, ] = 5.2
)benzo[b]thio Hz, 2H), 3.35 - 3.21
phen-5- (m, 2H), 2.45 - 2.31
yl)methyl)(p (m, 1H), 2.22 - 2.15
henoxy)phos (m, 1H), 2.12 (d, J =
phoryl)-L- 7.2 Hz, 1H), 2.08 (s,
alaninate 1H), 2.04 (s, 3H),
2.00 - 1.85 (m, 2H),
1.82 - 1.69 (m, 1H),
1.65 - 1.53 (m, 3H),
1.47 - 1.36 (m, 1H),
1.25 (d, J = 15.6 Hz,
1H), 1.19 (d, J = 7.2
Hz, 2H), 1.15 (d, J =
7.2 Hz, 1H), 0.92 -
0.82 (m, 4H), 0.25 -

0.17 (m, 1H)
426 propyl (((S)- . 871.4 | 1H NMR (400 MHz,
2 Ch ] g CDsOD) & 8.27 -
(((3S,6S,7a8S, FR NN . /@ 8.18 (m, 1H), 8.13 -
8&R,9aR)—3— N0 s Ry 7.84 (m, 4H), 7.68 -
(3.—(4‘1— N : ) '-J;Ni 7.58 (m, 1H), 7.39 -
(azetidin-1- 9 S o\ 7.30 (m, 2H), 7.27 -
yl)pyridin-3- 7.15 (m, 3H), 648 -
yl)azetidine- 6.25 (m, 1H), 6.19 -
1-carbonyl)- 5.98 (m, 1H), 5.07 -
5- 491 (m, 2H), 4.72 -
oxodecahydr 4.60 (m, 1H), 4.58 -
o-1H- 4.51 (m, 1H), 4.37 -
cyclopropald 4.28 (m, 2H), 4.27 -
Ipyrrolo[1,2- 4.19 (m, 2H), 4.18 -
aJazocin-6- 4.08 (m, 2H), 4.07 -
yl)carbamoyl 4.00 (m, 2H), 4.00 -
Ybenzo[b]thio 3.75 (m, 2H), 3.86 -
phen-5- 3.73 (m, 1H), 2.49 -
yDfluoromet 2.11 (m, 7H), 2.04 -
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hyl)(phenoxy 1.69 (m, 3H), 1.62 -
)phosphoryl) 1.51 (m, 2H), 1.47 -
-L-alaninate 1.35 (m, 1H), 1.28 -
1.05 (m, 3H), 0.98 -
0.79 (m, 5H), 0.12 -
0.03 (m, 1H)

424 propyl (((R)- 9144 | 1H NMR (400 MHz,
fluoro(2- /3 0 CDs0D) 6 8.49 - 8.38
(((3.68.7aS, O o O (m, 1H), 837 - 821
8aR,%9aR)-3- NSO N N (m, 1H), 8.14 - 791
(3-(4-(4- N&:‘ F ;;o (m, 2H), 7.90 - 7.72
methylpipera | A Y (m, 1H), 7.68 - 7.55
zin-1- S (m, 1H), 7.44 - 7.28
yl)pyridin-3- (m, 2H), 7.27 - 7.07
yl)azetidine- (m, 3H), 7.05 - 6.66
1-carbonyl)- (m, 1H), 6.19 - 5.97
5- (m, 1H), 5.11 - 4.90
oxodecahydr (m, 2H), 4.80 - 4.70
o-1H- (m, 1H), 4.65 - 4.56
cyclopropald (m, 1H), 4.55 - 4.40
Ipyrrolo[1,2- (m, 1H), 4.39 - 4.15
aJazocin-6- (m, 3H), 4.08 - 3.87
yl)carbamoyl (m, 3H), 3.13 - 2.87
)benzo[b]thio (m, 3H), 2.86 - 2.64
phen-5- (m, 3H), 2.59 (s, 2H),
yDmethyl)(p 2.50 - 2.39 (m, 2H),
henoxy)phos 2.38 - 2.28 (m, 4H),
phoryl)-L- 227 - 2.14 (m, 2H),
alaninate 2.02 - 1.63 (m, 3H),
1.62 - 1.49 (m, 2H),
1.42(dd,J=6.4,104
Hz, 1H), 1.34 - 1.20
(m, 3H), 1.03 - 0.78
(m, 5H), 0.07 (dd, J =

5.6, 8.8 Hz, 1H)
423 propyl (({S)- ) 860.3 | 1H NMR (400 MHz,
2- C’;j o CDs0D) 6 8.36 - 8.24
(((35,6S,7aS, 4! NN (m, 2H), 8.14 - 8.07
8aR,94aR)-3- N0 Jﬁbﬁ,ﬂ@ (m, 1H), 8.03 - 7.84
(3-(4- Y ?\Ni (m, 2H), 7.67 - 7.58
ethoxypyridi | > © e (m, 1H), 7.40 - 7.29
n-3- \\\ (m, 2H), 7.27 - 7.13
yl)azetidine- (m, 3H), 7.07 - 6.88
1-carbonyl)- (m, 1H), 6.20 - 5.95
5- (m, 1H), 5.08 - 4.90
oxodecahydr (m, 2H), 4.78 - 4.61
o-1H- (m, 1H), 4.60 - 4.52
cyclopropald (m, 1H), 4.49 - 435
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Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yl)fluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate

(m, 1H), 4.34 - 426
(m, 1H), 4.25 - 4.12
(m, 2H), 4.11 - 3.94
(m, 3H), 3.94 - 3.76
(m, 2H), 2.56 - 2.09
(m, 5H), 2.05 - 1.81
(m, 2H), 1.80 - 1.66
(m, 2H), 1.64 - 1.49
(m, 2H), 1.49 - 1.33
(m, 2H), 1.33 - 1.18
(m, 3H), 1.11 - 0.80
(m, 6H), 0.11 - 0.01
(m, 1H)

418

propyl ((R)-
((5)-2-
(((3S,68.7aS,
8aR,%9aR)-3-
(3-(4-
(dimethylami
no)pyridin-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate

859.2

1H NMR (400 MHz,
CDCls) § 8.66 - 8.43
(m, 1H), 8.34 (d, J =
5.6 Hz, 1H), 7.97 (s,
1H), 7.88 - 7.78 (m,
2H), 7.59 - 7.39 (m,
2H), 7.38 - 7.32 (m,
2H), 7.26 - 7.16 (m,
2H), 6.81 (d, J = 5.6
Hz, 1H), 6.03 - 5.88
(m, 1H), 5.11 - 4.83
(m, 2H), 4.61 (q. J =
9.2 Hz, 1H), 4.49 (t,J
= 6.0 Hz, 1H), 4.43 -
4.28 (m, 1H), 4.25 (d,
J = 8.0 Hz, 1H), 4.19
(d, J = 6.4 Hz, 1H),
4.02 - 3.94 (m, 1H),
3.93 - 3.87 (m, 1H),
3.86 - 3.78 (m, 1H),
3.66 - 3.60 (m, 1H),
2.76 (s, 6H), 2.38 -
2.28 (m, 3H), 2.16 -
2.02 (m, 4H), 1.75 -
1.71 (m, 2H), 1.56 -
1.45 (m, 3H), 1.27 (d,
J=7.2 Hz, 3H), 1.03
-0.94 (m, 1H), 0.88 -
0.83 (m, 3H), 0.04 -
0.02 (m, 1H)
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417 propyl (((R)- < 9154 | 1H NMR (400 MHz,
fluoro(2- CN ) o CDs0D) 6 8.50 - 8.25
(((3S,6S,7a8S, i N (m, 1H), 8.15 - 7.88
8aR,9aR)-3- o g 9 Q (m, 4H), 7.63 (t, J =
-(4- o 0 P~ )

(3-(4-((S)-2 N\j 0 L0 8.4 Hz, 1H), 7.46
(methoxymet o 7.26 (m, 2H), 7.26 -
hyl)azetidin- © \\\ 7.06 (m, 3H), 6.82
1-yD)pyridin- (dd, J =64, 11.6 Hz,
3- 1H), 6.20 - 597 (m,
yl)azetidine- 1H), 5.05 - 498 (m,
1-carbonyl)- 1H), 4.73 - 4.62 (m,
5- 1H), 4.55 (d, ] = 8.0
oxodecahydr Hz, 2H), 4.46 - 4.38
o-1H- (m, 1H), 4.37 - 4.13
cyclopropald (m, 3H), 4.11 - 3.81
Ipyrrolo[1,2- (m, 6H), 3.67 - 3.51
alJazocin-6- (m, 2H), 3.34 -3.31
yl)carbamoyl (m, 3H), 2.59 - 2.36
)benzo[b]thio (m, 2H), 2.35 - 2.10
phen-5- (m, 5H), 2.03 - 1.93
yDmethyl)(p (m, 2H), 1.80 - 1.67
henoxy)phos (m, 1H), 1.57 - 1.55
phoryl)-L- (m, 2H), 1.41 (d, J =
alaninate 1.6 Hz, 1H), 1.23(d, ]
= 6.4 Hz, 3H), 0.96 -
0.79 (m, 5H), 0.08 -

0.06 (m, 1H)

416 propyl (({S)- P 9154 | 1H NMR (400 MHz,
fluoro(2- CN ) o CDs0D) 68.27(d,J =
(((3S,6S,7a8S, i N 8.4 Hz, 1H), 8.11 -
8aR,9aR)-3- Vo g q Q 7.91 (m, 4H), 7.69 -
(3-(4-((S)-2- N\js‘o H‘:\\l‘o 7.58 (m, 1H), 7.40 -
(methoxymet F o 7.28 (m, 2H), 7.28 -
hyl)azetidin- ° k\ 7.05 (m, 3H), 6.81 (t,
1-yDpyridin- J =6.0 Hz, 1H), 6.20
3- -5.98 (m, 1H), 5.05 -
yl)azetidine- 496 (m, 1H), 4.76 -
1-carbonyl)- 4.63 (m, 1H), 4.59 -
5- 4.49 (m, 2H), 4.45 -
oxodecahydr 4.36 (m, 1H), 4.35 -
o-1H- 4.27 (m, 2H), 4.24 -
cyclopropald 4.11 (m, 1H), 4.09 -
Ipyrrolo[1,2- 3.92 (m, 4H), 3.91 -
aJazocin-6- 3.76 (m, 2H), 3.66 -
yl)carbamoyl 3.55 (m, 2H), 3.35 (s,
)benzo[b]thio 3H), 2.52 - 2.37 (m,
phen-5- 2H), 2.35 - 2.26 (m,
yDmethyl)(p 2H), 2.24 - 2.09 (m,
henoxy)phos 3H), 2.02 - 1.92 (m,
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phoryl)-L- 2H), 1.79 - 1.69 (m,
alaninate 1H), 1.62 - 1.52 (m,
2H), 1.46 - 1.37 (m,
1H), 1.24 (d, J = 7.2
Hz, 1H), 1.07 (dd, J =
2.0, 7.2 Hz, 2H), 0.95
- 0.80 (m, 5H), 0.07

(t, ] =4.8 Hz, 1H)
415 propyl ((R)- 8593 | 'H NMR (400 MHz,
(R)-(2- Ch ), CDCL) § 8.59 - 8.45
(((35,6S,7aS, A g N (m, 1H), 833 (d, J =
8aR,9aR)-3- &Q © = 5.6 Hz, 1H), 7.96 (s,
NECE N 8 @ 1H), 7.89 - 7.78 (m,
(dimethylami ém‘j ° 2H), 7.64 - 7.43 (m,
no)pyrlfllp-3- OIO 2H), 7.27 (s, 1H),
yl)azetidine- H 7.26 - 7.11 (m, 2H),
1-carbonyl)- 7.10 - 7.07 (m, 2H),
5- 6.83 - 6.76 (m, 1H),
oxodecahydr 6.02 - 5.87 (m, 1H),
o-1H- 5.10 - 4.81 (m, 2H),
cyclopropald 4.61 - 4.60 (m, 1H),
Ipyrrolo[1,2- 449 (t, ] = 6.0 Hz,
alazocin-6- 1H), 4.43 - 427 (m,
yl)carbamoyl 1H), 4.22 - 4.11 (m,
)benzo[b]thio 3H), 4.08 - 4.02 (m,
phen-5- 2H), 3.65 (t, ] = 10.8
yDfluoromet Hz, 1H), 2.76 - 2.71
hyl)(phenoxy (m, 6H), 2.40 - 2.28
)phosphoryl) (m, 3H), 2.19 - 1.94
-L-alaninate (m, 5H), 1.72 - 1.59
(m, 3H), 1.52 - 1.42
(m, 1H), 1.29 (dd, J =
2.0, 7.2 Hz, 3H), 0.92
- 0.90 (m, 3H), 0.87 -
0.78 (m, 1H), 0.04 -

0.03 (m, 1H)

414 propyl ((S)- B 859.1 | 1H NMR (400 MHz,
(R)-(2- Cl CDCls) § 8.51 - 8.44
(((35,6S,7aS, L & HN (m, 1H), 8.37 - 8.27
8aR,9aR)-3- UQ o= (m, 1H), 7.96 - 7.74
NESCE N~ % @ (m, 3H), 7.59 - 7.51
(dimethylami '_J.”q o (m, 1H), 7.41 - 7.33
no)pyridin-3- OIO (m, 2H), 7.27 (s, 2H),
yl)azetidine- H 7.23 - 7.17 (m, 1H),
1-carbonyl)- 6.82 - 6.73 (m, 1H),
5- 6.03 - 5.85 (m, 1H),
oxodecahydr 5.18 - 4.78 (m, 2H),
o-1H- 4.66 - 448 (m, 2H),
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cyclopropald 445 - 4.00 (m, 7H),
Ipyrrolo[1,2- 3.81 - 3.68 (m, 1H),
alJazocin-6- 275 - 2.65 (m, 6H),
yl)carbamoyl 242 - 227 (m, 3H),
)benzo[b]thio 2.19 - 1.98 (m, 4H),
phen-5- 1.74 - 1.57 (m, 3H),
yDfluoromet 1.55 - 1.42 (m, 1H),
hyl)(phenoxy 1.16 - 1.10 (m, 3H),
)phosphoryl) 1.02 - 0.93 (m, 1H),
-L-alaninate 0.93 - 0.87 (m, 3H),
0.86 - 0.78 (m, 1H),

0.05 - -0.06 (m, 1H)
413 propyl (((S)- E 900.34 | 1H NMR (400 MHz,
fluoro(2- CN /) o CDs0D) $8.50(d,J =
(((3S,6S,7a8S, iy 0 A 4.0 Hz, 1H), 8.35 -
mon | Ry o] e
R = N v Fl’\O . ma ’ . -
morpholinop @ E*NI 7.90 (m, 1H), 7.68 -
yridin-3- R 7.60 (m, 1H), 7.40 -
yl)azetidine- k\ 7.13 (m, 6H), 6.19 -
1-carbonyl)- 5.99 (m, 1H), 5.09 -
5- 4.89 (m, 2H), 4.75 (t,
oxodecahydr J =8.8 Hz, 1H), 4.66
o-1H- - 4.50 (m, 2H), 4.46 -
cyclopropald 4.29 (m, 2H), 4.23 -
Ipyrrolo[1,2- 4.15 (m, 1H), 4.13 -
alJazocin-6- 4.04 (m, 1H), 4.03 -
yl)carbamoyl 3.82 (m, 3H), 3.80 -
)benzo[b]thio 3.76 (m, 4H), 3.41 -
phen-5- 3.33 (m, 3H), 2.50 -
yDmethyl)(p 2.38 (m, 1H), 2.35 -
henoxy)phos 2.13 (m, 4H), 2.03 -
phoryl)-L- 1.89 (m, 2H), 1.79 -
alaninate 1.68 (m, 1H), 1.62 -
1.52 (m, 2H), 1.47 -
1.36 (m, 1H), 1.24 (d,
J=7.2Hz, 1H), 1.12
- 1.05 (m, 2H), 0.97 -
0.87 (m, 5H), 0.09 -

0.06 (m, 1H)

412 propyl (({S)- ) /\3 872.5 | 1H NMR (400 MHz,
2- " 0 CDCl3) 6 9.05 - 8.55
(((35.68,7aS, CN e o (m, 1H), 8.53 - 8.22
8aR,%aR)-3- NG s "f{“;oj\ (m, 2H), 7.95 - 7.94
(3-(4- NA\)fD 3 (m, 1H), 7.86 - 7.76
(azetidin-1- | SN g ‘L\ (m, 1H), 7.60 - 7.51
yDpyrimidin- (m, 1H), 7.46 - 7.32
5- (m, 1H), 7.24 - 7.06
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yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate

(m, 5H), 5.99 - 5.87
(m, 1H), 5.22 - 5.04
(m, 2H), 4.49 - 4.37
(m, 4H), 4.36 - 4.16
(m, 3H), 4.09 - 4.06
(m, 1H), 4.04 - 4.01
(m, 1H), 3.99 - 3.87
(m, 1H), 3.85 - 3.76
(m, 1H), 3.69 - 3.61
(m, 2H), 2.57 - 2.49
(m, 3H), 2.29 - 2.04
(m, 3H), 1.96 - 1.81
(m, 2H), 1.63 - 1.33
(m, 4H), 1.29 - 1.26
(m, 4H), 0.91 - 0.84
(m, 3H), 0.83 - 0.68
(m, 2H), -0.02 - -0.08
(m, 1H).

409

propyl ((R)-
fluoro(2-
(((35,68.7a8,
8aR,%9aR)-3-
(3-(4-
morpholinop
yridin-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)(p
henoxy)phos
phoryl)-L-
alaninate

901.1

1H NMR (400 MHz,
CD;0D) § 8.54 - 8.48
(m, 1H), 8.31 (dd, J =
6.4, 172 Hz, 1H),
8.07 (d, J = 13.6 Hz,
2H), 7.99 - 7.91 (m,
1H), 7.65 (d, J = 8.4
Hz, 1H), 7.37 - 7.25
(m, 3H), 7.24 - 7.13
(m, 3H), 6.18 - 6.02
(m, 1H), 5.06 - 4.99
(m, 1H), 476 (1, J =
8.8 Hz, 1H), 4.67 -
4.51 (m, 2H), 4.45 -
4.29 (m, 2H), 4.24 -
4.16 (m, 1H), 4.13 -
4.04 (m, 1H), 4.01 -
3.91 (m, 1H), 3.90 (s,
1H), 3.85 - 3.76 (m,
5H), 3.43 - 3.33 (m,
4H), 2.51 - 2.38 (m,
1H), 2.36 - 2.25 (m,
2H), 2.24 - 2.12 (m,
2H), 2.04 - 1.93 (m,
2H), 1.80 - 1.69 (m,
1H), 1.58 - 1.49 (m,
2H), 1.46 - 1.37 (m,
1H), 1.26 - 1.19 (m,
3H), 0.98 - 0.90 (m,
1H), 0.88 - 0.82 (m,

321




WO 2023/192960

PCT/US2023/065171

4H), 0.11 - 0.05 (m,
1H)

430

propyl ((R)-
((R)-(2-
(((35,68,7a8,
8aR,9%aR)-3-
((6S,7R)-7-
cyano-6-
(pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((S)-
((R)-(2-
(((35,68,7a8,
8aR,%aR)-3-
((6S.7R)-7-
cyano-6-
(pyridin-3-
yD-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate

s
/ \\F
\ N
01P=0
ok
o Ho
Or
O —_—
s
\\F
0~P=0
o
o

Or

881.4

'"H NMR (400 MHz,
DMSO-de) & 8.94 —
8.87 (m, 1H), 8.72 —
8.66 (m, 1H), 8.55 —
8.49 (m, 1H), 8.34 —
8.27 (m, 1H), 8.11 —
8.02 (m, 2H), 7.97 —
7.89 (m, 1H), 7.65 —
7.57 (m, 1H), 7.45 —
7.39 (m, 1H), 7.39 —
7.32 (m, 2H), 7.21 —
7.11 (m, 3H), 6.27 —
6.04 (m, 2H), 5.01 —
4.89 (m, 1H), 4.63 —
4.45 (m, 2H), 4.20 —
3.99 (m, 2H), 3.89 —
3.69 (m, 5H), 2.39 —
2.31 (m, 1H), 2.21 —
1.96 (m, 5SH), 1.90 —
1.80 (m, 2H), 1.73 —
1.57 (m, 2H), 1.47 —
1.27 (m, 3H), 1.19 —
1.07 (m, 3H), 0.86 —
0.61 (m, 7H), 0.02 —
0.00 (m, 1H).
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or
propyl ((R)-
((R)-(2-
(((35,68,7a8,
8aR,%aR)-3-
((6R,7S)-7-
cyano-6-
(pyridin-3-
yb-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((S)-
((R)-(2-
(((35,68,7aS,
8aR,9aR)-3-
((6R,7S)-7-
cyano-6-
(pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate

Pyrrolidine building block SFC
peak 1 and CFTE-28B were used
for synthesis and biological
testing
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431

propyl ((S)-
((R)-(2-
(((3S,68.7aS,
8aR,9aR)-3-
((6S.7R)-7-
cyano-6-
(pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
]pyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((R)-
((R)-(2-
(((3S,6S.7aS,
8aR,9%aR)-3-
((6S.,7R)-7-
cyano-6-
(pyridin-3-
yb-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((S)-
(R)-(2-

(@]

881.6

'"H NMR (400 MHz,
DMSO-de) & 8.92 (d,
J =7.6 Hz, 1H), 8.83
(s, 1H), 8.66 (d, J =
4.0 Hz, 1H), 8.31 (s,
1H), 8.23 — 8.16 (m,
1H), 8.11 — 8.04 (m,
2H), 7.69 — 7.57 (m,
2H), 7.40 — 7.32 (m,
2H), 7.22 — 7.15 (m,
3H), 6.29 — 6.10 (m,
2H), 5.00 — 4.90 (m,
1H), 4.60 — 4.54 (m,
2H), 4.18 — 4.07 (m,
2H), 3.97 — 3.89 (m,
3H), 3.84 — 3.74 (m,
2H), 2.41 — 2.31 (m,
1H), 2.21 — 1.98 (m,

5H), 1.91 — 1.80 (m,
2H), 1.75 — 1.58 (m,
2H), 1.56 — 1.46 (m,
2H), 1.36 — 1.27 (m,
1H), 1.14 (d, T = 7.1

Hz, 3H), 0.87 — 0.73
(m, 6H), 0.72 — 0.63
(m, 1H), 0.03 — 0.00
(m, 1H).
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(((35,65,7aS, | Pyrrolidine building block SFC
8aR,%9aR)-3- | peak 1 and CFTE-28A were used
((6R,7S)-7- for synthesis and biological

cyano-6- testing
(pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald

Ipyrrolo[1,2-
alazocin-6-

yl)carbamoyl

)benzo[b]thio

phen-5-
yl)fluoromet
hyl)(phenoxy

)phosphoryl)
-L-alaninate

or
propyl ((R)-
((R)-(2-

(((35,68,7a8,
8aR,9aR)-3-
((6R,7S)-7-

cyano-6-
(pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald

Jpyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio

phen-5-
yDfluoromet
hyl)(phenoxy

)phosphoryl)
-L-alaninate
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434

propyl ((S)-
((R)-(2-
(((3S,68.7aS,
8aR,9aR)-3-
((S)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
]pyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((R)-
((R)-(2-
(((35,6S,7a8,
8aR,9%aR)-3-
((S)-6-(4-
(dimethylami
no)pyridin-3-
yb-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((S)-
(R)-(2-

0-P=0

Pyrrolidine + Core SFC peak 2
and CFTE-28A were used for
synthesis and biological testing

899.7

'"H NMR (400 MHz,
DMSO-de) & 8.95 —
8.87 (m, 1H), 8.41 (s,
1H), 8.31 (s, 1H),
8.22 — 8.18 (m, 1H),
8.10 — 8.03 (m, 2H),
7.62 — 7.57 (m, 1H),
7.40 — 7.33 (m, 2H),
721 — 7.14 (m, 3H),
6.95 — 6.90 (m, 1H),
6.28 — 6.10 (m, 2H),
498 — 490 (m, 1H),
4.57 — 4.51 (m, 1H),
4.18 — 4.08 (m, 2H),
3.98 — 3.90 (m, 2H),
3.89 — 3.83 (m, 1H),
3.81 — 3.71 (m, 2H),
2.76 (s, 6H), 2.40 —
2.32 (m, 1H), 2.20 —
2.10 (m, 3H), 2.09 —
1.94 (m, 4H), 1.90 —
1.77 (m, 2H), 1.68 —
1.57 (m, 2H), 1.55 —
1.46 (m, 2H), 1.42 —
1.34 (m, 1H), 1.16 —
1.10 (m, 3H), 0.86 —
0.72 (m, 5H), 0.52 —
0.42 (m, 2H), -0.00 —
-0.03 (m, 1H).
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(((35,68,7a8,
8aR,%9aR)-3-
((R)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yl)fluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((R)-
((R)-(2-
(((35,68,7a8,
8aR,9aR)-3-
((R)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Jpyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
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432 propyl ((S)-
((R)-(2-
(((3S,68.7aS,
8aR,9aR)-3-
((R)-6-(4-
(dimethylami
no)pyridin-3-
yD-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
]pyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((R)-
((R)-(2-
(((35,6S,7a8,
8aR,9%aR)-3-
((R)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((S)-
(R)-(2-

Pyrrolidine + Core SFC peak 1
and CFTE-28A were used for

synthesis and biological testing

899.3

"H NMR (400 MHz,
DMSO-ds) & 8.88 (d,
J =7.7 Hz, 1H), 8.46
(s, 1H), 8.31 (s, 1H),
823 (d, J = 5.5 Hz,
1H), 8.15 — 8.05 (m,
2H), 7.60 (d, J = 8.7
Hz, 1H), 7.39 — 7.32
(m, 2H), 7.23 — 7.15
(m, 3H), 691 (d, ] =
5.6 Hz, 1H), 6.28 —
6.12 (m, 2H), 4.99 —
4.88 (m, 1H), 4.58 —
4.43 (m, 2H), 4.19 —
4.08 (m, 1H), 4.00 —
3.88 (m, 2H), 3.81 —
3.70 (m, 2H), 3.64 —
3.57 (m, 1H), 2.70 (s,
6H), 2.39 — 2.27 (m,
2H), 2.18 — 2.10 (m,
1H), 2.09 — 1.93 (m,
5H), 1.90 — 1.79 (m,
2H), 1.68 — 1.55 (m,
2H), 1.54 — 1.45 (m,
2H), 1.41 — 1.30 (m,
1H), 1.13(d, T = 7.1
Hz, 3H), 0.87 — 0.78
(m, 4H), 0.78 — 0.70
(m, 1H), 0.55 — 0.43
(m, 2H), 0.02 — -0.00
(m, 1H).
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(((35,68,7a8,
8aR,%9aR)-3-
((S)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yl)fluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
or
propyl ((R)-
((R)-(2-
(((35,68,7a8,
8aR,9aR)-3-
((S)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Jpyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)(phenoxy
)phosphoryl)
-L-alaninate
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242 propyl (((2- & 812.3 | 'H NMR (400 MHz,
(((35,6S,7aR, LQN 9 [M+H]* | DMSO-ds) 6 8.88 -
8aS,9aR)-3- Ngoo n= . . 8.77 (m, 1H), 8.59 -
(3-(4- B O 8.49 (m, 1H), 8.38 -
methylpyridi | \ ) ©°H/ﬁg 8.28 (m, 1H), 8.25 -
n-3- 8.16 (m, 1H), 7.98 -
yl)azetidine- 7.85 (m, 2H), 7.48 -
1-carbonyl)- 741 (m, 1H), 7.37 -
5- 7.29 (m, 2H), 7.22 -
oxodecahydr 7.09 (m, 4H), 5.77 -
o-1H- 5.54 (m, 1H), 4.86 -
cyclopropald 475 (m, 1H), 4.66 -
Ipyrrolo[1,2- 4.58 (m, 0.5H), 4.49 -
alazocin-6- 4.43 (m, 0.5H), 4.37 -
yl)carbamoyl 3.95 (m, 6H), 3.92 -
)benzo[b]thio 3.74 (m, 3H), 3.49 -
phen-5- 3.40 (m, 2H), 2.28 -
yl)methyl)(p 2.14 (m, 5H), 2.11 -
henoxy)phos 1.98 (m, 2H), 1.95 -
phoryl)-L- 1.83 (m, 2H), 1.76 -
alaninate 1.62 (m, 1H), 1.56 -
1.41 (m, 3H), 1.36 -
1.14 (m, 2H), 1.10 -
0.97 (m, 3H), 0.85 -
0.72 (m, 4H), 0.10 -
0.01 (m, 1H).
285 propyl 2- 844.1 | 'H NMR (400 MHz,
(((fluoro(2- A e [M+H]* | CD30D) 6 8.61 - 8.49
(((35.6S.7a8, 'V\ e, © (m, 1H), 8.33 - 8.22
8aR,9aR)-3- N0 s 0}:\ JL‘(O\/\ (m, 1H), 8.13 - 7.86
(-@- N& XA (m, 3H), 7.66 - 7.56
methylpyridi (m, 1H), 7.35 - 7.09
n-3- (m, 6H), 6.24 - 6.02
yl)azetidine- (m, 1H), 5.07 - 4.98
1-carbonyl)- (m, 1H), 4.81 - 4.42
5- (m, 3H), 442 - 4.26
oxodecahydr (m, 2H), 4.22 - 3.94
o-1H- (m, 4H), 2.51 - 2.37
cyclopropald (m, 1H), 2.36 - 2.07
Ipyrrolo[1,2- (m, 7H), 2.04 - 1.87
alJazocin-6- (m, 2H), 1.79 - 1.68
yl)carbamoyl (m, 1H), 1.64 - 1.53
)benzo[b]thio (m, 2H), 1.48 - 1.27
phen-5- (m, 7H), 1.01 - 0.79
yDmethyl)(p (m, 5H), 0.10 - 0.02
henoxy)phos (m, 1H).
phoryDamino
)-2-
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methylpropa
noate

297 propyl
((fluoro(2-
(((35,68,7a8,
8aR,9%aR)-5-
0x0-3-
((18S,5S)-2-
(pyridin-3-
y1)-2,6-
diazabicyclo[
3.2.0]heptane
-6-
carbonyl)dec
ahydro-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)(p
henoxy)phos
phoryl)-L-
alaninate

857.3
[M+H]*

'"H NMR (400 MHz,
CD;0D) §8.11-7.99
(m, 2H), 7.98 - 7.81
(m, 3H), 7.63 - 7.55
(m, 1H), 7.34 - 7.04
(m, 7H), 6.14 - 5.94
(m, 1H), 5.26 - 4.94
(m, 2H), 4.69 - 4.55
(m, 2H), 4.39 - 4.33
(m, 0.6H), 4.28 - 4.16
(m, 1H), 4.07 - 3.99
(m, 0.4H), 3.97 - 3.74
(m, 4H), 3.73 - 3.63
(m, 0.7H), 3.47 - 3.30
(m, 1H), 2.98 - 2.88
(m, 0.3H), 2.46 - 1.97
(m, 7H), 1.97 - 1.75
(m, 2H), 1.74 - 1.62
(m, 1H), 1.56 - 1.32
(m, 3H), 1.21 - 1.13
(m, 2H), 1.04 - 0.72
(m, 6H), 0.04 - -0.05
(m, 1H).

298 propyl
((fluoro(2-
(((35,68.7a8,
8aR,9aR)-5-
0x0-3-
((1R,5R)-2-
(pyridin-3-
yI)-2,6-
diazabicyclo[
3.2.0]heptane
-6-
carbonyl)dec
ahydro-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio

phen-5-
yDmethyl)(p
henoxy)phos
phoryl)-L-
alaninate

857.3
[M+H]*

'"H NMR (400 MHz,
CD;0D) §8.17 - 8.06
(m, 1H), 8.04 - 7.78
(m, 4H), 7.69 - 7.57
(m, 1H), 7.39 - 7.30
(m, 2H), 7.30 - 7.05
(m, 5H), 6.19 - 5.98
(m, 1H), 5.65 - 5.59
(m, 0.4H), 5.09 - 4.98
(m, 1.6H), 4.70 - 4.61
(m, 1H), 4.61 - 4.55
(m, 0.5H), 4.44 - 4.22
(m, 2H), 4.17 - 4.03
(m, 1H), 4.01 - 3.77
(m, 4H), 3.53 - 3.34
(m, 1.5H), 2.56 - 2.26
(m, 4H), 2.25 - 2.12
(m, 2H), 2.11 - 1.89

(m, 3H),
(m, 1H),
(m, 3H),
(m, 2H),

1.80 - 1.67
1.62 - 1.34
1.26 - 1.19
1.09 - 0.80
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(m, 6H), 0.10 - 0.03
(m, 1H).

307 propyl 830.1 |'H NMR (400 MHz,
((fluoro(2- | [M+H]* | DMSO-ds) 6 8.98 -
(((35.6S.7aS. e, O 8.85 (m, 1H), 8.61 -
8aR,9aR)-3- ° ? 8.45 (m, 1H), 8.38 -
(3-(4- Lo 8.24 (m, 2H), 8.13 -
methylpyridi 8.01 (m, 2H), 7.66 -
n-3- 7.56 (m, 1H), 7.40 -
yl)azetidine- 7.30 (m, 2H), 7.23 -
1-carbonyl)- 7.09 (m, 5H), 6.31 -
5- 6.05 (m, 2H), 5.01 -
oxodecahydr 4.86 (m, 1H), 4.67 -
o-1H- 4.59 (m, 1H), 4.43 -
cyclopropald 3.64 (m, 7TH), 2.39 -
Jpyrrolo[1,2- 2.26 (m, 1H), 2.23 -
alazocin-6- 1.95 (m, 7H), 1.93 -
yl)carbamoyl 1.78 (m, 2H), 1.70 -
)benzo[b]thio 1.58 (m, 1H), 1.55 -
phen-5- 1.30 (m, 3H), 1.19 -
yDmethyl)(p 1.11 (m, 2H), 0.97 -
henoxy)phos 0.90 (m, 1H), 0.87 -
phoryl)-L- 0.68 (m, 6H), 0.05 - -

alaninate 0.04 (m, 1H).
374 isobutyl 844.1 | 'H NMR (400 MHz,
((fluoro(2- ) [M+H]* | CD30OD) 6 8.55 - 8.52
(((3S,6S,7a8, N (m, 1H), 8.34 - 8.18
8aR,9aR)-3- s 9 (m, 1H), 8.15 - 7.85
(3-(4- [ (m, 3H), 7.69 - 7.52
methylpyridi (m, 1H), 7.38 - 7.28
n-3- (m, 2H), 7.28 - 7.09
yl)azetidine- (m, 4H), 6.16 - 5.77
1-carbonyl)- (m, 1H), 5.09 - 4.97
5- (m, 1H), 4.80 - 4.69
oxodecahydr (m, 1H), 4.58 - 4.56
o-1H- (m, 1H), 4.50 - 4.28
cyclopropald (m, 2H), 4.25 - 4.06
Ipyrrolo[1,2- (m, 2H), 3.92 - 3.59
alJazocin-6- (m, 3H), 2.54 - 2.38
yl)carbamoyl (m, 1H), 2.37 - 2.11
Ybenzo[b]thio (m, 7H), 2.05 - 1.69
phen-5- (m, 4H), 1.47 - 1.37
yl)methyl)(p (m, 1H), 1.35 - 1.21
henoxy)phos (m, 2H), 1.11 - 0.77
phoryD)-L- (m, 10H), 0.09 - 0.04

alaninate (m, 1H).
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281 isopropyl 830.1 | 'H NMR (400 MHz,
((fluoro(2- ) P @ [M+H]* | CD30D) 6 8.54 - 8.47
(((3S,6S,7a8S, N,"go 'S (m, 1H), 8.33 - 8.27
8aR,9aR)-3- o~ E\HJ\L(O\/\ (m, 0.4H), 8.27 - 8.20
(3-(4- - et (m, 0.6H), 8.13 - 8.09
methylpyridi (m, 0.4H), 8.08 - 8.05
n-3- (m, 0.4H), 8.04 - 7.96
yl)azetidine- (m, 1.2H), 7.96 - 7.82
1-carbonyl)- (m, 1H), 7.68 - 7.55
5- (m, 1H), 7.39 - 7.28
oxodecahydr (m, 2H), 7.26 - 7.06
o-1H- (m, 4H), 6.20 - 5.93
cyclopropald (m, 1H), 5.09 - 4.97
Ipyrrolo[1,2- (m, 1.5H), 4.96 - 4.87
alazocin-6- (m, 1H), 4.78 - 4.67
yl)carbamoyl (m, 1H), 4.61 - 4.54
)benzo[b]thio (m, 1H), 4.50 - 4.44
phen-5- (m, 0.5H), 4.42 - 4.25
yDmethyl)(p (m, 2H), 4.23 - 4.05
henoxy)phos (m, 2H), 3.93 - 3.69
phoryl)-L- (m,1H), 2.52 - 2.37
alaninate (m, 1H), 2.36 - 2.08
(m, 7H), 2.05 - 1.81
(m, 2H), 1.80 - 1.67
(m, 1H), 1.51 - 1.35
(m, 1H), 1.27 - 1.07
(m, 8H), 1.06 - 1.00
(m,1H), 0.99 - 0.78
(m, 2H), 0.10 - 0.01

(m, 1H).

283 propyl (25)- 844.3 | 'H NMR (400 MHz,
2-(((fluoro(2- L/Q o [M+H]* | CD30D) 6 8.65 - 8.48
(((35.68.7aS, My O (m, 1H), 837 - 8.21
8aR,9aR)-3- NTTO s 2 J\‘(o (m, 1H), 8.16 - 8.02

(3-(4- Cf sy Y (m, 2H), 8.02 - 7.89
methylpyridi 4 (m, 1H), 7.69 - 7.57
n-3- (m, 1H), 7.40 - 7.11
yl)azetidine- (m, 6H), 6.17 - 5.96
1-carbonyl)- (m, 1H), 5.09 - 4.97
5- (m, 1.5H), 4.83 - 4.68
oxodecahydr (m, 1H), 4.60 - 4.54
o-1H- (m, 1H), 4.53 - 4.25
cyclopropald (m, 2.5H), 4.25 - 4.06
Ipyrrolo[1,2- (m, 2H), 4.02 - 3.60
alazocin-6- (m, 3H), 2.52 - 2.38
yl)carbamoyl (m, 1H), 2.36 - 2.10
Ybenzo[b]thio (m, 7H), 2.06 - 1.89
phen-5- (m, 2H), 1.81 - 1.69
yDmethyl)(p (m, 1H), 1.68 - 1.37
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henoxy)phos (m, 5H), 1.01 - 0.62
phoryl)amino (m, 8H), 0.11 - 0.03
)butanoate (m, 1H).

284 propyl N- 860.2 | 'H NMR (400 MHz,
((fluoro(2- ‘\/Q @ [M+H]* | CDs0OD) & 8.54 (d, J
(((3S,6S,7a8S, / VAN =159 Hz, 1H), 8.33 -
8aR,9aR)-3- o Jéb\(g L{o 8.24 (m, 1H), 8.16 -
(3-(4- & IRAN 8.02 (m, 2H), 8.01 -
methylpyridi 7 7.87 (m, 1H), 7.69 -
n-3- 7.58 (m, 1H), 7.38 -
yl)azetidine- 7.28 (m, 2H), 7.28 -
1-carbonyl)- 7.12 (m, 4H), 6.22 -
5- 5.99 (m, 1H), 5.09 -
oxodecahydr 4.97 (m, 1.5H), 4.81 -
o-1H- 4.68 (m, 1H), 4.61 -
cyclopropald 4.53 (m, 1H), 4.52 -
Jpyrrolo[1,2- 4.44 (m, 0.5H), 4.44 -
alJazocin-6- 4.34 (m, 1H), 4.34 -
yl)carbamoyl 426 (m, 1H), 4.24 -
)benzo[b]thio 4.06 (m, 2H), 4.06 -
phen-5- 3.77 (m, 3H), 3.60 -
yDmethyl)(p 3.46 (m, 1H), 3.41 -
henoxy)phos 3.33 (m, 0.5H), 3.25
phoryl)-O- (d, J = 5.6 Hz, 1H),
methyl-L- 3.20 - 3.05 (m, 2.5H),
serinate 2.53 - 2.37 (m, 1H),
2.35 - 2.09 (m, 7H),
2.05 - 1.86 (m, 2H),
1.80 - 1.67 (m, 1H),
1.64 - 1.37 (m, 3H),
1.04 - 0.79 (m, S5H),

0.12 - 0.01 (m, 1H).
292 propyl (((2- 822.1 |'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD30D) 6 8.16 - 8.06
8aR,9aR)-3- L @ (m, 2H), 8.03 - 7.90
((IR,51R2)-62- N/"-§oo H ) o— (m, }H), 722 - 7;;1

acetyl-2,6- i L{o (m, 1H), 7.39 - 7.
diazabicyclo[ N& GRAR (m, 2H), 725 - 7.10
3.2.0]heptane 7 (m, 3H), 6.20 - 5.95
-6-carbonyl)- (m, 1H), 5.08 - 4.89
5- (m, 2H), 4.71 - 4.59
oxodecahydr (m, 1H), 4.53 - 4.05
o-1H- (m, 4H), 4.02 - 3.75
cyclopropald (m, 4H), 3.65 - 3.43
Ipyrrolo[1,2- (m, 1H), 2.50 - 2.40
alazocin-6- (m, 1H), 2.39 - 1.84
yl)carbamoyl (m, 11H), 1.84 - 1.67
)benzo[b]thio (m, 1H), 1.61 - 1.33
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phen-5- (m, 3H), 1.32 - 1.17
yDfluoromet (m, 2H), 1.10 - 0.78
hyl)(phenoxy (m, 6H), 0.08 - 0.05
)phosphoryl) (m, 1H).

-L-alaninate
291 propyl (((2- s 822.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C\N o [M+H]* | CD30D) 6 8.12 - 8.08
8aR,9aR)-3- Q"’é\\ T H (m, 2H), 8.02 - 7.90
((18,55)-2- N ° 4 0 O5° (m, 1H), 7.66 - 7.62
acetyl-2,6- | % ‘?\NI (m, 1H), 7.38 - 7.27
diazabicyclo[ L 0#@ (m, 2H), 7.25 - 7.11
3.2.0]heptane (m, 3H), 6.20 - 5.97
-6-carbonyl)- (m, 1H), 5.28 - 4.92
5- (m, 2H), 4.83 - 4.55
oxodecahydr (m, 2H), 4.45 - 4.12

o-1H- (m, 2H), 4.02 - 3.72
cyclopropald (m, 5H), 3.69 - 3.40
Ipyrrolo[1,2- (m, 1H), 2.52 - 2.38
?)]aZ(E:in—&l (m, 1H), 2.36 - 1.83
yl)carbamoy (m, 11H), 1.80 - 1.68
)benzo[b]thio (m, 1H), 1.64 - 1.35

1;;lhen—S— (m, 3H), 1.26 - 1.17
yDfluoromet (m, 2H), 1.08 - 0.79
hyl)(phenoxy (m, 6H), 0.08 - 0.05
)phosphoryl) (m, 1H).

-L-alaninate

232 propyl (((2- 812.3 | 'H NMR (400 MHz,
(((35.6S.8aR, (e /o [M+H]* | CD30OD) § 8.62 - 8.57
9aS.,9bR)-8a- QZ'}NAO o ANTR_ . OH (m, 0.6H), 8.56 - 8.52

methyl-5- - ‘ N 2. T\ (m, 0.4H), 8.49 - 8.40

0x0-3-(3- L i'<© (m, 1H), 8.15 - 8.08

(pyridin-3- (m, 0.6H), 8.05 - 8.00
yl)azetidine- (m, 1H), 7.98 - 7.83

1- (m, 2.4H), 7.54 - 7.45
carbonyl)dec (m, 1.4H), 7.45 -7.39

ahydro-1H- (m, 0.6H), 7.36 - 7.26
cyclopropalc (m, 2H), 7.22 - 7.10
Ipyrrolo[1,2- (m, 3H), 4.98 (t, J =
211)]az01;:in—6—1 8.4 Hz, 0.4H), 4.74 -
yl)carbamoy 4.67 (m, 0.6H), 4.66 -
Ybenzo[b]thio 4.59 (m, 1.6H), 4.59 -

phen-5- 4.51 (m, 0.4H), 4.50 -
yl)methyl)(p 4.38 (m, 1.6H), 4.33 -
henoxy)phos 4.26 (m, 0.4H), 4.12 -
phoryl)-L- 4.05 (m, 0.6H), 4.05 -
alaninate 3.75 (m, 5.4H), 3.61 -
3.42 (m, 2H), 2.42 -

2.02 (m, 6H), 2.02 -
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1.92 (m, 1H), 1.77 -
1.65 (m, 1H), 1.60 -
1.46 (m, 2H), 1.44 -
1.33 (m, 1H), 1.17 -
1.10 (m, 4H), 1.10 -
1.04 (m, 2H), 0.90 -
0.81 (m, 3H), 0.57 -
0.50 (m, 1H), 0.46 -
0.39 (m, 1H).

233 propyl (((2- 812.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, I\/DN 1 o u o [M+H]* | CDs0OD) 6 8.56 - 8.35
8aR,%aR)-8a- { o n [T LAY (m, 2H), 8.12 - 8.02

methyl-5- e ©° (m, 2H), 7.96 - 7.85
o0x0-3-(3- (N\ (m, 2H), 7.51 - 7.44
(pyridin-3- (m, 1H), 7.38 - 7.26
yl)azetidine- (m, 3H), 7.20 - 7.14
1- (m, 3H), 5.04 - 490
carbonyl)dec (m, 1H), 4.71 - 4.62
ahydro-1H- (m, 1H), 4.54 - 4.37
cyclopropald (m, 2H), 4.30 - 4.25
Ipyrrolo[1,2- (m, 1H), 4.06 - 3.78
aJazocin-6- (m, 5H), 3.59 - 3.43
yl)carbamoyl (m, 2H), 2.58 - 2.49
Ybenzo[b]thio (m, 1H), 2.29 - 1.93
phen-5- (m, 7H), 1.59 - 1.48
yDmethyl)(p (m, 2H), 1.31 (s, 3H),
henoxy)phos 1.26 - 1.03 (m, 4H),
phoryl)-L- 1.01 - 0.93 (m, 1H),
alaninate 0.89 - 0.83 (m, 3H),
0.59 - 0.56 (m, 1H),

0.36 - 0.33 (m, 1H).

240 propyl (((2- 812.2 | 'H NMR (400 MHz,
(((35,6S,7aR, C"/\? 0 [M+H]* | CD30D) 6 8.61 - 8.38
8aS,9aR)-8a- JR: H%\S\ "}\‘(OJ\ (m, 2H), 8.11 - 8.00

methyl-5- N0 Yo (m, 2H), 7.97 - 7.85
ox0-3-G- | ] @ (m, 2H), 7.54 - 7.39
(pyridin-3- N (m, 2H), 7.37 - 7.27
yl)azetidine- (m, 2H), 7.22 - 7.10
1- (m, 3H), 5.01 - 4.89
carbonyl)dec (m, 1H), 4.74 - 4.58
ahydro-1H- (m, 1H), 4.54 - 4.28
cyclopropald (m, 3H), 4.08 - 3.77
Ipyrrolo[1,2- (m, 5H), 3.62 - 3.44
alazocin-6- (m, 2H), 2.42 - 2.14
yl)carbamoyl (m, 4H), 1.99 - 1.64
)benzo[b]thio (m, 4H), 1.59 - 1.47
phen-5- (m, 2H), 1.32 - 1.20
yDmethyl)(p (m, 4H), 1.18 - 0.95
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henoxy)phos (m, 4H), 0.89 - 0.84
phoryl)-L- (m, 3H), 0.67 - 0.64
alaninate (m, 1H), 0.36 - 0.34

(m, 1H).

436 | isopropyl 855.2 | 'H NMR (400 MHz,
((fluoro(2- ey P [M+H]* | CD3OD) 6 8.54 - 8.47
(((35,65,7aS, o “%Vp (m, 1H), 8.33 - 8.27
8aR.9aR)-3- | [ b Ao (m, 0.4H), 8.27 - 8.20
(3-(4- | P O o (m, 0.6H), 8.13 - 8.09
methylpyridi ‘ (m, 0.4H), 8.08 - 8.05
n-3- (m, 0.4H), 8.04 - 7.96
yDazetidine- (m, 1.2H), 7.96 - 7.82
1-carbonyl)- (m, 1H), 7.68 - 7.55
5- (m, 1H), 7.39 - 7.28
oxodecahydr (m, 2H), 7.26 - 7.06
o-1H- (m, 4H), 6.20 - 5.93
cyclopropald (m, 1H), 5.09 - 4.97
]pyrrolo[1,2- (m, 1.5H), 4.96 - 4.87
aJazocin-6- (m, 1H), 4.78 - 4.67
yl)carbamoyl (m, 1H), 4.61 - 4.54
)benzo[b]thio (m, 1H), 4.50 - 4.44
phen-5- (m, 0.5H), 4.42 - 4.25
yDmethyl)(p (m, 2H), 4.23 - 4.05
henoxy)phos (m, 2H), 3.93 - 3.69
phoryl)-L- (m,1H), 2.52 - 2.37
alaninate (m, 1H), 2.36 - 2.08

(m, 7H), 2.05 - 1.81
(m, 2H), 1.80 - 1.67
(m, 1H), 1.51 - 1.35
(m, 1H), 1.27 - 1.07
(m, 8H), 1.06 - 1.00
(m,1H), 0.99 - 0.78
(m, 2H), 0.10 - 0.01
(m, 1H).

[00783] The following compounds in Table 36 were prepared according to the

representative procedure described above for the synthesis of (difluoro(2-

(((35,6S5,7aS,8aR,9aR)-3-(3-((R)-2-methylmorpholine-4-carbonyl)azetidine- 1 -carbonyl)-5-

oxodecahydro-1H-cyclopropald]pyrrolo[ 1,2-a]azocin-6-yl)carbamoyl)benzo[b]thiophen-5-

yDmethyl)phosphonic acid (Example 1) utilizing the appropriate starting materials and

modifications.

Table 36
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Cor;g; ol Name Structure []if+1\£11?+ NMR
400 ((2- 695.1 | 'H NMR (400 MHz,
((35.68.7a8, Cl CD3;0D) 5 8.88 - 8.79
8aR,%aR)-3- oM A P (m, 1H), 8.08 (d, J =
(3-(4- - © — 15.6 Hz, 1H), 8.03 (d,
bromoisoxaz Br S J =8.8 Hz, 1H), 7.86
ol-3- @ (t, J = 8.0 Hz, 1H),
yDazetidine- FHE‘OH 7.67 - 7.59 (m, 1H),
1-carbonyl)- 5.76 - 5.53 (m, 1H),
5- 5.05 (s, 1H), 4.80 (d,
oxodecahydr J =8.0 Hz, 1H), 4.70
o-1H- (t, J = 9.2 Hz, 1H),
cyclopropald 4.56 - 4.50 (m, 1H),
Ipyrrolo[1,2- 449 - 441 (m, 1H),
alJazocin-6- 437 - 432 (m, 1H),
yl)carbamoyl 432 - 424 (m, 1H),
Ybenzo[b]thio 412 - 4.02 (m, 1H),
phen-5- 2.52 - 2.38 (m, 1H),
yDfluoromet 2.35 - 2.07 (m, 4H),
hyl)phospho 2.03 - 1.89 (m, 2H),
nic acid 1.81 - 1.69 (m, 1H),
1.48 - 1.36 (m, 1H),
1.01 - 0.90 (m, 1H),
0.88 - 0.79 (m, 1H),
0.10 - 0.02 (m, 1H)
394 (S)-(2- G 670.3 | 'H NMR (400 MHz,
(((35,6S,7aR, Q/Q o CDs0D) 68.24(d,J =
8aS,9aR)-3- 4! "'H _ 18.4 Hz, 1H), 8.08 -
(3-(4- o 3 9 7.83 (m, 4H), 7.59 -
(dimethylami | N /Ron 7.53 (m, 1H), 7.06 -
no)pyridin-3- | S~y F 6.88 (m, 1H), 5.87 -
yl)azetidine- ' 572 (m, 1H), 4.94 -
1-carbonyl)- 491 (m, 1H), 4.70 (t,
5- J =8.8 Hz, 1H), 4.50
oxodecahydr -4.24 (m, 5H), 4.05 -
o-1H- 3.99 (m, 1H), 3.15 -
cyclopropald 3.02 (m, 6H), 2.42 -
Ipyrrolo[1,2- 2.14 (m, 4H), 2.06 -
alazocin-6- 1.84 (m, 3H), 1.72 -
yl)carbamoyl 1.59 (m, 1H), 1.47 -
)benzo[b]thio 1.24 (m, 2H), 0.89 -
phen-5- 0.84 (m, 1H), 0.20 -
yDfluoromet 0.16 (m, 1H)
hyl)phospho
nic acid
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393 ((2- G 652.2 | 'H NMR (400 MHz,
(((35,6S,7aR, (/ o CDs0D) 6 8.35 - 8.26
8aS,9aR)-3- A (m, 1H), 8.13 - 7.98
(3-(4- S 2 (m, 2H), 7.85 - 7.77
(dimethglargli N L (m, ?H), 7é11é21 - 783
no)pyridin-3- | > (m, 1H), 7.12 - 7.

yl)azetidine- (m, 1H), 493 (d, J =
1-carbonyl)- 2.8 Hz, 1H), 4.70 (t,]
5- = 8.4 Hz, 1H), 4.54 -
oxodecahydr 447 (m, 1H), 4.44 -
o-1H- 4.38 (m, 2H), 4.36 -
cyclopropald 4.28 (m, 2H), 4.07 -
Ipyrrolo[1,2- 4.01 (m, 1H), 3.27 -
alazocin-6- 3.18 (m, 2H), 3.13 -
yl)carbamoyl 3.12 (m, 6H), 2.44 -
)benzo[b]thio 2.34 (m, 1H), 2.32 -
phen-5- 2.13 (m, 3H), 2.04 -
yl)methyl)ph 1.86 (m, 3H), 1.68 -
osphonic 1.65 (m, 1H), 1.45 -
acid 1.29 (m, 2H), 0.89 -
0.84 (m, 1H), 0.19 -

0.16 (m, 1H)
391 (S)- —G 712.2 | '"H NMR (400 MHz,
fluoro(2- CN:‘D o DMSO-ds) & 8.77
(((35,68,7aR, ; N (dd, J =72, 11.2 Hz,
8aS,9aR)-3- N R ) W 1H), 8.41 - 8.36 (m,
(3-(4- N . FE,}?“ 1H), 8.24 (d,J=19.2
morpholinop | L~ F Hz, 1H), 8.07 - 8.00
yridin-3- Y (m, 1H), 7.97 d, J =
yl)azetidine- 10.0 Hz, 1H), 7.58 -
1-carbonyl)- 748 (m, 1H), 7.29 -
5- 7.10 (m, 1H), 5.92 -
oxodecahydr 5.70 (m, 1H), 4.84 -
o-1H- 4.79 (m, 1H), 4.77 -
cyclopropald 4.61 (m, 1H), 442 -
Ipyrrolo[1,2- 4.34 (m, 1H), 4.33 -
alazocin-6- 426 (m, 2H), 4.25 -
yl)carbamoyl 4.16 (m, 2H), 3.95
Ybenzo[b]thio (dd, J = 6.0, 9.2 Hz,
phen-5- 1H), 3.72 (s, 4H),
yl)methyl)ph 3.20 (s, 4H), 2.27 -
osphonic 2.16 (m, 2H), 2.09 -
acid 1.99 (m, 2H), 1.94 -
1.84 (m, 2H), 1.74 -
1.62 (m, 1H), 1.56 -
1.42 (m, 1H), 1.36 -
1.27 (m, 1H), 1.25 -
1.19 (m, 1H), 0.81 -
0.72 (m, 1H), 0.08 -

0.01 (m, 1H)
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390 (fluoro(2- 626 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o CDs0D) 6 8.15 - 7.88
prei e s S 5
honsTanetid oo o -on 10 (. S, 599 -
pheny alzetl i ©/D (b 5.74 Em, IH;, 5.10 -

ne-1- . m, , 5.10 -
carbonyl)dec 4.93 (m, 2H), 4.66 (d,
ahydro-1H- J =7.6 Hz, 1H), 4.60
cyclopropald -4.53 (m, 1H), 4.38 -
Ipyrrolo[1,2- 423 (m, 2H), 4.03 -
alazocin-6- 3.86 (m, 2H), 2.52 -
yl)carbamoyl 241 (m, 1H), 2.37 -
Ybenzo[b]thio 2.12 (m, 3H), 2.05 -
phen-5- 1.89 (m, 2H), 1.79 -
yl)methyl)ph 1.68 (m, 1H), 1.51 -
osphonic 1.40 (m, 1H), 1.39 -
acid 1.35 (m, 1H), 1.05 -
0.92 (m, 1H), 0.90 -
0.79 (m, 1H), 0.12 -

0.01 (m, 1H)

389 (fluoro(2- 604.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, £ CDs;0D) 6 8.09 (s,
8aR,9aR)-5- C 1H), 8.02 (s, 1H),

ox0-3-(1- AN o} 7.922-7.901 (m, 1H),
azasFiro[.;aA] N/SOO S F{(;SH ;.2(6)3—75.56895 ((m, ﬁg,
octane-1- F .86 - 5. m, ,
carbonyl)dec 5.041-4.998 (m, 1H),
ahydro-1H- 472 - 4.66 (m, 1H),
cyclopropald 434 - 426 (m, 1H),
]pyrrolo[1,2- 3.632-3.590 (m, 2H),
alJazocin-6- 2.56 - 245 (m, 1H),
yl)carbamoyl 2.38 - 1.97 (m, 10H),
)benzo[b]thio 1.95 - 1.67 (m, 8H),
phen-5- 1.02 - 0.95 (m, 1H),
ylDmethyl)ph 0.95 - 0.89 (m, 1H),
osphonic 0.206-0.171 (m, 1H)
acid

388 (fluoro(2- 618.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, g CDs;0D) 6 8.09 (s,
8aR,9aR)-5- CN O 1H), 8.03 (s, 1H),

OXO—?)—(I- H o lH _— 791 (d, J=284 HZ,
azaspiro[3.5] N o s % o 1H), 7.60 (d, J = 8.0
nonane-1- \ Hz, 1H), 5.89 - 5.66
carbonyl)dec % FOH (m, 1H), 5.02 (t, J =
ahydro-1H- 8.8 Hz, 1H), 4.76 -
cyclopropald 4.65 (m, 1H), 4.39 -
Ipyrrolo[1,2- 4.26 (m, 1H), 3.60 (d,
alazocin-6- J=3.2 Hz, 2H), 2.52-
yl)carbamoyl 247 (m, 1H), 2.42 -
)benzo[b]thio 2.25 (m, 3H), 2.16 (s,
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phen-5- 4H), 2.08 - 1.98
yDmethyl)ph (m,1H), 1.92 - 1.74
osphonic (m, 4H), 1.71 - 1.42
acid (m, 7H), 1.12 - 1.01
(m, 1H), 1.00 - 0.89
(m, 2H), 0.19 (d, J =

4.4 Hz, 1H)

387 (fluoro(2- 683.4 | 'H NMR (400 MHz,
(((3S,6S,7aS, 0 CD30D) 67.98 - 7.84
8aR,9aR)-3- Cw NJ@\Z (m, 2H), 7.84 - 7.73
(4-(oxetan-3- : 0 Ho§ “P\-OH (m, 1H), 7.60 (d, J =
yD)-1,2,3.4- (\N"O O 7.6 Hz, 1H), 7.41 -
tetrahydroqui N 7.26 (m, 1H), 7.03 (t,
noxaline-1- | [ J=7.6Hz, 1H), 6.74
carbonyl)-5- (t, J = 7.2 Hz, 1H),
oxodecahydr 6.38 (d, J] = 8.0 Hz,

o-1H- 1H), 5.76 - 5.57 (m,
cyclopropald 1H), 5.18 (d, J = 84
Ipyrrolo[1,2- Hz, 1H), 5.04 - 4.95
alJazocin-6- (m, 1H), 4.89 (d, J =
yl)carbamoyl 5.6 Hz, 2H), 4.83 (s,
)benzo[b]thio 1H), 4.76 (s, 2H),

phen-5- 4.26 (d, J = 2.8 Hz,
yl)methyl)ph 1H), 4.01 - 3.65 (m,
osphonic 2H), 3.60 - 3.51 (m,
acid 1H), 3.49 - 3.40 (m,
1H), 2.54 - 2.43 (m,
1H), 2.38 - 2.31 (m,
1H), 2.31 - 2.22 (m,
1H), 2.21 - 2.04 (m,
2H), 2.03 - 1.90 (m,
2H), 1.81 - 1.69 (m,
1H), 1.64 - 1.45 (m,
1H), 1.06 - 0.96 (m,
1H), 0.92 - 0.84 (m,
1H), 0.12 - 0.04 (m,
1H)

386 ((2- 629.4 | 'H NMR (400 MHz,
(((35,6S,7aS, s DMSO-ds) 6 8.85 (d,
8aR 9aR)-3- (N p 1 =7.6 Hz, 1H), 8.26
(2,3-dihydro- DN (d, J = 1.6 Hz, 1H),

1H- (N"So d o 8.02 (d, J = 8.4 Hz,
pyrido[2,3- | O~ R~oH 1H), 7.97 (s, 1H),
b)[14Joxazin | N I O 7.92 (s, 1H), 7.52 (d,

e-1- J = 8.4 Hz, 1H), 6.99
carbonyl)-5- (dd, J = 4.8, 7.6 Hz,
oxodecahydr 1H), 5.92 - 5.73 (m,

o-1H- 1H), 5.00 - 4.90 (m,
cyclopropald 2H), 4.46 - 4.37 (m,
Ipyrrolo[1,2- 2H), 4.26 - 4.15 (m,
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alazocin-6- 2H), 4.05 - 3.98 (m,
yl)carbamoyl 1H), 2.39 - 2.32 (m,
Ybenzo[b]thio 1H), 2.23 - 2.09 (m,

phen-5- 4H), 2.01 (s, 1H),
yl)fluoromet 1.90 - 1.82 (m, 1H),
hyl)phospho 1.74 - 1.65 (m, 1H),
nic acid 1.42 - 1.36 (m, 1H),
0.87 - 0.74 (m, 2H),

0.09 - -0.03 (m, 1H)
385 ((2- } 629.2 | 'H NMR (400 MHz,
(((38,68,7a8, C\ DMSO-de) & 8.78 (d,

8aR,%aR)-3- AN/ 0 J =7.6 Hz, 1H), 8.22
(3,4-dihydro- '/\N;\O § HN (d, J = 1.6 Hz, 1H),

‘2H- Ot\’/\l g o 8.01 (d, J = 8.4 Hz,

pyrido[3.,2- | 0 1H), 7.96 - 7.94 (m,

b][1,4]oxazin & e 1H), 7.51 (d, J = 8.4
e-4- F Hz, 1H), 7.34 (dd, J =

carbonyl)-5- 1.6, 8.0 Hz, 1H), 7.12

oxodecahydr (dd, J = 4.8, 8.0 Hz,
o-1H- 1H), 5.89 - 5.75 (m,
cyclopropald 1H),5.32(dd, J =2.4,

Ipyrrolo[1,2- 8.8 Hz, 1H), 4.92 -
alJazocin-6- 4.86 (m, 1H), 4.53 -
yl)carbamoyl 4.47 (m, 1H), 4.42 -
)benzo[b]thio 4.38 (m, 1H), 4.21 (d,

phen-5- J =6.4 Hz, 1H), 4.08
yDfluoromet -4.02 (m, 1H), 3.38 -
hyl)phospho 3.31 (m, 1H), 2.39 -

nic acid 2.27 (m, 2H), 2.23 -
2.19 (m, 1H), 2.15 -
2.03 (m, 3H), 1.89 -
1.81 (m, 1H), 1.73 -
1.62 (m, 1H), 1.46 -
1.37 (m, 1H), 0.87 -
0.82 (m, 1H), 0.79 -
0.75 (m, 1H), 0.05 -
0.01 (m, 1H)
384 (fluoro(2- < 646.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C'\‘l CDs0D) 6 8.04 - 7.85
8aR,%aR)-3- N /0 (m, 3H), 7.57 (d, J =

(7-ﬂuoro- K\N&Oo HN _ 8.4 Hz, 2H), 6.62 -
3,4-dihydro- | © g 6.59 (m, 2H), 5.88 -

2H- % 5.75 (m, 1H), 5.12 -
benzo[b][1,4] I (F.;OH 5.03 (m, 2H), 4.35 -
oxazine-4- F 4.30 (m, 4H), 3.51 -
carbonyl)-5- 346 (m, 1H), 2.48 -
oxodecahydr 2.22 (m, 5H), 2.09 (d,
o-1H- J =8.8 Hz, 1H), 2.00
cyclopropald -1.92 (m, 1H), 1.80 -
Ipyrrolo[1,2- 1.75 (m, 1H), 1.53 -
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alazocin-6- 1.47 (m, 1H), 1.00 -
yl)carbamoyl 0.95 (m, 1H), 0.89 -
Ybenzo[b]thio 0.85 (m, 1H), 0.07 -
phen-5- 0.05 (m, 1H)
yDmethyl)ph
osphonic
acid
383 (fluoro(2- 642.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, N DMSO-ds) 6 8.85 -
8aR,9aR)-3- CN T 8.78 (m, 1H), 8.24 (s,
(7-methyl- : 2 N N= 1H), 8.00 - 7.88 (m,
3,4-dihydro- (N/*o S F 2H), 7.51 (d, J = 8.0
2H- _b-OH Hz, 1H), 6.68 (s, 2H),
benzo[b][1,4] HO™Y 5.80 - 5.67 (m, 1H),
oxazine-4- \Q 494 - 493 (m, 2H),
carbonyl)-5- 426 - 4.18 (m, 4H),
oxodecahydr 3.81 - 3.72 (m, 1H),
o-1H- 2.35 - 2.32 (m, 1H),
cyclopropald 2.12 (s, 2H), 2.00 -
Ipyrrolo[1,2- 1.98 (m, 1H), 1.86 -
alazocin-6- 1.82 (m, 1H), 1.72 -
yl)carbamoyl 1.63 (m, 1H), 1.53 -
)benzo[b]thio 1.40 (m, 2H), 1.23 (s,
phen-5- 3H), 0.85 - 0.75 (m,
yDmethyl)ph 3H), 0.02 (d, J =44
osphonic Hz, 1H)
acid
380 ((2- 623.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, /\3 o CDs0D) 6 8.57 - 8.46
8aR,%aR)-5- C’\' NN (m, 1H), 8.28 (d, J =
0x0-3-(3- VL %o 6.4 Hz, 1H),8.12(d,J
(pyridin-3- OH = 8.0 Hz, 1H), 7.96 -
ylmethyl)aze 791 (m, 1H), 7.79 -
tidine-1- 7.58 (m, 3H), 7.39 -
carbonyl)dec 7.32 (m, 1H), 5.09 -
ahydro-1H- 5.04 (m, 1H), 4.67 -
cyclopropald 444 (m, 2H), 4.37 -
Ipyrrolo[1,2- 426 (m, 2H), 4.18 -
alJazocin-6- 3.98 (m, 2H), 3.76 -
yl)carbamoyl 3.67 (m, 1H), 3.25 -
Ybenzo[b]thio 3.19 (m, 2H), 3.11 (d,
phen-5- J = 8.0 Hz, 1H), 3.00
yl)methyl)ph (s, 1H), 2.56 - 2.41
osphonic (m, 1H), 2.35 - 2.12
acid (m, 4H), 2.03 - 1.92
(m, 2H), 1.83 - 1.69
(m, 1H), 1.46 - 1.36
(m, 1H), 1.00 - 0.90
(m, 1H), 0.88 - 0.80
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(m, 1H), 0.11 - 0.06
(m, 1H)

379 ((2- 626.4 | 'H NMR (400 MHz,
(((3S,6S,7a8S, CDs0D) 68.11-7.98
8aR,9aR)-3- . IS (m, 1H), 7.93 - 7.73

(3-((1- —N__ N7 (m, 2H), 7.56 - 7.29
methyl-1H- AL (m, 3H), 5.06 - 4.99
pyrazol-4- (m, 2H), 4.62 - 445
yDmethyl)az (m, 1H), 4.34 - 4.18
etidine-1- (m, 2H), 4.11 - 3.96
carbonyl)-5- (m, 1H), 3.93 - 3.72
oxodecahydr (m, 3H), 3.70 - 3.57

o-1H- (m, 1H), 3.29 - 3.21

cyclopropald (m, 2H), 2.91 - 2.62
Ipyrrolo[1,2- (m, 3H), 2.51 - 2.38
alJazocin-6- (m, 1H), 2.34 - 2.04
yl)carbamoyl (m, 4H), 2.01 - 1.82
)benzo[b]thio (m, 2H), 1.78 - 1.63

phen-5- (m, 1H), 1.47 - 1.33

yDmethyl)ph (m, 1H), 0.99 - 0.77
osphonic (m, 2H), 0.09 - -0.04
acid (m, 1H)

378 ((2- 6582 | 'H NMR (400 MHz,
(((35,68.7a8, CDs0OD) &6 8.07 -
8aR,9aR)-3- / 8.01 (m, 1H), 7.89 -

(3-(2,5- ; 7.80 (m, 2H), 7.45 -
difluorobenz | ¢ 7.41 (m, 1H), 7.11 -
yl)azetidine- | F 7.01 (m, 2H), 7.00 -
1-carbonyl)- 6.91 (m, 1H), 5.06 -

5- 498 (m, 1H), 4.69 -
oxodecahydr 4.58 (m, 1H), 4.52 -
o-1H- 445 (m, 1H), 4.36 -
cyclopropald 4.23 (m, 2H), 4.14 -
Ipyrrolo[1,2- 3.92 (m, 2H), 3.77 -
alazocin-6- 3.63 (m, 1H), 3.29 -
yl)carbamoyl 3.21 (m, 2H), 3.03 -
Ybenzo[b]thio 3.02 (m, 1H), 3.03 -
phen-5- 298 (m, 1H), 2.51 -
yl)methyl)ph 2.39 (m, 1H), 2.33 -
osphonic 2.08 (m, 4H), 2.02 -
acid 1.88 (m, 2H), 1.79 -
1.67 (m, 1H), 1.48 -
1.36 (m, 1H), 1.01 -
0.80 (m, 2H), 0.08 -

0.03 (m, 1H)
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377 ((2- . 658.2 | '"H NMR (400 MHz,
(((3S,6S,7a8S, C\N o CDs0D) 68.05(d, J =
8aR,9aR)-3- | F A4 HiN 11.2 Hz, 1H), 7.90 -
(3-(2.,4- \Q\/QN o o, 7.7 (m, 2H), 7.43 (d,
diﬂuorpbenz F ;IT\OH J =7.6 Hz, 1H), 7.36
yl)azetidine- OH -7.24 (m, 1H), 7.08 -
1-carbonyl)- 6.74 (m, 2H), 5.07 -
5- 4.97 (m, 2H), 4.76 -
oxodecahydr 4.56 (m, 1H), 4.53 -
o-1H- 4.40 (m, 1H), 4.34 -
cyclopropald 4.22 (m, 2H), 4.09 -
Ipyrrolo[1,2- 3.94 (m, 1H), 3.77 -
alazocin-6- 3.61 (m, 1H), 3.28 (s,
yl)carbamoyl 1H), 3.25 - 3.20 (m,
)benzo[b]thio 1H), 2.97 ( s, 2H),
phen-5- 2.53 - 2.38 (m, 1H),
yDmethyl)ph 2.36 - 2.07 (m, 4H),
osphonic 2.05 - 1.83 (m, 2H),
acid 1.80 - 1.66 (m, 1H),
1.46 - 1.30 (m, 1H),
1.03 - 0.73 (m, 2H),

0.14 - -0.04 (m, 1H)
376 ((2- 691.1 | 'H NMR (400 MHz,
(((3S,6S,7aS8, </N DMSO-de) & 8.77 (d,
8aR,9aR)-3- 3 0 J =6.8 Hz, 1H), 8.35
(((35.45)-1- HN SN O PV d, J = 6.0 Hz, 1H),
(1,5- N S 8.23 (s, 1H), 8.03 -
dimethyl-1H- | ~ ﬁp?\ 7.90 (m, 2H), 7.50 (d,
imidazol-2- S\/N\ oreH J =8.0 Hz, 1H), 6.79
yl)-4- (s, 1H), 5.82 - 5.58
fluoropyrroli (m, 1H), 5.26 - 5.03
din-3- (m, 1H), 4.96 - 4.81
yl)carbamoyl (m, 1H), 4.43 - 4.35
)-5- (m, 1H), 4.32 - 4.30
oxodecahydr (m, 1H), 4.19 - 4.12
o-1H- (m, 1H), 3.96 - 3.92
cyclopropald (m, 2H), 3.84 - 3.75
Ipyrrolo[1,2- (m, 2H), 3.51 (s, 3H),
alJazocin-6- 241 - 2.31 (m, 2H),
yl)carbamoyl 2.10 (s, 5H), 2.02 -
)benzo[b]thio 1.84 (m, 4H), 1.71 -
phen-5- 1.59 (m, 1H), 1.23 (s,
yD)fluoromet 2H), 0.81 - 0.69 (m,
hyl)phospho 2H), 0.02 (d, ] = 4.0

nic acid Hz, 1H)

345




WO 2023/192960

PCT/US2023/065171

375 ((2- 667.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, /3 0 CDs0D) 69.02 - 8.92
8aR 9aR)-3- O A (m, 1H), 8.14 - 7.90
(3-(5- o” s ‘|‘=\53H (m, 3H), 7.62 - 7.54
(difluoromet i E (m, 1H), 7.08 - 6.75
hyl)isoxazol- /O’\N (m, 1H), 5.89 — 5.76
3- F (m, 1H), 5.07 - 4.93
yl)azetidine- (m, 2H), 4.66 (t, J =
1-carbonyl)- 8.8 Hz, 1H),4.52(d,]
5- = 8.0 Hz, 1H), 4.43 -
oxodecahydr 428 (m, 2H), 4.22 -
o-1H- 4.10 (m, 2H), 2.48 —
cyclopropald 242 (m, 1H), 2.34 -
Ipyrrolo[1,2- 2.14 (m, 4H), 2.03 -
alazocin-6- 1.91 (m, 2H), 1.79 -
yl)carbamoyl 1.66 (m, 1H), 1.47 -
)benzo[b]thio 1.30 (m, 1H), 1.01 -
phen-5- 0.89 (m, 1H), 0.86 —
yDfluoromet 0.83 (m, 1H), 0.10 -

hyl)phospho 0.02 (m, 1H)

nic acid

373 (fluoro(2- 642 | 'H NMR (400 MHz,
(((38,68,7a8, s CD;0D) § 8.10 (s,
8aR,9aR)-5- C\N [ R 1H), 8.05 - 7.94 (m,
0X0-3- 0 NN 1H), 7.90 - 7.80 (m,
@345 | o d 9 1H), 7.68 - 7.57 (m,
tetrahydrobe 0\@ R~oH 2H), 7.33 - 7.27 (m,
nzo[b][1,4]o p OH 1H), 7.21 - 7.10 (m,
xazepine-5- 2H), 5.77 - 5.61 (m,
carbonyl)dec 1H), 5.01 (t, J = 9.2
ahydro-1H- Hz, 1H), 4.77 - 4.57
cyclopropald (m, 3H), 4.46 (d, J =
Ipyrrolo[1,2- 12.0 Hz, 1H), 4.22 -
aJazocin-6- 4.13 (m, 1H), 3.67 (t,
yl)carbamoyl J=11.6Hz, 1H), 2.84
Ybenzo[b]thio -2.74 (m, 1H), 2.54 -
phen-5- 246 (m, 1H), 2.34 -
ylDmethyl)ph 2.28 (m, 1H), 2.20 -
osphonic 2.06 (m, 2H),2.06 -
acid 1.93 (m, 2H), 1.80 -
1.73 (m, 2H), 1.65 -
1.51 (m, 2H), 1.12 -
1.03 (m, 1H), 0.93 -
0.88 (m, 1H), 0.10 -

0.06 (m, 1H)
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372 ((2- 628 | 'H NMR (400 MHz,
(((3S,6S,7a8S, CDs0D) 6 7.98 (s,
8aR,9aR)-3- o] 2H), 7.83 (d, ] = 84
(3,4-dihydro- Hz, 1H), 7.61 (dd, J =

2H- d 4.0, 8.4 Hz, 1H), 7.46
benzo[b][1.4] - 7.18 (m, 1H), 7.05
oxazine-4- (t, J = 7.2 Hz, 1H),
carbonyl)-5- 6.91 - 6.84 (m, 2H),
oxodecahydr 5.73 - 5.57 (m, 1H),
o-1H- 5.19 (d, J = 2.0 Hz,
cyclopropald 1H), 5.06 - 495 (m,
Ipyrrolo[1,2- 2H), 4.40 - 4.21 (m,
alazocin-6- 4H), 2.48 - 2.40 (m,
yl)carbamoyl 1H), 2.39 - 2.28 (m,
)benzo[b]thio 2H), 2.26 - 2.17 (m,
phen-5- 2H), 2.09 (d, J = 8.8
yl)fluoromet Hz, 1H), 2.00 - 1.92
hyl)phospho (m, 1H), 1.82 - 1.71
nic acid (m, 1H), 1.52 (s,
1H),1.01 - 0.93 (m,
1H), 0.90 - 0.84 (m,
1H), 0.09 - 0.05 (m,

1H)

371 «(S)- 641.5 | 'H NMR (400 MHz,

fluoro(2- ‘Q o CD30D) 6 8.31 - 8.16
(((35.6S.74R, L/“ NNA o (m, 1H), 8.10 - 8.00
8aS,9aR)-3- S (m, 2H), 8.00 - 7.78

(3-(6- (m, 2H), 7.65 - 7.53
methylpyridi (m, 2H), 5.87 - 5.68
n-2- (m, 1H), 493 d, J =
yl)azetidine- 5.2 Hz, 2H), 4.69 -
1-carbonyl)- 4.58 (m, 1H), 4.42 -
5- 4.35 (m, 2H), 4.32 (t,
oxodecahydr J =6.0 Hz, 1H), 4.22
o-1H- -4.09 (m, 2H), 2.76 -
cyclopropald 2.57 (m, 3H), 243 -
Ipyrrolo[1,2- 2.33 (m, 1H), 2.28 -
alazocin-6- 2.12 (m, 3H), 2.03 -
yl)carbamoyl 1.84 (m, 3H), 1.73 -
Ybenzo[b]thio 1.56 (m, 1H), 1.54 -
phen-5- 1.40 (m, 1H), 1.34 -
yl)methyl)ph 1.21 (m, 1H), 0.93 -

osphonic 0.79 (m, 1H), 0.18 (d,

acid J=5.2Hz, 1H)

370 ((R)- 641.5 | 'H NMR (400 MHz,

fluoro(2- 0 CDs0D) 6 8.32-8.17
(((35,6S,7aR, "’H _ (m, 1H), 8.13 - 7.99
8aS,9aR)-3- s ): (m, 2H), 7.98 - 7.77

(3-(6- (m, 2H), 7.68 - 7.53
methylpyridi (m, 2H), 5.89 - 5.67
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n-2- (m, 1H), 496 d, J =
yl)azetidine- 4.4 Hz, 2H), 4.66 -
1-carbonyl)- 4.53 (m, 1H), 4.42 -

5- 4.30 (m, 3H), 4.20 -
oxodecahydr 3.91 (m, 2H), 2.77 -

o-1H- 2.57 (m, 3H), 2.46 -
cyclopropald 2.33 (m, 1H), 2.30 -
Ipyrrolo[1,2- 2.11 (m, 3H), 2.05 -
alJazocin-6- 1.82 (m, 3H), 1.75 -
yl)carbamoyl 1.59 (m, 1H), 1.45
)benzo[b]thio (dd, J =5.6, 11.6 Hz,

phen-5- 1H), 1.29 (d, J = 5.6

ylmethyl)ph Hz, 1H), 0.86 (d, ] =

osphonic 4.8 Hz, 1H), 0.22 -
acid 0.14 (m, 1H)

369 ((2- < 640.1 | '"H NMR (400 MHz,
(((35.68S.7aS, O\ o DMSO-ds) ¢ 8.82 -
8aR,9aR)-3- | * : N 8.74 (m, 1H), 8.22 (d,

(3-(4- \Q\/C/NAO © Hé%\/o J=10.0Hz, 1H), 7.90
fluorobenzyl) P~on (d, J = 3.6 Hz, 1H),
azetidine-1- o 7.78 (s, 1H), 7.36 (d,
carbonyl)-5- J=6.8 Hz, 1H), 7.25
oxodecahydr -7.22 (m, 2H), 7.11 -

o-1H- 7.06 (m, 2H), 4.96 -
cyclopropald 492 (m, 1H), 448 -
Ipyrrolo[1,2- 4.30 (m, 2H), 4.15 -
alazocin-6- 4.13 (m, 2H), 3.88 -
yl)carbamoyl 3.82 (m, 2H), 3.12 -
)benzo[b]thio 3.07 (m, 2H), 2.89 -

phen-5- 2.82 (m, 3H), 2.32 -
yl)methyl)ph 2.30 (m, 1H), 2.10 -
osphonic 1.98 (m, 4H), 1.82 -
acid 1.80 (m, 2H), 1.67 -
1.57 (m, 1H), 1.39 -
1.30 (m, 1H), 0.72 -
0.69 (m, 2H), 0.02 -

0.04 (m, 1H)

368 ((2- . 640.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C\Ni o DMSO-ds) &6 8.84 -
8aR,9aR)-3- E Y HN 8.70 (m, 1H), 8.17 (d,

A, © -

e |C o™ ) . J = 8.6 Hz, 1H), 7.84
fluorobenzyl) }:“,\OH - 778 (m, 1H), 7.71
azetidine-1- OH (s, 1H), 7.34 - 7.20
carbonyl)-5- (m, 3H), 7.17 - 7.05
oxodecahydr (m, 2H), 491 (t, J =

o-1H- 8.4 Hz, 1H), 4.55 -
cyclopropald 4.22 (m, 2H), 4.16 (d,
Ipyrrolo[1,2- J=8.8 Hz, 2H), 3.91
aJazocin-6- (t, J = 9.2 Hz, 1H),
ylcarbamoyl 3.86 - 3.81 (m, 1H),
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Ybenzo[b]thio 2.95 - 291 (m, 1H),
phen-5- 2.89 - 2.82 (m, 4H),
yl)methyl)ph 2.40 - 2.27 (m, 2H),
osphonic 2.15 - 2.00 (m, 3H),
acid 1.87 - 1.75 (m, 2H),
1.68 - 1.54 (m, 1H),
1.41 - 1.29 (m, 1H),
0.86 - 0.65 (m, 2H),

0.03 - 0.09 (m, 1H)

367 (fluoro(2- 677.1 | 'H NMR (400 MHz,
((35,68.7aS, C CD;OD) 3§ 8.03 (s,
8aR,9aR)-3- HN% o 0 1H), 7.98 (s, 1H),
(((3S.,48)-4- s o0 7.91 - 7.82 (m, 1H),
fluoro-1-(1- | [~ 4= 757 d, J = 8.4 Hz,
it | 83 L [
yDpyrrolidin- FHo (m, 1H), 5.30 - 5.10

3- (m, 1H), 4.99 (t, ] =
yl)carbamoyl 8.8 Hz, 1H), 4.53 (dd,
)-5- J=4.6,11.4 Hz, 1H),
oxodecahydr 449 - 442 (m, 1H),
o-1H- 429 (d, J = 6.6 Hz,
cyclopropald 1H), 4.18 - 4.05 (m,
Ipyrrolo[1,2- 1H), 4.05 - 3.99 (m,
alazocin-6- 1H), 3.98 - 3.84 (m,
yl)carbamoyl 1H), 3.72 (s, 3H),
Ybenzo[b]thio 3.69 (d, ] = 10.6 Hz,
phen-5- 1H), 2.50 - 2.39 (m,
yhmethyl)ph 1H), 2.29 (d, T = 13.8
osphonic Hz, 1H), 2.23 - 2.15
acid (m, 2H), 2.14 - 2.02
(m, 2H), 2.02 - 1.91
(m, 1H), 1.78 - 1.67
(m, 1H), 1.29 (d, J =
2.0 Hz, 1H), 0.96 -
0.81 (m, 2H), 0.13 -

0.05 (m, 1H)

366 (fluoro(2- 678.3 | 'H NMR (400 MHz,
(((38,6S.7a8, </N DMSO-d) & 8.82 (d,
8aR,9aR)-3- : A J=7.2 Hz, 1H), 8.27
(3S.4S)-4- HN N O PN - 821 (m, 2H), 8.02
fluoro-1-(5- NQAF s 0 (d, J = 8.4 Hz, 1H),
methyl-1H- ’</N \ Paon 7.97 (s, 1H), 7.53 (d,
1,2,4-triazol- H'N g OH J =8.8 Hz, 1H), 5.90

3- -5.76 (m, 1H), 5.18 -
yl)pyrrolidin- 5.04 (m, 1H), 4.89 (q,
3- J =8.4 Hz, 1H), 4.39
yl)carbamoyl -4.34 (m, 2H), 4.17 -
)-5- 4.11 (m, 2H), 3.70 -
oxodecahydr 3.67 (m, 2H), 3.30 (d,
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o-1H- J=10.4Hz, 1H),2.42
cyclopropald - 229 (m, 2H), 2.22
]pyrrolo[1,2- (s, 3H), 2.17 - 2.09
alazocin-6- (m, 2H), 1.97 - 1.88
yl)carbamoyl (m, 3H), 1.69 - 1.59
)benzo[b]thio (m, 1H), 1.22 - 1.13
phen-5- (m, 1H), 0.80 - 0.69
yDmethyl)ph (m, 2H), 0.02 (q, J =
osphonic 4.8 Hz, 1H)
acid

365 ((2- 638.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, /\3 o CDs0D) 6 8.01 (dd, J
8aR,%aR)-3- CN KN = 24, 13.6 Hz, 1H),

3- AP HJ\S%JL 784 (d, J = 4.8 Hz,
(hydroxy(phe ©\(D bor 1H), 7.80 - 7.74 (m,
nyl)methyl)a OH 1H), 7.46 - 7.43 (m,

zetidine-1- 1H), 7.38 - 7.26 (m,
carbonyl)-5- 4H), 7.26 - 7.18 (m,
oxodecahydr 1H), 5.05 - 4.98 (m,
o-1H- 1H), 4.80 - 4.77 (m,
cyclopropald 1H), 4.57 - 4.41 (m,
Ipyrrolo[1,2- 2H), 4.34 - 4.20 (m,
alJazocin-6- 1H), 4.08 - 3.89 (m,
yl)carbamoyl 1H), 3.75 - 3.67 (m,
)benzo[b]thio 1H), 3.15 (s, 1H),
phen-5- 3.10 (s, 1H), 3.02 -
yl)methyl)ph 291 (m, 1H), 2.51 -
osphonic 2.39 (m, 1H), 2.33 -
acid 2.00 (m, 4H), 1.98 -
1.88 (m, 1H), 1.77 -
1.67 (m, 1H), 1.43 -
1.39 (m, 1H), 1.37 -
1.33 (m, 2H), 0.98 -
0.92 (m, 1H), 0.87 -
0.79 (m, 1H), 0.10 -

0.01 (m, 1H)

364 ((2- HQ on | 624.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, F\’(\) CDs0D) 69.10-8.94
8aR,9aR)-5- (m, 1H), 8.92 - 8.54

oxo0-3-(3- : S (m, 2H), 8.02 d, J =
(pyrimidin-5- (O 12.8 Hz, 1H), 7.92 -
ylmethyl)aze ) 0 N 7.68 (m, 2H), 7.45 (d,

tidine-1- % N O J =8.0 Hz, 1H), 5.08
carbonyl)dec EJ\/D -4.98 (m, 2H), 4.52 -
ahydro-1H- 4.31 (m, 2H), 4.30 -
cyclopropald 4.06 (m, 2H), 4.05 -
Ipyrrolo[1,2- 3.95 (m, 1H), 3.80 -
alazocin-6- 3.62 (m, 1H), 3.20 -
yl)carbamoyl 3.07 (m, 2H), 3.02 (s,
)benzo[b]thio 2H), 2.52 - 2.37 (m,
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phen-5- 1H),2.29(d,J=17.2
ylmethyl)ph Hz, 1H), 2.24 - 2.06
osphonic (m, 3H), 1.91 (s, 2H),
acid 1.81 - 1.66 (m, 1H),
1.49 - 1.32 (m, 1H),
1.00 - 0.89 (m, 1H),
0.88 - 0.77 (m, 1H),
0.08-0.03 (m, J = 5.6
Hz, 1H)

358 ((2- 657.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, DMSO-ds) 6 891 -
8aR,9aR)-3- O 8.87 (m, 1H), 8.43 -
((1-acetyl- _ 8.34 (m, 1H), 8.26 -

4,4- s 8.25 (m, 1H), 8.01 (d,
difluoropyrro J=28.0Hz, 1H), 7.96
lidin-3- (s, 1H), 7.52 (d, J =
yl)carbamoyl 8.4 Hz, 1H), 5.83 -
)-5- 5.77 (m, 1H), 4.93 -
oxodecahydr 490 (m, 1H), 4.82 -
o-1H- 4.65 (m, 1H), 4.53 -
cyclopropald 4.46 (m, 1H), 4.16 (d,
Ipyrrolo[1,2- J=6.4 Hz, 1H), 4.00
alJazocin-6- -3.93 (m, 2H), 3.10 -
yl)carbamoyl 3.08 (m, 1H), 2.97 -
Ybenzo[b]thio 2.87 (m, 1H), 2.39 -
phen-5- 2.38 (m, 1H), 2.15 -

yDfluoromet 2.11 (m, 2H), 1.98

hyl)phospho 1.97 (m, 1H), 1.94

nic acid 1.92 (m, 3H), 1.86

1.84 (m, 1H), 1.69

1.60 (m, 1H), 1.23

1.22 (m, 1H), 1.16

1.13 (m, 1H), 0.85
0.83 (m, 1H), 0.77 -
0.67 (m, 2H), 0.04 -

0.02 (m, 1H)

357 «S)-(2- 6552 | 'H NMR (400 MHz,
(((35,6S,7aR, o CDs0OD) 8.69 - 8.52
8aS,9aR)-3- (m, 1H), 8.28 (d, J =

(3-(4- Sy % 5.6 Hz, 1H), 8.07 -
ethylpyridin- { 7.90 (m, 2H), 7.89 -
3- 7.72 (m, 1H), 7.70 -
yl)azetidine- 7.53 (m, 1H), 7.49 -
1-carbonyl)- 7.35 (m, 1H), 5.83 -
5- 5.56 (m, 1H), 4.94 (s,
oxodecahydr 2H), 4.74 - 4.61 (m,
o-1H- 1H), 4.56 - 4.36 (m,
cyclopropald 2H), 4.32 (s, 1H),
Ipyrrolo[1,2- 426 - 4.16 (m, 1H),
alJazocin-6- 4.14 - 398 (m, 1H),
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yl)carbamoyl 2.65 (q, J = 7.6 Hz,
Ybenzo[b]thio 2H), 2.37-2.42 (m,
phen-5- 1H), 2.32 - 2.22 (m,
yDfluoromet 1H), 2.22 - 2.11 (m,
hyl)phospho 2H), 2.07 - 1.81 (m,
nic acid 3H), 1.77 - 1.60 (m,
1H), 1.54 - 1.38 (m,
1H), 1.37 - 1.23 (m,
2H), 1.23 - 1.11 (m,
2H), 0.89-0.83 (m,
1H), 0.19 (d, J = 2.8

Hz, 1H)
356 (S)-(2- 652.2 | '"H NMR (400 MHz,
(((35,6S,7aR, Q CDs0D) 6 8.73 - 8.56
8’aS,9aR)—3— ) ”/g%v (m, 1H), 8.08 - 7.96
(3-cyano-3- @7C/N 0 d (m, 2H), 7.95 - 7.80
(py‘rld.ln.-Z- NN/, e (m, 2H), 7.72 d, J =
yl)azetidine- 8.0 Hz, 1H), 7.66 -
1-carbonyl)- 7.58 (m, 1H), 7.48 -
5- 7.33 (m, 1H), 5.77 -
oxodecahydr 5.61 (m, 1H), 5.15 -
o-1H- 5.11 (m, 1H), 4.98 -
cyclopropald 4.96 (m, 1H), 4.92 (s,
Ipyrrolo[1,2- 1H), 4.69 - 4.62 (m,
alazocin-6- 1H), 4.55 - 4.42 (m,
yl)carbamoyl 2H), 4.37 - 4.29 (m,
Ybenzo[b]thio 1H), 2.41 - 2.29 (m,
phen-5- 2H), 2.23 - 2.13 (m,
yDfluoromet 2H), 2.04 - 1.88 (m,
hyl)phospho 3H), 1.74 - 1.59 (m,
nic acid 1H), 1.51 - 1.41 (m,
1H), 1.32 - 1.25 (m,
1H), 0.90 - 0.81 (m,
1H), 0.24 - 0.17 (m,

1H)

355 ((R)-(2- 6522 | 'H NMR (400 MHz,
(((35,6S,7aR, CDs0D) 68.71 - 8.55
8aS,9aR)-3- Y (m, 1H), 8.11 - 7.96
(3-cyano-3- @7@&00 (m, 2H), 7.94 - 7.81
(pyridin-2- =N 4/ (m, 2H), 7.73 d, J =
yl)azetidine- 8.0 Hz, 1H), 7.65 -
1-carbonyl)- 7.58 (m, 1H), 7.47 -
5- 7.34 (m, 1H), 5.79 -
oxodecahydr 5.63 (m, 1H), 5.13
o-1H- (m, 1H), 4.97 - 4.94
cyclopropald (s, 1H), 4.92 - 4.90
Ipyrrolo[1,2- (m, 1H), 4.68 - 4.64
alazocin-6- (m, 1H), 4.54 - 4.42
yl)carbamoyl (m, 2H), 4.35 - 4.30
)benzo[b]thio (m, 1H), 2.40 - 2.27




WO 2023/192960

PCT/US2023/065171

phen-5- (m, 2H), 2.21 - 2.13
yDfluoromet (m, 2H), 2.03 - 1.90
hyl)phospho (m, 3H), 1.67 (m,

nic acid 1H), 1.50 - 1.40 (m,

1H), 1.32 - 1.27 (m,
1H), 0.90 - 0.82 (m,
1H), 0.22 - 0.16 m,
1H)

354 (S)- 3 657.2 | 'H NMR (400 MHz,

fluoro(2- L,Q o CDs0D) 6 8.52 - 8.32
(((35,6S,7aR, 2 NN o (m, 2H), 8.03 - 7.91
8aS,9aR)-3- o 3 . (m, 2H), 7.90 - 7.83

(3-(4- y 7 OH (m, 1H), 7.69 - 7.54
methoxypyri N\ o F (m, 1H), 7.49 - 7.40

din-3- (m, 1H), 5.84 - 5.66
yl)azetidine- (m, 1H), 5.00 - 4.89
1-carbonyl)- (m, 3H), 4.67 - 4.58

5- (m, 1H), 4.44 - 4.37
oxodecahydr (m, 1H), 4.32 (d, J =

o-1H- 7.2 Hz, 2H), 4.14 (s,
cyclopropald 1H), 4.12 (s, 3H),
Ipyrrolo[1,2- 243 - 2.34 (m, 1H),
alJazocin-6- 2.31 - 2.22 (m, 1H),
yl)carbamoyl 2.20 - 2.10 (m, 2H),
)benzo[b]thio 2.05 - 1.94 (m, 2H),

phen-5- 1.91 - 1.75 (m, 1H),
yDmethyl)ph 1.72 - 1.59 (m, 1H),

osphonic 1.48 - 1.38 (m, 1H),
acid 1.37 - 1.22 (m, 1H),
0.90 - 0.83 (m, 1H),
0.18 (q, J = 4.8 Hz,
1H)
353 ((R)- 3 657.2 | 'H NMR (400 MHz,

fluoro(2- Cx 5 CD;0D) 8 8.57 - 8.34
(((35,6S,7aR, & z N (m, 2H), 8.08 - 7.92
8aS,9aR)-3- | n= N = (m, 2H), 7.88 (dd, J =

(3-(4- A ° 9 2.8, 8.4 Hz, 1H), 7.58
methoxypyri o (d, J = 8.0 Hz, 1H),

din-3- F 7.52 - 742 (m, 1H),
yl)azetidine- 5.87 - 5.64 (m, 1H),
1-carbonyl)- 5.01 - 4.92 (m, 3H),

5- 4.64 (d, J = 7.0 Hz,
oxodecahydr 1H), 4.43 - 4.37 (m,

o-1H- 1H), 4.36 - 4.29 (m,
cyclopropald 2H), 4.16 (s, 1H),
Ipyrrolo[1,2- 4.15 - 4.09 (m, 3H),
alazocin-6- 243 - 2.34 (m, 1H),
yl)carbamoyl 2.32 - 2.23 (m, 1H),
)benzo[b]thio 2.21 (s, 2H), 2.06 -

phen-5- 1.97 (m, 2H), 1.93 -
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yDmethyl)ph 1.79 (m, 1H), 1.75 -
osphonic 1.61 (m, 1H), 1.49 -
acid 1.41 (m, 1H), 1.37 -
1.27 (m, 1H), 0.91 -
0.84 (m, 1H), 0.21 -

0.16 (m, 1H)

352 ((2- '"H NMR (400 MHz,
(((3S,6S,7a8S, o o CDs0D) 6 8.68 (d, J
8aR,9aR)-5- N "R-0H = 6.4 Hz, 1H), 8.55

0x0-3-(3- P ST( »— on (d, J = 6.4 Hz, 1H),
(pyridin-4- 8.02 (d, ] = 4.4 Hz,
ylmethyl)aze 1H), 7.87 (J = 6.4,
tidine-1- 17.6 Hz, 2H), 7.82 -
carbonyl)dec 7.77 (m, 2H), 7.41 (d,
ahydro-1H- J =8.4 Hz, 1H), 5.02
cyclopropald (J=5.6,84 Hz, 1H),
Jpyrrolo[1,2- 4.51 - 443 (m, 1H),
alazocin-6- 441 - 433 (m, 1H),
yl)carbamoyl 432 - 426 (m, 1H),
)benzo[b]thio 4.18 - 4.00 (m, 2H),
phen-5- 3.82 - 3.66 (m, 1H),
ylmethyl)ph 328 (d, J = 5.2 Hz,
osphonic 2H), 3.27 - 3.20 (m,
acid 2H), 3.15 - 3.05 (m,
1H), 2.55 - 2.41 (m,
1H), 2.31 J = 1.2,
14.8 Hz, 1H), 2.27 -
2.15 (m, 2H), 2.15 -
2.06 (m, 1H), 2.03 -
1.91 (m, 2H), 1.81 -
1.69 (m, 1H), 1.47 -
1.35 (m, 1H), 1.02 -
0.90 (m, 1H), 0.88 -
0.79 (m, 1H), 0.11 -

0.02 (m, 1H)

351 ((2- $ 1H NMR (400 MHz,
(((3S,6S,7a8S, 0 CDs0D) 6 8.11-7.93
8aR,9aR)-5- Q: ¢ Hz”\j % (m, 2H), 7.85 - 7.81

0x0-3-(3- N S P (m, 1H), 7.77 (d, J =
(pyridin-2- 7.6 Hz, 1H), 7.74 -
yloxy)azetidi 7.64 (m, 1H), 7.41 (t,
ne-1- J =9.2 Hz, 1H), 7.00
carbonyl)dec -6.90 (m, 1H), 6.88 -
ahydro-1H- 6.79 (m, 1H), 5.42 -
cyclopropald 5.34 (m, 1H), 5.07 -
Ipyrrolo[1,2- 5.00 (m, 1H), 4.72 -
alazocin-6- 4.57 (m, 1H), 4.54 -
yl)carbamoyl 4.51 (m, 1H), 447 -
)benzo[b]thio 422 (m, 3H), 4.05 -
phen-5- 3.90 (m, 1H), 3.27 (d,
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ylmethyl)ph J=5.6 Hz, 1H), 3.22
osphonic (d, J = 5.6 Hz, 1H),
acid 2.51 - 2.41 (m, 1H),
2.34 - 2.24 (m, 2H),
2.23 - 2.11 (m, 2H),
2.01 - 1.90 (m, 2H),
1.78 - 1.67 (m, 1H),
1.46 - 1.35 (m, 1H),
0.98 - 0.90 (m, 1H),
0.87 - 0.81 (m, 1H),
0.08 - 0.01 (m, 1H)

350 (2- 625.2 | 1H NMR (400 MHz,
(((3S,6S,7a8S, o CDs0D) & = 8.35 (s,
8aR,9aR)-5- Cw WA 1H), 8.15 - 7.99 (m,

oxo-3-(3- o s RoH 1H), 7.86 - 7.79 (m,
(pyridin-3- | M= J:,N 2H), 7.76 - 7.73 (m,
yloxy)azetidi | \= /™0 1H), 7.65 - 7.46 (m,
ne-1- 2H), 7.43 - 7.31 (m,
carbonyl)dec 1H), 5.23 - 5.10 (m,
ahydro-1H- 1H), 5.05 - 5.01 (m,
cyclopropald 1H), 4.84 - 479 (m,
Ipyrrolo[1,2- 1H), 4.64 - 4.55 (m,
alJazocin-6- 1H), 4.53 - 4.47 (m,
yl)carbamoyl 1H), 4.40 - 4.30 (m,
Ybenzo[b]thio 2H), 4.13 - 3.98 (m,
phen-5- 1H), 3.28 - 3.18 (m,
yl)methyl)ph 2H), 2.50 - 2.43 (m,
osphonic 1H), 2.36 — 2.84 (m,
acid 4H), 2.05 - 1.93 (m,
2H), 1.82 - 1.70 (m,
1H), 1.43 (s, 1H),
1.39 - 1.35 (m, 2H),
1.00 - 091 (m, 1H),
0.88 - 0.79 (m, 1H),
0.08 (d, J] = 4.4 Hz,

1H)

349 ((2- 640.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, /3 o CDs0D) 8.04 (d, J =
8aR,9aR)-3- T N 10.0 Hz, 1H), 7.88 -

(3-(3- Ao s kggH 7.77 (m, 2H), 7.42 (d.
fluorobenzyl) | Y} H J=8.0 Hz, 1H), 7.33
azetidine-1- | F -7.20 (m, 1H), 7.07 -
carbonyl)-5- 6.86 (m, 3H), 5.03 (q,
oxodecahydr J=8.8 Hz, 1H), 4.49-
o-1H- 445 (m,J =7.6,79
cyclopropald Hz, 1H), 4.31 - 4.23
Ipyrrolo[1,2- (m, 2H), 4.13 - 3.90
aJazocin-6- (m, 2H), 3.75 - 3.61
yl)carbamoyl (m, 1H), 3.28 (s, 1H),
)benzo[b]thio 3.22 (s, 1H), 2.96 (s,
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phen-5- 3H), 2.51 - 2.37 (m,
yDmethyl)ph 1H), 2.33 - 2.26 (m,
osphonic 1H), 2.25 - 2.05 (m,
acid 3H), 2.02 - 1.88 (m,
2H), 1.78 - 1.67 (m,
1H), 1.47 - 1.34 (m,
1H), 1.01 - 0.89 (m,
1H), 0.88 - 0.79 (m,
1H), 0.05 (m,J =104

Hz, 1H)

348 ((2- 691.3 | 'H NMR (400 MHz,
(((35,6S,7aS, </N 5 DMSO-ds) 6 8.83 (d,
8aR,%aR)-3- : A J=1.6 Hz, 1H), 8.38
((38.48)-1- N0 )= - 8.29 (m, 1H), 8.22

(1,4- NF S Q (s, 1H), 7.90 (d, J =
dimethyl-1H- . Q foon 7.2Hz,2H),7.48(d,]
imidazol-2- | L, i =8.4Hz, 1H),6.55 (s,
yl)-4- 1H), 5.65 - 5.45 (m,
fluoropyrroli 1H), 5.14 - 498 (m,
din-3- 1H), 490 (q, J = 8.4
yl)carbamoyl Hz, 1H), 4.40 - 4.30
)-5- (m, 2H), 4.16 - 4.12
oxodecahydr (m, 1H), 3.81 - 3.75
o-1H- (m, 2H), 3.67 - 3.55
cyclopropald (m, 2H), 3.47 (s, 3H),
Ipyrrolo[1,2- 3.23 (d, J = 10.0 Hz,
alazocin-6- 1H), 2.43 - 2.32 (m,
yl)carbamoyl 2H), 2.19 - 2.09 (m,
Ybenzo[b]thio 2H), 1.99 - 1.93 (m,
phen-5- 5H), 1.84 (dd, J = 8.8,
yl)fluoromet 15.2 Hz, 1H), 1.70 -
hyl)phospho 1.59 (m, 1H), 1.22 -
nic acid 1.11 (m, 1H), 0.80 -
0.66 (m, 2H), 0.02-

0.08 (m, 1 H)

347 (fluoro(2- 664.3 | 'H NMR (400 MHz,
(((35.65.7aS, @ DMSO-de) & 8.83 (d,
8aR,%aR)-3- R J =7.2 Hz, 1H), 8.28
(((35.48)-4- HN Y, O HN - 820 (m, 2H), 8.02

fluoro-1- O‘F 4 (d, J = 8.4 Hz, 1H),
(IH-1.24- | N~ N 0 7.97 (s, 2H), 7.56 -
triazol3- | {N Paon 7.48 (m, 1H), 5.90 -
L N HO
yl)pyrrolidin- 5.76 (m, 1H), 5.18 -
3- 5.04 (m, 1H), 4.93 -
yl)carbamoyl 4.86 (m, 1H), 4.39 -
)-5- 4.33 (m, 2H), 4.17 -
oxodecahydr 4.10 (m, 2H), 3.69 -
o-1H- 3.65 (m, 2H), 3.32 (d,
cyclopropald J=10.4Hz, 1H), 2.40
Ipyrrolo[1,2- -2.30 (m, 2H), 2.17 -
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alazocin-6- 2.09 (m, 2H), 1.97 -
yl)carbamoyl 1.79 (m, 3H), 1.69 -
Ybenzo[b]thio 1.57 (m, 1H), 1.23 -
phen-5- 1.12 (m, 1H), 0.80 -
yl)methyl)ph 0.67 (m, 2H), 0.56-
osphonic 0.01 (m, 1H)
acid
346 ((R)- % 617.1 | 'H NMR (400 MHz,
fluoro(2- o CDs0D) 6 8.63 (dd, J
(((35.68.7aR, O A o = 1.6, 17.6 Hz, 1H),
8aS,9aR)-3- }QOO S P\(;SH 8.13 - 8.00 (m, 2H),
(3-(isoxazol- N S 7.99 - 7.86 (m, 1H),
3- o’N\ 7.69 - 7.53 (m, 1H),
yl)azetidine- F 6.79 - 6.55 (m, 1H),
1-carbonyl)- 5.96 - 5.73 (m, 1H),
5- 498 - 492 (m, 1H),
oxodecahydr 4.70 - 4.57 (m, 1H),
o-1H- 4.53 - 439 (m, 2H),
cyclopropald 4.39 - 427 (m, 2H),
Ipyrrolo[1,2- 4.17 - 4.00 (m, 2H),
alazocin-6- 2.40 - 2.30 (m, 1H),
yl)carbamoyl 2.30 - 2.21 (m, 1H),
)benzo[b]thio 2.20 - 2.11 (m, 2H),
phen-5- 2.05 - 1.93 (m, 2H),
yDmethyl)ph 1.91 - 1.80 (m, 1H),
osphonic 1.76 - 1.65 (m, 1H),
acid 1.53 - 1.39 (m, 1H),
1.35 - 1.21 (m, 1H),
0.93 - 0.79 (m, 1H),
0.23-0.13 (m, 1H)
345 ((R)-(2- e 655.3 | '"H NMR (400 MHz,
(((3S,6S,7aR, 0 CDs0D) 68.49(d,J =
8aS,9aR)-3- k,” NN = o 84 Hz, 1H), 8.15-
(3-(4- 0 s R-on 8.21(m, 1H), 8.06 -
cthylpyridin- ) , OF 7.92 (m, 1H), 7.92 -
3- N7y 7.71 (m, 2H), 7.64 -
yDazetidine- | S 7.52 (m, 1H), 7.37-
1-carbonyl)- 7.89 (m, 1H), 5.76 -
5- 5.58 (m, 1H), 4.97 -
oxodecahydr 490 (m, 2H), 4.71 -
o-1H- 4.57 (m, 1H), 4.54 -
cyclopropald 4.34 (m, 2H), 4.33 -
]pyrrolo[1,2- 423 (m, 1H), 4.20 -
alazocin-6- 3.96 (m, 2H), 2.69 -
yl)carbamoyl 2.55 (m, 2H), 247 -
)benzo[b]thio 2.34 (m, 1H), 2.33 -
phen-5- 2.24 (m, 1H), 2.22 -
yDfluoromet 2.08 (m, 2H), 2.06 -
hyl)phospho 1.94 (m, 2H), 1.93 -
nic acid 1.81 (m, 1H), 1.77 -
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1.58 (m, 1H), 1.50 -
1.39 (m, 1H), 1.33 -
1.24 (m, 1H), 1.23 -
1.11 (m, 3H), 0.93 -
0.79 (m, 1H), 0.24 -

0.13 (m, 1H)
344 «S)- < 617.2 | 'H NMR (400 MHz,
fluoro(2- 0 CDs0D) 6 8.67 - 8.58
(((35,6S,7aR, CN NN o (m, 1H), 8.11 - 8.06
8aS,9aR)-3- OG- ko (m, 1H), 8.06 - 8.02
(3-(isoxazol- N 2 OH (m, 1H), 7.95 (dd, J =
3—. . o’N\ 4.4, 8.4 Hz, 1H), 7.65
yDazetidine- = -7.57 (m, 1H), 6.78 -
1-carbonyl)- 6.54 (m, 1H), 5.94 -
5- 5.74 (m, 1H), 4.97 -
oxodecahydr 493 (m, 1H), 4.70 -
o-1H- 4.59 (m, 1H), 4.53 -
cyclopropald 4.40 (m, 2H), 4.40 -
Ipyrrolo[1,2- 4.35 (m, 1H), 4.35 -
alJazocin-6- 429 (m, 1H), 4.16 -
yl)carbamoyl 4.02 (m, 2H), 2.40 -
)benzo[b]thio 2.31 (m, 1H), 2.30 -
phen-5- 2.21 (m, 1H), 2.20 -
yDmethyl)ph 2.11 (m, 2H), 2.05 -
osphonic 1.92 (m, 2H), 1.86
acid (m, 1H), 1.77 - 1.65
(m, 1H), 1.53 - 1.40
(m, 1H), 1.36 - 1.22
(m, 1H), 0.85 (m,
1H), 0.21 - 0.15 (m,

1H)

343 ((2- 2 637.3 | 'H NMR (400 MHz,
(((3S,6S,7aR, Q 0 CDs0D) 8.48 (s, 1H),
8aS,9aR)-3- I~ Gco 8.28 - 8.06 (m, 1H),
(3-(4- "}QOO S OH 7.98 - 7.87 (m, 1H),
ethylpyridin- N 7.81 - 7.54 (m, 2H),
3—. . a 7.47 - 7.22 (m, 2H),
yl)azetidine- ~ 496 - 490 (m, 2H),
1-carbonyl)- 471 - 4.55 (m, 1H),
5- 452 - 441 (m, 1H),
oxodecahydr 440 - 423 (m, 2H),
o-1H- 420 - 4.10 (m, 1H),
cyclopropald 4.09 - 3.97 (m, 1H),
]pyrrolo[1,2- 3.19 - 3.03 (m, 2H),
alazocin-6- 2.59 (s, 2H), 2.36-
yl)carbamoyl 2.40 (m, 1H), 2.33 -
)benzo[b]thio 2.24 (m, 1H), 2.24 -
phen-5- 2.08 (m, 2H), 2.07 -
ylDmethyl)ph 1.94 (m, 2H), 1.93 -
1.80 (m, 1H), 1.76 -

358




WO 2023/192960

PCT/US2023/065171

osphonic
acid

1.60 (m, 1H), 1.52 -
1.37 (m, 1H), 1.34 -
1.11 (m, 4H), 0.83-
0.89 (m, 1H), 0.27 -
0.09 (m, 1H)

342

(@-
(((3S,68.7aS,
8aR,9aR)-5-
ox0-3-(3-
(pyrimidin-2-
yloxy)azetidi
ne-1-
carbonyl)dec
ahydro-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

626.1

'"H NMR (400 MHz,
CD;0D) §8.57(d,J =
4.8Hz, 1H),8.46 (d,J
= 4.0 Hz, 1H), 8.04 -
7.80 (m, 2H), 7.75 (s,
1H), 7.41 (dd, T = 8.4,
13.2 Hz, 1H), 7.17 -
6.97 (m, 1H), 5.50 -
5.35 (m, 1H), 5.08 -
4.97 (m, 2H), 4.76 -
4.63 (m, 1H), 4.57 -
4.49 (m, 1H), 4.39 -
4.25 (m, 2H), 4.13 -
3.94 (m, 1H), 3.27 (d,
J =5.4 Hz, 1H), 3.22
(d, J = 5.6 Hz, 1H),
2.51 - 2.40 (m, 1H),
2.31 (d, J = 15.0 Hz,
2H), 2.24 - 2.11 (m,
2H), 2.05 - 1.92 (m,
2H), 1.80 - 1.68 (m,
1H), 1.48 - 1.36 (m,
1H), 1.00 - 0.89 (m,
1H), 0.88 - 0.78 (m,
1H), 0.11 - 0.03 (m,
1H)

341

(fluoro(2-
(((35,6S,7a8,
8aR,9aR)-3-
(3-((S-
methylsulfon
imidoyl)meth
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph

-
N A, P
= o o
i —
o S On
F

R~oH
OH

641.2

'"H NMR (400 MHz,
CD;OD) & 8.11 (s,
1H), 8.03 ( s, 1H),
7.93 (d, J = 8.4 Hz,
1H), 7.59 (d. J = 8.8
Hz, 1H), 5.89 - 5.70
(m, 1H), 501 (J =
3.6, 8.8 Hz, 1H), 4.83
(d,J =84 Hz 1H),
4.53 - 441 (m, 2H),
432 - 425 (m, 1H),
423 - 406 (m, 3H),
3.99 - 3.81 (m, 1H),
3.59 - 3.50 (m, 3H),
337 (d, J =5.6 Hz,
1H), 2.53 - 2.39 (m,
1H), 2.35 - 2.07 (m,
4H), 2.04 - 1.90 (m,
2H), 1.83 - 1.66 (m,
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osphonic 1H), 1.44 - 1.35 (m,
acid 1H), 0.94 ( J = 8.0,
13.2 Hz, 1H), 0.88 -
0.81 (m, 1H), 0.14 -
0.02 (m, 1H)
340 ((2- 658.3 | '"H NMR (400 MHz,
SaR oary 3. CN OXIDE) 5 795 G
(((S)-1- N 0 TN 3H), 7.58 (d, J = 8.8
carbamoyl- O<FF S o Hz, 1H), 5.92 - 5.67
) 494_ HZN\«N ll:l;\OH (m, IH), 494 (t, J =
difluoropyrro 0 OH 9.2 Hz, 1H), 4.64 -
lidin-3- 4.59 (m, 1H), 4.33 -
yl)carbamoyl 424 (m, 1H), 4.03 -
)-5- 3.76 (m, 4H), 3.41 -
oxodecahydr 3.29 (m, 1H), 2.47 -
o-1H- 1.98 (m, 7H), 1.75 -
cyclopropald 1.59 (m, 1H), 1.16 -
Ipyrrolo[1,2- 0.85 (m, 3H), 0.13 (d,
alJazocin-6- J=13.2 Hz, 1H)
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)phospho
nic acid
339 (fluoro(2- ] 663.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, 3 DMSO-ds) & 8.88 -
8aR,9aR)-3- CN - ? 8.§6 (m, 1H), 8.32 (d,
(((35,4S)-4- A0 O J =4.0 Hz, 1H), 8.23
fluoro-1- HYY ’ S % (d, J = 4.0 Hz, 1H),
(1H- r Lon 7.96 - 7.89 (m, 2H),
imidazol-2- | _\<N 7.52 (t, ] = 8.0 Hz,
yDpyrrolidin- | &N 1H), 6.97 (s, 2H),
3- 5.73 - 5.52 (m, 1H),
yl)carbamoyl 5.27 - 5.07 (m, 1H),
)-5- 4.94 - 481 (m, 1H),
oxodecahydr 446 - 438 (m, 1H),
o-1H- 4.32 (s, 1H), 4.18 -
cyclopropald 4.11 (m, 1H), 3.80 -
Ipyrrolo[1,2- 3.69 (m, 2H), 2.37 (d,
alazocin-6- J =2.4Hz, 1H), 2.15
yl)carbamoyl -2.09 (m, 2H), 2.01 -
Ybenzo[b]thio 1.91 (m, 4H), 1.85 -
phen-5- 1.79 (m, 1H), 1.67 -
yl)methyl)ph 1.60 (m, 1H), 1.29 -
osphonic 1.10 (m, 5H), 0.78 -
acid 0.67 (m, 2H), 0.06 - -
0.06 (m, 1H)
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337 (fluoro(2- 631.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, (/ o CD30D) 68.11(d,J=
8aR,9aR)-3- AN T 2.4 Hz, 1H), 8.03 (s,

(3-(5- N o 4 o 1H), 7.94 (d, J = 3.4,
methylisoxaz \(/\,,/C/ F((;OH 8.2Hz, 1H),7.59(d,J
ol-3- o-N = 8.6 Hz, 1H), 6.40 -
yl)azetidine- 6.19 (m, 1H), 5.90 -
1-carbonyl)- 5.74 (m, 1H), 5.06 -
5- 5.01 (m, 1H), 4.65 (d,
oxodecahydr J =8.0 Hz, 1H), 4.54
o-1H- -4.47 (m, 1H), 4.44 -
cyclopropald 4.25 (m, 3H), 4.11 -
Ipyrrolo[1,2- 3.91 (m, 2H), 2.50 -
alazocin-6- 2.45 (m, 1H), 2.40 (d,
yl)carbamoyl J=16.0 Hz, 3H), 2.33
)benzo[b]thio -2.12 (m, 4H), 2.03 -
phen-5- 1.92 (m, 2H), 1.79 -
yl)methyl)ph 1.68 (m, 1H), 1.48 -
osphonic 1.36 (m, 1H), 1.00 -
acid 0.92 (m, 1H), 0.85 —
0.83 (m, 1H), 0.08 —

0.05 (m, 1H)

336 (fluoro(2- 647.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, A, o CD30D) 68.11(d,J=
8aR,9aR)-3- N T N 4.4 Hz, 1H), 8.03 (s,

(3-(3-' N0 s R on 1H), 7.94 ( J = 2.8,
methoxyisox |\, S { OH 8.4Hz, 1H),7.59(d,]
azol-5- N-O = 8.6 Hz, 1H), 6.17 -
yl)azetidine- 6.06 (m, 1H), 5.91 -
1-carbonyl)- 5.75 (m, 1H), 5.07 -
5- 5.00 (m, 1H), 4.73 -
oxodecahydr 4.60 (m, 1H), 4.50 (d,
o-1H- J =28, 8.6 Hz, 1H),
cyclopropald 442 - 434 (m, 1H),
Ipyrrolo[1,2- 434 - 424 (m, 2H),
alazocin-6- 4.10 - 3.96 (m, 2H),
yl)carbamoyl 391 (d,J =134 Hz,
Ybenzo[b]thio 3H), 2.50 - 2.40 (m,
phen-5- 1H), 2.34 - 2.09 (m,
yl)methyl)ph 4H), 2.03 - 1.90 (m,
osphonic 2H), 1.79 - 1.67 (m,
acid 1H), 1.48 - 1.35 (m,
1H), 1.00 - 0.90 (m,
1H), 0.88 - 0.80 (m,
1H), 0.10 - 0.04 (m,

1H)
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335 ((2- 628.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, @ o CD30D) 6 = 8.01 (d,
8aR,9aR)-3- Y N J=17.6 Hz, 1H), 7.82

G- | 3 ™’ “J%Vo (m, 2H), 741 (m,
methyl-1H- © 1H), 7.30 (d, J = 14.8
pyrazol-4- Hz, 1H), 7.17 (d, ] =

ylyoxy)azetid 12.0 Hz, 1H), 5.07 -

ine-1- 499 (m, 2H), 4.84 -
carbonyl)-5- 4.80 (m, 1H), 4.57 (d,
oxodecahydr J =5.2 Hz, 1H), 4.51

o-1H- (m, 1H), 4.37 - 4.18

cyclopropald (m, 3H), 3.75 (d, ] =
Ipyrrolo[1,2- 19.6 Hz, 3H), 3.27 (d,
alazocin-6- J =2.0 Hz, 1H), 3.22
yl)carbamoyl (d, J = 2.0 Hz, 1H),
)benzo[b]thio 2.50 - 2.40 (m, 1H),
phen-5- 2.35 - 2.24 (m, 2H),
yDmethyl)ph 221 (m, 1H), 2.17 -
osphonic 2.08 (m, 1H), 1.96
acid (m, 2H), 1.79 - 1.67
(m, 1H), 1.46 - 1.36
(m, 1H), 0.99 - 0.90
(m, 1H), 0.88 - 0.80
(m, 1H), 0.10 - 0.01

(m, 1H)

334 ((2- 626.3 | 'H NMR (400 MHz,
(((3S,6S,7a8S, 0 CD30D) 6 8.32 - 8.26
8aR,%9aR)-5- = (m, 1H), 8.20 - 8.08

0x0-3-(3- S (m, 2H), 8.02 (d, J =
(pyrazin-2- 19.2 Hz, 1H), 7.87 -
yloxy)azetidi 7.78 (m, 2H), 7.42 (t,

ne-1- J=8.4 Hz, 1H), 5.51

carbonyl)dec -5.40 (m, 1H), 5.08 -
ahydro-1H- 494 (m, 2H), 4.75 -
cyclopropald 4.60 (m, 1H), 4.54 -
Ipyrrolo[1,2- 4.50 (m, 1H), 4.49 -
alazocin-6- 4.34 (m, 1H), 4.34 -
yl)carbamoyl 424 (m, 1H), 4.09 -
Ybenzo[b]thio 3.95 (m, 1H), 3.28 -
phen-5- 3.19 (m, 2H), 2.55 -
yl)methyl)ph 2.38 (m, 1H), 2.34 -
osphonic 2.09 (m, 4H), 2.03 -
acid 1.90 (m, 2H), 1.80 -
1.67 (m, 1H), 1.47 -

1.34 (m, 1H), 1.01 -

0.90 (m, 1H), 0.88 -

0.79 (m, 1H), 0.10 -

0.00 (m, 1H)
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333

(fluoro(2-
(((35,68,7a8,
8aR,9aR)-3-
(3-
((methylsulfo
nyl)methyl)a
zetidine-1-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

642.3

'"H NMR (400 MHz,
CD;0D) §8.11(d,J=
2.0 Hz, 1H), 8.02 (s,
1H), 7.90 (s, 1H),
7.58 (d, J = 8.4 Hz,
1H), 5.89 - 5.72 (m,
1H), 5.04 - 5.00 (m,
1H), 4.80 - 4.71 (m,
1H), 4.48 - 4.41 (m,
2H), 4.31 - 4.24 (m,
1H), 4.17 - 4.12 (m,
1H), 3.92 - 3.80 (m,
1H), 3.57 - 3.51 (m,
2H), 3.27 - 3.16 (m,
1H), 2.96 (d, J = 3.6
Hz, 3H), 2.44 (td, ] =
7.4, 15.0 Hz, 1H),
2.32 - 226 (m, 1H),
2.22 - 2.11 (m, 2H),
2.02 - 1.90 (m, 2H),
172 (ddd, J = 7.4,
12.2, 152 Hz, 1H),
1.50 - 1.22 (m, 2H),
0.99 - 0.79 (m, 2H),
0.05-0.34 (m, 1H)

331

(fluoro(2-
(((35,65,7aR,
8aS,9aR)-3-
(3-(4-methyl-
4H-1,2,4-
triazol-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

631.4

'"H NMR (400 MHz,
DMSO-ds) & 8.89 -
8.75 (m, 1H), 8.64 -
8.48 (m, 1H), 8.32 -
8.18 (m, 1H), 8.04 (t,
J =8.0 Hz, 1H), 7.98
(s, 1H), 7.60 - 7.43
(m, 1H), 5.95 - 5.71
(m, 1H), 4.84 - 4.74
(m, 1H), 4.65 - 4.52
(m, 1H), 4.50 - 4.39
(m, 1H), 4.37 - 4.21
(m, 2H), 4.20 - 4.12
(m, 2H), 4.09 - 4.04
(m, 1H), 3.55 (s, 3H),
2.27 - 2.13 (m, 2H),
2.10 - 1.97 (m, 2H),
1.94 - 1.81 (m, 1H),
1.74 - 1.61 (m, 1H),
1.57 - 1.47 (m, 1H),
1.38 - 1.28 (m, 1H),
1.28 - 1.18 (m, 2H),
0.76 (d, J = 4.0 Hz,
1H), 0.10 (s, 1H)
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330 ((2- 640.1 | '"H NMR (400 MHz,
(((3S,6S,7a8S, DMSO-ds) 6 8.88 (d,
8aR,9aR)-3- 7P J=72Hz, 1H), 8.27
(((ﬁS,4S)il4— N0 e (s, 1H), 8.16 (d, J =
carbamoyl-4- : T 6.8 Hz, 1H), 8.07 -
fluoropyrroli @’F T-on 7.92 (m, 2H), 7.52 (d,

din-3- HaN—( J =8.0 Hz, 1H), 5.99
yl)carbamoyl o -5.71 (m, 3H), 5.08 -
)-5- 4.82 (m, 2H), 4.40 (d,
oxodecahydr J=4.8 Hz, 1H), 4.28
o-1H- -4.21 (m, 1H), 4.17 -
cyclopropald 4.11 (m, 1H), 3.52 (s,
Ipyrrolo[1,2- 1H), 348 (d, J = 4.8
aJazocin-6- Hz, 1H), 3.46 - 3.43
yl)carbamoyl (m, 2H), 3.19 (d, J =
)benzo[b]thio 11.2 Hz, 2H), 2.37 (d,
phen-5- J=8.0Hz, 1H), 2.17
yl)fluoromet - 2.07 (m, 2H), 2.01 -
hyl)phospho 1.80 (m, 4H), 1.70 -
nic acid 1.58 (m, 1H), 1.26 -
1.05 (m, 1H), 0.87 -
0.66 (m, 2H), 0.03 (d,

J=4.8 Hz, 1H)

328 (fluoro(2- 631.1 | 'H NMR (400 MHz,
(((35,6S.7a8, o CDs0D) 68.11(d,J=
8&11(,39222{)—3— L/N T H _ 4.2 Hz, 1H), 8.02 (s,

-(3- o d Q 1H), 7.94 (d, J = 3.8,
methylisoxaz M oH 8.2Hz, 1H),7.58 (d,]J
ol-5- N-O F = 8.8 Hz, 1H), 6.35 -
yl)azetidine- 6.23 (m, 1H), 5.91 -
1-carbonyl)- 5.74 (m, 1H), 5.05 -
5- 5.01 (m, 1H), 4.69 -
oxodecahydr 4.64 (m, 1H), 4.51 (d,
o-1H- J=5.8 Hz, 1H), 442
cyclopropald -4.34 (m, 1H), 4.33 -
Ipyrrolo[1,2- 423 (m, 2H), 4.12 -
alazocin-6- 4.00 (m, 2H), 2.51 -
yl)carbamoyl 2.39 (m, 1H), 2.36 -
Ybenzo[b]thio 2.29 (m, 1H), 2.25 (d,
phen-5- J=14.0Hz, 3H),2.21
yl)methyl)ph -2.11 (m, 2H), 2.05 -
osphonic 1.88 (m, 3H), 1.79 -
acid 1.68 (m, 1H), 1.48 -
1.33 (m, 1H), 1.02 -

0.90 (m, 1H), 0.89 -

0.79 (m, 1H), 0.14 -

0.00 (m, 1H)
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327 (fluoro(2- 632.3 | '"H NMR (400 MHz,
(((3S,6S,7a8S, o CDs0D) 68.11-7.99
8aR 9aR)-3- O e S (m, 2H), 7.84 (t, J =
(3-(5-methyl- NAOO s kom 8.4Hz, 1H),7.64 (d, ]

1,34- _<°m/D (o = 7.4 Hz, 1H), 5.73 -
oxadiazol-2- \-N 5.54 (m, 1H), 5.01 (q,
yl)azetidine- J = 8.8 Hz, 2H), 4.67
1-carbonyl)- (t, J = 8.8 Hz, 1H),

5- 4.54 - 442 (m, 2H),
oxodecahydr 437 - 424 (m, 2H),
o-1H- 4.19 - 413 (m, 1H),
cyclopropald 2.59 - 248 (m, 3H),
Ipyrrolo[1,2- 248 - 240 (m, 1H),
alazocin-6- 2.38 - 2.06 (m, 4H),
yl)carbamoyl 2.04 - 1.90 (m, 2H),
)benzo[b]thio 1.80 - 1.67 (m, 1H),
phen-5- 140 (d, J = 6.0 Hz,
yl)methyl)ph 1H), 1.01 - 0.89 (m,
osphonic 1H), 0.84 (d, J = 3.2,

acid 7.4Hz, 1H),0.07 (d,]

=4.4 Hz, 1H)

326 (fluoro(2- 632.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, (/gj o CDs0D) 68.07(d,J =
8aR,9aR)-3- A 19.0 Hz, 1H), 8.00 (d,
(3-(3-methyl- N R J=12.8 Hz, 1H),7.92

1.2,4- — R~ (d, J = 8.6, 12 Hz,
oxadiazol-5- N-0 EOn 1H), 7.61 - 7.54 (m,
yl)azetidine- 1H), 5.95 - 5.73 (m,
1-carbonyl)- 1H), 5.09 - 495 (m,

5- 2H), 4.85 - 4.65 (m,
oxodecahydr 1H), 4.56 - 4.41 (m,

o-1H- 2H), 4.40 - 4.25 (m,
cyclopropald 2H), 4.21 - 4.13 (m,
Ipyrrolo[1,2- 1H), 2.51 - 2.40 (m,
alJazocin-6- 1H), 2.39 - 2.32 (m,
yl)carbamoyl 3H), 2.30 - 2.08 (m,
Ybenzo[b]thio 4H), 2.04 - 1.90 (m,

phen-5- 2H), 1.79 - 1.67 (m,
yDmethyl)ph 1H), 1.47 - 1.34 (m,
osphonic 1H), 1.00 - 0.89 (m,
acid 1H), 0.84 (t, J = 4.0,
7.8 Hz, 1H), 0.06 (m,

J=4.6 Hz, 1H)

324 (fluoro(2- 631.2 | 'H NMR (400 MHz,
(((3S,6S,7a8S, L/N(\i o CDs0OD) &6 8.11 -
8aR,%aR)-3- _ N 8.03 (m, 1H), 8.02 -

(3-(5- A0 “ﬂ%\} 7.96 (m, 1H), 7.95 -
methyloxazol O\"/C’ Lo 7.87 (m, 1H), 7.58
- — i (m, 1H), 6.80 - 6.68
yl)azetidine- (m, 1H), 593 - 5.73
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1-carbonyl)- (m, 1H), 5.07 - 4.99
5- (m, 1H), 4.97 - 4.92
oxodecahydr (m, 1H), 4.80 - 4.60
o-1H- (m, 1H), 4.55 - 4.49
cyclopropald (m, 1H), 4.36 (s, 1H),
Ipyrrolo[1,2- 433 - 423 (m, 2H),
alazocin-6- 4.14 - 3.98 (m, 1H),
yl)carbamoyl 249 - 241 (m, 1H),
)benzo[b]thio 2.35 - 2.09 (m, 7H),
phen-5- 2.03 - 1.94 (m, 2H),
ylmethyl)ph 1.79 - 1.67 (m, 1H),
osphonic 1.47 - 1.36 (m, 1H),
acid 1.00 - 0.89 (m, 1H),
0.88 - 0.79 (m, 1H),

0.14 - 0.00 (m, 1H)

322 (fluoro(2- . 617.2 | '"H NMR (400 MHz,
(((3S,6S,7a8S, C\N 5 CD3s0D) 6 8.12 - 8.03
8aR,9aR)-3- Y " (m, 1H), 8.03 - 7.96
(3-(oxazol-2- N0 T Y= (m, 1H), 7.95 - 7.79
yl)azetidine- Q\ s 3 (m, 2H), 7.58 (d, J =
1-carbonyl)- o 7.6 Hz, 1H), 7.21 -

5- F 7.05 (m, 1H), 5.93 -
oxodecahydr 5.72 (m, 1H), 5.04 (t,
o-1H- J =8.8 Hz, 1H), 4.98
cyclopropald -4.92 (m, 1H), 4.83 -
Ipyrrolo[1,2- 4.60 (m, 1H), 4.55 -
aJazocin-6- 4.38 (m, 2H), 4.36 -
yl)carbamoyl 4.20 (m, 2H), 4.17 -
)benzo[b]thio 4.06 (m, 1H), 2.45
phen-5- (m, 1H), 2.35 - 2.22
yDmethyl)ph (m, 2H), 2.22 - 2.07
osphonic (m, 2H), 2.04 - 1.88
acid (m, 2H), 1.79 - 1.66
(m, 1H), 1.46 - 1.34
(m, 1H), 0.99 - 0.89
(m, 1H), 0.84 (m,
1H), 0.15 - 0.02 (m,

1H)

320 (fluoro(2- % 6412 | 'H NMR (400 MHz,
(((35,6S,7aR, 0 DMSO-ds) &6 8.84 -
8aS,9aR)-3- L_/N NN 8.75 (m, 1H), 8.74 -

H o]

G-(4- S0° s %o 8.59 (m, 1H), 8.54 -
methylpyridi | |~ { OH 8.44 (m, 1H), 8.29 -
n-3- L 8.19 (m, 1H), 8.08 -
yl)azetidine- 7.93 (m, 2H), 7.59 -
1-carbonyl)- 7.45 (m, 2H), 591 -
5- 5.74 (m, 1H), 4.86 -
oxodecahydr 477 (m, 1H), 4.67 -
o-1H- 4.44 (m, 1H), 4.40 -
cyclopropald 4.28 (m, 2H), 4.26 -
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Ipyrrolo[1,2- 4.12 (m, 3H), 4.06 -
aJazocin-6- 4.00 (m, 1H), 2.35 -
yl)carbamoyl 2.29 (m, 3H), 2.28 -
)benzo[b]thio 2.15 (m, 2H), 2.12 -
phen-5- 1.98 (m, 2H), 1.94 -
yDmethyl)ph 1.79 (m, 2H), 1.76 -
osphonic 1.62 (m, 1H), 1.59 -
acid 1.46 (m, 1H), 1.39 -
1.28 (m, 1H), 1.27 -
1.17 (m, 1H), 0.82 -
0.71 (m, 1H), 0.12 -

0.00 (m, 1H)

318 (fluoro(2- 3 6572 | '"H NMR (400 MHz,
(((35,6S,7aR, ) CDs0D) 8.14 - 8.03
8a5,9aR)-3- L T o (m, 2H), 8.02 - 7.88

(3-(4- S0 S R-OH (m, 1H), 7.84 - 7.78
methoxypyri Nd[/  OH (m, 1H), 7.77 - 7.69
din-3- LS (m, 1H), 7.65 - 7.50
yl)azetidine- © (m, 1H), 7.19 - 6.92
1-carbonyl)- (m, 1H), 5.80 - 5.54
5- (m, 1H), 4.65 - 4.47
oxodecahydr (m, 2H), 4.39 (dd, J =
o-1H- 6.0, 17.2 Hz, 1H),
cyclopropald 4.34 - 423 (m, 2H),
Ipyrrolo[1,2- 422 - 415 (m, 1H),
alazocin-6- 4.09 - 401 (m, 1H),
yl)carbamoyl 3.99 (s, 2H), 3.95 -
Ybenzo[b]thio 3.87 (m, 2H), 2.41 -
phen-5- 2.24 (m, 2H), 2.21 -
yl)methyl)ph 2.08 (m, 2H), 2.04 -
osphonic 1.93 (m, 2H), 1.86 -
acid 1.74 (m, 1H), 1.46 -
1.36 (m, 1H), 1.35 -
1.17 (m, 2H), 0.92 -
0.79 (m, 1H), 0.16 (q,

J=4.8 Hz, 1H)

317 (fluoro(2- P 6282 | 'H NMR (400 MHz,
(((3S,6S,7aR, g 0 CDs0D) 6 8.78 - 8.81
8aS,9aR)-5- CN [ H _ 9 (m, 1H), 8.70 - 8.82
pyimainz- | 00 SO (31D, 755 - 765
pyrimidin-2- WJ:J OH m, ,7.53 - 7.
yDazetidine- ﬂ:N F (m, 1H), 7.28 - 7.44

1- 4 (m, 1H), 5.69 - 5.88
carbonyl)dec (m, 1H), 4.94 (d,
ahydro-1H- J=6.00 Hz, 2H), 4.79
cyclopropald ( s, 1H), 4.54 (dd,
Ipyrrolo[1,2- J=8.40, 5.60 Hz, 1H),
alazocin-6- 440 - 449 (m, 2H),
yl)carbamoyl 4.28 - 438 (m, 1H),
)benzo[b]thio 411 - 425 (m, 1H),
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phen-5- 2.10 - 2.39 (m, 3H),
yDmethyl)ph 1.92 - 2.06 (m, 2H),
osphonic 1.79 - 1.91 (m, 1H),
acid 1.64 - 1.78 (m, 1H),
1.46 (s, 1H), 1.37 (dd,
J=6.40, 2.80 Hz, 1H),
1.22 - 1.31 (m, 1H),
0.85 (dt, J=8.00, 4.00
Hz, 1H), 0.16 - 0.22

(m, 1H)

313 (fluoro(2- P 659 | 'H NMR (400 MHz,
(((35,6S,7aR, CQ o DMSO-ds) 6 8.79 (d,
8aS,9aR)-3- i ,_:N 0 NN= Q‘p- J=7.6Hz, 1H), 8.70

((R)-3-(4- _ V0 S von - 8.50 (m, 2H), 8.26
fluoropyridin | { y : (s, 1H), 8.11 - 7.94
-3- N (m, 2H), 7.53 (d, J =
yD)pyrrolidin 8.0 Hz, 1H), 7.38 (d,
e-1- J=5.6 Hz, 1H), 5.95
carbonyl)-5- - 5.72 (m, 1H), 4.83
oxodecahydr (s, 1H), 4.60 - 4.53
o-1H- (m, 1H), 4.23 - 4.14
cyclopropald (m, 2H), 391 - 3.76
Ipyrrolo[1,2- (m, 2H), 3.67 - 3.54
aJazocin-6- (m, 3H), 3.35 (d, J =
yl)carbamoyl 8.8 Hz, 1H), 2.39 -
Ybenzo[b]thio 2.21 (m, 3H), 2.16 -
phen-5- 1.93 (m, 4H), 1.92 -
yDmethyl)ph 1.81 (m, 1H), 1.73 -
osphonic 1.56 (m, 2H), 1.41 -
acid 1.13 (m, 2H), 0.77 (d,
J =4.8 Hz, 1H), 0.06

(d, J=4.8 Hz, 1H)

312 (fluoro(2- 617.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o DMSO-ds) & 8.95 -
8aR,9aR)-3- Oy W g 8.82 (m, 2H), 8.32 -
(3-(isoxazol- /goo s R~OH 8.25 (m, 1H), 8.07 -

3—. . N \ OH 7.96 (m, 2H), 7.59 -
yl)azetidine- o’N\ 7.51 (m, 1H), 6.76 -
1-carbonyl)- < 6.62 (m, 1H), 591 -

5- 5.76 (m, 1H), 4.97 -
oxodecahydr 4.85 (m, 2H), 4.62 -

o-1H- 451 (m, 2H), 4.35
cyclopropald (dd, J = 3.6, 7.6 Hz,
]pyrrolo[1,2- 1H), 4.26 (s, 1H),
alazocin-6- 4,18 (d, J = 8.8 Hz,
yl)carbamoyl 1H), 3.97 (d, ] =7.6
)benzo[b]thio Hz, 1H), 3.87 (dd,J =
phen-5- 5.6,9.4 Hz, 1H), 2.38
ylmethyl)ph -2.28 (m, 1H), 2.17 -
2.08 (m, 2H), 2.08 -
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osphonic 1.94 (m, 2H), 1.91 -
acid 1.80 (m, 2H), 1.69 -
1.59 (m, 1H), 1.42 -
1.28 (m, 1H), 0.86 -
0.76 (m, 1H), 0.72
(dd, J = 4.0, 7.6 Hz,
1H), 0.04 - -0.04 (m,
1H)
305 (fluoro(2- 628.2 | 'H NMR (400 MHz,
(((3S,6S,7aS, o CDs0D) 68.79(d,J =
8aR.9aR)-5- Ui 48 Hz 1H), 8.76 -
0x0-3-(3- FUCELINY Q 8.66 (m, 1H), 8.13 -
(pyrimidin-2- | ﬂ R oH 7.97 (m, 2H), 7.96 -
yl)azetidine- \(\;N F 7.84 (m, 1H), 7.62 -
1- 7.53 (m, 1H), 7.38 (t,
carbonyl)dec J=4.8 Hz, 1H), 591
ahydro-1H- -5.73 (m, 1H), 5.08 -
cyclopropald 4.99 (m, 2H), 4.70 -
Ipyrrolo[1,2- 4.51 (m, 2H), 4.47 -
alJazocin-6- 4.37 (m, 1H), 4.36 -
yl)carbamoyl 427 (m, 1H), 4.26 -
)benzo[b]thio 4.07 (m, 2H), 2.51 -
phen-5- 2.37 (m, 1H), 2.35 -
yDmethyl)ph 2.26 (m, 2H), 2.24 -
osphonic 2.11 (m, 2H), 2.06 -
acid 1.88 (m, 2H), 1.80 -
1.67 (m, 1H), 1.51 -
1.38 (m, 1H), 1.03 -
0.79 (m, 2H), 0.10 -
0.00 (m, 1H)
304 (fluoro(2- 631.4 | 'H NMR (400 MHz,
(((3S,6S,7aS, L/é o CDs0D) 6 8.60 - 8.51
8aR,%aR)-3- N (m, 1H), 8.03-7.85
(3-(4-methyl- N;&oo H%\:\LOH (m, 3H), 7.83 - 7.52
4H-124- | YC' OH (m, 1H), 5.75 - 5.63
triazol-3- | N F (m, 1H), 4.98 - 4.92
yl)azetidine- h (m, 1H), 4.68 - 4.66
1-carbonyl)- (m, 1H), 4.52 - 4.42
5- (m, 2H), 4.40 - 4.29
oxodecahydr (m, 1H), 4.26 - 4.03
o-1H- (m, 3H), 3.62 - 3.56
cyclopropald (m, 3H), 2.44 - 2.15
]pyrrolo[1,2- (m, 1H), 2.14 - 2.13
alazocin-6- (m, 2H), 2.10 - 1.96
yl)carbamoyl (m, 2H), 1.95 - 1.83
)benzo[b]thio (m, 2H), 1.91 - 1.68
phen-5- (m, 1H), 1.66 (dd,J =
yDmethyl)ph 4.8,7.6 Hz, 1H), 0.88
osphonic -0.86 (m, 1H), 0.86 -
acid
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0.75 (m, 1H), 0.02 - -
0.01 (m, 1H)

303 (difluoro(2- 662.9 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o DMSO-ds) 6 8.96 -
8aR,%9aR)-3- QN N 8.82 (m, 1H), 8.67 (d,

G- S % o J=10.4Hz, 1H), 8.55
fluoropyridin Q)H - 8.48 (m, 2H), 7.95
-3- N F (d, J = 8.4 Hz, 1H),
yl)azetidine- F 761 (d, J = 8.4 Hz,
1-carbonyl)- 1H), 7.35 - 7.28 (m,
5- 1H), 4.96 - 4.87 (m,
oxodecahydr 2H), 4.67 - 4.59 (m,
o-1H- 1H), 4.40 — 4.37 (m,
cyclopropald 1H), 4.35 - 4.23 (m,
Ipyrrolo[1,2- 1H), 4.23 - 4.09 (m,
z;)]az?;:inﬁ—l 2H), 4.08 - 3.94 (m,
yl)carbamoy 1H), 2.18 - 2.14 (m,
)benzo[b]thio 5H), 2.18 - 2.05 (m,
phen-5- 3H), 1.41 - 1.30 (m,
ylDmethyl)ph 1H), 0.85 - 0.67 (m,
osphonic 2H), 0.00 -0.04 (s,
acid 1H)

302 ((2- —3 683.3 | 'H NMR (400 MHz,
(((35,65,7aR, C\@ 0 CD30D) 68.11-8.01
8aS,9aR)-3- 4! NN o (m, 2H), 7.89 (d, ] =
; (3.&(1,}1.- EAO s ‘ESSH 8.4Hz, 1H),7.63(d,]
ioxidothiom N = 7.6 Hz, 1H), 5.78 -
orpholino)az o=,§(\\) " 5.58 (m, 1H), 4.94 (t,

etidine-1- © J =52 Hz, 1H), 4.59
carbonyl)-5- -4.36 (m, 2H), 4.36 -
oxodecahydr 426 (m, 2H), 4.14 -

o-1H- 4.05 (m, 1H), 3.92 -
cyclopropald 375 (m, 1H), 3.54 -
Ipyrrolo[1,2- 3.41 (m, 1H), 3.18 -
aJazocin-6- 3.07 (m, 4H), 2.90 (s,
yl)carbamoyl 4H), 2.35(d, 1 =14.8
Ybenzo[b]thio Hz, 1H), 2.29 - 2.08
phen-5- (m, 3H), 2.06 - 1.91
yl)fluoromet (m, 2H), 1.89 - 1.77
hyl)phospho (m, 1H), 1.75 - 1.62
nic acid (m, 1H), 1.52 - 1.40
(m, 1H), 1.33 - 1.21
(m, 1H), 0.87 — 0.82
(m, 1H), 0.17 (q, J =

5.2 Hz, 1H)
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301 ((2- 683.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o DMSO-ds) 6 8.85 —
8aR,9aR)-3- Y N 8.82 (m, 1H), 8.29 (s,

- - N - -
dio(jiéé{ﬁiom ~H ° 3 éﬂ; gfg; (d7595= (8n11
o=s. _J \~OH » )

orpholinojaz | ¢ ¢ O Hz, 1H), 5.93 - 5.75
etidine-1- (m, 1H), 4.97 - 4.87
carbonyl)-5- (m, 1H), 4.54 — 4.50
oxodecahydr (m, 1H), 4.34 - 4.29
o-1H- (m, 1H), 4.28 - 4.10
cyclopropald (m, 3H), 4.04 — 4.01
Ipyrrolo[1,2- (m, 1H), 3.92 - 3.79
aJazocin-6- (m, 1H), 3.70 - 3.61
yl)carbamoyl (m, 1H), 3.42 (d, J =
)benzo[b]thio 4.0Hz, 1H),3.12(d,J
phen-5- = 4.0 Hz, 3H), 2.80
yl)fluoromet (d, J = 15.6 Hz, 3H),
hyl)phospho 2.35 - 3.29 (m, 1H),
nic acid 2.17 - 1.94 (m, 4H),
1.90 - 1.76 (m, 2H),
1.68 - 1.57 (m, 1H),
1.41 - 1.21 (m, 1H),
0.84 - 0.67 (m, 2H), -
001 d, J = 44 Hz,

1H)

300 (difluoro(2- 635.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o CDs0D) 6 8.16 - 8.09
8aR,%9aR)-3- (m, 2H), 7.99 (m,
(3-(oxazol-2- 'y 9 1H), 7.87 (d,J = 19.6
yl)azetidine- R~0H Hz, 1H), 7.69 - 7.63
1-carbonyl)- ¢ n (m, 1H), 7.24 - 7.00

5- (m, 1H), 5.08 - 5.00
oxodecahydr (m, 1H), 4.56 - 4.39
o-1H- (m, 2H), 4.33 - 4.24
cyclopropald (m, 2H), 4.21 - 391
Ipyrrolo[1,2- (m, 2H), 3.68 - 3.51
alazocin-6- (m, 1H), 2.51 - 2.38
yl)carbamoyl (m, 1H), 2.34 - 2.13
Ybenzo[b]thio (m, 4H), 2.02 - 1.90
phen-5- (m, 2H), 1.78 - 1.66
yl)methyl)ph (m, 1H), 1.42 (m,
osphonic 1H), 1.00 - 0.89 (m,
acid 1H), 0.88 - 0.80 (m,
1H), 0.09 - 0.03 (m,

1H)
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299 (difluoro(2-
(((35,68,7a8,
8aR,9aR)-3-
(3-(isoxazol-
3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

635.1

'"H NMR (400 MHz,
CD30D) § 8.66 - 8.56
(m, 1H), 8.13 (d, J =
11.2 Hz, 2H), 7.99 (t,
J = 8.4 Hz, 1H), 7.66
(dd, J = 3.6, 8.0 Hz,
1H), 6.70 - 6.53 (m,
1H), 5.08 - 4.91 (m,
2H), 4.72 - 4.64 (m,
1H), 4.56 - 4.49 (m,
1H), 4.46 - 4.34 (m,
1H), 4.33 - 4.25 (m,
1H), 4.16 - 3.98 (m,
2H), 2.52 - 2.40 (m,
1H), 2.35 - 2.08 (m,
4H), 2.03 - 1.90 (m,
2H), 1.80 - 1.67 (m,
1H), 1.49 - 1.35 (m,
1H), 1.01 - 0.90 (m,
1H), 0.84 (td, J = 3.6,
7.2Hz, 1H), 0.06 (d, J
=4.8 Hz, 1H)

294 (2-
(((35,65,7aR,
8aS,9aR)-3-
(3-(4-
hydroxypyrid
in-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yD)methyl)ph
osphonic
acid

625.3

'"H NMR (400 MHz,
CDs0D) § 8.30 - 7.99
(m, 2H), 7.96 - 7.79
(m, 2H), 7.72 - 7.67
(m, 1H), 7.46 - 7.35
(m, 1H), 7.02 - 6.60
(m, 1H), 4.98 - 4.92
(m, 1H), 4.74 - 4.67
(m, 1H), 4.56 (t, J =
8.0 Hz, 1H), 4.47 -
4.28 (m, 3H), 4.18 -
4.10 (m, 1H), 4.09 -
4.00 (m, 1H), 3.28 -
3.17 (m, 2H), 2.42 -
2.33 (m, 1H), 2.31 -
2.11 (m, 3H), 2.05 -
1.81 (m, 3H), 1.73 -
1.54 (m, 1H), 1.50 -
1.39 (m, 1H), 1.34 -
1.28 (m, 1H), 0.93 -
0.83 (m, 1H), 0.23 -
0.16 (m, 1H)

293 (fluoro(2-
(((3S,6S,7aR,
8aS,9aR)-3-
(3-4-
hydroxypyrid
in-3-

643.3

'"H NMR (400 MHz,
CD;0D) § 8.35 - 8.03
(m, 2H), 7.99 - 7.73
(m, 2H), 7.69 - 7.38
(m, 3H), 5.88 - 5.59
(m, 1H), 4.76 (t, J =
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yl)azetidine- 9.2 Hz, 2H), 4.61 -
1-carbonyl)- 4.54 (m, 1H), 4.46 -

5- 4.40 (m, 1H), 4.39 -
oxodecahydr 4.29 (m, 2H), 4.24 -
o-1H- 4.12 (m, 1H), 4.06 -
cyclopropald 395 (m, 1H), 2.47 -
Ipyrrolo[1,2- 2.35 (m, 1H), 2.27 -
alJazocin-6- 2.18 (m, 2H), 2.07 -
yl)carbamoyl 1.88 (m, 3H), 1.52 -
)benzo[b]thio 1.36 (m, 2H), 1.36 -
phen-5- 1.26 (m, 2H), 0.95 -
ylmethyl)ph 0.87 (m, 1H), 0.26 -
osphonic 0.07 (m, 1H)
acid

288 ((2- } 6342 | 'H NMR (400 MHz,
(((35,6S,7aS, CN 5 DMSO-ds) & 9.00 -
8aR,9aR)-3- ; N 8.86 (m, 1H), 8.32 (d,

(3-(1H- NN T J=3.6 Hz, 1H), 8.14
pyrazol-4- HNﬁ/Q QpoH - 8.02 (m, 2H), 7.860
yDazetidine- | N £ " - 7.846 (m, J = 1.8,
1-carbonyl)- 7.2 Hz, 1H), 7.63 -
5- 7.52 (m, 2H), 6.28 (d,
oxodecahydr J =5.9 Hz, 1H), 5.39
o-1H- -5.13 (m, 1H), 4.98 -
cyclopropald 491 (m, 1H), 4.80 -
Ipyrrolo[1,2- 4.55 (m, 1H), 4.48 -
alazocin-6- 4.29 (m, 2H), 4.26 -
yl)carbamoyl 4.12 (m, 2H), 4.175 -
Ybenzo[b]thio 4.086 (m,J=5.0,9.6
phen-5- Hz, 1H), 2.39 - 2.28
yl)difluorom (m, 1H), 2.22 - 1.99
ethyl)phosph (m, 4H), 1.94 - 1.77
onic acid (m, 2H), 1.73 - 1.56
(m, 1H), 1.43 - 1.30
(m, 1H), 0.87 - 0.66
(m, 2H), 0.08 - -0.05

(m, 1H)

286 (difluoro(2- } 651.1 | 'H NMR (400 MHz,
(((35,68.7a8, C\N;j o CD30D) 6 8.08 - 8.17
8aR,9aR)-5- _ " (m, 2H), 7.98 (dd,

o0x0-3-(3- N/i%oo ”ﬁ%\ﬂ J=13.60, 8.40 Hz,
(thiazol-2- NYQ Q0 1H), 7.64 - 7.81 (m,
yDazetidine- | 4 K ot 2H), 7.50 - 7.58 (m,
1- 1H), 4.99 - 5.08 (m,
carbonyl)dec 2H), 4.79 (s, 1H),
ahydro-1H- 4.52 - 458 (m, 1H),
cyclopropald 442 - 450 (m, 1H),
Ipyrrolo[1,2- 424 - 436 (m, 2H),
alazocin-6- 4.07 - 419 (m, 1H),
ylcarbamoyl 240 - 2.53 (m, 1H),

373
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Ybenzo[b]thio 2.15 - 2.33 (m, 4H),
phen-5- 1.89 - 2.08 (m, 2H),
yl)methyl)ph 1.74 (m, 1H), 1.23 -
osphonic 1.48 (m, 1H), 0.77 -
acid 1.03 (m, 2H), -0.02 -
0.15 (m, 1H)

282 (difluoro(2- 648 '"H NMR (400 MHz,
(((3S,6S,7a8S, &N o CDs0D) 6 8.18 - 8.13
8aR,9aR)-3- Y N (m, 2H), 8.01 (d, J =
(3-(1-methyl- ¢ T 8.4 Hz, 1H), 7.70 -
1H-pyrazol- \N\/:’/C/ 7.64 (m, 2H), 7.54 (d,

4- N J=16.4Hz, 1H), 5.06
yl)azetidine- - 5.02 (m, 1H), 491
1-carbonyl)- (s, 1H), 4.61 - 4.49

5- (m, 2H), 4.39 - 4.26
oxodecahydr (m, 2H), 3.90 - 3.77

o-1H- (m, 5H), 2.51 - 2.41
cyclopropald (m, 1H), 2.34 - 2.11
Ipyrrolo[1,2- (m, 4H), 2.02 - 1.93
aJazocin-6- (m, 2H), 1.79 - 1.69
yl)carbamoyl (m, 1H), 1.45 — 1.42
)benzo[b]thio (m, 1H), 1.02 - 0.91
phen-5- (m, 1H), 0.87 — 0.82
yDmethyl)ph (m, 1H), 0.09 - 0.05
osphonic (m, 1H)
acid

280 (fluoro(2- 641.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o DMSO-ds) & 8.91 -
8aR,9aR)-3- N 8.79 (m, 1H), 8.59 -

(3-(4- e Q 8.49 (m, 1H), 8.35 -
methylpyridi 8.20 (m, 2H), 8.03 -
n-3- 7.88 (m, 2H), 7.52 -
yl)azetidine- 7.44 (m, 1H), 7.20 —
1-carbonyl)- 7.17 (m, 1H), 5.72 -
5- 5.52 (m, 1H), 4.96 -
oxodecahydr 4,90 (m, 1H), 4.62 (d,
o-1H- J=8.0 Hz, 1H), 4.42
cyclopropald —4.39 (m, 1H), 4.35 -
Ipyrrolo[1,2- 427 (m, 1H), 4.24 -
alazocin-6- 4.13 (m, 2H), 4.11 -
yl)carbamoyl 3.96 (m, 2H), 2.35 -
Ybenzo[b]thio 2.29 (m, 1H), 2.19 (s,
phen-5- 3H), 2.17 - 2.05 (m,
yl)methyl)ph 3H), 2.05 - 1.96 (m,
osphonic 1H), 1.91 - 1.78 (m,
acid 2H), 1.69 - 1.58 (m,
1H), 1.37 (d, J = 24
Hz, 1H), 0.86 - 0.67
(m, 2H), 0.03 - -0.04

(m, 1H)

374




WO 2023/192960

PCT/US2023/065171

277 ((2- 6232 | ' H NMR (400 MHz,
(((3S,6S,7a8S, " o DMSO-ds) & 8.88 -
8aR,9aR)-3- LN A . 8.74 (m, 1H), 8.58 -

(3-(4- o N/:*oo H \;,\‘OH 8.48 (m, 1H), 8.36 -
methylpyridi OH 8.29 (m, 1H), 8.18 (d,
n-3- N@(D J1=16.6 Hz, 1H),7.89
yl)azetidine- -7.82 (m, 1H), 7.80 -
1-carbonyl)- 7.68 (m, 1H), 7.37 -
5- 7.29 (m, 1H), 7.21 -
oxodecahydr 7.15 (m, 1H), 4.96 -
o-1H- 4.87 (m, 1H), 4.62 (d,
cyclopropald J=7.6 Hz, 1H), 4.43
Ipyrrolo[1,2- -4.37 (m, 1H), 4.35 -
alazocin-6- 426 (m, 1H), 4.24 -
yl)carbamoyl 4.13 (m, 2H), 4.07 (d,
)benzo[b]thio J =7.6 Hz, 1H), 4.02
phen-5- -3.96 (m, 1H), 3.02 -
yl)methyl)ph 2.96 (m, 2H), 2.36 -
osphonic 2.29 (m, 1H), 2.19 (s,
acid 3H), 2.11 (d, J = 5.2
Hz, 2H), 2.00 (d, ] =
8.0 Hz, 1H), 1.91 -
1.77 (m, 2H), 1.69 -
1.57 (m, 1H), 1.41 -
1.32 (m, 1H), 1.23 (d,
J = 6.4 Hz, 1H), 0.86
- 0.66 (m, 2H), 0.07 -

-0.05 (m, 1H)

272 (fluoro(2- 657 '"H NMR (400 MHz,
(((3S,6S,7a8S, Cj o DMSO-ds) 6 8.85 —
8aR,9aR)-3- L:/N N 8.82 (m, 1H), 8.57 -

(3-(4- o° H 'y o] 8.44 (m, 2H), 8.27 (d,
methoxypyri | \# R-oH J=18.8 Hz, 1H), 8.06
din-3- P F -7.94 (m, 2H), 7.59 -
yl)azetidine- 749 (m, 1H), 7.32 -
1-carbonyl)- 7.20 (m, 1H), 5.90 -
5- 5.73 (m, 1H), 4.98 -
oxodecahydr 4.89 (m, 1H), 4.55 (d,
o-1H- J=17.2Hz, 1H), 4.39
cyclopropald -4.26 (m, 2H), 4.22 -
Ipyrrolo[1,2- 4.11 (m, 2H), 4.05 -
alJazocin-6- 3.92 (m, 5H), 2.37 -
yl)carbamoyl 2.29 (m, 1H), 2.17 -
)benzo[b]thio 1.97 (m, 4H), 1.92 -
phen-5- 1.79 (m, 2H), 1.71 -
yDmethyl)ph 1.56 (m, 1H), 1.44 -
osphonic 1.29 (m, 1H), 0.86 -
acid 0.67 (m, 2H), 0.04 - -

0.03 (m, 1H)
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267 (fluoro(2- G 6742 | '"H NMR (400 MHz,
(((3S,6S,7aR, C\N DMSO-ds) & 8.76 (d,
8aS,9aR)-3- i . 9 J=17.6 Hz, 1H), 8.45
(((35.48)-4- HYNG © TN (d. J = 6.8 Hz, 1H),

ﬂu(?(rlg—l— NO‘F S 0 8.22 (s, 1H), 8.01 -
(pyri 1n3 a Pon 7.96 (m, 2H), 7.96 -
yDpyrrolidin- | \_ g OH 7.86 (m, 2H), 7.49 (d,
3- N J = 8.4 Hz, 1H), 7.20
yl)carbamoyl - 7.17 (m, 1H), 6.98
)-5- (d, J = 8.0 Hz, 1H),
oxodecahydr 5.75 - 5.60 (m, 1H),
o-1H- 5.19 - 5.03 (m, 1H),
cyclopropald 4.81 (d, J = 6.8 Hz,
Ipyrrolo[1,2- 1H), 4.45 - 4.37 (m,
alazocin-6- 1H), 4.27 - 4.13 (m,
yl)carbamoyl 3H), 3.67 (d, J = 3.2
)benzo[b]thio Hz, 2H), 3.26 (d, J =
phen-5- 10.4 Hz, 2H), 2.13 -
yDmethyl)ph 1.98 (m, 4H), 1.93 -
osphonic 1.81 (m, 2H), 1.72 -
acid 1.55 (m, 2H), 1.39 -
1.29 (m, 1H), 1.26 -
1.16 (m, 1H), 0.81 -
0.74 (m, 1H), 0.11 -

0.03 (m, 1H)

266 ((2- 655 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o CDs0OD) &6 8.87 -
8aR,9aR)-3- (N A 8.63 (m, 1H), 8.53 -

(3-(4.- ' o 4 O\'\D\‘OH 8.29 (m, 1H), 8.03 -
ethylpyridin- | OH 7.89 (m, 2H), 7.88 -
3- ") i 7.66 (m, 2H), 7.64 -
yl)azetidine- 7.52 (m, 1H), 5.87 -
1-carbonyl)- 5.69 (m, 1H), 5.12 -
5- 496 (m, 2H), 4.80 -
oxodecahydr 4.70 (m, 1H), 4.63 -
o-1H- 4.50 (m, 1H), 4.46 -
cyclopropald 4.26 (m, 3H), 4.11 (s,
Ipyrrolo[1,2- 1H), 2.86 - 2.70 (m,
zll]azobcin-6-1 2H), 2.55 - 2.42 (m,
yl)carbamoy 1H), 2.36 - 2.10 (m,
)benzo[b]thio 4H), 2.05 - 1.92 (m,
phen-5- 2H), 1.81 - 1.69 (m,
yl)fluoromet 1H), 1.48 - 1.36 (m,
hyl)phospho 1H), 1.31 - 1.19 (m,
nic acid 3H), 1.01 - 0.79 (m,
2H), 0.12 - 0.04 (m,

1H)
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265 ((2- 639.1 | 'H NMR (400 MHz,
(((35,65,7aS, o DMSO-ds) 6 8.80 -
8aR,9aR)-3- O e S 8.59 (m, 3H), 8.24 -

(3-(4- J G ®on 8.16 (m, 1H), 7.98 -
methoxypyri ! OH 7.87 (m, 1H), 7.86 -
din-3- Nl‘ y 7.76 (m, 1H), 7.55 —
yl)azetidine- 7.49 (m, 1H), 7.43 -
1-carbonyl)- 7.33 (m, 1H), 4.98 -
5- 4.79 (m, 2H), 4.56 (d,
oxodecahydr J=8.4 Hz, 1H), 4.39
o-1H- -4.29 (m, 2H), 4.22 -
cyclopropald 4.14 (m, 2H), 4.08 -
Ipyrrolo[1,2- 4.03 (m, 4H), 3.13 -
alazocin-6- 3.06 (m, 2H), 2.36 -
yl)carbamoyl 2.27 (m, 1H), 2.15 (d,
)benzo[b]thio J=3.2 Hz, 1H), 2.08
phen-5- (s, 2H), 1.91 - 1.79
yl)methyl)ph (m, 2H), 1.68 - 1.59
osphonic (m, 1H), 1.41 - 1.31
acid (m, 1H), 1.35 - 1.23
(m, 1H), 0.85 - 0.70
(m, 2H), 0.03 - -0.03

(m, 1H)

262 (fluoro(2- 645.1 | 'H NMR (400 MHz,
(((35,6S.7a8, o DMSO-d6) 6 9.03 -
8aR,9aR)-3- CN WA _ 8.76 (m, 1H), 8.73 -

(3-(4-. ‘ N,goo Aol Qﬁ\ 8.61 (m, 1H), 8.58 -
fluoropyridin | Wt 8.46 (m, 1H), 8.37 -
-3- "] F 821 (m, 1H), 8.12 -
yl)azetidine- 7.92 (m, 2H), 7.64 -
1-carbonyl)- 745 (m, 1H), 7.32
5- (dt, J = 5.6, 10.4 Hz,
oxodecahydr 1H), 5.94 - 5.64 (m,
o-1H- 1H), 5.02 - 4.82 (m,
cyclopropald 1H), 4.62 (d, J = 8.0
Ipyrrolo[1,2- Hz, 1H), 4.44 - 3.98
aJazocin-6- (m, 5H), 2.37 - 2.28
yl)carbamoyl (m, 1H), 2.21 - 1.94
Ybenzo[b]thio (m, 4H), 1.92 - 1.78
phen-5- (m, 2H), 1.73 - 1.57
yl)methyl)ph (m, 1H), 1.44 - 1.29
osphonic (m, 1H), 1.28 - 1.17
acid (m, 1H), 0.90 - 0.61
(m, 2H), -0.01 (d, J =

4.0 Hz, 1H)
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254 ((2- 639.1 | 'H NMR (400 MHz,
(((35.68,7aR, C CD;0D) §8.04 (d,J =
8aS,9aR)-3- : 7 0 17.6 Hz, 2H), 7.94 (d,
(((35,49)-1- HN"Np O HN J =8.4 Hz, 1H), 7.63
acetyl-4- F d -7.56 (m, 1H), 5.94 -
fluoropyrroli \‘(D_ 0 5.67 (m, 1H), 5.18 -
din-3- o) ~oH 497 (m, 1H), 4.97 -
yl)carbamoyl Fo 4.93 (m, 1H), 4.53 -
)-5- 4.36 (m, 1H), 4.36 -
oxodecahydr 428 (m, 2H), 3.93 -
o-1H- 3.82 (m, 1H), 3.78 -
cyclopropald 3.58 (m, 3H), 2.42 -
Ipyrrolo[1,2- 2.30 (m, 1H), 2.26 -
alazocin-6- 2.11 (m, 3H), 2.08 (d,
yl)carbamoyl J = 6.0 Hz, 3H), 2.03
)benzo[b]thio - 1.90 (m, 2H), 1.89 -
phen-5- 1.80 (m, 1H), 1.80 -
yl)fluoromet 1.69 (m, 1H), 1.53 -
hyl)phospho 1.40 (m, 1H), 1.34 -
nic acid 1.23 (m, 1H), 0.91 -
0.81 (m, 1H), 0.26 -

0.15 (m, 1H)

253 ((2- 656.1 | 'H NMR (400 MHz,
(((35,6S,7aR, @ . DMSO-ds) & 8.69 (d,
8aS,9aR)-3- " J=7.2Hz, 1H), 8.44
(((35.45)4- N © NN (d, J = 6.8 Hz, 1H),

fluoro-1- O—-F S o 8.16 - 8.13 (m, 2H),
(pyridin-3- N Beon 8.08 (d, J = 5.2 Hz,
yDpyrrolidin- | ¢ OH 1H), 7.90 (d, J = 8.2
3- N Hz, 1H), 7.79 (s, 1H),
yl)carbamoyl 7.68 (d, J = 5.2 Hz,
)-5- 1H), 7.59 ( s, 1H),
oxodecahydr 7.36 (d, J = 8.2 Hz,
o-1H- 1H), 5.27 - 5.10 (m,
cyclopropald IH), 4.79 (t, J = 5.6
Ipyrrolo[1,2- Hz, 1H), 4.49 - 4.40
aJazocin-6- (m, 1H), 4.19 (d, J =
yl)carbamoyl 8.0 Hz, 2H), 3.78 -
Ybenzo[b]thio 3.61 (m, 4H), 3.37 (d,
phen-5- J=10.8Hz, 1H), 3.14
yl)methyl)ph -3.05 (m, 2H), 2.28 —
osphonic 2.24 (m, 1H), 2.14 -
acid 1.97 (m, 4H), 1.93 -
1.81 (m, 2H), 1.71 -
1.66 (m, 1H), 1.64 -
1.54 (m, 1H), 1.38 -
1.15 (m, 3H), 0.80 -
0.75 (m, 1H), 0.04-

0.03 (m, 1H)
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252 ((2- 637.1 | '"H NMR (400 MHz,
(((3S,6S,7a8S, .(\3 o CDs0OD) &6 8.86 -
8aR 9aR)-3- LN 8.74 (m, 1H), 8.54 -

(3-(4- 0 ° H I Q 8.48 (m, 1H), 7.99 (d,
ethylpyridin- | |~ l FSSH J=3.6 Hz, 1H), 7.79
3- < (d,J =8.4 Hz, 3H),
yl)azetidine- 745 - 7.38 (m, 1H),
1-carbonyl)- 5.10 - 4.97 (m, 1H),
5- 4.86 - 4.68 (m, 2H),
oxodecahydr 4.57 - 451 (m, 1H),
o-1H- 446 - 426 (m, 3H),
cyclopropald 4.14 - 4.08 (m, 1H),
Ipyrrolo[1,2- 3.27 - 3.17 (m, 2H),
alazocin-6- 2.85 - 275 (m, 2H),
yl)carbamoyl 2.52 - 2.40 (m, 1H),
)benzo[b]thio 2.35 - 2.11 (m, 4H),
phen-5- 2.06 - 1.93 (m, 2H),
yDmethyl)ph 1.80 - 1.70 (m, 1H),
osphonic 1.48 - 1.36 (m, 1H),
acid 1.33 - 1.23 (m, 3H),
1.00 - 0.81 (m, 2H),

0.12 - 0.05 (m, 1H)

250 ((2- NG 627 | 'H NMR (400 MHz,
(((35,6S.7aR, C ° CDs0D) § 8.89 - 8.70
8aS,9aR)-3- 4 g (m, 1H), 8.60 (q, J =

(3-(4- 0 T 9 6.4 Hz, 1H), 8.01 (d,J
fluoropyridin | \~» \ P\o‘]_C|>H =11.2Hz, 1H), 7.88 -
-3- x 7.79 (m, 2H), 7.51 -
yl)azetidine- 7.38 (m, 2H), 4.97 -
1-carbonyl)- 4.89 (m, 2H), 4.75 -
5- 4.64 (m, 1H), 4.52 -
oxodecahydr 4.44 (m, 1H), 4.44 -
o-1H- 4.39 (m, 1H), 4.36 -
cyclopropald 429 (m, 1H), 4.28 -
Ipyrrolo[1,2- 4.11 (m, 2H), 3.29 -
alazocin-6- 3.25 (m, 1H), 3.24 -
yl)carbamoyl 3.19 (m, 1H), 2.40 -
Ybenzo[b]thio 2.31 (m, 1H), 2.30 -
phen-5- 2.23 (m, 1H), 2.22 -
yl)methyl)ph 2.11 (m, 2H), 2.05 -
osphonic 1.93 (m, 2H), 1.92 -
acid 1.80 (m, 1H), 1.77 -
1.64 (m, 1H), 1.51 -
1.40 (m, 1H), 1.34 -
1.23 (m, 1H), 0.86
(dt, J = 4.8, 8.0 Hz,
1H), 0.18 (q, J = 4.8

Hz, 1H)
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248 (fluoro(2- < 645 | 'H NMR (400 MHz,
(((35,6S,7aR, C"‘p o DMSO-ds) & 8.84
8aS,9aR)-3- ; N (dd, J =7.6, 13.2 Hz,

(3-(4- NSo ; 'y Q 1H), 8.71 (d,J = 10.0
fluoropyridin | - oM Hz, 1H), 8.62 - 8.51
-3- N F F (m, 1H), 8.26 (d, J =
yl)azetidine- 12.8 Hz, 1H), 8.08 -
1-carbonyl)- 8.02 (m, 1H), 8.00 -
5- 7.97 (m, 1H), 7.58 -
oxodecahydr 7.51 (m, 1H), 7.39
o-1H- (ddd, J = 6.0, 104,
cyclopropald 18.4 Hz, 1H), 591 -
Ipyrrolo[1,2- 5.77 (m, 1H), 4.82 (s,
alazocin-6- 1H), 4.65 - 4.47 (m,
yl)carbamoyl 1H), 4.40 - 4.28 (m,
)benzo[b]thio 2H), 4.27 - 4.15 (m,
phen-5- 2H), 4.14 - 3.98 (m,
yl)methyl)ph 2H), 2.29 - 2.16 (m,
osphonic 2H), 2.11 - 1.97 (m,
acid 2H), 1.95 - 1.82 (m,
2H), 1.74 - 1.61 (m,
1H), 1.59 - 1.46 (m,
1H), 1.38 - 1.27 (m,
1H), 1.26 - 1.14 (m,
1H), 0.80 - 0.72 (m,
1H), 0.05 (d, ] = 4.8

Hz, 1H)

247 ((2- 627.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, CDs0D) 6 8.70 - 8.93
8aR,9aR)-3- C_\N £y ¢ (m, 1H) 8.63 (m, 1H)

(3-(4- o T 8.04 (d,J=12.0 Hz,
fluoropyridin | .~ R~oH 1H) 7.78 - 7.87 (m,
-3- . OH 2H) 737 - 7.54 (m,
yl)azetidine- 2H) 4.99 - 5.05 (m,
1-carbonyl)- 1H) 4.73 (s, 1H) 4.06
5- - 4.64 (m, 6H) 3.21 -
oxodecahydr 3.28 (m, 2H) 2.13 (s,
o-1H- 5H) 1.89 - 2.06 (m,
cyclopropald 2H) 1.66 - 1.82 (m,
]pyrrolo[1,2- 1H) 1.31 - 1.52 (m,
alazocin-6- 1H) 0.80 - 1.02 (m,
yl)carbamoyl 2H) 0.01 - 0.12 (m,
)benzo[b]thio 1H)
phen-5-
yDmethyl)ph
osphonic
acid
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244 ((2- 6212 | 'H NMR (400 MHz,
(((38,6S,7aR, </’N CD;0D) & 8.00 (s,
8aS,9aR)-3- h A 1H), 7.89 - 7.78 (m,
(((35.,4S)-1- NN O PV 2H), 7.43 (d, J = 8.4

acetyl-4- F s Hz, 1H), 5.17 - 4.96
fluoropyrroli \\{NO‘ li.’ (m, 1H), 494 (t, J =
din-3- CIJI\-|OH 4.4 Hz, 1H), 4.49 -
yl)carbamoyl 4.37 (m, 1H), 4.36 -
)-5- 4.28 (m, 2H), 3.92 -
oxodecahydr 3.82 (m, 1H), 3.79 -
o-1H- 3.71 (m, 1H), 3.71 -
cyclopropald 3.58 (m, 2H), 3.28 (s,
Ipyrrolo[1,2- 1H), 3.23 (s, 1H),
alazocin-6- 242 - 228 (m, 1H),
yl)carbamoyl 224 - 2.11 (m, 3H),
)benzo[b]thio 2.08 (d, ] = 6.4 Hz,
phen-5- 3H), 2.00 - 1.90 (m,
yl)methyl)ph 2H), 1.89 - 1.80 (m,
osphonic 1H), 1.79 - 1.68 (m,
acid 1H), 1.52 - 1.40 (m,
1H), 1.36 - 1.24 (m,
1H), 0.90 - 0.81 (m,
1H), 0.25 - 0.17 (m,

1H)

428 {(S)-(2- 707.2 | 1H NMR (400 MHz,
(((35,68.7a8, </N o DMSO-d6) 6 8.40 -
8aR,%9aR)-3- & ) kS 8.27 (m, 1H), 8.23 -

(3—(4—(3—. s N"So = 8.10 (m, 1H), 8.05 (s,
cyanoazetidi | {__ Q 1H), 7.88 - 7.83 (m,
e N o 753 @ J = 84 T
yl)pyridin-3- N . , J = 8.4 Hz,
yl)azetidine- 1H), 6.58 - 6.35 (m,
1-carbonyl)- 1H), 5.84 - 5.61 (m,
5- 1H), 4.96 - 4.88 (m,
oxodecahydr 1H), 4.75 - 4.65 (m,
o-1H- 1H), 4.56 (d, J = 4.0
cyclopropald Hz, 1H), 4.50 (d, J =
Ipyrrolo[1,2- 3.2 Hz, 2H), 4.46 -
alJazocin-6- 4.39 (m, 2H), 4.35 -
yl)carbamoyl 4.30 (m, 1H), 4.25 -
)benzo[b]thio 4.17 (m, 2H), 4.15 (s,
phen-5- 1H), 3.90 (s, 2H),
yl)fluoromet 2.15 - 2.10 (m, 2H),
hyl)phospho 1.97 -1.95 (m, 1H),
nic acid 1.86 — 1.84 (m, 2H),
1.75 - 1.57 (m, 2H),
143 (d, J = 7.2 Hz,
1H), 1.23 (s, 2H),
0.74 — 0.73 (m, 1H),

0.03 - 0.01 (m, 1H)
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427 «(S)- 680.1 | 1 HNMR (400 MHz,
f;gog(g-s QN ). DMSO-ds) & 9.17 -
SR 9u 3. | =L & 1 824 (. 1D, 5.5 -
3 s N / = . (ma )’ . -
(3-(1-methyl- — S o 7.85 (m, 2H), 7.56 (d,
1H- = ,':",\OH J =2.8 Hz, 4H), 6.74
pyrrolo[3,2- i OH -6.47 (m, 1H), 5.78 -
c]pyridin-7- 5.51 (m, 1H), 4.97 -
yl)azetidine- 4.85 (m, 2H), 4.82 -
1-carbonyl)- 4.67 (m, 1H), 4.61 (d,
5- J =1.2 Hz, 1H), 4.51
oxodecahydr - 441 (m, 1H), 4.29
o-1H- (t, J = 8.8 Hz, 1H),
cyclopropald 4.20 - 4.06 (m, 2H),
Ipyrrolo[1,2- 3.93 (s, 3H), 3.78 (s,
?)]azolfin—&l 2H), 2.23 - 2.11 (m,
yl)carbamoy 3H), 2.04 - 1.96 (m,
Ybenzo[b]thio 1H), 1.94 - 1.86 (m,
phen-5- 1H), 1.85 - 1.78 (m,
yDmethyl)ph 1H), 1.72 - 1.59 (m,
osphonic 1H), 1.51 - 1.35 (m,
acid 1H), 1.32 - 1.23 (m,
1H), 0.91 - 0.69 (m,
2H), 0.04 - -0.05 (m,

1H)
425 «(S)- 7444 | 1H NMR (400 MHz,
fluoro(2- </N CD30D) 6 8.33-7.96
(((3S,6S,7a8S, & ) o P (m, 1H), 7.95 - 7.88
8aR,9aR)-3- |\~ N"So (m, 1H), 7.81 - 7.67
3-(4-(3- > s O (m, 3H), 7.63 - 7.31
fluoro-3- N R~om (m, 1H), 6.13 (d, J =
(methoxymet ﬂ‘?\o\ P " 72 Hz, 1H), 5.78 -
hyl)azetidin- 5.61 (m, 1H), 5.00 (t,
1-yDpyridin- J=9.2Hz, 1H), 4.72
3- -4.59 (m, 2H), 4.54 -
yl)azetidine- 4.42 (m, 3H), 4.33 -
1-carbonyl)- 4.31 (m, 1H), 4.29 -
5- 4.27 (m, 1H), 4.18 -
oxodecahydr 3.94 (m, 3H), 3.79 -
o-1H- 3.69 (m, 2H), 3.45 (s,
cyclopropald 1H), 3.28 (s, 3H),
Ipyrrolo[1,2- 2.58 - 244 (m, 1H),
zf)]azolfin—&l 241 - 2.34 (m, 1H),
yl)carbamoy 2.33 - 2.26 (m, 1H),
Ybenzo[b]thio 223 - 2.18 (m, 1H),
phen-5- 2.10 - 2.01 (m, 1H),
yDmethyl)ph 2.00 - 1.88 (m, 2H),

382




WO 2023/192960

PCT/US2023/065171

osphonic
acid

1.81 - 1.71 (m, 1H),
1.56 - 1.38 (m, 1H),
1.00 - 0.85 (m, 2H),
0.12 - 0.06 (m, 1H)

422

((S)-
fluoro(2-
(((35,6S,7a8,
8aR,9aR)-3-
(3-(4-((R)-3-
methoxypyrr
olidin-1-
yD)pyridin-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

1H NMR (400 MHz,
CD30D) 6 8.22-7.93
(m, 1H), 7.93 - 7.85
(m, 2H), 7.81 — 7.74
(m, 1H), 7.69 - 7.59
(m, 1H), 7.54 - 7.37
(m, 1H), 6.75 - 6.40
(m, 1H), 5.68 - 5.53
(m, 1H), 4.98 - 4.83
(m, 2H), 4.66 - 4.52
(m, 2H), 4.44 — 4.41
(m, 1H), 4.31 - 4.21
(m, 2H), 4.04 - 3.92
(m, 2H), 3.71 - 3.61
(m, 1H), 3.53 - 3.47
(m, 2H), 3.44 - 3.40
(m, 1H), 3.28 — 3.26
(s, 2H), 3.15 (s, 1H),
2.45 - 2.35 (m, 1H),
2.28 — 2.19 (m, 2H),
2.16 - 2.10 (m, 2H),
2.05 - 1.95 (m, 2H),
1.92 - 1.85 (m, 2H),
1.70 - 1.62 (m, 1H),
1.38 - 1.28 (m, 1H),
0.90 - 0.75 (m, 2H),
0.03-0.02 (m, 1H)

421

((S)-2-
(((35,68.7a8,
8aR,%9aR)-3-
(3-(4-
(azetidin-1-
yD)pyridin-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-

1H NMR (400 MHz,
CD:0OD) § 8.14 (s,
1H), 8.02 - 7.90 (m,
1H), 7.87 - 7.82 (m,
1H), 7.78 - 7.65 (m,
2H), 7.62 - 7.36 (m,
1H), 6.27 - 6.00 (m,
1H), 5.77 - 5.55 (m,
1H), 5.07 - 4.97 (m,
1H), 4.82 - 471 (m,
1H), 4.66 - 4.44 (m,
2H), 4.38 - 4.20 (m,
6H), 4.09 - 3.96 (m,
2H), 2.56 - 2.25 (m,
SH), 2.23 - 2.14 (m,
1H), 2.09 - 1.86 (m,
3H), 1.83 - 1.67 (m,
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yDfluoromet 1H), 1.55 - 1.34 (m,
hyl)phospho 1H), 1.03 - 0.79 (m,

nic acid 2H), 0.15 - 0.10 (m,
1H)

420 (S)-(2- 671.1 | 1H NMR (400 MHz,
(((3S,6S,7a8S, </N CDs0D) 6 8.41 - 8.23
8aR,9aR)-3- T N P (m, 2H), 8.04 - 7.88

(4- R
3-4 e N"So = (m, 2H), 7.86 - 7.74
ethoxypyridi | &_ | Q (m, 1H), 7.61 (dd, J =
n-3- o < OH 8.8, 20.0 Hz, 1H),
yl)azetidine- 7.18 - 7.10 (m, 1H),
1-carbonyl)- 5.77 - 5.56 (m, 1H),
5- 5.07 - 4.92 (m, 1H),
oxodecahydr 476 - 4.63 (m, 1H),
o-1H- 4.54 - 452 (m, 1H),
cyclopropald 446 - 435 (m, 1H),
]pyrrol(?[l,2— 4.35 - 4.23 (m, 3H),
z;)]azolfln—&l 422 - 401 (m, 3H),
yl)carbamoy 2.54 - 2.37 (m, 1H),
)benzo[b]thio 2.36 - 2.10 (m, 4H),
phen-5- 2.05 - 1.88 (m, 2H),
yDfluoromet 1.81 - 1.68 (m, 1H),
hyl)phospho 1.50 - 1.35 (m, 4H),
nic acid 1.02 - 0.79 (m, 2H),

0.12-0.02 (m, 1H)
411 ((R)- 726.5 | 1H NMR (400 MHz,
fggoro(Z— A/N o CDs0D) 6 8.31-7.93
(((3S,6S,7a8S, - Y (m, 3H), 7.93 - 7.44
8aR,9aR)-3- NS0 M 'y ) (m, 3H), 6.93 - 6.56
(3-(4-((S)-2- NS R~oH (m, 1H), 5.81 - 5.55
(methoxymet |~y OH (m, 1H), 5.00 (t, ] =
hyl)azetidin- o _)j 8.8 Hz, 1H), 4.82 -
1-yl)pyridin- / 4.66 (m, 3H), 4.65 -
3- 4.50 (m, 2H), 4.39 -
yl)azetidine- 4.32 (m, 1H), 4.31 -
1-carbonyl)- 426 (m, 1H), 4.14 -
5- 3.93 (m, 3H), 3.71 -
oxodecahydr 3.55 (m, 2H), 3.36 (s,
o-1H- 3H), 2.58 - 2.40 (m,
cyclopropald 2H), 2.33 - 2.28 (m,
]pyrrolo[1,2- 1H), 2.26 - 2.11 (m,
z;)]azol;:in—6—l 3H), 2.10 - 1.89 (m,
yl)carbamoy 3H), 1.79 - 1.68 (m,
)benzo[b]thio 1H), 1.46 - 1.30 (m,
phen-5- 1H), 0.99 - 0.79 (m,
yl)rne}tlhyl.)ph 2H), 0.10 - 0.06 (m,
osphonic 1H)
acid
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410 «(S)- 726.5 | 1H NMR (400 MHz,
fluoro(2- </N . CD30D) 6 8.29 - 7.94
(((3S,6S,7a8S, : " (m, 3H), 7.92 - 7.60
8aR,9aR)-3- Q/O')\\oo T (m, 3H), 6.95 - 6.58
(3-(4-((5)-2- | =\ ® 9 (m, 1H), 5.76 - 5.56
(methoxymet o\):] y Z;PH (m, 1H), 5.00 (t, J =
hylazetidin- | 7 F 8.8 Hz, 1H), 4.77 -
1-yDpyridin- 4.60 (m, 3H), 4.58 -
3- 4.45 (m, 2H), 4.43 -
yl)azetidine- 4.35 (m, 1H), 4.30 (d,
1-carbonyl)- J =8.4 Hz, 1H), 4.13
5- -3.92 (m, 3H), 3.72 -
oxodecahydr 3.59 (m, 2H), 3.35 (d,
o-1H- J=12.4Hz, 3H), 2.58
cyclopropald - 242 (m, 2H), 2.30
Ipyrrolo[1,2- (d, ] = 16.8 Hz, 1H),
alJazocin-6- 2.26 - 2.14 (m, 3H),
yl)carbamoyl 2.11 - 1.92 (m, 3H),
)benzo[b]thio 1.78 - 1.72 (m, 1H),
phen-5- 1.42 - 1.30 (m, 1H),
yDmethyl)ph 0.98 - 0.82 (m, 2H),
osphonic 0.15 - 0.05 (m, 1H)
acid
408 (S)-(2- 670.1 | 'HNMR (400 MHz,
(((3S,6S,7a8S, o DMSO-ds) 6 8.56 -
8aR,9aR)-3- @ A 8.47 (m, 1H), 8.33 (s,
dimetami | T O 210, 501 - 796 (.
;;;E;ﬁ(ﬁs? P " 2H), 7.55 (d, ) 5t
yl)azetidine- | Hz, 1H), 7.01 (d, J =
1-carbonyl)- 6.4 Hz, 1H), 5.84 -
5- 5.69 (m, 1H), 4.98 -
oxodecahydr 4.92 (m, 1H), 4.64 -
o-1H- 4.50 (m, 1H), 4.41
cyclopropald (dd, J = 4.0, 8.0 Hz,
Ipyrrolo[1,2- 1H), 4.34 - 4.13 (m,
aJazocin-6- 4H), 4.02 - 3.92 (m,
yl)carbamoyl 1H), 2.98 (s, 6H),
Ybenzo[b]thio 2.36 - 2.31 (m, 1H),
phen-5- 220 - 2.11 (m, 2H),
yl)fluoromet 2.10 - 2.00 (m, 2H),
hyl)phospho 1.92 - 1.84 (m, 2H),
nic acid 1.70 - 1.62 (m, 1H),
1.42 - 1.34 (m, 1H),
0.87 - 0.79 (m, 1H),
0.74 (dd, J = 4.4, 8.0
Hz, 1H), 0.03 - 0.01
(m, 1H)
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407 (R)-(2- 670.3 | 1H NMR (400 MHz,
(((3S,6S,7a8S, o DMSO-ds) 6 9.14 -
8aR,9aR)-3- 8.70 (m, 1H), 8.33 -
(3-(4- 0 HJ%’b\( 8.14 (m, 2H), 8.08 -
(dimethylami 7.82 (m, 3H), 7.51 -
no)pyridin-3- 7.42 (m, 1H), 691 -
yl)azetidine- 6.64 (m, 1H), 5.72 -
1-carbonyl)- 5.51 (m, 1H), 4.97 -
5- 4.89 (m, 1H), 4.58 -
oxodecahydr 4.33 (m, 3H), 4.23 -
o-1H- 4.15 (m, 2H), 4.06 (d,
cyclopropald J =7.6 Hz, 1H), 3.86
Ipyrrolo[1,2- (d, J = 6.0 Hz, 1H),
alazocin-6- 2.81 (s, 6H), 2.43 -
yl)carbamoyl 2.32 (m, 1H), 2.09 (d,
)benzo[b]thio J=16.0 Hz, 3H), 2.03
phen-5- - 1.94 (m, 1H), 1.88 -
yl)fluoromet 1.77 (m, 2H), 1.69 -
hyl)phospho 1.58 (m, 1H), 1.42 -
nic acid 1.27 (m, 1H), 0.83 -
0.67 (m, 2H), -0.02

(d,J =4.0 Hz, 1H)
406 ((R)- 712.1 | 1H NMR (400 MHz,
fluoro(2- o CDs0D) 6 8.44 - 8.32
(((35,68.7a8, (m, 1H), 8.18 - 8.10
8aR,9aR)-3- 'y (m, 1H), 8.06 - 7.92
(3-(4- (m, 2H), 7.86 (t, J =
morpholinop 8.4 Hz, 1H), 7.62 -
yridin-3- 7.55 (m, 1H), 7.24 -
yl)azetidine- 7.13 (m, 1H), 5.84 -
1-carbonyl)- 5.69 (m, 1H), 5.09 -
5- 495 (m, 2H), 4.82 -
oxodecahydr 4.69 (m, 2H), 4.66 -
o-1H- 4.62 (m, 1H), 4.56 -
cyclopropald 4.28 (m, 4H), 4.16 -
Ipyrrolo[1,2- 4.01 (m, 2H), 3.80 -
:il)]atzobcin—6—1 3.75 (m, 4H), 3.35 -
yl)carbamoy 3.33 (m, 1H), 2.51 -
Ybenzo[b]thio 2.39 (m, 1H), 2.34 -
phen-5- 2.17 (m, 4H), 2.04 -
yl)methyl)ph 1.94 (m, 2H), 1.79 -
osphonic 1.70 (m, 1H), 1.42 -
acid 1.31 (m, 1H), 0.97 -
0.90 (m, 1H), 0.84 (s,
1H), 0.11 - 0.05 (m,

1H)
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405 ((S)-
fluoro(2-
(((3S,68.7aS,
8aR,9aR)-3-
(3-(4-
morpholinop
yridin-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

1H NMR (400 MHz,
CDs0D) 6 8.45 - 8.30
(m, 1H), 8.18 - 8.07
(m, 1H), 8.04 - 7.90
(m, 2H), 7.85 (dd, J =
3.2, 8.0 Hz, 1H), 7.56
(d, J = 8.0 Hz, 1H),
7.25 - 7.07 (m, 1H),
5.85 - 5.67 (m, 1H),
5.08 - 4.88 (m, 2H),
475 (t, J = 8.4 Hz,
2H), 4.66 - 4.51 (m,
2H), 4.31 (d, J = 6.8
Hz, 2H), 4.18 - 3.99
(m, 2H), 3.80 - 3.75
(m, 4H), 3.36 - 3.32
(m, 2H), 2.51 - 2.37
(m, 1H), 2.34 - 2.14
(m, 4H), 2.04 - 1.92
(m, 2H), 1.81 - 1.67
(m, 1H), 1.47 - 1.37
(m, 1H), 0.98 - 0.90
(m, 1H), 0.86 - 0.84
(m, 1H), 0.10 - 0.06
(m, 1H)

404 ((S)-
fluoro(2-
(((3S,68.7aS,
8aR,9%aR)-3-
(3-(4-(4-
methylpipera
zin-1-
yD)pyridin-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

1H NMR (400 MHz,
CD;0OD) §8.38 - 8.25
(m, 1H), 8.15 - 8.00
(m, 1H), 7.87 (d, J =
19.6 Hz, 2H), 7.70 -
7.56 (m, 1H), 7.47 (d,
J = 2.0 Hz, 1H), 7.34
- 6.83 (m, 1H), 5.81 -
5.66 (m, 1H), 5.03 -
4.90 (m, 3H), 4.85 -
4.70 (m, 2H), 4.70 -
4.44 (m, 2H), 4.44 -
4.22 (m, 3H), 421 -
3.97 (m, 2H), 2.90 -
2.80 (m, 3H), 2.73 (s,
3H), 2.63 - 2.53 (m,
1H), 2.39 - 2.31 (m,
3H), 2.27 — 2.06 ( m,
2H), 2.08 - 2.00 (m,
1H), 1.87 - 1.75 (m,
2H), 1.48 - 1.38 (m,
1H), 0.87 (s, 2H),
0.15 (d, J = 5.2 Hz,
1H)
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403 ((R)-
fluoro(2-
(((35,68.7a8,
8aR,%9aR)-3-
(3-(4-(4-
methylpipera
zin-1-
yl)pyridin-3-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

725.2

1H NMR (400 MHz,
CD:0D) §8.22 - 7.95
(m, 2H), 7.84 - 7.67
(m, 1H), 7.61 (s, 1H),
745 (s, 1H), 7.43 -
7.39 (m, 1H), 6.64 (d,
J = 6.0 Hz, 1H), 5.64
- 5.50 (m, 1H), 4.87
(s, 2H), 4.60 (t, J =
7.6 Hz, 2H), 4.47 (d,
J =52 Hz, 2H), 4.22
(s, 3H), 4.05 - 3.82
(m, 2H), 3.37 - 3.22
(m, 1H), 3.09 - 3.01
(m, 1H), 2.65 (d, J =
3.6 Hz, 2H), 2.56 (s,
3H), 2.45 (s, 1H),
2.20 (s, 3H), 2.12 (d,
J = 6.8 Hz, 2H), 1.91
(s, 1H), 1.65 (d, J =
4.8 Hz, 2H), 1.27 (d,
J=1.2Hz, 1H), 0.83
- 0.69 (m, 2H), 0.00 (
s, TH)

402 ((1IR)-(2-
(((35,68,7a8,
8aR)-3-(3-(4-
(azetidin-1-
yDpyrimidin-
5-
yl)azetidine-
1-carbonyl)-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)phospho
nic acid

683.4

1H NMR (400 MHz,
CD:0D) §8.38 - 8.15
(m, 1H), 8.06 - 7.94
(m, 3H), 8.03 - 7.97
(m, 1H), 7.55 (dd, J =
8.4, 14.8 Hz, 1H),
5.84 - 5.69 (m, 1H),
505 - 4.97 (m, 1H),
4.82 - 477 (m, 1H),
4.63 - 4.58 (m, 1H),
4.51 - 4.40 (m, 4H),
4.35 - 4.12 (m, 3H),
4.08 - 4.02 (m, 1H),
4.01 - 3.92 (m, 1H),
2.50 - 2.38 (m, 3H),
2.35 - 2.26 (m, 2H),
2.25 - 2.13 (m, 2H),
2.01 - 1.93 (m, 2H),
1.79 - 1.70 (m, 1H),
1.49 - 1.37 (m, 1H),
0.99 - 0.91 (m, 1H),
0.88 - 0.81 (m, 1H),
0.12 - 0.06 (m, 1H).
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401 ((15)-(2- 683.2 | 1H NMR (400 MHz,
(((35,6S5,7aS, 0 CDs0D) 0 8.26 - 8.16
8aR)-3-(3-(4- N iy (m, 1H), 8.15 - 8.04
(azetidin-1- JRe g R-oH (m, 1H), 8.02 - 7.64
yl)pyrimidin- /\EA\‘ . Of (m, 3H), 7.61 - 7.59
5- =~ (m 1H), 5.80 - 5.68
ylazetidine- | 7 NQ (m, 1H), 5.01 - 4.99
1-carbonyl)- (m, 1H), 4.69 - 4.59
5- (m, 2H), 4.51 - 4.39
oxodecahydr (m, 5H), 4.31 - 4.27
o-1H- (m, 2H), 4.05 - 4.03
cyclopropald (m, 2H), 2.49 - 2.41
Ipyrrolo[1,2- (m, 3H), 2.29 - 2.21
alJazocin-6- (m, 4H), 2.03 - 1.95
yl)carbamoyl (m, 2H), 1.81 - 1.75
)benzo[b]thio (m, 1H), 1.49 - 1.37
phen-5- (m, 1H), 0.93 - 0.83
yD)fluoromet (m, 2H), 0.10 - 0.06
hyl)phospho (m, 1H)
nic acid
429 ((R)-(2- R 692.3 | 'H NMR (400 MHz,
(((35,68,7a8, C DMSO-ds) & 8.86 (d,
8aR,9aR)-3- N /o J=7.6 Hz, 1H), 8.78
((6S,7R)-7- Nz\gj&o o HN (s, 1H), 8.66 — 8.57
cyano-6- & 'S (m, 1H), 8.28 (s, 1H),
(pyridin-3- @ 8.14 — 8.06 (m, 1H),
y)-4- \_/ wF 8.03 (d, J = 8.4 Hz,
azaspiro[2.4] Ho—g:o 1H), 7.98 (s, 1H),
heptane-4- 7.61 — 7.49 (m, 2H),
carbonyl)-5- o 5.84(dd,J=44.3,79
oxodecahydr T Hz, 1H), 4.98 — 4.90
o-1H- (m, 1H), 4.60 — 4.51
cyclopropald S (m, 2H), 4.17 — 4.12
Ipyrrolo[1,2- o (9n;, 1H), 14.06 gdégl =
alJazocin-6- .3 Hz, 1H), 3.89 —
yl)carbamoyl — 3.78 (m, 2H), 2.37 —
)benzo[b]thio s 2.31 (m, 1H), 2.23 -
phen-5- WF 1.76 (m, 8H), 1.74 —
yl)fluoromet HO-P=0 1.58 (m, 2H), 1.39 —
hyl)phospho OH 1.25 (m, 1H), 0.87 —
nic acid | pyrrolidine building block SFC 0.63 (m, 4H).
Or peak 1 was used for synthesis
((R)-(2- and biological testing
(((3S,6S5,7aS,
8aR,%9aR)-3-
((6R,75)-7-
cyano-6-
(pyridin-3-
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yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDfluoromet
hyl)phospho
nic acid

435

((R)-(2-
(((35,68,7a8,
8aR,%9aR)-3-
((S)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet
hyl)phospho
nic acid
Or
((R)-(2-
(((35,68,7a8,
8aR,%9aR)-3-
((R)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald

HO-P=0
OH
Pyrrolidine + Core SFC peak 2
was used for synthesis and
biological testing

710.2

'"H NMR (400 MHz,
DMSO-de) & 9.10 (s,
1H), 8.45 — 8.24 (m,
2H), 8.00 (s, 2H),
7.93 — 7.81 (m, 1H),
7.55 — 7.42 (m, 1H),
6.92 — 6.76 (m, 1H),
5.79 — 5.55 (m, 1H),
5.03 — 4.87 (m, 1H),
4.61 — 449 (m, 1H),
4.18 — 4.13 (m, 1H),
4.09 — 4.02 (m, 2H),
3.71 — 3.70 (m, 1H),
2.94 (s, 6H), 2.35 —
1.59 (m, 12H), 1.40 —
1.28 (m, 1H), 0.87 —
0.66 (m, 2H), 0.50 —
0.28 (m, 2H), 0.05 — -
0.05 (m, 1H).
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Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yl)fluoromet
hyl)phospho
nic acid

433 ((R)-(2-
(((3S,6S,7a8S,
8aR,9aR)-3-

((R)-6-(4-

(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-

oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDfluoromet
hyl)phospho
nic acid
Or
(R)-(2-
(((35,68.,7a8,
8aR,%9aR)-3-
((S)-6-(4-
(dimethylami
no)pyridin-3-
yl)-4-
azaspiro[2.4]
heptane-4-
carbonyl)-5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDfluoromet

HO—ﬁ’=0
OH

\_\/ wF
HO-P=0
OH
Pyrrolidine + Core SFC peak 1
was used for synthesis and
biological testing

710.3

'"H NMR (400 MHz,
DMSO-de) & 8.90 —
8.75 (m, 1H), 8.44 —
8.15 (m, 3H), 8.05 —

7.89 (m,
7.45 (m,
6.98 (m,
5.72 (m,
4.87 (m,
4.43 (m,

2H), 7.63 —
1H), 7.20 —
1H), 5.90 —
1H), 5.00 —
1H), 4.61 —
2H), 4.18 —

4.11 (m, 1H), 3.75 —
3.61 (m, 2H), 3.12 (s,
6H), 2.38 — 2.22 (m,
2H), 2.19 — 1.76 (m,
8H), 1.69 — 1.56 (m,
2H), 1.36 — 1.24 (m,
1H), 0.88 — 0.70 (m,
2H), 0.55 — 0.45 (m,
2H), 0.03 — 0.00 (m,
1H).
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hyl)phospho
nic acid
243 ((2- —< 623.1 | 'H NMR (400 MHz,
(((35,6S,7aR, CND [M+H]* | CD30D) & 8.64 - 8.43
8aS,9aR)-3- ; “NH S (m, 1H), 8.31 - 8.09
G- O)\@ (m, 1H), 8.00 - 7.90
methylpyridi (m, 1H), 7.85 - 7.65
n-3- =pcOH (m, 2H), 7.48 - 7.23
yl)azetidine- (m, 2H), 4.95 - 4.92
1-carbonyl)- (m, 1H), 4.74 - 4.59
5- (m, 1H), 4.57 - 4.29
oxodecahydr (m, 3H), 4.25 - 4.04
o-1H- (m, 2H), 3.21 - 3.06
cyclopropald (m, 2H), 2.43 - 2.09
Ipyrrolo[1,2- (m, 7H), 2.07 - 1.58
alJazocin-6- (m, 5H), 1.53 - 1.39
yl)carbamoyl (m, 1H), 1.36 - 1.25
)benzo[b]thio (m, 1H), 0.91 - 0.83
phen-5- (m, 1H), 0.26 - 0.13
yDmethyl)ph (m, 1H).
osphonic
acid
246 ((2- 656.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD30D) 6 8.09 - 8.02
8aR,%9aR)-3- (m, 1H), 7.98 (s, 1H),
(((35,4S)-4- - 7.88 (br. s., 1H), 7.75
fluoro-1- S -7.68 (m, 1H), 7.61 -
(pyridin-2- 7.54 (m, 1H), 7.53 -
yl)pyrrolidin- 7.47 (m, 1H), 6.71 -
3- 6.63 (m, 1H), 6.59 -
yl)carbamoyl 6.52 (m, 1H), 5.26 -
)-5- 5.22 (m, 0.5H), 5.13 -
oxodecahydr 5.09 (m, 0.5H), 5.02 -
o-1H- 494 (m, 1H), 4.60 -
cyclopropald 4.54 (m, 1H), 4.53 -
]pyrrolo[1,2- 4.46 (m, 1H), 4.30 -
alazocin-6- 421 (m, 1H), 3.86 -
yl)carbamoyl 3.63 (m, 3H), 3.55 -
)benzo[b]thio 3.46 (m, 1H), 3.12 -
phen-5- 2.99 (m, 2H), 241 -
yl)methyl)ph 2.31 (m, 1H), 2.30 -
osphonic 2.23 (m, 1H), 2.22 -
acid 2.11 (m, 2H), 2.11 -
2.01 (m, 2H), 1.94 -
1.86 (m, 1H), 1.74 -
1.62 (m, 1H), 1.07 -
0.95 (m, 1H), 0.79 -
0.70 (m, 1H), 0.69 -

392




WO 2023/192960

PCT/US2023/065171

0.61 (m, 1H), 0.05 - -
0.04 (m, 1H).

256 ((2- 656.1 | 'H NMR (400 MHz,
(((35,68,7aS, ( [M+H]* | CDsOD) & 7.92 (s,
8aR,9aR)-3- HN’i NS 1H), 7.76 (m, 3H),
(((35,48)-4- (-">_FO - 7.71 - 7.65 (m, 1H),

flu(.)r(')—l- ~N S o 745 - 7.37 (m, 1H),
(pyrldln.—S.— Q ‘5\ 7.35 - 7.27 (m, 1H),
yD)pyrrolidin- Ho ©OH 7.18 - 7.11 (m, 1H),
- 5.29 - 5.23 (m, 0.5H),
yl)carbamoyl 5.16 - 5.12 (m, 0.5H),
)-5- 5.03 - 493 (m, 2H),
oxodecahydr 4.56 - 446 (m, 2H),
o-1H- 4.32 - 422 (m, 1H),
cyclopropald 3.84 - 3.70 (m, 1H),
Ipyrrolo[1,2- 3.70 - 3.62 (m, 1H),
alazocin-6- 3.57 - 3.46 (m, 1H),
yl)carbamoyl 3.38 - 3.33 (m, 1H),
)benzo[b]thio 3.14 - 3.03 (m, 2H),
phen-5- 243 - 2.31 (m, 1H),
ylmethyl)ph 2.30 - 2.23 (m, 1H),
osphonic 222 - 2.15 (m, 1H),
acid 2.13 - 2.07 (m, 2H),
1.97 - 1.87 (m, 1H),
1.76 - 1.62 (m, 1H),
1.20 - 1.08 (m, 1H),
0.89 - 0.78 (m, 1H),
0.77 - 0.69 (m, 1H),

0.08 - 0.00 (m, 1H).

295 (fluoro(2- . 668.1 | 'H NMR (400 MHz,
(((38,68,7aS, C\;;j . [M+H]* | CD:0D) § 8.18 - 7.79
8aR,9aR)-5- O IR HN (m, 5H), 7.67 - 7.61

0Xx0-3- N—L o O = (m, 1H), 7.34 - 7.22
((15,55)-2- N\ $P,> (m, 1H), 7.22 - 7.12
(pyridin-3- = 1 LpPH (m, 1H), 5.76 - 5.55

y1)-2,6- (m, 1H), 5.32 - 5.08

diazabicyclo[ (m, 1H), 5.06 - 4.97
3.2.0]heptane (m, 1H), 4.74 - 4.62

-6- (m, 3H), 4.44 - 4.38
carbonyl)dec (m, 0.7H), 4.34 - 4.22
ahydro-1H- (m, 1H), 4.13 - 4.05
cyclopropald (m, 0.3H), 3.94 - 3.86
Ipyrrolo[1,2- (m, 1H), 3.77 - 3.69
aJazocin-6- (m, 0.6H), 3.55-3.34
yl)carbamoyl (m, 1H), 3.04 - 2.95
Ybenzo[b]thio (m, 0.4H), 2.51 - 2.04

phen-5- (m, 6H), 2.03 - 1.80
yDmethyl)ph (m, 2H), 1.80 - 1.68
osphonic (m, 1H), 1.52 - 1.35

acid (m, 1H), 1.01 - 0.80
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(m, 2H), 0.12 - 0.00
(m, 1H).

296 (fluoro(2- . 668.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C\N [M+H]* | CD30D) 6 8.13 - 7.79
8aR,9aR)-5- X T a (m, 4H), 7.75 - 7.48

0X0-3- NT o S (m, 2H), 7.32 - 7.12
((IR,5R)-2- | '\ 2 (m, 1H), 7.03 (br. s.,
(pyridin-3- = T LpOH 1H), 5.72 - 5.55 (m,

y1)-2,6- 1H), 5.09 - 4.99 (m,

diazabicyclo[ 2H), 4.71 - 4.65 (m,
3.2.0]heptane 1H), 4.63 - 4.55 (m,

-6- 1H), 4.51 - 4.44 (m,
carbonyl)dec 1H), 4.36 - 4.23 (m,
ahydro-1H- 1H), 4.18 - 4.04 (m,
cyclopropald 1H), 3.96 - 3.80 (m,
Jpyrrolo[1,2- 1H), 3.51 - 3.34 (m,
alazocin-6- 1H), 2.59 - 2.26 (m,
yl)carbamoyl 4H), 2.25 - 2.13 (m,
)benzo[b]thio 2H), 2.12 - 1.86 (m,

phen-5- 3H), 1.81 - 1.69 (m,

yDmethyl)ph 1H), 1.49 - 1.35 (m,

osphonic 1H), 0.99 - 0.80 (m,

acid 2H), 0.12 - 0.02 (m,
1H).

257 ((2- ) 657.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C\ [M+H]* | CD30D) 6 8.09 - 8.02
8aR,9aR)-3- éNo e (m, 1H), 7.98 (s, 1H),
(((35,4S)-4- N So = 7.88 (br. s., 1H), 7.75

ﬂl‘lOI‘.O-.l- O,F %\OH -7.68 (m, 1H), 7.61 -
(pyrimidin-2- N ‘<N OH 7.54 (m, 1H), 7.53 -
yl)pyrrolidin- @N 7.47 (m, 1H), 6.71 -
3- 6.63 (m, 1H), 6.59 -
yl)carbamoyl 6.52 (m, 1H), 5.26 -
)-5- 5.22 (m, 0.5H), 5.13 -
oxodecahydr 5.09 (m, 0.5H), 5.02 -
o-1H- 4.94 (m, 1H), 4.60 -
cyclopropald 4.54 (m, 1H), 4.53 -
Ipyrrolo[1,2- 446 (m, 1H), 4.30 -
aJazocin-6- 421 (m, 1H), 3.86 -
yl)carbamoyl 3.63 (m, 3H), 3.55 -
Ybenzo[b]thio 3.46 (m, 1H), 3.12 -
phen-5- 2.99 (m, 2H), 2.41 -
yl)methyl)ph 2.31 (m, 1H), 2.30 -
osphonic 2.23 (m, 1H), 2.22 -
acid 2.11 (m, 2H), 2.11 -
2.01 (m, 2H), 1.94 -

1.86 (m, 1H), 1.74 -

1.62 (m, 1H), 1.07 -
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0.95 (m, 1H), 0.79 -
0.70 (m, 1H), 0.69 -
0.61 (m, 1H), 0.05 - -
0.04 (m, 1H).

258 ((2- 651.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C o [M+H]* | CD30D) 6 8.17 - 8.12
%éaR,9aR)-3- __:N T H _ 0 (m, 2H), 8.03 - 8.00
(.—acety1-2,6— NS0 S R~OH (m, 1H), 7.68 - 7.66
diazabicyclo[ % N (m, 1H), 5.25 - 4.90
3.2.0]heptane N (m, 2H), 4.83 - 4.55
2-carbonyl)- | °X (m, 2H), 4.47 - 4.26

5- (m, 2H), 4.26 - 3.90
oxodecahydr (m, 2H), 3.87 - 3.47
o-1H- (m, 1H), 2.52 - 2.28
cyclopropald (m, 3H), 2.28 - 2.16
]pyrrol(?[1,2— (m, 3H), 2.15 - 1.90
zli]azo];:m—6—l (m, 4H), 1.90 - 1.69
yl)carbamoy (m, 3H), 1.55 - 1.36
)benzo[b]thio (m, 1H), 1.04 - 0.82
lzhfln—S— (m, 2H), 0.11 - 0.03
yhdifluorom (m, 1H).
ethyl)phosph
onic acid

259 (difluoro(2- 5 686.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD30D) 6 8.25 - 8.19
8aR,%aR)-5- N, P (m, 1H), 8.17 - 8.10

oxo.—3'—(6— {3 N _ (m, 1H), 7.93 - 7.86
(pyridin-3- N o d (m, 2H), 7.84 - 7.76
1)-2,6- -
diaza)bicﬁ | 7 B\OH (m, 2H), 7.27 - 7.19
zabicyclo[ L o (m, 1H), 7.01 - 6.95
3.2.0Jheptane | "N (m, 1H), 5.17 - 5.01
-2- (m, 2H), 4.68 - 4.62
carbonyl)dec (m, 2H), 441 - 4.14
ahydro-1H- (m, 2H), 4.12 - 3.77
cyclopropald (m, 2H), 3.76 - 3.55
Ipyrrolo[1,2- (m, 1H), 2.55 - 2.41
aJazocin-6- (m, 1H), 2.40 - 2.18
yl)carbamoyl (m, 5H), 2.16 - 191
Ybenzo[b]thio (m, 3H), 1.83 - 1.70
phen-5- (m, 1H), 1.62 - 1.39
yl)methyl)ph (m, 1H), 1.10 - 0.82
osphonic (m, 2H), 0.10 - 0.07
acid (m, 1H).
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260 ((2- 615.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, o [M+H]* | CDs0D) 6 8.05 - 8.00
8aR,9aR)-3- Cn T o (m, 1H), 7.86 - 7.80
(6'—acet.yl-2,6— o s R~0H (m, 2H), 7.43 - 7.41
diazabicyclo| % £ om (m, 1H), 5.24 - 4.91
3.2.0]heptane N (m, 2H), 4.84 - 4.54
-2-carbonyl)- = (m, 2H), 4.47 - 4.25

5- N7 (m, 2H), 4.25 - 3.90
oxodecahydr (m, 2H), 3.86 - 3.46
o-1H- (m, 1H), 3.27 - 3.19
cyclopropald (m, 2H), 2.51 - 2.28
]pyrrol(?[l,Z— (m, 3H), 2.27 - 2.15
z;)]azobcm-6-1 (m, 3H), 2.14 - 1.90
yl)carbamoy (m, 4H), 1.90 - 1.69
)benzo[b]thio (m, 3H), 1.55 - 1.34
phen-5- (m, 1H), 1.04 - 0.81
yl)methyl)ph (m, 2H), 0.11 - 0.03
ospllpdnic (m, 1H).
aci

261 ((2- 650.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, B [M+H]* | CD30D) 6 8.05 - 7.98
8aR,9aR)-5- C" N (m, 1H), 7.92 - 7.71

oxo.—3'—(6— {1 N 0 (m, 4H), 7.49 - 7.45
(pyridin-3- NAO S R-OH (m, 1H), 7.28 - 7.24
26 % OH (m, 1H), 7.04 - 7.01
31221z(;1 icyclo[ \ (m, 1H), 5.17 - 4.96
.2.0]heptane 0=§ (m, 2H), 4.78 - 4.60
- (m, 2H), 4.41 - 4.12
carbonyl)dec (m, 2H), 4.11 - 3.82
ahydro-1H- (m, 2H), 3.81 - 3.58
cyclopropald (m, 1H), 3.14 - 3.02
Ipyrrolo[1,2- (m, 2H), 2.53 - 2.41
aJazocin-6- (m, 1H), 2.39 - 2.08
yl)carbamoyl (m, 5H), 2.07 - 1.87
Ybenzo[b]thio (m, 3H), 1.83 - 1.70
phen-5- (m, 1H), 1.59 - 1.39
yl)methyl.)ph (m, 1H), 1.08 - 0.82
osphonic (m, 2H), 0.11 - 0.07
acid (m, 1H).

270 ((2- . 651.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C‘"N ) 2 [M+H]* | CD30OD) 6 8.16 (s,
8aR,9aR)-3- 3 N g qb_OH 2H), 8.01 (d, J = 8.6
(2'—acet.y1-2,6— q ° on Hz, 1H), 7.68 (d, J =
diazabicyclo[ N 8.3 Hz, 1H), 5.63 -
3.2.0]heptane ® 491 (m, 2H), 4.84 -
-6-carbonyl)- N 4.61 (m, 1H), 4.60 -

5- 4.38 (m, 1H), 4.35 -
oxodecahydr 4.09 (m, 2H), 4.03 -
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o-1H- 3.43 (m, 3H), 2.51 -
cyclopropald 240 (m, 1H), 2.39 -
]pyrrol(?[l,2— 2.15 (m, 4H), 2.14 -
?)]azolfln—&l 1.84 (m, 7H), 1.83 -
yl)carbamoy 1.67 (m, 1H), 1.48 -
)benzo[b]thio 1.33 (m, 1H), 1.00 -
l)zh;:ln—S— 0.80 (m, 2H), 0.08 -
yhdifluorom 0.04 (m, 1H).
ethyl)phosph
onic acid
((2- 615.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD30D) 6 8.06 - 8.04
iaR,9aIl{)2—3— P (m, 1H), 7.86 - 7.81
-acetyl-2,6- o= , 2H), 7. ,J =
fiiazabi}c,:yclo[ s g% Hz? 1éi (;1.6; -
3.2.0]heptane 491 (m, 2H), 4.83 -
-6-carbonyl)- 4.61 (m, 1H), 4.60 -
5- 4.38 (m, 1H), 4.34 -
oxodecahydr 4.09 (m, 2H), 4.03 -
o-1H- 3.43 (m, 3H), 3.28 -
cyclopropald 3.20 (m, 2H), 2.49 -
]pyrrolq[l,2— 2.40 (m, 1H), 2.36 -
z;)]azolfln—&l 2.15 (m, 4H), 2.14 -
yl)carbamoy 1.84 (m, 7H), 1.80 -
)benzo[b]thio 1.66 (m, 1H), 1.52 -
phen-5- 1.28 (m, 1H), 1.00 -
yl)methyl.)ph 0.81 (m, 2H), 0.08 -
osphonic 0.04 (m, 1H).
acid
((2- . 650.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, ; o [M+H]* | CD30D) 6 8.06 - 7.56
8aR,%aR)-5- C" N (m, 5H), 7.51 - 7.36
oxo.—3.—(2— H & (m, 1H), 7.30 - 7.02
(pyridin-3- (m, 2H), 5.64 - 4.98
yI)-2,6- (m, 2H), 4.69 - 4.63
diazabicyclo[ (m, 2H), 4.51 - 4.24
3.2.0]heptane (m, 2H), 4.17 - 3.69
-6- (m, 2H), 3.52 - 3.34
carbonyl)dec (m, 1H), 3.15 - 3.01
ahydro-1H- (m, 2H), 2.59 - 2.33
cyclopropald (m, 2H), 2.32 - 2.02
]pyrrolg[1,2— (m, 5H), 2.01 - 1.69
z;)]azol;:m—6—l (m, 3H), 1.52 - 1.32
yl)carbamoy (m, 1H), 1.02 - 0.79
Ybenzo[b]thio (m, 2H), 0.09 - 0.01
phen-5- (m, 1H).
yDmethyl)ph
osphonic
acid
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274 (difluoro(2- . 686.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C{N o [M+H]* | CD30D) 6 8.24 - 8.03
8aR,9aR)-5- ! K (m, 2H), 8.02 - 7.85
oxo.—3.—(2— m’%‘? 'S 9 (m, 3H), 7.82 - 7.65
(pyridin-3- _ E?P (m, 1H), 7.31 - 7.03
. yl)—2,6— \_/ (m, 2H), 5.65 - 5.02
diazabicyclo[ (m, 2H), 4.69 - 4.60
3.2.0]heptane (m, 2H), 4.49 - 4.38
-6- (m, 1H), 4.36 - 4.23
carbonyl)dec (m, 1H), 4.18 - 3.71
ahydro-1H- (m, 2H), 3.53 - 3.35
cyclopropald (m, 1H), 2.57 - 2.35
]pyrrolq[l,Z— (m, 2H), 2.34 - 2.04
z;)]az?;:mﬁ—l (m, 5H), 2.03 - 1.69
yl)carbamoy (m, 3H), 1.54 - 1.35
)benzo[b]thio (m, 1H), 1.03 - 0.79
1)pherIll—Sl— . (m, 2H), 0.13 - -0.01
yDmethyl)p (m, 1H).
osphonic
acid
276 ((2- . 579.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C{N ) o [M+H]* | CD30OD) 6 8.09 (s,
8aR,9aR)-3- 7 iy _ 1H), 7.85 (s, 1H),
(((3S,4S)—4—' m’\o s o 7.75 (d, J = 8.3 Hz,
fluoropyrroli C_g EIP“ 1H), 7.45 (d, J = 8.3
din-3- \_/ Fr Hz, 1H), 5.11 - 5.00
yl)carbamoyl (m, 2H), 4.57 - 4.51
)-3- (m, 1H), 4.33 - 4.16
oxodecahydr (m, 2H), 3.30 - 3.15
o-1H- (m, 3H), 3.14 - 3.04
cyclopropald (m, 2H), 2.73 - 2.62
Ipyrrolo[1,2- (m, 1H), 2.51 - 2.41
?)]azolfin—6—l (m, 1H), 2.34 - 2.23
yl)carbamoy (m, 1H), 2.22 - 1.89
Ybenzo[b]thio (m, 5H), 1.80 - 1.68
phen-5- (m, 1H), 1.28 - 1.16
yl)methyl.)ph (m, 1H), 1.01 - 0.83
osphonic (m, 2H), 0.13 - 0.05
acid (m, 1H).
278 ((2- . 670.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, 3 [M+H]* | CD30D) 6 7.90 - 7.83
8aR,9aR)-3- C\N [ 9 (m, 1H), 7.77 (s, 1H),
(((35.45)-4- Ao N 7.74 - 7.65 (m, 1H),
fluoro-1-(4- HY™ "0 g o 7.61 - 7.55 (m, 2H),
methylpyridi ()ﬂ Boon 7.32 - 7.26 (m, 1H),
n-3- HN OH 7.21 - 7.16 (m, 1H),
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yD)pyrrolidin- 5.13-5.09 (m, 0.5H),
- 5.00 - 4.96 (m, 0.5H),
yl)carbamoyl 493 - 485 (m, 1H),
)-5- 4.46 - 4.35 (m, 2H),
oxodecahydr 424 - 416 (m, 1H),
o-1H- 3.98 - 3.92 (m, 0.5H),
cyclopropald 3.89 - 3.83 (m, 0.5H),
Ipyrrolo[1,2- 3.77 - 3.70 (m, 1H),
alJazocin-6- 3.56 - 3.24 (m, 2H),
yl)carbamoyl 3.15 - 3.09 (m, 1H),
)benzo[b]thio 3.06 - 2.96 (m, 2H),
phen-5- 2.39 - 2.32 (m, 3H),
ylmethyl)ph 2.32 - 222 (m, 1H),
osphonic 221 - 2.14 (m, 1H),
acid 2.13 - 1.99 (m, 3H),
1.91 - 1.78 (m, 1H),
1.68 - 1.56 (m, 1H),
1.15 - 1.01 (m, 1H),
0.82 - 0.77 (m, 1H),
0.75 - 0.67 (m, 1H),
0.00 - -0.05 (m, 1H).
290 ((2- 633.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C\N /) o [M+H]* | CD30D) 6 8.14 - 8.00
8aR,9aR)-3- Hn/'i\oo HN—L (m, 2H), 7.94 (d, J =
((1R,5R)-2- e s Q 8.3 Hz, 1H), 7.59 (d,
acetyl26- |\ r Rom J=8.6 Hz, 1H), 5.91
diazabicyclo[ o -5.72 (m, 1H), 5.06 -
3.2.0]heptane N 4.90 (m, 2H), 4.70 -
-6-carbonyl)- 4.60 (m, 1H), 4.55 -
5- 4.07 (m, 4H), 4.04 -
oxodecahydr 3.77 (m, 1H), 3.65 -
o-1H- 3.44 (m, 1H), 2.51 -
cyclopropald 2.07 (m, 8H), 2.06 -
Ipyrrolo[1,2- 1.88 (m, 4H), 1.82 -
alazocin-6- 1.65 (m, 1H), 1.47 -
yl)carbamoyl 1.28 (m, 1H), 0.97 -
)benzo[b]thio 0.80 (m, 2H), 0.08 -
phen-5- 0.05 (m, 1H).
yDfluoromet
hyl)phospho
nic acid
289 ((2- < 633.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C\N [M+H]* | CD30D) 6 8.12 - 7.98
8aR,9aR)-3- Y (P (m, 2H), 7.94 (d, J =
((1S,55)-2- N(LN&OO " = 8.3 Hz, 1H), 7.59 (d,
acetyl-2,6- | —( Q J=8.8 Hz, 1H), 591
diazabicyclo[ | ° ooH -5.73 (m, 1H), 5.29 -
3.2.0]heptane F 492 (m, 2H), 4.84 -
-6-carbonyl)- 4.54 (m, 2H), 4.45 -
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5- 4.10 (m, 2H), 4.01 -
oxodecahydr 3.42 (m, 3H), 2.50 -
o-1H- 2.37 (m, 1H), 2.37 -
cyclopropald 2.07 (m, 7H), 2.06 -
Ipyrrolo[1,2- 1.83 (m, 4H), 1.80 -
alazocin-6- 1.67 (m, 1H), 1.55 -
yl)carbamoyl 1.28 (m, 1H), 1.01 -
Ybenzo[b]thio 0.78 (m, 2H), 0.08 -
phen-5- 0.05 (m, 1H).
yDfluoromet
hyl)phospho
nic acid
230 (difluoro(2- < 659.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, C\N o [M+H]* | CD30D) 6 8.87 - 8.36
8aR,%aR)-8a- L i (m, 2H), 8.34 - 8.01
methyl-5- o (m, 3H), 7.93 (d, J =
0x0-3-(3- $ B, 8.6 Hz, 1H), 7.74 (d,
(pyridin-3- ! OH J =8.6 Hz, 1H), 7.54
yl)azetidine- -7.48 (m, 1H), 5.05 -
1- 4.87 (m, 2H), 4.72 -
carbonyl)dec 4.65 (m, 1H), 4.57 -
ahydro-1H- 4.22 (m, 3H), 4.11 -
cyclopropald 391 (m, 2H), 2.60 -
Ipyrrolo[1,2- 249 (m, 1H), 2.30 -
aJazocin-6- 1.91 (m, 7H), 1.32 (s,
yl)carbamoyl 3H), 1.1 - 0.96 (m,
Ybenzo[b]thio 1H), 0.60 - 0.57 (m,
phen-5- 1H), 0.39 - 0.29 (m,
yl)methyl)ph 1H).
osphonic
acid
231 (difluoro(2- 659.1 | 'H NMR (400 MHz,
(((35,6S,7aR, 3 [M+H]* | CD30D) 6 8.63 - 8.35
8aS,9aR)-8a- CN -y (m, 2H), 831 - 8.01
methyl-5- o 'y > (m, 3H), 7.97 - 7.88
ox0-3-(3- N7 P~oH (m, 1H), 7.75 (d, J =
(pyridin-3- | ! H 8.6 Hz, 1H), 7.61 -
yl)azetidine- 7.52 (m, 1H), 5.00 -
1- 4.88 (m, 1H), 4.73 -
carbonyl)dec 4.68 (m, 1H), 4.62 -
ahydro-1H- 4.24 (m, 4H), 4.08 -
cyclopropald 3.94 (m, 2H), 2.41 -
Ipyrrolo[1,2- 2.36 (m, 1H), 2.33 -
alazocin-6- 2.15 (m, 3H), 2.05 -
yl)carbamoyl 1.84 (m, 3H), 1.78 -
)benzo[b]thio 1.65 (m, 1H), 1.31 -
phen-5- 1.19 (m, 4H), 0.67 -
yDmethyl)ph
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osphonic 0.64 (m, 1H), 0.39 -
acid 0.28 (m, 1H).

234 (difluoro(2- 659.1 | 'H NMR (400 MHz,
(((35,6S,8aR, Q@ o [M+H]* | CD30D) 6 8.69 - 8.56
9aS,9bR)-8a- } % (m, 1H), 8.54 - 8.45

methyl-5- N N, © HJ@:&-OH (m, 1H), 8.42 - 8.35
oxo-3-3- | N N (m, 1H), 8.23 - 8.17
(pyridin-3- (m, 1H), 8.10 (s, 1H),
yl)azetidine- 797 - 7.89 (m, 1H),
1- 7.78 - 7771 (m, 1H),
carbonyl)dec 7.64 - 7.52 (m, 1H),
ahydro-1H- 5.04 - 4.97 (m, 0.5H),
cyclopropalc 4.74 - 4.68 (m, 0.5H),
Ipyrrolo[1,2- 4.68 - 4.52 (m, 2H),
alazocin-6- 4.49 - 4.39 (m, 1.5H),
yl)carbamoyl 4.34 - 4.26 (m, 0.5H),
Ybenzo[b]thio 4.15 - 3.97 (m, 2H),
phen-5- 3.86 - 3.77 (m, 1H),
yDmethyl)ph 2.41 - 1.95 (m, 7H),
osphonic 1.77 - 1.66 (m, 1H),
acid 1.46 - 1.35 (m, 1H),
1.13 (s, 3H), 0.57 -
0.50 (m, 1H), 0.47 -

0.41 (m, 1H).

235 ((2- 623.1 | 'H NMR (400 MHz,
(((35,68,8aR, </N o [M+H]* | CD30OD) 6 8.74 - 8.36
9aS,9bR)-8a- BREA RS o (m, 2H), 8.31 - 8.23

methyl-5- NZ ) ° s R~OH (m, 0.5H), 8.09 - 7.96
ox0-3-(3- A IoH (m, 1.5H), 7.89 - 7.78
(pyridin-3- (m, 2H), 7.60 - 7.48
yl)azetidine- (m, 1H), 7.47 - 7.39
1- (m, 1H), 5.03 - 4.95
carbonyl)dec (m, 0.5H), 4.76 - 4.67
ahydro-1H- (m, 0.5H), 4.66 - 4.59
cyclopropalc (m, 1.5H), 4.59 - 4.51
Ipyrrolo[1,2- (m, 0.5H), 4.50 - 4.38
aJazocin-6- (m, 1.5H), 4.33 -4.25
yl)carbamoyl (m, 0.5H), 4.14 - 3.96
Ybenzo[b]thio (m, 2H), 3.87 - 3.75
phen-5- (m, 1H), 3.28 - 3.17
yl)methyl)ph (m, 2H), 2.40 - 2.23
osphonic (m, 2H), 2.23 - 2.03
acid (m, 4H), 2.02 - 1.93
(m, 1H), 1.77 - 1.65
(m, 1H), 1.46 - 1.33
(m, 1H), 1.13 (s, 3H),
0.57 - 0.50 (m, 1H),

0.47 - 0.39 (m, 1H).
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236 ((2- 623.1 | 'H NMR (400 MHz,
(((3S,6S,7a8S, [M+H]* | CD30D) 6 8.58 - 8.22
8aR,9aR)-8a- (m, 3H), 8.08 - 7.99
methyl-5- N (m, 1H), 7.86 - 7.77
0x0-3-(3- N (m, 2H), 7.57 - 7.38
(pyridin-3- (m, 2H), 5.04 - 4.87
yl)azetidine- (m, 2H), 4.71 - 4.60
1- (m, 1H), 4.55 - 4.36
carbonyl)dec (m, 2H), 4.32 - 4.23
ahydro-1H- (m, 1H), 4.09 - 3.91
cyclopropald (m, 2H), 3.26 - 3.14
Ipyrrolo[1,2- (m, 2H), 2.59 - 2.48
alazocin-6- (m, 1H), 2.30 - 1.94
yl)carbamoyl (m, 7H), 1.33 - 1.27
)benzo[b]thio (m, 3H), 1.03 - 0.92
phen-5- (m, 1H), 0.61 - 0.53
yDmethyl)ph (m, 1H), 0.38 - 0.29
osphonic (m, 1H).
acid
237 (difluoro(2- 692.1 | 'H NMR (400 MHz,
(((35,68.7a8, [M+H]* | CD3OD ) 6 8.20 -
8aR,9aR)-3- 8.04 (m, 2H), 7.95 -
(3-methoxy- 7.85 (m, 1H), 7.73 (d,
3-(1-methyl- J=8.3Hz, 1H), 7.24
1H-imidazol- | N” 7§ -7.20 (m, 1H), 7.03 -
2- ~ 7.01 (m, 1H), 5.11 -
yl)azetidine- 4.87 (m, 2H), 4.85 -
1-carbonyl)- 479 (m, 1H), 4.67 -
8a-methyl-5- 4.52 (m, 1H), 4.48 -
oxodecahydr 4.38 (m, 1H), 4.31 -
o-1H- 4.14 (m, 2H), 3.66 (d,
cyclopropald J=44Hz, 3H), 3.08
Ipyrrolo[1,2- -2.94 (m, 3H), 2.59 -
alJazocin-6- 241 (m, 1H), 2.30 -
yl)carbamoyl 1.89 (m, 7H), 1.31 -
)benzo[b]thio 1.22 (m, 3H), 1.00 -
phen-5- 0.85 (m, 1H), 0.59 -
yDmethyl)ph 0.54 (m, 1H), 0.37 -
osphonic 0.27 (m, 1H).
acid
239 (difluoro(2- % 692.1 | 'H NMR (400 MHz,
(((35,6S,7aR, : o [M+H]* | CD30D) 6 8.21 - 8.02
8a8,9aR)-3- n A (m, 2H), 7.95 - 7.90
(3-methoxy- .0 7 0 (m, 1H), 7.76 - 7.72
3-(1-methyl- [N\HDN © ﬁb\,ﬁ]ﬁ’“ (m, 1H), 7.26 - 7.24
1H-imidazol- | X & P (m, 1H), 7.09 - 7.03
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2.
yl)azetidine-
1-carbonyl)-
8a-methyl-5-
oxodecahydr

o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
Ybenzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

(m, 1H), 5.06 - 4.88
(m, 1H), 4.85 - 4.71
(m, 2H), 4.62 - 4.51
(m, 1H), 4.46 - 4.35
(m, 2H), 4.30 - 4.17
(m, 1H), 3.71 - 3.63
(m, 3H), 3.08 - 2.98
(m, 3H), 2.38 - 2.14
(m, 4H), 1.96 - 1.57
(m, 4H), 1.40 - 1.25
(m, 1H), 1.23 (s, 3H),
0.66 - 0.63 (m, 1H),
0.38 - 0.29 (m, 1H).

273 ((2-
(((35,6S.7aR,
8aS,9aR)-3-
(((35.,45)-1-
acetyl-4-
fluoropyrroli
din-3-
yl)carbamoyl
)-8a-methyl-
5-
oxodecahydr
o-1H-
cyclopropald
Ipyrrolo[1,2-
alJazocin-6-
yl)carbamoyl
)benzo[b]thio
phen-5-
yDmethyl)ph
osphonic
acid

635.2
[M+H]*

'"H NMR (400 MHz,
CDs0D) §8.02 - 7.99
(m, 1H), 7.88 - 7.76
(m, 2H), 7.48 - 7.40
(m, 1H), 5.16 - 4.94
(m, 1H), 4.49 - 4.28
(m, 3H), 3.91 - 3.60
(m, 4H), 3.27 - 3.15
(m, 2H), 2.39 - 2.32
(m, 1H), 2.28 - 2.15
(m, 3H), 2.10 - 2.05
(m, 3H), 1.94 - 1.83
(m, 3H), 1.78 - 1.67
(m, 1H), 1.39 - 1.34
(m, 1H), 1.31 - 1.24
(m, 1H), 1.23 (s, 3H),
0.68 - 0.61 (m, 1H),
0.38 - 0.36 (m 1H).

241 (difluoro(2-
(((35,65.,8aR,
9aS,9bR)-3-
(3-methoxy-
3-(1-methyl-
1H-imidazol-
2.
yl)azetidine-
1-carbonyl)-
8a-methyl-5-
oxodecahydr
o-1H-

HNo o

NO"F

692.1
[M+H]*

'"H NMR (400 MHz,
CD;0D) § 8.17 (d, J
= 15.7 Hz, 1H), 8.11
(s, 0.5H), 8.02 (s,
0.5H), 7.92 (t, J=8.7
Hz, 1H), 7.78 - 7.70
(m, 1H), 7.25 - 7.17
(m, 1H), 7.08 - 6.98
(m, 1H), 5.09 - 5.02
(m, 0.5H), 4.84 - 4.79
(m, 1H), 4.69 - 4.52
(m, 2H), 4.50 - 4.39
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cyclopropalc (m, 1.5H), 4.36 - 4.29
Ipyrrolo[1,2- (m, 0.5H), 4.26 - 4.17
alazocin-6- (m, 0.5H), 3.87 - 3.75
yl)carbamoyl (m, 1H), 3.68 (d, J =
)benzo[b]thio 7.8 Hz, 3H), 3.05 (d,
phen-5- J=10.5Hz,3H),2.43
ylmethyl)ph - 1.88 (m, 7H), 1.78 -
osphonic 1.62 (m, 1H), 1.41 -
acid 1.33 (m, 1H), 1.11 (d,
J =49 Hz, 3H), 0.58
- 0.49 (m, 1H), 0.45 -

0.39 (m, 1H).

279 ((2- ) 657.1 | 'H NMR (400 MHz,
(((38,68,7a8, C\N;j . [M+H]* | CD;0OD) & 8.50 (s,
8aR,9aR)-3- QY HN _ 1H), 8.19 (s, 2H),
(((3S5,4S)-4- HN" S0 d o 7.99 (s, 1H), 7.85 (br.

fluoro-1- @‘F P oo s., 1H), 7.75 d, J =
(pyrimidin-5- — OH 8.5 Hz, 1H), 7.46 (d,
yDpyrrolidin- | % J=28.5Hz, 1H), 5.30
3- -5.26 (m, 0.5H), 5.17
yl)carbamoyl -5.13 (m, 0.5H), 5.03
)-5- - 4.95 (m, 2H), 4.57 -
oxodecahydr 4.51 (m, 2H), 4.31 -
o-1H- 422 (m, 1H), 3.85 -
cyclopropald 3.69 (m, 2H), 3.66 -
Ipyrrolo[1,2- 3.55 (m, 1H), 3.46 -
alJazocin-6- 3.40 (m, 1H), 3.14 -
yl)carbamoyl 3.03 (m, 2H), 2.45 -
)benzo[b]thio 2.35 (m, 1H), 2.33 -
phen-5- 2.24 (m, 1H), 2.23 -
yl)methyl)ph 2.15 (m, 1H), 2.14 -
osphonic 2.04 (m, 2H), 1.98 -
acid 1.89 (m, 1H), 1.76 -
1.65 (m, 1H), 1.20
1.08 (m, 1H), 0.85 -
0.71 (m, 2H), 0.09 -

0.03 (m, 1H).

419 ((2- 688.1 | 'H NMR (400 MHz,
(((35,68.7a8, 4/@ o [M+H]* | CD30OD) & 8.44 (br.
8aR,9aR)-3- X7 "fu s., 1H), 8.33 - 8.21

(3-(4- N0 = o (m, 1H), 8.17 - 8.10
(dimethylami "\’ ] ° P om (m, 1H), 8.08 - 7.97
no)pyridin-3- N ¢ e (m, 1H), 7.93 - 7.84
yl)azetidine- (m, 1H), 7.76 - 7.68
1-carbonyl)- (m, 1H), 6.99 - 6.86

5- (m, 1H), 5.04 - 498
oxodecahydr (m, 1H), 4.74 - 4.68

o-1H- (m, 1H), 4.66 - 4.59

cyclopropald (m, 1H), 4.55 - 448
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Ipyrrolo[1,2-

(m, 1H), 4.44 - 4.36

alJazocin-6- (m, 1H), 4.34 - 4.19
yl)carbamoyl (m, 2H), 4.10 - 3.96
)benzo[b]thio (m, 1H), 3.03 - 2.94

phen-5- (m, 6H), 2.55 - 2.38

yl)difluorom (m, 1H), 2.34 - 2.09

ethyl)phosph (m, 4H), 2.06 - 1.89

onic acid (m, 2H), 1.80 - 1.67
(m, 1H), 1.45 - 1.35
(m, 1H), 0.99 - 0.81
(m, 2H), 0.12 - 0.02
(m, 1H).

238 ((2- 623.1 | 'H NMR (400 MHz,
(((3S,6S,7aR, [M+H]* | CD30D) 6 8.63 - 8.39
8aS,9aR)-8a- (m, 2H), 8.24 - 7.97

methyl-5- (m, 2H), 7.87 - 7.78

ox0-3-3- | w7 I (m, 2H), 7.56 - 7.40

(pyridin-3- | N LM (m, 2H), 5.00 - 4.89
yDazetidine- ! (m, 1H), 4.73 - 4.26

1- (m, 5H), 4.07 - 3.96

carbonyl)dec (m, 2H), 3.26 - 3.17
ahydro-1H- (m, 2H), 2.40 - 2.17
cyclopropald (m, 4H), 2.05 - 1.86
Ipyrrolo[1,2- (m, 3H), 1.78 - 1.60

alazocin-6- (m, 1H), 1.27 - 1.21
yl)carbamoyl (m, 3H), 1.17 - 0.98
Ybenzo[b]thio (m, 1H), 0.69 - 0.56

phen-5- (m, 1H), 0.40 - 0.29
yl)methyl)ph (m, 1H).
osphonic
acid
Biochemical and Cellular Assays
STAT3 Fluorescence Polarization (FP) Assay
[00784] An FP assay was developed to determine 1Csp values for test substances.

Recombinant STAT3 protein (STAT3(G127-1722)) at 25 nM was combined with a
fluorescently labeled, phosphotyrosine peptide probe (5-FAM-GpYLPQTV-NH>) at 2 nM in
FP buffer (10 mM HEPES pH 7.4, 50 mM NaCl, 1 mM EDTA, 0.05% Tween 20, 2 mM
DTT). 50 uL of STAT3-probe mixture was added to serial diluted compounds in black, 96-
well plates (Greiner BioOne 655076) to a final concentration of 1% DMSO. Reaction

components were mixed, and FP was measured after 45-minute incubation at room

temperature using a Tecan Spark multimode plate reader. FP signal (mP) was plotted against
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the log concentration of the test substances and ICso values were calculated by nonlinear
regression analysis using GraphPad Prism software. Results are shown in Table 37. For

STAT3 FP assay, A = <100 nM; B = >100-1000 nM; C =>1-10 uM; and D = >10 uM.

STATG6 Fluorescence Polarization (FP) Assay

[00785] An FP assay was developed to determine ICsp values for test substances.
Recombinant STAT6 protein (STAT6(W123-T658)) at 250 nM was combined with a
fluorescently labeled, phosphotyrosine peptide probe (5-FAM-ApYKPFQDLI-NH3) at 2 nM
in FP buffer (10 mM HEPES pH 7.4, 50 mM NaCl, 1 mM EDTA, 0.05% Tween 20, 2 mM
DTT). 50 uL of STAT6-probe mixture was added to serial diluted compounds in black, 96-
well plates (Greiner BioOne 655076) to a final concentration of 1% DMSO. Reaction
components were mixed, and FP was measured after 45-minute incubation at room
temperature using a Tecan Spark multimode plate reader. FP signal (mP) was plotted against
the log concentration of the test substances and ICso values were calculated by nonlinear
regression analysis using GraphPad Prism software. Results are shown in Table 37. For

STATG6 FP assay, A = <300 nM; B = >300-3000 nM; C = >3-30 uM; and D = >30 uM.

Table 37

Cmp # STAT3 STAT6 28 A A
1 A C 29 B C
3 B B 30 A C
7 B B 31 A C
8 B C 32 A B
9 B B 33 A C
10 B A 34 B D
11 B A 35 B D
12 A C 36 A B
13 A C 37 A C
14 A C 38 B C
15 A C 39 A C
16 B C 40 A B
17 B C 41 A B
18 A C 42 B B
19 A C 43 B C
20 C D 44 A B
21 A C 45 A C
22 B D 46 A B
23 B D 47 A B
24 B D 48 B C
25 B D 49 A C
26 A B 50 A C
27 B B 51 A B
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52 B B 100 A C
53 B C 101 B B
54 A B 102 A C
55 A C 103 B B
56 A B 104 A B
57 B C 105 B B
58 A C 106 A B
59 A C 107 A C
60 A B 108 A C
61 A C 109 A C
62 A B 110 B C
63 A C 111 A B
64 A B 112 A B
65 A C 113 B C
66 C A 114 A C
67 A B 115 B B
68 A B 116 A B
69 A C 117 A B
70 A B 118 A B
71 A C 119 B C
72 A C 120 B B
73 A C 121 A B
74 A B 122 B C
75 A C 123 B C
76 A C 124 A B
77 A C 125 B C
78 A C 126 A B
79 A C 127 A C
80 A C 128 A B
81 A B 129 A C
82 A B 230 A B
83 A C 231 A C
84 A C 234 A C
85 A B 235 B D
86 A C 236 B D
87 A C 237 B C
88 A B 238 B D
89 A B 239 A C
90 A B 241 B C
91 B C 243 A D
92 B C 244 C C
93 B C 246 B C
94 A C 247 A D
95 B C 248 A B
96 B C 250 A C
97 A C 252 A D
98 B C 253 A C
99 B C 254 B B
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256 B C 331 A C
257 D C 333 A C
258 A B 334 C D
259 A B 335 C D
260 C D 336 B C
261 B C 337 A C
262 A B 339 A B
265 A D 340 A C
266 A C 341 A C
267 A B 342 C D
270 A B 343 A D
271 C D 344 A C
272 A C 345 A C
273 C C 346 A C
274 A B 347 B C
275 B C 348 A C
276 C D 349 B C
277 B D 350 B C
278 B D 351 B C
279 D D 352 B D
280 A C 353 A C
282 A C 354 A D
286 A C 355 A B
288 A C 356 A C
289 B C 357 A C
290 B C 358 B C
293 A B 364 C D
294 A C 365 C C
295 A B 366 B C
296 A B 367 A C
299 A B 368 C C
300 A B 369 B C
301 B C 370 A C
302 B C 371 A C
303 A B 372 C C
304 A C 373 C C
305 B C 375 B C
312 A C 376 A C
313 A B 377 B C
317 A C 378 C C
318 A C 379 C C
320 A C 380 B C
322 A C 383 C B
324 B C 384 C C
326 B C 385 C C
327 B C 386 C B
328 B C 387 C C
330 A B 388 C C
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389 C C 408 A C
390 B C 429 C A
391 A D 410 C C
393 A D 411 B B
394 A C 419 A B
400 B C 420 A C
401 A C 421 A C
402 A B 422 A C
403 A C 425 A D
404 A D 433 A B
405 A C 435 A A
406 A C 427 B B
407 A C 428 A C

MSD-pSTAT-PBMC Assay

[00786] Materials:

[00787] Cryopreserved Peripheral Blood Mononuclear Cells (PBMC) are from AllCells.
Recombinant Human IL-4 and IL-6 are from Peprotech. Mouse monoclonal anti-STAT3
antibody, rabbit monoclonal anti-pY705-STAT3 antibody, rabbit monoclonal Anti-pY641-
STATG6 antibody, and lysis buffer are from Cell Signaling Technology (CST). Mouse
monoclonal anti-STAT6 antibody is from BioLegend. Assay plates, blocker, and anti-rabbit
secondary antibody are from Meso Scale Discovery (MSD).

[00788] Assay Method:

[00789] Cryopreserved PBMCs were thawed out and allowed to recover overnight in
IMDM +10% heat-inactivated FBS prior to plating 50,000 (STAT3) or 25,000 (STATO6) cells
per well in 96-well U-bottom tissue culture plates. Cells were treated with compound for
3hrs, then stimulated with 10ng/mL IL-6 (STAT3) or 1 ng/mL IL-4 (STAT6) for 10min.
Cells were then spun down and washed with ice-cold PBS prior to lysing the cell pellet with
1x lysis buffer (CST) with 1x HALT protease and phosphatase inhibitor cocktail (Thermo).
Lysates were transferred to and incubated overnight at 4 °C with shaking in QuickPlex 96-
well high bind assay plates (MSD) pre-coated overnight with 30 uL per well of 0.6 ug/mL
mouse monoclonal anti-STAT3 antibody (STAT3) or 2 pg/mL mouse monoclonal anti-
STAT6 antibody (STAT6) in 1x PBS, and pre-blocked for 1 hour with 3% Blocker-A (MSD).
Captured protein in the assay plates were then washed and probed with 25 pL per well of
0.25 pg/ml rabbit monoclonal anti-pY705-STAT3 antibody (STAT3) or 0.18 ug/ml rabbit
monoclonal Anti-pY641-STAT6 antibody (STAT6) in 1% Blocker-A for 1 hour at room
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temperature with shaking, then washed and probed with 25ul per well of 1ug/ml Sulfo-TAG
Labeled Goat Anti-Rabbit Antibody (MSD) in 1% Blocker-A for 1 hour at room temperature
with shaking. Assay plates were then washed and 150 pL of 1x Read Buffer-T (MSD) was
added to each well prior to reading on an SQ120 MSD Plate Reader. Assay signal from each
sample was subtracted by the signal from unstimulated control wells and normalized to
DMSO control wells. ICso values were calculated using Graph Pad Prism Dose-Response
Nonlinear Regression with variable slope. Results are shown in Table 38. For both pSTAT3
and pSTAT6 A = <100 nM; B = >100-1000 nM; C = >1000-3000 nM; and D = >3 uM.

Table 38

Cmp# | pSTAT3 pSTATé6 160 D
2 D D 161 A D
4 A D 162 B D
5 C 163 C
6 C 164 D
130 D 165 C D
131 B D 166 A D
132 D 167 D
133 D D 168 A D
134 B 169 B D
135 A D 170 C D
136 C D 171 A D
137 C D 172 B D
138 A C 173 C D
139 A A 174 C
140 A A 175 B D
141 A C 176 A D
142 A C 177 D D
143 B D 178 A B
144 B D 179 A D
145 A C 180 A D
146 D D 181 A D
147 D 182 A D
148 B D 183 A B
149 C D 184 D D
150 A D 185 B D
151 B D 186 D D
152 A B 187 A B
153 B 188 A B
154 B D 189 A C
155 A C 191 B
156 A D 192 D
157 A D 193 A D
158 B D 194 B
159 D 195 B D
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| 432 | A ] | 434 | A ]

[00790] While we have described a number of embodiments, it is apparent that our basic
examples may be altered to provide other embodiments that utilize the compounds and
methods of this invention. Therefore, it will be appreciated that the scope of this invention is
to be defined by the appended claims rather than by the specific embodiments that have been
represented by way of example.

[00791] The contents of all references (including literature references, issued patents,
published patent applications, and co-pending patent applications) cited throughout this
application are hereby expressly incorporated herein in their entireties by reference. Unless
otherwise defined, all technical and scientific terms used herein are accorded the meaning

commonly known to one with ordinary skill in the art.
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Listing of Claims:

1. A compound having the structural formula I:

R* @

or a pharmaceutically acceptable salt thereof, wherein:

qisOorlandtis0,1,or2, provided that at least one of q or tis 1;

pis 1or2;

R!is selected from an 8- to 10-membered fused bicyclic heteroaryl substituted with —
CR'“*R*P(0)OR POR?, -CR"*R**P(0O)[OR'"][NH(AA)C(O)OR"], -CR'#*R*P(0O)[
NHR™][NH(AA)C(O)OR"], -P(O)OR'OR?, -[P(O)[NHR™Y][NH(AA)C(O)OR"], -
CR"*R%™P(O)[NH(AA)C(O)OR']][NH(AA)C(O)OR"], or —P(O)[OR'*][NH(AA)C(O)OR"];
an 8- to 10-membered fused bicyclic heterocyclyl substituted with —-CR'*R**P(O)OR'POR?, —
CR'*R**P(0)[OR'’][NH(AA)C(O)OR'], -CR"*R**P(0)[ NHR™Y][NH(AA)C(O)OR"], —
P(O)OR'®OR?, -[P(O)[NHR™][NH(AA)C(O)OR], -
CR'*R**P(0)[NH(AA)C(O)OR™]I[INH(AA)C(O)OR"], or —P(O)[OR'’][NH(AA)C(O)OR"];
an aryl substituted with —CR¥R%*P(O)OR®OR?, —-CR“R**P(O)[OR°][NH(AA)C(O)OR'], —
CR'“R*™P(O)[NHR™][NH(AA)C(O)OR"], -P(O)OR'®OR?, -
[P(O)[NHR™Y][NH(AA)C(O)OR™], -CR'*R**P(0O)[NH(AA)C(O)OR™]][NH(AA)C(O)OR"],
or —P(O)[OR'®][NH(AA)C(O)OR"]; a -(Ci-Ca)alkyl(aryl) wherein said aryl portion of -(Ci-
Cay)alkyl(aryl) is substituted with —-CR'*R*P(O)OR'®POR?, —
CR'*R**P(0)[OR'’][NH(AA)C(0)OR'], -CR"*R**P(0)[ NHR™Y][NH(AA)C(O)OR"], —
P(O)OR'®OR?, -[P(O)[NHR™][NH(AA)C(O)OR"], or -
CR'*R*P(0)[NH(AA)C(O)OR™]I[NH(AA)C(O)OR"], —P(O)[OR '’][NH(AA)C(O)OR™]; and
a -(C2-Cy)alkenyl(aryl) wherein said aryl portion of -(C2-Cs)alkenyl(aryl) is substituted with —
CR'“*R*P(0)OR POR?, -CR'*R**P(0O)[OR'"][NH(AA)C(O)OR"], -CR'#*R*P(0O)[
NHR™][NH(AA)C(O)OR'], -P(O)OR'®OR?, -[P(O)[NHR™][NH(AA)C(O)OR"], -
CR'*R*P(0)[NH(AA)C(O)OR™]I[NH(AA)C(O)OR"], or —P(O)[OR'°][NH(AA)C(O)OR];
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R!# and R* are each independently selected from hydrogen, cyano, (Ci-Ca)alkyl,
hydroxy(Ci-Cs)alkyl and fluoro; or R'® and R taken together with the carbon they are
attached form oxo;

R'® and R? are each independently selected from hydrogen, (Ci-Cas)alkyl, halo(Ci-
Cyalkyl, -[(C1-C4)alkyl]-OC(O)-[(C1-Cas)alkyl], -[(C1-Cs)alkyl]-C(O)O-[(Ci-Ca)alkyl], -[(Ci-
Ca)alkyl]-O-[(C1-Cao)alkyl], -[(C1-C4)alkyl]-OC(O)-[halo(C1-Cs)alkyl], [(C1-Cs)alkyl]-
OC(0)O-[5- to 7-membered heterocyclyl], [(C1-Ca4)alkyl]-OC(O)-[5- to 7-membered
heterocyclyl], -[(C1-C4)alkyl]-OC(O)-[(C1-C4)alkyl]-OH, -[(C1-Cq)alkyl]-OC(O)-[(C1-
Ca)alkyl]-O-[(C1-Ca)alkyl], -[(C1-Ca)alkyl]-OC(O)O-[(C1-Ca)alkyl], -[(C1-Cas)alkyl]-
OC(0)O-[halo(C1i-Cs)alkyl], -[(Ci-C4)alkyl]-OC(O)O-[(Ci-Cs)alkyl]-OH, -[(Ci-C4)alkyl]-
OC(0)O-[(C1-Ca)alkyl]-O-[(Ci-Ca)alkyl], -[(C1-Ca)alkylphenyl]-C(O)O-[(Ci-Ca)alkyl], -
[(C1-C4)alkyl]-OC(O)-[NH(AA)C(O)ORT], -[(Ci-Cs)alkyl]-SC(O)-[(Ci-Cs)alkyl], -[(Ci-
C4)alkyl]-SC(O)-[halo(C1-Ca)alkyl], -[(C1-Ca)alkyl]-SC(O)-[(C1-C4s)alkyl]-OH, -[(C1-
Cq)alkyl]-SC(O)-[(Ci1-Ca)alkyl]-O-[(C1-Ca)alkyl], -[(Ci-Ca)alkyl]-OC(O)NH(C1-Ca)alkyl], -
[(C1-C4)alkyl]-OC(O)N[(C1-Cs)alkyl]2, and aryl, wherein said 5- to 6- membered heteroaryl
and aryl are each optionally and independently substituted with, as valency permits, 1 to 2
groups selected from halo, cyano, and (Ci-Cs)alkyl and wherein said 5- to 7-membered
heterocyclyl of [(Ci-Cs)alkyl]-OC(O)O-[5- to 7-membered heterocyclyl] and [(Ci-Cas)alkyl]-
OC(O)-[5- to 7-membered heterocyclyl] are each optionally and independently substituted
with, as valency permits 1 to 2 groups selected from C(O)ORY;

R? is selected from hydrogen, halo, (Ci-Cs)alkyl, halo(Ci-Cs)alkyl, (Ci-Cs)alkoxy,
halo(C1-Cg)alkoxy, hydroxy(Ci-Cs)alkyl, cyano, and hydroxyl;

R? and R* are each independently selected from hydrogen, halo, and (C;-Ca)alkyl;

R? and R® are each independently selected from hydrogen, phenyl, and (Ci-Cs)alkyl;

R’ is selected from (Ci-Cs)alkyl, phenyl, 4- to 9-membered monocyclic or bicyclic
heterocyclyl, and 5- to 10-membered monocyclic or bicyclic heteroaryl, wherein said (Ci-
Ca)alkyl is optionally substituted with, as valency permits, 1 to 3 groups selected from RY and
said phenyl, 4- to 9-membered monocyclic or bicyclic heterocyclyl, and 5- to 10-membered
monocyclic or bicyclic heteroaryl are each optionally substituted with, as valency permits, 1
to 3 groups selected from R%; or

R® and R” together with the nitrogen atom to which they are attached form a 4- to 14-
membered monocyclic or bicyclic heterocyclyl or a 5- to 12-membered monocyclic or
bicyclic heteroaryl, each of which being optionally substituted with, as valency permits, 1 to

3 groups selected from R,
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R3 is hydrogen or (Ci-Ca)alkyl;

AA is the residue of an alpha or beta natural or non-natural amino acid;

R* and RY are each independently selected from (Ci-Cas)alkyl, (Ci-Ca)alkyl-
C(O)O(C1-Cq)alkyl, benzyl, and phenyl, wherein said phenyl is optionally substituted with 1
or 2 groups selected from halo, (C1-Ca)alkyl, and halo(C1-Cg)alkyl;

R is selected from halo, (C2-Ca)alkenyl, (Ci-Ca)alkyl, (C1-Ca)alkoxy, halo(Ci-
Cy)alkoxy, cyano, phenyl, hydroxyl, 4- to 9-membered monocyclic or bicyclic heterocyclyl,
5- to 10-membered monocyclic or bicyclic heteroaryl, (C3-Ce)cycloalkyl, oxo, imino, -OR®, -
C(O)RE, -C(O)OR¢, -NRC(O)R®, -C(O)NRRY, -NR*R", -S(O)R°R, -S(0)2R", -S(0)=NH(C;-
Cay)alkyl, -S(O)NR®R', and -S(0)2NR°R!, wherein said (C2-Cs)alkenyl and (C;-Cs)alkyl are
each optionally and independently substituted with, as valency permits, 1 to 3 groups selected
from RM, and wherein said phenyl, 5- to 10- membered monocyclic or bicyclic heteroaryl,
(C3-Ce)cycloalkyl, and 4- to 9-membered monocyclic or bicyclic heterocyclyl are each
optionally and independently substituted with, as valency permits, 1 to 3 groups selected
from RF;

RY is selected from halo, (C1-Cy)alkoxy, halo(C1-Cs)alkoxy, cyano, -C(O)RE, -
C(O)OR®, -NHC(O)R®, -NR*R®, -S(O)R°R’, -S(O)2R!, -S(O)NR°R', -S(0)=NH(C-C4)alkyl, -
S(0)NR°R, hydroxyl, phenyl, 4- to 6-membered heterocyclyl, and 5- to 10-membered
monocyclic or bicyclic heteroaryl, wherein said phenyl, 4- to 6-membered heterocyclyl, and
5- to 10-membered monocyclic or bicyclic heteroaryl are each optionally substituted with, as
valency permits, 1 to 3 groups selected from R*;

RM and R are each independently selected from halo, (Ci-Cs)alkyl, (Ci-Ca)alkoxy,
halo(C;-Cs)alkoxy, cyano, -C(O)RE, -C(O)OR®, -NHC(O)RE, -C(O)NRRY, -NRR?, -
S(O)RR, -S(0)2R’, -S(O)NR R, -S(0)=NR*(Ci-C4)alkyl, -S(0)NR°R’, hydroxyl, phenyl, 4-
to 6-membered heterocyclyl, and 5- to 10-membered monocyclic or bicyclic heteroaryl,
wherein said phenyl, 4- to 6-membered heterocyclyl, and 5- to 10-membered monocyclic or
bicyclic heteroaryl are each optionally substituted with, as valency permits, 1 to 3 groups
selected from R%;

RY, RX, and R? are each independently selected from halo, cyano, (Ci-Cs)alkyl,
cyano(Ci-Ca)alkyl, (C3-Ce)cycloalkyl, halo(Ci-Ca)alkyl, -(C1-Cs)alkylC(O)NRRY, -(C;-
Cy)alkyl(C1-Cq)alkoxy, hydroxy(Ci-Cs)alkyl, -(C1-Cs)alkylphenyl, -(C1-Cs)alkylheteroaryl,
(C2-Cy)alkenyl, halo(C2-Cq)alkenyl, (C2-Cq)alkynyl, halo(C2-Cs)alkynyl, (Ci1-Cs)alkoxy,
halo(C1-Cg)alkoxy, -ORS, oxo, imino, phenyl, 4- to 6-membered heterocyclyl, 5- to 6-
membered monocyclic heteroaryl -S(O)R°R!, -S(0):R!, -S(O)=NH(C;-Cs)alkyl, -S(O)NR°R!,

415



WO 2023/192960 PCT/US2023/065171

-S(0):NR°R/, -C(O)ORS, -NR°C(O)R®, -(Ci1-Csalkyl)C(O)RE, -C(O)RE, -C(O)NRRY, NO,,
and -NR?R®, wherein said phenyl, said 4- to 6-membered heterocyclyl, and said phenyl for -
(C1-Cy)alkylphenyl are each optionally and independently substituted with, as valency
permits 1 to 3 groups selected from halo, cyano, oxo, (C1-Cio)alkyl, (C2-Cio)alkenyl, (Ca-
Cio)alkynyl, halo(C1-Cio)alkyl, (C1-Cio)alkoxy, -(C1-Ca)alkyl(C1-Cs)alkoxy, and halo(C1-
Cio)alkoxy, wherein said (C1-Cio)alkyl, (C2-Cio)alkenyl and (C2-Cio)alkynyl are each
optionally substituted with, as valency permits a 5-to 10-membered monocyclic or bicyclic
heteroaryl or a 4-to 10-membered monocyclic or bicyclic heterocyclyl each of said 5-to 10-
membered monocyclic and bicyclic heteroaryl or a 4-to 10-membered monocyclic or bicyclic
heterocyclyl being optionally substituted with oxo or a 5- to 7-membered heterocyclyl that is
optionally substituted with 1 to 2 oxo; and
R% R RS, RY R¢, RE R, and R"are each independently selected from, as valency
permits, hydrogen, (C1-Ca)alkyl, (C2 Cq)alkynyl, -(C1-Cy)alkylphenyl, phenyl, (Cs-
Ce)cycloalkyl, 4- to 6-membered heterocyclyl and 5- to 6-membered heteroaryl, wherein
said (C1-Cy)alkyl is optionally substituted with, as valency permits, 1 to 3 groups selected
from R’, and said phenyl, (C3-Cs)cycloalkyl, 4- to 6-membered heterocyclyl, and 5- to 6-
membered heteroaryl are each independently optionally substituted with, as valency permits,
1 to 3 groups selected from halo, cyano, (C1-Cs)alkyl, halo(C1-Cs)alkyl, (C1-Cs)alkoxy,
halo(C1-C4)alkoxy, hydroxyl, phenyl, and benzyl.

2. The compound of Claim 1, or a pharmaceutically acceptable salt thereof, wherein R,
RX, and R” are each independently selected from halo, cyano, (Ci-Ca)alkyl, cyano(Ci-
Ca)alkyl, (C3-Ce)cycloalkyl, halo(C1-Cs4)alkyl, —(C1-C4)alky1C(O)NR°Rd, -(C1-Cyalkyl(Ci-
Cys)alkoxy, hydroxy(C1-Ca)alkyl, -(C1-Cas)alkylphenyl, -(C1-Cg)alkylheteroaryl, (Co-
Cy)alkenyl, halo(C2-C4)alkenyl, (C2-Cs)alkynyl, halo(C2-Cs)alkynyl, (C1-C4)alkoxy, halo(Ci-
Cy)alkoxy, -OR®, oxo, imino, phenyl, 4- to 6-membered heterocyclyl, 5- to 6-membered
monocyclic heteroaryl -S(O)R°R’, -S(0)2R, -S(0)=NH(C;-Cs)alkyl, -S(O)NR°RY, -
S(0)2NRRY, -C(O)OR?, -NR°C(O)R®, -(Ci-Csalkyl)C(O)RE, -C(O)RE, -C(O)NRRY, NO, and
-NR#R®, wherein said phenyl, said 4- to 6-membered heterocyclyl, and said phenyl for -(Ci-
Cs)alkylphenyl are each optionally and independently substituted with, as valency permits 1
to 3 groups selected from halo, cyano, oxo, (C1-Cio)alkyl, (C2-Cro)alkenyl, (C2-Cro)alkynyl,
halo(C1-Cip)alkyl, (Ci1-Cig)alkoxy, and halo(C1-Cip)alkoxy, wherein said (C1-Cio)alkyl, (C2-
Cio)alkenyl and (C2-Cio)alkynyl are each optionally substituted with, as valency permits a 5-

to 10-membered monocyclic or bicyclic heteroaryl or a 4-to 10-membered monocyclic or
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bicyclic heterocyclyl each of said 5-to 10-membered monocyclic and bicyclic heteroaryl or a
4-to 10-membered monocyclic or bicyclic heterocyclyl being optionally substituted with oxo

or a 5- to 7-membered heterocyclyl that is optionally substituted with 1 to 2 oxo.

3. The compound of Claim 1 or 2, wherein the compound is of the structural formula II:

(IID);

or a pharmaceutically acceptable salt thereof.

4. The compound of any one of Claims 1 to 3, or a pharmaceutically acceptable salt

thereof, wherein q is 1.

5. The compound of any one of Claims 1 to 4, or a pharmaceutically acceptable salt

thereof, wherein t is 1.

6. The compound of any one of Claims 1 to 5, or a pharmaceutically acceptable salt

thereof, wherein p is 1.

1. The compound of any one of Claims 1 to 6, or a pharmaceutically acceptable salt

thereof, wherein R? is hydrogen.

8. The compound of any one of Claims 1 to 7, wherein the compound is of the structural

formula IIT or IV:
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R6
R! N
o) OY ~R7

R°—N,,

R* (IIT) or (IV); or a pharmaceutically acceptable

salt thereof.

9. The compound of any one of Claims 1 to 8, or a pharmaceutically acceptable salt

thereof, wherein R is hydrogen.

10. The compound of any one of Claims 1 to 9, or a pharmaceutically acceptable salt

thereof, wherein R* and R* are each independently selected from hydrogen and halo.

11. The compound of any one of Claims 1 to 10, or a pharmaceutically acceptable salt

thereof, wherein R3 and R* are each hydrogen.

12. The compound of any one of Claims 1 to 10, or a pharmaceutically acceptable salt

thereof, wherein R3 and R* are each fluoro.

13. The compound of any one of Claims 1 to 12, or a pharmaceutically acceptable salt
thereof, wherein R! is selected from 8- to 10-membered fused bicyclic heteroaryl and aryl,
each of which are substituted with -CR'*R**P(O)OR'POR?, -
CR'*R**P(O)[NHR™Y][NH(AA)C(O)OR"],
-CR"“*R™P(0)[NH(AA)C(O)ORT]][NH(AA)C(O)OR'], or -
CR'*R**P(0)[OR'’][NH(AA)C(O)OR"].

14. The compound of any one of Claims 1 to 13, or a pharmaceutically acceptable salt
thereof, wherein, R! is selected from benzothiophenyl and naphthalenyl, each of which are
substituted with —CR'*R**P(O)OR'®OR?, -CR!*R**P(O)[NHR™][NH(AA)C(O)OR'], -
CR'“R*™P(O)[NH(AA)C(O)OR']][NH(AA)C(O)OR], or —
CR'*R**P(0O)[OR'’][NH(AA)C(O)OR"].
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15. The compound of any one of Claims 1 to 14, or a pharmaceutically acceptable salt
R1a R2a
R1b—O\ >L— §

/ \\
thereof, wherein, R! is selected from, R *»—0 0 R

R1a Rza S
R™—0O< >LI: p §- RTV—N\ >L §

R
RTO(O)C(AA)—”/ o RTO(O)C(AA)—N” %
R28 P
Ra R e -0 >/— 8
R1b—o\P>L§jij 7000 N; X
N\ 0O
R2b_O/ \O , and ( ) ( ) H
16. The compound of any one of Claims 1 to 15, or a pharmaceutically acceptable salt
R1a RZa
R1b_0\ >L §

s \\
thereof, wherein, R! is selected from, R®—0 O ,

R‘la Rza

AN S, 1a R -
R—o_ 2 RNLZ
P\ = J R1P—0OL >L
RTO(O)C(AA)—”/ e ’R\o X

17. The compound of any one of Claims 1 to 16, or a pharmaceutically acceptable salt

R1a R2a

—o\ >L %

/\\
thereof, wherein, R! is R2b—O o]

18. The compound of any one of Claims 1 to 17, or a pharmaceutically acceptable salt

thereof, wherein R'® and R* are each independently selected from hydrogen and fluoro.

19. The compound of any one of Claims 1 to 18, or a pharmaceutically acceptable salt

thereof, wherein R!? and R* are each hydrogen.

20. The compound of any one of Claims 1 to 18, or a pharmaceutically acceptable salt

thereof, wherein R!? is hydrogen and R* is fluoro.
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21. The compound of any one of Claims 1 to 18, or a pharmaceutically acceptable salt

thereof, wherein R'® and R* are each fluoro.

22. The compound of any one of Claims 1 to 21 or a pharmaceutically acceptable salt
thereof, wherein R'® and R are each independently selected from hydrogen, (Ci-Cs)alkyl,
halo(C-Cy)alkyl, -[(Ci-C4)alkyl]-OC(O)-[(Ci-Csalkyl], -[(Ci-Cs)alkyl]-C(O)O-[(Ci-
Cayalkyl], -[(C1-Cs)alkylphenyl]-C(O)O-[(C1-Ca)alkyl], -[(C1-Ca)alkyl]-OC(O)-
[NH(AA)C(O)OR'], -[(Ci-Cyalkyl]-OC(O)-[(C1-Ca)alkyl]-OH, -[(Ci-Cs)alkyl]-OC(O)O-[5-
to 7-membered heterocyclyl], -[(C1-Cs)alkyl]-OC(O)O-[(C1-Cs)alkyl]-O-[(Ci-Cy)alkyl], -
[(C1-C4)alkyl]-OC(O)O-[(C1-Ca)alkyl], -[(C1-Caq)alkyl]-SC(O)-[(C1-Ca)alkyl], -[(C1-
Cy)alkyl]-SC(O)-[(C1-Cy)alkyl]-OH, and phenyl.

23. The compound of any one of Claims 1 to 22, or a pharmaceutically acceptable salt
thereof, wherein R!'® and R? are each independently selected from hydrogen, [(Ci-Cas)alkyl]-
OC(0)-[(C1-Ca)alkyl], -[(C1-Ca)alkyl]-OC(O)O-[(Ci-Ca)alkyl]-O-[(C1-Ca)alkyl], -[(Ci-
C4)alkyl]-OC(O)O-[(C1-Cy)alkyl], and -[(C1-C4)alkyl]-SC(O)-[(C1-C4)alkyl].

24, The compound of any one of Claims 1 to 23, or a pharmaceutically acceptable salt

thereof, wherein R'® and R* are each -[(Ci-C4)alkyl]-OC(O)-[(Ci-Cs)alkyl].

25. The compound of any one of Claims 1 to 23, or a pharmaceutically acceptable salt

thereof, wherein R'® and R?" are hydrogen.

26. The compound of any one of Claims 1 to 17 and 22, or a pharmaceutically acceptable

F

R F
X, OH 34)\ _OH
" Bon 7t Ton
salt thereof, wherein —CR'*R**P(O)OR'POR? is selected from o, o,
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217. The compound of any one of Claims 1 to 17, 22, and 26, or a pharmaceutically
FF
32X, OH

I OH
acceptable salt thereof, wherein —CR'*R**P(O)OR'®OR? is o .

28. The compound of any one of Claims 1 to 16, or a pharmaceutically acceptable salt
thereof, wherein —(AA)C(O)OR" is —C(R*)(R)C(O)R" or —-C(R’)(R)CH2C(O)R", wherein R
is hydrogen or methyl and R is selected from hydrogen, methyl, ethyl, -CH2CH(CH3),
-CH>OCH3, benzyl, and -CH>CHb»-phenyl.

29. The compound of any one of Claims 1 to 16, or a pharmaceutically acceptable salt

thereof, wherein —(AA)C(O)OR" is —C(R*)(R)C(O)R" or —-C(R’)(R)CH2C(O)R", wherein R’
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is hydrogen and R is selected from hydrogen, methyl, -CH2CH(CH3)2, benzyl, and -CH>CH2»-
phenyl.

30. The compound of any one of Claims 1 to 16, 28, and 29, or a pharmaceutically
acceptable salt thereof, wherein R is selected from (Ci-Ca)alkyl, (Ci-Cs)alkyl-C(O)O-C;-
salkyl, and benzyl.

31. The compound of any one of Claims 1 to 16, and 28-30, or a pharmaceutically
acceptable salt thereof, wherein —CR!*R?*P(O)[OR'°][NH(AA)C(O)ORT] is selected from

0©0F ©OF
Mo i 90 ol @
T A
o H4S F o H§
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The compound of any one of Claims 1 to 16, and 28-30, or a pharmaceutically

32.

acceptable salt thereof, wherein —CR *R%**P(O)[OR'®][NH(AA)C(O)OR"] is selected from

LA
O”D_rlO
=0
o,
g
L v,
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33. The compound of any one of Claims 1 to 32, or a pharmaceutically acceptable salt

thereof, wherein R® is hydrogen.

34. The compound of any one of Claims 1 to 33, or a pharmaceutically acceptable salt
thereof, wherein R’ is selected from (Ci-Cs)alkyl, phenyl, and 4- to 6-membered monocyclic
heterocyclyl, wherein said (C1-Cs)alkyl is optionally substituted with, as valency permits, 1 to
3 groups selected from RY and said phenyl and 4- to 6-membered monocyclic heterocyclyl

are each optionally substituted with, as valency permits, 1 to 3 groups selected from RZ.

35. The compound of any one of Claims 1 to 34, or a pharmaceutically acceptable salt
thereof, wherein R is selected from (Ci-Cs)alkyl, phenyl, pyrrolidinyl, and azetidinyl,
wherein said (C1-Cys)alkyl is optionally substituted with, as valency permits, 1 to 3 groups
selected from RY and said phenyl, pyrrolidinyl, and azetidinyl are each optionally substituted

with, as valency permits, 1 to 3 groups selected from RZ.

36. The compound of any one of Claims 1 to 35, or a pharmaceutically acceptable salt
thereof, wherein R is selected from halo, -(Ci-C4)alkylC(O)NRRY, hydroxyl, phenyl, 4- to
6-membered heterocyclyl, 5- to 6-membered monocyclic heteroaryl, -C(O)NR°R?, and -
C(O)R®, wherein said phenyl is optionally substituted with, as valency permits 1 to 3 groups
selected from halo, (C1-Cy)alkyl, halo(C1-Cy)alkyl, (C1-Cs4)alkoxy, and halo(C1-Cs)alkoxy.

37. The compound of any one of Claims 1 to 36, or a pharmaceutically acceptable salt
thereof, wherein R is selected from halo, -(C;-C4)alkylC(O)NRRY, hydroxyl, phenyl,
tetrahydropyran, tetrahydrofuran, oxetanyl, pyridinyl, pyrimidinyl, imidazoyl, triazoyl,
pyrazolyl, pyridazinyl, -C(O)NR°R®and -C(O)R&, wherein the pyridinyl, imidazoyl, and

triazoyl are optionally substituted with one or two groups selected from halo and methyl.

38. The compound of any one of Claims 1 to 36, or a pharmaceutically acceptable salt
thereof, wherein R” is selected from halo, -(C1-C4)alkylC(O)NRRY, hydroxyl, phenyl,
tetrahydropyran, tetrahydrofuran, oxetanyl, pyridinyl, pyrazolyl, pyridazinyl, -C(O)NR°R¢
and -C(O)R®.
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39. The compound of any one of Claims 1 to 38, or a pharmaceutically acceptable salt
thereof, wherein RY is selected from hydroxyl and 5- to 10-membered monocyclic or bicyclic
heteroaryl, wherein said 5- to 10-membered monocyclic or bicyclic is optionally substituted

with, as valency permits, 1 to 3 groups selected from RX.

40. The compound of any one of Claims 1 to 39, or a pharmaceutically acceptable salt

thereof, wherein RY is selected from hydroxyl, pyridinyl, and pyrrolopyridinyl.

41. The compound of any one of Claims 1 to 40, or a pharmaceutically acceptable salt

thereof, wherein R® and R are each hydrogen.

42. The compound of any one of Claims 1 to 41, or a pharmaceutically acceptable salt

thereof, wherein R# is -(C1-Ca)alkyl.

43. The compound of any one of Claims 1 to 32, or a pharmaceutically acceptable salt
thereof, wherein R® and R” together with the nitrogen atom to which they are attached form a
4- to 14-membered monocyclic or bicyclic heterocyclyl or a 5- to 12-membered monocyclic
or bicyclic heteroaryl, each of which being optionally substituted with, as valency permits, 1

to 3 groups selected from R,

44, The compound of any one of Claims 1 to 32 and 43, or a pharmaceutically acceptable
salt thereof, wherein R® and R together with the nitrogen atom to which they are attached
form azetidinyl, 2,5-diazaspiro[3.4]octanyl, pyrrolidinyl, 2,6-diazaspiro[3.3]heptanyl, 2,6-
diazabicyclo[3.2.0]heptanyl, piperazinyl, spiro[indoline-3,3'-pyrrolidine]yl, 6',7'-
dihydrospiro[azetidine-3,5'-pyrrolo[ 1,2-a]imidazole]yl, 3,4-dihydro-2H-
benzo[b][1,4]oxazinyl, 3,4-dihydro-2 H-pyrido[3,2-b][1,4]oxazine, 2,3-dihydro-1H-
pyrido[2,3-b][1.4]oxazine, 2,3,4,5-tetrahydrobenzo[b][ 1,4]oxazepinyl, 1,2,3,4-
tetrahydroquinoxalinyl, 1-azaspiro[3.5]nonanyl, 4-azaspiro[2.4]heptanyl, each of which being

optionally substituted with, as valency permits, 1 to 3 groups selected from R<.

45. The compound of any one of Claims 1 to 32 and 43, or a pharmaceutically acceptable
salt thereof, wherein R® and R” together with the nitrogen atom to which they are attached
form azetidinyl, 2,5-diazaspiro[3.4]octanyl, pyrrolidinyl, 2,6-diazaspiro[3.3]heptanyl,
piperazinyl, spiro[indoline-3,3"-pyrrolidine]yl, 6',7'-dihydrospiro[azetidine-3,5'-pyrrolo[ 1,2-
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aJimidazole]yl, each of which being optionally substituted with, as valency permits, 1 to 3

groups selected from R

46. The compound of any one of Claims 1 to 32, and 43 to 45, or a pharmaceutically
acceptable salt thereof, wherein R9is selected from halo, (C1-Cy)alkyl, -ORS®, cyano, phenyl,
hydroxyl, 4- to 6-membered heterocyclyl, 5- to 10-membered monocyclic or bicyclic
heteroaryl, oxo, and, -C(O)R#, wherein said (C1-Cs)alkyl is optionally substituted with, as
valency permits, 1 to 3 groups selected from R, and wherein said phenyl, 5- to 10-
membered monocyclic or bicyclic heteroaryl, and 4- to 6-membered heterocyclyl are each
optionally and independently substituted with, as valency permits, 1 to 3 groups selected

from R¥, and wherein R€ is (C1-Cs)alkyl or 5- to 6-membered heteroaryl.

47. The compound of any one of Claims 1 to 32, and 43 to 45, or a pharmaceutically
acceptable salt thereof, wherein R is selected from halo, (C1-Cs)alkyl, (Ci-Ca)alkoxy, cyano,
phenyl, hydroxyl, 4- to 6-membered heterocyclyl, 5- to 10-membered monocyclic or bicyclic
heteroaryl, oxo, and, -C(O)R®, wherein said (Ci-C4)alkyl is optionally substituted with, as
valency permits, 1 to 3 groups selected from RM, and wherein said phenyl, 5- to 10-
membered monocyclic or bicyclic heteroaryl, and 4- to 6-membered heterocyclyl are each
optionally and independently substituted with, as valency permits, 1 to 3 groups selected

from RF.

48. The compound of any one of Claims 1 to 32 and 43 to 47, or a pharmaceutically
acceptable salt thereof, wherein R? is selected from halo, (Ci-Ca)alkyl, -OR®, cyano, phenyl,
hydroxyl, morpholinyl, tetrahydropyranyl, thiomorpholinyl, piperidinyl, oxatanyl, pyrazolyl,
pyridinyl, tetrazolyl, imidazolyl, pyrazinyl, isoxazoyl, oxazoyl, oxadiazolyl, triazolyl,
pyrimidinyl, benzoimidazolyl, 1H-pyrrolo[3,2-c]pyridine, 2,4,5,6-
tetrahydrocyclopenta[c]pyrazolyl, oxo, and, -C(O)R®, wherein said (C1-Cs)alkyl is optionally
substituted with, as valency permits, 1 to 3 groups selected from R™, and wherein said
morpholinyl, tetrahydropyranyl, thiomorpholinyl, piperidinyl, oxatanyl, pyrazolyl, pyridinyl,
tetrazolyl, imidazolyl, pyrazinyl, isoxazoyl, oxazoyl, oxadiazolyl, triazolyl, pyrimidinyl,
benzoimidazolyl, 1H-pyrrolo[3,2-c]pyridine, and 2,4,5,6-tetrahydrocyclopenta[c]pyrazolyl
are each optionally and independently substituted with, as valency permits, 1 to 3 groups
selected from RY, wherein R€ is (C1-Cs)alkyl, pyridinyl, pyrazinyl, pyrimidinyl, pyrazole, and
wherein the pyrazoyl represented by R® is optionally substituted with (C1-Ca)alkyl.
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49. The compound of any one of Claims 1 to 32 and 43 to 47, or a pharmaceutically
acceptable salt thereof, wherein R is selected from halo, (C1-Cs)alkyl, (Ci-Ca4)alkoxy, cyano,
phenyl, hydroxyl, morpholinyl, tetrahydropyranyl, thiomorpholinyl, piperidinyl, oxatanyl,
pyrazolyl, pyridinyl, tetrazolyl, imidazolyl, pyrazinyl, oxadiazolyl, triazolyl, pyrimidinyl,
benzoimidazolyl, 2,4,5,6-tetrahydrocyclopenta[c]pyrazolyl, oxo, and, -C(O)R#, wherein said
(C1-Cy)alkyl is optionally substituted with, as valency permits, 1 to 3 groups selected from
RM, and wherein said morpholinyl, tetrahydropyranyl, thiomorpholinyl, piperidinyl, oxatanyl,
pyrazolyl, pyridinyl, tetrazolyl, imidazolyl, pyrazinyl, oxadiazolyl, triazolyl, pyrimidinyl,
benzoimidazolyl, and 2,4,5,6-tetrahydrocyclopenta[c]pyrazolyl are each optionally and

independently substituted with, as valency permits, 1 to 3 groups selected from R

50. The compound of any one of Claims 1 to 49, or a pharmaceutically acceptable salt
thereof, wherein R#is selected from, as valency permits, (C1-Cs)alkyl, 4- to 6-membered
heterocyclyl, and 5- to 6-membered heteroaryl, wherein said (C1-Cs)alkyl is optionally
substituted with, as valency permits, 1 to 3 groups selected from R’, and said 4- to 6-
membered heterocyclyl, and 5- to 6-membered heteroaryl are each independently optionally
substituted with, as valency permits, 1 to 3 groups selected from (C1-Cs)alkyl, (C1-Cs)alkoxy,
benzyl, and hydroxyl.

51. The compound of any one of Claims 1 to 50, or a pharmaceutically acceptable salt

thereof, wherein R is phenyl.

52. The compound of any one of Claims 1 to 51, or a pharmaceutically acceptable salt
thereof, wherein R#is selected from, as valency permits, (C1-C4)alkyl, morpholinyl,
azetidinyl, tetrahydropyranyl, oxatanyl, pyrrolidinyl, and pyrazolyl, wherein said (Ci-
Cay)alkyl is optionally substituted with, as valency permits, 1 to 3 groups selected from R,
and said morpholinyl, azetidinyl, tetrahydropyranyl, oxatanyl, pyrrolidinyl, and pyrazolyl are
each independently optionally substituted with, as valency permits, 1 to 3 groups selected

from (C1-Cy)alkyl, (C1-Cy)alkoxy, benzyl, and hydroxyl.

53. The compound of any one of Claims 1 to 52, or a pharmaceutically acceptable salt
thereof, wherein RY is selected from halo, cyano, (Ci-Cas)alkyl, (C1-Cs)haloalkyl, (Ci-
Cy)alkoxy, hydroxyl, -N[(C1-C4)alkyl]2, morpholinyl, piperazinyl, azetidinyl, pyrrolidinyl,
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and oxo, wherein said piperazinyl, pyrrolidinyl, and azetidinyl are each optionally substituted
with 1 or 2 groups selected from cyano, halo, (C1-Ca)alkyl, (C1-C4)alkoxy, and (C1-
Cq)alkyl(Ci-Ca)alkoxy.

54. The compound of any one of Claims 1 to 52, or a pharmaceutically acceptable salt

thereof, wherein RF is selected from cyano, (Ci-Cs)alkyl, hydroxyl, and oxo.

55. The compound of any one of Claims 1 to 54, or a pharmaceutically acceptable salt
thereof, wherein RM is selected from halo, hydroxy, (Ci-Ca)alkoxy, -S(O)2RE, -S(O)=NH(C;-
Cy)alkyl, pyridinyl, pyrazoyl, and phenyl optionally substituted with 1 or 2 halo.

56. The compound of any one of Claims 1 to 54, or a pharmaceutically acceptable salt
thereof, wherein RM is selected from halo, (C;-Cs)alkoxy, -S(0)2RE, and -S(O)=NH(C;-
Cy)alkyl.

57. The compound of any one of Claims 1 to 55, or a pharmaceutically acceptable salt
thereof, wherein R! is (C1-Ca)alkyl, and wherein said (C1-Cs)alkyl is optionally substituted

with, as valency permits, 1 to 3 halo.

58. The compound of Claim 1, wherein the compound is selected from any one of

Compound 1 to 435, or a pharmaceutically acceptable salt thereof.

59. A pharmaceutically acceptable composition comprising the compound of any one of
Claims 1 to 58, or a pharmaceutically acceptable salt thereof; and a pharmaceutically

acceptable carrier.

60. A method of treating a condition responsive to the modulation of STAT3 or STAT6 in
a subject comprising administering to the subject a therapeutically effective amount of the
compound of any one of Claims 1 to 58, or a pharmaceutically acceptable salt thereof, or the

pharmaceutically acceptable composition of Claim 59.
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