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SUBSTITUTED CYCLOHEXENE AND CYCLOHEXANE INHIBITORS OF
ORNITHINE AMINOTRANSKFERASE

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claums priority to U.S. Provisional Patent Application No.
63/490,934, filed March 17, 2023, the entire contents of which are hereby incorporated by

reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This invention was made with government support under grant number CA260250

awarded by the National Institutes of Health. The government has certaio righis 1n the tnvention.

BACKGROUND OF THE INVENTION

Liver cancer is the sixth most common cancer and the second leading cause of cancer-
related deaths. Among all primary liver cancers, hepatocellular carcinoma (HCC) is the most
common neoplasm, accounting for approximately 85-90% of cases. To date, only four small
molecules are available on the market as treatment options for HCC, while they lack target
selectivity, thereby resulting 1n various off-target effects and drug resistance.

The human ornithine d-aminotransterase (#OAT) gene was found to be overexpressed in
fiver cancer tissues, while pharmacological inhubition of #0AT leads to promising tumor growth
reduction. As such, there is a need for #OAT inhibitors that may provide novel therapeutic

approaches for treatment of liver cancers, including HCC.

BRIEF SUMMARY OF THE INVENTION
Bisclosed are compounds, compositions and related methods of use for the selective
inhibition of ornithine aminotransferase. The disclosed compounds, compositions, and methods
can be utilized to treat diseases and disorders associated with ornithine aminotransferase activity.
The disclosed compounds may be described as substituted cyclohexene or cyciohexane
compounds. In particolar, the disclosed compounds may be described as amivo, halo-substituted
cyclohexene or cyclohexane carboxylic acid compounds. The disclosed compounds and

compositions thereof may be utilized in methods for modulating ornithine aminotransferase (OAT)
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activity, including methods for treating diseases or disorders associated with QAT activity or
expression such as cell proliferative diseases and disorders.
The disclosed compounds may be directed 0 a compound of the following formula or a

dissociated form, a non-protonated form, a zwitterion form, or a salt thereof:

HaN’ "C(O)OH

wherein a double bond is present between the o and  carbons, ot between the ¢ and § carbous, or

not present between the o and { carbons and between the o and P carbons:

4 L
HsN7>" ~C(O)OH
wherein X is CRIR? or C=CR'R?, and R! and R? are independently hyfdmgen or halo (e.g., a halo
such as F, C1, Br, and 1), providing at least one of R and R* is halo.

As mdicated, the disclosed compounds mway be protonated, for example to form an
ammonium moiety, optionally where the compound is present as a salt. The disclosed compounds
also may be von-protonated and/or dissociated, for example, where the carboxylic acid motety 18
dissociated to form a carboxylate moiety, optionally where the compound ts present as a salt. The
disclosed compounds may be in zwitterionic form where the compound comprises a protonated
ammonium moiety and a dissociated carboxylate moiety, optionally where the compound is
present as g salt.

The compounds disclosed berein are without stereochemical or configurational limitation
and encompass all stereochemical or configurational isomers, unless stereochemical or

configurational finutations are indicated. As llustrated and discussed below, such compounds
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and/or thetr intermediates are available as single enantiomers, racemic mixtures from which
isomers can be resolved, or diastereomers from which the corresponding enantiomers can be
separated. Accordingly, any stergocenter can be (%) or (X} with respect to any other stereocenter{s}.
As another separate consideration, variocus compounds can be present as an acid or base salt, either
partially or fully protonated, for example at the amino group to form an ammonium motety, and/or
either partially or fully dissociated, for example at the carboxyl group to form a carboxylate
substituent or moiety. In certain such embodiments, with respect to an amronium substituent or
moiety, the counter ion can be a conjugate base of a protic acid. In certain such or other
embodiments, with respect to a carboxylate substituent or moiety, the counter ton can be an
alkaline, alkaline-earth or ammonium cation. Further, it will be understood by those skiiled in the
art that any one or more the compounds disclosed herein can be provided as part of a
pharmaceutical composition comprising a pharmaceutically acceptable carnier component for use
in conjunction with a treatient method or medicament.

The disclosed compounds and compositions mway be utilized in methods for modulating
ornithine aminotransferase (OAT) activity. Such methods can comprise providing a compound as
disclosed herein, or a pharmacceutical composition comprising the compound as disclosed herein,
and contacting a medium comprising an QAT with the compound or the pharmaceutical
composition.

In certain embodiments, the disclosed methods may be directed to reducing activity of an
OAT expressed by a cancer, which may include but is not limited to hepatocellular cancer (HCC),
or other cancers that express or overexpress OAT. Such a method can comprise providing a
compound as disclosed herein, or a pharmaceutical composition comprising the compound as
disclosed herein, and contacting the cancer cells with the compound or the pharmaceutical
composttion.

In certain embodiments, the disclosed methods may be directed to treating a cell
proliferative disease or disorder in a subject in need thereof. Suitable cell proliferative diseases
and disorders may include cancers that express or overexpress QAT such as, but not limited to,
hepatocellnlar carcinoma (HCC). Such a method can comprise administering to such a subject in
need thereof a therapeutically effective amount the compound as disclosed herein, or a

pharmaceutical composition comprising the compound as disclosed herein.
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More generally, the disclosed methods may be directed to inhibiting or inactivating an
ornithine aminctransferase. Such a method can comprise providing a compound of the sort
discussed above or described below, whether or not past of a pharmaceutical composition, and
administering an effective amount of such a compound for contact with an ornithine
aminotransferase. Such contact can be, as would be understood in the an, for experimental and/or
research purposes orf as may be designed to simulate one or more i vive or physiological
conditions. Such compounds can include but are not Himited to those illustrated by the following
examples, referenced figures, incorporated references and/or accompanying synthetic schemes. In
certain such embodiments, such a compound and/or combination thereof can be present in an

amount at least partially sufficient to inhibit OAT, cell proliferation and/or tumor growth.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting embodiments of the present invention will be described by way of example
with reference to the accompanying figures, which are schematic and are not intended to be drawn
to scale. In the figures, each identical or nearly identical component illustrated is typically
represented by a single numeral. For purposes of clatity, not every component is {abeled in every
figure, nor is every component of each embodiment of the invention shown where tliustration is
not necessary to allow those of ordinary skl in the art to understand the invention.

Figure 1 shows metabolic pathway of oraithine.

Figure 2 depicts structures of selective #OAT nactivators and substituted analogues.

Figure 3 shows plausible inactivation mechanisms for 17.

Figure 4 shows proposed hyvdrogen bonding and salt bridge interactions for compound 17.

Figure § shows concentration dependent results for comspound 17

Figure 6 shows Michaelis Menten Curve for compound 17.

Figure 7 shows tfitration of AOAT with compound 17 The loss of enzyme activily is
measured as a function of the ratio of inactivation to enzyme concentration,

Figure 8 shows time-dependent dialysis of partially or fully inhibited #0OAT by varying
concentrations of 17.

Figure 9 shows the #OAT and GABA-AT half-reactions.

Figure 10 shows the theoretical pKa of'y and & protons.
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Figure 11 shows the Polder map (Fo-Fc) at 4.0 o of the final adduct of #OAT nactivated
by 17 (PDB ID: 8VOM). The top atomn 1n close proximity to Tyr8S in the adduct is either a fluorine
atom or a hydroxy! group.

Figure 12 shows the final adduct displayed with the inactivator bound to PLP and Tyr¥5
and Phel77 closely contouring the complex. The surface feature distinguishes the van der Waals
surface of each residue.

Figure 13 shows the potential metabolites.

Figure 14 shows the small molecule mass spectrometry analysis of metabolites.

Figure 13 shows UV-vis spectra of #OAT with 17 and o-KG. Vertical arrows indicate the
sequence of the observed spectra after initiating the experiment. The decay of the external aldimine
intermediate (ine 2}, transient accumulation of the external aldimine intermediate (line 3), and
subsequent turnover and decay of the external aldimine intermediate {line 4) are displayed.

Figure 16A shows the kinetic studies of #OAT reacting with 17. A sample of #OAT (17
uM) was mixed with 17 (0-11 mM) usiog a stopped-flow spectrophotometer, and the reaction was
cbserved between 300 and 800 nm for 150 sec using CCD detection. Several representative specira
from the data set are shown here.

Figure 168 depicts the change in absorbance at the two peak maxima, 325 and 420 nm,
with respect to time. These data were it to a single step irreversible model using SVD.

Figure 16C depicts the dependence of observed rate constants on the concentration of [5]
Fitting to a rectangular hyperbolic function (kobs = kiimit] SVK 5+ 51 returned an observed limiting
rate constant of 0.20 + 0.01 57 and a dissociation constant for reversible formation of the external
aldimine of 2.9+ 0.4 mM.

Figure 17A shows the wolecular docking binding pose of intermediate 23 inthe molecular
docking studies for intermediates in the active site of hOAT.

Figure 178 shows the molecular docking binding pose of the external aldimine of 17a 1n
the molecular docking studies for intermediates in the active site of hOAT.

Figure 17C shows the molecular docking binding pose of the ketimine of 17a in the
molecular docking studies for intermediates in the active site of BOAT.

Figure 17D shows the molecular docking binding pose of intermediate M1 in the

molecular docking studies for intermediates in the active site of hOAT,

wh
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Figure 1BA shows the molecular docking binding pose of the external aldimine of 17 in
the molecular docking studies for intermediates in the active site of pGABA-AT.

Figure 188 shows the molecular docking binding pose of the exiernal aldimine of 17a in
the molecular docking studies for intermediates in the active site of pGABA-AT.

Figure 18C shows the molecular docking binding pose of the ketimune of 17 in the
molecular docking studies for intermediates in the active site of pGABA-AT.

Figure 18D shows the molecular docking binding pose of the ketimine of 17a in the
molecular docking studies for intermediates in the active site of pGABA-AT.

Figure 19 shows the structure of AOAT homodimer inactivated by 17. The biological
assembly is reconstructed by adding a crystaliographically symmetric monomer {right side} to an
gbserved monomer (left side) in an asymmetric unit using program Coot. The active site locations
are indicated by the final adduct shown in space filling form

Figures 20A and 208 show the comparison of #0AT-5 inactivated complex (Figure 20B)
and A0AT-AVA gem-~-diamine intermediate (Figure 20A). Both structures display similarities in
stabilization of carboxylate group of 17 and AVA with Tyr55, Arg180, and an ordered water.

Figure 21 compares the mass spectrometry of native #OAT with #OAT after inhibition by
17

Figure 22A shows the F NMR spectroscopy of #0AT inactivated by 17 under intact
condition.

Figure 22B shows the YF NMR spectroscopy of the native #OAT.

Figure 22C shows the F NMR spectroscopy of #OAT inactivated by 17 under denaturing
condition.

Figure 23 shows the mass spectrometry of the released PLP-17 complex.

Figure 24 depicts the turnover number/partition ratio study of 17.

Figure 25 depicts the ligand moiety of the final adduct 1s accessible to bulk solvent. The

final adduct of ZOAT inactivated by 17 is shown as ball-and-stick in the active site cavity.

DETAILED DESCRIPTION OF THE INVENTION
The disclosed subject matter may be further deseribed using definitions and terminology
as follows. The definitions and terminology used heretn are for the purpose of describing particular

embodiments only, and are not intended to be limiting.

6
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Chemical Entities

New chemical entities and uses for chemical entities are disclosed herein. The chemical
entities may be described using terminclogy known in the art and further discussed below.

As used herein, the term "halo” refers to a halogen substitution (e.g., -F, -Cl, -Br, or -1},

+

The term "ammonium” refers to the substituent

The term "carboxylate” as used herein refers 1o the substituent -C{O)YD.

The term "protic acid” as used herein refers to an acid that 18 able to release one or more
protons and form hydronium ions in an agueous solution. Examples of protic acid include, but are
not limited to, monoprotic acids inchuding hydrochloric acid (HCH), acetic acid {AcOH), nitric acid
{HNO3), benzoic acid {CeHsCOH), ete, diprotic acids including sulfuric acid (Ha804), carbonic
acid {(H2000s), hydrogen sulfide (H28), etc., triprotic acids including HaPOu4 The term "conjugate
base” refers to the anion that is formed after an acid loses one or more protons. Ove example of a
conjugate base of a protic acid 1s chloride (C17).

Compounds
The disclosed compounds may be directed to a compound of the following formula or a

dissociated form, a non-protonated form, a zwitterion form, or a salt thercof:

HaN" "C(O)OH

wherein a double bond is present between the « and { carbons, or between the ¢ and § carbons, or

not present between the o and { carbons and between the o and P carbons, X is CR'R? or C=CR'R?,
and R' and R? are independently hydrogen or halo {e.g., a halo such as ¥, C1, Br, and ), providing
at least one of R! and R? is halo.

In some embodiments, the double bond is between the o and [ carbons. In such

embodiments, the compound has a formula:

~d
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HsN""™" “C(0)OH

In some embodiments, the double bond is between the « and P carbons In such

embodiments, the compound has a formula:

HaN"7 ~C(0)OH

s In some embodiments, a double bond s not present between the ¢ and { carbons and

between the ¢ and [ carbons. In such embodiments, the compound has a formula:

X

+
HsN"7™" ~C(0)OH

In some embodiments, X is CR'R? In such embodiments, the compound has a formula:

R R?

10 In some embodiments, X is C=CR'R®. In such embodiments, the compound has a formula:
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In some embodiments, X is CR'R? and the double bond is between the o and { carbons. In

such embodiments, the compound has a formula:

R! R?

HaN"7>" ~C(0)OH

In some embodiments, X is CR'R* and the double bond is between the « and B carbons. In

such embodiments, the compound has a formula:

C(O)OH

In some embodiments, at least one of Rland R%is F. In some embodiments, R and R are

In some embodiments, the compound is a salt comprising & substituent that is an
ammonium substituent or a carboxylate substituent. In some embodiments, the ammonium
substituent has a counter ion that 15 a conjugate base of a protic acid {e.g. CI) In some
embodiments, the carboxylate substituent has a counter ion that is an alkaline (such as Na' and
K, alkaline-earth (such as Mg? and Ca*") or ammonium cation.

In some embodiments, the compound is in zwitterion form comprising an ammonium

moiety and a carboxylate moiety.
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In some embodiments, the compound has a formula selected from the group consisting oft

.
N
N
N

s o

N Lt . \’x ___v:_@
= | 23\2 VT ‘g.-
M
, , and

In some embodiments, the compound is

£ F

£ QH
HoN

In some embodiments, the compound is

O+
The compounds of the disclosure may be isomeric. VIn some embodiments, the disclosed
compounds may be isomerically pure, wherein the compounds represent greater than about 99%
10 of all compounds within an isomeric mixture of compounds. Also contemplated herein are
compositions comprising, consisting essentially of, or consisting of an isomerically pure
compound and/or compositions that are isomerically enriched, which compositions may comprise,
consist essential of, or consist of at least about 50%, 60%, 70%, 80%, 90%, 95%, 96%. 97%, 98%,

99%, or 100% of a single isomer of a given compound.
5 The compounds of the disclosure may contain one or more chiral centers and/or double

bonds and, therefore, exist as stereoisomiers, such as geomelric isomers, enantiomers or
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diastereomers. The term "stereoisomers" when used herein consist of all geometric isomers,

enantiomers or diasterecomers. These compounds may be designated by the symbols "R" or "S)" or

1 "

+" or "-" depending on the configuration of substituents around the chiral or stereogenic carbon
atom and or the optical rotation observed. The disclosed compounds encompasses various stereo
isomers and mixtures thereof, Stereoisomers include enantiomers and diastereomers. Mixtures of
enantiomers or diastereomers may be designated ()" in nomenclature, but the skilled artisan will
recognize that a structure may denote a chiral center implicitly. It 13 understood that graphical
depictions of chemical structures, e.g., generic chemical structures, encompass all stereoisomeric
forms of the specified compounds, uniess indicated otherwise. Alsc contemplated herein are
composttions comprising, consisting essentially of, or consisting of an enantiopure compound
and/or compositions that are enantiomer enriched, which compositions may comprise, consist
gasential of, or consist of at least about 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%. 98%, 99%,
or 100% of a single enantiomer of a given compound {e.g., at least about 95% of an R enantiomer
of a given compound}.
Pharmaceutical Compositions

Various non-limiting embodiments of the disclosed compounds and methods of use can be
considered with an understanding of a catalytic mechasnism of OAT and mechanism of inactivation
of OAT. Insome embodiments, the disclosed subject matter relates to one or more OAT inhibitors,
as set forth above, formulated into compositions together with one or more physiologically
tolerable or acceptable diluents, carriers, adjuvants or vehicles that are collectively referred to
herein as carriers. Compositions suitable for such contact or administralion can comprise
physiclogically acceptable aquecus or nonagueous solutions, dispersions, suspensions of
emulsions, whether or not sterile. The resulting compositions can be, in conjunction with the
various methods described herein, for administration or contact with an  ornithine
aminotransferase. Whether or not in conjunction with a pharmaceutical composition, "contacting”
means that an ornithine aminotransferase and one or more inhibiior compounds are brought
together for purpose of binding and/or complexing such an inhibitor compound to the enzyme.
Arounts of a compound etfective to inhibit an ormithine aminotransferase may be determined
empirically, and making such determinations is within the skill in the art. Inhibition or otherwise

attecting an ornithine aminotransferase activily includes reduction, mitigation and/or modulation,

il
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as well as elimination of OAT activity, glutamate production, glutamine synthesis, cell
proliferation and/or tumor growth.

In some embodiments, a pharmaceutical composition comprising the compound of as
disclosed herein and a pharmaceutically suitable carrier, diluent, or excipient is provided.

The pharmaceutical composition may nclude the compound tn arange of about 0.1 10 2000
mg. In some embodiments, the pharmaceutical composition may include the compound n a range
of from about 0.5 1o 300 mg. In some embodiments, the pharmaceuatical composition roay include
the compound in a range of from about 1 to 100 mg. The pharmaceutical composition may be
administered to provide the compound at a daily dose of about 0.1 to about 1000 mg/kg body
weight. In some embodiments, the pharmaceutical composition may be administered 1o provide
the compound at a daily dose of about 0.5 to about 500 mg/kg body weight. In some embodiments,
the pharmaceutical composition may be administered to provide the compound at 8 daly dose of
about 50 to about 100 mg/ke body weight. In some embodiments, after the pharmaceutical
compostiion 18 administered 1o a subject {e.g., after about 1, 2, 3, 4, 5, or 6 hours post-
administration), the concentration of the compound at the site of action may be within a
concentration range bounded by end-points selected from 0.001 uM, 0.005 M, 0.01 uM, 0.5 uM,
0.1 uM, 1.0 uM, 10 uM, and 100 uM {e.g, 0.1 pM - 1.0 uM).

The compounds utilized in the methods disclosed herein may be formulated as a
pharmaceutical composition that includes a carrier. For example, the carrier may be selected from
the group consisting of proteins, carbohydrates, su

o
l‘Jdr:

tale, magnesium stearate, cellulose, calcium
carbonate, and starch-gelatin paste.

The compounds utilized in the methods disclosed herein may be formulated as a
pharmaceutical composition that includes one or more binding agents, filling agents, lubricating
agents, suspending agents, sweeteners, flavoring agents, preservatives, buffers, wetting agents,
disintegrants, and effervescent agents. Filling agents may include lactose monohydrate, lactose
anhydrous, and various starches; examples of binding agents are various cellulosgs and cross-
Hnked polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PHIOU and Avicel®
PH102, microcrystalline cellulose, and stlicified microcrystaliine cellulose (ProSolv SMC(CTM}.
Suitable lubricants, including agents that act on the flowability of the powder to be compressed,
may include colloidal silicon dioxide, such as Aerosii®200, tale, stearic acid, magnesium stearate,

calcium stearate, and silica gel. Examples of sweeteners may include any natural or artificial

12
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sweetener, such as sucrose, xylitol, sodium saccharin, cyclamate, aspartame, and acsulfame.
Examples of flavoring agents are Magnasweet® (trademark of MAFCO), bubble gum flavor, and
fruit flavors, and the like. Examples of preservatives may include potassium sorbate,
methylparaben, propylparaben, benzoic acid and its salts, other esters of parahydroxybenzoic acid
such as butylparaben, alcobols such as ethy] or benzyl alcohol, phenolic compounds such as
phenol, or quaternary compounds such as benzalkonium chioride.

Suitable dituents may include pharmaceutically acceptable inert fllers, such as
microcrystaliine celluiose, lactose, dibasic calcium phosphate, saccharides, and mixtures of any of
the foregoing. Examples of diluents include microcrystalline celiulose, such as Avicel® PHI101
and Avicel® PHI102; lactose such as lactose monchydrate, lactose anhydrous, and Pharmatose®
DCL21; dibasic calcium phosphate such as Emcompress®; mannitol; starch; sorbitol; sucrose; and
glucose.

Suitable disintegrants include hightly crosslinked polyvinyl pyrrolidene, com starch, potato
starch, moaize starch, and modified starches, croscarmellose sodiurn, cross-povidone, sodium starch
glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples such as an organic acid and a
carbonate or bicarbonate Suitable organic acids include, for example, citric, tartaric, malic,
fumaric, adipic, succinic, and alginic acids and anhydrides and acid salts. Suitable carbonates and
bicarbonates tnclude, for example, sodium carbonate, sodium bicarbonate, potassium carbonate,
potassium bicarbonate, magnesium carbonate, sodium glycine carbonate, L-lysine carbonate, and
arginine carbonate. Alternatively, only the sodium bicarbonate component of the effervescent
couple may be present.

The compounds utilized in the methods disclosed bherein way be admimstered 1n
conventional dosage forms prepared by combining the active ingredient with standard
pharmaceutical carriers or diluents according to conventional procedures well known in the art.
These procedures may wvolve mixing, granuiating and compressing or dissolving the ingredients
as appropriate to the desired preparation.

Pharmaceutical compositions comprising the compounds may be adapted for
administration by any appropriate route, for example by the oral {including buccal or sublingual},
rectal, nasal, topical {including buccal, sublingual or transdermal), vaginal or parenteral (unclading

subcutaneous, intramuscular, intravenous or intradermal) route. Such formulations may be
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prepared by any method known in the art of pharmacy, for example by bringing into association
the active ingredient with the carrier(s) or excipient(s).

Pharmaceutical compositions adapted for oral administration may be presented as discrete
units such as capsules or tablets; powders or granules; solutions or suspensions in aqueous of non-
agueous hquds; edible foams or whips, or od-in-water liguid emulsions or water-in-oi liquid
emulsions.

Pharmaceutical compositions adapted for transdermal aduinistration may be presented as
discrete patches intended to remain in intimate contact with the epidermis of the recipient for a
prolonged period of time. For example, the active ingredient may be delivered from the patch by
iontophoresis.

Pharmacceutical compositions adapted for topical administration may be formulated as
ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, impregnated dressings,
sprays, acrosols or oils and may contain appropriate conventional additives such as preservatives,
sofvents 1o assist drug penetration and emollients tn ointioents and creams.

For applications to the eye or other external tissues, for example the mouth and skin, the
pharmaceutical compeositions are in some embodiments applied as a topical ointment or cream.
When formulated in an ointment, the compound may be employed with etther a parathinic or a
water-miscible ointment base. Alternatively, the compound may be formulated in a cream with an
oil-in-water cream base or a water-in-oil base. Pharmaceutical compositions adapted for topical
administration to the eve include eye drops where the active ingredient is dissolved or suspended
in a suitable carrier, especially an agueous solvent.

Pharmaceutical compositions adapted for topical admunistration in the mouth include
lozenges, pastilles and mouth washes.

Pharmaceutical compositions adapted for rectal administration may be presented as
SUPPOSITONEs Or enemas.

Pharmaceutical compositions adapted for nasal administration where the carrier is a solid
include a coarse powder having a particle size {e.g., in the range 20 to 500 microns) which is
administered 1o the manner ju which snuff s taken (se., by rapid inhalation through the nasal
passage from a container of the powder held close up to the nose). Suitable formulations where
the carrier 15 a Hquid, for administration as a nasal spray or as nasal drops, wclude agueous or oil

solutions of the active ingredient.
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Pharmaceutical compositions adapted for admimstration by inhalation include fine particle
dusts or mists which may be generated by means of various types of metered dose pressurized
aerosols, nebulizers or insufflators.

Pharmaceutical compositions adapted for vaginal administration mayv be presented as
pessaries, tampous, creams, gels, pastes, foams or spray formulations,

Pharmaceutical compositions adapted for parenteral administration include aqueous and
non-agueous sterife injection solutions which may contain anti-oxidants, bufters, bacteriostats and
solutes which render the formulation isetonic with the blood of the intended recipient; and agueous
and non-aqueous sterile suspensions which may include suspending agents and thickening agents.
The formulations may be presented in unii-dose or muiti-dose contatners, for example sealed
ampoules and vials, and may be stored in a freeze-dried (lvophilized) condition requiring only the
addition of the sterile liquid carrier, for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from sterile powders,
granules and tablets.

Tablets and capsules for oral administration may be in unit dose presentation form, and
may contain conventional excipients such as binding agents, for example syrup, acacia, gelatin,
sorbitol, tragacanth, or polyvinylpyrrolidone; filiers, for example lactose, sugar, maize-starch,
calctum phosphate, sorbitol or glycine; tableting lubricants, for example magnesium stearate, talc,
polvethylene glyool or silice; disintegrants, for example potato starch; or acceptable wetting agents
such as sodium lauryl sulphate. The tablets may be coated according to methods well known n
normal pharmaceutical practice. Oral Liquid preparations may be in the form of, for example,
aqueous or oily suspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid preparations
may contain conventional additives, such as suspending agents, for example sorbitol, methyl
cellulose, glucose syrup, gelatin, hydroxyethyl cellulose, carboxymethyl cellulose, alumimum
stearate gel or hydrogenated edible fats, emulsitying agents, for example lecithin, sorbitan
monooleate, or acacia; non-aqueous vehicles (which may include edible oils}, for example alinond
oil, oily esters such as glycerine, propylene glyeol, or ethyt alcohol; preservatives, for example
methy! or propyl p-hydroxybenzoate or sorbic acid, and, if desired, conventional flavoring or

coloring agents.
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Optionally, the disclosed compounds or pharmaceutical compositions comprising the
disclosed compounds may be administered with additional therapeutic agents, optionally in
combination, in order to treat cell proliferative diseases and disorders. In some embodiments of
the disclosed methods, one or more additional therapeutic agents are administered with the
disclosed compounds or with pharmaceutical compositions comprising the disclosed compounds,
where the additional therapeutic agent 1s administered prior to, concurrently with, or after
administering the disclosed compounds or the pharmaceutical compositions comprising the
disclosed compounds. In some embodiments, the disclosed pharmaceutical composition is
formulated to comprise the disclosed compounds and further to comprise one or more additional
therapeutic agents, for example, one or more additional therapeutic agents for treating cell
proliferative diseases and disorders.

it is understood by those skilled in the art that dosage amount will vary with the activity of
a particular inhibitor compound, disease state, route of administration, duration of treatment, and
like factors well-known in the medical and pharmaceutical arts. To general, a suitable dose will be
an amount which is the lowest dose effective to preduce a therapeutic or prophylactic effect. If
desired, an effective dose of such a compound, pharmaceutically acceptable salt thereof, or related
composition may be administered to two or rmore sub-doses, administered separately over an
appropriate period of time.

Methods of preparing pharmaceutical formulations or compositions include the step of
bringing an inhibitor compound mto association with a carrier and, optionally, one or more
additional adjuvants or ingredients. For example, stavdard pharmaceutical formulation technigues
can be emploved, such as those described in Remington's Pharmaceutical Sciences, Mack
Publishing Company, Easton, PA.

Methods

Generally, with respect to various embodiments, the disclosed subject matter can be
directed to method(s) for the treatment of a pathologic proliferative disorder. As used herein, the
term "disorder” refers to a condition in which there is a disturbance of normal functioning. A
"disease” is any abnormal condition of the body or mund that causes discomfort, dystunction, or
distress to the person affected or those in contact with the person. Sometimes the term is used
broadly to include njuries, disabilities, syndromes, symptoms, deviant behaviors, and atypical

variations of structure and function, while in other contexts these may be considersed
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distinguishable categories. It should be noted that the terms "disease", "disorder”, "condition” and
“illness”, are equally used herein.

In some embodiments, the compounds disclosed herein may function as mechanism based
enzyme inactivators (MBEI of OAT. An MBEI! s an inert compound that is converted to an active
interrediate by an enzyme’s normal catalytic machinery. This active intermediate theo can form
a covalent bond with the enzyme itself or can bind tightly. (See, e.g., Silverman, R. B. "[10]
Mechanismo-Based Enzyme Inactivators.” Methods in enzymology 1995, 249, 240-283; the
content of which is incorporate herein by reference in iis entirety). Preferably, the disclosed
compounds inactivate OAT with a rate of inactivation (Kt} of greater than about 0.01 min™, 0.05
min?, 0.1 min™?, 0.15 min™!, 0.5 min™, 1.0 min'!, 5.0 min?, 10 min'!, or higher. Preferably, the
disclosed compounds inactivate OAT and have an inhibition constant (Ki} of less than about 5
mi, 1 mM, 0.5 mM, 0.1 ;b 0.65 md, 001 md, 0.005 mM, 0.001 mM, or lower.

According to certain embodiments, the disclosed methods can be specifically applicable
for the treatment of malignant proliferative disorders, including malignant proliferative disorders
that express ornithine aminotransferase {(AT) As used herein, "cancer", "tumor" and
"malignancy” all relate equivalently to a hyperplasia of a tissue or organ. If the tissue 15 a part of
the lymphatic or immune systems, malignant cells may include non-solid tumors of circulating
cells. Malignancies of other tissues or organs may produce solid tumors. Accordingly, the
compounds, compositions, and methods disclosed herein may be used in the treatment of non-solid
and solid tumors.

Malignancy, as couteraplated berein, may be selected from the group covsisting of
melanomas, carcinomas, leukemias, lymphomas and sarcomas, which express OAT.
Malignancies that can be treated by the rethods disclosed heretn, including malignancies that
express QAT can comprise but are not limited to hematological malignancies (including leukemia,
lymphoma and myeloproliferative disorders), hypoplastic and aplastic anemia (both virally
induced and idiopathic), myelodysplastic syndromes, all types of paraneoplastic syndromes {(both
immune mediated and 1diopathic) and sohid tumors (including bladder, rectum, stomach, cervix,
ovarian, renal, lung, liver, breast, colon, prostate, (I traci, pancreas and Karposi). More
particularly, according to certain embodiments, the compounds and compeositions used in
conjunction can be used i methods for the treatroent or whibition of non-solid cancers, eg.

hematopoietic malignancies such as all types of lenkemia, e g. acute lymphocytic leukemia (ALL),
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acute myelogenous leukemia (AML}, chronic lymphocytic feukemia (CLL), chronic myelogenous
feukemia (CML), myclodysplastic syndrome (MDS), mast cell leukemia, hairy cell leukenua,
Hodgkin's disease, non-Hodglkin's lvmphomas, Burkitt's lymphoma and multiple myeloma, as well
as for the treatment or inhibition of solid tumors such as tumors in lip and oral cavity, pharynx,
larynxk, paranasal sinuses, major salivary glands, thyroid gland, esophagus, storvach, small
intestine, colon, colorectum, anal canal, liver, gallbladder, extraliepatic bile ducts, ampulia of
Vater, exocrine pancreas, lung, pleural mesothelioma, bone, soft tissue sarcoma, carcinoma and
malignant melanoma of the skin, breast, vulva, vagina, cervix uieri, corpus ufen, ovary, fallopian
tube, gestational trophoblastic tumors, penis, prostate, testis, kidney, renal pelvis, ureter, urinary
bladder, urgthra, carcinoma of the eyelid, carcinoma of the conjunctiva, malignant melanoma of
the conjunctiva, malignant melanoma, retinoblastoma, carcinoma of the lacrimal gland, sarcoma
of the orbit, brain, spinal cord, vascular system, hemangiosarcoma and Kaposi's sarcoma The
compounds and compositions disclosed herein may be administered in methods of treatment as
known 1n the art. Accordingly, various such compounds and compositions can be administered in
conjunction with such a methed in any suitable way. For example, administration may comprise
oral, intravenous, intraarterial, intramuscular, subcutaneous, intraperitoneal, parenteral,
transdermal, intravaginal, iotranasal, mucosal, sublingual, topical, rectal or subcutaneous
administration, or any combination thereof.

According to some embodiments, the treated subject may be a mammalian subject.
Although the methods disclosed herein are particularly intended for the treatment of proliferative
disorders in bursans, other mammals are included. By way of non-limiting examples, mmammalian
subjects include monkeys, equines, cattle, canines, felines, mice, rats and pigs.

The terms "treat, treating, treatment” as used herein and in the claims mean ameliorating
one or more clinical indicia of disease activity in a subject having a pathologic disorder.
"Treatment” refers to therapeutic treatment. Those in need of treatment are mammalian subjects
suffering from any pathologic disorder. By "patient” or "subject in need” is meant any mammal
for which admimstration of a compound or any pharmaceutical composition of the sort described
herein is desired, in order to prevent, overcome, moduiate or slow down such infliction. To provide
a "preventive treatment" or "prophylactic treatment” is acting in a protective manner, to defend

against or preveunt something, especially a condition or disease.
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Asused herein, the term “a subject in need thereof” refers to a human or non-human subject
that can be treated with any of the compounds or pharmaceutical compositions disclosed herein
when the compounds or pharmaceutical compositions are utilized as therapeutic agents. A subject
in need thereof may include a subject having a disease or disorder that is associated with a
biological activity of ornithine aminotransferase (OAT). o some embodiments of the disclosed
subject matter, a subject in need thereot may inciude a subject having a disease or disorder that is
associated with increased expression of OAT {e.g, a subject having a cancer which overexpresses
OAT).

A subject in need thereot may include a subject having a disease or disorder that i3
associated with ornithine aminotransferase (OAT), for example a disease or disorder that i3
associated with expression of OAT (e.g., increased expression of QAT) or a disease or disorder
that 1 associated with a biclogical activity of OAT (e.g., increased activity of OAT for catalyzing
syiithesis of glutamate and/or glutamine). Diseases and disorders assoctated with expression of
OAT and diseases or disorders that are associated with a biological activity of OAT are known
and may include, but are not limited to cell proliferative diseases or disorders such as cancers.

In some embodiments, a subject in need thereof may include a subject having cancer. A
subject in need thereof may inclade a subject having a cancer selected from, but not limited 1o,
hver cancer {e.g, hepatocellular carcinoma (HCCY), and cancers such as muliiple myeloma,
jeukemita, non-small cell lung cancer, colon cancer, cancer of the central nervous system,
melanoma, ovarian cancer, renal cancer, prostate cancer, breast cancer, and pancreatic cancer.

More generally, the disclosed methods may be directed to affecting, modulate, reducing,
inhibiting and/or preventing the initiation, progression and/or metastasis {e.g., from the liver
elsewhere or to the liver from any other organ or tissue) of a malignant pathologic proliferative
disorder associated with OAT activity. {See, e.g., Lucero OM, Dawson DW, Moon RT, et al A
re-evaluation of the "oncogenic” nature of Wnt/beta-catenin signaling in melanoma and other
cancers, (urr Oncol Hep 2010, 12, 314-318; Lin Wei, Le Anne; Hancock Chad; Lane Andrew N,
Dang Chu V; Fan Teresa W-M; Phang James M. Reprogramming of proline and glutamine
metabolism contributes to the proliferative and metabolic responses regulated by oncogenic
transcription factor ¢-MYC. Proc. Natl. Acad. Sci. U5A 2012, 109(23}, 8983-8988; and Tong,
Xuemer; Zhao, Fangping; Thompson, Craig B. The molecular determinants of de novo nucleotide

biosynthesis in cancer cells. Curr. Opin. Genet. Devel 2009, 19(1), 32-37)

19



(4]

10

20

[\
oy

30

WO 2024/196853 PCT/US2024/020391

As used herein, the phrase “effective amount” shall mean that drug dosage that provides
the specific pharmacological response for which the drug 1s adnunistered in a significant number
of patients in need of such treatment. Aun effective amount of a drug that is administered to a
particular patient in a particular instance will not always be effective in treating the
conditions/diseases described herein, even though such dosage s deemed to be a therapeutically
effective amount by those of skill in the art.

As used herein, the term “modulate” means decreasing or inhibiting and/or increasing or
augmenting. For example, modulating OAT activity may mean increasing or augmenting OAT
activity, respectively, and/or decreasing or inhibiting OAT activity, respectively. The compounds
disclosed herein may be administered to a subject in nged thereof in order to modulate OAT
activity, for example in order to inhibit OAT activity, where the subject has a disease or disorder
associated with OAT activity. Oratthine aminotransferase (OAT) activity may be measured using
methods disclosed herein and known in the art. {See, e.g, U.S. Published Application Nos.
2018/0098952, 20160128938, and 2012/0245380; and U.S. Patent Nos. 8,686,041, and 8,211,865;
the contents of which are incorporated herein by reference in their entireties).

Regardless of composition or formulation, those skilled in the art will recoguize various
avenues for medicament administration, together with corresponding factors and parameters to be
constdered in rendering such a medicament suitable for administration. Accordingly, with respect
to one or more non-limiting embodiments, the disclosed compounds may be utilized as inhibitor
compounds for the manufacture of a medicament for therapeutic use in the treatment or prevention
of a disease or disorder associated with OAT activity, expression, or overexpression. Suiiable
diseases or disorders may include cell proliferative diseases or disorders, which may include but
are not limited o hepatocellular carcinoma (HCC).

Miscellaneous
Unless otherwise specified or indicated by context, the terms “a”, “an”, and “the” mean

“one or more.” For example, “a molecule” should be interpreted to mean “one or more molecules.”

3] 39

As used herein, “about”, “approximately,” “substantially.” and “significantly” will be
understood by persouns of ordinary skill 1o the art and will vary to some extent on the context in
which they are used. If there are uses of the term which are not clear to persons of ordinary skill

0 the art given the countext 1 which it 18 used, “about” and “approximately” will mean plus or
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minus <10% of the particular term and “substantially” and “significantly” will mean plus or minus
>10% of the particular term.

As used herein, the terms “include” and “including” have the same meaning as the terms
“comprise” and “comprising.” The terms “comprise” and “comprising” should be interpreted as
being “open” transitional terrs that permit the inclusion of additional components further to those
components recited in the claims. The terms “consist” and “consisting of” should be interpreted as
being “closed” transitional terrus that do not permit the inclusion additional components other than
the components recited in the claims. The term “consisting essentially of” should be interpreted to
be partially closed and allowing the inclusion only of additional components that do not
fundamentally alter the nature of the claimed subject matter.

The phirase “such as” should be interpreted as “for example, including.” Moreover, the use
of any and all exemplary language, including but not hmited to “such as”, 13 intended merely to
better tluminate the claimed subject matter and does not pose a limitation on the scope of the
claimed subject matier.

The modal verb “may” refers to the preferred use or selection of one or more options or
choices among the several described embodiments or features contained within the same. Where
no opticns or choices are disclosed regarding a particular embodiment or feature contained in the
same, the modal verb “may” refers to an affirmative act regarding how to make or use and aspect
of a described embodiment or feature contained in the same, or a definitive decision 1o use g
specific skill regarding a described embodiment or feature contained in the same. In this latter
coutext, the modal verb “way” has the same meaning and convotation as the auxiliary verb “can”

Furthermore, in those instances where a convention analogous to “at least one of A, B and
C, ete.” s used, i general such a construction is 1utended 1o the sense of one having ordivary skill
in the art would understand the convention {e.g., “a system having at least one of A B and C”
would inciude but not be limited to systems that have A alone, B alone, C alone, A and B together,
A and C together, B and C together, and/or A, B, and C together). It will be further understocd by
those within the art that virtually any disjunctive word and/or phrase presenting two or more
alternative terms, whether 1n the description or figures, should be understood o contemplate the
possibilities of tncluding one of the terms, either of the terms, or both terms. For example, the

phrase “A or B” will be undersiood to include the possibilities of “A” or ‘B or“A and B”
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3 we

All language such as “up to,” “at least,” “greater than,” “less than,” and the like, include
the number recited and refer to ranges which can subsequently be broken down into ranges and
subranges. A range includes each individual member. Thus, for example, a group having 1-3
members refers to groups having 1, 2, or 3 members. Similarly, a group having 6 members refers
to groups having 1, 2, 3, 4, or 6 merubers, and so forth,

All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary fanguage {e.g., “such as”™) provided herein, is intended merely to betier tlluminate the
mvention and does not pose a Hmitation on the scope of the invention unless otherwise claimed.
No language in the specification should be consirued as indicating any non-claimed efement as
essential to the practice of the tnvention.

Al references, including publications, patent applications, and patents, cited herein are
hereby incorporated by reference fo the same extent as if each reference were individually and
specifically indicated to be incorporated by reference and were set forth in us entivety herein.

Preferred aspects of this invention are described herein, including the best mode known to
the inventors for carrving out the invention. Variations of those preferred aspects may become
apparent to those of ordinary skill in the art upon reading the foregoing description. The inventors
expect a person having ordinary skill in the art to employ such variations as appropriate, and the
inventors intend for the invention o be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter recited
1o the claims appended bereto as permitted by applicable law. Moreover, any combivation of the
above-described elements in all possible variations thereof is encompassed by the invention unless

otherwise indicated herein or otherwise clearly contradicted by context.

LLUSTRATIVE EMBODIMERNTS
The foliowing Embaodiments are illustrative and should not be interpreted to limit the scope
of the claimed subject matter.
Embodiment 1. A compound of the following formula or a dissociated form, a non-

protonated torm, a zwitterion form, or a salt thereof’

22



(91

10

WO 2024/196853 PCT/US2024/020391

HaN’ *C(O)OH

wherein

a double bond is present between the o and { carbons, or between the o and B carbons, or
not present between the ¢ and { carbons and between the ¢ and § carbons;

Xis CR'R? or C=CR'R% and

R' and R* are independently hydrogen or halo, providing at least one of R and R is halo.

Embodiment 2. The compound of embodiment 1, wherein the double bond is
between the o and { carbons.

Embodiment 3. The compound of embodiment 1, wherein the double bond 1s
between the o and B carbons.

Embeodiment 4. The compound of embodiment 1, wherein the double bond s not

present between the o and  carbons and between the o and P carbonsg,

Embodiment S. The compound of any one of embodiments 1-4, wherein X is
CR'R

Embaodiment 6. The compound of any one of embodiments 1-4, wherein X is
C=CR'R%

BErobodiment 7. The compound of claim any one of embodiments 1-6, wherein at

teast one of Rland R%is F.

Embodiment 8. The compound of any one of embodiments 1-6, wherein R! and R?
are F.
Embodiment 9. The compound of any one of embodiments 1-8, wherein the

compound is a salt comprising a substituent that is an ammonium substituent or a carboxylate
substituent.

Embodiment 10 The compound of embodiment 9, wherein the ammosium
substituent has a counter 1on that is a conjugate base of a protic acid.

Hmbodiment 11. The compound of any one of embodiments 1-8 in zwitierion form

comprising an ammoninm moiety and a carboxylate moiety.
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Embodiment 12. The compound of embodiment 1 of a formula selected from the

group consisting of’

K

ottty
'-} wrrrsss.

Embaodiment 13. The compound of embodiment 1 of a formula that is:

F. F

OH

or G :
Embodiment 14, A pharmaceutical composition comprising the compound of any one
of embodiments 1-13 and a pharmaceutically suitable carrier, diluent, or excipient.

Embodiment 15, A method of modulating omithine aminotransferase (OAT) activity,
the method comprising contacting the compound of any one of embodiments 1-13, or the
pharmaceutical composition of embodunent 14, with a mediwm comprising as OAT, whereto the
compound is present in an amount sufficient to modulate OAT activity.

Embodiment 16. The method of embodiment 15, wheretn the contact is in vivo,
Fmbodiment 17. The method of embodiment 15 or 16, wherein the OAT is human
ornithine aminotransferase (AOAT).

Embodiment 18, A method of reducing activity of an QAT expressed by a human
cancer, the method comprising contacting the compound of any one of embodiments 1-13, or the
pharmaceutical composition of embodiment 14, with the cancer expressing an OAT, wherein the

compound is present in an amount that is effective to reduce OAT activity.
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Embodiment 19, The method of embodiment 18, wherein the contact is # vive.

Embodiment 20. The method of embodiment 18 or 19, wherein the contact is with a
human subject to need thereof.

Embodiment 21. The method of any one of embodiments 18-20, wherein the OAT is
human ormithine amnotransferase (AOAT).

Embodiment 22. A method for treating cancer in a subject in need thereof, the
method comprising administering to the subject a therapeutically effective amount of the
compound of any one of embodiments 1-13, or the pharmaceutical composition of embodiment
14,

Embodiment 23. The method of embodiment 22, wherein the cancer is characterized
by expression or overexpression of human ornithine aminotransferase (#0AT).

Embodiment 24, The method of embodiment 22 or 23, wherein the cancer is

hepatocellular carcinoma (HCC).

EXAMPLES

The following Exaroples are iHustrative and should vot be interpreted to lirt the scope of
the claimed subject matier. The following non-timiting Examples and data illustrate vartous
aspects and features relating to the disclosed compounds, compositions, and methods including
the treatment of diseases and disorders associated with OAT activity, expression, or
overexpression, and/or reduction of ornithine aminotransferase activity, such as cell proliferative
diseases and disorders including, but not himited to hepatocellular carcingma (HCC). While the
utility of this invention is tHlustrated through the use of several compounds and compositions which
can be used therewith, 1t will be understood by those skilled in the art that comparable results are
obtainable with various other compound(s), as are commensurate with the scope of this invention.

Human ornithine aminotransferase (hOAT) is a pyridoxal 5'-phosphate (PLP)-dependent
enzyme which is heavily involved in the synthesis of proline and glutamate. hOAT has been
identified as a target for the treatment of hepatocellular carcinoma due to its impact on aming acid
synthests and the development of selective and potent pharmacological inhibitors 1s of significant
interest. In this work, we designed, synthesized, and evaluated a series of substituted cyclohexene
and cyclohexane compounds. Compound 17 is identified as time-dependent inlubitors of hOAT.

Hepatocellular carcinoma (HCC) accounts for around 75% of primary liver cancers and is

in the top three causes of cancer death worldwide.! The most effective treatment for HCC is
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currently a liver transplant, with § vear survival rates post-transplant being greater than 70%?
However, liver grafts are in limited supply leading to strict criteria for who can receive a transplant
and wait times greater than 2 years in some parts of the US.® Only 11.4% of HCC patients, and
only 24.8% of patients with localized HCC, receive transplants withing 5 years of diagnosis,
although in 2017 ~40% of all liver transplants in the US were for HCC * For patients who cannot
receive a hiver transplant the prognosis is far more grim, with the current standard of care being
sorafenib, a multi-kinase inhibitor and radiotherapy. The overall S-year survival rate for all patients
with HCC is under 10%,” and HCC recurrence is up to 80% within 5 years even after surgical
resection.’ The prevalence and lethality of HCC necessitates the development of new effective
freatment options.

Human ornithine aminotransferase (#0AT) is a pyridoxal-5"-phosphate (PLP)-dependent
enzyme’ that catalyzed the transfer of the delta-amino group from L-orpithine to alpha-
ketoglutarate (alpha-K G} to provide glutamate-5-semialdehyde and glutamate respectively. hOAT
is a mitochondrial enzyme that is involved o the production of amine acids glutamate and proline
Because hOAT is involved in amino acid synthesis, 1t also plays a role in the metabolism changes
in and progression of HCC.” ' hOAT operates through two coupled half-reactions to facilitate the
transamination cycle (Figure 1) In the first half-reaction, omithine acts as the amino donor which
is converted to glutamate-S-semialdehyde through the conversion PLP to pyridoxamine phosphate
{PMP}. The resulting ghutamate-3-semialdehyde then spontaneously cyclizes to delta 1-pyrroline-
S-carboxylate (PSCY. ' PSC can then be converted to proline by pyrroline-S-carboxylate reductase
(PYCR).!2 In the second half reaction, PLP is regenerated from PMB by transferring the amino
group to alpha-KG to vield L-glutamate {(L-Glu}, which can also be converted to PSC by pyrroline-
S-carboxylate syunthase (PSCS)'! Proline metabolism appears to play a substantial role in
metabolic reprogramming that sustains cancer proliferation and resistance !> ¥ Changes in the
synthesis of PCS and PYCR are associated with promoting cancer cell growth and resistance to
apoptosis '* The metabolic reprogramming in HCC, similar to other cancers, is characterized by
activation of the proling/hydroxyproline pathway. This supports HIFla-dependent turnor
progression and plays a key role in HOC s resistance to sorafenib.™ Upregulation of other amino
acids, such as glutamine, can also support unregulated cell growth, with upregulation of glutamine
wcreasing de novo vucleotide synthesis and anabolic cell proliferation as well as the synthesis of

glutathione (GSH) which acts as a major intracellular antioxidant '% ' U and the glutamate formed
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by h3AT can either be converted to proline or to glutamine by glutamine synthase (GS). hOAT
and glutaminogenic enzyme are highly activated and often overexpressed in HCC due to aberrant,

17,18

oncogenic Wat/beta-catenin signaling. Selective inhibition of BOAT has been shown to

effectively suppress the growth of HCC tumors in vivo." In 2019 the specific knockdown of hOAT
was found to suppress the growth of nonsmall cell lung cancer iz vigo and in vive. ™ In 2022, 1t
was found that methylation of hOAT may serve as an indicator for prognosis of postradiotherapy
i oral squamous cell carcinoma,?! and that hOAT is overexpressed in gastric cancer patients.??
These results demonsirate the role hOAT plays in the metabolic reprograming of HCC as a key
component of the proline and glutamine metabolic pathways as well as the therapeutic potential
for selective inhibition of hOAT as a treatment for HOC and related cancers.

There are a vartety of PLP dependent enzymes, including aminotransferases,
decarboxylases, and transarninases. There are 14 known aminotransferase, and hOAT belongs to
the same evolutionary subgroup within aminotransferases, the omega-aminotransferases,™ as
gamma-aminobutyric acid aminotransterase (GABA-AT) due to them both trausferring an amino
group that is distant from the alpha carbon instead of the more reactive alpha amino group.™* %
The active sites of hOAT and GABA-AT share a high degree of homology, with the primary
differences in the active sites betng substitution of Tyr-85 and Tyr-55 1n hOAT for an isoleucine
and phenylalanine respectively in GABA-AT ?* Tyr35 in #OAT is proposed to be a key binding
residue for substrate ornithine; the w-amino group of ornithine ts hydrogen bonded to TyrSs,
leaving the & amino group to form a Schiff base with PLP¥. Both enzymes share the key direct
contacts between the enzyvme and both the cofactor and substrate despite only sharing a 17%
sequence homology . Mechanism-based inactivators (MBIs) are unreactive compounds designed
to engage with the enzyme and generate an active species in the catalytic pocket that subsequently
will bind and inactivate the enzyme. This binding is functionally tireversible and can be covalent
binding or a tight-binding adduct, providing irreversible inhibition on an enzyme-relevant
timescale. Because MBIs are inert until they are engaged with the active site to generate a reactive
species, the risk of undesirable off-target effects can be greatly reduced. Move rruportantly, these
tnactivators can provide higher potency and selectivity than traditional inhibitors with lower

dosages.
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Herein, a segries of potential hOAT inactivators designed to have hOAT specific
mechanisms of inactivation are described. The activity of exemplary compounds 17a and 17 are
explained below.

BOAT Inactivators

Bue to the similar binding pockets of hOAT and GABA-AT, there are vearly identical
distances between key anchor points for the ligands. One notable difference 1s that Tyrs5 in hOAT,
while occupying a similar steric space as Phe3S1 in GABA-AT, is far more hydrophilic and
occuptes less space overall due to the onientation of the aryl ring. This allows the pocket ot BOAT
to be larger and more flexible to accommodate ornithine.

The mechanism of aminotransferase MBls may begin by engaging the enzyme in the same
manner as the endogenous ligand. A Schift base (aldimine} with the aldehyde of PLP previcusly
bound to the Lys residue way be formed. A deprotonation event then converts the aldimine to an
activated ketimine intermediate. This highly active intermediate can then undergo further steps to
inactivate the enzyme. Ketimine is more stable in the active site of AT compared to GABA-AT,
which may allow more time for the inhibitor to further react with OAT prior to the unproductive
hydrolysis pathway. Compound 17 was designed to undergo a second deprotonation event at the
gamma-position after forming the initial internal ketimine complex. The gamma position may be
activated by the adjacent fluorines and imine, which can enhance the acidity of the gamma-proton
and promote the abstraction. The subsequent ehimnation of a fluoride 1on would provide a quinoid
intermediate that could have at least three fates: pathway a, aromatization or nucleophilic
substitution by Lys292 {(pathway b} or water {paifmay ¢) with loss of the second fluoride ion
Patimway & results in covalent inactivation of #OAT, whereas patfovays a and ¢ lead to the
formation of tightly bound inactivator-cofactor adducts that inactivate #OAT and are unlikely to
be released from the pocket on a biologically relevant timescale.

MBIs generally act as a substrate during the initial binding, and the enzyme engages them
to form reactive intermediates that can inactivate the enzyme. Some slow-tight binding inactivators
can instead form a highly stable intermediate when engaged with the enzyme, preventing
hydrolysis of the inactivator and essentially covalently binding to the protein or cotactor. While a
covalent bond may form between the activated quinoid intermediate, the aromatization pathways
would provide tightly bound wohibutor~cofactor complexes that are unlikely to hydrolyze from the

pocket on a biologically relevant timescale.
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To evaluate the potential for the inttial deprotonation of the external aldimine intermediate
for both 17 and 17a, molecular docking studies were emploved (Figures 17A-D and 18A-D). In
AOATT, the external aldimine intermediates of both 17 and 17a showed similar binding poses, with
the carboxylate of the inactivator motety forming stable hydrogen bonds with Arg180. However
only 17 formed an additional hydrogen bond with Tyr35. Both structures showed the y-proton was
in close proximity to Lys292 (3.0 A for 17 and 3.2 A for 17a) suggesting that the formation of the
ketimine 18 reasonable. Next, the d-deprotonation was evaluated. The modeling of the ketimine
intermediate for both 17 and 17a predicted that Lys292 would be near the 8-hydrogen of the
intermediate, suggesting both should be capable of undergoing the second elimination (3.5 A for
17 and 3.0 A for 17a).

Syntheses of Substituted Analogs

The synthesis toward 1 begins with a previously reported iodolactomzation of R-{(+)-3-
cyclohexenecarboxylic acid (4}, followed by elimination of the iodine with BBU to form 3
{Scheme 1) Compound 8§ was then allowed to react with n-bromoacetimide, vielding lactone 6,
which was then debrominated with tributyitio hydnide in the presence of catalytic AIBN at reflux
to access lactone 7. Lactone 7 was opened with HCl in methanol at 40 °C overnight to facilitate
aleohol 8 in quantiative yields. Alcohol 8 was able to be used without further purification but has
imited solubility and is only able to be dissolved in alcohols and water. Oxidation of § with PCC

in BXCM provided ketone 9 as a hight green solid in 68% yield with trace chromium contamination.

29



WO 2024/196853 PCT/US2024/020391

Scheme 1. Synthesis of Inactivator
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Conditions: {a) T2, overnight (b} DBU; (¢} n-bromoacetamide; (d) BusSnH, AIBN, 80 °C,
overnight; () HCI, MeOH, 40 °C, overnight; () PCC, DCM, overnight; {g) DAST, DOM, 50 °C,
3 h; () 3MHCHL MeOH, 75 °C, 2d; (1) TFAA, DCM, overnight; (1) KHMDS, PhSeBr, THF then
wmCPBA, DCM; (k) HC {ag., 6 M), 90 °C, overnight.

(]

To achieve good yields, multiple extractions with ethyl acetate from an acidic aqueous

phase was required. The yield is also highly dependent on 8 being well dispersed and suspended

10 in the reaction solution due to the insolubility of 8 in DCM. Difluorination of 9 with DAST
facilitated 1€ 10 moderate vields along with the vinyi fluonde 11, These fluorinated products were
challenging to separate with the acetyl protecting group and so were moved torward as a mixture.
Deprotection of the acetyl was performed on a mixture of 18 and 11 with 4M HCI in methanol at

reflux over 2 days. The resulting solution was directly concentrated and resuspended in DCM and

pnrd
[

allowed to stir with an excess of TFAA overmght. The two resulting triflucroprotected analogs of
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1¢ and 11 were then far more separable and 14 was cleanly isolated in 25% yield over the three
steps. Improved yields would likely be obtained by improving the acetyl deprotection, which was
sluggish and did oot go to completion. However, this provided more than enough material to move
forward with the synthesis. Selenation alpha to the ester was performed and the subsequent
elhimination with mCPBA furnished a mixture of alpha beta unsaturated esters 18 and 16 10 84%
vield over two steps. The resulting regioisomers showed modest separation via reverse phase
chromatograpby. The two regioisomers were characterized with 2D NMR and x-ray
crystallography to confirm absolute stereochemistry. Previous work on similar scaffolds bad
shown that with a Boc protecting group the amine cyclizes onto the ester to form a lactam under
these conditions. Due to the electron withdrawing effects of the trifluoroacetamide this was not
observed mn this systern. When the Boc protected analog of 14 was used, formation of the lactam
was observed, and the Boc protected analogs of 18 and 16 were not separable. Global deprotection
of both 15 and 16 was done by refluxing in aqueous 4 M HC1 to yield the desired HCl salts 17 and
17a 10 34% and 87% vield respectively. Both 17a and 17 were then purified via reverse phase
chromatography with a C18 aqueous column.

The racemic synthesis of the unsaturated analogues began with the diastercoselective
hydrogenation of 3-amino-S-hydroxybenzoic acid hydrochlonde 18 with thodium on alumina to
provide 19 as a single diastereomer. The acid was converted to the methyl ester by generating HCI
with thionyl chloride in methanol. Lastly, the material was Boc-protected to afford racemic alcohol
19 1n 37% vield over three steps. Oxadation of the alcohol group on 1% with PCC provided ketone
28 10 80% yield, which was then subjected to DAST to provide difluorinated intermediate 21 w

59% vield. Global deprotection of 21 provided saturated analogue {(+)22 {(Scheme 2).



WO 2024/196853 PCT/US2024/020391

Scheme 2. Synthesis of the saturated analogue
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Conditions and Reagenis: {(a) Rh/ALO;, Hr {400 psiy, 90 °C, overnight; (b) SOCl:, MeGH,
£t (¢} Boc2(d, NaHCOs, MeOH, vt (dy PCC, DCM, overnight, rt; (e} DAST, 12-
dichloroethane, 40 °C, overnight; () 4 MHCI, AcOH, 80 °C, overnight.
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Kinetic Studies of Analogs
Of the analogues studied, in vitro experiments demounstrated 17 had the greatest inhibitory
effect against #OAT (Table 1) with an overall efficiency (kinao/K1) of 1.04 mM 'min' In addition,
10 17a displayed weaker inactivation effects against both #OAT and AGABA-AT with finaa/&Kr values
10-fold less effective than that of 17 for #OAT. The double bond aliows for mnactivation, as the
saturated analogue ((+) 22) displayed hittle or no inhibitory effect against #OAT or #GABA-AT.
Table 1. Kinetic constants for the inactivation of 4OAT and 2GABA-AT,

MIABA-AT
. e Y : i -2 . e o e ; KN
Compound RdraMy  Mpe min ™) I ¢ {m;\.\:-"m;;w} K oMY Ry imin 7%
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{322 Mo inhibition up to 10 mM Weak reversible inbibition at 10 oM

28, and . unable to he determined for week inactivation
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Effects of the Endocyclic Alkene on the pK; of the §-Proten

We hypothesize that the presence of the o, B-unsaturated alkene in 17 compared to 17a and
{+)22 may have an influence on the acidity on both the v and 8 position. The proposed mechanisms
of inactivation include two deprotonation events: first at the y-position of the inactivator on the
aldimine, and then the S-position of the ketimine. It is common for the v-deprotonation event,
which initiates the inactivation mechanism, to be rate-limiting. However, in this mechanism
anotber plausible rate-limiting step is the 6-deprotonation event. Regardless of which step is rate-
furuting, the p&a of these two protons will play a role in the potency of these potential inactivators
and their ability to engage with the target enzyme. To evaluate the effect of the unsaturation on the
acidity of these protons, we applied theoretical pX. calculations for the corresponding intermediate
states using the hybrid DFT/B3LYP method in Gaussian09 {Figure 10). The proposed aldimine
of the saturated analogue (25) had a higher theoretical pK. (8.6) for the y-proton compared to the
unsaturated analogues (23 and 24), indicative of the necessity for installation of the double bond
o promote inactivation. When comparing 17 and 17a, a difference 1o the theoretical p&a was

77
s

observed for both the y-proton of the aldimine (6.33 vs 7.73) and S-proton of the ketimine (0.91
vs 7.62). Based on the modeling studies shown in Figures 17A-D and 18A-D, the binding poses
and distances between the catalytic Lys292 and the y/8 protons for the deprotonation steps of both
17a and 17 are similar. This suggests that the observed difference in activity between 17a and 17
19 affected, tn part, by the relative acidity of these protons.
X-ray Crystallography of hOAT Inactivated by 17a and 17

Protein crystallography of hOAT mactivated by 17 was conducted to investigate the adduct
formed 1n the active stte upon tnactivation. As seen in Figure 4, 17 forms a covalent bond to PLP
but not Lys292. This does rule out patfavay b as a possible mechanism of inactivation (Figure 3}
The electron density was not detined enough to determine U patinway a ot pathway ¢ 1s more likely.
The E235-R413 salt bridge is partially disrupted by the adduct, and it appears that glutamate forms
an toteresting van der Waals interaction with the potential fluonine atom on the inactivator.

To examine the inactivated enzyme-17 complex directly, an X-ray crystal structure of
AOAT inactivated by 17 was obtained. Following complete, irreversible inactivation of #0AT by
17, HOAT erystals were grown over 7 days which diffracted to 1.61 A resolution. The structure of
the A0AT-17 inactivated complex was solved utilizing a monomer from a previously published

structure of AOAT (PDB code: 6VB() as the starting model for molecular replacernent. Following

)
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model butlding and refinement cycles, the refined molecular model contained three monomers in
one asymmetric unit in the P3:21 space group with Riee/Ruwerk values of 19.30%/16.42% (Table
2}, The homoduneric biclogical assembly of #OAT was reconstructed by the addition of a
crystallographically symmetric monomer to give an observed monomer in the asymmetric unit
{Figure 19}

Tabie 2. DBata Collection and Refinement Statistics

PDB Code | 8voM
Data Processing
Wavelength (A) 1.12718
Resolution range {A) 4221 - 161
Space group P32
Unit cell dimensions (A) 115334, 115334, 186.292
Unit cell angles (%) 90.0, 90.0, 120.0
Total reflections 2516639
Unique reflections 185048
Muhiplicity 13.5¢13.3)
Completeness (%) 99,96 (99.99)
Mean U/Sigma(l} 10.7 (1.0}
Wilson B-tactor 23 46
PR yism 0.040 (0.696)
‘CCra 0.998 (0.354)
Refinement
*Roork 0.1640 (0.2840)
“Riree 0.1927(0.3115)
Number of Non-Hydrogen Atoms 10736

Macromolecules as502

Ligands 102

Solvent 1132
RMS(bonds) (A) 0.015
RMS(angles) (°) 130
Ramachandran favored (%) 96.19
Ramachandran allowed (96) 365
Ramachandran outliers (96} .17
Average B-factor (A% 34.13

Macromolecules (A% 33 47

Ligands (A%) 20.02

Solvent (A 40,11
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“The values for the highest-resolution bin are in parentheses, "Precision-
indicating merging R, “Pearson correlation coefficient of two “half” data sets,
Ruvork = LiFobs — Feate/SFobs, “Five percent of the reflection data were selected at
random as a test set, and ouly these data were used to caleulate Riree, Root-
mean square deviation

The observed electron density supports an inactivator covalently linked to PLP (Figure
11). The observed electron density demonstraies that the binary complex is detached from Lys292
and other active site residues, excluding pathway 6 as a possible mechanism for inactivation. The
oxygen atorns on the carboxylate group of the mactivator are stabilized through a hydrogen
bonding network with Tyr55 and Arg180, whose native functions are to interact with the a~amino
group and the a-carboxylate group of ornithine, respectively ** One carboxyl oxygen atom forms
a strong hydrogen bond (2.5 A) with Tyr55, and the other oxygen atom maintains an indirect
hydrogen bonding interaction with both Tyr5S5 and Arg180 through an ordered water. Interestingly,
a previously published crystal structure of S-aminovaleric acid complexed with #OAT displayed
a nearly tdeuntical stabilization of the carboxylate with TyrSS, Argi80, and a water molecule
{Figures 20A and 20B).*® 5-Aminovaleric acid is a slow-binding alternate substrate for #OAT
and has been reported to bind n a different onientation compared with ornithine due to tack of an
o-amino group. TyrS5 plays a distinct role in the accommodation of the charged «-amino group
of ornithine 1n the active site of #OAT when compared to the hydrophobic residue Phe351
GABA-AT ** Therefore, the strong interaction of carboxylate in this cyclic GABA analogue with
TyrSS 18 highly important for the selectivity of 17 for #OAT over GABA-AT.

o two of the monomers withio the saroe asymmetric unit, the Glu235-Arg413 salt bridge
1s partially disrupted but remains intact in one of the monomer copies. This salt bridge is proposed
to function as a wmolecular switch between the first and second half-reactions, preventing
nonproductive interaction between Arg413 and the carboxylate group of ornithine in the first half-
reaction.”! In the copies displaying the partially disrupted salt bridge, the side chain of Arg413 has
rotated away from G235, most likely a result of the bulky cvclohexene ring scaffold of the
inactivator.

Drialysis
The erystal structure of 17 bound to AOAT (Figure 11) does not differentiate pathway a

from pathway ¢ because of the inability to differentiate a fluorine atom from a hydroxyl group at

(8]
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that resolution. Mass spectrometry, howsver, might differentiate those possibilities. To confirm
irreversible inactivation of #0AT by 17, a time-dependent reactivation experiment {dialysis) was
performed. After HOAT activity was partially or fully decreased with 0.6-10 equivalents of 17, the
samples were dialyzed. Aliguots at different time intervals were collected and assaved to detect
restored enzyme activity. No enzymatic activity was recovered after 72 hours of dialysis (Figure
83, indicating complete irreversible inhibition of AOAT by 17 on an enzymatically relevant
timescale. It takes approxumately 10 equiv of 17, however, to produce complete enzyme
inactivation,

Mass Spectrometry of the Adduct Formed when #0AT is Inactivated by 17

Intact protein MS was utilized to distinguish between a potential covalent (patfnvay H) or
tight-binding {patiway a or ¢} inactivation mechanisms tor #0AT by 17. Using native top-down
protetn mass spectrometry, the molecular mass of native hOAT was compared to the molecular
mass of #AOAT after complete inhibition by 17. A mass shift was observed that corresponded to
the addition of the inhibitor, confirming that the inhibitor was bound to the protein/PLP complex
{Figure 21). Next, a samiple of #OAT inactivated by 17 was denatured, releasing the cofactor and
any other small molecules not covalently bound to the enzyme. Upon denaturation, the molecular
mass of the native enzyme and inactivated enzyme were equivalent, demonstrating that the
inactivator was not covalently bound to #0AT but instead had formed a tight-binding adduct, as
also was indicated by the X-ray crystal structure. Thus, pathway b, o which Lys292 is covalently
bound to the inactivator motety to form a ternary adduct, was eliminated as a plausible mechanism
of inactivation. However, due to the limuted resolution of the intact protein MS, the exact molecular
mass of the adduct could not be determined, and pathwavs o and ¢ could not be ditferentiated by
these methods.

To determine if fluorine was contained in the inactivated enzyme adduct, "F NMR
spectroscopy was emploved. The F NMR spectra of native #0AT, #0AT inactivated by 17 and
dialyzed, and 17 inactivated HOAT denatured with formic acid were compared {(Figure 22A-22C}.
Triflucroethanol was utilized as an internal standard. The NMR spectrum of the native enzyme
showed no F peaks, demonstrating the expected absence of fluoring. The spectrum of the
inactivated enzyme showed a single peak at -121.7 ppm, indicative of a single fluorine atom bound
to the final adduct of the inactivated enzyme complex. When the enzyme was denatured, the peak

shifted 1o -114.3 ppm {a 7.4 ppm shift downfield} and resolved into a doublet of doublets, coupled
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with the two adjacent protons. This suggests that the fluorine is more shielded in the enzyme
pocket, likely the effect of weak electrostatic fields®, which has been observed in other fluorinated
protein F NMR studies. The change in the fluorine splitting is atiributable to a broadening® in
the peak due to the chemical shielding anisotropy contribution to the relaxation time of the nuclei.
Collectively, these spectra suggest that an wnactivated adduct bearing a single fluorine atom s the
most consistent structure from inactivation of #OAT by 17 A fluorine atom was present in the
active site, which was released upon denaturation, suggesting it was part of the PLP/nactivator
complex. This indicates that patiway a, in which rapid aromatization occurs after the second
deprotonation step, is most plausible.

To further confirm these results, a sample of #OAT inactivated by 17 was denatured and
the released small molecules were analyzed using LC-HRMS with alternating positive and
negative mode electrospray to determine the molecular mass of the released PLP-17 complex. The
major mass peak, observed in the correct range, was consistent with the PLP-17 adduct containing
a single fluorine atom (obs: 387.0746, theoretical: 387.0752) (Figure 23). The isotopic abundance
of the parent ion as well as the spectra of M&/MS were consistent with elimination of one fluoride
ron and rapid aromatization to give the PLP-17 adduct, further supporting inactivation pathmway g,
and eliminating pathway c.

As seen in the crystal structure (Figure 11), the remaining fluorine atom on the inactivator
forms hydrophobic-like interactions with the side chain carbons of Gilu233, aiding in the tight
binding of the inactivator-PLP complex in the active site of HOAT *! Although fluorine is able to
form hydrogen bonds, there are no active site residues that reside within hydrogen bonding
distance to the single fluorine atom of the inactivating adduct. Additionally, Tyr&S and Phel77
stabilize the pose of the inactivator aromatic ring, thus contributivg to rolecular recognition
{Figure 12},

Deternuination of the Turnover Mechanism to Metabolites The partition ratio of an MBI 1
the ratio of compound that acts as a subsirate relative to the compound that inactivates the enzyme.
Ideally, plotting the enzyme activity remaining after inactivation versus equivalents of compound
added will provide a straight line from 100 to 0% enzyme activity remaining. The x-intercept of
this line would give the number of inactivator molecules required to inactivate a single enzyme
active site (the turnover number}. This number represents the total number of compound molecules

that were engaged by the active site until the enzyme was inactivated. Of these compounds, only
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the final one will inactivate the enzyme, and the others will have been consumed as substrates. As
a result, the partition ratio is the turnover number minus one {(assuming a 11 stoichiometry of
inactivator to enzyme in the inactivated complex).

The partition ratio of 17 was determined by titrating a known amount of #O0AT with
varying equivalents of wactivator (Figure 7). The hinear relationship of the rematning enzymatic
activity was extrapolated to vield the exact number of equivalents of 17 to inactivate the enzyme
completely. From this we determined the turnover number to be 4.27 and thus the partition ratio
of 170 be 3.27.

The wrnover number for 17 was determined to be 2.2 by titrating a fixed amount of #OAT
with varying equivalents of 17, measuring the remaining enzyme activities for the different
equivalents of inhibitor, and employing the method of Pham et al * (Figure 24). The partition
ratio, therefore, 18 1.2, The nonlinear past of the graph indicates deviation from pseudo-first order
inactivation kinetics at higher concentrations of 17, and probably represents competition of the
product with 17 for the active site.> A siroilar effect was observed in the inhibition of GABA-AT
by the previously reported inactivator CPP-115%

Measuring the release of fluoride 1ons under different conditions can help deternune if the
turnover mechanism involves the formation of PMB or the release of PLP. In the absence of alpha-
KG, if PMP is formed in the turnover mechanism 1t cannot be converted back to PLP. However,
it the twnover mechanism releases PLP then no alpba-KG is required to allow multiple twrnover
events. In the presence of alpha-KG, regardless of turnover mechanism, the total number of
fluoride jons released per active site can provide insight 1oto the mechanisro of the inactivation as
well. The number of fluoride ions released per enzyme turnover can be detected using a fluoride
ion selective electrode.

To identify turnover products produced during the inactivation of #0AT by 17, a sample
of HOAT was inactivated in the presence of o-KG, which tactlitates multiple turnover cyeles and
maximizes the vield of the twrnover products. The sample was then filtered through a 10 kDa
molecular weight cutoff spin filter to remove the protein. The flowthrough was collected, and the
sample was then subjected to untargeted LC-HRMS with alternating positive and negative mode
electrospray. Three possible turnover products were proposed, 23, 24, and 25 (Figure 13}, Among

the potential metabolites, 23 was detected {observed 177.1108 mv/z, [M+H]"; theoretical: 177.0358
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m/z}, and tandem mass spectrometry (MS/MS} showed fragmentation consistent with 23 (Figure
14).

In addition to mass spectrometry, UV-vis spectrophotometry {Figure 15) was utilized as a
qualitative/confirmatory method to gather evidence for PMP formation resulting from turnover of
the wactivator. An initial spectrum of the #0AT was collected (line 1), displaving a peak at 420
nm indicative of an internal aldimine. The enzyme was then treated with 1 mM of 17, and ancther
spectrum was collected after two minutes (line 2). The decay of internal aldimine absorption peak
at 420 nm with concomitant formation of a peak at 330 nm was observed. If PMP is produced
upon turnover of the inactivator, the addition of o-K G is expected to result in reformation of a peak
within the 410-420 nm range, characteristic of the PLP form of the cofactor. After ZOAT was
incubated with 17 for four minutes, 1 mM «-KG was added to the sample, and a third spectrum
was immediately recorded (line 3}, The observed reformation of a peak at 415 v is indicative of
transient accumulation of the external aldimine intermediate, assuming the binding of 17 is rapid;
this observation further supports that PMP is likely produced upon turnover of 17 by HOAT. Two
minutes after o-K G addition, a fourth spectrum was collected (line 4}. The peak at 415 nm decayed,
presumably resulted from subsequent engagement of residual 17 inactivating the PLP form of
AGAT generated by the addition of o-KG. The steady accumulation at 330 nm 1s most likely a
combination of the absorbance from PMP production and the final adduct of the inactivated
enzyme.

Transient State Measurements of AOAT Inactivation by 17

The data collected using stopped-tlow spectrophotometry serves as additional evidence {or
the proposed mechanism. As can be seen from Figures 16A-16C, the extracted traces at each
wavelength are ostensibly murror images of each other and fit to return the same observed rate
constant within error, indicating that there is likely only one phase that is observabie
spectrophotometrically. This single phase includes the near complete loss of the peak at 420 nm
and the generation of a new peak at 325 nim. As shown above, the peal at 420 nym is present in the
native enzyme and is common to enzymes containing the PLP cofactor. Diminishment of this peak
is assigned as the loss of PLP as the initial adduct is formed. As described above, there are two
possible explanations for the peak at 325 nm: formation of the final adduct and formation of PMP
resulting from the deamination of 17 It has been shown that the addition of «-KG after an imtial

wncubation pertod with 17 causes a temporary partial regeneration of the peak at 420 nm but does
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not appreciably diminish the peak at 325 nm (Figures 16A-16C) This indicates that the
absorbance at 325 nm arises primarily from the final adduct instead of PMP; however, the
absorbance at this wavelength likely contains contributions from both species.

These spectrophotometric data indicate that the rate limiting step of the processes are the
same in the turnover and ipactivation mechanisms, consistent with the idea that y-proton
abstraction from the initial external aldimine is rate hmiting The subsequent increase i
absorbance at 325 nm would thus report the accumulation of both the turnover and inhibition
products, with no difference in rates. In the absence of more spectrophotometric signals, it is
impossible to assign intrinsic rates of specific steps; however, the dependence of the observed rate
of decay accumulation of the absorption at 325 nm has a hyperbolic dependence, indicating that
the dissociation constant for reversible formation of the external aldimine i3 2.9 £ 0.4 mM,
consistent with 17 being a relatively bulky non-native higand.

Discussion

Plausible Mechanisms for 17 Based on all obtained results, the plausible inactivation
mechanism is shown in Seheme 3, which commences with the condensation of tnactivator 17 with
Lys292-PLP complex 23, displacing the tysine and producing the external aidimine intermediate
(M1). Intermediate M1 is then deprotonated by Lys202 at the y-position, followed by a rapid
tautomerization to guinonoid intermediate 28, resulting in formation of the ketimine intermediate
{M2) A second deprotonation by Lys292 at the &-position of M2 produces activated intermediate
36, which rapidly aromatizes to the final tight-binding adduct (31}, This is the structure that was
captured in the crystal structure of the inactivated enzyme (Figure 11). Based on the turnover
number/partition ratio study (Figure 24), turnover results in itnactivation 45% of the time {once
for three turnovers). In addition to the inactivation pathway, 5% of 17 undergoes turnover to a
product, 28 and PMP. The structure of the turnover product was supported by LC-MS and
confirmed by its fragmentation spectrum {Figure 14}. The use of UV-vis spectrophotometry

contirmed PMP production upon turnover of the mactivator (Figure 15},
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Scheme 3. Plausible mechanism of inactivation of 20AT by 17,
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{n recent years, the selective inactivation of human omithine aminotransferase (#0AT) has
been of significant interest as a potential therapeutic approach to halt the progression of
hepatocellular carcinoma (HCC)Y In this work, a novel series of fluorinated cyclohexene
analogues was rationally designed, synthesized, and evaluated for the inactivation of #0AT. Of
the potential inactivators, 17 was demonstrated to be a selective inactivator of #OAT, resulting in
a tight-binding adduct. A plausible mechaniam of inactivation of #OAT by 17 is proposed (Scheme
3), which was elucidated using a variety of experimental methods, including X-ray
crystaliography, F NMR spectroscopy, mass spectrometry, and stopped-flow spectrophotometry.
A previcusly study on the mechanism of inactivation of A#0AT by (8)-3-amino-4.4-
diftuorocyclohex-1-ene~-1-carboxylic acid concluded that, for this MBL nucleophilic attack by
Lys292 leads to formation of a ternary final adduct.” Interestingly, in the inactivation mechanism
of 17 with #OAT, despite the enhanced electrophilicity at C. of 30 conferred by the remaining

fluorine atom, Lys292 did not attack the inactivator-PLP complex to form a ternary adduct. In the
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binding pocket, the position of the electrophilic center at T 1s observed as distal from Lys292,
fikely accounting for the fack of Lys292 nucleophulic attack on 38, In addition, although structural
evidence indicates the inactivated adduct s solvent accessible {(Figure 25), no water molecule was
involved in the inactivation mechanism of #OAT, only the turnover mechanism. We believe this
may be due to the lack of active site residues proxirval to Ce that could activate and assist water
molecules for nucleophilic attack This differs from the inactivation mechanisms of GABA-AT by
previously reported potent inactivators CPP-115% and vigabatrin®® and emphasizes the role of
active site differences between #OAT and GABA-AT. Collectively, these findings provide insight
for the future rational design of mechanism-based inactivators of ZOAT Experimental

All chemicals were purchased from Sigma Aldrich, Acros Organies, Fisher Scientific, or
Combi-blocks and vsed without further purification. Anhydrous solvents (THF, CHaCN, DMF)
were puritied before use by passing through a column composed of activated alumiva and a
supported copper redox catalyst. Yields refer to chromatographically homogeneous materials.
Flash column chromatography was performed on a Teledyne Combiflash Rf Plus astomated flash
purification system with various Teledyne cartridges (4-80 g, 40-63 pum, 60 A). Purifications were
performed with hexanes and ethyl acetate unless  otherwise noted. Preparatory column
chromatography was performed on a Teledyne ACC{Prep HPISO using a Phenomenex Luna
Omega Polar C18 preparatory HPLC column (1506 x 21.2 mm, Sum) with water/MeCN with 0.1%
formic acid as the solvent system. 'H and C NMR spectra were recorded on a Bruker
Avance-HIl NMR spectrometer at 500 MHz and 126 MHz, respectively, in CDCh, CD:0D or
DMSO-d6. PF NMR spectra were recorded on a 400 MHz Bruker Avance I HD Nanobay system.
Chemical shifts were reported in ppm; multiplicities are indicated by s = singlet, brs =
broad singlet, d = doublet, t = triplet, g = quartet, dd = doublet of doublet, dt = doublet of triplet,
dg = doublet of quartet, m = multiplet resonance. Coupling constants ‘3’ were reported in Hz
High-resolution mass spectral data were obtained on an Agilent 6210 LC-TOF spectrometer
in the positive ion mode using electrospray ionization with an Agilent G1312A HPLC pump
and an Agilent GI367B autoinjector at the Integrated Molecular Structure Education and
Research Center (IMSERC), Northwestern University. Aunalvtical HPLC was performed using a
reversed-phase Agilent Infinity 1260 HPLC with a Phenomenex Kintex C-18 columm (50 x 2.1
mm, 2.6 um), detecting with UV absorbance at 254 rou. All final products were shown to be >95%

pure by HPLC.

42



10

20

[\
(]

30

WO 2024/196853 PCT/US2024/020391

Synthesis

Compound S was prepared in accordance with literature procedures.

N-{{1RIVARSK)-4-Brome-7-ox0-6-oxabicyele]3.2. Hoctan-3-yhacetamide {6). To a
stirred solution of N-bromoacetamide (4.0 g, 29.00 mmol, 1.2 equiv) in dry CH3CN (100 mL} in
dark was added SnCls {1 M in BCM, 9.67 mL, 9.67 mmol, 0.4 equiv) and water (0.522 mlL, 29.00
mmol, 1.2 equiv) at r.t. After 5 min, to this solution was added ${3.0 g, 2417 mmol, 1 O equiviin
dry CHCN (20 mL). The reaction was stirred at t.1. overnight in dark. After the completion of the
reaction was indicated by TLC (hexane EtOAc=2:1}, the reaction was quenched with agueous
Na280 (50 mL) and aquecus NaHCOs (50 mL). The mixture was extracted with BCM (150 mL)
for 3 times. The organic phase was sepatated, combined, washed with brine {150 ml), and dried
with anhydrous NaxSO4. The solution was concentrated and diluted with EtOAc (30 mL). The
suspension was stirred at rt. for 2 b before the filtration. The white solid was collected and dnied
(6,4.235 g, 67%). 'H NMR (500 MHz, CDCls) 6 6.09 (d, J= 4.8 Hz, 1H), 4.91 (dd, J= 5.8, 4.0
He, 1THL 4594, /=72 He, 1H), 4.26(dd, /=37, 1.3 Hz, 1H), 2.68 - 2.64 {m, 2H), 2.39(ddd, J
=14.7, 6.6, 2.9 Hz, 2H), 2.02 {dtd, J=14.7,3.7, 1.7 Hz, 1H), 195 (s, 3H). PC NMR {126 MHz,
CDCLY G 1786, 1092, 795,501,459, 358,319,301, 233 LRMS [M+HJ": 2619,

N-{{1R,3%,5R})-7-0x0-6-0xabicyclo{3.2. T Joctan-3-yiacetamide (7). To a solution of 6
(25.05 g, 95.6 mmol, 1.0 equiv} in benzene {774 mL} was added AIBN (1 57 g, 9.6 mmol, 0.1
equiv) and BusSnH (30.9 mL, 1147 mmol, 1.2 equiv). The solution was degassed then refluxed
for 12 h. The solution was allowed to cool to room temperature before being concentrated under
reduced pressure. To the resuliing ol was added diethyl ether (200 mlL), and the resulting solution
was stirred for an hour during which time a white solid formed. The solution was filtered and the
precipitate was washed with diethy] ether. The resulting white solid was purified by silica gel
chromatography {0-30% MeOH in DOM) to afford 7 as a white solid (14.7g, 84% vield). THNMR
(500 MHz, CDCL3) 6 6.07 (s, 1H), 493 — 4.87 (m, 1H) 4.43 —4.36 (m, 1H), 2.59(q. T =43, 3.8
Hz, 1H), 246 (dt, T = 11.5, 54 Hz, 1H), 2.18(d, = 13.4 Hz, 1H), 2.04 (dd, § = 4.3, 22 Hz, 2H),
1.96 (ddd, T = 14.5, 6.1, 2.8 He, 1H), 1.90 (5, 3H), 1.79(d, J = 11.7 Hz, 1H). *C NMR (126 MHe,
CDCIay 6 179.20, 16935, 77 48,4231, 36.84, 36.15, 33.70, 33.56, 23.46. HRMS (ES]) cale’d for
COHI3NOINa (M+Na"): 206.0793, found: 206 .080.

Blethyl (R3S, 3R)-3-acetamido-S-hydroxyeyclohexane-i-carboxylate (8). To7(8.6 g,

46.8 mmol, | equiv) at 0 °C was added 3.0 M HCI in methanol (40 mL) stowly. The resulting
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solution was then heated to 40 °C and stirred for 18 h until the starting material was consumed by
LCMS. The reaction was concentrated to afford 7 as a white solid (10.1 g, 100%). 'H NMR (500
MHz, Methanol-da) 6 3.72 (11, J= 121, 3.9 Hz, 1H}, 3.60 {s, 3H}, 3.56 {dt, /=111, 42 Hz, 1H]},
243 (tt, J=12.7,3.5 Hz, 1H), 2.13 - 1.98 (m, 3H), 1.95 (s, 3H), 1.23 — 1.07 (m, 3H). '°C NMR
(126 MMz, MeOD) 8 17475, 17472, 67.11, 51.00, 48.45, 39.93, 39.00, 3659, 3328, 20.31.
HRMS (ESI) cale’d for CI0HITNG4Na (M+Na"): 238.1055, found: 238.104.

methyl (IR,385)-3-acetamide-S-oxocyclobexane-1-carboxylate (8). To a solution of §
(2.4 g, 11.4 mmol) in DCM (80 ml) was added PCC (7.3 g, 34.2 mmol, 3.0 equiv). The resulting
solution was stirred overnight at room temperature. Upon completion, the reaction was gquenched
by addition of 30 ml. sat aq. Na28:05 and allowed to stir for an hour until the brown solution
turned a light green. The reaction was then filtered and acidified with 1 M HCI (4 mL). This
mixture was diluted with EtOA¢ and the organic layer collected. The aqueous layer was extracted
with EtOAc {6 x 40 mL). The organic layers were combined and washed with saturated brine {50
ml) and dried over Na:z804, filtered, and covcentrated o afford 9 as a white solid (1.6 g, 65%).
TH NMR (500 MHz, CDCLs) 8 4.21 (did, J= 11.4, 7.2, 3.9 Hz, 1H), 3.72 (s, 3H), 2.88 - 2.79 {m,
1H), 2.79 — 2.70 (m, 1H), 2.63 (ddt, J = 14.9, 49, 1.7 Hz, 1H), 2.55 — 2.38 (m, 2H), 2.25 (ddd, J
=144, 115, 1.1 Hz, 1H), 1.99 (s, 3H), 1.75(dt, J = 13.1, 11.2 Hz, 1H). BC NMR (126 MHz,
CDCL) 5 205.6, 173.8, 1694, 52.4, 47.0, 46.9, 42.4, 39.3, 33.8, 23.4. HRMS (ESI) calc’d for
CI0HI3NO4Na (M+Na ). 236.0898, found: 236.090.

Methyl (1R, 85)-5-acetamido-3.3-difluorocyclohexane-1-carboxylate (10) and methyl
{(15,5R)-5-acetamido-3-fluorocyclohes-3-ene-I-carboxylate (11) Toasolution ot $ (2.7 g, 13.1
mmol, 1.0 equiv) in DCM (80 mLj in a plastic RBG was added DAST (5.0 mL, 38.0 mmol, 3.0
equivy at 0 °C_ The solution was allowed to warm to room temp and then heated to 50 °Cfor S h
The reaction was then allowed to cool to room temperature and was quenched by addition of 20
mL sat. ag. NaHCO;. This mixture was diluted with DCM and the organic layer collected. The
aqueous faver was extracted with DUM (2 x 20 ml). The organic layers were combined and
washed with saturated brine (20 mbL) and dried over Na:SOa, filtered, and concentrated. The
resutting residue was purified by silica gel chromatograpby (G-100% ErQA ¢ in hexane) to aftord
a mixture of 10 and 11 as & white solid {231 g} which was carried forward without further

purification.
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Methyl (883-3,3-difluore-5-(2,2,2-trifluovoacetamidsjeyclohexane-I~carboxylate (14}
To a 40 mL vial equipped with a pressure rehiet lid was added a mixture of 16 and 11 (321 g, -
13 mumol, 1.0 equiv) followed by 60 mL of 3M HCI in methanol. The vial was heated 10 75 °C for
2 days. After which, the solution was allowed to cool to room temperature, concentrated, and
azeotroped with toluene. The residue was then suspended in BCM (20 ol ) and TFAA (3 mi ) and
allowed to stir overnight at room temperature. The reaction was then concentrated, and the
resulting residue was purified by silica gel chromatography {0-40% EtOA¢ in hexane) to afford 14
as & white solid (945 mg, 25% from 9). 'H NMR (500 MHz, CDCL) 8 6.63 (s, 1H), 418 (1dt, J =
115 8.6, 44 Hz, [H), 3.73 (s, 3H), 281 (1r, J= 111, 42 Hz, tH), 2.50 - 2.30 {m, 3H), 2.00 -
1.76 (m, 2H), 1.59 (g, J = 12.2 Hz, 1H). PC NMR (126 MHz, CDCls) § 17342, 156.54 (d, J =
37.4 Hz), 12490 — 119.41 (1), 115.59¢d, /=287 .9 Hz), 52.53, 4544 (d, /= 10.1 Hz), 38.50 (. J
= 246 He), 3755 (d, J = 94 Hz), 3530 (1, J = 25.0 Hz), 3214 HRMS (ESI} cale’d for
CIOHTIFSNG3 (M-H): 288.0659, found: 288.067.

Methyl  (5)-3.3-difluwore-5+2.2,2-trifluoroacetamido)cyclohex-1-ene-1-carboxylate
{15} and methyl {(R)}-5,85-difluors-3-(2,2,2-triflusroacetamide)cyclohex-1-ene-1-carboxylate
{16} To a solution | M KHMDS (7.85 mL, 7 85 mmol, 2.4 equiv) in dry THF {10 mL)at- 78 °C
was added a solntion of 14 {945 mg, 3.3 mmol, 1.0 equiv) in THF dropwise over 20 minutes. The
solution was allowed to stir for 3h at -78 °C, after which a solution of PhSeBr (900 mg, 2.0 mmol,
1.4 equiv) in THF. The reaction was allowed to warm to room temperature overnight, after which
it was quenched by addition of 15 mL sat. ag. NHaCl This mixture was diluted with EtOAc¢ and
the organic fayer collected. The agueous layer was extracted with EtOAc 2 x 10 mL). The organic
lavers were combined and washed with saturated brine 105 mL) and dried over Na:SQOy, filtered,
and concentrated. The resulting residue was purified by silica gel plug {8-100% EtOAC v hexane)
and the resulting light vellow oif was carried on crude.

To asolution of the vellow ol in DOM {5 mL) was added mUPBA (820 mg, 3.3 mmol, 1.5
geuitvy and the reaction was aliowed to stir for 3 b at room temperature. The reaction was quenched
by the addition of 10 mL sat. ag. Nax5:03, diluted with DCM, and the organic layer collected. The
aqueous layer was extracted with DCM (2 x 10 mL) The organic layers were combined and
washed with sat. ag. NaHCO; (10 mL), saturated brine (10 mL)}, and dried over NaxS04, filtered,
and councentrated. The resulting residue was punified by silica gel plog (0-20% MeQH i DBUM),

to provide a 11 mixiure of 18 and 16 (5334 5 mg, $6% over two steps). Purification by (18 silica
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gel chromatography (10-90% MeUN 1o water) 15 (230 mg, 24 8% over two steps) and 16 {220
mg, 23.4% over two Sieps} as white solids along with rixed fractions. 15 'H NMR (S00 MHz,
CDULYO 684 (1d, J=52, 2.5 He, TH), 650 {5, 1H), 445 (dg, =117, 3.6 He, 1H), 3 81 {5, 34,
281 {dgd, f=180,49 20Hz TH}, 255236 (m, 2H), 230 {gd, /=133, 85 He, TH) HRMS
{ESTy cale™d For CTOHOFANGS (M-H). 286 0502, found. 286 051
16 'H NME (500 MHz, CDCIN S 683 (de, =43, 2.0 Hz, 1H), 6,48 (d, J= 8.0 Hz, (H),
S.03 s, THY, 379 (s, 3H), 2.96 (dddd, .7 = 18.5, 124, 10.5, 1  Hz, 1H), 2.83 - 269 (m, 11, 2.44
- 230 ¢, 1H) HRMS (EST) cale’d for CTOHOFSNQG3 (M-H). 286.0502, found: 286.051
(R}-3-amino-3,.5-difluorocyclohex-1-ene-1-carboxylic acid hydrochloride {17}
To a 40 mL vial equipped with a pressure relief lid was added 16 (215 mg, 0.75 mmol) and
4 M HCI aq at 80 € until the starting material and monodeprotected intermediates were consumed.
The reaction was then concentrated and azeotropde with acetonitrile (3 x 20 ml). The material
was purified via a C18 aqueous column {0-40% MeCN in water) to yield 17 as a tan solhid (70.4
mg, 43% vield). TH NMR (500 MHz, D203 86 6.83 (s, 1H), 434 (d. J = 7.6 Hz, 1H), 297 - 2.80
{m, ZH), 2.59 (ddt, /= 19.9, 129, 6.0 Hz, 1H), 2.31 ~ 2.17 (m, iH."C NMR (126 MHz, D:0) 8
16842, 131.81, 131.01, 121.70(d, J = 239.2 Hz), 46.03, 33.18 — 32.63 (m). \’F NMR (470 Mz,
D03} 6 -9369(d, /=247 2 Hz}, -95.90 (d,./ = 2471 Hz). HRMS (EX]) calc’d for CTHIOF2ZNO2
(M+H"): 178.0679, found: 178.068
{(8)-5-amine-3,3-difluorecyclohex-1-ene-1-carboxylic acid hydrochloride (17a)
17a was prepared from 18 (S0 mg, 0.18 mmol) via the same procedure as 17 17a was
isolated as a tan solid (33 mg, 87% yield) Characterization: TH NMR (500 MHz, D20} § 6.96 -
6.85 (m, 1H),3.92 (1, J=9.1,4.1 Hz, 1H), 3.04 (dd, I = 18.2, 6.2 Hz, 1H), 2.77 {tdt, F = 13.1, 8.6,
43 Hz, 1H), 260 (ddt, I = 179,91, 29 Hz, 1H), 247 (dddd, J =225, 137, 11.1, 92 Hz, 1H),
BCNMR (126 MHz, D20) 8 168.40, 136.09 (1, J = 105 Hz), 127.75(dd, J=31.6,28 4 Hz), 117.86
(t. 1=1233.1 Hz), 43.55(d, I = 8.1 Hz). 34.11 (1, I = 25.7 He), 27.31. 19F NMR (470 MHz, D:0)
6 -83.62 — -80.13 (m), -91.33 (dq, J = 2842, 9.0 Hz). HRMS (ESL calc’d for C7THIOF2ZNO2Z
(M+H"): 178.0672, found: 178.068.
Methyl cis—;%—((terz— butoxycarbonyhamine)-S-hydroxyeyelohexane-1-carboxylate
{19). To a stirred solution of 3-amino-5-hydroxvbenzoic acid hydrochloride (18} (4.0 g 211
mmol, 1O equivy in water {10 mL) was added R/ALO: (15%wt, 150 mg). The suspension was

charged with high pressure Hz (400 psi), heated to 90 °C and stirred overnight. After the completion
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of reaction was detected by LU-MS, the suspension was filtered. The obtained filtrate was
concentrated and then dituted with MeOH (20 mL). The solution was cooled to 0 °C with an ice
bath, followed by slow addition of SOCH2 (4.65 mi, 63.29 mmol, 3.0 equiv) under Ar. The solution
was warmed to r.t. and stirred for | h. After the completion of reaction was detected by LC-MS,
the solution was concentrated and difuted with MeOH (20 mL). To this stirred solution was added
Bocad (691 g, 31.65 mmol, 1.5 equiv) and NaHCOs (532 g, 63.29 mmol, 3.0 equiv). The
suspension was stirred at rt. overnmght before being fikered. The filtrate was concentrated and
purified by silica gel chromatography (50-100% EtOAc in hexane} to afford a white solid (19, 2.13
2, 37%). 'H NMR (500 MHz, CDCls) & 4.54 (brs, 1H), 3.76 — 3.69 (m, 1H), 3.68 (s, 3H}, 3.59 -
3.48 (m, 1H), 243 (1, /= 12.2, 3.6 Hz, 1H), 2.28 — 2.15 {m, 3H), 1.86 (d, ./ = 4.5 Hz, 1H), 1.43
(s. 9H), 137 (g, /=123 Hz, 1H), 1.23 (q, /= 12.2 Hz, 1H), 1.13 (g, J= 11.4 Hz, 1H). 3C NMR
(126 MHz, CDCly 6 1748, 15852, 797 683, 52,1, 472,417,393, 370, 348, 285 LRMS [M
+ H]" 274.0, cale’d for CisHuNGs (M+H: 2742,

Methyl cis-3-{{(ferr-butoxyearbonylamino}-3-ox0cyclobexane-1-carboxylate (20). Toa
stirred solution of 19 (2.13 g, 7.79 mmol, 1.0 equiv} in DCM (100 mL} was added PCC (5.04 ¢,
23.38 munol, 3.0 equiv). The suspension was stirred at r.t. overnight. The reaction was filtered, and
the obtained filtrate was concentrated and purified by silica gel chromatography (0-20% EtDAc o
DCM) to afford a white solid (20, 1.68 g 80%). 'H NMR (500 MHz, CDCls) § 4.58 (brs, 1H),
3.84 (brs, 1H), 3.71 (s, 3H), 2.78 ~ 2.69 (m, 2H), 2.59 {ddt, /= 14.9, 4.6, 1.8 Hz, 1H]}, 2.51 - 2.43
{m, 2H), 228 - 2.16 (m, 1H), 1.79 - 1.66 (m, 1H), 1.44 (s, OH). VC NMR (126 MHz, CDClz) 8
2059 1738, 1547, 80.1, 525,483,477, 42.6, 394, 347, 28 5. LRMS M + H]" 272.1, cale’d
for CiaHoNOs (M+H™ )y 272.1

Methyl  cis-S-{{fere-butoxycarbonylamino}-3,3-difluorocyclohesane-I-carboxylate
{21} To a stirred solution of 28 (700 myg, 2.58 mmol, 1.0 equiv} in 1, 2 dichloroethane (30 mL)
was added DAST (1 .36 mL, 10.32 mmol, 3.0 equiv). The solution was heated to 40 °C and stirred
overnight. The completion of the reaction was indicated by TLC (hexaneEtOAc=2:1). The
reaction was quenched with aqueous NaHCO3 (20 mL} and extracted with DCM (30 mL) for 3
times. The organic phase was separated, combined, washed with brine {50 mlL), and dried with
anhydrous NazS0Os. The solution was concentrated and purified by silica gel chromatography (0-
10% EtOAc in hexane) to afford a white solid (21, 448 mg, 39%;). 'TH NMR {500 MHz, CDCl2) 8
4.46 (s, TH), 3.77 (s, 1HD), 3.70 (s, 3H), 2.68 (ttd, J=12.8. 3.8, 1.6 Hz, 1H), 2.49 — 2.30 (m, 3H),
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1.80 (did, /= 342, 13.4, 3.3 Hz, 1H), 1.44 (s, 10H), 1.29 (q, /= 12.6 Hz, 1H). " NMR (126
MHz, CDClL) § 1734, 154.7, 1222 (dd, J = 244.1, 239.2 Hz), 79.9, 52.2, 46.0, 40.0 (t, J = 137
Hz), 37.8(d, /= 10.8 Hz), 35.5¢t, /=251 Hz), 34.3 (¢, /= 1.6 Hz), 28.3. LRMS [M + H]": 2940,
calc’d for CrsHzsFaNOGa (M+H™) 2941

cis-8-Amine-3.3~-difluorocyclohexane-l-carboxylic acid hydrochioride (22). Following
the same procedure as 17, 21 {50 mg) was converted to 22 {21 mg, 59%) as a white solid. 'H NMR
(SO0 MHz, CD:OD) 8341 (11, J= 121, 43 He, 1H), 273 (td, /= 12.9, 3.8, 1.7 He, 1H), 2.52 -
2.35 (my, 3H), 1.99 - 1.83 {m, 2H), 157 {q, /= 12.5 Hz, 1H). "C NMR (126 MHz, CDs0D) &
1739(d, /J=106Hz), 121 6{dd, J=2437 2382 Hz}, 463 (d, /=119 Hz), 370 (dd, T = 164,
6.2 Hz), 36.8 (d, J= 25.6 Hzy, 34.7 (1, J = 24.7 Hz), 30.9(d, /= 1.4 Hz). HRMS (ES1) (m/z) [M-
HT calc’d for CrHwFaNG: = 178.0685, found = 178 0686,
Espression and Purification of 2OAT

The expression and purification of hOAT was performed similarly to previously published
protocols 7 Tn brief, Escherichia coli BL21 (DE3) cells containing the pMAL--hOAT plasmid
were incubated at 37 °C and shaken at 200 rpm in 1 L of Lunia-Bertani (LB) medium coutaining
100 pe/mb ampicillin, Upon reaching an ODO600 value of 0.7 absorbance units, the cell culture
was incubated on ice for 60 minuntes before induction. Expressicn of the MBP-t-OAT fusion
protein was induced utilizing 400 pM isopropyl B-D-i-thiogalactopyranoside, and the culture was
incubated at 18 °C while being shaken at 200 tpm for 17 hours. The cells were harvested by two
periods of centrifugation at 12400g for 20 minutes before being resuspended in buffer A containing
SO oM Tris-HCL, 200 M NaCl, aud 100 uM PLP, pH 7.4, The suspeosion was lysed with one 3-
minute period of sonication and followed by an additional two 20-minute periods of centrifugation
at 40,000g to pellet cell debris. The resulting supernatant was loaded onto an amylose affinity
column pre-equilibrated with butfer A, The column was washed with 35 mb of buffer A before
the MBP-t-OAT fusion protein was eluted utilizing a 100 mL hinear gradient of buffer A
supplemented with 10 mM maltose. Individual 4 mL fractions containing the MBP-t-OAT fusion
protein were combined. To remove the MBP tag, the protein sample was diluted to ~45 mL with
cleavage butfer containing 50 miM Tris, 100 mM Na(l, pH 8 0 and treated with tobacco etch virus
protease for 12 hours at 10 °C with 60 rpm agitation. Following cleavage, a 50,000 molecular
weight cutoff (MWCO) Amicon Ultra centrifugal filier device was utilized to concentrate the

protetn mixture until the sample volume was less than 5 mL. For further purification, the sample

43



10

pnrd
(]

P2
W

30

WO 2024/196853 PCT/US2024/020391

was loaded onto a Hil.oad Superdex-200PG column (16 mm X 600 mm) pre-equilibrated with
buffer A and subjected to size exclusion chromatography. The 4 mL fractions containing untagged
hOAT were collected and quantified utilizing an extinction coefficient at 280 nm of 60200 M-
cm-1 and molecular weight of 48500 Daltons. Aliquots of ~1 mg/mL hOAT supplemented with
20% glveerol were frozen i hiquad nitrogen and stored at —80 °C.
Expression and Purification of 5GABA-AT and PYCR

Recombinant human brain y-aminobutrynic acid aminotransferase (MGABA-AT) was
expressed and purified according to literature procedures with slight modifications.®® Briefly,
pelieted Expi293 cells were resuspended into buffer A containing 50 mM KsQ7P2 pH 8.6, 300 ;M
NaCl, and 100 ygM PLP. The suspension was lysed using four repeat cycles of somication (10s o,
10s off, 20% amplitude) ov ice followed by the addition of 12.5 mM MgCl, 125 uM Call, and 5
myg of lyophilized DNase 1. The lysate incubated on ice for 60 minutes with periodic inversions
followed by a two step centrifugation procedure to pellet cell debrns. Step one included
centrifugation at 18000 rpm for 60 minutes at 4 °C followed by the collection of supernatent and
a secondary step at 20000 rpm for 45 minutes. The supernatant was collected, and the sarople was
ioaded into a disposable 0.45 pm bottle-top vacuum filter system to remove remaining cell debris.
The resulting sample was then loaded onto a Co® immobilized metal affinity chromatography
column pre-equilibrated with buffer A. The column was washed with 40 mL of buffer A before
AGABA-AT was eluted using a step-wise elution gradient of butter A supplemented with 200 mM
imidazole. The step-wise gradient totaled S steps of increasing imidazole concentration (1 mbM, 2
mM, 5 mM, 100 mM, 200 mM}. Individual 4 mL fractions containing #GABA-AT were combined
and concentrated to a volume of 3 mL using a 30000 Da molecular weight cutoff (MWCO) Amicon
Ultra centrifugal filter device. For further purification, the sample was loaded onte a Hiload
Superdex-200PG columin (16 mm X 600 mm ) pre-equidibrated with buffer A and subjected to size
excluston chromatography at a flow rate of 0.25 mL/min. PYCR1I was purified accordining to
previously published protocols®® Coupled enzyme assays for AGABA-AT, #OAT, Ala-AT, and
Asp-AT were carried out according to previeus procedures.
Dialysis Assay

The dialysis experiment was conducted using previous protogols, 2%
Partition Ratio Experiment

26,38

The partition ratio was calculated using previous protocols.

49



10

20

[\
oy

30

WO 2024/196853 PCT/US2024/020391

¥R NMR Spectroscopy Studies

After being fully inactivated by 17, a sample of hOAT was washed 1n distilled HZO and
diluted to 10 uM and spiked with triffuoroethanol as an internal standard. The sample was run on
a Bruker Neo 600 MHz system with a QCt (HFCN) Cryo Probe w/ Z-Gradient at 298 K for 960
scans. Next, the same sample was denatured with addition of 10 equivalents of formic acid and the
resuliing solution heated to 55 °C for 10 minutes before being submitted to the same 19F NMR
conditions.
Crystallization of #OAT Inactivated by 17, X-ray Data Collection and Processing, and
Model Building and Refinement

Following confirmed inactivation of AOAT with 17, the sample was transferred to a 50,000
molecular weight cutoff (MWCO) Amicon Ultra centrifugal filter device and exchanged into
buffer containing 100 aM Triciwe, 100 M Nall, pH 7.8. The sample was then concentrated to
~6 mg/mL. Crystals were grown for 7 days at room temperature utilizing the hanging-drop vapor
diffusion method with each drop initially containing 2 ul. of inactivated #QAT and 2 ul. of well
solution. The crystals with the best morphology appeared in the well solution containing 10% PEG
6000, 100 mM NaCl, 20% glycerol, and 100 oM Tricine pH 7.8. Following 7 days of growth,
hOAT crystals with the best morphology were transferred into a cryo-protectant solution
containing well solution supplemented with 30% glycerol prior to being trozen in liquid
nitrogen. Monochromatic X-ray diffraction data were collected at the LS-CAT, Advanced Photon
Source {APS), beamline 21-ID-D at Argonne National Laboratory {ANL, Argonne, IL} Data were
gollected at a wavelength of 1.127 A and a temperature of 100 K using a Dectris Figer 9M detector.
Datasets were processed and analyzed with autoPROC 48 The structure of inactivated QAT was
solved by molecular replacement utilizing PHASER49 in Phenix. 50 The search model was the
previously published structure of QAT (PDB code: 6V8C). The model building and refinement
were performed utilizing CootS1 and Phenix, respectively, until the lowest possible Rfree/Rwork
factor values were achieved. UCSF ChimeraS2 was used for the preparation of structural depiction
figures. The structure factors and the refined model were deposited in Protein Data Bank with PDB
1D 8VOoM.
UV-Yis Spectrophotemetry

A Shimadzu UV-2450 spectrophotometer was utilized to collect absorbance spectra from

700 to 250 nm at 20°C. The instrument was baselined with 1 mM 17 and 1 mM o-KG in reaction
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buffer containing 100 mM HEPES pH 7.5 and 200 mM NaCl. The initial concentration of #OAT
was determined with Azze measurement and the molar extincetion coctticient, previously calculated
with amino acid composition.
Intact Protein Mass Spectrometry

The AOAT intact protein mass spectrometry samples were analyzed on an Orbitrap Eclipse
{ThermoFischer Scientific) mass spectrometer as previously reported 3
Small Molecule Mass Spectrometry

Samples were injected onto a Kinetex 1.3 pM, 100A (18 colums on an Agilent 1290
Intinity [T UHPLC systemn at 0.3 mb/mun, 1o line with a Thermo (-Exactive mass spectrometer at
a monotonousty increasing gradient of Solvent B (95% ACUN/3% Ho(/0.1 %FA). Positive-mode
ESI data were collected with the HESI source set to 3.6 kV, 10 sheath gas, 300 °C probe
temperature and 320 °C julet capillary temperature. Untargeted data-dependent and targeted
MS/MS data were collected with HCD fragmentation with a normalized collisional energy, NCE,
of 35. For untargeted data-dependent methods the instrument was run with the following MS1
parameters. automatic gain conirol (AGC)Y = 2e3 charges, Resolution = 35,000, maximum
mjection time = 40 ms, scan range = {00-1000 m/z. Tandern MS data were acquired in a data-
dependent fashion on the five most abundant precursor ions with a 2 m/z precursor isolation
window, a minimum AGC target of 6e3, and dynamic exclusion of previcusly fragmented
precursors set 04 s,
Transient State Methods

Transient-State Kinetic Characterization of #OAT with 028 A sample of HOAT (17 )
was mixed with 17 (0-11 mM) at 20°C using a rapid mixiog stopped-flow spectrophotometer (TgK
Scientitic} equipped with charge-coupled device (CCD} detection, allowing for the collection
time-resolved spectra. The reaction was observed at all wavelengths between 300-600 nm for 150
seconds. A reconstructed time zero point was included in the data and was obtained by adding the
spectrurn  of the enzyme and the spectrum of the inhibitor when measured separately. The data
were fit to a single exponential term describing a one-step irreversible model. Single wavelength
iraces were extracted from the tume resolved spectra datasets at the wavelengths of maximal
absorbance in the initial and final spectra (425 and 320 nm, respectively) to provide a visual

comparison of the time-dependence of the events at each wavelength.
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Pocking Study
Docking models of higands bound to A0AT and GABA-AT were developed utilizing the

Molecuiar Operating Environment (MOE) computational suite’s Builder utility™%

according to
previously reported protocol.?’
Theoretical pKa Calculations

The theoretical pK. calculations were performed using previous protocols ?’
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In accordance with this disclosure, various other compounds, varied siructurally,
stereochemically and/or configurationally, are available through such incorporated synthetic
procedures and techuiques or siraight-forward modifications thereof, such modifications as would
also be known and understood by those skilled in the art and made aware of this invention, such
procedures, techniques and modifications imited only by the commercial or synthetic availability

of any corresponding reagent or starting material.
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CLAIMS
1 A compound of the following formula or a dissociated form, a non-protonated

form, a zwitterion form, ot a salt thereof

wherein

a double bond is present between the ¢ and { carbons, or between the o and § carbous, or not
present between the o and { carbons and the « and P carbons;

X is CR'IR? or C=CR'R? and

R' and R? are independently hydrogen or halo, providing at least one of R} and R? is halo.

2. The compound of claim 1, wherein the double bond 1s between the o and {
carbons.

3. The compound of clain 1, wheretn the double bond 18 between the o and
carbons.

4, The compound of claim 1, wherein the double bond is not present between the o

and { carbons and the « and P carbons.

5. The compound of any one of claims 1-4, wherein X is CR'R%

6. The compound of any one of claims 1-4, wherein X is C=CR'R?.

7. The compound of any one of claims 1-6, wherein at least one of R’ and R*is F.
8. The compound of any one of claims 1-6, wherein R' and R? are F.

g, The compound of any one of claims 1-8, wherein the compound is a salt

comprising a substituent that is an ammonium substituent or a carboxylate substituent.
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10, The compound of claim 9, wherein the ammonium substituent has a counter ion

that 1s a conjugate base of a protic acid.

il The compound of anv one of claims 1-8 in zwitierion form comprising an
o Pl

ammonium motety and a carboxylate moiety.

5 {2, The compound of claim 1 of a formula selected from the group consisting of!
!
RN .-*s"s“"\ ,;C]'
?“i N . e \31 "
OH
, , , and
o F
.«iﬁ\'x
O
i_\ Jr ,G‘
HaNY ™ T
L
10
3 ™
Tt oS
| B TN g
H\}N - \f
O
15 A pharmaceutical composition comprising the compound of any one of claims 1-

14 and a pharmaceutically suitable carrier, diluent, or excipient.
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6. A method of modulating ormithine aminotransferase (JAT) activity, the method
comprising contacting the compound of any one of claims 1-14, or the pharmaceutical
composition of claim 15, with a medium comprising an OAT, wherein the compound is present

in an amount sufficient to modulate OAT activity.

17. The method of claim 16, wherein the contact is in vivo.
18. The method of claim 106 or 17, wherein the QAT 1s human ornithine

aminotransferase (FOAT).

19 A method of reducing activity of an OAT expressed by a human cancer, the
method comprising contacting the compound of any one of claims 1-14, or the pharmaceutical
composition of claim |5, with the cancer expressing an OAT, wherein the compound 15 present

i an amouut that is effective to reduce QAT activity.
20. The method of claim 19, wheretn the conlact i1s /# vive,

21, The method of claim 19 or 20, wherein the contact s within a human subject in

need of a treatment for cancer.

22. The method of any one of claims 19-21, wherein the OAT is human ornithine

aminotransferase (AOAT).

23. A method for treating cancer in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of the compound of any one of

claims 1-14, or the pharmaceutical composition of claim 185,
>

24, The method of claim 23, wherein the cancer is characterized by expression or

overexpression of human ormithine aminotransferase (#0AT).

25, The method of claim 23 or 24, wherein the cavcer i bepatocellular carcinoma

(HCC),

61
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Figure 17D
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Figure 19
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Additionally, even if Groups I+ were considered to share the technical features of a compound having the core
structure of the formula as shown in instant claim 1, or a dissociated form, a non-protonated form, a zwitterion
form, or a salt thereof, these shared technical features do not represent a contribution over the prior art as
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