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THIOPEPTIDE COMPOUNDS

Technical Field

The present disclosure generally relates to thiopeptide compounds, and more particularly relates

to thiopeptide compounds, their methods of production and uses thereof.

Background Art

Antimicrobial resistance is one of the leading threats to human health globally. High rates
of resistance against antibiotics used to treat common infections have been observed worldwide.
Recently, it was estimated that 1.2 million people died from antibiotic-resistant bacterial infections,
which was more than that caused by HIV/AIDS or malaria. Notably, Staphylococcus aureus is one
of the lcading pathogens (the sccond after Escherichia coli) for fatalitics associated with resistance.
Strains of S. aureus resistant to antistaphylococcal antibiotics, also known as methicillin-resistant
Staphylococcus aureus (MRSA), have become increasingly common as the cause of infections.
MRSA treatments involve second-line antibacterials such as vancomycin, that may come with
more serious side effects. The World Health Organization (WHO) estimates MRS A proportions to
exceed 20% globally, and that people with MRS A infections are 64% more likely to die than people

with drug-sensitive infections.

The misuse and overuse of antimicrobial agents in humans, animals, and agriculture are some
of the Icading causcs of the development of resistance. Factors such as incomplcete courscs of antibiotics,
widespread use of antibiotics in livestock and aquaculture, and lack of proper hygiene and infection

control practices contribute to the problem.

Addressing antimicrobial resistance requires a comprehensive, multi-sectoral approach that
involves both human and animal health sectors, as well as the environment. Strategies include
promoting appropriate use of antimicrobials, developing new drugs and treatment regimens,
implementing infcction prevention and control mcasurcs, and raising awarcncss among hcalthcare

providers, patients, and the general public.

However, there has been a decline in the development of new antimicrobial agents in recent
years, partially due to the high cost and low profitability associated with their development. Therefore,
there is a pressing need to create new antimicrobials that are effective against resistant strains and have

fewer side effects.
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Summary

In an aspect of the present disclosure, there is provided a compound of Formula (I) or a

pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer thereof:

Formula (I)

wherein:

Ry is -C(O)-Rs or -A-G-J-L;

A is optionally substitutcd carbocyclylene, optionally substituted heterocarbocyclylenc,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C{(O)N(R7.)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substitutcd cycloalkylenc, optionally substituted hcterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

R 1s -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Ra is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;
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Rsis -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7p);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(Rh), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substitutcd  alkynyl, optionally substitutcd carbocyclyl, optionally substitutcd
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry are independently -H or optionally substituted alkyl,

wherein when R; is optionally substituted alkalkoxy, Rs is -H, optionally substituted alkenyl,

or optionally substituted alkynyl.

In another aspect of the present disclosure, there is provided a pharmaceutical composition
comprising a therapeutically effective amount of a compound disclosed herein, or a pharmaceutically
acceptable salt, metabolite, prodrug or stercoisomer thereof, and a pharmaceutically acceptable

excipient.

In a further aspect of the present disclosure, there is provided a method of treating a bactcrial,
microbial and/or fungal infection, comprising administering a therapeutically effective amount of a
compound of Formula (1), or a pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer

thereof, to a subject in need of treatment:

Formula (I)
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wherein:

R1is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substitutcd cycloalkylenc, optionally substituted hcterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7,)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylenc, or optionally substitutcd heteroarylenc;

L is -C(O)-Re;

Rais -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rj is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;

Rqis -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(R7v), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally  substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted hcterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(R7); and

R7, and Ry are independently -H or optionally substituted alkyl.
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In another aspect of the present disclosure, there is provided a method of treating cancer,
comprising administering a therapeutically effective amount of a compound of Formula (I), or a
pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer thereof, to a subject in need of

treatment:

Formula (I)

wherein:

Ry is -C(O)-Rs or -A-G-J-L;

A is optionally substitutcd carbocyclylene, optionally substituted heterocarbocyclylenc,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C{(O)N(R7.)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substitutcd cycloalkylenc, optionally substituted hcterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

R 1s -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Ra is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;



WO 2024/136758 PCT/SG2023/050853

Rsis -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7p);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(Rh), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substitutcd  alkynyl, optionally substitutcd carbocyclyl, optionally substitutcd
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry are independently -H or optionally substituted alkyl.

In a further aspect of the present disclosure, there is provided a method of isolating a compound

of Formula (I),

Formula (I)

wherein:

R; is -C(O)-Rs or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;
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J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

R:is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Rsis -H, -OH, optionally substitutcd alkyl, optionally substitutcd alkenyl, optionally substituted
alkynyl, or -N(R7a)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7,)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally  substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rg is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry, are independently -H or optionally substituted alkyl,

the method comprising:
(i) expanding a Nonomuraea jiangxiensis strain under culture conditions that allow
expansion of the strain to obtain a seed culture;
(ii) using the sced culture to inoculate a fermentation culturce;
(iii) incubating the fermentation culture; and

(iv) isolating the compound from the fermentation culture.
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Definitions

Unless otherwise defined herein, scientific and technical terms used in this application shall
have the meanings that are commonly understood by those of ordinary skill in the art. Generally,
nomenclature used in connection with, and techniques of, chemistry described herein, are those well-

known and commonly used in the art.

Unless otherwise indicated, compounds disclosed and/or described herein include all possible
enantiomers, diastereomers, meso isomers and other stereoisomeric forms, including racemic mixtures,
optically pure forms and intermediate mixtures thereof. Enantiomers, diastereomers, meso isomers and
other stereoisomeric forms may be prepared using chiral synthons or reagents, or resolved using
conventional techniques. Unless specified otherwise, when the compounds disclosed and/or described
herein contain olefinic double bonds or other centers of geometric asymmetry, it is intended that the
compounds include both E and Z isomers. When the compounds described herein contain moictics
capable of tautomerization, and unless specified otherwise, it is intended that the compounds include

all possible tautomers.

As used herein, the term “isomers™ refers to compounds having the same number and kind of
atoms, and hence the same molecular weight, but differing in respect to the structural arrangement or

configuration of the atoms.

As used here, the term “tautomer” refers to one of two or more structural isomers that exist in
cquilibrium and which arc rcadily converted from onc isomeric form to another. It will be apparent to
one skilled in the art that certain compounds of this disclosure may exist in tautomeric forms, all such

tautomeric forms of the compounds being within the scope of the disclosure.

Unless otherwise stated, structures depicted herein are also meant to include all stereochemical
forms of the structure; i.e., the R and S configurations for each asymmetric center. Therefore, single
stereochemical isomers as well as enantiomeric and diastereomeric mixtures of the present compounds

arc within the scopc of the disclosurc.

As used herein, the term "alkyl" includes within its meaning monovalent (“alkyl”) and divalent
(“alkylene™) straight chain or branched chain saturated aliphatic groups having from 1 to 12 carbon
atoms, eg, 1,2,3,4,5,6,7,8,9, 10, 11 or 12 carbon atoms. For example, the term alkyl includes, but
is not limited to, methyl, ethyl, 1-propyl, isopropyl, 1-butyl, 2-butyl, isobutyl, tert-butyl, amyl. 1,2-
dimethylpropyl, 1,1-dimethylpropyl, pentyl, isopentyl, hexyl, 4-methylpentyl, 1-methylpentyl, 2-
methylpentyl, 3-methylpentyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-
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dimethylbutyl, 1,2,2-trimethylpropyl, 1,1,2-trimethylpropyl, 2-ethylpentyl, 3-ethylpentyl, heptyl, 1-
methylhexyl, 2,2-dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-
dimethylpentyl, 1,4-dimethylpentyl, 1,2,3-trimethylbutyl, 1,1.2-trimethylbutyl, 1,1,3-trimethylbutyl. 5-
methylheptyl, 1-methylheptyl, octyl, nonyl, decyl, undecyl, dodecyl and the like. Alkyl groups may be

optionally substituted.

As uscd herein, the term "alkenyl" includes within its meaning monovalent (“alkenyl™) and
divalent (“alkenylene”) straight chain or branched chain unsaturated aliphatic groups containing at least
one carbon-carbon double bond and having from 2 to 12 carbon atoms, eg, 2, 3, 4.5, 6,7, 8,9, 10, 11
or 12 carbon atoms. For example, the term alkenyl includes, but is not limited to, ethenyl, propenyl,
butenyl, 1-butenyl, 2-butenyl, 2-methylpropenyl, 1-pentenyl, 2-pentenyl, 2-methylbut-1-enyl, 3-
methylbut-1-enyl, 2-methylbut-2-enyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 2,2-dimethyl-2-butenyl, 2-
methyl-2-hexenyl, 3-methyl-1-pentenyl, 1,5-hexadienyl and the like. Alkenyl groups may be optionally

substituted.

As used herein, the term "alkynyl” includes within its meaning monovalent (“alkynyl”) and
divalent (“alkynylene™) unsaturated aliphatic groups containing at least one carbon-carbon triple bond
and having from 2 to 12 carbon atoms, eg, 2, 3,4, 5, 6,7, 8,9, 10, 11 or 12 carbon atoms. For example,
the term alkynyl includes, but is not limited to, ethynyl, propynyl, 1-butynyl, 2-butynyl. 1-pentynyl, 2-
pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 3-methyl-1-pentynyl, and the like. Alkynyl groups may be

optionally substituted.

The term “carbocyclylenc™ as used herein, refers to a divalent non-aromatic, aromatic, mono-
or multi-cyclic ring system comprising at least 3 carbons. Correspondingly, it is understood that the
term “heterocarbocyclylene” or “heterocyclylene™ refers to a divalent non-aromatic, aromatic, mono-
or multi-cyclic ring system comprising at least 3 carbons and has at least one heteroatom in the ring
system. It is also understood that the term can encompass “cycloalkylene”, which is a non-aromatic
mono- or multi-cyclic ring system, “arvlene” which is an aromatic mono- or multi-cyclic ring system,
“heterocycloalkylene™ which is a non-aromatic mono- or multi-cyclic ring system having at least one
heteroatom in the ring system, or “heteroarylenc” which is an aromatic mono- or multi-cyclic ring

system having at least one heteroatom in the ring system.

The term “aryl”, or variants such as “aromatic group” or “arylene” as used herein refers to
monovalent (“aryl”) and divalent (“arylene™) single, polynuclear, conjugated and fused residues of
aromatic hydrocarbons having from 6 to 10 carbon atoms. Such groups include, for example, phenyl,

biphenyl, naphthyl, phenanthrenyl, and the like. Aryl groups may be optionally substituted.
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The term "cycloalkyl" or variants such as “cycloalkylene” as used herein refers to monovalent
(“cycloalkyl”) and divalent (“cycloalkylene™) non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms. The cycloalkyl can be optionally substituted with one or
more "ring system substituents” which may be the same or different, and are as defined herein. Non-
limiting examples of suitable monocyclic cycloalkyls include cyclopropyl, cyclopentyl, cyclohexyl,
cycloheptyl and the like. Non-limiting examples of suitable multicyclic cycloalkyls include 1 -decalinyl,

norbornyl, adamantyl and the like. Further non-limiting cxamples of cycloalkyl includc the following:
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As used herein, "heterocycloalkyl” or variants such as “heterocycloalkylene” as used
herein refers to a cycloalkyl or cycloalkylene, where one or more of the atoms in the ring system is not
a carbon atom, namely a heteroatorn that is selected from N, O, P and S. Heterocycloalkyl groups may

be optionally substituted.

The term "heteroaryl” or variants such as “heteroarylene™ as used herein refers to monovalent
(“heteroaryl”) and divalent (“heteroarylene”) aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring atoms, in which one or
more of the ring atoms is an element other than carbon, for example nitrogen, oxygen or sulfur, alone
or in combination. "Heteroaryl" may also include a heteroaryl as defined above fused to an aryl as
defined above. Non- limiting examples of suitable heteroaryls include pyridyl, pyrazinyl, furanyl,

thienyl, pyrimidinyl, pyridone (including N-substituted pyridones), isoxazolyl, isothiazolyl, oxazolyl,



WO 2024/136758 PCT/SG2023/050853
11

thiazolyl, pyrazolyl, furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1 ,2,4-thiadiazolyl, pyrazinyl, pyridazinyl,
quinoxalinyl, phthalazinyl, oxindolyl, imidazo[l ,2-alpyridinyl, imidazo[2,1 -b]thiazolyl,
benzofurazanyl, indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl,
thienopyridyl, quinazolinyl, thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, isoquinolinyl,
benzoazaindolyl, 1 ,2,4-triazinyl, benzothiazolyl and the like. The term "heteroaryl" also refers to
partially saturated heteroaryl moieties such as, for example, tetrahydroisoquinolyl, tetrahydroquinolyl

and the like. Heteroaryl groups may bce optionally substituted.

The term “carbocycle”, or variants such as “carbocyclic ring” or “carbocyclylene™ as used
herein refers to monovalent (“carbocycle”) and divalent (“carbocyclylene™) any stabie 3, 4, S, 6, or 7-
membered monocyclic or bicyclic or 7, 8, 9, 10, 11, 12, or 13-membered bicyclic or tricyclic, any of
which may be saturated, partially unsaturated, or aromatic. Exaraples of such carbocycles include, but
are not Himited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl, cycloheptyl, adamantyl,
cyclooetyl, [3.3.01bicyclooctance, [4.3.0]bicyclononane, {4.4.0jbicyclodecane {deealin),
[2.2.27bicyelooctane, fluorenyl, phenyl, naphthvl, indanyl, adamantyl, or tetrahydronaphthy! (tetralin).
Preferred carbocycles, unless otherwise specified, are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
phenyl, naphthyl, and indanyl. When the term “carbocvcle” is used. it is intended to include “aryl™.

Carbocycles may be optionally substituted.

As used herein, "heterocarbocyclyl”, “heterocyclvlene™ or “heterocarbocyvelvlene™ refers to a
carbocycle or carbocyclylene, where one or more of the atoms in the ring system is not a carbon atom,
namely a heteroatom that is selected from N, O, P and 8. Heterocarbocyclyl groups may be optionally

substituted.

While “alkyl”, “alkenvl”, “alkynyl”, "carbocyelyl', “heterocarbocyclyl™, “cycloalkyl”,
“heterocycloalkyl”, “aryl”, “heteroaryl” are end-of-cham groups, the corresponding “alkylene”,
“alkenvlene”,  “alkynvlene”,  “carbocyclylene”,  “heterocarbocyclylene™,  “cycloalkylene”,

“heterocycloalkylene™, “arylene™, “heteroarylene™ ave each mid-chain moieties.

When compounded chemical names, ¢.g. “arylalkyl” and “arylimine™ arc uscd herein, they arc
understood to have a specific connectivity to the core of the chemical structure. The group listed farthest
to the right (e.g. alkyl in “arylalkyl™), is the group that is directly connected to the core. Thus, an
“arylalky]” group, for example, is an alkyl group substituted with an aryl group (e.g. phenylmethyl (i.e.,
benzyl)) and the alkyl group is attached to the core. An “alkylaryl™ group is an aryl group substituted
with an alkyl group (e.g., p-methylphenyl (i.e., p-tolyl)) and the aryl group is attached to the core.
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The term “optionally substituted” as used herein means the group to which this term refers may
be unsubstituted, or may be substituted with one or more groups other than hydrogen provided that the
indicated atom’s normal valency is not exceeded, and that the substitution results in a stable compound.
Such groups may be, for example, haloges, hydroxy, oxo, cyano, niivo, alkyl, alkoxy, haloaikyl,
haloalkoxy, aryl-4-alkoxy, alkylthio, hydroxyaikyl, alkoxyaikyl, cycloalkyl, cycloalkylalkoxy,
alkanoyl, alkoxycarbonyl, alkyisalfonyl. alkvisulfonyloxy, alkvisulfonylalkyl  aryisulfonyl,
arylsulfonyloxy,  aryisulfonyialkyl, alkylsulfopamido,  alkylamido,  alkylsulfonamidoalkyl,
alkylamidoaltkyl, arylsuifonamido, arvlcarboxamido, arvisulfonsmidoalkyl, arylcarboxamidoalikyl,
aroyl, arovi-4-alkyl, arvialkamovl, aeyl aryl arvialkyl, alkylaminoalkyl a group R'R'N-,
RIQCO{CH), RICONRMYWCH ), RIBINCO(CH: ), RIRINSO{CH ) or RISONRY(CH)w (where
sach of R* and RY is independently selected from hydrogen or alkyl , or where appropriate R*RY forms
part of carbocylic or heterocyclicring and mis 0, 1.2, 3 or 4), a group RPR'N{CH )y or R*RIN(CH:3,0-
(wherein pis 1,2, 3 or 4); wherein when the substituent is R*RYN{CHzjp- or R*RYN(CH),0, R¥ with at
feast one CHs of the (CHy), portion of the group may also form a carboeyclyl or heterocvelyl group and

RY may be hydrogen, atkyl,

The term “substituted™ as used herein means the group to which this term refers is substituted
with one or more groups other than hydrogen provided that the indicated atom’s normal valency is not
exceeded, and that the substitution results in a stable compound. Such groups may be, for example,
halogen, hydroxy, oxo, cyano, nitro. alkyl, alkoxy, haloalkyl, haloalkoxy, arvialkoxy, alkvithio,
hydroxyalkyl, alkoxyalkyl, cycloatkyl, cycloalkyialkoxy, altkanovl, alkoxycarbonyl, alkylsulfonyl,
atkylsuifonyloxy, atkylsaifonylaltkyl, arylsuifonyl, arylsulfonyloxy, aryisutfonylatkyl,
alkvlsulfonamido,  alkvlamido,  alkvlsulfonamidoalkyvl,  alkylamidoalkyl,  aryisulfonamido,
arylcarboxamido, arylsulfonamidoalkyl, aryicarboxamidoalkyl, aroyl, aroyl-4-alkyl, arvlalkanoyl, acyl,
aryl, arylalkyl, alkylamincalkyl, a group RR'N-, ROCO(CH)n, RCONRNMCHm,
RIRINCO(CH ), RIRINSO(CH: ), ov RISONRY{CH ) (where each of RY and RY 15 independently
selected from hydrogen or alkyl |, or where appropriate R'RY forms part of carbocylic or heterocyclic
ving and mis 0, 1, 2, 3 or 4), a group RIRIN(CH:)p- or RIRVNCH:),0- (wherein pis 1, 2, 3 or 4);
wherein when the substituent is R*RVN(CH)p- or RFRYN(CH,),0, R* with at least one CH; of the (CHu)p

portion of the group may also form a carbocyelyl or heterocyelyl group and RY roay be hydrogen, alkyl.

Any carbon or heteroatom with unsatisfied valences in the text, schemes, examples, structural

formulae, and any Tables herein is assumed to have the hydrogen atom or atoms to satisfy the valences.

The term “pharmaceutically acceptable salt" refers to salts that are within sound medical
judgement, that may be suitable for medical applications, or suitable for use to contact human and/or

animal tissue without undue toxicity, allergic response, irritation and the like, and have a reasonable
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benefit/risk ratio. Such salts are well known in the art and may include, for example, salts formed with
inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and
perchloric acid or with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric
acid, succinic acid, lactic acid, malic acid or malonic acid. Other pharmaceutically acceptable salts
include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
cthancsulfonatc, formatc, fumaratc, glucohcptonate, glyccrophosphate, gluconate, hcmisulfate,
heptanoate, hexanoate, hydroiodide, 2-hydroxy—ethanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, malonate, methanesulfonate, 2—naphthalenesulfonate, nicotinate, nitrate,
oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3—phenylpropionate, phosphate, pivalate,
propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p—toluenesulfonate, undecanoate, valerate
salts, and the like. alkali metal, alkaline earth metal, ammonium and alkylammonium salts.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium, calcium,
magncsium, and the like. Further pharmaccutically acceptable salts include, when appropriate, non-
toxic ammonium, quaternary ammonium, and amine cations formed using counterions such as halide,

hydroxide, carboxylate, sulfate, phosphate, nitrate, lower alkyl sulfonate and aryl sulfonate.

The term "pharmaceutically acceptable carrier” is intended to include solvents, dispersion media,
coatings, anti-bacterial and anti-fungal agents, isotonic and absorption delaying agents, and the like.
The use of such media and agents for pharmaceutically active substances is well known in the art.
Except insofar as any conventional media or agent is incompatible with the compound, use thereof in
the therapeutic compositions and methods of treatment and prophylaxis is contemplated. Supplementary
active compounds may also be incorporated into the compositions according to the present invention.
It is especially advantageous to formulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. "Dosage unit form" as used herein refers to physically discrete
units suited as unitary dosages for the individual to be treated; each unit containing a predetermined
quantity of compound(s) is calculated to produce the desired therapeutic effect in association with the
required pharmaceutical carrier. The compound(s) may be formulated for convenient and effective
administration in effective amounts with a suitable pharmaceutically acceptable carrier in an acceptable
dosage unit. In the casc of compositions containing supplcmentary active ingredicnts, the dosages arc

determined by reference to the usual dose and manner of administration of the said ingredients.

As used herein, the term “metabolite” refers to any substance that is produced during
metabolism or that takes part in metabolism. Metabolism refers to the biochemical reactions involved

in maintaining the living condition of the cells in an organism.
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As used herein, the term “prodrug” refers to therapeutic agent precursors that may be
intrinsically and/or largely inactive, but can be transformed in vivo into one or more active compounds
that exhibit therapeutic efficacy. Suitable prodrugs include esters. phosphonate esters etc, of the active

form of the compound.

Brief Description of Drawings

The accompanying drawings illustrate disclosed embodiments and serve to explain the
principles of the disclosed embodiments. It is to be understood, however, that the drawings are designed

for purposes of illustration only, and not as a definition of the limits of the invention.

FIG 1
Fig. 1 is a scheme of a phylogenetic tree showing the evolutionary relationship between A7611
and other type specics of the genus Nonomuraea, with the bar indicating 0.01 substitutions per

nucleotide position.

FIG 2
Fig. 2 is an image showing the results of Global Natural Products Social Molecular Networking
(GNPS) performed on the extract of A7611 strain, with insets showing the structures attributed to

nodes in the thiopeptide GNPS clusters.

FIG 3

Fig. 3 is a diagram showing thc chemical structurcs of compounds 1-9.

FIG 4

Fig. 4 is a series of ultraviolet (UV) spectra for compounds 1-9.

FIG 5
Fig. 5 is a series of (+)-High Resolution Electrospray Tonisation Mass Spectrometry (HRESIMS)

spectra for compounds 1-9.

FIG 6
Fig. 6 is a diagram showing selected homonuclear COrrelation SpectroscopY (COSY) and

Heteronuclear Multiple Bond Correlation (HMBC) correlations of compounds 1-9.

FIG.7A
Fig. 7ais a 'H NMR spectrum (DMSO-ds, 400 MHz) of compound 1.
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FIG.7B
Fig. 7bis a 'C NMR spectrum (DMSO-ds, 100 MHz) of compound 1.

FIG.7C
Fig. 7cis a COSY spectrum of compound 1.

FIG.7D

Fig. 7d is a Heteronuclear Single Quantum Coherence (HSQC) spectrum of compound 1.

FIG. 7E
Fig. 7e is a HMBC spectrum of compound 1.

FIG. 8A
Fig. 8ais a 'H NMR spectrum (DMSO-ds, 400 MHz) of compound 2.

FIG. 8B
Fig. 8bis a ’C NMR spectrum (DMSO-ds, 100 MHz) of compound 2.

FIG. 8C
Fig. 8c is a COSY spectrum of compound 2.

FIG. 8D
Fig. 8d is a HSQC spectrum of compound 2.

FIG. 8E
Fig. 8e is a HMBC spectrum of compound 2.

FI1G. 9A
Fig. 9a is a "H NMR spectrum (DMSO-ds, 400 MHz) of compound 3.

FIG. 9B
Fig. 9bis a COSY spectrum of compound 3.

FI1G. 9C
Fig. 9c is a HSQC spectrum of compound 3.
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FIG. 9D
Fig. 9d is a HMBC spectrum of compound 3.

FIG. 10A
Fig. 10ais a '"H NMR spectrum (DMSO-djs, 400 MHz) of compound 4.

FIG. 10B
Fig. 10b is a ®*C NMR spectrum (DMSO-ds, 100 MHz) of compound 4.

FIG. 10C
Fig. 10c is a COSY spectrum of compound 4.

FIG. 10D
Fig. 10d is a HSQC spcctrum of compound 4.

FIG. 10E
Fig. 10e is a HMBC spectrum of compound 4.

FIG. 11A
Fig. 11ais a "H NMR spectrum (DMSO-ds, 400 MHz) of compound 5.

FIG. 11B
Fig. 11b is a *C NMR spcctrum (DMSO-ds, 100 MHz) of compound 5.

FI1G. 11C
Fig. 11cis a COSY spectrum of compound 5.

FIG. 11D
Fig. 11d is a HSQC spectrum of compound 5.

FIG. 11E
Fig. 11e is a HMBC spectrum of compound 5.

FIG. 12A
Fig. 12ais a "H NMR spectrum (DMSO-d;s, 400 MHz) of compound 6.
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FIG. 12B
Fig. 12b is a *C NMR spectrum (DMSO-ds, 100 MHz) of compound 6.

FIG. 12C
Fig. 12c is a COSY spectrum of compound 6.

FI1G. 12D
Fig. 12d is a HSQC spectrum of compound 6.

FIG. 12E
Fig. 12e is a HMBC spectrum of compound 6.

FIG. 13A
Fig. 13ais a "H NMR spectrum (DMSO-ds, 400 MHz) of compound 7.

FI1G. 13B
Fig. 13bis a "®)C NMR spectrum (DMSOQ-ds, 100 MHz) of compound 7.

FIG. 13C
Fig. 13cis a COSY spectrum of compound 7.

FIG. 13D
Fig. 13d is a HSQC spcctrum of compound 7.

FIG. 13E
Fig. 13e is a HMBC spectrum of compound 7.

FIG. 14
Fig. 14 is a "H NMR spectrum (DMSOQ-ds, 400 MHz) of compound 8.

FIG. 15
Fig. 15 is a '"H NMR spectrum (DMSO-ds, 400 MHz) of compound 9.

FIG. 16
Fig. 16 is a series of images showing (a) the extracted ion chromatogram; (b) the (+)-HRESIMS
spectrum; and (¢) the MS/MS spectrum of GE2270A (a thiopeptide detected from Planobispora rosea)

in the extract of the Nonomuraea jiangxiensis strain A7611.
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FI1G. 17
Fig. 17 is a series of inhibitory effect dose response curves of compounds 1-9 against

Staphylococcus aureus Rosenbach (ATCC® 25923 ™) with gentamicin as positive control.

FIG. 18A

Fig. 18a is scheme showing the synthctic route for intcrmediate L.

FIG. 18B

Fig. 18b is scheme showing the synthetic route towards intermediate IT1.

FIG. 18C

Fig. 18c is scheme showing the synthetic route towards intermediates ITI and TV.

FIG. 18D

Fig. 18d is scheme showing the synthetic route towards compounds 7, 8, and 9.

FIG. 18E

Fig. 18e is scheme showing the synthetic route towards compounds 1, 2, 3, and 4.

FIG. 18F

Fig. 18f is scheme showing the synthetic route towards compounds 5 and 6.
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Detailed Disclosure of Embodiments

The present invention discloses a compound of Formula (I) or a pharmaceutically acceptable

salt, metabolite, prodrug or stereoisomer thereof:

Formula (T)

whercin:

R is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7.)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Re¢;

Rsis H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;
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Rs is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Ra4is H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7a)(Rap);

Rs is independently sclected from the group consisting of H, halogen, -N(R7.)(R7), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

R¢ is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry, are independently H or optionally substituted alkyl.

The present disclose also provides a compound of Formula (I) or a pharmaceutically

acceptable salt, metabolite, prodrug or stereoisomer thereof:

Formula (I)

wherein:

R is -C(O)-Rg or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,

optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, optionally substituted hetcroarylenc, or -C(O)N(R7.)-;
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G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-R¢;

Rz is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;

Rais -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7a)}(R7p);

Rsis independently selected from the group consisting of -H, halogen, -N(R7,)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(R); and

R7. and Ry are independently -H or optionally substituted alkyl,

wherein when R is optionally substituted alkalkoxy, Rs is -H, optionally substituted alkenyl,

or optionally substituted alkynyl.

In some embodiments, R; is -C(O)-R¢ or -A-G-J-L.

In some embodiments, R is -C(O)-Re. In other embodiments, Ry is -COOH. In some other
embodiments, Ry is an acid derivative, e.g., an ester (<COOR), or an amide (-CONR.Ry), where R, R,
and/or Ry may be optionally substituted alkyl, e.g., optionally substituted Ci.12 alkyl or optionally
substituted Cy, Ca, Cs, Ca, Cs, Cs, Cy, Cg, Co, Cia, Ci1, Cy2 alkyl, optionally substituted alkenyl, e.g.,



WO 2024/136758 PCT/SG2023/050853
22

optionally substituted Cz 12 alkenyl or optionally substituted Cs, Cz, C4, Cs, Cs, C3, Cs, Co, Cio, C11, C12
alkenyl, or optionally substituted alkynyl, e.g., optionally substituted Cs.12 alkynyl or optionally
substituted C,, Cs, C4, Cs, Cq, C5, Cg, Co, Cio, Ci1, Ciz2 alkynyl, or optionally substituted alkalkoxy, e.g.,
optionally substituted Ci.12 alkalkoxy or optionally substituted Ci, Cz, Cs, C4, Cs, Cs, C7, Cs, Co, Cio,
Ci1, Ci2 alkalkoxy, or any other substituents as defined herein. In some embodiments, R is -C(O)-Rs,
and Rg is -OH, alkoxy, or -N(R7,)(R7). In some embodiments, the alkoxy is MeO-, EtO-, PrO-, iPrO-,
n-BuO-, scc-BuO-, or t-BuO-. In somc othcr embodiments, -N(R7.)(R) is -NH», -NHMc, -N(Mc), -
NHEt, -N(Et),, or -NMeEt.

In some embodiments, A is optionally substituted carbocyclylene, e.g.. optionally substituted
Cs.12 carbocyclylene or optionally substituted Cs, Cs, Cs, Cs, C7, Cs, Co, Ci0, C11, Ci2 carbocyclylene,
optionally substituted heterocarbocyclylene, e.g., optionally substituted Cs.1» heterocarbocyclylene or
optionally substituted Cs, Cs, Cs, Cs, C5, Cg, Co, Cio, C11, Ci2 heterocarbocyclylene, optionally
substituted cycloalkylenc, c.g., optionally substituted Cs.1> cycloalkylenc or optionally substituted Cs,
C4, G5, Cq, Cg, Cg, Cg, Cyo, Ci1, Cia cycloalkylene, optionally substituted heterocycloalkylene, e.g.,
optionally substituted Cs.12 heterocycloalkylene or optionally substituted Cs, Ca, Cs, Cs, C5, Cg, Co, Cio,
C11, Ci2 heterocycloalkylene, optionally substituted arylene, e.g., optionally substituted C 12 arylene or
optionally substituted Cq, C7, Cs, Co, Cio, C11, Ci2 arylene, optionally substituted heteroarylene, e.g.,
optionally substituted Cs.12 heteroarylene or optionally substituted Cs, Cs, C7, Cs, Co, Cio, C11, Ci2
heteroarylene, or -C(O)N(R7,)-. In some embodiments, the heteroatom is N, O, P, S and/or Se. In some

preferred embodiments, A is heterocarbocyclylene or -C(O)N(R7.)-. In some other embodiments, A is

$

, or isomers thereof, wherein * represents a connection to the

rest of the compound and * represents a connection to G.

In some embodiments, G is -C(O)- or optionally substituted -alkylene-C(O)-. In some
embodiments, the optionally substituted alkylene may be methylene, ethylene, propylene, butylene,
pentylene, hexylene, all of which may be optionally substituted or isomers thereof. In some preferred
embodiments, the alkylene is optionally substituted methylene. In some other embodiments, G is -C(O)-
or “CH(Rg)-C(O)-, wherein Rs is optionally substituted alkylene, e.g., optionally substituted Cy12
alkylene or optionally substituted Ci, Ca, C3, Ca, Cs, Cs, C7, Cs, Co, C1o, Ci1, Ci2 alkylene, substituted

with -OH. In somc preferred embodiments, Ry is methylenc substituted with onc -OH, i.c., -CH>OH. In
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some embodiments, G is -C(0O)-, HO , or HO , or isomers thereof, wherein ©

represents a connection to A and * represents a connection to J.

In some embodiments, J is optionally substituted carbocyclylene, e.g., optionally substituted
Cs.2 carbocyclylene or optionally substituted Cs, C4, Cs, Cs, C7, Cg, Co, Cio. C11, Ci2 carbocyclylene,
optionally substituted heterocarbocyclylene, e.g., optionally substituted Cs.12 heterocarbocyclylene or
optionally substituted Cs;, Cs, Cs, Cs, C7, Cz, Co, Cio, Ci1, Ciz heterocarbocyclylene, optionally
substituted cycloalkylene, e.g., optionally substituted Cs.1> cycloalkylene or optionally substituted Cs,
Ca, G5, Cg, Cq, Cg, Cs, Ciro, Ci1, Ciz cycloalkylenc, optionally substituted heterocycloalkylene, c.g.,
optionally substituted Cs 1> heterocycloalkylene or optionally substituted Cs, Cs, Cs, Cg, Cy, Cg, Co, Cio,
Cu. Ci2 heterocycloalkylene, optionally substituted arylene, e.g., optionally substituted Ce.12 arylene or
optionally substituted Cs, C7, Cs, Co, Cio, C11, C12 arylene, or optionally substituted heteroarylene, e.g.,
optionally substituted Cs.12 heteroarylene or optionally substituted Cs, Ces, C7, Cs, Co, Cio, C11, C12
heteroarylene. In some embodiments, the heteroatom is N, O, P, S and/or Se. In some preferred

e N

5 /
/N“_Q‘Qf
i,
cmbodiments, J is heterocarbocyclylene. In some preferred embodiments, J is > , or
N
Nt s
“\( \* 5

, or isomers thereof, wherein * represents a connection to G and * represents a

conncction to L.

In some embodiments, L is -C(O)-R¢. In other embodiments, L is -COOH. In some other
embodiments, L is an acid derivative, e.g., an ester (-COOR), or an amide (-CONRuR}), where R, Ra
and/or Ry, may be optionally substituted alkyl, e.g., optionally substituted Ci.12 alkyl or optionally
substituted Cy, Ca, Cs, Cs, Cs, Cs, Cy, Cg, Cy, Cyo, C11, Cy2 alkyl, optionally substituted alkenyl, e.g.,
optionally substituted Cs.12 alkenyl or optionally substituted C», Cs, Cs, Cs, Cg, Cs, Cs, Co, Cro, Ci1, Ci2
alkenyl, or optionally substituted alkynyl, e.g., optionally substituted Cz 1> alkynyl or optionally
substituted Csz, Cs, C4, Cs, Cg, C7, Cs, Co, Ci0, C11, C12 alkynyl, or optionally substituted alkalkoxy, e.g.,
optionally substitutcd C .12 alkalkoxy or optionally substituted Ci, C;, Cs, Ca, Cs, Ce, C7, Cg, Co, Cin,
Ci1, Ci2 alkalkoxy, or any other substituents as defined herein. In some embodiments, R; is -C(O)-Rs,
and Re is -OH, optionally substituted alkoxy, e.g., optionally substituted Ci.1> alkoxy or optionally
substituted Cyq, C,, C3, C4, Cs, Cs, C7, Cs, Co, Cig, Ci1, C12 alkoxy, or -N(R7;)(R7p). In some embodiments,
the optionally substituted alkoxy is MeO-, EtO-, PrO-, iPrO-, n-BuO-, sec-BuO-, or t-BuO-. In some
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other embodiments, -N(R7.)(R7,) is -NH», -NHMe, -N(Me),, -NHEt, -N(Et),, or -NMeEt. In some
preferred embodiments, L is -COOH or -C(O)NHa..

In some preferred embodiments, R; is selected from the group consisting of -COOH, -

Yy ’
qu__,fimf\/\;«(jsq G L ‘:’NHZ
S O HOL N O
ot ,\_/J?\:? . .
C(0O)OCH3, # , and R . In some other preferred embodiments, R, is selected

from the group consisting of -COOH, -C(O)OCHs,

In some embodiments, R»is -H, optionally substituted alkyl, e.g., optionally substituted Cy.12
alkyl or optionally substituted Ci, Cz, Cs, Ca, Cs, Cg, C1, Cg, Co, Cin, Ci1. Ci2 alkyl, optionally substituted
alkenyl, e.g., optionally substituted C».12 alkenyl or optionally substituted Ca, Cs, Ca, Cs, Cs, C7, Cs, Co,
Cio, Cni, Ci2 alkenyl, or optionally substituted alkynyl, e.g., optionally substituted C..12 alkynyl or
optionally substituted C,, C3, C4, Cs, Cs, C7, Cg, Co, Cio, C11, Cy2 alkynyl, or optionally substituted
alkalkoxy, e.g., optionally substituted Cy.1> alkalkoxy or optionally substituted Ci, Ca, Cs, Ca, Cs, Ce,
C5, Cg, Cy, Cig, C11, Ci2 alkalkoxy. In some preferred embodiments, R, is -H or -CH,OCHs.

In some embodiments, Rs is -H, optionally substituted alkyl, e.g.. optionally substituted Cy.12
alkyl or optionally substituted Cy, Cs, C3, C4, Cs, Cg, C7, Cs, Co, C10, Ci1, Ci2 alkyl, optionally substituted
alkenyl, c.g., optionally substitutcd C»1> alkenyl or optionally substituted C, Cs, Ca, Cs, Cs, Cs, Cs, Co,
Cio, Ci1, Ci2 alkenyl, or optionally substituted alkynyl, e.g., optionally substituted Cs.1, alkynyl or
optionally substituted Ci, Ci, Cs, Cs, Ce, Cy, Cy, Cy, Cio, Cn, Ci2 alkynyl. In some preferred

embodiments, Rz is -H or -CHs.

In some embodiments, R4 is -H, -OH, optionally substituted alkyl, e.g., optionally substituted
Ci.12 alkyl or optionally substituted Ci, Ca, Ca, Cs, Cs, Ce, C7, Cg, Co, Cio, C11. Ci2 alkyl, optionally
substituted alkenyl, e.g., optionally substituted Cs 1> alkenyl or optionally substituted Cs, Cs, Cy4, Cs, Cs,
C7, Cg, Co, C1o, C11, C12 alkenyl, optionally substituted alkynyl, e.g., optionally substituted Cs.12 alkynyl
or optionally substituted C», Cs, Ca, Cs, Cs, C7, Cx, Cy, Ci0, C11, Ci12 alkynyl, or -N(R7:)(Rm). In some
preferred embodiments, R, is -NH(CH3).

In some embodiments, Rs is -H, halogen, -N(R7.)(R7), optionally substituted alkoxy, e.g.,
optionally substituted Ci.12 alkoxy or optionally substituted Ci, Ca, Cs, Cs, Cs, Cs, Cy, Cs, Co, Cio, Ci1,
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Ci2 alkoxy, optionally substituted alkyl, e.g., optionally substituted C; 12 alkyl or optionally substituted
Cy, Ca, Gs, Cy4, Cs, Co, Cy, Cs, Co, Cio, Ci11, Cr2 alkyl, optionally substituted alkenyl, e.g., optionally
substituted C,.12 alkenyl or optionally substituted C,, Cs, Cs, Cs, Cs, C7, Cs, Co, Cig, C11, Cy2 alkenyl,
optionally substituted alkynyl, e.g., optionally substituted C».12 alkynyl or optionally substituted Ca, Cs,
Cis, Cs, Cs, Cq, Cg, Co, Cin, Cpi, Ci2 alkynyl, optionally substituted carbocyclyl, e.g., optionally
substituted Cs.15 carbocyclyl or optionally substituted Cs, Cs, Cs, Ce, C7, Cg, Co, Cio, C11, C12 carbocyclyl,
optionally substituted hcterocarbocyclyl, c.g., optionally substitutcd Csi» heterocarbocyclyl or
optionally substituted Cs, Cs4, Cs, Cs, C7, Cg, Co, Cio, C11, Ci2 heterocarbocyclyl, optionally substituted
cycloalkyl, e.g., optionally substituted Cs.12 cycloalkyl or optionally substituted Cs, Cs, Cs, Ce, Cs, Cs,
Cy, Cio, Ci1, Cr2 cycloalkyl, optionally substituted heterocycloalkyl, e.g., optionally substituted Cs.12
heterocycloalkyl or optionally substituted Cs, C4, Cs, Cs, C7, Cs, Co, Cio, Ci1, Ci2 heterocycloalkyl,
optionally substituted aryl, e.g., optionally substituted Cs.1> aryl or optionally substituted Cs, C7, Cs, Co,
Cio, C11, Cy2 aryl, or optionally substituted heteroaryl, e.g., optionally substituted Cs.12 heteroaryl or
optionally substituted Cs, Cs, C7, Cg, Co, Cio, C11, Ci2 heteroaryl. In some embodiments, the heteroatom

is N, O, P, S and/or Se. In some preferred embodiments, Rs is -H.

In some embodiments, Re is -OH. optionally substituted alkoxy, e.g., optionally substituted C;
12 alkoxy or optionally substituted C1, Cz, C3, C4, Cs, Cs, C7, Cs, Co, Ci0, C11, Ci2 alkoxy, or -N(R7.)(R7).
in some preferred embodiments, Rg is -OH, -OMe, or -NHMe.

In some embodiments, each of R7, and R+, is independently -H or optionally substituted alkyl,
e.g., optionally substituted C.12 alkyl or optionally substituted Cy, Ca, Cs, C4, Cs, Cg, C7, Cs, Co, Cio,

Ci1, Cy2 alkyl. In some preferred cmbodiments, cach of Ry, and Ry is independently -H or -Me.

The present invention also discloses a compound of Formula (I) or a pharmaceutically

acceptable salt, metabolite, prodrug or stereoisomer thereof:
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Formula (T)

wherein:

R, is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally
substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted arylene,
optionally substituted heteroarylene, or -C(O)N(R7.)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally
substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted arylene, or
optionally substituted heteroarylene;

L is -C(O)-Rg;

R»is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted alkynyl,

or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted alkynyl;

R4 is -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7v);
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Rs is independently selected from the group consisting of -H, halogen, -N(R7.,)(R7), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted carbocyclyl, optionally substituted heterocarbocyclyl, optionally
substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl, or optionally

substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(Rn); and

R7. and Ry are independently -H or optionally substituted alkyl,

wherein when R; is optionally substituted alkalkoxy, Rz is -H, optionally substituted alkenyl, or

optionally substituted alkynyl.

The present invention also discloscs a compound having a structurc and stercochemical

configuration of Formula (II):

Formula (II)
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The present invention also discloses a having a Formula (III):
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Formula (IIT)

The present invention also discloses a compound having a Formula (IV):
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Formula (IV)

In some embodiments, when R is optionally substituted alkalkoxy, Rs is -H, optionally
substituted alkenyl, or optionally substituted alkynyl. In some other embodiments, when Rs is optionally
substituted alkalkoxy, Rs is not optionally substituted alkyl. Preferably, when R» is -CO>OCH3, Rs is -

H, optionally substituted alkenyl, or optionally substituted alkynyl. Alternatively, when R» is -

CO,OCHs3, R3 is not -CHs.

R, R1, Ra, R3, Ry, Rs, Rg, Ry, R7a, R7u, Rg, may be as defined anywhere in the specification.

In some embodiments, the compound of Formula (I) or a pharmaceutically acceptable salt,

metabolite, prodrug or stereoisomer thereof, may be selected from the following group:
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Pharmaceutical Compositions

The present disclosure also provides for a pharmaceutical composition comprising the

compound disclosed herein, or its pharmaceutically acceptable salt, metabolite, prodrug, stereoisomer,

enantiomer, diastereomer, geometric isomer, and/or isomer thereof, all of which are disclosed herein.

The pharmaceutical composition may comprise a therapeutically effective amount of the

compound discloscd herein. Further, the pharmaccutical composition may also comprisc the compound

disclosed herein, or its pharmaceutically acceptable salt, metabolite, prodrug, stereoisomer, enantiomer,

diastereomer, geometric isomer, and/or isomer thereof.

In an embodiment of the present disclosure, there is provided a pharmaceutical composition

comprising a therapeutically effective amount of a compound disclosed herein, or a pharmaceutically

acceptable salt, metabolite, prodrug or stereoisomer thereof, and a pharmaceutically acceptable

cxcipient.
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Therapy

The compounds disclosed in the present invention, or their pharmaceutically acceptable salts,
metabolites, prodrugs, stereoisomers, enantiomers, diastereomers, geometric isomers, and/or isomers,

or pharmaceutical compositions of any of the foregoing, may be used in therapy.

In somec cmbodiments, the present invention discloscs mcthods of trcatment using the
compounds disclosed herein or their pharmaceutically acceptable salts, metabolites, prodrugs,
stereoisomers, enantiomers, diastereomers, geometric isomers, and/or isomers, or pharmaceutical

compositions of any of the foregoing, all of which are disclosed herein.

In some embodiments, the present invention discloses the compounds disclosed herein or their
pharmaceutically acceptable salts, metabolites, prodrugs, stereoisomers, enantiomers, diastereomers,
geometric isomers, and/or isomers, or pharmaccutical compositions of any of the forcgoing, all of which

are disclosed herein, for use in therapy or in treatment.

In some other embodiments, the present invention also discloses the use of the compounds
disclosed herein or their pharmaceutically acceptable salts, metabolites, prodrugs, stereoisomers,
enantiomers, diastereomers, geometric isomers, and/or isomers, or pharmaceutical compositions of any
of the foregoing, all of which are disclosed herein, in the manufacture of a medicament for therapy, or

for treatment of any diseases, infections or indications disclosed herein and throughout the disclosure.

In somc cmbodiments, thc compounds disclosed in the present invention, or their
pharmaceutically acceptable salts, metabolites, prodrugs, stereoisomers, enantiomers, diastereomers,
geometric isomers, and/or isomers, or pharmaceutical compositions of any of the foregoing, may be

used to treat various microbial, bacterial, fungal infections, and/or cancer.

In some embodiments, the present invention provides a method of treating a bacterial, microbial
and/or fungal infection, comprising administering a therapeutically effective amount of a compound of
Formula (I), or a pharmaccutically acceptable salt, metabolite, prodrug or stercoisomer thercof, to a

subject in need of treatment:
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Formula (T)

wherein:

R1 is -C(0)-Rg or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylenc-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

Rsis -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Rais -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7);
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Rs is independently selected from the group consisting of -H, halogen, -N(R7,)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

Ry and Ry, are independently -H or optionally substituted alkyl.

In some embodiments, the present invention provides a compound of Formula (I), or a

pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer thereof, for use in therapy:

Formula (I)

wherein:

R is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C{(O)N(R7.)-;
G is -C(O)- or optionally substituted -alkylene-C(O)-;
J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,

optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylenc, or optionally substitutcd hetcroarylenc;
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L is -C(O)-R;

Rais -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl, or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substitutcd
alkynyl;

Rsis -H., -OH, optionally substituted alkyl, optionally substituted alkenyl. optionally substituted
alkynyl, or -N(R7.)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

R 1s -OH, alkoxy, or -N(R7,)(R7); and

R7, and Ryy, are independently -H or optionally substituted alkyl.

In somec cmbodiments, the present invention provides a compound of Formula (I), or a

pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer thereof, for use in treating a

bacterial, microbial and/or fungal infection:

Formula (T)
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wherein:

R1is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substitutcd cycloalkylene, optionally substituted hetcrocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7,)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,

optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylenc, or optionally substitutcd heteroarylenc;

L is -C(O)-Re;

Rais -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rj is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;

Rqis -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(R7v), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally  substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted hcterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(R7); and

R7, and Ry are independently -H or optionally substituted alkyl.
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In some embodiments, the present invention provides a use of a compound of Formula (I), or a
pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer thereof, in the manufacture of a

medicament for treating a bacterial, microbial and/or fungal infection:

Formula (I)

wherein:

R is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substitutcd cycloalkylenc, optionally substituted hcterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C{(O)N(R7,)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylenc, or optionally substitutcd hetcroarylenc;

L is -C(O)-Re;

R, is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R3 is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;
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R4is -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(R7v), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted hetcrocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7,)(R7); and

R7, and Ryy, are independently -H or optionally substituted alkyl.

Such trcatable infections may be causced by, but arc not limited to, Staphylococcus, Bacillus,
Clostridium, Acinetobacter, Klebsiella, Candida, Enterococcus, Micrococcus, or Pseudomonas
pathogens. In some embodiments, the infection is a Staphylococcus, Bacillus, Clostridium,

Acinetobacter, Klebsiella, Candida, Enterococcus, Micrococcus, or Pseudomonas infection.

In some preferred embodiments, the infection is caused by, but not limited to Staphylococcus
aureus, Staphylococcus aureus Rosenbach, gram-positive methicillin-resistant Staphylococcus aureus
(MRSA), Bacillus cereus, Bacillus subtilis, Clostridium perfringens, Acinetobacter baumannii,
Klebsiella aerogenes, Pseudomonas aeruginosa, Candida albicans, Clostridium difficile, Enterococcus

faecalis, Enterococcus faecium, or Micrococcus luteus.

In some embodiments, the present invention provides a method of treating cancer, comprising
administering a therapeutically effective amount of a compound of Formula (I). or a pharmaceutically

acceptable salt, metabolite, prodrug or stereoisomer thereof, to a subject in need of treatment:



WO 2024/136758 PCT/SG2023/050853
39

Formula (T)

wherein:

R1 is -C(0)-Rg or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylenc-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

Rsis -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Rais -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7);
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Rs is independently selected from the group consisting of -H, halogen, -N(R7,)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

Ry and Ry, are independently -H or optionally substituted alkyl.

In some embodiments, the present invention provides a compound of Formula (I), or a

pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer thereof, for use in treating cancer:

Formula (I)

wherein:

R is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C{(O)N(R7.)-;
G is -C(O)- or optionally substituted -alkylene-C(O)-;
J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,

optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylenc, or optionally substitutcd hetcroarylenc;
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L is -C(O)-R;

Rais -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substitutcd
alkynyl;

Rsis -H., -OH, optionally substituted alkyl, optionally substituted alkenyl. optionally substituted
alkynyl, or -N(R7.)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

R 1s -OH, alkoxy, or -N(R7,)(R7); and

R7, and Ryy, are independently -H or optionally substituted alkyl.

In some ecmbodiments, the present invention provides a usc of a compound of Formula (I), or a

pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer thereof, in the manufacture of a

medicament for treating cancer:

Formula (T)
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wherein:

R1is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substitutcd cycloalkylenc, optionally substituted hcterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C{(O)N(R7,)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylenc, or optionally substitutcd heteroarylenc;

L is -C(O)-Re;

Rais -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rj is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;

Rqis -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(R7v), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally  substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted hcterocycloalkyl,
optionally substituted aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(R7); and

R7, and Ry are independently -H or optionally substituted alkyl.

R, Ri, Ra, R3, Ra, Rs, Rg, Rz, R7a, Ryn. Rg, may be as defined anywhere in the specification.



WO 2024/136758

43

PCT/SG2023/050853

In some embodiments, the compounds for use, or the compound as used in any methods of

therapy or manufacture of medicaments for therapy are compounds as disclosed in the present

invention, or their pharmaceutically acceptable salts,

metabolites, prodrugs,

stereoisomers,

enantiomers, diastereomers, geometric isomers, and/or isomers, or pharmaceutical compositions of any

of the foregoing.

In some other embodiments, the compounds for use, or the compound as used in any methods

of therapy or manufacture of medicaments for therapy, or their pharmaceutically acceptable salts,

metabolites, prodrugs, stereoisomers, enantiomers, diastereomers, geometric isomers, and/or isomers,

or pharmaceutical compositions of any of the foregoing, may be selected from the group consisting of:
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In some embodiments, the compounds for use, or the compound as used in any methods of
therapy or manufacture of medicaments for therapy, or their pharmaceutically acceptable salts,
metabolites, prodrugs, stereoisomers, enantiomers, diastereomers, geometric isomers, and/or isomers,
or pharmaceutical compositions of any of the foregoing, may be selected from the group consisting of

Compounds la-2a, 5a-9a, 1-2 and 5-9.
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Isolation of Compounds

Special fermentation and/or culture conditions may be required to induce the microbe(s) to
produce the compounds of the present invention. In some preferred embodiments, the microbe is a
bacteria. In some preferred embodiments, the bacteria is a Nonomuraea strain. In further preferred

embodiments, the bacteria is Nonomuraea jiangxiensis.

The present invention provides a method of isolating compounds disclosed in the present
invention, the method comprising:

(i) expanding a bacteria strain under culture conditions that allow expansion of the strain to

obtain a seed culture;

(i) using the seed culture to inoculate a fermentation culture;

(iii) incubating the fermentation culture; and

(iv) isolating thc compound from the fermentation culture.

The present invention also discloses a method of isolating a compound of Formula (I),

R’ 7

& R i B

s Ry o omnN-d Re
p; N U 2 %l

S Y

Formula (I)

wherein:

R; is -C(O)-Rs or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;
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J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

R:is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Rsis -H, -OH, optionally substitutcd alkyl, optionally substitutcd alkenyl, optionally substituted
alkynyl, or -N(R7a)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7,)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally  substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rg is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry, are independently -H or optionally substituted alkyl,

the method comprising:

(i) expanding a bacterial strain under culture conditions that allow expansion of the strain to
obtain a seed culture;

(i1) using the sced culture to inoculate a fermentation culture;

(iii) incubating the fermentation culture; and

(iv) isolating the compound from the fermentation culture.

The present invention also discloses a method of isolating a compound of Formula (I).
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Formula (T)

wherein:

R1 is -C(0)-Rg or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylenc-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

Rsis -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Rais -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7);
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Rs is independently selected from the group consisting of -H, halogen, -N(R7,)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

Ry and Ry, are independently -H or optionally substituted alkyl,

the method comprising:

(1) expanding a Nonomuraea jiangxiensis strain under culture conditions that allow expansion
of the strain to obtain a seed culture;

(ii) using the seed culturc to inoculatc a fermentation culture;

(iii) incubating the fermentation culture; and

(iv) isolating the compound from the fermentation culture.

In some embodiments, step (i) comprises expanding the bacteria strain in media, for example
an SV2 media. The media may comprise glucose, glycerol, soya peptone, calcium carbonate, and/or

combinations therecof.

The pH of the media may be adjusted to be in a range of at least about 5.0, at least about 5.5, at
Icast about 6.0, at Icast about 6.5, at lcast about 7.0, at lcast about 7.5, at Icast about 8.0; or from about
5.0 to about 8.0, from about 5.0 to about 7.5, from about 5.0 to about 7.0, from about 5.0 to about 6.5,
from about 5.0 to about 6.0, from about 5.0 to about 5.5, from about 5.5 to about 8.0, from about 5.5 to
about 7.5, from about 5.5 to about 7.0, from about 5.5 to about 6.5, from about 5.5 to about 6.0, from
about 6.0 to about 8.0, from about 6.0 to about 7.5, from about 6.0 to about 7.0, from about 6.0 to about
6.5, from about 6.5 to about 8.0, from about 6.5 to about 7.5, from about 6.5 to about 7.0, from about
7.0 to about 8.0, from about 7.0 to about 7.5, from about 7.5 to about 8.0; or at most about 5.0, at most
about 5.5, at most about 6.0, at most about 6.5, at most about 7.0, at most about 7.5, at most about 8.0;
or about 5.0, about 5.5, about 6.0, about 6.5, about 7.0, about 7.5, about 8.0, or ranges or values

therebetween. In some preferred embodiments, the pH of the media may be adjusted to be about 7.0.

In some embodiments, step (i) comprises expanding the bacteria strain in a range of at least
about 1 day. at least about 2 days, at least about 3 days, at least about 4 days, at least about 5 days; or
from about 1 day to about 5 days, from about 1 day to about 4 days, from about 1 day to about 3 days,

from about 1 day to about 2 days, from about 2 days to about 5 days, from about 2 days to about 4 days,
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from about 2 days to about 3 days, from about 3 days to about 5 days, from about 3 days to about 4
days, from about 4 days to about 5 days; or at most about 1 day, at most about 2 days, at most about 3
days, at most about 4 days, at most about 5 days; or about 1 day, about 2 days, about 3 days, about 4
days, about 5 days, or any ranges or values therebetween. In some preferred embodiments, step (i)

comprises expanding the bacteria strain for 3 days.

In somec cmbodiments, stcp (i) compriscs cxpanding the bacteria strain at a tcmperaturc range
of at least about 25 °C, at least about 27 °C, at least about 28 °C, at least about 29 °C, at least about 30
°C, at least about 32 °C, at least about 35 °C; or from about 25 °C to about 35 °C, from about 25 °C to
about 32 °C, from about 25 °C to about 30 °C, from about 25 °C to about 29 °C, from about 25 °C to
about 28 °C, from about 25 °C to about 27 °C, from about 27 °C to about 35 °C, from about 27 °C to
about 32 °C, from about 27 °C to about 30 °C, from about 27 °C to about 29 °C, from about 27 °C to
about 28 °C, from about 28 °C to abhout 35 °C, from about 28 °C to about 32 °C, from about 28 °C to
about 30 °C, from about 28 °C to about 29 °C, from about 29 °C to about 35 °C, from about 29 °C to
about 32 °C, from about 29 °C to about 30 °C, from about 30 °C to about 35 °C, from about 30 °C to
about 32 °C, from about 32 °C to about 35 °C; or at most about 25 °C, at most about 27 °C, at most about
28 °C, at most about 29 °C, at most about 30 °C, at most about 32 °C, at most about 35 °C; or about 25
°C, about 27 °C, about 28 °C, about 29 °C, about 30 °C, about 32 °C, about 35 °C, or ranges or values
therebetween. In some preferred embodiments, step (i) comprises expanding the bacteria strain at about

28 °C.

In some embodiments, step (i) comprises expanding the bacteria strain with a shaking condition
in a rangc of at Icast about 150 rpm, at lcast about 175 rpm, at lcast about 200 rpm, at lcast about 225
rpm, at least about 250 rpm, at least about 300 rpm, at least about 350 rpm; or from about 150 rpm to
about 350 rpm, from about 150 rpm to about 300 rpm, from about 150 rpm to about 250 rpm, from
about 150 rpm to about 225 rpm, from about 150 rpm to about 200 rpm, from about 150 rpm to about
175 rpm, from about 175 rpm to about 350 rpm, from about 175 rpm to about 300 rpm, from about 175
rpm to about 250 rpm, from about 175 rpm to about 225 rpm, from about 175 rpm to about 200 rpm,
from about 200 rpm to about 350 rpm, from about 200 rpm to about 300 rpm, from about 200 rpm to
about 250 rpm, from about 200 rpm to about 225 rpm, from about 225 rpm to about 350 rpm, from
about 225 rpm to about 300 rpm, from about 225 rpm to about 250 rpm, from about 250 rpm to about
350 rpm, from about 250 rpm to about 300 rpm, from about 300 rpm to about 350 rpm; or at most about
150 rpm, at most about 175 rpm, at most about 200 rpm, at most about 225 rpm, at most about 250 rpm,
at most about 300 rpm, at most about 350 rpm; or about 150 rpm, about 175 rpm, about 200 rpm, about
225 rpm, about 250 rpm, about 300 rpm, about 350 rpm, or any ranges or values therebetween. In some

preferred embodiments, step (i) comprises expanding the bacteria strain with a shaking condition at 200

rpm.
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In some embodiments, the fermentation culture in step (ii) is CAOSLB media. In some
embodiments, the media may comprise meat extract, yeast extract, glucose, glycerol, and/or

combinations thereof.

The pH of the fermentation culture may be adjusted to be in a range of at least about 5.0, at
Icast about 5.5, at lcast about 6.0, at Icast about 6.5, at Icast about 7.0, at lcast about 7.5, at lcast about
8.0; or from about 5.0 to about 8.0, from about 5.0 to about 7.5, from about 5.0 to about 7.0, from about
5.0 to about 6.5, from about 5.0 to about 6.0, from about 5.0 to about 3.5, from about 5.5 to about 8.0,
from about 5.5 to about 7.5, from about 5.5 to about 7.0, from about 5.5 to about 6.5, from about 5.5 to
about 6.0, from about 6.0 to about 8.0, from about 6.0 to about 7.5, from about 6.0 to about 7.0, from
about 6.0 to about 6.5, from about 6.5 to about 8.0, from about 6.5 to about 7.5, from about 6.5 to about
7.0, from about 7.0 to about 8.0, from about 7.0 to about 7.5, from about 7.5 to about 8.0; or at most
about 5.0, at most about 5.5, at most about 6.0, at most about 6.5, at most about 7.0, at most about 7.5,
at most about 8.0; or about 5.0, about 5.5, about 6.0, about 6.5, about 7.0, about 7.5, about 8.0, or ranges
or values therebetween. In some preferred embodiments, the pH of the fermentation culture may be

adjusted to be about 7.0.

In some embodiments, step (iii) comprises incubating the fermentation culture in a range of at
least about 7 days, at least about 8 days, at least about 9 days, at least about 10 days, at least about 11
days, at least about 12 days; or from about 7 days to about 12 days, from about 7 days to about 11 days,
from about 7 days to about 10 days, from about 7 days to about 9 days, from about 7 days to ahout 8
days, from about 8 days to about 12 days, from about 8 days to about 11 days, from about 8 days to
about 10 days, from about & days to about 9 days, from about 9 days to about 12 days, from about 9
days to about 11 days, from about 9 days to about 10 days, from about 10 days to about 12 days, from
about 10 days to about 11 days, from about 11 days to about 12 days; or at most about 7 days, at most
about 8 days, at most about 9 days, at most about 10 days, at most about 11 days, at most about 12 days;
or about 7 days, about § days, about 9 days, about 10 days, about 11 days, about 12 days, or any ranges
or values therebetween. In some preferred embodiments, step (iii) comprises incubating the
fermentation culturc for about 7 days to about 12 days. In some other preferred cmbodiments, step (iii)

comprises incubating the fermentation culture for about 9 days.

In some embodiments, step (iii) comprises incubating the fermentation culture at a temperature
range of at least about 25 °C, at least about 27 °C, at least about 28 °C, at least about 29 °C, at least about
30 °C, at least about 32 °C, at least about 35 °C; or from about 25 °C to about 35 °C, from about 25 °C
to about 32 °C, from about 25 °C to about 30 °C, from about 25 °C to about 29 °C, from about 25 °C to
about 28 °C, from about 25 °C to about 27 °C, from about 27 °C to about 35 °C, from about 27 °C to
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about 32 °C, from about 27 °C to about 30 °C, from about 27 °C to about 29 °C, from about 27 °C to
about 28 °C, from about 28 °C to about 35 °C, from about 28 °C to about 32 °C, from about 28 °C to
about 30 °C, from about 28 °C to about 29 °C, from about 29 °C to about 35 °C, from about 29 °C to
about 32 °C, from about 29 °C to about 30 °C, from about 30 °C to about 35 °C, from about 30 °C to
about 32 °C, from about 32 °C to about 35 °C; or at most about 25 °C, at most about 27 °C, at most about
28 °C, at most about 29 °C, at most about 30 °C, at most about 32 °C, at most about 35 °C; or about 25
°C, about 27 °C, about 28 °C, about 29 °C, about 30 °C, about 32 °C, about 35 °C, or rangcs or valucs
therebetween. In some preferred embodiments, step (iii) comprises incubating the fermentation culture

at about 28 °C.

In some embodiments, step (iii) comprises incubating the fermentation culture with a shaking
condition in a range of at least about 150 rpm, at least about 175 rpm, at least about 200 rpm, at least
about 225 rpm, at least about 250 rpm, at least about 300 rpm, at least about 350 rpm; or from about
150 rpm to about 350 rpm, from about 150 rpm to about 300 rpm, from about 150 rpm to about 250
rpm, from about 150 rpm to about 225 rpm, from about 150 rpm to about 200 rpm, from about 150 rpm
to about 175 rpm, from about 175 rpm to about 350 rpm, from about 175 rpm to about 300 rpm, from
about 175 rpm to about 250 rpm, from about 175 rpm to about 225 rpm, from about 175 rpm to about
200 rpm, from about 200 rpm to about 350 rpm, from about 200 rpm to about 300 rpm, from about 200
rpm to about 250 rpm, from about 200 rpm to about 225 rpm, from about 225 rpm to about 350 rpm,
from about 225 rpm to about 300 rpm, from about 225 rpm to about 250 rpm, from about 250 rpm to
about 350 rpm, from about 250 rpm to about 300 rpm, from about 300 rpm to about 350 rpm; or at most
about 150 rpm, at most about 175 rpm, at most about 200 rpm, at most about 225 rpm, at most about
250 rpm, at most about 300 rpm, at most about 350 rpm; or about 150 rpm, about 175 rpm, about 200
rpm, about 225 rpm, about 250 rpm, about 300 rpm, about 350 rpm, or any ranges or values
therebetween. In some preferred embodiments, step (iii) comprises incubating the fermentation culture

with a shaking condition at 200 rpm.

In some embodiments, step (iii) comprises incubating the fermentation culture for 9 days at 28

°C with shaking condition of 200 rpm.

In some embodiments, the compound is isolated using centrifugation, precipitation, filtration,
liquid extraction, methanol extraction, chromatography, column chromatography, affinity

chromatography, evaporation, lyophilization, and/or combinations thereof.

In some embodiments, the compound isolated, or its pharmaceutically acceptable salt,
metabolite, prodrug, stereoisomer, enantiomer, diastereomer, geometric isomer, and/or isomer of any

of the foregoing, is a compound as disclosed herein.
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R, R1, R2, R3, R4, Rs, Re, R7, R7a, R7b, Rg, may be as defined anywhere in the specification.

In some embodiments, the compound isolated, or its pharmaceutically acceptable salt,
metabolite, prodrug, stereoisomer, enantiomer, diastereomer, geometric isomer, and/or isomer of any

of the foregoing, may be selected from the group consisting of:
<3 §°H Q HN‘g—\(\ PHo HN«{L\
s i N S i NH N8
\ N N OH N L<
?\ HN Oj\ HN

Compound 5a Compound 6a
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Compound 9.

Accordingly, the present invention provides a compound prepared by the method disclosed

herein.
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List of Embodiments

1. A compound of Formula (I) or a pharmaceutically acceptable salt, metabolite, prodrug or

stereoisomer thereof:

Formula (I)

wherein:

Ry is -C(O)-Rs or -A-G-J-L;

A is optionally substitutcd carbocyclylene, optionally substituted heterocarbocyclylenc,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C{(O)N(R7.)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substitutcd cycloalkylenc, optionally substituted hcterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

R:is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl, or optionally substituted alkalkoxy;

R is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;
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Rsis H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7p);

Rs is independently selected from the group consisting of H, halogen, -N(R7,)(R,), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substitutcd  alkynyl, optionally substitutcd carbocyclyl, optionally substitutcd
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry are independently H or optionally substituted alkyl.

2. A compound of Formula (I) or a pharmaceutically acceptable salt, metabolite, prodrug or

stereoisomer thereof:

Formula (I)
wherein:
R is -C(O)-R¢ or -A-G-J-L;
A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;
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J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

Rz is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

R4 is H, -OH, optionally substitutcd alkyl, optionally substitutcd alkenyl, optionally substituted
alkynyl, or -N(R7a)(R7v);

Rs is independently selected from the group consisting of H, halogen, -N(R7,)(R7,), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally  substituted carbocyclyl, optionally  substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rg is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ryy are independently H or optionally substituted alkyl,

wherein when R: is optionally substituted alkalkoxy, R is H, optionally substituted alkenyl, or

optionally substituted alkynyl.

3. The compound of embodiments 1 or 2, whercin thc compound has the structure and

stereochemical configuration of Formula (II):
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Formula (IT)

4. The compound of any one of embodiments 1 to 3, wherein the compound is of Formula (III):

Formula (IIT)

5. The compound of any one of embodiments 1 to 4, wherein the compound is of Formula (IV):
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Formula (TV)

The compound of any one of embodiments 1 to 5, wherein A is heterocarbocyclylene or

-C(O)N(R72)-.

The compound of any one of embodiments 1 to 6, wherein G is —C(O)- or optionally substituted

-alkylene-C(O)-.

The compound of any one of embodiments 1 to 7, wherein G is -C(O)- or -CH(Ry)-C(O)-,

wherein Rg is alkylene substituted with -OH.

The compound of embodiment 8, wherein Rg is -CH>-OH.

The compound of any one of embodiments 1 to 9, wherein J is heterocarbocyclylene.

The compound of any one of embodiments 1 to 10, wherein L is -COOH or -C(O)NH..

The compound of any onc of embodiments to 1 to 11, wherein Ry is sclected from the group

N N
QN*.\N**\X@H 0NN,
\ i ,
e HOL_ Nk O
\D“ﬁ‘w" cf"k”‘f.‘

consisting of -COOH, -C(O)OCHs, & , and @
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13. The compound of any one of embodiments to 1 to 12, wherein R; is selected from the group

14.

15.

16.

17.

consisting of -COOH, -C(O)OCHs,

N
O Nﬁw
1&1 ‘J
oH

o

, and

s

{..«l" ‘\’>
[oRR :,,\N'-ﬂwMNHQ
Hmj‘m» ¥
ﬁf&“}f

The compound of any one of embodiments 1 to 13, wherein R; is H or -CH,OCHs.

The compound of any one of embodiments 1 to 14, wherein R is H or -CHs.

The compound of any onc of cmbodiments 1 to 15, wherein Ry is -NH(CHz3).

The compound of any one of embodiments 1 to 16, wherein the compound is selected from

the group consisting of:
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18. The compound of any one of embodiments 1 to 17, wherein the compound is selected from

the group consisting of:
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Compound 9

19. A pharmaccutical composition comprising a therapcutically ctfective amount of a compound
of any one of embodiments 1 to 18, or a pharmaceutically acceptable salt, metabolite, prodrug

or stereoisomer thereof, and a pharmaceutically acceptable excipient.

20. A compound of any one of embodiments 1 to 18, or a pharmaceutically acceptable salt,

metabolite, prodrug or stereoisomer thereof, for use in therapy.

21. The compound or a pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer
thereof of any one of embodiments 1 to 18, for use in treating an infection caused by
Staphylococcus aureus, Staphylococcus aureus Rosenbach, gram-positive methicillin-resistant
Staphylococcus aureus (MRSA), Bacillus cereus, Bacillus subtilis, Clostridium perfringens,
Acinetobacter baumannii, Klebsiella aerogenes, Pseudomonas aeruginosa, Candida albicans,

Clostridium difficile, Enterococcus faecalis, Enterococcus faecium, or Micrococcus luteus.

22. The compound or a pharmaceutically acceptable salt, metabolite, prodrug or stereoisomer

thereof of any one of embodiments 1 to 18, for use in treating cancer.

23. Use of a compound of any one of embodiments 1 to 18, or a pharmaceutically acceptable salt,
metabolite, prodrug or stereoisomer thereof, in the manufacture of a medicament for treating

bacterial, microbial and/or fungal infections.

24. The use of embodiment 23, wherein the infection is caused by Staphylococcus aureus,
Staphylococcus aureus Rosenbach, gram-positive methicillin-resistant Staphylococcus aureus
(MRSA), Bacillus cereus, Bacillus subtilis, Clostridium perfringens, Acinetobacter baumannii,
Klebsiella aerogenes, Pseudomonas aeruginosa, Candida albicans, Clostridium difficile,

Enterococcus faecalis, Enterococcus faecium, or Micrococcus luteus.
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25. Use of a compound of any one of embodiments 1 to 24, or a pharmaceutically acceptable salt,
metabolite, prodrug or stereoisomer thereof, in the manufacture of a medicament for treating

cancer.

26. A method of treating a bacterial, microbial and/or fungal infection, comprising administering a
therapeutically cffective amount of a compound of Formula (I), or a pharmaccutically

acceptable salt, metabolite, prodrug or stereoisomer thereof, to a subject in need of treatment

Formula (I)

wherein:

Ri is -C(O)-Re or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7,)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;
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R is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

Rs is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Rasis H, -OH, optionally substitutcd alkyl, optionally substitutcd alkenyl, optionally substitutcd
alkynyl, or -N(R7a)(R7);

Rs is independently selected from the group consisting of H, halogen, -N(R7,)(R7b), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry, are independently H or optionally substituted alkyl.

27. The method of any one of embodiments 21-26, wherein the infection is a Staphylococcus,
Bacillus, Clostridium, Acinetobacter, Klebsiella, Pseudomonas, Candida, Enterococcus, or

Micrococcus infection.

28. The method of any one of embodiments 21-27, wherein the infection is caused by
Staphylococcus aureus, Staphylococcus aureus Rosenbach, gram-positive methicillin-resistant
Staphylococcus aureus (MRSA), Bucillus cereus, Bacillus subtilis, Clostridium perfringens,
Acinetobacter baumannii, Klebsiella aerogenes, Pseudomonas aeruginosa, Candida albicans,

Clostridium difficile, Enterococcus faecalis, Enterococcus faecium, or Micrococcus luteus.

29. A mcthod of trcating canccr, comprising administering a therapeutically ctfective amount of a
compound selected from the following, or a pharmaceutically acceptable salt, metabolite,

prodrug or stereoisomer thereof, to a subject in need of treatment:



WO 2024/136758 PCT/SG2023/050853
67

Formula (T)

wherein:

R1 is -C(0)-Rg or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylenc-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

Ry is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R3 is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;

Ra4is H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(Rb);
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Rs is independently selected from the group consisting of H, halogen, -N(R7,)(R7,), optionally

substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally

substituted  alkynyl,  optionally

substituted

carbocyclyl,

optionally  substituted

heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

Ry and Ry, are independently H or optionally substituted alkyl.

The method of any one of embodiments 21-29, wherein the compound is a compound of any

one of embodiments 1-18.

31. The method of any onc of cmbodiments 21-30, whercin the compound is sclected from:

Compound 3a
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32. A method of isolating a compound of Formula (I),

Formula (I)

wherein:
R is -C(O)-R¢ or -A-G-J-L;
A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,

optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally

substituted arylene, optionally substituted heteroarylene, or -C(O)N(R7.)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene,
optionally substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally
substituted arylene, or optionally substituted heteroarylene;

L is -C(O)-Re;

Rz is H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl, or optionally substituted alkalkoxy;

R3 is H, optionally substituted alkyl, optionally substituted alkenyl. or optionally substituted
alkynyl;

R is H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(Rn);
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Rs is independently selected from the group consisting of H, halogen, -N(R7.)(R7), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted carbocyclyl, optionally substituted
heterocarbocyclyl, optionally substituted cycloalkyl, optionally substituted heterocycloalkyl,

optionally substituted aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(R7); and

R7, and Ryp are independently H or optionally substituted alkyl.

the method comprising:
(i) expanding a Nonomuraea jiangxiensis strain under culture conditions that allow
cxpansion of the strain to obtain a sccd culturc;
(ii) using the seed culture to inoculate a fermentation culture;
(iii) incubating the fermentation culture; and

(iv) isolating the compound from the fermentation culture.

33. The method of embodiment 32, wherein step (iii) comprises incubating the fermentation culture

for about 7 to about 12 days.

34. The method of embodiment 32 or 33, wherein step (iii) comprises incubating the fermentation

culture at a tempcraturc of about 25 °C to 35 °C.

35. The method of any one of embodiments 32 to 34, wherein step (iii) comprises incubating the

fermentation culture with a shaking condition of about 150 to 350 rpm.

36. The method of any one of embodiments 32 to 35, wherein step (iii) comprises incubating the

fermentation culture for 9 days at 28 °C with shaking condition of 200 rpm.

37. The method of any one of embodiments 32 to 36, wherein the compound is isolated using a
method selected from the group consisting of centrifugation, precipitation, filtration, liquid
extraction, methanol extraction, chromatography, column chromatography, affinity

chromatography, evaporation, lyophilization, and combinations thereof.

38. The method of any one of embodiments 32 to 37, wherein the compound is a compound of

any one of embodiments 1 to 18.
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39. The method of any one of embodiments 32 to 38, wherein the compound is a compound

selected from the group consisting of:

Compound 2a

Compound 4a

Compound 6a

Compound la

Compound 3a

Compound 5a
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40. A compound prepared by the method of any one of embodiments 32 to 39.
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Examples
Non-limiting examples of the invention and comparative examples will be further
described in greater detail by reference to specific examples, which should not be construed as in

any way limiting the scope of the invention.

Matcrial and Mcthods

The bacterial strain A7611 was isolated from terrestrial soil in Singapore.

Example 1: Molecular Identification of Bacteria Isolate A7611

The isolated bacterial strain A7611 was grown on Bennett Agar for 5 days to 7 days at 28
°C.

The DNA of the strain was extracted from the plate using the DNeasy PowerSoil Pro Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s protocol where the cells underwent a
beat-beating step for cell disruption using an automated tissue homogenizer and cell lyser 1600
MiniG (SPEX SamplePrep, Metuchen, New Jersey, US) at 1500 rpm for 3 minutes. The
NanoDrop2000 spectroscopy system (ThermoFisher Scientific, Waltham, Massachusetts, US) was

used to measure the DNA purity and yield extracted.

Bactcrial 16S rRNA genes were amplificd from the DNA cxtracted from the isolated
actinobacteria with universal 16S primers 27F (5 — AGA GTT TGA TCC TGG CTC AG - 3°)
and 1492R (5" - TAC GGY TAC CTT GTT ACG ACT T - 37) [12,13]. The PCR amplification
reactions were performed using Applied Biosystems ProFlex Thermocycler (ThermoFisher
Scientific, Waltham, Massachusetts, US) with a total reaction of 20 pl that comprised 2.0 ul of 10x
PCR buffer with 20 mM MgCls, 2.0 pul of 2 mM dNTPs, 1 unit of Taq polymerase (ThermoFisher
Scientific, Waltham, Massachusetts, US), 1.0 ul of 10 uM of each primer and 1.0 pl of purified
DNA templates. A non-tcmplatc and ncgative control using sterile rcsuspension buffer were
included in the run. The reactions were subjected to the following temperature cycling profile of
initial denaturation at 95 °C for 5 minutes; 30 cycles each of 30 seconds at 95 °C for denaturation,
50 seconds at 60 °C for annealing and 1 minute at 72 °C for extension, with a final extension of 5

minutes at 72 °C.

Commercial service of forward and reverse Sanger Sequencing were done on the PCR

amplified DNA fragment (1st BASE, Singapore). The sequences obtained were aligned using
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Benchling and further analyzed using Basic Local Alignment Search Tool (BLAST) [National
Center for Biotechnology Information (NCBI)].

Example 2: Phylogenetic Analysis of Bacteria Isolate A7611

The 16S rRNA region sequence of the isolated strain A7611 was aligned with related
actinobacteria strains rctricved from the GenBank databascs using ClustalW. A ncighbor-joining
tree algorithm method was used to determine the genetic relationship between the strains. The
phylogenetic tree was constructed with a bootstrapped database containing 1000 replicates in
MEGA 11.0 software (Mega, US). The DNA sequence for sample A7611 reported in the present
disclosure were deposited with GenBank database of NCBI under the accession numbers

OM967343.

A nucleotide BLAST scarch of the 165 rRNA gene sequence of A7611 performed against
the NCBI 16S ribosomal RNA database revealed that the isolate shared 99.93% sequence identity
(E-value = 0.0) to the 16S rRNA of Nonomuraea jiangxiensis having an accession number
NR_116645.1. The phylogenetic relatedness using the neighbor-joining analysis method of
isolated strain and its closely related species obtained from the GenBank database is shown in Fig.
1. The neighbor-joining phylogenetic tree was constructed based on 16S rRNA gene sequence
showing the relationship between isolated strain A7611 and representatives or related
actinobacteria strains retrieved from the GenBank with their respective accession numbers.
Bootstrap values greater than 50% are shown at the number on the branches nodes which were

analyzed bascd on 1,000 replicates. Bar, 0.01 substitutions per nucleotide position.

Example 3: Fermentation and extraction of bacterial crude extract

The Nonomuraea jiangxiensis strain A7611 was cultured in S mL SV2 media, (for 1 L, add
15 g glucose (1st BASE, Singapore), 15 g glycerol (VWR, Radnor, Pennsylvania, US), 15 g soya
peptone (Oxoid, Basingstoke, Hampshire, UK), and 1 g calcium carbonate (Sigma-Aldrich, St.
Louis, Missouri, US), pH adjustcd to 7.0) for 3 days at 28 °C with shaking at 200 rpm.

Saturated seed cultures were diluted in a 1:20 volume ratio into fresh fermentation
CAO9LB media (For 1 L, add 10 g meat extract (Sigma-Aldrich, St. Louis, Missouri, US), 4 g
yeast extract (BD Biosciences, Franklin Lakes, New Jersey, US), 20 g glucose (Ist BASE,
Singapore), and glycerol 3 g (VWR, Radnor, Pennsylvania, US), pH adjusted to 7.0) and fermented
with 200 rpm shaking at 28 °C in the dark for 9 days.
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The cultures were pelleted after 9 days followed by lyophilization of the separated biomass
and supernatant. The dried samples were extracted with MeOH and filtered through filter paper
(Whatman Grade 4, Maidstone, Kent, UK). MeOH was removed under reduced pressure to give a
crude extract of a combined weight of 15.70 g. The crude extract consists of broth extract 84.4%

(13.25 g) and biomass extract 15.6% (2.45 g).

Example 4: Isolation and Purification of Compounds

The dried extracts obtained were combined and partitioned with CH.Cl/MeOH/H:0 in a
ratio of 2:1:1. The CH2Cl> was removed under reduced pressure and the CH>Cla crude extract (692
mg) was redissolved in CH>Cl, and subjected to a silica gel column chromatography (Merck, Silica
gel 60, 0.040-0.063 mm). The column was eluted with a stepwise gradient of 0%, 2%, 4%, 8%,
10% and 12% MeOH in CH.Cl: followed by 100% MeOH. The 12% MeOH in CH»Cl, and 100%

McOH fractions were combined to obtain an cnriched fraction of thiopeptide analogucs (350 mg).

Compounds 1.2 and 7-9

The enriched fraction was then redissolved in CH>Cl::MeOH in a ratio of 1:1. Further
separation was performed using a Sephadex LH-20 column (mobile phase: CH>Cl; :MeOH = 1:1)
to obtain a subfraction of thiopeptide analogues (53 mg). The dried mixtures were dissolved in
MeOH and separated with Ciz RP-HPLC (solvent A: H.O + 0.1% HCOOH, solvent B: acetonitrile
+ 0.1% HCOOH; flow rate: 24 mL/min, gradient conditions: 70:30 isocratic for 5 minutes; 30% to
60% of solvent B over 55 minutes, 60% to 100% of solvent B over 2 minutes, and finally isocratic
at 100% of solvent B for 10 minutes. The HPLC gave 6.9 mg of compound 1 (RT = 37 min), 5.1
mg of compound 2 (RT = 30.5 min), 1.1 mg of compound 7 (RT = 45 min), 0.2 mg compound 8
(RT =51 min), and 0.5 mg of compound 9 (RT = 39 min).

Compounds 3 and 5

Fractions collected between retention time 23.5 min and 27 min were combined. The dried
combined fraction was separated by preparative normal phase TLC (Merck, TLC Silica gel 60 Fass,
20 x 20 cm, 6% MeOH/CH:Cl, for the first TLC run followed by 10% MeOH/CH:Cl. for the
second elution) to obtain Compound 3 (1.0 mg) and Compound 5 (2.0 mg).

Compounds 4 and 6
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In addition, fractions collected between retention time 31.5 min and 33.75 min were
combined. The combined fraction was further separated by preparatory TLC using the same
conditions used for the separation of 5 and 3, to obtain Compound 4 (1.7 mg) and Compound 6

(2.7 mg) and.

Example 5: Structure Elucidation of Compounds

Example Sa: General Characterisation Procedures

JASCO P-2000 digital polarimeter was utilized to measure specific rotations of the

compounds.

Preparative HPLC experiment was performed using Agilent 1260 Infinity Preparative-
scalc LC/MS Purification System coupled to Agilent 6130B single quadrupole mass spectrometer
with XTerra Prep MS Cis column (19 x 300 mm, 10 um). The detection wavelength used in the
preparative HPLC was 254 nm.

The HPLC-MS was performed using an Agilent UHPLC 1290 Infinity coupled to Agilent
1290 DAD detector (for UV measurement) and Agilent 6540 accurate-mass quadrupole time-of-
flight (QTOF) mass spectrometer equipped with an ESI source and a splitter. The analyses were
conducted with an Acquity UPLC BEH C18 column (2.1 x 50 mm, 1.7 um), at a flow rate of 0.5
mL/min and under standard gradient condition of 2% MeCN (0.1% formic acid) to 100% MeCN

(0.1% formic acid) over 8.6 minutcs.

A Bruker DRX-400 NMR spectrometer was utilized to obtain NMR spectra of the
compounds. Specifications of the NMR spectrometer include a Cryoprobe, and a 5-mm BBI (1H,
G-COSY, multiplicity-edited G-HSQC, and G-HMBC spectra) or BBO (13C spectra) probe heads
equipped with z-gradients. Residual solvent peaks for DMSO-ds were set at on 2.50 and dc 39.5

ppm as reference signals in the "H and *C NMR spectra, respectively.

The LC-MS/MS data file (.d) created from the Agilent QTOF mass was converted to .mgf
file format with Agilent Qualitative 10.0 and uploaded to the GNPS Web platform
(http://gnps.ucsd.edu.) for classical molecular networking generation. MS-Cluster (0.1 Da
tolerance) and a 0.02 Da tolerance for fragment ions were applied to create consensus parent mass
spectra. A network was generated where there were more than six matched fragment ions and the
edges were filtered to have a minimal cosine score of 0.7. A maximum size of a molecular family

was also set to 100. The output molecular networking was visualized and analyzed using Cytoscape
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3.9.0. The GNPS data may be found at

sisplrask=eBTh2ac

f44508%adh.

hitrps:/fonns. pesg oteoSAelsia

Example Sb: GNPS Analysis

HPLC-MS analysis of the extract of Nonomuraea jiangxiensis strain A7611 found several
masscs of sulfur and nitrogen containing compounds, indicating the presence of thiopeptide. To
visualize the overall chemical space in the extract, HPLC-MS/MS experiments were performed
and the MS/MS data used to generate a consolidated GNPS molecular network as shown in Fig. 2.
In this molecular network, each node represents one molecular feature (m/z). The nodes are
connected to each other based on their MS/MS fragmentations pattern, forming a network, and
suggesting their structural similarity. From the analysis of the network, specific clusters containing

potentially new thiopeptides were found.

To identify the thiopeptides, large scale fermentation was performed, and the CH.Cl»
extract was subjected to RP-HPLC and PTLC to obtain 1-9 (Fig. 3).

Example Sc¢: Characterisation of Compounds

The characterisation data for the isolated compounds are summarised in Table 1.
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Table 1: Characterisation data of Compounds 1-11 and GE2270A

PCT/SG2023/050853

Compounds 1 2 3 4 5 6
Labels GE2270F; GE2270F2 GE2270F; GE2270F, - -
Physical ‘White White ‘White White White ‘White
Feature amorphous amorphous amorphous amorphous amorphous amorphous
powders powders powders powders powders powders
[o]Z +78 111 (¢ 09, | +58 (¢ 0.2, [+88 (c 03, | +102 (c 0.3, | +79 (¢ 0.2,
(c 1.2, | CH2ClaxMeOH CH>Cl»:MeOH CH»Cl>:MeOH CH2Cl>:MeOH CH>Cl2:MeOH
CH2Cl2:MeOH =11 =11 =11 =1:1) =1:1)
=11
uv 221 (100%), | 221 (100%), 308 | 220 (100%), 310 | 220 (100%), | 221(100%). 310 | 220 (100%),
(MeCN/H:0) | 308 (33%) nm | (33%) nm (Fig | (33%) nm (Fig [ 310 (33%) nm | (33%) nm (Fig | 310 (33%) nm;
J.max (% (Fig 4) 4) 4 (Fig4) 4 Fig4)
(- 1291.2544 1247.2240 1233.2096 1277.2336 1264.2495" 1308.2770"
HRESIMS [M+H]+ (caled | [M+H]+ (caled | [M+H]+ (caled | [M+H]+ (caled | [M+H]+ (caled | [M+H]+ (calcd
m/z; Appm lor for for for for for
CssHssN14aOnSs, | CsaHsiN14O10Ss, | CssHaoN14O10Ss, | CssHssN1aOniSs, | CsaHsaN15sO10Ss, | CssHssN1sO11Ss,
1291.2499); 1247.2237), 1233.2080); 1277.2337); - [ 1264.2502); - | 1308.2764);
3.91 (Fig 5) 0.69 (Fig 5) 1.72 (Fig 5) 0.08 (Fig 5) 0.15 (Fig 5) 0.84 (Fig 5)
T - - -
HNMR Table 1, Fig7a | Table 1, Fig8a | Table SI, Fig % ngle S1, Fig f‘l“:le 82, Fig g:le 52, Fig
13 g 3 :
CNMR | Tblc 1, Fig 7o | Table 1, Fig8b | Table S1 ,ngle St Fe lTlaEle 53 T ngle 5 e
COSY Fig 7¢ Fig 8¢ Fig 9b Fig 10c Fig llc Fig 12¢
HSQC Fig 7d Fig 8d Fig Yc Fig 10d Fig11d Fig 12d
HMBC Fig 7e Fig 8¢ Fig 9d Fig 10e Fig lle Fig 12¢
COSY and Fig 6 Fig 6 Fig 6 Fig 6 Fig 6
HMBC Figo
Correlations
Compounds 7 8 9 10 11
Labels - - - - - GE2270A
Physical White White White - - -
Feature amorphous amorphous amorphous
powders powders powders
[a]Z® +72 (¢ 02, [+36 (¢ 02, |+24 ( 02 |- - -
CH:Cl:2MeOH | CH2Cl::MeOH | CH2Cl::XMeOH
=1:1) =11 =1:1)
uv 222 (100%), | 221 (100%), | 221 (100%), | - - -
(MeCN/H:20) | 308 (33%) nm | 307 (33%) nm | 308 (33%) nm
Amax (%) (Fig4) (Fig4) (Fig4)
- 1095.1655 1139.1898 1125.1740 1081.1486* 1219.1926* 1290.2663
HRESIMS [M+H]+ (caled | [M+H]+ (caled | [M+H]+ (caled | [M+H]+ [M+H]+ (calcd | 1290.2653
m/z; Appm for for for (caled for | for CssHs6N15010Ss
Cy7HasN1208S6, | CavHarN1209S6, | CasHasN1209Se, | CasHasNyO9Se, | CseHseN15O10Se, | 0.75 (Fig. 16)
1095.1651), 1139.1913); - | 1125.1757); — | 1081.1502); — | 1219.1918);
0.86 (Fig 3) 0.85 (Fig 3) 1.00 (Fig 3) 1.53 0.63
'H NMR Table S3, Fig | Table S3, Fig | Table S3, Fig | - - -
13a 14 15
13C NMR Tablc S3, Fig | - - - - -
13b
COSY Fig 13c - - - - -
HSQC Fig 13d - - - - -
HMBC Fig 13e - - - - -
COSY and | Figé6 - - N - -
HMBC
Correlations

“Unconnected singleton nodes in molecular nelwork, *Uncertain structures
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Table 2. NMR spectral data of thiopeptides 1 and 2.
. 1 2
Residue Pos. 3C 'H, mult. (J = Hz) 3C 'H, mult. (J = Hz)
o 58.5,CH 4.25,t(82) 58.5,CH 424, m
B 27.9, CH2 1.92,m, 2.19, m 27.9, CHz 191, m, 2.19, m
Proline (Pro) vy 22.1,CH2 1.84, m, 1.91, m 22.1, CHz 1.84, m, 1.91, m
) 44.8, CH2 341, m, 3.50, m 44.8, CHz 3.39, m, 3.50, m
Cco 169.3,C - 169.3 -
o 53.9,CH 4.55, m 53.9,CH 4.55, m
Oxazoline B 63.2, CH2 4.53,4.68,dd (14.9,6.7) 63.2, CHz 4.53;4.68,dd (14.9,6.7)
(Oxa) CN 160.1,C - 160.1,C -
co 163.2,C - 163.2,C -
2 167.9,C - 168.0,C -
Thiazole A 4 147.2,C - 147.2,C -
S 132.7,CH 8.76, s 132.7,CH 8.75, 8
2 150.1,C - 150.1,C -
3 127.6,C - 127.70,C -
Pyridine (Py) 4 141.3,CH 8.44,d(8.2) 141.3,CH 8.43,d(8.1)
5 118.4,CH 8.27,d (8.1) 118.3,CH 8.27,d (8.1)
6 150.0,C - 150.0,C -
2 160.3,C - 160.4,C -
Thiazole B 4 153.1,C - 153.1,C -
S 123.0,CH 8.29,s 123.0,CH 8.29, s
2 170.8 - 170.8,C -
Thiazole C 4 146.6 - 146.6,C -
S 116.2,CH 7.34,s 116.3,CH 7.34,8
o 58.2,CH 5.24,dd (14.0,6.8) 58.2, CH 524, m
B 73.3,CH 5.03, m 73.3,CH 5.04, m
Phenylserine 1 1416 1416,C -
(PheSer) 2,6 126.5,CH 7.29, m 126.5, CH 728, m
35 127.7,CH 7.28, m 127.75,CH 7.26, m
4 127.4,CH 7.28, m 127.4,CH 727, m
NH 9.29,d (7.7 - 9.22,d (7.9)
OH 6.43,brs - 6.35,brs
Glveine o 41.0,CH:  381,dd(17.1,3.9);432,¢(17.1,87) 413, CHz 3.88, dd (16.9, 4.3); 424, t (7.6)
(G{') co 1694,C - 169.3,C -
Y NH - 8.45, m - 8.55. m
2 1654,C - 168.3, -
4 143.5,C - 1484,C -
) 5 140.8,C - 124.5,CH 8.28,s
ThiazoleD 5 oy, 672.C 4995 - -
5-CH:OMe 584,.C 3.39,s - -
Cco 161.2,C - 160.3,C -
V3 55.2,CH 5.20,dd (4.7, 8.0) 55.3,CH 525, m
B 33.8,CH 2.18, m 34.0,CH 219, m
Valine (Val) vy 183,CHs  0.86.d (6.9) 18.4, CHs 0.86. d (6.8)
¥ 17.8, CHs 0.89.d (6.9) 17.8, CHa 0.89,d (6.8)
NH - 8.69,d (7.7) - 8.75, m
2 168.3,C - 167.9,C -
4 141.9,C - 141.7,C -
Thiazole E 5 139.3,.C - 139.5.C -
5-Me 11.8,CH3 2.59,s 11.8, CHs 2.60,s
CO 161.0,C - 161.0,C -
o 479,CH 5.29,dt(4.1,8.7) 419, CH 535, m
B 374,CH>  1.31,m,2.74,dd (4.1, 16.8) 37.6, CHz 1.47, m, 2.74, dd (3.8, 17.1)
Asparagine CONHMe 169.6,C - 169.6,C -
(Asn) NHMe - 741,q4.5) - 748, m
Me 25.6,CHs 247,d4.5) 25.6, CHs 2.46,d(4.5)
NH - 8.69.d (7.7) - 8.74, m
2 164.5,C - 164.6,C -
Thiazole F 4 149.2,C - 149.3,C -
5 126.8, CH 8.61,s 126.8, CH 8.60, s
Cco 160.2,C - 160.2,C -

'H (400 MHz) and >C (100 MHz) in DMSO-ds. Assignments based on COSY, HSQC and HMBC and comparison with literature

compounds. Chemical shilts (6) in ppm. s: singlel; br s: broad singlet; d: doublel; br d: broad double; (: triplet, m: multiplet.
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Table 3. NMR spectral dataof 3 and 4.
Resid Positi 3 4
esidue osition 5C "H. mult, (J = Hz) BC TH, mult (/ = Hz)
a 58.6,CH 425, m 58.5,CH 424, m
B 27.9, CH2 192, m; 2.19, m 279, CH: 1.90, m; 2.19, m
Proline (Pro) ¥ 22.1, CHz2 1.88, m; 1.91, m 22.1,CHz 1.84, m; 1.91, m
) 44.6, CH2 340, m; 351, m 44.8, CH2 341, m; 351, m
Cco 1694, C - 169.3,C -
[s3 53.9,CH 455, m 53.9,CH 4.55, m
Oxazoline B 63.2, CH2 4.54, m; 4.68, m 63.2, CH2 4.54, m; 4.68, dd (16.0, 8.0)
(Oxa) CN 160.5,C - 160.1,C -
CO 163.2,C - 163.2,C -
2 167.9,C - 167.9,C -
Thiazole A 4 147.2,C - 147.2,C -
5 132.5,CH 8.70, s 132.8, CH 8.75.s
2 150.1,C - 150.1,C -
3 127.77,C - 127.6,C -
Pyridine (Py) 4 141.2,CH 8.44,d (8.2) 141.3,CH 8.45,d (8.2)
5 118.3,CH 8.27,d (8.2) 118.4,CH 8.28.d (8.2)
6 150.0,C - 150.0,C -
2 160.5,C - 160.3,C -
Thiazole B 4 1532,C - 153.2,C -
5 122.8,CH 8.31,s 123.1,CH 8.31,s
2 170.7,C - 171.0,C -
Thiazole C 4 1464,C - 146.7,.C -
5 116.4,CH 7.37,8 116.3,CH 7.37.s
o 58.1, CH 5.24, m 58.0, CH 5.24, m
B 73.3,CH 503, m 73.6, CH 502, m
1 141.1,C - 141.6,C -
Phenylserine 2,6 126.5,CH 7.29, (2H, m) 126.6, CH 7.31, (2H, m)
(PheSer) 35 127.80, CH 7.29, (2H, m) 127.8,CH 7.31, (2H, m)
4 127.4,CH 724, m 127.5,CH 725, m
NH - 9.00,d (7.7) - 9.01,d (8.0)
OH - 6.03,d (4.3) - 6.03,d (4.5)
. AL0,CHy 388,40 (166405425, ) "y 3.81,dd (17.2, 4.0); 430 dd
Glycine (Gly) m (172.8.6)
cO 169.6,C 169.4,C -
NH ; 8.56, m , 8.46, m
2 168.2,C - 165.4,C -
4 148.0,C - 143.7,C -
Thiazole D 5 1244, CH 8.29, 8 140.6,C -
5-CH: - - 67.2, CH2 4.98,3
5-CH:0Me - - 58.4, CHs 3.39,s
CO 1604, C - 161.2,C -
o 55.4,CH 5.29,dd (8.0,4.9) 55.5,CH 5.26,5
B 33.8,CH 222, m 33.9,CH 221,s
Valine (Val) k3 18.5, CHa 0.87,d (6.9) 18.4, CHa 0.86, d (6.6)
7' 17.7, CHa 0.89,d (7.0) 17.7, CHa 0.89, d (6.8)
NH - 8.76,d (8.0) - 8.70, d (8.4)
2 173.0,C - 173.0,C -
. 4 148.4,C - 148.6,C -
Thiazole E 5 1234, CH 8.10,s 123.3,CH 8.08,s
Cco 159.0,C - 159.6,C -
o 48.0, CH 542, m 48.2, CH 5.37, m
B 37.5, CH2 1.50, m; 2.76, m 37.7, CH2 1.35, m; 2.74, dd (16.5, 3.7)
Asparagine CONHMe 169.3,C - 169.5,C -
(Asn) NHMe - 748, m - 7.40, m
Me 25.3, CHz 2.46,d (4.6) 25.6, CH: 2.46,d (4.7
NH - 8.81,d (9.0) - 8.74.d (8.0)
2 164.5,C - 164.6,C -
. 4 1493,C - 1492, C -
Thiazole F 5 1268, CH 8615 1269.CH  8.62.s
Cco 160.0,C - 160.2, C -

'H (400 MHz) and *C (100 MHz) in DMSO-ds. Assignments based on COSY, HSQC and HMBC and comparison with literature
compounds. Chemical shifts (&) in ppm. s: singlet; br s: broad singlet; d: doublet; br d: broad doublet; t: triplet, m: multiplet. One proton

unless otherwise stated.



WO 2024/136758 PCT/SG2023/050853
84
Table 4. 'H and C NMR dataof 5 and 6.
Residue Position 3 3 6
3C 'H, mult. (J = Hz) B¢ 'H, mult. (/ = Hz)
a 598,CH  4.33.dd (8.6.3.8) 59.8, CH 4.33,dd (8.8.3.6)
B 29.1,CH,  2.08,m; 1.86, m 29.3, CHz 1.87, m; 2.09, m
Proline (Pro) ¥ 244, CH: 192, (2H, m) 244, CHz 1.92, (2H, m)
5 470.CH;  3.77.(2H, m) 47.1, CHz 3.77,(2H, m)
co 173.5.C - 173.6.C
a 530,CH 490, dd (12.0, 4.0) 53.0, CH 4.90, dd (12.0, 4.0)
B 617.CH: 376, m;3.82, m 61.8, CHy 3.80, m; 3.84, m
Serine (Ser) CO 168.9 - 168.9,C -
XH - 847, m - 847, m
OH - 5.28. br t (6.0) - 528, m
2 167.3,C - 167.3.C -
. 4 150.8.C - 150.7,C -
Thiazole A 5 1276,CH  8.55.s 127.5, CH 8.55, s
co 160.1,C - 160.1,C
2 150.3,C - 150.2,C -
3 1277.C - 127.6,C -
Pyridine (Py) 4 141.3,CH  844,d (7.0) 141.2,CH 8.46,d (6.8)
5 1185, CH  8.40.d (7.0) 118.6, CH 8.41,d (6.8)
6 150.1,C - 150.0,C -
2 1604, C - 160.3,C -
Thiazole B 4 153.1,C - 153.2,C -
5 123.0.CH __ 8.30.s 123.0,CH 830, s
2 170.9.C E 171.0,C B
Thiazole C 4 1467.C - 146.7,C -
5 1163.CH __ 7.36.s 116.3,CH 7.36,5
a S80,CH  524.m 58.1,CH 524, m
B 735,CH  5.03,brt (4.0) 737, CH 501,dd (6.2.5.00
1 1416,CH - 141.7,C -
Phenylserine 26 126.6,CH  7.30, (2H, m) 126.6, CH 731, m
(PheSer) 35 1278.CH  7.27.?H.m) 127.8,CH 730, m
4 1278,CH  725.m 127.7,CH 725 m
NH - 9.01,d (8.3) - 9.01,d (7.8)
OH - 6.02. d (4.5) - 6.03,d (4.6)
a 414,CH:  3.87, m; 421, dd (16.6, 7.9) 41.1, CHz 379, m; 4.26, dd (17.5, 8.6)
Glycine (Gly) co 169.3,C - 169.3,C -
NH - 8.55. m - 844, m
2 1684, C - 165.5,C -
4 148.3,C 143.6,C -
. 5 1245,CH  828.s 140.8,C -
Thiazole D 5-CH: - 67.3, CHa 498, s
5-CH:OMe - - 58.5, CHs 338,
o 161.0,C - 161.2,C -
a 554,CH  524.m 552, CH 520, m
B 340,CH  220.m 34.0,CH 2.18,m
Valine (Val) ¥ 184,CHs  0.86.d (8.0) 18.3, CH; 0.85,d (6.8)
¥ 177.CHs  0.88,d (8.0) 17.8, CHs 0.88.d (6.8)
NH - 8.73.d (7.8) 8.67.d (8:2)
2 167.9.C - 168.3,C B
4 141.7,C - 1419,C -
Thiazole E 5 139.6,C - 139.3,C -
5-Me 118.CH;  2.60.s 11.8, CHs 2.59,s
co 160.3.C - 159.8,C -
a 479.CH  53%.m 479, CH 531, m
B 376,CH:  1.50, m; 2.73,dd (16.4, 3.7) 37.5,CHz 1.37, m; 2.72, dd (16.4, 3.2)
Asparagine (Asn) CONHMe  169.6,C - 169.6,C -
NHMe - 7.48. m - 7.38, m
Me 256,CHs 246, d (4.6) 25.7, CHs 2.47,d (4.5)
NH - 8.77.d (9.0) - 8.70,d (8.7)
2 1647.C - 164.7,C -
. 4 1493, C - 149.3,C -
Thiazole F 5 1268.CH  8.60.s 126.9, CH 8.61,s
co 159.8,C - 161.1,C -

'H (400 MHz) and "*C (100 MHz) in DMSO-ds. Assignments based on COSY, HSQC and HMBC and comparison with lilerature
compounds. Chemical shifts (8) in ppm. s: singlet; br s: broad singlet; d: doublet; br d: broad doublct; t: triplct, m: multiplet. One proton

unless otherwise stated.
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Table 5. 'H and °C NMR data of 7 and 'H NMR data of 8 and 9.
. y 7 8 9
Residue Position £ H,mult. =Hz) ___'H,mul. J=Hz) _'H, mult. (J = Hz)
2 168.1, C N - N
4 147.3,C - - -
Thiazole A 5 1323.CH 878, 8.79, s 879,
co 161.1.C - - -
COOMe 52.2 CHs 391 s 3915 -
2 150.1, C - - -
3 127.6.C . . -
Pyridine (Py) 4 1413.CH  841,d(8.2) 8.43,d (8.1) 8.43,d(82)
5 1185, CH  8.30,d(8.2) 8.30,d (8.1) 8.30,d(8.2)
6 150.0, C - - -
2 160.4.C - - -
Thiazole B 4 153.1.C - - -
5 123.0,CH _ 829.s 8.29,s 829, s
2 1708, C - -
Thiazole C 4 146.6,C . . .
5 1163,CH __ 7.32s 7.33,s 734, s
o 58.3,CH 523, m 5.20, m 5.20,m
B 73.2.CH 5.06.m 5.04,m 503, m
1 1416, C - - -
Phenylserine 2,6 126.5, CH 7.26 (2H, m) 7.28 (2H, m) 7.29, m
(PheSer) 35 1277.CH  7.25(2H, m) 7.27 (2H. m) 728 m
4 1275.CH  72Lm 722, m 722, m
NH } 9.46.d (1.6) 9.45,d(6.2) 929, d (6.6)
OH } 6.70, br s 6.65, brs 6.44, br's
3.89, dd (172, 4.0); , 3.80, dd (16,7, 3.6);
Glyeine (Gly) a AL3CH: 49 qqq172.80) >8LmAILmM o0 440167 8.6)
Y Y co 1694, C - - 845, m
NH - 8.57, m 8.46, m -
> 1683,C N - -
4 1484.C - . -
. 5 1245.CH 828, . -
Thiazole D 5-CHs ) ) 4.99, s 498,s
S.-CHOMe - - 3.39 339,
co 161.1,C . .
o 554, CH 5.24, m 5.23,m 524, m
B 34.0, CH 219, m 218, m 218, m
Valine (Val) y 184,CHs  0.86,d (6.8) 0.89, d (6.8) 0.88, d (6.6)
¥ 178,CHs  0.89,d (6.8) 0.85,d (6.8) 0.85.d (6.8)
NH ) 8.76,d (8.2) 8.70,d (8.3) 8.69, br's
2 1679.C - - -
4 141.7.C . . .
Thiazole 5 139.6.C . . .
5-Me 118,CHs  2.60,s 259, s 259, s
Co 160.5,C - - -
P 47.9,CH 534m 529 m 530, dd (3.6, 4.6)
B 376,CH; 143, m 275 m 129, m;2.72, m ;jj‘ m; 2.72, dd (16.0,
Asparagine (Asn) CONHMe 169.6, C - - -
NHMec ; 7.50, m 742, m 741, m
Me 257,CHs  2.45,d (4.5) 2.46,d (4.6) 247,d (4.6)
NH . 8.73, d (9.4) 8.68, d (8.8) 8.67,br's
> 164.6,C - - -
. 4 1493.C . . .
Thiazole F 5 1269,CH 86l 861, 8.61,brs
co 160.2 -

'H (400 MHz) and '*C (100 MHz) in DMSO-ds. Assignmy

cnts based on COSY, HSQC and HMBC and comparison with

literature compounds. Chemical shifts (&) in ppm. s: singlet; br s: broad singlet; d: doublet; br d: broad doublet; t: triplet, m:

multiplet. One proton unless otherwise stated.
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Example 5¢: Compound 1

Compound 1 (Fig. 3) was isolated as a white amorphous powder and its molecular formula was

established as CssHsaN12011S6 based on HR-ESIMS measurement.

The NMR data of compound 1 may be found in Figs. 1a-1e, with peak assignments found in Table

The 'H NMR data (Table 2, Fig. 7a) revealed features of a peptide-derived compound, including
five amide 'H signals (3g 9.29, 8.69, 8.69, 8.45, 7.41). The *C NMR data (Table 2, Fig. 7b) was also
consistent with a peptide-derived compound, comprising of oxazolinc and thiazole units including five
amide carbonyls and one carboxylic acid carbonyl signals (6¢ 169.4, 169.3, 163.2, 161.2, 161.0, 160.2), 6
thiazole (6¢ 170.8, 168.3, 167.9, 165.4, 164.5, 160.3) and oxazoline (¢ 160.1) moieties. The presence of
thiazole rings A, B, C, D, E and F, pyridine (Py), phenylserine (PheSer), valine (Val), glycine (Gly),
asparagine (Asn), oxazoline (Oxa) and proline (Pro) residues in 1 was supported by the observed COSY

and HMBC correlations (Figs. 6, 7¢ and 7e).

Further analysis of 2D-NMR data (Figs. 7d and 7e) revealed that the structure of 1 was similar to
that of GE2270A, a thiopeptide detected from Planobispora rosea. NMR data comparison between 1 and
thosc of GE2270A shown a high degrec of similarity, implying their structural analogy. The 1D NMR
resonances of the aromatic protons of Py and of the thiazole rings A, B, C, D, E and F for GE2270A and
1 also coincided. This showed that the building blocks of the thiazolyl peptide backbone and the sequence
was conserved. A detailed inspection of the '*C NMR data of 1 (Table 2, Fig. 7b) together with comparison
with reported NMR data of GE2270A revealed a missing signal of ¢ 173.5 that corresponded to the C-
terminal amide/carbonyl of proline (Pro) residue in GE2270A, which was replaced by a carboxylic acid
group (S¢ 169.3) in 1. Based on these data, the structure of 1 was established to be an analog of GE2270A

possessing a C-terminal carboxylic acid. The structure of GE2270A is depicted below:

GEZ770A
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Example 5d: Compounds 2. 3, 4

Compounds 2, 3, and 4 (Fig. 3) were isolated as white amorphous powders. HR-ESIMS
measurement determined the molecular formula of 2 as CssHsoN14010S6, 3 as Cs3HagN14010S6, and 4 as

CssHs2N12011Se, respectively.

The NMR data for compounds 2 to 4 may be found in Figs. 8a-8e, 9a-9d, and 10a-10e respectively.

"H NMR data of 2-4 (Table 2 and 3) were consistent with that of 1 with minor differences. For
instance, the methyl singlct (S 2.59) on thiazole ring E in 1 was not observed in the 'H NMR spectra of 3
(Fig. 9a) and 4 (Fig. 10a). This implied that C-5 of thiazole ring E in 3 and 4 was unsubstituted, which
was further supported by an additional singlet at around 8. 8.10 in the "H NMR spectra of 3 and 4. On the
other hand, the singlets at 3y 3.39 and 4.99 of the methoxymethyl substituent at C-5 position of thiazole
ring D were not detected in 2 and 3. This observation suggested that thiazole ring D was unsubstituted at
C-5 position supported by an additional singlet at 5 8.29 in the "H NMR spectra of 2 (Fig. 8a) and 3. The
remaining structural moieties in compounds 2—4 were established by COSY and HMBC correlations (Figs.
4, 6, 8c-8¢, 9b-9d, and 10c-10e). Compounds 1-4 shared the same thiazolyl peptide backbone and C-
terminal carboxylic acid group while possessing altered decorations at thiazole rings D and E, they are

groupcd togcther and named GE2270F, GE2270F,, GE2270F; and GE2270F,, rcspectively.

Example Se: Compounds S, 6

Compounds 5 and 6 (Fig. 3) were isolated as white amorphous powders and their molecular
formulae were established as CssHsaNi1sO10S¢ and CseHssN1sO11S6, respectively based on HR-ESIMS

measurement.

NMR data for compounds 5-6 may be found in Figs. 11a-11e and 12a-12e respectively.

Interpretation of the COSY, HSQC and HMBC spectra of 5 (Figs. 11¢-11e) and 6 (Figs. 12¢-12¢)
together with NMR data comparison (Figs. 11a, 11b, 12a, and 12b) with those of GE2270A revealed the
replacement of Oxa group with a serine (Ser) moiety which was indicated by an amide carbonyl at 5¢ 173.5
(Fig. 6 and Table 4). The presence of Ser residue was evident from the COSY correlations between NH
(6u 8.47)/H-a (3:14.90), H-o (61 4.90)/H>-B (61 3.76, 3.82), and Hx-B (6u3.76, 3.82)/OH (31 5.28), as well
as HMBC correlation from H-o to a carbonyl carbon at 5c 168.9 (Fig. 6). Compounds 5 and 6 may be
intermediates or precursors in the biosynthesis of GE2270C; and GE2270A respectively.
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Example 5f: Compounds 7. 8. 9

Compounds 7, 8 and 9 (Fig. 3) were isolated as white amorphous powder and their molecular

formulae were determined as Ca7H42N1204S6, CaoHasN12006S6 and CagHaaN120oSe, respectively.

NMR data for compounds 7-9 are found in Figs. 13a-13e, 14 and 15 respectively.

Compounds 7-9 possessed the same thiazolyl peptide backbone as in 1 with the loss of Pro and
Oxa groups as indicated by the missing proton and carbon signals that correspond to Pro and Oxa groups
(Fig. 3 and Table 5). Thiopeptides 7 and 8 were analogues of one another with or without substitution at
C-5 position of thiazolc ring D and both possesscd terminal methyl-cster functionality which is indicated
by an additional singlet at 5x3.91 (Table 5). On the other hand, 9 was the free carboxylic acid form of 8.
These compounds were likely to be intermediates or precursors in the biosynthesis of GE2270A.
Compounds 8 and 9 were previously reported and synthesized as intermediates in the total synthesis of
thiopeptide GE2270 analogues. This was the first report of the isolation of thiopeptides 8 and 9 from nature.
Notably, one close structural analog of compounds 8 and 9, which possessed a terminal amide group in
place of ester or carboxylic acid group was also synthesized and tested for antibacterial activity and was

inactive against gram-positive S. aureus.

Examplc 5g: Compounds 10 and 11

Although the thiopeptide GNPS molecular clusters showed several related thiopeptides, it was not
possible to isolate and acquire NMR spectroscopic data for two minor compounds (m/z 1081.15 for 10,
and m/z 1219.19 for 11) due to their minute amount in the extract. Nevertheless, their molecular formulae

were determined by exact mass calculation (Table 1).

Due to the small amount of samples, absolute configurations could not be assigned for Compounds
1-12 using Marfey’s reagent. However, the structures of thiopeptides 1-9 are closely related to a series of
known thiopeptides, GE2270. Further manual obscrvation of the HPLC-HRESIMS/MS of the crudc extract
indeed revealed the presence of GE2270A as shown by a molecular ion m/z 1290.2663 [M+H]" consistent
with that of GE2270A (Fig. 16). Thus, 1-9 were most likely to be biosynthetically related to GE2270A, a
thiopeptide initially isolated from Planobispora rosea. Although the structures of compounds 1-9 and
GE2270A contain several typical characteristics of a nonribosomal peptide (NRP), GE2270A is a
ribosomally synthesized, post-translationally modified peptide (RiPP), as what have also been observed in
other known thiopeptides. Therefore, 1-9 was presumed to occur in the configuration as shown in Fig. 3,
and determined to be new members of GE2270 thiopeptides. This was further supported by comparison of
the specific rotation and "H and *C NMR data of 1-9 with those of GE2270A, whose configuration was

confirmed by total synthesis.
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Example 6: Biological assays

Example 6a: General experimental procedures

Isolated compounds of interest were tested against 5 microbial strains for antimicrobial testing
which are Acinetobacter baumannii (ATCC® 19606™), Klebsiella aerogenes (ATCC® 13048™),
Pseudomonas aeruginosa (ATCC® 9027™), Staphylococcus aureus Rosenbach (ATCC® 25923T™)
and Aspergillus fumigatus (ATCC® 46645™T™),

Minimum inhibition/bactericidal/fungicidal concentration (MIC/MBC/MFC)

The minimum inhibition concentration (MIC) and minimum bactericidal/fungicidal
concentration (MBC/MFC) were carried out using the microbroth dilution method according to the

Clinical Laboratory Standards Institute (CLSI) guidelines, with some modifications.

To establish the MIC values, the bacterial cells were seeded at a concentration of 5.5 x 10°
cells/mL and fungal spores at a concentration of 2.5 x 10* spores/mL. The tested compounds were
then incubated together with bacterial cells at 37 °C for 24 hrs and with fungal spores at 25 °C for 72
hrs respectively. ODgoo measurement was subsequentially carried out to evaluate the inhibitory effect
of the compounds. To further determine the bactericidal and fungicidal effects of the compounds, 5
uL of the trcated culturc was transferred onto new media microplates. The plates were incubated
under the same condition, followed by ODgopo measurement. The cytotoxicity effect of the isolated
compounds was also tested on A549 human lung carcinoma cells (ATCC® CCL-185"™), where cells
were seeded at 3.3 x 10* cells/mL. The cells were then treated with the compounds for 72 hrs at 37

°C in the presence of 5% COx.

Cytotoxic effect was detected with PrestoBlue™ cell viability reagent (ThermoFisher
Scientific, Waltham, Massachusetts, US). The cells were read with fluorescence reading at excitation
of 560 nm and emission 590 nm. Standard inhibitors gentamicin (Gibco, Waltham, Massachusetts,
US), amphotcricin (Sigma-Aldrich, St. Louis, Missouri, US) and puromycin (Sigma-Aldrich, St.
Louis, Missouri, US) were used as the assay controls respectively for the antibacterial, antifungal and
cytotoxicity assay. All compounds were tested in triplicates to ensure reproducibility of the results.
GraphPad Prism 8 software (GraphPad, San Diego, California, US) was used for analysis of

bioactivity to determine the respective ICgo and ICso values.

Example 6b: Biological activities against Staphylococcus aureus Rosenbach (ATCC® 25923T™)

Table 6. Biological activities of compounds 1-9 and positive control gentamicin against Staphylococcus

aureus Rosenbach (ATCC® 25923T™)
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Thiopeptide Wik ge WEB o
Compounds [{ph) mean + 5D {3 mean + ST
1 2.63+£0.12 18.48 £1.34
2 6.94+0.83 67.93£1.55
3 >70 >70
4 >70 >70
5 >70 >70
6 7.07 £0.55 31.80 £ 1.38
7 4.71+0.37 12.44 £ 1.06
8 3.17+0.28 16.22 £1.48
9 10.27 £0.75 51.99 + 1.41
Gentamicin 0.04 £0.01 0.10+0.01

Values arc cxpressed as mean + SD in triplicates.

Notably, it has becen well documented that thiopeptides exhibited a wide range of biological
properties; and are strong antibiotics against Gram-positive bacteria, including contemporary strains

of mcthicillin-resistant Staphylococcus aureus (MRSA).

while 1, 2, 6, 7, 8 and 9 displayed activities against S. aureus Rosenbach (ATCC® 25923T™),
the only Gram-positive bacterial strain tested (Table 6 and Fig. 17). Interestingly, 3, 4 and 5 were

found to be inactive against S. aureus.

Compounds 1-4 possessed the same R; group on thiazole ring A, but various substitutions,
i.c. R» and R; groups on thiazolc rings D and E respectively. As shown in Table 6, 1 was thrce-fold
more active (i.e. minimal inhibitory concentration (MICg) of 2.63 pM and minimal bactericidal
concentration (MBCyy) of 18.48 uM) against S. aureus Rosenbach (ATCC® 25923"™) than 2 (i.e.
MICop of 6.94 uM and MBCyo of 67.93 uM). This was likely attributed to the presence of both R (i.e.
methylene-oxy-methyl) and Rs (i.e. methyl) groups in 1, resulting in a significant increase in
antibacterial activity. In addition, the presence of R group and the absence of R, group in 2 resulted
in a weaker antibacterial activity. The absence of both R2 and Rs groups in 3, and the absence of the
R; group in 4 resulted in no bioactivity. Compounds 5 and 6 shared similar chemical structures, each
possessing a terminal serine-proline group (R1) on thiazole ring A. Compound 6 possessing both R»
and Rs groups demonstrated antibacterial activity against §. aureus Roscnbach (ATCC® 25923 ™™),
while 5 possessing only the R3 group displayed no activity against S. aureus Rosenbach (ATCC®
25923'™), This indicated that the presence of both R and R3 groups was important for bioactivity in

this series of thiopeptides.



WO 2024/136758 PCT/SG2023/050853
91

Both compounds 7 and 8 possessed a terminal ester group (R1) on thiazole ring A, with 7
possessing only the R; group, whilst 8 possessed both R; and Rs groups. A slight increase in
antibacterial activity (i.e. MICg of 3.17 pM) was observed in 8 as compared to 7 (i.e. MICg of 4.71
uM) when both R and Rs groups are present. 9 is the only compound with a terminal carboxylic acid
group (R) on thiazole ring A. Interestingly, at least three-fold reduction in antibacterial activity (i.e
MICoo of 10.27 uM) was observed in 9 as compared to 8 when the ester group was changed to a
carboxylic acid. This could be due to the poor cell membrane permeability of the carboxylic acid
group, thus resulted in poorer antibacterial activity. The mechanism of action of thiopeptides has been
previously studied, and it was well established that thiopeptides exert their antibacterial function in

the bacterial cell via the inhibition of ribosomal protein synthesis.

Example 7: Synthesis of compounds 1-9

Example 7a: Synthesis of key intermediate 1

Intermediate I may be synthesized via the following procedure and as shown in Fig. 18a.
Commercially available L-serine may be used to form Garner’s aldehyde according to Koskinen’s
procedure, after which the Garner’s aldehyde may then undergo a subsequent Hantzsch thiazole
synthesis to obtain intermediate Ia. To form intermediate Ib, a second thiazole may first be formed
by subjccting cystcine methyl cster to Hantzsch thiazole synthesis, following which Ia and the sccond
thiazole may be condensed under KHCO; to form intermediate Ib through a cyclodehydration
reaction. Dimerization of intermediate Ib in the presence of Ag>COs;, DBU and benzylamine affords
intermediate Ie. Intermediate Ie may be heated with DBU to give intermediate Id, following which
reaction of Id with an L-erythro phenylserine derivative would provide intermediate Ie. To form
intermediate I, intermediate Ie may be protected at the -OH group, following which treatment with

Lawesson’s reagent would provide intermediate 1.

Example 7bh: Synthesis of building block TT

Intermediate IT may be synthesized via the following procedure (Fig. 18b). Intermediate I
may be deprotected, following which treatment with DAST would form Intermediate Ilb with the
2,3-dihydrothiazolidine ring via dehydration of the corresponding free alcohol. Intermediate IIb may
be oxidised in the presence of BrCCls to form intermediate Il¢, following which deprotection and
amide condensation with Boc-glycine would furnish intermediate Ile. Further deprotection of the -

NHBoc group would provide intermediate I1.

Example 7c: Synthesis of building blocks IIT and IV
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Compound III may be synthesized via the following procedure (Fig. 18¢). Boc-L-valinamide
may be reacted with the corresponding ethyl 2-diazo-3-oxopropanoate, in the presence of Rh(OAc)»
to form intermediate IIla, following which cyclodehydration with Lawesson’s reagent to form the

thiazole and treatment with LiOH to hydrolyse the ester would form intermediate III.
To form intermediate IV, 5-methyl-2-[(1S)-3-(methylamino)-1-[[(2-methylpropan-2-yl)oxy-
oxomethyl]amino]-3-oxopropyl]-4-thiazolecarboxylic acid methyl ester (CAS no. 348155-30-6) may

cross-esterified to the corresponding O-allyl ester before being deprotected to release the amine.

7d: Synthesis of Compounds 7, 8 and 9

Compounds 7 and 8 may be synthesized via the following procedure (Fig. 18d). Condensation
of intermediates II and III would furnish compound Va, after which treatment with Me;SnOH would
provide intermediate Vb. Further condensation with intermediate IV would provide intermediate Ve.
Subsequent deprotection of the -Oallyl and -NHTBS groups, and subsequent macrolactamisation
with FDPP would provide intermediate Vd. Compounds 7 and 8 may be synthesized by simply
removing the -OTBS group using TBAF.

To form compound 9, the -COOMe of intermediate Vd may first be removed, following which

deprotection of the -OTBs group would atford compound 9.

7e: Synthesis of Compounds 1 to 4

Compounds 1 and 4 may be synthesized via the following procedure (Fig. 18e).

Intermediate Ve may first be coupled with L-serine methyl ester to furnish intermediate Vla,
following which cyclisation using DAST would form intermediate VIb. Deprotection of the -COOMe
followed by condensation with proline methyl ester would furnish intermediate VIc. Deprotection of

both the -COOMc and -OTBS groups would then provide compounds 1, 2, 3 and 4.

71f: Synthesis of Compounds 5 and 6

Compounds 5 and 6 may be synthesized via the following procedure (Fig. 18f).

Intermediate VIa may first be treated with MesSnOH, following which condensation with
proline amide would furnish intermediate VIIe. The -OTBs group of intermediate VIIe may be simply

removed to afford compounds 5 and 6.
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Industrial Applicability

The present invention relates to thiopeptide compounds, and more particularly relates to
thiopeptide compounds, their methods of production and uses thereof. The thiopeptide compounds of
the present disclosure possess bacterial activity against Gram-positive bacteria, in particular, S.

aureus.

The present invention also refers to a method isolating the disclosed compounds. The
disclosed method may be easily scaled up for industrial-scale production. Current industrial
infrastructure may also be used to produce the disclosed compounds in large quantities. Thus, this

invention is capable of industrial applicability.

It will be apparent that various other modifications and adaptations of the invention will be
apparent to the person skilled in the art after reading the foregoing disclosure without departing from
the spirit and scope of the invention and it is intended that all such modifications and adaptations

come within the scope of the appended claims.
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Claims

1. A compound of Formula (I) or a pharmaceutically acceptable salt, metabolite, prodrug or

stereoisomer thereof:

Formula (I)

wherein:

R is -C(O)-Rs or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally
substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted
arylene, optionally substituted heteroarylene, or -C(O)N(R7,)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substitutcd carbocyclylene, optionally substitutcd heterocarbocyclylene, optionally
substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted
arylene, or optionally substituted heteroarylene;

L is -C(O)-Re;

Rz is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl, or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;
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R4 is -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R7v);

Rs is independently selected from the group consisting of -H, halogen, -N(R7,)(R7,), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocarbocyclyl,
optionally substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted

aryl, or optionally substituted heteroaryl;

Rs is -OH, alkoxy, or -N(R7.)(R7); and

R7a and Ry, are independently -H or optionally substituted alkyl,

wherein when Ro is optionally substituted alkalkoxy, Ra is -H, optionally substituted alkenyl, or
optionally substituted alkynyl.

2. The compound of claim 1, wherein the compound has the structure and stereochemical

configuration of Formula (II):

Formula (IT)

3. The compound of any one of claims 1 to 2, wherein the compound is of Formula (III):
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5.

6.

7.

8.

9.

Formula (IIT)

The compound of any one of claims 1 to 3, wherein the compound is of Formula (IV):

Formula (TV)

The compound of any one of claims 1 to 4, wherein A is heterocarbocyclylene or

-C(ONR7)-.

The compound of any one of claims 1 to 5, wherein G is —C(O)- or optionally substituted -alkylene-

C(0)-.

The compound of any one of claims 1 to 6, wherein G is -C(O)- or -CH(Rg)-C(O)-, wherein Rg is
alkylene substituted with -OH.

The compound of claim 7, wherein Rg is -CH>-OH.

The compound of any one of claims 1 to 8, wherein J is heterocarbocyclylene.
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10. The compound of any one of claims 1 to 9, wherein L is -COOH or -C(O)NH..

11. The compound of any one of claims to 1 to 10, wherein R; is selected from the group consisting

R e
O ML OH O ,”wikg,.ehmw
% y i
{‘\p} B HO. Nk ©
of -COOH, -C(O)OCH:, & , and o

12. The compound of any one of claims to 1 to 11, wherein R; is selected from the group consisting

™
{5

]
. Nu\ c‘"’ MH
D& o e
HO._ N &

s
, and o ¥

of -COOH, -C(O)OCHs,

13. The compound of any one of claims 1 to 12, wherein R» is -H or -CHOCHs.

14. The compound of any one of claims 1 to 13, wherein Rz is -H or -CHs.

15. The compound of any one of claims 1 to 14, wherein R4 is -NH(CH3).

16. The compound of any one of claims 1 to 15, wherein the compound is selected from the group

consisting of:

NH B
\ Ny b S5 N §
):< QN N
HN
HN
?N ° ° ° N""s 0
oI N N=— N\ Il\J
SN
|\ s \-S H (o) N N\
< \ / ¢ N— 1S s Sn\
N o ° NI NH
o (o}
o]

Compound 2a

Compound 3a
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17. The compound of any one of claims 1 to 16, wherein the compound is selected from the group

consisting of:
QHO; HN-{‘\ OHo un—gP
_ H Na‘/ ‘g:\
Ny-8 S Y Ny S
NN )/,< NN
Q( RA( HN OX i
N/

&[Hji(jy E%Lgn Ne ‘SS >§.

Compound 2 °
Compound 3
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Compound 7

[o}
' = S HO =S £
O/HIN\ N= Ny SH OJ\EN\ N= Ny SH
N\ / S N— \ / S Ne
s Q| s Q| "
N NH 7Yy N NH %
o o
Compound 4 Compound 5
QHOS N
H =
NH
5 N&-S
NN <
HN
~o N g lo)
o N N= .
1Y s \ Sn
s \_/ < ~

18. A pharmaceutical composition comprising a therapeutically effective amount of a compound of

any one of claims 1 to 17, or a pharmaceutically acceptable salt, metabolite, prodrug or

stereoisomer thereof, and a pharmaceutically acceptable excipient.

. A mcthod of trcating a bacterial, microbial and/or fungal infcction, comprising administering a

therapeutically effective amount of a compound of Formula (I), or a pharmaceutically acceptable

salt, metabolite, prodrug or stereoisomer thereof, to a subject in need of treatment:

Formula ()
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wherein:

R is -C(O)-R¢ or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally
substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted
arylene, optionally substituted heteroarylene, or -C(O)N(R7.)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally
substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted

arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;

Rz is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl, or optionally substituted alkalkoxy;

Rs is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Ry is -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R72)(R7s);

Rs is independently selected from the group consisting of -H, halogen, -N(Rz.)(R7,), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substitutcd alkynyl, optionally substituted carbocyclyl, optionally substitutcd hcterocarbocyclyl,
optionally substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted

aryl, or optionally substituted heteroaryl;

R is -OH, alkoxy, or -N(R7.)(R7); and

R7. and Ry, are independently -H or optionally substituted alkyl.

The method of claim 19, wherein the infection is a Staphylococcus, Bacillus, Clostridium,

Acinetobacter, Klebsiella, Pseudomonas, Candida, Enterococcus, or Micrococcus infection.
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The method of claim 19 or 20, wherein the infection is caused by Staphylococcus aureus,
Staphylococcus aureus Rosenbach, gram-positive methicillin-resistant Staphylococcus aureus
(MRSA), Bacillus cereus, Bacillus subtilis, Clostridium perfringens, Acinetobacter baumannii,
Klebsiella uerogenes, Pseudomonas aeruginosa, Candida albicans, Clostridium  difficile,

Enterococcus faecalis, Enterococcus faecium, or Micrococcus luteus.

A method of treating cancer, comprising administering a therapeutically effective amount of a
compound of Formula (I), or a pharmaceutically acceptable salt, metabolite, prodrug or

stereoisomer thereof, to a subject in need of treatment:

Formula (I)

wherein:

R, is -C(O)-Re or -A-G-J-L;

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally
substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted
arylene, optionally substituted heteroarylene, or -C(O)N(R7a)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally

substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted

arylene, or optionally substituted heteroarylene;

L is -C(O)-Rg;
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Rz is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R3 is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl;

R4 is -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(R);

Rs is independently sclected from the group consisting of -H, halogen, -N(R7.)(R7,), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocarbocyclyl,
optionally substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted

aryl, or optionally substituted heteroaryl;

Re is -OH, alkoxy, or -N(R7.)(R7,); and

R7a and Ry, are independently -H or optionally substituted alkyl.

. The method of any one of claims 19-22, wherein the compound is a compound of any one of claims

1-17.

24. The method of any one of claims 19-22, wherein the compound is selected from:

o] O
OHp HN“g‘(\o/ OH g HN‘—§_§\
NH -
Ny .8 S i NH NgS

~ I
J\[ o "Seh o/j\[N\ N= N\\s H
}‘ﬂ\ji(\ %( N— | o \ / \Sjwr N~
NH

I
o]

N

Compound la Compound 2a
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Compound 9

25. A method of isolating a compound of Formula (I),

whcrein:

Ry is -C(O)-R¢ or -A-G-J-L;

Formula (I)

A is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally

substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted

arylene, optionally substituted heteroarylene, or -C(O)N(R7,)-;

G is -C(O)- or optionally substituted -alkylene-C(O)-;

J is optionally substituted carbocyclylene, optionally substituted heterocarbocyclylene, optionally

substituted cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted

arylene, or optionally substituted heteroarylene;



WO 2024/136758 PCT/SG2023/050853
106

L is -C(O)-Re;

Rz is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted

alkynyl, or optionally substituted alkalkoxy;

R3 is -H, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl;

Ry is -H, -OH, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, or -N(R7.)(Riv);

Rs is independently selected from the group consisting of -H, halogen, -N(R7.)(R7), optionally
substituted alkoxy, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocarbocyclyl,
optionally substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted

aryl, or optionally substituted heteroaryl;

R is -OH, alkoxy, or -N(R7,)(R7,); and

R7, and Ry, are independently -H or optionally substituted alkyl,

the method comprising:
(1) expanding a Nonomuraea jiangxiensis strain under culture conditions that allow
expansion of the strain to obtain a seed culture;
(ii) using the seed culture to inoculate a fermentation culture;
(iil) incubating the fermentation culture; and

(iv) isolating the compound from the fermentation culture.

26. The method of claim 25, wherein step (iii) comprises incubating the fermentation culture for about

7 to about 12 days.

27. The method of claim 25 or 26, wherein step (iii) comprises incubating the fermentation culture at

a temperature of about 25 °C to 35 °C.

28. The method of any one of claims 25 to 27, wherein step (iii) comprises incubating the fermentation

culture with a shaking condition of about 150 to 350 rpm.
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29. The method of any one of claims 25 to 28, wherein step (iii) comprises incubating the fermentation

30.

31.

culture for 9 days at 28 °C with shaking condition of 200 rpm.

The method of any one of claims 25 to 29, wherein the compound is isolated using a method

selected from the group consisting of centrifugation, precipitation, filtration, liquid extraction,

methanol extraction, chromatography, column chromatography, affinity chromatography,

evaporation, lyophilization, and combinations thereof.

The method of any one of claims 25 to 30, wherein the compound is a compound of any one of

claims 1to 17.

the group consisting of

. The method of any one of claims 25 to 30, wherein the compound is a compound selected from
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Compound 6a

Compound 8a
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